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BAJIMJIALUS] METOJIA CITYTHUKOBOIi PAJIMOJIOKALIMOHHON MHOT'OYTJIOBOW
TUATHOCTUKHN HE®TSIHBIX 3ATPA3HEHWI MOPCKOI MOBEPXHOCTH

Ipennoxena METOANKA BalUIALNK METO/A CIlyTHUKOBOH PaMOIOKALIMOHHON MHOTOYTJIOBOI ANArHOCTHKY HE(TSHBIX 3arps3He-
HHUH MOPCKOH MOBEPXHOCTH ITyTE€M COIIOCTaBJICHHUS PaJHOJOKALMOHHBIX OLICHOK MAcChl M TONIIMHBI HE()TAHON IUICHKH C Pe3yabTaTaMu
MO/ICITMPOBaHHsl, OJIy4EHHBIMH C HCIIOJB30BaHUEM HOBOM Mojenu pacrekanust Hedpru FOTS (Floating Object Tracking System). {nst Banu-
JALMH METO/la NCIIOIb30BaHbl AKCIICPUMCHTAIBHBIC PE3yIbTaThl 30HUPOBAHKS akBaTOpuy Kacmniickoro Mopst B paiioHe HeyTIHOro MecTo-
poxaenns «Hedrsupre Kamau» npu momory paguonokaropa ¢ cuHte3snpoBanHoii aneprypoii (PCA) MIC3 Envisat-1. Mogens FOTS nosso-
JIIeT PacCUUTBIBATh JMHAMUKY JBMKCHUSI U M3MEHEHHE MacChl U pa3Mepa HeTAHOro ISTHA, OCHOBBIBASCh HA JAHHBIX CITyTHUKOBBIX H3Me-
peHuii 1 aTMocepHoro peaHanusa. Moenb yYUTHIBAET OCHOBHBIEC IIPOLECCHI, BIMSIONINE Ha ()OPMHPOBAHHE ISITHA (TPABUTALOHHOE Pac-
TEKaHHE, aJBEKIIMOHHbII TEPEHOC, IUCIEPIUPOBAHNE, IMYJIbIHPOBAHKE, TypOYICHTHOE MepeMeIINBaHNE U HCTapeHue). [IpuMeHeHne 1ot
MO/IEIIH TI03BOJIMJIO ONPEJENISATh PACYETHBIM [IyTEM W3MEHEHHE TOJIIIMHBI M AMHAMUKY JBHKEHUs HE(TSIHOTO MsTHA B MEPUOJ MEXIY pa-
JIMOJIOKALMOHHBIMK CheMKaMu 31oro paiona (0,5+4 cyr), oueHnBaTh 00BEMBI Pa3INTOl Ha MECTOPOXAeHHH HeTH. OTMEUEHO COBIIa/IeHIE
PACCUMTAHHOM 110 JaHHBIM Pa/JONOKAMOHHBIX U3MEPEHHUHN TONIMHBI HETSHON IUIEHKH M Pe3yJIbTaTOB MOJCIUPOBAHNSI, YTO TIOATBEPIK/Ia-
eT JIOCTOBEPHOCTH MeTo/a. Pabora BrimonHeHa B pamkax npoekrta 11140 ¢ ESA (European Space Agency) u npu monepxke denepanbHoit
Lenesoit [Iporpammsl 1.2 «MccneoBaHie TEXHOJIOTHH MOHUTOPHHTA M IPOTHO3MPOBAHHS SKOJIOTHYECKOT0 COCTOSHHUSI BOIHOM CPEIbl MOp-
ckoro mwenbga: Cornamenne 14.604.21.0044 ¢ MurO6pHayku P®y». Un. 6. Tabxn. 1. bubmumorp.: 36 Ha3s.

KuaioueBbie cioBa: Envisat-1, paauonokaTop ¢ CHHTE3MPOBaHHON amepTypoil, 00paboTKa paaroOKAMOHHBIX H300pPaXKEHUIA,

MOJICTMPOBaHNE pacTekaHus He(TH, anpTuMerpus, Hedrsausie Kaman, Kacrimiickoe mope.

PaguonokanoHHpIle a3pOKOCMHYECKUE Me-
TOJIBI TPAIUIIIOHHO UCHOIB3YIOTCS IS ONepaTHBHO-
r0 MOHHMTOPHMHIA HEOJHOPOJHOCTEH IOBEPXHOCTH
MupoBOro okeaHa, CBSI3aHHBIX C IPOIECCAMH B3aHMO-
JIEHCTBUS B CHCTEME «OKeaH—aTMochepa» W pasiu-
BOM Ha MOBEPXHOCTH MOBEPXHOCTHO-aKTHBHBIX BE-
miectB (ITAB). Haubomnee yacto B mMOCIEIHUE TOJBI
HaOJIFOTAaI0TCSl TEXHOTCHHBIE M TPHPOHBIE PAa3JIUBBI
He(TH U HEPTEIPOAYKTOB, YTO HAHOCUT 3HAYUTECIIh-
HBIA YPOH OKeaHCKOW ¢uiope u (hayHe, OCOOCHHO B
aBapUAHBIX CUTyarusx. it MX OOHApYXKCHUS U TH-
arHOCTHKU pa3paboTaHbl MHOrodacToTHeie [1-4] u
OJIHOYACTOTHBIE [5—7] paauoIOKaIlMOHHBIE METOJBI.
[TockonpKy B HacTosIee BpeMs JOCTYIHBI TaHHEIC
TOJIBKO OJHOYAaCTOTHBIX CHYTHHUKOBBIX pPaJUOJIOKa-
IIHOHHBIX CHCTEM, a Ha OJrKaMIIue rofasl IIaHupy-
eTCsI 3aIyCK WX MOAU(HUIIMPOBAHHBIX aHAJIOTOB (Ha-
npumep, cryTHHKoB ESA cepuu Sentinel), To ocoGyro
BaXXHOCTh IpHOOpeTaeT pazpaboTka METOJOB, HC-
MOJIB3YIOIIUX JTaHHBIC TIOOOHBIX CHCTEM.

OCHOBHBIM HEOOCTATKOM OAHOYAaCTOTHBIX
METOJIOB SIBIIICTCSI HEBO3MOXKHOCTh OTIHUYUTH HE]-
TSHBIC CIIUKH OT BBITJIAXKUBAHUA MOPCKOH IMOBEPXHO-
CTH, BBI3BAaHHBIX HEOIHOPOIHOCTSIMH BETPOBOTO IIO-
JIs1, IPOSIBJICHUEM BHYTPEHHHX BOJIH, 30H aIIBEJUTHHTA
u np. [losToOMy OJHOYACTOTHBIC METOJBI HCIIONB3Y-
I0TCS JTMOO COBMECTHO C ONTHYECKUMH, PaTHOMET-
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PHYECKUMH METOJaMU WIH JPYTUMU JAHHBIMH, MO-
3BOJISIIONUMHU CYJIUTh O TpUpoae cimka [6, 8, 9],
00 UCIIONB3YIOTCS JaHHbIE IOCIE0BATEIbHBIX
OJTHOYACTOTHBIX ChEMOK OJHOTO Y4acTKa 3arpsi3HeH-
HOHM IOBEPXHOCTHU I0J] Pa3sHbIMU YIiIaMHu (MHOTOYT-
noBoit Metog (MYM) [10, 11]). Tak kak cheMka y4a-
CTKa CIyTHUKOBBIM PCA MOXeT MpOBOJUTHCS TOJb-
KO Ha MOCJIEAYIONIMX BUTKAX, TO MHTEPBAI MEXIY
CbEMKaM{ B 3aBUCHMOCTH OT HallpaBJICHHUS II0JIeTa
CIyTHHKa (Ha BOCXOJMSINEM MM HUCXOJSIIEM BHT-
Kax) ¥ MPEeABAPUTEIHHOTO 3aKa3a Ha CHEMKY MOJKET
MenaTees ot 0,5 1o 4 cytok u Gonee. [loatomy He-
00XoaUMBIM 37eMeHTOM MVYM sBIsSieTCSI TOYHBIH
MpoTHO3 (MOAETH) N3MECHEHHS ITapaMeTpOB HEPTIHO-
ro mATHa (00BeMa, ero (opMBl W HAIpaBICHHUS pac-
MPOCTPAaHEHUs) B MPOMEXYTKaX MEXIY CITyTHHKO-
BBIMU CheMKaMH. [Ipu 3TOM OLEHKH, IOJy4eHHbIE
PaIroJIOKAMOHHBIM METOJIOM, U MOJIEJIbHBIE pacye-
TBI MOTYT JONOJIHATH JIPYT JIpyra, yBeJWYuBas B3a-
UMHYIO JJOCTOBEPHOCTb.

Paspabotan psax mopmeneii (Hampumep, [12—
15]), y4uThIBarOIIMX HaWOOJIeEe BaXKHBIC IMPOIECCHI,
BIMSIOIIME HAa JMHAMHUKY pacTekaHus HedTd 1o
MOPCKOIl MOBEpPXHOCTH (TIEpeMElIeHe MO JeHcT-
BHEM TEYECHHH M BETpa, TPaBUTAIMOHHOE pacTeKa-
HHME, aJIBEKLHOHHBIH IEepeHoC, IUCIIePrUpOBaHuUE,
ucnapeHue, TypOyJIeHTHOE NepeMEelIMBaHue U JIp.).
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BonbuimHCTBO MOenel UCOb3yeT B CBOEH OCHOBE
TpeXMepHbIe TUAPOJUHAMUYECKHE MOJETU pa3iud-
HOH CIOXKHOCTH, B paMKaX KOTOPBIX pe3yJbTaThl
pacdeToB BO MHOTOM 3aBHUCSAT OT TOYHOCTH PacdeTOB
aTMocepHBIX Mozieniel (TTOTOKOB TeIuia, BJIard U T. 1)
1 OOJIBILIOrO KOJMYECTBA UCIIOIb3YEMBIX MTapaMeTpH-
3anuii. B maHHO# pabore mpezsaraercst MCIOIb30-
BaTh HOBYI0 Mogmens FOTS, kortopas Oasmpyercs
TOJIFKO Ha MMEIOIINXCS JaHHBIX CITyTHHKOBBIX M3Me-
peHuit M aTMOC(EepHOro peaHann3a U MOXET OBITh
MCIIOJIb30BaHA TAKXKe W JUIs J000# Apyrol akeBaro-
pun MupoBoro oxeana. Banunanus Monenu B pam-
Kax OIEHOK IMapaMeTpoB pPa3IuToil HedTH ¢ mOMo-
mpi0 MYM BbllIONIHEHA MO pe3ysbTaTaM aHalu3a
PaAUOJIOKAIIMOHHBIX CHUMKOB B aKBATOPUU MECTO-
poxnenus Heprsapie Kaman B Kacrimiickom Mope.

