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BOCCTAHOBJIEHHUE CITEKTPOB

. MOBEPXHOCTHOI'O BOJIHEHHUSA O CHEKTPAM
H3CBPA)KEHHH C YYETOM HEJIUHEHHOH
MOAYJISALHH NOJA APKOCTH

AHanM3HpyeTcss MOAe SIPKOCTH TPAaHHUB «aTMochepa—OKeaH» NpH HeJHHeHHBIX

nepeJlaTOYHHX (YHKUHAX, CBA3HBAIOIMX YKNOHH H SPKOCTH 3J]E€MEHTOB MOpCKOiT
NoBepXHOCTH. PaspaboraH MeTonq ompele/ieHHs CIEKTPOB BO3BLILUICHHH MOBEPXHOCTH.
On#caHH METOJHKH BHIUHCJEHHSI NPOCTPAHCTBEHHO-YAaCTOTHHX (HJAbLTPOB, BOCCTa-
HaBJIHMBAIOWIHX CHNEKTPH YKJOHOB BOJIHeHHS. Ilo/yueHO aHalHTHYeCKOe BhIPaXKeHHe

AJs onpeaesieHUus OpHEHTaqu’l rpajHeHTOB SIDKOCTH IPH 3aA3dHHHX YCJOBHAX OCBe-
IICHHA.

[1pu mMOCTPOEHHH MOAeJell CHCTEMBI «aTMOCepa — OKeaH» HeOGXOAUMO
nosyyatb HHQOpPMAaLHIO O XapaKTePHCTHKax BOAHOH MOBEPXHOCTH, B YacCT-
HOCTH O ee NPOCTPAHCTBEHHBIX CIEKTPaX, MO ONTHYECKHM CHrHalaM, pe-
THCTPHDPYEMbIM JHMCTAHIHOHHOH ONTHYecKod ammapartypoir [1]. Xora wuc-
C/lelOBaHHIO CBSI3H CHEKTPOB H306paxKeHHH CO CIEeKTpaMH BO3BbILIEHHH

mopckoii. noBepxHoctH (MII) mnocBsimeHo HeMaJo paboT, NpenJOKEHHbie

B HHX MeTOAbl JHGO He IIO3BOJISIOT MOJHOCTBIO BOCCTAHOBHTb [BYMepHBIi
cekTp Bo3BhilleHHH MII [2—5], nHGO omepHpPYIOT ¢ JIMHEHHBIM pa3JjioxKe-
HHeM ToJsl sIpKOCTH mo ykjaoHaM MIT [6—8]. JlunefiHoe mnpuGAHKeuHe
NPHBOAHT K 3HAUHTE/bHBIM HCKa*KeHHSM OLEHOK CIIeKTPOB BOJIHeHHs [9].
ITosToMy akTyaJabHa 3ajgaya CO3JaHHSI METOLOB BOCCTAHOBJIEHHS CIIEKTPOB
MII c yyetom HeNUHEHHOH MOAYJSILHH TI0JsA sIPKOCTH YKJOHaMuH MII.

[Tone spkocTH B3BOJIHOBaHHOH MoOpCKOH mosepxHoctu (MII) B(x, y),
perucTpupyeMoe ONTHYECKOH amnmapaTypodf JHCTAHUHOHHOrO 30HAHPOBA-
HHS, MpPEeACTaB/IIeT CyMMY CJEeAYIOMIHX COCTaBJSIOLHX:

B(x, y) = BO(x, y) + (BA(x, y) + BO(x, y))-7a(x, y), (1)

rae B® (x, y)—cocraBasiomas spkoCTH, 00yCJIOBJIeHHASE pacCesHHEM B CJIOE
aTMocdepbl MeX1y MOBEPXHOCTbI0 H NPHEMHHKOM CBeTa, HAYLIero OT HC-
TOYHHKA H3JayueHHs; B® (X, y) — cocraBasmiomas sipKOCTH, (HOPMHPYIOLIAs-
Cs B pe3yJbTaTe OTDa)KeHHsi OT IIOBEPXHOCTH CBeTa HCTOYHHKA M CBeTa,
paccesinHoro B atMmocepe; BO)(x, y) — cocTaBasioumiasi sipKOCTH, 06pasyio-
mascs BCJEACTBHE TMpeJOMJEHHs TrpaHHLeH pasjeja «BO3LyX—BOoAa»
CBeTa, pacCesiHHOr0 B BOLHOH TOJILE; Ta (X, y) — KO3 PHUHEHT mpomycKa-
HHA cJ0si atMoc(epbl AJs CBeTa, NPHXOAALIEr0 K MPHEMHHKY OT TOUKH
(x, y) Ha mMOBEepXHOCTH; (X, y) — AeKapTOBbl KOODJAHHATHI, COBNajaloLlxe
C HeB3BOJIHOBAHHOH BOAHOH MOBEPXHOCTBIO.

