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PoccHMCKOMy cJmoTy ncnonnwiocb 300 JieT. 213 m HMX cyßböa cpnoTa TecHO CBnsaHa c 
HepHOMopcKUM cpnorow! n CeBacTononeM. Ha BoeHHO-HcropuMecKoii ceccMH 6-M MexcfiVHapoflHofi KpbiMCKOß 
KOH^epenqnM "CBM-TexHHKa n 'rexieKOMrvryHHKauKOHHbie TexHonoran", KOTopan nocBainena axowsy cnaBHOMy 
K)6nneio, 6binn npeflcraBJieHbi floicnaßbi no MCTopw-i co3,qaHMR H pa3BHTO?i cnyTHMKOBbix cucrew CBHSM, 

HaBiiraqMw n pa,n,wonoKau,noHHbix cpeficrs BoeHHO-MopcKoro cfcrioTa, 06 MCTopnn noasneHwa H P83BMTHH 

BbMMCflMTenbHofi TexHMKM Ha MepHowopcKosvi qvioTe, a T3K?K8 npwBefleHbi HOBbie CBeflenwa 06 MCCneflOBaHMSX 
K3o6peTaTera paflMOCBaan A.C. ilonoBa, fleareribHOCTb KOToporo ia\me 6bina recHo cB«3aHa c BoeHHo- 
MopcKMM <3>JIOTOM M CeBacTononeM. 

B cöopHHK wiaTepwanoB 6-fi KOHCpepeHqwH BwiKweHO 118 flOKiiaflOB ywenbix M cneunanHCTOB M3 
YKpaMHbi, POCCMM, BenopyccuM w repMaww, B KOTopwx npeflcrasneHbi pesynbTaTbi nccjiefloeaHHW M 

pa3pa6oTOK KaK no HanpaB.neKMHM, cTaBWuw TpaAHLiHOHUbiMM na KpbiwcKHX K0HCp8peHU,Hflx (CBH-ycunwTe™, 
TpaH3MCTopbi n MHTerpanbHbie cxeMbi; cucTesmoe npoeic™posanne; noflroTOBKa HHKcenepoB no CBH-TexHUKe; 
cnyrHMKOBb!e M HaseiwHbie cucTeMbi CBSSH H BeiqaHwa; CBH-3/ieirrpoHWKa CBepxßoribuiMX iwomHOCTew ü 
nra3MeHHaa s.nescrpoHMKa; antem-ibi M aHTeHHbie 3/ieMenTbi; TBepflore/ifaHbie w sneirrpoBaKvywiHfoie npnoopbi w 
ycTpoMCTaa;    leopua    3/ieicrpowiarHMTHoro    nona    H    pacnpocrpaneHne    paflnoBonn;    CBM-MswepeHiw, 
np0143BOfiCTBO    M    HCnblTSHMH;    CBM-TeXHMKa    B    MeflMLJMHe    14    npOMbllUJieHHOCTM;    ycTpoilCTBa    M    CMCTeMb'l 
aHanoroBOM M qwcppoBoii o6pa6oTtai CBM-onma/ioB), TBK M no HOBUM HanpaBneHnnM, K nnony Koropbix 
OTHOcaTCH raraie HanpaeneHMR, KBK HanorexnonoruH n HaH03neKTpoHMKa. Bnepewe Tasche B paMKax 
KOH4»epeHqnn 6bm npoBefleH cewiHHap no MMKpoBoriHOBbiM MHTerpupoeaHUbiM TenepaflwoMH<popMau,HOHHbin/i 
CHCTeMawi (cMCTeMaiw MUTPHC). 

Bnaroflapio Bcex, KTO cnen B03M0KHbiM nofienwrbca pesyjibTaiaMM cßoeü fleaiejibHoc™ Ha Haweü 
K0H(p8peHL(HM. 

Bnaroflapra Tatoxe opraHnsauww, M3bicKaBtuvie BO3M0>KHocTb <J)MHaHcnpoBaHna sianoB noflroTOBKH 
KOHcpepenqMH: rHflO "Ops-ion" PoccaticKoro HVUA KocMnnecKoro npn6opocTpoeiMa (MocKBa, Poccns), HHH 
paflMosneicrpoHHofi TexHHra "TOP" npw HaLinoHajribHOM TexHMHecKOM yHHBepcwTeTe YKpanHbi "KRU" (KweB, 
YKpanHa), HUH KOMnneKCHOii emoMarvaaufm (floHeL(K, YKpaMna). OTfle/ibHan 6naroflapHOCTb 
CeBacTonojibCKOMy rocyflapcTBeHHOwy TexHu^ecKowiy yHMBepcMTeiy, BbiflennauieMy noiwemeHHH flna 
nposeAennH KOKC^epenunn, >xypHajiy "Tene-CnyTHUK" (C-rierepSypr, POCCMS), BbiciynnBineMy B KaMecTBe 
WHCpopMaL(MOHHoro cnoHcopa cewwuapa, a Taicwe cf>OK/]iy European Research Office of the United States Army 
(London, England), Ha cpeflCTBa KOToporo naflan HacTonu;nü c6opHMK. 

n.n. EpwionoB 
npeflce^aTejib OpraHM3aqnoHHoro v\ flporpaMMHoro KOMHTeroB 

Russian Fleet celebrated its 300th anniversary. 213 years from those 300 the Fleet's history is closely 
connected with the Black Sea Fleet and Sevastopol. The 6th International Crimean Conference "Microwave & 
Telecommunication Technology" is dedicated to this remarkable event. The Military-historical session of the 
conference presented the papers dealing with the history of creation and development of satellite 
communication and navigation systems and radiolocation media of the Navy, as well as those on the topic of 
history of computation technique advent and development on the Black Sea Fleet. The new facts about the 
researches of radioinventor Popov, whose activity was closely connected with the Black Sea Fleet and 
Sevastopol, were presented. 

118 papers form the Proceedings of the 6th Conference. In those papers the scientists from Ukraine, 
Russia, Belarus and Germany presented the results of researches and elaborations on the trends which have 
become traditional for the Crimean conferences (microwave amplifiers, transistors and ICs; systems design; 
microwave education; satellite and terrestrial communication and broadcasting, systems; very high power 
microwave electronics and plasma electronics; antennas and antenna elements; solid-state and vacuum 
devices; electromagnetic field theory and microwave propagation; microwave measurements; producing and 
testing; medical and industrial applications; devices and systems of analog and digital processing of microwave 
signals) as well as on the new ones (nanotechnology and nanoelectronics trend). For the first time paralelly with 
the conference a workshop on the topic of microwave TV, radio and information integrated systems (MUTPHC- 
systems) was held. 

My gratitude to everybody who could share their knowledge with the others. 
I would like to thank all the sponsoring organizations of the conference: Orion Co. of Russian SRI of 

space instrumentation (Moscow, Russia), SRI of radioelectronic equipment "TOR" at NTU of Ukraine "KPI" 
(Kiev, Ukraine), Research Institute of Complex Automation (Donetsk, Ukraine). A special word of thanks to 
Sevastopol State Technical University which has assigned an auditorium for the conference, to "Tele-Sputnik" 
magazine (St. Petersburg, Russia) for information sponsoring of the workshop and to European Research Office 
of United States Army (London, England) which provided funds for the Conference Proceedings publishing. 

P. P. Yermolov 
Conference Chairman 
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MAJIOIHYMflmHE TPAH3HCTOPLI MHJIJIHMETPOBOrO H 
CyB-MHJIJIHMETPOBOrO AHAHA30HOB ^JIHH BOJIH. 
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ÄHHOTaU[Hfl 
Paöcrra nocBaineHa BonpocaM co3#aHHa MajiomyMainHx nojieBwx TpaH3HcropoB MHjijiHMeTpoBoro H 

cy6-MHfljiHMerpoBoro ppmziOHa. pjom BOJIH. PaccMOTpeHM ocoÖeHHoera co3flaHHa nojieBbix TpaH- 
3HcropOB Ha ocHOBe GaAs  H cejieicrHBHO jierapOBaHHbix reTeppcrpyicTyp c ^ByMepHbiM sjieiopOH- 
HblM ra30M H OCHOBHHe TCH^eHUHH B OÖJiaCTH TCXHOJIOrHH H KOHCTpyHpOBamW pa3JIHHHHX THnOB 
TpaH3HCTOpOB. 

I. BeefleHHe 
Pa3BHTHe H COBepmeHCTBOBaHHe CHCTCM CiryTHHKOBOH CBH3H, TCJieBHfleHHa,   aCTDO(pH3HKH, BOeHHOH 
annaparypbi pa3JiHHHoro Ha3HaneHHa B 3HaHHTejibHofi creneHH onpe^enaerca ypoBHeM TexHOJiorHH 
H3roTOBjieHHa aKTHBHWx nojiynpoBOAHHKOBwx ajieMeHTOB, O^HO H3 Be^ymHx MeCT cpe^H KOTOpblX 
3aHHMaiOT MajioinyMAHnie nojieBbie CBH TpaH3Hcropbi. Pa3pa6oTKOH H roroTOBJieHHeM MajioinyMa- 
innx nojieBbix TpaH3HcropoB c 6apbepoM IHOTTKH (llllll) 3aHHMawTca Taicne H3Becrahie B MHpe 
4>HpMbi, KaK General Electric, NEC, Fujitsu, Mitsubishi, Varian, TRW, Hughes H ap.[l,2], 

HacTOTHbifi AHana30H yerpoHCTB c Hcnojib30BaHHeM 111 III cymeerßeHHO pacinnpHJica 3a nocjie,n- 
Hee AecaTHjieTHe H B HacToainee BpeMa Aocraraer oöjiacra MHjijiHMeTpoBwx H cy6-MHJijiHMerpoBbix 
AJIHH BOJIH. 3TO crajio B03Moaan>iM ojiaro^apa flOCTHaceHHaM B o6jiacTH nojiynpoBO,zu«ucoBoro Ma- 
TepHanoBe^eHHH, pa3BHTHa TexHOJioraHecKHx MeroAOB HaHeceHna MerajuiHHecKHX H AHSjieicrpHrae- 
CKHX noKpwTHH, 4>opMHpoBaHH» H npen,H3HOHHoro TpaBjieHHa CTpyKryp c cyÖMHKpoHHbiMH pa3Me- 
paMH. He Menee BaacHbiMH aBjiarorca pa6oTw B oöjiacTH MqqejiHpoBaHHa H royieHHa (J)H3HHecKHx 
nponeccoB B cBepxroHKHx nojrynpoBOAHHKOBbix CTpyKrypax, nor^a npoueccw nepeHoca onpeßejia- 
lOTCa ÖajIJIHCTHHeCKHMH 3(J)(J)eKTaMH [3-5]. 

B ^aHHoö pa6ore npeßCTaBjieH KpancHH 0630p HCCjieAOBaHHH B o6jiacTH nojiynpoBO/jroiKOBoro 
MaTepnajioBeAeHHa, pa3pa6oncH TexHOJiorHnecKHx Mero^oB H HaH6ojiee nepcneicrHBHbix ranoB KOH- 

CTpyKHHH MajiomyMamnx nojieBbix TpaH3HCTopoB. PaccMOTpeHM napaMeTpw MajiomyMainHX CBH 
TpaH3HCTopoB Ha ocHOBe GaAs H pa3JiHHHbix ranoß cejieicraBHO JierapOBaHHbix rerepocTpyKTyp 
(rCJI) c AByMepHbiM sjieKTpoHHHM ra30M. 

II. EfojiyMeHHe H CBofiCTBa nojiynpOBOflHHKOBbix MarepHajiOB JJJIH MajiomyMHiUHx 
CBH TpaH3HCTOpOB 

OCHOBHWM MaTepHanoM p,jw npoMbiinjieHHoro npoH3BOflCTBa CBH TpaH3HCTOpOB aBJiaerca apceHH# 
ranjiHa [6], BwcoKaa noABHacHOCTb H HH3Kaa atp^eicraBHaa Macca HOCHTejien 3ap«#a, 6ojibinaa 
innpHHa 3anpemeHHOH 30HW, OCO66HHOCTH 30HHOH CTpyKrypw 3TCTO nojiyiipoBO,a;HHKa.no3BOJiaioT 
pemaTb 3a#aHH nojiyneHHa CBH npHÖopoB c Heo6xojjHMHMH napaMeTpaMH, paooTaroiuHx B aoera- 
TOHHO mnpoKOM TeMneparypHOM ,zuiana30He H o6jiaflaroinHx BMCOKOH paflHaHHOHHofi eroHKOCTbio 
[7-9]. 

fljia nojiyneHHa cTpyictyp GaAs npHMeHaHxr pa3JiHHHwe BH^W snHTaKCHajibHoro BwpainHBaHHa 
(ra30(J>a3Haa, xcHAKo4>a3Haa, MOJieKyjiapHOJiyneBaa snHTaiccHa). Hanoojiee urapOKoe npnMeHeHHe B 

npoMbimjieHHOM npoH3BO^CTBe npHo6pejia ra3o4)a3Haa sriHTaKCHa c Hcnojib30BaHHeM MeTajiJio- 
opraHHHecKHx coe^HHeHafi [6,10-12]. 3TOT MeroA oöecneHHBaeT BocnpoH3BO^HMöe nojiyneHHe 
CTpyicryp c Tpe6yeMHM npo4)HJieM pacnpe^ejieHna npHMecefi. 

Cjie^yer OTMeTHTb, HTO B nocjie^HHe ro^H pa^OM (J)npM HHTCHCHBHO Be^yTca paöorw no pa3BH- 
THK) MojieKyjiapHO-jryneBOH srawaKCHH (MJI3) [7,13 ]. OraHHHTejibHbiMH ocoöeHHOCTaMH 3Toro Me- 
TOfla aBJiaerca MaKCHMajibHaa HHCTOTa (pocT ocymecTBJiaeTca B CBepxBbicoKOM BaKyyuie npn #aBjie- 
HHH ocTaTOHHbix ra30B 10"8 na) H BbicoKaa crcneHb KOHTponnpyeMocTH H TOHHOCTH ynpaBjieHHa 
TexHOJioraHecKHM nponeccoM [14]. MeTOß MJI3 oGecnenHBaeT nojiyneHne cjioeß c npaKTtraecKH 
jnoöbiM CJI03KHHM npo^HjieM pacnpeAejieHHa jiernpyromnx npHMecefi,   MaKCHMajibkon pe3KOcrbio 
Mai«pHaj»bi 6-B MeauiyHapoflHoS S^«MCKOH »ÄBKPOBOAHOBOH ÄM^epeHijHH 'Xfixtlfo'Xo'ff ■ 16-19 ceHTn6p» 1996 r., CeBacronoAi., KpmM, YKpaHHa n 
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rparam pa3flejia H MHHHMajibHOH njJOTHocTbio .ae^eKTOB H jioByraeK. B KaneoTBe HJunocrpauHH Ha 
pHc.l npHBe^eHH noßBiracHOCTH sjieicrpoHOB B snHTaKCHaribHbix cTpyicrypax GaAs, BwpameHHbix 
MeTO^OM MJI3 B HTTTI "CarypH" Ha ycTaHOBKe "Una". 

OAHHM H3 Han6ojiee ocTpwx BonpocoB npH co3flaHHH cTpyicryp GaAs Aim 111 III aBjiaerca $op- 
MHpoBaHHe rpaHHHbi pa3Aejia Meac#y no,HJiO)KKOH H aKTHBHbiM cjioeM, cjiyacamnM KaHanoM TpaH- 
3HCTopa [15]. flna yjiynnieHHa icanecTBa rpaHHUM pa3Aejia Ha noBepxHocra nojiyH30jrapyiomeH 
no^jiojKKH BwpamHBaeTca HejierHpOBaHHWö 6y4)epHwfi CJIOH GaAs, AlGaAs HJIH KOMÖHHauHa STHX 

cjioeB [16]. 0,U;HHM H3 cnocoöoB pemeHHa ßaHHofi npo6jieMw npn BbipamHBaHHH CTpyicryp Mero- 
flOM MJI3 aBjiaerca Hcno.nb30BaHHe Tan Ha3WBaeivtoro HH3KOTeMnepaTypHoro 6y(J>epHoro cjioa 
GaAs, TaK KaK CHHHceHHe xeMnepaTypw pocTa npHBO,wr K 3HaHHTeJibHOMy noBbiineHHio yuejibHoro 
conpoTHBJieHHa cjioeB GaAs B pesyjibTare ynpaBjiaeMoro o6pa30BaHHa CO6CTB6HHMX ^e^eKTOB [17]. 
MCTOA MJI3 no3BOJifleT Taicace peraHTb 3Ty npo6jieMy c noMombio cBepxpeineroHHoro 6y4>epa [18]. 

Heo6xoAHMO OTMCTHTb, HTO B Hacroamee BpeMH napaMCTpbi imil Ha ocHOBe GaAs npairoiHecKH 
flOCTHraiOT CBoero TeoperHHecicoro npe^ejia. flajibHeiumni nporpecc B STOH oojiacra CTan B03MoaceH 
GjiaroAapa Hcnojib30BaHHK> cejieicrHBHO-jierHpOBaHHbix reTepocTpyioyp c AByMepHbiM sjieicrpoH- 

HbiM rasoM [19-21]. 
TGJI npeACTaBjwiOT co6ofi MHorocjiOHHbie CTpyicrypbi, cocroannie H3 cjioeB y3K030HHoro H 

niHpOK030HHoro nojiynpoBOAHHKa. IHHPOKO30HHMH nojiynpOBOAHHK jierHpyerca CHjibHO, a y3ico- 
30HHHH flejraeTca MaKCHMajibHO HHCTHM. ECJIH sHeprna HoramuHH npHMecH MeHbine, neM pa3pwB 
30HH npoBOflHMOCTH Ha rpaHHue pa3Aena AByx nojiynpoBOflHHKOB, TO sjieirrpoHbi, crpeMacb 3atiaTb 
nojioaceHHe c MHHHMajibHofi SHeprneö, nepexo^aT c npnMecHbix ueHipoB (30HM npoBOAHMocni) 
inHpOK030HHoro nojiynpOBOßHHKa B 30Hy npoBOAHMOcra y3K030HHoro, "3ajiHBaa" noTeHHHajibHyio 
«My, o6pa30BaHHyio H3rn6oM 3OHH y noBepxHocTH pa3flejia. 

YHHKajIbHOCTb nOflOÖHMX CTpyKTyp COCTOHT B TOM,   HTO 3JieKTpOHW   H nOpO^HBHIHe HX HOHH3H- 
poBaHHwe flOHopw OKa3HBaroTCfl pa3flejieHHbiMH B npocTpaHCTBe, HTO IIPHBOAHT K yBejinneHHio (no 
CpaBHeHHK) C OflHOpOflHO JierHpOBaHHblM nOHynpOBO^HHKOM) nO/UlHHCHOCTH HOCHTejieÖ 3apHfla,   oco- 
6eHH0 npH HH3KHX TeMnepaTypax, KOiyja npeoOJiaAaionniM MexaHH3MOM eraHOBHTca pacceaHHe Ha 
HOHH3HpOBaHHbix npHMecHbix aTOMax. 

Ha pHC.2 npeflcraBjieHa AHHaMHica pa3BHraa npoH3BOAcrea Mill nojießwx TpaH3HCTopoB Ha oc- 
HOBe coeßHHeHHH THna A3B5. 

IlepBbie reTepocTpyKTypbi c #ByMepHbiM sjieiopoHHbiM ra30M 6HJIH H3roTOBjieHbi Ha ocHOBe 
napw GaAs-AlGaAs. CBOHcraa TCJI B 3HaHHTejibHOH ereneHH 3aBHcaT OT cocraßa, TOJinuiHbi H 

ypOBHa jierapoBaHHa CJioeB, HX CTpyicrypbi, KanecTBa rpamm pa3Aejia. KoHuempauHa AOHOpHbix 
npHMecefi B cnoax GaAs H AlGaAs O6HHHO cocTaBjiaer (1-2). 1018 CM"

3
, npn STOM KOHueHTpauKa 

sjieicrpoHOB B noTeHUHajibHoii aMe AOcraraeT (1-2). 1012 CM"
3
, a HX noABHacHOCTb npn KOMHaTHofi 

TeMneparype - 6500-8Ö00 CM
2
/B.C H B03pacTaeT AO (6-10).105 CM

2
/B.C npH oxjiaacfleHHH ^o TeMnepa- 

TypH 5KH/ucoro a30Ta. 
3HaHeHHe MOJibHOH   AOJiH x B TpoÖHOM coeAHHeHHH Bbi6HpaeTca H3 cooöpaaceHHH nojiyneHHa 

AOCTaTOHHOH   BeJIHHHHH   pa3pbIBa   30HH npOBOflHMOCTH H o6bIHHO COCTaBJiaeT 0,22-0,26. OflHaKO , 
ycTaHOB^eHo , HTO C yBeJinneHHeM x B03pacTaer nnoTHOCTb rjiy6oKHx ^eHTpoB 3axBaTa (DX- 
^eHTpoB) B cjioe AlxGai.xAs, CBa3aHHbix c oco6eHHOCTaMH BCTpaHBaHna aTOMOB KpeMHHa B KPH- 

CTajijiHHecKyio peraeTKy Taicnx njieHOK [22,23]. 06pa30BaHHe DX-ueHTpoB npHBO^HT K cHHMceHHK) 
KOHueHTpai^HH CBo6oflHbix sjieiopoHOB H cooTBercTBeHHO k yxyAineHHio BAX eroKa. 

CymecTByiOT pa3JiHHHbie TexHOJiornnecKHe npneMM yMeHbineHHa njiOTHOCTH DX-ueHTpoB B 

AlxGai.xAs. OAHH H3 HHX - BbipantHBaHne TCJI c 8 -jierHpoBaHHeM, npH KOTopoM aKTHBHwo CJIOH 

AlGaAs He jierapyeTca, a Ha onpeAeJieHHOM paccToaHHH B Hero BBO^aTca aTOMHbie CJIOH ( 5 
-CJIOH) npHMecHbix aroMOB [24,25]. 

Cjie^yeT OTMeTHTb, HTO HaH6ojiee nojiHO npeHMymecTBa TCJ1 GaAs-AlGaAs npoaBjiaicrca npn 
KpHoreHHbix TeMnepaTypax, npn KOMHaTHofi ace TeMnepaType BbiHrpwra B napaMerpax 3a cner 
pocTa no^BHacHOCTH OKa3biBaeTca HHace. 

OrpaHHneHHa B ncnojib30BaHHH TCJI GaAs-AlGaAs y^aeTca B H3BecTHon cTenemi npeoAOJieTb 
npn Hcnojib30BaHHH, TaK Ha3biBaeMbix, nceBAOMop(J)Hbix TCJI. B STHX CTpyKTypax B KanecTBe y3- 
K030HHoro nojiynpoBOAHHKa BMecTO GaAs Hcnojib3yeTca TOHKHH (< 20 HM) CJIOH InGaAs. IIo- 
cKOJibKy inHpHHa 3anpeui,eHH0H 30HH y InGaAs MeHbine, neM y GaAs, TO  BO3MO»CHO npnMeHeHHe 
4MaTepnajiw 6-S MeuyiyHapoflHoB S^«MCKOM »Ä«KPOBOAHOBOS ÄiHipepeHijHH ^t«/Ä«Ä>W. 16-19 ceKin6pn 1996 r., CeoacronoAb, KpblM, YKpaHHa 
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AlxGai.xAs c 6ojiee HH3KOH (X=0,15) MOHI>HOH AOJiefi, npH KOTopofi DX-i^empw He o6pa3yiOTCH. 
BenHHHHH pa3pi>iBa 30HH npoBOflHMOcra Ha rpaHHue pa3flejia npa STOM cocTaBjiaex 0,3 aB H KOH- 

ueHTpaHHa sjieKTpoHOB B noTeHHiiajibHOH HMe B03pacTaeT [26,27]. 
HanpaaceHHa HecooTBercTBHa, oöycjiOBjieHHwe paccorjiacoBaHHeM nocToaHHwx peineroK GaAs 

H InGaAs (~ 1%) npHBo^aT K OKaraio cnoa Iiio^Gao^As, H B pesyjibTare npoHcxp^HT corjiacoBa- 
HHe nocToaHHwx peraeroK GaAs H AlGaAs (Koropbie OTjimraiOTca Bcero JIHUU> Ha HecKOJibKO co- 
Tbix npoHeHTa). CoraacHo TeopHH, pa3pa6oTaHHofi Matthews H Blakeslee, pjw snHraKCHajibHbix 
njieHOK cymecTByeT KpHnraecKaa TOjiinHHa, HH»ce KOTopofi Hanpaaceroia, BOsrancaiomHe npn pacco- 
rjiacoBaHHH nocroaHHbix pemeTKH GaAs H InGaAs, Moryr pacnpe/nejiaTbca paBHOMepHO. Bwine Kpn- 
THHecKOÖ TOJimHHbi (> 20 HM) HannHaiOT npeoSjiaflaTb ^HCJiOKainiH HecooTBercTBHa. 

OnxHManbHbiM MaTepnanoM #jia icaHajia nojieBoro TpaH3HCTopa B HacToamee BpeM« CHHraiOT 
TBepAbifi pacTBop In0,53Gao,47As, H3onepHo^HMHWH c InP [28]. IIpeBOCxoACTBO 3Toro MaTepnajia Ha^ 
GaAs CBH3aHO c MeHbinefi 3$(J)eKTHBHOH Maccofi ajiempoHOB, öojiee BHCOKOH noflBHHCHOCTbio 
ajieKTpoHOB npH KOMHaTHofi TewtnepaType, 6ojibinHM pa3AeneHHeM T- H L-MHHHMyMOB B 30He npo- 
BcyjHMOcra, a Taicace 6ojibineH    MaKCHMajibHofi apefi^OBofi CKopocTbio ajieicrpoHOB vs. 

Ha pnc.3 o6o6meHHO npeAcraBjieHO pacnpeAejieHHe cjioeß B CTpyrrypax ßjia o6biHHoro rmil Ha 
GaAs H TpaH3HCTopoB rana HEMT Ha ocHOBe crpyicryp GaAs-AlGaAs, nceBAOMop$Hbix TCJI 
GaAs-InGaAs-AlGaAs H TCJI Ha ocHOBe InP, a B Ta6n.l npeAcraBjieHbi napaMeTpw nojiynpoBOfl- 
HHKOBbix cjioeB GaAs, InP u TPOHHMX coe^HHeHHÖ Ha HX ocHOBe. 

OCHOBHbie 4>H3HHeCKHe CBOHCTBa nOJiynpOBOflHHKOBMX   MaTepHajIOB, 
npHMeHaeMbix ßjia H3roTOBjieHHa MajrouiyMaiinix CBH TpaH3HCTopoB [29] 

TaöjiHua 1 
CßOHCTBa MaTepnanoB npn 300 K GaAs InP Gao.47Ino.53As Alo.48lno.52As 
riocToaHHaa pemeTKH, A 5,65 5,86 5,86 5,86 
IIInpHHa 3anpeineHHOH 30HW ,aB 1,42 1,35 0,75 1,45 
Pa3pbIB 30HH npOBO^HMOCTH 
AlGaAs/GaAs 
AlInAs/GalnAs 

0,24 
0,48 

- - 

CKOpOCTb HOBepXHOCTHOH peKOM- 
ÖHHaHHH, CM/C 

106 103 

3<])4)eKTHBHaa Macca ajieicrpo- 
HOB,nio 

0,0665 0,0796 0,043 0,077 

IIOflBH5KHOCTb 3JieKTpOHOB, CM2/B.C 

(N„ = 1017 CM -3) 
4000 3200 7000 9000 

IIOABHaCHOCTb AHpOK, CM2/B.C 

(Na=10!7cM-3) 
250 150 300 180 

MaKCHManbHaa HanpaaceHHOCTb 
3jieKTpHHecKoro nojia xlO4 KB/CM 

390 530 220 400 

TenjionpoBOflHOCTb, BT/CM.K 0,46 0,74 0,05 - 
Pa3pwB Meagry   r-L-^ojiHHaMH, sB 0,33 0,52 0,55 0,5 

BaJKHWM npeHMyinecTBOM CTpyicryp InP-InGaAs aBjiaerca TO, HTO MaKCHMajibHaa cxopocTb sneK- 
TpoHOB B STOM MaTepnajie Ha 33% Bwuie, HQM B GaAs (2,85.10 7 CM/C H 2,13.10 7 CM/C cooTBeTCT- 
BeHHo). B npnöopax c KoporccHM 3aTBopoM noBbioieHHaa CKopocrb HOCHrejieö 3apa^a no cpaBHe- 
HHK) co crauHOHapHbiM 3HaneHHeM eme 6ojiee ycHjiHBaeT Bjmaroie BHCOKOH noflBHacHocra sjieiopo- 
HOB. PacqeTbi no MeroAy MoHTe-Kapjio noKa3WBaroT, HTO npn TeMnepaType 300 K H fljiHHe npone- 
Ta 0,2 MKM CKOpocTb HOCHrejiefi B Ino.53Gao.47As H B GaAs cooTBercTBeHHO paBHa 7,4.10 7 H 4,4.107 

CM/C. 
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III. KoHCTpyKijHH, rexHOJiorHH H3roTOBJieHHH H napaMerpbi 
MajiomyMHmHX CBI TpaH3HCTopoB 

Kb paccMcnpeHHJi paöora miLI Ha CBH [3,6] acHO, HTO Hapa,ny c xapaicrepHCTHKaMH nojiynpb- 
BOAHHKOBoro Marepnajia, napaMerrpw TpaH3HCTopa onpeAejiaiorca ero KOHCTpyKTHBHbiMH oco6eHHO- 
CTHMH. IIpH 3TOM Bw6op KOHCTpyKTHBHwx peraeHHÖ onpeAejiaerca, npeacße Bcero, TexHonorHHecKH- 

MH   B03MO>KHOCTaMH. 
K HanGojiee BaacHHM 4>aKTopaM, KOTopwe onpe^ejiaiOT H orpaHHHHBaiOT Bw6op B03MO>KHbix Tex- 

HOjiorHHecKHX BapnaHTOB n3roTOBjieHHH llllll, OTHOCHTca CBOHCTBa noBepxHOCTH H rparam pa3ACJia 
nojrynpoBOflHHKa[3,30,31]. CooTBCTCTByioinHMH noKasarejiaMH npn STOM aBJiaiOTca BbicoTa H KO- 

34>4>Hi;HeHT HAeaxtbHOCTH 6apbepa IIIOTTKH, KOHTaicrHoe conpOTHBJieHHe o6jiaereH CTOKa H HCTOKa 
npn cooTBeTCTByiomHX reoMeTpHHecKHX pa3iviepax aKTHBHbix oGjiacTen npn6opa[32]. 

OflHofi H3 ocHOBHbix TexHOJiorHMecKHX onepamnl, onpe^ejiaioin;Hx napaMCTpbi nTIII H orpamiHH- 
Baromefi Bbi6op KOHcrpyKUHH, aBjiaerca jiHTorpa4>Ha - <J)opMHpOBaHHe reoMeTpHiecKHx pa3MepoB 
aKTHBHbix o6jiacTeö npn6opa. TexHHKa 3jieKTpoHHO-JiyHeBofi jiHTorpa<J)HH nocToaHHo CHH^caeT pea- 
jiH3yeMbie pa3Mepbi sjieMem-OB, npHÖjncKaacb K CBOHM TeopeTHnecKHM npeAejiaM [33,34]. 

C sjieiopoHHO-JiyHeBOH jiHTorpa^nen H MOJieKyjiapHO-JtyHeBofi snHTaKCHen TexHOJiormiecKH co- 
BMecTHMa pa3BHBaK>maHCH TexHoraorHa ccJKHcycnpoBaHHbix HOHHMX nynKOB. C ee noMoinbio MOJKHO 

TOHHO co3AaBaTb OKHa B noBepxHOCTHwx CJIOMX, npe^HaMepeHHO BHOCHTb HapyineHHH B cTpyiaypbi 
KpHCTanjiHHecKH coBepmeHHbix cjioeB, ocymecTBjiaTb HOHHoe jierapoBaHHe c B03MO>KHOCTbio 3<|)- 
4>eKTHBHoro KOHTpojia rjryÖHHbi H KOHueHTpauHH BHeApeHHofi npHMecw. BeAyrca pa6oTbi B oßjiac™ 
C03^aHHa KOMnneKCHbix ycraHOBOK, paöoraiomHX B ycjiOBHax CBepxBWCOKoro BaKyyMa H no3BO- 
jiaiounix ceneKTHBHO co3AaßaTb ynacTKH pa3JiHHHbix cjioeB c noMombio MJI9, sjieicrpoHHO- 
jiyneBOH jiHTorpa(j)HH H TCXHHKH HOHHOTO TpaBjieHHa [35]. 

Han6ojiee BaacHbiMH 3aAanaMH B o6jiacTH pa3BHraa TexHOJiorrai, HapaAy c coBepuieHCTBOBaHHeM 
o6opyflOBaHH« H 4>0T0HyBCTBHTejibHbix MaTepnajiOB pjw ajieKTpOHHO-jiyneBOH jiHTorpa<i>HH, pa3pa- 
6oTKofi MCTOAOB HaHeceHHa H "cyxoro" TpaBjieHHa noKpbirafi, co3AaHneM 3aMKHyTbix aBTOMaTH3H- 
poBaHHbix TexHOJiormecKHX JIHHHH, npeACTaBjiaerca pa3pa6oTKa HaAe>KHbix MCTOAOB Kompojia 
napavteTpoB Ha OTAejibHbix TexHOJiorHnecKHX 3Tanax, co3AaHHe MeroAOB MareMaTHMecKoro MOACJIH- 

poßaHHa, pa3BHTHe MeTpHKH na BbicoKHx MacTOTax [3,6,7,36-38]. ^^ 
TeopeTHHecKHe HCCJieAOBaHHH H aHajira paoonnx xapaicrepHcraK noKa3aji, MTO HI III Ha 

apceHH^e rajiJina MoryT pa6oTaTb B HacTOTHOM Anana30He flo 60 ITu [39,40]. MHHHMroauHa AJIH- 

Hbi KaHajia öjiaroAapa yßejimeHHio pa3peinaiomeH enocoÖHoera ajieicrpoHHO-jiyHeBOH jiHTorpa- 
(])HH, Hcnojib30BaHHe caMOCOBMemeHHoS TexHOJiorHH, T-o6pa3Horo 3aTBopa no3BOJiaeT yjiyn- 
raHTb pa6oMHe xapaicrepHCTHKH nTIII[41].CneAyeT OTMeroTb, HTO Jiyninne o6pa3^w nTIII c MHHH- 

ManbHMM K034)$HHHeHTOM myMa, pa6oTaiomHe na nacTOTax 60 H 94 ITH, H3roTOBjieHH c npn- 
MeHeHHeM TexHOJiorHH MJ19 [3,29,42]. 

Pa3BHTHe nojiynpoBOßHHKOBoro MaTepHajiOBe^eHHa B coqeTaHHH   c   coBepuieHCTBOBaHHeM Tex- 
HOJlOrHHeCKHX MCTOflOB o6pa60TKH nOJiynpOBOflHHKOBWX KpHCTaJlJlOB OTKpblBaeT nepCneKTHBH C03- 
flaHHa  npHHUiHnHajIbHO  HOBWX  KOHCTpyKHHH  TpaH3HCTOpOB,     B     OCHOBe   KOTOpWX  Jie>KHT   "4>H3HKa 
HH3KHX pa3MepH0CTefi". Cro^a OTHocaTca ^ByMepHbie, oAHOMepHbie H HyjibMepHwe KBaHTOBwe 
CTpyKTypw, KOTopwe Moryr 6biTb nojiyneHH nyreM jioicaJiH3auHH nHHeÖHbix H^H njiocKHx o6jiacTefi 
c noMombio sjieicrpHMecKHX nojiefi, cejieKTHBHofi HMmraHTauHH HJIH HOHHoro TpaBjieHHa. 

IlpaKTirqecKaa pearrasainia npHÖopoB c peineTKofi OAHOMepHbix KaHajiOB ocymecTBjieHa cneuiHajiH- 
CTaMH 4)HpMbi Fujitsu [43]. B CTpyioype GaAs-AlGaAs Ha cjioe AlGaAs c noMombio jia3epHoro 
SKcnoHHpoBaHHH H cejieKTHBHoro peaKTHBHoro HOHHoro TpaBjieHHa ^opMHpyiOTca nojiocKH n+- 
rana oinpHHofi 50 HM. PaccToaHHe MeacAy nojiocKaMH 200 HM. IIoBepx nojiocoK ^opMHpyerca 3a- 
TBop. ripn noAane Ha 3aTBOp OTpnuaTejibHoro HanpaaceHHa CJIOH AByMepHoro sjieKTpOHHoro ra3a 
Me^fl,y nojiocicaMH GaAs oöeAHaeTca HOCHTejiaMH, HTO npHBcyjHT K o6pa30BaHHK) KBa3HOAHOMepHbix 
npoBOAaiUHX KaHanoB mnpHHofi 50 HM. C yBejuraeHHeM oTpHHaTejibHoro CMemeHHa Ha 3aTBope 
oSeAHeHHMH CJIOH Me>KAy nojiocKaMH pacuiHpaerca, H KBa3HOAHOMepHbie KaHajibi npeo6pa3yK>Tca B 

oflHOMepHbie ranpHHOH 10 HM. 

TeopeTHHecKHH anajiH3 MexaHH3Ma nepeHOca sjieicrpoHOB noKa3HBaer, HTO, 6jiaroflapa oTcyTCTBHio 
ynpyroro pacceaHna sjieKTpoHOB, noABH>KHOCTb HOCHTejiefi 3apa^a B Taxofi CTpymype CTaHOBHTca 
6ojibine, neM B O6HHHWX HEMT C AßyMepHbiM KaHajioM. Ha 6a3e TaKofi CTpyiaypbi MoryT 6biTb 
co3AaHbi CBepxöbicTpoAeöcTByromHe ipaH3HCTopbi c Majiofi noTpe6jiaeMoä MomHOCTbio, KOTopwe 
npeB30HAyr no CBOHM xapaicrepHCTHKaMH npH6opbi Ha s^eicre fl>K03e4)C0Ha. 

O^HaKO, cneAyeT OTMeTHTb, HTO CTpyKTypw TaKoro THna noxa npeAeraBjiaioT, rjiaBHWM o6pa- 
30M HayMHbifi HHTepec.  IIpaKTHHecKaa peajiH3auHa MajiomyMamnx ycTpoficTB cyÖMHjuiHMerpOBoro 
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,HHana30Ha crana BCBMOHCHOH nocjie ocBoenH« npoMwuijieHHoro npoH3Bo#CTBa TCJI c /nryMepHbiM 
3jieKTpoHHHM ra30M. OcHOBHbie THnw HEMT Ha TCJI npcucraBjieHbi B Ta6ji.2. 

HEMT Ha ocHOBe ceneKTHBHO jierHpoBaHHbix TCJI c AByMepHHM ajieicrpoHHbiM ra30M 
Ta6jiHH,a 2 

THH TpaH3HCTopa 

HcTOpHHeCKH 

nepBHH HEMT 
CTaH^apTHblH 

nceB#OMOp4)HMH 

HEMT Ha GaAs 

CTaH£apTHbifi 

HEMT Ha InP 
nepcneKTHBH 

bin HEMT 
Ha InP 

KoHTaKTHblfi   CJIOH GaAs GaAs In0,53Gao,47As In0,53Gao,47As 
BepxHHÖ "nKTaiomHÖ" 

CJIOH 
AlxGai.xAs 

x<0,23 
AlxGai_xAs 

x<0,22 
InxAli.xAs 

x<0,52 
InxAli.xAs 

x<0,52 
Pa3pbIB 30HM npoBO- 

ßHMOCTH Ec, SB -0,20 -0,30 -0,52 >0,52 
KaHaji GaAs 

CorjiacoBaHHaa 
pemercca 

Ino,i5Gao,85As 
nceB^OMOp(J)HbIH 

In0,53Gao,47As 
corjiacoBaHHaa 

pemeTKa 

InyGai.yAs 
y>0,53 

nceBAOMop4> 
Pa3pbIB 30HH npoBO- 

AHMOCTH EC, sB 0 -0,12 -0,52 >0,52 
HHHCHHH (6y4)epHbifi) 
CJIOH 

GaAs GaAs InxAli.xAs 
x<0,52 

InxAli.xAs 
x<0,52 

rioflJioacKa GaAs GaAs InP InP 

Yace nepBbie HEMT, H3roTOBjieHHbie Ha ocHOBe rercpocTpyKTyp GaAs-AlGaAs, noKa3ajin nep- 
cneKTHBHOCTb AaHHoro HanpaBjieHHH. TaK, HEMT c AJIHHOH 3aTBopa Lg=0,5 MKM o6jia#ajiH TaKHM 
ace K034>(J)HHHeHTOM uiyMa, KaK H oöbiHHbie nnil c Lg=0,25 MKM [4]. H3roTOBjieHbi HEMT c 
K03<})4)HHHeHTOM uiyMa 2,5 fljo Ha HacTO-re 35 ITH npn Lg=0,5 MKM H TaKHM ace K03<j)4)HHHeHTOM 
myMa Ha nacTOTe 60 FTn npn fljunie 3aTBopa 0,25 MKM.( Ta6ji.3) 

CpaBHHTejibHwe xapaicrepHCTHKH napaMCTpoB HTIII H HEMT c AJiHHOö KaHanta 0,25 MKM 

TaöJiHua 3 
Tun HaeroTa, ITu; Kin, #E Ky,ÄB 3KCTpanojiHp. MaKCHMajibHbifi 

TpaH3HCTOpa f npefl. ITH Krw, % 
8 0,8 15,0 
18 1,4 10,0 

11T1U 30 2,0 7,8 180 10 
40 2,6 6,8 
60 3,4 3,8 
8 0,4 15,2 
12 0,6 12,5 

HEMT 18 0,8 10,4 170 14 
30 1,5 10,0 
40 1,8 7,5 
62 2,5 4,4 

nceBAOMOp(J)HbIH 62 2,4 4,4 230 28 
HEMT 

ßanbHefiinee pa3BHTHe HEMT nojiynHjiH npn Hcnojib30BaHHH nceBßOMop<])Hbix TCJI GaAs- 
InyGai.yAs-AlxGai.xAs, r^e x<0,20, a y<0,15. Ha pnc.4 npeACTaBjieHbi ^acTOTHbie 3aBHCHMOCTH 
K034)(J)HHHeHTa rayMa j\m HEMT c AJIHHOH 3aTBopa 0,25, 0,15 H 0,1 MKM [45]. 

HanGojiee nepcneKTHBHWMH B Haeroamee BpeM» CHHraiOT HEMT Ha ocHOBe InP. B TCJI 
InP/InxAl!.xAs/ InyGai.yAs c yBejimemieM MOJibHofi ^OJIH (X=0,52, y=0,53) BenHHHHa pa3pwBa 30HM 

npoBOAHMOCTH B03pacraeT #o 0,52 sB. npn STOM B03pacTaeT B 2-3 pa3a KOHHempaHmi sjieicrpo- 
HOB B noTeHHHaiibHOH aMe H HX ^pefi^OBaa CKopocTb. CpaBHHTejibHaa oueHKa myMOBbix xapaicre- 
pncTHK HEMT Ha GaAs vs. InP npeAcraBjieHa Ha pHc.5. IIo nporH03aM cnei^najiHCTOB AajibHeöuiee 
pa3BHTHe 3Toro HanpaBjieHHa - co3,naHHe nceBAOMop<})Hbix HEMT Ha InP c ysejnraeHHOH  MOJibHOo 
flOJieft HH^H« B TpOHHOM COCAHHeHHH flO 0,6-0,65 [46]. 
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IV. 3aiüH0HeHHe 
1. ^Hana30H pa6oHHX HacTOT MajiomyMsinHX nojieBbix TpaH3HCTopoB Ha ocHOBe coeAHHeHHH TH- 

na A3B5 cyrnecTBeHHO pacniHpHjica 3a nocjie^Hee AecHTHJieraG H Aocrar oojiacra MHJIJIHMCTPOBHX 

H cy6-MHjijiHMeTpoBbix fljiHH BOJiH. Ycnex« B 3TOH o6jiaera CTanH B03MOÄHMMH 6jraro,aapH pa3BH- 
THK) TCXHOJIOrHHeCKHX MCTOAOB H HCCJie^OBaHHMM    (J)H3HHeCKHX HpOHeCCOB  B TOHKHX nOJiynpOBO/I- 
HMKOBwx cnoax H rerepocTpyKTypax Ha ocHOBe GaAs H InP. 
2. PeajiH3ain«i npnGopoB c pemeTKOH o^HOMepHbix KaHansoB ITOSBOJIKT co3AaTb cBepx6fciCTpofleficT- 

Byiomne TpaH3HCTopw, Koropbie npeB3ofi^yT no CBOHM xapaicrepucTHKaM npHÖopu Ha arhcbeicre 

,fl?K03e<i)COHa [47] . 
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LOW-NOISE TRANSISTORS OF MILLIMETER AND SUBMILLIMETER BAND. 
MATERIALS AND TECHNOLOGY 

Bosyi V.l., Ivaschuk A.V., ll'in I.Yu., Semashko E.M., Sunduchkov K.S. 
joint-stock company "Saturn", 2"b" 50-let Oktiabria Ave., Kiev-148, Ukraine 

tel. (044) 477-67-39, fax (044) 477-62-08 

The development and improvement of the satellite communication, TV, astrophysics, military equipment of various purpose is 
defined mainly by the level of technology of manufacturing of active semiconductor elements, among them the leading place take 
the low-noise field-effect transistors. The world wide famous firms, such as General Electric, NEC, Fljitsu, Mitsubishi, Varian, TRW, 
Hughes, etc. produce and develop the FET transistors. The frequency range of FET devices was expanded, essentially for the last 
decade and at the present time it reaches the millimetre and sub-millimetre lengths of waves. The several questions on creation of 
low-noise microwave GaAs FETs, as well as the transistors with high electron mobility (HEMT) on the base of the most perspective 
types of heterostructures have been considered in this paper. 
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COCTOÄHME H ÜEPCIIEKTHBM PA3PABOTOK U1HPOKOOOJIOCHHX 
TBEPßOTEJIBHMX  YCMJIHTEJIEfil MOU^HOCTH CBM ^HAOA30HA 

A.A.KHIUHHCKHH 
rocIJHMPTM, 107066, e.Mocma, yji.Hoean EacMamiafi,20, m.263-97-24 

AHHOTAIIHÜ 

AHajnwHpyioTcs cocToaHHe pa3pa6oTOK H napaMexpbi TBepAOTejibHbix     ycHjiHTejieii, 
OCHOBHbie TCHAeHHHH pa3BHTHH 3JI6MeHTHOH 6a3bl RJVl MOIHHblX   CB1! npH6opOB, OCOÖeHHOCTH 
nocxpoeHHa MoujHbix iiiHpoKonojiocHbix ycHjiHTejien. 

BBEJEHHE 

IllHpoKonojTocHbie TpaH3HCTopHbie ycHjiHTejiH MOIHHOCTH (IIITYM) CBH   AHana30Ha 
SBJiaiOTCH OAHHMH H3 HaHÖOJiee TpyÄOeMKHMHX H AOporOCTOHIUHX KOMnOHeHTOB COBpeMeHHblX 
paßHOCHCTCM. 3TO OÖyCJIOBJieHO CJI05KH0CTKK) HX pa3paÖOTKH, ÖOJIbUIHM OÖbeMOM 
HaCTpoe^HblX H KOHTpOHbHblX onepaUHH npH H3rOTOBJieHHH H OTHOCHTOTbHO BbICOKOH 
CTOHMOCTbK)     npHMCHaeMblX nOJiynpOBOAHHKOBblX     KOMnOHeHTOB      -      MOIHHblX     CBM 
TpaH3HCTOpoB  H  MOHOJiHTHwx HHTerpajibHbix  cxeM  (MHC).   IlepcneKTHBbi  TeXHHHeCKOrO 
pa3BHTHH   H CHH2(eHHfl CTOHMOCTH IIITYM CB33aHbI rjiaBHbIM o6pa30M C npHMeHefflteM   HX B 
BoeHHbix CHCTeMax Ha 6a3e aKTHBHbix 4>a3HpoBaHHbix aHTeHHbix peiueTOK (AOAP), xaKHx, KaK 
CHCTeMbI paÄH03JieKTpOHHOH 6opb6bI HJIH   MHOro4>yHKHHOHaJIbHbie 6opTOBbie paÄHOJIOKaTOpbl 
[1]. ripHMeHeHHe IIITYM B Apyrax o6jiacrax TCXHHKH orpamraeHo Hcnojib30BaHHeM B 

cpeACTBax H3MepHTenbHOH TexHHKH H B annapaType wia nay^Hbix HccneAOBaHHH. 

MOIIIHblE CBH TPAH3HCTOPM 

AKTHBHWM 3JieMeHTOM B 6onbUiHHCTBe npoMbiuijieHHO BbinycKaeMbix IIITYM CBM 
ÄHana30Ha aßjiaioTca RpHCTaraibi apcefflwajuiHeBbix nojieBbix TpaH3HCTopoB c 6apbepoM 
IHOTTKH (IITULI). B Haeroamee BpeMa cepHHHO BbinycKaioTca KpHCTajiJibi IITI1I 
caHTHMeTpoBoro ffHanasoHa c IHHPHHOH 3axßopa AO 5-8 MM H BMXOAHOH MOiHHOcTbio AO 2-3 BT 

Ha KpHCTarai. OAHHM H3 OCHOBHHX HanpaBJieHHH coBepmeHCTBOBaHna MOIHHMX IITIII 
aßjiaeTca cHHaceHHe Tenjioßoro conpoTHBjieHHa. 3TO AOcrnraeTca 3a cieT HcnoJib30BaHHa AH» 

3a3CMJieHHa      HCTOKOBblX      3JieKTpOAOB       CKB03HHX       MeTajIJIH3HpOBaHHbIX       OTBepCTHH      H 
<J)opMHpoBaHHa Ha o6paxHOH cTopoHe KpHCTajma raJibBaHHiecKoro HHTerpajibHoro 
TenjiooTBOffa. HDH STOM MoaceT 6biTb peajnooßaHa TOJimHHa apceHHAa rajuras noA aKTHBHOti 
cTpyicxypoH 25-50 MKM H cHHaceHHe Tenjioßoro conpoTHBjieHHa B 1.5-2 pa3a. KpoMe Toro, 
HcnoJib30BaHHe MeTajuuoHpoBaHHbix oTBepcran no3BOJiaeT CHH3HTb HHAyKTHBHOCTb o6mero 
3jieKTpoÄa ÄO 3HaqeHHH 0.005-0.01 HIH H 3a CTCT 3TOTO Ha 1.5-2.5 AB noBWCHTb Kosf^HiuieHT 
ycHjieHHa IITIII. 34>(J)eKTHBHbiM MCTOAOM cHHaceHHa Tenjioßoro conpoTHBjieHHa aBJiaeTca 
MeToa nepeBepHyToro MOHTaaca KpHCTaiuia, OAHaKO H3-3a cepbe3Hbix npo6jieM B TexHOJiorHH 
c6opKH MHoroKpHCTajuibHbix MOÄyjiefi 3TOT MeTOA npHMCHaeTca oneHb orpamraeHHO. 
YuejibHaa MoiHHOCTb npoMbiumeHHbix o6pa3HOB MOIHHMX riTIII cocxaBjiaeT 0.3-0.5 BT/MM npn 
Küß OT 30 AO 40%. 

^ajibHenuiee noBbiuieHHe yAeJibHoii MOIHHOCTH H Küß TpaH3HCTopoB cßa3aHO c 
pa3pa6oTKOH HOBMX MaTepnaJiOB H TexHOJiorHH (J)opMHpoBaHHa aKTHBHbix cjioeB c nejibio 
noBbiuieHHa HOABH>KHOCTH H cKopocTH HacbimeHHa HOCHTejien B KaHajie H coxpaHeHHa 
BbicoKHX npoÖHBHbix HanpaaceHHH.OAHHM H3 ysanHbix HanpaBJieHHH cxajia pa3pa6oxKa [2] 
(JinpMOH Texas Instruments T.H. noneBoro TpaH3HCTOpa c reTepocxpyKTypoH (HFET), B 

KOTopoM o6biqHbiH OÄHOpoAHO xernpoBaHHbiH n-cjioH GaAs OTAeneH OT 3aTßopa 
HH3KOJierHpoßaHHbiM AlGaAs cjioeM. 3TO no3BOJiHJio nocbicHTb npoÖHBHbie HanpaaceHna äO 22 
B, peanH30BaTb BbicoKyro KpyTH3Hy npH Manbix TOKax KaHajia H noJiy^HTb npn pa6oTe B 

KjiacceABKn^ äO75%. 
HaHÖonee   BbicoKHe   pe3yjibTaTbi    B    MnjuniMexpoBOM    AHana30He   Aocrara^pa    c 

HCnOJIb30BaHHeM TeXHOJIOrHH T.H. nceBÄOMOp<|>HbIX TpaH3HCTOpOB     C BbICOKOH nOABH5KHÖpTbIO 
3jieKTpoHOB (pHEMT) [3]. IIony^eHbi yAejibHbie MOIHHOCTH 0.7-1.3 BT/MM H pa6o*me HacTOTbi 

. f, MaTepHajvbi 6-fi Meamyiiapo^Hoi" ^teMCKOH rftuKpoBOMsoBoii AwipcpeHuHii ^*r#«Ä»W. 16-19 ceHTn6pn 1996 r., CeBacTOnoAB, KptiM, YspaHHa 
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no 60 ITn, oflnaKo B BH«e npoMbiiujieHHbix o6pa3HOB Taicne TpaH3HCTopw noeraBjiaioTca noKa 
orpaHiraeHHo, B OCHOBHOM Hcno.tib3yioTca B co6cTBeHHbix pa3pa6oxKax paÄHosjieKTpoHHbix 
4>HpM. B POCCHH MomHbie pHEMT-TpaH3HCTopw Hepa3pa6oTaHbi. 

HHTeHCHBHbie HccjieAOBaHHa H pa3pa6oxrcH npoBo«aTca B oojiacra co3«aroiH MOIHJHHX 

reTepocTpyKTypHbix OHnojiapHbix TparoncTopoB (HBT), napaMeTpw JiaöopaxopHwx o6pa3HOB 
KOTopwx (KUß,, ycHjieime) B caHTOMeipoBOM ,zniana30He yace cpaBHHMbi c napaMerpaMH 
JiyquiHx nTlIJ, a no   yAeJibHoii MOIHHOCTH (äO. 5.6 BT/MM2) onepeacaioT HX [4]. 

MOHOJIHTHblE HHTEFPAJIBHhlE CXEMBT 

nporpecc B TexHojiorHH MHC CBH, HO3BOJIHBUIHH BeÄymHM «JmpMaM noBbicnib BWXO« 

roflHbix KpncTajMOB jap 30-70% npH miomam KpHCTajiJia 4-10 KB.MM, ^aji Haiajio 
npaKTHHecKOMy BHejipeHHio urapoKononocHbix MOHOJIHTHMX ycHJiKTejiefi MOIUHOCTH B 

paÄH03jieKTpoHHbie CHCTCMM, B nepByro onepe^b B cHcreMbi c AOAP. npn nocTpoeHHH MHC 
uiHpoKonojrocHbix ycHMTeneä MOIHHOCTH HaHOojibmee npHMeHemie HauijiH «Be cxeMHbie 
KOH^nrypauHH. MHC c nepeKpbiraeM no qacTOTe OT 3 jip 10-20 H öojiee peajiroyioTca no cxeiwe 
ycHOTTena 6erymen BOJEHH (YEB, pnc.la.). ßjia cTaHflapraoro OTa 3Toro rana MHC 
Änana30Ha 2-18 ITn, AOcrarHyTbi Bbixo«Hbie MOIUHOCTH OT 200 MBT (MHC rana CMM-10 
<J)HpMbi Celeritek, C11IA) Äo 400 MBT (MHC mna TGA8334 (JtnpMbi Texas Instruments, ClIIA) 
c KpHCTaJEia npn JIHHCHHOM ycraieHHH 6 - 9 AE. YEB oxroaraaioTca BMCOKOH paBHOMepHocTbio 
ycHjieHHa H HH3KHMH Koa^^nnneHTaMH oTpaaceHHa OT Bxo^a H Bbixo^a, o«HaKo, HMeioT Manbifi 
KTIR ( 8 - 10 % «na ynoMaHyTbix Bbiuie MHC). 3TO o6ycJioBjieHO cymecTBeHHbiM 
paccoraacoBaHHeM B peaame 6ojibuioro cnmajia Harpy30K OTßejibHbix nTLLI, o6pa3yiomHX 
HCKyccTBeHHyio jraHHK), OTHocHTejibHO onTHMajibHoro wia flaHHoro riTllI HMneaaHca. OäHHM 

H3 cxeMOTexHnqecKHX nyTen noBbmieHHa BHXOAHOH MOHJHOCTH H KUJ}, B YBB »BMeTca [5] 
Hcnojib30BaHHe «ByxcTopoHHero B036yacÄeHHa BOJEHM BO BXOäHOH JIHHHH H cooTBercTByiomee 
cyMMnpoBaHHe cnmanoB BHXOAHOH JIHHHH (pnc.16), HTO no pacneTaM aBTopoß no3BOjniT 
yBejnraHTb Bbixo/myio MomHocTb YBB Ha 2-2.5 «B. OCHOBHOH me nyTb pa3BHTna YBB cBa3aH c 
noBbiineHHeM yrjejibHOH MOIUHOCTH TpaH3HCTopoB. B POCCHH B npoMbiuuieHHbix o6pa3nax YBB 
ÄHanasoHa 2-18 ITn flocTHrHyTa BbixoflHaa MomHOCTb 30-50 MBT, B 3KcnepHMeHTaJibHbix 
o6pa3nax «nanajoHa 1-12 rrn - MomHocTb 200-300 MBT, pa3pa6oxKH Tarax MHC Be^yTca B 

AOOT "ÖKTaBa" (r.HoBocHÖHpcic) H B THnn "HCTOK" (r.0>pa3HHo).BTOpoH uinpoKo 
Hcnom>3yeMOH cxeMOH [6-8] aBjiaeTca cxeMa ÄByxKacKaffHoro ycHjiHTejia c o6meÄ 
Me»acacKaÄHOH coraacyioineH uenbio (pnc. 1B). Efojioca nacTOT TaKHX MHC yatce, TOM y YBB, 
o^HaKO MoxceT ÄOCTHraib TpoÄHoro nepeKpbiTHa. OxHomeHHe uinpHHbi 3aTBOpa BbixoÄHoro H 

BXOÄHoro TpaH3HCTopoB cocTaBjiaeT OT 2:1 no 4:1 [6]. Coraacyromne nenn CTpoaTca Ha 6a3e 
cocTpeÄOTOHeHHbix H KBa3HcocpeÄOTOHeHHbix 3jieMeHTOB Ha KpHCTanuie  MHC:  KopoTKHX 
BblCOKOOMHblX        OTpe3KOB        MHKponOJtOCKOBOH       JfflHHH        H        M/JM-KOHfleHCaTOpOB        B 
nocjie^OBaTejibHOM H napaJUieJibHOM BKjnoHeHHH. npaKranecKH Bee MHC c BMXOäHOH 

MomHocTbio 6ojiee 0.5 BT HMeioT 3a3eMjiaiomHe MeTairaH3HpoBaHHbie oTBepcTHa HCTOK OB 

TpaH3HCTopoB H Tpe6yioT ÄByxnoaapHoro nHTamia. Bbixoflpaa Mou^Hocib H Kllji, TaKHX MHC 
cymecTBeHHo 3aBncaT OT nojiocw H flHana30Ha pa6oiHX nacTOT H cocTaBjiaeT OT 0.5-1.5 BT B 

ÄHana30He 6-18 m^ [7] äO 2-5 BT B ÄHana30He 8-12 rrn [6] H 5-7 BT B ÄHana30He 8.5-10.5 rrn 
[2,8]       npn Kn,a, OT  13 #o 35-40%.     K He^ocTaTKaM AaHHOH cxeMbi MO»CHO OTHCCTH 

nOBbllHeHHyK)     HepaBHOMepHOCTb     yCHJieHHa     H     OTHOCHTeJIbHO     BblCOKHe     K03(J)$HHHeHTbI 
oTpaxceHHa Bxo^a H Bbixo#a. ^ByxKacKaffHaa cxeMa c ycnexoM peanrooBaHa H no rnöpHÄHO- 
MOHojfflTHOH TexHojiorHH [9], H03BOJDIB peanH30BaTb Ha ÄHCKpeiHbix npoMbiuiJieHHbix nTLLI 
ycHJmTejibHbieaneÄKH c MoinnocTbio 0.4 BTB nojioce 6-20 rrn HIBTB nojioce 7-12 rrn. B 
nocjieflHHe roflbi HaMeTHJiacb cepbe3Haa KOHKypeHnna co cTopoHbi MHC Ha 6a3e HBT- 
TpaH3HCTopoB. no 3TOH TexHojiorHH yace pa3pa6oTaH nejibiH pa« o6pa3HOB MHC ycHjraTenen 
caHTHMeTpoBoro ÄHana30Ha c BHXOäHOH MoinHocTbio 2-5 BT H nojiocofi OT 20 w 100% [10]. 
CpaBHHTejibHbie xapaKTepncTHKH MOIMHMX MHC ycHjTHTejieH npHBe^eHbi Ha ÄHarpaMMe pnc. 2. 
flajibHeHinee yjiyiuieHHe napaMeTpoB MHC CBa3aHo c coBepmeHCTBOBamieM TexHOAoran H 

napaMeTpoB TpaH3HCTopoB, a TaKace c Äam>HeHuiHM noBbiineHHeM BocnpoH3BOfflHMOCTH H 

BbixoAa roÄHbix KpHCTajwoB, iTo no3BOJiHJio 6bi yBemtiHTb cTeneHb HHTerpannH MHC. B 
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POCCHH pa3pa6oTKH MOIUHMX urapoKonojiocHbix MHC Be^yTca B AOOT "OKTaBa", HHHMÜ 
(r.3ejienorpaA) H B paMKax coBMecrabix pa6oT rocHHHPTH - THIin "HCTOK". 

OCOEEHHOCTH nPOEKTHPOBAHHÜ H nAPAMETPbl 
UITYM CBH JHAIIA30HA 

Hpn npoeKTHpoBaHHH UITYM CBU AHana3ona peiuaioTca äBC ocHOBHbie  TexHHqecKHe 
npo6jieMbi:   pa3pa6oxKa   BbicoK03<})<j)eKTHBHbix   rHÖpKAHbix   HJIH   MOHOJIHTHMX   aKTHBHbix 
3JieM6HTOB C MaKCHMaJIbHOH «JIH AaHHOH nOJIOCbl      HaCTOT BbIXOAHOH MOmHOCTbK) H KUß,, H 
co3ÄaHHe KOMnaKTHbix MHoroKaHanbHbix      urapoKonojiocHbix cxeM AeAeHKH-cyMMHpoBaHHH 
MOIHHOCTH    C    MajIblMH    nOTepflMH.    OcHOBHOH    OCo6eHHOCTbK)    npOeKTHpOBaHHa    aKTHBHWX 
3jieMeHTOB UITYM »BJiaeTca Heo6xoAHMOCTb cniiTesa H oniHMroaiiHK cxeMbi no KpHTepnaM 
(BbixoAHaa MomHOCTb, ycnneHHe, KPI/D, paciex KOTopbix npoBOAHTca B HeJiHHCHHOM peacHMe. 
3TO Tpe6yeT HcnojibsoBaiiHa cooTBeTCTByiomHX cpeACTB CAÜP (3aTpaTbi MauiHHHoro 
BpeMeHH npH pacneTe B HenHHeOHOM peacHMe yBejiHUHBaioTca Ha 2-3 nopaßica) H, rjiaBHoe, 
Hajrarana AocroBepHbix HeJiHHeHHbix MOAenen Bbi6paHHtix ranoB TpaH3HCTopoB, He 
npeffocTaBjiaeMbix <|)HpMaMH-nocTaBinHKaMH. B OTJIHIHC OT MOIUHMX y3KonoJiocHbix 
ycHUHTejien, npn pa3pa6oxKe KOTopbix AocraTOHHO s^eKTHBHbi sMimpHqecKHe H ynpomeHHbie 
MeTOflbi npoeKTHpoBaHM, AJM 6wcTpoH pa3pa6oxKH UITYM HCO6XOäHMO co3AaHHe HJIH 

ocBoeHHe icejioH TexHOJioraH, BKjnoiaiomeH MeTOAHKH H cpeACTBa AJIH H3MepeHHa napaMeTpoB 
HejiHHeHHbix MOÄeJiefi TpaH3HCTopoB, MomHbie HeuHHeHHbie CAHP, mnpoKonoJiocHbie 
cpeACTBa H3MepeHHH, MeTOAti CHHTe3a corjiacyromnx nenen, HHTyHumo H onbiT pa3pa6oTOK, 
CxeMbi corjiacyiomnx neneft nröpHAHbix ycHJiHTejibHbix sneMeHTOB cTpoaxca KaK npaBHjio Ha 
ocHOBe MHoro3BeHHbix cipyicTyp THna OHU HUH Tpanc^opMaTOpoB HMneAaHca c BKjnoqeHHeM 
napajiJiejibHbix KOHTypoB nnraHHa H CTa6HjiH3anHH c Hcnojib3cmaHHeM pacnpeAejiemibix HJIH 

KBasHcoqpeAOTO^eHHwx MHKpononocKOBbix sjieMeHTOB. Apyrne Tmibi JIHHHH B MOLUHMX 

npnöopax npaKTH^ecKH He  Hcnojib3yiOTca. 
/Jjia uinpoKonojiocHoro cyMMnpoBaroia npHMeHsioTca cxeMbi 6HHapHoro (pHC.3a,6) H 

HenoieiHoro (pHC.3B,r) ranoB. CxeMa 6nHapHoro cyMMHpoBaHHa Ha 6a3e MOCTOB JIaHre 
(pHC.3a) HanSojiee pacnpocrpaHeHa H Hcnojib3yeTca npaK-raraecKK BO Bcex npoMbiiujieHHO 
BbinycKaeMbix IIITYM c MOIUHOCTWO AO 1-2 BT H nepeicpbiTHeM no nacToxe 2 - 4. 
ßocTOHHCTBaMH cxeMbi «BjisTOTCfl xopoiuee noAaBjieHHe OTpaxceHHti aKTHBHbix sjieMeHTOB H 

KOMnaKTHOcTb, HeAOCTaTKaMH - noBbiuieHHbie aMnjiHTyAHbrä pa36anaHc BbixoAHbix KaHaJioB, 
TexHOJiorH^ecKaa HyBCTBHTeJibHOCTb H noTepn. CxeMa Ha 6a3e CHH(J)a3Hbix AeJiHTejieii (pnc.36) 
o6jiaAaeT MajibiMH pa36ajiaHcoM KananoB H TexHOJioraiecKon lyBCTBHTenbHOCTbio, OAnaKO, He 
o6ecneqnBaeT noAaBjieHHa OTpaaceHHbix cHraanoB HMeeT 6ojiburae ra6apHTbi. Hcnojib3yeTca 
OHa npn cyMMHpoßaHHH corjiacoBaHHbix MOAyJien JIH6O B KOMÖHHauHH c MocTaMH JIaHre. 
UenoHCTHbie cyMMaTopbi ncnojibsyioTca pjw peajnnauHH KOMnaKTHbix cxeM c qncjioM KananoB 
OT 3 AO 6, a B KOMÖHHanHH c ApyrHMH TffliaMH AeJiHTejien OT 6 [11] AO 12 [12]. CyMMaTopbi Ha 
ocHOBe HanpaBJieHHbix OTBeTBHTejien (pnc.3B) Hanöojiee KOMnaKTHbi, HO o6jiaAaioT 
HeAOCTaTKaMH, nepeHHCJieHHbiMH Bbime AAS MOCTOB JIaHre. CyMMaTopbi Ha OCHOBC 

CHH«J»a3Hbix 3B6HbeB c HepaBHbiM AeneHHeM (pHc.3r) o6jiaAaioT MajibiMH pa36anaHcoM KaHanoB 
H TexHOJioraiecKOH qyBCTBHTejibHocTbio, oöecneiHBaioT noAaBjieHHe OTpaaceHHbix CHraanoB 
3a cqeT cABHra 4>a3 MeacAy KaHauaMH, HO HMCIOT HecKOJibKO öonbuine ra6apHTbi H3-3a Hannina 
Ha BXOAe uiHpoKonoHOCHoro Tpanc(j)opMaTopa HMneAaHca H cjia6yio pa3B»3Ky MeacAy 
KaHauaMH 3a rpaHHnaMH OKTaBHOH nojiocw nacTOT. L^enoqCTHbie cyMMaTopbi npHMeHsnoTca B 

IIITYM H nepeAaioinnx MOAyJiax AOAP c nepeKpbiraeM no HacTOTe OT 1.4 AO 3. 
He cöpacbiBaeTca co cneTa H KJiaccHHecKHH cnocoö uinpoKonojiocHoro coraacoBaHHa 

napaJuiejibHO-BKjnoHeHHbix KpncTajiAOB nTUI npn noMoiUH MHorocTynenqaTbix 
qeTBepTbBOJfflOBbix TpaHc4>opMaTopoB HMneAaHca. npn AocTaToiHo 6o^buioM qncjie cTyneHefi 
H onTHMaribHOM Bbiöope TOJimHHbi H AH3JieKTpHqecKOH npoHHHaeMocTH noAJioaocH MoryT 
6biTb peaffii3öBaHbi MODJ(HOCTH AO 15 BT B OKTaBHOH nojioce ^acTOT [13]. 

/I,ocTHrHyTbie 3HaneHHa BMXOAHOH MoinHOCTH npoMbiuuieHHo BbinycKaeMbix UITYM H 

naöopaTopHbix o6pa3noB ycHJUiTejien noica3aHbi Ha AHarpaMMe pnc.4. B POCCHH pa3pa6oiKH 
UITYM BeAyTca B THnn "AuMas" (r.CapaTOß), AO "OKTaBa", THDn "HCTOK", 

rocHHHPTH, AO "CajnoT" (r. HHäHH» HoBropoA). 
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3AKJHOHEHHE 

B 6jiH)KaHUJHe roflbi c OCBOCHHCM TexHojiorHH npoMMiujieHHoro npoH3BOACTBa MOIUHMX 
pHEMT H HBT TparoncTopoB H MHC Ha HX ocHose, napaMeipbi 3apy6e>KHbix LUTYM CTaHyT 
He«ocaraeMMMH. ^jia co3,a;aHHa KOHKypeHxocnocoÖHbix npHÖopoß B POCCHH HeoöxoÄHMbi 
cpoHHbie H KpynHbie HHBec THH,HH B paspaöoncy coBpeMeHHbix reTepoaniiTaKCHajibHbix 
CTpyKTyp, jffl6o nepexoa K pa3pa6oiKe iparoHcxopoB H MHC na 6a3e 3aica3Hbix cTpyKTyp, 
npHoöpeTaeMbix y 3apy6ea<Hbix (jrapM. 
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A BROADBAND SOLID-STATE MICROWAVE POWER AMPLIFIERS. 
STATE-OF-THE-ART AND FUTURE 

Kistchinsky A.A. 
SCRRI 

20 Novaya Basmannaya St., Moscow-107066, Russia 
tel. (095) 263-97-24 

The major technical and technological problems on designing and producing of wideband microwave power amplifiers based on 
GaAs, FETs, HEMTs and MMICs and some ways of the solution were discussed. Electrical parameters and state-of-art of the 
amplifiers which have been realized in laboratories and in industry by the leading electronic firms of the world and of Russia, have 
been analysed. Some major trends on the development of perspective commercial available semiconductor components for power 
amplifiers - FETs with a via-hole source metallization and integral heat-sink have been discussed. The parameters of wideband 
power FETs produced by some companies of the USA, Japan, France and Russia have been compared. The scheme and 
construction properties of wideband microwave power amplifiers, reliability, temperature stability and some of the main applications 
have been discussed. 
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MOHOJIHTHO-HHTErPAJIBHME 3JIEMEHTM H 
yCTPOHCTBA MHJIJIHMETPOBOrO /JMAIIA30HA BOJIH 

M.A.KHTaeB, B.n.OcHnoB, O.C.OpjioB 
Hnn "CaAJom": 603107, a. H.Hoeeopod, yn. Jlapum, 7. 

AHHOTAUHfl 

PaCCMOTpeHO   COCTOilHHe   pa3paÖOTOK  H   HCCJieflOBaHHH   MOHOJIHTHO-HHTer- 
pajibHbix cxeM B ÄHana30He MHJUiHMeTpoBbix BOJIH - MMHC CW\. 

Ha ocHOBe npHmjunoB co3,n;aHHH MOHOJiHTHo-HHTerpajibHbix ycTpoHCTB 
CBH paccMoxpeHH nepcneKTHBHbie ranbi JIHHHH nepeflara, /yra KOTopbix npoBe- 
AeHa onemta OCHOBHBIX ajieKTpirqecKMX napaMeTpoB. 

PaccMOTpeHbi TexHOJioriraecKHe OCO6CHHOCTH roroTOBJiemro MMHC C&l. 
npHÖopbi H ycTpoHCTBa Ha ocHOBe MMHC CBH npe«Ha3HaqeHbi jym npn- 

MeHeHHH B P9A, B qacTHocTH B npneMHbix MOflyrax. 

I. BBEßEHHE 

SjieMeHTHaa 6a3a coBpeMeHHOH P9A MHJuiHMeTpoBoro #nana30Ha noerpo- 
eHa npeHMymecTBeHHO Ha TexHHKe npJiMoyrojibHbix BOJIHOBOäOB. HHTerpajibHbie 
cxeMbi MHJuiHMeTpoBoro ÄHana30Ha BbinojiiraiOTCii Ha BOJiHOBOßHO-mejieBbix JIH- 

HHHX. MoHojiHTHO-HHxerpajibHbie ycrpoHCTBa Ha JIHHHAX Äpyroro THna nojiy^HJiH 
OTHocHTejibHo cjiaöoe pa3BHTHe. OäHOH H3 rjiaBHbrx npiranH SBjiaeTCH HeBbicoKaü 
nOTpeÖHOCTb B MHJIJIHMeTpOBblX MO^yjIflX no CpaBHeHHK) C HH3KOTaCTOTHbIMH aHa- 
JioraMH. 

nojioiKHTejibHbie TeHÄeHHHH H c^BHra 3a pyöexoM - pocT noTpe6HocrreH B 

P3A MHJuiHMeTpoBoro ÄHana3ona 3a nocjieflHHe roflbi [1] BbiHyaqjaeT BHOBB Bep- 
HyTbca K npo6jieMe npoeKTHpoBaHira MMHC CBH. 

rjiaBHHM nperoiTCTBHeM Ha nyTH ee pa3penieHHJi no-npexHeMy üBJureTC« 
Hepa3pa6oTaHHOcTb, B p*me cjiy^iaeB nojiHoe OTcyrcTBHe aHajiHTHwecKHX MOflejieft 
fljra npoeKTHpoBaHHH MHC. 

notTpoHKa H peryjiHpoBKa napaMeTpoB MmcpocxeM MHJuiHMeTpoBoro jm&- 
na30Ha oica3biBajörc5r npaicnraecKH HeB03M0XHbiMH He TOJIBKO BCJie#cTBHe yMeHb- 
nieHira (J)H3HraecKHX pa3MepoB, HO TaioKe pocTa ajieKTpOÄHHaMiraecKoro B3aHM0- 
fleHCTBHK sjieMeHTOB MHC, HTO npe^baBJiiieT oco6o xecTKne xpeGoBaroui K 

TOIHOCTH H flocTOBepHOcra Mo^ejieH CAnP H Kaiecray TexHOJioran H3roTOBjie- 
HH3. 

OHPEflEJIEHHH: MoHOJiHTHo-HHTerpajibHas cxeMa - MHC CBH - aBTo- 
HOMHoe (JjyHKHHOHajibHoe ycrponcTBo (EUIH qacTb ero), H3roTOBjieHHoe Ha H3OJIH- 

poBaHHOH noAJioxKe no rpyimoBOH TexHOjioraH, B e^HHOM TexHOJioraraecKOM 
HHKJie. 

rnopHflHo-HHTerpajibHaii cxeMa - THC CBM, BbinojiHKeTca TaicKe Ha H3o- 
jiHpoBaHHOH noftnoxKe, HO sjieMeHTH cxeMbi (noKynHbie uaffßjwsi) ycTaHaBJiHBa- 
K)Tca B cxeMy HaBecHbiM cnoco6oM. 

B rH6pHII,HO-MOHOJIHTHOH "KBa3HMOHOJIHTHOH" CXeMe HCnOJIb3yK)TCa TeXHO- 
Jiora^ecKHe npneMbi THC n MHC CBH, T.e. qacTb ajieMenroB ycTaHaBJiHBaeTca 
HaBecHbiM cnocoöoM. 
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B Kanecrae npHMepa MOHOJIHXHOH cxeMW - MMHC CWl - npeflcxaBJieH 
BOJIHOBOffHO-nOJIOCKOBBIH    6aJiaHCHHH    CMeCHXeJIb    (pHC.     1)     [2],    KOTOptlH    OX- 
juraaexcii OT rHÖpHÄHO-HHxerpaJibHoro jiHiub TCM, qxo nojiocKOBaji njiaTa JIHHHH C 

noABenieHHoii nofljicxxxoH BMecre c äHCWMH JXBU1 raroxoBJieHa B BMfle nojiy- 
npoBOflHHKOBOH roiacraHbi Ha nojryn30jiHpyiomeM GaAs. XIjiacxHHa BKJHOTena B 

BOjiHOBOÄ BocLMHMH.irjTHMeTpoBoro jJHana30Ha. AHanonMHoe ycTpoHCTBO npwivre- 
HeHO B 3-MM ÄHana30He [3]. 

Xoxsr     B     3apy6exHoii    jmxepaxype     xaKHe     ycxponcxBa     Ha3biBaioxctf 
"MOHOJIHTHblMH", CKOpee HX CJieÄOBajIO 6bl Ha3BaXb "KBa3HMOHOJIHTHbIMHM, TaK KEK 
6e3 BOJIHOBO#HbIX BXOflOB H 3aMbIKaXeJieH CMeCHTeJIb (pyHKI^HOHMpOBaTb He Moxex. 

H3BecTHbi BapnaHTbi nocxpoeHHfl  6ajiaHCHbix  cMecwrejieH H Ha  ocHOBe 
BOJIHOBOÄHO-mejieBblX JIHHHH  BIU,JT  HJIH KOMÖHHaHHH  BIII,JI   C  JjpyrHMH THHaMH 
JIHHHH nepeAaqn [4, 5]. 

II. nEPEMIOimiE JIHHHH ßJIfl MMHC CB1 

B oömeM BHfle cTpyKTypa MOHOJiHTHoro Mo^yjia npe/j;cxaBJiiiexcÄ B BHue 
Kopnyca, cojjcpxamero HacKOjibKo ^sjieKTpmrecKHX njiacTHH c iacTmnnoH Mexan- 
jiroauHen. OxjjejibHbie oöjiacra roiacTHHbi npe,ncxaBjniK)x CO6OH OTpe3KH JIHHHH 

nepejj;aTO, CB£3aHHbie Mexjry CO6OH rajibBaHHraecKH HJIH ajieKxpojJHHaMHiecKH. B 
HejioM xaKaa KOHcxpyKHHJi MoxeT 6BITB Ha3BaHa o6beMHo-HHxerpajibHbiM Mojjy- 

jieM. 
Hpn KOHKpeTHOH peajiH3aHHH MOÄyjM K JIHHHH nepejrara MHC CBM cjie- 

jjyex npejjbÄBHXb xpe6oBaHH5i: 
- ÄHana30H paöo^HX qacxox H uiHpoKonojiocHOCTb; 
- BejIH^HHbl BOJIHOBHX COnpOXHBJieHHH (jJHana30H H3MeHeHH5l); 
- 3aMejfieHHe H ÄHcnepcna B nojioce qacxox; 
- noroHHbie noTepn (3aTyxaHHe); 

- pacceHBaeMaa MOiHHOCTb; 
- COBMeCTHMOCTb   aKTHBHblX   H   naCCHBHHX   SJieMeHTOB   B   COCTaBe   OflHOH 

MMHC; 
- cxeneHb HHxerpaHHH; 
- CTeneHb pa3pa6oTaHHocTH H, KaK cjieflCTBHe, BOcnpoH3Bo;jHMOCTb napa- 

MeTpOB MOJjyjIflL 
IIpHMeHHTejIbHO  K  MHC  MHJDIHMeTpOBOrO  ÄHana30Ha  BOJTH  HaHÖOJIbHIHH 

HHTepec npeACTaBJiaeT BBefleHHbiH HaMH napaMeip - cxeneHb HHxerpaHHH MHC B 

cocTaBe Mojjyjui [8]. 
OTOBHJTHO, iTO "mioTHocTH ynaKOBKH" [6] ma. ycTpoHCTB pa3Horo «Hana- 

30Ha *iacxox H 4>yHKHHOHajibHoro Ha3Ha^ieHHa cymecxBeHHo paamraHH. Cyme- 
cTByioT npHHHHHHajibHbie orpaHHraeHHJi B creneHH HHTerpauHH, o6ycjioBJieHHbie B 

nepByro o^epejJB "nepeKpecTHHMH HCKasceHHflMH" [7], npoüBJunomHMHCii B oöjia- 
CTH B3aHMOjj;eHCTBH5i pacnpejjejieHHO cBißaHHbix ajieivreHTOB MHKpocxeM. 

B npejJbijryniHX pa6oxax [8, 9] Ha ocHOBe pemeHmi samara o pacnpocxpaHe- 
HHH BOJiH B KBa3H T-npHÖJiHxeHHH BBOäHTCä napaMexp - K09(p(pHHHeHX HHxerpa- 
HHH CBH MOJxyjHi - KH, onpeflejieHHWÄ KaK racjio KOMnoHeHXOB, npHXOflaiiiHXCfl 
Ha ejJHHEraHyio iuiomaub noÄJioxKH: 

Ku     ife, (1) 
R    c    h0 
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rm R = 0.3+0.5; C - cKopocTb CBeTa; f - qacTOTa cnraajia; e3$$ - 3<p<peKTHBHaji m- 
ajieKTpHraecKaa npoHHuaeMocTb; h0 - Tojnmnfa nofljioxKH. 

üpoBefleHHaa oneHKa cTeneira HHTerpaiiHH no cpopMyne (1) noKasbraaeT, 
4T0   yCTpOHCTBO   B   MOHOJIHTHO-HHTeipajIbHOM   HCnOJIHeHHM   HMeeT   K03(p(pMUHeHT 
HHTerpaujiH npHMepno B 102 pa3 6ojibiiiHH, qen aHajioriMHoe CBH-ycrpoöcTBo B 

raöpH^Ho-HHTerpajibHOM   HcnojraeHHH.    FIojiaraeM,   ITO   MHC   swweTca.   3a- 
KOHTOHHblM    yCTpOHCTBOM,    CnpOeKTHpOBaHHblM   B    COOTBeTCTBHH   C   npHHUHHOM 
(J)yHKu;HOHajibHOH HHTerpamra, T.e. Bee aKTHBHbie H naccHBHbie sjieMei-iTH cxeMbi 
BbinojmeHbi B cocTaBe O^HOH crpyKTypbi, a sjieMenrbi c pacnpeflejieHHtiMH napa- 
MeTpaMH ( HO B03M05KHOCTH) HCKJHOHeHM. Bee KOMnOHeHTbl CXeMH H3rOTOBJieHbI 
Ha OJJHOH nOJiynpOBOÄHHKOBOH nOJJJIOXKe B COOTBeTCTBHH C npHHUHHOM CTpyK- 
TypHOH MHKpOMHHHaTK)pH3aUHH [8J. 

HpaKTEraecKafl peainoanira npiiHUHna BCTpeqaer HaHÖojibiiiHe Tpy/raocTH B 

HH3Ko^iacTOTHbix jjHana30Hax, rae sjieMenrbi pacnpeflejieiiHoro rana HMeioT Heflo- 
nycTHMo oojibrane pa3Mepbi, a HeKOTopbie ajieMeHTbi cocpeaoToqeHHoro THna xa- 
paKTepH3yK)TC5I HeBbICOKOH flOÖpOTHOCTbK). 

3aivreTHM B STOH CB^SH, qxo xapaKTepHbie fljur THC CBH cnocoöbi noBwine- 
HH5i rarrerpamra npHMeHHrejibHo K MHC 0Ka3biBai0TCii He3(p(peKTHBHMMH. 
HanpHMep, noBbimeHHe /rasJieKipHqecKOH npoHHuaeMocTH no/jyioxKH %o 50-100 B 

4acTHo-H3ÖHpaTejibHbix ycTpoHCTBax, nojiocHO-nponycKaroinHX (pjuibTpax, oKa3a- 
Jiocb nejiecoo6pa3HbiM TOJibKo B /raana30He OTHOCHTejibHO HHSKHX qacroT. C 
yMeHbineHHeM uiHpHHbi nojiocKOBbix HPOBOJJHHKOB H POCTOM flxoyjieBbix noTepb 
CymeCTBeHHO CHK>KaeTC5I flOÖpOTHOCTb H3ÖHpaTeJIbHbIX yCTpOHCTB. 

CoraacHo (popMyjie (1), e noBbimeHHeM jj,Hana30Ha paöoqnx qacTOT, B 

qacTHoerH npn nepexojje K MHjniHMeTpoBbiM BOjmaM, K03(p<pHUHeHT HHTerpauHH 
pacTeT, xora 3Ta 3aBHCHMocn> fljM OTflejibHbix THnoB nepextaromHX JIHHHH H pa3- 
HblX (pyHKHHOHaJIbHblX yCTpOHCTB MOXeT CymeCTBeHHO OTJUWaTbCfl OT npOCTOH 
3aBHCHMOCTH (1). 

ripn aHajiroe H pacqeTe xapaKTepncTHK MT1J1 H HeoflHopoflHOCTeH B HHX 

MOXHO npocjieÄHTb flBa npHHHHnHanbHO pa3Hbix no^xona. CorjiacHO nepBOMy 
MIIJI paccMaTpHBaiOTCÄ B KaqecTBe MOflncpHKauHH HH3KoqacTOTHbix nenaTHo- 
nojiocKOBbix cxeM, B KOTOPHX oAHopoflHoe 3anojiHeHHe flHajieicrpHKOM 3aMeHeHo 
MHOrOCJIOHHOH CTpyKTypOH (pHC. 2). IlpH 3TOM MIDI XapaKTepH3yeTCH H3BeCTHbI- 
MH napaMeTpaMH: BOJIHOBHM conpoTHBJieHHeM, 3(p(peKTHBH0H ÄHäjieKTpHqecKOH 
npoHHnaeMocTbK). He^BHO npejjnojiaraeTCJi, qTO OCHOBHOH nor BOJIHM, pacnpocT- 
paroiiomeHCir B JIHHHH, HecymecTBeHHO OTJiiwaeTca OT eraTHqecKoro. Jinn HecHM- 
MeTpH^HOH MnJT 3T0 KBa3H-T BOJIHa [10,  11]. 

CorjiacHO jjpyroMy nojjxo^y, npeflcraBJieHHOMy B paöoiax B.M.TeMHOBa 
[12, 23], MIIJI cjiejxyeT paccMaTpHBaTb KaK MOjra<pHKaHHio JIHHHH o/raonpoBOJi- 
Horo THna, B qacmocTH pe6epHOH (pnc. 25), KOTopaa «BjraeTca OAHHOHHOH Me- 
TajDiHqecKOH nojiyiuiocKocTbio, HajioxeHHOH Ha AHarreiopHqecKyio nojpiojj;Ky KO- 

HeqHOH TOJiiHHHbi. OcHOBHaji qacTb SHeprHH pacnpocTpamreTca B BHfle KpaeBOH 
BOjiHbi, cocpeflOToqeHHOH B OKpecTHOCTH pe6pa. OflHonojiocKOBaü MIIJI 6e3 Me- 
TajIJIH3aHHH HHJKHeH nOBepXHOCTH nOflJTOXKH [23] ÜBJIüeTCÜ aHajIOrOM H3BeCTHOH 
JIHHHH TyÖO, B KOTOpOH SHepTWL pacnpOCTpaHfleTCfl B BHfle nOBepXHOCTHOH BOJI- 
Hbl. 

IlpHMeHeHHe jjByx npoBOflJiiiiHX nojiymiocKocTeH, o6pa3yiomHX mejieByio 
JiHHHK) (pnc. 2B), no3BoimeT noBHCHTb njioTHOCTb SHeprHH B oöjiacTH KpaeB npo- 
BOflHHKOB. XapaicrepHo, TOO fljia mejieBOH, Taxxe KaK H KonjianapHOH JIHHHH 
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(pHC. 2r). B oöjiacTH KopoTKWx BOjiH corjiacHo pa6oxe [23] oxnaflaeT Heo6xojj,H- 
MOCTb B 3KpaHHpOBaHHH MTIJI. 

OTMCTCHO, TOO B mejieBOH JIHHHH H B KonjTaHapHOM BOJiHOBOAe cymecTByex 
Äße cBÄ3aHHbix KpaeBLix BOJIHM [13]. ITpH Maiibix 3a3opax Mexjxy npoBoziHHKaMH 
TCTHa5i BOJiHa npaKTinecKH He B03Öy>Kn;aeTCfl. üpn öojibuiHX 3a3opax (öojiee TOJI- 

mHHBi HOJIJIOXKH) HyxHO yHHTBiBaTL o6e BOJTHH, npiraeM pacnpe^ejieHHe nojien 
qeTHoro H He^ieTHoro THROB BOJIH cymecTBeHHO oTJiHHaeTca OT KBa3HCTa- 
TH^ecKoro. KaK H B cjiyqae BOJiHOBo^a, BOJiHOBoe conpoTHBjreHHe Z0 = V/J yr- 
paHHBaeT nepBOHa^iajibHbiH CMBICJI, TQK KaK 3HaqeHHa V, J 3aBHC5iT OT rryreH HH- 

TerpupoBaHHH. 3Haiemra- ZPiV, ZV)j, ZP:J coBnajj;aK)T c KBa3HcraTEraecKHM Jinuib 
npH X,->oo, T.e. npH a/A,« 1, r^e a - xapaKrepHMH pa3Mep Kopnyca BOJiHOBO/xa. 

OTCBHJJHO, TOO Bbiöop THna JIHHHH nepefla^H B cocTaBe Mojjyjra 3aBHCHT He 
TOJibKo OT ero cpyHKHHOHajibHoro Ha3HawHH>i, HO H OT THHOB BOJIH, pacnpocrpa- 
HHiomHXca B 3aj^aHHOM flnana30He HacTOT. 

npOBe^eM OUeHKy B03M05KHOCTH HCnOJIb30BaHH5I H3BeCTHbIX THnOB MHKpO- 
nOJIOCKOBHX JIHHHH B Ka^eCTBe 9JieM6HTOB MMHC CBH. 

Hejj;ocTaTKH JIHHHH oTKpMToro H nojiyoTKpHToro Tuna: 3epKajibHoro BOJI- 

HOBOÄa,  XeJIOÖKOBOH JIHHHH  H T.n.,   UfflpOKO  HCnOJIb3yeMbIX  B  KBa3HOnTHHeCKOM 
ÄHana30He: 6ojibinoe noroHHoe 3aTyxaHHe, ero qyBCTBHTejibHocTb K HeperyjiapHO- 
CT5IM  TpaKTa  BCJieflCTBHe  H3Jiy<ieHHJI  SHepIHH,   HH3Kaa  HHTerpaHHJI   H   OTCyTCTBHe 
aHajiHTEraecKHX MojjejieH HeoAHopo/JHOcTen, - «ejiaioT HeyAOBJieTBopHTejibHbiMH 
nepcneKTHBbi HX Hcnojib30BaHHra B MMMC no KpafeeH Mepe B AHanasoHe qacTOT 
ÄO 100 TTn. 

^jiHTejibHoe BpeMH SKpaHHpOBaHHaa MIDI HecHMMeTpHHHoro THna 6buia 
no cymecTBy ejrHHCTBeHHOH JIKHHCH, npHMemieMOH B HHTerpa/ibHbix cxeMax CB1! 
ÄHanasoHa. CorjiacHo nepBOHaqajibHbiM npomo3aM [15], BepxHHH npe^eji JJ^Iü OR- 

HOCB5I3HbIX MIIJI Ha TOHKOH JJH3JieKTpHHeCKOH nOJJJTOJKKe C He6oJIbIHHM 8 (KBapu) 
onpe^ejiaeTCA npHMepHo KaK 60 IXn. ^ajibHeHinne H3MepeHH« noroHHoro 3axyxa- 
HH5i HecHMMeTpEraHbix MTIJI nocTaBHjra 9TOT nporao3 noÄ coMHenne [22]. 

IIInpoKoe npHMeHeHHe B P3A nojiyrajin sKpaHHpoBaHHbie BOJIHOBOJIHO- 

mejieBbie JIHHHH THna "4>HH-jiaHH" ,   HecoMHeHHbie npeHMymecTBa KOTO- 

pblX flJM yCTpOHCTB B THOpHflHO-HHTerpaJIbHOM HCnOJIHeHHH:  UIHpOKHH JJHana30H 
qacTOT B oflHOMOflOBOM pexHMe, HH3KHe noroHHbie noTepH, npocToe BKJiio^eHHe 
HaBecHbix sjieMeHTOB niyHTHpyioiHero THna - jj;ejiaioT HX He3aMeHHMbiMH B jinana- 
30He ^lacTOT npHMepHo JJ,O 120 ITn. 

HeflOCTaTKH "<pHH-JiaHHn - HeBbicoKaa CTeneHb HHTerpannn MHKpoaJieivreH- 
TOB, Heöojibuioe 3aMejiJieHHe H SHa^iHTejibHaH jiHcnepcHH. B KaiecTBe HanpaBJMio- 
men ruiacTHHbi "4)HH-JiaHH" o6braHo HcnojibsytoTca jj,H3JieKTpHKH c oTHocMrejibHo 
MajioH ÄHSJieKTpHHecKOH npoHHnaeMOCTbio: KBapu;, MBCO (s = 2.4) H oneHb pe/i- 
Ko nojiHKop H nojiyroojiHpyroiUHH apceHHJi. rajiJiHH. CjiejryeT oTMeTHTb, TOO yHHn- 
jiaHapHbie BIIIJI, 3a HCKJiKweHHeM HecHMMeTpwiHoro THna ("aHTHnofla") xapaKTe- 
pH3yiOTca xopomo npopa6oTaHHbiMH MOflejiaMH H MeTojjaMH c^exa [17]. 

CHiEKeHHe noTepb B AHaJieicrpHKe HecHMMeTpn^iHOH MI1JI ÄOCTHraeTca npn 
HCnOJIb30BaHMH JIHHHH C nOÄBeUieHHOH nOJTJIOXCKOH [18,   19].  riojjjioxKa COCTOHT 
H3 2 njiacTHH. XoT5i pe3yjibTaTbi pac*ieTa B jinrepaType [19] npHBejj;eHbi c BMCOKOH 

To^HocTbK) (no S34KJ, norpeuiHocTb MeHee 0.03 %), cjiejiyeT HMeTb B BHjry, TOO OHH 

nojryqeHbi KaK H äJM oöbraHOH MIIJI B KBa3HCTaTHHecKOM npH6nHxeHHH H JJJM 

nojiocKOBoro npoBOflHHKa HyjieBOH TOJiiHHHbi. HeflocTaTOK MIIJI c noÄBeuieHHOH 
nojjyioxKOH - HH3Ka5i npopaöoTaHHocTb MOAeJien CAFIP THnnrabix HeojiHopoaHO- 

CTeH. 
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III. KOnJIAHAPHMH BOJIHOBOA - OCHOBA ßJIÄ IIPOEKTKPOBAHHJ1 
MMHC CB1! 

KonjTaHapHaa JIHHHJI, B Kopnyce-KoraiaHapHbiH BOJIHOBO/J-KB (pHC. 2r), 
npejjjioxena B onpe,nejieHHOM cMbicjie KSLK aiibxepHaxHBa oobWHOH MXIJI HecHM- 
MeTpiMHoro Tuna. 

Craxaexca, qxo Bee cHJioBbie JIHHHH, Hcxo/j^mne or ueHxpajibHOH nojiocKH, 
3aMHKaK>Tca Ha npoBOflHHKax jnmeBOH noBepxiroc/ra. IlpH HajiiwHH- HHXHen 3a- 
3eMJieHHOH noBepxHOCTH (Kopnyca uopyw) B3aHMo,n,eHCXBHe HHxnero Kopnyca c 
HeHxpajibHOH nojiocKofi npaKTiwecKH oxcyxcxByex. 

IlpH   HaJIKtIHH   pa3HOCTH   nOTefflJHaJIOB   Me5KJTy   KpaÜHHMH   npOBOJJHHKaMH, 
B036yxAaeTc«f qexHbiH xnn KOJieöanMH, HMeiomHH cxpyKxypy nojw, cymecxBCHHO 
oxjnraaiomyioai OT OCHOBHOTO xnna KOJieöaHHH. ßjia iio/j,aBJieHHa wxHoro THna 
Mex/jy KpaiiHHMH npOBo/XHHKaMH ycTaHaBJiHBaeTCü nepeMbWKH. 

IloCKOJIbKy B KOHJiaHapHOH JIHHHH IUIOTHOCTb TOKa Ha KpaflX npOBOflHMKOB 
HecKOJibKO 6ojibiue, TCM y oöbWHoft MIUI, noroHHoe saxyxaHHe KB Moxex npe- 
Bbiniaxb 3aTyxaHHe MI1JI npn 6JIH3KHX 3Ha*ieHH5rx pasivrepoB H Bejupamax BOJIHO- 

BblX COnpOTHBJieHHH. 
HecMOTpa Ha axox He/jocxaxoK, a xaKxe Ha BepoaxHoe yxyÄUieHHe ycjioBMU 

TeroiooTBOfla Ha Kopnyc npHÖopa, KonjiaHapHbiH BOJIHOBOJJ; paccMaxpHBaexca KaK 
HaHÖojiee nepcneKXHBHbiH BHJI nepe^aiomeH JIHHHH äJM MMHC CBH. npocxbie B 

KOHCXpyKXHBHOM OXHOUieHHH nepeXOJjbl OX KB K OÖbFfflblM MFIJl H BOJIHOBOßaM, 
yHHroiaHapHoe pacnojioxeHHe HaBecHbix aaeMenroB Ha jiHU,eBOH nosepxHocxH, 
HCKJiro^aromee cjioxHbie BHyxpeHHHe coeÄHHerora (cKB03Hbie oxBepcxHR) H o6ec- 
ne^HBaroinee noBbmieHHe cxeneHH HHxerpaHHH MO/xyjra, Majiaa /jHcnepcn» napa- 
MexpoB s3$$ H Z0 co3ffaK)x npejjnocBUiKH äJM co3/j[aHHtf jmnpoKonojiocHbix ycx- 
poiTcxB B ÄHana30He qacxox jjo 120 TT11. 

AHajiHXH^recKaii MOflejib cHMMexpHHHOH KoruiaHapHOH JIHHHH Ha no/jBe- 
uieHHOH noÄJioaace paspaSoxana B KBa3H T-npHÖJiJOKeHHH Ha ocHOBe Mexo^a 
^acxiraHbix eMKOcxen [19, 20] (pnc. 3). HKSKHJM njiacxHHa xapaKxeproyexcii öojiee 
HH3KOH  ÄHSJieKXpH^eCKOH   npOHHHaeMOCXbK)   no   CpaBHeHHK)   C   BepXHCH  JIHHeBOH 
njiacxHHOH. 

B MMHC CBM Bepxrow ruiacxHHa, HanpHMep, nojiyH30jiHpyioiii;ero apce- 
HHjja ramm«, xoHKaa H xpymcaji, TOJIIHHHOH 100-^150 MKM. HHJKIHIH ruiacxHHa, 
HanpHMep, KBapneBa«, yBejiiwHBaex MexamraecKyio npo*mocxb MMHC. 

Cjiejjyex HMexb B BH^y, TTO 6jiH3Koe pacnojioxeHHe HiOKHen MexajuiH3Hpo- 
BaHHOH noBepxHocxH Moxcex cosflaxb ycjioBHii äJW pacnpocxpaHeHH« KBa3H T-BOJI- 

Hbi, xapaKxepHOH äJM OöBFIHOH MnJI, *ixo Moxex nocjryxnxb npiraHHofi HHxep- 
4>epemi,HH BOJIH BHyxpn MOjjyjM. 

PaccMoxpeHbi pa3Hbie BapnaHXbi BbrnojiHeHHa HroKHen HOäJIOXKH: njiacxHHa 
c HeöojibuiHM s, 3anojineHHe B03AyxoM c jioKajibHbiM 3aKpemreHHeM BepxHen HJia- 
XHHbi, a xaioice B03MoxHocxb HapamHBaHHH oflHopoAHOH njieHKH apceHHaa rajuiH« 
Ha njiacxHHe BbicoKooMHoro KpeMHHK. 

CoraacHo npHBejj;eHHbiM 3aBHCHMOcxaM (pnc. 4a, 6) npn H3MeHeHHH Be- 
jiH^iHHbi 3a30pa S B uiHpoKHX npe^ejiax (W = 80^-100 MKM) BOJiHOBoe conpoxHBJie- 
HHe H3MeHÄexca B npeÄejiax 30-^-100 OM, TTO oxBe^aex xpeöoBaHroiM K MMHC. 
CoraacHo 3aBHCHMOcxH, npeflcxaBJieHHOH Ha pnc. 5, jjjm acHMMexpEWHoro KB 
HMeexca B03MoxHocxb nponopuHOHajibHoro H3MepeHH5i pa3MepoB W H S npn co- 
XpaHeHHH nOCXOMHHbIM  BOJIHOBOrO  COnpOXHBJieHH^I JIHHHH,  HXO  paciHHp^eX  B03- 
MoxHocxH co3Jj;aHHH MMHC CJIOJKHOH xonojiorHraecKOH cxpyxxypbi. YMeHbineHHe 

MaxepHaAbi 6-S MejKflyHapoAHoS ^S«MCKOH ^OTIIOBOAHODOH ÄaHpeprauHH ■Xfi«*K«X*,96. 16-19 ceim6pn 1996 r., CeeatrronoAb, KptiM, YKpaMHa A n 

Proceedings of 6th International ^Kniean #*trowave Conference ßtüKißt'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 17 



"9(p<peKxa 6JIH30CXH" öOKOBHX CTCHOK Kopnyca BOJiHOBOjxa jjpcxHraexcsi cooxßex- 
CTByiOmMM BHÖOpOM BeJIHHHHbX 3a3opa S > 2W0. 

IIoroHHoe 3aTyxairae MMHC CBM 

3HaH[eHHe noroHHoro 3axyxaHH5i B naccHBitbrx arreMeHxax MHC onpe,n;eJia- 
K)Tca Kaie cyMMa noTepb B MexajiJiroaHHH (B npoBojiHHKax), B JijaajieKxpHKe (B 

noÄJioJKKax) H Ha HSJiy-ieHHe B cBooo/jHoe npocTpaHCTBO. 
Ha pnc. 6 npeflcxaBJieHBi nacxoxHbie 3aBKCHMocxH noxepb B MIUI H JIHHHH 

c noflBemeHHOH no/xnoxcKOH B Änana30i-ie 30+100 FTu, npn BOJIHOBOM conpoxMBJie- 
HHH 50 OM. Pesyjibxaxbi aKcnepHMenxajibHbie H xeopexw-iecKHe. 

KpHBaa (1) - pesyjibxax pac^exa MITJI fl8j MCXO^OM P^I,-TLM Konerao- 
pa3HocxHHM %iw MaxpHUbi nepe.naioxneK JIHHHH. KpHBaa (2) - pe3yjibxax pac^iexa 
fljia HfleHXH^iHOH MIUI no MaxepwajiaM paöoxbi [11] npn s = 12.7; H = 0.1 MM; W 
= 0.07 MM; tg5 = 2-10"3, xojimHHa npoBOÄmnca 3 MKM. Pac^ex npoBOUHjica no 
MOfln<J)KE[HpoBaHHOH Mo/je/in MMHC Ha nojiyH30JiHpoBaHHOM GaAs. 

Kpimaa (3) nojiyrcHa no pe3yjibxaxaM c^-iexa c npHMeneHHeM nporpaMMbi 
SUPERCOMPACT OTOH xe MnJl B JXHanaaone qacxox 10+40 TTn. 

J],aHHbie SKcnepHMenxa aaxopoB xoponio coraacyioxca c pesyjibxaxaMH pa- 
öoxbi [11] H KpHBOH (3). KpHBbie, paccqHxaHHbie aßxopaMH, cooxßexcxByiox noxe- 
püM MexajHiHsanHH (4), HOJIHHM no/rep AM (5) H nojiHbie noxepn jyia MnJl c nofl- 
jioxKOH i-GaAs, oöpaöoxaHHOH no 14-My KJiaccy (Bbicoxa MHicpona poBHocxefi - 
0.006 MKM). KpHBaa (6). QxjnwHe pe3VJibxaxoB ox flannbix paöoxbi [11] B flnana- 
30He qacxox #o 100 TTn He 6ojiee 10 %. 

Cjie/jyex oxMexnxb 3HaiHxejibHoe pacxo^eHHe Mex/iy cnpaBoiHbiMM jxaH- 
HHMH B ^lacxHocxH [10] H pe3yjibxaxaMH SKcnepHMenxa, HXO oöycjioBJieHO HeazieK- 
BaxHocxbK) pacTCXHbix MOÄejieH /XBycJioHHon cxpyKxypbi peajibHbiM cxpyKxypaM 
MMHC. 

XapaKxepHo, qxo Bee 3aBHCHMocxH cymecxBeHHon oxnixxaioxcji ox nporao- 
3HpyeMOH (pyHKHHH kf1/2 [21]. B flHana30He BMCOKHX ^acxox 3aBHCHMOcxn cooxBex- 
cxByiox JiHHeHHOH (pyHKHHH BH/na kf+a [22]. 

no pe3yjibxaxaM pacqexa JIHHHH C nojjBemeHHOH nojjJiojKKOH B xpexMHjura- 
MexpoBOM jJHana3one cjie/xyex 05KHjj;axb cmoiteHHe noroHHoro 3axyxaHH$i B 2+3 pa- 
3a. 

MoinHocTh, pacceHBaeMasi MMHC 

HoKa3aHO, ixo Bejuramia MaKCHMajibiiofi pacceHBaeMon B HenpepbiBHOM 
pexHMe MOIUHOCXH cB«3aHa c napaMexpaMH Maxepnana npocxbiM cooxHomeHHeM: 

P 9.2 max pace   _  OA
w   AT* /Q\ 

C     ~ ke      max fl("" 
r^e k = 0.24 Kaji/rJpK, 7^ - K09c£)4>HiiHeHX xeruionpoBojiHocxH cxpyKxypbi, s - JJPHS- 

jieKxpHtiecKa5i npoHHnaeMocxb, C - eMKoexb cxpyKxypbi, Tmax Ron = Tco6cm - T0 - 
nepenajj; xeMnepaxyp ox xeMnepaxypbi, 6JIM3KOH K COöCTBCHHOH npoBO^HMoexH 
Teodora, ÄO xeMnepaxypbi oKpyxaiomen cpe^bi - T0 = 300 °K. 

BHJJHO, HXO oTHOineHHe Pmax pacc/C üBJiaeTca yHHBepcajibHbiM napaMexpoM, 
He 3aBHC5HHHM ox pa3MepoB H (popMbi cxpyKxypbi, onpe^ejiKeMbiM xojibKo KOH- 

cxaHxaMH Maxepnajia. 

20 
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Bejur-iHHa 3(p(peKXHBH0H eMKocTH MMHC ( a xaotce xpaH3HcxopoB, jmo- 
äOB) C POCTOM ^acTOTbi yMeHbinaexca npnwepHo no 3aKOHy kf1/2 jflonycTHMoe 
3HaiieHHe MOHTHOCXH H3Meroiexoi xaicxe B cooxBexcxBWM C STOH cpyHKUHeH. Co- 
raacHO (2) MMHC Ha GaAs HMCIOT cymeexBeHHbie npeHMymecxBa nepe^ KpeMHM- 
eBBiMH MHC xaiDtce no MomnocxHo-xeMnepaxypHbiM xapaKxepncxHKaM. 

IV. TEXHOJIOilMECKHE OCOBEHHOCTH C03MHHÄ MMHC CBH 

B nacxoamee BpeMü 3a pyöexoM apceHHfl rajynra pjiccMaxpKBaexca cpaK- 
xwraecKH B KaqecTBe e,HHHcxBeHHoro nepcneKTHBHoVlvMaTepMajia zpra npoM3BOflcxBa 
MMHC CBH. OcHOBHbie xpeöoBaHH» K Maxepnany no,iyio)KKH MHC: 

- MajiBie noTepn, onpe#ejraeMbie BCJIPHMHOH tg5 ,3,6; 
- BLicoKoe sna^ieHHe s, onpe.neji.fl'iomee JiHHeHHbie pasMepbi cxeMbi n cxe- 

neHb mrrerpauHH; 
-- oojibuiafl xenjionpoBozi,HocTb; 
- cooTBeTCTBHe TeMnepaTypnoro K09(p4)HUHeHxa jim-ienHoro pacinnperoM 

nofljioxeK H HaiTbijienHbix Ha HHX nueHOK; 
- yCTOHHHBOCTb K MexaHKraeCKHM B03ÄeHCTBH>IM; 
- HH3Kaa CTOHMOCTb. 
CpaBHeHHe 9JieKTpo(pH3M^ecKHX xapaKTepHCTHK nojiyroonnpyioinero apce- 

uum rajuiiw, HanpHMep, c KBapneM noKa3biBaeT, ^xo apceram, rajijina ycxynaex 
TOJibKo no BejHMHHe ÄHSjieKTpiMecKHX noTepb. Ten/ionpOBOZiHocTb ap centra raji- 
jiHü Bbime, qeM y KBapua B 4+7 pa3, no TeMnepaTypHOMy K09cp4)HU,HeHxy JIHHCH- 

Horo pacnrapera«! apceHHÄ rajuiHH 3Ha*mTejn>HO 6mm.e K MexajuiaM, Hcnoubsye- 
MbiM npn co3flaHHH MHC. TaKHM o6pa30M, ixpHBe,n;eHHbie pac^exHbie aaHHbie H 

pe-3yjibxaxbi 3KcnepHMeHxa^cB^^emcxByiox o uejiecoo6pa3HocxH umpoKoro HC- 

nojiB30BaHHa apcennna rajuiwi-yjijin ^os^aHHa MMHC B flnana30He äJIHH BOJIH 
3+8 MM. 

B pa6oxe [24] nsyqeHO BJiHjmne IUIOXHOCXH ÄHCJioKaujrii B apceram-rajuiHe- 
BOH noftjioxKe Ha pa36poc napaMexpos npnoopoB. ßjw cos^aHH» MHC H äHCK- 

pexHbix npnoopoB Ha GaAs craxaexca nepcneKXHBHbiM Maxepnaji i-GaAs c ruiox- 

HocxbK) flMcjioKaiiHH He 6ojiee (l--5)-103 CM"
2
. TpeöoBaHHe iurocKonapajraenbHocra 

nofljioxeK npn nx xojiiHiiHe 80+100 MKM HC xyxe 5 MKM #JI» «naMexpa njiacxHHbi 
40 MM. 

K HcxoflHOMy Maxepnany cjie^yex npeflbiiBHXb xaK>Ke xpeöoBaHiw no y^ejib- 
HOMy conpoxHBJieHHio. OHO äOJDKHO 6bixb He MeHee 106+107 OM CM, noBepxHocx- 
goe^conp^pxHBJieHHe 108+109 OM/CM

2
 nocjie npoBefferaia xecxa no xepMoo6pa6oxKe. 

fTajiMHe 6y(pepHOH cHcxeMbi jjjm nocjieayiomero (popMHpoBaHKra aKXHBHoro CJIOH, 

CHHxaiomeH 3(p(peKx oöpaxHoro ynpaBJieHHe ajieMCHxaMH MHC He MeHee, TOM B 

20 pa3 no cpaBHeHHio c oöbraiibiM 6ycpepHbiM cjioeM Ha n-GaAs. 
Pe3yjibxaxbi peajnraaurjKH MMHC noKasbmaiox, MXO xpa^HHHOHHaa xexHojio- 

rna (popMHpoBaHHü cyÖMHKpoHHbix xpaH3HcxopHbix cxpyKxyp XOpOIHO HCnOJIb3y- 
exca xojibKo B ÄMana30He qacxox HHxe 60 ITu,. Hepexofl K cxpytcrypaM c «ByMep- 
HbiM ajieKxpoHHbiM ra30M M rexeponepexoflOM AlGaAs/IGaAs H cooxBexcxBeHHo K 

HEMT-xexHOJiorHH nosBOJinx noBHCHXb pa6o*niM ,nHana30H MMHC «o 100 TTii. 
BaxHenineH cocxaBJi5Hoiij;eH xexHOJioran aBJistexca co3ÄaHne 3axBopHbix ajieKxpo- 
ÄOB c ftjiHHOH 0.1+0.15 MKM H c yBejiiraeHHOH njiomaflbK) nonepe^Hoxo ceiieHHa. 
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V. 3AKJH0HEHHE 

CoKpameHwe oöopoHHbix 3aKa30B B CIIIA npMMepno B 3-4 pa3a 3a TeicyiuMe 
6 jreT He Morao He cKa3aTbca Ha oöbeMe BbinycKa MOHOJIHTHBIX cxeM. npoH3Bo,n,~ 
cTBeHHbie MOIITHOCTH no apceHRiry rajums B 1994 rosy cocTaBHJiH JIHHIB 9400 
flioHMOB B KBa^paTe, HTO cooTBeTCTByeT 46 % or nporao3HpyeMoro ypoBHfi. 

XOTS 3aBBiuieHHi>iH nporH03 no oöbeMy H coBepnieHCTBOBaHHio TexHOJiorHH 
npoH3BOÄCTBa B uejioM He onpaßflajica, STO He («Hammer cBepTbiBaHwa #ojTroBpe- 
MeHHbix TexHOJioraraecKwx nporpaMM [25]. 

BepOÄTHo, wro nocne nepnofla cTaOMJiroairKH, ycTOH^HBO KoiicepBaTHBHoro 
cocTOumwi pHHKa MHC CWI, HacrynHT nepHOA pocTa HccneAOBaTejibCKHX pa6or 
H npoH3BO,n;cTBa MHC Ha HOBOM KOHCTpyKTHBHo-TexHOJioraraecKOM ypoBHe B 

oöecne^ieHHe HanHOHajibHbix nporpaMM aapoKocMiwecKHX nccjieflOBaHKH. 
Ho pe3yjibTaTaM npoBe^eKHoro anajinsa pa3pa6oTaHa cxeMa npneMHoro MO- 

AyJia TpexMHjuiHMeTpoBoro ananasoHa BOJIH. Cwjyex OÄHaKO npH3HaTb, irro MHO- 

rae ripHKJiaflHbie H (pypmaMeHTajibHbie Bonpocw co3flaHna MMMC CBX1 H B nep- 
Byio o^iepejib co3£aHHe pacyeTHbix aHajranwecKHX Mo^ejieH, npeflCTaBJTsreTCJi HaM 
HeflOCTaTO^HO HCCJieflOBaHHblMH. 
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The state of the MMICs research and development are considered. On the base of the defined principles for MMIC design the 
optimum transmission line types and designs for the 3.6 and 8 - mm wavelengths are chosen. The analysis and computation of the 
mam electrical parameters, such as impedance, attenuation, losses in a wide band of frequences is given The technological 
peculiarities for MMIC components production and development are considered. The produced devices are desianed for 
radiosystems of the commercial equipment. a 
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€>yHKI^HOHAJIbHA5I H TEXHOJIOrHHECKÄM HHTErPAUIM B 
MHKPOBOJIHOBOH 0IIT03JIEKTP0HMKE 

CyHflyqKOB K.C., AO Hüll "CaTypH" 
OCHHCKHH B.H., HHCTHTYT KHÖepneTHKH HM. B.M. TjiyiuKOBa 
M.E.HjiMeHKO, HaiiHOHajitHMM TexHHqecKHH yHHBepcHTeT 

A.A.MepxBHHCKHH, HHCTHTYT KHÖepHeTHKH HM. B.M. DryiiiKOBa 
A.A. BopOHbKO A.A. AO Hnn "CaTypH" 

ÄHHOTaUHJI 
PaccMaTpHBaiOTca     npoöJieMbi     CHHTHH     4)H3HHecKHX     orpaHHHeHHH     HH- 

(J)OpMaHHOHHOH      nponyCKHOH      CnOCOCOÖHOCTH      KaHajIOB      CB5I3H      npHMeHeHHeM 
BOJiOKOHHO-onTHHecKHX jiHHHH Mera- H rnraÖHTHoro ziHana30HOB. npoBcaeH aHaiIH3 
rpaHHHHbix    CKOpocTen    MO^yjiiiHHH pa3JiHHHtix CTpyKTyp    H3JiyqaTeneH, 
4)OTonpHeMHHKOB H Hx HHTerpauHH co cxeMaMH Ha ocHOBe coe«HHeHHH A3B5 H Si. 
ripHBOÄ5iTC5i    napaMeTpu H    xapaicrepHCTHKH    pa3pa6oTaHHbix    KOMroieKTOB 
HHTerpajibHbix npneMHbix H nepe/raiomHX yerpoHCTB Ha JUIHHM BOJIH 1,3 H 1,55 MKM 

H CKOpOCTH 155 MÖHT/ceK H 1,1 T6HT/ceK. OCHOBHbIM yCJIOBHeM flOCTHXeHHS 
CBeXBblCOKHX      CKOpOCTeH      £BJIHK)TC£      (J)yHKHHOHaJTbHa5I      H TeXHOJIOrHHeCKafl 
HHTerpauHsr Jia3epHbix, (|)OTonpHeMHbix H TpaH3HCTopHbix MHKpocTpyKTyp. 
IloKa3aHbi ocoöeHHocTH HHTerpajibHbix  TexHOJiorHH  fljra yBejinneHHa CKOpocTen «o 
10 TÖHT/ceK H BblHie. 

BBe^eHHe 

Hcnojib30BaHHe pajiHo-^acTOTHoro JiHana30Ha jura TejieKOMMyHHKaHHH HMeeT 
cymecTBeHHoe orpaHHTOHHe - jj;e(pHH,HT nojioc paÖOTHx nacTOT, Hcnojib30BaHHe 
KOToporo   onpeaeji5ieTC5i peKOMeHJianHJiMH   IKKR.      Hanöojiee   pajniKajibHoe 
pemeHHe - nepexojj; K Hcnojib30BaHHio onTHnecKoro JiJiana30Ha, B HacTHocra, 
onTMraecKHe BOJioKOHHbie JiHHHH CB5I3H (BOJ1C) Mera- H rara6HTHoro jjHana30HOB. 

Ba30BbiMH 3JieMeHTaMH fljia nocTpoeHHH BOJIC, ocymecTBJiaioinHMH 
npeo6pa30BaHHe ajieicrpHqecKHX HMnyjibcoB CTaH/japTHbix ypOBHen (HanpHMep, 3CJI) 
B onTHHecKHe H HaoöopoT HBJHHOTCä nepe/TaraHKH H npneMHHKH BOJIC. OHH BXOJTHT 

B    COCTaB    OKOHOTHblX    H    JIHHeHHblX    yCTpOHCTB,    MyjIbTHnJieKCOpOB    H    KpOCCOBHX 
KOMMyrapoB CKopocTHbix KaHanoB TejieKOMMyHHKaHHOHHbix cpeu, 

'ÄpyraH uiHpoKaH oöJiacTb npHMeHeHHH BOJIC - JJ,JM nepe/i;aqH jjaHHbix Mexfly 
yCTpOHCTBaMH  HJIH y3JiaMH  6bICTpOJj;eHCTByK)mHX 3BM  H flpyTHX HH(J)OpMaHHOHHbIX 
cpejj;cTB. ripeHMymecTBO BOJIC - 6ojibiHa*i 3JieKTpOMarHHTHaa noMexoycTOHHHBOCTb, 
B03MO}KHOCTb yMCHbHIHTb KOJIHTOCTBO COrJiaCOBaHHblX SJieKTpHHeCKHX JIHHHH CBÜ3H, 
a npn cHH^ceHHH pa6oHHX TOKOB rojiyqaTejia ( #o 3HaqeHHH MeHbuinx nopajiKa 50 
MA) JTOCTHraiOTCH H jryqiirae SHepreTHqecKHe noKa3aTejiH. 

rioBbiuieHHe cKopocTH nepejja^H npn 3a/jaHHbix napaMeTpax npneMO- 
nepejjaiomero TpaKTa onpeaejineT nponopHHOHajibHoe yMeHbuieHHe SHepniH, 
3aTpaMHBaeMOH Ha nepejjaqy 1 6wra H cooTBercTBeHHO MaKCHMajibHO flonycTHMbie 
3HaqeHHH    eMKOCTen    H    HHJiyKTHBHOCTeH    ajieMeHTOB    ajieKTpnqecKOH    nenn. 
Heo6x03HMbIM     yCJIOBHeM     flOCTHJKeHHfl CBepXBblCOKHX      CKOpOCTeH     HBJIJieTCfl 
4>yHKHHOHajibHaa H TexHOjionraecKan HHTerpaHHH aicraBHbix H naccHBHbix 
sjieMeHTOB. B HacToameH paSoTe paccMaTpHBaiOTCfl B03HHKaiomHe Ha CBepXBbicoKHX 
qacTOTax npoöJieMbi B3aHMOjjeHCTBH5i jia3epHbix H 4>OTonpHeMHbix 3JieMeHT0B c 
MHKpocTpyKTypaMH nepe^aiomHX (IIOM) H npneMHbix MOJoyjieii (ITPOM) Ha 
ocHOBe KpeMHH5i H reTepocipyKTyp coejniHeHHH A3 B5. OcHOBHbie (JjyHKUHOHajibHbie 
MaTepnaAb, 6-„ MeKAyHapoflHOH ^«MCKOS ,*,KPODOA„OBOH %„$epeH!J„„ ^«^&%%. 16,19 ceH-r»6P» 1996 r., CeaacronoAb, KpbiM  YtpaHHa ~ _ 
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KOMÜOHeHTbl   npOH3BOÄHMLIX   CerOJJHfl   nepeflaTHMKOB   H   npHeMHMKOB   npHBe^eHbi   B 
Taöjinne 1. 

<J>yHKijHOHajii»Hasi H TexHOJioriraecKaji HHTerpaiptfi BOJiOKOHHO-onTHHecKMX MOjjyjieii 
- npHHUHOHaJIbHWH IiyTb nOBblUICHHa OMCTpOJjeHCTBHfl BOJIC. 

Hanöonee        nepcneKTHBHbiMH        MaTepnajiaMH        äJIH        HHTerpajibHon 
OnTOSJieKTpOHHKH   5IBJI5IIOTC5I       MHOrOKOMnOHeHTHbie   nOJiynpOBOflHHKH   B   CHCTeMe 
GalnAsP, TaK KaK HX cocTaB (cooTBeTCTBeHHO As H X) MO^KHO o/jHOBpeMeHHO 
BapHpoBaTb B uiHpoKOM jjnana30He H npH STOM nojiynaTb MHHHMajibHbiH napMeTp 
paccorjiacoBaHHH Meacjiy reTeposnHTaKCHajibHbiMH CJIOJIMH H no/jjioacKon (Aa/a 
10~3 -10-4). 3TOT MeTOÄ, H3BecTHbin KaK 30HHaa nroKeHepnji, no3BOJiaeT co3^aBaTb 
Ha OäHOH njiacTHHe caMbie pa3Hoo6pa3Hbie onTcoJieKTpoHHbie H sjieKTpoHHbie 
npnoöopbi, onTMMH3HpoBaHHbie no cocTaBy H CTpyKTypHOMy coBepuieHCTBy AJIJI 

BbinojTHeHMH TpeöyeMbix (pyrncnnH. 
TaKHM    o6pa30M,    cymecTByeT    B03MO)KHOCTb    peajiH30BaTb    Ha    OJJHOM 

KpHCTajiJie npHeMHbift Mo/xyjib, nepe^aiomHH HJIH ^axe TpaHccHBep. 
#JI5I   KOHTpOJT5I   H   CTa6HJIH3aHHH   H3JiyqeHH5I   no   flJIHHe   BOJIHbl,   HHTeHCHBHOCTH   H 
pacnpe^ejieHHK» MOä nojiynpoBO/iHHKOBbix H3JiyHaTejieH Hcnojib3yeTC« 
4)OTonpHeMHHK. Pa3Mem;eHHe flaHHoro (pOTonpneMHHKa B Henocpe#cTbBeHHOH 
6JIH30CTH OT HCTOHHHKa H3MepeHHH oöecne^HBaeT HBHbie npeHMymecTBa B 

OTHOiueHHH CTOHMOCTH, raöapMTHbix pa3MepOB H HaflexHOCTH no CpaBHeHHK) c 
aHajionwHbiMH ycTponcTBaMM Ha ocHOBe JiHCKpeTHbix sjieMenroB. IIpn STHOM MOXHO 

BbmejiHTb TaKHe ocHOBHbie TpeöoBaHHH, npe^bHBjiaeMbiK K cBeTojiHOJiy: 
- cneKTpajTbHaH qyBCTBHTejibHOCTb aojDKHa cooTBeTCTBOBaTb cneKTpy 

JBJiyTCHHfl HCTO^HHKa; 
- 3Ha^eHHe KBaHTOBon 3(p(peKTHBHOCTH H ypoßeHb myMa B 3TOM cjiyqae HMeiOT 

BTopocieneHHoe 3Ha*ieHHe H3-3a 6jiH3Koro pacnojioxcenHH ncTOHHHKa H3JiyqeHHjr n 
4)OTonpHeMHHKa. 

fljTH CTa6HJTH3anHH BbixoflHbix xapaKTepncTHK jia3epHoro H3JiyqaTejiH 
(poTOflHOÄ pacnojioxeH B nenn oöparHon CB5i3H, r/je BapbnpysTCji 3Ha*ieHHe Toxa 
HmKeKUHH Jia3epa M ero TeMnepaTypon. 

ßjiz    OäHOMOäOBHX    cncTeM    nepe/j[aqK    Heooxo^HMa    OÄHOBpeMeHHa» 
CTa6HJIH3anH5I nO MOinHOCTH H3JTyMeHHÄ H JJJIHHe BOJTHbl, TaK KaK npH yBejiHqeHHM 
MOmHOCTH   TOKa   HaKa^KH   JJJM   flOCTHXeHHfl   Heo6xOJI,HMOH   MOMHOCTH   H3JiyqeHH5I 
MoxeT H3MeHHTbCH ÄJiHHa BOJiHbi - 6yneT Heo6xox(HMa KOppeKHHJi paÖo^en 
TeMnepaTypbi Jia3epa. 

■ßflO. OÖecneMeHHJI  KOHTpOJIfl  H  CTa6HJIH3anHH  MOJj; B  OflHOMOJJOBblX    Jia3epHbIX 
CHCTeMax nepcneKTHBeH ÄByxnBeTHbrä {pOTonpneMHHK, KOTopbin no3BOjraeT 3a CTOT 

H3MepeHH5i OTHomeHMH CHraajiOB jjByx $OTOJJ;HOäOB nojiyqHTb pa3pemeHne 2 HM, HTO 

BnojiHe flocTaTO^HO jpiH cpHKcannn MO# B OäHOMOäOBOM Jia3epe. J3,JIH yMeHbiueHHa 
uiyMa, noBbimeHHH 6bicTpojj;eHCTBHH, Ha/JteacHOCTH npneMHoro Mo/ryjia nepBbiH 
KacKa^ ycHjieHHH n (poTOJjnojj; Heo6xo/j;MMO pa3MecTHTb B OJIHOM KpncTajie. JJJW 

nojiyqeHHa Heo6xo/j;HMoro K03(p(pnnHeHTa ycHJieHHfl (poTOTOKa KOHnempannfl 
HOCHTejieM B KaHajie nojieBoro TpaH3HCTopa ÄOjracHa 6biTb ~ 1017 CM" , a ero TOJimnna 
200-500 HM. B TO xe BpeMH JTJIH oöecneqeHna BHCOKOTO KBaHTOBoro Bbixojj;a 
TOJimHHa oÖJiacTH npocTpaHCTBeHHoro 3ap»jj;a (pOTOflMoxta jj;ojuixHa 6biTb 2-4 MKM, 

fljuiJi qero Heoöxo^HMa KOHneHTpannH cBo6o/j;Hbix sjieKrpoHOB 10    CM"   . B STOM 

COCTOHT   OCHOBHOe   npOTHBOpeiHe   B   Tpe60BaHH5IX,    npeflbJIBJIHeMblX   K   HCXOJiHOMy 
MaiepHany   TTJIH   3THX   JiByx   npnöopoB.   HTOöH   ero   npeoÄOJieTb,   KOHCTpynpyioT 
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HenjiaHapHbie npHÖopw, B Koropbix npe/jycHJiHTejib Ha nojiJieBOM TpaH3HCTope 
pa3Mem;aeTc«[ Ha OäHOM ypoBHe, a p-i-n-cpoTojHio/j; - Ha jjpyroM. 

B CBepxcKopocTHtix ycTpoHCTBax CB5I3H oÖM^Ho HcnojiB3yiOTCH n+InP- 
nlnGaAsP-iln GaAsP-pInGa AsP p+ InP, cBeTOHSJiynaiomHe IWORU (CHJ2) H Jia3epbi 
(JTD ) H3jiy*raiouj,He Ha juiHHax BOJTH 1,3 HJIH   1,55   MKM. TeTepocTpyKTypH OöLIHHO 

nOJiy^aiOTCH   MeTO^aMH MOC-rH#pHJj;HOH, MJI3 HJIH )KKJJ(KO(pa3HOH   SnHTaKCHH. 
IlpoöJieMa OTBOfla Tenjia OT H3JiyqaTejra npH SKenjiyaTaHHH BOJ1C peinaeica 

nyreM HHTerpaHHH mma H MHKpoxojioflHJibHHKa, paöoTaiomero Ha 3(p4>eKTe üejibTte. 
OHM Hcnojib3yioTC£ B BOJTC, paccwraHHbix Ha /jyiHHHbie JIHHHH C OOJIMHMM 

3aTyxaHHeM. YnpaBJieHHe MHKpoxojioßHJibHHKOM ocymecTBuaeTca Ha ocHOBaHHM 
cnrHajioB cneHHajibHO ycTaHaBJiMBaeivroro jjaTiiHKa TeMnepaTypbi. J],jia KOPOTKHX 
JIHHHH c MajibiM 3aTyxaHHeM H HyBCTBHTejibHbiM npHeMHHKOM ynpomeraie 
KOHCTpyKHHH MOJKCT 6biTb flocTHrayro pa3pa6oTKoii jia3epoB c MajibiM noporoBHM 
TOKOM (HJIH MajioMOinHbix CBeTOflHOÄHbix H3Jiy*iaTejieH) H noca/jKOH *mna Ha 
TenjionpoBOxtHinee ocHOBaHHe c MajibiM TenjioBbiM conpOTHBJieHneM. 

fljiü MOÄyjiaHHH H3JiyHaTejieH Hcnojib3yK>TC5i KpeMHHeBbie MOHOJIHTHHC 

HHTerpajibHbie cxeMbi (MHC) jjpaHBepoB B ÄHana30He #0 800 Mbit/s H GaAs HJIH 

InP/InGaAsP (MHC) JJPIH öojiee BHCOKHX CKOpocTen. GraHßapTHbie CTpyKTypbi Jljl, 
ÄonycKaioT MO/iyjumHio #0 ~ 10 GHz H CH# äO 700 MHz. Ho cneuHajibHbie 
KBaHTOBOpa3MepHbie TpexsjieicrpoflHbie CTpyKTypbi CBCTOJJ[HOJJ;OB H Jia3epoB, 
Ha3HBaeMbie jiejiHCTopaMH H Jia3HCTopaMH Moryr MOjj[yjiHpoBaTbC5i #0 100 ITu. 
(Onr.l). 

OGbiHHO Hcnojib3yeMbie p-i-n-(J)OTonpHeMHHKH co3jj;aK)TCH Ha reTepocTpyKTypax 
n+InP-nlnGaAs-ilnGaAs-pInP, iiojiyqaeMbix MOJieKyjiapHO- JiyqeBOH, MOC- 
rHÄpHÄHOH HJIH acHflKO(})a3HOH annraKCHeH c nocjie/jyiomeH HH3KO-TeMnepaTypHOH 
ÄH(J)(})y3HeH HHHKa B OTKpblTOH CHCTeMe. 

Bbiöop cnocoöoB    H   TexHOJiorHH    HHTerpaHHH    rojiyqaTejieH    co cxeMaMH 
ÄpaHBepOB,  TaKXe  KaK (pOTOnpHeMHHKOB  CO  CXeMaMH yCHJieHHfl  H     cf)OpMHpOBaHH5I 
jioranecKHX ypoBHen onpenejraeTca 3HaqeHHaMH cKopocTen nepe/jaqH. 

J3,JIH CKOpocxen äO 700 Mbit/s   B03M03CHa   HHTerpaHHH   A3B5    c KpeMHHeM 
MeTOflaMH reTepo- H CCJICKTHBHOH annraKCHH [2]. 

B rnraÖHTHOM jjnana30He öojiee nepcnexTHBHa HHTerpauHJi jia3epoB H 
(J)OTonpHeMHHKOB c HBT- MHKpocTpyKTypaMH, KOTOpbie (popMHpyioTca MOCVD H 
MBE nponeccaMH ( PHC.     ). 

HaHÖojiee cymecTBeHHbiMH (paieropaMH, onpejjfejraioiHHMH cxpyKTypy 
npneMHHKa BOJIC 5TBJI5HOTCH Bbi6paHHbie KOHHenHHH peuieHHH cjie^yioinHX 
npoÖJieM: 
1) Eojibwoü duHüMunecKuü duana30H cuznajioe na exode npueMHUKa, (onpeflejraeMbiH 
ÄJiHHOH JIHHHH, 3aTyxaHHeM H T.JJ;.). PenieHHH - aBTOMaraHecKaa peryjinpoBica 
ycHJieHHH JIH6O npHMeHeHne 6ojibiiioro KOJinqecTBa KacKa^OB ycHJieHHJi, Kax^bin H3 
KOTopbix BXOJJ[HT B HacbiuieHHe no Mepe pocTa MaKCHMajibHbix 3HaneHHH BxoflHoro 
CHraajia. 

2) CfiUMceHue donycmuMoü eeponmHocmu OUIUöKU (HO 3HaqeHHH MeHee 10-12): 
oöecnCTHBaeTCfi BbiÖopoM cooTBeTCTBytoinero cooTHomemui CHrHaji/iuyM H 

onTHMH3au;HeH HacTOTHOH xapaKTepncTHKH c yqeTOM xapaKTepncTHK cneKTpOB 
uiyMOB H nepe/j;aBaeMoro CHraana. 
3) IToebiiueHue Hyecmeumejibnocmu npueMHwca: ßocraraeTCJi HHTerpauHeH 
(})OTonpHeMHHKa c npe/jycHJiHTeM H nepe^aneH cnrHajia K nocxycHJiHTejiio c noMOinjbio 
JIHHHH c nocToaHHbiM xapai<TepHCTH*iecKHM conpoTHBJieHHeM; coraacoBaHHeM 
BbicoKoro conpoTHBjieHHH (poTonpneMHHKa c oöbFiHo HHSKHM 
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Ta6jiHij;a 1. OcHOBHbie CTpyiaypHbie eÄHHHiibi npHeMHbix 
H nepe^aiomHx oirraHecKHX MOÄyJieÄ. 

nepeflaTiHKH npneMHHKH 

CTpyKTypHan 
e^HHHua 

CxeMaTH^ecKoe 
H3o6pa?KeHHe 

CTpyKTypHan 
eflHHHija 

CxeMaTH^ecKoe 
H3o6paxeHHe 

HcxoßHafl 
niracTHHa 

HcxoOTaa 
njiacTHHa 

Jla3ep-qHn 
Ha paflHaTope 

Pin-HHn 
Ha nbeaecTajie 
C KOHTaKTHHMH 
nnoma^KaMH N 

KopnycHpo- 
BaHHHH 
CBeTOflHOfl 

KopnycHpoBaH- 
HblH 
(poTonpneMHHK 

JIa3ep 
HHTerpHpoBaH 
-HMH C 
OnTHHCCKOH 
CHCTeMOH H 
KOHHeKTOpOM 

OoTOnpHeMHHK 
HHTerpHpOBaHHHH c 
oxiTiraecKOH 
CHCTeMOH H 
KOHHeKTOpOM 

c 

t 

HHTerpajiLHan 
MHKpocxeMa 
"ÄpaHBep 
jia3epa" 

ILL 

TTTT 

Be3KopnycHaa 
HHTerpajibHaH 
MHKpocxeMa 
"npeaycHJiHTejib 
(poTonpHeMHHKa' 

riepeaaiomHH 
Moayjib 

OoTOIipHeMHHK 
HHTerpHpOBaHHblH 
c npeaycHJiHTejieM (^ 

IIpHeMO- 
nepeÄaiomHH 
Moayjib 

FIpHeMHblH 
MO^yjib 

MaTpHua 
jia3epoB co 
cxeMaMH 
ynpaBjieHHH 

s s: ̂ ^ 

MaTpHu,a 
CpOTOnpHeMHHKOB, 
HHTerpHpOBaHHblX 
c ycHJiHTejieM 
cqHTbmaHHÄ 

"5" "Sr~N. 
N^.Nv    VTX^. 
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xapaKTepHCTHqecKHM   conpOTHBJieHneM   cneHHajibHo   cnpoeKrapoBaHHOH   cxeMOH 
npeflycHJiHTejra; npwMeHeHHe KorepeHTHbix MeTOßOB npHeMa. 

4) CKAOHHocmb npueMHUKa K caM06036yxcdeHUK> u HyecmeumenbHocmb K noMexaM 
co3daeaeMbiM dpaüeepoM nepedamHuxa, pe3Ko B03pacTaiomHe c yBejraqeHHeM 
Kö3<b(pHHHeHTa ycHJieHHH H. #Hana30Ha nacTOT; OHH yMenBiuaioTCK BBefleHHeM 
npeflBapHTejiLHoro ycroieHira CHraajia B npeflyCHJiHTene, CHioceHHeM pacHeraoro 
3HaqeHHH K03$(J)HmieHTa yciüieHHÄ oßHoro KacKa^a (yBejraraeHHe oömero HHCJia 
KacKa^oB), fle3HHTerpauHeH npneMHHKa H nepeÄaT^HKa m o^Horo MOÄyjui. 

5) Konmpojib onmmecKozo cuzncuia na exode npueMHUKa (ndJiwma), onpeflejraeMbiH 
Mex^yHapoflHBiMH HopMaMH npoeKTMpoBaHHü OTKptiTBix CHCTeM, peuiaeTCH 
BBe^eHHeM cooTBeTCTByioinero (byHKHHOHajibHoro 6jioKa. Ha Hain ronüm, yxe B 

öjiKracaiiuieM 6ynymeM STOT cnraaji MoxeT Hcnojit30BaTBCH ^JIH flHcraHHHOHHoro 
H3MepeHH5i ^erpa^aHHH ypOBira onraHecKoro cnraajia. 

EOJIMIIHHCTBO yKa3aHHLix TpeÖOBamrä peuieHo B HHTerpajibHbix MHKpocxeMax 
npHBe#eHHbix B Ta6ji. 3. 

npoBefleHHbie HaMH HccjieflOBaHHH rpaHHHHOH nacTOTbi MoaynmmH 
H3JiyMaTejieH noKa3ajra, HTO CTaH^aprabie CTpyKTypbi «onycKaioT MQZjyjramno 
reTepojrasepoB #o ~ 10 TTn H CBCTOäHOAOB «O 30 MTn [2]. CnenHajibHbie CTpyKTypbi 
CBeTOflHoaoB ßonycicaiOT M0#yji5iHHK> £0 700 MTn. 

OoTonpHeMHHKH npeflCTaBJimoT CO6OH p-i-n $OTOJWOJJM, co3#aHHbie Ha 
reTepocTpyKiypax n+InP-nlnGaAs-ilnGaAs-pInP, nojiyqeHHbie aowKocbasHOH HJIH 
MOC - rHÄpH^HOH ariHTaKCHeH c nocjicoyiomefl HH3KOTeMnepaTypHoii m^y^mPi 
UHHKa B OTKpbiTOH CHCTeMe. HaMH ocymecTBJweTCJi CTa6HjiH3aHHH H 3amHTa 
noBepxHOCTH nojiHHMHflHOH imeHKOö, HTO o6ecneHHBaeT o6paTHbie TOKH äHO^OB 
MeHee 10      A. 

TaÖJiHHa 2. OcHOBHbie napaMeTpbi npHeMHbix H nepe#aiomHx MOflyjieii H 
BOJ1C   Ha   HX OCHOBC 

Tnn 
MOflyjIH 

X HM 

HEBR 
14X2 
820 

HEBR 
14X4 
820 

HEBR 
1312T 
1300 

HEBR 
5205 
1300 

OOTOHI OOTOH2 

Tnn 
Ka6eji5i 

200 PCS 100/140 62/125 62/125 62/125 12/95 

MOIHHO 
CTb 
äBM 

-6,5 -12 -17 - 20 - 14 -14 

HEBR 
24X2 

-25,4 5MBd 
3,5 KM 

5 Mbd 
4,1 KM 

HEBR 
24X4 

-35,6 30mbd 
650 m 

30 Mbd 
3,3 KM 

HEBR 
2316T 

125 Mbd 
2 KM 

HEBR 
5205 

-30 155Mbps 
2 KM 

OOTOHI - 30 1250 
2 KM 

OOTOH 
2 

-30 

  —.  

155 Mbs 
1 KM 
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YcMJieHHe cnraajia 4>OTOJJ;HOäOB   BbinojiHaeTC» ananoroBbiM npeflycHJiHTejieM H 

nocjieflyromeii HHxerpajibHOH cxeMOH, KOTOpan (popMHpyeT TTJT HJIH 3CJT ypoBeHb. 
HaHÖojiee   iiepcneKTKBHbi      ana      HHTerpainffl   y3Jia   nojiynpoBOflHHKOBbin 

SJieMCHT/onTOBOJIOKHO -       MOHOJIHTHbie     MHKpOCTpyKTypbl     Si/A3B5    [2],   KOTOpbie 
no3BOH5iK)T HHTerpHpOBaTb KpeMHHeBbie CBHC c GaAs JIH6O M InP, o6pa3yiomHe 
CXeMbI    Ha        BblCOKOCKOpOCTHblX    TpaH3HCTOpaX    (FET    HJIH    HBT),    CBCTOflHOflbl, 
jia3epHbie äHOäM H 4>OTonpHeMHHKH. 

OäHHM H3 nepcneKTHBHbix peuieHHH, peniaromnx npo6jieMy onTHMroannn H 

K)CTHpoBKH BBo^a rojiyieHHJi B paöoqyio oöjiacTb (poTonpneMHHKa aBjraeTca 
npHMeHenne orcnwecKH nposparaon no^JioxKH, Ha O^HOH CTOpoHe KOTOpon 
H3roTOBJieH (poTonpHeMHHK, a Ha xipyroH - (J)peHejieBCKa5i jiHHsa, co3/j;aHHafl 
MeTo^aMH ajieKTpoHHOH jiHTorpa(|)HH. PaÖonaH oöjiacTb onpeflejmeTCH aonycTHMOH 
pa3'K)CTHpOBKOH OnTHHCCKOH OCH BOJTOKHa H (J)OTOnpHeMHHKa . 

■Jlflx oöecneneHHii npneMJieMbix 3HaneHHH BepoarHOCTH OUIHÖKH (10" ) H 

HCKJiiOHeHHH    cnennajibHbix    Tpe6oBaHHH    K    Jia3epy    H    npneMHHKy    BaacHO 
MHHHMH3HpOBaTb     OTpaJKeHHfl     OT     KOHHOB     JIHHHH     nepefla^H     H     nOBepXHOCTH 
4)OTO/j;HOJja, *rro /jocTHraeTcn npHMeHeHHeM cooTBexcTByiomero 4)yHKnHOHajibHoro 
oimraecKoro sjreMeHTa - oimraecKoro H30JWTOpa (B npocTenmeM cjiyqae STO MoaceT 
6biTb CKOJI Topua onTOBOJTOKHa noÄ ynioM 5-7 ° K OCH BOjioKHa). 

H3MepeHHH, npOBefleHHbie Ha KOMnneKTe MeraÖHTHbix TpaHCCHBepoB noKa3ajiH, 
qTO       OHH   MOryT   npHMeHOTbCfl   B   BblCOKOCKOpOCTHblX       OnTHHeCKHX   BOJIOKOHHblX 
cHCTeMax nepe^aHH HH(J)opMaHHH, H nocjie HeKOTOporo MOÄH(pHHHpOBaHHH - B 

noKajibHbix KOMnbiOTepHbix ceTHX. 
B nocjieflHHe HecKOjibKO JICT paspaöoTaHbi flecHTHrnraÖHTHbie HHTerpajibHbie 

MHKpocxeMbi H McayjiH Ha HHX, HO ceroÄHH HMeeTCH noTpeÖHOCTb B yBejiHHeHHH 
CKopocTen nepefla^H HHCpopManHH äO 6ojiee qeM 40 TÖ/c. Öepexofl Bbiiue 40 T6/c, 
OÄHaKO, HBJiaeTCH onpeßejieHHbiM öapbepoM, H TpeöyeTCH npHMeHOTb pa3jra<iHbie 
HOBinecTBa H nyrn 3HaqHTejibHoro yjiyHineHHH CTapbix TexHOJiorHH. 

HecMOTpa Ha HHTerpajibHoe HcnojmeHHe npoeKTHpoBanne HMC /jyra oirrwiecKHX 
KOMMyHHKaHHH    TpaflKHHOHHO     6a3HpyeTCH  Ha MCTOAHKe npoeKTHpOBaHHH HH3KO  - 
qacTOTHbix cxeM Ha HaBecHbix ajieMeirrax. Ho Tax KaK cneKTp npnMeHaeMbix 
CHrHajioB   npocTHpaeTca       B   MHJiJiHMeTpoBbrä   ^Hana30H   BOJIH,    MH   äOJDKHM 

HCnOJIb30BaTb MeTOJXbl npOeKTHpOBaHHfl MHKpOBOJIHOBblX cxeM. B TO xe BpeMH JJJM 
OnTHHeCKHX CHCTeMH CB5I3H CXeMbI flOJI^CHbl     (J)yHKHHOHHpOBaTb H OT KHJIOrepHOBWX 
qacTOT noTOMy *ITO CHrHajibi jjaHHbix Moryr HMen> cneKTpbi c HH3KOH qacTOTOH. 3TO 

03HaHaeT, HTO B STOM CKOMnoHOBaHHOM flMana30He nacTOT H B oöbrrayio MeTOflHicy 
npoeKTHpoBaHHa HMC Heo6xo,s(HMo npHBHecTH CBOH MeTOflbi npoeKTHpoBaHH«, 
BKJHonaiomHe KaK MeTOÄbi npoeKTHpoBaHHH oöbWHbix cxeM Ha raöpHflHbix 
ajieMeHTax, TaK H MeTO#bi npoeKrapoBaHHH MHKpoBOjiHOBbix ueneit    Bo3HHKaeT 
HeOÖXOflHMOCTb B TpaH3HCT0paX, KOTOpbie (J)yHKHHOHHpyiOT Ha HaCTOTe ÖOJIbUieH TOM 
120 ITH. InP HEMT - o^Ha H3 HanGojiee nepcneKTHBHbix CTpyKTyp B 

MHJiJiHMeTpoBOM ÄHana30He BOJIH. C npHMeHeHHeM HOBbix MeTO^OB pa3pa6oTaH pa« 
KJiioHeBbix KOMnoHeHTOB HMC Hcnojib3yH InP HEMT c AJIHHOH 3aTBopa 0,1 -0,15 
MKM [4]: nocTOHHHbiH TOK (HT) - 32 rrn npeflycHJiHTejib, 34-40-ITn 
orpaHHHHBaiomHH ycHJiHTejib, pacnpe^ejiHTejibHaH aqeüKa THJiböepTa H nT- 90 - rrn 
pacnpeflejieHHbiH ninpoKonojiocHbiH ycHJiHTejib Ha FET. 

KaKHe xe {pyHKHHOHajibHbie H KOHCTpyKTHBHo- TexHOJiora^ecKHe HOBniecTBa 
BBeaeHbi züia nojiyneHHH cTOJib BMCOKHX cKopocTen. 

1) Hcnojib30BaHHe ajieKTpiraecKHx nenen, KoppeKTHpyiomnx BJiHJiHHe Ha 
K03(p(pHnHeHT ycHJieHHH nacTOTHO-3aBHCHMbix napaMeTpoB TpaH3HCTOpa; 
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2) Hcnojib30BaHHe mix nepe^aqH cnraajiOB KoruiaHapHMx BOJIHOBO^HHX JIHHHH C 

xapaKTepHCTHMecKMM conpoTHBJieHHCM   oöecneTOBaioirtHM corjiacoBaHHe HCTOHHHKa 
CHTHajIH H Harpy3KH  H OHTHMH3HpOBaHHbIM C yHCTOM npHeMJieMOrO     COOTHOUieHHfl 
ycHJieHHe/njioma^b; 

3) ^ocTHxeHHe Heooxo^HMoro KoatpchHiiHeHTa nepe^a™ npHMeHeraieM Mcroßa 
paciipeaejieHHoro ycHJieHHH. 

Saicnio^eHMe 

OxHÄaeTC5I, HTO CKOpOCTHBie H CBepXCKOpOCTHbie OnTH^eCKMe BOJIOKOHHBie 
CHcreMM nepe,n;aHH 6y#yr OCHOBOH 6y#ymHX MyjibTHMeflHa KOMMyHHKan,HH H 

öbicTpOÄeHCTByioinHe HHTerpajibHbie cxeMbi öy^yr KJIIOTCBOH KOMnoHeHTOH B STHX 
CHCTeMax. 

OcHOBHbie MH(J)opMaTHBHbre orpaHHHeHHJi BbicoKOH CKOpocTH nepeflara Moryr 
6biTb npeoflOJieHbi HHTerpHpauHeH TBepflOTejibHbix   cTpyicryp   Mera-   H raraÖHTHbix 
BOJIOKOHHO-OnTHHeCKHX JIHHHH CBÜ3H. 

AHajiH3 noKa3aji BO3MOXHOCTH yBejiHHeHHa rpaHHHHOH nacTOTbi nepe^aqH flo 
100 TFH Hcnojib3y5i jia3HCTopbi H jie#HCTopbi, HHTerpHpoBaHHbie c KpeMHHeM HJIH 
A3B5. 
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n+InAlAs 

n+-InGaAs 

3aTBop 

CTOK 
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Ilofljioaaca S, I, InP 
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HHTerpHpOBaHHoro p-i-n-HEMT npMeMHHKa 
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TEHEPAmM CBH-KOJIEEAHHM B 
3AMEZU15IK)II|HX J1HHHHX C MAEHHTHOH 

CAMOH30JI5mHEH 

B.A.BajiaKHpeB, II.H.MapKOB, 1?.B.COTHHKOB 

HHE\ "XapbKOBCKMH <J)H3HKO-TeXHHHeCKHH HHCTHTyT", XapbKOB 310108 

lO.B.TKan 
HHCTHTyT 3JieKTpoMarHHTHbix HccjieflOBaHHH, np.IlpaBflbi 5, XapbKOB 310022 

AiHHOTamui. CueJiaH 0630p coBpeMeHHoro COCTOMHHH HccjieflOBaHMii reiiepauHM 

H yCHJieHH» MHKpOBOJIH B KOaKCHaJIbHblX 3aMeflnaK)IUHX JIHHHaX (3JT) C MarHHTHOH 
caMOH3ona:uHeH. SaMeiuiaioinaa cTpyKTypa iipeacTaBJiaioT CO6OH KoaKcnanbHyio 
JiMHHK) c flna(J)parMaMH Ha anoae (anoflHaa 3JI) HJIH Ha KaTo^e (KaTOflHaa 3J1). 
EpHJijno3HOBCKoe TeneHne o6pa3yeTca B pe3ynbTaTe B3pbiBHoii 3MHCCHH C KaTojia 
CTpyKTypbi K ÄanbKeÖHieH caMocornacoBaHHOH flHHaMHKH B co6cTBeHHbix BJieKxpn- 
HCCKHX H MartiHTHbix nojiax.   HccnezioBaHHe HeycTofiraHBocTH TaKoro noTOKa no- 
KaSMBaeT, HTO 3<|)(|>eKTHBHOCTb B3aHMOJjeMCTBHJl B 3J1 3IiaMHTeJlbHO BLIUie, M6M B 
KOaKCHaJTbHOH JIHHHH C rJiaflKHMH CTeHKaMH. 

BBEflEHHE. 

B nocjie^Hee BpeMa yBejiHHHJica HHTepec K HccjienoBaiiHaM B03Öy>KAeHHa CBH- KO- 

jre6aHHH B npn6opax c MarHHTHOH caMOH30Jian,HeH. HnTeHCHBHbie HccJie,n,OBaHHa, KaK 

TeopeTH^iecKHe TaK H SKcnepHMeHTajibHbie, BenyTca B jiaöopaTopnax CIIIA, BeJiHKo6pH- 

TaHHH, PoCCHH, YKpaHHbl. 
H,nes MarHHTHOH HSOJISHHH onenb npocTa H 3aKjnonaeTca B Hcnojib30BaiiHH MarHHT- 

Horo nojia jjjia npeflOTBpaiueHHa 3aKopanHBaHHa aHon.- KaTQnjKoro npoMescyTKa. Mar- 
HHTHoe nojie, nanpaBJieHHoe napaJiJieJibHO sjieKTponaM, saBopanHBaeT 3,neKTpoHi>i, SMH- 

THpoBaHHbie KaTOflOM, npenaTCTBya HX nona^aHHio Ha aHon,. B pe3yjibTaTe n,peH(})a 3JieK- 
TpOHOB B CKpemeHHBIX SJieKTpHHeCKOM H MarHHTHOM nojiax (|)opMHpyeTca SJieKTpoiiHoe 

TeneHHe Bnojib KaTonHOH noBepxHocTH. MarHHTHaa H3onaHHa B onnonacTOTHOM npH6jiH- 
aceHHH ÖMJia HccjienoBaHa eme B 1921 r. [1]. KjiaccHnecKHM CBM npn6opoM, B KOTopoM 
peaiiH30BaHa nnea MarHHTHoii H30Jiau,HH, jiBJiaeTca MarHeTpoH.   B KanecTBe npHMepoB 
yCTpOHCTB H  aBJieHHH,   B  OCHOBe  KOTOpblX Jie>KHT 3(|)<})eKT MarHHTHOH  H30JMHHH,   MOXHO 

Ha3BaTb HOHHbie flHOflti, neHHHHroBCKHH pa3pan.. 
B nocxte^HHe ronbi nna nepenann 6OJILHIHX noTOKOB 3HeprHH OT renepaTopa K Ha- 

rpy3Ke, HanpHMep B ycTaHOBKax no 3JieKTpoHHOMy TepMoanepnoMy CHHTe3y, innpoKoe 

npHMeHeHHe nojiynnJiH BaKyyMHbie JIHHHH C MarHHTHOH caMOH3onan,HeH [2]. BnepBbie 
aBJieHne MarHHTHOH caMOH30JianHH Hcnojib30BaHO .iyra nepenaHH SHeprnn no BaKyyMiion 

KOaKCHaJlbHOH JIHHHH flJIHHOH HO 7M Ha yCTaHOBKe AURORA [3]. 
Ilpn 6oJibniHX noTOKax 3HeprHH nopanica IO10 BT/CM

2
 H Bbinie HanpaaceHHOCTb 3JieK- 

TpHHecKoro nojia B BaKyyMHot nepenaxomefi JIHHHH npeBocxonHT noporoBoe 3HaneHHe 

E OC (2 -r- 3) ■ 105  B/CM, npH KOTOpOM npOHCXOflHT B3pbIBHaa 3MHCCH» C OTpHHaTeJIbHOrO 
SJieKTpona JIHHHH. 3MHCCH3 sjieKTpoHOB oöbiHHO npoHCXonHT B Hanane JIHHHH C sanepx- 

KOH B HeCKOJlbKO HaHOCeKyH« OTHOCHTeJIBHO HMnyjIbCa HanpaKCHHa.   3jiei<TpOHHbIH nOTOK 
BHanajie nonanaex Ha ano^, a 3aTeM no^ fleicTBHeM ajieKTpo^HHaMHnecKHx CHJI cHocHTca 
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K KOHny JIHHHH. JJ(enb 3aMBiKaeTCJi JIH6O TOKOM yTeHKH Ha KOHHC JIHHHH, ecjin ona pa- 
3oivtKHyTa, JIH6O TOKOM B Harpy3Ke. IIpeBbinieHHe MartiHTHoro nojia, KOTopoe co3naeTca 
KaK  SJieKTpOHHbIM IIOTOKOM,   TaK  H  TOKOM IIO  BI-iyTpeHHeMy 3JieKTpO/iy,  Haß  3JI6KTpHHe- 
CKHM o6ecnenHBaeT cymecTBOBaHHe CTauHOHapHoro TeneHHa. flna 3TO.ro Heo6xo,u,HMo, 
HTo6bi TOK B xtHHHH nocrar HJIH npeBbicnn HeKOTopoe MHHHMajibHoe 3HaneHHe, KOTopoe 
onpe/j;ejiaeTca npnjioaceHHbiM HanpaacemieM H reoMeTpnei JIHHHH. 

HaJiHHHe ajieKTpoHHoro noTOKa B JIHHHH HaTajiKHBaeT Ha MBICJIB 06 ero Hcnojib30Ba- 
HHH fljia ycHJienna H reHepauHH CBH SJieKTpoMarHHTiibix KOJieSaHHH [4-7]. Una 3Toro 
Heo6xoflHMO, HTOSBI B JIHHHH Morjia pacnpocTpanaTbca MennetiHaa BOJiHa (vph < c, vph 

- (J)a30Baa cKopocTb, - CKopocTb CBeTa B BaKyyMe). Heo6xoflHMoro 3aMen,JieiiHa BOJIHBI 

MoacHO flo6HTtca pa3JiHHHbiMH cnoco6aMH, nanpHMep, ro^pnpoBKOH onHoro HJIH HByx 
SJieKTpOflOB KOaKCHaJIBHOH HJIH  nJIOCKOH JIHHHH,  HCnOJIb30BaHH6M  HenOHKH  pe30HaTopoB 
HJIH 3aMeflJiaroHi,Hx CTpyKTyp THna rpe6eHKH. TaKoro pona renepaTopbi H ycHJiHTeJin 
c MarHHTHOH caMOH30JiaHHei HMeioT o6m,He HepTbi npeacne Bcero c MameTpoHOM. C 
TOH jiHuib pa3HHHefi, HTO B MarHeTpoHe HJia MarHHTHOH H3onanHH HcnojiL3yeTca Biieni- 
Hee ManiHTHoe none, a B reHepaTopax c MarHHTHOH caMOH30JiaHHeH (MILO-Magnetic 
Insulated Line Oscillator) - co6cTBemioe caMocorjiacoBaimoe MarHHTHoe nojie. Ilpn CJHIK- 

CHpoBaHHoii reoMeTpHH 3aMen,JiaK>meH JIHHHH napaMeTpbi CTanHOHapnoro TeneHHa 3JieK- 
TPOHOB: ero TOK, SHeprna, nonepeHHbin pa,3Mep H T.JI. onpenenaioTca enHHCTBemibiM 
napaMeTpoM - Hanpa^eHHeM, npHJioacemibiM K SJieKTponaM. HpHJioaceHHbiM Hanpaace- 
HHeM 6ynyT onpenejiaTbca H napaMeTpbi reHepaTopa: nacTOTbi reHepannn, reHepnpyeMaa 
MontHOCTb, 3JieKTpoHHbiH KILH. TaKaa "acecTKocTb" reHepaTopoB 3Toro THna no3BOJiaeT 
HazieaTLca na HX Bbicoi<yio ycTOHHHBOCTb B pa6oTe [6, 7]. 

B HacToamen paöoTe cnejiaH 0630p TeopeTHHecKHx nccjienoBaHHH BosSyacneHHa 3Jiei<- 
TpoMarHHTHBix i<ojie6aHHH B 3aMe,n,jiaioiirHX JiHHHax c MarHHTHOH caMoroojiaHHei. 

CTALIHOHAPHOE TEHEHHE B JIHHHH. 

BaacHbiM napaMeTpoM, pa3nejraiouj;HM peacHMbi pa6oTbi JIHHHH C MarHHTHOH caMo- 
HsojiaHHei, aBJiaeTca BejiHHHHa K = l/crf, rm I - njiHHa oTpe3Ka JIHHHH, r/ - HJIH- 

TejibHocTb (ppoHTa HMnyjibca. Ilpn K < 1 cnpaBennHBO CTaimoHapHoe npHÖJiHace.HHe. 
3jieKTpoHbi JIHHHH MoacHO paccMaTpHBaTb npocTO KaK nnacTHHbi KonneHcaTopa, B KO- 

Topbix npoTeKaeT TOK. B H.JIHHHOH JIHHHH Heo6xonHMo yHHTbmaxb BOJIHOBOH xapaKTep 
pacnpocTpaneHHa HMnyjibca (BOJIHOBOH peacHM, CM. HanpHMep [2]). Hnace MH orpaHH- 
HHMca CTaHHOHapiibiM npH6jiHaceHHeM, npennojiaraa ycjioBHe BbinojiHei-mbiM. 

B HacToamee BpeMa HaH6ojibHiee pacnpocTpaHeHHe nojiynHJin HBe MonejiH sneKTpon- 
HblX nOTOKOB B MarHHTOHSOJIHpOBaHHblX JIHHH3X: 

a) «ByxnoTOKOBaa, B KOTopon 3JieKTpoHbi HBHacyTca no HHKJionnaM, HaHHtiaioiHHMca H 

3aKaHHHBaiOHj;HMca Ha noBepxHOCTH KaTona 
6) oflHonoTOKOBaa HJIH 6pHjuno3HOBCKaa MQneJib [8], B KOTopot sjieKTpoHbi ^BHacyTca 

napajiJiejibHo noBepxHOCTH sjieKTponoB co cKopocTbio npeiicpa B CKpemeHHbix 3JieK- 
TpHnecKOM H MarHHTHOM nojiax. 

TeopH» flByxnoTOKOBOH Mo^ejiH MarHHTHOH HSOJiaHHH pa3BHTa B pa6oTax [9-13]. Cjie- 
flyeT OTMeTHTb, HTO HaJiHHHe «Byx BCTpenHbix noTOKOB «ejiaeT TeneiiHe cnnbHo He- 
ycTOHHHBbiM [14, 15]. BpeMa pa3BHTHa HeycToiiHHBOCTH TaKoro cocToaHHa oKa3bmaeTca 
MeHbHie BpeMeHH (J)opMHpoBaHHa noTOKa, KOTopoe no nopanKy BejiHHHHbi paBHo BpeMeHH 
npojieTa sjieKTponoB nepe3 cnon. IIosTOMy HByxnoTOKOBbie TeneHHa npaKTHHecKH He pe- 
ajiH3yioTca [15]. Pe3yjibTaxbi HHCJieHHoro MOfleJinpoBaHHa noKa3biBaroT [16], HTO BMCCTO 

Hero 4>opMHpyeTca TeneHHe, 6nH3Koe K 6pHJiJiio3HOBCKOMy.   9jieKTpoHbi B noTOKe ^BH- 

acyTca He no HHKJioHnaM, a CKopee no npaMbiM, coBepniaa Majibie KOJie6aHHa. 
TaKHM oöpasoM, HHcneHHoe MonennpoBaHHe, a TaKa<e SKcnepHMeiiTajibHbie Hccjiejio- 

BaHHa [2] noKa3ajiH, HTO HJIH onncaiiHa TeneHHa 3JieKxpoHOB B JiHHHax c MariiHTHoii H3o- 
JisHHen HaH6ojiee noÄXO,n;anj;HM aBJiaeTca 6pHJiJiio3HOBCKoe npnGjiHaceHHe. OcHOBHbie pe- 
3yjibTaTbi 3TOH Teopnn noJiyneHbi B pa6orrax [2,17-19]. 
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PaccMOTpuM KoaKCHa.Jit.Hyio BaKyyMiiyro JIHHH» nepenann. HßeaJiKHO npoBOflsmae 
BHyTpeHHHH H BHeHiHHH sjieKTponbi HMeioT pa^HycM a H b cooTBeTCTBeHHo. Meatfly 
3JieKTpoflaMH npHJioaceHa pa3H0CTB noTennHanoB U. 3jieKTpoHHoe Teneirae TOJHHHHOH 

r* npnacaTO K KaTOfly, KOToptiM aBJiaeTca BHyxpemraH ajreKTpofl. Boo6me roBopa, 3Jiei<- 
TpoHHbiH CJIOH MoaceT 6BITB OTopBan OT KaTOfla. OflHaKO SHepreTnqecKH TaKoe TeneHHe 
HeBbiroflHO H B 3KcnepHMeHTax, KaK npaBHJio, He peajiH3yeTca. 

CHCTeMaypaBHeHHH, onHCBiBaroruaa cTannoHapHoe ocecHMMeTpHHHoe Teneinie, BicmonaeT 
B ce6a ypaBHeHHa rHflpoflHHaMHKH fljia 3Jiei<TpoHOBH H ypaBHeHHH MaKCBejuia flJia nojia. 
PeniHB ee fljia napaivreTpoB Te^eHHa HMeeM cjieflyionnie 3aBHCHMOCTH OT nonepeHHon KO- 

opflHiiaTbi: 

uz/c = thV',     7o = ch'0,     47re2n/m = dJ2(a2/V2) chip,     0(r) — aln(r/a), 

rpß a — ujca/c, UJC = eHc/mc - niiKJioTpoHHaa nacTOTa na KaTOfle. IlapaMeTp a nojmo- 
CTMO onpeflejiaeTca TOKOM, TeKymHM no KaTOfly, a = 2IC/IA, rfle I A = mc3/e = 17kA. 

HeTpy^HO BHfleTb, HTO OTHonieHHe KBaflpaTOB nJia3MeHHOH nacTOTH w2 = 4iie2/rnj0 

H HHKJiOTpoHHOH u?H = w2/7o paBiio eflHHHH,e BO BceM o6beMe 3JieKTpOHHOrO cjioa. 
IlapaMeTpbi Te^emaa onpeflejiaioTca cjieflyioiHHMH cooTHOineHHaMH: 

7 = ch0o + (-s — l)0sh0o,     i = s • chipo (0 

rfle 7 = 1 + eU/mc2, 0O — (2/c//^)ln(rH,/a), i = (21 //^ln^/a) - 6e3pa3MepHHiii TOK 

B jiHHHH. TOK, TeKyniHH no KaTO,n;y, ic = (2/c/7j4)ln(6/a) H nojratiH TOK i cBa3anbi c 
BBeneHHMMH napaMeTpaMH cooTHOineHHaMH 

ic = stpo,    i/ic = ch0o = 7m, (2) 

rue 7m - pejiaTHBHCTCKHH cpaKTop sjieKTpoHOB Ha rpaHHHe cnoa. IIpH 3aflaHHBix Ha~ 
npaaceHHH 7 H TOKe B JIHHHH i cooTHonieHHa (1-2) no3BOJiaioT onpeflejiHTb ocTajibHbie 
napaMeTpti TeneHna: TOJiirpray, nojiHbiH TOK, nepeHocHMHH DJieKTponaMH B saKyyMHOM 
npoMOKyTKe, MaKCHMajiBHyio SHeprnio nacTHfl. 

HcKJHOHHB H3 COOTHOHieHHH. (1) napaMeTp 5, M02CH0 BBipa3HTB TOK B JIHHHH KaK <J)yHK- 
HHK) 0O npn {pHKcnpoBai-iHOM nanpaaceHnn 7 

i = (7 - ch V>o + 0o sh 0O)/ th 0O. 

3xa (pyHKHHa HMeeT MHHiMyM npn 

7 = ch0o + 0osh3V>o- (3) 

IlojiHtiH TOK, KaTonHbiH TOK H napaMeTp s B 3TOM cjiynae onpefleJiaioTca BtipaaceHHaMH: 

im = 0o ch3 00,     «c = 0o ch2 0o,     -S = ch2 0O = -ym. (4) 

KaK cjieneT H3 HHCJieHHoro aHaJiH3a (3-4), c pocTOM nanpaa<;eHHa MHHHManbHbiH TOK 

pacTeT, npHHeM B oGjiacTH penaTHBHCTCKHX aneprnH no JiHiieHHOMy 3aKOHy im = 7, 7 >• 
1. TOK B KaTone ic TaKace pacTeT, QZTHaKO ero BKJiafl B nojiHBiii TOK C pocTOM MenjieHHO 
yGbiBaeT. B nacTHOCTH, npn 7 = 3 npHMepHO 66% OT nojiHoro TOK a npHxo^HTca Ha TOK, 

TeKymHH B KaTO^e, H JIHIHB 34% - Ha Tenenne 3JieKTpoHOB B BaKyyMHOM npoMe>i<yTKe. 
C pocTOM Hanpa»ceHHa napaMeTp s pacTeT, a cuenoBaTeJibHo TOJimnHa cjioa y6biBaeT. 
PacTeT TaKace, xoTa H Me^JieHHO, MaKCHMajibHaa SHeprna nacTHH. HanpHMep, npn 7 = 3, 
HJIH Hanpaa<eHHH 1 MB, MaKCHMaJibHaa aneprna cocTaBJiaeT 250 KB. 
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BOJIHbl H HEyCTOHHHBQCTH EPHJIJIK)3HOBCKOrO nOTOKA 
B nEPEJIAIQmEH JIHHHH C TJIAHKHMH CTEHKAMH. 

CjienyioHXHM niaroM xeopnn aBJiaexca H3yneHHe Bonpoca 06 ycxoHHHBOcxn CTainro- 
HapHoro xenexiHa. HanpHMep, HByxnoxoKOBoe cocxoaHne npai<XHHecKH He peajiH3yexca 
H3-3a ero CHJIBHOH HeycxoiiHHBOcxH. CxaHHOiiapHoe 6pHJijno3HOBCKoe xeneHne aBJiaexca 
HepaBHOBecHBiM yace noTOMy, HXO B HeM HMeexca map cKopocxH (sHeprHn). OT HyjieBoro 
3HaHei-iHa Ha Kaxone nponpjibHaa c.KopocTL xeneHHa MOHOTOHHO Hapacxaex H npcxHraex 
MaKCHMyMa Ha rpaHHHe CJioa. 

ZlaHHBiH pa3neji nocBameH nccjienoBaHHio pacnpocxpaHemia H B036yacneHHa K0Jie6a~ 
HHH B 6pHJIJHO3HOBCK0M nOTOKC   Ilepen. H3JIO»CeHHeM OCHOBHOTO MaxepiiaJia OCXaHOBHMCa 
KpaTKO Ha HCTopHH Bonpoca. HeycTOHHHBOCTb flByxnoTOKOBoro HepejMTHBHCTCKoro xene- 
HHS B MarHeTpoHe HccrrenoBaHa B pa6oTe [14]. Teopna HeycxoHHHBocxen onHonoxoKOBoro 
6pHJiJiio3HOBCKoro xeneHHa B noTei-nmajiBHOM npn6jiH>KeHHH H3Jio»ceHa B pa6oTe [21]. B 
TeopHH 3JieKTpoHHbix noTOKOB, HBHacyiinxxca B CKpemeHHtix nojiax, BaacHbiM napaMeTpoM 
aBJiaeTca OTHonieHHe KBanpaxoB njia3MeHHOH H nHKJioxpoHHoi nacxox q = u2/u2

H < 1 . 
Zliia 6pHJTJiK)3HOBCKoro xeneiiHa q = 1. HeyexoHHHBoext noxoKOB npn nporoBOJibHOM 
q < 1 paccMoxpena ByHeMaHOM H np. B [22]. B paöoxe [23] nojiyneHa JiHiieHHaa cncxeMa 
ypaBHeHHH, onHCbiBaiomaa HeycxoHHHBOcxn pejiaxHBHcxcKoro 6pHJiJiio3HOBCKoro xeneiraa 
B KOaKCHaJIBHOH JIHHHH nepenaHK.   BOJIHBI H HeyCXOHHHBOCXH B nJIOCKOH JIHHHH C MarHHT- 
HOH H30JiaH,HeH HccjienoBaHbi B [24, 25]. B SXHX pa6oxax nonyneno HHcnepcuoHHoe ypa,B- 
HeHHe, onHCbiBaioirree KOJieGaHaa npnacaxoro K Kaxony pejiaxHBHcxcKoro 6PHJIJIK>3HOB- 

CKoro (q = 1) xeneHHa. ItoKasaHO, HXO oxnocHxejibHO Hanöonee onacnbix HH3Koqacxox- 
HBIX KpynHOMaciHxaßHLix B03MymeHHH noxoK ycxoHHHB. HeycxoHHHBocxb pa3BHBaexca 
B «Hana30He BBICOKHX nacxox u > cop. 9Ta HeycxoHHHBocxb nojiyHHJia HasBaime Marae- 
XpOHHOH.   Ee B03HHKHOB6HHe CB33aHO C XeM, HXO HJia BOJIH C HaCXOXaMH ÜJ > U)p B OÖbeMC 
xeneHHa HMeexca CJIOH, rne BbinojineHO ycjiOBHe pe30HaHca Ha HopMajibHOM 3(p(peKxe Hon- 
njiepa u> = kv0(x) + wcho{x), r,oe k - nponojibHoe BOJiHOBoe HHCJIO B03MymeHHs, v0(x), 
7o(x) - CKopocxb H pejiaxHBHcxcKHH (paKxop xeneiiHa. B pe30HaHCH0M cjioe nponcxo- 
ZtHX aHKJioxpoHHoe norjiomemie 3HeprHH nojia noBepxHocxHbix BOJIH noxoKa. EocKOJibKy 
MezwieHHaa (w/k < u*, v* - CKopocxb xeneHna na rpaHHHe) noBepxHocxHaa BOJina no- 
xoKa, cBasaHiiaa c HajinnneM CBO6OHHOH rpaHHiibi, HMeex oxpHnaxejibHyro SHeprnio, xo 
UHKxoxpoHHbie noxepn SHeprHH npHBonax K HeycxoHHHBOcxn. B pa6oxe [26] o6o6meHbi 
pe3yjibxaxbi pa6oxbi [25] Ha cjiynaf HByx CBOGOAHBIX ^paHH^ xenenna. KpoMe sxoro 
paccMoxpeH O6HJ;HH cjiynan npoH3BOJibHbix 3HaneHHH napaMexpa q < 1. HajiHHHe Bxopon 
CBo6oflHOH rpaHHiibi (ßaKyyMHoro npoMOKyxKa Meacziy sJieKxpoHHbiM cjioeM H Kaxo^oM) 
KanecTBeHHO MeHaex Kapxnny. B o6jiacxn HH3KHX qacxox pa3BHBaexca xtHOKOxponiiaa 
neycxoHHHBocxb, a B o6jiacxn BHCOKHX nacxox B03i-iHKaex Bxopaa BexBb HeycxoiiHHBbix 
MarHexpoHHbix KOJieöaHHH, cB33aHHaa c pe30HaHCHOH ^HKJIoxpoHHOH pacKa^KOH Ha aHo- 
MajibHOM 3(J)(peKxe jlonnjiepa u> = kv0(x) - ujc/-y0(x) KOJie6aiiHH npHKaxonHOH rpaHHAbi 
xeneHHa. HanoMHHM, HXO B nepenaromnx nnHHax c MarHHXHOH caMOH3ojiairHeH peaxn3y- 
exca, KaK npaBHJio, npnacaxoe xenenne, nocKOJibKy OHO 3HeprexHHecKH öojiee Bbiro^HO. 

3a HapacxaHHe BOJIHM npn pa3BHXHH MarHexpoHHOH HeycxoHHHBOcxn oxBexcxBeima 
He6ojibuiaa rpynna HacxH^ B OKpecxHocxn pe30HaHCHoro cJioa. nosxoMy HejiHHeHiioe 
HacbiH^eHHe HeycxoinHBocxH flojiÄHO npoHcxoflHXb na oxHocHxejibHO HH3KOM ypoBHe KO- 
JieöaHHH. no cBoen npnpofle MarHexpoHHaa HeycxoHHHBocxb aHajiornHHa KHHexHHecKHM 
HeycxoHHHBOcxaM B njia3Me noxoKOB nacxHii; c 6ojibiHHM SHeprexunecKHM pa36pocoM [27]. 
Bo36yacneHHe myMOBbix KOJie6aHHH c ranpoKHM HacxoxHbiM cneKxpoM npHBe^ex K cjia- 
6oxyp6yjieHXHOMy cocxoaHHio xeneHHa H, B nacxHocxn, K ÄHcp4>y3HH sneKxpoHOB nonepeK 
MarHHXHoro nojia H BO3HHKHOB6HHK) xypGyjieHXHbix XOKOB yxeHKH. IIpoBOfla aHaxornio c 
MaraexpoHOM, MO>KHO roBopnxb o (J)opMHpoBaHHH "KHnamero" CJioa B JIHHHH nepenaw. C 
XOHKH 3peiiHa MaKpocKonHHecKOH ycxoiiHHBocxH xenenna MarHexpoHHaa HeycxoHHHBocxb 
onacHocxH He npencxaBjraex. 
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ByneM OTTaJiKHBaTtca OT caMocorjiacoBamioH cTanHOHapHoii 6PHJIJIIO3HOBCKOH MO- 

flejra TeneHHfl B HJIOCKOH JIHHHH nepenaHH. Hac 6ynyT HiiTepecoBaTB TOJIBKO 3Jiei<TpoHHBie 
KOJieGaHHa 6e3 ynacraa HOHOB. Kai< STO O6BIHHO nejiaeTca, npencTaBHM Bee BeJiHHHiiBi 
B BH,oe cyMMH HX CTaHHOHapHBix 3HaneHHH H BOJIHOBBIX B03MymeHHH, pacnpocTpaiiaio- 
innxca BHOJIB CHCTeMBi / = fo{x) + fi{x) exp(ikz-iut). Bo3MymeHHa sjieicrpoManiHTHoro 
nona MoryT 6BITB ^Byx THHOB: TE K TM-BOJIHBI, OTJinnaiomHeca nojiapH3aHHeH. B03- 
MymeHHa TE-THna ycTOHHHBBi [25]. flncnepcHOHHoe ypaßneHHe AJIJI TM-BOJIH noJiyneno 
H npoBe^eno neTaJiBiioe HccrrenoBaHHe HX ycTOHHHBocTH B [23, 24]. B STHX paöoiax no- 
Ka3aHo, HTO nonepeHHtie KOMHOHeiiTBi sjieKTpoMarHHTHoro nojia HMeioT OCO66HHOCTB B 

TOHKe u> - kv0(x) = ±u)c/7o- BepxmiH 3HaK cooTBeTCTByeT pesoHancy Ha HopMaJiBHOM 
3(p(peKTe Honnnepa, a HHSCHHH - Ha aHOMajiBHOM. B OKpecTHocTH pe3onaHCHBix cjioeB Te- 
HeHHC 3<p<peKTHBHO B3aHMOfleHCTByroT C SJICKTpOMarHHTHBIMH BOJIHaMH.   IIpH^eM B cjioe, 
r^e BBinojiHeno ycnoBue HopMajiBHoro 3<ptpeKTa Honimepa, nponcxoHHT noraonjenne 3Hep- 
FHH BOJIHBI Tax ace, KaK 3TO HMeeT MecTO B OKpecTHocTH TOHKH nJia3MeHHoro pe30HaHca B 
neoflHopoflHOH nJia3Me [28, 29]. B o6jiacTH pe30HaHca Ha aHOMajiBi-ioM 3<p<peKTe flonimepa 
B03MOSCHO ycHJienne BOJiHbi pe30HaHCHBiM cxoeM TeneHHa. 
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B kanecTBe npKMepa Ha pnc.l npencTaBJieHa 3aBHCiiMocTB 6e3pa3MepHoro HHKpeMeHTa 
MarHeTpOHHOH HeyCTOHHHBOCTH  ImW = Imu/u}c OT BOJTHOBOrO HHCJia B03MymeHH« flJia 
HaiipaaceHHa B JIHHHH U — 2 MB H BejiHHHHBi aHon-KaTOHHoro paccToaHHH 4 CM. BOJIHBI 

c K ~ kc/ujc > K* = 1,56 HeycTOHHHBBi. TpaHUHHOMy 3HaHeHino BOJIHOBOTO HHCJia 
K* cooTBeTCTByeT nacxoTa W = 1. C pocTOM K HHKpeMeHT HeyCTOHHHBOCTH 6BI- 

CTpo B03pacxaeT H BHXOHHT irpaKTHHecKH Ha nocxoaHHoe 3HaneHHe, npHMepno paBiioe 
0,0345. OneHB cjia6o BBipa>KeHHBii MaKCHMyM Ha6jnoflaexca npn K — 5, 2. Ha pnc.2 
npeflcxaBJieHa 3aBHCHMOcxB MaKCHManBHoro HHKpeMeHTa 7 = (Imu))max OT HanpasceHHa. 
C pocTOM HanpaaceHna HHKpeMeHT MenreiiHo pacTeT, B TO BpeMa KaK 6e3pa3MepiiBiH 
HHKpeMeHT (ImW)max) nanaeT. POCT MarHHTHoro nojia B cTannoHapHOM cocToaiiHH c 
yBejiHHeiineM HanpaaceHHa aBJiaeTca 6ojiee CHJIBHBIM, neM yMeiiBHieHHe 6e3pa3Mepnoro 
HHKpeMeHTa BCJiencTBHe peJiaTHBH3Ma HBHaceHHa 3JieKTpoHOB. 

MCnEPCHQHHblE COOTHOIIIEHHfl H HEyCTOHHHBOCTb 
EPHJIiIr03H0BCK0r0 IIOTOKA B JIHHHH C 3AMEflnflIQ]II,EH 

CTPYKTyPOH HA AHOflE [31, 32, 33, 34. 

B 3aMeflJiaiomeH CTpyKType KapTHHa HeycTOHHHBOcTen 6pHJiJiio3HOBCKoro noToxa cra- 
HOBHTca 3iiaHHTejiBHO Sorane. 3TO npeacne Bcero cßa3aHO c BO3MOKHOCTBIO pacnpocTpa- 
HeHHa B 3aMeflJiaiomeH CTpyKType MezuieiiHBix BOTH vvh < c, c KOTopBtMH aneKTpoHHufi 
nOTOK MO»CeT HaXOflHTBCa B (pa30BOM CHHXpOHH3Me.  Bo3HHI<aiOmaa B TaKHX ycjioBHax He- 
yCTOHHHBOCTB GyfleT npHBOflHTB K B036yaCfleHHIO HHTeHCHBHBIX SJieKTpOMan-IHTHBIX KO- 
jie6aHHH. HTOGBI nojiyHHTB o6iu;yio KapTHHy HeycTOHHHBocTefi 6pnjuno3HOBCKoro noTOKa 
Heo6xo/i;HMO anajiHSHpoBaTB TOHiioe H,HcnepcHOHHoe ypaBHeHHe. 

Ha pnc.3, pnc.4 upencTaBJiei-iBi pe3yjiBTaTBi HHCJieHHoro pacneTa ziHcnepcHOHHoro 
ypaBHenna B HMne^ancHOM npnGjiHaceHHH flJia MHHHMaJiBHoro TOKa B JIHHHH. PaccToaHHe 
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Meacßy aHOflOM H KaTOflOM paBHO 1,5CM, BbicTOTa nnacpparMbi - 5,1CM, nepHOfl CTpyKTypbi 

- 2,5 CM. Pe3yjiBTaTBi pacneTOB npencTaBjieHbi B BHne 3aBHCHMOCTeH peajibHOH nacTH 
6e3pa3MepHoro BOJiHOBoro incjia H MHHMOH Hac.TH(K03(p(f)HHHeHTa ycHJieHHa) OT 6e3pa3- 
MepHOH HaCTOTLI.   B OÖJiaCTH HH3KHX HaCTOT W <^ 1 6pHJI.TH03HOBCKHH nOTOK yCTOHHHB H 
B HöM pacnpocTpanaioTca HBe BOJIHBI. cf>a30Baa cKopocTB MeßJieHHOH BOJIHBI paßna Hyjno. 

Uns oTHOCHTenfcHo HH3Koro HanpaKeHHa U = 1 MB (pnc.3) BCTBB 6bicTpon 6pHJiJiio- 
3HOBCKOH BOJIHbl OÖpbIBaeTCa Ha HaCTOTe W = 1. 3Ta 0C06eHHÖCTb HMeeT MeCTO TaiQKC H 

B JIHHHH C TJiaHKHMH CTeHKaMH. B OÖJiaCTH HaCTOT W > 1 ÜOTOK HeyCTOHHHB. B OTJIHHHe 

OT JIHHHH C raaHKHMH SJieKTpOHaMH Ha KpHBOH 3aBHCHMOCTH K03<J)(pHHHeHTa yCHJietlHa OT 
nacTOTbi noaBJiaeTca pe3KHH MaKCHMyM. 
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PHC. 4. 

KoacpipHHHeHT ycHJieHHa (npocTpaHCTBeHHbil HHKpeMeiiT) yßeJiHHHBaeTca IIOHTH B 

HBa pa3a. YBejinneHHe K03<p<pHHHeHTa ycHJieHHa o6ycxroBJieHo pe30HaHCOM BOJTHBI 6pHJi- 
jiiosHOBCKoro noTOKa c CO6CTBCHHOH Me^JieHHoi BOJIHOH 3aMeflJiaroin,eH erpyKTypbi. Bne 

pe30HaHCHOH o6jiacTH W HeycTOH^iHBocTB HMeeT TaKyio ace npnpony, KaK H B JIHHHH 

c rjiaflKHMH CTeHKaMH. C yßejiHHeHHeM HHKpeMeHTa MaKCHMyM CMeinaeTca B o6jiacTb 
6ojiee HH3KHX 6e3pa3MepHbix nacTOT W, a 3HaneHHe HHKpeMeHTa B MaKCHMyMe yMeHb- 
maeTca. 

Ilpn yßejJHHeHHH HanpaaceHHa HO 2 MB (pHc.4) nojioaceHHe pe30HaHCHoro HHKpeMeHTa 
B o6xtacTB eqe 6ojiee HHSKHX 6e3pa3MepHbix nacTOT H nepecTaeT nepeKpBiBaTfcca c o6xta- 
CTBK) CyHüeCTBOBaHHa  Hepe30HaHCHOH  MarHeTpOHHOH HeyCTOHHHBOCTH W  >   1.    KpHBfcie 

3aBHCHMOCTen npoHOJiBHoro BOJiHOBoro HHCJia Reh OT nacTOTbi W HMeiOT pan, KanecTBeH- 
HBix oco6eHHOCTeH no cpaBHeHHio c raanKOH JiHHHeä nepenaHH. Hpeacne Bcero, nponc- 
XOHHT nepeceneHHe H pacmenjieHHe 6bicTpon H MenneHHOH BeTBeii 6pHJuno3HOBCKoro no- 
TOKa.   B TOHKe W = 1 o6ptiBaeTca MenneHHaa BCTBB KOJie6aHHH, a He 6ticTpaa, xaK 
B   JIHHHH   C   rJiaHKHMH   CTeHKaMH.     OöjiaCTb   CyiHeCTBOBaHHa   pe30HaHCHOH   HeyCTOHHHBO- 

CTH 0,8 < W < 0.9 cooTBeTCTByer oßjiacTH pacinemieHHa KoneöaiiHH. 06jiacTi> nacTOT 
W > 1  COOTBeTCTByeT MarHeTpOHHOH HeyCTOHHHBOCTH. 

npH flajiBHeiiHieM yBejiHHeHHH HaripaaceHHs nojio3«eHHe MaKCHMyMa K03cp<pHHHeHTa 
ycHJieHHa pe30HaHCHoii HeyCTOHHHBOCTH CMeinaeTca BHH3 no nacTOTe, a SHaneiiHe HHKpe- 
MeHTa B MaKCHMyMe yMeHBHiaeTca H B KOHCHHOM cneTe CTaHOBHTca MeHbrne HHKpeMeHTa 
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MarneTpoHHOH HeycxoiiqHBOCXH. 
Cjie^yeT OTMCTHTB BamHyio ocoGeimocxb flucnepcHOHHtix 3aBECHM0cxeä, npHBoneH- 

Hbix Ha pnc.3, pac.4. B flonojmeHHe K flByM BCTBaM KOJie6airaH 6pHJi.mo3HOBCKoro noTOKa 
Vph < c cymecTByioT BeTBH, cooTBeTCTByioiHHe 6bicTpbiM BOJinaM c Vph > c. IlepBaH H3 
HHx(60Jiee HH3KOHaCTOTHaa) - HHKJIOTpOHHbie KOJie6aHH3 Ha HOpMaJIfeHOM 3(p$eKTe Ron- 
njiepa W = hV* + I/7*, a ocTajibiibie - co6cTBeHHbie ajieKTpoMarHHTHbie BOJTHM JIHHHH 

nepeflaHH. BcjieflCTBHe nepnoAHHHOCTH CTpyKTypbi noaBHJiHCb BCTBH KOJie6aHHH, COOT- 

BeTCTByromne o6paTHBiM BOJiHaM: o6pa,THaa Boxiia Ha HopMaJibHOM 3(JxpeKTe Jtonnxiepa 
H o6paTHBie aneKTpoMarHHTHbie BOJIHM JIHHHH nepe-flaHH.  06paTHbie BCTBH KOJie6aHHH, 
COOTBeTCTByiOIUHe BOJIHaM 6pHJIJIK)3HOBCKOrO nOTOKa OTCyTCTByiOT. 

Ha pHc.5 npHBeaeHa 3aBHCHM0CTB nacTOTbi(B rru;) , KOTopoI cooTBCTCTByeT Mai<- 
cHMajibHoe 3Ha^ieHHe KoscpcpHimeiiTa ycHJieHHa pe3onaHCHoi HeycTOHHHBocTM, OT nanpa- 
)KeHHa (nyHKTHpHaa JIHHHä). C H3MeHeHHeM iianpaKetiHa B npe,nejiax OT 0,9 MB jap 
2,1 MB pe30HancHaa nacTOTa MenaeTca Bcero JIHHIB Ha 2,4%. TaxHM o6pa30M, CBH- 
renepaTopBi Tana MILO o6jia,naioT yHHKaJiLHbiM CBOHCTBOM nacTOTHOH cTa6HJibHocTH. 
Zlaace npn 3Ha.HHTeJibHbix BapHaunax HanpaHcemia B TeneiiHe HMnyjibca nacTOTa reHepa- 
HKH ocTaeTca npaKTHHecKH JHeH3MeHHOH. no-BHflHMOMy, H3 Bcero pasHoo6pa3Ha CBH- 
reHepaTopoB xaKHM CBOHCTBOM o6najjaeT TOJIBKO MILO. 

Ha pHC.6 upHBefleHa 3aBHCHMOCTb MaKCHMaJibHoro K03(p(pHHHeHTa ycHJieHHa(ß cm-1 

OT npHJioaceHHoro HanpajKeHHa (nyHKTHpHaa Jimraa). C yBejinne-HHeM HanpaaceHHa KO- 

3(p(pi^HeHT ycHJieHHa yMe-HbinaioTca. 9TO o6bacHaeTca HByMa (paKTopaMH: BO-nepBbix, 
c yBejiHHeHHCM HanpaaceHHH TeneHHe npii>KHMaeTca K KaTo^y, a, cxejipBaTeJibHO, ocjia- 
6jiaexca ero cBasb c noBepxHocTHbiMH BOJiHaMH cTpyKTypbi. KpoMe 3Toro, npoHcxo,n,HT 
pejiaTHBHCTCKoe yBejiHHeHHe Maccbi 3JieKTpoHOB. Hpn HanpaxeHHH 0,9 MB KoacpcpHHH- 
eiiT ycHJieHHa cocTaBJiaeT 4,6 • 10-2 c?7i-1. 3TO o3HanaeT, nTO Ha «Jinne L « 50 cm 
aMnjiHTy,n;a BOJIHM ycHJiHBaeTca npnMepHo B 10 pa3, a CBM-MOHIHOCTB - B 100 pa3. $a- 
30Baa CKOpocTb ycHJiHBaeMOH BOJIHM B HHTepBajie HanpaaceHHH 0,9 - 2,1 MB MeHaeTca B 

npejopjiax OT 0,6c jjp 0, 62c. 
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Bbinie MM paccMOTpejiH BOJIHM H HeycToiiHHBOcTH 6pHJiJiio3HOBCKoro TeneHHa B 3a- 
Me^JiaiomeH CTpyKType B MHoroBOJiHQBOM npH6jinaceHHH. HnenaHCHoe npH6jiH>KeHHH, KO- 

rjxa B pasjioaceHHH nojien MoacHO orpaHHHHTbca OCHOBHOH <I>jioKe-rapMOHHKOH, npHBOjiHT 
K pe3yjibTaTaM, o6o6meHHHM na pHC.5,pHC.6 (cnjiomiibie KpHBbie). HMne^aHCHoe npn- 
6jiHaceHHe .nae-T 6ojiee BbicoKHe nacTOTbi reHepaniiH, HO cjia6aa 3aBHCHMOCTb HacroTbi 
reHepapyeMbix KOJie6aHHH OT HanpaHieHHa coxpaHaeTca. C yMeHbnieHaeM HanpaaceHHa 
Meac^y aHOflOM H KaTo^oM MaKCHMaJibHbrä K03(p(J)HHHeHT ycHJieiina B03pacTaeT, H npn 
U = 900 ^ocTHraeT 3HaneHHa 4,65 ■ 10-2 -1. Ha 6ojibHieH nacTH paccMaTpHBaeMoro HH- 

TepBana 3Ha^eHHH HanpaaceHHa U MaKCHMajibHbiH K03(p(pHirHeHT ycHJienna, nojiyneHHbiH 
c yqexoM npocTpaHCTBeimbix $JioKe-rapMOHHK, HecKOJibKO Meiibnae, qeM noJiyqemiMH B 

HMne^aHCHOM npn6jiH>KeHHH. Ha HHTepBajie 900 < U < 1,5 STO OTJiH^me cocTaBJiaeT 

Menee 10%. 
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HEyCTOftHHBOCTb 3JIEKTP0HH0r0 nOTOKA 
B JIHHHH C KATOJIHOH 3AMEflJIflIOmEfi CTPYKTYPOH [35]. 

3aMe,n,jiaioiHaa cTpyirrypa c .nnac^parMaMH Ha KaTOfle HMeex Te ace co6cTBeHHi>ie BOJIHBI, 

HTO H 3aMeflJiaioin,aa JiHHua c flHa<f>parMHpQBaHHbiM aHO^OM: 6pHJiJiio3HOBCKHe BCTBH KO- 

jie6aHHH 3JieKTpoHHoro noToxa; BeTBB KOJie6aHHH Ha HopManBHOM 3(p<peKTe Honnjiepa; 
Sbicxptie 3Jiei<TpoMarHHTHBie BCTBH KOJieSaHHii.    HeycTOHHHBofi aBJiaeTca Me^JieHHaa 
6pHJIJIK)3HOBCKaa  BeTBB  KOJT_e6aHHH.    OflHaKO XapaKTep  HeyCTOHHHBOCTH B  o6pame.HHOM 
MILO CHJIBHO OTJiH^aeTca TpaflHmioHHoro MILO, HTO OTHCTUHBO BH^HO H3 3aBHCiiMo- 
CTeä K03(p(pHHHeHTa ycHJieHna OT nacTOTti. 3jieKTpoHHBiH HOTOK B o6pam,eHHOM MILO 
npnacaT K CTpyKType.   3TO npHBOflHT K cymecTBeHHOMy yBejinneiiHio CBä3H sjieKTpoii- 
HOrO TeHCHHa CO CTpyKTypOH H H3MeHeHHK> KapTHHBI HeyCTOHHHBOCTH OTHOCHTeJIBHO B03- 
6y)KfleHHa SJieKTpoMarHHTHoro HSJiyneHHa. 

ÄBTopaMH [35] npoBe^eHO HHCJieiinoe HccjiefloBamie HeycTOHHHBOCTH 6PHJIJIJO3HOB- 

cKoro noTOKa B KaTOfli-ioH saMemiaKsmefi CTpyKType B 3aBHCHMOcTH OT BBICOTBI /ma- 
4>parMBi fljia npHKJiaabroaeMoro HanpaaceHHa U = lKB.-JXra Majioi BBICOTBI «na^parM 
HeycTOHHHBOCTB B 3aMe,n;jiaioiHeH CTpyKType B03HHKaeT npn W > 1. B paccMaTpHBaeMOM 
HirrepBajie nacTOT 0 < W < 15 HHKpeMeHT pacTeT, npHneM B BBicoKonacTOTHOH oöjiacra 
CKopocTB pocTa HHKpeMeiiTa 3aMe^JiaeTca. Ilpn yBeJiHHeHHH BBICOTBI flnaipparMbi Ha 3a- 
BHCHMOCTH K03(p(pHii;HeHTa ycHJieHna OT HacTOTbt noaBJiaeTca MaKCHMyM. B STOH To^iKe 
OT 6pHJiJiio3HOBCKOH BeTBH OTu;en.naeTca BeTBB MeflJieHHofi BOJiHbi 3aMeflJiaromeH cTpyx- 
Typbi. MaKCHMajibHaa nacTOTa MefljieHHoa BOJIHM cTpyKTypBi paBiia fmax = c/4a. C 
yBejiH^eHHeM BBICOTBI «Hac^parMBi cneKTp nacTOT MezyieHHOH BOJIHBI CTpyKTypBi cziBHra- 
eTca B HHSKo^acTOTHyio o6iiacTB. CooTBercTBeHHO B HHSKonacTOTHyio o6nacTB CMenia- 
eTca H TO^Ka nepeceHemia BOJIHBI CTpyKTypBi H 6PHJIJIIO3HOBCKOH BOJIHBI. Hpe3BBiHaÜHo 
Ba>KHBiM pe3yjiBTaTOM aBJiaeTca yBejinneHne KoscJxpHHHeHTa ycHJienna 6ojiee TOM B 2,5 
pa3a no cpaBHeHHio no cpaBHeHHio c Tpa,n,HHHOHHBiM MILO, B KOTopoM 3aMe,n,Jiaioinaa 
CTpyKTypa pacnojtoaceHa anone. 
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PHC. 7. 

Ha pHc.7 npeflCTaBJieiiBi «HcnepcHOHHBie saBHCHMocTH fljia BBICOTBI jniacpparM a — 1,5 
CM.    fljia  flaHHBIX  napaMCrpOB  CTpyKTypBi  HeyCTOHHHBOCTB  B03HHKaeT   C  OHeHB   HH3KHX 
HacTOT Wmin <C 1.   Ha KpHBoii 3aBHCHMOCTH K03(p<J)HLi;HeHTa ycmienHa OT nacTOTBi no- 
aBHJIHCB «Ba MaKCHMyMa.  OflUH COOTBCTCTByeT CHHXpOHH3My Meatfly Me^JTCHHOH BOJIHOH 
CTpyKTypBi H 6pHJIXII03H0BCK0H BOJIHOH,  a BTOpOH - MarHCTpOHHOH HeyCTOHHHBOCTH. 

TaKHM o6'pa30M, npHBe^eHHBiH TeopeTHHecKHH aHajiH3 noKa3aji, HTO K03(J)c[)HHHeiiT 
ycHJienaa B o6pameHHOH cxeMe MILO cymecTBem-io BBirae, neM B TpaziHHHoiiHoii. 9TO 

6yfleT npHBO^HTB K cym;ecTBeHHOMy noBBimeHHio reHepnpyeMOH MOHJ;HOCTH. CKa3aHHoe 
BBirae y6e/iHTejiBHo noKa3BiBaeT nepcneKTHBHocTB o6pameHHOH cxeMBi MILO. 

PE3yjIbTATbI HHCJIEHHOrO MOUEJIHPOBAHHH MILO. 

nOJiyHHTB HOJIHyiO KapTHHy pa3BHTHa  HeyCTOHHHBOCTH, BKJIIOHaa HeJIHHeHHyiO CTa- 
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nnio, MoacHO, npHBJieKaa TOJIBKO HHCJienHbie MeTonbi. HnaneHHoe MoneJTHpoBaHne paßoTbi 
MILO 6BIJIO BbinoJiHeiTO B pa6oTax [5-7]. OcTaHOBHMca i<paTi<o Ha OCHOBHBIX pe3yjibTaxax 
3THX pa6oT. MonejrapoBaHHe npoBonHJiocb MexonoM "particles in cell". 

B pa6oTe [5] paccMoxpeno MILO, BtmojiHeHHoe B Bnne nHJinnnpHHecKon KoaKcnajib- 
Hoi JIHHHH c rocppnpOBaHHbiM aHonoM. 3jieKxponbi HneaJibHO npoBonanrHe. Pa/XHyc aHona 
H3Menaexca no 3aKOHy 6jiH3KOMy K npaMoyrojibHOMy. BbiJia Bbi6pana cxpyxxypa co cne- 
jjyiomHMH pa3M.epaMH BHyxpeHHHH pansyc aHona - 2 CM, rjiy6nHa rocppnpoBKH - 0,75 CM, 

nepHon CTpyKxypbi - 1,4 CM, pannyc Kaxona - 1 CM, pa3Mep aiioa-KaxonHoro npoMescyxKa 
1 CM, flJiHHa cncTeMbi- 19 CM, flJiHHa 3aMeflJiaiomeH cxpyKxypbi 14 CM. K aHon-KaxonHOMy 
npoMeacyxKy upHJioaceHO HanpaaceHHe 0,6 MB, nocxaxoHHoe zuia B03HHKti0BeHHa na Ka- 
xone B3ptiBHon 3MHCCHH. TOK 9Jiei<xpoHHoro nynKa cocTaBJian 7,9 KA. MoneTHpoBanne 
noi<a3aJio, nxo B xaKofi cncxeMenpoHcxoixHX HirrencHBiia« renepaipia 3JieKxpoMarHHXHoro 
n3JiyneHHa. Kojie6aHiia HapacTaiOT npuMepno 3a 2 nc. CneKxp i<ojie6aHHH - innpoKnn H 

HMeeT MaKCHMyM Ha nacTOTe 6,6 FFH, HTO cooTBeTcxsyeT nrnne BOJIHBI « 4,5 CM. Bo36y- 
acnaeMaa BOJina pacnpocTpanaexca B xy ace cxopony, HTO H 3JieKxpoiiHbiH noxoK. IIOXOK 

HaXOHHTCa B CHHXpOHH3Me C OCHOBHOH npOCXpaHCXBCHHOH rapMOHHKOH CTpyKTypbi. .KaK 
CJICAyeT H3 JIHHeHHOH TeopHH HeyCTOHHHBOCTH 6pHJTJHO3H0BCK0r0  TeneiiHa B 3a,MeflJIHK)- 
rnen cTpyKType, y>ice Ha HanajibHofi CTa/iHH rpanima axieKxpoi-iHoro TenenHa B03Myma- 
eTca. Ha Heil B03HHKaioT 6yropKH H Bna/iHHbi„ Ha HeJiHHeHHOH CTanHH cpopMyjinpyeTca 
cjioacHoe flByMepnoe TeneHHe, MonyjinpoBaHHoe B036yacnaeM0H BOJIHOH. BticTynu aioa 
flocTHraioT aHona. MucneHHtie pacneTbi noKa3aJiH, HTO onTHMaJibHBiM SBJiaeTca HHTep- 
Ba.n Hanpaacei-iHH 0,15 < U < 0,5. npn 66JIBIHHX Hanpaacennax U > 1 MB npoHcxo/iHT 
yMCHBHieHHe HHKpeMeHTa HeyexoHHHBoexH. C npyron cxopoiiBi c yMei-iBiueiiHeM aHOfl- 
KaxoflHoro npoMeacyxKa HHKpeMenx B03pacxaex. 06a nocjienunx cpaKxa Haxonaxca B 

KanecxBeHHOM cornacHH c pa3BHxon B npenbmynieM pa3,nejie HejintieHiioH xeopnen MILO. 
HeonxHMH3HpoBaHHBiH KUR renepaxopa cocxaBJiaji nopanKa 5%. 

flexajiBHoe HHCJieHtioe HccJienoBaHiie peaciiMOB paßoxti MILO npoBeneno xaK>Ke B pa- 
6oxax [4, 5]. PaccMOxpeHBi JIHHHH c pa3HOH reoMexpnn: njiocKaa, KoaKcnairbHaa, KOH- 

neHxpnnecKaa. Ha aHon,bi HaneceHa rpeSe-HKa. HpHBeneM pesyjibxaxbi MonejinpoBanna 
reHepaHHH sxeKxpoMarHHXHoro H3JiyneHH» B nxrocKon JIHHHH co cxenyioinHMH napaMe- 
xpaMH: aHon-KaxonHbiH npoMeacyxoic d = 2,5 CM, BBicoxa rpe6eHi<n - 7,5 CM, nepHOfl 
cxpyKxypbi - 2,5 CM, xominxHa nJiacxHHBi rpe6eiiKH - 0,625 CM, HHCJIO pe30HaTopoB - 
8. IlHHHa pa30MKnyxa na BBIXOAHOM KOHHC IIpHJioa<eHHoe nanpaaceHHe cocxaBJiaex 500 
KB. HncneHHoe Mo^ejinpoBaHHe noKa3axo, HXO B JIHHHH (popMHpyexca MarHHxoHSOJinpo- 
BaHHoe xeneHHe. BsaHMO^eHCTBHe 3Jiei<xpoHHoro xeneHna c saMenratoineH cxpyKxypof 
npHBOflHX K B036yacAeHHio KOJie6aHHH. HöR aencxBiieM -Mari-raxuoro H BbicoKOHacxox- 
Horo 3JieKTpHHecKoro noxen nponcxoflHX npencj) 3neKxpoHOB no HanpaBnennro K ano^y. 
B pe3yjibxaxe, KaK H B MarHeTpoHe cpopMHpyioxca axeKxpoHHbie CITHHBI. B oxjinnne ox 
Maniexpona Mariinxnoe none co3^;aexca XOKOM B JIHHHH H onpe^ejiaexca npHjxoaceHHbiM 
HanpaaceHHeM H reoMexpnei JIHHHH. CneKxp KOJieöaiiHH HMeex MaKCHMyM na nacxoxe 
0,89 FFn. Hjia axoS nacxoxti Bbicoxa rpeGÖHKH 7,5 CM cocxaBJiaex npnMepiio nexBepxt 
/JJIHHBI BOJIHBI. 

BaacHOH oco6eHHOCxBio MILO »BJiaexca cna6aa 3aBHCHMocxb reHepnpyeMOH nacxoxbi 
ox HanpaaceHna. B HHCJieHHOM SKcnepHMeHxe [7] paccMoxpen xaioKe cjiynafi, Kor/ia na- 
npaaceHHe 3a 150 HC JinHeiiHo Hapacxano ox 0 no 1,5 MB. Fenepanna B03HHKaxa c neKo- 
xopofi 3anepacKOH npn npcxHaceHHH HanpaaceHna 200 KB, ziocxaxonHoro jxmi nocxnaceHna 
B3pbiBHoii 3MHCCHH. Bo BCSM pa6oHeM HHxepBaxe Hanpa>KeHHa 0,2 < U < 1,5 nacxoxa 
reHepnpyeMbix Koxe6aHHH npaKXHnecKH He H3MeHa.nacb. XlnHennaa xeopna npen,cKa3bx 
Baex xaKyro ace oco6eHHOcxb MILO. 06Hapyaceno xaK ace, HXO npn HSMeHeHHH Hanpaace- 
Hna oneHb CJiaöo H3MeHaexca BejiHHHHa Ecl/U, me E - aMnJiHTy/ja aneKxpHHecKoro nojia 
KOJie6aHHH. TaKHM o6pa30M, aMnjnixyna reHepnpyeMbix KOJie6ai-iHH nponopHHOHaxbHa 
npHJioaceHHOMy HanpaaceHnio. Pe3yjibxaxbi HHCJieHHoro Mo^ejinpoBaHHa naxonaxca B XO- 

pOHieM COrJiaCHH C naHHBIMH 3KCnepHMeHTOB [6, 7]. 

, ~ Ma-repnaAM 6-fi MeayjyHapOÄMoB 55^«MCKOS rÄ'OTpoBOAHfiBoS ÄmipepeuiiHH 'Xfia/XuXo'^6'. 16-19 c«iT>i6ps 1996 r.. CeoacronoAb, Kpwui, YKpaHHa 
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GENERATION OF UHF OSCILLATIONS IN SLOW-WAVE STRUCTURES 
UNDER MAGNETIC SELF-INSULATION 
BalakirevVA, Markov P.I., Sotnikov G.V. 

NSC "Kharkov Institute of Physics and Technology" 
Kharkov-310108, Ukraine 

TkachYu.V. 
Institute of Electromagnetic Investigation 
5 Pravda Ave., Kharkov-310022, Ukraine 

The review of state of modern investigations of the microwave generation and amplification in slow wave coaxial 
transmission lines under magnetic self-insulation are carried out. The slow wave structure is the coaxial transmission line 
with comb-shaped diaphragms placed on the anode (anode SWCTL) or on the cathode (cathode SWCTL). The Brillouin 
flow is created by means of emission from cathode and further selfconsistent dynamics in electric and magnetic fields. The 
investigation of the flow instability shows that interaction efficiency in SWCTL is significantly greater than it is in CTL with 
homogenious boundaries. 
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nPHHipiII M MO^EJII» KOrEPEHTHOrO 3JIEKTPOHHOFO 
TPAHCHOPTA C CAMOOPI AHH3AI^MEH B HAHOCTPyKTYPAX 

H.H.ABPAMOB, A.JI.flAHHJIIOK 
EenopyccKuü zocydapcmeeuHbiu ynueepcumem un<popMamuKu u paduosjieKmponuKu, 

Eenapycb, 220027, MUHCK, TI.BpoeKu, 6. 

AHHOTAIJIW 

Pa3BHT HOBHH npHHunn KorepeHTHoro 3JieKTpoHHoro xpancnopxa c caMoopraHH3au:HeH B 

HaHocxpyKxypax c npoMe)i<yxoHHbiM nonynpOBO^HHKOM npn KOMHaxHbxx TeMnepaTypax. 

Pa3pa6oTaHa Moment «jia peanroauHH sxoro npHHHKiia, Pacnex no npeflJios:eHHOH Mo^ejiH 

npoBeAeH Rim cxpyKxypbi Mexann- TOHKHH flrojieKxpHK - nojiynpOBOflHHK p- THna. 

OcymecxBJieHo conocxaBjieHHe pe3yjibxaxoB Mo^ejinpoBaHHa c H3BecxHbiMH flaHHbiMH, 

noflXBepacflaiomHMH cnpaBe^jiHBOCXB Mojx&jm. 

1. BBE^EHHE 

IIOHCK HOBbix (|)H3HHecKHx McxaHH3MOB o6pa6oxKH HH^opMauHH B HaHocxpyKxypax 

HBJiaexca B Hacxoanjee BpeMa KpaÜHe Ba^cHOH 3a«aHeH. riepcneKXHBHbiM AJIH SXOH nenn, B 

nacxHOCXH, ABjiaexca o/jHoaneKxpOHHoe xyHHejinpoBaHne (KynoHOBCicaH 6.uoKafla)  [1-4]. 

MexaHH3M     OflHOSJieKXpOHHblX     KOJie6aHHH     yCXOHHHB     XOJIBKO     npH     KpafiHe     HH3KHX 

xeMnepaxypax [4,5] H C noBMiueiraeM xeMnepaxypw neoöxoflHMO cymecxseHHO yMeHtinaxb 

pa3Mepbi xyHHejibHoro nepexo^a. rio3XOMy aKxyajibHOH 3ap,mew npeflcxasjiaexc« pa3pa6oxKa 

Ha/ieacHoro MexaHH3Ma KorepeHXHoro 3JieKxpoHHoro xpancnopxa flna crryiaa BBICOKHX 

xeMnepaxyp (OKOJIO 300 K H Bbmie). 

2. ITPHHLpn KOrEPEHTHOrO TPAHCnOPTA C CAMOOPrAHH3AI^HEH 

Ynex BpeMeHHofi flHcnepcHH «Jia ajieicxpoHHbix nepexo^oB Meac^y COCXOSHH3MH 

sjieKxpo^OB H CBOHCXB 4>epMHOHHOH CHCxeMbi xpe6yex nepecMoxpa npHHHHna, jieacamero B 

ocHOBe KorepeHXHoro xpaHcnopxa B HaHocxpyKxypax c npoMeacyxoHHbiM nojiynpoBo#HHKOM 

(MS). 3xox npHHD;Hn Moacex 6brrb c^opMyjinpoBaH cjie/jyiomHM o6pa30M. fl,jia noJiyneHHa 

KorepeHXHoro xpaHcnopxa B ycnoBHax xaoxHHHOcxH oxßejibHbix sneKxpOHHtix nepexo/jOB 

MaTcpiKUbi 6-S MeawyHapoÄHoB ^«MCKOB »#<fl<porioj,HOBoS ÄnnpepcHijHH ^«^5»Ä>W. 1649 ceilraSpH 1996 r., CeBacronoAb, KphiM, YitpaHHa , r 
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npH noBbinieHHBix xeMnepaxypax HCOöXOAHMO co3AaHHe ycjioBHH /nia caMoopraHH3aHHH 

aneKTpoHHoro nepeHOca no MexaHH3My HaKonneinia sjieicxpOHOB B onpeACJiemiBie 

npoMeacyTKH BpeneHH Ha COCXOHHHJIX MS H HX renepauHH Ha COCTOJJHHH sjieicxpoAOB B 

nocne^yiomne npoMeacyncM BpeMCHH. YKa3aHHHH MexaHH3M B paccMaxpHBaeMoii CTpyioype 

Moacex 6BIXB peanrooBaH npH HajiHHHH cjiynaHHoro xapaKTepa sjieicxpoHHBix nepexosoB, 

ecjiH   yqHXBiBaexca   B3aHMOfleficxBHe   ajieicxpOHOB   c   COCXO«HHJIMH   MS,   KyuoHOBCKHe 

B3aHMOAeHCXBHÄ,   3aXBaX, reHepaUHfl H peKOMÖHHaHH« SJICKXpOHOB H flBIpOK Ha COCXOSIIHSX 

MS. YKa3aHKaH caMOopramreainui conpoBoamaexca B03HHKH0BeHHeM nesaxyxaioinHX 

KOJieöaHHH 3apafla Ha COCXOHHHHX MS H xoKa nepes cxpyicxypy. 

3.MOAEJIL 

3jieKxpOHHbiH nepeHoc B HaHOcxpyicrype xnna nojiynpoBOflHHK - /HöJieKxpHK - 

noJiynpoBOflHHK - ßHSJieicxpHK - nonynpoBOAHHK (SDSDS) Ha ocHOBe c^opMynnpoBaHHoro 

npHHHHna KorepenxHoro xpaHcnopxa B KBaHxoBOM cjiynae onacBiBaexca orpy6jieHHBiM 

CXaXHCXHHeCKHM OIiepaXOpOM  [6,7], KOXOpBIH    npH OXCyXCTBHH CXOJIKHOBeHHH CBO^HXCa K 

CHCxeMe caMOCornacoBaHHBix ypaBHeHHH KHHexKHecKoro 6ajianca. 

C yqexoM nponeccoB sanojiHCHHH COCXOAHHH MS 3JieicrpoHaMH H ^BipicaMH, a xaKace 

nponeccoB HX peKOMÖHHaHHH Ha MS, ypaBHeHHH Kmiexiraecxoro SanaHca B SDSDS 

cxpyKxype   /UM / - ro sjieKxpoHHoro H   j - ro fltipoHHoro COCXOAEHH Ha MS 3anHmyxcfl B 

BHfle: 

dN/dt = Il(^ A ~ « + ^ A, - « ~ P„Wj)> (D 
k     k% 

dNj/dt-YL{PuA, -PißNj +PVJN2pr -P^NJ-P^NJI (2) 

r^e Pm,Pm- BepOHXHoexH npaMoro H o6paxnoro nepexoflOB sjieicxpona H3 k - ro 

cocxoaHHH nepBoro aneKxpofla Ha i - oe cocxoaHHe MS cooxBexcxBeHHO, P2k,i, P2ilc. - 

BepoaxHOCXH npaMoro H oGpaxHoro sjieicxpoHHBix nepexoflOB H3 k' COCXOJIHHH Bxoporo 

ajieKxpofla Ha  i - oe COCXOSHHC MS cooxBexcxBenHO,   PUJ, Piß, P2V;., P2JI.   - aimjiorHHHBie 

BepOHXHOCXH flJW ABIpOHHBIX nepeXOflOB H3  /  -ro COCXOflHHfl 3JieKXpOflOB Ha   j -e COCXOSHHe 

MS, Nm,N2nk. - HHCJIO sneKxpoHOB B coexoHHHH k VL k' w% nepBoro H Bxoporo 

sjieicxpoflOB cooxBexcxBenHO, Nlpl, N2pl. - HHCJIO /nJpoK B COCXOSHHH / H  /' flJia nepBoro H 

* f MaxepnaAbi 6-H Mea^ynaoo^HOH Ä^#MCKOH ^«KPOBOAHOBOH Ä/»H<pepeHy,HH Xfinriiit'Xa96. 16-19 ceHTn6pH 1996 r., CeEairronoAb, KpbiM, Ykpaiina 
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BTOpOrO 3JieKTpOflOB COOTBeTCTBeHHO,   N., Nj    - HHCJEO 3JieKTpOHOB H flBipOK B    i - CM H j - 

OM COCTOSHHHX MS COOTBCTCTBeHHO,   Py - BepOSTHOCTb peKOMÖHH^HOHHHX 3HeKTpOHHO- 

ÄHpoHHHX nepexoflOB na cocToaHHJix MS. 

HHCJIO nepexo^oB B e#HHHH,y BpeMeHH B nenpepwBHOM cneKTpe Meac^y nmajihHUM \n) H 

KoneHHBiM \m) C0CT0HHH3MH ana SDSDS CTpyioypBi B OöIHCM BHjte 3anHmeM KaK [8,9]: 

dP„m = (2n/h)S(En - Em)\{n\T\m)\2dvm, (3) 

ryje |(«|7Jm)| - MaxpH^Htra sjieMem nepexo^a HS OAHOH sjieiopoHHOH noflCHCTeMbi B flpyryio, 

onpe^ejifleMtiH H3 pemeHHa onepaTOpHoro ypaBHeHHH: 

T = V + V(E-H + ie)-xT, (4) 

3flecB H - raMHJibTOHHaH flByx no/jcncreM, V - onepaTop B3aHMOfleiicTBHa flByx noßCHCTeM, 

o6ycjiaBjiHBaiomHH nepexoflM, Em -OHepraa cocToaroia \m),En - SHepraa COCTOHHHH \n), 

e - Majiaa nojioacHTenBHaa BejiHHHHa, ooecnenHBaioinaa CXO^HMOCTB, vm - coBOKynnocTB 

napaMeTpoB «jia nojiHoro onpcuejieHHs cocroaHHa. fljia HenpepuBHoro cneicrpa HMeeM: 

dvm=g(EJdEm, (5) 

r/je g(Em) - nnoTHocTB cocToaHHH, cooTBeTCTByromas SHeprnn Em. 

MaTpHHHBie 3JieMeHTBi nepexoflOB B (3) onpe,uejiaK)Tca B saBHCHMocTH OT BCJIHHHHM 

onepaTopa B3aHMOfleHCTBHa. ECJIH onepaTop V Man, TO pemeHHe onepaTOpHoro ypaBHeHHa 

(4) onpe/jenaeTca MCTOAOM nocjieflOBaTejiBHbix npH6jiHaceHHH. ripn 6OJIBIHHX 3HaneHHax 

V Heoöxo^HMo peniaTB HHTerpanbHoe ypaBHeHHe, cooTBeTCTBytomee onepaTopHOMy 

ypaBHeHHK) (4). 

HCXOA» H3 ypaBHeHHH (1), (2), (5) nocxie cyMMHpoBaHHa no BceM HanantHBiM H 

KOHeHHbiM cocToaHHSM paccMaTpHBaeMOH CTpyKTypBi nonyqHM cncTCMy ypaBHeHHH /yia 

nJIOTHOCTefi 3JieKTpOHOB H flBipOK Ha MS B aaHHMH MOMeHT BpeMeHH B BHfle: 

(dn 1 dt)(iK 1 nyl = 

= JlKjgu(E')f(E<)gnm(E)[l-f(E)]dEdE'- 

-jj\WnJg,n(F)[l-f(E')]gnm(E)f(E)dEdF+ 

+ llKm\2S2>XE,')f(E")gnm(E)[\-f(E)]dEdE'- (6) 

-Jl\WnJg2n(E")[l-f(E")]gnm(E)f(E)dEdE"- 

-ll\Wpn\
2gpm(E,)[l-f(E')]gnm(E)f(E)dEdE', 
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(dp I dt)iln I hyl = 

= ll\^4^P(
E')f(E)gpm(E)[i--f(E')]dEdE^ 

-JJKi|2ap(^,)[i-/(£)]^(£)/(£,)dB<ffi,+ 

+ l\\wp4g2AEnf(E)gpm(E)[l-f(En]dEdE-~ (7) 

-l!\w4spm(E')[l-f(E')]gmXE)f(E)dEdE\ 

"p\m W rY pm\ w "pirn w vrpm2 

me \wnlm\,\wnmi\,\Wn2m\,\Wnm2\- MaTpHHHtie sneMenxbi nepexo^a. sjieicxpoHQB c COCTOäHHH 

nepBoro H BTOporo sjieKxpo/jOB Ha COCXOHHKK MS H o6paxHO, 

aHajiorHHHO    «na    MaxpHHHbix aneMenTOB ßbipoHHbix nepexo^oB,  |W/)n|    - MaxpuHHbie 

ajieMeiiTbi 3JieKTpoHHO-ABipOHHtix nepexo#a B pe3yjibxaxe peKOMÖHHauHH Ha coexoaHHax 

MS, gu(E),g2n(E)-   njioxHOCTH  sjieKxpOHHbix   cocTOAHHH  ,zyia   nepBoro   H      BTOporo 

SJieKTpOflOB   COOTBeTCTBeHHO,    glp(E),g2p(E)    -   nJIOTHOCTH   flbipOHHHX   C0CT03HHH   flJia 

nepBoro    H    Bxoporo    sjieicxpoAQB    cooxBexcxBeHHO, f(E)-    (jjyHKuna    3ancmHeHHa 

aneKxpoHHbix   COCXOSHHH,    gnm(
E),gpm(E) -   nnoraocTH   sjieKxpoHiibix   H   HHPOHHUX 

COCXOHHHH MS COOXBeXCXBeHHO. 

IiOJiyneHHaa cncxeivra ypaBHeHHH (6), (7) onHCbiBaex B o6me,M BHfle KHHexHKy 

3anojiHeHHa sjieKxpoHHbix H flupoHHbix COCXOHHHH MS B SDSDS cxpyKxype. MaxpHHHbie 

aueMeHXbi   B ypaBHeHHax (6), (7) onpe^ejiaioxca npo3paHHOCXbio xyHHejibHbix 6apbepoB, 

SJieKXpHHeCKHMH nOJIHMH H MexaHH3MaMH B030y)KAeHHa paccMaipHBaeMbix COCXOHHHH. 

HacxHHM cnynaeM nonyneHHOH cHCxeMbi ypaBHeHHH aBJiaexca MO/jejn. 

OflHOSJieKxpoHHoro nepeHoca JlnxapeBa [3] npn ycjioBHH, HXO CHCxeMa 3JieKxpoHOB Ha 

sneicxpoflax Haxo,znixca B paBHOBecHH, MaxpHHHbie sjieMeHxw xyHHejibHoro nepexo^a 

onpeflenaioxca B nepBOM nopa^ice xeopHH B03MymeHHH, yraxbiBaexca XOJIBKO 

xyHHejiHpoBaHHe u&mpy COCXOHHHSMH sneicxpoflOB, B3aHMOfleHCXBHCM xyHHejinpyioiHHX 

sneKxpoHOB c cocxoflHHJiMH MS npeHe6peraexca. Ilepexo^ K ypaBHeHHaM JlnxapeBa 

ocymecxBJiaexca, ecjiH cyMMnposaHne Be#exca no BceM HananbHbiM H KOHeHHbiM 

cocxoaHHHM 6e3 aBHoro nepexo^a K cocxoaHHaM HenpepbiBHoro cneKxpa. IlpH SXOM 

HHxerpanbi B <|)0pMyjie (6) pacna^aioxca Ha npoH3Be£eHHe BepoaxHOCxen xyHHeifbHbix 

nepexoflOB T, nnoxHOCxefi sjieicxpoHOB Ha sjietcxpoflax m H sjiercxpoHOB, coBepmarounxx 

•   A O MaTepHaAbi 6-fi MeainyHapoflHOH 5?^«MCKOB ^«KPOBOAHOBOH XoHtpepeiijiuii T^tut'Ku'Ko'96. 16-19 ceHT»6pn 1996 r., CeoacronoAb, Kpi,iM, YxpaHHa 
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TyHHejifcHbie nepexoßBi n. C yneTOM CKa3aHHoro Ana OAHHOHHOTO nepexo^a nojiynHM 

HHTerpajitHoe ypaBHeHHe nepeHoca, cooTBeTCTByiomee flHCKperaoMy ypaBHeHHio JlnxapeBa 

[3], KOTopoe HMeeT BHA: 

(dn/dt) = (2n/h)(rnnc-rnn), (8) 

me 

Tn=j[j\w„j8(E<-E)dE']dE, (9) 

nc=jgln(E')f(E<)dE\ (10) 

r2l=l[j\WnJS(E-E<)dE<]dE, (11) 

n = \gnm(E)f(E)dE. (12) 

4. PE3YJILTATLI PACTETOB H HX OBCYlCflEHHE 

B KanecTBe nepßoro npHÖnnaceHHa peajiH3an;HH noJiyneHHOH MO#ejiH paccMaTpHBajica 

ajieKTpOHHbiH xpaHcnopT B CTpyKType MeTajiJi - TOHKHH AHSJieKTpHK - nojiynpoBOflHHK p - 

Tnna npn ycnoBHH,  HTO  6aptep Ha rpaHHme  MeTanji-AHajieKTpHK HH3KHH,  HJIOTHOCTB 

nOBepXHOCTHBIX COCTOaHHH    MaJia, ,ZJH3JieKTpHK CO^epjKHT Ha paCCTOaHHH   S   OT rpaHHHM 

pa3flena c MeTajiJioM /joHopHtie H aKuenTopHbie MOHOSHepreTHHecKHe cocToaHHa. TOK B 

CTpyKType onpeAenaeTca TyHHejibHHMH nepexo^aMH nocHTejien 3apa^a nepe3 aicuenTopHMe 

H flOHOpHbie cocToaHHa B ÄH3jieKTpHKe (QJ) H 30HH nojiynpOBOflHHKa. Pacnpe/jejieHHe 

3apa/ia Ha cocToaHHax B flrojieiapHKe MOflennpyeTca 3apaaceHHOH njiocKOCTBio. SHeprna 

aKHenTopHLix COCTO3HHH Ent npH npnjioaceHHH nocroaHHoro BHeuiHero noxeHHHajia 

cooTBeTCTByeT 3anpemeHHoli 3one, a 3Heprna /jOHopHtix cocToaHHH Ept - BaneHTHOH 30HC 

C yqeTOM npHHaTfcix npe#nojio5KeHHH CHCTeMa ypaBHeHHH fljia CKopocTefi H3MeHeHHa 

nxiOTHOCTeH sneKTpoHOB H fltipoK na CJ\, BtrreKaiomHX H3 (6), (7), HMeeT BH^: 

dn, r i 
-^■ = o^NmTlianm[l-(nl/Nl)iNm /»„)]-Ä», -**»,/»,> (13) 

J 

-J- = ^pNplTpd[pS0SKp(-SYs)-(pt INpt)Nv]-ßpPt -kRntPt -andkRptTndnm, (14) 

r#e ana, and - KOSijxfiHHHeHTM 3axBaTa sneiopoHOB Ha aKHenTopHbie H flonopHtie CJJ,, ap - 

K03(J)^HD;HeHT 3axBaTa flbipoK Ha flOHOpHtie CJ\,  Nnt,Npt-  HIIOTHOCTH aKnenTOpHbix H 

MaTepHajib! 6-H MeayiyHapoAHOH ^«MCKOH ^KKPOBOAHOBOH ^ToHtpepeHUHH KfitttftuKo'96. 16-19 ceHTHÖpn 1996 r., CeBacronoAb, KpbiM, YitpaHHa AC\ 
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flOHOpHblX OR,   ß„,ßp-      K03(J)(})HnHeHT&I TeiMOBOH 3MHCCHH SJieKTpOHOB H flBIpOK C  QZJ, 

Tna,Tnd- npospaHHOCTH TyHHext&Hbix 6aptepOB npH nepexo^e ajieiopoHOB H3 MCTajuia Ha 

aKH,enTopHLie H .zjonopHBie   CJJ,, Tpd- np03panH0CTB TyHHCJibHoro GapBepa npn nepexo^e 

/JBIpOK H3 BaneHTHOH 30HBI Ha flOHOpHbie CJ\, kR - K03(|)4)HHHeHT peKOMÖHHaHHH 

SJlCKXpOHOB  H flWpOK Ha CJ\,   Nm,Hm- nJIOTHOCTB  C0CT03HHH  H  nJIOTHOCTb  SJieiCTpOHOB  B 

Mexajuie, cooTBeTCTByioinHe SHeprHH aKuenTopHMX CJ\, pso- nnoTHOCTB ßbipoK y 

noBepxHOCTH no^ynpoBo^HHKa B OTcyxcTBHe KoaeöaHHH 3apa,zja CJ\, SYS- H3MeHeHHe 

noBepxHOCTHoro noTeHHHana nojiynpOBO^HHica npn H3MeHeiiHH 3apa#a Ha QZJ, (ÖYS < 0), 

Ny - HJIOTHOCTb C0CT03HHH B BajieHTHOH 30He nOJiynpOBOflHHKa. 

npospa^HOCTH   TyHHentHBix   GapBepoB   onpe/jeuaeM   B   npHÖJiHKCHHH   BeHTuena   - 

KpaMepca - EpHJiJiiosHa: 

exp --U2m{U(x)-E-q2\a-S\(nt-Pl)(\/2e0£d)[\-iif(x)]}dx (15) 

r/je h- nocToaHHaa ILriaHKa, E, U(x) - SHepraa TyHHejinpoBaHHa H noTeHUHajibHbiH 

npo<J)HJiB TyHHejiBHoro öapbepa B OTCYTCTBHH 3apa,zja Ha CJ\, m- 3(J)(])eKTHBHaa Macca 

sjieKTpoHa, rae £0,£d- aöcojiiOTHaa H OTHocHTejibHaa /nisjieiopHHecKHe npoHHuaeMocTH 

BaicyyMa H AHSJieKTpHKa, q - 3apa/j sjieiapoHa, y/ - <J)yHKHHa pacnpeAejieHHa noTeHHHajiBHOH 

SHeprHH 3apa#a Cfl, a = 0 npn TyHHennpOBaHHH sjieiaponoB H3 MeTajuia Ha CJ\, a = d npn 

TyHHejinpoBaHHH H3 nojiynpoBOflHHKa, d - TOJimHHa ^HsneiapHKa. 

TOK qepe3 QH, nponopuHOHajieH CKopocTH 3axBaTa sjieiopoHOB H3 MeTarma Ha C^ HJIH 

CKopocTH 3axBaTa flbipOK H3 nojrynpoBOflHHKa Ha CJ\. PeanH3aHHa KOJieöaHHH TOKa B 

paccMaTpHBaeMOM cnynae ocHOBaHa Ha cyiHecTBOBaHHH ycTOHHHBBix nepHOflnnecKHx 

KOJieöaHHH 3apa^;a CJ\, QD = q(n, — p,). Bo3HHKHOBeHHio aBTOKOJieöaHHH H3 CTannoHapHbix 

cocToaHHH npH MaTeMaTHHecKOM onHcaHHH OTBenaeT 6H<f>ypKaHiia poac^eHHa HHKJia, HJIH 

6H<J)ypKaHHa Xoncf)a [10]. npoBe^eHHbie pac^eTbi no3BOJiHJiH ycTaHOBHTb, HTO nojiyneHHaa 

CHCTeMa ypaBHeHHH (13)-(15) AonycicaeT ycroHHHBBie H HeycroHHHBbie nepHO^HHecKne 

penieHHa npn pa3JiHHHbix 3HaneHHax napaMeTpoB. npH STOM OTHOCHTejibHaa BejiHHHHa 

I(t) KOJieöaHHH TOKa nepe3 C,fl[ cocTaBJiaeT 5-100%, a OTHocHTejibHaa BejnMHHa 

Q(t) KOJieöaHHH 3apafla Ha QZJ floeraraeT 70-80% B flnana30He nacTOT OT 10 ru, flo 5 MFD;. 

MexaHH3M B03HHKaK)mHx KOjieöaHHH COCTOHT B cJieflytomeM. BHanane nponcxoflHT 

HapacTaHHe aMnjiHTyaBi KOJieSaHHH sjieicrpoHHoro 3apa^a Ha Cfl, TaK K&K CKOpocTb 3axBaTa 

j- ^-» MaTepwaAbi 6-fi MeiKAyHapoflHoii ^*«MCKOH *#VKPOBOAHOBOH ^TöH(J)epeHjinn '%fitt/t{u'Ka$6■ 16-19 ceKTn6ps 1996 r-, CeBacronoAb, KpblM, YKpaiiHa' 
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3JieiopoHOB npeBBiniaex CKopocn. 3axBaTa ßbipoic Ha Qfl,.  C noBbiineHHeM njioraocTH 

3JieKTpOHOB Ha C/3, 3TH CKOpOCTH B03paCTaK>T H B KaKOH-TO MOMeHT BpeMeHH 0Ka3bIBaeTCa, 

HTO {dp, I dt) > {dn, I di) H    aMiuiHTyzja KOJieöaHHH sjieopoHHoro 3apa#a Ha QJ\ HaHHHaeT 

yMeHBUiaTtCa. OflHOBpeMCHHO paCXeT CKOpOCTb peKOMÖHHaHHH 3JICKTpOHOB H /JbipOK Ha CJX 

C    pOCTOM    HX    HJIOTHOCTeH.     PeKOMÖHHaHHK    npHBOflHT    K    yMeHBHieHHK)     miOTHOCTeH 

3JieKTpoHOB H /jbipoK Ha Cfl H CHOBa HacTynaioT ycjioBHa, Korfla CKopocTB 3axBaTa 

SJieKTpOHOB CTaHOBHTCa ÖOJIbUie CKOpOCTH 3aXBaTa flblpOK. 

B KanecTBe npniviepa paccMOTpeHa CTpyKTypa Al-Si02-p-Si npn KOMHaraoH TeMnepaType. 

KoHHeHxpanHH flBipoK B o6-beMe KpeMHHa 2 1015 CM"
3
 , ToniHHua flHsneKipHKa 2,0 HM. 

ILioTHOCTb C^l, (1-6)1012 CM"
2
. BbicoTa 6apbepa Ha rpaHHne MeTajiJi-flHSJieinpHK 3,2 sB. 

BejiHHHHa npaMoro nocToaHHoro CMemeHHa 0,1-0,6 B. B 3aBHCHMOcra OT napaMeTpoB 

CTpyKTypbi KOjieöaHHa xapaKTeprayiOTca nepnoflOM 0,01-1,0 c, a H3MeHeiraa BCJIHHHH 

lit) H Q(t) cocraBJiaeT, cooTBeTCTBeHHO, 50% H 70%, pnc.1,2. 

JJflx no^TBepac/jeHHa npoBeaeHHbix pacneTOB OTMCTHM SKcnepHMeHTajibHbie pe3yjibTaxbi 

paöoTbi [11], ryje H3yqeHbi TeMnepaTypHbie 3aBHCHMOCTH HH3KOHacTOTHbix <J)jiyKxyaHHH 

conpoTHB^eHHH aHajiorHHHOH CTpyKTypbi Al-Si02-p-Si H ycTaHOBJieHo, HTO ero H3MeHeHHe 

flOcraraeT 10% H Gojiee. B COOTBCTCTBHH C npeflJioaceHHOH Mo/jejibio pe3yjibTaTbi [11] 

o6bacHaK>Tca TeM, HTO noBbiineHHe TeMnepaTypbi Be^eT K caMoopraHH3aHHH nponeccoB 

nepeHoca HOCHTejieft 3apa#a, KOTopaa xapaKTeproyeTca B03HHKHOBeHHeM KOJie6aHHH 3apa^a 

H  TOKa  nepe3   Q3,.   BKJiafl  STHX  KOJieöamiH  B  BeaHHHHy  oöinero  Toica  3aBHCHT  OT 

COOTHOHieHHH MOKfly TOKOM Hepe3 C/J H TOKaMH Hepe3 BaJieHTHyK) H 30Hy npOBO^HMOCTH, 

KOTOpbie H onpe/jejiaiOT aMnjiHTyny HH3KOHacTOTHbix (JmyKTyanHH conpOTHBJieHHa 

CTpyKTypbi. IIonyHeHHbie pacneTHbie flaHHbie flua OTHOCHTejibHoS BejiHHHHbi TOKa nepe3 CJ\ 

npH onpeaeneHHbix 3HaneHHax napaMeTpoB coraacyioTca c SKcnepHMeHTaJibHbiMH 

pe3yjibTaTaMH paöoTbi [11], pnc.3. 

TaKace, Ha Hani B3rjia^, c noMombio nojiyHemioH MO^enH oöbacHaioTca pe3yjibTaTbi 

paÖOTbl [12], B KOTOpOH H3yHeHbI HH3KOHaCTOTHbie OCH.HJIJIHn.HH aKTHBHOH npOBO/JHMOCTH 

CTpyKTypbi H3 HaHOMeTpoBbix KpeMHHeBbix nacTHH, norpyaceHHbix B aMopcJrayio MaTpnny H3 

OKCH^a KpeMHHa npH KOMHaTHOH TeMnepaType. B STOM cnynae B ocHOBe KorepeHTHoro 

TpaHcnopTa jieaarc caMoopraHH3aHHa nponeccoB o6MeHa HOCHTejiHMH 3apa^a Meac,zry 

sjieKTpoaoM H KpeMHHeBbiMH KJiacTepaMH nepe3 cocToaHHa B AHSJieKTpHKe no MexaHH3My, 

onncaHHOMy Bbime. 
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I(t> 

t/to 

PHC.l.KojieöaHHa njioxHOCTH TOKa B crpyicrype Al-SiC^-p-Si (t0 =0,045 c). 

eft; 

PHC.2. Kojie6aHHH 3apa,qa Ha Cfl B CTpyKType Al-Si02-/?-Si (t0 - 0,045 c). 

1.15 

1.05 - 

0.95 - 

0.85 t/% 

PHC.3. Kone6aHHfl TOKa B CTpyKType Al-Si02-/?-Si: .(—-) - pacHerabie flanH&ie,  (D) - 

annpoKCHMaipra 3KcnepHMeHTanBHtix /üaHHbix [11], (t0 = 0,070 c). 
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5. 3AKJIKHEHHE 

ripe^JioaceH npHHHHn KorepeHTHoro ajieiopoHHoro TpaHcnopTa c caMoopraHraaHHeH 

npH noBBinieHHbix TeMnepaTypax AJM HaHocTpyKTyp. Pa3pa6oTaHa aocTaTOHHo o6ma» 

MOflenb ajieKTpoHHoro TpaHcnopTa fljia HaHocTpyKTyp rana SDSDS, no3BOJiaioiHas 

peajiH30BaTb yKasaHHbm npHHHHn. IToKa3aHO, HTO Modern OflHosjieKTpOHHoro nepeHoca 

JlnxapeBa aßjiaeTca nacTHbiM cjiyqaeM npeAJioaceHHofi MOflejiH. H3 oömen MO/jejiH B nepBOM 

npHÖJinaceHHH nonyneHa 6ojiee npocTaa Mo^ejib KorepeHTHoro TpaHcnopTa B CTpyKType 

MeTajin -TOHKHH AHSjieKTpHK -nojiynpoBOflHHK p - rana, B03HHKaiomero B pe3yjibTaTe 

caMoopraHH3aD(HH npoueccoB nepeHoca. npoBe/jeno cpaBHeHHe STOH MOACJIH C HSBCCTHBIMH 

SKcnepHMeHTajibHBiMH flaHHBiMH, KOToptie noATBepAHUH ee cnpaBeflJiHBOCTt. 

Pa6oTa BtmojiHeHa npH nacTHHHOH <|>HHaHCOBofi noAZjepacKe Pecny6jiHKaHCKOH 

Me:>KBy30BCKOH nporpaMMbi <J)yHflaMeHTajibHbix Hccrie/jOBaHHH B o6;iacTH ecTecTBeHHbix 

HayK "OH3HHecKHe OCHOBM nojiyqeHHH, /marHOCTHKH, 4>yHKHHOHHpoBaHHJi H npHMeHeHHa 

HH3K0pa3MepHHX MeMeHTOB H CHCTCM", rpaHT   04.04. 
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A PRINCIPLE AND MODEL OF COHERENT ELECTRON TRÄNSPORT 
WITH SELF-ORGANIZATIQN IN NANOSTRUCTURES 

Abramov I.I., Danilyuk A.L. 
Belarussian State University of Informatics and Radioelectronics 

6 P. Brovka, Minsk-220027, Belarus 
E-mail abramov@nano.rei.minsk.by 

Because of the existence of time dispersion of electron transitions between the states of electrodes and taking into account the 
properties of fermion system, we must develop a new principle of coherent transport in the nanostructures with middle 
semiconductor at high temperatures. This principle can be formulated as follows. Transport is based on the self-organization by the 
mechanism of electron accumulation in certain periods of time on middle semiconductor states, and their generation on the states 
of electrodes in the following time periods. A sufficiently general model of electron transport is presented for this principle. Taking 
into account the processes of filling-up and recombination-generation on middle semiconductor states, the equations of kinetic 
balance for electrons and holes on the middle semiconductor states of nanostructures are presented. We have demonstrated that 
Likharev's model of single-electron transport is a specific case of this mode!. 
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IIPHEOPM HA OCHOBE KBAHTOBMX ÜPOBOflOB: nEPCIIEKTMBM H 
nPOBJIEMM 

H.A. OöyxoB 
HHM "ffejibma", Poccm, Mocma, 105122, UfemoecKoe uiocce, d.2. 

AlIHOTaUKS! 

PaccMOTpeHH nepcneKTHBbi pa3BHraa o^Horo H3 HanpaBJieHHH HaHOSJieKTpoHHKH, 
Hcnojib3yioiuero KBaHTOBbie npoBoßa B Kaiecrae OCHOBHOFO 3JieMeHTa wia KOHCTpyHpoBaHHs 
npHÖopOB. noKa3aHo, *JTO wroryT 6biTb co3ÄaHbi KBaHTOBbre npnöopbi, aBjiaroumeca 
4>yHKi^HOHajibHbiMH ananoraMH o6braHbix 3jieMeHTOB MincpoajieKxpoHMKH. OHH MoryT cTaTb 
OCHOBOH JIM <J)OpMHpOBaHHa 3JieM6HTHOH 6a3bl HaH03JieiCTpOHHKH. 

I. BseAeHHe 

Yace 6ojiee flecaxH jieT BO Bcex KpynHbix neHTpax  MHKpoajieKTpoHHKH  B  MHpe 
HHTeHCHBHO Be#yTCa pa60TbI no CO3,0[aHHK> 3JieKTpOHHbIX npH6opOB C aKTHBHblMH   OOJiaCTSMH 
CyÖMHKpOHHblX    H    HaHOMeTpOBblX        pa3MepOB.     HHTepeC    K    HHM    npOflHKTOBaH    «ByM» 
o6cToaTejibCTBaMH: 
- B03MO»CHOCTbK>   C03ÄaHHa   CBepx6bICTpOÄeHCTByK>UJHX 3JI6KTpOHHbIX yCTpOHCTB   C pa6oHHMH 
lacroTaMH 6ojiee 100 ITn,; 
- nepcneKTHBoÄ noBbiuieHna ypoBna HHTerpauHH sjieMeHTos B cxeMax «o BCJIHTOH nopa,znca 
1010 HITyK Ha KBaApaTHblH CaHTHMeTp. 

rioHaxHO, ITO co3,n;aHHe xexHojiorHH, no3BOJiaiomHX ocymecxBjiarb MaccoBoe 
npoH3BOACTBo no^oÖHbix npn6opoB H cxeM Ha HX ocHOBe 6y«eT 03Haiaxb HOBWH 

KaiecTBeHHbiÄ 3Tan B pa3BHTHH sjieKTpoHHKH. npeÄnojiaraeMbie MaJiMe ra6apHTbi, BbicoKoe 
6bicTpOÄeHCTBHe H HH3Koe 3HepronoTpe6neHHe npnOopoB H cxeM yKa3biBaiOT Ha TO, HTO OHH 
HaftjiyT npHMeHeHHe B: 

- ÖOpTOBblX H Ha3eMHbIX CHCTeMaX CB83H; 
- 6opTOBbIX   H   Ha3eMHbIX   BbiqHCJIHTeitbHblX   CHCTeMaX   H    CHCTeMaX   6bICTpOH    oßpaßOTKH 
HH(J)OpMaHHH; 
- cHCTeMax HaBeaeHHa painioynpaBjiaeMbix oöbeKxoß; 
- 6biT0B0H H Hayrao-HcaieÄOBaTejibCKOH sjieicTpoHHoS TexHHKe H T.n. 

AHanH3 nyöJiHKaHHH no AaHHoii TeMaxHKe noKa3MBaeT, *ITO BHHMaHHe Beflyunix 
pa3pa6oT>HHcoB coqjeÄOToneHo Ha .npyx OCHOBHHX BH#ax npn6opoB: 
- BepTHKaJibHbix reTepocTpyKTypax c HaHOMeTpoBbiMH TomuHHaMH CJioeB, 
- npn6opax  Ha  ocHOBe  cTpyKTyp  HaHOMeipoBbix  pa3MepoB  c  njiaHapHOH  TonoJiorneH, 
HanpHMep, KßaHTOBbix üpoBOÄOB (KI1). 

riepBbiH BH£ oöbeKTOB no3B03iaeT co3Äaßaxb cBepxBbicoKoiacTOTHbie joicKpeiHbie 
npHÖopbi H cxeMbi MajioH cTeneHH HHTerpanHH Ha HX OCHOBC Ha AHcKperabix pe30HaHCHo - 
TyHHeftbHbix «HOÄax yace nojryieHa nacTOTa reHepanHH cHraana B 700 TFv, [1]. ripnGopbi ace c 
njiaHapHOH TononoraeH aßnaioTca nepcneKTHBHbiMH KaK c TO^KH 3peHHa HX qacxoxHbix 
CBOHCTB, TaK H ana npHMeHeHHa B HHTerpajibHwx cxeMax. OßHaico B oTjnwHe OT CTpyKTyp 
nepBoro BH^a aiOHBHbie pa6oTbi no KsaHTOBbiM npoBo^aM Haxo^aTca noKa eme B HaianbHOH 
CTa^HH. 3TO CBa3aHo: 
- c TexHOJioraiecKHMH npoSneMaMH, CToamHMH Ha nym   co3ÄaHHa   iwaHapHbix oöbeKTOB 
HaHOMerpoBbix pa3Mepoß; 
- c OTcyxcTBHeM AocTaToqHOH acHocxH B Bonpoce, KaKHe ace coöcraeHHo npnöopbi cne^yeT 
C03,n;aBaTb? 

II. KeaHTOBue npoBo/ja H npn6opw Ha MX ocHOBe 

KßaHTOBMM npoBOAOM npHHaTO Ha3biBaTb o6beKT, 3HeprexHHecKHH cneKTp HocHTejien 
3apa«a B KOTOPOM KBaHTOBaH B AByx HanpaBJieHHax H KBa3HHenpepbiBeH B TpeTbeM. HMCHHO B 

3TOM TpeTbeM HanpaBJieHHH B03MoaceH nepeHoc 3apa^a B Kn. ITpH HenyjieBbix TeMnepaTypax 
cneKTp MoacHo cwraib KBaHTOBaHHbiM, ecjiH paccToaHHe Meayjy ypoBHaMH sHeprnn öojibuie, 
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qeM kBT. npocxbie OHemcH noKastmaiox, HTO SXO xpe6oBaHHe 6yAex BbinojmeHO, ecjm «na 
HHHeiffloro pa3Mepa cxpyKxypbi cnpaBewiHBO HepaßeHcxBo: 

L < Lo = (3h2/8m*kBT)i/2 
/Lxa GaAs npn KOMHaxHOH xeMnepaxype (T = 300 K) Lo = 25.6 HM. 

CymecTByeT HecKOJiwco B03Mo>KHbix BapnaHXOB co3AaHna KH. OH Moa<ex 6bixb 
c^opMHpoBaH, HanpHMep, npn HOMODIH npaMoro CTM-oca>KAeHHa npoBOAamero Maxepnajia 
Ha nowioaacy. TaKHe CTpyKTypbi 6biJiH co3AaHM B HHH "ßejibxa" B 1995 r. Hx MHHHMaJibHbie 
HiHpHHa H Bbicoxa cocxaBJiajiH   100  A H  50  A  cooTBeTCTBeHHO.  OJWZKO npoBeAeHHbie 
HCCJieÄOBaHH« 3JieKXpHieCKHX CBOHCXB 3XHX  KF1 nOKa3ajIH,  1TO HX npOBOÄHMOCTb HeBejiHKa 
(nopajpca 109 CM). 3XO o6cxoaxeJibcxBO cBHAexejibcxByex o XOM, qxo oöteKXbi, co3AaHHbie Ha 
noBepxHocxH XBepAoro xejia, OKa3bißaioxca Majio npnroAHbiMH B KaiecxBe aKXHBHbix o6jmcxeH 
npn6opoB. /Jmcxax Majibix pa3MepOB npHBOAHX K upeBairapyiomeMy BjiHarano sjieKxpoHHbix 
CBOHCXB noBepxHocxH noÄJioaocH Ha CBOHCxBa o6-beicxoB, ctjpopMHpoBaHHbix Ha HHX. riosxoMy, 
B Hacxoamee Bpena noBepxHOCXHbie cxpyKxypbi o6peqeHbi Ha HH3Kyio npoBOAHMoexb, 
oxHocHxejibHO 6ojibmyio eMKocxb H njioxyio BocnpoH3BOAHMOcxb sjieKxpniecKHx 
xapaKxepHcxHK. KaK cjieACXBHe, npnoopw Ha ocnoBe noAOÖHbix cxpyKxyp HMeiox BMCOKHH 

ypoBeHb myMOB (6ojiee 1000 HB/(rH.)1/2)) H oKaawBaroxca oxHocnxejibHo HH3KoqacxoxHbiMH 
(npeAeJibHbre qacxoxw He 6oJiee 10 ITu). BO3M05KHO, HXO 6ypyw,m xexHOJionraecKHe 
AocxnaceHHH H3MeHax cHxyanmo, HO KorAa sxo nporooöAex H nporooHAex JIH Booöwe, HeacHo. 

Apyrofi cnoco6 co3AaHHa KI1 COCXOHX B Hcnojib30BaHHH noBepxHocxHbix cxpytcxyp B 

Ka^ecxBe MacoK ßjw nocneayiomero xpaBJieHHa H <J)opMHpoBaHHa KFI B caMOM 
noHynpoBOAHHKe (CM. pnc. 1). Hcnojib30BaHHe sneKxpoHHOH AHxorpao>HH no3BOAaex aocraqb 
njiaHapHoro pa3pemeHna AO 0.1 MKM. 3xoro HeAocxaxoHHO AJIH co3AaHHa Kn npn KOMHaxHOH 
xeMnepaxype. TIoaxoMy HaH6oJiee nepcneKXHBHbiMH xexHOJiorxiqecKHMH npneMaMH, 
no3BOJiaiomHMH nojiynaxb MacKH c pa3MepaMH AO 10 HM, cjieAyex cnnxaxb CTM-JiHXorpa<}>HK> 
H npaMoe CTM-oca>KAeHHe. 

BaacHOH ocoöeHHocxbio KIT aBJiaexca cnjibHaa 3aBHCHMOcxb HX 3jieKxpo<J>H3HqecKHX 
xapaKxepHcxHK, xaKHX KaK KomieHipaHHa HocHxejie« 3apaAa H BpeMa pejiaKcainiH HMnyjibca, 
H, cneAOBaxejibHO, BHXOAHMX sjieKxpniecKHx xapaKxepHcxHK, ox reoMexpHiecKHx pa3MepoB 
(CM. pnc. 2 H 3). 3xo no3BOJiaex HcnoJib30Baxb KFI AJia KOHCipyHpoBaHHa npnöopoB 
pasjiHHHoro 4>yHKHHOHajibHoro Ha3HaHeHHa. 

B   JiHxepaxype   BbicKa3biBanocb   MHoacecxBO   XOTOK   3peHHa   Ha   4)yHKHHOHajibHbie 
B03M05KHOCXH npHÖOpOB HaHOMexpOBMX pa3MepOB.  ^laCXO 3ByHHX MHeHHe,  qXO 3XO AOJDKHbl 
6bixb KaKHe-xo coBepuieHHo HOBWC npHÖopbi c HenpHBbiHHbiMH xapaKxepncxracaMH, 
xpeGyiomne HOBMX noAxoAOB K cxeMoxexHince [2]. K xaKHM npn6opaM MoacHO, B nacxHOCXH, 
oxHecxH HHxep4)epeHHHOHHbie H "oAHOsjieKxpoHHbie" npn6opbi [2,3], pa6oxaioaiHe noKa XOJIMCO 

npn cßepxHH3KHx xeMnepaxypax (3 K H mixce). OAHaKO Ha HbraeumeM sxane pa3BHXHa 
HaH03JieKxpoHHKH aKxyajibHOH aBJiaexca 3aAana co3AaHHa npnoopoB, paGoxaromnx npn 
KOMHaxHOH xeMnepaxype, Koxopwe Morjni 6bi B nojmofi Mepe peajnooBaxb Bee ^ymonffi 
o6wqHbix 3JieMeHXOB MHKposAeKxpoHHKH, xo ecxb aBJiaiomHXca 4>yHKHHOHaJibHbiMH ananoraMH 
XpaAHUHOHHblX    ÄHOÄOB,    xpaH3HCXOpOB    H    pe3HCXOpOB.    upHHOHnHaJIbHaa    B03MO)KHOCXb 
peuieHHa SXOH 3aAaiH cymecxByex H MO>K6X 6wxb peajm30Bana B ÖJinacaHuiHe 2-3 roAa. 

rioHaxHO, HXO aHajioroM pe3HCxopa aBJiaexca KU (CM. pnc. 2). J^pyrmM BaacHbiM 
sjieMeHXOM HaHosjieKXpoHHKH Moacex cxaxb KBaHxoBbiö IloJieBOH TpaH3Hcxop (KIIT), 
noKa3aHHbiH Ha pnc. 4. PaccnixaHHbie xapaKxepncxHKH sxoro npn6opa npeAcxaBjieHbi Ha pnc. 
5. 3aMexHM, *rxo xoxa yAenbHaa KpyxH3Ha Bojibx-AMnepHoii XapaKxepncxHKH (BAX) K11T 
aBJiaexca oieHb BWCOKOH (105 A/BCM

2
), nojmaa KpyxH3Ha cocxaBjiaex jniiub 1.5x107 A/B. To 

ecxb Ana nojryqeHHa npneMJieMoro SHa^ieHHa K03(J)(t>HHHeHxa ycHJieHHa xpeöyexca Harpy3Ka c 
conpoxHBJieHHeM B 10-50 MOM, Koxopaa Moacex 6wxb peajni30BaHa Ha Kn. TaKHe 6ojibuiHe 
3HaHeHHa conpoxHBjieHHH xapaKxepHbi Ana Kn H aBJiaioxca cneACXBHeM Manbix njiomaAen HX 

cegeHHH (nopaAKa lO12 CM
2
). 

B KanecxBe 4>yHKHHOHajibHoro aHaiora onnojiapHoro AHOAa B pa6oxe [4] npeAAoaceH 
PejiaKcaHHOHHbiH KßaHxoBbiH ^,HOA (PK#). KaK noKa3ano Ha pnc. 6, sxox npnoop COCXOHX H3 
AByx Kn pa3JiHHHOH mnpHHW. AKXHBHOH oöjiacxbio aBJiaexca nepexoA Me»A.y SXHMH Kn. 
npHHUHn AeiicxBHa PK^ aHanoraneH oöbmHOMy n+-n-nepxoAy. Pa3Mepw Kn Bbiönpaioxca 
XaKHM   06pE30M,   qX06bI   KOHHeHipallHH       SJieKXpOHOB   B   HHX   pa3JTHHajIHCb   Ha   HeCKOJIbKO 
nopaAKOB.  3xo npHBOAHX K  neoAHOpoAHocxH  noxeHHHajibHoro  pejibe<j>a B  nepexoAHOH 
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o6jiacTH, Koxopaa, B CBOIO o^epeAb, aBjiaexca HCXOHHHKOM HepaBHOBecnocxH sneKxpoHHoro 
ra3a. XapaKxepnaa AJniHa SXOH HepaBHOBecHocxn 

Ld.= (hT/2ran*)w. 
fljia GaAs npn KOMHaxHoii TeMnepaType Ld~30 HM. XapaKxepHaa AJiHHa nepexo^a Meagxy Kn 
ÄOJiaoaa 6bixb MHoro MeHbiue, neM Ld. B sxox cjiyqae npHöop öynex HMexb apKo BbipasKeHHyro 
ÄHOHHyio xapaKTepHCTincy, HXO nponeMOHcxpHpoBaHo Ha pnc. 7. 3aMexHM, ITO nocKOJibKy 
4»yHKD;HOHHpoBaHHe npH6opa ocHOBaHo Ha HepaBHOBecHbix cBO&cxBax sjieKxpoHHoro ra3a, 
njioTHocTb TOKa B PKJl 3HaiHTejibHo npeBbiiuaeT aHanonnHyio BeJiirraHy pa KIT H KI1T. 

Ho aHajiorHH c oöbirabiM 6HHOjiapHbiM xparancxopoM, MOKHO nonbiTaTbca 
MOAynHpOBaTb noTOK HepaBHOBecHbix HocHTeJiefi 3apa«a BHCIHHHM cHraaaoM. KoHCTpyKHHa 
peajiHsyiomaa sxy H#eio npeAcxaBjteHa Ha pnc. 8. 3xox npn6op Ha3breaexca PenaKcaHHOHHbiM 
KßaHTOBbiM TpaH3HCTopoM (PKT) [4]. Ero cxaxnqecKHe xapaKxepHcxHKH «eMOHcxpHpyioxca Ha 
pnc. 9-11. BHäHO, ITO OHH ÄeficTBHTeubHo 6äH3KH K xapaKTepHCTHicaM 6anojiapHoro 
TpaH3HCTopa. CymecTBeHHO, qxo PKT Moacex ^ymcHHOHHpoBaxb XOJIMCO ecjra wnraa o6jiacxH 
6a3bi MeHbuie, ieM Ld. 3xo xpe6oBaHHe HaKJiaAbroaex aceciKHe orpamraeHHa Ha xoraocxb 
H3roxoBJteHHa npH6opa. 

XapaKxepHbie yAeabHbie eMKocra onncaHHbix 3aecb KBaHxoBbix rrpH6opoB 
OKa3biBaioxca nopawca 0.1 - 0.2 MKO/CM

2
 (CM. pnc. 12). Tpy6aa oHeraca AJia npeAeabHbix 

paöo^HX «lacxox «aex caeAyjomHe BeaHHHHbi: lO'i Tq wia KOT H 1014 H* «na PKß H PKT. 
QzmaKo ynex 3aBHCHMocxH 3JieKxpo4>H3HHecKHx napaMexpoB ox nacxoxbi noHH»caex 
npeAeabHyio qacxoxy ^ymcHHOHHpoBaHHa PK^ H PKT AO 1013 TH. 

riepeHHcjieHHbie 3«ecb npHÖopw npe^cxaBJiaiox co6oft nojiHbin Ha6op 3JieMeHX0B 
<J)yHKHHOHaJIbHO aHajIOr/HHHMX OObPIHblM SJieMeHXaM MHKpOSJieKXpOHHKH. B CJiyqae C03flaHHa 
xexHojiorHH HX MaccoBoro XHpaaenpoBaHHa 3XH KBaHxoBbie npnoopbi Moryx nocjiyacnxb 
OCHOBOH SJieMeHXHOH 6a3bl HaHOSJieKXpOHHKH. 

III. IIpoSjieMbi 

OcHOBHbie npo6aeMbi, cxoamne Ha nyxH co3AaHHa npnroAHbix «na Hcnoab30BaHHa B 
sneKxpoHHKe npn6opoB Ha KII, MOHCHO pa3Aejraxb Ha Asa KJiacca. 

Bo-nepBbix, sxo xexHOJioraraecKHe npo6jieMbi. CoBpeMeHHoe cocxoaHHe xexHoaoraH 
co3aaHHa o6beKXOB HaHOMexpoBbix pa3MepoB flajieKo ox pemeHHa 3aAaHH MaccoBoro H 

ycxoiMHBoro HX (popMnposaHHa. B Hacxoamee BpeMa sxo cKopee He xexHOJioran, a 
SKcnepHMenxanbHbie MexoAbi. OHH He no3BOJiaiox nosa <J>opMHpoBaxb cxpyicxypbi BwcoKoro 
KanecxBa 3a npneMjieMoe BpeMa. AicxyaJibHbiMH aBJiaioxca Bonpocw: 
- Bbiöopa MaxepnanoB, Koxopwe OAHOBpeMeHHo nosBojiaan 6w Hcnojib30Baxb cymecxByiomHe 
xexHojioraqecKHe MexoAbi H nuena 6w xopourae saeKxpocJHOHiecKHe cBoftcxBa; 
- npeHH3HOHHoro xpaBJieHHa; 
- co3AaHna Hepa3pyuiaioiHHX 6a3oBbie cxpyxxypbi MexoAOB <J)opMHpoBaHHa xonoaornn H x.n. 
OAHaKO ÄHHaMHKa pa3BHxna xexHojiorHH 3a nocaeaHHe roAw no3Bojiaex Ha^eaxbca, HXO Bee 
3XH npoöJieMbi pa3peiHHMbi. 

Bo-Bxopwx, cymecxByiox npHHinfliHajibHbie npo6jieMbi, cßa3aHHwe c caMoü Haeojioraen 
Hcnojib30BaHHa s^^eKxa pa3MepHoro KBaHxoBaHHa, KaK OCHOBM ^yHKHHOHHpoBaHHa 
sneKxpoHHbix npnoopoB. 

YMeHbuieHHe iHCJia BO3M03KHMX cocxoaHHH sjieKxpoHOB B KII Be^ex K yMeHbiueHHK) HX 

pacceaHHa   H,   cjieÄOBaxenbHo,   K   yBenHieHHio   BpeMeHH   pejiaKcaHHH   HMnyjibca.   3xo 
HOJIOHCHXejIbHblH 3(J>4)eKX, KOXOpblH npHBOAHX K yBeJHWeHHK) nOÄBHaCHOCXH SJieKXpOHOB B KII 
no cpaBHeHHio c o6beMHbiM MaxepnanOM. 0,zmaKo KOHHenxpaHHa sneKxpoHOB B KBaHxoBo- 
pa3MepHbix cxpyKxypax yMeHbiuaexca H, B pe3yjibxaxe, npoBOÄHMOcxb B03pacxaex 
He3HaiHxeM>HO. 3xoro yBennieHHa 0Ka3bmaexca HeAocxaxo^Ho «jia xoro, IXO6M 

CKOMneHCHpoBaxb oxpHHaxejtbHoe BjniaHHe Majftix roiomaAen ceneHHa KIT. IlosxoMy Kn H 

npn6opbi Ha HX ocHOBe HMeiox oojibiune conpoxHB^eHHa H, KaK cneAcxBne sxoro, BHCOKHH 

ypoßeHb xenjioBbix myMOB. TaK «JIB KTIT ypoBeHb xeiuioBbix uiyMOB cocxaBjiaex 100 - 1000 
HB/(rH)'/2. ^jia PK/i; H PKT 3xa BennqHHa MeHbiue: 40 - 100 HB/(ru,)1/2. Ho Bee paBHO sxo 
CHHHIKOM 60JIbUIHe UiyMbl HO CpaBHeHHH)    C JiyHHIHMH HpHÖOpaMH MHKpOSJieKXpOHHKH, JSflX 
Koxopwx xapaKxepHbi 3HaqeHHa: 0.3 -1 HB/(TH)

1/2
. 

PeuiHXb npo6jieMy 6onbuiHx conpoxHBjieHHH H 3HaMHxejibHbix xenjioBbix myMOB MoacHo 
Hcnojib3ya ocoöo incxbie Maxepnanbi c npeHH3HOHHo Majn>iM   KOJiH^ecxBOM paccenBaiomHX 
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UeHTpOB.    riepcneKTHBHblMH   B   3TOM   OTHOUieHHH   »BJMIOTCH   MOAyrfflpOBaHO-JierMpOBaHHbie 
rexepocTpyKTypw, B KOTOPMX Jierarpyioma» npKMecb npocxpaHCTBeRiio 0T#ejieHa OT HOCHTejiefi 
3apa#a. 

OffHaKo B cipyKTypax HaHOMeTpoBbix pasMepoB cymecTBeHHbiMH oKa3breaK>Tca H 

cneinidMiecKHe KBaHTOBbie uiyMbi. KaK noica3ajiH HeAaBHHe nccjiejioBaHHa aBTOpa 3Toro 
Aoraiaßa, KBaHTOBbie <pjryKTyaHHH sjieKTpoxHMHHecKoro noTeHHHajia sjieKTpoHOB npHBOAaT K 

B03HHKHOB6HHro uiyMa Hanpa>KeHHa cneKTpajibHaa njioxHocTb MOIHHOCTH KOToporo 
nponopHHOHaJibHa 

(Ld/L)2, 
r^e L - xapaKTepHaa jumna aKTHBHOö oÖJiaciH npn6opa. IIocKOJibKy La-lO6 CM, 3TH uiyMbi 
npaKTH^ecKH HeHaöJnoaaeMbi npn MaKpocKoraraecKHX pa3Mepax npH6opOB. Ho jxjm 
paccMoxpeHHbix 3#ecb sjieineHTOB L MoaceT 6biTb nopa,aKa La H «aace MHoro MeHbiue, HeM La. B 
TaKOH CHTyauHH KBaHTOBbie uiyMbi MoryT cTaTb npeBajmpyiomHMH. ÜOÄaBHTb HX BpaA JIH 

yzjacTca. nosTOMy cxeMOTexHincy B HaHosjreKTpoHHKe cnejryeT cTpoHTb HCXOäH H3 Toro, HTO 

ypoBenb iuyMOB 6yneT BMCOKHM. BO3MO>KHO, HTO, yiHTbiBaa 3aBHCHM0CTb KBaHTOBbix iuyMOB 
ox reoMeTpHH cTpyKTyp, HX y^acTca Hcnojib30BaTb B KanecTBe nojiesHoro cHraajia. 

IV. 3aKJiH)HeHne 

B 3TOM ÄOKnaAe H3JioKeHa Towa 3peHHa aBTopa Ha nepcneKTHBbi pa3BHTHa oflHoro H3 
HanpaBjieHHH HaH03JieKTpoHHKH, Hcnonb3yiomero KBaHTOBbie npoBo^a B KaiecTBe OCHOBHOTO 

SJieMeHTa ^ia KOHCTpynpoBaHHa npnoopoB. IloKa3aHo, HTO nojieBofi KBaHTOBbift TpaH3HCTop, 
pejiaKcauHOHHbie KBaHTOBbie äHOA H TparoHCTOp aBjiaroTca (pyHKHHOHajibHbiMH aHajioraMH 
oöbiHHbix   sjieMeHTOB   MHKposjieKTpoHHKH.   B   cJiyiae   co3AaHHa   TexHonorHH   MaccoBoro 
THpaMCHpOBaHHa 3THX KBaHTOBblX npn6opOB OHH MOryT nOCJiyaCHTb OCHOBOH SJieMeHTHOH 6a3bi 
HaHOSJieKXpOHHKH. 

KpoMe TexHonoraqecKHX 3a,n;aH, KOTopwe npeACTOHT peuiHTb Ha nym co3AaHHa 
HaH033ieKTpoHHKH, cymecTByioT H npHHHHnHajibHbie npoÖJieMbi, CB»3aHHbie c caMOH 
HÄeonoraefi Hcnojib30BaHHa subobeKTa pa3MepHoro KBaHTOBaHHa, KaK OCHOBW 

(JyHKHHOHHpoBaHHa 3neKTpoHHbix npn6opoB. BascHeMuieH H3 HHX aBjiaeTca npo6jieMa 
BbicoKoro ypoBHa uiyMOB B KBaHTOBbix npoBo^ax H npn6opax. B ^onojiHeHHe K O6MHHMM 

BHffaM iuyMOB B cTpyKTypax HaHOMeTpoBbix pa3MepoB npHcyTCTByioT H cneHHubHiecKHe 
KBaHTOBbie uiyMbi noaaBHTb KOTopwe Bpa^ JiH y#acTca. C yqeTOM 3Toro cueayeT CTpoHTb 
CXeMOTeXHHKy B HaHOSJieKTpOHHKe. 
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DEVICES BASED ON QUANTUM WIRES: PERSPECTIVES AND PROBLEMS 
Obukhov I.A. 

"Delta" Research Institute 
2 Stchelkovskoye Shosse, Moscow-105122, Russia 

tel. (7) (095) 5194408, (7) (095) 3679353 

The devices based on quantum wires (QW) are the most perspective as the possible elements of the future integrated circuits. With 
using of the modern nanotechnology quantum wires, quantum field effect transistors, relaxation quantum diodes and relaxation 
quantum transistors may be created. These devices represent the full set of elements which are necessary for construction of 
quantum integrated circuits. Theoretical predictions and experimental results testify that quantum devices will operate in the 
frequency range from 1 MHz to 10 THz. The typical sizes of the devices are from 1 nm to 100 nm. But one principal problem exists 
on the way of QW-nanoelectronics. It is the noise problem. The current density of QW is very high where the square of the cross 
section is very low. So, QW is the structure with the high resistance, and the noise level of devices based on QW will be high too. 
Besides that the new types of noise may exist in quantum devices. It is the specific quantum noise. That is why, the reducing of 
noise level is one of the most difficult problems which should be solved. 
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PHC.2. BojibT-aMnepHbie xapaKTepHCTHKH KBaHTOBbix npoBO/joB AJIHHOH 

50 HM, BWCOTOH 5 HM, m* = 0.067 mo , N = 1019 CM-
3
 H uiHpHHaMH'. 

1 - 40 HM, 2 - 7 HM, 3 - 5 HM, 4 - 4 HM, 5 - 3 HM 

MaTepiiaAbi 6-H Me>K£ynapo,flHOH ^«MCKOH *^C«KPOBOAHOBOH ^T«H<pepeHy;nn 'KjMt4tuK*96. 16-19 ceH TJi6pn 1996 r., CeöacronoAb, KpbiM, YitpaHHa /- *-\ 

Proceedings of 6th International ^tdmean r^trowave (^inference 0U*1Ciß*'$6* 16-19 September 1996, Sevastopol, Crimea, Ukraine J) S 



+i.68e~88 

+1.50e-88 

+i.48e~88 

+1.38e-88 

*i.Z8e-68 

+1.18e-88 

+i.88e-08 

+8.808-89 

+7.88e-89 

TOK [A] 

flflHHa (HM) 

+i.88e*8i       +3.88e*8i       *5.08e+8I       +7.08s?*81       +9.80e+81 

Vs 

PHC. 3. TOK KIT c uiHpHHofi 5 HM,   BMCOTOH 5 HM, m* = 0.067 mo, 
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PHC.4. KBaHTOBblft nOJieBOH TpaH3HCTOp 
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PHC. 5. CeMeiiCTBo BAX KIIT c Ly = 300 A npn : 
1 - Vg = 0 B,    2 - Vg = -0.05 B, 
3-Vg = -0.1B,4-Vg = -0.3B 

PHC. 6. PejiaKcauHOHHbifi KBaHTOBtifi AHOä 
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PHC. 7. BAX PK# c Li = 50 HM H: 
1 -Lr = 5HM, 2-Lr =   6HM, 
3-Lr = 7HM,   4-Lr= 10 HM 
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PHC. 8. PejiaKcauHOHHMH KBEHTOBWH TparaHcxop 
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PHC. 9. Ko34><J)Hi^HeHT ycHjieHHa PKT no TOKy JIJW cxeMti 
BKJIIOtieHHa C OÖIUHM 3MHTTepOM: 

1 - VK3 = 0.058 B, 2 - VK3 = 0.06 B, 
3 - VK3 = 0.07 B, 4 - VK3 = 0.08 B 
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PHC. 10. BAX PKT npn cxeMe BKjncweHHfl c oöinefi 6a3ofi: 
1 - V36 =   0.05 B,   2 - Vs6 = - 0.01 B, 
3 . v36 = - 0.025 B, 4 - Vs6 = - 0.03 B 
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PHC. 11. BAX PKT npH cxeMe BKJUo^eHHa c oöupiM sMHrrepoM: 
'l-V63=  0.00B,2-V63 =  0.01 B, 
3 - V63 =   0.02 B, 4 - V63 =   0.03 B, 
5 - V63 =  0.04 B, 6 - V6s =  0.05 B 
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PHC. 12. XnejibHaa eMKocrt nepexo^a Me>Kfly KBEHTOBLIMH 
npoBo^aMH c Ly = 50 HM H Ly = 5 HM 
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CHCTEMA 3JIEKTPOMArHHTHOrO SKOJIGEHHECKOrO 
MOHHTOPMHrA 

r.A.Mopo30B, K).E.Ce,zjejifeHHKOB 
Haymo-ucaiedoeamejibCKuu tfenmp npuKJiaduoü sjieKtnpoduHOMUKu 

KasancKozo rocydapcmeeuHozo TexnmecKozo Ymeepcumema 

AHHOTautHH 
B aoKJiafle paccMaTpHBaioTca ocHOBHbie TpeöoBaHna K CHCTeMe paflHosicojio- 

rHHecicoro MOHHTopHHra, Kpyr OCHOBHHX sajjan no ee co3flaHHK>. ßaeTca onncaHHe 
KOMnjieKca nporpaMMHo-annapaTypHbix cpe^cTB, coa^aBaeMoro B PT, PoccHa, O6CV>K- 
AaioTca nepcneKTHBbi pa3BHraa. 

I. BeeaeHHe. 
EcTecTBeHHbie 3JieKTpoMarHHTHbie nojia (3MII) aaHHMaiOT Ba>KHoe MecTO B 

3BOJH0UHH >KHBOH npHpoflbi, BbinojiHaa HH^opManHOHHO-SHepreTHHecKyio pojib B cbop- 
MHpoBaHHH H peryjiannn JKHSHCHHUX npoueccoB SnojiorHHecKHx oöiexTOB. BbiCTpo 
nporpeccHpyiomee BoapacTaHHe ypoBHeö H pacumpeHHe nacroTHoro ananasoHa HCKVC- 

CTBeHHbix 3JieKTPOMarHHTHbix nojiefi co^epacaT yrposy fljia HopMajibHoro ^yrncuHO- 
HHpOBaHHH   ÖHOJIOrHHeCKHX   o6teKTOB,   B   TOM   HHCJie  flJW   3flOpOBba   nejioBeKa  /1-3A 
3MII,    TaKHM    06pa30M,    aBJWIOTCa   SKOJIOTHHeCKHM    4)aKTOpOM    pHCKa,    HHTeHCHBHO 
3arpH3HHiomHM OKpyxaioinyio cpeay. B CBH3H C 3THM Bonpocu öesonacHoera nejiOBeica 
H samHTbi ero OT HeSjiaronpnaTHoro Bos^eficTBHa cf)H3HHecKHx nojieo ajieiopoMarHHT- 
HOH npHpOflbl aBJiaiOTCa BeCbMa Ba^CHblMH. 

B HacTOHmee BpeMa OCHOBHUM 4)yHaaMeHTanbHbiM npo(|)HJiaKTHHecKHM 
HanpaBJieHHeM, no oSecneneHHio ycjiOBHH 5KH3He«eaTejibHOCTH nejioBeica, aBJiaeTca 
perjiaMeHTaqHJi ypoBHen BosfleficTBHa sjieKTpoMarHHTHoro HSjryneHHa pa nepcoHana 
H HacejieHHa. 

CymecTByiomHe B pa3jiHHHbix CTpaHax cncTeMbi CTaH^apTOB cynjecTBeHHO 
OTJiHnaiOTCü, HTO o6*acHaiOTca npHHUHnHajibHbiM pasjiHHneM KOHuenunn no Bbipa- 
6oTKe SKOJiorHHHO-rnrHeHHHecKHx HopMaraBos. B POCCHH, KOK H B 6ojibuiHHCTBe 
Äpyrnx crpaH, B ocHOBy nojrxoflOB nojio^ena oqeHKa SHeprnn sJiempoMarHHTHoro 
nojia B onpeaejieHHOM ynacTice «nanasoHa nacTOT. B TO >Ke BpeMa, HMeiomneca aamiHe 
CBHÄeTejibCTByioT, HTO B pwe cjiynaeB OHOJiornqecKH SHannMbiMH aBJiaiOTca H Taicne 
napaiweTpbi BosfleficTBHa KaK nnKOBbie 3HaneHHa, juiHTejibHocTH HMnyjibCOB, napa- 
MeTpbl MOflyjWnHH. 

riepeHHCJieHHbie o6cToaTeribCTBa CBHfleTejibCTBywT, HTO K HacroameMy 
BpeMeHH Haspejia Heo6xo£HMOCTb pasBnraa CHCTCM TexHHHecKHx cpe^CTB 
npeflHa3HaHeHHbix äJW Kompojia ypoBHen 3MII, KaK B nacra ouemcii cooTBeTCTBna 
cymecTByiomHM HopMaTHBaM, TaK B imaHe nojryneHHa 6ojiee «eTajibHbix aaHHbix, 
OTHOcamnxca K 3MII BO3ae0CTBHaM, KOMnjieKCHbiH xapaKTep KOTopux eme He 
npopa6oTaH K HacroameMy BpeMeHH B floeraTOHHOH CTeneHH. 

II. OcHOBHbie 3aj?aHH. 
3a^aHH, KOTOpbie floiDKHbi peuiaTbca coBpeMeHHbiMH CHCTeMaMH SKOJiorHHec- 

KOTO paflHOMOHHTOpHHra, C HeKOTOpOH CTeneHbK) yCJIOBHOCTH, MO)KHO pa3fleJIHTb Ha 
OJiH>KaHUJHe, peuieHHe KOTOpbix ^OJDKHO 6biTb ocymecTBjieHO B KpaTHafiuiHe cpOKH, H 
aa^aHH Ha Sojiee OT^ajieHHyio nepcneKTHBy. 

