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Chap ter 7.

PUNDA IENTAL FORNS 0? INTER ~~REN CE S WITH A C7 IYE RA DAR AND THE

PRINC IPLES OF INTERFE R EtiCE ELI~ INA1ICN.

§7.1. Fundamental forms of interferences with active radar .

as in b roa dcas ting, radio coiiunicatic n and telev ision, in radar

cai~ substantially manifes t itself t he ef fec t of the various k inds of

isterfereqces . Rol le these interferences in active rad ar ~an p rove to

be still greater than in ctker kranches of zadic enginee ring , since

usually occurs the essertia]. weakening cf signal on the path of

propa gation to target/p *irpose and vice versa. Frrthe raore, in radar

coqsiderably more important role play scie Ep e cific forms of the

iiber~ erences with which much more rarely it is necess ar y to be

counted, for example in ra dio commu nicatio n . Such inte rferences are

in par ticular , passive jamming, catsed Ly r~—r .eflection fi oa

iiiter fer ing objects. Together luith tbe. in a nu ite r of cases, 

. .~~~~~~~ 
•
.~
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su bstantially manifest themselves the act ive jamming, caused of

various kinds by radiation sources.

en their origin of interference , they can be natural, linked and

ar tif*cial .

latural ones are t he intec te re~ ces of na tural origin.. For

examp le, na tural passive interfere n ces are tcrsc d via re—reflection

ftc. hills , mountains, clou ds, etc. rhe natural act ive jamming (see

5.8) they are created b y the radiatio n s of the Sun and ot her

ei tra~ erre strial sources. Us active jaimiag, iroduced by the effect

cf the emi ssion/radiaticas Cf different radio—electron ic means on

each qther ,, call lin ked interferences. Together wit h linke d active

jammin g are sometimes o bserve d alsc the mu t~al çassive interfe rences

when in moun tainous countr y interference with radar is created

because of the re— reflectio n of the oscilAat icn~ vib ra tions, emitted

by anqthe r radar.

Artif icial ac tive an d ~assive interferences were placed to

radars of military desiç naticn/ pu riose duri n g cc .bat ope ra tions in

the c~ urae of the Secon d World War , wars in korea , in the Near East

aid in Vietna m . According tc the puhlis h~d data o~ militar y doctrine

of the USA , the crea tio El Cf intertirences is cue of the fo rms of

electtonic warfare . Under electronic van in the NSA , under st an d the

p — .  ~- . - . - _ar._ —. -“ — - - . ,  — —---C .~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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goal—direc ted preparation and conducting m i l itary actions,

co;sidering wide use radio electrcnics is~ tb e military technique of

enemy.

Eage 422.

According to the character of the Ef fect of inter fere nce, are

divided into masking and simulating. ilasking interferences create the

background against whic i difficult tc isolate the signal , cove red by

interfer ence; at the same time the ) usually victim signa l in the

noa~line ar ce ].l/ele mentE of receiver. The imitat ive int er ferences

create the effect of ccrfus ing reflectors , imp eding obtain ing

informatio n abo ut true target/purçcses. Eac i of three the varieties

~adicated above of interferences (~ atural, mu tual and man—made

iatsr~erence ) c an be in turn, mas king or simula ting.
The examination of interferences and principles of protection

from them is expedient to begin from the masking interferences. The

masking active and passive interferences (natural, rec ip rocal, arti-
ficial) and the possible principles of protection from them will be ex-

amined. Then a similar examinatipn is briefly conducted for the
simulating interferences. On intra—receiving (Se~~ 3 .5 ) and modulating
(Sections 2.10, 2.~l3, 3.21, 14.10 , 6.18) interferences the material will
not be supplement~ d.

A.. Active masking interferences and the principles of prot ection from

the..
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V .2. Natural and mutual maskin g active jamming and the principles of

pro tection from them.

As alread y men tione d , to the natural .asking ac tive jamming can

be attributed the interfe rences of discrete sources (Sun , the moon,

the radio stars, etc.), which create ncises together with the

distrjbute d in the atmosphe re and space rad iatic u sources (see ë5.8)_

V irtu4l ly effect on operaticn cf radar stations of SVCh range they

can e;ert the Sun , also , tc a lesser degre e the moon. The density of

the pçve r flux of the Sm (see Fig. S.32b~ at wavelengt h 70 ci,

proves to be or der (10—20 _ 10-- IS ) W/a2.HZ. w h ere a lar ger numbe r

correspond s to the incr eased solar act ivi t ,~. Ibis density exceeds the

de nsity of blackbody radiation at temperature of 6000°K 10—1000

times At wa velength 1 a, the density of poker flux viii be

(10— 21— 10— 1 7) W ,/.2.Hz.

Recently very import ant role is begu n tc play interferences. In

p.noportion to a rapid increase in the numb e t of utilized

ra dio—electronic means , sharpl y grcu/rises the danger of their nutual

effects. In order to remove these effects., ~rac t ices th e p lanned

d istribution of the opera t ing frequencies b e tween d ifferent

ra dio-electroqic means both on the base of internat ional agree .ent s

and on the b ase of internal regula t ions wi th in the limit s of eac h

coun try, eac h branch of nat icna l e cc n cmy arc mi l itary scie nce.
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Page C23.

Ne vertheless, in the absence of prcper protective measures from

interferences is observed tbe mutual effect of radio—e lect ronic means

even with different ope rating frequencies. The latter occu rs when the

extraband and spurious radiati ons of radio—electronic me an s are

present,.

Extraband are called e.ission ,radiat iczs in the vicin ity of the

aoiin~l operating frequency, wb ich emerçe be yc r d the limits of the

diverted freque ncy~ baud. Secondary include the emiss ion/radiat ions at

harmonics , suhh armonics , and also cc~bi rati n f requencies (in the

cake qf using the dri ver with freq uency conve rsion) . Together with

citrab and and spurious radiati ons the r€ascr ton inter ferences are

the sapple mentary channels of receptico ,’prcced u re in superheterodyne

receiving equipment/devices. It is known ~hat under the influence on

the mixer cf the incoming variaticns of fre çue ncy f and o~ the

fluctuations of tire het erodyne of frequenc y ~r . at the output of

tizer are formed the fluctuations of a series of combination

frequencies jn i±n~J. If any cf thes e fr equ emcie s coincides with the

i.atar.ediate, to which are i nclined the suksequent cascade/stages of

receiver , it is amplifi ed and is fct.ed the supplement ar y channel of

~~~-IIII uI-~
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recept ion/procedure. Un der the actual  ~::nditioms when Pr>f ,p .  the

supplement ar y channels  of r c c ep t i cr ,’p r c c e du r e  a re  formed a t

f requenc ie s of i n p u t  oscil lat ions f.~~”~~- ( n t 1 , ±f ~ ). Direct ional

characteristic of the receiving and transm itting anten nas for

extraband e.ission,4’radiations, spurious radiaticis and the channels

of reception/procedure t~sually differ froi directional cha racteristic

fox the fundamenta l channels of emission/raciation and

reception/proce dure , in the first piac~ , in terms of considerably

hi .gh side—lobe level.

~n m a n y  instances can  be created fairly complicated situation.

It is realjactual, in one and the same area , th~ transmitters of

radiomelectronic mean s create fundamental , extraband and spurious

radiations, and the receptors of these means toçether with

fu~ndamental have the su~ pleientary channels Cf reception/procedure.

If the f u n d a menta l or s L p p l em e n t a r y c h a n n e l  cf reception/p r ocedure

ra n domly  coincides wit h t he  fundamental or supplementary dhannel of

emissicn/radiation and the  i n t e n s i t y  of t he  e m i t t e d  oscillation is

su f f i cien t ly  great , can occur interferenc e, which in particular

masks. -

rhus, for ins tan ce, frequency mcdulated and a.pli tude—modulated

co~~t inuous  f l u c t u a t i o n s  of the co. .unicat jcr  l ines  can create the

masking interference w i t h  ~ tlse m a c a r  receivers .  To na r row—band
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tcppler receivers the masking interferenc e tFey can create not only

line qf comaunication , but even radio aids, the radiat ing

momentum/impulse/pulses , since t1~e latter are dilate/extended in

narrow—band duc t/contours.

sage 24.

The aggregate of t l e measures , direct ec tcwar d the

excep t ion/ e l imina t ion  of i n t e r f e ren ces , p r c v i d e s  electromagnet ic

compatib i l i ty .  Together w i t h  by cor rec t  a l l c c a t i cn  of freq ue ncies and

by other organizational actions electrc.agn€tic compat ibility is

reached because of the filtration cf spuric~ s radiations in

transmitte rs, hete rodyne vib ration s in receiving circu it s, because of

the c~rrect use of conditi cns cf pzo paga ticn, special

feature/peculiarities of locality, selecticr of the modes of

operation of radio— el ect rc4ic leans.

T he aforesaid her e relat ive to the mu tual masking interferences

in many re spects is related also tc the mutual by those imitating

interferences whic h are Examined ftrthen ix 37.19—7.21.

§7.3. Art i f ic ial  m ask inç  a c t i v e  j a i n i n ç ,  t~ e sp ec ia l

fea tur e  eeLia #-~e~ of the i r  e f f e c t  and m e t h o d s  of des igning.
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As the artificial masking active jamming can be used the

emission/radiation of ncise oscillatic-n,,vikz aticns. Noise

cscil lation ,/vibrat ion s can be created i n t en t i ona l l y  both by the

separately excited generators  and sel f—exci te d cscilla tors , wh ich is

more economica l, f o r  e x a m p l e  by the special magnetrons, working in

the noisy conditio ns/mode.

lith the s u f f i c i e n t l y  la rge  d y n a m i c  range Cf the receiver, noise

cscilhation/vibrations create the effect, analcçous to a sharp

increase in the internally—produced noise, which impedes detection

and a change in the parameters of radar signal at large target

rar~ges. Very powerful artificial active jaixing, as mutua ’ , can act

ij  principle and along the seccndary chann els cf reception/procedure.

~~~~he dynamic range of receiver is insufficient and occurs amplitude

limitation (especially in tt€ last interme d iate—freque ncy amplifier

stages, a f t e r  the contracticn cf passband~ , relation of

signal-interference a f t e r  limiter even mor e deteriorates. This is

explajoe d in P ig .  7.1 , is shown the passage th r cugh  the limiter of

th. ummodu lated harmonic in terfere n ce tcgetter b ith the signal pulse.

• 
- 

.
-~. . 

~~~~~~~~~~~~~~~~~~ 
.
•— - - -. • - .. .

~
•

_ _~~~~~~k — -
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Fig. Li. Effect of weak (1) and powerful (i, 3) inter fere nce on the

passage of signal.

Page ~25.

It is evident that with an increase in the jamming int ensity can

occur the complete suppression of signal . A raic qous effect occurs

also jn the case of the effect ot noise interference with the

ina uf ~~~cie nt d y namic ra n ge of receiver. Therefore the effect of the

ma kiag interference with tb e low dynami c range  of receive r is

especially dangerous. Bu t even with the ver y large dynamic range of

receiver the effec t of interference, equiv alent to an increase in the

intemnally—prod uca d noise, can considerably impair or completely tear
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away radar detection or tracking.

icr simplification of the e q u ipm en t  for the creat ion of

interferences together w i t h  t h e  g en e r a t i o n  of ucise, is utilized the

gene ra t ion  of the oscil]aticn,’vibrat ioqs , mcdula ted  by noise in

ampli tude or frequency. Thus, for instance , frequency— mo du lated

oscillation

(I)

whete ~Sw4t)— random m o d u l a t i n g  fun c t i c n , wil l be the frequency

mo dulated b y floise interference , if a change in the frequency A~(I)

occurs in accordance with certain rcise oscillation.

To a num ber of the electronic devices, which ma ke it possible

cc.paratively it is simple to carry out frequency modulat ion, are

related carci~otrons. Supp lying to carciaction through the video

amplifier noise oscillation frc• ncisa generato r (far example, on

thyratron in magnetic field), it is possible to obtain the frequency

mo dulated oscillation of tcr . (1). Cc n tem p c ra ry carc inot rons

allow/assume frequenc y deviation , beginning trci unity to hundred

megahertz, that makes it possible tc create the inte rferences in a

ccuparatively wide and narrcw frequency spectrum , called res~~ ct ively

tarra~. and aiming .

- —. — 

~~~~~~~~~ . ~~~~~~~~ ~~~~~~~~~~ _~~~~. -~~~~~--~~~
. 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
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Prom the fund amental pcint, th e modulate d by noise interference

is not completely equivaleqt tc internally—prcdcced noise of

receiver, es pecially, if it is generated in brcacband of frequencies.

For nçise with the unifcrm spectrul , are oct  virtually cor rela ted the

instantaneous values of voltage through the interval of order 1/àf,

where ~f — f r e q u e n c y  band.  ~eaovh i]e  for  t b~ modula t ed by noise

interference not correlated will be the valu€ s 1 div ided by interva l

1;~ F~0~, where ~Frnni — width of the spectru. of the modulating

oscillations. Nevertheless, under the influence on receiver w ith a

band less ~~~~ and tc the deviatic n ct ftequency , the

inte r~Erence, frequenc y—mcdulate d by ncise, creates virtually the

same effect as noise interfetence. In this case for transit time in

narrow— ban d receiver , is su perimposed a series cf the inde pendent

elfec ts, which cor respond to the incidence~ i.pi.qement of

instantaneous frequency into the passband ci receiver .

Page ~26.

lb. statistics of the sum of the superimposed instantanece r values at

each momen t of time app r oactes  in this case Gaussian, the law of

amplitude d istribution become s Rayleig h, correla tions prov ed to be

the sane as for the noise , passe d through tke narrow—band oscillatory
system.

‘p
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loth noise and mo dulated by ncise jai ling transmi tters they can

additjonally be retuned (to slip in frequency). The cbtained with

this jrterference is called sliding.

The sliding interference is clearly transient ran dom process.

fiowevdr, even nonslipping interference in real conditions of effec t

alic ii~comp]etely is reduced to statici~ary process. ‘thus , for

instaece, directional characteristic of slirbey radar modulates not

only aignal, but also interference .

Nowever , in a series of cases, the trarsie ncy of inte rference is

not d cisive. Specifically, for such cases will be given below the

aaalyais of detection ccnditicns against the background of the active

masking interferences.

•7.4. Eguatioq of radar , the range and visibility range R1.S under the

lafluince of the masking staticnary active ~a m mi m g.

lith sufficiept dynamic range Cf receiver, the condition of

target detection in the masking stationary active jamm ing of the t ype

of wh%te noise takes the fo rm

—

~

-

~ 

. •
~~~~~~~ ~~~~~~~~~
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(1)

where ~~ 
— energy of received signal at the input of receiver of

RLS; v — coeffic ient of d iscernabi l i ty  of preset par ameters of

detection or measurem ent; N 0 ~~ kTlLI — spectral density of

internally—prod uced noise of receiver; ~~~ 
— the spectral density of

the misking interference at the input of receiver.

~f the input of receiver affec t oscillatic~ s from sev eral

producers of the active jarsing (1= 1, 2, 3, ..., a) ,  then

N~ 
~~ 1 P,~ G~ .4 

(2), ‘~~

Here: P~, 
~~ 

— power of ocise and the width of its energy spectrum;

— value of the antenna gain in directicu 0.0 RLS for the i jammer ;

A; — effective area of receiving antenna in direction to i producer

of interferences; r~ — distance from PIS tc the i producer; ‘
~
‘
~ 

—

c~oefficient, which considers a difference in the polarization of the

inber~erence, which comes in inc. the i jauser , and the polarization,

opt imu. for the receiving antenna (are taken values from 1 to 0);

— coefficient, which considers possible deterioration in the

. ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
- -
~ ~: ~~~~~~~ 

-
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quality of interference fcc. t h e  i producer because of the use of

iodulaticn by noise (fcc noise interference ~= 1). The entering

ex pression (1) val me .3~ is determined from [(3), f 5.41.

Pac e •27.

jf the maximu , radar range in interferences, as earl ier, to

designa te r~~~ that, by replacing inequality (1)~ by equal ity, we pass

tc the equation of radar in the presence of the interferences

• I
~ I P~~O~~A

-~~~~~~~~.iv~~N,+~~~— 
~~~~~~~~~~~~~~ 

y,a~ . (3)

Scmetimes this eguatico calls equatio n radar countermeasures.

Utilizing an equation radar countermeasures , dist ingu ish the

following conditions/modes cf the cover of signal f’rcm target/purpose

by interference ; self—ccvering , ex ternal anc ccll.ct ive cover.

Self— covering it is possible tc call/name the case when

target,purpose is covered by jamming transmitter, placed on its edge.

pith external covering it is possible tc ~a1l/name the case when the

quiet target/purpose is ccvere d by jailers, collective — when

interferences are placed ftcm the Edge of target/purpose fro. other

producers .

