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OBIIASA XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTh TeMbl HCCIe10BaHusl. MeXaHU3Mbl BIUSHUS THIPOIMHA-
MHYECKHIX TPOLIECCOB B aTMOC(epe 1 OKeaHe Ha OMOTY (KUBOTHBIE W PaCTHUTCIHHEIC
OpPTaHMU3MBI, TIPOMBICIIOBBIE BHUJIBI) MPEACTABISIOT OOJBIION HAYYHBINH W MpaKTHYe-
CKHUiT HHTEpEeC, HO UCCIIENYIOTCS ¢ TIOMOIIBI0 MOJICITUPOBAHIS PeXe, YeM COOCTBEHHO
THIIPOMETEOPOIOTHUECKIE CBSI3U U TIPOIECCHI.

ParmoHansHOE HCIOIB30BaHUE BOJHBIX OHMOPECYPCOB U OIICHKA UX 3allacoB Ha
BCEX CTAAMAX PA3BUTHS SBIACTCS YaCTHIO CTPATETMYECKOM 3amadd oOecIeueHHs
MIPOIOBOJILCTBEHHON Oe3omacHOCTH HaceieHus P®. MccienoBanne u BOCIIPOHM3Be-
JICHAE 3aKOHOMEPHOCTEH BIHMSIHUSA THAPOMETEOPOJIOTHIECKUX (DakTOpoB Ha MOp-
cKue OuoJjoruueckue oOBEKThl METOJAMH MOJEIUPOBAHUS TO3BOJISIET MOHSTH MpH-
YHHHO-CIJICICTBCHHBIC CBSI3M THX BIFSHUI W MCIOJIH30BaTh WX IS IPOTHO3HPOBA-
HUSL TPOLECCOB BOCIPOU3BOJACTBA M PAIMOHAIBHOTO MCIIOJIB30BAaHUS PECYpPCOB
MOpEH U OKEaHOB.

OOBeKTaMN JTaHHOTO HCCIEAOBAHMS SBIIOTCS HamOoJiee BaXKHBIE IS TPO-
MbIcia U MOpcKoi aesitenbHOCTH Poccun Oxorckoe, bapenueso u banrtuiickoe mo-
ps. B mocnemHme nmecsATHIETHS HETAaTHBHOE aHTPONOTCHHOE BO3ICHCTBHE HA STH
MOps 3HAYHUTENFHO BBIPOCIIO W3-32 CMEIICHHS IPOMBICTA U3 OTKPHITOTO OKEaHa B
HckmountensHyto DxoHOMUYecKyio 30Hy (M23) PO, u3-3a u3MeHEHHUsS] WHTCHCHUB-
HOCTH MOpECIUIABaHUsA, POCTa OOBEMOB MOOBIYM M TPAHCIIOPTHPOBKU B MOPE IHEP-
ropecypcoB (I'.I'. MaTtumioB u np., 2007). MozaenupoBaHie MO3BOJISIET PaCCUUTHI-
BaTh BIMAHUC (HAKTOPOB CPEIbl HA M3MCHEHHS 3aMacoB MPOMBICIOBBIX BHIOB, yUH-
TBIBasi BO3POCIIYIO HATPY3Ky HAa MOPCKHE YKOCHUCTEMBI.

JpeiidoBbie TeueHHs: B BEPXHEM CJIOC MOpS, BO3HHUKAIOIIUE MO aTMocdep-
HBIM BO3ZICHCTBHEM, SIBJISIOTCS OCHOBHBIM (DaKTOPOM, OIPEACIIIONINM pacIipeserie-
HUE TMACCUBHBIX THAPOOHOHTOB. [IpyrMM Ba)KHBIM 3JIEMEHTOM THIPOJIOTHYECKOTO
pEeKUMa B IPUOPEIKHBIX aKBATOPHSX, BIHAIOMINX Ha OMOJIOrHYecKrAe 0OBEKTHI, MPO-

MBICEJI, CYyJOXOACTBO, THAPOTCXHUICCKUEC O6'I>eKTI)I, SBJIAIOTCS 3HAYUTCIIBHBIC KOJIC-



OaHMs YpOBHS BCIICACTBHE IITOPMOBBIX HAaroHOB. VIMEHHO 3THM JIBYM MeEXaHHU3MaM
TIOCBSAIIECHB OCHOBHBIE Pa3/ieNIbl JAHHOTO HCCIICAOBAHNS.

W3MeHeHus B KIMMaTHYECKOM cucTeMe 3eMid, MPOUCXOSINE B MOCIeTHIE
JIECATHIICTHSI, TPUBOIAT K OOOCTPEHHIO TPOIECCOB B OKeaHe W atMocdepe. AHO-
MaJIbHBIE U SKCTPEMalbHbIE THIPOMETECOPOJIOTHUECKHIE YCIOBUS HAOMIOAAIOTCS Pe-
KO, HO OKa3bIBAIOT CYIICCTBEHHOE (MHOT/a peIIaroliee) BIMSHNAE Ha THAPOJIOTHYC-
CKHUil pexuM, OHoIoTHYecCKHe 00BEKTHl U MPUOpEKHBIE 30HBI. VccienoBanue U Mo-
JIETFHOE BOCTIPOM3BE/ICHIE BO3JEHCTBUS THIPOMETEOPOJIOTHYECKHX (DakTOpoB Ha
OMOJIOTO-TIPOMBICIIOBBIC TIOKA3aTENIN BEPXHETO CJIOSI MOPS B IPOMBICIOBBIX H TIPH-
OpEe)XXHBIX aKBAaTOPHAX KakK IIPH HOPMAIBHBIX, TaK M MIPA aHOMAJIBHBIX YCIIOBHSX SIB-
JIIeTCS aKTyaJIbHOM 3a/laueil TEOpeTUUeCKOW M MPUKIIaJHOM OKEaHOJIOTHH.

Heap quccepranMoHHOM padoTsl. MccienoBanue ¢ MOMOLIbIO MaTeMaTHye-
CKOTO MOJICIMPOBAHMS 3aKOHOMEPHOCTEH peakIy BEepXHETO CIIoS Ha aTMochepHoe
BO3ZCUCTBHE: (POPMUPOBAHUE IPEH(POBON IHUPKYISIIAN U PACIPEICICHIS BaXKHBIX
MTPOMBICITOBEIX OOBEKTOB Ha ITACCHBHBIX CTaIMAX pa3BuTHs B OxorckoM u baperre-
BOM MOpsX, (opMupoOBaHe 30H BBICOKOH MEPBUYHONM MPOIYKTUBHOCTH B bapeHiie-
BOM Mope, (OpMHpPOBaHKE SKCTPEMaIIbHBIX KoJeOannii ypoBHs B bantuiickom Mope.

OcHoBHBbIE 32/1a4U, IOCTABJICHHBIE U PEILICHHBIE JIJIsI TOCTUKECHUS ITOM LIEIIH:

- CO3JaHHe MPOrPaMMHOI0 KOMILIEKCA JUIsl MOAEIUPOBAHUS LUPKYISILIMUA U
TIepeHoca MacCUBHBIX THAPOOMOHTOB B BEPXHEM CJIO€ MOpsI IO AEHCTBHEM aTMo-
cepHOI HUPKYIALNH;

- BOCIIPOM3BEEHNE IHUPKYIALINN B BepxHEM cioe OXOTCKOTO MOps, aHAIN3
BIIMSIHUS LUPKYJISALMU HA paclpeesieHue UKPbl U JIMYMHOK MUHTAasl B KOHILIE MTACCUB-
HOW CTaJu¥l Pa3BUTHS, OIICHKA BIMSHHS paclpelelieHns Ha JajbHelee GopMHupo-
BaHUE YPOXKaNHBIX OKOJIEHUH MUHTas: B OXOTCKOM MODE;

- pacyeT BIUSHUS AMHAMUYECKUX U TEPMUYECKHUX YCIOBUH B BEPXHEM CJIOE B
aHOMaJIbHBIE TOJBI Ha PACIpeeIeHue UKPBl U TMUMHOK TPECKU B CMEKHOW aKBaTo-
pun Hopsesxckoro u bapeHiesa Mopeii;

- BOCIIPOU3BEICHUE U aHAJIN3 MEXaHH3Ma pa3pyLIeHHs] TEPMOKIMHA U MOCTYII-

JICHUA FJ'Iy6I/IHHI>IX BOJ, O6GCHC‘II/IB3.IOH.II/IX (I)OpMI/IpOBaHI/Ie 30HBI ITOBBIIIEHHON nep-



BUYHOM NPOAYKTUBHOCTH, B palloHE MOIHATHS AHa B bapeHueBoM mMope mpu mpo-
XOXKICHUHW HaJl aKBaTOPHEH aKTUBHOTO ITUKIIOHA;

- olpe/iesieHne KPUTHUECKUX 3HAUeHUH MapaMeTpOB U TPACKTOPUN LIUKIIOHOB,
MPHUBOIAIINX K SKCTPEMATBHBIM KOJIEOAHUSIM YPOBHS B 3aiMBax banTuiickoro Mops;
pa3paboTka MeTo/la aHAIMTHYECKOTO 3aJaHus MapaMeTpPOB W TPaeKTOPUH IKCTpe-
MaJTBHBIX IMKJIOHOB ISl MOJIEITMPOBAHUS HaHOOJIee OMACHBIX KOJeOaHU ypOBHS B
3anuBax bantuiickoro mops;

- MOJIeIMpoBaHue (OPMHUPOBAHHS HATOHHOW BOJIHBI M 3KCTPEMAJILHBIX KOJIe-
OaHMii YPOBHS B 3aJIMBaxX MPH MPOXOXKJICHUH HanOoJiee OMACHBIX IIUKIOHOB HAJ| pe-
ruoHoM banTuiickoro mopsi.

Jlns xakaoW 3aJayd ONMMCaHbl MCIIOJIb30BAHHBIC MOJICIA W UCTOYHUKH JIaH-
HBIX, IPEJCTABJIEHbl TOCTAHOBKA 33aJ]aud W aJIrOPUTM PELIEHUs, Pe3yJabTaThl MoJie-
JUPOBAHWSI, TPAKTHYESCKUE BHIBOJIBI M HAYYIHBIE PE3yIbTATHI.

Oobaacte HccaenoBanus. VccienoBaHue BBIIOIHECHO B 00JaCTH, COOTBETCT-
Bytomield mudppy crenuambHocTH 25.00.28 — okeaHONOTHA: pa3aen 3 - THHAMHUYe-
CKHE TPOLECCH (BOJHBI, BUXPH, TCUCHHs, MOTPAaHUYHEIC CJION) B OKeaHe; paszeln 6 -
OMOJIOTHYECKUE TTPOIECCHl B OKEaHe, UX CBS3b ¢ aOMOTHYECKUMU (PaKTOpaMH CPEIIbI
U XO3SIIICTBEHHOW JEATENbHOCTBIO YeJIOBEKa, OMOMPOIYKTUBHOCTh pailoHOB Mupo-
BOr'0 OKEaHa.

O0bekT HccaenoBanus. J[uHamuveckue, (U3MUSCKHE M OHMOJIIOTHYCCKHE
npouecchl B Mopsix Poccun: Oxorckom, bapenneBom u bantuiickom. JJunamuueckoe
1 TEPMHUECKOE COCTOSIHHE BEPXHETO CJIOS MOps (OPMUPYETCS IO BO3IEHCTBHEM
aTMOC(EpHBIX MPOIECCOB, MMOITOMY BO BCEX MPEICTABICHHBIX 3a/1a4aX OMpPEACIIsIo-
mMH (HaKTOpaMU SIBIITIOTCST aTMOC(HEPHOE JTaBJICHUE H BETED.