K nepBbiM, Ha Ham B3rjiaji;, cjieflyer oraecTH: nojiyneHHe HCHepnbiBaromeH HH- 

qoopMauHeH 06 npocTpaHCTBeHHOM pacnpeflejieHHH ypoBHeö sjieKTpOMarHHTHbix no- 
mu, oco6eHHO «JW xpynHbix ropo^oB, npnneM BO BCCM flHanaboHe nacTOT BnjiOTb RO 
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K 3a,n,aHaM BTopoö onepeiiH OTHOCHTCH opraHH3au.HJi nocToswHoro KOHxpojui 
3JieKTpoMarHHTHO0 "3arp«3HeHHocTH", a TaioKe pacuiHpeHHe oöteMa KOHTpojiHpyeMbix 
napaMeTpoB aneiapoMarHHTHOH o6cTaHOBKH, BionoMaa oueHKH nHKOBbix SHaneHHH, 
napaiweTpOB Moaynsmun, nojiyneHHe öojiee ÄeTajibHbix flaHHbix B oraocHTejibHO ysKHX 
nojiocax HacroT, oÖHapy>KeHHe H uweHTH^HKanHio OTflejibHbix HCTOHHHKOB, B TOM 

HHCJie HecaHKUHOHHpOBaHHblX. 
BHOBb co3flaBaeMbie nporpaMMHO-annapaTypHbie KOMimeKCbi SKOitorHHecKoro 

MOHHTOpHHra jyw pemenHfl 6jiH>KaHiiJHx 3a«aH äOJDKHH crpoHTbc$i He TOJibKo c yneroM 
nocneayioiaero HapaiijHBaHHa BbinojiHsieMbix 4>yHKUHH, HO H Kan sjieMeHT oßmefi 
CHCTeMbi 3KOJiorHHecKoro MOHHTOpHHra ropoflCKofi cpeflbi. 

III. Cocraa H ocHOBHbie cj>yHKUHH nporpaMMHO-annapaTypHbix epejscTB. 
^ocTaTOMHO nojiHbifi KOMnxreKC 3KOJiorHHecxoro pa^HOMOHHTopHHra (icaic H 

CHCTeM paaHOMOHHTopHHra, ocymecTBJweMoro B uejiax KOHTPOJIA COCTOAHHJI pa^HO- 
HacTOTHoro cneKTpa) BKjnoqaeT B ceöst cjie;ryiomHe ocHOBHbie KOMnoHeHTbi: 

- MOÖHJibHyio ycTanoBKy ßjm H3MepeHHH npocTpaHCTBeHHoro pacnpe/teneHHa 
ypOBHefi H apyrHx napaMeTpoB 3MÜ *); 
- KOMnwoTepHyio HHcfjopMaunoHHyio cHCTeMy; 
- CpeflCTB CBH3H **); 
- CTauHOHapHbie nocTbi Ha6jno,n;eHHfl 3a TeKymefi ajieicrpoMarHHTHOH o6cra- 
HOBKOH **) 

(TIpHMeHaHHH: *) - c pacuiHpeHHeM c^ymcuHH BO BTopofi OMepe^H,**) -BTOpaa onepe^b). 
MoÖHJibHasi ycraHOBKa npeflHasHaneHa /yw ocymecTBJieHHfl H3MepenHfl ypoB- 

Hefi 3MTI, ocymecTBJMeMbix nepHOjn-mecKH B pa^e TOHCK ropo^CKOH TeppHTopHH H, 

no Heoöxo^HMOCTH B SjiHxaHiiiHX npHropoßax. 
/pra KOMnjieKca 1-ofi onepeun, Taicne H3MepeHHsi flOJDKHbi, B OCHOBHOM, ocy- 

uiQCTBmiTbcn c uejibK) KOHTpojM cooTBeTCTBHfl cymecTByioiuHx ypOBHCÖ TpeÖOBaHH^M 
HOpMaTHBHO-TeXHHMeCKOH flOKyMeHTaUHH, B HaCTHOCTH /4/. IIpH HapamHBaHHH (pyHK- 
UHH, ycTaHOBKH 2-ofi onepe^H äOJDKHM oöecneMHBaxb nojiyqeHHe 6ojiee fleTajibHbix 
flaHHbix o CTpyKType, cocTaBe H napaiuerpax ajieiopoMarHHTHbix H3JiyneHHH. B O6OHX 

cjiynajix HH(J)opMauHÄ 06 H3MepeHHbix ypOBHax nojiefi nocTynaeT B crauHOHapHyio 
KOMnbiOTepHyK) 6a3y aaHHbix AJW nepepaöoTKH H onepaTHBHoro Hcnojib30BaHHJi. 

CTauHOHapHbie nöcTbi oöecneqHBaiOT nocToaHHbifi 0630p npocTpaHCTBa B 

BceM flHana30He HacTOT, BHJIBJMIOT Hammne 3HaMHMbix npeBbimeHHÜ ypOBHefi nojiefi, 
OCymeCTBJMIOT nOCTOJIHHblH KOHTpOJIb 3a ypOBHHMH H3JiyHeHHJI yCTaHOBOK no3BOJwex 
onepaTHBHO oxcjiexHBaTb H3MeHeHwa 3KOJiorHHecKofi 3M0 H CBoeBpeMenHO 
pearnpoBaTb Ha jnoSbie HecaHKUHOHHpoBaHHbie "ßbiöpocbi". 

OCHOBHbie   4>yHKUHH   KOMIIblOTepHOH   HHC^ÖpMaUHOHHOH   CHCTeMbi   COCTOflT   B 
xpaHeHHH flaHHbix 06 3M0, nepepa6oTKe STOH HHCpopMaunH H npeflcraBJieHHH aaH- 
Hbix 06 ypOBHflx 3MII B yn;o6HOH (jiopMe. 

OcTaHOBHMca KpaTKO Ha Tpe6oBaHHflX, npezrbflBJiaeMbix K nepeMHCjieHHbiM 
COCTaBJUHOU^HM H OC06eHHOCTflX HX peajiH3auHH. 

IV. Mo6njibHaH ycraHOBKa. 
BojibUJHHCTBO TexHHHecKHX cpeflCTB, Hcnojib3yeMbix B CTaHax CHr pjw H3Me- 

peHHfi onacHbix ypoBHefi 3JieKTpoMarHHTHbix nojien, opneHTHpOBaHbi Ha KOHTpoxtb 
cooxBeTCTBHsi cymecTByioiH.HM HopMaM, T.e. HHTerpajibHbix MOiHHOCTefi (Hanpa- 
»ceHHOCTeH) nojiefi B iiiHpOKHX nojiocax nacTOT. YKa3aHHbie cpe^CTBa He ABJIAIOTCH 

aBTOMaTH3HpOBaHHbIMH,  OCyUHeCTBJieHH6 H3MepeHHH  npeACTaBJWeT flOBOJIbHO Tpy^o- 
eMKHfi npouecc. 

C flpyroö CTOpoHbi, BecbMa coBepiueHHbie nporpaMMHO-annapaTypHbie 
KOMnjieKCbi, BbinycKaeMbie Be^ymHMH 4>HpMaMH (HanpHMep Po,n;3 H lUßapu), 151 npeA- 
Ha3HaqeHbi jaflx uejien KOHTpoxw HCnojib30BaHHa paßHonacTOTHoro cneKTpa.  OHH 
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HMeiox Mpe3BbiqaHHO BbicoKyio CTOHMOCTb, H, 4TO HeMMOBaxHO, npeßHasHaneHbi AJIH 

pemeHMH   HHbix  3amv.   Rsix   uejien   SKonorHiecKoro. MöHHTopHHra  SXH   cpe^cxBa 
OÖJiaAaiOT *BHO H36bITOMHbIMH (J)yHKU,HOHajIbHbIMH B03M05KHOCTHMH,  B  HaCTHOCTH  no 
qyBCTBHTejibHOCTH H paspemeHHio no yacxoxe. KpoMe xoro, OHH He HOSBOJWIOX 

ocymecTBnaTb HenocpeACTBeHHbie HSMepeHHJi HHTerpajibHbix napaMeTpos 9MH B 
uiHpoKHx nojiocax nacxox. 

MoÖHJibHbie ycTaHOBKH AJM uejieö SKOJioraqecKoro paflHOMOHHxopHHra JIOJDK- 
Hbi o6ecneqHBaTb: 

- H3MepeHHfl HHTerpajibHbix ypoBHeß 3MII, ocymecxsjiaeMbie B cooTBeTCTBHH 
c aeHCTByiomeH CHCTCMOH xpe6oBaHHÖ B    aBxoMaxHiecKOM HJIH XOTA 6H 

aBTOMaTH3HpOBaHHOM poKHMe; 

- xpaHeHHe aaHHbix H3MepeHHH c B03M0)KH0cxbK> nepeaaHH HX B 6a3y j&snmx 
HH<pOpMaU,HOHHOH CHCTeMbi; 

- B03MO»Ho.cTb yao6Horo MecTOonpeflejieHHa,  KOTopoe MOJKCT 6bixb aBxoiua- 
TH3HpOBaHHbIM npH H3MepeHHflX B TOpOflCKHX yCJIOBHHX H aBxoMaxHqecKHM 3a 
npeflejiaMH ropoflCKOH qepxu; 

- BOSMOJKHOCTb B 6jiH>KaHineH nepcneKTHBe nojiyqeHHa 6ojiee flexajibHofi HH- 

$opMauHH 06 3MII OTflejibHbix BHAOB HCTOHHHKOB, BKJiiOMaa napaiviexpu MO- 

flyjwuHH, nHKOBbie SHaneHHa, cneKxpajibHbiö cocxaB, a Taoce MecxonojioaceHHe 
HeHfleHTH(J)HUHpOBaHHbIX HCXOHHHKOB H3JiyHeHHJi. 
YKasaHHan ycxaHOBica «oracHa 6biTb, KpoMe Toro, öasoBOÖ »w nocjie™omero 

pacuiHpeHH* (J)yHKHHH B nacTH B03M03KHocreÄ H3MepeHHs pj^a apyrax noKasaxejiefi 
SKOJiorHHecKOH o6cxaHOBKH, B MacTHOcxH pa^HanHOHHoro cpoHa, ypoBH* ujyMa H m> c 
coxpaiKHHeM   Bcex   cpyHKUHfi   aBxoMaxnsauHH   MMepeHHH,   xpaHeHH*   H   nepenaHH 
HH(pOpMaUHH, a xaiOKe n03HHHOHHpOBaHHfl. 

npoBe^eHHbie xexHHKO-3KOHOMHHecKH0 aHajiH3 noKasbiBaex, HXO B Hacxoamee 
Bpewa HaHÖojiee uejiecoo6pa3HO nocxpoeHHe KOMnjieicca H3MePHxejibHbix cpe^cxB MO- 

öHJibHOH ycxaHOBKH Ha npHHUHnax aBXOMaxH3HPOBaHHoro paßoyero Mecxa onepaxopa 
H3MepeHHH 161. B OXJIHMHe OX HOJIHOCXblO aBXOMaXHMeCKOH  CHCXeMbI H3MepeHHfi THna 
/:>/ B 3XOM cjiynae BOSMOHCHO yacxHHHoe HJIH nojiHoe HcnojibsoBaHHe cymecxByiomnx 
H3MepHxejieH   oxenecxBennoro   npoHSBOflcxaa,   HMeiomHx   npneMJieMyio   CXOHMOCXB 

laKOH XHHOBOH ycxaHOBKH H cxpyKxypbi HcnojibsyeMbix nporpaMMHo-annapaxypHbix 
cpe^cxB HjuHocxpnpyioxcjj aaHHbie, npHBeaeHHbie Ha pnc. 1,2. 

V. CnpasoHHo-HH^opMaimoHHan CHCTeiwa. 
YKasaHHaa cHcxeiua (ajieKxpoHHaa Kapxa) »Bjwexca ueHxpajibHon B paccMax- 

pHBaeMOM KOMHJieKce cpe^cxB aKOjiornnecKoro paÄHOMOHHxoPHHra. OCHOBOH ee SBJM- 

exca Hcnojib30BaHHe cospeMeHHbix reoHHcpopMauHOHHbix xexHOJiornfi, MCTOäOB xpaHe- 

*"K H?      
TKH ÄaHHUX H3MePeHHfi- CncxeMa o6ecneHHBaex cjitwywimie ocHOBHwe 

- xpaHeHHe HH(popMau.HH 06 HSMepeHHbix xexymnx ypoBiwx 3Mn, a xaK)Ke B 

nepcneKXHBe, 6ojiee ^exajibHofi HH<popMaqHH; 

- o6pa6oxKy aaHHbix H3MepeHHH, BKJiioqaa HX HHxepnojMqHio äJU JHO6OH 

XOMKH KOHxpojiHpyeMOH xeppHXopHH Ha ocHOBe 34>4)eKXHBHbix MoaejieH pac- 
npocxpaHeHHa pa^HOBOJiH. nocjie^Hee BecbMa BajKHO, BBH^y 3HaHHxejibHOH 
HSMeHHHBOCXH    ypOBHeö    3MO    B    yCJIOBHaX    TOpOfla    H    OHeBHflHOH    HeB03- 
MOXHOCXH ocymecxBJieHHa saiuepoB c uiaroM nopa^Ka pa^nyca npocxpaH- 
cxBeHHOH KoppejiauHH npocxpaHCXBeHHbix (pJiyKxyaqHH nojiefi; 
- npe^cxaBjieHHe o63opHOH HH^opMauHH 06 ypoBHJix nojiefi Ha KOMnbioxep- 
HOH Kapxe-cxeMe ropojia B rpacpHnecKoö (popMe; 

- npeflcxasjieHHe B ^HajioroBOH pe>KHMe HH<popMauHH 06 HHxeprajibHbix ypOB- 
HHX 3Mn B pasjiHHHbix xoMKax xeppHxopHH ropoaa H 6jiH)KaHiiiHX npHro- 
poflOB; * 
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- npeßCTaBJieHHe B UH^POBOH HJIH rpatJjHHecKOö c|)opMe HHTepecyiomeo HH^op- 
MauHH o BKJiafle OTflejibHbix HaH6ojiee 3uamiMbix HCTOMHHKOB ajieiopoMar- 
HHTHbix "3arpH3HeHHH" OKpy>KaK>meH cpe^bi; 
- aBTOMaTHMecKyio KoppeKUHio OTo6pa>KäeMOH HHobopMauHH npH no^BneHHH 
HOBblX MOUlHblX HCTOMHHKOB HJIH H3MeH6HHH napaMCTpOB CymeCTByK>mHX. 
YKa3aHHafl CHCTeMa, peanmoBaHHaj! na 3BM He xyxe PC 486 BKjnoHaex 

cjieÄyiomHe ocHOBHbie 6JIOKH: 

- 6JIOK ynpaBJwiomHX H cepBHCHbix nporpaMM, BKTiK>m% noflCHcreMy pa3pe- 
uieHHbix fljm pasHbix KaTeropnn nojib30BaTejieH ypoBHefl flocxyna; 
- 6JIOK 430pMHpOBaHHÜ KOMnblOXepHOH TOnorpa(|)HHeCKOH OCHOBbi; 
- 6JTOK ynpaBJieHHj? H xpaHeHH* 6a3bi flaHHbix - pe3yjibTaTOB H3MepeHHw; 
- 6JIOK MaTeMaTHMecKHx MOflejien HHTepnojwuHH aaHHbix HSMepeHHÖ. 
CocTaB nporpaMMHbix cpeja;cTB,   BHA BUXOAHOH HH($)opMaij(HH B pa3JiHHHbix 

peKHMaX HJIJIIOCTpHpyiOT pHC.3,4. 
Gneayex no/j;qepKHyxb, HTO yKa3aHHaa KOMnbfOTepHaa CHCTeMa BbinojmeHa 

yHH(J)HUHpoBaHHOH H flonycKaex HapainHBaHHe obyHKUHH wn xpaHeHH«, o6pa6oTKH H 

OTo6pa)KeHHS[ HH^opMauHH o 3HaMeHH«x flpyrnx SKOjiornqecKH 3HaHHMbix (j)aKxopoB 
(ypOBeHb paflnauHOHHoro <J)OHa, ypoBeHb myiwa H flp.) 

VI. 3aKJi!OHCHHe. 
ABTOpbi Bbipa^caioT 6jiaroaapHOCTb 3KOJiorHHecKOMy <X>oH,ny PT, a xaioKe Fo- 

cynapcTBeHHOMy KoMHTeTy no caHHxapHOMy Hajapopy PT 3a BecoMyio no,zmep)KKy B 
BbinOJTHeHHH HacToameH paöoTbi. 

VII. JlHTepaTypa. 
1. Kajuma T.T. EHoajieKxpoMarnHXHaa coBMecTHMocTb H npoßneMbi rnrHeHHHecKöH 
perjiaivieHTauHH ajieKxpoMarHHXHbix nojiefi // 3xreKxpoMarHHXHaa coBMeexHMoexb: C6. 
MaTepHajiOB Mej^a.cHMn. - C.-I16.: 1993. - C.743-745. 
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C.174. 
4. BpeMeHHbie caHHxapHbie HopMbi H npaBHJia 3amHxti HaceoieHH« ox B03,rr,eHCXBHfl 
3JieKTpOMarHHTHbix nojiefi, co3flaBaeMbix pa,zr,HoxexHHHecKHMH oöteKxaMH. - N2963-84, 
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5. Monitoring System for Russian Cities. System Description, npocneicr 4>HpM Po;j3 H 
UlBapul995r. 
6. HayMHO-TexHHHecKHH oxnex "Pa3pa6oTKa Mo6HJibHOH ycTaHOBKH flJiH uejiefi SKOJIO- 
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Electromagnetic field intensity measurement and checking are among the paramount tasks for ecolgical monitoring. This 
paper presents the most important results of works being an outcome of joint efforts of the Scientific-Research Centre of 
Applied Electrodynamics and the Republic Tatarstan Department of Sanitary have been carried out by the initiate and 
support of the RT Fund of Ecology. The data on computer-aided information systems as well as the facilities for the field 
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BAHÜHHE CBH M3AYHEHHÜ HA CTPYKTYPHBIE, OH3HKO- 
XHMHHECKHE H 3AEKTPOM3MqECKHE CBOHCTBA PÄAA 

nOAYnPOBOAHHKOBMX MATEPHAAOB H nPHBOPHBIX 
CTPYKTYP 

A.E.EeAHeß', A.A.EeAaeB*, E.O.BeHrep*, H.E.EPMOAOBHH*, C.M.KoMHpeHKo*, 
P.B.KoHaKOBa*, B.r.AsmHH , H.H.MarAa", B.B.MHAeHHH , 

H.B.npoKoneHKO*, C.B.CBe<mHKOB\ EA-COAOBBCB*, lO.ATxopHK* , 
M.B.nieBeAeB*** 

* MHCTHTyT CpH3HKH nOAynpOBOAHHKOB HAH YtCpaHHU, KHC-B, 

YitpaHHa. 

HHLt "XapfcKOBCKHH (pH3HKO —TeXHHqeCKHH HHCTHTyT", 
XapBKOB, YKpaHHa. 

*" PiHCTHTyT 3AeKTpOCBapKH HM. E.O.E[aTOHa HAH YKpaHHBI, 
KneB, YKpaHHa. 

AHHOTaillHH 

H3yneHO BAHHHHe CBH oÖAyHeriHH B CM H MM AHana30Hax AAHH BOAH Ha 
SAeKTpHiecKHe   napaMeTpu   apcenHAa   raAAHH   H   TBepAfcix   pacTBopoB   Ha   ocHOBe 
CdxHgi_xTe. riOKa3aHO, HTO MHKpOBOAHOBBie 06pa60TKH npHBOAHT KaK K H3MeHeHHHM 
xapaKTepncTHK ToieiHtix AecpeKTOB H HX CKonAeHHH, Tax H CTHMyAHpyioT o6pa3o- 
BaHHe AHCAOKaHHH. HaÖAioAaGMaH CTpyKTypHaa peAaKcau,HH 3aBHCHT OT HcxoAHoro 
npHMecHO —AetpeKTHoro cocxaBa noAynpoBOAHHKa, ero MopcpoAorHqecKHX napaMerpoB 
H yCAOBHH oöpaSoTKH. 

Bo3AeHCTBHH MomHoro CBH oßAyuenHH na npocTpaHCTBeHHo - HeoAHopoAHBie 
CTpyKTypti Ha ocnoBe MeTaAA-A3B5 BAHJHOT Ha xapaKTep Meaccpa3HBix peaKHHH H 

B3aHMOAHcp(py3Hio KOMnoHeHT reTeponap, cpopMHpya rpaHHHU pa3AeAa, oÖAaAaioiHHe 
OC060H   CTpyKTypOH   H   HHTepMeTaAAHqeCKHM   COCTaBOM,   a,   CAeAOBaTeABHO,    SAeKTpo- 
(pH3HqecKHMH napaMeTpaMH. CpaBHenne e pe3yAKraTaMH HCCAeAOBaHHÖ MexaHH3MOB 
4>OpMHpOBaHHH    KOHTaKTHMX    CTpyKTyp    npH    APy™X    BHAaX    aKTHBHBIX    BOSAefiCTBHH 
(TepMooT^nr, y-o6AyqeHHe 60Co) no3BOAHAo CAeAa-rb BMBOA O cymecTBeHHofi poAH 
HeTepMHiecKHx (paKTopoB B npoueccax, onpeAeAHioiHHx CBoiicTBa CTpyKryp Ha ocHOBe 
MeTaAA—noAynpoBOAHHK. 

I. BßeAeHHe 
AAH coBpeMenHoro ypoBHH pa3BHTH3 MHKpo3AeKTpoHHKH xapaKTepHa TC-H- 

AeHHHH K yBeAHHeHHio nAOTHOCTH ynaKOBKH SAeMeHTOB c MaABiMH (B OAHH H MeHee 
MHKpOHa),     paCCTOHHHHMH    Me3KAy    HHMH.     06eCneqHTB    TaKyiO     KOMnOHOBKy    MOÄHO 
TOABKo nyreM pa3pa6oTKH TexnoAorHHecKHX npou,eccoB HanpaBAeHHoro H A03npo- 
BaHHoro H3MeHeHHH CBOHCTB MaTepHaAOB. TaK, H3yqenHe cnenHcpHKH AecpeKToo6pa- 
30BaHHH,   aMOpCpH3aHHH TOHKHX nOAynpOBOAHHKOBBIX IIAeHOK H  CAOeBMX  CTpyKTyp  Ha 
HX ocHOBe, cocTaBa H npocTpaiiCTBeHHoro pacnpeAeAeHHH SAeMeHTOB B HMnAaiiTH- 
pOBaHHMX   CAOflX,   HOHHO - CTHMyAHpOBaHHBIX   peaKHHH   npHBeAH   K   C03AaHHIO   HOBOrO 
HayHHo - TexHHHecKoro HanpaBAenHH HOHHO - HMnyAtcHOH MOAHcpHKauHH MaTepnaAOB, 
n03BOAHK)IHerO    KOHTpOAHpOBaHHO    npOBOAHTt   npOH,eCC£I    HX    AerHpOBaHHH,    OVHCTKy, 
CTpyKTypHO-4)a30BRe nepeorpoHKH B noBepxHOCTHBix CAOHX, co3AaHHe cnAaBOB 
TpeöyeMoro cocTaBa c uinpoKHM BaptHpoBaHHeM HX aTOMHoö CTpyKTypti. HccAeAO - 
BaHHe MexanH3MOB AHCCHnauHH sneprHH npn ynpyrHX H Heynpyrnx B3aHMOAeficTBHHx 
3AeKTpoHHtix nyHKOB c TBepAbiMH TeAaMH no3BOAHAO pa3pa6oTaTb npene3HOHHHe 
AOKaABHO-TepMHHecKHe TexHOAorHH o6pa6oTKH noAynpoBOAHHKOBiJX MaTepnaAOB H 

reTepocTpyKTyp 11a HX ocHOBe, KOToptie AAIOT BO3MO«HOCTI, HeAeHanpaBAeHHO H 

KOHTpoAHpyeMO npoBOAHTB OT^KHI-H Aecpe-KTOB, AH4>(py3HOHHBiH MaccoÖMeH, peKpn- 
CTaAAH3aHHio nAeHOHHbix CTpyKTyp, CTpyKTypHO - cpa30BBie nepexoABi B KOHTaKTH- 
pyiomHX CAOHX, AecopÖHHio H HcnapeHHe c noBepxHocra aTOMHMx nacran, nAaBAeHHe. 

MaTepuaAb, 6-5 MeatflyHapowoS ^«MCKOH ^«KPOBOAHOBOM Ä^epeHljHH ^«^1,«,%. 16-19 ceHT«6p» 1996 r.. Ceeacrono^b, Kpb.M, yKpa«Ha —A 

Proceedings of 6th International #<taean »«trowavc inference #*>*#>%>. 1649 September 1996, Sevastopol, Crimea, Ukraine 71 



AocTHTHyTHH   ypoBenb   noHHMaHHH   cpH3HKO-XHMH*iecKHx   nponeccos,   npoTe- 
KaK)IHHX npH B3aHMOAeHCTBHH SAeKTpOHQB H HOHOB C TBepABIMH TGAaMH, oöecneiKAH 
HX AHAHpyiOmee nOAOJKeHHe npH npOH3BOACTBe MHKp03AeKTpOHHBIX H3AeAHH Hosoro 

nOKOAeHHH. 
HapHAy c OTMeTOHHHMH TeXHOAOFOTeCKHMH o6pa6oTKaMH 3Ha^HTeABHOe M6CTO 

B   npOH3BOACTBe   nOAynpOBOAHHKOBBIX   npHÖOpQB   3aHHMaK)T   TeXHOAOrHH,   HCnOAb3yK>- 
mne MonjHue 3AeKTpoMaraHTHBie nyiKH. npHMeKenne cpoTOHHBix H Aa3epHux BO3ASH- 

CTBHH no3BOAHeT peinaTB 3aAaHH pasMepHOH o6pa6oTKH DAeHo^iHBix MaTepnaAOB, o6ec- 
neiHBaa HX OHHCTKY, OT^CHF, saKaAKy, csapKy H AP- Han6oAee umpoKoe pacnpocTpa- 
HeHne noAy^HAH Aa3epn&ie   TexHOAoraraecKHe nponeccBi, T.K. npn KpaTKOBpeMeHH&ix 
(HaHOCeKyHABl) MOmHMX B03AeHCTBHHX, KaK npaBHAO, yAaeTCH HCKAEOHaTB BAHSHHe 
TenAO(pH3HqeCKHX H TepMOAHHaMHieCKHX CpaKTOpOB  Ha BHeApeHHe  aTOMOB  KOHTaKTH- 
pyioinHx c noAynpoBOAHHKOBoii MaTpimen BemecTB (AasepnaH HMnAaHTaHna) B noAy- 
npoBOAHHKH H noAynaTB noBepxHOCTHBie cnAaBBi H3 3AeMteHTOB c anoMaABHO pa3Aira- 
HBIMH TertA04>H3HieCKHMH   H TepMOAHHaMHieCKHMH CBOHCTBaMH. 

OAHaKo, HecMotpa Ha KajKymyiocH npocroTy TexHOAorHH, HcnoAB3yK>iHHx 3AeK- 
TpoMarHHTHBie nyiKH, no cpaBHeHHK) c KopnycKyAapHBiMH TexHOAorHHMH AO HacTOH- 
mero BpeMeHH, ocTaioTCJi HepenieHHBiMH p«A (pyHAaMeHTaABHBix npo6AeM, orpamrra- 
BaioiHHX HX npHMeHeHHe. K HX iHCAy MOJKHO OTHecTH MHKpoMeTaAAyprHiecKHe npo- 
HeCCBI B3aHMOAeHCTBHH, CTHMyAHpOBaHH&ie 3AeKTpOMarHHTHBIM H3AyHeHHeM, Ae<peKTO- 
o6pa30BaHHe B npHnoBepxHocTHBix CAOHX noAynpoBOAHHKa, BosHHKHOBeHHe TepMOMe- 
xaHHnecKHX HanpacKeHHH Ha noßepxHOCTH H rpaminax pa3AeAa (pa3, (pa30BBie CTpyK- 
TypHBie nepexoABi B HaHoceKyHAHOM H cy6HaHoceKyHAHOM Anana30Hax BpeMeH, BKAK>- 

lasc MexaHH3MBi KpHCTaAAH3an,HH, neperpeB H nepeoxAa^KAeiiHe MeTacTa6HABHBix (pa3, 
CTeneHB HX AHcneprnpoBaHHOCTH MHorotpa3HOCTB H AP- 

,A^iana30H nacTOT SAeKrpoMarHHTHoro (3M) HSAyreHHa: 10-100 TTB, npaKTHiecKH 
Boo6me He HcnoABSOBaAcs AAS peuieHHH TexHOAoriraecKHX 3aAa*i. HMeKunHecH HCCAe- 
AOBaHHH [1, 2] no B3aHMOAeHCTBHK> MOinHBix 3M iryqKOB OTMeneHHoro AHana30Ha iac- 
TOT c noAynpoBOAHHKOBBiMH CTpyKTypaMH KacaAHCB B OCHOBHOM AeCTpyKTHBHBIX (paK- 
TOpOB TaKHX B3aHMOAeHCTBHH. B TO 7Ke BpeMH MOaCHO OTMeTHTB HepCHeKTHBHOCTB HC- 
HOAB30BaHHH   MHKpOBOAHOBBIX   o6pa6oTOK   AAH   pa3pa6oTKH   HOBBIX   TeXHOAOrHH.    3TO 

oöycAOBAeHo: 
- 60ABUEKM AHana30HOM yAeABHbix MomHOCTefi o6Ayn:eHHH B npeAeAax OT 0,1-109 

BT HpH BapBHpOBaHHH HOAHpH3aE(HH H HanpjOKeHHOCTH 3AeKTpH"ieCKOrO HOAH 3AeK- 
TpOMarHHTHOH BOAHBi; 

- B03MOJKHOCTBIO peaAH3aHHH KaK KpaTKOBpeMeHHBIX HaHO- H MHKpOCeKyHAHBIX 
HMnyABCHBix B03AeHCTBHH, TaK H o6pa6oTKy B HenpepBIBHOM pejKHMe; 

- BBICOKOH ynpaBAaeMOCTBK) H BOCnpOH3BOAHMOCTBK)  HapaMeTpOB  MHKpOBOAHO- 
Boro H3AyHeHHa, o6ecneHHBaiomero BO3MOTKHOCTB TOIHOH A°3HpoBKH HOABOAHMOH K 

aKTHBHBiM 30HaM oÖAyiaeMoro oÖBeKTa aHepnm; 
- oöecneieHHeM paBHOMepHOH o6pa6oTKH oÖBeKTOB 6OABHIHX nAonjaAeH; 
- B03MOSSHOCTBK)   H3ÖHpaTeABHOrO   OAHOpOAHOTO   B03AeHCTBHH   Ha   KOMEOHeHTH 

HOAynpoBOAHHKOBBix npH6opHBix CTpyKTyp; 
- 6ecKOHTaKTHOH o6pa6oTKOH MaTepnaAOB B BaKyyMe HAH cneipiaABH&ix cpeAax. 
06ocHOBaHHocTb CAeAaHHoro 3aKAioqeHHH HOATBepacAaeTCH Ha npHMepe   HCCAe- 

AOBaHHH |3] nocTHMHA.aHTaE[HOHHoro KpeMHHH, AerHpoBaHHoro P+ c aHeprneH 50 K3B H 
A030H 10 5 CM"

2
 B noAe CBH H3AyqeHHH c f=2,5 Trq. BBIAO noKa3aHO, HTO KpaTKOBpe- 

MeHHBiH (~c) CBM OT^HT B oTAHiHe OT BBicoKOTeMnepaTypHoro (1110 K) TepMHiecKoro 
(30 MHH) He HpHBOAHT K pa3MBITHK> npOCpHAH BHeApeHHOH npHMeCH H AOBOAHT K03(p- 
(pHD(HeHT ee HCnOAB30BaHHH AO 100%. 

OTMeieHHBie BBIHie 06cT0aTeABCTBa nOCAyjKHAH OCHOBaHHeM AAS nOCTaHOBKH 
HKHCe ITpHBeAeHHfilX HCCAeAOSaHHH HO H3yqeHHK) BAHHHHH MHKpOBOAHOBOrO H3AyHeHHH 
Ha CTpyKTypHO-XHMHieCKHe H 3AeKTpO<pH3HieCKHe XapaKTepHCTHKH HOAynpOBOAHHKO- 
BBIX MaTepnaAOB H CTpyKTyp. 

II. MeTOAHKa 3KcnepHMeHTa 
OÖBeKTaMH HccAeAOBaHHH 6BIAH MOHOKpHCTaAAH^iecKHe nAacTHHBi GaAs, Aern- 

poBaHHBie Sn H Te (n sl'10    - 210    CM" ), noAroTOBAeHH&ie A^a H3roTOBAeHHH npnSop- 
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HBIX cTpyKTyp;   n-CdxHg!.xTe (x = 0,22-0,24), B&ipe3aHHBie H3 CAHXKOB H noABeprayx&ie 
MexaHHiecKOH o6pa6oTKe H xpaBAenmo, 

Bxopoö KAacc o6teKTOB HccAeAOBaHHH cocTaBAHAH rexepo<pa3HBie cTpyKTypti 
MeTaAA-A B , HsroxoBAemiBie B BaKyyMe 5 10"6 Topp MeTOAOM xepMHiecKoro HAH 3AeK- 
TpoHHo-AyneBoro Hcnapemra MeTaAAos Ha XHMHiecKH o^nmeHuyio nosepxHocxB noAy- 
npOBOAHHKOB.  BHf6op KOMHOHeHT MexaAAH3aHHH 6BIA 06yCA0BA6H X6M,  HXOÖBI B  HCCAe- 
AOBaHHBIX ÖHHapHHX  CHCTeMaX M02KHO  6bIAO  6&I peaAHSOBaTB AH6o AOMHHHpOBaHHHe 
AH(p<py3HOHHMX npoHeccoB Ha (pasHofi rpamnje, AH6O oöpasoBaHHe npoAVKXOB XHMH- 
lecKHX peaKHHH KOMHOHCHX rexeponapti. 

06pa3Hbi noABepraAHct oÖAyqeHHio B CM (MarneTpoH) H MM (rapoxpoH) AHana- 
soHax AAHH BOAH B ycAOBHHx CBo6oAHoro npocTpaHCTBa B HanpaBAeHHOM peasHMe 
CooTBexcTByiomHe nacxoxbi oGAy^emra - 2,45 TITS, H 84 Pn,. HHxeHCHBHoexb MHKPO- 

BOAHOBOrO BOSAeHCXBHH BapBHpOBaAaCB H3MeHeHHeM BpeMeHH 3Kcno3Hmm, BBIXOAHOH 

MOI^HOCXH reHepaxopa, AHöO H3MeHeHHeM paccxoHHHH AO oÖAynaeMoro oöteKxa. HH- 

xeHCHBHOcxt naAaiomero H3AyqemiH npH MaKCHMaABHoii MOIHHOCXH reHepaxopoB co- 
cxaBAHAa 10 KBX/CM AAH rapoxpoHa H 100 BT/CM

2
 AAH MarHexpoHa. 

AAH H3y*ieHHH OCo6eHHOCX6H B3aHMOAeHCXBHH MHKpOBOAHOBOrO o6AyqeHHH c 
HOAynpOBOAHHKOBMMH   06teKXaMH   HCnOAb30BaAHCB   MeXOAM,   HOSBOAHIOmHe   HOAyqHXB 
HHcpopMaHHio 06 3AeKxpo(pH3HHecKHX napaMexpax xecxnpyeMHX o6x>eKxoB 
((poxoAioMHHecHeHHHH (OA), (poxonpoBOAHMocxb (On), peHxreHOBCKaH xonorpacpna 
raABBaHOMarHHxittre H BOAbx-aMnepnBie HSMepeinra), XHMHnecKOM cocxaBe (Oace- 
SAeKxpoHHaa cneKxpocKOHH« H Ae<poPMaHHOHHBix xapaxxepncxHRax  (peHxreHOBCKaa 
AH(ppaKH.HH). 

III. 3KcnepHMeHTaABHBie pe3yAbTaxbi 
a) noAvnpoBOAHHKOBbie MaTepHaAu H CTpyKTypu. 

^ AaHHbie HccAeAOBaHHH (DA n-GaAs yKasBmaiox Ha HSMeHemie npHMecHO- 
AecpeKXHoro cocxaBa H xonoAorHH AOKaABHtix neHxpoB B o6pa3Hax, noABeprayxBix 
MaraexpoHHOMy o6AyieHHK>. ripHieM cxenem, BAHHHHH MHKPOBOAHOBOH o6pa6oxKH 
onpeAeAHexca HCXOAHBIM npHMecHO-AecpeKXHBiM cocxaBOM noAynpoBOAHHKOBoro Maxe- 
pnaAa H BeAHiHHOH AO3BI o6AyieHHH. 

Ha pHC. 1. npeAcxaBAeHbi cneKXBi OA o6pa3HOB GaAs:Sn c opHeHxanHeii no- 
BepxHocxH (111) AO H nocAe CBH-MaraexpoHHoro oÖAyieHHH. B HCXOAHBTX cneKxpax 
HeoÖAyHeHHMx o6pa3HOB Ha6AK>AaAHCb KopoxKOBOAHOBaa noAoca (KB) c noA03ceHHeM 

MaKCHMyMa HSAy^eHHH hvmäx = 1,15 aB; 1,18 aB H 1,2 aB H AAHHHOBOAHOBaH (AB) - c 

hvmax= 0,993 aB H 1,01 aB (B paaHBix oöpaanax). upmeM HHxeHCHBHoexb KB HOAOCBI 

öMAa B 2-5 pa3a BBmie AB-HOAOCBI. noAyiHHpHHBi HOAOC cocxaBAHAH 200-300 MaB KB - 
HOAOCBI H 100 - 140 MSB AB - noAocBi. B peayABxaxe oÖAyqeHHH yjKe nocAe W = 6 ceK 

BO Bcex HCCAeAOBaHHBix oöpaaijax noAoaceirae MaKCHMyMOB HOAOC OA cxaHOBHAocb 
OAHHaKOBBiM H cocxaBAHAO 1,185 aB H 1,01 aB cooxsexcxBeHHo nPH npeHMymecxBeH- 
HOM ycHAeHHH noAocBi 1,185 aB. noAyumpHHa KB - HOAOCBI H3MeHHAacB CAa6o, a AB 
HOAOCBI cnaaaAa (Ao t = 30 ceK) pe3Ko cyacaAacB, a npn W = 62 ceK BoapocxaAa Ao 
HCXOAHOH BeAHHHHBi H B HeKoxopBix CAyqanx Aaace ee npeBBmiaAa. 

B GaAs:Sn (100) B HCXOAHOM COCXOHHHH noAoacemie MaKCHMyMOB 6BIAH AAH KB 
H AB HOAOC 1,22 aB H 0,993 aB cooxBexcxBeHHo, npn npeHMymecxBeHHOH HHxeHCHB- 
HOCXH AB HOAOCBI (B 5 pas), y^e npn 2 ceK oOAyieHHa SXH SHaneHHH cocxaBAHAH 1,28 
H 1,04 H He HSMeHKAHCB BHAOXB A0 W  =  62 CeK. MHXeHCHBHOCXB KB HOAOCBI A0 W  = 
30 ceK npaKXHHecKH He H3MeHHAacB, a AB HOAOCBI HPH nepBOM me oÖAyqeHHH pe3Ko 
naAaAa (B 3 paaa), a 3axeM Ao W = 30 ceK BospocxaAa, ocxaBancB, oAHaKo, Memme 
HCXOAHOXO  3HaHeHHH.  nPH toe,   =   60 ceK 06e HOAOCBI OCAa6AH.  noAyiHHpHHBi o6eHx 
HOAOC AO oÖAyaeHHH 6MAH npHMepHo OAHHaKOBBi (-180 MaB). B peayABxaxe oÖAyHeHHH 
KaK H B CAyrae GaAs:Sn (111), AAH KB HOAOCBI ee ana^eHHe HOHXH He H3MeHHAHCB, AAH 

A» - HOAOCBI H3MeHeHHe noAyunipHHBi 6BIAO HeMOHoxoHHBiM: noAoca cyacaAacB AO U 
= 6 ceK (H= 140 MaB) H yniHpHAacB AO 190 M3B npn W = 60 ceK. 

B GaAs:Te B HCXOAHOM COCXOHHHH HaÖAiOAaAacB AHIHB KB noAoca c hvmax= 1,20 
sB, Koxopa» He H3MeH»AacB B pe3yAbxaxe oÖAyneHHH. 

MaTep„aAb, 6-S Me»«y„apoa„ofi ^„MCKOB ^KPO0OAHODOS «,„$epe„B„„ ^«^«W,%. 16-19 ce„™6pil 1996 r., Cesacmno^, Kp,,M, yKpa„„a „n 
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TaKHM o6pa30M, Han6oAee cTaÖHABH&iM K B03AeHCTBHio CM-H3AyHeHHa aBAaexca 

GaAs:Te c AOMHHHposaHHeM B cneKTpax OA AKIXIB OAHOH HQAOCBI C hvmax=l,20 aB, 
npnpoAy KOTopoii CBa3&iBaioT c KOMHAeKcaMH (Vca-TeAs) [4]. HTO KacaeTCH GaAs:Sn, TO 

yste HexoAHMe o6pa3HBi MorAH cymecTBeHHO OTAHHaTBca no npHMecHO-AecpeKTHOMy 
COCTaBy,   O   HeM   CBHA6TeABCTByeT   pa36pOC   B   HOAOJKeHHHX   H   HHTeHCKBHOCTaX   Ha6AK>- 
Aaeivttix AJB H KB HOAOC B pasHBix o6pa3nax. AAH TaKHx KpncTaAAOB CBH o6AyH6HHe 
JM.e  npH  CaMBIX  MaABIX  AAHTeABHOCTHX  B03A6HCTBHH  BAHHeT  Ha   CIieKTp  TQHeHHBIX  A6- 
(peKTOB CTpyKTyp&i. Cyxcemie HOAOC npn MaABix H cpeAHnx Aosax o6AyneHHa (AO t^ 
= 16 ceK) CBHAeTeAbCTByeT 06 yAyHinemiH o6iuero ynopaAoneHHa CTpyKTyp&i penieTKH 
B03M03KH0 B pe3yABTaT6 yBeAHieHHH HOABHaCHOCTH AHHeHHHX H TOHeHHBIX AeCpeKTOB H 

aKTHBartHH nponeccoB HX rerrepHpoBaHHa. BHXOA hvmax KB H AB HOAOC Ha OAHHaKo- 
Bue 3HaneHHa B pe3yABTaTe o6AyneHHa Taicsce CBHAeTeABCTByeT B noA&sy axoro HBAC- 

HHH. 

BoAee cymecTBeHHoe BAHHHH6 CBH H3AyneHHH Ha KB-noAocy, a TaKJKe OTHOCH- 

TeABHaa y3ocTB AB HOAOCBI HO3BOAHIOT npeAnoAosKHTB, HTO HempBi KB HOAOCBI (hvmax 

= 1,185 MSB) ecTb Hempu peKOMÖHHai^HH, T.e. H3AyneHHe B03HHKaeT npn peKOMÖHHa- 
H.HH HepaBHOBecHHX HOCHTeAeii TOKa, a H3AyHeHHe B AB noAoce aBAaeTca BHyrpH- 
rteHTpoBMM, T.e. H3AyHemie nponcxoAHT npn SAeKTpoHHBix nepexoAax MeacAy AByMH 
ypoBHHMH (OCHOBHBIM H B036yacAeHHBiM cocToamieM) OAHoro neHTpa. 

B AHTepaType noAocy, 6AH3Kyio K HaÖAioAaeMOH naMH B GaAs:Sn KB noAoce, 

CBH3HBaiOT C KOMHAeKCOM (Vca-Sn^) [4], a noAocy c hvmax=l,0 3B C npHCyTCTBHeM B 

KpHCTaAAaX   (B03M03CHO  HeKOHTpOAHpyeMO)   Cu   [5],   OAHaKO,   B   OTAHHHe   OT   [5],   noAy- 

HeHH&ie B AaHHOH pa6oTe Aamnae (oTHoenreABHaa y30CTB HOAOCBI 1,01 aB, H slOO -f- 
140 MSB H 6oAee cAa6oe BAHamie Ha Hee CBH o6AyHemia) no3BOAaioT npeAnoAoacHTB, 
HTO   H3Ay^eHHe   B  AB-HOAOCe  HBAaeTCa  BHyrpHHeHTpOBBIM,   a  He   CBH3aHO   C   3aXBaTOM 
3A6KTpoHa H3 C-30H&I Ha CuGa. PepexoABi Me^CAy noAypoBHSMH, pacmenAeHHOH B KpH- 
CTaAAHiecKOM noAe C1-O6OAOHKH Cu H (popMHpyioT cTpyKiypy AB HOAOCBI OA. 

HTO KacaeTca H3MeHeHHH HHT6HCHBHOCTH HOAOC OA B HccAeAyeMBix KpHCTaA- 
AaX, TO OHH MOiyr 6BITB BBI3BaHBI CAeAyiOIHHMH OÖCTOHTeABCTBaMH: 

1) H3MeHeHHeM KOHHeHTpaHHH COOTBeTCTByiOIHHX HeHTpOB CBeieHHH; 
2) H3MeHeHHeM BepoaTHOCTH H3AyiaTeAi>Horo saxBaTa HOCHTeAen Ha HeirrpBi 

CBeneHHa; 

3) H3MeHeHHeM TeMna peKOM6HHaH.HH nepe3 Hempu 6e3Bi3AyHaTeABHOH peKOM- 
6HHaHHH. 

riepBaa H3 ynoMaHyxBix CHTyaEiHH MoaceT peaAH30BaTLca npn pa3pyineHHH HAH 

o6pa30BaHHH cooTBeTCTBytomnx HempoB, cTHMy;\HpoBaHHKtx CBH oÖAyqeHHeM. TIo- 
CKOAJbKy I^eHTptl  KB  H3AyieHHH eCTB AOHOpHO-aKHenTOpHBie  KOMIIAeKCBI  (Vca-SllAs),  TO 
npn HX pa3BaAe AOASCHBI 6BIAH 6BI HOKBHTBC« HOB&ie HOAOC&I OA, T.K. VGa TaKace HB- 

AHeTCH n;eHTpoM cBeieroiH. HoBBie HOAOCH oTcyrcTByioT. 
ECAH He H3MeHHeTCH npnpoAa iieHTpos cBe^eHHH, TO MaAOBepoHTHo H3MeHeHHe 

HHTeHCHBHOCTH HOAOC, CBH3aHHOe C 2. 
HTO «e KacaeTCH H3MeHeHHH B KaHaAax 6y3Bi3AyiaTeAbHOH peKOMÖHHauHH, TO 

OHH OieHB BepOHTHBI XOTH OBI y^Ke HOTOMy, 1TO BAHSHHe CBH-HSAyHeHHH Ha HHTeH- 
CHBHOCTB HaOAIOAaeMBIX HOAOC pa3HOe H 3aBHCHT OT HCXOAHOrO COCTOHHHH KpHCTaAAOB. 

npn BpeMeHax o6AyHeHHH >60 ceK HaOAioAaeTca ycH/venne AerpaAai^HOHHBix 
npoi^eccos B GaAs. YMeHBUiaeTCH HHT6HCHBHOCTB o6enx HOAOC H HPOHCXOAHT HX yuni- 
penne, HTO CBHAeTeABCTByeT o pocTe KOHEjeHrpai^HH AecpeKTOB B KpncTaAAe. 

BAHHHHe MOmHOTO MM-H3AyHeHHH, Ha HOpHAOK H 6oAee npeBBHHaiOHJ(HH ypoBeHB 
MHKpoBOAHOsoro B03AeHCTBHK CM-AHana30Ha, Ha cneKTp EjeHTpoB H3AyqaTeABHOH pe- 
KOM6HHaB(HH GaAs 6oAee HeoAH03HaiHoe, XOTH oömnä BBIBOA O POAH HcxoAHoro npn- 
MecHO-AecpeKTHoro cocTaBa MaTepnaAa Ha nocAeACTBHa TaKHx o6pa6oTOK HMeeT Mecro 
H B 3TOM CAyiae. B [3, 6], noAaraioT, HTO npn TaKHx MOIHHOCTHX CBH oÖAyneHHa no- 
TAomeHHoe H3Ay*ieHHe HPHBOAHT K ero CHABHOMy pasorpeBy. OEjeHKH, CAeAaHHBie B [6] 

HOKa3BiBaioT, HTO 3a BecBMa KopoTKoe BpeMa (t<3 ceK) npn HHT6HCHBHOCTH H3AyneHHH 

1 KBT/CM AOCTHraeTca TeMnepaTypa ~600°C. 
YHHTBiBaa KpaTKOBpeMeHHocTB oT^cnra,  3TO He AOA*:HO npHBOAHTB K cyme- 

CTBeHHBIM H3MeHeHHaM HHTeHCHBHOCTH KpaeBOH HOAOCBI H3AyHeHHK, a HOaBAeHHe HO- 
.    ^  A MaTcpHaAbi 6-H MeHyiyHapoflHOH ^«MCKOH ^Ä«KPOBOAHOBOH ^T«H(pepeH!iiin '%fiitifttt'Ka$6. 16-19 cen-raGpa 1996 r., CeBacronoAb, KpbiM, YicpaHHa 

/    I Proceedings of 6th International ^tdnean rÄicrowave inference $U/tUßä$6. 16-19 September 1996, Sevantopol, Crimea, Ukraine 



BMx npHMecHHx HOAOC AioMHHe^e^HH c hvmax = 1,02; 1,30 H 1,35 3B CBHSMBQAOCB B 

[bj c nosepxHocTHBiMH 3arpH3HeHHHMH Cu H ee AHcp<py3HeK B o6ieM. B oxAHrae OT [61 
MH Ha6AK>AaAH nepecxpoihty cxpyxxypH cneKxpos <PA B AHanaaone aHepraii 0,60-1 50 
3U. 3TO Aaex ocHOBaHHa noAaraTB, XJXO HPH B03AeHcxBHH MomHoro MHKPOBOAHOBOFO 

H3AyHeHHH npoqecc paaorpesa OAHO<pa3Horo naxepnaAa Mo^ex conpoBOTKAaxBCH B03- 
HHKHOBeHHeM CHABHMX rpaAHenroB xeMnepaxypbi H AeCpOPMaHHOHHHX HanpH^eHHH, 
HSMenmo^Hx cxpyKxypy H xonoAoixno AOKaAtHHx neHxpoB. B SXHX ycAOBHnx xapaKxep 
nepecxpoHKH npHMecHo-Ae<peKXHoro cocxaBa noAynpoBoAHHKOBHx MaxepnaAOB aaBH- 
CHX H6 XOABKO OX HPeAHCXOpHH HCCAeAyeMHX o6pa3H.OB,  HO H yCAOBHH HX 06AyHeHHH 
CaM cpaKX BAHHHHH CBH-HSAyqeHHH na 3AeKxpHxiecKyK> aKXHBHoexB Ae<peKxoB OXMe- 
^aACH H B [7] nPH HccAeAOBaHHH Si, AernpoBaHHoro B H P. ABXOPBI noAaraAH uxo B 

nponecce oOAy^eHHH npoHcxoAHx H3MeHeHHe sap^oBoro COCXOHHHH Mexacxa6HABHi>ix 
SI3™ P63^™6 ^ero OHH nepecxpaHBaiox CBOK> cxpyKxypy, x.e. H3MeHHK>TCH 

MeSe)^ KHX peK°M6HHai,HOHHMX ^eHTP°B (rAy6oKHe xpanccpopKHpyjoxcH B 

Ha HSMeneHHH MexamreecKHX Hanp^eHHH B GaAs yKastmarox AaHHMe HPHMHX 

H3MepeHHH oco6eHHocxeH cxpyKxypHOH peAaKcannn o6pa3HOB, noABeprHyxMX MHKOO- 
BOAHOBOH oopaöoxKe. ^ 

Ha PHC, 2 iipeACxaBAeHM AaHHBie, AeMOHcxpHpyiomHe H3MeHeHHe paAHyca KPH- 

BH3HM nAacxHHM ( 00) GaAs:Sn (H-SIO^CM* Ng=104 CM"
2

, d = 300 MK^OABepr- 
HyxoH cxaHAapxHOH o6pa6oxKe (Mexan^ecKan noAHpoBKa, XHMireecKoe xpaBAenne) 
BAOAB OAHOH H3 KOopAHHax nocAe MaraexpoHHoro o6Ay^eHHH 100 Bx/c.M2. BHAHO   HXO 

xlZZrvZ ^^TOAI,KO PWC KPHBH3HM, HO H 3HSK H3rH6a. HpH^M peAaKCaHHH Me- 
xa™ecKHx AecpopMaHHH KBAHexcs AAHHHOBpeMeHHofi. Ee xapaxxep 3aBHCHX ox 3HaKa 
H ypoBHH HCXOAHHX Ae(poPMaHHH o6pa3HpB (PHc. 3 a, 6). 

r™    "«Ay«™!« no MexoAy EopMana pemrenoBCKHe xonorpaMMM SXHX oöpasnoB 
npeAcxaBAeHH Ha pnc. 4. BHAHO, HXO MHKpoBOAHOBas o6pa6oxKa nPHBOAHx K AB™ XH 

naM cxpyKxypHBix H3MeHeHHH B KpncxaAAe - K HHxeHCHBHofi renepannH AHCAOKanHH H 
H3MeHHex pa3MePBi cKOHAemrii xoroTOHx Ae4)eKxoB. AncAOKanHH H 

™™T   "
a6AIOAeMBie ocoöeHHocxH peAaKcamm ocxaxoHHOH AetpopMaijHH, ee OCHHAAH- 

5T T^ XaPTeP ST0* MeCT° H **" MOHoaTOMHM noAynpoBOAHHKOBBix Maxepna- 
AOB. laK, B pa6oxe [8] npn HccAeAOBaHHH KpeMmieBHx HAacxHH XOAHIHHOH 0 35 -0 40 
MM c opnenxaHHeH noBepxnocxH (111) nocAe CBH ox^nra (f=37 Trn, P = 0 1 KBX) Stko 
o6Hapy^eHo, ™ KHnexHKa peAaKcanHH ocxaxo^x Ae<poPMaHHH cymecxBeHHo^ 
AHHaexcH ox cAy.aH oft™, xePMH^CKoro oacnra B BaKyyMe HA^ HTB^SSU HO- 

CHX    CAO^HMH    OCHHAAHpyEOmHH    XapaKXep    C    HBHO    BMpaieHHBIMH   axep^ecKHMH 
ynacxKaMH (aneprna aKXHBa^HH <0,065 aB). 06a cnocoöa oxaoira nPHBOAHx K OAHHaKo- 
BBTM pe3yABXaXaM AHHH, HpH AOCXaXOHHO AAHXeABHHX  MHKPOBOAHOBBIX  B03AeiSBHHX 
oöecneHHBaiomHx pasorpeB KpncxaAAa B AHanasoHe 400 + 700°C. 

BAHHHne HcxoAHoro npHMecHo-AecpeKXHoro cocxaBa H Mop<boAorHH HOAVHPO- 

ITZZIT MaTePH9Aa HS XSPaKTeP ^MeneHHH 3AeKXP0(pH3HHeCKHX HapaMexpOB, 
BBI3BaHHBIX   MHKpOBOAHOBHM   OÖAyieHHeM,   ÖMAO   HOATBep^eHO   HpH   HCCAeAOBaHHHX 
y3K030HHMX HOAynpoBOAHHKOB Ha ocHOBe XBepAHx pacxBopoB CdxHgi xTe (KPT) 

B xa6A. 1 npeAcxaBAeHM pesyAtxaxBi HccAeAoBaHHH raABBaHOMarHHXHBix H (bo- 
xoaAeKxp^ecKHx HBAeHHÄ AAH AByx rpynn o6pa3HOB n-xnna. ^ 

Ta6AHma 1 

Ns 

II 

Coczncw, 
X 

0,24 

0,215 

CmpyianypHoe cocmomme 

TpaHHEiBi   sepeH,   MaAoyr- 
AOBBie rpaHHHH H AP- 
AHOMaABHHH XOA RX(T) 
CxpyKxypHo       coBepmeH- 
HHe,     cxaHAapxHtiH     BHA 

Tun    o6- 
paöomKu 

HCX. 

CBH 
HCX. 

KOHU,. 

3A. 

UCX.    10' 
14        -3 

CM 

69 

25,4 
5,1 

IlogBlUKR 

OCIZlh 

lixW4 

CM
2
/B.C 

npu 77 K 

0,6 
20 

BpeMH 
JKU3HU 

H.H.m        X 

10 c   npu 
77 K 

0,61 

0,25 
1,4 
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Rx(T). 
CBq 4,9 15 2,4 

Rx - K03<p(pBHHeHT XoAAa. 
B o6pa3nax rpynnbi I nocAe CBH o6pa6oTOK Ha6AK>AaAacb KOHBepcna Tnna npo- 

BOAHMOCTH H nOHHJKeHHe  BpeMeHH JKH3HH HepaBHOBeCHblX HOCHTeA6H  3apH,ö,a  T.   üpH 
3TOM xapaKTep HSMeHeima napaMeTpoB oGpasnos 6HA TaKHM ace KaK H B xoAe A^rpa- 
AaHHH EAaCTH^eCKH Ae4>OPMHpOBaHHMX KpHCTaAAOB [9]. B T03Ke BpeMa AAH AOCTaTOIHO 
OAHopoAHux o6pa3npB rpynnbi II o6pa6oTKa B CBH noAe npnBOAHAa K yBeAHTOHHio T 

(pnc. 6., Ta6A. 2). AaHHMe, noAyrcHKbie H3 TeMnepaTypHbix aaBHCHMOcxen x, B STOM 

CAyqae CBHAeTeAbCTByioT 06 yMeHbinemm KOHneHrpanHH peKOMÖHHanHOHHO aKTHBHbix 
neirrpoB, HMeioii^HX SHepreTHiecKHe ypoBnn B BepXHefi noAOBHHe 3anpemeHHOH SOHBI 
Ta6A. 2. 

TaÖAHip 2. 

Cocmcw Bug       o6pa- 
6omKU 

RX(77K), 
CMVK 

Rx a (T=77K) 
CM /V.C MBB CM 

x (77 K) 
/jceK 

x=0,22 
HCXOAHMH 1,310* 1.4-105 70 6,310" 2,1 
CBH 1,410* 9,610* 70 2,510lj 3,0 
HHAeTH. 1,4-10* 8,110* 70 7,210" 2,0 

HccAeAOBaHHa BAHHHHH nAacTHaecKOH Ae<popMan,HH nyreM HHAenrapoBaHHa 
npa HOMOIHH npH3Mti BHKKepca c HarpysKofi Ha HHAenrepe 10 c H HAOTHOCTH HHAeH- 
THpoBaima NHHA= 10 CM" o6pa3HOB STOH rpynnbi AO H nocAe CBH o6pa6oTKH npnBeAH 
K   oÖHäpyaKemno   aBAeHHS   noBBiineHHoii   ycToiiaHBocTH   SAeKTpocpiomiecKHX   napa- 
MeTpOB OÖAy^eHHBIX o6pa3B[OB K HAaCTHHeCKOH Ae<pOpMaB[HH,  KaK CAeAyeT H3  pnc.  6, 

TeMnepaTypHtie 3aBHCHMocTn t o6pa3upB, noABeprayTbix HHAeHTHpoBaHHio, nocAe 
CBH    o6pa6oTKH coBnaAaioT c HCXOAHOH (AO CBH o6pa6oTKH)  3aBHCHMocTbio. ripn 
3TOM He HaÖAIOAaAOCfc H3MeHeHHH Rx B OÖAaCTH npHMeCHOH npOBOAHMOCTH H He H3M6- 
HHAOCb  SHepreTHHeCKOe nOAOaceHHe peKOMÖHHaUHOHHO aKTHBHblX HeHTpOB  B  OTAHHH6 
OT He npomeAHiHx CBH o6pa6oTKy o6pa3npB (CM. Ta6A. 2). 

ECAH AOnyCTHTB,  WTO OCHOBHHM MexaHH3MOM AHCCHHaD[HH  sHepran  noiwomeH- 
Horo CBH HSAy^eHHH aBAaeTca pa3orpeB, TO Ha6AK)AaeMbie oco6eHHOCTH H3MeHeHHa 
napaMeTpoB MaTepHaAOB Moryr 6HTB CAeACTBneM CTHMyAHpoBaHHoii MHrpannn peKOM- 
6HHai^HOHHO-aKTHBHBix TOHewbix Ae<PeKTOB H npHMeceii Ha SHepreraiecKH ycToiiaH- 
Bbie CTOKH: MaAoyrAOBbie rpammbi, AHCAOKai^HH H T.A. HeAb3a TaiOKe HCKAIOHHTB pac- 
naA MeTacTaÖHAfcHBix Ae<peKTOB, "3aMopo«eHHbix" npn KOMHaTH&ix TeMnepaTypax, H 

AH(p(py3HH HX KOMHOHeHT Ha TepMnaecKH cTaÖHABHBie npoTapKeHHbie AecpeKT&i. TaKoe 

CTHMyAHpoBaHHoe rerrepHpoBaHHe H npoasAaeTca B BHAe HeKOToporo B03pocTaHHa T. 

"CBeaCHe"      AHCAOKaHHH,     BBOAHMfcie     npH     HHAeHTHpOBaHHH,     AOCTaTOHHO     6&icTpo 
"npopocTaK>T" aepes BCK> TOAmy o6pa3na (neT OTAHSHH B T, H3MepeHH&ix KaK co CTO- 
POHH HHAeHTHpOBaHHOH,  TaK  H HeHHAeHTHpOBaHHOH noBepxHocTeii).   OAHaKO   (pOpMH- 
poBaHHe HX aTMoccpep nponcxoAHT B ycAOBHax, KorAa B OCHOBHOH MaTpHq;e KpncTaAAa 
KOAHHeCTBO AeCpeKTOB, CpOPMEipyiOHJHX npHMeCHBie AHCAOKaB[HOHHBie aTMoccpep&i,  3Ha- 
wreABHO MeHbHie, neM B o6pa3i^ax He noABeprHyr&ix CBH o6pa6oTKe. BcAeACTBHe STO- 

ro, BBeAeHHHe npH HHAeHTHpoBamiH AHCAOKanHH OKa3BiBaioTCH He B COCTOHHHH 

ccpopMHpoBaTb npHMecHtie aTMOccpepti, cnoco6Htie KaaecTBeHHo H3M6HHTB peKOMÖH- 
HaE[HOHHMe xapaKTepncTHKH o6pa3i^a. 

TaKHM o6pa30M, CBH o6pa6oTKH noAynpoBOAHHKOBbix MaTepnaAOB OKa3BiBaiOT 
Cyil^eCTBeHHOe BAHHHHe Ha CTpyKTypHO lyBCTBHTeABHtie xapaKTepncTHKH noAynpo- 
BOAHHKOBbix MaTepnaAOB. CieneHb 3Toro BAHaHHS 3aBHCHT OT npeAHCTopHH H npnpo- 
Abi noAynpoBOAHHKOBoro MaTepnaAa, peacHMOB oGAy^eHHa H MoaceT HPHBOAHTB KaK K 

yAyHiueHHio napaMeTpoB MaTepnaAa (roMoreHH3anHa, reTTepHpoBaHHe), TaK H K HX 

AerpaAannn. &hx OKOH^aTeAbHoro BbiBOAa o MexaHH3Max CTpyKTypHOH peAaKcanHH B 

noAynpoBOAHHKax npn CBH o6pa6oTKax Heo6xoAHMo npoBeAeHHe AaAbHenmnx HCCAe- 
AOBaHHH. 
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6) rpaHHuajjaa&eAajieiaAA-EOAvnpoBOAHiiK. 
B Ta6A. 3 npHBeAemj HeKOToptie aAeiopoipHSHHecKHe napaMeTpti AHOAOB 

UIOTTKH (BHcoTa Gaptepa^B, cpaicrop HeHAeaABHocra n, AAHHa AHcpipyaHH LP) Ha OCHO- 
Be noAynpoBOAHHKOB A B , noABeprayTHx pa3AHqHHM o6pa6oTKaM: CBH (f = 1010 rnj, 
P = 100 BT/CM , t = 1 ceK), OTJKOT npjK 573 K, t = 10 *iac. (AAH reTepocrpyKiyp Ha 
ocHOBe Mo H W, t = 8 nac); y-o6AyieHHe ^Co AO30H 105 T. 

B Ta6A. 4 npeACTasAeHM AaHHMe no BAHHEHK) MoiajHoro rapoTpoHHoro oÖAyie- 
HHH f = 10 Tn, P = 5 KBT/CM

2
, t =2-5 ceK) na ycptyvHeHmce napaMeTpti KOHTaKTOB 

MeTaAA-GaAs H HX AHcnepcnio. 

TaÖAHi^a 3 

Tun KMTI Bug oöpaöom- 
KU 

■yj?i3, aß                      n Lp, UM 

Al-GaAs M 
CBH 
O 

0.55-0.58 
0.57-0.58 
0.51-0.55 

1.68-2.20 
1.30-1.40 
1.90-2.30 

1.6-1.9 
2.0 
0.7-0.8 

Pt-GaAs 
CBH 
O 

_1. 

0.88-0.95 
0.88-0.89 
0.53-0.57 
0.92-0.95 

1.12-1.37 
1.184.24 
2.37-2.80 
1.08-1.10 

2.1-2.2 
2.1-2.2 
0.5-0.7 
2.5-2.8 

Au-Pt-GaAs H 
CBq 
o 

0.88-0.92 
0.90-0.92 
0.51-0.60 
0.93-0.96 

1.17-1.30 
1.12-1.15 
2.20-2.70 
1.10-1.20 

2.0-2.2 
2.3-2.5 
0.55 
2.4-2.6 

Cr-GaAs H 
cm 
o 
Y 

0.73-0.75 
0.76-0.77 
0.73-0.75 
0.75-0.77 

1.17-1.24 
1.08-1.09 
1.20-1.24 
1.08-1.10 

6.5-0.7 
1.2-1.4 
0.5-0.6 
1.2-1.6 

Au-Cr-GaAs H 
CBH 
O 

Y 

0.70-0.76 
0.75-0.70 
0.56-0.62 
0.74-0.76 

1.12-1.17 
1.04-1.08 
1.80 2.10 
1.07-1.10 

0.9-1.1 
1.0-1.3 
0.12 
1.2-1.5 

Mo-GaAs H 
CBq 
o 
Y 

0.68-0.69 
0.68-0.69 
0.68-0.69 
0.68-0.71 

1.16-1.23 
1.09-1.14 
1.10-1.12 
1.10-1.12 

2.3-2.8 
2.5-2.7 
0.2-0.4 
2.6-2.8 

W-GaAs 
CBH 
O 

Y 

0.65-0.66 
0.69-0.70 
0.65-0.66 
0.69-0.72 

1.20-1.40 
1.09-1.12 
1.10-1.17 
1.08-1.17 

1.7-2.0 
2.1-2.2 
0.6-0.9 
2.1-2.4 

MoxSi,.x-GaAs 
CBq 
o 
Y 

0.70-0.71 
0.72 

0.72-0.73 

1.15-1.17 
1.09-1.10 

1.08-1.13 

2.4-2.5 
2.6-2.7 

2.6-2.8 
— WxSi,.x-GaAs H 

CBH 
O 

0.72-0.73 
0.74 

0.73-0.75 

1.15-1.17 
1.07-1.09 

1.09-1.13 

2.2-2.4 
2.5 

2.5-2.6 
TiN-GaAs M 

CBH 
O 

0.75 
0.76 
0.74 
0.76 

1.24 
1.02 
1.36 
1.16 

1.6-1.75 
1.8-1.82 
1.75-1.8 
1.8-1.82 

Cr-InP 
CBq 

0.67-0.69 
0.63-0.65 

1.5-1.8 
1.2-1.4 

1.52-1.6 
1.7-1.75 
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O 

Y 0.69-0.71 1.2-1.3 1.784.82 
Al-InP H 0.77-0.80 1.73-2.73 1.55-1.7 

CBH 0.75 1.14-1.73 1.73-1.8 
O .. — .. 

Y 0.76-0.77 1.52-1.61 1.75-1.84 

TaÖAMHa 4 

Tun KMn IJapaMemphi u ax gucnepcuM 
Hcxogime JJocAe O6AVH eRUH 

<pBl 3B Aq>, 
BB 

n An 101S, 
c 

<PB, 3& Axp, 
3B 

n An 1010 

c 
Pt-GaAs 0.91 0.06 1.2 0.2 25.2 0.88    1 ^0.02 1.21 0.07 25.2 
W-GaAs 0.65 0.01 1.3 0.2 28.9 

-40 
0.69 0.01 1.26 0.06 36.1 

-40 
Al-GaAs 0.56 0.03 1.9 0.4 19.4 0.59 . 2.5 0.35 20.7 
Au-Pt-GaAs 0.92 0.07     1 1.2 0.13 24.3 0.86 0.08 r i.5 0.2 25 
Cr-Pt-GaAs 0.91 0.06 1.2 0.11 22.7 0.91 0.06 1.2 0.11 22.7 
Au-Ti-GaAs 0.7 0.1 1.3 0.20 19.8 0.7 0.1 1.3 0.20 ^19^ 
TiN-Ti-GaAs 0.72 0.09 1.3 0.14   19.8     ' 

U—-: __  
0.73 0.08 1.3 0.14 22.4 

ripeACTaBAeHHue B Ta6A. 3 H 4 AaHH&re nccAeAOBaHHH BAX AHOAHBIX CTpyKTyp, 
o6pa30BaHHHX MeTaAAaMH H cnAasaMH c pasHon xHMKiecKon aKTHBHocTBio no OTHO- 

nieHHio K noAynpoBOAHHKy, HOSBOASHQT saxAioiHTB: 
- HeaaBHCHMO ox THna MeTaAAHaarjHH KpaTKOBpeMeHHBie MaraeTpoHHBie o6pa- 

6OTKH npHBOAHT K yAy^nieHHio 3AeKTpo<pH3H»iecKHx napaMeTpoB noBepxHocTHO- 
6ap&epHBix CTpyKTyp. XOTH crenem, STHX H3MeneHHH A*# paaHMx napaMexpos pa3AEra- 

HaH. CAa6o H3MeHHeTCH BeAtiqiraa öaptepa q>B, HCCKOABKO CHABHee tpaKTop HenAeaAB- 
HOCTH, npHÖAKScancB K TeopeTH^ecKOMy 3HaHemno AAH HAeaABHoro KOHTaKTa. BoAee 
3HaiHTeABHOe BAHHHHe - Ha yMeHBHieHHC 3<p(peKTHBHOrO BpeMeHH SKH3HH HeOCHOBHBIX 

HocHTeAeii TP H AH<p<py3HOHHyio AAHHy Lp. yiHT&mag, 1TO Tp, KaK H cneKTpfci OA, HeceT 
HHCpOpMaH,HK>  06  3<p(peKTHBHOCTH nepeCTpOHKH peKOMOHHanHOEHBIX  HeHTpOB,   B03pO- 

CTaHHe Tp CBHAeTeABCTByex 06 reTrepHpyiomeM: AöHCTBHH CB
X
I o6pa6oTKH, o6ycAOBAH- 

Baiomefi HacTBraayio aHHHrHAHHHio HCXOAHBIX CTpyKTypHBix A^fpeKTOB B npHKOHTaKT- 
HBIX CAOHX noAynpoBOAHHKa; 

- yßeAHHeHHe MOHJHOCTH o6AyqeHHH (rKpoTpoHHaa o6pa6oTKa) AH6O He H3MeHH- 
eT napaMeTpoB AHOAOB (no cpaBHeHHK) c KeoGAyieHHBrMH), AH6O A^JKe HecKOAbKO HX 

yxyAinaeT (HCKAioieHHe - cxpyKTypa W-GaAs)npH yMeHtmemm AHanasoHa CTaTHiecKo- 
ro pa36poca HX napaMeTpoB; 

- H3MeHeHH3   HapaMeTpOB   AHOAOB   IIIOTTKH,   HOABeprHyTBIX   CBH   OÖAyieHHIO, 

noAHOcTBK) KoppeAHpyioT c xapaKTepoM HX H3MeHeHHK B cTpyKTypax, noABeprHyTBix y- 

o6AyHeHHK> (cpB MeHKeTCH Hesna^HTeABHo; pocr Lp, yMeH&ineHHe n) H coBepmeHHO OT- 

AH^HO OT TepMOOTJKHTOB. 

Ha6AK>AaeMBie H3M6HeHHS 3AeK'rpo(pH3H'iecKHX napaMeTpoB AHOAHBIX CTpyKTyp 
HBASIOTCH CAeACTBHeM CTpyKTypHO •XHMHTCCKOH nepecrpoHKH Me^cpasiiBix rpaHHii, 
KOHTaKTOB   MeTaAA-HOAynpOBOAHHK   npH   CB4   OÖAyieHHH.   AASJ   BBISCHeHHS   OC06eHHO- 
CTen MejKcpa3HBix BsaHMOAeficTBHH 6:HA npoBeAes cpaBHK'reABHBiH anaAH3 OjKe- 
npocpHAen KOMHOHeHT reTeponap Me-GaAs, oöpasosaHHMX MeTaAAaMH c pasHOH XHMK- 

lecKOH aKTHBHOcTBio (Pt, Ti, Al) Ao H nocAe CBXI o6pa6oTKH. KaK CAeAyeT H3 npHBe- 
AeHHBix HCCAeAOBaHHH, CBH o6pa6oTKa npHBOAMT K CTpyKTypHO-XHMBraecKHM npeBpa- 
meiiHSM Ha Me3C(pa3H&ix rpaHHnax (MOF) Me-GaAs ipex BH.ö.OE. 

B CAynae rpammBi Pt/GaAs (pnc. 6) jyre^ccpasHBie EsaHMOAencxBHS MOJKHO npeA- 
CTaBHTB peaKi^neii: 
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Pt + GaAs -+ PtAs2 + (PtGaAs) CHAOB 

ripiraeM HaÖAioAaeMoe HHTeHCHBHoe o6pa30BaHHe 3HawreABHoro no TOAiHHHe 
CAOH apceHHAa HAaTHHBi 3a BpeMH o6Ay*reHHJj HecKOABKO ceK He MoaceT 6MTB HOHHTO, 

omapaacB TOABKO na IHCTO TepMH^ecKHH (paKTop, CBH3aHHBiH c HarpesoM reTepoKOH- 
TaKTa B  CB^I HOAe. ApyTOH OTAHHHTGABHOH OC06eHHOCTBK>  CBH 06pa60TKH OT TepMH- 
HecKoö HBAHeTCH OTcyrcTBHe nocAOHHoro pacnpeAeAeHHa npoAyKTOB peaKHHH B KOH- 

TaKTe Pt/GaAs. 

AAH rpaHHU,M Al/GaAs (pnc. 7), cKopee Bcero HMeeT Mecio peaKHHH 3aMemeHHa: 

yAl + GaAs -> (y-x)Al + Ga^^AS + xGa, 

XOTH AAH ee HHTeHCHBHoro npoTeKaHHH Heo6xoAHMa AocraTOHHo BBicoKaa ( >725 
K) TeMnepaiypa, HBHO HeAocTHraeMaa npn MaraexpoHHOM oÖAyieHHH. 

HcxoAa H3 BBiinecKa3aHHoro, no-BHAHMOMy, HCO6XOAHMO yiHTBiBaTB is. Apyrne 
He TepMHiecKHe (paKTopu, ycHAHBaiomHe MeatcpasHBie B3aHMOAencTBH«. B cAyrae rn- 
pOTpOHHOrO  OÖAyHeHHH 3TO  - HHA^HpOBaHHOe  3AeKTpHieCKOe BOAe B KOHTaKTe,  CTH- 
MyAHpyioiHee mrrepAHcpcpysmo Mea^y ero KOMnoHeHTaMH, a, CAeAOBaTeABHo, CHH- 

Maiomee KHHeTmecKHe orpamraemra AAH npoTeicaHHH peaKH.irii. 

Ha cymecTBeHHyio poAB nepeMeiHHBaHHH, BBi3BaHHoro CBH o6pa6oTKOH, B XH< 

MHiecKOH nepecTpoAKe MOr yKa3BiBaK>T AaHHBie, noAyaeHHBie Ha CTpyKiypax Au 
(Ti/GaAs) (pac. 8). 06Hapy»;eHHBie HSMeHeHHH Ha npocpHAax pacnpeAeAeHHa KOMHO- 

H6HT KOHTaKTa MOJKHO CBH3aTB C pOCTOM OKCHAHOH <pa3BI THTaHa. FfoCAeAHee CTaHO- 
BHTCH HOHHTHBIM,  eCAH yaeCTfi, HTO pOCT OKHCAa COHpOBOJKAaeTCH yCHAeHHBIM npoHHK- 
HOBeHHeM aTOMOB Au K rpamme pa3A6Aa GaAs, KOTopBie, KaK HSBecrao, pe3KO ycHAH- 
Baex OKHCAHTeABHBie nponeccBi. YwrBraaa BBicoicyio aKTHBHocTB Ti no oTHOinemno K 

KHCAopoAy 3TOT nponecc 6yAeT cABHHyr OT noAynpoBOAHHKa B CTopoHy MeTaAAa. 
HHTeHCHBHoe o6pa30BaHHe apceHHAHoii AAH nepexoAOB Pt/GaAs H OKHCHOH AAH 

Ti/GaAs cpa3, pacTBopoB 3aMemeHHa AAH Al/GaAs cnoco6cTByeT nepexoAy OT CHABHO 

AecTpyKTHpoBaHHBix xHMHnecKH reTeporeHHBix rpamm. K 6oAee OAHOPOAHBIM H o6ec- 
ne<ömaeT Ha6AK>AaeMBie H3MeHeHHa HX 3AeKrpo(pH3HHecKHX napaMeTpoB. 

B) AHCKpeTHbie npwfiopij (AHOABI. TpawsHCTopBi) 
B npeABiAymnx pa3AeAax 6BIAH paccMOTpeHBi HeKoropBie nepBH^HBie HBAeHHa, 

B03HHKaK)H^He HpH HeHOCpeACTBeHHOM BOSAeÜCTBHH MOiqHOrO CBH H3AyMeHHH c noAy- 
npOBOAHHKOBBIMH MaTepHaAaMH H TeCTOBBIMH CTpyKTypaMH MeTaAA-nOAynpOBOAHHK. 
OHH  npHBOAHT K yCHAeHHK)  MeaC(pa3HOH AH(p4)y3HH  H  XHMHieCKOrO  B3aHMOAeHCTBHH 
Ha MeactpasHBix rpammax, H3MeHeHHK> nponeccoB reHepanHH-peKOM6miaHHH KaK B 

OAHO(pa3HBix MaTepnaAax, TaK H cTpyKTypax Ha HX OCHOBB, ITO B KOHCIHOM cieTe MO- 

aceT 6BITB HPHIHHOH AerpaAannH HX 3AeKTpo<pH3HiecKHx napaMeTpoB. rio-BHAHMOMy, 
yKa3aHHBie <pH3HaecKHe 3(p<peKTBi MoryT HMeTB MecTo H npn B3anMOAeHCTBHH MOIHHO- 

ro CBH noAH c TOTOBBIMH AHCKpeTHBiMH npn6opaMH. HccAeAOBamia, BBinoAHeHHBie Ha 
SAeMeHTHOH 6a3e AHOAOB H TpaH3HcropoB, HOKa3aAH, iTo B03AencTBHe MomHoro CBH 
H3AyneHHH xapaKTepH3yeTca TpeMa CTeneHHMH pa6oTocnoco6HOCTH STHX npH6opoB: 
BpeMeHHBie C6OH (pyHKHHOHHpoBaHHa, ycTOHHHBBie H3MeHeHHH napaMeTpoB H KaTa- 
CTpo<pH«iecKas[ AerpaAaHHH. 

nOCKOABKy S^XpeKTHBHOCTB BOSAeHCTBHH 3aBHCHT KaK OT HapaMeTpOB H3Ay*ie- 
HHH  (MOI^HOCTH,  tIaCTOTMi  nOAOCBI TOCTOT H AAHTeABHOCTH),  TaK H XapaKTepHCTHK O6B- 

eKTa (MaTepnaAa, reoMeTpHH KopnycoB H BBXBOAOB, opHenrannH OTHOCHTBABHO BeKTopa 
E-noAs), a TaKace cxeMOTexHaraecKHx oco6eHHOcTeH, aHaAH3 3aKOHOMepHocTen oTKasoB 
npnöopoB H B&iHBAeHHe HH(popMaTHBHBrx napaMeTpoB, onpeAeASHoiHHx HX paöoTocno- 
CO6HOCTB, npeACTaBAHioT cAoacHyio 3aAany. 

Oco6eHHOCTBKl B03AeHCTBHH CBH H3AyHeHHH MaAOH AAHTeABHOCTH Ha AHCKpeT- 
HBie npn6opBi HBAaeTca AOMHHHpoBaHHe noAeBoro MexamoMa Ae^paAa^HHl HMeion^ero 
noporoBBiH xapaKrep. IIpoHBAeHHe TOH HAH HHOH CTeneHH AerpaAaHHH HMeeT MecTo 
AHiHB npn npeBBmieHHH onpeAeAeHHoro ypoBHa HanpaaceHHOCTH HOAH En. B TaÖA. npn- 
BeAeHBi noporoBBie ypoBHH noBpeacAeHHH HeKOTopBrx AHCKpeTHBix CBH npn6opoB B 
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cpaBHeHHH c SHepreTH^ecKHMH (TenAOBHMH) noporaMH AerpaAannH Wn. rioAeBOH Me- 
XaHH3M npHBOAHT K MHOJKeCTBeHHOCTH noBpe:scAeHKH &ame B TeneHHe OAHOH 3Kcno3H- 
H.HH H 30HHOMy xapaKTepy pacnpeAeAeHH» AerpaAaHHH Ha noBepxHOCTH CAOJKHHX 
H3T. 

TaÖAHi^a 5. 

Tun M9T Wfir, Ax En, KB/CM Xapaxmep    napy- 
menuR tpyHKUuü 

Ocodennocmu npou,ecca 
gerpagamiu 

AHOAH (1-3)10"' 0,1 + 3 KaTacTpcxpirr. 
OTKa3 

ripo6oH p-n-nepexoAa 

TpaH3HCTOpH (1-2)10"° 1 -5 KaTacTpocpHi. 
OTKa3 

npo6oii, oxuiaBAeHHe, 
nepejKora       MeTaAAH3a- 
HHH.     AoKaAH3aHHH     HO- 
BpeacAemiH   B   nepncpe- 
pHHeCKOH npHKOHTaKT- 
HOH OÖAaCTH 

AHaAorHHHO 6BIAH onpeAeAeHH En H Wn AAH APyrnx THHOB AHCKperabix npn6o- 
poB H HHTerpaABHBix cxeM [1], 

CoBepineHHo oieBHAHO, *rro HH(popMaTHBHtie napaweTpti En H Wn HOCHT MtaK- 
pocKonHHecKHH xapaKTep H He Tpe6yioT 3HaHHa BHyrpeHHeH CTpyKTypu o6T>eKTa. AAS 

MHKponpoi^eccoB, npoTeKaromnx B MaTepnaAax H reTepocTpyKTypax npn HX CBH 06- 
AyneHHH, noAes&ie H snepreTHHecKHe noporoBtie napaMeTpu AO HacroHmero BpeMeHH 
He ycTaHOBAeHM. 

III. 3aKAK»qeHHe. 
Ha ocHOBaHHH BbinoAHeHHHX HCCAeAOBaHHH MOJKHO CAeAaTB BMBOA o nepcneK- 

THBHOCTH HCHOABSOBaHHH  CBH BOSAeHCTBHH AAH TeXHOAOTHHeCKHX HeAeH MHKpOSAeK- 
TpoHHKH. rioABepraa AGHCTBHIO CBH H3AyneHHH nAacTHHH H SHHTaKCHaAbHbie CAOH 

apceHHAa raAAHH, TBepABie pacTBopu Ha ocHOBe CdxHgx.xTe, MBI o6HapyscHAH H3MeHe- 
HHH npHMecHo-AecpeKTHoro cocTaBa STHX MaTepnaAOB, ypoBHS BHyrpeHHHX Mexamrae- 
CKHX HanpaxceHHH, noB&mieHHe ycroirraBocTH 3AeKTpocpH3HHecKHx napaMeTpoB no 
OTHOineHHK) K HAacTHHecKOH AetpopMaHHH. 

He MeHee oÖHaAejKHBaiomHMH HBAJHOTCH pe3yABTaTBi cepHH 3KcnepHMeHTOB no 
BAHHHHK) CBH o6paÖOTKH Ha  CBOHCTBa HpOCTpaHCTBeHHO -HeOAHOpOAHBIX CTpyKTyp na 
ocHOBe MeTaAA-A B . OKa3aAocb, qro MOKHO, Baptapya pejKHM o6pa6oTKH, yMeHbiinrrfc 
o6paTHtie H H36HTOHHBie npHMue TOKH, pa36poc 3AeKTpo(pH3HHecKHX napaMerpoB no- 
BepxHOCTHO-6ap&epHBix CTpyKTyp. BHAH o6Hapy»:eHBi reTTepHpyiomee AeficTBHe CBH 
06pa60T0K H KaK CAeACTBHe - BOSpOCTamie BpeMeHH 30I3HH H AH<p(j>y3HOHHOH AAHH&I 

HeocHOBHbix HocHTeAen 3apaAa, H3MeHeHHH ypoBHH ynpyrnx HanpaaceHHH B reTepocn- 
CTeMe. 

TaKHM o6pa30M, MOKHO oacHAaTB, qxo npn HaAAe^KameM Bu6ope peacHMOB 06- 
AyneHHfl: MoacHo peiuaTB TaKHe TexHOAoriraecKHe 3aAaHH, KaK roMoreHH3aD[Ha CBOHCTB 

H ycTpaHeHHe HeaceAaTeABH&ix AecpeKTOB B noAynpoBOAHHKOB&ix MaTepna/vax, yAynue- 
HHe napaMeTpoB npaGopHBix CTpyKTyp. 

AAH npaKTHHecKOH peaAHsanHH CTOAB MHoroo6emaiomHx nepcneKTHB Heo6xo- 
AHMO npeJKAe BCerO H3y*iaTB MHKpOMeXaHH3MBI B3aHMOAeHCTBHH MOIHHOrO CBH H3Ay- 
leHHH   C   HOAynpOBOAHHKaMH   H   npH6opHBIMH   CTpyKTypaMH,   KOTOpbie  AO   HacTOHinero 
BpeMeHH erqe He HOHHTBI. 

npeACTaBAeHHBie pe3yABTaTM CBHAeTeAbCTByioT, ITO CBH B03AeöcTBHe He aAeK- 
BaTHO TepMHnecKOMy oT^CHry. Onnpaacb Ha BHnoAHeHHBie HCCAeAOBaHHH, B Ka^iecTBe 
aABTepHaTHBHBix npniHH HSMeHeHHH xapaKTepncTHK MaTepnaAOB H reTepocTpyKTyp 
MoacHo npeAAoacHTB sAeKTpoAHHaMHiecKHH npoHecc, o6ycAOBAeHHbiH oTKAOHemieM 
npn o6AyieHHH SAeKTpoHHOH noACHCTeMbi noAynpoBOAHHKa OT TepMOAHHaMH^ecKoro 
paBHOBecHH;   B03HHKHOBeHHe   HecTaHHOHapHtix   rpaAHeHTOB   ynpyrax   HanpHaceHHH. 
y^HTMBaH   B03M03KHOCTb   peaAH3aD[HH   KOAAeKTHBHBIX    B3aHMOAeHCTBHH    (B    o6AacTax 
CKOHAeHHH AS^OKTOB) B HOAHX ynpyTHX Hana^eHHH, B STOM CAwae 3HaiHTeABHo CHH- 

OA MarepHlAbl 6-B MejwtyHapo/lHoS ^«MCKOM ^«KPOBOAHOBOH WjHipcpeHgHH Xjb<trft«'X<t'?6. 16-19 ceHTHÖpa 1996 r„ CeBacronojVb, KptlM, YitpaHHa 
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scaeTCH 6aptep AAH aHHHrHAHHHH AecpeKTOB HAH nepecTpoHKH KOMiiAeKCOB Ae(peKTOB, 
HTO   CymeCTBeHHO   AAS   CBH   B03AeHCTBHH,   XapaKTeH3yK>mHXCH   MaAMMH   3HaHeHHHMH 
SHeprHH KBaHTOB 3AeKTpoMarHHTHoro H3AyHeHHa. 
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EFFECT OF MICROWAVE RADIATION ON THE STRUCTURAL, PHYSICO-CHEMICAL 
AND ELECTROPHYSICAL PROPERTIES OF A NUMBER OF SEMICONDUCTOR MATERIALS 

AND DEVICE STRUCTURES 
Belayev A.E., Belayev A.A., Venger E.F., Ermolovich I.B., Komirenko S.M., Konakova R.V., 
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Magda I.I. 
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Shevelev M.V. 

E.O. Paton Electric Welding Institute, NAS of Ukraine, Kiev 

We have investigated the effect of microwave radiation of cm and mm wavelength ranges on the properties of both 
various semiconductor materials (GaAs, GaP, InP, CdS, CdxHgL.Te) and surface barrier metal (Al, Pt, Cr, Mo, W, 
MoxSi,.x, W,<Sii.x, TiN)-GaAs structures, as well as of the produced diodes and transistors on the base of Si and 
GaAs. A comparison with other treatments influence (heat annealing, y-irradiation) enabled us to make some 
suggestions concerning with possible mechanisms of the interaction between the microwave radiation and the 
objects studied. 
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1.1S5eV 

PHC. 1. OoTOAioMHHeci^eHTHHe cneKTpu n-GaAs:Sn noABeprayroro Marne- 

TpoHHOMy o6AyqeHHio 100 BT/CM . 
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PHC. 2. H3MeneHHe paAnyca KPHBH3HH nAacTHHH (100) GaAs:Sn BAOAB ee 

AHaMeTpa A° H nocAe MaraeTpoHHoro o6AyqeHHH 100 BT/CM H no- 

cAeAyioiEjero xpaHemra: 1 - HCX.; 2 - oOAy^emie 20 ceK; 3 - ^epe3 1 

AeHb; 4 - nepe3 9 AHeö; 5 - ^epe3 18 AHefi; 6 - ^epes 30 AHeö. 

MarepHaAbl 6-S Me^ynapoAHofi ^«MCKOH ^«KpoBOAHoaoH 2r«H,pepeHum, Kfi«SlUX*<)6. 16-19 ceHTaöps, 1996 r., CeaacronoAb, Kpb.M, YKpa.ma 00 
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PHC. 3. MsMeHeHHe npocpHAH KPHBH3HU noBepxHocra (100) GaAs (n = 

3 10 CM , Ng = 10 CM" , d = 300 MKM) AO H nocAe MaraeTpoH- 

Horo oÖAyqeHHH (100 BT/CM
2
) (1 - HCX., 2 - O6A. 5 ceK, 3 - peAaK,, 4 

- O6A. 5 ceK). 

Q   t MarepnaAul 6-B MeautynapoaHOH 5^.«MCKofi ^KpoBO^HOBoS Ä»i<pepeHu,HH ■ty.H/Ku'Ko'96. 16-19 ceHTHöpn 1996 r., CeBacronoAb, KpbiM, yKpanHa 
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PHC. 4. PeHTreHOBCKHe TonorpaMMU HCXOAHMX H noABeprayrax CBH 06- 

Ay^ieHHio o6pa3ijoB c napaMeTpaMH yKa3aHHbiMH Ha PHC. 3. 

MaTeptiaAbi 6-H Me»myHapo,ÄHOM ^**MCKOH *#«KpoBOAHanoH ÄHKpepeHijHH "Kfiittftu"Xo96. 16-19 cern-HÖpa 1996 r., CeeacronoAb, KpbiM, YitpaHHa Q /■< 
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4.00      6.40      8.80     11^201360 
1000/T,   1/K 

PHC. 5. TeMnepaiypHasi aaBHCHMocTfc x o6pa3ijoB Cd0)2Hg0i8Te: 1 - HCX.; 2 - 

noABepraymx CBq oöpaöoTKe; 3 - ^epea 18 cyr. nocAe CBH 06- 

paÖOTKH   H   HHAeHTHpOBaHHÄ.   riyHKTHp   -   HHAeHTHPOBaHHMe   nPH 

HarpyaKe 10 r H IIAOTHOCTBIO HHAeimipoBaHiM 104 CM"
2
. 
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GaAs 

PHC. 6. npocpHAH pacnpeAeAeHHH 3AeMeHTOB cxpyKiypM MeTaAA- GaAs, 

H3MepeHHue npn ee HOCAOHHOM pacntiAeHHH AO (a) H nocAe rapo- 

TpoHoro oÖAyqeHHH 10 KBT/CM
2
. 
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PHC. 7. KoimempamioHHMe npcxfcHAH KOMnoHeHT rexeponapH Al-GaAs Ao 

(a), nocAe (6) MarHeTpoHHoro oÖAyneHHH (100 BT/CM
2
, 1 MHH). t- 

BpeMH HOHHOrO TpaBAeHHH. 

88 
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-C-f-~\  
,400 tfM 

PHC. 8. ripocpHAH pacnpeAeAeHHH KOMnoHeHT KOHTaKTa Au-Ti-GaAs A<=> (a) 

H nocAe (6) rapoTpoHHofi o6pa6oTKH (5 KBT/CM
2
, 5 CGK). 
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BblHMCJIMTEJSbHA^ TBXHMKA 
HA HEPHOMOPCKOM CWIOTE. 

nOUBJIEHWE M MCTOPM« PA3BMTM« 
B.H. BonoflMH, fl.B. Mepxy/ioB 

VepHOMopcKuü tpnom P®, Ceeacmonorib 

3neKw^J^J.Z^nR°man nocB^eH HeK0T°Pb'M ManoM3BecTHb,M cTpa^aM M3 ncTopMM noRBneHm Ha MepHOMopcKOM *noTe 
^T™ b'X MamMH'H3HMHa* C1961 r CflenaHa nonblTKa <**»*"»B xpoHonorviM yc«™* CWA M HATO no COöTHMIO 
aBTOMaruanpoBaHHbix cuoreM CBOHX Boopy*eHHb,x Cm c aHanomHofi paöorofi OTe4ecTBeHHb,x WBHMTB. CowraSi^S^ 

flenmuvncn CKPOMHUM BicnafloM BbwrnroneJ^epHOMop^ B 300-TOTHK»O HCTOPHK> PoccMMCKoro B^oro*™ * 

I. npeflbiCTopiiH C03flaHHH BU n ACy B CUJA MBBCMX COKJSHMKOB no HATO 

^naRnovPaCCMaTPM8au   BOnPOCb'   BHeflPeHMfl   HOBetlUUMX   06Pa3M0B   TeXHUKH,    BOOpy>KeHMM,    TOXHOnOFM«    H3 
°P   7 M B Hac™ HepnoMopcKoro cpnoTa B rofl npa^HoaaHn« 300-^e™* Poccnücxoro 4>TOTa  KOTODOMV 

nocB^meHO  *   npoBefleHMe   6-Ü   KpuMCKoH   KOH0epeHMHM   no   CBM-TexHUKe  M  TeneKOMMyHM^XwM 

BbNucniiTeJibHOM xexHUKM M aBTOMaTusupoBaHHb.x cuoreM Ha ee 6a3e Ha MO B paaHbie roflb., HaHMHa* c 60-x 

TOHM,™    ATRrf °,   06yCJ10BJ1eH    "P^6    BCer°    T6M    06c™TC^CTBOM|    UTO    SneXTpOHHO-BblHUC/lMTeJlbHa* 
Z™ ( > pa3™HHbie ACy B K0HMe xx sexa nponno zamm BepxHne CTPOMKM B Han6onee 

Boop^Hb'x Cr.
HP1MeCK"X nPOeKTaX " np°rpaMMax pa3B»Tblx «*WWB ^poBoroPcoo6mecTBaT,x 

cbnau„UMHe™?T °TflaTb fl0™Hoe cneMManncTaM CUJA, a raKxe HeKoiopbix crpaH 3anafla: TepwaHnn 
£r^seMTR.

Pr^r nePBb'MM B pa3pa6oTKax Bb.Hnc™™bHb,x cpeflcTB M aneMeHTHO« Lb, fl™ nee! 
TPvunnor   - ^ C03flaH"e TpaH3HCTOPOB, TpWTepOB, MHTerpa/lbHWX CXeM H,  HaKOHeL,,  nonynpOBOflHMKOBblX 
TexHonomi,, noaBonuBwux cflenaib peeoiuomuo He xonbKo B Paflno3,ieKTpoHMKe, HO M BO MHO™ Zax 
AenTenbHocTM HenoBeMecTBa B XX BeKe. fl 

rn„tt °™e™M M TO o6cTo*Ter.bCTBo, MTO BHeflpenne 3BT M ACY B BoücKa B cipanax HATO vt B CoseTCKOM 
r^r nPa*™Hec™ B oflHHaKOBOM noc/ieflOBaTenbHoc™ M B oflHO u TO xe BPeM* na pyöexe 50-x M 70-x 
roflOB. TexHOjiorHMecKnn OTPNB sanaflHbix TexHonornü npoMaoiuen nosflHee 

n r.*™ MTaK' 1953 r0fl- HayMHa* rpynna CTO^HHoro yHMBepcuTeTa MMeHu fl. BauJUHrroHa (CUJA) nonynuna 
SrS^p^T'"6"116 3JieKTp0HH0-Bbl^c™^r,bHy,o MauiMHy nepaoro (KaK MBI ero Tenepb ™accniuMMpyeM) 

VM6?r rPrn MT"TK"K0MnbK5TeP ■ MeJlb: MCC™A°Ba^^KMe paßOTb, HO COWHMIO aBTOMamaMm^ 
TO^KaK B IpTrnn?33^ n0CT3B0K B°fA

HH0Pi T6XHMKM  neHTar°Hy-  H° 3T° CTaJ1° B03MO>KHb.M TO^bKO nOCr,e 

KOflHpoBaHn* B o6nac™ npoMbiiijneHHoro npon3BOflCTBa BoeHHOM TexHMKM. B 1959 rony B 3TMX uerax Ha6a»> 

K2SrHb,X   Pa6°T  n°  C03flaHM,°  eflMHb'X   ^aCCM*^a™POB  B  BOeHHO-MOpCKHX   SLx   CWA   5^   OTKPb,T 
MH*opMaMHOHH(«bNMcnMTenbHb.M MeHTP, ocnameHHbiM 3BM IBM-650 M IBM-705, MenbK) co3flaH^ KOToporo 

LHHIX He.flTnHlie °TfleJlbHblx BLI B e*™W CMCTeMy A™ aBToMa™3,poBaHHb,x pacneroB ToepaSo™ 
TJ^1^LR 3afl3M TexHwecKa51 6a3a 3EJM l-ro noKomn^ 0Ka3ar,acb nenp^roflHOM.  Haapena 
Heo6xoflMMOCTb MoiMHoro TOüMKa firm MacuiraÖHoro cpHHaHCMpoBanun M KonqeHTpa^n nawHoro noTeHuuana 
3TO M 6bmo cflenano B 1961 rofly, Korfla Konrpecc CUJA yraepfl^ nporpaMMy co3flaH„ r^SS^S^l 
onepaniBHoroynpaBneHM« (rcoy)fl™ Bbicujero pyKOBOflcTBa, npaBMTenb«^a, Boopy«eHHUx Cvm M opranoB 

SSS- 3™ PeUJeHM" nPMBe™ Hepe3 10"15 TOT K MOl4HOMy «XHonoowecSLy npopSj a oSac™ 
on 5;H ™R

PHb'X' n°pTa™BHb,x M HacTo^bHb,x nepcoHa^bHb,x 3BM M nporpaMMHoro oLsnSeSJ 
C03flaHHbix Ha MX 6a3e HH*oPMaMMOHHbix cexePi - npapoflHTe^efi HbiHeojHeM MHTEPHET oö-benmnnmeü 
ceroflHa OKOTO 100 MJIH. nojib30BaTejieii BO BceM Mnpe. 

Ho 3TO cnynnTca To/ibKO nepea 30 net, a Torfla 3aflaMa co3flaHn« TCOy Ha 6a3e 3BM ll-ro u fla>Ke III- 

r°MNnSe,Hnn^0;iynPOBOflHMKOBblX 3BM ™na •OH^BAK-IOSO, IOHMBAK-1107, OMJ1KO-2000 IBM-360 
CMMEHC-4004 6bma BbinonHeHaKHaHajiy70-xroflOB. 

mTnnaa ^I°T 3KCKypc B nP°W"°e 6bin HeoßxoAMM ATO Toro, HTo6bi cpaBHMTb M oMeHMTb Ty orpoMHyK> paöory 
KOTopa« flenaiiacb B Haweu cTpaHe H B ee Boenno-MopcKOM cpnoTe fl™ flocT^eHM«, B M^OM, TSKHX «e 

II. Co3flaHne BbiHucnMTenbHbix ueHTpoB n cucTeivi ynpaBneHMfi 
B BoeHHo-MopcKOM <DnoTe Ha npuMepax HepHowiopcKoro cpnoTa 

MToßbi noHSTb M oqeHHTb ycuriMa OTeqecTBeHHbix paspaöoTMMKOB 3BT n cucTeM nocTooeHHbix Ha 
6a3e m* c ncnonbaosaHneM 3BM, nonbixaeMca nepenecTMCb B cepeflHHy 50-x, naMano 60-x roflos KOTopbie B 

S°T
k°
pbl^opMMe^x m*am™ xapaKrepnaoBamcb no™PHb,MM xapa.aePMc™KaMM: V\m XOHOWHOR 

BOMHbi M Hao6opoT -   XpymeBCKaa oTTene/ib"... M TO n flPyroe BepHO numb orsacTM. 
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Orrenenb B nojinTMKe TaK M He Haciynnna, ycTynwB wiecio Kapw6cKowiy Kpn3wcy B 1959-61 r.r., apa6o- 
M3pannbCKHM BOMHawi 60-x, aoconioTHbiM peKopAaM no Hucny nflepHbix ncnbuaHMM H 3anycKaM KOcwiMMecKnx 
annapaTOB pa3nnHHoro npeflHaaHaHeHnn. 

CopeBHOBaTejibHbiM flyx xonoflHofi BoiiHbi He oßowen cToponoü M npeflwseTfloicnafla. 
OöpaTUM BHMMaHne: npaKTunecKki oflHOBpeweHHO c CLUA CoBeTCKnii Cor03, Hannna« c 1956 rofla, a 

BoeHHO-MopcKovi OnoT - 1959 roAa, Hanan cosflasaTb CBOM BbMHcnnTenbHbie u,eHTpb! Ha 6a3e 3BM nepBoro 
noKoneHMfl Tuna "yPATI", oflHOTunnbix c IBM-704, 702. TonbKo y Hac BHeflpeHne 3THX cpa3y we 6bino yB?i3aHO 
c 3aflaMawin noBbiujeHMH onepaTHBHocTM B CMCTeMe ynpaB/ieHna, a 3aflann waTepnaribHoro yMeia ocTanncb KaK 
6bi Ha BTopoM nnaHe. 

OmaflKa nporpaMM n flopa6oTKa 3BM npoHSBOflnnacb Ha CTeHflax HUM BMO B JleHHHrpafle, a 
pa3pa6oTHHKM M3 MocKBbi, MwHCKa, yjib^HOBCKa, MyTb no3>Ke - M3 EpeBaHa, KweBa, Ka3aHH nocToaHHO, MTO 

Ha3b:BaeTca "no-ropaMeMy", BHOCMHM M3MeHeHMfi n flopa6oTKM, yBenHMHBa™ npon3BOflHTejibHocTb, 
6bicTpoAePicTBMe v\ HaAexHocTb HenpepbiBHoPt pa6oTbi CBOHX 3BM. 

B Mae 1961 roAa Ha MepHOMopcKOM cpnoie cosAaeTcn nepBan BbiMncnmenbHafl rpynna, B cocTaB 
KOTopoü 6bmn BKJiKmeHbi cnen,nanncTbi n paAMoaneKTpoHHoro HanpaB/ieHnn. 3TH (^awinnwH Mbi nowiHUwi: H. 
LilapanoB, B. LIIHJIOB, B. «PHBLIOB, MeTen.KHH, B. Pome, A. KynioKHH, \0. TypMH, M. JlanTes, A. BpoHCKufi. B 
neTpoABopi4e HepHOMopi4awi Aosenocb ynacTBOBaTb B HCTopuMecKOM co6biTMn: ocBOHTb 3BM "yPAJl-l", 3aTewi 
AeMOHTupoBaTb ee co cieHAa, ynaKOBaTb M ompaBHTb B CesacTononb p,nn MOHTa>Ka B iiiTa6e cpnoTa. 

H ceroAHfl HeKOTopbie H3 y^acTHMKOB STOX co6bunCi npoKMBahOT B CeBacTonone H no npasy Ha3biBaioT 
ce6« "KOCMOHaBTaMU B BbMUcnuTenbHOM Aene". BeAb TorAa STO 6bina nepBaa 3BM He TonbKO Ha cpnoTe, HO V\ 

B CeBacTonone! HauJM By3bi eine He Hana/in noAroTOBKy cnen,nanncTOB no 3KcnnyaTai_(nn 3BM n 
nporpaMMHoro oöecneneHua, H TOKenaa Howa nepBonpoxoAues BMecTe c upoHnnecKHMH ynbiöKaMW n 
oTKpbiTbiM HeAo6po>KenaTenbCTBOM co CTopoHbi HeKOTopbix ynpasneHLieB He Morna He cKa3aTbca 
BnocneACTBHM Ha cyAb6ax HeKOTopbix m HMX. 

ToBopHTb o HaAexcHOCTH 3T011 3BM He npuxoAHJiocb. MaKCHMywi pa6oTbi - 4 Maca, 3aTeM uunw 
neperpeBbi naMn, c6on, n ociaHOB BbmncnnTenbHoro npoLiecca. Oco6eHHo Taweno STO npoMcxoAnno B 

wapKi/ie Mecaqbi ceBacTononbCKoro neTa. "JloBMTb" paßonne nay3bi onepaTopaM npnxoAnnocb qacaMH. Ho 
sflecb we po>KAanncb H qeHHbie npeflnoweHwa, KOTopbie Bownn B KaMecTBe A°Pa6oTOK B nocneAytoLAHe 
MOAenn 3BM. 

PaHee Mbi ynoMnnann o KOHMeHTpai^nn ycv\r\m B CUJA p,nn co3AaHMa TCOy. TaKHe >Ke peixieHna, XOTH 

v\ HecKOJibKo no3>Ke, Sbinn npuHHTbi M B CoBeTCKOM CoK)3e. SKOHOMHIO CCCP no3Bonnjia TorAa A^naTb warn 
npaKTHMecKH nK>6ov\ CDO>KHOCTH, H önaroAapa KOonepaqMH nomn COTHH HMH, KB, 3asoAOB w npeAnpH^THti 
yAanocb B Hanaxie 70-x TOAOB BbinojiHMTb paöoTbi no co3AaHMK) aHanora TCOY B BC CoBeTCKoro Coro3a. 
OTCTaBaHMe CCCP OT CUJA npaKTunecKM cooTBeTCTBOBaxio OTCTaBaHnK) B npuHaTHM cooTBeTCTByioinero 
npaBHTenbCTBeHHoro pewennfl. 

TeM He MeHee, B 1965-67 r.r. Bee MBI4 cpJiOTOB, B TOM Mucne HBL| MepHOMopcKoro cpnoTa, y>Ke 
nepesoAHnncb Ha TexHWKy BToporo noKoneHna. HaAO OTAaTb AOJi>KHoe ynbHHOBL|aM, KOTopbie B KOHKypeHTHofi 
6opb6e no6eAnnn APyrMX conepHHKOB M nonyMmin Toc3aKa3 Ha nocTaBKy ppn Boopy>KeHHbix Cun 3BM B3CM- 
4, a 3aTewi n B3CM-4M, 4-MC. riocxieAHne npeAHa3HaHa/incb y>ne f\nn pa6oTbi c aßoHeHTawiu B cuciewie v\ 
o6ecneMMBann KpymocyTOMHbiPi pe>KMM c)DyHKi4HOHMpoBaHMfl. HeAOCTaTKOM 6bina Heo6xoAMMOcTb 
cymecTBeHHoro pacLunpeHMn iiiTaTa o6cny>KMBaHMn M cxapaa npo6neMa "xonoAa". 

HoBaa TexHUKa npMBHecna c CO6OM H HOByio opraHH3ai4HK> B ee ncnonb30BaHHn v\ npHMeHenMH. 
BbiMncjiMTenbHbie rpynnbi c 1966 roAa 6bmn nepecfjopMiipoBaHbi B BbmncjiHTenbHbie qeHTpbi, a Ha KoiwaHAHbix 
nyHKTax c Hanana 70-x TOAOB noflBnaroTcyi nocTbi ACY (HJIM aBTOM3TH3npoBaHHoro cBopa, o6pa6oTKM 
cpopMajiM30BaHHOM MHCpopMai4MM - COOPM). noAHUHenne MB14 KoMaHAHOMy nyHicry no3Bonmio B nepByro 
OMepeAb 0Tpa60TaTb npaKTwecKwe Bonpocbi noBceAHeBHoro oSecneMeHM« pacneTawin onepaTHBHyto cny>K6y H 

HeKOTopbix npoL^eccoB öoeBoro ynpaBneHwa. 
BbiCTpaa, o6"beKTHBHan n TOHHaa oqeHKa co3AaBaewibix Kopa6enbHbix rpynnnpoBOK pa3HopoAHbix cun, 

cpaBHMTejibHbix xapaKTepucTMK npoTHBHMKa cnocoScTBOBann pocTy aBTopMTeTa HBL( H CTeneHU A°Bepnfi K 

BbiAaBaeMbiM pacneTaM. Oco6eHHO 3anoMHHJicn 1968 TOA, KorAa coBMecTHaa acKaApa MO c cpnoTaMM HPB, 
CPP AeficTBOBana Ha yneHHflx B 3anaAHo(i nac™ MepHoro Mopa, u noTpe6oBanocb peuu.eHne, ocHOBaHHoe Ha 
pacneTax. UJTa6 MO HanpaBUji B Mope TenerpaMMy c pe3y/ibTaTaMH, nonyMeHHbiMn H3 HBI4. 3TM pe3yiibTaTbi 
OTJiMHariMCb OT Tex, KOTopbie 6binn CAenaHbi yHacTHMKawiM yneHHti B Mope. (loBTopHbifi 3anpoc B uuTa6 MO n B 

MocKBy noATBepAMn npasory BbiMMcnnTenen cp^°Ta. 3a HT0 0Hkl 6biJin B nepBbiPi pa3 yAocToeHbi 
6naroAapHOCTM pyKOBOAHTena npaKTunecKHX yneHHii aAMnpana XapjiawiOBa. TaKHe >Ke 6naroAapHOCTH, HO y>Ke 
OT pyKOBOACTBa LUTa6a BapwaBCKoro floroBopa nonyMan cp^0T ^ HEJU B 1969 roAy M3 CpeAH3eMHoro Mopn, a 
3aTewi B 1972 roAy B nepHOA apa6o-M3pannbCKoro Kpn3nca. 

BeTepaHbi qeHTpa oco6eHHO 6naroAapHbi aAMHpanaivi-HepHOMopqaM CMHpHOBy HHKonaro MsaHOBHMy 
n Bo6nny HBaHy OeAopoBMMy, KOTopwe nepBbie AOBepwriM BbiHwcriMTeriaM cno>KHefiujne pacMeTbi M 3aTeM 
aKTHBHO cnoco6cTBOBann BHeApeHHto BbNHcnnTeribH0M TexHMKM B AeflTeribHOCTb ynpaB/ieHHM H cny>K6 MO. 

flo3)Ke BbiMMcriHTeribHbiii qeHTp BHeApaeT Ha <p^0Te pacMeTbi no nponeTy pa3BeAbiBaTeribHbix 
MCKyccTBeHHbix cnyTHMKOB 3eMnn, pacneTbi no3nqnM cyAOB rpa>KAaHCKMx BeAOMCTB, oTo6pa>KeHne 
rpacpn^ecKHX KapT, cnei^nanbHbie cp°PMa/1M30BaHHbie CBOAKM H AoneceHMn, p«A 3aAa^ no 6oeBOMy 
npMMeHeHHto cun. 3TOMy cnoco6cTBOBano B HeManoi?i CTeneHU cpopMnp°BaHne cneqnanbHoii rpynnbi 
ocpnL\epoB ß,nn nccneA0BaHHFi onepaqHM. CneAyeT noAMepKHyrb, MTO 70-e roAbi Ha cp^°Te 6binn OTMeneHbi 
6ypHWM POCTOM co3AaBaeMbix H BHeApeHHbix 3aAa^ nporpaMMHoro o6ecneHeHnn. 
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Ha Kopaßnax H noflBOflHbix jiofiKax ycTaHaBfiMBaeTca cnequanbHaa annapaTypa 
aBTOMaTM3npoBaHHoro npneMa-nepeflann KOPOTKHX cpopMann30BaHHbix CHmanoB ßoeßoro ynpaeneHua B 

CBepx6biCTpoAeficTByK)U4MX n flpyrnx paflnoceiax. 
BbiMHCJiHTe/ibHbiM MeHip cpnoTa cTaHOBHTca KyaHnqeM KaflpoB p,nn powflaiomHxcfl qeHTpoB y Hawux 

Konner-Mop3aBOflLieB, B npn6opocTponTejibHOM nHCTmyre, B ceßacTonoiibCKux BoeHHbix yMH/iwinax, a no3)«e n 
Ha "MyccoHe". DpaKTUHecKM BO Bcex MBI_( pernoHa pa6oTann n pa6oTaraT "BbinycKHUKH" cfJiofCKoro neHTpa. 

80-e roflbi... Ha cp/iOTe nponcxoflMT onepeflHan cwieHa noKoneHHü 3BM. EflUHaa cepua 
BbiMucnnTenbHbix MaujuH, MaroTaBJiHBaeMaa no eflMuoPi KOHLienmw cipaH BapiüaBCKoro ßoroBopa, 
cymecTBeHHo paciunpnna BO3MO>KHOCTH oßmecMCTeMHoro oöecneneHtiH, nossonuna o6ecneHMTb Kafle>KHoe 
cpyHKijHOHnpoBaHHe BbiMHCJiHTe/ibHoPi ceTM BoeHHO-MopcKoro O/ioTa, oflHuiw H3 3BeHbeB KOToporo ABnaeTca 
MepHOMopcKMii OJIOT. 

C BHeflpeHkieM nepcoHanbHbix IBM-coBMecTUMbix KowinbtoTepoB noHBnnncb HOBbie BO3MO>KHOCTU RHH 

onepaTMBHbix pacneTos. fla/iero He Bce ceroflHH 3HafOT, HTO B cepeflune 80-x roflOB MO n cpnoT Bonrapnn, 
UMea caMoe TecHoe coTpyAHM'-iecTBO Ha Mope, 3aiuifOMMJin Mewfly CO6OM floroßop o co3flaHMH eAUHotö 
KOMnbrOTepuoü ce™ CBOHX KOMaHflHbix nyHKTOB. Ea30Boü I13BM 6btn BbißpaH 6onrapcKnPi "!1PABEL(-16" c 
MBeTHbiM MOHUTopoM, a 3aKpbiTne HHcpopwiaLitin npon3BOflnnocb HaujePi cneqannapaTypoii. riepefla^a 
MHCpopMaqnn Luna no noflBOflHOM Ka6enbHOM MarwcTpann CeßacTononb-BapHa. 

B 1988 rofly MO npoBexi no nnaHy Till BMO cöopbi ocpnqepoB aBTOMaTM3aTopoB CTpaH BapiüaBCKoro 
floroBopa. Bbinn onpefleneHbi HOBbie py6e>KM coTpyflHHMecTaa. 

LUnpoKoe noBcewiecTHoe npMMeHenne BbmucjiMTeribHoü TexnnKH nornHecKM npußeno K cosflaHuro Ha 
cbnoTax n MO cBoeü cnequaJibHO samumeHHoPi UHchopMaMUOHHofi ce™, a snexTpoHHaa noma CTajia 
npuBbiMHbiM MHCTpyMeHTOM onepaTHBHOü cnywöbi iiiTa6a. 

KaK n BC CLUA, BbNucnnTenbHbie LjeHTpbi Hatnero BMO He OTKa3anncb OT npuMeHeHMn 6onbi±inx 
3BM, T.K. HecMOTp^ Ha MX oneBUflHbie HeflocTaTKM no 3aTparaM Ha 3KcnnyaTau.uio, OHM MMeioT n pafl 
cneLincpn^ecKux npeHMymecTB, Heo6xoflHMbix fl/ia BoeHHoro npMMeHeHnn. Ha MX ocHose cpopwinpyioTcfl 
KOMßMHupoBaHHbie ce™ c 6JIM>KHMMH H yflaneHHbiMH a6oHeHTCKHMu KOMnneKcawiH Tuna "CErMEHT-6yT", 
Mepe3 cnequa/ibHbie ycTpoücTBa K EC 3BM noflicntoMaraTcn nepcoHanbHbie xoiunbrOTepbi Tuna IBM-286, 386 
486. 

Coflpy>KecTBO ODOTCKHX cneL(na;incTOB c PHAOM HUH B /leHHHrpafle, MocKBe, KneBe, Ka3aHH n flp. 
3HaHMTeJlbHO paCLUMpHJlH B03MO>KHOCTM HBLJ O^OTa. HaflO OTMeTHTb, HTO M ceroAHflUJHne cp^OTCKne 6yAHH He 
npoxoAHT6e3 o6a(eHna c HaiiinMH KOJineraMH H3 MocKBbi M CaHKT-neTep6ypra. 

111. 3aioiK)4eHiie 

>Kn3Hb HB14 KpacH03HaMeHHoro MepHOMopcKoro O^OTa ceroAHa npoAon>KaeTcn BMecTe c O^OTOM, 

pa3Aenaa n nepe)KHBaH ero TpyAoayto cyAböy B TOA 300-^eTnn PoccnficKoro cpnoTa. 
3T0T KpaTKUil 3KCKypC B  MCTOpWO OAHOM  H3 HeAaBHO COBepLUeHHO 3aKpblTblX  CTpaHUq CTaBMJl  CBoew 

MenbK) He npnoTKpbiTMe HeKux "TaiiH". 3aAana flpyran. rioKa3aTb, HTO nporpecc B BoeHHOM flene HeB03Mo>KeH 
6e3 nporpecca B HayKe, co3AaHna nepeAOBbix TexHonomfi M npoBeAeHnq OyHAaweHTaribHbix HccneAOBaHnfi, 
6e3 OnwaHcupoBaHua KOTopbix He HaciynuT "6/iarononyMHoe 3aBTpa" ßj\n nroßoro oSmecTBa. TaK 6bino M TaK 
6yAeT Bcerfla, n B STOM y Hac c BaMM noriHoe B3anMonoHMMaHne. 

BnaroAapio 3a BHMMaHne w Bbipawato CBOIO npn3HaTenbH0CTb 3a xenaHne nocBaTMTb paöoiy Baweü 
KOHCpepeHquM 300-neTnio PoccuPicKoro cpnoTa, c KOTopbiM, Mbi He coMHeßaeMcq B OTOM, y MHornx H3 
ynacTHUKOB B cBoePi )KH3HM 6binn M paöoMne BCTpeHM, n coBMecTHaa pa6oTa. 

IV. CnncoK JiMTepaTypbi 

[1] BapaHioK B., BopoöbeB B. "ACY ynpaBneHUfi ujTaßoB w BoeHHbix y4epe)KfleHMM". - BoeHM3flaT, 1974. 
[2] Cflofl., Keppfl., MeflHMKC. "3amnTa3BM".-Mnp, 1982. 
[3] "3neKTpoHUKa. flpoiunoe, HacToamee, 6yflyinee", nep. c amn. - Mnp, 1980. 
[4] r'pyöoB B. "CnpaBOHHMK no 3BM". - HayKOBa flyMKa, 1989. 

COMPUTERS ON THE BLACK SEA NAVY. 
ADVENT AND DEVELOPMENT 

Volodin V.l., Merkulov D.V. 
Black Sea Fleet of Russia, Sevastopol 

This paper is dedicated to some of facts from the history of computers appearance on the Black Sea Fleet. The attempt to compare 
the chronologies of the USA and NATO efforts to create the automated systems for their Army, with the similar work of scientists of 
the former Soviet Union, has been made. Some facts from the practical activity of information-computational center of the Black 
Sea Fleet have been presented. 
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O CMCTEMHOfö QPrAHMSAUMH 
flEflTEHbHOCTM A.C. nOnOBA B nPOUECCE 

M30EPETEHWFI UM PAflMOTEflErPA<J>A 
E.A. OeflOTOB 

Coeem eemepaHoe ^epHOMopcKoao (pnoma, Ceeacmononb 

AHHomauun - Ha ocHOBe cymecTBytomwx ncTopMnecKnx flOKywieHTOB npeflCTaBnena L(enbHaa KOHi^enmra 
nocneflOBaTenbHofi fleaTenbHoc™ A.C. nonoBa no coaflaHMio M npuMeHeHwio npnewiHoro npn6opa fljw 6ecnpoBonoMHOM 
cnma™3aL|WM M TenerpacpwpoBaHra c ncnonb30BaHMeM aneKrpvwecKnx nynefi repna. PaccMaTpuBaioTCfl Bonpocu, cBH3aHHbie 
c 3amnToü npnopMTeTa A.C. flonoBa B M3o6peTeHMM paflwocBASM. 

I. BsefleHne 

nocne ony6nnK0BaHna pa6oT Tepqa B 1888 r. 06 OTKpbiTUH aneicrpaMarHHTHbix BODH fljw Mupa 
yneHbix noaBwnacb eu^e OAHa BosMowHOCTb peuiHTb npooVieMy 6ecnpoBonoMHOM CBH3U Ha paccTonHnn. 

II. O Heo6xoflMMOCTM npn6opa, "aaMenaroiuero" aneKTpoMamm-Hbie BonHbi 

A.C. nonoB, npenoAaBaTexib MuHHbix ocpnqepcKHx miaccoB B KponuuTaATe, B nepBbifi we rofl 
3HaKOMCTBa c paöoTaMH Tepqa B 1889 r. noflroTOBun L|HKTI neKL(MM no nponaraHfle OTKpbiTUH Tepi^a n 
KOMnaKTHbie npn6opbi AJIH AeMOHCTpau.nn ero onbiTOB. 

Ha nepsofi we TaKoPi neKqun B KpoHuiTaATCKOM MOPCKOM co6paHHH Ha TeMy "HoBePiuiHe 
nccneAOBaHMa B cooTHomeHMax Me>KAy CBeTOBbiMn u aneicrpuMecKMMH siBneHWAMn", no cBMAeTeribcTBy 
6biBiiiero TorAa ero accHcrreHTOM H.H. TeoprneBCKoro, A.C. rionoB B samic-seHHe Bbipa3un cowaneHwe, HTO 

"MenoBenecKuvi opraHM3M He HMeeT eu\e Taxoro opraHa ^yBCTB, KOTopbiü 3aMe4a/i 6bi aneicrpoMarHHTHbie 
BonHbi B acpupe, n ecnn 6bi M3o6pecTH TaKoü npn6op, KOTopbifi 3aMeHnn 6bi HaM sjieicrpoMamnTHbte nyBCTBa, 
TO ero MONCHO 6bino 6bi npuMenaTb K nepeAane cumanoB Ha paccTOHHHH" [1, c.48]. 

C an/ix cnoB HaHMHaeTcn euje He c-ieHb onpeAeneHHoe »enaHne "n3o6pec™ npu6op, 3aMeMarOuu,nPi 
BonHbi repua", v\ TaKan we npeAnonowMTenbHas i\enb Ha nepcneKTUBy ero npHMeneHna K nepeAane curHanoB 
Ha paCCTOHHUM. 

B npouecce neKUMOHHofi nponaraHflbi 3TO nowenaHue nocTeneHHO ccpopMHpoBanocb B 3aAany 
H3o6pecTM TaKoft npn6op. riocne MHOMX nonbiTOK pa3HbiMH cnoco6aMM co3AaTb TaKoe ycTpoPicTBO A.C. nonoB 
CKOHCTpywpoBan paAHOiweTp, KOTopbiw npoAeMOHCTpupoBan Ha 3aceAaHnn cpHsunecKoro OTAeneHkw PyccKoro 
cpn3HKO-XMMHHecKoro oSmecTBa (POXO) B 1893 r. [2, c.40]. Ho TexHunecKM STOT npn6op ero He yAOBneTBopan. 

C noHBneHMeM coo6meHn£i O. J1oA>Ka A.C. rionoB 3aH«JiCM noBTopeHi/ieM ero onbiTOB n 
ycoBepaieHCTBOBaHHeM Korepepa, KOTopbifi He o6r\a^an nocTonHCTBOM HyBCTBMTenbHOCTM. IlonoB n3MenuJi 
KOHTaKTbl TpyßKH, yBeilHHHB nOBepXHOCTb MX COnpHKOCHOBeHMS C nopOUJKOM, 3aT6M M3 MaCCbl MeTaxinnMecKMx 
nopoiiJKOB Bbißpan Han6onee aKTHBHO pearnpyromnPi Ha B03AePicTBMe a/ieicrpoMan-imHoii BonHbi - nopouiOK 
">Kene3a nynbBepaTyM", n3MeHflBiunM npw STOM CBoe conpoTUBneHne B 10-100 pas. 

Ho caMoPi maBHoid 3aAaMePi ciano cTpeMneHne A.C. (lonoBa co3A3Tb TaKyw KOMOMHaqnio, MTo6bi 
nocne BOSAekicTBMfl a^eKTpoMarHMTHofi BOJIHW cqenjieHHbiPi nopomoK B Tpy6Ke-AeTeicrope pa3pyiüancfl 
HeiweAneHHO aBTOMaTunecKM [3]. 

riocTaBJieHHbifi B Hanajie onbiTOB B ujenb Korepepa ra/ibBaHOMeTp, CTpenKofi yAapflBLUMfi no Korepepy, 
6bm 3aMeHeH Ha TenerpacpHoe pene, B Ljenb KOToporo BKnto^eH aneKTpMMecKuPi 3BOHOK, CBOMM AKopbKOM 
yAapnBLUnPi no HaiueMKe 3B0HKa, a Ha B03BpaTH0M ABH>KeHHM - no Korepepy. TaKaa cxewia coTpacaiena 6bma 
co3AaHa B TeMeHne HecKonbKMX nacoB [4, c.249] u OKasanacb eAUHCTBeHHo B03MO>KHbiM cnoco6oM 
AeTeKTupoBaHMH ncKpoBoro sneicrpoMarHHTHoro cumana M TaKUM o6pa30M cTana M3o6peTeHneM nepBoro B 

Mupe paAnonpneMHUKa. 
25 anpena 1895 r. A.C. ilonoB BnepBbie AeMOHCTpupoBan CBOPI M3o6peTeHHbifi npn6op p^nn 

o6Hapy>«eHHJi M perMCTpupoBaHun aneiapuMecKHX Ko^e6aHnfl Ha ^eKqMM B cpM3HMecKOM oTAeneHMH 
rieTepöyprcKoro yHMBepcuTeTa. A.C. rionoB noHMwa/i, MTO OH ywe co3Aan npn6op, "3aMeHaKDinnfi" BonHbi 
Tepqa, n TeM BbinoriHun cKasaHHoe 6 neT Ha3aA noxexiaHHe. Tenepb npeACToano BbinojiHMTb BTopyio nacTb 
noKenaHMfl - npuMeHMTb npn6op flnn cnmann3aL|MH 6e3 npoBOAOB. K BbinonHeHuro STofi 3aAaMM RonoB 
npucTynM^ HeMeA/ieHHO. y«e B KOHue CBoero AoxnaAa npw nepBOÜ AeMOHCTpaqun npn6opa OH HeTKO 3aflBMn o 
CBoefi naAe>KAe, MTO "MOM npn6op npn Aa^bHeviiueM ycoBepaieHCTBOBaHMM ero MO>KeT 6biTb npuMeHeH K 

nepeAa^e CMmanoB Ha paccTOflHMM npM noMomn 6bicTpbix aneicrpuHecKHX KO/ie6aHnfi..." [1, c.50]. 
A npHcyTCTBOBaBtiiewiy Ha STOM A°K/iaAe KoppecnoHAeHTy ra3eTbi "KpoHUJTaATCKMpi BCCTHMK" A.C. 

nonoB 6onee rny6oKO n HayMHO o6ocHOBan CBOK) 3aAany flocTuweHMH cnmann3aqMH 6e3 npoBOAOB: "UOBOAOM 

KO BceM 3TMM onbiTaM (c BonnaMM repqa) cny>KMT npaKTMMecKan BOSMOXHOCTb cnrHariM3anMM Ha paccTOHHMM 
6e3 npoBOAHUKOB HanoAo6ne onTMMecKoro Tenerpacjja, HO npn noMoinn aneicrpuMecKHX riyneii" [5, c.124], 
3Aecb BMAHTca HecoMHeHHoe npoAo/DKeHne M pasBMTue Menu, npoaB/iaiomePicfl M3 ncnonb30BaHM3 
cooTHouieHna   Me>KAy   CBeTOBbiMM   M   aneicrpMHecKMMM   HBneHnaMM.   A   TeopeTunecKoe   yTBep>KAeHMe   o 
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BO3MO)KHOC™ cnmann3aL(MM 3/ieKTpnHecKHMH nyMaMM Hanoflo6ne orrn/mecKoro Tenerpacpa npeBpa™nocb 
Tenepb B oMepeflHyio aaflaMy flOKa3aTb 3Ty B03M0>KH0CTb npaicMMecKH. M HOMCK 3Toro AOKa3aTenbCTBa cTan 
maBHoPi 3aflaneii. 

TaKMM o6pa30M, nocne co3Aannn A.C. rionoBbiM npneMHoro npn6opa nepefl HUM cpa3y M 

npaicTMMecKM oflHOBpeMeHHo BbWBunncb Tpn 3aflaMM Ha nym K qenn. 
flepBan - McnbuaTb npn6op. K 3T0My rionoB npucTynun HeMefliieHHo. Mepe3 HecKoribKO p,neiÄ nocne 

nepBow fleMOHCTpaMMM npn6opa FlonoB cflenaxi ei^e OAHH Aotcnafl o npn6ope Ha 06-beflMHeHHOM coßpaHnn 
MereoponoroB, TA© 6bino npMHHTo pemeHne nocTaBUTb npuSop Ha ß,nmenhHb\e McnbiTaHMa Ha 
MeTeoo6cepBaTopnn. BTopoü KOMnneicr npueMHoro npn6opa, BMOHTupoBaHHbiPi RonosbiM B MeTeonpn6op 
Pnujapa c sneicrpoMamnTHbiM caMonMiüyu^MM nepoM, 6bin nocraBneH B nione 1895 r. Ha MeTeoo6cepBaTopnn 
JlecHoro MHCTHTyra Ha aarwcb rpo30Bbix nBneHMÜ B aTMoccpepe, M3jiyMaiomMX, KaK OKasanocb, 
sneicrpoMarHHTHbie BOJIHW. O pe3ynbTaTax STMX M APyrux McnbiTaHMü n 06 STanax co3AaHnn npußopa 
A.C. rionoB HanMcan B AeKa6pe 1895 r. CTaTbio, onyöriMKOBaHHyio B nHBapcKOM HOMepe 1896 r. ">KypHana 
POXO" [3, C.16]. 3TOM CTaTbeti 3aBepwMncn nepBbitö 9Tan AenTenbHOCTM A.C. llonoBa B C03AaHnn 
6ecnpoBonoMHOki cMrHanM3aL|MM. 

BTopan 3aAana - AOKa3aTb B03MO>KHOCTb curHannsaqMH sneiapuMecKHMH nynaMM Tepqa, 6bina 
BbissaHa cocTonHweM f\en w MHBHMM B cpeAe HayMHOM oömecTBeHHocTH Toro BpeMeHH. Pa6oTbi 
MCcneAOBaTejieii T. 3flncoHa B AMepuKe, B. ripwca B AHITIMM, U.M. EoprMaHa B POCCHM [5, c.122] no 
co3AaHnio 6ecnpoBonoMHoro Tenerpacpa Ha ocHOBe sneicrpoMarHMTHou WHpymyw\, B036y>KAarOinePi TOK B 

napajinenbHOM npoBOAHMKe, 0Ka3a/incb 6e3ycneaiHbiMn v\ He npuBexia K nonyMeHwo Heo6xoAHMofi A3^I>HOCTH 

TenerpacpupoBaHMfl. CßoücTBa TonbKO HTO OTKpbiTbix nyneM Tepqa eine He 6bmn xopoiuo usBectHbi. B onbiTax 
Tepqa n APynx yneHbix MX o6Hapy?KeHne He BbixoAMno 3a npeAenbi AecnTKOB MeTpoB. HapnAy c yneHbiMM, 
BepMBUJMMM B npMMeHeHwe BoriH Tepqa p,m 6ecnpoBonoMHoPt CBA3M, Hanpniviep, KpyKcowi, MHorne yneHbie- 
cpM3MKH He Bepunn B B03MO>KHOCTb npaiowecKoro npMMeHeHMfi BOJIH Tepqa [1, c.51]. fla M caiu Tepq He 
npeABHAen BO3MO>KHOCTM npMMeHeHMn MX B TexHUKe [6, c.194]. Bee STO BbiHywAano A.C. llonoBa He cTonbKO 
yßeAMTbca caMOMy, cKo/ibKo yöeAHTb APynx B BO3MOWHOC™ npMMeHeHMn BOJIH repu,a pj\n öecnpoBonoHHoü 
cw-HajikisaqwH. flnn peuuenna STOM npo6neMbi A.C. rionoB Haujen TeopeTH^ecKyro onopy B HBneHMM 
cooTBeTCTBeHHO OAHHaKOBbix CBoPicTB sxieiopMHecKHx nynePi M nyMefi onTHMecKnx, nponBjiaiouvixcFi B MX 

cnocoßHocTH K OTpaweHwo, npenoM/ieHHK), nonnpusaqnM, H B STOM yBMAen B03M0)KH0CTb npuMeHHTb CBOVI 

npw6op A-na cnrHann3ai4nn H Te/ierpacpnpoBaHmi sneiapuMecKHMM nynaMM, HTo6bi AOKa3aTb npaianHecKH 
noAo6ne aToro npuMeHenn« onTHMecKOMy re/ierpacjay. 

TpeTbH npoßneMa B03HHKna m Toro, HTO 6bicTpbie sneiapuMecKne Kone6aHMP H3JiyHariMCb 
ynpaBJineMbiMM sneicrpuHecKHMM ncKpaMM, reHepaTopoM Tepi4a. Ho KaKOM noMexoPi MM 6yAyT npwpoAHbie 
3JieKTpM4ecKne rpo30Bbie pa3pnAbi - MOJIHUM? KaK OHH noBnunioT Ha yenex MüH Heycnex 6ecnpoBonoMHofi 
MCKpoBofi cnrHann3aL(MM? 

YacHeHne 3THX npoßneM ocymecTBnanocb B npoqecce neKquoHHOM Ae^TenbHOCTM A.C. llonoBa H 
ncnbiTaHun npuSopa Ha MeTeoo6cepBaTopnn. 

III. OnbiTbi cnrHajiM3aMMM c noMombK) aneicrpMHecKiix nynew, noAo6Hbix onTimecKUM 

Y)Ke 19 HHBapn 1896 r., KaK pe3ynbTaT STUX onbiTOB, A.C. rionoB npoAeMOHCTpuposajn 
ycoBepiueHCTBOBaHHbiii npwöop p,rm npneMa CMmanoB B npoqecce BocnpoM3BOACTBa onbiTOB Tepqa c 
sneKTpMHecKMMü jiyMaMM Ha neKL(iin B KpoHUJTaATCKOM OTAeneHMn TexnunecKoro oömecTBa. npneMHbiCi 
npnöop nepeHocMJicfl BO Bee 6onee oTAaneHHbie OT reHeparopa repqa KOMHaTbi [7, c.51, 52]. A.C. (lonoB 
oöpaTMJi BHUMaHne, MTO npuSop, naxoA^cb 3a neperopoAKaMM CTBH, 6e3 nepeöoeB M 6e3 MCKa>KeHMM 
npMHUMan curnaribi M 3BOHOK npn6opa yßepeHHo 3ByMan, BocnpoM3BOAfl "3apaHee onpeAeneHHbie cumajibi" 
[7, c.51, 52]. H B STOM nBneHMM A.C. llonoB Hainen noATBep>KAeHMe BO3MO>KHOCTM npMMeHeHun riyneM Tepqa 
Ann cnrHann3aL4MM 6e3 npoBOAOB. 3TO BnepBbie HaßnioAaeMoe yiBneHMe 6e3bicKa>KeHHoro npoxo)KAeHMn 
ccpopMnpoBaHHoro cumana Mepe3 npennTCTBMe npuBeno ero K Mbicnu o HeoßxoAUMocTH TaKoro onbrra no 
cnrHanM3aL(HM Ha 3aKnraHMTenbH0M paccMOTpeHMH B rieTepßyprcKOM yHMBepcuTeTe n MTO ropoACKne CTpoeHMfi 
He 6yAyT npenaTCTBMeM Ann curHanoB. 

TaKoPi peujaioinMM noKa3 A.C. rionoB noAroTOBun n npoBen 12 MapTa 1896 r. Ha 3aceAaHHM 
cpHSMMecKoro OTAeneHun c qenbio He TonbKO npoAeMOHCTpupoBaTb yneHbiM w sneicrpoTexHHKaM 
neTepßyprcKoro yHWBepcuTeTa nonHoe cooTBeTCTBwe CBOMCTB snetcrpHMecKnx nyneti nynaM onTMsecKUM, 
OTKpbiToe eine repi4eM, HO Ha ocHOBe MX cnocoßHOCTM - B oTnMMMe OT onTMMecKMX - npoxoAMTb Mepe3 
npennTCTBue 6e3 MCKaKeHMn CMrHana, 6e3 noTepn WHcpopMaqnn, KaK cKa3anM 6bi ceroAHn - AOKa3aTb 
npuroAHOCTb sneiapMHecKMX nyMeii K CMrHann3ai4MM M TenerpacpMpoBaHMK), HanoAoöne onTMMecKux. 

Ho ecnM B nnsape 3Ty cnocoöHocTb coxpaH^Tb MHqbopMaqMKJ noATBep>KAanM "3apanee 
onpeAeneHHbie cMmanbi", M3BecTHbie TonbKO TeM, KTO MX onpeAennn, TO B ASHHOM cny-iae Ann yöe>KAeHMn B 

3TOM cnocoÖHocTM Bcex cnyuiaTenefi Hy>KHO 6bino nepeAaTb CMbicnoBoe cooßmeHMe, npaBMnbHocTb npMeMa 
KOToporo noATBep>KAana 6bi Ann Bcex cnyuiaTeneM B ayAMTopMM neMCKa>KaeMocTb cpopMMpoßaHHoro cMmana 
npM TenerpacpMpoBaHMM BonHaMM TepMa. TaKMM CMbicnoBbiM coo6uneHMeM CTanM cnoBa TeHpMX repq", a MX 

6e3bicKa>KeHHbiM npMeM 12 MapTa 1896 r. AC. üonoBbiM c npMMeHeHMeM ero npM6opa Ha neKqMM B 

neTep6yprcK0M yHMBepcMTeTe CTan npaKTMHecKMM w HecoMHeHHbiM noATBep>KAeHMeM BO3MO>KHOCTM 

TenerpaqbMpoBaHMn 6e3 npoBOAOB. 
OAHara, B AOKyMeHTax 06 STOM neKLiMM ynoMMHaHMn o nepeAase STMX cnoB HeT. Ho ecTb 

MCTopM^ecKMe CBMAeTenbCTBa. 
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A.C. nonoB B CBoeM floicnaAe MapTa 1896 r. nucan: "B MapTe (1896 r. - U.E.) MHOM 6bm 
fleMOHCTpupoBan npn6op arm onTHMecKHX onbiTOB c 3neicrpnMecKHMK nyMaMH ..." [7, c.52] (3flecb v\ A^nee 
noflMepKHyxi E.O.). Hepe3 Tpn Heflenn 06 3Toi* neKLinw A.C. flonoBa npocpeceop B.B. CKo6enbqnH 2 anpenfl 
1896 r. B aneKTpoTexHMMecKOM nncTHTyTe BbicTynun c flOKnaAOM, B KOHLie Kcvroporo ci<a3an: " B 3aKnK>MeHne 
flOKnaflMMK npon3Ben onbiT c Bn6paTopoM repqa, KOTopbw 6bin nocTaBneH B coceflHeM cpnurene ... HecMOTpa 
Ha 3HamrreribHoe paccTos^Hne H KaMeHHbie cTeHbi ... npn BCHKOM ct-fmane ... 3BOHOK npn6opa rpoMKo 3ByMan" 
[7, c.53, 54]. BbiBOfl M3 L(HTaTbi BepHbiPi, HO floöaBMM - no HaöntOAeHnnM B.B. CKo6exibqMHa B STOM onbrre flnn 
Hero 6bino Heo6biHHbiM H OTMeMeno MM - 3HaMHTenbHoe paccToaHHe M KaMeHHbie CTeHbi, oflHaKO 
nepeAaBaeMbie "BCHKne", T.e. pa3Hbie cumaxibi rpowiKo Bocnpon3BOAnnncb 3BOHKOM. 

B APyroM cnyMae, KaK 3anncaH0 B npoTOKone SKCTpeHHoro 239-ro (289-ro) 3aceAaHnn cpHSUMecKoro 
OTAeneHMH OT 24 HHBapa 1906 r., nocBHiijeHHoro naMsmi A.C. llonoBa, "O.fl. BoncoH HanoMHun 
npMcyTCTByioinMM 06 ncTopuMecKOM 3aceAaHMM cpn3HMecKoro OTAeneHMa, B KOTOPOM A.C. rionoB BnepBbie 
AeMOHCTpnpoBan Tenerpacp 6es npoBOAOB ... 3HaKM nepeAasanncb no ancpaBmy Mop3e, KJIHDM KOToporo 
HaxoAMJicn y npeAceAaTenn O.O. neTpyweBCKoro. Flocke Ka>KAoro nonyMeHHoro 3Hai<a npeAceAaTenb OTWienan 
Ha A°CKe nonyneHHyio 6yKBy ... Ha AOCKe nonyMnnncb cnoBa "Henrich Hertz" [8, c.24]. B STOM BocnoMHHaHUH 
1906 r. - npflMoe y«a3aHi/ie Ha 6ecnpoBonoMHoe TenerpacpnpoBaHne n yroMHeHne, MTO "BcnKne cnmanbi" 6binn 
3HaKaMW Mop3e w cocTaBnnn cnoBa "TeHpnx repLj". 

TaKUM o6pa30M, MS cooöiAenuvi A.C. nonoBa w B.B. CKo6enbqtiHa MO>KHO CAenaTb BbiBOA, MTO AOKnaA 
A.C. nonoBa 12 MapTa 1896 r. cocToan H3 Aeyx pa3AenoB: AeMOHCTpaL|nn onTunecKHX CBOüCTB aneKTpunecKux 
nynew, KaK TeopeTHMecKoro AOKa3aTenbCTBa BO3MO>KHOCTH TenerpacpnpoBaHHH aneicrpuHecKWMH nyMaMH, 
HanoAo6ne omnHecKoro Tenerpacpa, M BTopoü Mac™ - AeMOHCTpaquu nepeAaMi/i CMbicnoBofi TenerpaMMbi 
'TeHpnx TepLi" 3HaKaMM Mop3e Ha 3HaMHTenbHoe paccTOHHue 250 MeTpoB Mepe3 KaMeHHbie CTeHbi - KaK 
npaKTHMecKoro AOKa3aTenbCTBa BO3MO>KHOCTM TenerpacpnpoBaHna 3neicrpnMecKHMH nyMaMH Tepqa. 

McTopusecKnti cpaicr nepeAaMH CJIOB TeHpwx repq" noATBepwAaeTca, TaKHM o6pa30M, norHMecKofi 
HeoßxoAMMOCTbto TaKoro pa3BHTOH Bcex onbiTHbix paßoT A.C. nonoBa H XOAOM AeMOHCTpai4nn UM 12 MapTa 
1896 r. CBoero npn6opa B A<>Ka3aTenbCTB0 ero cnoco6Hoc™ TenerpacpwpoBaTb sneicrpHMecKHMW nyMaMH, 
noAOÖHO onTMHecKHM. H, KpoMe Toro, onbiT Aan B03Mo>KHocTb noKa3aTb w oTJinHue STHX nyMeü OT onTunecKHX - 
CBOMCTBO npoxoAMTb Hepe3 npennTCTBue BHe npflMofi BHAHMOCTH M 6e3 ncKa>KeHHM nepegaBaeMOM   c HMMM 

CMblCJIQBOM HHCfrOPMaUHH. 
BHAMMO, A.C. nonoB o6paTMn BHMMaHne cnyiuaTeneii Ha 3TOT cpaicr, noATBep>KAaioiAMM B03MO>KHOCTb 

TenerpacpupoBaHMfl 6e3 npoBOAOB. Ho STOT cpaicr npoTHBopewMn MSBecTHOMy MHeHMK) Pepqa o ManoBepoflTHoii 
npuroAHOc™ oTKpbiTbix MM sneicrpoMarHMTHbix BO^H B TexHMKe. B MacmocTH, K BO3MO>KHOCTM npuMeHeHUfl MX 

AJia cnmann3aMni<i M TenerpacpupoBaHun 6e3 npoBOAOB TepLi 0TH0cnncn CKenTHMecKH [9, c.117]. Ho Tenepb 
3TO MHeHHe A.C. nonoB AQKasaTe/ibHo yroMHun M npoAeMOHCTpupoBan npaicTHHecKH cnrHann3aL|MK) vt 
TenerpacpupoBaHne BonHaMU Tepqa. 

Ho cyTH, MapTOBCKne onbiTbi A.C. DonoBa - STO He noBTopeHne, a npoAonweHne onbiTOB TepL(a, 
KOTopbie HBwnwcb, TaK^M o6pa30M, cymecTBeHHbiM Aono^HeHneM K pe3ynbTaTaM onbiTOB Be/iMKoro 
MccrieAOBaTejin. B STOM xopoaieM CMbicne nepeAana no 6ecnpoBonoHHOMy Tenerpacpy nepßbix CHOB "TeHpnx 
TepL(" npo^BnneT HeocnopuMoe K HeMy yBa>KeHne. 3Ta nepeAana nerra noATBepAnna B03MO)«HOCTb 
ncnorib30BaHna onTHMecKMx CBOMCTB 3JieKTpnMecKnx nynevi A^a TenerpacpupoBanna n noTOMy nepeAana npn 
3TOM CMbicnoBoiii TenerpaMMbi A^^ ßoribiuMHCTBa cnyujaTeneü npoujna KaK caMO coöovi pa3yMeiou4eecH 
noAo6ne onTi/mecKOwy Tenerpacpy. 

Ho HTo6bi AOKasaTb STO, A.C. nonoB AnnTeribHoe BpeMR, noHTM roA McnbiTbiBan npn6op, n B nponecce 
ero MHoroMncrieHHbix onbiTOB MCKan noATBep)KAeHMe nocTaBneHHoti TeopeTH^ecKOM saAaMM. 
npeALuecTByrau^ne onbiTbi no A6M0HCTpaL(HM onTMMecKHX CBOMCTB aneiapuMecKHX nyMePi n 6bmn noAxoAOM K 

3T0My MapTOBCKOMy 1896 r. onbiiy, saBepujaromeMy ero TeopeTMHecKuPi noncK HayMHoro o6ocHOBaHMfl 
BO3MO)KHOCTM Te/ierpacpupoBaHMH BortHaMM Tepqa. B STMX Ae^cTBH^x Becb A.C. rionoß c ero cTporo HaysHbtM 
noAXOAOM K CBoeMy qeneycTpeMneHHOMy noncicy. 

fleMOHCTpaMnePi npn6opa B MapTe 1896 r. A.C. FlonoB POBHO nepe3 roA 3aK0HHnn BTopoü n maBHbiM 
3Tan - AOKa3an npaKTHMecKyio B03Mo>KHOCTb TenerpacpupoBaHun sneicrpHMecKHMH nyMaMM HanoAo6ne 
onTusecKoro Tenerpacpa, a Taicxe AOKasan npwroAHOCTb CBoero npn6opa anpena 1895 r. "K nepeAane 
cMmanoB Ha paccToaHMn", o neM TorAa OH Bbipa>Kaji HaAewAy [10, c.22]. HMeHHO 06 STOM MapTOBCKOM 
coöbiTUM 1896 r. A.C. rionoB BCKope 3a?jBnn, HTO "ocymecTBneHne STOM HaAe>KAbi He 3acTaBnno ce6a Aonro 
>KA3Tb ... BecHoid CHOBa ASMOHCTpupoBan npn6op B 3aceAaHMn POXO B npMno>KeHHM K BOcnpoM3BeAeHnio 
onbiTOB Tepqa c sneKTpMMecKHMH nynaMn" [10, c.22], B 3aicnioHeHMe KOTopbix A.C. ilonoB npoAeMOHCTpnpoBan 
3aBepujaiOLuee onbiT AOKa3aTeribCTBO - nepeAany CMbicnoBoro CMmana Ha paccTOFiHue. 3Ta peiuaioman 
MapTOBCKaa neKHMH A.C. nonoBa HBHnacb ero oTHeTOM nepeA y3Kofi HayMHOM ayAHTopnevi o CBOUX 

npaKTHHecKMx Hay^Hbix AOCTHJKeHnax, cBHAeTenn KOTopbix TorAa M BnocneACTBUM noATBep>KAajin cpaicr 
nepeAann npH STOM cnoBecHOM TenerpaMMbi "FeHpnx Tepq". M B Aa^bHefiLueM Ha CBOUX neKL(Mflx A.C. l"lonoB 
HeoAHOKpaTHO AewoHCTpupoBan M o6paman BHMMaHne cnyiuaTeneCi Ha 6e3bicKa?KeHHoe npoxo>KAeHne 
TenerpacpHbix curHanoB nepe3 npenaTCTBMe Ha nyrn sneKTpunecKoro nyna KaK AQKa3aTenbCTBo BO3MO>KHOCTH 

TenerpacpupoBaHMfl 6e3 npoBOAOB. 
OceHbio 1896 r. M SMMOM 1897 r. noaBnnncb nepBbie KopoTKne coo6meHUfl B raseTax 06 onbiTax 

r. MapKOHH B AHrnuM no B036y>KAeHWO n o6Hapy>KeHMio sneiapoMaranTHbix BonH M nepeAa^e cumanoß 
[10, c.22]. KaK nepBbM OTBCT Ha STM coo6meHM?i B 3ainnTy CBoero npnopnTeTa A.C. FlonoB BbicTynun 8 AHBapa 
1897 r. B ra3eTe "KoTnuH" co cTaTbePi, KOTopyio BnepBbie Ha3Ban "TenerpacpupoBaHne 6e3 npoBOAHHKOB" n 
yKasan, MTO noAoöHbie onbiTbi c sneKTpoMamviTHbiMM BonHaMM OH, A.C. nonoB npoBOAnn CBOHM npn6opoM B 
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1895 r., M MTO "cnrHann3aqnfl a^eiapunecKHMM BoriHaMU n ceifaac B03MO>KHa", n MTO "MO>KHO oxwflaTb 
cymecTBeHHOii noxib3bi OT npuwieHeHMa 3THX nBjieHMM B MOPCKOM fle/ie" [6, c.196]. "flpeflnonaran, MTO STOT 

pe3yjibraT 6bin flocwHyT Ha nyin, HaMeneHHOM MHOK), a CHOBa o6paTHJicn K onbrraM" [1, c.51], 
TaKoe 3aaBneHne A.C. nonoBa CBUfleTenbCTByeT o TOM, MTO Lie/ibK5 ero BO Bcex npeflbi^ymux onbuax 

6bino M ocTaBanocb flocTuxeHne ycTaHOB/ieHMH cnmanu3aL(wn n TenerpacpMpoBaHun 6e3 npoBOflOB, TeM 
6onee, MTO B03Mo>KHOCTb TenerpacpupoBaHMfl c npHMeHeHneM npn6opa A.C. rionosa 6bina ywe flora3aHa. 
Tenepb RonoBy npeflCTonno nepefi™ K cneflyiomeMy 3Tany onbiTOB no npaKTMMecKOMy npHMeneHwo 
6ecnpoBonoMHoro TenerpacpkipoBaHna "B MOPCKOM flene". 

IV. 3Tan peujaioiuiMX onbiTOB no 6ecnpoBonoHHOMy TenerpadpwpoBai-iMK) 
Ha 6epery n Mewfly Kopa6jiHMH cpnoTa 

TpeTMii 3Tan COCTOHJI B nepexofle K onbiTaM no npHMeneHHrO npn6opa A.C. nonoBa "B CBH3H C 

TenerpacpoM Mop3e" [10, c.23]. K Mapiy 1897 r. nonoB HaKonwn onbiT npueMa cumanoB Mop3e Ha 
TenerpacpHbifi annapaT [8, c.26] n B MapTe OToro rofla npofleMOHCTpupoBan TaKofi onbiT öecnpoBonoMHoro 
TenerpacpuposaHMa CBOHM npn6opoM "B CBH3H C TenerpacpoM Mop3e" Ha neKqHM B KpoHurraflTCKOM MOPCKOM 

co6paHnn [7, c.55]. 3aTeM nepeflarOiu>ie H npneMHbie npnßopbi 6binn nepeneceHbi Ha cyfla Ba/iTMMCKoro 
cpnoTa "Eßpona" M "AcppwKa". JleTOM 1897 r., a Taioxe B 1898 r. flocTurHyra TenerpacpHaa CBH3b c 
npHMeneHMeM npußopa A.C. HonoBa H 3anncbK> npMHHTbix cnmanoB Ha neHTy TenerpacpHoro annapaTa Mop3e 
Ha flanbHOCTFix B 3 MH/IH Mewfly Kopa6n?iMH (5,5 KM) M 6 Mmib (11 KM) Kopa6/w c 6eperoM [7, c.57, 80]. 

V. 3aKnioHeHne 

nocne HsyMeHMH Kpyra TeopeTMMecKHx npoöneM M cnocoöoB HX TexHUMecKHX peweHHpi A.C. rionoBbiM 
OKasanocb B03MO)KHbiM BoccTaHOBMTb, no MHeHUfo aBTopa, MenocTHoe npeflCTaßneHne o noaneflOBaTenbHotö 
flenTeribHocTH myßOKoti Mbicnn A.C. nonoBa B npoqecce noncra MM nyTefi co3flaHnn paflnonpneMHoro 
npnöopa M 3aTeM flOKasaTeribCTBa BO3MO?KHOCTM ocymecTBneHusi cnrHann3au;nn M TenerpacpwpoBaHH?i 6e3 
npoBOflOB BoriHaMU Tepqa c npuMeHeHneM cBoero npu6opa. TaKofi ycnex flocTumyT A.C. IHonoBbiM 3a 2 rofla B 

pe3yribTaTe CHCTeMHoft opraHH3aqnu ero Me/ieycTpeMneHHOü fle^TeribHOCTM M Ha ocHOBe nanepefl saflaHHbix M 

rny6oKMx HayMHbix npeflnonoweHnw H MX KOMnneKCHbix TexHUMecKnx peweHHpi. 
Tpn 3Tana TaKOM cucTeMHofi fieaTeribHOCTM no3BOJinnn A.C. IlonoBy npeKpacHo M eflMHCTBeHHO 

npaBuribHo Ha TO BpeMq peaiMTb TexHMMecKyto npo6jneMy co3flaHWR paflnoTenerpacpHoro annapaTa M 

yBepeHHO, 6es 3aflep)KKn npMMeHMTb ero fl/ia 6ecnpoBonoMHoro TenerpacpnpoBaHMq. 
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On the base of the existing historical documents the purposeful conception of Popov's activity in the field of invention of receiving 
device for wireless signalling and telegraphing with Hertz's rays using was given. The questions dealing with defence of Popov's 
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O PAHHMX PABOTAX T. MAPKOHI 

E.A. cDeAOTOB 
Coeem eemepaHoe ^epnoMopcKozo cpnoma, Ceeacmonorib 

AHHomaiiUff - npoaHann3npoBaHbi paHHwe (flo nonyMeHun nepBoro naTeHTa) onbimbie pa6oTbi I". MapKOHM vt 
McnojibsoBaHMe MM cymecTByrameii B TO Bpewa MHcpopwiauMW o cc»AaHHn annapaia AHA cHmaniraamw n TenerpacpwpoBaHtw 
6e3 npoeoflOB. AHanM3 npoBefleH Ha OCHOBS ny6/iMKauMM CTOPOHHMKOB M HPOTMBHUKOB npnapmeia r. MapKOHM B n3o6peTeHMM 
paflMOCBR3M. 

I. BeefleHne 

nepnofl 3KcnepnMeHT0B f*. MapKOHH no 6ecnpoBonoMHOMy renerpacpupoBaHnto c 1895 r. no wonb 
1897 r. nerKO pa3flenaeTca Ha flBa nepwofla - MTanbHHCKMM (no AHBapb 1896 r., npoflOXi>KMTejibHOCTbK) 1 rofl M 
1 MecflM) M aHrnnCicKMM (npoAOXDKUTenbHocTbio 1 rofl H 5 Mecf^eB). 3a Becb MTaxibqHCKHM nepnoA n nepBbie 
nojirofla (no utojib 1896 r.) npeSbiBaHMn I". MapKOHM B AHmuM, T.e. 3a 19 iwecnqeB ero pa6oT npaiowecKM HeT 
HMKaKnx AQKyMeHTOB o ero fleaTeribHoc™. 3a ociaribHbie 11 MecsmeB aHmnMCKoro nepnofla r. MapKOHH 
nony-wn B AHFIIMH CBOM nepBbiw naTem. Ha STOM 3Tan onbiTHbix pa6oT T. MapKOHH 3aKOHHnnca n Hananacb 

npaicrnwecKaa fleHTe^bHocTb ero cpupMbi. 
OKa3anocb, MTO cxeivia npneMHoro annapaia, onyö/WKOBaHHaa T. MapKOHM npn nojiyneHnn naTeHTa, 

MMeeT oneHb MHoro oS^ero co cxeMow npneMHMKa A.C. nonoBa, onyonwKOBaHHOM Ha 2 rofla H 4 Mec«L(a 
paHee r. MapKOHH [1, c.131]. OflHara flucKyccHa o npnopnTeTe npoAonwaeicn flo cero BpeMeHn. CTOPOHHMKM 

npnopwTeTa r. MapKOHH BbiHy>KAeHHO npn3HaioT, mo A.C. nonoB co3Aan xopouiMM "HaAewnbiü npnöop", 
"aBTOMaTMHecKMii npneMHMK paAUOCurHanoB" [1, c.130; 3, c.36], HO yTBepwAaioT, MTO M f. MapKOHH cosAan 
CBOM npneMHMK oAHOBpeMeHHO n HesaBMCMMO OT A.C. nonoBa [2, c.165; 3, c.35]. Tew: He iwenee ycTaHOBJieHne 
npMopnTeTa He cocTaBnaer oco6bix TpyAHOCTeü npH noaTanHOM cpaBHeHUM cpoKOB p,ocT\AKeHV\v\ 
A.C. HonoBbiM n T. MapKOHM OAMHaKOBbix pe3ynbTaTOB. 

II. MTorw fle«TenbHocTM T. MapscoHM B oönacTii 6ecnpoBOflHoro TexierpacpupoBaHMH 

no Bonpocy 6ecnpoBonoMHoro TenerpacpupoBaHnq B f\0Knaf\e B Kopo/ieBCKOM MHCTHTyre 4 HKDHS 

1897 r. B. npnc CKa3an o npnewiHMKe r. MapKOHM, MTO OH npHHUMaeT 3HaKM Mop3e TonbKO Ha 3ByK n 
BocnponsBOAMT nx nocTyKHBaHMeM MonoTOMKa no CTemiaHHOü Tpy5Ke [4, c.60]. A.C. nonoB K 3TOMy BpewieHM 
ywe ycnewHO npoAeMOHCTpupoBan B wiapie 1897 r. B KpoHWTaATCKOM MOPCKOM coSpaHUM onbiTbi no npueMy M 

OTne^aTbiBaHuro cooomeHwSi 3HaKaMM Mop3e Ha 6ywia>KH0M neHTe TenerpacpHoro annapaTa [4, c.55]. B anpene 
onbiTbi 6binn nepeHecenw Ha Kopa6/in Ea/rnpnoia. KpoMe Toro, 12 MapTa 1896 r. A.C. rionoB 
AewioHCTpupoBan B neiepSyprcKOM yHMBepcuTeTe npneM CBOMM npn6opoM cMbicnoBbix curHanoB 3HaKaMM 
Mopse cnoB TeHpnx TepM" Ha paccTO^HUM 250 MeTpoB [5, c.28]. TaKHM o6pa30M, B 6ecnpoBonoMHOM 
TejnerpacpupoBaHMM T. MapKOHM oTCTaeTOT A.C. nonoBa Ha 1 rofl M 2 Mecaqa. 

III. MTorw pa6oT T. MapKOHM B oÖJiacTM 6ecnpoBonoHHOM cnrHanM3aunii 

ripn AewoHCTpupoBaHHn cnrHann3ai4nn B nepßbix nyönuHHbix onbiTax B AurnuM (AeKaSpb 1896 r.) 
B. npnc ynpaBnnn nepeAatoinHM "nepHbiM nmnKOM" c noMou;bio Te/ierpacpHoro icnioMa, r. MapKOHH xoAnn no 
ayAHTopnn c APyruM, npneMHbiM "nepHbiM HUVIKOM". BCHKUü pa3, KorAa B. npMc saMbiKa^ IUIIOM, B aiMUKe 
T. MapKOHM MeTKO 3B0HMH 3BOHOK [6, C.37], TOMHO TaKoii )Ke onbiT no 6ecnpoBonoMHOM CMrHanM3ai4MM 
A.C. nonoB AeMOHCTpMpoBan paHee, 19 nHBapn 1896 r. Ha ne^m B KpoHUJTaATCKOM oTRenenm 
TexHMnecKoro o6uu,ecTBa [4, c.51, 52], TaKMM oöpasoM, ny6/iMHHyto AeMOHCTpaMMio nepeAaMM curHariOB 6e3 
npoBOAHMKOB T. MapKOHM npoBen npaKTMMecKM Ha 1 TOA no3>Ke A.C. nonoBa. 

IV. riepBan flewioHCTpaun« npn6opos T. MapKOHM npeflCTaBMTenflM aflMUHMCTpauuM 

nepByto AeMOHCTpaqMK) B AHITIMM CBOMX npMÖopoB B "Mepnbix HinuKax" fl^ paßoTHMKOB noMTOBO- 
TenerpacpHoro BeAOMCTBa f. MapKOHM ocyiMecTBMn B Mione 1896 r. Ha Kpbiiuax 3AaHMii 3Toro BeAOMCTBa Ha 
paccTOAHMM HecKoribKMX coTeH MeTpoB [6, c.37]. A.C. nonoB AeMOHCTpMpoBan M3o6peTenHbiM MM npM6op B 

OTKpbiTOM BMAe 25 anpenn 1895 r. B neTepöyprcKOM yHMBepcMTeTe [7, c.50] c onyßjiMKOBaHMeM npoTOKona 
3aceAaHMn B newaTM c flocTaTOMHO noAPOÖHbiM onMcaHMeM 3Toro npMÖopa. CneAOBaTenbHO, no cpoKawi 
AeMOHCTpaqMM cBoero "MepHoro au4MKa" c npueMHbiM npM6opoM T. MapKOHM oTCTaeT OT A.C. nonoBa Ha 1 TOA 

M 2 Mecnqa. 
B qenowi Ha cpMHMiue onbiTHOM AesnenbHoc™ B Mione 1897 r. r. MapKOHM OTCTaeT no cpoKaM 

OAMHaKOBbix pe3ynbTaT0B na 1 roA- no KaMecTBy npwewia ero npMeMHMK o6ecnenMBaeT CMmaiiM3aL4MK) 3HaKOB 

Mop3e TonbKO Ha cnyx. 
TaKOBbi MTorM Ae^TenbHOCTM r. MapKOHM K MIO/IK) 1897 r., c KOTopbiMM OH BbicTynan npeTeHAeHTOM Ha 

M3o6peTeHMe 6ecnpoBonoMHoro Tenerpacpa M C KOTopbiMM ero noAAep>KMBaioT HbiHeiunne CTOPOHHMKM. 

A A A MaTCpxaAi.. 6-fi MeiwynapoAHoS ^«MCKOH ^«KPOBOAHOBOH 5t<>H$epeHanH ^«^faXraW. 16-19 ceHra6pn 1996 r., CeBacronoAb, KpbiM, Y^paMHa 
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V. riepsbie MecHUb! aHmwwcKoro nepwofla fleaTe^bHOCTH T. MapKOHM 

Hcxofla M3 Toro, HTO o AeaTenbHoc™ r. MapKOHH B MTaiiMM HeT HHKamx flOKyMeHToe [8, c.243], BpeMa 
nepBbix 5-TH MecaqeB HananbHbix pa6oT r. MapKOHU B AHITIMM MMeeT pewahOLnee 3HaneHMe flna co3flaHna 
ocHOBHoro TexHM^ecKoro annapaTa, c KOTopbiM OH nocne ycneuiHoPi ero fleiwoHCTpamiM oßecnenMn Bee 
nocneflyKMHife AOCTuweHMa B AHrnMM. MMeHHo B STOM nepwofle pa3raflKa Toro, KaK l~. MapKOHU "M3o6pen" B 

1896 r. npueMHbiti npn5op, MMeraiUHM "öonbiuoe cxoflCTBo" {1, c.131] c AasHO M3o6peTeHHbiM npn6opoM 
A.C. nonoBa, cxeiwa KOToporo öbina onyönnKoeaHa B anpene 1895 r. 

r. MapKOHH npnBe3 m MTanMM "nepHbie nu\mW' co CBOMMM npn6opaMn, HTo6bi npofleMOHCTpMpoBaTb 
MX aHrjwRcKOMy noHTOBo-TenerpacpHOMy BeflOMCTBy [6, c.37; 9, c.69]. OflHaKo OH He npe/xbmvin STM npn6opbi 
K fleiwioHCTpaLiMM flawe nepe3 Mecaq- nocne npne3fla, XOTO CTOPOHHHKM r. MapKOHU yTBepwAahOT o era ycnexax 
B 6ecnpoBonoMHOM Te/ierpacpnpoBaHnn B MTanMM c AanbHocTbio 6onee oflHoro KMnoMeTpa. l~lo3AHaa BepcMa o 
flJiMTeribHOM peMOHTe nocne noBpe>KfleHnq annapaTOB aHmnMCKHMM TaMowenHMKaMM, Tew Sonee 
HaMepeHHoro [6, c.37] - Hey5eAMTenbHa. 3ra rocyflapcTBeHHaa cny>K6a opn iamx cepbe3Hbix nofl03peHnax Ha 
"liinnoHaÄ" H nocTynwrb 6bma o6a3aHa no-rocyAapcTBeHHOMy - 3aAepxcaTb, apecroBaTb rpy3 c cocTaB/ieHneM 
cooTBeTCTBytoi4nx AOKyMeHTOB, HO yw HHKaK He noNia-rb ero. 

Bo-BTopbix, T. MapKOHU - He TOT HenoBeK, KOTopbiM CMor 6bi noTepneTb HecnpaBeAnMBbiM yöbiTOK B 

AeHbrax v\ BO BpeMeHM, TeM 6onee nocne Toro, KaK BCKope CTan 3HaMeHMTbiM B AHITIMM. 

B-TpeTbux, KaKHMM AOJDKHbi 6bi/in 6biTb noBpe>KAeHMq annapaTypbi, HTo6bi B npoMbiwneHHOM AHHIMM 
ee pewioHT 3aHan 6bi 5 MecaiieB? 

BeponTHee Bcero, r. MapKOHM He npuBes c coßofi m \Ajanm KaKoü JIM6O AOCTOiiHbiM npn6op, 
KOTopbiCi CMor 6bi yßeAHTenbHo npoAeMOHCTpupoBaTb 6ecnpoBonoHHoe TenerpacpnpoBaHne H 3anHTepecoBaTb 
npeACTaBMTeneü aHrnMMCKMX BeAOMCTB. 

rioaBMnca HOBbitf cpaicr 3Toro BpeMeHM. B AHITIMM r. MapKOHU nosHaKOMMnca c KantrraHOM 
AHmMMCKoro cpnoTa r. flKeKCOHOM, KOTopbiM c AeKa6pa 1895 r. caMocroaTenbHO nanan KOHCTpynpoBaTb M K 

neTy 1896 r. n3roTOBnn AePicTBytomyto ycTaHOBKy 6ecnpoBonoHHoro TenerpacpwpoBaHMa [10, c.31], 
pasyMeeren, na ocHOBe eAMHCTBeHHO M3BecTHbix TorAa cxeM JloAwa M (lonoBa. OAHaKO A.J. Blond [10, c.31] 
yTBep)KAaeT, MTO ycTaHOBKa r. flweKcoHa "noHTM HAeHTUHHa TOW, KOTopyra r. MapKOHU npMBe3 us MTanMn", 
HMea B BMAy noKa3anHyio MM B naTeHTe NQ 12039 M B CBOK> onepeAb cxoxyra co cxeMOM A.C. nonoBa 
[1, c.131]. Ho M3 3Toro cneAyeT, HTO r. fl>KeKCOH BocnpoM3Ben cxeMy A.C. RonoBa He3aBMCMMo M paHee 
T. MapKOHM. 

rioaTOMy, no Bceii BepoaTHocTM, r. fl>KeKcoH He Aenan TafiHbi M3 csoePi paßoTbi, nocKO/ibKy B 

AajibHeMUjewi r. MapKOHM M r. fl>KeKCOH paöoTariM B TecHOM KOHTaicre [10, c.31] M MomM AeJWbCH CBOMMM 

npoöneMaMM. TaK MriM MHaMe, T. fl>KeKCOH co3AaeT K neTy 1896 r. CBOHD AeMCTByromyK) ycTaHOBKy, MAeHTMMHyra 
npMßopy A.C. flonoBa, r. MapKOHM pa3pa6aTbiBaeT TeopeTMMecKM npeABapMTenbHyro 3aHBKy Ha naTeHT no 
cxeMe c aneicrpoMamuTHbiM yAapHMKOM oßpaTHOM CBH3M B npMeMHMKe, KaK y A.C. nonoBa, a TaiOKe c 
npMMeHeHMewi B 3TOM npMeMHMKe "o6bNHoro ycTpoPicTBa Ana TenerpacpMpoBaHMn" [4, c.65; 11, c.48], 2 MKJHH 

1896 r. T. MapKOHM noAaeT TaKyw sanBKy B AHmMMCKoe naTeHTHoe BeAOMCTBo. Ho yKa3aHHOM B 3anBKe cxeMbi 
y r. MapKOHM eme HeT B TOTOBOM BMAe. OH ee eu^e He AeMOHCTpMpoBan B TeqeHMe 4-x MecaqeB - 3H8MMT He 
MMen. 

3TO npeAnonoxeHMe noATBep>KAaeTca cpaKTOM. KaK M3BecTHO, B. npMC yKa3an B 1897 r.r HTO 

npweMHMK M3 naTeHra r. MapKOHM npMHMMaeT cMmanbi Mop3e Ha cnyx, a He Ha TenerpacpHbiPi annapaT 
[4, c.60]. OAHaKO B npeABapMTenbHOM 3anBKe OT 2 MIOHA 1896 r. yKa3aHa paSoTa npMeMHMKa Ha TenerpacpHbiCi 
annapaT. 3TO noATsep>KAaeT, HTO l~. MapKOHM npM noAane sanBKM He MMen roTOBoro npMeMHMKa M He 3Han, HTO 

»enaeMoe TenerpacpMpoBaHMe He McnonHMTca na npaKTMKe B npoLjecce M3roTOBneHM« ero cxeMbi. 3TO 

03HanaeT TaiOKe, HTO npaKTwnecKMM npMeMHbifi npMßop, noKa3aHHbiM B naTeHTe Ns 12039, He npMBe3eH M3 
UTanMM, a 6bin M3roTOBneH B AHFTIMM nocne noAaHHofi 2 MtoHa 1896 r. TeopeTMHecKCM 3a'qBKM, nnn nero M 

noHaAooMnca eu^e AononHMTenbHbiPi MecflHHbiü cpoK Ana HasHaneHMa Ha Mtonb 1896 r. noKaiäa npMöopoB 
r. MapKOHM [6, c.37]. A npMBe3eHHoe M3 MTanMM coAep«MMoe npMeMHoro "nepHoro au^MKa" 6bino 3aMeHeHO Ha 
M3roTOBneHHbiM B AHrnMM npMeMHbiM npn6op no o6pa3i4y npM6opa A.C. nonoBa. HMeHHO 06 STOM 

CBMAeTenbCTByeT O. JICVVK, roBopa o TOM, HTO B CKOPOM BpeMeHM r. MapKOHM "npMHan" K CBoeMy 
ncnonb30BaHMto cxeMy A.C. nonoBa c aBTOMaTMHecKMM yAapHMKOM, "ocyuiecTBnatoiiiMM oöpaTHoe iieMCTBMe 
cnmana"[12, c.124]. 

AHrnMMCKoe AAMMpanTePicTBo, 3aMHTpMroBaHHoe "nepHbiMM aiUMKaMM" r. MapKOHM, BKnioHMno 
cpnoTCKoro cneqwanMCTa KanMTaHa r. fl>KeKC0Ha B KOMMCCMIO no McnbiTaHMaM annapaTOB r. MapKOHM B 

ceHTaßpe 1896 r., xoTa K 3T0My BpeMeHM l~. fl«eKC0H y»e McnbiTan CBOM annapaTbi - "B aBrycTe y»e 
ocyinecTBMJi nepeAany cMmanoB Me>KAy AByMa Kopa6naMM, HaxoAaiAMMMca APyr OT Apyra B npeAenax npaMoPi 
BMAMMOCTM" [6, c.37], KOTopaa Ha Mope 6bina, cKopee Bcero, He 6onbtueM AanbHocTM, neM noKasan r. MapKOHM 
B ceHTaßpe - 3 KMnoMeTpa (1,6 MMnM). 3Aecb yMecTeH Bonpoc: noneMy r. fl>KeKC0H He noAan 3aaBKy M He 
B3an naTeHT Ha CBOM annapaTbi SecnpoBOAHOM CMmanM3aMMM M He 3aaBMn 06 M3o6peTeHMM paAMOCBasM? M He 
cnynaMHO, B pe3ynbTaTe Bcex McnbiTaHMM npM6opoB r. MapKOHM B AOKnaAe B. llpMca 4 Mtona 1897 r. 3ByHMT no 
cytMecTBy pa3onapoBaHMe: "MapKOHM He cAenan HMsero HOBOTO. OH ... nonb3yacb M3BecTHbiMM cpeACTBaMM, 
C03Aan HOBbiM "sneicrpMHecKMM rna3", 6onee TOHKMM, neM Bee MSBecTHbie sneiapMHecKMe MHCTpyMeHTbi M 

HOByw CMCTeMy TenerpacpMpoBaHMa" [6, c.38; 11, c.49], MMea B BMAy aeyKOBoe BocnpoMSBeAeHMe 3H3KOB 

Mopse. OAHaKO Ana r. MapKOHM npoTeKLiMa B AHrnMM 6bina oöecneneHa, noMoiAb OKa3aHa, naTeHT nonyneH, 
ra3eTHaa cnaBa M npMopMTeT co3AaHbi, cpMpMa opraHM30BaHa - nepBaa qenb WMSHM AOCTMmyTa. Ho KaKMM 
cnoco6oM - Tenepb Ana r. MapKOHM He MMeeT 3HaneHMa. M STO noHanM He cpa3y M AO cero BpeMeHM - He Bee. 
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VI. HTanbHHCKMM nepwofl onbiTOB F". MapKOHM 

Hoc/16 03HaKOM/ieHMfi c pa6oTOM O. floAfla l~. MapKOHn Hanan CBOM onbiTbi c noBTopeHna era cxeMbi c 
He3aBHCHMbiM BCTpaxMBanneM, nocKonbicy O. floflw peKOMeHflOBa/i ee KaK Sonee npeflnoHTHTenbHyKD M 

oTBepra/i nepByto cxeMy co 3BOHKOM KaK noMexoonacHyio [1, c.130, 131]. C STOM cxeMofi O. JloAwa r. MapKOHM 
Mor nepeAaBaTb Ha coTHKJ-Apyryio MeTpoB Tpu KOPOTKHX cuma/ia (Tpn "TOMKH" - 6yKBa "c"), a noMoraBWMM ewiy 
KpecTbflHiiH B3wiaxoM nnaTKa «aBan 3HaTb o npnewie [11, c.46]. no3>Ke c noMouj,bro cTapoiero 6paTa AnbcpoHco 
T. MapKOHM nbiTanca nepeflaBaTb cepvw flpyrwx 6yKB 3HaKaMH Mop3e, oflHaKO STM 3HaKH 3Ha4HTenbHo 
MCKawariMCb npM npnewe. Bee 3TO fla/io B03M0>KH0CTb r. Mapiconn yöeAMTbca B HenpuroAHOc™ STOM cxeMbi 
6e3 ncKaweHMPi npuHWMaTb cooßiAeHua 3HaKawin Mop3e. Ho Ha onbiTbi c 3TOM cxewioM I". MapKOHM 

Mcnonbaosan Becb 1895 roA. 
T. MapKOHM eme B HrariMM Mor 3HaTb 06 onbrrax A.C. nonoBa [4, c.59; 9, c.69]. Ho npuMeHflewbiii 

rionoBbiM noMexoonacHbiM 3BOHOK OTBeprari O. J"IOA>K. OnacHocTb noMex u B03M0>KH0CTb eti\e Sonbainx 
MCKaweHUM 3aTpyAHa^n Ae^cTBwa V. MapKOHM. Heo6xoAMNia 6bina KOHcynbTaqMH O. JloAwa. KpoMe Toro, 
«eJiaHne nonyMMTb naTeHT CTano ÄMSHeHHoPi nporpaMMOM r. MapKOHM. HosTOMy B03HMKJia Heo6xoAMMOCTb 
noesAKM B Anmuro, yenexy B KOTopofi Momn cnocoßcTBOBaTb CBK3M poACTBeHHMKOB MaTepn B HayMHbix n 
npaBHTenbCTBeHHbix Kpyrax [6, c.37], 

B "nepHOM aiAMKe" V. MapKOHM 6bm npocTefiuiMM npneMHbiPi npn6op c H63aBwcMMbiM BCTpaxuBaHneM. 
Tpu TOMKM OH wor npMHiRTb. CMbicnoBoe cooSmeHne SHaKaMM Mop3e - HBT. llosTOMy I". MapKOHM no npne3Ay B 

AHrnnKj He npeACTaBun era K AewoHCTpaqnn CKopee Bcero M3-3a npafowecKOM Heso3Mo>KHocTM era 
npuMeHeHM?! K TenerpacpHpoBaHMio. 

VII. BblBOflb! 

1. npMMeHeHne I". MapKOHM (no coseTy O. JloAwa) npM onbiTax B HiariMM B 1895 r. cxeMbi c 
He3aBncnMbiM BCTpflxuBaHweM He Bbi3biBaeT coMHeHktPi. O. J1OA>K nepBbiM M3 Bcex noAKfiKMHJi K 9T0M cxeMe 
TenerpacpHbiü annapaT [13, c.20], HO MMea 6onbmne MCKaweHMH, He 3aHBnn o CBoeM M3o6peTeHnn 
6ecnpoBonoMHoro Tenerpaqba. r. Maprann, npuMeHWB nonnocTbrO Ty we cxeMy O. JloAwa [6, c.36] M MMen Te 
we ßojibujue MCKaÄeHMR - 3anBwn. A ero paccKa3bi o npneMe curnanoB, o6osHaMaeMbix 3ByKOM, CTOPOHHMKM 

T. MapKOHM BbiAaioT 3a TenerpacpMpoBaHMe [1, c.130; 8, c.243], TaKMM o6pa30M, npMTO3aHMa V. MapKOHM M ero 
CTopoHHMKOB Ha nepßeHCTBO MJIM OAHOBpeMeHHOCTb c A.C. rionoBbiM B M3o6peTeHMM 6ecnpoBO/iOMHoro 
Tenerpacpa c 1895 r. HenpaBAonoAOÖHbi n He o6ocHOBaHbi AOKyMeHTaMM [8, c.243]. 

2. npweMHMK c aBTOMaTMMecKMM yAapHMKOM oöpaTHoPi CBH3M, noKa3aHHbiü B naTeHTe Ns 12039, 6bin 
MsroTOBJieH r. MapKOHM B AHHIMM B nepMOA c cpeBpana no Mionb 1896 r. no o6pa3L(y cxeMbi A.C. nonoBa. 
HoATBep>KAeHMeM 3T0My MOKBT TaioKe cny>KMTb pa3MTenbHbiM KOHTpacT pe3y/ibTaTOB onbiTOB B UTanMM c 
nepeAaneM KOPOTKMX cMmanoB "npM6nM3MTenbHo Ha 1 KM/iowieTp" sa Becb 1895 r. [6, c.37], no cpaBHeHMio c 
pesyribTaTaMM 6bicTporo HapaiAMBaHMa Aa^bHocTM nepeAaHM CMmajioB AO 14 KM/ioweTpoB B AHrriMM B TeneHMe 
nocneAyiomMX 10 MecaueB nocne MiojibCKofi 1896 r. AeMOHCTpauMM «Ko6bi 3Toro «e MTa/ibaHCKoro npMeMHoro 
npM6opa. OAHaKO STM HOBbie AocTMweHun, noKa3aHHbie nocne 5 MecflijeB npe6biBaHMn r. MapKOHM B AHmMM, 
HaBOAaT Ha Mbicnb M noATBepwAaioT, MTO B AHrriMM I". MapKOHM npMMeHMn APyryto cxewiy c HOBbiMM 
KaMecTBeHHbiMM B03MÖÄHOCTAMM no cpaBHeHMK) c Mcno/ib30BaHHOM B UTariMM. (IpMMeHqyi B naTeHTHOM cxewie 
HOBoro Korepepa c npMTepTbiMM aneicrpoAaMM B 3anaflHHOM cTeKnaHHovi Tpy6i<e c BbiKanaHHbiM B03AyxoM 
[1.C.132; 4, c.60] B3aMen McnoxibsoBaHHoro B cxeMe B MTariMM ManoHyBCTBMTeribHoro Korepepa O. JloA>Ka 
[6^ c.36] AOKa3biBaeT c^aKT HecoMHeHHoro M3roTOB/ieHMa HOBoro MMHMaTiopHoro Korepepa "B npoMbiuineHHOM 
AHrriMM". YKa3aHHbiM cpaKT noATBep>KAaeT TaioKe, MTO OAHOBpeweHHO noA 3TOT HOBbiü MMHMaTiopHbiM Korepep 
6bina M3roTOBneHa B AHrriMM saoAHo M HOBaa cxewia c He6oribiiJMM sneicrpoMarHMTOM yAapHMKa B qenax 
MMHMWiaribHOM   nOMeXOOnaCHOCTM   OT  MCKpeHMfl   -  C   "ManeHbKMM   MOnOTOMKOM"   06paTH0M   CB33M,   "6blCTpblMM 
K0Jie6aHMHMM" yAapaKDiAMM no MMHMaTHDpHOMy Korepepy [4, c.60], HBHO MAeHTMHHaa cxeMe A.C. nonoBa 
anpena 1895 r. c npepbiBaTeneiwi B BMAe sneiapMMecKoro 3BOHKa [4, c.65]. 3TO CXOACTBO, o6Ha>KMBUjeeca B 

1897 r., npM3HanM yneHbie M sneKTpoTexHMKM. OTcwAa oneAyeT, MTO cxewia npMewiHMKa M3 naTeHTa N° 12039 
He JiBnfleTCfi M3o6peTeHMeM V. MapKOHM, a "npMHnTa" MM CO cxeMbi A.C. nonoBa [12, c.124] K McnoribsoBaHMK) 
B LjenHX riMMHoro o6oraiAeHMn [8, c.245], 

3. YTBepKAeHMe CTOPOHHMKOB r. MapKOHM, MTO OH caMOCTOHTeribHo M He3aBMCMMo OT A.C. FlonoBa Ha 
ocHOBe cxeMbi O. JloAwa co 3BOHKOM [1, c.130] co3Aan cxeMy c yAapHMKOM o6paTHOM CB?13M, cxo>Kyto co 
cxeMOM A.C. nonoBa - HecocToaTenbHbi. B cxeMe O. JloAwa co SBOHKOM coTpnceHMe Korepepa coBeptuanocb 
criVMaMHO Mepe3 MHepuManbHvio BMSpauMro AOCKM C KorepepoM OT MexaHMMecKoro B03AeMCTBMfl Ha Hee 
Kone6aHMM aKoppi paSoTatouiero 3B0HKa, 3aKpenneHHoro B6riM3M Korepepa Ha STOM AOCKe. Ho STO He vaapHoe 
coTpaceHMe. ABTOMaTMMecKoe vaapHoe B03xieMCTBMe Ha Korepep 3aMbicriMri M npMMeHMn Ha npaKTMKe nepBbiM 
AC. nonoB M 3HaMMTeribH0 paHbiue T. MapKOHM, B anpene 1895 r. [14, c.22], rioaTOMy npMMeHeHMe f. MapKO- 
HM TaKoro aBTOMaTMMecKoro yAapHMKa ecTb Mcnorib30BaHMe B CBoeM naTeHTe M3o6peTeHMa A.C. nonoBa. 

4. no pe3yribTaTaM paßoT f. MapKOHM He MMeeT HM no cpoKaM, HM no coAepjKaHMio HMKaKOM 
OAHOBpeMeHHOCTM c A.C. rionoBbiM. Ero OTCTaBaHMe OT A.C. nonoBa cocTaBnaeT 1 roA, B TeneHMe KOToporo 
A.C. nonoB TpM>KAbi (no MioHb 1896 r.) ony6riMKOBan B neMa™ (B TOM MMcne ABa>KAbi c Me>KAyHapoAHOM 
paccbiriKOM) noApoßHoe onMcaHMe cBoero npMeMHoro npMöopa. B STOM cnyMae HenpMeMneMbi HMKaKMe 
yTBepjKAeHMH o caMocTOjrreribHOCTM co3AaHMH T. MapKOHM cxeMbi npMeMHMKa, BecbMa cxox<eM co cxeMOM 
A.C. nonoBa, TeM 6onee npw npaMbix cBMAeTeribCTBax coBpeMeHHMKOB 06 Mcnorib30BaHMM T. MapKOHM cxeMbi 
A.C. nonoBa A^ CBOMX qeneM [12, c.124; 8, c.243]. 
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5. riocKOfibKy r. MapKOHn ncnorib30Baxi cxewiy A.C. rionoea, KaK H Tpyflbi flpyrux yneHbix, He B u,ennx 
pa3BHTnn HayKw, a flnn CBoero o6orameHHH [8, c.245], TO T3Kne flePicTBMfl ecTb «BHbiPi TexHn<HecKni* nriarnaT, 
ocymecTBneHHbiM r. MapKOHn B qejiax o6naflaHna naieHTOBaHHbiM npaBOM Ha MHpoByio MOHononuro [4, c.137] 
B npon3BOflCTBe paflHoannapaTOB. 

6. Bee BbiiueyKa3aHHbie dpa«™ noflTBepjKflaroT HeoöocHOBaHHocTb npnTH3aHHü I". MapKOHM M ero 
CTopoHHMKOB [2, c.165; 3, c.35] Ha nepBeHCTBo nnn oflHOBpewieHHOCTb, a TaioKe He3aßncnMocTb B H3o6peTeHHM 
paflnonpneMHMKa unw paflnocBFi3M. MnpoBotf HayHHO-TexHunecKoPi o6m,ecTBeHHocTbrO STM npmfl3aHHH 
OTBepmyTbi ew,e B 1903 r. Ha riepBoii MewflyHapoflHOfi KOHCpepeHLjHU no 6ecnpoBO/ioMHOMy Te/ierpacpwpoBa- 
HMIO B BepriHHe [12, c.126;  10, c.33], 

TaKOBbi coAepwaHue n UTO™ OTanoB SKcnepnMeHTaxibHbix pa6oT r. MapKOHM B MTannn n AHI-JIHM 

BnnoTb flo nonyMeHMfl UM naieHTa Ne 12039 2-ro HIOJIH 1897 r., KaKHMw OHM npeflCTaBJiflrOTCH H3 npexHux n 
HOBbix CBefleHMfi, KOTopbie nosBnnncb B nena™ K 100-neTHrO n3o6peTeHHfl paflnocBfi3n, oTMeMeHHoro B Mae 
1995 r. 
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MaJioniyMHiipe CBH TpaioHCTopHbie ycHJiHTejiw 
H npHeMo-npeo6pa30BaTejiLHMe MOAyJiM 

H.B. IHnnyHOBa, H.B. KpyHHHHH, B.H. TapacoB, 
B.A. 3anneB, A.n. HraaTbeB, B.O. CajibHHKOB 

Finn "CaniOT" 603107 H.HoBropofl, yji. JIapHHa 7 
TOT. (8312) 66-22-67 <J>aiec (8312) 66-50-20 

AHHOTaUHH 

Pa3pa6oTaH pan; ysKonojiocroix, nmpoKonojiocHbix H CBepxmnpoKonojiocHbix 
MajiomyMainnx CB1! TpaH3ncropHbix ycnJiHTejien (MUIY) B ,0Hana3OHe ^acTOT 0.01- 45.0 
ITn c KOsc^cfmmieHTOM uiyMa 0.8-7.5 AB, KOstJicfmnHeHTOM ycroieHHa 15-50 flB, ypOBHeM 
BbixoflHOH MOIUHOCTH B JiHHeiiHOM pe^CHMe 1 - 10.0 MBT; cpenHen MOIUHOCTH - «o 500 MBT. 

Ha 6a3e pa3pa6oTaHHbix MIIIY co3/i,aHbi innpoKononocHbie npneMO- 
npeo6pa30BaTejibHbie Mo^ynH B AHana30He qacroT 1.0 - 18.0 ITu; c KosfJxfmnHeHTOM 
nepe^aHH 30 - 50 flB, K03(Jx|>HHHeHTOM niyMa 1.7 - 5.0 RT>. 

I. BBe^eHHe 

B HacToanjee BpeMa CKJiaflbiBaromaaca cncTeMa pbiHOHHbix OTHOinemiH He MOKCT 

060HTH npennpHaraa npoMbiuraeHHoro KOMnneKca, K KOTopbiM OTHOCHJiocb Hnn 
"CaniOT", a OTCiona HHTepecbi noTpeonrejieH CTann onpe^enaioinHMH B HaynHO- 
TexHHnecKOH nojiHTHKe B oönacTH pa3pa6oTKH H BbinycKa HaiiiHM npenpHaraeM CB1! 
TpaH3HCTOpHbIX yCHJIHTeJieH. 

n. OcHOBHbie HanpaB.fieKHH pasBJiTHJi MUIY 

OcHOBHbie HanpaBJieHHa, no KOTopbiM Benncb pa3pa6oTKH MajiomyMamHX ycnjiHTejiefi 
paHee, a HMCHHO: 

- ocBoeHHe BbicoKonacTOTHoro n,Hana30Ha #0 45.0 ITn; 
- flocTHaceHHe npe^ejibHO HH3Koro Kos^HnHenra uiyivia 6e3 npHMeHeHHa cneuHajibHbix 

oxjiaac^aiomHX ycTpoficTB; 
- pacniHpeuHe nojiocbi nponycKaroia; 
- C03flaHHe    MIIIY    C    HOpMHpOBaHHblMH    A*IX    H    «D^TX,    y^OBneTBopaiomHMH 

TpeöoBaHHaM CHCTeM c A<i>AP; 
- nOBblUieHHe MHHHMaJIbHOH HapaÖOTKH Ha OTKa3 
ocTajiHCb onpe^ejiaioinHMH. 
Hapa^y c 3THM B Hacroamee BpeMa Sojibine, HQM B npeflburymHe ronbi , yuejiaeTca 

BHHMaHHe BonpocaM co3^aHHa y3KonojiocHbix H npyrax ranoB ycHJiHTejiefi no 
KOHicpeTHbiM TpeöoBaHHaM saicas^HKa. 

HMeeTca BBHfly co3naHHe pana CBH ycHJiHTejiefi B oöecnenemie KOHKpeTHoft 
annaaTypbi noTpeOHTena c 3anaHHbiMH Tpe6oBaHHaMH KaK no K03<|)(J)HHHeHTy niyMa, TaK 
H ycHJiHTejien c pacurapeHHbiM nHHaMHHecKHM ^Hana30HOM c BMXOAHOH MOU^HOCTBIO B 

JIMHCHHOM pe)KHMe #o AecaTKOB MBT H ycHJiHTenen cpe^Hen MOIHHOCTH - #0 500 MBT, 

ycHUHTejien c ycTponcTBaMn 3amHTbi H Mo^ynen c npeo6pa30BaHneM nacTOTbi. 
B KaacflOM «Hana30He nacTOT cnnraeM uejiecoo6pa3HbiM co3aaHne KOHCTpyKHHH c 

KOaKCHanbHblMH H nOnOCKOBbIMH BblBO^aMH, rOTOBbl npOH3BOflHTb nOCTaBKH OTAeJIbHblX 

MaTepHajvbi 6-5 MeayryHapoflHOH 2^«MCKO5 <^&KpOBoAHOBoB ^owpepeHLUin "K/iit^Cu%t^(. 16-19 ceHTn6pa 1996 r„ CcBacronoAb, KpbiM, YicpaHHa 4 f\n 
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ycHJTHTejifcHfeix KacKaflOB, a Taoce npon3BO#HTb CTbiKOBKy ycTpoäcTB noTpeÖHTejia c CBH 

yCHJIHTeJMMH. 
TaKHM oöpasoM, TexHHnecicaa nojiHTHKa HanpaBJieHa Ha oöecneneHne MaKCHMajibHbix 

y^oScTB noTpe6HTejno, BO3MOKHOCTB 3aKa3aTb Ha HanieM npeflnpnaTHH npaKTnnecKH 
nojiHbiH Ha6op ycHJiHTeneg B o6ecneHeHHe sjieKTpoHHOn annapaTypbi, B TO BpeMa KaK 
panee MBI cnennajironpoBajiHCb, B OCHOBHOM, Ha pa3pa6oTKe MajioniyMainnx 
HiHpoKonojiocHbix H CBepxnmpoKonojiocHbix ycHJiHTenefl, paccHHTaHHbix Ha 
yHH(|)HHHpoBaHHoe npHMeHeHHe, HTO orpaHHHHBano Kpyr HauiHX 3aica3HHKOB. 

^pyroe Ba^cnoe oöcToaTejibCTBO TO, HTO cpe^H Hainen npo^yKunn noaBHJincb H3,n,ejiHa, 

CBa3aHHbie c KOHBepcHen, a HMCHHO: 

pa3pa6oTaH ninpoKnn pa« ycHJiHTejien B rH6pHflHo-HHTerpajibHOM HcnojraeHHH (c 
nOJIOCKOBblMH H KOaKCHaJIbHblMH BblBOflaMH) flJIfl HCnOJIb30BaHHH BO BXOflHHX TpaKTaX H 
TpaKTax im B CHCTeMax cnyTHHKOBoro TeneBHfleHna, cnyTHHKOBon Tene^oHHofi CBJBH, 

KaöeflbHoro TeneBnneHna, paflnopenenHOH CHCTCMH CBA3H, MeflnnnHCKon annapaType H 

Apyrnx oöbeKTax Hapo^HOxo3aHCTBeHHoro 3HaHeHna. 
Pa3pa6oTKH, CBH3aHHbie c STHM HanpaBJieHHM, npoBo^aTca B KpaTHannme cpoKH c 

oöecneneHHeM nocTaBOK H3,n;ejiHH B cpoKH, Heo6xo,n,HMbie 3aKa3qHKy. 
B   HacToamee   BpeMa   6ojibmoe   BHHMaHHe   yzjenaeTca   pa3pa6oTKe   ycnjiHTenen   c 

HOpMHpOBaHHblMH   aMUJIHTyflHO-qaCTOTHblMH   H   (J)a30HaCTOTHbIMH  XapaKTepHCTHKaMH   H 
3JieKTpHHecKHM ynpaBJieHHeM $a30BOH AJIHHOH, ynpBJieTBOpaiomHe Tpe6oBaHnaM, 
npetfbaBJiaeMbiM K cncreMaM c <J)a3HpOBaHHbiMH aHTeHHbiMH peuieTKaMH. Ilo 3TOMy 
HanpaBJieHHK» npoBe^eHbi pa6oTbi, B KOTOpbix 6biJiH nccjieflOBaHbi pa3Hbie CTpyKTypHbie 
cxeMbi ycHJiHTeneH n #aHbi peKOMeHflannn no BbiSopy onTHMajibHon cxeMbi ycHJiHTejien, 
n03BOJI3K)meH OflHOBpeMeHHO peaJIH30BaTb HeJIHHeHHOCTb, HeHAeHTHHHOCTb 
aMnnHTyAHO-nacTOTHbix     H     4>a30HacTOTHbix     xapaicrepHCTHK, MHHHMajibHoro 
KOSf^nnneHTa uiyMa npH onTHManbHbix 3HaHeHnax KCBH Bxoaa H MaiccHMajibHOH 
BblXOflHOH MOIIIHOCTH B JIHHeHHOM pOKHMC 

Pa3pa6oTaHbi H BbinycicaiOTca H3 HayKH MUIY B canrnMeTpoBOM ,zmana30He .ZDIHH 

BOJIH c nojiocoH nponycKaroia + 15%, HenHHenHOCTbio (MX = 5 - 7°, HenfleffraraHOCTbio 
O^X OT o6pa3ua K o6pa3ny 7-10°, HeHAeHTOTHocTbio A^X = + 1 #E, K03<t4nnneHTOM 
uiyMa 2.5 - 3.0 #E, KOstJxJmnneHTOM ycnneHna 20 - 25 «B. 

Co3flaHa TexHHHecKaa 6a3a /uia AajibHenmero npoBe#eHna OKP no pa3pa6oTKe 
MajioniyMainnx ycnrraTejien c HopMnpoBaHHbiMn A^X H OMX. 

Run H3MepeHHa aMroinTyflHbix H 4>a3oqacTOTHbix xapaKTepncTHK ycHJiHTejien H 

ijapaMeTpoB pacceaHHa TpaH3HCTopoB B KOpnycHOM n KpncTajibHOM ncnojiHeHnn Ha 
npe^npnaTHH    pa3pa6oTaHa aBTOMaTronpoBaHHaa    cncTeMa    (AHC)    Ha    6a3e 
pa3pa6oTaHHon HHHI1H ycTaHOBKH "PoTOHfla-2" B ÄHana3one nacroT 1-18 rrn. 

B pe3yjibTaTe nocToaHHoro coBepnieHCTBOBaHna KOHCTpyKnnnH n TexHonornn 
H3roTOBneHna, BHeflpeHna nepe^OBbix MCTO^OB cGopicn n MOHTaaca raöpnflHO- 
HHTerpajibHbix cxeM, MHHHMajibHaa Hapa6oTKa HeKOTOpbix ycnjiHTenen B fleuHMerpoBOM 
ÄHana30He nacTOT noBbimeHa ^o 55 THC. nac. 

nnaHHpyeTca npOBeneHne pana pa6oT no yBeJinHeHHio MHHHManbHon Hapa6oTKH 

ycHUHTejien jsp 75 THC. qac. 
B nocjienHHe roAbi KOJUieKTHB pa3pa6oTHHKOB 6oJibnioe BHHMaHne ynejiaeT 

pa3pa6oTKe npneMO-npeo6pa30BaTejibHbix MOflyjien no KOHKpeTHbiM Tpe6oBaHMM 

3aKa3HHKa. 
B TeneHne 1995-1996 r. pa3pa6oTaHO 4 Tnna npneMO-npeo6pa30BaTejibHbix MOAynen B 

ÄennMerpoBOM n caHTHMeTpOBOM AHana30Hax AJIHH BOJIH. 

TexHHHecKne xapaKTKpncTHKH Bcex TnnoB ycnnnTejien n npneMO-npeo6pa30BaTenbHbix 

MOflyjieii CBefleHbi B Taönnnbi. 
npn Heo6xo#HMOCTH TexHHHecKHe xapaKTepHCTHKH H KOHCTpyKHHH ycnjiHTenen H 

MOAynen MoryT 6biTb flopa6oTaHbi no KOHKpeTHbiM TpeSoBaHnaM 3aKa3HHKa. 

A J-» Q MaTcpnaAbi 6-fi Me»mynapoflHOH ^«MCKOM /^«KPOBOJVHOSOH ^«HtpepeHijuH t%fitit4£tc%.696. 16-19 ceHTHÖpn 1996 r., CeBacronoAfa, KphiM, YKpamia 
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III. KoHCTpyKijHH ycHJiiiTejiefi H npiieMo-npeoöpasoBaTejibHbix MOAyjieö 

npH co3«aHHH p»fla MajioniyMaiflHx CBH TparoHCTOpHbix ycHJiHTejiefi n npneMO- 
npeo6pa30BaTenbHHx Monynen no npe«HeMy «oMHHHpyeT ra6pH,zjHO-HHTerpajifcHafl 
TexHOjioraa, KOTOpaa no3BOJiaeT noBbicnrb npouenT Bbixo#a ro^Htix H3#ejiHH ^o 90-98 % 
npn   xoponio   OTpa6oTaHHon   sjieKTpHHecKOH   cxeMe   H   OTJiaaceHHofi   TexHOJioran 
npOH3BOflCTBa. 

TeopeTtraecKHe H sKcnepHMeHTajibHbie nccjieflOBaHns noica3ajiH, *rro ra6pH«Ho- 
HHTerpanbHaa TexHOJioran no3BoxweT peajin30BaTb Jiyqurae sjieKTpnnecKne napaivieTpbi 
ycHUHTejiefi n MO^yjieM B flenHMeTpoBOM H caHTHMeTpoBOM flnana30Hax AJIHH BOJIH. 

B «eijHMeTpoBOM H caHTHMeTpoBOM «Hana30Hax #JIHH BOJIH Bee THIIH ycnjiHTejien 
BbinycKaioTca B AByx MOflncfmKannax: 

- repMeTHHHbie C KOaKCHaJIbHO-nOJIOCKOBblMH BblBOflaMH, 
- C nOJIOCKOBblMH BblBO^aMH. 
B MHJinHMeTpOBOM Anana30He AJIHH BOJIH BXO«, Bbixofl CB1! CHraana - BOJIHOBOAHHH. 

B KaqecTBe aKTHBHoro ajieMeHTa B pa3pa6oTaHHbix ycnjiHTejiax H Monyjiax 
Hcnojib3yioTCH TpaH3HCTopbi, pa3pa6oTaHHbie B HnO "nyjibcap" ( MocKBa), HIIO 
"njiaHeTa" (HoBropofl), Hnn "CaniOT" (H.HoBropoA) H sapy6e>KHbie. 

B KaqecTBe no«JioacKH Hcnojib3yeTca nojiHKop, KBapn TOJIIUHHOH 0.2, 0.5 HJIH 1.0 MM, B 
3aBHCHMocTH OT ,n;Hana30Ha qacTOT. 

B KaqecTBe 6JIOKHPOBOTOHX H pa3Ba3biBaiomHX eMKOCTen Hcnojib3yiOTca 
KOHAeHcaTopbi THna K10-17, K10-42 H KepaMH^ecKHe KOHfleHcaTopbi pa3pa6oTKH Hun 
"CaniOT". 

B nepcneKTHBHOM HanpaBJieHHH 6y#yT npoBO^HTbca pa6oTbi no yMeHbineHHio 
KoacjKjmnHeHTa myMa B flnana30He nacTOT 0.01 - 45.0 ITn H co3ßaHHK) HaynHO- 
TexHnqecKoro 3aßejia no co3flaHHio MIHY no 60.0 rrn H pa3pa6oTKe npneMHO- 
npeo6pa30BaTejibHbix MOflyjien KOHicpeTHoro npHMeHemia. 

IY. 3aKJiK)HeHHe 

Pa3pa6oTaHHbie MIIIY H npHeMO-npeo6pa30BaTejibHbie MOflyjin OTjnaraaioTca BHCOKOH 

Haae>KHocTbK) H no CBOHM TexHnnecKHM H 3KcnJiyaTannoHHbiM xapaKTepncraKaM 
yflOBJieTBopaiOT Tpe6oBaHHflM, npeflbaBnaeMHM K KocMnnecKon, caMOJie-raoH, MopcKon n 
Ha3eMHoä annapaType, a TaioKe HaponHO-xo3aHCTBeHHOH TexHHKe. 

LOW-NOISE MICROWAVE TRANSISTOR AMPLIFIERS AND RECEIVE-CONVERT MODULES 

Shipunova N.V., Kruchinin I.V., Tarasov V.N., Zaitsev V.A., Ignatyev A.P., Salnikov V.F. 
Salut Co., 7 Larin St., Nizhny Novgorod-603107, Russia 

tel. (8312) 66-22-67, fax (8312) 66-50-20 

The set of low-noise microwave narrow-band, broadband and ultrabroadband transistor amplifiers (LNA) in the range of 0 01 - 45 0 

PMA ^ £°IS! flSUre fea,Ure °f °'8 • 70 dB' gain of 15 " 50 dB and linear ou,.°ut of 1 -100 W is developed. On the base of these 
LNA, wideband receive-convert modules delivering 30 - 50 dB gain at 1.7 - 5.0 dB noise figure in the frequency range of 1 -18 GHz 
have been manufactured. All hybrid LNA and receive-convert modules have small size and weight and feature of a high reliability 

MaTCp„aAb, 6-S MewyHapaAHofi J^CKOC, ^„poaojvnoBoS %,,<pepe„m,„ ^»^%%. 16-19 ceH™6P» 1996 r., CenacronoAb, KpMM  yKpaH„a Anr. 
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CEPMM IlIHPOKOnOJIOCHMX rilEPHAHO-HHTEEPAJIMIMX 
yCHJIHTEJIEfl MOUJHOCTH   B OJ1AHAPHOM HCIXOJIHEffllH flJIM 

#HAIIA30HOB 2-4,4-8 H 8-12 ITU,, 

B.O.rapMam, A.A.KHHHIHCKHH, B.B.KpwnoB, A.X.HacbipoB, E.A.CBHCTOB 

rocIfUHPTH, 107066, z.Mocma, yji.Hoeax EacMaHma,20, m.263-97-24 

AHHOTAUHfl 

PaccMaTpHBaiOTCH pe3yjibTaTbi paspaGoncH H HcnbiTaHHH pnjw VHH(f)HHHpoBaHHbix 
ycHJiHTejieu MOIHHOCTH, BbinonHeHHbix B nuaHapHOM HerepMeirraHOM Kopnyce c 
MHKponojiocKOBbiMH BbiBOÄaMH, nepeKpbiBaioiHHX MacTOTHbifi ÄHana30H 2-12 ITH TpeMa 
jiHTepaMH ( 2-4 ITH, 4-8 ITn, H 8-12 ITH c BbixoAHOH MOIHHOCTHO 1,6 BT, 1,2 BT, 0,65 BT 

cooTBeTCTBeHHo) H npeAHasHaneHbix wia npHMeneHHa B KanecTBe MOIHHMX BHXOäHMX 

KacKa^oB repMexH3HpoBaHHbix MHKpoc6opoK pa3jiHHHoro Ha3HaHeHHa. 

BBEJEHHE 

J\o HacToamero BpeMeHH B POCCHH H cipaHax CHr He öbijio 3aK0HieHHbix onbiTHO- 
KOHCTpyKTopCKHX päöoT no npoeKTHpoBaHHK) uiHpoKononocHbix CBH ycHjiHTejien c BMXOAHOH 

MOinHocTbK) 0.5-1.0 Barr H öojiee B AHana30He Bbime 2 ITH. 3TO oGtacHaerca nenbiM 
KOMnJieKCOM npH^HH,     H3     KOTOpblX     MOaCHO     BblAeJIHTb     OCHOBHbie:     HeAOCTaTOIHyK) 
npaicnraecKyfo orpaGoTaHHOCTb HejiHHeHHoro MOAejiHpoBaHHa npH npoeKTHpoBaHHH MOIHHHX 

ycHjraTej[bHbix   KacKaÄOB   H   Kpainre   y3Kyio   HOMemoiaTypy   cepHHHbix   MomHbix   CBM 
TpaH3HCTOpOB,     o6ecne*IHBaiOIHHX     AOCTaTOIHO     BblCOKOe yCHHeHHe     B     CaHTHMeTpOBOM 
ÄHana30He, KpoMe Toro, Ha qacroTax Bbime 8-10 Tru, TaKHe TparoHCTopbi npaicraqecKH 
OTcyTCTByioT. BinecTe c TeM, Ha npoTaaceHHH yace MHOTHX jieT , npn pa3pa6oiKe nejioro paaa 
MHoro(|)yHKHHOHajibHbix MOAyJieM B03HHKaeT ocTpaa noTpe6HocTb npHMeHeHHa 
uiHpoKonoJiocHbix ycHJiHTejieH c noBbimeHHbiM ypoBHeM BHXOAHOH MOIHHOCTH B njiaHapHOM 
KOpnyce C    MHKpOnOJIOCKOBbIMH BXOJJOM H BblXOflOM. 

OCOEEHHOCTH nPOEKTHPOBAHHfl 

CTpyKTypHO MOAyJiH Bcex 3-x jniTep BbinojiHeHbi no ejniHOH cxeMe, npcucraBjieHHOH na 
pHC. 1, H npeÄCTaBJiaroT co6o& ÄByxicacKaAHbie ycHjnrrejiH c AByina ycHJiHTejibHbiMH aqenicaMH 
B nepBOM - 6anaHCHOM KacKa^e (Hcnojib3yioTca MOCTM JlaHre) H neTbipbMa aqeincaMH BO 

BTopoM (ape napbi öajiaHCHbix KacKa^oB, npocyMMHpoBaHHbie KOJibuteBbiM cyMaTopoM). 
Mo^yjiH pa3HHqaiOTca THnaMH ycHjiHTejibHbix aieeK H pa3MepaMH TonojiorcrqecKHx 
3jieMeHTOB. B KaiecTBe aicmBHMX sjieMenroB B 3jiana30Hax 2-4 ITH H 4-8 ITH 

Hcnonb30BaHbi raGpHAHo-HHTerpajibHbie ycHjiHTejibHbie aieiücH Ha TpaH3HCTopax o6paTHoro 
MOHTaaca Tnna 3n603E-5 H 3I1606B-5, cooTBeTCTBeHHo, B ycHJiHTejie zmana30Ha 8-12 ITH 

Hcnojib3yiOTca MOHOJXHTHbie HHTerpajibHbie cxeMbi M421191, pa3pa6oTaHHbie B paivncax 
paccMaTpHBaewroH paöoTw. 

npH npoeKTHpoBaHHH a^ieeK Hcnojib30Bajica naKeT jiHHeHHoro H HejiHHeHHoro aHamoa 
SUPER COMPACT - MICROWAVE HARMONICA. HeJiHHeHHbie MOäCJIH TpaH3HCTopoB 
pa3pa6aTbiBanHCb B COOTBCTCTBHH C MCTOAHKOH, H3JioaceHHOH B [1]. PaccneT ycHjmxejibHbix 
aieex npoBOÄHJica B nopafljce, H3Jioa<eHHOM B [2]. /Jjia peajnnaumi MHHHMajibHOH HepaBHOMep- 
HOCTH K03(J)$HHHeHTa ycHJieiraa 6bina Hcnojib30BaHa 2-x KOHTypHaa Bxo«Haa coraacyiomaa 
Henb c ÄHCcHnaTHBHbiM sjieMeHTOM . Bbixojjnaa coraacyiomaa uenb cTpyKTypbi OHH 
pacHHTbmajiacb HcxoKa H3 KoivrnpoMHcca: MaKCHMajibHaa Bbixo^Haa MomHocTb npH 
coxpaHeHHH npneMJieMOH Hq)aBHOMepHOCTH H ypoBHa K034><|)Hii,HeHTa ycHJieHHa. BHJIO 

npoAeMOHCTpapOBaHo xopouiee cooTBeTCTBHe pe3yjibTaT0B pacneTOB H 3KcnepHMeHTOB. 
HanpHMep, B napTHH H3 30 HIT. a^eeic ffHana30Ha 2-4 TTH pas6poc no Kos^^HHHeHTy ycnueHHa 
cocTaBHJi 2 AB, AHX nocTpoeHHaa no ycpeAHeHHbiM «aHHbiM 3KcnepHMeHTa cooiBeTCTByeT 
<J)opMe pacHeiHOH A^X, xoTa cpeÄHHH ypoßeHb ycnneHna Ha 0,3- 0,9 äB HHace pacneTHoro. Rm. 
3TOH ace napiHH aneeK pa36poc no ypoBmo BbixoziHOH MOIHHOCTH cocTaBHJi npHMepHO 1 AB, 

ycpeAHeHHbie   3KcnepHMeHTajibHbie «aHHbie npaKTHiecKH coBna^aioT c pacneTOM B nojioce 

AAS} MaTepHaAbi 6-H MeHyiynapOAHOH ^6*MCKOH ^«KPOBOAHOBOH ^TaHtpepcHüHii Äj6«rÄtf^a'?^. 16-19 ceHTaGpa 1996 r., CeHacronoAb, KpbiM, YitpaHHa 
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lacTOT 2,5-4,0 IT'H, Ha nactoTe 2,0 ITn, cpe/mee 3KcnepHMeHTajibHoe sna^eHHe Bwuie pacneTa 
na 0,7 AB. 

MoHOJiHTHo-HHTerpajibHaa cxeMa M421191 6bijra paapaooTana coBMecrao c THnn 
"HCTOK-4" r.«J)pH3HHo H oGecneiHBaer BO Been paöonen nojioce nacTOT KOscjxjjHHHeHT ycHJieHHa 
He MeHee 6.5 äE H BbixoAHyio MOIHHOCTB npn KOMnpecHHH 1 AB 250 - 300 MBT. Tpe6yeMbifi 
pe3yjibTaT 6biji nojryneH co BTopoö TexHOJioraiecicoH HTepauHH. OCOöCHHOCTH 3Toro npoeKTa 
nOApOÖHO H3JIO)KeHbJ B [3]. 

KOHCTPYKTHBHO-TEXHOJIOrHHECKAJIPEAJIH3AHHfl 

YcHJiHTejiH Bcex Tpex jnrrep BbinojmeHbi B oAHHaKOBOM HJiaHapHOM   MeTajunraecKOM 
Kopnyce c ra6apHTaMH     50x42x5 MM C MmcpononocKOBbiMH BbraoAaMH.  BHemmiH BHA 

ycHJiHTejis npHBcueH Ha pnc.2. Tlpu ycTaHOBKe B annapaTypy ycnjiHTejiH 3aKpemiaioTca 8 
BHHTaMH.   IIlHHbi nHTaHHa cKB03Hbie. Ha Bxofle npeAycMOTpeH AKCKpeTHbifi arreHioaTop. 
B TexHOJiornqecKOM nponecce c6opKH ycHjniTejra MOKHO BbiAejniTb xpn ocHOBHbie craAHH: 

1) npHcoeßHHeHHe BMBOAOB K KpHCTajuiy TpaH3HCTopa (w% jnrrep A«ana30HOB 2-4 Ira; H 
4-8 rrn) 

2) cöopKa ycHitHTeJibHbix aieeK; 
3) cöopKa Kopnyca H ycHJiHTejia B HCJIOM. 

BHeuiHHH BHA ycHjrraTejibHOH aieHKH npHBe^eH Ha pHC.3. HpHcoeAHHeHHe HCTOKOBOH 60 MKM 

30JIOTOH  6aJIKH  (3),     3aTBOpHOrO H  CTOKOBOrO   10  MKM  30JIOTWX BblBOffOB  (2) K KpHcxanjiy 
TpaH3HCTOpa (4) npOH3BOSHTCa TepMOKOMnpeCCHOHHOH CBapKOH  .  OCHOBaHHe yCHJIHTeJIbHOH 
aieiiKH MeAHoe c cepe6paHbiM noKpbiiHeM. IlojiHKopoBaa ruiaTa npHKneHBaeTca KJieeM 3^3-C. 
Ha 3TOT ace Kjien ycTaHaBJiHBaeTca KOHAeHcaTop rana K26-4. YcTanoBKa co6paHHoro 
KpHCTamia HPOH3BOAHTCH Ha nprnioft üCpOC 3-58 MCTOAOM nepeBepHyToro MOHTaaca. 
OcTanbHbie cöopoiHbie onepanHH npoBOAaTca MCTOAOM KOHTaKTHoÄ cBapKH . nocjie c6opKH 
npoBOAHTCH npoBepKa H HacTpoHKa aieeK c HcnoJib30BaHHeM CBapo^Hbix onepaHHH B 30He B). 

Ope3epoBaHHbiH Kopnyc ycHjnrrejieH (1 Ha pHc.2) roroTOBJien H3 cnjiaßa Mfl-40 H 

HMeeT cepe6paHoe noicpbiTHe. MracponojiocKOBbie nepexoAbi (7) H njiaTbi (4,5,6) 
HanaHBaioTca Ha Kopnyc c noMombio npnnoa nCpOC 3-58. BHyTpmcopnycHOH MOHTaac 
(ujHHbi nHTaHHa, HaBecHbie sjieMeHTbi) ocymecTBjiaeTca 3THM ace npnnoeM. KoHAeHcaTOpbi 
K26-4 ycTaHaBÄHBaioTca Ha Kjiefi 3H3-C. BnaHBaHHe aieeK (3) B Kopnyc nporoBOAHTca 
jienconnaBKHM  npnnoeM   nOHH-52.      Pa3BapKa   MOCTOB,   KOHAeHcaTopoB   H  nepeMbiieK 
npOH3BOAHTCa KOHTaKTHOH  CBapKOH.   HoCJie  CÖOpKH  H  HaCTpOHKH  yCHJIHTeJIb   3aKJieHBaeTca 
KpwuiKOH (2) npn noMoiHH 3JieKTponpoB0Aamero snoKCHAHoro Knea 3TK. J],jia ycHJiHTejieH 
jmTep 4-8 Tru, H 8-12 ITH npHMeHaeTca nacTHiHoe 3anojiHeHHe KPHUIKH paAHonorjiomaioiHHM 
MaTepnanoM. 

npoBeAeHHbie HcnbiTaHHa npoAeMOHCTpHpoBajm MexamraecKyio nporaocTb pa3pa6oTaHHOH 
KOHcipyKHHH H HanHHHe KOHCTpyKTHBHo-TexHOJiorHHecKHx 3anacoB. Macca ycHjmTejia He 
6ojiee 35 r. 

OCHOBHBIE nAPAMETPbl 

YcHUHTejiH HMeioT cjieAyiouiHe ocHOBHbie napaMeTpbi: 

THn    ,Zl,Hana30H   BbixoAHaa MoujHOCTb   YcHjieHne     Knfl    ToKno      ToKno 
HacTOT "+8 B"        "-5 B" 

A212 2-4ITH >1.6BT(PBX=150MBT) 13-18AB 12-14% 1.5A -0.06A 
A212-01 4-8 YTn >1.2 BT(PBX=250MBT) 9 - 14AB 10-12% 1.2 A -0.06 A 
A212-02 8-12 ITH   >0.65 BT(PBX=200MBT)   8 - 13 AB      10-12%    1.0 A       -0.12 A 

HepaBHOMepHocTb KosfJxjmHHeHTa ycHJieHHa B nonoce pa6oHHx lacTOT He 6ojiee 2 AB, a 
K03<J)<|)HHHeHT croa^eM BOUHbi BXOAa H BbixoAa MeHee 2 jyia Bcex jnrrep. HanpaaceHHa nHTaHHa 
AJia TffliOB A212 H A212-01 - -5/+8 B, AAa rana A212-02 - -5/+6 B. napaMeTpbi 
oöecne^HBaioTca B paöoneM Anana30He TeMnepaTyp (OT - 60 AO +70 rpaAycoB). Ha pHc.4 
npHBeAeHbi 3aBHCHMOcra AHX ycHjnrrejieH H HX BbixoAHaa MomnocTb B 3aBHCHMocTH OT 

Ma-repHajibi 6-8 MeayiyHapoflHoS ^4*MCKOH /^«KpoBaAHOBofi ÄoHipepeHUHH 'XjM/Ku'XgrtS. 16-19 coHTBÖpa 1996 r., CeaacronoAb, KpuiM, YKpaHHa A A O 
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TeMiiepaTypbi ocHOBanna MeTaronraecicoro Kopnyca. TnnoBOH TeMnepaTypHMH Apeft(}) 
ycHjiemia 0.019-0.02! «B/rpa^yc Ana THHOB A212 H A212-01 H 0.03 «B/rpa^yc AM A212-02, HTO 
oöbflCHHeTca yßejmqeHHbiM TennoBbiM conpoTHBneHneM nocaAKH aieraBHbix CTpyKTyp MHC B 
MOAyne 3Toro THna. TnnoBon TeMnepaTypHbrä ÄpeH(J) BMXOäHOH MOUJHOCTH cocTasjiaex 0.006 
ÄE/rpa^yc AJia Tnna A212 n 0.013 «B/rpasyc AJIH ranoB A212-01 H A212-02. YBeiraHeHKbiH no 
cpaBHeHino c oacHAaeMbiM TCMnepaTypHbiH ApeH(|) BbixoAHon MOLHHOCTH pjiz rana A212-01 
BbOBaH oco6eHHocT3MH pe>KHMa BXOAHOTO KacKaaa. 

npoBeffeHHaa oneHKa HaAexarocTH pa3pa6oxaHHbix npnöopoB no3BOJßöia ycTaHOBHTb 
MHHHMajibHyio HapaöoTKy, paBHOH 10 000 qacoB (BeAyrca HaTypHbie HcnbiTaHHa), a cpoK 
coxpaHaeMocTH 12 JICT. 

OHEHKA nOJiyqEHHBIX PE3yjlBTATOB 

HecMOTpa HO TO , mo 3anaAHbie (J)HpMbi, B OCHOBHOM C11JA, ninpoico peioiaMnpyioT 
npoMbimjieHHbie mnpoKonojiocHbie ycHJTHTejin paccMaTpHBaeMoro AHana3ona c BbixoAHbiMH 
MomHocTaMH 6ojiee 1 BT, HaiHHaa c 1989-1990 TOAOB AO HacToamero BpeMenn no paAy 
npOTHH He nporoonijio cymecTBeHHoro H3MeHenna HX xapaKTepncTHK. HeMOTpa Ha 
HM&oHjHeca coo6meffna o cepHHHbix npnöopax c BMXOAHOH MomHocTbio 1 -20 BT B Anana30He 
2-4 rrn (cepna GLWA 2040 $npMbi MICROWAVE POWER DFVICE, Inc., 1991 r.) H C 
Küß 20% B nojioce 7-11 ITn (RESEARCH CENTER, 1991 r.), 10 BT B «HanasoHax 2-4; 4-8 
H 5 BT B ÄHana30He 8-18 ITn (OnpMa CERNEX, Inc. 1996 r.), Taicne ycHjiHTejiH He aBjiaioTca 
niHpoKopacnpocTpaHeHHbiMH, xoTa n peaaroyeMbi pjin. oTAejibHbix npnMeHeHnn. TaKHM 
o6pa30M nojiyneHHbie Macco-raßapniHbie H ajieKTpnqecKne xapaKTepncTKKH B nenoM 
cooTBeTCTByioT cymecTByioineMy 3anaAHOMy ypoBHio B qacra BbixoAHbix KacKaaoB B THöPHäHO 
HHTerpanbHOM HcnojmenHH. 

SAKJHOHEHHE 

yqnxbiBaa njia^eBHoe nojioxcemie oTenecTBeHHon 3-jieMeHTnon 6a3bi H MHpoBbie TeHAeHnnn 
(B HacToainee BpeM« npaKTHiecKH He Hcnojib3yioTca Tpan3HCTopbi oöparaoro Monraaca ), B 
paMKax paccMaTpnBaeMOH paöoTbi B THIin "HCTOK-4" 6buia nocraBjieHa n BbinojraeHa eine 
OÄHa     onbiTHo-KOHCTpyKTopcKaa     paöoTa,     KOTopaa     3aKjnoiajiacb     B     pa3pa6oTKe 
KOHCTpyKTOpCKOH ÄOKyMeHTaHHH,   H3rOBJieHHH OnblTHOH napTHH H HCnblTaHHaX  TpaH3HCTOpOB 
npaMoro MOHTaaca - aHajioroB 3I1603-B5 H 3F1606-B5. Ha STHX TpaH3ncropax 6bum 
pa3pa6oTaHbi "aJibTepHaTHBHbie" BapnaHTbi ycnjinTejibHbix smeetc ßjw ycHJiHTejieii jinTep 2-4 
Trn H 4-8 Trn . 

B xoae BbinojraeHHofi! paöoTbi pemeHbi ocnoBHbie npo6neMbi co3AaHHa Ha BbinycKaeMbix 
B  POCCHH TpaH3HCTOpaX H  MHC  MOIHHblX BbIXOÄHblX KaCKa^OB,  B  pe3yXTbTaTe Hero  M03KHO 
Ha^eaTbca Ha CKopoe noaBneHne mnpoKon HOMeHKjiaTypw oTeqecTBeHHbix mnpoKonoitocHbix 
ycHJTHTeneH cpeAnen MOUXHOCTH Knacca 1-3 BT. 

CnHCOK JIHTEPATYPbl 

1 .B.B.KpbmoB,E.A.CBHCTOB,A.A.KHIHHHCKHH.B.A.AHApeeB. EnÖjraoTeKa HejinHeifflbix 
MOAeJien apceHHArajiJiaeBbix nojieBbix TparoncTopoB CB1! A»ana30Ha //MaTepnajibi 4 
KpbiMCKOH KOH^epeHunn "CBH TexHHKa H cnyTHHKOBbifl npHCM", CeBacTonojib, 1994. 

2. A.A.KnmHHCKHH, A.X.HacwpOB, E.A.CBHCTOB. UlnpoKonojiocHbie rn6pHAHO 
HHTerpajibHbie ycHHHTeira MOUTHOCTH Cim na 6a3e yHH(|)HnHpoBaHHbix ycHJiHTeJibHbix aneeK // 
MaTepnambi 4 KpbiMCKOH KOH^epennnn "CBH TexHHKa H cnyTHHKOBbin npneM", CeBacTononb, 
1994. 

3. A.A.KnmHHCKHH, E.A.CBHCTOB, E.B.KpbinoB, A.r.MHxaJibieHKOB, B.r.JlannH, 
K.H.neTpoB. MoHOHHTHaa HHTerpanbHaa cxeMa ycniniTeHa cpeAHen MOBU(HOCTH Anana30Ha 8- 
12 rrn//MaTepHaJibi 4 KpbiMCKoii KOH(J)epeHHHH "CB1! TexHHKa H cnyTHHKOBbin npneM", 
CeBacTonojib, 1994. 
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CTpyKiypHaa cxeMa ycHJiHTejiefi A212, A212-01, A212-02 
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yCHJEHTEJIL MOIUHOCTH ,ZJHAIIA30HA 4-8 ITU 
C BHXOAHOM  M OIipiOCTMO 2.5 BT. 

A.A.KHIHHHCKHH, A.X.HacbipoB 
rocIJHHPTH, 107066, z.MocKea, yji.Hoean EacMaHmx,20, m.263-97-24 

AHHOTAIIHfl 

Pa3pa6oTaHw 3KcnepHMeHTajibHbie o6pa3Hbi rHOpH^HO-HHTerpajiLHoro 
iirapoKonojiocHoro  ycHjiHTena  MOIUHOCTH  AHana30Ha  4-8   rrii,   o6ecneiiHBaioiii,He 
BMXOflHyK)      MOIHHOCTb   B   pOKHMe   HaCbimeHHfl      2.5-3   BT.   K03(j)4)HHHeHT   yCHJieHHJI 
ycHjiHTejia B JTHHCHHOM peacHMe cocraBJiaeT 29-33 äB, nacTOTHaa HepaBHOMepHocrb 
ycHJieHHfl He 6ojiee +-2 ^B. Bbixo,a,Haa MoiiiHocTb npn KOMnpeccHH ycHjieHHa 1 ßE 
cocxaBjiaeT 2.0-2 .5BT, HHTaiiHe - OT flByxnojiapHoro HCTOHHHKa +8 B/-5 B. 

BBEflEHHE 

OCHOBHOH npo6jieMOH npH C03^aHHH MOIHHblX UIHpOKOnOJIOCHBIX yCHUHTeJieH CB1! 
3,nana30Ha aBJiaeTca TpyzuiocTb peajnoaHHH coniacyiomHX uenefi, oöecneMHBaromHX 
npneMJieMoe yctuiemie «JIH TparoncropoB c OOJIBIHOH IHHDHHOH 3aTBopa. 3TO 

BMHyjKAaex pa3pa6oTHHKa orpaHHHHBaTb mnpHHy 3aTBopa H MomHOCTb 
ycHUHTejibHoro aueMem-a H npHMeHaTb MHoroKaHajibHbie cxeMbi cyMMHpoßaHHa 
MOUI;HOCTH. B AaHHofi pa6oTe pemeHa sa^ana co3,n;aHHa ycHjiHTejia c oKTaBHbiM 
nepeicpbiTHeM no MacTOTe, B BMXO^HOM KacKane KOToporo cyMMHpyioTca BoceMb 
ycHJiHTejibHbix a^eeic. 

CXEMA. KOHCTPyKUHfl H XAPAKTEPHCTHKH yCHJIHTEJDI 

CTpyKTypHaa cxeMa pa3pa6oTaHHoro MaKeTa ycHjiHTena noKa3aHa Ha pnc.l. 
YcHJiHTejib COCTOHT H3 Tpex öajiaHCHbix KacKa^OB npeßBapHTejibHoro ycHjieHHa, 
npeflBbixoAHoro KacKa^a c Hcnonb30BaHHeM qeTbipexKaHajibHofi cxeMbi cyMMHpoßaHHa 
CHH(J)a3HbiH flejiHTejib-MocT JlaHre H Bbixo^Horo KacKa/i;a, B KOTOPOM CHH(J)a3HbiM 
cyMMaTOpoM cKJiaflbmaioTca MOIUHOCTH ^Byx HeTbipexKaHajibHbix JiHHeeK 
cyMMHpoßaHHa  Ha 6a3e flenHTejia öerymeö BOJIHM (HenoqeqHoro). 

KoHCTpyKTHBHo MaKeT ycHjiHTejia COCTOHT H3 Kopnyca, B KOTopbrä Mepe3 
TepMOKOMneHcnpyioiuHe npoKua^KH BnaaHbi TOHKonjieHOMHbie MHKpononocKOBbie 
miaTbi c aenHTejiaMH H cyMMaTopaMH MOIUHOCTH, H ycHJiHTejibHbix aneeK, KOTopwe 
ycTaHaBjiHBaioTca B ycnnHTejib (H npn Heo6xo#HMocTH 3aMeHaioTCfl oxzjenbHo). 06maa 
HAeonorna H aneMeHTbi KOHcrpyKUHH ycHjiHTejia H aneeic yace oöcyac^aJiHCb paHee [1]. 

-fl^efiica npe^BapHTejibHoro ycmieHHa 1 (cM.pnc.1) pa3pa6oTaHa Ha TpaH3HCT0pe 
"riapafl" (H3roTOBHTenb - THEOT "HCTOK", r.Opa3HHo) c IHHPHHOH 3aTBopa 550 MKM. 

OHa HMeeT MajiocHraajibHoe ycHjieHHe 10 +- 0.7 ^B H BbixoflHyio MomHOCTb 
HacbimeHHa 150-200 MBT B ,n,Hana30He 4-8 ITD;. TpaH3HCTop B aqeÖKe paöoTaer B 

oöJierneHHOM TemioBOM peacHMe H MOHTHpyeTca Ha BbicTyn MeTarunraecKoro 
ocHOBaHHa B na3 nnaTbi MeToaoM  npHKJieHBaHHa Ha KjieS 3*13-0. 

flqeHica 2 npeflBbixoÄHbix H Bbixo#Horo KacKa^oB pa3pa6oTaHa Ha TpaH3HCTope 
THna A745B-5 (H3roTOBHTejib - HHH "Ilyjibcap", r.MocKBa) c HiHpHHOÖ 3aTBopa 1400 
MKM. OHa HMeeT ManocHraajibHoe ycHjieHHe 6 +- 0.5 ,n,E H Bbixo^Hyio MomHOCTb 
HacbimeHHa 450-500 MBT B ,zniana30He 4-8 rrn. TpaH3HCTop B aqefiice MOHTHpyeTca Ha 
BbicTyn MeTaJiiiHqecKoro ocHOBaHHa B nase nnaTbi MCTOAOM nepeBepHyToro MOHTa^ca 
naÖKOH nepes 30jioTyio npoKna/iKy TOJIIHHHOH 50 MKM. 
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Upepßhixoßfioü KacKaÄ Ha TieTbipex a*ieÖKax rana 2 HMeeT B nojioce nacTOT 4-8 
TFlX   BMXOßHyK)   MOIUHOCTb   HaCbHUeHHa    1.3-1.5   BT,   HTO   flOCTaTOHHO   PJW   nOJIHOH 
pacKa^KH BwxoflHoro Kacxa^a. CneAyeT OTMCTHTL, ITO BbixoßHoö CHH(J)a3HbiH 
cyMMaTop npeABWxo^Horo KacKa^a H BXOäHOH CHH(J)a3HbiH flejiHTejib BbixoßHoro 
KacKa^a aBJiaioTca, no-cymecTBy, "JIHIHHHMH ßeTajiaMH", BHOcamHMH flonojiHHTejibHbie 
noTepH, o^HaKo npn OTpaöonce ycHJiHxejia MM onacaracb pac<J)a3HpoBKH BbixoßHbix 
KanajioB cyMMHpoBatfflH. ripH oTpaöoraHHofi TexHonorHH cöopiai H cTaÖHJibHbix 
napaMeTpax TpaH3HCTopoB Heooxo^HMocTb B 3THX aneMeHTax oTna^aeT. 

MaKer ycHJiHTena oöecne^HBaeT B nonoce qacTOT 4-8 TTu, BbixoflHyio MomHOCTb 
HacwmeHHa OT 2.5 ßo 3.5 BT. Koa^HUHeHT ycHJieHHa ycHjiHTejia B HHHCHHOM 

peacHMe cocTaBjraeT 29-33 pB, HacToraaa HepaBHOMepHOCTb ycnneHH» He öojiee +-2 
,o;E. Bbixo/iHaa MonjHOCTb npn KOMnpeccHH ycHnenna 1 ßE cocraBjiaeT 2.0-2.5 BT. 

^[acTOTHbie 3aBHCHM0CTH K03(})(})HHHeHTa ycHJieHHa npn pa3JiHqHbix ypoBHax BXOäHOH 

MOIHHOCTH    ycHJiHTena npHBe^eHbi Ha pHc.2. HeoöxoßHMo OTMeTHTb Majioe oramHe 
BbIXOßHblX MOmHOCTefi B pOKHMaX HaCbHUeHHa H 1 flB KOMnpeCCHH, He CBOHCTBeHHOe 
OÖbllHO IHHpOKOnOJIOCHbIM MOIflHMM yCHJIHTeJMM Booöme, a nocTpoeHHbiM Ha 
oTenecTBeHHbix TpaH3HCTopax B ocoöeHHocTH. B ^aHHOM cjiynae 3TO o6bacHaeTca 
yHHKajibHO (mia POCCHH) BHCOKOH jiHHefiHocTbio nepeAaTo^HOH xapaicrepHCTHKH 
Hcnojib30BaHHoro B anemcax rana 2 TpaH3HCTOpa. ÜHTaHHe ycHUHTejia ocymecTBjiaeTca 
OT ^ByxnoJiapHoro HCTOHHHica +8 B/-5 B. Oöujaa noTpeönaeMaa MomHOCTb 25-28 BT, 

Küß 10-12%. 

3AKJHOMEHHE 

PeajiH30BaHHaa cxeMa uiHpoKonojiocHoro BOCbMHKaHajibHoro cyMMHpoßaHHa 
MomHocTH no3BOjiaeT paccHHTbmaTb Ha nojiyqeHHe B ÖJiHacafiuiee BpeMa B ^Hana30He 4- 
8 rru; H cMeacHbix BbixoflHoö MOIHHOCTH ycHjiHTejiefi flo 4-5 BT, #jia 3Toro B HacToamee 
BpeMa pa3pa6aTbiBaeTca HOBaa öojiee 3cj)(|)eKTHBHaa aneÖKa c Bbixo,nHOH MomHocTbio 
0.8 - 0.9 BT H ycmieHHeM 7-8 ßß Ha TpaH3HCTope npaMoro MOHTaaca. ßajibHeöniee 
noBbimeHHe BWXOAHOH MOHJHOCTH CBa33HO c coßepuieHCTBOBaHHeM TexHOJiorHH H 

MaTepnajioB MOIUHMX nojießbix   TpaH3HCTopoB. 

JIHTEPATYPA 

1. A.A.KHIUHHCKHH, A.X.HacbipoB, E.A.CBHCTOB. IIlHpoKonojiocHbie ra6pH#Ho- 
HHTerpajibHbie ycHjinxejiH MOIHHOCTH CB1? Ha 6a3e yHH<J)HHHpoBaHHbix ycHJiHTejibHbix 
aHeeK//MaTepHajibi 4 KpwMCKOÖ KOH<J)epeHHHH "CBH TexHHKa H cnyTHHKOBbift npneM", 
1994,crp.258-261. 

4-8 GHz POWER AMPLIFIER WITH 2.5 WATT OUTPUT POWER 

Kistchinsky A.A., NasyrovA.H. 
SCRRI, 20 Novaya Basmannaya St., Moscow-107066, Russia 

tel. (095) 263-97-24 

Wideband 4-8 GHz GaAs FET hybrid power amplifier providing 2.5-3 W saturated output power has been designed and tested. The 
amplifier consists of six stages. Input stages are built on the base of the balance circuit and are based on the FET chips with 550 
urn gate width. Travelling-wave dividing/combining circuit which combines the power of 8 miniature amplifying modules is applied in 
the output stage. Such modules are based on the crystals of 3n606B-5 transistors with the gate width of 1.4 mm. The amplifier 
provided 29-33 dB linear gain with + 2 dB maximum gain ripple. The output power with -1 dB gain compression is 1.5-2 W. The 
amplifier can be supplied by dual DC source of +8/-5 V with average DC power of 26-28 W. The temperature range is from -60°C to 
+60°C on the bottom surface. 
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Pud. CTpyKTypHan cxeMa ycunMTenn 

Ko3(J)<l)HLineHT ycM/ieHUH, flB 

start 3.8 GHz 
MacTOTa. rrq stoP 8-2 GHz 

Pnc.2. AMnnmvDHO-MacTOTHbie xaoaKTeDMCTHKM vamwenfl nDH Pßx=var  ^ 



yCHJIHTEJft MOIipiOCTH flJIM PAflHOPEJIEflHMX CTAHLJMM C HACTOTHOH M 
AMnJIHTy^HO-0»A3OBOM MOAyJUIIJHEß AHAOA30HA 7.9-8.7 ITL^ 

AA.KHIUHHCKHH, A.X.HacbipoB, E.A.CBHCTOB, E.B.KpbmoB, lO.H.npoHHH 
roclfHHPTH, 107066, z.MocKea, yn.Hoeo.H BacM<mmn,20, m.263-97-24 

AHHOTAHHfl 

Pa3pa6oTaH raGpHAHO-HHTerpajibHWH ycHJinTejib MOIHHOCTH AHana30Ha 7.9-8.7 ITu, 
oöecnennBaiouiHH BbixoAHyio MOuiHOCTb B peacHMe HacwmeHHa flo 1.5 BT npn nnraHHH OT 

AByxnonapHoro HH3KOBOJihTHoro HCTOHHHKa +-6.3 B. YcnJiKTejib coAep^CHT cxeiwy aBTOMaranecKOn 
peryjiHpoBKH MOIHHOCTH, no3BOjiaK>inyio noAAepXHBaTb ypOBeHb BHXOAHOH MOIHHOCTH 0.75+-0.15 BT 

npH H3MeHeHHH ypOBna BXOAHOTO curHajia OT 50 no 150 MKBT H TeMnepaTypw ocHOBaHna Kopnyca OT 

-60 30 +70 rpaaycoB, npH STOM KOMnpeccna ycnneHHa He npeBwmaeT -1 AE. YcHJiHTenb npeAHa3HaqeH 
Ana UH(J)poBbix paflHOpejieiHbix craHUHH c OQPSK MOAyjiauHeo. 

BBE/IEHHE 

B HacToamefi pa6oTe pemajiacb 3aflana co3AanHa yfloSiroro H HajiejKHoro B 3KcnnyaTauHH 
BbixosHoro ycHJiHTena win UH^poBbix craHUHH paflHopejieHHOH CB33H, pa6oTaromHX B AHana30He 8 
ITn c neTbipexypoBHeBOH aMnjiHTyAHO-cj)a30BOH MOAyJianneM CHrHana. 

CXEMA, KOHCTPYKUHJI H XAPAKTEPHCTHKH YCHJIHTEJIfl 

OrpyrrypHaa cxeMa pa3pa6oTaHHoro ycraraTena noKa3aHa Ha pHc.l. YcwiHTeJib COCTOHT H3 6 
ycHHHTejibHbix KacKa^OB A2, A4-A8, ynpaBJiaeMoro aTTeHioaTopa A3, cxeMbi (J)opMHpoBaHHa onopHoro 
HanpHKeHHH A10, yCHJiHTena oSparaoH CBJBH All, noBTOpHTena A12. Ha Bxoae H Bbixo^e ycHJiHTejia 
BKJiioieHbi (J>eppHTOBbie BBHTHJIH Al H A9. B ycHJiHTenbHbix KacKa^ax Hcnonb30BaHbi KpHCTaraibi 
apceHHÄTajuiHeBbix noneBbix TpaH3HCTopoB c urapnHOH 3aTBOpa (W) OT 300 MKM flo 2700 MKM, 

BbinycKaeMbie THnn "HCTOK". BXOAHOH KacKa« - OAHHOHHHH Ha TpaH3Hcrope c W=300 MKM, KacKaA 
A4 - 6ajiaHCHbiö Ha Tarax ace TpaH3Hcropax. KacicaA A5 - GanaHCHWH Ha TparoHcropax c W=550 MKM. 

Bee KacKaflbi BXOAHOH JIHHCHKH ycHJiHTena nocTpocHbi no cxeMe aBTOCMeiueHHa H nHTawTca OT 

HanpaaceHHH +6.3 B. nepBbiä KacKa« BbixoflHOH JIHHCHKH ycHJiHTejia A6 TaK»e nocTpoeH no 6ajiancHOH 
cxeMe Ha TpaH3HCTopax c W=550 MKM, HO C 3a3eMneHHbiMH HCTOKaMH. npeABbixoAHoii KacKaA A7 
nocTpoeH no 6ajiaHCHOH cxeMe Ha TpaH3HCTopax c W=1200 MKM H MeTajuiH3npoBaHHbiMH oTBepcraaMn 
HCTOKOB. OH HMeeT ManocHrHanbHoe ycHJieHHe 8.0-8.3 AE H BbixoAHyio MomHOCTb HacwmeHHa 600-650 
MBT. KacKaaw A2-A6 oSecneiHBaioT ycHJieHHe 9-10 «B Ha KacKaa c HepaBHOMepHOCTbio +-0.1...0.2 AE B 

nojioce nacTOT 7.9-8.7 rru n KCBH BXO«a H BbixoAa 1.3-1.6. Bee KacKaA« H3roTaBJiHBaK)Tca no 
rH6pHAHO-HHTerpajibHOH TexHOnorHH c npHMeHenneM TOHKonneHOHHbix MHKpononocKOBbix nnaT H3 
nojiHKopa TOUIHHHOH 0.5 MM H, KpOMe Toro, B KacKa^ax A2, A4, A5 H A8 - nnaT H3 jieHKOcanc})Hpa 
TOJIIUHHOH 0.25 MM. KpncTajiiibi TpaH3HCTopoB MOHTHpyiOTca HenocpeflCTBeHHO Ha MeTajiJiHMecKoe 
ocHOBaHHe paMKH KacKaaa npKKJieHBaHneM TenjionpoBoaamHM KJieeM EPO-TEK H20E. 

BbixoflHofi  KacKaa A8,  KOHCTpyKuna KOToporo  noKa3aHa  Ha pnc.2.,  nocrpoeH  no  cxeMe 
CyMMHpOBaHHa MOmHOCTefi TpeX KpHCTajIJIOB TpaiöHCTOpOB      C W=2700 MKM H COflep>KHT BCTpOeHHbie 
HanpaBneHHbiö OTBeTBHTejib H aeTeKTOp KOHTpona BWXOAHOH MOUIHOCTH, pa3MemeHHbie Ha BHXOAHOH 

nnaTe KacKa^a. npn npoeKTHpoBaHHH o6mefi BMXOAHOH coraacyiomeH nenn KacKaaa B03HHKJia 
npo6jieMa, cßa3aHHaa c TeM o6cToaTejibCTBOM, HTO np« B036y>KAeHHH o6mefi HH3KOOMHOH JIHHHH TpeMa 
TpaH3HCTOpaMH B03HHKaeT paC(|)a3HpOBKa    CyMMHpyeMMX CHTHajIOB H3-3a 3aMeTHOH pa3HOCTH AJIHH OT 
ToneK BKjnoieHHa TpaH3HCTOpOB AO BbixoAa coraacyromefi nenn. noTepH MOUIHOCTH H3-3a TaKOH 
pac4>a3HpoBKH cocTaBnann 1.5-2 AB. npo6neMa 6buia peuieHa BBeAeHHeM B TonojiorHio HH3KOOMHOH 

qacTH BbixoAHoä nenn cHMMeTpn^Horo poM6oBHAHoro OKHa, HCKyccTBeHHO yAJiHHHaiomero nyTH TOKa 
OT cpeAHero TpaH3HCTOpa no Kpaio OKHa K o6mefi TOHKC Bbixo«a nenn (pnc.2.). BbixoAHaa MomnocTb 
HacwmeHHa KacKaAa npn 3TOM yBennnnnacb npH npoqnx paBHbix yenoBnax c 1.1 -1.3 BT AO 1.6-1.8 BT. 

TpaH3HCTOpw BbixoAHoro KacKaAa pa6oTaiOT B o6ner^eHHOM TenjioBOM H MeKTpnnecKOM peacnMax, 
K03(|)(|)HHneHT Harpy3KH no paccenBaeMOH MOUIHOCTH cocTaBJiaeT 0.6, no HanpaaceHHio CTOKa - 0.75, HTO 

noBbimaeT HaAe>KHOCTb npn6opa. Koa^^nnneHT nepeAann KOHTponbHoro KaHana cocTaBJiaeT 0.8-1.2 
B/BT c nacTOTHon HepaBHOMepHOCTbio 10-15%. 

BXOAHOH H BbixoAHofl BeHTHJiH npeAHa3HaHeHH Ana oöecneneHna HaAexHoft H CTa6nnbHOH paOOTbi 
ycHJiHTena Ha BbicoKOAoSpoTHbie Harpy3KH, HanpHMep y3KonojiocHbie <J)HnbTpbi. BbixoAHoe Hanpa>KeHHe 
AeTeKTopa ncnojib3yeTca Ana ynpaBneHna cxeMon aBTOMara^ecKOH peryjinpoBKH MOIAHOCTH (APM), B 

KOTopyio KpOMe Hero BXOAaT cxeMbi 4>opMHpOBaHHa onopHoro Hanpa»eHna A10, ycnnnTejib oSparaoH 
CB33H Al 1 H arreHioaTop A3. ATTemoaTop nocTpoeH no HeTbipexAHOAHoii cxeMe c pa3HeceHHHM 
napajinenbHbiM BKraoieHHeM p-i-n-AHOAOB B JIHHHIO, npnneM   KpafiHne «HOflu Harpy»eHH Ha 50-oMHbie 

... MaTepHiuviji 6-fi MejiayHapoAHOil ^4*MCKOI1 ^&KPOBOJIHOBOH «>H(pepeHUim ^S*rlf«».%. 1649 cenxa6pii 1996 r„ CeBacronoAb, KpbiM, YKpaHHa 

l^U ProccedingB of 6th International ^ednean ^ferowavc inference 6xi/Ki$*'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



rmeHOHHfeie pe3Hcxopw, o6ecneHHBaiomHe Majibie oxpaxcenna OT aTTeHioaTopa npH ino6bix BejinqHHax 
33TyxaHHa. 

^Hana30H 3aTyxaHHH aTTeHioaTopa OT 1.0 AB no 30 «E, nacroTHaa HepaBHOMepHOCTb K03$$nwQina 
nepe^aHH He npeBbimaeT 0.4 AB npw nio6bix 3aTyxaHHax B STOM AHana30He, cyMMapHwfi TOK ynpaaneHHJi 
- AO 5 MA. CyMMapHaa HepaBHOMepHOCTb K03dp<})HUHeHTa ycnneHHa Bcero ycnnHTena icaic npH 
HananbHOM JiHHeÖHOM ycHJieHHH 47-50 AE, TBK H BO BceM AHana30He peryjiHpOBKH ycHJieHHa He 
npeBbimaeT +- 1 AB, B JIK>6OM ynacTKe pa6onero AHana30Ha 7.9-8.4 TTo, (jimepa 1) H 8.1-8.7 ITu. 
(jraxepa 2) iuHpHHOH 30 MTn HepaBHOMepHOCTb ycnneHHa He npeBbimaex 0.2 AE. Manaa nacxoxnaa 
HepaBHOMepHOCTb o6ecneneHa xeM, MTO ycHJiHTenb pa36nx KOHCxpyKTHBHo na ABa ajieicxpHHecKH 
He3aBHCHMbix repMooxceKa (mxpHXOBaa OTHH* Ha pHc.l), coeAHHeHHbix KoaKcnajibHbiM Ka6ejievt, npH 
3TOM ycmiemie KaxcAofi jiHHeiiKH He npeBbimaeT 28 AB. XapaKTep H3MeHeHH» A^X ycHJiHTena npH 
peryjiHpoBKe  ycHJieHHa noKa3aH Ha pnc.3. 

IlpH ManoM ypOBHe BXOAHoro cnrHajia HanpaxeHHe AeTeKTOpa MeHbine onopHoro HanpaaceHHa, 
dpopMHpyeMoro cxeMofi A10, Hanpa>tceHHe Ha BbixoAe ycHJiHTejia All OTpHuaTenbHO, AHOAM 

aTTeHioaTopa A3 3anepxbi, o6ecneiHBaa MaKCHMajibHoe ycHJieHHe ycHJiHxena. IlpH AOCTHHceHHH 
CHraajiOM AeTeKTOpa onopHoro ypoBHa ycHJinrejib All dpopMHpyeT ynpaBJiaionmH TOK aTTeHioaTopa, 
3aMbiKaa qenb APM H noAAepacHBaa 3aAaHHbiH onopHbiM HanpaaceHHeM ypoBeHb BHXOAHOH MOIUHOCTH 

ycHJiHTejia. Jljw CTa6HJiH3anHH onopHoro HanpaaceHHa npH H3MeHeHHH nHTarouiHx ycuriHxejib 
HanpaaceHHH H nacxHHHOH xepMOKOMnencanHH xeMnepaTypHbix H3MeHeHHH KosdptJmnHeHxa 
nepeAann KOHTpojibHoro Kanajia B cxe\ie dpopMHpOBaHHa A10 npwMeHeH HHxerpajibHbifi XOKOBHH 

AaxHHK TeMnepaTypbi rana AD590 cbapMH "Analog Devices". Cxeiwa APM o6ecneHHBaeT 
TeMnepaxypHyro cxaOHJibHoerb BHXOAHOH MOIAHOCXH B Anana30He TeMnepaTyp Kopnyca OT -60 AO +70 
rpaAycoB B npeAenax +- 5...8%. CTaÖHJibHOcrb BHXOAHOH MOIHHOCTH B AHana30He pa6oHHX nacroT +- 
5...10%, B AHHaMHiecKOM A«ana30He BXOAHHX CHraajioB +- 1...2%. 06maa craSHJibHocTb noAAep^aHHa 
ypOBHS  BMXOAHOH        MOIHHOCTH  B  AHana30He  HaCTOT,   BXOAHblX   MOmHOCTeg  OT   50  AO   150   MKBT   H 

TeMnepaxyp cocxaBJiaeT +- 0.5...0.8 AB. HoMHHajibHaa BbixoAHaa MomHocxb ycHjiHxeJia cocxaBJiaeT 0.8 
BT, npn 3TOM KOMnpeccna ycnneHHa He npeBbimaeT 1 AB, a ypoBeHb KOMÖHHanHOHHbix cocxaBJiaiomHX 
npH AByxcHrHajibHofl pa6oTe (Ha BXOAe ABa paBHoaMnjiHTyAiibix CHraajia no 100 MKBT) MeHee -19...- 
21 AB. 

^Jia oöecneneHHa BO3MO>KHOCTH raOKoro Hcnojib30BaHHa ycnriHTena B craHUHax c pa3jTHHHWMH 
BHAaMH MOAyJWHHH, B TOM HHcue lacTOTHog, B ycHJinrejie npeAycMOTpeH BXOA BHeuiHefi peryjiHpOBKH 
BHXOAHOH MOIHHOCTH HanpaaceHHeM OT -5 AO +5 B. TanoBaa 3aBHCHMOCTb BHXOAHOH MOIUHOCTH H 

ypoBHa KOM6HHanHOHHbix cocTaBJiaiomHx npn AByxcHrHanbHofi pa6oTe npHBeAeHbi Ha pnc.4. BHeuiHHM 
HanpaaceHHeiw BbixoAHaa MoiHHOCTb MOKex CHHacaxbca no 300-350 MBT, npn STOM HCKaKeHHa 
yMeHbiiiaiOTca AO     -30...32 ABC, JIH6O yßejiHHHBaTbca KaK MHHHMyM AO 1.2 BT, npH STOM  ycnnnrejib 
BXOAHT    B    pe)KHM    ÖJIH3KHH    K    HaCbimeHHK)    H    HCKaHCeHHa    B03paCTaK)T    YcHJIHXeJIb    BbinOJIHeH    B 
repMexHMHOM MexamranecKOM KOpnyce c KoaKcnajibHHMH BBOAaMH CBH CHraajia (TpaKT 3.5/1.52 MM), 

TenJiooxBOA     ox HHHCHCH    njiocKOCxn Kopnyca.    HanpaaceHHa nnxaHHa +- 6.3 B, XOKH noxpe6jieHHa 
+ 1.4 A H -0.1 A, cooxBexcxBeHHO. TaGapHTbi ycnnnxeira   125 x 105 x 23 MM. 

3AKJIK)qEHHE 

Pa3pa6oxaHHbiH ycHJinxejib o6naAaex BHCOKHMH sjieKrpHHecKHMH xapaKxepncTHKaMH, yAo6eH B 

Hcnonb30BaHHH H MoxeT HafixH npHMeHeHHe B pa3jiHHHOH CBa3HOH annapaxype AHana30Ha 8 ITu. 

7.9-8.7 GHz POWER AMPLIFIER FOR RADIOLINK STATIONS 
WITH FREQUENCY AND QPSK MODULATION 

Kistchinsky A.A., Nasyrov A.H., Svistov E.A., Krylov B.V., Pronin Y.N. 
SCRRI, 20 Novaya Basmannaya St., Moscow-107066, Russia 

tel. (095) 263-97-24 

A 7.9-8.7 GHz hybrid power amplifier with 1.2-1.5 W saturarted output power and + 6.3V voltage sources has been designed and 
tested. The amplifier consists of six stages based on GaAs FET chips with a gate width from 300 urn to 2700 (xm, and it was 
produced by "Istok" Company. The output stage employs 3 FETs with an in-phase power combiner and a built-in rectifier for output 
level measuring. The amplifier employs an authomatic control circuit for stabilization of output power level in limits of 0.75 + 0.15 W. 
This value is guaranteed for input power interval from 50 nW to 150 nW and for temperature interval from -60°C to +70°C. The gain 
compression is provided below -1 dB. The stabilized output power level may be controlled by external DC voltage. It varies from 0.4 
W to 1.2 W and more up to the switch-off of an authomatic control circuit. The electrical and exploitation characteristics of the 
amplifier have been discussed. 
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TPAHCHMIIEAAHCHMH YCHJlHTEJlfc 

C.TDKyKOB, A.T.KO3JIOB, B.H.XMXM«) 

MuHCKim HHHpaduoMcimepucmoG, Kuotceeamoea, 86, z. MUHCK, Eenapycb 

AHHOTailHH 

ripe/icTaBJieHM pe3yribxaxbi npoeKXHpOBaHHa H roroxoBJieHHa apceHHfl-raJiJTHeBoro 

MOHOJIHTHOrO  IHHpOKOnOJIOCHOrO yCHJIHXeJia.  YcHJIHXejIb  OnXHMH3HpOBaH  Ha  MHHHMaJlfc- 

Hblfi K03(j)(f)HHHeHX IltyMa H MO>KeT 6bIXb HCnOJIb30BaH KaK npeßyCHJlHXeJIb B OHTHHeCKHX 

npHeMHHicax c nojiocofi pa6o*«xx nacxox ^o 2 ITu,. 

I. BBejeHHe 

ApceHHA-rajiJiHeBaa xexHonoraa - o^Ha H3 Han6ojiee xoponio OCBOCHHMX xexHOJio- 

THH npoH3BOflCTBa MOHOJiHTHHX CBH-cxeM. B jraxepaxype flocxaTOHHO uiHpoKonpeflcxaB- 

JieHbi pe3yirbxaxbi Hccjie^oBaHHM H npoH3BOflcxBa apceHH^-rajuiHeBbix MOHOJIHXHMX cxeM c 

nojiocofi nponycicaHMH ox 1 FTu, #o 20 ITu;. 

B flHana30He ^acxox #o 1 ITu., KaK npaBHJio, Hcnarrb3yexca KpeMHHeBaa xexHOJioraa. 

O^naKO, B p>me npaKXHHecKHx npHMeneHHii apceHH# rajuma aBJiaexca 6ojiee npe^noHXH- 

xejibHbiM MaxepnajioM, neM KpeMHHtt, nanpHMep, npn BHCOKHX xeMnepaxypax H B ycjioBHax 

paflHaHHOHHblX B03^eHCXBHH. 

riepBOH nyÖJiHKauHCH c H3Jio>KeHHeM KonuenuHH npoeKrapoBanHa ycHirnxejieH Ha 

GaAs c Henocpe^cxBeHHOH CBasbio, BepoaxHO, aBJiaexca paöoxa R.L. Tuyl [1]. H3 nocjie- 

flyiomnx pa6ox HaHÖojibiHHÖ HHxepec npe^cxaBnaex cxeMoxexHH*iecKoe nocxpoeHHe ycn- 

JiHxejiefi c HenocpeflcxBCHHOK cBa3bio, npe#jTo>KeHHoe Mauri H pp. [2]. YcHJinxejib HMeex 

KOMÖHHaHHW HHBepxwpyioiHHx H HeHHBepxHpyKDiHHx KacKa^OB. OxpHaaxejibHaa oöpaxHaa 

CBa3b H nojio)KHxejibHaa CB33b «Bnepe^» no3BOJiaex oÖecneMHXb cxaÖHjibHocxb ycHJiHxejia H 

mnpoKyK) nojiocy nponycKaHHa. 

II. IIpoeKTHpoBaHHe 

OCHOBHOö npo6jieMofi npH npoeKrapoBaHHM uiHpoKonojiocHoro ycHJiHxejia c Heno- 

cpeflcxBeHHOH cBa3bio aBjiaexca npoojieiwa oöecneqeHH» cxaÖHJibHocxH napaMexpoB ycHJin- 

xejia no nocxoaHHOMy H nepeMeHHOMy xoKy. B ycHJinxejiax c BBICOKHM BXOflHbiM HMne^aH- 

COM axa npoöJieMa aBJiaexca nepBooHepeflHOH. 
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PHCI. ripHHUHrraajibHasi ajieiopHHecKaa cxeMa. 

IlpH HpOeKTHpOBaHHH 6hijm HC- 

nojib30BaHbi cxeMOxexHHHecKHe pe- 

meHiia, npeAJio>KeHHBie B pa6oTe [2]. 

Ha pnc. 1 npeACxaBJiena npnnnnnn- 

ajiBHaa ajieKxpnnecicaa cxeMa ycnjin- 

xejia. BXOAHOH KacKaji, BBinojiHen Ha 

MESFET xparoncxopax (VT1, VT2) 

no cxeiwe c OöLUHM HCTOKOM H aicraB- 

HOH narpy3Kofi. Bxopon KacicaA (VT6, 

VT7) BbinojiHeH no cxeMe c oSnniM 

3aXBOpOM   H   TaiOKe   HMCCX   aKTHBHyiO 

Harpy3Ky. IlepBaa oxpnnaxejiBHaa 06- 

paraaa CB»3B (BBIXOA, R6, VT1) o6ecneiiHBaex neo6xojiHMBin BXOAHOH nivrae^aHC H ycnjie- 

HHe no xoKy. Bxopaa orpnnaxenBHaa o6paxHaa CB»3B (BBIXOA, VT3) cxaSnjironpyex ycnjin- 

xejiB no nocxosHHOMy xoxy n oöecnennBaex Heo6xo,n,nMoe ycnjieHne no Hanpa>KeHHK). 06- 

paxHaa CBJBB «Bnepefl» (BXOA, VT7) KoppeKxupyex nepejiaxonnyio xapaKxepncxnicy B 06- 

jiacxn BBICOKHX nacxox. 3neivieHXBi Rl, R3, R4, R5 n CK ncnojrB3yioxc5i xaioKe AJia 3Ton ne- 

nn. JJflz pacnexa cxeMBi 6BIJI ncnoKB30BaH naKex nporpaMM MOAejrapoBamiH CBH-cxeM. 

III. HaroTOBJieuHe 

MoHOJiHXHBiH ycHJinxejiB ÖBU1 H3roxoBJieH na ocnoBe cxan^apxHoro xexHOJiornnecKO- 

ro nponecca. HCXOAHBIM MaxepnanoM cjiy>i<HJin nonyH30JTHpyiomne IKWIOKKH GaAs c 6y- 

(J)epHBiM cjioeM, n,n+- cnoaivin. Bee MexamiH- 

necKne n AnajieiapHiecKne CJIOH BBinojma- 

jincB c noMom,BK> oöpaxHon jinxorpa(})HH. Jljm 

co3,a;aHna 3axBopa ncnojiB30BanacB cncxeMa 

MexajiJiH3annH Y/Ti n oSpaxnaa jraxorpa^na. 

3xon Mexajijffl3annen c<j)opMnpoBaHBi pa3- 

BOflKa H HnacHaa oömiaAica KOH^eHcaxopoB. 

fljiHHa 3axBopa cocxaBJisna 0.5 MKM, a pac- 

CXOaHHe CXOK-HCXOK -2.5 MKM. 

CXOK H HCXOK 4)OpMHpOBaJIHCB B>KHra- 

HneM CHCxeMBi MexajMOB Au-Ge n Ni. ,fl,Jia 
PHC.2. KpHCTajiJi ycpiJTHTena. 
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KOHTaKTHHX IUIOUjaflOK, BOSflymHblX MOCTOB, BepXHHX OÖKJTaflOK KOHflencaxopoB H MeTajT- 

jiroauHH CKB03HHX oTBepcTHH HcnojTb30BauacB cHcxeMa MeTanjioB Ti/Au/Ti. Ha pHC 2 

npeACTaBJien KpHCTanji ycHJWTejis. Pa3Mep KpHC/rajiJia 1.2x1.4 MM. 

IV. Hcno.iHenHc 

KpHCTarra pa3BapeH Ha MHKponojiocKOByio roraTy H3 nojiHKopa, KOTopoaa pasMemeHa 

Ha THTaHOBOM ocHOBaHHH (pHC. 3). Ha pHC. 4 noKa3aHBi H3MepeHHtie S-napaMerp&T ycHjin- 

Tejifl. YcHJiHTejib oöecne^HBaeT ycHJieHHe 25 flE H HMeer nojiocy nponycKaHna OT 0.1 VVn 

AO 2.0 TTn no ypoBHK) 3 #E. YcHJiHTejib noTpeßjweT TOK 35 MA OT HCToqmiKa nnraHHa 

+5 B H 25 MA OT HCTO^iHHKa - 5 B. 

PHC. 3. YcHJiHTejib. 

40 

30 

20 

10 

R6=20 k 
R6=5k 
R6=2k 

10MHz 100MHz 1.0GHz lOQHz 

PHC. 4. S-napaMeTpw ycjuiHTeiw. 

V. 3aKJnoHeHHe 

Ho  MHeHHK» aBTOpOB pe3yJIBTaTBI 3T0H paÖOTBI n03BOJIHT paCIIIHpHTB  B03M05KHOCTH 

pa3pa6orqHKOB CBH-ycTpoficTB. 

VI. CnwcoK jiHTepa rypbi 

l.D.P.Hornbuckle, R.L. Tuyl - «Monolitic GaAs Direct Coupled Amplifiers» IEEE 

Trans. On Electron Devices, pp. 175-182, Feb,1981. 

2. A. Mauri, F.M.Bastida, P.A. Chiappa, M. Feudale - «Very High Performance 

D.C.Coupled MMIC FET Amplifiers». Proc. 20 European Microwave Conf., Sept. 1990 Bu- 

dapest, pp 1761-1765. 
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rHKPMJHQ-MQHQJTHTHblE YCHJIHTEJIH CAHTHMETPOBOrO H 
flEUHMETPQBOrO JHAIIA30HA JJI5! CHCTEM CBH3H. 

KpyTOB A.B., ^yÄHHOB K.B. 

AHHOTAUHÜ 

npeflCTaBJieHa 6a30Baa KOHCTPYKUHH rnöpHÄHO-MOHOJiHTHoro ycHUHTejM Ha 
no^BeiiieHHOH ncwicoKice. 

PacciviaTpHBaiOTca pa3JiHHHbie cxeMbi MaJiocHrHajibHbix ra6pH,n,HO- 
MOHOJiHTHbix ycHUHTejiefi: 

y3KonojiocHbie - 5-10% 
uiHpOKOnojiocHbie - 100-200% 
yjibTpauiHpoKonojiocHbie - 6ojiee 200%, 

nocTpoeHHbie Ha ocHOBe 6a30BOH KOHC/rpyKUHH H e^HHOH TexHOJiorHH H3roTOBjreHHH. 
npHBoaaTCH CB1! napaMeTpbi pa3JTHMHbix rH6pHAHO-MOHOJiHTHbix ycHJiHTejieM 

ÄHanasoHa 0.1-20.0 ITu.. 

BBEflEHHE. 
HanGojree pacnpocTpaHeHHOH KOHCTpyKUHefi MHKpOBOJiHOBbix TBepflOTejibHbix 

npHÖOpOB flBJT>ieTCfl[ KOHCTpyKHHfl C HCnOJIb30BaHHeM HeCHMMeTpHMHblX 
MHKponOJIOCKOBblX JIHHHH nepe^aHH (HMIIJ1). 3TO OÖbflCHJieTCJJ, B yaCTHOCTH, 
HaJiHHHeM uiHpoKoro cneKTpa npHKJia.,n;Hbix nporpaMM pac^eTa TaKHX JIHHHH H 

cocpeflOToneHHbix 3JieMeHTOB Ha HX ocHOBe H MeTpojiorH^ecKOH ocHacTKH, 
HeoöxoflHMOH äJIH H3MepeHHH CB1! napaMeTpOB ycrpoHCTB Ha HMriJI. 

OflHaKO, HecMOTpa Ha MHOXCCTBO npeHMyinecTB, npHcymHM ycrpoHCTBaM Ha 
HMIIJI, HM CBOHCTBeHHbl H HeKOTOpbie HeflOCTaTKH: B qaCTHOCTH, C KOHCTpyKTHBHO- 
TexHOJiorHHecKOH TOHKH 3peHHH öonbuiyio npoSjieMy npeflCTaBJiaeT BianoHeHHe 
uiyHTHpyiomHx sjieMeHTOB. 3TO cBjnaHO c TCM, HTO aKpaHHaa MeTajiJiroaHHii H 

CHrHajibHbiH nonocoK Haxcwrcji Ha pa3Hbix cTOpoHax flH3neKTpHHecKOH IICWICMKKH. 
,3,115! BKJHoneHHJi myHrapyiomHx sjieMCHTOB B 3TOM cjiynae npHMeHSIOT JIHÖO 

3a3eMJieHHe nepe3 Kpafi, JIH6O 3a3eMJieHHe Hepe3 MeTajuiH3HpoBaHHbie OTBepcTHH. 
3a3eMJieHHe *iepe3 xpaM noflJioxKH HMeeT KOHeHHyio BenHHHHy H HaKJia^biBaeT 

KOHCTpyKTHBHbie orpaHHHenHH Ha npoeKTHpoBaHHe TonojiorHH CB1! npnöopa H 

sa^iacTyio He no3BOJiaeT onTHMH3HpoBaTb TonojiorHio CJTCOKHOH cxeMbi B npe^extax 
OflHOH nOflJIO>KKH. 

3a3eMJieHHe nepe3 MeTanjiH3HpoBaHHbie OTBepcTHH no3BOJijnoT pacnojio>KHTb 
3a3eMJiJHOU];yio TOHKy B JIIOöOH nacra nofljioKKH, OflHaxo TpeöyiOT 3HaHHTejibHbix 
TexHOJiorayecKHX 3aTpaT H cneHHajibHoro o6opy,n;oBaHHa. 

B AaHHOH paÖOTe paCCMOTpeHa KOHCTpyKHHH rHÖpHÄHO-MOHOJIHTHOrO 
npH6opa, B KOTOpOM coBMeiueHbi npeHMymecTBa HMIIJI B nacrn y^oöcTBa CB1! 
H3MepeHHii H ajieMeHTOB corjiacoBaHHH Ha "no^BemeHHOH" noflJioacKe, HTO ncwBOJiHeT 
pacnojicoKHTb Ha O^HOH cTopOHe CHraaJibHbiH npoBOflHHK H 3KpaHHyio MeTajuiH3aHHio. 

KOHCTPYKHHil nPHEOPA. 
KoHCTyKUHJi rHÖpHAHO-MOHOJiHTHoro npHÖopa npe,o;cTaBJieHa Ha Ha pHc.l. 
KoHCTpyKHHJi npHÖopa npeflCTaBJiaeT CO6OH MHKponojiocKOByio paMKy (2), 

SKpaHHaa MeTajuiH3aHH>i KOTopoM nepexoAHT B 3KpaHHyio MeTajuiH3aijHio 
KonjiaHapHOH, JIH6O KBa3HKonJiaHapHOH JIHHHH, pacnojicojceHHOH Ha cancpHpOBOH 
no/uiojKKe (3). 

Coe^HHeHHe HMIIJI c CHrHajibHbiM nojrocKOM KIIJI, ocymecTBJiaeTCH 

" A.B.KpyTOB H K.B. flyzpiHOB paöoxaioT B THnn "HCTOK", 141120, POCCHS, MOCK. o6n., 
r.OpH3HHO, yji. BoK3ajn.HaH, #. 2a 
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B03,n;yiiiHOH nepeMhiHKOH, yqHTbiBaeMofi np« npoeKTHpoBaHHH 3JieMeHTOB 
comacoBaHHa. 

Run oöecneneHHa He3aBHCHMOCTH 3aMe^neHHS[ B KITJT OT BJIHJIHHS 

MeTajiJiH3auiHH ocHOBaHH« (1) MOK^y can(|)HpOBOH raraTOH (3) H MeTajiJiHHecKHM 
OCHOBaHHeM Heo6xOAHM B03flyiUHbIH 3a30p, MHHHMajlbHaa BejIHHHHa KOTOpOrO 
onpeflenaeTca flHSJfieKTpH^iecKOH npOHHuaTejibHocrbio njiaTbi (3). 

MoHTa>i< aKTHBHoro npH6opa ocymecTBJiaeTca Henocpe^CTBeHHO B rH6pH,n;HO- 
MOHOJiHTHyio njiaTy (3), npHneM B KanecTBe aKTHBHoro npwöopa Moryr 
Hcnojib30BaTbca xax ßHCKperabie nojiynpoBOflHHKOBbie npnoopbi (p&onhi, 
TpaH3HCTOpbl), TaK H CBH MOHOJIHTHbie KOMnOHCHTbl. 

TEXHOJIOrHfl H3rOTOBJIEHKg rHEPHflHO-MOHOHHTHOH 
njIATM. 

Ea30BbIH TeXHOJIOrHHCCKHH MapLUpyT H3rOTOBJieHHH rHÖpHflHO-MOHOnHTHOH 
njiaTbi, npe^CTaBJieH Ha pHC.2. 

rHÖpH^HO-MOHOjiHTHa« njiaTa npe^cTaBJiaeT CO6OH H30jrapyioinyio no^jioacKy 
H3 can(J)Hpa, Ha KOTopon Mexo^OM nojiynpOBO^HMKOBOH TexHOJiorHH roroxoBJieHbi Bee 
naccHBHbie ajieMenTbi: pesHcropbi, KOHfleHcaTopbi, HHflyKTHBHOCTH, JIHHHH nepe^aHH, 
Me>KCOe«HH6HHa H KOHTaKTHbie IIJIOmaflKH flJia npHCOeflHHeHHfl aKTHBHblX npnoopoB. 

Ea30BbiH TexHonorHHecKHH MapuipyT no3BOjr$ieT H3roTaBJiHBaTb Ha 
no^JioKKax 76 MM naccHBHbie ajieMeHTbi co cjie^yioiHHMH yzjenbHbiMH 
xapaKTepwcTHKaMH: 

pe3HCTopbi 10-500 fi/D, 
KOHflencaTopbi       100-300 n<|)/MM, 
npoBOflHHKH    0.04 D/D. 

^JW oöecneyeHHJi BWCOKOH CTaOHJibHOcra napaMeTpOB naccHBHbix 3JieM6HTOB 
npHMeHHMbi cjie^yioiHHe MaTepHajibi: 

pe3HCTOpbi: Ta c naccHBauHefi SiQ2 HJIH Ta20, 
KOH^eHcaTopbi:       Al c MarHeTpoHHbiM flHajiercrpHKOM Si02 H Ta205 

TOJT1HHHOH ~ 0.3 MKM, 
npOBOflHHKH: Au TOJILUHHOH 2-5 MKM. 
Pa3peniaiomafl cnocoÖHOCTb (|)OTOJiHTorpa(|)HHecKoro npouecca cocTaBjraeT + 

2 MKM. 
CXEMOTEXHHKA VCHJIHTEJIEHEIX nPHEOPOB H JOCTHrHYTEIE 

nAPAMETPLI. 
AßTopaMH flOKJia^a 6bm pa3pa6oTaH pa« MajiocHrnajibHbix ycHJiHTejibHbix 

npH6opoB, oxBaTbmaioinHx UIHPOKHH flHna30H pa6oHHx yacTOT B e/uiHOM 
KOHCTpyKTHBHOM HCnOJIHeHHH c pa3MepaMH 12 X 7,5 X 1,8 MM. 

IlapaMeTpbi npwöopOB, cxeMOTexHHnecKKe OTJIHHHA npHBe/jeHbi B TaSjiHue 1. 
Ejiaro^apH npeKpacHbiM MaccoraöapHTHbiM xapaKTepucTHKaM H BbicoKOMy 

ypOBHK) CBH napaMeTpOB ra6pH,n;HO-MOHO.nHTHbie npnoopbi uiHpoKO Hcnojib3yioTca 
flJM nOCTpOeHHg CHCTeM CBH3H H HaBMTaUHH. 

fl,Hana30Hbi 
nacTOT 

1,2-1,4 14-14,5 0,1-2,0 0,1-6 1-12 1-20 

K ycHJi, #E 22 14 18 10 6 5 
K myMa, flE 0,7 3,0 3,0 5,0 6,0 7,0 
PBHX, «EM + 13 +5 + 10 + 10 + 10 
MaTepnaji 

flHSJieKTpHKa 
Ta205 Si02 Ta205 Ta2Os sio2 Si02 

CxeMOTexHHKa P.C. P.C. o.e. o.e. p.y. p.y. 
AKTHBHbie 
sneMeHTbi 

rmn mm nmi nTiu M.C M.C. 
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P.C.    - peaKTHBHoe coraacoBaHne, 
O.C.   - o6paTnaa CB#3b, 
P.y.    - pacnpe,uejieHHbiH ycHJiKxejib, 
IITIII - KpHCTanji nojieBoro Ga As TpaH3HCTOpa c 6apbepoM IIIOTTKH, 

M.C.   - MOHOHHTHa3 Ga As cxeMa. 

3AKJlK)qEHHE 
PaccMOTpeHHbie B ÄOKJia^e rH6pn,ZTHO-MCHOJiHTHbie ycujiHTenn, BbmojineHHbie 

B e^HHOM KOHCTpyKTHBHOM HcnojiHeHHH Ha "noflBeineHHon" nofljroMCKe no 6a30BOMy 
TexHOJiorHMecKOMy Mapmpyxy, oxBaTbiBaiOT. mnpoKHH /rHana30H pa6onnx qacroT 0,1- 
20 TTU,, OTJIHHaiOTCfl MaJIblMH ra6apHTaMH H npOCTOTOH H3rOTOBJieHHH. 
IIpeACTaBJieHHaji KOHCTpyKUHa HaxoflHT npHMeHCHne #JM peamnaüHH pa3JiHHHbix 
cxeMOTexHHqecKHx peiueHHH H no3BOjrsieT ncnojib30BaTb B KaqecTBe aKTHBHbix 
3JieMeHTOB KaK KpHCTaJIJIbl «HCKpeTHblX nOJiynpOBOflHHKOBblX npHÖOpOB, TaK H 
KpHCTaJIJIbl MOHOJIHTHblX HHTerpaJIbHblX cxeM. 

JIHTEPATYPA. 
1. ßamuiHH B.H. H np. "AHanoroBbie nojiynpoBO^HHKOBbie cxeMbi CB1!" M. 

Pa^HO H CBH3b, 1985, erp. 38-47. 

HYBRID MONOLITHIC UHF- AND SHF-BAND AMPLIFIERS FOR 
COMMUNICATION SYSTEMS. 

Krutov A.V. 
SRPC "Istok", Russia, Moscow region, Fryazino, Sportliving pr., buil.3, ap.18. 
Tel.: (095) 465-86-93, Fax: (095) 465-88-93. 
Dudinov K.V. 
SRPC "Istok", Russia, Moscow region, Fryazino, Prospect myrah, buil.25, 
ap.18. 
Tel: (095) 465-86-93, Fax: (095) 465-88-93. 

Abstract. 
The basic design of the hybrid monolithic amplifier on the suspended substrate 

is presented. 
There have been considered various circuits for the small - signal hybrid 

monolithic amplifiers, i.e.: 
narrowband units: 5-10%, 
wide band units:  100-200% , 
ultrawide band units: above 200%. 
They have been engineered using the basic design and a common 

manufacturing technology. 
The microwave parameters of various hybrid monolithic amplifiers designed for 

0.1 to 20.0 GHz are given. 
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PHCyHOK   1. 

1. MeTajiJiKHecKoe ocHOBaHHe. 
2. MHKponojiocKOBaa paMKa. 
3. CaiKjwpoBaji imaTa c KorraaHapHbiMH ajieivieHTaMH. 
4. AKTHBHHH npnöop. 
5. Bo3flyixiHbiH 3a3op. 

BSSS^SS 
/Al 

^Y^mi ^- T a 

Si .TO,0: 
/;w7 iMiijäkJ:: J m^^^m--, 

2) Al   Ni   Au 

jm^mm $?■ ^m 

3) 

PucyHOK 2. 
TeXHOJIOrHa H3rOTOBJieHHfl rHÖpHflHO-MOHOJIHTHOH IUiaTH. 
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nOJIEBblE Ga As MOHHOJIErHPQBAHHME TPAH3HCTQPH C EAPfcEPQM 
iIUOTTKH CAHTHMETPQBOrO HHAnA3QHA ffJIH CHCTEM HABHrAUMH 

H CBH3H. 

KpyxoB A.B., MHTJIHH B.A. 

