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B pabore npeoxkeHa MeToMKa OLEHKU 0OJIACTH BEPOSTHOTO OOHAPYXKEHHsI He(TIHOTO 3a-
IPSI3HEHHS Ha MOBEPXHOCTU MOpSI, JaHa MaTeMaTHYecKasi IIOCTAaHOBKA 3a/a4dl, Kak JUIs 3aJII0BOTO,
TaK M JJIsI JUIUTEIBHOTO cOpoca He(TH, NMPEUIOKEH YHCICHHBIH METOJ €€ PELICHHs, IIPOBEACHBI
pacueTsl Juist ycnosuit bapentieBa mopsi. Mcrionb3oBaHue npeuI0KeHHON METOIUKH LeJIeco00pa3HO
JUIsL MTH(OPMALMOHHOTO OMOBEIIEHHS O YPE3BBIYAHHBIX CHTYaLUsIX, COIPOBOXK/AIOIINXCS aBapHii-
HBIM Pa3IMBOM HEe()TH Ha MOBEPXHOCTU MOPS, BHE 3aBUCHMOCTH OT KOHKPETHOW MOJENHN pacduera
pacnpocTpaHeHHs] HeTSHOTO 3arps3HEHS.

Knrouesvle cnosa: MareMaTnyeckoe MOJICTMPOBAaHUE, pa3nBbl HeTH B MOpe, 0OHapyKeHHEe
pa3nuBa HEDTH.

Ha ceropmsmmmmii 1eHp akTyaTbHON MPOOIEeMOii, BOSHUKAIOIISH ITPY peasTi3aliiy IIaHa
JIMKBUJALMH aBAPUIHBIX PA3IMBOB HE(YTH, SIBISIETCS BOIIPOC: UTO JIETATh B CIIydae, KOraa B 00-
JIACTH aKBATOPHH, T7I€ TOJDKEH HAXOJUTHCSI PA3JIUB COIIACHO ITPOTHO3Y €T0 PaCIIPOCTPAHEHMS,
oH He oOHapy>keH? KaxoBa 1omkHa OBITE 007aCTh ero rmorcka? Pacuer nepeMernieHus mieHOK
HepTH 1 HEPTENPOLYKTOB Ha TIOBEPXHOCTH MOPSI MIPOU3BOIHUTCS IyTEM WHTETPHUPOBAHUS
ypaBHEHH IBIkeHNA B (hopme Jlarparka ¢ NCTI0NIb30BaHNEM IPEABAPUTEIIHHO PACCUMTAHHBIX
TIoNei TeUeHni ¥ mpr3eMHOT0 BeTpa (3aremna u ap., 2015; 3anena u ap., 2016). U nporuos, u
PETPOCTIEKTUBHBIN PAacieT THAPOIOTNUECKHIX XapaKTEPUCTHK HA OCHOBAHNH IAaHHBIX PEaHaIN3a
METEOPOJIOTHUECKUX TONEH OCYIIECTBISETCS ¢ HeM30€KHOH TOTPeHOCThIo (3atena u zip.,
2014). CpaBHenue TpaekTopuii mepeHoca OyeB B HaTypHBIX SkcrieprMenTax (Dominicis et al.,
2016) mokazaio, 4To pe3ynbTaThl PACUETOB IO PA3IITIHBIM MOJIEIISIM OKEaHCKOH IIMPKYIISIIHAH,
MOJIETISIM BETPOBOTO BOJTHEHHUSI M aTMOC(EPHBIM MOZIEIISIM OTIIMYAIOTCSI APYT OT ApyTa U, KaK
CIIEZICTBHUE, HE MOTYT B TOYHOCTH COOTBETCTBOBATH JAHHBIM HAOMIONEHHUN. DTO SBIACTCS ITPH-
YUHOW PaCcXOXKICHHS PACCUNTAHHBIX TPACKTOPUI PACIIPOCTPAHEHNS HAXOISIIMXCS Ha TIOBEPX-
HOCTH MOpPsI OOBEKTOB 1 TPAGKTOPUH MX TEPEMEICHNS, PEAT3YIOIMXCS B pupoze. Takium
00pa3oM, pacTipocTpaHeHre He(TIHOTO pas3iiFiBa B MOPE HEOOXOANMO paccMaTphBaTh Kak
CITy9aifHBII TpOIIecC, B KOTOPOM HOJIOKEHHE 00BEKTa HHTEpeca B KaKIbIii MOMEHT BPEeMEHN
PacCUMTBIBACTCS KaK CITydaiiHasi BEIMYMHA, 3BOJIONUS KOTOPOH OIHMCHIBACTCS aJBEKTUBHO-
T y3MOHHBIME YpaBHEHUSIMH THITA YpaBHEHMH DifHIITeliHa—Komvoroposa.



