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CraBuTCS 3ajada CHMHTE3a pOOACTHOM  IPOCTPAHCTBEHHOW  CTPYKTYpPhl — PaJMOCHCTEMBI, OOECIEUMBAIONICH  MaKCUMyM
MIOMEXOYCTOHYHBOCTH U CJIA00YYBCTBHTEIBbHOH K OTKIOHEHUSM OT IPEANONOXKEHUH O IapaMeTpaXx CHIHAIOB H momex. s ycTpaHeHHs
HEOJHO3HAYHOCTH pEIICHHs AKCTPEMATbHOH 3aJaud, OTHOCSIIEHCS K KIACCy HEKOPPEKTHBIX, METOJOM pETry/IpH3allM{ IONy4eH AJITOPUTM
ONTHMM3ALUH IPOCTPAHCTBEHHOH CTPYKTYpBI KaK 2JIEMEHTa METPUYECKOTO IPOCTPAHCTBA.

[Totennmanbpaas 3QPEKTUBHOCTL ONTUMAJIBHBIX aTOPUTMOB 00OpPaOOTKH BO MHOTHX MPAaKTHUICCKUX CITydasx
HE MOXXET OBITh JJOCTUTHYTA M3-32 CWJILHOIM YyBCTBHUTEIBHOCTH K OTKJIOHEHHSM OT NpeanosoxeHuil. /s ycrpanenus
9TOr0 HEJOCTAaTKa LIMPOKO UCIIOIB3YIOTCS pOOACTHBIE aJITOPUTMBI, IOJy4aeMble B pPE3yJbTaTe HaJ0XKEHHs
JIOTIOJTHUTEIILHBIX OTPAHUYCHUI MPHU CHUHTE3¢, HAIPUMED, Ha HOPMY BEKTOPa BECOBBIX KO3(D(HUIIMEHTOB adalTHBHBIX
aHTeHHbIX peweTok (AP) [1], ucnonabp30BaHUM MHTEPBAILHBIX OLIEHOK MapaMeTpoB curHana [2]. [Ipu aToM ocHOBHOU
LENbI0  SIBJISICTCS. TOBBINICHHE ITOMEXOYCTOHYMBOCTH MPOCTPAHCTBEHHOH o00paboTkm curHama. Hammuwe
TU(QPAKIINOHHBIX MAaKCUMyMOB IHAarpaMMbl HalpaBIeHHOCTH AP MpHBOAWT K MHOTORKCTPEMAIBHOCTH IIEJICBOH
(GYHKIUHM TIpU CHHTE3€ AaJTOPUTMOB MPOCTPAHCTBEHHO-BPEMEHHONH OOpaOOTKH, YTO ITO3BOJSET OTHECTH 3a/Jady
CHHTE3a ONTHMAJBHBIX aJTOPUTMOB 00paboTKm curHamoB AP K Kilaccy HEKOPPEKTHO MOCTaBIeHHHBIX. K 3Tomy e
KJIAcCy CIIeyeT OTHECTH U 3a/1ady ONTUMHU3AINN MTPOCTPAHCTBEHHOUW CTPYKTYPHI CUCTEMBI 00pabOTKH CUTHAIOB [3-5],
MIPH PEIICHUM KOTOPOH IMOJIydeHBI ONTHUMAIbHBIC KOOpAMHATHI R={r;i=1,...,n} snmementoB AP. OmnHako, 3HaYCHWUs
KOOPAWHAT CHJIBHO 3aBUCAT OT HETOYHOCTEH B MCXOJHBIX JAHHBIX, YTO HE ITO3BOJISICT MPHUMEHUTH WHTEPIIOAIHOHHBIE
METOJBl JUIS OINpENeNeHNus] KOOpIAMHAT M, CIIEAOBATENbHO, TpeOyeT OONbIIMX BBIYUCIUTENBHBIX 3arpar  Juisl
OIIpeZesIeHUs] NPOCTPAHCTBEHHBIX CTPYKTYp. B naHHOH paboTe aisi ycTpaHEHHs STOrO HENOCTAaTKa INPU CHUHTE3e
MIPOCTPAHCTBEHHON CTPYKTYPBl HCIOJIB3YyeTCS METOJ peryisipuzanuu [6], a OorpaHMYeHHEM SIBISETCS pasMmep
MOJIy4aeMOH MPOCTPAHCTBEHHOM CTPYKTYpPBI, ONIPEAeie MO B COOTBETCTBUH C METPHUKOH [9].