[peamer ucciaemoBaHus. [uapodusnyueckie U OHOJOTHYECKHIE MPOIECCH B
BEPXHEM CII0€ MOpS, BOSHHKAIOIINE B pe3ylbTaTe BO3AeHCTBUS aTMOC(hEepHON IHp-
KYJISILIMM, a UMEHHO:

-popMupoBaHue Ipei(poBOi MUPKYISAIHA B BepxXHEM cioe OXOTCKOTO MOps
OJ] BO3JICHCTBHEM aTMOC(EPHOI HUPKYISAIUN U MEPEHOC UKPBI U TUYMHOK MUHTAS
B 3aBHCHUMOCTH OT PacCUMTAaHHBIX TEUEHHH 3a psA JIET, pacupelesieHUue JIMIHMHOK

MUHTasI B KOHIIE EPHOA pacueTa i Ka)XJI0T0 paCCMOTPEHHOTO rofia;



- (opMHpOBaHHE TTOBEPXHOCTHBIX TEUYCHHH B CMEXHOH akBatopuu Hopex-
ckoro u bapeHrieBa Mopeli 1Mo Bo3necTBUEM aTMOCHEPHOW MUPKYJILIIAHA U Tiepe-
HOC U PacIpeeiCHUe UKPhl M JIMYMHOK TPECKH B 3aBUCUMOCTH OT PAaCCUHUTAHHBIX
TEYCHHI B aHOMAJIBHO TCILIBIH M aHOMAJIBHO XOJIOTHBIC TOIBI;

- paspyllIeHHEe TEPMOKJIMHA HAJ[ MOJHITHEM JHA MPHU MPOXOKICHUH aTMO-
cdepHOTO NUKIOHA Hall bapeHieBsIM MopeM, IPUBOIIEEe K MTOIBEMY TITyOHHHBIX
BOJI, COJIEPIKAIMX OMOTCHHBIC DJICMEHTHI, 1 00pa30BaHKE 30HBI MOBBINICHHOW OHO-
MIPOIXYKTUBHOCTH B PACCMOTPEHHOMN aKBaTOPHH;

- MakCHMaJibHble (10 KaTtacTpO(GUUECKHX) MOABEMBI YPOBHS TPH MPOXOXKIE-
HUH SKCTPEMaJBHBIX IUKIOHOB Han bantuiickum Mopem. OmpeneneHue W yTOYHE-
HHUE TPACKTOPHH W 3HAYCHHUI MapaMeTpOB MUKIOHOB, HAHMOOJIEE OMACHBIX IS IKC-
TpeMaJbHBIX TIOJbEMOB U OIyCKaHUH ypoBHs B DUHCKOM 3ajIHBe.

Teopernyeckass U MeTOAO0JOrHYECKASI OCHOBA HcCJaeq0oBaHuA. B manHOM
UCCIICIOBAHUH U psAfe paboT aBTOpa MPEIIOKEHBI CIIOCOOBI M METOHOJIOTHS pellie-
HUS TIPUKJIAJHBIX U PETHOHANBHBIX 337144, KaCAIOUINXCS MEXaHW3MOB BIIMSIHUS THII-
POMETEOPOJIOTHIESCKUX (PAaKTOPOB HA IPOMBICIOBO-OMOJIOTHYECKUAE MPOIECCH B
BEPXHEM CJIO€ MOPs C TOMOIIBIO THAPOAMHAMHYIECKOTO MozenpoBanus. [Ipencras-
JICHHBIC UCCIICIOBAHSI BBITIOIHEHBI KaK JIMYHO aBTOPOM, TaK H B COABTOPCTBE U MOJ
PYKOBOICTBOM aBTOpA.

B menoM MexaHU3Mbl BIUSHUS THIPOMETCOPOJIIOTHUSCKUX YCIOBHI Ha 00pa-
30BaHME MPOIYKTUBHBIX 30H B Mope, Ha ()OPMHPOBAHHE YpPOXKAWHBIX ITOKOJICHUI
MPOMBICIIOBBIX BHIOB M3BecTHbI (JI.M.3BepbkoBa, 2003). MaremaTuyeckoe MOAEIH-
pOBaHHE MEXaHU3MOB U KOJIMYECTBCHHAS OIICHKA B3aMMOCBSI3U THAPOMETEOPOIIOTH-
YecKuX (PAaKTOPOB M OMOJIOTO-TTPOMBICIIOBEIX ITOKa3aTeleil BBIIONHSIINCH B OTEUECT-
BEHHBIX U MHOCTpaHHbIX uccnenoBanusix pexxe (F.Vikebo and oth., 2005). Ocobenno
Ba)XKHO ITIOHUMAaHHE W BOCHPOM3BEICHNE MEXaHM3MOB B3aHMOCBS3H THIPOMETEOPO-
JIOTHYECKUX (PAKTOPOB M IMPOMBICIOBO-OMOIOTHYECKUX TMOKA3aTeNel B YCIOBHAX
COBPEMEHHOTO M3MEHEHUs KIIMMaTa, P aHOMAJIBHBIX M SKCTPEMAaJIbHBIX YCIOBUIX
B aTMOc(epe U B BEPXHEM cJioe MOpsi. [I[pHUUHBI 1 MEXaHU3MBI KOJIeOaHUil YPOBHS B
BantuiickoM Mope HCCIEeIyIOTCs TaBHO M JTOCTATOYHO XOPOIIO HU3YUYSHBI; MMEIOTCS

pacueTsl U OLEHKH BIHMSHUS KoJeOaHWH YpOBHsS Ha MPHOPEXKHBIE COOPYKEHHUS, Ha-



BOJHEHHS OIICPaTUBHO INPOTHO3UPYIOTCA. B maHHOM cirydqae aist pacuera MakcH-
MaJIbHBIX KOJIeOaHWH NMPH 3KCTPEMAIBHBIX IHKJIOHAX MPEUIOKEHO aHAMTHIECKOe
3aJjaHue MOJIst aTMOC(HEPHOTO JIaBJIECHHS B IIUKIIOHE.

HNndopmanuonnas 6a3a ucciaenoBanus. MapopmanmoHnyio 6a3y uccieno-
BaHHS COCTABILUTM OTKPBITHIC apPXHBHI JAHHBIX U KapT, Kak Ha OyMaXKHBIX, TaK U Ha
NIEKTPOHHBIX HOcHTEAX. [loms atMocdepHOro maBieHHS U BETpa IMOIYYCHBI H3
CIIEAYIOIIUX HCTOYHUKOB. APXMB IIPU3EMHBIX cHHONTHYecKnX kapT AAHNMU (otmen
JIONTOCPOYHBIX METEOPOJIOTHYECKUX ITPOTHO30B). APXHB IPH3EMHBIX CHHOIITHYC-
ckux kapt PITMY (xadenpa MeTeopoIOrH4ecKiux MpOTHO30B). JJaHHBIE TIO TeMIe-
parype M COJIEHOCTH Ha CTaHIApTHBIX paspe3ax Hopsexckoro u bapenuesa mopeit
npenoctaBieHsl [TMHPO. CyTHHKOBBIE CHUMKH TIOJyYeHBI M3 3JEKTPOHHOTO pe-
cypca AQUA MODIS u apyrux nHTEpHET-peCcypCoB.

Hay4Hyi0 HOBM3HY COCTaBIISIIOT OCHOBHBIC PE3yJbTATHl MCCIEIOBAHMSA, I10-
Jy4CHHBIC 6nepabsle.

Pazpaborana MeTONONOTHSI BOCHPOM3BENCHUS TCUCHUH M PacIpOCTPaHEHUS
NIaCCHBHBIX THIPOOMOHTOB B BepxHeM cioe B OacceiiHax Oxotckoro n bapennesa
Mopeii ¢ mpuMeHeHneM c(hOPMUPOBAHHOTO MPOTPAMMHOTO KOMILIEKCA.

ITonmydyeHa oleHKa MHTEHCHUBHOCTU TEUCHHUH M paclpeieNeHHs MacCUBHBIX
TUIPOOHOHTOB B BepxHeM ciioe OXOTCKOro MOps Ha OCHOBE HPEIUIOKEHHOH aBTO-
POM METOJIUKH OLIEHKU C TOMOIIBIO HHJIEKCOB HHTEHCUBHOCTH IIUPKYIISALNU.

B pesynbprare MonennpoBaHHs IMPKYJSIIUU M MEPEHOCA MACCHBHBIX THAPO-
OMOHTOB B BepxHeM cioe bapenneBa m HopBekcKoro Mopei ycTaHOBIIEHO, HTO
JpeiihoBas KOMIIOHEHTA CKOPOCTH TEUEHHMSI OCYIIECTBIISICT XapaKTEpHBIH Uil KOH-
KPETHOTO Tofia MEPEHOC U paclpeielICHne aCCUBHBIX THIPOOHOHTOB, a reocTpodu-
Yyeckas KOMIIOHEHTa OCYLIECTBISIET OOIIMH MepeHoc ONM3KUIA K CpefHeMy MHOTO-
nerHeMy. Haubonee oTueTnmBo BiusiHME aTMOC(hEpHOH LUPKYIALNK U ApeiidoBoii
KOMIIOHEHTB! TEUCHHUs MPOSBISETCS B AaHOMAJIBHO XOJOJAHBIE U aHOMAJIbHO TeIJble
TOJIBL.

YCTaHOBIEH U BOCHPOU3BEICH B YHUCIEHHBIX HKCIIEPUMEHTaX MEXaHHU3M pas-

PYILICHUS TEPMOKIIMHA U TI0/IbeMa INTyONHHBIX BOJ HaJ 6aHKkoi B bapeHiieBom Mope,



obecnieunBaromii popMUpoBaHNEe OMONPOIYKTHBHOM 30HBI, IIPU MPOXOXKICHUH aT-
MOC(hEpHBIX ITUKIOHOB.

OmnpeneneHa COBOKYTHOCTb 3HAUEHUH MapaMeTPOB AKCTPEMANIBHBIX IUKIOHOB
1 HanOoJiee ONMAacCHBIX TPACKTOPWI WX ABWIKCHUS, NMPHUBOMAAMIAS K MaKCHMAaJIbHBIM
noJbeMaM ypoBHs B 3anuBax bantuiickoro Mopsi.

[pennosxeH METON aHATUTHYECKOTO 3aJaHus MOJI aTMOC(EPHOTO JABICHHS
JUIA MOZAETMPOBAHMSA 3KCTPEMANbHOIO IMKJIOHA, MPUBOISMIETO K MAaKCHMaJIbHBIM
KoJIeOaHUsIM (TIOABEMAM U CaJiaM) YpOBHS B 3aInBax banruiickoro Mopst.

BrIsiBeHO TOBBIIIEHHE CPEeTHEMECSYHBIX 3HAUYCeHUI ypoBHA B HeBckoii rybe
3a MOCIeIHNE TPU AECATUIETUS 0 CPABHEHUIO CO 3HAYEHUAMH 3a mpeasiaymue 100
JIeT, BOSHUKAIOIIEe M3-32 CMEUICHHUs TPAeKTOPUM LUKIOHOB Mpoxoasmux Haj bain-
TUIICKMM PETHOHOM.

YCTaHOBNICHO, YTO TIPH MIPOXOXKACHHH SKCTPEMAaTbHOTO IHKJIOHA Haj DuH-
CKHUM 3aJIMBOM MOXET HMPOU30UTH KaTacTpo(huueckoe HABOAHCHUE C MAKCUMAJIbHOM
BBICOTOW HaroHHOW BoJHBI 10 580 cM B paiione ["opckas — CecTpopenk mpy OTKPHI-
ThIX cTBopax K3C u Beime 600 cM npu 3akpeIThix cTBopax K3C.

IToJi0:keHHs1, BEIHOCUMBIE HA 3aILUTY:

1. Pe3ynbTaThl MOJEIMPOBAHUS LUPKYIALMNA U IEPEHOCa MaCCUBHBIX T'MAPO-
6uoHTOB B BepxHeM cioe Oxorckoro, bapeHuesa n Hopsexkckoro mopei, B ToM
yHcIie IPU AaHOMAJIBHBIX YCIOBUSX.

2. Meroanka CpaBHUTENBHOH OIEHKM MHTEHCHBHOCTH TEYCHHH B BEPXHEM
cioe OXOTCKOTO MOPSI C TIOMOIIBIO HHACKCOB IHAPKYIISAIIUIH

3. Pe3ynpTaThl MOJETUPOBAHUS MEXaHU3MA Pa3PyLICHUs TEPMOKIMHA U MOIb-
eMa ITyOMHHBIX BOJ HaJl OaHKOIl B bapeHIieBoM Mope IpH MPOXOXKICHUH aKTHBHBIX
aTMOC(EPHBIX [TUKIOHOB.

4. PesynbTaThl MOJENUPOBAHUS SKCTPEMAIbHBIX LHKIOHOB, BBI3BIBAIOIINX
MaKCHMaJbHbIE TOABEMBI YPOBHS B 3anuBax bantuiickoro Mops.

5. 3aKOHOMEPHOCTH paclpOCTpaHEHUs1 HArOHHOM BoyHbI B banTtuiickoM mope
Y 3QJIUBaX BO BPeMsI IPOXOXKACHUS SKCTPEMAIbHOTO IIUKJIOHA.

