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Chapter 7.

FUNDANENTAL PORMS OF INTERFERENCES WITH ACTIVE BADAR AND THE

PRINCIPLES OF INTERFEREKCE ELIMINATION.

§7<1. Fundamental forms of interferences with active radar.

As in broadcasting, radio communicaticn and television, in radar
can substantially manifest itself the effect of the various kinds of
interferences. Rolle these interferences in active radar can prove to
be still greater than in ctter kranches of radic engineering, since
usually occurs the essertial weakening cf signal on the path of
Fropagation to target/purpose and vice versa. Purthermore, in radar
copsiderably more important role play scme specific forms of the
interferences with which much more rarely it is necessary to be
counted, for example in radio ccemunication. Such interferences are
in particular, passive jamming, catsed Ly re-reflection from

interfering objects. Together with them in & nusbter of cases,
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substantially manifest themselves the active jamming, caused of

variouws kinds by radiation sources.

On their origin of interference, they can ke natural, linked and

artificial.

Natural ones are the intecrferences of ratural origin. For
example, natural passive interfererces are fcrsed via re-reflection
frem hills, mountains, clouds, etc. The natural active jamming (see
§S}8) they are created Lty the radiations of the Sun and other
extragerrestrial sources. Tte active jasminmg, froduced by the effect
cf the emission/radiaticns cf different radio-electronic means on
each gther, call linked interferences. Together with linked active
jamming are sometimes cktserved alsc the mutial passive interferences
when in mountainous country interference with radar is created
because of the re-reflecticn of the oscillaticn, vibrations, emitted

ty angther radar.

Artificial active and passive interferences were placed to
radars of military designaticn/purpose durirg ccmbat operations in
the course of the Second World War, vars in Korea, in the Near East
aad in Vietnam. According tc the published data on military doctrine
of the USA, the creatiop ¢f interferences is cne of the forms of

electronic warfare. Under electronic war in the USA, understand the
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goal-directed preparaticn and conducting military actionsy
copsidering wide use radio electrcrics in tike military technique of

eneny.
Fage 822.

According to the character of the eftect‘ot intetfetence, are
divided into masking and simulating. Masking interferences create the
tackground against whiclt difficult tc isolate the signal, covered by
interference; at the sase time they usually victim signal in the
nonlinear cell/elements of receiver. The imitative interferences
create the effect of ccrfusing reflectors, impeding obtaining
information about true target/purgcses. Eact of three the varieties
imdicated above of interferences (natural, mutual and man-made

imterference) can be in turn, masking or sisulating.
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, reciprocal, arti-

ficial) and the possible principles of protection from them will be ex-

amined. Then a similar examination 1s briefly conducted for the

simulating interferences. On intra-receiving (Sed 3.5) and modulating
(Sections 2.10, 2;13, 3.21, 4.10, 6.18) interferences the material will

not be supplement?d.

A. Active masking interferences and the principles of protection from

then.
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§7.2. Natural and mutual masking active jamaing and the principles of

prctection from them.

As already mentioned, to the natural masking active jamming can
ke attributed the interferences of discrete sources (Sun, the moon,
the radio stars, etc.), vwhich create ncises together with the
distributed in the atmosphere and space radiaticn sources (see &5.8).
virtually effect on operaticn cf radar staticns of SVCh range they
can exyert the Sun, also, tc a lesser degree the moon. The density of
the power flux of the Sun (see Fig. 5.32b) at wavelength 10 cm,
proves to be order (10-20-10-19)§/n2eHz, where a larger number
corresgonds to the increased sclar activity. This density exceeds the
density of blackbody radiation at temperature of 6000°K 10-1000
tises, At wavelength 1 m, the density of power flux will be

(10-23-10-17) W /m2eHz.

Recently very important role is begum tc play interferences. In
FPopoEtion to a rapid increase in the number of utilized
radio-electronic means, sharply grcw/rises the éanger of their mutual
effects. In order to remove these effects, j(ractices the planned
distribution of the operatirg frequencies tetween different
radio-electronic means ktcth on the base of international agreements
and on the base of internal regulations within the limits of each

country, each branch of naticnal eccncamy ard military science.
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Page 823.

Nevertheless, in the absence of prcper protective measures from

interferences is observed thke asutual effect cf radio-electronic means
even with different operating frequencies. The latter occurs when the
extraband and spurious radiaticns cf radio-electronic means are

[reseat,.

Extraband are called emissionyradiaticrs in the vicinity of the |
nomindl operating frequency, wkich emerce teycrd the limits of the
diverted frequency band. Secondary include the emission/radiations at
harmonics, subharmonics, and also ccebiraticn frequencies (in the :
case of using the driver with freguency corversion). Together with
extraband and spurious radiaticns the reascr for interferences are
the supplementary channels c¢f recegticn/prccedure in superheterodyne
receiving equipment/devices. It is known ghat under the influence on
the mixer cf the incoming variaticmns of freguency £ and of the
fluctuations of the heterodyne cf frequency fe~ at the output of
sixer are formed the fluctuations cf a series of combination
frequencies |if+mf|. 1f any cf these frequencies coincides with the

intermediate, to which are inclined the suksequent cascade/stages of

receiver, it is amplified and is fcrmed the sugrlementary channel of
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reception/procedure. Under the actual <¢¢nditions when fr=>fup the
supplementary channels cf recegticr/frcceduvie are formed at
frequencies of input oscillations /[us= % (mf, + f,p)- Directional
charaateristic of the receiving and trarsmitting antennas for
extraband emission/radiations, spurious radiaticms and the channels
of reception/procedure usually differ from directional characteristic
for the fundamental channels of emission/raciation and
reception/procedure, in the first place, in terss of considerably I

high side-lobe level.

In many instances can te created fairly ccomplicated situation. ’
It is real/actual, in one ard the same area, the transmitters of
radio«electronic means create fundamental, extraband and spurious
radiations, and the receptors of these means together with
fundamental have the sugplementary chanrels cf reception/procedure.
I1f the fundamental or stpplementary channel cf reception/procedure
randomly coincides with the fundamental or supplementary channel of
emissicn/radiation and the intensity of the emitted oscillation is
sufficiently great, can cccur interference, which in particular

nasks. <

Phus, for instance, frequency mcdulated and amplitude-modulated
ccptinuous fluctuations of the communicaticr lines can create the

masking interference with fulse racar receivers. To narrow-band
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Ccrpler receivers the masking interference tltey can create not only
ligpe of commupnication, Lut even radio aids, the radiating

momentum/impulse/pulses, since thke latter are dilatesextended in

rarro¥~band duct/contours.
Eage 824,

The aggregats of thke measures, directec tcward the
exception/elimination of interferences, prcvides electromagnetic
compatibility. Together with by correct allccaticn of frequencies and
by cther organizational actions electrcmagnetic compatibility is
reached because of the filtraticn cf spuricts radiations in
transsitters, heterodyne vitrations in receiving circuits, because of
the correct use of conditicmns c¢f fpropagaticr, special
feature/peculiarities of locality, selecticr of the modes of

operation of radio-electrcpic means.

The aforesaid here relative tc the mutual masking interferences
in sany respects is related also tc the mutual ty those imitating

interferences which are examined further ir 87.19-7.21.

§7.3. Artificial maskin¢ active jamming, thke special

o
featuté?peealia:i&%es of their effect and methcés of designing.
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As the artificial masking active jamming can be used the
enission/tadiation of ncise oscillaticn/vikraticns. Noise
cscillation/vibrations can Le created intentionally Ltoth by the
separately excited generators and self-excited cscillators, which is
scre economical, for example by the special magnetrons, working in

the noisy conditions/mode.

With the sufficiently large dypamic range cf the receiver, noise
cscillation/vibrations create the effect, apalcgous to a sharp
increase in the internally-groduced noise, shich impedes detection
and a change in the parameters of radar signal at large target
ranges. Very powerful artificial active jamsing, as sutual, can act

i@ principle and along the seccndary channels cf reception/procedure.

f the dynamic range of receiver is insufficient and occurs amplitude
limitation (especially in tle last intermediate-frequency amplifier
stages, after the contracticn cf passband), relation of
signal-interference after limiter even more deteriorates. This is
explained in Fig. 7.1, is shown the passage thrcugh the limiter of

the unmodulated harmonic ipterfererce tcgetier with the signal pulse.
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Fig. 7.1. Effect of weak (1) and powerful (Z, 3) interference on the

passage of signal.

Page 425,

It is evident that with an increase in the jamming intensity can
cccur the complete suppressicn cf signal. Aralcgous effect occurs
adso in the case of the effect of poise interference with the
insufficient dynamic range cf receiver. Therefore the effect of the
masking interference with tte low dynamic range of receiver is
especially dangerous. But even with the very large dynamic range of
receiver the effect of interference, equivalent toc an increase in the

internally-producad noise, can considerably impair or completely tear




2aC = 78133801 PAGE 10

avay radar detection or tracking.

For simplification of the equipment for the creation of
interferences together with the gereration cf ncise, is utilized the
generation of the oscillaticn/vibrations, mcdulated bty noise in

amplitude or frequency. Thus, for instance, frequency-modulated

cscillation

u(q;-Ucno[m,t+SAu(t)dt]. (1)
]

where Ao(f) = random modulatirg functicn, will be the frequency
scdulated by noise interference, if a change in the frequency Aw({)

occurs in accordance with certain rcise oscillation.

To a number of the electronic devices, shich make it possible
cceparatively it is simple to carry out freguency modulation, are
related carcinotrons. Sugplying to carcinotion through the video
amplifier noise oscillaticn frcs ncise gemerator (for example, on
thyratron in magnetic field), it is possible tc obtain the frequency
socdulated oscillaticn cf fcrm (1). Ccntempcrary carcimotrons
allovysassume frequency deviation, beginning frce unity to hundred
megahertz, that makes it possible tc create the interferemces in a
ccsparatively vide and narrcv frequency spectrus, called respuectively

tarrade and aiming.
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from the fundamental pcint, the modulated Lty noise ianterference
is not completely equivalent tc internally-jrcdtced noise of
receiver, especially, if it is generated in brcadéband of frequencies.

For neise with the unifcrm spectrum, are mct virtually correlated the

instantaneous values of voltage through the interval of order 1/Af,
wvhere Af - frequency band. Meanwhile for the mcdulated by noise
iaterference not correlated will be the values, divided by interval

1/AF o, vhere AF,,, - width of the spectrum of the modulating
cscillations. Nevertheless, under the influence on receiver with a
tand less \E,, and tc tke deviaticn cf fregquency, the
interference, frequency-mcdulated ty ncise, creates virtually the
same effect as noise interference. In this case for transit time in
narrow-band receiver, is superisposed a series ¢f the independent
effects, which correspond to the incidence,/impingement of

instantaneous frequency intc the passband cf receiver.

Page 426.

The statistics of the sum of the superimposed instantanecus values at
each moment of time approacles in this case Gaussian, the lav of
amplitude distribution beccmes Rayleigh, correlations proved to be

the sdme as for the noise, frassed through tie rarrowv-band oscillatory
system.
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Both noise and modulated by ncise jamsing transmitters they can
additicnally be retuned (to slip ipn frequency)'. The cbtaimed with

this jirterference is called sliding.

The sliding interference is clearly transient random process.

However, even nonslippirg interference in real ccnditions of effect
adsc incomfpletely is reduced to staticmary frocess. Thus, for
instance, directional ctaracteristic of survey radar modulates not

caly signal, but also irterference.

However, in a series cf cases, the tramsiency of interference is
not decisive. Specifically, for such cases %ill be given below the
amalysis of detection ccnditicps against the btackground of the active

rasking interferences.

§ 74. Equation of radar, the range and visikility range RLS under the

imflueénce of the masking staticnary active ammimg.

With sufficient dynamic range ¢f receiver, the condition of
target detection in the masking stationary active jamming of the type

of white noise takes the fcra
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3up>'(~0+~ﬂ ll)' - (l)

wvhere 3,, - energy of received signal at tke input of receiver of
RLS; v - coefficient cf discernability of preset parameters of

detection or measurement; Ko = kTWl — spectrzl density of

internally-produced noise cf receiver; N,, - the spectral density of

the masking interference at the input cf receiver.

Ef the input of receiver affect oscilleticps frcm several

producers of the active jaesing (i=1, 2, 3, ..., m), then

m ;
I B, Q.. A
Noyo= z e V% 2)

i=14n ’?u Afni

Here: P, Afy - power of ncise and the width of its energy spectrum;
G,, - value of the antenna gain in directicn cn RLS for the i jammer;
A, - effective area of receiving antemna in direction to i producer
cf interferences; r,, - distance from PFIS tc the i producer; v, —

coefficient, which considers a difference ir the polarization of the
interference, vhich comes in frcm the i jamser, and the polarization,

crtimwm for the receiving antenna (are taken values from 1 to 0);

a; — ¢coefficient, which ccnsiders possible deterioration in the
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quality of interference frcem thke i froducer because of the use of
scdulaticn by noise (fcr nocise interference «=1). The entering

exfression (1) value 3, is determined fros [ (3), §5.4}

ap

Fage 827.
Ef the maximum radar range in interferences, as earlier, to

designate ’,.»that, by replacing inequality (1) by equality, wve pass

tc the equation of radar in the presence of the interferemces

P, G, A
—-——iT (N{'l'z_ ":‘ :; 7:"4) . (&)

Scmetimes this equaticn calls equation radar countermeasures.

Otilizing an equation radar countermeasures, distinguish the
following conditions/modes cf tte ccver of signal frcm target/purpose

by interference; self-ccvering, external anc¢ ccllective cover.

Self-covering it is possible tc call/rame the case vhen
target/purfose is covered by jamming transmitter, placed on its edge.
With external covering it is fossikle tc call/name the case when the
quiet target/purpose is ccvered by jammers, collective - when

interferences are placed frcm the edge of target/purpose from other

producers.