Ilpn popmynrpoBKe 3a/jau ONTHMH3AIMU IIPOCTPAHCTBEHHOH CTPYKTYphl B KaueCTBE LENEBOH (YHKIMH
MIPUHUMAETCS yCpeJHEHHOE OTHOoIIeHue npasaononoous: [1(R)=M{[1(R)}. Ecmu [J(R) B HEKOTOPOIl OKpPECTHOCTH -
BBIMYKJTAsk HEMpEphIBHAS (DYHKIWS, HMEIOI[As HEIyCTOe MHOXKECTBO TOYeK MHHEHMyMa R [1D,, a [I(R) - CHIBHO
BBIITYKJIasl HETPEPhIBHAS (DYHKIIHS, MMEIOIIAsi CMBICH CTaOMIN3aTopa, TO PETYISIPU30BAHHBIN aITOPUTM ONTUMH3AINN
MIPOCTPAHCTBEHHOM CTPYKTYpHI UMeeT BUJ [8]:

R=argmin ®_(R),® (R)=D(R)+ol'(R), a>0. (1)
ReD o o

Toraa, cornacuo [8], R—>R npu (1140, rae R - oaua u3 Touex MuruMyma dyrkuun [(R), mis kotopoii [I(R)

* . 2
MUHMMaNbHA, TO eCcTb R =arg min F(R). B wacTtHOCTH, ecny CTAOMIN3aTOp MMEET BHJ F(R)= ||R|| , 0 R -

Touka MuHEMyMa [(R) ¢ HammeHbimeld HOpMOH. B THNMWYHBIX UIS aHTEHHOW TEXHWKH cUTyamusax QyHkous [I(R)

SBIISETCS. MHOTO9KCTPEMAIIbHOM, NMO3TOMY B OOJIACTH OmpejesieHnust S MOTYT CYILIECTBOBaTh HECKOIBKO TO4YeK j R,

1k[K, kaxpmasi u3 KOTOPHIX MMEET CBOIO OKpecTHOCTh U (k R ) TaKyro, 4T0 (I)(k R )S ®(R),Re S NU (k R ), rae

R SABIAIOTCS KOOpAMHATAMM JOKANbHBIX MMHEMYMOB, OJHA M3 KOTOPBIX R — KOOPAMHATOH INOGAILHOrO
MHUHUMYMa:
R =arg min (I)a(kR). 2)
k=1,..K
Jlns  pemieHuss MHOTOMEPHOHN 3amaun (2) B paboTe UCHONB3yeTCs TMOAXOJ, XapaKTePHBIA IS

BBIYMCIIUTEIHHON MaTeMaTHKH [7]: 3a1a4a CBOAUTCS K OJHOMEPHON MHOTOIIATOBOM 3a/1a4ye ¢ MPUMEHCHUEM METO/I0B
MTOKCKA JIOKAJILHOT'O 3KCTPEMyMa:

r(j+1)=r(j)+egrad @, (R), (3)
rae grad;[1(R) U{U0-(R)/Ux;, DO-(R)/Dy;, UO5(R)/ Uz}, i=1,..,n, j=1,2,... — HoMep mmara, [1>0- kodaddurment
CXOIMMOCTH TPaJMEeHTHOTO anroput™a. M3BecTHO [7], 94TO MIst 000 HAaYaIbHOW TOUKH (R[S, 1[1k[1K, nexareii B
LIEHTPE COOTBETCTBYIOMICH momxo0acti Sy (]S, METOAaMH JTOKaIbHOTO MOMCKA MOYKHO BBIYHMCIHTH COOTBETCTBYIOIIYIO