J1si HCcielOBaHHss BO3MOXKHOCTEH OmpejleseHHs NPOCTPAHCTBEHHOrO
cnektpa MII no cmekTpaM pETHCTPHPYEMOro MOJsl SIPKOCTH PacCMOTPHM
cBsi3b cocrasasiioniux moast (1) ¢ xapakrtepuctHkamu mnosepxHocTH. Ilpu
HeOOJIbLIUX yrJax MOJIsi 3peHHsl perHCTPUpYIOLleH amnmapaTypbl HHTEHCHB-
HOCTb CBeTa, paccesiHHOro B aTMocdepe, MOXKHO CYHTATh HE3aBHCHMOH OT
yraa BuszupoBaHusi [10]. dto nossoasier cuurate Bt (x, y) =const. Co-
craBasiomue B®, B® npencraBuM B BUIE

B (x, y) =T (B(x, y))-Bi(r (x, ¥ o
B (e, y) = (L =T (B (x, y)))-B(r* (x. ¥)), (3)
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rie I'(B) — suepreTnuecknii ko3pduunent orpaxenus Ppenens; (B(x,
y) —yroa nazesus Ha MII cBera, nonazamoumero B NMpPHEMHHK MOC/e
OTpaxxeHus B TouKe (X, y); B,(r), B4(r*) — spKOCTH H3/JyuyeHWs, NpH-
xoasmero Kk MIT u3 BepxHe#t u HHXKHei
noaycgep  COOTBETCTBEHHO; Tr(x, Y),
r*(x, y) — eIHHHYHBlE BEKTOPHI, 3aja-
IOIHe Te HampaBJieHHs B BepXHEH U
HHXHEeH noaycdepax (puc. 1), oTkyaa
OPUXOJAHT K TMOBEPXHOCTH CBET, IlOMa-
JNaKlui B NPHEMHHK IOCJe OTpaXKeHHus
H MpPEJOMJEHHS B TOUKe (X, y).

B coorBercTBuH ¢ 3akoHamu reo-
METPHUYECKOH ONTHKH YroJ B H BEKTOPHI
[, I'* gBJSIOTCA HENDPEPbIBHBIMH (YHK-
UHSAMH YIJIOB HaKJ/IOHA 3/]€MEHTa TOBep-
xHoctH B Touke (X, y) [11]. Spxoctu

Puc. 1. CxeMa oTpaxeHHs H
Npe/IOMJEHHs CBeTa Ha rpaHHUe
pasnena «aTMochepa—oxeaH»

/ w_*
B, , By B eCTeCTBEHHbIX YCJOBHSIX OCBELIEHHS HENPEPBIBHO 3aBHCST OT r £
[12, 13]. 910 mosBonsAeT B KakKAOH TOYKe (X, Y) MPEACTaBHTb (DYHKIHIO
B (x, y) panom Teiopa: » _
Blx, y) =Co+Cov,i(x; 9) +CyvyE(x, y) +
| +N(x Y, v k(% 9), v,8(x y)), (4)
rae Co, Cx, Cy— KO3 HIHEHTH JHHEHAMOH YacTH pasnoxkenus B(x, y) mo

cTeneHaM V.& Vy&; §(x, ¥) — nose Bo3BhilIeHHA (aNMIuKaT) noBepXHOC-
TH; g, § — ykaoHbl MIT (KOMNOHEHTH T'pajHeHTa No/s BO3BBILIEHHH),
X P 4 .,

Va8(%, y) =§E(-’C, ¥, a=x,y; N(x,y, v.% V,t) — Hequneilnas co-
- ,

CTaBjsiiolast sIPKOCTH, BKJOYAKOLAA Y/A€Hbl, NPONMOpUHOHAIbHHE (Y, E)2,
(VyE)’. V,éyy & 1 6osee BBICOKHX MOPsAKOB.