L -~~ ~~~~~ _~~~~~~~~~~
. ‘ - — -  

~~
— ---- -

~~ 

-
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Noting that in the case of self—covering i=1 , ~~~~~~~~~~ A; ~~A ,

and designat ing r e ]a t i cn  to the maxim um ran ge in the presence and

absence of interferences 
~~~~~~~~~~ 

expressico (3) we bring to ther

tiquadratic equation

Here I is relation to t~e range in ~nterfecenc€s ~~~ to range
wi thout interferences whe n the rance in interferences is determined

dJ~sre~ arding by internally—produced noise ci receiver. Fo~ this

last/latter case from equation (3) we obtain : -

1r .%otaf1 3)— V 4AP ~ O~ v’~wa

Sciution of biquadratic equation (4) is given by the expression

~ V+ [V ~[~~~ 4—I , a’J

and by the curve/graph of Fig. 7.2, which makes it possible to find

correCtion to soistion (5), obtained disregarding by

imternally—pro ducad noise. However , in the majority of th. cases, 

- --—— ~~ _1 ~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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ccrrection is not causec by need , ~ioc e a<1 ,y ~~ a aid ~~~~~~~~~~~~

Pa ge ~28.

Bcr the conditions,mode of external cover, is characteristic the

difference for values A (
~, e) ftc. vaiue A. This is most

noticaable when antenna is tur ned away frpa producer of interferences

and interference operates  on t he  mincE lobes of rad iation pattern. If

aitenia completes surve y/coverage, for exam ple, along azim uth, then

A (~,m) —’A ~~ F ’(~—~~ e). where ~ 
— dir e  Ct ion of th e ax is of

radiaticn pattern. Let the target/purpose be located on azimut h 
~~~~ ,

and the source of interfere tce on azimu th ~. then the corresponding

valuet of effectiv e antenna area will be A —  ~~~~~ (0, a) and A l —

~~~~~~~~~~~~~~~~ Subs t i tu t ing  these expre ssicns  in (3) for  each

azimuth, it is possible to determine the range, an d al so, therefore,

to establish/install vi~ ibi]ity range icr this angle a.

The exenplary/apprcximate for, of visibility range in the case

cf twc prod ucers of interferences is shcwa cn iig. 7.3. Is

cbserved a reduction in the rang e in ocipar isco with the ease of the

absence of interferences, ev en whe n interf erence operates on lateral

lokes of radiat ion pattern. A great r€ d uctici in the range occurs in

dj..tecticn on jammer. In the vicinities of directicn on jaumer can be

created the sectors of effective suppressicn. ‘the degree of the

- -~~~~~~~~~~~~~~~ —
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decrelse of range in each case as, as the uidtb of the seCtor of

suppression, depends on the parameters cf radar.

jf we analogously investigate the depe rdence of range on s

then it is possible to ascertain that only does not decrease the

range~ but also descends the ce i l i n g  of detectien and rises the lower

j edge qf visibility range.

I



~~~~~~~~~ -~~ -~~~~~~ -~~~~~~~~~ - - - -- - -- - - ~~~~ ~~~~~~-— -

CCC ~ 78133801 PA GE 18

0.2 ~ S ~O t,Z~~

Pig. 1.2. On the calculaticv of the range dLnin g self— covering on a

precise formula.

f$.g. 7.3. Visibility ranges of ~LS in the atsence (1) and under

istluence of interferences from tuc directions (2).

I
S

Pig. 1.4. Form of PPI scope under inflaen:dc Cf  interferences from two
directions.

&i.. .— - 
_~.— - - - -:u~~~11flCt a- _.~~ -‘ n r.—r-- --r-r- ~~~~~~~ —~~. __-_a ——
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Page 429.

The given examina t i cn  concerned RLS w i t h  the  suff ic ient ly  large

dyn am ic  range of receiving circui t , for examp le with automatic gain

coqtrc.l on the level of interference.. If t h is is not observed, then

together with the loss cf the possibility tc spat a target at long

range will be lost the possibility of target detection and at short

distances, since t h e  i n ter f e r e n c e  leve l  car  exceed the level of

l imitation in the circuit  of receiver .  For the case, depicted in Fig.

7.3, jn the absence of autciatic gain ccntccl ard the insmfficient

dy~ a.*c ra nge of receiver cii indicator wil l be cbserved the  picture,

sbcvn on Fig. 7.14.

§7.5. Possible principles cf p r o t e c t i cs  frcz the masking active

jamming.

Uotective measures frcm the masking a c t i v e  jam ming dan be

suff ic iently ef fec t ive  only in such a case , wI~es does not occur the

seppressions of signal ~ecavse of the insufficient dynamic range of

receiver. In this case, can be accepted the number ot the measures,

ccvnedted, for example, bith the use of th e  f requency ,

th ree~ di monsional/ space , p c l a r iz a t i cn  selecticc , etc.

- - —~~~~~~~~~-~~~~~~~~ --~~~ - - 
~~~~~~~.
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As can be seen from expressio~s (1) anc (3), to an increase in

the range in interferences will contribute all measures, increasing

the left and decreasing th e right side cf these expressions. Thus,

tot instance, increase in the ene rgy of th e soun ding signal ma kes it

possible to increase the range in interferences proportionally

~~3 in the mode of external cover and V.9 — in the conditions/mode of

self—covering. An increase of the factor of amplificat ion of the

transmitti ng antenna in direct icn in target,purpese lakes it possible

to increase the range ii iDtettereice s alsc prcpcrtionally i

’

~~~~~~ in the

conditions,mode of external cover aid J/1~ in the conditions/mode of

self—Cover i ng.

The decrease of p o i ar i z a t i cn a i  c o e f f i c ie nt  
~ 

some times can lover

the ettect of interference in ccmparisc n with the sft ct of signal.

Tb. d*crease of tb~e coefficient of d i s cer o a hi l i t y  v also

contributes to the solution of this ptcblem . As a whole, the range of

action in the conditions/mode of self—ccverung is proved ~o be

isversely proportional J and j~7 Pinally , the decr ea se of the

relatjve level of lateral lcbes of radiatjcn pattern A’/A (or even

the f~ r.ation/education of failures in .ajcr icte in direction in the

sources of interferences) makes it possible to increase the range in

the c~nditions/mod e of ex ternal cover p ropcztic nally ~-~A ’f A .

~~ ~~~~~~~~~~~~~~~~~~ 
.~~~~~~~~~~~~~..~~~~~~~- - - . - - :- -  

—— - -.--- 

~~~~

-- - -

~~
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Page 430.

let us turn tio somewhat more cetailed €xaainatic n of the

enumerated above possibilities. An increase in the energy of the

scunding signal cap be realized via the iacnease of power and

increase in the duration of signal. Energ y cf the sounding signal

wA ll he rationally utilized for recepticqjpccedure only in the case

ct approaching treatmentjwctkung tbe adopted oscillations to the

op timmm (otherwise grow/rises value v in the right side of

equality).

An increase of the antenna gain i~ direction in tar get/purpose,

creating the concentration cf useful energy, can b th. sam e time

retard sur ve y/cove rage cf s pace, i f  this ccccen tratica wi ll be in

eqeal measure provided for all dir cticrs. As has already been

indicated in §5.5, are developed at presen t the methods of controlled

survey,icoverage with thc sequential analysis when the t ime dur ing

which the antenna is directed tcvard target,’p%.r~ ese, depends t of

detection conditions and , in particular , 04 int -~rference situation.

Especially great possibilities for using prcgzammed automatically

cpntrqlled survey/coverage are opeu,disclosed during the

application/use of the transmitting anteflflas with electronic beam

__________________________________________________________________________________ ____________
________________________________________________________ -- ‘. _~~~=,_~~~~~ . -

_ —
--.-~~.--

.—~~~~~~~~.
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co~ trçl in the form of the phased gratings. In §5.5 were given

published in the li tera ture the da ta of the simulations, according to

which the gain during the use c i a se quen t ial analysis in the case of

the djfferent effect of interferences from different directions is

especially great (5—22 CE).

4t is know n that tie receivunc antenna is usually inclined to

some £pecific polarization cf the received signal: linea r, circular,

cr in the general case elliptical. Are possible antennas with the

adjustable polarization. If a n t e n n a  p c la r iza t i on  is

establish/installed the corresponding polarization of interference,

the e~fect of the action of interference will be greatest. Thus, for

instance, for the vertical polarizatiop of interference effect will

t~e grfatest, if recepticu/procedure is coadccted to vertiCal

vibrator; for circular polarization with the rctation of ~he vec tor

of field clockwise the effect of actio i~ will L€ greatest, if antenna

is designed to this same the fcr m of p clariza tic~. Kno wing this tact,

aitenia it is possible by the fact or in a;cther manner to change for

orthoqcnal polarization , i.e., for the giver~ examples — to

horizqntal , or for circular polar izat ion, but w ith rct at ipn

comnterclockwise. For elliptically pclazizec wa ve orthog onal is also

elliptically polarized cscillation, but vjtb the shifted on 900

positton of the ellipse of polarization. Jn all cases indicated it is

ppssible to attain the essential weakening of interference. Will be

iL~~~ .
-----— ——- —-- --— ---.-~~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~
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ct will not occur in this case respectively the weaken ing of useful

signal, it depends on t h e  p c l an iz at i c n of tie cscillations of signal.

It the polarization of the cscillations of i~sefu l signal Coinc ides

precisely with the polarizatio n of the c~~ illa tie~s of interference,

simultaneously with interference and in the same measu re will be

attenuate/weakened signal. Since (even during tie fixed for

€iissjcn/radiation polarization ) the pclatizaticn of the signa ls,

reflected from actual targets , is rand cm, in t~ e general Case not

coinciding with polarizaticu of interference , there are possibilities

in principle to attenuate,weaken irtertereipce greater than signal.

Pa~çe 431.

~or the increase of interference shielding, it is expedient to

decrease the coefficient of discriuima tice 
~ 

in ((1), §7.11]. The

decrease of coefficient v is achieve d because cf the

ap~ ro&ch/approximation c i recep tio~,’prccedute to opt imum. If

interference is stationary noise interference of the type of white

fleise, then decrease 
~
, is achieved by the already examined

cp timjzatloa of recepticn,’pxoc€ dure for such interferences. With

filter reception/procedure this, in particvlar, indicates the use of

an optimum frequency characteristic , i.e.., cp t imua frequency

selection. Frequency selection is more effective , the wider the

intertórez~ce spectrum i t t  cc.paniso r with the spectrum of signal,

-
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~~~... if in te r fe rence  is b a r r a g e  i r  f re qu e ;c y .  In this case the

sp~ctral jaaa~ng d ensit y at the assigne d ~CbEE of jamming transmitter

descends inversely prop cr t i cna l  to the noise tard. Spo t jammings

(with the smaller f r equency  han d), as a rule , are more effective, but

tc with more difficulty realize them., ‘the creation of spot jammings

in th~ grea test me asure h in ders in the case of the rapid r e tun ing  of

the fr eque ncy of ra dar, wit h t i e  m u l t i f r e q e en c y  cr broadband sounding

case, etc. If the noise band is considerable already of the width of

the spectrum of receive d si çn a l , then the resulting noise it is not

possible to consider whi te .  In this  case of op timum , is frequency

ch araCterist ic wit h suppress io n in the noise ba n d  or , in other words ,

exp ed jen t ly  the use of ~an icus  k i n d s  of the  t u n e d  band rej ection

fjlters for the oscillaticns of interference, which leads to the

essential decrease of th e  coeff ic ient  ci d iscernabili t y v (see

~ 7.~8) —

A decrease in the side—lobe level cf radiation patter n can

noticeably attenuate/weaken interference eftect and is the

inde pen dent pro blem, especially inter tant in the case of external

cover4 From the theor y cf an tennas , it is kn own that  a deCrease in

the l*vel of lateral lotes can be reached b ecau se  of an increase of

tke size/dimensions of antenna , rational field distribut ion into

apert ure, the increase ci th e  precisic;v oZ iam~ifacturi nq, decrease in

the e~ fect of re—reflection from the ad jacent object s. The increase
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ci th. selectivity of antenna can he attrikuted to the category of an

improvemen t in the three—dimensional/space selection of received

cscillatiops.

~cr an improvement in the thrce—dimen sicnal/space selection of

signal against the backgroun d of the interfe ren ces, which co me in

m c i  separate directions, can he also lit prin ciple used the described

in the literature methods of the incoh erent and coherent compensation

interference oscillat io~ts. For this, tc qether bith funda mental can be

begun to operate s u p p le m e n t a r y  an tennas  (~n a~tenna of the type the

phased grating — separate cell/element s of this grating). The

possibilities of the coapensation interferences were formwlated by

Soviet scholar 14. C. Papaleksi sti]l several decades ago (9].

Puge 1432~.

if signal, receive d by supplementary antenna, compenw ates for

the sjgna]., taken on lateral lobes of f uad auental an tenna, af ter

detector, one should speak about incoheren t ccipensation. If this

compensation is conducted at high (intermediate) frequencp , it is

possible to call it coher.nt.

rigur es 7.5 schematical ly show s th e s~~st a m , whic h includes the

mais~ and two supplementary antennas. Tc each antenna corresponds its 

— — - — - - -— ~~~~~~~~~~ ~~~~~
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clannel of reception/procedure. The osclllaticgz, pa~~.d through the

corresponding channels ci receiticn,prcceduze, are sup plied to

summato r . In this case, at least in two supplemen tary channels in

amplitude and phas e are regulate d ccmp cs i te  t r a n smissi on factors K~
and K 5. If composite d ir e c t i c n a l  c h a r a c t e r i s t i c  cf channel s take f o r m

F~~( O~ , F& (O), 
p2(O), then total ccmposite  airectional cha racterist ic

can be presented in the form

F 1 ( O ) —F .(O) -s- I ( 1 F 1 (O: + K ~F,(O) . (1)

Then for the angular ccordina tes  of t h e  sources of interferences

6~ a n d O~ it is possible to a t t a i n  th e  fo nu at i c n / e d u c a t i on  of

f a i l u r e s  in resul t ing d ir e c t i o n a l  c h a r a c t e r i s t i c  for these

directions. Those necessary for this value 
~ 

and l~ are determined

f r c m syste m of equations

F,,~81) + K1 F 1 (0k) + K, F, (8 k) —0 ,
~2)

F 0(01) +!(~ F 1 (Os) -F !( i F 1 (~~1) 
0.

failures  in d i rec t iona l  characterist ic, forme d because of the

c~ herent compensation interferences , cr eate the supp leme ntary reserve

of the three-dimensional’space selicticit of the inte rferences, which

- ___



-~~~
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aflect bot h of the main  t b i r g  and of latera l  lches of directional

characteristic. Especially wide scope fcr a p p l y i n g  the compensation

method s is open/di sclosed dtriog tie use of rEceiving antennas in the
for .  Qf the phased g ra t i ngs .  

- -



1
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K,

i n

Fig.. 1.5. System with two supplementar y receiving channe ls for

f o n m i m g  fa i lure s in the resu l ting  radiatip it p a t t e r n .

LI
Fig. 7.6. Diagram with correlaticu feedback.

Page $33.

The selection of ccefficient s in muLticharnel diagram s, si.ilar

to diagram in Fig. 7.5, it is possible to acccmplish , by vtilizing
pnincjple  of correlat ion fee d b a c k .

rigureó 7.6 shows d i ag ram wi th  tw o i n p u t s  which  enter the

_ _ _ _ _  
IT
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voltages one and the  same of f r e q u e n c y  w i t h  cc mp o s i te  ampl i tud es of

1J•(t) and U & ( t) ( for  example , frcm furdamer-tal aid supplementary

antenmas) . on sumiator is f c n m e d  t ie  v o l t a ge

U — U 1(t~— K U 1(t~ 
- (3)

there is a feedback locp b i th  the o u tp u t  of  summatot  to

c~;trqlled member — •ultiplier in the circuit of the  s u p p l y  of the

first voltage. In this circuit is included the equipie nt,device of

the c~ iputation of the estimate/evaluation ci ccvaniance U2 U1 . The

latter with an accuracy to c o n s t a n t  X ii utilized as the governing

factor K, supplied to ccntrcllable cell,eleient. From two equations:

K — xC~1J and (3) , it is possible to f i n d

K= (4)
I +z t U 1~

1

f t  It 
___________

~~ 
lit. M

~t is easy to see tha t  du r ing  ~ 
-

~~ 
c~~ and the sufficient

correlation U0 and U1 (for example , when U1~~ CU,, where C donst )

occurs the ccmp lete compensa t ion ,  i.e., U~ it is turned in to  zero.

The mul t ip l ica t ion of c c m p l e x  a mp l i t u d e s , as is knqvn , can be

_________ ______ - -~~~~~~~~~~ - -~~~~~~~ 
- 

-~~~~~~~ - ~~~~~~~~~~~~~ ‘ ~~~~~~~~~~~~~~ -
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r.ali; .d, for example , via conversio n of f re q u e ;c y , av eraging —

t~ cause of integration in n a r r o w — b a n d  f i l t e r  (~~3.16) . The same

process/operations can be produced by analc~ q u a d r a t u r e perfecting

(~~3.83 or of transition to digital ccmp ute r technology.

the compensat ion e f f ec t interfe re nce Is prcv i d e d, if correlation

feedback enveloped each of the inprts of diagram. So t h a t  the voltage

U~ voald enter in this case to the output ci summato r in the absence

cf the correlated i n t e r f e r e n c e  w h e n  ccntr c.]  vc lt a g e  — K0 is turned

intc lero, to it leans ~elght vcltage ~~.

- - ~- ‘ T ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ - -‘P 
~
‘

~‘i~~
-
•
~ 

- -
- 
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Fig. 7.7. Diagram of c o i p e n sa t i c n  with correlation feedbac k at both

ia p Ut £.

Pa ge •314•

Ini t ial  equations then take the fotm :

Uz— (—K . ~ tz,U,—KU 1. (6)

IK.—xlh Uo~ (7)
- ! (— xUx U . (8)

3ubstituting (6) in (7) and (8), it is easy to obtain system of

equa tjcns: 

— ‘. ‘~..
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iç i +zfU ]~)+K
(9)

K.~O11~+~ (i+x101’)— axRlii’.

luring z —
~~ ~ —

~~. 
— const # 0  and tbc tctal correlation of

voltages U, and U1. when U1 —CU,. f rom (6) and  4 9) we will  ob ta in

t h a t  Ur— O .  i.e. tb i s  c i a g r as , as p r e c ed i n g/ p r e vious, can

realise the com pensat ion i n t e r f e r ences.

Tcgether with  the cc .pensa t ion  interteLence , both of d i ag rams

ca~ realize the  compen sat i cn  s i g n a l , if t he  du r a t i o n  of the lat ter  is

suf f i c i en t  fo r  the r e t un i n g  of d i agr a m .  In the  cas e of ver y short

signal the f i r s t , and secc~~d d i a g r a m s  w i l l  Le in c l ined  onl y for  the

c.cipacsa t icn  in ter ference .  It is easy to see t h a t  in t he  absence of

imter t erence both of d i a g r a m s  g i v e  the  v a l u e s  ci the governing

factoEs K and K 0, equal  to zero. Th e  o u t pu t  v c l t a g e  of the  second

d iag ram in this ca se Ur = czU,. i.ee in the aksence of interf erence

each qf the  d iagrams passes t h e  o sc i l l a t ion , wh i c h  cc.es in along

fonda.enta l channel. With =1 b oth of d i a g r a m s , are identical. It is

easy to understand that  if in d i a g r a m  (Fig .. 7 .7)  a=~~, and in its

lower part to the voltage of correlation teedh ac k — K will be added

tIe ~eiyht o~ , t hen  o u tp u t  e f fec t  in the a tsenc e of interferences
~~~~~ u:—o,u,+a 1 u1.

~~~~~~~ ~~~~~~~~~~~~~ - - _ _ _ _ _ _
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Sn the basis of that presented , without giving more de ta i led

lioinq,’calculation s, it is possible to uOdeLstard one of the possible

schematics cf the construction of self—tuning of an antenn a of the

type the phased grating (P i g .  7.8) f 15fl,. In each of the

cell/elements of the phased gratinc , is utilize d correlation

feedback. in the diagram the c cr r e la t i cn  teecb ack is showa onl y fo r

eztrem€ (left and right ) cell/elements. Term s ~~~~~~~~~~~~ ..., provide

the best e f f ec t  of the L e c ep t i c r ci  signa l in the  abse nce of

interterences (they analo gors cf ccmp o~ ent ~ ii diagram in Fig. 7.7).

In the presence of the interferences , arrivin g not mor e than from n

directions , is possible t h e  f or s a t i cr / e d u cat i c r of f a i l u r e s in

di rec t icna l charac t e r i s t i c,, in these directicns . is sbown detailed

analysis for the d iscrete case (similar given in 4ppendix 9 with

continuous antenna). forminc directic nal characteristic is optimized

te h ing intc accoun t in te r fe rences, pro v id in ~ th .  most advantageous

three—dimensional/space selectici.

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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_  _

F~ g. 1.8. Nultichannel schematic ot tbe coipensation interferences

with the use of correlaticu feedback.

-

— 

- - ,r ~~~~~~~~~~
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Page *35.

B.- Passive masking j a m m i n g  and the prii~ciples cf  protect ion from

the i .

~ 7.6~ Passive masking  j a m m i n g  and methcds  of i ts  creation .

As has a l ready  been indicate d ah ov e~ t h e  n a t u r a l  passive

interferences incl ude tb e radic  i n t e r f e r e n c e s, creat ed by n a t u r a l

reflectors (ground features , water surface, b y d rcme teors, the aurora

bcrealis, etc.). Phese interferences can sutstantially upset the

operation of the air por t racar s, which Ensure landing, and radars of

s]i t5ry designati on/purpose, utilized for target detection,

especially at low a l t i t udes .

Videst use from the ar t ificiai mas king passi ve interferences

received the interferenc es, cr e atec by dipcle cc~ fu sion reflektors.

As noted in  § 2.5, they are the passive halt—wave vitrators, prepared

frcm chaff, foil or the metallize d glass an c k apt on  fi 1am~ nt. The

ii 