AHHOTAHHfl 
IlpeflCTaBneHa 6a30Baa KOHCTpyKUHa no.neBoro Ga As HOHHOJierapoBaHHoro 

TpaH3HCTOpa c 6apbepoM IIIOTTKH, H3roTOBJieHHoro c npHMeHeHHeM HOHHOH 

HMOJiaHTaUHH H OnTH^eCKHM Cy6MHKpOHHbIM   T - o6pa3HbIM 3aTBOpOM. 
PaccMaTpHBaioTCH MajioiuyM5im;He H MomHbie TparoHcropHbie cxpyKTypbi, 

H3roTOBJieHHbie no 6a30BOM'y TexHOJioraiecKOMy MapuipyTy. 
npHBOflHTCa CB1! XapaKTepHCTHKH TpaH3HCTOpOB C pa3JTHHHOH UIHpHHOH 

3aTBOpa OT 150 MKM «o 3000 MKM, OTJinnaioinHecji BHCOKOH noBTopaeMOCTbio CB1! 
xapaKTepHCTHK. 

^ocTHrHyTbie pe3yjibTaTbi: 
KostbifcHHHeHT uiyMa Ha nacTOTe 4 ITu; - 0.5-0.7 dB, 
K03(J)(j)HL],HeHT yCHJieHHH - 16 dB, 
BbixoflHaa MomHOCTb - 0.5 BT/MM, 

Küß > 60%. 

BBEflEHHE. 
Ha COBpeMeHHOM 3Tane pa3BHTH3 TeJieKOMMyHHKanHOHHOH TeXHHKH B03HHKJia 

noTpeÖHOCTb B ajieMeHTHOH 6a3e c BHCOKOH noBTopaeMocTbio CB1! napaMeTpOB 
aKTHBHbix npH6opoB. HaHÖojiee pacnpocTpaHeHHbiM aKTHBHbiM npnöopoM, 
npHroflHbiM RSW nocTpoeHHa ycHJiHTejibHbix H npeo6pa30BaxejibHbix ycrpoiacTB, 
HBJiaexcfl noneBOH TpaH3HCTop c GapbepoM IIIOTTKH (IITIII). 

BbicoKa« noBTopaeiMocTb CB1! napMeTpOB IITIII OCO66HHO Heo6xo«HMa Ha 
3Tane cepHHHoro npoH3BO«CTBa CB1! annapaTypbi, TaK Kax STO cymecTBeHHO CHH>KaeT 
TpyfloeMKOCTb HacTpoeHHbix onepauHH, KOTopbie no pa3HbiM oueHKaM cocTaBJunoT OT 

30 flo 50% oSinen TpynoeMKOCTH H3roTOBJieHHH CB1! npnöopa. 
Kax H3BecTHO, cymecTByioT ppe OCHOBHHX TexHOnorHH H3roTOBJieHHH IITIII: 

TexHOJiorna, onnpaiomaaca Ha npHMeHCHne TOTOBUX snnTaKcnajibHbix nnacTHH c 
3apaHee BbipaineHHbiMH aKTHBHHMH CJIOHMH H TexHOJiornji npjiMon HOHHOH 

HMnnaHTauHH npHMecn B flnsjieKTpnyecKyio noflJioKKy [ 1 ]. 
HecMOTpa Ha TO, HTO snnTaKCHanbHoe HapanniBaHHe cjioeB no3BOJiseT 

nojiyHHTb 6ojiee coBepmeHHbie c TOHKH 3peHna 3JieKTpo(bH3HKH aKTHBHbie CJIOH 3a cneT 
BHCOKOH CTeneHH MHCTOTbi nponecca n Hcnojib30BaHHfl cnenHajtbHbix CTpyKTyp Tnna 
HEMT, HOHHaa HMniraHTauHa npHMeHJieTca B KanecTBe 6a30Boro nponecca TaKHMH 
Be^yinHMH KopnopannaMH KaK Toshiba, Hughes, Texhas Instruments, no Been 
BepoaTHOCTH STO o6ycjiOBJieHo BHCOKOH npOH3BOflHTejibHOCTbio nponeeca 
HMnnaHTanHH, a Taxace BHCOKOH BOcnpOH3BO,nHMOCTbio nojiy^aeMbix nTIII. KpOMe 
TOTO, cnennajibHbie TexHOJiornnecKHe npneMbi no3Boji$noT ^OBecTH napaMeTpbi HOHHO- 

jiernpoBaHHbix nTIH (HHnTIH) flo ypoBHa HEMT. 
TaK B [ 2 ] npHBe^eHbi cpaBHHTejibHbie napaiweTpbi HOHHOJierapoBaHHbix nTIII 

H HEMT c o/oiHaK OBOH AJIHHOH 3aTBopa 0,4 MKM. Pa36poc MHHHMajibHoro 3HaqeHM 
KOStbcbHuweHTa myMa cocTaBHJi: 

WiaHEMT      -   0,7-1,4 dB 
Wia HHnTIH -   0,8-1,2 dB, 

1 * A.B.KpyTOB H B.A.MHTJEHH paöoTaioT B THnil "HCTOK", 141120, POCCHH, MOCK. O6JI., 

r.OpH3HHo, yn. BoK3anbnaa, R. 2a 
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npHTCM npoueHTHoe pacnpe^eneHHe MHHHMajibHoro inyMa B HEMT 
npH6jiH3HTejibHo paBHOMepHoe ~ 15% BO sceM «Hana30He pa36poca, a #jra HHÜTIII B 

«onycK 0,9-1,0 dB nona^aeT 6ojiee 60% TpaH3HcropOB. 
B «aHHOM flOKJia^e paccMaTpHBaeTca 6a30Baa KOHCTpyKuna HHnTUI, 

H3rOTOBJieHHOrO MeTOflOM OnTHHeCKOH JIHTOrpa4)HH C CyÖMHKpOHHbIM T-o6pa3HbIM 
3aTBopoM, no3BOJwiommafl peajiH30BaTb KaK ManomyMaiHHe, TaK H MomHtie 
TpaH3HCTOpHbie CTpyKTypbl. 

EA30BAJI K0HCTPyKU,H3 H TEXHOJIOrHfl H3rOTOBJIEHHfl 
HHnTLU. 

TexHOJiorHHecKHH Mapuipyr H3roTOBjieHHa HHIITIII n3o6pa>KeH Ha pnc. 1. 
KbroTOBJieHHe HHÜTIII HanHHae-rca c (J)opMHpOBaHHa Al (1) MacKH no« 

KaHaji H JierHpOBaHna HOHaMH KpeMHHa n o6jiacTeH c auQpmm E=130 K3B D=6*1013 

HOH/CM
2
. 

Ilocjie 3Toro MacKa ynajineTca H nerapyeTca KaHajibHaa oÖJiacTb B 

3aBHCHMOCTH OT Ha3HaneHHa TpaH3HCTOpa -   MaJIOHiyMaiHHH HJIH MOIHHblH c 
napaiweTpaMH jierapyiomeH npHMecn: E=50 K3B - «Jia MajiomyMaiunx TpaiwHCTOpoB H 

100 K3B «na MOUJiHbix TpaH3HCTOpoB. A°3ajierHpyK)meH npHMecH cocTaBJiaeT 
D=6«1012 HOH/CM

2
 (2). 

OMHHeCKHe KOHTaKTbl (|)OpMHpyiOTCa TpaAHHHOHHbIM MeTOflOM B3pbIBa Au Ge 
Ni Au c nocjieflyioiHHM B^cnraHHeM; H30JiaHHa aKTHBHbix oöjiacTefi HOHHOH 

HMnJiaHTaHHefi B+ c SHepraeH 50 K3B (3). 
OopMHpOBaHHe 3aTBOpa nponcxoAHT B flBa 3Tana: HanbmeHHeM noflcjioa Ti - 

0,15 MKM Ha BCK) nJiacTHHy, B3pbiBHoe cejieKTHBHoe HanbuieHHe Al=0,7 MKM C 

nocjie^yK)mHM TpaBJieHHeM Ti. Taica» nocjie#OBaTejibHOCTb onepauHH o6ecneHHBaeT 
xopomyio aflre3Hio no,n;cjioa 3a CH&T HanbuieHHa ero Ha ^iHCTyio nJiacTHHy npn BMCOKOH 

TeMnepaType, a TaK>Ke cf)opMHpoBaHHe T-o6pa3Horo 3aTBopa 3a CH&T 

KOHTpojiHpyeMoro noflTpaBjieHHa no,n;cjioa (4). 
riocneflyioiHHe STanu H3roTOBJieHHa. BKJiioqaioT B ce6a naccHBroauHio 

aKTHBHOro crroa nonHMHflOM TOjiiHHHOH 0,5 MKM (5) H <|)opMHpoBaHHe BepxHero ypoBHa 
MeTajuiH3aHHH Ti Ni Au KOHTaKTHbix rniomaflOK TpaH3HCTopa H oOBe/HmeHHs 
HCTOKOBblX H CTOKOBMX SJieKTpOflOB BO BCTpeMHOLUTMpeBOH CTpyKType (6). 

IlpHMeHeHHe BbimenepeHHCjieHHMx cjioeB MeTajuiH3aHHH o6yciroBJieHO 
COBMeCTHMOCTbK» flaHHMX MaTepHajIOB C nOJiynpOBOflHHKOBblMH CJIOaMH OMHieCKOrO H 
6apbepHoro KOHTaKTOB, HX xopouien a#re3HeH K nofljioxKe H BMCOKOH 

3JieKTponpOBO£HOCTbIO, Heo6xO£HMO0 flJia CHH>KeHHa napa3HTHbIX COnpOTHBJieHHH. 
HajIHHHe H30JI3HHH H3 nOJIHMHfla n03BOJiaeT (|)OpMHpOBaTb CJIOXHbie 

TonojiorHHecKHe CTpyKTypbl npn6opoB B «Byx ypOBHax MeTajuiH3auHH c BMCOKOH 

SJieKTpHHeCKOH npOHHOCTbK) H30JWHHH. 

riaccHBaHHa KaHana Heoöxo^HMa %m nojiyneHHa AOJiroBpeMeHHofi 
CTa6HJIbHOCTH xapaKTepncTHK npn6opOB. 

KOHCTPyKU,H3 HHÜTIII H JOCTHTHyTBIE IIAPAMETPTJ. 
Ha ocHOBe 6a30Boro TexHOjiornqecKoro npouecca 6bmn H3roTOBJieHbi 

MajiouiyMHLHHe H MomHbie HHÜTIII c pa3JiHHHOÖ uiHpHHOH 3aTBopa, cepHs FFN, 
FFP. Ilpn 3TOM fljiHHa KaHana MajiomyMsmiix HHnTIH cocTaBJiaeT 2,0 MKM, MOIHHMX 
- 3,5 MKM. 

YflejibHaa KpyTH3Ha MajiouiyMaiHHX HHnTHI cocraBJiser 180 MC/MM, MOIHHMX 
- 100 MC/MM. 

Ha pHC.2 npHBO£HTca TonojiorHH H CB1! napaMeTpbi cepHH HHÜTIII. 
Ha pHC.3 npHBe^eHO pacnpe^eneHHe craTHHecKHX H flHHaMHnecKHX 

xapaKTepncTHK TpaH3HCTopa FFP-850 no nnacTHHe. 
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AHajiH3 xapaKTepucTHK noKasbiBaeT BbicoKyio BOcnpoH3Bo,aHMOCTb xai< 
cxaTHHecKHX, TaK H CBH napaMeTpoB, roroTOBJKHHbix no 6a30BOMy 
TexHOnorHHecKOMy Mapinpyry HHIITI1I. 

JIHTEPATYPA. 
l.IlojieBbie TpaH3HCTOpbi Ha apceHH/je rajuiHJi. npHHiinnbi paöoTbi n 

TexHOJiorHa H3roTOBJieHH5i: Ilep. c aHra. /TIOR pe#. ,ZLB. J\u Jlopenup, 
^.^.KaH^ejiyojia. -   M. Pa^no H CB33b, 1988 r. CTp 38-76. 

2. K.Hosodi, at all. "Super Low-noise self-aligned date Ga As MESFET with 
noise figure of 0,87 dB at 12 GHz". IEEE MTT'S Digest pp. 1257-1260 May, 1990. 

ION-DOPED SHF-BAND GaAs MESFETs FOR NAVIGATION AND 
COMMUNICATION SYSTEMS. 

Krutov A.V. 
SRPC "Istok", Russia, Moscow region, Fryazino, Sportlivingpr., buil.3, ap.18. 
Tel: (095) 465-86-93, Fax: (095) 465-88-93. 
Mitlin V.A. 
SRPC "Istok", Russia, Moscow region, Fryazino, Prospect myrah, buil.22, 
ap.95. 
Tel.: (095) 465-86-93, Fax: (095) 465-88-93. 

Abstract. 
The basis design of the Schottky barrier Ga As FET manufactured using ion 

implantation and an optical submicron T - shaped gate is presented. 
There have been considered low - noise and high - power transistor structures 

fabricated according to the basic technological route. 
The microwave parameters of the transistors having various gate widths (150 to 

3000 urn) and featuring high repeatability of the microwave parameters. 
The results obtained are: 
Noise Figure at 4 GHz:   0.5 - 0.7 dB, Output Power :   0.5 w/mm, 
Gain :   16 dB, Efficiency :   > 60%. 
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PHC.2. TonojiorHH H xapaicrepHCTHKH HHIITI1I. 
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PHC.3. PacnpeflejieHHe craTHHecKHX H #HHaMHHecKHx xapaKrepHCTHK FFP-850 no 
nJiacTHHe. 
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20-BaTTHMM ycHJiHTejii» Monpiocni C-/piana30Ma. 

A6oji«yeB U.M., Ajnceee H.B., Kynme C-HKQ H.H., MuraeöaeB B.M. 
HHH "Oyjibca ", 

105187, MocKBa, POCCHH, OK yjKHOH n . 27, 
(JiaKc. 095-366-55-83 

AHHOTauHg. B cTaTbe n eppTaBneHbi esynobTara n oeKTH oBaHHS H H3roTOBJieHna 
ycHJiHTeJW MOIUHOCTH C-ffHana30Ha, n HMeHaeMoro B craHHHax cnyrHHKOBoM CBH- 
3H. Ila awieT w ycmiHTejiH:   a6oiaa nonoca qacTOT 5,9-6,4 ITu,, PBMX=20 BT, KO- 
scjKfsHHHeHT ycHnemia 43 flB, He aBHOMe HocTb KoscJxjftiHHeHTa ycHneHHH He 6onee 
1,0 #E, HHTe Mo^yjiaiiHOHHbie HCKaaceHH« 3-ero no a^Ka He xyace -30 3B, Kn,0, > 22 
%. 

YcHUHTejiB H3roTOBneH Ha 6a3e T aH3HCTo OB, BbinycKaeMbix 3aBOfflOM 
"Ilyrobca ". 

1. BßefleHHe. 

Pa3BHTHe COBpeMeHHMX CHCTeM CnyTHMKOBOH H Ha3eMHOH CBJI3H HeB03MO)KHO 6e3 
CB1! ycHJiHTeJiefi MOIHHOCTH C BMCOKHMH KIT/!, H xoacj^HUHeHTOM ycHJieHHa. 3THM ipeöo- 
BaHHaM B nojiHOH Mepe cooTBeTCTByioT ycHJiHTejiH MOIHHOCTH Ha apceHH^rajiJiHeBbix nojie- 
Bbix ipaH3HCTopax, MOflepHH3aqHa KOTopbix no3BOJMeT cBoeBpeMeHHo yjiyimaTb napa- 
MeTpbi ycHJiHTejieß. 

B xanecTBe aKTHBHbix 3JieMeHTOB Bcex npeßCTaBJieHHbix B flaHHOH CTaTbe THC H 

ycHJiHTejia MOIHHOCTH C-flHana30Ha HcnoJib30BaHbi oTenecTBeHHbie ITTBIII AII608, 
AII604, AII602, AII910, A796B, BbinycKaeMbie 3aBOflOM "Ilyjibcap". S-napaMeTpw Kaacflo- 
ro nTBIII 6biJiH H3MepeHbi MeTo^oM "TecT-njiaT" [1]. H3MepeHHbie napaMeTpw Hcnojib30- 
BaHbi joyifl npoeKTHpoBaHHH Bcex ycuriHTejibHbix MOflyjien. 

2. II oeKTH OBaHne H nsroTOBJieHne ycHJiHTeiH. 

Pa6onaa nonoca nacTOT pa3pa6oTaHHoro ycHJiHTejia MOIHHOCTH C-flHana30Ha - 
5.9-6.4ITH. YCHJIHTeJIb MOIHHOCTH COCTOHT H3 npeflBapHTejIbHOrO   H OKOHeHHOrO yCHJIHTe- 
jieM MOIHHOCTH. IIpeÄBapHTejibHbiH ycHJiHTejib MOIHHOCTH BKjnonaeT B ce6a TpH THC [2], a 
OKOHeHHblH H3rOTOBJieH Ha 6a3e BHyTpHCOniaCOBaHHblX TpaH3HCTOpOB. 

IlepBaa THC YM200 H3roTOBJieHa Ha GaAs ITTEIII AII608 c uiHpHHOH 3aTBopa 
280n H AII604 c uiHpHHOH 3aTBOpa 2x280u. ycTaHOBJieHHbix Ha KOBapoBOM ocHOBaHHH 
(22x22x0.8 MM) B pa3pbiB Meayry nojiHKOpoBbiMH nnaTaMH (h=0.5 MM). BHCIHHHH BHA THC 
YM200 npeÄCTaBJieH HapHc.l. /JßyxKacKaßHbiH YM200 o6jiaflaeT THHOBMM K03<|)<i>HHHeH- 
TOM ycHJieHHa 20.5,aB C BMXOäHOH MomHocTbio 6onee 200MBT npH KOMnpeccHH KO3<J)C[)H- 

HHeHTa ycnneHHa 1 %B. BXOAHOH KCB IHC MeHee 2.4. ÜHTaioinHe HanpaaceHHa YM200 B 

peacHMe MaKCHMajibHOH OTflaBaeMOH MOIHHOCTH coc/raBJiaioT +8B (120MA) H -3B (6MA). 

BTOpaa IHC YM800, cnpoeKTHpoBaHHaa no 6a;rcaHCHOH cxeMe c MOCTaMH JIaHre, H3- 
roTOBJieHa Ha GaAs IITB1II AII602 c oömeö mnpHHoo 3aTBopa 4xl000u, Pa3Mepbi OIC 
cocTaBJiaioT 22x22x 1.6MM. BHeiuHHH sup, THC YM800 npe#CTaBJieH Ha pHc.2. YM800 06- 
jia^aeT THnoBbiM K03t})(j)HHHeHTOM ycHJieHHa 6.5,zrE c BHXOäHOH MomHocTbio öojiee 
800MBT npH KOMnpeccHH K03(|)4)HUHeHTa ycHJieHHa 1 p$. BXOAHOH KCB IHC MeHee 2.0. 
ÜHTaroiinie HanpaaceHHa YM800 B pe»;HMe MaKCHMajibHofi OT^aBaeMOH MOIHHOCTH CO- 

cTaBJiaioT +8B (400MA) H -3B (6MA). 

B TpeTbefi THC YM2500, cnpoeKTHpoBaHHoß TaK MC no 6anaHCHOH cxeMe, HC- 

nojib30BaHbi GaAs IITBI1I AII910 c o6meö uiHpHHOH 3aTBOpa 4x4500^1. Pa3Mepbi THC 
cocTaBJiaiOT 22x22x1.6MM. BHeuiHHH BHA THC YM2500 npe^cTaBJieH Ha pnc.3. YM2500 
o6jra,n;aeT THnoBbiM KosijxJjHHHeHTOM ycHJieHHa 6.0äB C Bbixo^HOH MOiHHOCTbio 6ojiee 
2.5BT npH KOMnpeccHH Koa^^HHHeHTa ycHJieHH« 1 %B. BXOAHOH KCB THC MeHee 2.0. Eta- 

mMaTepnajibi 6-H MeaviyHapoAHOK ^**MCKOH r^ÄKpOBOAHOBOH Ä«i(pepeHijiin '%fcnt/KuKa$6. 16-19 ceHTfl6pji 1996 r.f CeBacronoAb, KphiM, YKpaiiHa 
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TaioiuHe HanpjDKeHHfl YM2500 B pexcHMe MaxcHMajibHOH OTflasaeMOH MOHJHOCTH cocraB- 
JIHIOT +8B (1.46A) H -3B (6MA). 

upeflBapHTejibHUH ycHJiHTejib MOHJHOCTH BKJiioqaeT B ce6a TpH THC. THC ycnjiH- 
TeJiefi MOIHHOCTH pacnOJIOXCeHbl Ha eflHHOM KOBapOBOM OCHOBaHHH B JipyX 3JieKTpH*ieCKH 
pa3flejieHHbix repMeraqHbix o6beMax. BueiHHHH BHA npe/jBapHTeJibHoro ycHJiHTena co CHH- 

TbiMH KpbiuiKaMH npHBe^eH Ha pHC.6. ^acTOTHbie xapaKTepncTHKH ycHJiHTena npHBefleHbi 
Ha pHc.4. Bbixoflnaa MomHocTb ycHJiHTejia cocTaBJiaeT 2,5BT B anana30He nacTOT OT 

5.9ITH «o 6.5 TTn. HanpaaceHH» nHTaHHa +8B (2.0A), -3B (20MA), Kim=16%. TaGapHTbi 
ycHJiHTejia 125x30x8 MM. YcHJiHTejib npHBOpaiHBaeTca K pa/niaTopy Ha BHHTax, coe,n;HHe- 
HHe c BxoflHbiM H Bbixo^HbiM CBH-TpaKTOM ocymecTBJiaeTca Hepe3 0Tpe3KH acecncoro KO- 
aKcnajibHoro KaöeJia. 

IIpeaBapHTeJibHbiH ycHJiHTejib MOIHHOCTH B cjiynae Heo6xo#HMocTH MoaceT 6biTb 
HCnOJIb30BaH KaK CaMOCTOHTeJIbHOe yCTpOHCTBO. 

OKOHeiHblH yCHJIHTeJIb MOIHHOCTH H3rOTOBJieH Ha BHyTpHcorjiacoBaHHbix TpaH3H- 
CTopax A796B. YcHJiHTejib npe,n;cTaBjiaeT COöOH Meanoe ocHOBaHHe c ycTaHOBJieHHbiMH na 
Hefi njiaTOH aeJiHTejien-cyMMaTopoB H uiecxbio TpaH3HCTopaMH. CyMMaTopbi B BH/je KOJib- 
HeBbix flejiHTejiefi MOIHHOCTH, nenn corjiacoBaHHa H no^a™ nnraHHa roroTOBJieHbi Ha 
4)ToponnacTOBOH no/uioacKe TOJHUHHOH 0.5MM. Ko3(J)<j)HHHeHT ycHJieHHa ycHJiHTejia 
Kyp=10flB, BbixoflHaa MomHocTb PBHX=20 BT npH KOMnpeccHH K03<J)<j)HHHeHTa ycHJieHHa 1 
«B. HanpaaceHHa nmaHHa +8B (8 A), -3B (20MA), KIIfl=32%. 

YcHJiHTejib MOIHHOCTH npeßcraBJiaeT CO6OH repMeTHHHbiH 6JIOK C KoaKCHajibHbiMH 
BXOflOM H BbIXOAOM, OÖJia^aiOmHH pa3BeTBJieHHbIM TenJIOOTBOflOM H CHa6)KeHHbIH BeHTH- 
JWTopoM JIM yBeJiHieHHH TenJiooTflaiH. B Kopnyce ycHJiHTena pacnojioaceHbi npeaBapH- 
TeJIbHblH H OKOHeHHblH yCHJIHTeJIH MOIHHOCTH, fleTeKTOp BblXOflHOH MOIHHOCTH,    a TaK ace 
nJiaTa CTa6HJiH3aHHH peacHMOB (IICP) THC. nCP o6ecneHHBaeT cTa6HJiH3HpoBaHHbre na- 
npaaceHna npHMeHaeMbix B ycmiHTejie THC +8B, -3B, 3am;HTy TpaH3HCTopoB OT 6pocKOB 
nHTaiomnx HanpaaceHHH, HenpaBHJibHOH nocjie/joBaTejibHOCTH noßann nHTaioiHHx Hanpa- 
aceHHH, a TaK ace npoH3BOflHT BKJnoneHHe BeHTHJiaTopa, o6ecneHHBaromero ,zi;onojiHHTejib- 
Hoe oxjiaac,n;eHHe Tenjiooraofla, npH TeMnepaType Kopnyca 6ojiee 70C H nocjiegyiomee OT- 

KjnoqeHHe no^a^H HanpaaceHHH nHTaHHa npH npeBbimeHHH TeMnepaTypbi Kopnyca ycnjiH- 
Tejia 6ojiee 80C. BxoflHbie nHTaiomne HanpaaceHHa IICP +9B, -9B. 

BHeUIHHH BHa yCHJIHTeJia MOmHOCTH CO CHaTOH KpblUIKOH npe^CTaBJieHbi Ha pHC.6. 
HacTOTHbie xapaKTepHCTHKH ycHJiHTejia npHBe^eHbi Ha pnc.5. YpoBeHb HHTepMo«yjiauH- 
oHHbix HCKaaceHHH TpeTbero nopa^ca, H3MepeHHbiö MCTO/JOM ßByxTOHOBoro cHraajia npn 
OTJIHHHH HaCTOT BXOflHblX CHTHaJIOB lOMIlJ H HX CyMMapHOH MOIHHOCTH PBXS = 0.15»PBX 
HOM   cocTaBHJt MeHee -30flB B paöonefi nojioce qacTOT. 

3. 3aKJiio>ieHiie. 

Pa3pa6oTan 20-BaiTHbiH ycHJiHTejib MOUIHOCTH C-flHana30Ha co cjie^yiomHMH na- 
paMeTpaMH: pa6onaa nojioca qacTOT 5,9-6,4 rrn, Pßbix=20 BT, K03^(J)HHHeHT ycHJieHHa 43 
jsjo, HepaBHOMepHocTb K03(J)(J)HHHeHTa ycHJieHHa He 6onee 1,0 «B, HHTepMOAyjiaijHOHHbie 
HCKa)KeHHH 3-ero nopa^Ka He xyace -30 äB, Kü^ > 22 %. 

YcHJiHTejib MoaceT 6biTb Hcnojib30Ban B annapaType cnyTHHKOBOH H Ha3eMHoM cBa- 
3H. 

4. JlHTepaTypa. 

[1] - TJKOKOB r.H., Illaypo T.C. "H3MepeHHe HMne^aHCOB TpaH3HCTOpoB KT919 B ^Hana- 
30He 1-2 rrn MeTOflOM TecT-njiaT." - 3jieKTpoHHaa TexHHKa, 1978, Cep.l, Bbin.7, c.93-99. 
[2] - H.M. A6oji«yeB,  H.B. AraceeB, B.M. MHHHe6aeB "5-BaTTHbifi ycHJiHTejib MOIHHOCTH 

C-ÄHana30Ha."    -   MaTepnajibi   2-OH   MeacflyHapoflHOH   KOH^epeHHHH   H   BbicTaBKH 
"CnyTHHKOBaa Cßa3b", MocKBa, 1996. 
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F.ITu 

PHC.4. HacTOTHbie xapaKTepHCTHKH 
2,5-BaTTHoro npeflBapirrejibHoro 

yCHJIHTeJMI MOIU,HOCTH. 

PHC.5. HacTOTHbie xapaKTepHCTHKH 
20-BaTTHoro ycwjiHTejia MOIU,HOCTH. 
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PHC.6. BHCUIHUH BHZJ 20-BaiTHoro ycHJiHTemi MOIKHOCTH 

(6e3 BeHTHJIHTOpa). 
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BOJXHOBOßHO-MHTErPAJIMIME MAJIOmYMHUE 
yCHJIHTEJIH HA IITHI 

B.H.KoqeTKOB, r.A.Ky3HeHOB 
Hmi "CaAwm": 603107, z. H.Hoeeopod, yn. Jlapuua, 7. 

AHHOTAIXMÜ 

Hcnojib30BaHHe yHHiiiiaHapHOH KOHCTpyKHHH THC CB1! Ha BOJIHOBOäHO- 

mejieBOH JIHHHH no3BOjmeT ynpocTHTb H MaKCHMajibHo onTHMH3HpoBaTb npouecc 
peryjiHpoBKH H roroTOBJieHHe npneMo-npeo6pa30BaTejibHbrx Mo^yjieH B Tpex- 
caHTEMeTpoBOM H BocbMHMHJDiHMeTpoBOM jj(Hana30Hax BOJiH. Lteno^ieqHoe coe/jH- 
Heraie o/JHOKacicajJHbix ycHJiHTejieH B cocTaße Mo/jyjra oöecne^HBaeT K09<p<pHHHeHT 
ycHireHua MO/jyjra JJ;O 60 äE npn Koa^HirneHTe invMa 2.5-^3.0 äE B 3aBHCHMocTH 
OT ÄKana30Ha pa6o*iHX qacxoT. 

MoflyJIH BbinOJimiK)TCH B rHÖpHJJHOM H MOHOJIHTHO-HHTeipaJIbHOM Hcnoji- 
HeHHH.  PaccMOTpeHbi nepcneKTHBbi noBbiuieHHa flMana30Ha paöoqnx iiacTOT H 

CHKXeHHJI K03<J)CJMUHeHTa inyMa. 

I. BBEßEHHE 

npH pa3pa6oTKe H npoeicrapoBaHHH MajiouryMtfiHHX ycHJiHTejieH Ha rpaH3H- 
CTOpaX -  MIIITpy - B KOpOTKOBOJTHOBOM CaHTHMeTpOBOM H MHJIJIHMeTpOBOM flH- 
ana30Hax  BOJIH  HMeiOT  MecTo  3HaHHTejibHbie  KOHCTpyKTHBHo-TexHOJioraraecKHe 
TpyÄHocTH, oöycjioBJieHHbie nepexo^oM Ha HOByio aneMeHrayio 6a3y. 

^ocTHxeHHe npe^ejibHO BMCOKHX niyMOBbix napaMexpoB H K03(p(pHHHeHTa 
ycHjieHHJi oKa3ajiocb BOSMOXHHM npn Hcnojib30BaHHH B yKasaHHbix ÄHana30Hax 
BOJIH JIHHHH BOJIHOBOJJHO-IHejieBOrO THna - BIIIJI. 

II. K PACHETY nAPAMETPOB BIIJJI 

Cymec-TöyeT, KaK HSBeciHo, /JBa ypcmroi aHajiH3a H pac^eTa napaMeTpoB JIH- 

HHH H 'rarnwHbix HeoflHopo/iHOCTeH B HHX.  CorjiacHo nepBOMy ypOBHIO JIHHHH 
OTHTaiOTCil B KBa3H-T npHÖJIHJKeHHH, a HeOflHOpOÄHOCTH - Ha OCHOBe npocTbix 9K- 
BHBajieHTHbix exen: ü- HJIH T-o6pa3Hbix qeTbipexnojiiocHHKOB. 3TH MCTOjjbi UIH- 

poKO Hcnojib3yiOTca npn pacwTe xapaicrepHCTHK oöbi^iHbix MHKponojiocKOBbix JIH- 
HHH Ha OTHOCHTeJIbHO HH3KHX qacTOTax CBH-/J(Hana30Ha. 

Eojiee nojiHaK H flocTOBepHan HHcpopMaHira nojiy^iaeTCü Ha OCHOBe BToporo 
noÄXOfla - npn Hcnojib30BaHHH aneicrpoAHHaMiwecKHX MojiejieH no pe3yjibraTaM 
iHCJicHHoro OTeTa. Me/jpieHHaji CXO/JHMOCTB PüäOB, raraKaa npoH3BOjjHTejibHocTb 
c^era 3aTpy/j;HaeT npoBe/jeHHe aHajiH3a H CHHTe3a npn pemeHHH onTHMH3aHHOH- 
Hbix 3a;j;aH, B qacTHOCTH npH pacqexe napaMeTpoB MO/jyjieH. 

CjioxHocTb aHajiHTHraecKHX MOflejien flaxe npn pacneTe xapaKTepncTHK 
oöbraioH HecHMMexpHHHOH MIIJ1 B03pacTaeT npn y-iere CBOHCTB peajibHOH MIIJI.: 
KOHeHHOH TOJIIHHHbl nOJIOCKOBOrO npOBOflHHKa, IUepOXOBaTOCTH HOBepXHOCTH, Ha- 
jiH^iHa 6oKOBbix CTeHOK H SKpaiia, Kopnyca BOJiHOBOfla. 

A  A f\ MaTepHajibi 6-H Mew^yHapo^HOH ^.«MCKOH *Ä«KPOBOAHOBOH ÄaHtpepeHtjHH 7Zji<t«f(uK*96. 16-19 cenTnöpH 1996 r., CeeacranoAb, KpbiM, YicpanHa 
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BojiHOBOflHO-mejieBBie JIHHHH 3a HCKJiio^ieHHeM acHMMerpiraHoro cjiynaa 
("aHTHnoÄa") xapaKTeproyiOTca npopaöoTamibiMH MO/j,ejHrMH - no KpaHHen Mepe B 

ÄByMepHOM npHÖJIKDKeHHH. 
IIpH pacTOTe BOJiHOBo^HO-mejieBBix JIHHHH ( pMC la) HcnojiB30BaHO He- 

CKOJIBKO pa3pa6oTaHHBix paHee nporpaMM. IIporpaMMa FLAS npHMeHeHa npn 
pacneTe KpnnraecKHx ^acTOT coöcTBeHHbix BOJIH THna HE npH 3a/j;aHHbix reoMer- 
piraecKHX pa3Mepax H napaMeTpax 3anojmeHH». 9TOT pe^HM Heoöxo/jHM pjw 
ou;eHKH oflHOMoaoBoro ÄHana30Ha paöoTbi B1HJI. npoBOÄHTC» TatoKe pac^eT 3a- 
MeflJieHHfT H BOJIHOBOrO COHpOTHBJieHHJI. Ha OCHOBe 9THX flaHHBIX OnTHMH3HpyeTC5I 
3Ha^eHHe IHHPHHBI mejin npH 3ajj;aHHbix napaMeTpax 3anojmeHJ«i H pa3Mepax BOJI- 

HOBOfla. 
PaCTOT K03(|)(J)HHHeHT0B 3aMeflJieHH5I H KpHTHHeCKOH qaCTOTbl npOBOJJHJICa B 

TpexMHJDiHMeTpoBOM /j;Hana30He (f = 95 TTu) BOJIH no jjpyM nporpaMMaM. no- 
jiyqeHo: no nporpaMMe FLAS - nocToaHHa» 3aMefljieHHfl[ ß = 2.3, KpHTEraecKaa 
^iacTOTa HH3iueH MOflLi - 173,4 rrn; no nporpaMMe SUPERCOMPACT ß = 2.28, 
KpHTH^ecKaa ^acTOTa - 170,1 Fin;. 

Ha pHC. 16 npHBeaeHbi pac^eTHbie 3Ha*ieHHa noroHHoro 3aTyxaHira B jjjia- 
na30He qacTOT 85^-9.5 rrn. Pe3yjibTaTbi pacrcTOB o<J>opMJieHbi B BH^e rpa(J)HKOB H 

TaöjiHn B cocTaBe ManiHHHoro cnpaBOHHHKa. 

III. KOHCTPYKUHfl yCHJIHTEJIEH 

CxeMaTH^ecKHH ^epTex ycHJiHTejw BOMbMHMHJUiHMeTpoBoro jj,Hana30Ha 
noKa3aH Ha pnc. 2. nojioxHTejibHOH ocoöeHHOCTbio KOHCTpyKHHH no cpaBHeHHio c 
MojjyjieM Ha MHJT aBjmexcii oxcyTCTBHe HeoöxojJMMOCTH KOHTaKTHoro coBMeme- 
HHJI nojiocKOBbix npoBOflHHKOB, ^ITO 3Ha*iHTejibHo ynpoinaeT noKacKajj,Hyio pery- 
jiHpoBKy ycHJiHTejieH H coopxy Mojjyjw B nejioM. B KOHCTpyKUHH oTcyrcTByioT 
TpaHC(J)opMaTopbi TraioB BOJIH H nepexo^bi OT BOJiHOBOJJHoro Tpaicra K MUJI HJIH 

KoaKcnajibHOH, ^ITO cnocoÖCTByeT CHHxeiiHio noTepb H K09(p(J)HHHeHTa myMa. 
npH peryjinpoBKe Mojjyjia OTnajjaeT HeoöxoflHMOCTb B npHMeHeHHH cneun- 

aJIbHblX   npHCOe/JHHHTejIbHblX   yCTpOHCTB,   BKJIIO^iaeMblX   OÖblHHO   B   BOJIHOBOJJHbie 
TpaKTbi. B cxeMe OTcyTCTByiOT pa3B5i3biBaiom;He H öjioKHpyiomne CBH KOHÄeHca- 
TOpbl. 

KoHCTpyKnH5i Mojjyjia ÄonycKaeT npHMeHenne no/jjiojKeK pa3Hbix nojiHMep- 
Hbix MaxepHajiOB. KOHCTpyKHHH ycHJiHTejw 3am;Hiu;eHa naxenraMH PO [1]. 

IV. SAKJIIOTEHHE 

Ha ocHOBe paccMOTpeHHbix TexHHMecKHX penieraiH pa3pa6oTaHbi H B paM- 
Kax MejiKocepHHHoro npoH3Bo/j;cTBa BbinymeHbi cjiejjyioiUHe H3,n;ejiHJi: 

MajioiiryMamHe ycnjiHTejiH H ycHJiHTejiH-npeo6pa30BaTejiH B /j;Hana30He 
qacTOT 9-^39 rrn, (Km = 2-^4.5 äE) - 7 lacroTHbix Jinrep; 

- pa/JHOMeipiraecKHH: npneMHHK npsMoro ycHJieHH« BocbMHMHJUiHMeTpo- 
Boro ÄHana30Ha JJJIHH BOJIH (Ky = 55 /jB), paflHOMeTpEraecKHH Km c Bbixojj;a He 
6ojiee 4.5 äE; 

- npneMHHK npHMoro ycHJieHira BocbMHMHJDiHMeTpoBoro AHana30Ha pjw 
cHcreMbi TejieMeTpHH (TaHreHunajibHa^i qyBCTBHTejibHocTb He xyxe 124 JJB/BT). 

MaTepiiaAM 6-5 MeHMynapoflHOH ^**MCKO8 tMwpoBOJMOBOvi %>Hcpepen!jHH K^v/K<iK<i^6. 16-19 ceHTn6pfl 1996 r„ CeuacTonoAb, KptiM, J/npamia A   A A 
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Bee  mppjiwi  OTBe^iaiOT xecTKHM  TpeöoBaHHiiM  ycToiwHBocTH  K  Mexa- 
HM^eCKHM H KJlHMaTEraeCKHM B03AeHCTBH$IM H HMdOT BblCOKyK) HafleXHOCTh. 

JIHTEPATYPA 

1. naTeHT P<D No 1734560, naxeHT PO> N2 1734561, narem N° 1732801. 
ABTOPBI: KoieTKOB B.H., Ky3Heu;oB T.A. 

LOW-NOISE FIN-LINE MESFET AMPLIFIERS 

Kochetkov V.N., Kuznetsov G.A. 
Salut Co., Harm St., Nizhny Novgorod-603107, Russia 

tel. (8312) 66-13-96, fax (8312) 66-50-20 

Using of the uniplanar construction of the microwave hybrid ICs allows to simplify and optimize the adjustment and production of the 
receive-convert modules for the 3-cm and 8-mm wavelengths. Cascading of one-stage amplifiers of a module ensures the gain up 
to 60 dB at the noise figure of 2.5-3.0 dB depending on the operating frequency range. The modules are available in the hybrid and 
monolithic versions. The ways for increasing the operating frequency and lowering the noise figure are considered. 

A   ä r* MaTepHaAbi 6-H MeHytyHapOAHOH ^^«MCKOH »^f«KpoBOAHOBOH %H(pepeniinn "%fi«t4(ci'K«96. 16-19 cCH"ra6pn 1996 r., CeBacvonoAb, KpbiM, yitpaHHa 
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yCMJIHTEJIM CPEßHEM MOmpOCTH HA nOJIEBHX 
TPAH3HCTOPÄX C BAFLEPOM fflOTTKH 

B.n.OcmioB 
HIHI "CaAwm": 603107, a. H.Hoezopod, yn. Jlapuna, 7. 

AHHOTAIIMM 

Ha ocHOBe 6ecK0pnycHi>ix IITIII c pa3HOH IIIHPHHOH 3aTBOpa pa3pa6oTaHbi 
H nocTaBJiaioTCii WSKZJWSI - ycMJiHTejiH cpeflHeft MOIHHOCTH. JXJM #Hana30Ha qacTOT 
OT 4 flo 37 ITu; npeAJiaraeTCü pas KOHCTpyKTHBHo-TexHojioraraecKHX BapnaHTOB H 

MOÄH^HKaUHH C pa3JIHHHbIMH KOaKCMaJIbHblMH H BOJIHOBOÄHMMH BXOflaMM H Bbl- 
XOflaMH. 

B ÄJiHHHOBOJiHOBoii qacTH caHTHMeTpoBoro ÄHana30Ha MOIUHOCTB Ha BBI- 

xofle socTHraeT 2 BT. 
Pa3pa6oTaHbi He HMeiomHe aHajioroB repMGTHHHbie xopnyca c MeTajuioereK- 

JMHHHMH nepexoflaMH, 3anojiHeHHbie HHepTHbiM rasoM, KOTopbie o6ecneqHBaioT 
MexamnecKyio H KJiHMaTKraecKyio yeroiriHBocTb npn BHeuiHHx B03fleHCTBMax 
(yflaponpo^HOCTb cooTBeTCTByeT 500~800 g). 

I. BBEßEHME 

OcHOBHbiMH TpeöoBaHHHMH K ycHjinrejiaM cpeÄHen MODIHOCTH CBH-YM, 
Hcnojib3yeMbiM B panHopejieftHbix cTaHunax, aBJiaioTca BejiiMHHbi noTpeÖJiaeMOH 
H BbixoflHOH CBH Mompocra, nojroca pa6o<rax qacroT, TCMnepaTypHHH AHana30H 
H HafleXHOCTb. 

ripn pa3pa6oTKe YM cue^yex BbiflejiHTb HecKOjibKo B3aHMOcBa3aHHbix 3a- 
flan: 

OH3HKO-TexHQJioriPiecKag, npe,OTiojiaraiomaa paspaöoTKy co6cTBeHHO TpaH- 
3HCTopHbix CTpyKryp, OTBe^iaioiUHX TpeöoBaHHSLM flnana30HOB nacTOT, TeMnepaxyp 
H pacceHBaeMbix MomHocTen. 

KoHCTPVKTHBHQ-TexHOJioriwecKafl - npeÄnojiaraeT pa3pa6oTKy 6a30Bbix, no 
B03MOXHOCTH yHHBepcajibHbix KOHCTpyKHHH KopnycoB, TenjiooTBOÄauiHX ruiaT H 
T.n. 

MoaejiHPQBaHHe H CATIP YM - npeÄnojiaraeT coaflaHne MOflejieH HejiHHen- 
Hbix ycxpoHCTB H 3aBepmaeTca pa3pa6oTKOH TonauoraH yerpoJicTBa. 

HcnbiTaHHJi H KOHTpojib napaMeTpoB - BaxHefinrao 3Tan Ha craflHH BH- 

nycKa OHBITHOH napTHH H ocBoeHna H3,nejiHH B nporoBOÄCTBe. 
IIonbrraeMca «aTb KpaTKyio xapaKTepHCTmcy OTflejibHbrx STanoB pa3pa6oTKH: 

II. OCHOBHAH HACTb 

B oÖecneTOHHe MHoroo6pa3Hbrx TpeöoBaraiH K HSflejiHaM pa3pa6oTaHa ce- 
pHa TpaH3HCTOpOB - mill c anHHaMH 3aTBOpOB 0.ff:-0.7 MKM. IIlMpHHa 3aTBopa 
H3roTOBJieHHbix TpaH3HCTopoB 6buia pa3JiiMHOH B 3aBHCHMOCTH OT #Hana30Ha 
^acTOT H BejiiMHHbi MOIHHOCTH Ha Bbixo^ - 300, 600, 1200, 2400 MKM. IlpH pa3pa- 
6oTKe ITTIII oöpamajiocb r)co6qe BHHMaHHe Ha KaHecjBO wcxoraorp airaraKCHajib- 

A  A  A MaTepHajvbi o-R MeJKÄyHapoflHOH ^4#MCKOII I##KPOBOAHOBOH AWKjiepeHi^HH T^MTCU^A ?O. lo-iV ceH-rn6pji lyyo r., L-eBacronoAb, JVpbiM, ytcpaima 
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Horo MaTepnajia c Ten, wro6u o6ecneqHTb BbicoKiie nanpfflKemia npoöoü H 6OJTB- 

uiHe TOKH HacbimeHHH cTOKa. Hanp5DKeroie npo6o5i HCTOK-CTOK, cymecTBeHHo 3a- 
BHcamee ox CTpyKTypbi IITIII, onpefleiuieTCii BCJIHHHHOH ITJIOTHOCTH TOKa Hacbi- 
iijeHna CTOKa. OirraMajibHa» raroTHOcTb TOKa Ha 1 MM niMpHHbi 3aTBopa paBHa 300 
+350 MA. Ha BMCOKHX ^aeroTax ypoBeHb jierapoBaHHJi CTpyKTypbi OKa3biBaeTCjj 
ÖOJiee KpHTM^HblM. 

Hcnojib30BaHbi MeTOflbi TepMiraecKoro n MarHeTpoHHoro HanbuieHHsr 30Jio- 
Ta, HHKejia H 30JioTa-repMaHH3. PncyHOK ajieMenroB TpaH3HCTopa nojiyrcH c no- 
MOIHbK) KOfflUKTHOH H SJieKTpOHHOH JIKTOTpaCpHH,   a TaiöKe  HOHHO-XHMHWeCKOrO, 
XMMiraecKoro H roia3MeHHoro TpaBJieHH«. 

Ha ocHOBe pac^eTHbix H SKcnepnMeHTajibHbix flaHHbix - no pe3yjibTaTaM 
H3MepeHHra S-napaMeTpoB CTpyKTyp - pa3pa6aTbiBaexc*r Tonojiorira cxeM coraaco- 
BaHHfr no BXOÄy H Bbixony, ßjra liero pacc^HTbiBaeTca cxeMa TpaHccpopManHM 
roiTHflecOTHOMHon Harpy3KH Ha Bxo#e B oöJiacTb HMne^aHca (OöMHHO 2+6 OM). 

Tonojioraa ycnjinrejm BbiönpaeTCH c y^eTOM peajiH3anHH yerponcTBa Ha 
MajioH roiomaflH - BHCOKOH creneHH MHTerpanHH, a TaKxe BO3MO:SCHOCTH npocxon 
SKcnepHMeHTajibHOH äOBOäKH äO TpeöyeMbix napaMeTpoB. 3jieMeHTbi coraacoBa- 
HHa BbinojiH^JiHCb Ha ÄHCKpeTHbix ran-aJieMeHrax. 

BojibTaMnepHbie xapaKrepncTHKH nTIII. npeflcraBjieHbi Ha pnc. 1. CxeMa 
ycHjiHTejM MOIHHOCTH «nana30Ha qacroT 18+20 ITn noKa3aHa Ha pnc. 2. Mom- 
HocTb Ha Bbixofle > 200 MBT npn BXOäHOH MOIIUTOCTH 0.3+1.5 MBT. KoacpcpHHH- 
eHT CTOimefi BOJIHH Bxo^a H Bbixo^a He 6ojiee 2.0. YcHJiHTejib paöoTaeT Ha y3KO- 
nojiocHbie 4>HJibTpbi c KCB < 2.5 B nojroce 1.5 % H HMeeT KoaKcnajibHbrä BXO# 

THna CPr-7510 H BOJIHOBOAHMH BBIXO« ceqeroieM 11x5.5. 
Ha pHC. 3 noKa3aHbi 3aBHCHMOCTH MOIUHOCTH Ha Bbrxo^e OT qacTOTbi npH 

pa3Hbix pa6o^nx TeMnepaTypax. YMeHbiueHHe MOIU,HOCTH Ha Bbrxo^e cooTBeTCTByeT 
TeMnepaTypHbiM 3aBHCHMocraM BAX nTIII. 

KoHCTpyKTHBHO ycHJiHTejib co6paH B Kopnyce, cocraBJifiiomeM eziHHoe ne- 
Jioe c KoaKCHajibHO-BOjiHOBOÄHbiM nepexoflOM. K Kapicacy Kopnyca Kpemrrcfl OT- 

flejibHbie njiaxbi. Bbixofl ycHJinrejia - BOJIHOBOä coeflHHfleTCü c YM <iepe3 
KoaKCHajibHo-BOJiHOBOflHbin nepexofl. COöCTBCHHO ycHJiHTejib BbinojiHeH B MeTaji- 
jiocTeKJMHHOM repMeTHraoM Kopnyce c pa3MepaMH 24x18x6 MM. repMeTroauHH 
9Toro Kopnyca jia3epHOH cBapKOH c oflHOBpeMeHHHM 3anojmeHHeM oöbeMa 
HHepTHbiM  ra30M  npe^oxpaHHeT - aKTHBHyio   o6nacTb   CTpyKTyp 
nTIII H noBepxHocTb naccnBHbix aneMem-us OT ÄerpaflaHHH B ycjioBHax noBbi- 
meHHOH BJiaxHOCTH H arpeccHBHbix cpe#. Bxoflbi H Bbixoflbi CBH CHTHajia Bbinoji- 
HeHbi B BH^e urrbipen, BnasHHbrx B ocHOBaHHe Kopnyca qepe3 CTeKJiffHHbie H30JM- 

Topbi. npHMeHaeMbie nepexoflbi oöecneraBaiOT corjiacoBaHHbm pexHM c 
KCB < 1.25. 

Cöopica H3«ejiHa COCTOHT H3 STanoB: 
- pa3Mem;eHHe H rpynnoBaa naÖKa naccnBHbix arieMeHTOB; 
- ycTaHOBKa aKTHBHbix sjieMeHTOB; 
- MOHTax npoBOJio^Hbix MexcoeAHHeHHH. Pa3BOflKa npoBOÄHTCü na ycTa- 

HOBKaX MHKpOKOHTaKTHOH CBapKH. 

MaTepwaAW 6-B MeamyHapoflHoB ^6«MCKOB f*aKpoBOAHOBoB ÄmipepeHHiiH 'Xfiu/ICuXaW. 16-19 ceH-raöpn 1996 r., CeBacronoAb, KpwM, yKpaHMa -i A C 
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B   saiüiioieHMe   npHBo^HM   CBOflHbie   napaMerpti   YM   caHTHMeTpoBoro 
ÄHana30Ha: 

- ^Hana30H qaeroT, ITIJ - 4+16 ; 
- IUHpHHa nojiocH, % - 10+15; 
- BLixoflHair MOII],HOCTB - Ro 300 MBT H 6ojiee; 
- KoacjxpmineHT ycHJieHMW, «B - 20+35; 
- KCBH Bxofla H Bbixo#a - 1.7; 
- HanpJDKeHiie nirraHHa, B - +7, -3; 
- rioTpeöjiaeMBiH TOK. MA - 400; 
- MHHHMajibHaa HapaöoxKa Ha OTKa3, - 10000; 
- ,D,Hana30H paöoqjix TeMnepaTyp, °C - -50, +70; 
- THniOTHbie raöapuTHtie pa3MepM, MM - 52x48x35; 
- Macca, r    - 100 

MESFET MEDIUM POWER AMPLIFIERS 

OsipovV.P. 
Salut Co., 7 Larin St., Nizhny Novgorod-603107, Russia 

tel. (8312) 66-13-96, fax (8312) 66-50-20 

On the base of the packageless MESFETs with different gate widths the medium power amplifiers of various constructive 
modifications in the frequency band from 4 to 37 GHz have been developed and manufactured. The CW output power up to 2 W is 
achieved in the centimeter wave range. The used hermetic packages with metal-glass transistors are filled with inert gas and make 
them rugged and environmentally stable (shock resistance corresponds to 500-800 g). The devices have no analogs in Russia. 
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CioxacTmecKau Mo^ejn* 
<J)HJDb.Tpa sepKajibHoro KaHajia. 

M.K. CymiyTncoB. 
AO "Hnn "CarypH", 252148, r.KneB, np.SO-Jieras ÜKraöpa, 2-B 

Tel: (044) 477-67-39; Fax: (044) 477-62-08 

ÄHHOTail,Hfl. 

OflJKH    H3    B03M03KKMX     ITyieH    MHHHaiK)pH3aHHH    (pHJi&Tpa    Ha    MIUI     - 
Hcnoji&30BaHHe MaxepHaraa nojxßomKü c öO-OBIIIHM e. /J/ia oueHKH AonyacoB Ha 
TOjnuHHy nowioacKH, paaöpoc 3Han;eHHH BCJDWHHH e, xoKonpoBO,n?niiero noicpHiHH H 

^pyiHX xexHOjionwecKHX cpaKiopoB pagpaöoiana CTOxacuraecKaa: uopßiib <pKÄBipa Ha 
MIIJI. Mopßm> npeAttasHa^eHa jxjm sxana CHCieMHoro irpoeKiHpoBaHHH. npHBO^icH 
oiteHKH Bjauaaw. pa3.jmqH&ix (paicxopoB Ha OCHOBHHC napaMeipM $wn>jpa. 

BeeAeHHe. 

JJ,JJK ceneKXHBHbK itpHeMHbix ycxpoHciB CBH /maraeoHa OCHOBHHMH 

napawexpaMH, KpoMe noKa3axejieH cejieKUHH, XBJvnoxcx 3KBHBajreHXHaH iuyMOBan 
xeMnepaiypa sxofla H K03<p<pKiiHeHi nepefla^H [1,2]. J\sm cipyKiypH KOHuepiopa: 
«pHflBIp    +    CMeCHXeJEb    +    nynM    BJIHHHHe    nOiepB    B    <pH/IBipe    He3Ha^MieJEbH0 
CKa3HBaexcH Ha o6w,en Bejurarate KoacpcpHuweHia nepcgauH. Hero He cKazKeiub o 
BJDDiHKH Ha BeJDWHHy 3KBHBajieHXH0H luyMOBOH leMnepaxypBi Bxo^a KOHBepxopa 
Ar Llll 

K*     K**KCM 
rr<KCHB    _ T<J>     ,     LUI lü[ . /   A    \ 

^ _ T**(;-K*) 
^ui -     ^      ; (2) 

3,a;ecB : T ,1^,1^ ,Tm - <pH3HHecKaH xeMnepaiypa (pH/r&ipa, 3KBHBaneHXHaH 

inyMOBaa xeMnepaiypa cpHJEbipa, CMecHicra: nYIPI; K*,KCM - K03<p<praiKeHiBi 
nepefla^H ^watps. H cMecHieuji, cooxBexcxBeHHO B pasax. Oxcicma noBBraieHHoe 
BHHMaHHe B «aHHOH paöoie K K03(p<pHUHeHiy nepe,na*öi <pHJi&ipa 

^eTepMHHiipoBaHHo - cToxacTH^ecKaa Mo^ejib (JwuibTpa. 

B cooxBexciBHH c o6o6iii;eHHOH flexepMHHHpoBaHHO-cxoxaciHHecKOH uoßßjihm 
arperaxHBH&ix cHcxeM [3] Koa^cpHUHem nepeflaqH «pitriBipa B AexepwooDrpoBaHHo- 
cioxacxiraecKOH MOflejiH Moacex 6BIIB npeflciaBJieH BBipaaeceHHeM : 
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K* = K* + K** TKT** (T* - T£) + Kf * (* - Q , ( 3 ) 

r^e: K* - HOMHHajibHoe sna^eiiHe Koe(p<pHiiHera:a nepeAawH 4)MJIbIPa B ' flB B 

HcwajiBHOH leMnepaiypHo-BpeMeHHOH paooqen lo^e; K* H K* - KpyxK3Ha yxo#a 

sna'ieHiDi napaMeipa 01 xeicnepaTypM [ .njß/rpan;] H BpewceHH cooxBexciBCHHo; TKT - 
K03<p<pKiiHeHX lepMocxaÖH/nraaiiHH: (pHff&xpa, BeÄH^jma 6e3pa3MepKaH; T*,!"^ H t,tn 

- aöco/EEOTHMe SKa^eifflcs xeKyuieH H HOMHHam»HOH le&rnepaxypBi oKpyacaromeH cpeA&i 
H BpeMeHH, COQXBeXCXBeHHO. 

Hccjie^OBaHHe cToxacTii^ecKOH qacTH MOßejiH <}>HJibTpa. 

K* - cjryqaHHaH Bein«HHa xapaKxepH3yioiii;a5iai MaieMauwecKHM oxamaHweM 

M<K*> H cpewieKBanpaTiwHHM: oiKJioiieHHeM  cr|K*>. G^qcaKKMH xapascxep 3xoit 

BejroMHUBi oöycjioBaeH MHOIHMH npK*öniaMJt: pasöpocoM napaMexpos noflnoacKH 
(pHJXbxpa t H £ ( h - xojmtHKa noffioKKH; £- ^rojieKxpiraecKaH: npoHHuaeMOcxB 
MaxepHana no^xosKscH ); .npnycicaMH: Ha itaroxoBJieHHe reoMexpiwecKoro pHcyHKa 
xono.xorKK (pmiBxpa; xexHO/ioraraecKHMH ocoöenjrocxHMM K3roioB.xeHHfl: MIUI Ha 
nowiojKKe. 

OneraiM sasHCHMociB K* ox Ha3BaHHBrc BBmie npiMHH. KepaMHKy c BBICOKHM 

3Ha*xeHHeM E HaHOojiee 3<p(peKXHBHQ irpHMeHHXB Ha HH3KHX qacxoxax, noaxoMy 
onerocH npoH3BefleM Ha nacxoxe 1 Iru, Hccjie^xyeM BejQWHHy noxepB B «pHJXBXpe B AB, 

paBHyio L - -K*. 

BBMHCJEHM cpe^HeKBaflpaxiwHoe oxioiOHeHne noxepB B (pmiBxpe, 
oöycÄOBJieHHoe pasöpocoM ixapaMeipoB rawioKKK. IIOJIO3KHM, qxo 
cpeflHeKBazipaxHiffloe. oxKJioHeHHe  e  MaxepHaxa paBHaexcH at - ±. 0.1. Hex OAK H3 

3I0H   Be-nsMHHBi   pasöpoca,   c   noMoinBK)   KOMrraeKca   "CDAFOT"   HaxoAUM   asi^) 

cpe^HeKBanpaxHHHoe oxiaioHene noxepB B fymibiipe ox pasöpoca £.   crj^-   0.173 

äB. Hcxofla H3 nacnopxHMX ^aHHBix Ha iuiacxKHH, KcnojiBsyeMBie B Ka^eciBe 
rcwioacKK, HMeeM h = 1± 0.01 MM. BBiÖHpaa itacnopxHyio BejnwHHy pa30poca 
XOJCHUHHH no^fioacKH, npoH3BQAKM xe ;Ke BBWHc/reHHJi, »no H B cny<yrae c e. 

crjh) - 0.023 #E. ÜMeK .naHHBie no <yL(s) H &Jfy noAcotxaeM cpe^HeKBa/ipaxHHHoe 

oxKJioHeHHe noxepB B (j?HJIB'IPe> ooycjios/ieHKoe pasöpocow napaMexpoB nojopioaaKH 
crje.h). 

crL(e,h)=jarl(£)+cr2L(h) , (4) 

aL(£,h)=JÖJ732 + 0.0232 = 0J75 AB. 

TenepB BBMKCJIHM cpeAHeKBaApaxnqHoe oxKJXOHene noxeps B <pHHBXpe, 
o6yc/ioBJieHHoe AonycKaMH na H3roxoB^:eHHe reoMexpiwecKoro pHcyHKa «piMBxpa 
/^onycK Ha pa3MepM Mexanura3auHH paßeH xojnuKHe MexamrH3arjHH. IIpH xo^npiHe 
MexaiuiH3auHH paBHoii 10 MKM, reoMexptwecKHe pa3MepBi KMeioi AonycK ±0.02 MM. 

PacieiBi 6y,n;eM npoH3BO,iptiB no H3JioaceHHoii BBniie Mexo,nHKH. JJjm paaöpoca no 

1 Zi^y MaTepnaAW 6-H MeiKflyHapoAHofi ^«MCKOM »AaKpoBo^iiooOH STomtiepeHrjHH Kfm/KuKt'96. 16-19 ceHTOÖpn 1996 r.,'CeBacronOAij, KpblM, YKpaHHa 
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AföQte pssoHaxopoB aL(l) = 0.124 j$>. RIIK pa3Öpoca no irarpraie 3a30poB CBSBH 

<?L(s)~ 0.037 ßß. J\mi psoöpoca no nrnpHHe nojiocKOB aL{w) = 0.042 pJB. Hmen 

flaHH&re no o-L(f),aL(s),aL(w) noAc^miaew cpeAHeKBa/ipaiHqHoe oiKJioHeHHe noxepB B 

(pHJiBTpe oöycÄOB/reHHoe BCCMH «onycKaMH na reoMexprao lonojiorrai crL(/,s,w). 

<rL(Uw) = ^i(Ö+öl(s)+ öi(w)   , (5) 

erL(l,8,w) = \IÖJ24
2
+0J037

2
+0.042

2
 = 0J55 äB. 

BjöDEHne laKHX xexHonormrecKHX ocoöeHHocxeit H3roxoBJieHna: MIIJI, K3K 

noÄcnoH xpoMa H 3aiiiHXHoe noicpBixHe Ha (popMHpoBaHHe noxepB MO^CHO npeHe6pe*n> 
no CÄe^iyioiuHM npiwKHaM. üoßCJioH xpowa ne BCJIKK no xojniiHHe H noicp&n: cüoeM 
uem npeBBiiiiaioiiiHM xojmiHHy CKHH - CJIOH. 3aun«Hoe noKpHine ( sojioxo ) HMeex 
Manyio xojnin-ffly. Ha ocHOBaHHH H3J[oaceHHoro MOSKHO c^ejiaiB BBIBOA "no XOKH xeKyx 
B OCHOBHOM B croe uem, cueÄOBaxeJXBHO noflcjioH H noKpBrrae .narox HesraqHianBHWH 
Bicnafl B noxepH (piuiBxpa. 

06o6uptM BJiHHHHe pasöpoca napaMexpoB noAJxoaKKH H .apnycKOB Ha 
HsroiOBJieHKe reoMexpHH Ha (popMHpoBaHHe noxepB (pira&ipa IIBWHCäHM 

cpeAHeKBanpaxiwHoe oxKJioHeHne noxepB pjui SIHX cpaKxopoB <rL(2). 

o-£.(s)=/fli(fi,A) + oi(/,s,w)   , (6) 

ert(L) = yJO.1752 +0.136* = 0.222 «E. 

IlorpeiuHociB npHÖopoB, Hcra>/n>3yeMBix #JIH H3MepeTOra noxepB Ha iex 
qacxoiax, iyie npoBOÄHjmcB nccjießßssmm pasKsraacB A = ±0.7 pß. 

Ha ocHOBaHHH BBraieH3Jio»ceHHoro Moaato oneintiB xpeöoBaHWH pjm 
HHcxpyiauHH no HacipoHKe (pHflBipa : 

^=M!ZJ+^) + A, (7) 

Z^= 0.932 + 0.222 + 0.1 = 1.254 pJB. 

Rnx oneHKH xpeöoBarorii B TY Heo6xo,nHMo y^eciB Bicnan; cjiaraeMHX B 

MaxeMaxjwecKOH uopßmi, oxpaacaiDiuHX xeMnepaxypHyso H speMeHHyio 3aBHCHM0ciH. 
J\nx naccHBHoro ycxpoitciBa, KaKHM HBaneiCH «pn/iBip, ipeiBHM oiaraeMBiM 

BBrpaaceHna (3) Kf[t - t^j MOECHO npeHeöpeib, X.K. naccHBH&ie cxeMBi Marco 

noflBepaKeHM BpeMeHHBiM K3MeHeHHHM npH HopMaüBHBix ycnoBHHX 3KcnnyaiauHH H 

xpaHeHHH.  Bxopoe  oxaraeicoe   K**TKT**(T'*-T£)   BBtpaaeceHHH  (3)   paccMoxpHM 

no^poÖHee.   MHoacHxe/iB   TKT* - 1   ,   X.K.   ^M^ip   He   lepMocxainpoBancH.   K* 

(pOpMHpyiOX HeCKOÄBKO (paKxopoB : 
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- TKg-   xeMnepaxypHbM   Koa<p<pKiiHeHi   ,0K3.JxeKipjwecK0H:   irpoHHuaeMOCiH,   AOH: 

Hcno/n»3yeM;oro MaxepHajra oHpaBen TKJTB- 8) = -49.3*10~6 [1/rpaß]; 

- TK, - K03(p<pniiHeHi leicnepaiypHoro jraHefeioro paciuKperooi, mat Hcnoji&syeMoro 

MaiepHajia OH paseH TKJTB-8)^ 9.4*10'6 [1/rpafl]; 

- TK/,^ - Koe<p<pKUHeHX xeMnepaxypHoro JiraieHHoro pacruKpeHwa Mexa/ijmsauKM, pjm 

HcnoHB3yeMoro MaxepHarca OHpasen TK/MfTC(Cw) = 16.5*10    [1/rpan;]; 

TK/7    -    xeMnepaxypH&m    K03<p<pniiKeHX    yfleji&Horo    coirpoiKB^eHHH,    pfw. 

HcnoiEbsyeMoro MaxepKana OH pasen TK.p(Cu) - 0.0043 [1/rpafl]. 

Hs   paccMOipemtttx   Bejownn   xeimoBBix   K03<p<pKUHeinoB   MO^KHO   cßßJiaxb 

BBDBO^ mo BJiHHHHe K* Ha cpopMHpoBaHKe K* B AHana30He lemrepaiyp ±100 rpa«. 

Ha HecKOJiBKo nopsmjcoB HHace, «KM BKJiao; K*. Crie,n;oBaie.rrBHo BxopHM cjnaraeMBiM 

BBipasKeHKH (3) pjm <pK/n>TpoB BfeinojXHeHH&ix Ha xepMocxaonjiBHOH KepaMHKe TB-S 
MoacHO npeHe6peTi5. 

B    pe3yji&xaxe    npoBefleHHOH    oueiacH    BJIKHKHSI    pa3jnMHbix    cnaraeMHX 

BBtpaKeHHH (3) Ha K*   MOKHO flflK (pJM&XpOB H3  xepMOCXaÖlüIBHOH KepaMHKH' TB-8 
B oö^acxH qacxoi 1 Iru;, HcnoJiB3yeMBix B flHana30He xe&aiepaxyp Tpaß = ±100 rpa#. 

xpeöoBaHHH B TY 3aflaBaxB aHajiorHHK&iwM xpeöoBaHHKM B HHCipyKUHio no 
Hacipoftice. 
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THE STOCHASTICAL MODEL OF THE IMAGE CHANNEL FILTER 
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There is one of the possible ways to make the small size of the strip-line filter, using the substrate material with the 
larger s. Stochastical model of the strip-line filter is developed for the valuation of the tolerance for substrate 
thickness, for the spread of e values, for the current coating and other technological factors. 
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CPABHMTEflbHblM AHAJ1M3 
CMHTE3A MflEAJlbHblX 

tPMJlbTPOB C flMCCHriATM 
nOTEPflMM 

E3yflbTATOB 
tUHJlbTPOB M 

BHblMM 

UnbHeHKO M.E., Tycesa M.H., KannHMHeHKQ 10.B., BOSHKJK A.B. 
HUM P3T "TOP" npu HTW "KriM", Kuee, YnpauHa 

AHHomanua - AHann3MpyrOTCH awnnnTyflHO-MacTOTHbie xapaKTepucTMKH cpunbTpoß, CKHTe3npyeMbix TpaflMuwoHHbiM 
MeTOflOM c ncnonb30BaHneM npoTOTuna OHM, B uenn c noTepaMM M aHanornMHbie xapaKTepucTMKn, nonyMSHHbie o6o6meHHbiM 
MGTOflOM CMHT63a CpHJlbTpOB C yMeTOM flMCCMnaTMBHblX noTepb. 

I. BßefleHne 

flMccnnaTHBHbie ncuepn HBnynoTCH ecTecTeeHHbiM CBOMCTBOM nio6oro H36npaTenbHoro ycTpoPicTBa. 
HecMOTpa Ha ecTecTBenHocTb yneia flMccunaTHBHbix noTepb ocHOBHaa Macca onyßnuKOBaHHbix B 

o6nacTM npoeicrapoBaHMn cpunbTpoB pa6oT [1,2,3] ncnoxib3yeT MeTOfl cnHTe3a Ha 6a3e npoTOTkina OHM, 
co3flaHHoro C.flapjiMHrroHOM B 1939 r. H nonymiBwero ujupoKoe pacnpocTpaHeHHe nocne ony6nwKOBaHHfl 
KHurn T. H. MaTrea,   Jl. Sura, E. M. T. fl)KOHca [4]. 

B HacTOHinee BpeMn pa3pa6oTaH o6o6weHHbiH Merofl cnHTe3a cpunbTpoB [5, 6, 7], no3Bonaiou4MPi 
paccwuTbiBaTb cpn^bTpbi c yneTOM flMccunaTMBHbix noTepb. Pe3ynbTaTbi, npuBefleHHbie B paSoTe [4], 
cooTBeTCTBytoT HacTHOMy cnynaio o6o6meHHoro MeTOfla npu coScTBeHHOM 3aTyxaHnn pe30HaHCHbix KOHTypoB 
D0=0. flanee npoBOflHTcn cpaBHMTenbHbiPi ananu3 cpunbTpoB, nonyneHHbix STUMM MeTOflaMH, npw oflMHaKOBbix 
C06CTBeHHblX SaTyXaHHflX pe30HaHCHblX KOHTypOB. 

II. 0CH0BH3H MaCTb 

MccneflOBaHMe cpyHKU.ua nepeflam/i M36npaTenbHbix u,eneü c noTepaMM o6o6ifleHHb!M MeTOflOM v\ 
cpaBHeHne STUX pe3ynbTaTOB c pesynbTaTaMH, nonyneHHbiMH Tpaflnu.noHHbiMU MeTOflaMH, npußefleHbi Ha 
rpacpMKax pnc.1 flna cpunbTpoB c micnoM KOHTypoB n=3,5,10. 

Ha rpacpHKax o6o3HaneHo: LH-cpyHKqua nepeflaMH MOU^HOCTH B Harpy3Ky cpunbTpa; £ -OTHOCMTe/ibHaa 
HacTOTHaa nepeMeHHa« 4=x/xn, x=(o,/co0-roo/o)i - OTHocHTenbHaq paccTpoMKa nacTOTbi; Xn=(co2-ff>i)/(o>ico2)1'2 - 
OTHOcnTenbHaa nonoca nponyaoHHa cpunbTpa; coo=(coioo2)1/2- uempanbHafl nacTOTa cpunbTpa. nonoca 
nponycKaHMa cpunbTpa 4=-1*+1. 

KpuBbie 1- AHX HfleanbHbix cpunbTpoB c HeßbiuueBCKoPi xapaicrepncTW<ow (D0=0). 
KpuBbie 2 - AHX HfleanbHbix cpunbTpoB c He6biweBCKoPi xapaicrepkicTHKort, pe30HaHCHbie KOHTypa 

KOTopbix MMeioT oflMHaKOBbie 3aTyxaHMH D0=0.1, cooTBercTByioiMHe, HanpHMep, ,qo6poTHOCTH Q0=100 npu 
aaflaHHOM nonoce nponycKaHHfl xn=0.1 TaK, <HTO D0=1/(xn*Q0). 

KpuBbie 3 - AHX cpunbTpoB, CMHTe3npoBaHHbix o6o6weHHbiM MeTOflOM c ncnonb30BaHneM nonwHOMa 
Me6biuieBa npu Tex >Ke 3aTyxaHnax pe30HaHCHbix KOHTypoB. 

3aflaHHaq HepaBHOMepHOCTb AMX B nonoce nponycKaHMfl flnn xpMBbix 1 H 3 - 1flB. 
Pe3ynbTaTbi nccneflOBaHna cßefleHbi B Taßnnqy 1. 

Ta6nuqa 1. 

No BMA cpunbTpa 
HepaBHOMepHOCTb 

AMX, flB 
rioTepn 

npu {;=0, flB 
3aTyxaHne 

npu £=±3, flB 
n=3 n=5 n=10 n=3 n=5 n=10 n=3 n=5 n=10 

1 cpHnbTp c AMX 
HeßbiweBa D0=0 1 1 1 0 0 0 34.3 65.3 143 

2 ct>nnbTp 1 c 
3aTyxaHMPiMH 
pesoHaTopoB D0=0.1 

2.23 5.05 13.28 2.39 4.34 8.96 36.0 66.8 144 

3 OunbTp, 
CMHTe3HpOBaHHblPi 
06o6meHHblM MeTOflOM, 
npu 3aTyxaHMM 
pe30HaHaHCHbix 
KOHTypOB D0=0.1 

1 1 1 1.58 2.41 4.13 27.5 43.6 73.1 
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KCBH Ha BXOfle Bbiiue paccMOTpeHHbix $nnbTpoB 1,2,3 B npefienax n3MeHeHiw £=±1.5 npeflcxaBneHO 

Ha pwc.2. 
llpeflCTaBneHHbie xapaKrepucTUKH cpyHKqufi OTpawenna noKa3biBaioT 3HawTe.nbHoe yMeHbiueHne 

KCBH Ha Bxofle dpwibTpoB, cMHTe3npyeMbix o6o6LfleHHbiM MeTOflOM. 
Kawymeecn yBenHMeHHe 3aTyxanna B nonoce 3arpa«fleHna HfleanbHoro o>n/ibTpa c BHeceHHbiwi B 

Hero 3aTyxaHneM pesoHaHCHbix KOHTypoB D0=0.1 6y,qeT CBefleHO Ha HeT npn flOBefleHW-i nonocbi nponycKaHra 

3Toro cpunbrpa flo Lh=1flB B nonoce £=+1. 

ill. SaKTi&OHieHMe 

CpaBH/,TenbHbiM aHa^na AMX cpyHKL^w nepeflanH H oTpaweHU* cpunbTpoe, cnHTe3npyewibix 
TpaflMMMOHHbiM MeTOflOM [4] M o6o6meHHbiM MeTOflOM [5,6,7], noKa3biBaioT L(enecoo6pa3HOCTb McnonbaoBaHUfl 
npn pacneTe dpn/ibTpoB oßoöifleHHoro MeTOfla CMHTe3a cpunbTpoB c yneTOM flHccunaTHBHbix noTepb. B flaHHOM 
cnyMae paccMOTpen aHann3 TonbKO cnMM8TpnMHbix cpunbTpoB c noTepnMH. HoBbiM MeTOfl MOweT 6biTb TaioKe 
Mcnonb30BaH npw cnHTe3e HecHMMeTpHHHbix cpunbTpoB c noTepaMU, aKTHBHbix cpunbTpoB, cMHTe3npyeMbix no 
4>yHKi4M?iM nepeflaHH u OTpaweHwa c fluccunaTHBHbiMM noTepaiviu, B uinpoKOM flnana30He annpoKCHMnpyroiflux 
cpyHKMMM, npeflCTaBJieHHbix B [7]. 

IV. CnwcoK jiMTepaTypbi 

[1] Dawei Zhang, G.-C. Liang, C.F. Shin, R.S.Withers, M.E.Johanson, Dela Cruz. Compact Forward-Coupled Superconductin 
Microstrip Filters For Cellular Communication. IEEE trans., vol.5, Ns2, June 1995, p.2656. 

[2]  KaycpMaH M, CMflMaH AT. npaicra4ecKoe pyKOBOACTBO no pacMeTaM cxeM B aneKTpoHMKe - M.-3HeproaTOMM3,qaT, 1993 
288c. 

[3] JloTKOBa E.fl., KOCHKUH C.B. PacMeT MUKpononocKOBbix cpunbTpoB CBM Ha cBfrcaHHbix riHHMax - M.: paflMOTexHMKa, Na10 
1991r., C.39. 

[4] rJI.MaTTeü, Jl.yiHr, E.M.T.flxcoHC. OunbTpw CB<-I, cornacyroiuwe [\em w uenw cBfl3M.-M.:CBH3b, 1971r.,440c. 
[5] MnbMeHKO M.E., TyceBa M.H. O CMHTe3e TBepflOTenbHbix cpunbTpoB CBM. rwpoMarHHTHaa aneirrpoHHKa H aneKTpoAnnaMMKa 

KweBiKneBCKWü nonmexHUMecKUM MHCTMTyT,1978r., c.20. 
[6]  TyceBa M.H. 06o6LneHHbiw MeTOfl CMHT63a naccwBHbix cpunbTpoB CBH c yneTOM flwccunaTMBHbix noTepb. - H3BecTMfl By30B 

cepwa PaAM03neKTpoHMKa, 1980, Ns11, c14. 
[7]  TyceBa M.H. HOBUM BMA annpoKCMMauMM Ana cnHTe3a cpnnbTpoB.-M3BecTna By30B, cepufl PaflwoaneiapoHiiKa, 1979r., c.44. 

COMPARATIVE ANALYSIS OF RESULTS OF IDEAL FILTERS' SYNTHESIS 
AND SYNTHESIS OF FILTERS WITH DISSIPATIVE LOSSES 

llchenko M.Ye., Guseva M.N., Kalinichenko Yu.V., Voznyuk A.V. 
SRI of Radioelectronics Equipment "TOR" at NTU of Ukraine "KPI" 

37 Peremogi Ave., Kiev-056, Ukraine 
fax (044) 219-2538 

The change of form of frequency characteristics and dissipative losses occurence in functions of capacity transfer is usually 
indicated at comparison of results of ideal filters' synthesis and synthesis of filters with losses. Research of synthesis results and 
modelling of filters with losses with the number of resonant contours 2...10 on transmission function, on reflection function and on 
phase characteristics at various source parameters: non-uniformity and form of the amplitude-frequent characteristics, value of 
sharpness of resonant contours and the passbands, shows the importance of filters synthesis in view of losses depending on the 
given technical requirements to the characteristics of the filter. 
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PA3PAB0TKA CAnP MArHETPOHHblX 

B YHEBHOIVI nPOMECCE 

A.B. Bac«HOBHH, fl.A. BapaHOB 
XapbKoecKuü mexHiwecKuü yHueepcumem paduosneKtnpoHUKU 

AHHOTauMH - B flaHHofi pa6oTe paccMorpeHbi MOflera, cocTaenflrOLnvie cTpyiaypy paspaßaTbiBaeMOM CAIIP, a TaKwe 
B03MOM<HocTb ucnonb30BaHM^ HOBOTO CTaHflapTa flSbiKa <t>opTpaH Rrm o6pa6oTKH BbixoflHbix napaMeTpoB flaHHbix MOfleneft. 
npuMeHeHwe rpacpuMecKHX 6n6nnoTeK no3BonaeT 6onee HarnnflHO npeflCTaBMTb npouieccu B npwSope, HTO noBbiujaeT KanecTBO 
M3yMeHMn cTyfleHTaMM MaTepnana no npn6opaM MarHeTpoHHoro Tuna. 

I. BBefleHne 

B  HaCTOntU,ee  BpeMfl  OflHMM  M3 OCHOBHblX     MeTOflOB     HCCJieflOBaHMFl     CBM  npMÖOpOB  M yCTpOMCTB 
AB^aeTcn McnoiibsoBaHne MucneHHoro sKcnepmvieHTa, sanacTyio no3Bonfltow,ero sawieHHTb TpyfloeMKufi M 

floporocToamMM cpM3HMecKHM SKcnepuMeHT. OAHaKO, MOflexinpoBaHne npn6opoB Ha 3BM flBraeTcn 
cnoxcHoti HayMHO-TexHMMecKofi 3aflaM6M, Tpeöyromeü flrra CBoero peiueHna Mouy-ibix BbiMMcriMTenbHbix 
cpeflCTB n cooTBeTCTByiou4ero nporpaMMHoro ooecneneHU«. JtebiK OopTpaH ocTaeTca OAHMM H3 ocHOBHbix 
H3biKOB   nporpawiMnpoBaHna npn pemeHMM noAo6Hbix aaflan, HTO   oötflCHfleTCfl   paflOM cy6i>eicTHBHbix v\ 
06"beKTMBHblX npMMMH IM. 

Pa3pa6aTbiBaeMaa CAIIP MameTpoHHbix yci/innTeneii BKntonaeT B ce6?i p^fl MOfleneM pasnuMHoii 
CJICDKHOCTH u Ha3HaHeHMH : aHannTMMecKyio, npn6jin)KeHHyK) M MHoronepuoAHyK) (ncnorib3yrOLHyrO MeTOfl 
KpynHbix nacTi<m). Kpowie Toro, cocTaBHotf HacTbio CAIIP HBnneTcsi nporpawiMa pacneTa 3aMep,r\n\ou\m 
cucrreM. 

LLInpoKoe pacnpocTpaHeHne B nocneflHee BpeMH nepcoHanbHbix 3BM n Bee coBepuieHCTByiomnecfl 
MX BOSMOäHOCTH ripnBenn K Heo6xoAUMOCTH nepepa6oTKn nporpaMM, peann3yrOiu,MX Ha3BaHHbie MOflenn, 
npuMeuMTenbHO K ri3BM. KpoMe Toro, naKeT noflnporpaMM, peann3yK>m,MX, B nacTHOCTH, MHoronepnoflHyio 
MOflenb, no3Bon?in, npuNieHHH 6yKBeHHO-m/icppoByio rpacpuKy, nuiub B OöII^MX nepTax npeflCTaBnnTb Ha 3KpaHe 
3BM npoL(eccbi B3anMOAeCicTBHfl B npn6ope. PeanM3ya BO3MO>KHOCTU rpacpunecKux nocTpoeHufi B OopTpan-90 
He TonbKO yflanocb Ha KanecTBeHHO HOBOM ypoBHe BbinojiHMTb npMMeHHBiiiuecfl panee B flaHHOM Moflenn 
rpacpMMecKMe nocTpoeHMfl, HO M ocymecTBHTb npuHLinnnanbuo HOByio B03M0>KH0CTb - aHHMaL(mo npoL(eccoB 
B3awM0fleMCTBMfl B npn6ope 111. 

II. MoflexiM, BxoflHinwe B CTpyiarypy paspaöaTbiBaeMOM CAIIP 

CocTaBHofi MacTbK) pa3pa6aTbiBaeMoti CAIIP MameTpoHHbix npn6opoB «BnaeTca pacneT 
3aMeflnnK)U4MX CHCTewi (3C). CTporoe TeopeTunecKoe uccneflOBaHne 3C CBmaHO c peiueni/ieM ypaBHeHnfl 
MaKCBenna npn oneHb cno>KHbix rpaHHHHbix ycjioBnax, MTO oötflcHaeTca ßojibiiioii TpyfloeMKocTbK) pacneTOB 
Ha 3BM. no3Towiy 3C MOAe/iMpytoT npn noMomn pa3nnHHbix npn6nn)KeHHbix MeTOAOB. L(enb pacneTa 3TMX 

cucTeM - onpeAexieHne HX AHcnepcMOHHbix xapaKTepucTMK n conpoTUBneHMFi CBFI3H. B npeACTaBnaeMoii CAflP 
MOAennpyK>TCfl 3C Tpex TunoB : rinocKOfi rpe6eHKH, BdpeMHbix aiTbipePi n JiecTHUHHoro Tuna B aHOAHOM 6/ioKe 
c BnaAMHaMH. flpn peujennn A^cnepcMOHbix ypaBHeHiw 3C ncnorib3yeTca MeTOA nocneAOBaTenbHbix 
npn6nn)KeHni4. Pe3ynbTaTbi, nonyMaeMbie npw wccneAOBaHHn 3C pasjiHMHbix TunoB B AanbHewiueM 
Mcrio.nb3ytoTCfl npw MOAennpoBaHMM npoL|eccoB B3auMOAencTBMn B ycunnTene. 

KpoMe pac^eTa 3C B CTpyicrypy pa3pa6aTbiBaeMofi CAÜP BXOAMT p«A Mop,enei\ ycunmen« o6paTHoii 
BO^Hbi c pacnpeAeneHHOM 3MMccneH (aMnnnTpoHa), pa3nnnaK)tAnxcn cnoco6oM npeflCTaBneHMfl aneiapoHHoro 
noTOKa M, KaK cneACTBue, cTeneHbio TOMHOCTM nonynaeMbix pe3y/ibTaT0B, 3aTpaiaMM MauJUHHoro BpeMenn, 
Tpe6yeMbiM oß-beMOM naMATH M T.A- 

Han6onee npocTaa K3 STUX MOAeneii - aHannTunecKaa. B ocuoBe aToro noAxoAa JiewuT ynpomeHHoe 
npeACTaBneHMe 3JieKTpoHHoro noTOKa B BHA^ wecTKOü nnn MHepqHOHHoR cnnqbi npocTpaHCTBeHHoro 3apnAa. 
ripn 3TOM npuHUMaeTCH AaywepHaa LiminnHApuMecKaa MOAenb; CHMTaeTcn, HTO B AnnaMMHecKOM pe>KMMe 
Becb 3apaA, 3aKntoHeHHbiPi Me«Ay CTaTunecKMM M cnHxpoHHbiM paAMycaMM M Haxop,niLi,mcR B TopM03HmePi 
cpase BM norm, nepexoAMT Ha aHOA, OTAaBaa CBOK) noTeHL(nanbHyK) SHeprnio BM nonio, 3a BbNeTOM 
KHHeTMHecKOM 3Heprnn yAapa 06 aHOA; CKopocTb nepeMemeHna aapjiAa onucbiBaeTca B aAna6araHecK0M 
npn6nn>KeHHM n npuHMMatoTca HeKOTopbie APy™e ynpomeHiia. flaHHaa MOAenb MweeT Han6onee Manoe, no 
cpaBHeHHto c ocTanbHbiMM, BpeM?i cneTa Ha 3BM - nopnAxa HecKo^bKHX ceKyHA w MoweT npuMeHSTbca f\nn 
onpeAeneHMH OKpecTHOcTH B6JIH3H onTHMyMa coBOKynHoc™ KOHCTpyKTHBHbix n sneicrpuHecKHX napaMeTpoB. 

npn5riM>KeHHafl MOAenb ncnonb3yeT ruAPOAMHaMHHecKnii MeTOA, B ocHOBe KOToporo newnT 
npeACTaBneHne noTOKa B BHAe HeoxmuaeMOM 3apa>KeHHoPi KHAKOCTM. Oopvia sneicrpoHHoPi cnnqbi npn STOM 

onpeAenaeTca nyTeM HaxowAeHna ycpeAHeHHbix TpaeicropHH, flBnatou^nxcH rpaHMLjaMH aneiapoHHoro crycTKa, 
HTO nOBblUJaeT TOHHOCTb pe3yribTaTOB. 
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Han6onee pacnpocTpaneHHbiM H nepcneicruBHbiM B nacTOfimee BpeMfl ymrmeTCH MeTOfl KpynHbix 
MacTnq, cocTaB/iHromuPi ocHOBy MH.oronepnoflHofi wioflenM pa3pa6oraHHOM B 80-X roflax B XapbKOBCKOM 
MHCTOTyTe paflnoaneKTpoHUKH /3/. Cor/iacHO STOMY Merofly noTOK sneKTpoHOB npeflcTaBn^eTcn B BUfle 
coBOKynHoc™ cpaBHMTenbHo He6ojibiuoro Mucna KpynHbix »-lacTHLj c 3apaflOM K*/e/ n Maccotf K7m/, rAe K- 
KoscpcpHqweHT yKpynHeHun (K»1), lei n m - 3apqfl n Macca sneicrpoHa, cooTBeTCTBeHHo. MeTOA nosBonaeT 
ncaneflOBaTb Tepwio- n BTopnHHO-3MkiccnoHHbie fiB/ieHns, npoLiecc sneicTpoHHofi 6oM6apflnpoBKM sneicrpoAOB, 
nepexoAHbie npoLieccbi, MOflennpoBaTb BaanwioAeMCTBue B npwoope npn pa3/iHHHbix npocpunnx 
HeoAHopoAHoro BAOJib paAMyca M a3MMyTa MarHMTHoro nona. BOSMOJKHO TaioKe paccMOTpeHMe Bcero npoqecca 
B3anMOAetfcTBMfl B a3HMyTaribHOM HanpasneHnn KaK nnocKoPi, TaK n LiMnnHAPHMecKOM KOHCTpyKL(nn ripn STOM 

ncnonb3yK>T 6onee CTpornw noAXOA, 6a3npyroinniicn Ha pewewuw caMOcomacoBaHHOM cucTeMbi ypaBHeHwü. 
flaHHbiPi MeTOA Han6onee no/wo yMHTbiBaeT Bee npoqeccbi B npocTpaHCTBe B3anMOAeücTBna n, KaK 
cneACTBue, Tpe6yeT AOCTaTOHHO Sonbworo BpeMeHH CMeTa Ha 3BM. K npuMepy, Bpewi« CMeTa npoqecca 
nepexoAa npn6opa OT MOMeHTa noAann Ha BXOA BM cumana AO ycTaHOBneHUH cTaqnoHapHoro pe>KHMa 
cocTaB/ifleT nopjiAKa 60 MUHyT Ha 3BM Tuna IBM 486/DX2/66. TaKMM o6pa30M, qenecoo6pa3HO ncnonb30BaTb 
AaHHyio MOAenb A^ yTOMHeHna pe3ynbTaTOB, paHee nonyneHHbix npn noMOU^H aHajiMTunecKoPi HJIM 
npn6jiw)KeHHoPt MOAeneR. 

III. riporpaMMbi BM3yann3ai4MM npouieccoB B npocTpaHCTBe B3anMOfleMCTBHH 

Pa3pa6oTaHHaa noAnporpaMMa FOTO. FOR BXOAHT B cocTaB MHoronepnoAHotf MOAenn M 

npeAHa3HaMeHa Rrm rpacpuMecKoro oToßpaweHua pacnpeAeneHna sneicrpoHOB B npocTpaHCTBe 
B3anMOAeMCTBMa n ocHOBHbix xapaicrepncTUK npoqeccoB B npuöope. KoMnoHyeMan co CTaHAapTHOü 
6n6nnoTeKotf GRAPHICS.LIB, BbinonH^eT HSOöpaweHwe, B pe>KHMe rpacpuKH VGA, aMn/iHTpoHa B pa3pe3e 
(nepneHAMKynapHO KaTOAy), pacnpeAeneHne aneicrpoHOB B npocTpaHCTBe B3anMOAeficTBHfl, oöosHaMeHkie 
BBOAa M BbiBOAa BM cumana, OTo6pa>KeHne OCHOBHOM nHcpopMai4MM o TeKymeM BpeMeHH MOAennpoBaHMfl, 
BMecTe c HHAHKaqMefi TeKymero nepuoAa BM cnmajia. flna HamnAHOCTH n3o6pa>KeHiie npocTpaHCTsa 
B3aMMOAeMCTBHFi yBenuneHO B 3 pa3a. KpoMe Toro, B nporpawiMe ncno/ib30BaHbi MBeTOBbie rpaAaqnn 
KyHHOCTM pacnonoKenHfl MacTMM, TO ecTb ecnw B o6nac™ npocTpaHCTBa, OTo6pa>KaeMOM Ha 3KpaHe OAHOü 

TOHKOK 6yAeT HaxoAHTbCH OAHa HacTuqa, TO cooTBeTCTByioiAHPi nwKcen Ha 3KpaHe 6yAeT cBeTfio-ronyßoro 
MBeTa, ecjin ABe MacTMqbi - rony6oro n TaK 4 rpaAaL\nn AO TeMHo-cHHero. 

MHtpopMaqnn o npoLjeccax B atuinnnTpoHe B TeKyu4ee BpeMfl MOAennpoBaHna oToßpawaeTCH Ha 
3KpaHe B npaBOM HHWHeM yrny B BMAe Ta6nnL(bi c nepeAaBaeMoft B Hee MHcpopMaqneii : KonuMecTBe nacTnq, 
AOCTuruuMX aHOAa, ynaBiunx Ha KaTOA, BTOPMMHUX nacTHM M oömero KonMHecTBa nacTMU B npocTpaHCTBe 
B3aHMOAet1CTBMa. 

nporpaMMa ANIMA npeAHa3HaneHa f\nn aHUMai^MH npoqeccoB B aMnnMTpoHe c OAHOBpewieHHbiM 
HarriflAHbiM OTo6pa?KeHMeM, B BHAe rucTorpaMM, BbixoAHoPi MOIAHOCTH H aHOAHoro TOKa. Mcnonb3ya cpaünbi c 
KOopAHHaTaMM MacTMM B npocTpaHCTBe B3anMOAeücTBHfl n AaHHbiMM o TeKymeM nepwoAe, BbixoAHoii 
MotAHOCTM n aHOAHOM TOKe, cfropMHpyeMbiMn npn paßoTe MHoronepnoAHOM MOAenn awinnnTpoHa, AaHHaa 
nporpaMMa no3BOJweT B AHHaMHKe npocneAMTb npoL(eccbi, nponcxoAsiuine B npn6ope. Hs-3a HeB03Mo>KHOCTM 
noAAepwKM HecKoribKHX BkiAeocTpannq nporpaMMa BbinonHneT M3o6pa>KeHMe MacTnq B npocTpaHCTBe 
B3anM0AeiicTBHfl HenocpeACTBeHHO Ha SKpaHe MOHMTopa, ocymecTBriH?! acpcjDeKT aHMMaL(MM 3a CMeT 
nepeMemeHMH MacTMq no OAHOM - B TO BpeMa, KaK c npeAbiAymero MecTa 3a6npaeTca OAHa nacTuqa n AaHHbiPi 
nuKcen nn6o npuHUMaeT i\Ber cpoHa, nn6o MeHneT rpaAaL(HK> npKOCTH B CTopoHy npn6nn>KeHna K CBeTno- 
rony6oMy, Ha MecTe c HOBbiMn KoopAMHaTaMM nnKce/i nn6o cTaHOBMTcq CBeTno-rojiyöbiM, nn6o H3MeHaeT 
CBOK) rpaAaL(MK) apKocTH B CTopoHy npn6nn>KeHM?i K TeMHO-cuHeMy. flna ycuneHMFi scpcpeicra HarrwAHOCTO 
3HaMeHH3   BblXOAHOfi   MOIUHOCTM    H   aHOAHOro   TOKa    BblBOASTCfl    B   BMAe   THCTOrpaMM.    O60HM       CTOJl6HKaM 
rucTorpaMM cooTBeTCTBytoT CBOH MacwTaßHbie OCH (pnc.1). Mcnojib30BaHne rucTorpaMM no3BoraeT Har/WAHo 
noKa3aTb npoqecc nepexoAa npnöopa B ycTaHOBUBiuePicfl pe>KMM. 

IV. 3aKnK)HeHMe 

Pa3pa6aTbiBaeMa?) CAnP npeACTaB/iaeT co6o^ cucTeMy, no3BonflK>myK) p~aäpa6oTMHKaM 3Toro Tuna 
npn6opoB npoBOAHTb MOAennpoBaHne HannHan OT Bbißopa 3C n 3aKaHMMBan nonyqeHneM TOMHbix 3Ha<HeHnü 
nccneAyeMbix napaMeTpoB. Hcnonb30BaHne B cocTaße CAI1P HecKOJibKMX MOAeneü - aHariHTHMecKoPi, 
npn6nn>KeHHoPi, MHoronepMOAHOvi SKOHOMMT BpeMH, saTpaMMBaeMoe Ha npoBeAeHne MMCjieHHbix 
3KcnepnMeHTOB M no3BonaeT npoBOAHTb KOMnneKCHoe ncc/ieAOBaHwe npwBopa. 

ripMMeHeHHe rpacpMHecKoro BbiBOAa HHcpopMaqnw 3HaHMTenbHO yMeHbiuaeT BpeMfl, Heo6xoAHMoe 
Ann o6pa6oTKn BbixoAHbix napaMeTpoB MOAenn M no3BonaeT HarrwAHo npeACTaBMTb Becb npoqecc 
BsanMOAewcTBHH B AHHaMMKe : OT cpopMnpoBaHHfl aneKTpoHHOki BTy/iKH AO ycTaHOBneHM« CTaqnoHapHoro 
pe>KMMa. 

KpoMe Toro, ncnonb30BaHne A^HHoPi CAnP B yneöHOM npoqecce nosBonneT ooyMaromnMcn 6onee 
noriHO 03HaKOMHTbca c MeTOAMKaMM MOAennpoBaHun CBM npn6opoB AaHHoro Tuna; AeTaribHO, Luar 3a aiaroM, 
paccMOTpeTb npoqeccbi B3anM0AeiicTBMa; ncnonb3ya acpcpeKT aHMMaL(HM npoc/ieAHTb npoqeccbi HapocTaHna 
M cnaAa BbixoAHOü MOIUHOCTM M aHOAHoro TOKa, npoqeccbi o6pa30BaHna sneicrpoHHofi BTyriKM n cnnL(. 

PHA CTpyicrypHbix sneMeHTOB AaHHoß CAI1P y>Ke ncnonb3yeTca cTyAeHTaMH npn Bbino^iHeHnn 
jiaöopaTopHbix n KypcoBbix pa6oT no AncqMnnuHe 'MaTeMaTMMecKne MOAenn M CAI1P aneKTpoHHbix npußopoB 
M yCTpOMCTB' B XapbKOBCKOM TeXHUMeCKOM yHUBepCHTeTe paAH03/ieKTpOHHKH. 
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PHC.1. PacnpeAeJieHHe     aneKipoHOB      B      npocrpaMCTBe 
B3aHMOAeHCTBH» H rHCTorpaMMbi BbixoAHOH MOHJHOCTH H aHOftHOrO 
TOKa 

V. CnncoK nMTepaTypbi 

[1]   ConoBbeB n.B. Fortran AHA nepcoHanbHoro KOMnbioTepa. -M.: ApwcT,    1991. -223 c. 
[2]   0opTpaH M MCKyccTBO nporpaMMMpoeaHMfl nepcoHanbHbix 3BM : nep. c   aHm.-M.: PafiMOMCBfl3b. 1993.-352 c. 
[3]   BacflHOBMH A.B. MucneHHan MOflenb MHoronacTOTHoro B3anMO,qePicTBHfl B   ycwwiennx c pacnpefleneHHoR SMUccHePi // 

C6.: PaflMOTexHMKa.-   XapbKOB: Buma ujKona, 1987- Bun. 80- c. 90-96. 

DEVELOPMENT OF MAGNETRON AMPLIFIERS CAD AND ITS APPLICATION TO 
EDUCATIONAL PROCESS 

Vasyanovich A.V., Baranov D.A. 
Kharkov State Technical University of Radioelectronics, 14 Lenin Ave., Kharkov-310726, Ukraine 

fax: 0572 409113, e-mail: Baranov@office.kharkov.ua 

The magnetron amplifiers CAD being developed includes a number of models of various complexity and purpose: 
analytical, approximate and multiperiod (using a "large paticles" method). Moreover, the delaging systems software is the 
CAD component. A number of programs using new capabilities of Fortran-90 standard were developed to make the process 
which takes place in the device, obvious. The given programs allow to represent the particles distribution in the interaction 
space, to present the device output parameters in plots and histograms, etc. One of subprograms, using the animation 
effect allows to understand the processes of physics deeper, to observe the formation of electron needle, bush, adjustment 
of output power and anode current. Application of the given programs in the educational process raised the quality of 
students education. 
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OCOEEHHOCTM MSYMEHkm TEXHUKM CBH B 
PAMKAX CnEUMAJlbHOCTM "CnYTHMKOBblE 

TEJlEKOMWiyHMKAUMOHHblE CHCTEMbl 
M TEXHOJlOrMH" 

UnbMeHKo M.E. 
HTW °mw, Kuee-056 

JlnnaTOB A.A., Onemm B.O. 
Hlj KBMC, Kuee-149 

AHHomaiiun - YKasbiBaioTca ocoßenHocTM pa3BMTna cnyTHUKOBbix TeneKOMMyHMKai^noHHbix CMCTeM Ha YKpauHe. 
06ocHOBbiBaraTcq aKTyanbHOCTb co3#aHMfl u 3afla4n HOBOM cneuwanbHoc™ "CnyTHMKOBbie TeneKOMMyHWKaiiwoHHbie cucTeMbi M 
TexHonornn". PacKpbiBaiOTCH HanpaBneHHOCTb M 3aflaHM w3yMeHna TexHWKM CBM B paMKax OTOM cneijnanbHoc™. 

I. yonOBMfl COSflaHMfl M paSBMTMJI CnyTHMKOBblX TeneKOMMyKMKaUlMOHHblX CMCTeM 
Ha YxpauHe 

06naflatoina?i    3naMMTenbHbiM HayHHbiM n npon3BOflCTBeHHbiM noTeHquanoM YKpanHa B CBH3M C 

TpyflHbIM     3KOHOMMHeCKMM     nOJIOKeHMeM,     OflHOCTOpOHHMM     pa3BMTMeM     npOMblLUJieHHOCTH     (OTCyTCTByeT 
npou3BOflCTBo CBn3Hbix KOMnneKcoB B L(enoM) M flpyrux cpaiaopoB 3HannTenbHO OTCTaeT OT nepeflOBbix CTpaH 
MMpa B o6nacTO TeneKOMMyHMKanMM, B TOM nucne cnyTHUKOBbix. flpHMepoM MO)KeT cny>KMTb TOT cpaicr, MTO 

TaKMe CTpaHbi KaK HpaH, TypMua, MHflOHe3wa M flp. peTpaHc/iMpyioT Mepe3 KOCMUHecKMe annapaTbi (KA) no 
HecKonbKO CBOMX TejieBM3H0HHbix nporpaMM. YKpaMHa we He nwieeT HH OAHOM cnei4ua/in3MpoBaHHoPi 
Te/ieBM3MOHHoii nepeAaromeM 3eMH0ü CTaHqHM flna pacnpefle/ieHun rocyflapcTBeHHbix TeneBMswoHHbix 
nporpaMM. 

Pa3BMTne cnyTHUKOBbix TeneKOMMyHMKai4MOHHbix CMCTeM (CTC) Ha YKpauHe ocno>KH?ieTCPi: 
- cnaflOM npon3BOflcTBa ojieicrpoHHOM n paAnoTexHuqecKoPi npoflyKLinn; 
- coKpameHMeM rocyflapcTBeHHoro 4wHaHcnpoBaHHH CTC; 
- HeflocTaTOHHofi KoopAHHaqneM flejrrejibHOCTH rocyflapcTBeHHbix BeflOMCTB (MuHMCTepcTBa CBASM, 

HKAY, cunoBbix MMHUcTepcTB n flp.); 
- MHCpOpMaL(MOHHblM TOriOfiOM - CKyAHOM HayHHO-TeXHMHeCKOM HH{t)0pMai4HeM M TpyflHOCTbK) C03flaHMa 

yneSHO-MaTepHanbHofi 6a3bi B BY3ax; 
- OTcyrcTBHeM CMcreMHbix HUH no npoeKTupoBaHMio CTC; 
- HenoriHbiM cooTBeTCTBueM HaqnoHanbHofi Ta6nnLibi nacTOT PernaMeHTy PaflnocBfl3M; 
- OTcyTCTBueM co6cTBeHHbix HacTOTHO-opöMTaxibHbix no3MqnM KA Ha reocTannoHapHofi opÖMTe n flp. 
ripeoflOJieHMe     STMX     TpyflHocTefi     HanpaMyio     CBH3aH0     c     HeoSxoflMMOCTbrO     noflroTOBKM 

cooTBeTCTByK)U4wx cneqnajiMCTOB. 
K ct>aKTopaM, cnoco6cTByiotuiMM cpopMMpoBaHnio H pa3BMTHK) CTC Ha YKpauHe OTHOcaTca: 
-ocTpan     Heo6xoflMMocTb     B     pa3BMTnn     TenecpoHHbix     ceTeü o6mero     no/ib30BaHMfl, 

oßtuerocyflapcTBeHHOti   ce™   nepeflann   flaHHbix   c   rapaHTupoBaHHOM   6e3onacHOCTbio   CBA3M,    CMCTeM 
pacnpefleneHMfl n AOCTaBKM TeneBH3HOHHbix nporpaMM; 

- aKTHBM3aMM!R KOMMepMecKHX CTpyKTyp M Cn Ha pbiHKe yenyr CB«3M (HHCPOKOM, PoMaHTHc-YKpaMHa, 
BaHK0MCBa3b, TeocaT ); 

- npeAnoweHMJi 3apy6e>KHbix KOMnaHHM no coBMecTHOMy C03AaHHKD n SKcnnyaTaLiMM CCC 
(T.no6aJicTap, TflMA- EBTencaT, BamaHcaT....); 

- comaujeHMe c Poccneii no KocMnnecKoti AeaTenbHOCTn; 
- HanuMMe Ha YKpauHe ce™ KOHTponbHo-n3MepnTenbHbix CTaHqnii (EßnaTopun, flyHaeßqbi, 

CnMen3 ); 
- opraHH3aL|Mfl B YKpTeneKOMe noflpa3AejieHHfl YKpcBa3bcnyTHMK M YKPKOCMOC B HKAY; 
- pa3pa6oTKa HKAY HOBOü HaMHOHaxibHOM nporpaMMbi KocMnnecKoii AeflTenbHocTH w npoeKTa EAUHOü 

CnyTHUKOBoii CucTeMbi (lepeAami HHCpopMaqnw; 
- HanMHMe cepbe3Hbix HayMHbix lUKon (JlbBOB, XapbKOB - sneicrpoAMHaMHKa w aHTeHHbi, aneicrpoHMKa; 

KweB - MUKpoaneicrpoHMKa, onbiT pa3pa6oTOK paAMOTexHUMecKoro o6opyAOBaHMFi; flHenponeTpoBCK - onbiT 
co3AaHna KOCMUMecKMX annapaTOB H AP-). 

II. OnpeflejieHne HanpasneHHocTM w nyTew noflroTOBKM cnemianwcTOB no CTC 

CoBpeMeHHbie cnyTHUKOBbie CMCTeMbi CBR3M - STO BbicoKOTexHonornHHbie CMCTeMbi, B KOTopbix 
BonnouJieHbi caMbie nepeAOBbie AOCTM>KeHMfl B oßnacTH nepeAann MHCpopMaunn, paAMoaneicrpoHUKM, 
nporpaMMHoro oöecneHeHua Kpynnbix aBTOMaTH3npoBaHHbix cucTeM, 3amnTbi HHCpopMaqnn M flp.  MOKHO 

OTMeTMTb ABe 0C06eHH0CTH pa3BMTM3 3TMX CMCTeM. 
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riepean - STO 6onbuuafl pa3HopoflnocTb cnowHbix HaynHO-TexHUMecKHX aaflan pa3nnMHbix BMAOB, MX 

coBepujencTBOBai-iMfl (npuwepbi: flHHaiMw-iecKaa KOMMyraqua qncppoabix noTOKOB Ha 6opTy KA; MHoronyneBbie 
aHTeHHbi c nepeHaL(ejinBaeMbiMH nynawn n ncnonb30BaHne npaiawecKM HeHanpaBneHHbix ampeHH; 
MewcnyrHHKQBbie JIMHUM MunnnwieTpoBoro flnana30Ha; pyMHbie paAMOTenecfcioHb! ADA HM3Koop6nTanbHbix 
cucTewi; flncpcpepeHL|najibHbie pewMMbi cnyTHUKOBbix paflMOHaBMraL(MOHHbix cucTewi n np.) 

Hapafly c 3TMM MMeeT wecTo n 6onbiuaa oBmnocTb HayMHo-TexHunecKHX peiueHMM B pasnuMHbix 
cMciewax: MeTOflbi noBbnueHMa noMexoycToPwMBOCTM, cnHTe3a nacTOT, paSoTa oflHux M Tex »e repMUHanoB B 

coTOBbix w cnyTHUKOBbix cucTeMax CBHSM (rno6ancTap, Hpuflnywi), conpflweHwe CB«3Hbix M naBHraunoHHbix 
KOMnneKcos B OAHOM MoSwibHOM o6"beKTe n flp. 

B 3TMX ycnoBMHx BecbMa aioyanbHoii craHOBUTca 3aflana noflroTOBKM cnequajiMCTOB no ocHoeaM 
nocTpoennn, o6ecneM6HHfo cpyHKi^MOHnpoBaHMn, cnyTHMKOBbix TeneKOMMyHMKaMMOHHbix cucTeM n MeTOflaM 
aBTOMaTH3npoBaHHoro npoeKTnpoBann« cooTBeTCTBytomux ceTeM, paflnonnnww v\ wx 3/ieNieHTOB, a TaioKe no 
TexHMKO-aKOHOMMMecKOMy aHanMsy CMCTeM. 

Ba>KHeMUJMMM cocTaBHbiwn MacTflMM npoeicrMpoBaHMa CMcreM ABTiHroTC«: onpefleneHne 30H 
o6cny>KMBaHMfl M o6ocHOBaHHM Bbi6opa op6nTanbHOM rpynnnpoBKM KA; Heo6xoflHMoü nponycKHoü 
cnocoöHOCTn cucTeiwibi; BMAOB, MeTOflOB M KanecTBa nepeflann HHCpopMaqnH; oöecneMenne Hafle)KH0CTH 
cucTeMbi, TOMHOCTO yAepxraHWH KA Ha opönTe v, HaBefleHMa aHTeHH, SHepreTMMecKoro noTeHqHana cucTeivibi, 
SKOHOMMHecKOM scpcpeKTMBHOcTn, a TaioKe co6jiK>,qeHMe peKOMeHflaLtMM MejKflyHapoflHoro coK>3a 
3neKTpocBR3M, 3KonornMecKnx Tpe6oBaHnPi. 

Tpe6yeMbifi nepeneHb 3HaHMM n HaBbiKOB oßycnaBJinßaeT HeoSxoflnwiocTb cosflanwa HOBOM yneöHoü 
cneLjuanbHoc™ "CnyrHMKOBbie TeneKOMMyHMKaqMOHHbie cucTeMbi M TexHonoruM" (CTCT). B HacTO5Hu,ee BpeM« 
ee yMeÖHbiM nnaH HaxoflMTca Ha paccMOTpeHMM B MuHiicTepcTBe o6pa30BaHwa YKpaHHbi. 

OcHOBHaa npocpeccnoHanbHO-opMeHTMpoBaHHaa noflroTOBKa cneu^anMCTOB no CTCT, c HauuePi 
TOHKM 3peHnn, flOTDKHa ocyi^ecTBnaTbCH B npoqecce o6yHeHna no cneAyioiUMM 15-TM flnci^nnnnHaM: 
TexieKOMMyHMKaqnoHHbie ce™ v\ MX oSopyflOBaHne, Teopua nepeflami cMmanoB B cerax cnyTHMKOBoü CB9\Z\A, 

ripneMHO-nepeflatoinne ycTpoMCTBa cnyTHUKOBbix paflnocncTeM, CucTeMbi paflnopeneMHOM M COTOBOM CBH3M, 

CucTeMbi aBTowiaTH3npoBaHHoro npoetcrnpoBaHna sneMeHTOB CTCT, OcHOBbi pacneTa MUKpoBoriHOBbix 
ycTpoiicTB cnyTHUKOBbix cucTeM, OcHOBbi pacneTa aHTeHH M cnyTHUKOBbix paflMonnHnPi, OCHOBU nocTpoenna M 

TexHonoruM   cnyTHUKOBbix   paflnocucTeM,   3ewiHbie   CTaHi^MH   M   ßopTOBbie   peTpancnaTopbi,   CnyrHMKOBbie 
CMCTBMbl  CpMKCMpOBaHHOM  M  paflMOBeiHaTeDbHOM  CJiy>K6,   CnyrHMKOBbie    CMCTeMbl       CBA3M      C       nOflBMKHbIMM 
o6"beKTaMM,   CnyTHMKOBbie   CMCTeMbl   paflMOHaBMraqMM   n   AUCTaHLtMOHHoro MccneflOBaHM« 3eM/iM, 
SjieKTpOMarHMTHaPI    COBWieCTMMOCTb    M     Me>KflyHapOflHa«     KOOpflMHaL|M?l     CnyTHMKOBblX     KOMMyHMKaqMOHHblX 
CMCTeM,   OcHOBbi  npoeKTMpOBaiHM«  M  SHepreTMHeCKMM  paCMeT CnyTHMKOBblX TeneK0MMyHMK3L(M0HHblX  CMCTeM, 
3aii(,MTa MHCpopMaqMM B cnyTHMKOBbix TeneKOMMyHMKaqMOHHbix CMCTeMax. 

OcoSoe BHMMaHMe npM M3yMeHMM Bcex AncqMnnMH AO^>KHO oöpaunaTbcn Ha Bonpocbi Me»<AyHapoAHOM 
CTaHAapTM3aL(MM M cepTMcpMKaqMM annapaTypHbix KOMn/ieKcoB, a TaioKe npoTOKonoB MX B3aMMOAeMCTBMH. 

npM OTpaöoTKe yneOHbix nporpaMM Mcnorib3yHDTC?i pesynbTaTbi pa6oT no Me)KBy30BCKMM HayMHbiM 
nporpaMMaM M npoeicraM TKHT YKpaMHbi. 

OcBoeuMe B paMKax OAHOM cneqMaribHocTM uJMpoKoro Kpyra BonpocoB, OT pacneTa OTAenbHbix 
sneKTpoHHbix M sneiapoAMHaMMMecKMX ysnoB AO npoeKTMpoBaHMa KOMnneKCHbix cnyTHMKOBbix CMCTeM, pe3Ko 
nOBblliiaeT    MOTMBaL(MK)    M    SCpCpeKTMBHOCTb    OÖyMeHMH.     3T0My    CnOCOßCTByeT    TO    OSCTOflTenbCTBO,     HTO 
o5yMaioina?i cpeAa - noKanbHan ceTb 3BM, cpeACTBa AHCTaHL(MOHHoro oßyneHM?! M nonyqeHMa MHCpopMaqMM 
no cnyTHMKOBbiM KaHanaM CB?I3M cocTaBnnioT opraHMMHoe CAMHCTBO C npeAMeTOM M3yMeHMn. 

CneAyeT oTMeTMTb: MTO BBeAeHMe cneL(MaribHocTM CTCT MHMqMMpoBaHo HKAY Ha ocHOBe 
AeiiCTByioinero cornameHMa Me>KAy HKAY M MMHMCTepcTBOM o6pa30BaHMn. 

Ill, HanpaeneHHocTb noAroTOBKM no TexHMKe CBM w Mepb! no ee coeepuieHCTBOBaHMto 

Pa3BMTMe CTC M saAaMM oöyneHMa no cneqMaribHocTM onpeAenaiOT cneAytomyio HanpaB/ieHHocTb 
noAroTOBKM cTyAeHTOB no TexHMKe CBM: 

ycBoeHMe cpM3MMecKMX OCHOB pa6oTbi npM6opoB M ycrpovicTB CBM 6opTOBbix~peTpaHcnaqMOHHbix 
KOMnneKCOB M 3eMHbix CTaHqMM; a raiOKe ocoöeHHocTePi MX KOHCTpyKqMM M SKcnnyaTaqMM; 

yMSHMe npoM3BOAMTb paqMOHanbHbiM Bbi6op ycTpoMCTB CBM (B TOM MMcne npoM3BOAMMbix 
3apy6eKHbiMM cpMpMaMM) no KOMnneKcy Tpe6oBaHMM K napaMeTpaM M xapaicrepMCTMKaM npMeMo-nepeAaioinMX 
yCTpOMCTB M aHTeHHO-CpMAepHblX CMCTeM; 

ocBoeHMe HaBbiKOB aBTOMaTM3MpoBanHoro npoeKTMpoBaHMa yCTpOMCTB CBM C MCnonb30BaHM6M 
coBpeMeHHbix naKeTOB nporpaMM; 

yMeHMe npoMSBOAMTb M3MepeHMe xapaicrepMCTMK M napaMeTpos ycTpoiicTB. 
rioAroTOBKa CTyAeHTOB no TexHMKe CBM B TpaAMi_(MOHHbix xypcax B HacTOHLqee BpeMa He B nonHOM 

Mepe OTBenaeT STMM Tpe6oBaHM?,M. npeACTaBnaeTcn Heo6xoflMMbiM yriynoiMTb: 
noAroTOBKy no o6meHayHHbiM M o6meMH>KeHepHbiM AncqMnnMHaM (B MacTHOCTM no pa3AenaM 

KoneöaHwa M BonHbi, TßepAOTenbHasi sneicrpoHMKa (BK/iKwaFi cpyHKqMOHanbHyio) M AP), a TaioKe no MeTOAaM 
peiueHMa ypaBHeHMM MaKCBenna M 3aAan BHyTpeHHeM sneiapoAMHaMMKM; 

B3aMMOCBH3b coAepwaHMfl öaKanaBpaTCKMx A^cqMnnMH (OM3MMecKMe OCHOBU sneiapoHHbix 
annapaTOB, OcHOBbi MMKposneKTpoHMKM M flp.); 

naßopaTopHbiM npaKTMKyM M HaBbiKM aBTOMaTM3MpoBaHHoro npoeKTMpoBaHMa ycTpoiicTB CBM  Ha 
OCHOB6 MCnonb30BaHMa B03MO>KHOCTeM npeAnpMflTMM SneKTpOHHOM M paAMOTeXHMMeCKOM npoMbiiuneHHocTM; 
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coflepaoHne yneöHbix noco6nM w MeTOflnnecKnx wiaTepnanoB no ycrrpoPicTBaM CBM, ocoöeHHO B 

Mac™, Kacaiouj,eCic!R HX aBTOMaTH3wpoBaHHoro npoexTuposaHnn. npn STOM xenaTenbHO oöteflHHeHne ycnnnü 
npenoflaBaTeneki HecKoiibKnx KonnexTHBOB; 

MHCpopMaqMOHHoe oöecneneHne npenoflaBaTenbCKoro cocTaBa, B TOM »wc/ie Ha OCHOBB 

ncnonb30BaHMfl cucTeiwbi Internet, nojiyneHMfl wypHanbHoPi nepnoflMKW, 6onee WHpoKoro VMacTwi B 

KOHCpepeHLinax, KOHKypcax, BKiNOMaa MewflynapoflHbie. 
B 3aKJiK)HeHne OTMSTHM, MTO xopoiiiajq noflroTOBKa no TexHUKe CBM Heo6xoflHMa He ToribKO 

cneL(ManncTaM  CTC,  HO  H  Tervt,  KTO  3aHHMaeTCH  npoeKTupoBaHneM  n  SKcnxiyaraqneM  paflwopenefiHbix, 
TpOriOCCpepHblX H COTOBblX CMCTeM M CGTeil CBH3H. 

FEATURES OF STUDY OF A MICROWAVES TECHNOLOGY WITHIN THE FRAMEWORK OF 
A SPECIALITY "SATELLITE TELECOMMUNICATION SYSTEMS AND TECHNOLOGIES" 

llchenko M.Ye. 
NTU of Ukraine "KPI", Kiev-252056, Ukraine 

tel. 274-62-13 
Lipatov A.A., Oleynik W.F. 

SC KMIOC, Kiev-149, Ukraine 
tel. 291-25-45, fax: 290-41-73 

Microwaves technology is one of the main directions of training on the new speciality of NNTU "KPI" "Satellite telecommunication 
systems and technologies" (STST). The interrelation of problems of contents and distribution of study time onto three groups of 
STST disciplines: general science and engineering, "Electronic apparatus" bakalawrat group and professional oriented group, has 
been covered in the present paper. The contents of the working programs and developing ones on the following subjects: the basis 
of radio-electronics, technical electrodynamics, the foundations of designing of microwave and antenna devices of Earth stations 
and transponders, automation of STST designing, transceiving devices of satellite systems, the designing foundations and 
energetic calculation of the satellite telecommunication systems, etc. were described. The community of microwave devices in 
satellite, radiolink, tropospheric and cell communication systems has been underlined. The state and perspectives of MT devices 
production in the Ukraine as well as their influence on studies have been estimated. The problems of creation of modern laboratory 
base and preparation of the manuals on STST are marked. 
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KOPOTKOHMnyJlbCHAfl CMCTEMA 
flBYXCTOPOHHEll nEPEflAHM 

TEJIEMETPMHECKOM MH«>0PIVIAI4I4M 
B.E. MßamyK, B.n. llpoxopeHKO 

HUM P3T "TOP", 252056, Kuee-56, np-m rio6edbi, 37, KnM-4020 

AHHOTannn - KopoTKOMMnynbCHasi cucTeMa CBA3M npeflcraBnaeT co6oü CBepxwupoKononocHoe ycTpoücTBO, 
Mcnonb3yK)ii(ee fljin nepeflami MHcpopMat^nn BMAeonMnynbCHbie cwnajibi (HanpwMep, rayccoBOM cpopMbi). yBexiMMeHne 
CKpbiTHOCTM M noMexcraainmueHHOc™ Tarafi CMCTeMbi CBA3M flocrnraeTca Mcnojib30BaHneM cnennanbHoro aHTeHHo-cpuflepHoro 
TpaKTa. fleianbHO paccMOTpeHa CTpytcrypHaH cxeMa KopoTKOMMnynbCHofi CMCTeMbi CBA3M M onpefle/ieHbi TpeSoBaHna K 

OTflenbHbiM ee y3iiaM. P.pe,qjic»KeH anropwTM pa6oTbi CMCTeMbi CMHXpoHM3ai4Hti B pa3riMMHbix pexaiMax. BbinonHeH 
tpyHKLinoHanbHbivi pacneT napawieTpoB CMCTeMbi CEA3M, a TaioKe npneMHO-nepeflaiomero MOflynn. 

I. BBeflemie 
KopoTKOMMnyjibCHan cucTeMa CBHSU npeflCTaBnneT co6ofi oflHy M3 pa3H0BHflH0CTetö 

CBepxiiinpoKononocHbix cHCTeiu, wcnonb3yrOinMx A^ nepeflanu MHcpopMaLinn inyMonofloöHbie cwrHanbi [1], 
CneicrpanbHa?i nnoTHOcTb n3nyHeHHfl, npn ncnojib30BaHnn wyMonoßoöHbix curHanoB, MoweT 6biTb HaMHoro 
NieHbiue ypoBHn niyivia, HTO o6yc/iaBnnBaeT Bbicoxyio CKpbiTHocTb n noMexo3amnmeHHOCTb nofloSHbix cucTeiw 
CBA3H. 

Han6ojibiijee pacnpocTpaHeHMe B CBepxuinpoKononocHbix cucTeMax CBHSH nonymuin JTHM-HMnynbCbi 
M MaHMnynnpoBaHHbie cuma/ibi, 3aKOH H3MeHeHna nacTOTbi (win cpasbi) KOTopbix onpeAermeTca 
nceBflocnynaÜHbiMM nocneflOBaTenbHOCTAMU (ncn), KOTopbie oönaAaiOT xopoiunwin aBTo- n 
B3aMMHOKoppenqLiMOHHbiMH xapaKTepncTni<aMH [2]. Hcnonb30BaHne ncn Tpe6yeT TOHHOM nacTOTHotf n 
cpa30Botf npnB^3KM , no3TOMy MomeT 6biTb peajiM30BaHO ncxnioMHTejibHO B KorepeHTHbix cucTeMax CBH3W. 

Han6ojiee cno>KHOü zaßßnew B TaKnx CMCTewiax flBnaeTcyi o6ecneMeHne CMHxpoHM3aL(nn. 
YpoBeHb pa3BMTna TexHMKH reHepnpoBaHusq, M3^yHeHHfl w oöpaöoTKH wvinynbCHbix CMmanoB B 

HacTo^mee Bpeiwa no3BojweT yTBep>KflaTb, HTO C TexHMMecKoPi TOHKH 3peHna HeT npenaTCTBuii K peann3aL(MH 
KOpOTKOHMnyjIbCHOil   CUCTeMbl   CBH3H   [3].   OCHOBHbie   TpyflHOCTH,   Ha   CerOflHfllJJHHM   fleHb,   3aKniowaK>TCH   B 
npaBOBOM o6ecneMeHnn pa3pa6oTKH w peujeHnn npoöneM, cB«3aHHbix c cuHxpoHki3aLjweü CMCTeMbi CBH3U. 

II. OCHOBHa« HaCTb 

M3BecTHo, HTO npoeiuMpoBaHHe XIIO6OM CMCTeMbi CBH3H HannHaeTca c npoBepKH cooTBeTCTBwa 
napaMeTpoB 6yflymero ycTpoPicTBa HopMaTHBHbiM flOKyMeHTawi. flnana30H pa6oMnx nacTOT, MOinHOCTb 
n3nyHeHUH, Tun MopynnujAw M T.A. flon>KHbi 6biTb comacoBaHbi c TocyflapcTBeHHbiM ynpaBneHneM no 
paflnonacTOTaM (P/PM). OflHaKo HopMaTHBHbie flOKyMeHTbi Ha CBepxwnpoKononocHbie cucTeMbi CBJUM 

OTcyrcTByiOT M, cneflOBaTenbHo, nonynnTb pa3peiueHne Ha pa3pa6oTKy nofloöHoro ycTpoficTBa HepeanbHo. 
EflUHCTBeHHbiM (na Ham Bsmsifl) BapwaHTOM peiiieHna 3TOM npoöJieMbi nBrweTca HacTHbifi cnyHaü cucTeMbi 
CBfOM, nnoTHocTb MOIUHOC™ nsfiyweHMa KOTopofi HaMHoro HUKe MMHMManbHoro ypoBHfl, noAne>Kaumero 
paccMOTpeHMKJ B rocyflapcTBeHHbix MHCTaHL(nnx. 

PaccMOTpMM BO3MO>KHOCTH pea^H3aqnn KopoTKOMMnynbCHOM cucTeMbi nepeflann TeneMeTpunecKoCi 
MHcpopMai4nn, KOTopaq 6bi yflOBneTBopnna nocTaBnenHOMy Tpe6oBaHMK3. PacneTHoe cooTHOiueHne KaHa/ia 
MMnyjibCHoii CBA3H npM 3aflaHHoii cneiapanbHofi nnoTHoc™ MOU^HOCTM M3nyMeHvw MOKeT 6biTb nonyneHa 
nyreM npeo6pa30BaHM?) OHepreTunecKnx xapaicrepucTHK B noneBbie. npn STOM nonaraeTcn, HTO nepeAatoman 
aHTeHHa nBnaeTcn BceHanpaBneHHofi a TaioKe, KaK M npneMHaa, o6^aflaeT KOHeHHOM HMnynbcHoft 
xapaKTepucTMKOM. 

HanpaxeHMe Vr Ha Bxofle npneiviHUKa onpeflexineTcn cneflyiomuM Bbipa>KeHMeM: 

r/     j.      I 60-P AF 

n-s-r-v-N 
Tßß P - cneicrpanbHan nnoTHOcTb MOIMHOCTH M3/iyHeHna (BT/rq), AF - ujMpMHa cneicrpa M3JiyHeHna (V\\), I - 
flriMHa npneMHoCi aHTeHHbi (M), r - paccTonHMe Me>Kfly npneMHoCi n nepe/jaiomeCi aHTeHHaMM (M), S - 
paccTOHHue, Ha KOTOPOM HopMMpyeTCfl P (M), T - flnnTeribHocTb MMnyjibca M3nyHeHna (c), V - cKopocTb 

nepeflaHH (6MT/C), N - Ko^nnecTBO MMnynbcoB B nceBfloc/iynaMHofi nocneflOBaTe/ibHocTH. 
ECJIH cucTeMa cBa3M npeflHa3HaneHa flna nepeflanM TeneMeTpMHecKoti MHqbopMaL(MH co CKopocTbio 

v=1 K6HT/C C noMoinbio nceBflocjiynaPiHoCi nocneflOBaTenbHocTbto (AJIUHOM TV =16) MMnynbcoB rayccoBofi 

cpopMbi flni/rrenbHOCTMO no ocHOBaHwo r=1 HC (uuwpnHa cneiapa cumana AF=1 Wi\), HanpnweHne Ha 

Bxofle npneMHoPi aHTeHHbi A/IMHOM / =1 M npH cneicrpanbHoii njioTHoc™ M3nyHeHnn P=1 HBT/ri4 (5,=1 M) n 
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paccTOflHMM MejKfly nepeflaTHMKOM n npneiwHMKOM r=1 KM, npu6nn3HTe.nbHO pasHO 1.1 B. Ecnu 
MyBCTBHTenbHOCTb npneMHUKa cocTaB/weT 10 MB (MTO Bno/we peanbHo), TO cooTHOiiienne cHman/uiyM, c 
yneTOM KorepeHTHoro HaKormeHMH, cocTaB/weT nopaflKa 65 flB. 

PaccMOTpuM TaioKe Han6onee BawHyio npoBnewiy (pyHKL(noHi<ipoBaHHfl nraöoCi cBepxainpoKononocHofi 
CMCTeMbi CBR3M - B3anMHyto cMHxpoHM3aL(MK) npneMonepeflaTHMKOB. MMnynbCHbiM xapaKTep cumajnoB, 
ncnojib3yewbix B KopoTKOMWinyxibCHOM cwcTeivie CBH3H, npeA^flB/iaeT 6onee wecTKMe TpeSoBaHna K 
CTa6nnbHOCTH napawieTpoB ycTpoPicTBa no cpaBHeHwo c TpaflHL|noHHbiMM wnpoKononocHbiMH CMCTeMawin, 
peann30BaHHbiMM Ha ocHose rapwioHMMecKnx Hecyu^nx. Hanpwviep, flria cucrewibi CBH3M, napaMeTpbi KOTOPOM 

McnonbsoBaHbi B npeAbiflyu^eM pacMeTe, pa6oTarom,efi no BHyTpeHHMM "nacaM", Bpen/ieHHOM yxofl Me>Kfly 
naMKawiM MMnynbcoB He flonweH npeBbiiuaTb 10% AiHTe/ibHocTU HMnynbca, TO ecTb 100 nc. ripn nepnofle 
cneflOBaHH« lien nocbinoK 1 MC 3TO cooTBeTCTByeT Tpe6oBaHMK> KpaTKOBpeMeHHOM BpeMeHHofi cTaömibHOCTU 
nopaflKa 10"7. Tpe6oBaHne CTa6nribH0CTO MO>KeT SbiTb CMarMeHo npu 3apaHee oroBopeHHOM npoTOKone 
oövieHa coo6meHUFiMH. B STOM cnynae paccMaTpuBaeTca BpeMeHHOü yxoA Me>Kfly KpaüHUMM nwnynbcaMU 
naMKM. TaK, ecnu flnnTenbHOCTb ncn paBHa 10 MKC, KpaTKOBpeMeHHaa cTa6nnbHOCTb cucTeMbi 
CMHxpoHwsauiUM npneMonepeAaTHMKa AonwHa 6biTb He xywe 10'3, MTO nerKO AOCTUJKHMO. 

PaccMOTpuM KopoTKOHwny^bCHyio cucTewiy CBH3H, peann30BaHHyio no Tononorkin "3Be3Aa". TaKTOBbie 
reHeparopbi Bcex npneMonepeAaTHHKOB cnHxpoHH3npyKrrcfl no Hacawi qeHTpanbHoro MOAyna CMCTeMa CBH3M 
npeAnonaraeT HenpepbiBHoe H3nyMeHMe cHHxpocwmanoB, KOTopbie TaK we, KSK H wncpopMaqnoHHbie cwmanbi, 
cneflyioT no 3aKOHy ncn. BpeMeHHbie nHTepBaxibi Mew.p,y cMHxpo-, npneMHbiMM M nepeAaiom,uMM cMmanaMH 
oroBapuBaroTca npeABapHTenbHO. CHCTeMa paßoTaeT B HenpepbiBHOM pewMMe, BpeMeHHbie MHTepsanbi Me>KAy 
ncn CMHxpoHH3ai4MM, ncn npkieMa w ncn nepeAaHH 3aAaHbi cooTBeTCTBeHHO c npoTOKonoM o6wieHa. 

npoLjecc BXOX<AeHnn B cuHxpoHH3M npeACTaBJiaeT oTAenbHyio saAany. npw BK/itoMeHMM cHCTeMbi 
(6bicTpoe BXOKAenwe) LieHTpanbHbifi MOAynb nocbinaeT ncn cuHxpoHH3au;nn, cneAytomne c Manoi* 
CKBaxHOCTbK) (2... 10). Bee npneMonepeAaTMHKU HacTpanBaioTCfl B cucTeMy eAUHoro BpeMeHH. flanee 
CKBa>KH0CTb yBeriMMMBaeTcq c nnaBHbiM BWXOAOM Ha urraTHbiii pewuM. 3TO no3BonfleT KOMnencwpoBaTb 
coöcTBeHHbie 3aAep>KKM pacnpocTpaHeHun HMnynbcoB n3-sa pa3Hoc™ paccToaHMM Me>KAy qempanbHbiM 
MOAyneM w npHeMonepeAaTMMKaMH. 

BBOA OTAenbHoro npneMonepeAaTMHKa B pa6oTaiouj,yrO cucTeMy (vieAneHHoe Bxo)KAeHMe) MOweT 
6biTb AOBOJibHO A^HTenbHbiM, TaK Kai< npeAnonaraeT nonepeMeHHoe CKaHnpoBaHne TaKTOBOM MacTOTbi n 
BpeMeHHoPt 3aAep>KKH ncn. AnropnTMbi 6bicTporo ycTpaHeHM« o6enx HeoAH03HaMHOCTefi B HacTO«mee BpeMa 
He OTpa6oTaHbt. 

III. 3aKJitoMeHMe 

H3nox<eHHbie B paöoTe cooöpaweHMn no3BonaioT cAenaTb cneAyiOLAne BbiBOAbi. KopoTKOHMnynbcnaa 
cHCTeMa CB33H MoweT 6biTb ncnojib30BaHa A^^ opraHnsaqHM HH3KOCKopocTHoro KaHana flnn nepeAaMM 
TeneMeTpuMecKoii MHcpopwiaLinn Ha He6onbiüne paccTonHna 6e3 HapymeHHa cymecTByiounero 
3aKOHOAaTenbCTBa B o6nac™ paAHOCBfl3M. 

CnHxpoHH3aL(H5ü CMCTewibi, pea/iM30BaHHOM no Tononornn "3Be3Aa" n paöoTaioinan B HenpepbiBHOM 
KorepemnoM peKUMe B03MO>KHa npH HannMnn npoTOKona oöMeHa c npeABapMTenbHO oroBopeHHbiMM 
BpeMeHHbiMM nHTepBanaMU Me>KAy CMHxpo-, npneMHbiMH M nepeAaK>uj,HMM cumanaMM. 

IV. CnncoK HMTepaTypw 

[1]   BapaKUH B.B. CucTeMbi CBR3M C wcnonb30BaHMeM myMonoflo6Hbix cumanoB. - M:. PaflMO M CBfi3b, 1985. - 440 c. 
[2]   JJUKCOH P. UJupoKononocHbie cwcTeMbi. - M.: Mnp, 1981.-381 c. 
[3]   MeautyK B.E., FlpoxopeHKO B.n. KopoTKOWMnynbCHan cucTeMa KOHCpMASHUnanbHOM CB(13M // PaflnoaneiapoHMKa. -1995. - 
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IMPULSE RADIO TWO-WAY TELECOMMUNICATION SYSTEM 

Ivashchuk V.E., Prokhorenko V.P. 
SRI of Radioelectronics Equipment "TOR" at NTU of Ukraine "KPI", KPI-4020 

37 Pobedy Ave., Kiev-056, Ukraine 

Impulse radio communication system is the spread-spectrum system based on video-pulse signals transmission and receiving. 
Increasing of the system security and interference immunity is achieved with antenna-feeder system using. The system functional 
structure is considered in detail and requirements to the separate blocks are determined. The algorithm of impulse 
telecommunication system synchronization is proposed. Functional computation of the system and transceiving modules are made. 
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TpexBaTTHwii jnraeüofluii nepe$aT*SMK AeEpntieTpoBMX #JIHH BOJIH 

X.M.KeMna*, B.B.Pbii(ap**, 3.B.Jl,y(paHei^, IQ.H.XoMeHKo*, B.HTHamue* 

* JlbeoecKuü HayHHO-uccnedoeamenbCKuü paduomexHuuecKuü uHcmumym, 
290060, JIbeoe, yji. Haywm, 7. 

** rocydapcmeeHHbiü yhueepcumem "JIbeoecKcm nonumexHUKa " 
290013, JIbeoe, yji. Mupa, 12. 

ÄHHOTaiJHH 

npHBeAeHa CTpyKTypHaa cxeMa jiHuefiHoro npHeMonepeAaTHHKa Ae- 
HHMerpoBbix AJIHH BOJIH. OTMCHCHM OCOöCHHOCTH pa3pa6oTKH H pacHera 
TpexBaiTHoro JiHHefiHoro ycHjiHTejia MOIUHOCTH Ha nacTOTe 830 Mrn; c no- 
JIOCOH nponycKaHHJi 30 MIX Ko3(})(])HHHeHT ycnjieHHa cocTaBJiaer 50 #E. 
IIoAaBjieHHe Ha CMeacHbix naexoTax, OTCTOJHUHX OT Hecyiueö Ha 50 MHj H 
öojiee, cocraBjiaeT 55 AB. 

I. BeeAeHHe 

npH nepe^ane uiHpOKonojiocHWx HJIH MHO^cecTBa y3KonojiocHbix 
CHrHajiOB 3aHacTyio HCOöXOAHMO oöecnenHTb Bbicoicyio H36HpaTejibHocrb H 

jiHHeHHOCTb npneMonepeAaioinHx uenen. ^JIH yMeHbineHH« nepeKpecTHbix 
noMex 3TO ocoöeHHO Ba»CHO npn nepeAane TejieBH3HOHHbix CHraajiOB, a 
TaKace B MHoroKaHajibHbix Tejie(J)OHHbix AynjieKCHbix cHCTeMax CBH3H. 

OöecneneHHe JIKHCHHOCTH nepeAaTHHKa B AHHaMHHecKOM AHana30He 
40-50 AB C BbixoAHOH MomHOCTbio nopsiAKa eAHHHii; Baxr HaKjiaAbiBaer He- 
KOTOpbie ocoöeHHOCTH npH pa3pa6oTKe Maji03aTpaTHOH annapaTypw. 

AßTopaMH npeAJiaraercH BapHanr npocToro npHeMonepeAaromero 
ycTpoficTBa co BCTpoeHHbiM TpexBaiTHbiM ycHJiHTeneM AeijHMeTpOBoro 
AHana30Ha A-üHH BOJIH. 

n. OcoöeHHOCTH TexHHHecKoro peuieHHn 

BjioK-cxeMa nocrpoeHHA npHeMonepeAaromero ycTponcTBa npHBe- 
AeHa Ha pnc.l. IIpHHHMaeMbiH aHTeHHofi A2 cnrnaji nacroTOH 830 MTu, 
nepes (JmjibTp 1, TpexBaiTHbiH ycHJiHTejib, (JmjibTp 9 H3JiyHaerc5i aHTeHHofi 
A2. IIpHHHMaeMbiH aHTeHHofi A2 CHraaji nacTOTOH 880 Mrij nepes fywibTp 
10, ycHJiHTejib 8, (JmjibTp 7, ycHJiHTejib 6, (Jmjibxp 2 H3JiyHaeTCH aHTeHHofi 
Al. CooTBercTByioiAee coeAHHeHHe (JrajibTpoB 1, 2 MeacAy COöOH H noA- 

MaTepnajVM 6-8 MeatnyHapoflHofi X^«MCKOH »*«Kpo80AHOBo"i Ä>H(pepeHBHii 3^<wAfc3>'&. 16-19 ceH-raopn 1996 r., CeBacronOAb, KpbiM, yKpanHa 
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KjnoHeHHe HX K aHTeHHe Al oöpasyex AHnjieKcep 1. flmiJieKcepM 1, 2 pas- 
Aejraiox cHrHajibi npHCMHWX H nepeAaiomnx Hacxox. 

Ko3(|)4)Hi^HeHT ycHjieHHa B nerra CHraajia nacxoxoH 830 MTu, 
orpaHHHHBaerc« K03(J)4)HUHeHXOM ocjiaÖJieHHJi ero B uenH cHrHana Hacxo- 
TOH 880 MTu, H HaoöopOT, HHa^e npHCMonepeAaxHHK caMOB03ÖyAHxcH. 
3TO orpaHHHeHHe pacnpocxparaexcji H Ha cneKTp nacxox, jieacaujHX Me)*yry 
HHMH. 

TaKHM o6pa30M, K03(|)(l)HHHeHx ycHjieHHH Ha JHOÖOH nacxoxe B uenn 
"a", "6", "B" (npH paaopBaHHOH CBJBH "a", "B") äOJIäCH öBITL MeHbine CAM- 

HHHLI. 
ycTOHHHBOCTt  npHeMonepeAaxHHKa Aocxnraexca  nyTeM BBeAeHHa 

BbICOKOAOÖpOTHBIX (f)HJIbXpOB ynpOUjeHHOH KOHCTpyKHHH Ha CnHpaJIbHblX 
pe30HaTOpax. KoncxpyKXHBHO 4>HJibTpbi 1, 2, 7, 9 npeACTaBjimoT coöofi no 
Asa cnHpajibHbix pe30HaTOpa, 3aicjnoHeHHbie B KBaApaxHbie 3KpaHM. 

CneAyeT oTivieTHTb, HTO B3aHMOHHAyKXHBHaH CB33B MeacAy cnHpajib- 
HbiMH pe30HaTOpaMH B (})HjibTpe ocymecTBjraeTCH nOHH3KeHHeM BWCOTW 

3KpaHHpyiomeH neperopoAKH co cxopoHbi He3a3eMjieHHbix KOHHOB, HXO 

Aaex B03MoacHOCXb AoexynHO H njiaBHO peryjinpOBaxb ueHxpajibHyio 
nacxoxy H (J)opMy xapaicxepHcxHKH (Jrajibxpa. 

C nejibio noAaBjieHH« myMOB xpexBaxxHoro nepeAaxHHKa Ha BxoAe 
npneMHoro ycHUHxejia 8 ycxaHOBjieH xpexpe30HaxopHbrä (Jmjibxp 10- 
^HHaMHHecKHfi AHanasoH H ycxofinHBaa paöoxa npHeMonepeAaxHHKa 
oöecneHHBaexca onpeAejieHHbiM BbiöopOM BejiHHHHbi noKacicaAHoro KO3C|> 

(J)HHHeHxa ycHjieHHH ycHjraxejiefi 3, 5, 6, 8 H MecxoM ycxaHOBKH (JmjibxpOB. 
IIpHHHHnHajibHaH cxeMa xpexBaxxHoro ycHjinxejia 5 npHBeAeHa Ha 

pHC.2. J\J15L yBeJIHHeHH^ JIHHeHHOCXH AHHaMHHeCKOH xapaKxepHcxHKH BBe- 
AeHbi oxpHHaxejibHbie oöpaxHbie CBJBH B 3MHxxepHbie H 6a30Bbie nenn 
xpaH3HCxopOB Tl, T2, T3, T6, T7. IlepBbie xpH KacKaAa paöoxaiox B pe- 
■KVLMQ A, Asa nocjieAHHx - B pe>KHMe AB. B nocneAHeM KacxaAe npeA- 
ycMoxpeHa 3amnxa xpaH3Hcxopa T7 ox npe3MepHoro yBejiMHemifl KOjmeic- 
xopHoro xoKa. 

npHMenaxejibHO, HXO peacHM xpaH3ncxopoB T6 H T7 noAOÖpaH 
cxa6HjiH3axopaMH xoxa xaKHM o6pa30M, HXO oöecnenHBaexca npaicxHHecKH 
nOCXOÄHCXBO K03(J)4)HHHeHXa yCHJieHHH yCHJIHXeJM 5 npH H3M©HeHHH BXOA- 
Horo CHrHajia PBx. 

m. PeayjibTaTbi 3KcnepHMeHTa 

HHCJieHHbie xapaKxepHcxHKH npHeMonepeAaxHHica B uejiOM npHBeAe- 
Hbi Ha pHC.l. Ha pHC.3 npHBeAeHbi nacxoxHbie xapaKxepHcxHKH KO3(J)4)HH,H- 

eHxoB nepeAaHH B nenn MOKAy AByMH aHxeHHaMH. ITyHKXHpoM o6o3HaHeHa 
pe3yjibXHpyiomaH xapaKxepncxHKa. 
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npH oxcyTCTBHH Bxo^Horo CHraaua PBX ycHjiHTejii» 5 noTpeöJineT TOK 

150 MA no nenn 24 B H 130 MA no nenn 12 B. B peaonvie HOMHHajibiioro 
BXOAHoro cnrnajia BbixoAHaa MomnocTb ycnjiHTejiM 5 cocTaBjraeT 3 BT, a 
noTpe6jraeMBiH TOK - 0,7 A no nenn 24 B n 0,23 A no nenn 12 B. Ilojroca 
nponycKaHHM - 30 Mrii. Ko3(])(|)MHHeHT ycHjieHHfl - 33 ^B. 

^HHaMMHecKan xapaKTepHCTHKa ycHJiHTeji» 5 npHBe^eHa Ha pnc.4. 
OnjiBTpbi Ha cnHpajiBHbix pesoHaTopax HMCIOT cjieAyiomne xapax- 

TepncTHKH: AByxpesoHaxopHWH - noTepH 0,5 #E B nojioce 8 MFn, 
3aTyxaHHe 15 pjo npH OTCTponKe OT Hecymen Ha 10 MIX saTyxaHne 25 #E 
npH OTCTpoiiKe OT Hecymen Ha 30 Mrn; Tpexpe30HaT0pHbifi- noTepH 0,8 #E 
B nojioce 12 MFn, 3aTyxanne 35 AB npn OTCTponKe OT Hecymefi Ha 35 MTu,. 

IlpeAejibHaH HyBCTBHTejibHocTb TpexBaiTHoro ycHjiHTejia cocraBjijieT 
4-1014 BT B nojioce 300 Krn. 

IV. 3aKJiK)HeHHe 

ITpHeMonepeßaTHHK AenHMeTpoBoro Anana30Ha AJIHH BOJIH CO 

BCTpoeHHbiM jiHHefiHbiM ycHjiHTejieM MoaceT 6biTb npHMeHeH AJI» nepeflann 
Tejie(J)OHHbix H TejieBH3HOHHbix CHraanoB B npejuejiax npaMofi BHAHMOCTH. 

3W UHF LINEAR TRANSMITTER 

Kempa Ya.M., Dufanets Z.B., Homenko Yu.l., Hnativ V.l. 
Lviv Radio Engineering Research Institute, 7 Naukova St., Lviv-290060, Ukraine 

Rycar V.V. 
State University "Lviv Politechnic", 12 Myru St., Lviv-290013, Ukraine 

The results of a simple 3W UHF linear amplifier design have been presented. The unique design ideas are detailed. The gain of an 
amplifier at the frequency of 830 MHz with 30 MHz bandwidth is 50 dB. Frequency rejection away on 50 MHz from carrier is greater 
than 55 dB. 
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B.C. UmaTKMH 
TLJMC-22, cpunuan AO "P0CTEJ1EK0M" 

cpaKC (095) 192-0981. 

AHHomaitun - üpeflnoxeHa onTWMM3aL\na TexHiwecKoro o6cny>KMBaHra (B TOM nucne B3aMMOfleflcTBMe 
o6cny>KViBaK)iuiMX npeflnpu^Tnw, nposefleHne aBapuMHO-BoccTaHOBUTenbHbix pa6oT) ceTew CBSWM CMHXPOHHOM LiwcfcpoBOM 
wepapxMH cKopocTeii nepeflanw (SDH), c yMeTOM LjeHTpanii3am<tn M aBTOM9TM3aL(MM ynpaBneHua ceTbK>, 3ano>KeHHOM B 

CTaHflapTax SDH, a Taioxe c yMeTOM SOHOBCM CTpyKTypbi pa3MeineHna o6cny>KviBarOLHMX npeflnpHflTMÜ AO "POCTEJ1EKOM" Ha 
ceTAX SDH MocKBa - Xa6apoBCK, MocKBa - HoBopoccwficK, MocKBa - CTleTepSypr M flp. 

I. BeefleHMe 

CwcTeMbi CBfl3w, CTpoainnecH Ha ocHOBe CTaHflapTOB cHHxpoHHoii LincppoBoii nepapxnn cKopocTefi 
nepeflann (SDH), oöecneMMBaioT IOK H3BecTHO He TOJibKO BbicoKocKopocTHyto nepeflaqy ( flo 2,5 r6nT\c) 
MMCppoBbix noTOKOB, ynaKOBaHHbix B BupTyaiibHbie KOHTetiHepbi M TpaHcnopTHbie MOfly^M, HO TaioKe 
o6ecneHMBaK5T LieHTpafiH3aqwo TexHMHecKoro o6cny>KHBaHMH cncTewibi CBA3M, BKnioMafl pa3JiWHHbie BUflbi 
ynpaß^eHMH napawieTpaMH cncTeMbi, AUCTaHLinoHHbiPi KOHTponb ceTeBbix 3neMeHTOB, nepeicnioMeHMe Ha 
pe3epBHbie TpaKTbi M HOUCK HencnpaBHbix sneMeHTOB annapaTypu H T.A. 

ripw 3TOM MeHHtoTca Tpe6oBaHna K o6c;iy>KHBaromeMy nepcoHany, oßecnem/iBaromero 3KcnnyaTau,HrO 
cHCTewi CB33H B CBoeM 30H6 Urin perHOHe. 

C OAHOH cTopoHbi o6cny>KMBaHMe CHdeM SDH B TexHMMecKOM nnaHe ynpomaeTca 3a cneT 
aBTOMaTM3aqnn H LteHTpajiH3annn o6cny>KMBaHna H Tpe6oBaHna K 30HOBOMy nepcoHany CHMwaioTCfl, a c 
flpyrotf - Tpe6yK5Tca Bce 6onee KBajiMcjjML^npoBaHHbie Kaflpbi, yMerou^e paßoTaTb c ysKO 
cneL(Mann3MpoBaHHbiM KOMnbK)Tepn3i<ipoBaHHbiM o6opyflOBaHneM SDH B TOM MMCJie n B OTflejibHbix 30Hax. 

rioMCK onTMManbHoii CTpyicrypbi pacnpeAeneHnn o6si3aHHocTePi n cooTBeTCTBeHHO oTBeTCTBeHHOcTew 
Me>Kfly i4eHTpann30BaHHoti M 30HOBOM MaoraMW TexHunecKoro o6cny>KHBaHHfi - Mexcfly aBTOMaTH^ecKOÜ 
cncTeMOM ynpaBneHMyi, ocyunecTBnneMofi KowinbioTepHbiMM ynpaBnaroinHMn cncTeMaMM H TexHunecKHMM 
cny>K6aMM , pacnpefleneHHbiMn no oTflenbHbiM 30HaM fl/ia o6cny>KMBaHMa JiMHefiHoro n cT3HL|noHHoro 
o6opyflOBaHMfl- 3aflaMa aKTyanbHaa Booßme p,nn cucrreM SDH H oco6eHno ceroflHfl ßm AO PocTeneKOMa B 

nacTHOCTM, cTpoamero yHHKaribHbie no flanbHOCTH n npon3BOAMTenbHOCTH iwarMCTpanM SDH MocKBa- 
Xa6apoBCK, MocKBa- HoBopoccuPicK, MocKBa- C.neTepöypr M AP- 

II. OcHOBHan sacTb 

Ana oöecneneHua pa6oTbi cncTeMbi SDH B WTaTHOM pex<HMe, KpoMe co6cTBeHHO cncreivibi nepeflam* 
M KOHTpona TpacpMKOBoPt \A none3Hofi HHCpopwiaqnn, Mcnonb3ytoTca cneflyroii^Me cncTewibi, o6ecnem/iBaK>mne 
paßoTy TexHMMecKoii 3KcnnyaTaL(HM cncTeM SDH: 

1. CoBOKynnocTb CTaHL(nPi TeneHa6riK)fleHMP M KOHTpona Tpex TunoB B cooTBeTCTBun c Tpewm 
ypoBHaMM MepapxMfi TeneHaßnrafleHMa 3a napaMeTpaMM cHCTeMbi nepeAann- neHTpanbHOM KomporibHoii 
CTaHqun CS, HecKo/ibKO rnaBHbix KomponbHbix CTaHMHn MS v\ HecKonbKO noKanbHbix KOHTporibHbix CTaHquPi 
LS, o6"beAMHeHHbix Mex<Ay CO5OM asTOHOMHoü cncTewioPi CB«3H C KaHanaMM CBH3M, o6pa30BaHHbiMH paöo^eii 
cncTeMOM SDH; 

2. CHCTeMa cny>Ke6Hbix TenecpoHHbix CBHsefi f\m pereHepauinoHHbix M MynbTHnneKCopHbix ceKquii Ha 
ocHOBe KaHanoB, o6pa30BaHHbix c noMOLAbto 6afiT0B 3aronoBKOB pa6oneM CMCTewibi SDH; 

3. CHCTeMa CHHXpOHH3aLJHH, COCTOHIHafl H3 l4eHTparibHOrO MCTOMHMKa BbICOKOTOMHOVI M cTaSuribHoPi 
MaCTOTbl   M  CHCTeMbi   KOHTpOJlfl   KaMeCTBa  CMHXpOHH3aqHH  M   BblGopa   MCTOMHMKa   CMHXpOHM3aL(MH   Ha   y3J10BblX 
pereHepaMMOHHbix M MynbTHnneKCopHbix CTaHqMax ; 

4. CHCTeMa aBTOHOMHOM KOMnbioTepHOM ce™ ( ROD ), ßnn CBH3M Me>KAy qeHTparibHbiMW M rnaBHbiMM 
KOHTpOJIbHbIMM   CTaHL(MRMM   Ha   OCHOBe   BHe  CHCTeMHblX   (f"10  OTHOLUeHMIO   K  06cJiy>KMBaK)lAeCi   CHCTeMbi   SDH) 
KaHanoB csa3n; 

5. 06opyAOBaHne o6mero Ha3HaHeHH« (aBTOHOMHoro M BHeiUHero 3HeprocHa6>KeHMn c 
Ay5jinpoBaHneM M pe3epBnpoBaHneM, oxpaHbi OT HecaHKi4noHnpoBaHHoro AOCTyna,  3amnTbi OT BHeuJHMx 
MexaHH4eCKHX, KnHMaTMHeCKHX H APyHX BpeAHblX B03AeÜCTBHH). 

ripn 3TOM TexHMMecKoe o6cny>KMBaHMe floriKHO o6ecneMMBaTb: 
- Tpe6yeMbie xapaKTepHCTHKH AOCTOBepHocw nepeAaHH (Xflfl); 
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-noncK HewcnpasHocTevi CTaHLjuoHHoro M nnHePiHoro oSopyflOBaHMa (nH); 
-KOHTpo/ibHO-npocpn^aKTMMecKne paöoTbi (KriP); 
-aBapwiiHo-BoccTaHOBHTenbHbie pa6oTbi (ABP). 

Bee BUflbi TexHtmecKoro o6cny>KHBaHHfl, xpovie ABP, B cwcTewe SDH HPOBOAHTCH i4eHTpann3OBaHH0 c 
COOTBeTCTByiOtHMX  yeHTpOB,   KSK  npaBMJlO  COBMeiAeHHblX     C  COOTBeTCTByiOLUllMH  KOHTpOTIbHblMM  CTaHLlUnMM. 
ripw 3TOM flocTaBKa cMeHHbix aneMeHTOB oßopyflOBaHUH H3 rpynnoBoro 3Mn ocym,ecTBriHeTCH 
cneL(Mann3npoBaHHbiM nepcoHanoM, T.K. 3aMeHa o6opyAOBaHua Macra Tpe6yeT He ToribKO MexaHMMecKoii 
paöoTbi, HO H nornMecKoro v\HCTann\ApoBanvm win K0Hcpnrypai4Mi/i CMeHHbix 6noKOB, HTO ocymecTBnaeTcn c 
noMombK) KOMnbioTepHoro cnei4nann3MpoBaHHoro o6opyflOBaHna B BUfle nepeHocHoro KOMnbtoTepa c 
cooTBeTCTByiomMM nporpaMMHbiM oßecneneHneM. 

OflHaKO B ycnoBMFix PO c ee npoTaweHHbiMkt nnHM^MH 3aMeHa o6opyAQBaHHH M3 yflaneHHoro nempa 
- 3T0 He npodaa 3aflaMa M3-3a noiepn cpaBHUTenbHO floporocToamero BpeMeHU (ocoöeHHO npM peMOHTHbix M 

BoccTanoBHTenbHbix paßoTax npH oTcyTCTBHM pe3epBHoro Tpaicra) n 3aTpaT TpaKcnopTHbix n MaTepnanbHbix 
pecypcoB. Ho nepepacnpefleneHne HMeromerocfl Ha cei«x SDH rpynnoBoro 3Hn no OTflenbHbiM CTaHL|KHM 
(fljifl yMeHbiueHna BpeMeHU AOCTaBKH) noTpe6yeT yBe/inneHMH KonnnecTBa fioporocTOflinnx CMeHHbix 6JIOKOB M 

KOMnbioTepHoro o6opyflOBaHMH, a maBHoe y3K0 cneqnann3npoBaHHbix paooTHMKOB co CTaTycoM cudeMHoro 
aflMHHucTpaTopa unu KOHo>nrypaTopa, MMeiomux cooTBeTCTByromyK) KBanncpuKaqnio. Bee STO Momo 6bi ce6a 
onpaBAaTb, ecjin 6bi npuMeHnnocb npn npaKTHMecKOfi paöoTe, flpymMH c/ioBaMM- Bee onpeflenaeTc« MacroTOM 
TpeSyeiworo BMewaTeribCTBa B pa6oTy oSopyAOBaHHH, T.e. ero HaflewHocTbro. ripeflBapMTejibHbie flaHHbie, 
nony^eHHbie Ha ocHOBe 3apy6e>KHoro onbrra SKcn/iyaTaqnM cucTeM SDH, noKa3biBarOT, HTO Hapa6oTKa Ha OTKa3 
CMeHHbix 6/IOKOB annapaTypbi SDH, cocTaB/weT B cpeflHen/i 8-11 neT [1]. TaKMM o6pa30M M3-3a oflnoro 
fleticTBMf! nepcoHana 3a nepnofl 8-11 neT no saNieHe o6opyflOBaHMa, roTOBHTb u flep>KaTb B nocTOHHHofi 
roTOBHOCTH cneqna.ni4CTOB co CTaTycoM afliwuHMCTpaTopa ww KoncpurypaTopa B cocTaBe SOHOBOM rpynnbi 
o6cny5KMBaHMfl Bpafl-nn L(enecoo6pa3Ho. KoMnpoMnccHbiM BapnaHTOM ABnaeTCfl npefl/iOÄeHne HMeTb 
yKa3aHHbix cnequajincTOB B cocTaBe npon3BOflCTBeHHbix naöopaTopuCi cooTBeTCTBytom,nx TeppnTopna/ibHbix 
MeHTpoB (TL4MC),ocHacTUB nx cooTBeTCTByK>m,eü TexHHKoü H TpancnopTOM, a TaioKe ycTaHOBUB AonycTMMbie 
HopMbi BpeMeHU no 3aMeHe o6opyflOBaHnn c yneTOM BpeMeHU TpaHcnopTupoBaHun 3W1 M3 eflMHoro qeHTpa 
o6cny>KHBaHHfl cooTBeTCTBytoiAnx MaracTpaneü. 

B KanecTBe npuMepa npMBefleHa Taönnqa TexHMMecKoro o6cny>KHBaHi/ia Heo6cny>KUBaeMbix 
pereHepaiiMOHHbix nyHKTOB (HPn) SDH c yqeTOM B3auM0AeücTBiw nepcoHana KOHTporibHbix CTaHqHM, TI4MC 
M nepcoHana 30HOBbix OTfleneHnü. 

III. 3aKJitoMeHue 

TexHHMecKoe o6cny>xnBaHMe HOBUX cucTeM CBHSH CMHXPOHHOM qncppoBOM nepapxnn conpoBOJKflaeTcq 
He ToribKo aBTOMaTM3ai4neü w MeHTparinsaqMePi oßcnyxnBaHMn, HO H flMCpcpepeHMnaL(MeM o6cnyKHBaiotAero 
nepcoHana, TpeSyeT HOBbix ™noB npn6opoB B BMfle cnei4nariM3npoBaHHbix KOMnbioTepoB M cooTBeTCTByiomux 
nporpaMMHbix cpeflCTB. 

B CBH3H c MeHTpann3aL4neM 3HÜ v\ cucTeMHoro nepcoHana BpeMH BoccTaHOBneHUR HUM peMOHTa 
CHCTeMa MO>KeT 6biTb cpaBHMTeribHo 6oribUJHM ns-3a yflaneHHoc™ qeHTpoB o6cny>KHBaHna. 

flna oöecneMeHMH BbicoKMX napaMeTpoB flocTOBepHOc™ nepeflaMH 11 CHmxeHMfi BJIHAHH?! BpeMeHU 
BoccTaHOBneHna Heo6xoflHMbi ce™ c o6xoflHbiMn nyT^Mn nepeflami TpacpMKa M onepaTMBHoii cMCTeMOki 
nepexofla Ha oßxoflHOM nyTb. 

OAHOM us TSKHX B03Mo>KHocTeM qBjifleTCfl MHTerpaqMH oTflexibHbix ceTeß B eflHHyw perMOHaribHyio HHH 

KOHTMHeHTanbHyto ceTb c y3noBbiMH 3/ieMeHTaMM - MapuipyTH3aTopaMH asTOMaTHHecKM oTbicKMBaeMbix 
06XOAH0P1 nyTb npH noTepe nepeAaBaeMoro Tpacpwo. 

Ha nepBOM 3Tane TaKoü MHTerpaqnM Menecoo6pa3HO o6"beAMHMTb Ka6eribHbie, acpwpHbie H 

cnyTHHKOBbie ce™ B eAMHyto B aAMMHMCTpaTWBHOM nnaHe pemoHanbHyK) ceTb. 

IV. CriMCOK   JiMTepaTypbi 

[1]   MmaTKHH B.C., YaKMH E.C." MuTerpupoBaHHaa nepeflana cumanoe Ha ocHOBe BonoKOHHO-onTMHecKHX cucTeM." - 
3-n KpbiMCKan KOHcpepeHLiMfl "CBM-TexHW<a n cnyTHMKOBbifi npneM". MaTepnanbi KOHCpepeHuwn CeBacTonoJib 
20-23 ceHTflSpfl 1993 r., c. 264-268. 

TECHNICAL SERVICE IN SDH NETWORK CONSIDERING THE ZONE STRUCTURE OF 
ENTERPRISES ARRANGEMENT 

Ignatkin V.S. 
branch of joint-stock company "ROSTELECOM", 31-2-141 Musa Djalil St., Moscow-115580, Russia 

This paper proposes the optimization of technical service (including interaction, fulfilment of accident-restoring work) of connection 
nets of transmission velocities synchronous digital hierarchy (SDH), considering the centralization and automatization of control of 
net, being put into the SDH standards as well as considering the zone structure of arrangement of operating enterprises of 
"ROSTELECOM" joint-stock company in SDH nets: Moscow - Khabarovsk, Moscow - Novorossiysk, Moscow - St.Petersburg. 
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TEXHEWECKOE    OBCJIYaCHBAHHE   HPII   SDH 

IIepno- IIcpcoHaji Ilpe- 
THIS paooTbi flHIHOCTb 

paSoT 
pbma- 

HHe 
CBfiSH 

CT3HUHH TIUMC 3OHO- 

KOKTpOJIH BblH 

(CSS.MSS, LSS) 

1 2 3 4 5 6 

l.H3MepeHHe xapaiorepHCTHK nOCTOHHHO + - - H6T 

flOCTOBepnocTH nepeaa«m  (X/Ul) 

2. IIOHCK HCHcnpaBHOCTeö (IIH ) nOCTOHHHO + - - HeT 

3. KoHTpOJlbHO-npO^H^aKTHHeCKHe 

paöoTM       (KITP). 

3.1.BefleHHe 6a3bi /laniJMX cera: 

-KOH4>HrypauHH ceTH; 

-perHCTpauHH CHraajiOB TpeBor. 

1 MCC51I! 

liwecnu. 

+ 
+ - 

- iieT 
H6T 

3.2. H3MepeHHe onTH^ecKofi MOIHHOCTH 

ceTeBwx 3JieiweHTOB (KOHTpojib jiaaepoß): 

- nepeflaBaeiwaH - Ha Sjioice DDF; 1 roa - - + aa 
- nepeaaBaeiwaH - Ha naiiejin ABF; 1 roa - - + Hex 

- nepeßaßaeMaH - c SMSW (LCT); 1 roa - + + HeT 

* yBejiHHeHHe TOKa ciwemeHH« (%); 

* yBejiHHCHHe TOKa MOßynanmi (%); 

*TOK OTCeHKH; 

1 roa 
1 roa 
1 roa 

- 
+ 
+ 
+ 

+ 

+ 
+ 

H6T 

HeT 

HCT 

-npHKHMaewaH - Ha sxofle DDF ; 1 roa - - + aa 

-npHHHMaeMaH - Ha nanejiH ABF. lroa - - + H6T 

3.3. H3MepeHHe HanpHHceHHfi 3JieKTpon. lroa + - + HeT 

3.4. nposepjca TpeBOJKHofi cHrHajiH3auHH 

3.5. DIpoBepKa cjiyaceSHbix KanajioB. 
2roaa 
lroa 

+ - + 
+ 

HeT 

HeT 

3.6.0HHCTKa    noBepxHocreii    pa3teiviOB npH HeoSxoaH- _ _ + aa 
BOK. MOCTH 

4.ABapHÖHO-BOCCTaHOBHTejibHfciepa6oTbi npn o6pbiBe + - + aa 

(ABP). TpatJHiKa 

4.1.Ha BOK. npw o6pbiBe - - + aa 

4.2.Ha CTaHUHOHHOM o6opyaoBaHHH HPII: 
6e3 jaMem.i 6JIOKOB ; npn OTKa3e - - + aa 

-     C 3aiMeHOH 6JIOKOB MyjIbTHOJieKCOpOB. npn OTKa3e + + + aa 

npHMenaHHfl: 
1.+ B Taojimje 03HanaeT npoBe^eHHe paöoT. 
2. 30HOBMH nepcoHaji npoBO/prr TexHHHecKHH Ha^30p 3a BCCMH pa6oTaMH, 
npoBOAHMbiMH Ha HPn, H oöecneHHBaeT flonycic Ha CBOH o6beicrbi nepcoHana 
TIJMC H  KoHTpOJIBHblX CTaHHHH. 
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MMMTATOP CnyTHMKOBOrO KAHAJ1A CBJ13M 
M.J1. AcfcoHMH, K).n. Muxa^JitoK 

CeeacmonofibCKUÜ aocydapcmeeHHbiü mexmmecKUÜ yHueepcumem 
\A.E>. CaB]Al\K\A\Ä 

CeeacmononbCKoe KB Paduocenau 

AHHomamm - flna npow3BOflCTBa w aTTecTauww CTaHmw cnyTHMKOBOM CB83M (CCC) Knacca MHMAPCAT-C 6birw 
pa3pa6oTaHbi MMMTaTopbi 6eperoBoü 3eMHOM cTaHLjiw (B3C), KoopflUHnpyioiMeM crai-muM ceTM (KCC), a TaiOKe MMMTaTop 
KaHanoB CBHSH, no3BonnioiHMM BBOflMTb B KaHan pa3nnHHbie BUflbi noiviex: 3aMnpaHMa, cpa30BbiPi ujywi, flonnepoBCKMR cflBur 
nacTOTbi M flp. flpeflno)KeH MeTOfl nocTpoeHUH MMMTaTopa 3aMnpaHMM cnyTHMKOBoro KaHana CBH3H. 

I. BßeAeHwe 

Ha ocHOBaHUM TexHtmecKMX TpeßoBaHMÜ no paapaßoTKe, M3roTOBneHWO n oflo6peHMio Tuna cyßOBOü 
3eMHOM CTaHMUM HHMAPCAT-C MMMTaTopbi flonwHbi ocymecTB/iHTb o6pa6oTKy 6a30Boro coo6iuieHMn, 
cpyHKL(MH flocTyna, ynpaBneHna v\ cnmann3aMHM B3C n KCC, oöecneMUTb npoBeflenne oöwupHbix ncnbiTaHHü 
cpyHKqwPi flocTyna n ynpaBneHun npoBepaeMoü CCC, pa6o™ fleiuoflynaTopa, flenepeweaaiTensq, fleKOflepa c 
yneTOM BJIUHHMA pa3/inHHbix BMAOB MCKaweHMM, B03HMKaK>mMX B KaHane CBH3H [1]. 

II. OcHOBHan MacTb 

Ha xapaKTepncTHKy KaHanoB CBHSM 3HaMMTenbHoe BHHSHne orasbiBaioT 3aMnpaHH?i, B03HMKaioL4ne 
BcneflCTBwe MHTepcpepeHuiMM Mexgqy npaMOM BonHofi w oflHoü nnn HecKonbKHMM OTpaweHHbiMM BonHaMH, 
oSpasoBaHHbiMn pacce^HHeM cumana OT TOMeK MopcKoü noBepxHocTH B6^H3M cyflHa. 

MaTeMaTHMecKa« MOflenb, ncnonb3yeMan B HacToaiflee BpeMa B cucTeMe MHMAPCAT-C flna 
MMMTaqun B^MHHMa 3aMnpaHnPi, BbisBaHHbix MHoronyneBbiM pacnpocTpaHeHneM, Ha KaHan MopcKofi 
cnyTHUKOBofi CB33M, AB/ifieTCH nonyan/inMpMMecKoii MOflenbio, o6ecneHHBaiomeM xopoaiee coBnaflenne 
pacMeTHbix n H3MepeHHbix flaHHbix. Moflenb BbmefleHa H3 CTaTMCTHKM 3aMnpaHnPi B KaHane n cooTBeTCTByeT 
pacnpefleneHnio PaPica. B pawiKax STOM MOflenn 3aMnpaHna MO>KHO paccMaTpuBaTb KaK pe3ynbTaT cnoweHMH 
cumana HecyLL(eii M flByx OTBeTHbix cktmanoB, aMnnnTyflbi KOTopbix MeflneHHo nsMeHHtoTca B COOTBSTCTBMM c 
pacnpefleneHMeM Penea. riapaivieTpbi iwoflenn 6binn onpefleneHbi flna annpoKcwwaquM M3MepeHHbix flaHHbix c 
yneTOM HeSnaronpMsrrHoro COCTOHHMH MopcKOM noBepxHOCTM M flna cnynan KBa3HM30TponHOÜ fluarpaMMbi 
HanpaBneHHOCTM aHTeHHbi. 

B cooTBeTCTBMM c MaTewiaTuqecKOM MOflenbK) n TpeöoBaHMflMM MKKP paspa6oTaHa CTpyicrypHajq 
cxeMa MMMTaTopa 3aMnpaHHM, npuBefleHHaa Ha pHcyHKe. B Hee Bxoflirr Kanan npflMoro cumana M flBa KaHana 
0Tpa>KeHHbix cumanoB, CMeujeHHbix no cpa3e Ha p/2. C-TpaweHHbie cMmanbi cpopwiMpyrOTca nyreM MOflynqqHM 
Hecymeü HH3KOMacTOTHbiM ujywoM HeKopennnpoBaHHbix MCTOHHMKOB. OmnnnTenbHOM ocoöeHHOCTbio 
npeflnaraeMoü cTpyicrypHoii cxeMbi ABnaeTca ncnonb30BaHne B KanecTBe nepBMHHbix MCTOMHMKOB luyiwa 
reHeparopoB nceBflocnynafiHoPi ABOUHHOCI nocneflOBaienbHoc™ (nCfln) [2]. TeHepaTop flCfln peann30BaH Ha 
ocHOBe 32-x pa3pflflHoro pemcTpa cflBMra, oxBaMeHHoro L(ennMM oöpaTHoii CBA3M. Kopennaqufl MCTOMHMKOB 

iiiyMa McunKiMaeTca pasnMHHbiivi noflKnioMeHMeM o6paTHOvi CB«3M, a TaiOKe cnynaMHbiMM Ha^anbHbiMM 
ycnoBM^MM 3anycKa reHepaTopoB nCfln. B cooTBeTCTBMM c MOflenbio 3aMnpaHMM PaPica Ha Bxoflbi 
MOflynaTopoB noflaeTca rayccoBbiü iiiyM, npoiueflUJMM nepe3 cpMnbTp HMäHMX HacTOT EarrepBopTa BToporo 
nopaflKa c perynnpyeMOM rpaHMHHOM nacTOTOM nonocbi nponycKaHMa OT 0,5 Tq flo 3 Tq no ypoBHK) 3 flB. 
YcMnMTenb nocTOHHHoro TOKa c perynnpyewibiM KoacpcpMqMeHTOM ycwneHMq Mcnonb3yeTcn flnn ycTaHOBKM 
OTHOLueHna C/M cpeflHMX ypoBHefi MOIMHOCTM np^Moro M OTpaxeHHoro CMmanoB B flMana3one OT 0 flo 15 flB. 
YnpaBneHMe MMMTaTopoM 3aMnpaHMM ocymecTBnaeTCH npM noMouuM ycTpoiicTBa yripaBneHMn M perynMpoBKM 
(WP) c Mcnonb30BaHneM MMKpoKOHTponneppa. Mepe3 WP ocymecTBnneTcn CBA3b c MMMTaTopaMU B3C n 
KCC. 

III. 3aioiK)MeHMe 

Pa3pa6oTaHHbiM MMMTaTop 3aMnpaHMM BxoflMT B cocTaB KOMnneKca annapaiypbi flna npoBefleHMH 
KBanMcpMKaqMOHHbix McnbiTaHMM, arrecTaMMM M npoM3BOflCTBa CCC "MyccoH-720" icnacca HHMAPCAT-C. C 
wcnonb30BaHweM aToro KOMnneKca Beflyrcn MccneflOBaTenbCKMe pa6oTbi no pa3pa6oTKe ycTpoficTB 
nepeMe>KeHMn, CKpeMönMpoBaHMn, KOflnpoBaHMa c yneTOM BnMHHMa pa3nMHHbix ncKa>KeHHM, a TaiOKe no 
cosflaHMK) aflanTMBHbix CMCTeM CBA3M, cornacoBaHHbix c KaHanoiw CBRSM. 

IV. CnncoK ncnonb30BaHHOH niuepaTypbi: 

[1]   CyflOBafi CCC «naoca MHWIAPCAT-C "MyccoH-720". HayMHO-TexHMMecKufi OTHeT no TexHMHecKOMy npoeicry / 
N TP 0193U003892 CeBacTononb, KB PC, 1993.-168 c. 

[2]   Bo6HeB M.n. TeHepupoBaHkie cnyqawHbix cumanoB.- M.: Cßn3b, 1979. - 240 c. 
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PHC. CrpyKTypHan cxeMa HMHTaTopa cnyTHHKOBoro 
KaHajia CBH3H 

l-4)a30BpamaTejib Ha TC/2 

2-HeKoppejiHpoBaHHLifi HCTO^HHK rayccoBoro inywia 
3-(pHJItTp HHÄHHX MaCTOT 
4-ycHjiHTejit, nocTOHHHoro TOKa 
5-MOÄy^IHTOp 
6-cyMMaTop 
7-ycTpoficTBo ynpaBJieHHH H peryjinpoBKH. 

SATELLITE COMMUNICATION CHANNEL SIMULATOR 

Afonin I.L., Mikhailyuk Yu.P. 
Sevastopol State Technical University, Studgorodok, Sevastopol-335053, Ukraine 

tel. (0690) 23-50-18 
Savitski I.B. 

Sevastopol Design Bureau of Radiocommunication 
29 Vakulenchuka St., Sevastopol-335053, Ukraine 

tel. (0690) 24-41-00 

The system for development, producing and testing of Inmarsat-C stations is considered. The system includes simulators of cost 
earth, net coordinating stations as welt as channels simulator which allows to put different kinds of disturbance into the channel: 
fading, phase noise, Dopler's shift and so on. The paper describes the construction of multipath fading simulator. The system allows 
to simulate signal fading of different duration and amplitude. Channel is modelled on the base of fading statistic which complies with 
Raise's distribution. System is controlled with the help of built-in microcontroller. The block diagram and main characteristics of the 
simulator are presented in this paper. 
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IIpoeKTKipoBaiMe Majiora6apHTHOFo npiieMoiiepe^aTHHKa 
Aim pa/jHopejieiiHMx Jimmi CBJBH Ka-AHanasona. 

Eßrpad)OK A.K)., MwimeöaeB B.M. 
HHH "Ilyjibcap", 105187, Moacisa, OicpyjKHOH np.,27, 

(paKC. 095-366-55-83 

AHHOTauHH. B AOKJia^e npHBegeHM pe3yjn>Ta™ npoeKTHpoBaroia H SßroTOBne- 
HHfl Majiora6apHTHoro npHeMonepe^aTHHKa 3Hana30Ha 36-37,5 TTu, c 
PBHX=20MBT, Kra<7,0 pB npn Kyp>37,aB, noTpeöjraeMaH Mon^Hocxb MeHee 700 
MBT. ITpHeMHiiH H nepe^aiomHH CHraanbi oöteflHHeHbi B KpyraoM BOJIHOBO^C H 

pa3BS3am.i no nonapH3aipra. 
Pa3pa6oTaHHbiH npHeMonepepaTraK Moacer Hcnojib30BaTbca pjw opraim- 

3aUHH KOpOlKHX (flO 2KM) JIHHHH CBH3H. 

1. BBCflCHMe. 

B CBÜ3H c TeM, I
ITO B pa3pa6aTbraaeMOH pa^HOJiHHHH npHMeHaeTca aMnnH- 

Ty^Haa MOflynauHa cHrHana, a TaK ace .zjjia flocTHJKeHHH MHHHMaubHoro noTpeöJie- 
HH3, npn npoeKTHpoBaHHH KOHBepTepa Bbi6paHa cxeiwa c O^HHM 3a,a;aioinHM aBTore- 
HepaTOpOM (AF) H nocjie^yioii^eH aMnjiHTyflHOH MO^;yjiai;HeH CHrnajia. Bbi6op cy- 
nepreTepoßHHHOH cxeMbi npneMHHKa oöycjiOBJieH coBOKynnocTbio npefl-baBJiaeivibix 
K HeMy Tpe6oBaHHH no qyBCTBHTejibHOCTH, AHHaMH^ecKOMy Anana30Hy H noTpe6- 
jiaeMoä MOUJ;HOCTH. Hcnojib30BaHHe ycHJiHTe.ua npoMe^cyTO^HOH qaeroTbi (yil1!) c 
peryjtHpyeMbiM ycHJienHeM HeoöxoflHMO AJia H3MeHeHHa ypoBHa Bbixo#Horo curaajia 
npHeMHHKa B 3aBHCHMOCTH OT paccroaHHa MeytQiy npneMHHKOM H nepe^aTiHKOM, a 
TaiöKe OT ycjiOBHH pacnpocTpaHeHHa pa#HOBOJiH B aTMOccjjepe. B uejiax CHH>KeHHa 
ra6apHTOB KOHBepTepa BXO# npneMHoro H Bbixo^ nepe#aioinero TpaKTOB oö'hejm- 
HeHbi B e^HHOM KpyrjiOM BOJiHOBO,ue, pa3BH3Ka CHrHajiOB ocymecTBJiaeTca 3a cneT HX 

pa3jnMHOH nojiapH3an,HH. CTpyKTypHaa cxeivia pa3pa6aTbiBaeMoro npneMonepe- 
^aTHHKa npHBe^eHa Ha puc. 1. 

Ü3 BbimeonHcaHHofi crpyicrypHOH cxeMbi npHeMonepe^aTMHKa cjie^yeT, HTO 

AJia opraHH3ai^HH JIHHHH CBa3H Heo6xoflHMO, qxoöbi npHeMonepeflaTHHKH, pacno- 
Jio>KeHHbie Ha pasjiHHHbix KOHnax paßHOJiHHHH 6biJiH HacTpoeHbi Ha conpa>KeHHbie 
qacTOTbi, TO ecTb pa3Hnna BbixoßHbix nacTOT npHeMonepe^aT^HKOB cocTaBJiajia 
BejiHHHHy paBHyio npOMeacyTOHHofi nacTOTe npHeiwa. 

2. npoeKTHpoBairae npneMonepe^arHiiKa. 

npHeMonepe^aTHHK H3roTOBJieH Ha 6a3e TexHOjiorHH THC. B KaqecTBe aK- 
THBHbix aneMCHTOB THC npHMeHeHbi GaAs HEMT H FET, BbinycicaeMbie rYHnn 
"Ilyjibcap". IIpH npoeKTHpoBaHHH uenefi coraacoBaHHa THC Hcno;ib30BaHbi SKBH- 

BaJieHTHbie cxeMbi TpaH3HCTopoB, BOccTaHOBJieHHbie no pesyjibTaTaM H3MepeHHfi nx 
napaMeTpOB B MHJiJiHMeTpoBOM flHana30He [1,2]. 

AßToreHepaTop npeflcraBJiaeT THC Ha ocHOBe FET c mnpHHOH 3aTBOpa 
180MKM C HacTOTH03a^aioineH nenbio B BH^e pa30MKHyToro imieficfm B nenn 3aTBo- 
pa; oöparaaa CBa3b no TOKy ocymecTBJiaeTca qepe3 HH^yKTHBHOCTb B HCTOKC FET 
paöoTaeT B pe^CHMe aBTocMeineHHa, HTO no3BOJiaeT yBenHHHTb TeMnepaTypHyio cTa- 
ÖHJibHOCTb reHepaTopa RO 0.2*10-4. Bwxo^Haa MouiHOCTb reHepaTopa Ha qacTOTe 
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37 ITa cocTaBJiaeT 20MBT, noTpeSjiaeMaa MOiUHOCTb He öojiee 0.3 BT. IIpHHUHnH- 
ajibHaa cxeMa aBToreHepaTopa npe^cTaBJiena Hapnc.2. 

B Ka^ecTBe Mo^yjiHTopa CHraajia Mcnojib30BaH ycHJiHTejib MOU^HOCTH (YM) na 
FET c uiHpHHOH 3axBOpa 180MKM, BKjnoneHHoro no cxeMe c OöIUHM HCTOKOM, MO^y- 
jiauHa KoacJNJrauHeHTa ycHJieHHa KOToporo ocyiuecTBJiaerai no nenn 3aTBopa ("0"- - 
2B, "1"- OB). Fjiy6HHa MOflyjiain™ He Meaee 20#E. Pa6oiHH pe>KHM FET: U=+6B 
I=40MA; noTpeöJiaeMaa MOiUHOCTb YM B pexHMe aMnjnnyAHOH Mo^ynannn co 
CKBa>KHOCTbio 2 cocTaBJMex PnoTp=0.12BT. 

Jl,ejiHTejib MOIUHOCTH ™na Kfl,M (KOJibueBofi ßejiHTejib MOIUHOCTH) oöecne™- 
BaeT paBHoe ^ejieHHe MOHJHOCTH reTepopuHa    MOK^y npneMHbiM H nepeßaroupiM 
TpaKTaMH. 

B IHC ciwecHTCJiH Hcnojib30BaHbi HEMT A818 c mnpHHon 3aTBopa 75 MKM. 

npHHinfflHajibHaa cxeMa THC npHBe^eHa Ha pnc.3. CMecnTCJib BbinojiHen no cxeMe 
pe3HCTHBHoro cMecHTejia. flaHHaa cxeMa o6ecneHHBaeT HaHJiyquiyio pa3Ba3Ky CHT- 

Hajia H reTeponima. B uejiax CHHaceHna noTpeojiaeMofi MOIUHOCTH TpamHCTOp Haxo- 
AHTca B pe^cHMe 6HH3KOM K OTcewe ( U3—IB, Uc=+1.5B, IC=0.5-1.0MA ). flnana- 
30H nacTOT CHraajia H reTepo^HHa 35-38rru, npoMe>KyToqHaa HaeroTa irru. CMe- 
CHTejib oöJia^aeTKiu=5,6flE, Lnp=-4#E npn MOIUHOCTH reTepo,iniHa 5-7MBT. 

KoHCxpyKTHBHO Bee THC MHJiJiHMeTpoBoro unana30Ha npeucTaBJiaiOT CO6OH 

KOBapOBoe 30Jio^eHoe ocHOBaHHe (4.3x12x0.4MM), Ha KOTopoM B pa3pbm Meac^y 
KBapneBbiMH nJiaTaMH TOJIIUHHOH 0.2MM ycraHOBJieHbi KpncTanjibi TpaH3HCTopoB. 
Ha KBapneBbix njiaTax BbinojiHeHbi uenn coraacoBaHna H no^ann nHTaHHa. KOH- 

TaKTHbie nJlOma^KH KpHCTaJIJIOB TpaH3HCTOpOB COe^HHeHbl C MHKponOJIOCKOBblMH 
JIHHH3MH 30JIOTOH HpOBOJIOKOH UHaMCTpOM 15(1 MeTOflOM TepMOKOMnpeCCHH. 

rHC Yin npe,n;cTaBJiaeT co6oö uByxKacKauHbiii ycHJiHTejib Ha TpaH3HCTOpax 
KT3132, BKJiiOHeHHbix no cxeMe c aBTOCMemeHHeM. YTm o6jia#aeT KHI<2,0«B npH 
Kyp>20 uE. ITpn CHH>KeHHH Hanpa>KeHHa nHTaHHa c +6B uo +4B KoatJxfmuHenT ycH- 
jieHHa yriH yMeHbinaexca Ha 25aE. KoHCTpyKTHBHO THC YER npe^eraBJiaeT co- 
6OH nojiHKopoByio njiaTy TOJIIUHHOH 0.5MM, Ha KOTopofi ycTaHOBJienbi UBa KpHCTan- 
jia TpaH3HCTOpoB, a TaK >Ke BbinojmeHbi uenH comacoBaHHa H noaaqn nHTaHna. 

fleTCKTOp BblXOUHOH   MOIHHOCTH  H3TOTOBJieH  Ha  OCHOBe KpHCTaJIJia TpaH3H- 
cTopa A1I608 c HHSKHM HanpaaceHHeM OTCCTKH H npeuHa3HaqeH j\nsi opraHroauHH 
nenn o6paTHofi CB33H APY. fleTeicrop paöoTaeT 6e3 CMemeHHa H oöecneiHBaeT 
ypoBeHb BbixoÄHoro HanpaaceHHa UBbix>70 MB na Harpy3Ke RH=1KOM npn MOIU- 

HOCTH CHTHana Ha ero Bxoue PC=1MBT. ( Bbixo^Haa MOiUHOCTb npneMHHKa npn 
KOMnpeccHH K03(})(})HUHeHTa ycHJieHHa 1 uE cocTaBJiaeT Pßbix=7...10MBT.) APY He- 
o6xoflHMO UJia H3MeHeHHa ypoBHa Bbixo^Horo cwrHajia npneMHHKa B 3aBHCHMOCTH 
OTpaccToaHHa ueympy npneMHHKOM H nepe^aT^HKOM, a TaK5Ke OT ycjioBHH paenpo- 
crpaHeHHa pa^HOBonH B aTMOC(J)epe, H no3BOJiaeT pacuinpHTb AHHaMH^ecKHH una- 
na30H npneMonepe^aiomero MO,o;yJia. 

3. HsiviepeHHe napaivieTpoB npiaeMonepeflaTMHKa. 

Pa3pa6oTaHHMH npneMonepeAaromHO MO^yJib (IHIM) npeucraBJiaeT co6oß 
ycTpoHCTBO c KpyrabiM BOJiHOBOflOM ^HaMeTpoM 6 MM c opToroHajTbHofi nojiapH3a- 
UHeH BXO^Horo H BbixoflHoro CHraajiOB KB1! ^Hana30Ha Ha OCHOBHOH MO^e KOJie- 
6aHHH Hll. Bbixofl CHraajia TIH ocymecTBnaerca qepe3 KoaKCHanbHbiH pa3beM rana 
'Tpa^". IHIM BKJiioqaeT B ce6a: THC aBToreHepaTopa, THC MO^ynaTopa, THC 
cMecHTena, UBe FHC Yn1!, «eTeKTop BbixoflHoü MOHIHOCTH cnraajia im, Heoöxo- 
^HMbiß jsjiÄ  (|)opMHpoBaHHa  CHmajia  ynpaBJieHHa  ycnjieHueM  Yim..  Ta6apHTbi 
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nilM  -   35X37X25MM.   BHeniHHÖ BHA npneMonepe,n,aT*iHKa npeflCTaBJien na pnc.4. 
H3MepeHHbie napaMeTpbi nilM npe,n;cTaBJieHbi B xa6jiHHe: 

NnriM 1 2 
^acTOTa Bbix.cHrHana, ITu. 37.5 36.5 
^lacTOTa BX.CHrHana, ITu; 36.5 37.5 
IIpoMe^cyTOHHaa qacTOTa, rTn 1.0 1.0 
BfeixoflHaa MomHoexb nepeaaTHHKa, MBT 21.5 20.9 
Divöiraa MOflyjiaijHH, ^B 22.0 21.5 
KoacjxJmHHeHT uiyMa npneMHHKa, ,n;E 7.2 6.9 
Kosqb^HnrieHT ycHJieHHH npneMHHKa, ,n;B 38.7 37.9 
TjiyOHHa APy npneMHHKa, #E 50.0 50.0 
UBWX fleTCKTOpa (npn PBHX npHeMHHKa=lMBT), 
MB 

100 90 

rioTpeöjieHne no nenaM nnTaHHH, MA : 
+6B 
-3B 

MOflyjiHHHH +6 B ( 0 B ) 
APY        +6 B (+4 B) 

49.0 
1.2 

37(0) 
40 (20) 

44.0 
1.4 

39(0) 
40(19) 

4. 3aKJisoHeHne. 

Pa3pa6oTaH Manora6apHTHbiH npHeMonepe^aTHHK .zuianaaoHa 36-37,5 ITu, c 
BbixoflHon MoiuHOCTbio öojiee 20 MBT, K03(J)(})HHHeHTOM uiyMa MeHee 7.0 ^E npn KO- 
3(|)(J)HnHeHTe ycHJienna 6ojiee 37 #£ H MOIHHOCTH noTpe6jieHH« MeHee 700MBT ßjm 
OpraHH3aHHH KOpOTKHX (flO 2KM) JIHHHH CBH3H. 

5. JInxepaTypa, 

[1] - Minnebaev V.M., Abolduyev I.M. Low Noise Converter for Ka-band - 
Matherials of The 1th International Conference "Satellite Communications", 
Moscow, 1994. 

(2] - MnHHe6aeB B.M., EBrpa4)OB A.K). "npneMO-nepeflaiomHH MOHOöJIOK 
Ka-flHana30Ha" - MaTepnajibi 5-OH KpbiMCKoK KoH(|)epeHHHH "CB^-TexHHKa H 
cnyTHHKOBbift npneM", T.2., CeBacTonojib, 1995. 

DESIGN OF MINIATURE TRANSCEIVER FOR Ka-BAND RADIO-RELAY COMMUNICATIONS 

Yevgrafov A.Yu., Minnebaev V.M. 
SRI "Pulsar", 27 Okruzhnoy Pr., Moscow-105187, Russia 

fax 095-366-55-83 

The results of design and producing of the miniature receiver/transmitter for 36-37.5 GHz frequency band are presented in this 
paper. It has PouM dB > 20 mW, noise figure less than 7 dB and gain more than 37 dB, power consumption less than 700 mW. FETs 
and HEMTs used for Ka-band receiver/transmitter design and fabrication are the production of SRI & plant "Pulsar". The equivalent 
circuits of HEMT and FET chips are used for networks design. The receiver/transmitter can be used for the short communications 
for the distance of 1 ...2 km. 
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K.B. rop6a<HeB, A.E. KoryTHi/iLSKiw, B.M. Mi/ixawnoB, 
E.B. HecTepoB, CA. PomynKWH, B.F1 UJyMnnnH 

Haywo-uccnedoeamenbCKUü u,eHmp mennocpU3UKU UMnynbCHbix eo3deücmeuü PAH 
MBTAH 127412, MocKea, MxopcKan 13/19, Poccun 

cpaKc (095)4857990 

AHHomanufi - ripwBefleHbi pe3ynbTaTbi MwcneHHoro MOflennpoBaHUH M SKcnepHMeHTanbHbix MccneflOBaHuR CBM- 
reHepaTopa (Tuna BMPKATOP) c aHOflHbiM pe30HaropoM. B oTcyrcTBMe BHewnero MamiiTHoro nona nccneflosaHO BniWHue 
reoMeTpiw pe30H3Topa Ha Mo/jynsi^io TOKa aneicrpoHHoro nynio, npoweflwero B BoriHOBOfl. OSHapyweHa cmribHaa 3aBMcnM0CTb 
myßMHbi MOflyn?iL(MM TOKa Ha coßcTBeHHOw MacTOTe pe30HaTopa OT paaiuepoB oTBepcTWH CBH3M. ripn cnaöofi 3aBMCHMOCTH OT 
BenuMMHbi TOKa nym<a STO no3BonaeT HaflefiTbCfl na cosflanne HOBO« cxeMW acpcpeicTMBHoro CBM-reHepaTopa. 

I. BeefleHne 

Bee TpaflMi4MOHHbie cxeMbi MHKpoBoriHOBbix reHeparapoB c BHpTyaxibHbiM KaTOflOM ornmaKmn 
npocTOTOM KOHCTpyKqun. KaK npaBuno, OHH npeflCTaB/inioT coSoPi pa3nu<HHbie MOflHcpMKaqnM AByxs/ieicrpoAHofi 
cwcTeMbi. TaK, B BupKarope ajieicrpoHHbiPi nynoK c sanpeAe/ibHbiM TOKOM BbinycKaeTcq B aHOflHoe flpewcpoBoe 
npocTpaHCTBo; B OTpawaTenbHOM Tpnofle CTeHKM KaMepbi p,pev\dpa MMeioT KaTOAHbiü noTeHLjHaji. MOäHO 

CKa3aTb, 4T0 3Ta KOHCTpyKTHBHan npocTOTa n HBnaeTCH npHHUHofi HeflocTaTKOB TaKMX npußopoB, a MMCHHO, 
cpaBHUTenbHo HH3Koro mp, w ujupoKoro cneicrpa H3nyHeHna. 

B CBM-sneicrpoHHKe cymecTByeT HecKOjibKO o6menpw3HaHHbix MeTOflOB, npuMeHaeMbix flnn 
yBejiMMeHUfl Knfl n yMeHbweHH* ujupuHbi nonocbi H3nyMeHna. OflHara, MX npHMeneHwe B cwibHOTOHHbix 
ycTpoficTBax, oco6eHHO TaKnx KSK npn6opbi c BnpTyanbHbiM KaTOflOM, cunbHo saTpyAHeHo oTcyTCTBMeM 
BbicoKofi cTa6niibH0CTM KanecTBa nyHKa, nonynaeMoro c noMombto B3pbiBHOw SMUCCMH, M HecTaönnbHocTbio 
caMoro BnpTya/ibHoro KaTOfla. nepBoü yflaHHOü nonbiTKoü McnpaBHTb nonoweHwe c noMomwo TaKoro npocToro 
flonojiHMTenbHoro anewieHTa KaK aHOflHbiPi pe30HaTop cneflyeT cnmaTb TeopeTunecKMe pa6oTbi nnoHCKHx 
yMeHbix W.Jiang, K.Masugata u K.Yatsui [1,2]. B o6enx paßoTax paccMaTpMBanacb BwpKaTopHa* (TOMHee, 
peflHTpoHHaa) cxeMa. Pe30HaTop pacnonaranc« Me>Kfly flwoflOM n oönacTbio BMpTyajibHoro KaTOfla. 

ripn HMcneHHOM MOflennpoBaHUM [1,2] npeflnonarajiocb, MTO nonbiM M0H03HepreTHMecKHM 
anetcrpoHNbiii   nynoK  MHweKropyeTCH   M3  fluofla   c   nocTOHHHbiM   TOKOM.   nyMOK  npoxoflUT  Mepe3   TOHKMM 

MMJ1MHflpH4eCKMfi pe30HaTOp M BXOflMT B L<miHHApHMeCKHSl BOTlHOBOfl, Tfle M CpOpMMpyeTCfl BHpTyaJIbHblil KaTOfl. 
ripeflnonara/iocb, HTO BCA cncrren/ia norpy>KeHa B cunbHoe aKCHanbHoe MamMTHoe none, TaK MTO aneiapoHbi 
coBepiuaiOT TO^bKO oceBoe ABUKeHne. deHKa pe30HaTopa, pasAe/wroman BOJIHOBOA M pe30HaTop, CHtuaxiacb 
aßcojiiOTHO npo3paMHOM A^ifl oneiapoHOB. 

B [1] pacneT npoBOAH/icn j\na cneAyiounnx napaiweTpoB: aHeprun aneicrpoHOB 3.8 MaB, TOK nyMKa 
40 KA, paAMyc nyMKa 0.5 CM, ero ToniAHHa 1.5 MM, paAnyc BO/iHOBOAa 3 CM, paAMyc w ToniAMHa pe30HaTopa 7,5 
M 3 MM COOTBeTCTBeHHO, paAHyC OTBepCTMH CBH3H Me>KAy peSOHaTOpOM M BOriHOBOAOM 2.5 MM. 

MucneHHoe MOAennpoBaHne noKa3ano, MTO aneKTpoHHbifi nyMOK 3a pe30HaTopoM cunbHo 
npoMOAynnpoBaH Ha co6cTBeHHOM nacTOTe pe30HaTopa. OTpaKeHHbie OT o6nacTW BMpTyajibHoro KaTOAa 
aneiapoHbi npw cooTBeTCTBytoiAeM cpa30B0M cooTHouueHMn cnocoScTByKDT 6bicTpoMy pociy Kone6aHHki B 

pe30HaTope. B CB?I3H C STUM aBTopbi oTMeMaioT BajKHyto ponb oTBepcTMfl CBjq3M, onTOMa/ibHbiM pa3Mep 
KOToporo onpeAeraeTCfl H3 Tex coo6pa)KeHMCi, HTOÖbi kimeHCHBHOCTb KoneßaHnPi B pe30Haiope He 6bina 
cnniiiKOM BennKa n He npuBOAMna K OTpa>KeHH(o nepBMHHbix aneKTpoHOB ny^Ka H npo6oK) pe30HaTopa. ABTopbi 
[1] yTBepwAaraT, MTO paBencTBo nacTOTbi TM010 MOAbi pe30HaTopa n wacTOTbi Kone6aHnti BMpTyajibHoro 
KaTOAa npuBOAUT K yBenHHeHWo acpcpeKTMBHocTH reHepai4HM BupKaropa. 

B [2] HucneHHoe MOAenwpoBaHMe npoBeAeHO ßnn APymx napaMeTpoB (aHeprna ajieKTpoHOB 300 KaB, 
TOK nyMKa 1.5-2.0 KA, oceBoe MamuiHoe nojie 8 Krc, BHeaiHuPi paAMyc ny^Ka 3 MM, BHyrpeHHua paAnyc 1 MM| 

paAnyc BO/iHOBOAa 3 CM, ujMpMHa M paAMyc pe30HaTopa COOTBeTCTBeHHO 3 MM M 12.5 MM) H nccneAOBaHO 
BnnHHwe aHepreTunecKoro pa36poca aneicrpoHOB w n3MeHeHna TOKa nyMKa Ha HacTOTy.M aMnnnTyAy Ko/ie6aHHki 
ajieiapuMecKoro noun B BoxiHOBOAe. TaK, ecnn 6es aHOAHoro pe30HaTopa 3Hepre™necKnfi pa36poc 
aneiapoHOB B 3% npMBOAUT K npaKTMMecKH no^HOMy noAaBxieHwo KOJieöaHnti sneicrpuwecKoro nonn B 
BojiHOBOAe, TO npM HajinHMM pe30HaTopa BJIUHHMH TaKoro SHepreTunecKoro pa36poca BooSme He oÖHapyxeHo. 
KpoMe Toro, ec/in 6e3 pe30HaTopa yBennneHne TOKa nynKa Ha 25% npuBOAMT K yBe/inMeHHio nacTOTbi 
KoneSaHMH BHpTyanbHoro KaTOAa Ha 50%, TO npH HannwMH pe30HaTopa TaKoe «e n3MeHeHne TOKa 
npaKTMHecKH He OTpawaeTca Ha nacTOTe MOAynai4nn npoxoAflinero B BOHHOBOA nyMKa. 

II. HucneHHoe MOflennpoBaHne 

ABTopbi pa6oT [1,2] npeAnonaraxiM HariMHHe cn^bHoro BHeujHero MamnTHoro no/w. KaK y«e 
OTMe^anocb paHee, Han6onee npuBJieKaTenbHoti MepTOM npnöopoB c BkipTyaribHbiM KaTOAOM aBnneTCH 
B03MO)KHOcTb pa6oTaxb M 6e3 BHeujHero MamnTHoro nonn. B CBS3H c STMM 6bm npoBeAeH L^UKJI pac^eTOB no 
nccneAOBaHnto BJIUHHKH anoAHoro pe30HaTopa Ha pa6oTy cucTeMbi 6e3 BHeujHero MamnTHoro nona c 
noMOLAbto nojiHoro aneiapoMarHMTHoro KOAa KAPAT [3]. MoAe^kipoBajicn ocecMMMeTpuMHbiM BapnaHT 
BupKaTopHOM cxeMbi (pnc.1) co c/ieAyioiAHMM napaMeipaMn: SHeprna aneicrpoHOB 500 KSB (TOMHee, B 

KoaKCManbHbiM BODHOBOA cnesa 3anycKa/iacb TEM BoxiHa c pa3HOCTbio noTeHquanoB 500 KB), TOK ny^Ka 17 KA, 

cppoHT HapacTaHMfl TOKa 2 HC, BHeiiJHMü n BHyTpeHHMM paAnycbi SMMTmpytomefi 30Hbi Ha KaTOAe 
COOTBeTCTBeHHO 3 M 1 CM, 3a3op Me>KAy KaTOAOM M aHOAOM 7 MM, paAnyc pe30HaTopa f?=3.8 CM, ero ToniAMHa 
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1 CM (coecTBenHaa MacTOTa TMQIO MOflbi pe30naTopa cocraBnana -3 (Tu,). Bee paws™ npoBOAnnwcb Ha 
ceTKe c waroM 1 MM no O6OMM waMepennaM, MTO cocTaB.nRno 7 waroB Ha KaTOfl-anoflHb!M npoMewyTOK. 

MccneflOBa/iacb MOflynamw TOKa B pa3nMHHbix ceneHnax. 3TH ceMeMMH noi<a3aHbi TOMKaMM Ha pud: 
HenocpeflCTBeHHO nocne nepBoti ceTKM, nocne BTopoü ceTKH, M Ha paccToswuH 1 CM 3a BHpTyanbHbiM KaTOflOM. 
B cneicrpax TOKOB nerKo BbiflennTb flBe rpynnbi HacTor: MacTOTy KoneßaHnPi BnpTyanbHoro KaTOfla, KOTopaa B 

3aBMCMMOCTM OT BejiMMMHbi OTBepcTOH CBH3M (paflHyc r) Men^eTC* B npeflenax 4.5-6 TFLI M coöcTBeHHyto 
HacTOTy pe30H3Topa - 2.5-4.5 rrq (pnc.2.). Ha pnc.3 npuseflenbi 3aBHc^MOCTH cpypbe-aMnnnTyA TOKOBbix 
Kone6aHMM Ha MacTore BHpiyanbHoro xaTOfla ( * ) w na co6cTBeHHCM «nacTOTe pe30H3Topa ( o ) OT oTHOiueHun 
rlR Anfl z=3.3; 4.3 M 6.2 CM. BHAHO, MTO BHyTpn pe30Haiopa (z=3.3 CM) "HH3K04acT0THbix" Kone6aHMii (f~2.5- 
4.5 rri4) npaKTMMecKH HeT, TaK KaK ny^OK ew<e He yenen npoMOAynnpoBaTbc« Ha STOW nacTOTe. 
BbicoKOMacTOTHbie KO/ie6aHnn (f~4.5-6 rTi4) oßycnosneHb! OTpawenHbiMM OT BwpTyanbHoro KaTOfla 
aneKTpoHawin. Cpa3y sa pe30HaTopoM (z=4.3 CM) B Kone6aHnax TOKa ywe npucyrcTByeT co6cTBeHHaFi nacTOTa 
peaoHaTopa, npuneM cymecTByeT omrHManbHoe oTHoweHne paAMycoB OTBepcTn« CBASM M pe30HaTopa r/R~0.2- 
0.3. 3a BHpTyanbHbiM KaTOAOM (z=6.2 CM) B cneicrpe ywe npeBannpyroT "HH3KOMacTOTHbie" KoneöaHU«. 

TaKMM o6pa30M, H B OTcyTCTBue BHeaiHero MarHHTHoro nona npM npaBnnbHOM BbiSope pa3Mepa 
OTBepcTkia CB33M sneKTpoHHbiM TOK 6yAeT npoMOAynnpoBaH Ha co6cTBeHHofi nacTOTe aHOAHoro pe30H3Topa 
HeaaBHCUMO OT Kone6aHHM BHpTyanbHoro KaTOAa (TO ecTb, He3aBHCMMO OT TOKa nyMKa w BersuHMHbi 3asopa 
Me>KAy K3T0A0M M 3H0A0M). 

III. 3KcnepMMeHTanbHbie nccneflOBaHMJ) 

MucneHHoe MOAennpoBaHne paöoTbi BupKaTopa c aHOAHbiM pe30HaTopoM 6e3 BHeujHero MamwTHoro 
nona noKa3ano, HTO Hann^ne pe30naTopa cnoco6no cymecTBeHHo ynymuHTb acpcpeicruBHOCTb reHepaqww. MTO 

KacaeTca OTpa>KaTer!bHoro TpnoAa, TO HHcneHHoe MOAennpoBaHne TaKofi cMCTeMbi npeACTaBnneT coßofi 
cyry6o TpexMepHyro saAasy M, XOTH B npuHqune BO3MO>KHO, TpeßyeT OMeHb 6onbworo pacMeTHoro BpeMeHM. B 
CBa3H c 3THM, 6bi/io npoBeAeHo 3KcnepnMeHTanbHoe nccneAOBaHne paßoTbi oTpawaTenbHoro TpwoAa c 
aHOAHbiM pe30HaTopoM Ha ycTaHOBKe. Bun H3MeHeH ToribKO anoAHbiä y3en, KOTopbiü B A^HHOM cnynae 
npeACTaBnnn CO6OM MeTannnMecKnw AHCK AnaMeTpoM 200 MM c yKpenneHHbtM B qeHTpe pe3onaTopoM. 

Pe30HaTop npeACTaBnnn coooü MeAHoe KonbU|o c BHyTpeHHMM A^aMeTpoM 78 MM H BbicoToPi 14 MM. 

OSe ceTKH 6binn HaMOTaHbi paAnaxibHO. l^eHTpanbHaa MacTb oöpaiAeHHOM K KaTOAy ceTKM npeACTaBnana 
co6ofi cnnouiHOM AHCK A^aMeTpoM 26 MM, a oßpameHHoPi K BHpTya/ibHOMy KaTOAy ceTKM - TaKoPi we AHCK C 

BHyTpeHHMM OTBepcTHBM 20 MM B AHaMeTpe. 05e ceTKH cocTonnn m 48 ceicropoB. 
B npoLjecce 3KcnepnMeHTa M3MeHanocb paccTOAHHe Me>KAy KaTOAOM M pesoHaTopoM ( L ), a TaK we 

Hanpq>KeHne sap^AKM THT-a (U). Hanpn>KeHMe Ha AHOAB cocTaBnano -400 KB, TOK ny4Ka -15 KA. 

KoHTponnpoBanacb orn6aiomaa sneicrpuMecKoro nonq MHKpoBoriHOBoro MMnyribca. OKa3anocb, HTO npM L=20 
MM (KorAa MacTOTa Kone6aHnii BnpTyanbHoro KaTOAa npn6nn3HTenbHO paBHa COSCTBCHHOM nacTOTe 
pe30HaTopa) n3/iyMeHHH npaKTM^ecKH HCT. 3TO MoweT 6biTb o6ycnoBneHO HeAOCTaTOMHbiM TOKOM nyMKa B 3T0M 

cnynae. ripw Z.=9-12 MM (KorAa nacTOTa KoneSaHnti BHpTyaribHoro KaTOAa npHMepHO B f\aa pa3a npeBbiaiana 
coöcTBeHHyK) HacTOTy pe30HaTopa) Ha6raoAanacb cunbHaa 3aBHCHMocTb MOIAHOCTM M3nyHeHnn OT 

MeaoneicrpoAHoro paccTonHHa M Hanp^xceHua 3apaAKH (CM. pnc.5, rAe no BepTMKanbHbiM OCHM OTJioweHO 
MaKCMManbHoe sneiapuHecKoe none BonHbi Ha paccToaHnn 3 M OT BbixoAHoro OKHa B OTHOcnTenbHbix 
eAHHuqax). TaKMM o6pa30M, pe3ynbTaTbi npeAsapMTenbHbix 3KcnepnM6HT0B no3BonaioT paccnuTbiBaTb na 
yBennMeHMe sqbcpeKTUBHOc™ reHepaqwn c ncnonb30BaHneM anoAHoro pe30HaTopa B cxeMe oTpawaTenbHoro 
TpnoAa npn onTOManbHOM Bbi6ope napaMeTpoB CHCTeMbi. 

IV. 3aKJiK)MeHMe 

TeHepaTopbi MomHbix MHKpoBonHOBbix MMnynbcoB Ha ocHOBe npii6opoB C BHpTyanbHbiM KaTOAOM 5e3 
BHeiuHero MarHHTHoro nona npeACTaBnaroT 6onbUJoii WHTepec fl,na HCcneAOBaTenefi M3-sa npocTOTbi M 

B03h/io>KHOc™ nonyneHMa BbicoKOM scpcpeKTHBHOCTM no oSu^eii 3aTpa4HBaeMoPi MOIAHOCTM. HeAOCTaTKH TaKoro 
Tuna reHepaTopoB Moryr 6biTb wcnpaBneHbi nyaeM BBeAeHmi AQCTaTOHHO npocTbix AononHHTenbHbix 
sneMeHTOB, HanpMMep, aHOAHoro pe30HaTopa. 

Pa6oTa noAAepwaHa POCCHMCKMM CDOHAOM OyHAaMeHTanbHbix HccneAOBaHHM. . 

V. CnncoK xiMTepaTypbi 

[1 ]   W.Jiang, K.Masugata and KYatsui, "High-power microwave generation by virtual cathode oscillator", SPIE, vol. 2154,13,1994. 
[2]   W.Jiang, K.Masugata and K.Yatsui, "A new configuration of efficient narrow-bandwidth microwave generation", Proc. Of the 

10th Int. Conf. On High-Power Particle Beams, Jun 20-24,1994, San-Diego, California, vol.ll, pp.909—912,1994. 
[3]   V.P.Tarakanov, "User's Manual for code KARAT", BRA, Inc., V.A., USA, 1992. 

ViRKATOR WITH ANODE RESONATOR CAVITY 

Kogutnitsky AE., Mikhailov V.M., Nesterov E.V., Plaksina S.D., Roschupkin S.A., Shumilin V.P. 
High Energy Density Research Center, RAS, IVTAN, 13/19 Izhorskaya St., Moscow-127412, Russia 

fax (095) 4857990 

The results of numerical simulations of microwave oscillator (VIRKATOR type) with anode cavity are given. In absence of the 
leading magnetic field, the effect of resonator cavity sizes on the electron beam current modulation is investigated. It is found that 
the amplitude of electron beam current modulation corresponding the resonator frequency strongly depends upon size of resonator 
hole and is independent of the current value. This fact gives reasons for developing of new effective microwave generator. 
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EHEPAUM^ M0U4HB1X HMiTMlbGOB CBM 

K.B. rop6aM6B, H.O. 3onoTbix, A.J1. JIHCMHKMH, E.B. HecrrepoB, B.KD, nerpoB, C.fl. HnaKCMHa, 
CA. Pou^ynKMH, B A OrporaHOB, E.B. HepHbix, B.n. LLIywiMJiHH, fl.T. fkoBJieB 

Haywo-uccnedoeamefibCKUÜ u,eHmp mennocpuauKU UMnynbCHhix eoadeücmeuü PAH 
MBTAH 127412, MocKea, HxopcKaa 13/19, Poccun 

(paKC 095 4857990 

AHHomamm - >KenaHwe coBMecTMTb npewMymecTBa cpopMHpyK>mnx mnm (<t>fl) c KOMna«THocTbto MHflyKTUBHoro 
HaKonwTenq (WH) noflToriKHyno K pa3pa6oTKe ycKopmenfl c <W1, 3anMTbiBaeMoä TOKOM. CoSpaHHbiti no flaHHow cxeMe 
ycKopMtenb nosBonun ynynmnTb KanecTBO «fcopMwpyeMoro nynxa, yBennmiTb yposeHb reHepupyeMoro OTpaxraTe/ibHbiM Tpnoflow 
CBM-M3ny4eHMfl vt ynymunTb anepreTHMecKyto 3<pD>eKTHBH0CTb Bcero ycTpoücTBa B LjenoM. B Aoxnafle paccMOTpeHbi 3anMTKa vt 
cpopMiipoBaHne MMnynbca BbicoKoro HanpaweHMH B npw6nn)KeHMM Mfleann3npoBanHoro pasMbiKaTena vt npWBefleHbi pe3yjibTaTbi, 
nonyMeHHbie Ha ycKopmene "KP B aKcnepwMeHTax no renepaiiiiH CBM. 

I. BeefleHMe 

ycKopmejin c Ofl Haußonee uinpoKO ncno^b3ytoTcyi B aKcnepuMemax no reHepaL(nt<i MOLUHbix 
UMnyiibcoB CBM. Hn3Koe BHyrpeHHee conpoTHBneHne, xopoiiiaa cTa6nnbHOCTb vt BbicoKHii KHfl flenaioT 
HCTOHHHKH TaKoro Tuna yfioÖHbiM MHCTpywieHTOM flna MCcneflOBaHua pa3nn4Hbix TunoB CBM-renepaTopoB. 

Bonee npocTbie vt KOMnaKTHbie ycKopuTenn c npoMewyroMHbiM MH HaxoAsrr orpaHH<-ieHHoe 
npuMeineHKie. OCHOBHOM HeAOCTaTOK TaKwx CWCTCM - HM3Koe KaMecrrao 4>opMnpyeMoro ny4Ka BcneACTBMe 
HenocTOSHCTBa ycKoparomero HanpaweHMFi vt BbicoKoro BHyTpeHHero conpoTUBneHna. BnnaHne 3-THX cpaicropoB 
Ha paSoTy OTpawaTenbHoro Tpnofla paccMOTpeHo B [1]. Mbi nonbiTanncb peiiiMTb npoönewiy ncnojib30BaB 
BMecTo KaTyiiiKU MHAyKTMBHOCTM cpopMHpyiomyio TIMHHIO, 3annTbiBaeMyro TOKOM. 

Hkiwe npuBefleHO onncaHne ycTaHOBKM H pesynbTaTbi HeKOTopbix 9KcnepnMeHTOB no reHepaquM CBM, 
BbinormeHHbix Ha Heil. 

II. 3KcnepnMeHTanbHaH ycTanoBKa 

FIpeflCTaBneHHe 06 acfrcpeicruBHocTH cxeMbi c HHflyKTHBHbiM HaKonnTeneM (MH) B BUfle cpjl ßnn 
reHepauMM MMnyjibcoB BbicoKoro HanpsmeHHH MOWHO nony^mb Ha ocHOBe npocTotf MOflenn pa3MbiKaTena c 
3KcnoHeHLinanbHO BospacTaroujeM conpoTUBnenneM: 

r = r0 exp(t/x), (1) 
rfle T - nocToaHHaa BpeMeHM pa3MbiKaTena 
ÖneKTpuMecKa« cxewia ycTaHOBKKi noKa33Ha Ha puc. 1. npoqecc 3annTKM <t>J1 flo Hanaria pe3Koro 

B03paCTaHM«   COnpOTMBJieHMfl   3^eKTpH4eCKM   B3pblBaeMblX   npOBOflHMKOB   (3BI"I)   nOMTH    HS    OTTIMHaeTCfl    OT 
3annTKM KaTyuJKM c HHAyKTMBHOCTbio L = Zo t (Zo - BO^HOBoe conpoTMBneHMe OJl, t - ee aneKTpunecKan AJiHHa), 
TaK KaK xapaKTepHbie BpeMeHa Ha OTOM aiane 3HaMHTeribHO ßonbiue ABOüHOM aneKTpuMecKoPi A^HHW <DJ1. 
nocne cpaöaTbiBaHnn 3Bn 3anaceHHbifi TOK nepeK/ironaeTCH B Harpy3Ky vt, ecnn MHKpeMeHT HapacTaHwa 
conpoTMBneHMa 3Bn x « t, TO Ha HarpysKe cpopMktpyeTca UMnynbc HanpHxeHMH UL « lo Zo ZL/(ZO + ZL) 

AJiMTeribHocTbK) 2t (lo- TOK, 3anaceHHbiPi B /IHHMM K MOMeHTy B3pbiBa, ZL - MMneAanc Harpy3Kn). 
B paccMaTpuBaeMofi MOAenn ncnonb3yeTcn MAearibHbiPi pa3pnAHMK P, nofiKntovatomm Harpy3Ky B 

MOMeHT t = tc. Ecnn tc = 0 M aneiapuMecKaa Rnma OJl te > 2x, TO HanpsweHMe na Harpy3Ke p,m Ofi: 

Ui = lo- r- (Zo 11 Ri 11 r(t)); (2) 
rAe lo - TOK, 3anaceHHbiM B OJl K MOMeHTy t = 0; r - KoacpcpuqneHT, yMMTbiBaioinuM 0Tpa>KeHMe BonHbi TOKa B 

nuHMU OT HarpysKn. 
OnTOMaribHan no MomHOCTvt Harpy3Ka R|0pt« Zo. flMKOBaa MoinHOCTb Ha comacoBanHoPi HarpysKe (R= Zo): 

T2 7 A 

^^-[l + exp(0] O) 
riocTonHHaa BpeMeHM x HBUfleTca OCHOBHOM xapaKTepucTUKoti pa3MbiKaTenq. BnunHue x Ha MoiHHOCTb 

B Harpy3Ke MO>KHO onpeAennTb no cneAyioLUHM cpopMynaM: 

T    dPmflX        4&exp(-E) 
Pmax     dt l + exp(-0 

x   dPmax    2 ,   l + r0/R, 
S!S?L = —  In     AnflKaTyLUKM. (5) 

T2 

L max ~ " 

Pmax     dT X 1 + ^ 

rfle ^ = te/t. 
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PaccMorpeHHasq MOflenb flaeT npeflCTaBneHue 06 oönacTH 3HaHeHnä napaMeTpa % = te/t, rfle 
Mcnonb30BaHne OJ1 BMecTo KaryuJKM qejiecoo6pa3Ho p,m nonyneHHH MaKCHMajibHOM MOWIHOCTU Ha Harpy3Ke. 
flna reHepaqnM CBM cxewia c Oil npeflnoHTHTenbHa no fleyM npuHHHawi: jiymuan CTa6nnbH0CTb n aicruBHoe 
BbixoflHoe conpoTHB^eHne. KpoMe Toro cpopMa nonyqaeMoro uMnynbca 6nw>Ke K npHMoyro/ibHOfi, HTO 

no3BO/ifieT noBbicnTb acpcpeicrnBHOcTb npeo6pa30BaHHH aHeprnn nynxa B 3Heprnso CBM-n3nyMeHMfl. 
B onucbiBaeiwofi ycTaHOBKe ucno/ibsoBanacb OJ1 c BODHOBUM conpoTHB/ieHneM Z0 = 27 OM Ofl 

3annTbiBanacb nu6o OT MamnTO-KOMnpeccMOHHoro reHepaTopa (MKQ, nn6o OT TUT, 3ap«Äaewioro flo 
HanpqweHwa 70...90 KB. flna TecTupoBaHun ycKopwTe/in ucnonb30Baricfi OTpawaTenbHbiii Tpnofl no,qpo6Hoe 
onucaHMe KOToporo MOWHO Hau™ B [2,3], TpacpMTOBbiM KaTOfl MMen fluaMerp 83 MM. AHOA - ceT«a m 
HepjKaBeioaten CTanw c reoMeTpunecKOM npo3paHHOCTbto 0,7. 3a3op Mewfiy ceTKoPi H KaroflOM BapbupoBancH B 
npefle/iax7,5...14,5MM. 

Ha puc. 2 npuBefleHbi ocqminorpaMMbi HanpaweHM«, TOKa M orn6arOinew CBH npn 3apa,qH0M 
HanpfljKeHMM 86 KB. HanpjweHue Ha Harpy3Ke perynnpoBanocb HHCXIOM npoBOflHUKOB u HanpaweHMeM 3apnflKH 
TUT. Tpac^MK 3 MnjTOCTpMpyeT 3aBHcnM0CTb riHKOBoPt MOLUHOC™ nyHKa PB OT HanpfweHtw 3apflflKn Uc flJin 
3a3opa 9,5 MM. BnMflHue nucna nposoflHUKOB Ha cpopMupyeMbiü HMnynbc SHannTejibHO cnaöee (puc. 4). firm 
KaKfloro HanpaKeHUH 3apaflKM Uc cymecTByeT onTHMa/ibHoe nucno npoBOflHUKOB nopt / Uc = 0,36 KB'1 , B6JIM3H 
KOToporo aMnjinTyfla n cpopMa HMnynbca noHTO He MeH«ioTCH. 

YcKopnTeiib npofleMOHCTpupoBa^ xopowyio CTa6uribHocTb paßoTbi. OTKnoHeHne MOOIHOCTM nyHKa npn 
OflHHX M Tex »e HaMaxibHbix ycnoBunx He npeBbiwano ±3%, HTO cooTBeTCTByeT TOHHOCTH H3MepeHHH 3apflflHoro 
HanpflxeHMfl TUT. 3HaneHne nopt, MOLü,HOC™ nyHKa n BpeMeHH 3apnflKn OH xopowo comacyroTca c 
pe3yjibTaTaMn HHcneHHoro MOfle/inpoBaHHfl. 

III. TeHepaMM« CBM 

fl™ fleTexTupoBaHn* CBM-HMny/ibcoB ßoribUJOK MOU4HOCTH B flnana30He 10 CM pa3pa6oTaH 
ujkipoKononocHbiii aaTMHK orn6a(omeii Ha ocHOBe MaaHKOBoro fluofla 6fl16fl. flna fi3MepeHna nacTOTbi 
MsnyneHUfl ncnonb30BariMCb 3anpeflenbHbie BonHOBOflbi. Sneprnq CBM-MMnynbcoB usMepanacb 
KanopwMeTpoM [4]. 

TeHepaMMH HannHa/iacb Ha cppoHTe TOKa npn flocTuweHnu 3HaneHn« ls = (7,5±0,7) KA He3aBMCHM0 OT 

aMnnnTyflHoro 3HaneHnq TOKa lM M 3a3opa Me>Kfly KaroflOM w ceTKoii (puc. 5). ECJIM TOK nyMKa 3aMeTHO 
npeBbiuian ls, Ha6nroflanacb ycTOMMUBan ve»epauy\9\. npw STOM 6bina cTa6n/ibHa He TonbKo sHeprnsq CBM- 
MMnynbca, HO M cpopMa ornSatoineü. 

MaKCHManbHaa sHeprun CBM MsnyneHM?! 5,6 Rm 6bma nonyneHa Ha 3a3ope 9,5 MM 

cooTBeTCTBOBaBUJeM onTMMa/ibHOMy comacoBaHMto fluofla c 0>n. ni/iKOBaa MoiMHOCTb cocTaBuna -200 MBT 

Ha flnviHe BonHbi X » 7 CM. Ha puc. 6 OTMeneHbi SKcnepuMeHTanbHbie TOMKM, cooTBeTCTByiouJMe SHeprnn CBH- 
MMnynbca w 3Heprnn nyHKa. 

IV. 3aKJiK)MeHMe 

C Lieribto yjiyMUjeHna KanecTBa aneicrpoHHoro nyMKa B CMCTeMax c npoMexyroHHbiM MHflyicrnBHbiM 
HaKonMTeneM 6bmo npeflnoweHO ncnonb30BaTb BMecTo KaTyujKM cpopMHpyioinyro nnHwo. fl^H npoBepKH 
pa6oTocnoco6HocTM nflen 6bin nocTpoeH ycKopnTenb. npoBefleHHbie SKcnepuMeHTbi noKa3ann nonoxnTenbHoe 
BTiMaHne 3Toro M3MeHeHMfl KaK Ha cTaönribHocTb BbixoflHbix napaMeipoB ycKopwTenfl, TaK M Ha pa6oTy 
oTpawaTenbHoro Tpnofla, ncnonb30BaBiiieroca B KanecTBe Harpy3KM. Bbi/iM TaioKe Bbi'ncHeHbi neKOTopbie 
oco6eHHocTH noBefleHMa OTpa>KaTenbHoro TpnoAa, B HacmocTn, HesaBMCHMocTb anepreTunecKOM 
acpqbeicrnBHocTH reHepaLiMM OT 3a3opa Me>Kfly KaroflOM w aHOflOM. 

Pa6oTa noflflepxaHa POCCMPICKMM OOHAOM OyHflaMeHTaribHbix MccneflOBaHnü. 
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[2] 

[3] 

[4] 
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HPM GENERATION ON INDUCTIVE FORMING LINE ACCELERATOR 

Bezrukov M.J., Gorbachev K.V., Chernykh E.V., Zolotykh I.O., Lisichkin A.L., Nesterov E.V. 
Petrov V.J., Plaksina S.D., Roschupkin S.A., Stroganov V.A., Shumilin V.P., Yakovlev D G ' 

High Energy Density Research Center, RAS, IVTAN 13/19 Izhorskaya St., Moscow-127412, Russia 
fax (095) 4857990 

HPM pulses generation in 3 cm and 10 cm wavelength ranges by using of the inductive forming line accelerator with reflex triode 
was researched. The match between reflex triode and energy supply source and the dependence of the reflex triode oscillation 
efficiency on the electron beam quality are considered. The radiation frequency dependence on the anode-cathode gap was 
investigated, the cathode boundary plasma motion was taken into account. 
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PHC. 2.    OcijfuuiorpaMMM nanpaxenHH Ha «Hoae,  roxa, MOIIIHOCTH nynxa H CHraan c «arraKa 

oniöaioineH CBH npH 3apa,HHOM HanpaxeuHH 86 KB. 
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PMC. 3.    3aBHCHMOCTb IIHKOBOH MOHTHOCTH 

ny^Ka OT 3apsuuioro nanpaxeHH».   3aiop 9.5 MM, 
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PHC.    4.        3aBHCHMOCTI>    TOKa    flHOfla    OT 

HOpMHpOBaHHOT'0 MHCJia IipOBOflHHKOB 3BU. 

1: 1 = 400 MM, Uc = 66 KB; 2: 1 =400 MM, 
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PHC. 5. 3aBHCHM0CTb nycKOBoro TOKa 

OTpaacaTejibHoro TpHOjia OT MaKCHMaiiLHoro TOKa 

nyHKa wm 3a3opoB 8 H 11 MM. IS = 7.5 KA. 

PHC.   6.    3aBHCHMOCTb   3HepniH    CBH- 

HMnyjiBca   OT   aiiepmii   iryHKa   ana   pa3JiHHHWX 

3a30pOB MOKfly KaTOflOM H CeTKOH. 
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JIMCMMKMH A.J1., HecTepoB E.B., CTporaHOB B.A., LUyMMnwH B.fl 
Haywo-uccnedoeameribCKUU u,eHmp mennotpusuKu uMnynbCHhix eosdeücmeuü PAH 

MBTAH, MxopcKaa 13/19, Mocma, 127412, Poccun 

AHHomaixfj* - Pa3pa6oTaH KanopviMeTp, npeflHa3HaMeHHbm ppn lAmepeum aneprun CBM-MMnynbcoB fljwTenbHOCTbto 
OT eflMHML( HaHOceKyHA flo 1 c. npMHUMn flewcTBMfl KanopMMeTpa ocHOBan Ha nornomeHwn M3nyMennH nonapHofi »MflKOCTbio M ee 
paciunpeHMH B Karmnnap. flnomaflb nomom,afomefi noBepxHOCTM cocTaBnaeT 1300 KB.CM (36X36 CM), flwana30H M3MepneM0fi 
aneprMM Q OT eflMHML( MA« fl° 100 fl« (MMHMMaribHafl perncTpupyeMaa njioTHOCTb OHeprnn OKOHO 3 MKAW/KB.CM). Ko3Cp4)WLiMeHT 
nomomeHMR 3Hepwn M3ny<-ieHna cocTaBnaeT OT 90 flo 99% B flnana30Hax ppv\n BOJIH 2,3 - 3.7 n 7.5 - 12 CM. RorpewHOCTb 
M3MepeHnn nomc-mem-ioPi OHepraw - MeHee 5% npw Q > 20 Mfl>K. 

I. BßeAQHMe 

B HacToamee BpewiH ujupoKO MconeflyroTCH reHeparopbi ceepxMomHoro (~ TBT) HMnynbCHoro 
MUKpoBonHOBoro M3nyMeHMfi. flna M3MepeHnn ero MOIUHOCTM M 3Heprnw ncnonb3yK>TCFi, KaK npaBuno, 
aneKipMMecKne cpeflCTBa AnarnocTHKn. flpu STOM Macro B03HHKaeT KenaHMe KomponnpoBaTb npaBMJibHocTb 
H3MepeHMa flpyrMM,  He3aBMCHMblM,  MeTOflOM.  TaKUM  MeTOflOM  MOWeT CJiyjKHTb  KaJlOpHMeTpHHeCKMM,  OflHaKO, 
co3flaHne pa6oTocnoco6Horo KanopMMeTpa cBA3aHo c onpefleneHHbiMn TpyflHocTHMH. OßbiHHO flnnTeribHocTb 
CBM-MMnynbcoB He npeBbiLuaeT flecaTKOB - COTCH HaHoceKyHfl H cyMMapHaa sHeprns HeßennKa H cocTasriflrOT 
BertUHMHbi OT floneti flo p,ecmmB AwoynePi. KpoMe roro, reHeparopbi CBM-M3nyHeHna 6oribUJOM MOIUHOCTH 

MMefOT 3HaMMTeribHbie anepTypbi BO M36e>KaHne npoöoeB no nosepxHOCTM CBM-OKHa H, jamM oßpasoM, 
HeSoribtiine BennMUHbi nnoTHOCTH sHeprnn. 

B HacToau^eti pa6oTe npeflCTaBneHbi pe3ynbTaTbi pa3pa6oTKH BbicoKonyBCTBUTenbHoro, tunpoKO- 
flnana30HHoro no H3MepfleMoPi 3Heprun KanopuwieTpa Ha qacroTbi MUKpoBonHOBoro n3nyMeHna f ~ 3 n 10 ITq. 

II. OcHOBHbie nonoKeHMH 

M3BecTHO, MTO nonnpHbie JKHAKOCTH cnocoöHbi xopoujo nornomaTb aHeprnio CBM-nsnyneHUFi. npn 
3TOM OHH HarpeBaKDTca M npw HanuMMM cBo6oflHoro npocnpaHCTBa pacuiHpfltoTCR YBennMeHne oß-beMa 
xnflKocTH, iRBrifliomeecq MepoPi nornow,eHHoPi 3Heprnn, MOWHO n3Mepsrrb npn noMomu Kannnnapa. 3TOT 

npMHqun 6bin ucnonb30BaH ßnn onpeflenenMH fluaneicrpuMecKnx CBOüCTB JKMAKOCTeü n flna H3MepeHHH 
BeriMMMH E n H sneicrpoMarHUTHoro nona npn ncnonb30BaHnw wnAKOCTeä c u3BecTHbiMn fluaneKTpi-mecKUMH 
cBOMCTBaMU [1]. Ha STOM we npMHL(nne ocHOBaH KanopuMeTp, onucaHHbiti B [2]. 

OCHOBHNMH npoSneMaMM npw co3flaHHM KanopuMeTpa HBJiflioTca Bbi6op MaTepnana Kopnyca 
KanopHMeTpa, pa6oMeM (nornomaioiueii) >KHAKOCTO (p.w.), reowieTpnn nomoiMaioinero cnon M c/ioeB 
flwaneiapuKa, oöecneHUBaioinne, c oflHoß cropoHbi, MaKCHManbHbiM KoscpcpnqMeHT nomomeHna B BO3MO>KHO 

tuHpoKOM flnana30He flnnH BonH, a c flpyrotf, BbicoKyto HyBCTBMTe/ibHocTb M UJHPOKUM flnana30H M3MepaeMow 
sHeprun. 

nepeMMcneHHbie TpeöoBaHM« nerra yflOBneTBopnioTCfl B KOPOTKOBOJIHOBOM MacTM caHTMMeTpoBoro 
flnana30Ha n Ha MMnnnMeTpoBbix BoriHax. B fl/inHHOBonHOBbix flnana30Hax CBH c L(enbK) yMeHbiiieHMa 
oßteMa paöonePi >KHflKOCTH npnxoflHTC?i ncnonb30BaTb 6onee cno>KHbie MHorocnoMHbie KOHCTpyi<MMH, 
onTMMH3ai4H5i KOTopwx Beriacb no pa3pa6oTaHHoPi aBropaMU nporpaMMe Ha 3BM. 

PaccMOTpMM Ten/iocpn3HHecKnfi acneicr npoLieccoB, nponcxoflnmux B KMAKOCTH npn nomomeHUM 
sHeprMM KopoTKHX ( ~ 100 HC ) KMnynbcOB CBM-H3nyHeHH«. B roneHMH HMny^bca B >KHflKOCTM HapacTaioT 
rowinepaTypa n flasneHMe. Do ero OKOHHaHnn M3-3a HepaBHOwiepHocrru nornomeHna TeMnepaTypa n flaBneHMe 
B paSJIMMHblX TOMKaX OÖteMa p.K. OKa3blBaiOTCfl HeOflMHaKOBbIMM, B03HHKaKDT BOHHbl B03MymeHM9, KOTOpbie 3a 
BpeMeHa tx - Lx / a ( rAe Lx - xapaKTepHbiti pa3Mep oöi^eMa p.)K., a - cKopocTb 3ByKa B Hefi ) BbipaBHMBaioT 
AaBJieHne BO BceM o5"beMe. flocrie 3Toro, 3a Bpewifi tp, onpeflenaeMoe Ba3KOCTbio p.m., RwaMerpoM 
Kannnnapa M np., XMAKOCTb pacuJupqeTCfl, M ee yposeHb B Kannnnnpe noBbiiüaeroa. üpw ycnoBUM 
co6riKDAeHMfl aAna6aTMMHOCTH, M3MeHeHne cpeAHefi TeiwnepaTypbi At, flaBneHMa Ap, oöteMa >KHflKoc™ AV M 
ee BbicoTbi B Kannnnnpe Ah cB?t3aHbi c BnoweHHofi sHeprnefi Q cooTHOiueHM^Mn: 

At = Q/(cpV); Ap= pQ/(cpyV); AV= ßQ/(cp); Ah= ß/CS^cp), rAe 
c,p,ß,Y,V-cooTBeTCTBeHHOTennoeMKOCTb, njioTHOCTb, Koacpcpw^em- oß-beMHoro pacoinpeHU«, OKMMaewiocTb n 
o&beiwi p.x., SK- ceneHne oTBepcTHH Kanwnjwpa. Ha TOHHocTb M3MepeHna OKa3biBaK)T BJiwaHne flMHaMvmecKoe 
M CTaT'/mecKoe yBeriMMeHne AaBneHna B p.m., a TaiOKe ceneHne Kannrinnpa. YcnoBMe aflna6aTHHHocTM, KaK 
noKasan oqeHonHbiPi pacneT, a 3aTeM M SKcnepniweHT, BbinojiHaeTca A^I^ Bbi6paHHoii reoMeTpnn npn ycnoBnn 
Manoro BpeMenn (-1-2 c) n3MepeHnn cumana. 

flna MCKnioMeHMFi norpeoiHOCTH H3MepeHna, CBa3aHHoPi c TeNinepaTypHofi 3aBncnMOCTbto 
TennocpusMHecKMX M AnaneicrpuMecKnx napawieTpoB p.x., 6bino npHHSRTO peiueHHe npoBOAHTb Bee n3MepeHM?i 
npM OAHOM n ToPi «e TewinepaType. TaKaa TeMnepaTypa AO^)KHa 6biTb Bbiiue B03MO>KHoPi roMnepaTypbi 
OKpyKaromePi cpeAbi n MoweT ycTaHaBnuBaTbca M cTaßujiHsupoBaTbca npH noMoiuM aneKTpuMecKoro 
HarpeBarona, noMemeHHoro B pa6oMyio wKAKocTb. 

Bee 3TM npnHqnnbi 6binn ncnojib30BaHbi npn co3AaHMH KanopuweTpa c nomomaioineM noßepxHOCTbio 
330 KB.CM [3]. OnucbiBaeMbiPi B Hacroniueü paßoro npußop oT/wMaeTca OT Hero yBe/iMMeHHoPi nnomaAbK) 
nornomaromew noBepxHOCTO, ynymueHHbiMH xapaicrepMCTHKaMM nomoLLieHua, ßonee noMexoycToCiHMBoii 
cxeMow M3MepeHna. 
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III. OnwcaHMe KanopuMeTpa 

Ha ocHOBaHnn pacneTOB, a TaioKe npoBeflenHbix MOflenbHbix 3KcnepnM6HT0B, B KanecTBe paSoMeii 
KMflKOCTH 6bm Bbi6paH STurioBbiPi cnupT, a B KanecTBe MaTepnana Kopnyca KanopuMeTpa - oprcTeicno; öbinn 
BbiöpaHbi reoMeTpna nomoinaiomero CJ"1051 M cn°* comacyiomero flHsneiapuKa. 

GTunoBbiM cnupT, KpoMe xopouiHX flM3iieKTpnMecKnx CBoficTB, o6na,qaeT pnflOM flpymx AOCTOUHCTB: 
xopoiuo cMaMMBaeT cTetcno, mnnercn pacTBopmeneM wnpoB H Macen, HMeeT ßonbwoM K03d)cpuL|neHT 
oöT^eMHoro paciunpeHHa M np. y nneKcwrnaca ManbiCi TaHrenc yrna noTepb Ha CBM, yflOBneTBopHTenbHbie 
MexaHUMecKMe H TennocpM3MHecKne CBoficTBa. 

nornoi^aioiuMti 6/IOK 6bin BbinoriHeH B Biifle napannenennnefla paawiepaMU 400x400x63 MM C 
KaHanaMU, B KOTopbie 3anwTa p.w. KaHanbi coo6o;aioTca Me>Kfly co6ofi H Bee BMecTe co CTeKn^KHbiM 
KannnnapoM. B 06-bäMe paöoMefi WHAKOCTH pa3MemeHbi flBa HMxpoMOBbix HarpesaTena, OAHH m Korapbix 
cjiyxMTflnfl noAorpeBa p.«. H CTa6njiM3au,wn ee ypoBHn B Kannnnape, flpyroPi - RHR KanußpoBKn KanopuMeTpa. 
B BepxHePi Mac™ K 6noKy npwcneeHa BTyjiKa c pacujupmenbHoPi nonocTbio, Ha Kcrropyio B CBOKD onepeflb 
ycTaHaB/iuBaxicH Kannnnap. rinomaflb nomoü\aK>mev\ noBepxnoc™ cocTaBnana 1300 KB.CM. Kopnyc 
noMemancn B Tennow3onupyromnPi Kopo6. 

H3MepeHne M3MeHeHMa ypoBHfl p.)K. B Kannjinape 6bino opraHM30BaHo cneAytoiUKM o6pa30M. K 
HapyjKHoPi noBepxHoc™ Kanwinapa 6binn npHKneeHbi cuMMeTpuMHo flBe MeTannHMecKHe nnacTUHbi, 
cocTaBnqhomMe w3MepnTenbHbiw KOHflencaTop. HsMeHeHne eMKOCTH KOHfleHcaTopa onpeAennnocb no 
M3M6HeHMK) npoTeKaromero Mepe3 Hero nepeMeHHoro TOKa. none3Hbitf cHman perncTpnpoBanca qncppoBbiM 
ocqHnnorpacpoM, pa6oTaBWHM B pewuMe HenpepbiBHotf pa3BepTKn. 

IV. FlpoBepxa pa6oTOcnoco6HocTM KanopuMeTpa 

npoBepKa pa6oTocnoco6Hoc™ KanopuMeTpa BKniOMana B ce6a cneAyioinne npoi^eAypbi: 
1. H3MepeHne K03CpcpnL(neHTOB OTpa>KeHMH Ha naHopaMHbix M3Mepmenax KCBH B Anana30He 

MacTOTbi AfiHH Bonn OT 3 Ao 12 CM. HaMepeHna noKa3ann, mo npn I =7.5 - 12 n 2.3 - 3.7 CM (CM. puc.) 
K03cf)cpML(neHT nornomeHua Kn=0.9 - 0.99 KaK f\nn cnyMaa, KorAa Beicrop E napanneneH OCHM KaHanoB 
(pacMeTHaa KpuBaa a), TaK w KorAa nepneHAHKynapeH (KpHBaa B). ripn X = 3.7 - 7.5 Kn 6onee 0.75. 

2. OnpeAe/ieHMe rpaAywpoBOMHoPi xapaKTepucTMKM S=dU/dQ=f(h) - npousBOAHnocb noAaMetf Ha 
Kann6poBOHHbiPt HarpeBaTenb npsMoyronbHbix nMnyribcoB HanpaweHMfl AinTenbHOCTbfo tn=1.12 c OT 
reHeparopa . OHeprna B HMnyribce cocTaBnana 2.9 flw. TpaAynpoBKa npon3BOAnnacb no BcePi A^UHe 
KOHAeHcaTopa u noxa3ana, MTO OTKnoHeHne r.x. OT KOHCTan™ He npeBbioiaeT 3 %. 

3. OnpeAeneHMe TOHHOCTM M3MepeHMjq nornomeHHovi 3Heprnn npou3BOAnnocb TeM xe cnoco6oM B 
Anana30He OHepruü Q=4 Mfl« - 2 flw npw A^inTenbHocTH tn=1000-2 MC. SKcnepuMeHT noKa3an, MTO TOMHocTb 
M3MepeHH?i nomou4eHHoPi aHeprnn, B3nTa?i KaK yABoeHHoe cpeAHeKBaflpaTMHecKoe OTKnoHeHne (CKO), 
cocTaBrweT: 

± 30% npn Q=4 Mflw; 
±   5% npM Q=20 Mflw; 
±1.5% npvi Q =0.2-2fl>K. 

flpuBeAeHHbie  A^H  Q  >  20  Mfl>K AaHHbie  no/iyMeHbi  npn  noMoii\n  cneMnanbHoPi  cucTeMbi  Kannnrap- 
KOHAencaTop.  MOKHO OTMeTMTb, mo CKO TeMnepaTypbi n BbicoTbi CTon6a »MAKOCTM B ^yMLueM cnyMae 
cocTaBJineT   0.08 MKrpaA M   0.25 MKM. 

4. npoBepKa pa6oTocnoco6HOCTM KanopMMeTpa npw 6onbmnx (AO 100 flx) sHeprunx npoM3BOAunacb 
Ha HMnynbCHOM MameTpoHe, paßoTaBiueM B MMnyjibCHO-MacTOTHOM pe>KMMe npn MacTOTe nocbinoK 1 Kri4, 
AnnTenbHOCTM nMnynbcoB 280 HC, A^HHU BonHbi 3 CM M HMnynbCHOM MOLAHOCTH 200 KBT. Hucno MMnynbcoB B 
cepnn cocTaBnano OT 190 AO 2200 , a cyMMapHaa sHeprun B cepwax OT 9 AO 110 flw. 3KcnepnMeHT noKa3an, 
MTO JinHetfHOCTb 3aBncMMocTM cMrHa/ia OT B^o>KeHHOM 3Heprun coxpaHneTca AO Q=100 fl>K - CKO M3MepeHHoPi 
3Heprnn cocTaBuno 1.24 flw. 

5. M3MepeHnn Ha OTpa>KaTenbHOM TpMOAe, 3annTbiBaeMOM OT cmibHOTOMHoro ycKopHTena (450 KB, 18 
KA, 100 HC), npH ycTaHOBKe KanopuMeTpa BnnomyK) K BbinycKHOMy oKHy renepaTopa, noKa3ann no/iHoe 
OTcyrcTBHe noMex npM n3MepeHnn SHeprufi AO 100 Mfl>K, a TaioKe OTcyTCTBue CMmana OT TopM03Horo, ynbTpa- 
cpnoneTOBoro n AP- n3/iyMeHnn. 

V. 3aKJiK>HeHMe 

rioABOAa MTor, MO>KHO cAenaTb cneAyrou4ne BbiBOAbi: 
1. Co3AaH KanopuMeTp, o6naAaioiAnPi BbicoKovi MyBCTBHTenbHOCTbio K nornoineHHoCi aHeprnn. 

npeAenbHan MMHUManbHaa M3MepneMafi nnomocTb noTOKa sHeprnn Qs ~ 3 MKA>K/CM npn nnomaAM 
nornomaioiAeM noBepxHoc™ ~ 1300 CM . 

2. KanopuMeTp n3MepaeT SHepruro B uinpoKOM AHanasoHe SHeprMM: OT - 4 Mflw AO 100 fl>K npH 
BbicoKOM OTHocMTejibHovi TOMHOCTbio M3MepeHMfl nomoineHHoPi SHepruM (HanpHMep, npM 3HeprMH nop^AKa 
eAMHMM fl>K TOMHOCTb COCTaBDHeT OKOÜO 1.5 %). 

3. Pa6oTa KanopuMeTpa He 3aBncMT OT MOIAHOCTH HMnynbca CBM-M3JiyMeHna M ero A-nnTenbHOc™ B 
Anana30He OT eAUHMUi HaHoceKyHA AO 1 c, OH TaioKe MWKeT pa6oTaTb B MMnynbCHO-MacTOTHOM pewHMe c 
npoM3BonbHofi CKBa>KHOCTbK) npn ATiMTenbHOCTH qyra MMnynbcoB AO 1-2 c. 

4. KoscpcpnqMeHT nomoLMeHkta SHeprnn cocTaBnaeT OT 90% AO 99% B iinana30Hax nacTOT F = 2 5-4 M 
8-12 rrq. 

5. KanopuMeTp npocT B 3KcnnyaTaqnn H no3BonReT noxiHOCTbio aBTOMaTM3npoBaTb npoqeccbi 
noAroTOBKn K H3MepeHMra, n3MepeHne n oöpaSoTKy pe3y/ibTaT0B. 

PaöoTa noAAepwaHa POCCHMCKUM CPOHAOM cpyHAaMeHTanbHbix nccneAOBaHMfi. 
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3aBHCHMOCTb Kos4)(|)Hij;HeHTa norjiomcHHa OT nacTOTbi naaaiomero CB4-M3/iyHenHa 

VI. JlMTepaTypa 

[1]   BpaHflT A.A. HccneflOBaHne fluoneicrpuKOB Ha cBepxBbicoKMX nacTOTax. M.: <t>H3MaTrw3,1963. C. 326-331. 
[2]   LUKBapyHeu. AT., Pyxafl3e A.A., CTpenKOB n.C.// <i>H3HKa nna3Mbi. 1994. T.20 N 7, 8. C.682. 
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PULSED POWER MICROWAVE CALORIMETER 

Gorbachev K.V., Lisichkin A.L., Nesterov E.V., Shumilin V.P., Stroganov V.A. 
High Energy Density Research Center, RAS, IVTAN 

13/19 Izhorskaya St., Moscow-127412, Russia 
fax (095) 4857990 

The description of calorimeter for energy measurements of the high power microwave single pulses is presented. The calorimeter 
measures microwave energy from 1 mJ up to approximately 100 J. The absorbed area of the calorimeter is 330 cm2. The 
calorimeter absorbes from 0.9 to 0.99 of the total microwave energy for wavelengths ranges: X=2.4-3.5 cm and A,=7.5-13 cm. 
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TEHEPAUMfl MOHlHblX WiUKPOBOJlHOBblX 
nsvinynbcoe UPM SAHHTKE 

OTPA>KATEJlbHOrO TPHOflA OT 

Top6aMeB K.B., flufleHKo A.H., HecTepoB E.B., PomynKMH CA., CrporaHOB B.A., LUyMwnnH B.n. 
HayvHO-uccnedoeamenbCKUu ußnmp menno<pu3UKU UMnynbCHbtx eosdeücmeuü PAH 

MBTAH, MxopcKaa 13/19, MocKea -127412, Poccun 

AHHomanun - ripn 3annTKe OTpaxraTenbHoro Tpnofla OT MHflyKTMBHoro HaKontnenn nMeeT MecTo 3HaHMTenbHoe BpeMa 
3aflep>KKM Me>Kfly HananoM reHepamw H MOMCHTOM BKnwHeHMn fluofla. 3TO Bpewn HacrronbKO Benura, HTO reHepat^a 
HaHMHaeTca Ha cnafle TOKa. B pa6oTe SKcnepuMeHTanbHO wsynanacb 3aBncMMocTb 3Toro BpeMeHW aaflepwxw OT xpyTW3HU 
nepeflHero tfrpoHTa MMnynbca flHOflHoro TOKa v\ OT MaKcuwianbHoPi BennHMHbi aToro TOKa. 

I. BßefleHMe 

B nocneflHee BpeMH Bee 6oxibUJnPi HHTepec npoflB/iaeTCH K co3flaHHK> KOMnaKTHbix reHepaTopoB 
MoiUHbix MMnynbcoB MUKpoBOüHOBoro M3nyHeHnn /1-3/. Haußonee aHeproeMKHMn n KOMnaxrHbiMn 
cpopwinpoBaTe/iaMM BbicoKOBonbTHbix niwnynbcoB Ha fluofle HBruroTCH HHflyKTMBHbie HaKonnTenn c 
pasMbiKaTenaMM TOKa, nocKonbKy yflenbHaa nnoTHocTb 3anaceHHoü aHeprnn B MarnmHOM none Ha 3-4 
nopnflKa 6onbwe HeM B ajieicrpuMecKOM. nepBUHHbiMM MCTOMHWOMH B STHX cnynaax Moryr 6biTb eMKocTHbie 
HaKonnTenn v\nv\ B3pbiB0MarHHTHbie reHepaiopbi /1-3/. 

MTO KacaeTCfl cavioro reHepaiopa MouiHbix MMKpoBoriHOBbix HMnyribcoB, TO BecbMa nepcnexTHBHbiM 
npeflCTaBJineTcn OTpaKaTeribHbiPi Tpnofl /4,5/. OflHoii m Han6onee npHBnexaTenbHbix ocoSeHHocTePi 3Toro 
npuSopa HBnaeTCfi B03MO>XHOCTb pa6oTaTb 6e3 BHeoiHero MarHMTHoro nora. ECJIH peMb kifleT o co3flaHnn 
KOMnaKTHoro ycipoPicTBa, 3Ta ocoöeHHocTb cTaHOBuxcn oqeHb cymecTBeHHOü. 

npoqecc reHepaqnn B 0Tpa>xaTenbH0M Tpnofle npu ero 3annTKe OT cpopMHpytomux TIMHUM 

Hccjieflosajicfl B pa6oTax /4-10/. Bbino oOHapyjxeHO, HTO npu onpefleneHHbix ycnoBUHx MmoeeHHaa 
3cp4>eicrnBHOCTb (oTHoweHwe MaKCMMaribHoPi MMKpoBO^HOBoPi MOLUHOCTK K MOIUHOC™ snexTpoHHoro nyHKa) 
MOÄeT flocTHraTb HecKonbKMx flecnTKOB npoqeHTOB 151. npu 3anuTKe OTpawaTe/ibHoro Tpnofla OT 

MHflyicrnBHoro HaKonwTe™ BbracHwiocb cneflyiomee o6cTOHTe/ibCTBo: oKa3anocb, HTO npoLjecc reHepai4HH B 

oTpawaTejibHOM Tpuofle cymecTBeHHo oTnunaeTca OT Toro, HTO Ha6ntoflaeTCFi npu 3annTKe OT cpopMHpyromeii 
riMHUM 12,31. 3TO nponcxoflMT H3-3a BpeMeHM 3aflep>KKH Me>x,qy HananoM reHepaqmi n HMnynbcoM TOKa flHOfla. 
TeHepaqMH HannHaeTcn Ha cnafle TOKa. QcpqbexTHBHOcTb cymecTBeHHo HMKe. 

OusHHecxaa npuHMHa B03HHXHOBeHwa STOTO BpeMenn 3aflep>KKH flo cnx nop He ycTaHOBneHa. 
BbicKa3biBanocb npeflnono>KeHkie /3/, MTO STOT scpcpeicr CBfl3aH c HeflocTaTOHHoPi KpyTH3H0M nepeflHero cppoHTa 
MMnyiibca TOKa, KOTopbw 4>opMnpyeTca c noMombio nHflyKTMBHoro HaKonnTenn. B flaHHOM pa6oTe Mbi 
CTpeMnriMCb SKcnepMMeHTanbHO npoBepMTb STO npeflnono>KeHne. Ha fluofle yflanocb ccpopMnpoBaTb 
MMnynbCbi TOKa c nepeflHUMM cppoHTaMM M aMnnnTyflHbiMM 3HaneHnnMH 6JIH3KMMM K nonynaeMbiM c noMombio 
TpaflMLikioHHbix cpopMnpywinnx JinHuß. OKa3ajiocb, HTO MmoBeHHaa acpcpeicrnBHocTb reHepaqMM npaKTMMecKM 
He 3aBHcnT OT BpeMeHH 3aflep>KKM reHepaqnn, a caiwio STO speMq 38BHCMT OT xpy™3Hbi nepeflHero cppoHTa 
MMny/ibca To«a n OT aMnnnTyflHoro 3HaneHHH TOKa flHOfla. 

II. 3KcnepMMeHTanbHaa ycTanoBKa 

B pa6oTe ncnonb30Ba/icq OTpajKaTenbHbifi Tpnofl, aHanorn^Hbiii Mcnorib30BaBUjeMycn B 14-61. 
Mivinyjibc HanpaweHi/w nonownTeribHoPi nonnpHocTH noflaBanca Ha ceTKy flHOfla fluaMeTpoM 200 MM. CeTKa M3 
Hep^aBeroineM cTann nMena reoMeTpuMecKyio npo3panHocTb -70%. PaccToaHne Me>Kfly xaTOflOM n aHOflOM 
BapbMpoBanocb B fluana30He 1*2 CM. fluaMeTp M Tun KaTOfla TO>Ke n3MeHnnncb. CucTeMa KaTOfl-aHOfl 
noMeu4anacb B MeTan/iMMecKyio Kawiepy fluaMeTpoM 350 MM M flnnHoPi 500 MM M ycTaHaBnuBaxiacb no ocw 
KaMepbi. KaMepa HaxoflMnacb nofl noTeHqua/iOM KaTOfla. flxia BbiBofla M3nyHeHnn m o6"beMa oflHH Topeq 
KaMepbi 6bm 3aKpbiT oprcTeKnflHHbiM OKHOM.  KaMepa OTxaHHBanacb flo flaBJieHkin ~510'5 Topp. 

MHflyKTHBHbifi HaKonnTenb noflpoöHO onucaH B pa6oTe /11/. B KanecTBe nepBUHHoro MCTOMHW« fljw 
3annTKH HHflyKTMBHocTn ( L=4.6 MKrH ) Mcnonb30Bancq reHepaTop MMnynbcoB TOKa ( C=3.2 MK<t>, 11=50+70 KB ). 
3neKTpoB3pbiBHoPi KJitOM npeflCTaBriJui co6oPi Ha6op napannexibHbix MeflHbix npoBOflHMKOB fluaMeTpoM 50 MM. 

KpyTMSHa nepeflHero cppoHTa MMnynbca fluoflHoro TOKa H3MeHnnacb nyaeM HacTpoMKM 3ne«TpoB3pbiBHoro 
K/ircma n oSocTpaioinero paspaflHMKa. 

III. BpeMa 3aflep>KKM reHepaqtiM 

npu 3KcnepnMeHTajibH0M nccneflOBaHMM pe>«nMa reHepaLjun OTpa>KaTeribHoro flHOfla c 3annTKotf OT 

cpopMnpyK)L4MX nnHH« 6bmo yoraHOBneHO cneflyromee /4-10/: reHepaqMa HanuHaeTCH Ha nepeflHeM cppoHTe 
MMnynbca flHOflHoro TOKa  npu flocTMweHnn  HeKOTopoPi era BenMHMHbi  ( "nycKOBOM TOK"  IS),  KOTopaa B 
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3aBHCMM0CTH oT yanoBuft SKcnepuMeHTa cocTaBJiJiJia ls«5+10 KA. MrHOBeHHa^ 9cbcpeKTHBH0CTb reHepaqnH 
cocTaBnnna ~10+40%. Hajinnne nycKOBorp TOKa ecTecTeenHbiM o6pa30M npwBOAUT K HeKOTopowiy BpeMeHM 
3aflep>KKH HaMana reHepaL(nn T3=ls<dl/dt> , rAe <dl/c!t> - cpeAHSw CKopocTb HapacTaH^a TOKa Ha nepeAHeM 
cppoHTe MMnyjibca (CM. pwc. 1). 

nepBbie SKcnepuMeHTbi no 3anwTKe OTpawaTenbHoro TpwoAa OT HHflyKTUBHoro HaKonmenn /3/ 
noKa3axin, MTO reHepaL(ua MoweT HaMHHaTbca KaK na nepeAHeM, TaK M na 3aAHew cbpoHTe nwnyjibca TOKS. TaK 
npu <dl/dt>~T~30 HC/KA reHepau,nfl HaMUHaeTCH Ha nepeAHeM dppoHTe, a npu <dl/dt>" ~5+15 HC/KA - Ha 
3aflH6M. BpeMa 3aAep>KKH reHepaiiHH oKa3anocb Becbiwa 6onbwnM, TaK npu <dl/dt>" ~5 HC/I<A T3>80 HC, H 

yBennHUBanocb c POCTOM <dl/dt>   .  MmoeeHHaa scpcpexraBHocTb reHepaqmi cocTaBJinna -1%. 
Hn3Kyto acpcpeKTMBHOCTb reHepanuH B nocjieAHeM cnyMae ecrrecTBeHHo o6"bflCHMTb HariMMneM 

BpeMeHU 3aAep>KKM, a 3Ty 3aAep>KKy, B CBOKD onepeAb, cBH3aTb c 6oribUJHMH 3HaneHHflMH <dl/dt>" . 
B CBOMX 3KcnepnMeHTax Mbi nbnanncb npoBepmb STO npeAnonoxceHne. Hawi yflanocb yMeHbWMTb 

Be/iHMHHy <dl/dt> AO 1+10 HC/KA H, TaKUM o6pa30M, npn6nn3MTbcfl K napaMeTpaM MMnynbca TOKa, 
nojiynaeMoro  c   noMoa\bio   (popMnpyrom,nx  JIHHMü.      Ilpn  3TOM  6bino  oöHapyweHO,   MTO  reHepau,nfl,   B 

3aBHCMMOCTM  OT BeflMHHHbl  aHOflHOrO TOKa,   npH  OAHHaKOBblX 3HaMeHMaX  <dl/dt>"   MO?KeT HaMUHaTbCfl   KaK  na 
nepeflHeM, TaK M Ha 3aflHeM cppoHTax. Ha pnc.2 npuBefleHa 3aBHCMM0CTb oTHomeHua T3/tm, rfle tm - MOMCHT 

flOCTMKeHUfl MaKCHManbHoro TOKa flHOfla, OT BenHMUHbi 3Toro TOKa lm ( CM. PHC 1 ). ripHBefleHbi Tpn rpynnw 
SKcnepuMeHTanbHbix AaHHbix: D - p,rm ocTpuPiHoro KaTOAa c n/iou^aflbK) -300 CM , aHOA-KaTOflHbiPi 3a3op 2 CM, 

nepBUHHoe HanpjweHMe eMKOCTHoro HaKonnTera Uo = 50+60 KB; A - ana KpoMOMHoro KaTOfla c nnoiuaAbio ~ 
60 CM2, 3a3op 2 CM, Uo = 70 KB; O - BenbBeTOBbiü KSTOA (60 CM ), 3a3op 1.5 CM, UQ = 50 KB. Ilpn 
cpuKcupoBaHHOM aHOfl-KaTOflHOM 3a3ope pa36poc 3naMeHnPi lm oß-bncHneTca AByMH npMMMHaMw: 1) 
HenpaBMfibHOM opraHM3aLinetö pe>KHMa nepexnioMeHMf] TOKa B HarpysKy, 2) npocTpaHCTBeHHOM 
HeoAHopoAHOCTbio aneKTpoHHoro nyMKa. H3 AaHHbix puc. 2 cneAyeT, MTO npu npaBMnbHoü HacTpoiiKe 
HHAyKTMBHoro HaKonHTena n OTpaxaTenbHoro TpuoAa reHepaLina HaMHHaeTCH Ha nepeAHeM cppoHTe WMnynbca 
TOKa. . 

Ha puc. 3 npuBeAeHa 3aBMCHMOCTb BennnnHbi <dl/dt> OT T3. flaHHbie paöoTbi /3/ o6o3HaMeHbi A. 
riyHKTupHbie nnHMM OTBenaioT 3aßncnMoc™ x3=<dl/dt>~ ls npu ls=5 n 10 «A. 3aurrpnxoBaHbi TOMKI/I, 

OTBeMaioiUMe ycnoBMto t3/tm>1. BuflHO, MTO MeM KpyMe nepeflHHii qbpoHT MMnynbca TOKa AHOAa, TBM MeHbUJe 
BpeMS 3aAep>KKH. OAHaKO, scpdpeKTMBHOCTb reHepan.nn npu STOM He yBenununacb. 

IV. 3aiaiK)4eHMe 

SKcnepuMeHTanbHoe nccxieAOBaHne pejKMMa reHepaqnn oipa>KaTenbHoro flMOAa npu ero 3annTKe OT 

HHAyKTMBHoro HaKonnTejifl noKa3ano: 
1) yBeiiMMeHne TOKa nyMKa npuBOAUT K TOMy, MTO reHepaMna HannHaeTCfl Ha nepeAHeM cppoHTe; 
2) MeM KpyMe nepeflHtw qbpoHT MMnynbca TOKa, TeM MeHbiiie BpeM« saAep>KKH HaMana reHepaunn; 
3) MrHOBeHHaa acpqbeKTHBHOCTb reHepaqnn ~ 1 %. 

ABTopbi BbipawaKDT ßnaroAapHOCTb AT. >Kepnni4biHy, K.C. flnSunnHy, B.A. KaMeHCKOMy, A.J1. JIUCHM- 

KHHy M C.fl. rinaKCHHOM 3a noMou^b M none3Hbie o6cy>KAeHMn. 
PaSoTa noAflepxaHa POCCMMCKMM OOHAOM OyHAaMeHTaribHbix MccneAOBaHnPi. 
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HIGH POWER MICROWAVE PULSES GENERATION IN REFLEX TRIODE WITH INDUCTIVE STORAGE 

Gorbachev K.V., Didenko A.N., Nesterov E.V., Roschupkin S.A., Shumilin V.P., Stroganov V.A. 
High Energy Density Research Center, RAS, IVTAN 

13/19 Izhorskaya St., Moscow-127412, Russia, 
fax (095) 4857990 

It has been found recently that there is the anomalous delay between the beginning of oscillations in reflex triode and current pulse 
in diode when the inductive storage is used as the energy supply source. Generation begins in a phase when a current decreases. 
We have investigated experimentally the dependences of this generation delay time from the current pulses rise-time and the 
electron beam maximum current values. 
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CriMPAJIbHblE 3AMEflJMK)mHE CTPYKTYPbl 
ÜJ15I TEHEPATOPOB C MArHHTHOH 

CAMOH30n5mHEH 

B.A.BajiaKHpeB, XI.H.MapKOB, F.B.COTHHKOB 

HHD, "XapbKOBCKHH <|)H3HKO-TeXHHqeCKHH HHCTHTyT" , XapbKOB 310108 

AHHOT^HH. B pa6oTe HcaneflOBaHM TpM BHjia cnHpanbHbix 3aMe,n,Ji5iiomHX 
CTpyKTyp: cnnpanbHO ro<J)pHpoBaHHbiH anon, cnnpanbHO ro(J)pMpoBaHHHH KaTOfl 
H BHHTOBaa CTpyKTypa. IIoKa3aHO, MTO HecHMMeTpHHHaa Mo^a KOJie6aHHH, cyme- 
CTByroruaa B cnnpanbHO ro^pwpoBaHHbix KoaKCHanbHbix JIHHHAX nepe.na1™ H BHH- 

TOBOM CTpyKType, noflo6Ha Hu-uom KOJieGaHHH mviHHflpwMecKoro BonHOBQna, c 
MaKCHMyMOM ÄHarpaMMbi HanpaBJieHHocTH Ha OCH cTpyKTypbi. Una BbiBcyia MOIH- 

HOCTH B036y*maeM0M BonHbi H3 MILO Heo6xoflMMO ncnonb30BaTb HMeHtio 3Ty Moay. 

BBEflEHHE. 

HaH6oJiee ninpoKO npHMeHaeMofi 3aMeflJiaroru;eH erpyKTypoa: B reHepaTopax c Mar- 

HHTHOH caMOH30JianHet aBJiaeTca KoaKCHanbHaa JiHHHa c pe30HaTopaMH Ha aHO^e (CM., 

HanpHMep,[l-3]). B Taxof 3aMe^naiomeH CTpyKType ajieKTpoMarHHTHbifi noTOK B036y- 
ac^aeT aKCHajibHO-CHMMeTpHHHbie TEM-BOJIHKT. CHMMeTpHHHbie ranti BOJIH HenpHMe- 
HHMM fljia co3flaHHa HanpaBJieHHoro HSJiy^eHHa B aHTeHHax. T.K. HX H3Jiy^eHHe Bnepe,n„ 
B npoflOJibHOM HanpaBJieHHH, pa,BHO Hynio. Rnn nojiy^eHHK npnoceBoro peacHMa Heo6- 

xoflHMo npe^BapHTeJibHO TEM-BOJTHM npeo6pa30BaTb B HecHMMeTpHHHBie Hn HJIH En 

BOJIHBI Kpyraoro BonHOBo^a HJTH HI0 BOJiHy npaMoyroJibHoro BOJiHOBoaa. IIpH BBICOKHX 

ypoBHax MOHXHOCTH pa3pa6oTKa Taxoro npeo6pa30BaTejia aBJiaeTca CJIOKHOH TexHHHecKOH 

safla^eii. 
IIpo6.neMy nojiyneHHa HecHMMeTpHHHbix THnoB Kone6aHHH B MILO MWKHO peniHTb, 

ecjiH Hcnojib30BaTb BHHTOByio 3aMeflJiaioHj;yio CTpyKTypy, npeflcTaBJiaiomaa CO6OH KoaK- 
cnaJibHyio Jill co cnHpajibHbiM pesonaTopoM na O^HOH H3 ee noBepxHOCTeä. Ha pnc. pnc.l 
cxeMaTHHecKH H3o6pa2ceHbi saMe^xtaiomHe CTpyKTypbi c BHHTOBOH mejibio Ha aHo^e, Ha 

KaTOfle H BHHTOBaa 3aMeflnaiomaa CTpyKTypa. CneflyeT OTMCTHTB, HTO ,n,HcnepcHOHHbie 

cBoscTBa HHJiHH^pH^ecKoro BonHOBo^a c cnnpajibHOH mejibio, npope3aHHofi: B ero no- 

BepxHocTH HCCJieaoBaJiHCb aBTopaMH [4, 5]. HMH noKa3aHO, HTO B TaKoä CTpyKType cy- 

mecTByioT co6cTBeHHbie BOJiHbi Tina Hn- 
IIpHBefleHHbie Ha pnc.l cnapantHtie 3aMeflnaiomHe CTpyKTypbi HMeioT MHoro o6mero B 

MeTOflax HX HccnenoBaHHa. IIoaTOMy MM npo,neMOHCTpHpyeM HX flocTOHHCTBa Ha npHMepe 
KoaKCHajibHoii JIHHHH CO cnnpajitHo ^Ha^parMHpoBaHHMM aHOflOM. fljia TaKoii CTpyK- 

Typbi nojiyneHO «HcnepcHOHHoe ypaBHeiine, npoBeAeHO ero aHajiHTHHecKoe H HHcne-HHoe 

HccjieaoBaHHe, paccHHTaHa nnarpaMMa HanpaBJieHHocTH H3JiyHeHHa. 
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3JIEKTP0JHHAMHKA CIIHPAJIbHOfi 
3AMEHJIHIOmEH JIHHJffi. 

By^eM npeflnojiaraTt yroji Hape3KH cnnpajiLHoi KanaBKH 0 = a,vctcua(D/2nb) < 1, 

HiHpimy d H rjiy6nHy S — c ~ b cnnpajiBHOH KaHaBKH MajiHMH no cpaBHennio c HOTHOH 

BOJIHH. B TaKOM cjiynae fljia HaxoaczjeHHs aneKTpoMarHHTHHX nojieä B oSjiacTH cnnpajit- 

HOH KaHaBKH M02KHO npH6jIH3CeHHO nOJIB30BaTI>Ca IIHJIHHÄpH^eCKOH CHCTeMOH KOOpflHHaT 
(r,(p,z). KpoMe a3HMyTajibHoii H npoflOJibHOH CHMMeTpHH, HccjienyeMaa 3aMe,zr,Jiaiomaa 

cTpyKTypa HMeeT eqe OHHH Bim CHMMCTPHH — cnnpaJiBHaa cHMMeTpna. Ona 3aKJiioHa- 
e-rca B TOM, HTO npn cMemeHHH B nponojibHOM HanpaBJieHHH Ha HeKOTopoe paccToanne 
Az H noBopoTe Ha yroji Aip = —Az/2irb CTpyKTypa nepexonHT caMa B ce6a. 

PeiHHB ypaBHeHHfl MaKCBejiJia npn yKasaHHbix npe^nojioaieiiHax H CBoiicTBax CHMMC- 

TpHH npnji;eM K flHcnepcHOHHOMy ypaBHeHHio: 

-^^.^-^fflKm-o.       (1) 

i\n;e ßm = ß0 -\ ——, k\m — k2 — ß2^ k = u/c, c — CKopocTL cseTa B BaKyyMe, cpyHKnHH 

Fn, $n H tyn onncbiBaioT panHajibHyio cTpyKTypy 3JieKTpoMarHHTHbix noxrei: 

F' (k     r) = J'n ^Lmr^ Yn (k^a) - Yn (k±.mr) Jn jk±ma) 
Jn(kj_mb)Yn(k±ma)-Yn(k±mb)Jn(k±ma)' 

$   (k     r) = Jn (k±m^ Yn (kLma) - Yn (kLmr) J'n (k±ma) 
n    Lm '     A (fc±m6) rn' {kLma) - yn' (k±mb) J'n (k±ma)' [Z) 

mV    '      Jm{kb)Ym{kc)-Ym{kb)Jm{kcY 

Jn,Yn — (pyHKü;HH Beccejia nepBoro H BToporo pona rc-ro nopa^Ka. 

HHcnepcHOHHoe ypaBHeHHe (1) 6HJIO HccnenoBaHO aHajiHTHHecKH H ^IHCJIC-HHO. Pe3y.ni>- 
TaTbi npHBeneHbi HHxe. 

Ha pnc. 2 npHBefleHbi HHcnepcHOHHbie 3aBHCHMocTH juis. KoaKCHaJiBHofi JIHHHH C BHH- 

TOBOH 3aMefljiaioiHeH CTpyKTypoi Ha aHone nna CJienyioiHHX napaMeTpoB: a = 1CM, 

c = 2.8CM, b — 2.0CM, D = 3.14CM, d = 1CM. YKasaHHbie napaMeTpbi cooTBeTCTByioT yrjiy 

HaMOTKH cnapajibHOH KaHaBKH 9 — arctan —— = 14°. PacneT flncnepcHOHHoro ypaBHe- 

HHa (1) npoBeneH npn yneTe nara npocTpaHCTBeHHBix rapMOHHK m = -2, —1, 0, 1, 2. 
Pa3JiHHHHe ÄHcnepcHOHHbie KpHBBie cooTBeTCTByioT pa3jiHHHtiM <E>JioKe-30HaM npo3pa*i- 
HOCTH. Ha^iaJiBHbiH ynacTOK nepBOH nncnepcHOHHOH KpHBofi HMeeT ^HcnepcHio Kane- 
cTBeHHO aHajiorn^Hyio ÄHcnepcna KoaKcnaJibHOH 3aMeflnaiomeH JIHHHH C rpe6eHKon na 
KaTo^e HJIH aHofle.  3TO — cHMMeTpn^Haa no a3HMyTajibHOMy yrjiy ip T-Mo^a, <f>a30Baa 
CKOpOCTB KOTOpOH 6jIH3Ka K CKOpOCTH CBeTa. 

npn nepexo^e nepe3 TOHKy ß0 = TT/D CHMMeTpHHHaa T-BOjma nepBOH «HcnepcHOH- 

HOH KpHBOH TpaHccpopMHpyeTca B Hn BOJiHy KoaKCHajifcHOH 3aMeflJiaionj;eH JIHHHH.  OHa 

MsxepnaAW 6-H MeatayHapoAHoB ^«MCKOH ^«KPOBOAHOBOH Km^egeu^H ■X^u/Ku'Ko'96. 16-19 ceHisfipa 1996 r., CeBacronOAb, KpWM, yKpa..Ha A nn 
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cymecTByeT B HHTepBaJie 7r/D < ß0 < ßm (ßo2 ~ 3.37T njia npHBeneiiHLix napaMeTpoB CH- 

cTeMBi) H ee KpHTHHecKaa .zyiHHa BOJIHBI, T.e., HaHMeHbinaa Hernia BOJIHBI KoaKcnaJibHOH 

saMeßJialoraeH JIHHHH, A w ir(a + b), 
CrienyeT OTMCTHTB, HTO B OTJIHHHC OT KoaKcnaJibHOH 3aMe#naioiHeH CTpyKTypbi c 

rpe6eHKOH Ha anone ana HHcnepcHOHHbix KpHBbix BHHTOBOH 3aMe,n,nsiomeH CTpyKTypbi OT- 

cyTCTByeT TpaHCJisHHOHHaa cHMMeTpns no BOJiHOBOMy BeKTopy ß0. 9TO HenocpencTBeiiHO 

cnenyeT H3 ypaBHeHHa (1), HO <f)H3HHecKH 3TO oneBHflHo: H3 3a Hamanns rejiKKOHnaJiBHoi 

CHMMeTpHH H3MeHeHHe npOflOJIBHOrO BOJIHOBOrO HHCJia aBTOMaTHHCCKH HpHBOHHT K H3- 

MeHeHHK)  a3HMyTaJIBHOH  3aBHCHMOCTH  3JieKTpOMarHHTHbIX nOJiefi,   a,   CJieflOBaTeJIBHO,   H 

K H3MeHeHHK> nncnepcHOHHBix CBOHCTB BHHTOBOH 3aMeflJ7SK>iHeH CTpyKTypbi. Hccjießye- 

Maa 3aMeflJiaioirj;aa CTpyierypa HMeeT TaEHe >Ke CBoiicTBa CHMMeTpHH, Kai< H onHosaxonnaa 

CnnpaJIb.  Ilo3TOMy nHCnepCHOHHbie 3aBHCHMOCTH HMeiOT TOJTBKO 3epKaJIBHyiO CHMMeTpHIO 

OTHOCHTejibHO TOHKH ß0 = 0. T.e. BOJIHBI, 6erynrne B npoTHBonojio>KHBix HanpaBJieHHax, 

BpamaiOTca no a3HMyTy TaioKe B npoTHBonojioaaiBix HanpaBJieHHSx. OßHa H3 HHX SBJI«- 

eTca npaBOBHHTOBoii, flpyraa — jieBOBHHTOBOH. 
Ha pnc.3 npHBeneHa ÄHarpaMMa HanpaBJieiiHHOcTH H3nyneHHa H3 OTKpBiToro KOHna 

aHOflHofi cnnpajibHOH 3aMe,n.JiaK)iHeH CTpyKTypbi, paccHHTaHHaa c HcnojiB30BaHHeM ajieK- 

TpoflHHaMHnecKoro npHHirnna FioHrei-ica [6]. IIpe,n,CTaBJieHH 3aBHCHMocTH nojiapHOH H 

a3HMyrraJibHOH KOMnoHeHTbi 3JieKTpHnecKoro nojia OT nojiapHoro yrjia Ö(cnjioiHHBie Kpn- 
Bbie). PacneT BbinojineH HJIS LOD/TCC = 0.98, ßoD/ir = 2.73 nncnepcHOHHon KPHBOH pnc.3. 
KaK H cjienoBaJio oxHnaTb, MaKCHMyM flnarpaMMbi HanpaBJieHHOCTH fljia TaKoii BOJIHBI 

HaxonnTca Ha OCH CTpyKTypbi. Ilpn 3TOM OCHOBHOH BKJian, B (popMHpoBaHne TaKoft nna- 
rpaMMbi HanpaBJieHHOCTH naeT - 1 cnnpanbHas rapMOHHKa (nynKTHpHaa KpHBas). Hin- 

pHHa anarpaMMbi HanpaBJieHHOCTH cocTaBJiaeT FH 33°. 

3AKJIIOTEHHE. 

IIpoBeneHHoe nccjießOBaHHe noKa3a.no, HTO KoaKcnajibHbie JIHHHH nepenaHH co cnn- 
pajibHO ÄHacpparMHposaHHbiM aHOHOM HJIH KaTonoM MoryT 6biTb Hcno.nb30BaHbi B MOIHHBIX 

reHepaTopax c MarHHTHOH caM0H30JianHeH KaK nra B036yas:,a;eHHa KOJie6aHHH TaK H HJia 
3(J)(peKTHBHoro BbiBOfla CBH-MOIITHOCTH. ÜJia TaKHX CTpyKTyp MoaceT 6BITB peajiH30BaH 

pe)KHM H3JiyneHHa c MaKCHMyMOM Bflo.nb HX OCH. 
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PA3BHTHE HHHAMHHBCKOrO XAOCA 
nPH HEJIHHEHHOM B3AHMO«EMCTBMM 

B HEOrPAHHHEHHOH ÜJIA3ME BE3 
MAFHHTHOrO IlOJIiL 

B. A. Eyn., 0. B. MaHyinerao, B. H.   MypaTOB*), A. II. TojicTonysxxHK 

HHIi; X<£>TH, XapibioBCKHi rocyHHBepcHTCT*), XaptxoB, YxpaHHa 

BoaHMOReHCTBHe THna Boinsa-HacTHna n oiaöonennHeHHoe BoaHMOßei- 
cTBne BOHH - BBaMMO^eicTBHe THna Boram-Bonna onpe$ejuooT $yHflaMeH- 
TanBHBie CBöicTBa nnaoMBi, ©aexTpoHHHX nynxoB H T.B... PerynapHaa jp~ 
HaMHia BTMX nponeccoB innpoxo Hoy^ena. 

Xopomo HOBecTHO, HTO no^TH Bee praaAoraecKHe CKCTCMH xoTopbie 
onHCBiBasoT iraaoMeimBie sBaeHHJi, B EX pacinnpeHHOM $aooBOM npocTpaH- 
CTBe (npocTpaHCTBO Bcex xanoHHHecxHX nepeMeHHBix H napaMeTpoB ) 
HMeioT oöaacTH xaoTHrccxoro noBeftenns. CTporHH anajiHO ppaHaMHXH B 

TaKHX OÖJiaCTÄX BOOMOaSLCH TOJIBKO npH HCnOJILÖOBaHHH ^HOieHHBIX MCTO- 
ROB. OftHaKo, oiy^aHHBffl xapaxTep TpaexTopHA B BTHX oöJiacTax noößo- 
jiseT HcnojifcoosaTi» MCTOHBI cTaTHCTBraecxoi $H8HKH fliiÄ MX onncaHHa. 