6. KonmuecTBeHHbIE OIIEHKH JIOTIOHUTEIBLHOTO ITOJbEMA YPOBHSI TIPH SKCTpeE-

MaJIbHBIX HaBogHeHUAX B DuHCKOM 3anmuBe ¢ yueToM pabotsl K3C.



IIpakTHyeckasi 3HAYMMOCTb HcCJIe0BaHUsA. MOIETPOBaHUE MEXaHU3MOB
U CBSI3¢H B MOPCKHX 3KOCHCTEMaX CIIOCOOCTBYET paIOHAIBHOMY HCIIOIb30BAHUIO
OHOJIOTHUECKHX, SJHEPTETUUECKUX U JPYTUX pecypcoB Mops. MccnenoBaHue 3aBUCH-
MOCTH pacCIpeNeNeHiss UKPHl M JIMYWHOK BaXKHEHIINX IPOMBICIOBBIX OOBEKTOB -
TPECKU U MUHTAs - OT AMHAMHMKH BEPXHETO CJI0S MOPSI MO3BOJISET OI[CHUTH BO3MOXK-
HOCTHb ()OPMHPOBAHUS YPOXKAHHOTO MOKOJIEHHUS KOHKPETHOTO Iojia U, CIICIOBaTENb-
HO, CIUTAHMPOBAaTh PAI[OHAJIBHBIA BBUIOB M ONPEEIUTh OOIIUM TOIMyCTUMBIH yIOB
(OY) »tux BuAOB. [IpoMBICITIOBEIE BHIBI HA ITACCUBHBIX CTaJUAX PAa3BUTHS B Iep-
BB TOZ *KM3HM HamboJiee MOABEPKEHBI BO3ACHCTBUIO (haKTOpOB cpensl. Moenu-
pOBaHHUE paCIpeeICHNs] ININHOK IIPOMBICIOBBIX BHOB B KOHIIE ITACCUBHOM CTagnu
JaeT KOHKPETHBIM OTBET Ha BOIIPOC — MOMAIN JWYUHKU B OJIaTONPHSTHBIC YCIOBUS
(umm paiioH MOpsI) WIIM OKa3alMCh B HEOJIAronpusATHEIX YCIOBUX. B mepBom ciydae
MOYKHO OKHaTh (POPMHPOBAHMS YPO)KAaHHOTO MOKOJICHHUS M 3HAYUTEIFHOTO TOMO-
HEHUs 3araca BHJA 3a CYET 3TOTrO IOKOJIEHMs, YYMTHIBas MPU 3TOM, YTO B IOCIIe-
JYIOIIHE TOBI ApyrHe (haKTOPBI MOTYT HETATHBHO MOBIHATH Ha 3amac Buaa. Bo Bro-
pPOM cilydae HEBO3MOXKHO OKHJAaTh (POPMHPOBAHUS YPOKaHHOTO IOKOJIEHHMS, T.K.
JWYMHKY 1 MOJIOJb MO B YCJIOBUS, KOT/IA X YMCIEHHOCTh B MPEICTOSIININ 31M-
HHUH{ TIepUOJ CYIIECTBEHHO COKpaTuThesi. Hanbonee oTueTiMBO Takue CBSI3M HPOSIB-
JISTFOTCSI B CE€30HBI M TO/IBI C aHOMAJIBHBIMU YCIIOBUSIMU. VlccnieoBaHue BIMSHUSA yC-
JIOBUH IUPKYJSIIIMU Ha pacHpeseleHue MacCUBHBIX I'MAPOOHOHTOB MPOBOIUINCEH B
coBMecTHBIX pabotax aBropa ¢ CaxHUPO u ITMHPO. Pa3zpabotanHBIN mporpaMm-
HBI KOMIUIEKC, METO/ pacdeTa IMepeHoca THAPOOHOHTOB, OIEHKAa MHTEHCHBHOCTH
LUPKYJIALUHA C TIOMOIIBIO TPEJIOKEHHBIX MHIEKCOB MOTYT OBITH PEKOMEH/I0BaHbI
JUISL IOATOCPOYHOTO TPOTHO3a BEPOSITHOTO PaclpeieNICHUs] UKPbI X JINYUHOK W Jajlb-
HeHIIel oleHKH ypoxkaHOCTH (POpMHUpYIOIIErocs: HOKOJIEHHs, €U TTo100paH Troj-
aHAJIOr MO XapakTepy aTrMoc(epHON IMPKYISIWH M MHTEHCUBHOCTH Ipei(oBoro
HepeHoca.

JlmarHoctrka OMOIOTMYECKH POAYKTUBHBIX 30H UMEET NPAKTHYECKOE 3HaUe-
HHE /IS TUIAHWPOBAHMS AEATEIBHOCTH JIOOBIBAIOIINX OPraHU3alii, T.K. II03BOJISET
OIIPEAENNTh MOTECHIMAIBHO MPOMBICIOBO-IIPOJYKTHBHBIC AKBATOPHH W COOTBETCT-

BCHHO CILIaHUPOBATH pa60Ty ,HO6I>IB3.IOHII/IX CyH0B. MCTO,HI)I KOHTAKTHOI'O U JUCTaH-



LMOHHOTO 30HIMPOBAHMUS B IITOPMOBBIX YCIOBHSX M NP 3HAUUTEIFHOH 00JIAaUHOCTH
3aTpyAHEHBI WIN JAl0T HEHAAEKHBIE Pe3yIbTaThl, a HCIOIb30BaHUE NX COBMECTHO C
METOJ]aMH MOJIEIMPOBAHMS TTO3BOJISIET BECTH HENPEPHIBHBIH MOHUTOPHHI OHONpPO-
IYKTUBHBIX 30H. YacTh paboOT 3TOro pasjena BBIIONHEHA B PaMKaX COBMECTHOTO
poccuiicko-HopBexckoro npoekta MAREBAS, HanpaBieHHOro Ha NoBbIIEHHE (-
(heKTHBHOCTH UCTIOJIB30BaHUs OHopecypcoB bapeHmeBa Mopsi.

OKcTpeManbHbIe HeepHoAndYecKrne KonebaHus ypoBHs B bantuiickom Mope u
€ro 3aJIMBAX BIUSIOT HA KOMIOHEHTHI S9KOCHCTEMBI X Ha MHOTHE BHJIBI XO35CTBEH-
HOHN JIeSATEeNbHOCTH (MOPCKOW TPAHCHOPT, CTPOUTENBCTBO U KCIUTyaTalus MOPTOB H
THJPOTEXHUYECKUX COOPYKEHHH, PHIOOTIOBCTBO M aKBaKyJIbTypa, 100bIYa M TpaHC-
MOPTHPOBKA PHEPTOPECYpPCOB, PEKpEaIlMoOHHAs aKTHBHOCTH). PaccuWTaHHBIE B MO-
JIETBHBIX 3KCIEPUMEHTAX U MpeJCTaBlIeHHbIE B pa00Te BO3MOXKHBIE SKCTPEMAaJIbHBIE
3HAYCHUS YPOBHS, 3HAUCHHS MapaMeTPOB U TPACKTOPHU SKCTPEMATIBHBIX ITUKIOHOB,
NPUBOASAIINX K TaKMM KOJIEOAaHHSAM ypOBHs, HEOOXOAMMEI AJIsl ONEPaTHBHOTO IPO-
THO3MPOBAHUS M TIPUHATHS Mep Oe30macHOCTH NIPH HAaBOJHEHMAX. 3aBEpIICHHUE
cTpoutenscTBa U pynkiuonuposanne K3C B HeBckoii rybe He CHU3MIIO IpakTHYe-
CKOM 3HAYMMOCTH MOAOOHBIX PACUEeTOB, T.K. U CBOCBPEMEHHOTO 3aKPBITHA U OT-
kpbiTust K3C HeoOX0AMMBI TOYHOE 3HAHWE M HaJCKHBIH MIPOTHO3 BPEMEHHOTO X0/1a
YPOBHS B TIeproAbl HaBogHEHUH. Kpome Toro coxpaHseTcs OIMacHOCTh HITOPMOBBIX
HaroHOB U CIIaJI0B YPOBHs B APYTUX 3aJMBaxX U yacTsax banruiickoro mops.

Pa3paboTku, BBIIOJHEHHBIE B JAHHOW IUCCEPTALMOHHON paboTe, MCIIOb3Y-
foTcst B yueObHoM mporiecce PITMY, B nuciumHax, 9nTaeéMbIX Ha OKEaHOJIOTHYe-
CKOM (pakysbTeTe, B AMIUIOMHBIX ITPOEKTaX U MArMCTEPCKHUX JHMCCEPTaLHUX.

AnpoGauus pe3yJbTaToB ucciaenoBaHuss. (OCHOBHBIE PE3yJbTATHI, HU3JIO-
JKCHHBIE B IUCCEPTALMN, OBUTH MPEICTaBICHBI U JonokeHb! Ha [1I Chesne coBeTCKUX
okeaHoJyoroB. Cexunsi GU3NKN U XUMUH OkeaHa. Jleaunrpan, 1987; na MexmayHa-
poxHbIX M Beepoccuniickux koHdepeHIMsx no npomsiciioBoi okeanosiornn (Kamm-
HuHrpax, 1990; Kammawmarpan, 1997; Ceermoropck-Kammamarpax 2005; 2008,
2011); Ha Bcepoccuiickoil koH(epeHIHH "DKocucTeMbl MOpel Poccuu B ycmoBusix
aHTpomnoreHHoro mpecca" (Acrpaxans,1994); Ha Poccuiicko - HopBeskckoM coBe-

manun (Cankr-Ilerepoypr, AAHUU, 1995); na Kondepenuusx no mnpobdiemam
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TIPOMEBICIIOBOTO IporHo3upoBaHms (Mypmanck, 1998; 2004); Ha HMToroBoii ceccuu
VYyenoro Cosera PITMY (Cankr-IlerepOypr. 1999, 2001, 2002, 2003, 2004); Ha
Poccuiicko-HopsexckoMm cummnosnyme, nocesimienHom 100-yetnio okeanorpaduye-
CKHX HaOmoneHwid Ha pa3pese «Kombckuit mepunuany (Mypmanck, 1999); na Kon-
(epennun «Akpa-Teppa-2004», Cankt-IlerepOypr, 2004; Ha MexxyHaponHbix bai-
tuiickux Konrpeccax mo mopckum Haykam Baltic Sea Science Congress (BSSC 2007
Rostock (r. Pocrok, I'epmanms); BSSC 2009 Tallinn, (r.Tammmun, Dcronwus);
BSSC 2011 Cankr-IletepOypr); Ha MeXIyHAPOIHOM DKOJIOTHIECKOM (hopyme
“Jlens bantuiickoro mops”, Cankt-IletepOypr (2008; 2009, 2011); Ha MexayHa-
poxnom cummnosuyme «Effects of Climate Change on the World’s Oceans». May 19-
23, 2008, Gijon (r. Xuxon, Ucnanus); Ha MexayHapOAHON HAYYHOM KOH(BEPEHITHN
«Mopckue uccieoBaHus MOJSPHBIX obiactei 3emim B MeXTyHapOIHOM IOJIIpP-
HOoM Toxy 2007/2008» (CankTt-IletepOoypr, AAHWUU, 2010); nHa MexmayHapoaHOM
HAYYHO-TEXHHUYCCKOH KOH(EPCHINH «AKTyalbHBIC MPOOJIEMBI OCBOCHHUS OHOpeCcyp-
coB MupoBoro okeana» (BrmagmBoctok: JJanepsiosTys, 2010); Ha MexmyHapoIHOM
koH(pepeHust «[IoToku M CTPYKTYpHI B XKHIKOCTAX: (usuka reocthep» (Bmaauso-
cTOK, 2011).

Pe3ynbrarel paboThl TaKXKE OTPAKEHBI B OTYETAX 110 MEXKTyHApOIHBIM IIPOEK-
tam, npoekram POOU u DenepanbHbiM 1eneBbiM mnporpammam. “Maritime Re-
sources of the Barents Sea: Satellite data driven monitoring in the context of increase
of commercial efficiency of the fishery” (MAREBAS), coBmecTHbiii npoekt “Nan-
sen Environmental and Remote Sensing Center” (NIERSC Hopserus) u PITMY.
“Flood Risk Analysis for the Gulf of Finland and Saint Petersburg”, project NATO
Science for Peace. SfP Ne 981382, 2007-2009. dusnueckue OCHOBLEI YHCIEHHOTO
MojenupoBanus HaBogHeHni B CankT-IlerepOypre, npoext PODN Ne 09-05-01125-
a, 2009-2011. UccrenoBanue mporueccoB (hopMHpOBaHHA KoebaHumit yposHs bai-
THICKOTO MOops, poekT PODU Ne 11-05-90721-m06 cr, 2011.