T p— . hibditiiiiona. . i, i, i b o - . J
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Ncting that in the case of self-covering m=1, ry =y, A, = A,

and designating relaticn to the maximum range in the presence and
absence of interferences ;ﬂgg,_ Y exfressicn (3) we bring to the

tiquadratic equation
g+ et =1 )

Here a is relation to tle range in interferences r ume to range
vithowt interferences wten the rance in interferences is deternmined
djsregarding by internally-froduced noise of receiver, For this
last/latter case from egquation (3) we ottain:

r.ﬁ@ﬂé__, 03)
4nPy Gy vya

7 vaxe =

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

/— ”~
y= %[y a'+4—1,a

and by the curve/graph cf Fig. 7.2, which makes it pessible to find
corregtion to solution (5), obtained disregarding by

imternally-produced noise. However, in the 1ajority of the cases,

- s g—




ECC = 78133801 PAGE 16

ccrrection is not causeé bty need, since a<<l,y=a and ’uaxe = Twaxc-

Fage ¥28.

Bcr the conditions/mode of external cover, is characteristic the
difference for values A; (B, e frce value A. This is most
noticeable when antenna is turned awvay from producer of interferences
and interference operates cn the mincr lobes of radiation paftern. If
aatenma completes survey/coverage, for exasple, along azimuth, then
A (B.2)=A uaxc FP—B,, o), wvhere fo, - directicn of the axis of
radiaticn pattern. let the target/purpose ke lccated on azimuth B,,
and the source of interferepce cn azimuth f;, thken the corresponding
values of effective antenna arca will be A= Ay F* (0, ¢) and 4 =
= Auaxe F*(P;— Ps. ¢). Substituting these expressicns in (3) for each
azimuth, it is possible to determine the range, and also, therefore,

to establish/install visitility range fcr this angle e

The exemplary/apprcximate form of visikility range in the case
cf twc producers of interferences is shcwn cn Figq. 7.3< 1Is
cbserved a reduction in the range in ccspariscn with the ¢ase of the
absence of interferences, even when interference operates on lateral
lokes of radiation pattern. A great reducticm in the range occurs in
directicn cn jammer. In the vicinities of directice cn jammer can be

created the sectors of effective suppressicn., Tte degree of the

, Can - - . P
T gl S g e
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decrease of range in each cese as, as the width of the sector of

suppression, depends on the parameters cf tadar.

§f ve analogously investigate the deperdence of range on e

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

rangey but also descends the ceiling of detectien and rises the lower

e€edge @f visibility range.

TR

F
!
1
!
{
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Fig. 7.2. On the calculaticr of the rarge diring self-covering on a

?
| @

Fig. 7.3. vVisibility ranges of BLS in the aktsence (1) and under

precise formula.

iafluence c¢f interferences from twc direchicns (2).

FPig. 7.4. Form of PPI scope under influencde cf interferences from two
directions.

— e — i 3 everrTveTpY
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Fage 429.

The given examinaticn concerned RLS with the sufficiently large
dynamic range of receiving circuit, for exasple with automatic gain
coptrg¢l on the level of interference. If this is not observed, then
together with the loss cf the fpossikility tc spet @ target at long
range will be lost the fpossibility of target detectiocn and at short
distances, since the interference level car exceed the level of
lisitation in the circuit of receiver. For the case, depicted in Fig.
7.3, in the absence of autcmatic gain ccntrcl ard the insufficient
dygamic range of receiver cn indicator will ke cbserved the picture,

shcwn on Fig. 7.4.

§7.5. Possible principles c¢f protecticn frcs the masking active

jazming.

Rrotective measures frcm the masking active jamming can be
sufficiently effective cnly in suck a case, wken does not occur the
suppressions of signal tecause of the insufficient dynamie range of
receiver., In this case, can be accepted the number of the measures,
cconedted, for example, with the use of the frequency,

three<dimensional/space, pclarizaticn selecticrn, etc.
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As can be seen fros exfressiops (1) anc (3), to an increase in

the range in interferences will contritute all measures, increasing

the left and decreasing tle right side cf tlese exrressions. Thus,
for instance, increase in the energy of the scunding signal makes it
possible to increase the range in interfererces proportiomally

Y3 in the mode of external cover and V3 — in the conditions/mode of

self-ccvering. An increase of the factor of amplification of the

transsitting antenna in directicn in target, purpcse makes it possible

to increase the range ir interfererces alsc prcgcrtionally y G in the
cenditicns/mode of external cover amd VG in the conditions/mode of

self-govering.

The decrease of polarizaticnal coefficient y sometimes can lowver
the effect of interference in ccmpariscn with the effect of signal.
The decrease of the coefficient of discermakility v also
contributes to the soluticn of this fprctles. As a whole, the range of ﬁ
action in the conditions/mode of self-ccvering is proved po be
inversely fproportional }'y and }v. Pinally, the decrease of the
relative level of lateral lcbes of radiaticn pattern A'/A (or even
the feormation/education cf failures im majcr lcte in direction in the 1
sgurces of interferences) makes it possible tc increase the range in

the ceonditions/mode of external cover fpropcrticnally VATA.

. ~ . . e SRR - .
¥y ‘
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Page 830.

Bet us turn to somewhat more cetailed examinaticn of the
enumerated above possibilities. An increase in the energy of the
scunding signal cap be realized vie the increase of pover and
increase in the duration of signal. Energy cf the sounding signal
will ke rationally utilized for recepticn/prccedure only in the case
cf aprrcaching treatment/wcrking the adcpted oscillations to the
optimam (otherwvise growsrises value v in the right side of

equality).

An increase of the antenna gain ip directicn in target/purpose,
creating the concentraticn cf useful energy, can b the same time
retard survey/coverage cf srace, if this ccrncentratica will be in
egual measure provided for all directicrs. As has already been
indicated in §5.5, are developed at present the methods of controlled
surveyscoverage with the sequential analysis when the time during
which the antenna is directed tcward target/purpese, depends t of
detection conditions and, in particular, oy intsrference situation.
Especially great possibilities for using prcgrasmed automatically
cpntrglled survey/coverage are opensdisclosed during the

application/use of the transmitting antennas with electronic beanm

 — A S T e ~ e “
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centrgl in the form of the phased gratings. In §5.5 were given
fublished in the literature the data of the sisulations, according to
which the gain during tlke use cf a sequential analysis in the case of
the different effect of interferences froa different directions is

especially great (5~22 ¢BE)e.

ft is known that tle receivinc antenna is usually inclined to
scwe specific polarization cf the received signal: linear, circular,
cr in the general case ellifptical. Are fpossiltle antennas with the
adjustable polarization. If antenna pclarizatior is
establish/installed the correspcnding pclarization of interference,
the effect of the action cf interfererce will ke greatesti Thus, for
instance, for the vertical polarizatiop of interference effect will
te greatest, if recepticn/procedure is comaducted to vertical
vibrator; for circular polarization witt tke rctation of phe vector
of field clockwise the effect of action will ke greatest, if antenna
is designed to this same tke fcrm cf pclarizaticn. Knowing this fact,
artenma it is possible by tke fact or in ancther manner to change for
orthogcnal polarization, i.e€., for the giver examples - to
horizgntal, or for circular polarization, tut with rotation
countérclockwise. For elliptically fpclarizec wave orthogomal is also
elliptically polarized cscillation, but witk the shifted on 90°
fositicn of the ellipse of polarization. In all cases indicated it is

Fossible to attain the essertial weakering cf interference. Will be
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i cr will not occur in this case respectively the veakening of useful
signal, it depends on tle pclarizaticn cf tke cscillations of signal.

If the polarization of the cscillaticns of utseful signal coincides

precisely with the polarizatior of the cscillatiens of inserference,
sisultaneously with interference and in the same measure will be
attenuate/weakened signal. Since (even duricg tte fixed for
emissicn/radiation polarization) tke pclarizatien of the signals,
reflected from actual targets, is randcm, in tte general cdase not
coinciding with polarizeticn of interference, there are possibilities

in principle to attenuate/veaken irterferegce greater tham signal.

Page 431,

For the increase of interference shielding, it is expedient to
decrease the coefficient cf discrisiratica , in [(V), §7.4]. The
decrease of coefficient v 1is achieved because cf the
aprroach/arpproximation cf recegtion/prccedure tc optimum. If
interference is stationary noise interference of the type of vhite
noise, then decrease , 1is achieved by the already examined
cptimjzation of recepticn/procedure for such interferences. With
filter reception/procedure this, in particular, indicates the use of
an opgimum frequeacy characteristic, i.€., cptimnum frequemcy
selection. Frequency selection is msore effective, the wider the

interference spectrum in ccsparisor with the sgpectrum of signal, :




r
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i.e., if interference is ktarrage ir frequegcy. In this case the
spectral jamaing density at the assigned pcuwer cf jamming transmitter
descends inversely propcrticnal to the noise tand. Spot jammings
(vith the smaller frequency kand), as a rule, are more effective, but
tc with more difficulty realize them, The creation of spot jammings
im the greatest measure hinders in the case of the rapid retuning of
the frequency of radar, with tie multifrequescy cr broadband sounding
case, etc. If the noise band is considerable already of the vwidth of
the spectrum of received sicnal, tlen the resulting noise it is not
fossible to consider white. In this case of optimum, is frequency
characdteristic vwith sufpgression in the poise kand or, in other words,
expediently the use of varicus kinds of the tuned band refection
filters for the oscillaticns of interfereace, which leads to the
essential decrease of tke coefficient cf discernability v (see

§1:9),

A decrease in the side-lobe level c¢f rediation pattern can
noticeably attenuate/veaken interference effect and is the
independent problem, especially imjortant ir the case of external
ccvers From the theory cf artennas, it is known that a dedrease in
the level of lateral loltes can Lke reached because of an increase of
the sizesdimensions of antenna, rational field distribution into
aperture, the increase cf tte precisicr of samufacturing, decrease in

the effect of re-reflection from the adjacent ckjects. The increase
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cf the selectivity of artenna can le attrilkuted to the cakegory of an
iaprovement in the three-disensional/space selection of received

cscillations.

Ffcr an improvement in the three-dimeasicral/space selection of

signal against the background of the interferences, which come in

frocm separate directions, can bte also in fpripciple used the described
in the literature methcds of the incoherent and coherent compensation
interference oscillations. For this, tcgether with fundamental can be
begun to orerate supplementary antennas (inp antenna cf the type the
rhased grating - separate cell/elements of this grating). The
pessibilities of the cospensaticn interferences vere formulated by

Soviet scholar N. D. Papaleksi still several decades ago [9].

Fage 432.

Jf signal, received by supplesentary antenna, compensates for
the signal, taken on lateral lcbes of fundasental antenna, after
detector, cone should speak about incoherent ccmpensation. If this
compensation is conducted at high (intermediate) frequency, it is

fcssible tc call it coherent.

Bigures 7.5 schematically shous the system, vhich includes the

sain and tvo supplementary antennas. Tc eaclt artenna corresponds its
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channel of reception/prccedure. The oscillaticps, passed through the
corresponding channels cf recejticez/prccedure, are supplied to
susmator. In this case, at least in twc sufplementary channels in
aaplitude and phase are regulated ccspcsite trapsmission factors K,
and Ka. If ccmposite directicnal characteristic cf channels take form

Fo( ©), F,(6), F2(6), then total ccmfposite directional characteristic

can be presented in the forma

Fx0)=F,0)+ K, F, (8 + K, F,(9). (1

Then for the angular ccordinates of the sources of interferences
€, and 8, it is possible tc attain tbe formaticrseducation of
failures in resulting directicnal characteristic for these
directions. Those necessary for this value K, and K, are determined

frcm system of equations

Fy0,) + K, F,(0)+ Ky F,(8) =0, ;
(&
Fo(eg) +K‘Fl(e‘)+K.F'(e’)-0.

Failures in directicnal characteristic, formed because of the
coherent compensation interferences, create¢ the supplementary reserve

cf the three-dimensional/space selecticn of the interferences, which
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affect both of the main thirg and cf lateral lctes of directional
characteristic. Especially wide scope fcr ajplying the compensation

sethods is open/disclosed dering tle use of receiving antennas in the

fcrm of the phased gratings.

g
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X, x

Fig. 7.5. System with two supplementary receiving channels for

forsing failures in the resulting radiation pattern.

Y

Ue

%

X

Fig. 7.6. Diagram with correlaticn feedback.

Page 433.

The selection of ccefficients in sulticharnel diagrams, similar
to diagram in Fig. 7.5, it is possible to acccmflish, by wtilizing

frinciple cf correlatior feedback.

Pigureé# 7.6 shows diagram with two inputs which enter the

o
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vcltages one and the sase cf frequency with ccmposite amplitudes of
Ug(t) and U, (t) (for example, frcm furdamertal and supplementary

antenmas). On summator is fcrmed tlte vocltace

Us(0=U,)—K U, ().

There is a feedback locp with the ocutput of summator to
centrglled member - multifplier in the circuit cf the supply of the
first voltage. In this circuit is included the equipment /device of
the computation of the estimatesevaluatioa cf ccvariance U:l:. The

latter with ap accuracy to constant X Ais utilized as the governing

factor K, supplied to ccntrcllabtle cellselement. From tvo equations:
K = yU;U, and (3), it is possible to fiad

ZU\U:.

== B Lo T 4

- L+ xU,? @
l”o”:

Uz:Uo—_lﬁ—"_(l-*l—/_;lT' 1 (5)

It is easy to see that during g — o~ énd the sufficient

correlation Uy and U, (for exasple, wher U,=CU, vhere C=donst)
cccurs the ccomfplete compensation, i.e., Ur it is turned into zero. |

The multiplication of ccmplex asplitudes, as is knqwn, cam be
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realized, for example, via conversicn of frequency, averaging -
tecause of integration in parrow-band filter (§3.16). The same
frocesss/operations can be produced by analcg guadrature perfecting

(§3.8) or of transition tc digital ccmputer technology.

The compensation effect irterfererce is prcvided, if correlation

feedback enveloped each of the inputs cof diagram. So that the voltage

Ug wvould enter in this case to the cutput cf susmator in the aktsence

cf the correlated interference wlten ccntrcl vcltage - Ko s turned

intc 2ero, to it leans seight vcltage q.
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Fig. 7.7. Diagram of cospensaticn with correlation feedback at both

imfputs.

Fage @34,

Iritial equations then take the form:

U:-(—K.+ G/UQ—KUp (6)
Ko=yUzU,, ™
K=1xU:U\. ®

Substituting (6) ir (7) and (8), it is €asy to obtain system of

€quaticns:




pacC = 78133801 PAGE 32

K, “+1|Uoi )+K 1U.Uo-ﬂxl—lm'-
9
Kx O U+ K (14 ¢ [O,P) =ax U, ™

During x — o, @ =q, = const = 0 and the tctal correlation of
veltages U, and (U, vhen U, =CU, from (6) and (9) we wild obtain
that Us -0, i.e. this ciagram, as freceding/previous, can

realide the compensatior interferences.

