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AHHOTAIINA

Beseoenue. YrnoMepHbIii METOZ ONPENCICHHS TOJIOKEHHS MIEPEKPHIBAIOIUXCS IO CIIEKTPY HCTOYHUKOB PaJHOM3ITY-
yenust (MPW) nononHen npocrpanctBeHHor ¢puiprpanueit (I1D) ux MHOrOMy4eBBIX CUTHAJIOB M BEIYMCIICHUEM B3a-
UMHBIX KOppesisiHoHHBIX (yHKImH (BK®) Mexay olieHKaMH CHTHAJOB, MPUHATHIX B OJJHOM M B Pa3HBIX IMYHKTax
npuema (I1I1). [Ipu Takom noaxone He GOPMHUPYIOTCS JIOKHBIE TOYKH M 00JIACTH ONPEIETICHHUS MTOJIOKEHUSI.

Ienv padomer. Pa3paboTrka 1 HCCIeJOBAaHUE METOA CONIOCTABICHUS JIMHUN TIOJIOXKEHUsI, 0a3upyIOIErocs: Ha OIIeH-
kax curHanos P, nomyuyennsix 11® B pasubix III1.

Mamepuanst u memoowst. OLIeHKU HaNpaBJICHUN MPUX0/Ja MEePEKPHIBAIOLIUXCS 10 crieKTpy curHanos MIPU B pa3HbIx
MIT hopmupyrorcs Ha ocrHoBe MeTona MUSIC. KoadhdhurmeHTs MpocTpaHCTBEHHOTO (PIIIBTPA A BBIICIICHHS CHT-
HanoB IPU paccyuThIBalOTCS MO KPUTEPHIO HAMMEHBIINX KBAJAPATOB C MOMOIIBIO MMOTyYEHHBIX OLEHOK. Berancie-
e BK® onenok curnanos B ¢uxcuposaHaoM [1I1 mo3BossieT HCKITIOYNTD U3 aHAIH3a NIEPEOTPAKEHHBIE CUTHAIIBI.
ComnocraBieHre OLEHOK HalpaBlIeHUH MPUXOAa CUrHanoB B pasHble III1 BHIMOIHEHO Ha OCHOBE BBIYUCIIECHUS UX
BK®. Pexexnus HENOAABICHHBIX MEMIAIONINX CUTHAJIOB M3-32 HETOYHO 33IaHHOTO aMIUTUTYIHO-(a30BOTO pacmpe-
nenenust (ADP) anrenHolt pemeTku (AP) ymyumaer pesymnbrarer [1®. HccnenoBanne pa3paboTaHHOTO METOAA TIPO-
BEZICHO UMUTALIMOHHBIM MojenupoBanueM B MATLAB.

Pesynomamet. lpu Tounom 3aganuu AOP AP ompenenenue nonoxeHust oOHapyxkeHHbIX MPU, m3nydaromux cur-
Has mo00i MHTEHCUBHOCTH, POUCXOIHUT C BEPOSTHOCTHIO, nocturatomei 100 %. Hanxyamumu ycnoBusAMU sBIIS-
eTcsl JOMHHHpOBaHKe oaHoro cunbHOro curaanga MPU Bo Bcex III1 mpu Hetounom 3amanun ADOP AP. Ilpumenenue
JIOTIOJIHUTENBHOM PEXKEKIMH IIOBBIIIAET BEPOSITHOCTh NPAaBUIBHOIO omnpeneseHus nonoxenus VMPU, usnydaromumx
ciabeiii curuai, ¢ 40 mo 90 %.

3aknwuenue. B 3aBUCHMOCTH OT YCIIOBHH PacrnpoCTpaHEHUs], ypPOBHEH CHUTHAJIOB M TOYHOCTH KannOpoBku AP Be-
POSITHOCTB MPABUIIBHOTO OTIPECIICHUS MTOJI0KEHUST HICTOYHUKOB CJIa0BbIX CHUTHAJIOB TpeBbimact 90 %.

KiroueBble cjI0Ba: YIIIOMEPHBIH METOJA ONpPENeNeHUs ITOJIOKEHHS, MPOCTPAHCTBEHHAs (UIBTpALUS CHTHAJIOB,
OLICHKH HAlpaBJIeHUH NPUX0/Ia CUTHAJIOB, a3UMYT, YTOJl MECTa, HepeKphITHE crekTpoB curHanos, MUSIC, anrennas
peleTka, aMIUIMTYJHO-(Da30BoOE pachpeesICHUE, PEKEKIHS
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Abstract

Introduction. The angular method of locating overlapping spectrum radio sources (RS) is supplemented by spa-
tial filtering (SPF) of their multipath signals. The cross-correlation function (CCF) between the estimates of sig-
nals at the reception point (RP) allows extraction of RS signals with a minimum delay corresponding to the true
position of RS under a certain configuration of the multi-position receiving system. The CCF between the esti-
mates of signals in different points allows matching the position lines defined by the estimates of azimuth and
elevation angle corresponding to the same RS thus avoiding the formation of false points and areas of location.
Aim. Development and investigation of a method for matching position lines based on RS signal estimates obtained
by spatial filtering in different receiving points.

Materials and methods. The MUSIC method was used to estimate the direction of arrival of overlapping spectrum
signals in different RPs. Based on these estimates, the coefficients of the spatial filter for RS signal selection were
calculated using the least squares criterion. Calculating the CCF estimates of signals at a fixed RP eliminates the
reflected signals from further analysis. The quality of SPF is improved with an inaccurately specified amplitude—
phase distribution (APD) of the antenna array (AA) by rejecting non-suppressed interfering signals. The study was
carried out by statistical simulation in the MATLAB environment.

Results. Under an accurate APD definition of the AA the probability of locating RS with signals of any intensity
reaches 100 %. The worst results are achieved when one strong RS signal dominates in all reception points under
inaccurate definition of the APD of AA. In such a case, the application of additional rejection increases the probabil-
ity of correct location of weak RS from 40 to 90 %.

Conclusion. Depending on different propagation conditions and signal levels, the accuracy of AA calibration and
the probability of location of weak signal sources exceeds 90 %.

Keywords: angular location method, spatial filtering of signals, estimations of signal arrival directions, azimuth,
elevation, overlap of signal spectra, MUSIC, antenna array, amplitude—phase distribution, rejection
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Beenenue. IlpoctpancTBeHHas (uIbTpaIus
(I1d) mepekphIBAIOMIUXCS TIO0 CIIEKTPY CHUTHAJIOB
MIPUMEHSAETCS B CHCTEMaxX CBS3H /ISl BBIICICHHS
MOJIE3HOTO CHTHANla, B CHUCTEMax CIEIHATEHOTO
Ha3HA4YeHHS JUIS 3aIIUTHl OT MpeIHAMEPEHHBIX H
HenpeaHaMEepeHHBIX TOMeX, IpU PaTAuOMOHHUTO-

pUHTE W PATUOKOHTPOJIE C IENBI0 MOCIEAYOIeH
WACHTU(UKANNA WCTOYHUKOB PAAHOU3TYICHHS
(UPU) n nemoxynsiiinyi ©X CUTHAJIOB.

OmnrcaHHOEe najee HCCICIOBaHHME, MPOBEICH-
HOE aBTOpaMH HACTOSIIEH CTAaTbH, ITOKAa3bIBACT,
yto npuMeHeHue 1D B MHOroOmo3uIMOHHBIX CH-
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creMax ompexaenenus nonoxenuss MPU yrmomep-
HBIM METOJOM TIO3BOJISIET YCTPAaHUTH JIOKHBIE
TOYKH W OOJACTH TOJOKEHHA TPW HAJHMYWUU He-
CKOJIBKUX TIepeKpbIBaroIiuxcs no cnexkrpy MPU u
MHOTOJTy9€BOM PacCHpOCTPAHEHNH UX CUTHAJIOB.