~~~~~~~~~~ ~ 1
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length of na r row—band  e le c t i o d y n ami c  shakers  is selected

appro ;imately  an equa l to hal f  w ave leng th  Cf  suppressed Rk S. The

w i d t h  of belts depending cq t he i r  ]en g tb  ca r  be wi th in  l imits from

several mil l imeters  to several  centimeters , and the diameter of

filament — from ten to h u n d r e d m ic scns  w i t h  the  thickness of the

metal l ic  coating of the cr der  of ones of m i c r on s .  -

IJsually dipole reflectors are coll€ct-,it u ilt  int o pack ets in this

quantit y t ha t  each packet according to its r e f l ec t i ng  properties

would  imita te  actual target  (a~ = a ~). lbe n u m b e r  of ref lect ors in

packet n deper4d s on the w ave band in which w o r k s  suppressed RLS , and

cam be determined in accordance with [(5). ard (6), § 2.5):

n = ~ /0, 17~ .

Page 436.

Nain disad vantage in such packets — narrow r a n g e  of cver lapped

frequencie s (5—100,0) f z c m  resonance) . The f requency  band can be

e~~pan4ed , if packets are completed f rom the v ibra tors  of d i f f e r en t

length or are increased length and the tr a r sve rse  size /dimensions of

dipoles. Pac kets can be place d between the  special belts which are

coiled a round  the d r u m s , arrange/ located in  cassettes. Wit h them can

equip itself an t i radar  receptacles.  Recent l~ appea re d the

report/communicat ions against deve lop ment s ab r c a d  of equipment  for

-

~

-

~

- 
~~~~~~~~~~~ - .- ----— - - .
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the creation of passive j a m m i n g  w i t h  t h ~ c u t t i n g  of the dipo le

re tlectcrs  on board a i r c r a f t  in dep endence  cm t h a t  r econnoi t red  the

f r equency  band  of s u p p r e s s e d  R L S .

For t h e  mask ing  of a e r i a l  t a r ç € t s , t h e  d i p c l e  ref lectors  are

dump ed in the s u r r o u n d i n g  sp ace  on t h e  aid ci a u t c m a t i c machines  and

bombs ( i n t o  rear h e m i s ph e r e ) or are de tc ib a t e d  w i t h  t he aid of guns

and rockets ( in to  f r o n t/ l e a d i n g  and  r e a r  beiispberes) . I n  th i s  case,

t h e y  can be create d bo th  c o n t i n u o u s  b a n d ~ ( c l o u d )  of passive

re f lectors and the b r e a k in g .

The cloud of reflectors is characterize d ty its density. The

density of passive r e f l e c t o r s, d e t e r m in e d  b~ a cu a n t i t y of packets

per usit of path, with flight on or from •L~ is loca ted through the

form u.h a
(I)

~
jI~ lC~p

where z — a mem ber of au t c m a t i c  m a c h i n e s  of t he  dropping of

reflectors ; c~ — sp. .d of p roducer  of i f l t E L f e r € a c~s; ‘~~~~~ — time

between the J.ttisonimg of the packets of dipcles.

En o v i n g  the d e n s i t y  of d ipoles , it is easy  to cal cula te  a

qmantity of packets in cm. ~u1si s pace
—

where ~~~~t 
— range resolstiqm of suppressed VI!.

- - 
:~~~- ‘  ~~~~~~~~~~~~
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F~g. 7.9. Explanat ion tc the calculaticu of a quantity of packets in

space V.

Page 437.

If with passive jaim ing is masked voiu,e V of space, in which

the system of of those sp read  on a 2 i lu t h  and angle of elevation of

aircraft passes distances of ~ (Fig. 7.9)., tbe.zi a quantity of

packets, jettisossd intc this s pace, is determined by the ex pression

5
~+mW

a,4
~ :~

-;
~;‘ 

(2) - -

where 1, 1, H — sixe/dimemsiona of the dksguieeU. s pecs W; Ar , ra~,
r6s — iis./dia.nsions of pulse space of RLS at a distance of r from

stetiçn.

~or the masking of target,purposes, it is necessary that the

~-1

- - - - - - - - —  -. r - - - - - 1.’..- v--w ~~~~~~~~I I -~~~~~~~~~
___

~ _ _~~~__~- 
- - - -

— - .  - — -
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average/mean e f f ec t i ve  s u r f a c e  of the d ipoles , which occupy pulse

space of RI S, woul d exceed the avetage,mean effective surtace of

target/purposes, w h i c h  w ere  b e i ng  f c u r d  i.e t h is  space. Disregarding

the mutual screening of the dipcle reflectczs, aid also by their

sttain and destruction w i t h  d t cp p l ng ,  it is possible to de termine the

average/ mean e f f e c t i v e  s u r f a c e  of the cloud Ct the  dipol es , which

occupy pulse ones space, by the fc rm ula

~~~~ O,1Th• i~ma, an,~,.

The ccndjtion of suppression of ILS, ~~ t h a t  not sh ielded f r o m

passive jammin g, it is possible tc reccrd ii the form

~3)

a.d fqr shielded RLS

(4)

where  K~, — a coefficient of the  subc lnt t er  vi~~ih i li ty  of protection

equipment (0 7.18), and V — a coefficient of discernabik ity.

~ 7.7. ?u~ damen tal d i f f e r e n c e s  for  the  si gLa l s  cf ta rget ,~p.ur.posee and

• mask in g  passive in t e r f ez € ~ ces.

The echo from target/purposes signaLs and the masking passive

isterferences have the specific differences, ccnnected wit h the

d,itferences of target/purpeses and reflectcrs, which create passive 

- 
-— — ~ -:‘ ~~~~~~~~~~~ -t-~~~:~~ 

—
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jammiog. To a number of these dittfrences, can ke attributed:

1. Dis t r ibu ted  c h a r a c t e r  ci t h e  mixiag reflectors and close to

that  concentrated - the briçht cei],elevents Cf target/p urpose.

Theretcre , by raising r e s c lut i c n  c~ coordinates and by reducing in

this case the size,dimersicrs cf tin scive d space (in any case, to

tb• slze/dime~ sions, which exceed the size-~dia€vsions of aircraft),

it is possible to attain a q im p rovemen t in t i e  cb servabil ity  of

signal against the tac kg rcur.d cf pa~ siv€ jaiming.

2. Differences in polarization of ecbc signals are observed, if

passive jasmiqg is created, for exam p le, by bydrcm.teors 4rain ,

cloud), , which consist of sm a l l  d r o p s , which  h a v e  form of sphere. If

h y droseteors are ir r a d iat e d  b y c s ci l l a t io n s  w i t h  circula r

pclarization,, then they reflec t oscilla tioqs also wi th circular

polarization, but with the reverse (if is lcck€d in the direction of

prcpa4ation of wave) rotation of the plaae of p c la t i za t ion .

Pa ge ~38.

If redeiving an tenna  doe s not rece ive oscillat icm wi th  t h i s

polar4zation, it never theless can accept oscillations from the

target,purposes, which possess the a s y m m e t r y  of struct ure (~ 2.15) . 

— — - - -
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3. Differences  in rate  of d i sp l acemont ,iaove ren t  of i n t e r f e r ing

reflectors and target/purpcse. The rate of tie displacement/mo vement

of th. ground—base d mixing ref lec t crs of rmlatively ground radar is

eqia l tc zero , wh ile t h e  being of practical interest tar get/purposes

th ey  ~re mcved with sufficiently high rate.

If passive jammin g is crea te d b y t he cc c fus ion refle ktors, then

these reflectors, being are discarded from aircraft, rapid ly lose

initial rate, acq~~iring the rate, close to wind velocity. Since wind

velocity is not constant cq height~ altitude , i~ accordance with a

h.igh—~ ltitude jump/drop (gradient) in this ve loc i ty ,  occur s the

velocity spread of the c c n fu s io n  r e f le k t or s .  -

levertheless, differences in the rad~.al velocity of

target/purposes and reflectors are and can be -used for a selection on

velccjty. Selection on velocity (otherwise cm tie effect of the

motion of target/purpose) ca l ls  t h e  select icu of the dri ving/moving

t a rge t/purp oses  (SDTs) .

At base of SDTs lie/rests the pbencmencn of the strain of the

structure of signal with reflecticE frcm the driving/moving

target/purpose (see § 2.9). This piencietion is illustrated in Fig.

2.16 fcr the simplest s i n g l e  radio  pulse and in Fig. 7.10 for the

sequence of short radio pulses. Figures 2. 16, icr exam ple, shows the
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curve/graph of the moticn ci target/purpose and the curve/graphs of

th. propagation of begirn ing and end/lead ct the

acmentua/impulse/p ulse. It is possible to ascertain that during the

•oticn of target/purpose frcm radar prccae d~ an increase in the

durat4on of entire pulse and period of high—frequenc y oscillations‘

~~~ ~~
(1+ ~~-) once (see § 2.9). For a pulse sequence (Pig. 7.10)

cccur* the extensi on also of the in t e r v a l/ g a p  be tween  two adjacent

mom entum/impulse/pulse s int c a number euce indicated , so that this

icterval/gap obtains increment ~T = T. Ci Fig. 7. h a  shown

corr esponding change in the spectrum ten tbe case of Fig. 2.16, while

in Fig. 7.hlb — f o r  the  case of F ig .  7. 10 (cn t he  assu mpt ion t ha t  all

radio pulses of th is figure they reptesent cut Cf one sinusoid , and

the  sequence of m o m e n tu aj im p u l s e / p u l s e s  is periodic) . In Cach of the

ca ses indicated to e x t en s i o n  a l cag  the  axin Cf tias ~
-
~~~~

-
~~
‘ omc e

corresponds the co m pressioq of the axis of trequencime dur ing the

lotion of target/purpose also oncs~ it tie uidth of the

spectrum as this is shown cm Pig. 7.11.. 4t is small in cemparison

v~a.th darn er, then the strain of ti€ amplitude—frequen cy spectrum is

re duc•d to its displacement to certain top pier frequeimcy F~ = v— . ~
similar effect is show n c; Fig. 7.hlb icr tie ccmb spectru m of the

periodic sequence at r dd ic  pulses.

— ____  — — ~~~
-
~
-— -

~~~~~
- —~~~~~ ~~~~
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Page ~39.

F-i

F
Fig. 7.10. Rzplanation ci *~ ansforsttj~~ of periodic sequence of

rad io pulses, reflected by drivimg~ movinq tright point.

f r /f  4

f a  f
C,

4~~~ ’ .~~~ /.~~a i’. f,
-
~A
•
~~~~ /.~~~

Pig. 1.11.~ Transformatica of spectra ct sjiçle radio pul~~ (a) and of

periodic sequence of radio pulses (b)
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Page 40.

Nuierjcally change in pwlse separation because of the

high— sp eed jvelocity s t ra in  ci s i g n a l  is small . For example , for

1~~10— $ s, v= 150 n/s and c23 . 10S m/s it is 1 0,  s, i.~e., the  va lue  of

th. same order as the period of high—frequetcy cscillations. This

means that  the strain of s ignal  can be notec cnly with respect to a

change in the  phas e of t i g h — f r e q u e r cy  csci]iati.cus. In order to

utilile this possibilit), are presented suf ficiently stringent

requirements for t h e  phase  s t r u c t u r e  of h i g h — f r e q u e n c y  o~~ il lat ion s,

ctheru ise  — to their coterence.

They dist inguish seve ra l  f o r m s  of the pr ov i& ion  for coherence of

caciliations.

1. Tr ue in ternal  ccherence is reache d by fact that oscillations

are created by stable m a s t e r  c sci lla t cr , a f t e r  whic h will cost power

amplifier with stable phase response.

2. Equivalen t internal coherence is reached b~ fact that

______  -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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sm if—excited oscillator develops sequence ci •cmentu./ impulse/pulses

of cons t an t  carrier  f r e q u e n c y  w i th  random initial phas es. The initial

phase of each sounding p ulse is •eicri z€d d in i n g  the period of the

reception Cf the echo signals to fcllowi,~g scunding. By the

corresponding perfecting Cf the adopte d oscillaticn this phase is

eliminated and the adopted cscillations are pccved tc be by virtually

the same, as in the case of true ccher ence .

3. External  coherence is r ea c h e d by  t a c t  t h a t  i n fo rma t ion  about

ra ;dc. initial pha se of sounding pulse is e x t r a c t ed  fr om incoming

fro. passive reflectors csciu]ations.

The principles of the tecl:nical reali2aticn of equi .alent

in ternal and external ccberenc€ are in greater detail developed

fur ther .  Thus fa r  this w i l l  not be s ti p ula ted  eEpec ial ly ,  let us

preposa subsequently that cccurs the true irtermal coherence.

jf the secondary emitters, which have different velocities, are

permitted on range and angular cooxdina tese then independent of the

form ci coherence, the prob le m of selectio n in velocit y consists of

th* döwelopnent/detecticn cf t i m e / t e m p cr a r y  (phase)  or spectra l

differences for di fferent sections of space. For example, for the

signal of rig. 7.10 one should determin e , t ie rs  is or ther e is no

diaplicement of the spectrum for tte DCp~ 1EL frequency, wh ich

‘I 
________ ____________________________________________________________________L ~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~ _ _ _ ___

~i~
_ 

~
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corresponds to the radial velocity ci target/purpose F~~.

Considerably more cciplex is the p robl . ci the selection of the

driving/moving target/p urposes whe r target,i&u n pcse and the mixing

re flectors are located in one elemen ta ry sc i ve d space.. In this case

it is necessary to iaprcve the conditicus Ct the detection of signal

ftom targe t/purpose aga ins t  the  b ackgr cun d of p assive lamming beca use

of the occurring time/temporary and spectre] ditfere nces. The latter

is reached by the rejecticu (suppressicn). ci the oscillations of

interference and accumulaticn ci signal.

• Page i1~1.

The principle of the rejectio t of the cscillat icns of

interference lies in the tact that are prp~ ided the cond itions of its

sup pres~~on, fo r  e xam ple, the spectral coipcnents of inter ferences

are -
~~~~~ ‘ out (Pig. 7.12). The accumulat icq ci signa l lies in the fact

that ~~‘-~~tral components of signal are pro essec for purpose of the

best jsolation ,’li bera ticn o f signal against t ie b ackgr ound of noises

and passive jamming. Since tie re qvi re ien t s cf rejection and

accumulaticn can prove to be contradictory, for understand ing of

their optimum relation ship /natic w ith the se lec tion of the

driving/moving target/purposes , can be use d t ie formula of the

cptiae. filtration of signal against the backg~ enmd Cf n o nw h i t e  noise

ubich is set forth in fcllquinq paragra ph .

-~~~~~~ - —-  L-~~~ - .
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FJ g. 1.12. Exp lanat ion ci t ie  p r i n c ip l e  o~ the  re jection of

in terference .

Key: f1). Signal. (2). Interference. (3). Frequency char acteristic of

su ppressor.

~ 7.8,~ Formula of the optimu . filtratict of signal against the

backgrcund of stationar~ ncn white noise and its applicationja-ppend+v1----.

As is known (see § 3.~ ), stationary random process with uniform

spectral density the extra—limite d frequency band bears the

designatio n of white noise. If this poise it passes throu~ b the

linear system from that limite d in the freç~ency band by the

amplitude—frequenc y characteristic , t hen  i t can be name d nonwhi te of

ucisel. Thus , nonwhi t e  raise is ch ar a c t e rj 2 e d  by t h e  n o n u n i f o r .

distrjbution of spectral power density alcrç thi axis of frequencies.