Ilns u3yyeHHsr CBA3H 3HEPreTHUECKOro CMeKTpa (CIEKTPaJbHOiH MJOT-
Hoctu) usobpaxennus S(k) co cnekrpom W (K) nonsi Bo3BblueHuit E(x, y)
onpeje/HM CHeKTp moas (4) KakK KBaapaT MoAyJsi npeoGpa3oBaHHs
®ypbe [14]. YuuThiBasi, uTO MOCTOsIHHAst cocraBJsiomas Co, MOXKeT GHIThb
yCTpaHeHa B Mpolecce MpeABapHTeJbHOH 06pabOTKH H306paKeHHs, H HC-
I0J1b3Ysl H3BeCTHhIe TeopeMbl Pyphe aHa/H3a, MOJAYUYHM

S (k) = (C. k. + Cy ky)* ¥ (k) + Sw (k), (5)
rae Sy(k) —uneH, BKJIOYAIOUIMH CNEKTPaAJbHYIO MJIOTHOCTH HEJHHEHHOH
COCTaBJAMIICH MOJS SPKOCTH H B3aHMHYIO CIEKTPA/IbHYI MJIOTHOCTh JIH-

HeAHOH W HesHHelHOH cocTaBagomux [15]. -
ITpu N=0 BhipaxkeHue B mpaBoil yacTH (4) NPOMOPUHOHANBHO IOJIO

ykJoHOB MII

~ Bo(x, y) =w.E(x, ¥)-cosb+ y,E(x, y)-sind (6)
B HanpaBsernu @=arctg (C,/C). Cnekrp noss (6) umeer BuzI
@ (K) = (cos Ok, 4 sin 62,)* ¥ (k), (7)

creaoBaTesbHO, cnekTp u3obpaxewus S (k) B nuHefiHOM npHOIHKEHHH
IpornopuHQHaNeH crneKTpy yk/JaoHoB (Mg (k),

.S (k) = (Ci+ C3) Dy (k).
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[IpeneGpexenre HEJHHEHHBIM C/araeMbiM N B (4) nomyCTaMo mpH
ycaosuu (¢/B,) 0B, jor| L1, (s/B+) 0B jdr* | K 1, rae o — cpeaHeksan-
patuueckuii ykaon MIL IJto ycsoBxe —BbIMOJHACTCA C npHeMaeMoil
TOYHOCTbIO MpH AH(PQPY3HOM OCBEIEHHH MII (cnowHast 00/1a4HOCTb) HJIH
BIa/fM OT COJNHEUHOH JOPOXKKH B 6e300/1auHblii 1eHb [16]. B obaacrtu
COMHEYHOl IOPOXKKH 3TO YC/IOBHe Hapyliaercsl. SIpkocTb MII By B TOuKax
3ePKA/JbHOTO OTPaXKEHHs MPAMOrO COJHEYHOrO H3/yueHHs 3HAUHTENbHO
TNPeBOCXOAUT sIPKOCTH Bp TOueK, OTpaKaloUHX paccesiHHbll cBeT Heda.
Bapuanun ApKoCTH mnopsiaka Bp—Bp>>B, Ha0/a10A210TCA NPH BapHalHAX
HalpaBJeHUsi I Ha YIJbl TOpsiiKa YIJIOBOro pasmepa Coanua 8 Ko.
Peskue BHIGPOCHl SIDKOCTH (OJIHKH) B 3€pKaJbHBIX TOYKax MII nenator
npeo6pa3oBaHHe <«YyK/JOH—SIPKOCTb»  CYUIECTBEHHO HesuHeiHsiM. Caeno-
BaTe/bHO, creKTp n3obpaxenusi S(k) mepecraeT ObiTh MPOMOPUHOHATBHEIM
cnektpy yknaoHoB Mg(k). B 3THX yc/I0BHAX HEOGXOIMMO CTPOHTH Omepa-
top W, BOCCTaHaBJMBAIOLIUH CNEKTp YK/IOHOB @ (k) mo cnekTpy usobpa-

xkenus S (k):
@ (k) = WS (K). (8)