1. Onucanue meroga MYM. OcHOBOH Me-
Tona MVYM sBisieTcss TeOpUsl paccesiHUsl paJuOBOIH
MOPCKOI TOBEPXHOCTHIO B IPUCYTCTBHH IUIeHOK I1AB
KoHeuHOW TonmuHbl [16, 17]. IloBeimenue pocto-
BEPHOCTH Pagro(PU3NMIECKUX OLIECHOK MeTogoM MYM
JIOCTUTaeTcs IMyTeM ONTHMH3ALMHU YHCIa IapaMer-
POB, BIUSIOIIMX Ha KOHEYHBIH pe3ynbTaT. st 3Toro
B KadyecTBE H3MEpsSEeMOW BEIWYMHBI IPH OIICHKE
TOJIIMHBI TIOBEPXHOCTHBIX HE(TSIHBIX IUICHOK WC-
MOJIB3YETCs] 3HAYCHUE PATUOIOKAIIOHHOTO KOHTpac-
Ta (Janee — paAMoOKOHTPACTA) 3arPsA3HEHHOHN MOBEPX-
HOCTH, OIpPEIENIeMOro KaK OTHOIICHWE MOITHOCTEH
CUTHAJIOB, MPUHUMAECMBIX PaJUOJIOKATOPOM OT 3a-
TPSA3HEHHBIX HE(THIO M UYUCTHIX YYaCTKOB MOPCKOM
MOBEPXHOCTH. DTO IO3BOJISIET MPHU MAJBIX BPEeMEHaX
cnytHuKoBo# cbeMkH (10...20 ¢) cunrars craOuib-
HBIMHU KaK IapaMeTphl almapaTypbl H XapakTep JBU-
KEHUS CIYTHUKA-HOCHUTENA, TaK U COCTOSHHE MOp-
CKOM TIOBEPXHOCTH M aTMOC(EpHI B Mpeenax uccie-
qyemoi akBaropud. Ilpu sToM M3MepeHue paguo-
KOHTPAacTOB HCKIIIOYAaeT U3 PACCMOTPEHUS YIJIOBYIO
3aBHCUMOCTH (OPMBI AMArpaMMBbl HalpaBICHHOCTH
npueMornepenaronieii anreHHsl PCA U oTpaxeHHOTO
OT MOpsl CUTHaNa, MOCKOJbKY BEJIMYMHA CUTHANA,
MPUHUMAEMOTO OT YHUCTON M 3arps3HEHHON MOPCKOi
MTOBEPXHOCTH, OTIPENEeNICTCS TPH OJNHAKOBOM YTJE
30HAMPOBaHUS 6.

B ucnone3yemoii Teopun paccesiHus paauo-
BOJIH MOPCKOM MOBEPXHOCTBIO TEOPETUUECKUI paauo-
KOHTpAcCT B 00111eM city4ae sBiseTcs QyHKuueH nitu
apaMeTpPoB, XapaKTepPU3YIOLIUX IJICHKY: aKTHB-

HOCTH (YIPYTOCTH) p, TOJNIIUHBL N, MOBEPXHOCTHOTO
HAaTSDKEHUd o,

BA3KOCTH VvV, H IUIOTHOCTH O,

(Dreop(P Ny, vy, py)). Tlpn Hanuumn  noctaTodHo
0OJIBIIOr0 MaccHBa SKCICPUMEHTATIBHBIX 3HAYCHHI

PamTOKOHTPACTOB MPHUHIMIHAJIBHO BO3MOXKHO CO-
CTaBUTb IIATh HC3aBUCUMBIX ypaBHeHI/Iﬁ

DTCOp(p’h’a’VH’pH): Daxcn(p!hvalvu!pﬂ) u  pe-

OMTh MX OTHOCHUTCIBHO BCEX OTUX MNaApaMETpPOB.
B CJ1y4a€ 30HAUPOBAHUSA aKBATOPHUHU MECTOPOKIACHUA
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Hedrsanbie Kamuu, 1uis koTopoii mapameTpsl pasiu-
TOM I10 TIOBEPXHOCTH HEPTH (BS3KOCTB, IOBEPXHOCT-
HOE HATSHKEHHE M IUIOTHOCTB) yXXE H3BECTHBI, IS
OTIPEZICTICHUsI OCTAIBHBIX ABYX HEM3BECTHBIX Iapa-
MeTpOB (aKTHBHOCTH P WM TONIIHHBEI h) mocTaTouHo
COCTaBUTH TOJNBKO J1Ba ypaBHeHus. Hampumep, ¢ uc-
MOJTG30BAHMEM JAaHHBIX CITYTHHKOBOW cheMkn PCA
CaHTHMETPOBOTO JHalla30Ha Ha MOCIEAYIONINX BHT-
Kax, T. €. IP1 30HIUPOBAHUN OJHOI TOUKU HETSIHO-
O [ITHA [OA yriaaMu 6 u 6,:

DTeop (k(61), p, hy) =Dy (K(6L), P, 1Y),
DTeop(k(HZ)l P, h2) :Dakcn(k(QZ)! P, hZ)’
k =2kgsiné, h, =h, — Ah,

rae K u Ke — BOHOBBIC YHCIIa, COOTBETCTBEHHO, IMO-
BEPXHOCTHOI MOPCKOI1 BOJIHBI U Pa/IMOBOJIHEI.

W3menenue tonuuubl wieHku Ah B (1), BbI-
3BaHHOE BJIMSHHEM pa3JIMYHBIX BHYTPEHHUX H
BHEUTHUX (PM3MYECKHUX MPOLIECCOB 33 NEPHOJ MEXIY
ChEMKaMH, MOXET OBIThb OINpPENENICHO MOJEIHPOBa-
HHMEM 3THX TPOIECCOB U HUCIIOJIB30BAHO VISl BEpU(H-
Karuu Metoga MYM.

2. Moneanr pacrexkanuss Heptu FOTS.
Pazpaborannas momems FOTS oTHOCHTCS K Kitaccy Mo-
nenei ,,0il spill particle-tracking” (samprmep, [13-15]),
B KOTOPBHIX HE(TAHOE MATHO pasbuBaercs Ha K dac-
THII, IMEIOITUX (GOpMY HUITHHAPA TOMIIHHOM h, cooT-
BETCTBYIOIIEH HAualbHOM TOMIMHE MATHA, O0BEM

Vi, =V/k u pamuyc r,= WM /(zh). Tockombky mox

BIMSHUEM PAa3IUYHBIX MPOIECCOB CO BpPEMEHEM
TOJIIMHA LWINHIPOB OYAET YMEHBIIATHCS, PAIHYCHI
YBEIMYIHMBATHCA, a MOJIOXKEHHE H3MEHSITHCS, TO CyM-
MapHas IDIOIIaab IATHA OyNeT pacTu u OyIeT m3Mme-
HATBCA ero Gopma.

VlcxonHbIMI JaHHBIMH IS MOJEITHPOBaHUS
M3MEHEHHsT (OPMBI M TOJIIUHBI HE(TSHOTO ISATHA
SBJISIIOTCS: Macca pasziauTod Hedtu M, THm Hedrw,
HavyallbHOE COCTOSIHME HedTH (CBeKas WM BbIBET-
peHHas, TMOoJBEepriasics JEHCTBUIO METEOYCIIOBHIA),
pexuM paziauBa He(TH (MMILYJIBCHBIM, HENpephIB-
Helit); matel u Bpems (UTC) Hauanma u koHia oopa-
0OTKM; KOOpPAMHATHI NCTOYHHMKA (MCTOYHHWKOB) pas-
muBa. B mporecce pacdeToB M3 OTKPHITHIX apXHBOB
CKauMBAIOTCSl PETMOHANBHBIC WM TJI0OAIbHBIC (B
3aBUCHMOCTH OT 33JaHHBIX MApaMETPOB PETHOHA)
KapThl aHOMAaJIMH YPOBHS MOPSI MIIM KapThl abCOIIOT-
HOH JMHAMWUYECKOW Tororpaduy, NOIydYeHHBIE II0
JaHHBIM CIYTHHKOBOHN anbTuMeTpuu [18], KapThl
TeMIIepaTypbl TOBEpXHOCTH Mop4 [19] u kapThl cKo-
pocTell BETPOB MO JaHHBIM TJI00ATBHOW MO- JeTH
NCEP [20], u Ha OCHOBE 3THUX HAHHBIX MMPOBOIUTCS
MOJICTUPOBAHHE.

Bcero B monenu wucmons3yercs TpU THIA
HedTu: nerkas, cpenHss u Tsoxenas. OT Tuna HeTH

1)

3aBUCAT €€ Ha4daJlbHBIC MapaMeTp: VvV, — KHHCMaTH-

YecKasl BI3KOCTb, MZ/C; P, — IIOTHOCTb, KF/M3; €max —
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HPOLICHT JeTy4eil ppaxiun; emul,,, — MAaKCUMaJIbHO

BO3MOXKHBII TIPOLIEHT SMYJIBTHPOBAaHHOH HedTH;
koHCTaHTBl Cj, C,, UCTONB3YIOMIMECS IPH pacueTe
ucnapenus Hedtu (Tabi.). KOHCTaHTBI ObUIH B3STHI U3
aHaNM3a JJaHHBIX, PEACTaBIEHHBIX B [21].

[pu 3amycke Mozeny Ha KaXJIOM mare o0-
PabOTKH YYUTHIBAIKCH CICIYIOIIUE MPOIECCHI: Ipa-
BUTAIIMOHHOE pacTeKaHWEe HE(TH, aJBEKIUA Teue-
HUSIMH U TOPHU30HTaJbHAs TypOYJIEHTHOCTbh, UCIApe-
HUE, TUCIIEPTUPOBAHNE, SMYIBTUPOBAHIE.

[Tapamerps! HedTH

Tum Ve 10* | pu | Emax | €MUlpy | Cy C,
Jlerkast 0,05 [850]|0,35| 0,001 | 2,4 | 0,045
Cpennsist 0,2 [900]0,25| 0,05 1,5 | 0,045
Tspxenas 5 950| 0,05 | 0,25 | 0,12 | 0,002

Ipasumayuonnoe  pacmexanue  Hegpmu.

B 3aBucumMocTH OT B3aMMOJEHCTBHSI TPABUTAIOH-
HBIX, UHEPIIMOHHBIX, BSI3KUAX CHJI M CHJI TIOBEPXHOCT-
HOTO HATSHKCHHS MPOIECC PACTEKaHUS HE(TIHOTO
MSITHA TI0 MOPCKOW MOBEPXHOCTH JIEUTCS Ha 3 (as3bl
(pexuMa): TpaBUTAIMOHHO-MHEPIIMOHHBIHN, TpaBUTAa-
IUOHHO-BS3KHIA M PEKUM MOBEPXHOCTHOTO HATSIKE-
Hus [22-24].