OLII «Muposoii okean», 01 2008 53997, «KommuiekcHble Hccaen0BaHUs
MIPOIIECCOB, XapaKTEPUCTHUK U pecypcoB bantuiickoro mops», @A no Hayke U UHHO-

BarusiM MuHOOpazoBanus u Hayku P®, 2007-2009. ABLII ®A mo obpa3oBaHHIO
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Muno6pazoBanus u Haykn PO «OreHuTs mOCIeACTBIS OBBIIICHUS YPOBHS OKeaHa
B YCIIOBHSIX COBPEMEHHBIX M3MeHeHnH kimmatay, 01 2009 52623, «IIporuos», 2009.

Iyb6ankanuu. OCHOBHBIE PE3yJIbTaThl TUCCEPTALMU OITyOJIMKOBaHbI B 55 Ha-
YVYHBIX paboTax, B TOM YHUCJIE B KOJUIGKTUBHOW MOHOTpadHH U B 8 CTAThAX B HAyd-
HBIX XypHanax, Bxoasmux B [lepeueHs BeAyIUX PeleH3UPYEMBIX HAYYHBIX JKypHa-
JIOB W W3JaHWi, pekoMeHa0BaHHBIX BAK. Pesynprarel Bomum B 3 y4eOHBIX MOCO-
Owsl, MOJITOTOBJIEHHBIX U M3IaHHBIX B COABTOPCTBE.

O0beM u cTpyKTypa padoThl. PaGoTa cocTOUT U3 5 Ti1aB, BBEICHHS, 3aKIIIO-
YEHUsI U CITUCKA UCTMOIB30BaHHBIX MCTOYHUKOB, BKITtOUaromiero 217 HanMeHOBaHUH.

O0BeM auccepTauy cocTaBisieT 228 cTpaHuIl, BKI0Yas 69 pUCYHKOB U 7 TaOJIHII.

OCHOBHOE COJEPXAHUE PABOTHBI

B raaBe 1 gaH kpatkuii 0030p THAPOIMHAMHYCCKHX MOJENICH, MPUMEHSIO-
ITUXCSA B TCOPSTUUICCKUX W TPUKIATHBIX OKEAHOJIOTHUSCKUX HCCIeTOBaHHUAX. [ M-
POIMHAMHYECKIE MOJICITU YCICITHO IIPUMEHSIOTCS IS aHaJIM3a U MPOTHO3a OKEaHO-
JIOTHYECKHUX TIapaMeTPOB KaK Ha OKCAaHCKUX aKBATOPHUAX, TaK U B MPHOPEIKHBIX BO-
Jax, TIe COCPeOTOYeHa OCHOBHAsE MOPCKasi JAEATENbHOCTh. B OTeueCTBEHHBIX HC-
CIICZIOBAaHUAX HAHOOJbIIEe Pa3BUTHE TONYYMIN MOJIEIN OApOKIMHHON MUPKYIISIIHA
okeana, Hampumep monenu A. C. CapkucsHa W Mojenu, paspaboranHeie B IBM
PAH. B nocnegnee necsiTuiieTHe C NOMOILBIO MOJENEH ONepaTUBHON OKeaHOIpa-
(um, pa3paboOTaHHBIX HA OCHOBE ATHX MOJXOJ0B, PEUIAIOTCS 3a/a9l Y€ThIPEXMEPHO-
r0 aHaJlu3a U MPOTHO3a COCTOSHUS OKCaHOB M MOPEH C Pa3sHOW CTEIEHBIO JeTaIn3a-
MU, BONBIIMHCTBO COBPEMEHHBIX 3apyOeKHBIX TEOPETUICCKUX U MPHUKIATHBIX HC-
CJIeJIOBAaHUN MTPOU3BOAMTCS C IPUMEHEHUEM MOJIEIeH OKeaHCKON IUpKysiuu POM
(Princeton Ocean Model) mm ROMS (Regional Ocean Model Sistem) . Hcmosb-
3YIOTCSl TaK)K€ BEPCHM MOJENH o01eil mupKyasiuuu okeaHa bpaiina, CemTHepa u
Kokca — moznens MOM (Modular Ocean Model). Bepcun 3Tux TpexMepHBIX Mojie-
Jiell C BBICOKMM TPOCTPAHCTBEHHBIM Pa3pelICHHEM HCIOJBb3YIOTCS B YAaCTHOCTH B
paboTax HOpPBSKCKHX aBTOPOB, YACSIONMX OONBIIOC BHHMAaHHE OHOJIOTO-

ITPOMBICJIOBBIM HCCJICIOBAHUAM. B oreuecTBeHHBIX p]:I6OHpOM])IC.]'IOBI)IX HayY4YHBIX
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WCCIEIOBAaHMSIX B TEUCHHE MIWTEIBHOTO BPEeMEHH mpeoOnmamamu  (usuko-
CTaTUCTUYECKHE METOMBI, OCOOEHHO NPH HPOTHO3UPOBAHWU THIPOMETEOPOJIOTHYE-
CKHX YCIIOBUH W IPOMBICIIOBOIT 0OCTaHOBKHM B KOHKpPETHOI akBaTopHu. B To e Bpe-
Ms, THAPOIMHAMHYECKOE MOJETHUPOBAHHE B PHIOOIIPOMBICIOBBIX HCCIICIOBAHUSIX
OKAa3bIBACTCS MOJIE3HBIM U HEOOXOAMMBIM Ul BBISCHEHUS BIHMSHUS THIPOMETEOPO-
JOTUYECKHX yCIIOBHI HAa OMONIOTHYECKUE MOKA3aTENIN X IPOMBICTIOBBIC OOBEKTHI, IJIs
HCCIIEIOBAHUS MEXaHU3MOB TIOCTYIIJICHHS! OMOTEHHBIX JIEMEHTOB B BEPXHHUE CIIOU U
(hopMUpOBaHMS 30H MOBBINICHHOW OHOJIOTMYECKOH M HMPOMBICIOBON MPOLYKTHBHO-
CTH, JJISI PACUETOB pacHpeneieHs (PUTOIUIAHKTOHA MJIM HKPHI M JIMIMHOK MPOMBI-
CJIOBBIX BUJIOB PBIO.

VIMEHHO BBIABJIICHHIO MEXAaHU3MOB B3aMMOCBS3U MEXIY T'MIPOMETEOPOJIOTHU-
YeCKUMH (aKTOpaMH — AABJICHHEM, BETPOM, TEMIIEPaTypoOi, CKOPOCTHIO TEUEHHH,
YPOBHEM - M OMOJIOTO-TIPOMBICTIOBBIMH TTOKAa3aTeIIMA B MOPCKHX 3KOCHCTEMax Me-
TOJAaMH MaTeMaTHYECKOTO MOJECIUPOBAHUS IMOCBSIIEHBl UCCIENI0BAHUS, MIPECTaB-
JeHHbIe B TiaBax 2-4. IIpuMeHsuTHCh B OCHOBHOM H3BECTHBIE MOJEIH M METOIbBI
YHCIIEHHOW pean3aliii, KOTOpble OBbUIM alanTUPOBAHbI JUISl PEICHUs] KOHKPETHBIX
3a7a4d B IPOMBICIOBBIX U NMPUOpEXHBIX akBaropusix Oxorckoro, bapennesa u bain-
TUHCKOI'O MODEH.

B rumaBax 2 m 3 mpencraBieHsl pe3ysbTaThl MOJEIUPOBAHUS IUHAMUYECKUX
YCIIOBHi1 B BEDXHEM CJI0€ MOpPS U IIEPEHOCA UKDl U IUYUHOK MUHTAS UM TPECKU B
TOJbl CO CPEIHUMH KIMMATUYECKUMH YCIOBUSIMH M B aHOMalbHbIE roabl. MuHTall
OXOTCKOTO MOpPSI 1 HOPBEKCKO-0APEHIIEBOMOPCKAs TPECKaA SABIAIOTCS BaKHEHIITUMHA
HPOMBICIIOBBIMH 00BEKTaMH M KIFOUEBBIMH KOMIIOHEHTaMH 3KocucTeM OXOTCKOTO |
bapennesa mopeil. OIHUM M3 BaXKHBIX 3TAllOB Pa3BUTHs BUIOB SIBIAIOTCS PAHHHE
CTanH, KOTJla NKPa U JINYUHKH MPEACTABISAIOT CO00I MacCHBHBIE 00BEKTHI, KOTOPHIC
B HaWOONbIIEH Mepe 3aBHCAT OT TEPMHUYECKHMX W AWHAMHUYECKUX YCIOBHH OKpY-
xatomeit cpenpl. [lonananue JTUMYMHOK K KOHILY NACCHMBHOW CTaJuH B OJIarONpHsT-
HbIC WM HEONAronpusTHBIC YCIOBHS ONpENeNseT BO3MOXHOCTh (POPMHPOBAHUS
YPOXXalHOTO WJIM HEypOKalHOro IMOKOJIEHHs. MojaenupoBaHUE THUAPOJIOTHMYECKUX
YCIIOBHH IS psifia JeT B MEpHOJ OT HepecTa 10 CTaJiH MaJIbKOB, CIIOCOOHBIX Tepe-

JABHUI'aTbCsd CaMOCTOATCIIBHO, ITIO3BOJIACT CACIATh BBIBOA O 6y;[ymeM COCTOSAHHUU II0-
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KOJIGHHUS JaHHOTO Tona. Ha mocnenyrommx sTamax »KH3HEHHOTO ITUKJIA Ha CPOpPMH-
poBaBiiieecst MOKOJICHHE ACHCTBYIOT APYTrUe, B TOM YHCIIe HeraTuBHbIE (hakTOpbI, MO-
9TOMY NONaJaHue B OJIArONPUSITHBIE YCIOBUS WIN B HY)KHBII palloH MOpSI B KOHIIE
MACCHBHOM CTaJIMM PAa3BUTHS BUA SBJISIETCS YCIIOBUEM HEOOXOIMUMBIM, HO HE JI0CTa-
TOYHBIM, JJIs1 (JOPMHUPOBAHUS YPOIXKAIHOTO MOKOJICHHUs. 3a/1aua MOAEINPOBaHUS T1e-
peHoca MaCCHBHBIX THAPOOMOHTOB HEOOXOMMMa UIA aHAIIM3a JajbHEHINero pa3Bu-
THSI TOKOJICHHUS BUJa U (JOPMHUPOBAHUS €T0 3a1aca, U MOXKET CIYXHUTh OCHOBOM st
JIOJITOCPOYHOTO TPOTHOZWPOBAHUS WIIM, MO KpalHeW Mepe, Ui IpeIBapUTEIBHOM
OLIEHKHU OYJIyIIEero IPOMBICIIOBOTO 3araca.

OmHUM W3 TJaBHBIX (PAaKTOPOB, OMPEICIIIONIUM IHHAMHYSCKOE H TepMHYeC-
CKO€ COCTOSIHHE BEPXHETO CJI0S MOPSA U YCIOBHS (POPMHUPOBAHUS OMOJIOTHIECKOH 1
MIPOMBICIIOBOH TTPOTYKTUBHOCTH, SIBIIACTCS aTMOC(epHas UPKyJnus. B wactHOCTH,
MePeHOC U PacCHpe/eieHHe NaCCHUBHBIX THMIPOOMOHTOB — MKPHI M JINYMHOK MHHTAsI
WIN TPECKH, MPOMCXOANUT B BEPXHEM CIIO€ MOPS IOJ JCUCTBHEM TeUeHHUH, GpopMu-
PYEMBIX aTMOC(EepHBIM BO3ICHCTBHEM 1 TOJIEM IUIOTHOCTH. B Hammx pacuerax, Kak
MPUHATO B THUAPOJMHAMHYCCKHX MOJEIX, aTMOC(EpHOE BO3ACHCTBHE BOCIIPOU3BO-
JITCS 3a/IaHAEM TI0JIei aTMOC(EPHOTO JaBICHHUS U BETPA.