Mertoapl [1® ¢ ucnons3oBanuem ¢a3zupoBaH-
Ho#t anTeHHOU pemeTku (PAP) m MHOTOIYyUEBOMH
(amanTuBHOW) TM(POBOH AHTEHHOH PEIIETKH
(IIAP) 6azupyroTcst Ha pa3feiCHHH TEePEKPhIBAIO-
muxca 1o cnektpy curHaioB MPU Ha ocHoBe
MPOCTPAHCTBEHHBIX TAPaMETPOB — HAIPaBICHUIMA
NPUXOAAa HMX CHUTHAJIOB, KOTOPBIE OIICHUBAIOTCS
KOCBEHHO WJIM HenocpencTseHHo 1o 110 [1, 2].

B ®AP [3, 4] dbopmupyercst y3kas auarpamma
HampaeieHHoctd (/IH), koTopas mociemoBaTenbHO
CKaHMPYeT TPOCTPAHCTBO B a3UMYTAIGHOM W yIIIO-
MECTHOM MIocKOCTAX. [IpUHATHIA C OMpeneneHHoro
HampapjieHusi curHain accouuupyercs ¢ HPU, a
HarnpaBJeHHe — C ero yrioBeiMu KoopauHatamu (YK).

B LAP [3, 4] omHOoBpeMeHHO (HOpMHUPYIOTCS
MHOTOJTyYeBbIC WM aJIalTUBHBIC BUPTyaibHbie [IH
i Becex MPU. B muoromyuessix [IAP YK UPU
OLICHUBAIOTCS TaK ke, Kak B DAP — oOHapyxeHneM
CUTHaJIa C 33/JAHHOTO HAIIPaBJIEHHA JIy4a, & OLEHKOM
CUI'HaJIa SIBJISIETCSl NPUHATHIA npouecc. B agantus-
HbIX LIAP BecoBble k03(QUIMEHTH qUarpaMMoo0-
pazyrolero ycrpoicrsa (hOPMUPYIOTCS Ha OCHOBE
Bcex oreHok YK MPU s BEIIEICHUS TTONE3HOTO U
3aHyJICHHUS BCEX MEIIAIOIINX CUTHAJIOB [3].

JIro60i1 meton 11D coBMeCTHM C yriIoMepHBIM
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METOJIOM onpeenenus nomnoxenus NPU, ncnomns-
3yroluM OolleHKH uX YK B pasHeceHHbIX MyHKTax
npuema (I1I1) ayg mocTpoeHus TUHUN TOT0KEHHIH
U TOKCKa 00JIacTel UX TepeceycHu .
YriioMepHbIii MeTO ONpeneSieHAs TOJI0Ke-
Hust UPUM ynuBepcaneH. Ero To4HOCTb onpeernser-
s mapameTpamu aHTeHHOW perieTku (AP) B 3aman-
HOM TIOJIOCE YacTOT W B3aUMHBIM PAaCIOJIOKEHHUEM
ITIT u UPU [4-8], a He MIMpUHOM CIIEKTpa CHrHAIA.
VYTrioMepHBIi METOA NOAXOANT IS ONpezene-
HUS TIOJIOKEHHS TEPEKPHIBAIOIINXCSA MO CHEKTPY
WNPH, a mpumenenne 11D mno3BonseT ycTpaHUTH
JIOKHBIE TOUYKH UX (PUKCAIMK, BOSHUKAIOIINE H3-32
IIEpECEUYCHNs JIMHUA MOJoXKeHus pasHbix HPU.
Mertox HeUyBCTBUTENEH K YaCTOTHBIM U BPEMEHHBIM
paccrpoiikam mexay I1I1, Ho TpeGyeT BhICOKO pas-
MEIICHHOM, KaYeCTBEHHO OTKATMOpOBaHHOH AP,
Knaccuyeckuit yrinomepHblii METO OCHOBAaH Ha
MOMCKE TOYEK WIJIM 00JacTed mnepecedeHHs JMHUN
MMOJOXKEHUs, 3ajgaBaeMbIX oneHkamun YK HWPU,
chopmupoBanabix B passbix [II1. [lpu wamiumm
curHaia ognoro MIPU ero nosjoxeHue onpeaensercs
onHo3HayHo. OpHako mpu moctymieHun Ha [II1
CUTrHajioB Heckoibkux MPU, koTOpble HEBO3MOXKHO
Pa3aeuTh YaCTOTHOW (HIIbTpallieH, B TOUKaxX mepe-
CEeYEHMs WM OJIM3KOTO MPOXO0Ja JIMHMI HOJIOKEHHS
pazmmuHbix VIPU QukcupyroTcst OXKHBIE TOUKH H
obmactu nostoxenust UPU (puc. 1, a).
Bo3MoHO mosiBiieHHE JIOKHBIX TOYEK U 00Ja-
creit pukcanmu nosoxkenuss MPU v npu Hanuauu
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Puc. 1. Onpenenenne nonoxxenus MPU yrimomepHsIM MeTooM: @ — 0€3 epeoTpakeH!s CUTHAJIOB; O — C IEPEOTPAKEHUEM CHTHAJIOB.
I tpuxosslie muHNK — nonoxeHus IPU 6e3 mepeoTpaxeHus: CUTHANIOB; MYHKTHPHBIE TUHUN — nojoxenust UPU
TP TIEPEOTPAKEHUN CUTHAIIOB

Fig. 1. Angular method of RS location: a — without signal reflection; 6 — with signal reflection.
Dashed lines — RS position line without signal re-reflection; dotted lines — RS position line with signal re-reflection.
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MepeoTpaXeHNH WX CUTHAIOB Ha IYTH PacIpo-
crpanerns ot MPU k IIII (pue. 1, 6), a Takxke
BCJIE/ICTBHE BO3HHKAIOMIETO MPHU 3TOM MHOTOIY-
4YEBOI'o pacnpocrpaHenus curnaios MPU.
O6macti TepeceueHUs] JUHUK TTOJOKCHHS
hopmupyrOTCST M3-3a HETOUYHBIX oreHoK YK MPU
B pa3ubix III1. YUem cuiibHEE OTINYAIOTCSl OLIEHKU
YK HMPU oT MCTHHHBIX 3HAYeHUH, TeM OOJbIIe
oI b 00Pa30BaHHOIO MEPECEUYCHUSIMU MHOTO-
yroapHUKa. JloCTOBEpHOCTH  CHOPMHUPOBAHHOM
00JTaCTH MECTOTIONIOKCHHS OIICHUBACTCS MAaKCH-
MajbHBIM PAacCTOAHMEM Ry OT LEHTpa THKECTH

MHOTOYTOJIBHUKA 10 €ro BepiuH (puc. 1, 6) [6].

Jlns MCKITFOYEeHUST JIOKHBIX TOYCK M oOJiacTei
TpeOyeTcsl WICHTHOUKAIMS JIMHUHA TTOJIOKEHHUS
pasapix UPU. B [9] mpemtoxeno pemieHue pac-
CMaTpUBAaEMOW 3aJa4d Ha OCHOBE IIOCTPOCHHSA
MHOTOMEpPHOW (DYHKIIMHA TPaBIOIIOI00MS U TIOWC-
Ka ee MaKCHUMYMOB TI0 BCEM 3TaJOHHBIM KOOP/IH-
HataMm. OfHaKo 3aJaHuie caMOi 3TOH (QYHKIINU B
YCIIOBUSIX HEONPEEICHHOCTH U TIPHU TEPEKPBITHU
criektpoB UIPU — cioxHas 3aaya.

B macrosime#t ctathe TpencTaBIIeH pa3pado-
TaHHBII aBTOpaMH METOJ OTIPEAEIICHNS TIOI0KEHHUS
HNPU, obecneunBaromuii WICHTHDUKAIIAIO JTHHAN
MOJIO>KEHUS, MOJIy4eHHBIX B pa3zHeceHHbIX IIII, Ha
OCHOBE o1leHOK curHanoB MPU, naiineHHbix 11D.

