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BBEAEHUE

AxktyanbHocTh. UccnenoBanue CesepHoro JlemoButoro oxeana (CJIO) B
HACTOAIIEe BpeMsi OCOOCHHO BaXXHO, M TMPEACTaBIseT Cco00M  aKTyalbHYIO
byHIaMEHTaIbHYIO M IPUKIIATHYIO 33/]a4i. 3HAYMMOCTh HCCIIeI0BaHUs 00YCIOBIIEHA HE
TOJIKO HEOOXOAUMOCTHIO MOHHUTOPHUHTA PErMOHAIBLHOTO OTKJIMKA Ha W3MEHEHUE
KIuMaTa, HO W pEUICHHEeM psja NPUKIATHBIX 3a34ad, TaKuX Kak oOecredyeHue
cynoxozctsa 1o CeBepHOMY MOPCKOMY ITyTH U OCBOEHHE APKTHUECKOro 1eabpa. Mops
Bocrounoit Apkruku, JlanreBbix, Boctouno-Cubupckoe u UykoTckoe, 00pa3yoT oJiHy
U3 HamOoJiee KPYIHBIX 1Ieab(OoBbIX 00sacTeld MUpPOBOro okeaHa, Ille COCPEAOTOUYECHO
okoino 80% mOABOAHOM MEp3JOThl W 3HAUYMTEIbHAs YacTb METAHOBOI'O IIOTOKA
apktuueckux npuopexnsix Moped [ACIA, 2004]. Jlerpamanus 3Toil Mep3J0THI
COIPOBOXAAETCA 3aMETHBIM POCTOM TEMIEPATypbl BOJBI M COKPAIICHHUEM JIEOBOTO
MOKPOBa, YTO JIEJaeT PEruoH OJHUM U3 HamOoJiee YyBCTBUTEIBHBIX WHIUKATOPOB
MPOUCXOJAIIUX B ApKTUKE W3MeHeHuil. B uccienyemyro obnacts nocrymnaer 15%
peunoro croka CJIO [Bpeirano u ap., 2015], koTopsiii GpopMupyeT MOBEPXHOCTHBIH
OINPECHEHHBIN CII0M — BayKHBIN Oydep B oomMeHe Teruta [Haine et al., 2015; Nghiem et al.,
2014], a Takke BO MHOTOM OTIpe/eIIeT TEPMOXATUHHYIO CTPYKTYpY peruona [Kattner et
al., 1999]. bepuHTOB MPOJIKMB — €AUHCTBEHHBIN MyTh, COSTUHSIOMNNA APKTUKY U Tuxuii
okeaH. [ToTok coneHbIXx OEpUHTOBOMOPCKUX BOJ BO MHOTOM (POPMHUPYET XAJIWHHYIO
CTPYKTYpY U TakuM oOpa3oM BiusieT Ha Oananc conu CJIO [Woodgate R.A., Weingartner
T.J., Lindsay, 2005; Brugler et al., 2014], x Tomy e co3maBasi OCOOCHHOCTH &
JMHAMUKH, a UMCHHO, MHTEHCHUBHOCTH KpyroBopota bodopra [Brugler et al., 2014].
Kpome 3Toro, THXOOKEaHCKHE BOJIBI SBJISFOTCS BAXKHEHIIIMM MCTOYHUKOM MTUTATEITHHBIX
BEIIECTB, U MX TOCTYIUICHUE 3HAUMTENBHO BIMSET Ha SKOCHUCTEMY MOpPEH BOCTOYHOMN
Apxruku [Walsh et al., 1989]. B neTnuii nmeproj motoku Teruia u3 bepuHroBa mMops
CIMOCOOCTBYIOT TasiHHIO Jibaa B Uykorckom mope [Steele et al., 2010]. YwucThiii moTok

Teryia yepe3 bepuHTOB MpOJiHMB coCTaBisieT MpUMEpHO 1/3 OT MOTOKa yepe3 MpOJUB



®pawma, coenunstonuid Atiaantuky u CJI0O, a Takke NpeBOCXOAAIINN ero o 00bEMHOMY
neperocy B 10 pa3 [Schauer et al., 2004; Steele et al., 2010]. ITpoauB mperepneBaeT
CYIIIECTBCHHBIC M3MEHEHUS B TOCJICIHNE HeCKoJIbKko aekan [Woodgate, 2018; Wang et
al., 2023]. Bospacraer koauuecTBo mpuBHocuMoro B CJIO Teria, B JCTHHH CE30H
YBEITUYHMBAETCSI MMOTOK TMPECHBIX BOJ, YTO CYIIECTBEHHO BJIMSIET HAa TEPMOXAIUHHYIO
ctpykrypy [Woodgate et al., 2005], mopckyto skocuctemy [Danielson et al., 2017;
Gonzalez et al., 2023] u TasHue npaa [Serreze et al., 2019]. Kpome Toro, HecMOTps Ha
peanm3aiyio psaaa OTCUYECTBEHHBIX M MEXIYHAPOJHBIX IMPOCKTOB IO MOHHTOPHHTY
nuHamuku pernona [Woodgate et al., 2015; Pisareva et al., 2015], Mmuorue mporeccsl,
KaCaroIIrecss MEKT0I0BOM U CE30HHOW M3MEHUYNBOCTH TCUCHUMN, TIEPEHOCA BOTHBIX Macc,
OCTalOTCS  Maylou3ydeHHbIMH. Cpeaum  KIIOYEBBIX  OCOOCHHOCTEH  IUPKYISAIUU
BBIJICJISIFOTCS IEPEHOC TUXOOKEAHCKUX BOJI uepe3 bepuHros npoiuB B UyKOTCKOM MOpe
BKJTFOYAsl X PaclpoCTpaHeHUE B APKTHKE, a Takke (POPMUPOBAHKE U PACIIPOCTPAaHEHUE
OonpecHEeHHbIX Boj B Mopsax JlanteBeix u  Boctouno-Cubupckom. IlepBbie
CHUCTEMATHYCCKHE HCCIICIOBAHUS XapaKTEPUCTHK BOJ B bepwHTOBOM TpojmBe OBIIH
HadaThl ParManoBEIM B 1933 1. [Ratmanov, 1937] u ocHOBBIBAJIMCH Ha YETHIPEX SIKOPHBIX
CTaHUHUSIX, C TPOJOHKUTEILHOCTHIO U3MEPEHUI 10 CYTOK Kaxaas B aBrycre 1932 rona.
brnuxe ¢ cepenuHe—KOHILy MPOILIOTO CTOJETHS OMpEeIeHbl OCHOBHBIC CE30HHBIE
3aKOHOMEPHOCTH W3MEHYHMBOCTH Te4ueHuH bepunrosa mposmBa [Fedorova, Yankina,
1964; Coachman et al., 1966; Muench et al., 1988], a Takxe o60cHOBaHa CBSI3b IIEPEHOCA
BOJI C JIoKaabHBIM BeTpoM [Aagaard et al., 1985; Coachman et al., 1988]. [Tapainensro
pa3BUBAINCH HCCIAEAOBAHUS HUPKYISIUU Yykorckoro mops. Ecnu pannue paboThi
[[ITokman, 1957; Koyumen, 1978] npenebperanu cuiioit Kopronmca mpu paccMoTpeHnun
TeueHu B bepuHroBOM MpojiuBe BBUIY €ro y30cTH, To B padote [Kymakos, 1989] Ha
OCHOBE HAaTypPHBIX JIAHHBIX W YHCIICHHOTO MOJEIMPOBAHUS TIOKA3aHO, YTO ITUPKYJISIIIHS
YyKOTCKOTO MOpPSI ONPEAEIIeTCS COBMECTHBIM JICHCTBHEM TPaUcHTa JTABICHUS, CHIIBI
Kopuonuca u BepTrukanpbHOro TypOyJICHTHOrO TpeHHs. B 3Tol ke pabore BIepBbIC
OOHapy>XeHO, 4TO pasfieleHue TUXOOKEaHCKOTO0 TEUeHHUS Ha AJSCKUHCKYIO W

['epanbaoBCKyl0 BETBH OOYCIOBJIEHO COBMECTHBIM JedcTBHeM cuiibl Kopuonuca u



penvbepa nua [Kymakos, 1989]. Torma »xe OblUIa BBIMOJHEHAa THUIM3ALUS CTOKOBO-
BETPOBOU ITUPKYJISIIIIK MOPSI TTO PETHOHATBHBIM OApUUECKUM CUTYAITUSIM C TIOCTPOCHUEM
TPEXMEPHBIX CXEeM I KaXJAOro THIA, YTO 3aJI0KHIO OCHOBY I OOECIICYCHUS
Hapuraimuu no CeBepHoMy Mopckomy nyTH. Haumnas ¢ 1990 ocymectBusiercs
KPYTJIOTOANYHBIH MOHUTOpUHT B bepuHroBom mponuse. [lo maHHBIM 3asKOPEHHBIX
ADCP (Acoustic Doppler Current Profiler) u CTD (Conductivity, Temperature, and
Depth) m3mepuTeneld morydeHbl 3HAYMMBIC PE3YJIHTATBI O TEPMOXATUHHOW CTPYKTYpE,
nepeHoce BoJI, epeHoce teruia u coiu [Woodgate et al., 2005; 2015; 2018]. C pa3sutuem
BBIYHMCIIUTENBHBIX TEXHOJIOTMM MPOBOAMINCH HMCCIEIOBAHUS HAa OCHOBE YHUCIEHHOTO
MoiearpoBanus [3axapuyk u ap., 2006; Serreze et al., 2019]. IToka3ano, yto bepunros
NPOJIMB SIBJIIETCS BXKHBIM MCTOUYHUKOM ornpecHEHHBIX Box B CJIO [Woodgate et al.,
2005]. OGOHapykeHO yBEIMYCHHE IOTOKA HAa CEBEp B TMOCICAHHE TOJbI: OILCHKU
cpenHeroaoBoro nepenoca cocrabuwiu 0,7 Ce B 2001 u 1,2 C B 2014 [Woodgate, 2018].
B »sT0i1 ke paboTe BBISBICHO BBIPAKEHHOE YCUJICHHWE MOBTOPSAEMOCTH TMOSBICHUS
TedeHui co ckopoctsimu ot 0,4 m/c U BbIlIe, TPU OJHOBPEMEHHOM CHM>KEHHH YaCTOTHI
teuenuii B quamnaszone ot 0 1o 0,4 m/c [Woodgate, 2018]. Tem He McHee MHEHHUS HaCUET
OCHOBHBIX (PAKTOPOB, OMPEICISIONINX MEXTOJAOBYI0 HM3MEHYMBOCTh TOTOKA Yepe3
bepuHros nponus, pasHATCA. BOJIBIIMHCTBO UCCIEIOBATENEH UCTOPUUECKHA CBA3BIBAIOT
ATy U3MEHUYUBOCTb C JIEUCTBHEM BETpa HEMOCPEICTBEHHO HA/l MMPOJIMBOM, HETIOCTOSTHCTBO
KOTOPOT'O OINpEAENsIeTCs] MEePEecTPOUKON KpPyMHOMACIITAOHBIX aTMOC(HEPHBIX MOJeH
[Danielson et al, 2014]. [Ipu 3TOM CYHUTATIOCH, YTO ONPEACIAIONICE BIMSIHHE HA MTEPEHOC
BOJI Yepe3 MPOJIMB OKA3bIBAET JUHAMUKA THXOr0o OKeaHa, T/le K3MEHYHUBOCTh CEBEPHBIX
BETPOB  OMNpEACISICT HMHTCHCHMBHOCTh  HAMPABIICHHOTO B ApPKTHKY  ITOTOKA.
AnbTepHATUBHOE TIPEATNOJIOKEHNUE O KIIOYEBOM BIMSHUMA APKTUYCCKON ITUPKYIISIITUN HA
MEXTOJIOBBIX MaciiTabax BIEPBbIE OOOCHOBAHO CITyTHUKOBBIMU TPaBUMETPUYECCKUMU
u3mepenusimu [ Peralta-Ferriz, Woodgate, 2017], a 3aTeM ¥ MOJEIbHBIMU pacu&Tamu
[Nguyen et al., 2020]. ABTOpbI IPEAIOIOKHIIN, YTO OCHOBHBIM (DAKTOPOM, BIIHSIOLIHM
Ha JMHAMHKY IIPOJIMBA, SBJISAIOTCS IIENb(OBBIC BOJHBI, PACIPOCTPAHSIONINECS U3

Bocrouno-Cubupckoro Mopsi. TOT MEXaHU3M TaKXKe ONMUCHIBAJICA B paboTe [3axapuyk,



2009], rae ObUIO TMOKa3aHO, YTO KOJICOAHWS YPOBHS, BbI3BaHHBIE CHHONTHYECKUMH
aTMOC(EPHBIMU MPOIIECCAMH, B APKTHUYECKUX MOPSX PACIPOCTPAHSIOTCS B BOCTOYHOM
HaIpaBJICHUN B BUIC OApOKIMHHBIX TOMOTpaUUEeCKUX BOJH, oOecrieunBas mnepeaady
BeTpoBOoro curHana u3 Bocrtouno-Cubupckoro Mopss k bepuHroBy mnponuBy Ha
BPEMEHHBIX MacmTadax 10 HECKOJbKMX CyTOK. OJIHaKO IUCKYCCHH Ha 3TOT CUET
npojoipkatotes. [Ipoiinsg bepuHroB mpojuB BOABI THXOOKEAHCKOTO MPOUCXOXKICHUS,
pacIpoCTpaHSIOTCS Tajiee Ha CeBEp TPEMs OCHOBHBIMH MyTSIMU: Ha 3amaj yepe3 KaHbOH
['epanba, Ha BOCTOK Yepe3 KaHBOH bappoy u uepe3 neHTpanbHbIA KaHal. Bee maHHbIe 0
cynb0e 3TuX BoA B UyKOTCKOM MOpE Ha CErOJIHAIIHUN JI€Hb OCHOBBIBAIOTCS B MEPBYIO
odepeib Ha OTPAaHMYCHHBIX TI0 BPEMEHU KOHTAaKTHBIX n3MepeHusix [Pisareva et al., 2015;
Stabeno et al., 2018] u mocBsiiIEeHBI UCCIIETOBAHUIO KOPOTKOIICPHUOTHBIX XapaKTEPUCTUK
u MecTHbIX 3(dekToB. Kpome Toro, Oomplmas 4acTh U3MEPEHUN COCPEIOTOYECHA B
BOCTOYHOM yacTH YykoTckoro Mops. CylecTBYIOIUE HCCIEN0BAHUS PACIIPOCTPAHEHUS
BOJHBIX MacC B 3alaJHOM YacTHU TOKAa3bIBAIOT HAJWYHME 3HAUYUTEIHHON MEKI0JI0BOMN
W3MCHUYMBOCTA B MECTOTIONOKCHHH W KOH(QUTYpAMK TPEBATUPYIOMIUX THIIOB BOJT
[Vanin et al., 2010; Pisareva et al., 2015; Linders et al., 2017; Kinney et al., 2022].
[IpomeMOHCTpHPOBAHO BIMSIHUE aTMOCHEPHOM IUPKYJSIUM Ha TEPMOXATHHHYIO
cTpykTypy [Vanin et al., 2010]. He MmeHee BaxkHOE BIUSHUE HA MUPKYJIAIUIO B PETHOHE
OKa3bIBA€T PACIPOCTPAHCHHE OMPECHEHHOTro Cjos B Mopsax JlanreBsix u BocTouHo-
CubupckoMm, KOTOpPOE TaKXKe  XapaKTepu3yeTcsi 3HAUYUTEIBHOM  MEXIroJI0BOU
W3MCHYMBOCTBIO. BBIICNIETCS HECKOJBKO OCHOBHBIX TPUYUH TAaKOW HW3MEHYHBOCTH:
METEOPOJIOTHYECKUE U THIPOJIOTHUECKUX YCIIOBUSI, MHTEHCUBHOCTh CTOKA, TPAJIMEHTHI
coneHoctd. Ha ocHOBe unciennoro moaenupoBanus [Haine et al., 2015; Fofonova et al.,
2015; Golubeva et al., 2015, 2017] u rugposoruueckux usmepenuit [Dmitrenko et al.,
2010; Osadchiev et al., 2020] 6b110 TOKa3aHO, YTO OJHUM M3 OCHOBHBIX (DaKTOPOB,
OTIPEICISIONTNX MEKTOAOBBIC M3MEHEHHUS ITOJO0KCHUS OMPECHEHHOTO CIIOS SIBIISTFOTCS
BETPOBBIC YCIIOBUS, a TOYHEE, 3aBUXPEHHOCTh BETpoBoro Tmoiisi. Bo Bpems
(bOopMHpPOBaHUS ONMPECHEHHOTO CJIOS BO3HUKAIOIIME TPAJMCHTHI YPOBHS MOPS 3a CUET