Tcgether with the ccmpensatiop interference, both of diagrams
can realize the compensaticp signal, if the duraticn of the latter is
sufficient for the retuning of diagram. Ia the case cf very short
signai the first, and seccpé diagrams will Lte irclined only for the
ccapepsaticn interference. It is easy tc see that in the absence of
interference both of diagrass give the values cf the governing
factors K and K,, equal to zerc. Tike output vcltage of the second
diagras in this case U: = al,, i.e. in the aksence of interference
each 9f the diagrams passes the oscillaticn, shich ccmes in along
fondamental channel. With a=1 bcth of diagrams, are identical. It is
easy to understand that if in diagram (Fige 7.7) a=ag, and in its
lover fpart tc the voltage of correlaticn fee¢dtack - K vill be added

the veight a,, then output effect in the atsence of interferences
([‘i[{ A- U:-ﬂ" Uo+ﬂ| Ul'
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On the basis of that presented, without giving more detailed
lining/calculations, it is fcssible to understard one of the possible
schematics cf the construction of self-tuning c¢f an antenna of the
tyre the phased grating (Pig. 7.8) [15Z]« In each of the E
cell/elements of the phased gratinc, is utilized correlation
feedback. In the diagram the ccrrelaticn feecback is shown only for

extrese (left and right) cell/elements. Terss a, @, .., a provide

-

the best effect of the receprticr cf signal in the absence of
interferences (they analogous cf ccmpopent 2 im diagram in Pig. 7.7).
In the presence of the interferences, arriving not more than from m

directions, is possible tte forsaticr/educaticrn cf failures in

directicnal characteristic, in these directicns. As is shown detailed
analysis for the discrete case (similar givenm inAppendix 9 with
copgtinuous antenna), forming directicnal characteristic is optimized
taking intc account interferences, providing tke most advantageous

three-dimensional/space sele¢cticn.
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Fige. 7.8. Multichannel scltesatic of tbe ccajensation interferences
sith the use of correlaticn feedback.




£CC = 78133802 PAGE A

Fage 435,

B« Fassive masking jamming and the principles cf protection from

then.

§ 7.64 Passive masking jamsming and methcds of its creationm.

As has already been indicated alkove, tle natural passive
interferences include thke radic interferemces, created by natural
reflectors (ground features, water surface, Lydrcmeteors, the aurora
bcrealis, etc.). These interferences can sulstantially upset the
operation of the airport racars, wltich enssie landing, and radars of
gjlitary designation/purpose, utilized for tarcget detection,

especially at low altitudes.

§idest use from the artificial masking fassive interferences
received the interferences, create¢ by dipcle ccpfusion reflektors.
As noted in § 2.5, they are the passive half-wave vilrators, prepared

frcm chaff, foil or the metallized glass ané kapron filamént. The
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ke
lergth cf pnarrow-band electxoﬁynanic shekers is selected
approcyimately an equal to half wavelength cf sufppressed RES. The
width of belts depending cp their length car be within limits from
several millimeters to several centimeters, and the diameter of
filament - from ten to hundred smicicns with the thickness of the

metallic coating of the crder of opes cf micreons.

Osually dipole reflectors are collect, /tuilt into packets in this

quantity that each packet according tc its 1eflecting properties
wculd imitate actual target (5,=0,). The aumter of reflectors in
packet n depends on the wave band in which works suppressed RLS, and
can be determined in acccrdance with [ (S). azd (6), § 2.5]):

n=a,/0,17M,

Fage 436.

Main disadvantage in such packets - narrow range ©f cverlapped
frequencies (5-100,/0) ficm rescnance). The frequency band can be
expanded, if packets are completed from the vikrators of different
length or are increased length and the tracsverse size/dimensions of
difpoles. Packets can be fplaced between the special belts which are
cciled around the drums, arrange/located in cassettes. With them can
equip itself antiradar receptacles. Becently apfeared the

regcrt/comrunicaticns against develcpments atrcad of equipment for

i N s S Bt e Bt
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the creation of passive jamming with the cutting of the dipole
reflectcrs on board aircraft in defendence <n that reconnoitred the

frequency btand of suppressed RLS.

For the masking of aerijial tarcets, the difcle reflectors are
dumped in the surrounding space on the aid cf autcmatic machines and
bosbs (intc rear hemispltere) or are detcnated with the aid of guns
and rockets (into frontsleading and rear hesispheres). In this case,
they can be created both continuous tands (clcué) af passive

reflectors and the breaking.

The cloud of reflectors is characterjized Lty its density. The
demsity of passive reflectors, detersired k) a cuantity of packets
rer uoit of path, with flight cn or frosm R1f is located through the

fornula
my =

(M

Un Leap '
vhere z - a number of autcmatic machines of the dropping of

reflectors; ¢, - speed cf froducer of interferences; ‘«p - time

tetvedn the jettisoning cf the packets of dipcles.’

Knovwing the density of dipoles, it is easy to calculate a

quantity of packets in cne pulse sppace

my, =mAr,

vhere Ar - range resolutiga of suppressed Bic.
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Fig. 7.9. Explanation tc the calculaticn cf a guantity of packets in

space V.

Face 837.

If with passive jassing is masked volume V of space, in which
the system of of those sfread ocn azisuth aré angle of elevation of
aircraft passes distances cf B (Pig. 7.9)., ther a quantity of

rackess, jettisonad intc this space, is determined by the expression

i 5 R _L H
Tk, w= T 2 0 be ®

vhere B, B, H - si:e/dilénsions of the disguisatle space ¥; Ar, rag,

rAe - gize/dimensions of fulse space of RLS at a distance of r from

statign.

Bor the masking of target/furfoses, it is necessary that the

s ———————— VO W Y G T W g —
[ TSIV A
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€F1
averages/mean effective surface of the dipoles, which occupy pulse

space cf RLS, would exceed the averagesmean effective sur€ace of
target/purposes, vhich were being fcurd ia this space. Disregarding
the mutual screening of the dipcle reflectcrs, asd also by their
I strain and destruction with drcpping, it is possible to determine the
average/mean effective surface of the cloud cf the dipoles, which

cccupy pulse ones space, by the fcrsula

Oua = 0,17A% Amy, = o, my,.

The ccndition of suppression cf BLS, by that not shielded from
passive jamming, it is jossible tc reccrd ir the form
O > TV, @)
aad for shielded RLS
Tan > 0uKq o/, @
shere Xny - a coefficiert of the subclutter vigitility of protection

equipment (§ 7.18), and Vv- - a coefficient of discernability.

§ 7.7, Fundamental differences for the sigrals cf target/pucrposes and

sasking passive interferences.

The echo from target/purgoses signals and the masking passive
imterferences have the specific differences, ccnnected vith the

differences of target/purgecses and reflectcrs, vhich create passive
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jammiag. To a number of these differences, can ke attributed:

1. Distributed character cf the mixing reflectors and close to
that concentrated - the tkright cellselements cf target/purpose.
Therefcre, by raising rescluticn cp coordinates and by reducing in
this case the size/dimersicns cf tle sclved space (in any case, to
the size/dimensions, which exceed the size, dinmensions of aircraft),
it is fpossible to attain an improvement in tte ckservability of

signal against the tackgrcurd cf passive jasming.

2. Differences in fpclarization of echc sigrals are observed, if
fassive jamming is created, for example, by btydrcmeteors Xrain,
cloud), vhich consist of sw®all drofs, which have form of sphere. If
hydrometeors are irradieted Ly cscillations with circular
Fclarizaticon, then they reflect oscillatiopns also with circular
polarization, but with the reverse (if is 1lccked in the direction of

Frcgadation of wave) rotation of the pleane c¢f pclarization.

Eage 438,

If receiving antenna does not receive oscjllaticn with this
polarization, it nevertlhkeless can acceft oscillations froam the

target/purposes, vwhich fossess the asymmotry of structure (§ 2.15).




—
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3. Differences in rate of displacement/moverent of interfering

reflectors and target/purpcse. The rate of tke displacement/movement
cf the ground-based mixing reflectcrs of relatively ground radar is
egual tc zero, while the being of practical interest target/purposes

they dre mcved with sufficiently bhigh rate.

If passive jamming is created Lty tke ccnfusion reflektors, then
these reflectors, being are discarded from azircraft, rapidly lose
initial rate, acquiring the rate, close to wind velocity. Since wind
velocity is not constant cn heightsaltitude, in accordance with a
high-dltitude jump/drop (gradient) in this velocity, occurs the

velocity spread of the ccnfusion reflektors.

Wevertheless, differences in the radjal velocity of
target/purposes and reflectcrs are and can te wsed for a selection on
velccity. Selection on velocity (otherwise cn tte effect of the
motion of target/purposeé) calls the selecticn cf the driving/moving

target/rurroses (SDTs).

At base of SDTs lie/rests the phencmencn cf the strain of the

structare cf signal with reflecticp frcm the driving/moving

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

2.:16 fcr the simplest single radio pulse and in Fig. 7.10 for the

sequence of short radio pulses. Figures 2. 16, fcr example, shows the
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curveggraph of the moticn cf target/purfose and the curvefgraphs of

the propagation of begirnirg and erds/léad ct the

scientum/impulse/pulse. It is possitle to ascertain that during the

soticn of target/purpose frcm radar prcceeds an increase jin the

duration of entire pulse and period of high-frequency oscillations
c+v,

1;:;—-3(14-%?- ance (see § 2.9). For a2 pulse sequence (Fig. 7.10)

cccurs the extension also cf the irtervalsgap ketween two adjacent

mosentum/impulse/pulses intc a number once indicated, so that this
ioterval/gap obtains incresent AT = E%TY Cp Fig. 7.11a shown .’
corresgonding change in the spectrua fe¢r the case of Fig. 2.16, wvhile

in Fig. 7.11b - for the case of Fig. 7.10 (cn the assumption that all ;
radio pulses of this figure they represent cut cf one sinusoid, and

the sequence of momentua/imfulse/pulses is fericdic). In each of the

c+ v,

cases indicated to extersion alcng the axis cf time [—-

once

correspcnds the compression of the axis of trequencies during the

sotion of target/purposc¢ also —— omnce: If the width of the

C—=0,

spectrum as this is shown on Pig. 7.112, §t is small in cemparison

with carrier, then the strain cf thke amplitude-frequency spectrua is

reduced to its displacement to certain loppler frequemcy F, = ﬁf_ A

simildr effect is shown cg Fig. 7.11t fcr tke ocsb spectrum of the

periodic sequence of radic fpulses.
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Fig. 7.10. Bxplanation ¢f transforsaticn of reriodic sequence of

radio pulses, reflected by driviag/moving kright point.
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Fig. 7.11: Transformaticn of spectra cf single radio pulse (a) and of

reriodic sequence of radic fpulses (b).
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Fage 840.

Nuserically change in pulse separation tecause cf the

bigh-sgpeed svelocity strain ¢f signal is small. Fer example, for
1=10-3% s, v=150 m/s and c=3¢10® m/s it is 10™ s, i.€., the value of
the same order as the period of high~frequercy cscillatioms. This
seans that the strain of signal can be noteé cnly with respect to a
change in the phase of tigh-frequercy icscillaticns. In order to
utilize this possibility, are presented sufficiently stringent
requicements for t he phase structure of high-frequency osc¢illations,

ctherwise - to their colerence.

They distinguish several fcrms of the frovision for coherence of

cscillations.

1. True internal ccherence is reached Ly fact that oscillations
are created by statle master cscillatcr, after shich will cost power

asplifier sith stable phkase resfponse.

2. Equivalent internal coberence is reechecé by fact that
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self-excited oscillator develops sequence cf acmentus/impulse/pulses
cf coamstant carrier frequency with randca initial phases. The initial
phase of each sounding fulse is mescrized diring the period of the
recepticn ¢f the echo signals to fcllowing scunding. By the
corresponding perfecting c¢f the adcpted oscillaticn this phase is
elisinated and the adopted cscillaticns are frcved tc be by virtually

the same, as in the case of true ccherernce.

3. External coherence is reached by fact that information about
randcs initial phase of scunding pulse is extracted froa incoming

from passive reflectors cscillations.

The principles of the tecknical realizaticn of equivalent L
irternal and external ccherence are in greater detail developed
further. Thus far this will not be stipulated especially, let us

Frogpose subsequently that cccurs the true irtermal coherence.

If the secondary emitters, which have different velocities, are
permitted on range and angular coordinates, ther independent of the
form ¢f coherence, the froblem of selection in velocity consists of
the deévelopment /detecticn cf time/tempcrary (phase) or spectral
differences for differemt sections of space. For example, for the
signal of Fig. 7.10 one should determine, tiere is or there is no

displacement of the spectrur for tte Dciplexr frequency, which

S —— pa— ’
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corresponds to the radial velocity cf target/purpose F.u

€Considerably more ccasplex is the froblem cf the selection of the
driving/moving target/purposes wher target, jurpcse and the mixing
reflectors are located in cne elementary sclved space. In this case
it is necessary to imprcve the conditicns ct the detectior of signal
from target/purpose against the tackgrcund of gassive jasming because
of the occurring time/temporary and spectral differences. The latter
is redached by the rejecticn (suppressicn). ¢f the oscillatiocns of

interference and accumulaticn cf signal.
Fage Q41,

The principle of the rejection of the cscillaticas of
interference lies in the fact that are frovided the conditions of its
sugpression, for example, the spectral compcnents of interferences
are :.c¢ out (Fig. 7.12). The accumulaticn ct signal lies in the fact
that s:octral components of signal are frocesseé for purpose of the
best isolation/liberaticn of signal against tke tackcround of noises
and passive jamming. Since tle requiresents cf rejection and
accumulaticn can prove to be contradictcry, for understanding of
their optimua relationship/ratic with the selection of the
driving/moving target/purposes, can be used the formula of the
cptinus filtration of signal against the backgrcuand cf nonvhite noise

which is set forth in fcllowing paragrarh.
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Fig. T.12. Explanatiop cf tte principle of the rejection of

interference.

Key: (1). Signal. (2). Interference. (3). Frequency characteristic of

SUppressor.