IMocranoBka 3anauu. Cucrema ompeaercHUs
nonoxxenuss IPU cocrout n3 K pasnecennsix I111,
o0opynoBaHHbIX M-3anemenTHBEIMU AP, kaxnmas w3
KOTOPBIX MOJKIIIOYCHA K M-KaHaIbHOMY MPHUEMHU-
KY C KOTEpPEHTHBIMU M CHHXPOHHBIMH KaHaJaMH.

B k-m IIIT HaOmromaeMbIMU TaHHBIMU SBIISIOT-
Csl BBIOOPKH MPUHSTHIX ITPOLICCCOB

Xkm :(kalv o XkmN )
oT M-anemenTtHoi AP:

di Lig
Xkm = 2. 2. Sitk@m (O Bitk ) +&km: (1)
i—11-1
m=1 M, k=1 K,
rac dk — KOJHNYCCTBO HeperBIBaIOH_[I/IXCH 10

criektpy curHanoB UPU B k-m IIT; Ly, — xommge-
CTBO Jy4eil pacnpocTpaHeHus curraia i-ro UPU,
3adukcupoBanublx B K-m IIIT; Sj) — BbIOOpKa U3

orcyeroB curnana l-ro ayua i-ro UPU B k-m IIIT;

an (O, Bik) — ammIMTYIHO-(a3OBBIi OTKINK

M-  aHTeHHbI Ha CHUTHaI C HaIrrpaBJICHUA

(eilk’ Bilk ); Ekm — LIyMoBas BHIOOpKA.
Tpebyercs Ha ocHOBe maHHBIX (1), TomydeH-

HBIX B K myHKTax mpuema, OmpenenuTh MOJIOoXKe-

HUE MepeKpbIBaromxcs no cuekrpy MPU.
Onenka YK u curnanos UPU B pasnecen-

HBIX MYHKTaX npuema. Ouenka YK BemomHsAETCS
cornacao mepe MUSIC [10]:

___a"(e, pla(e, p)
Pumusic (8, B)_aH(e, B)E-EFa(0, )

rae a(0, B)=[a.(6, B), ..., ay (6, B)]T - OXH-
faeMoe

aMILUTUTYIHO-(pa30Boe  pacrpe/elicHHe

(A®P) AP c nanpasnenus (0, B), oueneHHoe
KaauOpoBKoi AP; EE_, — BEKTOPBI LIIYMOBOI'O IOJ-

NPOCTPAHCTBA; = — CHMBOJ MPEOOPa3OBAHUs
[wisGepra; | — CHMBOI TPAHCIIOHMPOBAHHSL.
Bekropsl mymoBoro moampocTpaHctsa  Ee

BBIZICIISIFOTCST U3 COOCTBEHHBIX BEKTOPOB E pasio-
KEHUST KOPPEISIIIMOHHON MaTPHUIIBI

X, X = Ediag(A)E",

- XkM ]T, A=(7\,1, ey ké);

A >Ny >...>KQ >XQ+1>...>kM — coOCTBeH-

roe Xy :[Xkl, ..

Hele uyucna (CY) KoppemsuuoHHOH MaTpuibl B
nopsiike yObIBaHHA.
CoOcTBeHHBIE BEKTOPHI

E=E, .., EQ’ EQ+1’

E, E.

COACPIKAT BCKTOPBI CUTHAJIBHOTO MOAIPOCTpPaH-

 Em

ctBa Eg m mrymoBoro moampocTpaHcTBa E:. Ko-

mudectBo CU Q, NMpEeBHICUBIIMX YCTaHOBJICHHBINA
nopor C, , onpezensieMblil ypOBHEM BEPOSTHOCTH
JIO’)KHOM TPEBOTH O (XQ >Ca), yKa3bIBaeT KO-

JIMYECTBO MPUHSTHIX CUTHAJIOB.
IIpu npownsBonbHOM KoHDHUTYparu AP orieHKH

YK Qy UPU B k-m IIT
(éqk' qu):(éilk: Bilk)i Q=1,_@k;

d
ik, Bilk — a3UMYT H yroJl MecTa COOTBETCTBEHHO Q = Zk: L. <M
. k = ik
curHana i-ro UPU mno I|-my nyay B k-m IIII; i=1
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HaXOZSITCS YHUCIICHHBIM MOWCKOM KOOPJIWHAT JKC-
TPEMyMOB Ha BCeH 00JIacTH 3HAYCHUH HCKOMBIX
MapaMeTpoB:
(Ogk qu)q:u} = argmax Pyuysic (6, B).
! 0e0..360°,
B €-90...90°
KoaddummenTsr mpocTpaHcTBEHHOTO (PHIIBTpa
OTIPE/IETISIOTCS TI0 KPUTEPUI0 HAMMEHBITNX KBaJ-
paros [11, 12]:

W =[W1k, oo Wes WQksz

-1

= A% (0. Bi) A (0, B )x A0 Be) | @

-
rae qu =(qu1, ey quM) X qum - KOS(b-

¢burent m-ro siaementa K-ro ITIT ams BoIige-
JIeHUs (J-TO CUTHAJIA;

AlBy i) =[alOsc, B, - a(0 B )|

— oxunaeMoe ADP nng HampaBieHuil npuxona
ék, ﬁk, oreHeHHbIX 1o Mmepe MUSIC.

OIleHKH TPHUCYTCTBYIONIMX B HAOJFOMaeMBIX

JIAHHBIX CUTHAIIOB S (q =1 Qk) C Y4eTOM MHO-

rOJIy4CBOCTHU

(TR §Qk)Tzwkxk. 3)

HecootBerctBue (aktuaeckoro ADP AP
oxunaemomy A(8y, By )= A(6y, By ) Mano cka-

3BIBaeTCA Ha TOYHOCTH olleHMBaHua YK MPU, HO
CWIBHO BiusieT Ha kadecTtBo 1IdD curnanos, mo-
CKOJIbKY BeCOBbIe KOX((HIIMEHTHI IMPOCTpaH-
CcTBeHHOTO (brmbTpa (2) pacCUHMTHIBAIOTCS Ha OC-
HOBE oxkuniaeMoro A®@P.

[Ipu HerounoMm oxumaemoM ADP paccunran-
HbIE KO3(PPHUIIMEHTHI TPOCTPAHCTBEHHOTO (DHITH-
Tpa (2) He POPMUPYIOT HYJIEBOTO 3HAYCHUS HA €0
BBIXO/IE B HAIPaBIEHUHM MEIIAIOIINX CHUTHAIIOB.
ITosToMy cunbHble Memaromue curHaisl UPU u
WX MHOTOJy4YeBbIe KOMIIOHEHTHI MOTYT IPHUCYT-
CTBOBATh B OIICHKAX CUTHAJIOB.

B [13] mpumenuTenbHO K 3ahade IEMOMYJISIIMA
nokasaHo, uto 3aganue AP AP ¢ norpemHoctsio 5°
npu I1® paBHoypoBHeBbIX curHanos VP He3Hauu-
TENIFHO YXY/IIIAeT MOKa3aTeId TOMEX0YCTONUNBOCTH.
Omnaxo [1® curHanoB mpu JOMUHHUPOBAHUN OIHOTO

CWJIBHOTO MEIIAIOIIETO CUTHANA HE TIO3BOJIIET JEMO-
JTyJTPOBATh OLIEHKH CJIa00ro CHTHAJIA.

Herounocts 3amanus oxunaemoro ADP B pac-
CMaTpUBaeMOH 3a/1aue TIPUBOAUT K IIPOHUKHOBEHHIO
CWJIbHBIX MEILIAIOIIMX CHUTHAIOB B OLEHKY CIaboro
TIOJIE3HOTO CUTHaNa. B pe3ynbpraTe BO3MOXHO MOSIB-
JICHHE JIOXKHOTO IMKA B3aHMMHOW KOPPESLIMOHHOU
¢yskmmn (BK®) mexnay orneHKkamu CHTHANOB pas-
ueix UPU, a muk BK® mexay oreHkaMu curHana
onHoro PU cymniecTBeHHO yMEHBIIAETCSL.

