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B pabome ucciedyemcs ompasicernue niockux oaH u paduoioKayUOHHbIX CUSHANO8 C
CUHME3UPOBAHHOU ANepmypoll Om CIAMUCMUYECKU WUEPOXOBAMbIX NOBEPXHOCEN C
9KCHOHEHYUATLHOU KOPPeNAYUOHHOU (ynKyueti geicom peaveda. [lpednrazaromes annpokcumayuu
KOPPENAYUOHHOU DYHKYUU CYMMAMU 2A)CCOBbIX CNA2AEMbLX, NO3BOAIOWUE Pealu308amb
aghghexmuenbill pacuemusiti aneopumm. Pesyivmamel pacuemos cpasHUBAMCs ¢ U38ECMHbIMU
ACUMNMOMUYECKUMU 3AKOHAMU OUGDDY3HO20 OMpadiceHus GOIH OM CIYYAUHBIX HOBEPXHOCHEI.
IIpeonacaemasn mexnuxa gulyucieHuti 0OnycKaem npuMeHeHue K WupoKomy Kiaccy 3a0ay Ompanicenus
MOHOXPOMAMUYECKUX U UMNYTIbCHBIX B0JHOBbIX NOJIEU PA3TUYHBIX KOHDUSYPAYUL UCTNIOYHUKOG OM
penveqhHbiX n0gepXHOCHEl pACCMOMPEHHO20 MUNA.
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Synthetic aperture radar reflections from exponentially correlated surfaces
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The reflection of plane waves and radar signals, with a synthesized aperture, from statistically rough
surfaces with an exponential correlation function for heights, is considered and investigated in the
paper. We propose approximations of the correlation function using superpositions of Gaussian
functions. This results in the possibility for developing an effective practical algorithm for simulating
radar echoes. The results are verified against previously published laws for diffuse reflection of waves
from random surfaces. The computational approach proposed here can be applied to a wide range of
situations where reflection occurs from stationary and transient wavefields of different configurations
of wave sources on rough surfaces similar to those considered here.
Keywords: radar location, clutter, scattering cross section

Beenenue

Pacuer oTpaxeHMIl 3J€KTPOMarHUTHBIX BOJIH OT IIEPOXOBATBIX MoBepxHocTeh [1, 2]
SBJISICTCS 3HAYUTENBHOM MPOOSEeMOM, aKTyaJbHOW JJIsi MPAKTHYECKOro MPUMEHEHHs BOJIH
ONTHUYECKOTO M paJuojuana3oHa. B cuily 3HaUMTEIBHOrO pa3Mepa paccerBaloLIero 00beKTa
(MTOBEpXHOCTH) MO CPAaBHEHMIO C JJIMHON BOJIHBI BBIUYMCIUTENbHAS TPYIOEMKOCTh 3a7ay
YHCIIEHHOTO pacyeTa OTPaKEHHOTO CHUTHAjla MOKa HE IMO3BOJISIET PEHIMTh €€ U3 MEepBBIX
IIPUHIIMUIIOB.

B HacTos1iee BpeMsi OCHOBHBIM MOJIXOJOM JJIsSi TAKMX PACUETOB SIBJSETCS MPUOIMKEHNE
Kupxroga. Pacuer orpakeHHOTro 1oJisi B 3TOM NPUOJIMKEHUU CBOJUTCA K MHTETPHUPOBAHUIO
3alaHHON (KOMITJIEKCHOM) aMIUTUTYIbI TOJS TaJarouiell AJIEKTPOMAarHUTHON BOJIHBI TIO
MOBEPXHOCTH (a30BOro 3kpaHa ¢ pyHkuuei I'puHa mapabonnyeckoro ypaBHeHus 1u(paKkium
[3]. B pamkax »5TOro moaxoja MNPUMEHSIOTCS WACATU3UPOBAHHBIE MOJIETH penbeda
NOBEPXHOCTH, Kak JETEPMUHUPOBAaHHblE, Tak U crarucruyeckue [1, 2]. Cpemu
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CTATHCTUYECKUX BAXHEHIIMMU SBISFOTCS MOJETH C OSKCIOHEHIMAIBHOH W TaycCOBOM
KOPPEISIHOHHON (YyHKIIHEH BRICOTHI peibeda [4-6].

synthetic aperture Xy X,
netle ap

Puc. 1 CxemaTH4eckoe H300paKeHne paJHOI0KANMH PeJibeHOi IOBEPXHOCTH C CHHTE30M
anepTypsbl

DKCIOHEHITHAIbHAS MOJIEb MMOJBEPrajiach KPUTUKE 32 HETJIAJKOCTh IMOBEPXHOCTH, T.€.
OECKOHEYHOE 3HAYEHHUE CPEIHEKBAJAPATUUYHOIO HakioHA. TeM He MeHee, ONbITHbIC AaHHBIE
PAAMOIOKAIIMOHHOTO 30HIUPOBAHUS HEOCCHBIX TEJI CBUICTEIBCTBYIOT B TIOJIB3Y 3TOH MOJICIH,
T.K. HAXOJSATCS C HEM B HAMJIYYILIEH CTEIIEHH COTJIACHUS.