JIBrxeHre HeTSHOTO ISITHA 110 TIOBEPXHOCTH MOPst 00y CIIOBJICHO ACHCTBUEM BETpa,
TedeHuH 1 BostH. Kaykaplil U3 3THX T’HAPOMETEOPOTOrHYECKUX AEMEHTOB PACCUUTHIBACTCS
B COOTBETCTBYIOIUX MaTeMaTHYeCKUX Mojiesax. OTHaKo ke TPU pacueTe CKOPOCTH BETpa
U TEUEHUH HUCIOJIb3yeTCsl ocpeiHeHue PeiHomb/ca, a BOJIHOBbIE MOJIENH, KaK IPaBuilo,
c(hopMyIpPOBaHbI OTHOCUTEIBHO CIIEKTPOB BOJIHOBOTO Ipoliecca. B nrore, onepupys cpen-
HUMH 3HAYEHUSMH THAPOMETEOPOJIOTMUECKUX BETHUNH, MOXKHO PACCUUTATh «CPETHIOIO»
TPAaCKTOPHIO JBMIKEHUsI CiMKa. PeanbHas TpaeKTopus JABMKEHUs HE(QTSIHOrO pasiinBa,
dbopmupyrolascs o ASHCTBHEM HEIPEPHIBHO MCHSIOIIUXCS MOJICH BETpa, TCUCHUU U
BOJIHEHHUS, MOJKET OTJINYATHCS OT PACCUUTAHHOM CpeAiHEH, HO pacyeT MTHOBEHHBIX 3Haue-
HUIl TUAPOMETEOPOJIOTHUECKUX TMOJICH MpeACTaBIseT MPAKTUIECKH HepellaeMyro Mare-
MaruuecKylo 3aaady. [1o aToit npuunHe ropas/o jierye BBECTH B pacCMOTpEHHE HauboJee
BEPOSITHYIO (B OOJIBIIMHCTBE CIIy4aeB COBIA/IAIOLIYIO CO CPEIHEN ) TPACKTOPHIO JIBUIKEHHUST
Julsi OOBEKTOB Ha IMOBEPXHOCTU MOPS M B BOAHOM TOJIIIIE M HanOoJiee BEPOSITHOE MOJIOKeE-
HHUE 00BEeKTa B JII00OM 3alaHHBII MOMEHT BPEMEHH, OJJHOBPEMEHHO COMPOBOXK/IAsl pacyer
OLICHKOH «IIOTPEIIHOCTHY, KOTOpasi, KaK IPaBHJIO, OIIUCHIBACTCS (DYHKIIMEH pacrpeaeieH s
JUIsl OTKJIOHEHUH JISHCTBUTEIILHOTO MOJIOKEHHsI 00bEKTa MHTEPECa OT CPEIAHEr0 3HAUCHUSI.

OO6partuM BHHMaHHE Ha TO, YTO B JJAHHOM CJIy4ae HEOMPEAEICHHOCTh MOJOKEHUS
o0beKTa HHTEpeca B IPOLECcCe IIEPeHOCa 110 MOBEPXHOCTH MOPsi 00yCJIOBJIEHA HE TOJIBKO
TypOyJICHTHBIM XapaKTepOM JIBHKEHHUI B BOJAHOM CpeJie, HO, B OOJIBbIIEH CTEIeHH, MOrpel-
HOCTBIO B PacdeTe TUAPOMETEOPOSIOTHUECKUX MTapaMEeTPOB ¢ MOMOIIBI0 MAaTEMAaTHYECKUX
Mmojeneit. [1o GopmanbHBIM OCHOBAaHHUSIM pa3HHIA MEXJIY PaCCUNTAHHOH CKOPOCTBHIO
nepeHoca He()TSIHOTO IIsITHA 110 MaTeMaTHUECKOM MOJIEIM U OIIPEACIICHHOI B pe3ylibrare
HaOJIIONIeHNI MOXKET ObITh JI00aBiieHa B ypaBHEHHMs JIBU)KEHMSI KaK cllydaiiHasi 100aBKa,
AQHAJIOTHYHO CKOPOCTSIM TYpOYJICHTHBIX IyJbCallMil. AHAJIOTUYHO TypOYyJIEHTHOH Iud-
(y3un J1arpaHKeBbIX YaCTHL, HEOIPEEICHHOCTh UX TIOJIOKEHHS 32 CUET MOrPEIIHOCTH
B ONPE/ACTICHUU CKOPOCTEH BETpa U TEUCHUH MOXKET pacCMaTpUBAThCS KaK Pe3ysbTaT Uc-
KyCCTBEHHOH «an(pdy3um» ¢ KodpPUIreHToM «1uddy3un», orpeieieHHbIM U3 aHaIn3a
CTaTHCTHYECKMX CBOMCTB OLIMOOK MOZICIIbHBIX pacueToB. B nanpHeliniem Oyniem Ha3bIBaTh
HEONpEeJIeJICHHOCTh B MECTOIIOJIOKEHUH HE(TSIHOTO TISITHA 32 CUET OMIMOOK pacyera CKo-
pocTeli epeHoca paccessHieM OTHOCHUTENIBHO Hanbosiee BEPOSTHOTO MOJIOKEHUS, YTOOBI
pa3fenuTh yKa3aHHbIE IPOLECCHI.

Ha npakTuke BayKHO OLIGHUTB 00JIaCTh BEPOSITHOTO OOHAPYKEHUS! Pa3JINBa, TOCKOJb-
Ky OH MOXKET HaXOJUThCSI B TOYKE MPOCTPAHCTBA, OTIIMYHON OT PaCCYMTAHHOTO Haubdosee
BEPOSATHOIO MONOKEHUs. MeTouKa OLIEHKH MOJIOKEHUS IpaHHIl objacTell BEpOSITHOTO
OoOHapyKCHHUS pa3iinBa 00CYkKIaeTCs B JAaHHOH pabore.