~~~~~~~~~ --~~- --- - -- -•- —-- --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The same nonuniform distribution of spectral power densit y is

characteristic also for passive jailing (alcEg cther thing s with the

su perimposed internally—produced ncise). I D  body itself, if passive

jamming i~ certair~ pulse spac. is formed by the reflectors, w h i ch

have different radial velocity ~~~, (corneepc;d i ng to DoppLer

frequencie s F~r o) . th~~~ the spectral power de~sity of total inter ference

vj.1l be determined by ti. expresaicn of the fcr.

- (1)

wber — the proportionality factors d.pen&img on a n~~ber of

re flectors in the solve c s pace, w h i c h  have  r a d i a l  velocity O
~~; G(f) —

t he  spectral densi ty of i n t e r f e r e n ce for  moticnless  refledtors taking

ieto account survey/coverage op angular c p cn d in a t e ;  N 0 — the spectral

density of white noise.

Page 1112.

under specific cond i t icns  the  maxiiuss of spectr al density

corresponds to average toppler freguency ~~~~~ lie vidtk of the

spectrum depeqd s on the degree of tb~ scatter of velocit ies and wid th

of the peak of the spectral de n sity of the sounding signal.

Zinc, a number  of n e f l ctcrs and the d i s t r i b u t i o n  of velocities

cam b changed from one sclved space tc anc ther , i* the ca se of

coi~sedut ive sur vey,cover age t h e  r an g e  an d tie a z i m u t h  pa ss ive jammin g

- • ~~ • 
—- __________________
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cne shculd consider tratsiect .

nevertheless, during the study of the ~ossibility of selection

w i t h i n  the l imits of each ~ c l v e d  space t r an s i en c y  is une ssential and

inter~erence in the first approximatio n, can be replac ed with the

stat içnary nonwhit e noise , simi la r t ha t  w h i c h  is obtai ned with the

passaqe of white  noise t h i cu g h  f i l t e r  £ 189].

Therefore the wh ich interests us formu la will be derived for

statiqnary noqwhite noise. Fefcre apprcachivg tcward the derivation

c f t ~tor iu la  let us note that  the n o n w h i t e  ncise u n l i k e  whi te  calls the

correlated noise. This asan s that there axe suc h finite time

in tervals, that the discrete values of voitage , whic h corres pond to

the end/leads of t hese i n t e r v a l s, wil l  be ccrr e lated wi th  each other .

Thus, let us derive t be fc rmula of the c p t i a u m  f i l t r a t i on  of

signal against the b a c k g z c u r d  of nc~ vhite (ccrrelated) steady noise.

Assuming that spec tral densit y N(f) aryihere non—vanishing, let

us assume that the noise with a spectral pc~ er density of N (f) and

signal with a spectral density of stress of g(f) are passed through

the filter with the freçuency characteristic 1c0 (f) (Pig. 7.13). The

ampl i t ude—frequenc y character is t ic  of this pre l imina ry  f ibter  let us

select so tha t  the spectral jauming deu~sity at its outpu t N (f) ~K0(f))~

~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 L1 . . J—- ~ -~~ - ~~~~~~
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wou ld not depend op the fregue n cy

N ( f l I K.(!)~~~ const—C,

cr

If all values of spectzal density 1(f) are fina l, t hen

pr elimina ry fil tratio n will not lead to the loss of any spectral

componen ts, i.e., any ccm p cre a t of the spect ium can be

restore/reduced by the ~ub sequen t  f i l t r a tj c n .  since the  noise at the

output of preliminary filter becam e whi te, cp ti .um det ection is

realiSed via the know n proc edure of fi l trat i cn against the background

ci the  w h i t e  *oise (see C h a p t e r  3)

Page till.

Of th js  f iltxa t io~ must  be subjec ted  the  u s e f u l  s igna l  from the

output of preliminary filter , which has the cciposit e

am~ l it ud e—frequ en c y s p e c t r u t  g ( f ) K~~( f ) .  Therefore the opt imum

fre quency characteristic of the subs equ€n ~t fil ter with an accuracy to

constant factor is expr essed by the fcriuI a

K~(I ) ’— K , (1)—Ia (1)K.(nr .“‘ - ~3)

Ipt imum characteristic foe the receptics of signa l against the

background of monihite cisc as a ~bcle m il l  be

— - - ‘ 

— 

-- 
— • 

—



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~oC ~ 78133802 P A C E  48

cx

I~~, (f) C c (4) -.

The obtained f o r m u l a  of o p t i m u m  fr e qu e n c y  character istic for the

case qt nonwhi te  noise is t ie  g e ne r a l i za tj c n  of fo rmula  for the  case

of white  ncise. The l a t t e r  we c b ta in  f i c a  (4) , set/a ssuming

N ( f )  = 10=con st .

loget ber with  the  reed  for  t h e  a c c ua u ] a t i c D  of the signal ,

described by the k n o w n  f o r m u l a  of cp t i a u m  f i l t r a ti o n  again st the

background of whit e noise, torau]a (11) c on s i d e r s  the need for the

rejection when noise is ncnwhite. Ibis is illustrated in Fig. by

3. 111, where are shown the amplitude—freque ncy spectrum of signal

~g(f)~, the spectral power density of the nonwhite noise 1(f) and the

am plitude-frequency characteristic cf cp tiuuu filter ~K0 , (J)~. This

charaCteristic testifies tc the need fcr tie suppr.ssion çf the

spectral component-s of rcis€ with the greatest intensity, a l though in

this case simultaneousl~ they are suppressec and the separate

spectral components of signal. Resultipg aiplitude— frequency

charac teristic Kon~(ft (h g.. 7..14c) can te presented as product of two

amplitude-frequenc y chaxacteristics of wh ich c me I K i(f) I= jg4f) 
~~

0(
~~ )1

provides the o p t i m u m  processing of signal against the back ground of

- - -  - -
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whi te  noise , and an o t h er ~ K 0 (f )~ — tie rej ecticn (suppress ipn) of the

spec tral ccm ponent of adopted csc i llet ic~s, necessar y for the

opt imiza tion of recepticn/pcocedure under ccrditicns of nonwhite

xc ise,1

J~ 
f t~9 ( f ) I K ( f ) I ~ ii

~1~
• _j ~

Fig .  3.13. E xp l an a t i o n  cf t h e  den ivat i c n of the  formul a ot the

cp tiamm filtration of signal against tie backgtcund Cf stationary

rcv whjte ncise.
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Page ttt.
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Fi g. 1.14. Explanation Ct fcr.ula of optimum filtrat ion: a)
amp l i tude—frequenc y spec t rum of si g nal ; b) spectral  jammin g dens i ty ;

cJ aaElitud.—fr.qeency characteristic Cf ppt iaua  filter.

/D AI&~~~~~ ~~

fD~~~~cp - /

,
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— — T~~2~,
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.. ..

f l ’~ii

h J g .  1. 15. Ampl itade -frequemcy spectrum of packet of rad io pulses,

-_  
_ _ _ _  _ _ _ _  ~~~~~~~~~~
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reflected from driving/icvi.rg target/purpose (a), spectrai jamming

density (b), amplitude—freq uency characteristic of optimum filter

(C).

Page 445.

In Fig. 7.15 is illustrate d tLe appljcaticn/use of the obtained

in th % s pa rag raph  f o r m u l a s  to t h e  case cf t ie  cp t i m u n  reception of

the coherent packet of t ie  p e r i o d i c a l l y  f o l l c w i r g  signal  pulses in

the presence of passive jamming and internally—produced noise. Figure

L.15a depicts the a m p l i t u d e — f r e q u e n c y  sp e c t r u m  of s ignal  j q ( f )~, on

F A g .  1.15b — spectral d e n s i t y  cf in t e r f e r e n c e  1( f ) . Pr esented the

curve  1( f)  is obtained as a result of the shif t,shear of the curved

spectral density of the soundieg signal tot the average Dopple r

j ammin g freque ncy ~~~~ of the impositio n of cclponen ts of

internally—produce d noise Ip~, and also accc *~nt of blurring comb

interference spectrum because of tie velocity spread of rEflectors.

Pigures 7. 15c depicts tiE aiplitude—freq ueccy characteristic of

op timum fil ter, wh ich c c rr a sp o n d s  (4). The cond i t i ons  of o p t i m u m

perfecting can be realized , if are consecu tiwely included optimum

filter for th. single mc .entui,/im pulse,spulse of packet, the com b

filte z of accumulation (for example , in the for m of delay line —

—

- 
____________  ~~~~~~~~~~~~~~~~~~~~~~~~~~
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recirculator ) and finall y the ccmb filter ci the suppression of the

peaks of interfere nce spectrum (Fig. 7.16) . lie correspond ing

frequency characteristics are shcwn cu the same figure.

The first two filters (Fig. 7.16) provide the optimum perfecting

cf the mcmentum/iapulse,ipulses of packet agcinst the backqround of

white noise, the latter — a rejEction Cf i n t e r f e r e n c e .  In this case,

the filter of accumulation is inclined to target speed, and the

suppression filter — to the veiccity of interference.

The starting process of filters GEP aid GFN can be change d,

sizpce the prod uct of the amplitude—frequenc ) characteristics in this

case is not changed. Frcm the output of filters , the voltage is

svpplicd to detector.

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~_ __ :—_
~

_
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H°°” 1~H ~ 1 +r °}-~fT~\.~ fl_L/L.~ if T.
/ f, ’Aii / /.~ an /~

F~ g. 7.16. The schematic cf the  o p t i m u m  f i l t r a t i o n  of signal agains t

the b a c k g r o u n d  of the n o n w h i t e  noise: CFOI — o p t i m u m  f i l te r  of s ingle

momentum/impulse/pulse; GFii — comb f i lt e r  Ct accumu lat ion; GFP — comb
filter of suppression .

..,.
~_o.o_1_..Lr.17 

~~~~~~~~~~ 
________F

Pig.  1.17. Schemat ic of o p t i m u m  prccess ing cf s i g n a l  aga ins t  the

iackgccund of nonwhite noise at unk;own bat et speed.

)(ey: (1). fletector. (2). Incoherent stcrage,iaccu.vlator.

P age 446.

Bigures 7.17 shows the modifi ed schematic of the

ts.ataent/working in whici coherent stczage,accu.ulator is replaced

_______  - ___________
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post—detector (incoherert). During tie nse Cf this schem atic, is not

requiEed the tunin g of ztorege,accumulator to target speed , it

suffices to tune the coih filter of suppressicn by the average speed

of interference. the frequency characteristic of pre—dete~ ted

cascade/stages is det.rmiaed in this caai trcm the fcr mu la

K f)a.. t.(t)I— N ( f)

i.e. it corresponds to the detecticp of bh€ single rad io pulses of

incoherent packet against tie iackgrcutd çf ncnihite noise.

Correspcnding theories cf the ccmb filters cf suppression and

accumulation can be comparatively simply tealized at inter mediate

frequency, which snows in fcllcwing paragraphs. The cptimu.

precessing of signal against the backgxcund of passive jamming to be

carried out  and on videc frequency, which will be the ob ject/subject

Cf tuither examination.

~ 1.9, Com b filters of ~u ppression.

If a required n u m b er  of peaks is g rea t , th e  r eal iza tion  of

filters with the aid of duct/contours Ixod ices difficulty . More idle

tile E 1 C V~~~~
5 to be the realization of the necessary frequency

characteristics with the aid of de lay lines.

ligures 7.18a shows ti€ simplest schematic of this filter , wh ich

p

- - - ~~~~~~~~~~~~~.
-— —~-—~~~~~~-

- 
-~~~ - ,
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coqsists of the line of delay (here at intermediate freque ncy) and of

the generalized summator — schematic of the fcrmetiom/ed ucation of a

difterence in the undelayed and delaye d stresses. This schematic

correlponds to th. linear process/cp•ratio~ z .f tke proc~~ sing

(1)

and tkerefore is Linear filter.

The frequency charac ter i s t i c  of this filter can be found from

the relationship/ratio

K ti) -~~ UIWZ U) 
I. (~ _,I2fltE = I — e 12n?T 2/e ‘~‘~~sin afT.

‘fbi a mpl itude- f req neacy c baracte~ istic

IK~f) I’-2!sin ,i/T l (2)

is d.pict*d in Fig . 7.19a .  It is tu.tne a imtc scic for freque ncies

and it reaches maximum for freq uencies

the position of zero this characteristics changes during a

change in the period of prelise/ilpulse to certain value aT.

Page 447.

Since there is the practical interest in the section of comb

charaCteristic within tie limits of the band of frequenc ies of the

s~qgl. radio pulse wher e value 2,f(T•AT )=2urfT+n can be considered

coflstant, change in positicr of zeics in t i e  necessary  band of

- — -
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frequencies (dotted line in Fig. 7.19a) car ~e ensured, by connecting

is sesies with the fixed delay line the adjustable phase inverter.

let us explain the work of the comb f i l t e r  of suppression (Pig.

3.18a~,, assuming that it affect the different sequences of radio

pslseC (infinite periodic sequence; the packets of periodically

tcllo.ing radio pulses, reflected from pinpoint target and from the

pulse space of reflectors when velccity spread is present).

P~ planation can be given bcth cn the base Cf tb€ spectral and on the

base time/temporary treatment cf effect.

the infinite periocic sequence cf momettum/impulse /pulses has

lime spectrum . 

• -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Pig. 1.18.. Schematic of single (a) and twpfcld (b and C) cross—period
subtraction — comb filters cf suppressiczl4

2 Tstn ~rf 7 1
0j V~~I’~

\%/ _ 
_______________

C 1/ 7 Z/ T 4 k/ F, /

1)~~ ~~~~~~~ ~/ ‘~\*ct7rf r
D f / I  2/ I  k/ I  f

P~tg. 1.19. Ampl itude-frequency characteristics of scbeaat~ cs of

s~i ngl* (a) and twofold (b) cross—period s~rk tractjon.

Page 448.

~~~~~~~~~~~~~~~ —
~~~~~~~
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Cbangjng the carry ing freguency of the spectrum or displacing in the

frequency of the region cf suppressic n, it is pcssible to conduct

spectral lines under these r€g icns and thereby completel y to suppress

re f lectic~ frcm ground  f e a t u r e s , t h a t  are p er iod ica l ly  tc& lowing

moientun/ impulse/p u lses at t h e  c a r r i e r  f r e çr e n c y f 0. W i t h  the

time/temporary point, the ccaplete suppresaicn ct period ically

fclloving mcmentua,impulse ’pulses is explained b~ their

time/temporary compensation at interme d iate frequenc y, since the

delayed on pulse interval dces not differ fzca that not delayed.

In the case of the packet of pe riccic il ly  tcllowing

.oaentu.,’impulse/p u lses, f c r m e d w i t h  s ur v ey ~ c cv € r a g e , the  d i f f e r e n t

m c i e n t o m/ i m p ul s e/ p ulses of packet have different amplitudes.

‘fb.re~cre during the use Cf cr cs s—p er iod  su L t r a c t i o n  (ChP ~ ) it is not

possib le to attain com p lete compensa tion, especially at the edges of

packet. The greater  a q u a r t i t y  of m c . e t tu m/ imp .u l s e /p u l ses in packet ,

that the quality of compensation is better. ‘lie quality of

cem pensation deteriorates with an increase An the velocity of

survey/coverage when de cr e a s e s  a n u m b e r  of l cr er tum/ i m pulSe/pulses in

packet.

lith the spectra l point , deterioration in the quality of

—.. — - :_ -
• ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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compensation is explained by the expans ion cf the peaks at the

spectrum of packet. The width of each peak c; the level, close to

C.5. is determined by value 1/PiT, where T — a repeti t ion period;  N —

numbe r  of aomentum , impu l se ,ipulses in packet .  ThE lesser a quan tity of

momentum/impulse/pulses in packet, the worse the qua lity of

suppression. The q u a l i ty  of suppress io n d e t e r i o r a t e s  in such a case,

when the  w i d t h  of the  p e a k s  of i n t e r f e r e n c e  i nc rea se s  because of the

velcc j ty  spread of the r e f l ec t cr s  (see § 7.18).

Zssential deteriorat ic n in the  quali t y of suppression in both

cases can be explained f r o m  the  s pe c t r a l  p c in t  t y  t he  pointed form of

fa i lures  of the a m p l i t u d e — f r e q u e n c y  c h a r a c t e r i s t i c  of the schematic

ct the s ingle ChPV (Fig.. 7. 19a) .

Fcc expanding  the reg ions  of sup pr es s i cn ,  was pro posed t he

schemctic of twofo ld  s ub t r a c t i c n , which  car  be represe nted in series

co5nedtion of two schematics of t h e  single C h P I  (Fig.. 7. 18b) .. In this

case, the f i r s t  schematic  of s ingle  su bt r a c t i o n  deve lo ps the  f i r s t

finite (infinitesi mal) differe nce

and the second sch ematic of simgle aub t iactic u develops the second

differ e nce 6,( t) ~ A 1( t) — A 1~~t— ?) or

~,( t) ”r Ui~(f ) —2U,*(1 —T) + u11 (t-—2T). (3) -

The sane effect gives tk .  sche mat ic  (Fig. 7.I8ic), constructed on the

• - - ___ V~~ ; V~~~V V ~~~~~~~~~~~~~~~~~~~~~~ —~—--
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base pf delay line to time  2T with  the r e m c v al,’omtlet , which

corresponds to delay to t i m e  T , and  the sCLe.at ics of we ight

additlcn .

Page ~49.

The a m p l i t u d e — f r e q u e nc y cha rac t e r i s t i c  of th e  schematic  of

tM ofold subtractio n can be cbtaine d , by m a l t i p ly i n g

asplitude—frequency characteristics (2) o~ the schematics of single

creas~ pericd subtraction .
IN (J)~ 4 sin’ n/T, (4)

i.ø.., the amplitud e—fr. queqcy charactaria~~ic (Pig.. 7, 19b) un l ike

(Zig. 7.19a) is proved to be sine, but sine— square. This schematic

better ccmpensates for the expande d peaks ci interference spectrum ,

i.e., the peaks of the spec t ru.  w i t h  t he  r e d u c e d  numbe r of

m o m e n t u i~ impulse/pulses in  packet  or w i th  t k e  velocity spread of

reflectors.

An improvement  in t h e  q u a l i t y  of s u p pr e s s ion  in these cases can
be explaiqed, also, from the time/temporar y pcimt. If during the

linear increase of the  pulse a m p l i t u d e  the f i r s t  schematic of single

subtr4ctio n will  give the f i x e d  level  of r e s idue/ remainder , then the

second schematic of the  sinçle  subtrac t ion of t h i s  residue/remainder

completely compensates forh Tierefcre the schematic of twofold 

- - - ‘V . V • V* -~~~
— — - -—-—~ • - —_ -— - . ~~~~~~~~~~~~— — 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~. 
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subtract iop to a lesser d€g iei reacts tc the amplitude modulation of

momen tum/impulse/pulses in packet , causid t ,) surv ey/ cove rege on

angular coordinate or the velocity spread ci reflectors. Thus it is

possible to ascertain tiat the schcmatac of twctcld subtraction to a

lesset deg ree reacts not  on l y  to  a m p l i t u d e , h u t  also to phase

modula t ion  (dur ing  sma l l  c h a n g e s  it  t h e  p h a se  f r cm one

B c m en t u m/ i m p u l s e/ p ilse to  the  n e x t ) .

Together with the specific advantages the schemat ic of twofold

subtract io n is c h a r a c t er i z e d  by t I€ fcllov irg deficiency/lacks: an

increase in the space of e q u i p m e n t  and by Uc e x p a n s ion of the region

of failures of frequency characteristic. Th e  l a t t e r  can impa i r  the

co~ditions of target detection at scme of i t s  velocities.

The regions of f a i l u r e s  can be t h r c t t l / t a p er e d , by r e t a i n i n g  in

t h is c ase parabol ic  f o r m  t E e  l a t t er .

For th i s, can be u se d  t h e  t € e db a c k , f c r  e x a m p l e , fro. the ou tpu t

ci the schematic of twotc ld subtraction to its input as this shown on

Pig. 7.20, that corresponds to the use ci negative feedback .

- -~~~~~~~~~~ - -~~~~~~~~~ —- - -V . ~~~~~~~~ - -~~~~~~~~ - - -~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~
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Pig. 7.20. Schemat ic of C h P V  w i t h  r ega t ive  t e e dk a ck .

0 2/ ’ jj i7

fig .  1.21. A m p l i t u d e — f r e q u e n c y  charact.ris*ic cf schemat ic of chPV

with negative feedback.

Page nso.

For the  calculatic n of t r e q u e r c y  ch ar ac t e r imb ic  Ku,,, (/) of this

ec~emktic , we utilize a usu a l  proc edur e, by set~ assumi ug

K “ ~~~~ 
(0

p~3V1 u~,(fl ~~1un...
I?1~lI

Tak ing  into accoun t  t E e  c cn se c u t i v e  c l r c u . la t ion s  of in p u t