Tak kak B (OPMHPOBAHHH HEJHHEHHOH coCTaBJisilOLel TOJst sIPKOCTH
N yuactBylOT pa3sHooOpasHble (QH3HYECKHE MPOLECCH B aTMocdepe H OKea-
He, aHAJHTHYECKHil pacyeT BOCCTAHAB/IHMBAIOLIEro OMepaTopa CJI0KeH H MO-
KeT GbiTh BBIMOJHEH JHIIb NMPH BecbMa CYyLIeCTBEHHbIX OrpaHHYEHHAX HA
mapaMeTpbl YCJIOBHH OCBELUIEHHS H BH3HDOBAHHS MII, a Takxe AJsa orpa-
HHUEHHOTrO . K/acca CIeKTpos BoJHenus [4]. Takum 06pasoM, HEOGXOLMMY
pa3pabarbiBaTh UYHCJEHHblE METOAbl KOPPEKLHH HeJHHEeHHbIX HCKaXKeHHI
CIIEKTPOB, HANpHUMEp C HCIOJb30BaHHEM HMHTAHOHHOTQ UHC/JCHHOLO MO-
JleJIHPOBAaHHsl CJAYYaHHbIX IOJ€d B 3alaHHBIX YCJOBHAX HX ¢opmupoBa-
nua [9, 17]. MeTonnka NMOCTPOEHHs ONeparopa NMpHBEIeHA HHIKE.

Coornoutene (7) He MO3BOJSET MOJHOCTbIO BOCCTAHOBHTB CHEKTD
po3pnimenusi ¥ (K) no oaHomy cnektpy ykJaowos Do (k) u3-3a ocobeH-
HOCTH, BO3HHKalomel npu Ry= —k,tgh. Jljas mo/sHOro BOCCTAHOBJCHUA
cnekrpa W (k) MOXHO HCIOJNb30BaTb HECKOJ/IBKO (N=2) wusobpaxeHui
(1M HECKOJbKO (parMeHToOB OJHOro H300paKeHHsa), MOJNYyYEeHHBIX MpPH
pasHBIX YCJOBHSX OCBEUIEHH W BH3HPOBAHH{ M HMEIOLIHX DAS/JHUHLIE
OpHEHTAUHH TPaJHEeHTa siPKOCTH 0™, n=1, .., N. Onpefe/quB CNeKTPHl 3TUX
u3obpaxennit S™ (k) u BOCCTaHOBHMB MO (opmyse (7) cooTrBeTcTBYIOLIHE
uM crekTpel ykjaonoB @f (k) c ucno/b3oBaHHEM OnNepaTopos W®) 3apu-
CAWMX OT YCJOBHI (OPMHPOBaHHs H300pa)KeHWH, MOXKHO BBIYHCIHTH
cnektp Bo3Bbillennit MII no popmy.e

N
> o (k)
Tk = ; (9)
2 (k,cos 0™ + k sin 6(»)?
n=1

Beauunnsl 6™ B (9) npH JNHHEHHOH MOAYJSLHH MOIS SIPKOCTH YKJIO-
Hamu MII Moryr GBITb pacCUHTaHH, - HAaNpHMep, NyTeM ONpele/eHHs Ha-
NpaB/eHHil MHHHMYMOB H MAKCHMYMOB YIJIOBBIX paclpelleJieHHii SHEpruH
B CIeKTpax H3o6paxenuil [7];, JHO0 C MOMOWIbIO aNMPOKCHMALHH H306pa~
JKeHHH JHHeHHBIMH GYHKUHSMH KOODAMHAT X, y MO METOAY HaHMEHbIIHX
kBagpatoB [8]. OnHako NpH HeJIHHEHAHOH MOAYJSLHH MOJSA SAPKOCTH STH
MeTOABl MOTYT IPHBOJAUTH K HeXesJaTeJbHbIM CHCTEMAaTHYECKHM IOTrPeLIHO-
CTAM B ompejeJieHHH opueHTauuil 6. Takum o6pasoM, Heo6xoaHMa pas-
pa6oTka MeTOJOB pacueTa OpHeHTauui 6(™), yYHTHIBAIOUIHX KOHKpETHbBIE
HeJHHeHHble YCJIOBHS (POPMHPOBAHHUSA MOJsI SIPKOCTH. :