COBMCCTHOI'O IIOHMKCHHA COJCHOCTH W YBCIMUYCHUA TCMIICpATYPbBI B 06H8,CT$IX,



MOJIBEP>KEHHBIX BIUSHUIO PEUYHOIO CTOKA, MPUBOAAT K (OPMHUPOBAHUIO MPUOPEKHOTO
teuenus [Carmack et al., 2015], nazeiBaemoro Boctouno-CrOUpCcKOM, TakKe H3BECTHOTO
kak Yykorckoe Tteuenue [KymakoB, 1989] m Cubupckoe BaoianOeperoBoe [Mops
poccuiickoil ApkTHKHU..., 2021]. B HekoTopble Toabl OHO CIIOCOOHO NPOHHMKATH B
YyKOTCKOE MOpe, OKa3biBas BIMSHHE HA MEXIOJOBYIO H3MEHYHMBOCTH IE€pEeHOCAa U
pacmpocTpaHEHHE THUXOOKEaHCKMX BOJA. B To ke Bpemsi ecTh CBHJIETEIHCTBA
POHMKHOBEHUS 3TOro TeueHus B bepunros nposwus [Weingartner et al., 1999; Woodgate
et al., 2015]. PaccMoTpeHHBIE BBIIIE MPOIECCH aHATM3UPOBAIUCH BO MHOTUX padoTax,
TEM HE MEHEE H3-3a MaJIOr0 KOJINYECTBA JIOJTOBPEMEHHBIX MACCHUBOB KOHTAKTHBIX
U3MEPEHUI HM3MEHYMBOCTh PErMOHAa OCTAeTCsd Majl0 M3YYEHHOW, OCOOEHHO Ha
MEKT'0/I0BbIX MacIITadax.

OTKpBITBIM OCTAETCsI BOMPOC O BIMSHUU M3MEHUYMBOCTH Boctouno-Cubupckoro
TedeHus: Ha mupKyssinuio MBA u BonooOMeH ¢ Tuxum okeanom. Taxxke He 10 KOHIA
IOHSTHO, KaK CaMO TEYEHHWE U BOJAOOOMEH uepe3 NpPOJIMB B3aWMOJAECUCTBYIOT IPYT C
JPYrOM M KakK 3TO CKa3bIBAETCS HA PACIHPOCTPAHEHUU TUXOOKEAHCKUX M ONPECHEHHBIX
BoAd. Kpome Ttoro, BiausiHue moroka yepe3 bepHHroB mpoiuvB Ha B3JIOM JibJla U €rO
B3aUMOCBSI3b C M3MEHUYMBOCTBIO TEPMOXAIMHHOW CTPYKTYpbl BO BpEMs TasHUS JIbJa
TaK)Ke HYKJIAI0TCS B J€TAIBHOM HUCCIEA0OBAHUH.

B HacTosieit pabore ¢ MOMOIIBIO MPUBJICYEHUS] COBPEMEHHBIX CITyTHUKOBBIX,
KOHTaKTHBIX JAHHBIX U MPOJYKTOB PEAHAIM30B MPOBOAMUTCS UCCIEIOBAHUE TMHAMUKU
pErnoHa, COCpe0TOUEHHOE Ha MPOIECCax B3auMOICHCTBUHU BOJIHBIX MacC B TOM YHUCIIE B
3UMHUN NIEPUO/I.

BrnepBble, aeTaqbHO HCClEIOBaHA HW3MEHYMBOCTh BocTouHo-Cubupckoro
TEUEHHUs] HAa MEXKIOJOBBIX MaciiTabaXx Ha OCHOBE CIIyTHHUKOBBIX, THAPOJIOTUYECKUX
JaHHBIX U MAacCUBOB peaHanu3a. Pe3ynapTarsl paboThl MO3BOJSIOT MPEAJIOKUTE MOJIENb
3aBUCHUMOCTH TepeHoca yepe3 bepunros nponuB ot BocTouHo-CHOUPCKOTO TEUEHUs,
CBSI3aHHOTIO C IUTIOMOM peku JIensl. Pacxox 3Toro teuenus co31aér aHOMaJIMIO YPOBHS Y

CCBCPHOI0 BXOJa B IIPOJIMB H ocjabnseT CGBGpHBIfI IIOTOK THUXOOKC€AHCKHUX BOJ, YTO
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CYILIECTBEHHO BJIMSET Ha pacrpesesieHne GUu3n4eckux U OUOJIOrHYeCKUX MapaMeTpoB B
pETroHE.

Heanb padoTbl: BBIIBUTH (U3HUECKHUE MEXAaHW3MBI CE30HHOW W MEXTOIOBOMU
M3MEHYMBOCTH MEPEHOca BOA B DBEpHMHTOBOM MNpOJIMBE M YCTAHOBUTH HX CBS3b C
HUPKYJISIIE Mopelt BocTouHON ApKTHKH.

3agaum padoTHI:

1) ONPEAECIUTh CE30HHYI0O M MEXIOJOBYI0 M3MEHUHMBOCTH IIEPEHOCA BOJ B
bepuHroBOM MposiiBEe HA OCHOBE CIYTHUKOBBIX HAOJIOACHUN, KOHTAKTHBIX W3MEPEHUN
U JIaHHBIX peaHalu3a, a Tak)Ke OIEHUTh BiIMsSHHE BeTpa W BoctouHo-CuOupCcKoOro
TEUECHUS HA €T0 TUHAMUKY

2) ONPENEIUTD MEKTOJIOBYIO U3MEHUYUBOCTD pacupocTpaHEeHUS
TUXOOKEAHCKUX BOJ B UyKOTCKOM MOpe M €€ CBsI3b C JUHAMHUKOW Mopeu Bocrounou
ApKTHKH

3) mpoBecTH KIacCH(UKALMIO PACIPOCTPAHEHHsS OMPECHEHHOTO  CJIOA,
c(hOpMUPOBAHHOTO CTOKOM p. JIeHa, Ha MEXroJIOBBIX MaclITabax U BBIIBUTH €€ POJIb B
ycuineHn BoctouHo-Cubupckoro TeueHus

4)  BBIABUTH MEXAHU3MBbI BJIMSHHS CEBEPHBIX BETPOB Ha 3aTOK aPKTHUCCKUX BOJT
Y TIEPEHOC JbJa Yepe3 beprHros nponus B Tuxuii OKEaH B 3MMHHN NIEPUO]T

OOBEKTOM HCCIIEIOBAHUS SBJISIETCS TMPOIECC BOJOOOMEHA MEXIYy MOPSMHU
BocTtouHOl ApKTHKHU.

IIpeameTom wuccienoBaHMsl SBIAIOTCA (U3MUECKUN MeEXaHU3M TepeHoca
ONpecHEeHHbIX Boa u3 Mopel JlanteBbix u Bocrouno-Cubupckoro B YUykoTckoe, most
CKOPOCTH TEUYCHHMH, YPOBHSI, COJEHOCTH W TEMIIEPATYpbl, a TAKKE XapaKTECPUCTHUKHU
JIEIOBOTO TTIOKPOBa

Mertoabl  uccieioBaHMsl.  [JTaBHBIM  MOJAXOAOM  MPU  NPOBEACHHUU
MCCIICIOBAHUS SIBJISIETCSI KOMIUIEKCHBIM  aHAJIW3 MYJIbTUCEHCOPHBIX CITYTHUKOBBIX
U3MEpeHui (aabTUMETpHs, MUKPOBOIHOBBIH pamuomerp SMAP (Soil Moisture Active
Passive), ontmueckue u HMK-pagumomeTpbl) W JaHHBIX TPOAYKTOB pEaHaIM30B

(GLORYS12v1, maccuBbl aTMOC(HEPHBIX MOJIEH ), @ TAKIKE JOCTYITHBIX THIPOJIOTUICCKUX
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KOHTAaKTHBIX U3MepeHui (3askopeHHbIe U cyaoBbie nanHbie CTD nu ADCP usmepenus).
Jlns aHanu3a JaHHBIX UCHOJIB3YIOTCS KaK KIIACCHUECKHE METObl, MPUMEHSEMbIE B
COBPEMEHHOW OKEaHOJIOTMU: CTAaTUCTUYECKUI aHaJIN3, KOMIIO3UTHBIE KApThI U T.II., TAK
U pa3pa0OTaHHbIE OPUTMHAIbHBIE METOJbI JJISi OLIEHKHM MECTOIOJIOXKEHUS Pa3IUYHBIX
TUIIOB BOJIHBIX Macc. B paMmkax uccienoBaHHs AMHAMUYECKUX NAapamMeTPOB B 3UMHUUI
NEPUO/ TPOBOJUTCS MMapaMeTpu3anus (opM JIEIOBBIX TPELIMH HAa OCHOBE 00pabOTKU
nanHbeIx cryTHuka MODIS ¢ paspemenueM 1o 1 km. HenocpenctBenHas oOpaboTka
JAHHBIX TIPOU3BOJUTCSA C MOMOIIBIO MaTeMarndeckoro makera MATLAB.

Hay4yHasi HOBH3HA N0JIy4YeHHBIX Pe3yJIbTATOB.

1) BmepBble TNpemIONKEH MEXaHW3M BIHMSHUAS W3MEHUYMBOCTH BoctouHo-
Cubupckoro TeueHus Ha BogooOMeH CeBepHoro JlenoBuroro okeana ¢ Tuxum okeaHoM
B TEIIBIA nepuox roxaa. [ns urons—okTsaOps BbIABIEHA OoOpaTHAasl CBSI3b 30HAJIBHOTO
NEepPEeHOCca ITOr0 TEYEHUS U CEBEPHOro nepeHoca yepe3 beprHros npoius (K03QGUIMeHT
Koppessiuu paBeH MUHYC 0,71): B TOJbl yCUJIEHUSI TEUEHUSI CEBEPHBIN MEPEHOC uepe3
MPOJIUB OciabeBaeT, a OEPUHIOBOMOPCKHUE JIETHUE BOABI M AJSICKUHCKHE TPUOPEIKHBIC
BOJAbl  CMEIIAKOTCA HAa BOCTOK. B  pamMkax  mnOpemyioKEHHOM  KOHILENUUU
T'HJIPOIMHAMHUYECKOT0 Oapbepa MoKa3aHO, YTO 30HAJBHBIA MEPEHOC OMPECHEHHBIX BOJ
bopMHpyeT aHOMAINIO CTEPUUYECKOTIO YPOBHS Y CEBEPHOIO BXOJa B MPOJIHB, yMEHBIIASA
3G ()EKTUBHBIN APKTHUKO-TUXOOKEAHCKHUI TMepernajy YpPOBHS, 4YTO M OOYCIOBJIMBAECT
ociabiieHre ceBepHoro mnepeHoca. [ns ¢usnueckoil HMHTEpIpeTanud HEBETPOBOM
COCTABJISIIOLIEH TEpeHoca CO3/1aHa TUIpaBIMYecKass MOJENb, KOTOpas ONMUCHIBAET
JAHHBIN OaphepHbIN D EKT.

2)  BmepBeie Ha OCHOBE CITyTHUKOBBIX JaHHBIX 3a 1993-2020 rr. cocTaBiicHa
KJIacCU(pUKaALMs THUIIOB PACIpPOCTPAHEHHUsI OINPECHEHHOIO cliosi cToka peku JleHa:
CEBEpHBIM, BOCTOYHBIM M CMELIaHHbIM. Ha OCHOBE 4YHCIEHHOrO0 MOJECIMPOBAHUSA
KOJIMYECTBEHHO OIIEHEH BKJIAJ PEYHOro CTOKa B ycujeHue Boctouno-Cubupckoro
TEUYEHUsI U TIOBBILICHHE YPOBHA Ha IIebQe.

3)  Bmnepsbie oapoOHO pacCMOTPEHBI COOBITHS HHTCHCUBHOTO B3JIOMA JIbJa U

o0Opa3oBaHusl pa3pbhIBOB Mapaboinyeckoi (opMbl B F05)KHOM YyacTh YyKOTCKOTo MOps U
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UX CBS3b C MIEPEHOCOM JIbJIa U pa3BOPOTOM TeueHuil B bepruHrosom nponuse. 3a 2008—
2022 rr. yCTaHOBJIEHO YMEHBIICHHE YHCTa U MPOJOIKUTEIFHOCTH TaKUX COOBITHI TpU
OCJIa0JICHHH CEBEPHOIO BETPa B IHBapEe—MapTe.

IHon0xeHus1, BLIHOCHMbIE HA 3ALIUTY:

1)  MexronoBas U3MEHUYMBOCTh 00bEMa THXOOKEAHCKHX BOJI, MOCTYITAIOIINX
yepe3 bepunroB mnponuB B Tuxuii okeaH B UIONE-OKTSAOpe, OMpeaeisieTcs
W3MEHYHMBOCTHIO MHTEHCUBHOCTH BocTouHo-Cubupckoro tedeHus. B romel ycuineHus
TEUEHUsA CO CpenHerooBbiMu anomanusiMu a0 0,2 CB, B bepuHroBom mponuse
HabJo1aeTcs ociaabaeHe CEBEPHOTO MEPEHOCca Ha CONOCTaBUMBbIe 3HaueHus. [Ipu atom
TUXOOKEAaHCKHE BOJIbI B UYKOTCKOM MOPE CMEMIAIOTCS HA BOCTOK.

2)  MexaHu3MOM, ONpEACIAIONIMM HHTEHCHUBHOCTh BocTouHo-CHOMPCKOTo
TEUEHUSI, ABJISIETCS BETPOBOM OTKIIMK IUTIOMA peku JIeHa: ycuiieHue 3amajiHoro BeTpa Haj
MopeMm JlanTeBbIX cMenaeT onpecHEHHbIE BOBI K Oepery, yCUIMBAET TrOPU30HTAIIbHbBIE
IpaJueHThl  IUIOTHOCTH W TOPUBOJAUT K  OOpa3oBaHUIO  TeOCTPOPUUYECKOTO
BJIOJILOEperoBoro TeueHuss Ha menbde Boctouno-Cubupckoro mops. Ha ocHose
CITyTHUKOBBIX JaHHBIX 3a 1993-2020 rr. BHepBbie BBIJICICHBI KOHPUTYpALUK TUIFOMA
Y TI0OKA3aHa UX CBSI3b C PEKMMOM BETPOBOU LIUPKYJISIUU.

3) B 3uMHUI mepHoOa YCWICHHE CEBEPHBIX BETPOB 0O CPEIHECYTOYHBIX
3HaueHUU Oosiee 5 M/C MHUIIMHPYET COOBITHS OBICTPOTrO B3JIOMa JIEJAOBOTO MOKPOBA,
COMPOBOXKAAMOIIMECS] 00pa3zoBaHUEM NapabOIMYECKUX pPa3pblBOB M PaCUIMPEHHUEM
nojibiHeW. DUBUYECKUM CIEJCTBUEM STUX COOBITUHM SIBISETCS yCUJIEHHBIM B 4-5 pas
IIEPEHOC JIbJIAa U ApKTUUYECKUX BOJHBIX Macc uepe3 bepunros nposims B Tuxuii okeas. [1o
JTAHHBIM MHOTOJIETHUX HaOJIOJIEHUN, B OTHAENbHbIE ToAbl (Hampumep, 2012) maHHbIN
MEXaHU3M CTAHOBUTCA JOMHUHHUPYIOMAM (AKTOPOM HU3MEHUYHUBOCTA 3UMHETO
BOJI00OMEHA B IIPOJIMBE.