Ha xaxxgom mare ob6pabotku At ompezens-
eTCsl BpeMs CYIIECTBOBaHUS HE(PTSAHOrO MATHA
t=Atn+At (n+1) (rme n=0..N, N — gucio maros)
W COOTHOCHTCS C BpeMEHaMH Iepexo]ia U3 TpaBHUTa-
IIMOHHO-UHEPIIMOHHOTO peXUMa pacTeKaHusi HePTH

B TPaBUTALIMOHHO-BSI3KOCTHBIHA pexum i, u u3 rpa-
BUTAIMOHHO-BSI3KOI'O PEKUMA B PEKUM MOBEPXHOCT-

HOro HaTsDKeHMs {,s:

t12 = 2,61 3 L,
Agv, @
3v2a
t23: 0,8077u,

a
. 3.

rae V- o0beM paznutoit HeptH, My A = ( . — P )/ Py

(P4, Py — IIOTHOCTH BOABI ¥ HE()TU COOTBETCTBEHHO,

KI/M°); § — YCKOpeHHEe CBOGOIHOTO MameHHs, M/c’;

V, — KHHEMaTU4eCKasa BA3KOCTH BOJbI, M2/C )

O =04y — Oy_py — Oy, — KOIOOUIUCHTH TTOBEPX-
HOCTHOTO HAaTSDKEHMsI (CyMMapHBIH, BOJa—BO3IyX,
He(Th—BO3/LyX U He()Th—BOJA COOTBETCTBEHHO), KI/c’.
3areM, B 3aBUCHUMOCTH OT peXHMa pacTeKa-
HUs [STHA, ¢ BHYTpeHHuM miarom Ot =1 ¢ paccuu-
TBIBACTCS IUIOLIA]b NATHA 4 1 ee m3MeHeHue dA:

— JUId TPaBUTAIMOHHO-UHECPIMOHHOI'O pEeXKUMa.

AI‘I/I = Klt\/\T, dAFH = Kl\/\Tdt,
rae K =1374/Ag;

— IJIs TPAaBUTALIMOHHO-BA3KOI'0 peXKUMa:

©)
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A = KotV dA L = (KV 231 24t) dt, )

roe K, = 217% gA AV
— JUISL pEXKUMa IOBEPXHOCTHOTO HATSKEHUSL:

A, =Kqt3'? dA, = (3Kt /2)dt,

rae Ky =267 wlazl(pzv) .

Tlocne sroro PacCYUTBHIBACTCA U3MCHCHUE TOJIHUHBI
INICHKHU

Vv
A A+dA

B 3aBUCUMOCTHU OT THUIIA pa3J'II/IBa 3a1acTCA
pasHoe HavajbHOE BPEMs CYILLECTBOBaHM IATHA 1

®)

dh (6)

U OIpeJeNsieTcsl pa3Has HadaslbHas TONIIMHA HedTs-
HOM IIeHKU hy:

— NpU MCHOBEHHOM pasnuge ceediceli Hegmu Ha-
YajJbHOE BpeMs CYyLIECTBOBaHMsA IATHA ty 3amaercs
paBHBIM l,. Ilpu 3TOM HauanbHas IJIOIAb ISITHA
A, paccuuTbIBaeTcs Ha BpeMms fj, mo dopmyie (2), a

HaJalbHas TONIIMHA N, ompexensercss u3 (2) mpH
A, =V /hy xak
hy = \/\7/(K1t12); O

— NpU MCHOBEHHOM PA3IUBE 8bIGEMPEHHOU Heg-
mu Ha4daubHOe BpeMs t; 3amaerTcs paBHBIM 1,3, Ha-

YajbHas IUIOIAAb A, paccuUUThIBAaeTCS HAa BpeMs lyg
no Gopmyne (2), a TommumHa h, ompenenstercs n3 (2)
npu Ay =V /hy xak

hy =3V /(Kyyftzs). ®)

Jis pexxuma BBIBETPEHHOW He(DTH UCHapeHue 3aja-
€TCSI PaBHBIM HYITIO.

— Npu NOCMOAHHOM pA3iu6e HAYAIBHOE BpeMsl
JUISL KaXXAOW HOBOM BBIMYUIEHHONM YacTHIIBI PaBHO
ty=0c. [Jlamee mms Kakmoil 9YacTHIBI pacTeKaHHE
pacCUYUTHIBAETCS B 3aBUCUMOCTH OT MPOXKUTOTO 4Yac-
TULIEH BPEMEHH.

Aosexyusi Hegpmu meuenusimu. JIBHKCHHE
HE(TSIHOTO TSATHA MOJ JICHCTBHEM TCUYCHUI 3aBUCHUT
OT TIOJTHOM CKOPOCTH TE€YEHUM, KOTOPOE ONpPEaeIsieT-
cs1 Kak CyMMa reocTpouueckux u Apei(OBBIX CKO-
pocTeit TeueHuit:

V =V, +V,. (9)

Hoist pacuera reoctpoduyeckux ckopocteit Vg

N0 JaHHBIM CITYTHHKOBOM aJbTHMETPUH HCIOJB30-
BAIIMCH PETYJISAPHBIE JAHHBIE 00 aHOMAJIWHM YPOBHS
Mopst (SLA), momydeHHbIe O BIAOJBTPEKOBBIM JaH-
HbIM COBPEMEHHBIX CIYTHHKOBBIX aJIbTUMETPUYE-
ckux  muccumii  (Jason-1, Jason-2,  Envisat,
Topex/Poseidon, GFO). Tlpu co3nanun MacCHBOB B
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HCXOJHbIC aJbTUMETPUYECKUE JIaHHbIE ObUIN BBEjIe-
HBI TIONPaBKH Ha OIIMOKH M3MEPEHUsI OPOUTHI CITyT-
HUKa, KOPPEKIMH HAa WHCTPYMEHTAJIbHBIC OIINOKH,
Ha BO3MYIIEHUS 3a CUYET BIAXXHOW Tpomocgepsl, Cy-
xoit Tpomocepsl, HoHOCPEepHBIX IPdexToB [25].
st nepexoja OT aHOMaJMil YpOBHS K IOJHOW IUHA-
MH9ecKoil Tomorpaduu HeOOXOIUMO OBLIO K TOJSIM
SLA npnbaBuTh moJIe cpemHel TMHAMUYECKO# ToIo-
rpadun (MDT), onpeneneHHOe Kak KIMMaTHIECKOE
noJie ypoBHs aist Kacnuiickoro Mopsi, KOTOpPOE IMoJTy-
YEHO Ha OCHOBE Pe3yJbTAaTOB MOJAEIMPOBAHUS C YC-
BOEHHEM TUAPOJIOTHYECKUX JIAaHHBIX [26]:

h=MDT + SLA.

[lo rpagueHtram auHaMH4ecKoi Tomorpaduu ObLIH
paccuMTaHbl KapThl CKOPOCTEH TIe0CTPO(UUECKUX
TEYECHUIA:

Vy=——, (10)

Honrora, °

)

3neck h — yposenb mopst; Ug, V, — reoctpoduue-

g
CKHE CKOPOCTH; § — YCKOpPEHHE CBOOOIHOTO Ma/ICHHUS;
f — mapamerp Kopuosnca.

HpelipoBas komnoHenra TeueHuil V, Oblia

napaMeTpU30BaHa MO JAHHBIM H3MEpeHHd npudre-
POB, aJbTUMETPOB H BeTpa B pabote [27]. Hdpeiido-
Bas KOMIIOHCHTAa TEYCHUH ONpeAesiiach Kak
V, =0,028V,,e"/*® rme V,, — ckopocts Betpa; T. €.
CKOpPOCTh JIpCH(OBBIX TCUYCHUH HA IMOBEPXHOCTH
cocrarisiia 2,8 % oT CKOpOCTH BETpa, a Yroj MoBO-
pOTa MOBEPXHOCTHBIX T€UEeHUH cocTaBui 13° Bpaso.
Tlepemenienre Kaka0i YacTHIBI TIOJ JIEUCTBHEM
TEUYEHHUH PacCUNTHIBAIOCH CTAHJAPTHBIM METOIOM IO
cxeme Pynre—KyTrsl.

[IprMeps! TOCTpOCHUST KapT CKOPOCTH TPH-
TOBEPXHOCTHOTO BETPa M IOJIHOM IMOBEPXHOCTHOM
CKOpPOCTH TE€UCHHUS TIPUBEACHEI Ha puc. 1.

0,25
0,2
0,15 Q
o
=
g
7
01 £
0,05

Hoarora, °

0)

Puc. 1. IIpumMepsl MOCTPOCHHBIX KapT CKOPOCTH BeTpa (a) M MoJHOW ckopoctH TedeHus (0) B Kacnmiickom mMope Ha 09.09.2004 18-00 UTC.
KBaapaTtom yka3saH paiion mectopoxaerus Hedrsusie Kamun. OTTeHKkaMu ceporo Isera ykasaHa CKOPOCTb B M/C, a CTPENIKaMH €€ Harpas-

JICHUC

Topusonmanenas  mypoynenmuocme. Jjs
y4era TypOYJIEHTHBIX IBUKEHUH Ha KaKIOM ILare
BPEMEHHM YACTHILE 3aJA€TCsA JOINOJHUTEIBHOE Nepe-
Mmemienue dl, mpornopuuoHanEHOE CKOPOCTH YaCTHIBL:

dl = PK,dL. (11)

3nece P — cnyuaiinas Benuunna (ot 0 mo 1); 3Ha-
yenue Kr=0,1 sBisercs anairoroMm kodduuneHty
TYpOyJIeHTHOW Tropu3oHTaNBHOM muddy3nm; dL —
nepeMenieHre YacTHIbI Ha JaHHOM Iare.
Hucnepcusi. B npouecce aucriepcun HedTh
TypOyJIEHTHBIM IIepeMEIINBAHUEM WIIM OOpyIIeHnEM
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BETPOBBIX BOJIH Pa30MBACTCS HA KAIUIH Pa3IUYHOTO
pa3mepa (ot 1 1o 500 MkM), 4acTh U3 KOTOPBIX Iepe-
HOCHUTCSI B DNIyOWHY >KUAKOCTH. Karumy, omynieHHbIe
Ha TIIyOMHY, MOTYT BEPHYTHCS B IIEHKY. [I0CKONBKY
CKOpPOCTh Kallelb Ha TMOBEPXHOCTH BHINIE, YeM Ha
HEKOTOpOW TiyOMHE, TO IHWCIIEPTHPOBAHHAS YacTb
HedTH OymeT oTcTaBaTh, a HEKOTOpas YacTh Oe3-
BO3BPATHO TepAThCA. s pacdera gucrepcud HeQTH
UCTIONB3YyeTCs ITapaMeTpHu3anus, NpeAIoKCHHAs B
pabote [28]. CunraeTcs, YTO AUCTEPCHSI POUCKOIUT
B OCHOBHOM H3-33 00pymicHuit BoH. Macca nucrep-
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rupylomeit HepTH IS KaKAOro pa3mepa Karesb
OTIpEIeIIACTCST TAKUM 00pa3oM:

s 0,57
Qq = iceAtC B, Ry A, fisp-

3aech [l

(12)
— TIOTIPaBOYHBIA KO3 HIMeHT Ha Jef
(fiee =1, ecmu nex orcyrersyer [29]; C* - smmmpuye-

CKasi KOHCTaHTa BOBJeueHus, ompeneinsemas [30, 31]
KaK

C* =exp(-0,1023In(v, )+ 7,575),
ecau v, < 0,132:107° m%/c;
C* = exp(~18927In(v, )+16,313),
ecn v, >0,132:107° m/c;
Ey, — sHeprus auccunanuu BoJIH Ha €IMHUILY 00beMa,
E, = 0,0034p6gH§; 3gecs Hp — Bbicota o6pymaro-

muxcq BoaH, Hp, =15xH, H, = 0,0248><W2— 3Ha-
yrMasi BbicoTa BOJIH; W — CKOpOCTh BETpa Ha BBICOTE
10 M, M/c, F,—NpOLEHT NOBEPXHOCTH, IOKPHITOI

F, =3x107°W3%;

A, — IPOLIEHT TOBEPXHOCTH, MOKPBITBHIH HEPTHIO;

OOpYIIAIONIMMHUCS ~ BOJIHAMH

fdisp — pacapeacyieHue Karicejib He(l)TI/I o pasMepam.