ITockonbky TOYHO U3MEPHTH, a CIIEAOBATEIbHHO,
3amate oxugaeMoe ADOP AP HeBO3MOXHO, a ypoB-
HU (QUIBTPYyEeMBIX CHUTHAJOB HeusBecTHBI, [ID
HEOOXONMO JIOTIONHUTH PEXKEKIUEH MPOHUKAO-
IIMX MEMIAIOMIUX CHUTHaJioB. Pe)kekuus, BBINOI-
HeHHas 1o [13], mpoaeMOHCTpUpOBaa CBOKO 3-
(EeKTUBHOCTH MPU AEMOIYISALMHA B IIUPOKOM JTHa-
Ma30He OTHOIICHUH CUTHAJ/TIOMEXa M CHTHAJ/TITYM.

Pexxexipisi MEIIarox CUTHAIOB M3 OLIEHOK I10-
ne3sblx curHanos MPY, nomydennsix 11 B kaxnom
MyHKTE TIPUeMa, BBITIOJHACTCS CIISAYIOIIM 00pa3oM:

1. OueHku curHamos Sy, ..., §qk’

ey SQk
IEPEyNOPSI0IUBAIOTCA B TOPSAKE BO3PACTAHUS
MX HOpM ||§qk||<H§(q+1)kH, q=1 Q¢ Tak, uro

MEPBBIM OyAET CUTHAI ¢ MUHUMAJILHON HOPMOWA:
Jsl = min S} =1 Q)

2. JIJIst Ka)Xaoro CHTHajla, HauyWHas C CaMoro

cmaboro Sy, QopMmupyercs HCXORHBIH 0a3mc
9q =(S(q Ak e Sékk)' U3 KOTOPOr0 OPTOroHa-
nuzanuen I'pamma-IlIMuara nmomyuyaioT opTOHOP-

MHPOBaHHbIi 6a3uc: €y, = bq—v v=1Q-q,
[Pax |

v-1 g bH
_ qv-qv _
rae bgy = ggv = 2 o boj» Paz = 9au-
it [l
Ouenka curnana MPU nocne pexxekiuu
. Qa .
Sqk = Sqk — 21 Sak€qvEav- 4)
\/:

Omnpeneaenne mnoJsoxenuss UPU ¢ mepe-
KPBIBAKOIIMMHNCS N0 CHEKTPY cUrhanamu. lc-
XOJHBIMU JAHHBIMU JJIS ONIPEACIICHUS NOI0KEHUS
Takux UPU aBinsroTCa cOBMECTHBIE OLIEHKH X YK
Y CUTHAJIOB, MPUHATHIX B K MyHKTax mpuema:
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(O, B 50} a-3 G, k-1 K

Jns onpenenenus nonoxenus MPU Ha ocHOBE
ATUX JaHHBIX TPeOYeTCs COMOCTaBUTH OIeHKU YK,
COOTBeTCTBYIOIUX ogqHOMY IPH.

Cpenn Qk c(hOpMUPOBAaHHBIX OIICHOK CHTHA-
JIOB MOTYT IIPUCYTCTBOBAaTh OLEHKH MHOTOJy4Ye-
BbIX KOMIIOHEHT CUTHAQJIOB OJHOTO W TOTO e
HPU. JI51s1 0JHO3HAYHOCTH OMpPEETICHUS MOJI0MKE-
Hus IPU ux tpebyercs Beimenuts. Ecmm I1IT pac-
nojoxkeH Boilie MPU, To U3 Bcex MHOTOIy4YeBBIX
KOMIIOHEHT MMEHHO CHTHaJl C MUHHMAaJIbHOH 3a-
TEPIKKOW ¢ HaMOONBIICH BEPOSTHOCTHIO COOTBET-
ctByeTr YK peanbHoro UPU, naxe eciu He SBIIs-
€TCSl CUTHAJIOM TIPSIMON BUIUMOCTH [ 14].

B xaxxnom II1 cpeny chopMUpOBaHHBIX OIICHOK
CHTHAIOB TpeOyeTcs BBIACINTH MHOTONYYEBHIE
KOMIIOHEHTBI, COOTBETCTBYIOIINE OTHOMY U TOMY K€
HWPU. [Ins sroro HeoOXOAuMO BhUMCIHTH BK®
Bcex BblaeneHHbIX 11dD curnanos B kaxiaom IIIT u
OIIPEIENNTh KOPPETHPOBAHHBIE MEXKIY COOO0I OIeH-
KU CUTHAJIOB, COOTBETCTBYIOIME onqHoMy VP,

1. ANTOpUTM MOKCKA KOPPETUPOBAHHBIX OlIe-
HOK curHaioB B kaxjoMm 111 cnenyronmii:

1.1. Beraucnuts HopMupoBanabie BKO:

qup (n)

JE @k )

N
k P
I'qp(n): 2 SvakS(v+n) pk
1

V=

Rc']‘p(n)=

rac

N
k < <
g M= 2 S(yamgkSvpks 0NN -1

v=1
1.2. Haiftu naper (Q, p), g # P, AU1s KOTOPBIX
max Rgp = R(lq(p (Nogp ) TpeBBILACT 3anaHHEI 110-
por C'F({,
q:]‘! ka p:]-! Qk

1.3. ChopmupoBaTh HOBBIi HaOOp COBMECT-

npuyeM Nqu e[—(N -1), N —1],

HeIX oneHOK YK m curmanos MPU ((:)k, S k) u3

omenox  OF =((:)1, . (:)Qk)’ (:)qk :(éiqk, ﬁ%k),

Qk S(jk, §k =[§1k, SQ’kk}' U3 chopmuposan-

HOro Ha6opa HCKITFOYCHBI OLICHKH, COOTBCTCTBYIO-

IME 3ama3/IbIBAIOIIMM MHOTOJTY4EBbIM KOMIIOHEH-
Tam curnana oxroro UPY, wuist kotopeix Nog, > 0.

2. AJTOpUTM TIOWICKa KOPPEIUPOBAHHBIX OIle-
HOK cUTrHasoB Mexay pazubimu [1I1 cnegyrommii:

2.1. Beruncnute HopMupoBaHHBIE BKD mex-
ny k-m u «-m TIIT:

kic _ [pkx ki
RYS _(qul, o R )
rue
ki
ke gp (M)

RS = ;
P s 0)

N -
k ~ ~ ~
fop ()= leqv'(Sp(wrn)K’ q=1 Q,
V=

p=1 Q.

2.2. ChopmupoBath BK®D curuanos, Bbije-
neHHbIX B pasnmuaabix 11 (em. 1. 1.3). Curransl,
BK® koTopbix XxapakTepHU3yHOTCA SIBHO BBIPAXKEH-
HbIM MaKCHMYMOM, PAacCCMaTpPUBAIOTCS JAajiee Kak
NpUHAJJIeKaIMe oaHoMy U Tomy xe WPU.
K nanpHeiimerr 00paboTKe MPUHUMAIOTCS JIMHUH
nonoxxenuss UPU, makcumym BK® curnanos ko-

TOPBIX NIPEBOCXOIAUT IIOPOT C||§K =04:
k k
Pics Ak nquk :arg[maX(R pla)>CRK:|,

q:]-v Q~k’ p:]-! Qk'

2.3. ComocraBurh

HalJI€eHHBIM
(Pg, Ok ) oueHkn (épK, pr) u (éqk, ﬁqk),

k, k=1, K co Bcex IIII.