Teopernueckasi M NpaKkTH4YecKasi 3HAYUMOCTBH TOJYYEHHBIX PE3YJIbTATOB.
Pe3ynprarel 0 CE30HHOW M MEXKIOJOBOM M3MEHUMBOCTH XapaKTEPUCTUK BocTodHO-
Cubupckoro TedYeHUsT HEOOXOAWMBbI JJIsi TMOHUMaHUS (PyHIaMEHTaIbHBIX MPUYUH

WU3MEHEHUS TUAPOIOrndeckoil cTpykTypbl CJIO B yCIIOBHSIX MEHSIOUIETOCS KIMMATA.
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[lonydeHHble pe3yibTaThl O BIUSHAM BETpa M TUIPOJIOTMYECKHX YCIOBHM Ha
dopmupoBanre BocTrouno-CubUpCKOTo TEUeHHUs MOTYT OBITh MPUMEHEHBI IS
YIIyYIIEHHs] TPOTHO30B IEPEHOCHOW AOCTyNmHOCTH CEBEpHOr0 MOPCKOTO ITyTH, YTO
HalpsMYyI0 BIMSET HAa CBSI3aHHOCTh Tepputopuid P®, pa3BUTHE TOProBBIX ITyTEH.
[Tapametpu3zarust GopM JIEAOBBIX TPEUIMH MOXKET OBITh UCIIOJIb30BaHA ISl YIYUIICHHUS
OIMEPAaTUBHOIO MPOTHO3A JIEJOBOTO MOJIsi B MPEANPOIUuBHBIX oOnacTsix MBA Bo Bpems
CUJIbHBIX BETPOB.

CreneHb JOCTOBEPHOCTH U aNpodanus pe3yJbTaToB padoThl. J[0CTOBEPHOCTH
pe3yJIbTaTOB MOATBEPKIAAETCA COMOCTABICHUEM HE3aBHCUMBIX MCTOYHUKOB JIAHHBIX W
BOCITPOU3BOAMMOCTBIO OCHOBHBIX OLIEHOK. MepuanoHalibHasi CKOPOCTh B bepuHroBom
MpPOJINBE CpPaBHMBAETCI MO 3aiakopeHHbIM u3MmepeHusim ADCP, peananuzy
GLORYSI12vl, anerumerpun DUACS u pacuéram monenu NEMO 3a 1997-2024 rr.
Peananu3 u anbTUMETpUsi BOCIPOU3BOJAT M3MEHUYMBOCTh KOHTAKTHBIX JaHHBIX. J[7s
2023 r. moxmenb MupoBoro okeana (Ha ocHoBe NEMO) comocraBiena ¢ ADCP,
GLORYS12vl u TOPAZS u mo cMemieHUI0 U CPEeAHEKBAAPATUYHOM OLIMOKEe HE
YCTYNAEeT PErMOHAIIbHOMY peaHanu3y. JlaHHble cnyTHUKOBOW cosiéHocth SMAP
COMOCTaBJieHbl ¢ KOHTakTHbIMU wu3MepeHusmu 2018-2019 rr. (K cBeime 0,9,
cpeaHekBaapaTuuHoe oTkioHeHue okoiio 1 TEC). 3umHue coObITUs B3JIOMa JIEASTHOTO
MOKpPOBa M BBIHOCA JIbJla 4Yepe3 MpoJuB 3adukcupoBaHbl ogHoBpeMeHHO 1o ADCP,
nosisim Betpa ERAS n nabmonenusm MODIS. Pacuér nepenoca uepe3 beprHros npoiaus
B paMKax KOHIENIUHU TMAPOJAMHAMUYECKOro Oapbepa Boctouno-Cubupckoro teueHust
BOCIIPOU3BOJNUT MEKI'OJIOBYI0O M3MEHYMBOCTBH 3TOrO MEPEHOCA IO JaHHBIM peaHalIn3a
GLORYS12vI co cpeanekBanparnuHoit paznoctsio 0,12 Cs.

OcHOBHBIE pE3yJBTATHl JUCCEPTAIMH JOKJIAIBIBATUCH W OOCYXKJAIHCh Ha
CIIEYIOIINX POCCUMCKUX U MEXKIYyHAPOIHBIX KOH(PEPEHUIUAX:

1) 19-1  MexnynaponHas  koHdepeHuuss «CoBpeMeHHbIE  MPOOJIEeMbI
JTMCTAHIIMOHHOTO 30HAMpOBaHus 3emiin u3 kocmoca» (Mocksa, 2021);

2) VI Bcepoccuiickas  HaydHas ~ KOH(PEPEHIMS  MOJOJBIX  YYCHBIX

«KommuekcHbie uccnegoBanust Muposoro okeana» (Mocksa, 2021);
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3) 20-1 MexnayHaponHas koH(pepeHuus —«CoBpeMEHHBIC  MPOOJIEMBI
JTUCTAHIIMOHHOTO 30HAMPOBaHUS 3eMiIu 13 KocMocay (Mocksa, 2022);

4)  Bcepoccuiickass HayuHas kKoH(pepenmus «Mopsi Poccum: ['om Hayku u
texHoJsoruii B PO — Jlecsatunerue Hayk 06 okeane OOH» (CeBacTtomnons, 2021);

5) VI Bcepoccuiickas Hay4yHas KOH(EpPEHIMS  MOJOIBIX  yUYEHBIX
«KommekcHeie uccnenoBanusi Muposoro okeana» (Cankt-IletepOypr, 2023);

6) VIII Bcepoccuiickas Hay4yHass KOH(QEPEHIUS  MOJOABIX  yUYEHBIX
«KomrekcHele uccnenoBanus MupoBoro okeana» (BrmaguBoctok, 2024);

7) VIII Beepoccuiickas HayuHast koHpepeHus «Mopst Poccun: coBpeMeHHbIe
METO/Ibl UCCIIEIOBAHUN U UX MpaKTHUecKue npuMeHeHus» (CeBacTonons, 2024);

8) 23-1 MexaynaponHas koH(pepeHuus «CoBpeMEHHBbIC  MPOOJIEMBI
JUCTAaHIIMOHHOTO 30HIUpOBaHus 3emin U3 kocmoca» (Mocksa, 2025);

9)  IX Bcepoccuiickas HayuyHas koH(pepeHIms «Mopst Poccuu: npuopuTeTsl,
npakTuka, nporuo3» (CeBactomnosnb, 2025).

CBsi3b ¢ HAYyYHBIMHM NIPOrpaMMAaMHU, INIAHAMH, TeMaMu. PaboTa BBINIOJIHEHA B
COOTBETCTBHUM C IJIJaHAMHU HAY4YHBIX HccieloBaHHN DenepalibHOro rocyAapCTBEHHOIO
OIO/PKETHOTO  yupekaeHus: Hayku DenepanbHOro HMCCIEI0BAaTENbCKOTO  IIEHTpa
«Mopckoit rugpodusnyeckuii uHCTUTYT PAH» B paMkax cleAyromMX Hay4dHO-
MICCJIEIOBATENBCKUX MTPOEKTOB!

1)  Tema rocynmapcrBeHHoro 3amanus Ne 0555-2021-0006 «Pa3pabotka
NEPCHEKTUBHBIX METOIOB, MPOrPaMMHO-MH(POPMALIMOHHBIX U TEXHUYECKUX CPEACTB
UCCIIEIOBAaHUM TUAPOPU3NYECKUX, OMOr€OXMMHYECKHX, ONTHYECKHX XapaKTEPUCTUK
MOPCKOU Cpefibl, B TOM YKCJIe€ METOJAAMH IUCTAaHLIMOHHOTO 30HANPOBAHUSD.

2)  Tema rocymapctBennoro 3amanus Ne FNNN-2021-0010 «KomruiekcHbie
UCCIIEIOBaHMSI TUAPOPUZNYECKUX MPOLIECCOB B MOJSIPHBIX pailoHax MUpOBOro okeaHa B
KOHTEKCTE TEKyUIUX KJIMMAaTUYECKUX M3MEHEHUU Ha OCHOBE aHaliM3a CIyTHUKOBBIX U
OeCIIIOTHBIX HAOJIIOICHH, KOHTAKTHBIX U3MEPEHUN U MOACIUPOBAHUS.

3)  Tewma rocynapcrBernoro 3amaanus Ne FNNN-2024-0012 «Ananu3, quartos

U OINEpPaTUBHBIA MPOTHO3 COCTOSIHUS TUAPOPUINYECKUX M TUAPOXUMHUYECKUX TMOJeH
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MOPCKHX aKBaTOPUH HA OCHOBE MATEMAaTUYECKOTO MOJEIMPOBAHUS C UCIIOIb30BAHUEM
JIAHHBIX JUCTAHIIMOHHBIX U KOHTAKTHBIX METOJIOB U3MEPEHUID.

4)  Tema rocymapctBenHoro 3amanust Ne FNNN-2024-0017 «KommiekcHbie
UCCJIEIOBaHUS TUIPOPU3NYECKUX MPOIIECCOB B MOJSIPHBIX pailoHax MupoBoro okeana
Ha OCHOBE MYJIbTUCEHCOPHBIX TMCTAHIMOHHBIX U KOHTAKTHBIX H3MEPEHUI.

5)  IIpoexr PH® 21-17-00278 «J/luHamuueckue Mpouecchl B APKTHKE M HX
BJIMSIHUE HAa TOPU30HTANBHBIN OOMEH U XapaKTePUCTHUKH JIEJTHOTO MOKPOBA MO JaHHBIM
MYJIbTH-CEHCOPHBIX U3MEPEHUI.

JInuHblil BKJIaa aBTOpa. Tema McclieoBaHUs, €r0 aKTyallbHOCTh U KIIFOUEBBIE
3a/1ayu ObLIM OIpPEAESIEHbl aBTOPOM COBMECTHO C HAy4YHBIM PYKOBOJHUTEIEM. ABTOPOM
BBITIOJIHEH 0030p Hay4YHOW JUTEPATYphl, OTPAKAIOIIUNA PE3YNbTAThl MPEABIAYIINX
UCCIIEJOBAaHUM MO paccMaTpuBaeMoil mpobiemaTuke. B coTpyaHMuecTBE ¢ Hay4YHBIM
PYKOBOJUTENEM pa3padOTaHbl aIrOpUTMbl O00paOOTKM JaHHBIX. JIMYHO aBTOpOM
BBIMIOJIHEH aHaJIM3 COOBITHI B3JI0Ma JIEOBOIO IOKpOBa M 00pa3oBaHUs pa3phIBOB
napaboyinueckoil popMbl B 10)KHOU YacT UyKOTCKOTO MOpS, a TAKXKE COMOCTaBJICHUE
ATUX COOBITUN ¢ U3MEHUYMBOCTHIO TeueHui o qanubiM ADCP B bepuHroBom nposiuse u
co cnyTHUKOBbIMU JaHHbIM MODIS. Tlosy4yeHHbIE pe3yapTaThl MpOaHATU3UPOBAHbI
aBTOPOM IIPU YYACTHUH HAYYHOTO PYKOBOIUTEIS.

I[My6nukanuu no teme aucceprauum. Ilo Teme nuccepranuu omnyOoJUKOBaHO B
coaBTOpCTBE 14 Hay4YHBIX pabOT, U3 HUX 4 CTaThbHU B PELICH3UPYEMbBIX HAYUHBIX KypHAJIaX
u 10 Te3ucoB AokiaaoB Ha Bcepoccuiickux u MexayHapOJIHBIX KOH(pEpPEHIIUSIX.
TpeboBanusim BAK mnpu MunoOpunayku Poccum ynosnetBopsitor 4 paboTsl B
PELEH3UPYEMBIX POCCUICKUX M 3apyOeKHbIX Hay4yHbIX u3naHusax [1—4]. B ux uucne 3
paboThI B PELICH3UPYEMbIX HAYYHBIX M3JAHUSAX, BXOSAIINX B HAYKOMETPUUECKYIO 0a3y

Web of Science [1-3], u 4 paOOThI B M31aHUAX, BXOAANIMX B HAYKOMETPUIECKYIO 0a3y
SCOPUS [1-4].
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1) Kyxk, B. P. Bnusinue Boctouno-CuOupckoro teueHus Ha BOJOOOMEH B
bepuHroBoM mpojuBe MO CIyTHUKOBBIM albTUMeTpuueckuM aaHHbiM / B. P. XKyk,
A. A. KyopskoB // Oxeanonorusi. — 2021. — T.61, Ne6. — C.856-868. — DOI:
10.31857/50030157421060174. (Zhuk, V. R. Effect of the East Siberian Current on
Water Exchange in the Bering Strait Based on Satellite Altimetry Measurements /
V. R. Zhuk, A. A. Kubryakov // Oceanology. — 2021. — Vol. 61, No. 6. — P. 791-802. —
DOI 10.1134/S0001437021060175. — EDN ISJAIX.).

2)  Zhuk, V. R. Interannual Variability of the Lena River Plume Propagation in
1993-2020 during the Ice-Free Period on the Base of Satellite Salinity, Temperature, and
Altimetry Measurements / V. R. Zhuk, A. A. Kubryakov // Remote Sensing. — 2021. —
Vol. 13, Ne 21. — Art. 4252. — DOI: 10.3390/rs13214252.

3)  Zhuk, V. R. Interannual Variability of Salinity in the Chukchi Sea and Its
Relationships with the Dynamics of the East Siberian Current during 1993-2020 /
V. R. Zhuk, A. A. Kubryakov // Remote Sensing. — 2023. — Vol. 15, Ne 24. — Art. 5648.
— DOI: 10.3390/rs15245648.

4)  Kyk, B. P. InTeHCUBHBIN B3JIOM JIbJla ¥ BBIHOC apKTUYECKHX BOJ Yepes3
bepuHro mponuB moj JAeiCTBUEM CEBEpHBIX BETpoB B 3uMHHI mepuoj / B. P. XKyk,
A. A. Ky6psxos // UccnenoBanue 3emin u3 kocmoca. — 2026. — Ne 3. — C. 60—73. — DOI:
10.7868/S3034540526030059. (Zhuk, V. R. Intensive Sea Ice Fracturing and Export of
Arctic Waters through the Bering Strait Driven by Northerly Winds in Winter Period /
V. R. Zhuk, A. A. Kubryakov // Issledovanie Zemli iz Kosmosa. — 2026. — 3. — P. 60—
73).

BbnarogapuocTu. ABTOp BBIp@XKaeT MCKPEHHIOW OJIarolapHOCTh CBOEMY
HAay4dHOMY pyKoBoauTento 1.¢.-M.H. A.A. KyOpsikoBy 3a BCECTOPOHHIOIO TMOICPKKY,
BHUMATCJIIBHOC PYKOBOACTBO MW IIOMOIIb Ha BCCX ITallaX AUCCCPTAIMOHHOIO
uccienoBanus. ABrop 6maroaaput a.¢.-m.H. M.B. Illokyposa u k.¢.-m.H. N.E. Ko3nosa
34 BHUMAHHE K pa60Te U IMOJIC3HBIC O6CY>KI[€HI/I$I TEM JUCCCPTAINOHHOI'O UCCIICAOBAHMA.

ABTOp ri1y0O0KO npu3HaresneH K.¢.-M.H. [[.B. AnekceeBy 3a TIIaTeIbHYIO pEJAKIIMOHHYIO
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paboTy U KOHCTPYKTHUBHBIE 3aMEYaHUs IIPU MOATOTOBKE TEKCTA, K.¢).-M.H. A.M. Mu3stoky
32 LIEHHbIE KOHCYJIBTALIMH 110 BOIPOCAM YUCIEHHOIO MOJEIHPOBAHUS.