TOYKY JIOKAJIbHOT'O JKCTpEeMyMa kR € Sk , JJIA KOTOpOﬁ HOL[OGJ'IaCTL Sk SIBJISICTCSL 00JIACTHIO TPUTIKCHUA. Taxum
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00pa3oM, pelieHne MHOTOIKCTPEMAILHOM 3aauy CBOAMTCS K MOCIIEA0BATEIbHOMY PEUICHHIO /IS BCEX N DJICMEHTOB
K 3amaq Ha nokanpHBIN dkcTpemMyM (1). Utepanmonusiii porecc (3) MOBTOPSETCS O TOCTHKEHUS 3HAYCHHS OUITHOKH

. .\12
”rl(] +1)—rl-(]l| HE BbIlIE 3a7aHHOro. Ilocne 3TOro NpousBOAUTCS yMEHbIIEHHE B JBa pasa 1ojgodnactu Sy, H

BBIYHCIICHUS TIOBTOPSIIOTCSI.

Awnanmz anroputMa (1)-(3) BBIYMCICHUS] ONTUMAIBHON IPOCTPAHCTBEHHOM CTPYKTYPHI IO PETYJISIPU30BaHHOM
¢yHKumu KadectBa [ (R) MpOBOAMIICS METOJOM BBIYMCIHUTEIBLHOTO SKCIEPUMEHTA. MccnenoBanach MoJeIbHas
JIMHEHHas CUCTEMa U3 TPeX aHTEHHBIX JaTYMKOB MPU BO3ACHCTBUM m=14 moMeX IpH pa3In4HbIX HEHTPAIBHBIX YIiIax
[] cexTropa B YIJIOMECTHOW IIOCKOCTH mmmpuHOW 0,325 pan. HanpaBieHue Ha CHTHaN COBNAJaeT ¢ HOPMAIbIO K
aneptype. s KOJMMYeCTBEHHOW OICHKH YCTOWYMBOCTH IOJIY4aeMOM MPOCTPAHCTBEHHOM CTPYKTYPHI MCIIOJIb30BaHA
metpuka L=L(R,0) [9], xapakTepu3yromiasi CTeIIeHb OTIUIHS OT HEKOTOPOH HAYAIILHOW CTPYKTYPHI, PACTIONOKEHHON B
cepeauHe oTpe3ka pazmepom 200, rae [J - anwHA BONHBL J[1g mcciaenoBaHUS BIMSHUS HaYaJIBHBIX 3HAUCHHUH R,
100kDJK Ha pe3ynapTaT ONTUMH3ALMN IPOCTPAHCTBEHHOW CTPYKTYPHI BBIYHCICHUS TOBTOPSUINCH IMPH Pa3IUIHBIX
HaYaJbHBIX 3HAYCHUSIX KOOPAWHAT DJIEMEHTOB, KOTOPHIE BBIOMPAIMCH CIydaHBIM 00pa3oM ¢ paBHOMEpPHOMN
IUIOTHOCTBIO paclipeieeHHs BEPOSTHOCTH Ha Sy. M3 pe3yspTaToB pacueTa 4acTOThI BBINAAEHUH p paccTostHusS L Juis
MOJTYYCHHBIX ~ ONTUMAJbHBIX  CTPYKTYp  CJIEOyeT, 4YTO TIPpH  OTCYTCTBHH  DEryJsIpH3allUUBCIICACTBHE
MHOTO3KCTpeMaiabHOCTH (yHKIMU [1(R) At OmHOM M TOH K€ CUTHAJIbHO-TIOMEXOBOH CHTyalUH CYIIECTBYIOT

HECKOJIBKO ~ COM3MEPHMBIX  IIPOCTPAHCTBEHHBIX CTPYKTyp R . Bsenenume perymipusamuu — obecrednBaeT
OJJHO3HAYHOCTb PEILCHUS MPOLEAYphl ONTHMHU3ALUM, AETAaeT €ro ciIadO4yBCTBUTEIBHBIM K 33JaHHI0 HadalbHBIX
yCIOBHUH, TapaMeTPOB MOMEX.