- ~~~~~~ - --~~: r ~~r 
— - —

~~
-‘ - - - - . -  ‘

~~~~~~~~~~~~~~~~~ -- -~ - -~~~~~~~~~ —-  -- --
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signal, we wi l l  obtain

~~~~~~e
’2 [K(he’1”+( e~~~ +
+(—~~K’(fl e’2

~’~±...1.

S u m m a r i z i n g  the  t e r m s  of i n f i r i t e  g e o m e t r i c  progr ession , let us

fi~ad K (5)

Wit h ~ ( f )= 1  me have K~.(f) ’j~ 1. I ut r o dm a4 m ç  s tandardized/normalized

r e s u l t i n g  frequenc y charac te r i s t i c  ~~~~~~ f a ~ a l l y  we will obtain:

IC ~~~~(l+~ ) K(fl (6)
t+$~K (fl

Pcrmu la  (6) is val id  nct on ly  when (~ K 4 t ) I < 1 and geometric

progression is dec reas ing ,  but also wh en  v a l u e  is s u f f i c iently

great, For this, it is possible to verify that by composing the

balance of voltages for the steady—state •cde cf the h a r m o n i c

cscil lat ions:

u., (1) — IC (I) u,, (t) —~u111,~, (1)1,

K (f)

which t ak ing  into accoun t  s t a n dar d i zat i c n  b r i n g s  to (6) w i thou t

]is itat io~ to va lue  ~3.

~ is su f f i c i ent ly  great , ai~d f regu~ rc ies are such, t h a t

I~~~~
K ( f) j * 1 , t hen  K~ ,1 (f)I=I , the resul ting freque ncy cha racberistic

.-• v—v t r-t-S _flf l  — -  — 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V - • ‘_ - - ‘ ‘  — t~~~ Lfl ~rflt
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(Pig. 7.21) has the sealed apex/vertexes. Pcr the same frequencies

far  which 
\~

i~ ( f)\ 4. ~,

K~~~(/)—(I +~ ) K (I) .

i.e.. is retained the pa rakcl i c  charact er ci t h e  regions of

suppre ss ion a l though  the  w i d t h  Cf failures it be c omes  nar row.

Togethe r with the use cf f e e d b a c k  acccrdinq to schematic (Fig .

7.10) , i.e., f rom o u t p u t  tc i n p u t , are p oss ib le  the more com plex

cases when are uti l ized feedback  f r o m  the in termedia te  pci nts of the

schem atic of cross—pericd s u bt r a c t i cn .  BeCause cf this gro w/rise the

ppasibilities of the correction of the am p l it u d e — f r e q u e n c y

characteristic.
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{ 1.10. Comb f i l t e r s  of a c c u mu l a t i c n .

The comb f i l t e r s  of a c c u m u l a t i c n  can be ccnstructed on the base

ci the schemat ic  of r e c ir cu l at c r , w h i c h  i sc iudes  the  delay l ine,

placed in feedback 1oo p (F i g .  ? . 2 2 ) .  In t h i s  schematic  the out put

,clta$e is detera~ ned f r o m  the f o r m u l a  ‘ -

(1)

The cqetficient of feedback  ~ we ccnsider in th is  cams complex

q uan t j t y  wi th  the m o d u l e/ lo d u l us  smaller than cme.

Under the influence on the input Cf the rec irculator of
mo mentum/ impulse/pulse at i t s  cI~t p u t , is o b t a i n e d  the  sequence of

per iodical ly  fo l lowing  m c m e n t ui , i i p u l se spulses  wit h the decreasing

amplitude, moreover the decrease of aiplitmd€ is less, t he nearer to

cue value P1. If to r e c i rc u l a t or  is fe d the p eric dic sequence of

mcse ntum/impulse/pulses, tcz exam ple , with the perio d, accura tely

equ al  to delay time , will be observed the accumula-tict of

momen tum/impulse/pulses.

b

-

~~~~~~~~~~~~~~~~~~~~

-i

~~~ 

~~~~~---



CC C ~ 78133803 PA G E X

The frequency characteristic Cf  r e c i r c ul a t o t  let us f i n d
employing the usual proc edure

K (/)— I +~~
_ i2

~
ST

+~~~e
_ l4J

~
f r

+

Su mm a r i z i n g  the terms of geometric prcgress ton, we f i n d

I_ ~ e l23
~

?T 
- 

(2)

sassing to the  s tat d a r c iz e d ,I’n c r g a l i z e d au ~~l t tu de—freq uency
character istic -

we viii ob taiq

I K~, (F) I = 
~ 

~‘—2 ~~~ ~~~~~~~~~~~~~ ,
-

~

— (3)

the amp litud e~~f requency  characterist ic of recircu lat,r has comb
Mructure (Fig. 7.23) . ~o i t s  peaks cor r esp cn d  frequencies

ni arg~=

_ _ _  - - --V  
V 

--— _ _ _ _
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Pig. 7.22. Recirculator — ccmb f i l t e r  of a ccumula t i on .

Page 452.

The amplitudes of peaks are calibrated to cac. ~etween pea ks are

arrange/ located fa i lures  w i t h  level 
~

-

~~~~j  
the selection of the

necessary width  of peaks a n d  levels cf f aj i r r e s  can be rea li ze d

because of selection The closer is to ci~e , the narrow er the

peaks cf the a m p l i t u d e — f re q u e n c y  cha rac te ri s t i c , which corresponds to

am indrease in the m e m o r y  of r€circulator6 icr the optimit ation of

f.iltrttion the width of the  çeaks Cf amplitide—frequency

characteristic the.y will match  w i t h  the v *d t h  of the pea ks of the

amplitude—trequency s p e c t r u m  of s ign a l .  0tber~~ise , thi s indicates the

agreement  cf the d ura t i cn  of t h e  pulse respcnse of rec ircelator with

the durat ion of packet.

The position of the  peaks of th e  am ç l i t n d e— f r e q ue nc y

charadteristic of tecirc’ilator along the  axis  of frequencies it is

neceslary to combine with the pcsition cf the peaks ‘of the

~~~~~~~~~~~~~
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ampl i tude— frequency s p e c t r u m  of s i g na l .  t he  l a t t e r  can be ensured

both because of the  f r e q u e n c y  s hi f t/ s h e a r  Cf each of the spectral

ccap coen t s  of signal anc  because of the se lec t ion  of argum ent  ~~.

The schematic in quest ic~ canno t  be , g e n e r a l ly spea ki ng , opt imum

fo~ purposes , which have  d i f f e r e n t  velocit ies.  L u r i n g  a change in

target speed , changes t ie  p c s i t i c n  of the pea ks of the spectrum of

signal. Is respectively necessary the  ne w t u n i n g  of the peaks of the

ampl i tude— frequency  c h a r a c t er i s t i c  cf z e c ir cu l a t o r .

The problem of t he  s i m u l t a n e o u s  det e c ticr  cf s ignals  from

target/purpose s wi th  d i f f er e n t  velocities can  b e  sol ved by parallel

co;nection of the rec i rcula tors , designed tc di f fere nt velocities.

The cciplexity of this schematic was the obstruct ion for the

prcpa gation of rec ircula tc r s .

Recently, howeve r, was explained the pcssitility of target

detection w ith different velocities with the aid of recirculator with

cue de la y line .

Let us explain the possibility of this detection. Let us suppose

sjngle radio pulse enters tie optimum fcc it filter.
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vig.  P .23. A m p l i t u d e — f r e q u e n c y  charac ter is t ic  of recircu lator.

Page 453.

Let the output of this filter be periodically strobe d by narrow

pulses wit h period t;~ not iceab ly  s m a l l e r  t h a n  the  dur at ion of the

overshoot of signa l at the  o u t p u t  c f  cp t i m t .  f i l t e r  (Fig. 7 .2~ ) .

Gating,istrobing does no t  make  relation worse slgnal/aoise~ since the

ap ex/vertex of ou tpu t  pt l se  was  f o r m e d  as a r e su l t  of coherent

accumulation for t h e  t i m e  of a~ e n t i r e  d u r a t i cu  of input  and

correspond s to relation sig~ aljnoise , tc  clcs€ to the  peak o f,/ !~ fN 0.

Therefcre  the na r row pulses , ob ta im e d  a f t e r  gating/str’ob ing, can bear

information about amplitude and phase of mider pulse apices at the

ou~tput of optim um f i l t e r .  h e y  can  be them ilccessed ~~ redirculator ,

-
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i~ delay l ine and the r e m a i n i n g  ce] 1/ e leaer t s  cf rec irculator provide

tI. sêcessary broad— band c h a r a c t e r , hut  de l ay  t ime is mul tiple to

value t i,. Por the sequer ce of strobe pulse s indicated can be

establishe d/installed ne ces sary value a zg~~.

~t is substantial, that the sc~ematic ct zecirc ulator the

significan t part of the time remains nct ch~ rge c and can perform

processing for other va lues  of ve icc i ty,  aid a l so , therefore, arg ~~.

•n the principle i rd ica te d is i r s ti t u t ~ d t h e  sc he ma tic, given to

Pig. 7.25. It is the recirculator , in the feedback icop o~ w h ich is

included the componentjlirk, w h ich ensur es  the necessary value 
I~~

’
~
’ 

and

the cciponent/ l ink , which ensures  change  ~.n t ime  arg~ . The latter is

reached in the schematic cf double f requency co4vers ’lon, ubich

coqta;ns heter odynes  w i t h  f r e q uen c i e s  fr ard f,~ +

~~~~~~~~~~~~~~~~~~~~ -— _
~~~~~~1 - —  — — -  ~~~~~-- - —
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Fig. 1.24. To the explaration of the smallness Cf losses w i t h  the

ga t in ~ ,’strobiqg of the o u t p u t  vol tage Cf o p t i m u m  f i l t e r .

Page 454.

If the input of this schema tic enters osci l latiem cos 2w f0t, then at

output is obtained the oscillation of the fcr.

cos2~t f/0 + (.1, + ~~ ) 
~r

1 I CO, [2* f,t + arg~J,

vb~re •

argo —

The la t ter  th roug h each time interval is change d on lv, i.e.,
are taken the repe a ted lalues. Respectivel y t h r cu g h  intervals r 1

fo l low the torque/ moments  of m a x i m u m  a c c u u mi a t ic i  f o r  certaim Doppler

trequ.ncy. The refore prccessing ( F i g .  ? .25) p r cv es  to be to

equivalent processing in recirculator with gatiug/strobing . In the

diagram of Fig. 7.25, shows heterodyne s, the cscillations of their

— — ~~~~ — — _ —  -— ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ _—- - - 
_ 
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diffesence frequency are isclated iq mixe r am d the y sync hronize the

generator of the vertical sweep of raster irdicator. The vertical

s~eep, synchronized with change arg ~~, is the scamning/sveep of

velocity. To the h or izontal  plates of indica tor , is su pplied usual

ra~ge sweep. Brightness mark on indicator viii show target position

in coqrdinates range  — ielccity .

The described h ighe r  r ec ir cu l a t cr s  on delay lines possess large

ad vantage — the possibil i ty of s i n g l e — c h a n n e l  processi ng both on

different cell/elements of r a n ge  a n d  f cr  d i f f e r e n t  rat es of the

mo tion of target/purpose. this advantage is greater,~ the more complex

the circuit for  the ce l l/ e lement  of d is tance.

Rovever, as alread) ienticned , recEnti) are plann ed the ways of 
V

considerable s i m pl i f i c a ti cu  in the  se parate cel ls  of p rocessing

because of t ransi t ion tc in tegra te d circuits.  In  th i s  case~ again

rev ivas the interest in the schema tics cf tic ccrrelation—filtratjon

processing of the type cf Fig. 3.46, vhe~ the adopted oscillations

are strobed by momentum~ impulse,ipu]ses for each section of range.

:-. - ‘— 

V~~~ 
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Fig. 7.25. Multipurpose comb filter of accumulation .

key : 11). Indicator of raster scanning/sweep. (4. Generator of

vertical sweep.

Pa ge 455.

It kn~vn Doppler frequency, as it was shovr cu Pig. 3.46, for

accumulation it suffices t~c h a w e  o r l y  ore duc t ~ contour . Taking into

account difference in Dcppl€r frequencies , will be required a number

of duct/contours of the  e xp c n e n t  of m c l eut l a/ iv p ml s e/ p ulses in

packet.

This schematic mus t  p r cdu ce  a ccumula t i cu  for  each cell/element

of distance. The detected output wcltage of duc t/contour wit h the

qreatdst amplitude repeatedl y is sttobe d after detector. The butted

mç rentum/iupulse/pulses for different cell/elements cf distance enter

~ 

_  _ _
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the  o u tp u t  of schematic .

Tcgether with a c c u m u l a t i o n  t hu s , ce~ k e s o l v e d  the problem of

rejection in frequency. Passing to simila r aethcds, they rely on the

sore h i g h  q u a l i t y  of re j ec t ion ,  t h a n  d u r i n g  t he  use of the  memory  in

the  fçr iw of the lines of  d e l a y ,  c h a r g e — st o r a g e  tubes , etc.

~ 1.11. Principle of coherert c p t i i u m  p r o c e s s i n g  on video f r equency .

By v i r t u e  of the i r  s i m p l i c i t y , w i d e l y  a r e  ut i l ize d the

schematics of cohe rent p r ccess ing  cn video fr e q u e n c y  wi t h

cr oss—period sub t r ac t ion .  Let  us s h c w  t h a t  ~id ec—fre quency  schematic

in pr i rc ip le  can be ca r r i ed  out by o p t i m u m  cod real ize the sa me

pt ce$s/operations, as t h e  s c h e m a t i c  (see P i g .  L 17) of processing at

in te rme d iate frequency t~

P(QT N~ TE ‘. On video f r e q u e n c y  is p css ible  ict  cn l y  cohe rent

suppr ess ion , but  also ccheren t  a c c um u l a t i o n .  T h E  schematiC of optimum

f~~l t rtt ion against the  h a c k g r c u n d  of t h e  a c r w h i t €  noise (see F ig .

7.16) also caq be realized cn videc frequercy . PNDPOCTNOTE .

~n Pig. 7.26 by d o t t e d  l i ne  is i s c l a tm c  t h e  par t  of the

schematic at the intermediate frequency, which will be converted into

video frequency. If the pulse ce~pc;se cf th e schema tic of

V.. — ~ — —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  ~~~~~~~~~~ ii
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cross~~period subtractio r in the  b a n d  of s i gn a l  frequencies is

described by the .zpr.ssio~ 
V -

V ( t ) V ( t ~ COS 2~ t~ t . (I)

then the frequency characteristic of this filter can be presented in

th e form

K 1 (11 — ~ V( i) cos 2n~0g e~~2”1’ dl . (2)

Utili;ing the Eule r f o r m u l a , integral  (2) is brought  to the  sum of

t h e  integrals

K, (I) = 4 Kv (1+ P~) + ~~
- Ky ( 1 f 0), (3

where

Ky (f) = V (1)  e~~
2
~ dt.

Page 456.

U by the input of the comb filter of suppression enter

cecillations y (t), then at its output we w i ll citain

=

= j/ w~ (1) + W~ (I) cos 12n/, I— tV  (f)J, (4)
wbere

V 
W1,~(t) ~~~~~~ ~~~~~

—I. 

(5)W~~i)

_ _ _ _ _ _ _ _  V_

~~~~~~ V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ : I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Envelope o f this v c l t a g e , w h i c h  cczcesiends to the output

vpltaqe of linear detector, wil l  be

To the obtained relatic~sbip/ ratios ecrr esp oqds  the  schematic,

presented in Fig. 7 .27b . In th is  schemat ic  t h e  vcltage fro m the

o4ltput of the optimum filter of the sirgie icrentum /ispulse/pulse

y ( t )  enters two m u l t i p l i er , to w h i c h  are g i v e n  qu a d r a t u r e  harmonic

cscillations at the ca r r i e r  f r e q u e n c y  f0.. A f t e r  mult ipliers wi l l  cost

the cçmb f i l t e rs  of s up p r e s s i o r  on v idec  f r e q u e m c y  wit h pulse

respcnses V(t )  and f r e q u e n c y  charac te r i s tics  K~if )  (Fig. 7.. 27c) . At

the oetput of these f i l t e r s, are o t t a ined  vclt ages 11( t) and W 2 ( t ) ,

determined b y f o rmula  (5) . A f t e r  t i e  prccess jcp.ra t ion of the

ext rac t ion  of square roct  f r o m  the sum of th e  squares  of t hese

voltages , is obtained vcltage W (t) , the save as cn the output of the

schemat ic  of processing on intermeciate freguency.