CrTpyktypa M coaep:kanue padorbl. J[anHas paboTa COCTOUT W3 BBEACHHUA,
YeThIPEX IJIaB, 3aKJIIOUYECHMs], TIEPEUHs COKpPALEHUN M OMOIMOrpapuueckoro Crucka.
OO6muit 00bem cocranisieT 193 ¢. CniMcok MCMOIb30BaHHOM TUTEPATyphl BKItoyaeT 135
HauMEHOBaHUU. Bo BBeleHuN 000CHOBaHA aKTyaJIbHOCTh TEMBI, CPOPMYJIUPOBAHBI LIEIH
U 3amaud  uccienoBaHus. [maBa 1 mocBsmieHa 0030py COBPEMEHHOW HAy4YHOM
JUTEPATYphl O JWHAMHUKE BOJHBIX MAcC B AapPKTHYECKHMX MOPSIX W ONHCAHHIO
UCIOJIb30BaHHBIX JaHHbIX. PaccMaTpuBaloTCs MPUYKMHBI U3MEHYMBOCTU BOJOOOMEHA B
bepuHroBoMm nponuBe, HUPKYJALUAS B UyKOTCKOM MOpE, BIMSHHE PEYHOTO CTOKAa Ha
TEPMOXaHUHHYIO CTPYKTypy PpEruoHa, a TaKXKe OCOOEHHOCTH CIyTHHUKOBBIX U
KOHTaKTHBIX W3MEPEHMI, BKIIIOYas JAHHBIC peaHanu3a. 1'7aBa 2 CONEPKHUT aHaAIM3
pacnpocTpaHeHUs! THXOOKEaHCKHUX BoJ B UykoTckoM Mope. [lopoOHo paccMaTpuBaercs
B0/1000MeH B BeprHroBoM mpojvBe Ha OCHOBE JAHHBIX aJbTUMETPUU U 3asIKOPEHHBIX
HaOMIOICHUM, a Takke BIMSHUE BeTpa M BocTouHO-CHOMpCKOro TeueHus Ha
pacnpeziesieHue TeMIIEpaTyphl, COJEHOCTH M CKOpPOCTH TedeHui. I'nmaBa 3 mocssiueHa
U3YYEHHUIO paCIPOCTPaHEHUs! peUHBIX BOJ B Mopsix JlanteBbix u BocTouno-Cubupckom.
OCHOBHOE = BHMUMaHUE  YJEJIEHO  MEXIOJOBOM  HM3MEHYMBOCTH  IOJOKEHUS
pacnpocTpaHEHUs IOBEPXHOCTHOTO OIIPECHEHHOTO CJIOS 10 MHOT'OJIETHUM CITY THUKOBBIM
naHHbIM. B I'maBe 4 paccmatpuBaeTcst HUPKYJIALNS B I0XKHOW yacTh YyKOTCKOro MOps B
3UMHUH nepuof. McecnenyroTest mpoueccsl HapyIIeHUs CIIOIHOCTH JIEA0BOIO TOKPOBA
(pa3phIBbl, TPEIIMHBI) M UX NapaMeTpu3alus, W3MEHUYHMBOCTb TEUYEHHUH M JIEJOBOTO
NEPEHOCa, a TAKXKE BETPOBBIE COOBITHS, COMPOBOKAAIOUINECS WHTEHCUBHBIM BBIHOCOM
abaa. B 3axiroueHny moaBOASTCS OCHOBHBIE UTOTH pabOThI U POPMYIUPYIOTCS BBHIBOIBI

110 pe3yJjibTaTaM HUCCIICIOBAHUSA
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I'JIABA 1. OB30P JIMTEPATYPbI. UCIIOJIb3YEMBIE IAHHBIE

1.1 CoBpeMeHHbIE NPeACTABJIEHUS 0 (PU3NUECKON NUPKYJIAUMU Mopeil BocTtounoi

APKTHKH

1.1.1 IlpuyuHBbI HU3MEHYHMBOCTH IepeHoca Boj B bepuHroBom mnpoJimse.
CucremMaTnueckoe ONMCaHuE BOJAOOOMEHa uepe3 IMpOJIMB HayuHaAeTcs ¢ paldoT
[Coachman, Aagaard, 1966; Aagaard et al., 1985]. B Hux mpoiuB paccMaTprBaICs Kak
IIACCUBHBIN KaHaJ MEXIy IByMs pe3epByapaMu. IlepeHoc Boj omnpenesnsercs apKTUKO-
THUXOOKEAHCKOM pPA3HOCTBIO YPOBHEW, CBSI3aHHOW C pAa3IUYUeEM TEPMOXAIMHHOU
cTpykrypsl CeBepHoii yactu Tuxoro okeaHa u CeBepHOro JIlemgoBUTOro, a Takke C
KpynHoMmaciuTabHoil atmocheproit nupkysiuuend. Ilo onenke [Coachman, Aagaard,
1966] ceBepnsiil nepeHoc B aBrycte 1964 r. cocrasui okono 1,4 CB, a paCU€THBIN YKIIOH
MMOBEPXHOCTH OBLI paBeH 2,6 1078, 4To COOTBETCTBYET Mepenaay ypoBHs okojo 0,5 M Ha
MacmTabe O0acceliHOB. THUIMYHBIN CpEeHEr0J0BOM MepeHoc yepe3 bepuHroB nposvB B
sToM ciydae cocrasisieT 0,7—1 Ca.

Krnaccuueckasi KOHLENUKS ONKMpaIach Ha TPU JONYIIEHUS, KOTOPbIE O3Xe ObLIN
nepecMoTpeHbl. Ha MeXrofoBsix U 0oliee IIMTENbHBIX MacmTabax mepenaja ypoBHS
TPaKTOBAJCS KaK IIOCTOSIHHAas BeJW4YMHA. BeTpoBas coCTaBisrollas OIKCHIBAJIach
IJIaBHBIM 00pa30M Kak JIOKaJIbHBIM MOAYJISTOP HaJ CaMUM IIpOoJIuBoM. BmecTe ¢ TeM yxe
[Coachman, Aagaard, 1966] Beimenuan 1oaronepruoaHbie Konedanus ckopocts (1o 100
% OT CpeTHEer0), CBSI3aHHBIE C BETPOM U pacIpeesieHneM aTMOC(EepHOTo JaBlIeHUs HaT
bepunroseiM mim UykoTckuM MopsiMu. Tem caMbIM Obljla pacCMOTpPEHA BO3MOXKHOCTb
HEJIOKAJIbHOTO BETPOBOIO BO3JCHCTBHUS, HO 0€3 KOJMYECTBEHHOI'O OINUCAaHUS MYyTU
nepeiaur CUrHalla ¢ apKTUYECKOro enbda.

B npocreitiiem ruapaBindeckoM OanaHce OOBEMHBIM MEPEHOC uUepe3 MPOJIUB

MPOTOPLMOHANIEH PA3HOCTH YPOBHEHW Mex Ay TUXUM OKeaHOM U APKTHKOM.
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T = alngmp + by, (1.1)

I€ T — MEPUIMOHAIbHAS COCTABJISIONIAS HAIIPSKEHUS BETPA BAOJIb POJIUBA;
b — ko3 duIIEeHT BETPOBOTO OTKIIHNKA;

T — 06BEMHBIN TIEpeHOoC uepe3 bepruHroB MpoJnB,

AN47rp — APKTUKO-TUXOOKEAHCKAsl PA3HOCTh YPOBHEW;

a — k03(h(HUIMEHT YyBCTBUTEILHOCTH.

B nuHeitHoM OanaHce cuil JJi YCTaHOBHUBIIETOCS TEUCHHUS B KaHAJIE KOHEUHOU
JUTMHBI BKJIAJT JJOKAJIBHOTO BETPa BXOJUT KaK J0OaBKa K pPa3HHUIIC YPOBHS.

FOxHbI BeTep yCUIIMBAET CEBEPHBIN NIEPEHOC, CEBEPHBIN 0ciiadseT ero. OTKIUK
MPOJIMBA Ha JIOKAJIbHBIA BETEp MOYTH MTHOBEHHBIA (Yackl). JTa KOHIIEHIUS OCTa&TCs
BEPHOM JUIsI KOPOTKMX MacmTaboB, HO HEIOCTAaTOYHA JJIsi OOBSICHEHUS MEKT'0JI0BOM
W3MEHYUBOCTU U TPEHJIOB MEPEHOCA.

[TapannensHo  QOpMUPOBANIOCH  MPEACTABICHHE O  KIIOYEBOM  BIUSHUU
cTepuueckoro (hakTopa U BETPOBOTO BO3JIEHCTBHS Ha YPOBEHb MOPS K IOTY OT MPOJIMBA
U, KaK CJIeJICTBUE, HA U3MEHYUBOCTh NepeHoca B bepuHrorom mposinee. B yactHOCTH,
[Stigebrandt, 1984] paccmaTpuBan ceBepHYIO 4YacTh THXOro OkeaHa Kak 3CTyapuil
ro0anpHOro Maciraba, B KOTOPOM HMMEHHO NPECHOBOAHBIN OalaHc (GopMupyer
CTEpUYECKHI repernajl ypoBHs Mopsi. [pyrue paboThl CBSA3BIBAIOT MOBBIIIIEHHBIN YPOBEHD
B CEBEPHOM yacTu THUXOro okeaHa ¢ KPYIMHOMACIITaOHBIM BETPOBBIM BO37eicTBUEM [de
Boer, Nof, 2004]. B pamkax 5Toil KOHIEMNIMU KJIOYeBas 00JACTh, OMpeAeIstolast
MEKT0JIOBYI0 U3BMEHUYMBOCTH MEPEHOCA, pacrojiokeHa B bepuHroBom mope, a ypoBeHb
CO CTOPOHBI APKTHUKH PAacCMaTpPUBAETCA KAaK OTHOCUTEIBHO MOCTOSIHHAs BEIWYWHA.
Takass KOHIENIUS YJOBJICTBOPUTEIBLHO OINKCHIBaJa CE30HHBIM XOJ W 4YacTh
CUHONTHYECKOW M3MEHUYUBOCTH, OJTHAKO IIOXO OOBICHSIIA JIETHUE MUHUMYMBI TIEpEHOCA
Ipyd MajioM WM yMEPEHHO IOKHOM BETpPEe HaJ NPOJHMBOM M HE BOCIPOM3BOJMIIA

I[OHFOBpeMeHHBIfI TPCHI MEPEHOCA N3MCHCHUCM TOJIBKO JIOKAJIbHOI'O BETpPaA Yy IIPOJIMBa
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[Woodgate et al., 2012; Woodgate, 2018]. [Tocnemyromme padOThl MOKa3aJid, 4YTO
3HAUWTENIbHAS YacTh HM3MEHUYMBOCTH Iiepernaza ypoBHS (OPMHUPYETCS CO CTOPOHBI
CesepHoro JlemoBUTOro OkeaHa, a HE TOJIBKO CO CTOPOHBI CEBEPHOW uYacTH THXOro
OKeaHa.

C cepemunbl 1990-x rr. B IpOJIMBE MPOBOIATCA KPYTJIOTOAUYHBIE HU3MEPEHUS
TedeHuH, TemrepaTypbl u coieHocTH [Woodgate et al., 2005, 2015; Woodgate, 2018].
Cpennmuii nepenoc coctapsieT okouto 0,8 CB (s 2000-x rogos 6mmke k 1 CB), mpu 3TOM
orMmedeH gosiroBpeMeHHbid pocT 0,01 Cs/roa. BBoaunocs sMnupuueckoe pasioKeHUe
nojHoro neperoca (T) Ha JOKaJbHBIA BETPOBOM WIEH M OCTaTOK, COOTBETCTBYIOIIHIA

BKJIay niepernana ypoBus (PH-term, pressure head):

T = mW + PH, (1.2)

rae W — ckopocTh BeTpa B pailoHe IpoJInBa;
M — SMIUpUYecKuil KO3 PUIIEHT;

PH — Bkiian nepemnana yposHs (pressure head).

B mone Betpa Hax mpoauBoM npeoOianaiT ceBepHbie pyMObl [Woodgate et al.,
2005, 2010]. Okomso aByX TpeTeH yBennUYeHUs nepeHoca yepe3 bepunros nponus B 2001—
2011 rr. cBsA3aHO HE C JOKaJIbHBIM BeTpoM, a ¢ poctom PH [Woodgate et al., 2012].
[Ipupoaa 3TOM COCTaBIAIONIECH AOJITO OCTaBajlach NUCKYCCMOHHOW. PaccmaTpuBanuck
crepuueckre 3(Q(EKTH K 0Ty OT MPOJIMBA, BETEP HaJl beprUHTOBBIM MOpPEM U MPOIECCHI
Ha apKTUYECKOM Tenbde.

[Tepexon k HemoKanbHOM KapThHe copmyiaupoBaH B padote [Danielson et al.,
2014]. ABTOpHI TOKA3aJIX, YTO IUPKYJISIH Ha menbhe bepurrosa u UykoTckoro Mopei,
a TaKXke MepeHOC Yyepe3 MPOJIUB CBSI3aHbI OOIIMM MexaHu3MoM. [lonoxeHne AneyTckon
JIETPECCUH 331aET aHOMAJIMH TIEPEHOCA C MPOTUBOTIOIOKHBIM 3HAKOM Ha CHHOTITUYECKHUX
W TroJoBbIX MacmiTabax. B mnpemroxkenHod kouienimu [Danielson et al.,, 2014]

BBIICIIAIOTCS TpHU (1)I/IBI/I‘I€CKI/IX MEXaHHu3Ma.
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[TepBoIii MEXaHU3M — JIOKAJIBHBIM YKMAHOBCKHM MEPEHOC (HArOH WJIM CTOH Hajl
MPOJIMBOM W TPHUJIETAIOININM IIeIb(POM), COOTBETCTBYEeT wWieHy mepeHoca MW B
pasznoxenun [Woodgate, 2018]. Bropoit wmexaHusM — IIeab(OBBIC BOJHBI,
BO30yK1aeMmble BeTpoM Haj bepuHroBom MopeM nu0o Haj 3amagHod UykoTkod wu
Boctouno-CubupckuM MopeM, pacrnpoCTpaHSIONIMECS K MPOJIMBY C BO3MYIICHUSIMU
ypoBHs. TpeTuil MexaHu3M — MEPEeCTPOrKa MEPUIUOHAIBHOIO TPAJAUEHTA YPOBHA Ha
TOJIOBBIX U JECATUIIETHUX MacliTadax, CBSI3aH C SKMAHOBCKON HAaKaukoW B AJIEyTCKOM
KOTJIOBUHE. IMEHHO ¢ 3TUM ME€XaHM3MOM aBTOPHI CBS3BIBAIOT YBEJIMUCHHUE MEPEHOCA B
bepunrosom mnponuBe. B pabore Takke Obla IpeasioKeHa OILICHKA [JIs CpeaHei
ckopoctu TedyeHuid B mpoauBe (V), kKoTopas B JIMHEWHOM TruapaBiIvuecKkoi (opme
ompenenseTcs OaJlaHCOM TpagWeHTa YPOBHS M BETPOBOrO HAIPSIKEHUS C JIOHHBIM

tperuem [Danielson et al., 2014]:

V

gH AnATP
— | 1.
r L por' ( 3)

rae V — cpeqHsisi CKOpoCTh TeUEHUs B MPOJIMBE (M/C);

g — yCKopeHue cBoOOHOTO TajieHusI, paBHOe 9,8 M/c?;

H — cpennss rimyOuna (m);

I — ko purreHT 1oHHOTO TpeHus (M/c);

L — addexTuBHsIil pazmep menbha bepunropa—Hykorckoro mopeii (2000 km) ;
Ty — MEPUIMOHAJIbHAS! KOMIIOHEHTA BETPOBOro Hamnpsbkenus (H/m?);

po — TUIOTHOCTH BOABI, paBHas 1025 kr/m>.