C BBIYUCIIUTEIHHON TOYKH 3PEHUS, TAYCCOBCKAsk MO Ooyiee THOKAast U TPEOCTABIISET
BBIUHCIIUTEINO OOJbIIIE BO3MOKHOCTEH 10 CPABHEHHIO C AKCIIOHEHIIMATBHOM, B T.4 MO3BOJISET
BBIPA3UTh OOJBIIEE YHMCIO BO3HHUKAIOIIUX B OJTHX 3aJadyax WHTETPAIIOB B 3aMKHYTOU
aHANUTUYECKOU opme.

AHaJIUTUYECKUE pE3yJbTaThl HAa OCHOBE SKCIIOHEHIIMAJIbHOM MOJEIH B OCHOBHOM
OTPaHUYEHBI CEUYECHUSMH PAIMOIOKAIMOHHOTO pacCessHUsI MOBEPXHOCTH [5, 6]. B TO e Bpewms,
raycCOBCKasi MOJIelb TIO3BOJIAET BBIPA3UTh B 3aMKHYTOM aHaIUTHYECKOW (dopme
KOPPEJSIIHOHHBIE PYHKIIMHA (MOMEHTBI) TIOJISI BTOPOTO U BBICIIUX MOPSAIKOB MPH OTPAKEHUIX
OT HECKOJIbKMX (a30BbIX OKPAaHOB, B T.4. HEOAHOKPATHBIX. OTO JTaeT BO3MOKHOCTH
WCCJICTOBAHMSI CTATHCTUKH CIEKJIOB, (IYKTyalluii WHTEHCHUBHOCTH, YCPETHEHHS MOJIeH 1o
anepTypaM aHTEHHBIX CUCTEM, B T.4. CHHTE3UPOBAHHBIM, U JIP.

Lenpto nmanHOW paboTHl sBisieTcs pa3paboTka THOPUIAHOW pacyeTHOHW MOJeNnu
PaIMONIOKAMOHHBIX OTPAXKEHUM OT CIIy4YaHOW IIEpOXOBATOM MOBEPXHOCTH, COUETAIOUIEH B
cebe TOCTOBEPHOCTh IKCIIOHEHIIMATEHON MO U BBIYUCIUTENbHYIO THOKOCTh TayCCOBCKOM.
[Ipennaraercst anmpoOKCUMHUPOBATH SKCIMTOHEHITUATBHYIO KOPPEIAIMOHHYIO (QYHKITUIO CYyMMOM
TayCCOBCKUX CJIaraeMbIX, JOMYCKAIOMIMX BbIpAKEHUE IUPPAKIIMOHHBIX MHTETPajioB B
3aMKHYTOW aHATUTUYECKON (hopme.

B pabore HaliieHbl COOTBETCTBYIOIIME AammpoOKCUMAnuu. Jlas MOCTPOEHHBIX
AMMpOKCUMAIIMI PACCUUTAHBl PATHOJOKAIMOHHBIE CEYEHUS PpaCCEsHUS IOBEPXHOCTEN B
dbopMe, IOmMyCKarIleld CpaBHEHHWE C paHEe W3BECTHBIMH JSTATOHHBIMH pe3yiabTaTamu. C
IIOMOIIBIO TIPEIJIOKEHHBIX PACUETHBIX MOJENIEH HCCIeoBaHa 3ajadya  paguoIOKAIUU
penbedHO TOBEpXHOCTH JTIOKATOPOM CHHTE3UPOBAHHOM anepTypsl (puc. 1).
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Puc. 2 Pagnosniokannonnsie orpazkenust JIYM ot cayuaiinoro peaneda nosepxuoctu (Kol=100,
koh=1, koz=250000, f=0.1) npu pasau4HbIX rayCCOBCKHUX ANMNPOKCHMAIHUSX
IKCIOHEHIHAIBHOI KOppeJsauHOHHON GyHKkIuM (YKa3aHbl HM(PPOBLIMU MEeTKAMHU IIPH KPUBBIX).
IIyHkTHpHAsI KPUBasA -- OTPaKeHHE OT IJIOCKOH NOBEPXHOCTH