§ 7.8, Formula of the optimum filtraticr of signal against the

backgrcund of stationary) ncnwhite roise and its applicationlappendix.—

As is known (see § 3.5), stationary random frocess with uniform
sgectral density the extra-limited frequenc)y tand bears the
designation'of white noise. If this poise it passes through the

i linear system from that lisited in the frequency band by the
" amplitude-frequency characteristic, then it can be named aonwhite of
! ncises. Thus, nonvwhite roise is characterized Lty the nonuniform :

distributicn of spectral fcwer density alcrg the axis of frequencies.
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The same nonunifors distribution of sgpectral power density is
characteristic also for fpassive jassing (ascgg cther things with the
sugerimposed internally-prcduced ncise). Xp bcdy itself, if passive
jassieg in certain pulse space is formed by the reflectors, wvhich
bave different radial velccity <, (corresgcgdirng to Doppler
frequencies i) then the spectral power density of total interference
will be determined by tte expressicn of the fcre

N =2k G (= Fa )+ Now .
vhere % - the proportionality factor, defendirg on a number of
reflectors in the solvec space, which have radial velocity vu. G(f) -
the spectral density of interference for mcticnless refledtors taking
iatc account survey/coverage cpn angular cecidinate; Ny - the spectral

density of white noise.
Fage &42,

Onder specific conéiticns the maxisus cf spectral density
corresponds to average L[oppler frecuency F,,, Tte width of the
spectrum depends on the degree of the scatter of velocities and width

of the peak of the spectral demsity of the sounding signaik.

Since a number of reflectcrs and the distribution of velocities
can bé changed from one sclved space tc aacther, in the case of

consecutive survey/covera¢e the range and the azimuth passive jamming
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cne shculd consider trarcsiert.

levertheless, during the study of the jossibility of selection
within the limits of each sclved space trarcsiency is unessential and
interference in the first apprcximation, can te replaced with the
statigonary nonvwhite noise, similar that which is obtained with the

Fassage of white noise thrcugh filter [ 189].

Therefore the which interests us focrmula will be derived for
statig@nary nonwhite noise. Eefcre apprcaching tcward the derivation
cfrformula let us note that the norwhite ncise unlike white calls the
correlated noise. This azeans that there are such finite time
intervals, that the discrete values of vodtage, whichk correspond to

the end/leads of these intervals, will te ccrrelated with each other.

Thus, let us derive the fcrmula of the cptimum filtration of

signal against the backgrcurd cf ncnwhite (ccrrelated) steady noise.

Assuming that spectral density N(f) aﬁ)uhere non-vanishing, let
us assume that the noise with a spectral pewer density of N(f) and
signal with a spectral density of stress of g (f) are passed through
the filter with the frecuency characteristic Kg(f) (Fig. 7.13). The
amplitude-frequency characteristic of this greliminary filter let us

select so that the spectral jasming denpsity at its output N(f)]Ko(f)F
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would not depend op the fregquency

NI Ky(f) *=const=C,
cr

o=y & @

If all values of spectral density n(f) are final, then
freliminary filtration will not lead to the loss of any spectral
ccagonents, i.e., any ccmgcreat of the spectiums can be
restore/reduced by the subsequent filtratjcn<s Since the noise at the
ocutput of preliminary filter became white, cptimsum detection is
realised via the known procedure of filtraticn against the background

ctf the white noise (see Chafpter 3).

Fage Y43,

0f this filtration must be subjected the useful signal from the ;
cutput of preliminary filter, which has the ccuposite
amplitude-frequency spectrum g (f)Kg(f) « Therefore the optimum
frequency characteristic of the subsequent filter with an accuracy to

constant factor is expre¢ssed by the fcrsuida 3
Kify= Kiome () =18 (NKs ()° & %%, @)

Optiaum characteristic for the recepticn of signal against the

tackground of nonwhite tcise as a whcle vill be ‘

Ko-(h-lo(h&-(/)-llfo(m'l'(l)f"""
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The obtained formula cf optimum freguency characteristic for the
case @f nonwhite noise is tte generalizatjcn of formula for the case
cf vhite ncise. The latter we ckttair frcm (4), set/assuming

N(f)=MNg=const.

Together with the reed for the accuaulaticp of the signal,
described by the known formula of cptisum filtration agaiast the
backgrcound of white noise, forasula (4) considers the need for the
rejecticn vwhen noise is ncnshite. 1his is illustrated in Fig. by
7.14, where are shown the asplitude-frequency spectrum of signal
|a(f)|, the spectral power density of the nonwhite noise N(f) and the
amplitude-frequency characteristic cf cptisus filter |K,.()l- This
characteristic testifies tc the need fcr tie sugpression ¢f the
spectral components of rcise with the greatest intensity, although in
this case sinmultaneously they are suppressed and the separate
spectral components of signal. Resulting asplitude-frequeacy
characteristic |Koar(f) (Fige 7-14c) can e freserted as product of two
amplitude-frequency characteristics of which cne K, (f)|= [9(£f) Kq(£)|

provides the optimum processing of signal against the background of
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white noise, and anothex‘Km(f)l- tte rejecticn (suppression) of the
spectral ccmponent of adcpted cscillaticns, necessary for the

optimization of recepticn/fprocedure under ccrditicns of nonwhite

rcise,

Nt}

—> Xelf}

g(7)

Fjg. 7.13. Explanation cf the derivaticn of the formula of the

cptinum filtration of signal against tke backgrcund cf stationary

rcevhite ncise.

ALYl

glr)¥elt)

i i
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Fig. T.14. Bxplanation cf fcrmula cf optimus filtration: a)
amglitude-frequency spectrum of signal; b) spectral Jamming density;

c) amglitude-frequency characteristic cf prtimus filter.

Fig. 3.15. Amplitude-frequency spectrus of jacket of radio pulses,
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reflected from driving/scvirng target/purpose (a), spectral jamming
density (b), amplitude-frequency characteristic of optimum filter

).

Fage 845,

In Fige 7.15 is illustrated tke appljcaticn/use of the obtained
in this paragraph formulas to the case cf tke cptimum reception of
the coherent packet of tle feriodically follcwirg signal pulses in
the presence of passive jasming and intermally-produced noise. Figure
7« 15a depicts the amplitude-frequency spectrum cof signal]q(f)L on
Fig. ¥.15b - spectral density cf interference N(f). Presented the
curve N(f) is obtained as a result cf the skift /shear of the curved
spectral density of the sourdirg signal for the average Doppler
jasming frequency Fracp» of the imfosition cf ccmponents of
internally-produced noise Ny, and also acccunt cf blurring comb
interference spectrum becavse of tte velocity spread of réflectors.
Figures 7. 15c depicts thke asplitude-frequercy characteristic of
cptimum filter, which ccrresponds (4). The ccnditions of optimunm
perfedting can be realized, if are consecutively included optimum
filter for the single mcmentum/impulse/fulse cf packet, the comb

filtexr of accumulation (for example, in the form of delay line -
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recirculator) and finally the ccab filter cf the supfression of the
peaks cf interference spectrum (Fig. 7.16) . Thke corresponding

frequency characteristics are shcwn cn the same figure.

The first two filters (Fig. 7.16) frovide the ortimum perfecting
cf the scmnentum/impulses/pulses of facket acéinst the background of
shite noise, the latter - a rejection cf interference. In this case,
the filter of accumulaticn is inclined to target speed, and the

suppression filter - to the velccity cf interference.

The starting process cf filters GFF ard GFN can be changed,
since the procduct of the amplitude-frequency characteristics in this

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

supplied to detector.
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Fig. 7.16. The schematic cf the optimus filtration of sigmal against
the backgrcund of the ncnwhite noise: GFOI - optimum filter of single
mosentum/impulse/pulse; GFN ~ ccab filter ct accumulation; GPP - coamb
filter of sugpression.

@\
7 | by 4
N ”""'F ren |altemfede |offermernoni] |

Fig. 7.17. Schematic of optimus prccessing cf signal against the

tackgecund of nonwhite noise at unkpown tarcet speed.

Key: f1). Detector. (2). Incoherent stcragesaccumulator.

Fage 8Ub.

Bigures 7.17 shows the modified schematic of the

tzeatment/working in whicl cokerent stcrage accumulator is replaced
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fost-detector (incoherert). During thke vse cf this schematic, is not

required the tuning of stcragesaccumulatorx tc target speed, it
suffices tc tune the cost filter of supgressicn by the average speed
of interference. The frequency characteristic c¢f pre-detec¢ted

cascade/stages is detersined in this case frca the fcrmula

1gu(D]
Koar () = ;(n

ice. it corresponds to the detecticm of bhe single radio pulses of

incoherent packet against tite tackgrcurd c¢cf pcrnshite noise.
Correspcnding theories c¢f the ccmb filters cf sugpression and
accumulation can be comfparatively simply rezlized at intecmediate
frequency, which shows in fcllcwing paragraghs. The cptimunm
processing of signal against the backgrcumd of passive jamming to be
cacried out and on videc frequency, which will te the object/subject

cf further examination.

§ 1.9, Conb filters of supfpression.

§f a required number cf peaks is great, thke realization of

filters with the aid of duct/ccntours jrodwces difficulty. More idle

time picves to be the realization cf the necessary frequency

characteristics with the aid of delay lines.

Figures 7.18a shows tte siaplest schesatic of this filter, which
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copsists of the line of delay (here at intersediate frequency) and of

the generalized summator - schematic of the fcrmation/education of a

difference in the undelayed and delayed stresses. This schematic

corresponds to the linear process/crerations of the processing .
Uy (O) = gy () —tyy (¢ =T 1)

and tlerefore is lLinear filter.

The frequency characteristic cf this filter can be found from

the relationship/ratio
K= —l%-:fr%)- R =1—e ™ = 2je " sinafT.
The asflitude~fregquency character istic
|K ()| =2|sin=fT) i2)
is depicted in Fig. 7.19a. It is turned imtc zerc for frequencies

- [
f.=-%— and it reaches saximuam for frequeanciecs fh*‘;;-

fhe pcsition of zerc this characteristics changes during a

change in the period of prewises/imjulse tc certain value AT.
Page &47.

Since there is the practical interest in the section of comb

charadteristic within tte limits of the band of frequencies of the

single radio pulse where value 2»f (T+AT)=2sfT+a can be considered

constant, change in positicr cf zercs in the necessary band of
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frequencies (dotted line in Fig. 7.19a) car ke ensured, by connecting

in series with the fixed delay line the ad justatle phase inverter.

Ret us explain the work of the comk filter of suppression (Fig.
7. 18a), assuming that it affect the different sequences of radio
pulses (infinite periodic sequence; the paclets cf periodically
fcllowing radio pulses, reflected from pinpcint target and from the
pulse space of reflectors whken velccity spread is present,).
Explanation can be giver bcth cn the tase ct the spectral and on the

tase time/temporary treatment cf effect.

The infinite periocic sequence cf somertussimpulse/fpulses has

lipe spectrum.

PN
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Fig. 7.18. schematic of single (a) and twpfcld (b and c) cross-period

subtraction - comb filters cf suppressicns<

vdl 2lsinmsr|
a) ’, Ve

2lstnspre 2
‘) \’lf”'f zl
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o

o 7T 2/T kT o

Fig. 7.19. Amplitude-frequency characteristics cf schematics of

single (a) and twofold (b) cross-period suktraction.

Fage 848,
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Changing the carrying fregquency of the spectrus or displacing in the
frequency of the region cf supgressicn, it 1s pecssible to conduct

spectral lines under these regicns and thereky ccmpletely to suppress

reflecticnp frcm ground features, that are fperiodically fodlowing
mosentun/impulse/pulses at the carrier frecuency fo. With the
tise/tenmporary point, the ccmplete suprressicn cf periodically

fcllowing mcmentum/impulse/fulses is explained ty their

time/temporary compensaticp at intersediate freguency, since the

delayed on pulse interval dces nct differ frcm that not éelayed.

In the case of the fpacket of gericcicelly fcllowing
sosentum/inmpulse/pulses, fcrmed with survey, ccverage, the different
scsentum/impulse/pulses of packet have different amplitudes.
1herefcre during the use cf crcss-period suttraction (ChP¥) it is not

fossible tc attain complete compensaticn, especially at the edges of

packet. The greater a quatrtity cf scmertum)impulse/pulses in packet,
that the quality of cosgensation is Lettes. The quality cf

compeunsation deteriorates with an increase in the velocity of

survey/coverage wvhen decreases a nusber of scrmertum/impulse/pulses in

facket.

With the spectral pcint, deterioratior in the quality of
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compensation is explained by the expansion cf the peaks of the
spectrum of packet. The width of each feak cp the level, close to
C.S5, is determined by value 1/MmT, where T - a repetition period; M -
pusber of momentum/impulse/fpulses in packet. Tke lesser a quantity of
momentum/impulse/pulses in packet, the worse the quality of
suppression. The quality of suppression detericrates in such a case,
when the width of the fpeaks cf interference increases because of the

velccity spread of the reflectcrs (see § 7.18).

Essential deterioraticn in the quality of suppression in both
cases can be explained frcm the spectral pcint ty the pointed fora of

failuces of the amplitude-frequency characteristic of the schematic

cf the single ChPV (Pig. 7.19a).

Fcr expanding the regicns of suppressicp, was proposed the
schematic of twofold suttracticn, which car be represented in series
copnedtion of two schematics of the single ChFV (Fig- 7.18b). In this
case, the first schematic cf single subtracticn develops the first
figite (infinitesimal) difference

A () =ty () —upe (=T
aad the second schematic of single subtracticn develops the second
difference A, (t) =4,(t) -A; (t-17) or
Dy () = thyy () —2tyy (¢ —T) + u,, (¢ —27). &)
The same effect gives tie schesatic (rig. 7.18c), constructed on the
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tase of delay line to time 2T with the remcvalysoutlet, which
corresgonds to delay to time T, and the sctesatics of weight

additicn.

Page 449,

The amplitude-frequency characteristic of the schematic of
twefold subtraction can be cbtained, by maltiplying
amplitude-frequency characteristics (2) of the schematics of single
cress-pericd subtractioas,

K ()] =4sin® afT, “4)
i.e., the amplitude-fregquency characterispic (Pig. 7.19b) unlike
(Fig. 7.19a) is proved to be sine, but sine- square. This schematic
tetter ccmpensates for the expanded peaks cf interference spectrun,
i.e., the feaks of the spectrum with the reduced number of
mosentun/impulse/pulses in packet or with tie velocity spread of

reflesctors.