CoracHo [28] 0oHO MOXKET OBITH AIIPOKCHMHUPOBAHO
dimax

Kak figy = I d®’Ad. Jus pacuera pacrpenesneHue
dimin

Kareiab MO pasMepy pa3OUBaoCh HA WHTEPBAIIBI

Ad = (0 — dmin)/lO. Maxcumanbubii d,,, ¥ MH-

HUMaNbHBIH O, pa3Mep Kalenb OIpEeAessIIcs KaK
-0,4 640,34
Amax =3400E7" (v, x10°)™",
-0,4 60,34
dmin =500E™" (v, x10°)™".
3neck E — sHeprus auccumanuy BOJH HA €IUHUILY
o0beMa, I[)K/Msc; E=5,0x10° [32].
Hurerpupys Qg 1o BceM KiaccaM paszMe-
POB KaIlelib, MOJIy4aeM CyMMapHOE KOJIMYECTBO JIHC-
neprupymouied HeQTn de. JHanee, cuutanock, 4ToO

HEeKOTOpas  4YacThb  JAWCHeprupyromeid  HedrH
Quossp = PBO3BPQ§ BO3BpAIlaeTCd B ILIEHKY
(P, =0,9) u paBHO CyMMapHOMY TMpPOLEHTY Ka-

BO3Bp

nenb ¢ pazmepom Oomee 10 mxm [15]. OcranbHas
4acTb O€3BO3BpaTHO Tepstachk. KosmyecTBo qucnep-
THpyolmero oobeMa KakIOH YacTHIBI 3aJaBajloch
CIIydaifHBIM 00pa3oM Tak, 4TOOBl CyMMapHBIA IS

BCEX JICTIEPTUPYIONIMX YacTHIl 00beM 6buT paBen QF .

VIMeHHO MO3TOMY TONIIMHA MJICHKH HA KapTax Hed-
TAHBIX ISATE€H HEOoAHOpojaHa. [Ipum 3TOM CKOpOCTb
YacTUI] YMEHBIIATACh MPONOPLUUOHAIBEHO KOJINYECT-
BY BEpPHYBIIMXCS B IUIEHKY IUCIIEPTUPYIOIIMX yac-
THIl, TaK KaK OHM TOOBIBaNM Ha TIIyOWHE, IIe CKO-
POCTh TEUECHUII MEHBILIE.
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Omynveuposanue.  DMYyIbTHUPOBAaHHE  ITO
npolecc 3axBaTa BOJAbI HE(PTHIO C 00pa3oBaHHEM
HeTIHOI >Mynbcun. OOpa3oBaHHE SMYIIBCHH 3Ha-
YHUTEJILHO BJIMSET HA CBOWCTBA HE(THU — BSI3KOCTh W
IUIOTHOCTD. J[Jis Kaxaoro Tuma HeTH CYIIECTBYET
MaKCHMAlIbHO BO3MOXHBIA TPOLECHT COJEPIKAHUS
Boxsl B Hedptum emul, . Jlms pacuera kommduecTBa

BOJIbI B He()TH nctosb3yercs Gpopmyia u3 padbotst [33]

I w2a—— ), (13)

dt emul .y
rae Y — koau4uecTBo BoAbl B HehTH; Ko =1,5><10_6.
KonnuectBo Bons! B HehTH paBHO My, =YM.

Hcnapenue. Ha xonuyectBo HedpTH Ha 1O-
BEPXHOCTH BOJABI 3HAUUTEIBHO BIIMSAET MPOLECC HUC-
napeHus. CyIIecTBYIOT MaKCHUMajbHO BO3MOXHOE
KOJIMYECTBO HMCHAPEHHOW He(TH, paBHOE IPOLEHTY
nerydeil ¢paknuu e, . Mcnapenue paccuuThiBa-

JIOCh 110 U3BECTHOM hopmyie u3 padotsl [33]
t
fo=(C+ CZT)In(E}

3mece f, — XommdecTBo wWcmapeHHOH HedTH;

(14)

C,, C, — xoHCcTaHTHI; T — Temmeparypa.

TemmepaTtypa MOBEPXHOCTH OIPEAEISIACH
Ha OCHOBE MacCuBa JAHHBIX, HOIyYCHHOTO U3 KOM-
OMHHPOBAHHBIX CITyTHHUKOBBIX M3MEpEHHH TeMmIepa-
TYpbl B MHUKPOBOJHOBOM M HH(paKpacHOM aWaraszo-
Hax. [IpocTpaHCTBEHHOE pa3pelleHHUe JaHHBIX COCTaB-
nsiet 0,25°, BpemeHHOe — 1 1eHb.

[Tocne psma mpeoOpa3zoBaHMid TIOTy4aeM,
YTO NPOLEHT MCIAapeHHOW JeTydei (pakuuu HedTH
E 3amar BpemeHnu At paseH

Eq =Co /K, In(e"e’Fo 1 KAL), (15)

rae K, =1/60; Ey— npoueHT HedTH, HCIIApEeHHOI 3a
IpeabI YN
o Ko

100
MOTEPSIHHON M3-3a MCTIApPEHHS 3a IMar 110 BPEMEHH,
paBHo M, = Me,,,Ef. CymmapHas moTtepst Maccel

mrar 110 BPEMCHH,

(C,+C,T). Torma konmuecTBO Macchl,

Me PacCUUTHIBACTCA KaK CyMMa 3a Ka)KHLIﬁ mar

BpPEMEHH.

Hsmenenue nromnocmu u 63K0cmu Heghmu.
CocraB He()TH U €€ (HU3NUECKHe CBOWCTBA MEHSIIOTCS
U3-32 MPOLIECCOB HCIAPEHUsI, IMYJbralud H T. 1.
[TockodbKy 3MyNBrHpOBaHHAS HE(Th COCTOUT U3
BOJIBI U HE(ITH, TO TUIOTHOCTh HE(PTH PACCUUTHIBACT-
Csl Ha KaXJIOM Ir1are mo opmyJie

1-My) My
Pu = M Put M Ps:
BSI3KOCTh TakKe CUUTAETCS Ha KaXAOM IMIare Iio
dhopmyie

(16)



A. A. Mameees u dp. / Banudayus memooa cnymuuKogoll...

le(MWO/M)
1_Cm2(MW0/M)

Vin =| Vuo EXp

a7
1M
10 M,

3aecs M — macca Hedty; v, My, M., My— Ha-

x| exp|

JajbHas BSA3KOCTh He(DTH, Macca BOABI B HeQTH (B
pe3yipTate 3MYyJIbIHPOBaHUs), Macca HCIApEHHOMN
He()TH M HayalbHas Macca He(TH, COOTBETCTBCHHO,
Ha JaHHOM Iiare, koHcrantsl C,, =2,5; C, =0,65.

Kax Bunno u3 (17), mepBbIii COMHOXXHTEIH B
BBIPQKEHUH YUYUTHIBACT BIUSHHUE IMYIbCHUMUKAIIH
Ha Bsi3kocTh He(Tu [31], a BTOpOH CBSI3aH C 3aBUCH-
MOCTBIO BS3KOCTHU OT UCTIapeHUst HeTH.

B KoHIE KaJgoro Imara Mo BpeMEHH pac-
CUUTHIBAETCS CyMMapHOE U3MEHEHHE 00beMa TUICHKH
U3-3a NPOLIECCOB BHITCKaHWS HE(TH M3 HMCTOYHHKA
(TIepBBIii UJIeH) U MPOIECCOB «BBIBETPUBAHUSI» — UC-
HapeHusl, JUCIEePCUM M 3SMYJIbTUPOBaHUS (BTOPOM
qJICH):
av_dvs  dv,

dt dt dt
Janee paccuuThIBaeTCS CyMMapHOE H3MEHEHHE TOJI-
IIMHBI [UIEHKH U3-3a TIPOLECCOB BhITeKaHus Hedtu hy,

(18)

ee pactekanus h, (cMm. Gopmyiy(6)) u 3a cyer ucna-

peHus, TUCHEePCHU U APYTHX mpoueccoB hy (cM. dop-
mysr (11)-(17)):

3. Pe3yabTaThl 00pafoTKH PaanoIoKaNM-
onHbIX u3oopaxenmii (PJIM) u MoaesmpoBaHus.
O6pabomka PJIU. TIpoBeeHHbIH ¢ TOMOIIBI0 0N-ling
karanmora EOLISA [34] mHoronernmii anamu3 PJIN,
MPUTOAHBIX I IpoBepku MVYM, moarsepau, 4To
HanOoJiee KOHTPACTHO M 4acTO He(TsSHBIE 3arps3He-
HUS HaOJIONAIOTCSd B aKBaTOPUH MECTOPOKACHHS
Hedrsanpie Kaman B Kacnmiickom mope. B pamkax
npoekra C1P.11140 ¢ ESA ¢ momomrsto on-line kara-
nora EOLISA 6butn 3aka3aHbl U NOJIYYEHBI CEPHH M3
4-5 mocnemoBaTeNFHO CHATHIX B 3TOM palioHe (C WH-
TtepBasioM 0,5+4 cyr mnpm yrmax 30HIUPOBAHUA
6= 15+40°) PJIX PCA Envisat-1 pa3usix jieT ¢ pas-
pemienreM 150 m (ASA_WSM_1P).

PaccMoTpuM 0ocoOGeHHOCTH 00pabOTKM Ha
npumepe ananusa mapel PJIV, casteix 09.09.04 r.
B 18-35UTS ma Bocxomsimem Butke (puc.2,a) u
10.09.04 r. B 06-46 UTS Ha HucxomsimeM BuTKe (prc. 2, 6)
¢ UHTEpBajoM ~12 u.