B pa6ote [Danielson et al., 2020] xoim4ecTBEHHO MOKa3ald, YTO IITOPMOBBIC
HaroHbl  I'CHEPUPYIOT  [UPKYMIOJSPHBIE  IIeTb(OBBIE  BOJHBI, a  TaKke
MIPOJIEMOHCTPUPOBAJIM, YTO OKOJIO ITOJIOBHHBI SHEPIHH, HANPABICHHOW Ha BOCTOK, C
menbda Bocrouno-Cubupckoro Mopsi MPOXOAWT dYepe3 bepuHTroB  MpoOJHB,

pacnpocTpassisick co ckopocTsimu okono 600-3000 xm/cyT. BonHOBOI MexaHHW3M Ha
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CUHONTHYECKUX MacmTabax omuchiBajics B paborax 3axapuyka. Hampumep, B pabote
[BoitHoB 1 3axapuyk, 1999] Bernenwiv menb(oBbIC BOJHBI B I0JIe YPOBHSA YyKOTCKOTO
Mopsi. B pabore [3axapuyk, 2009] mokaszaHo, 4TO KojJeOaHWs ypOBHS, BBI3BAaHHBIC
CUHONTHYECKUMHU  aTMOC(EepHbIMH  TpoleccaMd  Ha  CHOMpPCKOM  mienbde,
UACHTU(DULIUPYIOTCS KaK OapOKJIMHHEIE Tonorpaduyeckue BOJIHBI,
pacnpocTpaHsomuecs MPEeuMyIIeCTBEHHO Ha BOCTOK co ckopoctsamu 0,6-11 m/c. B
pabote [3axapuyk, Tuxonoma, 2013] yTOYHWIM TEHEpAIMIO BBIHYKJICHHBIX
TONOTrpaUIECKUX BOJIH M0]] aHEMOOAPUUECKUM BO3/ICUCTBUEM. DTH paOOThI OIMCHIBAIOT
OBICTPYIO Tepefayy BETPOBOTO BO3JEHCTBUS MO LIeNby U HE MOAMEHSAIOT COOOM
MEJUICHHYIO aJBEKTHBHYIO IEPECTPOMKY IOJIsI COJEHOCTH U CTEPUUYECKOTO YPOBHS,
Hanpumep, Bocrouno-Cubupckum TeueHueM. PazneneHune 53TUX [JIByX KaHAJIOB,
OBICTPOTO BOJIHOBOI'O M  MEIJICHHOIO aJBEKTUBHOTO, COCTaBIIIET OTHEIIbHYIO
METOJIMYECKYIO 3aa4y.

Hakonen, B pabote [Peralta-Ferriz, Woodgate, 2017] na nmanaeix GRACE
NOKa3aJld JAOMHHHPYIOUIYI0 poib BoctouHo-Cubupckoro Mopss B H3MEHYMBOCTH
HEBETPOBOW COCTABIIAIOLIECH U3MEHYMBOCTHU NepeHoca B bepuHrosom nponuse. Ilepas
MOJIa SMITUPUYECKUX OPTOrOHANBHBIX (yHKIMI (DOD) npuI0HHOTO JaBICHUS B palioHe
OT CEBEpHOW 4YacTu bepumHrora mopst 10 3anagHOM ApKTUKM CHIJIBHO CBSI3aHA C
M3MEHYNBOCTHIO UjieHa BoAgHOro nepenoca PH. Koaddumuent koppensuun cocTapiseT
okoso 0,6 Ha MexronoBbix Macmrabax u 0,84 B nerHuil nepuon. IloHmxeHHOE
NpUAOHHOE JaBieHue B BocTouHo-CHOMpPCKOM MOpEe M MOBBIIIEHHOE HaJ MEab(hom
bepunrosa mopst GopMHUpyrOTCS MO/ BAUSHUEM BOCTOUYHOTO BETpPa BJIOJIb APKTUYECKOTO
nobepexbs. DKMaHOBCKHM TMepeHoca OT Oepera IMOHWUXKAET YpPOBEHb Ha MIeNb(e
Boctouno-Cubupckoro Mopsi W yBEIMYMBAaeT IEpenajy ypoBHI Mops. OTu
npeacTaBieHus pa3BUTH B pabote [Peralta-Ferriz, Woodgate, 2023]. JloaroBpeMeHHBI#
pOCT IepeHoca uyepe3 MPOJUB CBSI3aH B OCHOBHOM C POCTOM cocrtaBiswonie PH B
pasznoxxennn [Woodgate, 2018], a He jokanpHOro BeTpa y mposmBa. Ha macmTabax
MECAYHON M3MEHUYMBOCTU JIETOM IOMUHUpPYeET Bkiaa Bocrouno-Cubupckoro mops, a

MMEHHO yCHJICHHUE 3aMaIHOTO BETpa Ha ero menbde, moHmkaromero cpeatee (AVG):
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DOT + OBP
AVG = 5 ) (1.4)

rae DOT — nunamudeckasi okeaHudeckas Tornorpadus;
OBP — anomaiusi mpuAOHHOTO JaBJCHUS B €IWHUIAX SKBHUBAJICHTHON BBICOTHI

YPOBHS;

Pazmuuue TpennoB OBP u DOT ykassiBaeT Ha 0cosioHEeHuUE 1ieb(ha u BO3MOXKHYIO
o0paTHY0 CBsI3b Yepe3 MepeHoc Tuxookeanckux Boj B CJIO.

Panee ¢ momoltpio YrcaeHHOTO MojenupoBanus mokazanu [Nguyen et al., 2020],
yTo Ha MacmTabax g0 5 wmecsueB 10 90 % W3MEHUMBOCTHM aHOMAIMHA TMeEpeHoca
KOHTponupyercs: BeTpoM. HauOonpmuit Bkiang pator 1menbd bepuHrora wmops,
Yykotckoe u Boctouno-Cubupckoe Mopsi, B COBOKYNTHOCTH 110 80 % CBsI3aHHOI C BEeTpoM
qucnepcuu. BaxxHo, yTo peub UAET HE TOIBKO O JIOKAJbHOM BETPE HEMOCPEACTBEHHO HaJY
MPOJIMBOM, HO U 00 yJIaJ€HHOM BETPOBOM BO3JIEMCTBHM, KOTOPOE 4epe3 LIeNTb(OBbIE
BOJIHbI TIEPECTpPamMBACT TMOJIE YPOBHA KM TEM CaMbIM OIPEIEISAET HEBETPOBYIO
COCTaBJIIOLIYIO IIEPEHOCA.

[Grodsky et al., 2024] Ha ocHOBEe COBMECTHOTO aHaJN3a CIIyTHUKOBBIX JaHHBIX U
pE3yibTaTOB YMCIEHHOTO MOJCIUPOBAHUS OOHAPYKUIM 3HAYUMYIO CBSI3b MEXIY
YPOBHEM MOPS M TOBEPXHOCTHOM CONEHOCTHIO B UyKOTCKOM MOpPE B O€37IEHBIN MEPHO/I.
[Ipy TOBBIIEHUM YPOBHS MEpPEHOC uepe3 bepuHroB MNpoiauB yMEHbIIAETCS, a
MOBEPXHOCTHBIE BOJIbI CTAHOBSATCS Oo0Jiee MPECHBIMHU, YTO COIJIACYETCS C KIIHOYEBOMN
pOJIbIO Tiepenajia ypoBHs Mex1y TuxuMm okeaHom u CeBepHbIM JIe10BUTHIM OkeaHOM. B
KaueCTBE MOKa3aTels 3TOT0 Mepenaaa aBTOPbI UCIOIb30BaIN CPEHNE aHOMAIUU YPOBHS
Mopst B UyKoTCKOM Mope, 00bAcHsouMe 0Kkoyo 41 % MeKroI0BbIX U3MEHEHUH MepeHoca
yepe3 bepuHroB mpoJivB B MepUo/] C Mas MO aBryCT, TOT/AAa KaK BKJIaJ JIOKAIHLHOTO BETpa

HaJl POJIMBOM 1O AaHHBIM peaHanusza ERAS cocraBun okomo 16 %.
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1.1.2 BonooomeHn B bepuHroBoM npoJinBe B 3MMHUIA nepuo. B 3umuuii nepuos
MOTOK B TIPOJIMBE OOBIYHO HAMpaBiieH W3 TUXOro okeaHa B APKTHUKY, XOTS U IPUHUMAET
MUHUMAaJbHBIE BEIMYUHBI IO CPAaBHEHUIO C JICTHHM IIEPUOJIOM M CIOCOOCTBYET
(bOopMHUPOBAHUIO B IITyOOKOBOHON YacTH YyKOTCKOTO MOPS XOJIOTHOTO TOBEPXHOCTHOTO
CJI0s1, KOTOPBIN OrpakaaeT JeI0BbIM MOKPOB OT TEILION aTilaHTHUYeCKOM Bozbl [Steele et
al., 2004]. B To0 ke BpeMst IPOUCXOIUT MaICHUE TEMIIEPATYPhl U YBEITMICHUE COJICHOCTH,
B TOM YHCIIEe H3-3a JbAooOpa3zoBanus [Woodgate et al., 2005], uro cmocoOcTByeT
TOMOT€HU3allUd TEPMOXAJIMHHON  CTPYKTYphl. M3-3a  CE30HHOTO  MPUCYTCTBUS
HEYCTOMYMBOTO JIEIOBOTO TOKpoBa B UyKOTCKOM MOpe BO3pacTaeT pojib BeTpa Ha
U3MEHYMBOCTh IMpKyJsinuu [Pisareva et al., 2025]. B pesynbrate mpenMyIieCTBEHHO
ceBepHbIe BeTpa HajJ UyKoTCKuM MopeM HaOII0IaloTCsl OJHOBPEMEHHO C CEBEPHBIM
teuenneM [Woodgate et al., 2005]. Ycunenne Takux BETpOB MPHBOIUT K OCIA0JICHHUIO
IOTOKa, a MHOTJA K ero pa3sopoty Ha ror [Pease, 1980]. Ha mHorosieTHux macmtadax
HaOo1aeTCs yBenuIeHne 00bEMa TOHKOTO OJTHOJIETHETO Jibjia B CeBepHOM JlegoButom
okeane (CJIO) [Meier, 2017]. Dtort nex sBasercs 0ojiee TMHAMHUYECKU aKTHBHBIM U JIETUYC
noBepraercs B3aoMy uyeM muorosetnuii [Rampal et al., 2009; Rheinleender et al., 2022],
YTO TaK)Ke MPUBOJIUT K YBEIIMYCHHIO PoJik BeTpa B UykoTckom mope [Spreen et al., 2011].
Bce a1t akTophl nmepuoaruecKd MPUBOAIT K YCUJICHHUIO 3aTOKOB apKTHYECKUX BOJ B
CeBepHYI0 4YacTh bepuHroBa wmops. [logoOHBIE 3aTOKM 3HAYUTENBHO BIHSIOT Ha
TEPMOXAIMHHYIO CTPYKTYpY U 3kocucteMy [Woodgate et al., 2005], a Taxxe moBbIIIa0T
pois bepuHrosa npoiuBa B sKkcopte MHorojeTHero ibaa u3 CJIO [Babb et al., 2013].

OTtmedaetcs, 94To JI71s TPOJIMBOB XapaKTepHO 00pa30BaHUeE JISOBOM apKu, KOTOpast
CIEpPXKUBAET JIeNOBbIN MOKpoB OoT oOpymmenus [Sodhi, 1977]. YcToitunBocTh J1€10BOM
apK{ 3aBUCHUT OT IIMPHHBI pyciia, MPOYHOCTH JIbJia Ha CABUT U ckopocTu BeTpa [Kubat et
al., 2006]. Ilpu oOpymeHuun apku B UyKOTCKOM MOpE TMOSBISIFOTCS HapyIICHHS
CIUTOITHOCTH (MMEHyEeMbIC Jajiee JICMOBBIMU TpEIIMHAMK), OOpa30BaHUE KOTOPHIX
CYIIECTBEHHO BIMSICT Ha (U3HYECKHUE, XUMHUYCCKHE M OHOJOTHYECKHE IPOIIECCHI,

IPOUCXOASAIINE Ha TpaHMIE pas3feiia MEXIy OKEaHOM U aTMoc(epoi, IMO3BOJI
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OCYUIECTBJIATh MPSMONM OOMEH MexIy oOkeaHoM U arMmocdepoil. Takum oOpazowm,
nepeHoca JbJa MPOUCXOAUT TMPU B3JIOME YCTOSBIIETOCA JIEJOBOTO MOKPOBA, YTO
COMPOBOXKIAETCS 00pa3oBaHUEM TPEIIWH, Pa3phIBOB K ceBepy OT bepuHTrOBa mposuBa.
Tpeunbl, NPOTHKEHHOCThIO HECKOJIBKO COTEH KM., MOTYT PaclpOCTPaHSATHCS MO BCEH
aKBaTOPUH, OKa3bIBas 3HAYMTEILHOE BIMSHHE Ha JeAoByr0 aumHamuky. [loapoOHoe
ONMKMCAHWE MPOUCXOAIIUX BO BpeMs 0Opa3oBaHMsI TPELIMH IPOLIECCOB IepeHoca
SHEPIruM, a TaKK€ M3MEHUHUBOCTH THUJIPOJIOTHYECKHX TMapaMeTpOB IPOBEACHO B pslie
paboT Ha OCHOBE KOHTAKTHBIX MaHHBIX [Morrison et al., 1992; Nomura et al., 2023].
VYcTaHoBIIEHO, YTO B TOJIIE BOABI IOJ, HOBOOOPAa30BAHHBIMU TPEIIMHAMHU
WHTCHCU(PUIIUPYETCS] TEPEHOC COJIM M Temja, PEe3KO MEHSEeTCS TepMOXaluHHAas
CTpykTypa. BumsHue nemoBpix TpemuH Ha GOpPMUPOBAHUE JIEAOBOTO TMOKPOBA
obcyxkaanocs B pabore [Zhang et al., 2018], B KOTOpOii YCTaHOBJIEHO, YTO JIEIOBBIC
TPEIIMHBI B TO3HIO 3UMY M BECHY MOTYT BO MHOTOM ONPEIEISATH MPOTSHKEHHOCTH
JIEZIOBOTO MTOKPOBA B JIETHUHM NIEPUOJ] ro/1a. Y ITyUllIeHHE MOHUMAaHUS TUHAMUKH JIEJOBBIX
TPEIIMH OCOOCHHO BA)XHO VISl OICHKU JAJbHEHINX KIMMATHYCCKUX H3MCHEHUH B
Apkruke [Wang et al., 2016; Willmes et al., 2023]. IIpocTpaHCTBEHHO-BpEeMEHHOMH
aHaJIM3 JIEMOBBIX TPEIIUH SIBISETCA aKTyalbHOM 3aadeil, MOCKOJIbKY COBPEMEHHBIC
MOJEIM W peaHaIu3bl IOKa HE CHOCOOHBI JIOCTOBEPHO BOCIPOU3BOJIUTH BCE
HaOJIOaeMble  CITyTHUKAaMHU  Pa3pbIBbl, YTO CYHIECTBEHHO OTPAHUYMBAET IIPOTHO3
Je10BOM AMHAMUKH B YyKOTCKOM MOpPE M OLIEHKY BOA00OMEHa uepe3 bepuHros nposius.

UtoObl onucaTh apkooOpa3oBaHUE, UCMIOIB3YIOT MEXaHUYECKUE MOJCIH ChITYYUX
ten. Teopus, ONUCHIBAIONIAsl TPEAENbHBIE TMPOJIEThI JUisi 00pa3oBaHHS apKu B
I'paHyJIMPOBAHHBIX MaTepraliax, OCHOBaAHA HA CTATUCTUYECKOM aHAJIU3€ pacrpeieseHUsI
HaMpsHKEHUH BHYTPU MaTepualia, 4YTOOBl OINPEICUTh, OCTACTCS JIM COCTOSHUE
HaIpPSHKEHUST HIDKE KPUTUYECKOTO ypOBHA. JIJisi BRIBOJA BBIPAKEHUH, OMPEACIISIONINX
BEPXHIOIO W HUXHIOK TPAaHUIBl MPEAETbHOr0 IMpoJieTa, MPU KOTOPOM MOMKET
chopMHpOBaTHCS CBOOOIHBIN CBOJI (apKa) CISAYIOT aHAIN3Y, IPETIOKECHHOMY B paboTe

[Richmond, Gardner, 1962], ¢ yueTom cieayonux MOAHU(PHUIMPYIOIIHUX JTOMYIICHHIA:
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1. OnHOpPOMHOCTh HampsbKEHUW BOIWM3M cBojga. BOmu3u cBoOOgHOTO CBOjJA
HalpsHDKEHUE HE 3aBUCHT OT TPOJOJBHON KOOPAMHATHL. OTO TPEANOJIOKCHUE
MOATBEP)KJICHO MHOTOYHCIICHHBIMU HCCIACAOBAaHUSAMU B TIyOOKHX BEPTUKATBHBIX
3€PHOBBIX CHJIOCAX, a TaKXke padoTaMu B JUIMHHBIX IPSAMBIX KaHalaX, 3arlOoJTHEHHBIX
(bparMeHTHPOBAHHBIM JIHJIOM.