BoccTaHOBJEHHE CNEKTPOB MOBEPXHOCTHOrO BOJHEHHS 389



st mosyyeHHst aHa/NMTHYECKOH OLEHKH OpHeHTaUMH 6 mpu 3agaH-
HbIX YC/IOBHSIX 3aMETHM, YTO MO (DH3HYECKOMY CMbIC/y 3HaueHHe 0(") ompe-
JeJIsieTCsl HallpaBJeHHEM HODMaJIH K H30JIMHHAM CpelHell sipKOCcTH HabJiio-
naemoro yuactka MII. B o6.aactu co/iHe4HO# 1OPOXKKH SPKOCTbL TOYEK 3ep-
KaJbHOTO OTpaxKeHHs mpsMoro csBera or Co/HLA Ha [Ba MOpsAAKa IMpeBbI-
LIaeT sIPKOCTb TOYEK, OTpa)KaKIIHX paccesiHHbld cBer HeGa [12]. [Toatomy
H30/IMHHH CpelHed SPKOCTH MAOJIKHBI C XOpOlIed TOYHOCThIO COBManaTh
C H30JIMHHSIMH TPOCTPAHCTBEHHOH IJIOTHOCTH 3€pKaJ/bHbIX TOYEK, OINpeje-
JIsleMbIX COOTHOILLIEHHEM

r@'{_rc‘(x- y)=2((x, ), rc(x, ¥))v(x, y),
rie v — elHHUYHBIA BeKTOp Hopmaau K MII B Touke (x, y), a rp, 1,
€lMHHYHbIe BEKTOpHI, 3ajaloluue HanpasJeHHe u3 3Toi Touku Ha CosHue
W NPHEMHUK COOTBETCTBEHHO (CM. puC. 1). YuHTHIBas, 4TO BEKTOP ¥ CBs-
3aH c¢ yKJoHamu MII,

=(—v:h — V& V1489, : (10)

rae s? = (v,.8)?+ (v, £)? moayuum caesyioulee ypaBHEHHE A/ M30JHHUA
APKOCTH:

(sinBo — x/m)2 + (y/m)2 4cos’ B 5%, ‘ (11)

rae 8 —3euutHult yroa Cosnua, x= x./H, y =y, /H, (x,, yc) — Koop-

JUHATH UEHTpa u3oOpaxeuus; 1 — BbicOTa CBEMKH; 0 = l/l + X2 + y2

Hs (11) CelyeT HCKOMOE BHDAXXEHHE 1151 OPHEHTAIHH:

Y (1L () ™y (@sin O « — xn

e(n)_arctg +y ( 4 ))+ y ( sin ® ) . (12)

\ (.x(") —osinB8y) ((x("))2 — 0?) + x(m (y<"))2
I03BOJISIOILee OlipefesauTb 0™ npu 3agaHHBIX YCJAOBHSIX OCBELLEHHS.

[TepefizemM K H3/10:KEeHHIO METOAHKH IOCTPOEHHSI BOCCTAHABJHBAMIIETO
oneparopa W ags usobpaxenuss MII, mosyuyeHHOro npu H3BECTHBIX YCJIO-
BHSIX OCBELLEHHS.

1. Bagagum mopneabHblt cnekTp Bo3BbileHuit MIT G (k), ucmosbays
JUIS 3TOTO H3BeCTHble aNNpPOKCHMAalHH CIEKTPOB BOJIHEHHSI, HampHMep
dopmyast JONSWAP [18]. CkopocTp mpHIOBEPXHOCTHOTO BETpa, SIBJSIO-
mascss napaMeTpoM 3TOH aNMPOKCHMAaUHH, MOXeT OblThb OmpelesneHa IO
BOJIHOBOMY UHCJY CIEKTPa/JbHOrO MaKCHMyMa chnekrpa H3oOpaxkenus [1].

2. CuHTe3upyem uBymeprIe AHMCKDETHBIE M0JIsl yKJOHOB MII no ¢op-
myae [17, 19]:

VeEil A, L,A)=F3' [H exp(zf(kw]ax, 1), (13)
X y

rae Fp' —omepatop o6paTHOro AMCKDETHOro mNpeo6pasoBanus Pypbe;
Ax, Ay— HHTEpBAJbl JUCKPETH3alHH, OMNpejeJsieMble NPOCTPAHCTBEHHBIM
paspeiwiendeM annapatypbl: Ny Ny, —KO/NHYECTBO 3J/IeMEHTOB H306paxke-
uust mo ocaMm Ox, Oy (N, Ny Ompee/IA0TCA PasMepamMH HCXOLHOTo H30-
OpaxeHus); kD—ILHCKPETHbIH BOJIHOBOH BEKTOD; [y, [y — LeJOYHCJIEeHHbIe
HHAeKcH; [— (a3oBbiil CHeKTp, NpeacTaBaAUHMA CcOO0H MaTpuuy pas-
mepa N.XN, ciydailHbiXx HEXODDeNHPOBAaHHBIX uHceJ, pPaBHOMEPHO pac-
npene/seHHblX B HHTepBase (0,2 m).