Figures 7.27a , shows t h e  f r e q u e n c y  c h a rac t er i s t i c  of the  comb

filter of the suppressico of intermediate fxequeucy. The Latter

detector tcgether with provides the same processing, as quadrature

schematic (Fig.  7 .27b)  w i t h  t h e  f r e q u e n c y  ch a r a c t e r ist ic of the

filters of video frequency, presente d in fig. 7.27c.

- _ _ _ _ _  _ _ __ _
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Fig. 1.26. Explanation of transitic~j frcm prcc€ssing on intermediate

tc prqcessing on video frequency. 
V

0
Keg: 11). ~‘etector . ( 2 ) .  Incoheren t  stcrag c~~accu sula tor .

Page 457.

The process/operations cf tie multiplications which are provided for

b y th~ schematic of optim um prccessing cq video freque nc y, in each

quadrature channel lead to the formaticn,’education of two components :

double frequency 2f 0 an d video f ra qwency, for example, 
V

~~~~~~~~~~~~~~~~~~~~~~
= ! U(l) cos ~4a40 t—ip (t) J ± + U ( t) c o s p ( t ) .

A t the output of each videe—frequency cireuit, cper&tes on ly

v4 .deo— frequenc y component .  ~Ihis ccmp on en t  depei~ds not on ly on the

amplitude of the en tering cn  v c lt a q e  mu l t i p l i e r , but also from its

phase with respect to reference vcItage , i.e., each multiplier

behaves as phase—sensitive detector.

A similar result can give the schematic of phase— sensitive

dstection, sh.wn on Fig. 7.28a~ c respectively ~n unbalanced and

ba lanos version, if  th. as~ljti,4. cf the rsfer•nce ,oltaØ. su pplied

to tb4a schemat ic, Do>>,. 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~
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r~1\ ir~ rv~~~4 ’

~_ J—.[v~i_k _____
cos ZNf, ~ w,’.dr

) C
__f _ 4 vtti 

V

t s~n2ir4

IKy If4e

F/T 2/7
c-fl

Pig. 7.27. Amplitude—frequency characteristics of the co mb f i l ter  of

seppression on intermediate (a) and video frequency (c) ; the

schematic cf optimum prcceseing on video frequency (b).

j~ age 4582 For example , fo r  a schematic  (F ig .  7. 8a) the  a l ternat ing

voltage, removed f r o m  l acl a ting  capacitor .,. in accordance wi th  vector

diagra m (Fig .  7.28b) wi l l  ccmpEis .

= U~~—U, U cos ~

where 1J~,,=U , + Ucos ç wi th  the  made assumptic~ Do)>V.

As the com b filter of s u p pr e s s i c n  cn video freq ue nc y (just as on

istersediate) can be uti]i2ed the scbeia~ j cs cf cross— period

subt rac t ion  wi th  m e m o r y  e lements  on delay lines , charge—~~ orage

V: ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _
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tubesj  etc.. The m e m o r y  u n i t s  mus t  stor e t h e  e c h o  signa l dur ing  one or

several repetitioq pericds cf mc mentum,impulse,ipulses, which for BLS

ot detection composes several milliseccuds. This delay faCtor can be

obtaine d, in particular, bith the aid of ultzasc;ic delay lines

(azLz) , . Since the  speed of so un d  c cn s i de r a t ly  lesser t han the  speed

of light , signal is d e l a y e d  b y long  tile w~ th the limi ted

size/d imensions of lines. icr c o n v e r t i q g  t b €  electrical oscil lat ions

into mec hanical ones (ultrascuic) a!d I vice versa utilize the direct

and re verse piezoe lectric e f f e c t  w h i c h  c~cnis for the cry*tals of

quart2 , titanate of barium , etc. D i r E c t  p i e 2oe l ec t ric  ef fec t  lies in

the fact t hat in t h e  presence  cf e l e c t r i c  ch a r g e s  dur i nq f ac ings  of

crysthl  conden ser/capacitor (conver ter )  occtr s  its com pr ession or

e~ tension depending on the sign of charge. Cu the contrary ,

compr ession or the extension of crystal -leads tic the appea rance of

electiic charges ( reverse  piezoelectric e f fe c t ) .  There fo re , by

app ly ing ac field along the  ax is  of crysta l condense r/capacitor , it

in .po~ sible to cause t h e  m e c h a n i c a l  c s c il la t i cn ~ of crysta l,

transmitted then tc aconstic line. In turn , the mechan ical

oscillations of acoustic line can be cczive r ted into electrical

oscil lations. As acoustic line can be a p p l i e d :  mercury , water ,

aluminum—magnes ium allo~s, v itreosil, the sing le cry stals of salts

NaCi , KC 1, BaN 2 and so f o r t h .  For achievement  of the necessary delay

wi th the limited overall sizes of line in it. are utilized multiple

reflections. ?igure~ 7.29 depicts the draw ing Cf

- VV ~~~~~~~~~~~~~~~~~~~~ V~~~~~~~~ ~~~~~V 
~~~~V V V VVV ~~~~~~~~~~~~~~~~ T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~

;
~~~~~~~~~~ _~~~~~~~~~~~~~ V V_ V V V  _ _ _



DOC ~ 78133803 PA G 1 ~-1-~-

polyhCdral~ aultifaceted delay line . A simi l a r  k i n d  of dela y line with

solid acoustic line in d i f f e r en c e , fcr  exlmple ,, fr o m  mercery ones

have ccnsiderably smaller we igh t  and ovEra l l  si2es , it is more

co~ veo.ient in operation.

- V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘V — _______ — 
-V-— 

~~~~~~~~~~~ — ~
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Uf i/ ~~4~~~~~~~~~ucu.

ç 

c t- Wit/ I

Fig. 1.28. Phase-sensitive detector (a) , vec tor  f a i lu re  diagram (b)

and balance phase—sensitive detectcr (C).

Page 459.

Ultrasonic delay lines can ensure passtan d to 50o/o and (more) from

carrier f requency.  Th us , for  in s ta4cE , delay  l i n e s  on the  single

crystAls of common salt (Had ) witI con verters cij quartz of

‘V—section/shear (at  rescnance c rys ta l  f requ ency  35 N H Z ) provide

passband 13—22 NHz. Is at present a possibi~ ity in principle to raise

carrier f reque ncy to h u n d r e d s  and even t h o u s a n d  megahertz.

Iltrasonic delay lines can be utilized in the schematics of

cr oss—period subtract io n b o th  cr  irteruediate and on video frequency.

In wozk at interme diate frequency, the latter is selected to equal

resonance frequency of the ccnverter of electiciagnetic vibrations

into ultra sonic ones. In wcrk on video freg~ ency,  bi polar v ideo pu lse

f r o m  mult ipl ier  ou tput  a cdu l a te s  t ie  s u&p or t i n q / r e f er e nce

V cscilla tion s, which cortespcnd to the respnince frequency of converter. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~~~ 
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Together with delay lines wid acceptance received the deduct ing

charge—storage tubes which simultarecusly fulfill the fundtions of

the memory and sub t rac t ion .

Charge—storage tube  is the  ca thode—ra y t ube  (Pig. 7.30) , in

which electrica l oaci lla t icns  are r e c o r d/ w r it t en  on certain

dielectric target N in t h e  f c n m  of charge  [a t t e z f l .  The sur face of

target must  possess for  t h i s  the  p r o p e r t y  cf t h e  secon da ry emission.

_ _ _ _  - ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
_

~~~~~~~- -~~~~~~ 
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Pig. 1 .29. Polyb .d sal/multifaceted delay l i ne .

Key: 11). Chopper. (2) . O u t p u t  converter. ( .3) . Atten uat inq mat erial.

Page 460.

This means that  wi th  the  in cidence,impin gement  to it of electron with

h i g h  onergy  level of t h e  t a rge t  is chase/dislcdçed •cre than one

el•ctrcn. Knock—on 3lektrc~ s recover by pQEitivEly charged

ColleCtor/receptacle K. The more  the  electrc~~s hit tc some

cell/element of tar get, the •cre of t h e m  chase,dislodged from it and ,

therefore, the greater the politive charge cf this cell/element of

target. The tot ality of the c e l l/ e l e m e n t s  ci t a rge t  can be considered
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as dia] .ing~ set of a larçe n u m b e r  of e l e m e n t a r y  condenser/Capacitors

as facings of which serve  t i e  f r o n t  face  of t a rce t  and backplate  SP,

wh ich ad jo ins  its rear s u r fa c e .

Let the electron beam ai th  t h e  c h a n g i n g  in time intensi ty be

swept along the sur facE  C f  t a rge t , fo r  ex a m ~~l€ , on the spi ral

(equipm e nt/device cf d ev e l op m e n t , s c an n i n g  in t h e  diagr am is omi t ted) .

Respectively it will  be be for m/sha ped the dist r i but ion of fo rm in g in

this  case positive charges  cn the  ce]ljeleie~~t s of the surface of

target N. In view of sma l l  e lec t r ica l  c o n d u c t i v i t y  of t a rge t ,

electrical oscillations are r e c o r d/ wr i t t e n  cn dielec tric targe t in

the  f c r m  of charge p a t t e r n , o t h e r w i s e , are a e m cn iz e d  to  su f f i c iently

long time. A change in the intensity of electron beam is provided by

a change in the potential of hackplate SP relative to cathode duri ng

the supplying to the input cf signal.

If the record/wri t ten  csci l la tions  are  c h a n g e d  f rom period to

repeti~tioi~ period, occurs t ie  r e c h a r g e  cf e l e m e n t a r y

ccm denser/capacitors. The current of recharge recovers by

cpllector/receptacle as c u r r e n t  ot th e  secczdary emission. In order

tc avqid  i ts branching  tc  th. adjacent sect1c~s of t ar-gets is

establish/installed the  ba r r i er  m .ah S. Cuated with recharge voltage

dr op across load impedance R~ in the propcrtionally to a difference

record~written voltages of signals in adjacent repetition periods,

_ _  ~::~~
-i-::i~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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i.e.

~~~~ (f ) ~~ ~~ ( t) — u 11 (I — T~
Recently b .gips to be develope d i~t.r*st in  the d igi ta l  coherent

processing of signals wiici can be used both fcr the accum ulation and

dur ing  rejection.

_ _ _ _ _ _ _ _ _ _ _  
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Lig.. 7.30. The simplified circuit of tb’s deduc t ing charge-storage

tmhe.

Key: 11). input. (2). output. 43). Incandescence. (4). Cathode.

Page 461.

~n the l i terature are described the  e xp e r i m e n t s  on qu ant iza t ion

and tape recording of t i e  a i p l it u de s  of quaczatrre— phase component of

signal in the f orm of 8—bit  cede numbe r ot t i n a r y  system. In th i s

case , appears the possitili ty of t ie inves t igation of the spectra of

s~.gnals for each sectio n cf distance. The aUlication/use of similar

metho ds for eqtire distance will b e, ot!i9usly, facilitated during

the use integrated of circuits technique.

~n principle, for t ie sclu tio i cf p ro b lem s af SDTs can be used —

the e;amined in § 6.21 cptical processing .
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~ 1.12 Simplest coherent—pulse radar with phase—sensit ive detector.

figure 7.31 depicts the schematic o~ the simp 1~~t cçherent

—pulse radar.  It contains: the  master  csci]la tcr  ZG , power am pl ifier

UI , palse modulato r IN , th e  t r a n s m i t t i ng  aid receiving an ~ enna s, the

ampl i f i e r  cf high ( i n t e r m e d i a t e )  f r e q u e n c y  U V C h , phase—sensit ive

detector PD , to wh ich as suppor t i ng/r e f e r ence  is suppl ie d the  voltage

of the  mas ter oscillatcz .

I resen ted radar is ccl) verted into t op p l er , if fro . it is

w it h d i awn  mod ulator , and  in to  usua l  pulse , if  is reicv e/ ttken

referCnce voltage f rom p h a s e — se n s i t i v e  d e t e c t o r .

let us focus a t t ent i c j  on the  fact  t h a t  the  reference voltage

coqt inuously  is supplied to phase—-sensi t ive detector. It Cannot  be

undertaken af ter pulse m o d u l a t o r , since t h e  r a d i o  pu lses reflected

cai~ arrive at arbitrary tcrgue/icaent bEt W EE n t ic  soundings.

Figur es 7.32a depicts vectcr  f a i l u r e  c i a g r a m

(supportin g/reference , ta ken an d resultin g) for t he torque/momen t of

the effect of the echo pulse. It tie ecbo signal is absent, the

resulting voltage is equal to s u p pc r t i ~ q/reiere rce. Figure s 7. 32b , c

sbmws~ the h i g h — f r e q u e n c y  resul ti ng  vc ltaqe ~L) and the result of its

detection (C). It is a s m u s e d  tha t  t h e  detector contlins isolating

• - -
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capacjtor, which remove,takes  cons tan t  comp cne ot. Figu res 7.32a , b, C

all vcltages depicts when the cosine of the phase angle #~ between

supporting/reference anc i n c o m i n g  cscil]aticrs ccnsta~ t and negative.

The constancy of tie phase ang le ccrrespcn ds to the

ccnstant/ i n variable distance of t a rgebjpurp cse  -and to the stable work

of the laster oscillator and  pulse modu la to r .

- 4  - - .  - • -  - - - ‘ p
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?~q. 1.31. Bl•ck diagra.  of coterert—çvlse iadaz with true internal

cpbera nce.

rage a62.

The sjgn of the cosine cf chase diEplacelent decends on a precise

dj.staice of target./purpcsc, and coEine itself changes its sign each

tu e when distance of target/pntpose cbaqges tc quarter wavelength

(path to target/purpose vice versa is this case changes to

half—waves).

.~f target/puvpose ioves evenly, thea ihase displace.ent

cQ;tiaeous1J is changed os the for...1.

wb~re Q c ~,!! ~ — Doppler fr.qu.ncy, and e~ - phase diepladement with

t—Q. -

& change in phase disçlace.ent for the t u e  Of the pslse

durat~jon is expressed by t~ s fcr. u la

— a1

_ _ _ _ _ _ _  
-~~li; ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
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During souudi~g of ao.. ntu • space of short duration it is small. For

eiaap le , for ; I ai, ~ 300 5/1, ~~C, I i value ~~ casposea 
20.

~ ~~~~~~~~~ -~~~-~
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Pig. 1.32. Vector diagr~ a (a), the resulting ~cltag. (b) hud omtp.t

Eotenhial cf phase—sensitive detector (c) ~~~~ cos~~~<~~~~~=O .
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~

I 
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~— T4 . ~~~~~

rn~:~
Pig. V.,33i Y ctor diagras ia), resulting vcltage (b) and Output

potential cf phase—sensitive detector (C) vken Pr<’~

Page •t3.

A change in phase cisplacesent durio~ the period of

preai*e,i.pulse is deter.iied by th. firsala

= 
~~ 

T

and it is usually sore considerably. It liads to the rotation of

vector on vector diagra. as this shcwn cu Pig. h33a. With respect is

chang*d the amplitude of ovtput potential cf phase—sensit*ve detector

~~~~~ ~~~~~~ -
~~~~~~~
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lu g. 7.330). The presented figure corrEsEcLds to th€ case whe n angle

,,<ji.In this case, envelc~ e cf ac.€ntui/i.puls€/puls es at the

ostpet of phase—sensitive detector is the zinuzcidal oscillation of

Dpppl*r frequency. In other words, •oaentuaìi.pulse/pulses fluctuate

wi th loppler frequency.