An improvement in the quality of supptessicgp in these cases can
be exglained, also, fros the time/temporary pcimt. If during the

linear increase of the fpulse asplitude the first schematic of single

subtraction will give the fixed level of residue/remainder, then the

second schematic of the sin¢le subtraction cf this residue/remainder

cospletely compensates for: Tterefcre the schtesatic cf twofold
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subtractiopn to a lesser degree reacts tc the asplitude modulation of
sosentum/impulse/pulses in facket, caused t) survey/coverage on
angular coordinate or the velocity spread ct reflectors. Thus it is
fossible to ascertain ttat the schesmatic of twcfcld subtraction to a
lesser degree reacts not cnly tc asplitude, kut also to phase
modulation (during small chenges ir the phase ficm one

scsentum/impulse/pulse to the next).

Together with the specific advantages tte schematic of twofold
subtraction is characterized by tte fcllowirg deficiency/lacks: an
increase in the space of equipment and Lty tlte expamsion of the region
of failures of frequency characteristic. The latter can impair the

copditions of target detection at scme c¢f its velocities.

The regions of failures can be thrcttles/tapered, by retaining in

this case parabolic fora thte latter.

For this, can be used the feedback, fcr example, from the output

cf the schematic of twofcld subtraction to its input as this shown on

Fig. ) 7.20, that corresgonds tc the use ¢t negative feedback.




————

DOC = 78133802 PAGE ‘Q"’Lol«/y

Fig. 7.20. Schematic of ChPV with regative teedtack.

|Fees (1)

0 ur 2T yr i

Fig. 7.21. Amplitude-frequency characteristic cf schematic of ChPV

with megative feedback.

Fage 850.

For the calculaticn ¢f frequercy characteriswic 'K,.a () of this

schemdtic, we utilize a usual frccedure, by set, assuming

K (n - Hous (0]
pea

Ugy (1) |tgg (O~ il

Taking into account tte ccnsecutive circulations of jinput
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J signal, we will obtain

K peo (f)-e"'”‘"[l( (f)e”"“-{-(— D)K‘(f)ei'"' +
+(—BrKe (e ).

Susmarizing the terms cf infirite geometric progression, let us

find

Kyea D ®

X
1+8K(D> " ’

1
With K(f)=1 we have K,..(l)-m- Introducjng standardized/normalized

resulting frequency characteristic Kp,.() finally we will obtain:

= (LB KD 6
Ko e =" Coxcn - 2

o

Fcrmula (6) is valid nct cnly when I’pxlt)k‘l and geometric
Frogression is decreasing, but alsc when value }ﬁ)O]i’s sufficiently
great, For this, it is fossible to verify that Lty cosposing the

balance of voltages for the steady-state mcde cf the harmonic

cscillations:
u.ﬂl (‘) - K (’) lull (t)—au.u‘ (‘)l-
vhence
K (H
Uyyy (£) = 58K Ugy (£),

which taking into account standardizaticn krings to (6) without

lisitation to value B.

If p is sufficiently great, apd frequetcies are such, that

lpl!(t)‘?l, then |K,.,.(Ni=1the resulting frequency characperistic
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(Pig. 7.21) has the sealed apex/vertexes. Fcr the same frequencies
for which \px (f.)\« b,

Koes w () = (1 +B) K (.
i.e., is retained the parakclic character c¢f the regions of

supfpression although the width cf fajlures it keccmes narrow.

Together with the use cf feedtack aceccrding to schematic (Fig.
7.20) y i.e., from output tc infut, are fossible the sore complex
cases when are utilized feedback from the intermediate pcints of the
schematic cf cross-pericd subtracticn. Becatse ¢f this grow/rise the
fossibilities of the correction of the amplitude-frequency

characteristic.
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Fage 451,

§ 7.1€. Comb filters of accumulaticn.

The comb filters of accurmulaticn can ke ccnstructed on the base
cf the schematic of recirculatcr, which includes the delay line,
Flaced in feedback loop (Fig. 7.22). Ln this schematic the output
vcltagde is deterained frocm the forwsula

thp () = Uy (1) +Bityg (=) + Bty =2+ (1)
The coefficient of feedbtack f we ccmsider in this case complex

guantity with the module/sodulus ssaller than cre.

Under the influence con the input cf the recirculator of
somentum/impulse/pulse at its cutput, is oktained the sequence of
Feriodically following scmentur/imjulse /pulses with the decreasing
amplitude, moreover the decrease of amplitude is less, the nearer to
cne value |fl. If to recirculator is fed the jericdic sequence of
scsentum/impulse/pulses, fcr example, with the period, accurately
equal to delay time, will be observed the accuwulation of

mcsentum/impulse/pulses.
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The frequency characteristic cf recirculator let us €£ind

eaploying the usual procedure

K(,)= ' +k—)‘2ﬂ'r+p' e*i‘l’r_*..”
Summarizing the terms of geometric prcgression, we find

K(f)=:w- (2)

Passing to the stardarc¢ized/ncrsalized asrlitude-frequency
characteristic A

K

K=

wve will obtaip

= 1—[8]
K, (A VTHIBP—218]cos (2n/1 —arg 8] 3)

The asplitude-frequency characteristic of recirculator has comb

structure (Pig. 7.23). 10 its Feaks corresrcnd frequencies

m arg p
fn = 7+ =7
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Fig. 7.22. Recirculator - ccmb filter of accumulation.

Fage #52.

The asplitudes of peaks are calibrated to cne. Between peaks are
arrange/located failures with level EE%; fhe selecticn of the
necessary width of peaks and levels cf failtres can be realized
ktecause of selectionlﬂF The closer,ﬂ,is to cpe, the narrower the

Feaks cf the amplitude-frequency characteristic, which corresponds to

an indrease in the memory of recirculatorc icr the optimitation of
filtration the width of the peaks c¢f asplitiude-frequency
characteristic they will match with the width of the peaks of the
amplitude-frequency spectrusm of sicnal. Otherwise, this indicates the

agreesent cf the duraticn of tke pulse respcnse of recircelator with

the duration of packet.

The position of the peaks of the amplitude-frequency
charadteristic of recirculator along the axis cf frequencies it is

necessary to combine with tle pcsition c¢f tie feaks cf the
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amplitude-frequency spectrus of sicpal. The latter can be ensured
both because of the frequency stift/shear c¢f each of the spectral

ccepcnents of signal anc because of the selecticn qf argument g.

The schematic in questicy cannot ke, cenerally speaking, optimunm
for purposes, which have different velocities. L[uring a change in
target speed, changes tte pcsiticn c¢f the feaks of the spectrum of
signal. Is respectively necessary the rew tuning of the Feaks of the

amplitude-frequency characteristic ¢f recirculatcr.

The problem of the sisultaneous detecticr cf signals from
target/purposes with different velccities can ke solved by parallel
copnection of the recirculators, designed tc different velocities.
The cesplexity of this scheratic was the otstruction for the

frcragation of recirculatcrs,

Recently, however, was explained the pcssikility of target
detection with different velocities with tte aid of recirculator with

cne delay lirne.

Let us explain the fpossibility of this detection. Let us suppose

sjngle radio pulse enters tte optisum fcr it filter.
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Fig. 7.23. Amplitude-frequency characteristic of recirculator.

Fage A53.

Let the outputs of this filter Le periodically strobed by narrow

Fulses with period Tur noticeatly smaller tkan the duration of the

cvershoot of signal at the cutput cf cptimces filter (Fig. 7.24).
Gating/strcbing does not make relaticn worse¢ sicpal/moise, since the
apex/vertex of output pulse was focrmed as a result of coherent
accumulation for the time cf ar entire duraticr of input and
corresgonds to relation sigpral/noise, tc clcse to the peak of V2E/N,.
Therefcre the narrow pulses, obtained after gating/strobimg, can bear T
information about asplitude and phase cf wicder pulse apices at the

S
outpug of optimum filter. Ttey can be ttem j1ccessed ’\tecirculator,

———————————t
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if delay line and the rerairing cell/elemerts cf recirculator provide
the nécessary broad-band character, tut delay time is multiple to
value 1,. Por the sequerce cf strokte pulses indicated can be

established/installed necessary value argp.

Jt is substantial, that tke sctematic cf recirculator the
significant part of the time remains nct chérgeé¢ and can perforn

Frocessing for other values of velccity, amd also, therefore, arg B.

On the principle irdicated is irstituted the schematic, given to
Fig. 7.25. It is the recirculator, in the feedltack lcop off which is
included the component/litk, which ensures the necessary value'm, and
the c¢sponent/link, which ensures change jn time argf. The latter is
reached in the schematic cf double frequency copversion, which

coptains heterodynes with frequencies [, ard |, + fﬂ
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Pig. 7.24. To the explaratiocn of the ssallness cf losses with the

gating/strobing of the cutput voltage cf ofptimum filter.

Fage 8S4.

If the input of this schematic enters oscillaticm cos 2rfat, then at
output is obtained the oscillation of the fcrm

cos2alfy + (f, + “l:)—f,!!=toos [2n ¢ + argBl,
vhere -

argP = 2nt/v,.

"Ee latter thoough each time interval is changed on v, i.e.,
are taken the repeated values. Respectively thrcugh intervals =,
follow the torque/moments of wmaximus accuwulaticn for certain Doppler
frequency. Therefore prccessing (Fig. 7.25) prcves to be to

equivalent processing in recirculator with gating/strobing. In the

diagram of Fig. 7.25, stows hetercdynes, the cscillations of their
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difference frequency are isclated in mixer acd they synchronize the
generator of the vertical svweep of raster irdicator. The wvertical
sseep, synchronized wittk change arg £, is tle scanmning/swveep of
velocjty. To the horizontal plates of indicator, is supplied usual
range sweep. Brightness mark on indicator will show target position

in co@rdinates range - velccity.

-~

the described higher recirculatcrs on delay lines possess large
advantage - the possibility of sincle-chaane¢l frocessing becth on
different cell/elements of range and fcr different rates of the
sotion of target/purpose. This advantace j= greater, the more complex

the circuit for the cell/element of distancee

Hovever, as already senticned, recently are planned the ways of
considerable simplificaticn in the serarate cells of processing
because of transition tc integrated circuits. In this case,again
revives the interest in the sctematics ¢f tte ccrrelation-filtration
processing of the type cf Fig. 3.46, when tke adopted oscillations

are strobed bty momentum/impulse/pulses for €ach section of range.

—
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Fig. 7.25. Multipurpose comb filter of accumulation.

Key: f1). Indicator of raster scanming/sweep. (z). Generator of

vertical swveep.
Eage 45S.

At known Doppler frequency, as it was showr cp Fig. 3.46, for
accumuelation it suffices tc have orly ore ductyccntour. Taking into
account difference in Dcppler frequencies, will ke required a nuamber
cf duet/contours of the expcnent of screntuss/imfpulse/pulses in

Facket.

This schematic must frcduce accumulaticn fer each cekl/element
cf distance. The detected output vcltage of ducty/contour with the
greatdst amplitude repeatedly is strobed after detector. The butted

sczentun/impulse/pulses for different cell/elements cf distance enter
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the owtput of schematic.

Tcgether with accusulation thts, cen ke sclved the groblem of
rejection in firequency. Passing to similar sethcds, they rely on the
gore high quality of rejectiom, than during the use of the memory in

the form of the lines ot delay, charge-storage tubes, etc.
§ 7.11. Principle of colterert cptisum frocessing on video frequency.

By virtue of their simplicity, widely are 'vtilized the

schematics of coherent frccessing cn video ftrequency with
cross—period subtraction. Let us shcw that videc-frequency schematic
in principle can be carried out by optimum &nd realize the same
frecess/cperations, as the schematic (see Fig. 7.17) of processing at

intermediate frequency 1.

FECTNOTE t. On video frequency is fpcssible rct crly coherent
sufpression, but also ccherent accusulation. The schemati¢ of optimum
filtration against the tackgrcund cf the ncrwhite noise (see Fig.

7.16) also can be realized cn videc frecuercy. ENDFOCTNOTE.

In Fig. 7.26 by dotted line is isclatec tke part of the
schematic at the intermediate frequency,which will be converted into

video frequency. If the fulse respcnse cf tie schematic of
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cross=period subtractior in the band of sigral frequencies is

described by the expressioy

v(t)=V (¢t cos 2nf, ¢, (H
then the frequency characteristic of this filter can be presented in
the forn

K,(h= S V(t) cos 2nf,t e=/*M g, @

Utiilizing the Euler formula, integral (2) is brcught to the sum of

the integrals

Kol =5 Kv U+ 10+ 3 Ky =1y, @
where B

Kvih=§ Vore™"ar.

Fage 856.

§f by the input of the comb filter of sufpfpression enter
cscillations y(t), then at its output we will clktain

w ()= S ¥ (s)o(t—s)ds= )

=W, (¢) cos 2/, ¢+ W, (t)sin 2n/, ¢ =
=V WiO+Wi@) cos(2nf,t— (1)), )

where

o — o COs2nf,s
Vislt)= § y@V—o G,

—on

cos @ (f) = L -
Vwio+ T

®)
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Envelope of this vcltace, which cciresjends to the output

vpltage of linear detector, will be
Wey=V WiO+W3 (@) .

To the obtained relaticaship/ratics ecrresgcpds the schematic,
[resented in Fig. 7.27b. In this schematic the vcltage from the
output of the optimum filter of the sirgle scmentum/impulse/pulse
y(t) enters two multiplier, to which are given quadrature harmonic
cscillations at the carrier frequency Go, 2fter multipliers will cost
the comb filters of supgressior cn videc frequercy with pulse
respcnses V(t) and frequency ctaracteristics K.() (Pig. 7.27c). At
the omwtput of these filters, are oktained vcltaces W,(t) and W, (t),
determined by formula (£). After tle fprccess/cperaticn of the
extraction of square roct frcm the sum of tie squares of these
voltages, is obtained vcltace W(t), the same as cn the output of the

schematic of processing on intermeciate freguency.