TaKHM o6paaoM aHajiMTH^ecxne xpHTepHH jnis onpeReneHHJi TaKHX 06- 
ÄacTeä HMeiOT nepBocTeneHHyro BaamocTt noTOMy, ^TO OHH He TOJIBXO 

noxaoMBaioT oönacTH, rjje npoHcxojjHT xanecTBeHHBra nepexofl OT pery- 
napHOH fiHHaMHKH x xaocy, HO Taxate HOBBOJISIOT flaTB aHajiMTH^ecxoe onn- 
caHHe p(HHaMH^ecKOH cncTeMBi B ©TOH oönacTH. CymecTByeT HecxonBxo 
KpHTepnes liepexo^a x rjioÖajiBHoi cToxacTHraocTH. Hanöojiee npocToä 
H 9$$eKTBBHBIH - XpHTepHH HnpHXOBa   [l]. 

IIpHHHMaa BO BHHMaHHe, HTO ©TOT xpHTepni ocHOBaH Ha onpeflene- 
HHH HemaneHHoro peoonaHca, OH xoponio npHcnocoönen H nrapoxo HcnonB- 
oyeTCfl B HccneflOBaHHH nponeccoB Bxioo^aK)Hp[x BBaHMOflencTBHe THna 
BOJiH-^acTHHa. B npeftCTaBneHHQM cooömeHHH aJjopMynnpoBaHM ycnoBHa 
npn BBinonHeHHH xoToptix ^HHaMHxa BoaHMO^eHCTBHS THna Bojffla-Bojma 
CTanoBHTCfl xaoTH^ecxoH. 3TH ycaoBHa npoBepeim na cncTeMe ypaBHeHHH 
OnHCUBaJOIHHX BOaHMOJi;eHCTBHe BBICOXO^aCTOTHBIX (BH) H HHOXO^aCTOT- 
HBIX (HH) BOHH B nnaoMe. 

Kax HOBecTHO nepefla^a oHeprMH OT O^HOH BOJIHBI X flpyrHM npn HX 

HeUHHeHHOM BBaHMOfle&CTBHH HOCHT XapaXTep HeyCTOHHHBOCTH. IIooTOMy 
MOJKHO npe^nonoÄHTB, ITO ^HHaMEia DTOTO BGaHMOßeicTBHa öy^eT xao- 
THHecxoH, Korj^a napaMeTp K = 2G/Au cTanoBHTCA 6ora.Hie e^HHHHw, r^e 
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G - HHKpeMeHT BToi HeycTotiHBocTH, KOToptiE JirpaeT poat niHpHHfcl He- 
nsraeHHoro peoonaHca, Aw - paccTouHHe M&xpy peooHancaMM paonn^HBix 
BOJIH. 3aMeTHM, *ITO BCIIHTOHa ACÜ OÖM^IHO COOTBSTCTByeT MHHHMaJIBHOH 
'lacTOTe. 

IlycTB Boiraa c aMiniHTyaoH au BOHHOBBIM ^MCHOM k\ H ^acTOTOH üJX 

pacnaflaeTca Ha flBe BOUHBI (02,^,^2) H (a3ik3)u)3). Kpone Toro, npejnio- 
JKEKHM ^TO MMeeTca eme o^na Bonna c napaMCTpaMH (a^k^w^), k4 = Jfe3, 
o>3-k>4 « Wi . By^eM cwraTi», B Harare, HTO ^eTBepTai Banna He BjraaeT 
Ha nponecc paorafla. Tor^a aMraraTyflu Tpex BoaKMQfleÄCTByioiHHX BOJIH 

H3MeHÄK3Tca co BpeMeHeM cornacHo  [2]: 

äi   =    iVfa2a2, 

a2  =  -t^oioS, (1) 

äs  =   -«VJaioJ, 

3secB Vi - MaTpHHHBiä eneMeHT BoaHMo^eäcTBHja. Ha HHHCHHOH CTaßHH 
(|a2J=const) nponecc pacnafta xapaxTepaoyeTca öxcnoHemp[ajiBHBiM po- 
CTOM aMnjiHTyfl \a2\ H \a3\ c HHxpeMeHTOM G = jai|jVij. HoMeneHse $aoBi 
$ = 2$2 + 2$3 no^HHHaeTCfl ypasHeHHX) MaTeMaTsraecxoro MaaraHxa: 

$ + (2|a1|iV
ri|)2sin$ = 0 (2) 

Ho (2) BHRHO, HTO nonymnpHHa nennHeiraoro peGonanca paBHa 4G. ECJIH 

öaMeHHTB TpeTBK) BOJIHy TCTBepTOH, MBI nOHyHHM, HTO Ha HHHeHHOH CTa- 
RHH $aoa \£ = 2$2 + 2$4 -f 28r Taxace yflOBJieTBopseT ypaBHeHHH) (2), 
rfle G2 = |ai||V^| , 6 = a>i - a;2 - w4. OTxyaa cne^yeT, HTO paccTOjrane 
Mexgy HeaHHeiHBiMH peooHancaMH pasHo 26 . Ilpeflnojiaraa, *ITO nrapnHa 
HejiHHeHHoro peBOHanca Ha JiHHeHHOH cTaann pas ^eTBepTOH BOUHBI Mana 
G«G2> nony^HM ycnoBne nepexpMTHa HenHHenHBix peoonaHcoB, H, CO- 

OTBeTCTBeHHO, yCJIOBHC BOOHHKHOBeHHS CTOXaCTHHeCKOH HeyCTOHHHBOCTH: 
2G/S > 1. OTMCTHM, «JTO npHBeneHHBin KpHTepaH, Taxjxe xaK H Hpyrae 
[1], nooBoaaeT onpeaeaHTB oönacTB napanteTpoB, B xoTopofi HHHaMHKa 
cHCTeMBi cTanoBHTca xaoTH^ecKOH. HTO xacaeTca rpairapi nepexona K 

xaocy, TO jpoa ee onpejo^ejieHHa TpeöyioTca öojiee TmaTejiBHBie aHajiHTHT:e- 
CKHe HJIH raCJieHHBie HCCJie^OBaHHS. 

PaccMOTpHM pacnapi BH BOJIHBI (*) Ha nnaoMeHHyio neHrMsopoBcxyio 
(p) A BH (s) BonHBi. Honaraa, ^TO oaTyxaHHe oTcyTCTByeT noay^HM cne- 
Ryron^yro cncTeMy ypaBHeHHH, onncBiBaion^yio nimaMHxy BoaHMOHeicTBy- 
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lomax BOHH: 

it{ ~ Sspexp(iAr)^ 

is, = fj/>*exp(-iAr)s (3) 

p + Q?p = -€ i^exp(-iAr), 

rjje 

tl     En*   Li     Eioiui*   p     ne0
l2fc|v^M   Ef0   

j    ' 

r = t[Elcos^a^1^4}1^ 

1 e2 #?0COS
2
Q:    kj   J    ' v /l e2 #?0COS

2
«K|ü;

2J 

Ha JiHHeiHoS CTa^HM pacna^a j £t- j= con,s£ MOäHO nony^HTt KG (3) jpc- 
nepcnoHHoe ypasHeHHe: 

iuß - n2)(u + A) = l 

H cjxe^yiomee BBipaacejrae fljis MascHManBHoro HHxpeMeHTa: 

G = lmu^l/V2Q,   n2»l)    G = Jmw = v/3/2 O2 « 1 

B nepsoM aiyiae napaMeTp K « 1 H RHHaMHKa pacnap[a flonania 6BITB 

peryaspHOH. Ilpn 6QJIBHIHX aMiHiKTy$ax na^ajomeä BOJIHBI K » 1, no- 
©TOMy flHHaMMxa pacna^a flOJDKHa 6BITB xaoTBreecxoH. MBI MomeM noay- 
HHTB cae^yionpe yaiOBMM npn BBOiojmeHHH xoTopux RHHaMHKa pacna^a 
cTanoBHTca xaoTHHecxoi: 

10      e2 3V3cos2a' w 

Ho   (4) HeTpypsHo onpeflenHTL BenHHHHy aMiuraTyflfci onexTpoMariraTHOH 
BOJIHBI HeOÖXOßHMOM ftÄS paOBHTHS XaOTHHeCKOH flHHaMHKM. Tax IipH tty = 
6 • 109IX Vvvh = 3 • 10

9
CM/C, üJi/üJp = 3, or = 0 9Ta BejiHHHHa paBHa 

5.3 • 10
4
B/CM. KoMm>K)TepHbie Bhrmaieaws. noRTBepacflaioT öTOT xpa/re- 

PHH. B oaxaio^eHHe HeoöxoflKMO oTMeTHTB cseflysomee. KpHTepaH nefi- 
CTBHTCJIBHO noöBOJLäeT onpeflenHTt o6jiacTB napaMeTpoB, rfle HMeeT Me- 
CTO xaoTiraecxaa flHHaMHxa flas HenHTerpHpyeMBix CHCT€M. HO B TO me 
BpeMÄ ßas HHTerpnpyeMBix CHCTCM BTOT xpHTepnn coBepineHHO He paöo- 
TaeT. HooTOMy HeoöxoflHMa OCTOPOJKHOCTB, npe^e ^eM HcnoafcOOBaTB 
xpHTepBffl K > 1. 

1A A MaxepHaADi 6-fi MeatnyHapoflHofi ^«MCKOH »#«KpoBOAHOooB ^awpepeHUm 'XftKiftu'Ko'96. 1649 c«rra6pa 1996 r„ CeBacTCnoAb, KphiM, y*panHa 
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DEVELOPMENT OF DYNAMICAL CHAOS 
UNDER NONLINEAR INTERACTION OF WAVES 

IN UNBOUNDED UNMAGNETIZED PLASMA 

V. A. Buts, 0. V. Manuilenko, V. I.  Muratov*), A. P. Tolstoluzhsky 

NSC KIPT, Kharkov State University*), Ukrame,Kharkov 

In this report we formulate and prove the conditions if being fulfilled 
then the dynamics of the wave-wave system becomes chaotic. These con- 
ditions are verified via the system describing interaction of HF and LF 
waves in plasma and other's nonlinear media. This effect is of paramount 
importance for free electron laser and accelerations based on beat-wave, 
etc. 
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A.<t>. AJIHCOB, A.K. BepeswH, A.B. BopoflKHH, fO.M. JlanKano, H.H. OiMineHKo, fl.B. 0awH6epr 
HHU, "XapbKoecKuü cpU3UKO-mexHLwecKuü UHcmumym", XapbKoe-310108, YKpauHa 

AHHomamin - B paßoTe nsno>KeHbi pe3ynbTaTbi TeopeTunecKnx H aKcnepuMCHTanbHbix MccneflOBaHMvi no C03flaHwo 
nyHKOBO-nna3MeHHoro reHepaTopa-ycmimenfl. HananbHbie cpnyKTyaunn ajieiapoHHoro nywa, renepupyeMbie B aneiapoHHOM 
MameTpoHHOvi nyuiKe cneLinanbHoro Tuna (11 KB, 3 A, flnnTenbHocTb HMnynbca TOIO 160 MKCBK, nacTOTa nocbtnoK flo 10 TLO, 
3aTeM ycnjiMBanncb a nna3M6HHOM BOJinosofle H crwpanbHoü cTpyiaype. MoiHHOdb B036yx<flaeMbix CToxacTunecKnx KoneSaHufi 
Ha Bbixofle ycTpoiicTBa flocTurana 15 KBT B fleuMMeTpoBOM flnana30He flnnH BOJIH. 

I. BBefieHMe 

PaHee [1, 2] Mbi cooßmann o npeMMymeciBax ny4KOBO-rma3MeHHbix reHepaTopoB u yci/mme/ieCi 
(nnry) no cpaBHeHWo c oßbiMHbiMn BaKyyMHbiMn ycTpotfcTBaMU KpaTKO 3TH npenMymecTBa 3aKJiioMaioTC?i B 

cneflyioinew: 
- 6/iaroflapq HewTpajiM3ai4MH rma3MOM 3apnfla aneKTpoHHoro ny-ma B HUP/ BospacTaeT ero 
npeflenbHbiM TOK; 

- B nyHKoao-nna3MeHHoti CHCTeMe co onaöoii fluccunaqneM, B OTJinnne OT BaKyyMHotf B wwpoKoü 
nonoce HacTOT B036yKflanDTC?i o6t,eMHbie, a He noßepxHocTHbie BoriHbi c 6onee BNCOKHM 

MHKpeMeHTOM HapacTaHna; 
- napaMeTpaMM (MoiUHocTbro, nacTOTOM) B036y>KflaeMbix KoneßaHnPi MOWHO ynpaB/wrb npn noMOU4H 
HananbHoPi wioAynnnnn sneKTpoHHoro nyMKa. 
B pa6oTax [3, 4] coo6ma/iocb, HTO nxia3WieHHbifi BOJIHOBOA ((IB) Mo>KeT 6biTb ncno/ib30BaH fljw 

scjDcpeicrHBHoCi MOflyrmi-iMM aneicrpoHHoro nyMKa nepefl npoqeccoM reHepai4nn win ycuneHna BoaöyxflaeMbix 
K0Jie6aHnä 3aMeflJiHKDinnx CTpyicrypax pa3jiKMHbix TMnoB. B HacToameM floioiafle ycnneHMe HaMaxibHbix aiyMOB, 
reHepnpyewibix B sjieicrpoHHoii nyujKe MameTpoHHoro Tuna, npowcxoflwio npn nynKOBO-nnasMeHHOM 
B3anMOfleMCTBHn B ÜB, a 3aTeM B MOflHcpHi^npoBaHHOii cnnpanbHOM CTpyKType, B pe3ynbTaTe Mero Ha Bbixofle 
reHepaTopa-ycnjiHTena B036ywflanncb cToxacTWMecKue CBM sneicrpoMarHnTHbie Kone6aHnn. 3TOT npoL\ecc 
noflo6eH HB/ieHWO CBepxn3nyMeHHfl. 

TaK KaK K onucbiBaeMOMy ycTpoücTBy He noflBOflMTCH BHewHnfi HaManbHbiw cnman n B Hew 
OTcyrcTBOBann oöpaTHbie CBHSU, TO ero MOKHO paccMaTpwBaTb KaK reHepaTop- ycnnnTexib. 

II. OxiejcrpoAMHaMMKa TpyÖMaToro ny^KOBo-nnaswieHHoro BoriHOBOfla 

PaccMOTpnw qnnnHflpMMecKyio NieTarmnMecKyio Tpy6y paflnyca R, 3anonHeHHyio TpyßHaTbiM cmnßoM 

rmasMbi c BKewHwvi n BHyTpeHHnM paflnycawiM  Tj  n  /2  cooTBeTCTBeHHo,  HaxoAflujyiocF! B npoflonbHOM 

MamMTHOM none c HanpfiweHHocTbio H0. Hcnonb3ya ypaBHeHnn MaKCBerma c rpaHMMHbiMM ycnoBHaMU 

MOKHO nonyMHTb flMcnepcnoHHoe ypaBHeHMe flna aKCuaribHO-CMMMeTpnHHbix coöcTBeHHbix Mofl det A = 0, 

rAe A - waTpnqa pa3MepoM 8 x 8 c aneMeHTaMM A;y, onncaHHbiMM paHee [4]. 

npn ycMneHMM n reHepnpoBaHnu KOJieöaHnPi B uinpoKOM nonoce HacTOT TpyönaTbiM nna3MeHHbifi 
BoriHOBOA noflo6eH cnnpanbHoPi CTpyicrype. PenieHne flncnepcnoHHoro ypaBHeHna 6bino nonyMeHO nucneHHO 

A/in njia3MeHHoPi BoriHbi B npeflnonojKeHnn OTcyTCTBHa flncneponn (v„0 = vph = const, (üH >>(ßp, 

v0>vph,  H0 = 1,5K3,  # = 1,80«,  ri = l,05cM,  r2 = 1,25CM,  icj^JR«: 1,   k^«!,   k±r2«l., 
r\ 00/0 / 

k   =k — © Jc ,   kz = (i)/vph,   A = r2 —Tj,   rfle   vpll   M   vg0   -   4)a30Ban   M   rpynnoBan   CKopoc™ 

B03ßy>KflaeMbix Ko/ießaHnü, v0- cKopocTb aneicrpoHHoro nyMKa, (QH n C0p  - a/ieicrpoHHbie napMopoßa w 

n/ia3MeHHaa neHrMtopoBCKaa nacTOTbi, fflb - anetcrpoHHaa neHrMroposcKaa MacTOTa nyHKa, k^ w kz - 

nonepeMHoe M npoflonbHoe BonnoBbie Mncna, C - CKopocTb CBeTa B BaKyyMe, Q - nacTOTa B036y»flaeMbix 
Kone6aHnii). B STOM cnynae flMcnepcnoHHoe ypaBHeHMe cyu^ecTBeHHO ynpou^aeTca 

( m2V m2 m2 \       ( »V1 

C 
z 2 

o2     (co - iczy0)
2 

Al       R r2A In — 
v rV 

M3  aHannsa  nonyneHHbix  AncnepcHOHHbix  KpnBbix  cneflyeT,  MTO  HeycToPiMUBOcTb  He  paaBMBaeTc«  npn 

sneicrpoHHoPi nnoTHoc™ nna3Mbi np < 1,6-10  CM~    M 3aBncnr OT aneKTpoHHbix nnoTHocTeR nyMKa n 
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n/ia3Mbi (rii, M lip). ripn nb - 6 • 10   CM"   $a30Bafl CKopocTb ycvmwBaeMbix Kone6aHnfi B03pacTaeT OT 

vph/c ~ 0,155 flo vph/c = 0,17 npw yBenHMennw nnoTHoc™ nnasMbi OT   , 1 • 10ncM-3 flo   012CM~3. 

ripn np = 1,6 • 10   CM" , vp/l/c M3MeHaeTcn OT 0.19 flo 0.14 npw B03pacTaHnn nb OT 6 • 108CM~3 flo 

,6-10 CM . flna 3THX flByx cnynaeB npocTpaHCTBeHHbiM w-mpeMeHT HapaoraHHH dk/kz B03pacTaeT OT 

0.503 flo 2.42 u OT 0.208 flo 1.578 cooTBeTCTBeHHo. KoacpcpMLineHT ycuneHMa flna nna3MeHHo£i (cpeAHeü) 
ceKHMM Hamero ycTpoiicTBa cocTaBnneT g = 6,3flB/cM flna TOKa arteiapoHHoro nyMKa I = 10A. 

B npeflno/ioKeHMM, HTO CO =(j)si rAe C0S - nacTOTa Kone6aHMM, cpa30Baa CKopocTb KOTopbix 

CMHxpoHHa co cKopocTbio snehcrpoHHoro nyMKa, MO>KHO onpeflejiMTb nacTOTy B036y>KflaeMbix Kone6aHMM CO flna 
3aflaHHbix 3HaMeHnCi 3Heprnn sneicrpoHHoro nyMKa v\ IIJIOTHOCTH sneicrpoHOB nna3Mbi. flna 

np = 1,6 • 10UCM~3 nonynaeM /s = &s/2n = 525MH4, BOJiHOBoe nucno ks = 0, 515CM_1. 

3aMeTMM, HTO reHepupoBaHne M/IH ycwneHne Kone6aHn£i c 6onee HK3KOü HacTOToti MOweT 6biTb 

ocymecTBTieHo B riB He TonbKo B cnynae 6onee HM3KOM nnoTHoc™ aneiapoHOB nna3Mbi np HO H Torfla, Korfla 

DB MacTUHHO 3anonHeH nnoTHofi nna3Mov\. 

III. OnucaHue ycraHOBKK M SKcnepiiMeHTanbHbie pe3yjibraTbi 

OKcnepuMeHTanbHaa ycTaHOBKa co3flaHa no cxeMe, B KOTopotf B sneicrpoHHOM nyujKe MameTpoHHoro 
Tuna [5-7] c "'flnHHHbiM0' IOTOAOM co3flaBancn sneKTpoHHbiPi nynoK, npoMOAynnpoBaHHbiü HananbHbiM 
ujyMOBbiM cnmanoM c flocTaTOMHofi MomHOCTbto n LunpuHofi nacTOTHoro cneiapa, cymecTBeHHO 
npeBocxoflamefi cneicrp BbixoflHoro cumana. H3BecTH0 [8], HTO B cneqnanbHbix KOHCTpyKn.nax nymeK 
qbopMnpoBanc?i aneicrpoHHbiki nynoK c BWCOKUM nepBeaHCOM, B KOTOPOM wyMOBOü TOK Ha 50-60 AB npeBbiwan 
ypoBeHb HananbHoro APoBoBoro ujyMa. flanbHeMiuee cpopMnpoBaHMe nacTOTHoro cneiapa onpeAennnocb 
AMcnepcMOHHbiMM CBoPicTBaMM riB M M36npaTenbHbiM cBoficTBaM OKOHeMHoR cnnpanbHo(i 3aMeADfiioineii 
cTpyicrypb! (3C), MMeroiiieM MacTOTHyio xapaKTepucTuxy nonocoBoro cpurtbTpa. flna peann3aqnu nyMKOBO- 
nna3MenHoro ycunnTena Heo6xoAHMO, HTo6bi aneicrpoHHbiPi nynoK B3aMMOAePicTBOBan B ÜB TonbKO c npnMOM 
BonHOM npocTpaHCTBeHHoro sap^Aa. ripoßneMa 3aKrirOHanacb B TOM, MToßbi oöecnenHTb ycuneHMe HananbHoro 
ujyMOBoro cumana Ha 80-100 AB, coxpaHHB npn 3TOM AocTaTOHHyro paBHOMepHOCTb cneicrpanbHofi MOIUHOCTM 

LuyMOB (CMLU) B 3aAaHHoPi nonoce MacTOT. CneAyeT noA^epKHyTb, HTO paßOTa onncbiBaeMoro ycTpoücTBa 
6bina B03MOÄHa npH ycnoBMH noAaBneHna nonoxwTe/ibHoPi oßpaTHoii CBW3H c ero BbixoAa Ha BXOA, KOTopaa 
M0K6T npMBOAMTb K caMOB036y>KAeHwo ycunnTen?) Ha AncnepcuoHHbix nacTOTax. Tarae noAaBneHMe 
ocyunecTBnsjiocb 3a CMeT "sanpeAenbHbix" CBOüCTB (IB n A°CTaTOHHO xopomero cornacoBaHna 3C. 

3KcnepnMeHTanbHaa ycTaHOBKa npeACTaBneHa Ha pnc.1. Ona COCTOUT m cnequaxibHOM s^eiapoHHOM 
nyiiiKM MameTpoHHoro Tuna (1), coneHOMAa (2), TpyÖMaToro nna3MeHHoro BonHOBOAa (3), 3aMeAn?iK)meM 
CTpytcrypbi c MOAUcpuLinpoBaHHoii cnnpanbio (4), nornomaiomeü Harpy3KH (5), M3MepnTeri5i CBM MOLUHOCTH - 
SKBMBaneHTa aHTeHHbt (6), Konneicropa TOKa (7). YcTaHOBKa HaxoAnnacb B npoAonbHOM MamHTHOM none. BJIOK 

sneKTpoHHOM nyiUKM cocTonn H3 KOHnnecKnx aHOAa H KaTOAa c noAorpeBaTeneM M qboKycupyioiAHMM 
sneKTpoAaMM. Pa3Mepbi KaTOAa: A^nHa - 60 CM, ooribLuow A^aweTp - 2.5 CM, yron Haxnona noBepxHoc™ 

KaTOAa K npoAonbHOM ocu cocTaBnnn 4°. nna3Ma C03AaBanacb sneKTpoHHbiM nyHKOM B MeAHoPi Tpy6e AJIMHOM 

20 CM M BHyTpeHHMM AnaMeTpoM ~3,2 CM, B KOTopyro HanycKanca paöoHnfi ra3 (BOAOPOA) noA AaßneHMeM 

0-5-10-4Topp. 
BHyTpn MeTannnMecKoro Kopnyca Ha KepaMMMecKnx onopax 6bina CMOHTMpoBaHa MOAHcpnqnpoBaHHaa 

cnnparib Harpy>KeHHaa KonbL(aMM co cTepwHAMM [9]. 3Ta 3C oßnaAana CBOMCTBaMU nonocoBoro ^nyrpa B 

3aAaHH0ti nonoce MacTOT / = 300 - 500MTq. flnnHa 3C cocraBnsna -48 CM. B KOHqe cucTeMbi 
pacnonarancn Konneicrop TOKa. flMCnepcnn H nacTOTHbie xapaKTepMCTMKM cucTeMbi 6binn n3MepeHbi 
3KcnepnMeHTanbH0. MaKCHManbHan BbixoAHaa CBM MomHOCTb ~ 2 - 15KBT6bina AocTumyTa npn nnoTHOCTM 

nna3Mbi ~1011 cM"3 (AaBneHne ~5 • 10~5Topp), 3Heprnn sneKTpoHHoro nyMKa 1 - 11, 5KSB, TOKe 2,5 - 3A B 

nonoce MacTOT 300 - 500 MTq. HepaBHOMepHocTb cneicrpanbHoPI nnoTHoc™ MOUIHOCTH cocTaBnana MeHee 
4AB. 

IV. 3aKJiK>HeHtie 

B pa6oTe npuBeAeHbi pesynbTaTbi TeopeTOMecKMX M 3KcnepnMeHTanbHbix nccneAOBaHMPi no cosAaHwo 
MOLUHoro nyMKOBo-nna3MeHHoro renepaTopa cToxacTHMecKnx KoneßaHnPi. (lonyMeHHbie 3KcnepnMeHTanbHbie 
pe3ynbTaTbi (MOLAHOCTb 15 KB B nonoce MacTOT 300- 500 MRO HaxoA^TC« B xopoiueM cooTBeTCTBUn c 
TeopeTMMecKMMH pacMeTaMH. 
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PHCI CxeMa nyHKOBO-nAaaivieHHoro reHepaTopa-ycHAHTeAü, 1 - 3AeKTpoHHa5i nyniKa, 2 - 
coAeHOHA, 3 - TpySnaTBiH n.Aa3MeHHbiH BOAHOBOA, 4 - cnnpaABHaa 3aMeAAJiioiiJ,afl 
CTpyKTypa, 5 - norAomaiomaH Harpy3Ka, 6 - 3KBHBaAeHT aHTeHHbi, 7 - KOAAeicrop TOKa. 
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The theoretical and experimental investigations have been carried out on excitation of plasma oscillations and radiation of 
electromagnetic waves using plasma waveguide. The initial fluctuations of electron beam obtained in electron gun of special 
magnetron type (12 kV, 10 A) were amplified in plasma waveguide. Modulated in such way electron beam generated the HF 
electromagnetic radiation of 25 kW power in decimeter frequency band with pulse duration of 160 (xs and frequency repetition of 2-8 
Hz in helix slow-wave structure. 
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BOOBy^ÄEHEE 3M1 HMHYJIECHBIM CHJIEHOTO^HblM 
P3H B MAFHMTHOM nOJIE 

ILA. BajiasHpeBj I\JL GMn,eai>HHKOB 

XapfcKOBCKKK ^KÖilKO-TeXHETCCKKi EECTETyT, 3101 OS, Xap&XOB, JTJI. AxaHeMHiecKasi 1. 

e-mail: kfti4rocket.kharkov.ua 

AHHOTB.IX,KM. HccnegyeTca MexaKEQM tpopMHpoBaKH.c BMH B peoyatTaTe 

xpaTioBpeMeHHoro nepece^eHHÄ eaexTpoHHHM ny-^xoM (crycrxoM) CHHOBHX HH- 

HHH MarHHTHoro ixoaa. üosaeaHo, ^TO BOBÖyasaeHHoe eaexTpoMaiKHTHoe none 

o6naa.aeT CBOHCTBQJS HrapoxonoffocHOCTH, a ero HHTCHCABKOCTB RHä aapasjeTpoB 

nyixa aerxo peantHoyeMHx B oxcirepHMeHTe MoaceT öLITB Bec&Ma OHaiHTera-Hoä. 

<!>HOHiecKaH MO^ejib. 

IlyCTB MÄTHHTHHH CHOH KOHeHHOH TOaupiHM L IipHMHKaeT X IHIOCKOCTH X = 0. Ocfc Oy 
HanpaBjiena BBepx, OCB Ox coBnajuaeT c HanpaBaeHHeM MarHHTHoro Hoaa. CHJIOBMC an- 
HHH nojia HanpasjieHM nepHeHHHxyaapHO cTpaHHHe. PaccMOTpHM noayieHHe eaeMCHTa 
nyixa, aeTHiuero HO -oo BHoai> OCH OXI c naoTHOCTtio Toxa 

tj = -dQV^UW? - rZ{ttto))t (1) 
rae dQ = /o('o)^o—oapan, eaeMeHTa Toxa nynxa, 70('o)—HOJIHHH TOX nyixa Ha sxoae 
B MarHHTHoe noae (x = 0), t0—BpeMa BaeTa. <f>yHxn.Ha io(*o) oaa.aeT TOKOBHH HM- 

nyatc nynxa. ro(*,f0)—oaxoH HBHäteHHa oaeMeHTa Toxa, onHCäreaionpiH ero TpaexTO- 

pHK>, V (t} tQ)—cxopocTJb nynxa. 

BblBOR OCHOBHHX ypaBHeMHH. 

fljiH pacieTa HMtnyatcHoro noaa HoayneHHa oaeiweHTa nyixa (l) B n.aai>HeH oone aaa <ia- 
CTOTHOH <J>ypbe-aMnaHTy«w BexTopHoro noTeHHHaaa BocnoatoyeMca HOBecTHHM BH- 
paxceHHeM [1] 

—oo 

rae .R—paccToanne OT uanaaa xoopaHHaT ap TOHXH HaoaioaeHHH M(R, n), jfe0 = nco/c, 
n—e^HHHHHHB BexTop B HanpaKaeHHH OT Havana xoopnHHaT ap TOHXH HaoaioneHHH, 
na, = sin 0 cos 9?, ns = svaBsaup, nx = cos#> 9><p—yraoBtie xoopnHHaTBi cipepHsecxon 
CHCTeMM Koop^HiiaT. Hcnoaboya CBHOB MarHHTHoro noaa H BexTopHoro noTeHHHaaa 
HMeeM 

t oo 

% = 2^ße'*°Ä /*o Wo)^* / [«, V(r)] e^-^^dr. (3) 
—oo —oo 

Ilocae HHTerpHpoBaHHa no BpeMeHaM BaeTa H o6paTHoro ^ypBe npeo6paooBaHHa BM- 

paaceHHe j^ia HMnyatca oaexTpoMarHHTHoro HoayieHHa npHHHMaeT BH^ 

H(i, R, n) = - A. | [Ä> V(T)] £^)rfr> (4) 
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r^e i — t - R/c -■ r -f- nf0(r)/c. Uocsa&h&y KOR RCHCTBaeM CBHM ny^os pimiMer£C% 
TcwifcKO B Teierae BpeMCHH 0 > r > £*, r^e t*—BpeMÄ pacceaima, BwpaafceHHe (4) Ra« 
noas HönysteHHÄ uomeT 6HTB sipeoöp&GOBaHo K BH^y 

H =ßo 
[n, ei]     f0(< - R/c) 

cR   1 — ßo sin 0 cos ̂ J^H dh(t) 
dt 

dr 

(5) 

-A 
[n, e2] J0(f - -R/c -U + (a/c)(am(cp + a) - sin y) sin 0) 

cR 1 — ßa sin 0 cos(^> + a) 

rfle «f^—eREHH^HMe BeuToptx B HanpaBJieHHs cKopocTeä no E nocae pacceaHEfl H&- 

CTBH. nynxa MSTHHTHMM noaeM. IlepBoe caaraeMoe cooTBCTCByeT mmynenmo nyHKo- 
BHX HacTHH, BaeTasoHjHX B MarHHTHoe none. TpeTke caaraeMoe onHCMBaex HoayieHEe, 
BODHHKSäoiuee npa Biixo^e ny^Ka HO MarHHTHoro noas. BTopoe caaraeMoe, nponop- 
BHOHaaBHoe npoHBBon,HOH Toxa no BpeMeHM cooTBCTcsyeT HoayneHHio npn flBH»ceHHH 
nacTHE? no xpHBCHiHHeHHOMy yiacrsy TpaeKTopHE nop; nelcTBHeM CBUIM JIopeHca. 

ÄHajiHB xapaKTepHCTHK HMnyjifcCHoro HOJiyieima. 
OnpeneaHM MOIUHOCTB P(0, tp^t), HoaysaeMyio B naHHOM HanpaBaenHH B eaHHHHy Teae- 
cHoro yraa 

F(0, 9, t) = ~ [«3(*. v, t) + *£(*, 9, <)] , (6) 

(pyHKHHH *ö(ö, <p> <)> ^V(#> ¥>> *) CBsoaHfci c KOMäioHeHTaMH MarHHTHoro noas B naaBHeü 
ooHe caejjyionjHMH cooTHomenaaMH 9$(6, <p,t) — R2 • HQ, %v{0}<p>i) = R2 • H9. 

DlfiG 

1>v 

PHC. 1. jD[HarpaMMa HanpaBaeHHocTH HoaynaeMos oHeprEH. 
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BiieprEfi Wrai, HonyieHHas B ejpsrany Tejieatoro yraa (jpas-paMMa HanpaBaeHHOCTH) 
onp^eflÄGTCH HHTerpHpoBaHHeM (6) no BpeaseHH. Kax cjie$yeT HO rpa<J>HHecKoro npefl- 
CTaBJieHEta jprarpaMMM HanpaBaenHQCTK CM. pnc.l, nocrpoeHHOH fljsm 7=10, sor«a yron 
noBopoTa OHaHHT&iibHO npeBocxo#HT yrata HoJiyneHKa, #Ba MaxcHMyMa cooTBeTCTByiOT 
flByM paBHonpaBHMM HanpaKneHHjHM Hoay^eHHH no H nooie nepece^eHHfl ny^xoM Ma- 
rHHTHoro nojia. IIpH MajiMX OHeprHiax, Boo6y»c;gjaK>mero crycTKa, yrabi Hoay^eHH« ia- 
CTH^HO nepespMBaioTCÄ H B fparpaMMe HanpaBJieHHOcTE «popMBpyerca OAHH MaxHMyM. 
OT HanpaRneHBLH oaBKCHT H npo$HJii> HöHy^eHHoro HMnyjitca CM. pnc.2. 

°-91^N/6. 
0.6 

PHC. 2. IIpoc&HaB Hoay*ieHHoro HMnyabca. 

IIpoHHTerpHpoBaB (6) no BpeMejm H no BceM yraaM, nanyiuM nojmyio neuiyHeHHyio 
OHeprHK). Onpe^enHM KIIÄ Hony^aTeaa xaK OTHouieHHe nojmoH Hony^eHHOH aneprHH 
K KHHeTHHecKoä oneprHH crycTKa 

mc? 
*} = WTad/Wkiny rae   Wkin = ^~(7 - l)Im j F{t)di. (7) 

B cjiyiae RaHHHOHMnyji&cHHx nyixoB, sor^a n cymecTBeHHO npesocxoniiT BpeMÄ pac- 
ceHHHÄ U MarHHTHMM nojieM t^/n < 1 noayieHHiae BHpaaceHaa (5)-(7) MoryT 6HTB 

HccjieflOBaHH aHanHTHHecKH. Jlerxo BHfleTb, HTO HHTerpantHoe caaraeMoe B (5) HMeeT 
nopiHflox 6 = <»/T6 H HM MOXHO npeHeope^B, no cpaBneHH» c OCTOJIKHMMH ßßyvm. 
IIpH 3TOM <|>opMHpyK>Tca HB» HMnyabca npoTHBoncwioaeHOH noaspHocTH, pacnpocTpa- 
HHIOIUHXC« nofli paoHHMH yrjiaMH. IIpHBeaeHHJure Bwuie rpa$HKH cooTBeTCTByior napa- 
Mexpy 8 — 0.6. MaxcHMyM noay Hernia (nnxoBoe onaieHHe nona) nepBoro HMnyabca 
npHXo^HTca Ha yraw, onpefleaaeMMe HO cooTHomeHHa cosy?sin9 = ß0. B peaaTHBHCT- 
CKOM caynae ß0 « 1 DTO cooTHonieHHe MOSKHO ynpocTHTt H npH&raaceHHo oanncaTt B 
BHBe 

<? + (0-*/2)2 = !/<?. (8) 
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Ha INI0C&OCTH (p, $ ore ypaBHCHKe onacMBaeT oscpyxcKOCTk pa^nyca I/7. TaKHM o6pa- 
ooMj MascHMyM HHTeHCHBJiocTM HMnya&cKoro HQayieHES npHxoRMTCÄ Ha yroa I/7 OT~ 
HOCHTöIBHO HanpajaneHKa jupswemsM crycTKa eaexTpoHOB. AH&aorareHoe cooTHOHieHse 
MoxeT ÖMTJb nony^eno aas BToporo KMnya^ca, B Hanp&BaeHsra MaxcHMyMa Hoay^aeMaa 
Moii^HOCTt nponopoiHOH&jrbHa ssa^paTy peasTHBTacTcxoro «pasTopa 

47TC 
r#e /,„,—HHKOBoe ona^eHHe ToxoBoro HMnyatca, JP—<J>yHKH,Ha onscBiBaioroiaH ero npo- 
<J>Biai]b. ücwiHyio MOJiy^eHHyK) GHeprMK» MOSCHO Ha&TH npEoaHxceHHO B peaaTEBHCTCxoM 
cayiae, xor^a yroa nosopoTa cymecTBeHHO npe.Bocxo$HT yroa Hoayi;eKMH ce >• I/7. 
IIpH OTOM HonyiaeMMe wumyxbcu 6ya,yT npocTpancTBeHHo paoHeceHW. HnTerpHposa- 
Hae aaeT caenyjoHjee BHpaaceHHe 

Wraa^^lnjj F2(t)dt. (10) 

CooTBeTCTseHHO jpa KRJl Hoayia/reaa HMeeM 

■W V = 2^7^ I   /  F2(t)dt 1 /  I   /  F(<)rf< I • (U) 

Ecaa yroa noBopoTa Man TO cymecTBeHHyio poai> 6yE,eT nrpaTB aßaeHHe nepexpHTHa 
HMnynibcoB. B OTOM cay^ae BOOMoasen aHaaHö TOäBKO C npHBae^eHHeM ^HcaeHHbix Me- 
TOAOB. B cayiae rayccoBCKoro eaexTpoHHoro nyixa F(t) = exp(—t2/r£) naa Kim, 
npenaoaceHHoä cxeMM BoooyxcneHHa 8MH, noayiaeM npocToe BwpaaceHBte 

V=^'f^L (12) 

B ^acTHOCTH, npn 7 = 2.7 (onepriäa 850K©B), Toxe 8.5«A—KÜ.H cocTaßaaeT 40%. 
OTMeTHM, HTO HOMeHeHHeM MarHHTHoro noaa M03KHO MeHÄTb yroji nosopoTa «, a cae- 
npsaTeatHO H nnarpaMMy HanpaBaeHHOCTH, B TO BpeMa xax HoaynaeMaja eneprHH H 

KIIJ5, oaBßcaT OT MarHHTHoro noaa caa6o. 

HccaenoBaH nponecc $opMHpoBaHMa HMnyatcHoro Hoay^eHHa npn nepeceneHHH pe- 
JiaTHBHCTCKMM oneXTpOHHMM CfyCTKOM nocToaHHoro OHHOpOHHOrO MaTHHTHOrO IKWIÄ. 
üpHBeneHbi ftsarpaMMa HanpaBaeHHOCTH H <popMa HGayneHHoro HMnyafcca BOo6y:acna- 
eMoro öaexTpoHHMM crycTxoM rayccoBcxoä <£opMBi, naHTeaBHOCTBio T& =1HC. Iloxa- 
oano, HTO B aaaBHen oone asarpaMMa HanpaBaeHHOCTH HoayHeHHa H <popMa HMnyaBCOB 
HMejoT cHaBHO ooycnoBJieHHyio ywioByio oaBHCKMOCTB. HanpaBaeHHe axcHMyMa EonyHe- 
HH« nepsoro HMnyjitca coorBeTCTsyeT HanpaBJieHHK» ^BHaceHHa HepacceaHHoro nynsa, 
T.e. flo BaeTa B MarHHTHoe noae. HanpasaeHHe pacnpocTpaHeHKS BToporo HMnyatca no 
OTHomeHHK) K nepBOMy HMeeT yroa paBHbii yray pacceaHaa H onpeAeaaeTca cxopocTbio 
crycsa, ToamHHOH H HanpaaceHHOcTBio MarHHTHoro noaa. 
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flM3JIEKTPMMECKOM! CTPYKTyPOM 
PoMaHOB C.H., BoflpoB B.B., BonoflMHa H.B. 

MocKoecKuü SHepaemwjecKuü uHcmumym (TexHuvecKuu YHueepcumem) 
111250 MocKea, KpacHOKa3apMeHHaz, 14, AY u PPB M3I/I 

(PaKC 095-362-89-38 

AHHomau,un - flna y^eTa B™*HMH nnocKO-cnoncTOM cpeflbi, pacnonoweHHofi B6nu3M Bu6paTopHbix aHTeHH pa3/iMMHbix 
KOH<j5nrypaLiMii, ncnonb3yeTCH Merofl MHTerpanbHbix ypaBHemw c pa3fleneHneM era flflpa Ha flBe nacTn: nepBoe cnaraeMoe 
onucbiBaeT B3anMOfleäcTBMe TOKOB aHTeHHbi B CBOSOAHOM npocTpaHCTBe, BTopoe cnaraeMoe orwcbiBaeT BnnnHne OTpa>KeHHbix 
nojieü M npeflCTaBHHeTCfl B Bwpß flBywiepHoro MHTerpana <t>ypbe. HawAeHa acuMnTOTWKa cneiapa ppn BTopoü nacTH nflpa, 
no3BonHK>mafl ycKopmb npoL^ecc BbwwcfieHMii. no HaüfleHHOMy pacnpefleneHwo TOKa onpeflenaioTCfl Heo6xoflMMbie flnn 
npoeiawpoBaHMH M3nyMaTenn xapaKTepucTMKM, B TOM MMcne BXOflHoe conpoTMBneHne, noTepn B cpefle M KtMcpcpkujiieHT 
none3Horo fleCicTBun MsnyHaTenn. npuBOflHTca ocHOBHbie cooTHoweHWfl H epopMynw, peanw3yiomne npeAno>KeHHbiw MeTOfl. 

I. BBeAeHiie 

HecMOTpa Ha TO, MTO npo6neivia yneTa B^AHMA nnocKo-cnoMCTotf cpeflbi (F1CC) n B MacTHOc™ 3eM/w 
Ha xapaicrepucTMKM aHTeHH CTOUT flaBHo M npeflnoweHbi MeTOflbi MacTMHHO peLuatomne 9Ty npo6neMy, 
npeflCTaBnaeT MHTepec pa3pa6oTKa TaKnx MeTOflOB, KOTopue cHMMatoT orpaHnneHMa Ha yAaneHHocTb aHTeHHbi 
OT rpaHMqbi, Ha KOHcpHrypaqnK) aHTeHHbi n Ha orpaHnneHHH Ha cTpyiaypy M napaMeTpbi nCC. 

B flaHHOM paöoTe paccMaTpuBaeTca MeTOfl peiueHna flaHHOM 3aflann, KOTopbiM c oflHoPi CTopoHbi 
no3BOJineT TOMHO onncaTb ennaHne nCC Ha anTeHHy, a c flpyroti CTopoHbi no3BonneT TaioKe TOMHO petunTb 
nocTaBneHHyio 3a,qaHy He Hanaraq cymecTBeHHbix orpaHnneHufi HH Ha aHTeHHy, HH Ha DCC. 

CneqManbHbie yen/inn aBTopos 6bi/in HanpaB/ieHbi Ha peann3aL(Mto flaHHoro MeTOfla 6e3 npuBiieMeHMfl 
cneqHanbHbix BbinncnuTenbubix cpeflcra. 

II. OcHOBHan «lacTb 

B pa6oTe pacciwoTpeHO BriMHHHe nCC c noTepnMH Ha xapaicrepucTMKM npoBonoHHbix aHTeHH 
nponsBoribHOM KOHcpurypaqnn, pacnono>KeHHbix Hafl nCC. OCHOBHOM paccHMTbmaeMoii xapaKTepucTHKoPi 
HB/iFieTCfl pacnpefleneHMe TOKa Ha aHTeHHe, a 3Haa pacnpefleneHMe TOKa, paccnuTbiBaioTCfi Bee ocTanbHbie 
napaMeTpbi aHTeHHbi: BXOflHoe conpoTMBneHne, flH n 3Hepre™necKne xapaicrepucTMKM aHTeHHbi. 

PacnpefleneHMe TOKa Ha aHTeHHe paccHUTbiBaeTca cneflyrOtii,MM o6pa30M. none E npeflCTaBnaeTca B 
BMfle cynepno3ML(MM nepBMHHoro nonn M OTpa>KeHHoro nona: 

_+   -» —>       —► ->       -> 

E{jcm) = Enep(jcm) + Eonrp (Jcm) 
flna pacMeTa nepBMMHoro M OTpaweHHoro norm Mcnonb3yiOTca pa3Hbie cnoco6bi npeflCTaBneHUFi OTMX 

nonefi. nepBMMHoe none - STO none B öecKOHeHHOM cpefle, noaTOMy OHO paccHMTbiBaeTca CTaHflapTHbiM 
o6pa30M c Mcnonb30BaHMeM BeicropHoro noTeHqMana M B flaHHOM paöoTe Ha o6cy>KflaeTCfl: 

E~Zep (/») = _i_ (gmMv -A{pm} + k2 -^(pm)) 
I0)£a 

v 
flna pacneTa OTpa>KeHHoro nona Mcnonb3yeTca npeflCTaBneHMe cpyHKqMM TpMHa B BMfle flByMepHoro 

npeo6pa30BaHMa Oypbe: 

E7mHfm)=[G(p,q)fm(q)dV' 
v 
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G(p,q) = l\F(K)e-iKfdK 

rioflbiHTerpaxibHaa MaTpni4a HaxoflMTca TOMHbiM petueKHeM rpaHMMHoPi 3aflaMM, fl/ia peuueHun KOTopow 
Mcnonb3yroTca noTeHL(naribt fleSaa [1], 

floflbiHTerpanbHaa cpyHKqHfl B STOM HHTerpane flna npow3BonbHO usonnyrbix Bn5paTopoB MoxceT 
cnaßo 3aTyxaTb, noaTOMy 6bmo npoBefleHO ynymueHne CXOAHMOCTH MHTerpana BbiflenenweM ero acuMnTOTMKM. 
TaKUM o6pa30M oTpawennoe none 6bino npeflcrraBJieHO B BHfle cynepnosMqun 3epKanbHoro KCTOMHHI« c 
HeKOTOpbIM BeCOBbIM K03Cf)CJDHLlHeHT0M K M OCTaBLUMMCH flOSaBKOM: 

Eomp ^cm) = KE3eVK (7-3epK«») + A Eonv ycm^ 

'Tl >r\ K = 
£r2+£ri 

none 3epKaribHoro  MCTOHHWO  TaiOKe  BbiMncrifleTcn  CTaHflap-mo  c  ncnonb30BaHneM  BeKTOpHoro 
noTeHLjuana: 

-* --> 

E3epKU 
cm 

aepK 

A3epK \J      ) — 

)-- 

An 

1 

me. 

U 

(graddiv Ax?K + ka A3epK) 

-*'fc<A 
cm 

(q) 
iepx 

■dV 13epK      vi /       n 

npn peweHUH nocTaBneHHOM 3aflaMn ncno/ib30Bancfl NieTOfl TanepKHHa, B KOTopowi TOK 

pacKnaflbiBanca Ha cucrreMy KycoHHO-cuHyconflanbHbix 5a3HCHbix cpyHKquM TOKa (BOT): 

= sin(/ca(^-/)) 
n)        sinikM 
flaHHbiti Bbi6op BOT o6ycnoBneH cneflyromuMH npunnHaMn: BO-nepBbix, coBOKynHOCTb S-TMX BOT 

flocTaTOMHO noiiHO M TOMHO annpoKCHMMpyeT pacnpefleneHkie TOKa Ha aHTeHHe v\ BO-BTopbix, Bee MHTerpanbi no 
npocTpancTBeHHbiM KOopfiHHaraw OTTaKHX cpyHKi^MM BbmncrmiOTCfl B aHa/wiwecKOM BHfle. 3aMeTHM, HTO BOT 
MoryT 6biTb He TonbKo npaMonnHeüHbie, HO H H3orHyrbie, HTO no3BonneT paccnuTbiBaTb 6onee cnowHbie 
npOBOflHHKM, MeM npflMOJiMHetfHbie. 

nocne npoeKTupoBaHna BOT, 3aflaMa CBOAHTCH K pacHeTy MaTpnqbi B3anMHbix BJIHHHMM BOT Zpq n 
peujeHMK) CJ1AY: 

[zpq)D- y603Ö \ 

3Ta wiaTpima npeflCTaBnaeTcn B BHfle cyMMbi iwaTpim nepBHMHoro nona, 3epKanbHoro nona w 
MaTpML(bi, KOTopaa yHHTbiBaeT MHTepcpepeHL(HK) naflaromero M OTpa>KeHHoro nona B 6/w>KHeii 30He, KOTopa« H 

paccMMTbiBaeTcq MMCJieHHo: 

[Zne*e
pq ] + l\z3e^pq ] + [AZ°m%q ] 
W0    1 

-pi 

[AZ°-PM 

AM°mp 

e2 

-jj(^|AM-p|^y iß*dic 

Y\ 

Y\ 

R, i — R 
Y\ 

-xy 

R .n -r\ 
jx R 

Y\ 

J]p 

yy 

-4P9 

-TJP3 

l—P° 
Y\ 

Y\ 

K 

P 
f+rj 2 
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VP, i|/q - Beicrop-CTpoKa M BeKTop-CTon6eq, flBniRioinMec.q pe3ynbTaTaMM MHTerpwpoBaHU« no 
npocrrpaHCTBeHHbiM KOOpflMHaTaM. 

Rxx, Rxy, Ryx, Ryy, p" - K03Cp4>HI4MeHTbl OTpaWeHHfl OT nCC. 
flna MHorocnoiiHoii F1CC K03cpdpuL(neHTbi oTpawewifl paccMMTbiBaioTca cneflyromMM o6pa30M. 

KajKflOMy cjnoHD conocTaBnneTca neTbipexnoniocHMK M MHorocnoünaR cipyxrypa npeflCTaBnneTCfl B BMfle 
KacKaflHoro coeflMHeHMs HeTbipexnoniocHHKOB. noaTOMy yflo6HO onepnpoBaTb c MaTpni^awiM nepeflaM KaK 
3KBMBanemraMU KOHeMHbix cnoeB, KOTopwe npn KacKaflHOM coeßUHeHUM nepeMHOKatoTca. A nony6ecKOH8MHbiM 
npocrpaHCTBaM cooTBeTCTByioT BOJiHOBbie conpoTUBneHna 3TMX npocTpaHCTB. TawAM o6pa30M 3aAa^a 
HaxoÄfleHwn KcocpcfrMLjMeHTOB OTpa>Kenkin OT [ICC peujaeTcn aHanorwHO 3aflaHaM Texm-iKM CBM. 

npeflenbi MHTerpuposaHMfl B cneKTpanbHOM MHTerpane paBHbi 6ecKOHeHHOCTM. Ho Hcnonbsy« 
CMMMeTpmo noflbiHTerpanbHoii dpynKi4MM, MOäHO MHTerpupoBaHne no 6ecKOHe<HHbiM npeAenaM CBecTM K 

no/iy6ecKOHeMHbiM. M nepexofla K nonapHoä cucieMe KoopfinHaT, oflHH m HHTerpanoB MOäHO cflenaTb 
KOHe^HbiM. A B cnynae BepTHKa/ibHbix BOT MHTerpan no oflHoti m KoopAwnaT BbiHHcnneTCH aHariHTHHecKH 

flna pacneTa Mom,HocTHbix xapaicrepucTHK ncno/ib3yeTca TeopeMa ri/iaHLuepen, c noMombio KOTopofi 
pacneT MOLU,HOCTM CBOAMTCH K cneicrpanbHOMy MHTerpany, rAe uNieioTCfl cneicrpbi nonetö E n H: 

Pum = In1 Re$(exh*y-eyK)dK 

CneKrp no^a ywe 6bin HaPiAeH, a cneKTp nojia MOKHO nojiynnTb pasAenuB cooTBeTCTByromwe 
KOMnoHeHTbi nona na xapaicrepMCTHHecKHe conpoTHB/ieHna ajieicrpM'-iecKoro w MarHMTHoro Tuna, riocne 
yMHO)KeHmi n npHBefleHwa noAoöHbix, M0Lu,H0CTb BbipawaeTca B BUfle MHTerpana OT KBaAparoB Mopynew 
HatffleHHbix cneicrpoB. 3TO MHTerpan CXOAMTCR AOCTaTOMHO öbiCTpo. 

nocne Haxo>KAeHMa MOIAHOCTO H3nyHeHHH, MO>KHO Haft™ conpoTMBneHMe M3JiyHeHHn, MoiUHOCTb 
notepb M Kflfl: 

xm 

III. 3aK/iFOHeHne 

3cpcpeKTMBH0CTb npeAnoweHHoro MeTOAa oßycjioBJieHa cjieAyK>U4MMM npuHMHaMn: BbiAeneHMe 
nepBMMHoro nona n36aBnfleT OT HeoöxoflUMocTU Bbmncnsrrb nnoxo cxoA«mneca cneicrpajibHbie HHTerpaxibi, 
BbiAeneHMe 3epKajibHoro no/i« npwBOAWT K AononHHTe/ibHoti CXOAUMOCTH cneicrpajibHbix MHTerpanoB, 
npuMeHeHMe Kycom-io-CMHycoHAajibHow annpoKcnMaqun no3BO/ineT nonyMMTb HBHbie BbipaweHMH A^ VP. Vq. 
KOTopbie TaiOKe yßbiBatoT c POCTOM cneicrpajibHbix nepeMeHHbix. nosTOMy Han6onee p,s\UHHan onepaqHfl 
BbiMUcneHwn AByMepHoro cneicTpanbHoro MHTerpana pea/iM3yeTCfl AOCTBTOMHO 6bicTpo n c 6onbaioü 
TOHHocTbK). KpoMe Toro, npoqecc BbNMcneHun MOJKHO ynymiJHTb 3a cneT Toro, MTO KoacpcpuqweHTbi OTpa?KeHna 
3aBMCRT TonbKO OT OAHOM nepeMeHHoPi. 

ripuMeHeHne noTeHquanoB fleöaa B npaMoyronbHoü cucTeMe KOopAMHaT, no3BonneT paccMaTpwBaTb 
npoMSBOJibHyio opkieHTaqnio aHTeHHbi oTHOcwTexibHo rpaHHL(bi pa3Aena cpeA. 

IV. CnncoK nuTepaTypbi 

[1]   BoflpoB B.B., CypKOB B.M. MaTeMaTMHecKoe MOflennpoBanne ycTpowcTB CB4 M aHTeHH. M.:M3M, 1994. 
[2]   MapKOB T.T., MannMH A.O. BoaßyjxfleHMe aneirrpoMaoiMTHbix BOHH. M.: Paflno n CBH3b, 1983. 

THE CALCULATION OF CURRENT DISTRIBUTION, INPUT IMPEDANCE AND PATTERN OF 
ANTENNAS WHICH ARE LOCATED OVER MULTYLAYERED DIELECTRIC STRUCTURE 

Romanov S.I., Bodrov V.V., Volodina I.V. 
Moscow Power Engineering Institute (Technical University) 

MPE114 Krasnokazarmennaya Str., Moscow-111250, Russia 
fax 095-362-89-38 

The method of integral equation with division of kernel on two parts, taking into account multylayered dielectric structure, is used. 
The first addend describes the interaction between the currents of antenna in free space and the other counts the influence of the 
reflection fields as two dimensional integral. Asymptotic of the spectrum for the second part of the kernel which allows to reduce the 
calculation, was found out. Such characteristics as antenna radiation resistance, efficiency and thermal losses in dielectric media 
are calculated. The results of the calculation of these characteristics for the typical configurations of radiators are presented in 
dependence from the different parameters of media. 
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B.E. MsamyK, B.fl HpoxopeHKO 
HIAIA POT TOP", 252056, Kues-56, np-m rio6edbi, 37, KflM-4020. 

AHHomaitun - nepBMHHbiii aHani« aHTeHH 3aK.nKwaeTCH B 3!<cnepnMeHTanbH0M M3MepeHHM HX napaMeipoB. B pe»MMe 
MMnynbCHoro B036y>i<AeHM?i aHTeHH M3MepeHne KCBH no BXOAy Kpaiwe 3aTpy,qHMTeiibHO, a anepreTHHecKan fluarpaMMa 
HanpaBneHHocTM HeafleraaTHo cnpaxraeT HanpaBneHHbie CBOMCTBa aHTeHHbi. npeßnaraeTCFi ncnonb30BaTb HMnynbCHyto 
xapaicrepMCTMKy KoacpcpHLjweHTa OTpaweHwa no Bxoay aHTeHHbi M wvinynbCHbie xapaKTepucTWKM M3ny4eHna TaioKe npeflnaraeTcn 
BB6CTO B3anMHOKoppenam<ioHHyK> flwarpaMMy HanpaBneHHCc™, yMMTbiBatomyio MCKaxreHMe cpopMbi nonn M3nyneHnq no 
HanpaBfieHMio. npuBOflHTcn cpaBHenae pasriMMHbix ameHH no npeflnoweHHbiM napaMeTparvi. Bbino/iHeH aHanns TOHKOM 

flunonbHOM aHTeHHbi npn B036yx<fleHi,in HMnynbcoM rayccoBoti cpopMbi. 

I.  BseAeHwe 

AHTeHHbi fljifl M3nyMeHna BUfleoHMnynbcoB Hauunn ainpoKoe npMMeHeHne B M3MepnTenbHoti TexHMKe, 
flMCTaHquoHHOM 30HflnpoBaHMM, paAMonoKau|nn u T.A- npuMeHeHue BUfleoMMnynbcoB B 3THX oSnacTHX 
no3BonaT nojiyHMTb 3Ha>-iHTenbHbiPi Bbinrpbiui B noMexo3amnmeHHOCTn H MHCpopMaLi,noHHo£i eMKoc™[1]. 

BaÄHbiM napaMeTpoM TaKMX aHTeHH flBnneTca cpopMa H3jryHaeMoro cwxana. flw. Pocc B KanecTBe 
KpwTepufl npuMeHUMocTH aHTeHH fl/ia n3nyHeHna BHfleonvinynbcoB npeflnoKnn ncnonb30BaTb KoneMHocTb ee 
HMnynbCHOM xapaKTepMCTHKH [2]. X. XapwiyT OTMeMan, HTO flnn onwcaHHSR aHTeHH, n3HyHaioini<ix 
BMfleoMMnynbCbi, B neoSxoflUMO norib30BaTbCfl cewieficTBOM nMnyribCHbix xapatcrepucTHK no pa3JiHMHbiM 
HanpaBJieHHflM [3, 4]. 

II. OCHOBHaH sacTb 

B A3HH0Ü pa6oTe Mbi nonbiTaeMca HecKoxibKO cncTeMaTH3npoeaTb noflxofl K onHcaHMio aHTeHH A^ 

H3nyMeHMfl MMnynbCHbix cumanoB. 
riepBMMHbiMn (M3MepaeMbiMM) napaMeTpaMn aBnaeTCfl MMnyribCHaa xapaKrepucTMKa BXOAB aHTeHHbi, 

TO ecTb Mou^HOCTb, OTpaxcenHaa OT BxoAa aHTeHHbi npH ee 3annT«e £-HMnyribcoM eAHHUHHotf aMnriMTyAbi, n 
cpopMa Hanpa>KeHHOc™ aneicrpimecKoro (unw MamnTHoro) norm, H3nyMaeMoro am-eHHOM no pa3nnHHbiM 
HanpaBJieHUflM. 

ECJIH HMnynbCHan xapaKrepwcTUKa BXOAa aHTeHHbi Ana H3ny<-ieHHfl HMnyribCHbix cnmanoB BO 

BpeMeHu KOHeMHa, TO paccMOTpenne HanpaBneHHbix CBOMCTB aHTeHHbi no aHariH3y cpopMbi noun M3nyHeHnn 
no pa3riMHHbiM HanpaBiieHUHM, B o6i±ieM cnynae, BecbMa npo6jieMaTHHHO. 

Ha pMcyHKe 1 noKa3aHO none M3JiyMeHnq B nnocKoc™ TOHKOü npoBonoMHOM aHTeHHbi, 3anuTaHHotf 
HMnynbcoM rayccoBoti cpopMbi A^nTenbHocTbio 1 HC (no ypoBHio 0.1). none H3rryMeHHH paccMHTbiBanocb H3 
Bbipa>KeHna[5]: 

E(t,<p) = f (t)s(t-To)-f (t)s(t-Tl)-f (t)s(t-Tl), 

To = R/c, f (0 J   w    4-K-Z-R 

L + TJR* +1? +2LRCos<p        _L + ,]R
2
 +L2 - ILRCoscp 

Tl = — - -. Tl= - , 

rAe: E(t, (p) - HanpaxceHHOCTb aneKTpMMecKoro nonn B HanpaBneHUH noA yrnoM <p K ocu aHTeHHbi; 

£ - BoriHOBoe conpoTHB/ieHne cpeAbi; 

Z - BoriHOBoe conpoTUBneHwe aHTeHHbi; 

S(t) - cpyHKMUfl flupaica; 

V(t) - cpopMa Hanpn>KeHMfl 3annTKn; 

f~ - BpeMa 3aAep>KKM Ha pacnpocTpaHeHne CMfHana OT TOMKH sannTKH aHTeHHbi AO TOHKM 

Ha6riioAeHHfl ; 

T]' To' BPeM^ 3aAep>Ki<n Ha pacnpocTpaHeHwe cnrHaria OT TOHKM 3annTKH AO KOHLia aHTeHHbi M OT 

KOHL(OB aHTeHHbi AO TOMKH Ha6nK)Aennfl. 
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R - paccTOHHue OT qeHTpa aHTeHHbi flo TOMKH Ha6nhOfleHnn; 
L - flriMHa nnena aHTeHHbi; 
C- CKOpOCTb CB6Ta. 

AHariM3 HanpaBneHHbix CBOMCTB amreHH ynpoinaeTca npw ncnonb30BaHHM anepreTMHecKOM v\ 
Koppe/inqnoHHoPi fluarpaMM HanpaBneHHocTM. 

GHepreTOHecKan fluarpaMwia HanpaBnen.Hoc™, TO ecTb cpeflHnn MOUjHOCTb M3/iyMeHna 3a BpeMH 

HMnynbCHoii xapaicrepucTHKH npn B036y>KfleHMM aHTeHHbi J-HMnyribcoM, onpeflenaeTcn KaK: 

l}\E(*,vf ^)^f«^, 
rfle T - flriMTeribHOCTb MMnynbCHoä xapaiaepMCTHKH aHTeHHbi. 
KoppenaquoHHafl fluarpaMMa HanpaBneHHocTM npeAcraBnaeT CO6OM yrnoByio aaBUCMMOCTb 

MaKCMMaribHoro 3HaMeHnq cpyHKu,tfM cBepTKM iwe>Kfly cpopMOM curnanoB no HanpaBneHnio maBHotf OCM aHTeHHbi 
M npoM3BoribHb!M HanpaBneHMeM: 

R((p) = max  R(r,(p), 
T 
T 

R<r>ri = j)fQ<f>f9(t-*>*. 

rfle:    f    (t)- cpopMa cMmana no HanpaBneHMK) rnaBHofi OCM aHTeHHbi; 

/(t - T) - cpopMa cnmana no HanpaBJieHuro nofl ymoM m K rnaBHOM OCM aHTeHHbi; 
(p 

T- nepMOfl cneflOBaHMH CMfHanoB. 
PaccMOTpMM Mcnonb30BaHMe npeflCTaBneHHbix fiMarpaMM npM aHariMse HanpaBneHHbix CBOMCTB 

TOHKOM npoBonoMHOM aHTeHHbi, 3anMTaHHOM MMnyribcoM rayccoBOM cpopMbi fl/iMTeribHOCTbro 1 HC (no ypoBHio 
0,1). Ha pMcyHKe 2 noKa3aHbi anepreTMHecKaq M KoppenaL(MOHHafl flMarpaMMbi HanpaBneHHocTM B nnocKOCTM 
aHTeHH flDMHOM 0,08 M, 0,9 M M 3,5 M. AHariM3 npMBefleHHbix flMarpaMM noKa3biBaeT, mo npn yßeriMHeHMM 
OTHOiueHMH flriMHbi aHTeHHbi npoMcxoflMT cywenMe KoppenaLiMOHHOM M 3HepreTMHecKOM AMarpaMM 
HanpaBneHHocTM M oflHOBpeMeHHoe yBeriMMeHne MOLU,HOCTM M3nyMeHM«. MOWHO cflenaTb BbiBOfl o TOM, 4TO 

npeflno>KeHHbie AMarpaMMbi yAoöHo Mcnorib30BaTb flnsq HaxowAeHMH onTMManbHbix napaivieTpoB amreHH. 

IH.3aKJiK)MeHMe 

Bbino/iHCHne aHariM3a HanpaBneHHbix CBOMCTB aHTeHH A™ M3nyneHMn BMAeoMMnynbeoB nepe3 
paccMOTpeHMe cpopM noneü M3nyMeHMa Hpe3BbmaüH0 saTpyAHWTenbHO. 

ripeAno>KeHHbie 3HepreTMHecKaa M Koppenflu,MOHHafl AMarpaMMbi HanpaBneHHocTM, KOTopbie 
nonyMaroTca M3 M3MepaeMbix AaHHbix, no3BonaK)T 3HannTenbHo ynpocTMTb aHanM3 HanpaBneHHbix CBOMCTB 

aHTGHH M BbinonHMTb MX OnTMMM3aiJlMK) B COOTBeTCTBMM C nOCTaBneHHblMM Tpe60BaHMHMM. 

IV. CnncoK riMTepaTypbi 

[1] JJUKCOH P. UJupoKononocHbie cucTewibi. - M.: Map, 1981. - 381 c. 
[2] Ross G. A Time criteria for the disign wideband radiating elements // IEEE Trans. -1968. - V. AP-16. - No. 5. - P. 355-356. 
[3] XapMym X.&. Teopwa ceKBeHTHoro aHann3a: Teopun vt nprnvieHeHiw. - M.: Mnp, 1980 - 575 c. 
[4] XapMym X.<t>. HecuHyconflanbHbie BoriHbi B paflwonoKauMH M paflnocBflan // M.: PaflMo w eBswb, 1985, - 376 c. 
[5] Franceschetti G., Papas C.H. Pulsed antennas //IEEE Trans. -1974. - V.AP-22. - No. 5. - P. 651-661. 

ANTENNAS FOR IMPULSE RADIATION. SPECIAL FEATURES 
OF THE PARAMETERS DETERMINATION 

Ivashchuk V.E., Prokhorenko V.P. 
SRI RET "TBR", 37 Pobedy Ave., Kiev-56, KPI-4020, Ukraine 

Primary antennas analysis is the experimental measurement of the parameters. If an antenna got pulse excitation, measurement of 
the input SWR (stand-wave ratio) is problemmatically and power dirrectivity pattern does not reflect accurately the direction of the 
antenna propeties. In this case the using of impulsive characteristics of antenna reflection ratio and radiation are proposed. For 
shape distortion radiation by direction consideration the using of intercorrelative directivity pattern is proposed. A comparison of the 
different antennas parameters is given. Analysis of the thin wire dipole antenna with Hauss-pulse excitation is made. 
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PucyHOK 1. <I>opMa nojia HanyqeHiw B IDIOCKOCTH TOHKOH npoBcwioHHOH aHTeHHM 
npH 3anHTKe ee rayccoBWM HMnynhcoM ÄJiHTejibHocTbio 1 HC. 
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PncyHOK 2. 3aBHCHMOCT& HanpaBJieHHbix CBOHCTB aHTeHHM OT ee äJIHHW 

(a, B, a - HopMHpoBaHHaa KoppejianHOHHaa #HarpaMMa HanpaBjienHocra; 
6, r, e - SHepreTHHecKaa ^narpaMMa HanpaBJieHHocTH). 
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IIMPOKOnOJIOCHLlft     IIJEJIEBOft     M3Jiy"R[ATEJIb     flJIÄ 
JIMHEMHÖM     AHTEHHOM      PEUOETKW      C      IIMPOKHM 
CEKTOPOM CKAHMPOBAHHA. 

A.B.EropicHH, FocIJUEPTM, 107066, Z.MOCKGCI, yji.Hoeax EacMamiaR, 20, 
men. 263-98-24. 

AHHOTaUHfl 

B nocjieflnee BpeMs, B CBJOH C HHTCHCMBUMMH pa3pa6oTKaMH iUHpoiconojiocuHx aicTHBHbix 
anxenHbix peuieroic (AAP), 6ojtbinoe BHwvtaHHe yAeraexc« ajeneBbiM aixreHHaM 6erymeM BOJIHH. B 
flaHHOH paöoxe onucwBaeTca mnpOKOnojiocHaa aHxemia, BbinoimeHnaa na OCHOBB BOSAyuiHOH 
pacuiHpfljromeitcsi meneßofi JIHHHET. Paöoqaa nojioca iiacxox aiixenHM cocxaBJiaex use OKX3BH. 

Pa3pa6oxaHH HsnyqaxenH xpex AHana30H0B: 1-H Anana30H - ox 1.5 pp 6.0 ITu,; 2-ft AnanasoH - ox 3.5 AO 

14 ITu; 3-H fluanasoH - ox 5.5 po 22 FFu,. HccJieAyioTca xapaicxepHCXHKH H3Jiyijaxeji5i 2-ro AHanasona 
KaK B CB060AHOM npocTpancxBe, xa.K M B cocxaße Maxera 12-ajieMeHXHoä JIHHCHHOH airrenHOH pemexKH 
(JIAP). Xopourae AnanasouHwe xapaxxepHCTHKH ixwiytjaxeji« B cocxaße Maicexa JIAP no3BOJiajoT 
Hcnonb30Baxb ero B   AAP c uiHpOKHM ceKxopOM cKaHHpOBaHua 6e3 AonojiHHxejibHbix corjiacyiomux 
yCTpOHCTB. 

Bse^eiiHe 

B Jinxepaxype onMCMBaroxca caMbie pa3Hoo6pa3Hbre iqeaeBbie aHxeHHbi 6eryujeM BOJIHM 

[1-3]. KaK npaBHJio, MsroxoBaarox 3XH ameHHU Ha AxisJieKxpnqecKOH noAJioacKe nocpeACXBOM 
4)OTOABrorpa(J)HH. BaaroAapa CBOHM ne6ojibuiHM pa3MepaM, OHH npetcpacHo co^eraJOTca c 
HHTerpaJibHbiMH cxeMaMH CBH-ÄHana30Ha [4,5],  KpoMe xoro, H3jiyqaTejm 3Xoro THna BecbMa 
IllHpOKOnOAOCHbl  - H3BeCTHW KOHCTpyKIi;HH,  paÖO'IHH  ÄHana30H MaCTOT KOTOpblX  COCXaBAfleT 
HCCKOJIbKO OKXaB [6,7]. 

O/paKO nmumväsi uiHpHua AnarpaMMbi HanpaBAeHiiocxn (11,H) HOAOöHMX anxeiffi, 
peajm30Ba>iHbix no MHKPOIIOJIOCKOBOH xexHoiform-i, cocxaBjiaex npHMepHo 30 rpa#ycoB no 
ypoBHK) -3ftB H 50 rpaAycoß no ypoBHio -IOAB [1]. ßaimoe oGcxoaxejibcxBo cepbesno 
orpaHHHHBaex ceicxop cKannpoBaHna lunpoKononocHbix anxeiiHbix peuiexoK, Hcnojib3yrounix 
TaKHe aHxeHHbi B Kaliecxße rajiymxejieM. 

B rocUHHPTH, B pawacax paöox no ccwAannro MHorojiyiieBoö aKXKBHGft JIAP, 
pa3pa6oxaHbi rojiyqaTeJiH Ha ociioße B03AyuiHOH pacuiHpaioineMca meneBOH JIHHMH, y Koxopbix 
B rurocKocTH cicauHpoBaHHa jiyiQM mnpHHa ß^H no ypoBHio -3/xE npeßbmiaex 55 rpaAycoB BO 

BCCM pa6oieM AHaiiasone »lacxox. PaspaÖoxaiibi H3jiyiaxenH Tpex AHanasonoß: 1 -H Anana30H - 
ox 1.5 7J,o 6.0 ITu,; 2-H AnanaaoH - ox 3.5 AO 14 FFn,; 3-H Awanason - ox 5.5 AO 22 FFu,. Hnace 
öyAyx npHBeA.eHbi 3KcnepnMeHxaJibHbre xapaKxepHcxHKB: H3Ayiiaxejia 2-ro Anana3ona, 
nojiyTCHHbie KaK B CBO6OäHOM npocxpancxBe, xaic u B cocxaße MaKexa AHHCHHOH anreHHOH 
pemexKH (JIAP). 

KoHcrpyKiisHH amennM 

H3BecxHo, Hxo xapaKxepncxHicH H3JiyiieHHH aHxeHHbi 6erymefi BOJiHbi B OCHOBHOM 

onpeaeJisioxcH KOscJxjfflnnenxoM 3aMeA^ienna k = c/v c])a30BOH CKopocxH B036ymAeHna v no 
oTHOiueHHK) K CKopocxH cBexa c. TaK, HanpHMep, npn Hrmenennn K03<}K])Hni<ieHxa ox k = 1 AO 

onxHMajibHoro 3HaHenHH kopt, onpeAenaeMoro ycjioBHeM XanceHa - ByABopAa, raaBHMH 
AenecxoK fl}l cyjKaeTca npHMepHO B 1.8 pa3a [8]. HaAiwne AnsjieKXf^nqecKOH HOAJIO>KKH B 

meiteBOH anxenne öerymen BOUHM npnBOAHx K yMeHbmeiiHio (|)a30BOH cKopocra v H, 

cJieAOßaxejtbHO, K cyaceHino J\U aHxeHHbi. Cei<xop CKannpoBaHH?! JIAP onpeAeraexca uiKpHHOH 
flH ee M3AyiaxejreH. DosxoMy, c ne^bio A0crn>KeHH3 Han6ojiee 6onbuioro yraoBoro ceicxopa 
CKannpOBaHHa, 6bin paapaöoxan meneßon H3jiy«iax£nb öeryu^en BOHIIM ne coaep>KamHÄ 
AH3JieKrrpHHecKHX noA^oaceK, 

Ha pHc. 1 noKasana KOHcrpyKUHH anxennbi. KoH(fwrypaiiHH BHemnnx H BHyxpeHHero 
npoBOÄHHKOB xaicoBa, qxo na yqacTKe 1 oöecneMHBaexca njraBHaa TpaHc^opMauaa icBasn-T 

<f-fl MaTepwajibi 6-fi MeiK/iyHapo^HOH ^6*MCKOH ^aKpoßOAHoeo» ÄToHcpepeHJiHH Syft«»Ä«^r»Vtf. 16-19 cemf\6pn 1996 r., CenacronoAb, KpwM, S^KpaHHa 
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BOJiHfa] OT cxpyKxypw HOJIH CHMMCTPHHHOH HOIIOCKOBOH JMHHH K cxpyKxype nojxa UJCJICBOH 

JIHHHH. Ha yqacTKe roJiyxeHHa L mejrreBaa JIMHIM pacurapaerca 3KcnoHemjHajibHO no 3ai<OHy 

Y  =  y0x e
Rx   (1) 

rae: R = ln( Zo/Z), Zo - BOJIHOBOC conpoxHBjieHHe npocrrpaHCXBa, Z - BojmoBoe 
conpoTHBjieuHe cHMMexpHTiioH HOJIOCKOBOK JIHHHH. Dpn Bbiöope napaMexpa R yraTbiBajincb 
cjieAyrouuie o6cxoaxejibcxBa. 

B [1] ycxaHOBjieHO, HXO umpHHa J\H anxeHHw c JiHHeMno pacumpaKMuewca mejibio B H - 

njiocKocm nponopmnoHajibHa 1 / J~L , a B E - HJIOCKOCXH nponopimoHajibHa 1 / La, rae a - 
yrojr paciuHpenna. Ho3XOMy fljia nojiyqeHH» öojxee mapoKoro raaBHoro jienecnca RH 
»•ceaaxejibHo yMeiibuiaxb pjimiy o6jiaexH H3JiyiieHHa /,. 

C ApyroH cxopoHw, npH Majiofi aixHHe L (napaMexp R Berime) B03HHKaiox cepbe3Hbie 
npoöncMbi corjiacoBaHHa M3JiyHaxejwi c BHeuiHHM npocxpaHcxBOM B uinpoKOM «Hana30He 
nacxox. TaK K3K anxenna paspaßaxbraajiacb cnenjwajibHo pw HcnojiMOBaHHa B aKXHBHoM 
nepeÄaiomen JIAP, TO o^ieHb BaxHbiM aBjianocb H xpeGoBaime o6ecneqeHra HH3Koro ypoBHH 
K03cjxl>HiiHeHxa CToaueft BojtHbi Ha,np5i>KeHHa (KCBH) no BXOAy. Ü3 xeopuw H npaKTHKH 
3KcnoHeHii;HajibHbix BOJIHOBOAHMX nepexoAOB H3BCCXHO KOMnpoMHccnoe peuieuHe, 
oöecneTOBaromee yAOBJiexBopuxejibHoe corjiacoBairae BOJIHOBOAOB pasHoro noneperaoro 
ceneHHa npH AJIHHC nepexoAa (0.7 - 1.0)^, rAe XB - «rana BOJIHBI B BOJIHOBOAC 3XO 

pemeHHe (R = ln( Zo/Z) ) H 6MJIO HcnoubsoBano B HauieM cjiynae. 
PaccxosHHe Mewjy HapyjKHbiMH npoBOAHracaMH H uiapHHa BHyipeHHero npoBOAHHica 

npH xojiuiHHe 1.5 MM paccwrbiBajiHCb TOKHM o6pa.30M, qxo6bi cHMMexpixraaa nonocKOBaa 
JIHHHH co cTopouM BxoAa aHxeiiHbi HMejia BOJIHOBOC conpoTHBjieHHe Z = 50 OM. Paxwtep 
pacKpbiBa aHTCHHW B E-ruiocKocxH paBHMnca nojioBMHe AJiHHbi BOJiHbi A,H Ha HHMCHeH lacxoxe 
paöonero flHana30Ha. 

TaK ace cjteAyex oxMexnxb HHSKHH ypoBenb KpoccnojiaproaHHOHHoM cocxaBjiaroiHefi nojia 
n3JiyqeHHH, HTO o6ycjiOBjreHo cHMMerpuHHbiM pacnojioHceimeM Hapyacubix IIPOBOAHHKOB 

oxHocHxejibiio BiiyxpeHHero npoBOAHHica [2], 3xo cnocoöcxByex yMeHbiiieiuno B3aHMHoro 
BjiHHHMa H3JiyqaxejieH B cocTaße JIAP. 

PeayjibTaxti 3KcnepHMeisTa 

Ha pnc.2 npCACxaBjieHa ii3MepeHHaa ^acxoxHaa 3aBHCHMOcxb KCBH HsoimpoBaHHoro 
H3Jiyiaxejia. BHAHO, qxo B 3XOM cjiyxae B nojioce nacxox npeBbimaromeH ABe OKxaBbi 
MäKCHMajibHoe 3Ha'ieHHe KCBH MeHee 1.85. 

TaM >ice AaHbi KpHBwe KCBH xapaKxepuwe jx,jm neHxpanbHbix. H KpaÄHPtx H3Jiy»iaxejieH 
JIAP, cocToarueÄ H3 12-XH gjieMeiixoB. Illar pemexKH paBHajica 12MM, HTO cooxBercxByex 
nojioBHHe A-UHHbi BOJIHW X B Ha BepxHeft qacxoxe pa6o«iero AHana30Ha. B npouecce H3MepenHa 
Aamibix xapaKxepHcxHK, Bee He3aAeHcxB0Ba.HHbie H3JTyqaxejiH JIAP .^faura noAKJiioiieHbi K 
corjiacoBaHHbiM Haipy3KaM. 

KOK BHAHO H3 rpaxJfflKa, KCBH H3jiyiiaxejieM, paciiojioKeHHbix B ueuxpaiiBHOH MacxH 
JIAP, He npeBbimaex 2.3, HXO no3BOJiaex Hcnojib30Baxb HX B KaqecxBe Haxpy3KH XBepAoxejibHbix 
ycHAHxeaen aKXHBHofi JIAP 6e3 AonojiHHxejibHbix coraacyiomHX neneM. CorjiacoBaHwe 
KpaÄHHX HSJiyqaxejieH c 50-TH OMHbiM 4>HA,epoM oKa3biBaexca xyace - MäKCHMajibHoe 3HaieHHe 
KCBH B pa6oneH noAoce Hcicxox paBHjrexcs 3.5. 3xo BbBBaHo pa3jrHlraaMH B ycnoBnax 
pa3Meuj;eHHa HeHxpajibi-ibix n KpaMHHx H3ayiiaxe.jieH H H6O6XOAHMO y^HXbiBaxb npH 
npoeKXHpoßaHHH aKXHBHoM JIAP. ECJTH ecTb B03Mo>KHocTb yBejTHqeHHa ra6apHT0B, xo 
aceJiaxejibHO pa3Mecxnxb AonojiHHxejibno no 3 - 4 naccHBiibix HSJiy^iaxejia, npHcoeAHHeHHbix K 

coraacoBaHHbiM Harpy3KaM, paAOM c KparäiHMH H3nyHaxe;iaMH aKXHBHOH JIAP. KpoMe xoro, 
jiytimee corjiacoBaHHe icpaHHHx HSJiyqaxejieft pemexKH MO>KHO oöecne^HTb BBeAeroieM 
AoiTOAHHTenbHoro norjiouiCHHa CBX1 aneprHH. Flpn 3XOM, KOHCTOO, yMeHbmaexca 3HaieHHe 
K03<t>4>*mHeHTa ycHJieitHH (KY) JIAP, HO yMenbiuaexca H ypoBeab 6OKOBWX AenecxicoB /J(H, 
BBHAy cnaAaiouKero aMiiaHxyAHoro pacnpeAeaeHHa B pacKpbme. 
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Ha pHC.3 noKa.3aHa HSMepennaa 3aBMCHMocxb KY H30.7iwpoBaHHoro H3Jiy^aTCJia . OT 
qacTOTbi. H3MepeHH5f ßbmojiHsjiMCb MCTOAOM cpaBHeHHH c 3TajioHHOH pynopnon airreHHoM. 

ßjrl H3j[yiiare.Tia B CBOöOäHOM npocrpaHcxße B E H H IUIOCKOCTHX, H3MepenHbie na 
nacxoxax 4FFH, 8ITn H 12ITii., npeÄCxaBJxeHbr na pHc.4 - 6. B H-IIJIOCKOCTH umpHHa J\H no 
ypoBHK) nojiOBHHHOH MOIJJHOCTH H3MeH5{eTca ox 145° na HH)KHeH nacxoxe Ao 60° na Bepxiien 
nacxoxe pficiwd3on'd, a B E-IUIOCKOCXH, cooxBexcxBeiuio, ox 75° AO 55°. Taiaw o6pa30M, 
pa3pa6oxanHWH rony^axejib HMeex J\U umpHna Koropoö no ypoBiuo -3nE Aaxce B 
BfcicoKOMaeroTHoft lacxH paöoiero Anana30Ha TLOHTU B ABa pasa npeßbmiaex XHHHrayrO RM 
3X0X0 rana anxenH BenHiHHy. 

Ha pHc.7 - 9 npHBo^axca J\H H3jxyiaxejia B cocxaße Maicexa 12 - axteMenxHon JIAP. 
BHAHO, HXO H B 3TOM onyxae He CMOxpjf na 3HaraxejibHbie H3MeneHHa fj)0PMM no cpaBHerauo co 
CBoöoÄHbiM npocTpaHCTBOM, /JH Hajiyiaxejia B naocKocxH CKannpoBaHns (H-rmocKocxb) 
ocxaexca: umpoKoM (no ypoBHio -3a,B He Menee 60°). Ho noHaxHbtM npnnHnaM B E-HHOCKOCTH 
4>OpMa ,fl,H nOHTH He H3MeHHJiaCb. 

3aKjiioHeHHe 

XoponiHe AMana30HHbie xapaKxepncxHKH H3jiyiiaxejia B cocxaße Maxexa JIAP ( KCBH 
Menee 2.3 H uiHpHHa JJ,H no yposmo IIOJIOBHHHOä MOUJHOCTH B HJIOCKOCXH cKaHHpoBaHwa ne 
Menee 60 yraoBbix rpa^ycoB) no3BOJMiox Hcnojib30Ba xb ero B aicxHBHbix JIAP c mnpoKHM 
ceKTopoM CKaHHpoßaHHH 6c3 AonojiHHxejibHbtx coraacyfomnx ycxpowcxB. 
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BROADBAND SLOT LINE RADIATOR FOR WIDE-SCAN LINEAR ARRAYS 

Egorkin A.V. 
State Central Research Radiotechnical Institute 

20 Novaya Basmannaya St., Moscow-107066, Russia 
tel. 263-98-24 

Compact broadband slot line radiator has been considered and developed in air tapered slot line configuration. Xhe antenna covers 
a frequency band of almost two octaves. Radiators for three frequency bands have been built: the 1-st band covers frequency from 
1.5 to 6.0 GHz, the 2-nd band covers frequency from 3.5 to 14 GHz, the 3-d band covers frequency from 5.5 to 22 GHz. Various 
parameters of the 2-nd band antenna and its design are described in detail. Experimental measurements of gain are presented. 
Experimental results are described showing VSWR and typical radiation patterns for isolated array-element behaviour and for 
behaviour in short, linear arrays. The radiator which is been built into the linear array exhibits extremely good characteristics 
(VSWR is lower than 2.2 and radiation pattern width on half power level is not less than 60 degrees). This is important for active 
wide-scan linear arrays. 
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nPOITAMMA PAC4ETA OAPAMETPOB 3KBMAMCTAHTI10M 
JIHHEftHOft AHTEHHOM PEUIETKH. 

A.B.EropKHH, CIO. MacjiOB, focIJ[HMPTH, 107066, e.Moacea, ynJIoecm 
EacMauHan, 20, men.263-98-24. 

AHHOTaipiJI 

B flOKJtaAe oriHCHBaeTcn ajiropHXM H 6noK-cxeMa nporpaMMM paeqexa aKBHAHCxaimroii JIHHCHHOH 

aHTCHHOH pemeTKH (JIAP), iiosBOJisaomeii paccMHTbiBaxb ee AHarpaMiwy HanpaBjieHHocra (Jill) H 

K03(}}(|)HHHeHT HanpaBJienHoro ACHCTBHA (KH/0 iipn pasrownbix aMiraHxyAHWx H (pasoBbix 
pacnpeflejieHHsrx B036yacfleHH>i roj.ywre.neM pemexKH, BKmomm cnynaiinwe OIXIH6KH C FayccoBMM 
pacnpeAejieHHeM. 

O-rjiH'raeM nporpaMMbi ABJiaexcji B03MoacHOcxb pa3JiHHHoro 3aflanHH JAH wsjiyunQim peuiexKH - B 

BHAe ranoxeTHMecKoro rooxpormoro H3uyiiarena; HSBecxnofi annpoKCHMauMn B Bn;ie cxenenH cm-iyca; 
JIH6O BBeflenHOH no TonicaM turn HapncoB3HHoii c noMOiqbK) MHUiH na äKpane «HCiuiesi rpacjbwKa. 
riocjieAHHe cnoco6.bi IIOSBOJWEOT nojiy^HXb pacqexeyto JJ,H JIAP rip« pa3JiHHHbix yraax CKarapoBaHHa 
na ocHOBe H3MepeHHOfi ,0,H OflWHomoro Hajiyqaxena B cocxaBe peuiexKH, MTO 3Ha«»rr&nbHO coKpamaeT 
o6teM airreHHbix mucpemm. 

rioKasano xopomee cosnaAeHJie pac^exnux H 3KcnepnMeHxanbHO HSMepemibix napajviexpoB 
MaKCxa 12-3JieMeHXHo8 JIAP. OxMeqaioxcs MaKCHwajibHbie yßoöcxBa AJIH nojibSOBaxeira nporpaMMM. 

BeefleHHe 

J\m axxecxanHH aHxeHHbix pemexoK HcnoAb3yioxca, B OCHOBHOM, xe >ice xapaKxepHcxHicH, 
HXO H ww OTÄenbHwx anxenH - flH, KH/j; H Ap. TaK KSK yrjioBbie pa3Mepw ceicxopa 
CKaHHpoBaHH« aHxeHHbix peuieTOK BO MHoro pa3 npeBbiiuaiOT mnpHHy raa'BHoro aenecTKa ffH, 
H3MepeHHa cACAyex BbinoAHaxb pjm Bcex noAoaceiMH jiyia. KpoMe xoro, HMeex Mecxo CAoaaiaa 
nacxoxHaa saBHCHMOCTb napaMexpoB (B nepeyio o'iepeAb 3xo Kacaexca uiwpoKonoAOCHbix 
anxenHbix pemexoK), HXO xpe6yex yi&emmmua H 6e3 xoro orpoMHor'o o6beMa HSMepeHHÖ. 
IlpHBeaetiHbie B fl] OHCHKH noKa3MBaK>T, HXO, KOK npaBHJio, H3Mepe>raa xapaKxepMcxHK 
aHxeHHbix pemexoK B IIOAHOM o6beMe HepeaAbHbi H xpeöyioxca cpeACXBa, no3Bojijnom.He pe3KO 
COKpaXHTb OÖbCM H3MCpeHHH. 

B rocLJHHPTH B paMKax pa6ox no co3«aHrao MnorojiyqeBOH ajcraBHotf JIAP, 
pa3pa6oraHa nporpaMMa paciexa JIAP, no3BOAaioiuaa c aonycTHMOH jxjm npaKTHKH 
norpeuiHocTbio no pesyiibxaxaM H3MepeHH« napuHaAbUbix #H H3AyqaxeAeH oijeHHXb 
xapaKxepHcxHKH JIAP. 

npH pa3pa6oxice nporpaMMM pacqexa xapaKxepHcxHK JIAP ocoöoe BHHMaHHe yaenajiocb 
ipe6oBaHHK> o6ecne^ieHHH MaKCHMajibiibix yAoöcxB AA« noAbsoBaxeAa. Bee Heo6xoAHMwe 
AaHHbie AAfl pacnexa nporpaMMa 3anpaiiraBaex, npH'jcM ox noAbsoßaxeAa xpeöyioxca 3naHHa B 

oÖAacxH aHxeiiHOH XCXHHKH AHiub na ypoBHe OCHOBHWX nonaxHn. nporpaMMa HanHcaHa Ha 
asbiKe PASCAL. 

OiiHcaHne nporpaMMM 

nojie H3AyqeHH« aHxeHHofi peurexKH, Bee 3AeMeHXM Koxopon B036y>KAeHbi, MOKHO 

onpeAeraxb nocpeACXBOM cynepno3HHHH, cyMMHpya napuHaxtbHwe /JH Ka>KAoro 3A6MeHxa c 
K03(|)4)HHHeHxaMH, Koxopwe yqHTbiBaiOT 4>a3bi H aMnAHxyAbi B036ya(Aenna sAeMenxoB. Cxporo 
roBopa, RH H3Ay«*axeAa B pemexKe He aBAaexca OAHOH H XOH )ice AAH Bcex ajieMeHTOB , xaK KaK y 
HHX (OCO6CHHO y KpafiHHx) pa3AH'ia:K)Xca ycAOBHa pa3MemeHHH. OAJiaKo B ciryqae aHxeHHbix 
pemexoK 6ojibuiHx pasMepoB cyMMHpoBaHne oöbrqno nponsBOftHxca 6e3 yiexa pa3JiHiHH fl,H 
HSAyqaxeAeH, mo He HPHBOAHX K 3aMexHbiM oiiiHÖKaM. Tor«a ^H SKBHAHCXEHXHOH JIAP 
onncbiBaexca cAeAyiouiHM cooxHotueiraeM: 
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/      \        /      \      N r i F[ß,(p) = f{0,(p) x £Jw exp\ikndcos(0)-ian\      (i) 
« = l 

r#e rtpHHHTbi cjreji.yiom.He o6o3HaieHHH: F(9,cp) H f(9,(p) - ßH pemexKH H H3Jiyiiaxeii» 
cooTOercTBeHHo; An H a„ - K03(|)(J»iu,HeHxw aMiuTHxyjiHoro H (fmxoBoro pacnpenejienHa 
B036yacÄeHHH; k=2n\k - BOJIHOBOC HHCJIO; n - noMep pojiyiaTejia; N - KOJIOTCCTBO mnymirejsm; 
d- nepHOÄ peuueTKH. 

3xo BbipaaceHHe, onMCMBaiomee pa3jr»«Hbie peacHMbi paßoxbi anxernroH pemexKH, H 6I>IJIO 

Hcno.Tib30BaHo jijia pacnexa xapaiaepHcraK J1AP. 
Giejiyex oco6o oTMexnxb, *ixo ecjiw B cf)opMyjie (1) Hcnojib30Baxb napiiHajibHyio #H 

HSJiyiaxera f(0,cp), roMepcHiiyio npn ero B036y>Kj.i,eiraH Kor«a ocxaiibHbie 3JieMerrxbi 
npHcoeÄHHCHbi K coniacoBaHHbfM Harpy3KaM, TO npw pacrexe F(0,<p) 6yAyx yqxenbi Bee 
3(j)(j)eKTbI B3aHMHOrO BJIMHHfl 3JieMeHXOB pCUieXKH [2]. 

BjioK-cxeMa nporpaMMbi npe«cxaBJiena mi pud. lacxb nporpaMMbi, oöecne'iHBaioaiaa 
BBOÄ HCO6XOAHMWX jpa pac*iexa «aHHwx, ycnoBHO MO>KCX 6bixb npeAcxaBJiena B BHAC xpex 
ÖJIOKOB. 

B SnoKe "FeoMexpns " 3anpaniHBaexc« KOJumecxBo 3JieMenxoB peuiencH (N), paccxoarrae 
Meaqiy HHMH (d) M sHHiia BOJTHbi (k.) na KoxopoH xpeGyexca BbinoHHHXb pacqeT. 

B 6noKe "PbjiyqaxeJib" noJib30Ba reino npe/rcraBJiaexc» xpn BO3MO>KHOCXH. 

1. B KanecxBe sjieMenxa JIAP MO>KHO Bbt6paxb ranoxexfreecKHH HeHanpaBJienHbtn 
iBjryqaxenb. Tor»a nporpaMMa paccwrbmaex napaMexpw MHOHCHTCJI» pemexKH. 

2. MOXCHO sa^axb umpHHy Jiß H3JiyHaxejra no ypoBi-no nojioBUHHoii MOIUHOCTH A0 n 
Aq>. Toriia nporpaMMa caMa annpoKCHMnpyex J\H saeMenxa f(8,(p) no doopMyjie, nojiyqeHHofi 
3MIIHpHHeCKH: 

f (0,q> )= sin m 0 x sin n cp (2) 

rae: m=4.O/A02   H  n=4.0/A<p2 . 

AnaJTorHiHbie annpoKCMManHH urapoKo Hcnojib3yioTca npn aHajiKxiraecKOM ormcaraiH 
7J,H cjiaöoHanpaBjieiiHbTX amenn, KaxoBbiMH, KaK npaBHJio, H HBJMIOXCH H3Jiynaxejrn 
JIAP. Bo3HHKaioiu(He npH STOM norpeuiHOCTH He npeBbiiuaiox 15%. 

3. MO)KHO BBecxH no xo'vBcaM HUH HapncoBaxb Mbiuibio na sicpane ÄHcmie« peaiibnyio, 
H3MepeHHyio KaKHM-jrn6o CHOCOÖOM, J\ll H3jiyiaxena. ECJIM, KaK oxMe'nuiocb Bbiuie, H3Mepaxb 
ßjti H3Jiyqaxena B cocxaBe JIAP, Kor#a Bee ocxanbHbie ee HSjryqaxejxH no/-TKjno*ieHbi K 

corjracoBaHHbiM Harpy3KaM, xo 6yayx y^xeHbi 3t|)(})eKXbi BsaHMiioro BäHHUHH H npn BBO^e 
xaKOH napuHajibHOH JJ,H siieMenxa nporpaMMa paccwraex K03c})d)HHHeHx ycHJieima nojniocxbro 
B03Öy>KÄeHH0H JIAP B JH060M HanpaBJieHHH cKanHpoBanHH. 

B ÖJioice "AMniiHxyaHo-4)a30Boe pacnpeAeJieiiHe" (A<t>P) nojib30Baxejn> MO>KCX 

Bbi6paxb cjieayiomne BapHaHxw aMnnnxyÄHbix pacnpeAejxeHHfl: 
1. PaBHOMepnoe, x.e. aMranxxyabi TOKOB An BO BCCX 3JieMeHxax JIAP paBHbi (An--1, 

n=l...N). 

2. MoacHO BBecxH c KnaBHaTypw jno6oe HHxepecyroiqee nojib30Baxena pacnpeÄeiieHne 
(nporpaMMa sanpauJHBaex 3HaHenHa An Aira Bcex 3jieMenxoB pemexKH). 

3. Ha Bbi6paiiHoe aMnjinxyflHoe pacnpeaejieiiHe MOSKHO eajioacnxb cjiynatabie OUXHöKH, C 

pacnpeae^eBHeM no saKony Faycca. B SXOM cjiynae npeanoJiaraerca, lixo HMeex Mecxo 
cxauHonapHbin ciiyraaHbiH nponecc c nyjieBbiM cpeffHHM 3HaiieHHeM H noubsoBaxera, 3aflaex 
BejiHHHny cxaH/iapTHoro oxiaioHeixna. 

AnaJioraHHO H äJIH (J)a30Boro pacnpeÄenenna MO>KHO Bw6paxb cjieayiomHe BapnaHXbi: 
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1. JlMHCHHoe  <J)a30Boe  pacnpeAaienne.   B  STOM  cjiyiae  nporpaMMa  3anpaiuHBaex 
TpeöyeMbie yrabi naKJiona flH peinencn K IUIOCKOCTH anepxypM, 

2. MOXCHO c KJiaBwaTypbi BBCCTH jnoöoe 3Haqeiwe <|)a3b! cxn äJIH jno6oro sjreMenxa JIAP. 
3. Ha   BbiöpaHHoe   <f)a30Boe   pacnpe/ieueHKe MOHCHO' najioKwxb cityianHbre <pa30Bbie 

oniHÖKH, c pacnpeÄejieHHeM no 3aKOHy faycca. 
Ko3(|)(J)Hu;ineux nanpaBJieHnoro   AencxBna: 13(6,<[>)   pacc'iHXbtBaexca B   COOXBCXCXBMH C 

onpeAejieHHeM no (J)opMyire: 

D(<S^) = -4^F2MM (3) 

J jF2(0,p)sin0d0dp 
0 0 

Pe3yjibxaxw pac^exoB npoi"paMMa no3BOJisex sanncaxb B (J)anjr, pacneiiaxa xb Ha npnnxepe 
HJIH BWBecTH na 3Kpan Ancnjiea. öieAyex oxMexnxb, <ixo rpa<JMK JJJti MOJKHO Bbroecxn B 
mo6oM yraoBOM ceKxope (nojib30Baxejib caM 3a;raex rpaHHUbi ceicropa). 

PesyjibTarw pacjexoB H sKciiepHMeHTa 

Hapnc.2 npeAcxaBjieiibi /J(H n3Jiyiiaxeua AP, H3MepeHHbie B CBO6OAHOM npocxpancxBe, B 
cocxaBe Maxexa 12-3JteMeHXH0H JIAP n amrpoKCHMannH no «jjopMyne (2). BHAHO, HXO 
Hcnojib3yeMaa annpoKCHManaa Aocxaxonno xopomo onncMBaex flfl Hsiiynaxena B CBOGOAHOM 
npocxpancxBe. 

J\ji% paciexa /J,H JIAP BBOAHJiacb B xaßjnnmoM BHAe (no xoHKaM) /J,H rojiymxena. 
H3MepeHnaH B cocxaBe Maicera. PaccraxbraaJics xaioice BapnaHx, KoiAa 3xa fljrl HSJiyiaxejia 
annpoKCHMMpoBajiacb no (J)opMyjie (2). <J>a30Boe pacnpeAeJienHe B036y>KAenHH BBOAHJiocb B 
xaÖJtnqHOM BHAe no pe3yjibxaxaM H3MepeHnn. Pesyxibxaxbi pacnexa npeAcxaBjienbi Ha pnc.3, r#e 
xaioKe noKR3aHa H3MepennaH /J,H Maicexa JTAP. BHAHO, 1x0 saMexHbie pacxoxcAenn» 
xeopexmiecKHX H sKcnepHMenxajibHbix pesyjibxaxoB naoaiOAaioTca jniuib B o6jiacra Bxopwx 
6oKOBbix jienecxKOB. 

3aKJU0MenHe 

Pa3pa6oTaHHa» nporpaMMa paciiexa napaMexpoB JIAP c AocxaxoTOon Ana npairaiKH 
TOIHOCTMO   onncbmaex  xapasaepHcxHicH   anxennon   peiuexKH H   no3Bonaex   cymecxBCHHo 
coKpaxHXb 06'beM raMepennn, neoGxoAHMbra A-na ee axxecxanHH. /J,anHyto nporpaMMy MO>KHO 
34>$eKTHBHO HcnoJib30Baxb na cxaAHH pa3pa6oxKH JIAP. 
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CPABHEHHE PE30HAHCHMX CBOHCTB Y3KHX 
IIJEJIEH B BOJIHOBOßAX - IIOJIOM, HATPyÄOEHHOM 

rPEBEHKOH HJIH CJIOHCTHM AH3JIEKTPHKOM 

HvßK  JIM.*, ropöau M.B.**, MupouKuna A.B.*, Kampuu B.A.* 
*XapbKOBCKMM rocyHMBepcMTeT, 310077, XapBKOB, nji. CBOSO^BI, 4, YicpaMHa 

**HIIO "CaTypH", 252680, TCn, KweB - 148, np. 50-JieTwa OKTa6pa, 2B, Ynpavma 

AHHOTAIJMS! 

McCJieflyMTC«        3aKOHOMepHOCTM        MSMeHeHMH        3JieKTpMHeCKOM        flJIMHbl 
pe30HaHCHBix mejieM B 3aBMCMMocTM OT pa^a reoMeTpMHecKMX napaMeTpoB 
M xapaKTepa CBa3biBaeMbix mejibio ajieKTpoßiiHaMMHecKMX o6teMOB. 
IIonyTHo paccMaTpMBaiOTca ,zpiana30HHbie cBOMCTBa mejieM M ypoBHM 
nepe^aßaeMOM  B  cmeyKBhm  o6i>eM  MOIHHOCTM  Ha  pe30HaHCH0Ü  nacTOTe. 

I. BBEßEHME 

B    aHTeHHOM   TeXHMKe   M   TeXHMKe    CBH      HIMpOKO    MCnOJIb3yK)TCH    y3Kne 
pesoHaHCHbie mejiM B BOjiHOBOflax pa3Horo TMna. B OTjiMHHe OT Bn6paTopa , 
AJiMHa   pe30HaHCH0M   mejiM   MOJKeT   öbrrb   He   TOJIBKO   MeHbHie, HO   M   6ojibiue 
nOJIOBMHbl flJIMHbl BOJIHbl.    HaJIMHMe "yKOpOHeHMH",     "yflJIMHeHMH" MJIM 
OTcyTCTBMe TaKOBbix 3asHCMT OT cTpyKTypbi nojia B o6jiacTM mejiM, 
onpeflejiaeMoii Ha flaHHoß nacTOTe xapaKTepoM CBa3biBaeMbix eio 
ajieKTpoflMHaMMHecKMX       oS-beMOB.       HacTOHiuee       cooGmeHMe       nocBarueHo 
BbWCHeHMK)      oßlHMX   M   HaCTHblX   3aKOHOMepHOCTeM      nOBefleHMH      3JieKTpMHeCKOM 
fljiMHbi pe30HaHCH0M mejiM M ee flMana30HHbix CBOMCTB B npaMoyrojibHbix 
BojiHOBOßax - nojioM, HarpyiKeHHOM rpeSeHnaTOM 3aMefljiaK>meM cTpyKTypoft, a 
TaKJKe cjioMCTbiM ^MSjieKTpMKOM. Mccjie#OBaHMe npoBe^eHO Ha ocHOBaHMM 
peuieHMa 3a^aH pacceaHMa BOJIH ocHOBHoro TMna Ha mejieBbix 
HeoflHopoflHOCTHX. B   KaneeTBe   KpMTepMH   pe30HaHca   Bbi6paHo TaKoe   ycjioBwe: 

arg f12 =0 , rfle f12 - K03cpcpHHMeHT npoxoMCfleHwa BOJIHBI no BojiHOBo#y 3a 
mejib , HTO cooTBeTCTByeT OTcyTCTBMio cflBHra (pa3bi npomefluieM BOJIKBI. B 
flajibHeiiHieM Mcnojib3yiOTca TaKwe o6o3HaHeHMa : L - fljiMHa mejiM , X - 
fljiMHa     BOjiHbi     B     CBO6O#HOM     npocTpaHCTBe   ,  MHfleKc   "p"     o6o3HanaeT   - 

"pe30HaHCHbiM" , r, - KoacpcpMuweHT oTpaaceHwa , \SZ\ - KoscpcpMUweHT 

H3JiyHeHWH mejiw MJIM #ojia MOIH;HOCTM , nepe#aBaeMofi eio B cMejKHbift 
oö-beM ,    x0 -   CMemeHMe   °CM   njejiM   OT  y3K0M  CTCHKM . 

II. OCHOBHAS    HACTb 

B rjiaflKOM BOJiHOBOfle "yfljiMHeHMio" mejiM cnocoScTByiOT 
yBejiM^eHMe ee reoMeTpHHecKOM #JIMHBI , npM6jiMH«eHiie K Hew 
MeTajiJiMHecKMX 9KpaHOB (HMJKHeö M GOKOBOM CTeHOK BOjiHOBOfla). KopoTKwe 
mejiw MMejEOT TeHfleHHMK) "yKopaHMBaTbca". "Y^jiMHeHMe" M "yKoponeHiie " 
HapacTaiOT c yBejiMHeHweM uiMpMHbi mejiM. TaK, Hanpraviep, flocTaTOHHO 
3aMeTHo   yfljiMHaiOTca   npoflOJibHbie   uj,ejiM   ^JIHHOM   L= 20 MM ( L /Ap =0.7) , 

pacnoJiojKeHHbie flocTaTOHHO 6JIM3KO (X0= 2.5MM) K y3Koü CTeHKe BOjiHOBO^a 
ceneHMeM 23x5 MM. ID[eJiM AJIMHOM L=13MM B BojiHOBo^e ceneHMeM 23x10 
MM   yKopaHMBaiOTca .   MOJKHO   no^oöpaTb   TaKyw   flJiMHy   iuejm   ( HanpMMep, 
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L-16MM B BOJiHOBOße    23x10 MM ), npw KOTopoH    L / Ap «0.5 He3aBncnMo OT 

uiMpMHM mejiM. HaKJioHHbie mejiw uiMpoKonojiocHee npofloJibHbix. B 
oflHOMOflOEOM     pe^CMMe niMpoKonojiocHocTb     HapacTaeT     c     yMeHbmeHMeM 
BbxcoTbi BojiHOBO^a. HJejiM , MsjiynaiomMe B CBo6o#Hoe npocTpaHCTBO , 
UiMpoKonojiocHee , nem npw CB.H3M ppyx BOJIHOBOAOB . HajiMHMe 3KpaH0B M 

6JIM30CTB MX pacnojiojKeHMH K mejiM 0Ka3biBaeT BJiwmwe M Ha 3aKOHOMepHocrb 

M3MeHeHMH     inMpMHbi     nojiocbi    AA / Ap    no   ypoBHK)   0.5 l-S^ma* .   B   cjiynae 

M3JiyHeHMH      mejIM   B      CBoSoflHOe      npocTpaHCTBO      M      npM      CB.H3M      BOJIHOBOflOB 
ceneHMeM    23 x 10 MM    C    ysejiMHeHMeM    uiMpMHbi    mejiw      d      3aBMCMMocTM 
||2 

Sz\ (A)  pacuiMpniOTCH    TeM   6ojibine   ,   neM  ,a;ajibme  pacnojiojKeHa    njejib   OT 

y3KOM CTeHKM . EcjiM 5Ke mejib CBH3biBaeT BojiHOBOflbi ceneHHeM 23 x 5 MM 

M       pacnojiojKeHa    B6JIM3M    y3KOM    cTeHKM (x0=2.5 MM  )  ,    TO  3aBMCMMocTM 

(A)     npM       yBejiMHeHMM     d,     Hao6opoT,  cyacaiOTCH.  TaK,  no  ypoBHK)  0.5 
lo I2 

|0£| max     UIMpMHa      HaCTOTHblX      XapaKTepHCTMK       A/l /    2p       flJIH      LUeJieM      ßJIMHOM 

L=20MM    M    HIMpMHOM    d=0.1, 1,  1.5    M   4    MM     COCTaBJIHeT    COOTBeTCTBGHHO    12%, 
11%, 8.3% M 8% . YBejiMHeHMe rjiyöwHbi mejiM ( Tojim,MHbi CTeHKM 
BojiHOBOAa t ) CMeujaeT SJieKTpMHecKyio flJiMHy pe30HaHCHOM mejiM B 

cTopoHy   3HaHeHMH   0.5   TeM   3Cp<peKTMBHee,   tjeM   yjKe   mejib .   3flecb   BaJKHyio 

pojib   MrpaeT       napaMeTp   d/t , Hem   OH   MeHbme ,   TeM   6jiM?Ke    L / Ap npw 

Bcex npoHux paBHbix ycjioBnax K 3HaneHMK) 0.5 . IIoaTOMy neM yase 
mejib , TeM 6ojiee BaJKHyio pojib MrpaeT npM pacneTe ee 3HepreTMHecKMx 
napaMeTpoB    yneT    TojmjMHbi    CTeHKM    BOjiHOBOfla .    TaK ,    npM CBH3M    flByx 
MfleHTMHHblX        BOJIHOBOflOB     CeMeHMeM      23 X 5   MM      HjeJIbK)      flJIMHOM      20   MM      M 
niMpMHOM 0.1 MM pacneTHoe 3HaneHMe Ap B npMSjiMJKeHHM SecKOHenHo 

TOHKOM CTeHKM BOjiHOBO^a paBHo 27.9 MM, npM yneTe TOjimMHbi CTeHKM t=l 
MM   AV = 36.3 MM .  B  cjiynae,  Kor#a  d=4 MM,  pacnerabie   3HaneHMH Ap B 3TMX 

npM6jiM»ceHM«x cooTBeTCTBeHHo paBHbi 25.8 M 26.7MM . YneT oco6eHHocTM 
Ha   pe6pe     cflBMraeT   pe30HaHCHyio   nacTOTy   mejiM   ropa3«o   MeHbme    ,   HeM 
y^eT    TOJHHMHbl    CTeHKM   BOJIHOBOfla    . 

3aMeTMM,    HTO   ycjioBMe   L / Av = 0.5   o6o3HanaeT,    HTO   AV - 2L   ,   MJIM 

pe30HaHCHan fljiMHa BOjiHbi paBHa KpMTMnecKoH fljiMHe BOJIHM H}0 B 

BOjiHOBOfle, o6pa30BaHHOM nojiocTbio mejiM. Eojiee BbicoKonacTOTHbie 
pesoHaHCbi cooTBeTCTByiOT KpMTMHecKMM HacTOTaM BOJiH TMna H20,H30 M 
T.fl.    Em,e    pa3    no^HepKHeM    ,    HTO    3TO    cnpaße^jiMBO    npM    d/t «  1. 
YKa3aHHaH     3aKOHOMepHOCTb     npOHBJIHeTCH     M     npM     nOJIHOM     MJIM     HaCTMHHOM 
3anojiHeHMM mejiM flMajieKTpMKOM. Pe30HaHCHbie fljiMHbi BOJIH fljia TaKMX mejiefi 
MOJKHO npM6jIMH<eHHO HaMTM KaK KpMTMHeCKMe flJIMHbl BOJIH TMnOB LEqQ B 
BOJIHOBOflaX, MßeHTMHHblX mejIHM. IIpMCyTCTBMe flM3JieKTpMKa B mejiM yMeHbuiaeT 
ee pe30HaHCHyio nacTOTy M cyncaeT nacTOTHbie xapaKTepMCTMKM. 

mejiM B BojiHOBOfle c rpe6eHHaTOM 3aMepaiomeH 
CTpyKTypoM oöjiaflaeT TaKMMM cBOMCTBaMM. B cjiynae rycToii rpeöeHKM 
(nepMOfl MHoro MeHbme ^JIMHM BOjiHbi) MX MO»<HO paccMaTpMBaTb KaK m;ejiM B 

BOJIHOBOfle     C     aHM30TponHOM     MMne^aHCHOM     CTeHKOM.     IIoCJieflHHil     MMMTMpyeT 
rpaHMii;y rpe6eHKM M npocTpaHCTBa B3aMMo^eMCTBMii. Pa3Mepbi SToro 
BOjiHOBOfla coBna^aiOT c pasMepaMM npocTpaHCTBa B3aMMo,n,eMCTBMH Ha^ 
rpe6eHKofi. B cpeflHeM nacTM nojiocbi nponycKaHMH, r^e 3aMefljieHMe HeBejiMKo, 
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3JieKTpO#MHaMMHeCKMe XapaKTepMCTMKM mejIPl B MMne^aHCHOM BOJIHOBOfle 
npaKTMHeCKM    He    OTJIMHaiOTCH   OT   TaKOBMX    B    TJia^KOM    BOJIHOBO^e    C    TeMM    JKe 
pa3MepaMM. IIpM 6ojibniMX 3aMefljieHMHx , npeflCTaBjiniomMx HaM6ojibtunM 
MHTepec, B03HMKaK)T ocjio^HeHMH TaKoro pofla. Korfla fljiMHa mejiM L w fljiMHa 

3aMefljieHHOM BOJIHBI A,g CBH3aHbi cooTHomeHMeM L=3Ag/2 , mejib cTaHOBMTca 
npaKTM^ecKM He M3JiyHaioiö,eM, nocKOjibKy ee BHyTpeHHHH aKTMBHan 
npoBOflMMOCTb g1 = gf1) oSpamaeTca B Hojib (wHfleicc 1 cc-OTBeTCTByeT nepBoö 
rapMOHMKe cpyHKUMM pacnpe#ejieHMH nojia Bflojib mejiM). B6JIM3M nacTOTbi, iyje 
BbinojiHHeTCH yKa3aHHoe ycjioBMe, pa3MbrrbiM MaKCMMyM KoscpcpMHMeHTa 
M3jiyneHMH He HBJineTCH npMSHaKOM pe30HaHCH0CTH mejiM. "^TOBBI mejib Ha QTOVI 

nacTOTe Morjia scpcpeKTMBHO M3JiynaTb, Heo6xo^HMo yMeHbHiMTb ee pe30HaHCHyio 
fljiHHy, HTO flocTMraeTCH 3anojiHeHMeM ee flH9jieKTpnKOM c flMSjxeKTpjmecKoii 

npoHMnaeMOCTbK) s , saMeTHO ßojibineü eflWHMHbi, HTO BjieneT 3a coöoii eine M 

yBejiMHeHne flo6poTKocTM mejiw. YpoBeHb pe30HaHCHoro 3HaneHMH KoscpcpMUMeHTa 

SJ       3aBMCMT    OT    OTHOUieHMH    gl/ge    (    ge    -     BHerUHHH     aKTMBHaH 

npoBOflMMOcTb mejin). Korfla gl/ge = 1, =0.5 . IIpn HapyruemiM 3Toro ycjioBnn 
K03Cp(pMUMeHT   MSjiyneHMH   yneHbuiaeTca.   B   cjiynae   npoflOJibHbix   mejieM   OH 

CTpeMMTCH K HyjIK) Ha BblCOKMX HaCTOTaX, TJIfi gl 6jIM3KO K HyjiK), M B6JIM3M 

KpMTMHeCKOM HaCTOTW, Tflje g% CTpeMMTCfl K 6eCKOHeHHOCTM. IUMpMHa M (popMa 
HaCTOTHblX  XapaKTepMCTMK K03(pCpMHMeHTa  M3JiyHeHMfl[  mejIM  B  BblCOKO^aCTOTHOM 
o6jiacTM nojiocbi nponycKaroiH,  r«e  gi/ge «   1,  cymecTBeHHo  OTJIMHaiOTCH  OT 

TaKOBblX B TJiaflKOM BOJIHOBOfle CpaBH6HMH. 
IIpM    3anOJIHeHMM       BOJIHOBOfla       ^M3JieKTpMKOM 

cjieflyeT pa3jiMHaTb flBa cjiynaü, Korfla rpaHMUbi cjioeB flwsjieKTpMKa 
napajiJiejibHbi   y3K0M  M  niMpoKOM  cTeiwaM   BojiHOBOfla.   BßefleHMe   B   BOJIHOBO^ 

flM3JI6KTpMKa   B   060MX   CJiyHaHX   npMBOAMT   K   yBejIMHeHMK)   pe30HaHCH0M   flJIMHbl 

BOJiHbi /L no cpaBHeHMio c Xp mejiM B nojioM BojiHOBOfle Ten GojibineMy, HOM 

Bbinie ^MSjieKTpMHecKaa npoHMijaeMocTb s . O^HaKo c pocTOM s yMeHbiiiaeTca 
M3jiyHaTejibHaa cnocoÖHOcTb pe3OHaHCH0M mejiM M corjiacoßaHMe ee c BOJIHOBO,ZI;OM. 

TaK, flMSJieKTpuHecKaa njiacTMHa c TOJIIUHHOM a2 = 2 MM, pacnojioMceHHaa 

CMMMeTpMHHO B nonepe^HOM ceneHMM BOJiHOBOfla 23 x 10 MM napajiJiejibHO ero 
y3KMM cTeHKaM, M3MeHH6T napaMeTpbi CMMMeTpwHHO pacnojio^ceHHOM nonepe^HOM 

iu;eJin fljiMHofi 16 MM cjieflyioiUMM o6pa30M. yBejiMHeHne e OT 2 flo 8 BJieneT 3a 

COSOM M3MeHeHMe Ap OT 35.2 MM RO 42.7 MM, «OJIM M3jiynaeMOM M oTpa^fceHHow 
I       |2        I •   |2 

MOHj;HOCTeM     \SJ  M   rJ     Ha pe30HaHCH0M HaCTOTe COOTBCTCTBeHHO OT 0.497  flO 0.42 

M OT 0.21 pp 0.48. IHupMHa nojiocbi nacTOT no ypoBHK) nojioBMHbi M3jiyHaeMOM 
MOH^HOCTM M3MeHaeTca npuMepno OT 17% flo 16% . IIpM Tojiuu,HHe njiacTMHbi 8 MM 

|2        I •   |2 " 
M s = 8 napaMeTpbi Ap , p^l M F,   npwHMMaiOT 3HaneHMH eooTBeTCTBeHHO 58.2 MM, 

0.221 M 0.763. IIo Mepe BbiBe^eHMH njiacTMHbi MS o6jiacTM nyHHOCTM 
3jieKTpnHecKoro nojiH B mejiM BjiM^Hne ee Ha njejib ocjia6eBaeT. TaK, npn 
CMem;eHMM yKa3aHHOM Bbinie njiacTMHbi TOJIIH,MHOM CL2 = & MM H3 n,eHTpa Ha 4 MM 

3TH 5Ke napaMeTpbi npMHMMaiOT 3HaHeHM« 53 MM, 0.277 M 0.68 , a «jia njiacTMHbi 

TOjmi,MHOM 2 MM - 39.7 MM, 0.465 M 0.4 . B cjiynae a2 = 8 MM, S = 6 M cMemeHwe 
OT u;eHTpa 4 MM HMeeM: 48 MM, 0.348 M 0.6 . HIwpMHa nojiocbi nacTOT no ypoBHK) 
nOJIOBMHbl M3JiyHaeMOM MOmHOCTH COCTaBJiaeT npM 3TOM OKOJIO 13%. 

M3 npnBeAeHHbix flaHHbix cjie^yeT, HTO npweyTCTBMe B BOjiHOBOfle 
^M3.jieKTpMKa M3MeHaeT niMpMHy nacTOTHbix xapaKTepMCTMK K03(pcpimneHTa 
MSJiyneHMu ropa3flo MeHbnie, nem 3anojiHeHMe flMSjieKTpiiKOM caMoii tu,ejiM. 
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Korfla cjioM flM3jieKTpMKa napajiJiejieH uiMpoKofi cremte BOjiHOBO^a, ero 
B03^eßcTBne Ha mejib oKasbißaeTCH Han6ojiee CMJIBHBIM, Koiyja OTOT CJIOM 

npMÖjiMMfcaeTCH  K  CTeHKe,  B  KOTopow  npopesaHa  mejib.  TaK,  HanpMMep,   CJIOM 

flH9JieKTpMKa   TOJimMHOM   2   MM,   s   -   2   ,   panoJIOJKeHKblM   BnjIOTHyiO   K   CTeHKe   c 
nonepeHHoß mejibK) M3MeH.neT pesoHaHcnyio flJiMHy BOJIHM /Lp no cpaBHeHMK) co 
cjiynaeM nojioro BOjiHOBOßa OT 33.5 MM flo 38 MM. IIpw cMemeHMH 3Toro cjioa K 

npoTMBonojiojKHOH cTemce Bcero Ha 1 MM /Lp yMeHbiiiaeTcn cpa3y p,o 35.2 MM, a 
noTOM nocTeneHHO npMSjiMJKaeTca K 3HaneHMio, cooTBeTCTByiomeMy nojiOMy 
BOjiHOBo^y. MHTepecHo, mo B cjiynae flByxcjioMHoro ßMOJieKTpMKa, npMjieraiomero 
K CTeHKe co mejibio, c yBejiMHeHMeM TOjimMHbi CJIOH /Lp H3MeHHeTCH HeMOHOTOHHo. 
Han6ojibHiee yBejinneHMe Zp Ha6jiK>flaeTCH npw TOJimime cjioa 0^=3 MM(S = 2, Äp= 
=35.5MM). Koiyja 5Ke TojimMHa cjioa yBejiM^MBaeTca co CTopoHbi npoTMBonojioJKHoß 
cTeHKM /Lp pacTeT MOHOTOHHO. IIpM £ = 2 B paccMOTpeHHbix cjiynanx 
KoacpcpMUMeHT   M3jiyneHMH   pe30HaHCH0M   mejiM   6biji   6JIM3OK   K   MaKCMMajibHo 
BOSMOJKHOMy    3HaHeHMK)    0.5.    Korfla    /Lp    6jIM3Ka    K    KpMTMHeCKOM    flJIMHe    BOJIHbl 
ocHOBHoro TMna, acpcpeKTMBHocTb M3jiyHeHMa mejiM cymecTBeHHo yMeHbiiiaeTCH. B 
paccMOTpeHHOM cjiynae mejiM AJIMHOM L = 16 MM 3TO Ha6jiroflajiocb npn s = 6 

(\$1 « 0.2). 

III. 3AKJHOHEHME 

B     pe3yjibTaTe     npoßeßeHHbix     MccjieflOBaHMM     cjieflyeT     noflnepKHyTb 
cjieflyiomee. 
1. IIpw   onpe^ejieHMM   pe30HaHCHoii   fljiHHbi   mejiM   He   cjie^yeT   cjieno 
nOJIb30BaTbCH     npMHH,HnOM     ßBOMCTBeHHOCTM      M     npraiHCbiBaTb      mejiHM 
pe30HaHCHbie CBOMCTBa BwöpaTopa. 
2. Pe30HaHCHaH fljiMHa M ,zpiana30HHbie CBoiicTBa mejiM oco6eHHO cMjibHo 
oTjiMHaiOTCH OT BM6paTopHbix, Koiyja mejib pacnojio^KeHa B6JIM3M MfleajibHo 
npOBOflmUMX BKpaHOB. 
3. BßMfly MHoronapaMeTpMHHOCTM CMCTeMbi 6e3 pemeHua 3aflaHM pacceaHua 
HeB03M0?KH0 ßOCTaTOHHO TOHHO npe^CKa3aTb pe30HaHCHyK) flJIMHy m,ejiM. 

COMPARISON OF RESONANCE PROPERTIES OF NARROW SLOTS IN HOLLOW 
WAVEGUIDES AND ONES LOADED WITH CORRUGATED SYSTEM OR LAYER DIELECTRIC 

Yatsuk L.P., Gorbach I.V., Zhironkina A.V., Katrich V.A. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 

tel. 45-75-48 

Electrical length of narrow resonance slots, width of their frequency characteristics, maximum level of radiated power are studied 
versus some geometrical parameters, such as slot length L, its width, waveguide height, height of corrugation, size, position and 
permittivity of dielectric layers and type of electrodynamic volumes coupled with a slot. Common features of characteristics of 
interest are found as well as their differences. It is shown that in the vicinity of a perfectly conducting screen electrical length of a 
slot Wk trends to increase; properties of a slot in a corrugated waveguide considered far from its cut off frequency are similar to 
those in a hollow waveguide of the same height as a space above corrugated system; presence of dielectric in a waveguide shifts 
resonance frequency of a slot more efficiently if a dielectric slab is situated near to it. 
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ßHHAMMKA 3MM, MöJIY^EHHMX AnEPTYPHMMM AHTEHHAMH, 
B nJIOCKOCTUX HAPAJIJIEJIlbHHX PACKPMBy pynoPA 

B.A, BaaarapeB, T.JI. CKfteiubHHKOB 

XapBKOBCKHH (JjHBKäco-TexHKuecxHl HECTETyx, 310108, XaptxoB, yn. AKaReinoecxaa: 1. 
e-mail: kfti8rocket.Miarkov.ua 

AHHOTauisiS     B HacToameM cooönjeHHM JipHBe$eHH peoyavraTia sccaeffiOBa- 
HHH HpOCTpaHCTBeHHO-BpeMeHKOH RHHaMKKK BMH B KMÖCKOCTaX HapaJHieKRHHX 
pacxpsTBy pynopa. PaccMOTpeHHe ocHOBauo Ha Me-ro^e FioHreHca-KHpxrcKpa, xo- 
TopHCK pauee, B paßoTe [1], 6HB npHMeneH x Hccae^oBaHH» JipHocesoTo pexBMa 
pacnpocTpaHeHHS 8MM, HBayneMHHX anepTypHHMH aHTeHHaMH. 

nocTaHOBKa oa$a*iH. 

PaccMOTpHM öa$a*iy o Boo6y»CÄeH!SH TEM EMnyjibcoM OTBepcTaa B IMOCKOM Henpo- 
opa^HOM oxp&He, pacl. IlycTt. öÄexTpoMarHHTHMH HMnyafcc, pacnpocTpaHHiomHHCH 
B HajipaBneHHH BoopacTajoiiprx oHa^eHHH z, JianaeT HopMajitHO Ha IWIOCXOCTB Dxpana 
z — 0 H HMeeT KOMHOHeHTM rioas 

#oB = Eox = F0(t - z/c), 

Tjiß Fo(t — zfc)—(pyHKHtHÄ, onMCMBaK>u^afl $opMy TEM HMnyabca na^aiomero Ha oxpaH. 

M(x,y=0,z) 

PHC. 1. TeoMeTpHH anepTypM S B nnocxoM oxpaHe H TOHKH HaömofleHaa. 

Iloae HoayHeHHfi B o6nacTH z > 0 (HH<pparHpoBaHHoe noae) 6yneM Hcxa-rt anepTypHMM 
MeTOAOM B npH6aH»ceHKH TioMreHca-Kiäpxrcxpa. 
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ÄHajiHTHHecioe Hccjiej^oBaHMe. 

ÄH$paKö;HOHHoe noae EoayieHHoro EMnyabca B OOH&CTE z > 0 ynoBaeTBop&eT ypaBHe- 
HHäM Maxcseaaa 

COT C COT C 

TRe /TO,   /e—naOTHOCTH nOBepXHOCTHHX MarHHTHHX E OaeKTpHieCKHX TOKOB. 
ÖHCTeMy ypaBHeHHä MaKcseaaa yapÖHo CBCCTH X ypaBHeHHJo reaBMroaibna aaa <pypfce- 
aMiwiHTyflH MarnHTHoro noaa HoayneHHoro HMnyabca 

AHyfa M) + J4Hv(v, M) = F0{v)[ikQ6(z) + -£■«(*)], (1) 
dz 

rne  Är0 = a>/c, 

—oo 

—«pypfce-aMnaETyaa, nanasomero TEM HMnyatca, Ha anepType. OTMöTHM, HTO no- 
BepXHOCTKMe naOTHOCTH SaeKTpHHeCKEX H MaTHHTHMX TOKOB OHHOpOHHU HO naOHjanH 
anepTypti. Hcnoatoya <$>yHKnEK> IpEHa aaa cBo6on,Horo npocxpaHCTBa G = eikoR/R, 
peuieHHe ypaBHeHHä (l) MoaceT 6MTI> noay^eHo B BHn,e 

IT, (w, M) = -^-[iho IG dx'dy' + z j ~~G dx'dy1]. (2) 
s s 

•^ = V (* ~ X'T + (v - y')2 + *2—paccTOÄHHe OT oaeiMteHTa naoujanE dx'dy* np TOIXE 

HaoaioneHHa M(x, y> z), EHTerpHposaHHe B BHtpameHHH (2) BeneTca no naonjanB anep- 
Typti S CM. pHc.l. Hoay^eHHoe noae onpeneaaeTca o6paTHWM npeo6paooBaHEeM <E>ypte 
BMpaaceHHa (2) H MoaceT 6MTV npHBeseno K BHRy 

*,(«.iO=^/(i+f)^lW-f)*'^/^A(.-f)^V. <»> 
* S 

HoayieHHoe BwpaaceHHe npeaeraBaaeT co6oä cynepnooHipnD HMnyabCHoro noaa co- 
onaHHoro oaeMeHTapHMME HoaynaTeaaMB TioBreHca (noBepxHocTHHMH oaeKTpE^ecKB- 
MB B MarHHTiMMH ToxaMfl) paBHOMepHo pacnpeneaeHHbiME B o6aacTE anepTypw. Kßa- 
OECTaTE^ecKoe noae, onHCHBaentoe BTopwM caaraeMMM B (3), HO cpaBHeHHio c noaeat 
Hoay^eHH«, T.e. B n,aabHeH GOHC ecro> BeasiEHa caeflyioujero nopaaxa MaaocTH. 

HHCJieHHoe Mo^ejiHposaHHe OBOJiioipra 3MH. 

üoaHafl xapTHHa «popMapoBaHEa 8MH MoaceT 6MTI> noayieHa Toabxo c npHBaeieHneM 
iBcaeHHHX MeTOfflOB HccaeflOBaHHa. ßaa pacieTOB 6bia BHÖpan naAaioiHHH TEM EM- 

nyafcc enEHHiHOE aMnaETyHM, rayccoBCKoä «popMH HaHTeabHocT&so rp = 0.2HC 

B^^Jl^ßy (4) 

Iloae B paoaBHHMx Tonsax BHe OCE onp^eaaaoci, no $opMyae (3). Ha pncyHxe 2 
npe^cTaaaeHa xapTHHa OBoaionjEE, HcayHeHHoro HMnyafcca ^aa KBanpaTHoä anepTypM 
co CTopoHoä a - 10M B E-naocKocTH (y = 0), naa z = 10M B oaBECHMOcTH OT BHCOTH 
x Han, OCE» Oz. 
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X=D.5N 

X-2M 

JtATl 
* 

«-AT-J 

L-AT2--+ 

X»3M 

J/A*f 
fyfv—^ 

KAT>I 

« At, 

X-MM 

X=5M X=6M X=7M 

PHC. 2. 

Hojiy^eHHHH HMnyjibc B xo^xe x = 0, T.e. Ha OCH cooTBeTCTByeT cynepnooHHHH. HM- 

nyjifccos nanaioiuero Ha anepTypy H cyMMapHoro HMnyjitca c<popMHpoBaHHoro rpaHH- 
n,eH. öaaepacxa BpeMeHH AT Meacay HEKOBMMH oHa^enHAMH paononojiapH&ix HMnyatcoB 
paana paoHocTH npHXosa B ToiKy z = 10M HMHyatcoB, HoayneHHiix HO reoMeTpnne- 
cKoro neHTpa anepTypM (HMnyjibc noaoxcHTejiibHOH noaapHocTH) H HMnyobca HoayieH- 
Horo c nepe<J>epHH. IIpH CMeiueHHH TQTXH Ha&riBOfleHHfl M c OCH (X = y = 0) HM- 

nyatc OTpnnaTeajbHOH nojrapHOCTH HaiHHaeT pacmeroraTBca Ha Tpn HMnyabca. 8aftep~ 
»CKa BpewceHH AT MOKHJ noiioM&TenbHau HMnyatcoM H BTopwM (no nopaflKy cneflOBa- 
HHLH B TOHXy HaOJHO^eHHH) OTpHHaTeJIfcHMM HMnyafcCOM OCTaeTCH HeHÖMeHHOÄ BIHIOTB 
flo BWCOTH 5M, coBiraflaiomeH c KpaeM anepTypw. IIpH DTOM öaflepacxa BpeMeHH ATI 

Meacj^y nono»cHTejii>HHM HMnya&coM H nepstiM OTpHn,aTeaBHHM HMnyjitcoM coipama- 
eTca, a oanepacxa BpeMeHH AT2 Meacny nojrc8KHTejn>HMM H TPBTBHM oTpHnaTejiBHWM 
HMnyafccoM yseaHiHBaeTea. Oanepxcxa BpeMeHH AT B TOIHOCTH paBHa paoHoern Bpe- 
Men npHxofla OT HJIOCXOCTH Z = 0 B To^sy Ha&iK>fleHHH M(x, y = 0, z) HeBOOMyujeHHoro 
ospaHOM HMJiyjibca nojKMStHTeatHOH nojuipHOCTH B cyMMapHoro HMnynBca HGJiyneHHoro 
BepTHKajibHMMH rpaHHn&MH anepTypw y = ±a/2. TaKHM o6paooM AT = Const no 
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Tex nop nosa npoeuipig TOTXK HafissofleHM Ha HäOCKOCTE, ospana nona^aeT B o6aaer& 
anepTypu. IIpis flaafcHeifriieM CMeiueKHH TOIKH HaoasoHeHHfl Haß OCBKJ * = y = 0 ue- 
JiH^HHa. AT HaiHHaeT MeflJieHHo pacTH, a aMiiaisTyna noaoMMTenhno noaspHOOBaHHoro 
HMnyatca öwcTpo yÖMBaTB. öanepaxxa BpeMe>ra AT. paBHa paoHOCTH BpeMeH npHxona B 

TOHKy HaoatoneHH« M ocnoBHoro HMnyaBca noaoiMTeafcHoi noaapHocTH, npn ycaoBHax 
onHcaHHMX BHme, H cyMMapHoro HMnyabca, BOößyjKneHHoro BepxHeä ropHOOHTan&Hoä 
rpaHHuefi anepTypti. Gasep^ita BpesseHH AT2 paBHa paoHocTH BpeMeH npnxoffa B Toixy 
Ha&ttK>fleHBta M HMixyafcca noaoaujxeaBHOH noaapHocTH, nps Tex xe ycaoBHax, H cyM- 
Mapnoro HMnyjifcca BoooyatneHHoro HHacHeä ropHooHTaabHOH rpaHHijeH anepTypu. Ho 
cxaoanHoro caenyeT, HTO noxa npoexipuä TOTOH HaöaioneHHfl, nonHHMaacB Han, OCBK>, 

Haxo^HTca B npeaeaax anepTypti, seamana ATX 6yneT yMem>iuaTfcca, a seaH^HHa AT2— 

pacTH. OiracaHHas BHiue xapTHHa oTpaxcaeT oBoaäonjHio HoayieHHoro HMnyatca xapax- 
TepHyio n.aa OOHM <PpeHeaa. IIpn BBixone TOHKE HaoaioneHUH B ooaacTb reoMeTpHHe- 
cxoi TeHH axpana BpeMa * = z/c (ßpeMH npHxona B To^xy Ha6aK>HeHHa M OT naocKocTH 
z — 0 TEM HMnyjibca noaoxcHTeabHoa noaapnocTH) Ha^HHaeT pacTH, HTO ysaoHBaeT 
na BOGMymaiomee HeäcTBHe oKpana. C yseameHHeM paccToaHHH z OT HHOCKOCTH ospaHa 
G oanepxKH BpeMeHH ATU AT2 coxpaiuaioTca. Ha 6OHI»HJHX paccTOHHKax HaöaioHaeTca 

TontKO HBa HMnyjitca OTpKn&TeabHOH noaapHocTH, nocxoabxy B OTOM caynae OCHOBHOH 

HMnyabc oiHT c nepBMM HMnya&coM OTpHn;aTeafeHoä noaapHocTH. 
KanecTBeHHaa xapTHHa «popMnpoBaHHs 8MH BE-H H-naocxocTax naa npaMoyroatHBix 
anepTyp oaHOKa x onncaHHOH BHiue. CaenyeT npeaBHXb, ITO B 6oaee o6meM caynae, 
xorna ToiKa HaojuoneHHa M(x> y> z) He npHHanaearaT HH K OHHQH IUIOCKOCTH CHMMCTPHH 

CHCTeMH, oa ocHOBHBiM HMnyai.coM noaoxHTeaBHOH noaapHocTH caenyxrr neTBipe HM- 

nyatca OTpHnaTeabHoä noaapHocTH. B öTOM cayiae iHcao HMixyabcoB OTpHHaTeatHOH 
noaapHocTH paBHo iHcay cTopon anepTypti. 

QaxjiioieHHe. 

ÄHaaHTHHecKH MCTO^OM TiOHreHca-KHpxro^a H nncaeHHo Hccae^oBaHa npocTpaHCTBen- 
HO BpeMCHHaa nraaMHia xopoTKHX uaexTpoMarHHTHMx HMnyafccoB (8MH), HoayneH- 
HMX npflMoyroabHMMH anepTypHHMH aHTeHHaMH, B naocxocTax opToroHaatHwx OCH 

CHMMeTpHH CHCTeMM, T.e. B HanpaBaeHHflx napaaaeaBHMx pacspHBy pynopa. uoxaoaHo, 
HTO HoayieHHMH 8MB aBaaeTca «ByxnoaapHMM H COCTOHT HB ocnoBHoro Benymero HM- 

nyaBca, B036yÄn.aK>n^ero pacxpwB aHTeHHti H cae^yioiHHX oa HHM o^Horo naa HecxoaB- 
KHX HMnyatcoB npoTHBonoaoacnoH noaapnocTH, ^>opMHpyeMMX ^paHH^eH anepTypw. 
IIpoBeÄeHHHe HccaeROBanHa noosoHHaH yTOHHHTB noHSTHe ''nepe^epHH^ anepTypti B 

naocKOM öKpane H ycTaHOBHTB CBHOB Mem«y <popMOH BooeyÄ^aiomero HMnyatca, re- 
OMeTpHiecKHMH oco6eHHocTÄMH anepTypw H xapaKTepoM HoayneHHoro HMnyaBCHoro 
noaa 

CHHCOX xtHTepaxypxa 

1. BmmxBpeB B.A., Cnx&ibHaxoB T.JI.   MaTepnaati 5-ä KpHMcxoä xoH$epeH^HH 
"CB^-rexHHKa H cnyTHHxoBBie Teae50MMyHHxa^H0HHBIe TexHoaorHH.". 1995. T.l 
C.227-230. 
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TpaHC(f)opManHJi cneKTpa uiHpoKonojiocHoro CHraajia 
H3JiyqeHHoro CHMMCTPHHHHM BHÖpaTopoM. 

AcTaÖKHH A.H. ripocjöe B.B. TpomoK K.B. 
607190 r. CapoB POHU-BHHH30 np.Mnpa 37 

ÄHHOTaUHH 
Ha ocHOBe oome-HSBecTHbix Bbipa>KeHHH &jin CHMMeTpHHHoro BHÖpaTopa 

paccMQTpeHO HCKa>KeHHe cTauHOHapHoro- HiHpoKonojiocnoro cnraajia c paBHOMepHHM 
SHepreTHHecKHM cneKTpoM. IlpHBeAeHbi pe3yjibT3Tbi pacqeia BXOAHoro conporaBJieHna 
H napimajibHux AHarpaMM HanpaBjieHHOCTH CHMMeTpHHHoro BHÖpaTopa, aMnjiHTyAHbift 
H 4)a30Bbiö cneKTp nojia B TOHKC npneiwa. 

I. BseaeHHe 
OnpeÄejieHHe xapaKTepncTHK uinpoKonojiocHbix cHraaJioB, npouieAmnx nepe3 

aHTeHH0-4)HAepHbie TpaKTbi, H3yneH0 HeAocTaTOHHO xopouio. npH paöoTe c 
uiHpoKonojiocHbiMH cHraajiaMH cjieAyeT oTKasaTbca OT Hcnojib30BaHHH AHarpaMM 
HanpaBjieHHOCTH, BBHAy HX Majiofi HH(f)opMaTHBHOCTH. HaHÖojiee nojiHyK) HHcpopMamiio 
o cHraajie MOJKHO nojrynHTb H3 npocTpaHCTBeHHbix aMnjiHTyAHoro H <f>a30Boro 
cneKTpoB, a TaoKe H3 ripocTpaHCTBeHHO-BpeMeHHbix xapaicrepHCTHK cHraajia. 

II. OcHOBHaH HaCTb 
riycTb cHraaji c SHepreTHHecKHM cneKTpoM, paBHOMepHbiM B HeKOTOpoö 

nojioce HacTOT cHHMaeTCH c reHepaTopa corjiacoßaHHoro c cpHAepoM. ElepBoe 
HCKaJKeHHe cneKTpa npoHCXOAHT B TOHKe coeAHHeHHH aHTeHHbi c cpHAepoM. ECJIH 

BOJiHOBoe conpoTHBJieHHe c|)HAepa Zp , TO MomHOCTb npomeAuiaH B aHTeHHy (3a cneT 

naAaiomeft BOJIHH)  onpeAeJiaeTca  BbipaxceHHeM:  Pa(fi)=P(f;) | ' 
Za(fi)+ZF 

rAe 

BxoAHoe    conpoTHBJieHHe    aHTeHHbi    Za(fi)=Zm(fi)e<p(V    H    fi    "    nacTOTa,    MOAy-zib 
conpOTHBJieHHH paBeH Z2

m (fi)=R2a(fi)+X2
a(f;). IlpHBeAeM H3BeCTHbie Bbipa,>KeHHH RJW 

OTHOCHTejIbHO TOHKHX CHMMeTpHHHblX BHÖpaTOpOB [l] 

Raüi)=l RC 

Xa(fi)= 

[sin2 kL + (Rs / p)2 cos2 kL] 

p      [1-(RS /p)2]sin2kL 

2 [sin2 kL + (Rs / p)2 cos2 kL] 

,    2L     x 
p = 120(ln—-1)     • 

a 
Rs=30[(Si4kL-2Si2kL)sin2kL+(C+lnkL+Ci4kL-2Ci2kL)cos2kL+2(C+ln2kL-Ci2kL), 

rAe Si H Ci - HHTerpaJibHbift CHHyc H KocHHyc cooTBeTCTBeHHO, L - AJiHHa OAHOTO 

,    2% 
njiena BHÖpaTopa, a - paAHyc BHÖpaTopa, kj=—. 

AMnjiHTyAa cocTaBjmiomeH TOKa onpeAejiaeTcn Bbipa>KeHHeM: 

Ia(fi)= [A .   . (2) 
VZm(fi) 

a 4>a3a cocTaBjisHomefl TOKa: <pi(fj)=cp(fj)-2"arctan(Xa(fi)/Ra(fi)). CjieAyromee 
HCKaJKeHHe B03HHKaeT H3-3a pa3jiHMHoro Haöera (pa3bi (pj(f;)=(pi(fj)+kiL H „pa3JiHHHbix 
AHarpaMM HanpaBjieHHOCTH %nn BOJIH C pa3HbiMH BOJIHOBHMH HHCJiaMH. j^HarpaMMa 
HanpaBjieHHOCTH RJin (JwKCHpoBaHHoro 3HaneHHH k;L onpeAejmeTCH Bbipa>KeHHeM [1]:. 
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601 cos(kL cos 8) - cos kL . x 

r sin 3 
YMHTbiBaa (1),(2) H (3) onpeflejiHM HanpHaceHHocTb nojia B TOHKC npHeMa 

v(7 7  foW fP(U[l ~ (frlf^T 601 cos(kLcosa) - cos kL   i(kL+iafCtan(Xa/Ra)) 

V        Zm(fi) r sinS 
OnTHMajibHo peuiHTb 3aAany MO>KHO HHCJieHHbiM MeTOAOM. Pa3o6beM cneKTp 

cHraajia  Ha  6ojibinoe  KOJIKHCCTBO yqacTKOB,  B  npeaejiax oAHoro  ynacTKa nacTOTy 
MOÄHO  CHHTaTb  nOCTOHHHOH.   PaCCHHTaB   H3MeHeHHe   aMnjIHTyÄbl   H   4)a3bl  RJin   KaJKAOH 
JIHHHH cneKTpa B TOHKe npHeMa, MO>KHO onpeAejiHTb nojiHMH cneKTp CHraajia B 3TOH 

TOHKe. riocjie Toro KaK HaÖAeHbi cneKTpajibHbie xapaKtepHCTHKH CHraajia MOHCHO 

BoccTaHOBHTb CHrHaJi H onpeAejiHTb BpeMeHHbie xapaKTepHCTHKH CHraajia HHCjieHHbiM 
MeTOflOM. 

Pe3VJibTaTbi pacqeTa. 
rio   BbimeH3JiomeHHOH   MeTOÄHKe    6HJIH    npOBeAeHbi   HHoneHHbie    pacneTbi 

napuHajibHbix    AHarpaMM    HanpaBJieHHocTH,    npocTpancTBeHHbix    aMnjiHTyAHoro    H 

4>a30BOrO   CneKTpOB   B   MepHAHOHajIbHOH   njIOCKOCTH   ÄJIH   CHMMCTpHMHOrO   BHÖpaTOpa. 
Yroji OCH BHÖpaTOpa 9=0°. BojiHOBoe conpoTHBJieHHe cpnnepa 75 OM. HopMHpoBOHHaa 
nacTOTa 0.5c/2L. Ha pHc.l npeACTaBJieHa 3aBHCHMocTb aKTHBHofi H peaKTHBHofi nacra 
BXOAHOTO conpoTHBjieHHH 4>HAepa OT HopMHpOBaHHOH nacTOTbi. Ha pHc. ' 2 
npeÄCTaBjiena 4>a30BaH xapaKTepHCTHKa CHraajia Ha BXOAe aHTeHHbi. llapuHajibHbie 
AHarpaMMbi HanpaBJieHHocTH npH pa3JiHHHbix OTHomeHHHx L/X noKa3aHbi Ha pHc.3 
npocTpaHCTBeHHbiö aMnjiHTyAHbiH cneKTp cHraajia (pHC.4). Ha pHc 5 npeACTaßjieHbi 
ceqeHHH aMnjiHTyAHoro cneKTpa AJIH yrjioB H3JiyneHHH 0=10°, 0=45° H 0=90°. npH 
ycjioBHH peiueHHH 3aAaHH corjiacoBaHHH BHÖpaTOpa Ha .f/fo«2 H3 pesyjibTaTOB 
aHajiH3a npocTpaHCTBeHHoro cneKTpa H ero ceneHHH cjieAyeT, HTO MaKCHMajibHo 
B03MOÄHaH HiHpHHa cneKTpa, HSJiyneHHoro BKÖpaTOpOM, - f/fo«0.9...2.5. yßejiHHHBaTb 
uiHpHHy cneKTpa öojibme f/fo«0.9...2.5 He cjiepyer, T.K. B onpeAejieHHbix 
HanpaBjieHHHX OTcyTCTByioT HeKOTOpbie cneKTpaJibHbie cocTaBjmiomHe, HTO MOäCT 

npHBecTH K noTepe HH(j>opMauHM. 

III. 3aKJiK)HeHHe 
npeAJiomeHHan MeTOAHKa onpeAejieHHH HCKa^eHHÖ cneKTpa CHraajia 

npHMeHHMa M% Jiioöbix H3JiyHaTejiefi c H3BecTHbiMH xapaKTepHCTHKaMH 
HanpaBJieHHocTH H BXOAHoro conpoTHBJieHHH B nojioce nacTOT CHraajia. 

nojiyqeHbi   33BHCHMOCTH   TpaHc<J)opMauHH   cneKTpa   CHraajia   H3./iyHeHHoro 
CHMMeTpHMHbIM  BHÖpaTOpOM  B  38BHCHMOCTH   OT  BXOAHOTO   COnpOTHBJieHHH M3JiyHaTeJIH 
H npocTpaHCTBeHHoro pacnojiojKeHHH TOHKH npHeMa. nojiyneHbi 33BHCHMOCTH 

HCKaÄeHHbix aMnjiHTyAHoro H <})a30Boro cneKTpoB cnraajia H HX "ceneHHH". Iloane 
onpeAejieHHH HCKa>KeHHoro cneKTpa CHraajia, nocjieAHHH MOJKHO BoccTaHOBHTb H 

onpeAejiHTb ero npocTpaHCTBeHHo-BpeMeHHbie xapaKTepHCTHKH. no nojiyneHHbiM 
pe3yjibTaTaM MOäHO KoppeKTHpoßaTb AHX H <J>HX BbixoAHbix KacKaAOB 
uiHpoKonojiocHofi nepeAaiomefi annapaTypbi AJIH HaHMeHbuiero HCKa>KeHHH CHraajia B 

TOHKe npHeMa. npeAJioJKeHHaa MeTOAHKa H nojiyneHHbie pe3yjibTaTbi BepHbi, ecjiH 
AJiHTejibHocTb CHraajia He CJIHUIKOM Majia (dt*c>>L). J\jin KOPOTKHX HMnyjibcoB HJIH 

uiHpoKonojiocHbix cHTHajioB cjieAyeT KopeHHbiM o6pa30M nepecMaTpHBaTb TeopHio 
H3JiyneHHH. 

IV. CnncoK jiHTepaTypbi. 
1. JUpaÖKHH A.JI., 3y3eHKo B.JI., KHCJIOB AT. AHTeHHo-^HAepHbie ycTpoficTBa. 
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XAPAKTEPHCTHKH KBA#PATHMX H KPYTOBMX AHTEHHMX 

PEHIETOK CO CJIABO 3AIIOJIHEHHOH AIIEPTyPOH 

H.H.Xopo6eu, A.B. HOJIOSCHKO, K).H. ropo6eu 

XapbKoecKUM eocydapcmeemiMü ymeepcumem, 310077, Xapbtcos, tut. Ceoöodu, 4 

ÄHHOTaiJHß 

Pa3pa6oTam>i KOMnbioTepHbie nporpaMMbi pi pacnera 

xapaKTepncTHK HanpaBjieHHoera aHTeHHwx penieTOK H30Tponnbix 

HSJiynaTejieH, pacnojioaceHHBix no CTOponaM KBa,npaTa, HJIH no 

OKpyacHOcra. npOBeAem>i pac^era «HarpaMM HanpaBjieHHoera, 

K03(J)4)ni^HeHTOB HanpaBjieHHoro AencTBHfl H KoafJxpHnneHTOB pacceaHna 

TaKHx   penieTOK   npn   pa3JiHHHOM   HHCJie   H3JiyHaTejiefi   n   pa3JiHHHOM 

paCCTOHHHH        MOKfly       HHMH.        XapaKTepHCTHKH        CpaBHHBaiOTCH        C 

xapaKTepHcrnicaMH  KBaßparaoH  pemexKH  c  nojiHoerbio  3anojiHeHHon 

anepTypon. 

I. BeeaeHHe 

B anreHHOH TexHHKe B03HHKaer 3aAana yMeHbineHHJi nrapHHbi 

rjiaBHoro nenecrica AHarpaMMbi HanpaBjieHHoera npn orpamnieHHOM 

HHCJie HSJiynaTejieH. HanpnMep, B paAHoacTpOHOMHH BaacHO o6ecneHHTb 

BbicoKoe yraoBoe pa3pemeHne paAHOTejiecKona npn orpaHHneHHbix ero 

pa3Mepax. ^oeraraeTCfl TaKoM 3<p<peKT npn KpecTOo6pa3HOM HJIH T- 

o6pa3HOM pacnojioaceHHH H3JiyHaTejieH B aHreHHOH pemeTice. 

Bo3HHKaeT xaioice 3a#aHa oöecneneHHH 6JIH3KHX HJIH oAHHaKOBbix 

xapaKTepncTHK HanpaBjieHHOCTH aHTeHHbi Ha pfl#e AHCKpembix nacTOT. B 

cjiynae aHTeHH c HCBMCOKOH HanpaBjieHHOCTbio 3Ta 3a#ana pemaeTca c 

noMombio aHTeHH c jiorapH(J)MHHecKOH nepHOAHiHoerbio sneMenroB [1]. 

BbicoKaa nanpaBjieHHOCTb H BbicoKoe npocTpaHCTBeHHoe pa3penieHHe 

MoaceT 6biTb peajiH30BaHO B CHCTCMC KOHnenTpHHecKH pacnojio»ceHHbix 

/-*  A   A MaTepHaAbi 6-H MewytynapoflHOH ÄJft*MCKoA *##KPOBOAHOBOH Ä<JH<pepeHj£HH "%fi<ti4Cu'%a 96. 16-19 ceHTaöpa 1996 r., CeBaeronoAb, KpbiM, YitpaHHa 
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KOJibijeBBix aexeHHMx pemeroK, HJIH pemeroK, B KOTOpbix HSJiy^aTejiH 

pacnojio5KeHbi no croponaM KBanpaTa. ECJIH B TaKHx peniencax Ha KaacAofi 

qacroTe BbinojiHaerc« npHHUHn 3JieKTpoa,HHaMHHecKoro nonoöna, TO HX 

xapaKTepHCTHKH H3JiyqeHHH öynyT HAeiiTH^HtiMH [2]. 

OTMCTHM Taicace, HTO yMeHbineHHe racna H3JiyHaTejieH B peineTKax 

co cjiaöo 3anojmeHHOH anepTypon no3BOJiaer yjiyiniHTb Macco- 

ra6apHTHwe xapaKTepncTHKH aHTeHHbi, ynpocTHTb CHCTeMy B036y)K#eHH5i 

H3jiy^aTejieH H BCIO KOHCTpyKHHio aHTeHHbi. B jinrepaType HenocraTOHHo 

nonHO H3yiem>i 4>H3HHecKHe saxoHOMepHocTH (J)opMHpoBaHHH AHarpaMM 

HanpaBjieHHOCTH H SHepreTHHecKHe xapaKTepncTHKH aHTeHHwx penieTOK 

co cjiaöo 3anojiHeHHOH anepTypon. 3TH HCCJienoBaHH» aBjunoTca nejibio 

HacToamefi craTbH. 

n. OcHOBHan HacTb 

Pa3pa6oTaHti anropHTMbi H KOMHbioTepHaa nporpaMMa pjw pac^era 

AHarpaMMbi HanpaBjieHHOCTH, KoatJxJmnHeHTa HanpasjieHHoro ACHCTBHH H 

K03(})ct)HHHeHTa pacceaHHH njiocKHX anreHHbix pemeroK c npOH3BonbHO 

pacnojioacenHbiMH H3JiyHaTejiflMH (T.C npn He3aBHCHM0 3aAaBaeMOM HX 

nojioaceHHH Ha njiocKocTH). ripn STOM paccTOHHHe MOKny H3JiyHaTejiHMH 

M05Ker    6bITb    JIIOÖblM,     peUieTKH     MOryT    6bITb    3KBHnHCTaHTHbIMH     H 

HesKBHflHCTaHTHbiMH. AMnjimynHbie H 4>a3°Bfcie pacnpeAejieHHH 

HCTOHHHKOB noira B peuieTKe Taioice MoryT 6biTb moöbiMH H 3a,n;aBaTbC5i 

He3aBHCHMO OT OCOÖeHHOCTeÖ KOHKpeTHOH aHTeHHbi. 

Pe3ynbTaTbi pacneroB nnarpaMM HanpaBjieHHOCTH MoryT 

npeACTaBjuiTbCH JIHHHHMH paBHbix ypoBHefi Ha nnocKOCTH yrjiOBbix 

KoopAHHaT TOHCK HaöjnoneHHH 0 H (p; B BHne "oöbeMHbix" AHarpaMM 

HanpaBneHHOCTH B JIHHCHHOM HJIH jiorapH<})MHHecKOM Macnrraöe H B BHne 

AnarpaMM HanpaBneHHOCTH B jnoöbix njiocKOCTHx Ha6jnoneHHa. B 

KanecTBe npHMepa Ha pncyHice npencTaBjieHbi nnarpaMMbi 

HanpaBjieHHOCTH njiocKofi CHH(J)a3H0H nojiHOCTbio 3anojiHeHHOH penierKH 
MaTepHaAb! 6-S Meay,y„apo/iHCH ^«MCKOÜ ^SatpoeoAHonoS %«$ePe„BHH ^«,#Wj><J. 16-19 ceH-raSpa 1996 r., CeBacronoA», KPb,M  yKpaHHa ~   . - 
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9x9 n30TponHBix HSJiynaTejieH B HJIOCKOCTK E (H) H .zniarQHajibHOH 

nnocKOCTH ((p=45°). 3TH .zpiarpaMMM npeACxaBjieHbi Ha pncyffice CHJIOHIHOH 

JIJW. (p=0 H nyHKTHpHOH PJW (p=45° JIHHH5IMH C nOMCTKOH Pr. nOMCTKOH Kw 

pa3MeneHbi aHajioraranbie ßHarpaMMbi HanpaBneHHOCTH B #Byx njioacocrax 

peuieTKH HSJiy^aTejieH, pacnojioaceHHbix no CTopoHaM KBa^paxa (no 9 

HSjiy^aTejieH B KaacAon CTOpOHe KBaApaTa). 3,n,ecb ace noMencoH okr 

pa3MeTiena jniarpaMMa HanpaBneHHOCTH peuieTKH H3 32 H3JiyHaTejieH, 

pacnojioaceHHwx no OKpy^CHOCTH. Bo Bcex Tpex BapnaHTax paccTO»HHe 

Meac#y H3JiyHaTejiaMH paBHO nojiOBHHe AJIHHH BOJIHM. OTMCTHM, HTO 

pasMepbi H njiomaAH nepBbix flByx BapnaHTOB pemeTOK OAHHaKOBbi, 

OAHHaKOso TaioKe HHCJIO H3JiyHaTejieH B KBaßpaTHofi H KOJibneBOH 

peuience. 

H3 cpaBHeHH» ^HarpaMM HanpaBneHHOCTH 3anojiHeHHofi H 

HesanojiHeHHOH KBa^paTHbix peineroK BH^HO, HTO B rjiaBHbix njiocKocrax 

HaÖjnoAeHHH uiHpHHa raaBHoro jienecnca .zpiarpaMMbi HanpaBjieHHOCTH no 

nojiOBHHHofi MOIUHOCTH peuieTKH c He3anojiHeHHOH anepTypofi 

yMeHbiHHjiacb Ha 23%. YpoBeHb nepBoro öoKOBoro jienecTKayßejiHHHjica 

Ha 7,25 fl,B, T.e. B03poc AO -5,75 #E, npnneM 6oKOBbie jienecTKH c 

yBejiHHeHHeM HOMepa npaKTHnecKH He yMeHbuiaiOTca. B flnaroHajibHOH 

nnocKOCTH (q>=45°) ninpHHa rjiaBHoro nenecnca no nonoBHHHOH 

MOIUHOCTH npaKTHHecKH Taica« ace, a no nepBOMy Hyjno - yBejiHHHBaeTca, 

npHHeM cymecTBeHHO öojibuie AJIH nonHocxbio 3anojiHeHHOH peuieTKH. 

YpoBeHb öoKOBbix jienecTKOB yMeHbuiaercH c POCTOM HOMepa jienecTKa, HO 

AJIH He3anojiHeHHOH peuieTKH CKOpocTb yöbreaHHa ypoBHH JienecTKOB 

MeHbme. 

XapaKTepHCTHKH AnarpaMMbi HanpaBneHHOCTH KOJibneBOH peuieTKH 

öjinxce K xapaKTepncTHKaM KBaßparaoH peuieTKH. AHajiH3 aHepreraHecKHx 

xapaKTepHCTHK peuieroK noKa3aji, HTO K03(J)(})HHHeHT HanpaBJieHHoro 

AeMcTBHfl   MaKCHManeH   AJIH   nonHOCTbio   3anojineHHOH   peuieTKH.   /Jjra 

OA A MaTepwajibi 6-fi MemflynapoflHOH C?J**MCKOM ^«KponojVHOEoB Äm<J)epeH[jm< 5?£*/#«Ä>'?<!'. 16-19 ceH-m6pa 1996 r., CeBacTOnoAb, KpwM, YKpaiiHa 

"   » vJ Proceedings of 6th International (Jrdnean /Microwave inference 0UiKi&$6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



KBaflpaTHOH OH yMCHMiiaercÄ na 74% H KOJibqeBOH Ha 72%. ^HCJIO 

H3jiyHaTeneH npn STOM yMeHbrnnjiocb Ha 60%. Koacj^nnneHT pacceaHna 

(no ypOBHio AnarpaMMM HanpaBjieHHocTH -15 AB) yBenHHHBaeTca OT 

3HaHeHHa 0,28 AHH nojiHOCTbio 3anonHeHHOH peuieTKH RO 0,89 jifln 

KBaflpaTHOH H 0,902 ßjw KOJibueBoii. 

AHajiorHHHLie BBIBOAW cnpaBeAJiHBbi H pjm pemeroic c ApyraM 

HHCJioM lOJiynaxejieH. 

O^eBHAHO,      HTO      yCTaHOBJieHHbie     <J)H3HHeCKHe     3aKOHOMCpHOCTH 

cnpaBeAJiHBbi  H  Rm  peuieroK  HanpaBjieHHbix  rojiyHaTeneH,   XOTH   HX 

KOJIHHeCTBeHHbie XapaKTepHCTHKH 6y#yT OTJIHHaTbCfl. 

IQ. 3aKJiK)HeHHe 

B pe3yjibTaTe KOMnbioTepHoro aHanH3a xapaKTepHcraic 

HanpaBjieHHocTH aHreHHbix peuieTOK co cjiaöo sanojiHeHHOH anepTypofi 

npH pacnojio»ceHHH H3JiyHaTejieii no CTopoHaM KBaApaTa H no OKpyacHOcra 

noKa3aHO, HTO npn OAHHaKOBOH miomaAH aHTeHHbi yMeHbuieHHe nncjia 

H3JiyHaTejieH npHBOAnx K yMeHbineHHio uinpHHbi rjiaBHoro nenecTKa 

AnarpaMMbi HanpaBjieHHocTH, yMeHbnieHHio        KoatjNJjHnHeHxa 

HanpaBJieHHoro ACHCTBH«, yBejnraeHHK) ypoBHa öOKOBMX jienecTKOB H 

yBejnweHHio KoatjxJMnneHXOB pacceaHHH. 

IV. CIIHCOK jiHxepaTypbi 

1. CßepxinHpoKonojiocHbie aHxeHHbi./riep. c aHrji. noA peA- 

Jl.C.BeHeHCOHa. -M.:MHp, 1964. -416c. 

2. flac.A.CTpsTTOH. Teopna 3jieKTpoMarHerH3Ma. M.-JT.: rocTexH3AaT, 

1948. -539c. 
DIRECTIVITY CHARACTERISTICS OF THE SQUARE AND CIRCULAR ANTENNA ARRAY 

WITH A WEAK FILLED APERTURE 

Gorobets H.H., Zholobenko A.B., Gorobets Yu.N. 
Kharkov State University 

4 Svoboda Sq., Kharkov-310077, Ukraine 

Antenna arrays with different frequency band radiators situated on sides of the square or around the circle may be used in a case of 
creating of broadband antenna arrays with the same characteristics at the all frequency band. The principle of the electrodynamic 
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similarity is satisfactory when radiators have definite sizes. This allows to realize the equal dirrectivity characteristics. Computer 
programs were made and radiation patterns, directivity and scattering coefficients of such antennas for a case of different aperture 
electrical sizes and the different numbers of radiators were calculated. The comparative analysis of the radiation pattern mainlobe, 
its width and side radiation level of square and circular antenna array were made. 
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HAIIPABAEHHME H nOJIMPH3ALpOHHME XAPAKTEPHCTHKH 
KOHHHECKHX PYOOPHMX H3JIYMATEJIEH C H3JIOMOM yrJIA 

PACTBOPA 

H.H.ropoöeiJuB-M.ßaxoB 
XapbKoecKuü eocyitmepcumem, 310077, XapbKoe,tui. Ceoöodbi, 4 

H.B.ropSaq 
AOHTin "Camypn",252148,Kuee,np.50-JternuH OKnw6pH,26 

AHHOTai|HH 
HccjieflOBaHbi xapaKTepHCTHKH KOHHqecKHX pynopHbix H3JiyqaTejiefi c H3JIOMOM 

yraa pacTBOpa, nepcneKTHBHbix flira npHMeneHHa B CHCTeMax cnyTHHKOBOro TejieBHfle- 
HHfl H CBA3H. MeTOflOM BpamaiOmeHCfl JIHHeHHOnOnHpH30BaHHOH HHflHKaTOpHOH aH- 
TeHHbi H3MepeHbi /iHarpaMMbi HanpaBJieHHOCTH flByx BapwaHTOB aHTeHHbi no OCHOB- 

HOH H KpoccnojiapH30BaHHOH KOMnoneHTaM HSJiyneHHH B raaBHbix (E H H) nnoc- 
KOCTflx Ha6jnofleHH« H nofl yraoM 45 rpa/jycoB. UlHpHHa RH annpOKCHMHpyeTCfl 3a- 

BHCHMOCTflMH BH«a 2A@° = (x{l I /*) ,TJ1£ T-paflHyC paCKpblBa, A -flJIHHa BOJIHbl B CBO6Oä- 

HOM npOCTpaHCTBe,   a -nOCTOflHHblH KOSCptpHHHCHT,    3aBHCfllHHH OT nJIOCKOCTH HaÖJIK)- 
fleHH« H OTcneTHoro ypOBHfl #H. HccjieAOBaHO KpoccnojiaprooBaHHoe H3JiyqeHHe H3- 
jiynaTejieH, HaÖJiiOAaeMoe B pa3JiHiHbix ceneHHHX IHarpaMMbi HanpaBJieHHOCTH H no- 
Ka3aHO, mo ero MaKCHManbHbifi ypoBeHb He npesbiuiaeT -18,n;E, KaK H B nnpaMHÄanb- 
Hbix pynopax c H3JIOMOM o6pa3yiomeH npH HX ßHaroHajibHOM B036y)K/ieHHH. 

I.Bße^eHHe 
KoHHMecKHe pynopHbie aHTeHHbi c JOJIOMOM yraa pacTBOpa pynopa o6ecnenH- 

BaioT jryHiirae xapaKTepHCTHKH HanpaBJieHHOCTH no cpaBHeHHio c oSbnmbiMH (6e3 H3- 
jiOMa o6pa3yiomeH) KOHHHCCKHMH pynopaMH [1]. B CB33H C STHM OHH nepcneicraBHbi 
KaK B KaqecTBe caMOCTOHTejibHbix aHTeHH c Manon H cpeflHefi HanpaBJieHHOCTbio, oco- 
6eHHO B MHJIJIHMeTpOBOM H CaHTHM6TpOBOM flHana30HaX   SJieKTpOMarHHTHblX BOJIH,TaK 
H B KanecTBe BbicoKoacpcpeKTHBHbix oojrynaTejieH ocrpOHanpaBjieHHbix 3epKajibHbix 
aHTeHH. OcoSeHHO nepcneKTHBHbi TaKne aHTeHHbi B Tex cjiyia»x, Koraa Heo6xoflHMO 
oöecneHHTb paöoTy pajiHOSJieKTpOHHOH CHCTeMbi oflHOBpeivieHHO Ha flßyx JiHHefiHbix 
HJiH KpyroBbix nojiflpH3anHax, HanpHMep, B aspOKOCMH^ecKHx CHCTeMax flHCTaHUHOH- 
HOrO 30HÄHpOBaHHH nOflCTHJiafOIHeH nOBepXHOCTH, «HCTaHHHOHHOrO KOHTpOJIfl Ka- 
^eCTBa flH3JieKTpHKOB paflHO(J)H3HHeCKHMH MCTOflaMH, B CHCTeMax CnyTHHKOBOro Te- 
JieBHAeHH3 H CBA3H, B KOTOpblX npeffbABJIHIOTCfl noBbiuieHHbie Tpe6oBaHHH K cpopMe 
raaBHoro jienecTKa, ypOBHio n pacnpeflejieHHK) B npocTpaHCTBe öOKOBMX jienecTKOB 
AHarpaMMbi HanpaBJieHHOCTH, a TaKMce K ypOBHio KpoccnojiaprooBaHHoro H3nyqeHHfl. 

KoHHnecKHe pynopHbie aHTeHHbi c H3JIOMOM yraa pacTBOpa KOHyca 6JIH3KH no 
KOHCTpyKHHH H xapaKTepwcTHKaM HanpaBJieHHOCTH K nHpaMHaajibHbiM pynopaM c 
H3JIOMOM yrjia pacTBOpa npn HX .zniaroHajibHOM B036yHcn;eHHHH BOJIHOH ocHOBHoro 
THna,HCCJieflOBaHHbiM B [2], XOTH H3B6CTHO, HTO MHoroyrojibHan (popMa H3Jiynaiomero 
pacKpbma aHTeHHbi npHBO^HT K cymecTBeHHHM ocoöeHHOCTHM xapaKTepa pacnpeae- 
jieHHH B npocTpaHCTBe ee ÖoKOBoro H3JiyqeHHH [3]. 

PeuieHHe 3a,n;aqH 06 H3JiyqeHHHH H3 KOHHHCCKHX pynopOB c H3JIOMOM yraa pac- 
TBopa B 3JieKTpoÄHHaMHHecKH cTporoH nocTaHOBKe BecbMa 3aTpyflHHTejibHO, npH- 
ÖJinaceHHoe ace pemeHHe B paMKax anepTypHoro MeTO,n;a He no3BOjiaeT floeraTOHHO 
nojiHo H TOMHO HCcne^OBaTb nojiapH3au;HOHHbie xapaKTepHCTHKH HSJiy^eHHa Taxnx 
pynopoB. YBCUH^eHHe HHCJia H3JIOMOB o6pa3yK)ineH H, cjieÄOBaTejibHO, nepexo^ K 

MHorocTyneHHaTOMy pynopy «aace B npocTefiuinx cjiyiaax npHBO^HT K cjioacHOMy Ma- 
TeMaTHHecKOMy annapaTy H He no3BOJiaeT ynpocTHTb 3a«aqy [4]. B CB«3H C STHM 

nejibio HacToameä craTbH «BJiaiOTCii sKcnepHMeHTajibHbie HCCjie^OBaHHa BJIHAHHA pa3- 

MaxepHajibi 6-H MeMiflynapo/iHOH S^äMCKOH *#WKPOBOAHOBOH ^|#mpepeiiijHH *Kfcit4lu!fax96, 16-19 ceHTaöp« 1996 r., CeBacronoAb, KpbiM, YnpaHHa *} A C\ 
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MepoB H yraoB pacTBopa KomwecKoro pynopa c H3JIOMOM o6pa3yiomeH na nanpaB- 
neHHbie H nojiaproauHMOHHbie xapaKTepKCTHKH ero H3JiyqeHHa H cpaBHenne c xapaicre- 
pHCTHKaMH nnpaMHAanbHoro pynopa c HSJIOMOM yraa pacTBopa npn flHaroHanbHOM 
B036y)K#eHHH BOJIHOH OCHOBHOFO THna. 

II.OcHOBHaa nacTb 
KoHCTpyKUHH KOHHnecKHX pynopHbix aHxeRH c H3JIOMOM yraa pacTBopa xopo- 

uio H3BecTHa [1]. HaMH B aKcnepHMeurax HccjieAOsanHCb ppa pynopa c pa3JiHHHbiMH 
ÄHaiweTpaMH HSJiynaiomero pacKpbma. MeHburaii pacKpbm paBeH 89MM, GojibuiHO- 
124MM.06a pynopa BnHCbreaioTca B "aKBHBajieHTHbiö" KOHHqecKHH pynop 6e3 H3JioMa 

yraa pacraopa c oflHHaKOBbiM yraoM npn BepuiHHe pynopa, paBHbiM ae - 28° .B 

MeHbuieM pynope yron npn BepuiHHe BHyTpeHHero Konyca paBeH 12 H .zmaMeTp ero 
ocHOBaHHfl pasen 36MM; yron npn BepuiHHe BHeumero KOHyca paBeH 45 . ßjiHHa pyno- 
pa paBHa 73MM. B 6onbmeM pynope yron npn BepuiHHe BHyTpeHHero KOHyca paseH 
11,0°;,zniaMeTp ero ocHOBaHHa paBeH 47,6MM; yron npn BepuiHHe BHeumero KOHyca 
pasen 60°. ßjiHHa 6ojibmero pynopa paBHa 93MM.06a pynopa 3anHTbraajiHCb Kpyr- 
JIHM BOJiHOBOflOM .zmaMeTpOM 19MM, B036y5K,n;aeMbiM BOJIHOH Hn. 9iccnepHMeHTbi npo- 
Be^eHbi B AHana30He 9,5... 12,75ITu,. 

^na o6ecneqeHHa OflHOBpeMeHHOH 3anHCH aMnjiHTyzmbix H nojiapH3airaoHHbix 
xapaKTepHCTHK HanpaBJieHHOCTH «ccjie^yeMbix aHTeHH, KaK H B [2], ncnojib30Banacb 
jiHHeHHonojiapH30BaHHaH HHÄHKaTopuaa aHTeHHa, nnocKOCTb nojiapHsauHH KOTopofi 
BpamaeTca BOKpyr HanpasneHHa raaBHoro MaiccHMyMa ee auarpaMMbi HanpaBJieHHOCTH 
[5]. HcnwxyeMaa aHTeHHa ycraHaBJiHBajiacb Ha noBOpOTHOM cren/je H Bpaiuanacb co 
CKopocTbio 0,5o6/nac, HHflHKaTOpHaa aHTeHHa Bpamanacb co cxopocTbio 0,5o6/ceK. 
CKOpOCTH BpameHHS BblÖHpaJIHCb C yH6TOM nOCTOaHHOH BpeMeHH flByXKOOpAHHaTHOrO 
caMonucua, KOTOpbiH Hcnojib30Bajica fljia 3anncH HCcnenyeMbix xapaierepHCTHK. 

H3MepeHHa corjiacoBaHHa pynopoB co CBOOOAHMM npocTpaHCTBOM noica3ajiH, 
HTO 3aBHCHMOCTH HX KCBH OT qaCTOTbl MaJIO OTHHHaiOTCa OT TaKOH ace 3aBHCHMOCTH 
fljia nHpaMHflajibHoro pynopa c flHaroHajibHbiM B036y>KfleHHeM, npeflcraBJieHHOH B [2]. 
MHHHMajibHbie 3HaneHHa KCBH flocraraiOT 1,05 (B BbicoKO^acTOTHOH qacra pa6onero 
3Hana30Ha) , a MaiccHMajibHbie-l,3...1,5 (B HH3KoqacroTHOH nacra). 

AMnnHTyflHbie H nojiapH3auHOHHbie flnarpaMMbi HanpaBJieHHOCTH H3MepajiHCb B 

ÄHana30He 9,5...12,75rru c HHTepBajiOM 0,25rrn. IIo pe3yjibTaTaM 3anucH xapaKTepH- 
CTHK HanpaBJieHHOCTH onpe^enanacb mnpHHa raaBHoro jienecTKa auarpaMMbi HanpaB- 
jieHHOCTH no ypoBHaM -3äB; -IOAE H -15äE H aHajiH3HpoBajiacb HX 3aBHCHMOCTb OT 

qacTOTbi. OTMCTHM, HTO uiHpHHa rjiaBHoro Jienecrica no ypOBHio -3,n,E HeoöxojüHMa npn 
Hcnojib30BaHHH pynopa B icanecTBe caMOcroaTeJibHOH aHTeHHbi; no ypOBHio -lOflE - 
Korna pynop Hcnojib3yeTca B KaHecrae oÖJiynaTejia 3epKajibHbix H jiHH30Bbix aHTeHH c 
MaKCHMaJIbHbIM K034>$HUHeHT0M yCHJieHHa AJia paJIHOJIOKaHHOHHblX H CBa3HbIX CHCTeM; 
no ypOBHio -15äB - fljra oOJiy^aTejieft BbicoKoac^eKTHBHbix ocTpoHanpaBJieHHbix aH- 
TeHH C MHHHMaJIbHOH UiyMOBOH TeMnepaTypOH B pa^HOaCTpOHOMHH  H  aSpOKOCMHHe- 
CKHX CHCTeMax ÄHCTanuHOHHoro 30HJj,HpoBaHHa noßCTHJiatomeH noBepxHOCTH. ITo 3KC- 

nepHMeHTajibHbiM 3anncaM aHajiH3HpoBajiHCb Taiojce xapaKTepncTHKH Kpoccnojiaproo- 
BaHHoro H3JiyMeHHa HCCJieayeMbix pynopoB. 

Ha pHC 1 H 2 npeacTasjieHbi 3anncH xapaKTepHCTHK HanpaBJieHHOCTH Hccjie«ye- 
Moro KOHHHecKoro pynopa c H3JIOMOM yraa pacTBopa (6ojibuiHx pa3Mepoß) H nupaMH- 
aajibHoro pynopa c H3JIOMOM o6pa3yK>meH npn ÄHaroHajibHOM B036y>K£eHHH, Hccne- 
«OBaHHoro B [2]. 3anHCH npOBejj;eHbi B raaBHbix (E H H) njiocKOCTax HaÖJiiOÄeHHfl H B 

njiocKOCTH (p=45°   Ha nacroTax, cooTBeTCTByiomHx o^HHaicoBOMy 3HaneHHK> OTHOuie- 
HHa flJIHHbl BOJIHbl B CBO6OAHOM npOCTpaHCTBe K KpHTHHCCKOH AJIHHe BOJIHbl B036y>K- 
aaiomero pynop BOJiHOBO^a X(AKP=0,8. H3 cpasHeHHa 3annceH BH^HO, HTO B raaBHbix 
njiocKOCTax Ha6juo«eHHa ypoBenb KpoccnojiapH30BaHHoro H3JiyneHHa KOHHnecKoro 

/-*. * *-v MaTepnajibi 6-H MeaytyHapo/iHOH ^J*«MCKOH ^ÄäKPOBOJIHOBOH %m{)epejiijHn 'Xfcit*i(u.'K<i96. 16-19 ceHTJi6pn 1996 r., CeßacronoJib, KpbiM, Yspanna 
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pynopa MCHbuie, neu napaMH^ajibHoro c flHaroHajibHbiM BOsGyxfleHHCM. B nnocKoerax 
cp=±45° ypOBenb KpoccnojiapHsosaHHoro rojiyneHH» MaKCHMajibHbin, KaK H pa nnpa- 
MHAanbHoro pynopa. QzjHaKO <|)opMa jienecTKOB #HarpaMMbi HanpaBJieHHoera OÖOHX 

pynopoß no KpoccnojiaprooBaHHOH KOMnoneHTe oniHHaeTca, KaK BH^HO H3 pnc. 1 H 2, 
BecbMa cymecTBenHO. 3TO noflTBep)KflaeT TeopeiHiecKHe Bbisoflbi E.K.Knpeesa n 
B.E.KHHÖepa o CJIOJKHOM xapaKTepe BJMJIHHJI yraoBbix sjieMeHTOB H3JiyqaiouieH 
anepTypbi Ha (jxjpMHpOBaHne öoKOBoro H3jry*ieHHa anTeHHbi. CoöcTBeHHO, SKcnepH- 
MeHTanbHO no^TBepjK^eHO, ITO STOT BMBOA cnpaBe,zviHB H .zpra H3JiyqeHHa Kpoccno- 
jiapHSOBaHHOH KOMnoHeHTbi. BHAHO TaKxe, wo B cnyqae KOHnqecKoro pynopa B Ha- 
npaBJieHHHx B6JIH3H ©=±40° npn OTHOCHTejibHOM ypoBHe H3nyneHHfl OKOJIO -18flB 
nonapraanHa H3jiyqeHHa Booöme 6jiH3Ka K KpyroBon, HTO He HaGjnoaaexca jyia nnpa- 
MHAajibHoro pynopa.AHajiK3 KpoccnojiapH30BaHHoro H3JiyqeHHa pynopOB BO BCCM pa- 
6OH6M ÄHana30He nacTOT noKa3an, HTO ero MaKCHManbHbifi yposeHb He npeBbiniaeT 
-18,zjE OT nojia ocHOBHOH nojiapraanHH B raaBHOM MaKCHMyMe ^HarpaMMbi HanpaBJieH- 
HOCTH. YpoBeHb Kpoccnojiapn30BaHHoro H3JiyqeHHH MeHbuiero pynopa HecKOJibKO 
MeHbine, neM Gojibinero. 

Pe3yjibTaTbi H3MeperoiH 3aBHCHMOCTH uiHpHHbi niaBHoro jienecTKa jrHarpaMMbi 
HanpasneHHOCTH no OTMeqeHHbiM Bbime xpeM ypoBHHM OT Macro™ npHBeaeHbi Ha 
pHC.3 H 4 ana OöOHX KOHHHecKHx pynopoß. ÖyHKUHOHajibHO 3TH 3aBHCHMOCTH xopouio 
annpoKCHMHpyiOTCH H3BecTHbiM cooTHomeHHeM 2A@=a/(rA,) . IIocToaHHbie KO3C[)(})H- 

HHeHTbi a äTW Kaacflofi H3 rniocKOCTen Ha6jno,neHHa npHBefleHbi Ha pncyHKax. OTHHHHe 
3THX K03(J)4)HUHeHT0B fljw 6ojibuioro H Majioro pynopoß CBH^eTenbCTByeT o CHJibHOM 
BnnflHHH BHyTpeHHero KOHyca Ha aMnjinryflHoe H <j)a30Boe pacnpe^ejieHHe HCTOHHHKOB 
nojia B Hsny^aioLHeM pacKpbme pynopa. 

III.3aicjiK)4eHHe 
B pe3yjib'raTe npOBefleHHbix SKcnepHMeHTajibHbix HCCJie^OBaHHH noKa3aHO, HTO 

KOHH^ecKHe pynopHbie aHTeHHbi c H3JIOMOM yrjia pacxBopa HMCIOT HH3KHH ypOBeHb 
6oKOBoro H3JiyqeHH« H no OCHOBHOH, H no KpoccnonaprooBaHHofi KOMnoHeHTe H3Jiy- 
neHHK, HTO no3BOJiaeT peKOMeHflOBaTb HX JJJW Hcnojib30BaHHa B paflnosjieKTpoHHbix 
CHCTeMaX C JiyqUIHMH UiyMOBblMH XapaKTCpHCTHKaMH. 
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l.B.r.-JlMnojibCKHH, O.n.OpojiOB.AHTeHHbi H 3MC.-M:Pa,a;HO H CBa3b, 1983.-27 2C. 

2.H.H.ropo6en,B-M.^axoB,Jl.M.CHonHK. HanpaBJieHHbie H KpoccnojrapH3anHOHHbie 
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M3Jiy*IEHME 3JIEKTPH*IECKOrO BHEPATOPA, OPHEHTHPOBAHHOFO 
nEPnEH^HicyjiMPHO nPHMoyrojn»HOMy 3KPAHy 

H.n. EnHceeBa 
XapbKoecicuii zocynueepaimem, 310077, XapbKoe, mi. Ceoöodu, 4 

MeTOßOM paBHOMepHOH reoMerpHiecicoK TeopHH jjH<ppaKHHH npose^eH aHajiH3 
BJtHaHHs npHMoyrojibHoro H/jeajibHO npoBo^amero 3Kpana na cTpyKTypy sjieicrpoMaraHTHoro 
nonfl, cos^aBaeMoro sjieMenrapHbiM sjieiopHHecKHM BnSpaTopoM, pacnojioxeHHbiM Ha 
paccTOAHHH h Haß cepe^HHOH 3KpaHa nepnennHicyjiapHO ero noBepxHOCTH. HccjieaoBaHbi 
ÄHarpaMMbi HanpaBJieHHOCTH OCHOBHOH H Kpocc-nojiaproaHHOHHofi KOMnoHeHT nojia 
paccMaTpHBaeMOH CHCTCMM B pa3Hbix miocKOCTax Ha6jnojj;eHHa npH pa3JiHHHbix pa3Mepax H 

<J)opMax 3KpaHa jsjm pasHbix h. 

I. BaeaeHHe 

IlnocKHe npaMoyrojibHHe MeTaJumHecKHe SKpaHbi, B036y»maeMbie sjieiapHHecKHM 

BHÖpaTopoM, iimpoKo Hcnojib3yiQTca B aHTemioH TexHHKe. KpOMe Toro, 3a,a;aHa B036yameHHa 

HHeajibHO npOBO/janjero Toincoro 3KpaHa ccpepmecKOH sneKTpoMarHHTHOH BOJIHOH aBJiaerca 

MOflejibHofi npH HCCJie^oBanHH nojia .zmcppaKUHH Ha Tejiax 6ojiee CJIO»CHOH (popMbi. B CBASH C 

3THM npejjcTaBJiaioT HHTepec jjna npaKTHKH cJie/ryiomHe Bonpocw: packer jjHarpaMM 

HanpaBJieHHOCTH (HH) Hccjie/ryeMOH cHcreMbi c noBbimeHHOH TOHHOCTMO 3a cner yneTa BOJIH 

nepBHHHOH H BTOpHHHOH JJH(ppaKHHH C KaaC^OH H3 HeTblpeX KpOMOK 3KpaHa;    HCCJieflOBaHHe 

BjraaHHa (popMbi, pa3MepoB 3KpaHa, yÄajieHH« BHÖpaTopa OT Hero Ha ,fl,H cHCTeMbi. Packer RH 

npOBO/jjuica Ha ocHOBe HHCJieHHoro peineHHfl HHrerpo-,ziH(p(pepeHHHajn>Hbix ypaBHeHHH B [1] 

npH B036yacaeHHH KBa^paTHoro 3KpaHa BHÖpaTopoM, pacnoJioxcetinbiM nepneHJjHKyjiapHO ero 

noBepxHOCTH. Bonpoc BJIHKHHH (popMbi sxpaHa Ha J\H paccMaTpHBajica B [2,3] B paivncax 

paBHOMepHOH reoMeTpHHecKOH TeopHH jjjKppaKHHH (PrT,2) B cjiynae B036y>KAeHHa 

BHÖpaTopoM, napaiuiejTbHbiM 3Kpany. 

B flanHoM pa6oTe MCTOJJOM PITfl paccHHTbreaioxca /JH sjieiopHHecKoro Bn6paT0pa, 

nepneHOHKyjiapHo opneHTHpoBaHHoro K npaMoyrojibHOMy rmocicoMy SKpaHy, B npoH3BOJibHbix 

njiocKOCTax HaGjnoßeHHH H HCCJie/xyeTca HX saBHCHMOcxb OT reoMerpHHecKHX napaMeTpOB 

CHcreMbi. 

II. TeopeTHHGCKne pe3yjibTaTbi 

B 3a^aHe BBe^ena jjeicapTOBa cncTeMa Koop/pmaT XYZ, Haiajio KOTOpoii coBna/jaer c 

cepe^HHOH 3KpaHa, a OCH X,Y napajinejibHbi ero cropoHaM. SjieMenrapHbiH 3JieiapHHecKHH 

BH6paTop pacnojioaceH Ha OCH Z Ha paccToaHHH h OT 6ecKOHeHHO TOHKoro HjjeaJibHO 

npoBOflamero 3KpaHa co cTopoHaMH W H L. Ha ocHOBe MeTOija Pnyi none H3JiyneHHa 

onpe^enaeM KaK cyMMy nojiefi TO BOJIH H BOJIH nepBHHHofi /pKppaicHHH 0T KaayjoH H3 neTbipex 

KpoMOK 3KpaHa H BTOpHHHOH jjHcppaKHHH Meamy ero napaJuiejibHbiMH KpoMKaMHX [2]. Kaayjaa 

H3 BOJIH flaer BKJia^ B nojiHoe nojie TOJibKO B CBoefi o6jiacTH cßera (rpaHHHbi CBeTa H TCHH TO 

BOJIH npoxo/jaT no nnocKocTaM nepes KpoMKH, a jjjKppaKHHOHHbix - no KOHHHCCKHM 

noBepxHocTaM, Bbixoflaui;HM H3 yraoBbix TOHCK 3KpaHa), BCJie/jcTBHe Hero flH STHX BOJIH - 

pa3pbIBHbie (pyHKUHH. 
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Pa3pa6oTam>i ajiropHTMbi H nporpaMMbi pacnera flH OCHOBHOH Ee H nonepeHHOH E<p 

cocTaBJiaiomHX nona rouyneHHa aHajiH3HpyeMoß CHCTüMM BO BceM npocTpancxBe Ha6xaoj;eHHa. 

Ha pHc.1,2 npe^cTaBJieHbi paccHHTaHHbie J\H OCHOBHOH KOMnoneHTbi Eteta- rpacpmcH cpyHKHHH 

De(9) = Ee(6 ,(p)/E0) rae E0=IdlWo/2A,r, npH cp = 0, 90°; 30°; 45°; 60° jsja. cjiynaeB KBanparHoro 

3KpaHa co cxopoHaMH L =X H 3X, , h = 0.225A. . TaM ace npHBe,o,eHbi ^H TO nona (Ego), 

nojffloro .iBKppaKHHOHHoro  nona OT BCCX neTwpex KpoMOK aicpaHa  -  Edif(total),  nonefi 

nepBHHHOH .ZPKppaKHHH OT KpOMOK 1,2 - Edif(l,2), OT KpOMOK 3,4 - Edif(3,4), nOJia BTOpHHHOH 

ÄHdppaKHHH - Edif(12), HTO no3BOJiaeT npocjie,nHTb MexamBM H3MeHeHHa KapTHHbi ronyHeHHa 

BO BceM npocTpaHCTBe B 3aBHCHMocTH OT pa3Mepa 3KpaHa. Ha pHc.3(a,b) npe/i,CTaBJieHbi 

paccHHTaHHbie ,fl,H noneperaon cocraBJiaromeH nona -Efi - rpacpHKH {pymcuHH D<p (0)=E<p (8,(p ) 

/E0 pjw Tex ace reoMeTpHHecKHX napaMexpoB CHCTeMbi npH q> = 0, 90°; 30°, 45°, 60°. B 

roiocKOCTax q> = 0, 90° J\H onpeflenaeTca TOJQ>KO nojieM BTOPHHHOH ,m«ppaKHHH Edif(12), 

Edif(43) cooTBeicTBeHHo. Ha pHc.3(c,d) noxasaHa 3aBHCHMOCTb RH OCHOBHOH KOMnoHeHTbi 

nona H3JiyHeHHa B riraBHbix roiocKOCTax Ha6jno,a;eHHa OT ynaJieHHa annojia OT SKpaHa h H OT 

4>opMbi 3KpaHa, onpenejiaeMOH OTHOUICHHCM CTopoH W/L. TaM ace npHBeneHbi ffH, 

paccHHTaHHbie ana BepTHKajibHoro BH6paT0pa B npennojioaceHHH GecKOHeHHoM 

npoTaaceHHOCTH raiocicoro 3KpaHa, nosTOMy oxBaTbmaromHe TOJrbKo nepeanee 

nojiynpocTpancTBo (KpHBbie - infinite plane). 

H3 cpaBHeHHa KpHBbix Eteta Ha pnc.1,2 npn 9 = 0, 90° c pe3yxo>TaTaMH B [1] cJieayeT 

OTMeTHTb HX 6oiibuiee pacxoayieHHe, neu B cjiynae cpaBHenna ,U,H B [2] npH B036yacneHHH 

Bn6paTopoM, napajuiejibHbiM 3KpaHy. AHajiH3 KpHBbix Ha pHC.3(c) noKa3biBaeT, HTO B cnynae 

B036yacaeHHa sicpaHa nepneHÄHKyjiapHbiM K HeMy BnGpaTopoM, H3MeHeHHe paccToaHHa Meacny 

3KpaHOM H BHÖpaTopoM h npHBOHHT K 3HaiHTejibHOMy H3MeHeHHK> ßH B nepconeM 

nojrynpocTpaHCTBe H npaKTHiecKH He BJinaeT Ha ^H B 3a/iHeM. H3 pnc.3(d) BHHHO, HTO 

HaiiHHaa c W/L > 1, ^H npaKTHqecKH He 3aBHcaT OT (popMbi sicpana, neM cymecTBeHHo 

OTJiHHaioTca OT /JH B cjrynae 3Kpana c napajineJibHbiM K HeMy BHÖpaTopoM. 

III. 3aKJii04eHne 

PaccHHTaHbi H HccjieaoBaHbi ^H B cjiynae B036yacneHHa MeTajinnHecKoro 

npÄMoyrojibHoro 3KpaHa nepnenaHKyjiapHbiM K HeMy BH6paTopoM. OTMeieno cna6oe BJinaHHa 

4>opMbi SKpaHa H y^aneHHa BnGpaTopa Ha 3aaHee H3Jiy*ieHHe. 

IV. CnHCOK JiHTepaTypbi 

1. nnMeHOB K).B., XonbKOB R.A. H3iiyHeHHe sireMeHTapHoro aneiapHHecKoro BH6paTopa, 
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<DA30BOrO PACnPEflEJlEHMfl B AIIEPTYPE 
flBYXSEPKAJlbHOM AHTEHHbl C YHETOM 

rEOMETPMM WIAJIOrO 3EPKAJ1A 
Jlo6KOBa Jl.M., nuporA.B., TOJIMKOB K.A., BOBKA.B. 

Cee.rry, 335053, Ceeacmonorib, Cmpeneu,KaH 6ani<a 

AHHomau.ua - Ha ocHOBe reoMeTpiwecKOM Teopnn flMcppaioiMM npoBefleHO MccneflOBaHMe npocTpaHCTBeHHoCi 
nonflpM3aqnoHHOkt CTpyicrypbi nona H3/iyHeHMH flByx3epKanbHOH ameHHbi KaccerpeHa, oßycnoBneHHoro BnnflHweM 
aMnnnTyflHo-cpa30Bbix pacnpefleneHMü no™ KaK B anepiype oenynaTenn, TBK M Ha Manowi 3epKane. npeflciaBneHbi 
pe3ynbTaTbi KOMnbioTepHoro anann3a annpoKCMMauwn nonq B anepType 6onbworo 3ep«ana, a raK >Ke rtpwBefleHbt pe3ynbTaTbi 
TeopeTMMecKMX pacneTOB w MX cpaBHemie c pe3ynbTaTaMM 3KcnepnMeHTa. 

I. BseAeHne 

B HacToamee BpeMfl nonyneHbi cTporne peweHwa fln« pa3Hoo6pa3Hbix BapnaHTOB flMcppaKLjuoHHbix 
aHTeHH B.E. KuH6epoM [1,2] n flpyrMMW aeTopaMU, OflHaKO Ha ocHOBaHUM 3TMX peweHHii TpyflHO co3AaTb 
MHJKeHepHbie MeTOAbi pacneTa STHX aHTeHH. CymecTByiomne Tunbi flByxaepKanbHbix aHTeHH CTpoHTca, 
rnaBHbiM o6pa30M, Ha ncnonbsoBaHHH AriMHHocpoKycHbix 3ep«an npn OCHOBHOM Tpe6oBaHnn nonyqeHun 
MaKCMManbHoro 3HaMeHn« Koac^cpHMneHTa ycujieHUfl. OflHaKo, pa3BKTne cnyrHUKOBbix cucTewi CBASM npuiBeno K 

H6O6XOAMMOCTH nepecMOTpeTb KpMTepun omrnManbHoro BbiSopa reoMeTptmecKMX napavieTpoB aHTeHHbi, 
yAexwa ocoSoe BHMMaHne ee ujyMOBbiM xapasaepucTHKaM n KoacpcpuqneHTy pacceaHMn. Bee cxasaHHoe 
o6ycnoBH.no nepexoA K KopoTKocpoKycHbiM 3epKanaM, OAHaKo npH STOM B03HHKaeT cno«Heii!iiaa 3aAana 
coaAaHwa oönyMaromePi cucTeMbi. flosTOMy 6bina npeAnpwHHTa nonbiTKa TeopeTkwecKoro M 

3KcnepnMeHTaribHoro uccneAOBannfl AByX3epKanbHbix aHTeHH M pa3pa6oTKH HHxeeHepHoro MeTOAa pacneTa 

II. OcHOBHaa MacTb 

ripoBeAeM aHariH3 nona H3nyHeHna aHTeHHbi KaccerpeHa [3] no OCHOBHOVI nonnpn3amiM, KOTopaa 

3aAaHa   4)yHKqneti      E^p,cp^,   rpßp3\Mp3   -  nonapHbie   KoopAMHaTbi   B   npeAenax   Kpymoro   pacKpbiBa 

napaöonnMecKovi aHTeHHbi c   BbipeaaHHofi qeHTpanbHOM nnomaAKOü c AHaivieTpoM diw. 

CocTaB/iniomne no/la n3JiyHeHMR Ee(6>,<y?)HEp(<9,#>) npeACTaBnatoTca B BMAe: 

li 

Ee(0,<p) = —--sm<p-cos2\-~J j j Ey(p3,rp3)-exp[jk/73 • sin 0 ■ cos(«p3 - <p))f>3<\p3&<p3,      (1) 
0 d^ 

2 

2n 2 

Ep(0,p) = —-cosp-cos^yj -i— | JEy(/?3>p3)-exp[jkp3 • sin0■ cos(<p3 -^f)]p3dp3dp3,      (2) 
0 d^ 

CooTHoujeHMH (1) H (2) B noAbiHTerpanbHOM BbipaweHMH coAepwaT cnoKHyio cpyHKi^wo Ey[p3,<p3), KOTopan 

cymecTBeHHO 3aBncMT OT reoMeTpnw Manoro 3epKana. flna AanbHeüwero HHTerpnpoBaHHH 6bino npoBeAeHO 

MOAejinpoBaHne Ey(p3,^3)    B pe3ynbTaTe KOToporo 6binn HaÜAeHbi annpoKCHMaqwoHHbie cpyHKqMU B BHAe: 

Ey (p3j^3) = Ey(/>3)^3=0o) + [Ey(p3^3=900)-Ey(/73)<p3=00)]-sin>3, (3) 

CooTHOuueHHe (3) no3Bon?ieT B cpopMyriax (1) M (2) BbinoriHMTb HHTerpupoBaHMe no d^3 H CBecTH (1) M (2) K 

HHTerpMpoBaHMio TOJibKO no Ap3. 

(1o  aHanomn   c   BbiLiien3no)KeHHbiM  6binn  paccMOTpeHbi  Taioxe  annpoKCHMai4HM   Ey(p3,(p3)   B 

3aBMCMM0CTH OT M3MeHeHMR sKcqeHTpucMTeTa e M cpoKycHoro paccToaHHa f Manoro 3epKana. 
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III. SascntöMSHSie 
Ha ocHOBaHMM MucxieHHoro MOflennpoBaHnn yfla/iocb nonyMHTb annpoKcuMaquw fl/ia Ey(p3,^3), 

npeflCTaBjneHHbie Ha pi/ic. 1(a, 6, B, r), rfle no ocw a6cqncc o-mcwxeHa nonapHaa «oopflMHaTa cp^. AHann3 

nojiyMeHHbix pesynbTaTOB noKa3an xopoaiee coBnaflenne peanbHbtx pacnpefleneHHü c nx annpoKcwviaLtnevi. 

Ha ocHOBaHnn nonyneHHbtx annpoKCUMaL[wPi Ey(p3,#>3) no cpopiwyjiawi   (1) u (2) 6binn npoBefleHbi 

WMcneHHbie pacMeTb! f\H B E H H nnocxocTOx KOTopbie npeflCTaBiieHbi Ha puc. 2, a Tau w.e w3o6pa>KeHbi 
3KcnepnMeHTanbHbie flH. CoBnafleHiie pesynbTaTOB 3i<cnepnMeHTa onpaeflbiBaeT BbiöpaHHyto MeTOflUKy 
MOflenMpoBaHMa noneCi B anepType ßo/ibiiioro sepxana. 

IV. CnncoK JiMTepaTypb! 

[1]   KwHßepB.E., O ponM flwcf)paKmiM Ha KpowiKax sepKana B 60KOBOM nanyHeHMH: - PaflHOTexHMKa M aneiapoHMKa 1961 N4 
C. 545-558. ' '      ' 

[2]   BopoBHKOB B.A., KMH6ep B.E., reoMeTpimecxan Teopna fli/icppaKUWH. - M.: Cßfl3b, 1978.- 248c. 
[3]   AÖ3eH6epr T.3., flMnonbCKMM B.f., TepeujMH O.H., AHteHHbi  YKB, 4acTb2. M.: CBS3b, 1977, 288c. 

SIMULATION OF MAGNITUDE-PHASE DISTRIBUTIONS IN APERTURES OF DUAL-REFLECTOR 
AERIAL IN VIEW OF CONTRREFLECTOR GEOMETRY 

Lobkova L.M., Pirog A.A., Golikov K.A., Vovk A.B. 
Sevastopol State Technical University 

Studgorodok, Sevastopol-335053, Ukraine 

The extensive circle of tasks which are being soluble by means of communication systems, makes important to produce the 
antenna systems for different purposes. Reflector antennas - the most widespread type of antennas - are the mainly applied. The 
analysis of radiation characteristics of such systems, especially of dual-reflector antennas, requires the repeating recurrences of 
numerical integration procedures. However, it is possible to account the character of underintegral equations after changing them 
on analytically intergrated functions. That permits to reduce the time of account of such task on computer without loss of accuracy. 
The results of such work are shown in paper for dual-reflector antennas of Gregory and Kassegrain. 

0f\(\ Ma-repHajvbi 6-8 MeawyiiapoflHoB ^«MCKO« ^T<«KpoBOAHoBOH «w^epenijHM Xfi«^CiiX^6'. 16-19 ceKTnopa 1996 r., CeBacTonoj«,, KpbiM, YKpailHa 

**W Proceedings of 6th International ^Khiean Microwave («Werence 0UrK<&>'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



0.155 

0.145 

0.135 

0.125 

0.115 

\ \ 
\ \ 
\ \ 

  

ft=0-4 

\\ 
\ 

\ 

V 
\\ 
\\ 

\ 

\ \ 
\ \ 
\ \ 

E^ 

0.08 

0.07 

0.06 

0.05 

0.04 
0 30        60     (j>3,zpad 

a) 
0 30        60        90 

6) 

0.02 

PHC. 1 
MarepnaAb, 6-fi Me!KAy„apofl„oM ^«MCKOB rüfoKpOBOAHOBoB Ä»t,epe„BH„ l^u^u.7^16. 16-19 ceH^6p» 1996 r., CeaacronOAb, KpWM  VKpaHna 

Proceed.ngs of 6th International ^rdnean ^crowave ^ference #<>*#,%?. 16-19 September 1996, Sevastopol, Crimea, Ukraine 261 



10 

-20 

30 

-40 

50 

i 
1 
I } \ eopem. 

:cnep. -   - - 91 

1 

_Jl J 

\ 
\ 

V 

\ 
\ 

. ^ *" 
/ 

'S 

\ 
I 
t 

-  A /- 
' \ »» 

/   \ 
1    \ 

\ 
/ y 

/ / 

\ 
\ / 

/ 
/ 

' 

7 \ / 

.8-7-6-5-4-3-2-101234567    0,ePa& 

F(Ö)H 

dB 
10 

-20 

30   ^ 

-40 

50 

1 
J-1 

tl 

\ 
1 1 

1 / 
/  / 

1   J 

\ 
1 \ 

\ x 

Y ~*, / 

1 
i 

\ 
\ 

> 
\ '   «s 

\ 
1 <.    / 

\ 
\      / 

/ 
• 

-8-7-6-5-4-3-2-101234567    0,ePad 

PHC. 2 

262 Ma-repHaAbi 6-H MeJKflyHapoflHOil ^«MCKOH r#«KpoBo.AHOBOH ^oHipepeHt&HH lfyitrft(tK»96', 16-19 ceHTflöpa 1996 r., CeBacronoAb, KpbiM, YKpanHa 

Proceedings of 6th International $Kmean #^crowave inference @U4fÜßo96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



OnPEflEHEHME XAPAKTEPMCTMK 
flBYXSEPKAJlbHblX AHTEHH 
B nPMBJlM)KEHMM tDPEHEJlfl 

JloÖKOBa D.M., CaBOHKMH A.A., CTynaKOB T.B., 
CeeacmononbCKUü aocydapcmeeHHbiü mexHiwecioiü ymieepcumem 

AHHomaifLm - Ha ocHoee MeTOflOB reoMeTpimecKow Teopuw flucppaKUinn pa3pa6oTaHa MeTOflwra paoieTa OCHOBHMX 

xapaKTepHCTMK flByxsepiranbHbix aHTeHH, ywTbiBaiomasi 3cpcpeicrbi, B03HWKaioinMe npw BsanMHoii 6nM3ocTn pacnonoweHiifl Bcex 
aneMeHTOB aHTeHHbi. Ha ocHoeaHMM pa3pa6oTaHHoü MaTeMaTUHecKoö MOflenn npoßefleH TeopeTunecKUM aHann3 
xapaiaepMCTHK flByx3epKanbHbix aHTeHH Tperopn n KaccerpeHa H ocymecTBneHa omviMW3auym MX o6nynaK)mnx cncTeM. B 
KanecTBe npnwiepa npeflCTaßneHb! pe3ynbTaTbi, nonyneHHbie pj\a aHTeHH Tperopn M KaccerpeHa c napaöonnHecKUM 3epKanoM 
fluaivieTpoM 67,2 X npw oTHoiueHMM cpoicycHoro paccTOHHua K fluaMeTpy F/ D=0,36. 

I. BseAeHne 

L(enbio flaHHoro MccneflOBaHMR aßunocb o6ocHOBaHwe Bbiöopa o6nyMaK)iAePi CHCTeMbi 
flByx3epKanbHoü aHTeHHbi, nocTpoeHHOM Ha ocHOBe 6onbuJoro 3epKana napaöonunecKoro Tuna. 
Pa3pa6oTaHHbiM naKeT nporpaMM pacneTa xapaicrepncTOK flByx3epKanbHoCi aHTeHHbi no3Bonan paccMHTaTb 
cneflyK>mne xapaicrepucTMKn: 

- aMnnuTyAHo-cpasoBoe pacnpefleneHne (AOP) nona B anepiype ocHOBHoro 3epKana c onpeAenenweM 
MaKCMManbHoro 3HaMeHna BeriMMMHbi HanpaKeHHOc™ aneicrpuMecKoro nona; 

- KoacfccJwuneHT wcnonb30BaHna noßepxHocTU (KW~I), onpeAenaeMbiü no xapaicrepy AOP c yneTOM 
BennMUHbi 3aTeHeHna ocHOBHoro 3epKana ManbiM; 

- flkiarpaMMbi HanpasneHHoc™ (flH) Bceii aHTeHHbi c onpefleneHkieM BennHHHbi HanpaweHHocTH 
aneicrpimecKoro nona B HanpaBneHnn rnaBHoro MaKCHMyMa. 

II. TeopenmecKne pe3ynbTaTbi 

B KanecTBe oönyMaiomePi cndeMbi ocHOBHoro 3epKana 6binn npeflnoKeHbi BapnaHTbi, B ocHOBe 
KOTopbix newaT flßyxsepKanbHbie cxeMbi KaccerpeHa (Manoe 3epKano rnnep6onnHecKoro Tuna) H Tperopn 
(Manoe 3epKano 3nnnmwecKoro Tuna). 06nyHatomne CHCTeMbi TBKHX THHOB o6naflaK)T paflOM CTaHflapTHbix, 
CM. HanpuMep [1], reoMeTpmnecKux napaMeTpoB. 

B KaMecTBe He3aßncnMbix 6binn BbiöpaHbi p,ea napaMeTpa - SKcqeHTpMCHTeT e n fluaMeTp d Manoro 
3epKana. ripn STOM flnana30H H3MeHeHnfi SKcqeHTpHCHTeTa onpeAenanca M3 o6nacTH peanbHO 
ncnojib3yeMbix Ha npaioviKe 3HaMeHHki OT 1,2 (Hau6onee nnocKoe 3epKano) flo 2 (Hanöonee BbinyKnoe 
3epKano) Ana aHTeHHbi KaccerpeHa w OT 0,555 (Han6onee Bbinynnoe 3epxano) flo 0,769 (Han6onee nnocKoe 
3epKano) Ana aHTeHHbi Fperopu. ,D,nana30H n3MeneHn£i fluaMeTpa Manoro sepKana onpeAenanca H3 ycnoBwa 
MaKCMManbHO AonycTUMofi BennMUHbi 3aTeHeHua OCHOBHOTO 3epi<ana ManbiM (OT 0.08D AO 0,2D). 

KpoMe reoMeTpunecKux, B npou,ecce onTHMW3aqnn ocymecTBrinnocb M3MeHeHne sneicrpMnecKnx 
(onpeAenflioinux xapaicrep aMnnuTyAHo-cpasoBoro pacnpeAeneHHn nonn B anepType nepBn^noro oß/iyHaTerm) 
napaMeTpos q M k. npn 3TOM nepBH4HbiPi o6nyHaTerib paccMaTpMBa/icn Kai< Kpyrnan nnocKaa anepTypa 
AwaMeTpoM 2b, B036y>KAeHHan nnHefiHO nonnpn30BaHHbiM noneM c ocecwMMeTpuMHbiM A<t>P BMAa: 

E(p')=Eo(1-qp'2)exp(-Jkp'2), 

TAe p'= PreKymee/ b. 

PacneT AOP Ha I13BM 486DX2-66 Tpe6oBan OKOJIO 0,5 MHHyTbi. üporpaMMbi 6bmn cocTaB/ieHbi Ha 
5i3biKe FORTRAN 5.0. Manoe pacneTHoe BpeMa no3Bonnno npoBecTM pacneTbi An« 3HaHMTenbHoro 
KonMHecTBa coMeTaHMM reoMeTpMHecKux napaMeTpoB. 

Pe3ynbTaTbi o6pa6oTKM nonyMeHHbix pacnpeAeneHnü noKa3aHbi Ha pnc.1, rAe npeACTaßneHa 
AMHaMMKa nsMeHeHM« BenuMMHbi MaKCHManbHoii cfcasoBOM OUJHöKH M ypoBHn oönyMeHMn Kpan 3epKana Ana 
Bcex co^eTaHHM 3KCL;eHTpncuTeTa n AnaMeTpa Manoro 3epKana. 

HeoöxoAMMo oTMeTHTb, HTo M3MeHeHne reoMeTpuMecKMX napaMeTpoB 6bino npon3BeAeHo TaioKe Ana 
pa3nnHHbix cooTHoujeHMM napaMeTpoB nepBUHHoro o6nyMaTena (b, q, k). ripn STOM b M3MeHnncfl B npeAenax 
OT 0,5X AO 1,5X c liiaroM X. flna q nccneAOBanncb cneAyiomwe BapnaHTbi: q=0, q=0,5, q=1, a pj\9\ k: k=- 
1,57, k=0,k=1,57, k=3,14. 

AHann3 AOP npn n3MeneHnn AaHHbix napaMeTpoB noKa3an, HTO KpuTepwo MaKCHMyMa ynnTbißaeMbix 
napaMeTpoB cooTBeTCTByioT cneAyioiAMe 3HaneHH?i: q=0, k=1,57. TaKMM o6pa30M, Ha ocHOBaHUM nonyMeHHbix 
AaHHbix ccbopMynwpoBaHbi TpeßoBaHMH K xapaicrepucTUKaM nepBUMHoro oßnyMaTenq. 

PacMeTHbie flH Ana Han6onee onTHManbHoro coneTaHua napaMeTpoB Ana Aßyx TunoB aHTeHH 
npeACTaßneHbi Ha pnc.2. 
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Hi. PesynbTaxbi OKcnepviMeHTa 

Ljeribic SKcnepuMeHTanbHbix ncc;iefloBaHnPi aBunocb noflTBepx<fleMne peaynbTaTOB TeopeTunecKHx 
pacneTOB napaiweTpoB oenyMarOuuevi cucTewibi npn nocTpoei-inn onTwvianbHoro BapHaHTa flByx3epKanbHow 
aHTeHHbi. 

B xofle flaHHoro 3Tana onpeflerranacb 3aBwcnMocTb napaMeTpoB flH BcePi AByx3epKanbHoPi aHTeHHbi 
B L|enoM or napaMeipoB o6ny4atomeM cucTeMbi. OueHi« npou3BOflunacb flnn ypoBHa 6oKOBoro K3nyMeHi/ifl n 
KOsdpcpnnneHTa ycuneHu« (KY) aHTeHHbi.  flpn STOM KY onpeflerranca   cpaBHMTenbHbiM MeTOflOM. 

Ha ocHOBaHMM 3KcnepnMeHTanbHbix HccneflOBaHni* MO>KHO cAenaTb cneflyiomMe BbiBOflbi: 
1. CymecTByeT onTuwiaxibHoe (3KcnepnMeHTanbH0 yTOMHaewoe) MecTonono>KeHMe nepBWMHoro 

o6ny4aTena 

2. 3TO MecTopacno/io)KeHne OTnunaeTCfl OT pacqeTHoro (onTwviwsupoBaHHoro no KMn). ripuneM 
oonynaTerib Heo6xoflwvio npn6nn>KaTb K KOHTppedpneicropy. 

3. ripn nocTpoeHMM o6nyHaioLU,eii cwcTewbi wenaTeribHo ncnorib30BaTb 6onbiiine (nopnflKa 0,15D) 
pa3Mepbi Manoro 3epKana. npn STOM C yBennMenweM fluaMeTpa Manoro 3epKana nponcxoflUT yBenwweHi/ie 
KUn (pacaiHpeHne flH oönyMaiomeCi cucTeMbi), oflHaKo, Heo6xoflHMO KomponupoBaTb BenuMMHy ypoBH« 
6oKOBoro n3nyMeHwa pesyribTHpytomePi flH, KOTopaa npn 3-TOM Taiosce yBenuMMBaeTCH. 

3HaqeHMfl onTOMH3npoBaHHbix napaMeTpoB cocTaBHriw fl/ia aHTeHH Tperopn n KaccerpeHa 
cooTBeTCTBeHHo: LUMpnHa flH no ypoBHto -3 flB -1 rpafl ; ypoBeHb 6oKOBoro M3nyHeHnn -27,5 flB u -26 flB; 
KoscpobuqneHT ycMneHna 43,5 flB n 44 flB. 

IV. 3aKniOMeHMe 

B xofle TeopeTMHecKoro, a saTew M SKcnepuMeHTanbHoro nccneflOBanuM 6binn nonyMeHbi 
onTMMa/ibHbie 3Ha^eHnn napaMeTpoB o6nyMaromefi cucTeMbi flByxsepKaribHbix aHTeHH TperopM n 
Kaccerpena. rioKaaaHO, MTO ncnonb30BaHne MaTewiaTMMecKoPi MOflenn, nocTpoeHHOü Ha ocHOBe MeTOflOB, 
yHMTbiBaromux B3anMHyio 6nn3ocTb pacnonoweHHH Bcex a/ieMeHTOB aHTeHHbi no3BoraeT öojiee TOMHO (B 

CpaBHeHUH    C    TpaflMLlMOHHO    HCnO/lb3yeMblMH    MH)KeHepHblMH    MeTOflMK3MH,    B    OCHOBe        KOTOpblX        nexMT 
reoMeTpoonTMHecKoe npn6nn>KeHMe) Bbi6npaTb napaMeTpbi    oönyMaioineM    cucTeMbi,    cooTBeTCTBytouiwe 
orrrnManbHbiM 3HaMeHHHM xapaicrepucTHK M3nyMeHHfl TaKMX aHTeHH. 

V. CnMcoK nwTepaTypbi 

[1] AM36H6epr T.3. Mflp. AHTeHHbi YKB. T.2, - M: CoB.paflno.-1977, 257 c. 

DETERMINATIONS OF RADIATION CHARACTERISTICS OF DUAL-REFLECTOR AERIAL 
IN FRISHNEL APPROACH 

Lobkova L.M., Savochkin A.A., Stupacov G.V. 
Sevastopol State Technical University, Studgorodok, Sevastopol-335053, Ukraine 

The satisfaction electromagnetic compatibility requirements, achievement quality parameters maximum of communication satellite 
systems is basically stimulated by the characteristics of aerials which are applied to these systems. The optimization of noise Q of 
such aerials, in particular constructed on dual-reflector outline, is impossible without account of effects, stimulated by vicinities of 
arrangement of all the device elements. The method of account of radiation characteristics of Gregory and Kassegrain dual- 
reflector aerials, which has been carried out on the basis of physical optics principles is presented in this paper. This method gave a 
possibility to determine the influence of the near zone arrangement of the radiation system elements on radiation characteristics of 
the whole aerial. The results of the experimental researches prove the theoretical assumptions. 
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PAMOHHblX AHTEHH 

Jlo6KOBa U.M., üpoi^eHKO M.B., riocHbiw O.A. 
Crry, 335053, Ceeacmonorib, CmpeneujKan 6ariKa 

AhHomanuR - RocTpoeHa MOflenb KpyrnoM pawiKM npoM3BonbHbix reoMerpuMecKUX pa3MepoB, npn OTOM 
pacnpefleneHne TOKOB npMHMManocb ananorwMHbiM pacnpe,qeneHwo TOKOB Bflonb saMKHyTofi Ha Konue JIUHMH; BbiBeaeHbi 
cpopMynbi flnn cocTaBiwioinux nonn M3nyHeHHfl paMOHHoR aHTeHHbi. 

I. BeefleHne 

PaMOHHbie aHTeHHbi, Hapafly c cuMMeTpuHHbiMU BMöpaTopaMW, npuMeHflKJTca flna cosflaHfia 
aHTeHHbix CMCTeM noflBHWHbix oö'beKTOB. OflHaKO, B MHweHepHbix MeTOflax pacneTa 3THX aHTeHH 
Mcnojib3yK)TCH flßa KpaiiHnx Bapnam-a paMOK: nn6o HX nepuweip MHoro MeHboie X, nnöo paBeH X; npH STOM B 

nacTOTHOM flnana30He Ha6/itoflaeTCfl H3MeHenne KaK xapafcrepucTHK H3XiyMeHMH, TaK n BxoflHoro 
conpoTUBJieHnn. 

B BMfly Bbiujen3no>KeHHoro B03HHKna HeoöxoflUMocTb HCcneflOBaTb paMOMHyio aHTeHHy npn 
npoM3BOJibHbix reoMeTpunecKux napaMeTpax. 

II. OcHOBHan HacTb 

nycTb Kpyrnaa paMKa pacnonoweHa B fleKaproBBOM cMcreMe KoopflMHaT B nnocKOCTH XY (CM. pnc.1), 
Torfla TOK, npoTeKaioinMii no Konbqy MO>KHO npeflCTaBUTb B BWfle: 

I*® = I0-cos[*.(/-$)], 
rfle KoopflMHaTa £, oTCMMTbiBaeTca Bflorib xojibqa H paBHa £, = R ■ q>K , / = 71 • R, rfle R -pafluyc pawiKM, (p^ - 

nonapHbiPi yron B nnocKOCTH paMxn, I0 - TOK B nyHHOCTM. 

TaioKe MOKHO 3anncaTb: 

I^ft) = I0 • cos[/c• R(K - (p^)],dl = R-d<$K. 

M3PMC.1 cneflyeT, MTO cocTaBJimomne TOKa \x v\ IY onpeflenaroTcn cooTHouieHMAMn: 

lxft) = -I0 • cos[kR ■ (71 - <pK)] • sinft^), 

1
Yft) = lo ■ cosf/rÄ • (7c - cpjf) l • cos(cp^). 

no n3BecTHbiM pacnpefleneHnnM TOKOB lx u    ly , MOweM   Hau™ cocTaB/i?itomne aneKTpuwecKoro nora B 

ccpepuHecKofi cncTewe KoopflUHaT Ha ocHOBaHnn cooTHOweHHÜ: 

H = aH • rotA, E = aE ■ rotirotM , (1) 
rfle A - BeKTopHbifi noTeHLinan. 

AH3JIH3   (1)  noKa3an,   HTO  none   EHMeeT ToribKO  cocTaBnaromne   EenE   .ripoBefleM   aHann3   nonn 

öfEe ,o6ycjioBJieHHoro TOKOM I^: 

Y                                         ~fere 
dEa = ~a^ly (£)cos(©)cos((p)-- d^ = 

/       r          i\      /     x e"^ 
= -JE0O-cos(^Ä-[7c-q)Ä:Jj-sin((pA.)- i^-^cp^ ,        (2) 

re 
rfle EQ0 = % • COs(ö) • COs((p) ,re = r-R- sin(©) • cos((p - <pK) 
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(4) 

riociie npeo6pa30BaHMfl (2) nony^nM 

X e~jkr 2K
 i'A:rsin(0)/cos((p}cos((p^)+sm((p}sin((p;c)j 

E,A = — &Qo J e 
r      0 

x sin((p k ) • cosf/ti? ■ (rc - cp & )]<i(p ^ (3) 
PeaynbTaT nHTerpupoDaHun (3) MOäHO npeflCTaBMTb B BUfle: 

E^ = 2TT • cos(0) • cos(q>) • sinf ^-J • l\(kR ■ sin(©)), 

rfle I,((x) - cfcyHKquFi Beccena OT MHHwioro apryMeHTa. 

AHanoruHHbie cooTHouieHua nonyqeHbi An* Eg  , E^ , E^ . OKOHnaTenbHoe BbipaxeHne AHR E 

MOJKHO 3anncaTb B BHfle: 

[TT 

4+(p; 

rAe: «I = l-a;m2 = 1 + a,a = M;Z>= kR%,c= /ctf-sinf©). 

Ho aHanoran c (4) npeACTaBnaeTca chopiviyna i/t f\r\n E9 . 

HI. SamuoseHMe 

Ha   ocHOBaHMM   npoBefleHHbix   MMcneHHbix   pacMeTOB   ycTaHOBneHbi   cneAytomwe   ocoßeHHOc™ 

noBeAeHHa cocTaBnaromux E6 n E^ : 

1. KaK cneAyeT H3 pnc.2, p,nn E^ B a3HwiyTanbHofi  nnocKocTH KpyroBaa AnarpaMMa HanpasneHHOCTn MMeeT 

_ % 
MecTO TonbKO npn Ü < 0,1; c yBenuneHHeM a noflBnaeTca HepaBHOMepHOCTb B flH HanpaBJieHwn (p - — , 

a npn a = 1, M3JiyHeHne oTcyrcTByeT. KaK cneAyeT us pnc.3 npn ö > 1 flH npuoßpeTaeT MHoronenecTKOBbifi 

xapaicrep. 

2. B ymowiecTHOvi rmocKocrru (ZX) KaK cneAyeT H3 pnc.4 npn CL = 0,1 n  npn   0 = 0 npucyTCTByeT none E6 

,XOTO na npaKTMKe cMMTaioT, HTO E6(@ = 0) = 0 ,MTO He BepHO. flMHawiMKa mu&w&wm E9   npn M3MeHeHHu 

a npeACTaBneHa TaioKe Ha pnc.4. 

Ha pnc.5 M3o6pa>KeHa CTpyicrypa E6 npn n3MeHeHHH a OT 0,1 AO 1 .   H3 pnc.5 cneAyeT,  MTO Ee B 

3TOM nnocicocTM He 3a BUCHT OT a. 
nonyneHHbie pe3ynbTaTbi     no3BonatoT    Bbi6paTb    onTMManbHbie 3HaneHHfl   fl   npn  nocTpoeHUH 

KpyroBbix pawioK. 

THE THEORETICAL RESEARCHES OF FRAME AERIALS 

Lobkova L.M., Protsenko M.B. 
Sevastopol State Technical University 

Streletskaya bay, Studgorodok, Sevastopol-335053, Ukraine 

Alongside with the linear electrical vibrators, the round framework closed aerials are widespread at the present time. They permit to 
realize the technical opportunities of radio receivers fully. At a high approximation accuracy of current distribution by cosinus- 
function in the frame aerial, it is better to use the theory of long lines for account of aerial characteristics. By means of the well- 
known distribution of currents in frame aerial the significance of vector-potential is calculated. The received equations are used for 
account of radiation capacity and resistance. On the base of electrostatic analysis the wave resistance of the aerial was calculated. 
The analysis of radiation characteristics with account of the field polarization structure and input resistance in the wide limits of 
changes of antenna geometry parameters was conducted. 
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KOMOfelOTEPHMH AHAJIH3 ßHAFIASOHHMX XAPAKTEPHCTHK 
AHTEHHMX PEIJIETOK EErYIIJEft BOJIHH 

H.H.^opo6e^,IO.H.^opo6e^,B.M.^,axoB,A.B.3KoJIo6eHKO,B.A.KaTpHq, 
B.H.KHHKO,B-C.IIonoB 

XapbKoecKuüeocyHueepcumem)310077,XapbKos,WLC8o6odbi!4 
B.fl.Ee3JiroflfeKO,C.r.EoHflapb,T.H.ÜuiOK 

HHHPE,310054,yJuAKadeMui(a namoea,271 

AHHOTaqHH 

Pa3pa6oTaHbi KOMnwoTepHbie nporpaMMbi AJW aHajiH3a Koa^HqueHTa 
HanpaBneHHoro «encTBHa (KH/l.) H flnarpaMMbi HanpaBJieHHOCTH (#H) aHTeHHbix 
pemeTOK (AP) c nocjieAOBaTejibHbiM H napajuiejibHbiM B036y)KAeHHeM 3JieMeHTOB. 
IIpeAJioaceHbi pa3jiHqHbie BapnaHTbi B036y)KAeHHa pemeTOK 6erymeH BonHbi, 
no3BOJiKK>mHe oSecneqHTb opKeHTauHK) raaBHoro MaKCHMyMa J\U B HanpaBJieHHH 
HOpMajiH K peuieTKe HJIH B apyrax 3a^aHHbix HanpaBJieHHax B uiHpOKOM AHanasoHe 
qacTOT. npOBe^eH KOMnbiOTepHbio aHajno xapaKiepncTHK ceKUHOHHpOBaHHbix AP 
ÖOJIbUIHX SJieKTpHHeCKHX pa3M6pOB. 

LBee/jeHue 

AP HaxoflflT caMoe ninpOKoe H pa3HOo6pa3Hoe npHMeHeHHe, oco6eHHO B 

Kaqeerae aHTeHHbix CHCTeM, o6ecneqHBaioinHX MrHOBeHHyio opHemraHHio rjiaBHoro 
MaKCHMyMa ,3,H B 3a#aHHOM HanpaBJieHHH, TO ecTb B Kaqeerae cf)a3HpOBaHHbix 
aHTeHHbix pemeTOK [1]. JJ<sw MHOTHX npHJioaceHHH nepcneKTHBHbi He<|)a3HpOBaHHbie AP, 
KOTOpbie oöecneqHBaiOT HecKaHHpyioiHHH raaBHbifi jienecroK ^H. 3TH aHTeHHbi 
oGna/jaiOT   öojibuiHM   npeHMymecraoM   no   cpaBHeHHK)   c   ocTpOHanpaBJieHHbiMH 
3epKanbHbIMH    H    JIHH30BMMH    aHTeHHaMH    B    CBA3H    C    TeM,    MTO    OHH    MOTyT    6bITb 
peajiH30BaHbi B BH^e njiocKOH HJIH KOH<J)OPMHOH KOHcrpyKHHH. 3TH npHMeHeHHfl 
oco6eHHO nepcneKTHBHbi ,zyia aHTeHH neTaTejibHMX annapaTOB H Apyrax 
TpancnopTHbix cpe^CTB. 

B AP oneHb yAo6HO peajirooBaTb B036yacfleHHe 6erymeH BOJIHOH TOKa HJIH 

nojia, MTO no3BOJweT npe^ejibHO ynpocTHTb CHCTeMy B036yacneHHH pemeTKH. O^naKO, 
AP öerymeä BOJIHH HMeiOT nejibin paA cymecTBeHHbix HaaocraTKOB.  IlepBbiH  H 

OCHOBHOH H3 HHX CB5I3aH C 9<J)(f)eKTOM qaCTOTHOTO CKaHHpOBaHHa ffHl npH H3MeHeHHH 
qacTOTbi rjiaBHbiH MaKCHMyM H Bca #H noBOpaqHBaeTca K reHepaTopy HJIH OT 

reHepaTopa B 3aBHCHMocTH OT TOTO noBbiuiaeTca HJIH noHHiKaeTca paöoqaa qacroTa. 
BTOpOH     He^OCTaTOK     CBfl3aH     C     TaK     Ha3bIBaeMbIM     "S^eKTOM     HOpMaJIH",     T.e. 
pe30HaHCHHM yBeJiHieHHeM K03<J)4)HHHeHTa CToaqeM BOJIHH anTeHHOH peuieTKH Ha 
qacTOTe, Ha KOTopofi oöecneqHBaeTca H3JiyqeHHe rjiaBHoro MaKCHMyMa B HanpaBJieHHH 
HopMajiH K njiocKOCTH AP. 3TH ABa HeAOCTaTKa cymecTBeHHO 3aTpyAHaK)T npHMeHeHHe 
njiocKHX AP H OCOGCHHO cymecTBeHHHH H3 HHX - y3Kaa nojioca pa6oHHX qaeroT, 
KOTOpaa TeM y»ce, qeM Bbiuie K03<J)(})HHHeHT ycHJienHa aHTeHHbi, T.e. qeM 6ojibuie ee 
sjieKTpHHecKHe pa3Mepw. I^ejibio HacToamefi craTbH aBJiaeTca HCcneAOBaHHe 
B03MO)KHOCTeH yBejinqeHHa uiHpOKonojiocHOCTH njiocKHX AP ßeryiuefi: BOJIHW. 

II. OcHOBHaa qacTb 

PaCCMOTpHM    nOApOÖHO    B03MOXHOCTH    yBeJIK^eHH»    UIHpOKOnOJIOCHOCTH    AP 
6erymefi BOJIHW. OMCBHAHO, HTO nojioca paöoqnx qaeroT aHTeHHbi TeM MeHbnie, qeM 
Gojibuie ee HanpasneHHOCib. TaK KaK npn yBejniqeHHH pasMepoB aHTeHHbi 
yMeHbuiaercH uiHpHHa rjiaBHoro nenecTKa ^H H, cjieflOBaTejibHO, noBOpOT /JH OT 
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KaKoro-JiHÖo HanpaBJieHHH Ha yroji, paBHbm nojiOBHHe mnpHHu raaBHoro jienecTKa no 
nOJIOBHHHOH     MOUJ(HOCTH,     GyZjeT     MeHbllie     npH     MCHbUieM     H3M6HeHHH     HaCTOTbl. 
npocTeöuiHH cnocoö yBenHHemifl uiHpoKonojiocHOCTH AP - nepexoa OT 

nocjieaoBaTejibHOH cxeMbi B03Öy)KfleHHH sneMCHTOB peuieTKH K napajuiejibHOH cxeMe 
B03Öy»ga;eHHfl. ^eHCTBHTejibHO, npn napajuiejibHOM B036yHcn;eHHH Bcex PDJiyHaTejiefi AP 
pa3HOCTb <pa3 npn pacnpocrpaHeHHH BOJIHM B CHcreMe pacnpe#ejieHHJi MOIUHOCTH HJIH 

cyMMaTopax Öyacr OflKHaKOBa AJIH Kaxcfloro H3JiyqaTejia. 3xo npHBeneT K TOMy, HTO 

HanpaBJieHHe raaBHoro MaKCHMyMa RH HSMeHHTbCJi He 6y^eT, nocKOJibKy Bce 
H3JiyHaTejiH 6y^yT opa3HpOBaHbi OAHHaKOBO. OflHaKO, npH STOM TepaeTC« ocHOBHoe 
npeHMymecTBO HJIOCKHX AP - peajiH3au.Hfl BO3MO>KHOCTH rniocKoM 
flHarpaMM006pa3yK)IHeH CXeMbl. IIO-BHflHMOMy, B CBSSH C 3THM B03MoaceH BapnaHT 
yBejiHHeHHa uiHpoKonojiocHOCTH AP nyTeM nepexo^a K KOMÖHHHpOBaHHOH cxeMe 
B036y)Kja;eHHH    -    nocjieflOBaTenbHOH    H    napajuiejibHOÄ.    ECJTH    öojibniyio    AP 
CeKHHOHHpOBaTb  H  WM  CpaBHHTeJIbHO  HeÖOJIblHHX  nO   OTHOUieHHK)  K  ßJIHHe  BOJIHbl 
sjieMeHTOB no KajK^on CCKHHH Hcnojib30BaTb nocjieflOBaTejibHoe B03Öyayi;eHHe 
H3JiynaTejieH, a Bee CCKHHH 3anHiaTb napajinenbHO, TO TaKHM o6pa30M MOHCHO 

oöecne^HTb cymecTBeHHoe noBbimeHHe uiHpoKonojiocHOCTH npH yMeHbineHnn HHcna 
STaaceft AarpaMMO(J)opMHpyK)meH cxeMbi. OneBHflHo, HTO STOT nyTb npHBO^HT Bce ace K 

cymecTBeHHOMy ycjioacHeHHio cxeMbi B036y)K#eHHfl aHTeHHbi H yBejinieHHio ee 
TOJimHHbi. BTopofl cnocoö oÖecneqeHHH yßejiHHeHHfl uiHpoKonojiocHOCTH AP 
saKJno^aeTca B TOM, HTO AP 6erymeH BOJIHM MOäHO sannraTb B cepe^HHe Kaayjoii 
nHHeOKH c ÖerymeH BOJIHOH. ^eficTBHTejibHO, npn TaKOM B036y)KfleHHH RH KaayjOH 
nojiOBHHbi JiHHeHKH 6y«yT H3MeHHTbca B npOTHBonojiOKHbie CTopoHbi (K reHepaTopy H 

OT reHepaTOpa ps OAHOH CCKHHH H HaoÖopoT, OT reHepaTOpa H K reHepaTopy pjm 
flpyroM ceKHHH) H, TaKHM o6pa30M, rnaBHMH JienecTOK J\H Bceiyja opneHTHpOBaH B 

HanpaBJieHHH   HOpMaJIH.   npH  3HaHHTeJIbHOM  OTKJIOHeHHH  HaCTOTbl  OT   UeHTpaJIbHOH 
ecTecTBeHHO J\H ÖyneT npnoÖpeTaTb TpexjienecTKOBbifi xapaKTep, a npn eme öonbineM 
OTKJIOHeHHH HaCTOTM RH MOÄCT "pa3BaJiHBaTbca". 

TaKoe B036yMCfleHHe AP npHBO^HT K 6ojibiuoMy pocTy 6OKOBMX jienecTKOB RH 
H, KpoMe Toro, KOHCTpyKTHBHO TaKaa aHTeHHa TOTKQ ne oneHb yap6Ha, nocKOJibKy BCH 

CHCTeMa nHTaHHH cocpe^OTOHeHa B cepe^HHe AP, HTO npHBOßHT K yBejinieHHio ee 
BbICOTbl H K yCJIOXHeHHK) BCefi KOHCTpyKHHH B HeJIOM. YBeJIHHeHHe ÖOKOBblX JienecTKOB 
B AP c B03ÖyÄfleHHeM B cepe^HHe oöycnoBJieHO 3KcnoHeHU,HajibHbiM xapaKTepOM 
aMnjiHTyflHoro pacnpeflejieHHK B peuieTKe, a TaKJKe TpynHOCTKMH peryjinpoBKH HJIH 

nonöopa Tpe6yeMoro aMnjiHTyznioro pacnpe^ejieHHfl BflOJib Kaagiofi H3 nHHeeK. 
Pa3BHTHeM 3Toro cnocoöa yBejinneHHa uiHpoKonojiocHOCTH aHTeHHbix CHCTCM ABJiaeTca 
Hcnojib30BaHHe AP Öerymefi BOJIHM C flByxcTpOHHHM B03Öy)KneHHeM. ßeficTBHTejibHo, 
ecjiH ojjHy H Ty aje aHTeHHy, HanpHMep, BOJIHOBO^HO- mejieBoro rana 3anHTaTb 
OflHOBpeMeHHO c ppyx CTOpOH, npHqewf npn STOM jj^rana aHTeHHbi floJiacHa 6biTb 
AOCTaToqHo 6ojibinoH, HTO6M K Kpaio aHTeHHbi ^OXOAHJIO oqeHb-Majio MOHIHOCTH, TO 

3flecb öy^yT HaÖJiioflaTbca TaKHe ace 3(|)(|)eKTbi, KaK H B aHTeHHe öerynien BOJIHM C 

BO30y)K#eHHeM ee B cepeAHHe. ^eöcTBHTenbHO, KaK MOMCHO BH^eTb H3 4)H3HHCCKHX 

cooöpa^ceHHH, npH H3MeHeHHH nacTOTbi B036y)KaeHHa noBOpOT raaBHoro MaKCHMyMa 
^H B oflHy CTopoHy, HanpHMep, K reHepaTopy, KOMneHCHpyeTca noBOpOTOM raaBHoro 
JienecTKa J\H Ha Ty ace BejiH^HHy OT reHepaTOpa jsjm Bxo/ia c npOTHBonojioacHOH 
CTOpOHbi aHTeHHbi. B [2] noKa3ano, HTO TaKHe AP 6erymeß BOJIHM HMCIOT 

Hey^OBJieTBopHTenbHbie xapaKTepncTHKH no öOKOBHM JienecTKaM, nocKOJibKy B TaKoß 
aHTeHHe KpaÄHe Tpy^HO peryjinpoBaTb aMnjiHTyflHoe pacnpe^eneHHe HCTOHHHKOB nojia 
Bjiojib aHTeHHbi. ECJIH peuieTKa BbmojiHHeTca H3 o^HnaKOBbix, HanpHMep, mejießbix 
sjieMeHTOB, TO B 3TOM cjiyqae oSecneHHBaeTca SKcnoHeHnnajibHO- yöbreaioiiiee 
aMnjiHTy^Hoe pacnpeAeneHHe c OAHOH H flpyrofi CTOpOHbi. Ilpn TaKOM aMnjiHTyjiHOM 
pacnpenejieHHH  cyinecTBeHHO  B03pacTaiOT  6oKOBbie JienecTKH,   npaB^a  npH  STOM 
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yMCHbiiiaexca uinpHHa rjiaBHoro nenecTKa ,fl,H, HO Bee ace pocT GOKOBMX JienecxKOB 
OKasbraaexca HeaonycxHMO öojibuiHM. 

KböoKaxb sxoro HeAOCxaxica MO>KHO, ecjiH Hcnojib30Baxb HecoBMeineHHbie 
HHneÜHbie   aHxeHHbi   öerymeö   BOJIHH,   pacnonoxeHHbie   P%ROM   H   3anHTaHHbie   c 
npOTHBOnOJICWKHblX  CTOpOH  -  OflHa  C OßHOH  CTOpOHH,  ßpyraa  C  npOTHBOnOJIOÄHOH. 
EcxecTBeHHO, xor^a Ha KOHuax xaKMX anxeHH Moryx ycxaHasjTHBaxbca corjiacosaHHbie 
narpy3KH H BCH xexHHKa H Mexoflmca CHHxesa AP SerymeH BOJIHM C 3a,n;aHHbiMH 
xapaKxepucxHKaMH HanpsjieimocxH, B XOM HHCJIC H C MHHKMyMOM 6OKOBMX JienecxKOB 
,HH, Moacex 6bixb Hcnojib30BaHa 6e3 cnenHajibHbix flonojiHHxejibHbix SKcnepHMeHxoB B 

nojiHOM oÖBeMe. 
ßjw flexajibHoro cpaBHHxejibHoro aHajiraa Bcex BapHaHXOB mnpoKonojiocHbix 

AP Gerymeft BOJIHM pa3pa6oxaHbi KOMnbioxepHbie nporpaMMbi, xoxopbie no3BOJiaiox 
BbiqHCnaxb ^,H H KRJ\ npH napanjiejibHOM H npn nocneflOBaxenbHOM B036yac,n,eHHH 
HSJiyqaromHx 3JieMeHXOB, a xaiOKe npH KOMÖHHHpoBaHHOM B03ÖyacaeHHH, xo-ecxb B 

cjiyqae ceKUHOHHpOBaHHbix peuiexoK 6ojibiiiHx 3JieKxpHHecKHx pa3MepoB. IIo 
pa3pa6oxaHHbiM KOMnbioxepHMM nporpaMMaM npOBe/ieHM flexajibHbie pac^exbi H 

noflpoÖHbiH aHanH3 Bcex npe,zyio}KeHHMx BapnaHxoB AP Serymefi BOJIHM na npHMepe 
BOJiHOBOflHO-mejieBOH AP 3-CM flHana30Ha. B KaqecxBe JIHHHH nepe^aHH 
Hcnojib30Bajicfl cxaHflapxHbrä BOJIHQBO/J; ceqeHHCM 23x1 OMM. 

npoaHajiH3HpyeM npeaczie Bcero BO3MO>KHOCXH yBejraqeHHa uiHpOKonojiocHOcxH 
.ZDIHHHMX (HHCJIO mejiefi OKOJIO 500, iiiHpHHa rjiaBHoro jienecxKa no nojiOBHHHofi 
MOHJHOCXH «0,2°) JiHHefiHbix AP 6erymeH BOJIHM C paBHOMepHMM aMnjiHxyflHbiM 
pacnpegejieHHeM 3a cnex B036yay};eHHa HX C #Byx cxopoH HJIH C cepeflHHM. npH SXOM 

BHanane paccxoaHHe Me^Kjjy COCCAHHMH mejiHMH noflGnpaexca xaK. HXOöM Ha 
HeHxpajibHOH nacxoxe fo rjiaBHMH MaKCHMyM ^H npH o/mocxopoHHefi 3anHXKe 6MJI 

opneHXHpoBaH B HanpaBJieHHH HOpMajiH K aHxeHHe. Pacqexw /JH xaKOH JIKHCHHOH 

aHxeHHbi npn .jxßycxopoHHeM B036yacAeHHH noKa3ajin, MXO HanpaBJieHHe rjiaBHoro 
MaKCHMyMa ,fl,H coxpaHaexca B XOM ace HanpaBJieHHH HopMajiH (pHC.l). OßHaico, npn 
oxKJiOHeHHH qacxoxbi ox fo Ha 0,15% B raaBHOM MaiccHMyMe noaBJiaexca npoBan, 
Koxopbifi npH paccxpoHKe «0,18% flocxnraex -8AB. ITpH SXOM urapHHa rjiaBHoro 
jienecxKa H3MeHaexca He3HaqHxenbHO jiHuib B nojioce nacxox ±0,1%, a npH ^ajibHeHuieM 
yBejiHqeHHH nacxoxbi ona pacxex no SKcnoHenuHajibHOMy 3aKOHy. 

Pacnexbi ^H XOH ace aHxeHHbi, HO 3anHXbmaeMOH c cepenHHM, xaioice noicasajiH, 
qxo B nojioce nacxox npHMepHO ±0,1%, HMeex Mecxo cxaÖHjnoanHa HanpaBJieHHa 
raaBHoro MaKCHMyMa RR (pHC.2). OflHaico, KaK H B npeAM^ymeM cjiyiae, «anee 
iHHpHHa rjiaBHoro jienecxKa öbicxpo yBejiHHHBaexcH B HecKOJibKO pa3. TaKHM oöpasoM, 
ycxpaHeHHe sc^eicxa nacxoxHoro cjcaHHpOBaHHJi B ocxpOHanpaBJieHHbix AP c 
paccMOxpeHHMMH Bbime cxeMaMH 3annxKH Ha6jHOJiaexcH JiHuib B oneHb y3Kofl nojioce 
lacxox. K xoMy xe xaKHe AP o6jia;jaiox BMCOKHM KCBH 3a cqex "stJxJreKxa HopMarni", 
oflHH H3 nyxeü ycxpaHeHHa Koxoporo npH coxpaHeHHH 3(|)(J)eKxa cxa6HJiH3anHH 
HanpaBJieHHH rjiaBHoro MaKCHMyMa paccMoxpeH HHace. C SXOH nejibio 6MJIH 

BbinojiHeHM pacqexbi RVL JIKHCHHOH AP, cocxoamefi H3 ppyx pacnojio»:eHHbix pa^OM 
napamiejibHMX noflpeuiexoK, KaÄAaa H3 Koxopbix HMeex o^HOCxopoHHioio 3ariHXKy, HO 

B pa3Hbix HanpBJieHHax. rjiaBHMH jienecxoK KaacflOH H3 noapeuiexoK opneHXHpoBaH B 

HanpaBJieHHH ox HOpMajiH na BejiHMHHy npHMepHO 1,5°, mo Aocxnraexca 
cooxBexcxßyiouiHM noflöopoM paccxoaHHH Meac/iy uiejWMH B no^pemexKax. IlpH SXOM 

noKa3aHO, HXO npn oxcyxcxBHH s^eicxa HopMarra sxa cxeMa 3anHXKH oöecneHHBaex 
cxa6HJiH3aHHio HanpaBJieHHH rjiaBHoro jienecxKa ^H B oojibinen nojioce qacxox 
(«0,15%) . KpoMe xoro, cyuiecxBeHHMM npeHMyinecxBOM ee aBJiaexca B03MOXHOCXb 
peajiH3au(HH aMnjiHxyÄHoro pacnpeaejieHHa, oxjiHHHoro ox paBHOMepHoro, c uenbio 
noflaBJieHHa öOKOBMX JienecxKOB. 
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EMJIH  BbinojiHeHbi   TaioKe  pacqexti  /1H   H   npoaHajiH3HpOBaHbi   nacroTHbie 
CBOHCTBa ÄByXCeKUHOHHMX  H  HCTblpeXCeKIJHOHHblX AP,  B  KaHCCTBe CeKIJHH  KOTOpblX 
Hcnojib30BanHCb paccMOTpeHHbie Bbiine BapataHTbi JiHHCHHbix AP. OKa3ajiocb, HTO 

yBejiiweHHa uiHpOKonojiocHOCTH AP MCOKHO flOÖHTbC« 3a cqeT peryjiHpOBKH (J)a3bi 
B036yKÄeHHH Ka)KaoH noapeineTKH, a H3M6HeHHeM paccroaHHa MeKfly CCKUHAMH H 

racjia meneft B no,npeineTKax yaaeTca cymecTBeHHo cHH3HTb ypoBeHb 6oKOBbix 
jienecTKOB, 

III. 3aKJiioieHHe 

npOBefleHHHH KOMnbiOTepubiH aHanH3 noflTBep^Hji BO3MC»KHOCTH yBejiHHeHHfl 
uiHpOKonojiocHOCTH jiHHeHHbix H nnocKHX AP Gerymefi BOJIHM nyTeM o^HOBpeMeHHoro 
HX B036yMC^;eHHa c AByx CTOpOH, B036yK#;eHHH B cepe^HHe H nyTeM napajuiejibHoro 
B036yameHHH CCKUHH pemeTOK Gerymen BOJiHbi. IloKa3aHbi BO3MC»KHOCTH ycTpaHeHHa 
"3<J)4)eKTa HopMajiH" B uiHpOKonojiocHbix peiueTKax Taicnx THIIOB. Pa3pa6oTaHHbie 
ajiropHTMbi H KOMnbiOTepHbie nporpaMMbi no3BOJiaiOT onTHMH3HpOBaTb BOJIHOBOAHO- 

meneBbie, MHicponojiocKOBbie H apyrne aHTeHHbie peuieTKH no flnana30HHbiM H 

HanpaBJieHHbiM xapaicrepHCTHKaM. 

IV. COHCOK jiHTepaTypti 

1. CKaHnpyiomHe aHTeHHbie CHcreMbi CB*!. P.C.XaHceH. Tlep. c aHra., M. CoB.pa.zjHO, 
T.l, 1996T.;T.2, 1969r.; T.3,1971r. 
2. Topo6en H.H., TopoGen K).H. HccjienoBaHHe aHTeHHbix pemeTOK Geryinefi BOJIHW C 

AByxcTOpOHHHM B030y>KAeHHeM. B KH.: 4-aa KpbiMCKaa KOH(J). H BbicraBKa"CBH- 
TexHHKa H cnyTHHKOBHH npneM", MaTepnajibi KOH^)., CeBacTonojib 26-28 ceHT. 1994r., 
T.2, c.295-296. 

COMPUTER ANALYSIS OF BAND CHARACTERISTICS 
OF TRAVELLING WAVE ANTENNA ARRAYS 

Gorobets N.N., Gorobets Yu.N., DakhovV.M., Zholobenko A.B., Katrich V.A., KiykoV.I., Popov V.S. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 

Bezludko V.Ya., Bondar S.G., Yatsuk T.N. 
SRIRM, 271 Akademika Pavlova St., Kharkov-310054, Ukraine 

Computer programs for analysis of the directivity coefficient and radiation patterns of the antenna arrays with current and parallel 
excitation of elements have been carried out. The different methods of excitation of the travelling wave arrays which allow to 
provide mainlobe pattern orientation into required direction at wide frequency band was proposed. The computer analysis of 
characteristics of the sectionaried arrays with the big electrical sizes has been carried out. 
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AHSJIHS T-coeflHHeHHH n-BOJiHOBo^a c npflMoyrojibHbiM B E-IUIOCKOCTH 

KptimaHOBCKHH B.r., PaccoxHHa KD.B. 
AoHei^KHH rocyHHBepcHTeT, AOHeu;K, YicpaHHa 

B paöoTG neTOflOM o6oin;eHHBix MaTpHii; pacceHHHH peniaeTca 3aflaqa o 
ÄH4)paKIi;HH    BOJIH    Ha    T-COeflHHeHHH    n-BOJIHOBOfla    c    npjIMOyrOJIbHBIM    B    E- 
njiocKOCTH. PaccMOTpeHBi cjiy^an BaKyyMHoro H ,n,H3JieKTpH*iecKoro 3anojraeHHa 
pe30HaHCHOfi OÖjiaCTH CBH3H BOJIHOBOflHOrO TpOHHHKa. 

BKC/KMIHü. Samara ÄH(ppaKiniH BOJIH Ha yrojiKOBbix noßopoTax H pa3BeTBJieHHüx 
npaMoyrojibHbix BOJIHOBOäOB paccMaTpHBajincb B pa6oTax [1-6]. Kax noKa3aHo B 

[4,5], B TaKHX HeoflHopOÄHocrax öojiLinyio pojib HrpaiOT Bbiciime Hepac- 
npocTpaHHiomHeca ranbi BOJIH, onpeflejraiomHe pesoHaHCHoe noBe^eHHe 
qacTOTHbix xapaKTepHCTHK. Pe30HaHCHoe oTpaxeHHe na^aiomeH BOJIHM nponc- 
xo/JiHT npH  coBna/jeHHH  ee  HacTOTbi  c  COöCTBCHHOH  nacTOTOH  pe3onaHCHOH 
OÖJiaCTH CB33H BOJIHOBOflOB. HaCTOTHbie XapaKTepHCTHKH H-nJIOCKOCTHOrO 
TpOHHHKa   Ha   npHMOyrOJIbHblX   BOJIHOBOJjaX   C   JJHSJieKTpHKOM   B   OÖJiaCTH   CB5I3H 
paccMOTpeubi B [4]. /Jjm BOJIHOBOäOB CJIOJKHMX ceneHHÜ aHajiH3 T-coe/iMHeHHH 
He npoBOÄHJic«. KaK ^acrabra cjiynaH, B [7] npoBe/jen pacqeT npjiMoyrojibHoro 
noßopoTa c H-BOJiHOBo/ja Ha npHMoyrojibHbrä B E-njiocKocTH. PaccMOTpHM 
Tenepb 6ojiee o6myio 3a/jaqy o pacceaHHH BOJIH Ha T-o6pa3HOM pa3BeTBJieHHH 
Il-BOJiHOBOfla B E-njiocKocTH. ByjieM peiuaTb ee MCTOäOM o6o6ineHHbrx MaTpnu, 
pacceüHHH (OMP) no npoeicnHOHHOH cxeine. 
OcHOBHaa qacTb. Hcnpjib3yji npHHHHn fleKOMno3HnHH H MCTOä qacraraHbix 
oöjiacTeii, pa36HBaeivi Hcxo^Hyio oöJiacTb na qacra^Hbie nofloöJiacTH cjie/jyiomMM 
o6pa30M (pnc. 1): o6jiacTH I H II - peryjrapHbie nojiy6ecKOHe*iHbie yqacTKH 11- 
BOJiHOBojia c HanpaBJieHHeM npoflOJibHOH OCH Z OT nepßoro KO BTopoMy, oöJiacTb 
III - peryjrapHbiH nojiy6ecKOHe*iHbiH npjiMoyrojibHbiH BOJIHOBOä HIHPHHOH L<A. 
OöJiacTb IV - pe30HaHcna5i oöJiacTb CB#3H BOJIHOBOJJ,OB JJ;JIHHOH W, paBHofi 
BbicoTe  npHMoyrojibHoro  BOjmoBo/j;a  III.   YCTPOHCTBO  HMeex #Be  njiocKocra 
CHMMeTpHH X—0 H Z=w/2.  B 3aBHCHMOCTH OT HCTHOCTH paCCMaTpHBaeMblX TKÜOB 
BOJIH, B njiocKocTH x=0 pacnojiaraioT ajieicrpHqecKyio HJIH MarHHTHyro cTeHKy. 
CjiyqaH ajieKTpHHecKOH CTCHKH npn z=w/2 (nerabie no z BOJIHH BOJiHOBO/ja III) 
cooTBeTCTByex npHMoyrojibHOMy noBopoTy B E-HJIOCKOCTH /iByx He3aBHCHMbix 
BOJIHOBOJJOB [2]. 

CoraacHO MeTo/jy OMP, nojie ra6pH/i,Hbix BOJIH B peryjiapHbix BOJiHOBo^ax 
I-III  onpe/jejiaeTCH  ajieicrpHHecKHM  H  MaranTHbiM  BeKTopaMH  Iepua  -  JJJISI 

BOJIHOBOÄOB   III   (0,0,A^Ez))   H   (0,^/^,0)   flJIfl   BOJIHOBOfta   III,   -   KOTOpbie   B 

CBOK)   onepeflb   npe/jcTaBJiaioTCfl   B   BH/Jte   o6o6meHHoro   pa^a   <J>ypbe   no 
C06cTBeHHbIM BOJIHaM KaiKHOH H3 qaCTHIHblX OÖJiaCTeH.   B  OÖJiaCTH  IV,  KaK 3TO 
cflejiaHo B [3,4,7,8], none npeflCTaBJiaeTCH B BHfle cynepno3Hn,HH rnöpH/jHbix 
BOJIH      ÄByX      B3aHMHO      nepneHJJ,HKyjI5ipHbIX      BOJIHOBOflOB      C      nOCTOflHHblMH 
pacnpocTpaHeHH5i B Z- H y-HanpaBJieHHH (sjieKTpKraecKHe CTCHKH npH y=B H 

Z=0, z=w cooTBeTCTBeHHo). TaKHM o6pa30M, BeKTop Tepna B o6jiacTH CBH3H 

HMeeT ÄBe cocTaBjiaiomHe (0,A%m, A%2{Ez)), Kax^aji H3 KOTOPHX 

pacKJiaflbmaeTCH no coöcTBeHHbiM BOJIMM oÖJiacTH IV. KoMnoHeHTa A%z(Ez) 

pacKJia/JbiBaeTCH no co6cTBeHHbiM BOJIHaM ri-BOjiHOBOjj;a, a A™(Ey) - no 

co6cTBeHHbiM BOJIHaM npHMoyrojibHoro BOJiHOBo^a III, npHqeM B y- 
HanpaBJieHHH nojie onHCbmaeTCH cyMMon CTOHHHX MOJJ (npn y=0 BOJIHOBOJJ 

3aKopoqeH). 3aecb, HCXO^H H3 reoMeTpHH ycTponcTBa, win KOMnoHeHTbi AjL,,, 
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oöJiacTb IV ÄonojiHHTejibHO pa3ÖHBaeTca Ha RBQ noaoöjiacra IVa H IVb H 
pemaeTCH 3a^aHa o paccejiHHH BOJIH Ha njiocKononepeHHOM CTbiKe 
npHMoyrojibHbix BOJTHOBO#OB IVa H IVb, OäHH H3 KOTOPHX 3aicopoiieH. 

CiiiHBaa nonepeqnbie cocTaBjraiomHe aJieicrpHHecKoro H MarHHTHoro 
nojien, onpe/JcejiaeMbix BeKTopoM A™{m, Ha CTbiKe BOJIHOBO^OB IVa H IVb c 
HCnOJIb30BaHHeM  OpTOrOHajIbHOCTH  MX  6a3HCHbIX  (pyHKHHH,   nojiyHHM   MaTpHHy 
Sp, CBH3biBaiomyK> aMHJiHTyÄbi CTOOTHX BOJIH oöjiacTH IVa: 

S, = M"-m Sag{jtgk>;iLd\ M"-m\ 

r;j,e (B*) - BeKTop-aMruiHTyflbi co6cTBeHHbix BOJIH pa3Jio3ceHH5i BeKTopa Tepna 
AZ(Ey)  n0 COÖCTBeHHbIM BOJIHaM, BKJIIOHaiOmHe B CeÖH KaK H-, TaK H E-BOJIHbi: 

(B
±
) = ((B%)(BZ)). BbipaxeHHH ana MaTpmjH rniocKononepe^Horo cTWKa MIVa>IVb 

MOXHO HaHTH B [7,8]. 
CuiHBaa, flajiee, noneperabie cocTaBJi5Honnie nojieft na rpaHMHax 

qacTHHHbix oöjiacTen I-III c o6jiacTbio CB5I3H IV H onycKan rpoM03ÄKHe 
npoMexyTOHHbie BbiKna^KH, nojiyHHM öecKOHe^Hyio CMCTeMy H3 Tpex JiHHeHHbix 
MaTpHHHblX  ypaBHeHHH   OTHOCHTejIbHO   HeH3BeCTHHX  aMnjiHTya   npHMHX   (V1)  H 
oöpaTHbix (Rl) BOJIH B o6jiacrax j—I-III: 

•(F _R>+ v" _ *") = -diagy. ctgklw){V + R1- V" -R") + [Q0 + Qw)(V" + Rw), 

,\y> -R' -V" +R") = diag{j-ctgkI
zw}(V +R'+V» + R") + [Q0 - Qw\{v!" +R'"),   (1) 

(V'n - R">) = -W(V" + R'!!) + FW{V" +R")- F0(V + R') 

TW 
Tx = diag{cosk'y

Vag}Sp+diag{jsink';ag}- T2 = diag{jsinkI
y
Vag}Sp+diag{cosk,y

Vag}; 

ß0 = R.M^"1,   Qw RwM'Va''\ W=M,Va>,uTT2T;xM'Va>1" 

3/j;ecb MaTpHHbi  Qo(W)> ^O(W) oimcbiBaioT CBH3b Me^ay pasjrarabiMH THnaMH 
BOJIH,  pacnpocTpaHaiomHxoi  BO  B3aHMH0-nepnenjj;HKyji5ipHbix HanpaBJieHHax. 
AHajIHTHHeCKHH paCHÜT HHTerpaJIbHblX BbipaxeHHH ÄJIH  MaTpHH   Qo(W),  F0(W)    c 
noMombio   (popMyji   BeKTOpHoro   aHajiH3a   noKa3bmaeT,   HTO   OHH   CBjmHbi 
cooTHOiueHHeM: 

i£0(w<) M)(w)> (2) 

Peinaa CMCTeMy MaTpHHHbix ypaBHeHHH (1) c yneTOM (2) OTHOCHTejIbHO 
HeH3BecTHbix aMiuraTyn; OTpaxeHHbix BOJIH, nojiyraM o6o6meHHyio MaTpHHy 
pacceaHHM T-o6pa3Horo pa3BexBJieHH5i Il-BOJiHOBoaa B BHJje S-MaipHHbi mecra- 
nojiiocHHKa: 

(R>) 
= S, 

n 
(V) 
(R'")_ 

(3) 

rae ajieMeHTbi MaTpHuw S$ onpeAejisiOTca BbipaxeHHHMJi: 
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Ss3i = W~'[MWS- - M0(S
++2U)J   SS32 = W^MW{S+ +2U)- M0S~ 

SS33 = W/[MWM
+
-M0M- + 2S2\ 

(4) 
Ssu = 0,5[MSS31 + 5+];   SS12 = 0,5[M-5S32 + S~j   Ssl3 = 0,5M~[S533 + C/]; 

S,2I = 0,5[M+5S.31 + STJ   SS22 = 0,5[M+5,32 + S+],   SS23 = 0.5AT [S„3 +1/]; 
a MaTpHLibi B (4) HMeioT BHä: 

rs. =2U-MWM
+ + M0M-, 

U~ = U±j-diag\ctg[k'2z^, U~=U±j-diag\tg[k'2z^, z0 = w12, 

Sc = U^U*; ST = UflU~T; S* = ST ± Sct (5) 

S2 = (U + W)-\U - W);   M0(w) = (U + W)-XF0(W)- 

Mc = Uf\Fw + F0)\   Mr = Uf\Fw - F0)
r,   M± = MT ± Mr.  • 

B ciiyqae AHajieKipmecKoro 3anojiHeHH5i oöjiacra CBH3H IV B pa3jioxeHHH 
BeKTopoB Tepua no COGCTBCHHLIM BOJiHaM STOM oöjiacra noMeHaeTca TOJILKO 

Bbipa^CeHMH ÄJIH nOCTOHHHblX pacnpOCTpaHeHHH COÖCTBeHHblX BOJIH H 
COOTBeTCTBeHHO      H3MCH5ITCH      BOJIHOBbie      HMnejjaHCbl.       OTCK)fla      H3MCH5ITCH 
sjieMeHTbi MaTpnu MIVa>m H Mm>in. OöLUHH BH« CHCTCMH MaTpn^Hbix 
ypaBHeHHH (1) He H3MeHHTC5i, o^HaKO noHBOTCH ÄHaroHajibHbie MaTpHnbi, 
onpeflejunomne OTpaaceHHe BOJIH OT jnwjieKTpHqecKOH rpaHHUbi. 

FIojiyqeHHan MaTpnua pacceHHHH onncbmaeT Bee B03M0XHbie pejKHMbi 
paöoTbi paccMaTpHBaeMoro naccMBHoro ycrpoHCTBa, nocKOJibicy B Hanöojiee 
oömeft (popMe onncbiBaeT jiHHeHHyio CBH3B Meaqjy aMnjiHTyaaMM na#aiomHX H 

OTpaaceHHblX BOJIH TpOHHHKOBOTO pa3BeTBJieHHH n-BOJIHOBO^a. 
PesyjibTaTM pacnera. HncjieHHaa peajiraaima anropHTMa pac^eia S-MaTpmjbi 
BOJiHOBO^Horo TpoiiHHKa B E-njiocKOCTH win n-BOJiHOBOfla BbinojmeHa c 
noMombio KOMiuieKca nporpaMM B cpe#e Borland Pascal Ha II3BM rana 
486DX-80. IlpH pacneTe yqHTWBajiocb no 12 co6cTBenHbix BOJIH H- H E-rana; 
KpHTHHeCKHe    HHCJia    COÖCTBeHHblX    BOJIH    E[-BOJIHOBOJi;a   paCCHHTaHbl    MeTOflOM 
HacTHTObix oöjiacTen no npoeKHHOHHon cxeMe c TOHHocrbio RO e=l(H, npn 
3TOM yqHTbiBajiocb He MeHee 30 HJieHOB pa/ja Oypbe. AHajiH3 ycTponcTBa 
npoBe^eH B jjHana30He TOCTOT, B KOTOPHX 6e3pa3MepHbin nacTOTHbin napaMeip 
K=(2n/X) A MeHfleTCJi B npe#ejiax n/2<K<2n. 

ZJJIH cjiynaeB uinpoKoro H y3Koro ]I-BOJIHOBO/J;OB OMJIH paccHHTaHbi 
lacTOTHbie xapaKTepHCTHKH Koac^HnneHTOB OTpaxeHHH H nepeztann BOJIHW H10 

B  3aBHCHMOCTH  OT  BblCOTbl   ipeÖHfl   Ii-BOJIHOBOJia  d,   OT  UJHpHHbl   IlieJIH   W H  OT 
3HaqeHHH /jHSJieiapHHecKOH nocTo^HHon s B /jnana30He HacTOT /c=l,6-6,5 [8]. 
H3 pe3yjibTaTOB pacneTOB cjie^yeT, HTO B 3aBHCHMocTH OT STHX napawieTpoB 
ycTponcTBo MO>KeT paöoTaTb JIHöO Kax «ejiHTejib MoinHocTH, JIH6O Kax 
^nnjieKcep (npn HecHMMeTpnHHOM B036y>K£eHHH flJIH 6ojibmnx d*0,8b) B 

3a/jaHHOM flnana30He qacTOT. 
B   KaqecTBe   npnMepa  pacneTa,   Ha   pnc.   2   npe^cTaBJieHbi   qacTOTHbie 

XapaKTepHCTHKH     ÄejIHTeJieft     MOmHOCTH     JTJIH     CHMMeTpHHHOrO     B036yXfleHHH 
y3Koro (KpHBaa 1) H mnpoKoro (KpHBaa 2) II-BOJIHOBOAOB BOJIHOH rana H10. 
CnjioniHOH jiHHHeH noKa3aHbi Koa^^HnneHTbi nepefla^H, nyHKrapHon - KO3(J>- 
4)HHHeHTbI OTpaxeHHH. 

Pe30HaHCHoe noBe/jeHHe nacTOTHbix xapaKTepncTHK TpoHHHKa npn s>l 
(pnc. 3) cBK3aHo c B036yagi;eHHeM B flnajieKTpHHecKOM pe30HaTope 6ojibinero 
qncjia pacnpocTpaHJiiouiHXCH  MOä   ("3anepTbie"   MOäM),   qeM  B  noflBOflau^Hx 
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njienax, H MexMOÄOBbiM HX B3aHMO,n;eHCTBHeM [4,5]. C yßejiHHeHHeM 3HaneHHH 
ÄHSJieKTpH^ecKOH nocTOHHoft s nepeflaTOHHbie xapaKTepHCTHKM TpofiHHKa, 3a 
HCKJTio^ieHHeM oTflejibHBix pe30HaHCHwx nHKOB, 3Ha^HTejibHo yxyfliiiaiocH 3a CHCT 
OTpaiKCHMH OT ÄHSJieKTpHKa. 

CTpejiKaMH Ha OöOHX pHcymcax no OCH a6imcc oTMeneHM BepxHHe 
rpaHHLtbi oziHOMOflOBoro pe^KHMa paöoTbi ycTpoftcTB. Pe3yjibTaTbi pacneTOB 
noKa3biBaiOT, HTO B paccMaTpHBaeMOM flHana30ne B BbicuiMe pacnpocTpai-M- 
ioiUHeca THnbi BOjiH npeo6pa3yeTCH Heöojibuiaa äOJI^ (He öojiee 0,04) MomnocTH 
BOJiHbi H10. ripH 9TOM, cyniecTBeHHyio pojib B nponecce nepe^aqn aHepran B 
nepneHflHKyjiHpHbie miera HrpaioT HepacnpocTpaHsnomHecji BOJIHM E-THna. 
3aiuiiOTeiffle. TaKHM oöpasoM, MCTOJJ; OMP H pa3pa6oTaHHbie Ha ero OCHOBC 

nporpaMMbi paraeTa T-coe/xjßHeHHfl n-BOJTHOBOJj;a c npHMoyrojibHbiM B E- 
njiocKociH no3BOJi5HOT npoaHajiH3HpoBaTb ero Ha ajieKTpo/jHHaMHHecKOM ypoBHe 
CTporocTH c JH060H CTeneHbK) TOHHOCTH. B pe3yjibTaxe ^KCJieHHoro aHajiH3a 
ycTpoHCTBa BbuiBJieHbi ocoöeHHOcTH noBefleHH« H pe30HaHCHbie cBOHCTBa 
qacTOTHbix   xapaKTepHCTHK   npn   pa3JiHHHbix   reoMeTpnqecKHX   napaMCTpax   H 

3HaHeHHÄX    flHajieKTpHHeCKOH    nOCTOHHHOH    B    OÖJiaCTH    CBSI3H    BOJIHOBOÄHOrO 
TpoHHHKa 18]. Ms aHajiH3a pe3yjibTaTOB pacqeTOB cjie/jyeT BO3MOXHOCTB 

Haxoa<aeHH5i TaKHX reoMeTpH^ecKHX napaMeTpoB BOJIHOBO^OB H 3HaneHHH 
flH9JieKTpHqecKOH nocTOHHHOH, KOTopbie o6ecneHHBaioT HeoöxoflHMbie 3HaneHH5i 
KoacpcjjHHHeHTOB nepe/ja<ra B 3a#aHHOM MHTepBajie qacTor. 
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%Jtv 

1 - s=l; 2 - E=2.1;   3 - e=4.75;   4 - s=9.8. 
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CHMMeTpHHHoro BcooyameHHfl T-coe^HHeHHH npHMoyrojibHoro H U-BOJIHOBO^OB 

c pa3MepaMH c=0,155; d=0,3; b=0.5; L=l; w=0,25 B aaBHCHMOcra OT 8. 
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nnASMOXUMMMECKUM PEAKTOP 
C 3AMKHyTblM flPEMQOM 3J1EKTP0H0B 

flJlfl nPOMSBOflCTBA 3J1EMEHTOB 
C CyEMklKPOHHbIMM PA3MEPAMM 

B.M. KoHOBan, B.B. ycTanoB, O.A. 4>eflopoBHH 
CKTE c 311H14 "MHcmumym fldepHbix MccnedoeaHuü" 

252028, Kuee-28, np. HayKU, 47, men. 265-24-36, cpaKC 265-44-63 

AHHomamia - rinasMoxiiMUHecKHPi peaiaop (nXP) npeflHasHaneH AH* npeunsnoHHoro TpaeneHiw MeiannoB 
nojiynpoBOflHMKOB, fluanexTpiiKOB n BbicoKOTeivinepaTypHbix CBepxnpoBOflHMKOB c MMKPOHKUMM M cyßMMKpoHHbiMH pasMepaMn' 
nXP MO>KeT npuNieHHTbca B TexHonorwecKtix npo4eccax M3roT0BneHna 6onbiunx n CBepxoojibiuwx MHTerpanbHbix cxewi 
aneMewoB CBM, wncppaKpacHou TexHMKM M flp. Xmmecm aKTMBHaa v\m HeÜTpanbHaa nna3Ma oßpasyeTca B B4 - pasple B 

CKpeiMeHHbix MarHMTHOM M oneKTpunecKOM norax Me»<fly flByiuiq oxnax<AaeMbiMM sneiapoAaMM: MHororpaHHofi npusMOM n 
aaseMneHHbiM UMHHHAPOM. nXP MOKeT pa6oTaTb KBK B peKUMe Mareoro ipasnenvm (c MMHwvtanbHbiMM paAna4MCHHbiMH 
noBpe)KfleHiiaMM), TaK w B pe>KMMe pacnuneHMR Hanpq»eHMe aBTOcwemeHun MOKHO MeHJiTb OT 40 flo 1000 B c noMOU^bio 
MarHMTHoro nona M BcnoMoraTeribHoro reHepaTopa CMememw. 3aMKHyTbifi flpefi* aneiapoHOB nosBonneT H36aBMTbcn OT 
flpewcpoBbix HeycTOMMMBOCTen M noBbicwTb paBHOMepHOCTb TpaBneHMfl no Bceü o6pa6aTbiBaeivio« nnouiaiiM rionvMeHbi 
cyöMUKpoHHbie pasMepw oneMewoB CBM-TpaH3WCTopoB. 

I. BeefleHne 

B noc/ieflHne roflbi Bee 6onee uwpoKoe npuMeHeHHe HaxoflaT npn6opbi, o6opyflOBaHne w 6biTOBaH 
TexHHKa, paßoTaiomaa B CBM flnana30He paflnoBOJiH. fl™ paspaöo™ n waroTOBneHMfl KOMnneioyioiiuix 
fl/ia ycTpoMCTB, paöoTaKDLunx B 3TOM fluana30He, Heo6xoflMMO nonynaTb MMKpoHHbie v\ cy6MW<poHHbie 
pa3Mepbi sneMeHTOB. 

B TO »e BpeMa cepntiHo BbinycKaeMoe B cipaHax CHr oöopyflOBaHne ana n/ia3MOXMMMMecKoro 
TpaBJieHun M 6onbiiiMHCTBO nMnopTHoro He nosBoraeT nojiynaTb cyöMHKpoHHbie pasMepw sneMeHTOB, HTO 

CBasaHo c SoxibuJUMM snepn^MM MOHOB B ycTaHOBKax, KOTopbie npuBOfl^T K ßbiorpoMy pa3pyiueHMio cpoTo- 
\A 3/ieKTpoHope3ncTKBHbix noKpbiTMM. UMnopTHoe oöopyflOBaHne, npnroflHoe pjm nouyneHMfl Taiwx wia/ibix 
pasMepoB 3/ieMem-oB MMeeT CTOMMocTb 6o/iee 250 Tbic. flOJinapoB. nosTOMy HeoöxoflwMa paspaßoTKa, 
MsroTOBJieHne M TexHO/iorwecKne McnbuaHun nnaaMOXMMUMecKoro o6opyflOBaHkia c ManbiMM aHeprviaMM 
MOHOB, nosBormtoLuee pewaTb MHorns BOSHUKaramne safla^M, B T.M. CBM-sneiapoHHKn n C03flaBaTb HOBbie 
BMflbi KOHKypeHTHOcnoco6HoPi npoflyKMMM. OflHMM U3 nnasMOXMMMMecKMX peaKTopoB, no3Bon«K)U4nx nonyHaTb 
cy6MHKpoHHbie pasMepbi sneMeHTOB mmeicn nXP c saMKHyrbiM APeticpoM sneiapoHOB, B KOTOPOM MOJKHO 

06pa6aTbiBaTb oflHOBpeMeHHO AO 9 nnacTMH AnaMeTpoM 100 MM. 

II. OcHOBHan nacTb. nna3MoxnMMMecKHM peaiaop 

flnn nnasMoxMMUMecKoro TpaBJieHMn nxieHOK MeTajinoB, flH3/ieKTpnKOB n nonynpoBOflHMKOB c 
cy6MMKpoHHbiMM pasMepaMM paspaSoTaH n MOAepHMSupoBaH no peayjibTaTaM ncnbuaHH« nJiasMoxuMMHecKMPi 
peaicrop c 3aMKHyrbiM flpeficpoM sneiopoHOB [1]. 

KaK ywe OTMenanocb, fljia nonyneHUH cy6MHKpoHHbix pa3MepoB sneMeHTOB npn nna3MoxnMMHecKOM 
AaBjieHMH Heo6xoflHM nXP c HMSKOM 3Heprneti MOHOB. CjieflyeT OTMeTMTb, MTO CHMxeHMe SHeprMM MOHOB M 

yMeHMe ynpaBJinTb STOM sHepmeä «Bleien r/iaBHbiM npn paspaöoTKe nXP fl/in ^pe^M3^lOHHo^o TpaBneHUfi 
MSAejiMfi. nXP c 3aMKHyTbiM flpeficpOM 3/ieicrpoHOB nosBo/iaeT ynpaBnaTb SHeprMeM MOHOB OT 20 3B AO 1000 
3B M pa60T3Tb KaK B pe>KMMax TpaBJieHMM 6e3 paAMaqnoHHbix noBpe>KAeHMCi n/ieHOK M HM>Kene>KaiHMX c^oeB 
npn Manbix SHepmax MOHOB, TBK M B pewnMax pacnbineHnPi. B ocHOBy RXP nonoxeHbi ABe Ba»HeMUjwe 
nnasMeHHbie paspaßoTKM: nnasMeHHan noByujKa sneicrpoHOB c MamMTHbiMM npoöKaMM M BM-paspyiA B 

CKpe^eHHOM MarHMTHOM M sneKTpMMecKMx nonnx. Ho B oöbiHHOM njiaHapHOM peaicrope co cKpemeHHbiMM 
nonnMM B03HMKaeT APeiicpoBan HeycTOMHMBocTb [2], npMBOflflinaa K cyu^ecTBeHHOMy yxyAUieHMio 
paBHOMepHoc™ TpaBneHMfl o6pa6aTbiBaeMbix n^acTHH (flo ±15% Ha 0 100 MM) [3] u TpeßyeT CKaHMpoBaHMfl 

MamMTHoro nora c noMoi^bio cnequanbHoro HM3KOMacTOTHoro reHeparopa. flna nacTMMHoro ycTpaHeHM«, a 
TOHHee saMbiKaHMn no KpyroBOMy ABMxeHMK) sneKTpuMecKOM flpeMcpoBOM HeycTOMHMBocTM, nnaHapHbiPi 

peaicrop 6bm npeoöpasoBaH B " TPMOH", mw nXP c 3aMKHyTbiM ApeßcpoM aneiapoHOB. B pesyiibTaTe TBKOM 

pa3pa60TKM yAanocb ynyHUJUTb paBHOMepHOCTb TpaBneHMP o6pa3qoB na nnou^aAM 100 x 300 MM2 AO ±5% 
cooTBeTCTBeHHO Ha Ka>KAoPi M3 Tpex rpaHeü npn3Mbi. 
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Pa3pnfl B nXP o6pa30BbiBancH B cxpeu^em-ibix aneicrpMMecKOM n MamMTHOM nonax Me>K,qy AByMa 
ajieicrpoflaMM. riepBbiPi us HMX - aKTMBHbiPi, K KOTopoiwy npmtnaflbiBaeTCfl BH-HanpaweHMe ocHOBHoro ucTOMHUKa 

TOKa (13,56 Ml~q), M3roTOBneH OH H3 HepwaBehomePi CTanM B BMfle TpexrpaHHoPi, ox.na>K,qaeMOÜ BOfloPi npM3Mbi, 

Ha rpanax KOTopoü pa3MeinaK)Tca o5pa6aTbiBaeMbie o6pa3i_;bi. BropbiM pa3p«flHbiM aneicrpoflOM aBnaeTca 

L^nnnHflpuMecKMvi 3a3eMn8HHbiM Kopnyc ycTaHOBKH, TaKxe n3roTOBneHHbifi M3 HepwaBetometf dann w 
oxnawAaeMbiPi npoTOMHoPi BOAOM. KoHCTpyKqun AononHanacb AByMa oxnax<fiaeMbtMH BOAOM sjieKTpoflaMM, 
KOTopbie HaxoAaTca nofl nnaBawmuM noTeHL(ManoM nna3Mbi. OHM npeflOTBpamann npo6oPi n ropeHMe 
pa3p«fla Ha BepxHMÜ aneicrpofl M B Hacoc. MamnTHoe none npo6oMHoPi KOHCpnrypai4MM no3Bonn/io yBeriMMMTb 
CTeneHb H0HH3aqnM pa6oMero ra3a B oÖJiacTM npodpaHCTBa Me>Kfly ocHOBHbiMM pa3paflHbiMH aneicrpoflaMU M 

cHM3HTb noTepn nna3Mbi 3a cneT yxofla aneKTpoHOB B pe3ynbTaTe fln4)cf>y3nn. Mami/m-toe none co3flaBanocb 

npn noMomn Tpex KaTyweK, BKiHOHeHHbix cnHcj3a3HO. Hanpji>KeHHocTb nona BAonb BcePi paßoneü rpaHU 

npn3Mbi He M3MeH?inacb. HanycK paöonero ra3a ocymecTsnanca cuMMeTpuMHO B BepxHePi nac™ nXP, a 

oTKaHKa npoBOflwnacb BHMsy c noMOinbio napoMacnaHHoro Hacoca (H-2T, npon3BOAHTenbHocTbK) 1500 n/ceK) 
nrin 4>opBaKyyMHoro YBX-14-066 (npon3BOflHTenbHOCTbto 16n/ceK). KoHTponnpoBanncb Bee BHeoiHwe 

napaMeTpbi pa3pafla: pacxofl ra30B, TOKH B pa3pnfle, nafleHMe HanpaweHMa Ha pa3pnfle, HanpaweHMe 

aBTOCMemeHna, npoBOflnncn KanecTBeHHbiPi anann3 cocTaBa nna3Mbi, M3MepanMCb OTHocMTeribHoe flaB/ieHkie 

B nXP n flp. napaMeTpbi paspaAa, HeoöxoflMMbie flnn Bocnpon3BOflMMocTn ycnosMPi pa3paAa w nonyneHMa 

BOcnpoMSBOflMMbix pe3ynbTaT0B TpaBneHMa. 
flna nonyneHMa xnwnMecKH aKTMBHoPi nna3Mbi ncnoiib30Bann BH-reHepaTop c nacTOToPi 13,56 Ml~t4 

MoiAHOCTbK) 4 KBT. YMHTbiBaq, MTO conpoTHB/ieHne nxia3Mbi, KaK npaBuno, Bcerfia MeHbwe BOJIHOBOI"O 

conpoTUBneHMFi BbixoflHoro KacKafla reHepaTopa M coeflMHUTenbHoro Ka6ena (75 OM), flna cornacoBaw-ia 
reHepaTopa c nna3MeHHoPi Harpy3KoPi Mcnonb30Banocb cornacyiomee ycTpoPicTBO. ripoBOAnnacb Taioxe 
cTa6nnn3ai4na TOKa BH paspaAa npw noMoiMM cnei^na/ibHO pa3pa6oraHHoro ycTpoPicTBa, ynpaBnaeMoro npH 

noMomw oßpaTHoPi CBA3M. 