MOJEJIb PACCEAAHUS TOJIOXKEHUSA OBFBEKTA HA IIOBEPXHOCTHU MOPSI

[lepemerenne He(YTIHOTO pa3INBa 1O MOBEPXHOCTH MOPSI OMPEAENAETCS TPUBO-
HBIM BETPOM, KaK HETIOCPEICTBEHHO, TAK M OMOCPEAOBAHHO, Yepe3 Apei(OBbIE TEUCHNUS 1
BOITHOBOI miepeHoc. B GompIimHCTBE MOIeNelt pactipocTpaHeH s HE(TH B MOPE CKOPOCTh
nepeHoca HeTAHOTO MATHA 0 TIOBEPXHOCTH MOPSI 33JJa€TCsI TapaMEeTPUIECKN depes3 Be-
TpoBoii kKoaprmreHT. HabmoneHns mokaspIBatoT, 4TO B OTKPHITOM MOpPE BJIaJTH OT Oepera i
BIISTHUS TEIEHUH HE BETPOBOTO MPONCXOXKACHHS (TIPEK/IE BCETO CTOHHO-HATOHHBIX W MPH-
JIMBHBIX ) HE(PTSHBIE MSITHA IBIKYTCSI CO CKOPOCTHIO, TIPOTIOPIIOHATBHON CKOPOCTH BETpa,
W JUTS IPAaKTUIECKOHN OIEHKH 3TOW CKOPOCTH YacTO BBOMAAT T.H. BETPOBOH KOA(PPHIINECHT,
Kak TPABMIIO, COCTABIISIONINH mopsiika 3 % oT CKOpOCTH MPUBOAHOTO BeTpa (Stolzenbach
et al., 1977). CxopocTs niepemenieHns He()TSHOTO TISITHA, pACCYUTAHHAS C TIOMOIIIBIO Be-
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TpOBOTro KO3 (hUIIMEHTA, OTTMCHIBAIOIIET0 COBOKYITHOE BIIMSIHUSI BETpa Ha INICHKY HE()TH Ha
MOBEPXHOCTH MOPS], BKJIFOYAasi BOTHOBBIE NMPOLIECCHI, CYMMHPYETCS CO CKOPOCTBIO TEUEHHUS,
00YyCIIOBJIIGHHOTO JIPYTMMH NPUYMHAMH. B paMkax 1aHHO# paboThl Mbl OLIGHUM BIIHSHHE
MOTPEIIHOCTH pacueTa MPUBOJHOIO BETPa Ha PacCestHUE NMPOrHO3UPYEMOro MECTOIOIO-
JKEeHUsI He(DTSHOTO pa3iiiBa, UMesl B BHILY, YTO JUISI CKOPOCTEH TEYCHHUIl CIIPaBE/IIMBhI TE
JKe caMble mpenoiokenus. B pabdore (3auena u ap., 2014) ObLIO IPOBEICHO CPABHCHHE
JTAHHBIX HAOJIOICHUH Ha THIPOMETEOPOIOTHYECKO CTaHIMU Ha nobepexne bapeHiena
MOpsl U pe3yJIbTaToB pacueroB 1o mogenu I'mapomeruentpa Poccuu. Ilpu orcyrcTBun
CHCTEeMaTH4eCKUX OIIMOOK B pacueTe CKOPOCTH BETPa, TEM HE MEHEEe OTKIOHEHUS] MEXIY
HaOJIIOICHHBIMH ¥ MOJICJIEHBIMH JIAaHHBIMU UMEITH PUOIN3UTEIBHO HOPMAIIbHOE pacipe-
JIeNICHHE C HYJEBBIM CPETHUM U cpeqHekBaapaTtHueckuM oTknoHeHueM (CKO) mopsaka
2-3 m/c. OCOOCHHOCTBIO M3MEHUMBOCTH ITOW CIIy4allHOW BEJIMYHMHBI SIBISETCS JOBOJIBHO
0OJIBIION pagnyC BPEMECHHOM aBTOKOPPEISIMOHHON (QyHKIMHU. B TeueHue atoro mpo-
MEKYyTKa BPEMEHH, B CPEIIHEM, MOJICJIbHBIC PE3YJIbTaThl Oy/IyT JINOO IPEBHIIATH JIaHHbIC
HaOJIFoIeHUH, TM00 3aHNKATh, M, COOTBETCTBEHHO, KOO (HUIIMEHT paccesHUs JIarpaHKeBbIX
YJaCTHII, TEPEMEIIAIOIINXCS B pACCMaTPHUBAEMOM Cllyyae MoJl IeHCTBUEM TeUeHUIl 1 BeTpa,
sBisgeTcs QyHKIMeH BpeMeHH. B mutupyemoii pabore ObUIO MOJIYYEHO, UYTO paccesHHe
KOOPJIMHAT LIEHTpPa IsTHA OTHOCUTEIBHO Hanbosiee BEPOSTHOTO MOJIOKEHHUS aHATIOTUYHO
npoueccy nuddy3nu ¢ nepeMeHHbIM 110 BpeMeHH Kodddurrenrom nuddysun:

K(r)=(0-0,)°T, (1-exp(—1/T,)) = K, (1-exp(~1/T.)), (1)

rae o — BeTpoBol ko3 dumueHT, 6, — CKO IOrpemnocTy pacieToB CKOPOCTH BETPA,
T — narpamkeB Macmrtab TypOynentHoctr (O3munos, 1986) (o = 0,03, o, = 2,9 wmi/c,
T =114, K =~ 300 m%c). [lnsg cpaBHEHHS: 9ACTO MCHOJIb3YEMbIH Ha MPAKTHKE METOJ,
CBSI3BIBAIONIHI 3HAYCHUE KOAPPHUIIEHTA TOPH3OHTATEHON TUPPY3UH ¢ MacIITabOM sIBJIC-
Hus (O3mui0B, 1986) COOTHOIIEHHEM THTIA K, = al¥?, tne a — 4uciIoBoi KO PUIIUCHT,
L — xapakTepHbIi MPOCTPAaHCTBEHHBIN MaclITa0, JaeT CYIIECTBEHHO MEHBIINE 3HAYCHNUS
koaddurmenta TypOynenTaoro oomena. [1o 310l mprUMHE OIIEHKY paccesTHNS BO3MOKHOTO
MECTOTIOJIOKEHNS pa3inBa He()TH B MOMEHT BPEMEHH £ ITOCIe Havyajia copoca cleyeT mpo-
BOJMTH HA OCHOBAHUH MOTPEITHOCTH METEOPOJIOTHIECKOTO MPOTHO3a.

OOparuM BHHUMaHHUE, YTO CYLIECTBYIOT MOJEIH HE(TSHOTO pa3inBa, B KOTOPHIX
JUTUTEIbHBIN aBapUHHBIN pa3nuB HEQTH MPEICTABISIETCS B BUIE HA0OOPA JUCKPETHBIX pa3-
JIMBOB — MOPLUH, WM CIUIUIETOB (OT aHTIL. spillef), KOTOpPBIE ¢ OTIPEAEICHHON NEPHOINY-
HOCTBIO TIOCTYTIAIOT OT UCTOYHHUKA 3arps3HEHUS Ha IOBEpXHOCTH Boakl (CtanoBoii, 2007;
Liungman, 2011; Spaulding et al., 1994). Crioco6 omucanust KOHKPETHOTO Pa3uBa HEPTH
C TIOMOIIBIO aHCAMOJIsI CIIMIIIIETOB XOPOIIO N3BECTEH M IIPUMEHSETCS ITIaBHBIM 00pa3oM
MIOTOMY, YTO 3TO HanboJjee MPOCTO crtoco0 MpeCTaBIeHHS ISl ONMCAHN Ae(hopMaIin
HE(TSHOTO CIIMKA B HEOJHOPOIHOM TI0JIC TEUSHUH 1 32 CUET KOHTAKTa C OEperom, a Takxe
Jutst yaeta A (y3nOHHOTO PacCEesHUsI HETSIHOTO 3arpsiI3HEHUSL.

B nanHoit paboTe mpeqMeToM UccieoBaHus SBISIETCST HE pa3Mep U He KOH(UTYparys
o0JacTH 3arpsA3HEHNs, 2 MECTONOJIOKEHHE HeTHOTO TsITHA B 1esioM. [o aToil nmpuunne
TIpeyIaraeMasi MeTOAMKa OTIPEAEIICHHs 001acTH BO3MOXKHOTO OOHApY>KeHUS pa3inBa He(hTH
TI0CIIe aBapUHOTO cOpOca B MOPCKYIO CpeITy PacCMaTpUBACTCS KaK JJOTIOTHEHHUE K MOJIEIISIM
HE(TSHOTO Pa3INBa Ha OBEPXHOCTH MOPS, BHE 3aBUCHMOCTH OT NX KOHKPETHOH YHCIICH-
HOH peanmm3anuu. Hapsiay ¢ TpaANIIMOHHO pacCUnNTHIBAEMBIME TTapaMeTpaMu pasiuBa, K
KOTOPBIM OTHOCSATCSI HanOoJiee BEPOSTHOE TIOJIOKEHHE, Pa3Mephl, KOJIMIECTBO HE(PTH Ha
MTOBEPXHOCTHU M B BOJHOH TOJIIIE, HA OEpery U Ha JHE, N3MEHEHHS TNIOTHOCTHU M BSI3KOCTH
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paznuToro He(TEIPOAYKTa, UMEETCs IIPAKTHIECKast TOTPEOHOCTH OMPEEISTh 00IaCTh €ro
BO3MOYKHOTO OOHapyxeHust. OTMETHM, 4TO Ka)KIOMy pacueTy pacipoCTpaHECHUs pa3iiiBa
COOTBETCTBYET CBOM CLICHAPUIA THIPOMETCOPOIIOTHUESCKUX YCIIOBHIA' , OBOJOIIMS BO BpEMEHH
HanOoJee BEPOSITHOTO MECTOIIOIOKEHUS LICHTPA Pa3iinBa U TPACKTOPHH.

