OLEHKA OUCNEPCUU NOMEX HA BbIXOOE LUN®POBOIO0 ABTOKOMIMEHCATOPA (LLAKM) OT
OBBEMA BbIBOPKU

Ipuropobes J1.H., Anekcees C.[.

Bcepoccuniicknin Hay4yHO-MCCrefoBaTENbCKUA MHCTUTYT paguotexHuku (BHUNPT)
Mocksa, 107082, yn. b. lNoutoBas, 22, Ten. 265 60 41

1. CokpalwleHue BpemMeHHoro ©6anaHca, oTBogumoro Ans agantauum PJIC ¢ hasupoBaHHom
aHTeHHON pelueTkon (PAP), aBnaeTcs ogHOW M3 BaXKHEWLUUX NPAKTUHECKMX 3adady npwu NpoeKkTMpoBaHUU
PIIC Takoro knacca. B PJIC ¢ ®AP, B cocTaBe KOTOpon umeeTcs LMdpoBON aBTOMaTUYECKMIA KOMMNEHCATOP
AKTMBHbIX LUYMOBbIX NMOMEX, MPUHSITLIX MO BOKOBbLIM NeNecTkaMm OCHOBHOW aHTEHHbI, BPEMS ANs aganTauum
orpaHnyeHo. Pabote LIAKIT oTtBoguTCs Bpemsi BHe pabouyen 30Hbl gencteusa PJIC, B Tak Ha3biBaeMon
cnyxebHou 30He. OTO BpeMms OnpedenseTcs MNPOMEXYTKOM A0 Hadvana W3rnydYeHus 30HOMPYHLLEro
UMMynbca, B TeYEeHMEe KOTOPOro BO3MOXEH MAaCCUMBHBIA MPUEM CUIHanoB OT MOCTAHOBLUWKOB aKTMBHbIX
LWYMOBBIX MOMEX MO OCHOBHOM W KOMMEHCAUUOHHBIM aHTEHHaM, W OUTENbHOCTbI 30HAUPYIOLLErO
nuMnynbca, BO BPEMSI KOTOPOro Heobxoaumo obpaboTaTb NOMyYeHHbIe OaHHbIE.

[Mocne OKOHYaHWS WU3MNy4YeHMs1 30HOUPYOLLEro WMMynbCca, KOTOPOMY COOTBETCTBYET Hadvano
pabouen guctaHumm (umnynsc HPL), LLAKI ocyuwlectBnsieT B KaxaoM AUCKpeTe AanbHOCTU OYUCTKY
CWUTHamnoB OT aKTMBHbIX LLUYMOBLIX MOMEX, MPUHSTLIX N0 OOKOBLIM fienecTkam AvarpaMMbl HanpaBneHHOCTH
OCHOBHOW aHTEHHbl. Takum 06pa3oM, Ans MpuemMa CUrHamoB W BbIYMCIEHUST HOPMUPOBAHHbLIX BECOBbIX
KoappumumeHToB oTBOAMTCS Bpema oT umnynsca HP AKI (Havano pa6otbl AKI) go umnynsca HP[.

2. dyHkumnoHanbHaga cxema LIAKIT ¢ pasomkHyTOM neTtnen obpatHon cBsA3u npusedeHa Ha Puc. 1.
Cuctema COCTOUT M3 OCHOBHOW aHTeHHbl ¢ BblicokuM KHI, ob6o3HaveHHon «0», n N KoOMneHcaLuMOHHbIX
aHTeHH. KomneHcauunoHHble aHTeHHbl nmetoT KHI, onpeaeneHHbin NnpubnnantTenbHO CpegHUM YPOBHEM
BOKOBbIX NTENECTKOB OCHOBHOW aHTEHHBI.

Cytb pabotbl yctporcTtBa AKI cocTouT B AEKOPPEnsiLMM BbIXOLHOMO CMrHama OCHOBHOMO KaHana
OT CUrHasmoB KOMMEHCALUMOHHbBIX KaHaroB, KOPPENIMPOBAHHbIX C MOMEeXamu, MPUHATBIMKM MO BGOKOBbIM
nenectkam. [lekoppensaumsi OCyLLeCTBRSIeTCs MyTemM BecoBov 06paboTKM CUrHamoB KOMMEHCALUOHHbIX
KaHarnoB C NocrneayoLwmMM UxX BelYMTaHUEM U3 CUrHamNa OCHOBHOIO KaHana:

Z; =2, -WZ,, —...—~WZ,, vnn B BEKTOpHOM BUaE
®. 1 Z,=Z,-W'z,

roe Z, W — KOMI‘IJ‘IeECHbIQI_ CUrHam n BeC COOTBETCTBEHHO, a Z, W — KOMIJIEKCHbIE BEKTOpa; ()T -
TpaHcnoHnpoBaHue, () = ()* — apMUTOBO CONPSHKEHNE.
3apaven AKI aBsnseTcs ycTaHOBMEHME BECOB, KOTOPblE NPUBOAAT K HYNEBOW KOpPPEensauun mexay