B onHcaHHOM pe>KMMa paßoTbi ycTaHOBKH MOWHO M3MeHaTb Hanpa>xeHMe aBTOCMemeHMa OT 100 B flo 
200 B H TpaBMTb HeKOjopbie MeTannbi n nonynpoBOflHMKH c MMKpoHHbiMM v\ cy6MHKpoHHbivin pa3MepaMH. 

OflHaKo, npn nepexofle Ha cy6MMKpoHHbie pa3iwepbi BbicoTa samnTHoPi MacKM cpoTo- nnn 3neKTpoHope3MCTa 

flonKHa Hen36e>KH0 yMeHbaiaTbca, noaTowiy B03HMKaeT npo6neMa nna3MOCToPiKoc™ pe3HCTMBHbix MacoK. Ee 
MOKHO peuJMTb TOJibKO OAHUM nyTeM - cHUKenneM SHeprnH 6oM6apflnpyioiAnx noBepxHOCTb HOHOB, T.e. 

cHH)KeHweM HanpnxeHUfl aBTocMemeHMa flo 20 - 60 B. flna yivieHbiijeHna TennoBoPi Harpy3KM Ha 3au4MTHyK3 

MacKy TaK>Ke HeoßxoflUMo cHHweHMe SHeprnn MOHOB flo 20 - 60 aB, a B CBH3H C OTMM Heo6xoflHMa 
MOflepHH3auiMfl nna3MOXnMHHecKoro peaicropa. flpyrovi npuMHHOü MOflepHH3aqnn nXP 6bma HeoßxoflUMocTb 
CTbiKOBKM ero c flpyrofi BaKyyivinoii 6a3oii (npoMbituneHHoPi nna3MoxnMHHecKofi ycTaHOBKH TpaBJieHMH Tuna 
"KAPTEP"). B CBA3M c STUM 6biji noriHOCTbto nepeflenaH CTbiKOBOMHbiPi \/zen n cflenaH HOBbiPi nna3MoracnTenb, 
npeflOTBpaLnatoiUMM npo6oii npM3Mbi B OTKaMHyro Tpy6y M Hacoc. Bbm H3-bflT ox/ia>KflaeMbiM nnaBaramnPi 

aneicrpofl c njia3MoracnTeneM. BwiecTO Bcero CTbiKOBOHHoro y3/ia, npucnocoö/ieHHoro K BaKyyMHoPi 6ase 

ycTaHOBOK yBH-73 n YPM 3 279.053 M flpyroro Tuna, 6bm pa3pa6oTaH HOBbiü BapnaHT CTbiKOBOMHoro y3na. OH 

6bm M3roTOBJieH M3 HepwaBeioinePi cTa^M, Heox/ia>KflaeMbiPi, c nocaflOHHbiMM pa3MepaMH, no3BO/iflK)LHMMH 

repMeTUHHO ycTanaBriMBaTb ero Ha OTKaMHyro Tpyöy ycTaHOBKH "KAPTEP" nocne fleMOHTaxa ee aKTMBHoro 

pa3pnAHoro aneiapoAa, nsonnTopa noA HUM M orraTHoro nnasMoracMTenn, KOTopbiii B AöCSTKH pa3 ywieHbiuaji 

cKopocTb npoKaMKH ycTaHOBKH. Ha CTbiKOBOHHbiPi y3en ycTaHaB/iMBanacb HMäH^H KaTyuixa MamuTHoro nonn, 

KOTopan OAHOBpeiweHHO npn>KHMana CTbiKOBOHHbifi y3en Mepe3 pe3MHKy K HnwHeMy 4)JiaHMy ycTaHOBKH 
"KAPTEP". HMKHUM cpnaH6L( Hapy>KHoro pa3paAHoro aneicrpoAa repwieTHHHO npn>KHMaeTca K CTbiKOBOHHOMy 
y3ny Tpewm raPiKaMM <nepe3 BepxnioK) ynnoTHHTe/ibHyio pe3MHKy. <t)nKcai4H?i CTbiKOBOMHoro y3na no qeHTpy 
BaKyyMHoPi 6a3bi ycTaHOBKH "KAPTEP" npoBOAnnacb 6naroAapn BbiciynaiomePi HaA HM>KHHM cp/iaHL(eM Ha 20 
MM OTKaHHoPi Tpy6bi ycTaHOBKH. BHyTpeHHuPi A^aMeTp CTbiKOBOMHoro y3na 6bm M3roTOBJieH Ha 1 MM 6o/ibine, 
neM HapyxHbiü py\auejp OTKaMHofi TpySbi n npaKTMHecKH njnoTHo cpuKcupoBajica na HePi. KaTyaiKH MamnTHoro 

nona - Bepxnaa w HHäHHM, 0AHHai<0Bbie no AnaMeTpy n KoriMMecTBy BHTKOB, BbicTaBnajincb CMMMeTpuHHO 
OTHocnTenbHO npn3Mbi, cpeAHflfl - (AnnHHaa) ycTaHaBriMBa/iacb nocpeAHHe npn3Mbi. C noMoiAbio Tpex 
KaTymeK MamMTHoro nona, nyTeM noA6opa TOKOB B HMX, BbicTaBnanocb paBHOMepHoe MamMTHoe none 

BAonb BcePt npn3Mbi. B BepxHePi M HMÄHePi MacTM ycTanoBKM B6nM3M cooTBeTCTBytoiAMX KaTyiueK Hanpa- 
»eHHOCTM nonePi SbinM Sonbiue, MTO cosAaBano no6oMHbie KoncpMrypaqMM MarHMTHoro nona. Hanpa>KeHHOc™ 
nonePi MOJKHO 6uno nnaBHO MenaTb B npeAenax 0 - 200 3 M TaKMM o6pa30M 3aMamMMMBaTb aneicrpoHbi, 

ynpaBnaa MX A^cpcpy3MePi, a cooTBeTCTBeHHO M Hanpa>KeHMeM aBTOCMemeHMa (aHeprMePi MOHOB), a TaioKe 
CTeneHbio noHM3aL(MM nna3Mbi. Bo3MO>KHOCTb ynpaBneHMa OHeprMaMM MOHOB npM noMoiAM sneKTpMMecKMx M 

MarHMTHbix nonePi aBnaeTca caMbiM maBHbiM npeMMymecTBOM nna3MOXMMMHecKMX peaiaopoB c 
perynMpyeMbiMM MamMTHbiMM nonaMM M no3BonaeT peiuaTb pa3Hbie 3aAaMM B MMKpoaneicrpoHMKe M 

aneicrpoHHoPi TexHMKe, KOTopbie He yAaeTca peiuaTb Ha o6bNHbix nXP 6e3 MarHMTHbix nonePi. 
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B pe3y/ibTaTe TexHO/iorn'-iecKnx Kcnbnraww flXP c 3aMKHyTbiM flpeücpoM a/ieicrpoHOB nony>-ieHbi 
aneMeHTbi CBM TpaH3ncTopoB m ruieHOK antoMUHna, a TaioKe CJICOKHWX nocnoMHbix rmeHOK m MO/in6fleHa, 
BoribcppaMa H aoncrra, HanbmeHHbix Ha apceHUfl rannua, c pa3MepaMH flopoweK > 0,5 MKM H rny6nHoPi flo 
0,9 MKM c pa3MepaMM me/ieü Mewfly flopowKaMn > 0,5 MKM M aHH30Tponneü 7-10. Yflanocb TaioKe 
nonyHMTb CTO/I6MKH KpeMHun c pa3MepaMK fluaMeTpoM 0,2 MKM, BbicoToti 0,5 MKM. Pa3peuiarOLu,afl 
cnocoßHocTb TpaB/ieHna onpeAenanacb pa3pewaroaieii cnocoÖHOCTbto nuTorpacpHH. flna CHATMFI sapnfla c 
noBepxHocTn fluaneicrpHKa npuMeH^nca cnequaxibHo pa3pa6oTaHHbiü BM-reHepaTop MomHocTbio flo 200 BT C 

peryjiwpoBKoPi nacTOTbi OT 100 KRJ flo 500 Kl~q. 

III. 3aioiK)HeHMe 

Pa3pa6oTaHHbiii nna3MoxnMHHecKHH peaicrop no3BonaeT no/iynaTb cy6MHKpoHHbie pa3Mepbi 
aneMeHTOB B nneHKax 3onoTa, antoMMHua, BoiibcppaMa, MonußfleHa, a TaioKe B KpeMHMn M flp. MaTepnanoB, 

HTO  flaeT  B03MO>KHOCTb   npOH3BOflUTb   CBM-TpaH3MCTOpbl H 3/ieMeHTbl CBH-TeXHMKM, 5HC, M CBMC, a TaioKe 
flpyrne mp,enm flna axieicrpoHHCM npoMbimneHHOCTH. Pa3pa6oTaHHbiü peaicrop xopowo CTbiKyeTca c 

MopaxibHo ycTapeBUJMM nnasMoxuMMMecKUM o6opyflOBaHneM H BaKyyMHoPi 6a3ofi HanbmuTenbHbix ycrraHOBOK. 
nXP BHeflpeH B AO "Kßa3ap" (r. KneB). 

IV. CHMCOK jriMTepaTypbi 

[1]   A.IO. nonoB, B.B. ycTanoB, O.A. OeAopoBiw. O TexHO/ionwecKux BO3MO>KHOCTHX nXP c 3aMKHyTbiM  flpevicpoM 
aneirrpoHOB.   Te3MCbi  flOKnaflOB KOHtpepeHU.nn "ToHKue nneHKM B npon3BOflCTBe nonynpoBOflHMKQBbix npußopoB n 
MHTerpanbHbix cxeM", 1990 c. 109. 

[2]   fl.A. <J>paHK-KaMeHei4KMM. /leKu,nn no <pH3MKe nna3Mbi, M, ATOMMSflaT, 1964. - 283 c. 
[3]   B.n. Kanoxa, r.C. KnpnHeHKO, Peaiaop nna3MoxwMMHecKoro TpaBJieHun w OMMCTKM MaTepnanoB Ha ocHOBe aneicrpoflHoro 

B4 pa3pnfla B MamHTHOM none. - "OneicrpoHHafl TexHwra", cep. 7, "TexHonorMH, opraHW3aL|Mfl npow3BOflCTBa M 
o6opyflOBaHMe", 1992, Bbin. 5 (174) c. 39-43. 

PLASMOCHEMICAL REACTOR WITH CLOSED ELECTRON DRIFT 
FOR THE PRODUCING OF ELEMENTS WITH SUBMICRON SIZES 

Konoval V.M., Ustalov V.V., Fedorovich O.A. 
SDTB of Scientific Centre "Institute of Nuclear Research", 47 Nauki Ave., Kiev-28, Ukraine 

tel. (044) 265-24-36, fax (044) 265-44-63 

Plasmochemical reactor (PChR) may be used for the precision etching of metals, semiconductors, dielectrics, high temperature 
superconductors with micron and submicron sizes. PChR may be used in the technological processes of producing of the 
superlarge integral schemes, the elements of superhigh frequency, infrared techniques, etc. The chemically active or neutral 
plasma is formed in HF-discharge in electric and magnetic fields crossing between the two cooled electrodes: a polygonal prisma 
and a grounded cylinder. PChR can operate in a soft etching regime (with minimal radiation damage) as well as in a spraying 
regime. The autobias voltage may be changed from 40 V up to 1000 V by the magnetic field variation and by an auxilary bias 
generator. The closed drift of electrons allows to dump drift instabilities and to raise the etching uniformity of the whole area. The 
SHF-transistor elements having submicron sizes are produced. 
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C CyBIVll4KPOHHbl!VSI4 PA3IVIEPAI 

B.M. KOHOBSJI, B.B. YcTanoB, O.A. cDeflopoBMM 
CKTE c 3/7 HU "Mhicmumym adepHbix uccnedoeaHUÜ", 252028, Kuee-28, np. Hayxu, 47 

men. 265-24-36, cpaKC 265-44-63 

AHHomanim - B pa6oie npwBOflflTcn pe3y/ibTaTbi pa3pa6oTKM nna3M0XMMHMecKnx TexHonorafi aHM30TporiHoro 
TpasneHMfi anewieHTOB CB4-ycTpoMCTB c cySMUKponHbiMM pa3MepaMM Ha nna3MoxnMM4ecK0M peaicrope c 3aMKHyTbiM 
flpeücpoM 3ne«TpoHOB. Pa3pa6oTaHa TexHonorHfi TpaBneHna amoMUHneBbix, 3onoTbix, BonbcppaMOBbix, Monn6fleH0Bbix, 
TMTaHOBbix M flp. nneHOK, HanbineHHbix Ha apceHWfl rannnn. OTpa6oTaHbi TexHonornn TpaB/iehMfl nneHOK va 3onoTa M 
anioMMHMH KaK B xnop-, TaK w cpTopcoflepxramux ra3ax, HTO cweHb Ba»HO pf\* coxpaHBHun cy6MW<poHHbix CTpyirryp CBM- 
M3flejiMw nocne o6pa6oTKM. TpaBnenne ceneKTMBHo K apceHMfly ramwa B pe3y/ibTaTe pa6oTbi nonyneHbi CBM-TpaHSHCTopw Ha 
noflnoxaax M3 apceHMfla ranniw M flp. 3/ieMeHTbi c cyöMMKpoHHbiMH pa3MepaMH 

I. BeeAeHue 

LilnpoKo ncnorib3yeMoe B HacTonu^ee BpeMH npn n3roTOBneHHH mßßnm MUKpoaneicrpoHHKu, CBM- 
TexHMKM M AP- ÄHflKocTHoe TpaBneHne aneMeHTOB He no3BonaeT nony^aTb cyöMUKpoHHbie pa3Mepbi. Bonee 
nepcneKTHBHbiM B STOM HanpaBneHUH ABnaeTCfl rma3MOXHMHMecKoe (cyxoe) TpaB/ieHne c yMacTneM aKTWBHbix 
aTOMOB ra/ioreHOB (F, Cl, Br) ranoreHocoAepwamMx ra30B u nx cMeceü, a Taioxe xMMMHecKM atcrMBHbix HOHOB, 

KOTopbie o6pa3ytoTcn npn pasnMMHbix aneicrpuMecKnx pa3p«Aax B ra3ax. nna3MOXMMHMecKoe TpasneHne 
MaTepnanoB M TexHO/ioruMecKHX cnoeB, ncno/ib3yeMbix B MUKpoaJieKTpoHHOM npon3BOACTBe uwieeT pnA 
npenMytmecTB  no  cpaBHeHMro  c  wnAKocTHbiM:   B03M0>KH0CTb   nonyMeHHH  ajneMem-oB   c   MHKpoHHbiMH   H 

Cy6MMKpOHHblMH pa3MepaMH, XOpOQjyK) aHM30TponHK3 TpaBJieHUfl, XOpOUJyKD CeJieKTHBHOCTb M AP- 

II. OCHOBHafl MaCTb. 
njiasMOXMMimecKaH TexHOJiomn nonyMemiH cy6MMKpoHHbix pa3Mepoe aneMeHTos 

rijia3MoxnMMMecKHM peaKTop c 3aMKHyrbiM Apeü^oM sneKTpoHOB [I] oönaAaeT OAHMM H3 BawHetfuiHX 
npenMymecTB nepeA BbinycKaeMbiMH B POCCHM H 6o/ibuinHCTBOM 3apy6e>KHbix peaKTopoB - B03MO>KHOCTbto 

perynnpoBKM 3Heprnn HOHOB B A^ana30He OT 20 aB AO 1000 aB. 3TO no3Bon?ieT npoBOAMTb KaK 

nnasMOXUMMMecKoe rpaB/ieHne 6e3 paAnaL|KOHHbix noBpe>KAeHHM H MewcnoiiHbix npoöoeB npn aHeprnax 

HOHOB AO 150 aB, TaKM cpM3MMecKoe M n^asMOXMMHHecKoe pacnbmeHue npn aHepruax HOHOB >300 aB. 
ripn pa3pa6oTKe rma3MoxnMUHecKoü TexHonornn TpaBneHiw MeTanriHMecKMX rmeHOK u 

nojiynpoBOAHMKOBbix MaTepnanoB KpoMe (1XP wcnojib30Banacb OKcnepuMeHTanbHaa ycTaHOBKa, 
no3BonnK)LU,aa: B UJHPOKOM Anana30He perynnpoBaTb cociaB XHMUMecKH aicmBHOä n/ia3Mbi; peryjiwpoBaTb v\ 
KOHTponnpoBaTb cpusunecKue napaMeipbi pa3PHAa; pacxoAbi ra30B; npoBOAMTb HccneAOBaHun ornwecKoro 
M3nyMeHMfl nna3Mbi B A^anasone 220 HM - 800 HM, a cooTBeTCTBeHHO n KaHecTBeHHbiPi aHanM3; Macc- 
cneicrpoMeTpuHecKne MccneAOBaHHfi KanecTBeHHoro cocTaBa nna3Mbi; aBTOMaTMMecKH, npn noMOU4H oöpaTHbix 

CBfl3eM, noAAepKMBaTb TOK BM-pa3pHAa n T.A- 

KaK M3BecTHO, ocHOBHa« TpyAHoeTb TpaBneHUH anwMUHneBbix nneHOK CBfl3aHa c HeoöxoAUMOCTbio 
pa3pytiieHnn OKMCHOM AnaneKTpuMecKoPi nneHKM antOMMHMq AI2O3, HMeiomeCicn Ha noBepxHOCTM. OKHc^eHne 
anioMMHMa npn nonaAaHMH ero B aTMOc4)epy CBfl3aHO c ero BbicoKoft XMMMHecKoCi aKTHBHOCTbto n 6onbUJMMH 

aHepruHMH CBA3H B MoneKy^e AI2O3 [2]; A!203 - 8,65 aB; AI2O2 - 4 sB; Al20 - 1,2 aB M AIO - 5 aB. PaHee 

CHHTanocb, HTO ßj\n pa3pyujeHHfl nneHKM AI2Ü3 Heo6xoAHMO noBbicHTb aHeprmo HOHOB AO 300 aB u 6o^ee. 
KaK noKa3ann ncc^eAOBaHMn, npußeAeHHbie B [5,6], Ae^cTBHTenbHO, npn TaKux aHeprnax HOHOB yAaeTca 
pa3pyiiJMTb oKMCHyK) nneHKy, HO B03HHKaioT npoBneMbi cTovkocTU cfoTO- n aneKTpoHope3MCTOB npn 
nonyMeHMM my6nH 6ojiee 1 MKM. ripn 3TOM TaioKe noaB/iaroTca paAnaL(MOHHbie noBpewAeHua c^oeB apceHMAa 

ranjina, KpeMHua, M cpoccpopHocuxiMKaTHbix CTeKriHHHbix nneHOK n B03HMKaK>T Me>KCJiOHHbie npo6on, 
BbiBOAfliMne MUKpocxewibi nnn CBM TpaH3ncTopbi M3 CTpoq. CneAyeT OTMeTHTb, «HTO B BTUX pa6oTax 

npoBOAM^ncb nccjieAOBaHna TpaBneHMn anioMMHMeBbix ruieHOK BO cpTopcoAep>KaiAnx coeAHHeHwax, 6onee 
nepcneicrnBHbix, neM xnopcoAep>KaiAnx, M3-3a OTcyTCTBMfl OTpMLiaTenbHbix nocxieACTBMfi TpaBneHna, 
npoHBJiniomeroca B   o6pa30BaHHM   conaHoii   KucnoTbi   npn BCKpbunn peaicropa v\ nonaAaHMH o6pa3qoB B 
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aTMOccfcepy, coflepwamyro napw BOflbi. npn STOM npowcxoflUT Koppo3na nnacTMH n oßopyflOBaHUH n, KaK 
npaBuno, paspyuieHne sneMeHTOB c MMKpoHHbiMn n cy6MMKpoHHbiMn pa3MepaMn. nosTOMy Heo6xoflHMa 
HeMTpann3aMM?i ocTaxKOB npoflyxTOB peaKquw Ha noBepxHOCTH o6pa6aTbiBaeMbix nnacTMH, HanpuMep B 

KMcnopoflHofi nna3Me B OAHOM TexHonornsecKOM qnKne. Bo 4)Topcoflep>Kau4MX cpeflax yfla/iocb nonyHMTb 

CKopocTH TpaB/ienMsq antoMMHueBbix nneHOK AO 0,1 MKM/MHH npn noAKmoneHnn flonojiHUTe/ibHoro reHeparopa 
cMeu^eHMfl, paöoHeM flaßneHnn B I1XP ~ 10"3 MM PT.CT n paöoMnx TOKax B pa3pnfle <, 8 A. Ho f\m TpaBnenn* 

aniOMMHua BO cfcrropcoAepwamnx ra3ax Heo6xoflHMO ncnonb30Baib HMKeneByio 3aw,nTHyrO MacKy TonmnHon 

0.1-0.2 MKM, KOTopaa nosBonneT npoBOflHTb TpaBnenne Ha npoTJweHnn HecKonbKnx nacoB. CneflyeT 
OTMeTHTb, MTO 3T0T npoqecc oHeHb ce/ieKTMBew no OTHoaieHwo K apceHMfly rannun n flaeT xopoiuyto 

ann30Tponnio > 7 npn flocTMmyTbix my6nHax <, 0.6 MKM M tunpnHe KaHaBOK M WMH S 0.4 MKM. Pa3peuiarOiii,aH 
cnocoöHocTb TpaBneHna onpefleiiRnacb pa3peiiiaioaieii cnoco6H0CTbK) B3pbiBHOM nnTorpacpMn. 

Eonee neTynne coeAMHeHM* antOMUHna o6pa3yioTca c xnopoM, HanpuMep AICI3 c TeMnepaTypoii 
KwneHMjq 180 C [3]. nosTOMy AanbHenmne nccneAOBaHna no TpasneHnio aniOMHHUH npoBOAnnncb B 

xnopcoAep>Kai4nx coeAMHennnx - npn pa3paAax B napax HeTbipexxnopncToro ymepoAa nnn B CMecax napoB 
MeTbipexxnopMCToro ymepoAa c aproHOM nnn a30TOM. KaK noKa3aHo B [5], OKHCHyio nneHKy a/iK)MHHHH MOWHO 

ycneuiHo pa3pyujaTb ywe npn 3Heprnn MOHOB > 40 sB, HO npn ncnonb30BaHnn SKSOTepMnnecKon xnMnnecKon 

peaKunn pacKucneHnq ee aTOMapHbiM ymepoflOM. flpn STOM o6pa3yeTca neTyqee coeAMHeHne CO c sHeprnen 
CBA3H 11,11 sB, KOTopaa npesbiniaeT caMyro BbicoKyto SHeprnio AHCCOLjnaL(nn B MoneKyne Al203 (8.65 sB). B 

nXP c 3aMKHyTbiM APeCicJjoM sneicrpoHOB HacroxibKO acpcpeicrnBHo nAeT AHCcoqnaqna Monexyn, HTO MoneKynbi 
CCI4 o6AnpaioTca AO aTOMapHoro ymepoAa. OcooeHHO scpcpeianBHO aio nponcxoAMT npn yBennneHnn 

paßonero AaBneHna B KaMepe AO 10"2 - 10"1 MM PT.CT . O nonHon AHccoi4nau,nn HeTbipexxnopncToro 

ymepoAa CBnAeTenbCTByeT AOCTaTOMHO nm-eHcnBHbin nuKC aTOMHbiM HOMepoM 12, cooTBeTCTByiomnn aTOMy 
ymepoAa, Ha Macc-cneKTorpaMMe, nonyneHHon npn noMomn BpeMa nponeTHoro Macc-cneiapoMeTpa MX- 
7304. Ha Macc-cneKTpax HaßmoAarOTca TaiOKe AOCTaTOHHO MHTeHcnBHbie nnKn Ccl3, Ccl2l CCI:C:CO.C02:Ar n 
AP- npoAyKTbi Anccoi^naqnn MoneKyn n peaKqnn, nponcxoAfliunx B nXP. 

KaK noKa3ajin TexHonornMecKne ncnbrraHnH, TpaBneHne anioMHHneBbix nneHOK B STOM cnywae 
yAaeTca npoBOAMTb ywe npn SHeprnax HOHOB > 40 sB, a CKopocTb TpaBJieHnn npeBbimaeT 0.5 MKM/MMH npn 
aHH30Tponnn TpaBneHMH > 7. npn STOM B AO "Kßa3ap" yAaeicq npoTpaB^nBaTb ajiK3MHHneBbie n^eHKn 

my6nHoii AO 1.6 MKM C wnpnHon Aopo>KeK n KaHaBOK ~ 1 MKM C aHH30Tponneii 7. )/cnomn TpaBneHnn 

cneAyroinne: HaManbHbiCi BaKyyM - 10"3 MM PT.CT., paßonee AaßneHne CMecn napoB neTbipex-xnopncToro 

ymepoAa c 330TOM 10 "1 MM PT.CT., TOK B pasple 10 A n HanpaweHne aaTOCMeiAeHMH 100 B. Mcnonb3yeTCfl 
oßbNHbin cpoTopesncT On-051M, 3aAy6neHHbin c TOJIIAUHOü < 1,2 MKM. rioAnoxKa - KpeMHnfi. CeneicrnBHOCTb 

npoL(ecca TpaBneHna anrc>MHHHH K KpeMHnio >10. Pa3pa6oTaHa TaiOKe TexHonornn HeiiTpann3aMnn ocTaTKOB 
xnopa. npn KOHTpone n noAAep>KaHnn ocHOBHbix napaMeTpoB pa3p^Aa, HananbHbix n paßonnx AaBneHnü B 

nXP n pacxoAOB ra30B Bocnpon3BOAHMocTb npoqecca TpaBneHMn BbicoKaq, o neM CBnAeTeribCTByeT ero 
BHeApeHne p,nn cepnfiHoro nponsBOACTBa MMC B AO "KBa3ap". 

npn pa3pa6oTKe CBM TpaH3ncTopoB Heo6xoAHMO TaiOKe npoBOAMTb TpaBneHne c MUKPOHHWMH n 
cy6MHKpoHHbiMn pa3MepaMn sneMeHTOB nneHOK Monn6AeHa (BoxibcppaMa) n 3onoTa, nocnoPiHo HaHeceHHbix B 

BaKyyMe. ri/ieHKn 3onoTa, KaK npaßnno, TpasaTca B xnopcoAep>Kainen nna3Me [3,4], Ho, KaK y>Ke OTMeManocb 
BbiLije, scpcpeKTbi, cB«3aHHbie c ocTaTKaMn xnopa B y3Knx menax n Aa/ibHePiujee nx coeAMHeHne c napaMn 

BOAbi B aTMOc$epe c o6pa30BaHneM connHoii KncnoTbi n AaribHenuunM pacTpaBOM y3Knx nonocoK npnBOAnT AO 

nx noriHoro CTpaBnnBaHnn c Te^eHneM BpeMeHn. KpoMe Toro, noAnowKn n3 apceHnAa rannna TaiOKe xopouio 
TpaBHTca B xnopcoAep>Kaii4en nna3Me. flosTOMy 6bino L<ejiecoo6pa3Ho pa3pa6oTaTb TexHonornro TpaBneHnn 
nneHOK, nocnoPiHO HaHeceHHbix Ha apceHnA rannna, ceneicrnBHyio no OTHouieHnio K noAno>KKe n 6e3 

AanbHeniuero pacTpaBa B aTMoc4)epe. TaKan TexHonomn TpaBneHna 3onoTbix nneHOK, nocnonHo HaHeceHHbix 
Ha nneHKn Monn6AeHa nnn BonbcppaMa 6bina pa3pa6oTaHa npn ncnonb30BaHnn 3nera3a (SF6). OAHaKo, npn 
npocTOM TpaBneHnn nneHKn 3onoTa He TpaBnnncb BO cpTopcoAepwainen nna3Me Aa»e npn SHeprnnx MOHOB 

Ao 200 sB. TonbKo noAKnioneHne K nXP AononHnTenbHoro reHepaTopa c perynnpyeMon HacTOTon 100-500 
Krq no3Bonnno nonynnTb TpaBneHne nneHOK n3 3onoTa co cKopocTbio AO 0,1 MKM/MMH npn TOKax B pasple 
Ao 8 A. flanbnefiwee noBbimeHMe cKopocTM TpaBneHMa BO3MO>KHO c yBenMMeHneM nnoTHoern pa3pnAHoro 
TOKa, HO orpaHMHeHO cTonKOCTbio pe3ncTOB. Han6onee cToiiKnMM OKasanncb nocnonHo HaHeceHHbie 
sneiapoHHbiM pe3MCT nMMA M cpoTope3ncT Az-1350. TpaBneHne npoBOAMnocb B nnasMe snera3a c AoöaBKon 

KMcnopoAa Rm yBennMeHMH aHM30TponMM TpaBneHMfl npn pa6oHMX AaBneHMflx 10'3 MM PT.CT. nonyneHbi 
sneMeHTbi CBM-TpaH3MCTopoB c cy6MMKpoHHbiMn pa3MepaMn c noAnoxKon m apceHnAa rannnn c nocnoPiHo 
HaHeceHHbiMM nneHKaMM m Monn6AeHa (BonbcppaMa) Ton^MHOM 0.2-0.4 MKM M 3onoTa TonmnHOM 0.2-0.3 
MKM c uJMpnHOM nonoc AO 0.5 MKM M meneM ~ 0.5 MKM n c rnyBnHaMM AO 0.9 MKM. 

BO3MO)KHO n TpaBneHne KpeMHna c cyßMMKpoHHbiMn pa3MepaMn. nonyneHbi cTonöMKn M3 KpeMHMn 
BbicoTon AO 0.5 MKM c AnaMeTpoM cTon6MKOB - 0.1 MKM. nonyneHbi TaiOKe ocTpMa M3 KpeMHna A™ pa3pa5oTKn 
npn6opoB, ocHOBaHHbix Ha aBToaneicrpoHHOM sMMccnn. 
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III. 3aKnK3MeHwe 

Ha 6aae (1XP c 3aMKHyTbiM flpeficpoM aneicrpoHOB pa3pa6oTaHt»i TexHonornn TpaBneHun rmenoK 
anioMMKMH, nocnoPiHO HaHeceHHbix n/ieHOK MonnSßena (eojibcppaMa) w 3onoTa c MHKpoHHbiMn M 

cyöMMKpoHHbiMM pasMepawin aneMeHTOB, HeoßxoflviMbiMn ADH npou3BO#CTBa H3flennü CBH, 6onbUinx n 
CBepx6onbUJnx MHTerpanbHbix MMKpocxeM, ß,m nocipoeHU* cbyHKMHOnanbHbix HHTerpanbHbix cxeM 6ojibwoü 

cnoÄHOCTM, newamux B ocHOBe onepeflHoro, KanecTBeHHO HOBoro, 3Tana pa3BHTMH MUKpoaneicrpoHMKn, a 

TaioKe fljin pa3BMTna MMKpoaneKTpoHMKW, 6a3npytou4eMc?i Ha aneicrpoHHofi SMHCCHM. Pa3pa5oiaHbi TexHonornn 

TpaBJieHMPi KaK B xnop-, TaK H cpTopcoflep>Kamnx coeflHHeiHuPi. Pe3yjibTaTbi nonyMeHbi 6naroflap3 HW3KHM 

SHeprnnM MOHOB (ßo 100 aB) H BbicoKofi CTeneHM flHCcoqHaqnn M noHU3aqnn pearnpywiMMx ra30B. 
riofloSpaHbi pe3ncTbi, no3BorwrOLn,ne noiiy-iaTb cyöMMKpoHHbie pa3Mepbi. 

VI. CnMCOK nuTepaTypbi 

[1]   A.KD. nonoB, B.B. YcTanoB, O.A. 0eflopOBKM, "O TexHonoriwecKHX BO3MO>KHOCT8X nXP c 3aMKHyTbiM flpeäcpOM 
ajieiapoHOB". Te3.floioi.KOH4>. "ToHKne nneHKw B npon3BOflCTBe n/n npn6opoB u KHTerparibHbix cxeM", 1990, c.109. 

[2]   MoneKynapHbie nocTOHHHbie HeopraHiwecKMX coeflMHeHwfi. CnpaBOMHUK nofl pefl. KpacHOBa K.C. H3fl. "XMMMH", 
XleHMHrpafl. OTfl. 1968, 256 c. 

[3]   B.C. flaHMnnH, B.K). KnpeeB. ilpuMeneHne HU3KOTeMnepaTypHow nna3Mbi fliw TpaBneHun M OMMCTKM MaTepnanoB M., 
3HeproaTOMM3flaT, 1987, 264 c. 

[4]   O.fl. napcpeHOB, TexHonornq MiwpocxeM, M., "Bbicwaa WKona", 1986, 320 c. 
[5]   B.M. KoHOBan, B.B. YcTanoB, O.A. <t>eflopoBH4, "nna3M0XHMiwecKoe TpaBjieHne anroMMHuesbix nneHOK c MUKPOHHUMM n 

cy6MMKpoHHbiMM pasMepawiw aneMeHTOB npw HH3KMX aHeprnflX MOHOB". - Tpyflbi YKpanHCKoro BawyMHoro oöwecTBa  T I 
K., 1995, c.55-60. 

[6]   B.M. KoHOBan, B.B. YcTanoB, O.A. OeflopoBnq, "TexHonorna TpaBneHna antoMUHneBbix nneHOK c MMKPOHHHMH M 
cyöMMKpoHHbiMM pa3MepaMM aneMeHTOB". -   MaTepiann mopiHHoi HayKoeoi KoncpepeHuji iHcrmyTy RflepHnx flocniflxceHb 
HAH YKpaiHM (36ipHMKflonoBifleM). KniB, 1994, c.169-172. 

PLASMOCHEMICAL TECHNOLOGY IN PRODUCING OF SHF-DEVICES 
WITH ELEMENTS OF SUBMICRON SIZES 

Konoval V.M., UstalovV.V, Fedorovich O.A. 
SDTB of Scientific Centre "Institute of Nuclear Research", 47 Nauki Ave., Kiev-28, Ukraine 

tel. (044) 265-24-36, fax (044) 265-44-63 

This work presents the designing results of the plasmochemical technology of anisotropical etching of SHF-devices elements 
having submicron sizes in plasmochemical reactor with closed electron drift. The technology of etching of Al, W, Mo, Ti and other 
films sprayed on GaAs is designed. The technologies of etching of films from Au and Al in Cl- as well as in F-containing gases have 
been worked out. That is important to remain the submicron structures of SHF-devices after treatment. It is possible due to the 
application of additional bias generator which takes off the charges from the surface of semiconductors and dielectrics and allows to 
control the ion energy in wide range. The etching is selected to GaAs. The problem of etching of narrow slots with sizes > 0.3 mm 
and depth < 0.5 mm is solved. The silicon apexes with height 0.5 mm and diameter > 0.1 mm have been obtained. The distinguish 
aptitude during etching has been determined by the litography aptitude. The etching anisotropy is > 7. The resists are selected to fit 
for the obtaining of submicron sizes during plasmochemical etching. As the result of work, the SHF-transistors on the GaAs base 
have been worked out. 
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BHH^HME IIAPAMETPOB flMOflOB C 
flBYXBAPbEPHOM KBAHTOBOM CTPyKTyPOM 

HA PABOTY yMHOKMTEJlEM MACTOTbl HA 
MX OCHOBE 

C.H. Cam/iH, 3.fl. ripoxopoB, A.B. flfiAHeHKO 
XapbKoecKuü aocydapcmeeHHbiü yHueepcumem, 310077, XapbKoe, nn. Ceoöodbi, 4. 

AHHomatiUH - ripoBefleHo ncanefloBanne BruwHiw napaiuieipoB fluoßOB c flByx6apbepHoPi KBamoBoü CTpyirrypoCi 
(flBKC), TaKux «ax: ujwpMHa KBaHTOBoä HMU, TonmwHa w BbicoTa noTeHL(ManbHbix 6apbepoB Ha paßoiy yMHCBKMTeneü nacTOTbi. 

1. BßefleHne 

OflHUM  H3 HOBblX TW10B  nOJlynpOBOflHUKOBblX  npn6opOB,  CnOCOÖHblX  paÖOTaTb  B  MHH/lUMeTpOBOM  H 
cy6MMnnnMeTpoBOM flnana30Hax AJIHH BOJIH, ABnarOTca flHOflbi c flBKC. PacuJwpeHne nacTOTHoro jqnana30Ha 

TaKux flMOflOB B03MOKHO npM ncnojibsoBaHMU nx B KaMecTse HenMHeüHbix aneivieHTOB yMHoxMTenePi Macro™. 
BonbLuoe BJiMflHue Ha paöoty flaHHbix yMHOXMTe/iefi 0Ka3biBaK>T napaMeipbi flHOflOB c flBKC: ujupnHa 

KBaHTOBoCi aiwibi,  TonLi^MHa  n BbicoTa noTeHU,nanbHbix ßapbepoB.  M3MeHeHne 3TMX napaMeTpoB BefleT K 

H3MeHeHHK) aCpCpeKTUBHOCTVI yMHOWeHUfl. 

flna paccMOTpeHMfl paöoTbi yMHOWHTejiew nacTOTbi Ha ocnoBe flMOflOB c flBKC ncnonb30Banacb 
MOflerib, onncaHHan B [1]. flaHHaa MOflejib ocHOBbißaeTCH Ha onpefle/ieHHH Be/innuHbi nnoTHOCTn TOKa, 
npoTeKaromero Mepes fluofl. 

II. OcHOBHan MacTb 

PacMeTbi yMHWKMTenn nacTOTbi na ocHOBe fluofla c flBKC 6binn npoßefleHbi ncxofla H3 c/ieflyfoiuHX 

npeflnonoxceHHM. fluofl noMemaeTca B flByxKOHTypHbiPi pe30HaTop. Ha flkiofl OT BHewHero ucTOHHUKa noflaeTCH 
BbicoKOMacTOTHoe Hanpa>KeHtie BMAa: U(t)=Ui*sin(wt), rfle w - MacTOTa, Ha KOTopyto HacrrpauBaeTCH oflMH H3 
pe30HaTopoB. B pe3y/ibTaTe Ha flHOfle HaMMHaeT fleäcTBOBaTb HanpaweHne CJIOHCHOü cpopMbi, cocToamee H3 
nepBoPi M n - w rapMOHMK. fliw no/iyneHUH yMHoxceHvw nacTOTbi, BTopotf pesoHaHCHbifi KOHTyp HacTpawBanca Ha 
HywHyio rapiwioHMKy. npniwepoM TaKoü MOßeriH iwoweT cjiywwTb KOHCTpyioina yMHOWHTena HacTOTbi Ha ocHOBe 
CKpemeHHblX BOJIHOBOflOB - BOJIHOBOfla OCHOBHOtf MaCTOTbl M BOflHOBOfla n - W rapMOHMKM. 

3Han BMfl HanpnKeHMn, fleficTByromero Ha flHOfle, c noMomwo MOfle/in, npeflCTaB/ieHHofi B [1], 

HaxoflMM npoTexaromwii Mepe3 fluofl TOK. On™MM3aL4nn xapaicrepMCTHK yMHOKHTejieii npoBOflunacb no Ta« 
Ha3bißaeMOMy K03cpcpmj|neHTy npeo6pa30BaHna nacTOTbi (KI~H) [2,3]. 

Bufl fluofla c flBKC npeflCTaBneH Ha pnc.1. M3MeHeHne wwpnHbi KBaHTOBOM nMbi a TonmuHbi 

noTeHL(nanbHbix 6apbepoB bi n bi BO3MO>KHO TexHonornHecKUM nyTeM, a BbicoTa noTeHL(naribHbix ßapbepoB Vi 
n V2 6yfleT 3aßnceTb OT xuMHHecKoro cooraBa flBKC. nonynpoBOflHMKOBbie coeflMHeHnq, Ha ocHOBe KOTopbix 

BO3MO>KHO co3flanne AHOAOB C flBKC, Bbi6npanwcb Mcxofln m npnHqnnoB H3no>KeHHbix B [1]. rioTeHMnanbHbie 
ßapbepbi o6pa30BaHbi H3 no/iynpoBOflHUKOBbix coeflMHeHMfi, MMetomax 6onee ujupoKyio 3anpemeHHyto 30Hy, a 
nonynpoBOflHMKOBbie coeflMHeHMn, UMeK>mne MeHbiuyra ninpuHy 3anpemeHH0fi 30Hbi, o6pa3yK3T KBaHTOByio 
HMy H KOHTaKTHbie cnoM. 

YMHOKeHne nacTOTbi BOSMOäHO KaK c npn^o>KeHMeM HanpnweHUPi nuTaHua Ha fluofl, TaK M 6e3 
npnno>KeHMsq nnTaHua [2]. MccneflOBaHMfl [1,2] noKa3ann, MTO ecnn Ha fluofl npM yMHOJKeHnn nacTOTbi He 

noflaßaTb HanpnKeHMfl nmaHMfl, TO Han6ojibaian actJcpeKTUBHocTb öyfleT nonyneHa Ha MeTHbix rapMOHUKax, a 
npn nofla^e HanpsweHua nmaHMa - Ha HeneTHbix. 

OcHOBbiBancb Ha nony^eHHbix B paöoTe [3] pe3ynbTaTax yMHOJKeHMn HacTOTbi Ha fluoflax c flBKC, 
cocToaL4efi M3 Alo,2Ga0,8As/GaAs, npoßefleHbi nccneflOBaHMa BJIUHHHH liiupuHbi KBaHTOBoPi nMbi, Tonu^MHbi M 

BbICOTbl nOTeHl^MailbHblX ÖapbepOB Ha 34)CpeKTMBHOCTb yMHOJKeHUH. 

Be3 noflann Hanpn>KeHMa nMTaHua (pnc.2) BO3MO>KHO acpcpeKTUBHoe yMHOxeHne Ha BTopoii rapMOHMKe 
B uiMpoKOM fluana30He M3MeHeHnn aiMpMHbi KßaHTOBoPi AMbi - 2...7 HM. MaKCHManbHoe 3HaMeHne KÜM 
flocTuraeTca ripn lunpMHe KBaHTOBofi HMbi 4...6,5 HM.  (Ipn paßoTe Ha neTBepToii rapMOHUKe fluana30H 
MSMeHeHUFl    LLIHpMHbl    KBaHTOBOil    HMbl    HeCKODbKO   yMeHbUJUTCa,    OflHaKO    MaKCHManbHoe    3HaMeHne    KUH 
AOCTMraeTcn B TOM we flwana30ne M3MeHeHnq ujupMHbi KBaHTOBO^i AMW, HTO M npn yMHOxeHMM Ha BTopoPi 
rapMOHUKe. üpn yMHO>KeHHM Ha tuecToti rapMOHUKe flnana30H H3MeHennn uiupuHbi KBaHTOBoPi AMH cocTaBnneT 
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3...8 HM. Ho MaKCMMajibHoe 3HaMeriwe «IHM flocTHraeTCFi B TQM we flnana30He M3MeHeHna WMpuHbi KBaHTOBow 
flMbi, W) M B flByx npeflbiflyu4nx cnynaax. 

M3MeHeHi/ie Tonii(MHbi nepßoro M BToporo noTeHqnaribHoro öapbepa flrifl cnyMan, Korfla ujupMHa 
KBaHTOBofi nwibi ocTaBanacb nocTOFiHHOM, npnaeno K TOMy, HTO MaKCMManbHoe 3HaneHMe KHH 6bmo 
flocTurHyTO B ,qnana30He 2...4 HM, KaK npn yn/iHoweHHM Ha BTopoü, TaK M npn yMHo>KeHHn Ha neTBepToü M 

LiiecToii rapMOHMKax (pnc.3). YBennMeHne TonmuHbi ßapbepoB BefleT K pesKOMy nafleHwo acpcpeKTUBHOcTM 
yMHOxeHMH. 

npn noflane Ha flHOfl c flBKC HanpaweHHH nmaHHH 6bmn nonyMeHbi aHa/iorHMHbie pesy/ibTaTbi. 

MaxcuMaribHoe 3HaMeHne KflM flociwaeTca npn yMnoxceHHW Ha TpeTbeü H nmoü rapMOHHKax npn5nn3HTenbHO 

B Tex me npeAenax M3MeHenMa ujupMHbi KßaHTOBOPi HMW H TonmHHbi noTeHqMaribHbix öapbepoB, <HTO H ripn 
yMHOHceHHM 6es noflaMH HanpaxceHHfl nuTanMn Ha BTopoPi, MeTBepToü n uuecToü rapMOHniox. 

M3MeHeHne BbicoTbi noTeHLiwanbHbix SapbepoB, cooTBeTCTByromee H3MeHeHHK) KonwHecTBeHHoro 

cocTaßa XMMMMecKMx 3JieMeHT0B AlxGai-xAs, noK33ano, HTO Han6onee acpcpeicruBHoe yMHOweHwe nacTOTb! 
BO3MO)KHO ripn x=0,2...0,4. 

MccneflOBaHne BJIHBHHFI n3MeHeHna ainpuHbi KBaHTOBOM aMbi M ocTanbHbix napaMeTpoB flBKC Ha 

3cJ>cpeKTHBHOCTb yMHOweHUH flnq flpyrux nonynpoBOflHHKOBbix coeflUHennti, H3 KOTopbix MoxceT cocTOHTb 
flBKC, flano aHanoruMHbie pe3yribTaTbi. 

III. 3aKriK)HeHMe 

TaKHM o6pa30M, B pesynbTaTe npoBeflenHbix nccne,qoBaHnfi MOXHO cflenaTb BbiBOfl, HTO MaKCMMajib- 

Hoe 3HaneHMe KflH flocTuraeTca ripn yMHOweHUH HacTOTbi Ha A^oflax c flBKC B cpeflHeM ripn wnpi/iHe 
KBaHTOBoPi aMbi 4...6 HM H ToniuHHe noreHMnanbHbix ßapbepoB 2...4 HM. 

IV. CnncoK JiMTepaTypbi 

[1]   1. ApKyuia IO.B., npoxopoB 9,fl., CaHMH CM. //TexHMKa MM vt cy6MM flnana30HOB pa/jMOBonH. C6. HayHHbix TpyflOB I4P3 
HAH YKpauHbi, XapbKOB, 1993, c.41-44. 

[2]   2. üpoxopoB 3.fl., CaHMH C.H.//floKnaflbi HAH YrCpaHHbi. 1996, N 5, c.78-81. 
[3]   3. ApKywa KD.B., üpoxopoB 3.fl., Caniw C.H.// 5- fl KpbiMCKan KOHCpepeHU.Hfl M BbiCTaBKa "CBM - TexHUKa M cnyTHMKOBbie 

TeneKOMMyHUKauMOHHbieTexHonorwn", CeßacTononb, 25-27 ceHT«6pb, 1995, c.131-134. 

THE INFLUENCE OF DOUBLE-BARRIER QUANTUM WELL PARAMETERS ON WORK 
OF FREQUENCY MULTIPLIERS ON THEIR BASE 

Sanin S.I., Prokhorov E.D., Diadchenko A.V. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 

tel. 47-19-88, 43-08-83 

One of the possible means of improvement of the frequency possibilities of diodes with double-barrier quantum well (DBQW) is 
using of such diodes as nonlinear elements in the frequency multipliers. DBQW parameters, such as: quantum well width, potential 
barrier height , thickness and chemical composition of DBQW, influence on the work of frequency multipliers very much. The 
researches allowed to determine the optimal parameters and DBQW composition which are necessary to obtain the most effective 
frequency multiplication. 
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KOMHJIEKC ÜPOEPAMM MO^EJIHPOBAHHM 

HAH03JIEKTPQHHMX IIPHEOPQB HA OCHOBE 3<!><3>EKTOB 

OAH03JIEKTPOHHOrO H PE30HAHCH01 O TYHHEJIHPOBAHHM 

H.H. A6paM0B, H.A. ToHHapeHKO, E.F. HOBHK, H.B. IilepeMeT 

EejiopyccKUÜ socydapcmeeHHuü ymieepcumem UHcpopMamiiKu upaduosjieKmponuKu, 

220027, MUHCK, II. Epoenu 6 

AHHoraijHH 

B  ÄOKjiafle  onHcaHM  MOACJIH,  nojiojKeHHbie  B  ocHOBy  pa3pa6oTaHHoro  KOMnjieKca 

npOrpaMM  MOflejIHpOBaHHfl  npHÖOpOB  Ha  OCHOBe  3t}x|)eKT0B  OÄHOSJieiCTpOHHOrO  (KyjIOHOBCKaH 

6jioKaAa) H pe30HaHCHoro xyHHejrapoBaHHH. KoMnjieKC COCTOHT HS ppyx noACHCTeM, KOTOpBie 

MoryT Hcnojib30BaTbca AJIS pacneTa yica3aHHbix AByx ranoB HaHosjieicTpoHHbix npwoopoB. B 

AOKjta^e npHBOAflTCH pe3yjibTaTM pacneTa napaMeTpoB OAHosjieicrpoHHoro TpaH3Hcxopa H 

TyHHejibHO-pesoHaHCHbix CTpyKTyp c npHMeHeHHeM pa3pa6oTaHHoro KOMnjiexca nporpaMM, 

npeAHa3HaHeHHoro j\m Hcnojib30BaHHH Ha nepcoHajibHbix 3BM THna IBM PC/AT. 

1. BßefleHHe 

B  HaCTOSmee  BpeMH B CBH3H C  HHTeHCHBHbIM paSBHTHeM  KaiieCTBeHHO  HOBblX  MeTOAOB 

HaHOTexHOJiorHH öojibmoe BHHMaHHe yAeJiaeTCH pa3pa6oTKe HaH0pa3MepHwx npnGopoB Ha 

ocuoBe 34>$eKTOB OAH03JieKrrpoHHoro H pe30HaHCHoro TyHHejiHpoBaHHa. TaKHe CTpyicrypbi 

MoryT oGjia^aTb BHCOKHMH 3HaneHHaMH nojre3Hbix xapaicrepHCTHK H Hcnojib30BaTbca npn 

co3AaHHH ycTpoficTB xpaHeHHH H o6pa6oxKH HH<J)opMau,HH. Yace HMeioTca coo6m,eHHa o peajibHo 

pa6oTaioii],HX    npnöopax    Ha    ocHOBe    Bbinieyica3aHHbix    3<|)(f)eKT0B:    n-    H    p-KaHajibHbie 

OAH03J7eKTpOHHbie   TpaH3HCTOpbI,   pe30HaHCH0-TyHHejlbHbie   XpaH3HCT0pbI   H   flHOßbl,   anefiKH 

naMHTH Ha pe30HaHCHO-TyHHejibHbix CTpyioypax H pp. 

2. MoAeJiH npnöopoB Ha OCIIOBC 3t]>(peKTOB 

OAH03JieKTpOHHOrO   H pe30HaHCHOrO TyHHeJlHpOBaHHH 

Bbui npoBeAeH aHaiiH3 MOAenefi AJIH pacneTa papa OCHOBHHX reoivieTpHHecKHx H 

sjieKTpHHecKHX napaMexpoB OAHOSJieicrpoHHbix TpaH3HCTopoB [1]: 1) paöonefi TeMnepaTypbi, 

KOTopaa HCKJHonaeT BJiHSHHe TepMHHecKHX (jjnyKiyauHH Ha TOKH H HanpaaceHH« Ha nepexo#ax; 
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2) npoBOAHMOCTH xyHHejTbHBix nepexoAOB, HeoSxoAHMoM RJIR roojiauHH npOBOAHinero 

"ocTpoBKa" OT ocTajibHOH nacra CHCTCMBI; 3) paöoiero HanpsoKenna Ha npn6ope; 4) rpaHHHHOH 

nacTOTbi paöoTEi npn6opa; 5) CMKOCTH H mioinaAH TyHHejibHbix nepexoAOB H npoBOAamero 

"ocTpoBKa". B KanecTBe npHMepa 6buia paccMOTpeHa cxpyKTypa TpaH3Hcropa B BH#e ToneHHoro 

npOBOAHmero "ocTpoBKa", coeAHHenHoro c sjieKTpoAaMH nocpeflCTBOM TyHHejibHbix nepexoAOB. 

OTMeHeHHbie MOReim Hcnojib30BajiHCb npH pa3pa6oTKe ajiropHTMa H nporpaMMbi pacneTa 

0,fl,H03JieKTpOHHbIX TpaH3HCTOpOB. 

MoAejiH, npeAHa3HaiieHHbie j\m pacneTa npo3paHHocra pe30HaHCHO-TyHHejibHbix 

CTpyKTyp, fl,eji3Tca Ha ABa KJiacca: MOAeJiH, nonyHeHHbie B BKB npn6jin»ceHHH, H MOAeJiH, 

ocHOBaHHbie Ha MeTOAe MaxpHti, nepeHOca. B BKB npHÖJiHHceHHH TpeöyeTca OTHOCHTejibHO 

MeflJieHHoe H3MeHeHne noTeHiniajia B cTpyKType Ha paccToaHHH nopHAKa äJIHHH BOJIHBI p,e 

EpoHjiH 3JieKTpoHa. XOT» STO ycjiOBHe He Bcer^a BbinonHaeTca, ocoöeHHO B CTpyiaypax c MaJiofi 

TOJIIHHHOH GapbepoB, AaHHbiö MCTOA uejiecoo6pa3HO Hcnojib30BaTb RJIK SKcnpeccHbix oneHOK. C 

noMombio MeTOAa MaTpnu, nepenoca ocymecTBjiaeTCH pemeHHe ypaBHeHHfl LUpeAHHrepa ^jia 

Ka>KAofi o6jiacTH CTpyKTypw. OH AOCTaTOHHO npocT B peajiroauHH H AaeT npHMyio 3aBHCHMOCTb 

npo3panHOCTH pe30HaHCHO-TyHHejibHbix CTpyKTyp OT 3HeprHH naAaiomero SJieKTpoHa. 

Ha ocHOBe paAa MOAeJiefi BKB [2,3] H MaTpnu nepeHOca [4,5] pa3pa6oTaHbi ajrropHTM H 

nporpaMMa OAHOMepHoro pacneTa npo3paHHOCTH pe30HaHCHO-TyHHejibHbix CTpyKTyp c 

npOH3BOjibHOH KOH(j)HrypaHHeH öapbepoß. fljia pacneTa BOJibT-aivmepHOH xapaKTepncTHKH 

pe30HancHO-TyHHejibHbix CTpyKTyp HCO6XOAHMO BbinncjieHHe TponHoro Hnrerpajia, HTO 

«BJiaeTCH  oneHb  CJ105KHOH  saAanen,  yHHTbiBaa  CHJibHyio  HejiHHeäHOCTb  noAHHTerpajibHoro 

Bbipa>KeHH5I.    B    CB33H    C    3THM    paCHCT    BOJIbT-aMnepHOH    XapaKTepHCTHKH    npOH3BOAHTC3    C 

HcnojTb30BaHHeM ynpomaioiAHX npeAnoJio>KeHHH [4] no pa3pa6oTaHHOMy ajiropHTMy. 

3. Pe3yjibTaTbi pacneTOB 

PeajiH3yioiii,HH OTMeqeHHbie MOAejin H ajiropnTMbi KOMnjieKC nporpaMM Hcnojib30Bauca 

AJiH pacneTa napaivieTpoB oAHOSJieKTpoHHoro TparoncTOpa RJIH pasjinHHbix 3HaneHHH uiHpHHbi H 

BbicoTbi Gapbepa B TyHHejibHbix nepexoAax (d H <j)0 cooTBeTCTBeHHo) H K034>4)HnHeHTa ycnjieHna 

no HanpjDKeHHK) (k). B 33BHCHMOCTH OT BMCOTM 6apbepa B TyHHejibHbix nepexoAax ty0 H paAHyca 

npoBOAaiii,ero "ocTpoBKa" r0 6biJin paccHnraHbi: oömaa CMKOCTB npoBOAflmero "ocxpoBKa" Ct, 

paöoHee HanpaaceHHe Ha npnöope Vop, rpaHHHHaa nacTOTa Ft H paGonaa TeivinepaTypa Top. 

PaccHHTaHbi TaioKe Hanoojiee onTHMajibHbie reoMeTpnnecKHe pa3Mepbi OAHOsjieKTpoHHoro 

TpaH3HCTopa.  Tpa(|)HKH  (pnc. la, 1B, 1A)  nojiyneHbi  B  pe3yjibTaTe  pacneTOB  no MOACJIH, 

MaTepnaj\M 6-Ä MeaytyHapojUHoB ^«MCKOH ^«KpoBO.MioBoif ÄwipepeHiJHH 'Xjt«rfCu'%fi'96. 16-19 ceHra6pn 1996 r., CeBacTonoAb, KpbiM, yKpaHHa O f"l £ 

Proceedings of 6th Internationa! ßtOnenn rd&rowave inference 0U/K/&!96. 16-19 September 1996, Sevastopol, Crimea, Ukraine £*yj 



paccMaxpHBaioineM xojibKO reoMexpmo Hcxoica, a rpai^HKH (pwc. 16, lr, le) - npH 

HcnojiMOBaHHH Rm pacneTOB c(j)epHqecKOH MORQJIVI npn6opa. 

TaK ace 6BIJIH npoH3BeAeHbi pacnexbi npo3paHHOcxH (pnc. 2a, 2B, 2A) H UJIOTHOCTH xoxa 

(pHc. 26, 2r, 2e) %m xyHHenbH0-pe30HaHCHbix cTpyKTyp c HHCJIOM öaptepoB OT flByx AO 

nexwpex AJifl MOAeJiefi [4] H [5]. Bbicoxa 6api>epoB Bbiönpairacb paBHOH 1.355 sB, HTO 

cooTBeTCTByeT nepexoAy AlAs/GaAs. TojimHua SapbepoB 3aAaBajiacb paBHOH 20 A, a HM - 

40 A. TifflHHHoe BpeMa pacnexa c HcnoJib30BaHHeM MexoAa Maxpnu. nepenoca cocxaBJiHex 1-2 

MHHyTbi AJia npo3paHHOCTH H 30-40 MHHyT .zyifl TOKOB Ha 1T3BM IBM 486 DX-2/66. 

4. 3aKJiK)HeHHe 

Pa3pa6oTaHHbifi KOMnnexc nporpaMM MOAejrapOBaHH» ABJiaexcH OCHOBOH RJISI npoBQReuwi 

aHanH3a reoMexpHqecKHX H sjieicxpHHecKHX napaMexpoß HaHosjieicxpoHHbix npnöopOB Ha ocHOBe 

3(J)4)eKXOB OAH03JieKxpoHHoro H pe30HancHoro xyHHejiHpoBaHHfl. IlpoBeAeHHbie pacnexbi H 

noAOÖHwe HM Moryx cjiyacnxb B KanecxBe npeßBapHxejibHbix HH>KeHepHbix oueHOK napaMexpoß 

yKa3aHHbix AByx XHIIOB HaH03JieicxpoHHbix npn6opoB. 

Pa6oxa BbinojmeHa npn HacxH^Hofi (J)HHaHcoBOH noAAep»<Ke Pecny6;iHKaHCKOH 

MeacBy30BCKOH nporpaMMbi <J)yHAaMeHxajibHbix HccneAOBaHHH B o6jiacxn ecxecxBeHHbix HayK 

"OH3HHecicHe ocHOBbi nojxyneHHa, AHarHOCxHKH, 4)yHKU.HOHHPOBaHH51 H npHMeHeHH« 

HH3Kopa3MepHbix 3JieMeHXOB H CHCxeM", rpaHX  04.04. 
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A SIMULATOR FOR COULOMB BLOCKADE AND RESONANT TUNNELING DEVICES 
Abramov 1.1., Goncharenko I.A., Novik E.G., Sheremet I.V. 

Belarussian State University of Informatics and Radioelectronics, 6 P. Brovka, Minsk-220027, Belarus 
E-mail abramov@nano.rei.minsk.by 

The models, the methods and algorithms of a simulator for single-electron (Coulomb blockade) and resonant tunneling devices are 
described in this paper. The simulator can be devided on the two independent modelling subsystems for Coulomb blockade and 
resonant tunneling devices, respectively. A special algorithm for the tunneling current calculation in resonant tunneling devices was 
developed. A comparison between the experimental data and simulation results for various devices is presented. The simulator was 
developed for IBM PC/AT computers. 
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PHC. 1. riapaMeTpBi OAHCOJieicrpoHHoro TparoHCTopa. 
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(a),(6) - 2 6apbepa; (ß),(r) - 3 6apbepä; (fl),(e) - 4 6aptepa. 

298 MaTepHaAbi 6-fi MejK£VHapo£HOH Ä^äMCKOH ^KPOBOAHOBOH ^aHcpepeHjjHH fy#i4lfo1lfa'96. 16-19 ccHTnöpii 1996 r., CeaacronoAb, KpbiM, YKpanHa 

Proceedings of 6th International $tane&n Microwave ^inference @*&%£@«$6. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



3KCHTOHM B nOJiynPOBO^HHKOBMX HHMEKIJHOHHblX 
JIA3EPAX HA OCHOBE KBAHTOBO-PA3MEPHHX CTPyKTyP 

BaHipH B.M., üameHKO AT. 
XapbKoecKuü eocydapcmaeHHbiü mexnunecKuu ymieepcumem 

paduo3JieKtnpoHUKU 
310726, XapbKoe, np. Jlenima, 14, (pmc 0572-409113 

AHE!OTaiIH>I 

OöocHOBaHa B03pacTaK)mafl pojib SKCHTOHOB B (J)H3*raecKHx npoueccax, npo- 
TeKaiOmHX B nOJiynpOBOflHHKOBHX HHXeKIMlOHHblX Jia3epaX Ha OCHOBe KBaHTO- 
B0-pa3MepHbix CTpyKTyp. Pac^HTaHbi SHepreranecKHe ypoBHH SKCHTOHOB Ba- 
Hbe-MoTTa B KBaHTOBO-pasMepHbix CTpyKTypax pa3jnraHoö KOH(|>HrypaHHH. Ha 
ocHOBaHHH peiueHHa CKopocrabix ypaBneHHO c yqexoM SKCHTOHOB nojiy^eHbi 3aBH- 
CHMOCTH KOJIH^eCTBa cf)OTOHOB, 3JieKTpOHOB H 3KCHTOHOB OT BeJIH*fflHbI TOKa HH- 
^KCKUHH B AonoporoBoft, noporoBoö H BbimenoporoBOH oojiacrax. 

I. Bse^eHHe 

B03MOXHOCTb C03flaHH» nOJiynpOBOflHHKOBMX HH^eKHHOHHMX jia3epoB c 
Hcnojib30BaHHeM 3JieKTpoHOB ÖbiJia paccMOTpeHa B paÖOTax MauiKeBHHa B.C. 
[ 1,2]. IIpH 3TOM OTMe^ajrocb, MTO 3KCHTOHHbie nepexoflbi MoryT cjiyxHTb KaHa- 
JIOM fljia HaKa*iKH; SKCHTOHHOC norciomeHHe H norjiomeHne cseTa 3KCHTOHaMH 
MoryT AaßaTb cymecTBeHHbm BKJiafl B noTepn; CB5i3biBaHHe CBOÖonHbix HOCHTC- 

JieÖ B 3KCHTOHH M02KCT 6bITb CyiHeCTBCHHOH npHHHHOH yMeHblHCHHfl KOHqeHT- 

pauHH HOCHTejieft, saTpyrjHaFomeft reHepaumo, H, HaKOHeu,, B03MOXHa Jia3epHaa 
reHepauH« Ha SKCHTOHMX nepexoqax. OflHaKo, B HHxeKHHOHHbix Jia3epax Ha OCHO- 

Be MaccHBHbix (oäbÖMHbix) roMO- H reTepo p-n nepexoqoB, pojib SKCHTOHOB He- 
BejiHKa, nocKOJibKy HX SHepraa CBJOH MeHbine, MeM TenjiOBaa SHepraa kl H 

3KCHTOHbiflHccouHHpyK)T6e3H3JiyqaTejibHO npH TeMnepaTypax öJHBKHX K KOM- 

HaTHOH. OxTIKHHTeJlbHOft OCOÖeHHOCTbKD KBaHT0B0-pa3MepHbIX CTpyKTyp ÄBJia- 
eTca B03M03CH0CTb JioKajiraauHH öojibinoro KOJiHHecTBa HOCHTejieft B orpaHH- 
qeHHOM oöbeMe H KBaHTOBaa 3Hepraa STHX HOCHTejieii. npH STOM, ycjiOBHa 
B3aHMOfleHCTBns HacTHu, H HX nojieft cymecTBeHHO MeHaiOTca no cpaBHeHHio c 
MaccHBHbiM (oöbeMHbiM) o6pa3uoM. riosTOMy, BKJiafl 3KCHTOHOB B npoueccbi 
jHOMHHecneHHHH H reHepamra Jia3epHoro H3Jiy*ieHHa cymecTBeHHO B03pacTaeT 
He TOJibKO npn HH3KHX, HO H npH BbicoKHx TeMnepaTypax, BnjioTb no 200°C [3]. 
B 3TOH  CB33H, npH H3yHCHHH (|>H3HHeCKHX npoqeCCOB B nOJiynpOBOflHHKOBHX 
HHxeKqHOHHbix Jia3epax Ha OCHOBe KBaHT0B0-pa3MepHbix crpyKTyp, HeoöxonH- 
Mo y^HTbiBaTb BJinaHHe 3KCHT0HHMX nponeccoB. 
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II. TeopeTMHecKHe pe3yjibTaxbi 

B paöoTe HCCJieAOBajiHCb nojiynpoBOflHHKOBbie HHxeKijHOHHbie 
Ga As/ALx Gat x As jiaBepw Ha ocHose (KPC). 

nOJlHBlfi raMHJIbTOHHaH flJIH 3KCHTOHOB BaHBC-MOTTa B CHCTCMC, COCTOÜ- 
meö H3 aKTHBHoro cjioa Ga As, pacnojio^ceHHoro Me^^y jiByM» CJIOäMH 

G&i    Alx AS B npHÖJIHXeHHH 3(})($)eKTMBHOH MaCCLI, HMeeT BHfl: 

H = 
h2   d2 ft fi- 

lm   dZ2     2m±dZ2     2//± 
e     e h 

1 d 

pdp 

(   ^ 
P — 

V   dPJ 
+ 

+ 1   d 

p   96 
V(Ze) + V(Zh), (1) 

e      h 

rfle me - 3c|)(|)eKTHBHaa Macca sjieKTpOHa B 30He npOBOflHMOCTH, 
m± - 3(J)4)eKTHBHaa Macca jierKOö"-" H TSCKCJIOH "+" fltipOK B BajieHTHOÖ 30He, 

\i± -npHBeßemia» Macca Jiencoro "-" H Taxejioro "+" SKCHTOHOB, V(Z), V(Zh) - 
BBicoxa noTeHipiajibHoro öapbepa fljia sjieRTpona B 30He npOBOflHMOCTH H AH- 

pOK B BajieHTHoit 30HC, Ze, Zh- KoopflHHaTbi 3JieKxpoHa H AbipKH, re, rh - nojio- 
XCHHe 3JICKTpOHa H flblpKH,  CBÄ3aHHbIX KyJIOHOBCKHM  B3aHMOfleÖCTBHeM, 

p - KOOprjHHaTa peHTpa Mace B SKCHTOHC, ft - nocroaHHaa ILriaHKa, SQ - yHHBep- 

cajibHaa flH3.neKTpiraecKaa nocToaHHaa. 
B flaHHoft pa6oTe BOJiHOBbie fyyuKum H coöcTBeHHbie 3HaqeHjra 3HeprHH 

3JieKTpOHOB, jierKHx H THxejibix flbipoK, jierKHx H Ta^ejibix 3KCHTOHOB onpefle- 

jiajiHCb Ha ocHOBaHHH pemeHsia ypaBHeinra IHpeflHHrepa c raMHJibTOHHaHOM (1). 
3a#aqa peruajiacb fljra cjiyMaeB: öecKOHewo BbicoKoro öapbepa, öapbepa KO- 

HeMHOH BblCOTbl H "ÖeCKOHe^HOÖ" IIIHpHHbl H Öapbepa KOHeHHOÖ BblCOTbl H IUHpH- 
Hbl C ynCTOM aHH30Tp0nHH 3(J)(|)eKTHBHbIX MaCC qaCTHU; B 3aBHCHMOCTH OT co- 
CTaBa MaTCpnaJia Öapbepa. 

CKOpocTHbie ypaBHeHHH flji« IUIOTHOCTH 4>OTOHOB, KOHqeHTpauHH 3JieKT- 
pOHOB H 3KCHTOHOB HMdOT BHfl: 

dN     J      N      ....       N_t (2) 

dt 

dN 

T       N 
— - — -«ATP 
ed     T 1 ex 

ex N      N 

dt 
S--OÜV   P., * ex   2 (3) 

ex 

dP. 

dt 

1 _ = GCNP \ + ß 
N -A. (4) 
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dK N        P 
-^ = aN   p^+ß-ex—JL. (5) 
dt ex z T*      Tp 

3flecb N- KOHuenTpauHH HOCHrejieft 3apa^a (sjieKTpoHOs), HHxeKTHpOBaH- 

HblX B aKTHBHyK) OÖJiaCTb,   J - IUIOTHOCTb TOKa HaKa*IKH,    OC - KOSCjxJjHIHieHT 

onTH^ecKoro ycHJierora,  P{ - IUIOTHOCTL (|)OTOHOB, B03HHKaK>nnix OJiaro^apa 

H3JiyqaTeJlbHOH peKOMÖHHaHHH HHJKeKTHpOBaHHblX B aKTHBHyK) OÖJiaCTb 3JICK- 

TpoHOB, e - 3apHfl ajieKTpoHa, T  - BpeM« cnoHTaHHoft H3Jiy^aTejibHOH peKOM- 

ÖHHaiHIH HOCHTeJieft, d - TOJIIH,HHa aKTHBHOH OÖJiaCTH, Na - KOHH,eHTpaü,H» 3K- 

CHTOHOB, B03HHKaK)IH,HX ÖüarOßapü CBaSblBaHHK) HHXeKTHpOBaHHHX HOCHTCJieH, 

* 
ts   -   BpCMJI   CnOHTaHHOH   H3JiyHaTeJIbHOH   peKOMOHHaiJHH   3KCHTOHOB, 

T    - cnoHTaHHoe BpeMfl :JKH3HH 3KCHTOHHoro ypoBHa (BpeMa CB«3biBaHHH HH- 

aKCKTHpOBaHHOrO, CBOÖOAHOrO HOCHTeJia B 3KCHTOHe ),   ß - flOJia cnoHTaHHoro 
H3Jiy^eHHa, nona/jaiomero B jiasepHyio MO#y, P2- n/iOTHOCTb CJJOTOHOB, BCWHH- 

Kaiomnx B pe3yjibTaTe peKOMÖHHauHH SKCHTOHOB, Tp- BpeMM >KH3HH cJDOTOHa B 

pe30HaT0pe. 
J\JI% yAOÖCTBa peineHHH CHCTCMH cxopocTHbix ypaBHeHHH (2-5) npOBejje- 

Ha   HopMHpOBKa nepeMeHHbix:   N~l / OCX • Nex~ 1/°^;   P^l/OPT^; 

P2~l / ar*; J~ed/ai:sTp; r~T*. 

C y^eTOM npHHHTofi HOpMHpoBKH CHCTeMa ypaBHeHHH (2-5) nepennuieTCÄ 
TaK : 

dN    J-N-fN-N     )P-Y1N, (6) 
dt 

dN 
ex _ 

dt 

dP 

dt 

dP 
 2_ 

dt 

i. = y r (N-N   )v - TßN - p 
.        ' 2      V om)    1 H 1 

= YrN p-YrN   -p 
ex 2 2      ex      2 

(8) 

(9) 

3flecb Yl = ^s/ ?ex, 7 ~ Ts I Tp, 72 = ls / T*, r - Koac^HinieHT OHTH- 

necKoro orpaHH^eHHa, N  - KOHijeHTpaipra 3JieKTpoHOB, cooTBeTCTByromaH Ha- 
CTyn/ieHHK) HHBepCHH. 

BaTT-aMnepHbie xapaKTepHCTHKH HHxeKijHOHHoro KBaHTOBo-pa3MepHoro 
Ga As/ALx Gaj   As Jia3epa 6HJTH pacqwraHbi Ha ocHOBe CTainiOHapHbix peuie- 
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HHH ypaBHeHHH (2-5) HJTK (6-9) 

III. 3aK.jins*ieeise 

nojiyqeHHbie B paöoxe pemeHHst ypasHeHHa IIIpeflHurepa fljia pasjiwmux 
KOHCpHrypaipifö KsaHTOBQ-pasMepHbix CTpyKTyp Moryx 6biTb Hcnojib30Banbi flji« 
BbraHCJieHHH ^acTOT H3JiyqaTejiBHBix jia3epHbix nepexqn;oB, a peuieHH« craijH- 
OHapHblX CKOpOCTHblX ypaBHCHHS n03BQJI»K)T OIjeHHTb riJIOTHOCTb (pOTOHOB, KOH- 
iteHTpai^HK) 3.neKTpoHOB H 3KCHTOHOB B flonoporoBoxi, noporoBofi H Bbimenopo- 
roBOH oöjiaerax. 
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EXCITONS IN SEMICONDUCTOR INJECTION LASERS 
ON QUANTUM WELL STRUCTURE BASIS 

VantsanV.M., Pashchenko A.G. 
Kharkov State Technical University of Radioelectronics, 14 Lenin Ave., Kharkov-310726, Ukraine 

fax 0572 409113 

The results of investigation of exciton effects on the generation process in semiconductor injection lasers on the base of quantum 
well structures (QWL) are presented. On the base of Schrodinger equation solution the quantum well effect origination mechanism 
is shown, the excitons increasing significance in the process of generation of laser radiation is substantiated. The Winner-Mott 
excitons behaviour in QWS of various configuration is considered as well as the dependence of particles (electrons, light and heavy 
holes, light and heavy excitons) energy level on the mole fraction of aluminium - the third component of solid solution of barrier 
material. On the base of the classical rate equations, taking into account the excitons, the dependences of the photons and 
electrons quantity on pumping velocity and temperature were obtained. The computations were carried out in the below threshold, 
threshold and above threshold regions; the laser characteristic of transition from the superluminiscence to the generation regime is 
observed. 

302 Mai-epHaAbi 6-H MeiK^yHapoflHOH ^Jä*;MCKOH ^äKPODOAHOBOH ^ToH(pepeHu,Hn "%fiurf(ufto-'96'. 16-19 ceHT»6pn 1996 r., CeBacronoAb, KpbiM, YKpamia 

Proceedings of 6th International (?w*nean Terawave ^inference 0tir4£$a'96'. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



CARRIER TRANSPORT PHENOMENA IN SCH 
QUANTUM-WELL LASER DIODES FOR MICROWAVE 

FIBRE OPTIC TELECOMMUNICATION SYSTEMS 

Wolfgang Freude* Igor A. SukhoivaiW 

Abstract 

The modulation capability of separate confinement quantum-well laser diodes de- 
pends strongly on carrier transport and gain saturation phenomena. Ambipolar 
diffusion, and a nonlinear gain compression factor eG which varies with the injec- 
tion current are discussed with a view to the large signal behaviour of the device. 

I Introduction 
Carrier transport effects influence significantly the high speed dynamics of quantum-well 
laser diodes (LD): Firstly, the flow of carriers from the device contacts into the active 
region and their interaction with the resonator photons introduce time delays and reso- 
nances [1] [2], secondly, the intraband Coulomb and LO phonon scattering of the carriers 
cause a nonlinear gain saturation [3]. Detailed models have been developed varying widely 
in mathematical and numerical complexity; however, for illustrating the basic principles 
relatively little sophistication is required. 

II Laser model and results 
Ambipolar diffusion and lifetimes Figure 1 shows the flat-band energy diagram of 
a 5-layer PiiiN separate confinement heterostructure core (SCH, subscript K) of width 
dK = 163 nm with a single narrow quantum film (QF, subscript F) of width dF = 5.7 nm; 
WL (Wv) are the energies of the conduction (valence) band edges, WFn (WFp) the quasi 
Fermi levels, Ln (Lp) the diffusion lengths for electrons (holes), and the quantities Dn.p = 
70;5cm2/s, Da = 2DnDp/{Dn + Dp) = 9cm2/s, ra « 0.5ns, La = VU^Ta = 0.67/mi, 
6 = 3 /im, L = 100 /tm represent the diffusion constants for electrons and holes in the core, 
the ambipolar diffusion constant, the ambipolar lifetime and diffusion length, the width, 
and the length of the active region, respectively. The simplified embedding equivalent 
circuit of the LD in Figure 2 includes the nearly current-independent quantities bulk 
resistance Rs « 4Ü and reverse-biased junction capacitance Cpn « 2pF, the influences 
of which will be neglected here. The external voltage U = UK and the injection current 
I = IK drive the inner LD model; the voltage UK = (WFn- WFp)/e = U-RSI across the 
core region is determined by the separation of the quasi Fermi levels and the elementary 
charge e; at and above threshold, this difference becomes fixed by the lasing process. 
Current IK, and core carrier concentration nK near x = 0 depend on UK (constants Is, 
ns, temperature voltage UT = kT/e = 25 mV) as nK = ns e

UK^2U^ and IK = I„ e^/(2^). 
Typical device data are found in [4, Table 3.2] [5, p. 1999] [6] [7] for a (Gai_B Alx)As 

LD emitting at a vacuum wavelength A = 0.85/mi. At threshold (subscript S) the carrier 
densities in core and film are nK.FS « 2.5 x 1016;4.4 x lO^cm-3, so the average carrier 
distances amount to 8K.F « n^3

5 « 34; 6 nm.   The de Broglie wavelength at room 
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temperature for electrons (holes) is An;p = 30; 11 nm, while in GaAs the scattering length 
over which the electron (hole) wave maintains its phase coherence amounts to about 50 nm 
(about 7nm, because of the sevenfold larger hole mass). Therefore, the carrier transport 
may be treated classically with the ambipolar diffusion model assuming charge quasi- 
neutrality assuming n — p (neglecting the small regions of one Debye length Lß <C d^ next 
to the QF), and strong forward bias (high total current density JK — 200... 900 A/cm2). 
Ambipolar recombination rate ra and lifetime ra in core and QF depend on n and on the 
recombination coefficients A = 1/(0.5 ns) (non-radiating), B = 7x 10~10cm3/s (radiating 
band-band transition), C = 0 (no Auger processes for (Ga,Al)As; C = 4x 10~29cm6/s 
for (In,Ga)(As,P)), 

ra{n) = n/ra(n),        ra(n) = (A + Bn + Cn2)_1 . (1) 

Because A ^> BnK + CnK is valid, dra(riK)/ dux = T"
1
 = A holds in the core. A small- 

signal ansatz of the type Q(t, x) = Qo(x) + U{Q{x)eiU)t} with angular frequency u leads 
to the ambipolar diffusion equations 

(fi - L-2) nK0(x) = 0 ,     (£,- L-2(l + j WTa)) nK{x) = 0 ,    rKT = * {^ff .  (2) 

The solution [8] of Eq. (2) requires appropriate boundary conditions (BC). Below thresh- 
old where induced emission from the QF is negligible we apply Neumann BC (NBC) 
dnK0(x)/ dx\±dK/2 = ±Ji<:o/(2eDn)p); the upper (lower) sign belongs to the first (second) 
subscript n (p). Above threshold where np and UK become clamped by the lasing process, 
the core has to be divided into separate regions x < 0, x > 0, so that mixed BC (mBC) at 
x = 0 (Dirichlet, n#(£,0) = nK0(0)), and at x = ±dK/2 (NBC as above) are appropriate. 
Therefore, the small-signal charge-up time constant is TK = Ta below threshold, while 
above threshold it is reduced to the ambipolar transport time TK = TKT, Eq. (2). So 
under large-signal conditions, TK also depends strongly on the operating conditions. 

Figure 3 shows the stationary solution of Eq. (2) for mBC, displayed as the rela- 

tive difference of nK0(x) and the mean UKO — j~ !-d /2 nKo{x)dx. The cases JKO = 
10; 100; 1000 A/cm2 illustrate the situation below, at and above an assumed threshold 
density nK0(0) = 6.24 x 1017 cm"3: Below 'threshold' (which is physically not relevant for 
the case of a LD because nKo(0) becomes only clamped at and above threshold) the QF 
would act as a carrier source, so n^od^l > 0) is depleted. Above threshold (right scale in 
Figure 3), the QF truly sinks the carriers, and the concentration curves are very nearly 
straight lines. At threshold, the sharp edge at x — 0 has disappeared; this mBC curve is 
identical to all possible NBC plots with arbitrary JKO/Z = ^^K'O.NBC/^O- For NBC, the 
differential carrier increase is dn^o.NBC ~ dJK0, while for mBC in the case of a LD above 
threshold only the carriers in excess of nxs depend on JK0, and d(n^o,mBC -%s) ~ dJ^ 
holds. With (nR-o.mBC - nKs)/nKOi-$-BC = TKrl^a-, the above discussed differences in 
TK may be understood. The local nKo(x) deviates from n#0 only in the order of 10~4. 
Exclusively for Figure 3 we chose the parameters dK = 100 nm, ra = 10 ns, TKT = 1-3 ps. 

Nonlinear gain saturation Depletion of the optical gain has a strong impact on the 
relaxation of the LD light power; it is caused by spectral hole burning (formation of 
a dip in the carrier wavenumber distribution function at the optical laser resonance), 
and carrier heating (the electron ensemble having roughly the average energy Wpn is 
heated by stimulated recombination at lower energies because cool carriers are removed, 
simultaneously cooling the hole ensemble with average energy Wpp; the optical gain reacts 
very sensitive to small temperature changes of the carrier equilibrium distributions). The 
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carriers redistribute within the intraband relaxation time in the order of rB = 0.1... 0.2 ps. 
The microscopic description of carrier-carrier and carrier-LO-phonon collisions by treating 
the kinetics of the distributions in terms of the Boltzmann collision integrals includes 
inherently both effects. The nonlinear saturation of the gain is empirically described as a 
function of the photon number Np with a saturation factor eG) 

^)=S+tfW' (3) 

where F = 0.036 is the optical field confinement factor, G0 = 7.22 x 10~6 cm3/s the 
differential gain, n0 = 4.24 x 1018 cm"3 the film carrier transparency concentration at 
G(n0, Np) = 0, and VF = dpbL = 1.7 x 10~12cm3 the volume of the active region. The 
dependence on NP is principally unphysical, because the gain only reacts to the carriers. 
Figure 4 shows EQ as derived from the quantum mechanically calculated stationary gain 
(•) [3, Fig.lc (solid line, boxes)], and the fitted ( ) empirical function of the normalized 
pump rate 12 — I/Is (threshold injection current Is), 

eG(n) = eooo (l - a' e-b'n +c' e~d'n) ,        EGOO = 0.94 x 10~17 cm"3. (4) 

The empirical constants are a' = 1.0206, b' = 0.0986, c' = 0.0206, d! = 0.0853. Far 
above threshold, 77 » 1, the saturation factor corresponds to its asymptotic value e^oo, 
while below and near the threshold EQ strongly depends on II. 

Rate equations We consider a gain-guided laser diode oscillating in a single transverse 
and longitudinal mode with a photon lifetime TP = 2 ps. The carrier numbers in core and 
film (volumes VK.F) are NK]F = nK.FVK]F with nK.F (t, x) « nK.F(t). At the transparency 
point we have Y = Y0 = n0/nFS = 0.963 and X = XQ. Normalizing to appropriate 
threshold values (subscript S, ^^ -TeGoo = 0.0037) leads to the rate equations, 

TT — J/e y — NK/TKS       v —- NplTeSS       7 _ NP/TP 
- Is/e>      ^  ~      ls/e      '       r   -       lsle      »       L ~    Is/e    ' ,gv 

m) = $k r$n),      GN(n, Y,Z) = ^ ^^, 

*-pf = [GN{II, Y,Z)-1]Z + Q(Y)Y, 

^rKS,       Y>Y0 

reffsf- = -^Y + —^X -GN(n,Y,Z)Z,   rK(X,Y) 

„ dX    __ TeSS  V 
TKS v j-r rKs-& -     —' - TK{XY)x + n, 

(6) 
The classical 3D core carriers have to be related [10] to the 2D QF particles [10]; carriers 
leaving the QF by (mostly) thermionic emission have a lifetime TF — 40 ns.   A weakly 
F-dependent normalized factor Q(Y) with Q(l) = 3.8 x 10~3 describes the spontaneous 
emission into the lasing mode. Non-radiative and spontaneous emission from the QF into 
all resonator modes is summarized by an effective lifetime res(Y) — ra(YNFS/VF) = 
0.5 ns x (1 + 1.54 Y)_1 < TF from Eq. (1) with rees = reff(l) = 0.196ns. For the core 
carriers, an effective QF capture probability of one is assumed here; it is determined by 
the reciprocal of the very small capture times for electrons (holes) rcapnjP = 1.2; 0.65 ps 
[5, p. 1994].    The dominant core lifetime may be computed from Eq. (1), rK(X)  = 
Ta(XNKS/VK) = 0.5ns x (1 +0.009X)"1 with rK s = rK(l) = 0.496ns.   The onset 
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of the clamping process is assumed to be Y = Y0] then, the core carrier lifetime is ad- 
justed to TKQ — TKSXO/II = 0.364 ns such that for constant 71 = 1.5 the stationary 
carrier number X = XQ « 1.1 would remain at its transparency value if Y > YQ. 

It must be emphasized that the approach Eq. (6) is phenomenological. and that the 
consistency of the parameters may be debated. However, our purpose is to demonstrate 
qualitatively important large signal effects. Specifically, TKO is much larger than the small- 
signal charge-up time TKT = 0.0074 x rK s = 3.7ps from Eq. (1); still, the effect on the 
response of the LD to a current step is significant. 

Numerical results Solving the stiff system of differential equations (6) poses severe 
numerical problems. We used the Livermore Stiff ODE Solver 'backfull' provided by 
Maple V Release 4.00; still, our choice of the lifetimes TP-^S-KS ~ 2; 200; 500 ps is a 
limiting case, an increase to TKS — 790 ps leads to instabilities. The situation becomes 
even worse if TK(X,Y) is switched, Eq. (6). As initial conditions at t = 0 we assumed 
X = Y — Z — 0 and 27 = 1.5. Figure 5a; b show the outcome for constant core carrier 
lifetimes TK(X,Y) = 496; 14.8ps. Neither step response meets real-world criteria: in 
Figure 5a, the time delay till the photon number Z rises (vertical line) is realistic, while 
the steady-state response Z f« 77 - 1 — 0.5 is reached much too late; in Figure 5b, the 
initial time delay is unphysically small because the core charge-up time is much less than 
the true rK. In Figure 5c, TK(X,Y) is switched according to Eq. (6). The initial time 
delay is determined by TK till the film carrier number Y reaches YQ; then, the transport 
of carriers into the QF is greatly accelerated, and Y overshoots. The following steep rise 
of the photon number Z is so strongly damped by the sharply increasing gain saturation 
factor £Q that Z returns without ringing to its steady state value inside about half a QF 
lifetime reffs; during this time, Y remains smaller than its steady-state value which is 
hardly to be seen in the graph. 

III Conclusion 
Phenomenological models for carrier lifetime and optical gain depend on the instantaneous 
values of pump rate 27, carrier numbers X, Y, and photon number Z. While quantitatively 
correct results cannot be expected from this approach yet, we showed typical differences 
in the large-signal behaviour as compared to unrealistic constant-parameter models. 
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#JiyKTyAlJHOHHO"PEJIAKCAUHOHHA5I HEYCTOAHMBOCTfe H TEHEPAIJHfl 
BEJIOrO UIYMA B PE30HAHCHO-TyHHEJlbHOfi CTPYKTYPE 

O.T. TaBpHJlOB, H.H. KBaTKeBHH 
HHM "Ilynbcap", POCCUH, Mocma, 105187, OKpyotcHou npoe3d, d. 27 

H.A.OöyxoB 
HHM "flenbma", Poccw, Mocma, 105122, Ufemoeacoe wocce, d. 

Ammrmum 

IIoKa3aHo, HTO B CTpyKTypax HaHOMeTpoBbix pa3MepoB HapaAy c O6MHHMMH uiyMaMH Moryt 
cymecTBOBarb cneyH(}>HliecKHe KBaHTOBwe uryMbi, nopoawaeMbie cjwiyKTyauHaMH sjieKTpoxHMHiecKHX 
norenmaiiOB HepaBHOBecHHx sjieopoHOB. B pesoHaHCHO-TyHHejibHbix crpyKTypax BO3MO>KHO pa3BHTHe 
HeycTOHHHBOcTH no OTHOiueHHjo K 3THM 4>iryKTyauHaM H, KaK cjieflCTBHe, reHepaqHH 6enoro uiyMa 
ÖOJIbUIOH MOIUHOCTH. 

I. BBe^eHHe 

B pa60Te [1] onHcan SKCnepHMeHT, B KOTOPOM Ha6jno^atiacb reHepauHa sneicTpoMarHHTHMX 
KOjieöaHHM co cneKTpoM rana 6eJioro uiyMa pe30HaHCHO-TyHHejibHbiM AHOAOM, npeACTaBJiaiomHM CO6OH 

PesoHaHCHO-TyHHejibHyso CTpymypy (PTC) Ha nojxyH30JinpyK>meiä HJIH n+-noflnoacKe. OAHOMOAOBaa 
reHepau.ua cHruajia B 3TOM aiyiae OTcyTCTBOBajia, a B HccjieAOBaHHofi nonoce iacTOT OT 10 MTu flo 25 
ITu Ha6nioAaJica TOJibKO 6enwH uiyM. Pa6oqaa TO*n<a BbiÖHpanacb Ha yiacTKe c OrpHqaTejibHOH 
AH^epeHHHajibHOH upoBOAHMOCTbio (Oßll) BonbT-ÄMnepuoH XapaKTepHcraicH (BAX) npwöopa. 
ripH CMemeHHH paöoMeä TCWKH C 3Toro yqaerica renepauHa npeicpamajiacb. CyMMapHaa H3JiyiaeMaa 
MomnocTb (P) cocTasHJia 20 MKBT, a pacc^HTaHHaa Ha ocHOBe sKcnepHMeHTanbHbix A^HHMX 

cneKTpajibHaa iraoTHOCTb MOIUHOCTH uiyMa (SP) oKa3aJiacb paBHOH 2.91 x 105. 
npeanpHHSToe B [1] HccjieflOBaHHe B3aHMOA6HCTBKfl PTC c noAnoKKOM nepe3 pacnpczjejieHHyio 

rpaHHuy noica3ajio, npH KaKHX ycjiOBHax noanoxcKa MO>KCT CTaTb pe30HaTopoM AH» 3JieKTpoMarHHTHbix 
BOjiH paaHoiacTOTHoro ÄHana30Ha. OAHaico Bonpoc 06 HCTo*mHice Ha6.nK>AaeMoro B siccnepHMeHTax 
uiyMa ocTajica OTKPMTMM. OöbiiHbie BHAM myMOB: renjioBofl, apoöoBofi, peKOM6HHauHOHHMH AaioT 
«na SP BenHHHHy nopaAKa CAHHHUM, TO ecTb B CTO TMCAM pa3 iweHbuie Ha6jnoflaeMoro 3HaieHHa. B 3TOH 

paSoTe npefljioKeH OAHH H3 BO3MO»HMX MexaHH3MOB B03HHKHOBeHHa CTOJib 3HaHHTenbHoro uiyMa. 

II. <I>JiyKTyaiflHH 3jieKrpoxHMHHecKHx noTenniiajioB 

P,na aHanH3a 3aBHcaiuHx OT BpeMeHH npoueccoB B PTC MM BOcnojib30Bajracb HecTauuoHapHbiM 
BapuaHTOM ypaBHeHHii nepeHoca 3ap»Aa, xopouio sapeKOMeHAOBaBumx ce6a npn aHajiH3e craTHMecKHx 
xapaKTepHCTHK PTC H npHÖopOB Ha HX ocuoBe [2,3,4]. Ha puc. 1 npHBeAeHH Ana npuMepa 
3KcnepHMeHTajibHaa H Teoperaqecicaa BAX PTC. B npocTpaHcraeHHO-oAHOMepHOM npHÖJiHSceHHH 
ypaBHeHHa MOA&IIH öypyr HMeTb BHA: 

öni / dt + öii / dx - (7te/4h)(<|» - <|>r)(ni + nr), 
dntl dt + 8it/ dx = 0te/4h)(<j>r - <t>i)(m+ nr), 
e(eöq)/öx)/ßx = e( n - N), 
n = in + nr, (1) 

me: m,t - KOHueHTpauHH aneKTpoHOB, nonaAaiomHx B CTpyio-ypy H3 JieBoro H npaBoro KOHTaKTOB 
cooTBeTCTBeHHO, 6yAöM Ha3HB3Tb HX Aanee "jieBMMH" H "npaBHMH" 3JieKTpoHaMH, ii,r - cpeAHHe 
nnoTHocTH noTOKOB 3THX sjieKTpoHOB, 4>i,r - 3JieKTpoxHMHHecKHe noTeHUHajibi "jieBbix" H "npaBbix" 
3JieKTpOHOB, q> - 3JieKTpocTaTHMecKHH noTeHunaji, N - KOHueHTpaqHa AOHopHofi npHMecH. 

IIpeAnaraeMaa MOAenb no3BOjiaeT, B npHHUHne, AaTb nojiHoe AHHaMHiecKoe onHcaHHe 
nepeHoca 3apaaa B CTpyKTypax c KBamroBbiMH CBOüCTBaMH. KnaccHHecKHe H KBaHTOBwe oönacTH 
npHÖopoB MoryT 6biTb HccjieAOBaHbi npH STOM B paMKax eAHHoro (J)OpMajiH3Ma. 3Aecb Hac 6yAyT 
HHTepecoBaTb AHHaMHiecioie ypaBHeHHa Ana Majiwx BO3MymeHH0 (4>nyKTyauHH) Benn^HH $i,T, a Toraee 
HX cneAyiouiHx KOMÖHHauHö: 

(j>. = 4>i - <j)r, <)>+ = (j)i + <j>r. 
KpoMe Toro, HTOSH He ycjioaoiaTb 3aAaiy aHanH30M npocTpaHCTBeHHoö AHcnepcau, MM orpaHHiHMca 
paccMOTpeHHeM TonbKo He 3aBHcaiuHX OT KoopAHHaT 4>nyKTyauHH. 

IIocKOnbKy Aajiee npeAnojiaraeTca HCcjieAOBaTb noBeAeHHe 8^i,r B PTC, TO npH BapbHpoBaHHH 
ypaBHeHHÖ (1) HCO6XOAHMO yqecTb HeaBHyro 3aBHCHMOCTb K03(|)$HUHeHTa npoxojKAeHHa D OT 

HpHJioxceHHoro HanpaaceHHa V (CM. pHC.2). JIoKanbuo STO MOH(er npoHBnaTbca B 3aBHCHMOcra BCJIHHHH 

pi,r H ji,r OT <|>- H nojiefi d$i,r/dx. MM orpaHHHHMCa yneTOM TOJibKO 3aBHCHMOcra MHKpocKonHHecKHX 
njiOTHOCTeö OT 4>.. HajioacHM, KpOMe Toro, AonojiHHTenbHoe ycnoBHe Ha (JwryicTyauHH: 

5(m + nr) = 0, (2) 
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oxpa3Kaiomee noicajibHoe coxpaHCHiae nojiHoro HHCjia nacraq np« nepexoAax MOKAy "jieBMMH" H 

"npaBWMH" 3JieKTpoHaMH. H3 ypaBneHHH (1) H (2) noay^HM: 
q aS<f>-/5t = ~Xo 8<(>., 
8(j)+ = (2/oc+)(y+ - (OL/2))5(|). , (3) 

r^e: 

Yr,l = (eß)-'J dE  fr,| aprj/a*. ,    Or,l = - / dE pr,l f 'r,l,   f r,l (Y) = 5fr,l(y)/5y. 
a± = oti ± ar, y± = yi + yr, A,0 = rckBT/4h. 

JJJM BejiHHHHbi q cnpaBejmHBO BbipajKCHHe: 

q = ociar( 1 -(yi/ai)+(yr/ar))/n(ai-HXr). (4) 
npH ycnoBHH, HTO B MOMeHT t = 0 (JmyKTyauHa 8<|>. = S4>-(0), coraacHO (3) nojrywM: 
Sf(t) = 8<t).(0)exp {-Xt}, X = Wq. (5) 

B cooTBercTBHH c TepMoaHHaMHKOH, cpeAHee 3HaneHHe (jmyKTyauHH HHTCHCHBHOH nepsMeHHofl <)>. paBHO 
Hyjiio, a ana cpeAHero 3HaqeHHa KBa#paTa STOH BejiHiHHbi cnpaBejyiHBO cooTHomeHHe: 

<&i(0)8(j>.(0) > = (kBT/e)2/(SLn), 
r^e: SHL-rmomaAbceqeHHa H AmHa paccMaTpHBaeMofi oßjiacTH. 

ECJTH o6jiacTb, B KOTopoü HccjiesyeTca nepeHoc 3apafla oAiropOAHa, TO OTJIKHHC <)>. OT Hyjia 
CBJBaHO TOJibKO c (JwiyicryauHaMH. B STOM cnynae yi,r = 0 H X > 0. ßjia cneicrpaJibHHX luiOTHOCTeg 
4>JiyKTyayHH (j>. H <j>+ 

00 

Sf ,+(ro) - 2 Re(J dt <8<|),+(0)8(|)-,+(t)>exp{iG)t})) 

0 
nonara«, *rro cjryHaiiHbiH npon;ecc craijHOHapeH, nojiyiHM: 

S*.(a>) = 2A.((kBT/e)2/(SLn))/(a.2 + co2), 
S^,+(co) = (a./a+)2S^.(ö)), 

CymecTßeHHO, HTO X ~ h"1 H, oieAOBaTejibHO, S^+,. ~ h, TO ecxb MM HMeeM aejio c KBaHTOBbiMH 
(JwryicryaUHSMH. 

3aMCTHM, HTO npH V it 0 ai ^ ar H a. ^ 0 Aaxe flita OAHopoAHOii crpyicrypu, noacojibicy 
npHJioHceHHoe HanpaaceHHe HCKaacaeT noTeHHHajibHbift pejibecj). B KOHTaKTHbix oSjiacrsx cnpaBeffiHBW 
rpaHHHHbie ycnoBHa: 

(j»+(x0) = 0, (j)+(xv) = 2V, 
nosTOMy (JutyKTyanHH (j>. npHBOAaT K (JuiyKTyamuiM V, TO ecTb K uiyiwy HanpaaceHHa. fljia cneKTpajibHofi 
njioTHOCTH MomHocTH tuyMa cnpaBe/uiHBO Bbipaacemie: 

SP(co) = Sv((a)G/kBT 
npH qacxoTax co«Xo (earn T = 300 K, TO XO » 5x 1012 Tu) nojiyiHM: 

SP =(a./a+)2(kBT/e2)G/2A,SLn. 
3#ecb G - dl/dV - CTaraiecKaa nposoAHMOCTb crpyicTypbi, I - nojiHbiö TOK. 

EcjIH BOCnOJIb30BaTbCfl CTaHaapTHHM BblpaKeHHeM flJia BeJIHWHbl G B OAHOpOAHOH 06jiaCTH [5], 
TO nojiyiHM: 

SP = (a./a+)2(hT/27tm*L)2 = (a-/a+)2(Ld/L)2 (6) 
BenHMHBa La~ 106 CMpjvi GaAs. npH L»Ld uiyM nopoaCAaeMbiö H3yHaeMHM npoueccoM Gyzjer MHOTO 

MeHbiue, neM o6biiHHH TenjiOBofi (HaHKBHCTOBCKHÖ) uiyM. OflHaKO, npH L ~ Ld H L « La HCCJie^yeMbie 
uiyMbi MoryT CTaTb npeBajiHpyiomHMH.  CooTHomeHHe (6)  MoaceT, no-BHAHMOMy, nocnyHCHTb OCHOBOH 

M% 3KCnepHMeHTaJIbHOH npOBepKH H3JIO)KeHHOH 3ÄeCb MOAejIH. 

III. <I>JiyK ryauHOHHO-pejiaKcauiioHHafl HeycToiiuHBOCTb 

B cjiynae PTC noBefleHHe (J>jxyicTyaqHH <j>. MOHCCT 6uTb cyiqecTBeHHO HHbiM, HöM B oflHopOßHofi 
o6nacTH. Bee oco6eHHocTH PTC CBHsaHH c HanHMHeM aim noTeHUHanbHoro pejibe<|>a STOH CTpyKTypM 
ypoBHa 3HeprHH, qepe3 KOTopbiß BO3MOäHO pe30HaHCHoe TyHHannpoBaHHe aneicTpoHOB. KaK BHAHO Ha 
pHc. 2, npH H3MeHeHHH HanpaxceHHH npOHcxoAHT cynjecTBeHHoe H3MeHeHHe KOS^^nuneHTa 
npoxoa«eHHa aneKTpoHOB nspes PTC Ha pe30HaHCHOM ypoBHe 3Hepran {Eres). npH nepexo^e Ha 
naAaiouTHH yqacTOK BAX (CM. pac. 1) D(EreS) oieHb GucTpo yMeHbmaerca c POCTOM npajioaceHHOro 
HanpswceHH« V. IIosTOMy BejiHHHHbi yi,r He TonbKO OTJIHHHH OT Hyna, HO MoryT SbiTb 6ojibinHMH B STOH 
o6jracTH. 

JlerKo BH^eTb, HTO a\,T > 0, a yi > 0 H yr < 0. QieflOBaTejibHO, K03(J)4»HHHeHT q, coraacHO (4), 
MOjKex MenaTb 3Han. H3MeHHTca B STOM cjiynae H 3HaK y BCJIHHHHH X, ITO, B cooTBeTCTBHH c 
BbipaxeHHeM (5), npHBeaeT He K 3aTyxaHHro, a K HapacTaHHio 4>->iyKTyaHHH <(>- . To ecTb - K noTepe 
ycTOHHHBocTH peuieHHH ypaBHeHHö (1) OTHocHTejibHo Majibix B03MymeHHß. Mbi 6y^eM Ha3biBaTb 3TO 

»BJieHHe <E»JiyKTyaHHOHHO-PejiaKcaHKOHHOH HeycTOHHHBOCTbio (<J>PH), noA^epKHBaa, HTO penb HACT O 

HeycTOHHHBOcTH B ypaBHeHKax, onHCbiBaromHx B "HöpMajibHbix" ycjiOBwax pejiaKcaHHK) 
sjieKTpoxHMHqecKHx noTeHUHajiOB "jieBbrx" H "npaBbix" sneKTpoHOB Apyr K Apyry. 
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^anee MM 6y^eM paecMaTpHBaTb o6jiacT5> PTC c pasMepoM nopa,zuca La (La ~ 106 CM ana 
GaAs) 3a npaBMM noTeHUHajibHMM SapbepoM, rae cnpaBe^jinBO npH6jiH3KeHHe §.« -V H, KpoMe Toro, 
MOJKHO npeHe6peMb npocrpaHCTBeHHofi 3aBHCHMOCTbio (pnyKTyaqHH. 

YcnoBHe BO3HHKHOBCHHH HeycTOHHHBOcra BHTJiamT cneflyioinHM o6pa30M: 
yi/oci - Yr/ar > 1 . (7) 

3aMeTHM, HTO yi nyr MOKHO npeflcraBHTb B BH,n,e: 
Yi = (kBT/e)5ni/at)- + ai/2, 
yr = (kBT/e) dnjdfy. - ar/2 

H nepenHcaTb ycjioBHe (7) : 
(kBT7e)((öni/a|).)/ai - (Önr/at>.)/ar) > 0 (8) 

B HauieM cnynae cnpaBewiHBbi npH&iHxeHHbie paBGHCTBa: 
daJb * - öni/aV > 0 , dajty.  * - dnJdV < 0 . 

TaKHM o6pa30M, ycnoBHa (7) H (8) 6y«yT BbinojiHeHM npH aHOMajibHOfi 33BHCHMOCTH KOHqeHrpauHH 
"jiesbix" H "npaBbrx" sjieKTpOHOB or npHJiosccHHoro HanpaaceHHa, HTO H Ha6jiio,naeTca Ha ynacnce BAX 
PTC c Oflfl- 

IIoHaTHo, HTO HapacTamie (JxrayjcTyauHH 5<j)- JXO öecKOHenHoc™ HeB03MO)KHO. OHO orpaHHHeHO 
oSjiacTbio, rae BbinojiHaeTca yoriOBHe (7), Korapaa B JIK>6OM ariynae He uiHpe, neu ynacTOK BAX c Ofljl. 
Eojiee TOHHMH OTBCT Moacer #aTb HHCJICHHMH aHajiH3 npoÖJieMbi, HTO He BXOAHT B 3a,a;aHH aanHofi 
paöoTbi. Mbi CTpeMHMca TOJIBKO npo^eMOHCTpHpoBaTb HajiHHHe stjxpeicra c&PH H gaTb rpy6bie OUCHKH 

ero BJIHSHHS Ha xapaicrepHCTHKH npH6opa. Pa3BHTHe (p-nyKTyaHHOHHoro npoqecca BO BpeMeHH MOHCHO 

oneHb npHÖjiHJKeHHO npe^CTaBHTb BbipaaceHHaMH: 
54>-(0) exp{- (A.0t/q(t))}, npH t e [0,t,) u (t,,oo) , 

&Mt) = 
0, np« t = ti, 

-qo,     npH Oi t <ti, 
q(t) = 0,      npH t = ti, 

qi,     npH t>ti, 
rßß npeflnonaraeTca, HTO BejiHHHHa -qo = q(0) < 0 , TO ecTb paöonaa TOHKa BbiöpaHa Ha ynaerae BAX c 
O/jn. ITpH HeKOTopoM 3HaneHHH t = ti   K03(p(pHHHeHT q npoxo^HT nepe3 Hojib,   a 3aTeM ocTaeTca 
nojioacHTejibHHM H paBHMM qi > 0. ECJIH ocHOBMBaTbca Ha pe3yjibTaTax    HHCJICHHMX pacneTOB, TO 

MOKHO CHHTaTb, HTO qo » qi (qo ~ 1 - 50, qi ~ 0.25), HTO MM H 6yneM npeflnonaraTb. 
Rm cneKTpajibHOÖ HJIOTHOCTH, C yneTOM c#ejiaHHbix npeanojioKeHHO, HaB^eM: 
S^e>)*(2<8<t)-(0)5(|).(0)>/(Ä,2+<ö2)){A,(exp(^ti)cos(ati-l)+coexp(^t,)sino)ti} 

rfle: X = Äo/qo > 0. ITpH ycitoBHH © « X , ynHTMBaa, HTO ti ~ X._!, nojiynHM: 
S*. « (2<5(l).(0)5<t).(0)>/X)(exp(?it1) - 1) 

TaKHM o6pa30M, npH naeroTax co « X. S$. OT nacTOTM He 33BHCHT H myM MOJKHO CHHTaTb 6enbiM. ECJIH, 

HCXOOT H3 HHCjieHHbix pacHeTOB, npHHHTb qo» 25, TO X. « 200 ITH . 3TO 3HaneHHe npeaejibHoM HBCTOTM 

He npOTHBOpeHHT SKCnepHMeHTaJIbHblM flaHHMM. 
H3 npHBeAeHHbix (JiopMyji cue^ryer, HTO noBe#eHne (JmyKTyauHH B anynae <J>PH OKa3MBaerca 

cymecTBCHHO HeTepMOaHHaMHHecKHM. CneKTpajibHaa nnoTHocTb 3aBHCHT He TOJibKO OT KBaflpaTa 
aMHJiHTyaM HanajibHOH 4>JiyKTyauHH, HO H OT MOMeHTa BpeMeHH ti, B KOTOPMH HapacTaHHe B03MymeHHa 
npeKpamaeTca H cncTeMa nepexo^HT B peacHM penaKcauHH. 

npe^CTaBJiaeTca pa3yMHMM nojioscHTb, HTO: 

<8<(,.2> = <84>.(0)8(t).(0)>(exp(A,t1) - 1) = (<8(|).(0)8(t)-(0)>)"2 AV, 
rae AV BejiHHHHa nopa^Ka Vp - Vv, TO ecTb onpe^ejiaeTca npOTaxeHHocTbio ynacTKa BAX c Ofljl. 

JJ,nx MOUIHOCTH myMa B nojioce Aco = X/2 HMeeM BbipaxceHHe: 
P = GSv Am = G<8<j>.2> = (GkBT/e) (AV/(SLn)I/2). 

3#ecb ynTeHO, HTO nocKOJibKy B paccMaTpHBaeMofi o6jiacTH <(>. « -V, TO SV « S^. . CneKTparibHyio 
HJIOTHOCTb MOHIHOCTH HiyMa MOMO npe^cTaBHTb B BHfle: 

SP = 2G<84).2>/(A,kBT) = (2G/eÄ,)(AV/(SLn)»2). 
Pfls HCCJieaoBaHHbix 3KcnepHMeHTanbHO CTpyKTyp: S~10s CM, AI =Ip-Iv ~2xl0_1 A. PacneTbi 

noKa3MBaioT, HTO B H3ynaeMOH O6JI3CTH n ~ 10!6 CM
-3

. HcnoJib3y« 3TH aaHHbie, npH KOMHaTHOH 
TeMnepaType (T = 300 K) nonyHHM, HTO P « 1.6xl0~5 BT, a SP w 3.1xl04. KaK BH^HM, HecMOTpa Ha 
caejiaHHbie HaMH rpy6bie ^onymeHHH, 3HaneHHe flna P xopomo Coraacyerca c SKcnepHMeHTOM. BejiHHHHa 
SP BbiHHcnanacb B SKcnepHMeHTe nyTeM aejieHHa P Ha kBT H nonocy nacTOT B 25 rru, B KOTopoö 
npoBOßHJiHCb H3MepeHHH. ECJIH npOH3BecTH nepecneT, yHHTbreaa, HTO coraacHO npHBeaeHHMM Bbime 
oueHicaM X * 200 TTu,, TO «ia 3KcnepHMeHTajibHoro 3HaneHHa SP nonyHHTca 3HaneHHe 3.6x104, HTO 

xopomo coraacyerca c TeoperHHecKHM pe3yjibTaTOM. 
OTMCTHM oflHy BaxcHyio pjw npHJiOÄeHHH ocoßeHHocTb. Ü3 (popMyjibi «na MOUIHOCTH myMa 

cneiiyeT, HTO P ~ kBT(S)"2. ßjia oßbiHHoro TemroBoro iuyMa MomHOCTb nponopHHOHajibHa TOJibKO kBT. 
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HeoöbiHHaa 3aBHCHMOCTb P OT reoMeTpiraecKHx xapaKTepHCTHK erpyinypbi SBJiaeTCJi B HauieM cnyiae 
cjieflCTBHeM OPH H HeTepMöflHHatvtHMecKoro noBeseHHa cbjryKTyauHH. JlerKO y6e,n,HTbCH, HTO ecnn B 

KanecTBe <5(|)-2> ssaTb TepMO^HHaMHHecKoe BbipaaceHHe, TO njioma,nb S B apopiviyjie ami P coKpaTnrcs. 

IV. 3aKJH0HeHne 

B 3TOH CTaTbe riOKa3aHO, HTO O.HHOH H3 B03MO)KHbIX npHHHH B03HHKHOBeHH3 BbTCOKOrO ypOBHH 
uiyMa B PTC SBJiseTCH dpjiyKTyanHOHHo-pejiaKcauHOHHaH HeycTOHHHBOCTb, TO ecTb noTep« ycTOÜHHBOCTH 
ypaBneHHSMH neperoca 3apa.na no OTHOUICHHIO K ManbiM B03MymeHHaM sjieKTpoxHMHHecicoro 
noTenqHajia, B03HHKaromaa B cTpyjcrypax, CTaTHiecicaa BAX KOTOpbix co^epxHT ynacTOk c 
OTpHuaTeitbHOH ÄHdpfpepeHUHajibHoii npOBOflHMOCTbio. npezpioxenHbtH MexaHH3M uiyMa no3BOJweT 
yaoBJieTBopHTejibHO onncaTb H3BecTHbie SKcnepHMeHrajibHbie ^aHHwe, onpeaenHTb o6jiacTb nacTOT, B 

KOTOpOH myM MOTKHO CMHTaTb 6ejIbIM, OÖTjtfCHHTb 6oJIbIIIOe 3HaneHHe CneKTpaJIbHOH njIOTHOCTH 
MOUIHOCTH uiyMa. 

<E>opMyjia  (6),  onncbiBaiomaa cneicrpajibHyio  nnoTHocTb  MOUIHOCTH  rnyivta  B  O^HOPOAHOH 

CTpyKType,   3acTaBJiaeT  cepbe3Ho  sasyMaTbca   o  cxeMOTexHHHecKux   nepcneKTHBax     sjieKTpoHHbix 
npH6opOB C aKTHBHbIMH 06jiaCT8MH HaHOMeTpOBblX pa3MepOB. riO-BHflHMOMy, npH flOCTaTOHHO MajIHX 
pa3Mepax aKTHBHwx oönacTefi STHX npH6opOB OTCTpoHTbca OT uiyMOB, nopOÄflaeMbix pejiaiccauHefi 
3JieKTpoxHMHHecKHx noTemiHajiOB, He y^acTCH. C yneTOM 3Toro cjieayeT CTpOHTb cxeMOTexHHKy    B 
HaHOSJieKTpOHHKe. 
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FLUCTUATION-RELAXATION INSTABILITY AND WHITE NOISE GENERATION 
IN RESONANT-TUNNELING STRUCTURE 
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Obukhov I.A. 
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The single resonant-tunneling structures (RTS) on semi insulating substrates and n* substrate were researched. Current-voltage 
characteristics of these structures contained the negative differential resistance (NDR) regions with the length of 0.05 V under bias 
voltage equal to 0.8 V for structure on semi insulating substrate and 1.2 V for structure on n* substrate respectively. The calculated 
limit frequency was about 2 GHz in all cases. Structures were placed into the measuring waveguide with resistance equal to 50 Q. 
Under conditions, corresponding to NDR regions of RTS characteristics the white noise generation was discovered. Any other 
oscillations were not discovered. The measurements were carried out in frequency range from 10 MHz to 25 GHz. The total 
radiated power was equal to 0.015 mW for RTS on semi insulating substrate and 0.020 mW for RTS on n+ substrate. Spectrum of 
noise power was found about 105 k,T (T=300 K). The theoretical investigation has shown that white noise generation may be 
caused by two effects: 
-fluctuation-relaxation instability of electron gas in RTS, 
- nonlocal interaction between RTS and substrate. 
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MOflyJIflUMfl M flEMOflyjlfiUMfl CkirHAJlOB 
MMJlJlMMETPOBOrO flMAnA30HA flJIMH 

BOJ1H C MCnOJlbSOBAHMEM 
rEKCA4>EPPMTOBblX PE30HATOPOB 

Ko^eflUHi^eea M.K). 
MocKoecKuü SHepsemimecKuü UHcmumym (TexHuvecKiiü YHueepcumem) 

111250 MocKea KpacH0Ka3apMeHHan, 14, 0/7/70 M3I/I 
0aKC 095-362-89-38 

AHHOTat^Mfl - flrifl pa3pa6oTKM MacTOTHo-ceneKTMBHbix M3MepnTejieCi SHepreTMMecKwx napaMeTpoB cwrHanoB MM 
flnana30Ha /yiMH BOJIH nepcneKTMBHbi npeo6pa30BaTenw MOI4HOCTM Ha ocHOBe MOHOKpucTannnnecKHX reKcacpeppuTOBbix 
pe30HaTopoB (rOP), ncnonb3yhoii(Me MOflyns^wio M fleMOflyns^wo MM CMmanos. PaccMOTpeHbi TeopeTMHecKne 3afla4w, 
B03HMKaK>mne npi/i aHann3e paöoTbi MOflynaTopa M fleMOflyjwropa Ha r<t>P. 

I. BßefleHne 

MacTOTHO-ce^eKTHBHbie mMepmenv\ 3HepreTMMecKHx napaMeTpoB CMrHanoB CBH v\ MM flnana30H0B 
flJIMH BOJIH HeoöxoflMMbi flna ncc^efloBaHUfl n3nyHeHMM aicrMBHbix npnöopoB, paooTaiouJiMX B MHoroHacTOTHOM 
pe»MMe MJIM MMeiomux CBepxujwpoKonojiocHbiM M HeycTOMMMBbiPi BO BpeMeHH cneKrp. flna STMX i\enev\ MOWHO 

ncnojib30BaTb npoLieccbi MOAynflu,MM n fleMOflyns^nn CMmanoB c noMombio cpeppmoBbix pe30HaTopoB (<t>P). 
flnfl MM flnana30Ha AJIHH BOJIH nepcneKTMBHo ncnojib30BaHne MOHOKpucTajiJinqecKHx reKcaqbeppMTOBbix 
pe30HaTopoB (repp) c öojibUJMM BHyrpeHHUM nojieM KpMCTannorpacJwMecKOM MamnTHoPi aHW30TponMM, He 
Tpe6yK>unnx rpoM03flKHx cucTeM noflMamuMMBaHna. 

M3BecTH0 peweHwe 3aflaH o M0flynqu,nn CBM-cumajia c noMom,brO KpucTanjiorpacpuMecKM 
"M30TponHoro" OP, pe30HaHCHan HacTOTa KOToporo M3MeHHeTcyi no rapMOHMHecKOMy 3aK0Hy c paflMOMacTOTOM 
Q npw nepeMeHHOM none noflMamMHUBaHMfl [1]. PeuueHa TaioKe saflana o fleMOflyjiaqnM aMn/imyAHO- 
MOflyjinpoBaHHoro CBM-cumana c noMombrO "M30TponHoro" OP, HaxoflRUj,erocn B nocxoHHHOM none 
noflMamHMUBaHU« [2]. Ho ocoöeHHocTbio aHajiH3a M0flyjwi4nn v\ fleMOflyrramw c noMOLU,bK> TOP ABJiaeTcn 
yneT nonq KpwcTannorpacpMHecKOM MamirrHOM aHM30Tponnn HA H yma ero opneHTau,nn 0H no OTHOweHMio K 
BHeiUHeMy nonto noflMamnHMBaHun H0 npn ycnoBMH Ho<HA. 

MoflyjiaMMH MM cumajia c noMombio TOP MO)KeT SbiTb ocymecTBneHa flByMfl cnocoßaMn: jinöo 3a 
CMeT nepeMeHHoro nojia noflMamnMUBaHUfl ("nojieBoe" ynpaBJieHwe), JIM6O 3a CMeT fleBnaL^MM yrna 
opueHTaqnM TOP B6nn3n HeKOToporo HananbHoro nonoweHun ("ymoBoe" ynpaBneHne). fleMOflyraqnio 
cumana c nepeMeHHott orn6aK)m,eii MO>KHO nonynnTb 3a cneT n3MeHeHna npoAonbHoü cocTaBnaiotij,eti 
HaMarHMHeHHOCTM TOP M HaBefleHMH 3flC B aneMeHTe cteMa, HanpuMep, cnnpanbHOM MMKpoKaTyujKe unM 
flaTMUKe Xonna B6nn3M TOP. 

ripn OTHOcMTenbHo 6b!dpoM ynpaBneHMM pe30HaHCHoPi nacTOTOM TOP, Korfla nacTOTa ynpaBnniouj,ero 

("MOflynnpyKDU4ero") KoneßaHMjR Q cpaBHMMa nnn npeBocxoflMT nacTOTy penaKcaL(Mn cpeppoMamnTHoro 

pe30HaHca (cpMP) B TOP, HeoöxoflMMO ymiTbiBaTb flMHaMMMecKMe nßneHua, CB33aHHbie c MCKaweHneM cpopMbi 
KpMBoPi cpMP. AHannTMHecKoe peweHMe TaKoii 3afla<HH 3aTpyflHeHo H3-3a Heo6xoflHMOCTM peujeHun cucieMbi 3- 
x flncpcpepeHU,nanbHbix ypaBHeHHM c nepeMeHHbiMn KoacpcpHqueHTaMM, Korfla KOMnoHeHTbi Beiaopa 
HaMamnMeHHocTn coßepujaioT KoneöaHwn c 0TnMMaK3Lu,MMMCp flpyr OT flpyra nacTOTaMU [3]. 

OflHaKO Ha npaKTOKe npH H3roTOBneHHM MOflynaTopoB ncnonb3yK5TOft nacTOTbi MOflynaLtnn, 
cyu^ecTBeHHo MeHbiiiMe, neM nacTOTa penaKcaLinn TOP (flecflTKM KPLI - eflHHHu,bi Mrq npoTUB flecsTKOB MTL()! 

B CBJ13M c 3THM M0WH0 Bocnonb30BaTbCfl °KBa3HCTaTMHecKMM" noflxoflOM flnn aHanMsa noßefleHnn KOMnoHeHT 
Beiaopa HaMarHMHeHHOCTM npM nepeMeHHOM pe30HaHCH0M nacTOTe. B STOM cnynae cpopMa KPMBOM OMP 
coBnaflaeT co cTaTMMecKOM, coßnioflaroTcn cTaTMHecKMe cooTHOujeHM* Me»fly opMeHTaL\Meü ocHOBHbix 
BeKTopoB: OCM KpMCTannorpacpMHecKOM aHM30TponnM HA, BHeujHero MarHMTHoro nonn H0 v\ paBHOBecHofi 
HaMarHMHeHHOCTM Mo, BbnreKaioiuMe M3 MMHMMyMa MamMTHOM SHepruM KpMCTanna. ripw STOM flna pemeHMa 
3aAaHM MOÄHO BOcnonbsoBaTbcq cTaTMMecKMM TeHsopoM MarHMTHOM BocnpMMMMMBOCTM reKcac})eppMTa. 

npM paccMOTpeHMM fleMOflynflTopa TaioKe MO>KHO Bocnonb30BaTbcn "KBa3MCTaTMHecKMM" HOAXOAOM, 
nocKonbxy ynpaBneHMa pesoHaHCHOM nacTOToü TOP B STOM cnynae HeT. 

II. MoflynnmiH MM cumana c noMou;bio r<t>P 

B "KBa3MCTaTMHeCK0M" npM6nM>KeHMM MM KOMnOH6HTbl HaMarHMHeHHOCTM M MarHMTHOrO nona CB33aHbl 
TeH30pHblM COOTHOUjeHMeM [4] 

™ = X    h, (1) 
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rfle T6H3op MarHMTHoPi BocnpnuMMHBOCTM TOP nwieeT 9 KOMnoneHT B fleKapTOBoPi cucTewie KOopflMHaT (npn 
KoneSaHUM BeKTopa HaMan-iUMem-iocTO B nnocKoc™ (yz), nepnenflMKynapHOM K HanpaBneHwo 
pacnpocTpaHeHM?! BoxiHbi no OCH X) [5]: 

X 

Xu 

-JX a cos 0M 

-JXa^0M 

JXac°s0M 

X22C°S20M 

X22<zos6Ms\n6M 

JXa sJn eM 

X22SinOMCOS0M 

^22sin2^ M 

(2) 

3flecb ncnoiib30BaHbi cneflyioiu,ne o6o3HaMeHna: <o-Hecyii\aH nacTOTa MM cumana, a- 6e3pa3MepHbiü 
napaMeTp py\ccwnai\viv\ B ypaBHeHHW JlaHflay-JlnBi±ini4a [4]; Ms- HaMamMMeHHocTb HacbimeHMa; |io- MarHMTHaa 
npoHMLiaeMOCTb BaKyyMa; Y-rnpoMarHMTHoeoTHOiueHne;    M — ju0}MQ;a)0 = jU0yH0;    A — JU0yHA\. 

_ (QM((Qx+j(o a)        _ «M02 + JG) a) 
X\\— A '•   X22  — 

A "" A 

cox = <y0 cos 0M + (oA cos2 00; 

co2 = o0 cosOM +coA cos2 0O 

•; A = (o{(o2 -co2(a2 +\) + jo)a((Dl +a>2)\ 

rfle 6M- yroji Mewfly Ho n Mo; 6H- yro/i MejKfly Ho M HA; 8O- yron Mewfly Mo H HA; 
ripn 3TOM pesoHaHCHaa qacTOTa TOP BbipawaeTca cneflyioiu,nM o6pa30M: 

res = 4° \(OxC02 

(3) 

(4) 

(5) 

fln« "noneBoro" M "y>™Boro" ynpaBJieHMH npn Manbix awnnnTyflax MOfly/inpyiomMX KoneßaHwii pe30naHCHyio 
HaCTOTy MOJKHO Bbipa3HTb KaK 

res^^+^COsQt (6) 

B "KBaswcTaTHMecKOM" cnyMae coxpaHaeTCH cooTHoaienne Mewfly yrnaMM   M,0H,@O [4]: 

sin26>0 = 2H0IHA x sm{6H - 0O) (7) 

Ka>Kflan KOMnoHeHTa TeH3opa nMeeT fleficTBHTexibHyio n MHHMyio Mac™: 

X aß   ~ Xaß  + JXaß @> 
MOWHO npeflCTaBMTb MM nonepeMHbie KOMnoHeHTbi Beicropa HaMarHnneHHOc™ KaK Kone6aHnn c Mefl/ieHHO 
MeHfliomMMMCfl orn6aiometf M cpasoPi, 

ma =Gacos(cot + <pa),we    =x,y (10) 

npM ncnonbsoBaHnn MM BonHbi c KOMnoneHTaMn hx,h  (HanpuMep, BonHbi H10 B npHMoyronbHOM BoxiHOBOfle). 

Xc 'hL + X ay h    +2h   h   A "ym ^z-"xm"ymLX
X  • (11) 

rfle /(XC>VffV Aac Ac 

M aMnxiMTyfla Ga MoweT 6biTb pa3no>KeHa B pflfl Oypbe n paccnuTaHa HUC/ieHHo: 
CO 

a = go /2 + Z(s: cos«Q^ + /; sinwQ/) (12) 
n=l 

C yneTOM K03<£4>HL|neHTa CBfl3H ß Mewfly TOP n BoriHOBOflOM 3anmiieM om5a\ouiyK> MM KOMnoHeHT 
HaMarHMMeHHOCTki: 

a'=GJ(l + ß). (13) 

rfle /? = -©/io^ /(ZN)xcosyw(x-x0)(\xxx\h
2

xm + ^ ^2
m), 

Vr 06-beM TOP, N - HopMa BOJIHW [6], y10- nocToaHHaa pacnpocTpaHeHMfl BonHbi H10 , hxm     - aMn/ikrryflbi 

KOMnoHeHT MM MamnTHoro nona. 
Ko34)cpMMneHT MOfly/iniJinn npouuefliueM BOJiHbi npn6nn>KeHHo BbipawaeTca KaK 

' 0.5( 
coju0V 

f\2 )\Gxh xm +Gh ymy (14) 

Cneicrp Gx,y onpeflenaeT cneicrp KoacpcpMqMeHTa MOflyrwLinn Q n, TaKMM o6pa30M, cneiap orn6aK5ineCi 
npouiefliuero MM curHana, npoMOflynnpoBaHHoro c noMombio TOP. cDopMa 3aBHCMMOCTeCi rapMOHHK 
Koacpcpni4neHTa MOflynsiLinn ccmnaflaeT c cpopMoii cooTBeTCTByioinnx rapMOHHK MOflynefi KOMnoHeHT TeHsopa 
MarHMTHoCi BocnpnnMHMBOCTM TOP M c cpopMaMM aHanornMHbix saBucMMOCTeü flna "M30TponHoro" 4>eppnTa [1]. 
AMnnniyflbi  rapMOHMK MacTOTbi  MOfly/WL(MM,  coflep^amneca  B  ornSaramefi  npouiefliuero  Mepe3   TOP  c 
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nepeMeHHoR peaoHaHCHoPt MacTOToPt, nponopuMOHanbHbi HHTBHCHBHOC™ BxoflHoro cwrnana v\ 3aBHCHT OT pafla 
cpH3MHecKnx napaweTpoB ("OP: nona aHH30Tponwn, napaMeipa fluccunaqnn (uiMpuHbi nnHnw OMP), 
opueHTaqnH OCH aHUsoiponnn TOP no OTHOweHWo K BHeuiHSMy MamHTHOMy nonio, a Taioxe OT BenHMUHbi nona 
noflMarHMMHBaHUfi, paccTpoMKM Me>Kfly HecymePi MacTOToPi CHrnana H MempanbHoPt pe30HaHCHoPi MacTOToPi 
rOP, napaMeTpoB JIUHMH nepeflaMH. 3aBncnMOCTb OT yrna opiienTaLiUM l~OP npnBOflHT K TOMy, MTO flocTHMb 
MaKcwviyMa ToPi MJIH HHOM rapMOHHKH MOJKHO nyTew BbiSopa cooTBeTCTByiomero yma opneHTaL(MM l~OP npn 
aaflaHHOM none noflMamnMHBaHMH (B6JIH3M OMP), a npn onpefleneHHbix ymax opueHTaLjUM (OT 30 AO 70°) w 
"ymoBOM" ynpaBneHHH pe30HaHCH0Pi MacTOToPi TOP [7] flocTuraeTca MaKCMManbHan aMnni/rryfla 
MOflynnpyromero Kone6aHH?i npn qbuxcwpoBaHHoPi flesnaqHH yma, MTO npusoflUT K yBennM6HHio rny6nHbi 
MOflyrwqwM npouiefliuero CHmana. 

HI. fleMOfly/iflUMfl MM CM man a c noMoiubto HDP 

nycTb Ha rOP B03flePicTByeT cuman, MamMTHoe none Koraporo MMeeT KOMnoHeHTbi 

\hx=hxm(\+Q)cos(cot + ®) 

\hy=hym(l + Q)sm(cot+ <!>)■ (15) 

rfle Q(t), O(t) -cooTBeTCTBeHHO, 3aKOHbi aMnnnTyflHoPi M cpa30BoPi MOflynflqun. 
HaPifleM 3flC, naBOflMMyio B cnnpanbHoPi MuxpoKaTyujKe, OKpywaiomePi TOP, 3a CMeT H3MeHeHnPi 

npofloribHoPi cocTaBJifltomePi Beicropa HaMamnMeHHOc™ TOP nofl B03flePicTBneM yKa3aHHoro Bbime cwmana. 
riocKoribKy CB33b Mewfly n3MeHenneM npoflojibHoPi cocTaBnaiomePi Beicropa HaMamnMeHH0CTn r<t>P H 

nonepeHHbiMH KOMnoHeHTaMH MMeeT BHfl: 

m2
x + m] 

AMz=~~2M~COS0M ' (16) 

TO 

<M2       Z E = ~Z~~ä~~ = Jj~cos0M(K™x+mymy), (17) 

rfle Z - KoacpcpHqueHT nponopquoHaribHocTM, saBHCHinufi OT napaiweTpoB MWKpoKaTyiuKu, 
YnnTbiBaa cBfi3b Mex<fly MM KOMnoHeHTaMM Beicropa HaMamwMeHHoc™ H MamkiTHoro nora Mepe3 

KOMnoHeHTbi TeH3opa MamuTHoPi BocnpnuMMHBOCTH, nonynaeM cneflyiomee BbipaweHiie flrw 3flC: 

2 ^ {cocoMaf +{aMo)xf +(coaM cos^)2 

ffle gx     {coco, -co\l + a2))2 +(©«(©, + co2)f 
(19) 

2 = (^^M^)
2
 +(.<»M<»2 

cos2 QMY +(<»<»M COS<9^)
2 

8y (coco, -a>\\ + a2))2 + (ä>a(ä>, + co2)f 
(20) 

BbipaxeHne   fljia   3flC   HOCHT   pe30HaHCHbivi   xaparrep   M   flocwaeT   MaKcuMyMa   npa   OMP, 
flocTuraeMoro 3a CMeT BbiSopa cooTBeTCTByioiMMx nona noflMarHMMMBannn H yma opneHTaqun TOP. 3flC 
yBenuMMBaeTCfl c yMeHbtueHneM a, T.e. c yBennMeHMeM floßpoTHOCTH TOP. B cnynae HeMOflynwpoBaHHoro 
CMmana 3flC paBHa Hynio. Ecnn cuman aMnnnTyflHO-MOflynnpoBaHHbiPi no 3aKOHy    (/) = mcosOt, TO 3flC 
COflepjKMT 1-K3 M 2-K) rapMOHHKH MaCTOTbl MOflynfll4MH, T.K. 

' (1 + 0 = -Ora sinQ^ + (/w2Q/ 2)sin7Dt,   - . 
M c yBennHeHneM MacTOTbi MOflynaqnn 3flC nnHePiHO BospacTaeT (B paMKax "KBa3HCTaTHHecKoro" 
npn6nM>KeHMa npn OTHOCMTenbHO Manbix MacTOTax MOflynnqnn). C POCTOM my6nHbi Moflynamin rapMOHHKH 
3flC TaiOKe yBenuMMBawTca - 1-n - nnHePiHO, a 2-a - KBaflpaTHMHO. 3aBHCMMOCTH OT cpa3bi MM cumana, 
B03flePicTByK3inero Ha TOP, He Ha6nioflaeTCfl B cuny KBaflpaTuwHoPi CB«3H Me>Kfly npoflonbHoPi H nonepenHbiMM 
KOMnoHeHTaMM Beicropa HaMamMHeHHOCTH. TapMOHMKn 3flC Hec/r MHcpopMaL|nio o MOLAHOCTU MM CMmana Ha 
saflaHHoPi MacTOTe. 3TM pe3ynbTaTbi coBnaflaioT c peuieHneM "flUHaMnnecKoPi" 3aflann flna 
KpucTannorpacpMHecKM "usoTponHoro" cpeppnTa npn ManoPi nacTOTe n my6nHe MOflynaMnn [2]. 

IV. 3aK/iK»MeHne 

"KBa3HCTaTMHecKnPt" noflxofl, ncnonb3yK)mnPi cTaTunecKuPi TeH3op MarHHTHoPi BocnpnMMHMBOCTH TOP, 
no3BonneT aHann3npoBaTb noBefleHne Beicropa HaMamHMeHHOCTn TOP B6nnsn OMP KaK a cnywae MOflynnqnM 
MM CMmana npM "noneBOM" n "ymoBOM" ynpaBneHUH pe30HaHCHoPi MacTOToPi TOP, Ta« n npn fleMOflyn^MMM 
aMnnnTyflHo- M cpa30-MOflynnpoBaHHoro curHana. ilpn 3-TOM MacTOTa v\ aMnriMTyfla MOflynnLiMM flon>KHbi 6biTb 
OTHOcnTenbHo ManbiMn, HToSbi MOWHO 5bino CHUTaTb, MTO BbinonHHeTca ycnoBkie cTaTMMecKoro paBHOBecMfl 
Beiaopa HaMamnMeHHOCTM TOP. 
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ripn MOflyraqw/i MM CHnnana c noMom,bK> TOP c nepewieHHoii pesoHaHCKoä nacTOTOM, aMnjiHTyflbi 
rapMOHMK sacTOTbi MOAyjuqqun, coflepwamneca B orn6aK>meti npowefliuero Mepe3 nponopqwoHanbHbi 
MHTeHCHBHOCTH BxoflHoro ci-ima/ia v\ 3aBMcnr OT pafla dpmmecmx napaweipoB TOP: nona aHM30Tponnn, 
napaivieipa flnccnnai4MH (ujupwHbi JIMHMM OMP), opueHTannn OCM aHM30Tponnn TOP no oTHoiueHwo K 

BHeiuHewiy MamwTHOMy nonro, a Tarae OT BennHMHbi non« nofliwarHUMMBaHMa, paccTpoiki/i Me>Kfly Hecymefi 
MacTOToti cumana n qeHTpa/ibHoPi pe30HaHCHofi MacTOToPi TOP, napaiwieTpoB JIUHHM nepeflaMU. 

GflC, HaBOflUMan B aneMeHTe c"b6Ma npw fleMOflynau[nn c noMombio TOP, TaiOKe 3aBHcnT OT 

yKa3aHHbix cpu3HHecKwx napaMeTpoB TOP, nona noflMarwmnBaHUfl, napaMeTpoB 3newieHTa crbeMa (HanpuMep, 
cnnpanbHoPi MMKpoKaTyuiKu) H onpeflenneTca BHAOM orn6aiomePi BosfleftcTBytomero Ha TOP MM CMmaxia, He 
3aBMca OT ero cpa3bi. 

Mofly^MpoBaHHbiPi M flewoflyriMpoBaHUbiPi c noMOLU,bio TOP cuma/ibi HecyT MHcpopMai4nio 06 
MHTeHCMBHocTM B03fleMCTByiou;ero MM cumana Ha 3aflaHHoPi nacTOTe B6JIM3M cpMP. npeflCTaBjieHHbiii 
TeopeTMMecKMfi aHann3 MOflynni^nn n fleMOflynyiqun Ha TOP HeoSxoflUM flna paspaöoTKH cooTBeTCTByiomMX 
MOflynaTopoB n fleMOfly/iHTopoB annapaTypbi fl/ia H3MepeHHH 3HepreTMHecKHX napaMeTpoB MM Kone6aHHM, B 

wacTHOCTH, npeo6pa30BaTe/ietö, nocTpoeHHbix no cxeMe "MOflynflTop-fleMOflynaTop" c oßpaTHOM cB«3bK3 no 
npoMe>KyTOMHOM MacTOTe [8], 

V. CHMCOK JiMTepaTypbi 

[1 ]   XapaiaepucTMKM MOHOKpucTannnMecKoro (peppviTOBoro annnnconfla npw nepeMeHHOM noAMarHMHMBaHnn/ KMTaCiueB A.A., 
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npeo6pa30BaHMfl MOIUHOCTM //Tp. 4 KpbiMCKoCi KOHCD. "CBM-TexHMKa n cnyTHWKOBbifi npweM", CeBacTononb, ceHT. 1994. 
T.1.C. 171-176. 

[8]   KnTaüu,eB A.A., KoneflMHi^eBa M.K). O nepcneKTMBHbix HacTOTHO-ceneKTMBHbix MeTOflax npeo6pa30BaHM« MomnocTM B 

MM flwana30He // C6. HayMHbix flOKnaflOB Me>Kfl. CwMn. 3MC-95. C.-neTep6ypr, woHb 1995. C. 166-167. 

MODULATION AND DEMODULATION OF MILLIMETRE WAVE SIGNALS 
USING HEXAGONAL FERRITE RESONATORS 

Koledintseva M.Yu. 
Moscow Power Engineering Institute (Technical University) MPEI 

14 Krasnokazarmennaya St., Moscow-111250, Russia 
fax 095-362-89-38 

For frequency-selective mm wave measuring devices design power transducers on the base of monocrystal hexagonal ferrite 
resonators (HFR) which use processes of modulation and demodulation of mm wave signals , are rather prospective. Theoretical 
analysis of such modulator and demodulator and some experimental results are presented. The modulator is based on the HFR 
with controlled resonance frequency which is being varied either by means of the magnetizing field variation or by variation of 
crystallographic anisotropy axis position with modulation of frequency. The demodulator is based on HFR with element for output of 
the converted signal (microcoil or Hall-element). This paper presents the solution of the problem on influence of mm wave signal 
with amplitude- and phase-modulated law on HFR having constant field of magnetization and the angle of orientation. The task of 
inducing of electromotive force containing information on the spectrum of the mm wave signal envelope is-presented. 
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OOTOnPOBOflMMOCTb APCEHMfl- 
TAnnMEBOrO nEPEKJIIOHATEJIfl, 

ynPABJifiEwioro JIASEPHBIM wvinyjibcoM 
H.H. BeneuiKuCi 

XapbKoecKuü aocydapcmeeHHbiu ytiueepcumem 
310077, YKpauHa, XapbKoe, nn.Ceoöodbi, 4 

AnKomanun - HccneflyeTca MMnynbc <})OTonpoBOAMMOCTM: cpopivia, BpeM« HapacTamw M cnaAa HepaBHOBecHow 
KOHL(eHTpamiM B apceHHfl-rannneBOM KOMMyTaTope ynpaBraeMOM  MMnyribcoM na3epa c ijenbio nonyHeHna  wvinynbca 
HeOSXOflMMOH CpOpMbl M M014HOCTM. 

I. BBefleHwe 

Pa3BMTne Jia3epHOM, ycKopmenbHoPi H noKa™3au,uoHHoPi TexHMKH, TepMoaflepHoPi aHepreruKu 

TpeöyioT co3flaHna ycTpoücTB KOMMyTaqnn 6onbuinx MoiAHocTew. raaopaapflflHbie, TBepflOTenbHbie 

KOMMyTaTopy npaKTunecKM noriHocTbio BbuecHeHbi MounHbiMM no^ynpoBOflHMKOBbiMH npußopaMM: 

TupucTopaMM M nepeKnKwaTerwMH ynpaBnaeMbiMH HMnynbcoM jia3epa. Mcnonb30BaHne HOBWX 

BbicoKoacpc^eKTHBHbix nofiynpoBOflHMKOBbix coeflMHeHMPi apceHMfla ran/inn, apceHMfia MHAHH M APVHX, 

o6naflatoüJiMX 6onee BWCOKHMM 3neiapocpM3HHecKHMn napaMeTpaMH no cpaBHeHMio c TpaflnqwoHHO 

npuMeHaeMbiM KpeMHuewi, a TaioKe HOBbie npuHqunbi paöoTbi H KOHcrpyicropcKHe peweHMfl no3BonflioT ywe B 

HacToamee BpeMn 3HaMMTeribHo yKpenuTb no3nqnn M BQSMOKHOCTH npuMeHeHna nonynpoBOflHMKOBbix 
npn6opoB fljia KOMMyrauuM CBepxBbicoKMX MoiAHOCTefi B cyßHaHoceKyHflHOM flnana30He. 

II. OcHOBHan nacTb 

B AaHHoPi pa5oTe npuBOAflTca pe3y/ibTaTbi nccneflosaHun noBefleHMa (JjoTonpoBOflUMOc™ apceHMfl- 
rannneBbix KOMMyTa-ropoB ynpaBJweMbix HMnymcoM Jia3epa. 

KoMMyTai4na 6ojibinnx MoiAHOCTefi nonynpoBOAHMKOBbiMH npw6opaMH Jito6oro TunaMU npon3BOAHTca 

nyTeM pe3Koro yBentmeHHH npoBOAKMOCTH o6nacTH, KOTopaa B HaManbHOM COCTOHHUH MMeeT oneHb BbicoKoe 
conpoTUBneHne u 6noKnpyeT npunoxeHHoe K npnöopy BHeuiHee HanpnKeHne. TaKofi o6nacTbK> o6bNHO 
HBnaeTCa nonHocTbK) ncTomeHHoe cunbHbiM noneM oSnacTb o6-beMHoro 3apHAa oöpaTHocMemeHHoro p-n- 
nepexoAa. Pe3Koe yBenimeHne HPOBOAHMOCTH STOW o6nac™ ocyiAeciBnaeTCfl nyTeM 3anoriHeHneM ee xopowo 
npoBOAaiAePi aneicrpoHHO-AbipoMHoPi nna3Mbi. ripeAenbHoe BpeMfl KOMMyTaL(nn npn STOM cocTaBrmeT AecaTXH 

HaHoceKyHA. B HacToamee BpeMa pa3pa6oiaHbi ABa HOBWX npwHU,nna KOMMyTaqnM - c noMOLAbto 
ynpaBnaiomero na3epHoro cnoa M C noMou^bio MOLAHoro HMny/ibca xia3epHoro H3jiyMeHna [1]. 3TO npHBeno K 

C03AaHMKD HOBbix KiiaccoB MoiAHbix nojiynpoBOAHUKOBbix npn6opoB c yHMKajibHbiMM xapatcrepucTHKaMM no 
6biCTpoAeRcTBHKi M BennHMHe KOMMyTupyeMoii MOLAHOCTM. B [2] noKa3aHO, MTO BpeMeHHbie xapaKTepucTHKM 
cpoTonpoBOAMMocTH pacnonoKeHbi B nuKoceKyHAHOM AnanasoHe, ec/in omwecKoe B036y)KAeHne 
ocymecTBiisqeTCfl nMKoceKyHAHbiMM muny/ibcaMH. MMnynbc cpoTonpoBOAHMOc™ apceHHA-ran/ineBoro 

KOMMyTaTopa HBrweTCH cneACTBMeM B03AeiicTBneM Ha noßepxHOCTb M oöteM nonynpoBOAHMKa MOIAHOTO 

na3epHoro H3nyneHiiR FloaTOMy napaiweTpbi MMny/ibca cpoTonpoBOAHMocTM (AiiMTenbHOCTH MMnynbca, BpeMn 
HapacTaHna MMnynbca M ero cnaAa, AocTwraeMaH KOHueHTpaL(Ma n36biTOHHbix HocnTeneii 3ap«Aa n TOK 

nepennioMeHUH) B 3HaMHTenbHofi Mepe onpeAerweTca KaK napaMeTpaMM HHMqHMpyioiAero MMnyjibca nasepa 
TaK M napaMeTpaiwin nojiynpoBOAHMKa. 

fl^MTeribHocTb jna3epHoro MMnynbca 6bi/ia paBHa 10 HC. MHTeHCMBHOCTb naAatomero Jia3epHoro 

H3nyHeHMa npuHUManacb paBHOM 106-107 BT/CM2. Koac|)c})ML(MeHT nornoiAemifl M3nyHeHH?i BapbupoBanca B 

npeAeJiax 50-10 CM" . B 3aBncnMOCTH OT HeoßxoAUMbix onToaneicrpoHHbix napaMeTpoB MOTKHO noAo6paTb 
^oTonpoBOAfliAnPi MaTepnari: AJia 6bicTporo BKnioMeHun - KopoTKne BpeMeHa >KM3HM 3apHAOB; pjva yBe/iMHeHun 
AHHaMMMecKoro Anana30Ha - BbicoKan cpoTonpoBOAHMocTb; Ann xopoiuefi acfcxfceicTiiBHocTvi BKnioHeHW« - 
BbicoKufi KBaHTOBbiii BbixoA. Bo Bcex cnyManx OMenb BawHo noAo6paTb MaTepnan nonynposoAHUKa M PJ\WH\/ 

BojiHbi nsnyMeHktn, MTo6bi my6nHa onTunecKofi a6cop6Ltnn paBHH/iacb CKMH CJIOKD. YcTaHOBneHO, HTO 

yAejibHbiii TOK p,na KpeMHiw cocTaBJineT 5 KA/CM, a A^H apceHMAa ranm9\ 0.5 KA/CM. npaKTunecKM, 

MUHMMaiibHoe nonepeHHoe ceneHne nonynpoBOAHUKa cneAyeT Bbi6npaTb cor^acHO AonycTMMoft BenwMMHbi 
yAe/ibHoro TOKa nnn nnoTHOCTH HOCHTe/iefi. flpu pacneTax Ba^HbiM aBnaeTcn K03CpcpnL|neHT peKOM6nHaqnw 

Y~10'7-10"4 CM3/C. ApceHUA ranriM« 6panca c yAeribHbiM conpoTHBneHneM p-108 OM CM. Ha puc. 1a, 16, 1B 
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npeflcTaBjneHbi   pe3yribTaTbi   pacneTOB   napaMeipc-B   nwnynbca   dpcnronpoBOAHMOCTH   ox   nHTeHCMBHocTH 
jia3epHoro HsnyMeHHH (1a), K03cpc}3M4nenTa peKOMOHHaqiiw (16) u cpopMbi jia3epHoro MMnynbca (1B). 

KoHqeHTpai^na nocmenevi B apceHHfle rarinun 3a speMfl wviriy/ibca Jiaaepa BC-spacTaeT OT 10 CM" flo 

1016-1016 CM'3, HTO nosBonaeT nony^aTb nnomocTO Toxa 105-106 A/CM2 3a BpeMjq 0.1 HC n Menee BnnoTb flo 

eflHHMi4 nc lame Manbie BpewieHa HapacTaHHfl H cnafla HepaBHOBecHoPi KOHqeHTpaquH B coneTaHMn co 
cnoÄHoß cpopMofi /lasepnoro HMnyjibca no3BoraeT nonyHMTb UMny/ibCbi cpoTonpoBOflUMOcTM - npnMoyrojnbHbiSi 

H TpeyronbHOM. 

III. 3ai01K)4eHM8 

fljia nonyMeHwa HMnynbca TpeyrojibHoft doopMbi v\m 6onee ocTporo H6O6XOAMMO wcno/ib30BaTb 

jiasepHbiti MMnynbc 6JIM3KHPI KTaKOBbiM npw cpaBHWTejibHO HH3KMX 3HaneHHflX HHTeHcuBHOCTM na3epHoro nyna, 

K03cpcpML(MeHTa nomou^eHMa H KoscbcpHMMeHTa peKOM6nHaL|nn. Ha cpopwy HMnyxibca nepeKntoHaTen?i B 

3naHHTenbHOM CTeneHM BJinneT n BHewHHH qerib [3]. 

IV. CnncoK JiMTepaTypbi 

[1]   B.M. TyMKeBMH, H.B. TpexoB "HoBbie npiwu,nnb! KOMMyTau.nn 6onbuinx MoiHHOCTeü nonynpoBOflHUKOBbiMH npn6opaMn". 
JleHMHrpafl. "HayKa". 1988r. 

[2]   Nunnally W.C. High-power microwave generation using optically activated semicondactor switces. IEEE Trans. Electron. 
Devices. 1990, v.37, N12, p. 2439-2448. 

[3]   TpexoB H.B., Ko3noB B.A., CepreeB BX. MomHbiü cboToeneKTpoHHbiw nepeKnKwaTenb MHKpoceKyHflHoro flnana30Ha. 
nwcbMa B >KT<t>, 1982, T.8, N°14, c.853-855. 

PHOTOCONDUCTIVITY OF GaAs SWITCH CONTROLLED BY A LASER IMPULSE 

Beletsky N.I. 
Kharkov State University, Radio-Physical Department, 4 Svoboda Sq., Kharkov-310077, Ukraine 

tel/fax (0572) 471272 

The characteristics of a semiconducting commutator with optical control (SCOC) on the base of GaAs are considered. They are the 
following: switch time, the time of pulse increasing and decreasing depending upon the power and form of laser pulse and the 
semiconductor material parameters. The photoconductivity phenomenon is studied taking into account a two-photon absorption, 
increasing and decreasing of a non-equilibrium concentration depending upon recombinations processes, absorption and GaAs 
parameters to optimize the generated impulse. 
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HD.B. ApKyuja, 3.fl. ripoxopoB, H.n. CTOPOäGHKO 

XapbKoecKUÜ aocydapcmeeHHbiü yhiueepcumem, 310077, YKpauHa, XapbKoe, nn.Ceoöodbi, 4 

AHHomanun - B GaAs-ßMOfle TaHHa c ryHnenbHbiM p++-n++-nepexoflOM Ha KaTOflHOM KOHTaiae B nponeTHOM pewwMe 
MccneAOBaHbi 6bicTponpoTei<aioiHMe cpn3wwecKne npcmeccbi Ha ocHOBe flByxTeMnepaTypHoii MOflenw. Ha nacTOTe 110 rri4 
noiiyneHbi 3aBKCWMOCTH ocpcpeKTHBHOCTW reHepauwn (Kllfl) fluoflOB OT nafleHiw HanpsDKeHnii Ha TyHHenbHOM xaTOfle M flMOfle. 
HanSonbiiian 3cp4>eKTMBHocTb reHepaL|wi cocTaswna 3.8% npn noToxe BbixoflHow MOIUHOCTH usnyMeHMfi 2525 BT/CM2. 

i. BsefleHMe 

HccneflOBaHMe HOBBIX ™noB KaTOflHbix KOHTaKTOB, nosBonaroinHX nonyHMTb reHepaqMto Ha KOPOTKHX 

flHOflax TaHHa (<2 MKM) ocTaroTcn no-npe>KHeMy aKryanbHbiMW. B KaMecrree TaKoro Tuna KaTOflHoro KOHTaicra 
MOXCHO npefl/ioKHTb KaTOfl c TyHHenbHoPi MH?KeKi4neH Hocmenefi 3apafla B aKTMBHyio oßnacTb finofla [1], 

HanpuMep p++-n++-nepexofl. TyHHenbHaa WH>Ke!<u|HH HocuTenefi 3apnfla B aKTHBHyio o6nacTb AHOAa flaeT 
B03MO)KHOCTb yBeJWHUTb 3Kepi"KrO SJieKTpOHOB y KaTOfla  H  MOflyriMpOBaTb  npOBOflMMOCTb aKTHBHOM  06/iaCTM. 
BnnsHwe TyHHenbHoPi MH>KeKL(HM Ha paöoTy fluoflOB TaHHa npaiovmecKH He H3yHeHO. B pa6crre [2] 6binu 
npoBefleHbi pacneTbi cneicrpanbHoii nnoTHOdn HK3KOMacTOTHbix 4)nyicryai4MM TOKa flHOfla TaHHa npn yMeTe 
TyHHennpoBaHMJi aneicrpoHOB Mepes KOHTaicr NieTann-nonynpoBOAHHK. nonbnxa we BbincHHTb BJinaHne 
MOflynnpoBaHne npoBOflMMOCTH aKTHBHofi o6nac™ ßMOAa, KOTopaa MoweT B03HHKHyrb npn TyHHenbHOM 
MH^eKqun, Ha SHepreTunecKne n nacTOTHbie xapaicrepucTHKH fluoflOB TaHHa npoflenaHa B [3], HO K cowaneHHio 
c 6onbUJHMM ynpomeHMRMM. 

II. OCHOBHaH MaCTb 

1. MemoduKa uccnedoeaHim. HccneflOBaHua npoBOflnnncb Ha ocHOBe flByxTeMnepaTypHow MOf\env\ 
[4]. YneT p++-n++ -nepexofla B wioflenn CB0flnncn K 3aflaHMio rpaHMMHbix ycno&m: 

nr(0,t) = Na(0)+nt(t); 0) 

Tr(QJ) = TQ-Na(Q) + nt(t)-Tt(t); rV Na(0) + nt(t) 

E(0,t) = ^ , 0) 
qnr(0,t)n(Tr(0,t)) 

rAe nt(t), Jt(t) n Tt(t) - KOHLiempaLiMH, n/ioTHocTb TOKa H cpeAHaa TewinepaTypa npoTyHHenupoBSHHbix 

3/ieicrpoHOB, cooTBeTCTBeHHo; nr w Tr KOHL^eHTpauna H TeMnepaTypa aneicrpoHOB B neHTpanbHofi AonnHe. 

At 

(4) 

,(5) 

[5]; (6) 

On + On + q(Ut + U1tSincot) 
T=_5 P    MV   l * i: (7) 

3k 

Uk + Ut+Ult-Sincot 
hpn = — , (8) 

rAe Ax M At - war HHTerpupoBaHtw no «oopAUHaie H BpewieHu; Gj - KoacpcpHi^uemr reHepaqnn anehrpoHOB [5], 

Epn-cpeAHee none, Lpn - AnnHa, U{ u U-jt - HanpnweHHe cMei^eHMn M aNinnvrryAa KoneöaHua Hanpa>KeHnn, UR 

- KOHTaKTHaa pa3HOCTb noTeHLinanoB p,rm p++-n++-nepexoAa; cpn M 0)p - ypoBHM OepMM B n++ M p++ oönacTHX 

/} /% s\ MarepHaAhi 6~H MeiiytyHapoflHOH ^6«MCKOH fÄ«KpoBOAHOBOH ÄiiHipepeHiiHH 'X^u^Hu-'K'x'^Ö. 16-19 ceHTflöpH 1996 r., CeBaCTonoAb, KpblM, YKpauHa 
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nt(t)= jGtdt; 
0 

Jt(t) = q-Gt-Ax; 

Gt=At-E^n-exp< Bt 

Pn 



cooTBeTCTBeHHo; ro - qwcnkiMecKaa sacTOTa CBH-Kone6aHHH. T.K. KOHL(eHTpaL(Hfl npuMeceii B p++- H n++- 
oßnacTHX BbicoKaa, TO nafleHneM HanpjweHH« Ha STHX oßnacTax MOWHO npeHeöpeMb. TaK xe cMHTaeM, MTO 

flnMHa n++-o6nac™ Menbuie flnw-ibi CBo6oflHoro npoSera 3ne«TpoHa. nosTOMy p++- M n++-o6nacTH B MOAenw 

He yMHTbiBaroTCH. Ha p++-n++-nepexofl HanpaweHwe noflaBanocb OTflenbHo OT noflaBaeMoro HanpwKeHMfl Ha 
flwofl. 3TO 6bino cflenano c qeribro 6onee fleTanbHoro nccneflOBanna npoijeccoB B fluofle. 

TaKMM o5pa30M, HH>KeKL(na sneicrpoHOB yMHTbiBaeicn TonbKO B T-floJiuHe; rpaHWMHbie ycnoßna flna 
KaTOAHoPi o6nacTH B flayxTeMnepaTypHofi MOflenn [4] 3a,qaioTCfl ypaBHeHH^MH (1)-(3); BbipoKfleHHbie oßnacTU 
B MOfleJIM He yMMTblBaiOTCa. 

2. flapaMemphi duoda. B wccneflOBaHMn paccMaTpußanacb p++-n++-n-n+:GaAs-cTpyiaypa c AJIMHOM 

aicrnBHofi oßnacTM 1.0 MKM H KOHLieHTpaquefi sneicrpoHOB 2.5 1016 CM . Heo6xoflHMbie napaMeipbi GaAs 6bmu 

B3nTbi H3 pa6oT [4, 6]. KoHLieHTpaMHH flOHopoB M aKLjenTopoB, B n++ M p++- oönacTOX cocTaBwnn 6 1019 CM"3. 

flpn 3TOM KOHTaKTHaa pa3HOCTb noTeHLjHanoB - UK=1,44B. 

KoHqeHTpauna flOHopoB B aHOfle 9 1015 CM'3. Bee BbiMHcneHMfl 6binu npoßefleHbi Ha nacToie 110 rTq, 
npM TeMnepaType KpucTannnMecKofl peweTKW 300K. 

3- Pe3vnbmambi uccnedoeaHun. HccneflOBaHun noxasanH, MTO B fluoflax TaHHa c TyHHenbHofi 
HHKeKLtnew sjieKTpoHOB nepe3 p++-n+*-nepexoA pacnpocTpaHatOTca 3apa>KeHHbie cnon. CymecTByeT 
onTHManbHoe HanpaweHwe Ha p++-n++-nepexoAe, npn KOTOPOM Knfl - MaKCUManbHbiü. (pnc.1). CymecTBOBaHne 
onTMManbHoro Ut MO>KHO o6"bflCHHTb cneAyK)Lu,HM o6pa30M. ripn Heöonbuiux Ut KOHi^eHTpaqua w TeMnepaTypa 

npoTyHHennpoBaHHbix aneicrpoHOB He3HaMMTenbHaa, HO none y KaTOAa nonowHTenbHoe. T.e. 
npoTyHHennpoBaHHbie sneicrpoHbi nonaAaioT B ycKopaioiJueecfl none, MTO yBennMUBaeT fix TeMnepaTypy H 

3aceneHH0CTb X-AonuHbi. Flpn yBe/iMHeHnn Ut KOHqeHTpaqnn n TeMnepaTypa npoTyHHenwpoBaHHbix 

aneicrpoHOB yBenuMMBaeTca, HO yMeHbtiiaeTca none y KaTOAa. npoTyHHenupoBaHHbie sneKrpoHbi nonaAaioT 
ywe B TopM03?imee none, B pe3ynbTaTe yMeHbinaeTcn MX TeMnepaTypa H 3aceneHH0CTb X-AonuHbi. 
3aceneHH0CTb X-AonnHbi y KaTOAa BnnneT Ha cpopMnpoBaHne w pacnpocTpaHeHne 3apq>KeHHbix cnoeB. 
CnnujKOM BbicoKaa 3aceneHHocTb X-AonnHbi yMeHbiuaeT aMnnnTyAy w ynymuaeT qba3y TOKOBbix KoneSaHMM B 

AnoAe, a cnnaiKOM ManeHbKaa yßenuMMBaeT AnnHy "MepTBoü" 30Hbi. CneAOBaTenbHo, onTMManbHoe Ut (Knfl - 

MaKCMManbHbiPi) onpeAenaeTcp HannymuuM cooTHOiueHMeM aMnnnTyAbi TOKa B ß,v\opß n dpa30Bbix 
cooTHOujeHMM MewAy Kone6aHnnMH TOKa H HanpaJKeHMn (puc. 2). 

BnnflHue aMnnnTyAbi KoneöaHnn Hanpa>KeHna Ha Auc-Ae n p++-n++-nepexoAe B OCHOBHOM CBOAMTCH K 

cneAyiomeMy. npn aMnnHTyAe nanpaweHUH MeHbiue onTHManbHofi yMeHbtuaeTcsq aMnnnTyAa KoneöaHMM TOKa 
n ynyniuaioTca cpa30Bbie cooTHOweHkin Me>KAy Kone6aHnnMn TOKB M HanpfweHMfl. Ilpn aMnnHTyAe 
Hanp«)KeHMq 6onbiue onTMManbHoti aMnnMTyAa TOKOBbix KoneöaHMÜ B03pacTaeT, HO yxyALuatoTCH cpa30Bbie 
COOTHOliieHMfl. 

111. 3aKJiK>HeHne 

TaKHM o6pa30M, HH>KeKqnn TOPHMMX aneicrpoHOB Mepe3 p++-n++-nepexofl B aKTMBHyro o6nacTb A^OAa 
TaHHa npHBOAHT K noHBneHHro y KaTOAa acpcpeicra sHanMTenbHoPi 3aceneHH0CTM 6OKOBOM AonMHbi npvi HMSKOM 

HanpnxceHHOCTH nona. B AHOAax pacnpocTpaHatoTca 3apa>KeHHbie cnon. Bbino oSHapyxeHO, MTO 

3HepreTMMecKne xapaKTepMCTMKM A^OAa 3aBMCHT OT naAeHtia HanpaxeHMyi Ha p++-n++-nepexoAe. CymecTByeT 
onTMManbHoe Ut| npM KOTOPOM Knfl MaKCMManbHbifi. Hs npoAenaHHoro aHann3a pesynbTaTOB MOWHO TaK >Ke 

npeAnonoKHTb, MTO MacTOTHbie CBoficTBa A^OAa TO we 6yAyT 3aBHceTb OT naAeHMa Hanpa>KeHMH Ha p++-n++- 
nepexoAe. BnMaHMe aMnnHTyAbi KoneSaHM* Hanpfl)KeHMFi M Hanpa>KeHHH CMemeHMH Ha A^OAe B OCHOBHOM 

CBOAHTca K TeM >Ke npoL(eccaM, MTO npoMcxoAsrr B o6biMHOM n+-n-n+-AH0Ae. 
npoBeAeHHbie oqeHKH OHepreTHMecKnx B03M0>KH0CTeii AHOAa c TyHHenbHbiM KaTOAOM ßß\oi Knfl 

6onbiiie, MeM AHOAbi c APyrMMM THnaMM xaTOAHbix KOHTaicroB Ha MacTOTe 110 ITL|. no3TOMy MO>KHO CAenaTb 
BbiBOA o nepcneKTHBHOCTH AMOAOB c TyHHenbHbiM KaTOAOM. 

IV. CnwcoK JiMTepaTypbi 

[1] HpoxopoB 3.fl.//BecTHMK XapbKOBCKoro yHMBepcMTeia 1978, 7, Na 163, c. 76-78, 
[2] ToHMapyK H.M., HafiKa B.E.//3neKTpoHHan TexHMKa. Cepun 1. SneicrpoHHKa CB4,1991, Bbin. 3, c. 21-24. 
[3] ApKyiua IO.B., npoxopoB 3.fl.//Tpyflbt MexseflOMCTBeHHOM HayMHo-TexHimecKofi KOHcfrepemw "npnöopu, TexHMKa v\ 

pacnpocTpaHeHne MM, C6MM BOJIH". XapbKOB. 1992. C.37. 
[4] ApKywa IO.B. flporaneHKO A.A., npoxopoB 3,fl.//PaflW0TexHHKa M aneiapoHMKa. 1987, 32, Nfi9, c. 1947-1954 
[5] Elta ME., Haddan G.I.//IEEE Trans. Electron. Devices., 1978, ED-25, p. 694. 
[6] ApKyiua IO.B., npoxopoB 3.fl., CTopo>KeHKO M.n,//PaflH0TexHHKa M a/ieicrpoHW«. 1996, 41, Ns2, c. 248-252. 

THE PHYSICAL PROCESSES OF HIGH FREQUENCY IN GUNN DIODES WITH TUNNEL CATHODE 

Arkusha Yu.V., Prokhorov E.D., Storozhenko I.P. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 

tel. 47-19-88, 43-08-83 

The generation efficiency and the physical processes of high frequency which take place in diodes with tunnel p-n-junction on 
cathode contact in GaAs-diodes have been studied on the base of two-temperature model. The dependence of generation 
efficiency upon the voltages in the tunnel cathode and diode at the frequency of 110 GHz has been investigated. Such diodes have 
the maximum efficiency of 3.8%. 
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Rnn KOPOTKMX flUOflOB TAHHA 
K). B. ApKyiiia 

XapbKoecKuü socydapcmseHHbiu yHueepcumem, 310077, XapbKoe, nn. Ceo6odbi, 4 

AHHomau,im - npHBOflWTca 0630p no nccneflOBaHmo BnnHMra paannMHbix TunoB KaTOflHbix KOHTataoB (n*-n, n*-n'-n, 
3anopHbiM m-n+-n, m-n, aHTM3anopHbiti m-n, m-n"-n, 3anopHbiw n aHTM3anopHbiii reTeponepexofl Ha KaTOflHOM KOHTaicre) Ha 
SHepreTMHecKMe M MacTOTHbie xapaKrepwcTHKM GaAs-flnoAOB TaHHa. OnpeaeneHO BJiHHHwe TwnoB KaToflHbix KOHTaiaoB Ha 
BeniwuHy o6nacTM HananbHoro pa3orpeBa sneirrpoHOB y KaTOfla u Ljenecoo6pa3HOCTb ncnonb30BaHHf) Tex unw MHHX TunoB 
KaioflHbix KOHTaKTOB B KOHKpeTHOM flnana30H6 npn pa6oTe Ha OCHOBHOM MacTOTe n MacTOTax BTopoR w TpeTbefi rapMOHUK. 

I. BßefleHne 
OflHOM   M3  B03MO>KHOCTbrO  OCBOeKMfl   MM   H   CyÖMM  flnMH   BOflH  ABfiaeTC«   MCnOJ1b30BaHMe  flUOflOB  c 

MeKflonnHHbiM nepeHOCOM sneicrpoHOB (MI13). ripMMeHaeMbie B Ka^ecTBe KaTOfla KflMOflaM TaHHa OMvmecKne 
(HanpuMep, n - n) KOHTaicrbi oßnaflaioT cyiflecTBeHHbiM HeflocTaTKOM, He no3Bonqrou4HM ncnonb30BaTb MX B 
floCTaTOHHO KopoTKHX fluoflax. Hn3Koe none y KaTOfla flenaeT flOBonbHO npoTHweHHOu 06/iacTb 
nonynpoBOflHMKa, B KOTopofi aneicxpoHbi Ha5npaioT HeoßxoflUMyio flna MexyjonMHHoro nepexofla SHeprwc, n 
ywe npn flnMHax fluofla 2-3 MKM 3Ta oönacTb HananbHoro paaorpeBa cymecTBeHHO yMeHbLuaeT 
acpcpeKTMBHOCTb fluofla n flenaeT paßoTy flMOflOB npaKrwecKH HeB03Mo>KH0M npM flnMHax 1-1,5 MKM. 

L(erib flaHHoro o63opa - noxa3aTb BnMHHMe pasnuMHbix TMHOB KaToflHbix KOHTaKTOB y flMOflOB TaHHa Ha 
ocHOBe GaAs Ha BennMUHy o6nac™ Ha^aribHoro pa3orpeBa sneicrpoHOB (0HP3) v\ Ha MX 3HepreTnnecKne 
xapaKTepucTMKH. 

li. OcHOBHan wacTb 
EflMHbiM MeTOflOM Ha ocHOBe flByxTeMnepaiypHOM MOfleriM [1] wccnefloBanncb n+-n KaTOflHbiM KOHTaicr 

c oflHopoflHbiM M HeoflHopoflHbiM npocpuneM nernpoBaHnsq aKTMBHOM oßnacTM, n+-n'-n KaToflHbiM KOHTaicr, 
Merannmecmw KaTOflHbiM KOHTaKT, reTeponepexofl Ha KaTOflHOM KOHTaicre. KpaTKO ocTaHOBMMca Ha ocHOBHbix 
pe3ynbTaTax MccneflOBaHM?* flna Ka>Kfloro m KOHTaKTOB flna fluoflOB c f\nmov\ aKTMBHoü oßnacTvi 2,5 MKM. 

1. n -n KamodHbiü KOHmaKm c odnopodnbiM u negdHopodHbiM npocpuneM neaupoeanun [2] 
KoHLjeHTpanKi* y KaTOfla 10'° CM"3, B n -o6nac™ - 8*1016 CM"3. OTHoweHne KOHqeHTpaLiHH y aHOfla nA K 
KOHLieHTpaLtMM y KaTOfla nK xapaKTepn3yeTca oTHOiueHneM K=nA/nKl KOTopoe H3MeHHnocb OT 0,5 flo 3,0. I1pn 
K-1 fluofl oflHopoflHo nernpoBaH M B HeM pacnpocTpaHaioTCfl 3apn>KeHHbie CJIOM. MaxcMManbHoe 3Ha4eHne 
Knfl nonyneHo Ha nponeTHOM MacTOTe f~45 rrq H cocTaBnaeT ~ 3,4%. npn K<1 acpcpeicrnBHocTb reHepaqnM 
öbiCTpo yMeHbiuaeTCfl n npM K=0,5 OHa cocTaBJiaeT florin npoqeHTa. 3TO oöycnoBneHO TeM, HTO OHP3 
yBennMMBaeTc?i no cpaBHeHnio c flHOflaMU c OflHopoflHbiM nernpoBaHneM aKTHBHoPi o6nac™. ripw K>1 B flnofle 
pacnpocTpaHHKDTcn flMnoribHbie flOMeHbi H 3cp(£>eKTHBH0CTb reHepaL|nn B03pacTaeT. MaKCMMaribHbiM Knfl 
-8,2% cooTBeTCTByeT npn 300K 3HaHeHHto K=1,5. YBennMeHne Kflfl npn 1,0<K<1,5 o6ycnoB/ieHO 
ynymuaK)iflMM+ncfl ycnoBnaMU fl/ia o6pa30Bannjq flOMena, yMeHbiueHneM OHP3 y KaTOfla (pud). 

2. n -n'~n KamodHbiü KOHmaxm [3]. BBefleHwe BbicoKooMHoCi o6nac™ y Karafla (n) no3BonneT 
nonyMMTb BbicoKoe aneiapHMecKoe none Ha KaTOflHOM KOHTaicre. B pesynbTaTe aToro aneicrpoHbi ycneBaiOT 
Ha6paTb 3Heprnro, flocTaTO^Hyto fln« nepexofla B BepxHMe flonMHbi 30Hbi npoBOflMMOCTH Ha paccTOflHHH 
3HaMMTenbHO MeHbineM, MeM B OflHopoflHo nernpoBaHHOM o6pa3L(e (pud). MaKCMManbHoe 3HaMeHne Kllfl 
flocTMraeTca Ha HacTOTe, 6nn3KOM K nponeTHoPi(~45 ITLO M cocTaBnneT -8,3%. BßefleHMe BbicoKOOMHofi 
HeoflHopoflHOCTn y KaTOfla (n) no3BonaeT ncnonb30BaTb flMOflbi c MeHbuiew flnnHofi aKTMBHOti o6nac™ v\ TeM 
caMbiM nonynaTb reHepaLtmo Ha 6onee BWCOKHX nacTOTax. OflHaKo c yMeHbrneHMeM flnnHbi aicrnBHOM o6nacTM 
fluofla acpcpeicruBHocTb reHepaqnu yMeHbiuaeTca. 3TO CBfl3aHo c MHepMHOHHOCTbto MeKflonnHHoro 
nepepacnpefleneHua aneicrpoHOB c yBentmeHueM MacTOTbi. Mcnonb30BaHne n"-o6nac™ y KaTOfla no3Bonuno 
nonyMUTb reHepaLimo B KopoTKOBonHOBOü Mac™ MM flnana30Ha (f~250 rrL(, la=0,4 MKM). 

3. MemanrnmecKuü KamodHbiü KonmaKm [4,5,6]. B 3aBucnMOCTu'oT cooTHOtueHna paöoT Bbixofla Ha 
KaTOfle fluofla 6yfleT oöpasoBaH 3anopHbiii MeTannwHecKui* KaTOflHbiPi KOHTaKT (cpH>cpn/n) u aHTU3anopHbiii 
(<PM<(Pn./n). 

a). 3anopHbiü MemannuvecKuü KamodHbiü KOHmaKm (m-n). BawHbiM MOMCHTOM B onpefleneHMM 
3HepreTMHecKMx B03Mo>KHOCTePi fluoflOB c m-n KOHTaicroM Ha KaTOfle HBraeTCH onpefleneHne onTMManbHOti 
BbicoTbi 6apbepa, npn KOTopofi eune BOSMOKCH pewuM c nponeTOM flOMeHOB cunbHoro nonq. flna fluofla c 
la-2,5 MKM onTMManbHaa BbicoTa 6apbepa cocTaanaeT 0,03 aB, a Knfl npn ohTMManbHbix HanpaweHuax 
cocTaBnneT -8% Ha wacTOTe 33 ITq. C noHn>KeHMeM BbicoTbi 6apbepa OT onTMManbHoPi yMeHbiuaeTCfl 
BenuMMHa nona a npHKaTOflHoti o6nac™, cneflOBaTenbHo, B03pacTaeT flnnHa OHP3 n acpieianBHOcTb 
yMeHbwaeTCR. YBenHMeHne 6apbepa noBbiiuaeT none Ha KaTOfle, HO oflHOBpeMeHHO pacTeT u o6eflHeHue 
npuKaTOflHofi o6nac™ HocnTenaMM 3apqfla, M B KOHqe KOHMOB fluofl nepeicnioMaeTcn B pe«uM c BWCOKUM 
noneM y KaTOfla u HH3KMM (HM«e noporoBoro) B ocTanbHoü nacTu o6pa3qa. TaKoe nepexntoMeHne HacTynaeT 
npn BbicoTe 6apbepa (pMax=0,04 sB M acpcpeKTMBHocTb npn STOM pe3K0 naflaeT. lloaTOMy npMMeHeHMe 
3anopHoro m-n KOHTaKTa B fluoflax -1 MKM M MeHee HenepcneKTHBHo. Co3flaTb BbicoKoe none y KaTOfla 
cya;ecTBeHHO coKpamaraiflee pa3Mep OHP3 y KaTOfla MO>KHO C noMOiflbio 3anopHoro KOHTaiaa Tuna m-n+-n c 
oonbujoii BbicoToü noTeHqnanbHoro 6apbepa Ha m-n rpaHnqe. BbicoKoe KOHTaKTHoe none Ha m-n+ rpaHuue 
Koropoe orpaHMHMBano paßoTy fluoflOB c m-n KOHTaicroM npn flnMHax Kopone 1 MKM , Snaroflapn HanMMMro iV - 
oonacTM noHMxaeTcn M OT ero BenMMMHbi Ha rpaHnqe n -n 3aBwcHT CBOMCTBa cnoxHoro m-n+-n KOHTaicra 
MacTOTHa« 3aBMCMMOCTb sc^cpeKTMBHOCTM reHepaL|HM npMBefleHa na pMc.2. B HaMöonee KOPOTKOM M3 
paccMaTpuBaeMbix AMOAOB c la=0,7 MKM yflanocb nonynnTb Knfl -2% Ha «HacTOTe -150 Vfu,. HecMOTpa Ha TO 
WTO Ha flnMHax 2-3 MKM flMOflbi c m-n -n KOHTaiaaMM ycTynaiOT no 3cpc|)eKTMBH0CTM flMOflaM c m-n KOHTaicraMM ' 
HO 3aTO, ycTpaHaa BnuHHMe "MepTBOM 30Hbi", oßnaflaioT npeMMytflecTBaMM Ha 6onee KOPOTKMX flnMHax M 
no3BonflK>T nonyMMTb reHepaqMio B flMOflax c flnMHOM Kopone 1 MKM. 

6). Ahimu3anopHbiü MemannmecKuü KamodHbiü KonmaKm (m-n). AHTM3anopHbiM m-n KOHTaKT 
aHanorMMeH n -n KaTOflHOMy KOHTamy    no CBoeMy BnMaHnio Ha pa6oTy flMOflOB M MMeeT c HMM O6IHMM 
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HeflocTaTOK - HU3Koe none y KaTofla, nosTOMy Ann cySMUKpoHHbix flriMH flwofloe aHTH3anopHbiPi m-n KOHTascr Ha 
KaTOfle Henpuroflen. fln*i noBbiLuew/ifl non« y «aTOAa Me>Kfly MeTannoM M nonynpoBOflHUKOM co3flaioT y3Kyio 
oönacTb noHM>KenHoro nempoBaHun (n'-o6nacTb). BnraHwe aHTH3anopHoro m~n"-n KOHTaKTa saBHCHT OT 
napaMeipoB STOM n"-o6nac™. PacnpefleneHne nona no fl/i^He fluoAa MOWBT cooTBercTBOBaTb flBn>Kyuj,nivica 
flOMenaM cmibHoro nona, nn6o sapaweHHbiM cnoaM B 3aßncnMocTn OT flnnHbi n"- o6nac™, KOHqeHTpauiUM B 
HePi M BenuMMHbi pa3Hoc™ pa6oT Bbixofla. Ba>KHo, HTO TaKoü KOHiaia MoweT o6ecneMMTb BbicoKoe none Ha n"-n 
rpaHMne M ycrpaHHTb Bnn?iHne "MepTBotf soHbi". Ha puc.2 npuBefleHbi nacTOTHbie 3aBncnMocra Ktlfl flna TaKnx 
KOHTaKTOB. 

4. remeponepexod Ha KamodHOM KonmaKme [7,8]. 
Co3AaTb Bbicoxoe none y KaTOfla MOWHO TatoKe c noMouj(bK) nsoTunHoro oöpatHocMeineHHoro 

reTeponepexofla. 
a) 3anopHhiü u3omunHbiü aemeponepexod Ha KamodHOM KOHmaxme. PaccMarpMBanHCb GaAs-flMOAbi 

c lnxGai-xAs/GaAs w lnPxAsi.x rerepoKaTOAaMM. B onpeAeneHHW B03M0>KH0CTeCi pfAOßß c reTeporaTOAOM 
BaKHbiM «BJiaeTcn HccneflOBaHfie BnwflHHfl Ha BbixoAHbie xapaicrepucTUKH A^OAa pa3pbiea 30Hbi 
npoBOflUMOCTH B reTepoKaTOAe ( AE0). HccneAOBaHwa noKa3ann, MTO nnn pas/iUHHbix flnuH AH°AOB H 
pa3JiHHHoro nonynpoBOAHMKOBoro coeAuneHua B KaTOAe cyojecTByeT onTMManbHoe 3Ha4eHne Aec, npH KOTopoM 
Kllfl MaKCHManeH. OnTOManbHoe SHaMeHne Aec o6ycnosneHO ABywin npoTHBOAe£icTByK>Lu,HMH npoqeccaMM. B 
AMOAe c la=2,5 MKM W C lnxGai.xAs - KaTOAOM npn ManoM coAepwaHMM InAs (Menee 20%, Aec<0,16 aB) 
aneKTpMHecKoe none Ha KaTOAe HeAOCTaTOHHoe Ana acpcpeKTUBHoro ycKopeHUH aneicrpoHOB AO aHeprun MF13 B 
reTepocTpyicrype. HeoSxoAUMyro f\nn Mri3 3Heprnio aneicrpoHbi npoAonwaioT Ha6npaTb B aicn/iBHofi o6nacTH 
AHOAa y>ke B HH3KOM none. TeM caMbiM 3HannTenbHO yBennMUBaeTca OHP3 M B ß^opß pacnpocnpaHHioTCfl 
3ap5weHHbie cnon OAHaKo 0HP3 cTaHOBHTca MeHbiue, HeM B ßy\<>Pß c n+-n KaTOAOM. riosTOMy HaönioAaeTca 
pocT KTlfl. YBenMMeHne Asc npuBOAMT K yßennMeHMio nona Ha reTepoKaroAe H, ecnn Aec=0,21 sB, TO none Ha 
KaTOAe CTaHOBUTCH A0CTaT04HbiM A^H 3apox<AeHi/!fl AOMeHOB cnnbHoro nona, HTO BeAeT K noBbiiueHHio KTlfl. 
üpoBeAeHHbie nccneAOBanna noka3ann, MTO GaAs-ßHOA c la=2,5 MKM H lnxGai.xAs KaTOflOM MMeeT 
MaKCHManbHoe 3HaneHne Knfl -12% (Ann onTHManbHoro 3HaneHH?i x), a c lnPxAsi_x-KaTOAOM - -9%. 
üpHMeHeHne 3anopHoro W30TnnHoro reTeponepexoAa no3BonHeT ncnonb30BaTb TaKwe A^oflbi c ß,mmv\ 
aKTUBHOM oßnacTM MeHee 1 MKM. HacTOTHbiii npeAen TaKux AHOAOB cocTaßnn: c lnxGai-xAs-KaTOAOM -190 rru, 
c lnPxAsi.x-KaTOAOM - -180 fTLi (pnc.3). 

6) aHmu3anopHbi0 u3omuriHbiü aemeponepexod na KamodHOM KonmaKme. PaccMaTpußanncb GaAs- 
AMOAbi c AlxGai.xAs-reTepoKaTOAOM . (lo CBoePi pa6oTe A^ofl c aHTO3anopHbiM reTepoKaTOAOM aHanorMMeH 
paöoTe AnoAa c n+-n KaTOAOM. TeM He MeHee aHTM3anopHbiM reTepoKaTOA no3BonaeT HecKonbKO coKpaTHTb 
0HP3 y KaTOAa M ncnonb30BaTb AHOflbi c AnwHOM aKTMBHofi oSnacTM MeHee 1 MKM. MacTOTHbifi npeAen GaAs- 
AHOAOB c AlxGai-xAs-KaTOAOM cocTaßnn -160 rri4 (pnc.3). Hcnonb30BaHne paccMOTpeHHbix TunoB KaTOAHbix 
KOHTaKTOB K AHOAaM TaHHa no3Bonnno AocTMHb KopoTKOBonHOBoül Mac™ MM AiianasoHa. npo6neMy ocBoeHMH 
cyßMM A^ana30Ha sneKTpoMamuTHbix BonH MOKHO peiunTb nn6o npuMeHna AHOflbi TaHHa Ha ocHOBe 
nepcneKTUBHbix nonynpoBOAHMKOB A3B5 [9], nn6o ncnonb3yn acpcfceKTHBHyto paßoTy A^oflOB Ha nacTOTax 
BTopovi n TpeTbeM rapMOHUKM [10], HecoMHeHHbiü nHTepec npeACTaßnaeT BnunHue Tuna KaTOAHoro KOHTaicra 
Ha reHepaquio Ha nacTOTe BTopofi H TpeTbeii rapMOHUKM. PaccMaTpuBanncb A^OAbi c m-n KaTOAHbiM 
KOHTaKTOM, A^oAbi c n+-n -n KOHTaKTOM M A^oflbi c HeoAHopcAHbiM npocpMneM nernpoBaHUfi aKTMBHoPi oSnacTM 
c AJWHOM aKTMBHOM oßnacTM la=2,5 MKM M MeHee. Mcnonb30BaHne Ha AHOAe HanpnweHMfl cno>KHOü cpopMbi 
npwBOAMT K coKpauueHMK) OHP3 y KaTOAa, HTO BneneT 3a co6oü yßenMHeHHe acpcjjeiCTUBHocTM reHepaqMH Ha 
ocHOBHoti MacTOTe na 30-80%. 3cpc|)eKTHBHafl pa6oTa AHOAOB Ha MacTOTax BTopovi M TpeTbePi rapMOHUKM 
no3BonaeT pacujMpuTb MX HacTOTHbiii Anana30H paöoTbi KaK B KopoTKOBonHOByto nacTb MM Anana3ona, TaK M B 
oßnacTb cyÖMunnuMeTpoßbix A^IHH BonH (AO -600 IT14). üynaiMMn no Kflfl reHepaqnn Ha nacTOTe BTopow 
rapMOHHKn FiBnaiOTCH A^OAbi c m-n KOHTaKTOM, a Ha nacTOTe TpeTbefi rapMOHUKM - AHOAbi c n+-n"-n KOHTaKTOM. 

IM. 3aioiK>H.eHMe 
Mcnonb30BaHne n+-n"-n KOHTaKTOB, n+-n KOHTaKTOB c nnHeCiHo MeHniomuMcn npocpuneM nernposaHua, 

3anopHoro m-n w m-n+-n KOHTaKTOB, 3anopHoro v\ aHTM3anopHoro M30TnnHoro reTeponepexoAa Ha KaTOAHOM 
KOHTaiae no3BonneT coKpaTHTb 0HP3 y KaTOAa no cpaBHenwo c n+-n KOHTaKTOM n TeM caMbiM nonyMMTb 
6onee BbicoKne 3HaHeHnn scpcpeKTUBHOCTM reHepaqMH B AocTaTOMHO UJMPOKOM HacTOTHOM AnanasoHe. 
ScpcpexTMBHaa paßoTa Ha rapMOHUKax nosBonaeT pacninpnTb MX HacTOTHbitö Anana30H B oönacTb 
cy6MnnnnMeTpoBbix AnnH BonH. 
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DIFFERENT CATHODE CONTACTS FOR THE SHORT GUNN DIODES 
Arkusha Yu.V. 

Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine, tel. 43-08-83 

This paper presents the review on the topic of influence of different cathode contacts on the power and frequency characteristics as 
for GaAs Gunn diodes thus for diodes based on complex A3B5 semiconductors (lnxGaixAs, InP^As*, Ini^Ga^P^yASy) is presented. 
The Gunn diodes with the active region length of 2.5 ^m and less were studied. We have studied an influence of some types of 
cathode contacts on the length of the electron initial heating region near cathode and the advantage of using of some of cathode 
contacts types in the certain frequency range when the diode works at the fundamental frequency band or at the frequency band of 
the second and the third harmonics were studied. 
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BaAs: 
O.B. ßoiryna , HM. KariMbiKOBa, B.B. MeflBefleB, 3.fl. ripoxopoB 

XapbKoecKuü aocydapcmeeHHbiü yHueepcumem, 310077, XapbKoe, nn. CeoÖodbi, 4 

AHHOTaLJI/lfl    -    PaCCMaTpMBaeTCfl    B03M0>KH0CTb    MOfly/iaUMM    CBM-H3JiyHeHHn    C    nOMOlUbK)    flUOflOB    HS    OCH0B6 
KONineHCMpoBaHHoro XPOMOM (Cr) apceHMAa rannwa (GaAs). npiiBoflflTca xonMHecTBeHHbie pacMeTbi M3MeneHMfl conpoTMBneHnn 
flMOflOB M MX BAX ,a TaioKe OKcnepwMeHTanbHbie pe3ynbTaTbi. 

1. BEeAeHne 

nojiyn3onnpyK)inMM apceHUfl rannufl iunpoKO npMMen^eTCH B TBepflOTenbHOM sneiopoHHKe ( B 

Ka^ecTBe noflJioweK p,nr\ MHTerpanbHbix MHKpocxeM, aicruBHbix aneMemoB pa3JiuHHQro Ha3Ha"HeHUfl B WHpoKOM 
Anana30He MacTOT). KpoMe SToro nojTyn30JinpyrOinnii apceHUfl rannte oßiiaflaeT n caMOCTOHTeribHbiMH 
opurnHanbHbiMH cBoücTBaMH, KOTopbie y>Ke HaxoAflT, a HeKcrropbie ßyflyr Haxoflnib npaKTHMecKoe 
npuMeHeHne. OflHO M3 STUX CBOMCTB - B03HHKH0BeHue CTOxacTUMecKux KoneBaHMM TOKa B nojiyn3onnpyK>meM 
apceHMfle ranxinn ( M B nacTHOc™ B apceHMfle rannun , JiernpoBaHHoro xpoNiowi), KOTopbie oßnaflaioT lunpoKMM 
MacTOTHbiM cneicrpoM OT eflMHML( A° coTeH MerarepM M KOTopbie Moryr c/iyxnTb OCHOBOM ßj\n cosflaHMFi 
pa3nwHHbix niyMOBbix reHepaTopoB [ 1 ]. npucyrcTBwe nonyn30JinpyrOLnero apceHUfla rannmi B TaKMX AHOAax 
KaK flUOflbl   C  KaTOflHbIM  CTaTUHeCKHM  flOMeHOM   B   BUfle  TOHKOrO   2-5   MKM   CJlOfl   C  CMJlbHblM   SneKTpUHeCKUM 
noJieM Moryr cnocoocTBOBaTb yBennMeHWO cnetcrparibHofi HJIOTHOCTH MOUHHOCTU wyMa Ha oflUH-ABa nopaAKa [ 
2 ]. ripHBJieKaeT TaioKe BHMMaHne cwibHan 3aBncuMOCTb KOHqeHTpai^nn a/ieicrpoHOB B 30He npoBOAUMOcTM 
apceHHAa rannvm , nernpoBaHHoro xpoMOM, OT pa3nnMHbix BHeuiHwx B03AeficTBMM- TeMnepaTypbi, ocBemeHH« 
M BenuMHHbi 3JieKTpw4ecKoro nojia [3 ]. 

L|enb HacTOflinePi pa6oTbi onpeAeneHue BonbT-awinepHbix xapaKTepncTW< AHOAOB Ha ocHOBe 
apceHHAa rannua, nernpoßaHHoro xpowioM, B cwnbHbix ajieiapuHecKHx nonax, wx 3aBncnMocTM OT napaMeTpoB 
apceHMAa ranniw ( KOHLieHTpaqua AOHopoB, KOHqeHTpannH xpoMa, MexaHusMOB paccenHwn ) H noKa3aTb 
B03Mo>KHocTb nony^eHua Manbix conpoTUBnennfi AM°AOB Ha ocHOBe GaAs:Cr B curibHbix aneicrpuMecKux 
norwx, KOTopbie MoryT 6biTb ncnorib30BaHbi A^H nepeKJironeHUfl H MOAyrwL;nn CBH- nsnyneHna. 

II. OcHOBHan MacTb 

B nonyn30JinpyioiAeM GaAs:Cr xpoM npucyrcTByeT B AByx COCTOHHHHX HeüTpa/ibHOM -Cr3+ M 

OAHOKpaTHO saxBaTHBweM aneicrpoH - Cr2+ c aHepruefi i<i0HH3aLjnn  8j =0.6 aB ,BO3MO>KHO o6pa30BaHne 

KowinneKca xpoM+ KOHH3npoBaHHbiü AOHopSj«0.8 3B, a TaioKe BcerAa npucyrcTByioT Merwue A°Hopbi H 

aKLjenTopbi , rny6oKnPi AOHOP EL2 £j=0.68 aB[ 4,5].PaccMaTpnBanMCb p,Be MOAenn; OAHOPOAHO 

nempOBaHHblW   AOHOpaiVIH    kl    XPOMOM    nonynpOBOAHMK   C   l\ByM9\   ypOBHAMH    ,    CB?l3aHHblX    c    XPOMOM    n 
nonynpoBOAHMK coAepwaiAUM TonbKO M3onnpoBaHHbiii xpoM M Aecpeia EL2 .B COCTOAHMM TepMOAMHaMunecKoro 
paBHOBecna( sneKTpMMecKoe no^e E=0) CTaquoHapHoe 3HaneHne KOHi4eHTpaL|nn onpeAenanocb paßeHCTBOM 
CKopocTePi TennoBoCi reHepaqnn M 3axBaTa Ha ypoBHH JioByaieK ( xpowi M EL2). OcoßeHHOCTbto cpopvinpoBaHMn 
Bo^bT-aMnepHoii xapaicrepucTMKn A^OAOB Ha GaAs:Cr nBnaeTca TO, HTO ns-3a 3Hepre™necKoro nonoxeHM« 
ypoBHew noByiueK B 3anpei4eHHOM 30He yxe B AocTaTOMHO cnaßbix no/inx (eAMHHi4bi KunoBonbT) wio>KeT 
npoMcxoAMTb yAapHan M0HH3aLjHH sneicrpoHOB c noByiueK, MTO npuBOAUT K yBeriHHeHwo KOHqeHTpaqviM 
CBOöoAHbix sneKTpoHOB M cBepxjiMHefiHOMy pocTy TOKa. CTaquoHapHoe cocTonHue npn STOM xapaKTepn3yeTCH 
paßeHCTBOM CKopocTeii Ten/ioBoPi reHepaLjMn, 3axßaTa n yAapHoü M0HH3ai4Hn nnn Ka>KAoro H3 ypoBHePi, Owe- 
peK0M6nHai4nn He cymecTBeHHa ns-3a iwanoM nnoTHocTH HOCMTenefi. H3 STUX paBeHCTB, ncnonb3yfl ypaBHeHMe 
sneKTpoHeiiTpanbHOCTH, nonyMaeTca TpaHCLjeHAeHTHoe ypaBHeHne A^I^ nonyneHne 3aBHcnMOCTM 
KOHL|eHTpat4MM sneKTpoHOB B 30He npoBOAMMOCTH OT snetrrpuMecKoro nona (l(E).nnOTHOCTb TOKa 
j=en(E)v(E),rAe 3aBHcnM0CTb Apei'icpoBofi CKopoc™ v(E) yMUTbißaeT scpcpeicr MewAOJiMHHoro nepeHoca B GaAs. 
B/iHflHMe pa3nnMHbix MexaHH3M0B paccenHHfl B nonynpoBOAHMKe M napaMeTpoB JioByaieK yMUTbiBanocb B 

3HaneHnax A^iMHbi CBOSOAHOTO npoöera 3neicrpoHa B K03cpcpHL(neHTe yAapHoPi noHM3aqnn [6] M ceneHMM 
3axßaTa . 

flnfl paccHMTaHHbix TaKHM o6pa30M BOJibT-awinepHbix xapaicrepMCTUK xapaicrepHO pe3Koe ( Ha 
HecKO/ibKO nopnAKOB ) B03pacTaHna TOKa HaHMHaa c HeKOToporo KpMTHMecKoro sHaMeHwn Hanp?i>KeHMn Ha 
AHOAe, KOTopoe yBeriMMMBaeTca c yMeHbiueHneM A^uHbi cBo6oAHoro npoöera H pocTe BeriHHUHbi ceMeHua 
3axBaTa jioByuJKH. MaKCMManbHoe 3HaMeHnn TOKa f\nn pacMeTHbix BAX ( ynacTOK HacbimeHn* ) cooTBeTCTByeT 
cnyMaio, KorA« Bce noByiuKM MOHH3MpoBaHbi, TO ecTb onpeAenaeTca HanajibHoPi KOHi^eHTpaqMefi AOHopoB B 

nonynpoBOAHUKe . \Az SToro cjieAyeT , MTO Hanöonbujee n3MeHenne npoBOAMMOCTH MO»HO nonyHMTb Ha 
AHOAax M3 nojiyMSOJinpytomero GaAs:Cr , A^I^ KOToporo KOHLieHTpaqMn AOHOPOB M xpoMa MaKcuMaribHa. C 
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pocTOM KOHLieHTpaqMn xpoMa KOHqeHTpaqua flecpeicra EL2 yMenbuuaeTca [7] , noaTOMy B TaKOM MaTepwane, 
no-BMflMMOMy Han6o/iee BeponTHO cymecTBOBaHUfl COCTOAHHCI , cBmaHHbix c M3onnpoBaHHbiM XPOMOM w 
KOMnneKcoM xpoM + uoHH3nposaHHbifi flOHop c npeoönaflaHneM xpoMa B OCHOBHOM COCTOHHMU. CflenariHbie 
Ann 3Toro cnynasq pacweTbi noKasbiBaiOT, HTO conpoTUBneHwe fluofla MoxeT 6btTb yMeHbiueHO flo eflUHMLi OM, 

MTO no3BO/weT cfle/iaTb BWBOA 06 ncnojib30BaHkin Tai<nx flMOflOB B KaqecTBe nepeKnKwaTe/iePt CBM- 
flnana30Ha. 

OKcnepuMeHTanbHo nccneflOBanncb fluoflbi Ha ocHOBe GaAs:Cr c rmoLmaflbro KOHTaiaoB ~0.01MM2 H 

flnnHoii nonyM3onnpyioa\ePi o6/iacTH 50-100 MKM. fluoflbi n3roTaBnnBanncb Ha ocHoee MOHOKpncTanjiHHecKoro 
GaAs:Cr c p« 10 OMCM, H3 KOToporo nocne MexaHwnecKOM M xuMMsecKoPi o6pa6oTKH nonynajin KpwcTan/ibi 
Hy>KHbix pa3MepoB. KoHTaKTbi H3roTaBnnBajiMCb BnnaBneHHeM c noMombto cnnaBa (AuGe)3B+Ni , HanbmeHHoro 

na 30/ioTbie n^acTHHbi B aTMoccpepe BOflopoAa npH TeMnepaType 500° C. 

7       g   npH Ma/lblX Hanp«)KeHH«X (eflUHHU>l BOJIbT) KOHTaKTbl 6/1M3KM K OMMHeCKHM - COnpOTUBJieHUe flHOflOB 
10-10 OM n npuMepHo oflUHaKOBbi npn pa3TiH4Hbix noiwpHocTax HanpaweHkiH ripn 6onbLunx HanpfweHMflx 
Ha flwofle ( cpeflHee 3/ieKTpnqecKoe none -2-5 KB/CM ) nponcxoflUT pe3Koe yBennneHne TOKB, npoTeKaiomero 
Mepes flMOfl, conpoBOKflaeMoe yiweHbiueHneM ero conpoTMBjieHna. Ha puc 1-2 noKa3aHbi 3KcnepwMeHTa/ibHbie 
H paccHMTaHHbie 33BHCHMOCTH ruioTHOc™ TOKa Mepe3 Anofl H conpoTMBneHun flMOfla R OT npi/inoweHHoro 
HanpaweHMH. B flwana30He M3MepeHnii pacnembie n SKcnepHMeHTarsbHbte 3aBHCHMOCTM HaxoflflTca B 
KaMecTBeHHOM comacnn. 

Pacxo>KfleHMfl 3KcnepMMeHTajibHbix H pacneTHbix KpuBbix o6yc/ioB/ieHO HecKonbKMMH npHHMHaMn: 
1. TeiwnepaTypa fluofla npn n3MepeHMM crmuHanacb OT pacneTHofi ( T=300 K ), TaK KaK B peanbHbix 

ycnoBMflx Bcerfla cymecrreyeT pa3orpeB fluofla. 
2. B MaTepnaxie ncnojib3yeMOM flna sKcnepuMeHTa He H3BecTHO TOMHO cooTHOweHne Mewfly 

KOHqeHTpaMnePi flOHopoB H xpoMa. 

3. B pacMeTHOü MOflenn He y^TeHa pojib KOHTaiaoB, KOTopbie MoryT npHBOflHTb K cnBury npoßuBHbix 
HanpaweHMM. 

ConpoTMBneHne naflaeT flo coTeH OM. MeHbiune conpoTMBneHna fluoflOB yflaßanocb flocTUHb B 

MMnynbCHOM pewuMe ( B nMny/ibCHOM pexwMe ripn A^TenbHoc™ MMnynbcoB nuTaHMq 1-3 MKC 3HaMMTeribHo 
yMeHbwae-rcn HarpeB fluoflOB). Euje 6onee HH3Kne conpoTkiBneHu* fluoflOB MOWHO nonynmb npn 6onee 
BbicoKMX KOHL|eHTpai4Max flOHopHbix npiiMeceii M xpoMa. 

III. 3aioiioHeHiie 

TaKUM o6pa30M pe3KMii pocTTOKa, Ha6ntoflaeMbiPi B fluoflax Ha GaAs:Cr MOKHO o6i=acHHTb Ha ocHOBe 
peKOMÖMHaMHOHHOM MOflenn c y<HeTOM yflapHOPi noHH3aqnn npuMeceii. rioKa3aHo, HTO conpoTHB/ieHne AnoflOB 
MOKeT 6biTb yMeHbiueHO OT 3HaHeHnfi 10 flo eflMHuq OM, MTO MO>KHO ncno/ib30BaHO fljia nepeKnioMeHMa n 
MOflyjwMUM M3nyMeHna B CBM-flnana30He 
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THE MODULATION OF HF RADIATION BY GaAs.Cr DIODES 

Botsula O.V., Kalmikova L.I., Medvedev V.V., Prokhorov E.D. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 

tel. 47-19-88, 43-08-83 

The possibility of modulation of the mm- and cm-region HF radiation by change of GaAs:Cr diodes conductivity is considered The 
main mechanism of the modulation is impact ionisation of captured electrons on the deep Cr levels. The quantitative calculations of 
the change of diodes conductivity depending on values of compensation and doping are presented. The experimental results of 
modulation of the 8 mm-region HF radiation by GaAs:Cr diodes have also been presented 
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MOflEJlMPOBAHUE CTOXACTMHECKMX 
KOJIEEAHMfö TOKA B flMOflAX HA GaAs:Cr 

O.B. Boi^yna , 3.fl. ripoxopos 
YKpauHa, XapbKoecKuü socynueepcumem 

AHHomau,im - Ha ocHOBe peKOM6MHaL(H0HHOü MOflenn c o#HopoflHbiM noneM B flMOfle aHannsupyioTCfl ycnoBiw 
B03HMKHOBeHMH H cymecTBOBaHMH nepMOfliwecKHX M CToxacTMMecKnx Kone6aHMM TOKa B Anoflax Ha GaAs : Cr c pasnuMHbiMW 
BHyTpeHHMMM w BHeujHMMM napawieTpaMM. 

I. BBefleHwe 
OflHMM H3 npeflMSTOB HHTepeca K CTOxacTHHecKUM KOJie6aHnqwi TOKa, HaöntoflaeMbiM B 

no^yMsojiMpyiomeM GaAs:Cr , flBnaeTca wcnojib30BaHne 3Toro MaTepnajia fl/ia co3flaHMH acpcpeKTOBHbix 
renepaTopoB ujyivia B wupoKOM flnana30He nacTOT. TaK, HanpHMep, ripncyTCTBne nonyn3onnpyrOunero GaAs: Cr 
B BMfle TOHKoro ,2- 5 mk, cnoa B fluoflax c KaTOflHbiM CTaTOMecKHM flOMenoM c CH/ibHbiM sneiapuMecKUM noxieM 
MoweT cnoco6cTBosaTb yBe/iuHeHwo cneicrpanbHofi nxioTHOCTU MOIUHOCTH ujyMa Ha 1-2 nopaflKa [1] 
CTOxacTMMecKne Kone6aHna TOKa nccneflOBanncb B OCHOBHOM 3Kcnepw»ieHTajibH0 [2-4] , n XOTH npeflnaranncb 
pa3xiMMHbie KaMecTBeHHbie MOflenn TaKnx KO/ieSaHnPi, KO/iuHecTBeHHbie oqeHKM 6binn cflenanbi numb p,m 
HeKOTopbix xapaicrepucTMK KoneöaHUM, 6e3 paccMOTpeHMa BJIHFIHMH napaiweTpoa ß,^of\a M BHeujHetf LjeriH. 
ricoTOMy, L\enbio HacToamefi pa6oTbi CTano onpeflexieHne ycnoBMii cymecTBOBaHKH CTOxacTHMecKnx n 
nepnoflMMecKMX K0Jie6aHnfi TOKa n MacTOTHoro cneKTpa CToxacTunecKnx KoneSaHnPi B flMOfla Ha GaAs: Cr c 
pa3JinMHbiMM napaMeTpaMM fluofla u Menu ncnonb3ya peKOM6nHai_(noHHyK) MOflerib. 

II. OcHOBHan nacTb 

PaccMaTpuBanca nonynpoBOflHHK, OAHopoflHO nernpoBaHHbiM flOHopaMU Nd M xpoMOM, KOTopbiw 
co3flaeT B sanpemeHHOM 30He noByujKH c SHepmawiM noHH3aijnn 0.6 aB ( H3o;inpoBaHHbiü xpoM ) v\ 0.8-0.84 aB 
(xpoM+nonn3npoBaHbiM flOHop) [5,6 ] c KOHMeHTpaL(MHMH NLi M NL2 cooTseTCTBeHHO. fluofl Ha ocHOBe GaAs: 
Cr c flJiMHOü L M nonepe^HbiM ceneHHeM S MMeeT HHCTO OMwecKue KOHTaKTbi n BKJiioHeH B qerib 
nocneflOBaTe/ibHo c conpoTMBneHMeM R n HCTOHHHKOM HanpaweHHfl Vo. B COCTOHHHM paBHOBecHH 
(aneicrpuHecKoe none E=0) ocHOBHaa Macca anexTpoHOB 3axBaneHa Ha noByujKH, B 30He npoBOflMMOCTH 
sjieicrpoHbi 3a cneT TennoBoti reHepaqMH c ypoBHeii n coocTBeHHbie, KOHL^eHTpaqMa KOTopbix Maria .üpn 
yBennMeHnn aneicrpuMecKoro no/w ,nponcxoflHT yflapHan M0HH3aL(HH a/ieiapoHOB c jioByweK, MTO npuBOflHT K 

pesKOMy pocTy TOKa. CToxacTHMecKaa HeycTOMMMBOCTb o6ycnaBJiHBaeTca B3anMOfleficTBneM npoqeccoB 
reHepaqnn ( yflapHaa v\ TennoBaa noHH3aqnn), saxBaTa Ha noByuiKH, fluanetapunecKoti pe/iaKcaqnM noriH ( 
MaKCBeJi/ioBCKoe     BpeMfl     BennKO    H3-3a     Manoii     KonqeHTpaqnu    anetcrpoHOB)     M     OTpHqaTeribHOM 

flnc})c})epeHqnanbHOM noflBHWHOCTH ILI^ GaAs npn E>EKP.(E«P~3,4KB/CM). CucTeMa flna aHa/iM3a HMeeTBMfl: 

^7=  Z {a1(E)Nin+ gTiNr rPu-NOn} 

N:  = ri(NLi-Nl)n-ai(E)Nin- gTiN, j=l,2 , (1) 
St 

BE   _ j V0 - EL 
at RS 

env(E) 

rfle MHAeKC 1 cooTBeTCTsyeT noByiUKe c aHeprneii 0.6 aB, a HHfleKc 2 noByWKe c 3Heprneü noHM3aL(HM 0.8 aB, 
n, Ni -cooTBeTCTBeHHO KOHi4eHTpaL(Mfl CBo6oflHbix aneiapoHOB M aneicrpoHOB Ha noByiuKax. 

Otj(E) = kj exp(—£j / eÄJE), 8j- aHeprna noHM3aLinn, X- fl/iMHa CBoöoflHoro npoßera aneiapoHa, 

e - 3ap*fl aneicrpoHa [ 7 ], gTi = 2rjn0 exp((gj - <j)) / KT) , n0 - KOHqeHTpaLina aneiapoHOB B COCTOSHMU 

paBHOBecufl, (j) - ypoBeHb OepMM, n - KoacpcpuqneHT 3axBaTa (n= <JjVj), G j - ceMeHne 3axsaTa, vT - TennoBan 

CKopocTb aneKTpoHa v(E) = (jiE + VS(E / E0) 7 (1 + (E / E0)  ) flpePicpoBaa cKopocTb aneiapoHOB 

GaAs, vs« 107 CM/C, EO « 3 KB/CM. 

IHepBOHaManbHo paccMaTpuBanacb MOflerib , yMMTbiBaioinaa HanHMHe ToribKo oflnoro ypoBHn cBFi3aHHoro c 
xpoMOM ( n30JinpoBaHHbiPi xpoM B y3Jie rannna).OKa3anocb, mo npn flaHHOM Bbi6ope MOfleriH, B 

nojiynpoBOAHMKe c OAHMM TunoM rtoByiueK Moryr B03HMKaTb ToribKO nepMOAnnecKne Kone6aHna TOKa. 

EcriM BBec™ xapaicrepHbie BpeMeHa reHepaL(MH Tg = (a^n + ljll + gj\)~ , 

3axBaTaxR = (^(Nn-N^-aN?)"1,^ = (L/ (RS880) + enVd(E°)/ (eso))"1 

penaKcai4nn nona, TO H3 nnHeapn30BaHHoPi B TOHKe noKoa cucTeMbi (1 ) ycnoBue HeycTOMMMBocTM ecTb: 

TR -Tg  -Tß   >° • 
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B  flwanasoHe     noneü,   npn   KOTopbix   B03MO>KHa   reHepaLtun   (E» 3-f-5KB/CM)   X„))x^,Hg   n 

5 7 
3HaMeHne MacTOTbi (ä 10   H- 10  fu, ) onpeAeraeTC« B OCHOBHOM BpeMSHaMM 3axB3Ta n penaKcaqHH nona. 
Kone6aHM3 6yflyT cym,ecTBOBaTb, ecnn saxßaT creHepupoBaHHbix Hocmeneii 6yfleT nponcxoflHTb 6bicTpee, 

weM BbiaBaHHoe HMH ywieHbuueHne nonn, mo nenne flocTuraeTca, eciin JJ^O.MacTOTa nnHeÜHO 3aBMCiiT OT 

BeJlMMUHbl  (RS)"1,  MTO  CBH38HO  C  3aBHCHMOCTbK>  CKOpOCTH  peJiaKCaHWU  nona  OT nriOTHOCTM  TOKa   B flMOfle  M 

yBeni-iMMBaeTCfl c yBe/inHeHweM coAepwanna xpowa B nojiynpoBOflHMKe (1016-^5* 1016)    n yMSHbtiieHneM 

OTHocnTenbHoPi 3ano/iHeHHocTO noBytueK. ripn Hen3MeHHoPi aenmme OTIOTHOCTO TOKa B fluofle MacTOTa 
onpeflenaeTca cpeflHUM no/iew n He3aBHCHMO OT flnwHbi fluofla npn OAHOM H TOM we ero 3HaMeHHM ocTaeTca 
nocTOAHHOM. ScpcpeKTMBHOCTb npeo6pa30Bannfl MOLUHOC™ nocTOHHHoro TOKa B nepeMeuHbiü cuman He 
npeBbiniaeT 1% H pacTeT c yMeHbweHneM Harpy30Hnoro conpoTHB/ienna, OHa onpeflenaeTCfi npou,eccaMit 
reHepan.nn M 3axBaTa, noaTOMy npH jroöbix BHSLUHHX napawieTpax iwaKcuMajibHa npn Hen3MeHHOM 3HaHeHMH 
cpeflnero nona. 

flpn paccwioTpeHMM flByx ypoBHeü CHMTanocb , HTO KOHLienTpaqkia naonnpoeaHHoro xpoMa no- 
npe>KHeMy npesbiiuaeT KOHqeHTpanwo flpyrux npuMecew. BepoaTHOCTb MOHH3ai4Hn aneiopoHa c SToro ypoBHfl 

BbiLue new c 6onee my6oKoroE2, a ce^eHm 3axBaTa B cnriy KynoHOBCKoro npHTflweHHfl na ypoBeHb 82 

HaxoAfiTca   B  oöpaTHOM   cooTHoujeHMM.   S2(<t>   H  yposeHb  noHTu  noriHocTbio  3anoriHeH  aneKTpoHaMM 

Xj^2)'tRl' ^ TaKoPi cucTewe Moryr cymecTBOBaTb KaK nepnoflHMecKne, TaK n craxacTHMecKne KOJieoaHMH, 

xapaicrepM3yK)mMec?! cnnouiHbiM nacTOTHbiM cneKTpoM . MexaHH3M B03HHKHOBeHHH nepnoflnnecKnx Kone6aHn£i 
TaKOii *e KaK B MOAenn c OAHHM TMOOM noByuieK. CTOxacTMMHOCTb oöycjioBiieHa nepepacnpefleneHneM 
aneicrpoHOB Mewfly ypoBHnwiH, BcneflCTBue nero M3MeHflK)Tcn xapaicrepHbie BpeMeHa. HncneHHbie 
MccneflOBaHna   noKa3ann,   HTO   fliin   cymecTBOBaHHa   CToxacTunecKHX   Kone6aHnPi   HeoSxoflHMO,   HTO6W 

KOHL4eHTpau.nK   aneicrpoHOB   Ha   ypoBHe    8JM   B   30He   npoBOflHMocTH   B   pewHMe   Kone6aHMH   6bmn 

npn6riH3MTeribHo paBHbi (n«N^»10 4-10 cm ). HeoßxoAHMan BennMUHa flocTuranacb npn 

npeBbiiueHHM KOHueHTpau.HH flOHopHoii npuMecu Hafl KOHU.eHTpau.neH noByweK    c   82   B HecKonbKo pa3 

(NL2 ~ 10 H-10 cm ). CneKTp Kone6aHMti nonyneH pa3noKeHneM BpeMeHHoK 3aBncnM0CTM TOKa Ha 

Oypbe-KowinoHeHTbi . LUnpnHa cneicrpa oqeHMBanacb no a6contOTHOMy 3HaMeHMio rapwoHHK (B3HTa BennMUHa 

20|jA(Af)), M OTHOCMTenbHOMy 3HaneHHK) - nonoBMHe MaKcwManbHotf aMnriMTyflbi rapMOHHK(AfQ5) . KaK 

n fln« cnynaa MOflenn c OAHMM TkinoM noByiueK, HaonfOAaeTca pocT cpeAHeü nacTOTbi c yMeHbiueHHeiw BeriH- 

HHHbi (RS)"1 , OAHara OL(eHKH Af M Af() 5 y«e CM^bHo pa3JiHHa»OTCfl, MTO roBopHT 0 öonbiueii perynapHOCTM 

B03HHKaK>iu,nx KoneöaHnii pnc.1. LUnpnHa cneiapa TaioKe pacTeT c yBeriMMeHneM coAepwaHMH JiOByiueK. 

III. 3aKJiK)MeHwe 

ripoBeAeHHbiü anann3 noKa3an, HTO B py\onax Ha GaAs:Cr Moryr B03HHKaTb nepnoAnwecKne 
KoneSaHMfl penaKcaL(MOHHoro Tuna c nacTOToti ~105-10 Vu, n acpcpeKTMBHOcTbro renepaLiMn -1%. B OAHOPOAHO 

nernpoBaHHbix oopasqax CTOxacTM^ecKMe KoneöaHMn TOKa B03M0>KHbi npw HannMUM noByiueK AByx TunoB c 
pa3fikiHHbiMH napawieTpaivin M 3anoriHeHneM. Ilpn coAepwaHHn xpoiwa B o6pa3Lie ~1016-5-1016 CM"3 i±inpnHa 
cneicrpa CTOxacTunecKnx Kone5aHnii, OLieHeHHaa no Bbi6paHHbiM KpMTepMHM, AOCTurana -10 MTLI, HTO 

no3BonyieT HaAeflTbca Ha nonyneHMe 6onee BbicoKonacTOTHbix rapMOHHK B A^OAax c coAepKaHneM xpoMa 
6o/iee BbicoKOM, MeM pacneTHbie . 

IV. CrwcoK rwTepaTypbi 

[1] S. Zolotarev, E.D. Prokhorov. Physics in Ukraine, International Conference, Proc. Cont. Papers, Radfophysics and 
Electronics. Kiev (1993), p.292. 

[2] Pozela J., Tamasevicius A., Ulbikas J. Sol. St. Elect. -1988, 31, N 3,4,p. 805-808. 
[3] Knap W., Jesewski M., Lusakovski J.,KuszkoW. Sol. St. Elect. -1988, 31, N 3,4 ,p813-816. 
[4] rinporac K.,llo>Kena KO., TaMauiflBuwyc A., yrib6nKac K). OTn, 1987, 21, B.3, c.543-545. 
[5] Vorobeva N.V., Vorobev Yu.V., Tretyak O.V. Phys.St.Sol., 1973, v.17a, p.155-162 
[6] nonyn3onnpyiomMe coeflUHeHnn A3B . "MeTannyprvm", MocKBa, 1984. 7.E.Scholl, Z. Phys. B-Condensed Matter., 1982, 46, p.23 

THE SIMULATION OF STOCHASTIC OSCILLATIONS IN GaAs:Cr DIODES 

Botsula O.V., Prokhorov E.D. 
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The stochastic current oscillation in semi-insulating GaAs is interesting for the elaboration of a noise oscillators within the wide 
frequency range. The arise and exist conditions of periodical and stochastic oscillations on GaAs.Cr diodes with different internal 
(donors and trapp concentration) and external parameters (the length of diode active region, cross section square, load resistance, 
etc.) are investigated on the base of recombination model with homogenious electric field in the diode. The frequency spectra of 
stochastic current oscillations in GaAs diodes have been determined. 
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C BblCOKOM nPOMEXCYTOMHOCi HACTOTOM 
K.C. CyHflyMKOB, B.J1. JloiuiaKa, B.B. TannL^HH, M.K. CyHflyHKOB 

AO "Hnn "CamypH", 252148, a.Kuee, np. 50nem OKnw6pH, 2E 
Ten: (044) 477-67-39, <Pai<c: (044) 477-62-08 

AHHomau,im - B flOKnafle npuBOflMTcn onucaHne npouecca npoeKTMpoBaura M peannsannn rapMOHMMecKMX 
CMecMieneCi c BbicoKoii npoMe)«yTOHHOK MacTOTofi. DpeflCTaBneHbi TeopeTOMecKne n aKcnepuMeHTanbHue nccneflOBaHUfl 
rapMOHiwecKMX cMecmeneM c cpMKCwpoBaHHbiM reTepoflMHOM B cwma/ibHOM flnana30He HacTOT 14.4-16.6 IT14, 16.6-18.0 TV\\. 
rioTepn npeoopasoBaHMFi cocraBwiM He 6onee 9.0 p,& npn npoMe>KyT04HoPi «nacTOTe flo 4.2 rfii. 

I. BsefleHwe 

OflHoPi M3 npoöJieM oöecneneHUfl yBepeHHoro npnewia B cncTeMax camw ecTb npoßneMa nonyMeHMH 
BbicoKow MacTOTHOM cTaSuxibHocTH reTepoAUHa npneMHoro Tpaicra. KaK npaBmio, nacTOTa reTepoflUHa 
flocTuraeTca nyrreM MHoroKpaTHoro yMHOXceHHfl Macro™ onopHoro KBapLjeBoro reHepaiopa. Mcnonb30BaHne B 

npneMHbix ycTpoPicTBax rapMOHnnecKnx cviecnTeneii no3BorweT yMeHbwwTb KpamocTb ywiHoweHMH MacTOTbi B 

BbixoflHbix !<acKa,qax reTepoAUHa. 

It. TeopeTMMecKwe nccneAOBaHM« 

TapMOHUHecKnti civiecnTenb c ManbiMki noTepaMU npeo6pa30BaHHH, pa6oTaromnü °T BTopoii 
rapMOHMKM reTepoflMHa, MOKHO nonysnTb, cTpoa ero no cxewie aHTMnaparmenbHoro BmiKweHHH napbi 
cMecnTenbHbix AMOAOB [1]. HpoBOAUMocTb AMOAOB npn TaKOM BKntoneHHH HBrweTca neTHofi cpyHKi_ineii npn 
pa3no>KeHMM 3Toü 4>yHKi4HM B pafl Oypbe Bee HeMeTHbie rapMOHUKW cyMMapHoß npoBOflUMOCTM fluoflOB 
CTpeMflTCJi K Hynio. fiosTOMy acpcpeicTUBHoe npeo6pa30BaHne nacTOTbi npoMCXoflUT Ha neTHbix rapMOHwrax 
reTepoflnna, a Ha HeneTHbix rapMOHHKax - c noTepnwin 6onee 30 AB. 

npoMewyTOHHan HacTOTa paBHa pa3Hoc™ NiewAy yABoeHHoii MacTOTOü reTepoAUHa u HacTOTotf 
cumana. 

riocKonbKy HacTOTa reTepoAUHa B pa3pa6aTbiBaeMbix CMecuTenax flBrmeTca cpnKcupoBaHHotf, TO f\na 
noAann MOIAHOCTH reTepoAUHa HOAXOAUT cpu/ibTp 6erymeü BonHbi [2]. CTpyKTypHaa cxewia cMecMTena HMeeT 
BHA npeACTaB/ieHHbM Ha pud. 

CneAyromuM STanoM (nocne Bbiöopa CTpyKrypHOM cxeMbi) HBrmeTca pacneT ee oTAenbHbix 
cocTaBJintomux L(enefi, KOTopbie ncnonbsytoTcn nna aHann3a cMecniena na TWHefiHOM KOMnneKce [3]. 

ComacHO TeopeTH4ecKi/ix pacneTOB cpunbTp 6eryuu,eM BonHbi Ha nacTOTax reTepoAUHa 9.3 rri4 n 10.4 
IT14 MMen norepn B HanpaBneHHoe nneMO cooTBeTCTBeHHO 1.1 M 1.2 AB, B Anana30He npoMejKyroHHbix HacTOT 
noTepn 6onee 28 AB, B A^anasoHe no cumany He MeHee 30 AB.  B npaMoe nneno Ha pe30HaHCHbix MacTOTax ( 
9.3-10.4 mo 
MoiAHocTb reTepoAUHa ocnaßneHa Ha 20 AB, a B pa3B?i3aHHoe njieno Ha 31 AB. Pa3B33Ka Me>KAy nneMOM 
noAaMM MOIAHOCTH reTepoAUHa H pa3Bfi3aHHbiM nneMOM Ha MacTOTax cnmanbHOM w npoMeÄyTOHHOM 
cocTaBJifleT cooTBeTCTBeHHO 35 AB H 28 AB. 

CnHTe3 <t>HM M nn<t> npoBOAunc« no OTAenbHO pa3pa6oTaHHbiM nporpawiMawi. Tpexpe30HaTopHbiü 
OHM c 3aAaHHoti nacTOTOM cpe3a 5.5 VV\\ M nynbcaL|UflMH B nonoce 
nponycKaHMH 0.28 AB o6ecne4HBaeT 3arpa>KAeHne 3a nonocoCi nponycKaHna HannHaa c nacTOT reTepoAUHa 
6o/iee 30 AB. HcxoAHbiMM AaHHbiMn A^ cMHTe3a nno nBJiaiOTCfl 3arpa>KAeHne npn OTcnpofiKe OT Kpan 
nonocbi nponycKaHMH Ha 2 TV\\ He MeHee 30 AB. PacneT noKasan, MTO AaHHbiM Tpe6oBaHH^M yAOBneTBopaeT 
MeTbipex3BeHHbivi cpunbTp Ha HeTBepTbBOJiHOBbix pesoHaTopax. 

PacneT 3neicrpnMecKMX napawieTpoB CMecnTenn npoBOAnncn c yneTOM 20 KOM6nHaL(iioHHbix 
cocTaBnaKDiUMX Ha HennHeüHOM KOMnneKce "HAHEC" [4]. 

B KanecTBe HeriMHeÜHbix aneMeHTOB ncnonb30Banacb napa CMecnTenbHbix AHOAOB, BKJiioHeHHbix 
aHTMnapanneribHO, B eAUHOM Kopnyce. Tai<aa napa MMeeT MUHMMaribHbiCi pa36poc anexTpMHecKnx 
napavieTpoB. 3TO oneHb BaKHo ocoöeHHO B rapMOHM^ecKHX CMecMTennx. FlacnopTHbie A^HHbie Ha 
npuMeHaewibie A^OAbi npeACTaBneHbi B Ta6riMLie Ns1. 

MHoroBapnaHTHbifi aHanns CMecHTenefi noKa3an, HTO npn MACHTUHHUX AH°Aax MUHnMaribHbie noTepn 

npeo6pa30BaHna Ha KOM6nHaLiMH nacTOT 2* fa - fy nrm nepBofi nuTepbi ( Anana30H nacTOT no cumany 14.4 

-16.6 rrii, HacTOTa reTepoAUHa 9.3 ITM, npoMe^yTO'HHaa HacTOTa 2.0 - 4.2 ITq ) cocTaBnnn 7.84 - 8.4 AB, f\r\R 
BTopoii nwTepbi (Anana30H MacTOT 16.6 -18.0 ITM, MacTOTa reTepoAUHa 10.4 IT14, npOMeKyroHHaa HacTOTa 2.8 

- 4.2 TOO - 7.9 - 8.3 AB. lloTepn npeo6pa3oeaHHR OT nepBoPi rapMOHHKn reTepoAUHa (fj- ± /$) npeBbiaiaioT 

143 AB. TeopeTMMecKMe pacneTbi noxiHOCTbra noATBepAMJin AOCTOBepHocTb paHee yKa3aHHbix npeAnono)KeHMM, 
MTO acpcpeKTMBHoe npeo6pa30BaHMe MacTOTbi nponcxoAMT OT BTopoPi rapMOHMKM reTepoAUHa. 

s\ /~\   A MaTepwa-Mj] 6-H MewyiyHapoAHOH ^«McicoS ^äKPOBOAHOBOH ^antpepen\inn "%£«sKu'K&96. 16-19 ceHmöpH 1996 r., Ceaacrono-Ab, KpbiM, YKpaHHa 
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BfiM«HMe HenfleHTHMHoc™ flMOfloB Ha noTepn npeo6pa30BaHna flrra nepBoü nuTepbi Ha 4acTcrre 16.6 
rrq npM KpaPiHux am^emm oflHoro W3 napaMeipoB H HOMUHaribHbix ma^enrnx ocrrajibHbix napaMerpoe 
SKBMBaneHTHOM cxeMbi fluoflOB npeflCTaBneHbi B Ta6nnqe NQ2. AHariH3 pe3ynbTaTOB BbiMncneHMM, 
npeflCTaB/ieHHbix B Ta6/inLie Ns2, noKa3biBaeT, HTO Han6oxibUjee B/ii/WHne Ha yBennMeHne noTepb 
npeoöpasoBaHMFi Ha 0.54 flB BHOCHT HeHfleHTUHHOCTb napaweTpoB HHflyicruBHOc™ BbiBOflOB. YBennMeHne 
norepb npeo6pa30BaHMfl CMecmen» flo 9K>0 flB nponcxoflUT Torfla, Korfla 06a flwofla HMeioT oflHOBpeMeHHO 
KpaPiHMe 3HaMeHnn napaiwieTpoB aKBMBajieHTHoPi cxeMbi flwoflOB. 

nyrewi ycrraHOBKU comacyromero TpaHccpopMaTopa flnwHOfi 1.8 MM M UJMPHHOM 1.2 MM no Bxofly 
noflann MOO(HOCTO reTepoflnna H wneücpa xonocToro xofla flJiMHoa 0.5 MM M UJHPMHOK 0.35 MM, BKntoneHHoro 
nocpeflMHe Mewfly cpunbTpoM 6erymeii BonHbi n TOHKOü coeflUHeHMa yflanocb nonyMHTb pacneTHbie noTepn 
npeo6pa30BaHMfl npH KpafiHux 3HaneHnax napaMeipoB SKBHBajieHTHoPi cxeMbi fluoflOB He 6o/iee 8.2 flE flna 
o6enx nuTep. 

III. Peann3aunH M 3KcnepnivieHTanbHbie MccneAOBaKMfl 

3KcnepnMeHTartbHo nonyqeHbi cneflyK>Lu;ne pe3ynbTaTbi. 
rioTepM B OHM flo nacTOTbi 4K>42 ITq He Scmee 0.65 flB, a 3arpa>KfleHwe B nonoce MacTOT cumana H 

Ha cJjMKcupoBaHHbix nacTOTax reTepoflUHa He MeHee 32 flB. MuHMManbHbie noiepn B flnana30Hax no cumany 
He 6onee 1.9 flB. M3MepeHHbie noTepn npeo6pa30Bannfl cMecmejiePi He npeBbiwanw 9.0 flB. 

IV. 3aKnK>seHMe 

Ha 6a3e npoBefleHHbix pacMeTOB yflanocb co3flaTb opwrnHanbHbie Tononornn CMecme/iePi, HMeioiuHe 
Maiibie noTepu npeo6pa30BaHna c BbicoKOM npoMewyTOHHOfi HacTOTotf flo 4.2 rrq. 

TeopeTMMecKHe n 3KcnepnMeHTanbHbie HccjieflOBaHua noflTBep,qn™ flocTOBepHOCTb noflxofla npn 
npoeKTMpoBaHMM rapMOHMHecKMX CMecmejietf. 

V. CnncoK nuTepaTypb! 
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HARMONIC MIXER WITH HIGH INTERMEDIATE FREQUENCY 

Sunduchkov K., Lomaka V., Galitzin V., Sunduchkov M. 
joint-stock company "Saturn", 2"b" 50-let Oktiabria Ave., Kiev-148, Ukraine 

tel. (044) 477-67-39, fax (044) 477-62-08 

One of the main problems of reliable reception in the communication systems is geting of frequency LO stability of the receiving 
system. The high frequency LO stability is reached by multiplication of the reference crystal oscillator frequency, as a rule. The 
using of harmonic mixers in the receiving systems permits to reduce the LO frequency multiplication ratio. Moreover, it reduces the 
size, weight and power consumption of the receiving system. The high intermediate frequency harmonic mixer development is 
described in this paper. The experimental characteristics of the high intermediate frequency harmonic mixer in 14.4-16.6 GHz and 
16.6-18.0 GHz frequency ranges is given. The conversion loss of such mixers is no more than 9.0 dB with up to 4 2 GHz 
intermediate frequency. 
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PHC.1. CxpyKxypnaH cxeMa cMecnxejia. 
1 - napa anxHnapajmejibHO BKjiioHeimbix cMCCMxejibnbix ZIHO/IOB; 

2 - cpH.xbxp öeryiueö BOJIHM; 

3 - HarpyaKa 50 OM; 

4 - nno; 
5 - OHH; 
/   , / ^ ,/'    - cooTBCTCTBeHHo qacxoxbi: rexepoflHHa, cnraajia, npoMeKyxoHHOM 

HaCTOTbl. 

TaöjiHija 1. 

n/n 
HaHMeiioBaHiie 

napaiviexpa 
06o3iiaHeHHe 

napaiviexpa 
3HaiieHHe 
napaMexpa 

1 TOK HacbimeiiHH flMo/ia, A ■      h i*io~12 + i*io-'4 

2 HenzieajibHocTb BAX, 1/B a 33+35 
3 06beMHoe conpoxHBJieHne n/n CJIOH, OM Rs 

3 + 5 

4 HlIZiyKTHBHOCTb BblBOflOB, HTM Ls 
1.2+1.5 

5 EMKOCTb Kopnyca, nO cP 
0.1 

6 HejiroieMi-iaa eMKoexb, nCD Cj 0.12 + 0.15 

TaOJimja 2. 

IToxepn npeoopasoBannH na KOMÖHHannax, #B 
2*f   -f ./ p    J c •' r     ' c 

8.15 56.0 49.0 
8.37 48.0 33.0 
8.18 39.0 58.2 
8.2 46.83 47.28 
8.3 32.0 45.0 

336 
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LLJYMOBblX M yCMXlMTEJlbHblX XAPAKTE- 
PMCTMK nOHEBblX CBM-TPAH3MCTOPOB 

C. A. 3yee, A. A. LUaApMH 
Cry, CuMcpepononb, YKpaima 

AHHomau,un - B flOKnafle paccwioTpeHa MOfle/ib RJ\R pacneTa noneBbix TpaH3MCTopoB w onwcaHbi ee BO3MO>KHOCTM B 
MccneflOBaHMM xapaiaepucTMK npußopa. B «anecTBe unnwcTpaLtnn pa6oTbi MOflenw npusefleHbi HeKOTopwe pe3ynbTaTbi 
MOfleriMpoBaHMfi, npoBefleHHoro c ee nowioinbio. 

I. BBefleHMe 
rioneBbie CBM TpaH3ncTopbi nonyqnnn wupoKoe npuMeHenne BO BxoflHbix qenax npweMHO- 

nepeflatoinMX ycnpoPicTB. B CBFISM C 3TMM BosHwcna npo6neMa MccneflOBaHna HX xapaicrepMCTHK. Ha KacpeApe 
paflMo45M3MKM CD/ paspaöoTaHa MOflenb pacneTa noneBbix TpaHSMCTopoB MeTOAOM MoHTe Kap/io, 
o6naf\a\on\a9\ orpoMHbiMn BOSMOXHOCTHMH H no3Bonaiomafl nccneflOBaTb B TOM nnone u uiyMOBbie 
xapaicrepucTHKH npn6opa. Moflenb MoweT 6biTb ncnonb30BaHa &m yTOHHeHUH napawieipoB n MOAenefl 
naKeTOB cxeMOTexHHnecKoro MOflennpoBaHnn. 

II. Oco6eHHOcTM MOflenw 
B ocHOBe paspaSoTaHHow Mofle/in peanitsosaH MHoroMacTMMHbiPi MeTOfl MoHTe Kapno [1], 

ncno.nb3yioinnM noH^Tue o pacceaHunx nacTMLi, aBnnromMxcn cpH3HMecKHM MCTO^HMKOM aiyiwoB B npn6ope. 
nofloöHbiCi noflxofl no3BonaeT paßoTaTb B paMKax ruflpoflnHaMHnecKoro (F~fl), KBa3nrnflpoflHHaMH4ecKoro 
(Kl~fl) M flawe KMHeTunecKoro npnönw^eHUM. T.e., npaKTunecKH, MOflenb npeflCTaBJiaeT CO6OM peweHHe 
ypaBHeHMfl BonbL(MaHa flna oflHOMacTOHHbix cpyHKLiwii pacnpefleneHun, KOTopoe B nacTHbix cnynaax CBOflMTca 
K peLueHMto cucTeM ypaBHeHMii l~fl n Krfl npn6™>KeHnfi. B cocTaB MOflejin BXOAHT npoqeflypa, ocHOBaHHaa Ha 
oflHOMacTHMHOM MeTofie MoHTe Kapno flnn MccneflOBaHMFi o6mnx napaMeTpoB nonynpoBOflHMKOBOM cpeflbi. 

Moflenb paccMaTpuBaeT MHoroflonnHHyio 30HHyto cTpyicrypy Maiepnana TpaH3HCTopa c pa3nn4HbiMw 
3aKOHaMM flMcnepcMH HockrreneCi B flonnHax, n BKmo<-iaeT B ce6n Bee ocHOBHbie wiexaHMSMbi pacceHHua, B TOM 

HHcne M MexcflonnHHoe. flna nccnefloBaiena npeflCTaBn^eTca B03MO>KHOCTb 3aflaBaTb pa3nnHHbie pa3Mepu n 
KOHCpMrypaqnK) npn6opa, ypoBHn n cpopMy nernpoBaHna lyiaiepnana. Bo3MoweH yneT acpcpetcroB 
peKOM6nHai4Hn n reHepaLjHH HocuTeneti, H0HH3ai4un aTOMOB peiueTKn, B TOM «nucne B MOflenb BKntoMeHO 
paccMOTpeHwe acfccpeicra naBMHHoro npoöoa B npnöope. 

TpaH3MCTop paccMaTpHBaeTcn KaK MHoroTeMnepaTypHa« cucTeMa. YnnTbiBan npoLieccbi 
B3anMOAePicTBMfl HOCMTeneti c peweTKovi, npeACTaBnneTCH B03MO>KHocTb, pemaa HecTaMUOHapHoe ypaBHeHne 
TennonpoBOAHOCTM, ysecTb p,aw.e noKanbHbiPi pa3orpeB cTpyicrypbi BnnoTb AO nnaBneHna BemecTBa. 

ripyiMbiM pe3ynbTaT0M MOAennpoBaHMfl HBnaeTca c^yHKqua pacnpeAeneHMa HOCMTeneü B oSnacTM 

npn6opa /[ V,r,tj . 3TOT napaweTp aBnneTcn Han6onee nHcpopMaTHBHbiM, T.K. OH no3BonaeT BoccTaHOBMTb 

Bee cpMSHMecKn Ba>KHbie xapaKTepMCTMKM npnöopa - nnoTHocTb aneiaponoB npoBOAMMoc™ nlf,t\, 

nnoTHOCTb TOKOB B npocTpancTBe npußopa J\r,t] , nnoTHocTb MneTmecmü aHeprnn K\r,t\ v\ nnoTHocTb 

noTOKa KHHeTMHecKofi SHeprnn Q r,f   no cneAytoiUMM cpopwynaM: 

n[r,t\ = \d\f\v,r,t) ,    Jlr.fj = \d\vf\v,r,t\ , 

K[r,t)=^.jd\v2.f\v,r,t\,   Q\r,t\ =j- \d\-v-v2 -f[v,r,t] . 

BBeAa B paccMOTpeHne MOAenn napaMeTpu BHeuiHePi Menu, MOKHO nonyMHTb KpoMe AHHaMMHecKnx 
xapawepucTHK cwcTeMbi eLqe n ujyMbi, npuBeAeHHbie K CMmany. ripoBeAn Oypbe npeo6pa30BaHne BpeMeHHbix 
saencMMocTePi TOKOB CMemeHHH H npoBOAMMoc™ nepe3 KOHTaicrbi npH CTyneHnaTOM n3MeHeHnn Hanpn>KeHM5i 
Ha OAHOM H3 HMX, MO>KHO nonyHHTb Ha6op Y-napaMeTpoB, KoacfccpuqweHT ycuneHna M MMHMManbHbifi KO3$- 

^1 
Y . '22 

X        -[2]. 
dU Y2 

cpni^neHT aiyMa TpaHSucTopa cooTBeTCTBeHHo: Y.. -; G = ?1_ ■ /<    =1+      —  •       Wl V     v ill x, ^ij 

OAHOMacTHMHaa MOAenb no3BonaeT paccHMTbiBaTb TaKMe xapaicrepMCTHKM cpeAbi KaK cpeAHtoto 
noABMKHOCTb HocMTeneii B 3aBncnMoc™ OT HanpaweHHocTH aneicrpMHecKoro nona, APeücpoByio M 

Ancpcpy3M0HHyKD cocTaBnaioiuMe cKopoc™ M T.n. KpoMe Toro, 3aAaBan ycnoBna, npn KOTopbix cpyHKMnq 
pacnpeAeneHMfl AonKHa MMeTb 3aBeA0M0 M3BecTHoe pacnpeAeneHwe (HanpuMep, nonyMaKCBennoBCKoe 
pacnpeAeneHne npn AOMUHnpoBaHMM aneKTpoH-aneiapoHHbix B3auMOAeücTBnPi), MOäHO BbiAennTb 
cocTaBnwoinyK) LuyMOB, oßycnoBneHHyto MaujMHHbiMn ujyMaMM H niyMOM MeTOAa. 3TO no3BonneT BbiAennTb 
MUCTbie liiyMbi npw6opa. KpoMe 3Toro, MOAenb npeACTaßnneT B03Mo>KHOCTb paccMaTpuBaTb H3nyMaTenbHbie 
onTMMecKne acfrcpeKTbi. 
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flaHHan MOfle/ib HBraeTCE He cxeMOTexHuwecKoü, a TexHonorw-iecKoii, HO OHS npeflCTaB^aeT 
B03MOÄHOCTb yroHHeHHfl napaMeTpos MOflenew ncnonb3yeMbix B CAflP. Bo-nepBbix, pe3ynbT3T 
MOflejiMpoBaHna MOKHO npeflCTaBMTb B BUfle «MepHoro HinnKa», MTO ujupoKO ncnonb3yeTCH B HSKOTOpblX 
naKeTax fl/ifl cxeMOTexnuMecKoro npoeicrnpoBaHHFi, T.e. B BMfle nw6o MaTpnu,bi TOKOB M HanpnweHnPi B 

npnöope, nn6o HeKnx annpoKcnMau;noHHbix 3aBMCMMocTew. Bo-BTopbix, p,nn KOHKpeTHbix MOAenetf 
xpaH3MCTopoB MO>KHO nonyMMTb yTOHHeHHbie napaMeipbi, ncnojib3yeMbie B HUX. HanpuMep, MOflenb SPICE-2, 

LEVEL 3 rpeöyeT cxieflyiomne napaMeipw: B, L/^p   , Uk , UE, % , FB H 77 [5]. 3flecb ß =  

- yflenbHaa Kpyrn3Ha TpaH3MCTopa (W, L - wupnHa n flriMHa KaHana, ju0- noABHWHocTb HocHTenePi, C0- 

yfleribHaa eMKocTb nofl3aTBopHoro fluaneKTpuKa), noporosoe nanpflweHMe npeflnonaraeTcn paBHbiM: 

L/^jp    —UpsR    ~rlUcM> ^k - aaBUCMMOCTb noflBHÄHOCTM HocnTejie^ OT nona 3aTBopa, UE - HacbiLU,eHne 

CKopocTM HocnTenePi, FB- BnnaHne 3apnfla noAnowKM. nepBbie napaMeTpu (ß n U^   ) onpeAenaioTCH us 

BAX npn6opa, nonyMaeMbix B pe3ynbTaTe MOAennpoBaHna, a ocTanbHbie - HenocpeACTBeHHO H3 cpyHKLinn 
pacnpeAeneHwa Hoci/iTenePi B npn6ope. 

Ill. Pe3yrsbTaTbi pacMeTOB 
B KanecTBe TecTOBoPt saAaHH 6bin paccMOTpeH nTLU Ha GaAs. Pa3Mepbi MOAennpyeMoPi o6nacTH 

npeACTaB^eHbi Ha pud. PaccMaTpwBanacb AsyxAonnHHan MOßenb GaAs, c napaßonn^ecKHMU 3aKOHawin 
AncnepcMH. YpoBeHb Jien-ipoBanHfl MaTepHana B oSnacTH Kanana npeAnonaranca paBHbiM 2*1017 CM'3. 

Pe3y/ibTaTbi MOAe/wpoBaHMFi cpaBHWBanncb c ony6nnKOBaHHbiMi/i B nmepaType pe3ynbxaTaMH, nony<-ieHHbiMU 
c noMOU4bio aHanornMHbix MOAenePi [2,4], HaManbHoe pacnpeAeneHne HocmenePi B aKTHBHoPi o6nacTH 
npn6opa saflaBanocb paBHOMepHbiM c nonyMaKCBennoBCKHM pacnpeAenenneM no CKOPOCTAM. CO BpeMeHeM 
npoTeKaHna npoqecca, OTpnuaTenbHbiPi noTeHi^wan B noAsaTBopHoPi o6nac™ (pwc.1) OTWUMaeT HocnTenM OT 

3aTBopa, cpopMnpya o6mnPi noTOK, HanpaßneHHbiPi K CTOi<y. 
HanöoJiee nHCpopiviaTHBHbie M3 cpyHKMMPi pacnpeAeneHwa npn MOAexinpoBaHMH MHoronacTUHHbiM 

MeTOAOM npeACTaBneHbi Ha pnc.2. CMemeHne MaKci/iMyMa cpyHKqMM pacnpeAexieHMR BnpaBO roßopuT o pocTe 
KaK o6m,ePi TeMnepaTypbi ra3a HOCKTenePi co BpeMeHeM npoTeKaHwa npou,ecca (puc. 2a, 6), TaK n noKanbHoPi 
TeMnepaTypbi HOCHTenePi BAonb npn6opa (puc. 2B, r). 3TO we noATBep>KAaeTCH rpacpMKOM 3aBMCHMOCTH 
cpeAHePi CKopocTM HocuTenePi B npn6ope OT npoAonbHoro paccTOHHUR (pnc.4). 

KaK BHAHO M3 yKa3aHHbix 3aBMCMMOCTeM, LuyMbi KaHana He cnniiiKOM BenHKH no cpaBHeHMfo c aiyMaMM, 
B03HMKaromnMM B OKonocTOKOBoCi o6nacTH, rAe n npoMCxoAUT Me>KAOJiMHHbiR nepexoA. 

lilyMbi npn6opa MOXHO xapaKrepn30BaTb c noMou^bto uiyMOBofi TeMnepaTypbi, KOTopaa npeACTaBnaeT 
co6oPi AncnepcMK) CKopoc™ HOcnTeneM B cooTBeTCTByioLmefi o6/iac™. 06maa aiyMOBan TeMnepaiypa npn6opa 

BKJiioMaeT B ce6a ujyMbi HocnTe/ieti B r n L AoriMHax (puc3): —— = 1 — p\ -\ ,  3Aecb 1 - p  = . 

'o       'o 'o ^o 
B pa6oMeR o6nacTH cymecTBeHHyio pojib nrparoT LuyMbi Me>KAonnHHoro nepexoAa. 

IV. 3aioiK)HeHMe 
OnucaHHaa MOAenb MMeeT nccneAOBaTeribCKMii xapaicrep, oHa AaeT B03MO>KHocTb ncc/ieAOBaTb 

orpoMHoe KontmecTBO napaMexpoB n xapaicrepucTHK npn6opoB B oMeHb UIMPOKOM Anana3one pe)KMMOB n 
no3BonneT paccMaTpMBaTb npoi4eccbi Raxe B npn6opax c cy6MHKpoHHbiMM pa3MepaMM TexHonorMMecKnx 
HeoAHopoAHocTePt. MoAynbHoe nocTpoeHMe MOAejin no3BonaeT npoBOAHTb ee Aa^bHePiiuee paciuMpeHne n 
MOAHCf>MKai4HK). 

V. CnncoK jiMTepaTypbi 
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THE MONTE CARLO MODEL FOR INVESTIGATION OF THE NOISE AND AMPLIFYING 
PROPERTIES OF FIELD MICROWAVE TRANSISTORS 

Zuev S.A., Shadrin A.A. 
Simferopol State University, radiophysics Dept, 4 Yaltinskaya St., Simferopol-333036, Ukraine 

In order to calculate the microwave field transistor, the model has been suggested. The simulation is based on the manyparticle 
Monte Carlo method approach taking to account the main dissipation processes and particles transition to the satellite valley. The 
model gives us the possibilities to vary the geometry of the device, levels and forms of inplant, to study domain and avalanch 
regimes of work. The heating of carriers in the near drain domain, noise of intervalley transitions and the common noise of the 
device have been considered. This method gives us a possibility not only to get the main set of the device characteristics, but to 
discover the influence of the different dissipate technique on this characteristics also. With the help of this topological model we can 
correct the other models which are used in different CAD systems. The obtained results are in a good agreement with those 
published in the literature. 
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PacnpeACAeHMe HOCMTCACM B 3KTHBHOM 
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PHC.1 UHCT =0, UnoA3aT =-0.2, U^^S, pa3MepM npHBeaeHu B MKM. 

OyHKijMM pacnpeAeAeHMe HOCMTCACM B oÖAacTM npMÖopa 

n 
a 

L. Lflnn^i     i   f    n " 

PHC.2 a - HanajibHoe pacnpefleneHHe (t=0), 6 - pacnpefleJieHHe npH ycTaHOBHBiueMca 
npoijecce, B - pacnpeflejiemie HocnTejieii B o6jiacTH KaHajia, r - B CTOKOBOH o6jiacTH, 

BepTHKajibHaa qepTa - AHO L-flojiHHU, II 11033. -0.3B, UCT =2.5B. 

3aBHCMM0CTH myMOBbix TeMnepaTyp Ha B&ixoAe 
npn6opa OT HanpaaceHna Ha come (UnoA3 =—0.3B) 

3aBMCMMOCTb CpeAHeß CKOpOCTM 
HOCMTCACM B npMÖope 

OT npoAOAbHoro paccTOHHMH 

0.5    1.0  1.5    2.0 2.5   3.0   3.5  4.0   4.5    5 U„,B 
PHC.3 a - niyMOBaa TeianepaTypa HOCHTaneü B T-flOjiHHe, 

6 - B L-flOJiHHe, B - o6mja.Pi inyia npnoopa. 
PHC.4 a - aöcojiiOTHaa, 6 - x-npoeKijHa, 

3HaqeHHa npHBefleHM B 105 M/C 

MarepHiAbi 6-S Me»wiyHapoÄHo5 5?£«MCKOH ,#«KPOD<IAHOBOH »>H<j)epeH[jHH ^«.rtuXa'fö. 16-19 ceH-raöpa 1996 r., CeBacronojM,, KptiM, YKpaima O O n 
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APCEHHAOrAJDIHEBME Jf&ORM MHJIJIHMETPOBOrO 

lO.H.^eTOHHH, A.B.IliaöaHOB, O.C.OpjioB 
HIHI "CaAwm": 603107, z. H.Hoezopod, yn. JIapuua, 7. 

AHHOTAIJHJI 

Pa3pa6oTaHHBie B Hnil "CajiK)T" cMecwrejibHbie, yMHOXHTejibHbie, napa- 
MexpiraecKHe öajio^HBie äHOäM C BMCOKHMH npeflejibHHMH H KPHTHHCCKHMH 

*iacTOTaMH ycneuiHo npHMeronOTCJi B npHeMHO-npeo6pa30BaTejiBHOH P3A CBH H 

KBH ÄHana30HOB. 
Oco6eHHOCTH KOHCTpyKHHH, onTHMroauHfl napaneTpoB snHraKCHajibHbix 

cTpyieryp no3BOJiHJin noBbicHTb paöoqyio "lacTOTH CMecHTejibHbix äHOäOB RO 

2^3 TTn, yMHoaorrejiBHHX mo 600 TTu. P-i-n mom anajionwHOH KOHCTpyKinin 
KOMMyTHpyiox cHTHajibi B flHana30He "iacTOT AO 120 ITu; c BpeMeHeM 
irepeKjnoHeHHa < 3 HC (6e3 ycKopjnomnx HMiryjibcoB). 

JJpom He HMeioT aHajioroB no KOHcrpyKTHBHOMy HcnojiHerano, pa6oTaiOT B 

ÄHana3one TeMnepaTyp -60 -H-85 °C, yn;o6Hbi pa Monraxca, ycToirraBbi K Me- 
XaHH^ieCKHM B03AeHCTBH5IM. 

CMecHTejibHbie, yMHoxHrejibHtie H napaMeTpnrccKHe «HOflbi BbinycKaiOTca 
B COOTBeTCTBHH C TY. 

I. BBEAEHME 

HecMOTpa Ha MHoroo6pa3He THHOB apceHHflorajuiHeBbix CBH äHOäOB, Tpe- 
6oBaHH5i pa3pa6oTqnKOB BbicoKo^acTOTHOH annapaTypbi B HacToamee BpeMH y#oB- 
jieTBOpeHbi ÄaJieKO He nojiHocTbK), ocoöeHHo B #Hana30Hax MHJiJiHMeTpoBbix w 
cyÖMHJUiHMeTpoBbix BOJiH. ApceHUßorajuiHeBbie äHOäH öajioHHoii KOHcxpyKHHM 
no3BOjiJiioT öojiee nojiHo - no cpaBHeHHio c KpHCTajuiiraecKHMH - peajiH30BaTb 
cBOHCTBa BbicoKOKa^iecTBeHHbix amrraKCHajibHMx cTpyKTyp. B HIHI "CajiiOT" eine 
B KOHne 80-x roÄOB öbuia pa3pa6oTaHa 6a30Baa, BecbMa yua^iHaa KOHCTpyKHHa WL- 

oflOB c 6ajioM:HbiMH BbiBo^aMH Ha ocHOBe nojiHHMHÄa. KoHCTpyKHH5i ycneuiHo BH- 

flepxajia HcnbrraHH» BpeMeHeM n nocjiyaouia OCHOBOH npn paspaöoTKe püfla npn- 
6opoB, HaÄexHbix, c yHHKajibHbiMH sjieKTpH^ecKHMH napaMeTpaMH. 

HaHÖojiee BbicoKHe Tpe6oBarara K xapaKTepncTHKaM CMecHTejibHbix äHOäOB 

npe^biiBJiaiOTCJi B MHKPOBOJIHOBOH cnejcrpocKonnH, me o6pa6oTKa cHraajioB npo- 
BOäHTCä B flHana30He ^lacTOT 1^-10 TTu;. 

B jia3epHOH HK TexHHKe aeTeKTHpoBaHHe CHraajioB Heo6xo£HMO Ha 
qacTOTax «o 30 TFu; H Bbime. 

B ^lacTH yMHOXHTejibHbix äHOäOB samara no yBejinqeHHio KpHTEraecKHX 
qacTOT ÄHOflOB CTaBÄTCü paspaöoT^HKaMH KOMnaKTHbix PJIC, B KOTopbix npHMemr- 
eTC*i MHoroKpaTHoe yMHoateHHe qacTOTbi e BBIXOZIOM B ÄHana30Hbi KOpOTKHX MHJI- 

JIHMeTpOB. 
IIoTpeÖHocTH B BbicoKo^iacTOTHbix 6bicTpo,n;eHCTByioin;HX P-i-n ÄHO^ax c 

npe^ejibHO MajibiMH 3HaqeHHHMH eMKOCTeii B03pocjin B nocjieÄHee BpeMH B CB5I3H 
c pa3pa6oTKOH H3MepHTejibHbix npnöopoB ÄHana30Ha CBbime 100 ITH. 

1 A f\ MaTepHaADi 6-M MejKÄynapoflHOH ^«MCKOH »-ÄWKPOBOAHOBOH ÄHKpepCHijHH 'Xp.*tiH^K»96. 16-19 ceHTnßpa 1996 r., CeBacronoAb, KpwM, YKpaHHa 
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flajiee npeflcraBJieHbi pe3yjibTaTbi namnx paspaöoTOK B oöecneieHHe coBpe- 
MeHHbix TpeöoBaHHH K momM KB^I-ÄHanasoHa. 

II. OCHOBHAJI *1ACTI> 

2.1. CiviecHTejifeHbie AHOAM. 

B xaöjiHiie 1 npHBe^eHbi OCHOBHH6 napaMCTpbi äHOäOB rana 3A147 B COOT- 

BeTCTBHH c TY. 
Taojinna 1. 

06o3 

Haie 

HHe 

Ilapa- 
MeTp 

3A147A-3 3A147E-3 3A147B-3 

MHH. ran. MaKC MHH. THn. MaKC MHH. THn. MaKC 
C« 06maa 

eMKOCTb 

(n*)[f = 
1    MHj; 
Vn5p = 0] 

0.006 0.008 0.010 0.008 0.012 0.020 0.020 0.030 0.050 

Rs ITocjie- 

ÄOBaTejib 

Hoe    co- 
npOTH- 
BJieHHe 
(OM)    [I 

10 
MA] 

6 9 12 4 6 10 1.5 3 5 

o6p 06paT- 

Hoe   Ha- 
npjDKe- 
HHe    (B) 

10 MKA] 

3 5 8 3 5 8 3 5 8 

f npen npe- 
AeJibHaa 
lacTOTa 
(ITII) 

3000 5000 8000 1200 1800 4000 800 1800 2300 

PCBM pacceHBa- 

eMaü (MBT) 

10 - - 20 - - 30 - - 

B   TaöjiHue   2   npHBeziCHbi   napaMeTpbi   HOBHX   äHOäOB   C   SKcrpeMajibHbiMH 

3HaieHHflMH npe^ejibHOH lacTOTbi fnped - 
2xRs(C-Cn) 

Cn - napa3HTHaü eMKOCTb KOHcrpyKUHH. THrnMHHe 3HaieHHH fljia 3A147 - 0.005 
n<|); fljia äHOäOB C yjiyiuieHHbiMH napaMerpaMH - Cn = 0.002 n(|). 

Ma-repHiUVM 6-S MeawvHapoflHoS 5^«MCKOH ^««KpoBOAHOBoii Äw(JiepeHttHH ■XJMSKUXO'K. 1649 ceHTJtop» 1996 r., CeBacrono^b, KpbiM, yKpanHa yj   . . 
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Ta6jiHU,a 2. 

OöcwHa^ieHHe riapaMexp MHH. ran. MaKC 

ca Oömaji     eMKOCTb     (n<|)) 
fVnfir = 0; f = 1 Mlitf 

0.003 0.005 0.008 

Rs uocjieflOBaTejibHoe       co- 
npoTHBjieHHe (OM) 

5 8 10 

vo6p OöpaxHoe      HanpÄxeHHe 
(B) |Infir = 10 MKAI 

3 5  ■ 8 

f npefl npeflejitHaa           qacTOxa 
(TTu) 

10000 11000 13000 

P x pace CBH Maxe MaKCHMajibHO    Äonycxn- 
Maa   pacceBaeMaü   MOHI- 

HocTb (MBT) 

10 

06LU;HH BHU JJHO/XOB OöOHX XHTIOB noKa3aH Ha pHc. 1 a, 6. HoBbiiiieHHe na- 
paMexpoB CMecHTejibHbix JJHOJJOB /xocxHrayxo 3a raex cHiraceHHH napa3HXHon eM- 
KOCXH H nocjieÄOBaxejibHoro conpoxHBJieHH>i B pe3yjibxaxe npHMeneHKa caMOCOB- 
MemeHHoro OMiraecKOXO KOHxaKxa H cneuHajibHOH KOHxaKXHOH cncxeMbi. 

2.2. YMHOAHTejibHwe JJHOJJIM. 

IlapaMexpbi JIHOäOB no TY. 
Taojimja 3. 

IlapaMexp 3A643A-3 3A643B-3 3A643B-3 
MHH. XHH. MaKC MHH. XHH. MaKC MHH. xnn. MaKC 

CM, n* 0.02 - 0.04 0.04 - 0.10 0.10 - 0.25 

*TTp«TT?    * *■ M 1500 2500 4000 1500 2000 3000 1000 1500 2000 
Kr, efl. 2.5 3.0 - 4.0 5.0 - 5.0 5.5 - 

Infip, MKA - 0.001 1.0 - 0.001 1.0 - 0.001 1.0 
Unfip, B 15 - - 15 - - 15 - - 

PrfWMBx 30 - - 60 - - 100 - - 

C^O)    -    nojraaa    eMKoexb   jjHojxa   npn    HyjieBOM    cMemeHHH   Ha    1    Min; 

fn 
fx x f2 x VU-l) 

n$ed , rse fj H f2 - ^acToxbi no pe30HaHCHOH KPHBOH pe30Haxo- 
fi - /i 

pa c JJHOäOM, cooxBexcxByromne ypoBHK) MOUJHOCTH B A pa3 MeHbiiie, H.QM Ha 
qacxoxe pe30Hanca; 
Kc = Ca(0)/CH(-6) - K09cp(J)HHHeHX nepeKpbixH« CMKOCXH; 

Uo6p MaKC - MaKCHMajibHO ÄonycxHMoe o6paxHoe HanpiOKeHHe ÄHo^a; 
?cm MaKC - MaKCHMajibHO flonycxHMafl HenpepbiBHaa pacceHBaeMaa MoniHocxb. 

C npHMeHeHHeM JXHO^OB H3roxoBJieHH yoBOHxejiH qacxoxbi c BHXOJJ,HOH 

HacToxoii 78 rrn (Kn,II, pp 35 %); yxponxejiH qacxoxbi c BHXOäOM Ha 37 ITH 

(KJJJl so 15 %). IIpOBepeHa pa6oxocnoco6HocTb /JHOäOB B cxeMax yxpoHxejieft c 
BbixojioM Ha 600 rrn. BbicoKoe 3HaieHHe KUJJ, AOCXHrayxo 6jiarojj;apa onxHMH3a- 
HHH napaMexpoB anHxaKCHajibHbix cxpyKxyp, HanpaBjieHHOH Ha ycxpaHeHne xaK 
Ha3bmaeMoro  "9<|)cpeKxa  HacbimeHH»  TOKa".   KoHCTpyKHHfl  äHOJXOB   aHajionwHa 
CMeCHXeJMM. 

O   A s) MaTepHaAbi 6-8 MeatnyHapoflHoB ^«MCKOH »ÄaKpoBOAHOBoS 3ToHcpepeHU,HH X^tiiH<iKa'96. 16-19 ceiiTsiSpa 1996 r., CeBacTonoAb, Kpi.iM, YKpailHa 
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Pa3pa6oTaHM TaiöKe H BbinycKaiOTCii napaMeTpiraecKHe JWORhi THna 3A416, 
XapaKTepHCTHKH KOTOpblX aHaJIOriMHM yMHOXHTeJIbHblM flHOflaM, 3a HCKJIIOieHHeM 
MeHbiuero nocjieÄOBaTejibHoro conpoTHBJieHHü H Hanp^xeHroi npoöoa. 

2.3. nepeKJuoiaTejibHMe P-i-n OHOAM 

CueayeT OTMCTHTB, <rro HecMOTpa Ha p^m 3apy6eacHbrx H oxe*iecTBeHHbix 
nyöjiHKauHH no pa3pa6oTKe H Hccjie,n;oBaHHK) apceHH#orajuiHeBbix P-i-n äHO^OB, 

HanpHMep, [1], äHOäBI He ocBoeHbi ^axe B MejiKocepHHHOM npoH3BOflCTBe H He 
nojiy^HJiH npHMeHeHHa B paÄHosjieicrpoHHbix H3#ejimix. 

OrpaHEraeHHocTb noTpe6jieHH5i P-i-n äHOAOB «a GaAs CB5i3aHa He TOJIBKO C 

OTCyTCTBHeM HHCpOpMaHHH O HOBblX H3,0,ejIH5IX,  HO  TaKXe  H  CO  CnenMCpHTCCKHMH 
HX xapaicrepHCTHKaMH. KpeMHHeBbie P-i-n AHO^H C TOHKHMH 6a3aMH cepHH 
"CaMiiiHT" xapaKTepH3yiOTCÄ e-MKocraMH OT 0.040 ri(p H Bbime, BpeMCHeM nepe- 
KJHO^ieHHa - 6e3 ycKopaiomux HMnyjibcoB nopiiAKa 50 HC. ApceHHAoramiHeBbie 
ÄHOfflbl,   npHHHHTIHajIbHO   MaJIOMOHIHbie   H   BblCOKOqaCTOTHbie,   npo^BjiaiOT   CBOH 

npeHMymecTBa nepeA KpeMHMeBbiMH TOJIBKO B KBH AHana30He, KOHKpeTHo B 

npneMo-npeo6pa30BaTejibHbix ycrpoHCTBax,  r^e  xapatcrepHoe  BpeMH  oöpaöoxKH 
CHTHajIOB flOJDKHO 6bITb MHHMMaJIbHMM. 

HyacHo oTMeTHTb, *iTO MexaHH3M nepeHoca TOKa B GaAs P-i-n AHOAax cy- 
UJ,eCTBeHHO OTJIH^iaeTCa OT MexaHH3Ma B KpeMHHeBblX ÄHOflaX, WTO npHBOAHT K He- 
KOTopoMy yBejnraeHHK) TOKa, Heo6xoAHMOMy jyw OTKpbiBaHroi AHOAOB (CM. pHC. 
2). 

IlapaMeTpbT AHOAOB, ycjioBHo oöosHaqeHHbie KaK 3A599: 
- nojmaa eMKOcTb AHOAOB C0 - 0.008-0.040 ncp; 
- COHpOTHBJieHHe B OTKpblTOM COCTOJIHHH 

npH TOKe 20 MA* - 0.5^3.0 OM; 

- conpOTHBJieHHe npn HyjieBOM CMeineHHH* - 6ojiee 50 KOM; 

- npjovioe na^eHHe HanpjDKeHira, B - 0.9-^1.3; 
- HanpaaceHHe npo6oa, B - 40H-60; 

- HHÄyKTHBHOcTb BBOAa - MeHee 0.1 HPH. 

* HsMepeHira conpoTHBJieHHH B OTKPHTOM COCTWIHHH, a TaKxe npH HyjieBOM HJIH 

oöpaxHOM cMemeHKH npoBOAHjiocb pe30HaTopHbiM MeTOflOM [2, 3] Ha qacroTax 9-H 
io rriL 

III. SAKJIIOTEHHE 

1. npeÄCTaBJiena cepna HOBBIX apceHHAorajijiHeBbix öajioHHbix AHOAOB 

pasjiH^Horo (pyHKHHOHajibHoro Ka.3nsm.enmi, noflTBepxfleHa HX pa6oTocno- 
co6HocTb B MM AHana30He H B äJIHHHOBOJIHOBOH ^acTH oimraecKoro AHana- 
3ona. 

2. IIoKa3aHbi B03M05KHocTb H nepcneKTHBHocTb npHMeHeHHH apceHHUorajDiHe- 
Bbix P-i-n AHOAOB pjw noBbiuieHHa cKopocra o6pa6oTKH cnraajioB B MM AHa- 
na30He. 

MaTepirajvb. 6-fl MeitMyHapoflHoS ^«MCKOH ,*WPOBOAHOBOH »wcpepeHU,nii ,Xt<,lK*X>>96. 16-19 ceHT»6pa 1996 r., CeBacronojib, Kpbiiu, YKpaHHa 1 Al 
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N3M-WAVE GaAs DIODES 

Chechenin Yu.l., Shabanov A.B. 
Salut Co., Harm St., Nizhny Novgorod-603107, Russia 

fax (8312) 66-50-20 

GaAs mixing diodes, multiplying diodes and varcators with the extreme values of the ultimate and critical frequencies are being 
successfully used in the receive-convert units of the mm-wave range. Optimization of the epitaxial structure parameters and diode 
designs allows us to increase the operating frequency up to 2-3 THz. GaAs p-i-n diodes with the thin bases commutate signals in 
the range of about 120 GHz with the switching speed of 1-3 ns. Typical value for the capacitance is 0.010-0.015 pF. Diodes have 
no analogs. They are environmentally stable and are used at the temperature of -60°C - +85°C. 
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MeTOffHKa MOflejiHposaHHH ycHJiHTejsefi co BBaHMoaeficraiieM Ha rapMomsKax 

KpfclJKaHOBCKHH BT., nieBTOHKO H.H., POMGHCKHH A.9. 
floHei^KHfi rocyHHBepcHTeT, floHenK, YKpaHHa 

Buenenme. uojrarapMOHiraecKHH pemHM paÖOTBi ycHJiHTejieo xapaKTepnsyeTca 
HajiHxiHeM CB^sefi B BBIXOäHOö nenn, co3ÄaioiHHx nyjieBOH HMneflanc Ha *jeTHBix 
rapMOHHKax H ÖecKOHCTHBiö Ha He*ieTHBix B TO*iKax noflKJiKreeHHH KOJiJieK- 
TopoB xpaH3HCTopoB. B ycHJiHTejiax KJiacca H HyjiB HMne^aHca Ha nacTOTC 
BTopofl rapMOHHKH flocTHraexca He c HOMOIHBIO CBOHGTB BBIXOäHOH 

corjiacyiomefi nenn (ycHJiHTejiH KJiacca F), a BBiflejieHHen BTopofi rapMOHHKH 
KOJiJieKTopHoro HanpameHHfl TpaH3HCTOPoB H nepe^eS ee c xpeSyeMMM 
(pasoBBiM c^BHroM B KOJiJieKTOpHyio nenB coceflHero TpaH3HCTOpa. dra 
ycHJiHTejiH xapaKTepnsyioTca cymecTBeHHO HejiHHeÖHBiM pejKHMOM paöoTBi 
TpaHSHCTopoB.  B  [7]  noKasaHO,  MTO  fljia  aKTHBHoro  HejiHHeÖHoro  ajieMenra 
CBH3B MeMCAy KOMHOHeHTaMH OTKJIHKa H BXOflHOrO CHFHaJia OHHCBIBaeTCH 

COOTHOHieHHeM: 
c-n(a,ü)(p)) = S:(p^(a>]),c'(co2),...^(coll)) + 

3fleCB    C-    -    BeKTOp    KOMHOtieHT    OTKJIHKa,    C+    -    BeKTOp    KOMHOHeHT    BXOflHOrO 
cnraajia; {wi}, i = l,...,p - coBOKynHOCTB nacTOT, oöpasyiomiixca B pesyriBTaTe 

HejiHHefiHBix acpcpeKTOB;  a - HOMep njie^a,  n - Honep KOMHOHGHTBI BeKTopa. 

S».Q"~  KOMHOHeHTBI   MaTpHHBI   paCCejIHHH   H   H3Jiy*jeHHa   COOTBeTCTBeHHO.   fljia 

MOfleinpoBaHHa paßoTBi HejiHHeHHoro aKTHBHoro 9JieMeHTa Heo6xoflHMO peniHTB 
CHCTeMy HejiHHeÜHBix TpaHCHeHÄeHTHBix ypaBHeHHÖ flJia scefi coBOKynHOCTH 

xiacTOT {co.}, i=l,...,p H Kaacfloro 3HaneHHa aMHJiHTyfl&i BXOjiHoro cnraajia. 
noaTOMy fljifl MOflejiHpoBaHHa ycHJiHTejieii KJiacca H Heo6xo^HM MeTOfl, 
afleKBaTHO onncBiBaioiHHH ycTpoftcTBa, coflepraamne aKTHBHBie HejiHHeHHBie 
ajieMeHTBi   H   ajieMeHTBi   c   pacnpeflejieHHbiMH   napaMeTpaMH,   fljia   KOTOPBIX 

OHHCaHHe aKBHBBJieHTHHMH CXeMaMH Ha COCpeAOTOtieHHBIX 9jieMeHTax He 

npHMeHHMO [1]. 
TWm^TMtrePKaH nacTb. B ocHOsy TaKoro Mew/ia HOJIOJKHM cosine 
MaTeMaTHHecKOÖ MO^ejiH ycTpoficTBa Ha ocHOBe ^HcpcpepeHHHajiBHBix 
ypaBHeHHÖ Knpxrocpa H HMnyjiBCHBix MaTpnn; nepe^a-m ajieMeHTOB c 
pacnpeÄejieHHBiMH napaMeTpaMH. HMnyjibCHyro MaTpnpy nepe^a-m onpeÄejiHM 

KaK Ha6op HMnyjiBCHBix xapaKTepncTHK nepe^anH [G*„(r)J HJIH [G'nm{t)\ H3 

njie^a m B njieno n. CBJISB MejKfly HMnyjiBCHBiMH H nacTOTHBiMH 
xapaKTepHCTHKaMH nepeÄa*iH o/nrosHa™* [2] H onpeAejiaeTca H3 

COOTHOHieHHH [2], [3]: 
1       +00 

-CO 

-       +00 

(1) 

2/r ^ 
B [2] noKasaHO, *ITO ecjiH fBX(t) - cHraaJi Ha Bxofle *ieTBipexnojnocHHKa e 
HMnyjiBCHofi xapaKTepHCTHKOÖ nepefla^H G(t), TO BBIXOAHOö cnraaji fBHX(t) 
onpeflejiaeTca jiHHefiHOH CBepTKoft nocjieflOBaTejibHOCTeft fBX(t) H G(t): 

/BbB (r) = )fJtW* - t)dt = fjt) ® G{t\ (2) 
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(5) 

Ha ocHOBaHHii TeopeMBi [2] B qacTOTHofi oÖJiacTH STO cooTHOineHHe 
npeo6pa3yeTca B nponsBefleHHe *iacTOTHoro K03(p<pHn,HeHTa nepeflaHH 
HeTfcipexnojiiocHHKa H cneKTpa BXOßHoro CHraaJia: 

Ha OCHOBaHHH (1),  (2),  (3) CTaHOBHTCS B03M05KHMM y^eCTb BJIHflHHe 9JieMeHTa c 
pacnpeflejieHHBiMH napaMeTpaMH 6e3 nepexo#a B nacTOTHyio oÖJiacTb: 

c-(t)=[Gr(t)]®c+(t) (4) 
rfle c- (t) - BeKTop OTKJIHKOB; C+ (t) - BeKTop BXO#HMX cnrHajiOB; "<8>" - 03HanaeT 
CBepTKy (2). 
PaccMOTpHM cxeMy MeTO^a pac^eTa: 
1) fleKOMno3nn;Ha ncxo^Horo ycTpoficTBa Ha 6JIOKH, coflepmamne HejinneÖHbie 
aKTHBHbie a^eMeHTBi H ajieMeHTBi c cocpe«OTOHeHHbiMH napaMeTpaMH H öJIOKH, 

coflepjKamne 3JieMeHTbi c pacnpeßejieHHbiMH napaMeTpaMH. 
2) OnncaHHe MOflejiH ycHjiHTejra ßHcpc^epeHHHajiBHMMH ypaBHeHHHMH 6es yneTa 
ajieMeHTOB c pacnpeflejieHHbiMH napaMeTpaMH: 

jtf,. = /?(£/, I;Ä,I,C),   0<i<N; 
\i; = F?(UJ;R,L,C),   0<j<M; 

r^e N - *IHCJIO eMKOCTeö, M - HHCJIO HHflyKTHBHOCTeö. 
3) Onpe^ejieHHe B CHCTeMe 5) Hanpa^eHHH H TOKOB, fleficTByioiHHX Ha BXOflax H 

Bbixoflax sjieMeHTOB c pacnpeflejieHHbiMH napaMeTpaMH: 

\ü, = F;(U,I-R,L,C), 

Üi=F;(ui,...Üß,..MNJ],...TJ2,...IM-,R,L,c), 

ÜN=F]
N(UJ;R,L,C), 

ix = F?(ÜJ-R,L,C), 

ii=Fi
2(ui,...Üß,...UNJl,...Ij2,...IM;R,L,c), 

iM=F2
M(Ü,I;R,L,C). 

(6) 

3flecb Ün,7j2- BOjiHbi HanpHJKeHHH H TOKOB, fleficTByiomHX Ha Bxo^ax H BMXO- 

Äax s^ceMeHTOB c pacnpe/jejieHHbiMH napaMeTpaMH. nepexofl OT HanpajKeHHH H 
TOKOB K BOjmaM B ßaHHOM KOHTeKCTe flonycTHM. 9TO cjreflyeT H3 cooTHOineHHä 
(2) H (3). 
4) PenieHHe CHCTeMbi (6). 
Pe3yjibTaTbi    ^HCJieHHoro    MOjejiHpoBaHHa.    KaK    npHMep    Hcnojib30BaHHa 
MeTOfla,   paccMOTpHM   TecTOByio  cTpyKTypy   (pnc.l),   npeßCTaBJiaioinyio  coöofl 
naccHBHoe    ycTpoöcTBO    CBH,    oöecne^HBaiomee    Mo^ejinpoBaHHe    3<p<peKTOB 
npeo6pa30BaHHa sneprHH rapMOHHK B ycHjiHTejie Kjiacca H. 

CncTeMa (pHJibTpyroHje-cpasocßBHraloinHx sjieMeHTOB c oöpaTHofi CBH3bio 
Ha Bbixofle HejiHHeÖHoro ajieMeHTa npeflCTaBJiaeT co6ofi sjneMeHT c 
pacnpeflejieHHbiMH napaMeTpaMH co CBOÖCTBaMH HanpaBJieHHoro $HjibTpa [1]. 
npHHnHn paöoTbi yMHOJKHTejia nacTOTbi 6e3 oöpaTHOH CBH3H onncaH B [4]. npn 
HajiH^HH oöpaTHofi CBH3H npoHcxo^HT cjre,n;yioinee: C03^aBaeM0e HejiHHeHHbiM 
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ajieMeHTOM C(u) nanpajKeHHe, öoraToe rapMOHHKaMH, nepe^aeTca B 

HanpaBJieHHfciH <|)HJibTp, HacTpoeHHwS Ha *iacTOrry nw0. HanpajKeHne, 
fleiicTByioniiee na njie^ie 1) (pHJibTpa, no#BepraeTca pejKeKipra Ha ^acTOTe nw0 H 

nona^aeT B HarpysKy R„. flaa rapMOHHKH nwc cos^aiOTca flsa KaHajia nepe^a^H 
sHeprHn: a->b->c->a H a—>c->b->a. B 3aBHCHMOCTH OT BpeMeira 3ana3,n;biBaHHa 
rapMOHHKH nwo MOJKHO nojiy^HTb B TO^Ke a HyjieBOÖ HMne^aHc Ha nacTOTe 
3TOH    rapMOHHKH.    Ha    OCHOBe    COOTHOHieHHH    M9HJIH-Poy,    npH    HejIHHeÖHblX 
B3aHMOfleHCTBHHX   HyjieBOH  HMne^anc   Ha  *iacTOTG   nco0   «ojiaceH  npHBecra  K 

npeo6pa30BaHHK) aHeprnn rapMOHHKH nw0 B sHeprnio apyrnx rapMOHHK. 
MaxpHHa  pacceaHHa   [Sran(ico)]   HanpaBJieHHoro   (pHJibTpa   öbijia  nojiy^teHa  Ha 
OCHOBe MeTOflHKH, onHcaHHOH B [5]. KoscpcpHHHeHT nepe^a^H (pHJibTpa H3 njie^a 
1 B njie^o 2 (pnc.l) annpoKCHMHpoBajica (pyHKHHeft Taycca: 

|,S12(/<ü)|= Aexp\-(o)-o)0) /2a2 (7) 

IIpHMeHHH cooTHOHieHHe (1) K (7) noay^iaeM HMnyjibcnyio xapaKTepHCTHKy 
nepe^ara OT nae^a 1 K njie^iy 2: 

G£(,) = A Je>-»»)72*y<eHe'<Vö) (8) 
-00 

MnojKHTejiB eie(t0) onpe^ejiaeT (pa30Byio xapaKTepHCTHKy «pHJibTpa. 
KaK noKasaHO B [3], cooTHOHieHHe (8) nocjie HHTerpnpoBaHHa npHBO#HTca K 

BH#y: 
G*2(t) = Bcos(cot-@(co)y,lnh2 (9) 

CoBepnieHHO anajiorHHHO BBHIHCJIHIOTCH ocTajibHbie saeMeHTbi HMnyjibCHOH 

MaTpHHbi nepefla^H [Gs
m„(^)j. 

npHMeHHü paccMaTpHBaeMbifi MeTOfl K cxeMe Ha pnc.l, noaynaeM CHCTe- 
My HejiHHeÖHbix ^H(J)(|)epeHHHajibHbix ypaBHeHHÖ (6). ßjia penieHHa nojiyneH- 
HOH CHCTeMbi (.6) Hcnojib30Bajica MeTOfl PyHre-KyTTa BjioHceHHbix (popMyji 
ßopMaHa-IIpHHca [6], #aioiHHH HaHHH3Hiyio norpeuiHOCTb H3 MeTOflOB PyHre- 
KyTTa 5-ro nopaflKa. 
PeayjibTaTbi    ^MCJieHHoro    MOHejinpoBaHHa.    B    npouecce    MO^ejinpoBaHHa 
KOHCTpyKHHH (pHC.l) HCCJießOBaJIHCb CJieflyiOIHHe 3aBHCHMOCTH: 
1) AMnJiHTy,fl,a BTopoö rapMOHHKH HanpaaceHHa Ha HejiHHeÖHOH eMKOCTH B 

3aBHCHMOCTH OT (pa30Boro Haöera STOH rapMOHHKH, B03BpamaeMOH HanpaBJieH- 
HblM (pHJIbTpOM (pHC.2). 
2) AMnjiHTy^a BTopoö rapMOHHKH B KaHajie a->b->c->a (pnc.l) B 3aBHCHMOCTH 
OT t|)a30Boro Haöera STOH rapMOHHKH, B03BpamaeMoft HanpaBJieHHMM (pHJibTpoM 
(pHC.3). 