Paccestnie KoopiMHAT MTHOBEHHOTO TOYEYHOTO pa3iinBa ¢ K9 (UIIMEHTOM paccesTHus
(1) ompenenseTcst COOTHOIICHHEM

d
— O 0=2K(1), & (=2K,. (=T, (1=exp(~/T.))).. @
0O003Ha4MM QYHKIHIO TNIOTHOCTH PaclpeieieHHst KOOpAWHAT LeHTpa pasnusa G(X, ),
ee aBoouus B (P (HY3MOHHOM ITpOIIecce OMMCHIBACTCS MPSIMBIM AU GepeHIIaTbHBIM
ypaBHeHuneM Koamoroposa

-4 =—K,
ot dx, ox, ax
Tl 4, — KOMIIOHEHTa CKOPOCTH CPEJIBI 110 COOTBCTCTBy}OHleI/I koopnuHare, i, j =1, 2, a
K,— Koan(bHuneHT paccesHusl.
PernrenneM /i1t MTHOBEHHOT'O TOYEYHOT'O HCTOYHHUKA U M30TPOITHOTO MO IPOCTPAHCTBY
KO3 PHIIeHTa TOPU30HTATIBHON N Qy3un (paccesiHrs) B OHOPOTHOM MOJIE CKOPOCTEH
B paccMaTpUBaeMOM CIIydae sIBISIETCS

1 x=x) +(y-».)
G(x,y,t) = Py (t) exp| — ( 262 El‘) ) , G(x,y, 0) = S(xo,yo) , 4)
x (=2, + Ju (), (6)=y, + [u, @), (5)

IJI€ JUCIIEPCHUs OLPENEISAETCS BIO)Ipa)KeHI/IeM (2), (x, ¥,) 2 KOOPIMHATBI UICTOUHUKA pa3-
nuBa, (X, y,) — KOOPIMHATHI MOJIOKEHHs LEHTPa pasikiBa HeTH B paccMaTpHBaEMOM
METEOPOJIOTHIECKOM CIIeHApUH (HauOoJiee BEPOSITHOTO).

OtmetnM, 4To BBIpaxkeHue (4)—(5) crpaBeaIuBo B YCIOBUAX OTKPBITOrO MOpA. [l
peaIbHOTO Pa3IHBa, KOTOPBIN, KaK MPaBHIIO, SIBJISETCS MPOAOIKUTEIBHBIM U TPOUCXOAUT
B HEOJHOPOAHBIX IO MPOCTPAHCTBY CKOPOCTAX TECUEHHH M BETpa, a TAaKKe MPU HATUIHU
0eperoB NMPOCTPAHCTBEHHOW CUMMETPHHU 00JIACTH PAaCCEsSHUS HET U PEIICHHE HEBO3ZMOKHO
MOJYYUTh aHATTUTUYECKUMH METOIaMU.

B ciiyuae HenpepbIBHO NEWCTBYIONMIETO UCTOUYHUKA (DYHKIUS MJIOTHOCTH pacipe/e-
nenusi f(x, £) 3anuIIeTCs B BUE CYNEPHO3UIMN pelieHui (5) ypaBHeHus (4) 1Tk TOUeUHBIX
HCTOYHUKOB

£ (x,.1) J'M(t )G (x—x, (t8), 5=y, (¢',0),t=t") dt’ /jM(t ydt' . (6)

x, (t,.1,) = x, +J.u)C (e, p,th.de’, y, (6.0,)=y, +juy (x,,t"),dt" (7)

f ]

' Cyenapuii cuopomemeoponocuyeckux ycnoguii (CI'MY) — Hab0Op mOCIeI0BaTeIbHbIX MONei
CKOPOCTH BETpa M TECYCHHIA, TEMIIEPATyPbl, COICHOCTH U IUIOTHOCTH MOPCKON BOJIBI, Xapak-
TEPHCTUK BETPOBOTO BOJHCHUSI, O3BOJISFOLINI OIMMCATH ABOJIOLHIO HE()TSIHOTO Pa3inBa MO
JieiicTBreM (akTopoB NPUPOAHOM cpesbl (3atiena u ap., 2014, 2015; 3auena u ip., 2016). CTMY
MOJKET OBITh PE3yJIETATOM KaK OTIePaTUBHOTO MPOTHO3a THAPOMETEOPOTOTHIECKUX TOeH, TaK
U PETPOCIIEKTUBHOTO MPOTHO3a, MM PEaHaIN3a.
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rae M — MOIIHOCTh HUCTOYHMKA. Beipaskenus (7) B oTiauuue oT (5) onpenensoT Ko-
OpAMHATHI HanboJiee BEPOSITHOTO MOJIOKEHUS dJIEMEHTAPHBIX Pa3IMBOB, MPEACTABIIS-
IOLIMX YaCTH OJJHOTO Pa3jinBa HE(QTU NPOJOIKUTENBHOCTBIO ¢, ¢, € [0, ¢ ] Ha MOMEHT
Bpemenu 7, € [0, 7].
Jis monmyueHHON (DYHKIMH TUIOTHOCTH PAcHpeesieHHsI TTOCTPOUM CIEAYIOLIHNA
(yHKIMOHAI, 3aBUCAILUI OT YPOBHS MIIOTHOCTH BEPOSATHOCTH C,
+o0 oo
F(c,t) = j j f(x,y,t)e(f(x,y,t)—c,)dydx, 6(2) = ?’ZZ:(? R (®)
o ,Z 2
rae 0 — ¢dynkums XoBucaiiia.
OueBuHO, uTO F(c, f) — yObIBaIOIIast 1o MepeMeHHON ¢ QYHKIMS U JUTs Hee MOKHO
OITPE/ICIIUTh 3HAYCHUE YPOBHS IUIOTHOCTH BEPOSTHOCTH
¢ (F.t)= min (c), ©)
KOTOPOMY COOTBETCTBYET 3HAYCHHE BEPOSITHOCTH HAXOXK/ICHUS pa3jiuBa BHYTPU 00J1acTH,
OrPaHUYCHHON M30JIMHUEN CO 3HAUCHUEM HE MEHBLINM, YeM F.