O6paboTka n300pakeHw (KannOpoBKa, IMo-
BOPOT, CEUEHUS IO psSAaM, COBMEIICHHE KOHTPOJIb-
HBIX TOYEK ISl U3MEPEHHUSI PaJMOKOHTPACTOB) MPO-
BOJMJIACH C IIOMOIIBIO CTaHJAPTHOW HPOrPaMMEI
NEST 4B-1.0 [35] mo cnenyrouieii metoauke. Paguo-
KOHTPACThl OINpEIeSUINCh KaK pa3HHLA 3HAYEeHUI
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s dexTuBHbIX nOBepxHOcTel paccesHus (OI1P)
3arpsi3HEHHON HEe(THIO U YMCTOW MOPCKOW IOBEpX-
HOCTH TP OAMHAKOBBIX YIJax 30HAWPOBAHUS.
st 3TOTO OpUrHHANBHBIE N300pakeHUs peodpaso-
BeIBanuCh nporpammoit NEST 4B-1.0 B uzoOpakeHus
¢ mBectHOW DIIP B kaxkmom mmkcerne (kamuOpoBa-
JIUCB).

0)

Puc. 2. CoBmerenusie pparmentsl PJIN pa3nuBoB HedTH B aKBa-
topun Mecropoxaenuss Hedrsueie Kamuu B Kacmmiickom mope,
nosny4erHsie ¢ nomorpto PCA Envisat-1 (ASA-WSM-1P, nossipu-
3arus BB) ¢ paspemennem 150 m (© ESA). Crpenkamu 1, 2 yxa-
3aHbl 00JIACTH aHAIN3a

CedeHre 1O psAy B TaKOM KaTHOpPOBaHHOM
M300paKEHUM JIaeT OJHOBPEMEHHO 3HaueHust OIIP
Mopsi 1 HepTH B nenmbOenax IpH OJMHAKOBOM YTiie
30HIUpoBaHuA. [ yMeHbIIEHUs OIIMOKK H3Mepe-
Huit OIIP nmpoBoAMIIOCH yCpeJHEHHE 3HAueHUH Io
COCETHMM IHKCEISIM TpeX psloB (yCpeaHEHHE II0
cTpoke) W ¢wibTpauus (yCpeaHEHHE 10 PALY).
[TomyyeHHBIE BEMUYHUHBI PaAHOKOHTPACTOB HCIIOJb-
30BAHCH /IS pacdeTa TONIIMH IUIEHKH 10 (op-
myne (1). OmpeneneHre TOMIIUH MPOBOIMIOCH Kak
10 JTAHHBIM KaXXIIOW CHEMKH (TIPH 3TOM BBHIOHMPAIICH
pa3HBIe TOYKH HE(TSHOTO IISITHA), TAK U CHEMOK 3a
nBa nHA. [IpuMepsl ceueHui Mo psiny KaauOpoBaH-
HbeIX PJIM MOpCKO#l MOBEPXHOCTH AJIS OIPEIEICHUS
PaAMOKOHTPACTOB M PE3YIbTaThl PACUETOB TOJIIHHEI
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IUICHKH B COBMAJAIOMIMX 10 muKcens (75 M) Toukax
n300pakeHU IPUBEIECHBI Ha puUC. 3.

VcepenHeHHbIe 3HaUEHUs

Al

I’ 'l4| - ©uIBTPOBAHHBIE 3HAYCHUS
{Vec) /

kst ol Sl i Y

=20 ‘.“","'H‘-{. LB (]] k IF‘.“"".""'-‘."-\"""\H*"'.‘
i " | g AT

Wi dome bty

-30
YcepenHeHHble 3HaUCHUS
2 -10 _ DuibTPOBAHHBIC 3HAYCHUS |
Folenminyiny! , etk med A
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™ —20 1{. . ":;f‘\‘ _.'f..‘]v_".' \ Jl'
Gl AL nill \\‘ .’I ¥
-30
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-4
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5
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" 0,=29,218°
0,0246 0,025 0,0254 0,0258
TonmmuHa IeHKH, CM
B)

Puc. 3. Ilpumep obpadorku PJIM PCA Envisat-1: a) u 6) — 3ua-
yennst DIIP MOpPCKOW TOBEPXHOCTH B COOTBETCTBYIOLIMX Psiaax
kamOpoBanHbeix PJIM 09.09.04 1. u 10.09.04 r.; B)— pacyerHas
TOJIIMHA TUICHKU (KUPHAs JIMHUS) VIS SKCIIEPUMEHTAIIbHBIX 3Ha-
YEHUIl PaJMOKOHTPACTOB, MOJIY4YEHHBIX U3 a) 1 0)

PacueTs! TOMMMUH HEPTIHON TUIGHKH TTPOBO-
mumck o gopmynam (1) mrs Gonpmoro msTHa 1
(obmactp 1, puc.2) m mis mamoro msatHa 2 (00-
macts 2, puc. 2). Kak mokazanu pacyersl, ycpeaHeH-
Has 1O IUlomanu HepTIHOro mATHA | TONIIMHA
IUICHKH Ha KaxkxaoM u3 PJIM cocraBuna 0,25 MM, a
s nsatHa 2 — 0,1 M.

Jlnst oueHKM 00BEMOB pa3uTol HedTH ObLIa
ompezeneHa ¢ nomouiplo nporpammel NEST 4B-1.0
wiomaabk HeQTIHBIX msaTeH (puc. 4). OnpenencHue
miomaan IMmATEH IMPOBOAWJIOCH IO OpPUIMHAJIbHBIM
M300pakeHMSIM IJIST UCKITFOUCHUST BO3MOJKHBIX OIITH-
00K, BO3HHKAMOIIUX IIPH IOBOPOTE H300paKEeHUIA.
Kak moka3zanu oneHKH, Ionia s OONBIIOTO MATHA Ha
IBYX TTOCIICIOBATEIBHBIX PAJHOIIOKAIIHOHHBIX CHAM-
Kax OTJIMYaeTcs He3HAYNTeIbHO (IIPUMEpPHO Ha
~2,3 kM°) 1 coctaBmsier mpumepHo 120 kM (prc. 4, a),
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Tor;a 00beM HedTH paBeH: V=S§h=
=123,426-10° M*0,25-107° m = 30 500 M°, a Bec Hed-
™ P mnpu mnorHocth p=0,9 /™M®  cocraBut
P =Vp =27 450 T. CoOTBETCTBEHHO, MPH IUIOIAIN

Manoro mstHa 2 S = 4,673 km? (puc. 4, 6) 0GbeM pas-
muroii  meptm paen  V=467,3M°, a Bec
P=Vp=420,6r.

Comaune Mask Aces - [1] geo.. IRES

Hurrser of Mast pesis: 274
235 2

0.5 a2
e prel areac (e
M pol antat [EE

Moo et racua: CI07

o

Compute Mask Area - [1] geo... EEESS|

Humbar of Mask poosis: BE0

Mask area: 4.673 | km~2
Mean pixel area: 0.005 | km*2
Minimum pivel area: 0.005 | km*~2

Maxcmum pocel area: 0.006 | bm~2

Mean earfh radius:

6)

Puc. 4. Onpezernenue mwiomany HEYTIHOTO MSATHA C MOMOLIBIO
nporpammsl NEST 4B-1.0 no PJIN 10.09.04 r.: a) — ms1 Gospioro
nsaTHa 1; 6) — Ui Masioro mstHa 2

Mooenuposanue Ounamuxku 3azcpA3HeHUs.
MonenupoBaHui0 TIPEANIECTBOBAN  MIPEABAPUTEIB-
HBII aHaM3 QOPMBI MSITHA W MacChl Pa3jMTON Hed-
TH, a TaKXE CEHCMHYCCKUX W IOTOJHBIX YCIOBHUH B
UCCIIElyeMOM paiioHe A0 PaJuOJOKALMOHHBIX Che-
MOK W B MPOMEXKYTKE MEXIy HUMH. J[aHHBIC paano-
JIOKAITUOHHBIX OICHOK (DOPMBI M MACCHI ISTCH HEPTH
MOKa3ajid, YTO MOJETUPOBAHME MOXHO HPOBOJHUTH
pa3menbHO s OONBIIOTO U MaJoTo KOJIMYECTBa pas-
nuToi HedTH, a UMEHHO UIs OONBIIOTO M MAJIOTO
ATeH (CM. pHC. 2, CTPENKH | U 2 COOTBETCTBEHHO).

Jis mepBoro cirydasi MOJICIIIPOBaHIE MO3BO-
JSIeT yKa3aTh Ha BO3MOXKHBIC TIEPBOTIPIYMHBI TIOSBIIC-



A. A. Mameees u dp. / Banudayus memooa cnymuuKogoll...

HUS B aKBaTOPMU Takoro OobIIOro odbema HedhTH
(V ~ 30000 M3). CornacHo ma"HHeIM HamumonansHOro
MH(OPMAIIMOHHOTO  LIEHTpa M0  3eMJIETPSCEHHSIM
(NEIC) reonornueckoii cmyx6br CIHA (USGS), B
akBatopuu Kacnuiickoro mopst mepex mnepBoil pa-
JIMOJIOKAIMOHHOM ChEMKOW OBUIN 3aperucTpUpOBaHEI
Tpu 3emuerpscenus: 08.09.04r. B 16-16 UTC wmar-
wurynoit 3,8, B 20-22 UTC — wmaruurymnoit 3,7 u B
22-20 UTC — marautyznoit 4,7. Ilostomy ObIIO cre-
JIAHO TIPEATION0KEHHE, YTO TAaKUE MOCIEAOBATEIBHBIE
TOTYKH COBMECTHO C TEPEUYHCICHHBIMU BBIIIE IIPO-
[[eccaMy PaclpoCTPaHEHHsT HE(TH MO MOBEPXHOCTH
BIIOJIHE MOTJIM C(OPMHUPOBATH K MOMEHTY IIE€PBOH
palMOIOKalIMOHHON CHEMKH IIITHO C M3MEPEHHBIMU
napamerpamu. Hanbosee BEpOSTHBIMH MecTaMH pas-
JMBa SABJSAIOTCS 00JacTh OypeHHsi He(TSHBIX CKBa-
JKUH, KoTopble BUIHBI Ha PJIM kak sipkue TOUKH B
KOHIIe OenbIX JMHHMA — miaTdopM OYypOBBIX BBIIIEK,

40,4f
g 403
o
a
=
=

40,2

50,7 50,8 50,9
Honrora, °
a)

OOBEIMHEHHBIX B O3CTakaxy He(dTeao0bIBAIOLIETro
KOMILJIEKCa.