Bigures 7.27a, shows tﬁe frequency charecteristic of the comb
filter of the suppressicn cf intersediate frequemcy. The latter
detectcr tcgether with prcvides the same prccessing, as quadrature
schematic (Fig. 7.27b) with the frequercy cltaracteristic of the

filters of video frequency, presented in Fig. 7.27c.

salidiluit




DGC = 78133803 PAGE 33— YD
frmm——————— - o
: nll -
o o el e Bl 4 ol

I
L-- -----‘-—‘J
Fig. 7.26. Explanation c¢f transiticp frocm fprccessing on intermediate

tc processing on video frequencye.
Keg: [1). detector. (2). Incoherent stcragesaccumulator.
Fage Aa57.

The process/cperations cf tte multiplicaticus wtich are provided for
by the schematic of optimum prccessing cn videc frequency, in each
quadrature channel lead to the formaticn/education of two components:
double frequency 2f, and video frequency, fcr example,
U (&) cos [2xfy t — @ (£)] cos 2nf, ¢ =

e %U (t) cos |47, t— (£)] + % U (¢) cos @ ().
At the output of each videe-frequency circ¢uit, cperates only
video~frequency component. This ccmfponent depends not only on the
amplitude of the entering cn vcltage multiplier, but also from its

phase with respect to reference vcltage, i.e., €ach multiplier

tehaves as phase-sensitive detector.

A similar result can give the schematic of fhase-sensitive
detection, shewn on Fig. 7.28a, c respectjively inm unbalanced and

btalande version, if the asplitude cf the reference voltagé, supplied
to this schematic, Uy>>w.
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Pig. 7.27. Amplitude-frequency characteristics of the comb filter of
sugpression on intermediate (a) and video frequency (c): the

schematic cf optimum prccessing on videoc frequency (L).

[Page ISQ] Por example, for a schematic (Fig. 7.28a) the alternating

voltage, removed from isclating cafpacitcry in accordance with vector
|

diagram (Fig. 7.28b) will ccaprise
AU gy =Upeg—U,=U cos g,

where Upea=Upy+Ucosg with the made assumpticp Ugd>¥.

As the comb filter of suppressicn cn videc frequency (just as on
intermediate) can be utilized the schesatics cf cross-period

subtraction with memory elesents on delay lines, charge-storage
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tubes; etc. The memory units must store the echc signal during one or
several repetition pericds cf mcmentusy/impulse/pulses, which for RLS
of detection composes several silliseccnds. This delay factor can be
cbtained, in particular, with the aid cf ultrascaic delay lines
(02L2). Since the speed of sourd ccnsideraltly lesser than the speed
of 1light, signal is delayed by long time with the limited
sizesdimensions of lines. For converting tke electrical oscillations
into mechanical ones (ultrascnic) apd I vice versa utilize the direct
and rdverse piezoelectric effect which ccauts fcr the crystals of
quart2, titanate of barium, etc. Direct piezoelectric effect lies in
the fact that in the presence cf electric ckarges during facings of
crystal condenser/capacitor (ccnverter) occurs its ccmpression or
extension depending on the sign of charge. Cn the contrary,
compression or the extersior of crystal leads tc the appearance of
electrxic charges (reverse tiezoelectric effect). Therefore, by
applying ac field along the axis of crystal condenser/capacitor, it
ie fossible to cause the mechanical cscillaticns of crystal,
transmitted then tc acotstic line. Im turn, thke mechanical
oscillations of acoustic line can Lke ccnverted into electrical
cscillaticns. As acoustic line can be applied: mercury, water,
aluminum-magnesium alloys, vitreosil, the single crystals of salts
NaCl, KC1l, BaF, and so forth. For achievement of the necessary delay
with the limited overall sizes of line im it, are utilized multiple

reflections., Pigureg 7.29 depicts the drawing cf
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Folyhedral/multifaceted delay line. A similar kind of delay line with
solid acoustic line in differerce, fcr exasple, from mercury ones

have ccnsiderably smaller weight and overall sizes, it is more

copvenient in operation.

o - X T Ap—




LOC = 781338Q3 PAGE 8- Y 4

Ult)eos(wot - (t)]

Fig. 7.28. Phase-sensitive detector (a), vector failure diagram (b)

and balance phase-sensitive detectcr (c).

FEage 859,

Ultrascnic delay lines can ensure passtand tc 50o/0 and (more) from
carrier frequency. Thus, for instance, deday lines on the single
crystdls of common salt (NaCl) witl ccrnverters cp guartz of
Y-section/shear (at rescnance crystal frequency 35 MHz) provide
passband 13-22 MHz. Is at present a possibility in principle to raise

carrier frequency to hundreds and even thousand megahertz:

¥ltrasonic delay lines can be utilized in the schematics of
cross-period subtractior kcth cr irtersedjate and on video frequency.
In work at intermediate frequency, the latter is selected to equal
resonance frequency of the ccnverter of electrcmagnetic vibrations
into wltrasonic ones. In wecrk on video freguency, bipolar video pulse
from multiplier output mcdulates tle sujrorting/reference

cscillations, which corresgcnd to the respnince frequency of converter.
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Together with delay lines wide acceptance received the deduct ing
charge-storage tubes which sisultarecusly fulfill the fundtions of

the memory and subtraction.

Charge-storage tube is the cathode-ray tube (Pig. 7.30), in
wvhich electrical oscillaticns are record/written on certain
dielectric target M in the fcras of charge pattern. The surface of

target must possess for this the property cf the secondary emission.

e




e
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Pig. 1.29. Polyhedpal/multifaceted delay lire.

Key: [(1). Chopper. (2). Outfput converter. (3). Attenuating material.

Face 860.

This means that with the incidencesimpingement to it of electron with
high énergy level of the target is chase/dislcdced more than one
electrcn. Kncck-on 3lektrcns recover by positively charged
collector/receptacle K. The more tkte electrcpns hit tc some
cell/element of target, the mcre of them chasesdislodged from it and,
therefcre, the greater the fositive charge c¢f this cell/element of

target. The totality of the cell/elements cf target can be considered

g —— e © A e g W g
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as dialing/set of a larce number of elementary condenser/capacitors

as facings of which serve tle front face of tarcet and backplate SP,

which adjoins its rear surface.

Let the electron beam with the changing ir time intensity be
swept along the surface cf tacrcet, for example, on the spiral
(equigment ydevice cf develofrment/scanning ir the diagram is omitted).
Respectively it will be be fors/shaped the distribution of forming in
this case fpositive charces cn the cell elements of the surface of
target M. In view of small electrical conductivity of target,
electrical oscillations are record/written cn dielectric target in
the fcrm of charge pattern, otherwise, are memcrized to sufficiently
long time. A change in the internsity of electrcn beam is provided by
a chamge in the potential cf Lackplate SP relative to cathode during

the swpplying to the infput c¢f signal.

If the record/written cscillations are charged from period to
repetition period, cccurs tle recharge cf elemertary
ccpdenser/capacitors. The current cf recharce recovers by
collector/receptacle as current cf the seccrdary emission. In order
tc avgid its branching tc the adjacent secticns of target; is
establish/installed the barrier mesh S. Cxeated vith recharge voltage
drop across load impedance R, in the propcrticraily to a difference

record/vwritten voltages of signals in adjacent repetition periods,
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i.e.
Upup () =ty (D —uy ((—T).
Recently begips to be developed interest in the digital coherent

Frocessing of signals wtict can be used both fcr the accumulation and

during rejection.




+

Fig. 7.30. The simplified circuit cf the deducting charge-storage

tute.
Key: f(1). input. (2). output. (3). Incandescence. (4). Cathode.
Fage 361.

In the literature are described the exgerisments on guantization
and tape recording of tte asplitudes of guacrattre-phase component of
signal in the form of 8-bit ccde number of tinary system. In this
case, appears the possitility of tke investigation of the spectra of
signals for each sectior cf distance. 7The application/use of similar
sethods for entire distance will be, otviopusly, facilitated during

the use integrated of circuits technique.

In principle, for tte scluticyp cf frokless of SDTs can be used

the examined in § 6.21 cptical processing,

I R T T
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§ 7.12 simglest coherent-pulse radar with fhase-sensitive detector.

Bigure 7.31 depicts tke schematic of the simplest cpherent
—pulse radar. It contains: the master cscillatcr 26, power amplifier
UM, pulse modulator IM, the tranmsmittinmg and receiving anpennas, the
asplifier cf high (intermediate) frequency UVCh, phase-sensitive
detector FD, to which as supporting/reference is supplied the voltage

cf the master oscillatcr.

Presented radar is ccpverted into Doprler, if from it is
withdsawn modulator, and into usual pulse, if is remcve/taken

referdnce voltage from fhase-sensitive detector.

Eet us focus attenticy cn the fact that the reference voltage
continuously is supplied to phase-sensitiwve detector. It cannot be
undertaken after pulse sodulator, since the radio pulses reflected

can arrive at arbitrary tcrque/mcment between tusc soundings.

Figures 7.32a depicts vectcr failure éiagram
(sugpgporting/reference, taken and resulting) for the torque/moment of
the effect of the echo fulse. If tte e€echbo signal is absent, the
resulting voltage is equal to suppcrting/steterence. Figures 7.32b, c

shows? the high-frequency resulting vcltage (L) and the result of its

detection (c). It is assumed that the detector contains isolating
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capacitor, which remove/takes constant compcnent. Figures 7.32a, b, c
all ve¢ltages depicts when the cosine of the phase angle ¢4 between

suppoEting/reference anc¢ incoming cscillaticrs ccnstant and negative.

The constancy of tte phase ancle ccrrespcnds to the
ccnstant/invariable distance of target/purpcse and to the stable work

cf the master oscillator and pulse modulator.

e e T
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Pig. ¥.31. Bleck diagrams cf colerert-pulse radar with true internal

cgherence.

Fage 462,

1he sign of the cosine cf phase displacement depends on a precise
distamce of target/purpcse, and cosine itself changes its sign each
time when distance of target/purpose chamges tc quarter wavelength

(path to target/purpose vice versa im this case changes to

half-waves).

Jf target/purpose moves evenly, then fhase displacement
coytiaucusly is changed on the forsula
cp(l)-w;t,=m.%r(f)-f.g%(’o+ 0, t) =@+ Q L,
vhere QJ:«M%F - Doppler frequency, and #, - phease displadement with

Ry -

A change in phase disgplacement for the time of the pulse

duratjon is expressed by thke fcraula

Pe= Q. T

- ——
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During sounding of momentus space of short duration it is small. For

example, for v, =1 us, v, =300 a/%, X=C, 1 5 valewe ¢, composes 2°.

- ~ .
PR RS R ¥ o P
R L
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Fig. 1.32. Vector diagrzm (a), the resulting wcltage (b) and output

fotential cf phase-sensitive detector (c). wken cos 94 < G 9p=0 ¢

- L
L"' Tngasc

4>
Pig. V.33, vector diagram (a), resulting vcltage (b) and output

Fotential cf phase-sensitive detector (c) sken Pr<= .
Fage 4&€3.

A change in phase cisplacement during the feriod of
premisesimpulse is detersined by the fermuwl:
9r=2%T
and it is usuvally more considerably. It leéads to the rotation of
vector on vector diagram as this shcwn cn Fig. 7.33a. With respect is

change¢d the amplitude of ocutput potential cf phase-sensitjve detector
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@ig. 7.33¢). The presented figure corresgcrds to the case when angle
] ¢r < = In this case, envelcfe cf mcwentum/imgpulse/pulses at the
output of phase-sensitive detector is the sinuscidal oscillation of

Deppler frequency. In other words, mcmentus,impulse/pulses fluctuate

vith Doppler frequency.

Is somevhat more ccaplex the case, when 9,>% Pigures 7.34 .
9r= 2x—Ae,
depicts, for example, tle case whep A 0<Av9gwv. In this case,

affears peculiar strobcesccpic effect. Under the pulse influence of
signal on phase-sepnsitive detector, it is isfpcssible to trace a
coptinuous change in the phase of the incoming signal. Is observed
the apparent change in phase displacesent dirimg repetitipn period ]
Prea= —A9=9,—2%. j.e. it seess that the vector turned itself to
ogposite side to angle A¢. It is aralogcus; if ¢,=21+Ap.0<Ag@<n,
then is observed the apparent chance in the fhase angle

Preem =39 =9, — 2=, i.e. it seeas ttat the vectcr turned itself on Ae,

aad aet on 9. =21+ Ag.
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Pig. 7.34. Vector diagras {a), the resulting voltage (b) and output

fotential of phase-sensitive detecter (c) wies or>=a,

Fage 864.

Asplitude change from one pulse tc the mext will be determined

by the value of angle 9r,,.- Can be introduced tle period cf the

Fulsations (see Pig. 7.134L)

2T
T"m ri Pr xax |

and réverse/inverse to it value - 1ipple frequercy

F

nyasc

-

|’T a
= F el
In the general case

,9ra.-|‘|9r‘2“"l-
vhere n - is deteramined fre¢s ccandition |¢r—2nn|<x. Then ripple

frequency

P,
Fnym-Flﬁt-"["'le‘”F" (n
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the coadition for n leads tc fcra |F —nF <F2

Hence it is apparent ttat the saxisusm cf ripple frequency does
not eyceed the half of the fulse repetition frequency F/2. The ’
ocurvergraph of ripple frequency is depicted in Pig. ¥ 7.35 in the
fupcticn of Coppler frequescy F, of cerrésgondiasg phase displacesment
during the period of premise/impulse ¢r ané of path (1., passable by

target/purpose during tte gpericd of previses/ispulse.

There is a series cf values of radial ccesgcpent velocity at
which the rigple frequercy is turned into 2¢ro, i.e., pulsations
disappear. In this casc'tlc isages frces the driving/soving and fixed
targe* on variable-displacesent indicatcr dc nct differ between

thesselves.
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Fig. 7.35. Dependence of ripple frequency ct Dcfpler frequency, phase

djsplacement during the period cf fremisesisfulse and path, passable
by target/purpose during the period of premise,ispulse.

Page 865.

These velocities are called "blind"™ and cprresgcpd:

= to values of Doppler frequency, sultiple to repetition
frequency,

= to the values of phase displacesent ¢r = 2ua,

- to the values of the path,

passatle Lty the target/purpose

during the period of premises/ispulse, equal to tke whole number of
half-wvaves.