YUCJIEHHBIE METO/1bI

Jns pemenns ypaBHeHui (4) u (6) TpaAUIIMOHHO HCIIOIB3YIOT METOJ TUCKPET-
HbIX gacTul (Knmumontosud,1994; Kopotenko u np., 1990), metox obnakos (Bao-Shi-
Shiau, 1998; Apxumnos u ap., 2000) 1 cTOXacTUYECKUI METOA TUCKPETHBIX 00JIaKOB
(Kotepos u ap., 2010). [Tocnequuii u3 MepeINCICHHBIX SBISETCS YaCTHBIM CIydaeM
MetonoB SPH (Smoothed Particle Hydrodynamics) nns HeB3anMOIeHCTBYIOIINX
gactun (bposuenko u mp., 2002). Kaxxasrif U3 moaxonoB HMEET CBOH JTOCTOMHCTBA
¥ HETOCTATKU. MEeTON YacTHIl MPEAIOoIaracT UCIOTb30BaAHIE 3HAYUTEIBHBIX BBIUHC-
JMIUTENBHBIX PECYPCOB, U €T0 MIPUMEHEHHE MTO3BOJISET XOPOIIO OMUCHIBATH MPOIIECCHI
Ha rpaHUIax o0JacTH, KOTJa TaKOBbIE BOSHHUKAIOT B 3a/a4ye. MeTox o0makoB TpedyeT
MEHBIINX BBIYUCIUTEIBHEIX 3aTpaT, IPUMEHHUM B C1a00 MEHSIONIUXCS MOJIIX CKOPO-
CTel TEYCHWI, U PEIICHHs, TIOJTYyUYCHHBIE C €T0 UCIIOIh30BAHUEM, INIOXO Pa3pemaoT
o0nacTu ckaukoB. B maHHOM paboTe HCTIONB30BaH CTOXaCTHYECKUI METOT TUCKPETHBIX
00J71aKOB, IPEATIONATAIONINI pacpeielIeHne MOTHOW TUCTIEPCHH MEX Y JUCTIepCren
Ka)XJIOTO U3 00JaKOB M TUCIIEpCHEH IEHTPOB 00JaKOB M HACIEAYIONINI HEIOCTATKH H
JIOCTOMHCTBA JIBYX JIPYTHX METO/OB.

Jlnst ancaMOMIs IUCKPETHBIX 00JIaKOB CyMMapHasi TUCTIEPCHUS SIBISETCS CYMMOH JTHC-
mepcuu 0bJaKa U TUCTIEPCHH [IEHTPOB 00IaKOB

o =00y, o, =(l-a)o;, (10)
rie 6. — MOJIHas JMCHEPCHs, G — JIMCIIepCHs 00J1aKoB, %-2_ JUCTIEPCHS IIEHTPOB 00-
JIAKOB, 0. — HACTPOCYHBIN mapaMeTp, mpu o = 0 MeTO BBIPOJKIACTCS B METO IUCKPETHBIX
YacTHIl, a IpA o = | — B METO/I 00JIAKOB.

Mertoauka MMOCTPOCHHS TPAaHUI] 00JACTH BEPOSTHOTO OOHAPY)KCHHS Pa3IMBOB CO-
CTOUT U3 HECKONBKHX IIaroB. Ha mepBoM mrare B sYeiikax paBHOMEPHOH peryispHON
CETKH OIPENENSICTCs IIOTHOCTh PACIIPEICIICHIUS YacTUI/00JIaKOB, T.€. B IICHTPE STYCHKA
PACCUUTHIBACTCS OTHOIIICHIE CYMMBI BKJIaJa B ITIOTHOCTH OT KKJOTO 00TaKa K IUIOMIa !
SIYEHKH, ¢ y4eTOM 0003HaUYCHHOI B (6) HOPMHPOBKH. B cirydae MeToa AUCKPETHBIX YaCTHUI]
METOJT OIIPEICTICHNUS INIOTHOCTH PACTIPEICICHUS TAaKXKE TPAJIAIIUOHEH U OIIPEICIISCTCS OT-
HOIIICHUEM YHCJIa YACTHII, HAXOMAIINXCS BHYTPHU SYCHKH, K IDIOMIATU SYCHKH U 00IIeMy
KOJMUYCeCTBY yacTuil. [lomydeHHas TakKuM 00pa3oM CETOYHAs IUIOTHOCTH PacIpeeiICHHS
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BEPOATHOCTHU f (i, ] — WHIEKCHI JJIsl slYeeK CETOYHON 00JIacTH) SIBJISICTCS OLIEHKOM ILIOT-
HOCTH BEPOSITHOCTH COITIACHO COOTHOIIEHHMIO (6). Ha BTopoMm m1are A1 HOIy4eHHst OIIeHKH
(byHKIMOHAA, 33/1aBAEMOT0 COOTHOIIIEHHEM (8), CTPOUTCS paH)KUPOBAHHBIH PsiJi 3HAYCHHUN
MOJIyYEHHOW Ha ceTKe (DYHKIMH IUIOTHOCTH PACIpe/IeNIeHus], a TAK)Ke AUCKPETHOE Mpe/-
crariieHue QyHKinonamna (8).