Jnst penieHus 3aiadu O pacrpeAeIeHUH JIMYMHOK ITPOMBICJIOBBIX BHIOB PHIO
OpuT paspaboran mporpamMmHbIi Komiieke (A.C.AsepkueB, M.W. Macnosckuii,
1990, ABepkues u 1p., 1991), cocrosmmii U3 0JI0Ka pacueTa TOIIUHBI BEPXHETO Iie-
pemerranHoro cios (BIIC), ©noka pacdera CKOPOCTH TeueHHS W OJIOKa pacueTa Iie-
peHoca mpuMecH MeToIoM MapkepoB. [[is pacuera ckopoctu TeueHus B OXOTCKOM
Mope (TiiaBa 2) TpUMEHCHa WHTETpajbHAs MOJCIb IHPKYJSIWN, OCHOBaHHAs Ha
PEIICHNN CUCTEMBI IBYX YpaBHEHHH OTHOCHUTEIHHO (PYHKIIMU TOKA MOJIHBIX OTOKOB
w(x,y) u QpyHKIMM 3aBUXPEHHOCTH TIOJHBIX MOTOKOB @(X, y).

Jnst pacuera mepeHoca MACCHBHBIX THIPOOMOHTOB B TPETbeM OJIOKE Ipo-
TPaMMHOTO KOMIDIEKCa IIPUMEHEH METOJ MapKepoB, B KOTOPOM IIEPEMEICHHS Yac-
THIL OTCIICKHMBAIOTCS C TIOMOLIBIO JIATPAHIKEBBIX NMEPEMEHHBIX - KOOPJMHAT YaCTHII.
TpacKTOpUU YaCTHI] IPUMECH CKIABIBAIOTCS U3 MEPEMEIICHHUS B «CPESIHEMY MOTO-

Ke, OTpPEICIAEMOM TI0JIeM CKOpOCTH TedeHus (U, V) U CIIyYailHBIX MepeMEIICHHIA.
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[py YUCIEHHOM MOJECIMPOBAHUY TIPUpPAIICHHE TPAEKTOPHH YaCTHIBI AX,, 3a OJIWH
mar mo Bp€MCHU MOXKHO 3alrcaTh B BUIEC

Ay =U,, - At +17,, (1)

rae mn, — MNpUpAICHUC TPACKTOpHUU 3a CUCT CﬂyqaﬁHOFO Typ6yneHTHOr0

CMEIIeHUs; i — HOMep KOOPAMHATH; M — HOMEP BPEMEHHOTIO Iara; k — Homep dac-
THUIIBI. BennauHBI 3THX CIydaifHBIX IepeMeIleHni ONpeIeisIoTCs Ha OCHOBE Iapa-
metpusarmu Typoynentaoro cmemnierns (K. Boynen, 1988), a nanpasnenust popmu-
pYIOTCA citydaifHBIM 00pa3oM (B IporpaMMe 3a1al0TCs TEHEPATOPOM CITyJalHBIX JH-
cen).

Pacuer nupkynsanuu BepxHero ciaos B OXOTCKOM MoOpe MPOU3BOAMICA 32 Psift
net ¢ 1981 mo 2000 rr. ayst meproaa ¢eBpanb- aBryCcT, a pacdeT MepeHoca UKPhI 1
JMYUHOK MUHTAsl Ul IepHoa MapT-aBrycT. Jlas cpaBHUTEIHHOTO aHAIN3a PEKUMa
mupkyssiun B BIIC ObuT mpesioskeH M UCTIOIh30BaH MHIEKC, 3HAYCHUS KOTOPOTO
M3MEHSJIOCh OT +3 10 -3, B 3aBUCHMOCTH OT IpeoOIagaHus aHTUIUKIOHUYIECKOTO
(+) mm muxToHnYeckoro (-) xapakrepa aBmwxeHus B BIIC Ha kaXqoM BpeMEHHOM
mare (MeHTaaa, JeKaaa Wid Mecsir). BeImyck MapKepoB, HMUTHPYIOIIMX CKOTUICHHE
THUIPOONOHTOB, POU3BOAMICS B MECTaX OCHOBHOTO HepecTa MuHTas (puc.l). [Toma-
JTaHWEe JIMYMHOK MHUHTAs B ONaronpusTHBIE WM HEOJIATONPUATHBIE YCIOBHS OIpe/ie-
JISUTOCH TTOJICYETOM KOJMYECTBa MapKepoB, MOMABIINX B KOHIIE pacueTa B TOT HITH
WHOHM paifoH Mops (M TPOILEHTHOT'O OTHOIIEHHS OT OOIIero KojamdecTBa BOPOIIEH-
HbIX MapkepoB). M3sectHo (JL.M. 3BeppkoBa, 2003), uTo GIaronpusTHHIMU YCIIO-
BUSIMH JIJIS IMIMHOK MHHTAsI K KOHITY TTAaCCHBHOW CTaIUM SBIAIOTCS PacIpeiecHIe
UX Ha ceBepHOM Ienbde mwim Ha CaxanuHckoM menbde (paiion 2 Ha puc.l). B run-
pPOOHONIOTHYECKHUX HCCIIEIOBAHMAX MOKa3aHo, uTo mepuoy 80-x - Havama 90-x IT.
ObUI, B 11€JI0M, OJAaroNPHUATHBIM ISl BOCIIPOM3BOJICTBA OXOTOMOPCKOTO MHUHTAsI I10
CpaBHEHHWIO MEPHUOAOM MajeHus 3amaca B koHue 90-x u Hawanme 2000-x rr. Hamm
pacueTsl nokasanu, uyTo B 80-x u Havazne 90-x IT. KoiebaHus 3armacoB ONpelesuTuCh
TJIaBHBIM 00pa3oM €CTECTBEHHBIMH (PaKTOpaMH Cpelbl, B YaCTHOCTH Aper(oBOit
MUPKYJSIHeH, GOpMHUPYIOIIEH paclpeeicHiHe JTMYMHOK B KOHIIE MAcCUBHOM cTa-
mun. Ha puc.2 mpencTaBiIeHo CONOCTaBICHUE KOJIMYECTBA MAPKEPOB, MOMAIaBIINAX B

paiioH 2 K aBrycTy, M HEpECTOBOTO 3amaca MUHTas depe3 5 neT. Tak, mocie BhIHOCA
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3HAYUTENBHOM YaCTH JTMYMHOK B KOHIIE Jieta ¢ CaxanMHCKOro mienbdha u U3 cesep-
HBIX paiioHoB (Hampumep B 1991- 1992, u 1994-1996rr) ¢ 60mb1I0iT BEPOSTHOCTHIO
(dopmupoBanuch crnabeie (Wiu OeqHbIE) MOKOJIEHUS, U uepe3 4-5 et Habaroaanoch

cumkenmue 3amaca (1995-2000rr).

ey, A0, 05,28, 25,
] E 120
354 35
] r 100
30] [ze
1 F 80
2s5] fzs 0
] N 40
204 20
] £ 2
15: :15 00
B - AANMTNONN OO AANMT OO0 AN
] C NN DRNUWODOODODOOOD OO O
1e] F1o B2NN28080090990939988¢8
55 :5 s OMAPHEPOB BL-HE 2 ===33MACCO CABMIOM 5 NeT
] F Puc.2.Conocmaenenue Konuyecmea
O T LT T T g T oSBT | MapKepos, nonaswiux 6 paiion 2 (npoyenm
om 0bwez00 KoOIUYECmea  MAapKepos,
Puc.1. Ionoxcenue mecm svibpoca map- | denennviii na 10) u nepecmosozo 3anaca
Kepog (YCIO0BHO20 Hepecma MUHmMAs) u pai- | munmas uepes 5 iem (MIH. MOHH).
onos 6 Oxomckom mope

Hamnpotus, GnaromnpusiTHoe pacrpeaeieHue MoJlydeHo B pacuerax s 1988-
1990rr., 1 yepe3 4-5 et HabMIOAATOCH YBENWYCHUE 3amaca MUHTas (B 1995T otMme-
YeH MaKCUMAJbHBIN 3amac 3a nocueaHuii 20-IeTHUH nmepuon).

B riaBe 3 npuBeneHbl pe3ynbTaThl MOJICIMPOBAHUS NEPEHOCA UKPBI U JINUH-
HOK JIPyroro BayKHOTO IPOMBICJIOBOTO BHUA — Tpecku. [IporpaMMHbIil KoMIIekc ObLI
MOAN(HULIMPOBAH M aANTHPOBaH Ul pacyeToB B akBaropuu Hopsexckoro m ba-
peHiieBa Mopeil. CKOPOCTh TeUEHHS B BEpXHEM CIIOE€ PACCUMTHIBAIACh Kak CyMMa
IpeiioBoil U TreoCTPOUIECKON COCTABISIOMICH. DTO MO3BOIWIO OICHUTH BKIAT
3THX JIBYX COCTaBIIAIOUINX CKOPOCTH T€UEHHUS B CYMMAapHBIH IEPEHOC UKPHI M JIHIH-
HOK Tpecku. J[ns mopcyera KosmuecTBa IMIPOOMOHTOB, MOMABIIMX B Pa3jIMuHbIC
Y4acTH aKBaTOPHHU (UTO OIpeesnsieT OJaronpusATHbIE M WIN HEOIarompusTHEIE yCiIo-

BUSI 3UMOBKH MOJIOJIM), PAifOH HCClieoBaHKsl ObUT pa30UT Ha HECKOJIBKO KBaJpaTOB

(puc.3).
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Puc.3. Obracmo modenuposanus nepenoca ukpovi u IUUUHOK MPECKU U MECMA Gbl-
bpoca mapkepos, UMUMupyIOWux Hepecm mpeckil.

B pesynbrare 4MCIEHHBIX SKCIEPUMEHTOB II0Ka3aHO, YTO MMEHHO Jpeido-
Basl UPKYJISIMS ONPEICIsIeT AMHAMHYECKHE OCOOCHHOCTH KOHKPETHOTO ro/ia U Xa-
paKTepHOE paclpejielieHHe MaCCUBHBIX THAPOOHOHTOB Ha pacCMaTpUBAeMbIX aKBa-
Topusix. OYEBHIHO, YTO OCOOCHHO SIPKO ATO MPOSIBISETCSA B TOABI C aHOMATEHBIMHU
UUPKYJSLMOHHBIMUA U TEPMUYECKMMH YCIOBUSIMU. BBUIM pacCMOTpPEHBI M BOCIIPOU3-
BE/ICHbI LUPKYISIHS U TIEPEHOC UKPBI U JINYMHOK TPECKH B AaHOMAJILHO XOJIOIHBIH
1978r. u anomanbho Teruibie 1983 u 1986 rr. B Temibie roapl MPaKTHYECKHA BCE Map-
Kepbl, UMUTHPYIOIINE UKPY W JIMYNHKH, JOCTHraloT I0)KHOI yacti bapeHiiesa Mops,
YTO SIBISIETCS OJIATONPUSTHBIMU YCIOBHAMHE ISl (POPMUPOBAHUS YPOIKAHHOTO TIOKO-
JeHus Tpecku. HanpoTus, B XONOJHBINH ToJl aOCOMOTHOE OOJBLUIMHCTBO JIMYMHOK B
KOHIIE TTepHo/ia MaCCHBHOTO npelida He nqocturaeT bapenmesa Mops (cM. Tabmuiy),

Y TIOCJIe TaKoro roja popmupyercst 6eHOe MOKOJIEHHE.
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Tabnuma.

Pacmpenenenne MapkepoB B YCIOBHBIX PallOHaX MOJEIUPYEMOW 00JacTH B
MPOIEHTaX Ha KOHEIl pacyera (KOHEIl aBrycTa) B aHOMAJIbHBIC TI0 TEPMHYECKUM YC-

JIOBUSAM I'OJBI.