Onwmpasich Ha 3TH COOOpaXkeHHs, OBLIO TIPO-
BEJICHO MOJCITUPOBAHUS TUHAMHKH pacTeKaHUS Hed-
TSHOTO IATHA 1, HaYalmo MOJEIUPOBAHHUS KOTOPOTO
MPUBS3aHO K Havally celicMuuecKkoi akTuBHOcTU. Ha
pucC. 5 IOKa3aHBl TPACKTOPUH LIECHTPOB MAaCC YaCTHII,
BEINTYIICHHBIX OIHOBPEMEHHO ©3 50 HCTOYHHUKOB,
KOTOpbIE€ PAaBHOMEPHO PpAaCIpENeleHbl BIOJIb IITPH-
XOBOW JIMHWH, TIOKa3aHHOW Ha puc. 5. Bpems Havana
pasnuBa COOTBETCTBYET BPEMEHH MEPBOTO 3EMIIETPSI-
CeHUsI, a KOHEYHOE BpeMs — BpEMEHHU BTOPOH pajano-
JIOKAITMOHHOUW CHEMKH, T. €. OOIINI UHTEPBA aHAIH-
3a ¢ 16-20UTC 08.09.04r. mo 06-28UTC
10.09.04 r. IIpu 3TOM OBIT BHIOpaH «CPEAHUI THII
HE(PTH», XaPAKTEPUCTHKH KOTOPOTO COOTBETCTBYIOT
TUIMYHBIM XapaKTePUCTUKAM HE(TH B 3TOM paioHe
Kacnuiickoro mopst [36].
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50,8
JHounrora, °©
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Puc. 5. Pesynbratel MogenupoBanus (a) pacnpocrpaneHus 6onbiroro matHa 1 (em. puc. 2) u ¢parment (6) PJIM PCA Envisat-1 10.09.04 r.
JInnus Havalia MOASIMPOBAHMS TTOKa3aHa IITPUXOBOH HHEH. KOHIIBI TpaeKTOPHI IGHTPOB MAcC YacTHUIl TOKa3aHbl KpecTaMU

Kaxk BuaHO u3 puc. 5, a, cHauana HeTh JBU-
rajmach Ha ror 1o 05-00 UTC 09.09.04 r. nox npeicr-
BHEM JpEU(OBBIX TEYEHWH, BBI3BAHHBIX CEBEPO-
BOCTOYHBIM BeTpoM. [lociie aToro BeTep MeHseT cBoe
HaIlpaBJICHUE HA I0r0-BOCTOYHOE, U IATHO JABHXKETCS
Ha ceBep. [Ipu 3TOM I0XKHBIH Kpail cMemaercs K ce-
Bepy ropaszio ciadee, 4eM CeBepHBII Kpail miTHa u3-
3a HeomHopomHocTH Betpa (cMm. puc. 1). CeBepHbIit
Kpail lepeMeIaeTcsi Ha CeBepo-3arnaj, a 3aTeM IOBO-
pauuBaeT BIIPaBO Ha CEBEPO-BOCTOK, YTO COIJIACYET-
Csl C TepeMEIlCHHEM TpaHUIbl HEeQTSHOrO IATHA,
OIpe/IeIsIEMbIM T10 TOCIIEI0BATENLHBIMU  PaIUOJIO-
Kal[MOHHBIMU CHUMKaMH. Takas TpaeKkTopus CBsi3aHa
B NEPBYIO OYepelb C M3MCHCHHEM HAaNpaBJICHUS |
CKOpOCTH BeTpa. Berpbl ocnabeBaiu U Bpanaauch Ha
3amaj B KOHIE pacyera, YTO M BBI3BAJIO MOBOPOT B
IBIKCHHHU TsiTHA. OTMETHM, YTO CKOPOCTH BETpa B
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MHTEpBaJe MEXIY paIvoJIOKAIIMOHHBIMH ChEMKaMH
Oputn HeBbICOKH — 3+5 m/c. ['eocTpoduueckue cko-
POCTH HE MEHSUIM CBOETO HalpaBlieHUs, ObUIN HeBe-
nuku ~0,05 M/c 1 HanpaBJIeHBI Ha IOT0-BOCTOK.

Tak e, Kak W Ui OONBLIOrO MATHA 1, MOXK-
HO NPOMOJEIHMPOBATh W MOSBICHUE MAaJOro ISATHA
HedTH 2 (cM. puc. 2). Ha puc. 2, a 3T0 msaTHO HabmrO-
JaeTcsi co cabbIM KOHTPACTOM JaXkKe ¢ M3MEHEHHBIM
IUHaMu4uecKuM auamasonom PJIM. Drto cBsa3ano ¢
TEM, 4TO HPU ChEMKE IISITHO HaXOAMJIOCH B JajbHEi
30H¢ moiockl o003opa PCA (yrom HaGmoAeHUS
6 ~40°). TlockosbKy He(TSIHOW pa3nMB HaOIIONACT-
cs1 Ha 06oux PJIU, To MBI IPeAIIOIOKHITH, YTO, KaK H
B Cciiydae pasnmmBa Gonbmrioro mstHa 1 (cM. pwuc. 2),
BO3MOXXHBIM HCTOYHHUKOM Da3JiMBa TaKXe SBISIETCS
cepust 3emierpsicenuit 08.09.04 r. MonenupoBanue
MMITY/IbCHOTO pasnuBa Hedtn o6beMom V ~ 610 M° ¢
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22-20 UTC 08.09.04 r. (MOMEHTa MOCIICAHErO 3EM-
JerpsiceHuns1) moxaszano (puc. 6, B, kpuBas 1), yTo Ha
MOMEHT BTOPOH PaJHOJIOKAIIMOHHONH CHEMKH HE(PTh
MOXeT uMeTh 00beM V ~ 460 M° W pasmuthes 10

tommmuel h = 0,09 MM, 9T0 XOpoOIIO coryacyercs ¢
paarooOKaMoOHHbEIMA  onenkamu  (V ~ 467,3 M
h = 0,10 mm). IIpu MOIETUPOBAHKUH TIPEIIONATAIOCE,
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YTO UCTOYHHKOM 3arpsA3HEHUS SIBISUICS palioH Oypo-
BOH BBIIKKH ¢ KoopauHatamum  40,283°c.i.,
50,743°s.1. (Ha puc. 6, 6 ykasan crpenkoii). Tpaek-
TOPHUU TIEPEMEICHUSI IEHTPOB MACC YaCTHII, BBIIMY-
[MIEHHBIX W3 TOYKA C OTUMH KOODPJIMHATAMH

(puc. 6, a), xopomo coriacyrorcs ¢ (opmoit PJIN,
TIPUBEICHHOTO Ha puc. 6, 0.

0)
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3 — BeIBETpUBaHUE
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Puc. 6. Pe3ynpraThl MOAEIHPOBAHKS MAJIOTO IATHA 2 (CM. PHC. 2): a, 0) — COBMEIICHHBIC ¢ KOOPIMHATHON CETKOW TPACKTOPHU HEPEMEICHHUS
LEHTPOB Macc 4acTUIl MsiTHa (crutomiHas uHmst) U parment PJIM PCA Envisat-1 10.09.04 r. (puc. 2) COOTBETCTBEHHO; B) — BPEMEHHAs
3aBHCHMOCTb M3MEHEHHs TOJIIMHBI MAJIOTO IATHA; MECTO MPEAIOIAaracMoro pasinBa He(TH yKa3aHO CTPENIKOH; BEPTHKAIbHBIMU IITPHXO-

BBIMH JINHUSIMUA OTMEUECHO BpeMs 1-if 1 2-1i paIMOIOKAIOHHBIX ChEMOK

Ha puc. 6, B mokazaHbl BpeMeHHas H3MEH-
YMBOCTh TOJNIIMHBI HE(QTAHOTO MSATHA W BKIAIOB
MPOLECCOB PacTeKaHHWsd W BbiBeTpuBaHMA. LlTpuxo-
BBIMH JIMHUSIMH Ha 3TOM Tpa(uke OTMEYEHO BpPEMs
1-it u 2-ii paIMOTIOKAIIMOHHBIX CheMOK. [l WLTIOCT-
panuM JanpHeHmeidl SBONIIOLUU TONIIUHBI IUICHKU
pacyer ObUT MPOJOIDKEH emle Ha CyTKH. llpencras-
JICHHBIE Ha pHC. 6, B 3aBUCUMOCTH Ba)XKHBI JUIsl TIOHU-
MaHUsl Pa3IMYMid B OLIEHKAX TOJIIMHBI HE(TIHOM
IUICHKH pa3MyHbBIMM  aBTopamu [4, 6, 7]. Panuo-
JIOKaLlMOHHBIE M3MEPEHHs, MOATBEPKACHHBIE MOJE-
JUPOBAHUEM, MOKA3aJM, 9TO YK€ uepe3 32 9 mocie
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pasnmuBa  HedTH oObemMom V ~610M° Tommmua
IUICHKH cocTaBisieT He Oonee 100 MkM, a eine depes
cyTkH — nopsanaka 40 mxM. B Hamem ciyyae Mopaenu-
pOBaHHE TOKAa3ajo, YTO BO3MOXKHO ele Oosiee ObI-
CTpO€ YMEHBIICHHE TONIIMHBI IUICHKH (pwuc. 6, B,
KpuBas 1), CBA3aHHOE C YCHIIEHHEM CKOPOCTH BETpa
no 10+15wm/c B konue 10.09.04 r. Ilox nelictBuem
IITOPMOBBIX BETPOB Macca M, CJIEIOBATEIBHO, TOJ-
[IFHA TUIEHKH PE3KO yYMEHbBINAETCS, B TEPBYIO Oue-
pelb, TTOJT BIMSHUEM AUCTIEPTHPOBAHIA. JTO WINTIOCT-
pUpYyIOT KpuBBIE 2, 3 Ha puc. 6, B, ITOKa3bIBAIOIIUE
BKJIQJ] YKAa3aHHBIX ITIPOLECCOB B YMEHBIICHHE CYM-
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MapHO# TOJUIMHBI IUIeHKH. Takum oOpaszoM, mpu
M3MEPEHUSIX TOJIIMHBI HEQTSHON IUIEHKH CYILIECT-
BEHHOE 3HA4YCHHE HMMEET BpPEMs 3aJCpPKKH H3Mepe-
HUH 10 OTHOLIEHMIO K Hayajly pa3iauBa. A MOCKOJIbKY
paIMoIOKAMOHHBIE W APYTUE CIIyTHUKOBBIE HM3Me-
peHust He(TSIHBIX 3arpsI3HEHUH NPOBOISTCS TONBKO
MO 3aKa3, TO Yallle BCET0 HAa MOPCKOI MOBEPXHOCTH
PETHCTPUPYIOTCS TOIBKO TOHKUE IICHKHU (TOJIIMHON
40 MxM U MeHee).

BeiBoabl. Banuaaius MHOrOyrioBoro paauo-
JIOKAIIMOHHOTO METOZa W3MEpPEeHWi o0bema U TOJl-
MIMHBL HE(TSHBIX pa3IMBOB C IIOMOIIBIO BHOBB
NPEII0KEHHOH TUIPOPHU3MIECKOH MOJIENU pacTeKa-
HUS He()TH TOATBEPAMIA TOCTOBEPHOCTH PaaNOIIO-
KaI[HOHHBIX JaHHBIX.