0,z<0

F(t)=F(c.1) nye( fi=c)4,. 8(z)= Le0° (11)
rae l Hp06eraeT 3HAYCHUA OT l a0 ‘II/ICJ'IEI paBHOl"O KOHHHGCTBy pa3J'H/I‘IHI>IX 3Ha‘l€HPII>i C
IINIOTHOCTHU BepOﬂTHOCTI/If A — IJI0IaaAb H"ICI/IKI/I HonyquHaﬂ 3MHI/IpI/ILIeCKaiI (byHKL[I/IH
F, sgnsercs y6blBa}01ueI/1, TaK Ke KaK ¥ (yHKIHs, 3a/[aHHas COOTHoUEHueM (8). F, pu-
HUMACT 3HAUYCHUA B Hpe,ueﬂax [O, 1], u 11t J'IIO601"O 3HAYCHUSA BCpOHTHOCTI/I MOXKET 6I)ITB
or[peneneH ypOBeHL IINIOTHOCTHU BepOHTHOCTI/I (J'II/IHCfIHOfI WJIX UHOT'O BHU1a HHTGPHOHﬂHHeﬁ),
HN30JIMHUHN KOTOpOFO JJIs1 f OHpe,HeJ'ISIT 30Hy, BHyTpI/I KOTOpOﬁ HaXOJUTCs pa3J'II/IB C 3aﬂaHHOI71
BepOHTHOCTLIO.

NNPUMEP PACUHETA

JL1st uITIoCTpaIuu pe3ynbTaToB U3JI0KEHHOW METOIUKY MTPUBECHBI PE3yIbTaThl
pacdyeToB pacHpoCTPaHCHUS HE(PTEIPOAYKTOB A ABYX THIIOTETHUYECKUX CIICHAPHEB
TEXHUYECKOH aBapuu B benom mope. B kauecTBe THAPOMETEOPOIOTHYECKUX YCIOBUN
(Toms BeTpa M TeUEHHUI) NCTIOIB30BAINCH APXUBHBIC JTAHHBIC — TIOJIS TEUCHUN U TIPH-
BOJHOTO BETPa, UCIOIB3YEMBbIC TIPH pacyeTax paclpoCTpaHEHUs HEPTH B TIPOrPaMM-
Hom komiiekce SPILLMOD B Cesepraom YI'MC, nocTynaromue IBaKbl B CYTKH U3
oneparusaoro monyiass ECUMO TI'mapomeriientpa PO na cepBep ['ocymapcTBeHHOro
OKeaHOrpau4ecKoro MHCTUTYTA sl obecrieueHus: pyHKIMOHUPOBAHUS PACUETHO-
MOJIETTBHBIX KOMIIIEKCOB JKCIIpECcC-aHalln3a paclpoOCTPAHCHHS aBapUMHBIX PA3INBOB
nedru (I'mruc u ap., 2012).

Ha puc. 1 nprBeieHb!I 1oJst BEpOSTHOCTH OOHAPYKEHHMST pa3inBa Jyis 3a0/1aroBpeMeH-
HOCTH TIporHo3a B 12, 24 u 48 4 npu qnutensHocTH paznusa B | 4 (puc. 1 a, 6, 6) 148 4
(puc. 1 ¢, 0, e). Kpy:xkamu BHyTpH oOnacTeil 0603Ha4eHO MECTOTIOIOKEHNE pas3nBa 0e3
ydeTa HeOoTpeIeIeHHOCTH B 3aIaHIH BeTpa. BUIHO, 9TO 1O BEPOATHOCTH TSI K MTHOBEH-
HOTO) pa3ninBa 00JIa1at0T BEIpaXEHHON cuMMeTpueil (puc. 1 a, 6, 8), a JUINTETHHOTO — BhI-
TSHYTBI B HarpasiieHun apeiida (puc. 1 2, 0, e). [Ipu npubnmxeHun k 6epery npoucxoauT
HekoTopas ux aedopmarust (puc. 1 6, €), 00yCcIIOBICHHAs KaK CKOPOCTSIMH TEUECHHH, TaK 1
HETOCPECTBEHHO B3aNMOCHCTBHEM ¢ OEperoBoii TMHUEH, B KOHIIE BTOPBIX CYTOK OT Ha-
yajia pasjfBa pa3Mepsl 00JIaCTH ¢ BEPOSITHOCTBIO 00HapykeHust Hedtu 95 % mocTurarot
50 kM (cM. puc. 1 6, e). Pe3ynbraTsl pacueToB s MTHOBEHHOTO UCTOUHWKA (puc. 1 a, 6,
6) MOXXHO CPaBHHTH C aHAIUTHYECKUM PEIIeHHEM, KOTOPOE MOYKHO TTOJTyYUTh, UCTIONIB3YS
cooTHomeHust As pyHKIoHana (8), cooTHomeHue (4), OMUCHIBAIOIIEE IBOIIOIUIO TO-
YEYHOT0 UCTOYHHKA, a Talkke cooTHomeHue (2). B tabnume 1 1 ciydas MrHOBEHHOTO
TOYEYHOTO Pa3INBa IPUBEICHBI TOTYYCHHBIC aHATUTHYECKH 3HAYCHH pa3Mepa (InaMeTpa)
o0IacT, OrpaHUYMBAIOIICH 30HBI OOHAPYKEHHUS HE(PTIHOTO Pas3iiBa C COOTBETCTBYOLICH
BEPOATHOCTBIO, M PE3YIIbTaThl YMCICHHBIX PAcueToB 3TUX obnacTeil. CortacHO MOTy4eHHBIM
JIaHHBIM COBIaJIeHUE HeTIoXoe it 12 9 u 1 cyTok OT Hadana cOpoca, v pa3nudue He mpe-
BBIIIACT OJHOTO KMiIoMeTpa. Ha BTOphIe CyTKM pa3inyie JaHHBIX BO3PACTACT, TOCTUTAS
5 kM (o 10 %), naHHOE OTIMYKME 00YCIOBICHO, MTO-BUAMMOMY, BIHUSHHEM OSpEroB Mpu
MOJICTTUPOBAHNH.
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Puc. 1. BeposiTHOCTE 0OHapy KeHHUS pa3iuBa: d, 6, 6 — CIEHapui MTHOBEHHOTO cOpoca; 2, d, e —
CIICHApHH JUTHTEIFHOTO cOpoca (B TeueHue 48 4); a, 2 — 12 1 moce Havasa pasiuBa; O, ¢ — OIHHI
CYTKH TIOCJIe HaJasa pasiiBa; 6, € — JBOE CYTOK IIOCIIe Hayaja pa3yinuBa.
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Tabnuya 1