Is somewhat more cciplex the case , sh ea P, >~ Pigu res 7• 314

depict s, for  example , Uc case whip A Q(â4~w. In this cases

app ears peculia r strobcEccpic e f fect .  Ond it  t h e  puls e influence  of

signal on phase—se n si t ive detector , it is iip ossible to trace a

coltinuous change in the phase of the incp.ing signal. Is observed

the appareit change in pbas displace ment dtriag repstitipn period

~~~~~~~~~~ i.e. it Eeeus that the nctor turned itself to

o~ posjt. side to angle A~. It is ara logcua , if ~~~~~~~~~~~~~~~~~~

then 4s observed bM. apparen t  chan ce  in th e  phas e  angle

i.e. it seens tFat the vectcr turned itself on &O ,

s.d aqt on Pr 2
~+~~p.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
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Pig. 7.34. Vector diagram (a) j the resslt3~~g voltage (b) and output
poteu~ ial of phase—sená itive detector (C). sie~ ,7 >a

[age 464.

Aip li tude  cha nge from on puls. to the n ext  wil l  be determine d

b~ the value of angle P7 1. Can be int rod u cic t k e  period cZ the

Fulsations (see Fig. 7.3*1)
2~T

— 

~~ r
and r *vers e/inv.t .C to it value — i ipple t t aque ncy

r l V T iiii*J

In the genera l case

where n — is determined frc, couditioa f c ~_ 2,nf<~ . then ripple

freque ncy

( U

H
_ _ _  ~~~~iiii.i_~~~~. —— ~~~~ --—~~~~~~~~~~~~ - -~~~~~~~~--- . —
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the condition for p leads tc t c.r a F~—~-f l F~~~ F 2.

Uence it is apparent  th a t  the  •axi.u u cf r ipple  frequency does

not e;ceed the half of the pulse cepetitioc frequency Ff2. The

curve/graph of ripple frequ escy is d.p i~~ad in Pig. ~~ 7.~~5 in the

fu ~cticn of Eoppler fr.que~cy F 1. of c.rr èspoadinq phas. displacement

du ring the period of premiss/i .pslse ç~ sad ci path vJ , passable by

target/purpose dur ing  tie p cr icd of primise~ i .pi l se.

There is a series ci values ot tadia l cc.Fc;ent VeloCity at

which the ripple freq uency is tutned into z&~o, i.e., pu lsations

disappear. In this case ,tke imagea trcs the driving/moving and fixed

targel’ on variable—displacemunt ir~dicatcr dc nct differ between

theuselves.

— -
~~~ 

—---- --- 

-

~~ —-—- -—  ~~~~~-
----

~~~~~~~
-

~~ ~-~~~--- - -~~---



D.C • 7S1338Q 3 ~~~~ ~~~~~~~~

r

“I f/2 lf/Z 2F ‘~

~~~
.i/. .~/2 J.VZ A U,

Pig. L35T. D.pend.nc. of ripple frequency C L  Cc~ pler frequency, phase

dj.splace..nt during the period cf ptemise/iipulse and path , passable

by target/purpose during the period of premise~~iapuls..

Page 465.

these velocities a re  called ~b l i n d U  and cpr r espcpd :

to values of Doppler frequency, aultiple to repet ition

f requency,

to the values of phase disp lacss~~t ~~ — 21V1

to the values of th. path, passat]e ty the target/purpose

durinq the period of pre.ise,’i.pulse , equal to t h e whole n u m ber of

h al f—v av .s ,

~8liqd” velocities ar e desi~nid fEC. t he tc rs.la

(2)‘ 2 T

L ~~~~~~~~~~~~ -~~ -- - ~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~
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if radial com ponent target speeds differs from “blind”, t hen the

driving/moving target/purpcse can be distlv~ uis bed of mo ti onless ones

by the pulsations of moientum/iapulse/pulse cn scope wit h amplitude

mark ftig. 7.36)which can be used for the isciation/liberation of

target/purposes against  t h e  b a c k g r c u n d  cf t e f le c t i o n s  from motionless

grcund features.

Nowever , in many irstances appears the peed for “stopping ” the

polsations of passive jamulug trc. the driving p ucving with certain

v.lccjty dipole reflectcrs. If in this cas€ ,as silppo rting)’reference

tc phase—sensitive detector is is supplied the constant on phase

veltage of the master oscillator, then th. vector of the  voltage of

the echo signal during €ach period ci pi..ii./i.pulie is turne d with

respect to supporting/reference to ang le ,r = ~~~~ Pith respec t

changes the resulting vcltage , that usc leads to the pulsations of

disturbing voltage. In crder to avcid pulsatio;*, it suf fices to

change with constant velocity the phase of reference volt*ge so that

this change in the phase for time P in va lue a id in sign would

corre spcnd tc a ch a nge in phase ,~ — ~~, P of t he  iuccm in g

oscillations of interference.

As is known , a uniform change in the phase cf arbit rary

oscillation in time ind icates a chaige ci thi frequency, in this case

Cf the freguercy of the master oscillatcr ci Dcppler jamming 

. T . . .~~.. 
- . . . . .. - ..... .-

. ~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~
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fr.qt acy Q1.. I suall change in the frequircy can be realized by

sch.mIt ics of tvofcld ccnvers i cn  w i t h  the ise of hig h— stability (for

ezamp l., quartz.d) heterod ynes. 8ere variat .iopa pt tr.qu.ocy t 0 are

convexted ists var iations sf t r eque rcy t s~~t m — fr (~~~h.r combination

fr eguenciss at. filtered out because of thi •.lectibm of sufficiently

high frequency f .- ’. Variati.n.s ci tzaqu.acy ~1 are converted into

variations of fr.q’...cy ~ ~=f , -
~/, 

— = — F~. The cor~respciding

trans~ ormatioq circuit ci swpportiag,’rei~~ence encillaticas before

supply to phase—sensitive detector is SLOw ; cn Pig. • 7.37. It

allows by changing frequency of one of the keteredynes to consider

w~tnd velocity, in connecticu with which the kncb,stick of a change in

the frequency of heterodyne calls the knob,stick of the “compensation

vind velocity”.

- —~~~ 
. — ----- -——--
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Jig. 1.36. Form of the £creen ci arplitede irdicator wit h its

cpanection to the output of phase—sensitive detector.

Pa ge 466.

r~u r i n$  the rota tion of th i s  kqob,s t ick , is c r e a t e d  the same effect,

as if radar  itself exper ien ced “b lcv in g~ , i.e.,  it began to  be moved

wjth wind velocity . As a result of changim ç the frequenc y of

tefetence volta ge, the ~idec pulses of tar qet/prrpose after the phase

discriminator are pro ved t. be those m o du l a t e d  ly  the  oscillation of

Coppler difference frequeuc j F 1~. ~hIch is a differenc e in the

D c p p l C r  frequency of ta rg et/pulp ose and f re q uency of “ blowing ” whose

value is determine d by the pos itioi of kqok,z t ick  “cos pensation wind

velocity ”.. The ripple fr egu en c y  of the  t a r g e t  pulses w i l l  be

determined nov by the fcruu la

F~y.,.~= I F ap ~
_

~ F J ,  (3)
where iastea d of f reque nc y F 1 entered roppl.x differenc e frequenc y

F~~. •blii d” velocities in this case wi l l  he
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wh~~~ Vrn  — the velocity, which ccrr~’spon ds tc “blowing ”. As a

result at the pulsation cf interference on indicator , they are

attenuate/weakened.

Toget her wi th  schemat ic  (J ig .  7 .37) ,  where  the equi pment/device

ci “blcwi~ g” is included in the circuit of the supportinqflreference

oscillation of the phase discri.inator , possibly its inc lusion into

the circuit of received signal. In t~oth c a s € s  w i l l  b e ch an ged phas e

disj~lacement ~f the adoptEc and supp crt i~ g,zeference oscillations.

Fc th qf schematics call the transfcraat ion circuits of phase, but not

frequency, since to speak about frequency ccnversion per the units of

hertz with the spectra cf the signal cf m e g a— H e r c u l t ’ s order scarcely

is expedient.

~ 7.11. Principles of cross—period ccapensaticn cc video frequency.

The described in the precedinç~ previpus paragra ph visual

selection cf video pulses fzcm the driving.jacving target/purposes on

scope with amplitude ma th b inders, if passive of inter ferences

coptimuously drives in ~crecn.
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Jig. 1.37.. Bloc k diagram ci coherep~t—pu1se radar with the schematic

of the coapensation the action of the wind (during com pensation

— F1 ,~) ~

Page *67.

Visua l selection is not used , furtterncre ê during the use of

indicators of circular cr raster scan wit h hrightness mark . Therefore)

are necessary the schematics, w bicb •ake it pcssible to eliminate

interference, retaining marks from the tarq€t,putposes whose radia l

velocity are qot “blind c;es ”.

For the solution of this problem , it is pcssible to util ize

schematics of single or repeated cicss— pericd srbtractio n on video

freque ncy. In rig. 7. 38 is e x p l a i n e d  the VCLk of the schematic of

sii~gle cross— period su btractic n frcm the .time,temporary point. Are

shcwn the corresponding voltage oscillograms: undelàyed u4t), delayed

- . . . 
• .— - — -— .— - — 

- 

~ ,___ . . .__~_.~~
____ __ ____ __ i~~
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u~ t—T 1 and the res ult of thei r  subt r ao tion  u ( t ) — u (t—T) , atter  which

are obtained posit i ve aid  n e g a t i v e  pulses t ic .  the  dr iv in~,’aoving

target/purpose. Finally, is shcwn the tesuit of the full—wave (with

respect to the enveloping ripple frequency ) rectificat ion of these

ao.entua/impulse/pulses, after which the fluctuating

mo men~~um/ i•pulse/pulses t c c i  t h e  d r i v i n g / m c v i o g  target/p ur poses have

cue (positive) polarity and can be given tcr ccmtrol of the

brightaess  of the tube Cf v a r iab l e — in t en s i t l  i n d i c a t o r .



- ~~~~~~~~~~~~~~~~~~~~~~ ~~
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L4, ’tJI

~~~~~~~~~~~~
Fjg. 1.38. ftplaw.tioa ci the operating principle of single

crcss—period subt rac t ior  f t c m  the  t ime~ t e u p c r a r y  point .

P age 468.

Since the system of cross—period subtr~ cticn on videp frequency

(tc fill—wave rectifier) is linear , it is pcssihle tc expLain its

wcrk as system at intermediate frequency, tr cm the spect rt ]. point. In

this case, one must take into account the s p ec i f i c  cha racter of the

spectrum of the seq uence Cf bipclar video pulses , whic h has as the

which envelopes sinusoid Dojpler frequency. It is know n that the

infinite periodic sequence cf the io.entum ,iiapulse/pulses of period

- 
.
~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

. — — — . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~3~ 1~~~2V, .



DCC ~ 781338Q 3 PAG E ‘-44~ ~I L - ~ )

T= 1/? ( w i t h o u t  sodu la t i cu)  can be r e p r e s e u t a d  b y  Fourier  series:

i~it ) ’~~~~± ~ A w Cos 2Mft (1).

Then the bipolar sequence of aomentus,impulse/pulses, modulated

by Coppler differe~ce frequency P,. will L4

u (t)CO6 2~f~~~t 
!cos 2nP~,,t -4-

i .e.  ~ ~~ 
~4~ Lcos 2TckFtC06~~ F . p~k (2)

!~.cos 2nF~~ t

+ tc~~ 2n tkF + F 1,) I + coa 2i~ (*F — F 1 ,~) : I~ ~3)

The amplitude—frequency spectra of the periodic (by inm odu la ted

flcppler frequency) and bipclar (modUlated) sequences of video pulses

are represented in rig. ~~ 7.39. C h a r a c t e ri s t i c  for  the bi polar

sequence of •omentu./impulse,pulses is the sp l i t t i n g/ f ission of each

spectral  l ine  of f reque nc ) k P ( W 0  — number ci harmonic) into t he pair

of sp*ctra l lines (doublet) k F ± F 1~ and kF — F 1~ . Por case k~~0, occurs

the replacement of the ~ere ttequeicy ci $c~ pler. On the same figures
dotted line showed the esplitude—trequ .ncy characteristic of the

schematic cf si ngle cross—per iod  suhtr acb ic i ~. IF can be seen, this

schemitic cc.plet.ly suppresses all harmonic cclponent s of the

infinite periodic sequen ce ci •c . e r t ua ~~im~~r l a e ,’pvlse s tro n f ixed

target; appropriate haricnic ccuponent s at th . mcdwlat ed Sequence of 
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t he  dr iv ing/moving  t a r get / p t t p c s a  a t e  p assec .  Since these components

to different degree are attenuate,weakened depending on the va lue of

Ccppler frequency, the amplitude of fluctua ting pulses (as its

average value after full—wave £Ectöficatio~ ) de pends on the ra dial

velocity of the motion cf target/putpo~e.

Page 469.

The depei~denc e of the ratio of the a m p l i t u d e  of t he  f l u c t u a t i n g

momen tum/impulse/pulses (Cr  i ts av~ ra ge v a l L e )  at the  o u t p u t  of

schematic to the amplitude cf input pulses cn the radial velocity of

the •Qtion of target/purpose calls amplitude—high—speed/vS locity

characteristic of the schematic of cross—period subt racti9n.

~n the case of single subtraction and in the absence of

~irvey/coverage the latter can be fcund , b~ cc.posing a difference in

tuc •~dulated by Doppler frequency s€que~ces of the video pulses of

siqgle ampl i tude  — by t h a t  rot de laye d and t h a t  dela yed. Expression

for this differenc e takes the fcra

u (t)cos 2nP1 ~I —u( t &- T) cos 2nF~, (t —T) —

— u(fl(—2) sin nF1 ~r sir, ~nF1

w it h  u (t)~~u ( t—T ) .

b r  the case of the ratio of amplitude and average vilue of the

~ .~~~~~~~~ 1T T:~~T~ _ _ _
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cutpu.t fluctuating monentuliimpulse,/pulses in guestio~ to the single
am~.litude of input pulses, t hey ar e determ ine d by the •xpcessions:

(4)

~~ ~ I sin M (u~ n —v , ,)

Each gf  these expression s can be cc;sider. d as

ampli tude-high—speed /velocity characterist ic of the schematic of

si’ugl• cross— period s u b t ra c t i o n .

telOciti.s ~~ — ,~./2T + u ,~ can be dail,name d as before “blind”
velocities. At these velccitiea occur tai.LuLes Cf

a mp l i t u d e — h ig h— s p e e dj v ej c c it y  c ha r a c t e r i s t ic  tc  waro.

_ _ _L __ ~.-- — ______________ .-. —- ~~~~ ~~~~“
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Pig. 1.39. The amplitude—frequency ;pectra ci the sequence of video

pia lses at the o u t p u t  of phase—sensitive detectcr (solid line) and the

asplitude—frequenc y characteristics of the schematic of cross—period

au~traction (dash line): a) object is noticiless; b) objedt moves

( P
1 p —

Page 470.

The cqnsiderable drop of amplitude—high—speed /velocity character istic
(~~j )

(for •xamp le, on 10 dB and lore) occurs alnc in vicinities V,.. ~~
called the zones of “bl ind” velocities.

bith connected survey/coverage instead Cf the periodic sequence

ct radio pulses from target,purpose , ccies t h e  packet of tadio

pu lses. With resp.ct this after phase—sensitive detector will be

observed the packe t of the modulated by Doppler frequency video
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pulses. Spectral lines in this case diffuse into the spect ral regions

wh ich are suppressed no t  c o m p l e t e l y .  The ccrpensation video pulses

wjll be in this case also i rccsplate , espec ially those the m them ,

that dcrrespo~d to the torqua/ac.ents ci grcwth,bu ild—up or drop of

packet.

To analogous effects are led the amplitude and phase

fluct uations, connected wit h the veiccity siread of reflectors. In

this ccnnection can be appli ed the schematics ci twofo ld dross— period

compensa tion, whic h have sine-square a.~li tud .—high—spee d$velocity

charac te r i s t i cs, thei r  icdi f i ca t io; s  w i t h  tk€ use ot feedback, and

also sc hema tic of the r~ p€a ted ccap ens atio r which ha ve wider regions

ci the suppression of aapll tude—h iqh— speed ,velccity characterist ic

(i i~ this  case , on video— • and not at iflter.4diate frequendy) .

Une should focus at teu~tion on the fact that the for m of the

packet of radio pulses after pbase—sensitiv detector and the

schematic CL cross—period subtract ion is distorted due to effect from

pu l sa t i ons  (Fig . 7.LeOa , b) even vh~ n tarqet~ pur p cse itself does not

flu ctuate.

lietortions it is possible tc avoid, It is passed to the optimum

schematic Cf the q uadratcte prccessing (see ,ig. 7.27b). Jn this

schematic are utilized two phaso-seisitive detectors, on w h ich are

-

~

d . ._ .

-

It- ~~~ 
.. 

—
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suppijed t h e  out of phase or 90° refer~ rce vcltages. After

phase-sensitive de tector iii each c h an n e l, w a l l  cost its schematic of

cross’pericd subtr act ici .

~f envelope in one quadrature channel is mcdulated accord ing to

the law of cosine (Fig. 7.’$Oa), then iq ott~et channel it is modulated

according to the law of sine (Pig. 7.40k) . I b er e f or e , afte r supply ing

the sjuare law detectors (instead of the full—wave rectifjers), by

summin g the voltages of two quadrature cha;nels and ty tak ing the

root, it is possible to obtain the packet ci the und istorted form

(sinc Yc&*+ sin’ — I, where

- - .--
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The amplit ude of packet in this case depends cc target speed and is

determined fcc. amplitud.—hlgh—speed,velocjty characterist ic.

The same undistorted fcr. of packe t scu ld he, it processing was

coqdudted at in termedia te  f r e q u e n c y .

— — — — ? ( t ~~ (C/ IlI(bT~~~,t ~t4

~~ii r { 1 [~~ ::t1it~~~.

~11ii111T lilT T TTrE’i~1i~. I.*0. Packets of th i v ideo pulses cf tte driving/mo ving

target,purpose in quadrature channels (a, h) an~ at the output of

circujt of optimum proc ssizig cu video freq~eucy (c).

____________________________________________________________ ~~~~~~~~~~~~~~~~~~~~~~- — - —-  — —-.-—- -—--a- --- —-—--->- -~~---s — —-— - --—-.
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Page *11.

~7~~1*~ Principles of the ccnstruct fcn Cf radars with equiwalen t

iateraa i. coherence.

Tcgether with transmitters with separate excitation in radar

vjde use find also the self—excite d tcars.itter~ , us~*lly
considerably si mpler . Pcr cer ta in t y  as this transmitter, let us bear

ii mind .agnetron.~ The special feature/peculiarity of such

transmitters is the randcm initial phase of the sounding Stress with

respect to random oscil.laticns w i t h  the fix d/recorded initial phase. 

---~~~~-~~ 
i~ iiL ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ------—---~~~~~~~~~
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rig. p.41. The block diagra. of cokereut—pulse radar wit h the

equivalent interna l coherence: Ii~ — pulse modulator ; N — magnetron;

KG — coherent heterodyne ; Pt — phase—sensitive detector.

Page 472.

It ilizing thi s t r an smi t t e r  it is not pcss,itle to su pply on

phase-sensitive de tector re ference vol tage  w i t h  the r igidly

Lized~ recorded pha se. As r eference— voltage sour ce , it is possible to

take special generator — coherent keter cdyne (a t  high or intermediate

trequoncy)to which is tied the initial phase of magnetron. in this

case, coherent heterodyne memorizes phase 0 realiz ing the reby the

equivalent cohe rence , a t ont which was meetic nc d abo ve.