2. KonTunyanapHas MoJe)Ib MaTepuaia. MaTepuaa MOXKHO almpOKCUMUPOBATh KaK
CIUTONTHYIO CPEy, MOIIHHSIONTYIOCS KpUTepHio paspymenus Kymona.

3. Enunbiit kputepmii paspymieHuss Ha rpanuie. Kputepuil paspyiieHus Ha
IpaHUIE MEXTY TPaHYJIUPOBAHHBIM MaTEPHAJIOM U €ro «KOHTCHHEpOM» (HAmpHMeED,
MEXIY AperyIOmUM JIHIOM U HETIOABHKHBIM JIBIOM) COBIIAIAET C KPUTEPHUEM BHYTPH
caMoro MaTepuaa.

Jlns aHanu3a BeIOEpEM JICKapTOBY CHUCTEMY KOOPAMHAT, MOKa3aHHYIO Ha PrucyHke
1.1, a. Ucrionp3ys mepBoe MOMyIICHUE, YPABHCHHS PAaBHOBECHS MOYKHO YIOBJICTBOPUTH

CICAYIOIMNMU BBIPAKCHUAMU OJIA HOPMAJIBHBIX M KACATCJIbHBIX KOMIIOHCHT HAIIPSAKCHUA

(0x M Tyy):

Ox = —D, (15)
—YX, (1.6)

Ty

rac p — NoCTOAHHOC 3HAYCHUC NABJIICHUA BOIM3HU ApKH;
X — IPOTSAKEHHOCTH I10 JOJITOTE,

Y —MaccoBas CWJIa Ha €IMHHUILY TUTOIIA/IH.

HanpsokeHHoe cocTosiHuE B TOYKE CBOOOAHOTO CBOJ@ YIAOOHO MPEICTaBUTH C
nomoInkko kpyra Mopa (Pucynok 1.1, 0), KOTOpBIi AO/DKEH MPOXOAUTH Yepe3 HAvyallo
KoopauHat Ha rpaduke (t, 6). Kpurepuii paspymenuss Kynona Beipaxkaercst JTuHUEH

TEKYYECTH:

T = ¢ + otgd, (1.7)
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rae C — CLCIJICHUC,

¢ — yros BHyTpEHHETO TPEHUSI.

Ecnmm xpyr wnHanpsokenund Mopa kacaeTcs JIMHMM TEKYy4eCTH, COCTOSHUE
HaNpsDKEHUsl CTaHOBUTCS KpuTuueckuM. CoryiacHo ypaBHeHuio (1.6), makcumanbHOE
KAacaTeIbHOE HAIPSDHKEHHE BO3HMKAET HA TPAHHUIEC, a4 BEPXHIOK M HUKHIOKO T'PAaHUILIBI

npoJieta MOHO BeIpa3uTh Toukamu U u L Ha Pucynke 1.1, 0, ucnons3yst gonyueHus 2

u 3.

y T
L
S % i . .
L 2) x
a 6

Pucynok 1.1 — CBobGoanas apka (a); kpyr Mopa (0)

[Mpenenbubie 3HaueHus mposnera ( Ay U A, ) ONPEOCNSIOTCS CICAYIOIIMMU

BeIpaxeHusmu [Richmond, Gardner, 1962]:

¢ (cosd)
Ay = A = sind)’ (1.8)
A, = c(1 +ysir1c|))’ (19)
y = rDv?, (1.10)

Y — HanpsiKEHUE TPEHUsI BETpa
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D — ko3¢ dunreHT TpeHus;

V — CKOPOCTB BETpa.

OTH 1Ba ypaBHEHMs IOKa3bIBAIOT IPEAECNbI, IPU KOTOPBIX BO3MOYKHO WIH
HEBO3MOXKHO apkooOpa3zoBaHue. Eciau pacctosiHue Mexay OeperaMu MEHbIIE HUKHETO
npenena — apka He o0pasyercs, U JIEQ CBOOOIHO MPOXOAUT Yepe3 CYKAIOIIMICS KaHal.
Ecnu nposi€ér npeBblIaeT BEpXHUN Mpeie, 00pa3yeTcsl yCTOMYMBBIA apOYHbIA CBOJ, U
JNBH>KECHUE TTPEKPALLACTCS.

dopma IpeaenbHOro CBOJa MOXET ObITh ONpesesieHa ¢ MCIOJb30BaHUEM KpyTa
HaInpspKeHui, nokazaHHoro Ha Pucynke 1.1, 0. Ilpodgunb cBoma onuceiBaeTcs

ypaBHEHUEM:

rjae 0 — yro Mexay TOpU30HTAIBIO U KacaTeIbHON K CBOOOIHOM MTOBEPXHOCTH

WNurterpupys u npunumas y = 0 pu X = * A, moyry4aem:

y= % [1 - (;)2] (1.12)

A — TIOJTyIIIMPUHA JIEIOBON apKu;
Y — MPOTSHKEHHOCTH I10 IIHPOTE;

I — IULIOTHOCTh MPU3EMHOTO BO3/1yXa.

VYron 6 Ha pucynke 1.1, 6 coorBercTByeT b0 Oy, 1MO60 O, Ha pucynke 10, B
3aBUCUMOCTH OT THIIa TPAaHHUIBI (aHAJOrMYHO ypaBHeHusM 1.8-1.9) mis BepxHel u

HIKHEN IPaHUL] COOTBETCTBEHHO:
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0, = 45°, (1.13)
_T.e
y=7t7 (1.14)

JlanHO€ BBIpa)KCHHE IMO3BOJISICT OICHUTH YroJl BHYTPEHHETO TPEHHS (P TO YTy
OCHOBAHUS CBO/JIA.

B npakTrueckux npuUIoKEHUSX IJIs1 OMUCAHUS TSUSHUS IPEH(PYIOMIEro JIbJa 9acTo
UCTIONB3YETCSl PaMaibHOE TOJIE HAMPSKEHHUH, CIpaBeUIMBOE BOJIM3U CY>KAIOIIErocs
kaHama [Jenike, 1964]. B »sTOoM cioyyae THIPOCTATUYCCKOE  HAIPSDKCHUEC
MPOMOPIIMOHATIFHO PACCTOSHUIO 10 BEPIIMHBI KaHala. JTa MOJENb OMHpAeTCs Ha
MIPE/ICTABIICHHE O CEMEWCTBE KPUBBIX TEKYUECTH, KaXaas W3 KOTOPBIX COOTBETCTBYET
ONpenenéHHON CTENeHH YIUIOTHCHUS MaTepuaia W 3aBepIIaeTcs TpU JOCTHKCHHH
MPEACITBHOTO HAMPSHKCHUS, OMPEASISIEMOT0 TEKYIIMM COCTOSHHUEM  YIUTOTHEHHS.
Db dexTrBHAS KpHWBas TEKY4YECTH IPEICTABISIET COOOH OrmbaroIlyro MpeaeTbHBIX
KpyroB Mopa s OTHENbHBIX KPHUBBIX M XapaKTepU3YeT B3aUMOCBS3b MEXKIY
CIIBUTOBBIMH M COKUMAIOIUMU HaNpsOKEHUAMU. 111 CBOOOIHO ABMIKYIIIETOCS JIbJIa, KaKk
¥ JUIS MHOTHX JIPYTHX TPaHYJIMPOBAHHBIX CpPEJl, OHA SIBJISICTCS JIMHEHHOW M MPOXOIUT
yepe3 Havyasio KoopauHaT. Kputnaeckoe coOCTOSIHME HacTynaeT B MOMEHT KacaHUs Kpyra
Mopa 3Toi1 orubarorei, 4To COOTBETCTBYET PEKUMY YCTAHOBUBIIIETOCS TCUCHHUS.

Mognens TpelcKa3bpiBaeT  CyIIECTBOBAHWE JIBYX HE3aBHCHMBIX CEMEHCTB
XapaKTePUCTHK: HANPsHKEHHBIX M CKOPOCTHBIX; BJOJb CKOPOCTHBIX XapaKTEPHCTHK
(OpMUPYIOTCS CABUTOBBIC HAPYIIICHUS.

HawnGosiee moJIHBIN aHAIM3 HEYCTAHOBUBIIETOCS TEUYCHHUS TPaHyJIUPOBAHHBIX
MaTepUaIOB B CYXAIOIIMXCS KaHalax mpeacTaBieH B padore [Morrison, Richmond,
1976]. B aToM Hcciie10BaHuU MPUMEHSETCSI MOJIEN b HI€aIbHOTO IPYyHTa, OCHOBAaHHAs Ha
MPEANOJIOKECHUSIX HM30TPOITHOCTH M HEC)KUMAEMOCTH MaTepuajia, a TakkKe Ha
JOIYIICHUHN, 9TO JeopMaIlisl MPOUCXOIUT MPEUMYIIIECTBEHHO 3a CUET CABUTA BJOJIb

XapaKTEPUCTHUECKUX KPUBBIX YPaBHEHUI HAIPSKEHUN. ITa MOJEIh OCOOEHHO ya00Ha
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Ml aHalln3da JABHIKCHHA JibJd, TAK KadK YYUTBIBACT BO3MOXHOCTH BO3HHKHOBCHHUA
Pa3spLIBOB TaHFCHHHaJIBHOfI CKOPOCTHU BAOJIb XaPAKTCPHUCTUK HaprDKeHI/Iﬁ H IIO3BOJISCT
ONpCACINTb KPUTUICCKHUC YCJIIOBHA OCTAHOBKH TCUCHMAI. KpI/ITI/I‘IeCKOG 3HA4YCHHUC YyTJIa

HaksoHa kaHana (B) (pucynok 1.20), mpu KOTOpOM T€UCHHE IIPEKpalaeTcs U 00paszyercs

CBOJ, OIIPECACIIACTCA BBIPAKCHUCM:

_ (cctgep) (1 —3sinp) (R™— 1)

¢~ Tpgwo (1—sing) (1—R™ 1)’ (1.15)
2sing)

T @ =sing)’ (1.16)

R= 1.17

S owy (1.17)

rae B — kpuTuueckuil yron HaKkJIOHa KaHala;

C — IPOYHOCTh MaTepHala Ha CLEIJICHUE;

( — YroJl BHyTPEHHET O TPEHHS;

Wo, W1 — MOJYIIMPUHA KaHajla Ha BXOJE U BBIXOJE COOTBETCTBEHHO;
R — k03 pULHEHT CyKEeHMUS;

p — INIOTHOCTh MaTepuana;

M — mapameTp Marepuaa.

Ecnu dhaxkTudeckuit yros HakioHa kanana B < B¢, mpoucxoaut oOpazoBanue cBoga
U TeUeHUe NMpekpaiaetcs. J[annoe ypaBHEeHUE MO3BOJISIET MPOTHO3UPOBATH YCIOBUS, IPU
KOTOPBIX JABMKCHHE ITAKOBOTO JIbJa YePE3 CY KAIOIIUNACS MPOJIUB OyAeT 3a0J0KHPOBAHO

n3-3a 00pa30BaHusl yCTOMYMBOTO CBOJIA (apKH).



31

Pucynox 1.2 — «CemMeiCTBO IMHUN TEKy4YeCTH» U «3P(HEKTUBHAS KPUBAs TEKYyUECTH»

JUISL IPEeIeNIbHBIX KpyroB Mopa (a); cykaromuiics kaHai (0) u3z padotsl [Sodhi, 1977]

s Bepunrosa nposiuBa [Sodhi, 1977] paccunTtan KpUTHYECKYIO CKOPOCTh BETpa
5,6 M/c., BbIllIe KOTOPOH MPOUCXOAUT OOpYyIICHUE JIEJOBOM apKu W JieJ CIocoO0eH
JIIBUTaThCS CBOOOIHO Ha IOT.

C mosBICHWEM HOBBIX CHYTHUKOBBIX TIPOJYKTOB M JAHHBIX pEaHaIU30B
MPEJCTABIACTCS BO3MOXHBIM OoJiee TOAPOOHO HCCIEAOBAaTh TpaHCc(oOpMaInio
aenoBoro moJjs. [lokazaHo, 4TO METEOYCIIOBHS HTPAIOT BAKHYIO POJIb B BOSHUKHOBEHUN
aenoBeIX TpemuH [Lewis, Hutchings, 2019]. HenaBHO B OTKPBITOM JOCTYIIE IMOSIBHIICS
NPOAYKT JICIOBBIX TPEIIMH Ha OCHOBE aHaju3a JaHHbIX ¢ pubopa MODIS [Reiser et
al.,, 2020; Willmes et al.,, 2023]. AHanu3 3THX JaHHBIX TMO3BOJIMJ OIPEICIUTH
MOBTOPSIEMOCTh TPEIINH U UX CBA3b C JUBEPrEeHIINEH BETpa U TCUCHUSIMH B PA3TUIHBIX
pationax CJIO na MHOTOJIETHUX MaciITabax.

JlenoBbie TpemmHbl 00pa3yroTCs 3a cueT MHOXkecTBa (akTopoB. OCHOBHBIMU
CpeIly HUX SIBJISIIOTCS OaTuMeTpus u Betep. [Ipu 7ToM HekoTOphIe pabOoThI TOTYEPKUBAIOT
BOXHYIO PpOJb  arcocTpopUYECKONH  COCTaBISAIOMIEH B  CKOPOCTH  MeE30- |

MenkomaciTadbHoro apeiida npaa [Kozlov et al., 2020; Zhuk et al., 2022]. Pe3yabTarsl
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HemaBHero wucciuenoanus no3somwin [Willmes et al.,, 2023] ycranoButh, 4TO B
YyKkoTCKOM MOpe HanOoJjiee 9acTo JICJOBbIC TPEIIMHBI HAOIOMAI0TCS BOKPYT OCTPOBa
Bpanrens, B palioHe MEIKOBOJbs ['epayibi 1 B 00JIACTH OT CEBEPO-BOCTOYHOIO Kpas
bepunroBa mponuBa 10 WMbica bappoy. ABTOpBI CBSI3BIBAIOT TMOCJIEIHUE C
0aTUMETPUYECKUMHU OCOOCHHOCTSIMU PErHOHA M OOmIeH IUPKYJsAUUeld TeYeHHH, 4To
HOATBEPIKAACTCS MpeaplayInuMu padotamu (Hampumep, [Stabeno et al., 2018]). Psaa
TEMATHYCCKHX HCCIICIOBAaHUH B apKTHUYCCKUX MOPSX TOKa3aJIH HATUIHE CUILHOW CBSI3U
MEXJTy BETPOBBIMHU YCIIOBHSMH M JHHAMHKOHW JieoBoro mokposa [Rheinlender et al.,
2022; IMetpenko, Ko3mos, 2023]. K ToMy ke paHee ObUIO IPOJAEMOHCTPUPOBAHO, YTO B
3MMHE—BECCHHUM TICPHOJ TIPU TOMOTCHHM3AIlMM BEPTHKAIBHON CTPYKTYpbl MOpS
(TeMriepaTypbl U COJIEHOCTH) BETPOBOU Npeii) Oka3bIBaeT OMpECIIAIoNIee BIUIHIEC Ha
cKopocTh TeueHHid B bepunroBom mposuee [Woodgate, 2018]. B monosiHeHue Iuiib
HemaBHo [Jewell et al, 2023] ¢ mnoMoIBIO YHCIEHHOTO MOJICITHPOBAHHMS
IPOJACMOHCTPUPOBAIM KaK HAINPaBJICHUE BETPAa OTHOCHTEIHHO Oepera BIMSIECT Ha BPeMsI
U MECTOIOJIOKEHNE 00pa30BaHMs JICAOBBIX TPEIIHUH, TAKUM 00pa30M IMOKA3bIBasl CBS3b

JIOKJIbHOTO BETpa U 0COOEHHOCTEM MOP(OTOTUUECKOTO CTPOEHUS OEpEros.