Ne kBanmpara wiun 1978r 1983r 1989r
rpaHula pailoHa XOJIOAHBIN TEeIJIbINA 04 TeIUIbIH
1 - 13.0 -
4 5.0 - -
5 84.0 0.7 9.3
6 8.0 26.0 17.0
Bocroynas rpa- | 600 720
HULA

BaxHbIM 00BEKTOM ITPOMBICIOBO-OKEAHOJIOTMYECKUX HCCIIENOBAHUI U KOM-
MOHEHTOM MOPCKHX 3KOCHCTEM SIBIISIFOTCSI OMONOTHYECKH MPOAYKTUBHBIE 30HBI, TO
€CTh aKBAaTOPHUH, INIC B CHIIy THIPOPHU3MYCCKUX MPOIIECCOB 00CCIICUNBACTCS YCTOM-
YHMBOE MOCTYIUICHHE B BEPXHHE CIIOM OMOTCHHBIX 3JIEMEHTOB, HEOOXOUMBIX IJIsl 00-
pa3oBaHUs NEpBUYHON Hpoaykuuu. IlokazaTeneM Takux 30H SBISETCS BBICOKOE CO-
JepkaHue xjaopodumia-A, KoTopoe (HUKCHpyeTcs KakK JaHHBIMH KOHTAKTHBIX Ha-
OMIOeHNH, TaK W HEKOHTAaKTHBIMA METOAAaMH 30HJMPOBAHHUS MOPCKHX aKBAaTOPHH.
Beicokoe coneprkaHne MEPBUYHBIX IPOAYLIIEHTOB OPraHMYECKOIO BEIeCTBa oOecIe-
YMBAET B TAKMX 30HAX BO3MOYKHOCTPH JATbHEUIIEro (yHKIHOHHPOBAHUS BCEX YPOB-
Hel Tpoduueckoil enu, BIUIOTh 10 (OPMHUPOBAHUS PHIOOIPOMBICIOBBIX CKOIIJICHUI.
MOHHTOPUHT ¥ MPOTHO3MPOBAHUE TTOJIOXKEHUS TTOJOOHBIX 30H SIBISIETCSA MpaKTHIe-
CKU BaXXHBIM JJISI OCYHIECTBIEHHUS 3((PEKTUBHOTO PHIOOJIOBCTBA U PAIMOHAIBHOTO
HCIIONIb30BaHUSI MOPCKHX OMopecypcoB. bapeHIieBo Mope B LENIOM SIBISIETCS BBICO-
KONIPOIYKTHUBHBIM OacCeifHOM, IPH 3TOM B HEM MMEIOTCS SIPKO BBIPAKEHHBIE W BO-
300HOBIIEMbIe OMOJOTHYECKN TNPOAYKTUBHBIE 30HBI. OCHOBHBIM MEXaHH3MOM IO-
CTYIUICHHS TIUTATENbHBIX BEIIECTB B BEpXHHUH cioif B bapeHiieBoM Mope sBiseTcs
HepeMeIIBaHue IPH 3UMHENH KOHBEKIIMH, U 3TO MEXaHU3M H3Yy4eH J0CTaTOYHO XO-
pomro. B riaBe 4 mccnemyercss MeXaHW3M BTOPHYHOTO JIETHETO OOpa30BaHMS 30H
BBICOKOTO COAEpXaHHs (PUTOIIIaHKTOHA. M3 NMaHHBIX KOHTaKTHBIX HaONIOAEHWH,

CHUMKOB B BUOANUMOM H I/IH(I)paKpaCHOM auamasoHax CJIEayeT, YTO BTOPUYHBIC MaK-
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CUMyMBI 00pa3oBaHus (PUTOTUIAHKTOHA HAOIOAIOTCS HE OJHOBPEMECHHO W HE IIO-
BCEMECTHO II0 aKBaTOPUH MOPS, OITOMY, XOTS MEXaHHU3MBI (POPMHPOBAHUS TaKUX
JIOKAJBHBIX 30H MOBBIMIEHHON NPOAYKTUBHOCTU B mpuHIune u3BectHsl ([. E. T'ep-
MaHOBWY | JIp., 1990), uX MoAenupoBaHKEe MPEACTABISIET OOJBIION TEOPETUIESCKHIA
U mpakTHueckui nHTepec. OfHA U3 TaKUX 30H MOBBIIMIEHHON NPOIYKTHBHOCTU Ha-
OyroflaeTcs perysisipHO B paiioHe OaHkW ['ycwHas, 9To (pUKCHpYETCS CYAOBBIMH H
JIUCTAHIIMOHHBIMH HaOIOJCHUSIMU 332 TEMIIEPaTypOl U KOHIIEHTpaIUeH XIopoduiia
B 9TOi yacTi bapeHneBa MOps ¥ IOATBEPKAAETCS CITyTHUKOBBIMH CHUMKaMH (HEKO-
TOpBIC MPUBE/ICHBI B TaBe 3). @opMUpOBaHHe 30HBI BBICOKOH MEPBUYHON MPOIYK-
WU TIPABOJAWT Janee K OOpa30BaHUIO CKOIUICHWH 300TUIAHKTOHA, MPOMBICIOBBIX
CKOIIJICHHH pBIO, U B pe3ysbTare (GOPMHUPYETCsS BAKHBIA MPOMBICTIOBBINA MOIpPAHOH.
Ha tpexmepHO# MOAen# ¢ JOCTATOYHO BBEICOKHM Pa3pelICHUEM IO MPOCTPAHCTBY H
M0 BpPEeMEHH, pa3paboTaHHOH ¢ momoIipio mporpammHoro komruiekca CARDINAL
(K.A. Kneaunsiit u ap. 2009.), 6bu1 BOCIPOHU3BECH MPOIECC PA3PYLICHUS] TEPMO-
KIuHA Hax OaHkol ['ycHHAs U MOXbeM TIIyOMHHBIX BOJI C CYIIECTBEHHO MTOHMKEHHOM
TEMIIepPaTypOi U C MOBBIIICHHBIM COJICp)KaHUEM OMOTEHHBIX BellecTB. [mapodusu-
YeCcKHe IMPOIECCH BOCIPOM3BOAMINCH HA OTPAaHHYCHHON aKBAaTOPWH, YTO MOTpedo-
BAJIO 3aJIaHUS TPAHUYHBIX YCJIOBHH, KOTOPHIE OBLIN MPEAOCTaBICHBI COTPYIHUKAMH
Hancen-uentpa (r.bepren, Hopeerms) u3 Oonee oOmelt Momenn mupkynsimuu ba-
penuena 1 Hopsexckoro mopeil. MoaenipoBaHue Npou3BOIMIOCH A1 neproaa 20-
30 aBrycra 2004r, xorna CIyTHHKOBBIE CHUMKH (DUKCHPOBANIN ITOBHIIICHHOE COIEP-
*aHue xnopodmaa-A u 001acTh MOHMKEHHOHN TeMIIepaTypsl BOJIB! Ha TOBEPXHOCTH
B paiioHe O0aHku. [loka3zaHo, 4TO B HaYaJIBHBII MOMCHT Ha BCEil paccMaTpUBacMOU
aKBaTOPHUU HAOJIOMAETCS YCTONYMBAs CTpAaTH(UKAIW C TEepPEeMEIIaHHBIM CIIOEM H
XOpOIIO BBIPAXKCHHBIM TEPMOKIMHOM Ha riryomHe 20-30 M, IpemsTCTBYIOMINAM IO-
CTYIUICHHIO B BEpXHHUH CIIOHM TTyOMHHBIX BOII, COAEPIKAIINX HEOOXoquMbIe s (o-
TOCHHTe3a OMOreHHble BemiecTBa. [Ipy MPOXOKAEHUU HaJl aKBaTOPHUEH aKTHBHOTO,
OBICTPOTrO, HO HEOOJBIIOrO MO TUTOMAMN («APKTHYECKOTO») HUKIOHA HaX OaHKOH
I'ycunas hopmupoBaock BUXpeBoe 00pa3oBaHKe, IPOUCXOAWIO pa3pylleHUe Tep-
MOKIIMHA B TIOABeM BoJ ¢ TiryouH ot 50 go 300m. IIpu MomenupoBaHHH 3TO OTYET-

JIMBO TIPOSBISIETCS B BUAE (POPMUPOBAHUS MATHA XOJIOJHON BOABI C TEMIIEPaTypoH,
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KOTOpast MOXET OBITh TOJIBKO Y BOJ, MIOCTYNUBINKX C TTyouHsl. Ha puc. 4. nmpusene-
HO pacCUYMTaHHOE pacIpesesICHNe TEMIEpaTypbl Ha IIHPOTHOM paspese, Inepece-
KaroleM 0aHKy W MpHIIeraroliye BIaIUHBL, J0 MPOoX0oxkaeHus mukioHa 21.08.2004 u

nocie mpoxoxaeHns 25.08.2004.

21.08.2004 25.08.2004

Puc.4. Paccuumannoe pacnpedenenue memnepamypusl 600bi HA WUPOMHOM paA3pese, npo-
Xo0swem Hao bankoul I'ycunas 00 u nocie nPoxorcoeHus: YUKIoHd.
OTYeTINBO BUIHO, YTO BO BTOPOM CiTydae Haja OaHKOI oOpa3yeTcs mpaKTHde-
CKH TIOJTHOCTBIO MepeMelIanHas Boja ¢ temmneparypoii 2.8-3.0°C. Dta Boma obpazo-
Bajlach B Pe3y/bTaTe CMEUIEHUS BOJbI BEPXHEIO CJIOSI U BOJBI CO CKIOHOB, KOTOPas
coJiep)kaT OMOTCHHBIC BEMIECTBA HEOOXOAMMBIE JJIsI 00pa30BaHUS NMEPBHYHON MpO-
nykoud. Yepes 2-3 CyTOK Imocie MPOXOXKACHHs NUKIOHA YCTOWYHMBAs CTpaTH(UKa-
Ul BOCCTAHABIIMBACTCS; CHUTYalHsl NEPHOANICCKH TOBTOPSETCS MpPU BO30OHOBIIE-
HUHM IUKJIOHAYECKOW JEATEIPHOCTH HaJ| aKBaTOpHeEH, oOecredmBas MPaKTHYCCKU
IIOCTOSIHHOE CYILECTBOBAHUE 3[1€CH BHICOKOIIPOAYKTUBHON 30HBI.
B raaBe 5 paccMoTpeH psn 3aa4 MOAEIMPOBAHUS YKCTPEMAIBbHBIX KoJieha-
Hull ypoBHs B banTuiickoM Mope M 3aJuBax IpU MPOXOXKIEHUM aKTUBHBIX LIHKIJIO-
HOB. DKCTpeMalbHble KOJIEeOaHUs yPOBHSA B MOPE M MEIKOBOAHBIX 3aJHMBaX CYIIECT-
BEHHO BJIMAIOT KaK Ha THIPOJIOTHYSCKHNA PEKUM, TaK M HA OHOTY OacceifHa. Oue-
BUIHO TaKke BIISTHUE SKCTPEMAaTbHBIX KOJIeOaHWH YpOBHS Ha HABHTANHWIO, PHIOO-
JIOBHBIN TPOMBICEN, PYHKIIHOHHPOBAHHUE THAPOTEXHHYSCKUX COOPYKECHHH ¥ IPYyTHE
BUIBI ICSTEIGHOCTH B MEJIKOBOAHBIX aKBaTOPHX M UX MoOepekpsx. PaspaboTka me-
TOJIOB TIPOTHO3UPOBAHHUS HaBOAHEHUI B HeBckoil ryde mpoBomutcs 6onee 100 neT.