BBICOKYI0 UYYBCTBHUTEIBHOCTh INPOCTPAHCTBEHHOW CTPYKTYPHI, IIOJYYEHHOW O0€3 peryisipu3anuu
([1=0, monTBep>KIaeT 3aBUCUMOCTh pa3Mepa ONTHMANIbHOI anepTypsl AP oT yrioBoro monoxeHus nomexu (puc.l).
Ilpu yBenmuennn ko3dGUIMEHTa PEryIIpU3alui 0 HEKOTOPOro KPHTHYECKOTO 3HayeHMs [1=[], HEyCTOH4YMBOCTbH
pELICHUH HCYe3aeT, a ONTHMAbHBIE CTPYKTYPhl HE3HAUUTENHHO OTIMYAIOTCS IIPU MallbIX M3MEHEHHAX I1apaMeTpoB
nomexu (puc.2). HenpepeiBHast 3aBUCHMOCTh ONTHMAIIBHBIX KOOPAWHAT 3JI€MEHTOB AP, TMOJIydeHHBIX IPH CHHTE3E
pOOACTHBIX INPOCTPAHCTBEHHBIX CTPYKTYp, OT MapaMeTpOB CHTHAIBHO-TIOMEXOBOM CHUTyallMM MO3BOJSET
UCTIONB30BaTh WHTEPIOSIIHOHHBIE METOABl MUl BBIYUCICHHS MPOMEXKYTOUYHBIX 3HAYCHUH MMapaMeTpoB IIpU
CPaBHHUTEIBHO HEOOJBIIOM YHCIE Y3JI0B MHTepHOIAuU. ONTHMaabHBIE IPOCTPAHCTBEHHBIE CTPYKTYPHI B y37Iax
WMHTEPIOJALMK ONpPENeNsIOTCS 3apaHee W 3allOMHHAIOTCS B 0aze JaHHBIX. VHTepmonsuuss NpOU3BOIUTCS B
IIPOCTPAHCTBE, KOOPAUHATAMH KOTOPOT'O SBJISIOTCS MOLIHOCTH U YIJIOBBIE KOOPAWHATHI 33AHHOTO YHCIa UCTOYHUKOB
noMex. Tak Kak HMHTEPIOJISLMOHHBIE IPOLEAYpPHl O00JIafAI0T BBICOKOM BBIYHCINTEIbHOW 3((EeKTHBHOCTHIO, TO
CTaHOBUTCS] BO3MOXHBIM OIpe/IeJICHHE POOACTHBIX MIPOCTPAHCTBEHHBIX CTPYKTYP B PEaTbHOM BPEMEHH.
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It is known, that in a case, when parameters of received signals and noises are unknown a priori or
inaccurately defined, the efficiency of processing systems functioning is essentially reduced. Therefore important
problem is the development of robust signal-processing algorithms with optimization of spatial structure and low-
sensitive to inexactness of prior signals and noises parameters data, close on efficiency to optimum and insignificantly
lowering efficiency at a diversion of distribution observations from initial models in some limits. In articles [1, 2] is
shown, that for each signal-noise situation there is an optimum structure, sensing to change of signals and noises
parameters, while rough (robust) spatial structures, which maintain high efficiency at change of a signal-noise
situation, have a technical feasibility. Instability of optimal spatial structures gives the necessity of additional
restrictions for deriving stable, robust solutions. In the given context robustness is understood as a small diversion of
spatial structures at small diversions of prior information about signals and noises.

The high sensitivity of spatial structure optimization results to small diversions in the suppositions to noises
allows to refer a problem of optimization of spatial structure by maximum likelihood criterion to a class of the
incorrect problems. To the solved problem of spatial structure optimization the method of a regularization of the
nonlinear incorrect problem is applied here.

The analysis of algorithm on auxiliary function of quality is carried out by a method of computing
experiment. The model linear system of three antenna data units was explored at action of m=14 noises at various
central angles 7y of sector in elevation plane with breadth Ay=0,325 rad. The direction on a signal coincides with a
normal line to the aperture.

The offered solution of a problem of robust spatial structures of radiosystems synthesis by a regularization
method with use of the metric allows to overcome problems, bound with multiextremeness of criterion function -
likelihood ratio - and with instability of the solutions of an incorrect problem. As a result of synthesis the spatial
structures, inconvertible both to the starting conditions, and to signal-noise circumstances by acceptable wane in
improving the signal -to- noise ratio are obtained.
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