2.4. TlocTpOouTh JIMHUU TIOJIOKEHUS, COOTBET-
cTByromue kaxaomy MPU. Halitu Toukn nepece-
YeHWUH JTMHUH TOJOKECHHUS M 00pa30BaHHBIN WM
MHOTOYrobHUK. ONpeaenuTs MakKCUMalIbHOE pac-

napam

crostHne Ry (cM. puc. 1, 6) OT 1IeHTpa TSHKECTH MHO-
royroneHuKa 110 ero BepumH. Ecimu Ry < Ropop, T0

IIEHTP TSDKECTH MHOTOYTOJIPHHMKA SIBJISETCS OIICH-
kor Mecrtomnonoxkenns MPU. 3nauenue ROHOp 3aja-

eTcsl paBHBIM 5 % OT MakCHMAaJIbHOTO Tpesroara-
emoro paccrostaust ot IPU mo Touku npuema [6].
HccnenoBanne. Vccnenoanue npeacTaBiIeHHO-
ro ajroput™a onpezaeneHus nonoxenus UPU ¢ ne-
PEKPBIBAIOIIMMHUCS TI0 CIEKTPY CHTHAIAMH TIPOBEZIC-
HO CTaTHCTHYECKIM MMUTAIMOHHBIM MOJIETTMPOBAHH-

IIpocTpancTBeHHasi puabLTpaLus NPH oNpeaeTeHUH MOJI0KeHUs HCTOYHMKOB PaANON3IyYeHus 33
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em. B monenu umutupyercs npueM B Tpex II1 ¢ ce-
MURJIEMEHTHBIMU KPYTOBBIMU AP, pacronokeHHbBIMU
B BEpIIMHAX PAaBHOCTOPOHHETO TPEYTroJibHUKA C JH-
Ho# cToponbl 10 kM (cM. puc. 1, 6). Koopnunater I1T1
u IPU 3anaHbl B 1€KapTOBOW CUCTEME.

HNPU1 naxomutcst B paBHOYAAJICHHON TOYKE OT
Beex [1I1, P2 — Bre TpeyronsHuka Baamu ot 1111
U1l uMuTarEm cadoro curaana. UPMU3 pasmenien
BHE TpeyroibHHUKa BOMM3K OT nByX 111 myst mmmura-
UMY TEPECEUCHUs] JMHUM MECTOIOJIOKeHus. Bo
BropoM IIIT pazHuiia a3uMyTOB MPUXOJIa CUTHAJIOB
HNPU1 u UPU3 cocTaBisieT mpuMepHO 5°.

Yposens curdanos B I1I1 3agaBancs Moaenbio
Oxkamypsi—Xarta mis gactot A0 1500 MI'1t u BBI-
COTHI pa3MeNICHHs] TpHEMHHKAa He MeHee 30 M
[15]. B 6mmxatimem mst kakmoro MPU TIIT 3axa-
BaJics "HavanbHBIA" ypoBeHb curHama UPU, pac-
CUYHUTHIBAIACH PA3HOCTH XOJ1a TPSAMBIX B OTpa’KeH-
HbIx curHanoB MPU no Bcex IIII u nmo Mopenn
Okamypbl-XaTa pacCUUTHIBATUCH HOTEPU U YPOB-
uu curnanos MPU B I1I1 B cmecu (1).

B agnutuBHO# cmecu (1) B kaxxaom I1IT npu-
cyTcTBYIOT 3 mpsMbix curHana MPU u otpaxen-
Hble curHansl UPU.

B wuccmepmoBaHmm paccMOoTpeHa OmHA W3
HAauUXyAIIUX CUTyaIllil: paBHOYNAJeHHOE pacro-
noxxeane MPU1 ortaHocurensHo Beex IIIT (cm.
puc. 1, 6), npsiMble U OTPaXKCHHBIEC CUTHAIIBI KOTO-
poro 1oMuHUPYIOT BO Beex III1

BK® mexny olieHKaMu OTpa)KEHHOTO CUTHAja
onHoro u Ttoro xe WPU, chopmupoBaHHBIMH B
pazubix IIII, uMeeT BbIpaKE€HHBIA KOPPEIAIMOH-
HBI{ MUK, U TI0O3TOMY TEPEeCceYCHUE JTUHUM TMOJIOXKE-
HUS TIPUBEJIET K MOSIBJIEHUIO JIOXKHON Touku. BK®D

MEXy OLICHKAMH OTPaKCHHBIX CHUTHAJIIOB Pa3HBIX
HPU Takoro muka He UMEET, U TIOATOMY Iepeceye-
HHE JIMHUHA TOJIOKEHH HE TPUBENET K TMOSBICHHUIO
JIOXKHOM TOUKM ompeneneHus nonoxenuss VPU. 3a-
JIep’KKa OTPaKEHHBIX CUTHAJIOB 3a/[aBajach CITydai-
HO B Juarna3one ot 3 10 10 oTcueToB, aMITINTY THBIH
ko3¢ puImeHT 3aTyxanus — B Auanazose ot 0 1o 0.5.

B peanpHBIX yCIIOBUSX JIMHUU IMOJIOKEHUS OT
pazubix Il He mepecekaroTcsi B OJHOM TOUKe U
o0pasytoT MHOoroyrosnsHuk. [Ipu tpex III1 nepece-
YeHHs1 00pa3yroT TPEYroJbHUK, IEHTP THKECTH
KOTOPOTO HaXOAMTCS B TOUKE IEPECEUEHUS] MEIH-

aH. 3Ha4YCHHEe IIOPOTOBOTO  PACCTOAHMSA Rppop

OTIPEIENISUIOCH PEABAPUTENBHBIM MOJCTHPOBAHH-
€M, TIpM KOTOPOM H3MEpSUIOCh CpellHee 3HaueHHe
U CPEeIHEKBAIPATUIECKOE OTKIOHEHHE.
HUccnenoBanre mpoBeeHO MPU TOYHO 3aIaHHOM
A®P ¥ ipu IOTPEITHOCTH €T0 3aIaHMs B TIpeaenax 5°
¢ GopMHUpPOBaHHEM OICHOK CHUTHAIIOB O€3 PeKEKIINH
(3) u ¢ nonomuuTensHON pexekmmen (4). Ilpu Tou-
HoM 3azanni AQP paccrostue Rypop =100 M, pu

yKa3aHHOM norpemHocty 3af1anus ADP paccrosHue
Romop =1000 M BbIGpaHo ¢ 3aracom.
CrarucTideckoe MOJIEIMPOBAHUE IPOBOAUIOCH

mo 1000 wcobrtanmid. OLEHUBAUCH BEPOSTHOCTH

npaBuibHOrO oOHapyxenns UPU Pypy;, morpemnr-

HOCTB OTIPEIETICHUS €T0 TOJI0KEHHS B BUIE CPEIHe-

ro 8 wu CPETHEKBAIPATUICCKOTO  OTKJIOHCHUS
=2

(5-3)". Pasmep Beibopkr N =10 000 orcueros.

Pe3ynbTaThl HIMUTAIIMOHHOTO MOJICTHPOBAHUS
mpu TouHoM 3amanuu ADP AP 6e3 mepeorpake-
HUU ¢ pexxeKnuel u 6e3 Hee mpuBeACHBI B Ta0M. 1,

Tabxn. 1. XapakrepucTuku onpezenenus nonoxxenus MPU npu pacnpocrpanennn curxaia
0e3 mepeoTpakeHui U TouHOM 3aganun ADP AP

Tab. 1. Characteristics of RS location under signal propagation
without re-reflections and correct amplitude—phase distribution of antenna array

be3 pexexnun C pexxexnueit
Okcnepument | MPH | OCIL, nb Puen: % | 3. (5—3)2, | Puen % 5 M (8—8)2, .
1 40 100 0.09 0.05 100 0.09 0.05
1 2 40 100 6.18 1.21 100 6.22 1.29
3 40 100 1.90 0.74 100 2.01 0.79
1 15 100 2.28 1.27 100 2.30 1.27
2 2 15 100 21.75 10.22 100 21.62 10.59
3 15 100 27.72 20.54 100 27.76 0.59
1 40 100 0.09 0.05 100 0.09 0.05
3 2 15 100 22.39 10.19 100 22.51 10.67
3 15 100 28.59 20.74 100 27.05 19.57