YuciieHHOE MO TUPOBAHHE
ANNPOKCUMHUPYEM KOPPEIAIUOHHYIO (YHKIIMIO BBICOT TMOBepXHOCTH h(p) cymmon M

TayCCOBCKHUX CJIara€MbIX BHUa
2

M
C(p):exp[—lﬁszbm exp —# . (1)
m=1 m

Ha puc. 2 mnokasanel pe3ynbTaTbl YHMCIEHHOIO pacyeTa paauosioKauuoHHbIX JIUM
OTpaKEHH C CHHTE30M amneptTypsl [7]. Xopoiee coBmageHHEe MEXKIy COOOHW pa3IMYHBIX
NpUOJIMKEHHBIX PACYeTOB MOXHO TPAaKTOBaTh Kak MX OOIIyr0 OJU30CTh K HEKOTOpOH
NpelelbHON KPUBOW, COOTBETCTBYIOIIEH HMCKOMOMY pe3ysbTary. 3HaueHHUs Oe3pa3MepHbIX
pacuetHbix mapameTrpoB Kol=100, koh=1, koz=250000, =0.1. Taxke MOXHO MPOCICIAUTH
3aBUCUMOCTb IIUPHUHBI HWHTEpBaja BPEMEH 3alasfblBaHUsA, B Ipeaelax KOTOpPOro
NpUMEHSEeMbIi B  JaHHOM paboTe moaXoJ  OOecredyuBaeT  yIOBJIETBOPUTEILHYIO
allIPOKCUMALIMIO, OT KOJIMYECTBA CJIAraéMbIX B CyMME€ TayCCOBOW aIIPpOKCHUMALUU
HKCIIOHEHIIMATIBHOW KOpPPENALUOHHONW (QYHKIMHU. Pe3ynbTaT MO3BOJSET BBIIBUTH CBS3b
IMIMPUHBI 3TOrO MHTEpBaia C OOCYXJAaeMbIM BBIIIE JMANla30HOM YIJIOB PACCEsHUA,
MPOCTPAHCTBEHHBIM CIIEKTPOM KOPPENSALUOHHONW (yHKIMU penbeda U MHUHUMAIbHBIM
MacmTaboM €€ anmpokKcuMaluu cymMMmMod rayccoBckux ciaraemblx (1). Ilpaktuuecku
pacliupeHue  Juana3oHa — KOpPPENLMOHHBIX  MacluTaboB, B  Ipelenax  KOTOpOro
JeMCTBUTENBHBl TPEAJIOKEHHbIE ANMPOKCHUMALMU  KOPPEJIALIMOHHOW (YHKUIUU BBICOTHI
penbeda, 0JHO3HAUYHO CBS3aHO C PACIIMPEHHUEM JMalra3oHa YIJIOB 0OpaTHOrO paccesHus, B
npezenax  KOTOpOro  paboTOCIOCOOHBI  MOJy4eHHble B paboTe  BBIpaXKEHUS  JUIs
WHTEHCUBHOCTEH OTPAXEHUS, M COOTBETCTBYIOIIETO JWAIla30HA BPEMEH 3ama3/IbIBaHUs
PaaMOIOKALIMOHHOTO OTPaKEeHUs. [l ympoLIeHUs CPaBHUTEIBHBIX OLICHOK, B T.4. BKJaja
paccesiHUsI Ha penbede B OTPaKEHHbIM CUTHAJ, MyHKTHPHOM KpPHBOHM MOKa3aHO OTpa’KEHUE
JIYUM cursana ot IJIOCKOH OBEPXHOCTH, T.€. B OTCYTCTBUH paccesHus Ha penbede.

3akioueHune

[IpemioxeHn MOAXOM K pacyeTy OTpakaloluX CBOWCTB pelbeHOM TMOBEPXHOCTH HA
OCHOBE alMIPOKCHUMAIIMH KOPPENAIMOHHOW (QYHKIUU penbeda CyMMOH TayCCOBCKUX
cnaraembix. Jlis moxmenu penbedHON TMOBEPXHOCTH C IKCIOHEHIUATBbHON (DyHKIMEH
Koppeirsinuu BBICOT MMPOBCACHBI PpacCUYCThL ceueHuu pacceiaHuna MMOBCPXHOCTHU n
paauoNOKAaMOHHBIX  oTpaxkeHuid JIUM cuUrHamoB Ha CHUHTE3MPOBAHHYIO —amneprypy.
[IpemyioskeHHBI  TOAXOM MOXET OBITh TPUMEHEH K MOBEPXHOCTSM C JIPYTMMH
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KOPPENSUOHHBIMU (DYHKUIHUSMH BBICOT M K JPYT'MM IPUKIAJHBIM 337a4aM, B T.4. K pacueTy
KOPPEISALUOHHBIX (DYHKIMI HHTEHCUBHOCTH OTPaKEHUH OIpaHHMUYEHHBIX IIYYKOB U TaK JlaJiee.

Bbaarogapuoctu

PaGora BeIMONHEHA C WCHOIB30BaHHEM o0OOpydoBanust LleHTpa KOJIEKTHBHOTO
MOJIb30BAHUS  CBEPXBBICOKOIIPOU3BOIUTENBHBIMU  BBIYMCIUTENbHBIMUA pecypcamu  MI'Y
umenu M.B. JlomonocoBa [8]. MccienoBanue BBITIOJHEHO B paMKaX TOCYIapCTBEHHOTO
3agaHusi MOCKOBCKOI'O TOCYIapCTBEHHOT0 yHHUBepcuTeTa nMeHu M.B. JlomoHocoBa.
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