BHA 3aBHCHMOCTeii Ha pnc.2 H pHC.3 yKa3biBaeT Ha pe30HaHCHbin 
xapaKTep   B3aHMOfleHCTBHH   B   nenn   "HejiHHeÖHaa   CMKOCTB   -   HänpaBjieHHbifi 
CpHJIbTp". 
3) OraoHieHHe  MOHJHOCTH  nepBofi  rapMOHHKH,  pacceHBaeMofl  Ha Harpy3Ke  K 

MOIHHOCTH nepBOH rapMOHHKH HCTO^IHHKa CHrHaJia B 3aBHCHMOCTH OT cpa30Boro 
HaÖera BTopoö rapMOHHKH, B03Bpain;aeM0H HanpaBjieHHbiM cJmjibTpoM B TO^Ky a 
(pHC.4). 

3aBHCHMOCTb Ha pHC.4 noKa3MBaeT yBejiHTOHne KOscpcpHHHeHTa nepeßara 
MOIHHOCTH nepBofi rapMOHHKH B MOMCHT co3,n;aHHa HyjieBoro HMne^aHca Ha 
BTopofi rapMOHHKe B TO^iKe BKjno^eHHa HejiHHeÖHoro sjieMeHTa. 

KpHTepneM rjiooajibHoft norpeuiHOCTH H npaBHJibHOCTH npHMeHaeMoro 
MeTO^a BbicTynaeT 3aKOH coxpaHeHHa sHeprnn (öajiaHC MOiHHOCTeö) B 

HHTerpajibHofi cpopMe (pnc.5). HHTerpajibHbiH öaaaHC MoiuHOCTeft onpe^ejiaeTca 
COOTHOHieHHeM: 

O A O MaTcpnajibt 6-H MeayiyHaooAHOH ^6*MCKOH *#äKPOBOJIHOBOH AsHcpepemjHH %fiu/f(ti.'K*96. 16-19 ceH-raöpH 1996 r„ CeBacronoAb, KpbiM, YKpaiiHa 
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AP(/)=-J(Pnor-JPHC>, 

' j 

t0=(n-l)T<t<nT. 

06HyjieHHe HHTerpajibHofi KPHBOH AP(t) (pnc.5) B KOHn,e KajK^oro nepnoßa 
(t=nT) ,a;0Ka3BiBaeT BtinojiHeHHe 3aKOHOB coxpaHeHHa B TecTOBOH CTpyKType 
(pHC.l). Pe3yjibTaTBi MO,n,ejiHpoBaHHH pnc.2 - 5 IIOSBOJIHIOT c^ejiaTt BBIBO^; O 

B03MOJKHOCTH npHMeHeHHÄ npefljiaraewroro MeTO,n;a RJIH. MOffejinpoBaHHa 
ycHJiHTejieft KJiacca HHF. 
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METHOD OF MODELLING OF AMPLIFIERS WITH HARMONICAL INTERACTION 

Kryzhanovsky V.G., Shevchenko I.N., Romensky A. E. 
Donetsk State University, Ukraine 

Method of modelling of amplifiers of H-type polyharmonic working mode is offered. Results of testing structure modelling using the 
offered method are given. The results are consistent with theory. 
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B.A. KOHKMH 
MocKoecKuü 3Hepzemw4ecKuü uHcmumym (mexHuvecKUÜ yHueepcumem) 

AHHOTaLiMfl - MHorocurHanbHbifi pewwM pa6oTbi MoujHbix CB"-I ycwnMTeneti. ConocraBnaioTCH peaynbTaTbi aHannaa 
cneKTpoB Ha Bxofle M Ha Bbixofle J1BB, nonyMeHHbie Ha ananM3aTope cneicrpa C4-60 M C noMombio w3MepnTeriH 3HepreTMMecKnx 
napaMGTpoB Ha ocHOBe nepswHbix MacTOTHO-ceneKTHBHbix rwpoMamMTHbix npeo5pa30BaTeneä. AflpecyeTca pa3pa6oTHMKaM 
M3MepnTenbHOM CBH annapaiypbi, CBM reHepaTopos M ycunHTenew, pa6oTaK>mnx B MHorocMmanbHOM pewMMe. 

I. BsefleHwe 

MHorocumanbHbiPi pexwM paSoTbi MOIAHWX ycunnTeneCi (reHepaTopoB) CBM-Kone6aHMM, npn 
KOTopoM Ha Bxofle ycujinTenn B mnpoKovi nonoce nacTOT oflHOBpeMeHHo npucyrcTByroT HecKonbKo cumanoB 
pa3/in<HHOvi MOIAHOCTM n Ha pa3nn4Hb!x MacTOTax, 3HaMHTenbHO ycnowHfleT 3aAany aHa/iMsa (n3MepeHMJi 
napaweTpoB) cneicrpa Kone6aHnfi Ha Bbixofle CBM ycunnTenfl (reHepaTopa). 3TO Bbi3BaHO HecKoribKMMM 
npuHMHawiM: 

- MacTOTHO-ceneKTMBHoe M3MepeHMe (oLjeHKa) napawieTpoB (MOIAHOCTM, nacTOTbi) Kaxfloro M3 
HecKoribKHX CBM-Kone6aHMM B Tpaicre npefldaBJiaeT CO6OM Henpocryio 3aflaqy; 

- cneicrp Kone6aHnPi, npoiuefliunx CBM ycM/iMTenb MoweT npeTepneTb HCKaweHi/in M o6oraTHTbcn m- 
3a nonsjieHMfl Kone6aHMM Ha KOM6nnaLinoHHbix MacTOTax w nacTOTax rapMOHMK; 

- cavia M3MepnTexibHaa annapaTypa Mo>KeT no pnfly npHHHH MCKawaTb (o6oraiAaTb) aHann3MpyeMbiPi 

cneicrp. 
flxifl OL(eHKH napaMeTpoB MHorocumaribHoro cneicrpa wnpoKO ncnorib3yioTca aHann3aTopbi cneicrpa 

(AC) cynepreTepoflUHHoro Tuna (C4-27, 28, 60), OAHaKo, 3TM aHann33Topbi He no3BonnioT w3MepaTb 
MomHocTb CBM-Kone6aHna n AonycKaioT öonbLuyio norpeuJHOCTb H3MepeHH« nacTOTbi. AnbTepHaTWBHbiM 
cnocoßoM aHartHsa «BnaeTcn cnocoö, ocHOBaHHbiii Ha ABneHnn cpeppoMarHHTHoro pe30HaHca u 
ncnonb3yioinMfi rnpoMarHMTHbiM npeo6pa30BaTenb B pe>KHMe KpoccyMHOxenna B KanecTBe nepBMMHoro 
MacTOTHO-ceneKTMBHoro npeo6pa30BaTenn MOLAHOC™. Annaparypa, peanwsyioinaa 3TOTcnoco6, (M3wiepnTerib 
cneicrparibHoPi nnoTHoc™ MOIAHOCTM HCnM-1, BbinycKaBUJMMca cepuPiHO, M M3MepnTenb SHepreTMMecKMX 
napaMeTpoB CBM cumanos (M3I1)) no3BonaeT npoBOflHTb MacTOTHO-ceneicrMBHbie M3MepeHna MOIAHOCTM M 

qacTOTbi c yflOBneTBopnTenbHbiMn norpewHocTHMM [1,2]. 
LJeribio HacT09\\i\e\Ä paöoTbi nBnaeTCH conocTaBJienne pesynbTaTOB aHann3a MHorocumanbHoro 

cneicrpa c nowioii\bto MSMepMTerw SHepreTM^ecKMX napaMerpoB w aHannsaiopa cneiapa C4-60, no3Bonnioinee 
oi^eHHTb flocTOBepHOCTb aHariMsa c noMOLMbio M3n, a TaiOKe oueHHTb flocTOMHCTBa n HeAOCTaTKM 
ncnorib3yeMoii annapaiypbi. 

IL HeKOTopbie oco6eKHOCTW nposefleHHbix M3MepeHMM 

Bonbiiiaa MHTeHcuBHocTb oTAenbHbix CBM-Kone6aHMü Ha BbixoAe J1BB npeAnonaraeT HannHMe B 

n3MepnTenbHOM Tpaicre HanpaBneHHbix OTBeTBUTeneß M/IM (H) aneHioaTopoB, TaK KaK TpaAHMHoHHO 
ncnorib3yeMaH annaparypa (AC), oönaAaeT BbicoKoii nyBCTBHTenbHocTbio v\ ecTb onacHOCTb neperpy3KM 
CMecMTena AC, MTO Bbi3biBaeT HennneCiHbie ncKa>KeHna nnn BUBOA CMecMTena us CTpoa. Heo6xoAMMocTb 
noAaBneHUFt MOIAHOCTO Ha BxoAe cMecMTenn (3Ha<-ieHiie MOIAHOCTM Mo>KeT 6biTb n He M3BecTHo) aBnneTCfl 
onpeAeneHHoPi TpyAHocTbio npn SKcnnyaraqHM AC. CyLAecTBeHHbiM HeAocTaTKOM AC, (ocoöeHHO npM aHann3e 
MHorocumanbHoro cneicrpa), aBnaeTCH HannHMe napa3HTHbix KaHanoB npueMa, cB33aHHbix c cynep- 
reTepoAUHHbiM cnocoßoM npeo6pa30BaHHH nacTOTbi. HeBbicoKaa MyBCTBHTenbHOCTb nepBWMHbix 
npeo6pa30BaTeneM H3n M cnoco6 npeo6pa30BaHna nacTOTbi nwiuaioT H3n yKa3aHHbix HeAocTaTKOB. ripn 
npoBeAeHUH 3KcnepnMeHTanbHbix nccneAOBaHnii Sunn npuHHTbi cneL(nanbHbie Mepbi no orpaHMHeHHio n 
MSMepeHHK) ypoBHa MOIAHOCTM Ha BXOAe n Ha BbixoAe flEB (Ha BXOAe AC). YcuneHHbie CBM-Kone6aHHfl He 
omnManncb no MOIAHOCTM 6onee MeM Ha 3 p,Z. MaKCMwaribHafl pa3H0CTHan qacTOTa 6bina Bbi6paHa 
cyiAecTBeHHO MeHbiueM, neM nepBaa npoMe)KyTOHHaq nacTOTa AC. PacnpeAeneHMe nacTOT cocTaBnaioiAMX 
cneicrpa  Ha  BbixoAe  J1BB  MccneAOBanocb  aHanMTHMecKM  c  qenbio  onpeAeneHMfl  npoMCXO»AeHMH  3TMX 

COCTaBJlfllOlAMX. 
SKcnepMMeHTa/ibHanycTaHOBKa coAepwana JIBBc 6noKaMM nuTaHMa, AByxKaHanbHbiPi M3MepMTenb 

anepreTMMecKMX napaMeTpoB CBM CMmanoB [1] c nepBMMHbiMM npeo6pa30BaTenflMM npoxoAHoro TMna, AC, 
Tpn 3aAatoiAMX CBM reHepaTopa, KOHTpo/iMpyioiAMe M perncTpMpyioiAMe npMßopbi. CBM reHepaTopbi 
BKniOMariMCb B Tpaicr Ha BxoAe J1BB Mepe3 pa3BH3biBaioLAMe BeHTMnn n HanpaBneHHbie OTBeTBMTenM. Ha BXOAe 
M Ha BbixoAe J1BB 4epe3 HanpaBneHHbie OTBeTBMTeriM 6binn BKnioMeHbi MSMepMTenn MOIAHOCTM. 

CooTBeTCTByioiAMe BbixoAbi AC M M3n noAKruonanncb K AsyxKoopAMHaTHOMy caMonMcqy. 
Cneiap Ha BXOAe M Ha BbixoAe J1BB MccneAOBancn no 3KpanaM AC M H3I1 c M3MepeHMeM qacTOT 

cocTaBJUiioiAMX M cpaBHeHMew MX aMnriMTyA- flMana30H M3MepeHMa aMn/iMTyAbi oTK/iMKa cMrHana (no 
MOLAHOCTM) Ha sKpaHe AC cocTaBnan 18 AB, (HenMHeMHbiPi MaciiiTa6) a Ha 3KpaHe H3n - 10 AB (nMHeMHbiPi 
MacuiTa6), npM MMHMManbHOM OTioiMKe - OAHO AeneHMe LUKanbi. 

On MaTepiiaAM 6-H MeawyHapoflHOH ä^.*MCKOB fÄ«KpoBOAHOBOH Ä>H(|)epeHU,iin 'fyttrMx'%3 96. 16-19 ceH-raSps 1996 r., CeBacrronoAb, KpuiM, YKpamia 

JjZ, Proceedings of 6th International <?Mnean rflf&rowave inference ßnüft/fa'fi. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



III. Pe3yjibxaTbi SKcnepMMej-rra 

Ha Bxo/i DBB noflaßanncb Tpn CBM-KoneßaHua Ha nacTOTax fi, h, h cyMMapHoPi MoiflHOCTbio 13 MBT 

(P2 = P3; Pi= P2/2, rfle P2 - MomHocTb Kone6aHna Ha wacTOTe h- SHa^eHnsi pa3HOCTHbix HacroT f 2 - fi = 60 
MI~L4 n f3 - f2= 40 MTIJI ycTaHaB/iHBaxiMCb no 3KpaHy AC, noflKnioMeHHOwiy KO Bxofly J1BB. HHTerpanbHan 
Mou^HOCTb Ha Bbixofle flBB cocTaBJinna 6ojiee 1 BT. Cneicrp Ha Bbixofle J1BB (pnc.1 M pnc.2) cyu^ecTBeHHO 
oöoraTUJica 3a cMeT noHB/ieHna KowßuHaMHOHHbix cocTaBJimomnx. (CneKTp Ha Bxofle J1BB Ha pucyHKax He 
noKa3aH). M3MeHmincb w cooTHOLueHHH Meatfly aMnriHTyflaMM cnmanoB: Pi=P3; P2 > Pi. AHariM3 c noMombio 
AC BbiaBMn KOM6nHau.uoHHbie cocTaBnaiomue Ha nacTOTax U ... fn- Cneicrp, H,a6rirOflaBUJiMCH »a 3K.paHe H3F1, 
coBnaji co cneicrpoM Ha 3KpaHe AC (coBnann Macro™ OTKTIHKOB cneicrpa fi, h, h, fs, h, fs, fn). OcTanbHbie 
cocTaBnaromne He BbinBxienbi Ha 3KpaHe k!3n H3-sa ManocTO ypoBHeä cumajioB M HeflOCTaTOHHofi pj\?. 
paccMaTpMBaeMoro cnyqaa K36npaTeribHOc™ M3n [2], AMnjiHTyflHbia anann3 cneicrpa no 3KpaHy M3n noKa3an 
paseHCTBO MOiflHocTetf nepBoro v\ TpeTbero cumanoB, (oflMHaKOBbi n noKa3aHUH MHflUKaTopa MOIUHOCTH), 

MomHocTb BToporo cirimana OKa3anacb 5onbixie MOLU,HOCTH nepBoro Ha 2,2 flB (pacneT no    noKa3aHWHM 
MHflMKaTOpa   MOU^HOCTM).   AMnrtHTyflbl OTKTIHKOB   BblflBTieHHblX     KOM6HHaqHOHHblX   COCTaB^nroiUMX   HaXOflMTICH 
B npeflenax 0,1...0,2 fleneHMfl uiKa/ibi, MTO cocTaBnaeT 6onee 13 flB OT ypoBHfl MomHOCTM BToporo c^maria 
P2. (M0U4HOCTM KOM6nnaL(MOHHbix cocTaBnaioujiHx He n3MepRrwcb). JlwHeaHbiw no MOLU,HOCTH Macmra6 3KpaHa 
M3I1 nosBonneT flocTaTOMHO TOHHO, He npn6eraH K H3MepeHMflM, onpefleiiHTb OTHomeHWH Meatfly 3HaweHMflMH 
MoiflHOCTeti OTflenbHbix cama/ioB B npeflenax flUHaMHHecKoro fluana30Ha paBHoro 10 flB. AMnnMTyflHbiPi 
anann3 no BKpaHy AC noKa3an ToribKo npHMepHoe paBeHCTBo MOLUHOcTeii nepBoro M TpeTbero cumana, HTO 

MOKeT 6biTb o6i3jqcHeHO HepaBHOMepHocTbio MacTOTHoPi xapaicrepMCTHKM M3MepnTeribHoro Tpaicra. 
PaccHMTaHHoe no fleneHMHM SKpana oTnoujeHwe 3HaneHHfl MOIMHOCTM nepBoro KoneßaHua K 3HaMeHHK> 
MOIUHOCTH BToporo cocTaBuno 2,2 flB vi coBna/io c paccMkrraHHbiM no norasaHUHM MHflUKaTopa MOLAHOCTH 

M3n. BusyaribHbiii aMnnwTyflHbiü aHariM3 KOMÖHHaquoHHbix cocTaB/iaromux (aMnnnTyfla OTKTIHKOB -MeHee 
oflnoro fleneHun 9KpaHa) flaeT neBepnoe npeflCTaBneHHe o fleacTBHTenbHOM cooTHoiueHnu Me>Kfly ypoBHAMU 
MOLU,HOCTM BToporo KOJie6aHHH n K0M6nHai4M0HHbiMH cocTaBfiHiomnMH. PaccMHTaHHbie no fle/ieHM?iM 3KpaHa 
OTHoujeHMq cocTaBunn 15...18 flB flna pasriMMHbix cocTaBnnioiflMx cneiapa. 

IV. SatcntoMeHMe 

ConocTaB/ieHne pesyjibTaTOB aHann3a cneiapa npn MHorocurHanbHOM pe»MMe pa6oTbi J1BB c 
noMOLflbio AC M USD no3Bonnno cflejiaTb cneflyiomne BbiBOflbi: 

- AC n H3n flocTOBepHO oToßpaxaioT nacTOTHoe pacnpefleneHMe cocTaBnaioiflMX cneicrpa, npw 
3TOM, AC, oßnafla« ßonbiiiefi HyBCTBHTeribHocTbio M nyHLueu M36npaTenbHOCTbK>, no3BOjiaeT npoBOflMTb 
MacTOTHbivi aHanns 6onee nonHo, s^epeKTMBHO Bbiflenna cumaribi HH3KOM HHTeHCHBHOCTM; 

- aMnriMTyflbi OTKJIMKOB CBM-KOJieoaHMfi na SKpaHe M3n B nonoce o63opa no3BorifiioT c BbicoKOM 
TOHHOCTbio oqeHMTb cooTHoujeHMq Me)«fly MouJiHOCTflMM KaKfloro OTflenbHoro Kone6aHna (M3n npeflHa3Ha4eH 
flna M3MepeHMfl MOIUHOCTH Kaxfloro OTflenbHoro KOJie6aHnq c norpewHOCTbio He 6onee 1 flB); 

- cooTHOiiieHwa Me>Kfly aMnjiMTyflaMM Ha SKpaHe AC He «BnaioTcn fleMCTBMTenbHbiMM cooTHOLueHMHMn 
Mexcfly MOLUHOCTOMH CBM-KoneSaHnii, M3-3a He/inHePiHocTn BepTMKaribHoü LUKaribi 3KpaHa (onpeflejieHHe 
fleücTBUTeribHbix cooTHOujeHwPi Tpe6yeT BbiMMcneHHfi); 

- HeoöxoflUMO  npuHaTMe  cneqMaribHbix  Mep  o6ecneHHBatou4nx  pa6oTy AC  B     flMHaMM^ecKOM 
flHana30He    HCKJllOMaiOLHeM    B03HMKHOB6HHe    Ha    SKpaHe    riOWHblX    OTKTIUKOB,     CHUKaiOlflMX    flOCTOBepHOCTb 
aHann3a; 

-flna flocTOBepHoro aHann3a B uinpoKoCi nonoce MacTOT CBM-Kone6aHnfi öonbujoii HHTCHCVIBHOCTM C 

noMombio AC HeoSxoflMMo npeflBapnTertbHoe MccneflOBaHne M3MepuTeiibHoro CBM Tpaicra c qeribio 
onpefleneHna ero aMnnnTyflHO-^acTOTHbix n flpyrkix xapaKTepucraK; 

- flByxKaHaxibHbiM H3I1 noKa3an ce6a 3c(3(|)eK™BHbiM cpeflCTBOM aHann3a MHorocnmaribHoro 
cneicrpa, npoujeflinero CBM ycunnTerib MOIUHOCTH; 

- AC M H3H He no3BonflioT onpefleriMTb MacTOTbi CBM-Kone6aHHPi, Bbi3BaBUJHX no^BneHMe Ka>KfloPi 
OTfleJlbHOM KOMOMHaqMOHHOM COCTaBDHIOlAeid. 

V. CnMCOK nuTepaTypbi 
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ANALYSIS OF TRAVELLING-WAVE TUBE MULTISIGNAL OPERATION 

Konkin V.A. 
Moscow Power Engineering Institute (Technical University) 

14 Krasnokazarmennaya St., Moscow-105835, Russia 
tel. (095) 362-79-58, fax 361-16-20 

Energy parameters measurement unit based on frequency-selective gyromagnetic transducers is applied for reliable determination 
of powerful microwave amplifiers output spectrum. Amplifiers operation in multisignal regime is investigated. The results of 
travelling-wave tube input and output spectra obtained with commercial spectrum analiser C4-60 are compared with those obtained 
with energy parameters measurement unit. Advantages and disadvantages of both methods are discussed. 
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PMC.I.    CneKTp curaajioB Ha Bbixo^e JIBB. 
3anncb Ha caMormcue c Bbixo^a AC C4-60. 

PMC.2.    CneKTp cMPHajioB Ha Bbixo^e JIBB. 
3anMCb Ha caMoimcqe c Bbixo,n,a H3I1. 
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BHH51HME TOnSJLjHHbi 3HEKTPQHHOrO 
nOTOKA HA XAPAKTEPHCTHKH PE30HAHC- 
HOrO TEHEPATOPA O-TMRA C nPOOMJIMPO- 
BAHHbIM IVfAfHMTOCTAT&IHECKMIVI HOHEM 

OflapeHKo E.H., LUMaTbKO A.A. 
XapbKoecKuü aocydapcmeeHHbiü ynueepcumem, XapbKoe, YKpauna 

AHHomamin - TeopeTMMecKM nccneflyeTCR renepaTop MunnnMeTpoebix M cy6MMnnMMeTpoBbix BonH Tuna opoTpoH-["flH 
(reHepaTop flwcppaKiiwoHHoro M3nyneHiw) c HeoflHopoflHbiM MamnTHbiM <4>0KycwpyK>mMM noneM M aneKTpoHHbiMM nyHKaMM 
pasjiMHHoPi ToninMHbi. PaccMaTpuBaeTca pewMM caMOB036y>KfleHMn Kone6a™i3 u pexwM ycTaHOBMBUMXCB KoneöamiM. noKa3aHO, 
HTO npocTpaHCTBeHHoe pacnpefleneHne MHAyxmiw cpoKycupywinero nona cymecTBemo BnnneT Ha xapaKTepiicTMKM reHepaTopa 
npn M3MeHeHMM TonmnHbi aneKTpoHHoro noTOKa. 

I. BBefleHne 

B   MmUlMMeTpOBOM   M   CySMMJIJIMMeTpOBOM   flHana30He   ß,ÜV\H   BOnH   HHTeHCHBHOe   B3aHMOfleilCTBMe 
aneicrpoHOB c CBM noneM MojKeT ocyiAecTBnHTbca numb B npeAenax TOHKOI-O cnon ( MeHbwe nepnofla 
3aMeflnaK>meii CHCTeMbi (3C)), pacnonoweHHoro BnnoTHyio K noBepxHoc™ 3C. B Tai<oü cuTyaqwn npuMeHeHne 
6onee Moiiy-ibix ( a, 3HannT, H 6onee ToncTbix ) noTOKOB c Meribto noBbiweHUH acfccpeioviBHocTU aneicrpoHHO- 
BonHOBoro B3anMOfleMCTBna Ljenecoo6pa3HO ToribKo npn ooecneqeHun ycriOBMM UHTeHCMBHoro 3Heproo6MeHa 
no BcePi TonmnHe nynra. OAHMM m B03M0>KHbix cnocoöoB peann3aMHn Tawx ycnoBufi flBjiaeTcn 
npocpunnpoBaHne cpoKycupyiou^ero nora win n3MeHGHne ero opneHTaqkin /1-3/. B CBA3H C 3TMM aicryanbHbiM 
npeflCTaBfiaeTCfl aHariM3 3aK0H0MepHocTePi cpn3nnecKMX npoqeccoB B npn6ope c pa3nnMHbiMM 3HaHeHMAMH 
ToniUHHbi nym<a B ycxioBunx HeoflHopoAHoro MarHMTocTaTimecKoro nona c qejibio pa3pa6oTKM npaicruMecKMX 
peKOMeHflamw, nosBonaiomux yBennnnTb BbixoflHyro MomHocTb CBM reHepaTopoB H ycMnMTenefi. 

II. OcHOBHaa MacTb 

TeopeTHMecKMfi aHanw3 <pM3HMecKHx npoqeccoB B pe30HaHCHOM reHeparope npoBOflnnca Ha ocHOBe 
peuieHna caMocomacoBaHHoPi cwcTeMbi ypaBHeHwü sneicrpoHHo-BonHOBoro npoqecca B3anMOAeftcTBMH B 

pawiKax flByxiwepHoPi MOfleriH 13,41- PaccMaTpaBanocb rayccoBCKoe npocTpaHCTBeHHoe pacnpeAeneHae 
cpOKycMpyromero MarHMTHoro nonn, KOMnoHeHTbi KOToporo onpeAenaioTcq cnep,yK>ui,v\M oSpasoM: 

By = 1+AM exp(-((y-yM)/wM if); 
Bz = 2AM(y-yM)(z-ZM) exp(-((y-yM)/wM L)2)/(WML)2; 

rfle By M Bz - 6e3pa3MepHbie KOMnoHeHTbi BeKTopa MamwTHoPi nHflyKqun, HanpaBneHHbie napannenbHO (ocb 
Oy) M nepneHflMKyrapHo (ocb Oz) K nnocKoc™ 3C; AM, WM, yM- aMnnnTyfla, paAwyc oönacTW jioKann3aMnn 
MarHMTHoPi HeoflHopoAHoc™ M KoopAHHaTa qeHTpa HeoAHopoAHoc™ cooTBeTCTBeHHo; ZM- KOHdaHTa, 
xapaKTepn3yK>inafl nonepe^Hoe pacnpeAeneHMe cpoKycupyromero nona; y M z - npoAonbHaa v\ nonepenHaa 
KoopAHHaTbi; L - nmna npocTpaHCTBa B3anM0AeiicTBMn. BeriHMMHbi By, Bz M AM HopMwpoBaHbi Ha 
HeB03MymeHnoe 3Ha4eHne HHflyKqwn cpoxycnpyiomero nonq BO , a WM - Ha A^iUHy L. 

CrpyKTypa npocTpaHCTBeHnoro pacnpeAeneHMq cpoKycupyioinero MarHMTHoro nonn onpeAenneT 
cpopMy CTaTHHecKnx TpaeicropnPi aneiapoHOB n TeM caMbiM MoweT cymecTBeHHbiM o6pa30M BJin^Tb Ha 
npoLjecc 3Heproo6MeHa KaK B peKMMe MaKCMMa/ibHoro ycn/ienna, TaK w B pexwMe MaKCMMaxibHoii MomHOc™. 

B pe>KHMe MaKCHManbHoro yckineHMn B KanecTBe HCKOMOM xapaicrepucTUKU McnonbsOBancn yAeribHbifi 
nycKOBoii TOK I Ha eAUHMLiy TonmnHbi ny^Ka. KaK noKa3a/in pacqeTbi, yaenmeme TOJiu^MHbi aneicrpoHHoro 
noTOKa npuBOAMT K CHMKeHuio I, T.e. ßj\n B036y>KAeHna Kojie6aHHM B renepaTope c ny^KOM 6onbiueii TO/iiMMHbi 
MOÄHO ncnonbsoBaTb aneKTpoHHbie nyuiKM c MeHbiuefi n/ioTHocTbio TOKa. KpoMe Toro, oßHapyxeHO 
HacbimeHne BeriMHUHbi yAeribHoro nycKOBoro TOKa, T.e. npn Aa/ibHefiujeM yBemneHnn TonmHHbi nyHKa 
3HaMeHne I npaKTHHecKM He M3MeH?ieTca npH nepeMe^eHUM Liempa MamnTHoii HeoAHopoAHoc™ BAorib 
npocTpaHCTBa B3anMOAeCicTBnn. flaHHbiPi pe3ynbTaT oßycnoBJieH HeoAHopoAHOCTbro BbicoKOMacTOTHoro norw 
BAOJib nonepeMHoß KoopAHHaTbi z M TeM, MTO npn 6onbwo£i ToniAMHe ny^Ka ( B paccMaTpMBaeMOM cnynae 
ToniMMHa D = 0.02L) Aa/ibHePiuiee yBejiUMeHkie napaMeTpa D/L He npMBOAUT K H3MeHeHnto TOKopacnpeAeneHun 
B npocTpaHCTBe BsaMMOAeficTBua reHepaTopa. 

KorAa MarHMTHan HeoAHopoAHocTb cnaßaa ( AM = -0.05; TOKOoceAaHMe Ha 3C HesHam/rrenbHoe MJIH 

OTCyTCTByeT ), TO npn nepeMemeHMH qeHTpa MarHnmoPi HeoAHopoAHOCTH BAonb OCM Oy ßj\n pa3nnMHbix 
3HaHeHMfi D nponcxoAflT numb KonnMecTBeHHbie n3MeHeHna 3aBncnM0CTeti l(yM). OCHOBHOM BKnaA B 

3Heproo6M6H Me>KAy aneicTpoHaMM M CBLI noneM BHOCRT 6nn>KaMLiJne K noBepxHoc™ 3C CJIOH nyMKa n B 

AaHHoPi cnTyaL|MM yBennneHHe TonmMHbi D npwBOAMT TonbKO K H3MeHeHnro KoriMMecTBa sapnjKeHHbix nacTnq B 

3TMX CJIOHX Ha Bceii AJiUHe L. B cnynae curibHoro TOKOoceAaHna ( AM = -0.25 ) yBennHeHne Ton^UHbi nyHKa 
conpoBOKAaeTCfl, HapflAy c yMeHbiueHMeM 3HaMeHMn I, pacmnpeHMeM MHTepBana 3HaMeHHM napaMeTpa yM , 
rAe yAerjbHbiM nycKOBOki TOK reHepaTopa c HeoAHopoAHbiM MarHMTHbiM noneM MeHbiue, HeM B reHepaTope c 
o6bRHOM  cpoKycupoBKOM.  OTMeMeHHbie oco6eHHoc™ 3aBMCHMocTeü  l(yM) B cnyHae cunbHOM  MamnTHoPi 
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HeoflHopoflHocTO o6ycjiOBJienbi npexcfle Bcero H3MeHeHnew TOKopacnpefleneHMa B npocTpaHCTBe 
B3anMOfleficTBMFi. B CMTyaqHH, Korfla TOHKMü nynoK oceflaeT npaicrnHecKM nonnocTbrO, yBenimeHwe napawieTpa 
D/L npMBOflMT K yBennMeHwo flonn aneKipoHOB noTOKa, yMacTByromnx B npoqecce aHeproooMena c CBH 
noneM. KaK noKa3ann flonoriHMTe/ibHbie pacneTbi, oTMenenHbie 3aKOHOMepHoc™ enwaHUfi ToniUMHbi 
aneKTpoHHoro nyMKa Ha nycKOBoii TOK reHepaTopa coxpaHHrOTcn flna nonownTenbHbix SHaneHHPi AM . 

B pe>KMiwe MaKCMMajibHoPi MOIUHOCTH OCHOBHOM xapatcrepucTUKOM npw6opa «BnaeTca MaKCUManbHbitf 
no 30He renepaqnH aneicrpoHHbiM KHfl Ka. AHann3 cpH3HMecKHx npon,eccoB B STOM pewHMe npoBOflwnca Ha 
ocHOBe MucjieHHoro peiueHna ncxoflHoii cucTeMbi ypaBHeHMii flnfl dp^KCupoBaHHoro 3HaMeHHfl paßoMero TOKa n 
flnn cpuKcwpoBaHHoro OTHOweHra paßoMero TOKa K nycKOBOMy. B cnyMae OTcyrcTBUFS TOKOoceflaHna Ha 
noBepxHOCTb 3C yBeriHMeHMe Tonuu,UHbi aneicrpoHHoro ncrroKa npaKTUMecKH hie CKa3biBaeTcs na cpopwe 
3aBncnMocTePi Ka OT napaiweTpa ywi. HsiweHsieTca TonbKO 3HaMenne Knfl. rioflo6HbiM pe3ynbTaT nonyMen v\ fljia 
pewMwia MaKCMManbHoro ycnrieHna. KpoMe Toro, yBennMeHne Tonuu,nHbi anexTpoHHoro noTOKa conpoBowflaeTcn 
ywieHbUJeHneM adpcpeKTOBHOc™ aneicrpoHHO-BonHOBoro B3anMOfleiicTBMR flaHHbiPi pesynbTaT oßycnoBneH 
CHiDKeHneivi yflenbHoro nycKOBoro TOKa, MTO B flaHHOM cnyMae SKBUBaneHTHo CHMweHMrO yflenbHoro pa6öMero 
TOKa (Ha eflMHuqy ToninMHbi nyMKa). CneflOBaTenbHO, B pawiKax MCcneflyeMOM MOflenw cpuKcupoBaHwe 
OTHoiueHME pa6oMero TOKa K nycKOBOMy c yBennMeHneM napaMeTpa D/L npusoflUT K CHHwenwo nnomocTH TOKa 
nyMKa M, KaK cneflCTBue, K yMeHbUjeHwto aneicrpoHHoro Kflfl. flnn noflflepwaHi/ia nnoTnocra TOKa Ha oflHOM 
ypoBHe ( MDM yBennMeHM« ee ) npw yBennMeHUH ToniflMHbi nyMKa cneflyeT noBbiiuaTb OTHomeHne paSoMero TOKa 
K nycKOBOMy. 

B pe>KMMe cunbHoro TOKOoceflaHUH ysejiMMeHne D B flBa paaa c 0.005L AO 0.01 L npn cpKKCHpoBaHHOM 
paöoMeM TOKe conpoBowflaeTca noBbiweHHefvi Ka npaKTHMecKH BO BceM flnana30He H3MeHeHna napawieTpa yM. 
3TOT pe3ynbTaT oöycnoBneH H3ivieHeHMeM TOKopacnpefleneHH« M BbicoKOMacTOTHbiM paccnoenneM 
aneicrpoHHoro noTOKa. Ecnn TOHKMM nynoK oceflaeT npaKTHMecKH nonHOCTbto, TO flna D-0.01L oceflaHwe ßyfleT 
MacTMMHbiM, npuMeM B npocTpaHCTBe BsanMOflewcTBua ocTaroTca Han6onee yflaneHHbie OT 3C cnon nyMKa. 
3neKTpoHbi 3TMX cnoeB flo HaMana TOKooceflaHHH HaxoflflTcn nofl fleücTBHSM 6onee cnaSoro CBM noriFi no 
cpaBHeHwo c aneicrpoHaMM, oceflatomnMM Ha 3C. CneflOBaTejibHO, nocne oceflaHMn HHJKHMX cjioeB nyMKa, rfle 
aneicrpoHbi nepeai/iw M3 TopM03HinePi cpa3bi CBM nona B ycKopafomyto ( pe«MM MaKcuManbHoro Kllfl npn 
McnonbsoBaHUM HeoflHopoflHoro cpoKycupyKDmero nona 14/), B npocTpaHCTBe BaanMOflePicTBua ocTaraTcn 
aneicrpoHbi, KOTopbie TopM03^Tcq CBH noneM n OTflaraT eMy CBOKI aHeprnra. flanbHeMwee yBenwMeHMe 
TonmnHbi nyMKa npMBOflMT K CHn>KeHMK) acpcpeKTHBHoc™ B3anMOflevicTBM?i KaK npM 4)MKCnpoBaHHOM paöoMeM 
TOKe, TaK H npn cpuKcupoBaHHOM oTHOtiieHMM pa6oMero TOKa K nycKOBOMy. ripuMMHbi OTMeMeHHoro CHMÄeHnn 
Kflfl no-BMflUMOMy TS >Ke, MTO M B cnyMae OTcyrcTBMfl TOKooceflaHM^i, nocKOJibxy npn ysenMMeHnn D flo/ia 
oceBuiMX Ha 3C aneiapoHOB B noTOKe yMeHbUjaeTcfl. 

111. 3aKJiK)MeHiie 

Ha ocHOBaHMH nonyMeHHbix B pa6oTe pe3ynbTaTOB MO>KHO cflenaTb c/ieflyromne BbiBOflbi. 
1. B pe30HaHCHOM reHepaTope O-Tuna c HeoflHopoflHbiM cpoKycupyioLUMM nonewi yBenMMeHne 

Tonu^HHbi nyMKa conpoBO»flaeTcn yMeHbiueHMeM yflenbHoro nycKOBoro TOKa c nocneflyroiMMM ero 
HacbimeHneM. 

2. B cnyMae OTcyTCTBMa TOKOoeeflaHM« Ha 3C aneKTpoHHbifi Knfl reHepaTopa CHMKaeTca npn 
yBejinMeHMn ToninMHbi nyMKa. 06mne 3aKOHOMepHOCTH 3aBMcnMOCTH Kflfl OT KOopflMHaTbi qeHTpa MamnTHOM 
HeOflHOpOflHOCTM COXpaHfllOTCR 

3. B cnyMae cunbHoro TOKooceflaHMa cymecTByeT onTHManbHoe 3HaMeHne TonmnHbi nyMKa, npn 
KOTopoM flna cpuKCMpoBaHHoro pa6oMero TOKa peann3yK)Tcfl Hau6onbuine 3HaMeHna Kllfl 6e30THocMTenbHo K 

MecTonono>KeHHK) qeHTpa MamuTHoä HeoflHopoflHOCTH. 
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EFFECT OF THE BEAM THICKNESS ON CHARACTERISTICS 
OF RESONANT O-TYPE OSCILLATOR WITH PROFILED DC MAGNETIC FIELD 
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The two-dimensional model of the microwave oscillator (orotron diffraction radiation generator) with the Gauss distribution of RF 
field has been considered. Theoretical investigation of the linear and nonlinear characteristics for the different electron beam 
thickness is carried out. Analysis is based on the solution of the nonlinear self-consistent system of equations taking to account the 
space distribution of the focusing magnetic field displacement. Beam thickness increasing leads to the decreasing or increasing of 
the starting current of oscillator dependency on the DC magnetic field configuration. Two cases have been considered in steady- 
state condition: beam settles or does not settle onto the slow-wave structure. If the beam settles onto the grating, the optimum value 
of the beam thickness which corresponds to the highest efficiency is obtained. 
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yCJIOBHH TEHEPAUHH 3/IEKTPOMArHHTHbIX KOJIEBAHHH B 
CnHPAJIbHOM PACnPEÄEJIEHHOM PE30HATOPE 

A.H. AcTaHKHH, A.O. JlnnaTOB, B.B. Ilpo^e, K.B. TpomoK 

POflU, - BHHH3O.607190 r.CapoB, np. Mupa ä-37 
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I. AHHOTaUHH 
Ha ocHOBe MOAejiH, Hcnojib3yioiii.eH sKBHBajieHTHyio cxeiviy pacnpe,a,e,neHHoro 

pe30HaTopa ncwiyqeHbi ycjioBHH BO3HHKHOB6HHH aBTOKOJieöaHHft H onpcuejieHbi 
ocHOBHbie napaMeTpbi pejKHMa reHepaiiHH B pacnpeÄejieHHOM pe30HaTope Ha ocHOBe 
OTpe3Ka cnHpajibHoro BOJiHOBOAa, npoHH3biBaeMoro ajieKTpoHHbiM ny^KOM. 
Onpe/jejieHbi napaMeTpbi sKBHBajieHTHoro KOHTypa H 3aBHCHMocTb ciapTOBoro TOKa 
reHepaitHH noAoÖHoro reHepaTopa OT napaMeTpoB sjieKTpoHHoro nynxa H pe30HaTopa. 

II. BBeaeHHe 
TaKHe BajKHbie KanecTBa, KaK iiiHpoKonojiocHocTb JIBB H BbicoKoe 3HaMeHHe 

K09(})(|)HUHeHTa nojie3Horo AeftcTBHH y K/IHCTPOHOB onpeAejiHJiH HeoöxoAHMOCTb noHCKa 
KOHCTpyKTHBHblX    peilieHHH,    KOTflß    6bl    B    OAHOM    npHÖOpe    COMeTaJIHCb    ÄOCTaTOMHO 
BbicoKHe    3HaMeHHH    H    KtlJX,    H    pa6oqefi    nojiocbi    qacTOT.    OAHHM    H3    TaKHX 
KOHCTpyKTHBHblX   peiUeHHH   CTaJI   nepeXOÄ  OT   OÖblHHblX   OAH03a30pHbIX   p630HaTOpOB   K 
TaK Ha3biBaeMbiM pacnpeAejieHHHM pe30HaTopaM (PP), npeACTaBjisnonniM co6oio 
OTpe3KH 3aMej3,JiHiomHx cHCTeM (3C) c oTpa^aiomHMH sjieMeHTaMH Ha KOHuax [1, 2, 3] 

B PP pe3yjibTHpyiomee cToaqee CBH nojie HBJineTCH cynepno3HUHefi Aßyx 
6erym,Hx HaBCTpeny Apyr Apyry BOJIH C 6JIH3KHMH no BejiHMHHe aivmjiHTyAaMH, npHMeM 
B3aHMG£eHCTBHe  sjieKTpoHHoro  nyHKa  ripoHcxoAHT,  B  OCHOBHOM,   c  nonyTHOH  euy 
BOJIHOH.      npH      9TOM      B      PP,      B      OTJIHHHe      OT      OAH03a30pHbIX      pe30HaT0p0B      C 
KpaTKOBpeivteHHbiM B3aHM0ÄeHCTBHeM ny^Ka c nojieM 3a3opa, B3aHM0AeftcTBHe HOCHT 

ÄJiHTejibHbifi (necKOjibKo nojiynepHOÄOB CBH nojin), HaKonHTejibHbifi xapaKTep, KaK H 

B   OTpe3Kax   3aMeAJ«iiomeH   CHCTCMH   JIBB.   B   TO   see   BpeMH   PP,   B   oTjiH*me   OT 

COrjiaCOBaHHblX  OTpe3KOB   3C,   XapaKTepH3yiOTCH   pe30HaHCHHMH   CBOHCTBaMH,   TO   ec'Tb 
nacTOTaMH, Ha KOTOpbix HMeeT MecTo 3aMeTHoe HapacTaHHe CBH nojiefi, 3HaneHHHMH 
co6cTBeHHOH H Harpy>KeHHOH ÄOÖpoTHOCTeß H pHÄOM Äpyrnx napaMeTpoB, KOTopbie 
CBOHCTBeHHbl OÖblMHblM KJiaCCHMeCKHM pe30HaTopaM. 

YcHJiHTejibHbie KJiHCTpoHbi c pacnpeAeJieHHbiM B3aHMOAeftcTBHeM noKa He 
HaniJiH iHHpoKoro npHMeHeHHH, HecMOTpH Ha BecbMa BbicoKHe pe3yjibTaTbi nojiyneHHue 
B nepBbix SKcnepHMeHTax [1, 5]. CßH3aHo STO, B nepßyio onepeAb, co CKjioHHOCTbio PP 
K CaMOB036y>KAeHH]0. 

HI. OcHOBHafl HaCTb 
Jinn TeopeTHMecKoro onHcaHHH npoueccoB B3aHMOAeftcTBHH 9Jiei<TpoHHoro 

nyHKa c CBH nojieM pacnpeAejieHHbix pe30HaTopoB B jiHHeHHOM npH6jiH>KeHHH 
npefljiaraeTca Hcnojib30BaTb MOAejib, B KOTopoft PP onncbmaeTCH c noMombio HeKoro 
SKBHBajieHTHoro napajiJiejibHoro pe30HaHCHoro KOHTypa (pHc. la). 

3(J)<j)eKTHBHoe HanpjijKeHHe A^H cjiynaH pacnpeAejieHHbix pe30HaTopoB A-AHHOH 

L npeÄJiaraeTca onpeAejiHTb H3 cooTHonieHHH: 

U2=LLJ|Ez(z)|2dz (1) 
0 

Ä/IH CHHycoHÄaJibHoro HJIH KOCHHycoHAaJibHoro pacnpeAeJieHHH nojin 
3(|)4)eKTHBHoe HanpHJKeHHe B PP: U2=(E0L)2/2. 
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Bbipa>KaH 3anaceHHyK) B PP aHepraio KaK cyMMy sneprHH npHMOH H o6paTHoft 
6eryiuHX sjieKTpoMarHHTHbix BOJIH, H BbipaKaa noTOK SHepran STHX BOJIH Hepe3 
conpoTHBJieHHe CBH3H RCB CTpyKTypw, MM MosceM onpeAe/iHTb xapaKTepHCTHHecKHÖ 
HMneAaHC   PP   Hepes   napaMeTpbi   3aMeAJiHiomeH   CTpyKTypw,    0Tpe3K0M   KOTOpon 
HBJIHeTCH ÄaHHblH PP. 

p=ßLRCBvrp/v(})=7rmRCBvrp/v(|) (2) 
TaKHe napaMeTpbi 3aMeAJiHK>meH crpyKTypbi KaK nocTOHHHan 

pacnpocTpaHeHHH ß, conpoTHBJieHHe CBHSH RCB, cpa30BaH H rpynnoBaa CKOpocTH vrp, 
v^ MoryT 6biTb paccHHTaHbi, HCXOAH HS reoMeTpHnecKHX pa3MepoB 3C, ecjiH peiueHo 
cooTBeTCTByiomee AKcnepcHOHHoe ypaBHeHHe (JW) CTpyKTypbi. 

Co6cTBeHH35i npoBOÄHMOCTb PP npH npeACTaB^eHHH ero B BHÄe 
sKBHBajieHTHoro KOHTypa MO>KCT 6biTb onpeÄejieHa Kaie: YK=gK+jbK , roe gK - aKTHBHaa 
HacTb . co6cTBeHHofi npOBOAHMOCTH KOHTypa, onpeflejiHiomaHCH noTepHMH (myHT- 
HMneAaHcoM) gK=l/Rm=l/pQox=2PnoT/U2; bK - peaKTHBHaa qacTb co6cTBeHHoft 
npOBOAHMOCTH    KOHTypa,    onpeAejifliomaHCH    3anaceHHoß    B    KOHType    SHepraefi 

(peaKTHBHbiM conpoTHBJieHHeM)  bK=l/coL - coC=JL( JEL _ ^ij- 
l»o        CD ) 

Bbipa>KeHHe  AJIH  AoöpoTHOCTH   pacnpeAejieHHoro   pe30HaT0pa   npH   ycjioBHH 
MaJlOCTH   C06cTBeHHbIX   nOTepb   B  PP  H   K09Cpc{)HUHeHTe   OTpa>KeHHH   BOJIHM   OT   KOHUOB 
pe30HaTOpa 6JIH3KOM K eAHHHue HMeeT BHA: 

v ox      2 • a 
v4> 
vrp 

(3) 

KoscpcpHUHeHT 3aTyxaHHH a TaK>Ke MOKCT 6biTb onpeAejieH, ecjiH peineHO RY 
cooTBeTCTByiomeH 3aMeAJiHK)mefi CTpyKTypw. PacneTHbie cpopMyjibi AJIH KoacpcpHUHeHTa 
3aTyxaHHH BOJIHM B cnHpajibHofi 3C npHBeAeHM B [6]. 

ECJIH pacnpeAejieHHbifi pe30HaTop HarpymeH sjieKTpoHHbiM üOTOKOM, TO STO 

MO>KHO 0Tpa3HTb noAKJiioqeHHeM napajuiejibHO HcxoAHOMy KOHTypy KOMnjieKCHoft 
ajieKTpoHHOH npOBOAHMOCTH Ye (CM. pHc. 16), KOTOpaa MOJKeT 6biTb 3anHcaHa B BHAe: 

Ye=ge+jbe=2Pe/U2=2(Pea+ jPer)/U
2 (4) 

rAe Pe - KOMnjieKCHaa sjieKTpoHHaa MomHocTb B3aHMOAeftcTBHH; Pea, Per " aKTHBHaa H 
peaKTHBHaH    SJieKTpOHHbie     MOIHHOCTH     B3aHMOAeHCTBHH    COOTBeTCTBeHHOJ     ge,     be    - 
aKTHBHan H peaKTHBHaa sjieKTpoHHbie npOBOAHMOCTH nynKa cooTBeTCTBeHHo. 

AKTHBHaa MomHocTb B3aHM0AeHCTBHH sjieKTpoHHoro ny^Ka c nojieM 
pe30HaTopa   npHBeAeT   K  H3MeHeHHK)  AoöpoTHocTH   PP.   HajiHqne   me   peaKTHBHOH 
MOmHOCTH B3aHMOAeHCTBHH npHBeAeT K H3MeHeHHK) pe30HaHCHOH HaCTOTbl PP. 

YcjioBHe "6aJiaHca cpa3" reHepaTopa Ha ocHOBe PP: bK= - be npHBOAHT K 

cjieAyiomeMy Bbipa>KeHHK) R,nn pe30HaHCHofl nacTOTbi pacnpeAejieHHoro pe30HaTopa, 
B036yÄAaeMoro sjieKTpoHHbiM nynKOM:     cor=co0(l - pbe/2)    . 

YcjIOBHe       OÖpameHHH       B       Hyjlb       CyMMapHOH       aKTHBHOH       npOBOAHMOCTH 
HarpymeHHoro sjieKTpOHHbiM nyHKOM pacnpeAejieHHoro pe30HaTopa (ycjioBHe "6ajiaHca 
aMnjiHTyA" reHepaTopa Ha ocHOBe PP) onpeAejineT napaMeTpbi, npH KOTOpbix 
npOHCXOAHT caMOB036y>KAeHHe PP:   gK

=l/pQox= - ge • 
J\jin pac^eTa cTapTOBoro TOKa reHepauHH, a TaK»e MacTOTbi, Ha KOTopofi 

6yAeT caMOB036yÄAaTbCH pacnpeAejieHHbiö pe30HaTop, Harpy^eHHbiH sjieKTpoHHbiM 
nyHKOM,   Heo6xoAHMO   B   cooTHonieHHHX   "6ajiaHca   cpa3"   H   "6ajiaHca   aMnjiHTyA" 
OnpeAeJIHTb   AeOCTBHTeJIbHyfo   ge   H   MHHMyiO   be   HaCTH    npOBOAHMOCTH    SJieKTpOHHOrO 
ny^Ka Bbipa^aeMbie qepe3 aKTHBHyio H peaKTHBHyio MOIUHOCTH B3aHMOAeficTBHH ny^Ka 
c nojieM PP. BejiHHHHa KOMnjieKCHoft sjieKTpoHHOH MOIUHOCTH B3aHMOAeficTBHH,' no 
onpeAejieHHK), Mo^ceT 6biTb HafiAeHa H3 cooTHOuieHHfl: 
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Pe=0.5|is!(z)E*(z)dzr (5) 
0 

r^e E(z) - pacnpeÄejieHHe co6cTBeHHoro nojia B pe3cwaTope, I-(z) - BejiHHHHa 
nepeMeHHofi cocTaBJiHromeft TOKa sjieKTpoHHoro nyqKa. 

C^HTaH, mo nojie B PP onncbiBaeTCH KocHHycoHAajibHbiM 3aKOHOM, a 
H3MeHeHHe njiOTHOCTH TOKa nyqKa npH B03Aeftc.TBHH Ha Hero BHeuraero 
sjieKTpoMarHHTHoro nojia ypaBHeHHeM [7]: 

^ + 2$* ■ IF" - (ße " ß8) * i- - J^oßbX (6) 
H    npOBOÄH    HHTerpHpoBaHHe,    MO>KHO    nojiyHHTb    Bbipa)KeHHH    jxjin    nepeMeHHbix 
COCTaBJIHIOlUHX TOKa H CKOpOCTH SJieKTpOHHOrO nyHKa C y^eTOM Ha^ajIbHOH MOAyJIHUHH 
H      COOTBeTCTByiOmHe      (j)OpMyjlbI      ÄJ1H      aKTHBHOH      H      peaKTHBHOft      UpOBOAHMOCTH 
sjieKTpoHHoro nyqKa B PP. 3TH Bbipa>KeHHH npHBefleHbi B npHJio>KeHHH. B (6) 
Hcnojib30BaHbi cjieflyiomHe o6o3HaqeHHH - ße=(ö/vo - nocTOHHHaa pacnpocTpaHeHHH 
nyHKa; ßb=G)b/vo ; ©b - peAynnpoBaHHaa njia3MeHHan qacTOTa nyqKa; vo - cKopocTb 
nyqKa. 

rioÄCTaBJiHH nojiyneHHbie COOTHOUICHHH Rnn ge H be B ycjioBHH "6aJiaHca <pa3" 
H "öajiaHca aMnjiHTyA", nojiyqaeM ycjioBHH, KOTOpbie onpeAejiHiOT caMOB036y>KAeHHe 
pe30HaTopa. RJIH TOTO, HTOöH onpeAe,nHTb CTapTOBbift TOK reHepauHH ICTapT, 
Heo6xoÄHMO peuiHTb TpaHcueHAeHTHoe ypaBHeHHe "6aJiaHca aMnjiHTyA" OTHOCHTejibHO 
ßb, noÄCTaBHB B Hero nojiyqeHHoe BbipaMeHHe RJ\H aKTHBHoft npoBOAHMOCTH nyqKa. 
3aTeM CTapTOBbift TOK onpeAejiaeTCH no cpopMyjie: 

IcTapT=ßb2v0
3me807T;rb2/e #(7) 

Bo3MOÄeH TaK>Ke MeHee CTporaft, HO 6ojiee HaiviHAHbift cnocoö, no3BOjiHK>m.HH 
H36eacaTb peuieHHJi TpaHcueHÄeHTHoro ypaBHeHHH, H KOTopbift MO>KHO Hcnojib30Bajb 
fljm npeflBapHTejibHbix oneHOK. ^JIH ero peajiH3auHH HCO6XOAHMO 3apaHee onpe^ejiHTb 
3aBHCHMocTH ge OT pa3jiHqHbix napaMeTpoB nyqKa H PP, nocTpOHTb cooTBeTCTByiomHe 
rpa(pHKH,     H,     3aAaBUIHCb     KaKHM-JIHÖO     KOHKpeTHbIM     3HaqeHHeM     ge     onpeAeJiHTb 
CTapTOBbift TOK no cpopMyjie: 

I» W 
lCT|tT V 

geum-^Rcß 
v* 

BHAHO,   qTo   yMeHbuiHTb   CTapTOBbift   TOK   reHepanHH   MOJKHO,   yBejmqHBaH 
COnpOTHBJieHHe CBH3H, ÄOÖpÖTHOCTb PP H AOÖHBaHCb MaKCHMajibHoro 3HaqeHHH ge. 

Ha     pHC.     2     H     3 npHBeAeHbl     3aBHCHMOCTH     OTHOCHTejIbHoft     aKTHBHOH 
npoBOAHMOCTH nyqKa geU0/l0 OT cooTHomeHHH VQ/V^ - 1 npn pa3jiHqHbix AJiHHax PP 
H TOKax sjieKTpoHHoro nyqKa. OrpHuaTejibHbie 3HaqeHH5i geU0/l0 cooTBeTCTByiOT 
oTpHnaTejibHoft MOIUHOCTH B3aHMOAeftcTBHH nyqKa c BOJIHOH, TO ecTb B STOM cjiyqae 
nyqoK nepeAaeT SHepraio BOJiHe. H3 pHC 2 H 3 BHAHO qTO~ npH vo/v<j,«l,2*l,5 
npOHCxoAHT MaKCHMajibHO a4)(peKTHBHoe • npeo6pa30BaHHe SHeprHH nyqKa B SHeprHio 
GBH BOjiHbi. CooTBeTCTByiomHe 3HaqeHHH geU0/I0 6yAyT onpeAejiHTb MHHHMajibHbifi 
CTapTOBbift TOK reHepauHH. 3aBHCHM0CTb cTapTOBoro TOKa reHepauHH pjin OTpe3Ka 
cnnpaJibHoft 3C AHaMeTpoM 30 MM H yivioM noAteMa cnnpajiH 6,1°, H3ro*roBJieHHoro 
H3 MeAHoft npoBOJioKH, npH pa3jiHqHbix AJiHHax pe30HaTopa npHBeAeHa Ha pHC. 4. 
BHAHO, qTo yBejinqeHHe A^HHM pe30HaTopa npHBOAHT K yMeHbiueHHK) BejinqHHbi 
CTapTOBoro  TOKa  reHepanHH,   npHqeM  cymecTByeT  AOCTaTOHHO   iimpoKHft   HHTepBaji 
COOTHOUieHHft V0/vfy, npH KOTOpblX CTapTOBbift TOK H3MeHH6TCH CpaBHHTejIbHO MaJIO. 
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IV. 3aKjiiOTeHHe 
■ npeAJiojKeHHbiH cnoco6 onpeÄCJieHH« ycjiOBHH reHepauHH B PP c noMoiubio 

äKBHBajieHTHoro     KOHTypa,     Harpy>KeHHoro     sjieKTpoHHMM     nywoM,     no3BOjmeT 
CpaBHHTCnbHO npOCTO OHHCaTb npOUeCC B03HHKH0BeHHH aBTOKOJieÖaHHH B KOpOTKHX 
OTpe3Kax   3aMeAJi«K)mHX   cTpyKTyp   c   oTpa^aioiuHMH   ajiewieHTaMH   Ha * KOHuax   B 

JIHHCHHOM pexHMe. 

V. npHJTomeHHe 
FlepeMeHHaji cociaBjiHiomaH ruioTHOCTH TOKa ny^Ka: 

i. = Zi°(ßb) + Zi°(-ßb) + l^io_.{Zi(ßb) - Zi(-ßb) 
^u OPb 

riepeMeHHan cocTaBjiHioinaH CKOpocTH nyHKa: 

j j^sinßbz - v„ccosßbzj • e-JM + ^Mi-{Zv(ßb) - Zv(-ßb) 

AKTHBHaa npoBO/tfiMOCTb nynKa B PP: 

ge =■ ij {Zg0(ßb) + Zg0(-ßb)} + ^:^-f^ {Zg(ßb) + Zg(-ßb) 
Uoßt 

PeaKTHBHan npoBOÄHMOcTb ny^Ka B PP: 
\ttmj 

Io   ße f   ß b° =il^J {Zbo(ßb) + Zb0(-Pb)} + ^^^J {Zb(ßb) + Zb(-ßb)}, 

to Zi°(x) = ^P^i^; Zi(x) = J(ße-x)[coSßz-e^-x)2] + ßsinßz, 
l ß - (ße - x) 

Zv(x) - 
j(pc - x)[cosßz - e-j(ßc-x)z] + ßsinßz. 

Zg0(x) = Z(x) A(x) 

ß2 - (ße - X)2 

Im(i!s0) + po1^Im(vKo) 
A. 

Z(x) = ße-X 

ß2 - (ße - X)2 

Zg(x) = Z2(x)A(x); A(x)== 1 - cos ran cos ran — 

+ B(x) 

ße 

Zb0(x) = Z(x) A(x) Re(is0) + Poif-Re(v.0) 

P 

+ B(x) 

Re(i,o) + PovRe^o) 
A. 

'■> B(x) = cos ran sin ran 

Im(is0) + Po iJ--Im(v,,o) 
A 

m=ßL/7i, m=l,2,3... - HHCJIO nojiyBO/m, yKJiaßbiBaiomHxcH Ha Mmie PP. 
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GENERATION CONDITIONS OF RF WAVES IN 
HELIX DISTRIBUTED RESONATOR 

Lipatov A.F., Profe V.B. 
RFNC - RSRIEP 

Sarov-607190, Russia 
E-mail profe@CB2.RFNC.NNOV.RU 

Conditions of occurence of RF-generation and main parameters 
of a mode of this generation in a distributed resonator on the 
base of a section of helix waveguide, dived through by electron 
beam, are considered. A starting current of generation, phase 
conditions of self-excitations, amplitude of RF waves in 
stationary mode in the resonator and electron efficiency of a 
similar generations are determined. 
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PACKET3HEPrETHHECKHXXAPAKTEPHCTHKH3JIYHATEJIEH, 
PACnOJIO)KEHHhIXnOJIMHOrOCJIOHHMMHMH3JIEKTPHtIECKHMH 

YKPMTHMMH PA3JIHHH0H KOHWHTyPAHEH 

B.B.Eodpoe, H.B.CypKoea, B.M.Cypi<oe 
MocKoecKUü 3nepzemuHecKuu UHcmumym (TexnmecKUü YHUsepcumem) 

111250Moacsa 
KpacHOKa3apMeHHcm,14, AYuPPBM3K ®CIKC 095-362-89-38 

AHHOTAIJHJI 

B pa3JiHHH&ix oÖJiacTflx paAHoajieicrpoHHKH, B nacraocTH, B paanonoKauHH 
B03HHKaeT 3aAana a^eKBaTHoro onncaHHs B3aHMOAeHCTBH5i siieKTpoMarHHTHoro H3JiyHaTejra 
c flHajieicrpHHecKHM TejiOM. PaöoTa nocßameHa co3flaHHio MaTeMararaecKofi MOACJIH 

KßjiyqeHHfl aHTeHH c yneTOM BJIHAHIM MHorocjioftHbix AH3jTeKTpH*iecKHx yKptiTHH IUIOCKOH, 

c^epH^ecKOH H iiH^HH^pHHecKOH ^opMBi. Hcnojit3yK)Tca MexoflBi pacnexa SHepreTmrecKHx 
xapaKTepHCTHK, ocHOBaHHbie Ha pa3pa6oTaHHOM paHee crporoM 3JieKrpo£HHaMHqecKOM 
pemeHHH rpaHHHHbix sa^an c aaeKBaTHbiM onncaHneM npoueccoB norjioineHH», OTpaaceHH» 
H flH^paKHHH B CHCTeivre H3^yHaTejib - flnsjieKTpHqecKoe Tejio. Oco6eHHOCTbio 
npeAJiaraeMoro MeTo^a »BjiaeTCH paccMOTpenne He TOJIBKO noneo, HO H JTOTOKOB SHepran 
nepes rpaHHuy pas^ejia flrojierrpHHecKHx cpe«, HTO no3BOji»eT AaTb scJj^eKTHBHoe äJIH 

pacneTOB npeflCTaBjteHHe TaKHx xapaKTepHCTHK KaK conpoTHBjieHHe rojiyneHna, Küß H 

MOIHHOCTH, BbiflejiaeMOH B Harpy3Ke. 

L BBEßEHHE 

ITpn pacnonoaceHHH H3JiyHaTejieH paflOM c flH3JieKTpHHecKHM TCHOM B03HHKaex He 
TOJibKO xopOHio HCCneAOBaHHaji 3aAana pacnexa BJIHHHHH flnaneKTpHHecKoro Tena Ha 
anarpaMMy HanpaBJieHHocTH, HO H 3a#ana pacneTa ero BJIHHHH» Ha conpoTHBjieHHe 
H3nyqeHH» H Bxo^Hoe conpoTHBjieHHe. ECJIH nocjieAHsa 3aAana TpeöyeT AOBOJIBHO öOJIBHIHX 

BbiHHCJiHTejrbHi,ix 3aTpaT, TO ouemca BJIHSHRS anajieKTpHqecKoro Tena Ha conpoTHBjieHHe 
H3JiyHeHH», a Taicace pacneT noTept B ArojieKTpHHecKOM Tene Moacex öBITE» npoBeaeH no 
3a^aHHOMy pacnpe/tejieHHio TOKOB, onnpaacb Ha TOHHoe pemenne cooTBeTCTByiomeH 
rpaHHHHOH 3a^aHH. Hnace npHBOAHTca MeTOflHKa pacneTa yica3aHHMx xapaKTepHCTHK AJM 

njiocKOcjroHCTOH, HHJiHHApHHecKH H c(j)epHHecKH cjiOHCTOH cpeA c noTepuMH. Hcnojib3yeTca 
eAHHbrä noflxoA, npn KOTOPOM no Koop^HHaTe napajuicribHOH K rpaHHue pa3#ejia 
Hcnojn.3yeTca npe#CTaBjieHHe Oypte, a no HopMajibHoM - npe^CTaBjieHHe KOIHH,. PacneT 
HeoöxoAHMwx noTOKOB MOIHHOCTH ocymecTBjiaeTca He nepe3 cocTaßjiaiomHe nojia, a nepe3 
HX cneKTp&i, HTO no3BOjiaeT B HBHOH (})opMe 3anncaTb OKOHnaTejibHoe BbipaaceHne. 

H. OCHOBHAÄ HACTfc 

Ha PHC. 1-3 H3o6pa>KeHa reoMeTpna paccMaTpHBaeMbix 3a^aH. CTOpoHHHe HCTOHHHKH 

f'M      paCnOKOaceHbl      nOfl      flH3JieKTpHHeCKHMH       CJIOaMH       COOTBeTCTBeHHO       nJIOCKOH, 
HHJIHHApH^eCKOH  H   C^epHHeCKOH   <j)OpMH.   EyZjeM   HHTepeCOBaTbCa  nOTOKaMH   MOHJHOCTH 
nepe3ceieHHHZ;,r; HR;: 

pn= \\nnds (i) 
5 
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1. PACKET nOTOKA MOIIJHOCTH B nJIOCKOCJIOHCTOH CTPyKTYPE. 
3ariHiueM Z-yio cocxaBjiaioiiiyK) BeKTopa lion rnera : 

nz=l/2Re[ExHy*-EyHx*] (2) 
IIoACxaBJiaa B (1) H (2) H3BecTHoe pa3Jio>KeHHe cocTaBJifliomHx nojien B HHxerpaji Oypte no 
KOopÄHHaTaM X ,Y [1] H MeHaa nopaAOK HHierpHpOBamia MO>KHO BBIMHCJIHTT. HHxerpajibi 
no 3THM KOop^HHaTaM . ITpn 3TOM B BtipaaceHHH M% noTOKa MOIUHOCXH BMecxo 
cocxaBjiaiomHX nonen 6yAyx coAepxcaxbca HX cneKxpbi exy H hx y: 

pz=2rc2Re jj(exhy*-eyhx*)^dn <3) 
;,n, 

Bwpa>KaH cneKTpti nojieft nepe3 ooooineHHbie TOKH H HanpsaceHna [2] nojiyHHM: 

Pz=27t2Re lJk2(U3I3*+UMIM*) d^dn (4),rae k2 = n2 + £2 

<I>opMyjia (4) no3BOJiaeT paccnuxbiBaxb noTOKH MOIHHOCTH B JMOöOM ceneHHH Z{. 
BHAHO, HXO BKjiaa B pe3yjn.Tnpyioni,HH noTOK BHOCHX KaK 3jieKxpH*iecKoe none (1-oe 
cjiaraeivioe), TaK n MaranxHoe (2-e cjiaraeiwoe). 
PaccMOTpnM noTOK Mom,HOCTH nepe3 ceneHne Zx Pnc.l Jim jipyx cjiynaeB : k< k 0, k>k 0. 
PemeHHe AJIA Uß , Jß B paccMaxpHBaeMOÖ oöjiacxn 3annuiexca [2]: 
Uß =Un

p (e_7Z + ppeyz), r^e pß- K03c|)<J)HnHeHX oxpaaceinia, f = k2 - k 0 

jß = uß/Wß, r^e Wß- BOJiHOBoe conpoxHBJiemie cpeAbi, ß=3,M. 
1) k< k 0, y = i h - MHHMaa BenHTOHa, Wß- AencxBHxejibHaa 

,3l2    .        .       )2,       \uM\2 

^2^iik^[i-\p9'\ + ^r[i-p 
u 

]<^dTi   (5) 
Wf 

2) k>k 0, y - AencTBHTeitBHaa BejiHHHHa, Wß = iXß - MHHMaa BejiHHHHa. 

PZ=47t2 j|[F ^i-Im(p ) + ^J--Im(pM)]d^n (6) 

Hen3BecTHbie K03(f)(|)HnHeHXbi Un onpeAenaioxca xoponio H3BecxHbiMH MexoAaMH no 
3aAaHHBIM TOKaM, OHH He 3aBHCflT OT K00pA™aXM Z, CJTCAOBaxeJIbHO, H nOTOK MOniHOCTH 
nepe3 noBepxHoexb, npoxo^amyro no cpe^e 6e3 noxepb, He 3aBHcnx OT icoopAHHaxbi Z. 

2. PACHET nOTOICA MOI1IHOCTH B ipJIHHflPiPIECKH CHOHCTOH 
CTPyKTYPE. 

B nnjTHHApHiiecKOM cjiynae Hac HHTepecyeT r-aa cocxaßjiaiomaa BCKxopa uoMxuHra: 
nr=l/2Re[E(pH7;-EzH(()*] (7) 

IIoACxaBJiaa B (1) H (7) H3BecxHoe pa3Jio>KeHne cocxaBJiarorunx nojien B HHxerpan Oypbe no 
KoopAHHaxe ZHB paA Oypte no KoopAHHaxe (p [1] H Hcnojn>3ya xeopeMy ITfiaHniepejia [4], 
BMecxo HHxerpajia ox npon3BeAeHna KOMnjieKCHo-conpa3KeHHbix "~ fyjmaxwi B 

npocxpaHCXBeHHoft oöjiacxn nojiyniM HHxerpaji ox nporoBeAenna cneKxpOB sxnx 4>ymcnHH. 
B noJiyneHHOM BbipaKemffl jxjm noxoKa MOIXHTOCXH Pr 6yAyx coAep>Kaxbca cneKxpw e<pjZ H \;L 

cocxaBjiaromnx nojiefi: 

Pz=27t2Re YtWjlS-eJlJ') rd* (g) 
X 

YnnxbiBaa CBa3b MeacAy cneKxpajibHWMH cocxaBjiaiomnMn nojien [2], Bbipa3HM e^ H \ 

qepe3 ez n hz: 

Pz=2,2Re YV^^hJ-^eA rdx (9), 
\r j 

rAe y2 = k2 - x2 , W = JyC - BOJiHOBoe conpoxHBJieroie. 
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PaccMOTpHM noTOK MOIHHOCTH nepe3 ceqenne Ti PHC.2. Pemeiffle AH(|)4>epeHnHa:iibHoro 
ypaBHeHHa fljia ez K hz cneKTpantHtix njiomocTeH KOMnoHeHT nojra BHyTpH 
iIH^HHApHHecKoro ciroa 3anHmeTCH [2]: 

K = UX
2)
M+U0HI?V) ( }' 

r#e Jnou Uno- H3BecTHbie H3 peuieHHa rpaHnraoft 3aAanH K03<j)4)HnHeHTBi, He 3aBHcaujHe 

OT KoopflHHaxw r, H(
n
lU2) - cayman« Xanicejia 1-oro H 2-oro pOAa. 

CjieAyeT paccMaTpHBa-n. ABa cjrynaa : \%\< k, |x| >k. 
1) lxl< K , J - fleHCTBHxejitHa» BejnmHHa. 

PaccMaTpHBaa OTACJIBHO ABa cjiaraeMBix B Btipa>KeHHH (9) n noACTaßjiaa B HHX 

3anncaHHBie Bbiuie peuieHHa nns cueKTpoB ez H hz , nocjie pa^a npeo6pa30BaHHH MO>KHO 

nojiy^HTB : 

^=^ijA(^w2-kr)+^j2-w2)) dx  (ID 

2) Ixl >k, Y = -i h - MHHMaa BejiHHHHa, nosTOMy apryMenr <j)yHKn.HH Xamcejia CTaHOBHTca 
MHHMbiM H cjie/iyeT nepeftTH K MOAH<f<HHHpoBaHHBiM (])yHKij(HaM Beccejia Kn H In. üpn 
3TOM peuieHHa ÄH^epeKU^a^kHoro ypaBHenHa A-na cneKTpOB ez H hz (11) 3anHmyTca: 

K = 20)" V~n (•/„ - J0 )Kn (jr) + (- I)" JJn (jr)] 

«.=2(i),[>,-WW + (-D,t/,/,W] 
IIoflCTaBjiaa STH pemeHHa B Bbipa>KeHHe (10) H npoH3BOAa Hecjio>KHHe npeo6pa30Baffiia, 

nojiyHHM: 

Pz=8^ Zj(-irHwR^ +~REn) dX (13), 
» %       Y 

r^e BBe^eHO o6o3HaMeHHe 

REn = Re[Uc * V^» - Uo)\ RIIn = Re[Jo * (Jn ~ Jo)]        -       conpoTHBjieHHe       H3JiyneHHa 

cooTBeTCTBeHHO «jia nojien rana E H H. 
Pfe 4>opMyji (11), (13) cjieayeT, HTO noTOK MomHOCTH nepe3 noBepxHOCTB, npoxoAsmyK) 

no cpe^e 6e3 noTept, He 3aBHCHT OT icoopAHHaTBi r. 
3. PACKET nOTOKA MOII^HOCTH B COEPHHECKH- CJTOHCTOH 

CTPYKTyPE. 
ITOTOK 3jieKTpOMarHHTHoii 3HeprHH nepe3 c^epy pa^nyca R HaxoAHTca no (JiopMyjie (1) 

c yqexoM BbipaaceHHa A-na R- OH cocTaBjuuomeH Beicropa IloHTHHra: 
nR=l/2Re [Ee^-E^He*] (14) 

ECJFH , KaK 3TO c^ejiaHo B [3], BBecTH CKajiapHbie noTenunajiM <D3M H *P3M H ynecTb, HTO 

OHH   Bbipa>KaiOTca   p»AaMH   no   coöcTBeHHbiM   (^yHJcnnaM    Tnm= e'impP^(cosß),   TO 

TaHreHHHanbHBie KOMnoHenrbi nojia BBipaasaioTca nepe3 cneKTpbi BBeAemibix noTeHuuajioB : 
( \ 
Zr r3 i ,   \ ' j rM — 

mn nm       '   '     nm   nm 
V»,m n,m J /tc\ 
f \ (I5)' 

1 

*.-! 
Zi31 +y J

M
 t rim nm      Z—i    mn   ran 

V n,m n,m J 

tnmu xnm o6pa3yK)T nojiHyio opToroHaji&Hyio cncreMy coöcTBeHHtix BeKTOpHbix (])yHKHHH [5] 

H HMdOT BHA: 
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""'     d9   °    sin# dtp V° nfi. 
1    dT dT ^    >' __ » "-'row   7T  _ M-t«m  — 

T"m ~ smO dtp   °     d99° 

r#e 0outpo - eflHHHHHbie opxbi B c^epunecKoM cHCTeMe KOopflHnax. Ilocjie no,ncxaHOBKH (16) 

B (14) c ynexoM CBOHCXB opxoroHanbHOCXH BeKxopHbix <j)yHKUHH [5] MO>KHO nojiynnxb: 

v-       f    dJ3     .        1 dUM*    .?\ n(n-l)(n + m)\ 

p = kR, k - BOJiHOBoe HHCJIO, W - BOJIHOBOC conpoxrajieHHe cpe^M,. 
KaK H B npeflbmymnx rjiaBax, paccMarpHBaeM cjiynafi, Kor^a c<j)epHHecKas noBepxnocxb, 
nepe3 KoxopyK) npoxo,a,Hx noxoK 3HepraH pacnojio)KeHa B oOJiacxn, r#e cymecTByeT 
oxpa>iceHHaa Bonna (PHC.3). PeineHHe #H<J)(f>epeHn,HanbHoro ypaBHeHHa wia oooomemrwx 
TOKOB H Hanpa)KeHHH 3Aecb GyfleT HMexb BHA [4]: 

TjxcOnouJno- aMnjiHTyaw, Koxopwe Haxo^axca H3 pemenHa cooxBexcxByiomen rpaHHHHoM 

3aAanH no 3aflaHHHM xoKaM, 4"7„ - c^epHnecKne 4>yHKnjHH [5].. 
rioACxaBjiafl (18) B (17) H npoH3BOAa HecnoacHbie npeo6pa30BaHHa, noxrynHM : 

PR = 2^Qjw\7n\2 +~\ün\2 -W\J0\2 -~\ü0\2}     (19) 

Hs aHanHsa BbiparceHHa (19) cjieayex, HXO, KaK H B cjrynae njiocKocjioncxoii H 

UHjiHHflpHHecKH cjiOHCxofi cpeA, nepeHOCHMaa aneprna He 3asHCHx ox paccxoaroia R B 

cpe#e 6e3 noxepb. 
III. 3AKJHOTEHHE 

OcHOBHOe aocxoHHCXBO npenJiaraeMofi Mexo^HKH COCXOHX B XOM, HXO OHa no3BOJiaex 
onpeßejiaxb KaK noxoKH MOIHHOCXH B cxopony noraoinaiomen Harpy3KH, xaK H MOinnocxb 
HSJiyneHHa H MoiUHocxb noxepb B /nöjieKxpHKe, HXO, B CBOIO onepe^b, no3BOJiaex 
paccHHxaxb cyMMapHoe aKXHBHoe conpoxHBjieHHe n K03(f)<|)HHHeHX nojie3Horo AencxBna 
(KIT/J). K npenMymecxBaM MCXOAHKH cneayex xaK>Ke oxnecxn xox <jmKx, HXO OHa no3BOJiaex 
HCrt0Jib30öaxb pe3yjibxaxbi H3 KJiaccnnecKHx pemeHHH cooxBexcxByrPiinxx rpannnHbix 3aaan 
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THE CALCULATION OF ENERGY CHARACTERISTICS OF RADIATORS LOCATED UNDER 
MULTILAYERED DIELECTRIC RANDOMS OF VARIOUS GEOMETRY 

Bodrov V.V., Sourkova I.V., Sourkov V.l. 
Moscow Power Engineering Institute (Technical University) 

14 Krasnokazarmennaya St., Moscow-111250, Russia 
fax 095-362-89-38 

A problem of adequate description of electromagnetic radiator interaction with dielectric body arises in a number of radioelectronic 
branches and, in particular, in radar technics. The mathematical model elaboration for the antenna radiation taking into account the 
influence of multilayered randoms with plane, spheric and cylindric geometry is considered. Methods of energy characteristics 
based on rigorous electrodynamic boundary problems solution with adequate description of absorption, reflection and diffraction 
processes in the system "radiator-dielectric body" are used. The peculiarity of the presented method is consideration of energy 
flows through dielectric media boundary in addition to the field components. This procedure allows to get convenient representation 
of antenna radiation resistance, efficiency and power of thermal losses in a load. 
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MATEMATEFIECKAM MO^EJIt YCTPOHCTBA 
AJM nPEOBPA30BAHHM CBH 3HEPIHI1B TEHJIO 
#JIÄ HAEPEBA AH3JIEKTPIfqECKOH IDIACTHHM 

O. B. HepuoBa, B. B, Bo^poB 
MöCKOBCKHH 3HepreTHHeCKHH HHCTHTyT (TeXHHHeCKHH YHMBepCHTeT) 

111250, MocKBa, KpacHOKa3apMeHHaa, 14, AY H PPB M3H. 
OaKC 095-362-89-38 

AHHOTSIJHH 

B ,ri;aHHOM flOKJiaae paccMaTpHBaercfl MaTeMaTHiecKaa MO^ejit AByMepHoro 
ycTpoficTBa, paöoTaromero B CBM ^nana30He H npe,zjHa3HaHeHHoro «JM HarpeBaHHa 
rmocKoro CJIOH flrojieiapHKa. KpaTKO onncaH MeTOfl, Hcnojib30BaHHbiH AJIH 

Haxo>KfleHna 3JieKTpoMarHHTHbix nojiefi B paccMaTpHBaeMoö CHcreMe. npHBe^eHbi 
HeicoTopbie pe3yjibTaTbi pacneTa npH pa3Hbix nompmannnx na^aioujtero nojia. 

I. BBe^eHHe 
PaccMaTpHBaeMaa B ^OK-ria^e MaTeMaTH^ecKaa MO^ejib CBn npeo6pa30BaTe.ra 

3JieKTpoMarHHTHofi SHeprHH B TenJioByio, Ha npaicTHKe MO>KeT 6biTb npe,zma3HaHeHa, 
rjiaBHbiM o6pa30M, «jia HarpeBa Jiioöbix MaTepnajiOB, o6jia,ijaK>inHx CBOHCTBaMH 
flHSJieKTpHKa. HanpHMep, cncreMa MOKCT oiyacHTb RJW npocyiiiKH «peßecHHbi, 
HarpeBaHHa >KHflKOCTe0 RO Hy>KHOH TCMnepaTypu H T.R. Ha caMOM ^ejie, 
u,ejiecoo6pa3Ho Hcnojib30BaTb pnjs, noaoÖHbix HarpeßaTejibHbix KaMep, coe^HHeHHbix 
flpyr c ßpyroM nocjie^OBaTenbHO. 

II. OcHOBHaa nacTb 
OnHcaHHaa B #aHHOM flOKJia^e Mo^enb fljia rpaHC(|)opMauHH CB1! SHepran B 

TenjiOByio noKa3aHa Ha pnc. 1. Mofleub BKjnonaeT B ce6* ocHOBHyio KaMepy, 
npeACTaBJiaroiHyio   coöofi   npaMoyrojibHbiH   BOJIHOBO^   C   HfleajibHO   npoBO^auiHMH 
MeTaJIJIHHeCKHMH        CTeHKaMH,        COflepaCaiü,HH        BCTaBKy        B        BHfle        OflHOpO^HOH 
ÄH3JieKTpHqecKOH njiacTHHbi c noTepaMH c 3a«aHHOH KOMnneKCHOö flHSJieicrpHHecKOH 
npOHHHaeMOCTbio. OcnoBHaa 3a,n;aHa COCTOHT B paBHOMepHOM H st^eKTHBHOM HarpeBa 
3TOH BCTaBKH. 

CBH SHeprra nocTynaeT B HarpeBaTexrbHyio KaMepy no nHTaTomHM 
BOJiHOBOflaM, npHCoe^HHeHHbiM K ee ocHOBaHHio. Bo36y>Krn;eHHe ocyiuecTBjraeTca 
nnocKHM   nojieM   c   ^ByMH   TunaMH   nojiapH3auHH:    nonepemofi,   T.    e.    BeKTop 

sjieKTpHHecKoro nojia HMeeT cocTaBjraiomyio Ey u npo,o;ojibHOH c cocTasjunomeH Ex. 

B CHCTeMe TaioKe npe^ycMOTpeHbi TexHOJiorHnecKHe OTBepcrafl " B öOKOBMX 

SKpaHHpOBaHHbix creHKax, cjiyKamne .ZJJIS BBOfla-BbiBO«a flHSJieiorpHHecKOH njiacnmbi. 
HajiHiHe 3THX OTBepCTHÖ Be^eT K HeoöxoflHMOCTH pa3pa6oTKH MeTOflOB yqeTa H 
no^aBJieHHH napa3HTHoro noiw H3JiyHeHHH. 

PemeHHe nocTaBJieHHOH sjieKTpoflHHaMHHecKOH sa^a™ ocymecTB.rajiocb 
MeTO^OM flejieHHH CHCTCMH Ha npocTbie o6jiacTH nyTeM 3aMeHbi Bcex OTBepcTHH flByMfl 
IipOTHBO(J)a3HbIMH    JIHCTaMH    nOBepXHOCTHOrO    MarHHTHOFO    TOKa    C    MeTaJIJIHHeCKOH 
nneHKOH Me^c^y HHMH. HraoraocTb pacnpefleneHHH 3Toro MarHHTHoro ima 

onpe^ejiseTCJi noneM E B oTBepcran: 

JMasH.=fE*nJ (1) 
r^e tl - HopMajib K noßepxHOCTH 3KpaHa, HanpaBJieHHaa B o^Hy HJIH ^pyryio o6nacTH 
OTHOCHTeJIbHO men«. 
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TaKHM o6pa30M, 6HJI nojiyqeH pa« npocTbix o6jiacTeH, B TOM HHCJie CTpyKTyp c 
njiocKocjioHCTHM 3anojiHeHneM. B STHX o6jiaerax ajieierpoMarHHTHbie nojw 
B036y>KÄaK)TCH CTopoHHHMH HCTOiHHKaMH B BHfle MarHHTHbix TOKOB. PacnpefleneHHe 

3THX   MarHHTHblX   TOKOB   npeflCTaBJIflJIH   B   BHfle    8-    o6pa3HOH    4>yHKHHH    B    0#HOM 
HanpaBjieHHH H cyMMbi rapMOHH^ecKHX (|)yHKHHH B flpyroM. Hanpninep, JSJIR 

HCTOHHHKa, CBfl3breaioinero nHTaioujiHH BOjiHOBOfl H KaMepy njioraocTb pacnpeflejieHH« 

TOKa onpeflejuieTCJi B saBHCHMOCTH OT nojiapHsauHH nojra E B OTBepcTHH, Tax ,ruw 
nonepe^HOH nojiapH3anHH: 

f   _ >k 

jjjm npoflOJibHon: 

J?(x,y,z) = 8(z)2 Am cos\ ~^-(y - /{) 

Jf{x,y,i) = 8(z)2 4. sJ-P^iy - l{)) 
m V «2 _ *i / 

(2) 

(3) 

r#e ^4W - HeH3BecTHbie aMnJiHTy^bi rapMOHHK TOKa, 

l\    H    V2    -   KOopaHHaTbi   #Ha4>parMbi   Mea<#y   B03Öy>KÄaiomHM   H   OCHOBHHM 

BOJIHOBO^aMH. 
KojiHqecTBo rapMOHHK Bbi6HpaeTca B 3aBHCHMocra OT >KejiaeMOH TOHHOCTH pemeHM 
3aflaHH. 

^ TaKHM o6pa30M, ocHOBHaa 3aaana cocToana B Haxo>K,n;eHHH sjieKTpOMarHHTHbix 
nOJiefi,   C03flaHHbIX   CTOpOHHHMH   HCTOHHHKaMH   MarHHTHOTO   TOKa   B   CTpyKTypax   c 
njiocKocjioHCTbiM 3anojiHeHHeM, KOTopbiMH HBJiflioTCH ocHOBHaa HarpeBaTejibHaa 
KaMepa, TexHOJioraqecKHe OTBeTBJieHH«, a TaK>i<e oöjiacTH 3 a npe^ejiaMH CHCTCMM. .ZJJIS 

pemeHHji STOH 3a^aqH B ypaBHeHHJi MaKCBeroia OMJIH BBe^eHbi noTeHunajibi ßeöaa, HTO 

no3BOJiHJio nojiyqHTb «Be He3aBHCHMbie CHCTCMM, OT^ejibHO onHCbiBaromHe nojia rana 

E H THna H. B 3THX CHCTeMax Bee BejiHMHHbi, a HMeHHO, nojiH, noTeHHHajibi Reöaa H 

(JjymcHHH pacnpe^ejieHHa CTOPOHHHX HCTO^HHKOB 6buiH npe^CTaBJieHbi B BHfle 
HHTerpauoB Oypbe no nepeMeHHOH X H pa/joB no nepeMeHHOH y. T. e. Bee BejiHHHHbi 
paccMaTpHBajiHCb B BH^e HX cneKTpoB, HanpHMep: 

Ex(x,y,z) = \ Ee^K^K,,,*)«?-*«* *sin(Kny) (4) 
K   K 

tE(x,y,z) = j ^(K^ZY^ *sin(K„y) (5) 
K   K 

Tßfi 8X(Ki,Kn,ZJ- cneKTp noxw Ex, 

(|)   [X,y,Zj - noTeHHHan fleöaa, 

U   \Ki,Kn,Zj   -   cnei<Tp   noTeHHHajia  ^eöaa, nrpaiomHH   pojib   HanpaaceHHa   B 

SKBHBaneHTHOH flJIHHHOH JIHHHH, 

mi 
Kn - 

a 
3«ecb pe^b H^eT o cneKTpax BejiHHHH, onncbmaioiHHx nojia BHyrpH BOJIHOBO^OB. 
EcTecTBeHHO, MTO oojiacra 3a npeflenaMH cncTeMbi,. r«e #H3JieKTpHK HaxoflHTca B 
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CBOGOflHOM     npOCTpaHCTBe     COOTBeTCTByfOIHHe     pa3JIO>KeHHH     npeflCTaBJlHIOT     COÖOH 
ABOHHbie HHTerpajibi. 

CneKTpbi noTeHijHajiOB ^eöaa onpe,n;eJi5iiOT nonepenHbie OTHOCHTejibHo OCH Z 
KOMnoHeHTbi noua H CB5i3aHbi c nepeHOcoM SHeprnn B/jojib STOH OCH, cae^OBaTenbHO 
OHH MoryT 6biTb HHTepnpeTHpoBaHbi KaK HanpjDKenHJi H TOKH JüIHHHOH JIHHHH. PCIUHB 

CHCTeMbi ypaBHeHHH fljia TOKOB H Hanpa>KeHH0, H Bbipaxaa nepe3 HHX cneKTpu 
KOMnoHeHT ajiejcrpoMarHHTHbix noneS o6paTHbiM npeo6pa30BaHHeM Oypbe Haxo#HM 
Bee HHTepecyiomHe Hac nojia. 

^ajibHefiinee pemeHHe COCTOAJIO B cocTaBJieHHH HHxerpajibHoro ypaBHeHHa H 

ero   pemeHHM   MeTO^OM   TanepKHHa.   npnyeM   B   KanecTBe   6a3MCHbix   <|)yHKU,HH 
HCnOJIb30BaJIHCb (jtyHKUHH (2), (3). no HafifleHHblM TaKHM o6pa30M 
pacnpe^ejieHHaM   MarHHTHbix TOKOB MH CMorjiH paccMHTaTb Bee HHTepecyioinne Hac 
XapaKTepHCTHKH CHCTeMbi. 

0,n,HOH H3 Ba^CHefiiuHx xapaKTepHCTHK onHCbiBaeMOH MO^ejiH srenaeTCfl 
Koa4)(J)Hij;HeHT oTpaxeHHH OT pacKpbiBOB nHTaiomnx BOHHOBOAOB. ^aHHbiM napaMerp 
noKa3bmaeT 3(J)(|)eKTHBHOCTb npoxo>tc,zi,eHH$i CBH MOIHHOCTH B HarpeBaTenbHyio 
KaMepy.   B   3a^aHe   Hccjie,n;oBajiHCb   3aBHCHMOCTH   KOscJD^HUHeHTa   oTpaxeHH«   OT 

reoMeTpHqecKHX napaMeTpoB CHCTeMbi, a HMCHHO OT IJH l^ — l2, T. e. paccrojiHHH OT 

ocHOBaHHfl KaMepbi jxp HH>KHero ceneHHfl flH3JieKTpHHecKOH njiacTHHbi H OT BepxHero 
Kpaa flH3JieKTpHKa j\o BepxHeM CTCHKH OCHOBHOTO BOJiHOBOAa . Bbiöop STHX 

napaMeTpos oötHCHJieTCJi B03MO>KHOCTbK) H3MeHeHHH HX Ha npaKTHKe nyTeM co3,n,aHHfl 
BepxHen H HHXHen nacTen BoiTHOBOfla B BH^e nepeflBHraK)mHxcsi BBepx H BHH3 

nopuiHefi OTHOCHTejibHo flHSJieKTpHiecKoro CJTOA. EbiJin nposefleHbi pacqera fljist nara 
rapMOHHK   B036y>Kflaiouj,HX   TOKOB.   Bee   o6i,eMbi   He   co/jepxamHe   AHSJieKTpHKa 

c^HTaiOTca  3anojiHeHHbiMH  BaKyyMOM   S = (1, zO).   Ha  pHC.   2a     JIJIH  CHCTeMbi  c 

napaiwexpaMH a = 0.15X,      b = 3.1A,      l2 ~ l\ = 0.25A,,      A = O.Yk 

A'= 0.025 A,     £ = \3—ij,    Koxopaa    B036y>KAaiiacb    nojieM    c    nonepeqHofi 

nojiJipH3aij;HeH c noMOiubio Tpex nHTaiomHX BOJIHOBO^OB o^HHaKOBoro pa3Mepa A, 
pacnojiaraiomHxca paBHOMepHo no ocHOBaHHK) KaMepbi, KaK noKa3aHO Ha pnc. 1 (npn 

3TOM «Ha<|)parMbi B B036y)K,n;aK)mHX inejiax OTcyTCTCTBOBajiH, T. e. A = /^ — /{) 

H3o6pa>KeHbi  3aBHCHMOCTH  KBa^paTa  MOflynH  cpe;j;Hero  no  BceM  B036y>K,n;aiomHM 

BOJIHOBOflaM K03(^(|)HHHeHTa OTpaxeHHJI OT pacCTOHHHH   /j  H   /3 — l2 ■ Ilo rpacfmKaM 

BH^HO,   HTO   CHCTeMa   OKa3ajiacb   coraacoBaHHOH   npn   cjießyromHx   napaMeTpax 

/j = 0.44A, l3 -12 = 02X. 
,ZJjra apyroro THna B036y>KfleHHH, c napaMeTpaMH CHCTeMbi Ü — 2.2A,, 

A = O.oA, ocTajibHbie xapaKTepHCTHKH Te >Ke, HTO H B npeflbmymeM cjiynae, KBa^paT 

MOflyjM K034>4>HHHeHTa OTpa>KeHHJi oKa3ajiCH 6JIH3KHM K Hynio    npn   l\ — 0.48X, 

'3 — '2 = 0.45A, ^ITO H no^TBep>KflaeT cooTBeTCTByioiHaH 3aBHCHMOCTb Ha pnc 26. 

Co3AaHHan MaTeMaTHnecKaa MOflenb no3BOjuieT npocjie^HTb 3aBHCHMocTH 
K034)4>MHHeHTa OTpa>KeHHa OT jiK)6bix reoMeTpH^ecKHx pa3MepoB, a TaK>Ke OT 
napaMeTpoB ansjieKTpHKa. 

B flByx npHBe^eHHbix npHMepax paccMaTpHBajiocb no TpH B030y>KAaioiHHX 
BOJiHOBO^a, pacnojiox<eHHbix paBHOMepHo no ocHOBaHHK) KaMepbi . IIporpaMMa no 
pacieTy ^aHHoro ycTponcTBa no3BOJiaeT Bbi6npaTb npOH3BOJibHoe KO^nnecTBo H 

jiioöoe  pacnoiroxeHHe  HCTOHHHKOB,   a  TaK)Ke   npoaHariH3HpOBaTb   npH   3a^aHHbix 

ycjiOBHHX noBe^eHHe nojia E B ^HSneKTpHKe. A HMCHHO, cymecTByeT B03MO^HOCTb 
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paCCHHTaTb 3aBHCHMOCTH (JDyHKIJHH L^an 

2 

ZJ ^QLn OT KOOp^HHaxbi y, r#e 
n n 

& = X,y,Z,   a      n-   HOMep   rapMOHHKH   nojia   no   y,   HTO   no3BOjraeT   oueHHTb 

paBHOMepHOCTt nojia B flnajieKTpHHecKOM MaTepHane H TeM carvibiM paBHOMepHOCTb ero 
HarpeBa. 

HTO KacaeTca TexHOJioranecKHX OTBeTBJieHHH, TO HX fljiima Bbi6npaeTCfl 
nopa^Ka HecKOJibKHx AJIHH BOJIH pjia TOTO, HTO6M no^aBHTb Bpe^noe H3jryHeHHe BO 

BHeumee npocTpaHCTBO. Bbi6paHHaa B BbimeynoMaHyTbix npHMepax fljiHHa b = 3.1X, 
flajia     K03(|)(|)HUHeHT     npoxo>igxeHM     MOIHHOCTH     BO     BHeumee     npocTpaHCTBO 

OTHOCHTejibHO cyMMapHOH na^aiomeH MOIUHOCTH nop^Ka 10~5 H 10~16 

cooTBeTCTBeHHO. Boo6ine, ecjiH ycrpoiicTBO B036y»^aeTca npo^ojibHbiM nojieM , TO 

HarpeBaHHe npoHcxoflHT 6ojiee 3<J)(J)eKTHBHO, HeM B criynae nona, o6jraAaK>inero 
nonepeHHoii nojiaproamieH, T. K. Koa^HUHeHT npoxoaweHHa B 6oKOBbie oTBCTBJieHHa 
HHÄC 

Haflo oTMeTHTb, HTO «aHHyio Moaenb MO>KHO Hcnojib30BaTb He TOJIMCO KaK 
HarpeBaTenbHoe yerpoHCTBO, ecjiH B KanecrBe aioa Hcnonb30BaTb MaTepnaji 6e3 
noTepb. 

III. 3aKJiK)HeHHe 
AaHHaa pa6oTa cjiyjKHT 6a30BOH fljia paccMOTpeHHa no«o6Hbix CBH ycTpoficTB, 

B qacTHOCTH, pjm paccMOTpeHHa peajibHoro TpexMepHoro cjiynaa, r^e B KanecTBe 
OCHOBHOH HarpeBaTenbHOH KaMepbi Hcnojib3yeTca pe30HaT0p c KOHCHHOH no BceM 
KOOpAHHaTaM flHSJieKTpHHeCKOH BCTaBKOH. KpOMC TOTO, B KanecTBe flHS-JieiopHiecKoro 
CJI03 MO)KHO   B33Tb aHH30TponHblfi MaTepHaJI.    OTMeTHM, HTO npeflJIOaceHHHH nOflXOfl 
B 3a«aHax CBH-HarpeBa no3BonaeT ^aTb TOHHyio MaTeMaranecKyio MO^ejib H peuiHTb 
KaK npo6jieMy corjiacoBaHna, TaK H npo6jieMy MHHHMH3aiMH napa3HTHoro H3JiyHeHHH 
Hepe3 yCTpOHCTBO BBOfla-BblBOfla. 

IV. CnncoK JiHTepaTypti 
EoflpoB B.B., CypKOB B.H. MaTeMaranecKoe MOflerapoBaHne ycrpoiiCTB CBH H 
aHTeHH. M.: H3,zjaTejibCTBO M3H, 1994. 

A MATHEMATICAL MODEL OF THE SYSTEM FOR TRANSFORMATION 
OF THE MICROWAVE FIELD INTO THE HEAT FOR DIELECTRIC PLATE WARM 

Chernova O.V., Bodrov V.V. 
Moscow Power Engineering Institute (Technical University) 

14 Krasnokazarmennaya St., Moscow-111250, Russia 
fax 095-362-89-38 

The mathematical model of the system for transformation of the microwave field energy into the heat evolving in the dielectric layer 
with given permittivity, is considered. The model consists of the rectangular metallic chamber with some power waveguides and two 
input-output structures for the dielectric plate which are necessary for the stray radiation reduction. The capacities reflected from 
the apertures of the power waveguides, segreted in the dielectric layer and radiated into the outer space, are calculated as the 
functions of all parameters of the problem. The method of minimization for the given level of reflection and radiation is considered. 
The calculations are based on exact solutions of the electrodynamic problem using integral equations for the magnetic currents in 
the holes and special representation of the Green function in the different domains. The results of calculations of the mentioned 
above characteristics for different polarization fields in the power waveguides are accounted as the functions of geometric 
parameters of the problem. 
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PHC. 1. YcTpoHCTBa npeo6pa30BaHH« CWl sHepraH B Tenjio (3 - SKpaH). 
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PHC. 2a, 26. 3aBHCHMOCTb KBa,npaTa MO^yjiH KoacptpumieHTa OTpa^ceHHH 
OT reoMeTpHnecKHx napaMeTpoB ycTpoficTBa npn nonepepenHOH H 

npOAOJibHofi nojiHpH3ami5ix na^aiomero nojia cooTBeTCTBeHHO. 
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#H«I>PAKI1,H»  KOPOTKHX 3JIEKTPOMATHHTHWX MMnYJIbCOB 
HAIipjffi 

A.M. Jlepep, K3.M. HOMKHII, CM. I],EeTKOBCKaa 
Rostov State University,  Institute of Physics,   194 Stachky street,    344090,  Rostov-on-Don, 

Russia.Tel.  (863)2280858. Fax (863)2285044.,  E-mail: lerer@riphys.rnd.su, lerer@phys.rnd.runnet.ru 

ÄHHOTaUHH 
B npocTpaHCTBeHHO-BpeMeHHOM npejjCTaBjreHHH pemeHW Äße KJHoneBbie 3an,aHH 

AByMepHOH TeopHH AH(ppaKLi,HH 3JieKTpOMarHMTHbix HMnyjibcoB : ÄH(ppaKijHJi Ha nojioce 
(nie™) H Ha HHJiHHApe c npoH3BonbHOH qbopMOH o6pa3yK)meH. ITojiyqeHbi CHCTeMbi 
JiHHeHHbix ajireöpaHMecKHX ypaBHeHHH BToporo po#a c 6biCTpott CXOAHMOCTMO. Bee 
MaTpHHHbie ajieMeHTbi CHCTCM npeÄCTaB^eubi B ananHTHqecKOM BH/te (pjm meJiH) JIHöO B 

BH^e yaoÖHOM jum qMCjieHHoro HHTerpHpoBaHHa(,zuifl u,HJiHH,npa) . 

I. BBCßeiiHe 
riHKoceKyHAHbie sjieicrpoMarHHTHbie HMnyjibCbi (3MH) HMeioT uiHpoKHH cneKTp H 

nosTOMy nepcneKTHBHo HX npHMeHeHHe B pa^HOJioKanHH, H3MepHTejibHOH TexHHKe 
(HMnyjibCHaa perhjieicroMeTpHJi uiHpoKonojiocHbix CBM nenen H H3MepeHHe HX S- 
napaMeTpoß). TpaflHUHOHHbiH noAxoA K peiueHHio 3a#aq pacnpocTpaHeHH« H .aHcppaKUHH 
3MH  OCHOBaH  Ha peilieHHH  3THX     3aam AJIH     MOHOXpOMaTHHeCKOH   SJieKTpOMarHHTHOH 
BOjiHbi c nocjieAyroiUHM npHMeHeHHeM o6paTHoro npeo6pa30BaHHH <l>ypbe[l]. TaKOH 
HO^XOA BecbMa njioflOTBOpeH AJIA äJIHHHMX 3MI4, HO RUH nHKOceicyHZiHbix cTajiKHBaeTCH 
c   pflAOM   TpyAHocTen:   pe3KHM   yBejiHMeHneM   o6beMa   BbiHHCjieHHH,    noBbimeHHeM 
TpeÖOBaHHH K TOTOOCTH peUieHHH B CneKTpaJIbHOH OÖJiaCTH H3-3a HaKOHJieHHa  OUIH6OK 

npn nepexofle BO BpeMeHHyio oöjiacTb H T.A.. IlosTOMy nepcneKTHBHMM, HecMOTpa Ha 
öojibiuyio MaTeMaTHqecKyro cjiojKHOCTb, HBJiaeTca pemene ypaBHeHHH MaKCBejuia AJIH 

CBH crpyicryp cpa3y BO BpeMeHHOH o6jiacTH. OCHOBHOH   MaTeMaTimecKHH   MeTOA, 
Hcnojib3yeMbiH   B     6ojibiiiHHCTBe pa6oT   npn     pemeHHH   ypaBHeHHH     MaKCBena   BO 

BpeMeHHOH       OÖJiaCTH,    KOHeMHO-pa3HOCTHbIH{2-4]. 3TOT       MeTOfl       HMeeT       MHoro 
äOCTOHHCTB,  HO ero npHMeHeHHe  BO3MO:>KHO TO;H>KO  npn  HajinqHH  MoiHHbix 3BM. 

E[pH pemeHHH KpaeBbix 3aflan sjieiapoAHHaMHKH B cneierpajibHOH o6jracTH uinpoKO 
npHMeHHioTCH pa3JiHqHbie HHCjieHHO-aHajiHTHMecKHe MeTO/ibi, ocHOBaHHbie Ha pemeHHH 
HHTerpanbHbix ypaBHeHHH (HY). CyinecTByiOT pa3JiHMHbie MO,HH<t)HKaHHH STHX MCTOAOB. 

Han6ojiee sdpdpeKTHBHbie, Ha Ham B3raHÄ, co^ep>KaT ppa. OCHOBHMX 3Tana pemeHHH: 
1) BbmejiHeTca KnioqeBaa CTpyKTypa H cooTBeTCTByroma« eft KpaeBaa sa^ana. 

KjiioqeBaH CTpyicrypa - STO CTpyicrypa reoMeTpHnecKH Han6ojiee 6jiH3Kaa K Hccne/iyeMOH, 
coAepxamaa Bee ocHOBHbie HX OCO6CHHOCTH. HanpHMep, AJIH MHoroHHCjieHHbix 3a,naq 
AHdppaKHHH Ha flByxMepHbix MeTajuiHHecKHx Tejiax c peöpaMH, Ha, HeoflHopo/mocTax B 

BOJiHOBO,nax KJHOMeBOH 3aaaqeH MO>KeT 6biTb 3a/iOTa o AHCppaKHHH Ha MeTajMHHecKOH 
nojioce H Ha ine™ B MeTajuiHHecKOM SKpaHe. 

2) PemeHHe KJHOHCBOH KpaeBOH 3a/taqn CBOAHTCH K pemeHHK) onepaTopHbix 
ypaBHeHHH, HanpHMep, HHTerpajibHbix. ripn HX pemeHHH Hcnojib3yeTCH pery.rapH3aHHH. 
PeryjiHpH3auHH yqHTbraaeT aHajiHTHHecKHe CBOHCTBa onepaTopoB. 

3TOT noÄXOfl Hcnojib3yeTCH B HacTOHUieH paöoTe BO BpeMeHHOH oöJiacTH. 
B KaiecTBe nepBOH otioqeBOH 3azi;aqH BbiÖHpaeTC« 3a,naqa AH^paKUHH E- H H- 

nojiapH30BaHHbix 3MH Ha MeTan^HMecKOH nojioce HJIH meJiH. 
A-fia HCCJieflOBaHHH ÄHCppaKHHH 3MH Ha CBM CTpyKTypax c raa^KHM KOHTypoM 

nonepenHoro ceqeHHH pa3pa6oiaH MeTOA, KOTopbiH HBJiaeTCH pa3BHTHeM Ha BpeMeHHyio 
oöjiacTb MeTOfla nojiyoöpameHMK ^Jia o6o6meHHbix CBH CTyxTyp [5]. ^3,Ji5i .aaHHoro 
KJiacca CTpyKTyp KJiroqeBafl 3ajxana - sa/taqa flnchpaKHHH 3MH Ha KpyroBOM HHJiHHApe. 
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II. OciäQBHas «jacTfo 
Jljin    nojiyqeHHa    HHTerpajibHbix    ypaBi-ieHMH    B    npocTpaHCTBeHHo-BpeMenHOM 

npe^CTaBJieHMH    HyXHO     K    XOpOIIIO     n3BeCTHbIM     HY    B     npoCTpaHCTBeilHO-MaCTOTHOM 
npeACTaßjieHHH npMMeHMTb oöpaTHoe npeo6pa30BaHHe Oypi>e no nacTOTe. B pe3yjibTaTe 
nojiyiiHM: 

JXnn H  - nojiflpH30BaHHoro HMnyjibca (ff (x, z,t) * 0,   E   = 0 ) 

i 1 
(1)      — jäx' jfV(x,(o)g(x - x',co)exp(/co/yco = -J/°y(x,0,t) 

2% 
-/ -oo 

me W(x,(ö) = -kü£.EK(x$,G$), 3HaK "~" 03HanaeT c|)ypbe-npeo6pa30BaHHe no BpeMenH 

J\m E - noji5ipH30BaHHoro HMnyjibca (E (x, z, t) *■ 0,   ff   = 0 ) 

rd2 

(2) 

1   d 2 A 

2    a A dx      c~ dt 

i       « 1 1 
— IVx' [fr(x,(ö)g(x-x',(ö)exp(/«)?)rtö =-ff0

r(x,0,t) 
2% i       J 2 

JV(x,u>) = — ^ (x,0,oo). 
cop. 

B   (1),   (2)   BBeßeHbi   o6o3HaqeHH3:   >¥""_„   -   cyMMa  nojien   naßaromen   H   3epKanbHO 

oTpa>KeHHOH BOJiH, g(x,a) = G(X,0,(ö), G - cpyHKUH« rpHHa. }\m ÄaHHon 3a/ia™ 

(3)      G{x,z,<n) = 
-~ff0

{2)(~r)    npncö>0 

,co 
2 
ff0

{O(—r)    npH co <0 

^0° -cpyHKUHH XaHKejiH,   c - CKOpocTb CBeTa, r = -Jx2 + z2 ■ 
ripHMeHHB K (1), (2) TeopeMy o CBepTKe, nojiyHHM ypaBHeHHfl oTHOCHiejibHo 

J¥(x,t), HanpHMep na (1) 

(4) I \dx> )- 
-/ -oo 

W(x;f)är    ^lK{xA 

(' - >') 
2      | X — X 

c 

TRt X = t -\x - X'\ I C. 

ByAeM Hcnojib30BaTb ypaBHeHn« (1) H (2) c HflpoM (3) , a ne VLY (4), T.K. STO 

yMeHbiuaeT oö-beM MaTeMaTH'iecKnx npeo6pa30BaHnn. 
PaccMOTpHM na^eHMe rayccoBoro HMnyjibca. fljia coKpaineHHfl oöteMa BbiKJiaAOK 

paccMOTpHM HopMajibHoe nafleHne. Penienne AJIH HaicnoHHoro na,n,eHnflHe HnqeM 
npHUUHnnaJibHO He OTJinqaeTCfl. riojiaraeM, HTO 
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H\x,zj) = exp[-(/ + ^f I T2\ + exp[-(/ - ^)2 / T2], 
c c 

me   r- nojryiiiMpMHa HMnyjibca. 
YAO6HO nepefi™ K 6e3pa3MepHbiM KOopAHHaTaM x -> x /, ^ -> z I, / -> / 7^ B 

ypaBHCHHHX (1), (2) npH STOM HyxHo 3aMeHKTb / Ha 1,   c-> K = cT/1 - npaBbie Macra 
yMHOÄHTb Ha   7/7 B (1) H Ha 7"/ B (2). 

PenieHHe (1) HiijeM B BMAe 

1 CO _ CO \    P\ 1 

(5)      JV(x,t) =    '    Xr2/WX jr2y./-irJA^(/)exp(-/2), 
71 y'=0 />=0 /- 

me Jf2yi/,   - HeH3BecTHbie K03<p<J>HmieHTH,    T2J(x) = T2j{x) / Vl - x2",  7^., 77^,  - 

nojiHHOMH MeöbimeBa neßoro poAa vs. 3pMHTa.   ECJIH yroji naAeHHa OTJIHHCH OT n / 2, TO 

B (5) Hy>KHO 3aiVteHHTb 2j->j. 
OTMCTHM ocHOBHbie axanbi peuieHHa. 
npHMeHHM K (5) npeo6pa30BaHMe cDypbe, pe3yjibTaT noAcraBHM B (1). 3aTeM, B 

cooTBeTCTBHH   c   MeTOflOM    IanepKHHa,    o6e   nacra   yMHoxaeM   Ha    T2m(x) / TI    H 

HHTerpupyeM   Ha   [-1,   1].   3aTeM  pa3JiaraeM   J7°(x,/)   H    exp(iwt) noA  3HaKOM 

HHTerpana B pan; Teftjiopa no cieneHHM /.  IlpHpaBHHBaeM cjießa H cnpaBa HJICHM C 

OAHHaKOBbiMH CTeneHHMM  f ,    yMHOxaeM HX Ha   K = (2^)!(~1)L2J22,?. B pe3yjibTaTe 
nojiyHMM CJIAY 

CO oo i 1 I .. l 

(6)     XIX^/,, — \Tlm{x)dx\r2/(x')Gp(!{x-x')dx' = J- \f2m(x)h(/{x)dx, 

rAe hq{x)- K03(p(pHHHeHTbi pflfla Teftjiopa cpyHKUHH //°(x,0,t), yMHO^eHbie Ha K, 

^pq = _1 '  ^J™/7 " "ieTHoe,    g - HeneTHoe,   "t,pq =\ B npoTMBHOM oryqae, 

1   °° 
(7)      6?

/,,,(x) = -7 Jcofexp(-(o2/4)^(x,©yco , 
2   o 

rAe s = p + q , gs(x,<o) 
— N0(—x),   npH ^ = 2.?' 

2 K 

-J0(—x),   npH J = 2J'+1 , s' = 0,1,2.... 
.    2 K 

/0,yV0 - (pyHKHHH Eeccejia. 

HHTerpaJibi (7), B OTJiHMHe OT HHTerpajiOB (8), Bbipa>KaeTca B aHaJiHrawecKOM BKAe, 
JIH6O nepe3 (pyHKHHM YMTHKepa, JIHöO B BHAe xopouio cxoAaujeroca paAa. iJjia 
HaxoxAeHH« nocjieAHero HJOKHO pa3Jio)KHTb cpyHKUHH Eeccejia B paA H 

npoHHTerpwpoBaTb no*uieHHO. Bee BCTpeHaromHeca npw STOM HHTerpajibi - Ta6jiHimbie. 
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3aieM HaxoflHM HHTerpajibi no x H x'. PeiueHHe HaxoAHTca H3 pe^yunpoBaHHOH CJ1AY 

(6) 
npH peuieHHH HHTerpo-ÄH(]D4)epeHUMajibHoro ypaBHeHwa (2) jyin E- 

noJiapiöOßaHHoro HMnyjibca B (5) 3aMeHHM T2J(x) Ha U2j{x), me - 

U1 (x) = A/I - x2U2J(x),    Ulj{x) - nojiHHOMbi HeöbiiiieBa BToporo poaa. CxeMa 

peuieHHH ypaBHeHH« (2) ananorHHi-ia BbiuieonHcai-moH c HeKOTopbiMH 

ÄonojiHeHHHMH.EcjiH na^aiomHH HMnyjibc onpe/iejifleTCfl KaK ff°(x,z,Ocos(m0t), TO 

peiueHHe (1,2) BO3MO>KHO AByM« cnocoöaMH. 

2 
ECJIH co0 = 2TC/0 < — , TO peuieHHe no-npe>KHeMy HmeTca B BH^e (5). IlpH STOM B 

CJIAY (9), (10) H3MeHHTCH TOJibKO npaBan qacTb. B npoTHBHOM cjiyMae K peiueHHK) (5) 

Hy>KH0 AoöaBHTb MHOXHTejib  exp(/b„/). Tor^a B (7) Hy*cH0 3aMeHHTb  gs(x,&)   Ha 

gs{x,m -co0). 

Jinn mnpoKoro MMnyiibca 7©0 > 10H-20 rajioxenHbin cnoco6 HCCJieflOBaHHH 

AHCppaKUMH HMnyjibca He HMeeT npeHMymecTB nepe^ oöbiHHbiM cnocoöoM Ha ocHOBe 

HHTerpaJia cj)ypbe. 
Pa3pa6oTaHHbiH MCTOA no3BOJineT acpcpeKTHBHO peryjiapH30BaTb peiueHHe WY B 

npocTpaHCTBeHHO-BpeMeHHOM npeflCTaB^eHHH äJIH AByMepHbix MHKPOBOJIHOBHX CTpyKTyp 
C    TOHKHMH    MeTaJUIHHeCKHMH    peÖpaMH.    ßjlfl    CTpyKTyp    C    rJiaflKHMH    KOHTypaMH    ÄJIfl 
peryjiHpH3au,HH   MOXHO   Hcnojib30BaTb   o6o6meHHe   Ha   npocTpaHCTBeHHO-BpeMeHHyio 
o6jiacTb MeTOAa noJiyoöpameHHH äJIH o6o6meHHbix HHJiHHApHMecKHX erpyicryp [5 ]. 

III. ^HCJieHHwe peayjibTaTM 
B   Ta6jiHue    npMBefleHbi    pe3yjibTaTbi    MCCJieflOBaHHa    BHyrpeHHeH    CXOAHMOCTM 

peuieHHH 3aAaHH AHCppaioiHM Ha uienH. B Ta6jiHue flaHbi 3HaneHHH Pn*\Q äJIH E- 

nojwpH30BaHHoro (BepxHHH UH(ppa) M H-noJ7MpM30BaHHoro HMnyjibca (HH>KHHH m«ppa), 

me Pn = P I P0,P - pacceflHHan MomHOCTb ,P0 -MOAyJib BeKTopa YMOBa-IloHTHHra B 

njiocKOCTM menH. Mx,Mt- HHCJIO 6a3HCHbix (^yHKHHH B (5) no x H t. riojiarajiocb 

/ = 1MM, T =5nc, /0 =0. 

Ha pMcyHKe npHBeaeHbi 3aBHCHMOCTH Pn(t) = Pn{t / T) / P„(?max I T) H 

P0 (/ / T) AJIH HMnyjibCOB pa3JiH4HOH /uiHTejiHHOCTH npn f0 = 0. /niax - BpeMH , npH 

KOTopoM pacceHHHaa MomHOCTb Pn{t I' T) MaKCHMajibHa .KpHBan 1- P0, KpHBbie 2-4 - 

P :   T   = 500 nc («pHBan 2), T   =  10 nc (KpHBan 3)  H     T   =  3 nc (KpHBan 4). 

OHO Ma-repniAW 6-ii MeawyHapojiHoS ^«MCKOH ^SwtpoBOAHoooü Ä<H<pepeHijKH 3^«>4S*3aW. 16-19 ceHTflöp» 1996 r., CeaacronoAb, KpwM, YKpaHHa 
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M, 

Mx 1 3 5 7 9 15 19 

1 
0,51299 
2,7434 

038987 
2,7277 

034232 
2,7286 

032614 
2,7298 

0,31968 
2,7301 

0,31462 
2,7295 

0,31398 
2,7295 

2 
0,51506 
2,7110 

0,39581 
2,7064 

0,34941 
2,7052 

0,33317 
2,7048 

0,32603 
2,7047 

0,32150 
2,7044 

032084 
2,7044 

3 
0,51507 
2,7110 

0,39585 
2,7064 

0,34941 
2,7052 

0,33320 
2,7048 

0,32606 
2,7047 

0,32152 
2,7044 

032086 
2,7044 

IV. 3aKjiiio*ieHHe 
TaKHM o6pa30M B paöoTe pjm sanan flH^paKijHH 3MH Ha mejiH H UHJiMHnpe 

nojiyqeHbi CHCTCMH JiHHeHHbix ajireöpawMecKHX ypaBHeHHW BToporo po^a c GbicTpOH 
cxoflHMocTfcK). Bee MaTpHMHbie sjieMeHTbi CHCTeM npeÄCTaBJieHbi JIH6O B aHajiHTMecKOM 
BHAeoM (zyia mejiH) JIHöO B BHAe YAOSHOM jyrn MHCjieHHoro HHTerpHpoBaHHH(flJia 
u,HJiHHÄpa) BjiaroziapH 3TOMy pacneTbi Ha ri3BM 3aHHMaioT äOJTH ceicyHAbi 

. PeuieHHe KJiiOHeBbix 3a,n,aq no3BOJi«eT nocTpoHTb acJxjaeicraBHbie qHCjieHHo- 
aHaiiHTHqecKHe ajiropHTMbi MaTeMaraMecKoro MOAejinpoBaHHa npoueccoB AHtppaKHHH 
3MH Ha cjicoKHbix HHJMHApax c peöpaMH, Ha MHoroiHCjieHHbix HeoAHopoAHoerax B 

npaMoyrojibHbix BOJiHOBOAax, a Taoce pacnpocTpaHeHHH 3MH B nuaHapHbix JIHHHHX 

nepe^aHM. 
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Hccjic^OBaroie CJIOXHUX BOjraoseAymiHx crpyicryp MCTO^OM 

nojiyoöpaii^eiiMai 

ZtoHen HB., Jlepep A.M., UfBeTKOBCKaa CM. 
HHCTHTYT 4>H3HKH npM PEY, np. daHKH 194. 344090, PocxoB-Ha-flony, POCCHA, Teji. 

(863) 2280858, (paicc (863) 2285044, E-mail: lerer@riphys.rnd.su 

ÄHHOTaipiM: 
HcCJie^OBaHHe    CJIOXHblX    BOJIHOBCflyUJHX   CTpyKTyp    CBM    C    HeKOOpßHHaTHOH    CDOpMOH 
nonepeHHoro ce^em-w BbinojiHeHO HOBHM scprpeKTHBHbiM HHCjieHHO-aHajiHTHqecKHM 
MeToaoM. MeTOÄ ocHOBaH Ha o6pauieHHH raaBHott CHHryjiapHOH qacra onepaTopHoro 
ypaBHeHH«.   JJjm   3Toro   B   MeTO,n;e   EajiepKHHa   Hcnojib3yiOTCH   6a3HCHbie   (pyHKUHH 
flBJUHOITIHeCfl   COÖCTBeHHbIMH   KpaeBOH   3aÄalIH   ÄHCppaKIIHH   SJTeKTpOMarHHTHBIX   BOJ1H   Ha 
KpyroBOM HHJiHHflpe. MeTO/i 6MJI Mcnojib30BaH ßjin HCjie/ipBaHHH Heo/iHopo/iHOCTeH B 

BOJiHOBOße a Taic xe pjin aHann3a BOJIHOBO/J,OB H noJiocKOBbix JIHHHH CO CJIOJKHOH (popMOH 
nonepe^Horo ceneHMH. 

I. Bee/jeune 

Pa3BHTBIH     B    ßaHHOH     pa60Te    qHCJieHHO-aHaJIHTHHeCKHH     MeTOfl    OCHOBaH     Ha 
aHajiHTHHecKOM oöpameHHH raaBHOH CHHryjiapHOH nacra HHTerpajibHoro ypaBHeHHH. ßjia 
3Toro    B    MeTo/je    TajiepKHHa    Mcnojib3yioTCfl    6a3HCHbie    rpyHKUKH    HBJifliomHecfl 
Co6cTBeHHbIMH KpaeBOH 3aÄaMH AH(ppaKHHH 3JieKTpOMarHHTHbIX BOJIH Ha KpyroBOM 
UHJIHHflpe. 

Pa3pa6oTaHHbrä     MeTo/i,     6bm     Hcnojrb30BaH     äJTH     pacneTOB     cjie/xyioiiiHX 
xapaKTepHCTHK: 

- BOJIHOBblX    COnpOTHBJieHHH    H    nOCTOflHHblX    3aTyxaHHfl    nOJIOCKOBblX    JIHHHH, 
BHyTpeHHHH npoBOAHHK KOTopwx HMeeT Kpyrjiyio, 3Jij™nTHqecKyio npHMoyrojibHyio co 
CKpyrjieHHHMH KpasMH (popMy. 

- nOCTOflHHblX  pacnpOCTpaHeHHH   OCHOBHOH   BOJIHbl   B   MHKponOJIOCKOBOH   JIHHHH, 
BHyrpeHHHH npoBOßHHK KOTOpoH HMeeT sjuTHnTHMecKyio H TpaneHHHflajibHyio (popMy. 

- qacTOTbi OTce^KH 3JUiHnTHqecKoro MeiajuiH^ecKoro BojiHOBO/ia 
- MaTpHlTbl    paCCeHHHJI HHJjyKTHBHblX    H    eMKOCTHblX    HJTblpeH    H    JIHaCpparM 

3JiJiHnTHMecK0H, TpaneHHHflajibHOH, Kpecroo6pa3HOH fpopMbi. LUTbipH KaK HneajibHO 
npoBOÄfluiHe, TaK H HMne/iaHCHbie , B TOM HHCJie c HeJWHeHHbiM HMne/jancoM. 

- MaTpHHbi    pacce«HH3    BOJTHOBOJJHMX    nepexonpB    npoH3BojibHOH    (popMbi 
pacnojio^KeHHbix JIH6O B E- , JIH6O B H- HJIOCKOCTH npJiMoyrojibHoro BojiHOBO^a. 

- AHarpaMMbi HanpaBJieHHocTH H 3<p(peKTHBHoro nonepeyHHKa pacceHHHH TEM- 
BOJiHbi    Ha    HfleajibHO    npoßo/nimeH    ccpepe,    pacnojioxeHHOH    Meayiy    HfleajibHO 
npOBOflJHIIHMH nJIOCKOCTHMH. 

II. OcHOBHaa HacTb 
PaccMOTpMM peuieHHe cjieAyiomero ypaBHeHHa 

L-f = g (1) 

me Z, g M3BeCTHHH JIHHeHMH OüepaTOp H (^HKUHfl B03Öy>K£eHHfl COOTBeTCTBCHHO, f 

-    HeH3BeCTHa55    ^yHKUHH     OTKJlMKa.     ripeAnOJIOXHM,     MTO    OüepaTOp      L     MOXCT    ÖBITb 

O O A MaTepHaAbi 6-H MeKyryHapojiHOH ^£*MCKOH ^«KPOBOAHOBO» ^i*H<pepeHn,nii '%£«/tC«-'%<x96. 16-19 ceHTnöpa 1996 r„ CeeacTono^b, KpbiM, YKpaiiHa 
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npeAcraBJieH  B BHZie      L = L0 + £f      ,   rae     L0     onepaTop,  BKJiioqaiomHH B ce6fl 

ocHOBHbie oco6eHHOCTH onepaxopa Z. 

06pam;eHHe    onepaTopa     L0    BO3MOXHO    MHoraMH    cnocoöaMH.    Bbiöop    MeTo^a 

onpeflejiJieTca   pemaeMOH   3a,n,aHeH.   B   HacTonmeH   paßoTe   HcnojiB3yercH   cjieayiomMH 

BapHaHT  MIIO.   riyCTb  H3BeCTHbI   C06CTBeHHbie  (pyHKUHH   fm   H  COÖCTBeHHbie  3HaHeHHH 

Xm onepaTopa L0   . 

^0   ' J m    -   ^ m   ' J m 

Tor^a pemeHwe (1) Muu;eM B BH^e / - 2-i X m ■ fm 

(2) 

(3) 

noACTaB^aeM (3) B (1) ncnojib3yH (2) H opToroHajibHOCTb (pyHKu,HH fm    , B pe3yjibTaie 
nojiyqaeM CJ1AY: 

^JNJXJ +Y*x«Vj,L,fm) = (/yj<?) ;   rÄe ^ = (/,,/,) (4) 

B HacToamen pa6oTe Hcnojib3yeTCH TO, HTO <PVHKU,HH    cos(//),    sin(//")      SBJiaioTCfl 

coöcTBeHHbiMH HHTerpajibHbix onepaTopoB c flApaMH 

w-o-i-* .    t-f 
sin 

2 
G°{t,fy-L.H^ 2ka sin 

/-/' 

G° =~ka h      2 
sin 

/-/' 
2 

US2\ 2ka sin 
/-/' 

2 
HTO HBJIJieTCfl CJie^CTBHeM XOpOIUO H3BeCTHbIX (J)OpMyjI 

2 

'J fcos(W)l _    fcos(y)H Inp)    * = tf] 
J{sin(v»/)j"t,J'"'^/      }sin(iw/,)J{//(^)   /?? *tfj (6) 

i>7t 

(7) 

ljCOSH^(/,/y/ = -^ka"ÄJXka)H%kaiC<fl 
J[sin(«/)J     v    ^ 2        */(fc7)L"v   7   "' v   ^sin(w/')J (8) 

IlpHMeHeHHe MeTo^a paccMOTpHM Ha npHMepe aHaiiH3a IIOJIOCKOBOH JIHHHH. J\jm 
noBepxHocTHoft njiOTHocTH 3ap*ma Ha ueHTpaJibHOM npoBO^HMKe MoaceT 6MTI> 3anwcaHo 
HY 

jo(x,yY?(x,x',y,yy/c = \      x,yeC   , (9) 
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rße C - KOHTyp nonepennoro ceqeHHH npoBOflHHKa,   G - cJDyHKUHfl   TpHHa , HMetoinan 

jiorapH4)MHqecKyK)    ocoöeHHOCTb    npw    CTpeMjieHHH    TOMKH    HCToqHHKa    K    Toqice 

HaÖJHOßeHHH . 

3anHiiieM ypaBHeHHe Komypa B napaMeTpnqecKOH <$>opMe 

x = x{t\ y = y(/) 0 < / < 2TC • 

Bbi6op   napaMCTpa   npoH3BOJien   H   cymecTBeHHO   BJIHHCT      Ha   BHyrpeHHioio 
cxoAHMOCTb.   YcTaHOBJieHO,   qTo   HaH6ojiee   3cp(J)eKTHBHO   Hcnojib30Barfb   B   KanecTBe 

napaivieTpa HopMHpoBaHHyio flJiHHy Komypa nonepeHHoro ceqeHHH t = 2% • c / C . 

YpaBHeHHe (9) nepenHiiieTca B BH^e       [ä(/)(7(/,/'V/= / 0 < f < 2n 
o 

r^e   a(/)   -   napaMeipM^eKa«   nnoTHocTb   3ap$ma.      OyHKUHa   TpHHa   MOXCT   6biTb 

npeACTaBjieHa cjieAyiomHM o6pa30M G(t,/') = In sin -1— + Kit, /') v      >        27t 2 v      ' 

PemeHHe HY nmeM B BHÄe:      er (/) = J] Xcj cos(/f) + ]T X) sin(y/) 

Hcnojib3ya cooTHomeHHJi (2), (4), (6) nojiyqaeM CJIAY 

I^;<+^^>Z^;4-=2K81;   ai = 0,l. 
OO CO 

y'=o y=i 

(14) 

.?* ä C27C ln(2^ m= 0] 
< = KC'K YjiiYitjyt; .;.(/)=cos(^); ,;<>)= sin(^K = -[n/^)m * o\ 
MaTpHMHbie sjieMeHTbi B (14) BbipaxceHbi qepe3 HHTerpajibi OT raa^KOH (pyHKiniK H MoryT 
6biTb JierKO Bbwec^eHbi MHCJICHHO. 

B   cnyqae   AH(ppaKHHH   sjieKTpoMarHHTHOH   BOJiHbi   Ha   HAeaubHo   npoBOßflineivi 
HHJiHHApe aHaJioraqHO peuxajiHCb ypaBHeHHa: 
E- noJiflproauMfl (Hcnojib30Bajiocb cooTHomeHHe 7): 

El(x\y)= top ■ jSz(x,yy?e(x,Jt?,y,?y&, x,/eC (15) 
c 

H- noJiapH3aHHH (Hcnojib30Bajiocb cooTHomeHHe  8): 

1 O O Ma-repHajib! 6-fi MeasflyHapoflHOH X^KMCKOS ^Ä«KPOBOAHOBOS XawpepeHijiiH ^S«rÄ«Xo'f#. 16-19 cern-flöpa 1996 r„ CeBacronoAb, KpbiM, YitpaMHa 

JÖZ Proceedings of 6th International ^Kttiean cAkrowave {Conference ßwKiße'96- 16-19 September 1996, Sevastopol, Crimea, Ukraine 



c 

JUJTJI Haxox,a;eHHH KpMTHMecKHX MacTOT MeTajuiH^ecKHX BOJIHOBOÄOB pemajracb 
ypaBHeHHH (15) , (16) c HyjieBOH jieBOH nacTbio. 

H3jio»:eHHbiH MeTOfl MO>jceT npHMeHHTCH H äJIS BHTHHyrbix pacceHBaTeJiefl, 
HanpHMep BOJIHOBOAHMX nepexo^oB . 

TexHHKa. 6jiH3Kaa K MeTo^y nojiyoöpameHHH Sbuia Hcncuib30BaHa ,zyi5T peineHHfl 
TpexMepHOH 3aaaMH - ÄHCppaKHHH TEM- BOJIHW Ha HAeanbHO npoBO/jameH c(|)epe, 
pacnojioxeHHOH MOK^y npoBo/unHHX njiocKocTen . 

Ha  pHCyHKe   1   H306paxeHbI  3aBHCHMOCTH   MO/jyjlfl  K03(p(pHHHeHTa  OTpa>KeHHH  OT 
npHMOJiHHeftHbix    nepexoflOB    äJIHHOH     /     Mexfly    AByMH    njiocKonapajiJiejibHbiMH 

BOJTHOBOÄaMM c OTHomeHHeM BbicoT     a2j ax = 0.5 . KpHBbie c KpyaocaMH nojiyHeHbi c 

noMoinbio H3JioxeHHoro MexoAa, KpHBbie c KpecTHKaMH nyTeM Hcnojib30BaHHH Teopnn 
ÄJtHHHblX JIHHHH. 

Ha pHcyHKe 2 npwBeAeHbi /jnarpaMMbi HanpaBJieHHocTH paccejmoro ccpepaMH 
nora B ruiocKoc™ nepneHflHKyjwpHOH BeKTopy E naaaiomero nojin. Cnjioiimaa KpHBaa 
cooTBeTCByeT   c<pepe   pacnojioxeHHOH   Mexfly   miocKOCTen,   nyHKrapHaa   -   ccpepe   B 

CBo6oflHOM   npocTpaHCTBe.   PaccTOHHHe   Me>KAy   rinocKocTflMH   b I r - 2.041,   qacTOTa 

/•/• = 68.6 (rrifMM). 
KaK      BHflHO      H3      pHCyHKa      1      o6bIHHaH      TeOpHfl      ÄJIHHHHX      JIHHHH      flaeT 

yflOBJieTBopHTejibHbie    no TOHHOCTH pe3yjibTaTbi earn OTHOiueHHe AJIHHM nepexo.ua K 

BbicoTe BOJiHOBo^a npeBbiuiaeT 2. 
3KpaHHpoBaHHaH ccpepa (PHC.2) o6jia,u,aeT öojiee ocxpoH AHarpaMMOH 

HanpaBjieHHocTH no cpaBHeHHio c HeatcpaHHpoBaHHOH. 

IV. 3aKjiioieHHe 
Ha ocHOBe HOBoro acpcpeKTHBHoro MeTo^a nojiyoöpameHHH npoaHajiH3HpoBaH IHHPOKHH 

miacc UHJiHHflpHMecKHX yrcpoHCTB CBM c HeKoopAHHaTHOH (popMOH nonepenHoro 
ceqeHHH, TaKHX KaK: BOJiHOBOflHbie pacceHBaiejiH, BonHOBe/jyin,He JTHHHH nepe^aHH. 
C/jejiaH mar K o6o6m,eHHK> Meto/ja Ha TpexMepHbie crpyKTypbi. 

120.0 

/ • ax (r r% MM) 
PHC.I PHC.2 

MaTepHaAbi 6-fi MeiKflyHapoAHOH ÄJöäMCKOH /##KPOBOAHOBOH ^ToHcpepeHiiini 'Kfi«ei4tt4.'Kt*$6. 16-19 ceHtnöpn 1996 r., CeBacronojib, KpbiM, YKpatiHa 

Proceedings of 6th International ^Jnean Microwave inference @tatft$&96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 383 



IHOrOCJIOftHblE 

O.C. OcTpoBCKMPi, A.C. CopoKa 
HVMPM, 310054, a. XapbKoe, yn. AK.flaenoea, 271 

men.(0572) 26-23-25 
A.A. LUiviaTbKO 

XrV, 310077, YKpauHa , s. XapbKoe, nn. Ceo6odbi, 4 
men. (0572) 45-71-33 

AHHomatjuR - PaccMOTpeHbi 3aKOHOMepnocTM OTpaweHMfi 3JieKTpoMarHMTHbix Bonn rpaHMU,aMM pasflena 
nomouj,aK)iHMX cpefl, ocoöeHHOCTM OTpa>KeHMfl M nomouj,eHMfl BOJIH MHorocnoMHbiMH n rpafliieHTHbiMM CTpyicrypaMn. Pa3pa6oTaH 
naKeT nporpaMM, no3Bonfltomefi paccHMTbiBaTb xapaKTepucTMKH Tawx CTpyicryp c yneTOM npocTpancTBeHHo-HacTOTHOM 
flucnepcMM M noTepb, a Taioxe cnHTe3MpoBaTb MarHWTOflM3neKTpn4ecKwe noKpbiTMa c TpeßyeMbiMW xapaKTepncTW<aMM. 

I. BeeAeHwe 

H3 Bcex B03MO>KHbix HeoflHopoflHOCTeä ripn pemeHMH npaKTunecKHX 3aflan flncppaKU.nn Mau^e Bcero 
BCTpeMaioTcn pa3pbiBbi M rmaBHbie M3iwieHeHHH noKazarenn npenoM/iennn. OHH npuBOflqT K BO3HMKHOB6HHK) 

OTpa>KeHHb!X BOJIH, KOTopbie HHTepcpepnpyioT c naflaromefi BonnoPi n oöpasytoT Becbiua cnowHyso 
HHTepcpepeHLjMOHHyfo KapTHHy. B 6onbuiHHCTBe npaKTMMecKMx cnyMaes npn npoBefleHwn nucneHHbix pac^eTOB 
BaKHO yMMTbiBaTb BJiHHHne OMUMecKnx noTepb B aneicrpoflMHaMMMecKnx cucTeMax, napawieTpbi HcxoflHbix 
curHaxiOB. 

II. OrpaweHMC anexTpoMamMTHbix BOJIH rpaHMuawiM pasflena nomou4aK>U4MX cpefl 

H3BecTHO, MTO OTpaweHHe OT rpaHMUi pasflena flßyx cpefl onpeflenaeTca cooTHoiueHneM HX BO/iHOBbix 
conpoTMBJieHufi (Z=(m/e) ß - flna HenpoBOfl^mero MaTepnana). Ecnn m n e oflHHaKOBbi, TO CJIOH TaKoro 
MaTepwana 6yfleT fljia HopManbHO naflaioifleß BOJiHbi noflo6neM nycToro npocTpaHCTBa. flna yrnoB nafleHMfl 
BOJIH, OTJiMHHbix OT HopwiajibHoro, xapaicrep OTpa>KeHHH OT rpaHHUbi nornoTHTenn cymecTBeHHO M3MeHneTcy!. 
Ha pnc.1 npeflCTaBneHbi 3aBHCHMocTH OTyrna nafleHUfl a MOflyna K03cp<pnu,neHTa OTpaweHua R flJia E- 
nonapusoBaHHOw BOfiHbi npn pa3nnMHbix 3HaneHHflx napan/ieTpa Z. MuHMMyM OTpaxeHun npn Z=1 
cooTBeTCTByeT 3HaMeHMK) a=0°, ripn Z=2 - a « 60°, a npn Z=4- a » 75°. H-noxiapn30BaHHaa BOJiHa npn 6ojibLunx 
yrnax nafleHMH ncnbiTbiBaeT SHaMHTenbHoe OTpaweHHe. 

CymecTBeHHoe BJinaHne Ha ypoBeHb oTpaweHHoro cumana OT rpaHnqbi cpeflbi OKa3biBaraT He TonbKO 
aöconiOTHbie 3HaM6HHfl flMoneicrpuMecKoCi H MamirrHOH npoHnu,aeMOCTeCi, HO U npoBOflHMOCTb cpeflbi. Cnywaü 
HopiuajibHoro nafleHMn sneicrpoMarHMTHbix BOJIH Ha rpannqy pasfle/ia nomoiflaiomHX cpefl flocTaTOMHO 
noflpo6Ho paccMOTpeH B paöoTe [1]. Ha pwc.2 noKa3aHbi 3aBHcnM0CTn MOflyjiH Koscpcpnu,neHTa oTpaweHMH R 
OT npMBefleHHOfi nacTOTbi W=w*e/s=1/tgd npn pa3nnMHbix 3HaMeHHHX Z. E-nonapusoBaHHa« a/ieicrpoMarHHTHafl 
BoiiHa naflaeT Ha rpaHnqy npoBOflameii cpeflbi nofl yrnoM a= 60°. ilpn STOM MMHHWiyM K03cpcpnu,neHTa 
OTpaxeHMn Ha6jiK)flaeTca npn Z»2. XapaKTepucTMKM fl/in H v\ E- nojiHpn30BaHHoro nojia coBnaflaiOT npM 
3aMeHe Z Ha 1/Z. C yBeJinMeHMeM npoBOflUMocTH cpeflbi ypoBenb OTpa>KeHMH B03pacTaeT. CneflyeT OTMeTHTb, 
MTO npn OTpaweHMM BOJiHbi OT cpeflbi c MarHMTHbiMM noTepaMU rpa4)MKn 3aBMcnMOCTeii nMeK)T aHanornMHbiM 
BUfl. 

III. flucppaKunoHHbie xapaKTepucTWKM cnowcTbix fluaneicrpMKOB 

XapaiaepucTHKM cjioncTbix flusjieiapuKOB cyiflecTBeHHbiiw o6pa30M 38BMCHT OT cooTHOuieHMfi flnnHbi 
BOJiHbi cumajia M xapaicrepHbix pa3MepoB, Ha KOTopbix npowcxoflUT H3MeHeHne noKa3aTejia npejioMJieHna 
cpeflbi. Ha pnc.3a M 36 npuBefleHbi rpai^nKM ymoBbix 3aBHcnMOCTeü 3HaMeHMM KoacpcpMLineHTOB OTpaKeHMn R 
H cyMMapHoi^ 3Heprnn A OTpaxeHHoii M npoujeflujeu H-nojinpn30BaHHOti aneicrpoMarHMTHOM BOJiHbi AJIH cjioeB 
flManeicrpHKa pa3Jin>HHoPi TO/iuj,MHbi d, nMetoiflux m=1, e=4 n tgd=0.02. flnMHa BOJIHW cumana I Bbi6paHa 
paBHoii 0.61. Bee pa3Mepbi npusefleHbi B OTHOCMTejibHbix eflMHML(ax. MHHUManbHbiti KoscpcpuqneHT oTpaKeHna 
HaßjiioflaeTCH fljia CTpyicryp wweiomMX Tonuj,HHy (d=0.01) MHOTO MeHbUjyio flJinHbi BOJiHbi cwrHaJia. ripn STOM 

nornou4eHne B cjioe npaKTHMecKH OTcyTCTByeT. C yBejiMHeHneM oTHOCMTeJibHofi TOJiuj,MHbi CTpyiaypbi 
KoadpcpiiqueHT OTpa>KeHMa cymecTBeHHO B03pacTaeT, a ypoBeHb nomomeHUR fljia HepesoHaHCHbix cjioeB 
(d=0.1) yBeJinHMBaeTcn flo 4%. B cJiyHae onTHMecKM TOHKMX cjioeB ypoBeHb nomoifleHna yBe/iuMMBaeTCH c 
POCTOM TOJim,HHbi flusjieKTpuKa npaKTMHecKH npfiMO nponopL(MOHajibHO. Bo Bcex paccMOTpeHHbix cjiynaax 
mo6ajibHbM MaKCMMyM nomoii;eHMa cooTBeTCTByeT flnana30Hy ymoB MaKcuMajibHoro npoxoacfleHna cumajioB 
Mepe3 rpaHMUiy pa3flejia. OnTMMajibHoe (MaKCHMajibHoe) norjiouj,eHne MMeeT MecTo B enoax c pe30HaHCHbiMM 
pa3MepaMH. 3a cneT yBeJiMMeHMfl nomomeHUP aMnriHTyfla OTpaweHHoro cumajia cymecTBeHHO yMeHboiaeTcn 
M npn flocTaTOMHO TOJicTbix CJ105RX npn6jin>KaeTcn K ypoBHio oTpa^eHU« OT rpaHML\bi nony6ecKOHeMHOM cpeflbi. 
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npeflCTaB/iflercH nepcneKTHBHbiM paccMOTpenne CTpyioyp c MHorocnotfHbiM noKpbiTMew. B AaHHOM 
cny^ae peweHne npHBefleHO fljna TpexcjiOMHoro flusneicrpHKa. Ha pnc.4 npuBefleHbi OTpawaTe/ibHbie 
xapaKTepucTHKn TpexcnoPiHoü CTpyiuypbi, cooTBeTcreyromeM OKOHHOwiy cTeicny, noKpbiTOMy c flByx CTopoH 
TecpnoHOBbiMH cjionMM, TonmuHa Ka>Kfloro cnon 0.1. B flnana30He AIHK BOJIH 0.5...0.75 npn HopNiaribHOM 
naAeHMH s/ieicrpoMarHHTHbix BOJIH Taion dpyicrypa oßecneMMBaeT orrrnMaJibHoe comacoBaHwe co CBoßoflHbiM 
npOCTpaHCTBOM. 

fljia o6ecneMeHMH onpefleneHHbix xapaicrepMCTHK cucieMbi B 3aflaHHOM flnana30He napaMeTpoB 
3aflaMH Heo6xoflMiv!o peuJUTb 3aAaMy onTHMHsaquH. npuMep peiueHna 3aAann MHHHMH3au,nn KoacpcpnqHeHTa 
OTpa>KeHMfl f\nn TpexcjioÜHOü 3KpaHi/ipoBaHH0w CTpymypbi npuseAeH B pa6oTe [2]. 

Pe3ynbTaTbi peiiieHun 3aAann onpeAeneHna napaiweTpoB MOHoxpoMaTunecxHX cHnnajioB B 

rpaAneHTHO-HeoAHopoAHOM MarHHTOAna/ieiupuKe npHBeAeHbi B pa6oTe [3]. HanpaweHHOCTU ajieiapo- 
MamwTHbix nonetf CHmanoB onpeAenaioTCfl c 3apaHee saAaHHoPi TOMHOCTbio, npu 3TOM anowHbiü npocpnnb 
noKa3aTena npenoMJieHHH ipaccbi MOAennpyeTcn cnoncTbiM AUSJieiapMKOM. B AaHHOM paSore B KaMecrree 
npuMepa npHBeAeHbi pe3ynbTaTbi HHcneHHoro MOAennpoBaHun oTpaweHna MOHoxpoiwaTWHecKHX (pnc.5) H 

HMnynbCHbix cumanoe (pnc.6) OT cnon HeoAHopoAHoro nornomaromero AnaneicrpuKa. ToMHOCTb onpeAeneHna 
napaMeTpoB cumanoB nopHAxa 1%. VTOJI naAeHMH E- nonapu30BaHHbix BOJIH Bbi6paH paBHbiM 15° , 
rayccoBCKMM UMnynbCHbiü cuman wvieeT A^HTenbHocTb 2TS=10 HceK, fo=1.05 rru,. flusneiapnK nMeeT 
eAMHMHHyio ronmyiny (see pa3Mepbi npHBeAeHbi B MeTpax) M npocpmib AUSieicrpHMecKOM npoHW4aeMOCTH 
BHAa: 

1,   x > 0 

\ + sin(-n-x/2)-exp(-2-x),   -\<x < 0,tgd=0.1. 

1 + sin(-n / 2) ■ exp(-2),   x < -1. 

KpHBbie, npwBeAeHHbie Ha pnc.6 cooTBeTCTByrcrr ncxoAHOMy cMmany eAMHHMHofi aMnnvnyAbi, OTpaweHHOMy OT 

HeoAHopoAHoro nomoiu,aiomero AuaneKrpwo H orn6a(ounnM STOX cumanoB. OTpaweHHbiCi MMnynbCHbiü cuman 
MMeer cpaBHirrenbHO He6ojibUjyrO aMnriHTyAy, HTO CBH3aH0 c ManbiM ypoBHeM oTpaweHMH OT nepexoAHoro 
cnofl npu KopoTKHX A^HHax BOJIH, nornom,eHMeM n pacnjibiBaHneM cumana B npocTpaHCTBe n BO BpervieHH. 3TO 

CBfl3aHO C pe30HaHCHblMM HBJieHKHMH B AH3JieKTpMMeCKMX CJ10HX [4]. 

IV. 3aKnK?MeHMe 

B pa6oTe KpaTKO npoaHann3npoBaHbi ocoßeHHOCTU OTpaxeHna M nomomeHWfl sjieicrpoMamnTHbix 
cumanoB pa3nnHHbix nonapn3ai4Mvi (B TOM Mucne n nwnynbCHbix) MarHHT0AH3JieKTpnKaMH, o6naAarom,HMH 
noTep^MM. npHBeAeHbi pe3ynbTaTbi HMcneHHoro MOAennpoBaHna BJIHAHUH rpaHMu,, MHorocnoMHbix M 

rpaAHeHTHbix nornoinaioLAHx MarHHTOAMO/ieKTpuKOB Ha napaMeTpbi aneicrpoMamnTHbix curHanoB. 
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The problem of E- and H-polarised electromagnetic waves reflection and absorption by the lossy media is solved. The optimum 
structure of an absorber is developed for the minimum number of layers. Space-time structure of electromagnetic field reflected by 
the multilayered structure is investigated. 
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OriEPATOPHblfö METOfl B SAflAME 
flM<PPAKI4MM 3JlEKTPOMArH84THblX BOJ1H 

HA nOJiyBECKOHEHHOM CMCTEME 

E 

CA. riorapcKMM 
310077, XapbKoe-77, nn.Ceoöodbi, 4, XapbKoecKUÜ eocymieepcumem, Kacpedpa cpU3UKU CEM 

men. (0572)45-72-78, E-mail: SHF@edu51.kharkov.ua 

AHHomamm - B paßoTe paccMOTpeHa cTaBwan icnacciwecKOM 3a,qaHa o flucppaKunn BonHOBOflHbix BOHH Ha 
nony6ecKOHeHHoti cwcTeMe 6ecKOHeHHO TOHKMX flwacpparwi B npaMoyronbHOM BoriHOBOfle, Haxoflainuxca B fluaneKTpuKe c 
noTepflM. Hcnonb30BaH oneparopHbiM MeTOfl B KOMnneKce c NieTOAOM nonyo6pameHM8 onepaTopa 3apßH\A. 

I. BsefleHMe 

3aflaMa o flncppaKL(MM BoriHOBOflHbix BOJIH Ha CMCTeMe Ana<$parM B BoriHOBOfle npMHaflnexnT K Hwcny 
KnaccMMecKwx H onpeflenneT u,ejibiü Knacc KpaeBbix 3aflan, flonycKaioimix TOHHoe peiueHne. McnepnbiBaiouJiMe 
peuieHMn 3aflaMM flMcppaioiuM ßnn OAMHOMHOM AHacpparwibi n cooTBeTCTByrow,yK> 6u6nnorpacpHK) MOäHO HSMTM 

B MOHorpacpnax [1,2]. MeTOA 3aflaHn PnMaHa~rnJib6epTa, onHpatomutfcH Ha CBefleHkie cooTBeTCTByiomeCi 
flncJ>paKL(MOHHOM 3aflaMn c noMoiMbra MHTerpajibHbix ypaBHeHMM K 3aflaMe conpaweHMH aHannTunecKHx 
cpyHKLiMM, nosBOJinn HaüTM peuieHne fln<ppaKL(noHHoii saflaMH ßna 6ecKOHeHHOü nepMOflMHecKoPt cncTeMbi 
AHacpparM [3]. B pa6oTe [4] oMepqeH wupoKuü Kpyr cpyHflaMeHTanbHbix KpaeBbix 3aflaM, cpefln KOTopbix 
BaJKHeüiuee Mecro 3aHHMaK)T AUcppaKu,noHHbie 3aflann p,nn pa3Horo pofla nonyßecKOHeMHbix cTpyioyp, 
UMeromne npaiciwecKoe 3HaneHne fl/in MHorux npunojKeHnfi. ripeflnoKeHHbiM TaM MeTOfl peiiieHwn TaKoro 
pofla 3aflaM ucnonb3yeT MacTUMHoe o6pam,eHne oneparopa Bceü 3aflaHM, npu KOTOPOM OT cjiowHoro 
nperiflTCTBMfl cHana/ia OTflenaeTca oflna npocTaa MacTb, onepaTop pacceaHnn KOTopow M3BecTeH, a MCKOMbiü 
cyMMapHbiM onepaTop paccenHWfi CTpouTca Ha 6a3e HaRfleHHoro onepaTopa flra OAHHOHHOü AHacfcparMbi c 
yneTOM MHoropa30Boro paccennufl BOHH. 

HacTOflmaH paöoTa nocBaineHa o6o6w,eHMto uAeü MeTOfla [4] Ana peweHHn 3aAann o AHCppaKLjUM 
aneKTpoMamuTHbix BOJIH na CJIOJKHOü ciicTeMe AHacpparM, pacnonoweHHoii B AHsneKTpi-mecKoPi cpeAe c 
noTepflMn B npaMoyro/ibHOM BOJiHOBOAe. 

II. flocTaHOBKa 3aflaHM An« H-normpii3au.nn 

ByAeM paccMaTpußaTb cTpyicrypy, noKa3aHHyio Ha pnc.1. (lycTb Ha nony6ecKoneHHyrO cacTen/iy 

MHAyKTMBHbix AHacpparM H3 nonynpocxpaHCTBa \z\ > -oo naAaeT H - nonapusoBaHHoe none, 

npeACTaBJifliou4,ee co6oii cynepno3uu,wo co6cTBeHHbix BOJIH. Haöop A^acpparM HaxoAMTcn B cpeAe c 

napaMeTpaMH e2,|J,2, rAe e2 = e2 + fs". OcoßeHHocTbio HccneAyeMoü CHCTeMbi PBnaeTcn TOT cpaicr, HTO 

3Ta cMCTeMa, HBriHromaacH cno)KHbiM npen^TCTBueM, TpaHcc^opwupyeTC« caMa B ceßa npn npocTpaHCTBeHHOM 

CMemeHMM BAorib ocM OZ Ha nepuoA L w OTSpacbiBannn oAHoro H3 npenaTCTBiWr OynKLiMM cneiaparibHbix 

nnoTHocTefi B o6nacTnx z > 0 u -fy < z <0 yAOBneTBopaioT ypaBHeHMAM: 

a = p~q + x+b; c = pq + p+b; b = ex Re{ c, (2) 

rAe X" -onepaTopbi npoxoKAeHua Mepe3 rpaHMqy z = 0: 

^+ =8m„2Yffl„/(Y„+Y„); T =5m„2Y„/(Yn +Yn); 

p~ - onepaTopbi 0Tpa>KeHM5i Ha rpaHnqe  z - 0: 

Pm„=±5mn(Y„-yJ/ (Y„+Y„X 

rAe BBeAeHbi o6o3HaMeHna: y„ = ^k2zx -1,2; y„ = ^k2e2 -E,2  -nocTOAHHbie pacnpocTpaHeHua 

BAorib ocM OZ, R - onepaTop OTpajKeHMfl nonyöecKOHeMHOM cncTeMbi AnacpparM B AH3-neiapnKe, ex - 

onepaTop npeo6pa30BaHnn aMnnnTyA BOJIHOBOAHNX rapMOHtiK npn CMemeHHH njiocKocTH HaöJiKDAeHMfi K 

nJIOCKOCTH z — 0. 
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riocneflOBaTenbHOCTb Haxo>KfleHHM cywiMapHoro onepaTopa R, BXOfl*uj,ero B ypaBHeHi/ia (2), Taxosa. 

fl/w BeKTopoB aiwinnn-ryfl BOJIHOBOAHUX rapwoHMK MOWHO 3anncaTb ypaBHeHwa cneflyfoinero BMAa: 

b = efec + etB; C = texc + fB;B = el Re, C. (3) 
B ypaBHeHnn (2) onepaiopbi   t    v\   f   HBJIHK>TCR onepaTopaMU npoxo)KfieHnn n oTpaweHUH OAHHOMHOH 

AnacpparMbi, pa3MemeHHoPi B fluaneiapuKe. MCKJIIOHMB B,C,b ripn cMein,eHww BAonb ocu OZ Ha nepuoA L, 

nonyHMM HenwHetfHoe onepaiopHoe ypaBHeHne BToporo poAa OTHoemenbHo onepaTopa R: 

R = f + t(T-eRefyleKet, (4) 

rAe I - eAMHUMHbiPi onepaTop. OrwieTHM, HTO ypaBHenne (4) npeACTaBJiaer coSofi HennHefiHoe onepaTopHoe 
ypaBHeHHe. flna ero pemeHna BO3MO>KHO ncnonb30BaHiie MeTOAa  HbtoTOHa  [5].  npeACTaBMM (4) B BHAS 

f(R) - 0, rAe f(R) - R-f - t(I - ?ReF)_1eRe? n e cooTBeTCTBiw co cxeMofi MeTOAa HbKrroHa , 
6yAewi CTponTb nocneAOBaTenbHbie npn6nn>KeHnn K pemeHHK): 

fLx=än-\f'&Tlf(K)l _      „ (5) 

TaKUM o6pa30M, 3aAana Ha nepBOM 3Tane COCTOUT B nocnpoeHHU onepaTopoB f n t eAHHWHHoii 

AnacpparMbi. 
PaccMOTpwM peiueHne KmoneBofi 3aAaMH OT oTpawennw cneicrpa BOJiHOBOflHbix BOJIH OT OAMHOHHOH 

AMacpparMb! B BonHOBOAe. llpeACTaBUM naAatomee none B BMAe cynepn03nnnn co6cTBeHHbix BOHH nycToro 
BoriHOBOAa, onpeAeneHHbix c noMombio cooTBeTCTByiomHX BeicropoB repu,a: 

00 

Et! = Z c«n cos(mivc 12a) cos(/wcy 12b)eiK"*, (6) 
»<=0 

rAe o6o3HaqeHo hmn - yj(mn 12a)2 + (nn12b)2 - k2S|l, k = 2n/X. YAOBneTBopuB cooTBeTCTByio- 

iuy\M rpaHMHHbiM ycnoBMflM Ha CTeHKax BonHOBOAa v\ Ha AHacpparwiax, a TaiOKe, o6ecneHHB HenpepbiBHOcTb 
TaHreHMnaribHbix KowinoHeHT noneü Ha menu, nerKO npuü™ K cucTeMe cpyHKL|noHanbHbix ypaBHeHUÜ 
cneAyfomero BMAa: 

00 

^ Tmn sin(w7tx/ 2a) = 0;|x| < h, 
m^co (7) 

00 CO 

Z r*A» sin(mwc/2a) = 2^Anmhim sin(/wuc / 2a);|x| > h, 
m^-co m=-co 

CoBepoieHHO OMCBHAHO, HTO, ncnonb3y« npuHLiwi 3epKanbHoro OTpaxceHHfl, MOWHO nepefrra K nepnoAHHecKotf 

cMCTeMe Auacpparwi Toro we pa3iwiepa B nnocKoc™ z = 0 c nepnoAOM L = 2a. CucTen/ia cpyHKqMOHanbHbix 
ypaBHeHMfi (7) aHanorHHHa cMCTeMaM cpyHKL|MOHanbHbix ypaBHeHMM, paccMOTpeHHbix B [3]. M, wcnonb3ysq 
<fcopMann3M MeTOAa saAann conpajKeHMJR anannTHMecKnx cpyHKquPi (nnn MeTOAa 3aAann PuMaHa-rnnböepTa), 
cMCTeMy cpyHKquoHanbHbix ypaBHeHHii (7) HeTpyAHO CBec™ K 6ecKOHeHHoii CMCTeMe nnHetiHbix anreöpa- 
MMecKMX ypaBHeHHM BToporo poAa c MaTpwHHbiM onepaTopoM cppeAronbMOBoro Tuna. KoMnbroTepHbifi aHann3 
TaKMx anreöpannecKHX cucTeM He npeACTaBnaeT ocoöbix TpyAHOcTeü, n peweHwe (Ha6op aMnnMTyA 
BonHOBOAHbix rapMOHHK) MOäHO Hau™ c nK)6oCi HanepeA 3aAaHHOM TOHHOCTbto. 

HI. 3aKJiK>MeHne 

PaccMOTpeHHbiPi noAXOA, CBn3aHHbiü c paccMOTpeHHeM cnoxHoro npenaTCTBua KaK HeKofi 
cynepno3ML(HM aneMeHTapHbix HeoAHopoAHocTefi M Haxo>KAeHneM onepaTopa pacceaHM^ sneiueHTapHoro 
npenaTCTBua, T.e. peiueHneM "toitoMeBofi" 3aAann, aBnaeTcn acjjcpeicrnBHbiM HHCTpyMeHTOM p,rm peiueHi/ifl 
Ba«Hbix Ana npunoKeHMii 3aAaH AncppaKquM. 

IV. JlMTepaTypa 

[1]   1. MuTpa P., J1M C. AHanMTiwecKne MeTOfibi Teopnn BonHOBOflOB. M.: Mnp, 1974.-324C. 
[2]   2. JleBMH Jl. Teopun BonHOBOflOB. M.: Paflno M CBA3b, 1981.- 311c. 
[3]   3. UUecTonanoB B.n., riMTBMHeHKO Jl.H., MacanoB CA., ConoryS BT. flucppaKL^nn BOHH Ha peweTKax. M3fl-BO XapbKOBCKoro 

yH-Ta, 1973.-287c. 
[4]   4. JlMTBMHeHKO Ü.H., RpocBHpHMH C.J1. CneKTpanbHbie onepaiopbi pacceaHun B 3aflaHax flHcppaKL(MM BOHH Ha nnocKnx 

3KpaHax. KneB: HayKOBa flyMKa. 1984.- 239c. 
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PHC. 1. 

OPERATOR METHOD IN PROBLEM OF EM WAVES DIFFRACTION ON SEMI-INFINITE 
DIAPHRAGMS SYSTEM IN RECTANGULAR WAVEGUIDE 

Pogarsky S.A. 
Kharkov State University 4 Svobody Sq., Kharkov-77, Ukraine 

tel. (0572) 457278, E-mail: shf@edu51.kharkov.ua 

The problem of wave beam diffraction by semi-infinite diaphragms system in rectangular waveguide is discussed. Using the specific 
peculiarities in semi-infinite structure one can find a solution of diffraction problem in the expansion form by some system of basis 
functions which are the scattering operator functions in definite sense. Carried out numerical experiment shows that such way 
connected with compound obstacle observing as some superposition of elementary discontinuities and the seek of "elementary" 
obstacle scattering operator is an effective method for solving of diffraction problems which are important for different applications. 
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CAHTWVlETPOBOrO flMAIIASOHA BOJ1H 
C.A. riorapcKMM, H.H. CanpbiKWH, A.A. 3BfiraHqeB, E.A. LUaynoB, B.fl. TpycpaHOB 

YKpauHa, 310077, XapbKoe-77, nn. Ceoöodbi, 4 
XapbKoecKUÜ aocyHueepcumem, Kacpedpa cpusuKU CB<-I 

men.(0572)45-72-78, E-mail:SHF@edu51.kharkov.ua 

AHHomaiiUfi - B pa6oTe npeflCTasneHbi pe3ynbTa™ SKcnepuMeHTanbKWX nccneflOBaHMM MHoroMOflosbix pe30HaiopoB, 
BbinonHeHHbix Ha OCHOBB OTpe3KOB MeTannnnecKnx BonHosoflOB npjiMoyronbHoro nonepeHHoro ceneHnsi. HccneflcmaHbi 
cnoco6bi B036y>KfleHMfl MHoroMOflosbix pesoHaTopoB. noKa3aHa B03Mo>KHOCTb nonyMeHnsn cnei4na/ibHoro pacnpeßeneHMH nona 
BHyTp« pe30Haropa, yflOBJieTBopmomero KpwTepmo paBHOMepnocTH. 

I. BBeAeHwe 

MHoroMOflOBbie pe30HaTopbi (MP) uunpoKO ncnonb3yioTcn B TexHUKe CBM. OAHaKo, acpcfrexTHBHocTb 
MX ncnanb30BaHMfl onpeflenneTca pwflOM cpaicropoB. OAHUM H3 TaKnx cpaKropoB aBnaeTCR cpaiaop 
paBHOMepHoc™ npodpaHCTBeHHoro pacnpefleneHMa cneio-pajibHbix n/ioTHOcrePi BHAOB KoneöaHUM, 
B036y>KAaeMbix B pe30Haiope. CoBepiueHHO oneBUflHO, HTO, ec/in reoMeTpimecKMe pa3iwepbi pe30HaTopa 

cyiu,ecTBeHHO npeBbiwafOT pa6onyto flnwny BOXIHU reHepaTopa Ä0, B TaKofi 3/ieKTpoAHHaMMHecKow cwcTeMe 

B03MOÄHO cymecTBOBaHne Liejioro cneicrpa coScTBeHHbix Kone6aHnPi. Mucno TunoB Kone6aHnPi N n 
nnoTHocTb   pacnpefleneHUfl    STHX   TunoB    Ha   nacTOTHofi    ocu    6yflyT   onpeflenmbca    cooTHOLueHneM 

reoivieTpuMecKnx pa3wiepoB pe30Haiopa H AJIUHOII Bo/iHbi   AQ.  kbBecTHO [1],  mo MaxcuManbHoe HMCJIO 

B03MO>KHbix TunoB  Kone6aHntf   N,   B  nonoce  MacTOT OT   f0   fl,o   f0 + df0   MO>KeT 6biTb  onpefleneHO 

dN     An xlTr    An „2o 
BbipaweHMeM:     « —r-/0 V = —r-/0 ox0y0z0.  YBenHMeHne OTHocnTenbHbix pa3MepoB pe30Haropa H 

dfQ      c
2 c2 

yBennneHne Mucna BBOAOB sneicrpoMarHHTHoii 3Heprnn (nn6o ncnonb30BaHwe cucTeMbi H3nyHaTeneü) 
no3BO/ineT cyuj,ecTBeHHbiM o6pa30M npuB/insMTbcn K BbinoriHeHHto KpnTepun paBHOMepHOCTH 
npocTpaHCTBeHHoro pacnpefleneHna cneicrpajibHbix nnoTHOcTefi B o6"beMe pe30HaTopa. Kpowte Toro, c 
BonpocoM nnoTHOCTH pacnpefleneHU« co6cTBeHHbix TunoB Kone6aHHii Ha nacTOTHofi ocu CBH3aH0 petueHHe 
eu\e oflHOM TexHMMecKOM 3a,qaMM - 3aflaMH comacoBaHHa reHepaTopa H pe30HaHCH0fi Kaiviepbi B pa6oneii 
nonoce nacTOT. Mewi 6/in>Ke APV K APVy n paBHOMepHee no uwane nacTOT pacnonoweHbi pe30HaHCHbie 
nacTOTbi coöcTßeHHbix KoneßaHHä, TeM npH MeHbiuMX noiepax MO>KHO oöecneMUTb nepeKpbune pe30HaHCHbix 
xapaKTepucTMK OTAeribHbix TunoB K0/ie6aHHM, a, c/ieAOBarenbHO, AoSnTbca comacoBaHua reHepaTopa c 
Harpy3Kofi. 

II. HccneflosaHMe pe30HaHCHOM KaMepbi 

Han6onbUjee pacnpocTpaHeHMe M3 sneiweHTOB B036y>KAeHMa nonyMnnn MeTan/iMnecKne uJTbipn nn6o 
menu B CTeHKax pe30HaTopa. B AaHHoCi pa6oTe npeAJiaraeTca B KanecTBe sneMeHTa B036y>KAeHMR 
ncnorib30BaTb nojiocKOBbifi H3nyMaTenb KBa3M-KpyroBofi nonapn3aLinn. TaKOfi M3JiyHaTerib oßecneMUBaeT npH 
OAHOM BBOAe SHepruM B036y>KAeHMe 6ojibiuero MHcna KoneßaHMü no cpasHeHHK) c cyu^ecTByraniktMM 
cnoco6awin B036y>KAeHHH. HccneAOBa/icn pe30HaTop B BMAe napannerienMneAa c reoMeTpunecKHMM 
pa3MepaMn: 240MM*210MM*380MM npn paariMMHbix cnoco6ax B036y>KAeHHfl: 1) 0Tpe3K0M np^MoyroribHoro 
BoriHOBOAa,    noAcoeAMHaeMoro   nepe3   OTBepcTue   B   öOKOBOM   CTeHKe;    2)   nonocKOBbiM   n3nyHaTeneM, 
BbinOJIHeHHbIM B BV\p,e A^CKa, CBH3aHHOrO C 0TP63K0M KOaKCHaribHOfi J1MHHM. 

B npoBeAeHHbix nccneAOBaHnax ncnonb30Banucb Asa Tuna pe30HaHCHbix KaMep: pe30HaTop c 
rjiaAKHMM cTeHKaivin M pesoHaTop, y KOToporo A^e cTeHKM, npuneraioaiaa K CTeHKe c H3nyHaTeneM M 

npoTUBonojiOÄHan OT H3/iyHaTeiiH, BbinojiHHnncb pe5pncTbiMH c peSpaMM pa3JinMHofi BbicoTbi n pa3iinHHbiM 
paccTOSHneM iwexAy BepiunHaMM pe6ep. KpoMe Toro, B MaKeTe peaoHaTopa MMenacb B03Mo>KHOCTb cMemeHna 

TOHKH B036y>KAeHna oTHocnTenbHO qeHTpa SOKOBOM CTeHKM no Asyw KoopAMHaTaw Ha BennMUHy paBHyto A0, 

rf\e Ä0 - AnnHa BoriHbi reHepaTopa. 

B 3KcnepnMeHTe ncnonb30Banca H6Harpy>KeHHbiii pe30HaTop, a CTeneHb ero B036y>KAeHMn 
onpeAenajiacb no nwcny TunoB KoneöaHMfi, B03HMKaK)iAnx B o6"beMe pe30Haiopa, MTO cpuKcupoBanocb Ha 
aKpaHe aBTOMaTunecKoro M3MepnTenn KCBH M ocnaßneHna. 3KcnepnMeHTaribH0 ycTaHOBJieHO, HTO B cnyMae 
ncnorib30BaHMfi B KaMecTBe nsnynaTena OTKpbiToro KOHqa BoriHOBOAa, HMCJIO Kone6aHnti npw BapMaqMn 

s} r\ r\ MaTepHaJibi 6-S MeaytyHapoAHOH ^fc«MCKofi #^C«KPOBOAHOBOH ^ToH<J)epeHi|Hi,! "%fi*trftit%.*$6■ 16-19 ceHTnÖpn 1996 r., CeBacTonoAb, KpbiM, YKpaHHa 
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MecTonoriOÄeHua qei-npa BOJiHOBOfla Koneöanocb B npeflenax 6-9 npn TeopeTHMecKM B03MO>KHbix 74 Tunax 
KoneßaHUM. A npn wcno/ib30BaHHn nonocKOBoro H3nyMaTenn KsaflpaTHoPi cpopMbi c KBa3H-KpyroBOM 
nonapn3aL4neM HMcno B036y>KflaeMbix TunoB K.one6aHnü npn Bbiöope TOMKH B03öy>KfleHMn flocTMrano Be^unuHbi 
11-14. 

ripn ncnorib30BaHMM HarpyweHHoro pe30HaTopa o6Hapy>KHBaeTcn 3aBucnMOCTb comacoBaHUH Kawiepbi 
H reHepaTopa OT nonoKeHnn Harpy3Kn n BennHMHbi HarpysKn. flrw yMeHbuueHua BriHHHHfi STHX scpcpeKTOB 
npeflnaraeTCH BbinonnflTb oflHy H3 CTeHOK (npoTMBonono)KHyio OTKOCMTe/ibHo CTeHKM c H3nyHaTe;ieM) B BMfle 
peöpucTofi CTpyioypbi. Hcc/ieflOBaHMJiM noABepmacb peöpncTaa noßepxHocTb c peöpaMH TpeyroiibHoPi 
cpopMbi n HanpasneHneM napanne/ibHbiM nnocKoc™ CTeHKH c HsnynaTerieM. 

TnyönHa peöep M paccTOHHue MewAy HMMM 0Ka3biBaK)T cywecTBeHHoe BnunHue Ha npoqecc 
B036yÄfleHHa cneicrpa coöcTBeHHbix Kone6aHi/itö, npH STOM xapahcrepHbiM npn3HaKOM yBennMeHua 

MHoroMOflOBOCTM SBraeTca CHMweHHe ypoBHfl pesoHaHCHbix KpuBbix (KCBH < 1.3) H MX pacojHpeHMe no 
nacTOTe, HTO cBMfleTe^bCTByeT o B036y)KfleHMn BbipoxyjeHHbix TunoB KoneöaHMPi. 

HannHne OAHOü peöpucTOM CTeHKM C myßuHoPi peöep  Ä0/  8   n paccToaHneM Me>Kfly peöpaiwn 

paBHbiM A0f 4 npn oTHOCMTenbHo nocTOHHHOM nonoweHHH M3nyMaTena yBennHUBaeT HHCJIO TunoB 

KoneöaHnw Ha 6-8 eAHHHi_|. 
ripoBefleHHbie nccneflOBaHua noKa3ann, MTO, ec/iu B pe30HaTope Bbino/iHMTb pe6pncTbiMH flBe CTeHKH 

- npwneraromyio K CTeHKe c H3nyHaTeneM H npoTUBonojioKHyto, TO B flnana30He APeücpa nacTOTbi reHepaTopa 
B035y>KAaeTCfl 24 Bbipo>KAeHHbix Tuna Kone6aHnfi (npn STOM KCBH paBHo 1.3-1.50 n 7 HeBbipo>KAeHHbix c 
KCBH 6onee 3.5). 

TaKUM o6pa30M, UMeeTca 3HaHHTeiibHbiM Bbiurpbiui no cpaBHeHUfo c pe30HaTopoM c maAKHMM 
CTeHKaMM. CooTHoiueHMe Mucna TunoB KOJie6aHnü r/iaAKoro n peSpudoro pe3onaTopoB, cpnKcupyeMbix Ha 
3KpaHe uswiepMTexifl KCBH OKOJIO 3, OAHaKO BHA pe30HaHCHbix xapaicrepwcTHK u rnyöMHa npoBanoB AO 

3HaHeHMfi 1.3 no3BonneT KOHCTaTupoBaTb, HTO o6mee HHC/IO TunoB B036y>KAaeMbix Kone6aHnfi B HccneAyeMOM 
pesoHa-rope 3HannTenbHO 6onbwe. Pe3ynbTaTOM 3Toro HBnsqeTca paBHOMepHoe pacnpeAeneHne nnoTHOc™ 
3Heprnw BHyTpM pe30HaTopa. 

OnncaHHbiM acpcpeicr MOJKHO npoHnnrocTpupoBaTb pesyiibTaTaMH MSMepeHMH napaMeipoB pe30HaTopa 
npn BapnaL|nn MecTononoweHuq Harpy3KH BHyTpn pe30HaTopa. flnq yAo6cTBa oTCMeTa MecTonono)KeHna 
Harpy3KH AHO pe30HaTopa ycrtoBHo pasßnBaeTcn Ha KBaApaTbi KoopAUHaTHoPi ceTxoii c nHTepBanoM 10 CM. ripn 
STOM OTcneT BeAeTCH co CTopoHbi 60KOBOM CTeHKH n CTeHKH pe30HaTopa, npoTMBonono>KHoPi CTeHKe c 
n3JiyMaTeneM. TaK, HanpuMep, sHaneHwe KoopAUHaTbi (2,3) 03HanaeT, MTO Harpy3Ka HaxoAUTcn Ha paccTOflHMH 
20 CM OT ÖOKOBOM CTeHKH H 30 CM OT TOpLieBOM. 

Ha pnc.1 npMBeAeHbi 3HaHeHnn KCBH pe30HaTopoB B 3aBHcnMOCTH OT MacTOTbi npH BapnaL|nn 

KoopAHHaT qeHTpa Harpy3KH c s = 80 M Maccoü Harpy3KH m = 200 r. Ha qeHTpanbHofi nacTOTe reHepaqMH 
reHepaTopa paBHoPi 2500 MTL\ KCBH M3MeHaeTCi=i B npeAenax 1.3-2.1. AHann3npy« xapaKTepwcTHKM (KpHBbie 
1-4 A^ifl pa3JiMHHoro MecTono/io>KeHHFi (4empa Harpy3Kn) BMAHM, HTO caMoe He6naronpnatHoe 
MecTononoKeHHe cooTBeTCTByeT TOHKe c KoopAHHaTaMH (3,3) - KpHBan 3. MOWHO paccMWTaTb 
HepaBHOMepnocTb BenHMUHbi MOIAHOCTM, noTpeoriHeMOM Harpy3KOfi, B03HMKaroiAeii B pesynbTaTe pa3Hnqbi B 

BeriMHHHe OTpaweHMii npH Bapnai4nn MecTonono>KeHna HarpysKH. 

P - P il        r2 

P
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kx~\ 
2      r 
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k2 +1 
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*100%, 
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rAe Pg - MoiAHocTb reHepaTopa;  Px - MoiAHocTb, BbiAenaeMaa B Harpy3Ke npn KCBH=yt,;i^- MomHOCTb, 

BbiAenaeMan B Harpy3Ke npn KCBH=A:2. 

ripn MaKCHManbHbix rpaHUMHbix 3HaMeHn?ix kx = 2,1 M k2 = 1,3 HepainoMepHOCTb nornomeHnn 

MomHocTM B Harpy3Ke cocTaßnaeT 10,9%. EC^H MCKnioHHTb TOMKy (3,3), KOTopaa «BnaeTcn npaKTunecKM yrnoM 
pe30HaTopa, TO HepaBHOMepHocTb nomoiAeHna MOIHHOCTH 6yAeT onpeAenaTbcn BenMHMHaMM KCBH paBHbiMH 
COOTBeTCTBeHHO 1,3 M 1,5 H KOJIHHeCTBeHHO MCMUCDflTbCa BenUMMHOM 2,3%. 

III. 3aKn»04eHMe 

TaKMM o6pa30M, npeAnaraeMaa KOHCTpyKquH pe30HaTopa M cnoco6 ero B036y>KAeHMa aBnaeTcn 
BecbMa scpcpeKTMBHbiM. flaHHbifi MHoroMOAOBbiM pe30H3Top c paBHOMepHbiM pacnpeAeneHHeM cneKTpanbHOM 
nnoTHOCTH nona no 06-beMy MO>KeT Hafi™ liinpoKoe npMMeHeHMe B TexHMKe CBM f\nn qenePi co3AaHna 
ycTaHOBOK CBM HarpeBa M cyaieK. 

IV. CnncoK JiMTepaTypbi 

[1] CBM SHepreTMKa, M.2./ flofl pefi. 3. OKpeca.- M.: Mnp, 1971. 
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MULTIMODE MICROWAVE RESONATORS EXCITING 

Pogarsky S.A., Zvjagintsev A.A., Saprykin 1.1., Shaulov E.A., Trufanov B.D. 
Kharkov State University, 4 Svobody Sq., Kharkov-77, Ukraine 

tel. (0572) 457278, E-mail: shf@edu51.kharkov.ua 

Multimode microwave resonators are widely used in the modern super high frequency technique. The traditional methods used for 
uniform electromagnetic field distribution based on mechanical disturbance of eigentype oscillations or on multiinput energy 
principle, are not effective in the required degree. There is another principle in investigating construction. In the investigated variant 
of multimode resonator the required effect provides electrodynamical system of modernized resonator which has one or two rib 
walls. The exciting is executed by microstrip radiator with quasi-circular polarization. 
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M3JiyMATEJlEM B PEUJETKE, 

BECKOHEMHOrO KJ1HHA 
E.M. npwBanoB 

HMMKA, 340004, fioHeu,K, Eamumeea 2 
men. 0622-585484 

AHHomaiiun - flpeflnroKeH HOBbiPi cnoco6 anre6pan3ai4Vtn MHTerpoflnr4xpepeHi<ManbHbix onepaTopoB, KOTopbiü 
paccMOTpen Ha npniwepe peweHiw KpaeBoü 3afla4M /yw KOHeHHow peiueTKW npnMoyronbHbix BonHOBOflHbix uanyHaTeneü, 
pacnonoweHHOM Ha rpaHM 6ecKOHeMHoro MflearibHo npoBOflamero KnMHa. 

I. BsefleHne 

Cyu4ecTBO cnocoßa 3aicnKwaeTCfl B cnep,yiow,eM. 3jieicrpoMarHUTHoe noxie B pacKpbiBax mnyvajenew 
aanncbiBaeTcn B BHfie flByx cnaraeMbix - ocHOBHoro ™na BOJIHU H cyMMbi BWCUJHX TunoB BOJIH; 

npeflno/iaraeTCH,  HTO  aa  CMGT flucjDpaKqMOHHbix  HBneHHfi  Ha  peöpe  KnuHa   B  pacKpbiBax  nartynaTene^ 
Hp up e,h 

B036y>KflaK)TCfl aMnjiMTyflbi     ß      ,    ß .   OynKqua TpnHa 3afla<HH npeflCTaBraeTCH B BUfle cyMMbi ee 

paBHOMepHOH n HepaBHOiwepHoii sacTefi. 

li. OcHOBKaa nacTb 

Ha ocHOBe oou^ero peweHHH rpaHMHHofi 3aflaMM fl/in 3Toro ony^as c ncnonb30BaHneM 
MOflncpuqupoBaHHoro MeTOfla ByöHOBa-ranepKMHa [1,2] BbiBOAflTcn ypaBHeHun CB«3H AJW pewe™ 
H3nyHaTe/iePi, pacnonoweHHoü Ha 6ecKOHeHHoti nnocKoc™, 

{am'B'.r-r,.ß„-BrP) = I \{AP + BP)C?„.+ 
h Zp e p "I 

+ B tp> C tfpp' + a mY , B tp<C tt'pp'\ 

je ab 
(2) 

■(^■ÄJ,-«^>',Ä?,)=S(at.C*.w.V,/»,s;.c;.„.): 
Hp        Hp e,h 

n pj\n KOMnneKCHbix aMnnnTyfl    B     > B 

- <* or B7, = I [U + BP) cZP + B7 cl + K cl7 + 

Hph       £ e Hp Hpe "1 

X5 C /£p'       2?/p' C //>/>' + Btpp' Ctpp'l • 

'—(^.,5,., -Y.ß^Brp) =Ll{Ap' + Bp.)CsPp< + Bp<Ct<pP' + 

(4) 

4-  DA
   r^"P   -4-  n^ ^        4- (    e        "P «pe      tp'     \\ 

^ Btp'Cwpp' "•" i% C«-^' "♦" QmYt\Btp<Ctt'pp'+Btp> CttPPj\; (5) 
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nph .nab(        Hpe "v i    \-i h       &/p 

Dtp' ^qq'pp' 

nph      S r>    (    e        Hp Hpe      ' \ 
+ Btp'    Cqq'pp' + 7 tPM\Btp'Cqq'pp'+Btp'    Cqq'pp'J (6) 

IS!. SasouoMeHMe 

MoflHc|3MqMpoBaHHbiM MeTOfl EyßHOBa-raxiepKHHa no3Bonnn B neBOM Mac™ KawfloPi M3 cucTeM 
ypaBHeniw B HBHOM BMfle Bbiflejimb aMnjiMTyflbi BOJIH, oöycjioB.neHHbix flMcppaKLtnoHHbiwn HBjieHHHMn Ha 
pe6pe KriMHa, aivinjiHTyAbi OCHOBHOTO M Bbicujero THHCB BOJIH, T.e. KoriHHecTBenHO onucaTb cpM3HHecKMe 
«BJieHHH, nponcxofiauJine B pacKpbiBe M3JiyHaTejifl - B036y>KAeHne BOJIH, o6ycnoBjieHHbix flucppaxqMOHHbiMH 
HBJieHKflMi-i Ha pe6pe KJiHHa, cnrpaweHwe, H3JiyMenne M BsanMOfieMCTBHe BOJIH ocHOBHoro n Bbicwwx ranoB, 
B035y»fleHMe BUCLUMX THROB BOJIH. TaKHM o6pa30M, cucTewibi ypaBHeHMü "pa3flejinnncb". 

C noMoinbK) (1)-(3) nojiyMeHo BbipaweHne f\rm nojiHoft npHBefleHHOM K pacKpbiBy KOHeHHow peiueTKH 
npoBOflMMocTH BOJiHOBOflHoro H3JiyMaTenfl B BHAS cyMMbi, Ka>Kfloe M3 cnaraeMbix KOTOPOM HBJifleTCH 
npow3BefleHneM MHowmejief! cKaHnpoBaHMa w pactcpbiBa [2]. H3 cpaBHeHua pacneTHbix AaHHbix comacoBaHna 
H CB33H Me»fly H3nyHaTennMM c paHee onyöJinKOBaHHbiMu 3KcnepwvieHTajibHbiMu flaHHbiMH [3,4] BHAHO HX 

xopouiee coBnaflenne. YcTaHOBJieno, MTO "«paeBoü acpcpeicr" B KOHeMHbix peiueTKax ecTecTBeHHbiM o6pa30M 
yMMTbiBaeTCF! npoBOflMMOCTbK) H3JiyHaTe.nR MccneflOBaHne BKJiafla flwcppaKiiw/i Ha KpoMKe B comacoBaHMe 
H3nyHaTe/iH [5] noKa3ann, MTO nonyneHHbie cooTHoujeHwa Moryr iunpoKO ncnonb30BaTbcn flna pacneTa 
comacoBanMa H3nyHaTeneü peanbHbix KOHCTpyKL(ui* aHTeHHbix peujeTOK. npeAJioweHHbiü cnocoS 
anre6pan3aLiMH HHTerpofli/icpcpepeHU,naj-ibHbix onepaTopos MO>xeT nawxw npuMeHeHMe npfi peujeHMH KpaeBbix 
3aAaM MaTewiaTHMecKoii. cpH3WKM. 

IV. CnncoK nwTepaTypbi 

[1] npuBanoB E.M.    MeTOflbi pemenna KpaeBbix 3aflaHAna peujeTOK BonHOBOflHbix nanynaTeneii. 063op. - M.: BUMH, 1985. 
[2] npuBanoB E.M. - CpeflCTBa CBHSW, 1983, N1. 
[3] npuBanoB E.M. - B KH.: PacceaHwe ojieKTpoMarHMTHbix BOHH. Taranpor: TPTM, 1985, Bbin. 5. 
[4] AM3eH5epr T.3., flMnoribCKMÜ B.C, TepeuiMH O.H. AHTeHHbi YKB. Hofl pefl. T.3. APi3eH6epra H.1 - M.: Cßaab, 1977. 
[5] fipuBanoB E.M., CaBenbeB B.B. - B KH.: PacceaHne eneiapoMarHHTHbix BOHH. -TaraHpor: TPTH, 1985, Bbin.5. 
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A new method of integro-differential operators algebraization is proposed. It is considered on the example of solving a boundary 
problem for the finite grating of rectangular waveguide radiators, disposed on the side of infinite wedge with ideal conduction. The 
relationship equations for the grating of radiators disposed on the infinite plane and relationship for complex amplitudes caused by 
diffraction phenomena on the wedge rib are made. An expression for complete conductivity leaded to an opening of the finite 
grating is presented in the form of sum, every item of which is a product of scanning and opening multipliers. The calculated data of 
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;OH ^TampepcHmin ^C/t*</Ku^^^6. 16-19 ceHTn6pfl 1996 r., CeBacroriOAb, KpblM, YKpam 

. ^U.-~~~..,~..~ ß-~lar„~~~ ß,;jV.-/}*'GA   1A lO C^.mL. IQQS   Q„......i„„-.l   r.;mo.    I IL-ii 

y\ r\ 4 Ma-repHaAbt 6-H MenvtyHapo/tHon ÄJtt-MCKofi /^«KPOHOAHOBOH AaHtpepcHmin A^wrtia^are. io-i~* ceHTnops two r., \^> 

J /T1 Proceedings of 6th International ^itfnean i-ÄVcrowave Conference 0t<SKtßit96. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



H.n. K03X10B 
HMM F1M3 MAM, BonoKonaMCKoe Luocce, 4, MocKea-125810, P0 
0ai<c (095) 158-0367, E-mail: RIAME.MAI@REX.IASNET.COM 

AHHornanuf! - Pa3pa5oTaHHbiPi asTopoM MeroA caMocomacoBaHHbix KOHenHbix pasHocTew ana peiueHMfl BonHOBoro 
ypaBHeHMfl d E/d(kz)+ s(kz)E=0 ncnonb3yeTca B MccneflOBaHMax aneKipoiwamnTHbix nonefi B6riM3M KaycTMKM. B MeTOfle 
nepeMeHHbiM war no apryiweHTy (kz„t1-kz„) comacoBaH c MSMeHemeM fluaneKTpunecKoü npoHWLtaeMoc™ s(kz) B oflHopoflHbix 
noflcnonx, HTO ncwBonaeT coKpaTMTb KoniwecTBO He3aBHCMMbix napaMerpoB peweHMH A™ K03$dpvn\mma OTpaweHM« BonHbi. 
MccneflyioTCH BJWHHMSI Manux noTepb M cna6oPi HeoflHopoflHoc™ cpeflbi Bflonb cnon. flrm HopManbHoro nafleHMH BOHHU Ha 
cnoü noKa3biBaeTcn KaMecTBeHHaa 3aBMCWMOCTb pewehMH OKOHO Hy/in E OT Manbix MSMeHeHuH napaMeTpoB IlaeTca KpMTepnw 
noaBJieHna BoriHbi Bflonb cnoa. 

I. BßefleHMe 

npuBefleHHbie HaMM B [1] pe3ynbTa™ MCCJieflOBaHMfl cnpaweHmi HopwanbHo naflaiomeM nnocKOM 
3/ieKTpoMarHMTHoü Bo/iHbi OT nnocroro xiMHefiHoro cnoa flMsneiapuKa 6ea noTepb npon3BonbHoPi TonmwHbi 
npM 8>0 noKa3biBahOT, MTO BonHa no nnoTHoc™ noTOKa He floxoflMT flo TOHKU S=0. B HTore BbiflenaeTca 
KpMTMHecKaa TOMIO e=0, CBA3aHHaa c KaHecTBeHHoPi 3aBMcnMocTbio noBeAeHua peaieHHa OT Manbix u3MeHeHnPi 
napaMeTpoB cpeflbi. 3TH pe3ynbTaTbi o6ocHOBbiBaK>T Heo6xo,qnMocTb npuMeneHHfl TOMHoro penieHna 3aflaMM 
o pacnpocTpaneHHM nnocKoPi aneiapoMamnTHOM BonHbi B nnocKocnowcToPi cpefle OKono TOHKM S=0 npn 
nccneflOBaHMM KOPOTKOBOJIHOBOM acHMmroTUKu nona B OKpecTHoc™ KaycTHKM. KacaHne ny^a c KaycTHKoPi 
flBJiaeTca MHoroMepHbiM aHanoroM TOHKH noBopoTa. B HacTOflinePi pa6oTe cpefla B6nn3M KaycTHKM 
MOflennpyeTca npon3BonbHoPi TonujHHbi nxiocKMM nnHePiHbiM cnoeM, nnaBHo nepexoflainMM B HenMHePiHbiPi. 
HenHHePiHbiM ysacTOK, nrpatoinnM BcnoMoraTenbHyio ponb, ncnonb3yeTca flna HCKmoMeHMR oTpaweHHoPi 
BonHbi OT Kpaa nnHePiHoro cnoa. DpeflnaraeMbM MeTOA TOMHOTO peiueHna BorwoBoro ypaBHeHHH 
d E/d(kz)+e(kz)E=0 no3Bon*eT npoBOAHTb fleTanbHbie TeopeTHHecKne   u pacnembie HccneAOBaHU* nonePi B 
OKpeCTHOCTM TOMKM 6=0 [1,2]. 

B flOKnafle npHBOflaTcq pe3ynbTaTbi TeopeTMHecKMX MccneflOBaHM« nonePi B6nn3n KaycTHKM npu 
Manbix noTepnx (e'=e-ie", e"«si, rfle ei - Ha^anbHoe 3Ha4eHne e) B cny-iae cnaßoPi HeoAHopoflHOCTM cpeAbi 
BAorib nnocKOcnowcTofi CTpyicrypbi, 3aAaBaewiofi cnynaPiHbiM owioHeHKeM yrna naßßmn xiyqa Ha OAHopoAHbiPi 
noAcnoM. nonyMeHHbie MS TOMHOTO pemeHHa oqenoMHbie 4>opMyribi MOWHO ncnojib30BaTb f\m pacMeTa 
noBepxHocTHbix BOTIH, MccneAOBaHMa KOTopux npHBOA^Tca, HanpHMep, B [3]. flaeTca KpuTepHü noaBneHHa 
BOJIH BAonb cnosq. 

II. MeTOfl peuieHMH 3aAann 

PaccMaTpHBaeTCfl HaxnoHHoe naAeHMe nnocKOü BoriHbi noA ymoM 9, na H/IOCKHM HeoAHopoAHbifi 
crioR AnaneKTpuKa nponsBo/ibHOM raninHHbi OT Z,=0 AO ZN (e,, eN), 8'=s(kz)-is", s>0, e"=const, e"«ei, AO cnoa 
6'-s'i, 3a cnoeM e'=e'N. Cnoti COCTOMT H3 AByx MacTeii - nHHePiHofi OT Z, AO ZL, TAe s(kz) = s(kzi)+ 'aik(z-zi) 
a1=ds/d(kz)=const<0, H HejinHeüHoPi OT ZL AO ZN npn gr(e>ds/d(kz)/(6)3/2=const, npnMeM Ha cnoe dpyHKqMa 
e'(kz) HenpepbiBHa BMecTe c nepBofi npon3BOAHOM, rAe k=2it/X., X - nnma BoriHbi B CBOSOAHOM npocTpaHCTBe 
yron 0, oTCMHTbiBaeTca OT OCM Z B HTIOCKOCTH zy. B cooTBeTCTBMH c npeA^araeMbiM wieTOAOM peiueHHfl 
HeoAHopoAHbiH cnovi npeACTaBraeTca AUCKpeTHo* MOAeribto H3 N oAHopoAHbix noAcnoeB nepewieHHoPi 
ToniAHHbi, KOTopaa onpeAenaeTcn 3aKOHOM mMenenm BO/iHOBoro conpoTMBneHna Ha cnoe (Ana cnynaa 
6i=0, s"=0 npHHUMaeTca 8 =En/en+i=const). 

1. flpeACTaBUM peiueHMe ypaBHeHHPi MaKCBenna Mepe3 Asa He3aBncnMbix peiueHna Ann H (Ex^0 
Ey=0, Ez=0) M E (Hx^0, Hy=0, Hz=0) BonH 

^=A^e??)(-i1/<cos^kz)+q[e?qp(iA/<oos^kz), 1H) 

Hy1 = A^ exp(-i^ cos $nkz) + Q exp(iV< cos 0nkz), n=i,2,... N, (2E) 
ocTanbHbie cocTasnaioiAne nonePi HaxoAFTcn Mepe3 Ex n Hy [5], 

HanpaBneHHe Bexropa noPiHTMHra   Ana npoxoA*mePi H BonHbi (cpnH) (E BonHbi (dpnE)) v\m Ana 
BonHbi 3a cnoeM (n=N) onpeAenneTcn cooTHOiueHneM 

Re«*/ff0) 
BenuMMHa s'o=e'isiri 81 HBnaeTcn HHBapwaHTOM Ha cnoe, T. e. E'o=s'nsin2en. 
f1pn e7eo«1 npHHHMaeM 

ei sin2 9i=8n sin20n=so, (4) 

rAe so - TOMKa 3aBopoTa, cooTBeTCTByioman 9n->Ju/2, npwneM dpn=9n. 

MaTep„aAb, 6-(i MeawynapoAHoB ^«MCKOH ^«KPOBOAHOBOH ».„^epe,,«,,,, I^MAUWH. 16-19 cemrtip« 1996 r„ CeaacronoA^, KPb,M. YupaHHa or.- 
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2. B cnyMae E BonH fl/ia awn/iHiyA BOJIH Ag,C£, K03c£>cpMLjueHTOB OTpaweHna R£ = C£ / A£ 

HMeraT MecTo cnep,y\ou\\Ae cooTHOiueHMfl [1,4] 

P"Avnni.   \       T?n rE   + ^OE   eXP\l&Pn+l) p _ r?l ,,-,=. REexp(21pJ = R„E = i + r„R„,exp(iA^i),   «m=*w, (5E) 

A-'=AEexp{-i(l-l/,S„)2>,,}Pr1,   PE°=n(l-r°(l-Ro")),      (6E) 
p=l m=l 

rAen=1,.,N-1, R*   = 0,    pn = yfä COS 6nkzn, Sn = ^COS0n / (^/^COS^) , 

Apn = -2js'n cos#nk(zn - zn_x), r£ = -f—r,   rE = —— . (7) 

B CBOK3 onepeAb flnn H BOJIH 6yflyT cnpaBeflnuBbi cooTHoiueHun (5E) n (6E), ecriH 3aMeHMTb B HHX HHfleKCbi 
E Ha H, o6o3HaMUM MX cooTBeTCTBeHHO (5H), (6H). 

06cy>KflaeMbii4 B HacTonmeM flotcnafle MBTOA peweHwa npeflnojiaraeT, HTO cnoco6 pa36neHna 
neoflHopoAHoro cnofl Ha oflHopoflHbie noflc/iow pasHofi TonLu,nHbi 3aflaeTcn ycnoBwewi 

Ö2 =(eB-s0)/ (sn+1 -£0) = const. (8) 
MeTOA yflo6eH flna M3yMeHMH noneti OKono TOMKM 3aBopoTa, c npn6nn>KeHneM K KOTopoii N-KO. 

3. B c/iyMae Hopwia/ibHoro nafleHMn BonHbi Ha c/iofi 6e3 nomouj,eHHfl (s"=0) wvieeM, HTO 

82=En/en+i=const n cjiefloeaTejibHO 

r£ = ~K =(S-l)/(S + 1),        APn+1 =(6-1)/ {vn&Mh W 
zde vn = 6*" npu  n < L, vn = 1   npH n > L. 

npuMeM EL->0 (L-»OO) H onpeAenMM cxoAHMOCTb npon38eAeHH?i P"{ B (6H), ncnoJib3yfl npn3HaK 

cxoAHMOcra flonawiSepa cooTBeTCTByhomero p^Aa. TorAa npu AOCTBTOMHO 6onbtunx n nonyHHM, HTO 

nponsBefleHMe P£   pacxoAHTCH, a 3HaHHT | Ex I-»» npu EL->0. AHanornMHo m (6E) nonyMUM, MTO pacxoAHTca 

1/PE, OTKyAa | Hy | -»0 npu EL->0, HTO coBnaAaeT c [7J. 
ToMHoe peweHue (1H), (5H), (6H) npu 82-~>CB0AHTCfl K AHCpcpepeHi_i,uanbH0My ypaBHeHMto 

PuKKa™, AeMOHCTpupya nepexoA OTAHCxpeTHoii MOAenn cpeflbi K nenpepbiBHofi. 
BbipaxceHne ßpn KoscpcpMLjueHTa OTpaweHHfl B oKpecTHOCTH TOHKH S=0   npu Apn =const w SN-»0 6yAeT 

R0p=Y+iß, rAe ß=4/gr(eL) (lßl«1), y=yl-/?   ,   B STOM c/iynae B (5) npuweM  N  =  L,   R0   = Rop. 

PemeHkie Ha rwHefiHOM ynacTKe npu L->oo npeACTaBrmeTCFi HenpepbiBHoü cjDyHKqueCi R0 = f(gr(si), zjz\) v\ 
I Ro i —>1 npu EL/BI-»0 n ei-»0, a 3HannT SL/SI=1-| R0|

2-»0 [1]. B pesyribTaTe TOHHoe peiueHne no3BonaeT 
BbiAejiMTb oco6yK> nnocKocTb E=0, AO KOTopoCi Bonna no nnoTHoc™ noTOKa He AOXOAUT, npuMewi (E |—>oo H 

IH | ->0 npu SL->0. ToHKa E=0 HB/ineTca KpMTHMecKoPi TOHKOM, noBeAeHne peiuenna OKOJIO KOTopoCi 
KanecTBeHHO 3aBMCHT OT Maxibix H3MeHeHnPi napaMeTpoB. Hannnne nomomeHna npußeAeT K TOMy, MTO E 
CTaHeT KOHeMHbiM npu E=0, oco6a?i nnocKocTb "pacnnbiBeTca" B cnoü, TonmnHa d KOToporo kd« | \m{z-\z")la^ \. 
M B 3aBMCMM0CTn OT BejiuMMHbi nomoLneHUH BonHa nn6o 6yAeT pacnpocTpaHaTbcn BAonb cnon, nn6o npoiiAeT 
B oSjiacTb £<0 (CM. HM)Ke). npu 3TOM pe3Koe B03pacTaHne E MOKeT npuBecTM K HennHefiHbiM acpcpeKTaM. 

ill. PeaynbTaTbi TeopeTWMecKnx nccneflOBaHnii noneM 

1. PaccMOTpuM npMMeHMMOCTb cpopMyn Hopwa^bHoro naAeHun BoriHbi Ha cnov\ 6e3 nomomeHnn. 
ripuHMMaa 6i«1 n 8Zn»1 MO>KHO noKa3aTb, HTO cpopMynbi HopMaJibHoro naAeHun cnpaBeADMBbi npu 82n (8i)2 

«1 M B 3T0M cnynae rgs-rH (3Aecb H Aanee BepxHuti HHAöKC n onycKaeM). npu STOM nnocKocnoncTaa MOAenb 

npuMeHMMa npu yc^oBMM pN=-y/ffNkrN»1, rp,e TN - paA^yc KpnBH3Hbi ypoBHfl nocTORHHoCi KOHLieHTpaqnn E=EN 

. npu pN«1 naAaiounaa BonHa Ha cnoe E=SN paccenBaeTca BO Bee CTopoHbi (3aKOH CHeJi^n HapyiuaeTca), 
npuBOA«  K noTepflM  naAaromero H3/iyHeHna  (c/iynaM  B paMKax  nxiocKocrioncTofi  MOAenw  cooTBeTCTByeT 

"npnHL(Mny HeonpeAeneHHocTn"). TaKMM o6pa30M ycrioBne 82n(0i)2 «1  npu pN=y^NkrN»1     yiBJiaeTCfl 

KpnTepMeM npHMeHUMOCTH MOAenn HopMa/ibHoro naAeHM« BO/iHbi na nnocKocnoncTyro cpeAy. 
2. Tenepb oqeHMM 3HaMeHH« nonefi OKOJIO TOMKM 3aBopoTa npu E"=0 (E"«E0). JlerKO noKa3aTb, MTO B 

cnyMae 82"(8i)2 »1  BonHa pacnpocTpaHneTca noMTM BAonb nnocKoro c^oa n npu STOM 

rHs(8-1)/2, rE=rHl 

a 3HaMHT peiiieHUH Rnn ROH H ROE B paccMaTpuBaeMOH o6nac™ npn6nn3MTejibHO coBnaAaHDT. OTCKJAS, 

nocKOJibKy peiiienwe A^" H BOJIH nocne BBeAennn E3=s(kz)-£o aAßKBaTHO cnyHaio HopManbHoro naAeHna, 
KorAa | R31 ->1 npu e3 -»0, TO npu £L->E0 HMeeT MecTO | RHI ->1, a I RE I < I RH I, T. K. r£S-rH npu 82n(8i)2 «1. 
H3MeHeHne 3HaKa TE C yMeHbLueHMewi 6n npuBeAeT K Towiy, MTO Koacpc|3ML(neHT oTpaweHHH npo^AeT Mepe3 Honb 
npu E =sn .  B 3TOM noAcnoe    6yAeT TOJibKO npoxoA^maH BonHa c HanpaB/ieHneM BeKTopa  (loPiHTHHra, 

s^(\s MaTeptiaAbi 6-H MeiiyiyHapoaHOH ^«MCKOH ^«KpoBOAHOBOH ÄwtpepeHLjuH ^fcu?K(iKa'$6. 16-19 ceHTHÖpn 1996 r., CcaacTOnoAb, KpbiM, YKpaMHa 
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onpeAenneMbiM m cooTHOineHKH: 8o=8nsin28n. B pesynbiaTe co3flaK3Tca ycnoBHH ß,m noHBneHna bonHbi Bflojib 
HeoflHopoflHoro CJIOH. 

flra paccMaTpMBaeMoro cjr/Haa nonyneHbi cneflyrou4ne ou;eHKM (no nopnflKy BeriMHUHbi). riycTb rE=0 
npn z=zm , Torfla em=2so , 0m=7t/4; en=4s0, 8nS7c/6. Ecnn npnnsrrb R = 0.5, TO 3TOMy snaneHUK) KoacpcpuqneHTa 
OTpaweHMH cooTBeTCTByeT ERS0.002(OCI)2/3 [4], flosTOMy, npuHUMan ensER , nonynuM, HTO flna c/iynaa 
pacnpocTpaHeHMn BonHbi Bflonb cnofl flonjKHbi 6biTb cnpaBe/yiuBbi cooTHOineHMJi: E"«(10"4 ...10"5)(ai)2'3 M 

siA(9i=(0.002)2(ai)2/3. 
3. PaccMOTpuM HopManbHoe nafleHne nyna (MMeiouJiero KOHeHHyio TonmnHy n Manyro pacxoflUMOCTb) 

Ha HeoflHopoflHbiCi cnoPi c nornomeHnewi. riycTb cna6aa HeoflHopoflHOCTb Bflonb cnoa aaflaeTcn 
npeflnojiOÄeHneM o TOM, HTO oflHopoflHbie noflcnon He napannenbHbi B cooTaeTCTBHe co cnynauHbiM 3aKOHOM 
Ae(sn). H nycTb A8i flBnaeTCH npuBSfleHHbiM K Hanany cno« cpeflHUM 3HaneHueM. CHanana o6paTHM BHMMaHne 
Ha HeycTotiHMBOCTb peujeHna fln« HopvianbHoro nafleHMH nnocKofi BonHbi Ha cnovt 6e3 nomomeHHH B 

no^ynpocTpaHCTBe s>0, M3-3a Hero CKonb yroflHO Manoe B03Mym,eHne A8i B cooTBeTCTBHH c (4) npn £->£0 

npMBOflMT K 8->7t/2. KpoMe 3Toro H3 (3), (4) cneflyeT, HTO B 3aBHcwviocTO OT Be/iHHHHbi E'VEO (E0=EIA8 \ ) 

BbiflenflKDTca flBa cyu^ecTBeHHO pasHbie peoieHna, OTJiMHaromuecH HanpaBneHnewi pacnpocTpaHeHMH 
npoxoflameM BonHbi B OKpecTHOc™ TOHKH saBopoTa: nepBoe - cpnH=cpnE —>7c/2 AJIA e"/E0«1, a BTopoe - 
cpnH=cpnE=0 A™ 6"/s0»1; B npoinewyTOHHOM cnynae npn s„=so=s" 6yAeT cpnE=7c/6, a cpnH=7t/4. B KanecTBe 
KpnTepufl npuMeHMMocTM nepBoro peweHna npWvieM ycnoBue s"/si<a (A8i)2 (as0.1), npn BbinonneHHH 
KOToporo BoriHa pacnpocTpanaeTCfl BAo/ib nnocKoro cnoa npewviym,ecTBeHHO no OCH y. C yBeriHHeHHeM 
nomomeHMH pacTBop KOHyca pacceaHHfl OT G=7t/2 yMeHbwaeTcn no 8=0 B npeAene. 

ECJIM npuMeHHTb K peweHMHM A^H E"/e0«1 n E"/E0»1 npeAe/ibHbiü nepexoA 8i-»0 n npuHqHn 
npeAenbHoro nomomenufl [5] npH e"->0, TO nonynuM, HTO B cnynae HopManbHoro naAeHun 6ea nomomeHMfl 
cnpaBeAHMBbi o6a pemeHna. Ho nocKonbxy p,nn 3Toro cnyHaa noKa3aHO Bbiwe, HTO | R | ->1 npu eN->0 u BoriHa 
He AOXOAMT Ao TOHKM E=0, TO HMeeT MecTO eAMHCTBeHHocTb peweHMH 3aAann. riocneAHee He HMeeT MecTa B 

peiueHHn nepe3 cpyHKquw 3üpn [5] ripn HopManbHOM naAeHnn BonHbi Ha nuneüHbiü cnoü 6es nornoiAeHua, 
KorAa BoriHa npoxoAUT B oönacTb OTpvmaTe/ibHbix E, npuBOA« K MHoro3HaHHooc™ pemeHMn c yneTOM 
HeycTOfiHMBoc™ (T. e. ripn BBeAenuM A8i, MTO npuBOAUT K 8->rt/2 npn 6->0). 3aMeTMM, HTO npn6nn>KeHHbiii 
xapaicrep peaieHun p,r\n xiMHeiiHoro cnon nepe3 cpyHKqun 3wpn npn ai«1, ei=1 OTMeTun eine <£OK [6, AO6.2]. 

B pe3ynbTaTe npn HopManbHOM naAeHMn BonHbi Ha nuHeüHbiü nnocKMM cnoPi B03MymeHne no 8 npn 
8"/e0«1 npuBOAUT K KaHecTBeHHowiy H3MeHeHMio peuueHMJi, a UMeHHO K noasneHMio E BonHbi BAonb cnoa. 
Teopwa M cnoco6bi reHepaL\nn noBepxHocmbix BODH BecbMa noAPOÖHO o6cy>KAaioTca B [3]. 

IV. 3aK/iK)HeHMe 

npeAnoweHHbifi MeTOA peuieHna BonHOBoro ypaBHeHna nosBO/ineT coKpaTMTb KonnnecTBo 
He3aBwcnMbix napaMeTpoB p,nn K03cpqbnL(neHTa OTpajKeHMn M B pe3y/ibTaTe ynpocTHTb TeopeTunecKne n 
pacneTHbie MccneAOBaHMjR OTpaxeHMH n npoxo>KAeHMa BOJIH B nnocKOcnoMCTOÜ cpeAe. 

B pe3ynbTaTe TeopeTunecKHX Mcc/ieAOBaHMM cnynaH HopManbHoro naAeHMH BOJIHU Ha nnHePiHbifi 
cnoM 6e3 nomomeHna BbiAenena ocoöaa nnocKocTb E=0, TaK HTO | E | -^OO M | H | ->0 npM e-^0. PemeHne 
B6JW3H KpnTHHecKOM TOHKM s=0 KanecTBeHHO 3aBMCMT OT Ma/ibix M3wieHeHMM napaMeTpoB. 

OnucaHO "pacTeKaHMe" nyna BAonb KaycTMKH, 3aBHCHLuee OT nonapusaLinn sneiapoMarHHTHOM BOJIHW, 
HeoAHopoAHOCTH cpeAbi M nomoLueHMa. flaH cooTBeTCTBytoinun KpHTepuCi. 

MeTOA MO>KeT npuMeHHTbcn B aKycTMKe, B MccneAOBaHMHX HeoAHopoAHoii MamHToaKTViBHOM nna3Mbi n AP- 
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A method of solving a task of flat electromagnetic wave propagation in inhomogenious dielectric layer of the given thickness [1], 
developed by author, is presented. This method is supposed to divide inhomogenious layer in several homogenious sublayers of 
the different thickness which depend on permittivity. This method enables to reduce a number of layer parameters. Phenomenon of 
wave scattering along layer near special point E = 0 for the normal wave incidence is described and criterium of this phenomenon 
appearance is given. A new criterium of ray-optical solution application is given. Calculation results of the fields near caustic are 
given. 
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BCnblUJEK 
TOKOB A.M., TbipHOB O.O. 
Xry, XapbKoe, YKpauHa 

AHHomaiiUFi - SiccnepuMenianbHo c noMombto MeTOfla MacTHHMbix OTpaweHnvi iwy^eHbi xapaKTepucTMKM KBa3MBoriHO- 
Bbix B03MymeHMÜ B D-o6nacTw MOHOccpepw M BapnaL(HM napaMSTpoB noHoccpepHOM nna3Mbi (nnoTHocTb sneifrpoHOB N, 
CKopocTb flpeficpa V MenKOMacwTaßHbix HeoflHopoflHocTew aneicrpoHHoii nnoTHocTM) BO BpeMH Man-MTHbix 6ypb w BH63anHbix 
ne>HOC(£epnbix B03MymeHnfi. 

I. BßefleHwe 
flna paspaöoTKH Hafle>KHoPi flMHaMMHecKoR MOfle/iH HHXHeü MOHOCcpepbi Heo6xoflMMO fleTanbHoe 

H3yMeHne npocTpaHCTBeHHO-BpeMeHHbix M3MeHeHMM D-o6nac™ noHoccpepbi nofl B03AeücTBneM B03MymeHMü 
pa3nn4HOM npupoflbi. Han6onee sa>KHbiMn HBJifltoTCH eciecTBeHHbie MCTOMHUKM, TaKne KaK MoinHbie 
3eMneTp«ceHna, M3Bep>KeHMFi BymaHOB, CMnbHbie rpo3bi, conHeMHbie BcnbiuiKM, MamnTHbie 6ypn, co/meHHbitf 
TepMMHaTop, CTpaToccpepHbie noTenneHMFi M T.n. BosfleMCTBue conHeHHbix BcnbiiueK M MarHMTHbix 6ypb 
cpaBHMTenbHO uunpoKO nccjieflOBaHo pafle paöoT (CM., Hanpuwep, [1-4]). OflHaKO flna peweHMH 3aflaMM 
MOflejinpoBaHna HMetoinuxcfi B nmepaType flaHHbix o BnnHHun STUX HCTOMHMKOB HeflocTaTOHno. riosTOMy 
Heo6xoflMMO npoBefleHne HanpaBJieHHbix nccneAOBaHnii, HaKonneHne aKcnepwvieHTanbHbix flaHHbix. B 
HacToameM pa6oTe npHBeflenbi pe3ynbTaTbi 3KcnepnMeHTanbHbix MccneflOBaHnPi BJIMAHUJI conHeHHbix 
BcnbiiueK (Ha npuwiepe BHe3anHbix MOHoccpepHbix B03MyiMeHMM - BUB) n MarHMTHbix 6ypb (MB) Ha 
cpeflHeujupoTHyK) D-o6nacTb HOHOccpepbi, BbinonHeHHbix B XapbKOBCKOM yHHBepcHTeTe MeTOflOM nacTMHHbix 
OTpaKeHnPi (MO). 

II. MeroflMKH 3KcnepnivieHTa M o6pa6oTKM flaHHbix 
3KcnepMMeHTanbHbie nccneflOBaHMa BbinonHeHbi B cpeflHMx uinpoTax B6JIM3H r.XapbKOBa. OcHOBHbie 

napaMeTpbi annapaiypbi 6binn cneflyiotAne: pa6onne nacTOTbi f = 2-4 MI~L(, flnmenbHocTb 30Hflnpyramnx 
MMnynbcoB ti= 25 MKC C nacTOTOM noBTopeHMH 1-10 Tu. PerncTpaLina awinnnTyA cMecu MO curHaxios n 
paAHOiuyMOB Ao,x(z,t) w aMnnMTyA paAHowyMOB Ao,xn(t)(z - Bbicora HaA noBepxHOCTbK) 3ewinn, t - BpeMa ) 
06blKH0BeHH0M   "O"   H   HeoßblKHOBeHHOM   "x"   nonflpM3aqMM   npOBOAHJiaCb   C   nOMOlAblO   3BM   C   15   BblCOTHblX 
ypoBHew, HannHaa c 45 v\nv\ 60 KM nepe3 3 HJIH 6 KM. flnme/ibHocTb perncTpanwPi Ao,xn(t) M Ao,x(z,t), 
BbinonHeHHbix BO Bpeivia 8 conHeHHbix BcnbiiueK B 1983-1990 rr., cocnraBJWia -10 - 100 MMH. OTAeribHO 
paccMOTpeHbi 4 coSbiTna BMB AnMTenbHOCTbio t < 30 MUH U 4 BMB c t > 30 MUH. B 1984-1987 rr. BbinonHeHbi 
M3MepeHM« Ao,xn(t) n Ao,x(z,t) B nepMOAbi 8 MarHMTHbix 6ypb. B maBHOM cpa3e MB npoBeAeHbi HenpepbiBHbie 
MSMepeHMn B TeneHne HecKOJibKux HacoB. flo n nocne MB B TeneHne p«Aa Anew ( > 10 ) BbinonHeHbi 
H3MepeHM?l  A^HTeXlbHOCTbtO t=   10-20  MMH  npM  CpMKCMpOBaHHblX  38HMTHblX ymax  CoJlHLja.   PaCMeT BblCOTHblX 
npocJDMjieM nnoTHOCTM aneicrpoHOB N (z) npoBeAeH no MSBecTHoPi MeTOAMKe An^cpepeHqMaribHoro 
nornomeHUJix [ 5 ]. CneicrpanbHan o6pa6oTKa MaccuBOB Ao,Xn(t) M Ao,x(z,t) npoBOAMnacb no MeTOAy Oypbe. 

111. 3KcnepnMeHTanbHbie peaynbTaTbi. CojiHeHHbie BcnbiiuKM. 
BxiM?iHMe conneHHbix BcnbiiueK Ha D-o6nacTb MOHOccpepbi M xapaicrepMCTMKM MO cumanoB 

MccneAOBaHO Ha npuMepe BMB. npoaHann3MpoBaHbi M3MeHeHMfl Ao,xn(t), Ao,x(z,t) ( a TaioKe MX CTaTMCTMMecKMX 
xapaicrepMCTMK ) M napaMeTpoB D-o6jiacTM BO BpeMa 8 BUB. AHariM3 AorXri(t) M Ao,x(z,t) noKa3an, MTO BO BpeMfl 
KopoTKMX BMB (t < 30 MMH) M npMMepHO B TeneHMe 10-20 MMH nocjie Hero Ha6nrc>AaioTcaKBa3MnepMOAMMecKMe 
3aTyxaioiHMe M3MeHeHMH Ao,Xn(t) M Ao|X(z,t). B pe3ynbTaTe cnexTpaJibHofi oöpaßoTKM MaccMBOB Ao,xn(t) M Ao,x(z,t) 
( AnnTenbHOCTb BbiöopoK Ao M nocne co6biTMn BMB cocTaBiifljia t = 30 MMH ) nonyneHo, MTO BO BpeMa BMB B 

D-o6nacTM reHepMpyroTcn v\nv\ ycMriMBaroTca BojiHOBbie B03MymeHMa c nepMOAaMM T < 5 MMH., KOTopbie 
3aryxaK)T B TeneHMe npMMepHO 20-25 MMH. HpM t > 30 MMH BonHOBbie B03Myai,eHMn Bbipa>KeHbi MeHbiue M/IM He 
OTMewaioTCH BOo6me. Ha pMC.1,a npMBeAeH npMMep cneicrpoB pj\9\ 33BMCMMOCTM Ao(z,t) ( z=81 KM), 

nonyneHHOM B 3KcnepMMeHTe 16.10.1987 r., TAe omeT/iMBO BMAHO yßeriM^eHMe BO BpeMa BMB cneicrpanbHOM 
nnoTHOCTM G cocTasnaroiAeM c nepMOAOM T < 5 MMH ( T= 4,8 MMH ) c nocneAytoinMM yMeHbiueHMeM nocne 
coSbiTMa BMB ( Ha pMcyHKe KpMBbie: 1 - T= 8,5 MMH, 2 - T= 3,4 MMH, 3 - T = 4,8 MMH ).Bo3MO)KHoPi npMHMHOM 
TaKoro noBeAeHMa MO CMrHanoB OT HeoAHopoAHOCTePi D-o6nacTM MOxeT 6biTb renepaLjMfl v\m ycuneHMe 
aKycTMKO-rpaBMTaLjMOHHbix BOJIH B pesynbTaTe pe3Koro ycMneHMM MHTCHCMBHOCTM peHTreHOBCKoro M3nyHeHMfl 
CoriHLia BO BpeMfl BMB. OTMBTMM, HTO noAo6Hbie pe3ynbTaTbi ( BonHOBbie B03MyLAeHMa c T ~ 5 MMH ) 
nony^eHbi B [ 2 ] no perMCTpaqMHM reoMarHMTHoro nona BO BpeMa BMB. 

MHTepecHbiM OKasanocb noBeAeHMe paAMOiuyMOB BO BpeMH BMB: BenMMMHa k = Axn/Aon > 1 BO 

BpeMfl BMB, B TO BpeMH KaK AO M nocne Hero k < 1. CneAyeT OTMeTMTb, MTO noAo6Hoe M3MeHeHMe k 
cpaBHMTenbHO nacTO Ha6nioAanocb HaMM M npn APyrMX B03MymeHMax KaK MCKyccTBeHHbix, TaK M 

ecTecTBeHHbix. YAOBneTBopMTenbHoro o6"bncHeHMa araro HB/ieHMn noKa HeT. 
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üofloßHO [6] BO BpeMS Bcex co6biTnPi BMB HaMM npoßefleHO MccneflOßaHne npnpoflbi MO cumanoB: 
Ann 10 MUHyTHbix perncTpai^nPi BO BceM BUCOTHOM flnana3one BbiMwcneHbi cpeflHue sHeprwi pacceaHHotö < 
E2o,xs> H oxpaKeHHoPi < E2

0,xk> cocTaB/iaioinux HO cumanoB. KaKMX-nn6o cymecTBeHHbix OT/IHMUM B BWCOTHO- 

BpeMeHHOM pacnpefleneHHM < E2
0]XS> n < E^.xk5, BO Bpewin BUB no cpaBHeHwo c HeB03Myuj,eHHbiMn ycnoBH^MH 

M peayribTaTaMH pa6oTbi [ 6 ] Haiwn He oönapyweHO HU B nepuofl KOPOTKHX, HM B nepnoA AJWTenbHbix BUB: 
cooTHomeHne Me?Kfly E0,xs n E0,Xk ocTaBanocb ranMMHbiM fl/ia HeB03MymeHHotö HHWHetö HOHOccpepbi, T.e. 
o6pa30BaHna v\r\v\ ycnneHnq HeoflHopoflHocieü ™na "pe3Kan rpaHwua" He OTMeManocb. 

AHanoruMHo [4] HccneflOBaHbi n3MeHeHua BbicoTHoro npocpnna N(z) BO BpeMH BUB. KaK H B [ 4 ], B 

Haujwx M3wiepeHHflx OTMeqeHo 3aMeTHoe ( B 1,5-4 pa3a ) yBexinneHne N Ha z = 70 - 85 KM BO Bpewia BMB. 
npocjjMJiw N(z), BbNMcneHHbie 3a Kawflbie nocneflytomwe 3-4 MUH BO BpeMH BUB, OTnnManncb KaK no cpopMe, 
TaK v, no 3H3MeHn«M N ( Ha cpHKcupoßaHHbix BbicoTax ), nocne co6biTH7i 3HaMeHua N B D-o6nacTH, B OCHOBHOM, 

BOCCTaHaBnMBanncb B TeMeHHe HecKonbKux MHHyT npHMepHo K TGM me BenuMHHaM, MTO H flo BUB. üpuMep 
TaKux H3MeHeHHM N(z) npusefleH Ha puc. 1,6: KpHBbie 1-3 nonyMeHbi BO BpeMa KopoTKoro BUB B 12.30- 
12.40 LT 26.111.1986 r. Mepe3 Kawflbie 3,5 MMH cooTeeTCTBeHHO, KpMBaa 4 - nonyneHa B 11.30 - 11.40 LT flo 
co6biTnn BMB. 

IV. MarHMTHbie 6ypn. 
M3MepeHMfl MeTOflOM MO BbinonHeHbi BO BpeMfl 8 MB: 16.XI.1984 r., 23.1.1985 r., 13.XI.1985 r., 

13.XII.1985 r., 18.XII.1985 r., 13.111.1986 r„ 2.X.1986 r. H 20.11.1987 r. XapaKTepHbiM flna Bcex H3MepeHuü BO 

BpeMP MB oKa3axiocb nanuMwe HHTeHCMBHbix MO cumanoB OT o6nac™ BbicoT z = 45-70 KM, npeBbiiiiatomnx 
ypoßeHb ujyMOB B 5-15 pas. OneicrpoHHaH KOHneHTpau,na Ha STMX BbicoTax BospacTana flo 3HaMeHnti N~(2- 
8)102 CM3. Ha puc. 1,B npMBefleH npMMep n3MeHeHMPi MOHH3an,un B HHWHeü Mac™ D-o6nacTH HOHOccpepbi BO 

BpeMfl flßyx MB (KpMBbie 1,2; u3Mepenna N(z) BbinonHeHbi npH 3ennTHOM yrne ConHqa 77,5° ). 
flonoxiHUTejibHan M0HH3ai4nn Ha z < 65 KM BO BpeMfl MB, no-BMflHMOMy, Bbi3BaHa BbicbinanneM 
3apn«eHHbix MacTHLi,, a Bapnai^nn N(z) - n3MeHeHHflMH nx HHTCHCHBHOCTH n cnetcrpa. CpaBHHBaa 
OKcnepMMeHTa^bHbie N(z) c xapaiaepHbiMM flna flaHHoro ce30Ha HeB03Myu4eHHbiMM (HanpuMep, no MOflenn [ 7 
]), oqeHMM flonojiHHTenbHyro cKopocTb H0H006pa30BaHMH: qi ~ 1 - 4 CM3 C"1 flna z = 50-65 KM. rionaraa, MTO 

Ha 3THX BbICOTaX OCHOBHOH BKJiafl B qi BHOCHT HOHH3aHMH BbicbinaiomMMUca npoTOHaMM c SHepruHMH E ~ 15-50 
MaB, no MeTOAHKe [ 8 ] oqeHUM noTOK Bbicbinatomnxcfl nacTULt BO BpeMH MB: lp~ 0,05-0,12 CM2cp"1 c"1 . 

nocne MamuTHbix 6ypb B TeweHne npHMepHO 5-10 cyTOK c BbicoT z ~ 55-65 KM B 7 cnyManx H3 8 
3aperncTpnpoBaHbi MO cumaribi, TaioKe npeBbiujaiomMe ypoßeHb paflnoujyMOB B HecKoribKO pa3. 3aMeHeHO, 
MTO TaKue co6biTMa xopoujo KoppennpytoT c BbicbinaHnew 3apn>xeHHbix HacTHL( MS MarHHTOccpepbi, KOTopbie 
perucTpupoBanncb c noMOLqbK) HC3 ( o BbicbinaHMHX 3apa>KeHHbix wacTuq B MOHoccpepy B TeneHMe pafla flHefi 
nocne MB cooßmanocb M B flpyrnx pa6oTax, CM., HanpuMep, [ 9 ] ). Ha puc. 1,B (KpuBaa 3 ) npußefleH 
SKcnepuMeHTaribHbiü N(z) -npocpunb, nonyMeHHbiPi MeTOflOM MO B paRoHe r.XapbKOBa 15.VI.1983r. ( B STOT 

nepuofl BpeMeHM, no flaHHbiM HC3 "MeTeop", 3aperncTpnpoBaH noTOK npoTOHOB 77,2 CM2C"1 c sHepruHMM E - 
15 MsB ) nocne ME. 3flecb >Ke flaHa xapaKTepHaa 3aBHCMMOCTb N(z) ( KpuBaa 4 ) B HeB03MymeHHbix ycnoBnax, 
cpaBHeHMe c KOTopoö no3BonneT oi^eHMTb yBennMeHMe cKopocTM noHoo6pa30BaHnn 3a cneT BbiCbinaHnn 
BbicoKOSHeprMMHbix npoTOHOB B 40-10 pa3 cooTBeTCTBeHHo flna z = 57-63 KM. 

HaMU nccneflOBaHbi H3MeHeHnq noHM3ai4nn B flHeBHOü D-o6nacTu noHoccpepbi BO BpeMH MB Ha z > 
75 KM ( B pa6oTe [ 3 ] cxoflHbie nccneflOBaHnn npoBefleHbi flna HOHHUX ycnoBnä ). Ha puc. 1 ,r n3o6pa>KeHbi 
N(z) -npocpnnn B D-o6nacTn Ha cpeflHux ujupoTax, nonyMeHHbie npM cpnKcnpoßaHHOM 3eHHTHOM yrne ConHqa 
78° flo HaMana MB (KpMBbie 1-4) M B nepuofl MB (KpuBbie 5,6) B Hakane aKTUBHoro nepuofla. OTMeTnuBO 
BUflHO, MTO B nepuofl MB Ha z = 78-90 KM 3HaMeHna N B 1,5-6 pas öonbiue, MeM flo MB. AHanoruMHaa KapTUHa 
B H3MeHeHnax N(z) B D-o6nacTn Ha cpeAHUX ujupoTax OTMeMeHa HSMH M BO BpeMa flpyrnx MB. rioxowne 
M3MeHeHna N(z) B BepxneCi MBCTH D-o6nac™ BO BpeMM MB Ha6nroAanncb B [ 3 ] B HOMHOe BpeMH. 

HaMU nccneflOBaHbi H3MeHeHnn N(z) - npocfcnneü, nonyHeHHbix MeTOflOM MO no H3MepeHUHM B 

BbicoKux ujupoTax ( ß6nu3n r. MypMaHCKa ) 3HMOü U BecHofi 1974 r. B nepuoAbi MB ( perncTpnpoßanncb 
BcnnecKM reoMamwTHoro nona, KOTopbie xopoaio KoppennpoBann c noHBneHneM HHTeHCMBHbix MO cumanoB c 
BbicoT HM«HePi Mac.™ D-o6nacTH HOHOccpepbi ). XapaicrepHbiM, KaK v\ B cpeAHeiiinpoTHbix n3MepeHnax, 
OKa3anocb Hanimne cnoeB noBbiLueHHOfi noHM3aL(nn Ha z = 48-75 KM c N < 103CM"3. üpn STOM B 

BbicoKOLLiMpoTHbix   M3MepeHH«x   3HaH6HHH   N(z)   B   HUKHeft   Mac™   D-o6nacTH ToSbiMHO   6onbiue,   MeM   B 
CpeflHeUJMpOTHblX, MTO 06"baCH«eTC51 ÖOnbWeÜ HHTeHCMBHOCTbK) nOTOKOB BbICbinaHDIMMXCn MaCTML; Ha  BblCOKUX 
ujupoTax KaK B flHeBHbie, TaK M B HOMHbie Macbi. OTMeTMM, MTO npMBeAeHHbie Bbiine pe3ynbTaTbi coBMecTHO 
c flaHHbiMM paßoT [ 1,3 ] flaroT cpaBHUTenbHO acHyro KapTMHy KaMecTBeHHbix M KonHMecTBeHHbix n3MeHeHMü 
N(z) B D-o6nacTU HOHOccpepbi BO BpeMa MB, MTO Ba>KHO p,rm peujeHHjq 3aAa4 MOAennpoBaHna. 

CneflyeT OTMeTHTb, MTO B nepuoAbi MSMepeHnPi BO BpeMa MB ( KaK n B nepuoA BMB ), o6cy>KflaeMbix 
3flecb, noMTn BcerAa 6bino k > 1. MHTepecHbiM oKasanocb TaioKe TO, MTO B perncTpaqHnx MO cumanos BO 

BpeMH MB MMeno MecTO OAHOBpeMeHHoe cymecTBOBaHne OTpaweHHoSi E0,Xk n pacceaHHOü E0,xs 

cocTaBnaromnx MO cumanoB ( ß,nn z= 75-85 KM ), npHMeM Aona E0,Xk flocTurana 30 % (BO BpeMa BMB 
cooTHOLueHne Me>Kfly E0|Xk M EO,XS ocTaßanocb TaKUM we, KaK n B HeB03MymeHHbix ycnoBMax, - cymecTBeHHO 
npeoönaflana cocTaBnatoman E0Xs >. 

V. BbiBOflbi 

B paöoTe sKcnepuMenTanbHo nonyMeHo: 
a) B nepuoAbi KOPOTKHX BMB BO BpeMfl conHeMHbix BcnbiweK B D-o6nac™ HOHOccpepbi Ha6nK)flanncb 

KBasuBonHOBbie B03MyineHnn aMnnMTyfl paAHOuuyMOB n MBCTUHHO OTpa>KeHHbix cumanoB c nepuoflaMM T < 5 
MUH, KOTopbie, Bbi3biBaK3TCfl, BeposTHo, ycnneHMeM Hnn reHepaquePi aKycTMKO-rpaBMTaqMOHHbix BonH; 
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6) B HHWHeti Mac™ D-o6fiacTM nc-Hoccpepbi ( z < 70 KM ) BO Bpeww MB H B TeMeHMS 5-10 cyTOK nocne 

HUX pemcTpuposa/iwcb cnon noBbimeHHofi noHM3aL(HM c BennHUHaww N ~ ( 2-8 ) 10 CM" , KOTopbie, 

BepofiTHO, o6ycnaBnnBaK)Tca BbicwnaHneM 3apax<eHHbix MacTHL( H3 MamuTOCcpepu; 

B) B BepxHePi Mac™ D - oönac™ Honocdpepbi (z > 70 KM ) aneicrpoHHan KOHnempaLjufl B03pacTaeT B 2- 

6 pa3 flHeM B nepnofl MB no cpaBHenwo c HeB03Mym,eHHbiMH ycjic-BHHMH 
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PMC. 1 
npuMepbi  cneiapoB 3aBncMMocTew 

A 0( 2,t ) H    n/lOTHOCTM 3HeKTp0H0B  B 
cpeflHeninpoTHofi o6nacTM D- 
HOHOCCpepbl   BO   BpeMfl    MarHHTHblX 
6ypb u conHe^Hbix BcnbiaieK: 
a) - npuMep  cnempoB  ATO 

3aBHCMMOCTM      Ao ( Z,t )    ( Z =   81 
KM ), nonyneHHOM B 3KcnepnMeHTe 
16.10.87 r.; KpuBbie: 1- T = 8,5 MUH, 

2- T = 3,4 MMH, 3- T = 4,8 MUH; 

6) - Bapwau.un N ( z) B D-o6nacTM 
B nepnofl BUB: KpMBbie 1-3 
noJiyseHbi BO BpeMfl KopoTKoro BUB, 
KpMBaa 4 - flo co6biTHH BUB; 
B)    M3MeHeHMn     KOHM3aU,l<M     B 
HM>KHeM   4acTH   D- o6nacTM 
HOHOCCpepbl    BO   BpeMfl MarHMTHblX 
6ypb (KpuBbie 1 - 3 ). KpuBan 4 - 
MOflenbHbiM npocpunb N ( z ). 
r)    M3MeHeHMfl HOHM3aU.HH B 
BepxHen   MacTM AHBBHOW 

cpeflHeujupoTHoPi D -oSnacTW 
MOHOCCpepbl BO BpeMfl   MarHMTHOM 
6ypn (npw cpUKCupoBaHHOM 
3eHHTHOM yrne ConHU,a 78° , 
KpuBbie 5,6). 
KpuBbie 1 - 4 nonyneHbi flo Havana 
MB B Te^eHne HecKonbKnx AHeR. 

DISTURBANCES IN MIDLATITUDINAL IONOSPHERIC D-REGION 
DURING MAGNETIC STORMS AND SOLAR FLARES 

Gokov A.M., Tyrnov O.F. 
Kharkov State University, 4 Svobody sq., Kharkov-310077, Ukraine 

tel. 47-10-12, E-mail: gokov@edu20.kharkov.ua 

Using a partial reflection technique, characteristics of quasiwave disturbances in a midlatitudional ionospheric D-region and 
variations of ionospheric plasma parameters (the electron density N, the drift velocity V of small-scale N-irregularities) during 
magnetic storms and sudden ionospheric disturbances (SID), were experimentally investigated. We have found the following: 
a) over periods of short-time SIDs in the ionospheric D-region, acoustic-gravitational waves having periods of T < 5 min are 
generated or enhanced; 
b) in the lower ionospheric D-region (z < 70 km) during magnetic storms and 5-10 days later the enhanced-ionization layers with 
Ns(2-8)102 cm"3, which were due to charged particles precipitating from the magnetosphere, have been recorded; 
c) in the upper ionospheric D-region (z > 70 km), electron density during a day-time in a period of the magnetic storm becomes 2-6 
times as many as if compared with that under quiet conditions. 
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«PJiyKTYAUHH TEMnEPATYPbl AHTEHHbl, 
OBYCJlOBJlEHHblE BCmiECKAMM 

flEUMMETPOBOrO CnOPAflMHECKOrO 
PAflMOM3Jiy4EHM« CPEflHELUMPOTHOtl 

MOHOCOEPbl 
KanaHMH U.M., Po3yMeHKO B.T., TbipHOB O.O. 

XrV, XapbKoe, YnpauHa 

AHHomawx - npoaHann3npoBaHbi perwcTpauwi/i cnopafliwecKoro paflnow3nyHeHiw (CP) Ha 1420 MTu. n 1675 Ml"n, 
nonyneHHbie B6JIW3M r. XapbKOBa B 1990 -1995 rr. B TeneHne 6onee 5 000 nacoB. H3MepnTe/ibHbifi KOMnneKC BKnionaeT B ce6n 
flBa MOflynsmMOHHbix npneMHWKa c cpnyKryaLjMOHHbiM noporoiui MyBCTBWTenbHOCTH 1 - 2 K w ABe HanpaBneHHbie B 3eHMT 
aHTeHHbi: KaccerpeÜHa (flwaMeTp 3epKarta 15 MeTpoB) vt pynopnow. ycTaHOBJieHo, MTO <pnyKTyan.nn TeivmepaTypbi aHTeHHbi 
33KnK)MeHbi B npeflenax ATa=2-5 K, MX flnnTenbHocTb T = 5 - 300 c, nepnofl Mopymuywi OT 5 c flo 30 c M my6nHa MOßynaijMM OT 
10 % flo 70 % c HanSonee BepoflTHbiMM 3HaMeraiHMM TeMnepaTypu 7 -14 K, flnuTeribHocTn 10-25 c, nepwofla 10 c n my6uHbi 
MOflynnuMM 20-30 %, cooTBeTCTBeHHo. rinoTHocTb BcnnecKOB MeHaeTcn KpaÜHe HepaBHOMepHo ripn cpeflHeM 3HaHeHMM 0,4 
BcnnecKa  B Mac.   CneicrpajibHbiß  aHann3  noKa3an  MTO  BcnnecKM  c x>  20  c  npoMOfly/inpoBaHbi  pa3HbiMW  nacTOTaMM 
OflHOBpeMeHHO. 

I. BßefleHne 

Pa6oTa paflMOTexHuqecKMX cudeM B 3HaMHTenbHofi CTeneHu onpeflenaeTCfi cpnyKTyaLjMflMH 
oTHOLueHkin cnman/ujyM. OAHHM H3 HCTOHHHKOB 4)JiyKTynpytomnx uiyMOB HBJiaeTCH cnopaflnnecKoe 
paflMOM3ny4eHne noHOca>epbi. BnepBbie HaöniofleHnn coßcTseHHoro mnyvenm noHoccpepbi 6binn BbinonHeHbi 
B nonapHbix ooTiacTax (CM., HanpwMep, [1]). OKa3ajiocb, MTO paflH0H3nyMeHne aBpopajibHow noHoccpepbi 
HaöJiKJflaeTca, no KpaüHeü wiepe, B Anana30He 1-30 000 Mrq [1,2]. rioncK cnopaflMMecKoro M3JiyMeHHH Ha 
cpeAHMX LunpoTax 6bin HaMaT B 1969 r. [3,4] Ha flnnHax BOJIH OT 0,03 flo 1,6 M. Bee Ha6jiioAaeMbie aBneHMn 
MOKHO ycnoBHo pa3ÖMTb Ha Tpn Tuna [5]: oflUHOHHbie Bcn/iecKM flnnTexibHocTbrc» nopnflKa flecnTKOB H coTeH 
ceKyHfl, LuyMOBaa 6ypn (noBbiOieHne cpnyKryan.nM), fl^nTenbHbie M3MeHeHna cpeflHero ypoBHH HsnyMeHMH. 
Han6onee Maoro HaönioAaioTcn HBneHna nepBoro Tuna co cpeflHHMH npofloruKHTe/ibHOCTbto BcnnecKOB 0,5-4,5 
MMHyrbi M apKOCTHOÜ TeMnepaTypofi AO 50 K (nnoTHOCTb noTOKa M3nyHeHnn nopnflKa 10"22 BT M'2 I'M'1) B 

AeL(MMeTpoBOM M caHTHMeipoBOM flnana30Hax; MHCJIO BcnnecKOB B Mac (nnoTHOCTb BcnnecKOB) npHMepHO 
nponopquoHanbHo A/iMHe BOJiHbi X n fl/ia X,=0,16 M cocTaBnaeT 0,5 BcnnecKa B Mac, a flna X=0,5 M npuMepHO 4 
BcnnecKa B Mac. 

B XapbKOBCKOM rocyHUBepcuTeTe Hapnfly c Ha6/nofleHneM cnopaflunecKoro paflMOM3nyMeHnn B 

HeB03MymeHHbix ycnoBunx TaioKe nposoAflTCH nccneAOBaHna cnopaAHMecKoro paAH0H3nyMeHwa, 
o6ycnoBJieHHoro aHTponoreHHbiM B03AetfcTBneM Ha MOHOccpepy. 

II. MeTOflMKa 3KcnepMMeHTa w o6pa6oTKM flaHHbix 

H3BecTHo (CM., HanpuMep, [6]), MTO B paAMOW3JiyMeHne noHoccpepbi Ha MacTOTax f > 10 2 -103 MTM 

ocHOBHofi BiciaA AaeT TopM03Hoti MexaHH3M, oßycnoBneHHbiii CTO^KHOB6HMRMH aneicrpoHOB Ha BbicoTax 60 KM 

5  Z   <   150   KM.      ScpCpeKTHBHafl   TeMnepaTypa   Teff  CpOHOBOrO   TOpM03HOrO   M3JiyMeHHFl   3/ieKTpOHOB   CpOHOBOll 
nnasMbi onpeAenaeTcn cooTHoiueHMeM [6]: 

Teff-NeNn^Te2, (1) 

rAe Ne - KOHLieHTpaqua sjieicrpoHOB, Nn - KOHLieHTpaL(Mfl HefiTpanoB, Te - TeMnepaTypa sneicrpoHOB. H3 (1) B 

MacTHOCTM cneAyeT BbiBOA o cymecTBOBaHMH cyTOMHOÜ 3aBMCHMOCTH Teff. rio'nopnAKy BenuMMHbi Tetf ~ 1 K. 
3cpcpeKTMBHayi TeMnepaTypa BcnnecKOB TopM03Horo paAH0H3nyMeHMfl noHoccpepbi OT BTOPMMHWX 

aneKTpoHOB, noflBn«ioiAMXcn npn H0HM3ai4nn noTOKaMU 6bicTpbix MacTHq, onpeAenqeTcn cooTHotiieHneM [6]: 

Teff ~ X Ts F, (2) 

rAe Ts - acpcpeKTHBHan TeMnepaTypa BTopuMHbix aneiapoHOB, F - nnoTHOCTb noTOKa 3Heprnn, BHOCHMOTO B 

kioHoc$epy ßbicTpbiMM MacTuqaMM. H B 3TOM cnyMae 3HaMeHHi=i Teft oöbiMHO oica3biBatoTCfl nop^AKa 1 K. B 
O6OMX cnyMaax Tefrf , MTO KaMecTBeHHO cornacyeTCH c pe3ynbTaTaMH Hauinx nccjieAOBaHUM B Anana30He 
MacTOTf~0,15-2rrM[7]. 

BßeAeHHbiM Bbiaie noHATHeM acpcpeicrnBHOki TeMnepaTypbi M3nyMeHna yAoßHO nonbsoBaTbcn, ec/in 
oßnacTb, ABnatou^aHCfl HCTOMHUKOM cnopaAMMecKoro paAH0H3nyMeHHfl, 3aBeAOMo 3anonH9eT maBHbiii 
nenecTOK AnarpaMMbi HanpaB^eHHocTH. OAHaKO, npoBeAeHHbie HaMM MCCJieAOBaHna [7-9] c ncnoTib3oeaHneM 

Ma-rcpiiaAW 6-B Me»uiyHapo4H<tB X^«MCKOH ^äKPOBOAHOOOB XTowpepeHijKH ^t«fÄ«Ä>'?^. 16-19 ceH-rafipn 1996 r., CesacronOAb, KpbiM, yKpaHHa A f\A 
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flByx aHTeHH (oflHa H3 HUX MHoronyMeBaa), Kawflaa c wnpHHoii masHoro nenecTKa MeHee 1° (KoacpcpimMeHT 
HanpaBneKHoro fleficTBi/ra ~50 000), no3BOJinnn ycTaHOBHTb, MTO Bcn.necKH nanyMatoTcn c KBa3nnepnoflOM x ~ 
10 c na OTAeribHbix oöJiacTew MOHoccbepbi Ha BbicoTax z~120 KM, OTCTO?IIMMX flpyr OT flpyra B HanpaBnennn 
ceBep-Ktr Ha paccTOHHwn R~50 KM, KOMnoHeHTa ropu30HTanbHoPi Kawymei/icF! cKopoc™ nepeMeineHU« KOTopbix 
B HanpaBJieHMH BOCTOK-sanafl cocTaBnaeT v~30 KM/C; 3aflep>KKa BcnnecKOB H3 pa3/iHHHbix o6jiacTefi Kpama x/4. 
nosTOMy npn ncnojib30Bannn aHTeHH c WKpoKou fluarpaMMOM HanpaBjieHHOc™ nonHTueM 3cpcpei<THBHoPi 
TeMnepaTypbi MsnyMeHMn MOTKHO npoflonwaTb nonb30BaTbcs, ecjin BBec™ KoscpcpwqueHT sanoriHeHMH 
flMarpaMMbi HanpaBfieHHOCTH mnynaxMijAMM o6nacTflMW. OAHaKO, npouje MomHOCTb Ha 3a>KHMax npneMHOti 
aHTeHHbl P MOKHO Bbipa3HTb Mepe3 n/lOTHOCTb nOTOKa MOIUHOCTM H3HyHeHHfl fl: 

P=riAeff Af, (3) 

rfle Aeff - acpcpeKTHBHaa nnouu,aflb aHTeHHbl, Af - wnpnHa nonocbi nponycKaHna npneMHOM CMCTeMbi. 
TaKUM oßpasoM, ncno/ib30BaHne ocTpoHanpaßneHHoü aHTeHHbl yBenw-inBaeT flucnepcwo npuH^Toro cnma/ia 
nponopi4MOHanbHO acpcpeKTHBHOvi nnoina,qn aHTeHHbl. 

ripeflenbHo o6Hapy>KMMaa nnoTHocTb noTOKa nmin 3aBncnT OT scpcpeicTviBHofi TeMnepaTypbi uuyMOB 
paflnonpneMHoPi cucTeMbi T„: 

nmin=10kTn(C(AfAt)0-5)-1. (4) 

rfle k - nocTOHHHa* EoribMMaHa, C - nocTonHHan flna flaHHoro Tuna ripneMHHKa BenuMMHa (-1-2), At - 
BpeMfl HaKonneHun cHmana. 

HaMM [7,9] npoeefleHO MconeflOBanne MeraflUKH oÖHapyweHHH cnopaflMMecKoro paflM0H3nyHeHna 
noHoccpepbi OT Tn. B sacTHocTO, K MHoronyMeBofi aHTeHHe c ujupunoii oflHoro nenecTKa -1° noflKJirOHanncb 
nooqepeflHo oxna»flaeMbiü äHAKHM renneM v\ BbicoKOTeMnepaTypHbiPi ycnnnTe/in BbicoKoPi MacTOTbi. 
YcTaHOB/ieHO, HTO, B cooTseTCTBUM c (4), noHMJKeHne Tn npuBOflMT K BbifleneHwo Ha cpOHe TopM03Horo 
nsnyMeHMfi aneicrpoHOB cpoHOBofi nna3Mbi BcnnecKOB Bee MeHbuieü HHTBHCHBHOCTH, MTO no3Bo/iqeT 
nccneflOBaTb 6onee TOHKHe MX CBoCicTBa. 

C Lienbto yMeHbweHUfl npoMbiwneHHbix noMex flna wccneflOBaHUM Bbi6paHbi MacTOTbt 1420 MTq u 
1675 MI~L(, OTBefleHHbie Ann paflMoacTpoHOMMMecKnx HaSniofleHMM. 

OflHofl i/i3 npuHsrrbix npoBepoK pa6oTocnoco6Hoc™ MeTOflHK M3MepeHnn, KpoMe LUTaTHbix npoBepoK 
annapaTypbi, HBrmeTCH perncTpatiMH cyTOHHOfi 3aBUCUMOc™ paflnou3riyMeHna noHoccpepbi. 

O pa6oTOcnoco6HOCTn MeTOflUK TaKwe cBUfleTenbCTByeT Ka^ecTBeHHoe cornacne Meatfly 
TeopeTMHecKofi w perucTpnpyeMoPi sasucMMOCTOMM MHT6HCMBHOCTH BcnnecKOB OT MacTOTbi. 

H3MepnTenbHbiM KOMnneKC BKJitoMaeT B ce6a flBa MOflynaqMOHHbix npneMHUKa c cpJTyKTyaqnoHHbiM 
noporoM MyBCTBHTenbHOCTH 1-2 K M flBe HanpaBneHHbie B 3eHMT aHTeHHbi: Kaccerpeüna (fluaMeTp 3epKana 15 
M) n pynopHoPi. 

111. OKcnepMMeHTanbHbie pe3ynbTaTbi 

ctriyKTyaqnM TeMnepaTypbi aHTeHHbl ATa, o6ycnoBJieHHbie cnopaflnsecKUM H3nyneHneM noHoccpepbi, 
perMCTpupoBariMCb B paflnoct3M3HMecKoii oßcepBaTopun XapbKOBCKoro rocyHUBepcuTeTa B6JIH3M ropofla 
XapbKOBa B TeMeHMe 6onee MeM 5000 HacoB B 1990-1995 roflax Ha MacTOTax 1420 MI~L| M 1675 UTu,. 

MccneflOBaHUH noflTBepflnnn cymecTBOBaHne M3BecTHbix Tpex ranoB cnopaflnnecKoro 
paflwoM3nyMeHna noHoccpepbi [5]. noHTH Bee Ha6nioflaeMbie nBneHna OTHOcnTca K Tuny oflMHOMHbix BcnnecKOB. 
UJyMOBbie 6ypw M MefliieHHO MeHaiomaacn KOMnoHeHTa Ha6nK)flanncb KpafiHe peflKO. CraTMCTHHecKHM aHann3 
pe3ynbTaTOB noKa3an cneflyiomee. 

1. BcnnecKM cnopaflMHecKoro paflMonsnyneHun noHoccpepbi Bbi3biBaioT cpnyKryai4nn TeMnepaTypbi 
aHTeHHbl ATa=2-45 K flJinTe/ibHOCTbK) T = 5-300 ceK c Han6onee BepoambiMn 3HaMeHnaMM TeMnepaTypbi 7-14 
K M flnnTe/ibHOCTH 10-25 c. 

2. AMn/iHTyfla SonbUJMHCTBa BcnnecKOB 6bina npoMOflynnpoBaHa; nepnoflbi MOflyraqnn MeHaroTca OT 

5 c flo 30 c, a rnyöHHa MOflynfiqnn OT 10% flo 70% c Han6onee Bepo^THbiMH 3HaMeHnaMn nepnofla MOflynaqnn 
10 c M my6nHbi MOflynnunn 20-30%. KBa3HMOfly/iflL(na oneBHflHo o6ycnoBneHa MUKponyjibcaLinnMU ™na Pi 1, 
KOTopwe nMeioT nepnoflbi 1-40 c. OS STOM CBUfleTenbCTByeT He ToribKO pacnpefleneHne nepnofloe MOflyjiaqnM,' 
HO M TOT cpaKT, HTO BcnnecKM flJiMTenbHOCTbK) 6onee 20 c, KaK npaBnno, oflHOBpeMeHHO npoMOflynnpoBaHb'i 
rapMOHMKaMn c pa3HbiMn nacTOTaMM. 

3. nnoTHOCTb BcnnecKOB OTO AHH KO flHio MeHneTca KpaCiHe HeperynjqpHO. YcpeflHeHHoe 3a Becb 
nepnofl HaßjiiofleHMfi 3HaMeHne nnoTHOc™ BcnnecKOB paBHo 0,4 BcnnecKa B Mac. B Te^eHne cyTOK nnoTHOCTb 
BcnnecKOB cnerKa yBenMHUBaeTca flo n nocne noriyflHa. Ee MaKCMMa/ibHbie 3HaHeHna Ha6r»oflaK)TCH BO BpeMn 
M  nocne  nepnoflOB  BbicoKoPi  coriHeMHofl  (nncna  cojiHeMHbix  nHTeH   Boiibcpa   W>150)  n   reoMamtiTHOM 
aKTHBHOCTH. 

IV. BbiBOflbi 

YcTaHOBneHo, HTO BcnnecKM cnopaflMHecKoro n3nyneHna noHoccpepbi Ha ^acTOTax 1420 MTq u 1675 
MTq Ha cpeflHHx ujnpoTax B 1990-1995 roflax Bbi3biBann cpnyKTyaqi/in TeMnepaTypbi aHTeHHbi B npeflenax 
ATa=2-45 K flJiMTeribHocTbHD t=5-300 c, KOTopbie 6bmn npoMOflynnpoBaHbi rapMOHHKaMn c nepnoflOM OT 5 c flo 
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30 c M myßHHOfi MOflynHi4nn OT 10% flo 70%, c Haw6onee BeponTHbiMH aHaneHiwMM TeMnepaTypbi 7-14 K, 
flnMTejibHOCTM 10-20 c, nepnofla 10 CM myöuHbi MORynnum 20-30%, cooTBercTBeHHO. rinoTHOCTb Bcn/iecKOB 
MeHneTcn KpaiiHe HepaBHOMepHO npn cpeflHeM 3HaH6Hnn 0,4 BcrmecKa B 4ac. 

OßHapyweHHbie qDnyKiyau;nn TeMnepaTypbi aHTeHHbi MoryT npeflCTaBJiHTb KHTepec npw 
npoeicrnpoBaHHH n 3KcnnyaTaL(HM paflMOTexHunecKnx cucreM B fluanaaone nacTOT f>10 2 - 10 3 fvirq. fl/iH 
OMeHKM cpJiyKTyaqwH TeMnepaTypbi aHTeHHbi Ha MacTOTax oT/iwHHbix OT 1420 MTL| M 1675 Mru. MOWHO 

BocnonbsoBaTbca cooTHomeHneM ATa ~f2. 
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ANTENNA TEMPERATURE FLUCTUATIONS DUE TO SPORADIC BURSTS 
OF DECIMETER RADIO EMISSION FROM THE MIDLATITUDE IONOSPHERE 

Kapanin 1.1., Rozumenko V.T., Tyrnov O.F. 
Kharkov State University, 4 Svobody Sq., Kharkov-310077, Ukraine 

tel. 47-10-12, E-mail: rozum@edu20.kharkov.ua 

The records of sporadic radio emission (RE) bursts at 1420 MHz and 1675 MHz made near Kharkiv in 1990-1995 during more than 
5000 hours have been analyzed. The facilities comprise two Dicke microwave radiometers with a fluctuation resolution threshold of 
1-2 K, two antennas directed at the zenith, the Cassegrain system (15 m in diameter) and the horn radiator. It has been found that 
the RE bursts have the following parameters. Antenna temperature fluctuations vary within ATa=2-45 K, their duration within t = 5- 
300 s, modulation periods within 5-30 s, and the modulation depth within 10-70 % with the most probable temperature magnitudes 
of 7-14 K, duration of 10-25 s, period of 10 s, and modulation depth of 20-30 %, respectively. The reccurence rate of bursts varies 
extremely irregular with the average of 0.4 bursts per hour. The spectral analysis of data shows that the bursts with t > 20 s are 
modulated with different frequencies simultaneously. 
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O.B.Jla3opeHKO, Jl.cp.HepHorop 
XapbKoecKuü aocyHueepcumem 

AHHomaifuu - ripeflncmceHbi BemecTBembie Mop,erm cBepxuiMpoKononocHbix cumanoB n yTOHHeHbi BbiflsuraeMbie K 
HMM TpeSoBaHMfl. rionyMeHbi aHariMTM^iecKHe peweHMH 3aflaMM o pacnpocTpaHeHMM BbicoKcmacTOTHbix CBepxwnpoKononocHbix 
cumanoB B oflHopoflHOM, riMHeRHOM n napa6onwMecKOM cnoqx nna3Mbi. 

I. BeefleHne 
B nocneflHee Bpewia B03poc HHTepec K ncnonb30BaKWo CBepxuiupoKononocHbix (Cliin) cumanoB flna 

flMCTaHLiHOHHoro paflM030HflnpoBaHMa nbfla, 3eMHbix Heflp, BcenoroflHoPi 6nn>KHeM paflMODOKauiMM, CBH3H C 

norpyweHHbiMM noflBOflHbiMM zioflKaMM, noKaqnn npnnoBepxHOCTHoro cnoa 3eMnn M T.n. [1,2]. 3TH cnmanbi 
TaioKe npMBJieKaioT BHHNianwe TeopeTHKOB [3]. 

ripeflCTaBnneTCfl Ljenecoo6pa3HbiM npwMeHeHue Cliin cumanoB flna paflHonoKai4HM KOCMMHecKMX 
OÖteKTOB,  flMCTaHMMOHHOrO  paflMOSOHflUpOBaHHH  OKOJ103eMHOrO   KOCMMHeCKOrO   npOCTpaHCTBa,   MOHOCCpepHO- 
MarHHTOCCpepHOVi paflHocBH3H n T.n. B STMX cnyHaax flncnepcnoHHbie scpcpeKTbi MoryT oKasaTbca 
onpep,ennyoü!y\MV\. 

Lleribio paSoTbi ABnaeTCFi aHannTHHecxoe M HHcneHHoe MOflennpoBaHHe flucnepcuoHHbix HcxaweHutf 
BblCOKOHaCTOTHblX Cliin CMmailOB, B03HMKaHDLUlHX npH HX paCnpOCTpaHSHMH B nna3MeHHblX CpeflaX,  HWieK)U4HX 
3aKOH flMcnepcMH 

n2(f) = i - /; / f2 

rfle       H f   - MacTOTa ci/imana M nna3MeHHaa MacTOTa cpeflbi cooTBeTCTBeHHO. TaKotf 3aKOH flncriepcnu 

cnpaBeflnuB, Hanprnviep, B MOHoccpepe 3ewnn. 3aMeTMM, MTO flucnepcHOHHbie HCKaKeHMn ysKononocHbix 
cumanoB xopouuo M3yMeHbi [4]. HTO we xacaeTCH flucnepcun CLJLin cumanoB, TO 3flecb nonbiTKH oqeHKM 
Be/iMMMHbi scpcpeKra TO/ibKO npeAnpnHHMaK)TCH [5], 

riofl CBepxujHpoKononocHbiM cnmanoM noHHMaeM cktman, KOToporo noKa3aTenb wupoKononocHocra 

r^ Vmx J min ' Umax J imn ' ' 

rfle fmax H fmin - MaKCHManbHaa n MHHHMajibHas HacTOTbi cpyHKL(nn cnempanbHoti nnoTHocTH cumana, 
yflOBneTBopneT ycnoBwo [1] 

1   <   ju   < 
nofl BbicoKO'-iacTOTHbiM CLUn cnmanoM 6yfleM noHWi/iaTb Cliin curHan, pacnpocTpaH?iioLi4nüca B 

nna3MeHHoti cpefle, flnn KOToporo BbinonHaeTCH ycnoBHe 

J min J p ' 

II. OcHOBHbie pe3ynbTaTbi 
ripn pacnpocTpaHeHMH CLUn cumana B nony6ecKOHeMHoPi cpefle ( z>0 ), KOTopan xapaKTepn3yeTcn 

nepeflaTOMHoPi cpyHKqMePi 

K(F, Z)   =   K(F, Z) e xp(-i <p(F, Z)) 
(3flecb H flanee TOHKa CBepxy Hafl BennMMHoPt o6o3HaMaeT ee KOMnneKCHocTb), aiwnnMTyfla aneiapuMecKoro 
nonn E(T,Z) Ha paccTonHHH z OT rpaHULibi cpeflbi MMeeT BMfl [4] 

CO 

E(T, Z)  =   j S(F)K(F, Z) e xp(i27rFT)dF 
-co 

rfle 
CO 

S(F)  =   J E0(T) exp(-i2nFT)dT 

- cneicrpanbHaa nnoTHocTb naAatotnero na cpefly curHana Eo(T)=E(T,0), r - flnnTenbHOCTb cumana, c - 
CKopocTb CBeTa B BaKyyivie, 

T  =   {t - z I c) I r, Z   =   z I ex, F   =  ft, 
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T MMeeT CMbicn 6e3pa3Mepnoro BpeMenn B cMCTeiwe KoopflUHaT, flsuxymePicH co CKopocTbio c B TOM xe 
HanpaBneHMM, MTO H cuman. B TBKCM cncTewie KoopflMHaT <fcyHKL|n?i E(T,Z) onpeflenaeT cpopMy curHana Ha 
paccTOAHUM Z OT rpaHHijbi cpeflbi M He ymiTbiBaeT sanasflbisaHHs, cB?i3anHoro c KOHSMHOCTbto CKopoc™ cBeTa, 
ZwF - 6e3pa3MepHbie KoopflUHaTa n MacroTa cooiBeTCTBeHHO. 

B cjiynae HeoflHopoflHoti nna3MeHHoPi cpeflbi npn OTcyTCTBun nomotfleHUH 
z 

K(F,Z)  =   exp(-i2xFJ n(F,Z)dZ) 
0 

rfle n(F,Z) - noKa3aienb npenoM/ieHHfl cpeflbi. 
BbipaxeHne fljisi E(T,Z) B oflHopoflHotf cpefle, nonyHeHHoe MeTOflOM CTaLiMOHapHoü cpaabi [7,8], MMeeT BMfl 

E(T,Z)   =   X^ 
i = i 

2 "1/2 

^4(^) S(F„)exp(±*^ + zp(Fci)) 

rfle Bbi6op 3HaKa '+' wnw '-' onpefleraeTCH 3HaKOM cfp/dF2 npn F=Fct, 

p(F,Z)  =   2nF{T + Z(l - n{F))) + <ps(F), 

- cpa3a, CTaqMOHapHbie TOMKM FCI KOTopoPi HaxcflHTca H3 ycnoBHH ——   =   0 
dF 

S(F)  =   S(F)exV(i<ps(F)) 
flna flaJibHetfwero aHann3a Heo6xoflHMbi KOHKpeTHbie MOflejiH CLUH cumanoB Eo(7).  OcHOBHbie 

TpeöoBaHnq K HUM TaKOBbi: 

] E0(T)dT 

( ycnoBMe H3nyHeHnq CLLin paflMocumaJia ) , F0(0)   =   E0(Y)   =       ,  a Taioxe yc/ioBMe HenpepbiBHOcTn 

cpyHKL(MH  Eo(T).   npn   pa3pa6oTKe  aHannTunecKnx  MOflenefi   Mbi  TaioKe  cTpeiwmiHCb   K  MX  npocTcrre   n 
afleKBaTHocTM. npMMepaMM Taxnx MOfle/iefi Moryr 6biTb cjieflyioiflue:_ 

E0l{T)  =   (-1)" sin(2miT)®(T) 
E02(T)  =   (-1)" sin(2^n7) exp(-(2r - 1)2)®(T) 

E03(T)   =   (-1)" exp(-|2r -  l|) sin(2^nT)Q(T) 

E04(T)   =   (-1)"(1 - \lT -  l|) sin(2nnT)®(T) 

E05(T)   =   (1 - \2T -  l|) cos (2^7)0(F) 

rfle   N   —   2n  fl/ia MeTbipex nepBbix MOflenePi,   iV   =   /I  +   1   flrw nocneflHeü,   N   - KonnMecTBO 

nenecTKOB CUJn cumana, rj(T) - cpyHKi^na XsBMcaüfla, 

0(f)   =    77(f)   -   7/(r   -   1), T   =   t   I   X. 
BbiöepeM, HanpuMep, MOflejiH 4 M 5. flna c-flHopoflHoro nna3MeHHoro cnon c 3aKOHOM flucnepcMM 

n2(F)   =   1  -  F2   / F2     MMeeM 

£(T'Z)   -   ^371-^ („3   _ A , 2T? cos(2W2Ar + -) 

rfle A   =   ZF;,/,   =   (-1)",/2(F)   =   «F flu», wofle™ 4, /,   =   1, f2(F)   =   n2   +  F2 

Ann MOflenn 5. flaHHoe peiueHMe npwMeHUMO npn t g(27r-j2AT)   »   2V2A   I   T3 

flna nnHeMHoro c^oa Tonu^HHbi Zm, HaMMHatomeroca npn Z=0 M MMeromero 3aKOH n3MeHeHna 

KOHqeHTpaMMM a^eicrpoHOB BMfla N(Z) = NmZ I Zm, rfle Nm = N(Zm), cnpaBefl^nBo 

cneflyioiflee Bbipawenne 

E,(T,Z) 
1     A1/2/2/(^, T)  (1 - fx cosjnAyjl I 2TAm)) 

2n2 T»4A1J4 (n2    _    A2     f    {4TA))1 

x cos(2nA^T I Am   + -), 

rfle   f2l(A,T)   =   nA   I  (2TV2A1J2)     &* MOfle^n 4, 
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f2l(A,T)   =   n2   +  A2   I  (ATAm)      firm Modern 5. 

B cnynae napa6onn*-!ecKoro cnoa, flJia KOToporo    N(Z)   -   Nm(\  -   (1  -   Z   /  Zm)  ) 

peaieHne 3ap,am wvieeT BMA 

F (T  7\   =  ^ Ainfll2(A)f2P(
A>T)  (1 - A cos (nAf{A\[Tl 2TAJ) 

pK   '    '        n2  ' r3M4'4 (n2  - A2f2(A)  I (ATAJ)2 

x cos &iAf (A)JFTi; + ^), 

rAe   f2p(A,T)   =   A7/4/C4)   /  ■yJATAm    fln>iMOflenn4, 

f2p(
A,T)   =   n2   +  A2f2(a)  I (47V4J AfWMofle™5, 
Am    ~   ZmFpm< Fpm    " nna3MeHHa* MacTOTa npu Z=Zm,  f(A)   =   V2(l  -Al  2>Am)

in 

YcnoBMR npuMeHUMOcTO npuBeAeHHbix Bbiwe BbipaweHHfi TaxoBbi: 

ntg(2nA^T I Am   »   AT"2 A^12     ntg(hnAf\A)^[T1~^)   »   Af(A)T3l2At 
-1/2 

III. 3aKJifOHeHne 
ripoBefleHHbie wccneflOBaHna noKa3ann, mo flucnepcuoHHbie HCKaweHHH BbicoKcmacTOTHbix Cliin 

cumanoB, pacnpocTpaHaiomMxcfl B oflHopoflHoti nna3MeHHoii cpefle, cBOflflTca K cneflyromeMy. 
Bo - nepsbix, no Mepe yBennMeHMfl npoxoflMMoro paccTOHHMn B03Hm<aK>T HOBbie nenecTKM, a 3Heprna 

KaK 6w nepeKaMMBaeTC?! W3 SnuwatfujHX K nepeflHeMy cppoHTy cumana nenecTKOB B B03HHKaioLirne 
nocneflyromne, B pe3ynbTaTe Mero aMnnnTyAa nenecTKOB nocTeneHHO yMeHbwaeTCH, a AiuTenbHOCTb cumana 
B03pacTaeT. 

Bo - BTopbix, B cucTeiwe KoopAUHaT, p,mw.yui,e\Acn B Ty we cropony, HTO H cHman, co CKopocTbto c, 
noHBrweTCfl 3ana3AbiBaHne nepeAHero cppoHTa cumana H 3ana3AbiBaHne iwaKCMMyMa ero orn6arOLU,efi ( TaKoe 
noHHTMe MOWHO Mcnonb30BaTb no Mepe yBejiMHeHun Mucna nenecTKOB cumana ). 

YMeT HeoAHopoflHOM CTpyKTypu cpeAbi c ncnonb30BaHneM nnHefiHoro n napa6onnHecKoro npocpwnefi 
KOHL(eHTpaL(MM sjieKTpoHOB npuBOAMT K yMeHbweHHio B03HMKaK)U4nx AHcnepcHOHHbix scpcpexTOB, npuMewi 
MaKcuManbHbiPi acpdoeicr Ana nuHefiHoro cnoa cocTaBnaeT nonoBMHy, a An« napa6onnHecKoro - ABe TpeTbux OT 

cooTBeTCTByromero acpcpeicra A™ OAHopoAHoro cno«. YMeHbwaeTCH TaioKe CKopocTb HapacTaHun 
B03HMKaromnx AHcnepcuoHHbix HCKaweHHÜ. 

C yweHbUjeHneM u. onncbiBaeMbie acpcbeKTbi, KaK H cneAOBano owHAaTb, yMeHbuiarOTCH. Meiwi Sonee 
ysKononoceH cuman, Tewi MeHbiue ero AncnepcuoHHbie MCKaweHun, cBH3aHHbie c pa3nnMneM B 

npeo5pa30B3HMH pa3Hbix cneKTpanbHbix KOMnoHem B cpeAe. YcTaHOBneHO TaioKe, MTO AncnepcuoHHbie 
3cp4>eKTbi cna6o 3aBncaTOT BMAa HcnonbsyeMotf MOAenn cumana. 

Pe3ynbTaTbi A^HHbix nccneAOBaHn£t Ha npaicraKe MoryT 6biTb ncnonb30BaHbi A^H oTbicKaHH« 
onTMManbHbix 3HaHeHnfi u, ripn KOTopbix AncnepcuoHHbie 3cp4>eKTbi eu\e AocTaTOHHO iwanbi, a npenMymecTBa 
CLUn cMmanoB y>Ke 3aMeTHo nponBnfiKDTca. Oi4eHKa orrrnManbHbix 3HaMeHnn napawieTpoB MMeeT cMbicn p,rm 
KOKKpeTHblX CUCTeM. 
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DISPERSIVE DISTORSION OF HIGH-FREQUENCY ULTRAWIREBAND SIGNALS 
IN HETEROGENEOUS PLASMA MEDIA 

Lazorenko O.V., Chernogor L.F. 
Kharkiv State University, 4 Svoboda Sq., Kharkiv-310077, Ukraine 

tel. (0572) 45-75-61 

Recently the interests in the field of ultrawideband (UWB) radio signals application to remote radio sonding of ice and the bowels of 
the Earth, to communicating with submerged submarines, to all-weather radar, etc. have increased. It is expedient to apply UWB 
radar signals to the ionosphere-magnetospheric communication channels. This will allow to increase their throughput considerably. 
A wideband index ft of UWB signals satisfies the condition 2 > p > 1. A general peculiarity of such signal propagation in plasma 
medium is their dispersion distorsion. The analytical and numerical modelling results of the UWB signal propagation in plasma 
medium are described. 
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CBepxLy^pOKonoriocHbie cwrHAJibi 
ECTECTBEHHOrO 14 MCKYOCTBEHHOrO 

nPOHCXO>KflEH&4Sl B OKOJ103EIVIHOM 
KOCiVIHHECKOIV! OPOCTPAHCTBE 

O.B. Jla3opeHKO, n.cD.MepHorop 
XapbKoecKuü aocyHueepcumem 

AHHomanuft - ripuBefleHbi npwMepu cpM3MHecKnx npoijeccoB ecTecTBeHHoro u MCKyccTBeHnoro npowcxowflei-iMfl B 
0K0J1036MH0M KOCMMHecKOM npocTpaHCTBe, MMeK>m,nx cBepxuinpoKnR cneKTp. BbinonHeHo MMcneHHoe MOflennpoBaHne 
pacnpocTpaHeHiw BbicoKcmacTOTHbix CBepxuiMpoKononocHbix CMmanoB B oflHopoflHOM, nnHeÜHOM M napaooniwecKOM 
nna3MeHHbix cnoax c yMeTOM nomouneHMH M 6ea Hero. 06cy>KflaeTCfl npwMeHMMOCTb nony^emnbix pe3ynbTaTOB A™ MOHoccpepu 
3eMJW. 

I. BseAeHne 
B nocneflHee epeMa B CBFI3H C noaBJieHneM MBTOAOB aHann3a n yBenMHeHneiw B03MO>KHocTe£i 

BbiHucjiMTenbHoro 3KcnepnMeHTa ycMnMnca MHTepec K aHann3y <pH3MMecKnx npoi4eccoB, oönaAaiotnnx 
CBepxninpoKUM cneicrpoM. Taxwe cumanbi B paflnoTexHUKe Ha3biBatoT CBepxiunpoKononocHbiMM (CUJn) [1,2]. 
Hx npuHSTO xapaKTepn30BaTb noKa3areneM uinpoKononocHocTH 

"     ~~ Uimx Jtmn'    '     V ma x ./min/1 

vpfi fmin v. fmax - MMHMManbHafl H MaKCMManbHaa MacTOTbi B . cneicrpe ckimajia.  Hpu   f »    f . r r      J ma x J mtn 

noKa3aTenb ju   —>       . flnsi o6bi4Hbix KBa3HMOHOxpoMaTHHecKHx npoueccos ju   «    1. 

B Ka^ecrree npuMepoB npuBefleM npoqeccbi H3 o6/iacTn cpu3MKW KOCMOca M reocpH3HKH. 
1. MeTeopHbie noTOKH, BToprancb B noHoccpepy 3eMnn, Bbi3biBaioT KoneöaHua reoMamnTHoro nona B 

flnana30He nacTOT OT -O.01 flo f fy. Ta« B pa6oTe [3] HaSntoflanncb KoneßaHua c fmln=0.04 fu t/ fmax=0.4 Fu (u 
= 16J. 

2. 3/ieKTpoMarHHTHoe n3nyMeHne OT rpo30Bbix pa3paflOB B BHfle CBMCTOB pacnpocTpaHaeTca B 
noHoccpepe n MarHMTOccpepe. Cneicrp MonHneBoro pa3pafla newnT B nonoce OT ~1 ru pp 106 ru, ocHOBHaa 
nacTb 3Heprnn cocpeflOTOMeHa B flnana30He 1(?-1<? ru ( n*2) [4,5]. 

3. S^eKTpoMamnTHbie nona OT seMneTpaceHHvi, npoHMKatomne nacTMMHO B noHoccpepy w 
MamnToccpepy, 3aHHMatoT Auana30H HacTOT ~10'2 - 102 Tu ( n*2 ), Han6onbwnü KoscpcpuLiwet-rr npoxo>KfleHiw 
nwietOT BonHbi c MacTOTofi 0.3-10 ru, ( fi=1.94) [6]. 

4. HMnynbCbi flaBiieHna Ha MMKpoßaporpacpax npn TOMeMHbix MOIUHWX B3pbiBax, 3eMneTpnceHnax, 
B3pbiBax ByxiKaHOB M KpynHbix neSecHbix Ten [7-9], UM cooTBeTCTByioT flriMTenbHOCTn HMnynbcoB y HCTOMHMKOB 

T-O.1 - 10 c ( W~10i2-1018 nx),v~ 10-102 c ( W~1016-1019 m ), r-1-10 c ( W-IO^-IO20 fix ), v-0.1-1 c ( 
W~10  -10    flK ). Ha paccTOHHHHX R>3000 KM T~10-30 MHH A^H Bcex MCTOHHMKOB, npHMeM fmm-W3 ru, 
fmax-O-1 -1 ru. npU 3T0M ^»=2. 

HnaBHoCi oco6eHHOCTbio pacnpocTpaHeHna CLLin cMmanoB flBjineTCfl MX A^cnepcHOHHoe ncKa)KeHMa. 
flilfl 3/ieKTpOMarHMTHblX BOnH 3TO Bbl3BaHO AUCnepCMOHHblMM CBOMCTBaMM 0K0ri03eMH0M KOCMUMeCKOM nnasMbi, 
a fin» aKycTMMecKMX M HHCppa3ByK0Bbix - AHcnepcuefi npuseMHoro aTivioccpepHoro BO^HOBOAa. 

II. OcHOBHafl MaCTb 

flna npmviepa paccMOTpwM pacnpocTpaHeHHe CLLin curHariOB B nna3MeHHbix cpeAax (oKono3eMHOM 
KOCMMHecKOM npocTpaHCTBe). HccneAOBaHMfl 6binn npoBeAeHbi AJi« pa3nnMHbix pa3pa6oTaHHbix HawM 
MOAeneti CLLin CMmanoB n 3aKOHa AUcnepcMM 

n2(f) = 1 - /; / /2. 
npM BbiMncneHHRx ncnoiib30BajicH ajnropnTM AUCKpeTHoro ßbicTporo npeo6pa30BaHnä Oypbe c npMMeHeHneM 
cneKTpartbHbix OKOH Bapneira, XaHHa, XaMMUHra, npaMoyronbHoro M yceMeHHoro rayccoBoro OKOH [10], 
flncKpeTM3aL(Ma ncxoAHoro CMruana ocyLnecTBJiRnacb comacHO TeopeMe KoTenbHUKOBa. 

YcTaHOBTieHO, HTO AncnepcuoHHbie MCKaxeHM« BbicoKOMacTOTHbix CLUn CMmajioB (T.e. CLLin 
CMrHanoB, A^a KOTopbix Bbino/iHfleTcfl ycnoBue fm\n > fp, rAe fmin - MMHUMaribHan nacTOTa cneicrpa curHana, fp - 
nna3MeHHan MacTOTa cpeAbi), MMetoT cneAyiomMM xapaicrep. Bo - nepBbix, no Mepe yBenMHeHwa npoxoAHMoro 
paccToaHMH B cpeAe y curHana no9\BnHK>icn HOBbie nenecTKM, B pe3yribTaTe Mero yBenuMMBaeTcn 
AiiMTeribHOCTb CMmana r. Bo-BTopbix, SHepraa nepeKaHUBaeTca H3 6nn>KaPiiiJHx K nepeAHeMy cppoHTy 
.nenecTKOB B B03HMKaiomne nocneAyromwe, no3TOMy BennHUHa HanpaKeHHOCTn nojui B MaKCMMyMe ornöaroineii 
Emax (a o HeCi MO)KHO roBopnTb no Mepe yBennneHna wucna nenecTKOB) naAaeT. B-TpeTbux, B03HHKaeT 
3ana3AbiBaHne nepeAHero cppoHTa cumana Tf w MaKCMMyMa orn6a(Oi4eM B cucTeMe KOopAMHaT, ABUjKymeficfl 
co CKopocTbio CBeTa B TOM me HanpaBneHnn, MTO H cuman. BßeAeHMe ASHHOM cucTeMbi KOopAHHaT no3BonneT 
MCKntoHMTb 3ana3AbiBaHne cumana, CBfl3aHHoe c KOHenHOCTbio CKopoc™ CBeTa. 

OTMeTUM, HTO npn cpaBHeHnn scpcpeKTOB Ana OAHopoAHoro H nnHePiHoro cnoeB 0Ka3biBaeTCH, MTO A^n 
nnHeviHoro cno« BennHMHbi scpcpeKTOB cocTaBnntoT npuMepHo nonoBMHy OT HaönroAaioinMxcH B OAHOPOAHOM 

cnoe, a npa cpaBHeHUM OAHopoAHoro n napa6onnMecKoro cnoeB AOCTMraioT Asyx TpeTefi. 3TO oß-bncHneTCfl 
TeM, MTO B OAHOPOAHOM cnoe CMrHan y«e B HaMane cpeAbi ( z=0 ) cpa3y nonaAaeT B o6nacTb MaKCHManbHbix 
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flHcnepcuoHHbix MCKaJKeHMCi, Koropan fln^ nnHeiiHoro H napa6oniwecKoro cnoeB Ha!i6anee cunbHo 
CK33biBaK)TCH B6JIH3H z=zm. BawHo T3K>Ke TO, MTO no Mepe npoHUKHOBeHHfl cwruana B cpefly onucbiBaevibie 
scpcpeicrbi yBenHHMBatoTCH c BbicoToü nwHeMHO ( A~z ) Ann oflHopoflHoro, no KBaflpaTHMHoiwy saKOHy ( A~z2 ) 
Ann nnHeiiHoro n no 6onee cnowHowy nonnHOMwanbHOMy saKOHy ( A~z2(2-z/zm) ) Ann napa6onnHecKoro cnoeB. 

KaK M cneAOBajio ojKMflaTb, c yMeHbweHHewi \x BenwuHbi flHcnepcuoHHbix acpcpeicroB TaioKe 
yMenbuiaioTcn, HTO o6i>ncHnercn CHHweHHeM oTHocmenbHow mnpoKononocHOc™ cumana. 