*
OCTaTKOM BbIXOOQHOro curHana ZZ N KOMMeHCaUuMOHHbIM KOMMMEKCHO-CONPAXEHHbIM CUrHarom ZK'

*
YMHOXUM (. 1) Ha COMPshKEHHOe 3HA4YeHUe curHana MoMeXW KOMMEHCAUMOHHOro kaHana Z, U

npowssenem ycpenHeHve. MNpu 3ToM AOMKHO GbiTb obecrneyeHo BbinonHeHne paseHctea Z;Z,, =0 ans
Bcex i.B pesynbTaTe nonydaem cuctemy N ypaBHeHU ¢ N HEM3BECTHbLIMMU:

VV].Z*KlZKl *.. +WN Z*KlzKN = Z*Kle
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VV].ZKNZKl M +WN ZKNZKN = ZKN ZO
nnn B MaTtpmnyHOM Buae:

®.2 R,w=2,Z,
roe

I:zKl 0 DNl H %ZKlzKl ZKIZKN B

_g.o.,_0.0 _ . . .
Z, = 0o D,W =00 Rz =0 . [} KoBapuaunoHHasa matpuua
* * D

gK E @VNE KNZKl ZKNZKNE
OTctoga ansa ontuMarbHbIX BECOBbIX KO3(hULMEHTOB cneayerT:
.3 Wonm = RZ_lZ’I;ZO
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OueHMM MOLLIHOCTb BbLIXOQHOTMO CWUrHama aBTOKOMMeHcatopa (MowHOCTb ocTtatka). [lo
onpeneneHuo

R=ZZ

Torpga, ncnoneays (®. 1), nmeem:

®. 4 P.=2,Z,-w"z,Z,-w'z,Z, +W"R,w

MoacTtaBnsa 3HavyeHue Ans oNTUManbHbIX BECOBbIX KO3(duULMeHToB 13 (®. 3), nonyyaemM MUHUMAanbHYO
MOLLHOCTb OCTaTKa paBHOM:

=+ oo Ay =
®.5 P i :Zozo_ZEZo(Rz 1) 2,2,
MpencTaBnsieT  MpakTUYECKUA  MHTEPeC OUEHWTb MNOBEAEHME  CUCTEMbl  3aBMCMMOCTBIO
CTaTUCTMYECKMX CBOMCTB MOLLHOCTK ocTaTka Ps oT o6bema BbiGopku M.
[onycTum, 4To BeKTop z = (Zo, Zk) CWUTHAmoB, MPWUHSITbIX COOTBETCTBEHHO OCHOBHOW W
KOMMEHCALMOHHbIMU aHTEHHaMM, SBMSETCSH KOMMIEKCHbIM CITydalHbIM C HYrneBbIM CPEAHUM C rayCCOBbIM
pacnpegeneHneM. OyHKUMA  NIOTHOCTU  BepoATHOCTM  (N+1)-MepHOro  KOMMJEKCHOro  rayccoBa

pacnpegeneHus pasHa [3]

®.6 p(z) = 71‘(“”)|RZZ |_1 exp(— z"R Zz_lz)
0z, O 0z,z, | z{z,0O
. 0 0 o
me Ry =F--0z | zi]=g--- | ——--g=|2.2]|, i,i=0..N -

EZK E EZKZO | Rz
(N+1)x(N+1)-mepHasa koBap1aLMOHHasi MaTpuua.
OueHKoN koBapuaUMOHHOW MaTpuubl HA ocHoBe M BbIGOPOK BEKTOPOB Z ABMSIETCS BbIGOpOYHas
KoBapuaumMoHHas maTpuua Bmaa

®.7 I, = (1/|\/|)§'||zmz;j
n=1

Mpn HanoxeHWu onpefeneHHbIX OrpaHUYeHW SMEMEHTbl MaTpuubl MMEHT COBMECTHYK MNIOTHOCTb
BEPOATHOCTU, PaBHY0 KOMMNIIEKCHOW MNOTHOCTU pacnpeenexus YuwapTa [2]:

0.8 P (A = A" 11(2,) expl- ol
e A=ME,, 1(2,)=72" " r (M) (M - N)Z, [, F(M)=(M —1)! - ramma-dyrkums.

Onpegenum maTemaTU4eckoe OXMAaHUEe M OUCNEPCUI0 MOLLHOCTM OCTaTOYHOrO CUrHana wyma u
nomexwm Ha Bbixoge LIAKI. MaTtemaTtnyeckoe oxungaHue:

1 0

®.9 E|P.| =— [ xp,, (X)dx
[P]== f B (%)
Bbluncnss BbipaxeHue, NomnyyYnm
v.10 E[R] :ﬁ(M -N)P, .,
HavanbHbIn MOMEHT BTOPOro nopsiaka
1%,
. Pl=—
o.11 mR]=— [P (9
Bbluncnss BbipaxeHue, Nomny4nm
2
v.12 m[R] :PIZ\AL@(M ~N)(M =N +1)
[wvcnepcua cnyyanHom BenMYnHbl Ps
P min2

®. 13 Mz[Pz] = mz[Pz - ml[Pz]] :v(M - N)

BoipaxkeHue (®. 13) no3BonseT npoaHanM3MpoBaTtb, Kak MU3MEHSAETCS MOLLHOCTb OcTaToyHoro wyma ALLM
Ha Bbixoge LIAKIT ot konmyecTtBa Bbibopok. Ha Puc.2 npuBeneHbl pesynbTaThl BblYMCEHUS NO dhopMyIe
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npu P; ., =1 Ans oByx 3HauyeHuit KonM4YecTBa KOMMEHCALMOHHBLIX aHTEHH 2 1 4. U3 rpacuka cneayer,
yTo NpK M>32 AUCrepcUs OCTaTOUHON NMOMEXM NPAKTUHECKN He 3aBUCUT OT BENUUMHBI M.
Mpu 2(M =N) =n, P, =2 BbipaxeHne umeeT X -pacnpeaenenne ¢ 2(M-N) creneHsmu

min
cBoboabl:
1 n -2
Pw (Z) _ - 1) e’
2 2
OCHOBHOW KaHan KOMMeHcauoHHble KaHanbl
NPUeMHUK NpUeMHUNK NPpUeMHUK
ALN ALM ALN

Bbluncnene W,

3aaepkka ‘ ‘ 3apepxka

” 1
Bbluncnenve W,

A J

3apepxka

A

Z0p=Z51-W,"Z,

Puc. 1. CmpykmypHas cxema LUAKTT ¢ pasomkHymou nemnel obpamHoU cesa3u
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Puc. 2. 3asucumocms ducnepcuu riomex Ha ebixode LIAKTT om konuyecmea 8bi60poK
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VARIANCE ESTIMATION OF INTERFERENCES IN THE DIGITAL AUTOCOMPENSATOR OUTPUT
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Lately more and more attention in the field of development of the radar systems is paid to the digital
processing of received data. One of the significant places in such a system is assigned to the digital
automatic compensator of interference (DACI).

Optimal spatial treatment is used to neutralize the interference received by side petals of the
diagram of the oriented aerial antenna. Optimal spatial treatment consist of a such comprehensive weight
summing of output signals of aerial systems which provides mutual compensation of the interference
components received by side petals.

For this realization complex treatment is used together with interference signals received by the
main aerial through the side petals and by the compensatory aerials. The number of compensatory aerials
shall correspond to that of sources of interference available.

Z, =Z,-W'z.

Spatial selection could be carried out using principles of autocompensation. Schematically the
autocompensation could be done with closed loop of regulation or opened one.

Recently thanks to the fast development of digital device base the digital automatic compensator
were widely used. DACIs with opened loop have some advantage over those with closed loop. One of the
algorithms of the opened loop DACI is demonstrated on the fig.1.

It is valuable to estimate behavior of system by the dependence of statistical properties of
remainder power from the sample volume. Allow, that the signal vector accepted by main and N
compensatory aerials, is complex variable with zero average and Gaussian distribution. Density function of
the probability of (N+1)-dimensional complex Gaussian distribution is equal [3]

pz) = MR, [T exp(— Z"R,, 7z

0z, O 0z,z, | zi&z, O
O R H]_D U_ . —
where R, =3 --Hz0 | zt]=g--- | ——-—=[zZ]]. i,i=0..N
Hzc B HZCZ; | R, E

Estimation of covariance matrixe on the basis of M samples vectors z is the matrix of a kind

5 =WMY 2.2,
il

At imposing the certain restrictions elements of a matrix have the joint density of probability equal
to complex density of Wishart's distribution [2]: Py (A) = hAlM N (ZZ)JeXp[— Sp(Z;lA)],

1
where A=MZ,, 1(z,)=m2""r(M)--F(M - N)=, ", F(M)=(M -1

It can be shown, that expectation of remainder power on the DACI output is equal

elp] == (M -N)P,

min ?

*

=722, -202,R, ) 2.2

where M — volume of samples, P;
Then variance is equal

min

valp]=m[p, ~m[R]]= %" v -y

This expression allows to analyze, as power of residual noise + interference on DACI output from
sample amount changes. On Fig. 2 results of calculation are given for two values of number of
compensatory aerials (2 and 4). From the diagram follows, that at M>32 variance of a residual power
practically does not depend on size M.
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Figure 1. DACI structure
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Figure 2. Variance dependance from number of samples
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