The simplified block diagram of t h e  .racar w i th  equivalent

I
~ — — 

•-.~-—
——

—

~~

——. —-..

— — — ~~~~~~~ ~ —
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internal coherence, whic h has heterodyi € at high frequency , is shown

on rig. 7.41.

Coherent hetetodyne is self—ezcitc d gscillator. Usually its

cacillations artificially axe broken away after the reception of the

echo pulses f r o m  t h e  l c c ç — r a n g e  t a rge t s .  icc  disrupt ion/se paration it

seffices tc loc k oscillator tuhe.. Work Cf ccbere~ t heterodyne to lock

oscillator tube. Dhe wcrk ci coherent hetetcdyn€ can be ezauined, by

using diagram/curves (Fig. 7.42), w here are sbcwn the so unding and

.c*O signals u~~~(1) and u~~( t) , the vclt~age of coherent bet.rodyne

“kr~t)*md also output potEntial cf tie pbase ciscriIinatoru,~(t). After

the beginning of sound ing  in to  the  duc t,contcur  of the coherent

heterodyne, enters the vc lt a g e  of the  s cu n d in g  signal. Up to the

torque/moment of the openlaç/trigçering of coherent heterod yne , this

dsct/ccntour works in the mcde of forced oscillations and the

complete phase of osc i l la t icns  w i l l  be

ø,~ (t) we~t+,~ ~~s t ~~O. (I)

Key: ~1). f or.

After  the t e rmina t ion  Cf sound ing  pu lse  and  opef ling/t r igger in g

at certain moment of t im e  t~ 0 coheren t  h e t e z c dy r e  ge ne ra tes at its

cu~ frequency and its ccmplete phase

• — - ..— r .-  -
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Key: (1). for.

3cmevhat idealizing transition from ,tFe mc de of the induced to

co~ditions,mode natural oscillations, let us ccnsider that it occurs

cnly with t=0 and the cc.plete phase of the cscillations of coherent

b eter Qdyn e in this case is not changed .  This  means  that the initial

phase of signal is tied to coheren t hetero d y n e , i~,., ,~,. ~~~, 
rema ins

the impose d on it durinç entire peiiod prenis€,iiupsls..
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FLg. 7.42. Explanation ci t I e  c p er a t in g  pr i rc iple  of coherent

be tetqdyne.
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~f the time lag of the  echo s i gn a l  composes value t , (Fig.

7.~~2). thq n the complete phase of the ech o signal during its

existCnce (—t ~~~ f-~~~t, is deter,ine d by the expre ssion

(3)

A phase difference of tie cscillaticns cf ccbetent beterodyne and

echo signal is in this case the furcticr of the time

- 
- — -

—.--- - -- 
_T  

—— - --- fi- - - ----- -—--—.- — —_
-~—-~~ f l -~~~~~~~~~~~ ~~~-- ~~~~ -~~~~
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Theretore during t~ e imposi tion of the voltage of signal on the

volta$e of coherent hetero d yne , is fcrm€ d the icientus/impulse/p ulse

of the beatings, which cccur w i t h  d i f f€ r e a c €  frequency . Since usually

are egual ized the  f r e q u e n c i e s  cf s ign a l  an d coherent heterodyne, this

n~ ientu./iapulse/pulse con ta in s  c c rs i de ra b ly  less th an one period of

beatings. The forna tion education ci t h e  t ap e r  of the  ampl i tude of

the resulting stress 14* m (j) (Pig. 7.42) during the imposition of the

cscillations of signal and coheren t beterocyne can be illustrated by

vector diagram (Fig. 7.43), on which the p ha se  angle bet ween the

voltages ok coherent hetercdyn and signal is change d for the tine of

the pulse duration from ~ in the beginninç of

m~omentum/impuls /pulae to ip~ at its end/lead, i.e., in all on$t =

p,, —~~~. ‘Value s p, and $, we find ircu tcnmui a (4):

= ~ (t,—~~)~~ t~—i~)+e~t1,
(5)

Ln order to avoid an alternation in the sign because of beats,

they require

_________  - - • f i -- ---
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In this case, are possitle cnly small tapers ci the apex/vertex of

video puls.s because the vol tages  iq the b e g i n n i n g  and end /lead

(L/ ,i~ co .asd u mco~cw) are not identical.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -- - ___--- ,__ -- —
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Pig.  )•1$3• ‘Vector d iagram , which illustrates tie possi b i l ity  of the

taper of pulse apex because of phase displac emeit for the pulse

duca tjcn.

Page 474.

lith sufficient frequency stability of signal and coherent

beter~ dyne even with certain taper ci a~e~,vertex it is possible to

attain the satisfactory cc.pensaticn slgqals fccm .otion lCss

reflectors.

~n order to have tie capability tc cc .pensate fcr reflect ions

from d ipole reflectors, move d ty tie wind~ it suffices to

inclu~e, connect the schematic cf tie ccmpeasaticip the action of the

wind, similar to d iagram i~ rig. 7.37, eitb ec in the c ircuit of the

cefersnce voltage of phase—sensitive detectcr cr int o the circuit of

the phasing mcnentu./impuls.,ipuls..

_ -.~~ •~~~~~~~ fl _ fl _~~~ • fl _ - ~~~~ fl . -~~~~~~~~~~~~~~ - -.-- - fl - _ - ~~~•— f l fl - _ - - --~ 
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4i.is~ Effect of instabilities cn effectiveness SD?s in radar with

iatecnal coherence..

The fundamental instabili ties, which a lfect the SDTs in radars

i juternal coherence , t t ey  are:

— instability of tie pericd of the preuisejimpulse of

premise/impulse and pulse duration ;

instabili ty of the fr equency of the laster oscillator w i t h

t rue  in t e rna l  coherence ;

instability of the frequency ci coherent heterod yne with

equ iva l en t  interna l cohereqce;

— instability of s i gna l  t r e q u e q c y  ( w i t h  ttue inte rnal coherence

an c the sta ble phase resp co se cf p cw e r  a m p l i f i e r  the  i n s tab i l i t y  of

signal frequency it manifests Itself bc a lesser degree) ;

instability of ti€ frequency Cf the iccal oscillator (under

ccndi tion s  of supe r h .t erod~ ne r eceEt ion  t h e  f u n d a m e n t a l  heterodyne  of

receiver unlike coherent calls local).

All the enumerated fccis cf irstatlljtiee can lead to the

-_ — —_ --- -~~~ fl - _ •
_ 

~~~~~~~~~~~~~~ - f l — _ —  — - f i —
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pulsations of the compensated for signals, and coisepiently, to the

residue/remainders of interference at the crtpu t of the schematics of

cc.pensation. Therefore are taken mpecial measures for the

stabilizat ion of all enumerateé abcve parameters.

Especially complex is frequency fiximç in ccnnection with the

conditions of equi valent iqternal cohereqee. Therefore thjs example

let u~ pre cisely based cn demc ns t rate ene Cf th e  posli ble approaches

tahjn~ into consideraticn Cf the e l fec t of instabili ties and

selection of requirements tc the cell/elem ents ci coherent—pulse

equipment..

Ccunting for simplicity the shape cf the pulse of rectangular,

let us proceed from the fact that at the prtp3 t Cf the ph& se

discriminator was formed tbe chamfered momentumìiapu lse/puls. with

the values of the voltage u~ = UmCOSI~N in the beginning and 14,, =
a± the end of the mcusatus/iapuls.#puise.

Page 475.

I change in the angles ~~,, and 
~ derin g the period of

premise/impulse will  lead to the reaidu.~reieiii ders cf output

potential of the schema tic of the inter[eclcd sw~traction:

• _ _ _ _ _ _ _ _
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6u ,,-= ~—L f l% S I f l 4~,,ôI~,, (1)
6u,,= ~~~~~~~~~~~~ 

-

~~er. be,, and ~&.p,, — the instabilit ies cf phase, caused by the effect

at the isstability of f r e q u e ncy. Ut i l iz ing  fo r . u la st (  5)j §7.14], we

fi;d

(2)

Bet us find, the average value of the square of residual

voltage, for example, icr tie tegi;ning 0* the mc mentu a/impulse/pulse

•
~+~: (IIm.)’+2(t.-t.)w~ 

A~~~ pA
~~~1. (3)

Averaging on can he produce d independent of averaging on

instabilities &.,,~ and 6~ , ii this case sjn1$~=1,2. By the force of
th. independent ch aracter of fluctuaticna if the ft.quencp of

~~berent heterodyne and signal generator ,,~~ _.o.

Thus, the relative value ci average square of residue/remainders

vjll be 
____

...! [(:3 —T,,)’ ~~~~~~~~~~~~~ (4)

______ - 
_ •~~~~ fl_—~- -- — _~
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It is analogous

r 
— (5~

If is required, in order to ~~~~~~
‘=.._L, thin with the identical

(j2 44JQ

etfect of -the instabilities of the signal frequencies and heterody ne

their perm issible root—lean—square values aLE determined by values

~~~~~ ioa = -

~~~~ 2O(13 —T 1)

~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~ 

. 71
.5~.

with maximum time lag t., I ~~ (range 15C km) and the

duratjcns of pulse ;~~ = 2 5  vi pill respect ively cbtain :

(1)

ion ~ ~~~ ,J1~, ~~~~ ~~~~~ 
4 ~~~~14.

key : 11) . kHz.

- —w—~~~~~~ ~ . -• ____________________ 
-- - 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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Page 476.

The stabiliza tion ci ccherent beterodyme especially is

compljcated, since is required the ~hasimg . The refore in order to

tac ilj t ate  the condi t ion s  of its s t ah i li s at icu .  coherent keterodyne

is pilced at in te rmedia te  f r e q u e n c y  and  the  b lcck  d i a g r a m  of

c~herdnt—puls. radar takes the forms shcva cr PIg. 7.44. in this case

high requiremen ts •ust he presente d to t!ie statility not only of

co)~erent , but also of the iccal oscillator, eve n more stringent

requizesents, since toge th e r  wi th  the prev icus  sources of

instabilities is added cne additicial scuxce — local oscillator.

However , these requirements ate fulfilled scmewbat more easily, since

is exdl uded phasing at high frequercy.

levertheless, it ii necessary as far as pcssible to elimi nate

the etfect on the local cscillator of all scur~cis of i ns tab i l i ty .  In

particular, iq radars with internal cobetence dc not allow/assume the

rapid au tomat i c  frequency ccntzol of the local oscillatorB

preferring, for example, ahiupt , .chatfca l r e tu u i n g . Is possi ble

misc the use of the autcuatic frequency aoitr.l of magnetron under

ii lpcal oscillator of instead of the au-tcaatic tunin g lpca l

heter~dyn. under t~e frequency of magnetron. Ire accepted measures

tot the elimination of the effect of .ihrations , pulsa tions of the

supplies of power and sharp the t.mp.rature differentials on the work

-- _. -_
~~~- - ~~~~~~---~~~~~~~~~-
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of th. local •scillatot.

Zn radars with t rue  inte rna l  cobetenc. , tc  ensure frequency
stability somewhat (but uct cotsiditably). icre easily. So, double the
smaller mean square of residue/remainders  im c-capariso n wj t h  previous
example (1,803) cap be provide d , if f r e q uen c y  drift of the master
c~ cillato~ ~~~~~~~~ ~

— -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -- 
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?jg. y I 4$4• The block diagram of cotereit—pilse rada r with equivalent

inter nal coherence and sith coherent betescdyne at the intermediate

frequ*ncy: IN — pulse •cduletor; N — •aqnetLcn ; KG — coherent
beterçd yn.; Sm — mixer ; NG - the local oscillator; ~t —

phase—sensitive detector.

Page 477.

c7.16. Principles of thi construction of radars wit h exter nal

c~bere nce.

the method of external coherence lies ~n the fact thi t for

obtaining the informaticn with to the initia l ~has of sounding pulse

is utjlized passiv, interference itself. Ire keowu sever al varieties

of the met hod of external ccberenc,. 

——————-— - 

~~~~~ -~~~~~~~ -~ — -~-~~~~~~~~~~~~~ ‘~~
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Biqur.s 7.45 depicts schematic into diagram/cur ves, the

elucidating possibilities ot the itccb.reat compensation passive

jamming. In accordance i it h  the depicted schematic of oscillation

from •PCtI i ith large dynamic range (for •ja.ple , logar ithm ic) they

eater normal detector D, which follows the schematic of interperiod

qoipeusation (cross—per-~iod subtraction of (hEY). Is schematically

sbcwn variable—displacement indicator cf II, to which they are

zuppi4ed oscillaticns tc (1) or afterward (~~
) the schematic of

cress—period subtraction . The ccr r e spc~~ding  cecillog ra ms are

represente d in Pig.. 7.45b.

Sc the schematic of iqterperiod co.pe;saticn, is obsirved the

detected passive interfere~ce, which comparatively slowly fluctuates

as a ~€sult of mutual displacement~ .cveieo t Cf reflectors in each

F sclved apace. If within some sclve d spaces ire rapid ly moving

relative to tnese spaces of t*rget/putpçse, then occur considerably

acre rapid fluctuations. Therefcre after cccss— period subtraction it

is possible to reveal/detect the pulsat ions of the target pulses

against the background Cf t h e  r e s idue/ r ema in de rs  of interference.

Theretore after  cross—period s u ht r a c t ic r  it  is possible tp

r.veal detect the pulsaticar of the target pulses against the

hackground of the reaidue,sn e m a i n d e z z  of int e r f e rence .  Thus , because

— -  — - - — - - -  - - - - ~~
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of the s imul taneou s a r r i v a l  of the echo sjgnals from the solved

spaces, wh ich contain the mixing reflectors , and f rom ta rget/purposes

usual amp l i t ud e detector acquires the  propertie s of phase— sensitive

~~ tector . Reference for  it vol tage  proves tc  h~. the volt a4e of

passive jamming .  Since t h e  phases ci this stress and the phase of the

ec ho signa l equal].-y the y depend on the iqitial phase of the

oscillat ions of sound ing  pulse , t h e  latter aces not affect a phase

dJ .fference of s ignal and r e fe rence  vol tage.  It depends only on the

ra dial velocity of the d i s p ] a c e m e n t / m c v e . e r t  of target/pur pose

rslatjve tc iqterfarence and is determine d tics fotnula,i — 4nç (v~~—

so, also, for r ada r  w i t h  i r t er n a l  ccberince at com pensated

wind velocity. It is characteristic in th4s case that any adjustment

ci schematic for the accoun t ot the wind is not required.
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Pig. P.~i5. Block d i a gr a m  of radar  ai t h  ex t erna l  coherence (a) and the

diagram/curves, which eluci cate its wcrk (h).

Page 478.

Zn spite of merit indicated the scbematic cf noncoherent

ccmpensation possesses essential deticicncy,lack. For the solved

spaces, in which there is mc interf.re,~ceJ cccujrs usua l (not

phase’sensitive) detecticn and in the atsence Cf fluctuations the

signals frcm target/purpcses are repeated c~ c h perio d an d are

co.mpensated for in the schesatic of CbP’V. lki i~s, target/p urpose on the

s.ctiçns of space, free fro m passive ja.mbng, ca~ prove to be lost,

if not used against this special measures .

in order to avoid target fade , into schematic introduce these or

qther video changes. One cf de~ crihi d in the l i t e ra t ure of video

changes consists in the irtrcductic; of the fast—response device of

the analysis of interference and ccamutatoz of cutpu t voltage. In the 

.- 
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—c’ _____
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absence of interference tc indicator , is su~ p lied the voltage not

fr ca  the ou tpu t  of the sch em a t i c  ci co u p en s a t i c r , b u t  it is direct

from detector. The presence or the absence Cf interfer.~nce is

determined f r o m  t h e  excess  ct t h e  estaklished,installed threshold

level during the specific time. The effectivene ss of commutation

grow/rises,, if voltage cn dete ctor is te d through th e small de lay

l~ qe, and to the analyzer cf irterlere rca — aitbcut dela y. The

descrjbed method is not cnly. 
I ’

One of the methods the account of the &roperties of inter ference

is thi use of correlaticn feedhack as in §~~.S. In this case, can be

solved the prob lems not cnly compensation interferences , but also the

s~ multaneous compensaticns intertelerce and the  accumula t*on of

signal. Diagram in Fig. ~~~~~~ is analogous giver to Fig. 7. 8. Instead

of the cell/elements the antenna grating as the sources of supplied

to it voltages serve the removal/outlet s of delay line.. With weight

coeff4ci.nts c~ =z1 =1iu the case m =1 occurs single cross—period

compensation with self— adjusting.
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P~ g. 7.46. l lukt ichannel  schemat ic  of the  ccapensat ion pa ssive jamming

aith  the use of correlaticn feedback.

Page 479.

If target speed is kncwn , then via sel cticn of weight

co.ffjcients it is possible to tune sche.atic tc the value of this

speed so that simultaneously with the ccmpensaticn wculd occur

cober~ nt accumula t ion .

At un know n target sp eed , is pcssitle the r eplacement  of coherent

accumulation incoherent (se para te values ~ are replaced by zero ones,
is ut4lized accumulaticm after detector). icr providing the coherent

accumulation of signal, is require d the complication of processing,

as, fçr instance, in §7.10.
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The ccmmon/ ge neral~ to tal  a d v a n t a g e  at schematics with externa l

coherence before schematics with itter~al coherence are considerably

l,ower requirements  for lregueQcy stability cf the locel oScillator,

since its phase almost it is simultaneo us (i.e. in t ime ~~~~ and not

tj it is transfer red tc the phase s of suppcrting/referenee and

aê.pt.d oscillations.

a deficiency/lack in the series at schematics with external

ccberence is the expansic t Cf interferenc e spectrum as a result of

nonlimear conversion of oscillaticrs in d et ec t cr .  Therefor e the

qual i ty  of interference suppress io~ can prcv. tc be somewhat worse

than ~or the method of internal coherence at cc.pensated wind

veloci,ty. Schematics of the type o f  Fig . 7.~~ w i t h  su f f i c i en t  slow

respon se  of correlators  in the quality ci suppression  appr oach

ecbem 4tics with internal cclenence .
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