YcTaHOBJieno, HTO Ha6jiK)flaeMbie acpcpeKTbi Mano saBucm OT BHfla wcnonb3yeMoü MOflenn cumana w 
npMMeHneMoro cneiapanbHoro OKHB. 

YneT nomoiuieHMfl noKa3biBaeT, HTO Ha6nK>AaeTcn noflaBJieHne Sonee HH3KOMacTOTHbix cneKTpanbHbix 
KOiwnoneHT, npuHeM BO epeMeHHoPi o6nac™ srowiy cooTBexcxByeT noflaBneHne XBOCTa cumana, a 
cneflOBaTenbHO, yweHbiueHHe ero fljimenbHoc™ n aMnriHTyflbi ornSaromeki. Bo3HHKaK)mnii scpcpeKT cnaöo 
3aBMCMT OT Bwßopa MOAenn cumana H Hop^MpoeaHHoro npocpnnn aneicrpoHHoi* KOHqeHTpaqnM N(z), HO He OT 

aöconioTHoro 3HaHeHMn N. 
CooTHOtueHMe Me>Kfly 3cpcpeKTaMH, CBn3aHHbiwn c flucnepcuoHHbiMH MCKaweHnqwm M c nornomeHnewi, 

pa3nnMHoe flna pa3Hbix oönacTeü HOHoeepepu. 
npn ncnonbsoBaHHM napaSonnnecKOM annpoKcuwaqnn npocpunn N(z) BF- oSnacTM ( ToniUMHa cnon 

z=200 KM, MacTora cTonKHOBeHHü sneicrpoHOB v=103 c1 ) f\nn flHeBHoii HOHOCCpepbi ( fp max=10 Mru ) Ann 
cwmanoB c x<10'11 c, npouiefltuux BCK> oßnacTb, flucnepcMOHHbie KcicaweHun HecymecTBeHHb!, c x~10'10 C - 
Manbi, c x~10® c - 3H3MHTenbHbi, c x~10'8 c - oneHb Benw<n. 3flecb nomoi^enne (JjaKTHHecKM He 0Ka3biBaeT 
BnwnHiw. B HOMHotö F - o6nacTM ( fp max-1 Mru ) fincnepcuoHHbie 3Cpcpeicrbi nonBnntOTcn npn r-70"9 c , 
CTaHOBsrrcfl 3Ha^nTenbHbiMH npn T~10~ c, a npn x~3-10'7 C HX MOWHO oneHMBaTb KaK o^eHb CMnbHbie. B 
nocneflnewi cnynae nonBnneTcn nornomeHne, xoTn OHO He cnnujKOM BennKO. TaK x/xo yMeHbwaeTcn Ha 16 %, 
Tm - Ha 15 %, EmaJE maxO - 20 %, Tf cfiaKTHHecKM He MeHaeTca 

BE- o6nac™ ( z-20 KM, V=104 C1, fp=1 MTu, ) B cneflcTBHe MeHbiiieti npoTH>KeHHOCTM n 6onbaieü 
MacTOTbi CTonKHOBeHHPi aneKTpoHOB Ha6ntoflaeTCfl HecKonbKO MHaa KapntHa. flucnepcwonHbie 3cfc<J>eKTbi 
HecymecTBeHHbi A^I^ T<10"8 C, noHBnaioTCfl npn T~10'7 C, CTaHOBaTca 3HasnTenbHbiMn npn r~3-10'7 c. 
riornomeHMe CKa3biBaeTCfl cna6o, npvmeM TonbKO B nocneAHeM cnywae, KorAa T/TO yivieHbiLiaeTca Ha 25 %, 
Ema/Emaxo - Ha 12 %, TfVi Tm noHTM He MenaioTCH. 

TaKMM oSpaaoM, B E - M F - oönacrax MOHOcc})epbi p,nn BbicoKOMacTOTHbix ClUf! curnanoB 
onpeAenatou^nMM aBnatoTca AncnepcuoHHbie scfx^ieKTbi, a nornoiu,eHne Bbipa^eHo cpaBHUTenbHO cnaöo. 

B D - o6nacTM noHoccjDepbi ( z=20 KM, V=106 C'\ fp max-0,1 Mru, ) Ann x<3-10'6 AncnepcuoHHbie 
3c|3Cf)eKTbi Manbi. OcHOBHyK) ponb nrpaeT nornomeHMe. OHO sHaMMTenbHo ßf\H x~10'e c, rAe Ema/Emax o 
yNieHbUjaeTCfl Ha 60 %, v\ cTaHOBHTca o^eHb cunbHbiM npn x~3-10~6 c, Korp,a Emax/Emaxo ywieHbrnaeTCH Ha 98 %, 
T.e. cuman noHTH nonHOCTbio nomoujiaeTc?i. 

III. 3aKTiK)seHiie 
1. flwcnepcuoHHbie MCKaweHMa BbicoKOMacTOTHbix CLLin curnanoB CBOAHTCH K yBennMeHMio 

OTHOCMTenbHOM AiiHTenbHoc™ cumana x/xo, yMeHbUJenwo OTHOcurenbHOki aMnnnTyAbi ero ornöaiomeü 
Emai/Emax o, nofiBneHwo 3ana3AbiBaHMfl nepeAHero 4>poHTa curHana Tf M 3ana3,qbiBaHMn MaKCHMyMa 
oruSatomePi Tm. OHM UBnr\K>Tcn cymecTBenHbiwin flnn curnanoB, pacnpocTpaHarounuxca BE-HF- o6nacrax 
noHoc4)epbi. flnn HOHHOM F - o6nac™ ( zm=20O KM, fp=1 Mru,, v-10 c1 ) npn z-IO^S-IO'7 c X/XQ~1,2-120, 
Tf~0,3-13, Tm~0,7-35, Ema>/Emaxo~0,99-O,15, Ann AHeaHofi F - o6nacTn ( fp=10 Mru.) npM x-W^-W8 c x/x0~1,2- 
520, Tf-0,3-40, Tm~OJ-120$, Emax/E max0-0,99-0,09, Ann E - oßnacra ( zm=20 KM, fp=1 Mru, v=104 c1 ) npn 
x~10^-3-10'7 c x/xo~1-13, Tf~0-1,7, T„,~0-4 Emal/Emax0~1,00-0,33. B D - o6nacTH ( fp=0,1 Mru, zm=20 KM, y=106 

c1) AUcnepcuoHHbie scjDcpeicrbi Ana x~10   -3-10'6 c Bbipa>KeHbi oneHb cna6o. 
2. ripn c^nKcupoBaHHOM x BKnaA pa3nnMHbix oönacTeü noHoccfjepbi TaKOB. HanpuMep, curHan c x=10'7 

c npn npoxo)KAeHHM D-o6nacTM He MenneTcn, B E-o6nacTn AUcnepcuoHHbie MCKa>KeHnn cpaBHUTenbHO Manbi ( 
x/xo~5, Tf—0.7, Tm~1.7, Ema>/Emaxo~0.55) u nor/iomeHna HeT, sara B F-o6nacTH HaßniOAaeTcn OMeHb cunbHoe 
AncnepcMOHHoe pacnnbiBaHne ( x/xo-520, Tr40, Tm~120, £ma/Emax 0—O-09 ) u 3aMeTHoe nomomeHMe ( x/xo 
yMeHbiuaeTcn Ha 20 %, a Emax/E maxo - Ha 8 %. 

3. y^eT nomomeHun npuBOAUT K noAaBneHnio Han6onee HH3KonacTOTHbix cneKTpanbHbix KOMnoHeHT, 
newiy BO BpeMeHHoR oSnacTM cooTBeTCTByeT noAaBneHne XBocTa cumana. YMeHbuiaioTcn ero AJimenbHOCTb, 
aMnnnTyAa ornöatoLAefi, BpeMeHa 3ana3AbiBaHnn nepeAHero cppoHia M MaKCHMywia ornöaiomePi. flaHHbie 
scpcpeKTbi cymecTBeHHbi Ann BbicoKOMacTOTHbix CLLin curnanoB B D - oönacTH M0H0cc(3epbi. TaK npM x~10'7- 
3-10'6 c arvinnnTyAa orn6aiomeM yMeHbiiiaercn Ha 0-98 %, AJinTenbHOCTb nwinynbca - Ha 0-40 % 
cooTBeTCTBeHHO. BE-MF- oßnacmx HOHoccpepbi nornou4eHne Ann yKa3aHHbix paHee napaMeTpoB cumana 
CKa3bmaeTCFi cnaßo. 
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OB YMACTMH YKPAMHbl B PABOTE 
MEWflYHAPOßHQM OPrAHMSAMMM KOOMET 

B OBJ1ACTM 3J1EKTP0HHWX H3MEPEHMfö 
KD.<J>. HaBneHKO 

rHflO "MerponoiW, XapbKOB 

AHHOtnau,ua - B flonnafle npuBofl^TCR ocHOBHbie MeaviyHapoflHbie opraHH3ai(UM no MeTponoraw u cTaHflapTH3amw M 

HanpaBneHMn wx flemenbHOCTH. PaccMaTpraaioTCfl pe3ynbTaTbi ynacTua YKpauHbi B opraHW3ai4nn rocyflapciBeHHbix 
MeTporiOTOMecKux ynpexcAeHWM cTpaH qempanbHoa M BOCTOHHOü Eßponbi (KOOMET) B oßnacTM aneiapoHHbix M3MepeHMW. 

I. BeefleHwe 

riocne oßpeTeHua He3aBHcuMocTn YKpanHa CTortKHynacb c npo6neMoü Bbixofla Ha Me>KflyHapoflHyto 
apeHy, Ha MMPOBOü pbiHOK, HTO HeB03Mox<Ho 6e3 yMacTun ee B Me>KflyHapoflHbix opraHHsaqwax, 6e3 
rapMOHM3aL(MM ee saKOHOflaienbCTBa, crraHflapTOB n HopMaraBHo-TexHWMecKux flOKyMeHTOB c 
Me>KflyHapoflHbiMH HopMaMH M npaßunaMH. EcTecTBeHHO, MTO 3Ta npo6neMa cymecTsyeT M B TaKoPi tcmoHeBoft 
oßnacTH, CBa3biBaKDinePi MHome OTpacnn HayKM M TexHMKH, KSK MeTpojiorna n H3MepnTenbHaa TexHMKa. 

LJe/ib flOKnafla - npeACTaBMTb Kpareyio HHCpopMan,HrO 06 OCHOBHNX Me»<flyHapoflHbix opraHH3ai4nax, 
KOTopwe 3aHMMaioTCfi Bonpocawin MeTponornn n CTaHflapTH3aL|HM, a TaioKe npoMnxirocTpMpoBaTb HeKOTopbie 
pe3y/ibTaTbi ynacTHfl YKpauHbi B opraHH3aqnn KOOMET B o6nac™ 3/ieKTpoHHbix H3MepeHnPi. 

II. OcHOBHbie Me>KflyHapoflHbie opraHM3aunn no MeTponorwii 11 cTaHflapTM3aunM 

Ha ocHOBe MeTpunecKoü KOHBeHU,nn, noflnucaHHoPi B Mae 1875 rofla, 6bi/in yspewAeHbi nepBbie 
MewflyHapoflHbie opraHbi no BonpocaM MeTpojiornu M cTanAapTH3au,nki npncoeflMHMBUjHXcn K KOHBeHL(HM 
CTpaH. 

BbictUHMU opraHaMH CTann: 
- TeHepa/ibHafl KOHCpepeHUMH no Mepawi H BecaM (TKMB); 
- Me>KflyHapoflHbiü KOiwMTeT Mep n Becoe (MKMB); 
- MewflyHapoflHoe 6iopo Mep M BSCOB (MEMB). 
OcHOBHbiMH HanpaBneHMflMM fleHTe/ibHOCTH TKMB, co3biBaeMoü He pe>Ke 1 pa3a B 6 neT, «BnaeTcn 

onpefleneHne n yTBep>KfleHne eflUHMq cpH3HMecKHX BertUHHH. 
MKBM roTOBMT peiueHMfl TKMB H coönpaeTca He pe>Ke 1 pa3a B 2 rofla. ripn MKBM C03AaHbi n 

pery/wpHo paöoTarar 7 KOHcynbTaTUBHbix KOMUTCTOB, B TOM Mucne B o6xiacTH a/ieicrpuMecTBa (B 

MejKflyHapoAHoii TepMUHonornu noA sneKTpuMecTBOM noApa3yMeßaeTcn o6nacTb OT nocTOHHHoro TOKa AO 

onTunecKoro A"iana30Ha MacTöT). MneHaMH OTHX KOMMTCTOB HBrwioTCH HaynHbie MeTponornHecKne 
opraHM3aqnn pa3Hbix crrpaH. 

MB MB «BJineTCfl nocTO^HHo AeücTByiomHM HayHHo-TexHUHecxuM ynpe>KAeHMeM MKMB n HaxoAMTca B 

r. Cespe noA napn>KeM. B ero cocTas BXOA^T 46 CTpaH (BKmoMaa Poccwo KaK npaBonpeeMHuqy CCCP). MBMB 
xpaHHT 3TanoHbi Mex<AyHapoAHoPi CHCTeMbi CM, BeAeT nccxieAOBaHna no cfcyHAaMeHTa/ibHoü MeTponornn, no 
C03AaHwo M coBepiueHCTBOBaHUK) 3TanoHOB, coBepujeHCTBOBaHUto MeTOAOB nepeAaMM pa3MepoB eAMHuq OT 

3TanoHOB K o6pa3i^oBbiM n pa6oMMM cpeACTBaM M3MepeHnPi, npoBOAMT Me>KAyHapoAHbie cnnHeHua 
HaL(MOHanbHblX STartOHOB pasHbix CTpaH. 

B 1956 roAy 6bina cosAaHa Me>KAyHapoAHaa opraHM3aqna 3aKOHOAaTenbHoPi MeTponoruM (M03M), 
KOTopaa 3aHMMaeTca BonpocaMH pa3pa6oTKM Me>KAyHapoAHbix peKOMeHAaL(nü no SKcnriyaTauinn, HopMupoBaHMto, 
noBepxe cpeACTB M3MepnTexibH0M TexHUKM, no o6pa6oTKe M npeACTaßneHMK) pe3ynbTaT0B n3MepeHnii. 

LLlTa6-KBapTMpa M03M HaxoAUTca B napn>Ke, B ee cocTaB BXOAUT 49 cTpaH-MneHOB M 36 CTpaH- 
KoppecnoHAeHTOB. HcnonHUTenbHbiM opraHOM M03M HBnaeTCfl Me>KAyHapoAHoe 6iopo 3aKOHOAaTejibHoti 
MeTponorMM (MB3M). M03M MMeeT c/ioxHyto MHorocTyneHHaTyto cTpyKTypy, BKüiKmaromyro pa6o4ne rpynnbi n 
ceKpeTapnaTbi-AOKnaAMHKH. CCCP 6bin ceKpeTapnaTOM-AonnaAMUKOM no p«Ay KpynHbix npoeKTOB 
(MaHOMeTpbi, onTMMecKMe nupoMeTpbi, Knaccbi TOHHOCTH M T.A.). 

TnaBHan 3aAasa M03M - co3AaHMe TunoBbix Me>KAyHapoAHbix peKOMeHAaquPi p,nn MHoroo6pa3Hofi 
AejRTenbHOCTH cny>K6 3aKOHOAaTenbHotf MeTpo/iornn. 3Ta 3aAaMa ABriHeTca McmitOHMTeribHo cnoÄHOii, 
nocKO^bKy M03M nocTOHHHO CTanKUBaeTca c pa3HbiMM noAXOAaMH M opraHM3aqnoHHbiMH cTpyicrypaMM 
MeTponorHHecKHx c^y>K6 pa3Hbix CTpaH. B HacTonmee BpeMa B M03M HaxoAflTcn B pa6oTe OKODO 150 
KpynHbix npoeKTOB. 

B 1958 roAy 5bina y^pe>KAeHa Me)KAyHapoAHaa KOHCpepeHL\nFi no n3MepeHUHM (MMEKO), ocHOBHaa 
qe/ib KOTopoH - o6MeH onbiTOM Me>KAy cneqMajincTaMM pa3Hbix CTpaH no BonpocaM HayMHbix OCHOB H TexHMKM 
H3MepeHMfi. OcHOBHan cpopMa AeHTenbHocTH UMEKO - npoBeAeHne Me>KAyHapoAHbix KOHrpeccoB. KpoMe 
Toro, B ee CTpyioype ecTb TexHimecKHe KOMUTeTbi, npoBOA^mne Me>KAyHapoAHbie cnnM03nyMbi n coBemaHua 
no oönacTHM H BHASM M3MepeHnii. 
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CMeHb BawHyra ponb nrpaeT Mex<flyHapoflHaFi opraHM3aLina no CTpaHflapTMsaqMM (HCO), 
o6pa30BaHHa?i B 1947 rofly. B ee cocTas BxoflUT 6onee 90 CTpaH, BWtrOHaH YKpaMny (1993 r.). CeKpeTapnaT 
MCO HaxoflnTcn B >KeHeBe (LUBeMqapMH). MCO H3flaeT MewflyHapoflHbiM cnoBapb ocHOBHbix n O6LU,MX 

TepwinHOB no MeTponorMM M pa3pa6aTbiBaeT BawHeMUiMe MewflynapoflHbie CTaHflapTbi. 
ToBopq 06 sneKTpoHHbix n3MepeHH?ix neo6xoflMMO ocoBo OTWieTMTb TaKyio opraHM3aL(Hro KaK 

MewflyHapoflHyra aneicrpoTexHUMecKyio KOMMCCMK) (M3K, 1906 r.), KOTopaa 3aHHMaeTcsi cTaHflapTH3auneM B 

o5jiac™ aneicrpoTexHHKM, paflnoTexHUKM n aneKTpoHMKM. Poccufl BCTynnna B M3K B 1911 r., a CCCP - B 1921 
r., y^acTue B STOM opraHH3aLinn 6bino onenb nnoflOTBopnbiM flna comacoBaHun coorBeTCTByrou^HX cTaHflapTOB 
co CTaHflaprawiM M3K. 

CymecTByioT M flpyme MewflyHapoflHbie opraHH3ai4HM B paccMaipuBaeMoii o6nac™. 

111. PernonanbHbie Me>KflyHapoAHbie coo6inecTBa no MeTponorMM 

rioMMMO 3TMX BawHewuiMX MewflyHapoflHbix opraHM3aijnPi cyLu,ecTBytoT pernoHanbHbie 
Me>KflyHapoflHbie cooGmecraa no MeTponorMM: 

EBPOMET (1967 r.) - opraHM3au|HH rocyflapcTBenHbix MeTpojiornnecKnx ynpewfleHMM CTpan 3anaflHOM 
EBponbi; 

HOPAMET - CTpaH CeBepHOÜ Esponbi; 
APMET - CTpaH A3uaTC«oro perwoHa; 
CUM - CTpan üaTOHCKOü AMepMKH. 
B 1991 r. 6bina c03flaHa aHanorMMHaa opraHM3ai4na CTpaH LJeHTpanbHoü n BOCTOMHOM Eßponbi - 

KOOMET, Kyfla Ha ceroflHnujHMM fleHb BxoflflT 8 CTpaH - no/iHOMOHHbix nneHOB (Eenapycb, Bonrapna, JlnTBa, 
rionbLua, Poccufl, PyMbiHMa n YKpaiina) n 2 CTpaHbi - accoqunpoBaHHbix HfieHa (TepwiaHUH M Ky6a). 

Ha ceroflHMHiHMM fleHb KOOMET - eflMHCTBeHHaa MewflyHapoflHaa MeTponornnecKaH opraHnsaqnn, 
Kyfla BXOflMT YKpauna, nosTOMy paccMOTpuM ee fleaTenbHocTb noflpo6Hee. ComacHO MeMopaHflyMy o 
coTpyflHunecTBe ocHOBHbiMn qenflMM KOOMET HBnflhOTCfl: 

coflefiCTBue scjjCpeKTMBHOMy peweHMK) BonpocoB eflHHOo5pa3na Mep, eflUHCTBa H TpeoyewioR 
TOMHOCTM M3MepennM; 

pa3BHTne coTpyflHMHecTBa B HapoflHOM xo3HMCTBe M ycTpaHeHne TexHMMecKnx npenaTCTBUfi B 

MexcflyHapoflHoii ToproBne; 
pa3pa6oTKa HOBbix wieTOflOB M cpeflCTB M3MepeHnti; 
peiueHne BonpocoB o6u\e\A n saKOHOflaTenbHofi MeTponorMM; 
C03flaHne M npMMeHeHMe CTaHflapTHbix o6pa3qoB CBOMCTB BemecTB M MaTep^anoB, c6op M aTTecTaqMfl 

CTaHflapTHbix cnpaBOMHbix flaHHbix; 
pa3BMTMe KariM6pOBOMHblX CJiy>K6 M CMCT6M aKKpeflMTai_(MM B COOTBeTCTBMM C Me>KflyHapOflHblMM 

npMHL(MnaMM H npoLieflypaMn; 
cosflaHMe ycnoBMM flna B3aMMHoro npM3HaHnn pe3ynbTaTOB MeTponomnecKoro KOHTpona. 
CoöcTBeHHbix cpMHaHcoBbix cpeflCTB KOOMET He MMeeT. 
KOOMET paccMaTpMBaeTcn ero ynacTHMKawiM KaK oflHa M3 B03MO>KHbix cpopM B3aMMOfleMCTBMa c 

Me>KflyHapoflHbiMM   M   perMOHaribHbiMM   wieTponorMHecKMMM   opraHM3aqMflMM,   a   flna   YKpaMHbi   STO   noKa 
eflMHCTB6HHaH   (fcopMa   B3aMMOfleMCTBMfl   KaK  CO  CBOMMM   6blBLUMMM   napTHepaMM   no   C3B,   TaK  M   BblXOfla   Ha 
eBponeücKMM M MMPOBOM ypoBHM. 

PaSoTOM KOOMET pyKOBOflMT KOMMTeT, KOTopbiM o6pa30Ba/i 14 o6nacTeM coTpyflHMHecTBa no BMflawi 
M3MepeHMM.  KoMMTeT onpeflenaeT floKnaflHMKOB no o6nacTOM, B MMC/IO KOTopbix OT YKpaMHbi HasHaneHbt 
flOKTiaflHMKM    no   3JieKTpMHeCKMM    (riaBTieHKO    10.Cf.)   M   TIMHeMHO-yrriOBblM    M3MepeHMHM    (ConoBbeB    B.C.). 
flOKJiaflHMK    KOOPflMHMpyeT    COBMeCTHbie    pa50Tbl    B    CBOeM    06naCTM    M3MepeHMM,    MHCpOpMMpyeT    KOMMTeT 
KOOMET M roTOBMT roflOBbie OTMeTbi. 

Heo6xoflMMo OTiweTMTb oco6yio porib TepiviaHMM B pa3BMTMM eBponeMCKoro coTpyflHMHecTBa B oönacTM 
MeTponorMM. TonoBHafl MeTponorMMecKaa opraHM3aqMn TepMaHMM - OeflepanbHbiM cpM3MKo-TexHMHecKMM MHCivrryT 
(flTB) flBnaeTCfl MneHOM EBPOMET M oflHOBpeMeHHO KOOMET M OKa3biBaeT peanbHyw MHcpopMaqMOHHyio, 
HayMHO-TexHMMecKyK) M MaTepManbHyra noMou^b CTpaHaM BOCTOHHOM Eßponu B nnarta MX MHTerpaL<MM B 

eBponeMCKoe coo6mecTBO. npMMepaMM MoryT cny>KMTb npoBefleHHbie B riTB Me>KflyHapoflHbie cnMHeHM« 
MCXoflHbix Mep MHflyKTMBHocTM M eMKOCTM B paMKax KOOMET, npMmaiueHMe K ynacTMio B Me>KflyHapoflHOM 
KOHCpepeHqMM no npeL(M3MOHHbiM aneiapoMamMTHbiM M3MepeHMHM CPEM-96 B BpayHUJBeMre. flpM STOM 

ßonbujyro nacTb pacxoflOB no npoBefleHMK) STMX MeponpMflTMfi riTB Bsano Ha ce6a. 

IV. Pa6oTbi KOOMET B o6nacTM aneKTpoHHbix ii3MepeHiiii M ynacTiie B HMX YKpaHHbi 

nporpaMMOM paßoT KOOMET Ha 1996 r. B o6nacTM sneicrpoHHbix MSMepeHMM npeflycMaTpMBaeTca 
BbinonHeHMe 17 TeM. AHanM3 STOM riporpaMMbi, KOTopaa cocTaBnaeTca no npeflnoxeHM^M cTpaH-nneHOB 
KOOMET, noKa3biBaeT, MTO ocHOBHbiMM HanpaBneHM^MM pa6oT MccneflOBaHMM KBnmoTcn: 

CnMMeHMa   HaqMOHanbHblX   STanOHOB   MnM   MCXOflHblX   Mep,    B   MaCTHOCTM   eMKOCTM,    MHflyKTMBHOCTM, 
nepeMeHHoro Hanpa>KeHMn (B flMana30He 20 Ti4 -100 KITO, aKTMBHoPi MOIUHOCTM (B flMana30He 40 fu, -10 Krq), 
fleBMaMMM MacTOTbi MM KoneßaHMM, CTaHflapTHbix oßpasi^oß MarHMTOTBepflbix MaTepManoB; 

co3flaHMe, coBepoieHCTBOBaHMe M xpaHeHMe STanoHOB: sneicrpuMecKoro conpoTMB.neHMa, nocToaHHoro 
HanpnjKeHM^, 3flC (Ha scpcjjeKTe fl^osecpcoHa), cflBMra cpa3 (B flMana30He 0,1 Fi4 - 1 MTi^), napaMeTpoB 
MMnynbCHbix CMrHanoB, OTHOLueHM« Hanpn>KeHMM nepeMeHHoro TOKa; 
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cosflaHne aBTOWiaTH.3npoBaHHbix pa6onnx MecT flnn noeepKM (napaMeipos 3/ieicrpnHecKHX qeneü H 

flo6poTHOCTM Ha BbicoKnx MacrroTax); 
Kann6poBKa BbicoKOTOHHbix cpeflCTB n3Mepeni^M (n3MepnTe/ieM HanpH>KeHHOCTn no/w, H3MepnTenetf 

aMnnniyflHOM MOflyjraqnn, n3MepnTeneH HenwHePiHbix ucKaweHHfi). 
C TOMKH 3peHna noflBMflOB H3MepeHnü B o6nacnvi oneKTpuMecKHX H3MepeHMM BefleTca 8 pa6oT, 

MamnTHbix - 2 paöoTbi, paflvioTexHMMecKnx 7 paßoT. 
ripeflCTaBJiaeT MHTepec cpaBHeHne riporpaMM paSoT no sneicrpHHecTBy KOOMET n EBPOMET. 3TO 

cpaBHeHMe noiosbiBaeT, HTO xapaicrep M HanpaBJieHHOCTb STUX pa6oT BecbMa 6nn3Ku n cooTBeTCTByroT o6w,e£i 
TeHfleHLjMH coßpeMeHHbix nccneflOBaHMM B sneKTpoHHbix n3MepeHHflx: ncnonb30BaHne KsaHTOBbix acpcpeKTOB 
Ann co3flaHMH STanoHOB sneicrpHHecKux eeriHMHH, flanbHePiiiiee pa3BHTne pa6oT no yTOMHeHWO 
4>yHflaMem'anbHbix dpHSunecKMx KOHCTaHT H MX ncnorib30BaHHrO B wieTponoruM, coBepujeHCTBOBaHne u 
noBbiaieHHe TOMHOCTM OCHOBHWX sTanoHOB H MX B3anMHbie cjiHHeHMfl, pa3BHTne Teopnn w TexHUKu n3MepeHMii 
Ha CBM. XOTH nenb3fl He OTMeTUTb, MTO ypoBeHb MccjieflOBaHMfi, oco6eHHo cpyHflaMeHTanbHbix, cyflfl no 
nporpaMMaM, B EBPOMET Bbiwe. 

Bo3Bpam,aflCb K üporpaMMe KOOMET OTMeTHM, MTO YKpanHa B STOW riporpaMMe 3aHWviaeT saMeTHoe 
MecTO n ABnaeTca KoopflUHaTopoM flßyx paßoT: cjiHHenwe n Kann6poBKa cpeflCTB Bbicwefi TOMHOCTM B o6nacTH 
M3MepeHMfl napaMeTpoB cpopwibi M cneicrpa paflHorexHunecKHX curHanoB (fleBMaqHM MacTOTbi, KoscpcpHqi/ieHTa 
AM, K03cpc)DHL(neHTa HennHePiHbix HCKaweHHii), a raiOKe cnnneHHe H MccneflOBaHne o5pa3noB MamMTOTBepflbix 
MaTepnanoB. Kpoivie Toro, YKpanHa ynacTByeT eine B flByx paGoTax: cnnMeHnn Mep eMKoc™ n co3flaHnn 
STanoHa 3flC Ha scpcpeKTe fl>K03ecpcoHa. 

OqeHMBan 3HaneHne STHX pa6oT flna YKpauHbi HeoSxoflHMO OTMeTHTb oneAyromee. B cnriy 
oS'beKTHBHbix oScToaTejibCTB noone pacnafla CCCP YxpanHa ocrra/iacb cpaKTHHecKH 6e3 STanoHHofi 6a3bi B 

o6/iacTM sneKTpuHecKHX nsMepeHHfi. YnacTHe B KOOMET flaeT B03M0>KH0CTb YKpauHe ycKopnTb 
BoccTaHOB/ieHne CBH3ePi c 6biBWHMH napTHepaMM no CCCP u BOCTOMHOM Eßpone, a TaioKe Bb\mv\ Ha 
eBponeficKMM ypoBeHb pafla TexHonornü, KOTopbiMH He o6na,qafi CCCP. K HUM OTHOCATCH, B MacTHOCTH, 
TexHonornH c03flaHMfl TexHUMecKHX cpeflCTB ana ncnonb30BaHna ynoM^Hyrbix Bbiiue KBaHTOBbix scpcpeicroB 
(fljKosecpcoHa, Xoxina, JluxapeBa) B STanoHax 6a30Bbix sneKTpuMecKMX BenuMMH. HaKOHeq, ywacTue B 

KOOMET, a Mepe3 3Ty opraHHsaLinto M B EBPOMET, no3Bonn^o HaM Bbifi™ Ha eßponePicKMii ypoBeHb 
criMMeHMfl STanoHOB B Tex BMflax, rfle MU 3aHMWiaeM nepeflOBbie no3Mqnn, B HacTHocTn, B oßjiacTn H3MepeHH9 
MOIUHOCTM B MuniiMMeTpoBOM flnana30He nacTOT - TaKoe npefljio)KeHMe HeflaBHO HaMU nonyqeHo. 

V. 3aicnioHeHMe 

riocne npMoepeTeHM« He3aBHCMMOCTn YKpanHa, He 6yflynn npaBonpeeMHMKOM CCCP, 0Ka3anacb BHe 
MHorux MejKflyHapoflHbix opraHnsaqnM, B TOM HMcne, M B oönacTU MeTponornn M CTaHflapTM3ai4HM, HTO 

6e3ycnoBHO npennTCTByeT ee BXo>KfleHHK) B eBponetfcKoe n Mnposoe coo6u4ecTBO, HHTerpaqnw B eBponeficKyto 
H MHpOBytO SKOHOMUKy. 

YnacTHe YKpanHbi B KOOMET, KaK ywe 6bino noKa3aHo, MMeeT 6onbiiioe 3Ha4eHne flriH pa3BHTHH 
MeTponorwMecKMX nccneflOBaHnii n AOJDKHO paccMaTpuBaTbCH KaK nepBbiPi war Ha ny™ K flanbHefiujeMy 
BXo>KfleHHK) YKpanHbi B Me>KflyHapoflHbie opraHM3aL(MM. ripeflCTaBrweTCH, MTO y>Ke B 6nn>KaMaiMe roflbi cneflyeT 
CTpeMHTbca BOMTM B MBMB M M03M, HTO cynuT YKpaHHe xopoujue nepcneiaHBbi B nnaHe ynacTH« B MHPOBOM 

HayHHO-TexHMHecKOM npoqecce. 

ABOUT THE PARTICIPATION OF UKRAINE IN THE WORK OF THE INTERNATIONAL 
ORGANIZATION COOMET IN THE FIELD OF ELECTRONIC MEASUREMENTS 

Pavlenko Yu.F. 
SSIA "Metrology", 42 Mironositskaya St., Kharkov-310078, Ukraine 

tel. 0572 432572 

COOMET is an international metrological organization of the countries of Central and Eastern Europe, founded in 1991 for the 
collaboration in the field of legislative metrology, of standards and calibration service. Ten countries are the members of COOMET, 
including Germany, the link with the alleuropean metrological organization EUROMET. COOMET is the only international 
metrological organization to which the Ukraine is included in. The participation in COOMET is important for the market 
reorganization of our metrology and the establishment of the concord with the international principles and standards of behaviour 
for the possibility of comparison of national standards of the Ukraine with the european and the international ones. The Ukraine is 
very active within the limits of COOMET in the field of electronic measurements. Having a rather good but not sufficient standard 
base, our country takes part in the international comparisons of standards, coordinates 2 works and our representative is elected a 
raporteur of the COOMET in the above mentioned field. This report contains an information about concrete works. 
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nOrPEIIIHOCTH H3MEPEHHft H KOHTPOJIA HAPAMETPOB 
MATHHTOAH3JEEKTPHKOB HA CB"q 

B.B.^HXCOB 

XapbKOBCKHH rocyHHBepCHTeT, pa^HO^HSHMecKUH 4>aKyjibTeT, Ka^e^pa (J)H3HKH CB*1, 
310077, r.XapbKOB, ILiomaflb CBOöOäH 4, T.:(0572)-45-74-24. 

AHHOTAqHH 

HCXOAH H3 qejiefi H3MepeHHH H KOHTpojia napaMeTpOB MaTepnanoB, B paSoTe 
aaHti onpe/jeneHHa STHX noHaraH. üpHBe^eH cpaBHHTejibHbiH aHajira norpeiiiHOCTeii 
H3MepeHHH H KOHTponH napaMeTpoB MarHHTOflHSJieKTpHKOB Ha CBH. OueHeHbi 
BejiHqHHbi O6IHHX norpeumocTefi H3MepeHHH H KOHTpojia. B Ka^ecTBe npHMepa 
npoaHaniOHpOBaHbi cocTaBJiaiomHe O6UIHX BejraraH norpeuiHOCTeH pe30HaHCHoro 
MCTOfla     H3Mep6HHH     H     KOHTpOJIH     napaMCTpOB     7j;H3JieKTpHHeCKHX     MaTepHajiOB. 
HjunocTpauKeH CKa3aHHOMy cjiyacaT SKcnepHMeHTajibHbie pe3yjibraTbi, nojiyqeHHbie c 
nOMOIUbK» H3BeCTHbIX [1,2] H3MepHTeJIbHbIX CeKHKH. npH 3TOM BeJIHTOHa 
OTHOCHTeJIbHOH        norpeuiHOCTH        H3MepeHH3       ÄH3JieKTpHHeCKOH        IIpOHHIjaeMOCTH 
cocTaBJifljia OKOJio 2%, a BejiHHHHa OTHOCHTejibHOH norpeuiHOCTH KOHTpojia 
npOHHi^aeMOCTH Toro Mce MaxepHana cocTaBHJia OKOJIO 0,02%. 

BBEAEHHE 

Pa3BHTHe TexHonorHH npoH3Borj;cTBa CBH ycrpoHCTB H Hcnojib3yeMbix B HHX 

MarHHTOflHajieKTpHqecKHX MaTepnajiOB TpeöyeT noeroaHHoro coBepmeHCTBOBaHHa 
MeTOAOB H cpe^CTB H3MepeHHH 3JieKTpnqecKHX (MarHHTHbix) napaMeTpOB flaHHblX 
MaTepHajiOB. B CBOIO onepeflb, rapatfCHpOBaHHe ycTpoficTB c MarHHTOflna- 
jieKTpHnecKHMH   sjieneHTaMH   flejiaeT   HCOOXOAHMMM   npoBefleHne   HenpepbiBHoro 
KOHTpOJia     "KaHeCTBa"     He    TOJIbKO    MarHHTOJj;H3JieKTpHHeCKHX    MaTepHajiOB,     HO     H 

aneMeHTOB H3 STHX MaTepnajioB H3roTOBJieHHbix. EcTecTBeHHO, HTO rapaHTHeH 
KaqecTBa BbinycicaeMbix H3#ejiHH MOKCT cny^CHTb HX OTGpaKOBKa, npOBe,n,eHHaa no 
pesyjibxaTaM KOHTponbHbix HcnbrraHHii. QzmaKO, TaKHe HcnbiTaHHa He no3BOJiaioT c 
flOCTaTOHHOH CTCnCHblO TOHHOCTH OnpeflCJIHTb B03M0)KHbie npHHHHH 6paKa. riOHflTHO, 
HTO ana yBejiHHeHHH Bbixo^a rxwibix H3,n,ejiHH HeoöxonHM npeÄBapHTejibHbiH KOHTpojib 
napaMexpoB Bcex KOMmieKTyiomHX. B ycjioBHax coBpeMeHHoro npoH3BO#CTBa 
KOHTponb KanecTBa MeTajumqecKHX sjieMeHTOB CB*! ycTpoMcTB He npeACTaBJiaeT 
TpyAHOCTH, B TO speivia KaK Hepa3pymaiomHH KOHTpojib napaMeTpOB Mar/HHTO- 
^HSJieKTpHHecKHx sjieMeHTOB «BJiaeTcs AocTaTOHHO cnoacHHM, oco6eHHO ecjiH yicasaH- 
Hbie sjieMeHTbi HMCIOT pa3JiHHHyio reoMeTpHiecKyio (|)opMy. K coacajieHHio, B jiHTepa- 
Type Kpairae Majio paöoT nocBameHHbix BonpocaM KOHTpojia H npaKraqecKH OTcyr- 
CTByiOT paöoTbi, nocBameHHbie aHajiH3y norpeuiHOCTefi KOHTpOJia, T.K. norpeuiHOCTb 
KOHTpojia npHHHMaeTca paBHOii norpeuiHOCTH H3MepeHHH "a priori". Pa3rpaHHqeHHe 
nOH3THH H3MepeHHH H KOHTpOJia n03BOJIHJIO 6bl OnTHMajIbHO nJiaHHpOBaTb MCTOflKKy 
npOBe^eHHa KOHTpona H Sojiee TOMHO oneHHBaTb BejiHHHHy norpeuiHOCTH KOHTpojia. 
Bee 3TO nOBblCHT TeXHOJIOrHHHOCTb npOH3BOJJCTBa yCTpOHCTB CB^ H COKpaTHT HX 
CeÖeCTOHMOCTb. 

OCHOBHAH HACTb. 

PeuieHHe   nocTaBJieHHOH   3aaaHH   cjieayeT   HanaTb   c   onpefleneHHa   uejiefi 
npoBe^eHHa H3MepeHHH H KOHTpOJia. B CHJiy BbiuieyKa3aHHoro MOXCHO OTMeTHTb, HTO 
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uejibio H3MepeHHH »BJiaeica onpeflejieHHe KOJiHHecxBeHHbix xapaKTepHCTHK Toro HJIH 

HHoro o6i,eKTa HJIH aBJienna, B TO BpeMa ieaK uejibio KOHTpojia aBJiaeTca onpe^eneHHe 
cooTBeTCTBHH Toro HJIH HHoro oSbeKTa (aBJieHHa) 3aAaHHbiM napaMeTpaM. flpHHHMaa 
BO BHHMaHHe onpe^eiieHKe nonaTHa H3MepeHHÜ, jiaHHoe B pa6oTe [3], MOXCHO ctcasaTb, 
HTO H3MepeHHe 3JieKTpoMarHHTHbix napaMCTpOB MarHHTOflH3JieKTpHKOB - 3TO nocxrezjo- 
BaTejibHocxb 3KcnepHMeHTajibHbix H BbiHHCJiHTejibHbix onepauHH, ocymecTBJiaeMaa c 
HeJIbK) HaX05Kfl6HHH 3HaHeHHH flH3JieKTpHHeCKOH (MarHHTHOfi) npOHHIiaeMOCTH  H TaH- 
renca yraa noTepb MarHHTOflHSJieKTpHqecKoro MaTepHana. B TaKOM cjiynae, KOHTpojib 
napaMeTpoB MarHHTOflHSJieKTpHKOB - 3TO nocjie^oBaTejibHOCTb SKcnepHMeHTajibHbix 
onepai^HH, ocymecTBJiaeMaa c uejibio ycraHOBJieHHa cooTBeTCTBHa sjieKTpoMaraHTHbix 
napaMeipoB TecTHpyeMoro MarHHTOflHSJieKTpHKa, HJIH sneivieHTa H3 Hero HSTOTOB- 

jieHHoro, 3apaHee npHHSTOMy HHTepBany. rpaHHHHbie 3HaneHHa yKa3aHHoro HHTep- 
Bana MoryT 6biTb onpeflejieHbi Kaic TeopeTHHecKH, TaK H SKcnepHMeHTajibHO [4]. 
H3MepeHHe H KOHTponb BKjnonaioT B ce6a pa3JiHHHbie sjieivieHTbi, cpejxn KOTOpbix 
npHcyTCTByex H ouenKa omrioHeHHa nojiyneHHoro 3HaqeHHa H3MepaeMOH (KOHTPO- 

JIHpyeMOH) BeJIHIHHbl  OT  HCTHHHOrO,  T.C   nOrpeUIHOCTb  H3MepeHHa  (KOHTpOJia).  T.K. 
npoueccbi H3MepeHHfl H KOHTpojw B3aHMOCBH3aHbi, aHauH3 cocraBJiaiomHx nor- 
peuiHOCTH KOHTpojia 6yfleM npOBOflHTb Hcxoflfl H3 aHaiiH3a norpeuiHOCTH H3MepeHHH. 
06maa norpeuiHOCTb H3MepeHHH npeAcraBJiaeT COSOH cyMMy CHCTeMaraiecKHx H 

cjiyqaÖHbix norpeuiHOcreH, KOTOpbie, B CBOIO onepeflb, MoryT 6biTb pa3,zjejieHbi Ha 
HecKOJibKO rpynn [5]. IlpH Hcnojib30BaHHH pe30HaHCHoro MeTOfla H3MepeHHH CHcre- 
MaTHqecKaa norpeuiHOCTb 6yn;eT cocToaTb H3 1) - MeTOjjHqecKOH norpeuiHOCTH; 2) - 
HHCTpyMeHTajibHOH norpeuiHOCTH H 3) - npOH3BOACTBCHHOH norpeuiHOCTH. CjiyqaiiHaa 
norpeuiHOCTb 6yjo;eT cocToaTb H3 1) - SKcmryaTauHOHHOH norpeuiHOCTH; 2) -npOH3- 
BO^CTBeHHOH norpeuiHOCTH KOHCTpyKUHOHHbix napaMeTpoB H 3) - onepaTopCKOH nor- 
peuiHOCTH B onpe^ejieHHH 3HaqeHHH pe30HaHCHofi HacroTbi H 3aTyxaHHa. IlpH 
npoßeÄeHHH KOHTpojia HCT HeoßxoflHMOCTH B onpeAejieHHH KOHKpeTHoro 3HaneHHa 
AH3JieKTpHqecKOH npoHHuaeMOCTH H TaHreHca yrjia noTepb. IIocTaBHB B cooTBeTCTBue 
rpaHHHHbiM (sa^aHHbiM) 3naHeHHaM npoHHuaeMOCTH H TaHreHca yrjia noTepb 3HaneHHa 
pe30HaHCHbIX   HaCTOT  H   COÖCTBeHHOH  ßOÖpOTHOCTH   MOHCHO  3HaHHTeJTbHO   ynpOCTHTb 
npouecc KOHTpojia. Hcnonb3yeMbiH nojjxojj no3BOJiaeT npn onpe,a;ejieHHH norpeuiHOCTH 
KOHTpojia He y^HTbiBaTb CHCreMaTHHecKHe cocTaBJiaiomHe. YqeT <J)aKTa mo KOHTpojib, 
KaK npaBHJio, npOBO^HTca B Jia6opaTopHbix ycjiOBHax npn OTHOCHTenbHOM 
nocToaHCTBe TeMnepaTyp, BJia»HOCTH H jiaBJieHHa, no3BOjiaeT He yHHTbmaTb npn 
pacieTax 3KcnjiyaTau(HOHHyio cocraBJiaiomyio. Orcio/ia MOMCHO c^ejiaTb BHBOä O TOM, 

HTO BeJIHMHHbl nOrpeUIHOCTeÖ H3MepeHHH H KOHTpOJia npH HCnOJIb30BaHHH OAHOTO H 
TOTO »ce H3MepHTejibHoro MeTOjia MoryT 3HaHHTenbHO pa3JiHnaTbca. /JaHHbiii BMBOJJ; 
noÄTBepAHJiH   SKcnepHMeHTajibHbie   pe3yjibTaTbi,   nojiyneHHbie   npn   H3MepeHHH   H 

KOHTpOJie   napaMeTpOB   nJIOCKHX   flHSJieKTpHieCKHX   nJiaCTHH   C   HOMOlHblO   H3BeCTHbIX 
[1,2] pe30HaHCHbix CCKUHH. Ilpu STOM, OTHOCHTenbHaa norpeuiHOCTb H3MepeHHa (no 
MacTOTe) cocTaBHJia OKOJIO 2% fljia oöenx CCKUHH, a OTHOCHTenbHaa norpeuiHOCTb 
KOHTpojia (no nacTOTe) cocTaBHJia OKOJIO 0.2% fljia ceKUHH [1] H OKOJIO 0.02% ,zma 
CCKUHH [2]. 

3AKJIIOHEHHE 

npOBeÄeHHblÜ   B   pa60Te   aHaJIH3   n03BOJIHJI   KOppeKTHO   OUeHHTb   BejIHHHHbl 
norpeuiHOCTen H3MepeHHH H KOHTpojia napaMeTpoB MarHHTOiiHSJieKTpHKOB npn 
Hcnojib30BaHHH pe30HaHCHoro MeTo^a, a TaKace oueHHTb BenHHHHbi cocraBJiaiomHx 
o6meH    norpeuiHOCTH    H3MepeHHH    H    KOHTpOJia,    HTO    «aJIO    B03MOMCHOCTb    BHeCTH 
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Heo6xoflHMbie KOppeKTHBbi KaK B H3BecTHbie, Tax H B pa3pa6aTbmaeMbie cetcuHK 
H3MepeHHH H KOHTpOJW. 
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THE MAGNETODIELECTRIC PARAMETERS MEASUREMENT AND TESTING ERRORS ON SHF 

Chizhov V.V. 
Kharkov State University, Microwave Devices Laboratory 

4 Svobody Sq,, Kharkov-310077, Ukraine 
tel. (0572) 45-74-24, fax (0572) 47-12-72 

Taking under concideration the aims of material parameters measurement and testing these conceptions determination have been 
given in the report. The estimation of comparative analysis of measurement and testing errors of magnetodielectric parameters on 
SHF have been carried out. The values of measurement and control of common errors have been discussed. As the example, the 
components of common values of the resonant measurement and control method errors have been given. As the result of analysis 
it has been found out that values of measurement and control common errors differ from each other, at that the contra! error value 
may be significantly less than the measurement error value when the same method is used. As the illustration to the said above, the 
experimental results which have been carried out using the known measuring section have been given. The relative error value of 
dielectric permettivity s measurement was < 2%, and the relative error value of e testing was < 0.02% for the same material. 
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CBM-flHAflASOHA 
KD.n. Mwxa^iniOK 

CeeacmonoribCKUü   aocydapcmeeHHbiü  mexHtmecKuu  yHueepcumem, 
335053, Ceeacmonojib, CfTY, CmydaopodoK, denapmaMeHm paduomexHUKU 

m. 0692 235018 

AHHomayua - flnn M3MepeHnn pa3H0c™ cpa3 carna/ioB B CBM flnana30Hax, B nacTHOCTU caHTMMeTpoBOM M 
MMJinnMeTpoBOM, McnonbsywTCfl Meroflbi, ocHOBaHHbie Ha MHoroKpaTHOM npeo6pa30saHMM nacTOTbi nccneflyeMoro 
cumana M nocneAytomeM M3MepeHnn Ha 6onee HM3KMX HacTOTax, ana KOTopux MO)KeT 6biTb o6ecne>neHa BbicoKaa 
TOMHocTb M3MepeHnii. PaccMaTpwBaeTCfl (pa30M3MepnTenbHan cucTewia TaKoro Tuna, B KOTopoi* o6ecneHMBaeTca 
noBbiujeHKe TOMHOCTM MSMepeHMM 3a cneT ycTpaneHMfi norpeujHocTeii, o6yc;ioBneHHbix HenfleHTMHHOCTbio cpaaonacTOTHbix 
w aMnnnTyflHO-nacTOTHbix xapaiaepucTHK KaHanoB cucTeMbi. HcKniweHMe 3TMX norpeuiHocTew o6ecneMMBaeTCfl nyieM 
KOMMyTaqnM CMmanoB Ha Bxo,qax M Bbixoflax KaHanoB cucTeMbi. npusoflHTca CTpyicrypHaa cxeMa cpa30M3MepnTenbHofi 
cucTeMbi M cooTHOiueHMfl, xapaicrepMsyioiUMe npeflnaraeMbift MeTOA M3MepeHna pasHOCTM   cpa3. 

I. BeefleHne 
npoönewia H3MepeHHH pa3HOCTH cpas B CBM flnana30Hax, B MacTHOCTH caHTHMeipoBOM n 

MunriMMeTpoBOM, saioirOMaeTCfl B HW3KoPi TOHHOCTM cpeflCTB, ocymecTBnflrOinux H3MepeHMfl HenocpeflCTBeHHo 
Ha BbicoKoPi MacTOTe. ripn MSMepeHMax Ha HH3KHX HacTOTax MO>KeT 6biTb o6ecneneHa 6onee BbicoKa« 
TOHHOCTb, oflHaKO HeoßxoflMMo npeflBapHTenbHO ocymecTBMTb npeo6pa30BaHne nacTOTbi w ycuneHMfl CBM 
cuma^OB, npi/weM B pafle cnysaeB STO npuxoflmcn flenaTb HeoflHOKpaTHo. riorpeujHoc™, cBH3aHHbie c 
HenfleHTMMHocTbio xapaicrepHCTOK KaHanoB npeoßpasoBaHUfl nacTOTbi v\ ycmieHna, flocTaTOHHO BenHKH, MTO 

Tpe6yeT pa3pa6oTKM MeTOfiOB MX ycTpaHeHHH. 

II. OCHOBHafl    MaCTb 

CTpyKTypHaa cxewa 0a3on3MepnTenbHoPi cucTeMbi CBM flnana30Ha, peann3ytomePi npeflnoweHHbifi 
MeTOfl, npuBefleHa na pucyHxe. 

Ha nepBbiM n BTopoü Bxoflbi KOMMyTaTopa BxoflHbix ckimanoB nocTynatoT nepBbiM H BTopoCi BxoflHbie 
cnmanbi, cooTBeTCTBeHHO. KoMwiyTaTop BxoflHbix cumanoB pa6oiaeT cwHxpoHHo c KOMMyTaTopoM nonap- 
HOCTH, B flBa Taicra, npMHeM cnHxpoHM3aTop c^opMnpyeT nepnoflMMecKyio nocneflOBaTenbHocTb, flna KOTopoü: 

rfle TK- nepnofl KOMMyTai^nn; TM , x„. fl/ime/ibHoc™ Memoro n nenen-ioro TaKTOB, cooTBeTCTBeHHO 
B HeneTHbie TaxTbi paSoTbi CMHxpoHnsaTopa cuman c nepBoro BXOfla KOMMyraTopa nocTynaeT Ha ero 

nepBbiii Bbixofl H flanee Ha BXOA nepBoro ycnnnTenbHo-npeo6pa30BaTenbHoro KaHana (VT1K-1), a cwrHan co 
BToporo Bxofla KOMMyTaTopa 2 - Ha BTopoPi Bbixofl KOMMyTaTopa 1 M 3aTeM - Ha Bxofl BToporo ycminTe^bHO- 
npeo6pa30BaTeribHoro KaHana (VTIK-2). 

B MeTHbie TaKTbi paßoTbi cunxpoHMsaTopa nepBbiM M BTOPOM BxoflHbie curna/ibi nocTynaioT Ha BTopoPi M 

nepBbiM Bbixoflbi KOMMyTaTopa 1 M Ha Bxoflbi BToporo H nepBoro ycnnnTenbHo-npeo6pa30BaTenbHbix KaHanoB, 
COOTBeTCTBeHHO. 

Ecnn 3a onopHbiti npMH^T nepBbifi M3 BxoflHbix curHanoB, TO pa3HOCTb cpa3 M> paBHa 
AO = ct>1 - 02, rfle 

01 ,<t>2 -   0a3b! nepBOrO H BTOpOrO BXOflHblX CHrHanOB, COOTBeTCTBeHHO. 
BexiMMMHa pasHocTH 0a3 curHanoB npoMewyroHHOM MacTOTbi Ha Bxofle 0a3OMeTpa 

AY =VPi -^2, rfle 
SFi ,T2 - 0a3bi CkimanoB npoMe>KyTOMHofi MacTOTbi Ha Bbixoflax VT1K-1 M VTIK-2, cooTBeTCTBeHHO. 

flpn 3TOM Ti = 01 - Acp; *F2 = 02 B Henembie TaKTbi cumana CMHxpoHH3aTopa, a B MeTHbie TaKTbi   Ti = 
02 + Acp; ^2 = 01, rfle 
Acp- pa3H0CTb HaßeroB 0a3bi B YriK-1 OTHocnTeribHO VTIK-2. 

Torfla B HeneTHbie TaKTbi CMrHana cnHxpoHM3aTopa 
AT = (0! + Acp) - 02 = A0 + Acp, 

a B 4eTHbie 

AT = (02 + Acp) - 01 = - AO + Acp, 
Cuman Ha Bbixofle cpa30MeTpa U<j, nponopL(MOHaneH M3MepaeMoPi 0a3OMeTpoM pa3H0CTH cpa3: 

U* = K* ATi, 
rfle K* - KO300M14M6HT nponopi4HOHanbHoc™. 

Ha KOMMyTarop nonnpHoc™ nocTynaeT Hanpa>KeHMe c Bbixofla cpa30MeTpa U*, a no cumany 
cnHxpoHH3aTopa o6ecneMHBaeTcn M3MeHeHne nonapHoc™ curHana Ha Bbixofle KOMMyTaTopa nonapHocTM Urn, 
npw 3TOM aMnnHTyfla curHana LlKn paBHa no MOflynto aMnnMTyfle cumana U0: 

Um = U^sign sinQt =Ktt>AYP sign sinOt, 
rfle Q - nacTOTa KOMMyTaquw. 

Torfla B HeneTHbie TaKTbi 
Um = K4,(AO + Acp),   a B neTHbie 
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4 
UKn = - K*( - AO + Acp), win   L)Kn = K^-AO + K^, Acp sign sinQt = Un + AUKn sign sinQt. 

B MTore,    nocne HHTerpaTopa, Ha Bxofl KOToporo noflaioT cnrna/1 Um, nonynaioT Un, arwinnnTyfla 
KOToporo nponopqHOHanbHa HSMepaeMotö pa3HocTH dpa3 A<$>: 

U„ = Un = K* AO, 
M He saBHCMT OT BeiiMMHHbi M 3HaKa pa3HocTM Haöera cbas Acp B ycn/inTeribHO-npeo6pa30BaTenbHbix KaHanax. 

II!. 3aicnwHeHns 

ripeflncoKeHHan cpa30H3MepnTenbHas cncTeMa CBM flnana30Ha peann30B3Ha B sKcnepwvieHTaribHOK 
npneMHoPi cncTeiwe MunnnwieTpoBoro ßnanasoHa n MoweT Hau™ npnwieHeHne B CBM M3MepwTe/ibHbix 
cHCTeMax, ocHOBaHHbix Ha MHoroKpaTHbix npeo6pa30Bannnx nacTOTbi H3MepHewibix cwmanoß. 

¥ AO 

PtöG. CrpyicrypHa;; cxeiua cpa30M3M8pMTenbHoü cncreMb! CBH ßuanasoHa 

1- KOMMyTHTOp BXOAHblX CMmanoB; 
2,3 » nepBbiM H BTopow ycMHE>rrejibHO-npeo6pa30BaTejribHbie KaHanbt, 

COOTBeTCTB6HHO; 
4 - cpaaoMeTp; 
5 - KOMMyTaTop nonnpHocTw; 
6 - MHTerpaTop; 
7 -CMHXpOHM3aTGp. 

IV. CnncoK nMTeparypbi 
[1] A.C. N2 1205053 CCCP MKH G01R25/00. 

MICROWAVE PHASE MEASURING SYSTEM 

Mikhailyuk Yu.P. 
Sevastopol State Technical University, dept. of radiotechnics 

Studgorodok, Sevastopol-335053, Ukraine 
tel. (0690) 23-50-18 

Measuring of phase difference of microwave signal, for example, centimetre and millimetre bands, the methods based on repeated 
transformation of the researched signal frequency and subsequent measurement on lower frequencies, are used. Phase measuring 
can be supplied for low frequency with high accuracy. Phase measurement system of such type is considered. Increasing of phase 
measurement accuracy at the expansion of errors elimination, stiplated by non-identical phase-frequency and amplitude-frequency 
characteristics of system channels, is provided. The exception of these errors is provided by signals switching on inputs and 
outputs of main and basic channels of a measuring system. Scheme of phase measuring system structure scheme and ratio for 
offered method of phase difference measuring, are resulted. 
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YHHBEPCAJIBHBIE SOH^OBHE YCTPOHCTBA UIMPOKOFO nPMMEHEHHH 
flJIH H3MEPEHMM CTATHMECKHX H AHHAMOTECKMX IIAPAMETPOB KPH- 

CTAJIJIOB MOHOJIHTHBIX CBEPX EMCTPOflEHCTBYIOIipX HJKPPOBMX 
MHKPOCXEM, AHAJIOrOBblX MOHOJIHTHBIX MHKPOCXEM H TPAH3H- 
CTOPOB CAHTHMETPOBOrO flHAnASOHA MACTOT HA OCHOBE GaAs. 

HOHOB B.E., AßoJi^yes H.M., 3y6KOB A.M., Jlpflfmen B.E. 
HHH "nyjibcap",105187,MocKBa,OKpya?HOH np.,27, «paKC 095-366-55-83 

AHHOTamiH. Pa3pa6oTraHH, Hccjie^oBaHbi H BHeflpeHW B SKcnepHMeHTajibHoe H cepHHHoe npo- 
H3BOflCTBO nOJiynpOBOaHHKOBWX üpHÖOpOB yHHBepCaJIbHbie 30HflOBbie    yCipOHCTBa flJl» H3MepeHHH 
napaMerpoB H pa36paKOBKH umpOKoro cneKipa KpacrajuiOB noJiynpoBOflHHKOBbix npH6opoB Ha 
ocHOBe GaAs B ,HHana30He HacroT no 20 ITu,. 3oHflOBbie ycrpoficTBa no ajieiopKraecKHM napaMerpaM 
He ycrynaioT JiymmM 3apy6e»MMM ananoraM H OTJinqaiOTCH B03MoacHocrbio c6opKM H3 nocraBOHHO- 
ro KOMnjieKTa sjieMeHTOB, Hajia/n<H H nepeHajia^KH co6cTBeHHRMH cHJiaMH noTpeÖHTen». 

1. Bse/jenne. 

IlpoBe^eHHe noJiHOueHHoro TecrapOBaHH« KpHCTajuios nepe,n; c6opKOH no pa6oliHM, B TOM 

HHCJie H flHHaMHHecKHM napaMeTpaM, no3BOJiHex o6ecneHHTb   co3^aHHe H BbicoK03(|)(t)eKTHBHoe 
npOH3BOflCTBO H3^eJIHH JIK»6oH CTeneHH CJIO)KHOCTH C npHMeHeHHeM 6eCKOpnyCHMX TpaH3HCTOpOB 
H MOHOJiHTHbrx MHKpocxeiw. HcnoJib30BaHne B mjjßjmax. öecKopnycHbix npH6opoB HBJIHCTCJI nyreM 
AJia yMeHbuieHHH ra6apHTOB, ynyHineHtra noTpe6HTejibCKHX CBOHCTB H CHHSKCHHH CTOHMOCTH ro- 
flejiHH a cueAOBaTejibHo noBbmieHHa HX KOHKypeHTOcnocoÖHocTH. npHMeHeHHe TecTHpoBaHna 
KpHCTajuioB no AHHaMHHecKHM napaMeTpaM no3BOJiaeT TaK5Ke pe3Ko noBbicHTb 3(jKf)eKTHBHocTb 
pa3pa6oTKH H cepHHHoro npoH3Bo,n;cTBa nojiynpoBOflHHKOBbix npnöopos 3a cneT 3KOHOMHH Bpe- 
MeHH Ha 3KcnepHMeHTajibHbie Hcarie,npBaHH5i H noBbiuieHHH Bbixo,n,a TOAHMX nocjie c6opKH. Bbixop, 
roflHbix Ha 3Tane o6pa6oTKH mracTHH 3aBHCHT OT rwomaflH KpHCTajuia npn6opa npn ycjioBnn 
peamcanHH BwcoKoro KaiecTBa npoMBBo^cTBa: 

ruiomaAb Kp., KB.MM 0.2 0.5 1 2 4 9 18 36 
BbIXOft rOÄHHX % 96 90 81 69 52 43 27 16 

y^HTbiBaa o6iiiyio TeHfleHunro K noBbiuieHHH) CTeneHH HHTerpauHH sjieMenroB Ha O#HOM 

KpHCTaJBie MO5KHO yraepacflaTb, «no npHMeHeHHe 3<fxpeKTHBHbix MCTOAOB H cpejjcTB 30H#oBoro 
KOHTpOJIH CTaHOBHTCa npH 3TOM KJTfOHeBblM MOMeHTOM. CoCTOHHHe MHpOBOTO pbIHKa npn6opOB 
Ha ocHOBe GaAs Ha cerofflra He cooTBeTCTByeT npe,zpo)KeHHK> cpe^cTB JJJW KOHTpojra KpHCTajuioB 
3THX npn6opoB. CTOHMOCTB cpe^cTB KOHTpojw He no3BOJiaeT HMeTb cpOK OKynaeiwocTH 3aTpaT Ha 
3TH cpeACTBa MeHee ppyx JieT, npH STOM CTOHMocTb 6bicTpoH3HauiHBaeMbix CMeHHbix HacTefi 3a 
3TOT nepHOfl 6jIH3Ka K CTOHMOCTH caMoro cpe^cTBa. 

npeflCTaBJieHHbie B A^HHOM ppKnapß cpe^CTBa jyw Konrpojifl KpHCTajuioB npHÖopoB Ha 
ocHOBe GaAs o6jiaflaioT KaqecTBaMH, no3BOJi5nomHMH ycTpaHHTb yKa3aHHoe HecooTBeTCTBne. 

2. KoMiuieKCbi 30HflOBbie CBH 329K368.00.000 H 329K370.00.000 AJIH KOHTpojia TpatnH- 
CTOpOB H MOHO.HHTHbIX HHTerpa.ubHbix cxeM. 

KoMiuieKCbi coflep^caT yHH^HHHpoßaHHbie CBH 30HAOBbie CHCTe&ibi, nocTpoeHHbie no 06- 
meiwy npHHUHny.     OcnoBy 3THX CHCTCM cocTaBJiaeT KoaKcnajibHbiH MracposoH/i; c oneHb Majioö 
CKOMneHCHpOBaHHOÖ napa3HTHOÖ HHOyKTHBHOCTbH) KOHTaKTHOH HTJIbl. 

B cocTaB CBH 3onn;oBbix CHCTCM B JIEO6OM coieTaHHH Moryr Bxo^HTb HHnjKBHjryajtbHo 
HacTpaHBaeMbie: KoaKcnajibHbie MHKpo30HAw, 30HAbi 3a3eMJieHHH H 30Hflbi nHTaHHa. TaKHM o6pa- 
30M, CBH 30H«0Bbie CHCTeMbi Moryr oGecneHHBaTb no^BOfl; cnrHajia , 3a3eMJieHHe H no^any nHTa- 
HHa K KpHCTaJDiaM MHKpOBOJIHOBblX nOJiynpOBO^HHKOBblX npHÖOpOB jnoöoH TonojiorHH. 

3TH CHCTeMbi MoryT 6brn> nerao a^anrnpOBaHbi K JHOöOH cepHHHo BbinycKaeMofi 3OHAO- 

BOH ycTaHOBKe, nosTOMy flaHHoe onncaHHe MO^CHO paccMaTpHBaTb KaK HJunocTpanHW K BO3MO»C- 

HbiM BapHam-aM HcnoJiHeHHa KOMnjieKcoB. Cocxas KOMnuexcoB B nacTH H3MepHTeireH CBH 
napaMeTpoB nojrynpoBOflHracoBbix npHÖopoB MoaceT 6brrb Bbi6paH no ycMOTpeHHio noTpeÖHTena. 
TaK , HanpHMep , ^nw oöecneieHHii H3MepeHH5i H KOHTpoJia uiyMOBbix napaMeTpoB BO3MO>KHO 

npHMeHeHHe H3MepHTejieH THna X-5, a JIJVI H3MepeHna S-napaMeTpoB - H3MepHTeneH rana P-4. 
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KoMimeKCbi 329K368.00.000  n 329K370.00.000  nosBOJiaioT oGecnenHTb B  aBTOMara- 
leCKOM peaCHMe 100% TeXHOJIOTHHeCKHH KOHTpOJIb KpHCTaJDTOB CBlI    TpaH3HCTOpOB H MOHOJIHT- 
Hbix HHTerpanbHwx cxeM Ha roiacTHHe no K03<f>cfiHUHei-rry nepepaHH c Hcnojib30BaHneM npocTbix, 
HO 3(J)(j)eKTHBHMX MeTOflHK.    3TH    KOMIDieKCM, JTOJIflSCb  CäMblMH npOCTWMH BapHaHTaMH , B HaH- 
6ojibmeH cTeneHH noasojiarox yacHHTb «ocTynHocTb H aa>Ke JierKocTb ocymecTBJieHH« 100%-ro 
KOHTpoira CBH napaMeTpoB KpncTajuioB nanynpoBOflHHKOBbix npn6opoB B aBTOMaranecKOM 
pe5KHMe Ha craflHH cepHHHoro npoH3BOflCTBa. 

npHMenaHHe: B cocraB yKa3aHHbix KOMrmeKcoB BXOAHT aHajioroBbie roMepHTeiM. B 
BapHanxax KOMimeKcoB , coflepacamnx UH(j)poBbie H3MepHTejibHbie npH6opbi, HeoöxoflHMa I13BM 
c cooTBeTCTByiomHM oGecneneHHeM. 

KoMHJieKc SOHAOBMH CB1 - 329K368.00.000 npeflHa3HaneH jsjm KOHTpojw CB*I CTpyK- 
Typ, B TOM HHCJie, apceHHarajuraeBbix nojieBbrx TpaH3HCTOpoB Ha roiacTHHe. KoMnneKc no3BoiraeT 
KOHTpoJiHposaTb CTaranecKHe napaMeTpbi, KoscpcJmnHeHT nepeflaHH no MOIUHOCTH , a TaKKe npo- 
H3BOflHTb oneracy napaMeTpoB KOHTpojinpyeMbix CTpyKTyp. KoHraKTHpoBaHne K rraoma,io<aM CBH 
npn6opoB , KompoJib napaMeTpoB H MapKHpoBKa 6paKOBaHHbrx CTpyKTyp MoaceT ocymecTBJiHTbc» 
B aBTOMaTHHeCKOM peacHMe. 

B nponecce KOHXpoxra MO^KCT npoH3BO,n;HTbc$i H3MepeHHe cjfejryioinHX napaMeTpoB: TOKa 
OTceHKH (ICOTC), TOKa CTOKa HanaJibHoro (Ic.Han.), TOKa yreHKH 3aTBopa (l3.yT.), a TaKace Koacf)- 
(JjHHHeHra ycHJieHHfl no MomHocTH (Kyp.). KoMnneKc no3BOjraeT  Ha6jno#aTb HacTpomcy n KOH- 

TpOJIHpOBaTb  4>yHKHHOHHpOBaHHe  3OH0;OBOH  CHCTCMbl     Hepe3   ÖHHOKyHapHblH  MHKpOCKOn  H  Ha 
3KpaHe Te^eBH3HOHHOH ycTaHOBKH. KoHTpojib CTpyKTyp Ha nnacTHHe MoaceT npoH3BOAHTbC5i ny- 
Tein nocjie^oBaTejTbHoro oöxo^a Bcex CTpyKTyp B aBTOMaranecKOM pe>KHMe (3arpy3Ka H Bbirpy3Ka 
rraacTHH BpyHHyro). CHCTeiwa ynpaBJieHHa oöecneHHBaeT B03MoacHocTb Hcnojib30BaHH*i Tpex pe- 
5KHMOB paÖOTbl. 

ABTOMaTHMecKHH pesKiiM. B 3TOM peacHMe  npoH3BOflHTCfl  nocjie^oBaTeJibHWH 06x0/1; Bcex 
KpHCTaXPIOB   roiaCTHHbl.   ITpH  3TOM   HpOHCXOflHT  aBTOMaTHMCCKHÖ  KOHTpOJIb   no   CTaTHHeCKHM   H 
CBH napaiweTpaM. Pe3yjibTaTbi KOHTpona cj)HKCHpyioTCfl cnenHajiH3HpoBaHHbiM KJiaccncpHKaTO- 
poM HJIH ycTpoftcTBOM Ha 6a3e yHHBepcajibHoro   ilK. BpaKOBaHHbie KpncTaioibi MapKHpyioTca. 
Flo OKOHHaHHH BCerO HHKJKt H3MepeHHH CTOJIHK BblXOßHT Ha n03HHHK) 3arpy3KH - BbITpy3KH, KO- 
Topbie npoH3BOAJrrcfl BpyHHyio. 

IIojiyaBTOMaTHHecKHH pesKGiivi. B 3TOM peacHMe npoH3BOflHTca nouiaroBbin o6xo# nuacTH- 
Hbi B aBTOMaTHHecKOM peacHMe, KOHTpOJIb CTpyKTyp , MapKHposaHHe 6paKOBaHHbix KpHCTanjioB. 
Ilpn oÖHapyaceHHH TO^HOH CTpyKTypw npoHcxo,njiT ocTaHOBKa KOMroieKca. 

PymoH peaJHM. IlepeMemeHHe ocymecTBJraeTCH no KOMaH^e c nyjibTa no o,nnoMy uiary. 
IloCJie KOHTpOJXa CTpyKTypbl MapKHpOBaHHe He npOH3BOflHTC5I. 

Hcnojib3y5i coneTaHna POKHMOB paöoTbi KOMroieKca, MOJKHO peuiaTb MHorne TexHOJiorn- 
necKHe H nccJieflOBaTejibCKHe sajxann. Hanpniwep, Hcnojib3y« nojiyaBTOMaTHiecKHH pe>KHM paöoTbi 
MO)KHO HafiTH KpHCTajui c napaiweTpaMH, yflOBJieTBopsnomHMH 3aAaHHbiM ycJioBHaM, a 3aTeM, 
nepeKJQOHHB KoMnneKc Ha pyMHon pe^KHM pa6oTbi, c noMombio uiTaTHoro KOMraieKTa H3Mepn- 
TejibHOH annapaTypw, Hcnoiib3yfl cnennajibHyio MeroflHKy, npoBecTH H3MepeHHe 3HaneHHH MO- 

pyjiefi S21,S1IHS22 KOHTpojinpyeMofi    CTpyKTypw. 
H3MepHTej[bHafl JIHHHM KOMroieKca oöopyAOBaHa ycTpoMcTBaMH pjw .coraacoBamw KOH- 

TpojinpyeMofi CTpyKTypbl no Bxo,ny n Bbixo^y, HTO oöecnenHBaeT B03M0>KH0CTb npHMeHeHHfl npn 
npoBe«eHHH roMepeHHH "TpaHC(})opMaTopHOH" MCTOAHKH. Konrpojib CTpyKTyp Mo^eT npoH3Bo- 
flHTbca KaK B 50-OMHOM TpaKTe, TaK H B cornacoBaHHOM peacHMe. B coraacoBaHHOM peacHMe 
TpeGyeTcs KoppeKUHa pe3yjibTaTOB H3MepeHHH c yieTOM BejiHHHHbi noTepb Meaqry corjracyiomHM 
yCTpOHCTBOM H CTpyKTypOH. 

npn npHMeHeHHH KOMroieKca B ycnoBHax cepnfiHoro npon3BOACTBa xopomo 3apeKOMeH- 
flOBaJia ce6a npocTeMmaa MeTOflHKa, ocHOBaHHaa Ha CTaTnc THHecKOM MeTO^e Bbiöopa ypoBHa 
6paKOBOHHoft rpaHHHbi AJIH KoscjxpHUHeHTa nepe,n,aHH. Ilpn Hcnoj[b30BaHHH TaKofi MeTOflHKH 
rapaHTHpyeTca, HTO ro^Hbie KpncTaJUibi 6ynyr HMeTb K03(j)$HnneHT ycHJieHHfl no MOIIJHOCTH He 
MeHee BbiöpaHHoro ypoBH«. Ilpn npHMeHeHHH KOMroieKca pjix pemenHfl Hccjie/joBaTejibcKHX 
zajnan cjiejjyej oTMeTHTb, HTO npn STOM noaBJiaeTca B03M0>KH0CTb 6wcTpo nposecTH cpaBHeHHe 
napaMeTpoB 6onbuioro KOJinnecTBa CTpyKTyp, BbmBHTb flHHaMHKy HX H3MeHeHHa, Ha6paTb cTa- 
THCTHHeCKHH MaTepHaJI. 

KoiwnjieRc 30H#OBMH CBH - 329K370.00.000 fl,jm KOHTPOJIH CBH OMHC. KoMnneKc 
npeÄHa3HaneH jjjm Konrpojia CBH CTpyKTyp , B TOM HHCJie MOHOJIHTHMX HHTerpajibHbix cxeM Ha 
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roiacTHHe. KoMroieKc nosBOjraeT KompojiHpoBaTb cTaraiecKHe napaMexpbi. , KoecJxpHHHeHT nepe- 
flaHH no MOUIHOCTH, a TaKace npoHSBOflHTb oueHKy napaMeTpoB KOHTpoJiHpyeMbix cTpyKTyp. KOH- 

TaKTHpoBaHHe K iuioinawcaM CBH npn6opoB , KompoJib napaMeTpoB H MapKHpoBKa 6paKOBaH- 
Hbix CTpyKTyp MoaceT ocymecTBUHTbca B aBTOMaTHiecKOM peacHMe. 

B nponecce KOHTpcwra MoaceT np0H3B0AHTbC5i H3Mepenne cneAyMiinra napaMeTpoB: MH- 

HHManbHoro TOKa nm-aHH« IC.OTC. , MaKCHMaJibHoro TOKa UKranmi lc.nan., TOKa yreiKH uenn 
ynpaBJieHHH b.yr., a TaK»ce K03(})(pHHHeHTa ycHJieHiw Kyp.  KoMiuieKC no3BOJiseT Ha6jnoflaTb Ha- 
CTpOHKy H KOHTpOJTHpOBaTb  (JtyHKHHOHHpOBaHHe 30HflOBOH CHCTeMbI Hepe3  OHHOKyHSpHblH  MH- 
KpocKon H Ha 3KpaHe TeuesroHOHHOH ycTanoBKH. HacTpoHKa 3OHAOB MoaceT npoH3BO«HTbca npn 
noMomn BcnoMoraTejibHoro crepeoMUKpocKona. 

KoMruieKc nosBOJiaeT nporoBo^HTb KOHTpojib cTaTHiecKHX H AHHaMmecKHX CB1! napa- 
MeTpoB MOHOJiHTHbix HHTerpajibHbix cxcM B HecoraacoBaHHOM peacHMe. CncreMa ynpasjieHHS 
oöecneHHBaeT B03MoacHOCTb HcnoJib30BaHHH Tpex peacHMOB pa6oTbi. 

OcHOBHbie TexHuraecKHe aaimwe H xapaKTepHCTHKH. 329K368.00.000 329K370.00.000 
^Hana30H pa6oiHX qacTox, TTu, 3...18 0.1...18 
KoJiH^ecTBO KoaKcnajibHbix 30HAOB, HIT. 2 1...4 
KomraecTBo 3a3eMn«K)inHX 30HAOB, IIIT. 2...4 1...9 
KoJIHHeCTBO 30H#0B nHTaHHfl, UIT. -- 1...9 
rioTepH B 30HAOBOÖ JIHHHH (TOJIOBKC) He 6ojiee, AE 2.0 
KCBH 30HAOBOH JIHHHH (TOJIOBKH) He 6ojiee, eA- 2.0 
^Hana30HM H3MepeHHÖ: 

0...10 HanpaxeHHfl, B 
TOKa nnraHHa, A 0...0.3 
TOKa yreHKH nenn ynpaBJieHHa, MKA 0...10 
K03(j)<j)HHHeHTa ycHJieHH« no MOIHHOCTH, AB -5..Z7 -5...+27 

IIorpeiHHocTH H3MepeHHa: 
HanpaaceHHH, % ± [0.8+0. 15(UK/U-1)1 

TOKa nHTaHHH, % ± [0,8+0. 15(UK/U-1)1 
TOKa yreiiKH nenn ynpaBJieHH», % ±[7+0.5(UK/U-1)1 

K03<J)<|)HHHeHTa ycHJieHHH no MOIUHOCTH, % 
iAe 8U - norpeuiHocTb HSMepeHHa HanpaaceHHfl 

±^l,25-Kyp + 7,5)2+S2
v 

PaccToaHHe Mexyjy ueHTpaMH KOHTaKTHbix nnomaAOK KOHTpo- 
JiHpyeMbix CTpyKTyp, MKM 20...800 30...2000 
MHHHMajBbHbifi pa3iwep KOHTaKTHofi HJioiuaAKH, MKM 20 30 
MaTepHan KOHTaKTHbix nnoma^oK Au 
Pa3Mepw KOHTpoJiHpyeMbix KpHCTaJinoB, MM 0.4...1.0 0.4... 2.0 
^.naMeTp KOHTpoJiHpyeMbix nnacTHH, MM 20...100 
TojiHiiHHa KOHTpoJiHpyeMbix nnacTHH He MeHee, MM 0.1 
IlpOH3BOAHTeJIbHOCTb KOMHJieKCa, CTpyKTyp/iac 2000 
ra6apHTHbie pa3Mepbi KOMHJieKca He 6ojiee, MM 985x1385x1485 880x1100x1550 
Macca He öojiee, Kr 330 405 
MaKC. sjieKTpHHecKaa MoiijHocTb, noTpeÖJiaeMaa KOMnJieKcoM 
He öojiee, KBA 0.85 " 1.2 

3. ycrpoHCTBO 30HAOBoe CB1 c pyqHbiM ysipaB.nenneM 3r3K.004.00.000. 

YcTpoHCTBO npeJTHa3HaneHO pjm KOHTaKTHpoBaHH» K njioiuaAKaM CBH CTpyKTyp Ha ruiac- 
THHe HJIH B KpHCTaJXJie, B TOM HHCJie apCeHHflTaJTJTHeBblX   nOJieBblX TpaH3HCTOpOB    H MOHOJTHTHblX 
HHTerpaJTbHbix MHKpocxeM , H o6ecneHeHHfl BO3MOMCHOCTH H3MepeHHa CBH-napaMeTpoB. 

OcHOBHbie TexHHHecKHe AaHHbie H xapaKTepHCTHKH. 
OSmtie: 

H3MepaeMbie napaMeTpbi CTaranecKHe H AHHaMHHecKHe (Kyp, Kui, S) 
AHana30H pa6onHX nacTOT, ITu 1... 18 
raöapHTHbie pa3Mepbi ycxpoHCTBa, MM 290X340X420 

Macca, He 6onee, Kr 12 
pecypC 30H#0B0H CHCTeMbI, KOHTaKTHpOBaHHH 1 000 000 
CHCTeMa BH3yaJibHoro Ha6jnoAeHHfl 3a npoueccoM opneHTanHH H KOHTaKTHpOBaHHH - MHKpocKon. 
3arpy3Ka H Bbirpy3Ka KpHCTajinoB, nepeMemeHna HX B 30He KOHTpojia H KOHTaKTHpoBaHne npo- 
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H3BOflaTC5I BpyiHyio. 

CB1! 30HjoBbie TOJIOBKH: 

flonycxHMbie noxepn, AE   ^J^>   Vi'lrrl 

(He6oJiee)                             2.0 (1.0) [10-18ITn] 

KCBH (XOTIOBOH), efl. (He 6oJiee) 2 (1,5) 
BOJTHOBoe conpoxHBJieHHe, OM 50 
KOJiHHecTBo, iirr. 2 

CBM Tpanc<|»opMaTopfei c aaanTepaMM iMTamm; 
HanajibHbiH KCBH B 50-OMHOM xpaK- 
xe, eft. (He 6ojiee) 1.4 
rnyÖHHa xpaHc^opManHH, eAnnnn 
KCBH (He MeHee) 5 
noxepH B xpaHc<|)opMaxope, AE     (He 
6ojiee) 0.4 
BapnauHH noxepb, AB (ne 6ojiee) 0.15 
KOJIHieCXBO, HIT. 2 

IIpeßMemfciM CTOJIHK: 

AnaMexp, MM 

Anana30H nepeMemeHHH no OCHM X 
n Y, MM 
ynioBoe nepeMeineHHe, rpafl. 

60 

60 

180 

KoHTpoJinpycMoe wsneime: 
pa3Mepw KpHcxajiJioB B ruiaHe, MM 

XOJIIUHHa KpHCXaJIJTOB, MM 

MaxepHaji KonraKXHbix ruiomaAOK 
MHH. pa3Mep KOHXaKXHblX 
nnomaflOK, MKM 
MHH. paccxoHHHe Me5K,ny uemraMH 
3OHAOB, MKM 
MHH. XOJIIUHHa MexaJUDBaLJHH, MKM 
(He MeHee) 

0.3x0.3 
1.5x1.5 
0.1-0.5 

30JIOXO 

10 

20 

0.25 

Bcero Ha iuiHxe ycxpoMcxBa 30HßOBoro Moacex 6bixb ycxaHOBJieHO (KpoMe /jßyx CBM ro- 
JIOBOK) 8 3a3eMJiflioinHX 3OHAOB H 30HflOB rarxaHHS. CncxeMa MaHHiiyjiaxopoB 30HAOB no3BOJiaex 
HacxpaHBaxb KaacAMH 3OHA HHAHBHAyaJibHo Ha Bbi6paHHyro KonxaKXHyio ruiomaAKy Kpncxajuia. 
nepe« nposefleHHeM H3MepeHHH CBH napaMexpoB c noMombio H3MepHxejieH, HanpHMep, xnna X- 
5 Heo6xO£HMO  HpOH3BOAHXb  KaJIH6pOBKy. ßflX    3XOrO  H3MepHXeJIbHbIH XpaKX,  BKJTIOHaiOIHHH B 
ce65i H 30HAOByio nacxb, xecxupyexca no BHyxpeHHefi nporpaMMe H3MepHxejiH c nejibio onpe,n,ejie- 
HH» cxeneHH HeoAHopoAHoexn xpaKTa H BBe^eHH« cooxBexcxByiomeH KoppeKnHH. npn KajiH- 
6poBKe CBH cHTHaji nepe^aexca iepe3 cneuHajibHyio xecxosyio nnaxy K Koxopofi KOHxaKxnpyiox- 
CH 30HAbi ycxpoöcxBa. TecxoBaa ruiaxa Moacex nocxaßjwxbca no cneixnajibHO oroBopeHHMM ycjio- 
BHSM HUH H3roxaBJiHBaxbCH npxpeGnxejieM caMocxoaxejibHo. Mexoflmca npoBe^eHHa H3MepeHHH 
onpeflejxaexcfl Bbi6paHHbiM xnnoM raMepnxejia H cxeMofi H3MepeHHÖ. 

Pa3pa6oxaHa MOAHCj)HKanHH 30HflOBoro ycxpoMcxBa 3r3K.004.00.000 pjin KonxpoJia 
napaMexpoB KpHcxajuioB nn^poBbix MHC. 3jieKxpH*iecKHe xapaKxepncxHKH H KOMMyxaniioHHbie 
B03M03KHOCXH 3XOH MOAH^HKaHHH n03BOJISK)X npOBOAHXb KOHXpOJIb MHC BbICOKOfl CJI05KHOCXH H 
6bicxpofl;eHcxBHa. 

Tnn    30H- 
äOBOö   ro- 
JIOBKH 

Pa3Mep 
KpHcxajuia 
MaKC (MM) 

OöpaxHbie 
noxepw 
MHH.(ZI;E) 

MaKC OXHO- 

CHX.     conpo- 
XHBJI.     JIHHHH 
(le3) 

MaKC.     jump, 
riojiocbi no 
ypoBHio 3,a;E 

npoxo^Haa 
HHJXyKXHBHOC 
Xb (HFH) 

HHJxyK- 
XHBHOCXb 
3a3eMneH. 
(HlH) 

MaKC.     40 
RF   JIHHHS 

KoaKCHan 
3.5 15 80 srrn 0.6 0.3 

MaKC.     80 
RF    JIHHHH 
KoaKCHaJi 

7 10 80 2orrn 0.6 0.3 

KoHcxpyKunji 30HflOBOH CHCxeMbi no3BOJwex öbicxpyio CMeHy 3OHAOBO0 lacxH npH nepe- 
xo^e ox xecxHpoBaHHH OJJHOH MHKpocxeMbi K Apyrofi. TecxnpoBaHHio Moxyx noABepraxbc« KaK 
oxflejibHbie KpHcxajTJTbi xaK H Kpncxajuibi Ha ruiacxHHe. npe7jjiaraeMaa o6jiacxb npHMeHeHHH 30H- 
AOBoro ycxpoftcxBa - H3Meperoie AHHaMHiecKHX napaMexpoB KpHcxajuioB 6bicxpoAeHcxByiomHX 
UH(|)poBbix MOHOJiHXHbix MHKpocxeM Ha nJiacxHHax, a xaKiKe oxflejibHbix KpHcxannoB, HMeiomnx 
pa3Mepbi Ao 7 MM H HacxoxHWH AHana30H AO 20 rrn. 

KpoMe yKa3aHHoro ocHOBHoro npHMeHeHHa BO3MO5KHO Hcnojib30BaHHe 30HAOBoro 
ycxpoMcxBa pjw H3MepeHH5i AHHaMH^ecKHX napaMexpoB KpHcxajuioB aHanoroBbix H aHajioxo- 
nH(J)pOBbIX MOHOJIHXHWX MHKpOCXeM a XaKJKe AJia H3MepeHHa AHHaMHHeCKHX, B XOM  HHCJie H S- 
napaMexpoB, xparejHcxopoB HMeiouinx no OAHOH KonxaKXHOH iuiomaAKe 3axsopa H cxoKa. 
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HanpHMep, noflBeprajiHCb BbicoK03(j)cj)eKTMBHOH pasöpaicoBice cjie/ayioiuHe MOHOJiHTHbie 
HHTerpajibHbie cxeMbi na ocHOBe GaAs no pe3yjibTaxaM H3MepeHnfi CTara^iecKHX H .nHHaMHiecKHX 
napaMeTpoB KpHCTaxuioB Ha nnacTHHax: 

QcopocTHMe AHO. Pa3Mep KpHcxanjia 2.6x2.6 MM. npHMerajiHCb 8 CHTHajibHbix 3OH,D;OB 

(c Tpe6oBaHHHMH BepxHeö rpaHHUbi pa6onero «Hana30Ha qaeroT 2000 MTu), 8 30H#OB 3a3eMJie- 

HHJI H 8 30H#OB JXfi5i HOflaHH nHTaHHfl  + 2 B H TOKaX #o 50 MA. 

^ejiHTeiiH «iacTOTbi caHTHMCTpoBoro /]nana30Ha BOJIH. Pa3Mep KpHCTajuia 2.1x2.1 MM. 

npHMeH5uiHCb 4 CHTHajibHbix 30Hfla (c TpeöoBaHHüMH BepxHeM rpaHHLjbi pa6oliero flnanajoHa ^ac- 

TOT 2000 MTu), 3 30Hfla 3a3eMJieHHa H 2 30H#a JOJIS no^a™ nHTaHi-ra ± 2 B H TOKax #o 50 MA. 

CKopocTHwe ycTpoficTBa iipeoßpasoBaxcjjeH ypoBHH cnniaJia. Pa3Mep KpHCTanua 2.1x2.1 
MM. npHMeHsuiHCb 6 CHTHajibHbix 30HflOB (c Tpe6oBaHHSMH BepxHen rpaHHHbi pa6oiiero flHana30- 
Ha qacTOT 2000 MTii), 4 30Hfla sajeMJieHna M 4 3onna pjw noflaiH nuTaHira + 2, +5 B H TOKax 
Ao 20 MA. 

YnpaBJiHeMbie ycHJiirrejiH caimfiweTpoBoro Anana30Ha BOJIH. PasMep KpucTamia 1.5x2 MM. 

npHMeHariHCb 2 CHTHajibHbix 3OH0a (c ipe6oBaHHaMH BepxHefi rpaHHUbi pa6onero flnana30Ha 12 
rTu), 6 30HflOB 3a3eMJieHH«[ H 3 30H,a;a JJJBI no^aiH nrnraHHa npH HanpaaceHHax ± 5 B H TOKax RO 

100 MA. 

4. 3aKJiio«ieHHe. 

B HacTOKiijee speM» HaHÖojibiiiee pacnpocTpaHeHHe mw TecTHpoBaHHa KpncTajuioB TpaH- 
3HCTopoB H MOHOJiHTHbix cxeM nojiyHHJiH 30HAOBwe cHCTeMbi cpnpMbi "Cascade Microtech" CI1IA. 
JJ^JISI cpaBHeHHs HHace npHBe^eHbi 3JieKTpHHecKHe napaMeTpbi MeM6paHHoro 30HflOBoro 
ycTpoficTBa THna RFC-CORE (JwpMbi "Cascade Microtech" jyw H3MepeHHM napaMeTpoB KpncTaji- 
JTOB UHfJppOBblX MOHOJIHTHWX MHKpOCXeM. 

THTI 3OH#O- 

BOH TOJIOB- 

KH 

RFIC  MeM- 
6paHa 
MaKC.36 
HHHHH 

Pa3Mep KpH- 
cxagma 
MaKC.(MM) 

6.3 

06paTHbie 
noTepH 
MHH.(äB) 

10 

MaKc. 
CHT. 

THBJI.    Jimrmi 
(le3) 

OTHO- 

conpo- 

80 

MaKc.      amp. 
IIOJIOCH no 
ypoBHFo 3ffB 

20J7TU 

IlpoxoflHaa 
HHflyKTKB- 
HOCTb (HIH) 

0.5 

HHjryK- 
IHBHOCTb 
3a3eMneH. 
MH)  

0.2 

H3 cpaBHeHHH BHflHo, «rro aHajioT yciynacT no ypoBHH) MaKCHMajibHO   flonycTHMbix no- 
Tepb B OJTHOH pa^HOHaCTOTHOH JIHHHH. 

Oco6o oTMenaeM, HTO B OTJIHHHH OT aHajioroB, KOTOpbie npe^cTaBJiaioT CO6OH HenepeHa- 
Jia>KHBaeMbie KOHCTpyKUHH, roroTOBJieHHbie rpHpMofi "Cascade Microtech" pjm KOHKpeTHbix Tono- 
JIOTHH KpHcxajuioB, npeAJiaraeMbie HaMH 30HJTOBbie ycTpoficTBa Moryr 6brrb co6paHbi H3 KOM- 

nJieKTa cmiaMH caMoro noTpe6HTejia, HacTpoeHbi Ha Tononornio KpHCTajuia H npH Heo6xo#HMoc- 
TH B JnoSoH MOMenr nepeHajia>KeHbi. Bo3MO)KHOCTb ocymecTBJieHHS c6opKH H nepeHajia,rpcH 30H- 
flOBOÖ CHCTeMbi COÖCTBeHHbIMH CHJiaMH nOTpe6nTeJI5I n03BOJiaeT MaKCHMajibHO COXpaHHTb TeXHH- 
HecKyro, KOMMepnecicyio H HHyio HHcpopMaunio o pa3pa6aTbiBaeMOM oÖbeicre H ero npoH3BO,n;cTBe. 

Bee  30HnpBbie  ycTpoficTBa,   npeflCTaBJieHHbie  B   HacTOJimeM  jjpvjiaRe,  xapaKTepH3yeT 
npOCTOTa KOHCTpyKUHH H TeXHOJIOTHHHOCTb B H3TOTOBneHHH, HTO OÖyCJIOBJIHBaeT npHMepHO B flBa 
pa3a MeHbiuyK) cTOHMocTb no cpaBHeHHio c aHajioraMH a TaKace 3HaiHTejibHO MeHbiuyH) CTOH- 

MocTb 6bicTpoH3HauiHBaeMbix cMeHHbix nacTefi. fljiH npHMepa CTOHMocTb caMofi flemeBofl pyHHofl 
30H^oBOH     ycTaHOBKH (j)HpMbi "Cascade Microtech" c MHHHMajibHoö KOMnJieKTaHHeö npeBbiniaeT 
40 TbICJIH flOJUiapOB. 

THE UNIVERSAL MICROWAVE TEST PROBE SYSTEM FOR MEASUREMENT OF MONOLITHIC 
CIRCUITS PARAMETERS AND GaAs TRANSISTORS WITH FREQUENCY BAND UP TO 20 GHz 

lonovV.E., Abolduyev I.M., Zubkov A.M., Dedinets V.E. 
SRI "Pulsar", 27 Okruzhnoy Pr., Moscow-105187, Russia 

fax (095) 366-55-83 

Universal microwave test probe system was developed, investigated and used for measuring and testing of GaAs devices up to 20 
GHz frequency band. In terms of electric parameters this system is on par with the best foreign analogs and it's very easy for users 
to reconstruct this system with their own efforts. 
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I3AL11453 nPOMbll 
yCTAHOBOK nJIA3RflOXMIVlimECKOM 

OEPAEOTKH PEAKTOPAMM HOBblX TWIOB C 
ynPABn^EMbuVIM MAmMTHblMM nOJlflMH 

B.n. KaTKsxa, T.C. KwpuMeHKO, B.M. KonoBan, B.B. YcTanoB, O.A. OeflopoBUM 
CKTE c 3/7 HI4 "MHcmumym ndepHbix uccnedoeaHUÜ", 252028, Kuee-28, np, Haym,47 

men. 044-265-24-36, cpaKC 044-265-44-63 flpomoH 

AHHomau.ua - Pa3pa6oTaH u BHeflpeH pa« HOBbix nna3MOXMMHMecKnx peaiaopoB (nXP): nnaHapHbiü BM-MameTpoH co 
CKaHMpyeMbiM MarHMTHbiM noneM ana MHflUBviflyanbHoft o6pa6oTKM nnacTMH fluaMeTpoM 150 MM C BWCOKOM CTeneHbro 
oflHopoflHOCTn; nXP c KoaKcuanbHbiM MarHMTHbiM noneM flnn MHflMBUflyanbHovi o6pa6oTKM nnacTWH 0 150 MM, JierKo 
CTbiKyeMbiCi c MMeioiuMMSicn 3arpy3MHKaMn; nXP c 3aMKHyTbiM flpeücfcoM aneirrpoHOB fl/w rpynnoBoPi o6pa6oTKM 9 nnacTMH 
0100 MM; nXP c o6beMHO-BonHOBbiM B036y)KfleHMeM KMcnopoflHOvi nna3Mbi p^m OKonorwecKU MUCTOTO CKopocTHoro 
yflaneHMH $OTope3MCTa oflHOBpeMeHHO c 40 nnacTMH 0 100 MM. OcymecTBneHa CTbiKOBKa pa3pa6oTaHHbix nXP c 
npoMbiiureHHbiMM aBTOMaTusupoBaHHbiMM ycTaHOBKaMM c i4enbK> MOflepHH3auiMM MopanbHO ycTapeBUjero oßopyflOBaHnn, 
MMeromerocfl Ha npeflnpnaTunx. 

I. BBeAßHue 

B nocneflHue roflbi B MUKpoaneicrpoHMKe cymecTBeHHO Bbipoc MHTepec K M3roTOBneHHK) MC, BMC, 
CBMC, CBH-ycTpoMCTB, ycnpoPicTB c aBTOsneicrpoHHOM sMMCCHeii, B KOTopovi sneMeHTbi MMetoT MMKpoHHbie 
M cySMMKpoHHbie pa3Mepbi. rionyMeHne cyöMUKpoHHbix pa3MepoB aneMeHTOB BO3MO>KHO TonbKO npn 
"cyxoM" nna3MOXMMMHecKOM TpaBneHHH. 

CepuPiHo BbinycKaeMoe flo HacTOflLuero BpeMeHM B cTpaHax CHT M 6onbWMHCTBO 3apy6e>KHoro 
nna3MOXMMMMecKoro o6opyflOBaHna He no3BonaeT nonyMaTb BbiweyKasaHHbie pa3Mepbi sneMeHTOB. 9TO 

CB^saHO c TeM, MTO B nXP öonbujue aHeprnn 3/ieicrpoHOB n MOHOB > 300 aB. riosTOMy npn 
nna3MOXMMMHecKOM TpaBneHun nponcxoflm öbicTpoe pa3pyujeHne MacKupyioiMHX noKpbunPi - cpoTO- M 

3neicrpoHope3MCTOB. MHorfla ncnonb3yeMbie B KanecTBe 3amnTHbix TOHKne MacKn H3 xpoivia n HMKejin Taione 
6biCTpo pacnbinpiKDTCfl npn aHeprunx MOHOB 300-500 aB. Kpowie 3Toro, npn 6ojibUJMX aHeprnax HOHOB 

nponcxoflHT nepepacnbineHne MarepnanoB, MewcnoftHbie npo6on n paflnaLinoHHbie noBpe>KfleHMa o6pa3qoB. 
CcpopMwpoBaTb 3au4MTHyio MacKy c MaxibiMM LunpuHaMM MOJKHO TO/ibKO B TOM cnyHae, ecnn BbicoTa 
pe3MCTMBHOM ujMHbi cpaBHMMa c ee UJupuHofi. nosTOMy rJiaBHOM 3aflaMeCi npu TpaBneHnn 3/ieMeHTOB c 
cyÖMMKpoHHbiMM pasMepaMM ABJineTcn cHMweHMe 3Heprnn MOHOB (nnn HanpflweHMH aBTOCMemeHMfl) B 

nna3MOXMMMMecKMX peaicropax. CHM3MTb xe 3Heprnro MOHOB MOWHO ynpaBnsw flMcpcpy3MeM n/iasMbi. A 
ynpaBneHMe AKcpcpyaMetf BO3MO>KHO ToribKO npM noMomM ajieicrpwHecKnx v\ iwamMTHbix noneii. HanMHMe 
MarHMTHbix nonePi no3B0^neT cymecTBeHHo yBe/inHMTb deneHb flMccoqMaqMM MoneKyn M MOHM3aL(MM 
pa6oMnx ra30B, a cneflOBaTenbHo, npoM3BOflMTenbHocTb nXP. B STOM cxiynae pa3pHflbi ycTOMHMBO  ropnT npM 
6o^ee HM3KMX AaBJieHMflX, HTO flaeT B03MO>KHOCTb yBenHMMTb    aHMSOTpOnHK)    M    Ce/ieKTMBHOCTb TpaBJieHMa. 
nosTOMy B ocHOBy nXP,  onucbiBaeMbix     B    flaHHoCi    cTaTbe,  nono>KeHbi  BM  pa3pnAbi  B coneTaHMM c 
ynpaBnaeMbiMM MamMTHbiMM nonniviM. 

II. OcHOBHan nacTb 

1. flnaHapHbiO B^-MasHempoHHbiü peaxmop co CKatiupyeMbiM MaeHurrwbiM noneM 

njia3M0XMMMMecKMM peaKTop npeflHa3HaqeH flna TpaBneHMa flM3^eKTpMKOB, nonynpoBOflHMKOB M 

MeTannoB B cpefle XMMMnecKw aioviBHoPi nna3Mbi, a TaKxe AJIH cjDM3MHecKoro pacnbineHMa MaTepnanoB B 

nna3Me MHepTHbix ra30B. 
nXP npeflCTaBJiaeT CO6OM eMKocTHyio paspaflHyio cMCTeiviy c ynpaBnatou4MM aneicrpoflOM. n^a3Ma 

reHepMpyeTcn B CKpeu^eHHbix BM-aneicrpMHecKOM (13,56 MTq) M ynbTpaHM3KoqacTOTHOM MarHMTHOM no^nx. 
3cpcpeKTMBHoe nomomeHne B saMarHMHeHHOM nna3Me BM-MOLAHOCTM oSecneMMno BbicoKyto nxioTHOCTb MOH- 

Horo TOKa flo 2 MA/CM.KB Ha o6pa6aTbiBaeMyio nnacTMHy flMaMeTpoM 100 MM npM MOIUHOCTM reHepaTopa 1 KBT. 

Bnaroflapn cpaBHMTenbHO 6onbLUOM TeMnepaType aneicrpoHOB (3-10 aB) B pa3pafle AOcTMraeTcs=i 
BbicoKaa cTeneHb flMccoL(MaL^MM MoneKyn paSoMero ra3a, a, cnefloBaTenbHo, M CKopocTb TpaB/ieHMa: Si - 1 
MKM/MMH, Si02 - 0,5 MKM/MMH, AU -0,1 MKM/MMH, W - 0,1 MKM/MMH. Pa3pafl CTaßMfibHO ropuT npM 6onee HM3KOM, 
neM B npoMbiujJieHHbix ycTaHOBKax, flaBJieHMM pa6oMero ra3a: ö*^"4 - 10"1 MM PT.CT., HTO o6ecneMMBaeT 
ynymueHHyto 3KonorMMHOCTb npM Mcnonb30BaHMM cpTop- M xnopcoflep>Kau4MX coeflMHeHUM. 

HariMHMe MarHMTHoro no/ia M HM3Koe flaB/ieHMe pa6onero ra3a B peaiaope peujMno OflHy M3 
BaKHeiiLUMX 3aflan cymecTBeHHoro yMeHbmeHMfl aHepruM MOHOB; C noMombto ynpaBnaromero a^eicrpofla ee 
MOJKHO M3MeHHTb OT 20 oB Ro 400 oB. LLlnpoKMe BO3MO>KHOCTM ynpaBJieHMfl napaMeipaMM pa3paAa M 

XMMM^ecKMM codaBOM paöoMero ra3a nosBoriMJiM npoBOAMTb BbicoKoceneKTMBHoe, aHM30TponHoe TpaBjieHMe 
(oTHOUieHMe BepTMKanbHOM CKopocTM K ropM30HTanbHOM MO)KeT M3MeH5rrbcfl Ao 10)- noAJiOÄKa noMemaeTcn 
Ha BH-aneicrpoAe. 

MaTepnaj\bt 6-ii MenyiyHapoflHOH ^J4«MCKOH t^faKpOBOAHOBoH ^ToncpepeHiiHH "%t*i*4tu'Ka96. 16-19 ceHTn6pfl 1996 r., CeBacronoAb, KpbiMt YKpaHHa A AM 

Proceedings of 6th International ßtanmn tfäcrowave Conference ßntvKi^a'96. 16-19 September 1996, Sevastopol, Crimea, Ukraine <t£* I 



H3MeH6Hwe MarHMTHoro norw no saflaHHoPi nporpawiwe no3Bonnno pe3KO yMGHbuiMTb HeoflHopoflHOCTb 
TpaBJieHMfl, oöycnoBneHHyro flpePicjDOBoPt HeycToPiHUBOCTbrO, flo ± 1% Ha fluaMeTpe 100 MM H ± 3% Ha 
fluaMeTpe 150 MM.  RjiaHapHbiPi nXP npon3BOflHT    nna3MoxnMMMecKoe    TpaBnewHe    MMKpoperibecfca    c 
CySMMKpOHHbIMM paSMepaMU 3neM6HT0B. 

2. nXP c KoaKcuaribHbiM MaaHumHbiM noneM cnoxHOÜ Koncpu?,ypau,uu 

njia3MoxnMMMecKntf peaKTop npeflHa3HaMen flna HHflUBViflya/ibHOM npeuM3MOHHoPi o6pa6oTKn 
nnacTHH flwaMeTpoM 100 MM, 125 MM, 150 MM. nXP-010 OTHOCMTCA K peatcropaM c pacnono>xeHneM o6pa3qoB 
fljia TpaBnenna Ha TpeTbeM sneicrpofle, BHG aKTHBHoPi SOHBI pa3pqfla - B o6nacTM BbiieKaromePi nna3Mbi [2]. 
XHMMHecKM aKruBHan rma3Ma o6pasyeTCH B paspflflHoPi KaMepe c flByMH KOHUMecKMMM qnnnHApuMecKHMH 
aneicrpoflaMM, Me>Kfly KOTopbiMH o6pa3yeTCH nna3Ma B CKpemeHHbix BM anexTpunecKOM n perynnpyeMOM 
pacxoflHineMCfl MarHKTHOM nonax [2,3]. HanycK ra3a ocymecTBJinncq Mewfly KoaKcuanbHbiMH aneKrpoflaMU, a 
OTKa^Ka- BOKpyr nnacTUHbi flwaweTpoM 100 MM, pacnonoweHHoPi ropn30HTanbHO. Kai< noKa3ann nccneflOBaHHn 
TaKofi cucTeMbi, paBHOMepHocTb ee noHHoro noTOKa He npeBbiwana ± 7% Ha fluaMeTpe 100 MM [2,4]. 

flna yBenimeHMH paBHOMepHOCTM MOHHOTO noTOKa n yBennMeHun ero nnoTHoc™ 6bmn BBefleHbi 
TpeTHfi KoaKCManbHbiii EN aneicrpofl no ocu nXP H n3MeHeH HanycK rasa [4], TopeHvie nna3Mbi Mexfly TpeMfl 
3JieicrpoflaMM H M3MeHeHHbifi HanycK ra3a cymecreeHHo ynymun/in paBHOMepHocTb nna3MeHHoro noTOKa. 
Yflanocb nonyHMTb paBHOMepHocTb MOHHOTO noroica ± 5% Ha fluaMeTpe 150 MM. HanpaweHue aBTOcMemeHHH 
peryntipoBanocb u H3MeHanocb OT 15 B flo 100 B npw MOIUHOCTM reHepaTopa 1,5 KBT, flaBneHwysx 5*10"2 - 
10' MM PT.CT. w nacTOTe reHepaTopa 13,56 UVi\. KoHi(eHTpannfl nna3Mbi cocTaBnana 1010 - 1011 CM"3 

rijioTHOCTb noHHoro TOKa B paPioHe noflnoxKM flocTMrana 2 MA/CM KB. nony^eHbi CKopoc™ TpaBneHMa 
KpeMHH« flo 1,0 MKM/MMH, TpaBHTca TaioKe flsyoKucb KpeMHua M flp. MaTepnanbi, ncnojib3yeMbie B 

MMKpoaneKrpoHHOM npon3BoflcTBe. nXP xopoiiio CTbiKyeTcn c npoMbiiiineHHbiMM 3arpy3HHKaMM M MO>KeT 6biTb 
ncnonb30BaH flna nonyneHHPi MUKpoHHbix M cy6MUKpoHHbix pa3MepoB aneMeHTOB. 

3. nna3MoxuMU<jecKuü peaKmop c 3aMKHymbiM dpeücpoM anexmpoHoe 

nnasMOXMMHMecKMfi peaKTop c 3aMKHyTbiM flpePicpOM aneKTpoHOB [1] npeflHa3HaMeH flna rpynnoBoro 
npequsnoHHoro    TpaexieHua    MeTannoB,    nonynpoBOflHMKOB,    flusneiapuKOB    n    BbicoKOTeMnepaTypHbix 
CBepXnpOBOflHUKOB      C      MMKpOHHbIMM      H      CyÖMMKpOHHblMH      pa3MepaMM.      HXP      MO>KeT     npMMeHHTbCfl      B 
TexHOJioiwecKHx npoqeccax M3roTOBneHHH 6oxibLunx H CBepx6onbLDHx MHTerpanbHbix cxeM, sneMeHTOB CBM, 
MHCppaKpaCHOil TeXHUKH M flp. 

XnMnnecKM aKTMBHaa M HefiTpajibHaa nna3Ma o6pa3yeTca B BM-pa3pnfle B CKpemeHHbix MamnTHOM 
H aneicrpMMecKOM nonnx Me>Kfly flByMH oxnawflaeMbiMn a^etcrpoflaMn: MHororpaHHofi npn3MOM n 3a3eMneHHbiM 
L(nnnHflpoM. PeryjiHpyeMoe MammHoe none C03flaeTCfi KaTyujKaMH. nXP MO)KeT paöoTaTb KaK B pexuMe 
MnrKoro TpaBneHwa (c MMHUManbHbiMM paflnaL(MOHHbiMM noBpe>KfleHM«Mn), TaK n B pe>KMMe pacnbineHnn. 
Hanpa>KeHMe aBTOCMemennn MO>KHO Men?iTb OT 40 flo 1000 B c noMOinbio MamnTHoro nona M 

BcnoMoraTeribHoro reHepaTopa CMemeHUH. TeHepaTop cMemeHna no3BOJineT cHUMaTb noBepxHOCTHbifi 
3apnfl, TpaBMTb M pacnbinaTb fluaneicrpuKH, yBenuMMBaTb CKopocTb rpaBneHMa flp. MaiepnanoB. 

3aMKHyTbifi flpefic}) aneicrpoHOB flaeT B03MO>KHOCTb n36aBHTbcn OT flpeCicfioBbix HeycTOMMMBocTefi M 

noBbiCMTb paBHOMepHocTb TpaB/ieHM« no Bceü o6pa6aTbiBaeMoPi n/iomafln. 
Pa3pa6oTaHO HecKonbKO KOHCTpyKqiw CTbiKOBO'HHbix y3Jios, no3Bonnioiu,wx ycTaHaBnuBaTb nXP Ha 

riHDöyio BaKyyMHyto 6a3y crrapbix, MopanbHO ycTapeBiiinx, rma3MoxnMHMecKnx ycTaHOBOK. 3arpy3«a nnacTMH 
pyMHan. flria noflbeMa npn3Mbi c ycTaHOBJieHHbiMn Ha neii oöpasMaMM ncnorib3ytoTCH cTaHflapTHbie rnflpo- 
vinw aneirrponofl-beMHHKM. OflHOBpeMeHHO o6pa6aTbiBaeTCH flo 9 nnacTMH fluaMeTpoM 100 MM. Bo3MO>KHa 
pa3pa6oTKa FIXP fl/i« TpaBJieHHfl nnacTHH fluaMeTpoM 150 H 200 MM. 

OcHOBHbie napaMeTpbi TpaBneHna: HepaBHOMepHOCTb TpaB/ieHna + 5%; oßpaöaTbiBaeMan nno\i\ap,h 3 
rpaHM 100x320 MM; pa6o<nee flaBJieHHe 10"1 - 10"3 MM PT.CT.; HanpH>KeHHOCTb MarHMTHoro nona 20-200 3; 
AHH30TponnjR -7; CKopoc™ TpaBneHMSR OCHOBHUX MaTepnanoB MHKpoaneicrpoHMKH (MKM/MMH): Si-0.05^-0.75; 
W-0.05+0.25; Mo-0.05-0.25; Au-0.0U0.03; Ti - flo 1; Pt-0.015^0.14; AI-0.02-0.05; GaAs-0.015-0.1; Si02- 
0.01-0.2; SiC-0.15; LiTaO3-0.05^0.7. 

riony-ieHbi cy6MHKpoHHbie pa3Mepbi aneMeHTOB CBM-TpaH3HCTopoB, KpeMHuq H MUKpoHHbie pa3Mepbi MC. 

4. nXP c oßheMHO-eoriHoebiM eo36yx<deHueM nua3Mbi 
drift 3KonozunecKu vucmoao epynnoeoao CKopocmHoeo ydanenufj <pomope3ucma 

B npon3BOflCTBe cymecTByeT npoSneMa 3KonornHecKM MUCToro "cyxoro" yflaneHMfl c BbicoKoPi 
npoM3BOflMTejibHocTbio cpOTO- M sneKTpoHopesucTMBHbix MacoK. B HacTOflinee BpeMH yflaneHne 
cpOTope3HCTMBHbix nneHOK B OCHOBHOM npoBOflMTbcfl KMflKOCTHbiM cnoco6oM, MTO Tpe6yeT 3HaMHTeribHoro 
KOJiMMecTBa HucToPi cepHoPi KucnoTbi, nepeKMCM BOflopofla, opraHUHecKux pacTBopnTenePi, flenoHM3npoBaHHoPi 
BOflbl   M   T.fl.   (IpOflyKTbl   XMMMMeCKOrO   B3aHMOfleP)CTBM?l   «HflKMX      peaKTMBOB     C   CpOTOpe3MCTOM   BpeflHO  flJIH 
o6cny>KHBaK)iMero  nepconana.   KpoMe  Toro,  yTnriM3aL(MH  n  o6e3)KMpnBaHne  oTxoflOB  TpeöyeT  6oribujnx 
CpMHaHCOBblX 3aTpaT. 

nXP c o6"beMHO-BojiHOBbiM B036y>KfleHneM KMcnopoflHoPi nna3Mbi [5] npeflCTaBnaeT co6oPi BaKyyMHyio 
KaMepy M3 KBapqeBoPi Tpy6bi 0 135 MM M fl/inHoPi 200 MM, noMeu^eHHyro B npofloxibHoe MamnTHoe none. 
flaBneHMe pa6oMero ra3a - 10"1-10"3 MM PT.CT. flnn B036y>KfleHna paspafla 6bina pa3pa6oTaHa 
ManoMHflyKTMBHaa aHTeHHa, KOTopan no3Bonnna BBOflHTb B nna3My öonbiuyio BbicoK04acTOTHyto (13.56 MTq) 
MOiUHOCTb (1 KBT) npn HH3KOM BM HanpflweHMH Ha aHTeHHe. ripn STOM B aHTeHHe npoTeKaeT 6onbLuoPi BM TOK 

(~ 10A) M   noHH3aL(MH   paSonero   rasa nponcxoflMT   3a   cneT cunbHbix   BMxpeBbix aneicrpMMecKnx nonePi. B 

A.1Q. MaTepnaAbi 6-fi MewayKapoflHOH ^S«MCKOH ^Ü(KPOBOAHOBOS AnKpepciiljHH K/M4CitXo'96. 16-19 ceHTnepa 1996 r., CeuacronoAb, KpuiM, YKpaHHa 

"fciv) Proceedings of 6th International ßzonem ^iS&rowave inference ßxi/Kifa'M. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



pe3ynbTaje BMxpesoro o6pa30BaHnn rma3Mbi TeiwnepaTypa aneicrpoHOB Te n snepnm HOHOB E, HM3KM 

(Te~3 3B, E~20 aB) B OTnHMH^ OT pa3paflOB c eMKOCTHbiM B036y>KfleHMeM, rfle Te~10aB, E~300aB. 
Hn3Kan aHeprun HOHOB no3Bonn/ia npoBOflHTb o6pa6oTKy W3flenuä 6e3 pafluai-tnoHHbix 

noBpexcfleHMii, MTO BecbMa cymecTBeHHo ripn npon3BOflCTBe usfle/wü MUKpoaneiapoHUKH. BcneflCTBue 
o6-beMHO-BOJiHOBoro B036y>KfleHM« pa3pnfla KOHqeHTpaqwfl 3apaflOB rma3Mbi flocTaTOHHo BbicoKan (n~1010 

CM" ), HTO oSycnoBuno BbicoKyro CTeneHb flnccoqnaL(HM MoneKyn i<ncnopofla H, cneflosaTejibHo, CKopocTb 
TpaBneHMfl cpoTopesMCTa. 

B TexHO/iorwMecKOM npoqecce npon3BOflnnacb oflHOBpeMennafl o5pa6oTi<a 40 nnacTWH fluaiweTpoM 
100 MM. B KanecTBe cpoTope3HCTOB ncno/ib30Barincb on-51, <t>n-38, B TOM MHcne 3afly6.neHHbie H 

JiernpoBaHHbie MbiuJbfiKOM. ripn BBOAMMOM B nna3My BM MOIUHOCTM ~ 700 BT H flaB^eHHn KMcnopofla 5*10"2 

MM PT.CT. noriHoe yflaneHne cpoTope3HCTa nponcxoflMT co CKopocTbto 0,3 MKM/MWH. ripn STOM cejieKTMBHOcTb 
CHflTna cpoTope3MCTa K TpaBJieHnto Al, Si, Si-poli, Si02, Si3N4 6bina He MeHee 2000. TeivinepaTypa nnacTHH 3a 
BpeMH CHHTHH pe3MCTa Tonm,nHoii 1,5 MKM He npeBbiujana 120 C. 

ripM yflaneHMM cpoTopesHCTa B nna3Me Kwonopofla o6pa3ytoTCfl HeTOKCunHbie neTy^He OKucnu 
ymepofla n BOflopofla. 

PeaKTop6bm CMOHTHpoBaH Ha BaKyyMHoPi 6a3e cepufiHOM ycrraHOBKH 08riXO-100T-001. 

IV. 3aKJiK)MeHMe 

Pa3pa6oTaHHbie nXP c cymecTBeHHo ynynujeHHbiMn TexHOJiornqecKUMH napaMeTpaMW no3BonnioT 
MOAepHM3npoBaTb MopajibHo ycTapeBiLine ycrraHOBKH rma3MoxnMUMecKoro TpaBneHWfl. 

Ka>KflbiCi us 3Tnx nXP MMeeT CBOH ocoöeHHOc™ n npeflHa3HaHeH flna peuieHna onpefleneHHbix 
3aflan. npn pa3pa6oTKe peaicropoB cyw,ecTBeHHO yriymueHbi cneflytoujine ocHOBHbie TexHO/iornMecKne 
napaMexpbi: 

- noHMweHa SHeprna HOHOB pa6oMero ra3a; 
- pa3pa6oT3Hbi MeTOflbi perynnpoBaHMfl 3Heprnn MOHOB OT 50 sB flo 500 aB n CHATH« noBepxHocTHoro 

sapjifla; 
-yMeHbineHbi paflnaqnoHHbie noBpexcfleHHfl, MewcnoPiHbie npo6on, nepepacnbineHue MaTepnanoB; 
- yBenMMeHbi CKopocTb, aHMSOTponna, ceneianBHocTb TpaBneHun; 
- yny^iueHa 3KonornMHOCTb; 
- B03MO>KHocTb TpaBfieHMH penbecpa c cyöMHKpoHHbiMM pa3MepaMM. 
Co3flaH SKonornnecKn HwcTbitf nna3MoxnMHMecKHii peaicrop c oöbeMHo-BoriHOBbiM B036y>KfleHvieM 

nnasMbi flna rpynnoBoro cKopocTHoro yqa/ieHua cpoTope3HCTMBHbix MacoK 6e3 paAHaqHOHHbix noBpewfleHiw H 
Manoü cTeneHbto npnBHOCMMOü flecpeKTHoc™. 
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MODERNISATION OF INDUSTRY PLANTS OF PLASMOCHEMICAL TREATMENT BY THE 
NOVEL TYPE REACTORS WITH CONTROLLED MAGNETIC FIELDS 

Katukha V.P., Kirichenko G.S., Konoval V.M., UstalovV.V, Fedorovich O.A. 
SDTB of Scientific Centre "Institute of Nuclear Research", 47 Nauki Ave., Kiev-28, Ukraine 

tel. (044) 265-24-36, fax (044) 265-44-63 

A number of the following novel plasmochemical reactors (PChRs) are designed and applied : planar magnetron with scanned 
magnetic field and PChR with coaxial magnetic field used for the separated treatment of plates with 150 mm diameter; PChR with 
closed electron drift for the group treatment of 9 plates with 100 mm diameter, PChR with volume-wave exciting for the 
environmentally friendly high-rate extracting of photoresist in oxygenous plasma (40 plates with 100 mm diameter). PChR is based 
on the forming of chemically active atoms and ions in discharge in high-frequency (13 MHz, 56 MHz) electric and magnetic fields. 
That essentially improved the main parameters of etching: the rate of etching and hence productivity; the possibility of control of ion 
energy from 20 eV up to 1000 eV; the minimum radiation damages are provided with the low energy of particles; the inhomogenity 
of etching is decreased due to the control of drift instability; the possibility of control of anisotropy; the environmental friendship is 
improved; the possibility of sputtering of metals, semiconductors, dielectrics, high temperature superconductors with micron and 
submicron sizes. The designed PChRs are joined with the industrial automatic plants to modernize the obsolete equipment at 
industrial factories. 
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3KCIIEPHMEHTAJIf»HOE HCCJIE^QBAHME nPOHHKHOBEHHH 
MHKPOBOJIHOBOrO H3JIY*1EHHH B 3KPAHHPOBAHHYK) 
PA#H03JIEKTPQHHYK) AIHIAPATypy HEPE3 OTKPMTME 

PA3T>EMM 

rpHiiiHHeB H.H., KO3JIOBA.H., TypreneB B.A., BoeHHaa aKa^eMH« HMCHH 

0.3.^3ep>KHHCKoro, MocKBa, PoccHHCKa« OeflepanHH 

AHHOTaqHH 
3KcnepHMeKTajibHO HCCJieflOBaHO npoHHKHOBeHHe MHKpoBOJiHOBoro H3JiyneHHa ( 

fljiHHa BOjiHL.1 3,2 CM ) B SKpaHHpoBaHHwe o6i>eMbi qepe3 OTKpbiTbie lUTencenbHbie pa3-b- 
eMbi.   npe^craBJieHbi SKcnepHMemrajibHaa 6a3a, MeTO^HKa npOBe^enHa H    pe3yjibTaTbi 
SKCnepHMeHTOB. 

I. Bße^eHHe 
C03flaHHe H pa3BHTHe MOIHHblX HMnyjTbCHblX HCTOHHHKOB 3JieKTpOMarHHTHOrO 

H3JiyqeHHfl CBepxBbicoKOH HacTOTbi ( CB1} H3JiyqeHHa) nocTaBHno 3a,n;aqy OHCHKH BJIHH- 

HH3 CB*! H3JiyHenHa Ha pa3JiHqHyio paAHoajiKTpOHHyK) annapaTypy (P3A). HMnyjibCbi 
CB1! H3JiyqeHHa 6ojibiuoH MOIUHOCTH ( nopaziKa 1 TBT ) cnocoÖHbi BbiBOflHTb H3 crpoa 
P3A pa3JiHMHbix o6teKTOB. ypOBHH SHeprHH, flocTaTOimbie .zuia nopa>KeHna sjieMeHTOB 
P3A, H ny™ npoHHKHOBeHHH Cim SHepnra   B annapaxypy   H3BecTHbi,   OAHaxo Mexa- 
HH3MbI   npOHHKHOBCHHa   MajIO HCCXteflOBaHbl.   CBH H3JiyqCHHe MOJKeT npOHHKaTb B P3A 
qepe3 aHTeHHO-(|)HflepHbie ycTpoöcTBa ( AOY ), tqenH, H CTHKH B Kopnycax, a TaioKe 
qepes OTKpbiTbie pa3beMbi. Bcw/jeHCTBHe qepe3 A<J>Y MO>KHO ouenHTb no napaivieTpaM 
aHTCHHbi H BxoflHoro xpaKTa npHeMHHKa. H3BecTHbi 3KcnepHMeHTajibHbie HCCJienoBaHHa 
npOHHKHQBeHHfl CB1! H3JiyqeHHH qepe3 OTBepcTHa, KOTOpbie noKa3ajiH, MTO BejiHqHHa 
npOHHKiueH CB1! MOIUHOCTH MaKCHMajibHa B TOM cnyqae, Kor^a pa3Mepbi OTBepcTHH 
KpaTHbi «JiHHe BonHbi H3JiyqeHHa ( S = X, 2X, 3X ... ) /1,2/. 

/Jjia 3KcnepHMeHTai[bHoro Hccjie^OBaHHfl npOHHKHOBeHHa CBM H3JiyqeHHa B 3Kpa- 
HHpoBaHHbie oÖBeMbs P3A qepe3 OTKpbiTbie uiTencejibHbie pa3i>eMbi ( OIHP ) 6bra roro- 
TOBJieH MaxeT Kopnyca P3A c OIHP H pa3pa6oTaHa MeTo^HKa SKcnepHMCHTa Ha CBH 
ycTanoBKe. npH npoBeaeHHH SKcnepHMeHTa pemajiHCb «Be 3a^;aqH: nepBaa - HCCJieÄOBa- 
HHe npOHHKHOBeHHH CB1! nojia BO BuyTpb MaiceTa Kopnyca P3A qepe3 OLIIP, BTOpaa - 
Hccjie^OBaHHe 3JieKTpoÄBH>KymeH CHJIM (3JJ,C ), HaBefleHHofi Ha uiTbipax H COOTBCT- 

CTBytoiqHX npoBO^ax »cryTa pa3T>eMa, a TaKxe AHarpaMMbi HanpaBJieHHOCTH 
(3aBHCHMOCTH BejiHqHHbi 3^C OT yrjia na^eHHfl CBM H3JiyqeHHa) uiTbipefi. 

II. OcHOBHaa qacTb 
3KcnepHMeHTajibHaa Cim ycTaHOBKa aBJiaeTca 6e33xoBOH CBH KaMepon, reHe- 

paTop KOTOpOH oöecneqHBaeT renepaHHio H3JiyqeHHa c AJIHHOH BOJIHM 3,2 CM MOIH- 

HOCTbK) nopaflKa 100 MBT. CB1! H3nyqeHHe nocTynaeT qepe3 pynopHyio aHTeHHy c 
4>OKycHpyioineH JIHH3OM B 6e33xoByio KaMepy, r^e pa3Memajrca MaKeT Kopnyca P3A, 
npeflCTaBJiaiOmHH coöofi fliopajiiOMHHHeBbifi   nojibifi uHJiHHop.   fljiHHa HHJiHHflpa 200 
MM,  BHeiHHHH  H BHyTpeHHHH «HaMeTpbl   150  MM  H   142 MM  COOTBeTCTBeHHO.  K TOpqaM 
HHHHHApa KpenaTca KpbiiiiKH H3 HepxaBeromeft CTarm TOHEU,HHOH 0,5 MM. Ha nepe#Hefi 
KpbiuiKe MaxeTa co eropoHbi BOS^eficTBHa CB^L H3JiyqeHHa pa3Mema.nca HCCJie^yeMbifi 
pa3BeM. MaKeT ycTaHaBJiHBajica B 6e33xoByio KaMepy npn üOMOIHH noflBecHoro ycT- 
poficTBa, KOHCTpyKHHa KOToporo no3BOjiaeT H3MeHaTb opHemaHHio MaKeTa OTHOCH- 

TejibHO na^aioinero CB1! H3JiyqeHHH, TeM caMbiM H3MeH«Tb yrau na^eHHa CB1! H3Jiyqe- 
HHa Ha OLIIP. MaKeT pacnojrarajica B (|)OKyce JIHH3H pynopHoß amreHHbi, r^e y«e 
c^opMHpoBaHa npaKTHqecKH mrocKaa 
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jieicrpoMarHHTHafl BOJiHa. ÜOKpbiTHe CTCHOK B 6e33xoBOH KaMepbi ycTpaHHer OTpa>Ke- 
HHe CBH H3JiyqeHHS[ OT CTCHOK KaMepbi. IIo3TOMy MO>KHO CHHTaTb, HTO Mo«ejiHpyeTC« 
B03#eficTBHe CB1! H3JiyqeHHfl Ha Kopnyc P3A B CBOöOAHOM npocTpaHCTBe. ^JIH Hccne- 
ZiOBaHHH B3«Tbi pa3JiHMHbie pa3BeMbi, K KOTopbiM npHcoeflHHeHbi >KryTbi Tpex THnOB: 
He3i<paHHpoBaHHbie, SKpaHHpOBaHHbie MeTajuiHHecKofl onjieTKofi H SKpanHpoBaHHbie 
JieHTOH H3 cponbra. B Taöji.l npHBejieHbi napaMexpbi nara pa3-beMOB. ßjiHHa »ryia 
cocTaBJiHJia 36 CM. 

ITapaMeTpbi HCCJie^yeMbix pa3i>eMOB 
Taöjinna 1 

HoMep      BHyTpeHHHfi    ^HCJIO uiTbipefi 
pa3T>eMa    jniaMeTp, d     Bpa3T>eMe, 

MM HIT. 

TaoapHTbi,       ^HaMeTp H 

MM flJIHHa uiTbipefi, 

MM 

1. 24 50 40x34x34 0.75 H 18 
2. 24 19 35x34x34 0.75 H 18 
3. 24 10 35x34x34 1.0 H 18 
4. 16 19 25x22x22 0.75 H 14 
5. 12 30 25x18x18 0.4 H 10 

B KanecTBe napaMeTpa, xapaKreproyiomero npOHHKHOBeHHe CB*! H3JiyHeHHH 
^epe3 OI1IP, 6WJI npHHST K03(|)$HUHeHT nponycicaHHa CBH MOIUHOCTH (KIIM) pa3T>eMa. 
3a BeJiH^HHy KIIM pa3BeMa npHHHMaeTca OTHomeHHe MOIUHOCTH CB1? H3JiyqeHHfl 
BHyTpn MaKeTa K MOUJHOCTH CBH rojiyneHHJi nepea pa3T>eMOM. none BHyTpH MaKeTa 
HMeeT CJioacHoe pacnpeaeneHHe, nosTOMy H3MepeHHe CB1! MOHJHOCTH BHyTpn MaKeTa 
npoH3BOAHJiocb B nHTH TOMKax no OCH BpameHHH MaKeTa, rae Haxo^HTca MaKCHMyM 
nojifl. TaK)i<e 6bmo BbiacHeHO, mo .zniarpaMMa HanpaBJieHHOCTH KTIM ( 3aBHCHMOCTb 
3HaneHHa KIIM OT yrna na^eHHH H3JiyHeHH» Ha OI1IP ) HMeeT CHMMeTpHHHyio, OTHOCH- 

TejibHO npoflojibHOH OCH OLIIP, uiapoo6pa3Hyio 4>opMy. Yroji naReuua OTCHHTbiBaeTca 
OT npofloitbHOH OCH pa3i>eMa. MaKCHMyM «narpaMMbi HanpaBJieHHOCTH cooTBeTCTByeT 
HyjreBOMy yrjiy nafleHHH (HanpaBJieHHe B03fleHCTBHa napajuienbHO npoflOJibHofi OCH 

OIJJP). npH H3MeHeHHH yrjia na^eHHa, 3HaneHHe «HarpaMMbi HanpaBJieHHOCTH yMeHb- 
uiaeTCH flo Hyjia, KOiopoMy cooTBeTCTByeT yroji naAeHHa 90 rpa^ycoB. MaKCHMyMbi 
^narpaMMbi HanpaBJieHHOCTH KIIM «Jia pa3BeMOB Nl, N2, N3, N4 H N5 c HesKpaHHpo- 
BaHHbiMH xryraMH HMeiOT 3HaneHHJi 0.65, 0.75, 0.6, 0.5 H 0.22 cooTBeTCTBeHHO. JJJIX STHX 

ace pa3-beMOB, HO CO aoyraMH, 3KpaHHpoBaHHbiMH onjieTKofl, MaKCHMyMbi Ha6jno,2jaiOTC« 
npn yrae naaeHHH 0 ... 15 rpa/rycoB H cocTaBJiaiOT 0.22, 0.26, 0.18, 0.12, 0.07 COOTBCT- 

CTBeHHO. npOHHKHOBeHHe CB1! H3JiyHeHH5i BO BHyTpb MaKeTa nepe3 pa3BeMbi co KryTa- 
MH, SKpaHHpOBaHHbJMH (f)OJIbrOH, 3a(J)HKCHpOBaHO He ÖbIJIO. 

HccjießOBaHHH ^narpaMM HanpaBJieHHOCTH niTbipefi pa3i>eMOB noKa3ajiH, HTO 

«HarpaMMbi HanpaBJieHHOCTH HMCIOT cjio>KHyio MHorojienecTKOByio KOH(|)HrypaHHK), 
npHHeM rJiaBHbie MaKCHMyMbi Haxo^aTca co CTopoHbi 6ojibuiero KOJinnecTBa COCCäHHX ( 
OTHOCHTejibHO HCCJie,zryeMoro ) uiTbipen H Haxo^aTca nojj yrjiOM na^eHHH CBH H3jiyqe- 
HHH Ha pa3-beM 0 ... 20 rpa/jycoB. ^arpaMMbi HanpaBJieHHOCTH STHX >Ke uiTbipefi AJIH 

pa3i.eMOB c SKpaHHpoBaHHbiMH >KryTaMH HMeiOT npaKTH^ecKH aHajiorHHHyio KOH<})Hry- 
pannio, HO aMnjiHTyaa HaBeßeHHOH 3J\C HOMTH Ha nopa^OK MeHbnie. ITpocjie)KHBaeTCH 
TeH,a;eHHH$i K cy^ceHHio jienecTKOB /i,HarpaMMbi HanpaBJieHHOCTH npH yMeHbnieHHH nncna 
uiTbipeo B pa3BeMe (npn npo^nx paBHbix ycjiOBHax). 

MaTepHaAb! 6-H Me«yiyHapoflHOM ^«MCKOH ^«KPOBOAHOBOH ^HUpepeH^HH "Kfi*tffttf^o'96. 16-19 ceH-ra6pH 1996 r., CeBacronOAb, KpbiM, YKpaHHa 
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III. 3aKJii-o«äeHHe 
TaKHM o6pa30M,  SKcnepHMeHT nOKa3an, MTO BejiHHHHa npoHHKmeö MOUI- 

HOCTH, TaK>Ke KaK H flHarpaMMa HanpBJieHHOcra uiTbipeö H HaBe/reHHa« 3,ZJC, 3aBHC5iT 
OT MHornx 4>aKTOpOB: OT MecTa pa3Meiu;eHHa OLUP B Kopnyce P3A, OT pa3Mepa paste- 
Ma, OT paCCTOflHHJI MOKfly UITblpflMH B pa3teMe H HX HHCJia, OT flJIHHbl UITbipefi H BblCOTbl 
öopTHKa pa3-beMa, OT MaTepwajia ÄHSJieKTpHHecKoro ßepacaTejifl uiTbipeM, OT KOHCTpyK- 
ITHH KOpnyca, OT Hairaraji SKpaHHpyromeö OöOJIOHKH acryTa H pp. Teivi He MeHee, H3 
nojiyneHHbix SKcnepHMeHTajibHbix aaHHbix MOXHO c^enaTb arieayiomHe BMBOAH. 

1. HMeeT MecTo npoHHKHOBeHHe 3HaiiHTejibHOH nacTH (po 75%) MOITJHOCTH CBH 
H3jiyqeHHjj BO BHyxpb MaKeTa KOpnyca P3A qepe3 OI1IP. 

2. IlpHMeHeHHe MeTajuiH^ecKHX KOpnycoB pa3T>eM0B H SKpaHHpyioinHx o6ojio*ieK 
flJTfl MCryTOB  npHBOflHT K CymeCTBeHHOMy CHH5KeHHK>  3(j)(|)eKTHBH0CTH     npOHHKHOBeHHS 
Cim H3JiyqeHHH ( na 70% pm onjieTKH H Ha 100 % pm cbojibrn) , a Taioice 3HanHTejibHO 
yMeHbmaeT BenHHHHy HaBefleHHOH 3^C. YMeHbmeHHe 3^C MOHCHO oS-bacHHTb cne- 
«yjoiHHM o6pa30M. 3JXC HMeeT PBQ cocTaBJunoiHHe: nepBaa - HaBeAeHHaa Ha mTbipe 
pa3teMa, BTopaa ( HaHÖoJiee 3HaHHTejibHa*i) - HHAyHnpoBaHHaa npOHHKUiHM CB1! nojieM 
Ha npoBO/jax a<ryTa. SKpannpyiomaa O6OJIOHK3 acryTa CHHMcaeT BenHHHHy npoHHKinero 
CB1! nous, HTO npHBO^HT K yMCHbineHHio BTOpoM cocraBJifliojueH H, aneAOBaTejibHO, K 
yMeHbuieHHK) 3J\C. 

3. npHMeHeHHe 060J10HKH ÄryTa H3 (f)OJibra npe^noHTHTejibHee, HBM npHMeHeHwe 
onjieTKH, TaK KaK npn STOM OTcyTCTByeT npoHHKHOBeHHe CB1! H3JiyHeHHa BO BHyTpb 
3KpaHHpOB3HHOrO oö'beMa. 

4. ^HarpaMMbi HanpBJieHHOCTH mTbipefi HMCIOT cjiOÄHyio MHorojienecTKOByio 
KOH(J)HrypaHHK), HHflHBH/iyajibHyio pm Ka)KÄoro uiTbip«. 

Pa3pa6oTaHHyio MeTOßHKy uejiecoo6pa3HO Hi..narib30BaTb npw SKcnepHMeH- 
TajibHofi oueHKe npoHHKHOBeHM Cim H3jiyqeHHa B P3A nepe3 OLUP, a nonyqeHHbie 
pe3ynbTaTbi - npn pa3pa6oTKe Tpe6oBaHHÖ K HOBHM o6pa3uaM P3A. 

IV. CHHCOK JiHTepaTypbi 
1. Keith Floring H. The future battlfield: A blast gigawatts? - IEEE Spectrum, 

March 1988, pp. 50-54. 
2. HeKOTopbie acneKTbi npo6neMbi co3flaHHa CBH cpe^CTB (pyHKiiHOHajibHoro 

nopa>KeHHH. riaHOB B.B., CapKHCwra A.n. - 3apy6e»Haa paflHOSJieKTpOHHKa, 1993, N 
10, 11, 12. 

EXPERIMENTAL RESEARCH OF THE PENETRATION OF MICROWAVES INTO SHIELDED 
RADIO-ELECTRONIC EQUIPMENT THROUGH OPEN PIN CONNECTORS 

Grishnyayev I. N., Kozlov A. N., Turgenev V.A. 
Dzerzhinsky Military Academy, Moscow-103074, Russia 

The propagation of the microwaves into the inner circuits of shielded radioelectronic equipment through pin connectors is 
researched. It is stated that the amount of the penetrated microwaves depends on the following: location of the pin connector on the 
case of the device, the number of pins and the distance between them, dielectric pin holder material, construction of the case, etc. 
The experiments have been conducted according to a specially method which may be applied to the testing of the microwave 
radiation influence on various equipments. 
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HA CTOWKOCTb 
MHTErPAJlbHblX MMKPOCXEM 

CTapocTeHKO B.B., TpuropbeB E.B., TapaH E.fl. 
333036 e.CuMCpeponofib, yn.HnmuHCKafi, 4, CrY 

AHHomau,ua - npuBOflurcfi MeTOflMKa M pe3ynbTaTbi nccneflOBaHWR CTOMKOCTM MMKpocxeM npn B03AeMCTBHM Ha HMX 

aneiapoMarHUTHbix n aneKTpocTaTnwecKHX nonetf. flnn aneiapoMarHMTHbix nonew onpeßeneHbi nopora CTOMKOCTM M 3HaMeHMa 
HanpjUKeHHocTM, npw KOTopux HaHMnawTcn flerpaAauMOHHbie flBJieHua, B 33BMCMMOCTM OT B3awMHOM opweHTaijMM MHTerpanbHbix 
MMKpocxeM M aneKTpoMarHMTHbix noneM. 

I. BBeAeHwe 

ripn 9KcnjiyaTai4MM paflnoaneicrpoHHoPi annaparypbi OAHOM m ocHOBHbix 3aflaM nB/ineTCH 
oßecneMeHne HafleKHOCTH Bcex nonynpoBOflHMKOBbix ycTpoücTB, BXOAHOI,MX B ee cocraB. Hawöonee cnnbHoe 
BnuflHHe Ha pa6oTocnoco6nocTb nonynpoBOflHMKOBbix sneMeHTOB, M, B MSCTHOCTM, MHTerpanbHbix MUKpocxeM, 
OKaabiBaioT BHeiuHMe snehcrpoMarHMTHbie n sneicrpocTaTMHecKMe nona. 

Cyu4ecTByK3U4ne ncc/ieflOBah'na no BnunHMK) 3neKTpoMarHHTHbix noneti Ha CTOÜKOCTb MHTerpanbHbix 
MMKpocxewi M nonynpoBOflHUKOBbix npn6opoß CBOAnnwcb B OCHOBHOM K noflane flonojiHUTexibHoro 
BMfleoMMnyxibca Ha ujMHy nuTaHkia (flna MMKpocxeM) MJIM na nonynpoBOflHMKOBbiM flMOfl M TpaH3MCTop [1,2]. B 
HH14 "X<t>TH" npoBefleHbi MccjieflOBaHMH no B03AeMCTBMto sneiupoMarHMTHbix nonetf Ha MMKpocxeMbi B 

OTKpbiTOM npocTpaHCTBe [3]. OflHaKO cMCTeMHbie MccneflOBaHMa no noneBOMy B03fleCicTBMio 
oneKTpoMamuTHbix noneM na MMKpocxeMbi M onpefleneHMio noporoB CTOMKOCTM B 33BMCMMOCTM OT B33MMHOM 

opMeHTaL(MM MHTerpanbHbix MMKpocxeM M aneicrpoMarHMTHoro nona He npoBOflMriMCb. 

II. OnpefleneHMe noporoB CTOMKOCTM MMKpocxeM 

fljiH MccneAOBaHM« B03fleMCTBMq 3iieKTpoMarHMTHbix noneM Ha MHTerpanbHbie MMKpocxeMbi 6bin 
M3roTOBneH reHepaTop Ha MameTpoHe, paßoTaioinMM Ha flnMHe BonHbi X=10 CM, c flnMTenbHOCTbio 
npnMoyronbHoro MMnynbca 1...4 MKC, Mo^HOCTbio B MMnynbce 20 KBT, CKBaxHocTbio Q=(0.25...1)-104. 
KonMMecTBo MMnynbcoB MO>KHO 6bino 3aflaBaTb OT 1 flo 104 MnM 3aflaßaTb BpeMa pa6oTbi reHepaTopa. 

Pa3pa6oTaHHaa ycTaHOBKa (pMC.1) BKnionana B ce6a 6noK nMTaHMa MameTpoHa (1), a-rreHroaTop (2), 
M3MepMTenbHyio ceKi_i,Mio (3), HanpaBneHHbiM OTBeTBMTenb (4), KanopMMeTpMHecKMM BaiTMeTp (5), MCTOMHMK 

nMTaHMn MMKpocxeM (8). napaMeTpbi paflMOMMnynbca (KpyTMSHa cppoHTOB, flnMTenbnocTb) M3MepanMCb M 

KOHTponnpoBanMCb no o™6atomeM c fleTeicropHOM ceKiiMM (6) c noMombto ocLi,Mnnorpacpa (7). HsMepeHnn 
npoM3BOflMnMCb flna Hepa6oTarOLU,MX M pa6oTaiom,Mx MMKpocxeM. B nocneflHeM cnynae Ha OAHOM M3 KaHanoB 
MHTerpanbHbix MMKpocxeM coöMpanca reHeparop npaMoyronbHbix MMnynbcoB. 

OöteKTOM MccneflOBaHMM ABnanMCb MMKpocxeMbi c HMnaMM pa3MepoM OT 1x1 MM flo 2X2MM, 

6MnonnpHOM M KMOn TexHonorMM (155, 555, 561, 174 cepMM). 
Bcero B03fleMcTBMK> noflBepranocb oKono 300 MMKpocxeM. nocne B03flePicTBMfi sneicrpoMarHMTHbix 

noneCi Ha MMKpocxeMbi nocneflHMe noABepranMCb nocnoMHOMy TpaBneHMio c nocneflyioinMM aHanM30M npMHMH 
OTKa30B. 

npoBefleHHbie MccneflOBaHMM noKa3anM, HTO OKono 90% MMKpocxeM 6MnonapHOM M 70% KMOH 
TexHonorMM BbixoflaT M3 CTpoH no npMHMHe npowora MeTannn3aqMM. rionyMeHHbie cTaTMCTMMecKMe flaHHbie 
npaKTMMecKM coBnaAatoT c AaHHbiMM, npMBeAeHHbiMM B [1], KorAa no aiMHe nMTaHM« MHTerpanbHbix MMKpocxeM 
noAaßancfl AononHMTenbHbiM MMnynbc HanpnweHMH. 

OpMeHTaLiMa cymecTBeHHo BnMneT Ha CTOMKOcTb MMKpocxeM. B opMemraL|Mflx "r" M "e" (pMC.2) 
MHTerpanbHbie MMKpocxeMbi aBnaioTcn HaMMeHee CTOMKMMM - B OTMX nonoweHwax OHM BbixoA^T M3 CTpoa npM 
B03AeMCTBMM OAHOTo MMnynbca c HanpfweHHocTbK) aneicrpMMecKoro nona 60-^70 KB/M, a AerpaAaqMOHHbie 
ABneHua Ha^MHaioTCfl npM BO3A6MCTBMM oflHoro MMnynbca c HanpaweHHocTbra 3neKTpMHecKoro nonq 1...7 
KB/M. npM 3TOM MMeeT MecTO xopoLuasR BocnpoM3BOAMMOCTb pe3ynbTaT0B. 

B opMeHTaMMflx "B" M "A" MMKpocxeMbi BbixoAflT MS cTpoq nocne B03AeMCTBMfl Ha HMX 40-50 
MMnynbcoB. B STMX opweHTaLiMax paccToaHMfl Mex<Ay BbiBOAaMM BAonb sneicrpMHecKoro nonn HaMÖonbiuee, 
oAHaKO Hanpa>KeHMe npMKnaAbiBaeTca K pa3HNM KaHanaM MHTerpanbHbix MMKpocxeM. 

HaMßonee CTOMKMMM MHTerpanbHbie MMKpocxeMbi ABnatoTca B opMeHTaLiMnx "a" M "6" - OHM ocTatoTcn 
pa6oTocnoco6HbiMM nocne B03AeMCTBMn Ha HMX B TeMeHMM 10 MMH/T M öonee MMnynbCHbiMM 3MI1 c 
HanpswceHHOCTbio aneicrpMMecKoro nonn Es100 KB/M. 

flerpaAaMMOHHbie HBneHMa CBOASTCS KSK npaBMno K npo>KoraM MeTannM3aL(MM MnM MMKpoynacTKOB 
aneMeHTOB MMKpocxeM. M3 MeTannM3aqMM HaMöonee nyBCTBMTenbHbi K BO3A6MCTBMK) sneicrpoMarHMTHbix 
nonew KOHTaKTHbie nnomaAKM, B KOTopbix MMeeT MecTO HaM6onbiuMM nepenaA 3neicrpoo>M3MMecKMX 
xapaKTepwcTMK MaTepuanoB. 

MaTepHaAbi 6-B Mtxjiympomo'i S^äMCKOB *#»KPOBO.MMBOH ÄmcpepeHiiHH Kt«/ttu'Xo'f6, 16-19 ceHTaöpn 1996 r„ CeBacronoAb, KpwM, YitpaHHa All 
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Hi. MeTOflHKa MccneAOBaHMf! BJIK^HKR 3neKTpocTa™«4ecs<MX nonew 
Ha MHTerpanbHwe MUKpocxeMbi 

HccneflOBaHMM no BJIHHHWO BSBMMHOM opweHTaqnn nnTerpanbHbix MMKpocxeM w nora Ha CTOMKOCTb 
MMKpocxeM npM B03flei?icTBHM oneiapocTaTHMecKnx noneii He npoBOflMnocb. TpyflHOCTb flaHHoro 3KcnepnMeHTa 
3aKniOMaeTca B o6ecneMeHMU "HMCTOTbi" MccneflOBaHMsn - ripn nccneflOBannn B/IMAHM?! oneicrpocTaTHHecKoro 
no/w HeoöxoflUMO MCKnroMMTb B03Mo»(Hbie nepexoflHbie npoqeccbi. 

Pa3pa6oTaHHan ycTanoBKa no aneKTpocTaTMMecKOMy npo6orO (pnc.3) COCTOUT H3 pa6o<HeM o6nacTM 
(1), KOTopaa HaxoflMTca Me>Kfly noflBM>KHbiMH aneKTpoflaMU (3), MCTOMHMKa BbicoKoro HanpaxceHMH (2) M 

HCTOHHMKa nmaHun MMKpocxeM (4). flnn aHann3a B03flevicTBHfl aneicrpocTaTOMecKoro no™ Ha MMKpocxeivibi 
co6pan reHepaTop npaMoyro/ibHbix nMnyxibcoB (5), xapaKTepnc™i(n «OToporo KOHTpo/uipyHxrcfl c noMoinbK> 
ocqunnorpacpa (6). 

MeTOflMKa MccneflOBaHM?) B/iwaHna aneKrpocTaTOMecKoro nonn na MHTerpanbHbie MMKpocxeMbi 
CBOflMTca K cneflyiomeMy: 

1. Ha noflBMXHbie sneKTpoflbi noflaeTca BbicoKoe Hanpn)KeHMe (7-^-25 KB); 

2. noane OKOHMaHna nepexoflHbix npoueccoB B pa6osyio oßnacTb BHOCMTCH HccneflyeMbiM 
nonynpoBOflHUKOBbiM sneMeHT; 

3. c noMOUjbio noflBMÄHbix aneicrpoflOB yBenuMMBaexcn 3HaMenne HanpaweHHOCTH BHeiunero 
sneiapKHecKoro nona. 

flna McioiKmeHMfl BnnaHiia B03HHKaK)u^MX nepexoflHbix npoqeccoB ncnonb3yeTc« conocTaB/ieHne c 
pesyjibTaiaMU npw B03fleticTBMH aneicrpoMarHMTHbix nonea - CKopocTb BHOca MMKpocxeMbi B paöoMyto o6nacTb 
M CKopocTb flBHÄeHMH aneKrpofla flon>KHbi 6biTb TaKHMH, MTo6bi B03HHKaiou4ne nepexoflHbie npoL(eccbi (B 

MacTHOCTH, TOK cMemeHiw) 6bmu Ha 3-4 nopHflKa Menbwe Mew npn B03flewcTBMn aneicrpoMarHHTHbix nonetf. 
Ha ocHOBe paspaSoTaHHOÜ MeTOflMKM no/iyneHbi noporoBbie 3HaHeHna HanpaweHHOc™ 

aneKTpuMecKoro norw, npuBOflsu^nx K flerpaflai(MOHHbiM HBiieHnnM B MMKpocxeMax, n npoBefleHa 
cpaBHMTenbHas xapaiaepucTHKa nonyneHHbix 3HaHeHnfi c anetcrpoMamnTHbiM B/iHHHuewi. 

ripoBefleHHbiM 3KcnepnMeHT no B03flePicTBnio aneKTpocTaTMwecKoro nona Ha MHTerparibHbie 
MMKpocxeMbi noKasan, HTO noporw CTOMKOCTM MMKpocxewi onpeflenatOTca, «ax M npM BosflewcTBHM 
9JieKTpowiarHMTHbix nonew, B3aMMHOM opneHTaL|nePi MMKpocxeM M nona. KonnMecTBeHHbie 3HaHeHnn noporoB 
CTOMKOCTM Bbioie, HeM npw B03fleMCTBMM 3JieKTpoMarHMTHbix nonetf. 

IV. 3aKriK>4eHMe 

Ha ocHOBaHMM npoBefleHHbix MccneflOBaHMM ycTaHOB/ieHO, MTO noporn CTOMKOCTM MMKpocxeM 
cyu^ecTBeHHO 3aBMCflT OT B3aMMHoii opneHTai4MM MHTerpanbHbix MMKpocxeM M aneKTpoMarHMTHoro nonn. 
KoMnoHOBKofi nnaT M pa3MeineHMeM Ha HMX MMKpocxeM MO>KHO nosbiCMTb CTOMKOCTb paflMoaneKTpoHHOM 
annapaTypbi   no   OTHoweHMrO   K   B03fleficTBMio   sneiapoMamMTHbix   rionePi   npM   M3BecTHOM   nonnpM3anMM 
B03MO>KHOrO MCTOHHMKa B03fleMCTBMfl. 

PaspaöoTaHHaa MeTOflMKa MccneflOBaHMn BnMHHMfl ajieicrpocTaTMMecKMX noneM Ha 
nonynpoBOflHMKOBbie npMöopbi w MHTerpanbHbie MMKpocxeMbi no3sonaeT npoBecTM "HMCTbifi" sKcnepMMeHT M 

onpefle/iMTb noporM CTOMKOCTM B 33BMCMMOCTM OT opMeHTai^MM MMKpocxeM OTHOCMTenbHO aneKrpocTaTMMecKoro 
nona. 
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THE INFLUENCE OF ELECTROMAGNETIC FIELDS ON RESISTANCE 
OF INTEGRATED CIRCUITS 

Starostenko V.V., Grygoriev Y.V., Taran Y.P. 
Simferopol State University, 4 Yaltinskaya St., Simferopol-333036, Ukraine 

tei (0652) 23-03-60 

In order to determine the influence of the electromagnetic fields on the resistance of the semiconductor devices and 
integrated circuits, the description and structure schemes of developed devices of the microwave and electromagnetic 
influence on the semiconductor elements have been adduced. The basic advices for carrying out of the "pure" experiment 
of the electrostatic discharge have been given. The "pure" experiment is the elimination of the transitional process 
adducing to the appearance of biased currents. The results of investigation of integrated circuits resistance under the 
influence of the electromagnetic fields has been adduced. It was shown that the microchips resistance strongly depends on 
relative orientation of microchips and on the electromagnetic fields. The limiting values of electromagnetic fields intensity, 
when the effects of degradation and discharge begin, has been obtained. 
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flErPAflAUMOHHblX nPOUECCOB 
B MHTErPAJlbHblX MMKPOCXEMAX 

E.n. TapaH, B.B. CTapocTeHKO, E.B. TpuropbeB, A.A. Bopucoe 
333036, CuM(pepononh, 5\nmuHCKStn,4, CD/ 

AHHomaw* - B paöoTe npwsoflwcfl HMcneHHan MOflenb paaarnvm aerpaflai^oHHbix npoueccoB B MHTerpanbHbix 
MMKpocxeMax (MMC), cB^aaHHbix c npoTeKaHMeM pa3pnflHoro TOKa no MeTannn3aunn. Ha ocHOBe HucneHHoro 3KcnepnMeHTa 
onpeAeneHbi npimnHbi noKanbHoü p,erpap,auyM MeTa™iM3aL^w n nonywHbi ycnoBUfl BoaHHKHoaeHHH "pe>KMMa c o6ocTpeHneM". 

I. BsefleHwe 

Bo3flewcTBne sneicrpoMarHMTHbix noneü Ha uHTerpa/ibHbie MUKpocxeMbi (HMC) npuBOflm K 

B03HMKHOBennho HeoöpaTHMbix flerpaflaqnoHHbix npoL(eccoB, Bbi3biBaromiMx OTKa3 HMC. CymecTByramne 
OKcnepMwieHTajibHbie flaHHbie [1-3] noKa3biBaioT, MTO Han6onee ya3BMMbiM 3BeHOM B pa3pflflHOM qenn MMC 
HBraeTca MeTannn3aL4nq n KOHTaicTHbie n/iomaflKM - HMeHHO OHH noflBeprarOTca HeoSpaTHMbiM 
flerpaflaL|MOHHbiM npoqeccaM. 

2. MaTeMaTMMecKan MOAexib 

flra pacMeTa flerpaflaLjMOHHbix npoqeccoB B MeTajinn3ai4MH npH B03fleiiCTBMH oneKTpunecKUX noneti 
MMC 6bina npeflCTaBneHa B BHfle 4 c/ioes: xpeMHMeBOH noflnowKM (1), flua/ieiapMHecKoro CJIOH OKCMfla 
KpeMHwa (2), a/iioMMHueBOM Merannmaum (3) M KiieeBoro coeflUHeHun (4) (pnc.1). MaTeiviaTMMecKaa MOflenb 
TermoBoro pewnMa MMC 6bma npeflCTaBneHa CHCTeMOM flByxwiepHbix napa6onnMecKMX ypaBneHM« 
cneflyromero BHfla [4]: 

C,P''   dt        dx K,{T)dT> dx 
d 

+ — K,(T) fJ_L 
dy 

+ q,(x,y,t) (1) 

rfle ci - yflejibHaq TennoeMKOCTb I-CJIOH, pi - nnoTHOCTb wiaTepwana, Ki(T) - K03c|)ct)MLiMeHT Ten/ionpoBOflHOc™, 
qi(x,y,t) - MOUHHOcTb MCTOMHMKOB TennoTbi, I - HOMep cnoa. 

B KanecTBe TeMnepaTypHoü 3aBMcnM0CTM KoacpcjDnqneHTOB TennonpoBOflHOCTn pa3JikmHbix croeB 
wcnonb30Banncb OKcnepMMeHTanbHbie flaHHbie [5], 

YpaBHeHHe (1) npeflCTaBrmeT coöoii cHCTeMy ypaBHeHnü p,m 4-x cnoeB. flna peweHMH 3TOM cucTeMbi 
6bina wcnoxib30BaHa oneflyroinafl CMCTewia rpaHMHHbix ycnoBMPi [6]: 

1. noBepxHocTb TOPMOB HBrnnacb Tennon30/inpoBaHHoii: 

d T i 
-~-L = ° (2) dx   »^ 

2. na BepxHePi noBepxHocru mieeBoro CJIOH rpaHHMHoe ycnoBue yflOBneTBopano 3aKOHy HbtoTOHa: 

d T 
K*—^-      + a.-(7V')=ß(*.') (3) 

dy ,-L, 
rfle as - KoacpcpHMMeHT TennooTflann Ha BepxHeü rpaHM cipyKTypbi, 9 - TeiunepaTypa BHewHetf cpeflbi, Q(x,t) - 
rmoTHOCTb nnocKHx HCTOHHMKOB Ten/ioBbifleneHun; 

3. Mewfly CJIOHMM cTpyiaypbi npeflnojiaranca MfleanbHbifi TennoBO« KOHTaicr, KOTopbiü onucbiBa/icn 
rpaHHHHbiMM ycjiOBMHMM qeTBepToro pofla: 

K,-——     =KM-—  (4) 
$y ,.,, ^y ^ 

T^-y^-T^ys) (5) 
4. Ha HUWHeM noBepxHocTM noflno>KKM rpaHUMHoe ycnoBMe nMe/io cnepy\o\u,m BMA: 

7T,(M,o=r»(*.0 (6) 
rfle Tk(x,t) - TeMnepaiypa KpMCTaxuia. 

flna pacneTa MOIMHOCTM Ten^oBbix MCTOMHMKOB B MMC npn npo6oe MeTan/iM3aMMfl 6bma 
npeflCTaBneHa ceTKow conpoTHB/ieHufi (pnc.2). MoiMHOCTb TennoBbix MCTOMHMKOB q(ii) onpeflenanacb 
c/ieflyioLUMM BbipaKeHMeM: 
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q(i,j) = 
U'-^J) 

h. 
Nx 
Z 

/ = 1 N y 

i'j) 

(7) 

f N y 
Z   <T (u) 

Z a 

rfle CT(iJ) - sneicrponpoBOflHOCTb oflnopoflHoro ynacTxa MeTannn3aLinn, hx - flnnHa flaHHoro ynacTKa 
Merannmai\viv\, Nx, Ny - KOJinnecTBO yqacTKOB MeTannn3ai4nn Bflonb oceü X H Y cooTBeTCTBeHHO, U - 
Hanpj?)KeHMe, npwnoweHHoe K MeTannm-iecKofi flopowKe. 

II!. Pe3ynbT3Tbi MMcneHHoro 3KcnepniweHTa 

HanwHue CJIOMCTOü CTpyicrypbi B HMC npviBOflUT K B03HHKHOBeHwo HeoflHopoflHbix ynacTKOB Ha 
rpaHnqe cnoeB. nofraneHne HeoflHopoflHbix ynacTKOB KanecTBeHHO M3MeHneT xapaicrep TewnepaTypHbix nonew 
B HMC npH noflane HanpaxceHna - Ha 3THX ynacTKax nponcxoflUT jioKanbHoe Bbiflenenne TennoTbi (pnc.3). 

fluHaMMKa TennoBbix npoijeccoB B HMC npw noflane HanpaweHHH npnBOflHT K noFiBneHMio "pewwMa c 
o6ocTpeHneM" - pe3KOMy pocTy TeMnepaTypbi Ha HeoflHopoflHbix yMacTKax MeTa/innsai^HH. ["loHB/ieHHe SToro 
pexMMa oöycnoBneHO «ax 3aBHcnMocTbio ocHOBHbix 3neKTpo(t)M3HMecKnx napavieTpoB (rennonpoBOflHOCTH, 
a^eicrponpoBOflHOCTn) OT TeMnepaTypbi, Ta« H reoMeTpuMecKMMH pa3MepaMH HMC - TennoBofi oSMeH 
nponcxoflMT B OCHOBHOM B nonepenHOM ceHennn CTpytcrypbi u HOCHT aHK30TponHbiM xapaicrep. flpoBefleHHbifi 
HMcneHHbiPi SKcnepMMeHT noKa3an, HTO noHBneHue "pe^HMa c oßocTpeHneM" HMeeT MBCTO Ha HananbHOM 
CTaflnn flUHaMUKM TennoBoro npoqecca (t=10"13-f-1012 ceK), HTO npuBOflHT K noKanbHOMy BbiropaHnio 
MeTannn3aMnn. 

AHann3 nonyMeHHbix TeMnepaTypo-ceicyHflHbix xapaicrepucTwc (TCX) noKa3an, HTO yBenimeHHe 
Hanp5R>KeHM!R npuBOflMT K nsNieHeHuro KaK Konn^ecTBeHHbix 3HaneHnPi TCX, TaK v\ ux KaHecTBeHHoro xapaicrepa 
(pnc.4). EcnH KO/iMMecTBeHHbie H3MeHeHHJi CBfl3aHbi c yBennneHneM MOIUHOCTM BbiflenaeMOM SHeprnn npi/i 
npoxo>KfleHHM pa3paflHoro TOKa, TO KaMecTBeHHbiü xapaicrep MSMeneHMa flMHaMUKH flerpaflaquoHHbix 
npoqeccoB o6ycnoBneH napaMeTpaMU HeoflHopoflHoc™ CTpyioypbi. Ha flHHaMW<y pacnpocnpaHeHHfl 
TennoBoro noTOKa oKasbiBatoT B/iUHHwe cooTHOiueHna Mewfly npoqeccaiwn BbifleneHna TennoTbi v\ 
pacnpocTpaHeHMeM ee Bflonb CTpyioypbi - npi/i onpefleneHHbix 3HaMeHnax napaMeTpoB HeoflHopoflHoc™ 
MeTannn3aqnn n aMnnnTyflbi BHeujHero B03fletöcTBna Haönioflanocb KaMecTBeHHoe n3iweHeHne KapTUHbi TCX, 
npHBOfl^Luee K B03HMKHOBeHWo noKaribHbix yMacTKOB flerpa,qai4un (pnc.4). Haußonee npKO noHBneHwe 
noKa.nbHbix ynacTKOB flerpaflaLjHH npoHBJwriocb npn pe3K0M n3MeHeHnn 3neicrpoc|3H3HHecKnx napaMeTpoB 
CTpyicrypbi (KpMBaa 5), MTO npuBOflnno K nonBneHMio "pe>KHMa c o6ocTpeHneM". 

IV. 3aKJiK)seHne 

npoeefleHHbifi HMcneHHbiPi SKcnepuMeHT no MccneflOBaHwro TOKOBbtx pexwMOB HMC noKa3an, HTO Ha 
pa3BMTne flerpaflaL(H0HHbix nBnennii B HMC cwribHoe BnnnHne OKa3bisaeT HeoflHopoflHOCTb MeTannn3ai4MH, 
KOTopaa npHBOflHT K rioflBneHHK) noKaribHbix ynacTKOB flerpaflaL(Mn. Xapaicrep pacnpocTpaHeHun TennoBoro 
noTOKa B cnoncToü CTpyicrype onpeflenneTcn ne TonbKO aneKTpo43H3MHecKHMM napaMeTpaMU cnoeB, HO M 

reowieTpMHecKHMM pa3MepaMM MOflenn. npoqeccbi flerpaflaqnM Han6onee npKO BbipaweHbi B MecTax pe3Koro 
nepenafla 3neicrpoqbM3MHecKnx napaMeTpoB HMC, Bbi3biBan nofiBneHne "pe>KMMa c o6ocTpeHweM". 
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THE DYNAMICS OF DEGRADATION EFFECTS IN INTEGRATED CIRCUITS 

Taran Y.P., Starostenko V.V., Grygoriev Y.V., Borisov A.A. 
Simferopol State University, 4 Yaltinskaya St., Simferopol-333036, Ukraine 

tel. (0652) 23-03-60 

The numerical model of the development of degradation effects in the integrated circuits dealing with flowing of the discharging 
current on the metallization has been suggested. The integrated circuit was presented as the statified structure The electrophysical 
parameters of every layer are the functions of temperature. Analysis of degradation effects in the metallization has been carried out 
on the base of the numerical solution of nonlinear heatconduction equation by the nonexplicit Pismen-Recford scheme. The results 
of numerical experiment according to which the fundamental reasons of local character of metallization combustron during the 
discharging of integrated circuits were exposed have been adduced. Dynamics of degradation effects development according to 
the parameters of metallization unhomogenity and different regimes of expluatation has been given. 
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HCCJIEÄOBAHHE B03ÄEHCTBH5I SJIEKTPOMArHHTHblX 

H3JiyqEHHH yjIbTPAKOPOTKOfl /yiHTEJIbHOCTH HMEfyjIbCA 
HA PAZtHOBJIEKTPOHHyiO AnnAPATYPY CBH ÄHAI1A30HA 

H.n.TafleuKHH   , K.A.KpaßuoB   , H.H.MarAa l , lO.B.npoKoneHKo1 , B.H.HyMaKOB l , 

B.E.HOBHKOB   , lO.B.TKaq 

HHU "XapbKOBCKHH (j)H3HKO-TeXHHHeCKHH HHCTHTyT", XapbKOB, YKpaHHa, 
2 

HHCTHTYT ajieKTpoMar-HHTHbix HccjieflOBaHHH, XapbKOB, yKpaHHa 

AHHOT3.UHH 

UHKJI SKcnepHMeHTajibHbix H TeopeTHHecKHX HccjieAOBaHHÖ nocBHiueH BonpocaM reHepupoBa- 
HHH, MeTpojiorHH H B3aHM0fleHCTBHH c paAHosjieKTpoHHOH annapaTypofi (P3A) H ee sjieMeHTHofi 6a3on 
a^eKTpoMarHHTHoro H3JiyweHHH yjibTpaKopoTKOH ÄJiHTejibHocTH HMnyjibca (YK^H), 10"10-10"7c. Ilpeflc- 
TaB^eHa KOHuenuHH aAanraBHoro TecrapoBaHHH annapaTypu (ATA), opHeHTHpoBaHHan Ha aAeKBaraoe 
onncaHHe peaKUHH cjiomHoro o6i>eKTa Ha BHemHee sjieKTpoMarHHTHoe B03AeHCTBHe (9MB). PaccMaT- 
pHBaeTCH B3aHMOfleHCTBHe nOJieH HCT04HHK0B YKJIVI  C  OTHOCHTejIbHO  y3KHM H  CBepXIJUHpOKOnOJIOCHbIM 
cneKTpoM H3JiyiieHHH co cjio>KHbiMH paflHoajieKTpoHHbiMH CTpyKTypaMH, B nacTHOCTH, npoueccbi Hepa3- 
pyuiaiomero xapaKTepa. Ha npHMepe peaKUHH THnoBbix npneMHO-ycHJiHTejibHbix TpaKTOB CBH Anana- 
30Ha noKa3aHo BbicoKoe (})yHKUHOHajibHoe flecTpyKTHBHoe AeflcTBHe 4>aKTopa ß,axe npH ypoBHHX MOUU,- 

HOCTH   H3JiyqeHHH   3HaqHTeJlbHO   MeHbUIHX  ypOBHeH   nOHBJieHHH  AerpaflaUHOHHblX   9CJ)CJ)eKT0B   B   MHKpOCT- 
pyKTypax P3A. 

I.   Bo3ÄeücTBHe HäJiyweHHH YKffW. 

CoBpeMeHHan 9JieKTpoMarHHTHaa o6cTaHOBKa (3M0) xapaKTepHa HajiHHHeM nojieü HCTOMHH- 

KOB H3JiyHeHHH ecTecTBeHHoro H HCKyccTBeHHoro npoHcxojKAeHHa, KOTopwe, BO MHorHX cjiynaax, OKa- 
3biBaioT AecTpyKTHBHoe AeiicTBHe Ha 
sjieMeHTapHyio 6asy paAH09JieKTp0HHbix npHÖopoB H Ha ycnoBHH HX cJjyHKUHOHHpoBaHHH. nocKOJibKy 
BejiHMHHa njioTHOCTH noTOKa SHeprHH HsjiyqeHHH, B AajibHeH 30He HCTOMHHKa, nponopirnoHajibHa KBafl- 

paTy npoHSBOAHOH TOKa B aHTeHHe: \U\= E2 / 2Z0 oc (dl / dt)2, rp,e Z0 - HMneAaHc cBoöoAHoro 

npocTpaHCTBa,    TO    OMCBHAHO,    HTO   A^H    KOHKperaoro    BHAa    HCTOHHHKa    3MB    ero    9(j)cj)eKTHB- 
_2 

HocTb o=T    Ps, TACC p<r-  A^HTejibHocTH HMnyjibca H ero <j)poHTa. 

nporpecc B o6jiacTflx coßpewieHHbix TexHOJiorafi H ajieKTpoHHKH 6ojibiiiHx MoiuHocTeH B noc- 
jieAHHe roAbi B 3HaqHTeJibH0H CTeneHH H3MCHHJI 3MO. 3TH H3MeHeHHa CBH3aHbi He TojibKO c paciüH- 
peHHeM HOMeHKJiaTypbi TpaAHUHOHHbix HCTOHHHKOB H3JiyHeHHH H HX napaMeTpoB, HO H C noHBJieHHeM 
HCTOMHHKOB H3JiyneHHH HOBoro rana [1,2]. K HaH6ojiee onacHbiM BHAaM 9JieKTpoMarHHTHbix H3JiyqeHHH 
MOJKHO OTHeCTH H3JiyHeHHH yJlbTpaKOpOTKOH A^HTeJlbHOCTH HMnyjibca, C03AaBaeMbie HeKOTOpbIMH TH- 
naM HCTOHHHKOB eCTeCTBeHHOrO H HCKyCCTBeHHOrO npOHCXOJKAeHHH. TaKHMH HCTOMHHKaMH HBJIHIOTCH: 

• MoiuHbie KOMMyrapyiomHe ycTpoflcTBa B uenax KopoTKOHMnyjibcHbix MOAyJiHTopoB, BMCOKO- 

BOJIbTHOH 3aiH,HTbI CHJIOBblX SHepreTHHeCKHX yCTaHOBOK; 
• CKOpocTHbie nepeKJHOHaiou;He 9JieMeHTbi, uenn ycTpoöcTB 3amHTbi OT MOIUHUX CBM cnnia- 

JIOB; 

• UenH   CKOpOCTHblX yCTpOHCTB   COBpeMeHHOH   BbmHCJIHTeJlbHOH   TeXHHKH   H'^nepeAa^H   HH(j)OpMa- 
UHH c pa6oHHM AHana30HOM HacTOT 6ojiee 0,1-1 ITu,; 

• MoiiiHbie BbicoKOBOJibTHbie MOAyJiHTopbi H 9JieKTpocJ)H3HMecKHe ycTaHOBKH cneuHajibHoro Ha3- 
HaqeHHfl, Hcno^ib3y}oiJHHe npoueccbi YKj^H (ajieMeHTbi ajieKTpoHHKH 6oJibiHHX MomHocTen); 

• H3jiy4aTejiH CUIÜ paAHOJioKau,HOHHbix cpeACTB, npHMeHaeMbix B paAHOJioKauHH BbicoKoro pa- 
3pemeHHH, a TaioKe RJIH noAnoHBeHHoro 30HAHpoBaHHfi; 

• HeKOTOpbie  BHAbI  BbICOKOBOJIbTHblX HeCo6cTBeHHbIX HJIH  ITOBepXHOCTHblX ra30BHX  pa3pHAOB  H 
nepexoAHbix npoueccoB, HHHUHHpyeMbix BbicoKOSHepreTHqHbiMH noTOKaMH HacTHi; HJIH Jia3e- 
pHoro H3jiyqeHHH; 

• HeKOTOpbie BHAbi HB. 
Ha pHc.l ycjioBHO noK33aHbi oöjiacTH npeAeJibHbix njiOTHOCTeH MOIHHOCTH, 4)opMHpyeMbix pa3- 

jiHMHbiMH BHAaMH HCTOMHHKOB H3JiyqeHHH. TaM me npHBeAeHbi o6jiacTH KpHTHHecKHX napaMeTpoB no- 
jiefl HCTOHHHKOB, perjiaMeHTHpyeMbix HeKOTopbiMH cymecTByjoinHMH cTaHAapTaMH M3K. B3aHMOAencT- 
BHe H3JiyqeHHH YK^H C OTHOCHTejIbHO y3KHM CneKTpOM (THna TpaAHUHOHHOrO HMnyjIbCHOro MHKpOBO- 
JlHOBOrO H3JiyneHHH)  HJIH  CO  CBepXUIHpOKOnOJIOCHblM  CneKTpOM  (THna 3MH)  CO CJIOKHbIMH   CHCTeMaMH 
npoHBJTHeTCH KaqecTBeHHo HHaqe, qeM TpaAHUHOHHoe AJiHHHOHMnyjibCHoe HJIH CTauHOHapHoe H3JiyHe- 
HHe. 3TO oöycjiOBJieHO MajibiMH BpeMeHaMH B03AeHCTBHa no cpaBHenwo c xapaKTepHbiM BpeMeHeM Te- 
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2 
njioßoro HJiH HHoro pejiaKcauHOHHoro MexaHH3Ma B MaTepnanax H sjieKTpoHHbix CTpyKTypax P3A H ee 
KOMnoHeHTOB, a TaKJKe cneu,Hc})HHecKHM HejiHHeHHbiM xapaKTepoM peaKUHH CHCTeMbi B uejioM [3]. 

C ApyroH CTopoHbi, 9T0T BHA cj>aKTopa, BBHAy MajioH AJiHTejibHocTH HMnyjibca,  xapaKTepeH 
6oJIbOIOH  IHHpOKOnOJIOCHOCTbK),   MTO  o6yCJ10BJIHB3eT  BblCOKyK)  npOHHKafOUiyiO  CnOCOÖHOCTb H   CneUHCJDH- 
qecKyio peaKU,HK) P3A Ha cnrnaji YKJIH, pacnpocTpanaioiuHHca B cTpyKTypax ycTpoHCTBa. TaKHM 06- 
pasoM, HecMOTpn Ha OTHocHTejibHO 6ojiee HH3KHH sHepreTHMecKHH noTeHUHaji, CHraajiw yK^H, B paAe 
cjiyqaeB, MoryT 0Ka3aTbca 6ojiee scJx^eKTHBHbiM AecTpyKTHBHbiM cj)aKTopoM 3M0, neu TpaAHUHOHHbie 
CBM/3MH CHrHaJibi. XapaKTep npouecca B3aHM0AeäcTBHH H3JiyqeHHa YK^H co CJIOJKHMMH 06-beKTa- 
MH P3A H ee 3JieMeHTaMH BKpaTue MOJKCT 6biTb cßeAeH K cneAyiomHM OCHOBHMM 3cj)(J)eKTaM [4,5]: 

o aHTeHHbifl MexaHH3M B036yÄAaeMbix BO BHeuiHHX u,enax H BHyTpeHHHX cxpyKTypax TOKOB H 

HanpaxeHHH; 

• MHO>KeCTBeHHOCTb pa3MepHbIX H 0pH6HTaU,H0HHbIX pe30HaHCOB; 

• 6oj!bUJOH cneKTp AecTpyKTHBHbix HBJieHHH, B TOM MHCJie CTpeccoBoro rana, ( 9^ei<TpHHeCKHe 
npo>KorH H npo6oH, yAapHbie axycTHnecKHe BOJIHM, aAHa6araqecKHH pe^KHM sHeproBbiAejie- 
HHH, npeHMymecTBeHHo HeTenjioBoft MexaHH3M Aecj)eKTOo6pa30BaHHa H AP-); 

e     MHO>KeCTBeHHOCTb  JI0KaJIH3aUHH  AeCJJeKTOB   CTpyKTyp   (Aa>Ke   B   pe3yjlbTaTe   OAHOKpaTHOrO   B03- 

AeHCTBHH H3JiyqeHHa yKJJJA; 

«    xapaKTepHoe npocTpaHCTBeHHoe 30HHpoBaHHe AecJ^eKTOB - nepncjjepHHHOCTb 3HeproBbmejieHHH 
H/HJIH Ae4>eKTOo6pa30BaHHa; 

«    o6pa30BaHHe HeaAeKBarabix cHraajioB-OTKJiHKOB annapaTypbi c AJMTeJibHocTbio B AecaTKH - 
COTHH pa3 npeBblUiaiOLHeH A™TeJIbHOCTb B03AeHCTBHfl. 

II. KoHU,enu,HH aAanTKBHoro TecTHposaHH« annapaTypM. 

IloaBJieHHe yK,H,H <})aKTopa npHBejio K HCOöXOAHMOCTH nepecMOTpa paAa HopMaTHBHbix, Tex- 
HOJioraqecKHX, KOHCTpyKTHBHO-cxeMOTexunqecKHX H AP- MeponpnaTHH, Hcnojib3yeMbix js,Jifi oöecneie- 
HHa   SJieKTpOMarHHTHOH   CTOHKOCTH   H   COBMeCTHMOCTH   (3MCHC)   P3A   H   ee   KOMnoHeHTOB.   B   CBH3H   C 
9THM B HacTOHinee BpeMH öojibujoe npaKTHHecKoe 3HaqeHHe HMeeT pa3BHTHe 3(|><j)eKTHBHbix MeTOAOB, 
KOMnjieKCHofi oueHKH 3MO, a TaK>Ke MCTOAOB napaMeTpnqecKoro aHajiH3a H KOJinnecTBeHHofl oueHKH 
peaKUHH 9JieKTp0HH0H annapaTypbi Ha B03AeHCTBHe H3JiyneHHH YKJXVi. 

FlpeAJiaraeTca HOBaa KOHnenuna HcnbiTaHHH - ATA, cBa3aHHaa c npo6jieMOH KOJiH^ecTBeHHOH 
ou,eHKH peaKU,HH P3A Ha 3MB H pa3pa6oTKOH ee AHHaMF.necKoro nporH03a B ycjioBHax HopMajibHbix H 

3KCTpeMaJlbHbIX CHTyaHHH 3MO. ÄTÄ OCHOBblBaeTCH Ha 3KCnepHM6HTaJlbH0M HCCJieAOBaHHH AHHaMHKH 
CJIOJKHOH   CHCTeMbi   H   pa3BHTHH   ee   MOAeJIH   -   OTo6pa>KeHHH.   OcHOBHbie   HepTbl   KOHUenUJiH   nOHCHfleT 
pnc.2. 
Ee HAea cocTOHT B c})opMHpoBaHHH B3anMocorjiacoBaHHbix npoueflyp npoueccoB: 

• HcnbiTaHHH o6i.eKTa RJIH nojiyneHHH BpeMeHHoro npeACTaBJieHHH ero peaKUHH Ha 3MB H ee 
KOJIHMeCTBeHHOrO OnHCaHHH 

• pa3pa6oTKH AHHaMHHecKOH MOAejiH - OTo6pa>KeHHfi cjio>KHoro o6ibeKTa, ee aAanTauHH 
(sKcnepHMeHTajibHOH npoBepKH KOHTpoJibHbix peaj]H3auHH) H noJiyMeHHH 6a30Bbix napaMeT- 
pOB,  OnHCblBalOIUHX AHHaMHKy aAeKBaTHOH HeKOHCepBaTHBHOH CHCTCMbl. 

HaTypHwe HcnbiTaHna annapaTypbi o6bmHO no3BOJinioT nojiynHTb TOJibKO o6myio KapTHHy no- 
BeAeHHH ycTpoHCTBa H ero KOMnoHeHTOB B ycjioBHHX, MOAejiHpyroiUHX cj)aKTop. Ha CTaAHax pa3pa6oTKn 
HeoöxoAHMbi 6o,nee TOHKHe MeTOAbi HccjieAOBaHHH, o6i>eAHHflioiii,He nporao3 OCHOBHHX npou,eccoB B 

CHCTeMe c y^eTOM Bcex BOSMOJKHUX (B TOM HHCJie H aKCTpeMaJibHbix) cocTOHHHH H napaMeTpoB KaK 
3MO,  T3K H  pe>KHMOB  paÖOTbl yCTpOHCTBa.   B TO »e  BpeMfl,   4HCT0 SKCnepHMeHTaJIbHbie HCCJieAOBaHHH 
AocTaTOHHo   rjiyöoKoro   ypoBHa   conpa>KeHbi   c   TexHHHecKHMH   TpyAHOCTHMH,   o6ycjioBJieHHbiMH   KaK 
60JlbUIHM  HHCJIOM   yHHTblBaeMblX     napaMeTpOB   H   CJlOJKHOCTblO   9CJ)C})eKT0B,   TaK   H   3aTpyAHeHHflMH   B   HH- 
TepnpeTauHH HaßjiioAaeMbix pe3yjibTaT0B. ülosTOMy npeACTaBJiaeTCH uejiecoo6pa3HbiM pa3BHTHe aAei<- 
BaTHoro MaTeMaTHHecKoro annapaTa onncaHHH npoueccoB H Hcnojib30BaHHe MCTOAOB MaiHHHHoro MOAe- 
jiHpoBaHHH, KOTopbie He TOJibKO MoryT Jiereo OTpa6aTbiBaTbCH Ha npocTbix MOAeJinx - <J)parMeHTax P3A, 
HO H COCTaBJIHTb OCHOBy nporH03a CTOHKOCTHblX XapaKTepHCTHK CJlO^HblX CHCTeM. 

OcHOBHbiMH npou,eAypaMH MaTeMaTHMecKoro annapaTa ATA HBJIHIOTCH: 

• pa3pa6oTKa MaTeMaTHHecKHX MOAejiefl npoqecca BO3ACHCTBHH YKJIH cnraajia Ha y3Jibi H 

sjieMeHTbi P3A; 

• peuieHHe   oöpaTHofi   3aAaHH - BoccTaHOBJieHHe napaMeTpHwecKHX ocoßeHHOcTeH annapaTyp- 
HblX 4>yHKHHH,     C03AaK3mHX THnH4Hbie  He,nHHeHHbie   OTKJIHKH   CJIO>KHbIX  SJieKTpOHHblX  CHCTeM 
B yCJIOBHHX YKflH    B03AeHCTBHH; 

• pa3pa6oTKa TeopeTHHecKoro annapaTa AJia aHajiH3a HejiHuenHOH AHHaMHKH CJIOJKHHX CHCTCM; 

• pa3pa6oTKa MeTOAOB KOJinqecTBeHHofl oueHKH cnrHaJioB-OTKJiHKOB CJIOKHHX u,enew ajieKTpoH- 

Hbix npH6opoB. 
B öojibiuoM HHCJie cjiynaeB HaHÖojiee xapaKTepHbiM npoHBjieHHeM AeficTBHa 3JieKTpoMarHHTHo- 

ro c[)aKTopa 1/KJXH B CJIOäHHX ajieKTpoHHbix npnöopax aßjiaeTca cj)opMHpoBaHHe HejiHHeHHoro AHHaMH- 
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qecKoro OTKJiHKa (KOTopbifl, npH onpeAeJieHHbix ycJiOBHHX, MO>KeT nepexoAHTb B cocTOHHHe xaoca), 
HCKJiwqajomero HopMajibHoe cJjyHKUHOHKpoBaHHe ycTpoftcTBa. KpoMe SToro, B03MO>KeH Becbivia iiiHpo- 
KHH CneKTp 9(jj<JjeKT0B, KOTOpbie MOryT He TOJIbKO OKa3bIBaTb CyiUeCTBeHHOe BJlHHHHe Ha CJ)yHKU,HOHH- 
pOBaHHe, HO H OnpeflejlHTb XapaKTepHCTHKH SJieKTpOHHOH CHCTeMbl. OnaCHOCTb XaOTHHeCKHX COCTOH- 
HHH  o6l>eKTOB,   B036y>KAeHHbIX BHeUJHHM  CHrHaflOM,   npOHBJlHeTCH  B   TOM,   HTO  HX AHHaMHKa   B flajlbHeH- 
uieM onpeflejineTca npou,eccaMH B caMOM ycTpoficTBe, pacceHBaiomiiMH sHepraio co6cTBeHHoro HCTOH- 

HHKa B TeneHHe xapaKTepnoro BpeMeHH pejiaKcauHH, BO MHoro pa3 npeBbiiuaiomero AJiHTejibHocrb HC- 

xoAHoro cHraajia yKJ\H. Pe3yjibTHpyiomHH scjjcjjeKT Mo>KeT 6biTb cpaBHHM c AecTpyKTHBHbiM 3MB. 

III. 3KcnepMMeHTajibHbie pe3yjibTaTbi 

3K.cnepHMeHTajibHbie HccneAOBaHHH 3MCHC npoBOAHJiHCb Ha HcnbiTaTejibHbix cTeHAax HaiiHO- 
HajibHoro HaynHoro ueHTpa "XapbKOBCKHH <j)H3HKO-TexHnqecKHH HHcraTyr" [6]. HcnuTaTejibHoe o6opy- 
AOBaHHe UeHTpa BKJiioqaeT pa3JiHMHbie HCTOMHHKH CBH/3MH H3JiyqeHHH YKJXVl, pa6oqHe 30Hbi 06- 
JiyneHHH, 3KpaHHpoBaHHbie noMemeHHfl, CKopocTHyio uiHpoKonojiocHyio H3MepHTejibHyio annapaTypy. 
OHO no3BOJiaeT nccneAOBaTb B3aHM0AeHCTBHe nojiefi sjieicrpoMarHHTHoro y3KonojiocHoro H CBepxwH- 
poKonojiocHoro H3JiyqeHHH c urnpoKOH HOMeHKJiaTypoH P3A H ee sjieMeHTHofi 6a3ofi. Han6ojiee Ba>K- 
Hbie AaHHbie 06 HcnbiTaTejibHbix CTeHAax H npHMeHaeMOH MeTpojionra npHBeAeHbi B Taöji.l H Ta6ji.2 
[6,7]. 

Ta6ji. 1. OcHOBHbie HcnbiTaTejibHbie ycTaHOBKH HHD,   "XOTH' H HX napaMeTpbi. 

HcTOTOHK Am'eHHa 
cuin 

napaineTp 
tp, HC 

(tr, HC) 

PejKMM 
pa6o™ 

JjHana30H, 
fo.ru P, BT Emax, KB/M 

Paßo'iaa 
30Ha, M2 

MomHbie CBM 
reHepaTOpw Ha 
ocHOBe P3II 

Pynop 10-2-JO-' 20-800 
(5-50) 

OflMHOHH. (2-14)M109 106-109 (2-3) q 103 3-20 

CKOpocTHue 
reHepaTopbi 
MapKca 

TEM 
pynop 0.6-0.75 100-120 

(7-12) 
riepHOÄHH., 

J 5 Tu 
J 3 4 108 (0.2-D q 

106 
(0.5-0 q io3 0.5-10 

TEM- 
nojiocKOBbie 
JIHHHH 

TEM 
pynop »1 0.5 

(0.2) 
IlepHOJJiHH., 

J 2 KTU. 
J 1010 (i-3) q io4 0.75-1 3-5 

TEM- 
KOaKCHajIbRbie 
JIHHHH 

TEM 
JIHHHH 

(KoaKCHaJi) 
0.8-0.82 5-15 

(0.9-1.1) 
OAHHOHH. J 5 M )09 107-109 2 q io3 » 1 

TenepaTop Ha 
AHO^e TaHHa Pynop IO3 10 

(3) 
riepHOAH»!., 

J io Kru 
(2-10) ^ 109 10 (2-5) q io-3 » 3-5 

MoÄyJiHTop ua 
ÄHOÄ2X c BOC- 
CTauoBJieHHeM 

TEM 
pynop »1 2/30 

(0.05/0.2) 
riepHOAHH., 

J 10 KTU 
J 1.5 M 1010 

IOVIO
3 2.5-5/0.3 3-5 

B   SKCnepHMeHTaJIbHOM   HCCJieAOBaHHH   HeJIHHeHHOH   AHHaMHKH   CJIO/KHMX   SJieKTpOHHblX   CHCTeM 
oco6oe BHHMaHHe yAejieHo B3aHMOAeHCTBHio H3jiyneHHH YKJIH  (CBH/3MH)  c  ajieMeHTaMH  paAHo- 
SJieKTpOHHblX npHÖopOB,  C03AaHHbIX Ha OCHOBe pa3JlHHHbIX TeXHOJIOrHH H  SJieMeHTHOH  6a3bl,   B  qaCTHO- 
CTH - Hepa3pymaK>mero xapaKTepa. B KanecTBe ranHHHbix ycrpOHCTB, HMeiomHX HaH6ojibuiyio ya3BH- 
MOCTb npH  B03AeHCTBHH   BHeiHHHX  nOJieH  ÖOJIbUIOH  HHTeHCHBHOCTH,  HCnO.JIb30Ba.HHCb HeCKOJIbKO  pa3H0- 
BHAHOCTen npHeMHO-ycHJiHTejibHbix TpaKTOB (nyT) CBM AHana30Ha. OHH HMejiH CTaHAapTHyio KOHCJJH- 

rypaumo: 3amHraoe ycTpoflcTBO, cj)H,nbTp, BXOAHOH ycHJiHTcnt, CBH AeTeKTop H (AJIH cynepreTepOAHH- 
Horo npneivra) uenb nacTOTHoro npeo6pa30BaHHH cnraajia (cMecHTejib, reTepoAHH, yn1-!). 

Ta6ji. 2. 06iuHe AaHHbie npHMeHfleMoo MeTpojiorHH B 1/¥IJ\VI 9KcnepHMeHTax. 
MeTOÄ riapaMeTp ÜHana30H nacTOT j!],Hana30H napaMeTpoB riorpeuiHocTb 

KajiopHMerp W >0.01 
rru 

> 0.01  J\)K 10- 13% 

Ocu.HJUiorpa(pHpOBaHHe P/S;   t;   f0; 
Dfo 

0-5 
ITu 

> 0.1 B/CM
2
,     > 0.1 HC < 10% 

HeTCKTOp P/S;    t o - 20 rru > 1 MKBT/CM
2
 ,     > 1 HC 20 - 30% 

BOJIHOBOAHUH (pHJIbTp fo;   Df„ 2 - 20 rru 2 - 20 ITu 10- 15% 
flOJIOCOBOH (pHJIbTp fn;    DJn 2 - 20 ITu 2 - 20 ITu;    0.03 ITu 5 - 10% 
CBH npoöoH ra3a fo;     E 2 - 12 ITu, 2 - 12 ITu;    0.05 - 30 KB/CM 20 - 40% 
AKyCTHMeCKHH ÄETeK- 
TOp 

E 2 - 10 ITu 0.3 - 30 KB/CM 5 - 10% 

AKycTHqecKHÜ pesoHa- 
Top 

io •       2-io rru 2 - 10 ITu 1 - 3% 

HaHÖojiee Ba>KHbiM pe3yjibTaTOM HcnbiTaHHH 3MCHC pa3JiH4Hbix JfiyT H HX KOMnoHeHTOB K 

cnraajiaM yK^H HBHJiacb oömaa RJIH Bcex o6"beKTOB BbicoKaa cTeneHb peaxuHH. HaHMeHee noABep- 
»CeHHblMH AeCTpyKTHBHOMy  B03AeHCTBHK)  H3JiyHeHHH  YKJXVl  6blJlH,  KaK H   CJieAOBaJIO  OÄHAaTb,   naccHB- 
Hbie sjieMeHTbi (CBM (JjHJibTpbi, BOJiHOBeAyiUHe TpaKTbi, coeAHHHTejibHbie pa3teMbi). ypoBeHb HX COC- 
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TOHHHH paöoTocnocoÖHocTH 6b\jj Han6ojiee BbicoKHM. EMy cooTBeTCTBOBajia noporoBan njioraocTb sne- 
pruH H3JiyqeHHfi, HanpHMep, Ha nacTOTe 3 ITu, 0,1-1 M/J,>K/CM 

2. Kpn™qecKne ypoBHH AerpaAauHH aK- 
THBHbix 3JieMeHT0B CB4 ycTpoHCTB 6wjiH 3HaHHTejibHO HH>Ke - oKOJio I H,H>K/CM 

2. Han6o,flbLlieH nyB- 
CTBHTeJIbHOCTbK) K B03AeHCTBHK) 06jiaAaJlH CBH AHOAM H TpaH3HCTOpbI,  Ta6j].3 [6]. 

Ta6ji. 3 
YK^H cjjaKTopa 

OcHOBHbie 3CJ)CJieKTbl B HH3K0MaCT0TH0H H CBH 3.rteMeHTH0H 6a36 npH  B03AeHCTBHH 

Kjiacc npn6opa THü npHßopa 
riopor no 
E-nojiio, 
KB / CM 

XapaKTep scpcpeKTa 

KOMJIOHeHTbl 
CBH P3A 

ÄHOÄbl 
TpaH3HCTOpbI 

0.1-3 
1-5 

• ripoöoH p-n nepexo/ia, 

• /le(j)eKT nOBepXHOCTH Tin  KpHCTajUia B KOHTaKTHOH 30He 
• SjieKTpmecKHH npoßoft, MacTHHHoe pacnjiaBJieHwe MeTajyjiH3anHH 
• PacnjiaBJieuHe MeTajuiH3au,HH 

4>yHKUMOBajIbB 
Me ysjibi CBM 
P3A 

YcHJIHTejIH 
TeHepaTopbi 

4 
2.5-4.1 

• HapymeHHe pa6ora, HCKaweHHe HMnyjibca 
• npoSoH BXOßHOH ceKUHH ycHJiHTejia 
• noBpoKflenwe Tin KOMnoHeHTOB 

ynpaBjtaeMbie 
CRH ajieiwenTW 

<t>eppKTOBbie ycTp- 
Ba: 
• 4)a30Bpau;aTe^H 
• nepeiuiroiaTejiH 
• 3JieM6HTbI HCTO- 
HHHKOB nHTaHHH 

10 
10 

2.5-6 

• ycTOHMHBoe oTKjioHeHHe KOHTpojiHpyeMbix napaivieTpoB 

• ripoöoH KpHCTajwa HC 

KOMUOHEHTM 
m H BH P3A 

• TTL HC 

• MOn HC 

• BvinoJiapHbie 
aHajioroBbie HC 

• SjieKTpHiecKHH npo6ofi 
• ToneHHbiH npoßoH p-n nepexo.ua c "lacrainbiM noBpe>K,neHHe,M ne- 

pexofla 
• ripofioH p-n nepexofla c nojiHHM noBpejKAeiTHCM nepexoAa 
• Pacn^aBJieHHe H BbiropaHHe MeTaJiJiH3auHH 

• S^eKTpHMecKHH npoöoii, o6pa30BaHHe 3apH,aoBbix CJIOGB C nocne- 
flyrou;eH pejiaKcauHCH 

• MacTHMHoe pa3pymeHHe o6pa3ua B KOHTaKTHOH oßjiacTH, o6pa30Ba- 
HHe CTaÖHJIbHblX 3apaflOBbIX CJ10BB 

• PacnjiaBJicHHe H BbiropaiiHe MeTajuiH3auHH 

• SjieKTpHHecKHH npo6oft. MacTHHHoe pacn.iaBJicuHe H BbiropaHHe 
MeTaJuiH3auHH 

• ToieiHblH npoßOH AHSJleKTpHKa Me>KCJIOHHOH H30J1(IU,HH. 
• npoöoH H pa3pyuieHHe MewcjioHHOH HSOJIHUHH. HcnapeHHe njieno- 

HHoro pe3HCTopa 

7J,HHaMHKa nyT B yCJIOBHHX B03AeHCTBHH MOIHHblX CHrHaJIOB CBH/SMH yK/IH CBH3aHa C OA- 
HOBpeMeHHblM npOHBJieHHeM HeCKOJIbKHX HeJIHHeHHblX 34>(|)eKTOB, npHBOAHLUHX K HCKa>KeHHK) CHrHaJIOB. 
OcHOBHblMH H3 HHX HBJIHKDTCH [8,9]: 

• HejiHHeHHbie Hci<a>KeHHfl ycHJiHBaeMoro cnraajia JIBB B pe>KHMe npeBbiuieHHH no PBX; 

• ncKa>KeHHJi HcxoAHoro cneKTpa CHraajioB YKJIU B sjieiweHTax naccHBHofl H aKTHBHofi cj)H./ibT- 
pauHH (ßOJiHOBeAyuueM TpaKTe, aHTeHHax, 3au;HTHoe ycTpoficTBo (3y) c pe30HaT0paMH, no- 
JIOCOBHX (j)HJibTpax, 9.neMeHTax corviacoBaHHH TpaKTa H AP-); 

• HCKa>KeHHH npn orpaHHHeHHH MOLUHOCTH B noporoBOM 3y; 
• HCKa>KeHHH CLLin cwrHa^oB, CBji3aHHbix c HepaBHOMepHOH no Anana30Hy AHX aJieiweHTOB 

nyT; 
• HCKaweHHe cHraajia B ycjioBHax HeHAeajibHoro corjiacoBaHHH aneMeHTOB nyT, npHBOAaiMHx K 

noflBJieHHK) OTpa>KeHHH H, cooTBeTCTBeHHO, H3MeHeHHio cTpyKTypbi cHraajioB yKjI,H; 
• HejiHHeHHbie HCKa>KeHHfl Cliin cnraajia, o6ycj]OBJieHHbie B3aHM0AeHCTBHeM B aKTHBHOM ajie- 

MeHTe nyT pasjnwHbix cneKTpajibHbix rpynn CHraajia. 
CpaBHHTejibHbie HccjieAOBaHHa annapaTypHbix OTKJIHKOB nyT Ha B03AeHCTBHe y3KonojiocHoro 

H CBepxujHpoKonojiocHoro CHraajioB noKa3aJiH, MTO HX xapaKTep 6biJi npnwiepHO oAHHaKOB. nocKOJibKy 
a^eMeHTbi nyT o6jiaAaioT no^ocoBbiMH cBOHCTBaMH, HX peaKUHfl xapaKTepH30Bajiacb 3HaiHTejibHbiM 
yBejiHHeHHeM AJiHTejibHOCTH cHraajia-OTKJiHKa H npeACTaBJiajia THnHHHyio nepexoAHyio xapaKTepHCTHKy 
cooTBeTCTByiomero ycTpOHCTBa. B TO >Ke BpeMH, Tai<ne cjio>KHbie aKTHBHbie 3JieMeHTbi, KaK MHoroxac- 
KaAHbie TBepAOTejibHbie MLLiy HJIH ycHJiHTejiH Ha JIBB, HMCJIH CHrHaJibi-OTKJiHKH, HanoMHHaromHe no 
BpeMeHHMM H cneKTpajibHbiM npeACTaB.ueHHaM CTOxacTHqecKHH npouecc. 

Pa3JiHHHe B KOJiHHecTBeHHbix xapaKTepHCTHKax OTKJiHKa CJIOJKHOH CHCTeMbi 3aMeTHo npoHB.na- 
jiocb B sKcnepHMeHTax c KOMÖHHHpoBaHHbiM BBO, BKJHo4aiombiM y3KO- H CLLin CHrHaJIbl. HeCMOTpH 
Ha TO,  MTO AJ1H 060HX 9THX (JiaKTOpOB He^HHeHHbie pe^HMbl yCHJlHTejIfl  npHBOAHJIH K Ka^eCTBeHHO OAH- 
HaKOBOMy pe3yjibTaTy- yBejinqeHHio A^HTejibHocTH OTKJIHKOB, TOMHbie 3HaHeHHH AJ3HTejibHOCTeH HX OT- 

KJiHKOB pa3JiHHajiHCb B 3 - 4 pa3a. 
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IV. SaKJiioieHHe 

y^HTbiBaH Majibie ypoBHH cöoeB H cpaBHHBaa SHepreranecKHe xapaKTepHCTHKH YKj^H dpaKTopa 
H OTMe^eHHbix Bbiijje noporoB pcnaKcanHOHHbix npoueccoB, MO>KHO cflejiaTb 3aKJUOHeHne 06 oHeHb BM- 

COKOH cTeneHH noMexoo6pa3yjoiuero ACHCTBHH H noTeHunajibHOH onacnocxH YKHH CHraajjoB RJIH IHH- 

poKOH HOMeHKJiaTypbi coBpeiueHHOH P3A, ocoöeHHo ß,nn qyBCTBHTejibHbix uenen cpeACTB CBH3H, CHC- 

TeM npneMa H o6pa6oTKH paAHOcnraajioB. MeponpHATHH no 3am,HTe sjieKTpoHHbix ycTpoficTB OT YKj],H 
B03AeHCTBHH, a TaiüKe no yMeHbuieHHK) noMexoo6pa3yrou;HX BOSABHCTBHH HX noTeHuna^bHbix HCTO4HH- 

KOB AOJlJKHbl  BKJHOHaTb TCOMnJieKCHbie AeHCTBHH  HOpMaTHBHOrO,   TeXHOJlOrHHeCKOTO H  CXeMOTeXHHqeCKO- 
ro xapaKTepa. 
riojiyijeHHbie pe3yjibTaTbi MoryT 6biTb HenocpeACTBeHHo npHMeHeHbi: 

• AJIH onpeAejieHHH CTeneHH sjieKTpoMarHHTHOH CTOHKOCTH H HaAe>KHocTH cHCTeM no pe3yjib- 
TaTaM HaTypHbix HcnbiTaHHH H KOJiHMecTBeHHOH oueKKH peaKUHH oßieKTa; 

• AJIH   OUeHKH   aAeKBaTHOCTH   CJ)yHKUjHOHHpOBaHHH   OÖ-beKTa   B   yCJIOBHHX   CJIO>KHOH   3MO,   BKJIJO- 
HaromeH mnynemin yKJIH; 

• AJIH   pa3pa60TKH   MOAeJlbHblX   HHCJieHHblX   MeTOAOB   HCnblTaHHH,   HCnOJlb3yeMbIX  AJia   0nTHMH3a- 
UHH apxHTeKTypbi P3A. 
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OF ULTRASHORT DURATION PULSE ON UHF ELECTRONIC DEVICES 
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Experimental and theoretical studies deal with problems of the electromagnetic radiation of ultrashort duration pulse generation, 
metrology and interaction with radio-electronic equipment. A new adaptive concept for testing and for an adequate description of 
complex object dynamic responce on external electromagnetic influence is proposed. The interactions of fields USDP sources with 
the arbitrarily narrow and ultrawideband spectrum of radiation with the complex electric structures, in particular, the processes of 
nondestructive character have been observed. On the example of responce of typical microwave receive/amplifier sections, high 
capability to upset system operation is shown, even in conditions when its levels are considerably less than the level of degradation 
effects, formed in the microstructures of an object. 
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crpvimrPA K©mnmmik. SAHA*« YnPABjiEHMsi 
»AEICTPOHHOnnHf OrPA^MmCKMM HP©l|ECC©M M COBPEMEHHSblE 

KOH£%EHiJ|»IEti MX PEUSEHMSI!. 

MepxBHHCKHH A.A., HHCTHxyT KHÖepHeTHKH HM. B.MTjiyiiiKOBa, r. KweB 
OCHHCKHH B.H. ., HHCTHTYT KHÖepHeTHKH HM. B.M.rjryuiKOBa, r. KweB 

KopxHHCicHH O.H., AO Hnn "CaTypH" , r. KHCB 

AHHOTaUMH 

Pa3pa6oTaHH rpa(J)-cxeMa KOMrmeKca 3ana4, pemaeMbix npH ajieiopoHHO-JiyieBOH 
reHepauHH pncyHKa, MeToxtw HX pemeHUfl, opHeHTHpoBaHHbie, B HacTHOcra, Ha npHMeHeHHe MoujHbix 
yHHBepcaJibHbix Bbi-HHCjiHTe.ribHbix cpeacTB H, KaK ajibTepnaTHBa, - cneuHajiH3HpoBaHHbix 
BbiHHCJiHTejibHbix cpeflCTB. TIpHBOAflTca ajiropHTMbi, MOflejiHpyiomHe npouecc pemeHHfl HaHÖojiee 
TpyaoeMKHx 3aiiaH ynpaBTOHira, KpHTepHH oueHKH BbixoflHoro npoAyKTa H SKcnepHMeHTajibHbie 
ZiaHHbie, CBH3aHHbie c SKcnoHnpoBaHHeM H H3roTOBjieHHeM cyÖMHKpoHHbix CTpyKiyp. 

1. BseAeHue 

Ba5KHeHIUHM ßOCTJÜKeHHeM TeXHOJIOrHH npOH3BO^CTBa HHTeipaJIBHblX MHKpocxeM 
CBH   yCTpOHCTB  HBJTHeTCH  ßOCTODKeHHe   CyÖMHKpOHHLIX  (H   HHXe)   TeXHOJIOrHHeCKHX  HOpM. 
Pa3BHTHe npoH3BO^CTBa HHTerpajibHBix MHKpocxeM (HMC) B 3HaHHTejibHOH CTeneHH 
onpejiejiHJiocb pa3BHraeM CHCTCM npoeKTHpoBaHHJi H CHHxeHHeM TonojioraqecKHX HopM 
TexHOjiorHH HX H3roTOBJieHHH. HMCHHO yxa3aHHBie (paKTopbi onpen;eji5noT KOJIHTOCTBO 

BBinycKaeMbix THUOB H napaMeTpBi HMC. Ilporpecc TexHOJioran co3Äaniw H npoH3BO,a;cTBa 
HMC B TeqeHHe Bcex JICT ee cymecTBOBaHira B nepßyio oqepeÄfc CBü3aH c TexHOJioraeH 
reHepaHHH pncyHKOB,    MeTO^Bi KOTopon onpeaejMioT H npoH3BO,nHTe.JibHocTb CAIIP H 

CpOKH   nOÄrOTOBKH   npOH3BOÄCTBa   H   MHHHMajIbHBie   3HaqeHHH   TOnOJIOrHHeCKHX   HOpM.   Ha 
npoTJDKeHHH Been HCTOpHH pa3BHTHH npoH3BojiCTBa HHTerpajiBHbix cxeM TonojiornyecKHe 
HopMbi H3roTaBjiHBaeMbix HMC - OäHH H3 OCHOBHHX 4>aKTopoB o6ecneqeHHK HX 

KOHKypeHTHOcnocoÖHOcTH. HcTopnqecKH napapajuiejibHO pa3BHBajincb MeTQUbi reHepaura 
pHCyHKa    OCHOBaHHBie    Ha    HCnOJTb30BaHHH    JUM    CKaHHpOBaHHH    KaK    (pOTOHHOTO    TaK    H 
ajieKTpoHHoro nyqKa. npHHUHnnajibHoe npeHMymecTBO M&Tojxa reHepaHHH c noMoinbio 
3JieKTpoHHoro ny^Ka - OTcyrcTBHe orpairaqeHKH Ha MHHHManBHoe ceqeroie jryqa roiTHa   B 

OÖJiaCTH   HaHOMeTpOBblX   pa3MepOB,   B   TO   BpeMÜ   KaK   (pOTOHHBIH   JiyH   B   OÖJiaCTH   OÖblHHO 
Hcnojib3yeMoro BHAHMOID cneKTpa HMeeT onpeaejieHHbie orpaHHTOHHS ysce npH MHKPOHHHX 

pa3Mepax. npaKraqecKHe xe xapaKTepHCTHKH BbinycKaBuiHxcK sjieKTpoHHO-jiyHeBbix 
CHCTeM reHepaHHH pncyHKa He TOJIBKO oöecneHHBajiH MeHbHine pa3Mepbi ajieMeHTOB 
pHcyHKa, HO H oojiBiiiyio CKOpocTb OTKjiOHeHHJi jiyna H cooTBeTCTBeHO CKopocTb reHepaHHH 
pwcyHKa. 

Co3^aHMe TaKHX cjioxHbix CHCTeM c yqeTOM nepecneKTHBHbix TexHonorHqecKHx 
nponeccoB «axe npH HajnraiH npoTOTHna HCMHCJIKMO Ha KOHKPCTHOM ypoBHe PeuieHHe 
CJIOJKHblX  npOÖJieM      B03MTOKHO     npH      CTpyKTypH3aHHH   3HaHHH, -3BWeJieHHH     HeKOTOpblX 
aöcTpaioiHH H zi;eKOMno3HHHH CJTOXHHX o6BeKTOB B HeKOTOpyio HepapxH^ecKyro cTpyKiypy, 
C    KOTOpOH    MOXHO    ÖBIJIO    6bl    paÖOTaTb.    OflHaKO    B    H3BeCTHbIX    IiyGjIHKaiMX    OÖblHHO 
npHBOZiHTCJi o6uj;He napaMeTpbi reHepaTopa pucynKa, xapaKTepHCTHKH nporpaMMHoro H 

annapaTHoro o6ecneMeHHH, KOTopwe o^HaKO He pacKpbiBaiOT CTpyKTypbi B3aHMOCBH3eH 
CHCTeMbi c TexHOJioraraecKHM nponeccoM, HTO 3aTpyÄHaeT Hcnojib30BaHHe coBpeMeHHbix 
MeTOÄOB OÖBeKTHO-OpHeHTHpOBaHHOrO npOeKTHpOBaHHH npH pa3paÖOTKe H MOÄepHH3aHHH 
TaKHX CHCTeM. 

B ÄaHHOH CTaTBe HPHBO^HTCH pa3pa6oTaHHaji aBTOpaMH CTpyKTypa KOMnjieKca 3a^aH 
ynpaBJieHHü, npeacTaBjniiomaji a6cTaKTHyio Moziejib TexHOJiorHHecKoft CHCTCMBI, B KOTOPOH B 

oflHOH no^cHCTeMe npe^cTaBJieHbi KaK ooopy^OBaHHe, TaK H peajirayeMbie Ha HCM 

cooTBeTCTByK>BJ,He TexHOJiornqecKHe nponeccbi. B Hen Hcnojib30BaH sa^a^Hbiö nojixop, H Ha 
Ham B3TJIHJI BomioiueHbi pe3y^fbTaTbi He To^bKO TeopHH (pOpMHpOBaHHJI CKpblTOrO 
H3o6pa3ceHHü   H nocTpoeHHH o6opyn;oBaHHH 3KcnoHHpOBaHHa,   HO H ocHOBHbie Bonpocw 
TeXHOJIOrHH H3rOTOBJieHH3 HMC B HejIOM. M , _ 
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2. KoMityenuLHM M wievoAbi pemetAma se^era y£»p®BMe&aMss. 

C'rpyKTypa KOMrareKca (pyHKHHOHajibHbix 3a/iaq ynpaBJienna npn 3KcnoHHpoBaHHH 
njiacTHH H MX B3aHMOCBfi3b c ocHOBHWMH onepauMHMH, BbinojiHfliomHMHCfl npw 
H3roTOBJieHHH cxpyKTypHoro cjiojT HMC Mox<ceT 6biTB npejicTaBJieHa B BH,n;e HanpaBjieHHoro 
rpacpa (pnc.1), B KoxopoM BepiiiHHbi OTpaxaiox npoueccbi o6pa6oTKH flaHHbix JIH6O 

o6pa6oTKH MaTepHajibHbix oöteKTOB,  a Äyra - Bxo^Hbie H Bbixoflnwe o6beKTbi. 

OCHOBHMe   HCTOHHMKM   H   THIH.I   flailHMX,      nOCTynaiOIJUHe   Ha   BXOJl   CHCreMW   SKCnOHHpOBaHHH 
cJieayiomHe: OT CATTP TonojioraH: L(r) - flByMepnoe onncaHHe Tonojioran HMC, OöHHHO Ha jowice 
BbicoKoro ypoBHH, HanpHMep "SOURCE",        . ITTT -   njiaH roiacTHHbi ( cxeMa pasMemeHH« HHHOB, 

Ha^HHHe  MeTOK  HfleHTHCpHKaUHH  H  flp.)   RMC,   CDMC   -  KOOpOTHaTbl   MeTOK  COBMemeHHÜ  nJiaCTHHH  H 
HHna. 

OT CAIIP TexHOJioraia: <J>Mcn, OMCK - onncaHHe cpopMbi MCTOK coBMemeHHH miacTHHbi H 

KpncTaJiJioB; flTPn - aaHHbie TexHOjioraraecKHX pexHMOB SKcnoHHpoBaHna roiacTHHbi (ruioTHOCTb 
TOKa, Bpeivra o6nyHenwH, Toraocrb anpoKCHMaunw KOHTypoB pncyHKa, CTMKOBKH nojien, napaMeTpbi 
(pyHKUHH 6J1H30CTH). 

OT ACy TO: JXKP - aaHHbie KoppeKHHH pexHMOB SKcnoHHpOBaHHH, cpopMHpyeMbie B 

pe3yjibTaTe H3MepeHHH napaMerpoB HesKcnoHnpoBaHHon nnacTHHbi, HanpHMep, TOJimnnbi pe3HCTa; 6) 
B pe3yjibTare H3MepeHHH napaivieTpoB MacKH pe3HCTa H (popMHpyeMoro CTpyKTypHoro cjioa; B) B 

pe3yjibTaTe MOflejrapoBaHHfl npouecca H3roTOBJieHHH cTpyKTypbi c yneTOM peanbHbix napaivieTpoB 
paHee H3roTOBJieHHbix cnoeB HMC; 3JX - sKcnepnMeHTajibHbie aaHHbie H3MepeHH5i TecTOBbix 
cipyKTyp, H3roTOBJieHHbix c nejibio onpeAejieHHH napaMeTpos H pexHMOB nponecca (HanpHMep, 
qyBCTBHTejTbHoc™ pe3HCTa, BejiHTOHbi npnnycKOB); KK - KpnrepHH KanecTBa, (HanpHMep, 
MaKCHMajibnaa To*mocTb: MaKCHMajibHa« nopOH3BOflHTe^bHOCTb); ,D,TPn - aanHbie TexHonorHHecKHX 
pex<HMOB 3KcnoHHpoBaHHii miacTHHbi (BejTHHHHa ycKopniomero HanpsoiceHKH, MacurraS, TOHHOCTB 

annpoKCHMauHH KOHTypoB, cnoco6 oöpaöoTKH OTßejTbHbix ajieMeHTOB pncyHKa H AP)- 

BbicoKOTOHHoe ynpaBJieHKe (popMHpoBaHneM H3o6paxeHHa HeB03MOXHO 6e3 
npHBJieHeHHW MaTeivraTHHecKHX Moränen CHCTCMW, yqHTbreaiomHX TOHKHC MexaHH3Mbi 
B3aHMoaeHCTBHH Bcex KOMnoHeHT TexHOJioraqecKOH. Hx MaiiiHHHbie peajiH3au;HH H 

o6opyn;oBaHHe TaKKe Moryr accoHHHpoBaTbca c y3jiaMH CTpyKTypw Ha pHC. 1, (pyHKUHH 
KOTopwx COCTOHT B cjicnyioujeM: 

1) CpOpMHpOBaHHe   aaHHHX    OÖJTyneHHfl    MeTOK   COBMemeHHH.        Ha   OCHOBaHHH   flaHHHX   o 
KoopjniHaxax MeTKH coBMemeHHH RMC B cooTBeTCTBHH c (popMon MeTKH coBMemeHHH OMC 
(popMHpyioTCH TeopeTHHecKHe flaHHbie ynpaBJieHHfl (popMaTOM H CKannpOBaHHeM jiyna. KpoMe Toro, 
(popMHpyeTca MaccHB aaHHbix {UMC.(|)}, onpeaejiHiomHH (popMy 3HaKa coBMemeHHH c uejibio 
Hcno^b30BaHHH ero pjvi BbiHHCJieHHK pyHKUHH Koppe^Jinnn npn (pOpMHpOBaHHH H3MepeHHbIX 
3HalieHHH KOOp^HHaT MeTKH coBMemeHHH. 

2) Ha OCHOBaHHH /WHHbix  o TeKyiUHX  Koop^HHaTax  no^BioKHoro  CTOJia  Rc.(p  H  Gc.(p, 
H3MepeHHbIX     H     pacqeTHWX     KOOpflHHaT     MeTOK     COBMemeHHÜ     H     C     y^eTOM     HejIHHeHHOCTH     H 
B3aHMOBJiH5!HHa KaHajioB OTKJiOHenHfl, TeopeTHHecKHX iiaHHbix ynpaBjieHH« jiyioM (popMHpyiOTca 
MauiHHHbie 3HaneHHa BB^HHHH cnrHanoB ynpaBjieHHJi jrynoM {Umji}. 

<J>opMHpoBaHHe BejiHMHH OTKJioHeHHH OCH nyHKa c OÄHOH CTOpoHbi onpe^ejuieTCJi 
Tono^orweH KOHKpeTHoro 3KcnoHHpyeMoro pHcymca H KoopÄHHaTaMH M©TOK coBMemeHHH, 
a c ÄpyroH CTopoHbi - paccoraacoBaHHeM KoopÄHHaT TpeöyeMoro H TeKymero nojioxemw 
CTOJia H nnacTHHbi, KOTopoe B cjiyqae SKcnoHHpoBaHHH "Ha JieTy" MOJKCT HMeTb 3HaqeHH5i, 
COH3MepHMbie C paaHyCOM OTKJIOHeHHH nyiKa ÖblCTpOH CHCTCMOH OTKJlOHeHHH.    HTOöH He 
BBO^HTb ÄonojiHHTe^bHyio 3a^ep>KKy B nponecc SKcnoHHpoBaHHJi pjix 
BbicoKonpoH3BOÄHTejibHbix CHCTeM Bpeivw BbiHMCJieHHH nporH03HpOBaHHü TeKymero 
nojioaceHHH 3KcnoHwpyeMOH o6jiacTH H BejiHHHHbi KopperanHH OTKJioHeHHH no KOOp^HHaTaM 
X H y ÄOJDKHO coBna^aTb c BpeMeHeM cqwrbreaHHtf aaHHbix OTKJioHeHHH H3 naMHTH. 
PemeHHfl STOH 3aji;aqH Mo^ceT npoH3BOÄHTbcn c noMouibio cneHHajiH3HpoBaHHOH cxeMW Ha 
6a3e MHKponponeccopa. 

3) OopMHpoBaHHe    aaHHbix    TonojxorHH c ^KTOM TexHO^orHHecKoro npouecca 
H3r0T0BJieHH5I CTpyKTypHOTO CJT05I.    Ha OCHOBaHHH   JiaHHblX   O TOnOJIOTHH   pHcyHKa    L(R), 
üaHHbix o TonojTorHnecKHX pexHMax o6pa6oTKH njiacTHH, KpHTepneB Ka^iecTBa npouecca 
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(HanpHMep, MaKCHMajibHan TO^IHOCTL, MaKCHMajiLHaa npoH3BOÄHTejibHocn>) 
(J)opMHpyeTCH MaccMB flaHHHx, onpeflejBTiomHft HcxoflHoe 3jieKTpoHHoe H3o6paxeHHe. 

ripH 3T0M JJ;OJDKHM 6wTb peiueHbi    jj,Be 3a%mw.    npeo6pa30BaHHe H3 jj;aHHbix B 

(JDOpMaTaX CAIIP B (pOpMaTM, BocnpHHHMaeMbie CHCTHeMOH SKCnOHHpOBaHHH H KOppeKUHH 
3THX ^aHHbix c y^ieTOM KOHKpeTHbix pexMMOB TexHOJionreecKoro nponecca. OcHOBHbie nyra 
pemeHiM 3ajjaqH: HcnoJib30BaHHe BbicoKonopoHSBOjiHTejibHbix 3BM HJIH JUIH HMC 
BbicoKOH CTeneHH HHTerpai^HH MHOxcecTBa npoueccopoB, oÖBeflHHeHHbix B CCTB JIHöO 

cneuHanH3HpoBaHHoro nponeccopa opneHTHpoBaHHoro na pemeuHe no^oOHoro KJiacca 
3ajxan [1]. 

4) KoppeKUHH aaHHbix xonojiorHH c yneTOM SKcnepHMeHTajibHbix jiaHHbix o6pa6oTKH 
recTOBbix CTpyicryp (BejiHHHHa npHnycKOB, TepMocroHKOCTb pesncTa npn oöJiyneHHH, 
qyBCTBHTejibHOCTb,  napaMeTpw <|>yHKUHH pacceaHH« ajieicrpoHOB). 

5) KoopflHHam-ta npoueccoB. B COOTBCTCTBHH C 3anaHtraMH ACY BepxHero ypoBHH HJIH 

3a^aHH5iMH onepaTopa ocymecTBjraeT Koop.nHHau.Hio 3aaaH ynpaBJieHHfl. 
6) cDopMnpoBaane CHraajioB ynpaBJieHHH 30C. IIpeo6pa30BaHHe MamHHHbix 3HaqeHHH 

"ycTaBOK" cHraanoB, noOTo/iHMbix K 3JieMeHxaM 30C, B MHOXCCTBO aHajioroBbix cHraajioB {UJI} C 

y^ieioM aanHbix ynpaBJieHHH napaMeTpaMH jiyia H JIO3OH 3KcnoHHpoBaHHH. 3THMH cnraajiaMH Taioce 
HBJIHIOTCH cHraajibi nojicwKeHHfl OCH ny^Ka, CHraajibi (popMaia 30H,na, cnrHajibi 3HaHenHH raioTHOcra 
TOKa H JJJIHTejIbHOCTH BCHbllHKH. 

HauiH Hccjie^OBaHHfl rroKa3biBaiOT wo BbicoKocKopocTHoe ynpaBJieHHH 
noTeHHHajraMH sjieKTpoaoB sjieKTpoHHO-onTHqecKOH CHCTCMM npn 3HaneHH5ix 
noTeHHHajioB 6ojiee 10 B SHepreTHqecKH HeBbiro/i,HO BCJie/j,CTBHe noTepb SHeprara Ha 
H3JiyqeHHe JIHöO B coraacyiomHx pe3HCTopax. Uejiecoo6pa3HO npHMenjrrb HH3KOBOjibTHbie 
JIHöO BOjroKOHHo-onTHHecKHe jiHHHH nepcua™ c sjieKTpoHHHMH nerwMH npeo6pa30BaHHH 
cnrHajiOB, HHTerpnpoBaHHbiMH c aneKTpojiaMH sjieiapoHHO-onTHHecKOH CHCTeMbi. 

7) <I>opMHpoBaHne ajieierpHMecKHX H MarauTHMX nojieö 30C, SMHCCHM, 

TpaHcnoprapoBKa H (poKycupOBKa ajieiopoHHoro noTOKa. npn STOM MOiyr B03HHKaTb 
B03MymaiomHe B03/j,eHCTBHii ( HanpHMep, naKonjieHHe 3apjmoB), HCKaxaiomne CTpyicrypy 
nojw H napaMeTpw ny^Kaa. HexoTopbie H3 HHX Moryr 6biTb yrreHbi B MO/j;ejiH ynpaBJieHHH 
cooTBeTCTByioiHHMH napaMeTpaMH. HanpHMep, HaKonjieHHe 3apn/j;oB MOXCT 6biTb 
cKOMneHcnpoBaHO KoppeKKuneH BejiHHHHbi OTKJioHeHHfl HJIH HJIH SKcnoHHpyromero 
B03ÄeHCTBHH,  KOTOpoe xapaKTeproyeTCH Ä030H SKcnoHHpoBaHHH ( B KJI/CM*2) H SHepraeii 
SJieKTpOHOB Us. 

8) H3MepeH«e napaiwerpoB npaiworo noTOKa ajieiopoHOB. npoH3BO,nHTCH B npouecce oraaJiKH, 
pyHHOH   H      aBTOMaTHHCCKOH      lOCTHpOBKH      C   UCJIblO   CpOpMHpOBaHHÜ   3HaHeHHH   yCTaBOK   CHrHajIOB 
ynpaBneHHH. 

9) 3>opMHpoBaHue ycraBOK. B COOTB6TCTBHH C pa3pa6oTaHHbiMH MaTeMararaecjcHMH 
MOjjejiHMH nponeca cpopMHpoBaHHJi 30H/j;a, onHCbmaioinHMH 3aBHCHMocTb napaMeTpoB 
30H/j;a OT SHaneHHH CHraajioB Ha sjieKTpOflax 30C, B pe3yjibTaTe IOCTHPOBKH 

BblHHCJIHIOTCH   3HaHeHHH   nOCTOHHHMX COCTaBJIflK>mHX cnrHajiOB ynpaBJieHHH {Uo}. 

10) OSjiyieHHe. Bo3^eHCTBHe Ha njiacTHHy, nojioxeHne KOTopofr xapaKTepH3yeTCH 
KoopjiHHaTaMH Rn.tp H yrjioM noBOpOTa Gn.(p ( B cncTeMe KoopjiHHaT, CBH3aHHOH co 
CTaHHHon), ajieKTpoHHoro noTOKa, xapaKTepH3yeMoro (pyHKHHen jj;o3bi SKcnoHHpoBaHHH 
Q(R.o) ( B cHCTeMe KOOpflHHaT, cBH3aHHOH c nojieM OTKJiOHeHHH). BbixoÄHbiM npojj;yKTOM 
HBjiHeTCH KOHHeHTpaHHH paaHanHOHHO-xHMHHecKHX npeBpaineHHH C(R.n), rjj,e R.n - 
CHCTeMa KOopjjHHaT, CBH3aHHaH c o6pa6aTbiBaeMOH njiacTHHOH. Oco6eHHocTbio onepanHH 
HBjnieTCH OTcyrcTBHe np^Mbix Hepa3pyinaiomHX MeTO/j;oB KOHTPOJIH onepanHH. Ilpn 
oöJiyHeHHH   MCTOK   coBMemeHHH cnraaji xapaicrepH3yeT nanoxeHHe MCTOK coBMeineHHH B 

CHCTeMe KOOpÄHHaT, CBH3aHHOH C OÖJiaCTbK) OTKJIOHeHHH. 
11) H3MepeHHH napaiweTpoB o6pa™oro no-ima ajieicrpoHOB. OTpaxeHHbie OT o6ieKTa 

sjieKTpoHbi c noMOinbio ^eTeicropoB npeo6pa3yioTCH B HeKOTopoe MHO)KecTBO aneiopHHecKHX cnrHajiOB 
{J}. IIpH npeo6pa30BaHHH c ue^tbio noBbimeHHa cooTHomeHHa cnrHaji/uiyM ocymecTBJiaeTCH 
onTHMajibHaa   (pmibTpauHH   cwraa^a.   ^ajiee   npn   onpe^ejieHMH   KOop^HHaT   MCTKH   coBMemeHHH 
BblHHCJIHeTCa CpyHKUHH KOppejMUHH JjeHCTBHTejIbHOrO H 3TaJI0HH0r0 CHrHajIOB 3HaKOB COBMeiHeHHH. 
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12) OopMHpOBaHHe      3HaHeHHH       KOOpflHHaT      MCTOK      COBMemeHHS.       B   COOTBeTCTBHH   c 
3aaaHHbiMH arcropHTMaMH o6pa6orKH (popMHpyiorcfl MamHHHbie 3HaiieHHa o6pa6aTbiBaeMbix BejiHHHH, 
B HaCTHOCTH, H3MepeHHHX 3HaneHHH KOOpflHHaT MeTOK COBMeiHeHHH {RHMC}. 

13) IloflroTOBKa ruiaeraHH, HaHeceHHe pe3HCTa. Pe3yjibTaT onepauHH xapaKTepH3yeTca 
TOJILUHHOH H pacnpcuejieHneM MOJieKyjrapHbix BecoB MOJieKyji pe3HCTa ( W - HcxoflHaa nnacTHHa, P 
- pe3HCT, WHS - HeaKcnoHHpoBaHHaji miacTHHa, noicpbiTaa peaHCTOM). 

14) Tpy6oe coBMemeHHe. IlJiacTHHa ycTaHaBJiHBaeTca B oo-beKTO^epacaxejib c jiHHefiHQH 
norpeuiHOCTbio ARn H yraoBOH norpeuiHOCTbio AG. 

15) 3arpy3Ka njiacTHHbi. ILiacTHHa c oöbeKTOjiepjKaTejieM ycTaHaBJiHBaeTCH Ha KOOpjjHHaTHOM 
CTOjie. 

16) IlepeMemeHHe rniacranbi. IlJiacTHHa c o6beKTO,n,ep:*;aTejieM nepeMemaeTca xaicHM o6pa30M, 
HTO6M o6pa6aTbiBaeMa3 oöjiaerb Haxoanjiacb B paöoieM nojie sjieicrpOHHO-onTHMecKOH CHCTCMM. 

17) rionroTOBKa aaHHbix ynpaBJieHHH CTOJIOM. B COOTB6TCTBHH C njiaHOM pacnojioxeHHH 
oöpaöaTbiBaeMbix o6jiacTeH ( nnnoB, paöoHHX nojien, MCTOK coBMemeHHa) (popMHpyeTca MHoacecTBO 
3HaMeHHH npeanHcaHHHX no3HHHH cTOJia H napaivieTpoB äBKDKCHHH (cKopocxb no3HHHOHHpoBaHHH, 
BpeMH ycnoKoeHHa). 

18) OopMHpOBaHHe CHrnajiOB ynpaBJieHHa CTOJIOM. 

19) H3Mep6HHe H   (pOpMHpOBaHHe   MaUlHHHHX   3HaieHHH   KOOpflHHaT CTOJia. 
20) IlpoHBJieHHe H Äpyrae 3aioHOHHTejibHbie onepauHH, B pe3yjibTaTe KOTopbix H3 

3KcnoHHpyeMOH njieHKH pe3HCTa o6pa3yeTCJi Macxa M(R). 
21) H3MepeHHe reoMerpHMecKHX pa3MepoB TonojioraraecKHX ajieMemroB MacKH, (popMHpoBaHHe 

3HaMeHHH pa3HOCTH MKimy JjeHCTBHTejIbHblMH  H  paCHeTHblMH  nOJlOXeHHJIMH  KOHTypa npOHEHHeMblX 
o6jiacreH   pucyHKa,    (popMHpoBaHHe       noporoBOH   jj;o3bi   SKcnoHHpoBaHHH   B   COOTBCTCTBHH   C 

pe3yjIbTaTaMH   npOHBJieHHfl   TeCTOBblX   SJieMeHTOB   LT3(R)   H   JjaHHMMH      3KCnOflHpOBaHH51   OTJjejIbHblX 
oöjiacTen TecTOBbix sjieMeHTOB QT3(R). 

22) OopMHpOBaHHe CTpyKTypHoro CJIOH. B pe3yjibTaTe TonojioraiecKHx BO3äCHCTBHH 

(|)opMHpyeTC5i peajibHaa cTpyicrypa Lr(R). 
23) H3MepeHHe OTKJioHeHHa CTpyicrypM Lr(R) (popMHpyeMoro CJIOH H popMHpoBaHHe 

3HaMeHHH OTKnoHeHH^i napaMeTpoB CTpyKTypbi. 

4. IIpaKTHqecKHe peayjibTaTbi 

B AO Hnn "CaTypH" Ha TexHononraecKOM KOMiuieicce, BKJiioqaiomeM 
CHCTeMy 3JieKTpoHHO-jiyqeBoro SKcnoHMpoBaHHH ZBA-21, nojiyqeHbi 
TpaH3HCTOpHbie CTpyKTypw c pa3MepaMH 3aTBopoB 0,3 MKM. HMeeiomeeca ceroflHa 
nporpaMMHoe o6ecneqeHne no3BOJiaeT 3KcnoHHpOBaTb H (popMHpoBaTb CTpyKTypbi c 
yKa3aHHbIMH MHHHMajIbHblMH pa3MepaMH ZUIH pHCyHKOB, KOTOpbie MOryT 6bITb 
CHHTe3HpOBaHbI H3 npHMOyTOJIbHHKOB, TpeyrOJIbHHKOB JIHHHM M OKpyXHOCTCH. 

4. 3aKJiK)MeHHe. 

ripw yMeHbiueHHH pa3MepoB H3roTäBjiHBaeMbix HMC pe3Ko yc/ioatHmoTca MojjejiH 
ynpaBjieHHü. YneT TOHKHX MexaHH3MOB B3aHMO,neHCTBHa o6pa6aTbmaeMoro o6beicra H 

pa3JiHHHbix KOMnoHeHT TexHOJiorHHecKoro npouecca B03MoaceH npH peiueHHH 3aj$an 
ynpaBJieHHH c noMouibio coBpeMeHHbix KOMnbiorepoB c BMCOKHM GbiCTpo^eHCTBKeM, 
AOCTaToqHbiM o6beMOM naMüTH a TaioKe BHCOKOCKOPOCTHHX cneHHajiH3HpoBaHHbix 
npoueccopOB H JIHHHH nepeaaqn ziaHHbix, ocHOBaHHbix na BÖJ1C, HHTerpnpyeMbix c 
3JieKTpOHHo-onTHHecKOH CHCTeMOH (popMHpoBaHHH nyqxa. PeuieHHe TaKoii sa^aHH TpeÖyeT 
pa3pa60TKH       HOBOH       3JieMeHTHOH       6a3bl       H       npHMeHeHHH       COBpeMeHHblX       MeTO^OB 
npoeKTHpoBaHHH. npezuioxeHHbiH B CTaTbe 3adcmHbiü noaxo/i K npeÄCTaBJieHHio cymHOCTH 
TexHOjiorHMecKHx nponeccoB B CHCTCM ajieKTpoHHO-jiyqeBoro SKcnoHHpoBaHHa no3BOjiaeT 
ero cTpyioypHpoBaTb Ha TexHOJiorHHecKne nozicHCTeMbi c TOTKO onpejiejieHHbiMH BXOäHWMH 

H Bbixo/iHbiMH o6-beKTaMH. Ha ero ocHOBe pa3pa6oTaH KOMnjieKc 3aaaH ynpaBJieHHa 
aöcTpaKTHbiM TexHOJioraqecKHM nponeccoM sjieKTpoHHO-JiyqeBOH jiHTorpacpHH, KOTOPHH 

MOJKST HBjiHTbca HcxoflHOH MOflejibio npH pa3pa6oTKe HCXO^HWX TpeöoBaHHH K pa3pa6oTKe 
HOBoro HjiH MojiepHH3aHHH cyHiecTByioiiiero napKa CHCTCM sjieicrpoHHC-jiyHeBoro 
SKcnoHHpoBaHHa Ha ocHOBe Ha ycTapeBuien 3BM 3jieKTpoHHKa 125. 

1. BbicoKonpoH3BOjj;HTejTbHbiH cneHHajTH3HpoBaHHHH npoHeccop jyw pemeHHH CHCTCMH 
jiHHeHHbix anreopannecKHx ypaBHeHHH c TenjinueBbiMH MaTpnuaMH. A-ITTojiOBaTbiH, B.II.^epKaH, 
AA.MepxBHHCKHH, B.H.riaHHyK//yCHM.-1991.-N4, c. 29-36 
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B.B.AaHnnoB 
jQoHeiiKUÜ Hl/ll/l KOMnneKCHOü aemoMamu3au,uu 

AHHomanufi - npeAno>KeHa CTpyiaypHafl cxeMa aKycToonTM4eci<oro ycTpoPicTBa, rfle Kai< 6a30Bbiw anewem 
BbiflenaeTCH aKycToonTKHecKaa anewKa (AOF1), noirasaHO 3HaneHne Bbi6opa MarepnanoB cBeT03Byi<onpoB0fla (C3F1) M 

oneiapoaKycTMMecKoro npeo6pa30BaTena (SAP.) fliw oöecneHeHMH ee BHCOICOK acpepeicrwBHOc™. npuBeAeH nepe^eHb 
nepcneicrnBHbix MaTepnanoB v\ TexHonorMnecKUM npoi^ecc co3flaHna AOfl Ha MX ocHOBe. 

I. BBeflenne 

AKycTOonTOMecKne ycTpowcTBa ynpasneHUfl jiasepHbiM JiynoM npuMeHnioTcn KaK aneMen™ 
aflpecau|MH H npepbiBaHHfl MHcpopMaquoHHoro noTOKa B onTunecKnx 3anoMHHaromnx ycTpoücTBax, 
BbiHucnuTenbHbix cpeflCTBax oßpaöoTKM paflHocHmanoB, cmrreMax nocTpoeHMfl H3o6pa>KeHMH M T.fl. [1,2]. 
OflHaKO, OTenecTBeHHafl npowibiw/ieHHOCTb He BbinycKaeT aKycToonTHHecKHX ycTpotfcTB M3-3a OTcyrcTBua 
cooTBeTCTByiomMX TexHOJiornü. On3w<-iecKwe OCHOBW nocTpoeHHiR aKycTOonTi/mecKHX ycTpowcTB flra 
onTMMecKoPi o6pa6oTKH nHCJ3opiviai4HM n3/io>KeHbi B.B. Knyfl3MHbiM B [2]. 

li. MaTepnanbi CBeToseyKonposofla w oneKTpoaKycTMMecKoro npeo6pa30BaTena 

He3aBMCMMO OT cpyHKqnoHanbHoro HasHaHeHvw nhoöoro aKycToonTOHecKoro ycnpoficTBa ero 6a30BbiM 
aneMeHTOM fiBnneTCH aKycTOonrnMecKan Jwei/iKa, B cocTaBe KOTopofi MOKHO BbiflennTb y3/ibi 
aneicrpoaKycTH'-iecKoro npeoßpasoBaTeiw, aKycToonTHMecKoro (AO) B3anMOfleücTBMH M nomouj,eHHfl 
aKycTn^ecKoii aHeprnn (CM. pucyHOK). HeorbeMneMbiMU MacTFiMH HHeüKH HB/IHIOTCH Moflyjw B036y>KfleHMfl 3A11 
H oßecneMeHMH 3KcnnyaTaqnoHHoii CTaSunbHOCTH. GcpcpeKTHBHOCTb npeoöpasoBaHHH A03 3Heprnn 
ynpaBfisromero paflMocurnana B flucfcparnpoBaHHyho cBeTOByra BonHy onpeflenaeTCH cooTHomeHneM BUfla: 

Kd = hlh = 7t2P0LM2 I (22 2 cos2 0H\ 

rfle /j ,/Q - HHTeHCMBHOcTH flncfc>parnpoBaHHoro n naflaioinero Ha CBeT03ByKonpoBOfl na3epHoro n3nyMeHna, 

X - fl/iHHa  BOJiHbi Jia3epHoro HsnyMeHMfl,   9 - yron  nafleHna nasepnoro nyHKa  Ha  cBeT03ByKonpoBOfl, 

M2=z\n   PmnlPV   I    "   aKycTOonTMMecKaa   floßpoTHocTb   cBeT03ByKonpoBOfla,    PQ = kPftg    - 

MomHOCTb aKycTwecKoü BO/IHH, pacnpocTpaHatomeCica B C3n, L,H - flnuHa n UinpnHa 

aneicrpoaKycTHHecKoro npeo6pa30BaTe/i«, ft - noK33aTenb npenowineHnq cpeflbi CBeTOSByKonpoBOfla, pmn - 

cpoToynpyran nocTOHHHaa B HanpaBneHHH pacnpocTpaHeHna CBeTa B C3n, p - rmoTHOcTb cpeflbi 

CBeT03ByKonpoBOfla, - CKopodb pacnpocTpaHeHMH aKyCTHMecKofi BoriHbi B 03(1,   k  - KoacpcpuqneHT 

npeo6pa30BaHnn MOIUHOCTM paflnocHmana PR$ B MoiflHOCTb aKycTHMecKoii Bo/iHbi   (k ( I). KoocpcpuLiueHT 

flBJineTC?i   cpyHKqneCi    k = fykern,k\\,   rfle:    kem    -   KoacpcpnqMeHT   oneKTpoMexaHUHecKOM   CBA3M 

nbe303^eKTpnMecKHX nnacTHH, npuMeH^eMbix B KanecTBe 3An, /cj - KoacpcpuqneHT nepeflaHM CBn3yioiflMX 

cnoeB, Haxofl^mnxcn Me>Kfly 3AÜ M TOPLJOM C3I1. Yro/i nafleHHH na3epHoro nyHKa Ha, C3n onpeflenneTCH 
ycjioBnewi cymecTBOBaHMn flnc}3paKt|nn.   \Az npMBefleHHoro  BbipaweHna  BHAHO,  HTO 3cpcpeKTHBHOCTb AOfl 

onpeflenneTca    B    OCHOBHOM    MJ    (xapaiaepucTMKa    CBeT03ByKonpoBOfla)    M    k     (xapaKTepucTMKa 

npeo6pa30BaTena M CBfl3yioiflMX cnoeB). 
KpoMe npMBefleHHbix coo5pa>KeHHM B nocneflHee BpeMFi no Mepe pocTa onbiTa co3flaHnn AOfl [3] 

dann npeflCTaBn^Tb MHTepec wiaTepnanbi C3n, B KOTOPNX MOKHO nonynnTb flwcppaKL(uio c flBofiHbiM 
jiy^enpenoMneHMeM (aHUSOTponHyio), TaK KaK B STOM cnynae M3MeH«eTCfl no^npn3aMna flucpparnpoBaHHoro 
nyna oTHocnTenbHo nonflpM3aL(MM naflaioLflero. 3TO no3BonaeT 3HaMMTenbHo yweHbiunTb ypoBeHb cpoHOBOM 
3acBeTKH nnHeiiKH  cpoTofleTeKTopa  npoqeccopa  o6pa6oTKH CMmanoB,  MTO  noBbiwaeT nx flUHaMUMecKHÜ 

flnana30H [2]. flo cnx nop CMMTanocb, HTO peanwsoBaTb TaKoPi pewMM BO3MO>KHO B C3n Ha ocHOBe LiNbOß 

OflHaKO KOHKypenqwo STOMy KpucTanny M0)KeT cocTaenTb GaP. HecMOTp« Ha TO, MTO OH onTunecKM H30TponeH, 
KaK 6bino noKa3aHO cneqHanncTaMM cpupwbi TRW, npn M30TponHoCi flucppaKquu Ha cflBuroBbix aKycTMHecKMX 

BoriHax HanpaBJieHne nonapusaqnn flwcpparnpoBaHHOvi cBeTOBoR BO/iHbi M0>KeT B neM n3MeHflTbca na 90 ° 
oTHOCMTeribHO naflaioiUiePi. BMecTe c TeM, KaK 6bino ycTaHOBneHO aBTopoM, caiwoe cmibHoe AO 
B3aMMOfleCicTBMe B03HHKaeT B OTHX KpucTannax flrw npoflonbHbix aKycTHMecKnx BOJIH, B oweHb LUMPOKOM 

flnana30He MX MacTOT (flo 8 rfu), c MaxibiMM aKycTHMecKHMn noTepawin. 

A {• ?** MaTepnaAbl 6-li MenytyiiapoÄHOH ^*«/MCKOH ^«KpoflOAHODoH ^TaHfpepcH^lH "KfruS%u'K»96. 16-19 ceHTs6p« 1996 r., CeBacronoAb, KpblM, yKpaMHa 

T'^/^w» Proceedings of 6th Internationa! ^Idnean r^fcrowave inference ßeiStUßo^. 16-19 September 1996, Sevastopol, Crimea, Ukraine 



flpyrnMM MaTepnanaMU C3n, ripaKTHHecKaa 3HaMHMocTb KOTopbix npM3HaeTcsR B HacTOHinnn MowieHT, 
yiBnaioTca ranoreHHflbi Tawenbix MeTannos 

Hg2Cl2, Hg2Br2)Hg2J2,Cs2HgCl4, Cs2HgBr4,Cs2HgJ4 [1,3]. 
noMMMO BbicoKnx aKycToonTHMecKnx xapaicrepMCTHK STM MaTepnanbi He nbe303nei<TpnKM, nosTOMy BnnHHHe 
3JieKTpoMamnTHoro H3nyMeHna na3epa Ha C3Ü m HMX AOJDKHO cBOflmbc« K MMHHMyMy. 

OcHOBbmaacb Ha npuBefleHHbix cooopaweuMflx, yflanocb CMHTeswpoBaTb HeKOTopbie MOHOKpucrraruibi 
Ann co3flaHMfl C3I1 n M3MepnTb MX ocHOBHbie xapaicrepucTMKH, Heo6xoflMMbie flna MOflennpoBaHHH 
aKycTOonTHHecKnx ycTpotfcTB, a TaioKe nsroTOBHTb SKcnepwMeHTanbHbie aKycToonrnHecKne EnewKM M n3MepMTb 

MX 3cf»cpeKTHBHocTb. flaHHbie wcc/iefiOBaHUM npuBefleHbi B Ta6nnu|e. BeicropaMM E,N,V o6o3HaHeHbi, 

cooTBeTCTBeHHO, HanpaBneHMH sneicrpuMecKoro nona na3epHoro H3nyMeHnyi, nepeMemeHna w CKopocTO 
aKycTunecKOM BonHbi, a, - aaTyxaHHe aKycTOMecKoJi BOJIHW, p -nnoTHocTb MaTepnaxia C3n. H3MepeHna 

npoBOflUJiHCb  Ha  MacTOTe  aKycTMMecKOM  BonHbi  250 Mru  M  RTWIHB  BonHbi  na3epa   0,63  MKM.   y  Bcex 

SKcnepuMeHTa/ibHbix AOF1 pa3Mep BHeiuHero sneicrpofla   1 X 1 MM   (eflMHMMHbifi), HTO nosBonaeT afleKBaTHO 

OqeHMTb MX 3CpCpeKTMBHOCTb Kfi — I\/IQ ■ 

TpaflML(MOHHbiMM MaTepwanaMM An« co3flaHna nbe303neKTpMHecKMX sneicrpoaKycTMMecKMx npeo6pa3o- 

BaTeneM B BMfle nnacTKHnaTbix (Ha cABuroByra M npoflo/ibHyto aKycTunecKMe BonHbi) AB/iatoTCH LiNb03 (Ha 

4acTOTbi flo 400 Mru), a Ha 6onee BbicoKnx MacTorax (flo 18 rru) - TeKCTypMpoBaHHbie nbe3onony- 
npoBOflHMKOBbie nneHKM ZnO cooiBeTCTByrOinMX opMeHTaL(MM B CMny xopouuo OTpa6oTaHHOM TexHonoruM 
C03flaHMH flrm HMX CBH3y(OLqnx cnoeB M BbicoKoro KOscpcpMqMeHTa sneiopoMexaHMHecKOM CBH3M [1,2,3]. 

III. TexHonornH COZP&HWH aKycToorsTMHecKnx jmeeK 
Ha ocHOEe npeflnaraeMbix MaTepnanos 

TexHonornMecKMM npoqecc co3flaHMn AOfl COCTOMT M3 nonyHeHMH MOHOKpucTannoB, M3roTOBjieHMH 
CBeT03ByKonpoBOflOB, MsroTOBneHMfl M KpenneHMfl s^eKTpoaKycTMMecKoro npeo6pa30BarenH. 

TexHonorMHecKoe ooopyflOBanue flna pocia npuBefleHHbix MOHOKpMCTannoB, a Taioxe 
noflroTOBMTenbHbie onepauiMM no flono/iHMTenbHoPi oHMCTKe MCXOAHUX KOMnoHeHTOB MX, C He3HaHMTeribHbiMM 
Aopa6oTKaMM, cooTBeTCTByioT onMcaHHOMy B [4], 

POCT GaP ocymecTBnancH M3 ra30Bofi cpa3bi, 6unM nonyMeHbi MOHOKpMCTannbi flMaMeipoM 12 MM, 

flxiMHOM 18 MM. H3 HMX no TexHonorMM o6pa6oTKM TBepAbix Kpuda^JioB [5] C03AaBa;iMCb (opueHTMpoBanMCb 
comacHO Ta6jiML(e no Heo6xoAMMbiM KpMCTannorpacfcMMecKMM HanpaBneHMHM, Bbipe3ariMCb, LuriMcpOBajiMCb M 

nonMpoBariMCb) o6pa3i_|bi C3n pa3MepoM 6x12 MM. Ha HMX Haribirranacb nonMKpMCTannMMecKaa nneHKa ZnO c 
opMeHTaqMeM KpucTannMTOB, H6O6XOAMMOM Ana B036y>KAeHMH cABMroBbix MnM npoAo^bHbix aKycTMMecKMX BODH 

[2]. HaHOCMnacb nneHKa Ha ycTaHOBKe MameTpoHHoro nanbineHMa TMna "KaTOA-1" no TexHonorMMecKMM 

pe>KMMaM, npMBeAeHHbiM B [6], nyieM pacnbmeHMfl MOHOB M MMiueHM M3 ^MCToro Zn B aTMOccjDepe 2. 

CKopocTb HanbineHMn (2 ... 5)x10"2 MKM/MUH. KaMecTBO nneHKM n opMeHTaqMfl KpMCTannMTOB oqeHMBanacb 
peHTreHocTpyioypHbiM aHa/iM30M Ha ycrraHOBKe flPOH-3. KaK oKa3anocb, KanecTBo nneHKM cMnbHO B^MneT Ha 
xapatcrepucTMKM AOR B nacTHociM, cyaiecTByeT onpeAeneHHoe B/iMflHMe rewinepaTypbi oca>KAeHMn nneHKM, a 
TaioKe MecTonono>KeHMfl M opMeHTai^MM noAno>KKM B npoi4ecce oca>KAeHMa. 3neKTpoAbi 3An M3roTaBnMBanMCb 
MeTOAOM 4)OTonMTorpac|3MM. M3roTOBneHHbie AOJ1 c eAMHMHHbiM sneiapoAOM MMenM oinpMHy nonocbi 
nponycKaHMH no ypoBHto - 3 dB, paBHyro 1,1 rru, Ha i4eHTpanbHOM MacTOTe - 2,6 rru,. 

B CMny onpeAeneHHbix cpM3MKO-TexHonorMMecKMx TpyAHocTeti [4] yAanocb nonyMMTb TonbKo 

MOHOKpMCTannbi   Hg2Cl2   MeraflOM  HanpaBneHHow  cy6nMMaL(MM  M3  ra30Boii   cpa3bi  xnopMAa   piyrM  B 

AMana30He TeMnepaTyp 300...480 °C B BaKyyMMpoBaHHOM KOHTeMHepe. flna Bbipau4MBaHMa 
Mcnonb30Banacb AByxKaMepHaa BepTMKanbHaa sneiaponenb. CyßnMMMpyromMM MaTepMan pacnonaranca B 

HMJKHeM nacTM KOHTeMHepa, KOTopbiM noAHMMancn BBepx co cKopocTbro 0,015...0,058 CM/H. BbinM nonyneHbi 

KpMCTannbi AnaMeTpowi flo 8 MM M AJIUHOM 12...16 MM, opMeHTupoBaHHbie B Hanpa~eneHMM [l 10] M [OOl], 

MeTOflaMM TexHonorMM o6pa6oTKM MarKMX BOAopacTBopuMbix KpMCTannos [5] BbinM cosAaHbi CBeT03ByKonpo- 

BOAbi pa3MepoM 5x8 MM M3-3a Sonbiuoro noKa3arena npenowineHMa Ha rpaH^x saroTOBKM, nposoAfliUMX 
CBeT, Sbino HaHeceHO npocBeTnnroinee noKpbrrae MeTOAOM, onMcaHHbiM B [7]. HaM6onbiUMe TpyAHoeTM M3-3a 
XMMMMecKOM aKTMBHocTM MaTepMana C3n Bbi3Ban npoqecc KpenneHMa 3AI1, B CB«3M C neM 6bina cosAaHa 
TexHonorMa oca>KAeHM5i opraHMMecKMX nneHOK, KOTopbie Mcnonb30BanMCb B KanecTBe 6e3Ae#eKTHbix 

npoMeKyTOMHbix cnoeB. 3aTeM MeTOAOM BaKyywiHOM KOMnpeccMM KpenMnca 3AI1 M3 nnacTMHbi LiNbOo X- 

cpeaa. flanee noBepxHocTM 3An M C3n noA AaßneHMeM B3aMMHO conpMKacanMCb, a nnacTMHa 
npeo6pa30BaTena AOBOAMnacb AO HeoßxoAMMOM TonLUMHbi (nopnAKa 30...40 MKM), M Ha ee noBepxHOCTb 
MeTOAOM (J)OTonMTorpacpMM HaHOCMnMcb sneicrpoAbi. 

MOHOKpMCTannbi Cs2HgCl4 M Cs2HgBr4 nony^eubi B BepTMKanbHoPi Asyx30HHOM neHM no 

MeTOAy BpMA>KMeHa-CTOK6aprepa [8], TexHonorMM M3roTOBneHMn C3n M AOH Ha MX ocHOBe npaKTMMecKM 

aHanorMMHa Bbiuje npMBeAeHHOM Rnn Hg2Cl2 (HeKOTopoe omMHMe TonbKo TexHonorMMecKMX pe>KMMOB npM 

coxpaHeHMM TexHonorwecKoro npoqecca). 
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IV. 3aKJiK>MeHsie 

ripuBefleHHbie aKycToonTMHecKHe MaTepnaribi, TexHonorna nx nony-iet-tun M co3flaHMfl Ha HX ocHOBe 
CBeT03ByKonpoBOflOB, a Tarace, cooTBeTCTBeHHo, aKycToorrrnHecKnx «MeeK, noKa3biBaeT cymecTBOBaHMe 
jiaöopaTopHbix   TexHOJiornPi,   KOTopue   npvi   cooTBeTCTBytomeü   flopaöoTKe   woryr   6biTb   BHeflpeHbi   B 

npOH3BOflCTBO. 
PeKOMenflyeMbie aBTopowi MOHOKpwcTawibi fliia C3F1 M naroTOBneHHbie aicycToonTHMecKne HMeÜKH 

Hcno/ibsoearincb B floHeuiKOM HUM KoiwrmeKCHofi aBTOMaTU3aL(nn npn co3,qaHnn npoLieccopoB oSpaSoTKH 
paflnocurHanoB, a Taioxe ynpaBneHHP na3epHbiM nym<0M B omuMecKHX 3anoMHHaK)LU,nx ycrrpoPicTBax, flna 
3anncn MHcpopMaqMH. 
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MATERIALS AND TECHNOLOGY FOR ACOUSTOOPTICAL DEVICES MANUFACTURE 

Danilov V.V. 
Research Institute of Complex Automation 

2 Batisheva St., Donetsk-340004, Ukraine, tel. 380 (0622) 58-80-20 

On the base of the suggested flow chart of acoustooptical device, acoustooptical cell (AOC) is distinguished as the 
basic element which contains acoustooptical substrate (AOS) and electroacoustical transducer (EAT). The review 
of the modern materials which are used for AOC producing has been held, and the outlook for application of 
galogenids of some metals for AOS manufacturing has been described. The technological process and flow charts 
of the necessary special technological equipment for perspective materials and AOS producing have been 
suggested. 

AKycToonTwwecKne xapaKTepucTMKw npeflnaraeMbix MatepnanoB 

OnTHMecKa« I 

MaTepHan 

C3n 

A 

2/CJM3 

BOJIHa AKycTHMecKaa BoriHa M2, 

xl0~18 

K
d> 

xl(T3 V' a, 
n E N V xlO5 

CM/C 

dB/juc 
C

3A %/MBm 

GaP 4,13 3,31 J_ [110] [110] 6,32 0,07 44,5 54,7 
[100] 4,13 0,006 22,2 29,4 

Hg2Cl2 ««=1,94 

"i, =1,93 
nc =2,62 

[001] [110] 0,35 1,8 "678 178 

Cs2HgCl4 4,02 na =1,67 [010] [001] [001] 1,91 0,8 30 38 

nb = 1,65 [100] [001] [001] 1,91 1,0 25 
nc =1,65 [001] [010] [010] 1,94 1,0 21 

Cs2HgBr4 4,68 na=\,H [100] [010] [010] 1,75 0,67 46 52 

«i, =1,76 [010] [001] [001] 1,77 0,67 33 

»c=l,76 [001] [010] [010] 1,75 0,8 25 
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OKCnEPHSVfEHTAJlbHOE HCCJTSEflOBÄHHE BilA>KHOCTH 
3EPHA MMKPOBOJlHOBbliVl METOfiOM 

BparwH HB.., Bparan CM., Cra6HeB B.n., PaSwHOBMM B.C., >KeriTMKOB H.A. 
Ocoöoe KoHcmpyKmopcKoe Etopo M9H, a.MocKea 111250 KpacHOKasapMeHHaa 14 

cpaKc: (095)3625576, men.: (095)2734001 
B.O.MwxawnoB 

roc. AKadeMUä AapoKocMUiecmzo npuöopocmpoeHun, C.flemepöypa 190000, MopcKaa, 67 
cpaKc: (812)3157778, men.: (812)2107036 

AHHomamm - H3no>KeHbi pe3y/ibTaTbi KOHBepcnn cnyrnw<OBbix TexHonorwCJ, ncnonb30BaHwe 6opTOBbix flaTMUKos KEB 
n 6opTOBbix aHTeHH Ana M3MepeHMFi BnaKHOOTH 3epHa. npuBefleHbt pesynbTaTbi aKcnepMMeHTanbHbix nccnefloBaHMÜ no 
M3MepeHMK) BJiawHOCTM 3epHa B noTOKe B MMKpoBonHOBOM flnana30He flnuH BonH. rionyMeHbi cpyHKUMOHanbHbie 3aBMCMMOCTH 
ocna6neHiin MMKpoBonnoBoro cumana OT Bnax<Hoc™, TeMnepaTypbi M copia 3epHa. 

I. BeefleHne 
B HacTOHmnPi MOMeHT oflHovi 3a aicryanbHbix saflan MyKOMOjibHoro npou3BOflCTBa flB/ip.eTCH 

onepaTMBHoe H3MepeHne BnawHocTn 3epHa, flBHJKymeroca B noTOKe, HTO onpeflenaeT KanecTBO Myw, a 
cneflOBaTejibHo, KanecTBO m^enm, n3roTOBneHHbix H3 Hero. HccneflOBaHHH npoBOflMnucb Ha MOCKOBCKOM 
KOMönHaTe XneöonpoflyKTOB. 

II. OCHOBHa« MaCTb 
HeKOTopbitö o6"bew 3epHa noMeu^ancH B ceKquio cTaHflapTHoro BoriHOBOfla Mewfly flByMH 

paflHonpo3paMHbiMM n^acTUHaMH. M3Mepanocb 3aryxaHue curHana, npoxoflfluj,ero Hepe3 3epHO. (Ipn 3TOM 
BapbnpoBanncb BnawHOCTb 3epHa, TeMnepaTypa, copT 3epHa (nnoTHOCTb). flnn 3Toro we o6pa3qa 3epHa 
M3Mepanacb BnaKHOcTb rpaflMLinoHHbiM MeTOfiOM no TOCT 3040-55. 

Ha pnc.1 npHBeAeHa cpyHKLiMOHanbHan cxeiwa ycTaHOBKM flna onpefleneHwa ocna6neHna 
MMKpoBonHOBoro CMmana. Ha pnc.2 noKasaHa KOHCTpyxijufl u3MepnTenbHoii ceKLiHH. M3MepeHnn npoBOflnnncb 
B s-flnana30He Ha nacTOTe 11 (Tu;. Bo3MO)KHbiCi flHHaMunecKuPi flnana30H H3MepeHnq 3aTyxaHnn cocTaBMn 
0n-30flB. npn 3T0M norpeoiHOCTb M3MepeHna 3aTyxaHnn He npesbiwana 0,1 ß&. MccneflOBancfi ßnana30H 
BnajKHocTH 13,54-15,5% n flnana30H TeMnepaTyp 4+39°C. Pe3ynbTaTbi ncc/ieflOBaHMM B BUfle 
SKcnepuMeHTanbHbix 3aBHcnMocrrePi 3aiyxaHna MUKpoßoriHOBoro CHmana OT B/ia>KHocTH, TeMnepaTypbi n copTa 
3epHa npußefleHbi Ha pnc.3, 4, 5 flna pa3nnMHoro Bpen/ieHM BbiflepwKH 3epHa nocne ero yBJia>KHeHi/w. TaM we 
npwBefleHbi cpyHKquoHanbHbie 3aBHcnM0CTu, annpoKcnMupyrOiu,ne nonyneHHbie aKcnepuwieHTanbHbie flaHHbie. 

AHann3 3KcnepnMeHTanbHbix 3aBncnMocTeü noKa3an, HTO 3aTyxaHne npaKTHMecKH He 3aßncnT OT 
Haiypbi   (nnoTHOCTn)  3epHa.   flosTOMy  3a,qaHa  cßenacb   K  HaxowfleHHio   cpyHKL(noHanbHoii   saBucuMoc™ 
BnawHoc™ 3epHa OT H3MepeHHoro 3aTyxaHHH n TeMnepaTypbi.  ripn paccMOTpeHHn cepwM KpuBbix 6bino 
peujeHO 3aflaTb 3Ty cpyHKu;wrO npon3BefleHneM flByx, Ka>Kflafl H3 KOTopbix 3aBncnT OT OflHoro napaMeTpa: 

l(p,t) = X(p) * Y(t), rfle l-Bfia>KHOCTb, p-3aTyxaHne, t-TeMnepaTypa. 
OKa3anocb, HTO cfiyHKLinn X(p) M Y(t) c flocTaTOMHOM TOHHOCTbto MOXHO annpoKCHMMpoBaTb 

nonnHOMaMM 2-3 CTeneHH. flna 3aBHcnM0CTM B/iawHocTH OT saTyxaHMS nonyneHa annpoKCMMMpytomaa 
cpyHKMMH B BMfle noriMHOMa BTopoPi CTeneHM: 

X(P)=-0.12686*p2+4.1321*p-13.846, 
: nonnHOMa TpeTbePi cTeneHn: 

"-2.3945*10"2*t+1.5208. 
Ha pnc.4. npHBeAena norpeaiHocTb onpefleneHnn Bna>KHOc™ 3epHa B 3aBMcnM0CTH OT ee BenuMWHbi. Cpefl- 
HeKBaflpaTMHecKoe OTicnoHeHne H3MepeHMfi sna>KH0CTn OT nojiy^eHHOü annpoKcnMaLtnn cocTaBnaeT 0,33 %. 

Bbin npoßefleH aHann3 MyBCTBUTenbHocTn 3HaneHH(i Bna>KHOCTn K TOMHOCTM onpefle/ieHMn 3aTyxaHHfl 
M TeMnepaTypbi. rioKa3aHO, HTO flna HaxowfleHua Bna>KHOCTH 3epHa c 3aflaHHoii TOHHOCTM 0.5%, HeoöxoflHMO 
n3MepnTb TeMnepaTypy c TOMHOCTbio 0.2 rpaflyca, u 3aTyxaHne c TOMHocTbio 0.3 fl5. 3TM BenuHMHbi 
onpeAenmin 3aflaHne Ha pa3pa6oT«y SKcnepuMeHTanbHoro o6pa3Lia ycTaHOBKU. 

IM. 3aioiK)MeHMe 
riojTyHeHHbie pe3ynbTaTbi noKa3biBaioT, MTO BO3MO>KHO npoBOflUTb H3MepeHnn Bna>KHoc™ 3epHa 

pa3/iM4Hbix COPTOB MMKpoBOüHOBbiM MeTOflOM c norpeujHocTbK) He xy>Ke 0,5% flna jitoöoro copTa 3epHa. flriH 
3Toro Haflo M3MepnTb TeMnepaTypy c TOMHOCTbio 0.2 rpaflyca n 3aTyxaHne c TOMHOCTbio 0.3 flB. 
Pa3pa6aTbiBaeTcn 3KcnepnMeHTa/ibHaa ycTaHOBKa ß/ifl pa6oTbi B HaTypHbix ycnoBH^x. 

EXPERIMENTAL RESEARCH OF GRAIN MOISTURE CONTENT USING MICROWAVE METHOD 

Bragin I.V., Maslov S.E., Sgibnev V.P., Bragin S.I., Rabinovich VS.,    Zheltikov I.A. 
SDO of Moscow Power Engineering Institute, 14 Krasnokazarmennaya St., Moscow-111250, Russia 

tel. (095) 3625576, fax (095) 2734001 
Mikhailov V.F. 

Academy of Aerospace Instrumentation, 67 Morskaya St., St.Petersburg-190000, Russia 
tel. (812) 2107036, fax (812) 3157778 

The results of experimental researches of the grain moisture content in the flow of microwaves have been presented. The functional 
relations of microwave signal attenuation and moisture, temperature, grain strain have been obtained. 
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a fljin 3aBncnMocTn BnawHocTn OT TeMnepaTypbi - B BHfle now 
Y(t)=1.12105*10"5*t -2.7087*10"4*t2 ° ™***<"-2- 
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BJIHflHHE CBH~H3Jiy*IEHMH HA >KH3HECnOCOEHOCTI> IIOPOII H 
rHBPHflOBTyTOBOrOIlIEJIKOnPHM 

B.r.UIax6a30B, JI.M.HenejiB, H.H.ropo6eu, B.H.KHmco,K).r.IIlKop6aTOB, BATpaSam 
XapbKOBCKHH rocyHHBepcHTCT, 310077, im. CBO6OAM,4 

AHiiorauHSä 

ÄH3Hecnoco6HOCTb    nopofl   H   ra6PHÄOB   xyxoBoro       uiejiKonpana       B 
SHaTOrenBHOH    cxeneHH    onpe^ex    HX    nposyxTHBHoexb.    ^    nLumcHM 

™i nn    C^"Hf yqeHM   c «™ß Bourn* 8 MM (rnioxHocxb MOIHHOCTH rnny^nZ 

S  JSrJSt!" )H ^ BOJIHbI  2'29 CM (nJIOTHOCTb  -omeSL „ny^nS 
nnrxnSn    } ^ TyT°B°r° mejIKOnP**a-    VcrMOBnem* peacHMb, o6nyqeHra, 
ÄOCTOBepHo noBMinaiomHe JKHSHeenocoÖHoexb ryceHHH. 

I. BBeqeHHe 

ÄH3Hecnooo6Hocn, nopofl H rH6PHflOB xyxoBoro inenieoiipWa «BJiaexca HX 

ZTZZ°C06em0Clb1° «" "PaK™^oro menKOBo^cxBa H B 3Ha™xe^HOH 
Mepe onpeaejisex peHxaöejibHocxb BHKOPMOK H rpenaxHoro npoHSBoncxBa C 
uejibK) noBbiuieHHa *H3Hecnococo6HocxH B uiejiKOBo^cxse yace ™BHO Hcnojibsviorcsr 
M^cnopoflHue möpi«« H S^KX rexepo3Hca rK6PHfloB nQp,orTnZnZTolnZ 
KpoMe reHexHHecKHx MexoaoB noBbimeHH* *H3Hecnoco6H<£ni npcwcrara^ mxepec 
H3yHHXb B03MO)KHOCTb noBbimeHH* >KH3Hecnoco6„ocxH me^Konp^a B nepS 
3M6PHOHajibHoro   pasBHXHa nocpe^cxBOM CBq-o6jiyqeHHH. 

II. OcHOBHan HacTb 

MaxepnajioM «ra aaHHoro HCcneflosaHH* cjiyjKHJiH nopoau BejiOKOKOHHan-1 
(«noHCKoro nponcxo^eHH* ), EeJiOKOKOHHaH-2 ( KHxaöCKoro npoHCxo^eZ ) H 
Me>KnopoÄHbie rH6pHflbi nepBoro Hörern™ ( B-l x B-2 H B-2 x E-l )    <06iiy,eHHe 

flo 10QMKBT/CM*. 3Kcno3HUHH oÖJiyHeHHH 20 H 40 MHHyx. TaKHe pesuMbi o6jiyqeHH* 
no3Bo™ BbiHBHTb cxHMy^pywmHe H yrnexa^He «o3bi, B^Liune Ha BBixoflH 
*H3Hecnoco6HOcxb ryceHHH puma reHoxnnoB xyxoBoro mejixonp^a (TaßjiHHa 1) 

Ms xaÖjiHHbi BHflHM, qxo HPH o6jiyqeHHH B MHJüiHMexpoBOM flHanasoHe 
noBbimaexc« Bbixo? ryceHHH cjiaöoH nopo^bi B-l fco 150%), CHHxaexca BMXO« 
ryceHHH y CHJIBHOH nopo^bi B-2 ( *o 65% ), y rH6PH«a B-l x B-2 BBIXO* ryceHHH. Ha 
ypoBHe KOHxpo^, a y rH6PHfla B-2 x B-l - «ocxosepHo noBbimaexe«. ripn oö^eHHH 
3Mn B caHXHMexpoBOM flHana30He y nopoÄbi B-l Bbixo« ryceHHH. cHHxaeix» Äo 5 - 

TvfiLnl ^ V
H

R , X coxPaH*e™ Ha ypoBHe KOHxpojia.    y nopo^bi B-2 H 
rHOpH^a b-2 x B-1 Bbixcyj ryceHHH floexosepHO noBbimaexcs. 

III. 3aKJiioHeHiie 

TaKHM oöpasoM, oÖJiyqeHHe rpeHW xyxoBoro uiejnconpwa B CBH-™ana30He 
H03BOJIHJIO BbiasHXb s^cpeicx cxHMyjiaqHH 5KH3Hecnoco6HocxH ryceHHH HaHßojiee 
cymecxBeHHbiM B SXOM pas^ejie paöoxbi MH cnnxaeM pasmmy B peaxHHH pasHbix nopon 
H MejKnopoflHbix TH6PHAOB na o6jiyqeHHe. TeHexH^ecKHe pasjinqna npn oÖJivHeHHH 
HienKOHp^a 3MD B CBq-flHanaaone no H3y,eHHb,M noKaLenxu pSL ™ <S 
nojiyqeHbi. F m 
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Taöjnnja 1.   BJIHAHHC 3M-H3JiyHeHHH pa3Hbix MacxoT Ha MCH3Hecnoco6HOCTb   rpenbi H 
ryceHHu; TyroBoro uiejiKonpg^a 

TeHOTHnbi ^.JIHHa BOJIHbl 3KCn03HUH« Bbixoji; ryceHHH, 

( % OT KOHTpOJia ) 
E-l 8 MM 

2.29CM 
2.29 CM 

20 MHH 
20 MHH 
40 MHH 

148.5+3.3 
4.2±2.2 
12.5+1.8 

E-2 8 MM 
2.29 CM 
2.29 CM 

20 MHH 
20 MHH 
40 MHH 

65.2+2.1 
102.1+1.9 
135.4+2.3 

B-l xE-2 8 MM 
2.29 CM 
2.29 CM 

20 MHH 
20 MHH 
40 MHH 

106.3+2.2 
98.3+1.4 
98.6+1.2 

B-2xB-l 8 MM 
2.29 CM 
2.29 CM 

20 MHH 
20 MHH 
40 MHH 

145.4+2.4 
207.5+1.7 
235.1+1.7 

INFLUENCE OF MICROWAVE IRRADIATION ON VIABILITY 
OF STOCKS AND HYBRIDS OF SILKWORM 

ShakhbazovV.G., Chepel L.M., Gorobets N.N., Kiyko V.l., Grabina V.A. 
Kharkov State University 

4 Svoboda Sq., Kharkov-310077, Ukraine 

Viability of stocks and hybrids of silkworm has a great influence on their productivity. To increase viability many methods are 
developing. We investigated influence of microwave irradiation with wavelength of 8.0 mm (power of irradiation is 100 jiW/cm2) and 
wavelength of 2.29 cm (power of irradiation is 30jiW/cm2) on the eggs of silkworm. The regimes of irradiation which increases 
viability of caterpillars are determined. Genetical differences in reaction to irradiation are of a great theoretical interest. It was 
revealed that for stock B-1 the higher stimulatory effect is observed at X=8.0 mm, and for stock B-2 at ?o=2.29 cm. For hybrids 
stimulatory effect of irradiation was observed at the both lengths. The obtained data may be used in practical silkbreeding. 
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BJIHHHME MHKPOBOJIH PA3JKMHOH nOJIflPHSAqHH HA 
EHOJIOrHHECKME KA^ECTBA CEMHH 

B.r.IIIax6a30B, JI.M.Henejib, H.H.ropo6eu, B.H.KHHKO, Jl.M.CHonrac, JI.O.KyqHH, 
B.A.rpa6HHa, K).r.IIlKop6aTOB 

XapbKOBCKHH rocyHHsepcKTeT, 310077, Xapwcc-B, rra.CBo6oflbi, 4 

Al-IHOTaiWät! 

npHBOflÄTca pe3yjibTaTM 3KcnepHMeHTanbHoro Hsyqenna BJinaHHa MHKPOBOJIH 
pa3JiHHHOH noji«pH3aijHH Ha 6HOJiorH^ecKHe o6teKTM. Mo^ejifaHbiMH oSbeicraMH B 

3KcnepHMeHTe aBJiajincb ceMeHa pa3jraqHbix copTOB nuieHHUbi, (pacojiH H pp. KyjibTyp. 
Bee OHH oßjiyqajiHCb ajieicrpoMarHHTHbiMH BoraaMH AJIHHOH 2-9 CM. ILriOTHOCTb 
noTOKa MOIUHOCTH mnyHQHKX cocTaBJWJia 20-100 MKBT/CM

2
, BpeMa SKcnoHHpOBaHHa - 

20 -40 MHH. HaHÖOJIbUIHH CTHMyjIHpyiOmHH 3<p(peKT AOCTHraeTCH npH HCnOJIbSOBaHHH 
npaBoii nojiapraanHH oöjiyqaioinero nojia. MexaHH3Mbi Ha6jnoflaeMoro BJIHHHHH 

aHajiH3HpyiOTCH c npHBJieqeHHeM npe,n,CTaBJieHH0 coBpeMeHHOH reHeraKH. 

I. BßezieHHe 

BonpOC O B03M05KHOCTH nOBblllieHHH JKH3HeCnOCOÖHOCTH (5KCIT) CeMSH 
CeUbCbKOXOSflHCTBeHHblX   KyjibTyp   npH   nOMOIUH   BHeiUHHX   4)H3HieCKHX   B03flefiCTBHH 
flaBHo npHBJieKaeT BHHMaHHe HccjieflOBaTejiefi. 

HaMH 3TOT Bonpoc HCCJieflOBajica B CB«3H C reHeraqecKHMH pasjinqnaMH HKCU 
ceMHH, KOTopbie 3aBHcaT, B HacTHOCTH, OT cTeneHH HHÖpHflHHra H 3(p(peKTa reTepo3Hca, 
a TaKMce B03pocTa ceMHH - cpOKa xpaHeHHa. Hccjie^OBajiH ceMena SK30- H snzjor^MHbix 
KyjibTyp. 

II. OCHOBHSH HaCTb 

H3 qnoia 3K3oraMHbix KyjibTyp HCCJieAOsajiH pa3Hbie copTa JiyKa H JIHHHH pacn 
copTa MOCKOBCKHH KapjiHK. 3a;jaqeH HCCJieAOBaHHa 6MJIO BbiacHeHHe BO3MOKHOCTH 

CHHKeHHa aBTOCTepHJibHOCTH y Jiyxa H P>KH npH BJIHAHHH sJieKTpoMarHHTHoro nojia 
(3MII) CB^-flHana30Ha Ha raHeueft H aHflpoueH. rioKa3aHa B03M0>KH0CTb pe3KO 
noBbiCHTb Bbixofl HHCTOUHHeHHbix ceMaH nyTeM caMOonbijieHHa. 

Bonpoc o B03M05KHOCTH ynpaBJieHHa THnoM onjioflOTBOpeHH« y npeflCTaBHTejia 
SHfloraMHbix pacTeHHH - (pacojiH - npeAcraBJiaeT npaKraqecKHH H TeopeTHqecKHH 
HHTepec. 

ßjia couBeTHfi jiyxa, pacn H ceMaH (pacojiH HCTOMHHKOM oöJiyqeHHa cjiyacHJi 
reHepaTop   MHKpoBOJiHOBoro   H3JiyqeHHa   HerenjiOBOfi   HHTCHCHBHOCTH.   06jiyqeHHe 
npOBOflHHOCb   Ha   AJIHHC   BOJIHbl   5.5   MM,   3KCn03HHHH   5   H    10   MHHyT   H   MOIIIHOCTH 
H3JiyHeHHfl 50 MKBT/CM

2
 . IlpH 3THX ycjioBHax oojiyqeHHs Ha6jno^aeTca H3MeHeHHa B 

COCTOHHHH MyÄCKHX TaMCT y paCTCHHH p»H, KOTOpbie npHBOÄHT K 3HaHHTeJIbHOMy 
yBeJIHHeHHK) % HOpMaJIbHO c4>OpMHpOBaBUIHXCa 3epHOBOK H nOBblUieHHe % OTKpblTOrO 
i^BeTeHHfl y paereHHH (pacojiH, HTO npHBO^HT K noBbimeHHio reTeporeHHOCTH 
nonyjwHHH H orpaHHqeHHio roM03HroTHOcra (TaÖJi.l). Enaroflapa nojiyqeHHa 
OTKpbiToro THna HBeTeHna nojiyqeH HOBMH copT OBOIHHOH (pacojiH ranzjapCKaa H paß 
HOBbix KOHCTaHTHbix <popM, KOTOpbie 6yayT nepezjaHbi B copToncnbiTaHHe. 

Bo BTOpofi nojioBHHe HccjieflOBaHHH cneuHanbHoe BHHMaHHe GHJIO yzjejieHO 
BbiacHeHHio peaKUHH pa3Hbix copTOB nuieHHUbi H aqMeHa, KOTopue pa3JiHqaiOTca no 
ypoacafiHocTH, ycTOHMHBOCTbio K He6jiaronpHaHHbiM (paKTopaM cpe^bi, cpoKaM 
xpaHeHHa ceMaH Ha oÖJiyqeHne Cim nojieM CM- AHana30Ha, c yneTOM nojiapH3anHH. 
HcToqHHKOM o6jiyqeHHa cjiy^CHji reHepaTop HeTenjiOBoro H3JiyqeHHa. 06jiyqeHHe 
npoBOAHJiocb Ha AJiHHe BOJiHbi 2.29 CM, MomHOCTb H3jiyqeHHa H3MeHaiiacb OT 50 RO 100 
MKBT/CM

2
. 
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Ta6n. 1. BjiHHHHe 3M II CBH- Anana30Ha Ha coußeTHa Jiyxa H P>KH H ceMeHa cfracojiH 
BapnaHTbi Oll Po)Kb 

% 3epHOBOK 
3aB33bIBaHHa 

JlyK 
% peajibHO 

nojiyqeHHbix CCMHH 

Oacojib 
% 

OTKpblTOIHBeTyiHHX 
UBeTOB 

KOHTpOJIbHbie 3.69+0.42 2.93+0.13 1.75+0.11 
CB*I: 

X=5.5 MM, t=5MHH. 14.05±0.96 5.35+0.27 - 

X=5.5 MM, t=10MHH. 7.68+0.69 6.77+0.29 3.21+0.21 
X=2.24 CM. - - 6.23+0.29 

B onbiTax Öbura Hcnojib30BaHbi 10 copTOB 03HMOH nuieHHHbi H 7 copTOB »HMCHH 

1989r. H 1982r. ypoacaa cooTBeTCTBeHHO. 
B pesynbTare npoBe^eHHoro HCCJieÄOßaHHa 6bmn ycTaHOBjieHbi 3HaHHTejibHbie 

pa3JiHHHa B peaKTHBHOCTH ceMHH. y HeKOTOpblX COpTOB nuieHHHbi H AHMena nofl 
BJiHflHHeM CBM o6jiyqeHHa HaöJiiOAaeTca CHH^ceHHe % BCxoKecra, y ßpyrax copTOB - 
3HaHHTejibHaa CTHMyjianna. 