3. MogenupyeM MoJie SIPKOCTH CHHTe3HpOBaHHOH peanausanun MII mo
¢opmyaam (1)—(3). [Ipn 3ToM BekTOpH I, r* paccunThiBaeM no Qopmy-
aaM r=2 (re, v ) — I,

= ((r, VY m—V1—(1—(r, v)})[m*)vy—(1/m)r,,
rie m = 1,34 — nokasarenas npejiomJeHHst Boau. ®yukuuu B, (r), B, (r*)
MOXXHO JIH60 H3MEpPHTb IKCHEDHMEHTAJbHO, JHOO 3a4aTh B BHAE OJHOH H3

N, N, G (kp)
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H3BECTHBIX anmpokcuMauuii. Hanpumep, 14/s COTHEYHOro OCBelleHHS B Ge3-
o6/JayHbyl JeHb MOXHO HCIIO/b30BaTh ammpokcuManuio I[lokpoBcko-
ro [20, 21]
14 (r, T)? \
BL(r)=BO(————®~)-+K)(1—exp(—0,32/c038@)), (14)
\ (1 — 1T, fc)

rae Bo=const, K=0...5— napamerp, . onpegejasieMblii BTOPHYHbIM pac-
cesindeM cBeta B atMocdepe. ®ynkuusa Bt (r*) npu 3agaHHBIX ycJa0BHSX
OCBEeleHHs] H H3BECTHBIX THADOONTHYECKHX XaPaKTEPHCTHKAX MOXKeT ObITb
paccunTaHa 4HCJIeHHBIMH MeTtoaaMu [13, 22]. B mepBoM mnpuOIHKEHHH A5
OUEHKH B(r*) MoxHO Bocmosib30BaTeC opmyaoit By(r*) =ppE,, rae
op — K03 dHuueHT auPy3HOro OTpaxeHHs BOAHOH TOoAWM; E,— CyM-
MapHblii HHCXOASWHHA cBeToBOH moTok [12]. MozaeabHoe u3o6paxkeHue
MII, nosydeHHOe MO ONMHCAHHOH MeTOAMKe, MOKa3aHO Ha pHC. 2. OcH KO-
OpAHMHAT X, Yy NpOBeNEHBl TaKHMM 06pa3oM, 4To TOyka Xx=y=0 cOOTBeTCT-
_ByeT HaO0/IOJeHHIO «B HaAHp», a HamnpasJjeHHe ocH Ox coBmazaer c Ha-
npasjeHneM BeTpa U asumyTom CousHua. [Ipn MozenupoBaHHH ObliH 3a-
Jarel creqyiomne napamerphi: Ay=A,=1 M, N,=N,=512, H=1000 w,
0 =30°% pp = 0,01.

Puc. 3

Pic. 2. Mojeabtoe H305paeiiie MOPCKOH [0oBepxilocTid (0ObsicHeHHE B TeKCTe)

Puc. 3. [lpocTpaHCTBEHHO-YaCTOTHBIN  (QHABTP, BOCCTAHABJWBAMOMMHA  CIHEKTPHl YK/JOHOB
mopckoit nosepxHocTd (ky — uacrora Haiiksucra)

4. BhiuncasieM CIeKTp MoAesabHOro Haobpaxenus S(k) u dopmupyem
N

BocCTadaBauBawumuii omepatop W  KakK INPOCTPAHCTBEHHO-YACTOTHbIN
¢uibTp BHAA

W(k) = &: G (K)/S (k), (15)

rae ~3G(K) — cneXTp MOAEABHOTO MO YKJAJHOB VY,.:(X, v). Bax mno-
Jy4yeHHOro (iAJALTpa MOKa3aH Ha pHC. 3, TAe CBeT/bie Yy4acTKil COOTBET-
CTBYIOT MPOCTPAHCTBEHHO-YACTOTHBIM 0OJaCTAM [POMYCKAHHsS, a TeMHble
YUaCTKH — 00.,1aCTAM MOLABJIEHHS KOMIOHEHT CIeKTpa H300paxeHus (/b
tpom W (k).