HpOCTpaHCTBeHHaH (I)I/IJILTpaIII/[ﬂ IPpHA onpeaeJIeHuU MOJ0KCHU UCTOYHUKOB PAINON3TYyYCHU A
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Tab6n. 2. Xapaktepuctuku onpenenenus nonoxenus MPU npu pacnpocrpanenun curxana
C IepeoTpaKeHUSIMH NpH TouHOM 3agaHuu ADP AP

Tab. 2. Characteristics of RS location under signal propagation
with re-reflections and correct amplitude—phase distribution of antenna array

bes pexexnyu C pexekuuei
Okcnepument | MPU | OCIL, nb Pupis % | 3, (3_3)2’ . Pupis % | 3, w (5_8)2’ .
1 40 100 0.17 0.21 100 0.17 0.22
1 2 40 100 13.92 14.26 100 12.86 1351
3 40 100 2.23 1.58 100 2.12 145
1 15 100 3.47 2.61 100 3.88 341
2 2 15 99.7 56.12 41.39 99.7 56.63 43.78
3 15 100 62.16 64.09 99.7 57.49 62.37
1 40 100 0.14 0.17 100 0.16 0.19
3 2 15 100 49.07 39.01 99.6 53.84 45.34
3 15 100 52.09 54.69 99.6 51.86 54.52

Tabn. 3. XapakrepucTuku onpeaenenust nonoxenus NP npu pacnpocTpaHeHnn curHaia 6e3 nepeoTpaxeHuit
U norpemHocty 3aganus AOP AP 5°

Tab. 3. Characteristics of RS location under signal propagation without re-reflections
and 5° error in the assignment amplitude—phase distribution of antenna array

Bes pexexiyu C pexekuueit
Okcnepument | UIPU | OCLL, nb Pups % | 5, (5_8)2, y Pups % | 5, (5_8)2, y
1 40 100 14.35 7.08 100 14.05 7.44
1 2 40 100 29.29 15.44 100 29.0 14.76
3 40 100 29.92 18.72 100 29.47 17.94
1 15 100 14.38 7.13 100 14.08 7.09
2 2 15 100 34.36 17.95 100 34.94 17.30
3 15 100 39.39 28.27 100 40.55 28.87
1 40 100 14.03 7.21 99.9 0.16 0.21
3 2 15 61.7 33.85 18.01 99.6 51.88 39.06
3 15 63.0 41.88 26.99 99.5 55.51 59.22

Tabn. 4. XapakTepucTuky onpeneneHus nonoxenus NP npu pacnpocTpaHeHnH CUrHana ¢ HepeoTpakeHUAMU
U norpentHocty 3aganus ADOP AP 5°

Tab. 4. Characteristics of RS location under signal propagation with re-reflections
and 5° error in the assignment amplitude—phase distribution of antenna array

be3 pexxexuun C pexexuuen
Oxcnepument | UPU | OCLL, nb Pupits % S, . (5_5)2’ y Pupits % 5, u (5_3)2’ y

1 40 99.4 22.84 17.82 99 24.32 37.68

1 2 40 99.9 34.9 18.07 97.3 35.72 19.29

3 40 99 48.85 55.01 99.6 48.61 56.47

1 15 99.8 20.2 21.58 99 23.35 47.49

2 2 15 98.8 67.27 42.19 98.6 63.36 42.48

3 15 98.5 67.93 64.72 97.2 73.19 69.98

1 40 99.9 23.03 42.02 99.8 19.39 13.36

3 2 15 36.3 92.54 122.96 88.7 61.31 40.82

3 15 40.7 63.71 58.21 91.1 64.58 63.76
C MEPEOTPAKEHUAMH — B Ta0Il. 2; IPH HOTPELIHO- W3 Tabn. 1 u 2 cnemyer, 4T0 TOYHOE 3a/laHUE
ctu 3amanus ADP, pasHoli 5°, 6e3 mepeotpaxe- A®DP AP obGecneunBaer npaBUIbHOE ONpPEEIIEHHE
Huil — B TabII. 3, ¢ MEPEOTPaKECHUAMH — B TaOI. 4. nosioxkeHust Bcex UPU B mupokoM Juana3zoHe B3a-
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MMHBIX U3MEHEHUM ypOBHEH IMOJIE3HOTO M MEIaro-
X curHasoB (ot 15 mo 40 nb) kak mpu HaTHYIUH,
TaK ¥ Opu OTCYTCTBUM oTpakeHUi. [ID npuHATHIX
curHanoB B kaxzaoM [II1 BelmonmHseTCS TOYHO, U B
c(hOpMHPOBAaHHBIX OIIEHKaX OTCYTCTBYIOT MeIIaro-
mue curHaisl ot Apyrux MPU. CpaBuenue Tabmn. 1
M 2 TOKa3bIBACT, YTO HAJIMYUE OTPAXKCHUN TIPH
TouHOM A®DP HecyliecTBEHHO CHM)KaeT TOYHOCTh
onpenaeneHus nojgoxenus MPU.

Ha puc. 2 B kauecTBe npumMepa MpeiCTaBIEHbI
BK® mexnay onienkamu curtaioB UPU B nepBom
MII npu cuneHom curnane MPHUI1, nmpeBocxons-
meM 1o ypoBHio curHanst MUPU2 u UPU3 Ha
25 nb 1 pacnpocTpaHsIomEeMcs Mo JIydaM MpsaMoin
BUIIMIMOCTHU U C OJTHMM OTpPaKeHUEM (cM. puc. 1, 6)
npu ToyHoM 3amaHuu ADP ¢ npumeHenuem pe-
xekuu (0e3 pexexknun BK® Bermsaut anano-
rU4YHO). 37eCh U jaynee Homepa 1, 2, 3 CUTHAJIOB
HNPU cootserctBytor HOoMepy WPU, curnamom 4
SIBIISIETCS OTpaKeHHBIN curHain 1 cunbHoro MPU.

Puc. 2 u 3 unmoctpupytot, uro I1d npu Tou-
HOM oOxugaeMoM A®P BEHIMONHSAETCS HACAIBHO,
MpOCaYMBaHNE CHJIBHOTO MEIIAIOIIEero CUTHaja B
OIIEHKH CJ1aboro He HabromaeTcs, mosTomy (a)
OIIEHKa 3ala3/bIBalollero CHJIBHOTO CHUTHaja
HNPU1 B IIII ompenensiercss 0qJHO3HAYHO, HAOIFO-
JAeTCsl TOJBKO OAMH 3HauMMbli Uk BK® mexnay
OLCHKAMHM CHUTHAJOB BHYTPU IYHKTa [pUEMa
(puc. 2); (6) comocTaBicHHE OICHOK CHTHAJIOB

Ri1 Ris
0.75 0.04
[ 0.03
0.50 | 002
0.25 / \ 0.01
oL /1 I R 0
-15 -10 -5 0 n
a
Ras
0.04
0.03
0.02
0.01
0

2

NPU mexnay III1 Takke BBIMOIHSIETCS OJHO3HAY-
HO, i kKaxaoro P oGpazoBaHbl mapbl OIEHOK
B Pa3HBIX IYHKTaX W OJHO3HAYHO OIPEIEIICHBI
JuHUM nonoxeHus pasHbeix PU mo enuHCTBEH-
HOMy Makcumymy BK® (puc. 3).