Jnsa Bamupmanuy ObUTH HCIIOJIB30BaHBI J(Ba
PJIN akBatopum HedTenpomeicna Hedrsarsie Kamun
B Kacnuiickom mope, nonyuennsie PCA Envisat-1 ¢
MHTEpBAIOM ~12 4, Ha OCHOBaHMM KOTOPBIX OBLIH
PaIMoJIOKAMOHHEIM METOJIOM PAacCUUTaHBI 00BEM U
TommuuHa HeTaHBIX TATeH. [Ipn 3TOM 00BEM 0OITB-
IIOT0 U MajJoro IMATEH COCTAaBHIIHM, COOTBETCTBEHHO,
V ~30856 M u V ~467,3M°, a tommmna, CcOOT-
BeTcTBeHHO, ~0,25 1 0,1 MM. MopensHble pacyeTs
pacTeKaHusl TAKUX 00beMOB HE(TH, BBITIOJIHCHHBIE B
MEPHO/ MPOBEACHUS PAJANOIOKAIIMOHHBIX CHEMOK C
Y4ETOM CEHCMHMYECKON aKTUBHOCTH, COCTOSIHUSI MOp-
CKOM NMOBEPXHOCTH U MOTOJHBIX YCJIOBHUH, Jalu aHa-
JIOTUYHBIE OLICHKM U IO3BOJWIU CHENaTh BBIBOJ O
TOM, YTO BEPOSITHON NPUYMHON MOSBICHHUS HEPTH Ha
MOBEPXHOCTH B HCCIEIyeMOM pailoHe sBIsieTcs ce-
pusl 3eMIIETPSCEHUI HakaHyHE PpaaHOJIOKallMOHHOM
CBHEMKH.

[IpennoxenHas MoJenb IO3BOJMIA IOCTa-
TOYHO TOYHO ONHCATh BPEMEHHOE IEPEMEIICHUE H
M3MEHEHHE TOJIMHBI He(TsIHOI uieHKH. [TockombKy
MOJIETIb OCHOBAaHA MPEUMYIIECTBEHHO Ha CITyTHHKO-
BBIX JIAHHBIX — H3MEPEHMAX CITyTHUKOBBIX aIbTH-
METPOB M PaJHOMETPOB, TO OHA MOXET OBITh HC-
MOJIb30BaHA JUI pacueTa TPAeKTOPHUH IJIaBAIOLIUX
00BEKTOB M B JIOOBIX APYruX paiioHax MupoBoro
OKeaHa.

MopenbHblli aHAIN3 AMHAMUKU PaCTCKaHUS
HeTH Takke TOKasal, YTO TOJIIUHA HEPTIHOM
IUIEHKH CYIIECTBEHHO 3aBHCHUT OT BPEMEHH 3ama3ibl-
BaHMS PAIHOJIOKALMOHHOTO OIPEJeNICHNs] MapaMeT-
POB IIGHKM OTHOCHTENBHO Hadana pasiuBa. Jlaxe
3a7iepKKka Ha 2-3 CyT NPU CHIBHOM BETPE MOJXKET
NPUBECTH K PACTEKaHUIO HE(THU IO MOBEPXHOCTH JIO
Ou€Hb TOHKHX IUIEHOK, YTO B Pe3yJbTaTe NPUBOAMT K
CIJILHOMY 3aHIKEHHIO OIpEJeNsieMBbIX pPaJHO0JIOKa-
IIMOHHBIM METOZIOM 00BEMOB Pa3IUTON HEPTH.

ITony4ennble pe3yabTaThl okazanu ddpdex-
THBHOCTh KOMIIJIGKCHOTO TNPUMEHEHHS paAHOJIOKa-
IIMOHHBIX ¥ TUAPOGHU3HMUECKUX METOIOB HCCIEIOBa-
HUS HEPTAHBIX 3arPA3HEHUA MOPCKOW TIOBEPXHOCTH.
Takoe KOMOWHHMpOBaHHE IO3BOJMT B JajbHEiIIeM
OoJsiee TOYHO MapaMeTpU30BaTh MPOLECCHI, BIIUSIO-
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e Ha W3MEHEHWs TONIIMHBI U o0beMa He(TSIHBIX
3arpsi3HEHUN Ha MOPCKOM MOBEPXHOCTH.

Pabora BbIIONHEHA B paMKax MPOCKTa
11140 ¢ ESA n npu noxnepxxke denepanproii Lene-
Boit IIporpammbl 1.2 «lccrnenoBanue TEXHOJIOTHU
MOHUTOPHHIA M TPOTHO3UPOBAHUS HKOJOTHUECKOTO
COCTOSIHMSI BOJHOW cpensl Mopckoro menbda: Co-
rnamenue 14.604.21.0044 ¢ MunO6pHayxku Pdy.

Bubmmorpadudeckuii cimcox

1. Evaluation of Oil Film Parameters on the Sea Surface Using
Multifrequency Radar Date / A. G. Boyev, G. E. Karvitsky,
A. Ya. Matveyev, V. N. Tsymbal // Telecommunications and
Radio Engineering. — 1997. - 51, N 8. — P. 4-12.

2. De Mario A. On CFAR Detection of Oil Slicks on the Ocean
Surface by a Multifrequency and/or multipolari-zation SAR /
A. De Mario, G. Ricci, M. Tesauro // Proc. 2001 IEEE Radar
Conf.: report thes. — Atlanta, 2001. — P. 351-355.

3. Paouonokayuonnvie METOABI ¥ CpPEICTBA ONEPATUBHOIO
JUCTAaHIMOHHOI'O 30HAMPOBAHUA Bemnn ¢ AOPOKOCMUYCCKUX
Hocuteneii / A. I'. boes, B. b. Edpumos, B. H. Lipimban u ap. —
K.: HAH VYkpaunsr, 2007. — 439 c.

4. boes A. I PanuonoKaunOHHBIA METOJ OLEHKH HapaMeTpoB
He(TAHBIX 3arpsi3sHeHuid Mopckoi moBepxHoctu / A. I'. boes,
A. 5. Martsees // Uccnen. 3emmu u3 komoca. — 2008. — Ne 5. —
C. 29-36.

5. Gadimova S. Towards the Development of an Operational
Strategy for Oil Spill Detection and Monitoring in the Caspian
Sea Based upon a Technical Evaluation of Satellite SAR
Observations in Southeast Asia / S. Gadimova // Int. Archives
of Photogrammetry and Remote Sensing. — Amsterdam, 2000. —
XXXIII, Part B1. — P. 295-299.

6. Sandven S. Development of Marine Oil Spills/ slicks Satellite
Monitoring System Elements for the Black Sea, Caspian Sea
and Kara/Barents Seas / S. Sandven, V. Kudriavtsev, V. Mali-
novsky // Proc. SEASAR 2008, the 2" Workshop on Advances
SAR Oceanogdaphy from Envisat and ERS Missions. — Rome:
ESA ESPRIN, 2008. — Press_301.

7. Heanos A. I0. OnpeneneHre napaMerpoB He)TAHBIX 3arpsi3He-
HHI 110 JAHHBIM KOCMHYECKOI HOJIﬂpI/I?)aLII/IOHHOfI paanoiioka-
LMOHHOM CheMKU B paiioHe HedrenpombicinoB «HedrsHbie
Kamun» B Kacrimiickom mope / A. O. HBanos, M. 1O. [locto-
BajioB, A. A. Cunesa // Vccnen. 3emin u3 kocmoca. — 2011, —
Ne 5. -C. 31-44.

8. Using Air- and Spaceborne Remote Sensing Data for the
Operational Oil Spill Monitoring of the German North Sea and
Baltic Sea / L. Tufte, O. Trieschmann, S. Hunsanger et al. //
ISPRS Archives. — Vol. XXXV Part B7, 2004. XX" ISPRS
Congress, Technical Commission VII. - Istanbul, 2004. —
P. 1006-1010.

9. Komnnexchulii CIIyTHUKOBBIA MOHHMTOPHHI Mopeil Poccum /
O. 0. JIaBpoBa, A.T. Koctsnoii, C. A. JlebeneB u ap. — M.:
VKU PAH, 2011.-480 c.

10. Cnymnuxosas paguoJIOKallMOHHAsE MHOTOYTJIOBAsl JUArHOCTH-
Ka He(TSHBIX 3arpsi3HeHHi Mopckoii moBepxHocTu / A. I'. Boes,
A. 51. MatBees, 1. M. Berukos, B. H. I{pim6an // Tp. IX Bce-
poccHiicKOi OTKpbITON exeroqHoil koH(pepenuun «CoBpe-
MCHHBIC 1'lp06.]'[eMLI JAUCTAHLIUOHHOI'O 30HAUPOBAHUA Bemin
u3 kocmocay: Te3. 1oki1. / UKW PAH. — M., 2011. — C. 244,

11. CnymHuKoeaﬂ paanoIoOKaquOHHAasE MHOTOYTJIOBAasl TUAarHOCTU-
Ka He(TAHBIX 3arpsa3HeHui Mopckoil mosepxuoctr / A. I'. bo-
eB, JI. M. brrukos, A. 5. Matsees, B. H. Llpim6an // Cospe-
MCHHBIC l'IpOﬁJ'ICMLI JAUCTAHIIMOHHOI'O 30HAMPOBAHUA Semin
u3 kocmoca. — 2013. — 10, Ne 2. - C. 166-172.

12. Kopomenxo K. A. MonenupoBaHue Ipouecca pacIupocTpaHe-
HUS TATeH HedTH B mpHOpexHO# 30He Kacmuiickoro mops /
K. A. Koporenko, P. M. Mameno // Oxeanonorus. — 2001. —
41, Ne 1. — C. 42-52.



A. A. Mameees u dp. / Banudayus memooa cnymuuKogoll...

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Revisions of the ADIOS oil spill model / W. Lehr, R. Jones,
M. Evans et al. // Environment Modelling & Software. — 2002. —
17, Iss. 2. — P. 189-197.

Chen Hai-zhou Mathematical modeling of the oil spill on the sea
and application of the modeling in Daya Bay / Hai-zhou Chen,
Da-ming Li, Xiao Li // J. Hydrodynamics. Ser. B. — 2007. —
19, N 3. - P. 282-291.