[Tpumep BoCCTaHOBJEHHA npocTpaHcTBeHHbIX cnekTpos MIT no onu-
CaHHOM MeTOAHKe MpUBEAEH Ha pHC. 4, TAe MOKa3aHo, yTo @, O— u3obpa-
xenust yuactkoB MII pasmepom 256256 M2, moaydyeHHble MpH COJiHed-
HOM OCRE!IEHHH 'MapaMeTPsl YCAOBviH moJyueHds nzobpaxeHui: O, =30%,

H=100) u xMV=xP=128wu y'=128m, y=—128 m); 8, 2--
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cneKTpsl u3oCpaxenuit S (K); e, o —- BoccTaHaB/AMBAKOULHEe (PUIBTPH
W (K), moayyeHdble U3 (HALTPA. MOKA3aHHOTO HA pHC. 3, NMOBOPOTAMH
Ha yraw 0 =19°, 6@ = — 19°, paccudranusie no dopmyae (12); 0, 3—

BoCCTaHOBJeHHEIe N0 dopmynae (8) cmextpsl ykaoHOB MII @y (k), n=1,
2; u — cnextp BozBbiwenuit MIT W (k), BoccranoBIeHHbIH N0 Gopmyae (9).
Tam xe Ha puc. 4, k¥ nokasaH BuJ crnekTpa Bo3suiwenuit ¥ (k), mosyuen-
Helit, npu WM = const, T.-e. npu npeHeOpexeHHWH HEJIMHEHAHBIMH COCTAB-
JAAIOUUMH 10Js spkKocTu. Ha pHcyHke OTueT/MBO BHJAHO, UTO OTOPACHIBd-
HHe HeJHHE{HBIX Y/JEHOB pPAa3/OXeHHs MOJAsf SPKOCTH no ykJoHam MII
NPUBOAUT K 3aMETHbIM HCKaxeHMsM (OpMbl crnekTpa Bo3BbileHHH MIL.
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Takim 05pas3oM, Nperso:Kernas MeTOLHKaA [103BO/isieT BOCCTAHABJIH-
8aTh AByMepHble MPOCTPAHCTBEHHbE CHEKTPLI go3pbiwennit MIT mo H30-
GparceHnsiM, MOJYYEHHLIM B yCJIOBHAX HeJHHEAHOH MOAYJSLHY MOJd Ap-
koctd ykaonamu MIL. [lns mpaKTHYECKOro HCIIOJb30BAHHS METOLHUKH Iie-
o5XoaMMa JHlib HHGOpMalHs O napamerpax ycsosuit  GOpMHPOBAHHA
[1300paskeHiil, KOTOpbi¢ JEerko MOryT ObiTb H3MepeHbl B MpoLecce HATyp-
HOTO JKCIIePHMEHTA.

[IpuBencHHbIE pe3y/bTaThl A€MOHCTPHPYIOT Ha MOJe bHBIX H300paxe-
HUsIX BO3MOMKHOCTb BOCCTAHOBJEHHS — ABYMEpHbLIX CIIEKTPOB BO3BbIILEHHI
MII. [lis SKCrepHMeHTa/bHOH TMPOBEPKH aJeKBaTHOCTH MPeAJIOZKEHHOr0
MeTOLa HEeODXOLHMO COMOCTaBJeHHe BOCCTAHOBJEHHBIX 3THM  METOAOM
ciektpoB MII ¢ pesy/bTaTaMH, NOJy4EHHBIMH APYTHMH METOJAAaMH H3Mepe-
HHsS CIEKTPOB BOJIHEHHs, Hampumep ¢ AaHHBIMH KOHTAKTHBIX H3MepeHHH
n crepeoporocbeMku MII. MeTOAHKA TAKOrO COMOCTaBJeHHs H oGcyxies
HEsl TOJYYeHHBIX pe3y/abTaTOB COCTaBJAET npeimeT oraesabHOH mMyOJH-

KalHH.