*Blind"® velocities sre designed frca tie fcrmula

) o N
rew "

2

————
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If radial component target speeds differs frcam *"blind"™, then the
driving/moving target/purgcse can be distinguished of motjonless ones
by the pulsations of mosentum/impulse/pulse cn scope with amplitude
mark [Pig. 7.36)which can be used for the isclation/liberation of
targeg/purposes against thke backgrcund cf reflections from motionless

grcund features.

However, in many irstances aprears the need for "stopping" the
pulsations of passive jammipg frcam the drivingsmcving with certain
velccity dipole reflectcrs. If in this case as supportingfreference
tc phase-sensitive detector is is supplied the constant om phase
veltage of the master oscillator, then the vector of the voltage of
the echo signal during €ach pericd cf premise/ispulse is turned with
resrect to supporting/reference to angle ¢r = Q,T. With t.spec@
changes the resulting vcltage, that alsc d¢2ds tc the pulsations of
disturbing voltage. In crder tc avcid pulsaticgs, it suffices to
change vwith constant velocity the phase of reference voltage so that
this change in the phase for time T in vaduwe apd in sign would
corresgcnd tc a change in phase ¢r=Q,, T ¢f the inccming

oscillations of interference.

As is known, a uniform change in tte phase cf arbitrary
oscillation in time indicates a change cf tie frequency, in this case

cf the frequency of the master oscillatcr ct Ccppler jamming
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frequemcy Q;,- A swmall change in the frequercy can be realized by

TORPET WY

schesdtics of twofcld ccnversicn with the wse cf high-stability (for
example, guartzed) heterodynes. Here variaticss of frequency f, are
convected inte variaticans ef frequercy f,=f, - j. “(other combination
frequencies are filtered out because of the selection of sufficiently
high fregquemcy /). Varistiens cf frequency f, are converted into

variations of frequemcy /.=/“(, —F) =/, — F.. The correspcading

transformation circuit cf supporting/reference oscillaticns before
supply to phase-sensitive detector is showy cr Fig. @ 7.37. It
allows by changing frequency cf one of the tetercdynes to comsider
vind velocity, in connecticn with which tbhe kpcb/stick of a change in

the frequency of heterodyne calls the knob/stick of the "aompensation

wind velocity".
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Fig. 7.36. Form of the screen cf asplitude irdicator with its

copnection to the oqutput of phase-sensitive detector.
Fage 866.

Curing the rotation of this knob/stick, is created the same effect,
as if radar itself experienced "blcwing", i.e., it began to be moved
with wind velocity. As & result cf charging tte frequency of
reference voltage, the videc pulses of target/purpose after the phase
discrisinator are proved te be those modulated Lty the oscillation of
Coprler difference frequemcy F,, yhich is a difference in the
Dcgplér frequency of target/pumgose and freguency of "blowing" whose
value is determined by tte positios of knok/stick "compensation wind
velocity". The ripple frequency of the target fpulses will be
deterained nov by the fcrsula

Fayae =|Fyp—nF|, Q)
vhere iastead of frequency F, entered Loppler differemce frequency
Fip- "blind® velocities in this case will ke

n

A
=gt 8

P L e e

o
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where v,, - the velocity, which ccrr@sgonds tc "blowing". As a
resuld of the pulsation cf interference on indicator, they are

attenvate/veakened.

Together with schematic (Fig. 7.37), wiere the equipment/device
cf "blcwing™ is included in the circuit of the supportingsreference
oscillation of the phase discriminator, possibly its inclusion into
the circuit of received sigral. In koth cases will be changed phase
displacement of the adcptec and suppcrtings/reference oscillations.
Ecth ¢f schematics call thke transfcrmatioa circuits cf phase, but not
frequency, since tc speak atout frequency ccnversion per the units of
bertz with the spectra cf the signal cf mega~Hercult's order scarcely

is expedient.

§ 7.13. Principles of cross-period compensaticn cn video frequency.

The described in ttke precedinc/previpus paragragh visual
selecticn c¢f video pulses frcm the driving, scving target/purposes on
scape vith amplitude mark hinders, if passive cf interferences

cogtimuously drives in &creen.
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Fig. 7.37. Block diagras cf coberept-pulse radar vith the schematic

of the compensation the action of the wind (during compensation

";-Fu)a

Page 867.

Visual selection is not used, furttermcre; during the use of
indicators of circular cr raster scan with trightness mark. Therefo:e/
are necessary the schematics, whick make it pcssible to eliminate

interference, retaining marks from the target/purposes whose radial

velocity are not "blind cpes".

For the solution of this problem, it is pcssible to wtilize
schematics of single or regpeated cross-pericd sctttraction on video

frequency. In Fig. 7.38 is explained the wcik cf the schematic of

singleé cross-period subtracticn frca the time/temporary point. Are

shcwn the corresponding voltage oscillograas: undelayed uft), delayed

- g gl AT
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u(t-T) and the result of their suktraoction u(t)-u(t-T), after which
are obtained positive ard negative fulses frca the driving/moving
target/purpose. FPinally, is shcwn the result of the full-wave (with
respect to the enveloping ripple frequency) rectification of these
momentum/impulse/pulses, after which the fluctuating
momengum/impulse/pulses frca the driving/mcving target/purposes have

cne (positive) polarity and can be given fcr ccotrol of the

brightness of the tube cf variable-intensity indicator.




0QC =

ufe)

78133803

PAGE 39— | b o

el

el

b <,
~

AN

“

A1)

-

P |
Ik

A fa
&yt

S
e

A{IIIFT‘I}L

|

‘(lLJ_Ll,L’ Nt

ldn't/lL i Geen
| eI i T tT ] T‘u\_,‘?

Pig. ¥.38. EBxplanation cf tte cperating psinciple of single

cress=period subtractior frcam the timestempcrary point.

Fage 868.

Since the system of cress-period subtrécticn on videp frequency

(tc full-vave rectifier) is linear, it is pcssiltle tc explain its

work as system at intermediate frequency, frcm the spectral point. In

this dase, one must take intc account the specific character of the

spectrum of the sequence cf bipclar video pulses, vhich has as the

which envelopes sinusoid Dogpler frequency. It is knovwn that the

inmfinite periodic sequepce cf the momentumsimpulse/pulses of period

T ———— ; -~ T R “m}.m‘-‘
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T=1/F (without modulaticn) can be represented bty Fourier series:

um_-‘;z V' A, cos 2nAPY. .

T

Then the bipolar sequence of somentus,/impulse/pul ses, modulated

bty Coppler difference frequency F,, vwill te

u(tycos 2nF, == %’"0032"’:.‘+

-+ 5_‘.‘ A, lcos 2rkFt cos 2nF ,  t), 2
i.e.

u(ﬁcos?nl-'"t-%cosw"t -

|
|
E
|
!
{
|
{
|

& :.‘51 (cos 2% (RF + F ) ¢ +-cos 2n (kF — F, ). @

Ao |

The amplitude-frequency sgectra of the periodic (by wnmodulated
Ceppler frequency) and tipclar (modulated) sequences of video pulses
are represented in Fig. W 7.39. Claracteristic for the bipolar
sequence of momentum/impulse/pulses is the splittimg/fission of each
spectral line of frequency kP (k40 - nusker cf barmonic) into the pair
cf spectral lines (doublet) xF+F,, and kF—F,, Por case k=0, occurs

the replacement of the 2ere frequescy c¢f Decirler. On the same figures

dotted line showed the asplitude-frequency characteristic of the
schematic cf single cross-period subtracticn. As can be seen, this
schematic ccmpletely suppresses all harsomic ccerponents of the
infinite periodic sequence cf scsertus/impulse/fulses from fixed

target; aprropriate harscnic ccmponents of tle mcdulated Ssequence of




pPCC = 78133803 PAGE <4+
Jo’]

the driving/moving target/purpcse are fassec. Since these components
to different degree are attenuate/weakened deperding on the value of
Ccrrler frequency, the asplitude of fluctuating pulses (as its
average value after full-wave recteficatior) degends on the radial

velccity of the motion cf target/purposea
Page 869.

the dependence of the ratio of the amplitude of the fluctuating
mosentum/impulse/pulses (cr its average valte) at the output of
schematic to the amplitude c¢f input fulses cn tte radial velocity of
the motion of target/purpose calls asplitude~bhigh-speed/velocity

characgteristic of the schematic of cross-pericd subtractign.

In the case of single suktraction and in the absence of
survey/coverage the latter can be fcund, by ccugosing a difference in
twe mgdulated by Doppler frequency sequemces of the video pulses of
single amplitude - by ttat rot delayed and that delayed. Expression

for this difference takes tte fcrnm

u(t)cos 2nF, ¢ —u (¢4-T)cos 2nF, , (¢ —T) =
=ty (—Dsinaf, T sin2nF, , (+—T)

with u(t)=eu(t-T).

For the case of the ratio of amplitude and average value of the
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cutput fluctuating momentum/impulse/pulses in questicn to the single

amplitude of input pulses, they are¢ determined Ly the expressions:

u,.,,,,,_.-mmr,,n-z,sma;-:-(o,.,—o,,)‘. @

Vsus o0 =3 Usun ware = %\sinh %(o,,—-v, H @

Each @f these expressions can be ccgsidered as

amplitude-high-speed/velocity characteristic of the schematic of

single cross-period subtraction.

Velocities oimh = aA2T + o, can bde dell/named as before "blind"
velocjties. At these velccities occur failures cf

amplitude-high-speed/velccity characteristic tc zero.

Lp T e A g Ve R T i L Y e e
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Pige 7.39. The amplitude-frequency gpectra cf the sequence of video
Fulses at the output of phase-sensitive detectcr (solid line) and the
amglitude-frequency characteristics of the sctesatic of cross-period
subtraction (dash line): a) object is motjcrless; t) objedt moves

Fap™

Fage 8470.

The considerable drop ot asplitude-higk-speed/velocity characteristic
cn)

(for example, on 10 dB and more) occurs adsc in vicinities Vo oen?

called the zones of "blind"™ velocities.

With connected survey/coveérage instead cf the periodic sequence
cf radic pulses from target/purpose, ccmes thte packet of radio
pulses. With respect this after phase-sensitive detector will be

cbserved the packet of the modulated by Dofjler frequency video
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pulses. Spectral lines in this case diffuse into the spectral regions
which are suppressed not ccmpletely. The ccrpensation video pulses
vill be in this case alsc irccsplete, €specially those them them,
that dcrrespond to the torques/mcments cf grcwth/ktuild-up or drop of

packet.

Tc analogous effects are led the asplitude and phase
fluctuwations, connected withk thte velccity sjread of reflectors. In
this acnnection can be applied the schesatics ct twofold aross-period
ccmpensation, vhich have sine-square amplitude-bhigh-speedgvelocity
characteristics, their scdificatiops with tle use of feedback, and
also schematic of the repeated ccafensatior which have wider regions
cf the supjression of asplitude-high-speed/velccity characteristic

(ip this case on video- , and not at interwc¢diate frequendy).

One should focus attention on the fact that the form of the
Facket of radio pulses after phase-sensitjve detector and the

schematic cf cross-pericd subtraction is distcrted due to effect from

pulsations (Fig. 7.40a, b) even when target, purgose itself does not

fluctuate.

Distortions it is possible tc avoid, if is passed to the optimunm
schematic cf the quadrature prccessing (see Fig. 7.27b). En this

schemdtic are utilized two phase-sepsitive detectors, on which are
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supplijed the out of phase cr 90° refererce vcltages. After
Fhase-seasitive detector in eachk charnel, will cost its schematic of

cress=-pericd subtracticg.

If envelope in one quadrature channel is mcdulated according to
the lawvw of cosine (Fig. 7.40a), then in other channel it is modulated
according to the lav of sine (Fig. 7.40Lk). Therefore, after supplying
the square lav detectors (instead of the full-wave rectifjers), by
sussing the voltages of two quadrature chagcels and bty taking the

root, it is possible to oktain the packet ¢f the undistorted form
(sincé Y cos'y + siﬁl; = ], where ¥ = 28F, 4 — @k
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The asplitude of packet in this casze defends cr target speed and is

detersined frcm amplitude-high-speed/velocity characteristic.

The same undistorted fcrm of packet wculd te, if processing vas

cecgdudted at intermediate frequency.

PIC)wll) [vos(ZR Faol-f|
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Pig. ¥.40. Packets of tle video pulses cf tte driving/moving

- -
-

m—
1
1
i
—d

target /purgcse in quadrature channels (a8, b) ané at the output of

circuit of optimum processing cn video fregquepcy (c).
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Fage @71,

§7.%4, Principles cof the censtructicn cf radars with equiwalent

ieatermal coherence.

fcgether with transeitters with sefarate excitation in radar
vide wse find also the self-excited trarsaitters, usvally
considerably simpler. Pcr certainty as this transmitter, et us bear
in mind magnetron. The special feature/feculiarity of such
trapsmitters is the randcam initial phase of the sounding stress with

respeat to random oscillaticns with the fijxed/recorded initial phase.

N
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Fig. 7.41. The block diagram of colerent-pulse radar with the

eguivalent internal coherence: IM - pulse mcdulator; M - magnetron;

KG - coherent heterodyne; FL - phase-sensitive detector.

Fage &472.

Utilizing this tramsmitter it is nct fcssitle te supply on
Fhase-sensitive detector reference vcltage with the rigidiy
fixedsrecorded phase. As reference-voltage source, it is possible to
take sgecial generator - coherent letercdyne (at high or intermediate
frequéncy) to which is tied the initial rhase of magnetroni in this
case, coherent heterodyne memorizes fphase, 1€alizing thereby the

equivalent ccherence, akout wvhich vas meanticned above.

the simplified block diagram of the racar with equivalent

S— e — - e ~~e

N L
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internal ccherence, which has heterodyne at high fregquency, is shown

cn Fig. 7.41.

Coherent heterodyne is self-excited oscillator. Usually its ’
cscillations artificially are broken away after the reception of the
€cho pulses from the lcrc-range targets. PFcr disruption/separation it

suffices tc lock oscillator tulte. Work cf ccherent heterodyne to lock

oscillator tube. Bhe wcrk cf ccherent hetercdyne can be examined, by
using diagras/curves (Fig. 7.42), where are shcwn the sounding and
echo signmals u,,() and 4 (), tte vcltage of coherent heterodyne
u (f)and also output potential cf tle pltase discriminatoruys). After
the beginning of sounding into the duct/contcur cf the coherent i
heterodyne, enters the vcltage of the scumnding signal. Up to the
torque/moment of the openinc/triggering of coterent heterodyne, this
duct/ccntour works in the mcde of forced oscillations and the

complete phase of oscillaticns will be

fad |
D ()=, t+ ¢, as ¢t <O0. (hH

Key: [(1). for. i

After the termination c¢f sounding pudse and opening/triggering j
at certain moment of tise t=0 coherent Letercdyre gererates at its |

cwp frequency and its ccmplete phase

= ST el
- v A AL - ‘
e S e el e i i .
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)
D, . (D=0,t+ @, g.qa t>0. 2

Key: (1). for.