1.1.3 Hupkyasuuss U mepeHoc BOAHBIX Macc B YUykorckom mope. Mops
Bocrounoit ApkTuku BKIIO4YaroT akBatopuu: JlanreBbix, Boctouno-Cubupckoe u
UykoTckoe. bombinas yacTe 3TUX 00gacTeil mpenctaBisieT coOoi menbd ¢ riyonHOM
MeHnee 50 M. UykoTckoe MOpe B MEPHUO]T ¢ HOSOpS—IeKkadps M0 Mall—HMIOHb MOJTHOCTHIO
MOKPBITO JIbAOM. Beimenstorcss npumaHbld Jieq B NOpUOpPEKHONW 30HE, a TaKkKe
npeiidyronuii makoBblid B yAan€HHbIX OT Oepera paiioHax. B Oosnee ceBepHbIX pailoHax
MPOJOIKUTEILHOCTh JIEJIOBOTO Ce€30Ha yBenuuuBaercs. Tak, Mops JlanTteBbIX u
Bocrouno-Cubupckoe HA4YMHAIOT TOKPHIBATHCA JIBJAOM YK€ B Hadalle OKTSIOpS u
ocBOOOXKIarOTCs Juiib K uioHI0. OxHako ¢ 2000-x rogoB HaOr0IaeTCsl yCTOMUMBAs
TEHACHIINS K CHIDKCHHIO CPEIHEN MHOToJIeTHEH negoButocTr [Dmitrenko et al., 2010] u

MHOT'0JICTHUE YBEJIMYEHHUE COJICHOCTH M TeMmIepaTypbl Ha mienbhe YUyKoTCKOro mMops

[Woodgate, 2018].
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['eoctpoduueckue  TeueHus B 1eIbPOBBIX  palloHax  (HOPMHUPYIOT
LHUPKYJISIIUOHHBIE CTPYKTYPBI B BUJI€ KPYrOBOPOTOB. [IpUIMBHEIE SBIEHHS B ’TUX MOPAX
BBIp@XEHBI ¢71a00 M BHOCIT HE3HAUUTEIHHBIN BKJIJ] B OOIIYIO JUHAMHUKY BOJHBIX Macc.
B oTnnune OT Ipyrux apKTUYECKUX MOpPE, MAaTEpUKOBBIM CTOK B UyKOTCKOE MOpe
OKa3bIBAE€T OIPAHUYEHHOE BIIMSHUE HA UPKYJALMIO, TOCKOJIBKY €ro 00bEM COCTABIISIET
JUIIBb 0K0JI0 5 % OT 00111ero CTOKa MPECHBIX BOJ B apPKTUYECKUN OACCEHH 1 OLIEHUBAETCS
B 73 xM* B roj 1o cpaBHeHuto ¢ ~30 000 kM?, mocTynaromux yepe3 bepuHros npoius.

Kak mokazano Ha pucyHke 1.3, THXOOKeaHCKHE BOJBI, Mpoxoas yepe3 bepunros
IIPOJIMB, PA3JEISIOTCd HAa TPU OCHOBHBIE BETBH: AJICKHHCKYIO, l'epaibIOBCKYO
(LlenTpanbuyto) u JIOHTOBCKYIO, KaXK/1asi U3 KOTOPBIX, COTJIACHO OLICHKaM, NEPEHOCUT

corocTaBuMbIi 006EM Boel [Woodgate et al., 2005; Danielson et al., 2014].

74°N- ™.

Eqs’fSHJ':'iﬂan
~Seq O

72°N

70°N

68°N

66°N

64°N — T .
180° 170° 160° 150°W

Pucynok 1.3 — Cxema nupkymsiiun Yykorckoro mopst u3 [Brugler et al., 2014]
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AJISICKMHCKasl BETBb YCUJIMBAETCA 32 CUET TEMIIOTO PEYHOTO CTOKA B pAMOHE 3aJIMBa
KoreOy u, crnemys BIoJib moOepexbst AJSICKH, JocTUraeT kanboHa bappoy (Itoh et al.,
2015). LlenTpasibHast BETBh MPOABUTACTCS IO MMIETb(]y, pa3BETBISAACH HAa OOJiee MEIIKUE
NOTOKH, a JIOHroBCKasi BETBb OTKJIOHSIETCS K CEBEpO-3aliay, HalpaBisisiACch JU00 yepe3
nposiuB JloHra, n60 uepe3 kauboH I'epanba [Corlett, Pickart, 2017; Kinney et al., 2022].

B netHnit nepuon YyKoTckoe MOpe XapaKTepU3yeTCs CI0KHOU T'HIPOJIOTHYECKON
CTPYKTYpOW, B KOTOpPOW JOMHUHHUPYIOT HECKOJIBKO OCHOBHBIX BOJHBIX Macc,
(bopMHpYIOIIUXCS MOJ BIMSHUEM MocTynatomux BoJ u3 bepunrosa mops u CJIO. Kaxk
BUJIHO Ha pUCYHKE 1.4, rIaBHBIMU BOJAHBIMU MaccaMH, OMpPEACISIONIUMHU COCTOSHUE
MODpsI, SBJISIIOTCSE OepuHroBomMopckue jietHue Bojbl (bJIB) u ansickuHckue npubpekHbie
Bojbl (AIIB). BepuHroBoMopckue JIeTHHE BOBI IMOCTYIAOT M3 IICHTPAJIBHON YacTH
bepunHrosa Mopst yepe3 0JHOMMEHHbIM TposiuB. OHK UMEIOT TeMiiepatypy ot —1 go +3 °C
u cojieHocTh B auanazoHe oT 30 go 33,3 IIEC. Ot BOALl OTHOCHTEIILHO XOJIOJHBIC U
YMEPEHHO COJIEHBIC, 3aHUMAIOT 3HAYUTEIbHBIC IPOCTPAHCTBA OTKPBITOTO MOPS H
SBJISFOTCS. Ba)KHBIM DJIEMEHTOM B TEIJIOOOMEHE M TIEPEHOCE MUTATEIbHBIX BEIECTB

Mexay Tuxum okeanom u CeBepHbIM JI€TOBUTBIM.
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Pucynok 1.4 — JIluarpamma TeMIiepaTypbl-COJIEHOCTH, ONPEAEIISAIONIas OCHOBHbBIE
BOJIHBIE Macchl B UykoTckoM Mope u3 pabotsl [Linders et al., 2017] (AIIB = ACW;
BJIB = BSW)

B cBoto ouepens, AIIB, koTopble NOCTYNalOT BAOJIb BOCTOYHOW YaCTH MPOJIMBA C
NPUOIMKEHHON K TEPPUTOPUHM TIONyocTpoBa Aursicka, 00siamaioT 0ojiee BBICOKOM
temneparypoit ot +3 no +5°C, u conenocteto ot 30,5 mo 33,3 TIEC. Ot BOAHI,
pacnpocTpaHEHHbIE MPEUMYILECTBEHHO B MPUOPEKHOM 30HE, OKA3bIBAIOT 3HAUUTEIHHOE
BIUSIHAE HA TEPMOXAIMHHYIO CTPYKTYpy MIeIb(OBbIX pailoHOB YyKOTCKOTO MOpS.
[loMUMO »STHUX JABYX OCHOBHBIX BOJHBIX MAacC, BaXHYI pOJb UIPAIOT BOJBI,
oOpasyromuecs B pe3yjibTaTe TasHUS MOpPCKOro Jibaa. OHM  XapaKTEepU3YHOTCS
noHmxeHHou conéHocthio MeHee 30 TIEC u temmneparypoit okono 0°C, co3naBas
MOBEPXHOCTHBIM CJIOM, KOTOpBHIM (GOpMHUpPYET CTpaTUPHUKaALMIO, a TaKXKe YCIOBUS
oOWTaHUsS MOPCKOM OMOTHI B CEBEPHOM "acTh MOps. Taxke 3HAUMTENIbHOE BIMSHUE HA
TUAPOJIOTHI0 UYKOTCKOTO MOPSI OKa3bIBAIOT MPECHBIE PEUHBbIE BObI, MOCTYMAIOIINE C

BOCTOYHOCHUOMPCKUX peK, Takux kak Komwima, Jlena, Uunurupka. DT BOIBI UMEIOT
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HU3KYI0 conénocth (Menee 25 IIEC) u temnepatypy B auanazone ot +1 mo +6 °C B
3aBUCUMOCTH OT ce30Ha. OHM 00pa3yroT TOHKUU MOBEPXHOCTHBIN CION BlIOJb Oepera,
oboramas MOPCKYIO Cpely OpPTaHMYECKHMMH BEIIECTBAMH M OKa3bIBas BIUSHUC Ha
OMOJIOTUYECKYIO TPOAYKTUBHOCTh MPUOPEKHBIX 30H. KpoMe TOro, B HIKHHUX CIIOSIX
BOJHOM TOJIIM TPUCYTCTBYIOT AapKTHUUYECKHE BOJbI, TOCTYNAIOIIUEe C CeBepa H3
neHTpaibHod dyactu CJIO. OHM OTIMYAIOTCS BBICOKOM IUIOTHOCTBIO, HHU3KOMU
temriepatypoit ot —1,8 mo 0°C u Bbeicokoil conéHocThio (32—-34 TIEC). Otu Bomamb
dbopMupyoT TIyOOKHE CJIOM, CHOCOOCTBYSI TEPMOXAJIUHHOW IMUPKYJSIIUA U
noJIep KaHuio (PU3UIECKOro OanaHca COJIEHOCTH U TNIOTHOCTH B MOPCKOM Cpeie.

CoBpeMeHHBIE HCCIICIOBAHUS TTOUEPKUBAIOT BAXKHYIO POJIb THXOOKEAHCKUX BOJT
B (OpPMHUPOBAHHUU TEPMOXAIUHHONW CTPYKTYypbl UyKOTCKOTO MOps, MPECHOBOIHOTO
Oananca B kpyroBopote bodopra [Brugler et al 2014], pacnpenencHun ConéHOCTH U
HOJIICPYKaHUH apKTHUeCKOTo rajiokiuHa [ Timmermans, Toole, 2023]. Cpeanuii rogoBoit
00BEMHBII IepeHoc Yepe3 bepunros nponms cocrasiser okoio 0,8 Cs [Woodgate et al.,
2005; Woodgate, 2018]. IToToku BoaBI HECYT ¢ COOOM TEIUIO, COJb M ITUTATEIbHBIC
BEIIIECTBA, OKa3bIBas 3HAUMTEIILHOE BIIMSIHUE Ha MOpckue skocucTembl [ Danielson et al.,
2017], nepBuuHyIO MPOIYKIHIO U MPOIECCH TasHUS JIEAOBOrO MOKpoBa [Serreze et al.,
2019; Woodgate et al., 2010].

BOnBIIMHCTBO COBPEMEHHBIX HCCIEIOBAaHUI OCHOBBIBAIOTCS HAa KOHTAKTHBIX
U3MEPEHUSX, COCPEIOTOUCHHBIX B BOCTOYHOM yacT Yykorckoro mops [Corlett, Pickart,
2017; Stabeno et al., 2018]. Tak, aBTOpBI 0JIHO¥ U3 pabOT, UCHIOIBL3YS THAPOJIOTHUCCKHE
U3MEpEHUsI C CyaHa, 3aQUKCUpOBAIM OCEHHEE YycuieHue AIICKUHCKOW BeTBU. C
MOMOIIBI0 ApU(TEpOB, a TaKKe CITYTHUKOBBIX JAHHBIX ITOKAa3aHO, YTO 3Ta BETBb
criocoOHa mocturath kanboHa I'epanpy [Stabeno et al., 2018]. B to sxe Bpemst HanboJee
npubmmxkénnas k teppuropun P® 3amamgnas dacth UyKOTCKOro Mopsi ocTaércs
HEJI0CTAaTOYHO M3ydeHHOU. Kak mokasaim HeMHOTOYHCICHHBIC HCcienoBanus [Pisareva
et al., 2015; Linders et al., 2017; Kinney et al., 2022], B atom paiioHe HaOmogaeTCS
3HAYMTEIbHAS MEKT0I0Basi U3MEHUYMBOCTH B PACIIPEACIICHUH BOJTHBIX MacC M COJIEHOCTH.

Tak, B 2008 1 2009 rogax Boas!l AIIB npoHukanu B 3anaHyr0 4acTh MOpSI, TOT/AAa KaK B
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2004 roxy ouu orcyrcTBoBanu [Linders et al., 2017]. [Pisareva et al., 2015] onwucanu
HEOOBIUHYIO CTPYKTYpy BoJ B ceHTsOpe 2009 roma, xorma Boasl AIIB B Buze
MPUIOHHOTO IMMOTOKA HAXOAMIMCH B 3aNIaJHON YaCTH MPOJIMBA U HATIPABIISLTUCH B CTOPOHY
kaHboHa ['epanba, B To Bpems Kak Bojbl BJIB 3anumanu Bocrounyto yacTs nposiuba. Kak
MOKAa3JId Pe3yIbTaThl pabOTHI, TaKask KOH(UTypaIHsi BOAHBIX MACC BhI3BAHA CHIILHBIMHU
CEBEPO-BOCTOYHBIMU BETpaMH, KOTOPBIE 3a CYET 3KMAHOBCKOIO IMEpPEHOCA CMECTUIIU
AIIB Ha 3anajHy0 CTOPOHY MPOJIMBA, YTO MPUBEIIO K KOMIIEHCAITMOHHOMY JIBHUKCHUIO
BJIB Ha Boctok. Ha ocHoBe umciaenHoro mopenupoBanus [Kinney et al., 2022]
YCTAaHOBWJIM, YTO 4YacTh THXOOKEAHCKHX BOJ CIMOCOOHa MpoHUKaTh B BoctouHo-
Cubupckoe mope uepes nponuB Jlonra. Taxxe B 2014 roay B kanboHe I'epanba ObLI0
3adukcupoBano yBenuueHne oobema bJIB Ha 30% mo cpaBHenuro ¢ 2008 romom
[Pisareva et al., 2015], uTo B cBOO OUEpeb MOAUEPKHUBACT CYIIECTBEHHYIO MEKIOI0BYFO
W3MEHYHMBOCTH TMHAMUKH BOJI B 3aNIaHON 4acTH YyKOTCKOTO MODS.