Z[OCTaTO‘IHO XOpoHio M3Yy4YCHbI TPACKTOPHUHU LUKIOHOB, INPUBOAANINX K IMOABEMaM
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ypoas B Cankr-IleTepOypre u npyrux ropojax Ha modepexbe banxruiickoro mMopsi.
OmnepaTuBHBII POTHO3 HABOJHEHUH M KOJICOAHUH YPOBHS C IMMOMOIIBIO TPAJUIHOH-
HOTO CHHONTUYECKOTO METO/A U C MOMOIIBIO THAPOANHAMUYIECKUX METOAOB OCYIIe-
ctBisiercs kak B Poccun (C-IletepOypre), Tak u B LlIBenun, @urnsaanu, ['epmanm,
OcToHNM U Apyrux crpaHax. [Ipu 3ToM MopenupoBaHHE IKCTPEMalbHBIX IHUKIOHOB
¥ aHAJIN3 BO3MOKHBIX KOJIeOaHWH YpOBHS, KOTOPHIE UMEIOT MAIYIO U OYE€Hb MAIyIo
MIOBTOPSAEMOCTb, SBJISETCS Ba)KHOM 3a/1ayeil MpUKIaAHON U TEOPETUUECKOM OKeaHo-
norun. Kpome toro, rocie 3aBepieHusi CTpOUTENBCTBA U BBOJA B cTpoil Kommekca
3amuTHBIX coopyxkenuii C-TlerepOypra ot nHaBoauenuii (K3C) BrnonHe 060cHOBaH-
HO BO3HUKJIM ONACEHUSs, YTO B CIydyae 3HAYUTEIBHOI'O MOABEMA YPOBHS U IPH MOJI-
HOM 3aKpBITHH BCEX CyIO- M BOZOMPOITycKHBEIX coopyxenmid (C1, C2, B1-B6) Bo3-
HUKHET JIOMOJIHUTENbHAS yrpo3a 3aTOIUIEeHUs Uil HaceaeHHbIX NyHKTOB BHE K3C B
®uHCckOoM 3aiuBe. PemieHue akTyanbHOM 3aJaud MOJAEIMPOBAHUS SKCTPEMAIBHBIX
MOJIbEMOB YPOBHSI U BO3MOXKHOT'O JAONOJHUTENbHOrO noabema BHe K3C mpencras-
JeHo B riaBe 5. C moMomipio MoauduIupoBaHHoro BapuanTa komrmiekca CARDI-
NAL uccrenoBanbsl BO3MOXHbIE IKCTpEMAbHbIE (KPUTHYECKUE) 3HAYCHHS [TapaMeT-
POB U OIIaCHBIE TPAEKTOPUU LIMKJIOHOB, IPUBOISAIIMX K MAKCUMAIBHBIM ITOABEMaM U
cragam ypoBHs B bantuiickom mope, @unckom u Puxckom 3anuBax. s Bocnpouns-
BEJCHUS SKCTPEMAIBHBIX KOJICOAHUH YPOBHS W MIMPOKOTO CHEKTpa M3MEHEHHUS Ma-
paMeTpoB U TPAeKTOPHH IIUKJIOHOB O0Ka3aJ0Ch HEAOCTATOYHO HCIIOJIB30BATh TOJIBKO
(akTHYeCKH HAOIIOMABIINECS OIS aTMOC(EPHOTO JaBJICHUS TIPH MPOXOKICHUH aK-
THUBHBIX IIUKJIOHOB. BEIT pa3paboTaH W MpUMEHEH NPH BBHITIOJIHEHHH MACCOBBIX UHC-
JICHHBIX HKCIIEPHMEHTOB METOJ aHAJUTHUYCCKOTO 3aaHHs TOJIs1 aTMOC(HEPHOTO JIaB-
JIEHUsI U BETPa B OKPECTHOCTH LIUKJIOHOB.

[lone maBneHUS B aKTUBHOM LUKJIOHE MOXKET OBITh 33/I1aHO C TIOMOIIBIO COOT-

HOIIEHWSI, TIpeuIokeHHoro B (M. Musizaku, u np. 1964) ans TaiigyHoB

P/ () =P, -

)

rae P/ — npuszeMHoe arMocdepHOe IaBJICHUE HAa PACCTOSHUU T () OT LIEHTpa
a

LHKIIOHA X, (t), Y, (t),P, — HaBiIeHHWe HA TOCTaTOYHOM YHAJIEHUU OT LEHTpa, IAe BIIH-
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HHUE IIUKJIOHA HE TIPOCIICKUBACTCS, AP — Pa3HOCTh JaBIICHUH MEXIy M300apoi, rae
P, =P, ¥ IIGHTPOM LIMKIIOHA, I, — PaJUyC, HA KOTOPOM CKOPOCTh BETpa MaKCHMallb-
Ha.

Jns ydera uaMeHeHHs BO BpeMEHH JIaBJIeHHUs B IIEHTpe («TITyOMHBD)) ITUKIOHA
Ha OCHOBE aHanm3a (PaKTHYECKOTO PA3BUTHS HECKONBKHX «HABOJHEHUYCCKHUX) ITH-

KJIOHOB TIOCJICTHUX JIET OBLJIO MOYYICHO U IPHMEHEHO BBIPAKEHHE

AP(t) = AP, -exp(— [t ;_:0 ]Z) 3

rae AP, — rpagueHT JaBJCHHUS, PACCUMTAHHbIH 10 Gopmyrne (2), T, — MOMEHT

HanOOJIBIIETO YIITyOJeHUs IIMKIOHA (3TOT IapaMeTp BMECTE CO CKOPOCTBIO Iepeme-
IICHUS IIUKJIOHA ¥ HAYaJBHOTO TOJIOKEHHS [IEHTPa ONpeaeisieT KOOPIHHATH TOUKH,
I7ie LUKJIOH HanOojee UHTEHCUBEH), AT — IapaMeTp, ONpeeomuil XxapakTepHoe

BpEMs CyHICCTBOBAHUS LIUKJIOHA.

5°s0  Wfen  1'sga  W'ea 25'sn H'ea

T A

estew |l [ f — 65 cuw

60"cw 80"cw

=
55'cw ﬂ..rl\&_ 55w

10%e.a 15'sn 20'ep. o V-3 D'es

Puc.5. Buo uzobap u napamempor sxcmpemanoHo2o MOOENbHO20 YUKIOHA NPU AHAAUMU-
YeCKOM 3a0aHul NOJisi aMMOchepHo2o OagieHus (a) u BblOeleHHbill CeKmop Haubonee
ONACHBIX MPACKMOPUTT IKCMPEMATbHBIX YUKTIOHO6 Onsi Hagoonenuii ¢ C-Ilemepbypee
(6).0sanom nokaszan paiion MaKCUMAaibHO20 «yenyOneHuUs» YUKIOHA 015 (POpMUposanus
MaxcumanbHo2o noovema yposus ¢ C-Ilemepbypee.
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Jnst yaera xomogHOro (pOHTA B MOJE AABICHHMS, 3aJaBaeMoe 1Mo (GopMyiIam
(2) u (3), ObIIa BHECEHA TTOTIPaBKa, MPUBOAAIIASA K XapaKTEPHOMY ITIOHIDKEHHUIO J1aB-
JIeHUs! BJ10JIb (PPOHTA M COOTBETCTBEHHO YCHJICHHIO BEeTpa BOJIM3U (POHTA, YTO TaK-
K€ Ba)KHO YUHUTHIBATH I 0OJI€€ TOYHOTO BOCIIPOM3BEICHHS IKCTPEMATBHBIX OB~
eMoB ypoBHst B PuHCKOM 3aimBe, HeBckoi ryde 1 Ipyrux 3aauBax MoOpsl.

B pesynbrate OBUIM TONTYydIEHBI 3HAYCHUS MapaMETPOB IKCTPEMATBHBIX IH-
KJIOHOB, NIPUBOJAIINX K MAaKCHMAaJIBHBIM IOJIbeMaM ypoBHS (10 580 cM) Ha BOCTOY-
HOM nobepexbe bantnku, B @uHckoM n Prkckom 3amuBax. Pe3yiibTaThl YMCICHHBIX
9KCTIEPHMEHTOB ITOKa3ald TakXkKe, YTO JOMOTHUTEIBHBIA MObeM YPOBHS B @HHCKOM
3ammBe 3a npeaenamMu K3C mpu ero 3akpeITHH cOCTaBIAeT 5-7 % OT moxbeMa ypoB-
Ha Oe3 BmusHKMA K3C maxe mpu aHOMAanbHOM IMKIIOHE W 3KCTPEMAJIBHOHN BBICOTE

morbeMa ypoBHs (puc. 6).

a. 6.
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Puc. 6. Bpemennoii xo0 yposus ¢ Anexcanoposckoii, Manoii Hocope u CII6 npu npoxodic-
OeHUU IKCMPEMATbHO20 YUKAOHA 60016 61.5 c.u. co ckopocmuro 50 km/uac. K3C 6 npo-
exmuom cocmosanuu. Cneea — K3C omkpeim, cnpasa: 3akpulm ¢ MOMeHmMA nepexood ypoe-
Hay K3C co cmoponwvt Qunckozeo 3anusa yepez ommemky 1 m

23



IIpn MopenupoBaHUM CUTYaLMU MPOXOKIACHHS SKCTPEMAIbHOIO IIUKJIOHA Ce-
BepHee ocu PuHCKoro 3anuBa 1 3akpbITii K3C momydeHo, uro BHyTpu HeBckoit Ty-
OBl 32 cueT BETPOBOIO HArOHA MOXKET CO3/aBAaThCSl 3HAUUTENbHBIM HAKJIOH YPOBHS C
BBICOTOH 70 1.5M, 94TO HEOOXOAMMO YYHTHIBATH MpH IIaHUpOBaHUs pabdoTel K3C
(puc. 6.6).

CexTop TpaeKTopuii TITyOOKHUX NUKIOHOB, KOTOPHIE BEI3BIBAIOT 3HAYMTEIEHBIC
noabeMbl ypoBHA B OUHCKOM 3ajMBe, H3BECTEH CHHONTUKAM, B BBIITOJHEHHBIX YHC-
JICHHBIX SKCIIEPIMEHTaX OH OBLT YeTKO BBHIJEINICH U MPEJICTaBJICH B I1aBe 5 (pruc. 5.0).
IIpu ananm3e psnga cpeaHEMECSYHBIX 3HA4eHUH ypoBHS B KpoHmTanre ObuT caenan
BBIBOJI O TOM, YTO BBICOKHE CpeIHEeMEeCsIHbIe 3HaueHus B ocienaue 30 met Habmro-
natotcs B 1.5-2 pa3za yaie 4eM B IPEBIAYIIHE AECATUICTHS. DTO CBUACTEIHCTBYET
0 TOM, YTO TPaeKTOpUM LHUKIOHOB ¢ 80-x rr. XX B. yalle cTajlud MPOXOAUTH Yepes
BBIJICICHHBI «OTIACHBIH» CEKTOp. B YHCIIEHHBIX SKCHEPHMEHTaX MOKa3aHO TaKXKe,
YTO SKCTPEMaJbHO HU3KHME 3HaYeHUsI YpoBHS B DUHCKOM 3alMBE MOTYT JOCTHUraTh
3HaueHnid MUHyC 120-130cM npu ABMXKEHUH aKTHBHBIX IIUKJIOHOB IO TPAEKTOPHSIM,
nexamuM Ha 150-200 kM ro)KHEee OCH 3aJIuBa.

B 3axmouennu copMyaupoBaHbl OCHOBHBIE PE3YIIBTATHl U BHIBOHI.

1. Pa3paboTaH mporpaMMHBIA KOMILICKC Il MOACIHPOBAHKS UPKYISAIHHA U
IepeHoca MacCUBHBIX THAPOOWOHTOB TOJ] BIMSHAEM aTMOC(HEPHOTO BO3JCHCTBHS B
BepxHeM cinoe OXoTckoro u cMmexkHolt akBaTopuu Hopsexckoro u bapennesa mo-
peil. MccnenoBan nepeHoc MKPhl U JIMYMHOK U UX PACHpPEENICHUE B KOHIE MMaCCUB-
HOW CTafyy JJIsI ABYX BaKHEHIIINX MPOMBICIIOBBIX BHIOB — MHHTAs M TPECKH.

2. 5 cpaBHUTENBHON OLEHKH WHTEHCHBHOCTU LIMPKYJISILUU B BEPXHEM CJIO€
OX0TCcKOro MOpsI TIPEAJIOKEH MPOCTOW M HATJISIAHBIN MHJEKC. MHAeKC OlleHKH WH-
TEHCHUBHOCTH MCIIOJIb30BaH JJIsl aHAIM3a YCIOBUM LUPKYJSIUA U PacIpOCTPaHEHUS
WUKpBI ¥ JINYUHOK MUHTas 3a pan et 1981-2000rr.

3. BrInosiHEHHBIE pacueThl MMOKa3ald, YTO OCOOSHHOCTH pacrpelesIeHus JIH-
YHHOK MHHTas B KOHIIE IMACCHBHOW CTaguu (POPMHUPYIOTCS B OCHOBHOM Jpeii(hoBoit
mupkyssnueit. KagecTBeHHOE cpaBHEHHUE PacHpefeieHus TMYMHOK U TOCHIeAyole-
ro (opMHPOBaHHS 3araca MOKa3ajo, YTO IPH BEIHOCE 3HAYUTEIFHON YaCTH JIMIHHOK

B KOHIIe Jieta ¢ CaXaJIMHCKOTO 1eNb(a U U3 CEBEPHBIX PaiOHOB ¢ OOJIBIIOI BEpOsIT-
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HOCTBIO (hopMmupyeTcst OeJHOe TIOKOJICHHE H depe3 4-511eT HaONFogaeTcsl CHIKCHUE
3anaca.