Scmevhat idealizing transition fros tte mcde of the induced to
cogditions/mode natural cscillations, let us ccmsider that it occurs
cnly with t=0 and the cceplete fhase cf the cscillations of coherent
heterodyne in this case is not changed. This means that the initial
phase of signal is tied to coherent heterodyne, iie., ¢, = ¢, remains

the imposed on it during eptire periocd fremisesimpulse.
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Fig. 7.42. Explanation cf tle cperating prirciple of coherent

betergdyne.
Page &473.

If the time lag of the echo sigral comjoses value t; (Fig.
7.42) y then the complete phase of the echo signal during its

existence L — v, it is detersined by the expression
By ) =4, L)+ @

A phase difference of tte cscillaticns cf ccterent heterodyne and

echo signal is in this case the furcticr of the time
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V()= Oy () — Vi () = Oy E— 00y (—1). 4

Therefore during the imsposition of the voltzge of signal on the
voltage of coherent hetercdyne, is fcrmed tie mcmentum/impulse/pulse
of the beatings, which cccur with differemnce frequency. Since usually
are equalized the frequencies c¢f sigral and ccherent heterodyne, this
sozenjums/impulse/pulse contains ccrsiderably less than one period of
I beatings. The formationseducation cf the taper cf the amplitude of
the resulting stress tgg () (Pig. 7.42) during the imposition of the
cscillations of signal and coherent heterodyne can be illustrated by
vector diagram (Pig. 7.43), om which the phese angle between the

voltages of coherent hetercdyne and sigral is changed for the time of

the pulse duration from ¢, 2 in the begimming of

mosentum/impulse/pulse to y, at its end/dead, i.e., in all on¥r =

Ve — ¥y Values p, and VP, we find frcm fcraula (4):

o=V (f,—Tp) = 0 (f,—T) + 0, T,
V=9 (t,) =0 ¢, 5)

In crder to avoid an alternation inm the sign because of beats,

they require
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In this case, are possitle cnly saall tapers cf the apex/wertex of
video pulses because the vcltages in the begirning and end /lead

(Un cos b, amd U, cosy,) are not identical.
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Fig. %.43. Vector diagram, which illustrates tte possibiljty of the

taper of pulse apex because of phase displacesmert for the pulse

duraticn.

Page 874,

With sufficient frequerncy stability of signal and coherent
heterodyne even with certair taper cf ajex/vertex it is possible to
attain the satisfactory ccafensaticn signals frcm motionless

reflectors.

In order to have tle capability tc ccmjensate fcr reflections
from dipole reflectors, moved bty tte wind, it suffices to
include/connect the schematic cf thke ccmpensaticn the action of the
wind, similar to diagras in Fig. 7.37, either in the circuit of the

teference voltage of phase-sensitive detectcr cr imtc the circuit of

the phasing mcmentum/impulsé/pulse.
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§7.15, Bffect of instabilities cn effectiveress SDTs in radar with

iaternal coherence.

The fundamental instabilities, which atfect the SDTs in radars

vith internal coherence, tltey are:

- instability of tte pericd of the premisesimpulse of

premise/impulse and pulse duration;

< instability of the fregquency of the master oscillator with

true internal coherence;

< instability of the frequency c¢f coherent heterodyne with

eguivalent internal coherence;

- instability of signal frequency (vitk true finternal coherence
ané the stable phase resgcnse cf pcwer amplifier the instability of

signal frequency it manifests itself ®c a lesser degree) ;
< instability of tle frequency cf the lccal oscillator (under
cenditions of superhetercdjne reception the fundamental heterodyne of

receiver unlike coherent calls local).

All the enumerated fcras cf irstatilities can lead to the
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Fulsations of the compensated for signals, and comsequently, to the

residee/remainders of irterference at the cutput of the schematics of

ccapensation. Therefore are taken special scasures for the

stabildizat ion of all enumeratedé abcve farascters.

Especially complex is frequency fiximc in ccnpection with the
conditions of equivalent ipternal coherence. Therefore this example
let us precisely based c¢n dencnstrate cne cf the possible approaches
taking into consideraticn cf tte effect of instabilities and

selection of requirements tc the cell/elements cf coherent-pulse

equipaent.

Ccunting for simplicity the shape c¢f tte fulse of rectangular,
let us proceed from the fact thlat at tte pctput cf the phase
discrisinator vas formed the chamfered momentumsimpulse/pulse with
the vdalues of the voltage u, = U,cosy, 4in the teginning and 4, = U,.cosyp,

at the end of the mcmeatus/imgulse/fulsec.

Fage 875,

4 change in the angles ¢, amd , during the period of
Fremise/impulse will lead to the residue/resxainders cf output

Fotential of the schematic cf the interfericd subtractiont
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Su, = —U,siny, d¢,, ()
6“!! - —U,‘ sin P 6*«'

fipd

W. . “x —‘l) 6"nr'*' Tu 6"’0'
w- = f. 00". (2)

Buyt = UR siny, [(f, — )" Bo)* + o

coherent heterodyne and signal generator So,. S0, =0.

vill be

]

(Ouy)
3

-‘; ((t, = 1* B + 12 By )

2
m

where oy, and 4p, - the instabilities cf phase, caused by the effect

of the instability of frequency. Utilizing forwsulas [( 5)y §7.14], ve

Bet us find, the average value of the square of residual

voltage, for example, fcr tle kegirning of tte mecmentum/impulse/pulse

Averaging on yp, can ke produced indegendent of averaging on
instabilities fw, and Se, im this case §piyp,=1/2. By the force of

the independent character of fluctuaticns ¢t the frequency of

Thus, the relative value cf average square of residue/remainders

—— D— - ~— el o o e e I ———— ‘
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It is analogous

'"_‘_:_E =t} B, ®

If is required, in order to lQ%Lq.;%, then vith the identical
vl
effect of the instabilities of the signal frequencies and heterodyne 1

their permissible rcot-sean-square values aie deteramined by values 1

2 '-::“‘:g_l_ 1 1
(Of i )exs 20a L () 2n 20 (ty—Tw) o 125¢, ' b
R 1 '
(fewn 200 = l OF )= 125 Ty h

with saximaum tise lag =1 ps (range 15C km) and the

duraticns of pulse t, =2 s we yill respectively cktain:

(1)

an,
(afnr)vuu on = 8 oy A (6,(‘)(:!(! ton = 4 Key.

Key: f(1). kHz<
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Page 876.

the stabilization cf ccherent heterodyme e€specially is

complicated, since is required the phasiag. Therefore in order to

| faciljtate the conditiors of its statilizaticn, coberent heterodyne

is placed at intermediate frequency and the blcck diagraa of
coherént-pulse radar takes the fors,; shcwa cn Fig. 7.44. In this case
high requirements nust ke presented to the statility not only of
coherent, but also of tte 1lccal oscillator, ever more stringent
requirements, since togetter with the previcus scurces of
instabilities is added cne additicral scuxce - local osciklator. r
However, these requirements are fulfilled scmewbat more easily, since

is exdluded phasing at tigk fregquercy.

#evertheless, it is pnecessary as far as pcssible to eliminate
the effect on the local cscillator c¢f all scurices of instability. In
pacticdular, in radars witbh internal ccherence dc not allow/assume the
rapid autematic fregquency ccntiol of the dccal oscillator;
preferring, for example, abrupt, secharical retuvaning. Is possible
alsc the use of the autcsatic freguency coptrol of sagnetson under
the leocal oscillator of instead of the autcsatic tuning lecal
beter¢dyne under the frequency of sagnetron. Are accepted measures
for the elimination of the effect cf vitrations, pulsations of the

supplies of power and sharp the temperature differentials oam the work

-
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cf the local escillator.

In radars with true internal coherence¢, tc ensure frequency
stability somevhat (but nct corsiderably). scre easily. So, double the
Ssaller mean square of residuesremainders in ccmparison with previous
exasple (1,800) cap be provided, if frequency drift cf the master
ascillator (§f,

1
Jexs 00 = 56"

s e
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Fig. 7.44. The block diagras of colerest-prlse radar with equivalent
internal coherence and sith coherent betercdyne at the intermediate
frequéncy: IM - pulse mcdulator; N - magneticn; KG - coherent
hetergdyne; Ss - mixer; NG - the local cscillater; Fp -

Fhase-sensitive detectcr.

Fage &477.

§7.16, Princifles of the construction ¢f radars with external

colerernce.

The method of external coherence lies in the fact that for
obtaining the informaticn with to the initial thase of sounding pulse

is utilized passive interference itself. Ar¢ kocwm several varieties

of the method of external ccherence.
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Bigures 7.45 depicts schematic intc diegras/curves, the
elucidating possibilities ot the irccheéremt ccapensation passive
jasming. In accordance sith the dejpicted scitematic of oscillation
foes 8PCh with large dyramic range (for exasple, logarithmic) they
enter normal detector D, which fcllows the schesatic of iaterperiod
cospeansation (cross-periocd subtraction cf ChEV). Is schematically
shewn variable-displacesent indicator cf Al, to which they are
sugplied oscillaticns tc (1) or afterward (<) tbte schematic of
cross=period subtractior. Tle ccrresgcpding cscillograms are

regresented in Fig. 7.4Sb.

9c the schematic of interpericd ccapensaticn, is observed the
detected passive interferesce, vhich ccaparstively slowly fluctuates
as a pesult of mutual displacesent/scveseat cf reflectors in each
s¢lved space. If wvithin some sclved spaces é¢re rapidly meving
relatjve to these spaces cf target,/purg¢se, then occur considerably
scre rapid fluctuations. Therefcre after crcss-period subtraction it
is possible to reveal/detect the pulsations of tte target pulses
against the background cf tle residue/remairders of interference.
Therefore after cross-pericd subtracticr it is gcssible tp
reveal /detect the pulsaticns of the target pulses against the

tackground of the residue/reémainders cf iante¢rference. Thus, because
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of the simultaneous arrival of the echo sjqgrals from the solved
spaces, which contain tte mixing reflectors, ard fros target/purposes
usual amplitude detectcr acquires the properties of phase-sensitive
detector. Reference for it vcltage proves tc ke the voltage of

passive jamming. Since the phases cf this stress and the phase of the

echo signal equally they defrend on the imitial fhase of the
oscillations of saunding pulse, the latter dces not affect a phase

djfference of signal and reference vcltage. It cdepends ondy on the

radiald velocity of the cisplacement/mcvemert cf targes/puspose

relative tc interference and is determiped frcs !ot'llllw-hg(v,.—
- 80, also, for radar witk irtermal ccherence at compensated
wind velocity. It is characteristic in thjs case that any adjustment

cf schematic for the account of the wind is nct required.

i ittt eacin. sl el bl i
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Fig. V.45. Block diagras of radar with external coherence (a) and the

diagram/curves, which elucicate its wcrk (L).

Fage A478.

In spite of merit indicated tle schematic cf noncoherent
ccrpensation possesses essential deficiencyslack. For the solved

spaces, in which there is 'bc interterence;, cccutrs usval (not

Fhase-sensitive) detecticn and in the alsence cf fluctuations the
sigrals frcm target/purpcses are repeated €cch reriod and are

campensated for in the scltematic of ChPV. Thus, target/pucpose on the

sectigns of space, free from passive jammibng, cam prove to be lost,

if not used against this sfpecial measvres.

In order to avoid target fade, intc sciematic introduce these or
Qther video changes. One cf described ir tle literature of video
changes consists in the irtrcducticn of the fast-response device of

the analysis of interference and ccasutator of cutput voltage. In the
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abtsence of interference tc indicator, is sujplied the voltage not
frcm the output of the schematic cf ccmpensaticr, but it is direct
frem detector. The presence or the absence cf interference is
determined from the excess cf the estaklished/installed thresholad
level during the specific time. The effectiveness of commutation
grtow/rises, if voltage cn detector is fed tkrough the small delay
line, and to the analyzer ctf irterfererce - sithcut delay: The

descrited method is not cnly.

One of the methods the account of the jroperties of interference
is the use of correlaticn feedlack as ir §7.5. In this case, can be
solved the problems not cnly ccampensation interferences, but also the
simultaneous compensaticns interfelerce and the accumulation of
signal. Diagram in Fig. 7.4€ 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 removalsoutlets of delay line. With weight
cceffjcients 2, =, = 1in the case m=1 occurs single cross-period

ccmpensation with self-adjusting.
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Fjg. 7.46. Multichanmel schematic of the ccapensation passive jamming

with the use of correlaticn feedback.

Page 879.

Jf targes speed is kncwn, then via selecticn of weight
coefficients it is possiktle to tune schematic tc the value of this
speed so that simultanecusly with the ccmpensaticn wculd occur

cohereént accumulation.

At unknown target speed, is pcssitle tle replacement of coherent
accumulaticn incoherent (sefparate values ¢ are replaced by zero ones,
is utilized accumulatica after detector). Fcr providing the coherent

accumulation of signal, is required the cosplication of processing,

as, for instance, in §7.10.

ek sk 2 e
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The ccmmon/general total advantage of schematics with external
coherence before schematics with irternal coherence are considerably
lover requirements for frequency stability cf the local oscillator,
since its fhase almost it is sisultanecus (i.e. in time r,, and not

t) is is transferred tc the phases of suppcrting/referense and

sdepted oscillations.

By a deficiency/lack in the series of schematics with external
ccherence is the expansicn ¢f interference spectrum as a result of
nonlimsear conversion of cscillaticrs in detectcr. Therefore the
quality of interference sufpfressiop cam prcve tc be somevhat worse
than for the method of intermal colterernce at ccspensated wind
velocity. Schematics of the type of Pig. 7.4€ with sufficient slow
response of correlators in the quality cf suppression approach

schematics with internal cclerence.
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