IIpu 3agarmun ADP AP c morpentHocTsio 3¢-
textuBHOCTh [ID CHIKaeTcs W3-32 HETOYHOCTH
BhIUMCICHHBIX K03 ¢uruentoB [1d. Herounsie
ko3 Purmentsr [IO He MO3BOJISIOT TONHOCTHIO
BBIICIIUTE TOJBKO mHoje3Hblii curnan MPU Bcaen-
CTBHUE HEIOJHOIO MOJABIEHUS MEIIAIONUX CUTHA-
noB. [Ipu paBHOIIEHHBIX IO YPOBHIO CHTHAJIax
WPU nerounocts [1D cnabo BiuseT Ha pe3ylibTa-
ThI OTIpeNIEICHNS UX TMOJIOKEHUS, HO PU HAIUYUH
cuibHOro curHana MPU, nomunupyromero B npu-
HATOW CMECH BO BCEX ITyHKTaxX IpHeMa, BeposT-
HOCTb TIPAaBUJIBHOTO OIPENEICHUs TOJIOXKEHHUS
CyIIeCTBEHHO najgaet (Tabi. 3 u 4).

CunbpHBI CUTHAJI M €ro MepeoTpakeHus dya-
CTHYHO MPHUCYTCTBYIOT B CPOPMHPOBAHHBIX OICH-
kax curHajoB MPU m co3aroT HeOqHO3HAYHOCTH
NIpU yIaJeHUHd NepeoTpakeHu (puc. 5) u cormo-
CTaBJICHWU JIMHUN TIOJIOKEHHS, MPH BBHIYMCICHUH
BK® mexny olileHKaMu CUTHAJIOB BHYTPU M MEX-
Iy MyHKTaMu nipuema (puc. 6).

Bce BK® onenok curnanoB pasaeix MIPU Ha
pHC. 5 MMEIOT BBIpKCHHBIE NMHKH, KOTOpBIE CBUC-
TENBCTBYIOT O Moxod 1M BcnencTre NpOHMKHOBE-
HUS CWIBHBIX NPSAMOTO U NIEPEOTPAKEHHOTO CUTHAJIOB

Ris
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0.03
0.02
0.01

0

1

Ros
0.10
0.05

0
e

Puc. 2. BK® mexay pasupiMu ouerkamu curnanos B [1I11 npu Tousom ADP curnana AP:
a — MeXIy OTpaXEHHBIM U psaMbIM curnanamu UPU1; 6 — mexny orpaxenssm curHanom MPU1 u npssmeiv curaanom MPU3;
6 — Mex 1y npsambiMu curdanamu MPU1 u UPU3; 2 — mexny npsmbeiv curHanom MPU2 u otpaskenssim curnanom MPU1;
0 — Mexny npsmeiMu curHanamu UPU2 u UPU1; e — mexxny npsimeimu curaanamu IPU2 n UIPU3

Fig. 2. Cross-correlation function (CCF) between different signal estimates at reception pointl (RP1) with an exact
amplitude—phase distribution (AFD) of the antenna array signal:
a — between the radio source number 1 (RS1) reflected and direct signals; 6 — between RS1 reflected signal
and RS3 direct signal; ¢ — between the direct signals from RS1 and RS3; 2 — between RS2 direct signal and RS1
reflected signal; o — between the direct signals from RS2 and RS1; e — between the direct signals from RS2 and RS3
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Puc. 3. BK® onenok curnanos, npuasTeix B [1I11, ¢ onenkamu curnanos, npuHATHIX B 1112, mpu Tounom ADP aHTeHHSI:
a — Mexny onenkamu curaana MPU1; 6 — mexxny onenkamu curnaxa MPU1 B I1I11 u UPN2 B [1112; 6 — Mex1y OIEHKaMH
curnana VIPU1 B III11 u UPU3 B I1I12; 2 — mexxay ouenkamu curnaiza MPU2 B ITI11 u NP1 B [II12; 0 — Mexay oleHKaMu
curnana IPU12; e — mexxny orienkamu curnana MPU2 B III11 u UPU3 B [1I12; orc — mexny orieHkamu curnana PU3 B TII11
u UPU1 B III12; 3 — mexny ouenkamu curnana PU3 B III11 u UPU2 B I1112; u — mexxay ouenkamu curHaita MPU3

Fig. 3. CCF between of the estimates of signals received at RP1 with those received at RP2,

with an exact AFD of the antenna array:

a — between the estimates of RS1 signal; 6 — between the estimates of RS1 signal in the RP1 and RS2 signal in RP2;
6 — between the estimates of the signals RS1 in RP1 and RS3 in RP2; 2 — between the estimates of the signals RS2 in RP1 and
RS1 in RP2; o — between the estimates of RS2 signals; e — between the estimates of the signals RS2 in RP1 and RS3
in RP2; orc — between the estimates of the signals RS3 in RP1 and RS1 in RP2; 3 — between the estimates of the signals
RS3 in RP1 and RS2 in RP2; u — between the estimates of RS3
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Puc. 4. BK® mexny onenkamu curnanos B [1I11 npu norpemoctr 3aganus ADP, paBHoi 5°, 6e3 peskexnun:
a — MeXJIy OTpaXeHHBIM U NpsMbIM curHanamu UPU1; 6 — mexxny orpaxennsM curaaniom UPU1 u npsmev curaanom UPU3;
6 — Mex 1y npsameiMu curdagamu MPU1 u UPU3; 2 — mexny npsambev curHanom MPU2 u otpaskennsim curnanom UPU1;
0 — Mexay npsmbiMu curHanamu UPU2 u UPU1; e — mexxay npsimeimu curaanamu PU2 u UPU3

Fig. 4. CCF between signal estimates at RP1 with an AFD assignment error of 5° without rejection:
a — between RS1 reflected and direct signals; 6 — between RS1 reflected signal and RS3 direct signal;
6 — between the direct signals RS1 and RS3; 2 — between RS2 direct signal and RS1 reflected signal;

0 — between RS2 and RS1 direct signals; e — between RS2 and RS3 direct signals
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Puc. 5. BK® ouenok curranos, npuHsThix B [1I11, ¢ oneHkamu curHanos, npuHATHIX B [1[12, mpu HeTouHoM 3amannu ADP:
a — Mexny ouenkamu curnana UPU1; 6 — mexxny ouenkamu curaana UPU1 B [1I11 u UPU2 B [1112; 6 — Mex 1y OLleHKaMU
curnana PU1 B II11 u UPU3 Bo I1I12; 2 — mexxny ouenkamu curnaita MPU2 B ITI11 u UPU1 B [1I12; 0 — Mex 1y oneHKaMu
curnana UPU2; e — mexny onenkamu curnana VP2 B TII11 u UPU3 B I1I12; orc — mexay onenkamu curnana UPM3 B TIIT1
u UPU1 B III12; 3 — mexnay ouenkamu curnana MPU3 B TII11 u UPU2 B II12; u — mexxay onenkamu curuana MPU3

Fig. 5. CCF of the estimates of signals received at PP1 with the estimates of signals received at PP2
with an inaccurate assignment of the AFD:
a — between the estimates of RS1 signal; 6 — between the estimates of RS1 signal in RP1 and RS2 signal in RP2;
6 — between the estimates of RS1 signal in RP1 and RS3 signal in RP2; 2 — between the estimates of RS2 signal in RP1
and RS1 in RP2; 0 — between the estimates of RS2 signal; e — between the estimates of RS2 signal in RP1 and RS3 signal in RP2;
arc — between the estimates of RS3 signal in RP1 and RS1 signal in RP2; 3 — between the estimates of RS3 signal
in RP1 and RS2 signal in RP2; u — between the estimates of RS3 signal

HNPU1 B ontenku curnaimos P2 u UPU3.

AHanornyHasi KapTHHAa BO3HUKAET IMPH COIO-
crapnenun curnanoB MPU wmexnay IIII. Ouenku
cur"anos Bcex MPU mexnay IIII xoppennpoBaHsl
MeXay CO0OH, OJHO3HAYHOTO COOTBETCTBHSA IIO
BK® ne nabmromaercs (puc. 6).

[lpumeHeHre pEXEKIMN TIO3BOJMSET YACTHYHO
TIOIaBUTh MEIIAOIIIE CHTHAIIBI, IPOHUKIIINE B OLIEH-
ku cmabpix IPU u3-3a Hetounoro oxugaemoro ADP.