CpaBHeHne PaCUYE€THLIX TAHHLIX U MOJYYECHHBIX AHAJIUTHYICCKHA JaHHBIX
I C1yYasi MTHOBEHHOI'0 TOYE€YHOI'0 pa3jiuBa

Pazmep obmactu, kM
Cpokn

ITonydeno ananuTuyecku UucneHHble pacueTsl
12 4 oT Hayana pasnusa 11,4 | 156 | 169 | 193 | 11,5 | 158 [17,2| 20
24 4 oT Hauasa pas3ivBa 19,9 | 27,2 | 29,4 | 33,7 | 20,7 | 27,7 | 30,3 | 34,6
48 4 oT Hauasa pasInBa 32,1 | 43,8 | 47,4 | 544 | 343 | 48,3 | 52,1 60,1
3Ha4yeHHs BEPOSITHOCTH 80% [95% |97 % [ 99 % | 80 % | 95 % |97 % |99 %
oOHapy)eHHs! He(TSHOTO pa3inBa

3AK/IIOYEHUE

B pesynbrare nccnenoBaHus NpeiokKeHa METOIMKA ONPEIEICHUS 30HbI BEPOSITHO-
ro OOHApy)KEHHs HE(PTSIHOTO Pa3jivBa JJIs IPOrHO3HBIX PAcYeTOB. METONMKA MMO3BOJISCT
y4ecTh [MOTPEIIHOCTH pacyeTa MPUBOAHOTO BETPa U MOIYYUTh OLIEHKY 30H MOPCKOM aKBa-
TOPHUH, BHYTPU KOTOPBIX MPEIIOJIAraeTCsl HAXOKICHUE Pa3inBa C 3aJaHHBIMU YPOBHAMHU
BepositHocTH. OmnpenessieMasl XapakKTepUCTHKA, HAPSIy C TPACKTOPUSMHU IBUKCHUS W
KOH(HUTYpALUsIMU Pa3jinBa, 03BOJISIET JOKAIM30BaTh 00JACTh TIOMCKA Pa3jiuBa IIPH MPo-
BEJICHUH OIICPAIHIA [T0 €r0 JIMKBUIAINH. [[pUBeIcHHOE YpaBHEHHUE TSI OI[CHKH IIJIOTHOCTH
pacripeienieHus KOOpANHAT IIeHTpa 001acTH HEPTSIHOTO 3arps3HEHUs] PEelIaeTCs YHCIICH-
HbIMH MeTofamu. [Ipeanaraemast MeToKa pacuera o0JIacTH BOZMOXKHOTO 00OHAPYKEHHUsT
pasnuBa HeTH 1ociie aBapuiHOrO cOpoca B MOPCKYIO CPE/ly MOXKET ObITh MCIIOJIb30BaHA
KaK 0onojinenue K 1060t Mooeu He@pmsHo20 paziued Ha TIOBEPXHOCTH Mopsi. V3noxeHHast
METOMKA IPOMUTIOCTPUPOBAHA MPUMEPAMHK PACYCTOB JIJIsl THIIOTETUYCSCKOTO pa3iinBa Ha
OCHOBE PeaJIbHOTO I'MPOMETEOPOJIOTHYECKOTO TPOTHO3a Ha OCHOBE aPXUBHBIX JITAHHBIX.

Paboma evinoanena npu punancosoii noooepcke PODHU 6 pamkax npoexmog Ne 14-07-00434,
Ne 15-07-04871, Ne 14-07-00513.
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V.V. SOLBAKOV, S.N. ZATSEPA, A.A. IVCHENKO, V.V. STANOVOY

METHOD OF ESTIMATION OF THE PROBABLE DETECTION AREA OF OIL
POLLUTION ON THE SEA SURFACE

The method of estimation of the probable detection area of oil pollution on the sea surface is
proposed. Themathematical formulation of the problem for the instant and continuous oil dumping
is submitted, and it is proposed the numerical method of its decision. Results of the calculations for
the Barents Sea are presented. The proposed method is useful for the information support of the
accidents involving oil spill on the sea surface, regardless of the specific model for simulation of the
oil pollution spreading.

Keywords: mathematical modeling, oil spills in sea, detection of oil spill area.
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