JJjw cjiynaes niiieHHUbi H AHMCHH fljiHTejibHoro cpoKa xpaHeHHa ycraHOBJieHa 
B03MoacHOCTb noBbiuieHHH BcxoscecTH ceM5iH npH HeKOTopbix peKHMax CBH- 
oÖJiyqeHHH (OT 18 #o 50%). 

CpaBHeHHe 3(f)(f)eKTOB oGnyneHHa npH npaBOH, jieBOH u HHHCöHOH nojiapH3auHH 
Ha ceMCHax pa3JiHHHbix copTOB nmeHHUbi u smuma no3BOJiHJio ycraHOBHTb 
3HanHTenbHoe pa3JiHqHa, saßHcanjHe OT HanpaBJieHHa nojiapraauHH. ScpcpeKT 
CTHMyjiHUHH Ha npopacTaHHe CCMHH Haöjno/jajiH npH npaßofi nojiapH3anHH (Ta6ji.2). 

Ta6n.2.  PeaKUHH pa3Hbix copTOB niiieHHUbi H aHMena 
ÄHana30Ha 

Ha fleficTBHe 3Mn  CBq- 

CopTa 
nineHHUbi 

BapnaHT 
nojiapH3auHH 

IIpHpOCT, 
% OT K 

CopTa 
aiMeHa 

BapnaHT 
nonapH3anHH 

npHpOCT, 
% OT K 

Be30CTaa 1-st npaßaa 
jießaa 

113.4+2.6 
99.4+2.7 

S-180 jiHHefiHaa 119.3+2.6 

JIiOTecueHc npaßaa 
Jiesaa 

113.4+2.4 

90.6+2.9 

S-170 jiMHeiiHaa 67.6+3.3 

TapacoBCKaa 
29 

npaßaa 
jießaa 

121.1+2.2 
82.0+2.6 

X-67 jiHHeÖHaa 100 

flOHUlHHa npaßaa 
jießaa 

95.5±2.7 

73.2±3.3 

X-74 jiHHCHHaa 150.3+2.2 

^OHCKaa 
6e30CTaa 

npaßaa 
Jießaa 

112.3+2.2 

93.5+1.9 

X-60 jiHHeHHaa- - 79.5+2.7 

HCTOK npaßaa 
jießaa 

148.5+2.9 

95.6+2.4 

HepHOMOpen jiHHefiHaa 118.2+2.4 

CnapTaHKa npaßaa 
jießaa 

154.4+1.8 

88.9+2.1 

3jIbTHHa JiHHeHHaa 138.6+3.5 

npHKyMCKaa 
36 

npaßaa 
jießaa 

135.5+1.9 
107.3+2.2 

lOÖHJieHHaa 
75 

npaßaa 
jießaa 

133.4±3.3 

79.9+3.1 
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SaicjiioieHHe 

B CBA3H c o6cy)KfleHHeM cjiOÄHoro Bonpoca o MexanH3Max BJIHAHHA 3MII 
pa3HOH nojiHpH3au;HH aBTopbi yKa3bmai0T Ha Bepojrraoe 3HaqeHHe npaBoö 
nonapHsauHH crmpajibHofi CTpyKTypbi MOJieKyjibi HaTHBHOH ,ZI,HK. SHaqeirae MOJieicyjibi 
ÄHK B xpaHeHHH H peajiroauHH HacneACTBenHbix npH3HaKOB HSBCCTHO. H3BecTHa 
TaKMce 3JieKTpHHecKaa nojiapHsaura ,fl,HK B HaTHBHOM COCTOAHHH. BO3MOKHO npaBaa 
nonapH3auHfl cmiparibHOH CTpyKTypbi REK H onpeflenaeT öojibinyio a^eKTHBHOCTb 
BHeuiHero CB^-oSjiyneHHa npaBOH nojrapraauHH. 3Ta ranoTesa TpeöyeT ^anbHeHuiefi 
npOBepKH. 

Pe3yjibTaTbi npOBe,n;eHHbix HCCjießOBaHHH Moryr ÖbiTb Hcnojib30BaHbi B 

npHKna^Hbix Hccjie^OBaHHax no CTHMyrwuHH npopacraHHa ocjiaÖJieHHbix ceMJiH c.-x. 
KyjibTyp c yneTOM HX reHOTHna, B03pacTa, a TaK>Ke nojuipH3auHH CB^-oÖJiyHeHHa. 

INFLUENCE OF THE MICROWAVES OF DIFFERENT POLARIZATION 
ON BIOLOGICAL QUALITY OF SEEDS 

Shakhbazov V.G., Chepel L.M., Gorobets N.N., Kiyko V.l., 
Snopik L.M., Kutchin L.F., Grabina V.A., Shkorbatov Yu.G. 

Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 

Results of experimental investigations of biologic effects of different polarization microwaves are presented. Seeds of various 
cultivars of wheat, barley, carrot and harricot were used as a convenient model objects in our investigations. These seeds were 
irradiated with electromagnetic waves with the length of 2-9 cm. The power of irradiation was 20-100 nW/cm2, the exposion was 20- 
40 min. The most high simulating effect of irradiation of the right polarization on germination of seeds of agricultural plants has been 
shown. In interpritation of experimental data the latest results of genetic were used. 
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BJIM5IHME KB*I-H3Jiy*ffiHMÄ HA 3HEPFETHMEC&OE COCTOSIHME M^EP 
KJIETOK HEJIOBEKA 

IllKop6aTOB K).r.,LUax6a30B B.r.XpnropbeBa H.H.,rpa6HHa B.A.,EorocJiaBCKHH A.M. 
XapbKOBCKHH rOCyÄapCTBeHHMH yHHBepCHTCT, HHH GHOJIOrHH 

HccjieflOBajiH BJinaHHe MHKpoBOJiHOBoro oÖJiyneHHH Ha cocxoaHHe KJieTOK 
SyKKajibHoro snHxenHa nejiOBeica. fljia oGjiyneHHa KJiexoK in vitro Hcnojib30BajiH 
npnöop ffjisi KB^-TepanHH äBB-I, aaiomHH sneKxpoMarHHXHoe H3nyneHHH c äJIHHOH 

BOJiHbi 7,1 MM H MomHOCTbio na,n,aiomero noTOKa 0,2 MBX/CM
2
. C noMombio Mexo#a 

BHyTpHKJieTOHHoro MHKp03JieKxpo<pope3a, pa3pa6oTaHHoro Ha Ka<pe,npe reHexHKH 
xfy, Hccjie^OBajiH sjieicxpoKHHexHHecKHe CBoficxBa KJieTOHHbix nßßp. Onpe^ejiHJiH 
xaioice CTeneHb KonneHcauHH xpoMaTHHa c noMombio ynexa rpaHyji 
reTepoxpOMaTHHa. IIoKa3aHO,      HTO      oönyqeHHe      Bbi3biBaeT      CHH)KeHHe 
3JieKxpo<f>opexHqecKOH noflBHÄHOCTH a/jep H yßejiHHeHHe deneHH 
reTepoxpoMaTHHHsauHH. BbiaBJieHbi HHßHBHflyajibHbie pa3jiHHHa B peaKUHH Ha 
oÖJiyHeHHe. nojiyneHHbie pe3yjibTaTbi oGcyÄ^aioxca B CBA3H C pojibio 
ÖHOSJieKTpHqecKHX CBOHCTB ajsep B peryjianHH HX (pyHKHHOnajibHOH aKXHBHOcxH. 

I. Bee^eHne 

MHKpoBOJiHOBoe HSjryqeHHe aBJiaexca (paicropOM, BJiHaiomHM Ha MHorne 
noKasaxejiH cpyHKUHOHajibHoro cocxoaHHa opraHH3Ma qejiOBeica, npe,n;cxaBjiaa COöOH, 

c OflHOH CTOpOHbi, yrp03y .roia 3#opOBba, a c flpyroö - aBJiaacb Jieqe6HbiM (paicxopOM. 
MHKpOBOJIHOBOe  o6jiyHeHH6   OKa3bIBaeT     BJlHaHHe     Ha     pa3JIHHHbie   CTOpOHbi 

XH3He^;eaTejibHOCTH KJICTKH, Bjraaa Ha CBoficxBa KJiexoHHbix MeM6paH [1], aKXHBHOCXb 
pa«a 4)ePMeHTOB H xpaHCKpHnHHH [2], H3Menaa pa3Mepu nycpOB B raraHxcKHx 
xpOMOcoMax [3], 

HMeioxca #aHHbie o cnoco6cxBOBaHHH MHKPOBOJIHOBOH pa^HaHHH 
o6pa30BaHHK) paKOBbix onyxojien [4], OAHaico npaMoro MyxareHHoro scpcpeicxa 
MHKpOBOJiH He o6HapyKeHO [5]. Bce axo yKa3bmaex Ha xo, HXO no^ .nencxBHeM 
MHKpoBOJiHOBoro H3JiyqeHHa H3M6Haioxca nponeccbi peryjiauHH reHOMa, a He 
npoHCxoflHx HenocpeflcxBeHHbix HapynieHHH ero cxpyKxypbi. 

B ÄaHHOH pa6oxe MM HCCJieflOBajiH BJlHaHHe MHKpoBOJiHOBoro oÖJiyneHHa Ha 
KJiexo^Hoe aapo no flßyM napaMexpaM - no H3MeHeHHio 6H03JieKxpHHecKHX CBOHCXB 

KJiexoHHbix a^ep, c noMombio Mexo,n;a, pa3pa6oxaHHoro na Kacpeape reHexHKH H 

HHxonorHH Xry [5] H no napaMexpy couepKaHHa B HHxep<pa3Hbix a^pax 
rexepoxpoMaxHHOBbix rpanyji c noMombio Mexo/ja OKpauiHBaHHa anexoicapMHHOM. 

3neKxpHHecKHe CBoficxBa KJiexoqHbix a^ep npe^cxaBJiaiox coöofi noKa3axejib, 
CBa3aHHbiH c nponeccaMH peryjiauHH aKXHBHoexH KJiexoHHoro ajrpa [6]. y qejiOBeica 
3xox nOKa3axenb H3MeHaexca c B03pacxoM H 3aBHcnx ox cocxoaHHa opraHH3Ma, 
CHHJKaacb npH pa3JiHHHbix 3a6ojieBaHHax H yxoMJieHHH [6]. 

II. OcHOBHa» nacTb 

B HacxoamHX sxcnepHMeHxax Hcnojib30BajiH KJiexKH ÖyiacaribHoro snHxejina 5 
flOHopoB aceHCKoro nona pasjiHHHoro B03pacxa. ßoHOp A - 6 Jiex, #OHop B - 25 Jiex, 
flOHOp C - 25 Jiex, £OHop D - 36 Jiex, äOHOP E - 19 Jiex. KnexKH noMemara B pacxBOp 
cne^yioiHero cocxaßa: 3,03 raM (|)oc<paxHbiH 6y<pep (pH=7,0) c ^oöaBJieHHeM 2,89 raM 
xjiopH^a KajibUHa. KnexKH HCCJie/jOBajiH B njiocKOÖ KaMepe fljia MHKp03JieKxpo(pope3a 
npH Hanpa»eHHH 15 B/CM H XOKC 100 MKA. B SXHX ycjiOBHax a^pa nacxH KJiexoK 
CMemanacb K aHo^y, aflpa Äpyrofi nacxH He npoaßjianH sjieKxpHnecKoro 3apa/i;a. 
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npoueHTHoe coflepxaHHe KJieTOK c OTpHuaTcribHO 3apaxeHHbiMH a,npaMH onpcuejisjiH 
KaK 3JieKTpooTpHi|aTeni>HOCTb flflep (3051). 

OueHKy cocTOHHHs reTepoxpoMaTHHa B a,npax npoH3BO#HJiH c noMombio 
OKpauiHBaHHH KJieTOK aueTOKapMHHOM. Mbi yqHTbmajiH HajiHMHe B aflpe 
reTepoxpoiwaTHHOBbix rpaHyji scex pa3MepoB, jiOKajiH30BaHHbix B6JIH3H OöOJIOHKH 

JWpa. IlpoueHT flflep, co,zjep)Kanmx rpaHyjiw reTepoxpoMaTHHa onpe/jejiaJiH KaK 
noKa3aTe;ib npHMeMOpaHHoro reTepoxpoMaTHHa (IIT %). 

,ZI,jia o6jiyieHHa KJICTOK in   vitro   Hcnojib30BajiH   npn6op   ßna KB^I-TepanHH 
JlBb-1,   flaiOIHHH 3JieKTpOMarHHTHOe H3JiyneHHH CffTIHHOH BOJIHbl 7,1 MM H MOIHHOCTbK) 
na^aiomero noTOKa 0,2 MBT/CM. BO scex SKcnepHMeHTax H3yneHHe 3CXH HJIH OKpauiH- 
BaHHe KJieTOK aueTOKapMHHOM npoH3BOflHJiH nepe3 5 MHHyT nocjie oöuyneHHa KJICTOK. 

ComacHO HaniHM .zjaHHbiM, MHKpoBOJiHOBoe H3JiyqeHHe BbnbreaeT 
3HaHHTejibHoe CHH»eHHe noKa3aTena 3051 B KJieTKax öojibuiHHCTBa flOHOpOB (A, C, 
D) y»e npH MHHHMajibHofl 3Kcno3HHHH 1 ceK. (Taöji.l). YBejiMHeiiHe 3Kcno3HUHH 
flo 15 ceKyHA npHBOzjHJio K 3HaHHTejit,HOMy CHHJKCHHIO noKa3aT6JiH y flOHopa A, 
ÄajibHeHiuee yBejiHieHHe 3Kcno3HUHH He npHBOßHJio K CHHKCHHK) 30.5L Y flOHOpa B He 
HaOJHOflanocb «ocTOBepHbix H3MeH6HHH 30.S noa, BJiHflHHeM oÖJiyneHHa, xoTa HMenacb 
TeHÄeHHHH K nOBblHieHHK) 3CXJL 

Ta6jiHu,a 1. BjraaHHe oÖJiy^eHHa KJieTOK Ha noKa3aTejib 3QH 
3Kcno3HHHa, ceK ^OHOp A /JOHOp B /JOHOp C /JonopD 

0 37.8±2.8 59.5+2.7 70.3+2.8 75.7+2.7 
1 31.2+2.7 63.7+3.1 54.9±5.6 51.3+3.9 
5 37.2±3.5 63.0+1.9 52.1+5.5 49.3+4.0 
15 20.7±4.8 66.3+5.7 54.9±5.4 64.9+4.3 
30 24.8+3.0 68.8±4.5 49.8±6.6 61.5+2.0 
60 19.1+1.6 62.8+5.5 46.7+4.4 55.5+1.7 

Mbi H3y^ajiH TaKace BpeMeHHyio 3aBHCHMocTb H3MeHeHHa noKa3aTejia 3CXJI OT 

nepHO^a nocjie o6jiy*ieHHa y «OHOpa E (Ta6ji.2). OKa3ajiocb, MTO 3(p(})eKT oöjiyieHHa 
npaKTHqecKH He 3aBHCHT OT BpeMeHH nocjie oSjiyneHHa B npczjenax OT 5 AO 55 MHH. 

Taöjraua 2 . 30>I B pa3JiHMHbie nepHOflbi nocne oGjiyqeHna KJieTOK 
BpeMa nocne B03fleHCTBHa, 

MHH. 
30Ü 

KOHTpOJIb 66.0+3.5 
5 56.9+4.9 
15 58.3+2.8 
25 52.4+3.7 . 
35 53.4+4.4 
45 53.1+4.5 
55 58.0+4.1 

,fl,jia flOHOpOB A, C, D, E noKa3aTejiH 30.H 6JIH3KH K flaHHbiM, xapaKTepHbiM 
Ana «aHHoro B03pacTa, «na ÄOHopa B noKa3aTejib 3ÖÄ HHace B03pacTnofi HopMbi. 
TaKHM o6pa30M, MHKpoBOJiHOBoe oSjiyneHHe CHHHcaeT 30.H y Tex «OHOpOB, y 
KOTopbix 3CXH cooTBCTCTByeT B03pacTHOH HopMe, HO He CHH^caeT 3(XH B TOM cjiynae, 
Kor^a 3QH CHHaceHa 3a cneT yxyzjiueHHa cocToaHHa opraHH3Ma. 

Mbi nojiaraeM, HTO H3MeHeHHe sjieKrpoKHHeTHHecKHX CBOHCTB KJieroHHbix 
a^ep CBa3aHO c H3MeHeHHeM <J>yHKUHOHajibHOH 8KTHBHOCTH KJieTOHHbix a^ep. npH 
3TOM, neM Bbime ypoBeHb 6HOCHHTeTHHecKHx npoueccoB B KJieTKe, TeM Bbiuie H 3apa^ 
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AApa B KJICTKC, H3MepaeMbiH KEK C noMombio MCTOAHKH BHyTpHraexoHHoro 
MHKp03JiexTpo4>ope3a,      rax      H      C      noMOiubio      xpaAHUHOHHbix      MexoAOB 
MHKp03JieKTpO(J)Ope3a [6]. 

Pesyjibxaxu nauiMX SKCnepHMenxoB cBHAexenbcxByiOT, lixo nocjie oonyHeHHs 
MHKpOBOJTHaMH       3HaqHT6JIbHO       yseJIHTOBaeTCH       %       55flep       C       HpHMeM6paHHbIM 
rexepoxpoMaTHHOM (UT%), TO ecTb Ha6jnoAaexc$i KOHAencauHa xpOMaxHHa (Ta6ji.3). 
Yxe MHHHMajibHaa 3Kcno3HH,H55 (1 ceKyHAa) BbBbmaex AoexoBepHoe noBbimeHHe UT%, 
5- H 15-ceKyHAHbie 3Kcno3KU,HH npMBOAüT K eme 6o^biiieMy B03pacxaHHK> noKa3axejM, 
AajibHeHinee noBumemie 3Kcno3KUHH Bwnie 15 cexyHA He conpOBOxeflaerca 
BospacTaHHeM T\T%. 

3KCn03HUH«, 
ceK. 

,3,OHop A ^OHOp B ^OHOp C ^OHOp D 

0 78.1+1.7 76.8+1.8 75.1+2.0 78.0+1.6 

1 83.0±2.9 85.4+1.4 77.8+1.4 84.8+2.3 

5 79.6+2.1 88.6+1.8 77.9+1.6 91.3±1.1 

15 84.9+2.0 83.5+9.6 81.2+1.8 96.8+0.6 

30 86.4±1.6 81.9+0.9 84.410.7 90.1+0.9 

60 84.0+1.5 84.9+1.2 85.2+1.2 90.4+1.3 

/JocxoBepHoro BJIHHHHA MHKpOBOJiHOBoro o6jiyneHHH Ha npOHHijaeMocxb MeM6pan 
KJiexoK HaMH oOHapyaceHO He SMJIO. TaKHM o6pa30M, B nameM cjiynae HaöjiiOAajiocb 
HenocpeACTBeHHoe ysejiHHeHHe CTeneHH rexepoxpoMaxHHH3auHH xpoiwaTHua HOA 

BJIHHHHeM MHJUIHMeTpOBOrO oOJiyneHHS. 

III. 3aKJiM^eHHe 

Mbi nojiaraeM, HTO KOHAeHcauM xpoviaxHHa B HamHx siccnepHMeHxax CBJoana 
c yMeHbmeHHeM o6mero oxpHiiaxejibHoro 3ap*ma HyioieonpoTeHHOBbix KOMnjiexcoB, 
MXO conpOBOKAaexcfl CHHxeHHeM o6mero oxpHnaxenbHoro 3apHAa jiApa. Bonpoc o 
4>yHKHHOHaJibHOM 3HaneHHH Ha6jnoAaeMbix H3M6HeHHH xpeöyex AaJibHeHiuero 
HCCJieAOBaHHa.     Ha ocHOBaHHH AaHHbix  o     CBA3H  3apHAa »Aep  c  aicxHBHOCXbK) 
6HOCHHXeXHMeCKHX npQUeCCOB B SAPS H AaHHblMH  O  nOHHKeHHOH     (pyHKUHOHaJIbHOH 
aKXHBHoexH rexepxpoMaxHHOBbix ynacxicoB MOMCHO npeAnonoacHXb,    HXO oGnyqeHHe 
MHKpOBOJIHaMH BbOblBaeX nOHHKeHHe  (pyHKUHOHaJIbHOH   aKXHBHOCXH J?A6p. 

nojiyneHHbie HaMH AaHHbie 06 HHAHBHAyajibHofi peaicuHH AOHOPOB Ha 
o6jiyMeHHe no noica3axejiio 3051 Moryx 6bixb HcnojibSOBaHbi, npn AanbHeHineH 
pa3pa6oxKe AaHHoro Bonpoca, KaK OAHH H3 KpHxepnes 3(p(peKXHBHOCxH 
MHKpoBOJiHOBOH xepanHH npH Ha3HaqeHHH <pH3HOxepaneBXHHecKHx npoijeAyp. 
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PACnJlABJlEHHOrO METAflfSA. PE3YJlbTATbl 
3KCnEPMMEHTAJlbHblX MCCJIEflOBAHMtl 

BparnH M.B., CruÖHes B.n., BparuH C.H., >KejiTHKOB H.A., BparuHa KD.B. 
Ocoöoe KoHcmpyKmopcKoe Btopo MocKoecKoao SnepzemimecKOZO MHcmumyma 

a.MocKea 111250 KpacHOKasapMeHHan 14 
cpaKc: (095)3625576, men.: (095)2734001 

MuxaPixioB B.<J>. 
C.riemepGypa 190000, rocydapcmeeHHaa AKadeMun 
aspoKOCMLwecKoao npu6opocmpoeHUH, MopcKan, 67 

cpaxc: (812)3157778, men.: (812)2107036 
AneKceeB A.T. 

KB "K)}KHoe" 320000, a.JD,HenponempoecK, yn.KpueopoxcKax d. 1 
men. (056)29933-09, (pam: (056)2925041 

AHHomaiiuz - PaccMaTpuBaeTca KomaKTHbiM paflnoMeTpM^ecKnw wieTOfl MSMepeHMH reMnepaiypbi, ocHOBaHHbivi Ha 
MSMepeHMflx LuyMOBoii TeMnepaTypw ameHHoro OKHa, pa3MemeHHoro B (pyTepoBKe MeTannypm^ecKoro arperaTa. 
PaccMaTpMBawTca WCTOHHMKH norpeiuHocTM onpeflenennfl TeMnepaTypw pacnnaBneHHoro iweTanna. ripMBefleHbi pe3ynbTaTbi 
3KcnepnM6HTa. 

I. BBe^eHne 

B HacTO«mee Bpeww nawßonee pacnpocTpaHeHHbiM cnoco6oM naMepeHna jeMnepaTypbi 
pacnnasneHHOtf da/in «BnaioTCH TepMonapbi c ncnojib30BaHneM pa3nnMHbix KOHCTpyKqufi TepMonpeo6pa30- 
BaTeneii. AnbTepHaTHBHbiM cnocoSoM M3MepeHna TeMnepaTypw ABnaeTCH paflnoMerpuMecKMii. MeTOfl 
ocHOBan na MSMepeHUM MMKpoBonHOBoro oiyMOBoro M3Jiy-ieHMfi HarpeToro KepaMH4ecKoro aHTeHHoro OKHa, 
Haxoflnii^eroca B conpuKOCHOBeHHH c MeTannoM. ripeflnaraeMbiii MBTOA aKOHOMUHHee TpaAMi4H0HHbix 
MeTOflOB MSMepeHun H no3BonneT npon3BOflHTb HenpepbiBHbie H3MepeHHH B TeMeHHe nnaBKH. 

II. OCHOBHaH 4aCTb 

Cyrb iweTOfla 3atcnH3HaeTCfl B cjieflyioineM: B KOHTaia c pacnnaBneHHbiM MeTannoM, HaxoAHUjeMCH B 

MapTeHe, BBOAHT aHTeHHy c Tenno3amnmbiM o6TeKaTeneM, H3roTOBneHHbiM W3 cneu.nanbHoä KepaMMKn Ha 
ocHose Hurpufla 5opa, H pacnonoweHHOvi B BOflooxnawflaewiotf cpypiwie. ULJyMOBoCi CBepxBbicoKOHacTOTHbiü 
curna/i, reHepupyewibiM HarpeTOä sacTbio am-eHHoPi BCTaBKH, <nepe3 aHTeHHy H nepexoAHOki Ka6enb, 
pacnono>KeHHbifi BHyTpn cpypMbi, nocTynaeT Ha BXOA paAHOMeTpHHecKoro npneMHuxa, HanpyweHwe Ha Bbixofle 
KOToporo nponopi^noHaribHO M3MepneMoti TeMnepaType. MeTOfl H o6opyflOBaHne no3BonatoT npoBOflMTb 
HenpepbiBHbie w3MepeHua TewinepaTypbi pacnnaBneHHoro MeTanna. H3MepwTenbHaa ycTaHOBKa npuBefleHa Ha 
pucyHKe 1. AHTenHa BbinonHeHa B BUfle nonyßonHOBoro Bu6paTopa, HarpyKeHHoro Ha nornomaiomHii 
o6TeKaTenb, n3roTOBneHHbiPi H3 «epaMUKH. KepaMnnecKaa Harpy3Ka BbinonHeHa B BUfle 3am,i>iTHoro Kowyxa H3 
HMTpnAa 6opa (BN) vi nornoinaioinMX BTyno« H3 KepaMwai BN+SiC. flaHHbie MaTepnanbi o6naflaK5T BbicoKow 
XMMMMecKow CToidKOCTbK) K wnaKaM M pacnnaBy MeTanna, a TaioKe BbicoKOM TeMnepaTypoPi nnaBneHna 6onee 
3000°C. flpuHqun pa6oTbi ycTaHOBKH ocHOBaH Ha H3MepeHnn MiixpoBonHOBoro M3nyMeHHfl OT HarpeToPi Mac™ 
aHTeHHbi, conpuKacarome^cfl c pacnnaBneHHbiM MeTannoM. OHO npwHHMaeTca paflnoMeTpunecKHM 
npneMHHKOM, BbixoflHoe HanpaweHne KOToporo nponopt|noHanbHO TepMOflMHaMMnecKoPi TeMnepaType n MO>KeT 
6biTb npeACTaßneHo B BHAG BbipaxeHun: 

Pn - M/(l - \T\2)\ Tp(x)r(x) ■ exp \y{x)dx dx, 
0 \0 ) 

rAe k - nocTO^HHan BonbMMaHa; V - KoacpcpnqneHT OTpaweHua OT BXOAa aHTeHHbi;   Af - nonoca nepeAann; 
TP(I) - TeMnepaiypa B aHTeHHe; Y(t) - KoacpcpuqneHT nornom,eHHJi B aHTeHHe; I - AnnHa oöTeKaTenn. 

CyMMapHbiPi LuyMOBofi MUKpoBonnoBbiPi CHman OT aHTeHHbi n nepexoAHoro KoaKcuanbHoro Ka6e/i$=i 
nocTynaeT Ha BXOA paAMOMeTpuMecKoro npneMHMKa. Rpw STOM nocne Kann6poBKM npweMHUKa, Tpaiaa M 

aHTeHHbi HanpFDKeHne Ha BbixoAe 3Toro npweMHUKa CTaHOBMTca nponopqnonanbHbiM TepMOAHHaMUMecKOM 
TeMnepaType pacnnaBneHHoro MeTanna. BbipaweHHe A^ uiyMOBofi TeMneparypbi no AaHHbiM o aiyMOBoPi 
MOUJIHOCTH Ha BbixoAe aHTeHHO-cpHAepHoro Tpaicra: 
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Ta = (l -\r\2)[T0Ariaqnt7i0 + T0(l- T^IJ, + T0(\- //0)], 

rfle To - TewnepaTypa BonnoBOflos; T)a - KRfl aHTeHHbi; T|i„t, TJO - KoachcpnqHenTbi nepefla^n ropanux n 
xonoflHbix y^acTKOB coeflHHaramera BonHOBOßa. 

Oujn5Ka M3MepeHnn TeMnepaTypbi pacnnaBneHHoro MeTanna oßycnoBneHa neoflHopoAHbiM HarpeeoM 
oöTeKaTenfi n nomoi.u,eHneM MUKpoBonHOBoro cHmana B xonoßHoä Mac™ at-rreHHbi. 3ry ouin6Ky MO>KHO 

yiweHbUJUTb 3a cMeT n3MepeHHü MOUJ,HOCTM uiyMOBoro cumana n sxoflHoro nMneflanca aKTeHHbi oma flna flByx 
H3CT0T. 

HcnbiTaHMa npoBOflMJiMCb Ha AO "CeBepcTanb" B nepwofl c WOHA no fleKa6pb 1995 r. BpewieHHan 
3aBMCMMocTb TewnepaTypbi pacnnaBneHHoro MeTanna f\nn oflHoro M3 3KcnepnweHTOB npneefleHa Ha pnc.2. H3 
nonyMeHHbix pe3ynbTaTOB BMAHO, MTO cywecTByioT xopomwe coenaAeHna, B Te^ieHMe Bcetf nnaBKM, 
paflMOMeTpn^ecKnx M3M8peHHM c TepMonapHbiMM. BuflHbi xapaicrepHbie H3MeHeHMH TeMnepaTypbi npM 
BHeiuHeM B03fleMCTBMM Ha BaHHy c pacnnaBOM, nony-ieHHbiK pa36poc TeMnepaTyp oö'bflCHFieTCFi 
npocTpaHCTBSHHbiM pa3HOcoM B nenn TepMonapHofi annapaTypbi w paßuoMeTpuHecKotö. 

GKcnepuMeHTaribHbie HccineflOBaHun no H3MepeHwo TeMnepaTypbi pacnnaBa B cTanennasunbHOM 
arperaTe B MeTannyprnnecKOM qexe noflTBepflnnn B03Mo>KHocTb MHoroxpaTHbix MSMepennii 6e3 noTepn 
TOMHocTH. HswepeHun noKasann, MTO ycrraHOBKa no3BonaeT H3MepfiTb TewinepaTypy pacnnaBneHHoro MeTanna 
c OLUM6KOM He xy>Ke, MGM 2KB HHTepBane TeMnepaTyp 1200-1700°C. 

Hi. 3aKJiK)MeHne 

ripoBefleHHbie vtcnbrraHHfl noK33ann B03M0>KH0CTb HenpepbiBHoro H3MepeHna TeMnepaTypbi 
pacnnaBneHHoro Meranna paflMOMeTpunecKUM MeTOflOM B Te^eHMe nnaBKH. CpeflneKBaflpaTHMecKaa oujn6Ka 
M3MepeHMH TeMnepaTypbi pacnnaBneHHoro MeTanna He npeBbicuna 0,77°C. Pa36poc snaMeHMM TeMnepaTypbi, 
MSMepeHHow paflMOMeTpuMecKoPi ycTaHOBKOH oTHOcmenbHO H3Mepennü, npoBeflenHbix npH noMoin,n TepMonap, 
He npeBbiuiaeT 6 °C. 

MICROWAVE RADSOMETRiC METHOD OF MEASUREMENT OF A MELTED METAL 
TEMPERATURE. RESULTS OF EXPERIMENTAL RESEARCHES 

Bragin I.V., Sgibnev V.P., Maslov S.E., Bragin S.I., Maslova N.S., Zheltikov I.A., Kuznetsov D.Yu. 
Special Design Office of Moscow Power Engineering Institute 

14 Krasnokazarmennaya St., Moscow-111250, Russia 
tel. (095) 2734001, fax (095) 3625576 

Mikhailov V.F. 
Academy of Aerospace Instrumentation, 67 Morskaya St., St. Petersburg^ 90000, Russia 

tel. (812) 2107036, fax (812) 3157778 
Alekseev A.T. 

Design Office "Yuzhnoye", 1 Krivorozhskaya St., Dniepropetrovsk-320000, Ukraine 
tel. (056) 2993309, fax (056) 2925041 

The contact radiometric method of temperature measurement based on the measurement of noise temperature of antenna frame 
located in the lining of metallurgic agregate is covered in this paper. The sources of errors of melted metal temperature 
determination are discovered. The results of the experiment are given. 
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y cTEHOBKa AIM KSMepeHHs T€MneparypH mypcöro Merajfiia. 
HOA CJIOSM nuiaKa. 
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BparwH HB., MoposoB A.A., BparnH C.H., Cra6HeB B.fl. 
Ocoöoe KoHcrnpyKtnopcKoe Btopo MocKoecKoao SnepaemimecKoso UHcmumyrna 

a.MocKea 111250, KpacHOKaaapMeHHafi 14, 
(pane: (095)3625576, men.: (095)2734001 

MuxafinoB B.O. 
rocydapcmeeHHan AKadeMua aopoKocMtmecKoso npußopocmpoenun 

C.nemepöyps 190000, MopcKan, 67 
cpaKc: (812)3157778, men.: (812)2107036 

AHHomau,un - DpeflOTaBneHbi peaynbTaTbi pa3pa6oTi<n npn6opoB onepaTHBHoro KOKTpona ypoBHH pacnnaBa B 

KOHBepTepHOM npoM3BOflCTBe M ycTaHOBKax pa3nnBa cTann, nosBonmomwe o6ecneMMTb cTa6nnbHoe nonynenne 
BbicoKoioMecTBeHHoro Meranna. PaccMOTpeHb! npewrviymecTBa ncnonb30BaHna paflapa c HaHoceKVHflHbiMM MMnynbcaiwn /yw 
M3MepeHHJi Manux paccTOHHMii no cpaBHeHwo c paflapaMU, ncnonb3yrOiHMMU HenpepuBHbiH MM cuman. B pe3ynbTare 
McnbuaHMM MaKeTHbix o6pa3L(OB TOHHoro paflMonoKauMOHHoro n3MepnTenfl paccToswHa pp oTpaxcaromefi noBepxHOCTM 
noflTBepKfleHa B03Mox<HOCTb M3MepeHMfl ypoBHfl paennasa co cpeflHeKsaflpaiwecKow OUIM5KOM 1-3 CM. 

I. BsefleHwe 

B npoeianpyeMOM KOMnneKce, BKnioHaiomeM TaioKe paflnoweTpbi flna n3MepeHnn TeMnepaxypw 
paennaaa, caMocTOHTenbHoe 3H3MeHne nwieeT co3flaHne BbicoKOTOMHbix n3MepnTeneü ypoBHa pacnnaBa. 
Mcnojib30BaHne TBKHX H3MepnTeneii no3Bon«eT o6ecnennTb HenpepbiBHbiPi KOHTponb npoqecca nnaBKH B 

KOHBepTepHOM npon3BOflCTBe H B npoqeccax BHeneHHofi oSpaSoiKu MeTanna c qenbio nonyMeHua 
KaMecTBeHHoro MeTanna npn ßonbuuoM pa36poce napawieipoB ncnonb3yeMbix KownoHeHT (MeTannonoM v\ flp.) 
ToMHbie nawiepeHH^ ypoBHa no3BonjTOT TaKwe o6ecneMHTb öeaonacHOCTb npH 6onbiiiefi 3arpy3KH arperaTOB c 
yseTOM uinaKoo6pa30BaHMfl H KHcnopoAHotf npoAyBKH BO BpeMfl nnaBKH 

Hcnonb30BaHne B OKB M3H onbua no co3flaHnro BbicoKOTOHHbix cucTewi onpefleneHna KoopflMHaT, a 
TaioKe aHTeHHbix cucTew KOCMUMecKux annapaTOB, paöoraroinux B ycnoBHnx BWCOKHX TeMnepaTyp, nosBonwio 
nepewTM K npoeKTupoBaHnio TOHHWX H3MepnTenbHbix ycTpoficTB p,nn MeTannyprkin flna MSMepeHun 
paccTOJiHUM B flkianasoHe 0,5...30 M, B TOM HHcne flna H3MepeHHH ypoBHn paennaBneHHoro MeTanna, vacTO 
ncnorib3yK)Tca KaK ynbTpa3ByK0Bbie n3MepnTenn TaK w paflHonoKauinoHHbie M3MepnTenn, c MacTOTHOii 
MOflyrwLiMevi (MM). 

npn nepexofle OT M3MepnTeneü c norpeuiHOCTbio nopaflKa 0,1 M (CKO) K npn6opaM c CKO 1...2 CM 

B03HMKaeT pafl HOBWX npo6neM. flononHHTenbHbie TpyflHoc™ B03HMKatoT npn HanwHun 6JIM3KHX uema\on\v\y. 
oxpaJKeHUM. B paBoTe noKasaHO KaK BbicoKOTOHHbie nsMepeHH« Manbix flanbHocxew oSecneMUBafOTca npn 
HanwMMM Meinaramux orpa>KeHMPi B HMnyjibCHoCi cucTewe c HaHoceKyHflHbiMU MMnyribcaMH npM 6onee npocTbix 
Tpe6oBaHHHX, npefl-bflBnaeMbix Ky3naM, neM npn ncnojib30BaHnn MM. 

II. OCHOBHa« HaCTb 

B M3MepnTe/iax c MM npeA"baBnflK>TCfl »ecTKMe Tpe6oBaHMH K y3naM paflnoTpaicra. B w3MepnTenax c 
MM HeoSxoflMMO peann30BaTb HenMHetiHocTb 3aK0Ha MopymuyvA MeHee 0,1%, npn BbicoKoPi CTaönnbHOCTM 
fleBnaL\nn nacTOTbi. B liinpoKoii nonoce nacTOT HeoSxoflUMO oSecneMHTb JiUHeMHOCTb cpa30BOM 
xapaiaepMCTHKH paflHOTpaiaa. HanpMMep, B 3-CM flnana30He Heo6xoflMMO C03flarb npneMHbiPi M nepeAaioiMUM 
TpaKTbi fln« fleBnamin nop^AKa 1 rrq, AHA 3Toro npefl-bflBruitoTCH wecTKHe Tpe6oBaHH?i K aMnriMryAHbiM n 
cpa30BbiM xapaicrepMCTHKaM B 10% nonoce wacTOT. KpoMe 3Toro, npn HannHMn no6o4Hbix orpa>KeHHbix 
cumanoB OT pa3nnMHbix o6"beKTOB B nyne aHTeHHbi, BO3MO>KHOCTH MX noAaBfteHMa orpaHMHeHbi nonocofi 
Af=1/Tn, rp,e Tn - A^HTeribHOCTb MM nocbixiKM. Rnn o6ecneMeHHfl TOMHOCTH (1-2)CM B ycnoBMHX 6riH3KMX 
OTpa)KaK>mnx o6T3eKTOB (oTJiMHue no Aa^bHOCTH MeHee 1M) neo6xoAHMO oöecneMMTb noAaBJieHne He MeHee 
40 flB cumanoB, OT/iMHaromnxcyi no MacTOTe Ha (1-3)%. Oypbe-npeo6pa30BaHne oöecneHUBaeT 
npeACTasneHne curnana c ujaroM no AaibHocTH 15 CM npn AeenaqnH 1 ITq. npn 3TOM oöecneMUBaeTca 
MCKTitoHeHne OTpa>KeHMii OT no6oMHbix o6"beKTOB, HO norpeoiHOCTb nopnAKa 1 CM peann3yeTca AocTaTOHHo 
cnowHbiM o6pa30M. 

PaccMOTpuM cTpyKrypnyto cxeMy MSMepnTenn, pa6oTaromero B 3-CM Anana30He n ncno/ib3yioiiiero 
HaHOceKyHAHbie  MMny/ibCbi.   H3MepMTenb ypoBHn  BtcnranaeT aHTeHHoe ycTpoficTBO,   npneMonepeAaTMMK  n 
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H3MepnTejib BpeivieHHbix nHTepBanoB, conpaxceHHbiPi c nSBM PaapaSoTaHHoe nporpaMMHoe o6ecneMenne 
pewaeT saflami cpunbTpai^nn, HaKonneKua H OToSpaweHWE pesynbTaTOB M3MepeHHM.. TaKoPi MawiepnTenb 
o6ecneMMBaeT MUHMwanbHyio flanbHOCTb He 6onee 0,5M. riepeflaTHMK Ha flwofle faHHa cpopMnpyeT wwnyjtbc c 
rayccoBOvi ornöaromefi, flnwTenbHOCTbio 2,5 HC no ypoBHho 0,5, B 3-CM flnana30He. llpocTOM MOflynaTop Ha 
naBMHHOM jpaH3MCTope c MCTOMHUKOM nuTaHHH 10 B oSecneMHBaeT BbicoKyio CTaSMJibHOCTb ornöawu^ePi 
MMnynbca. B ASHHOM cnynae, npn MOIUHOC™ nepeflaTMUKa 10 MBT M ycnneHHM aHTeHHbi 6onee 200, wyMOBbie 
OUJH6KM npM paccTo«Hnnx flo 30M M KosttxjiuqMem-e 0Tpa>KeHHfl nopsflKa 0,1 Mano BJIHH6T Ha 
pesynbTMpyKHflyio TOMHOcTb n3MepeHMü. OxHou.ieHne CMman-wyM B MMnynbce Bbiwe 25 flB, npn 
ncno/ib30BaHMM Müiy c wyMOBoä TeMnepaTypow 200 K n TeMnepaType ninaKa 2300 K. 

ripw n3MepeHM9X 3aflep>KKn (pnc.1) ncnonb3yiOTCJi flBa nwnynbca - "cTapf, cooTBeTCTByioLuuM 
ornöaioineü 3anpocHoro MMnynbca, w "cion" - o™5aK)U4,aa npMHHToro CMmana. ToHHaa WKana OTCMeTa 
3aflep>KKM Mewfly KawflbiM M3 STHX nwinyribcoB v\ CMHxpocuma/iaMU peaxiH30BaHa c npeo6pa30BaHneM 
HHTepBana B 500 pas ( Ha 6a3e sapafla Manoü eMKOcTn n pa3p«fla 6onbtiioM eMKOCTn) M o6ecne4HBaeT 
flMCKpeTHOCTb OTCMeTa 0,7CM. KownapaTopbi fl/ifl nMnynbcoB "cTapT" n "cion" ncnonb3yK)T noporoBbie 
3naMeHnyi, nponopi_|MOHanbHbie aMnnMTyfle MMnynbca. TaKMe KOMnapaiopbi (pMC.2) cJwKCMpyioT MOMCHT, Korfla 
BxoflHoCi CMman flocTMraeT saflaHHOM Mac™ aMnjninyflbi, npn BapMaqMU aMnnmyflbi B npeflenax 10 flB. 

BxoflHoti CHman nocne npeflBapnieribHOM BpeMeHHoü cexieKMMH nocTynaeT Ha reHepaTop cTpo6a G 1. 
JlnHMq 3aflep)KKH CTpoßa fl1 ncno/ib3yeTca ß,rm KOMneHcaqnn 3aflep>KKM cipoßa. ArreHroaTop A1 onpeflenaeT 
noporoBoe 3Hawenne no OTHOweHWrO K aMnnMTyfle MMnynbca. JlMHua 3aflep>KKM fl2 oSecneMMBaeT 
cpopMMpoBaHne BbixoflHoro cumana npn flocTOweHMM saflaHHoro ypoBHa 

H3MeHeHue MOU4HOCTM npuHfrroro cumana He npeBbiwaeT 40 flB, (10-20) flB npn MSMeHeHUM 
paccTO«Hnn n cTonbKo we 3a cneT H3MeHeHna OTpaweHMH OT BepxHePi rpanMUbi cpeflbi lunaK-MeTann. 

CwcTeMa aBTOMaTMMecKOki perynnpoBKH ycMneHna (APY) coflepxm noporoByio cxeMy, cpMKCMpyiomyio 
npeBbiiiieHwe 3aflaHHoro ypoBHH, M crnaxcMBarOLflMM nporpaMMHo-peann30BaHHbiCi cpMnbTp. B cucTeMe APY 
Mcnonb3yK)TCfl arreHroaTopb! B CBM Tpaicre w BUfleoTpaiabi npneMHMKa. 

ripn HeB03Myuj,eHHoPi rpaHHL\e ypoBHa pacnnaBa APY o6ecneHMBaeT CTaöMnbHOCTb aMnnmyflbi c 
norpeiUHocTbto MeHee 1 flB, npn cnynaiiHOM xapaicrepe OTpa)KeHMM cpeflHee 3HaMeHne ycTaHaßnMBaeTca c 
norpeiiiHocrbK) flo 1 flB B flnana30He 50 flB. B nocneflHeM cnynae TOSHocTb OTcneTa 3aflep>KKM 
o6ecneHMBaeTCH KOMnapaxopaMM c perynnpyeMbiM noporoM. AHTeHHbi c nyMOM, 6JIM3KMM K npo>KeKTopHOMy, 
no3BonnK)T yMeHbiuMTb 3aBncnMocTb MomnocTn npuHHToro curHana OT paccTonHMH B flMana30He flo 30 M. 

riorpeiiiHOCTb M3MepeHMM ypoBHfl onpeflenaerca y3naMM OTCMeTa 3aflep>KKM. OUJH6KH TOMHOM Luranbi 
CBa3anbi c HennHeMHOcTbio npeoSpasoBaHwa HHTepBana B npeflenax flucKpeia rpy6oti wiranbi (" 4M). 3Ta 
norpeujHocTb 6bina M3MepeHa c noMou^bio HMHTaLiMM cumana, 3aflep>KKa KOToporo nsMeHHeica c ManoPi 
M3eecTHOM CKopocTbio (nop^flKa 1 CM Ha 100 M3nyMaeMbix HMnynbcoB). HMnraTop coflep^an CMHTe3aTop 
nacTOTbi cnHxponMnynbcoB, ynpaBnaeMbifi 32-pa3paflHbiM KOflOM. Bbino noKa3aHO, mo omn6Ka 3a cneT 
HennHePiHOCTM WMeer CTa6nnbHbifi xapaicrep M He npeBbiuuaeT 4 CM (CK.O 1,5 CM). 3Ta oLUMÖKa MOKeT 6biTb 
npeflBapMTenbHo onpefleneHa c ocraTOHHofi norpeiuHoctbio He 6onee (0,5-1)CM. Pe3ynbTaTbi M3MepeHna 
flanbHOCTM npn MMMTaLfMM BxoflHoro cumana c M3MeHHK)inefica 3aflep>KKoii noKa3aHbi Ha pnc.3. CKopocTb 
cocTaBnneT 3 CM/C. flucKpemocTb BbixoflHbix flaHHbix paBHa 1 CM. CrnaweHHan oqeHKa BbixoflHbix 3HaneHMM 
noKa3aHa KPMBOM (1). CpeflHeKBaflpaTH4ecKaa norpeujHocTb M3MepeHMM 3aflep>KKM cocTaBMna 1,5 CM. 

noflaeneHMe no6oHHbix oTpaKeHnPi OT 06-beicroB, oTnMHaiouvixcfl no flanbHOCTM Ha 0,2 M (pa3nnqne 
3aflep>KeK 1 HC) oöecneHUBaeTcn CTpo6npoBaHMeM M He Tpe6yeT cnoxcHbix BbNMcneHufi, KaK B cnynae MM- 
CMmana. CKaHMpoBaHne Bcero fluanaaona oSecnennBaeTC« waMeneHMeM 3aflep>KKH CTpoßa. 3KcnepnMeHT 
noKa3an, HTO B flnana30He OT 0,3 flo 2 M 6bina nonyneHa norpeoiHOCTb co cpeflHMM 3HaMeHneM MeHee 2 CM M 
CK.O. MeHee 2 CM. 

KoHCTpyKLtMfl aHTenHo-cpMflepHoro ycTpoPicTBa onpeflenaeTca KOHKpeTHbiMM ycnoBn^MM npuMeHeHMa. 
flna o6ecneMeHnn pe>KMMa npoKexropHoro nyna aHTenHan cMCTeMa ocHOBHoro BapnaHTa M3MepnTenn 
npoeKTwpyeTcn B BMfle napa6onMMecKofi Bbipe3KM co cMeateHHbiM 4>OKycoM n pynopHbiM o6nyHaTeneM . 
OTpa>KeHHbie CMmanbi cpoKycMpytoTcs B pacKpbiBe pynopa, qeHTp KOToporo coBnaflaeT c cpOKycoM 3epKana. 
fluaMeTp npoeKquM pacKpbiBa aepKana Ha HanpaBneHwe M3MepeHnii Bbi6npaeTca^ TaKMM o6pa30M, HTo6bi 
rpaHMLta 6nn)KHePi 30Hbi B 2 pa3a npeBbiiuana MaKcuManbHyro rny6nHy BaHHbi npn R=2H=20 M flna X=3 CM 
D=0,8 M. 

flna pa6oTbi Ha oflHy aHTeHHy npn Manbix flanbHOCTflx (flo 1 M) HeoöxoflMMO co3flaTb fluoflHbie 
KOMMyTaTopbi c BpeMeHeM BoccTaHOBneHMH <5 HC. Pa3pa6oTaH MaKexHbiti o6pa3ei4 KOMMyraTopa c 
6b!CTpofleficTBMeM 3 HC. Pa3BA3Ka npneMHoro v\ nepeflaioinero TpaicroB 60 flB o6ecneMwsaeTcn 
qupKynflTopoM M flByMn KOMMyTaTopaMM. 

B oTcyTCTBue onbiTHbix o6pa3L\oB KOMMyTaTopoB MO>KeT 6biTb ncnonb3osaHa oTflenbHaa pynopHaa 
nepeflatoman aHTeHHa c lunpuHoPi nyna 10°. 

ripw MaKCMManbHofi BbicoTe 10 M M M3MepeHnn ypoBHfl B BaHHe nnoiflaflbio (7x10) KB.M. flonycTUMO 
ncnonb30BaHne flByx pynopHbix aHTeHH c ainpnHoii nyna 10° (puc 4). npM paccTonHunx 6onee 10M c yqeTOM 
cTpoßnpoBaHMfl paßoMero fluanasoHa BO3MO>KHO ncnonb30BaHne oflHofi aHTeHHbi, c pa3B«3KoPi TpaicroB Ha 
LiMpKynflTope. 

Bbina pa3pa6oTaHa 3CKM3Haa TexHonornMecKan flOKyMeHTaqn« no Tenno3amnTe aHTeHH flna paßoTbi B 

ycnoBM^x KOHBepTepHoro qexa. 
Bbi6op flMana30Ha 3 CM oöycnoBneH, B nepByro onepeflb, cymecTByromePi aneMeHTHofi 6a3ofi CBH 

TexHMKM B flManaaoHax, nosBonaiomHX peann30BaTb aHTeHHbi c liinpMHOÜ fluarpaMMbi HanpaBneHHOc™ (2-10)° 
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flOCTaiOHHO npOCTbIMM  CpeflCTBaMM.   3X0  HeOÖXOßMMO  B  CBA3M  C  pa60TOM  B6/1M3H  MeTannOKOHCTpyKUMÜ  (Ha 
paccTOHHMflx  1-2  M),   co3flafomnx  no6oMHbie  0Tpa«eHna,  snwaioujiMe  Ha  TOHHOCTb  n3MepeHnPi.   PaAnyc 
o6nyMaeMoro nmna Ha noBepxHocTH pacnnaBa He flonweH npeBbiwaTb (1-2) M. 

Kpowe Toro, npn ncnojib30BaHMM naHoceKyHflHbix HMnyribcoB Hecymaa 4acT0Ta flonwHa öbiTb Ha nopnflOK 
6onbüie noiiocb! nanywaeMoro cnrnana ( B ASHHOM cny^ae 700 MTu) fl/ia cornacoeaHMfl CBM Tpatcra B nonoce 
curnana w acpcheKTOBHOK pa6ojbi awnjiMTyflHoro flereKTOpa. 

Hcnonb30BanMe 6onee KOPOTKHX BODH, B TOM Mwciie ocBoeHHoro 8-MM flnana30Ha, npuBerso 6bi K 

6onee cnowHOMy nocTpoennto npweMHo-nepeflaioujiero rpaicra, yBennHeHMK> ujyMoeoü TewnepaTypbi 
npMeiWHMKa H yBeni/weHMio BJIMJIHUH Hepc-BHOCTew OTpawaiomefi noBepxHOCTH. 

CymecTBeHHoe B/iMflHue Ha TowHocib nswiepeHuPt B 8 MM flnana30He OKa3biBaeT pacnpocTpaHeHMe 
paflHOBoriH Mepe3 noxoic pacKa.neHHbix rasoB c MerannuMecKHMn nacTni^aMH. 

Oco6eHHOCTbio pa6oTbi mMepmenn ypoBHH B ncno/ib3yeMOM 3 CM fluanasoHe «B/iaeTCH 6onbinoe 
aaxyxaHkse cumanoB, oTpa>KeHHbix OT Hn>KHei/i rpaHHLjbi ujnaKa (rpaHnnw LUJiaK-weTarm). y>Ke npn 10 CM 

TOJ1U4MH8 ujnaKa 3TO 3aTyxaHne cocTaBJiaeT (40-80) flB. B 3aBKCHMOC,™ or pewnMa nnaBKM B KOHBepTepe, 
TOJimMHa CJIO« LunaKa cocraBnaeT OT(10-20) CM flo (50-60)CM. f/losTOMy curHan, oTpaweHHbiM OT HH>KHei/i 
rpaHMLSbi tursaKa, He BJIHSST na peayxibTaTbi mMepewvi. npoeKTupyewoe ycrpoiicTBO H3MepaeT paccTOflHMe flo 
rpaHMqbi paaflena "cBOöoflHoe npodpaHCTBO - LunaKO-MerajuiMMecKaa 3Mynbcnn". 

III. SasoiHDMeHwe 

ripoBefienHbie TeopeiwecKkie w OKcnepuMeHTanbHbie wccneAOBaHMfl noKa3ann B03MO>KHOCTb 
M3MepeHMH ypoBHfl pacnnasa B KOHBeprepHOM npon3BOflCTBe n npn BHeneMHQM o6pa6oTKe MeTarma co 
cpeflHeKBaflpaTMHecKofi norpeujHOCTbio (1-2) CM. 

PRECISE RADIOLQCATIQNAL METER OF SMALL DISTANCES 
WITH NANOSECOND PULSES USING 

Bragin I.V., Morozov A.A., Maslov S.E., Bragin S.I., Sgibnev V.P. 
Special Design Office of Moscow Power Engineering Institute 

14 Krasnokazarmennaya St., Moscow-111250, Russia 
tel. (095) 2734001, fax (095) 3625576 

MikhailovV.F. 
Academy of Aerospace Instrumentation, 67 Morskaya St., St. Petersburg-190000, Russia 

tel. (812) 2107036, fax (812) 3157778 

The advantages of nanosecond pulse radars for small distances measurement and the radars using continuous FM signal are 
compared. The results of the experiment are given. 
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K.n. fluyK, P.P. LUBeriHA3e 
XaphKoscKuü aocydapcmeeHHbiü yHueepcumem 

310077, XapbKoe, nn. Ceoöodbi, 4 

AHHomau,up. - PeiueHw salami w nposefleHbi pac4e™ aneicrpoflMHaMMHecKHX xapaicrepMCTHK oflHOM v, flByx cBflsaHHbix 
nnocKKX crwpaneii B CHOMCTOM flManeiapKKe, MOflenwpyiow.eM HarpeBaeMyio cpefly. HaiifleHbi oiiTWManbHbie pewwwbi flnn 
McnonbaoBaHna HX npn o6ny>-isHMM »MBOTO opraHHSMa win JIHCTOBUX fluaneicrpMKOB. 

I. BBefleHMe 

Cnoco6HocTb KOHqenTpupoBaTb nona B HeKOTopow o6nacra, xapaicrepHaa flna noeepxHOCTHbix BOTIH, 

Bbi3biBaeT MHTepec K CMcreiwaM, noflflepwHsaromMM Tai<ne BO/iHbi, KaK C TOHKM 3peHwn OTcyTCTBn« 
Heo6xoflMMOCTO nx SKpaHnpoBKM, TaK vi c TOHKM 3peHMs McnojibsoBaHMa JioKajiM30BaHHbix ncxneM flrifl HarpeBa 
flManefcrpuKOB. OflnaKO B pexMMe Bos6y>KfleHMfl OTKpbiTbix cucTeM nojiHbiii cneicrp BOJIH coflepxwT Kpowe 
nosepxHocTHbix eusß n npocTpancTBeHHbie BOJiHbi [1]. OqeHKa HHTGHCHBHOCTH pa3nnMHbix cocTaBJifltoiflMx 
cneiapa npeflCTaBnneT npaicrnMecKuPi MHTepec. riosTowiy p,nn Menu HarpeBa AnsneiopMKOB c noMOLflbio 
HeKOTopott cMCTewibi cneflyeT pemaTb 3afla^y B036yx<fleHna. 

B HaujeM c/iynae fljw wccneflOBaHMH H36paHbi CHCTeMbi oflHOM M flByx CB«3aHHbix HJIOCKHX 

norapM^MUHecKMX crmpaneM B CJIOMCTOM flManeKTpMKe, MOflennpyiomeM H3JiyHatou4yK) cpefly. npeflCTaB/weT 
MHiepec BbwcHeHne BJIMAHMA fluaneicrpwHecKHX cpefl Ha aneiapoflMHaMMHecKMe cBoPicTBa cucTewib! n 
B03MOÄHOCTM npM/ioweHna MX fins oGnyneuMn M HarpeBa nonySecKoneMHbix cpefl M orpaHMMeHHbix cuoeB 
flM3JieKTpHI<a. 

II. MeTOfl peujeHwn 

PaccMarpuBaroTcn flBe CMCTeMbi. B nepBOM M3 HMX njiocKaa cnMpanb pacnonoxeHa Ha 

SKpaHMpoBaHHOM noflJiowKe c flwsjieicrpMMecKOM npoHMU,aeMOCTbK> s - eH, Hafl new MMeeTca BepxHMM C/IOM 

noKpbiTna c s — EB M flMsneicrpMHecKoe nonynpocTpancTBO c £• = £",. Bropaa CMCTeMa COCTOMT M3 flByx 

COOCHO pacnojioweHHbix cnMpaneü. riepaaa pacnonoÄena na axpaHMpoBaHHOM nofl/iowKe c S — 8H , Mewfly 

cnMparibK) npucyTCTByeT cnofi flMSJieicrpuKa c   e-sa<  Hafl HUM BTopaa cnMpanb co cnoeM  noKpbrraa 

(€ = SB ) M nojiynpocTpaHCTBo c e = Sx. 

Mcnojib3yeTCH cjieflyrOLu,a?i MOflexib. flrw cnnpanevi npwHsrro npM6/iM>KeHMe 6ecKOHe4Hofi 
aHH30TponHO npoBOflflineM n^ocKocTM [2], CHMTaeTca, HTO SKpaHbi n cnnpanu He WMeroT noTepb, flMa^eicrpMKM B 

o6mew cnyqae oöxiaflaioT norepaiviM. PaccMaTpMBaroTcn CMMMeTpuMHbie no a3MMyry BonHbi. MCTOMHMKOM 

BosoyxfleHMfl flBnaeTCH CMCTewa CMHc})a3Hb!x  5 -reHepaTopoB, pacnonoÄeHHbtx Ha Konbqe Manoro paflMyca. 
3aflana penjaeTcn MeTOflOM MacTMHHbix o6jiacTePi, Mcnonb3yeTcyi npeflCTaBneHMe non« B Kax<flOM MS 

oSnacTew B BMfle MHTerpanoB Oypbe - Beccena c HeM3BecTHbiMn KoscpcpnnMeHTaMM. flnn MX onpefleneHMfl 
rpaHMMHbie ycnosMH 6epyTca B npnH«Tbix npuSriMweHMnx. TaKMM o6pa30M nonyMeHbi GMCTeMbi MS 10 M 14 
MHTerpa/ibHbix ypasHewuM oTHocwTeribHo HeM3BecTHbix K03cpcpML(MeHTOB pa3Jio)KeHMa noneM B cnynae OAHOM M 

flByx cnnpaneM cooTBeTCTBeHHO. B cny^ae CMMweTpM^Hbix BOJIH BO Bcex MHTerparibHbix ypaBHeHnax 
noflbiHTerpanbHbie Bbipa>KeHM?i coflep>KaT cpyHKqMM Beccenn oflHoro nopaflKa. Torfla npMMeHeHMe oßpaTHoro 
npeo6pa30B3HMa XanKena K Ka>KflOMy MS ypaBHei-iMM no3BonaeT nepeMTM OT CMCTeMbi MHTerparibHbix 
ypaBHeHMM K comacoBaHHOM cMCTewe anre6panHecKMx ypaBHeHMM. B OTOM cny4ae norm npeflCTaßneHbi B 

MHTerpanbHoii cpopMe c aHarwTMMecKMM Bbipa>KeHMeM fln« noflbiHTerparibHbix cpyn^MM. TaKan cpopwia flaeT 
B03M05KHOCTb BbiMMCfiMTb MHTerpan B nnocKocTM KOMnneKCHoro nepeivieHHoro. BbmeTbi B noniocax onpeflenaroT 
non.q nosepxHocTHbix BOJIH, a MHTerparibi no pa3pe3aM OTToneK BeTBneHMa, BbiMMCJieHHbie c noiwoiflbro MeTOfla 
nepeBajia, flaraT BbipaxceHM« flna npocTpancTBeHHbix, T.e. M3JiyHeHHbix, BOJUH. 

Hi. Pe3ynbTaTbi pacqeTa 

TaicwM oßpasoM 6biJiM paccnuTaHbi flMcnepcMOHHbie M aHepreTMHecKMe xapaicrepMCTMKM 
nosepxHocTHbix BonH, HanpaBJieHHbie M 3HepreTMMecKne xapaicrepMCTMKM fljia M3JiyMeHHbix BOJIH B LUMPOKOM 

MHTepsane M3MeHeHMa napaiwieTpoB CMcreMbi M nacTOTbi. Oco6oe BHMMaHMe yflejieno MccneflOBaHMio BjiM^HMa 
CBOMCTB o6jryMeHHOM cpeflbi Ha xapaicrepucTHKM CMCTeMbi. 
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B cnyMae oflHoPi cnnparin 6bino o6Hapy)K8Ho, MTO HHTeHCHBHocTb noneü noBepxHOCTHOü BonHbi B 

nony6ecKOHeHHOM (oSnyMaervioft) o6nac™ wweer MaKCMh/iywi ana onpefleneHHoro Ha6opa napaMeTpoB cMCTeiwibi 
M MacTOTbi. flMsneKTpuMecKaq npoHHL|aewocTb n noTepw o6nyMeHHoPt cpeflbi cna6o BiiMnioT Ha nonoxeHne M 
HHTGHCHBHOcTb MaKCMMywa.  IfonyMeHHoe none MMeeT KOHMMecKyio flH.   B cnyMae 6onbuinx rmoTHOCTeü 

o 
HaMOTKH cnnpa/iM MaKcuMyiw wsnyMeura pacnonoweH nofl ymoM 45  K OCH CHCTeMbi w cna6o M3MeHqeTca c 

POCTOM e[. ripw Manbix nnoTHocTax HaMOTKH c POCTOM sx nponcxoflHT cMeuj;eHne MaKcuMyiwa M3nyMeHnn B 

cropoHy HopMann cnwpanw n cyxenwe flH.  POCT norepb Bbi3biBaer yMeHbwenwe aMnnnTyflbi  noneä  H 
„ n M3n 

noaBJieHMe nsnyneHUH B nnocKocTM cnnpann CpaBneHne MOLu,HOCTew noBepxKocTHofi P   n M3nyMeHHoü P 
n M3n 

BOJIH noKaaano, MTO B cnyMae Manbix    sx      P   » P      . C POCTOM  s,  B03HHKaeT pewHM, npw KOTopoM 
n       M3J1 n 

P « P     , ofiHaKO HannHne norepb B cpefle npHBOflur K TOMy, MTO M B cnyMae 6onbiiinx 8, P  OKa3biBaeTca 
M3fl 

Bcer,qa 6onbiiie P    . 
flns flByx cnnpaneii xapaicrepHO HannMHe fiByx noBepxHocTHbix BonH npa pa3nnMHbix nnoTHOCTflx 

HawioTKM cnwpaneft. MomHOCTb nosepxHOCTHbix BonH B nonyöecKOHeMHbix oönacTHX cnaöee, MeM B cnyMae 
oflHoPi cnwpajiM, HO Mom,HocTb we>Kfly cnnpannMH 3HaMHTenbHo 6onbiue, Mewi B nio6oü o6nac™ oflMHapHofi 

cnnpanM, n pacTeT c POCTOM sa M MacTOTbi. M3nyMenHoe none B STOM cnyMae MMeeT KOHMMecKyw flH, HO 
M3n n 

Moi4HOCTb P     3H3MMTenbHO MeHbtue P   B o6nacTn Mew^y cnwpanaMM npw nioSbix 3HaMeHH«x KOMnneKCHbix 

Sa. noBepxHOCTHaa BonHa nnHeiiHo nonapusoBaHa, H3nyMeHHaa npn ßonbuinx nnoTHOCTax HaMOTKH cnnpann 

nMHePiHO nonnpM30BaHa, npH Manbix — MoweT MMeTb nHHeüHyto nnn snnwnTWMecKyio nonnpn3annrO npn 
HeicoTopoM Ha6ope napaMeTpoB CMCTeMbi. 

ComacHo [3] npoeefleHa oqeHKa MOIUHOCTH noTepb M BpeMeHw HarpeBa cnoq flManeicrpuKa Me>Kfly 
cnnparwMM. PacMeTbi noKa3ann, MTO flna fluaneicrpMMecKoro flMCKa A^aweTpoM    5 CM, TonunMHoä 2 MM c 

£ = 10 M tgS - 10    noBbiuieHne TeMnepaTypbi Ha 100  MOWHO flocTMMb 3a HecKonbKO MMHyT npn ypoBHe 

MOIUHOCTH CBM nop^AKa 100 BT. 

IV. 3ai<riK)HeHiie 

riOKa3aHO, MTO B pewuMe CMMMeTpuMHbix noBepxHocTHbix BonH OAHa cnnpanb c aKpaHnpoBaHHofi 
noAnoKKQü n cnoeM noKpbiTna npuroAHa AJia oönyMeHwa nonyöecKOHeMHoii cpeAbi («MBoro opraHUSMa). flße 
CBa3aHHbie cnnpann B STOM xe pe>KMMe npnroAHbi f\m noKanbHoro HarpeBa nucTOBbix AH3neKTpnKOB. flonn 
ManyMeHHoPi  MOIUHOCTH  npn  STOM  Mana  B  OöOMX  cnyMaax.   HoaTOMy  B  AoßaBOMHotf  aKpaHnpoBKe  HeT 
Heo6xOflMMOCTH. 

V. CnMCOK JiMTepaTypbi 

[1]   roiiiMH r.r., 3aMapaeBa B.n. Cnntj3a3Hoe eo36y>KfleHne nnocKovi cnnpajibHoti aHTeHHbi, pacnono>KeHHOM Ha 3a36MneHHOM 
MamuTOflnaneKTpuMecKOM cnoe // M3BecTHR BY3OB. Paflnocpw3MKa. - 1977. - T. XX, Nfi5. - C. 739-744. 

[2]   CKIJIMH B.A., Ca30HOB B.n. 3aMeflnnroinne CMCTeMbi. - M.: COB. paflno. -1966. - 631 c. 
[3]   nwaiHep r. HarpeB SHsprneii CBepxBbicoKwx nacTOT. - M.: 3Heprna. -1968. - 311 c. 

PLANAR SYSTEMS OF SURFACE WAVES FOR DIELECTRIC HEATING 

Yatsuk K.P., Shvelidze R.R. 
Kharkov State University, 4 Svoboda Sq., Kharkov-310077, Ukraine 

tel. (0572) 45-71-33 

The systems with surface waves have sizes smaller than those of the microwave waveguides and cameras which are usually used 
for dielectric heating. We have investigated the electrodynamic properties of some systems - one and two axially coupled planar 
spirals with dielectric layers. The regimes with maximum power flows in layers were found and temperatures of irradiated dielectrics 
were estimated. The radiated waves were also estimated. The results may be used when the construction of alive organism 
radiators and flat dielectric layers. 
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HCII0JIL3ÖBAHHE METOßA O&OKYCHPOBAHHOa AriEPTYPM 
flJW CBH-TEXHOJIOrHHECKHX YCTAHOBOK 

r.A,Mop030B, O.B.rioTanoBa, K).E.Ce#ejibHHKOB 
Haymo-uccnedoeamenbCKuu ifewnp npiiKJiadHOü 3jieKmpoduHOMUKu 

KasancKozo focydapcmeeHHOzo TexmmecKoso Yuneepcumema 

HccjieflyioTCfl Bonpocbi onxHMH3auHH BOSoyacAeHHs 3jiei<TpoMarHHTHbix nojiefi 
B CBepxBbicoKonacTOTHbix (CBTI) TexHOjiorHHecKHX ycxaHOBKax. C nejibio H3yneHHa 
B03MOÄHOCT6H noBbimeHHH 3<J)(peKXHBHOcxH B036y>K#;eHH5i nojw B norJiomaioineH cpe- 
fie npoBe^eno ajieKxpo^KHaMMHecKoe Mo/jenHpoBaHne pjix cjryHaa HSJiyneHHa JIMHCHHOH 

peuiexKH HSJiyqaxejiefi B cpe^y. 
IIoKa3aHO cymecTBOBaHHe 3(f)(f)eKxa, 3aKjnoHaK)ineroc$i B yBejiMHennH 3Haqe- 

HHH  MOIUHOCXH  UOJIX HSL OnpCfleJieHHOH TJiyÖHHe npH  npHMCHeHHH  C^OKyCHpOBaHHOH 
anepxypbi no cpaBHeHH» c HeccpoKycnpoBanHbiM B036y:nq3,eHHeM H3jryqaxejieH, a xaiOKe 
cyiuecxBOBaHHe onxniwajibHoro aMmiHxyAHoro pacnpeÄejieHM, oöecnennBaiomero 
MaKCHMajibHyio HHxencHBHoexb noji« Ha 3a#aHHOH rayÖHHe. 

I. BBe^eHHe 
B nocneflHHe flecaxmiexHsi B pfl#e cxpaH aKXHBHo npoBOflHJincb HccjieflOBaHHa, 

HanpaBJieHHbie Ha pacuiHpeHHe c^ep npHMeneHH« ajieKxpoMarHHXHbix nojiefi (3MI1) 
CB^-flHana30Ha. OH3H*iecKHe CBoncxBa, npncymHe 3MI1 Cim, B XOM qncne cnocoö- 
Hocxb npoHHKaxb Ha onpeneireHHyio rcryOHHy B oöJiyqaeMOö cpe/je, a xaiOKe 3(p4)eKXbi 
ÖHOJiorHHecKoro xapaxxepa onpe^ejiHUH nepeneKXHBHoexb Hcnojib30BaHH5i CBH-nojien 
fljia peiiieHHfl uiHpOKoro Kpyra sa^an B Me^HUHHe, GnonorHH, cejibCKOM xo3jmcxBe H 

npoMbiuiJieHHOCxH [1,2,4,9]. 
K Hacxosiuj,eMy BpeMeHH co3flaHbi H uiHpoKO Hcnojibsyioxc« xexHOJiorHiecKne 

CB1! ycxaHOBKH, jinn pa^a npHJioxceHnn flOKasaHa nepeneKXHBHoexb H Be^exca pa6oxa 
no npOMbimneHHOMy ncnojib30BaHHK>. B pape HanpaBJieHHH nojiyneHbi pesyjibxaxu H 

npOBOflMxca HCcneponauKH no onpe^ejieHHio onxHMajibHbix pexnMOB oöpaöoxKH [6]. 
^OCXOHHCXBaMH CB^-MCXOflOB, no CpaBHeHHK) C XpaflHUHOHHQ HCnOJIb3yeMbI- 

MH, «BJ15JIOXC«: 
- SKOJiornyecKaa qncxoxa nponecca o6pa6oxKH, X.K. CB^-Mexoßbi no3BOjunox 

H36e>Kaxb HJIH pesico coKpaxHXb KOHnenxpauHH XOKCHMHHX XHMHqecKHX Be- 
mecxB; 

- coKpau^eHHe SHeprexHnecKHx 3axpax; 
- B03MO)KHOCXb nojiHOH MexannsauHH H aBXOMaxH3auHH npoueccoB o6pa6ox- 

KH; 

- ycKOpeewe npoueccoB oöpaöoxKH. 

II. OcHOBHaa MacTb 
K MHCJiy cneuncpiwecKHX 3a#aH, B03HHKaiouu,Hx npH pa3pa6oxKe cpe^cxB CBH- 

o6pa6oxKH, oxHOCHXca B036y>jg3;eHHe sjieKxpoMarHHXHbix nojieö B paoonnx KaMepax 
CB^-ycxaHOBOK, ncxo.n,fl H3 3aaaHHOro pacnpe^eJieHHfl xeMnepaxypbi no oö-beMy 
o6pa6axbiBaeMoro Maxepnajia [6]. 

OopMHpyeMoe xexymee pacnpeflejienne nojien xeMnepaxyp onpe/jejiaexcji RH- 

naMHKOH npoueccoB HarpeBa H xenjioo6ivieHa c ORpy^Kaioinen cpe^ofi. Bbmejienwe yme 
xenjia onpe,n;eraexcfl npocxpancxBeHHbiM pacnpe^eneHHeM Mopym HanpjDKeHHOcxH 
sjieKxpOMarHHXHoro nojia, IIoaxoMy Haxo>KfleHHe pacnpefleneHHa no.nH xeMnepaxyp 
MOÄex 6bixb nocxpoeHO B BH^C ßByxaxannoH npoue^ypbi: Haxox/teHHa nojia 
xeMnepaxyp no sajiaHHOMy pacnpeaejieHHK) HHXBHCHBHOCXH anexxpOMarHMXHoro nona 
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H Haxo>KfleHHK) (JjyHKUHH HHTeHCHBHOCTH nocrie,a;Hero no 3aaanHOMy B036y^g3;eHHK) 
HCTOMHHKOB. 

B   COOTBeTCTBHH   C  KOHKpeXHbiM   Ha3HaqeHH6M   yCTaHOBKH  3XH   nOJIfl  flOJDKHbl 
HMCTb HeKOTOpyio saflaHHyio HHxeHCHBHoexb B npe^ejiax yxasaHHbix KaMep H o6-beMOB 
o6pa6axbiBaeMbix MaxepHanos. 

BosHHKaiomHe npn 3XOM CJIOXHOCXM oöycjiOBJieHbi, no-KpaHHeö Mepe, flByMfl 
npHHHHaMH: 

- norjiOLijeHHeM snepran B o6pa6axbreaeMOM MaxepHane H, KaK cjie^cxBHe, 
yöbmaiouiHM xapaKxepoM H3MeH6HHH HHXCHCHBHOCXH HOJTH B rjiyÖHHy; 
- MHoroMOßOBbiM xapaxxepOM 3JieKxpoMarHHXHbix nojieö B saMKHyxbix 
KaMepax c uajimneM pe30HaHCHbix npocxpaHCXBeHHbix pacnpeflejieHHH, qxo 
npHBOflwx K cymecxBeHHo HepaBHOMepHOMy pacnpeAejieHHio HHX6HCHBHOCXH 
nojiji c o6jiacxaMH nyqHocxeii H y3JiOB. 
TaKHM o6pa30M, O^HOM H3 aKxyanbHbix 3a,n;aq, CBjBaHHbix c npOMbiuiJieHHbiM 

ocBoeHHeM CB^-xexHOJiorHH, »BJMexcs pa3pa6oxxa Mexo^OB 3(})4)eKXHBHoro BOsGyac- 
ÄCHHa 3JieKxpoMarHHXHbix nojieH B pa6oqHX KaMepax xexHOJiornqecKHX CBM-ycxaHO- 
BOK. 

C uejibio HsynenHa B03MO>KHOcxeH noBbiuieHHJi sc^eKXHBHoexM B036y>KAeHHS 
nojut B norjiomaiomeö cpe,n,e npOBe^eHbi nccjieAOBaHMfl, no3BOJunomHe paccqHxaxb 
MoiuHocxb 3JieKxpoMarHHXHoro nojiJ! Ha pa3Hofi rciyÖHHe «JI« cjryqaeB CHHcf)a3Horo 
B036y»cfleHH« JIHHCHHOH pemexKH HSJiyqaxejiefi H npn B036y>KAeHHH HX B 4>a30Bbix 
cooxHoiiiemurx, o6ecneMHBaK)iu;Hx öojiee paBHOMepHoe pacnpeflejieHHe MOLUHOCXH B 

cpe^e. CocxaBJieHa 3JieKxpo,n,HHaMHqecKaH MO^ejib HSJiyqeHHH B norjiomaiomyK) cpeay: 
HAeHXHHHbie nsjiyqaxejiH c o6meä CHCXCMOH BosöyjKßeHHH Haxoflaxc« Ha rpaHHue 
noniomaiomeH cpe#bi, o6pa3ya nHHeHHyio pemexKy, H HSJiyqaiox B cpezry [6]. 
FIoKa3aHO, qxo B 3XOM cjryqae 3a cqex B03(5y>KAeHHfl H3nyqaxejieH B cooxBexcxByioujHX 
4>a30Bbix cooxHOiueHHHx MOJKHO floÖHXbca yBejiHqeHHfl 3HaneHHH MOIUHOCXH nom B 
KaKOH-JiH6o xoMKe (4>oi<ycHpoBKa B xoHKy) HJIH cyMMapHoro 3HaqeHHH MOUJHOCXH, 
Bbi,a;ejiJieMOH B npe^ejiax npOH3BOJibHoro oxpesxa ($OKycHpOBKa B npe^ejiax oxpe3Ka), 
pacnojio^ceHHoro Ha onpeflejieHHofi rayÖHHe. 

HccjiejiOBaHHa onpezjejiHJiH Hajinqne onxHMajibHoro aMnjiHxyzjHoro pacnpe- 
AejieHH« (AP) XOKOB H3Jiyqaxejien, npn KoxopoM HHxeHCHBHocxb sjieKxpnqecKoro nojw 
Ha onpefleneHHOH rjiyÖHHe AoexHraex MaKCHMajibHoro 3HaqeHHa. riojiyqaeMbiH stfxjjeKX 
oueHHBaexca oxHoineHHeM MomHoexeö" B xoqxe ^oxycHpOBKH #JIH onxHMajibHoro 
aMnjiHxyflHoro pacnpeflcaeHH« H B cjiyqae paBHoaMnjiHxyaHoro B036y)KfleHHfl H3Jiy- 
qaxejieö. 

B KaqecxBe noniomaiomeH cpe^H npH pacqexax Hcnojib30Bajica cyrJiHHOK 
cepbifi c 10% Bjia>KHOcxbK) [10], cpe#a npe/jnojiarajiacb 6ecKOHeqHOH. LfojiyqaxejiH pac- 
nojiarajiHCb Ha paccxoaHHH A,c/2, KOJiHqecxBO HSJiyqaxenefi paBHsuiocb 11. 

Ha pHc.l H pHC.2 npe^cxaBJieHbi pacnpeaejieHHa MOIIJHOCXH sjieKxpHqecxoro 
nojw B rjiyÖHHy Maxepnajia npH 4)OKycHpOBKe B xoqxy, pacnojiaräiomyioca Ha nryÖHHe 
16 CM H B036y»CfleHHH H3Jiyqaxejiefi Ha qacxoxax 0,96rru H 3,84rru cooxBexcxBeHHO. 
Kos^HHHeHx 3axyxaHH« (a) K K034>4)HHHeHx $a3bi (ß) onpeflejwuHCb coraacHO [10]: 
a=13,7; ß=180 ma pHc.l H a=5,76; ß=47,5 JSJIH pHC.2. YBejiHqeHHe MOIUHOCXH nojw B 

xoqKe <|)OKycHpoBKH cocxaBHJio 2,5«B (pHc.l); 7«B npH paBHOMepHOM c^OKyCHpoBaH- 
HOM   B036y>KAeHHH    H    9flB    npH    C(|)OKyCHpOBaHHOM    B036yKfleHHH    C   OnXHMaJIbHbIM 
aMnjiHxyflHbiM pacnpe^ejieHHeM (pwc.2). S^^eKX npH onxHMajibHOM aMnjiHxyflHOM 
pacnpeAejieHHH no OXHOUICHHIO K paBHOMepHOMy CHH(|)a3HOMy B036yMga;eHHio 
H3Jiyqaxejie0 cocxaBHJi npH6jiH3HxejibHO 1,6 H 3,5 cooxBexcxBeHHO. 
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Ha pHC.3 H pHC,4 npeflCTaBneHb! pacnpejcejieHHH MOUIHOCXH sjieKxpHHecKoro 
nonn B norjiomaiomeM cpe^e Ha rayÖMHe 16 CM B npe^ejiax oxpesica (|)OKycHpoBKH 
(oTpe3Ka   B   npe^eJiax   KOTOporo    MaKCHMHsnpoBajiacb   cyMMapnaa    Bhijj,enneuan 
MOlIJHOCXb). ripOMHC yCJIOBHJl MQÄeJIHpOBaHHJ? HfleHXHHHbl BbülieonHCaHHblM CTiyMaaM. 
Coraacno nojiyHeuHbiM pe3yjibxaxaM, MaKCHMajibHbiH 3(j)(f)eKX ßocxHraexcji npH 
aMnxxHTy^HOH HJIH aMrraHxyAH0-(|)a30B0H onxHMMsauHH aMnjiHxyÄHO-cfmsoBoro 
pacnpe^ejieHH« B pacKpbrae pemexKH. Oa30BaH onxnMH3auH5i He ^aex omyxHMoro 
BbiHrpbiina B cyMMapHOH MOIUHQCXH. 

TaKHM o6pa30M, HCCJie^OBaHH^MH nojcasano cymecxBOBaHHe s^eKxa, 3aiaiK>- 
Maioii|eroc53 B yBejraRCHHH SHaneHHÜ MOU^HOCXH nom na onpefleiieHHOH rayÖHHe npH 
npHMeHeHHH c^OKycHpoBaHHoM anepxypbi no cpaBHeHHio c Hec4)OKycHpoBaHHbiM 
B03Öy^qi,eHHeM KSJiynaxejieH, a xaioKe cymecxBOBaHHe onxHivtajibHoro awnjiHxyflHoro 
pacnpeACJieHHH XOKOB H3nyqaxejieH, oöecnenHBaiomero MaKCHMajibHyio KHXCHCHBHOCXB 

nojia na sasaHHon niyÖHne. 

III. SaioiioieHtie 
OflHHM H3 OCHOBHblX HailpaBJieHHH HCriOJIb30BaHHJI SJieKXpOMarHHXHOH 3Hep- 

THH   CB1!   OXHOCHXCJä   HCn0JIb30BaHH6  SJieKXpOMarHHXHblX   nOJieÜ   flJIfl   CyiJUKH,   #e3HH~ 
(|)eKUHH, xepMoo6pa6oxKH pa3JiHHHbix MaxepHajiOB. Bo3,n;eHCXBHe sjieKxpOMarHHXHbix 
nojien ocymecxBJi«excM 3a c^ex norjiomeHHJi SHeprHH BeujecxBOM H npoflBjraexca B BH^e 
3<})4)eKxa Harpesa. ITpH SXOM 3a cner npouHKHOBeuHS nojia B xojiury MaxepHajia 
cxaHOBHxcji BOSMOÄHbiM HarpeB, ocymecxBJiaeMbiH no o6T>eMy BemecxBa (a He no 
noBepxHOCXH, HXO Hiweex Mecxo äJD? Jiio6bix .npyrax H3BecxHbix cnoco6oB). HMCHHO 

ynaaaHHoe CBOHCXBO onpeflejwex ocHOBHbie noxeHiniajibHbie flocxoHHCXBa CB*!- 
Harpesa. 

HcnojibsoBaHHe Mexo^a c<$OKycHpoBaHHOH anepxypbi no3BOJiaex noBbiCHXb 
HHxeHCHBHoexb CBxI-o6pa6oxKH, a xaioKe öojiee st^eKXHBHO Hcnojib30Baxb SHeprnio 
HCXOMHHKa. 
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CMHTE3 MHOrOSOHfiOBblX 
PAflMOBOJlHOBblX flATMUKOB flJlfl 

l13MEPEHMfö HE3J1EKTPMHECKMX BEJ1MHMH 
C nOBblLUEHHOM MyBCTBMTEflbHOCTbK) 

A.C. CoenyKOB 
MHcmumym npoöneM ynpaeneHUR PAH, 117806, MocKea, llpocpcoic3Hafi yn., 65 

Ten./cpaKc: (095) 369-3702, E-mail: sovlas@ipu.rssi.ru 

AHHomamm - flna paflMOBormoBbix M3MepenMM Heaneiapn^ecKnx Benimm c noBbiuiewHow HyBCTBMTenbHocTbio 
npefljiaraercfl ncnonb30BaTb cnHTe3npyeMbie MHoro30HflOBbie flamnKM. C wx npMMeHei-weM o6ecneHHBaeTCfi MHoroKpaTHoe 
K0HT3KTH0e   M/1M   flMCTaHLJMOHHOe   30HflHpOBaHM8   3JieKTpOMarHMTHblMM   BOJlHaMM   KOHTpOHUpyeMblX   OSteKTOB.   Cl1HTe3   TaKMX 
fiaTHUKOB ocymecTBnHeTca npn BCTpanBaHMH iwKynsTopoB MJIM HanpaBneHHbix OTBeTBMTeneü B ncxoflHbie pe30HaTopHbie win 
BonHOBOflHbie flaTMMKM. YKasbiBatoTCfi o6nacTn npuMSHeHwa cwHTe3npoBaHHbix MHoro30HflOBbix flaTHMKOB M coflepxramkix MX 
H3MepnTenbHbix ycTpowcTB pps\ M3MepeHnft pa3nuHHbix TexHonornMecKnx napaMeTpoB. 

I. Bseflemie 

BonbUJMMM C^yHKLtMOHanbHblMM B03MO)KHOCT!RMM flflfl M3MepeHMM HeajieicrpMMecKMX BenMHMH oönaflaioT 
paflMOBO^HOBbie flaTMMKM [1], 3TO noflTBep>KflaeTCfl M3BecTHbiMW paapaSoTKaivin Tawx flaTHMKOB, 
npeflHa3HaHeHHbix flna n3wiepeHnn napawieipoB pa3riMHHbix TexHonornnecKnx npoL\eccoB [2]. B TO »e Bpewin 
HyBCTBMTeJlbHOCTb    3TMX    flaTHMKOB    K    M3MepaeWblM    BenHMUHaM,    MX    TOMHOCTb    He    BCerfla    OKaSblBaiOTCfl 
flocTaTOMHbiMM fliifl peweHMfl nocTaBneHHbix saflan. 

PaccMOTpMM npuHLtunbi nocTpoeHun paflMOBonHOBbix flaTHMKOB, KOTopbie qBnnKJTca cyujecTBeHHO 
6onee HyBCTBMTenbHbiMM no cpaBHeHMio c n3BecTHbiMH flaTHUKaMn aHanorMMHoro npUMeHeHMH. 

II. ripuHMnnb! nocTpoeH.ua BbicoKonyBCTBHTeribKbix AaTMMKoe 

OCHOBOM flna CMHTe3a BbicoKonyBCTBMTeribHbix paflMOBoriHOBbix flaTMUKOB flBnneTC?! oöecneneHMe 
B03MOÄHOCTH MHoroKpaTHoro (no MeHbiiien wepe flByKpaTHoro) BsanMOflePicTBUfl sneicrpoMarHMTHbix nonetf 
(BOJIH)   B   HMX   C   KOHTponwpyeMbiMn   o5"beKTaMn.   flocTuraeTca   STO   HannHneiw   y   flaTMUKOB   MHorux 
HyBCTBMTejIbHblX   3/ieMeHTOB   (30HflOB),    Ha    KOTOpbie    OflHOBpeMeHHO    B03fleÜCTByeT   BXOflHa«    Be/lMMWHa    X, 
onpeflerwa B coBOKynnocTH cpyHKqwo npeo5pa30BaHna (<pn) flaTHMKa. 

nycTb a^x), a2(x), ...,ak(x) - cpyHKqun npeo6pa30BaHnn, BbipawaioLUMe CBH3b M3Mep?ieM0M BenMMMHbi x 
c BbixoflHbiMn BenMMMHaMM k HyBCTBMTejibHbix 3/ieMeHTOB (M3) flaTHMKa. Torfla on flaTHUKa Bbipa>KaeTcn 
cneflyiomMM cooTHoiueHneM: 

y=f(a1(x),a2(x) ak(x)) (1) 

B flaTHMKe co MHornwn M3 ocya(ecTBn«eTC?i MHoroBxoflOBoe BosfleäcTBMe x Ha On flaTHUKa, KOTopoe 
peajinsyeTca B03fleticTBMeM x Ha Kawflbifi M3 M3, BxoflnLU,nx B cocTaB flaiMMKa, cpopwiupy« pe3ynbTnpyioii^yKi 
<t>n. MyBCTBMTe/ibHocTb Sk flarnnKa, coflepwamero k 43, K M3iwepfieM0My napaiweTpy ecTb 

* df dat sk=L^—z~- (2) 
,-=l<7fl,-  OX 

npM ai(x)=a2(x)=...=ak(x)=a(x) MMeeM Sk=kSi, rfle Si - 3HaneHMe Sk npM k=1. 
flna  flaTMUKOB,   peaxiMayeMbix  Ha   ocHOBe  pa3DMHHbix  4>M3MHecKMX  npMHMMnoB,   cpyHKqwM  ai(x), 

a2(x),...,ak(x) BbipaXaiOT CBH3b C X KOHKpeTHblX BJIMSIOIUMX H3 Cpn BenMHMH. fljlfl paflMOBOriHOBblX flaTHMKOB 3T0 

MoryT 6biTb aneicrpMMecKoe E(x) M MarHMTHoe H(x) nonH, 3naMeHMa flMoneiapMMecKOM e(x) M iwarHMTHOM 

|i(x) npoHMi^aeMocTeü, oßtew V(x), 3aHMMaeMbiM aneiapoMarHMTHbiM noneM, T. e. 
-> -> 

ai(x)={Ei(x), Hi(x), e,(x), m(x), Vi(x)}, i=1,2,...,k. (3) 
B   HaCTHOCTM,   eCJIM   paflMOBOJIHOBblM  flaTHMK  riOCTpoeH   Ha   OCHOBe  OTpe3Ka   flJIMHHOM   J1MHMM,   TO   (3) 

MOxeT 6biTb aariMcaHo TBK: 

ai(x)={U,(x), lj(x), C,(x), L|(x), Rj(x), l,(x)},    i=1,2,...,k , (4) 

rfle Uj(x),  li(x) - Hanpn>KeHMe w TOK B o6jiacTM, noflBepraewoPi B03fleMCTBMio x;   Ci(x), Li(x), R,(x) - noroHHbie 
eMKOCTb, MHflyKTMBHOCTb M COnpOTMBTieHMe J1MHMM B 3TOM OÖnaCTM; l|(x) - flJIMHa yMaCTKa J1MHMM, Ha KOTOpbIM 
B03fleMCTByeT X. 

Ma-repliaAb! 6-fi MeMtnyHapoflHoB ^««MCKOH ^«KPOBOAHOBO"I ÄoHcpepeHUHH XjmrftitKo'96. 16-19 ceHTnSpa 1996 r„ CeBaCTXinoAb, KpbiM, YKpaHHa A OO 
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CooTseTCTBya n3BecTHbiM MeioflaM noBbiujennH MyecTBHTenbHOCTO numb B HBCTH yBennMeHna 
KpaTHOCTM BsaMMOfleMCTBUfl c o6"beKTOM, npeAnaraeMwe npuHqwnbi, CBa3aHHbie c opraHwaauneii flaiMMKOB co 
MHornMU 43, MeTOflMMecKM flBfintoTcq 6o/iee O6LII.WMH M csasaHbi c wcnoribsoBaHHeM pa3nnMHbix TunoB 
flaTMMKOB M UX HHCpOpMaTUBHblX napaM6TpOB. 

3a  CH6T flByHanpaBiieHHoro  soHflnpoaaHna  KOHTponnpyeMoro  oS-beiora  MOWHO  BflBoe  noBbicnTb 
HyBCTBHTeJIbHOCTb paflMOBOJIHOBblX flaTHUKOB. 3TQ OCyUU,eCTBMMO C npHMeHBHMeM BOJIHOBOflHblX p630HaTOpOB, 
HMeiOlllMX Ha 06OHX TOpi.(aX 43,  KOTOpbie OflHOBpeMeHHO B3aMMOAeMCTBytOT C 06"beKTOM.   B 3aBMCHMOCTM OT 
peujaeMofi 3aflaMH 43 3flecb Moryr npeflciaBnHTb co6oü: cxrepbiTbie Topuibi fl -oöpasHbix BoriHOBOflHbix 
pesoHaTopoB (B 6ecK0HTaicmbix flaiMMKax Manbix paccTOflHufl, ToriLi\HHbi riMCTOBbix MeTannkmecxnx 
MaTepnajioB);   norpyxcaewbie B KOHTponwpyeiwyrO wwflKOCTb KSK ynacTKH TaKnx BoriHOBOflHbix pe30naTopoB (B 

flaTHUKSX   ypOBHFl   «MAKOCTO),    T3K   H   TOJlbKO   HX   Harpy30HHbie   COnpOTMBJieHUn   (B   flaTHWOX       CpHSHHeCKHX 
napaweTpoB Bew,ecTB, B TOM nucne nepeMew,aeMbix no Tpy6onpoBOflaM); noflcoeflMHeHMbie K O6OUM Topqaiw 
BonHOBOflOB TOHKMe (< 0.1 MM) Mera/inHMecKne MeMöpaHbi (B flaTHUKax flaBneHna, pacxofla Beu^ecTB, 
nepeM8U4aeMbix no TpySonposoflaM; B nocneAHew cny^ae STM MeMßpaHbi AByx pesonaTopoB, ycTaHOBneHHbie 
cHapy»M Tpy5onpoBOfla B flByx ceMennax BflOJib ero flriMHbi, BcrpoeHbi B CTeHKM Tpy6onpoBOfla); aHTeHHbi, 
npucoeflMHeHHbie K O6OMM TopLjaM Fl-oSpasHoro BonHOBOAa H HanpaBnenHbie B CTopoHy KOHTponnpyeMoro 
o6"beKi*a (B 6ecKOHTaKTHbix flaT^nicax paccToaHHa, ypoBHa BemecTB B eMKOCTOX, paccToaHwa AO ABM>t<yLu,eroc« 
oöteicra M ero CKopocTn). MHcpopMaqnoHHbiM napaMeTpoM TaKux ABTHHKOB MoweT c/iy>KHTb, B nacTHOCTM, 
pe30HaHCHaa MacroTa aneicrpoMarHMTHbix Kone6aHtw, saBKcamaa OT n3MepaeMoro TexHonorwHecKoro 
napawerpa. 

fln« MHoroKpaTHoro (6onee, <H6M B ABa pa3a) noBbimeHna MyBCTBHTexibHocTM npuMeHUMbi 
paAnoBoxiHOBbie A^TMHKM CO MHorMMH 43. OHH BasupytoTca Ha ncnorib30BaHnn HOBUX 6a30Bbix aneMeHTOB 
flna nodpoeHMa paAMOBOJiHOBbix ASTMHKOB - BOHHOBCAHbix pe30HaTopoB c pa3AenbHbiM B3anMOAePicTBneM 
BCTpe^Hbix BoriH c KOHTponnpyeMbiM o6"beicroM [3]. TaKne AaTMHKH peajiH3yrOTca npn BCTpanBaHMH B McxoAHbie 
pesoHaTopw qupKynaropoB miw HanpaeneHHbix OTBeTBMTenew p,nn BbiBOAa M3 HCXOAHBIX pe30HaTopoB M BBOAa 
B HKX BHOBb npOBSaMMOAeMCTBOBaBLUHX C 06"beKT0M BOJ1H.  ripH 3TOM MOP/T 6blTb CHHTe3HpOBaHbl KOHTaiCTHbie 
n 6ecKOHTaKTHbie flaTHMKM pasriHHHbix TexHonoraMecKnx napaMeTpoB: Maribix paccToaHMM, TonaiMHbi nucTOBbix 
MarepnanoB, paccrofiHUH AO o6TbeKTOB, ypoBHH BeiMecTB B 6yHKepax, paccTOHHun AO ABWÄymeroca o6"beKra n 
ero cKopocTM, cpn3HMecKnx CBOÜCTB BemecTB, B TOM Mucne nepeMemaeMbix no Tpy6onpoBOAaM. 

BbiSopoM MHcna 30HAnpoBaHMM (Hucna 43) MO>KHO oSecneMMBaTb Tpe6yeMyro ^yBCTBMTeribHOCTb 
AaTMMKOB M TOHHOCTb M3MepeHMM. HanpMMep, 3a CMeT npHMeHeHna k (k=2, 3...) 43 B Aa"TMMKax ypoBHa 
Beu^ecTBa (nnn paccToaHUM f\o KOHTponnpyeMoro oöteiaa), B KOTopbix ncnoxib3yioTCH MOAynnpoBaHHbie no 
nacTore aneicrpoMamMTHbie BonHbi, MOJKHO npon3BOAMTb M3MepeHMa, MMBH norpeujHocTb AUCKpeTHoro OTcneTa 
ypoBHfl (paccToaHna) AXk=c/2k Af, HTO B Anana3one AeBMamin MacTOTbi Af=2 rri( (B MacTHOc™, B npeflenax 
9...11 rri4) ecTb AXk=7.5/k CM. 3aAaBan TpeSyeMyro TOHHOCTb M3MepeHna ypoBHH (paccronHun), MOKHO 

onpeAenwTb  HeoSxoAWMoe  HUCJIO  43  CMHTe3wpyeMbix  f\amv\KOB.   KpoMe  Tora,   B  Tex   cnynanx,   KorAa 
HyBCTBMTeribHOCTb   A^THUKOB   H TOMHOCTb M3MepeHMpi «Bn^lOTCa AOCTaTOHHblMH M nOBblLUaTb MX H8 Tpe6y8TCH, 
np^MeHeHwe MHorux 43 no3BonneT ynpocTHTb npaicrtmecKyto peann3ai4HK> n3MepnTejibHbix ycrpoficTB. TaK, B 

BbiLuenpuBeAeHHOM npuMepe MO>KHO B k pas cHH3HTb Anana30H Af AeBnaqnw nacTOTbi, MTO ncioiioMaeT 
HeoSxoAMMocTb npuMeHeHun reHepaTopoB c ßoribiuoM Aeßnai|Meii MacTOTbi. 

HI. 3aKJiK)MeHMe 

MHoro30HAOBbie nav-mm flna M3MepeHna pa3nnHHbix HeaneicrpHMecKHX BeriMMHH, onucaHHbie Bbiiue, 
Moryr 6biTb peann30BaHbi H Ha 6ase APynx t^inskmecKHX, B H3CTHOCTH BOJiHOBbix, MeTOAOB. Ilpn 3TOM 

OCHOBHOM   npo6neMovi   aBnaeTca   Hannnne   cpyHKLinonaribHbix   3/ieMeHTOB,   oßecnennBatoinux   Tpe6yeMyto 
KpaTHOCTb  B3aHMOAeflCTBMfl.   flOCTMraeMbie  HyBCTBMTeribHOCTb AaTMUKOB  H  TOMHOCTb  H3MepeHMM   no3BonaioT 
peiuaTb MHorne aKTyaribHbie saAanw n3MepnTenbHovi TexHUKM. 

IV. CHMCOK  jiMTepaTypbi 
[1]   BMKTopoB B.A., JlyHKMH B.B., CoBJiyKOB A.C. BbicoKOHacTOTHbiM MeTOfl M3MepenMM HeaneKTpiwecKHX^BeriMHMH. M.: HayKa, 

1978.280c. 
[2]   BwcropoB B.A., JlyHKMH B.B., CoB/iyKOB A.C. PaflMOBonHOBbie M3MepeHMn napaMeTpoB TexHonorwMecKHx npoueccoB. M.: 

3HeproaTOMM3flaT, 1989. 208c. 
[3]   CoBnyKOB A.C. PIpuHLinnbi peannsaunw paflMOBonHOBbix flamnKOB neoneicrpMHecKHx BGHMMHH C ycTpoücTBaMM Ana 

ynpaB/ieHna xapaKTepwcTM«aMH HanpaBnaeMbix BOHH // 4-a KpbiMCKaf! KOHCpep. "CB4-TexHMKa M cnyTHMKOBbiPi npneM". 
CeBacTononb. MaTepna/ibi KOHCpep. 1994. C. 141 -145. 

MULTIPROBE MICROWAVE SENSORS DESIGN FOR MEASUREMENTS 
OF NONELECTRICAL VALUES WITH IMPROVED SENSIVITY 

Sovlukov A.S. 
Institute of Control Sciences, 65 Profsoyuznaya St., Moscow-117806, Russia 

tei/iax (095) 369-3702, E-mail sovlukov@icsan.msk.su 

Synthesized multiprobe sensors are proposed for microwave measurements of nonelectrical values with improved sensitivity. Such 
sensors provide multiple contact or distant microwave sounding of monitored objects. The sensors design is realized through 
circulators or directional couplers introduction into the initial resonator or waveguide sensors. Examples of multiprobe sensors and 
such sensors-based measuring devices design for measurements of the different technological parameters are considered. 
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OnTMMECKMM BblCTPOflEMCTByJOlUMM 
flATMMKflJl« OHEPATMBHOrO KOHTPOHfl 
BblBPOCOB nblJIM   nPOWSblllinEHHblMM 

B.B.EBflOKMMOB, M.O. fleMbflHKOB 
XTYP3, XapbKoe, YKpauna 

r.C.CuflopeHKO 
rHflO "Memponoaua", XapbKoe, YKpauna 

AhtHomanun - flna pemeHna 3aflan npupoflooxpaHHoro xapatcrepa paspaßoTaH ommecmü SbicrpoflePicTByKimMÜ 
flaTMMK flnn HenpepbiBHoro KOHTPOJIK 3anbineHHocTM OTXoflflinwx ra30B npoMbiwnenHbix npeflnpMHTMW. ripn ycnoBMM 
npeflBapnTenbHOM rpaflynpoBK« BO3MO>KHO M3MepeHMe MaccoBoii KOHLjeHTpaLjMM nbirw. ripMHmin flewcTBua flaTHMira - 
onTMMecKiivi, coMeTaiomiiM flBa MeTOfla: a6cop6LjnoHHbiii n MHTerpanbHoro cseTopacceaHnn. PaccMOTpeHbi Bonpocbi nocTpoeHMa 
BTopMMHoro npeo6pa30BaTera. 

I. BßeAeHMe 

Han6onee npueMJiewibiMM flna nocTpoeHMfl cpeACTB M3MepeHMfi KOHqeHTpaqMM nbineBbix Bbi6pocoB 
npoMbimneHHbix npeflnpHmuM aBJiaioTCH ornvmecKwe Meroflbi. OHH He MMeioT MHornx HeflOdaTKOB, npwcyinnx 
flpyrniw MeTOflaM HenpepbiBHoro naMepeHun KOHqeHTpaLiUM nbinn OmnMecKne MeTOAbi HBrwioTCfl Han6o/iee 
npocTbiMM M HaflewHbiMn, nossonahOT BbinojiHHTb M3MepeHnn B lunpoKOM flnana30He KOHi4eHTpai4MM nbinw B 

BbiSpocax npoMbimneHHbix npeAnpumnM. fljia KOHKpeTHoro cpu3HKO-xnMWMecKoro cocTaBa nbinn TOHHOCTb 
M3MepeHnPi NioxceT 6biTb flocraTOHHo BbicoKoü. 

II. OCHOBHaH HaCTb 

MaBecTHO, MTO nHTeHcuBHocTb cBeTa, paccenHHoro nofl ymoM 0 oß'beMOM V, coAepxcamuM B 

eflMHMne o6i=eMa N He3aBncwMbix HacTMLj, BbipawaeTca: 

00 

fi(r,n,X,©)N(r)dr 

lpac(0) =     3Ai2 , I.C     ° 
32TT3R2   0    v oo 

Jr3N(r)dr 
0 

rfle lo-HHTeHCMBHocTb naAaiomero Henormpn30BaHHoro cBeia; i(r, n %, 0)- cjjyHKqMfl MM, nponopi^MOHanbHan 

HHTeHCMBHocTM CBeTa, pacce^HHoro nofl ymoM 0 MacTuqeCi pa^Hyca r; Cv- oß-beMHan KOHLjeHTpaqkra MacTnq, 
N(r)-pacnpefleneHwe MacTim no pa3MepaM. 

Ha pnc.1 npuBefleHbi 3KcnepwMenTanbHo nojiyseHHbie pacnpeflexieHMfl N(r) MacTML) nbirw B OXOAHLUHX 

ra3ax Bpamaroonetfcfl o6)KnroBOM nenn npon3BOACTBa omeynopKbix MaTepnaxioB nocjie Bcex CTaAUM npoqecca 
OHHCTKM. H3 npwBeAeHHoro pacnpeAeneHwa nacTHLi no pa3MepaM BHAHO, mo OKOJIO 40% Bbi6pacbiBaeMbix 
MacTMq MiweeT pa3Mep Meinee 10 MKM (npn Cv=0.1 r/M3), a TaK we BHAHB MSMeHHCiBOCTb flucnepcHoro cocTaBa 
0T CTeneHM OHMCTKH. 

CpaBHMTexibHbie nccneAOBannfl A^THMKOB pacceaHwa noKa3ann, HTO ppmmw c 0° reoMeTpneti 
(HanpaBneHMe pacceaHHoro CBeTa 6JIH3KO K HanpaB/ieHMrO pacnpocTpaHeHMfl npaMoro CBeTOBoro noTOKa) 
o6naAaK)T HaußojibUJUM oTHouieHneM cwran/wyM A^n oinpoKoro MHtepBana pa3MepoB HacTW_(, OT 1 AO 20 
MKM, HTO o6"bncHfleTCfl BbiTfiHyTocTbto MHAWoTpuc pacceHHua BnepeA- flaTMMK c 0° reoMeTpnefi 
qejiecoo6pa3HO npMMeHyiTb A^« perncTpaqnn nacTnq, KoacpcpMLjueHT npenoMneHwa KOTopbix M3MeHaeTCfl B 

UJupoKwx npeAenax , T.K. B oSnacTH Ma/ibix yrnoB onpeAenaioinyio pojib B pacceaHnn MrpaeT A^cppaKLinoHHafl 
cocTaBnnioinaa, KOTopaa He 33BMCMT OT MaTepHana nacTnqbi. 

OAHaKO, npuMeHenne MeTOAa CBeTopacceaHun orpannHUBaeT MaKCMManbHoe 3HaMeHne n3MepneMofl 
KOHneHTpaLiHM M3-3a HanuMMfi MHoroKpaTHoro pacceflHua CBeTa HacTnnaMM nbinn. Ha pnc.2 npuBeAeHa 
3aßncMMOCTb noKa3aHnü M3MepMTena OT K0Hi4eHTpai4MM nwnn B BbixnonHOM ra30xoAe o6>KMroBOM ne^n 
nocTpoeHHoro Ha 6ase pa3pa6oTaHHoro AatMMKa. AHanns 3aBncnM0CTH pe3ynbT3TOB nswepeHMfi, noKa3an, HTO 

npn npeBbiiueHUH K0HL(eHTpai4nn nbinvi (C>0.5 T/M3 p,m KOHKpeTHoro cnynaa) HaonioAaeTCfl OTKnoneHkie 
noKa3aHUM OT JiMHeÜHoü 3aBHcwMoc™. flna pacujupeHUfl A^ana30Ha H3MepeHMfi B KOHCTpyKi4Hio AaTHMKa 
BBeAeH KaHan BbinonHatoinnCi M3MepeHna no MeTOAy CBeTonomomeHna. 

MaTepHSLAbi 6-M MejKAyHapoflHoil ^J^ficMcKoii ^6(KpoBOAHOBow ^ijHtpepeHi^HH '%£*t*K(t'K<i96. 16-19 ceHTHÖpfl 1996 r., CeaaCTonoAb, KpbiM, YKpaMHa A d r 
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CrpyicrypHan cxewia KowönHupoeaHHoro flaTMUKa npMsefleHa Ha pnc.3. CxeMa coflep>KMT HCTOHHMK 

pacceaHHoro CBeTa 1, MCTOHHMK npoxoflnii^ero cBeTa 2, nepsyio omwecKyio cncreMV 3, racMTejib 4 npnMoro 
ny-ma cseTa, flwacppanwy 5, OTpesoK 7 ra30xofla co BXOAHWM cMorposbiM OKHOM 6 H BbixoflHbiM CMOTpoBbiM 
OKHOM 8, BTopyro onTMMecKyjo CHCTeMy 9, cpoTOflnofl 10, npeflBapiiTeribHbiü ycHnwTenb 11, KOMMyiarop 12, 
flByxKaHajibHbiw cnHxpoHHbifi fleTeicrop  13, ycrpoäcTBO HHflUKaLiMM w/wnu perncTpaqun  14 M ycTpoücTBO 

ynpaeji6HM?f 15. B KanecTBe MCTOHHMKOB CBeTa ncnonb30BaHbi n/n cBeTOM3riyMaK)Ujlne flMOAbi c Ä,= 0,66 MKM. 

PacceaHHbifi HacTW.iaiwn nbinw ceeT OT nepBoro ncT04HMKa 1 pacceHHHoro CBeTa WIM npoiiieAWMfi c 
MaciwHbiM nomomeHMeiw CBer OT BToporo MCTOMHUKa 2 npoxoflamero CBeTa Mepe3 BbixoflHoe CMOTpoßoe 
OKHO 8 nociynaeT Ha BTopyra onTUMecKyio cMCTewiy 9 n cpoKycwpyeTCR Ha cpoTOflHOfle 10, rAe SHepra« CBeTa 
npeo6pa3yeica B snevrpmecuyio aneprwo. YcnneHHbiii, npeABapHTeribHbiM ycwnmeneM 11, cuman c 
cpoTOflnoAa 10 nocTynaeT Ha Bxofl AaHanoroBoro  KOMMyraTopa 12, KOTopbiä HanpaeraeT ero   Ha   OAMH   m 
BbIXOflOB   A1    HJ1M   A2   B C00TB6TCTBHH C flBOMMHbIM KOflOM Ha aApecHbix BXOflaX S1 n S2, Bbipa6aTbiBaeMbix 
ycTpoMCTEow 15 ynpaBneHMH. OAHOBpeMeHHo ycTpoficTBO 15 ynpaBnenn« cpopwinpyeT onopHbiM cuman, 
KOTopbiM noAaeTCH Ha BXOA B KOMWiyTaTopa 12 M Ha TaKTOBbiü BXOA AByxKana/ibHoro cHHxpoHHoro AeTeKTopa 
13. npii 3TOM uMnyjibCHaa nocneAOBareribHOCTb na BXOA© B KOMMyTaTopa 12 ocymecranaeT AononHMTenbHyio 
100%-yro aMnnuTyflHyio MOflynamiK) BK/ironeHHoro MCTOHHWO CBeTa, peann3yn nay3y NiewAy BpeweHeM 
sacBeTKH nepBoro 1 M BToporo 2 MCTOMHMKOB ceeTa, HeoöxoAUMyro An« BbiAe/ieHua cwHxpoHHbiM AeTeicropoM 
13 none3Horo CMrHana. ripw STOM OAUH Kanan CHHxpoHHoro AßTeicropa 13 BbiAenneT cHrnan, nponopMMO- 
HanbHbiM HHTeHCMBHOCTH paccenHHoro cseTa npn BKJifOMeHHOM nepBOM MCTOMHMKe 1 CBeTa, a BTopoM KaHan - 
cuman, nponopL(MOHanbHbiCi HHTGHCHBHOCTH npoujeALuero CBeTa npu BKniOMeHHOM HCTOHHHKB 2 CBeTa. 
YcTpoMCTBO 14 HHfinKaqiin cpnKcupyeT pe3ynbTaT HSMepenna napaMeTpoB. 

fljlfl    MCKJIrOHeHMK    MCKaxeHMH    peSyjlbTaTOB   U3Mep6HHfl   3a    CMeT 3anbmeHHOCTM CMOTpOBblX CTeKOJl 
HeoßxoAHMO He AonycTHTb nonaflaHWH n oceAaHMfl Ha HHX MacTHq nbinn. flna 3T0M qenw MO>KHO ncnorib30BaTb 
o5Ayß CTeKon HHCTBIM B03Ayxowi. 

III. SaKJlfOMeHM© 

Pa3pa6oTaHHbie AaTHMKM cHCTewbi Moryr 6biTb KaK cawiocTonTenbHO, TaK M B cocTaBe asTOMaraHecKoä 
CMCTewbi. BO3MO>KHO npnwieneHHe A™ yripasneHUfl paöoTofi OHMCTHWX coopyweHww npeAnpMHTUM caMoro 
pa3Horo npocpMnfl. 

OcHOBHbie KOHCTpyKTMBHbie H TexHHKo-3KcnnyaTaL(noHHe noKa3aTenn AaTMHKa 3anbmeHHOCTn OTXOAA- 
1AMX ra30B: 

BbicoKne SKcnnyaTaquoHHbie n MeTponornwecK/e xapaicrepucTUKH AaT^MKa B LunpoKOM Anana3one 
M3Mepneivibix KOHneHTpaLiMPi 3anbineHHOCTH- norpeujHOCTb M3wiepeHnn <25 %, 

cjiaßaa saßncuMOCTb noKa3aHnii OT cpnsHKO-xuMunecKux CBOMCTB nbinn, Anana30H KOHqeHTpaqi™ 
nbiriM 0,05-1 r/M , cocTaß nbmn MOHO-, nonwAHcnepcHbiPi, 

BbicoKoe 6bicTpoAetfcTBne- BpeMs n3MepeHM'n <1 c, 
BosMOKHOCTb AUCTaHquoHHoro noxiyMeHua pe3ynbT3TOB uswiepeHMii n conpn>KeHMn c MUKponpoi^ec- 

copHbiMM cucTewiaMM, BbicoKaa HaAeKHocTb. 3cp(|)eKTHBHocTb ASTMHKOB cncTeMbt onpeAenaeTCH MX ManbiM 
BnuHHueM Ha XOA H3MepneMbix npoL|eccoB, TOMHOCTbio H SbicTpoAeficTBueM BbinonnneMbix uswepeHnCi. 

KoHCTpyKMwa AaTHMKa OTnHMaeTca OT M3BecTHbix npeAenbHOM npocTOTofi, MTO MOweT nosBonMTb 
pea/iM30BaTb WHpoKoe sneApenne pa3pa6oTKH. 

OPTICAL HIGH-SPEED SENSOR FOR ROUTINE MONITORING 
OF DUST DISCHARGED BY INDUSTRIAL ENTERPRISES 

Evdokimov V.V., Demjankov I.F. 
KTURE, 14 Lenin St., Kharkov-310726, Ukraine 

fax (0572) 40-91-13 
Sidorenko G.S. 

SIA "Metrology", 65 Mironositska St., Kharkov-310078, Ukraine 
tet./fax (0572) 43-61-93 

An optical high-speed sensor for routine monitoring of dust loading of gases discharged by industrial enterprises was developed to 
solve the problems of environment control. Dust mass concentration measurement is possible under the preliminary concentration 
conditions. The sensor operation principle is an optical one which combines two methods: absorption and integral light scattering 
with 0° geometry (the scattered light direction is close to the straight light direction). Application of these methods allows to obtain 
high operational and rnetrological characteristics of the sensor in wide range of dust loading concentrations being measured with a 
weak dependence of indications on physical and chemical properties of the dust. The problems of the secondary transducer design 
were considered. 
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of Microwave Signals 
OEOPyflOBAHME M METOflbl flJlfl PAflHOMETPMHECKOrO H3MEPEHMA 
UJYMOBOrO M3Jiy4EHHfl nOBEPXHOCTH 3EMJ1H M ATMOCOEPbl 
M.B. BparMH, A.A. Mopoaos, CM. BparMH, B.n. Crn6HeB, K.A. no6eAOHOCL(eB, B.Q>. Mnxaw.noB. 491 
EQUIPMENT AND METHODS FOR RADIOMETRIC MEASUREMENT 
OF SURFACE AND ATMOSPHERE NOISE RADIATION 
I.V. Bragin, A.A. Morozov, S.I. Bragin, V.P. Sgibnev, K.A. Pobedonostsev, V.F. Mikhailov 

nPMEM M OBPABOTKA flAHHblX flMCTAHMHQHHOrO 30HflMPOBAHMfl 3EMJT1M, 
nOCTynAKDULJMX CO CnyTHMKA "CIH-1" HO KAHATiy 466,5 ivirq 
B.B. BajiaoaKOB, B.cp. KyjiMiueHKO, A.B. Ma/iKOB 494 
RECEPTION AND PROCESSING OF THE EARTH REMOTE SENSING DATA, 
COMING FROM THE "SICH-1" SATELLITE ON THE CHANNEL OF 466,5 MHz 
V.V. Balabanov, V.F. Kulishenko, A.B. Malkov 

flByxriETJlEBOM flEMOflyjWOP 4M-CMrHAnOB 
(O.J1. JlonapeB, U.K. CaTTapos, M.O. TIOXTMH 496 
THE DOUBLE-LOOP FREQUENCY DEMODULATOR 
Yu.L. Loparev, I.K. Sattarov, M.F. Tyukhtin 

nOMEXOyCTOMHHBOCTb M 9(&<DEKTHBHOCTb KACKAflHOH CMCTEMbl CBH3M 
B.H. BpOHHMKOB, M.fl. ßCHMUieHKO, B.M. JlMTBHHeHKO „ 498 
DIGITAL METHODS OF TRACKING AND FOCUSING IN REPRODUCTION LASER SYSTEMS 
V.N. Bronnikov, I.Ya. Denishchenko, V.l. Litvinenko 

AHAHM3 nyTEM QnTMMM3AI4HM flEMOflynflTOPOB 
CWrHAJlOB CnYTHMKOBOrO TEflEBMflEHWfl 
n.M. JTo6KOBa, B.M. McbKMB ,  502 
WAYS OF OPTIMIZATION OF DEMODULATORS OF SATELLITE TV SIGNALS  " 
L.M. Lobkova, V.M. Iskiv 

Application of demodulator, optimized for image signals, is offered. The demodulator consists of two channels, where 
isolate treatment of sound and image signals is made. The treatment is made in view of peculiarities of spectrum of satellite 
TV signals. Validation of the chosen treatment method and a flow chart of the demodulator are^iven. Liquifiable gain in 
signal/noise ratio is determined. Requirements to the single elements of the flow-chart for making the maximum of 
signal/noise ratio, are detailed. 

THEORETICAL GAME SYNTHESIS OF SYSTEMS 
WITH ADAPTIVE PARALLEL PROCESSING OF IMAGE SIGNALS 
V.K. Marigodov, I.L. Afonin  507 
TEOPETMKO-MrPOBOfi CMHTE3 CUCTEM C AflARTHBHOPi 
nAPAJUlEJlbHOPi OBPABOTKOPi CMTHAJIOB H30BPA>KEHHfl 1 
B.K. MapuroflOB, M.J1. ACDOHMH I 

TeopeTMKO-MrpoBo« cnHTe3 cucTeM nepepaöoTKM curna/iOB M3o6pa>KeHMfl ocHOBaH Ha npuMeHeHuw aflamnBHoro 
napannenbHoro npeflbicKa>KenMfl M KoppexnipoBaHUfl cumanoB. npeflsapnTeribHafl o6pa6oTKa cnmanoB MsoSpaaceHkifl 
HeoSxoflMMa B Tex cnyMaax, Korfla nepeflana cuma/ioB x CMCTen/ie pacnosHaeaHMH o6pa30B twin aHannsa M3o6pa>KeHHM 
ocymecTBnneTcn no OTHOcmenbHO npoTWKeHHbiM KaHanaM CBH3M, pa60TaiomnM B ycnoBMHX cno»HOM noMexosow 
oßcTaHOBKM. riOKasaHO, HTO cucTewbi c aflanTMBHbiM napannenbHbiM npeflbicnaweHHeM n KoppeKTMpoBaHneM cumanoB 
MMeiOT npenMymecTBO no cpaBHeHMto c cucTeMaMM, ncnonbsyiomnMM aAamnBHoe nocnefloeaTeribHoe npeflwcKaweHne, 
KOTopoe B03pacTaer c yBenuneHneM cTeneHM KopperauMOHHwx cBS3ew B o6pa6aTbiBaeMOM cumane. Tax, BbiMrpwiu B 
3d3CpeKTMBHOCTM COCTaBJISeT 3*104. 
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PAflMOMETPM^ECKOrO M3WSEPEHM« 
ujysvsoBoro HSJWMEHHII HOBEPXHOGTH 

3ENUMA \A ATlVlOC^EPbf 
BparnH H.B., MoposoB AA.BparwH C.H., Cri/iÖHes B.IX, noöeflOHOCLjeB KA 

Oco6oe KoHcmpyKmopcKoe Btopo MocKoecmao SHepaemiwecKoao UHcmumyma 
a.MocKea 111250, KpacH0Ka3apMeHHan 14 
(pane: (095)3625576, men.: (095)2734001 

MnxatönoB B.<t>. 
FocydapcmeeHHafi AKadeMun AapoKOCMtwecKoso IlpuöopocmpoeHun 

C.nemep6yp2 190000, Mopoon, 67 
(paKc: (812)3157778, men.: (812)2107036 

AHHomamm - PaccMOTpeHbi xapaiaepucTHKM paflwoMeTpn4ecKoro oßopy^oßaHVin HC3 n MeTOflwca KanußpoBKH 
o6pa6oTKM HayMHOM MHfpopMai4MM, o6ecne4MBaiomkie M3MepeHne npocpura TeMnepaTypbi M nosBonnromne onpefleriMTb 
xapaiaepMCTMKM noflcronaioineä noBepxHocTM no flambiM, nonyMeHHWM a 4-x MacTOTHbix flnana30Hax. 

I. BseAeHMe 
CTaHL(MM HaKnoHHoro soHflnpoBaHMfl aTMOccpepbi, pa6oTaioaiMe B caHTHMeTpoBOM flnana30He BOJIH 

flBJISrOTCFI     B8>KHblM     MHCTpyMeHTOM     Cj)H3HHeCKHX    flBJieHMU     B    aTMOC(£epe.     UHU     nOSBOJlflrOT    npOBOflMTb 
M3MepeHM5q, KOTopbie HeB03Mox<Ho BbinonHMTb c noMounbto flaTMMKOB, paöoTarciinux B flpymx cneiapanbHbix 
flnana30Hax (HHcppaKpacHOM, BMAHMOM H yiibTpacpnojieTOBOM). KpoMe Toro, TexHonorna flna CTaHqiw 
HaKnoHHoro 30HflnpoBaHUH aBnneTca nepcneKTHBHOM H flocraTOMHO pa3BMioii flnn nprnvieHeHna CTaHquM B 
onepaTMBHbix cwcTeMax MOHHTopw-ira. 

II. OcHOBHan nacTb 
OyHKLiMOHajibHan cxeiua paflHowieipHMecKoro oSopyflOBaHun npeflCTaBneHa Ha pucyHKe 1. B cocTaB 

3Toro o6opyflOBaHnn BXOAUT 4-x KaHaribHbiü paflnoweTpHHecKnw npneMHUK n CKaHnpytoman napaöonuMecKan 
am-eHHa (pnc.2) c coBMemeHHbiM 4-x KaHanbHbiM oSnyqaTeneM n pecfcneicropoM. Pecpneicrop npeflcnaBraeT 
co6oii yce^eHHbifi napa6o.nonfl flwaMeTpoM 700 MM. At-rreHHa oßecneHUBaeT nonyL|MKnonflanbHbiti 0630p 
noflCTwriaiomePi noBepxHoc™ npn yrne OTunoHeHHfl OT HanpaBneHM« Ha HaflHp 40 yr/i. rpafl. 

ypoBenb ßoKOBbix nenecTKOB aHTeHHbi OKOJio 25 flB, a KoocpcpuqneHT pacceHHciH < 5 %. 
npocrpaHCTBeHHoe pa3peiiieHne paflwoapKocTHoSi TeMnepaTypbi cocTaB/weT 0,8-0,95 OT wnpnHbi 

AnarpaMMbi HanpaBneHHoc™ ( OT 1 flo 4° B 3aBHCMMocTn OT ,qnana30Ha nacTOT). 
PaflMOMeTpunecKne npneMHUKU Anana30HQB 0,8, 1,35, 2,25, 4,3 CM npuHMMatOT cuman flByx 

opToronanbHbix nonapmai^m, MyBCTBMTeribHOCTb KaHanoB B cpeflHeM He xywe, neM 0,15 K npn ycpeflHeHnn 1 
c B nonoce 2,25 ITLJ. Kann6poBKa KananoB ocymecTBnneTca c noMombio oflHoro reHepaTopa wyMa, 
oSecneMUBaromero wyMOByro TeMnepaTypy 300°K, n xonoflHoro KOCMoca (4°K). 

3aflana Bocco3flaHnn npocpunn TeMnepaTypbi, a TaioKe B/ia>KHOCTH n cTpyicrypbi noflCTnnaiou4ePi 
noBepxHoc™ penjena c noMOLUbio nnocKocnoncTO& MOfle/in cpeflbi, rfle flna Ka>Kfloro i-ro CXIOH c-imaeTcn 
3aA3HHoPi MaTpuqa nepeflann |T; |, wyMOBaa TeMnepaTypa Ti u saflaHa BHeaiHaa TeMnepaTypa cpoHa T*. 

ripn Ha6/iK3fleHHH cnrHa/ia, npoiueflLuero Hepes cno>KHyK) CTpyiaypy, B fluanasoHe ymoB 6j cneflyeT 
MCnOnb30B3Tb CMCTBMy ypaBHeHUfi: 
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rfle T(l)nm,ej - 3JieM3HT MaTpuLjbi nepexofla flnn 3HaHeHMH yma 0j. PeweuMe cwcTewibi ypaBneHHK flrw oiyMOBbix 
TeMnepaTyp no3BorsaeT peKOHCTpynpoBaib BepTMKanbHbiK npocpunb TewinepaTypbi. 

npeflnoxeHHbiM iweTOfl nomonnei BoccosflaTb npocpunb Tewnepa'rypbi OT BbicoTbi c TOMHOCTbK) 0,5- 
3% npn aaAaHHoR oLun6Ke B onpefleneHnn noncoKeHwa cnyn-iUKa. 

CymecTByioinee KOHTpojibHO-usMepwTe/ibHoe o6opyflOBaHne no3BonaeT H3Mepnrb xapaicrepMCTwai 
paflMOMerpuMecKOM aHTeHHbi B flnana30He 8-100 rf"L} Ha ocHOBe ycoeepweHCTBOBaHHoro Meiofla 
"wcKyccTBeHHOM JiyKbi". ToMHocib M3MGpeHnti Kflfl H K03cpcpnnneHTa ycwiennp. aHTeHHbi He xywe, 4eM 0,5%, 
Koacpcpuq^eHTa pacceflnns - He xywe, MeM 1%. C nowounbio 3TOM weTOflHKH MO>KHO npoBOflMTb n3MepeHMe 
napaiweTpoB aHTeHHbi c paflHowieTpowi Ha 6opry ncKvccTBeHnoro cnyn-iMKa, npn OTOWI onpeflenaeTca BnnnHne 
cnyiHHKa na napaMeTpbi paflMOMeipuMecKoro KOMnneicca. 

MeTOflowi BTopwHHbix HCTOHHUKOB nonyHeno MaTeMaTHHecKoe onucaHwe cpnyicrynpyioujiero nonn, 
n3nyMaeMoro 36MHCW noaepxHocTbro w npoweAwero nepe3 aiMoccpepy c cpnyKryMpytouJiWMM napaweipaMM. 
AHariM3 curnana, npoweflinero Hepe3 nnocKnii cnoPi c cpnyfcrynpyiou^MM 3HaMeHneM flusneicrpwHecKoti 
npoHULtaeMOCTM npn MeflnenHbix CTaunonapHbix cpnyKTyaMHnx noKa3biBaej, HTO cp/iytcTyaLjUH napaMeTpoB 
npuBOflMT K AonojiHureJibHow ujyMOsotö KOMnoHenre BbixoflHoro curnana. ["lony-ieHbi OL(eHKM ypoBHH wyMOBotf 
noMexn, CBHsaHHofi c cpjiyKTyaqwHMK aTMoccbepbi. 

UK SafcnjoMeHwe 
PaccMOTpeHbi xapaKTepHCTHKH MHoronacTOTHoro paflwowieTpMHecKoro o6opyflOBaHMn M MeTOflUKM 

KaxiMSpoBKM, oSecneHMsaiomne nocTpoenwe npocpn/iH Tewnepatypbi c TOHHOCTbio flo 3 %. 

EQUIPMENT AND METHODS FOR RADIOMETRSC MEASUREMENT 

OF SURFACE AND ATMOSPHERE NOISE RADIATION 

Bragin I.V., Morozov A.A., Bragin S.I., Maslova N.S., Sgibnev V.P., Maslov S.E., Pobedonostsev K.A. 
Special Design Office of Moscow Power Engineering Institute 

14 Krasnokazarmennaya St., Moscow-111250, Russia 
tel.: (095) 2734001, fax: (095) 3625576 

Mikhaüov V.F. 
Academy of Aerospace Instrumentation, 67 Morskaya St., St. Petersburg-190000, Russia 

tel.: (812) 2107036, fax: (812) 3157778 

The characteristics of radiometric satellite equipment which provides the measuring of temperature profile and characteristics of the 
researched surface with the help of data, received in four-frequency ranges, have been considered. 
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"CIH-1" HO KÄHAfiy 466,5 MR* 

Bana6aHOB B.B., KynwujeHKG B.O., ManKOB A.B. 
HMM paduomexHiwecKux usMepenuu, 310054, XapbKoe, yn. ÄKad. üaenoea, 171 

men. (0572) 26-41-83 

AHHomau,un - PaccMOTpeHbi TexmwecKwe, 3KcnnyaTai4woHHbie v\ nncjsopMauiMOHHbie ocoöeHHOCTW cpynKi4HOHnpoBaHiw 
cTaHi^wn npMeMa w o6pa6oTKM cnyTHMKOBOii HHCpopw.aLiMH PAflMIP-466. 

I. BsefleHwe 

KowinneKC npn6opoB flMCTaHquoHHoro 30HAnpoBaHna 3eMnn (fl33) Ha cnyrHUKe "Cin-1" BKruonaeT 
MHoro30HanbHbie CKanepHbie ycTpoiicTBa Manoro H cpefihero pa3peu.ieHMfl MCY-M M MCY-C, a TaioKe 
KownneKT paflnocpn3HHecKoii annapaiypbi (POA) - pa3pa6oTKH HMUPH: paflMonoi<aqnoHHyrci cTaHL(MrO 
6oKOBoro o63opa PJ1C BO M CBH paflMOMeip PM 08. fljia cpopMMposaHn.q CTPOK n3o6pa»ceHHfl 6opTOBbie 
npnöopbi paßoTaioT B pe^MMe cKaHnpoBaHH« saAaHHOM nonocbi o63opa co cKopocTbio 4 CTPOKM B ceK. -MCY- 
M, P<S>A n 50 CTPOK B ceK - MCY-C. Kafip M3o6pa>KeHna 4)opMnpyeTc« aa CMeT noneTa cnyTHUKa. flaHHbie OT 

KananoB cioHepubix ycTposfcTB n npn6opoB POA o6pa3yioT BHfleocurHan c BpeivieHHbiM ymioTHeHneM KaHanoB. 
flnn cpopMMpoBaHMa paflnocumana ncnonb3yeTCH MacTOTHaa MOfly/iflL(Ma Kone6aHHfl c Hecyui,ePi HacToroü 
466,5 MTi4. flpoflon>KHTenbKOCTb ceaHca co cnyTHMKa MoweT cocTaB/iaTb 10 MMH. npn nenocpeflCTBeHHOti 
nepeflaMe w 6 MUH. npn Bocnpon3BefleHMH c 6opTOBoro 3anoMHHarOin,ero ycTpoPicTBa. 

II. OCHOBHaR MaCTb 

HaseMHaa onbnuaa CTaHLina npneMa (Cl~l) PAflMIP-466, pa3pa6oTaHHaa HMUPH v\ pacnoriOKeHHan 
Ha M3wiepnTejibHOM nyHKTe B6JIH3M r. EBnarapnw, BioirOMaeT c/ieflHtnyio aHTeHny, paAHonpneMHoe ycTpoficTBO, 
annaparypy fleMOAyJiHMUM n cnHxpoHH3aqnn, annapaTHO-nporpaMMHbifi KOMnneKc BBOfla n perncTpau,nn, 
KownneKT nporpawiM o6pa6oTKH M KOMnbKrrep (K), MTO o6ecneHHBaer BO3MO>XHOCTH npHBneneHMfl 
MHcpopwiaqktoHHbix TexHonornPi. C noMoinbro K He ToribKo ocymecTBrwe-rcH noc.neceaHCHaa o6pa6oTKa 
HHcpopMaqMM, HO w BbinonHflHDTC« B peanbHOM MacmraSe Bpervsewu cneAyioinne 4>yHKL|wn: 

nporpaMMna« pacnaKOBKa no Kananaw w npnöopaM v\ nocTpoMHaa npwBS3Ka BxoflHbix flaHHbix, 
4)opMkipoBaHne pacTpoBbix n3o6paxeHnii, OTo6paw:eHwe HX Ha axpaHe MOHHTopa K w sanncb HX Ha 

)KecTKMPi AUCK B Tervine npnewia, 
BpeMenHafl npnBfl3K.a  cipoK nps/iHwwaeMbix M3o6pa>xeHHü c nowioinbro  MöTOK cucTeMbi  eflMHoro 

BpSMeHH. 
HacbiLneHHOCTb BbinojiHaeMbix cpyHKL(ni4 c yMSTOM CKopoc™ nocTynneHUfl BXOAHbix OTcneTOB - 480 

K6aiiT/c n oö'beMOM nHcpopwiaqnn 3a OAMH ceaHC flo 170 M6aüT o6ycnoB^,nn Bbi6op K co cneAytOLUMMU 
xapaKtepwcTMKaMM: nponeccop Pentium, BHyrpeHHtfyi ujMHa PCI, oö-beM HDD - 1 T6aMT, TaKTOBaa nacTOTa - 
60 uru,. 

1.TexHimecKue oco6eHHocmu 

B Lienax yAeiueBneHUfl M coKpameHMF! cpoKOB npn cosAawnn cTaHi^HM 6bmn ncnoribsoBaHbi ysnbi 
npneiwHOM annapaTypu AeKaweTpoBoro Anana30Hbi BOHH H onbiT Poccnn B co3AaHnn noAo6Hbix cTaHquCi. 
AHTeHHan CMCTeMa CTaHLinti npeACTaB/iReT CO6OM cpa3npoBaHHyK) peixieTKy H3 408 BM6paTopoB, 
oSecneHnsatomyio mnpuHy A^arpawMbi HanpaeneHHocTn (flH) no ypoBHto -3 A&, pasnyio B ymoMecTHoii 
nnocKocTw 5 rpaA- B pexuMe y3KOM flH MJIM 15 rpaA B pejKuwie liinpoKOÜ flH. YnpaBneHwe ABM)KeHMeM aHTeHHbi 
ocymecTBriiReTCH B pe>KMMax aBTOMaTunecKoro conpoBO>KAeHMFi M nporpaMMHoro HaBeAeHMFi. ripoÖJieMa 
npoxojKAennfl "MepTBoCi" SOHW - npM conpoBOWAennw TpaeiaopHM c KynbMUHaLineii Bbiiue 75 rpaA- - peaiaeTCH 
B pe>KMMe nporpaMMHoro HaBeAenun c nepexoAOM Ha oiupoKyto flH. 

PaAnonpneMHoe ycTpoi^cTBO o6naAaeT napaMerpaMM, npn KOTopbix oöecneMMBaeTcn npeBbiweHne 
cumana H3A LuyMOM He vieHee, MeM Ha 20 AB npn TpaeKTopunx c KynbMWHaqnePi He HHJKe 12 rpaA- npn TaKOM 
npesbiLueHMM o6ecneMHBaeTca HopMaxibHaa pa6oia MacTOTHoro AeTeKTopa w cwHxpoHH3aTopa cTaHi^nn. 
nocKoribKy Anana30H paöoTbi en wcnonb3yeTCfl p/m COTOBO£I paAnoTenecpoHHoü CB«3M M Ana APynx 
paAMOTexHtmecKnx cpeACTB, B03HHKaeT npoSjieMa 3aunwrbi OT noMex, Ha/inMne Koropbix NioweT npMBOAMTb K 

cpbmaiM cMHxpoHHsauiuM M yxyAUJeHMK) KanecTBa npMHHMaeMbix M3o6pa>KeHHM. B yc/ioBnax cnojKHoii 
cwma^bHO-noMexoBOM o6cTanoBKH B CTaHL\nn npeAycMOTpeHo BicnroMeHne aBTOKOMneHcaTopa nowiex, KOTopbiii 
noAaanFieT cocpeAOTOMeHHbie no cneicrpy noMexw He MeHee, MeM Ha 20 AB. 
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2.3 Kcnnyamau,uoHHb!e oc o5e H H oc m u 

yHMKanbHbiM xapaicrep Ka>Kfloro ceaHca npnewa HHCpopMannH co cnyTHUKa Tpe6yeT BbicoKort 
Hafle>KHOCTO ysnoe cxaHL(nn M MX nocToaHHOM roxoBHocTU. HafleKHOCTb flocTuraeTcs pe3epBnpoBaHneM 
ocHOBHbix y3noB M B03Mo>KHOCTbK) Hx onepaTHBHoro noflK/itoMeHMfl. npoeepKa roTOBHOCTH Bcex y3noB, 
BKnroMa« cneqHaribHoe nporpaMMHoe o6ecneMeHne, ocymecxBiiaeTCfl noflKrirOMeHweM HMHTaTopa cumana. Bo 
Bpeiwfl ceaHca onepaTopaMW crraHLinw ocymecTBrineTCfl KOHipo/ib c noMombio M3MepnxeribHbix npn6opoB, 
noflicnK34eHHbiiv, B pa3Hbix ceMeHMHX npwewio-perucTpHpyromero Tpaicra: Bbixofl paflMocurHana Ha 
npoMeKyTosHoR wacTOTe KOHTporiMpyexca c noMombio aHann3axopa cnexrpa, Bbixofl fleiwioflynaTopa - c 
noMombio ocqwinorpacpa, paöoTa cnHxpoHHsaropa - c noMombio HacroTOMepa n, HaKOHeti, Ha SKpaHe K B 

reMne npneiwa OTo6pa?«atoTCFi M3o6pa>KeHMfl, npnHHMaeMbie B pa3Hbix KaHanax. 
B CTaHqun npeflycMOTpeHa CTaTucTwwecKan arrecTaMna curHaribHO-noMexoBofi oöcTanoBKH BO BpeMH 

ceanca. B KaMecxBe o6o6w,eHHoro cooTHOiiieHun curHan/noMexa ncnojib3yeTca wsBecTHan B CTaTHCTHKe 
xapaKTepucxuKa - paccxoaHne BxaiaMapua [1], KOTopaa ywxbiBaeT KSK SHepreTunecKne pa3JinHmi cumana M 

nowexM, TaK M pa3nnHna cpopiwbi nx cneKrpa. KpoMe Toro, npefiycMOTpena oijeHKa flMcnepcuM 
cpnyicryaLjHOHHbix wywoB Ha oflnopoflHbix yMactKax npuHMMaeMoro M3o6pa>KeHHH, KOTopaa xapaKtepn3yeT 
npuroflHOCTb \AZQ6paw.ev\\AR flrw flajibHefiujePi TeMaTHHecxoü oßpaöoTKU. 

3. HHcpopMaiiuoHHbie oc o6e H H OC m u 

riocneceaHCHan o6pa6oTKa npuHaxbix M3o6pa>KeHufi MOWOT coflepwaTb OT oflHoro flo Tpex sranoB. 
Ha nepBOM aTane ocymecTBraeTca nepBUMHaa oöpaöoTKa: reoMeTpunecKaa M paflMOMeTpMHecKaa 

KoppeKquFi, reorpacpvmecKaa npuBfi3Ka. fln« Ha^anbHoti npnB?i3KU ncnoxib3yeTCH 6annncTOMecKne pac^eTbi 
TpaeicropMH noflcnyrHMKOBbix TOMeK. VroMHeHne reorpacpuMecKofi npuBH3KH npoBOflUTca c ncnonb30BaHneM 
onopHbix TOMeK w aneicrpoHHbix KOHTypHbix KapT. 3Tan 3aKaH<-)HBaeTCfl cocTaBneHMewi aHHOTaqun. 

Ha BTopoM 3Tane npoBOflHTCH npeflBapurenbHaa o6pa6oTKa, ynymuaromafl KanecTBO npHHHTbix 
M3o6pa>KeHnPi M BKJirOHaioLu,a?i Tpw pa3flena: cmawnBanwe wyMOB, noBbiuienwe jioKanbHbix KOHTpacTOB n 
rpaflai4H0HnyK> KoppeKt4HK>. Ha5op npoqeflyp B KawfloM pa3,qejie OToöpaH c yMeTOM cnequc^MKH M3o5pajKeHMü, 
nonyMeHHbix OT 6opTOBbix npn5opoB. 

Ha rpeTbeM STane npoBOflHTcn TeMaxuMecKan oöpaöoTKa, coflepwamaa CTaTHCTHMecKHe npoLieflypbi 
cerMeHTaqnn, Knaccn($)HKaqnn c o6yMeHneM H BbifleneHun 3aflaHHbix KnaccoB [2], 

III. 3aKJiK5MeHne 

ripn npnewse flaHHbix fl33 co cnyTHUKa "CiH-1" no «aHany 466.5 Mfi\ B OTiinHiie OT KaHana 137 Mrq 
o6ecneHHBaeTcn B03Mox<HOCTb perncTpaLinn noTOKa MHc})opMai4HM MCY-C B pewMMe 50 CTpoK/ceK., a B 

pejKUMe 4 cTpoKM/ceK. pea/insyeTca naMBbicaiee paspeueHne 6opTOBbix flaTHUKOB (PJ1C BO, PM 08, MCY-M). 

IV. CnncoK nuTeparypbi 

[1]   <J>y«yHara K. BsefleuMe B CTaTMCTKHecKyio Teopnio pacno3HaBaHna  o6pa3os. M.: HayKa, 1979. 368 c. 
[2]   BanaSaHOB B.B. KnaccucpuKaiiHH aapoKOCMWMecKnx M3o6pa>KeHMii npw pa3nwHHOM yposne anpnopHoR WHCpopMai4MM // B c6.: 

MeTOflbi o6pa6oTKw CMrHanoa M nonew. yjibfmoBCK, 1995. C. 44-53. 

RECEPTION AND PROCESSING OF THE EARTH REMOTE SENSING DATA, 
COMING FROM THE "SICH-1" SATELLITE ON THE CHANNEL OF 466,5 MHz 

BalabanovV.V., Kulishenko V.F., MalkovAB. 
SRI of Radio Engineering Measurements, 271 Ak. Pavlov St., Kharkoy-310054, Ukraine 

fax (0572) 26-41-12 

Technical characteristics of the RADMIR-446 station of reception, developed by SRUREM and introduced into operation at the 
measuring post near Yevpatoria, are given. Operational peculiarities, the main of which is statistical certification of reception 
conditions, are considered. Possibilities of the after session processing which includes geometrical and radiometrical correction of 
images, their geographical referencing, improvement of the quality and topical processing, are given. The results of images 
processing from satellite "Sich-1" have been taken as illustration. 
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JO.Jl.ilonapeB, H.K.Ca-rrapoB, M.<$>.TK>XTHH 

KasaHCKUÜ socydapcmeeHHhiü mexHWjecKuü yHueepcumem UM. A.H.Tynoneea 

AHHomav,u% - PaccMaTpusaraTca cnocoSw cmmeniAT. noporoBoro omowenm CMrHan/uuyM npw fleMOflymu,nn MM 
CMrwanoB. MconeflyeTcn flByxneineBofi flewoflyriflTop, nocrpoeHHbiM na ocHOse cucTewbi cpasoeow aBTonoflCTpoiwu nacTOTbi 
(OAFIM), oxBSHeHHofi flonoriHMTenbHOM nernePi oSpaTHOM CBRSH no nacTOTe (OCM), HTO nosBOJweT yMGHbumrb MHfleKC 
MOflynat^MM B Tpaicre RM M flo6nxbCfl, TaKMM o6pa30M, yMeHbiueHMSi nopora. YMMTbisafl TO, HTO B cnynae ncnonb30BaHMsi B 
KaMecTBe reTepoflMHa npweMHMKa CMwesaTopa MacTOTbi peanM3au,HFi OCM saTpyflHeHa, npeflnaraeTca npwweHeHMe B flaHHOM 
cnynae cxeMbi CMHT63aTopa c noHwxceHneM nacTOTbi reiepoflMHMpoBaHneM, ocymecTB/ifm saMbiKaHne nemn OCM nepe3 neinto 
OAflM cMHTesaTopa MacTOTbi. npneoflHTC« peariM3yiomaB onucuBaeMbie paiueHUfi CTpyKTypHan cxeMa TioHepa cnyTHMKOBoro 
TenesMfleHM55. 

I. BeefleHne 
B CBA3H c paaBMTMSM ceTM BemaTenbHbix reocTannonapHbix cnyTHUKOs npnoSperaeT Bee 6onbLiiyio 

aicryaribHOCTb pa3pa6oiKa npnewiHhix cucxeM, cnocoSHbix ocymecTBnnTb npnewi n KanecTBennyK) 
fleMOflyrat-iwo cnaöbix curnanoB Ha rpannuax SOH oßcnywuBaHua n npn paariMMHbix noroflHbix ycnoBwax. 
KanecTBQ npneiwa npn STOM B SHaHHTenbHoii CTeneHU 3aBUCHT OT noporoBbix CBOüCTB fleMOflyjiHTopa MM 
cumanoB, MTO npeffbflBraeT noBbiujeHHbie Tpe6oBaHna K ero cxeiuoTexHHKe. LJenbto HacToamePi pa6oTbi 
ABiiaeTCH paspaSoTKa w nccneflOBaHne noMexoycTOMHi/iBoc™ AByxneTJiesoro MM-fleiviOAyJiflTopa. 

II. OcHOBHa« MacTb 
B paflwoTexHtmecKMX cHCTeMax pa3nnHHoro HasnaMeHM« p,rm npweMa MacTOTHOMOflynnpoBaHHbix (MM) 

curHanoB Macro npuwieHflrOT ßeMOflynaTopbi. nocTpoeHHbie Ha OCHOBG cucTewibi cpa30Boii aBTonoflCTpoMKM 
nacTOTbi (0AF1M), Ha3b!saeMbie TaiOKe CHHxpoHHO-dpasoBbiMM fleMOflynaTopaMH (COfl). OHM oönaflaioT 
3naMMTenbHO riyniüMM noporoBbiM OTHoujenneM cnman/LuyM (noporowi), newi, HanpHNiep, fleTeiaopbi 
OTHOiueHMü. flanbHewwero CHMKöHH« nopora MOWHO flo6nTbca, oxBaTHB COfl flononHkrrenbHou nemeR 
oSpamoM cBnsH no nacTOTe (OCM), nocKonbKy ero noporoBbie CBoCicTBa 3aivieTHO 3aBMCHT OT HHfle«ca 
MOflyn«Linw Ha ero Bxofle [3].PaccMOTpMM OAHH us cnocoöoB ocym,ecTB.neHHH OCM. 

KnaccMMecKaa cxewa OCM saKJihOHaeTCP B noflane CHmana c Bbixofla MM-fleMOflyjisrropa Ha reTepoflHH 
npHeMHUKa, BbinonneHHoro no cynepreTepoflUHHoPt cxeivie. Koneöanmi reTepoflnna, TaKMM o6pa30M, 
OKa3biBatoTcn npoMOflyjiwpoBaHHbiwin no MacTOTe, HTO npnsoflHT K yweHbiueHMK) MHfleKca M0flyriHL(MH B Tpaicre 
IHM. OflHaKO B cnynae ncnonb30BaHH« B KaMecTBe reTepoflnna CMHTe3aropa nacTOTbi peann3anna Taxotf cxeMbi 
33TpyfiHeHa. 

M3BecTHa cxeMa CHHTesaTopa ^acTOTbi c noHMJKeHneM MacTOTbi reTepoflMHupoBaHHew, y KOToporo 
cMman Ha flennTerib nacTOTbi nocrynaeT He HenocpeflCTBeHHO c reHepaTopa, ynpaBnaeMoro Hanpa>KeHMeM 
(rVH), a c flononHHTenbHoro cwecHTena, Bbiflenaiomero cuman pa3HOCTHofi MacTOTbi: fCM=fryH-fnoflCT- rioHaTHo, 
MTO B 3T0M cjiyHae BbixoflHa« MacTOTa fi/H 3aBMCHT OT MacTOTbi T.H. reHepaTopa "noflCTaBKH". FlpeflnaraeTcn 
BapHaHT OCM, ripn KOTopoiw cuman c Bbixofla COfl MOflynnpyeT no nacTOTe KoneöaHMfl wwieHHo reHepaTopa 
"noflCTaBKn", a BbixoßHotö cMrnan cnHTe3aTopa MacTOTbi OKaweTca TaioK.e !ipoMOflynnpoBanHbiM no nacTOTe B 

pe3ynbTaTe paSoTbi ero cwcTewbi OAflM. TaKUM o6pa30M, 3aMbiicaHne neTjiM OCM nponcxoflHT Mepe3 neTJiio 
cfcARM cnHTe3aTopa MacTOTbi. 

HI. SaicnjoseHMe 
PesyribTaTbi MCcneflOBaHWH noKa3t>iBaK>T, HTO ocymecTB/ieHne OCM BO3MO>KHO M npM McnoribsoeaHUH B 

KanecTBe reTepoflnna npneMHMKa CMHTe3aTopa nacTOTbi. Kpowe Toro, önaroflapa MH6PL(MOHHOCTH neTnn OAIIM 
cnHTe3aTopa nem« OCM B STOM cnynae MO>KeT BbinoriHHTb H cpyHKqiin cMCTeMbi AriMT. 

IV. CHMCOK nuTepaTypbi 

[1]   Kranrop flx<., Opawicn fl«. CucTeMbi cpaaoeofi M MacTOTHOM aBTonoflcipoRKU MacTOTbi. (lep. aHrn. noa pefl. 0oMWHa. - M.: 
3weprna, 1977.-440 c. 

[2]   KaHTop T\.5\., flopo(|)eeB B.M. PloMexoycTofiMMBOCTb npneivia MM cumanoB. - M.: CBH3b, 1977.-330 c. 
[3]   Ho6KOBa D.M., HcbKMB B.M., Mi-itiiapeBa H.H., denbMax B.B. rioHnxeHne noporoBoro ypoBHH fleMOflyjwropa npneMHoti 

CMCTeMbi cnyTHUKOBoro HenocpeACTBeHHoro TeneBM3HOHHoro BemannR. // B c6opHMKe MaTepnanoB 3 KpbiMCKoti 
KOHtpepeHUMM "CBM TexHiwa w cnyTHMKOBbifi npneM", T.3, C.221-224. 

THE DOUBLE-LOOP FREQUENCY DEMODULATOR 

Loparev Yu.L, Sattarov I.K., Tyukhtin M.F. 
Kazan State Technical University n. a. Tupolev, P.O. Box 102, Kazan-420021, Russia 

tel. 8432 388422 

For frequency demodulation threshold signal/noise ratio reduction means are considered. The double-loop demodulator constructed 
on the base of a phase-locked loop (PLL)comprehended by additional frequency feedback loop is investigated. This permits to 
decrease modulation index in the IF tract and so to obtain the decreasing of threshold. In respect that in the case of employment of 
frequency synthesizer as receiver oscillator, realization of frequency feedback is obstructed, the using of circuit of synthesizer with 
downconverting is suggested. In that case frequency feedback loop locks via frequency synthesizer PLL. The scheme of satellite 
TV tuner realizing the described solutions is exemplified. 
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B.H.BpOHKMKOB, M.^.fleHM^eHKO, B.H.JlHTBblHeHKO 
HMMKA, 3. floHeifK 

AHHomamifi - PacoMorpeH KacKaflHbiK MeTOfl cpopMHpoBaHMa v, npnewa CMmanoB.OLjeneHbi noiwexoycToiiMMBOcTb M 

acpcpeKTMBHOCTb nepeflann flMCKpeiHbix coo6ti(eHiw B CTaLinonapHOM rayccoBCKOM KaHane. rioKa3aHa BOSMowHOCTb nonyHeHwa 
SHepreTOMecKoro Bbinrpbiuia 8...8,8 d5 npn wucpopiviauHOHHofl w MacTOTHOW adxpeicrnBHOCTSx 0,51...0,6 M -14...-16 dB, 
cooTBercTBeHHO, B cny-iae BeposTHOCTM OUIHSKM P=0,00001. 

l.BBe^eHMe 

KacKaflHbie    KOflbi    (KKJMMGIOT    Hanöojiee    BbicoKwe    noMexoyc- 

TOOTMBOCTb (ß-3$4>eKTMBHOCTb) , ^aCTOTHyEO (y) M MH$OpMaiJ,MOH- 

HyiO      (Tl)      3$$eKTMBHOCTM      [1...4],     OflHaKO 3TM     XapaKTepMCTMKM 
MoryT ÖHTB Gojiee BHCOKMMM [1] . I^ejrt, paöoTbi - noncK Öojiee 
noMexoycTOMyMBbix VL 3$$eKTMBHbix MeTOflOB nepenaypi coo6-~ 
mem/rfi   (c yyeTOM    BO3MC»KHOCTH peajiH3au,:wH npneMa  cwrHajiOB) . 

2.OcHOBHan «acib 

PaccMOTpMM noMexoycTOM^-iMBOCTb M 3$$eKTWBHOCTb nepe- 
fla^M      flBOM^HblX,       paBHOBepOHTHHX,        CTaTMCTMyeCKM      He3aBMCMMbIX 
CMMBOJiOB yepe3 rayccoBCKMM CTauMOHapHbM KaHaji CB^SM pjix 
cnyyan, Korfla M3BecTHH Bee HeMH$opMau,noHHbie napaMe'rpbi B 

MecTe npweMa. 
ByfleM ncnojib30BaTb   KOMÖMHMpOBaHHyio  MOny3isiuyuo.   nocjiefl- 

Hflfl     3aKJIK)yaeo?CH     B     MCnOJIb30BaKMM     flByX     OflMHaKOBHX     KOM6MHM~ 

poBaHHbix   MOflyjinm-iii   KsaflpaTypHbix   cocTaBjiHioinMx   cnrHajia.    HpM 
3TOM npOM3BOflMTCH ÖMHapKaH (J>a30BaH MOflyjlHUMH COBMeCTHO c M~ 
M^HOM (aMnjIMTyflHOM) BpeM«MMnyjIbCHOM        MOflyjTHJJ,MeM (BMM)  . 
ABTOHOMHoe wcnojib30BaHi<re OöOMX KBaflpaTypHbix cocTaBji^ioniiWx 
CMTHajia oöecne^MBaeT Öojiee BbicoKyio yacTOTHyio s$$eK- 
TMBHOCTb, a npwMeHeHwe MHorono3MLi,MOHHOM MogyjifiuynA - öojiee 
BbicoKyio   noMexoycTowywBOCTb.    B   Ka^ecTBe   KOAOB    1-ro   ypOBHH 
(BHyTpeHHMX)      ÖyfleM    WCriOJlbSOBaTb     OTHOCHTeJTbHO    KOpOTKHe    KOflbl 

MjiM MaacopwrapHue KOAH (M-KOHH) , no3BOJiHiomMe npoM3BOflMTb 
onTMMajibHoe (KBa3wona?MMajibHoe) fleKOffwpoBaroie [4,5,7... 9]. 
B Ka^ecTBe KOAOB 2-ro ypoBHH öyneM Mcnojib30BaTb (npocTew- 
inwe) M-wqHbie KOflbi (n2,n2-l,2), no3BOJiHK>mjie npon3BOflMTb 
npocTO fleKOflMpoBaHwe. 

M-M^[HbIM CMrHaJI C ynOMHHyTOM KOMÖMHMpOBaHHOM $a30B0M M 
BpeMHMMnyjibCHOM   MOflyjiHi^Mefi    (OBMM)     öyfleM   $opMMpoBaTb,    KaK 
$yHKLI,MK) g = LOG (M) OflHOMMeHHHX flBOM^HblX CMMBOJIOB g KOflOBblX 
CJIOB    KK. 

Mcnojib3yeM ajiropMTM npweMa, BKjuo^aioinMM B ceo« corjia- 
coBaHHyjo (KBa3McorjiacoBaHHyio) c ajieMeHTapHbiM cwrHajiOM 
$MjibTpau,MK),     KorepeHTHoe    fleTeKTMpoBaHwe    M    MHoroypoBHeBoe 
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HeKOflMpoBaHwe. B pe3yjibTaTe $njTbTpau,*M M fleTeKTMpoBaHMH M- 
M^jHoro cwrnajia RJIR. p.eKopyipoBanviR Ha 1-M ypOBHe MMeeTCH 
M=2**g CKajinpHbix npoM3BefleHMM Me^cßy npWHHTbiM curHajiOM, 
MCKaacetiHbiM   aflflMTMBHOM   rayccoBCKoii   riOMexoM,    w   ero   BO3MO:>K- 

HblMH        peajlM3aUMHMM . ByfleM        BblÖMpaTb BeJIMtlMHbl BpeMeHHHX 
CflBMrOB     B     OBPtM    KpaTHbIMM     flJIMTeJIbHOCTM    paflMOMMnyjIb COB     OBMM. 
Torfla   MHOKecTBO   curHajiOB   öyneT   öwopTOroHajibHO   m   no   noMe- 
XOyCTOMyMBOCTM   T05KfleCTBeHHO   ÖMOpTOrOHaJIbHOMy   KOAy. 

npMMei-iMM K 3TOMy CMTHajiy npoueflypy j\QYLOMno3wu,vm [9] . 
nocneflHHH BaKjuoyaei'CH B npeo5pa30BaHHM ynoMHHyrbix CKajmpHbix 
npoM3Be,n;eHMH   B   jiorapw^Mbi   OTHomeHHtf   npaBflonoflOön^   3HayeHMM 
KOflOBblX     CMMBOJIOB.      IIOSTOMy     3fleCb     MMeeT     MeCTO OTCyTCTBMe 
noTepb MH$opMai;MM (noTepb B SHepreTwqecKOM Bbrnrpbniie OT 

KOflMpoBaiiMH      (3BK) ) .     fleKOflwpoBaHMe 1-ro     ypoBH«     öyseM 
npoM3BOflMTb "B uejiOM" [7] (onTMMajibHoe) MJIM aHajioroBoe 
KBa3nonTMMajibHoe (npM Mcnojib30BaHMw M-KOAOB) [4,5,7,8], 
npi/r KOTopoM noTepM B 3BK npaKTMyecKM TcyTCTByiOT (MX MO^KHO 

He yyptTbiBaTb) . Oöa STM MeTOfla fleKOflMpoBaHMfl no3BOJi#K)T 
onpe^ejiMTb  AB a  Hanoojiee  sepoHTHbix 3HayeHH« 

(s)   ni 
Yj2  s=l,2     ou,eHKM  Ka^Kfloro  KOflOBoro  cjiOBa  Yj2={yjij2}ji=i ,   rfle 

j2=l,n2,     nl  - KOJwraecTBO KOAOBHX  CMMBOJIOB yjij2=0,l     KOfla 
1-ro ypoBHH  KOflMpoBaHMH,   M jiorapM^Mbi oo?HoineHM^ MX     npaBflo- 

(12)    (1) (2) (1) (2) 
noflOÖMH  dj2=Cj2 -Cj2 >0,rfle  Cj2 ,Cj2  -   CKajinpHbie  npon3BefleHMH: 

(1)     nl (1) (2)     nl (2) 
CJ2=.SLjij2*(2*yjlj2-l),Cj2=iE  Ljlj2*(2*yjlj2-1)    ,       (1) 

Ljij2~ ynoMHHyTbie jiorapw^Mbi OTHomeHMH npaBflononpöMH KOAOBHX 

CMMBOJTOB     Yjij2-   Jlorapw^M oöpaTHoro  OTHOUIGHMH  npaBflonofloÖMH 
(21) (12) 

dj2 = -dj2 . Mcnojib3y« npoBepo^iHoe cooTHOinenwe KOfla (n2, n2- 
l,2),HapifleM 2**k2   BO3MO2CHHX  SHayeHMPi  OUGHOK  CMMBOJIOB  Yj2: 

n2 (s) (s)   

YA
j2=(   S  -Yj2)+  Yj2 mod Ml       j2  =  l,k2, (2) 

J2 

(s)   

B   HonojiHeHMe   K   2-M  yace   MMeromKMCH   Yj2   s=l,2   ,    -Y   -   CMMBOJT, 

oÖpaTHbM    CMMBOJiy   Y   no    cuoaceHMO    [4],    Ml=2**kl.    JlorapM$Mbi 
oo?HOuieHMfl npaBflonofloÖMH       dA

j2       STMX       3HayeHMii       YA
j2 

onpeflejmeTCH  cooTBeTCTByioiifl^Mn cyMMaMM OTHomeHwß: npaBflono- 
(12) (21) 

flOÖMH    dj2, dj2.    CyMMPipOBaHMeM   3Ha^eHMW   dAj2    CO    3Ha^eHMflMM 
(12) (21) 

dj2      (       dj2 ) ,        COOTBeTCTByiOmMMM      OflHMM     M      T?eM     3Ke      B03M02KHbIM 
3HayeHMAM    oneHOK    CMMBOJIOB,     Haw^eM    JiorapM^Mbi        OTHoraeHHH 
npaBflonofloöMH noaneflHwx. Bbiöwpa«    HaMöojibinwe,     Haw^eM 
Han6ojiee npaBflononpöHbie 3HaqeHMfl    nepe^aHHbix     CMMBOJIOB Yj2 
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j2-l,k.2      M   TeM   caMbiM      onpeflejiMM   nepeflaHHbie   MH^opMauwoHHbie 
flBOM^HHe    CMMBOJIH. 

HapifleM BepoOTHocTb OUIMÖKM P0 npweMa paccMOTpeHHOM 
CMrHairbHOKOflOBOM KOHCTpyKUMM (CKK) , Mcnojib3yH OopMyny 
nojiHOM Bepo^THOCTw M npwpaBHeBaH eflMHMue ycjiOBHyio 
BepoflTHOCTb omi/iöKM npweMa CMMBOJIOB Yj2,Korfla MX 3HaqeHM^ He 
BxoflHT  B MHoacecTBa  BO3M05KHHX  3Ha^eHMM,   onpe^ejiHeMbix   (2) 

(s) 

M  Yj2     s  -   1,2.     Torfla 

Po'Pii*Pik*l+ [Pu* (1-Pik) + d-Pii) *Plk] *Pi+ d-Pii) * d-Pik) *P2, 
rne     Pi-exp[-Q*D+ln(N0*Ni)-0,5*ln(4*7C*Q*D)]      [6], 

!3) 

(4) 

Q  -  OTHOineHwe  snepriw sjieMeHTapHOw nocbuiKM K 

cneKTpajibHOM IIJIOTHOCTI/I MomHOCTM myMa N0; 
No/N]   -  KOJiMtiecTsa MMHMMajibHbix    paccTOHHMM Meac^y 

ÖMopToroHajibHbiMM  CMrnajiaMM u    KOflOBbM/r 
CJIOBaMM    1-rO       ypOBHH       KOflJipOBaHI'IH, 

D = d0*d1*ko*k1*(n2~l)/(n0*n1*n2) , :5: 

n0,k0,d0   -  napaMeo?pbi öwopToroHajibHoro  KOfla   (no,ko,do), 
SKBMBajieHTHoro ynoMHHyTOMy M~My  cwrHajiy, 

ki    ~    KOJTJ/raeCTBO   MH^OpMam-IOHHblX    CMMBOJIOB    l~rO    ypOBHH 
KOflMpOBaHMfl, 

Pi**l,5   [10], (6) 
= 1 - 

pn 

Plk= 

p2 

N2 

(7: 

BepOHTHOCTb 
[6], 

p6 

no 

(1   -   Pn)**k2, 

exp[-Q*2*D+ln(N2)-0#5*ln(4*7C*Q*2*D) ] ,        (8) 
k2  +  k2*(k2-l)/2 (9) 
KOJIMyeCTBO   MMHMMaJTbHblX   paCCTOHHMM   ue^Ry 
KOflOBHMH    CJIOBaMM    2 "BO    ypOBHH    KOflMpOBaHMfl. 
oniMÖKM,     npMxoflHmancH    Ha    OAMH    öMT    MH$opMaqMM 

Po*do*di*d2/(no*n1*n2) . (10) 
3aflaHHOM.y   3HayeHMio   P6   H3    (3... 10)    onpeflejiMM   3Hep- 

reraqecKyjD     3$$eKTMBHOCTt      [1]      ß     =      1/Q.      yacTOTHaa     M 

MH$OpMaUMOHHaH   SfJxfreKTMBHOCTPl   paBHbl   COOTBeTCTBeHHO     [1]     : 

y = 2*k0*k1*k2/[n1*n2*2**k0]/       r\  = y /  log(l  + y/ß -) . 
fljiH   P6   =0,00001   B   Taojroue   npi/mefleHbi  pe3yjibTaa?bi  pac^e- 

Ta     no    npwBefleHHHM    4>opMyjiaM    RJIH    MH^opMauMOHHOM     s$$eK- 

KK KCC 
(64,7) v=7 n0=64, k0=7 n0=32, k0=6 

(127,95) R=l/2 ni=21, kx=ll n1-21,k1=ll 
511,479 n2=8, k2=7 n2=5, k2=4 

Aß,flB 6,9 7 8,8 8 
Ay,flB -13,9 -6,3 -16 -14 

„_™JL 0,4 0,6 0,6 0,51 
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TMBHOCTM M Bbmrpbniiew B SHepreTi/raecKOM Aß = ß + 9,6 RB M 

yacTOTHOM Ay = Y ~ 3 flB s^eKTMBHOCTHx KCC no OTHOiiieHktio K 

CMCTeMe CBH3M c flByxKpaTHoi« $a3OB0M MOflyji^uMew (Korfla r\ = 

0,47,     Ay    =    Aß    =    0).     TaM    ace    npuBefleHbi    xapaKTepwcTMKM 
KaCKaflHBIX    KOflOB     (KK) ,     COCTaBJieHHHX    M3    KOflOB PPIfla-COJIOMOHa 
(127,95) [4] , (511,479) [3], öMopToroHajibHoro (64,7) M 

CBepTO^HOrO CO CKOpOCTbK) R=l/2 M KOflOBbIM orparanyteHweM v=7. 
Jfe   TaöJiMUbi   cjieflyeo?   KOHKypeHTocnocooHoci-b   KCC   no   snepreTM- 
yeCKOM M  MH$OpMaU,MOHHOM 3$$eKTMBHOCTflM. 

PaccMOTpeHHa^: KacKaflHas CMCTeMa CBH3M KOHKypeHTOcno- 
coÖHa no cpaBHeHMio c paccMOTpeHHbiMM no noMexoycTow^MBOCTM, 
HO ycTynaeT no yacTOTHOM 3$$eKTMBHocTM. OflHaKo B p^fle cjiy- 
yaeß 3TO He HBuneTCH HesocTaTKOM. HanpMMep, MHOFfla 
McnojibsyiOT inyMonofloöHbie CMraajibi (fflnc) c oojibiuon yacTOTHOM 
MBöbiToytHOCTbK) M He nojiyyaiOT 3HepreTMyiecKoro BbiMrpbmia 

(Aß=0) .   B   TaKMx   cjiyqaax     paccMOTpeHHa«   CMCTeMa   CBH3M   HBJIA- 

eTCfl     KOHKypeHTOCnOCOÖHOM.      npM     3TOM    HeJieCOOÖpaSHO     3aMeHWTb 
wcnojibsyeMbie  s^ecb  paflMOMMnyjibcu Ha nine. 
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DISTURBANCE IMMUNITY AND EFFECTIVENESS OF CHAIN COMMUNICATION SYSTEM 

BronnikovV.N., Denishenko I.Y., Litvinenko V.l. 
Research Institute of Complex Automation, 2 Batishev St., Donetsk-340004, Ukraine 

tel. (0622) 58-72-54 

The disturbance immunity and effectiveness of discrete messages transmission in gaussian stationary channel by means of signal- 
code construction, including biorthogonal signals, modulated by cascade code binary symbols of the same name, has been 
examined. In the 1-st cascade the majority code is used, and in the 2-nd - M-th code (n, n-1, 2) is considered. The reception 
algorithm includes the matched filtering, synchronous detection and multilevel "decoding". In the first level, as a result of information 
decomposition, logarithms of likelihood ratio of code binary symbols are found. Analog "decoding" is implemented. As a result of 
that the most probable values of M-th symbols and their logarithms of likelihood ratio are found. Using the latest and code checking 
relationships (n, n-1, 2), the values of M-th and binary symbols are found. It is found that at the error probability of reception of 
binary symbol P = 0.00001, at information and frequency effectiveness of 0.51 ...0.6 and -14...-16 dB, the power gain is 8...8.8 dB. 
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AHAJIH3 nyiEH OnTHMH3AI|HH flEMOflyjIMTOPOB 
CHIHAJIOB CIiyTHHKOBOrO TEJIEBH^EHHM 

JI.M. Jlo6KOBa, B.M. HCBKHB 
CeB.rry, 335053, Cesacxonojib, Cxpejienicas öajnca 

Rm noBBimeHHs Kaiecraa H3o6pajKeHHs npn npneMe CHraajioB 
cnyTHHKOBoro TCJICBHäCHM C MajiMM ypoBHeM npewiaraerc* Hcnojib30BaHHe 
AeMo^yJMTopa, oniHMHSHpoBaHHoro jum CHraajioB H3o6pa«eHHjr. DpH STOM 
ÄeMOÄyjWTop co^epKHT #Ba Kanajia B icaxcHOM H3 Koxopbix npoHSBOflnxc» 
pa3#ejibHaa oöpaöoTKa CHraanoB 3Byica H H3o6paK6HHM cooTBeTCTBeHHO. 

06pa6oTKa npoHSBOflHTca Ha ocHOBe ynexa ocoöeHHOcxefi cneicxpa 
CHraajioB cnyTHHKOBoro xejieBWjeHHa. npHBOflHxca o6ocHOBamie Bw6paHHoro 
MCToaa o6pa6oTKH , cxpyKxypnaa cxeMa ÄeMOflyjurropa. OnpeweneHa BejiHMHHa 
OÄHflaeMoro BMnrpwiiia B oraoraeHHH CHrnaji/inyM, flexajironpoBaHbi xpe6oBaHHH 
K OTflejibHUM 3JieMeHTaM CTpyKxypnoH cxeMbi pjw nojiyqeHiw MaiccHMajibHoro 
OTHomeHHa cHrnaji/myM Ha Bbixo^e fleMo^yjiaTopa. 

I. BeeaeHHe 
npH npHCMC CHFHajIOB CnyTHHKOBoro TeJieBHflCHHfl (CTB) C MaJIbIM ypOBHCM 

na Bbixo#e ^eMo^yJMTopa nossjiaioTCfl HMnyjibcw noporoBoro uiyiwa, Koxopwe 
Bbiraa^jiT na H3o6pa»:eHHH B BH^e KOHxpacxubix nepHwx H 6enwx mxpHxoB H «ejiaiOT 
H3o6pa>KeHHe HenpnroflHbiM wia BHsyajibHoro BocnpiranM [l].CHnKun>i ssyicoBoro 
conpoBoameHHÄ, nepeflaBaeMue c noMoinbio qacToraoö Mo^yjianHH no/jHecymnx c 
Bbixosa fleMOAyjiaxopa nocxynaiox B KaHaji SByica , rae nocjie ysKonojiocnofi 
(|)HJibTpaHHH «exeKXHpyioxcji qacxoxHbiM «exeKxopoM KaHajia 3Byica. Ejiaroflapa 
xaKOMy cnocoöy nepe^H CHraajibi sByKoaoro conpoBOMweraw cymecraeHHo MeHbiue 
HOßBepaceHbi ACHCXBHTO noporoBbix niyMOB. B CIHBH C SXHM   CXOHX 3a#a*ra co3«aHira 
npHCMHOH CHCXCMbl CHmaJIOB CTB OnXHMHSHpOBaHHOH flJM CHrHaJIOB H306pa3KeHH«. 

II. OCHQBHaS? H&CTb 
Rm peniemw axon 3aaa™ HCO6XO«HMO npoaHaiiH3HpoBaTb OCO6CHHOCTH 

nepeaaBaeMoro   cHraajia   c   XOHKH   spenra   BOSMOJKHOCXH   Bbwenemw   cnraajiOB 
H300pa»CeHHH. 

npH mpenme CHraajioB CTB Hecymaa Mo^yjinpyexca no TOcxoxe cyMMofi 
nojiHoro HBexoBoro xe.neBH3HOHHoro cnraajia H cnraanoB sByicoBoro conpoBoaqieHHH 
pacnojiOKCHHwx Ha noÄHecymin B ananasone or 5.5 ao 8 Mrn. B CBüSH C xeM HXO 
CHTHJUI H3o6paaeeHHH aBJiaexca nepHoairaecKHM CHTHEJIOM, OH MOJKCX 6wxb pasjioac'eH B 
PW <Pypbe,H,nocKOJibKy Ha nep^aromeH cxopone cneKxp CHraajia HsoSpaaceHM 
orpaHOTHBaercH CBepxy TOCXOXOH FB= 6 MTq AJIH cxaH/japxa SECAM H FB= 5 MTn 
Wis cxan^apxa PAL [2], cnrHaji raoöpaaceHHÄ Moacex 6biTb npe^cxaBjieH B BHue 
KOHOTHOH cyMMbi: 

N. 

U(t)=XSi • cos(Q; • t+<pi). / n 
i=0 { ' 

Torm HM cnraaji öy^ex HMexb BH/I;: 
N 

u™- - Uo • Re(exp j • (coo • t +cpo) -II exp j • (mi • sin(pi • t+cpi))), 
i=0 

(2) 
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rfle: coo-2 • n ■ fo - Hecyinaa qacxoxa, mi=0)Äi/O i - HHACKCLI qacxoxHoö 

MOffymmn, a>Ai =K™ • Si - .neBHauHa qacxoxbi, K™ - KpyxHsna MOAyjiauHOHHog 
xapaKxepHCTHKH Mo/iynaxopa. 

C yqexoM CBOHCXB ^ymcuHH Beccera [ 3 ], nojiyqeHHoe Bbipaaceroie npHMex 
Bnzt: 

N      oo 

u™--= Uo • Rejexp j • {IT (I J„( mi) -exp(j< (coo + n • Qi)• t+ n • qa+qx»)))}] . (3) 
i^O  n=-oo 

B cooxBexcxBHH c nojiyqeHHWM BbipajKenHeM , cneKxp Mo^yjiHpOBaHHoro 
CHrHajia 6y«ex co^epjKaxb , B o6n$eM cjiynae , 6ecKOHeqHbifi na6op cocxaBJiaiomHx c 
qacxoxaMH , onpe#ejraeMbiMH KOMÖHHauHaMH rapMOHHK cocxaBJiaiomHx 

Mo^yjiHpyiomero cnraajia Q.i #pyr c #pyroM H C Hecymefi qacxoxog coo. YpoBHH 3XHX 
rapMOHHK onpe#e.naioxca npoHSBe^eHHeM cooxBexcxsyiomux 3HaqeHHH AYHKUHH 
Eeccena. 

npoaHajiHSHpyeM cocxaB cneKxpa HM CHrnana am KOHKpexHoro curyqaa. 
Bo3bMeM B KaqecxBe npHMepa MOflyjiHpyromero CHraajia BH^eocHrHaji B cxaH^apxe 
SECAM xana rojiyöoe nojie Ha HHxepBajie nepe^a™ cxpoKH coflepscamefi 
UBexopa3HocxHtiH cnrHaji B-Y. Ilpn SXOM B BH^eocwHajie 6yaex npncyxcxBOBaxb 
nocroannaa cocxaBJiaiomaa H no#Hecymaa CHraajia HBexa. #jia Bw6paHnoro cnraajia 
fleBHanHfl nacxoxM noÄHecymeM 6y#ex MaKCHMajibHOH H paBHofi 280 K^, XO ecxb 
aScojuoxHoe 3HaqeHHe qacxoxu noflHecymeo B axo BpeMa 6y#ex paBHo Fi =4.686 MTu 
a aMrannyfla Si=0.35 B. npH nmcoBofi fleBHauHH qacxoxbi fÄ=16 Mru KpyxH3Ha 
MOflyjiaimoHHofi      xapaKxepHCXHKH      Mo^yjiaxopa: K™=f«/S=16/0.5=32 [MTIVB], a 

HHfleKC   MOflyjumHH  mi=K™   •   Si/Fi=32   •   0.35/4.686=2.39.Tor#a   HM   CHraaji  B 
cooxBexcxBHH c (3) npHMex BH#: 

UHM = UoZJn(mi)cos((coo+n-n 1) • t+cpi+cpo) 
n=-oo 

TaKHM o6pa30M B cneKxpe Bbixo^Horo cnrHajra öynyx npncyxcxBOBaxb 
cocxaBJMEoiiiHe c qacxoxaMH fo±n ■ Fi H oxHocHxejibHbiMH aMnjinxyaaMH paBHbiMH 
Jn(2.39). 3HaneHH2 aMnjiHxy« npHBe#eHbi B xaöjnme 1. 

Ta6jiHua 1. 
-iHaqeHHa aMnjiHxy# cocxaBJiaiomHx cneKxpa HM cnrHajia npn m=2,39 

Jn 
fo 

0.008 
fo± Fi 
0.522 

fo±2 Fi 
0.429 

fo± 3Fi 
0.196 

fo± 4Fi 
0.063 

fo± 5Fi 
0.016 

fo± 6Fi 
0.003 

fo± 7Fi 
0.0006 

H3 3XOH xa6jiHUH BHAHO, qxo ecjiH npeHeöpeib rapMOHHKaMH c ypoBHSMH 
MeHbiue 0.01 , xo socxaxorao npHHaxb BO BHHMaHHe rapMOHHKH c HOMepaMH ao 6. 

AJM CHraajia 3ByKOBoro conpoBoayjeHHa Ha no^Hecymeß sByica F2=6.5 

Mrn H aMnjiHxyfloö S2=0.1 B nojxyqaeM HH^eKC Mo^ynauHH  m2=32 • 0.1/6.5=0 49 
OxHOCHxejibHbie 3HaqeKHa aMnnHxy^ J/(m2) npHBeflCHbi B xaöjiHue 2. 

TaöJiHHa 2. 
JHaqeHHa aMnjiHxya; cocxaBJiaiomnx cneKxpa W cnrHajia npH m=0,49 

fo 
0.941 

fo±F2 

0.238 
fo±2 F2 

0.029 
fo± 3F2 

0.002 
fo± 4F2 
0.00015 

fo± 5F2 
0.00007 
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Hs   3TQH   Ta6jIHU,bI   BHflHO,   HTO   ITO   /   MOKHO   yTOTMBaTb   rapMOHHKH      C 
HOMepaMH #o 3 BKjiioTOTejibHo ( TO ecTb Bcero 7 cocTaBjiaromux ),   a   ocTaixbHbiMH 
M05KHO npeHe6peqb (xaK aee KEK an« Jn). Tor«a o6mHH HM CHFHaji 6y«eT HMCTB BH«: 

6 

u™=Ke[Uo • exp j • (a)o • t +<po) • { Z Jn( mi) ■ exp( j• n • (Q i • t + <pi))} x 

n=-6 
3 

x{ lJ/(m2)-exp(j/-(02-t+(p2))}] (4) 

/=-3 
Ha pHcyHKe 1 npeflcraiuieH BH# cneKxpa G(f) nojiyqeHHoro cnrHajra, r#e 

mfypauii 1-6 oTMeneHM cocTaBJiaioHjHe cooTBeTCTByiomHe CHraajry H3o6pa>KeHHa,'a 7- 
8 - CHraajiy SByKOBoro conpoBOJKaeHHa.npiraeM , nocKOJibKy nojiyqeHHbie cneirrpH 
CHMMeipHHHU OTHOCHTCJIbHO HaCTOTbl   fo   ,   Ha pHCyUKe npetfCTaBJieHa TOJIbKO qacTb 
cneKTpa, jieKanjaa BMUIC qacTOTM fo. 

H3 Bbipa>KeHHH (4) cjie^yeT, qw KaKflaa cneKTpajibnaa cocTaBjiaiomaa 
CHraa-na H3o6pa3KeHiw nepeMHO>KaeTca c Kaamofi cocTaBJiaromeii cneKTpa CHraajia 
SByKOBoro conpoBoa^eHra. BcjieacTBHe STOFO Bo-nepBbix pacumpaeica o6maa 
uiHpHHa cneKTpa, H, KaK cneacraire, uiyMOBaa nojioca npneMHoro ycTpoöcTBa BO- 
BTopwx SHepnw CHraajia, Hecymero ronfcopMaiuno 06 H3o6paxceHHH OKasbmaeTca 
paccpeÄOTOHeHHofi no BceMy cneKrpy H saMeinaHHofi c mufropMamiefi ssyKOBoro 
COnpOB05K#eHM. Pa3^eJIKTb 3TH KOMHOHeHTbl (J)HJIbTpOBbIMH MCTOaaMH HeB03MO>KHO. 

üpoöjieMa MoxeT 6biTb perneHa B TOM cjiyqae, ecjiH yMenbiuHTb HHäCKC 
MOÄyjiaqHH #jra scex cocTaBJisroimn; cneKTpa HCXO^HOTO cnraajia, a STO BOSMOäHO 
TOJibKO npH nepexofle OT «mcroraoH Moayjismm K fcaaoBoö (npuMepu nofloÖHMx 
npeoöpaaoBaTejrefi MOKHO naöra B [4]). B STOM cjiynae BbipaaceHne (3) npnMeT BH«: 

N       oo 

u,},M=Re[Uo • exp j • (coo • t -npo) • {n ( Z Jn( m) expQ- n • (O i • t+cpi +re/2)))} ] (5). 

i=0 n=-oo 

BbiöpaB HHfleKC MoayjiaqHH «ocTaTOHHo MajibiM (m<l) BwpaaceHJie (5) 
ynpomaeTca, H BHCM ocTaiOTca KOMÖHHaimoHHHe cocTaBJOTomne TOJibKO nepßoro 
nopaiHKa: v 

N    1 

u*„=Re[Uo -expj -(<Do-t +q>o) {n (Z J„(m) -exp(jn -(fli-t+qa-Hcß)))}] 

i=0 n=-l 
BHA cneKTpa 0>M CHraana am TOTO ace HcnwTaTejibHoro CHraana npn 

m-0.2 npeacTasneH Ha pnc. 2. Hs STOTO pncyHKa BHHHO, wo cneKTp ynpocrajica H 

noaBHJiacb BosMoamocTb c noMombio (JrajibTpa c nouocofi nponycKaHHa OT f0-FB no 
ÜTT 

(TO eCTb C mHPHHofi nojiocbi nponycKaHHa 10 Mrn «jia CTa^apTa PAL H 12 
Mnj jum CTaH^apxa SECAM) BbWejiHTb H3 oömero cneKTpa KOMnoneHTbi HecymHe 
HH4>opMamnD o6 H3o6pa*eHHH. ECJIH B KanecxBe Mo^ejiH myMa npnHaTb HopManbHbiH 
oejibiH HiyM TO BBeaeHHe Taxoro (pHjibTpa npHBe^eT K yMeHbiueHHio MOIHHOCTH HIVME 

Ha Bxo^e «eMo^yjiaTopa cooTBercraeHHo B 2.7 H 2.25 pasa, HJIH Ha 4.3 H 3.5 #E. 
OocKOJibKy nacTb cneKipajibHbix KOMnoneHT, Hecymra HHdiopMaHHio 06 

H3o6pa>KeHHH,HaxoflHTca 3a npe^enaMH nojiocw nponycKaHHa ^wibrpa u 6yÄeT 

noAasjiena, TO MomHocTb cnrHajia Ha Bxo^e ÄeMo^ynaTopa HecKojibKO CHH3HTCH IIpn 
STOM aojia 3HeprHH cHraajia Jieacamero BHe npe^ejioB nojiocbi nponycKaHHa saBHCHT OT 

rowracca MoayjiaHHH <DM CHrnana. Ha PHC.3 WM yKasanHofi Mo^ejin CHrnajia npn 
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nojioce nponycKaHM cJMJibxpa im 12 MFn npcÄcTaBJieHbi: I- saBHCHMOcxb OT HH^eKca 
MOflyjIHHTffl OXHOCHXejXbHOH MOIHHOCXH CHXHaJia PCHF H ( T.C   OTHOUICHHe MOIUHOCXH 
CHraajia Ha BMXOAC <j>HJibxpa K MOIHHOCXH CHraajia Ha   ero Bxo#e ), 2- saBHCHMocxb 
OTHOCHTeJIbHOH  MOmHOCTH  UiyMa  PmyMa H   ,   3-  BCJIHTOHa  BblHrpblHia  B  OTHOHieHHH 
CHraaji/niyM Ha Bxo#e «eMo^yjiaxopa. Hs sxoro pncymca BH^HO, HTO C yMeHbiueHHeM m 
yMeHbiuaercH H #OJM SHepran nojiesHoro cnraajia noflaBJiacMoro <})Hi[bTpoM im Ho 
npw 3TOM yMeHbuiaeTca ypoBeHb curHajia Ha Bbixofle «jmoBoro flexeicxopa H 

noBbimaioTM xpeöoBaroia K uiyMOBMM napaMeTpaM BHfleoycHjraxejM. npaicxmecKH 
HeoöxoflHMO saflaTbCH ßonycxHMbiM ypoBHCM CHHJKCHH« MOIHHOCXH CHraajia Ha Bxo^e 
^exeKTopa ( nanpHMep 1-2 nponema) H HO HeMy onpeßCJiHXb Hyacubifi HH^CKC AasoBofi 
MO^yjMHHH. ^ 

UcXOm   H3    BWHieHSJIOKeHHOrO    JjeMOflyJWXOp,    OnXHMH3HpOBaHHblfi    JUIS 
™6^>rCHrHaJIOB H3o5Pa)KeHH*> ÄOJDKeH HMexb cjieÄyiomHH cocxaB: npeo6pa30Baxejib 
4M-<PM, y3KonojiocHbiH (fcroibxp H (frasoBbifi «exeKxop. nocKOJibKy curHajibi 
3ByKOBoro conpoBo^eHHa B SXOM flCMoayJiaxope 6yÄyx noflasjieHbi, xo naparoiejibHo 
ÄOJiaceH 6bixb BKjnoqeH fleMOflyjwxop JJJM cHrnajioB 3ByKa jno6oro xpa^mHOHHoro 
XHna. laKHM o6pa3oM cxpyicxypHa* cxeMa fleMo^yjiaxopa cnraajioB cnyxHHKOBoro 
xejieBH^eHHa 6y«ex HMexb BH# npeAcxaBJieHHwfi Ha PHC.4. 3flecb HM/OM - 
npeo6pa3OBaxejib 4M cHXHajia B CDM cnrnaji, YO - ysKonojiocHbifi chnjibxp Oil - 
*a30BbiH ÄexeKxop3 BY - BHfleoycHJiHxejib, 47J - qacxoxHbifi «exeicxop, K3 Kamm 
3ByKa. 

III. SaKJiioqeHHe 
M3 npoBcueHHoro aHajiH3a MOJKHO c^oiaxb cjie^yioiHHe Bbreo#bi: 
1. AJM nojiyqeHHH KaqecxBeHHoro H3o6pa)KeHHa «eMOflyjwxop cnraajioB 

cnyxHHKOBoro xejieBHÄeHH« flojraceH 6bixb onxHMHSHpoBan «M cnrHajiOB 
H3o6pa>KeHM, xo ecxb o6pa6axbiBaxb xojibKO cnraajibi raoöpaaceHH* H no^aBJiaxb Bee 
ocxajibHbie cnrnajibi ( B XOM HHCJIC H CHraanbi 3ByKOBoro conpOBoayjeHHs). 

2. fljiji BbiaejieHHfl H3 oömero cneKxpa npHHHMaeMoro cKrajuia KOMHOHCHX 

HecymHx HH$opMaHHio 06 H3o6pa5KeHHH HeoöxoAHMo npeo6pa30Baxb 4M cnrHaji B 
<PM cnrHaji c ManbiM HH^CKCOM MonyjumHH. 

3.fleMOAyjiaxop AOJDKCH co^epacaxb flBa KaHajia: fljia cnrHajiOB 
HSobpaaceHHH H ma CKraajioB 3ByKOBoro conpoBOKßCHHa. 

BejiH™Hbi4,3«BHrPMUIBO   BXOÄHOM   °™omeHHH cHXHaji/HiyM   Moacex aocxnraxb 

H™^™""     
HHfleKC     *a30BOfi     MO^yjMHHH    flOJDKeH     BblÖHpaXbCH     MaKCHMaJIbHO 

B03MO>LHbIH,  nPH KOXOPOM BCJIHTOHa OCJiaöJieHHH HH(})OpMaHHOHHbIX KOMHOHCHX He 
npeBbicHx 3a^;aHHyK). 

IV. COHCOK JiHTepaxypbi 
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Marigodov V.K., Afonio I.L. 

Theoretical Game Synthesis of Adaptive Parallel 
Processing Systems of Image Signals 

Abstract-Theoretical game Synthesis of preprocessing systems of image signals is based 
on the technique of adaptive parallel predistortion and correction of signals. Image signal 
preprocessing is necessary when image signals, which arrive at a recognition or image analysis 
system are transmitted via relatively long channels which operate under rather difficult noise 
conditions. 

It is shown that adaptive signal predistortion and correction systems have advantage over 
their adaptive succesive counterparts and improves with an increasing strength of correlation in 
the signal being processed. Thus, the improvement in efficiency is 3-104. 

INTRODUCTION 

Recently new techniques and algorithms for computations procedures for parallel image 
and video signal processing have come into everyday practice [1,2]. The use of new computation 
architectures in preprocessing systems allows a considerable increase in the quality of images 
trasmitted to recognition or analysis systems in the parallelizing mode. 

The efficiency of image signal preprocessing systems with sequential predistortion and 
correction is discussed in Refs. [3,4]. Recently the principle of parallelizing has become widely 
used in data processing, especially in pattern recognition systems [1]. Thus, efficiency estimation 
for image signal preprocessing systems with adaptive parallel predistortion and correction is of 
particular interest. 

1. THE EFFICIENCY ESTIMATION CRITERION 

Power (maximization of the signal-to-noise ratio at system output) and mean-square 
criteria (minimization of the mean-square error at recognition system output) can be used in 
preprocessing system efficiency estimation [3]. If there is a conflict in the interaction of operators 
of the system with parallel predistortion and correction (SPPC) and the radio noice system 
(RNS) or "nature", it appears reasonable to use power criterion. 

2. PARTICIPANT STRATEGIES 

A block diagram of the SPPC is presented in Fig.l. Here, G(<») is the power spectral 
density of the signal being predistorted, KH(jto) ,K0i(j©) , K2i(j(ö) are the transfer functions of 
the optimal predistortion filters, channels and yhe optimal correcting filters, respectively, Nj(ro) 
are the spectral power densities of additive channel noise, £ - the unit of coherent adder. 

We assume that the channels, and the additive noise in each one,, an independent, and 
that the signals, channels, and noise are Gaussian. Then, Soi (the signal-to-noise ratio at 
correction filter output) can be written as 

JG^IKH^I'IKO^JO)!2^^^)!^« 

jNi(o))|K21(ja))|2dG) . (1) 

A©$ 

where A&{ - the afficiency band of every channels. 
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We assume that the channels are ideal (K0i(j©) = l = const) and that the predistortion 

filters in all channels satisty the next conditions |K2i(j©)j =   1/    ,. ■., . Suppose, that the mean 

signal power at the input to each channel is fixed 

If 2 
—    G(oo)Kli(jo()) dco = Pavl = const 

(2) 

The operator of date pre-processing systems seek to maximize (1), and the operator of an 
RNS, to minimize this parameter. Tn this situation, the following game inequality should hold 

mm     max max     mm 

N1(«,)Kn(jo)^'(K'"N')iKli(j»)Ni(o,)S"(K'"N') ■ <3> 

where K, i(jco) and NJ(<D) stand for "pure" strategis for the operators of a SPPC and RNS 

respectively. 

3. MINIMAX STRATEGIES AND THE GAME VALUE FOR A SPPC 

It has been demonstrated that, strategies of participants can be found by the Table 1. 

Table 1. The strategies of SPPC and RNS 

SPPC 
RNS 

N,(o>) N2(«o) N,(») P®x=rmnSoi(KM,Nr) 

K.|l(j<D) G0 

N0 N N0 

p(')  < G« 
max - N0 

K12(J<D) <G- 
N0 N0 

*3L 
N0 

p(2)  <£
}JL 

^max ^ N 

K.|m(ja>) 
N0 

+ **- 
N0 N0 

p (m) <, Go Amax  v XT 
N0 

P^=maxSoi(Kn,Nr) 
min " N0 

p(2) .   G_o_ 
min       M 

1'0 

p(g) > Gp_ 
min       M ly0 

p (1)   _ p (i)   < Go 
^in      *max — -»r 

In Table 1 Pmax and Pmin are maximum and minimum the capacity for work of SPPC 
respectively, G0 - the power spectral density of video signal with regular spectrum, N0 - the 
power spectral density of Gaussian white noise. 

The decision of the matrix game |soj[Ki (jß>),Nr(co)| is given next result 

p(0   =p(l)   < 
mm max N, (3) 
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In analyzing Eg (3) one would conclude that SPPC must fulfil the condition for each 

channels 

G(O)|K1(JO))|  = G0 = const _ (4) 

The most badly Strategie for SPPC is a band-limited white noise in each channels. If the 
Strategie of RNS is decline from optimum in a certain of the channels can be found by 

S^ ->Go/ Oi 'Nr 

4. THE EFFICIENCY SYSTEM WITH ADAPTIVE A PARALLEL 
PREDISTORTION AND CORRECTION FILTERS 

A block diagram of the adaptive SPPC is shown in Fig. 2. Here, Ku, ..., K,n are the 
amplitude-frequency responses (AFR) of adaptive of adaptive predistortion filters, K0l,..., Kon 

- the transfer  functions of the nonideal channels, K21, ..., K2n - AFR of adaptive correction 
filters, Kcl,..., Kcn - the control channels, A,,..., An - the spectrum analyzers, N,(G>),..., Nn(©) 
- the power density spectrums of additive noise. 

Cost function in this game can be written as [3] 

max 
K2i 

R = — fin H-G^Y—^ 
0    L 1=1      ^   ' 

dco 
(5) 

where R is data transmission rate, n is the number of channels. 
The operator of SPPC seek to maximize R, and the operator of an RNS, to minimize this 

parameter. For such a game te following game inequality should hold [3] 

mm     max max     mm 

N.K.^^^^JN.^. (6) 

where K and N stand for the "pure" strategies of participants. 
To the same boundary conditions set forth in part 2 the data transmission rate in a SPPC 

is given by 

00     [~ n 

dco 
(7) 

The transfer function of an optimal predistortion filter (common to all channels) is given 
by the equation 

Kn(Hl = 1 
'OP1      ^(co) G(ra)S4ö 

(8) 

where the Lagrangian multiplier %x, as found from the additional constraint 
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2TC 
G(CO) K,(jtD)| dö) - Pavl = const 

Finally optimal strategies and value of game can be found by 

Nj(©) ram 

min    max max    min _ ^        Pavi 

N, KH,K2i     
=KH,K2i N, = tf  in"^i" (9) 

where Fs - frequency band of i-th channel, Pavi - the mean signal power at the input i-th channel, 
Pni - the mean noise power at the i-th channel. 

5. THE POTENTIAL POSSIBILITIES OF ADAPTIVE PREDISTORTION 
AND VIDEO SIGNAL CORRECTION 

The energy cost of adaptive parallel predistortion and video signal correction system is 
given by [3] 

T^-exp^a)-!]. (10) 

where a is a coefficient of correlation in the video signal H(a) - the entropy of probability 

density of a. 

H(a) = - Jp(a)lnP(a)da 
o 

In this case (for adaptive parallel predistortion and video signal correction system) we 
one can't to take into account interline and interframe correlations. Therefore in equation (10) 
the coefficient a take into account only insideline correletion. 

The energy cost of adaptive succesive predistortion and video signal correction system is 
[3] 

1 
TIs = , (11) OCfl ' 

where p. is the paramiter of exponential probability density 

P(a) = 
liQxp(-\xa),   a>0 

0, a<0 

The energy cost adaptive parallel predistortion and video signal correction system, as 
compared with that of a adaptive succesive predistortion and video signal correction system is 

510 
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8= 'P "Hi 

/% 
(12) 

According to the 625-line Broadcasting Standart a = 4-SO"6. We assume that \i = 1. Then 
the efficiency (energy cost) from (10) is r\p = 2.5-105. The energy cost of adaptive succesive (line- 

to-line) predistortion and video signal correction system under previous paramiters is [3] r|s = 8. 
Thus, the improvement in efficiency is S « 3-104. 

CONCLUSION 

In summary, the study reported herein has assessed the efficiency of parallel picture 
signal processing systems. It has been shown that adaptive parallel signal predistortion and 
correction systems have an advantage over their adaptive succesive counterparts. The study has 
covered the effect the statistical properties of the video signal processed in these systems have on 
the actual improvement in system energy cost. The potential possibilities of adaptive 
predistortion and video signal correction have been studied taking into account the ststistical 
structure of the spectrum (paramiters a and (i). The expressions for a efficiency TV systems 
gain calculation are obtained. 
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TEOPETMKO-MrPOBOft CMHTE3 CMCTEM 
C AAARTHBHOM nAPAJIJJEJlbHOM OEPAEOTKOfö CWrHAJIQB M30EPA>KEHMfl 

MapwronoB B.K., AcpOHMH M.J1. 
CITY, CmydehwecKUÜ aopodoK, Ceeacmonorib-335053, YKpauHa 

cpaKc: 0692-244530 

TeopeTMKo-wrpoBOM CHHTes cucreM nepepaSoTKM cwnnanoB M3o6pax<eHMfl ocHOBaH Ha npwMeHeHMM aflanrnBHoro 
napa/uienbHoro npeflbiCKaxeHna n KoppeKTupoBaHun cnrnanoB. npeflBapnTenbHan o6pa6o™a cumanoB M3o6pa)KeHvw 
Heo6xoflMMa B rex cnyMaax, Korfla nepeflana cumanoB K cwdeivie pacnosHaBamia o6pa30B nnn aHa/iM3a M3o6pa)KeHMfi 
ocymecTBn^eTCJi no OTHOcmenbHo npoTflxceHHbiM KaHanaM CBASM, pa6oTaioiHMM B ycnoBi-mx CJIOKHOU noMexoBofi 
o6cTaHOBKM. rioKa3aHo, HTO cMcreMbi c aflanTMBHbiM napanjienbHbiM npeflbicKaxenneM M KoppeKTiipoBaHneM cumanoB 
MMeraT npeuMy^ecTBO no cpaBHeHMKi c cucTeMaMM, ucnojib3yK>i4MMH a/janTMBHoe nocneflOBaienbHoe npeflbicKajKeHne, 
KOTopoe B03paciaeT c yBenimeHMeM denei-m Koppe.nsmnoHHbix CBa3eii B 06pa6aTbiBaeM0M cumane. TaK, Bbiwrpbiw B 
acpcpeKTMBHOCTH cocTaBnneT 3 x 104. 
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Fig. 1 
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Fig. 2 
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A.K). ArpauiKeEM^ ,.. ,....„ „  
APPLICATION OF MMDS SYSTEM  FOR TV-SIGNALS PROPAGATION 
A.Yu. Atrashkevich 

.517 

MHOrOKAHAJIbHA« CWCTEMA PA3fiAMH CnyTHHKOBblX, SOMPHbiX M CTyfltlftHblX 
TEnEBM3MOHHb!X HPOrPAMM HA CBH 
T.H. HapbüHMK, B.H, fanim.......  
CENTRE OF RECEIVING AND DISTRIBUTION OF SATELLITE, BROADCASTING 
AND STUDIO PROGRAMS AT FREQUENCY BAND OF 11,7-15,5 GHz 
T.N. Narytnik, V.N. Galich 

3AAAHM HHTEfPALIMM BELUAHI453 W CBflSH C HCnOJlbSOBAHMEM MMKPOBOJlHQBblX 
MHTErPHPOBAHHbiX TEJlEPAflHOMHepOPMAqHOHHblX CMCTEM 
T.H. HapbiTHMK, B.J1. Byjira^i  
TASK OF COMMUNICATION AND BROADCASTING INTEGRATION USING 
MICROWAVE INTEGRATED TV, RADIO AND INFORMATION SYSTEMS 
T.N. Narytnik, V.L. Bulgach 

OCOBEHHOC™ M nEPCHEKTKBb! MMKPOBOJlHOBQfö MHTErPHPOBAHHOfö 
TEriEPAflMO!4H(DOPMALlMOHHO^ CMCTEMb! 
CO CBOEOflHbIM PACnPOCTPAHEHMEM PAflMOBOJIH 
T.H. HapbiTHMK, B.J1. Eynras, B.H. fanm  
FEATURES AND OUTLOOKS OF MICROWAVE INTEGRATED TV, RADIO 
AND INFORMATION SYSTEM WITH WAVES PROPAGATION IN FREE SPACE     - - 
T.N. Narytnik, V.L. Bulgach, V.N. Galich 
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nPWVSENEHME CklGTEMbl MMDS flJIFS PAGflPOCTPAHEHHfl 
TEJIEBHSMOHHblX CMrHAJHOB. 

ATpaiiiKeBMH A.K). 
A/O "TeneceT", MocKBa 

AHHOTaMMfl, 

CucTeMbi MMDS (multipoint microwave distribution system) nonyminw B nocneflHwe 
roflbi iiinpoKoe pacnpocnpaHeHHe BO BceM Mupe B KanecTBe anbTepHaTUBbi 
KnaccMMecKMM Ka6ejibHbiM ceTJiM, B KOTopbix pacnpeflejimenbHaa ceTb ciponTca 3a 
cneT npoKJiaflKM KoaKcwanbHbix HUM om"HHecKHX Ka6enew. 
Pa3pa6oTKa H npaKTunecKoe BHeflpenne nepBbix cHCTewi 6bmn npoBe,qeHbi eine B 

cepeflMHe 70-x roAOB B CULJA, r^e K 1996 rofly flanHbiM BMflOM cepsuca oxBaneHo 
y>Ke  6onee  5  MHJIJIHOHOB  a6oneHTOB.  B  Hakane  90-x  roflOB  cudeMbi   MMDS 
pa6oTann Ha scex KOHTHHeHTax seMHoro uiapa, o6cny>KMBa?i OT    100 AO  250 000 
a6oHeHTOB.   Ha   6rm>KHeM   BOCTOKB   M   B   ABCTpannn   onpo6oBaHbi   cucTewibi, 
oxBaTbisatomMe   Tepp^Topwro   flo   10   000   KBaflpaTHbix   KunoiweTpoB   c   OAHOM 

nepeflaK)Li\ew    TOMKH,    OTpa6oTaHbi    cucTewibi    peTpaHcnauuM    TeneBM3HOHHbix 
cumanoB, no3BonflK)U4ne o6beflHHMTb B efiUHyio ceTb fio 25 nepeflarau^nx u,eHTpoB. 
B 3aBncnMOCTM OT BbiflejieHMH Ana 3TMX qenePi nacTOTHbix flnana30HOB B K.a>KflOM 
KOHKpeTHoii CTpaHe , cucTewibi cpyHKUiMOHMpyeT B fluanasoHe 2100-2900 Mfu,. 
npaKTH^ecKM >Ke wcnonb3yioTCfi A^anasoHbi 11, 18, 39, 41 Ml~u„ XOTH Ann HMX 6onee 
xapaicrepHO nocrpoenne paAHopeneiiHbix JIMHHM CBHSK C AocTaBKow 
TB-cwmana no npuHqwny "TOMKa-TOHKa". 
ripMMeHeHne AaHHotf cwcTeMbi HMeeT u,enbiw p^A Heocnopuwibix npewviymecTB 
nepeA KnaccwHecKHMH Ka6enbHbiivin ceTAMn: 
1. ripoKnaAKa MarwcTpanbHbix Ka6enePi finn noAaMn TeneBusnoHHbix cwmanoB, 
oco6eHHo B ycnoBnax ropoACKoPi saTpoiiKH, CB5i3aHa c 6onbi±iHMM TexHHHecKHWiH n 
OpraHMSai^MOHHblMM CJIOKHOCTHMI/I M BblCOKHMU CpHHaHCOBblMH 3aTpaTaMM. fla n caM 
Ka6erib BMecre c Heo6xoAHMbiMH ycunnTenbHbiM o6opyAOBaHnewi Towe Mero-ro 
CTQHT. 

flna cpaBHennq: cjonMOCTb npotoiaAKM Ka6enePi, Hanpwviep, A^H 100 
pacnpeAeJiMTenbHbix Tone« B paAnyce 20 KM OT TenecTyAMM MUHMMyM B 4 pa3a 
Aopo>Ke noKynKM npeA-naraewioPi cncTewibi. 
2. no cpaBHeHMK) c KaöeribHOM ceTbto AaHHaa cucTeMa ropa3AO 6onee KowinaKTHa n 
Mo6nnbHa, He Tpe6yeT coAepwaHi/m ujTaTa coTpyAHUKOB ann peMOHTa Ka6eribHoro 
xosaiicTBa. 
3. no cpaBHeHHK) co cpoKawin , Heo6xoAHMb!MH A™ cTpowTenbCTBa Ka6enbHow 
ceTM. pa3Bopa^MBaHne cHCTeMbi npoM3BOAHTcsq sa HecKonbKo AHetf. 
Cyu4ecTBeHHo coKpaLqaeTCH cpoK BosspaTHOCTH CAenaHHbix HHBec™u,uii. 
4. npoTfiHyrb Kaöenb nepe3 peKy unu KaHan - cepbesHaa npo6neMa. npu 
pacnpocTpaneHMM no acpupy ona He B03HWKaeT. 
5. B cnynae M3MeHeHMfl nnaHOB \ATVA HeyAaMM B KOMMepMecKOM AeaTenbHOCTM 
AocTaTOHHO 6biCTpo AeMOHTupoBaTb o6opyAOBaHne n pa3BepHyTb Ae^TenbHocTb B 
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flpyroM Meere nnn npoflaTb ooopyfloeaHMe H BepHyTb CBOH flei-ibrn, MTO a6cojiiOTHo 
Heso3Mo>KHo cflSJiaTb c Ka6enbHOW ceTbK). 

I. Bfs@A@HM@. 

TunnHHas K0Hcpwrypai4M?i cwcTeMbi M3o6pa>KeHa Ha pnc.1. Ha BXOA cudeMbi MoryT 
6biTb   noflaHbi   cumaribi   c   npneMHbix   TeneBH3MOHHbix   aHTeHH   MeipoBoro   n 
flei4MMeTpoBoro Ananasona, cTyflMMHbiPi cMman MecTHQM cTanuiMn, TeneBM3HOHHbie 
nporpaMMbi co cnymnKOBbix amreHH, paflnonporpaiviivibi M TaK flanee. 
Ka>Kflafl  M3  nporpaMM,   no^ai-mbix  Ha   BXOA  cucieMbi,   KOHBepTupyeTCf!  TaKWM 
o6pasoM,   MTo6bi   MO>KHO  6bino  ccpopMHpoBaib  rpynnoBow  cwrHan  c  LLIMPMHOM 

nonocbi o6bNHo AO 200 Ml"^, mo nosBonaeT nepeflasaib B CTaHflapTe SECAM He 
MeHee 24 TejneensMOHHbix nporpaMM B flsyx non?ipM3a!4M5ix MüH 12 TeneBMSMOHHbix 
nporpaMM B OAHOM. flanee cuman cpMnbTpyeTca M KOHBeprMpyeTca B ,qMana30H, 
Bbi6paHHbiPi RH9\ nepeAam-i . 
riocne KOHBepxaqMM   cMman ei^e pa.3 cpMnbTpyerc?), ycMnuBaeica M noflaeica Ha 
nepe,aaK)Lnyio aHTeHHy .qna pacnpocTpaHeHwa no acpnpy. 
flocKonbKy npweM cMmana Mo>KeT 6biTb ocywiecTBneH TonbKO B npflMoPi BMAMMOCTM 

nepeflaTMMKa,  oMeHb Bax<Ho npaBMJibHo pasiviecTMTb  nepeflaioiuiyK)  am-eHHy Ha 
flocraTOHHOM BbicoTe fln?i KanecTBeHHoro o6cny>KMBaHMa Tpe6yeMoPi TeppwTopMM. 
B cnynae HeB03Mo>KHoc™ o6cny>KMBaHMa BcePi TeppMTopun c nowioinbio OAHOM 

nepe^aroineM  aHTennbi,  B  Hy>KHbix TOHSOX ycTaHaBnuearaTca flono/iHMTeribHbie 
HefloporMe Heo6cny>KMBaeMbie peTpaHcnrrropbi. 
ripMeMHas MacTb o6opy,qoBaHMPi BbinojiHena OMeHb KOMnaKTHO. OHa COCTOMT M3 
npMeMHow   aHTeHHbi   M   KOHBeprepa,   KOTopwM   nepenocMT   rpynnoBOM   cMman, 
pacnpocTpaHaeMbiM   no  ocpupy,   B  Tpe6yeMbiM   MeipoBbiM   wnw   fleu^MeTpoBbiPi 
fluanasoH   finn   HenocpeflciBeHHOM   no^aMM   Ha   TeneBwaop   \AH\A   B   .qoMOByio 
Ka6enbHyK) ceTb. 
BeAyLLjMe  npoMSBOAmerm  npMeMHoro  o6opyflOBaHMfi  no  cnei4MaribH0My 3aKa3y 
Moryr MsroTOBMTb M nocTaBMTb B TeneHwe 60-90 AHeM KOHBepTepbi c HywHoPi 
MacTOTOM  rerepoflMHa,  KOTopbie  nossonaioT nonnocTbrO  CO6J-IKDCTM TpeoosaHMa 
nacTOTHbix nnanoB Ka>Kfloro KOHKpeiHoro HaceneHHoro nyniaa. 
flna aaiuMTbi OT HecaHKL^OHnpoBaHHoro npnewia, a raK we B cnynae KOMiviepHecKoro 
Mcnonb30BaHM3, CMcreMa AoyKOMnneicroBbiBaeTCE LuncppaxopoM i/i KOMnbKrrepoM c 
cooTBeTCTsytoinMM     nporpaMHNM    o6ecneM6HneM    flna     KOHTporm     M     c6opa 
aöoHeHTCKOM nnaTbi c nojibsoBaTenew. 
OyHKi^M?!  LUMcppaTopa  -  BHecTM   MCKa>KeHM?i   B   nepeflaBaeMoe  TeneBM3MOHHoe 
BMfleoM3o6pa>KeHMe MJIM ayAMoconpoBo^eHMe. riai<eT nepeAaBaeMbix nporpaMM 
MoweT 6biTb pa3Aenen na HecKonbKo rpynn, 3aKoAMpoBaHHbix pa3HbiM oöpasoM. 
3TMM    npeAocTaBn^eTCfi    B03M0>KH0CTb    Bbi6opa    KOHeMHOMy    nonb30BaTenio 
npocMaxpMBaTb M onnaMMBaTb npMeiw TonbKo MHTepecyiou^Mx ero nporpaMM. 
B   3TOM   cnynae   Ka>KAbiPi   nonb30Baienb   CMdeMbi   MMeer   MHAMBMAyanbHbiM 
Aeu^McppaTop, Ka>KAbiM M3 npMMenaeMbix B cwcieMe Aeuun^paTopoB MMeeT CBOM 

nopaAKOBbiM HOMep , 3aHeceHHbiM B naM^Tb KOMbioTepa. 
riepeAaBaeMbiM no ocpMpy satuMcppoBaHHbiPi naKeT nporpaMM coAep>KMT B ce6e 
MHcpopMai^MK)   OT   ujeHTpanbHoro   KOMnbtoTepa   B   BMAe   KOMaHA   p,nn   Ka>KAoro 
noAKJiKDMeHHoro K ceTM AeLuncpPaT0Pa. coAepwamwM yKasaHna , KaKOM nepeneHb 
nporpaMM Aonwen 6biTb pacujucppoBaH RJW AaHHoro aöoHeHTa. 
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KoMHbKrrep   aBTOMaTwnecKH   npoM3BOflMT   3a6naroBpeMeHHyK>   BbinncKy   CHBTOB 

a6oHem"aM no Mepe oKOHHaHwi cpoKOB noflnwcKM, a B cnynae neynnaTbi 6\noKnpyeT 
pa6oTy aöoneHTCKoro fleiuwcppaTopa. 
B «a^biw M0M6HT BpewieHM onepaTop KOMnbtoTepa MMeeT noriHyto WHcpopMai4WK) o 
xofle noAnncKM wa ycnyrn ceTM. 
B HacTOfliijee BpeMfl Ha pbiHKe npeflCTaeneH LUMPOKMM cneicrp pa3nnMHbix  no 
CJIOWHOC™,    CepBMCHbIM    B03MO>KHOCTFIM    H    CTOHMOCTH    CHCTeM    KOflUpOBaHM??    H 
a6oneHTCKHx fleiuncppaTopoB, no3BOJiswini/M onTMManbHbiM o6pa30M ynecTb 
noTpe6Hoc™ Ka>Kfloro nonb30Baien3 cucTewibi. LJeHbi Ha KaHanbHbie wucppaTopbi 
K0Jie6ri5iTC5q OT 500 flo 5000 flonnapoB CLLIA, Ha a6oHeHTCKMe fleiuncppaTopbi - OT 

40 flo 200 flonnapoB CULJA. 

II. OcHOBHasa MacTb. 

(lofl6op onTHMajibHow c KOMMepnecKOM TOMKH 3peHM?i p,nn Ka>KAoro HaceneHHoro 
nyHKTa cucTeMbi, KaK noKa3biBaei npaKTHKa, HaMMHaeTca c noncKa KOMnpowincca 
Mexcfly paflwycoM AewcTBwa n o6"beMOM TpeöyeMbix saipai. MeM 6ojibiiie 30Ha 
noKpbiTwa, Tewi Ba>KHee 6onee Mouj^Hbie nepeflamnKM, TeM Bbinie OöII^MM pa3Mep 
nepBOHaHanbHbix saipaT. M Hao6opoT. MivieeTCH MeTKaa B3awMOCBH3b Mexcfly 
CTOMMocTbK) cucrreMbi, paAnycoM oöcny^MBaHUfl w yflejibHbiwin 3aTpaTaMM Ha 
o6ecneMeHne noKpbiTwn ofiHoro KBaflpaTHoro KmiowieTpa. 
MeM 6oribLue paflnyc flewcTBua cucrreMbi, TSM o6teMHee KannTanbHbie Bno>KeHi/m, 
HO BMecie c TeM, MeHbiue cTOMMocTb "oönyHeHMPi" eflMHHi^bi nnomaflM. 
B KanecTBe npuMepa Moryr 6biTb npuBeAeHbi aneflytomiie i-jucppbi, ocHOBaHHbie Ha 
aHariHse pearibno fleMCTByrau^nx CMCTeM MMDS B CLLIA. 
TaK HanpuMep, npw McnonbsoBaHnn nepeflaTMUKOB c MoinHocTbK) 10BT Ha KaHan 
MO>KHO o6cny>KMTb Teppmopwo flo 1300 KBaflpaTHbix KM/iOMeTpoB. O61J4HM 06-beM 
3aTpaT na npno6peTeHne M MOHTaw nepeflaiomero o6opyflOBaHM?i 6e3 ynexa 
MecTHbix HanoroB cocTaBiifieT OKOJIO 350 000 flonnapoB CLUA, yflenbHaa 
CTOMMocTb o6cjiy>KMBaHMa oflHoro KBaflpaTHoro KunoMerpa - 269 flonnapoB CLUA. 
npHMeHenne nepeflaTHMKOB c MoinHocTbKO 100BT Ha KaHan (ecTecTBeHHo, npn 
AocraTOMHOM BbicoTe nofl-beMa Hafl OKpywatomefi MeciHOCTbK) nepeflaiometi 
aHTeHHbi) no3BonqeT o6cny>KHTb TeppnTopnio nnoi^aflbK) AO 5700 KBaApaTHbix 
KunoMeTpoB. 06innii 06-beM saTpaT - OKOJIO 800 000 AOJinapoB CLUA, yAeribHaa 
CTOMMocTb o6c/iy>KMBaHMa oAHoro KBaApaTHoro KunoMerpa -140 AonnapoB CLUA. 
npaBMJibHbiM noAÖop MOLUHOCTM nepeAar-inKOB, Bbi6op^ Mecra ycTaHOBKM, 
AnarpaMM HanpaBneHHocTW M onpeAeneHne KOJinnecTBa nepeAaHDU-inx aHTeHH 
no3BonjiK)T cymecTBeHHo coKpaTHTb o6"beM nepBOHaHanbHbix KannranbHbix 
BJio>KeHHM, HO Tpe6yeT cepbe3Horo aHanwsa nnaHa 3acjpoiiKH, AaHHbix no 
nnoTHocTM HaceneHMa, AeTajibHoro osHaKOMneHna c TonorpacpnePi MecTHOCTM A^^ 

MCKflfOMeHMa "MepTBblx" 30H. 
C TexHMMecKoPi TOMKH 3penna noAÖop o6opyAOBaHM?) cyu^ecTBeHHo o6nerHaeTca 
npn npuMeHeHMM cnei4najibHO pa3pa6oTaHHbix KOMnbKSTepHbix nporpaMM, 
no3Bon?iK»u4MX B TeMBHue HecKoribKnx MUHyr noriHocibto paccMHTarb KOHcpnrypai4HK) 
cucTeMbi p,nn Ka>KAoro KOHKpeTHoro cnynaa c yMeTOM Bcex oco6eHHOCTefi no 
pa3Meuj,eHMKD oöopyAOBaHna. 
06-beKTkiBHbiPi MaTeMaTunecKMM aHanw3 aKOHOMMMecKoii acpcpeKTHBHocTM 
ncnojib30BaHHfl cucTeMbi, npoBeAeHHbiPi Ha STane ee npoeKTupoBanna no3BonnT , 
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M3Öe>KaTb paaoMapoBaHMM WHBecTopoB M BbipaöoraTb crpaTerurO cpMHaHCupoBaHwa 
npoeiaa. 

Oupwia "TeneceT" HaKonuna onpefieneHHbiPi onbiT B npoeKTupoßaHUH CMCTeM 
MMDS   \A   6yfleT   pa,qa   peuuwTb   npo6newiy   pacnpefleneHnn   TeneBHsnoHHbix   H 

paAHocwrHanoB B BauieM ropofle OT HaMana n flo KOHi^a. 
Haiiiw yanyra BKnKHarenr B ce6s: 
1. noflroTOBKa 6M3H6c-riJiaHa npoeicra. 
2. ripoeKTupoBaHMe, nociaBKa, MOHraw, rapaHTHfiHoe o6cny>KHBaHne npweMHbsx 
cnyiHMKOBbix CHCT6M, TeneciyAiw, CHcreivib! MMDS, flOMOBbix KaöejibHbix ceTew, 
ronoBHbix CTaHLiMM, o6opyflOBaHH5i flrifi KOflnposaHM?i cHrnana. 
3. O^opMneHtie flOKyMei-rroB Ha nonyMenwe MacTOTH.bix paspemeuMM M rwLjeH.3n£i. 

APPLICATION OF NifVIDS FOR TV-SIGNALS PROPAGATION 

Atrashkevich A.Yu. 
TELESET, 80 Sovelskaya St., Moscov/-105037, Russia 

tel. (095) 166-9763, (095) 366-4361 

Multipoint microwave distribution systems (MMDS) have become wide spread all over the world as an alternative for the classic 
cable networks. The transmitting part of such systems equipment is made for the frequencies of tens of GHz. The most convenient 
for using is 2.5 GHz band, in which the optimal package of such parameters, as transmission distance and system cost, is 
achieved. For system protection from unlega! receiving and in the case of commercial application it is supplied with a coder and 
computer with the corresponding software for control and fees charge. This paper presents the characteristics of the advent 
MMDS-equipment produced abroad. 
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CPFfflüCOBÄ, »HPMffi H CiyffltömH TÖEHPOFPAÄ HA CB*1 

T.H.    HapaTHHK, B.H.  TaJiwi, 

MHCTHTVT   aneKTpOHHIOT   H  CBH3H  YAH   Hü 

1. Beegeiifse 

B oöJiacTH pasBHTMH cnyTHHKOEbix cHCTeM TB BeniaHMH nepBooqepeHUMH 

flRHfflOTca    sanaw   nosbimeHMH a$$eKTHBH0CTH nepeflaioiueH cera,    paspaöOTKH 
HOBblX   CHCTeM  M M6TOflOB   nepefla^H  HH$OpMaUMH.      Dpi!  3T0M  MaCCOBafl   TeXHHKa 

cnyTHMKOBOH CBH8H pasBMBaeTca TajoiM oöpasoM, qToöLi no noKynaTejibCKOH 
cnocoöHocTH, paaMepaM H Macce, cepBHcy ona cooTBeTCTBOBajia sospacTaio- 
1HHM  nOJIbBOBaTeJIbCKHM M  3KDH0MIWeCKHM  TpeÖOBaHHHM. 

Ocoöy» aKTyanbHocTb npHoöpeTaiOT paöpTw no co3j\amw npneMonepeflaio- 
m,evi ceTM, oöJiaflaioiu.eM öojiee BHCOKOH nponycKHoä cnocoöHocThio TSK KOK 

pocT vvicjia nporpaMM TB BemaHHH H oö^eMa nepeflaßaeMoä HH$opMamiH c yye- 

TOM noTpeöHocTH aöOHeHTOB B flonojiHHTejiLHUx ycjiyrax (pacnpeflejieHMe 3By~ 
KOBux nporpaMM (M ^M Benjamin, oxpaHHaa H noKapHH curHanHsamiH, JIO- 

KanbHue KOMiibJOTepHwe ceTH, aocTyn K öasaM flaHHux) aanneTCH IIOCTOHHHOH 

TeHfleHimeä. B nepcneKTHBe cos^aiine MyjJbTMMesna - oflHOBpeMeHHofl nepefla- 
w pasjnwHhix BüflOB HH$opMaiWH, T.e. oöTbeflHHeHHe HH$opMaqHH OT paflMon- 
pneMHHKa, TejieBMsopa, KOMntioTepa B O#HOM noTOKe c ocymecTBjteHHeM oö~ 

paTHOH CBH8H lA&KjsY nojiyqarejieM ee M HCToqHHKOM. B CBHBH C STHM BOSHH- 

KasoT HOBbie npoöJieMW,    CBasaHHbie c paspaöoTKoö M cosflaHHew MaccoBUx HH- 

TepaKTHBHHX     TB     CHCTeM  C  COTHHMM   THCH<J  OÖpaTHHX   ySKOnOJIOCHUX   UH$pOBbIX 
KananoB OT TejiespHTejieH H nojfbsoBaTejieH TB flanHUMM    K   COOTEGTCTEVIOIIIHM 

HCTOqHHKaM HK(|)OpMai^HH   El,   23   33. 

BaacHefifflHM cpeflCTBOM MyjttTHMeflHa HBJIHIOTCH HH$opMau,HOHHbie aBTOCTpa- 
flU     B     BH^e     MHOrOKaHaJIbHblX     CHGTGM  OO'beflKrHeHHH   H  pa3SaqH  CnyTHMKOBOH, 
3$HPHOJi H CTyflHÄHoft MHtfrapMauHH B flnanasoHe CBTC. 

2. CocTas   M ocoHeHHöOTif iiHoroKaHajibHaft GHCTeMii pas^aqn 
cnyTHMHOByK, 3$ispi*« M CTSfSMUKüi xejieeporpaM B jpanasone CBH 
PacnpocTpaHeHHe nporpaMM TejseKöMnaHMM Ha oanbiime pernoHH ocy- 

lUecTBJiHeTCH apeHflOH HaseMHtix anajioroEHx JTHHHM CBHBH HJIH pacnpocTpa- 
HeHHeM nporpaMM no cnyraHKOBUM kanajraM CBH3H. ßjia 3TOH uejm MH npe#- 
jiar'aeM MHorowaHajBHue cHCTeMbi paan&m cnyTHHKOBbix, S$HPHHX H cTyflHfi- 
Hux TejienporpaMM B flHanaaoHe cm (MGBHCP). CHCTeMU UCE^ICP nojiyiiHJiH 
pacnpocTpaneHHe KSK cymecTBeHHoe floncuiHeHHe KaöejtbHUM ceTHM, pacuiH- 
PHH pauoHbi ÄeÄcTBüH nocjEeflHHX. KpoMe Toro, MCBqcP MoryT saMeHHTb Ka- 

öejibHbie JiHHHM   E    Tex cjiyqaHx,    rße cymecTBeHHbi aneflyioinHe MX npenMy- 
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mecTBa: 

- CTOHMOCTL npoKJiasKM KaöejteÄ MHHHMYM E 4   pasa   flopoKe   noKynrai 

MCBTCCP. 
- MCBMCP öojiee KOMiiaKTHa H   MOöHJCbHa,    He   TpeöyeT   coflep&aHHH 

IDTaTa COTpyÄHHKOB  flJIH  peMOHTa KaßeJEbHUX   CeTGH. 

- ooKpanpoTCH cpoKH paBBopaqHBaHHfl cHCTeMH H B03BpaTa   cflenaH- 

HUX  MHBeCTHUiMH. 

KOH$HrypaHHH  MHQrOKaHaßbHOH CHCTeMbi  paSflaUM  CIiyTHHKOBHX,      3$Hp- 

HHX M CTyflHHHHx TejienporpaMM B fluanaaoHe CB^ ßana Ha pno.  1. 

f 
aHTeHHa 

(MB,2MB) 

[ ÖJÜQK 

iKOHBepT. 

i nepeHOca 
lIIpHeM 3$HPHHX|   I Ha Hecy- 
i TejienporpaMM |   |II>VIQ n&c- 

T TOTy 

j^opMHpoBaHHel 

1 CTyflMHHHX  I 

i TejienporpaMM 1 
i „ . .    J 

+        i     L 

■t- 

1950-2050 MTu, 

-l 

x 

npneM 

cnei^wajiBHOH 
;HH$OpMaHHM 

ÖJIOK 

K0HB6PT. 

ÄJIH 

ynaKOBKH 

KaHanoB 

IIpneM       *■ C- H K-flHanasoHU 
CnyTHHKOBbIX+- 

TejienporpaMM*- 

i 

IMHoroKaHajiLHaa | 

|    nepe^aqa       | 

I I 
IIIepeflaT^HK CB^| 

■r    4*    +    *   "T    4*    * 

11.7 -  15.35 ITu 

i     r   1 

inpH- | 

jeMHHK| 

ICB^    | 
i . J 

I   TB    | 

InpH-   I 
leMHMK) 
I I 

i~4-—4—4-—4-—4-—4-— 4-—i 
IIpHeMHHK CB^i 

PeTpaHCJUmHH 

c npeoöpasoBa- 

HH6M WaCTOTW 

nepeflaT^HK OB1! 
^     ^    , ^     ^     ^     ^     ^ 

11.7 15.35 ITu, 

PMC.   1. 
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äymotfroHajibHafl CTpyKTypa oHCTeMu cjieflyiomaH: npneM cnyTHHKOBUx 
TejienporpaMM B flnanaeoHe MBCTOT 11.701 - 15.350 ITu H 4ITU; npneM 
3$wpHbix TejienporpaMM B «HanaaoHe MB H flMB; $opMHpoBaHne cTyflHHHUx 

TejienporpaMM; npwew cneuMaiibHOH HH^opwauHM; npeoGpasoBaHHe B 

flwanasoH 950-1750 MTu, M yc.HJieHHe; qacTOTHoe pasflejieHMe no KananaM c 

$HiibTpaiJtHeA H ycHJieKHe npHHHTbix CHrKajioB;, cjKmeHHe cwrHanoB H npeoö- 
paBOBaHHe B «HanasoH qacTOT 11.701 - 15.350 ITu; MHoroKaHajiLHan ne-~ 

peflaqa (BXOflHue yacTOTbi 0.95 - 2.05, BuxoflHtie 11.70 - 15.350 ITu) c 
m; nMTaHMe, ynpaB.neHwe H KOTPOJIB; MH£MBH,zj;yanbHbi.w npueM, KOJiJieKTMB- 

HbiH npweM napaoojinqecKOH aHTeHHoÄ 0.25, 0.6, 0.9 MB flManasoiie 

11.701 - 15.3501 ITu). KajKflaa MB noflaHHHX Ha BXOA nporpaMM KOHBepTH- 

pyeTCH flJiH $opMnpoBaHHH rpynnoBoro curHam c nojiocoH ... MTnr. flanee 

CMFHaii $HJibTpyeTCH H KOHBepTHpyeTCH B flHanaaoH 11.7 - 15.35 ITu fljra 
nepeflatiH no 3$npy. MaayyaeMUH MHoroKaHaibHHH cnrHaJi nocTynaeT JIMöO 

HenocpeflCTBeHHo nojasoBaTejuo, JIMGO Ha CEft paflHopejieHHyio JIHHMO SJIH 

flanbHeflmero pacnpeflejieHHH no TepHTopwif yKpaHHH. npweMHHKH CBXI rojioB- 
HOH GTaHUHH MCBW,  PPJI H nojibsosaTejiH,  a Tarate nepeaaTWHKH CB^ yHH- 

$HUHpOBaHU. 
IIpeHMymecTBaMH MCBTCCP no cpaBHeHMo c, B OCHOBHOM npHMeHaeMUMH B 

HacTOHmee BpeMH B yKparaie, cHCTeMaMH B anauoroBOM HaaeMHOM cera 

pacnpesejieHHH TB nporpaMM [43 HJIHIOTCH: oojibman MH$opMauMOHHaH eM- 

KocTb; BOSMCHKHOCTL nepe^a^H H npneMa cneigiH$opMai(HH saaoateHHoA B 

CHCTeMe TejieTeKCTa; sKOHOMiraecKM BbiroflHaa coBMecTHMOCTb c cucTeiaaMH 
KaöejibHoro TB; BOSMOäHOCTB nepexofla Ha npneM H nepe^a^y UH$POBOH MH- 

$opiv5auHH c MHHHMaEbHHM soyKOMnjieKTOBaHMeM GHCTeMbi; aKanoriwecKaH Ge- 

BonacHOCTb. 
MGOTP npeAHasHatiena RJIü nepe#aqn H npneMa   pp   56    nporpaMM   co 

CneKTpOM    MaCTOT    #0    30 MFU B KaKflOH B  yCJIOBHHX  npsMofi BHAHMOCTH Ha 
paccTOHHHH ßo 30 KM C uejibio HH$opMaiiHOHHoro oöecneqeHHfl HacejieHws 
cnyTHHKOBHMH Tejie- M paflHonporpaMMaMH, MecTHbix cTysHH, a Tarane s^Mp- 
HHMH TeJienporpaMMaMH. PaspaGoTKa Bcex GJIOKOB cHCTeMU GbiJia HanpaaneHa 
na MHHHaTiopHBanrao, yMenbiiieHHe Beca, HHSKoe noTpeGjieHMe MOUIHOCTH H 

cHimeHHe CTOHMOCTH H cflejiana Ha ocHOBe nocjie^HMx nocTKxeHHH paflHoa- 
jieKTpoHMKH:    apceHHfl raiJiHeBbix nojieBHX TpaH3HCTopoB; reTepo^HHa CTa- 
GMJIHSHpOBaHHOrO BP;      MHHKaTKJpHHX   TBepflQTeJIbHblX  $HJIbTpOB;      MOHOJIHTHHX 

apceHHfl rajwHeBUx ycnjiHTejieH; yHMKanbHOM nepeflajo^ew aHTeHHbi c Kpyro- 

BOH ÄHarpaMMOH HanpaBJteHHocTH. 

C'IA MarepiiaALi 6-H MeKflyHapoÄHoS ^«MCKOH ,*«KPüBOAIOBOH Äanj)cpeHunn Xfixrf(<tKo'96'. 16-19 ceHTOSpn 1996 r., CcBaeronoj\b, KpwM, yKpaHHa 
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npMmpnn nocTpoeHHH n Teraifiee&Me xapaKTepMCTHHM 

MCB^CP no^paaflejiHeTca Ha cjiep,ymw& ajieweHTbi. 
1. CTöLHUHH rojioBHafl   npMOMHaa   B   cocTaBe cucTeMti H3 HecKOJttKMx 

CnyTHHKOBHX H 3$HpHHX aHT6HH (B 3aBHCHMOCTH OT  TpeGOBEIHHH  BaKaS^H- 

Ka),  nOJiapH3ai|HOHHbIX  CejieKTOpOB CnyTHHKOBHX aHTeHH H KOHBepTOpOB c 

BHXOflHOH qacTOTOH 0.95 - 2.05 ITu,. OflHa H8 BeTBew   cTaHHMH   FOJIOBHOH 

npMeMHOH HBOöpameHa Ha PHC.  2. 

i       r '—"— 
j      j nojinpusa- 

CnyTHHKOBaa 1 -*LJ;HQHHHM 

aHTeHHa A|      [ceneKTop 
j      i  

T 

KOHBepTOP KDHBepTOpj      BfalX  OT A 

PHC 

CTOHKa ynaKOBKH KanajioB (PHC.    3) B cocToamaH   HB   RemTejiem 

MOIimOCTM,      KaHäEbHLIX     BHC0K0H3ÖHpaTeJH>HHX     nOJIOCHOnpOIiyCKaiOIOHX  $HJIb- 
TpoB, KanaibHUX ycmuiTejieÄ H cvMMaTopoB. 

3. CTaHUMH npHeMHaa paflHopejieÄHafl B cocTaBe aHTeHHH, KOHBepTO- 
pa, Tionepa. CTpyKTypHan cxeMa CTaHi^HH npneMHOH pa^HopejieMHOH nofloöna 
cTaHUHH Ha PMC.  2 c floOaBJieHHeM TioHepa Ha Bbixoße. 

4. nepeflaTtiHK" CB^ MHoroKanajiBHyH B cocTaBe aHTeHHbi c KpyroBoii 

ÄHarpaMMOH HanpaaiieHHOCTH, MOflyjiHTopa, öJIOK cejieKUHH, öJIOK npeoGpa- 
30BaTej!bHo-ycHJiHTejii>Horo, GJioKa roiTaHHH H KOHTPOJIH. CTpyKTypHaa cxe- 
Ma MHoroKaHanbHoro nepeaaT^HKa «ana Ha PHC. 4. 

BxoflHue qacTOTbi 0.95 - 2.05 ITu, H 70 MPii #JIH CTyflHMHoro KaHana. 

BHxosHbie qacTOTbi 11.7... 15.35 FPu, BKjiioqaioT 62 Kanaka. PasHoc Mea^y 
ueHTpajiBHhiMH qacTOTaMH KBHanoB cocTaEJtaeT 28 Wu,. YpoBeHb BMXOäHOH 

MOffiHocTH nepeflBT^HKa He MeHee 0.3 BT B KSOKBOM KaHane. IltarpHHa nojiocbi 
nepe^aT^HKa no KajKflOMy CTBOjiy 18 MPu, no ypoBHio 3#B H 28 MTu, no ypos- 

HK3 30 flB. HecTaßmibHOCTb qacTOTU reTepoflHHOB nepe^aTqMKa He öQjree 1 
MTu,. IIojiHpHsaHHH HBJiyqaeMbJX cwrHanoB - jMHeMHaa, BepTHKanbHaa, H ro~ 
pH30HTanbHaa. MaKCHMajibHoe KcunraecTBo TB nporpaMM, nepeflasaeMbix B 

O#HOH nojinpHsaifliH, He MeHee 28. HoMMHanbHaH MOIHHOCTB BXOSHHX cuma- 

JIOB nepesaT^HKa 5xi0~8 BT. Kos^HiineHT ycMJiemiH BHXOHHOä aHTeHHbi He 
MeHee 16 flE.    IfoflaRneHHe rapMOHnqecraix H KOMöMHauHOHHbix cHrHajiOB    na 

"T"™ «;S M«wapoflHoS ^«„B ^KpoB„«TOBon «wpcpcmj™, Xt^-KM. 16-19 ce„™«pn 1996 r, Ceaac^no^, KpW„, yKpa„„a 
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Buxofle nepesaTtiHKa He MeHee 30 &B.    Ko3$$HUweHT rnyMa KOHBepTopa nos~ 

CHCTeMU npMewa He öo.nee 2 flB.  KojinqecTBo pasBeTBJieHHH aKTMBHoro flejiH- 

T6JIH nOflCHCTeM KOJLneKTMBHOrO npHGMa 10. 
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OT CTOHKH ynaKOBKM KanajioB 

OT   BfalX   If ' 1 I 

I yCHJUHTeJIbHUH   I 
I : , I 

OT  BtK  2f 

"6JIOK npeoöpa- 

| BOBaTeJTbHO- 

IVCMJIMTeJIbHblM 
L 

PMC.  4 

>öJIOK npeoöpa-!—H^UHLTPH 

BOBaTeJIbHO-     I        L J 

-j^MJIbTpl 
1 ___J 

r 
cyMMaTop 

11.7 -  15.32 
aHTeHHa 

Sanjiio'ieiwe 

B 3aKJHoqeHMH aneflyeT cmieTMTb, mo paccMOTpeHHan MHoroKaHaubHan 
CHCTeMa pa3«atiH cnyTHHKOBbix, 3$MPHUX H CTyflHHHux TejienporpaMM B wa- 
na30He CBH MOJKGT HaMTH nmpoKoe npMMeneHeHMe Kan B uejioM, flJiH cöopa 
HHiJiopMamiH PI ee pacnpe#ejieHHH B oojibiiiOM perMOHe qepes Bxoflamjie B ee 
cocTaB pa^MopejfeHHue   JIMHMH,    TaK   H   npw ncnojEb30BaHHH ee cyöcMCTeM 
IIOflKJIKH&TCb   K CymeCTByKMUHM  KBOejIbHblM  CeTHM. 

XopoiHo ceöH sapeKOMeHflOBano npHMeHHHe oTflejutHtix öJIOKOB RJISL op- 
raHHaamm no^a^M TB CMrHaiia HHflHBHsyanbHHM noüb30BaTejiHM a SJIH opra- 
HHsaimH OTflejEbHhix Hefloporax panMopejieHHbix JIHHHM. G OKTHGPH 1994 rofla 
TpexKaHaKbHafl (2 cnyTHHKOBbix H O^MH CTyßMHHbiii) CHCTeMa, paspaöoTaH- 
Haa no saKasy M^DI "BH3MT" SKcnjiyaTMpyeTCH B r. KpeMeHqyr. B MCB^CP, 

SKcnJiyaTHpyeMOH B r. KHe.ee c aBrycTa 1995 r., cHTHaa TB CTy^HH, pac- 
nojiOÄeHHOH B OTflaoieHHOM pafioHe ropo#a, nepe#aeTCH Ha ronoBHyio CTaH- 
mno no paflHopejieMHOM JIMHMH C nocueflywuew passen MHoroKaHanbHbiM ne- 
peflaT^HKOM c aHTeHHoii c KpyroBOH ÄHarpaMMOM HanpasjieHHOcTM. CMrHaii 
npuHHMaeTCH c oTHomeHHeM cHTHaui/inyM He xyme 64 jsJB Ha napaöojiHqecKyio 

aHTeHHy «HaweTpoM OT 0.25 M so 0.6 M B mecTH KOHKpeTHbix To^iKax, pac- 
MaTepiiaAM 6-R MeauiyHapojiHoB 3{icMCKoS »^(«KPODOAHOBOS Ä>mpepeHU,HH 3Jt<wfth3!>'fff. 1649 ceHTn6pn 1996 r., CeBacronojib, KpbiM, Yamuna 
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nanoAeHHUX na paccTOHHHH o5^o 12 KM OT nepeflawmeÄ CTBHUJAK. 

ycoBepineHCTBOBaHHe TBKMX cHCTew H^yT no üVTH yweHbineHMH CTOH- 

MOCTH,   CHJDKeHHH  HiyMOBOH  TeMnepaTypb!  npH6MHHK0B,      nOBUineHHH   3$$eKTHB- 

HocTM nepeflaomeÄ yacTH, npucnocoöJieHHe K paßoTe c u,H$poBbiM MHoron- 

porpaMHHM TB. B qaoTHocTH paapaöaTUBaeTCH BOSMOäHOCTI» npaKTiwecKOH 
peanwaamiH, TeoperaqecKH Hanöojiee npocTOÄ H 3$$eKTHBHoö, cxeMU c BH- 

coKOKaqecTBeHHOH $MJibTpaimeH K HenocpeacTBeHHUM npeoöpaaoBaHHeM CHr- 
Hana Ha BHfleo^acTOTy c noMOintJo cnei^anbHoro $a30Boro fleTercropa c Bbi- 

COKOH qyBCTBHTeJILHOCTbH)- flOCTOHHCTBaMH TaKOFQ yCTpOHCTBa HBJIffiOTCH 

BUCOKaH   tiyBCTBHTeJEbHOCTb   H  H3ÖHpaTeJ[hHOOTb,   OTCyTCTBH6>   3epKaJU>HOrO  H 
flpyrHx nooo^Hbix KanajioB npneMa, Manoe yncno KacKa#0B M Manan noTpeö- 
JIHGMaH  MOmHOCTb. 

BeflyTCH paöoTu Hafl coBflamieM MOHOJiHTHo-HHTerpajiLHOH   peairasaty™ 
öojmmMHCTBa CBH öJIOKOB. 

MTEPATYPA 
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[43 OnpeflejieHHe HaHöojiee 3$$eKTHBHux nvTen pacnpeflejieHPra nporpaMM 
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CENTRE OF RECEIVING AND DISTRIBUTION OF SATELLITE, 
BROADCASTING AND STUDIO PROGRAMS AT FREQUENCY BAND OF 11,7-15,5 GHz 

NarytnikT.N.,GalichV.N. 
Institute of Electronics and communication of Ukrainian Academy of National Progress, 

tel. (044) 478-38-76 

This paper presents structure, mix and specification of the first center of receiving and distribution of satellite and studio TV programs at the 
microwave range (Saturn, TV-port). The high effective equipment of the center is original by its design and has no analogs in the CIS. The 
compact receiving units are sufficiently cheaper than satellite receivers of DBS. 
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3AflAH&<? HHTErPAL!« BEll|AHra \A GB£13S^ C HCHOJIbSOBAHMEW! 
MMKPOBOfSHOBbSX HHTErPWOBAHHbiX TEJlEPAflMOMH«l30P!VSA14MOHHblX 

CMCTEM. 
T.H.HapbiTHMK, B.n.BynraM. 

CymecTByKjiuaa BefiOMCTBeHHas? pasoSuseHHOCTb oneparopoa TeneKOMMyHMKaijMa 
Bbi3b!BaeT HepaMMOHa/ibHoe MHoroo6pa3ine ntmviü CBHSH. 

BiwecTe c tew, pacTymas noTpeSwocTb eeaoMCTB, paiioHOB, ropoAOB M peractHOB B ycnyrax 
TenepaAMOBeiMaHM^ H CBHSM o6ycraBJis*BaeT B HacTosjime© spemn MHTeHCHBHbiü npoqecc 
npoK/iaAKM Ka6eribHt-Jx M nposoAHbix jtHHErift. 

OAH3KO fleCpMMMT npQBOAOB M Ka6e«eH, flna M3rOTOBfieHMfi KOTOpbiX MCnOJ1b3ytOTCH 
floporocTowmne Me^b M CBtsHei*, a Tame SHa^iMTe/ibHbie TpyAHocra, B03KKKaiomwe npn npoKnaflice 
Ka6enbHbix /IMHMH B wecrax MaccosoM sacrpouKM, no3BOJij*K>T cAenarb BMBOA, STO TpaAMMMOHHbte 
MeroAbi Mcno/ibsoBaHMfl cpeACTB TenepaAMOseiuiaHra n CBJSSM nptiaoAflT K TynwKOBOH cwTyaqnn 
npw MX P33BMTHM. 

OTcioAa cxieAyeT, HTO An« pasBinwi TenepaAMOKHCpopMauMOHHbix KananoB, Heo6xoAHMbi 
HOBeMiuwe TexHHO M TexHonomw, KOTopwe BMecTe c cymecTByioiUMMM JTIMHM»MM CBHSM AOJWHbi 
OTKpbiTb uiMpoKwe BO3MO)KHOCTM npeAOCTaBneHMH yciiyr : a6onenTCKoe TeneBMfleHMe K 

paflMOBemaHne; rene^oimn; nepeAa^a AaHHbix; sneicrpoHHaH nowa; oxpaHa tcsapTMp, noiueiijeHMM 
M nepeABM)KHbix cpeACTB; ynpaBneHwe o6opyAOBaHneM inpoMbiuiJieHHbix 3A3HMM M «wibix AOMOB; 
MHTepaKTMBHoe TeneBMAeHMe m MynbTMiweflna [1,2]. 

HeoSxoAMMOCTb petueHMR saAan MH(g>opMaTt*3au.MM oSujecTBa cTaetiT Ha noBecncy AHA 

Bonpoc 06 MHTerpaMMw (TexHM^ecKow, opraHMsauwoHHOM, cpMHaHcoaon) cjiyxc6 Te/iepaAwoBeiuaHiwi 
H CBJ13M  [3]. 

OAHMM M3 nepcnem MBHbix HanpaaneHHM pemeHWH 3aAa4M mnerpanwM TenepaflMOBemaHun 
M CBA3W flßjifleTCH uenoiibSOBaHtfe B03iuio%HOCTeM CBH M KBH Axana30HOB BonH c noMoutbto 
co3AaHM« Ha 6ase HOBCMUJMX TexHonomft MHKposjieiapoHMKMi M AusneirrpoHMKM MMxpoBonHOBbix 
MHTerpnpoBaHHbix TenepaAHOMHcpopMaMMOHHbix CMCTeM (MHTPHC)  [ 4 ]. 

C noMoiMbto MHoxcecTBa cucTeM MUTPHC MO>KHO nocrpoHTb pemoHaxibHbie 
TeiiepaAMOMH4>opMaMMOHHbie CBTH, CBfssaHHbie MewAy CO6OH B eAHHyio MH<popMau.MOHHyio ceTb 
ctpaHbi. Ha pnc.1 npeACTaaneHa opraHM3auMOHHan crpyioypa ynpaeneKHH H KOHTPOTIH 

MHTerpupoBaHHOM TenepaA^OMHCpopMaMMOHHOM cerbto (HTPMC) CTpaHbi. 
B cooTBeTCTBHH c 06114MMH npMHUHniaMH MHTerpapoeaMHai? TenepaAMOMHCpopMamioHHaH 

ceTb CTpoMTCfi comacHO MepapxHiecKou cucreMe, BO mase KOTopoii CTOMT MGHTP ynpaeneHMH H 

KOHTpoüss, oSecneHMBaioiMHM cosAaHM® M pacnpeAeneHMe curaanoB BeujaHMfl, KOHrponb   M 

ynpaBneHne BceiMM vacTmm ceTM M OTBeMaiomMH 3a npuHHTKe O6IAMX TexHimecKMX pemeHMM 
BepxHero ypoBH«, B TOWS HMcne B ycnoBtwx HpesBbisaUHbix CMTyaunw (MC). 

UeHTp ynpaBneHMR H KOHTponn nanHeTCH KoopAMHaropoM cpyHKMMOHMpoBaHMH MTPMC. 
YnpaBJieHMe Bceii ceTbio ocyutecTBnnercn c noMoiMbio «ownbiOTepHOM ceTM M cneunanbHoro 
nporpaMMHoro o6ecneieHM5i. 

HHTerpauwa cny>K6 TenepaAMOseinaHMW M CB«3M, ocymecTBnaeMayi UenrpoM ynpaBxieHM« M 

KOHTponn, AonsKHa KoopAMHMpoBaTbCfl HauHOHanbHbiM CoeeTOM no Te/iesMAeHMio M 

paAMOBeuiaHMK), KOTOPMM liepe3 MHCTwryT npo6.new MHTerpMpoBaHHbix 
TenepaAMOMH^bpMaMMOHHbsx cucrew onpeAenneT TexHMHecKyio noriMTMKy, npw 3TOM 

BSaWMOAeMCTBySl C MMHMCTepCTBOM eBH3M, WlMHMCTepCTBaMM M BeflOMCTBaMM, MHHMCTepCTBOM 
MHCpopMauMM, TocTeriepaAHO, TenepaAHOKOMnaHHHMM (TPK), yHacTByramMMM B npouecce co3flaHnn 
M cpyHKMMOHMpoBaHMH MHTerpMpoBaHHbix TenepaflMOMHfpopMaqnoHHbix ceTeit. 

HaujfOHanibHbiH COBST no reswBUReHmo M paAMOBemaHMio aannercit He3aBHCMMbiM 
BbicujHM opraHOM, KOTopbiM nMM6H3MpyeT Ae«TenbHOCTb TenepaAnoHHtpopMaunoHHbix KOMnaHMü 
K npeAnpMHTHM, ocymecTBjisiet Bbipa6oTxy CAMHOM HaqMowanbHOM nojiHTMKM B 

TeneMH(^opMa^HOHHOM npocrpaHCTae yicpaHHbi M eAMHbix HopMarnBHbix AOKyweHTOB npw 
06-beAHHeHHH, MHTerpauMM cpeACTB M cnyxce CBH3M CO cpeflCTBaMM H cny»6aMM 
TejiepaflMOBeutaHHfi. 

TocyAapcTBeHHbie M KOMMepnecKMe TenepaAMOKOMnaHHM B3aMMOAeMCTByiOT c Uempauvt 
MHTerpMpoBaHHbix TenepaAMOMHcpopMau.MOHHbix ceTew UMTPMC, B KOTopbix sucno nporpaMM u 
BpeMH paSoTbi TPK onpeAemitOTCfl HopMaTMBHbiiviM AOKyMeHTaMH HaqMOHanbHoro CoBeTa, 
cocTaBnnioimiMM 6asy A»HHbgx UeHTpa ynpaeneHMH   M KOHTPOJI«. 

B npeA/iOKGHHOM opj-anwaaqMOHHOH cTpyicrype peamt3aqH53 TexHunecxoM noriMTMKM 
OTBeAeHa 1/lHCTMTyTy sneicrpoHMKM M CBHSM, xaK ronoBHOMy pa3pa6oTwiiKy CMCTCM MMTPMC. 

MaTupnajvw 6-5 MeaUyHapoÄH<3H 55^«MCKOH ^«POHOAHOBOS UToH^epeHuHH ^««»K.W. 1649 cciiTn6pa 1996 r., CeMcToroAb. KpwM, yKpaHHa T OO 
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B cocraB MTPMC BXOAHT qemrpbi MHTerptgpoBSüHKMx TenepaAHOHMCpopMauMOHHbix cexeüs 
peraoHOB (MMTPHC-P), B KOTopbix COCP@AOTOTOHG oSopyßQBaHwe Ans? nepeAatH-npifeMa 
pa3Jij«HHbix cwmanoB no paß&soKasiaiiy c noMOiubto »TPMC. 

noprbi I4&4TPHC-P npMHHMaioT n nepeAaior cwraanbi TemeMAeHWH (M5TFB -MHroKaHanbHbiw 
nopr TejieBKflenra ), rem^OHm (MITT® - MHoroKaHanbHbift nopT renetposmw), paAwoBeu^aHMH 
(MHPB - MHoroKaHanbHbw nopT pstAMOBeniaHiu.), KOMribrorepHOM CEM3M (MOKC - MHoroKaHajibHbm 
nopT KOMnbKJTepHOM CB83W) . 

UHTPMC-P MBnR&Tcu cpeflCTBOM paenpocTpaHenigs! TB, PB v, Apyrwx curaajiOB , 
tpopMdpyeiwbix KaK B pernOHe, r^e on pacnonojK@Hs T&K M no KanaraM CBHSM OT Apyrwx UMTPMC-P 
vinn MS ueHTpa ynpasjieKra vt KOHTPOHIS . 

MUTPMC-P c noMouibto MWTPm o8ecne«j^BaeT aSosieHTos - KKTenew flaHHoro >KMJIOTO 

KorwnneKca BceMM BHAaMM yenyir, B TOM nwcne : TenepaAMOBeuiaKtieM , TenecpOHwew , 
KOMnblOTepHOM CBHSblO . 

MMTPMC-P c noMOiiibKJ c@™ &JHTPMC coeAKusreTCH c noicanbHbiMM cpeflCTBaMM 
npeAOCTasjieHMJi ysjjyr (c^cTeMb! KOJinexTMBHoro npueua CKHI, cMCTeMbi Ka6eribHoro TeneBWAeHMJi 
CKT, CMcreMb! TenecpoHKoä C©TM CTC, CMCTCMW KOMfibsoTepHors CBH3*I CKC, HHAHB&SAyaiibHoro 
npMeMa MF1). 

CMcreMbs remtyommw CBMM CTC npeAocTatunflioT KOMnjiexc pacnpefle/iOTeribHoi« M 

KOMMyTaunoHHow annapsnrypbi, o6ciiy>KHBaK>uie& TbicswM aöoneMTOB B zone ce™ Mi-STPHC. 
B MHTepaKTMBHOM p@«iMe o6-ibeinr B peanbHOM mpeuenvi, wenojibsyji CBOM TepwiMHan 

(Teneesoop, Te/ieBM3MOHHan Kawepa, KOMnbiOTep, Tension, cpamc, TeneraMn w r.ß.) KaK Tepw&tHan 
ce™s noßKXHO'saeTCH K rpe6yeMOMy peeypcy {masm TB, PB, Tfi® craHMMM, anescrpoHHaa nonra, 
6aKK AaHHbix M T.A-) M HenocpeAcreeHHO ynpaensm npoqeccon/s o6Mena B pexwswie Awanora , 
nony^aeT TpeßyeMys© MHtpopMauiito. 

Bee Tpw ypoBHj? wepapxm oSpaayföT TwnoByHJ Tononoraio ce™ CMeusaHHoro Ttina, 
coseTaioiMyio pacnpeAenenwe HOTOKOB OT IfeHTpa ynpasjieHiwsi K KOHTpora no cxeiwe asesAa M 

pacnpeAejneHWJü HOTOKOB iwe^y LJ^TPMC-P no cxewie KOfibuo , MTO nosbiuaaeT MCMBy^ecTb Bceü 
ce™ H OTAenbHbix ee aneMemroB npu BOSWSOKHOM pa3pyuienwM B ycnoBWHx MC. 

OCKOBOM! cosßaHwa mH^opm^moHHom C6T6«, MHTerpupyuosMSM cny)«6bi nepeAaMM cwrHanoB 
H cjiyÄÖbi MJis« yeny™ renepaAMOseiuaHMJi, HBiimoTcn flOKywenTb! MKTT no paapaSoTKe 
uiMpoKononocHOM MHüpopMaiLjwoHHoi« ceTM c MHTerpaui^eM cny)K6 B-ISDM. 

B AOKyweHTax IVSKTT onpeAe«$?eTcn , HTO ujwpoKonojiocHbie ce™ B-1SDN nsoryr 6biTb 
eAMHoft MHjpopwiauwoHHOs« ceTbto, nociKOJibKy OH&S MKTMrpjspysoT see cny>j<5b! CBJISM K 
TeiiepafiMOseiuaHM«. 

B Bbi6ope CTparerMM pa3BMT69H TejnepaAMOMH<popMaMHOHHbix ceTei« H®O5XOAMMO, Ha Ham 
B3rji5fA» wcxaTb nyTW onTwiaajibHoro Mcno^bsoBaHMH cpeßCTB paanHMHbix rocyAapcTBeHHbix M 

KOMMep'jecKMX CTpysrryp w WHBecTsspoBaTb Te BWAbi yenyr naceneHMso, KOTopbie MOP/T 6bicTpo 
AaTb aKOHOMMiecKyio OKynasMocTb BfJOÄceHHbtx cpeACTß, npwHec™ peanbHbie AoxoAbi 
MHBecropaM M yAosneTBopwTb rsoTpe6HocTM 3aica3^MKa H HaceneHM«. 

B MsspoBow npasawKe Ann BbinonneHMJa Kpynnbix Hais&soHanbHbix nporpaiwM cnojKwnocb Asa 
ocHOBHbsx ny™ (cpMHaHcoBow noAAepMCKw) - rocyßapcTBeHHMe cy6cnAMM M nbroTnoe 
Hanoroo6no)iceHMe npw i^ejiesoM KpsAWTOBaHHM pa6oT. 

B yenoBMHX pbinoHHbix OTHOuse^MM 6onee HaAesKHow cpopwow ^MHaHcupoBaHMH STMX 

pa60T MO5K0T 6blTb KpeflMTOBaKMe 3a CMeT KOMMepieCKHX MHBeCTOpOB C BpaBOM C06CTB6HH0CTM Ha 
co3A3BaeMbie TexHM^eexwe cpeAcrea M ycraHOBneKHH cBo6oAHbix Men na yenyrw CBBSM . 

npwwewi yAoSHO coM©T3Tb npaeo CO6CTB6HHOC™ na TenepaAMOMH<popMauMOHHyio ceTb 3a 
rocyAapcTBOM ABA pa6oTbi B ycnoBMBX npesBbi^iaMHbix c^Tya^KM HC (B mine, Hanpniuep, 
"MMKucTepcTBa no MC") M sa MHBecropoM - npu pa6ore TSKOM ceTM B o6biMHoe BpeM« M B 

CnOKOMHOM CMTyaUHM . 

GneAyeT oTMeTMTb, HTO Boswo^MocTb oprmmam® nacTHow co6cTBeHHocTM Ha ceTb 
MMTPS*1C npwBneKaer Kpynnbix HHeecTopOB B nvme KOMMep«jecKnx 6aHKOB K BbiroAHbiy 
MHBeCTMUHJliM. 

ripeAnonaraeMoe tpMHaHC^poaaHwe  paßoT MO)Ker ocymecTB/usTbcm ws cneAyiou^MX 
HCTOMHMKOB: 

- 3aKa3«iKKOB - rocyAapcTBeHHbix CTpyicryp c roc6K>A5K©THb^ cpMHaHcupoBaHMeM ; 
- noTpe6HTene»i - rocy/ppeTBetiKbix H KOMMepsecKHX CTpyicryp, B TOM MMcne ivsecTHbix 

opraHOB BjiacTM; 
- aKMHOHMposaHwe cpeACTB HacejieHMH M noTeHMwajibHbix noTpe6MTejiesi CBsisHbix vt 

TenepaAMOBeutaTejribHbix yenyr. 
rnr\ Maiepnajiw 6-B Me»AyHapaAHoS ^«MCKOB Mapomwaw,« K-atpepa,^ ■fyvMtXeM'. 16-19 ceH-^Sp» 1996 , 
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np^ee^eM ocHOBHbie npMHijMnbi Aänt»Heftuiero pa3BMTnn nocTpoeHwa ttHTerpMposaHHbix 
T@JiepaA^o»iHcpopMauHOHHb!x cmcrem: 

1. DapanneribKoe <pyHKi4MOHMpoBaHM@ B 6mßxaHiueM öy^ynieM cy^ecrBytoiMei« cwcTewibi 
pacsipeAGfieHKJ! TeneBMA@HHsi, paAMoeemam^ M CB&3M M cMcreMbt MMTPMC KaK TexHMiecKH 
COBMeCTHMbiX CMCT6M . 

2. nooTeneHHan MKTerpaigMSi cpeacrs M cjiy«6 TenepaAMOBeiMaHiin co cpsACTsaMM M 

cjiyjKSaMM CBH3M nofl ynpaBjmeHweM M KOHTporieM eAWHoroTexHKHecKoro M opraHM3au,MOHHoro 
UeiiTpa. 

3. nocTpoeK*ie cnenwaiihHOM TeneMHcpopMaipoHHOH ce™, oOecneHMBatouieft 
3(ptpeKTMBHyKj pa6oxy B yoiOBwax 4pe3Bbi«saHHbix CMTyausMM MC . 

4. RepexoA OT «poppwpoBaHMH M@HTpawiM MH?@rpMpoBaHHbix TejtepaAfto-MHCpopMaLtMOHHbix 
cerew perwonoB UMTPMC-P nepeflanw craHAapTKbix TeneBMSMOHHbsx paAMOBeiMaTenbHbix n 
TejnecpoHHbix curaanoB K cpopMMpoBaHmo c noMotitbto cnsMManbHOK annapaTypbi, CMmanoB 
MynbTMMeAMa. 

B KSMeCTB© MCTOIHHKa MHCJJOpMaipM MOryT 6bITb ßHÖJlKOTeKM ayAHO-BMßeOMHCpOpMaLlMM Ha 
OnTMHeCKMX AMCEOX. MMCßpOBblg 6atiKM AaHHblX KOMiTIblOTepHblX CeT6Ms B TOM 1MCJ1© 
Me>KAynapo1c(Hbix, a Tasasce reKCTOBbie M rpa4)MsiecKafs MHcpopMauiMM, nojiy^aeMbie no U,&S$POBOM 
COTOBOMpaflMOCBMSW. 

PeanMsai^MM rcpoeirra B cosAantm MHrerpMpoBaHHbixTejiepaAHOHHtpopMauMOHHMX cMcreM 
MTPMC npeAycMarpweaeT petueHMS cneAyioutMX 3aAai: 

■ CosAaHMe MncTMTyra MHT@rpt*poBaHHbix TetiepaAHOMK^opMaajMOOHbix cwarewi, 
onpeAenioiuero TexHM^ecicyro nojwrtiKy; 

H Pa3pa6oTKa M onbiTHan axcniiyaTauKH OTesecTBeHUOM CHCTeswbi MMTPMC (B HacToniuee 
BpeMa no/iy^eHHbi nojioKCKTejibHbse pesyjibTaTb! onbiTHOM sKcnnyarauMH); 

B PaspaGoTKa KOHijenuMM pasBHTMH HHverpwpoBaHHOM cerw B MMKPOBOJIHOBOM Anana30He 
Ha TeppMTopMM YKpaMHbi c yneTOM ripeAnoxcsHHOM opraHM3au[HOHHOM CTpygnypb! 
ynpaejneHM59 M KOHTPOHH (pwc. 1); 

■ PaspaöoTKa TexHMMecKMX npoeicroB OTe^ecTBeHHbix cncTeiw MMTPMC, MTPMC u 
LIMTPMC-P; 

■ PassepTbiBaHMe CMcreM MMTPMC, MTPMC w LJMTPMC-P c y^eTOM nepexoAa Ha 
u.MC$>poBoe TenepaAMOBetMaHMe; 

H  Pa3pa6oTi<a MHrepaKTKBHbix cucreM TB~MynbTMMeAMH; 
■ PaspaöGTsca M co3Aa»He newrpa ynpaBiieKHH K KOHTPOJIH renepaAMOMH(popMai4MOHHoü 

ceTbto YKpaMHbi; 
■ PspaöoTKa riJiaKa KOHBepcMt® AJIH sarpysKM npeAnpMsmtiM OTenecTBeHHbiMM 

paspa6oTKaMM. 
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OCOEEHHOCTH M.  XIEPCUEKTHBM MHKPOBOJIHOBOH 
HHTErPHPOBAHHOftTEJIEPAAHOHHOOPMAipiOHHOa 

CHCTEMM CO CBOEO^MMlVf PACHPOCTPOHEHHEM 
PAßHOBOJIH 

T.H.HAPLITHHK, B.JI.EYJirAH, 
B. H. TAJIHH. 

riocxaHOBKa eonpoca o nejiecooSpasnocxK, OCOSCHHOCTHX H nepcneKomax MHoroKaHajibiiofi 
xejiepaflHOHH^opMauHOJiHOH cBCTeMu co CBOßoÄHtiM pacnpocTpaneHHeM paflHOBOJiH B anana30Hax nacxox 12- 
13 rFij, 27-30 iTn, 58-64 iTu, npeacxaBjwexcH cBoeapeMenHoM, nponecc pa3BHTHa TejiepaflHOBemaHHH B MHpe 
npoHCxoÄHT na ocHOße pacnpeÄejiHTejibHbix cexeß, opHeHTHpoBaesHbix Ha uiHpoKonoJiocHbie cera 
HHrerpajibHoro o6cjiy3KHBanHS, c Hcnojib30isaHHeM HOBMX xexnojiorHH H xexHHMecKwx cpcucxB 
TeJieKOMMyHHKaHiiH [1,2]. 

HjBCCXHO, «JTO B03M03KHOCXH mmniimiiH MCXpOBblX BOJIH flJIH pa3BHXHH XeJieBH3HOHHOrO BeuiaHHfl B 
rycroHacejiejjHOH lacxn YKpanHbi npaKranecKH ucnepnaHbi. ffjis AHana30tia JicHHMeTpoBbix BOJIH 

B03MOJKHOCTH orpanHneiibi, nocKOJibKy KaiKÄbSH pa3peiueHHbifi K&U&JI , KaK npaanjio, HCKjiionaex npnivieHeHHe 
eine Tpex coee/jHux apyrnx, XOTH B o6meM cjryiae c O/JHHM paßoiHM KaHajiOM HecoBMecxHMbi uiecTb KaHajiOB 
(naa CMexiibix H nexbipe 3epKajibHbix ). 

He MeHee CJIOJKHOC nojioHCCHne co SBVKOBbSM pazmoBemamiCM c «lacxoxHofi MOflyjiHUHen. 
OflHHM jo caMbix nepcneKTHBHbix nyxeii ysejiHHieHHH «wcjia pacnpe/jejisieMbix nporpaMM - sxo, 

nepexofl B ananasoH canxiiMHxpoBbix H MMJiJiHMexpoBbix BOJIH (CB11!, KB1!) H co3flaHHe B STHX flwana30Hax 
MHKpOBOJIHOBblX  HHXerpHpOBaHHMX XeJiepaflHOKHCpOpMaHHOHHblX CHCXeM (MHTPHC). 3a pyßejjcoM B 80-x 
ronax 6biJiH pa3paßoTaHHbi npocxeshuHe xaKne CHCTCMW B Hnm\eii qacxn CBH fluanaioiia AJIH pacnpe/iejieisnsi 
reneBH3HOHHbix nporpaMM Koxopwe nojiywuiH Ha3BaHHe MMDS (multipoint mikrowave distribution sistems) H 

KOTopbie HBJIHIOTCJI ajiLTepHaxsiBOfl cymecTByiomHX cexeö KOJijieKXHBHoro npHeiua (CKII) H Ka6ejibHoro 
rejiesHaeHHH (CKT ) [3]. 

O/IHOH H3 OTAHHHTeJIbHUX OCoSeHHOCTCH CHCTCMbl MHTPHC HBJIHCXCH B03M03KHQCXb 
TejiepaAHOBemaiiHH Ha SKOJioraiecKnx 6e3onacHbix ypoBHnx MOIHHOCTH (UJIH MHTPHC-50 MBT Ha o/jHy TB 
nporpaiwiwy, AJIH MMDS-SO BT). 

CHCTCMW MHTPMC Sojiee KOMtiaKXHbi H MoßiuibHbi. PasBopaHHsanue cexn MMDS npotoBoaisTcsi 3a 
HeCKOJIbKO flHeffl B OTJIHHHH   OT SipOlCJiajIKH MarHCXpaJIbHMX KaOCJieJI B yCJIOBHHX rOpOflCKOH 3aCTpOHKtl H 
npeOflOJieHHH BOAHblX npeHHXCXBHH, «rro HBJIHexCH fl0CXaX0«5H0 CJIOWHbIM uponeccoM, C yieTOM CTOHMOCTH 
Ka6ejiH ii ycHJiHTejjbHoro oßopyflOBaHHsi. 

McnojibsoBaHHe CHCTCM MHTPHC nosaojiHex CHH j b orpaHimeHHH no ycjioBHHM sjieKxpoMarnHXHOH 
coBMecTHMOCTH, yBBJiHiHTb «0 30-40 pacnpe/jejisieMbix no paAH03tj>npy xejiepaaHOHH^opMauHOHHbix 
nporpaMM, c ynexoM CMKOCTH Hcnojib3yeMoro jusanasona, cHH3HTb HSJiyHaeMyso MoiyHOcxb H pca/muoBait. 
Ba^CHbie CBoHcxBa npHCMO-nepcflaiomHX CHCTCM, xaKHe KaK HanpaBjieHiiocxb H BceiianpaBjieHuocxb. 

CBOHCXBO HanpaBJieHHOCXH saKjiioiaexcfi B npHivsenenun B cexH MHTPHC ocxponanpaBjieHHbix 
aineiiii [4]. C noMosiibio axoro cnoHcraa o6ecneMHBaexca O6M«H Tejiepa/iK03!ii(j)opManHCH Me5K^y 
MHoroHHCJieMHbiMH aßoHeiiTaMH H cxamionapKOH npneMO-nepeAaroineti craHimeK. TascHMii a6oncnT;iMii MoryT 
Bbicxynaib KaK imwvwyam,iihu: nojibsosaTejiH, xaK H CKH H CKT. 

CBOHCXBO BcenanpaBJienHocxH 3aKJnoHaexcn B npssMeiscHiin a menu c icpyroBoii «war paMMOfi 
HanpaBJieHHOCXH . PeajiH3yeMoe CHCxeMoH MHTPHC, 3x0 CBOHCXBO aejiaex PCBOJIBOHHOHHWH CK3MOK, xaK KaK 
BO MHorux cjiyiafiix noasojinex 3aMCHHXb B ßyÄymeM cymecTByiomyio 3KOJiorn««ecKH ne6e3onacnyio H 

SHeproeMKyro xejiepaflHonepeÄaio^yio cexb MexpoBoro H AeuHMeTposoi o auaiiaaoHOB BOJIH. 

PeajiH30Baxb sxo CBOHCXBO MOHCHO C noMoaibio HOBOH xexHOJiorHH nocxpoenuji BccHanpaBjieHiioii B 

ropH30HxajibHOfi njiocKocTH nepeaaioisjefl anxennbi. CxeMa nocxpoeimn nepeAaiomefi aiiTCHiiw npnBe/ieHa na 
pHc 1. Ona coflepMcnx rjiaeHoe sepKsuio 1 B BHAC xejia Bpameiinn c napaSojinnecKoü noeepxHOCXbio, 
BcnoMoraxejibHoe 3epKajio 2 c SJiJinnxHiecKoii oSpasyromeß noBepxHOcXH H KOHxppe<pJieKxop 3 c 
rHnep6oj«mecKOH oGpasyiomen noBepxHOcxn, a xaroue nepmmithnt o6jiy>iaxejib 4, sjieMeHXbi Kpenjieann. K 
nepBHHHOMy oßjiyiaxejiio nepe3 aynjieKcep 5, cyMMaxopbi 6 noAcoeAHHSiexcfi MHoroKatiajibHbiii nepe^axHUK 7 
c BbixoAHOH MOiwiocTbio flo 100 MBX Ha o^Hy xejieBH3HOHHyio nporpaMMy. Pa3pa6oxaHHan nepeaaioutan 
aHTCHHa o6ecne4HBaex B MacxoxnoM AManasone 11,7-13,5 ITH KOS^^Hnneux ycHJiCHHH Ky=16 u.E. 

npiiCMnasi aöoiieiiTCKaH anxeHHa BunojiHena no AByxsepKajibHott cxeMe H COCXOHX H3 3epKajia 
AHaMexpoM 0,25 HJIH 0,38 M , c oßjiyHajomeß CHGXCMQK. OojiynanoiHaii cncxewa npeflcxaBjiaex COSOH oxKpbixbiu 
KOHCU Kpyrjioro BOJIHOBOIIH c HJIOCKHM KOiixppe^JieKxopoM, B ncsixpe KOHxppe^aeicxopa ycxaiioBJieH       caa 



corjiacyroiquu pacceitBarejib KOHiraecKOi« «fsopMbi. KoHCTpyKqH« oSsiynstTena TexHOJiorrcmia u «OSBOJISCT 

CHH3HTI> croHMOCTb anxemibi. TaKsie aHTeHHbi c K03$$Ki|HeHTOM ycHJieHHH Ky=26 flB H03BOJIH50T o6ecneiH- 
BaTb B Auana30He iacTOT 12 TTu, ycToigsHSbifi npneM B paamyce 25 KM , npis K03$4)Hi|HeHTe myivia KOHsepxopa 
2,0 flB. 

PeajiraamnK CBOMCXBS BceHanpaBjie»Hoirni B Mvumw.Merrpon<m aiiana30He 27-31 TFu ocymecxBjraexcsi 
c noMomfcio TOKOH »ce nepeflasomeM airraiHM c KpyroBoü anarpaMMois HanpaBjicimocTH B ropM30nxa.iibHOH 

■ n.nocKOCTH, HMeiomesI Ky> 20 «B, H nanpaBJieHHMX npüeiviHbix auxemiax c K03<pt]>*mHeHTOM ycHjieHHa B 

npeaejiax 40 AE. Paanyc AencxBMi! xaKofi cecxeMbi iwoacer cocxaBjraxb w 10 KM. 

Taic KaK CHCTCMS MMTPHC, peajirayronsasi SXM CKoficxBa , coßMecTHMa c cyEnecxßyiomeH cexbio, TO 

peBOJiromiOHHbiü CKanoK CO3ä0HHH CHcreMhi MHTPHC na coepeMeHnoM 3xane 3BOJIIO!?HOHHO BiracbiBaexca B 

CHCTCMy B3aiiMOOTHOuienHM c cymecrayioaiefi TenepaflHOHm|>opMaimoHHOfi cexbio. 
CBOHCXBO BceHanpaejieiiHOCTH , peaJiroyeMoe CHCTCMofi MHTPHC, onpeflejiHex seeprexHiecKHM 

BMHrpbiui, co3#aex SKOJiorwiecKyio SesonacHOCTb, OTJiü'äaexcn BMCOKMM KaiecxsoM BocnpoHSBefleHHJä 
HH^OpMaKHH H pe3KO yRejIHHeHHOft eMKOCTblO B03MOIKHOCTCH IIOJIb3CBaxejIH CCTH. 

CBOHCTBO uanpaBJieiiHOCTH MMTPHC o6ecne™Baex CBHSI. C Hcxo<MHKaMH HmgjoptvsauHH, 
onpeAejiHioäHHX ee xcmHeAeirrejibCHocTb. 

B HacTOHutee BpeMS npoHcxoAHT yBejiimeiiHe yaemHoro seca neitppoBbtx pa^Hope^eüHbix CHCTCM 

nepeaaHH (HJPPCII), c yiexoiw cneflyrauiHX npeitiviymecTB mic|)po»oß nepe;?a«iH H oSpaSoTKu CMruajiOB: 
■ üpocxoxa oß-beAHHeHHH H pzi&maemm MHOFKX He3aBncuMbix cooöujeiraß; 
H    Bo3M05KHOCXb C03A8HH5! HHTerpHpOB&KHOft IfHippOBOH CeTH; 
■ BbicoKaa iiowexoycxoHTOBOCTb H oxcyxcxstse 3i|><|>£Kxa HaKonjieHHH ucKajKCHHH npn 

perpaHCJiHUMH cwrnajiOB; 
■ Bo3M05KHocTb AOCTHxeiiKH o<ieHb Majibsx 3Ha»jeHHis BepojtxHOCTK OUJHSKH npw nepe^ane nyxeM 

oßnapyjKeHHsi H HciipaBJiemisi OISIHöOS«:; 

■ Ilpocxoxa cnocoßa oßecneHCHHH CKpbixHocxj« CBH3H; 

■ üpocToxa 3KcnnyaTamiH H BbicoKasi HaAe»CHOcxb annapaTypbi. 
PasBHTHe nwcppoBbix MeroAOB oSpaSoTKH H nepeAaun CHrnajia no paßHOcxBOJiaM nojiyiMJJo aaa 

ocHOBHbix HanpaBJiciiHH: coimtme ceesjHajibHbix UPPCII H nocxpoemne rn6pn/nHwx CHCTCM, no CTBOJiaM 
KOicTopbix opraHH3ycTCfl nepe^aia nn^poBoM n anajioroBOft HH$opMauuH, KaK COBMSCTHO, xaK H pa3ßejibHO, 
nyTeivs npnMenMHHJi cneunajihHbix ycTpoöcTB conpsj&eHHH. 

noBbimeHsse y^ejibHO CKopocTH nepefla«JH HH<|>opMamiH, yinTbrnaa Hajinmie 6o^biuoro 
AHHaMHHecKoro flnana3oea y paAHOCHCTCM nponcxoAHT 3a c^er npHMeweHHsi MHoronosniiHOHHOHro 
KOflHpoBaHHH coBMecTHo c aMnjMTyflHO-cjtasoBbiiwH MeTOAaMH nepe^aHH. 

Ha pnc.2 npeAcrasjiena CTpyKTypiiaH cxer«!a CHCTCMU MMTPHC. C'KCTewa COCTOHT H3 cJieÄyJomnx 
noACHCTeM: 

■ npneivia cnyTHHKOBux TenenporpaMM (TejieTepMHHaji, TejienopT), npHHHiwaiomeii ßojjbuioe 
KOJiHHecTBO TejienporpaMM co cnyTHHKOB, B soey eeiuiauiin Koxopbix BXOäSJT YKpaiäHa KJIH MCCTO 

pacnojio>8ceHHH noACHCxeMbi; 
H   npueMa 34>HpHbix TejienporpaMM ; 
■ cxyfiHHHO-annapaTHoro Koiwn^eKca nnn cosaanua coScTBeiiHoß nporparwMbi c 4»opiwaxoM 4:3, a 

xaKMce c (|)opiviaioivi 16:9, KOTopbiü BBOAMXCH KaK cocxaBKan nacxb TBM; 
■ noÄcncxcMb! HHAHBHAyajibHoro npneiwa; 
■ noACHCxeMbi! KOJUieKXHBHoro npraeiwa; 
H   noÄCHCxeiwbi npuewa cnemiajibHoi iintpopMaiiHii. 
B saKJiioHeniic OXMCTHM neKoxopwe TeHAenmiH pa3BKTHH cncxeMbi MHTPHC. 
1. HapajijiejibHoe (JsyHKUKOiiupooaiBiie c cymecTBysoineH CHCxeiwoft pacnpe^ejiciHiHHi xe^eBHÄennn H 

paiwoBemaHHH c ynexoM HX COBMCCXISMOCTH. 

2. YBejiHieHHe siü^opMauHOiHiofi CMKOCTM MHTPHC, Koxopoe aaex HOBUC BOSMOJKHOCXH pa3ßnnia 
xejieBHaeHHH n pafliioBemassH«, a xarasce cxanoBJieHHH He33BHCMMbix xejiepaanoKOMnaHHß . 

3. Peajisssami« B03MOKHOcxeiS paßoxbi B HHxepaKTHBHOM pemHMe. Hpw SXOM noAKJiroHenne K 

KOMnbioxepHOH cexH no3BOjiaex nojiyinTb npaKxniecKH HeorpaHMHCHHbiH aocxyn K Jiioöofi HH(pop- 
MaiJHü B AnajioroBOM peiKame. 

4. OpraHH3ai|HH AByuanpaBJiaMEibix JIHHHH CBHSH Mcstcay uenxpajibHOH (6a30BOii) cxannweM ii 
(pHKCHpOBaHHblMH aßÖOHCHXaMH. 

5. PeaJinsauHH pe?Kisr.iOB paßoxbi c 3aKpenneHHUMH KaHaJiiaMM H (HJUI) C npe^ocxaBJjeHHeM KaHajiOB 
no xpe6oBanHH). 

6. <DopMHpoBaene nenTpajibHOH cxasä^eil c noMombio cneyHajibHoü xejieannapaTypbi, napa^y co 
CTaHÄapxHbiMM rejieBHsnoHHbiMM n paAHOBemaxejibHbiMH nporpaMiviH, cnrnajios iwyjibXHMeAHa. 

7. nepexoA Ha umppoBoe TJiepaÄHOBemaene. 
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FEATURES AND OUTLOOKS OF MICROWAVE INTEGRATED TV, RADIO AND INFORMATION 
SYSTEM WITH WAVES PROPAGATION IN FREE SPACE 
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The description of microwave integrated system (MUTPHC) for TV, radio and information signals translation is given. Flow charts 
of the system and of transmitting antenna are detailed in this paper. 
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