4. YucneHHble SKCIEPUMEHTHI IO BOCIIPOU3BEICHUIO [IUPKYISIIUN U TIepeHoca
ruIpoOnoHTOB Ha akBaTopun Hopexckoro n bapeHmeBa Mopeii MO3BOIIIN BEIjIe-
JIUTh W OLCHHUTH BKIIAJIbI T€OCTPOPHUUCCKOM U APEH(POBON COCTABISIONIMX CKOPOCTH
TEYEHHsI B TIEPEHOC MACCHBHBIX TUAPOONOHTOB. OCHOBHBIE XapaKTEepPHBIE 0COOEHHO-
CTH IUPKYJISAIUU B KOHKPETHOM rofy B akBatopuu Hopsexckoro u bapenmesa Mops
co3naroTcs Oxaromapst ApeioBOil KOMITOHEHTE CKOPOCTH TEUEHUs, (POpPMUPYEMO
MOJT HEMOCPEICTBEHHBIM aTMOC(hEPHBIM Bo3/IeHCcTBHEM. HecMOoTpsi Ha M3MEHUMBHIHA
W pa3HOHANpAaBJICHHBIN XapakTep IpeiipoBO KOMIIOHEHTHI CKOPOCTH TEYCHUS,
MMEHHO OHa ONpeJeNisieT B KaKoH palloH M B KakWe YCJIOBHUS IMMOMANYT JIMYUHKHU B
KOHIIE TACCUBHOM CTaJUH CBOETO Pa3BUTHSI.

5. PaccMoTpeHBI M BOCTIpOM3BEIEHBI ITUPKYISAINS W PaclpeielieHHe HKPHl U
JUYMHOK TPECKH B aHOMAJbHO XOJOAHBIA M aHOMaJbHO Teruible rojsl. IlokaszaHo,
YTO B XOJIOAHBIM IOJ 3HAYMTENBbHAS YacTh JUYMHOK HE IOMATAET B IOXKHYIO 4acTb
BapenneBa Mopsi, 4To omnpenenser HU3Kylo NPOyKTUBHOCTh OKOJIEHHUS 3TOTO roJia.
Pe3ynbTarhl 5KCIEPUMEHTOB MO PACIPOCTPAHEHUIO UKPbI U JIMYMHOK TPECKU B aHO-
MaJIbHO TEIUIbIC TOBI IOKAa3ald, YTO OOJbIIas UX YaCTh JOCTUTACT FOXKHOW 4acTH
BapennieBa Mopsi, 3TO ompenenseT BHICOKYIO MPOIYKTUBHOCTh ITOKOJCHHUI, (popMmu-
PYIOLIUXCS B TAKUE TOJIBL.

6. B 4MCIEHHBIX JKCIIEPUMEHTaX C MOMOIIBIO IMPOrPaMMHOIO KOMILIEKCa
CARDINAL 651t BOCTIpOM3BEAEHBI TPOIECCHl Pa3pyIIEHUs] YCTOWYMBOI CTpaTH-
(ukanmu Hax 6aHKOW M MoABeMa BoJ ¢ rryouH oT 50 no 300M. B netHee Bpemst npu
MIPOXOXKIEHUM HaJl pallOHOM aKTHUBHOI'O LIMKJIOHA TAaKHE MPOLECCHl CIyXaT AOINOJ-
HUTEJIbHBIMA MCTOYHMKAMU MUTATEJIbHBIX BEIIECTB B bapeHleBoM Mope, B pe3yJib-
TaTe 4ero B MPHOPEKHBIX palioHaX, BOJM3H OCTPOBOB M HA OaHKaX MOTYT (HOpMHPO-
BaThCSl BBICOKOIPOAYKTUBHBIE 30HBL. UMCIEHHOE MOJEIMPOBAHUE MO3BOJISET MPO-
BOJIUTH HCCIENOBAaHHUE THUAPOPUIMUSCKUX MPOIECCOB M IPOIECCOB (HOPMHUPOBAHUS
MPOAYKTUBHBIX 30H B MOPE€ TPH JIFOOBIX THAPOMETEOPOJIOTHYECKUX YCIOBUAX, B TO

BpEMs KaK IIPpU MPOXOXKACHUUN aTMOC(i)epHBIX IIUKJIOHOB 00J1aYHOCTh MNpeuATCTBYCT
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YCTOMYMBOMY JUCTAaHIMOHHOMY 30HJHPOBAHHIO MOPCKOI MOBEPXHOCTH, a MITOPMO-
BBIE YCIIOBHS JETIAI0T HEBO3MOXXHBIMI KOHTAKTHBIE HAOMOACHUS ¢ O0opTa CymaHa.

7. PaccunTaHbl 3HaUeHUs [TapaMETPOB M TPAGKTOPUU HauOoJiee ONACHBIX IH-
KJIOHOB, NTPUBOIAIINX K SKCTPEMAaJIbHBIM ITOheMaM YPOBHS Ha mobepexse bantmii-
ckoro Mops U PUHCKOTO 3a1MBa (MUHMMalIbHAs IMTyOnHaA nukioHa — 960rlla u Hu-
’Ke, CKOPOCTh MBWXKEHUA IeHTpa 50-60kM/gac, MakCHMaJIbHAsT BEJIMIMHA TPAJUCHTA
naByieHus Ha pacctossHu 180-200kxM oT nenTpa). IlpeanoxeH u BepBble IPUMEHEH
METO/] aHAIUTHIECKOTO 3a/laHus MOJIsl aTMOC(HEPHOTO JIaBICHUS I BOCIIPOU3BEIE-
HUSL SKCTpEMaJIBHBIX KoyiebaHWi ypoBHsA B bantmiickom Mope ¢ HCIIOIB30BaHHEM
nporpammuoro kommiekca CARDINAL.

Pacders! nokazanu, uro B DUHCKOM 3aJIMBE 3KCTPEMAIBHBIE TOIBEMBIl YPOBHS
MOTYT JIOCTHTaTh 3Ha4eHUH 5.5-5.8 M, cyliecTBeHHO NPEBHINIAIOIINX BCE PaHEe Ha-
OmomaBmmecs: 3HadeHMs. [IpudeM JUIS OCYIIECTBICHHS TaKMX KaTacTpO(QUIECKHX
MOABEMOB HEOOXOJMMO COYETaHHE BCEX 3KCTPEMAIBHBIX 3HAUCHUI MapaMeTpoB M
HanOoJee OIMacCHBIX TPACKTOPUH NUKIOHOB. Takne mapaMeTpsl ¥ TPaGKTOPHHU MO OT-
JeTbHOCTH HalmoparoTest jocrtaroyHo dacto (ot 1-2 pa3 B romy no 1 pasa B He-
CKOJIBKO JIET), HO OYEHb PEIKO COBIAAIOT BCE BMECTE (ITOBTOPSEMOCTh OLIEHUBACTCS
B 0.01%).

8. UncreHHble 3KCIIEPUMEHTHI I0Ka3aiy, yTo BiusHue 3akpbitust K3C Ha yBe-
JUYeHHe TobeMa ypOBHs Ha moOepexbsix MUHCKOro 3aiuBa NMpH 33JaHAM  Tapa-
METPOB IKCTPEMAJILHOTO IIMKIIOHA OTHOCUTENIFHO HEBEIIMKO M HE MIPEBOCXOIUT 5-6%
OT BenMUUHEI ogbeMa npu oTkpeiToM K3C. Bimsaue 3akpeitus K3C npaktudeckn
HepecTaeT CKa3bIBaThCsl Ha BEIMYMHE ITOJBbEMA YPOBHS Ha ITOOEPEXbAX 3ajMBa Ha
paccrosiaur 200kM ot C-IletepOypra.

IToxa3aHo, 4TO MaKCHMallbHBIE MOJBEMBI U OIyCKAaHHUsS YPOBHS HACTYMAIOT
yepe3 2-3 Jaca 1mociIe MaKCHMaJIbHOTO YIIIyOJICHUs! [IUKJIOHA IIPU IBHKEHHHU €ro I10
HanboJiee OIacHOM TPAaeKTOPHHM, YTO INPHU HPOTHO3UPOBAHHU MOXKET CIYXKHTH I0-
MOJHUTENBHBIM YKa3aHHMEM Ha MOMEHT HACTYIUIEHUS 3KCTPEMANIbHOTO 3HAYEHHS
YPOBHSL.

Ha ocHoBe pacueToB moKa3aHO, YTO NPU MPOXOXKAECHUU OMACHBIX LIUKIOHOB U

3akpbiTui K3C BHYTpH 3aMKHYTOH akBaTOpHUH MOXET (POPMHPOBATHCS 3HAYUTEIb-
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HBI HakJI0H ypoBHSA (10 1.5M) B cropony ot K3C k C-IletepOypry, uro HEoOXomu-
MO YYHUTHIBATH IIPH IUITAHUPOBAHUY BpEeMEHH 3aKpbIThs U oTKphITHA K3C.

IIpn npoexTrpoBaHUK OEpero3amMTHBIX ¥ THAPOTEXHUYECKHX COOPYXKEHHH
THIPOANHAMAYECKNE PAcUeThl MaKCHUMAaJIbHBIX M MHHHMAJIBHBIX YpPOBHEH MOTYT
CIIy>KUTH JOTIONHEHHEM K CTATUCTHYECKUM M CHHONTHYECKHM METOJaM, a B Clydae
OIEPAaTUBHBIX NEHCTBUI MOTYT CTaTh OCHOBHBIMH METOJAMH pPacyeTa U IMPOTHO3a
9KCTPEMAaNIbHBIX YPOBHEH.

9. B 4ncneHHBIX SKCIIEPUMEHTaX OBLI ONPENENeH CEKTOp TPACKTOPHH LIUKIIO-
HOB HaJl banTuiickuM peruoHoM, IIpU NPOXOKACHUU IUKIOHOB 4€pe3 KOTOPbIM, Ha-
Guro/1aroTCsl BBICOKHE 3Ha4YEHHs ypoBHS B DUHCKOM 3aiMBe. AHAJIN3 MHOTOJIETHETO
psina cpeIHeMecsYHBIX 3HaYeHUH ypoBHA B KpoHIITaATE TI03BOIIII ClIENIaTh BEIBOX O
TOM, 4TO CIy4au 3HAYUTEIbHBIX MOABEMOB YPOBHS B MOCIEIHHE TPU AECATUIECTUSL
Habmromamcs B 1.5-2 pasa gamie, 4eM B IpexXHNE AeCATHICTHS XX BeKa. YBemde-
HHE MTOBTOPSEMOCTH BBICOKMX 3HaueHUH ypoBHs B HeBckoil rybe cBHIETENBCTBYET
0 TOM, YTO B TIOCIIEHUE NECATHIETHS TPACKTOPHUHM LUKIOHOB 3HAYMTENIBHO Yalle
MOMAJAI0T B BBIAEICHHBINA CEKTOP.

10. Pe3ynbTaTsl UCCIIEIOBaHUM, KaCAIOMIUXCS MOJIEIUPOBAHUS PACIPOCTPaHE-
HUS TTACCUBHBIX T'MJPOOMOHTOB HCIIOJIB30BAJIMCh B COBMECTHBIX padorax PITMY,
CaxHUPO u I[TMHPO; MonemupoBanne ¢popMHpOBaHHUS OHOTIPOTYKTUBHBIX 30H BBI-
MOJHSUIOCH B PaMKaX COBMECTHOTO pocchiicko-HOpBexckoro npoekra MAREBAS,
HaNpaBJIEHHOI0 Ha PallMOHANBHOE HCIONb30BaHKe pecypcoB bapeHneBa Mops U Mo-
BBIIIIeHNE 3((HEKTHBHOCTH PHIOOJIOBCTBA; HCCICIOBAHMS 3KCTPEMAlBHBIX KojeOa-
HHUH ypoBHsS B BanTuiickom MOpe YaCcTHYHO BBINMOJHSUIMCH B pamkax npoekra STP
NATO Project Ne 981382 «AHaim3 pUCKOB HaBOAHCHHH B (PHHCKOM 3ajHMBE H
Cankr-IletepOypre». Pe3ynbTaTsl nccienoBaHuil 1 MOAENBHBIE pacUEThl UCIIONb3Y-
foTcs B yueOHOM mporecce B PITTMY, B aucruminHaX OKEaHOJIOTHYECKOH CIIeIi-
QIBHOCTH, B KYPCOBBIX M BBINYCKHBIX KBAIM(HKAIMOHHBIX PabOTaX CTYIEHTOB

OKE€aHOJIOIrH4€CKOI'o (I)aKyJ'ILTeTa.
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