Liungman O. Scientific Documentation of Seatrack Web;
physical processes, algorithms and references. Seatrack Web.
Official HELCOM oil drift forecasting system developed and
administrated by SMHI and DAMSA with SINTEF oil
weathering technology included / O. Liungman, J. Mattson. —
Norrkoping. Sweden: 2011. — 32 p.

boes A. I K Teopun pajnoIOKallMOHHOIO KOHTPAcTa MOp-
CKOTr0 BOJIHEHHSA IIPpU HAJIAYUKA IUICHKH ITOBEPXHOCTHO-
akTtuBHoro Bemectsa / A. I'. boes, I'. O. Kapsuukuii // Paguno-
¢u3uka u paguoactponomus. — 1997. — 2, Ne 3. — C. 281-291.
boes A. I'. I'alieHne MOPCKOTO BOJIHEHUS IUIEHKOW MOBEPXHO-
CTHO-aKTHUBHOIO BellecTBa KoHeyHoi TonmumHbl / A. T'. Boes,
H. H. flcauukas // 3B. PAH. ®usnka atmMocdeps! 1 okeaHa. —
2003. -39, Ne 1. — C. 132-141.

Satellite Altimetry Data AVISO [Dxexrpounsiii pecypc]. —
Pexxum mocryma: www/URL: http://.aviso.oceanobs.com. —
3arm. ¢ skpaHa.

Daily High-Resolution- Blended Analyses for Sea Surface
Temperature / R. W. Reynolds, T. M. Smith, C. Liu et al. //
J. Climate. — 2007. — 20, Iss. 22. — P. 5473-5496.

NCEP-DOE AMIP-1I Reanalysis (R-2) / M. Kanamitsu,
W. Ebisuzaki, J. Woolen et al. // Bull. Amer. Meteor. Soc. —
2002. - 83, Iss. 11. — P. 1631-1643.

Weaver W. J. Characteristics of Spilled Oils, Fuels, and
Petrleum Products: 1. Composition and Properties of Selected
Qils. Oil Spill Report / W. J. Weaver. — Athens: Ecosystems
Research Division National Exposure Research Laboratory,
2003.-72p.

Fay J. A. The spread of oil slicks on calm sea / J. A. Fay // Oil
on the sea. — N. Y.: Plenum Press, 1969. — P. 53-63.

Hoult D. P. Oil spreading on the sea / D. P. Hoult // Ann Rev.
Fluid Mech. — 1972. — 4. — P. 341-368.

Monun A. C. SIBnenust Ha oBepxHocTH okeaHa / A. C. MonuH,
B. I1. Kpacuuxuii. — JI.: Tugpomereounsnar, 1985. —376 c.

Fu L.-L. Satellite Altimetry and Earth Sciences. A handbook
of Techniques and Applications. International Geophysics
series / L.-L. Fu, A. Cazenave. — N.Y.: Academic Press,
2001. - Vol. 69. — 463 p.

Ces3onnas W3MEHYNBOCTh KIMMATHUECKMX TeueHwi Kacmuii-
CKOro MOpsi, BOCCTaHOBJICHHasA aCCPIMHJ'IS(LIHefI KIMMaTH4eC-
CKOI1 TEMIIEPATYPhI U COJICHOCTH B MOACIIN MUPKYIISIIIUNA BOJ /
B. B. Kubi, P. A. U6paes, I'. K. Koporaes, H. B. Nntommna /
13B. PAH. ®usuka atmocheps! u okeana. — 2008. — 44, Ne 2. —
C. 251-265.

Kubryakov A. A. Parameterization of the surface wind-driven
currents in the Black Sea using drifters, altimetry, and wind
data / A. A. Kubryakov, S. V. Stanichny // J. Atmosphere and
Oceanography Environment. — 2014.

Delvigne G. A. L. Natural dispersion of oil / G. A. L. Delvigne,
C. E. Sweeney // Oil &Chemical Pollution. — 1988. — 4, N 4. —
P. 281-310.

French-McCay D. P. Oil spill impact modelling: development
and validation / D. P. French-McCay // Environmental Toxi-
cology and Chemistry. — 2004. — 23, Iss. 10. — P. 2441-2456.
Fingas M. F. The Evaporation of QOil Spills: Variation with
Temperature and Correlation with Distillation Data /
M. F. Fingas // Proc. of the Nineteenth Arctic Marine Oil spill
Program Technical Seminar. — Ottawa: Environment Canada,
1996. - P. 27-72.

Schramm L. L. Emulsions Fundamentals and Applications in
the Petroleum Industry / L.L.Schramm. — Washington:
American Chemical Society, 1992. — 428 p.

Berry A. The oil spill model OILTRANS and its application to
the Celtic Sea / A.Berry, T.Dabrowski, K.Lyons //
Marinepollution bulletin. — 2012. — 64, N 11. — P. 2489-2501.

30

33. Oil Spill Processes and Models / D. Mackay, I. Buist, R. Masca-
renhas, S. Patterson. — Ottawa: Environment Canada, 1980. — 86 p.
Earth Observation Catalogue and Ordering Services [Snextpos-
Hblil pecypc]. — Pexum pocryma: www/URL: http://earth.esa.int/
EOLI/EOLi.html. — 3aru. ¢ 3kpana.

ESA SAR Toolbox (NEST) [Dnext-ponnsiit pecype]. — Pexum
nocryma: - www/URL:  http://www.slachgeo.org/2011/09/08/
ESAs-Open-Sourse-NEST-SAR-Toolbox-4B-10-Released. —
3arm. ¢ sKkpaHa.

Cyxanos B. I1. Tlepepabotka HedTH: yueb. / B. I1. CyxaHoB. —
M.: Beici. mik.,1979. - 339 c.

34.

35.

36.

Pyxonuco nocmynuna 16.12.2014.

A. Ya. Matveev, A. A. Kubryakov, A. G. Boev,
D. M. Bychkov, S. A. Velichko, V. K. lvanov,
S. V. Stanichny, V. N. Tsymbal

VALIDATION OF SPACEBORNE RADAR
MULTI-ANGLE METHOD FOR THE SEA
SURFACE OIL POLLUTIONS
DIAGNOSTICS

In the article the validation of the multiangle method for
spaceborne radar diagnostics of oil pollutions on the sea surface
are described. The validation was performed by comparing the
radar estimates of the mass and thickness of the polluted oil film
with the numerical simulation results obtained by the new Floating
Object Tracking System (FOTS) model of oil drift dynamics.
Synthetic aperture radar (SAR) satellite Envisat-1 data of the oil-
producing area “Oil Stones” in the Caspian surveillances were
used for the analysis. FOTS model allows us to calculate the dis-
placement and changing in the mass and size of the oil slick basing
only on available satellite measurements and atmospheric reanaly-
sis data. The model takes into account the main processes impact-
ing on the oil slicks dynamics (gravitational spreading, advection
transport, dispersion, emulsification, turbulent mixing and evapo-
ration). The model allows to calculate the changes in thickness,
and the oil slick displacements in the timeslot between two con-
secutive radar images, and to estimate spilled oil volume. Satisfac-
tory agreement between the oil film thickness that was calculated
by using radar measurements and oil drift model results is ob-
served, which confirms the reliability of the radar multi-angle
method. The work was performed as a part of the project 11140
with European Space Agency (ESA) and was supported by the
Federal Target Program 1.2 “Study on the technology of monitor-
ing and forecasting the water environment ecological state of the
sea shelf: Agreement with the Russian Ministry of Education
14.604.21.0044”.

Key words: Envisat-1, synthetic aperture radar, radar
images, multi-angle method, oil drift model, altimetry, Oil Stones,
the Caspian Sea
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BAJIIJIALIISI METOY CYITY THUKOBOI
PAJIIOJIOKALITHOI BATATOKYTOBOI
JIATHOCTUKU HA®TOBUX 3ABPYJTHEHD
MOPCBHKOI [TOBEPXHI

3anporoHOBaHO METOJAMKY Balifalil METOmy CyIyT-
HUKOBOI pajiojoKaliiHOI 0araTokyToBOi AiarHOCTHKU HA(TOBUX
3a0pyJHEHb MOpPCHKOI IMOBEPXHI uepe3 3ICTABJICHHS paaiojioKa-
LIHKUX OLIIHOK Mac i TOBIIMHH Ha(TOBOI IUTIBKH 3 pe3yJibTaTaMU
MOJIC/IIOBAHHS, OTPUMAaHMMH 3 BHKOPHCTaHHSIM HOBOI MoJeIni
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A. A. Mameees u dp. / Banudayus memooa cnymuuKogoll...

postikauust Haptu FOTS. [lns Bamimauii MeToqy BHUKOPHCTaHO
eKCIIEpHUMEHTAIbHI ~ pe3y/bTaTH 30HAyBaHHS akBaTopii Kac-
niiickkoro Mops B paiioni HadroBoro ponosuia Hadrosi Kameni
3a JIOHOMOTOI0 PaJlioI0KaTopa 3 CHHTE30BAHOIO aNepTypOrO INTYY-
Horo cynytHuka 3emui Envisat-1. Mogens FOTS nosBossie pos-
paxoByBaTH JAUHAMIKY pyXy Ta 3MIHEHHS MacH i po3mipy HadTo-
BOI IUIIMHM, IPYHTYIOUHCh Ha JAHUX CYIyTHHKOBHUX BHMIpiB Ta
aTMocepHOro peananisy. Mozenb BpaxoBye OCHOBHI HPOLECH,
110 BIUIMBAIOTH Ha (pOpMyBaHHS IUIAMH (IpaBiTaliiiHe pO3TiKaHHS,
aJBeKI{HUI TepeHoc, TUCTepryBaHHs, eMyJIbIYBaHHs, TypOyIIe-
HTHE TEpeMillyBaHHs Ta BHIIAPOBYBAHHs). 3aCTOCYBaHHS L€l
MO/eITi JO3BOJIMJIO BU3HAYATH PO3PAXYHKOBHUM LIIIXOM 3MiHCHHS
TOBIIMHM H IMHAMIKy pyXy HadTOBOi IUIIMH y Tiepiof Mix
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panionokauiiiHumMu 3ioMKamu 1poro paiony (0,5+4 ni0), ouiHro-
BaTH 00’emu poznutoi Ha poxoBuili HadrtH. BigznaueHo
CHIBNAJIiHASA PO3Pax0OBaHOI 3a JAaHHUMH PamioNIOKAI[iHHIX BUMIpIO-
BaHb TOBIIMHM HA()TOBOI IUIIBKY H PE3y/IbTaTiB MOJICIIOBAHHS, 110
MiATBEPXKYE JOCTOBIPHICTH MeTOLy. POOOTY BHKOHAHO B MeXax
npoekty 11140 3 ESA Ta 3a migrpumkn ®exnepansroi Iinbooi
Iporpamu 1.2 «JlocnikeHHS TEXHOJOTii MOHITOPUHIY Ta HpO-
THO3YBaHHS €KOJIOII4HOIO CTaHy BOJHOIO CEPEIOBHUIA MOPCHKOTO
mrensgy: Yrona 14.604.21.0044 3 MinOcsHayku PO».

Kuouosi caosa: Envisat-1, pamionokatop 3 cuHTe3o-
BaHOIO aNepTyporo, 00podKa paaiooKaliiHUX 300pakeHb, MOJIe-
TIOBaHHA po3TikaHHA HadrtH, anptuMerpis, Hadrosi Kawmeni,
Kacmiiicpke Mope.