Ha puc. 7 nzo6paxensr BK® getbipex oreHok
curaanos P, nokassIBaromniye, 4To OICHKH CHT-
HanoB 4 u 1 cTporo koppenupoBaHbl (kKodhdurm-
€HT KOppEeTSAINH paBeH 1), mpudyeM MaKCUMyM
CABUHYT OTHOCHTEIBHO IleHTpa Ha 4 oTcdeTa
(curHan 4 TpHIIeN MO3XKe W SBIIETCS CABUHYTOU
kormer curHama 1). Taxke HaOromaeTcs Koppe-
nsnus B mapax (4, 2) u (1, 3). B mape (1, 3) xoppe-
JIAIHOHHBIA MUK, paBHBIN (.5, pacronoxeH TOIHO
nocpeawnHe (OIEHKU CUTHAIOB | M 3 He CABUHYTHI

JIPYT OTHOCUTEIILHO JIPYTa), T. €. CHIbHBIA IPSIMOM
curHan 1 UPU1 HemocTaTOYHO MOIABJIEH B OLIEH-
ke ciaboro curHana 3. B mape (4, 2) curnan 4
CIBUHYT OTHOCUTEILHO CUTHAMA 2.

Pexekiusi B yCIoOBUAX alpUOPHOU Heompee-
JIEHHOCTH HE TI03BOJISIET MONHOCTHIO YNIAIHUTh W3
OLIEHKH 1oJie3HOro curHana HMPU  wewaromue
curHaibel npyrux MPU, mockonpKy Oa3WcCHBIE BEK-
TOpPBHI U3 OILEHOK CHUTHAJIOB COAEpXaT IIyM U ITH-
HEHHYI0 KOMOWHAIMIO MENIaroImuX curaaios. [lo-
sromy BK® curnamoB B HEKOTOPBIX Mapax pa3HbIX
NP1 wmMexnay HOyHKTaMM [pUeMa HMEET IUKH
(puc. 7). Opnako Omaromaps PpEKEKIHH pPacTeT
MakcumyMm BK®, cooTBeTcTByrONIMil HCTHHHON
nape, a camu nuku BK® Bo3HuKaloT HE BO Bcex
napax (cpaBH. ¢ puc. 6). [loaToMy I10XKHBIE TIHKH
BK® ne Memaror pa3pabOTaHHOMY alTOPHTMY CO-
MTOCTABIICHHS OIIEHOK CUTHAJIA B Pa3HBIX IMYHKTAaX.

Pe3ynbraThl CTATHCTHYECKOTO UMHUTAIIHOH-
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Puc. 6. BK® mexny onenkamu curaanos B 1111 npu norpemrHocty 3ananus ADP, coctapnsromeii 5°, ¢ pesxeKiueit
HETIOJJaBJICHHBIX MEMIAIONINX CUTHAIOB: d — MEXIy Iepe0TPaKeHHBIM U NpsMbIM curHainamu UPU1;

6 — Mex 1y nepeoTpaxxeHHbIM curHatoM MPU1 u npsiMeiv curnanom MPU3; 6 — mexny npsmbivu curnanamu UPM1 u UPU3;
2 — Mexnay npsiMbeiM curaanom MPU2 u nepeotpaxennsim curuanom UPU1; 0 — mexay npsmeivu curnanamu P11 u UPN2;
e — Mex 1y npssmbivMu curnanamu MPU2 u UPW3
Fig. 6. CCF between the estimates of signal at RP1 with an assignment of AFD error of 5°
and rejection of unsuppressed interfering signals:

a — between RS1 reflected and direct signals; 6 — between RS1 reflected signal and RS3 direct signal;

6 — between RS1 and RS3 direct signals; 2 — between RS2 direct signal and RS1 reflected signal;

0 — between RS1 and RS2 direct signals; e — between RS2 and RS3 direct signals
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Puc. 7. BK® ouenok curnano PU, npunsteix B 1111, ¢ orieHkamu CUrHaioB, npuHAThIX B [1112,
C IPIMEHEHNEM PEKEKIIIH HETIOIaBICHHBIX MEIIAOIINX CHT'HAJIOB!
a — mexy orieakamu curaana UPU1; 6 — mexay ouenkamu curdana UPU1 8 ITIT1 u UPU2 8 T1112;
6 — Mexy oreHkamu curaana IPU1 B TII11 u UPU3 B I1I12; 2 — mexay onenkamu curaana MPU2 B TIT1 u UPU1 8 1112
0 — Mexnay oneHkamu curHana UPU2; e — mexxay ouenkamu curnana MPU2 B [1111 u UPU3 B I112;
oic — Mexay orienkamu curdana UPU3 B TI11 u UPU1 B [1I12; 3 — mexxay orienkamu curHana UPU3 B T1I11 u UPU2 B T1112;
u — MeXIy onieHkamu curHana UPU3

Fig. 7. The CCF of RS signals estimates received in RP1 with the estimates of the signals received in RP2,
using rejection of unsuppressed interfering signals:
a — between the estimates of RS1 signals; 6 — between the estimates of RS1 signal in RP1 and RS2 signal in RP2;

6 — between the estimates of RS1 signal in RP1 and RS3 signal in RP2; 2 — between the estimates of RS2 signal in RP1
and RS1 signal in RP2; o0 — between the estimates of RS2 signals; e — between the estimates of RS2 signal in RP1
and RS3 signal in RP2; orc — between the estimates of RS3 signal in RP1 and RS1 signal in RP2;

3 — between the estimates of RS3 signal in RP1 and RS2 signal in RP2; u — between the estimates of RS3 signals
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HOTO MOJCIIMPOBAHUS, TPHUBEACHHBIC B Tabm. 4,
MMOKA3bIBAIOT, YTO MPUMEHEHHE PEXEKINH I0Cie
I[I® npu HerouHoMm 3amaHuu oxkuaaemoro ADP
AP B ycroBHSX OOMHHHPOBAaHUS B TPUHATHIX
JAHHBIX BO BCEX IyHKTaX IpHeMa IMPsIMOTO U Tie-
PEOTPaKEHHOTO CHUIIBHBIX CHTHAJIOB OAHOTO U TO-
ro >xe UPY noBsIlIaeT BEPOATHOCTh MPABUILHOTO
omnpeaeneHus moyioxkenus ¢ 40 1o 90 %.

O PeKTUBHOCTL pa3pabdOTAHHOrO METOZa OIpe-
nenenust onoxkennss IPU Obuta monTBepkieHa SKc-
MIEPUMEHTAIIEHO B PEealTbHBIX YCIOBUSIX Tipu aByX [1I1
¢ kpyrosoit AP u umutarmeit apyx pasusix UPH.

3akaouenue. I[IpocTpaHcTBeHHass QUIBTpa-
1Sl CUTHAJIOB B MHOTOMO3WIIMOHHBIX CHCTEMax

YIJIOMEPHOrO onpezeeHus noioxenus MPU nos-
BOJISIET YCTPaHUTh JIOKHBIE TOYKA W O0JIacTH
OIpeJIeNICHNs] IIPU MHOT'OJIy4EBOM paclpocTpaHe-
HUU CUTHAJIOB M NPU MEPEKPHITHH CHEKTPOB pas-
Heix UPU. [nis [1® Tpedyercs MakCUMaIbHO TOY-
Hoe 3agaane ADP AP. Jlaxe rmpu HeOONBIINX TTO-
rpemHoCTsAX 3agaHuss ADP u pasHOypOBHEBBIX
curHanax MPU I1® cnenyer NONOJHATH PEKEKIIM-
el Memaromux curHagos MPU. B ycnoBusx
aIlpHOPHOM HEONPEIENEHHOCTH 3TO TO3BOJISIET
MOBBICUTh BEPOSATHOCTh MPABHIBHOIO OMpEreIe-
HUSI TIOJIO’KEHHS HCTOYHUKOB CIa0BIX CUTHAJIOB A0
npuemMIIeMoro ypoBHs oOHapyxenus 0.9.
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