—

.Bouayp B. T.//OnTHKO-MeTeOPOJOrHIeCKHe HCC/IelOBAHHS 3€MHOMH aTMochepH.
Hosocu6upek: Hayka, 1987. C. 217—230. .

Stilwell J. D.//J. Geophys. Res. 1969. V. 74. P. 1974—1986. .

Monaldo F. M, KasevichR. S.//J. Phys. Oceanogr. 1981, V. 11. P. 272—283.

Tutos B. H.//Use. AH CCCP. Cep. ®AO. 1982. T. 18. Ne 2. C. 215—216.
Jdyuunun A T://H3B AH CCCP. Cep. ®AO. 1984. T. 20. C. 331—334.

Jciynﬂ; E. A, Ilapkos E. A.//ViccnenoBanye 3eman u3 Kocmoca, 1986. T. 2.
. 68—76. .

.Jdynan E. A.//Mccrenosaiue 3eman u3 kocmoca. 1988. T. 3. C. 31—35.
"Boabmakos A. H, Bypaworos B. M., Fponckuii C. A, KyXp#aB-

nes E. H.//HccaepoBanne 3eMan H3 KocMoca. 1988. Ne 5. C. 11—18.
9.Chapman R. D, Irani G. B.//Appl. Opt. 1981. V. 20. Ne 20. P. 3645—3652.

10. 3yes B. E, KaGanos M. B. TlepeHoc ONTHYECKHX CHIHAJOB B 3eMHO#l aTMO-

coepe. JI.: Tuapomereousnar. 1978. ;
11. Bops M, Boasd 3. Ochosn ontukH. M.: Hayka, 1973. 719 c.
12 OnTuka okeana/Hon pex. A. C. MonuHa, B. M. Kamenkesmia. M.: Hayka, 1983.

371 c.
13. Plass G. N, Kattawar G. W, Humphreys T. J.//J. Geophys. Research.

1985. V. 20. Ne 102. P. 3347—3351.

14. Ty nmen JIx. CraTHcTauecKas onTHka. M.: Mup, 1988. 528 c.

15. Benmgar Ox. ITupcoa A Tpuk/IafHON aHAIH3 caydaiiibix NaHEBX, M. Mup,.
1989. 540-c.

16. Okeanoaorus @uHKa OKeaHd. T. 1. Tumpodusnka okeana/Tlon pea. A. C.
Monnusa. M.: Hayka, 1978. 455 c.

17. Apxeunenko H. U, Bornayp B. T, Mypuuuu A B.//I1epenoc n306paKeHnit
B semmofi arMocdepe. Tomck: THIL CO AH CCCP. 1988. C. 134—138.

18. MTasunau WU H, JlomaTyXHH J. U, Poxkos B. A. Berposoe BOJIHEHHE
B MupoBom okeare. JL.: Tuppomereonszar, 1985. 256 c.

19. Janxuon ., Mepcepo P. lluppoBas 06pa6OTKAa MHOTOMEpHEIX CHTHAJOB.
M.: Mup, 1988. 488 c.

20. Pokrowski G. 1.//Phys. Z. 1929. V. 30. P. 697—700.

21. Hopkinson R. G Measurement of sky luminance d
J. Opt. Soc. Amer. 1954. V. 44. Ne 6. P. 455—459.

99 MeToa Monre-Kapio B 3ajadax atmocdeproft ontnkH/Tlox pea. I'. 1. Mapuyka.
Hosocu6upck: Hayka, 1973.

LlenTpanbHBIH Hayqﬂo-ﬂccnenoaawenbcxnﬁ
uncrutyT «KoMera», Mocksa

N DU W

istribution at Stockholm.//

TMoctynuia B pelaKUHIO
17 asrycra 1990 r.

V. G. Bondur. A, B. Murynin. Restoration of Surface Waves Spectra fromr
the Spectra of Images with the Account for Nonlinear Modulation of the Bright-

ness Field. ]

The field of the atmosphere-ocean interface brightness is analyzed for the case
of nonlinear transfer functions relating the slopes and brightness of the sea surface:
elements. A technique for determining spectra of the sea surface elevations is
discussed. Also the techniques for calculating spatial frequency filters efficient
in restoration of the surface waves slopes spectra is developed. An analytical
expression providing for determination of the brightness gradients orientations at
given conditions of illumination is derived.
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