Ha ruaponoruueckue ycinoBus Beeil amepasuiickoil yactu CeBepHoro JlemoButoro
OKe€aHa, B TOM 9uciie UyKOTCKOTO MOPsI, 3HAYUTEIHHOE BIMSIHUE OKA3bIBACT APKTUUECKASI
atMoc(epHas nupkyisanus. CorjgacHo aHanu3y IN SitU mgaHHBIX B psae  pador,
[UKIOHUYECKUN PEXUM aTMoc(PepHON NHUPKYJISAIUMU Haa IIedb()oM CHOoCOOCTBYIOT
BOCTOYHOMY TEPEHOCY XOJIOJHBIX M mpecHbIX Boj [Golubeva et al., 2015], torma kak
AHTUIMKIIOHMYECKAas BBI3BIBACT MPOTPEB TOBEPXHOCTHOTO CJIOS, TasHUE JbJa |
amnBEJUTMHT B TPUOPEKHOW 30HE TOJ JeHCTBHEM OKHBIX BerpoB [Vanin, 2010;
Dmitrenko et al., 2010]. CymecTBeHHOE BO3JCHCTBHE OKa3bIBaCT apPKTHUECKOE
npubpexHoe TedueHue, GpopMupyromieecss 3a CU4€T MPECHOBOAHOTO cToka pek JleHa,
Komabima u psima npyrux, 60ee MEeITKHX peK, BIiagarmux B Mops JlanteBeix 1 BocTodHo-
Cubupckoe. Ilpu ompenenéHHbIX aTMOC(HEPHBIX YCIOBHSIX BIOJIb MOOEPEKbS
dbopMupyeTCsl yCTOWYUBBIN MOTOK, MPOJIBUTAIONINNCS HAa BOCTOK B O€3JICTHBIN MEepUo/
[Weingartner et al., 1999; Osadchiev et al., 2020]. Panee cunTtanochk, 4To, B OOJIBIIMHCTBE
cily4aeB TpUOpEKHOE TEUEHUE HE JNOXOIUT 10 bepuHTOBa MpoJMBa, OTKIOHSETCS OT
Oepera u CMEIIMBAETCS C OKPYKAOIIMMH BoiaMH. KpoMe Toro, CyIecTBYIOT CBEACHUS,

YTO OHO CIIOCOOHO MEHSITH CBOE HaIrpaBJICHHUEC C IOT0-BOCTOYHOI'O HAa IMTPOTHUBOIIOJIOKHOC
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Y CMEIIMBATHCA C TUXOOKEAHCKUMU BOJaMU MpU OTKIOHEHHUH OT Oepera [Weingartner et
al., 1999]. Touka OTKIIOHEHWs TEYCHHS OT Oepera BO3HHKAET TaM, TJE HCYe3aeT
npUOPEXHBIN rpagueHT naBieHus. [lonoxkeHne TOUKH OTKJIOHEHUS! TeUeHus: oT Oepera
U3MEHsIETCs CHHONTHYECKH 1 ce30HHO [Weingartner et al., 1999]. JlanHoe TeueHne TakxKe
uMenyetcsi Boctouno-CHOMpPCKUM U B ONIPEAEIEHHBIE TOJIbI €T0 YCHIIEHUE MOXKET CTaTh
OJIHOM M3 TPHUYMH, BIUSIONIMX Ha paclpelieieHue TUXOOKEaHCKUX BOJl B OacceiiHe
Yykorckoro wmops [Weingartner et al.,, 1999]. CorinacHo paHHEM OIICHKaM
TUAPOMETEOPOIOTUYECKOT0 pexxnuma Mopert Poccniickoit ApkTuku, ckopoctu Boctouno-
Cubupckoro TeueHusi, Kak MpaBUJIo, HEBEJIIMKU U peaKo mpeBblmatoT 5 cM/c [Pavlov et
al., 1996]. OTu pe3yabTaThl XOPOILIO COTJIACYIOTCS C JIaHHBIMH HHCTPYMEHTATBHBIX
HAOJIIOJICHUH, COIIACHO KOTOPBIM €r0 CpEeJHUI MEepPeHOC OoLeHUBaeTcs BeaununHoi 0,1
Cs [Weingartner et al., 1999]. I1pu sToM 3aUKCHPOBaHBI CIy4aW HHTECHCH(DHUKAIUN
ATOTO TEUYEHUSI CO CKOPOCTAMHM 110 1.5 M/C B 1O0CTaTOYHO Yy3KOH MOJIOCE B pailoHE MbIca
JNexneBa [Kynakos, 1993]. Boitee mo3gHue MCCIEAOBaHUS, B YaCTHOCTH SKCIICTUIUS
RUSALCA 2009 ropa, 3adukcupoBalii aHOMajdbHO BBICOKMM 111 BoctouHo-
Cubupckoro Teuenus (BCT) mepeHoca, mouTH B TpU pasza MPEBHICUBIINA THITHYHYFO
omnmenky B 0,1 CB, uT0 OBUIO CBSI3aHO C CWJIBHBIMH BETpaMH, OJarONMpUSTHBIMH JIs
unTeHcudukanuu tedeHus [Pisareva et al., 2015]. Haubosnee neTaibHbIC COBPEMEHHBIC
OIICHKH, OCHOBAaHHbIE Ha KOMIUIEKCE HATYPHBIX JAaHHBIX U MojenupoBaHuu RASM,

MOKA3bIBAIOT, YTO MHOTOJIETHUW CpeAHUN MOTOK uepe3 mnponuB JIOHra cocTaBiseT

okojio 0,17 Cs [Kinney et al., 2022].

1.1.4 Peunoii crok B Mopsi JlanteBbix U BocTrouno-Cubupckoe. Mops
JlanteBbix 1 BocTouno-Crubupckoe 3HaUNTEIHHO TIO/IBEPIKEHBI BIUSHUIO PEYHOTO CTOKA.
KoHTuHeHTanbHbIe BOJBI (DOPMUPYIOT OONIIMPHBIE OMPECHEHHBIE 30HBI TUIOMIANBIO B
COTHHU TBHICAY KBAJIPATHBIX KUJIOMETPOB, SIBJISISICH BaXKHEWUIIIMM HCTOYHUKOM IMPECHOU
Boibl st Apktuku [Gordeev et al., 1996; Aagaard, Carmack, 1989; Haine et al., 2015].
Cpeaun apktuueckux pek JleHa 3aHuMaer ocoboe MecTo, €XEeroJgHO BBIHOCS B OKEaH

okoJio 538 km* ipecHol Bobl [ bpeisrano et al., 2015] — npumepno 15% Bcero peunoro
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cToka apkTuieckoro Oacceitna [Gordeev et al., 1996]. Hecmotpst Ha TO, YTO CyMMapHbIii
roJioBoil cTok B Mops JlanreBsix 1 Boctouno-Cubupckoe nmpumepHo B 1,5 pa3a MeHslie,
yeM B Kapckoe, ONpecHEHHBIM CIOW B OTAEIBHBIE TOJBl 3aHUMAET CYILIECTBEHHO
OOJIBIIYIO IIONIA/Ib, YTO CBsI3aHO ¢ Mopdonorueit yerbeB [Osadchiev u ap., 2021].
OnpecHEHHBIE BOJABI CYIIECTBEHHO BIUSAIOT Ha (JOPMHUPOBAHHE TEPMOXATUHHOU
CTpYKTYpbl BoA BocTouHOM ApKTUKH, OCOOCHHO B IPUOPEKHBIX U MIETH(OBBIX pailoHax
[Dmitrenko et al., 2010; Fofonova et al., 2015; Osadchiev et al., 2020a; Janout et al.,
2020]. 30HBI CMEHICHHS PEYHBIX M MOPCKUX BOJ C BBIPAKECHHBIMU TPaIUCHTAMHU
IUIOTHOCTU WIPAIOT KJIIOYEBYIO pPOJb B (OPMUPOBAHUM KPYMHOMACIUTAOHOH U
ME30MAacCIITa0OHO! IUPKYJISAIIUN B MPHOPESIKHBIX pailoHaxX apKTHYECKUX Mopeit. [Zatsepin
etal., 2015; Carmack et al., 2016; Kubryakov et al., 2016]. Pe4noii CTOK CIy>KUT BayKHBIM
HUCTOYHUKOM pacTBOpEHHOro opranudeckoro BemiectBa [Carmack et al.,, 2016].
Co3naBaemasi peyHbIM CTOKOM pe3Kas CTpaTH(UKaluus BOJHOM TOJIIU OJOKHPYET
BEPTHUKAJIbHOE MIEPEMEIINBAHIE U OTPAHUUMBAET NOCTYIUIEHUE TUTATEIbHBIX BEIIECTB B
dboTocuHTeTUUECKUN CiIOW. JIOMOJHUTENHLHO BBICOKAs KOHIIGHTPAIMS B3BECH B
OMPECHEHHOM CJIO€ CHIDKAeT TMPO3PayHOCTh BOJA, YTO TIOJABISIET Ppa3BUTHE
¢urorutankrona [Sukhanova et al., 2017]. Ocoboe 3HaueHHE UMEET TEILIOBOM MMOTOK PEK,
BHOCSIIIIMI CYIIECTBEHHBIN BKJIAJ B SHEPreTUYCCKHI OanaHc apkTHYeckux Mopeit [Park
et al., 2017; Magritsky et al., 2018]. Jletom, koraa TemmnepaTypa peuHbIX BOJ JOCTUTACT
15°C u Oonee, 3T0T 3¢ hexT ocoOeHHO 3aMeTeH Ha (hoHE TeMIiepaTypbl Mops JlanTeBbIx
u Bocrouno-Cubupckoro, He npessimarorieit 2°C [Lammers et al., 2007; Kraineva et al.,
2014, 2015; Magritsky et al., 2018; Park et al., 2020]. Kak noka3bsIBarOT UCCIIEIOBAHMS,
peUHBIC BOJBI MOTYT 3HAYUTEIBHO YCKOPATH TasHUE MOpcKoro Jjbaa [Park et al., 2020;
Nghiem et al., 2014]. PacnpocTpaHeHre ONMPECHEHHOrO CJIOsi B Mopsix JlanmTeBbIX U
BocTouHo-CuOupckoM J1€MOHCTpUPYET 3HAUYUTEIbHBIE MEXIOJOBbIE KOJeOaHUs,
KOTOpBIC OMPEICISIFOTCS  KOMIUIEKCOM METEOPOJIOTHUECKUX U THAPOJIOTHYECKUX
dakTopoB, BKIIOYAas BETEp, LHUPKYJSALUIO B OKeaHe, OOBEM pPEYHOTO CTOKa U
BHYTPEHHIOIO TUHAMHUKY onpecHEéHHBIX Boa [Guay et al., 2001; Osadchiev et al., 2020a].

Pesynbrathl unciaeHHoro moaenuposanus [Fofonova et al., 2015; Golubeva et al., 2015,
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2017, Mops poccuiickoii ApKTHKH..., 2021] CBHIACTENBCTBYIOT, YTO KJIIOYCBBIM
(akTOpOM, OTIPEAETISIONINM TTOJI0KEHUE OTIPECHEHHOTO 1o, siBisiercs Betep [Golubeva
et al.,, 2017], a umenHo 3Hak ero 3aBuxpeHHoctu [Janout et al., 2020]. Ilpwm
IUKIOHUYECKOW IHUPKYJSAIUK  aTMOC(Eephl TMPECHBIC BOJBI  MPEHUMYIIECTBEHHO
NEPEHOCATCST Ha BOCTOK, B CTOpOHY Bocrouno-CuOupckoro wmopsi, TOorma Kak
AHTUIUKIIOHUYECKHE YCJIOBHUS CIIOCOOCTBYIOT MX BBIHOCY B CEBEPHOM HAIIPABIICHHH
[Golubeva et al., 2017, 2015]. IIpu cUIBHBIX IITOPMOBEIX BETpax Apei(oOBbIC TCUCHHUS
MOryT jgocturatb BenmmuuH 1.5 ™/c [Mops poccuiickoit ApkTuku..., 2021].
BbicokOoYacTOTHAsT WM3MEHUMBOCTH XapPaKTEPUCTUK OIPECHEHHOTO CJIOSI CBs3aHA C
KOJICOAHUSMHU CKOPOCTH BeTpa M Me3oMacmTaOHbiME mporeccamu [Osadchiev et al.,
20200]. [Tpu 3anaiHBIX U CeBEPO-3alaJHbIX BETpax B paiOHE AeIbThI JICHBI pa3BUBacTCS
NPUOPESKHBIN  alBEJUIMHT, TPHUBOMAIIMN K CYIICCTBCHHOMY IPEOOPAa30BAHHUIO U
JIOTIOJTHATEIFHOMY OIPECHEHUIO peUHBIX Boj BOIM3M ycrhs [Osadchiev et al., 20200]. B
OTJENBHBIX CIIy4asX Ha (OPMHUPOBAHUE TEPMOXAIMHHON CTPYKTYpbl Mops JlanmTeBbix
MOXET BJIMATH MPOHUKHOBEHHWE NPECHBIX BOJ W3 Kapckoro Mopsi 4epe3 MpoJvB
Bunbskuikoro [Osadchiev et al., 2020; Makkaveev et al., 2020].

[ToBbImeHHAsT TeMIepaTypa U MYTHOCTh PEUHBIX BOJ TMO3BOJIIOT 3(PPEKTUBHO
OTCJCKHMBATh WX PACHpPOCTPAHECHHUE C TIOMOIIbIO CIHYTHHUKOBBIX ONTHYCCKHX M
uHppakpacHbix MetonoB [Tarasenko et al., 2021; Osadchiev et al., 2021]. Oxnako
HanOoJiee TOYHYIO HMH(DOPMAIIMIO O PACIPEIEICHUU MPECHBIX BOJ O0CCIICYMBAIOT
CICMAIM3UPOBAHHBIC CITy THUKOBBIC U3MEPEHHUS COJIEHOCTH.

B Hacrosmiee BpeMs psa UCCICIOBAaHWA TOATBEPAMI  BO3MOXKHOCTH
UCIIOJIb30BaHUs MUKPOBOJIHOBBIX CITYTHUKOBBIX JIAHHBIX JIJIS M3YUYCHHS PEUHBIX TUTFOMOB
B APKTHKE M UX MEKIroaoBoi m3meHunBocTH [ Tarasenko et al., 2021; Kubryakov et al.,
2016; Zatsepin et al., 2015]. B yacTHOCTH, TaHHBIE Aquarius YCIEIITHO TPUMEHSUTUCH TS
aHaJl3a JTUHAMUKH ONpecHEHHBbIX Boj O0u u Enuces B KapckoM Mope u MX CBSI3U C
BETpOBOW U reocTpoduueckoi nupkyssuen [Kubryakov et al., 2016; Zatsepin et al.,

2015]. B paGote [Tarasenko et al., 2021] nmponemoncTpupoBaHa 3ddeKTHBHOCTD
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UCIIOJIb30BaHUsl CIYTHUKOBOM cucteMbl SMOS 111 MOHUTOPHHIA PAacHpOCTPAHEHUS

OMPECHEHHOTO ¢J0s B aBrycre—centsiope 2018 rona.

1.2 Hcnoan3yemble JaHHbIE

1.2.1 CnyTHUKOBBIE JaHHbIE O MOBEPXHOCTHOI TeMmIepaTrype M COJEHOCTH
Mopsi. Mopsi BOCTOYHOUW APKTHUKH OTHOCSTCS K YHUCIY HauMMeHee OO0eCIeueHHBIX
KOHTAKTHBIMU HAOJIOJCHUSIMA PETHOHOB MUPOBOTO OKeaHa. 3asiKOpEeHHbIE U3MEPECHUS
OTPAaHUYECHbl E€AMHUYHBIMU TOUYKAMU, a THUAPOJOTUYECKHE CHEMKH SMU30AUYHBI U
MIPUBSI3aHbI K CE30HY HaBUTAllMU. B 3THX yCIIOBUSIX CITyTHUKOBBIE JAHHBIE CTAHOBATCS HE
BCIIOMOTATENIbHBIM, @ OCHOBHBIM HMCTOYHMKOM HH(OpMalnuu O MNPOCTPAHCTBEHHOU
CTPYKTYpE IOJIEH TEMIIEPATYPBI, COIEHOCTU U YPOBHE MODPHI.

BwmecTe ¢ Tem cryTHUKOBBIE HA0JI0IEHUSI UMEIOT COOCTBEHHBIEC TPUHITUITHATIBHBIC
OrpaHUYCHUs, HauOOJee CYIIECTBEHHOE M3 KOTOPBIX — OTCYTCTBHE HHGOpPMAIUU O
BEPTUKAIILHON CTPYKTYpe BOJHOM ToNImK. BocmonHenne 3Tux npoOesoB JOCTUTaeTCs 3a
CYET MPUBJICUCHUS MTPOAYKTOB PEAHAIM3A U PE3YJIbTATOB YUCICHHOTO MOAECIUPOBAHMUS,
ACCUMUJIMPYIOIIUX JOCTYITHBIE KOHTAKTHBIE U CITyTHUKOBBIE HAOIOCHUS B (PU3NUYECKU
corjacoBaHHbIE TpEXMEpHbIC MoJisi. B HacTosmie paboTe MCIONIBb3YIOTCS TI00aTbHBIH
peananu3z GLORYSI12vl, a takxke ganHble atmMocdepHoro peanHanmuza ERAS. Huxe
pPacCMOTPEHBI  WCIMOJb3YEMbIE TMPOAYKTBI C TOYKH 3PEHUS UX METOJUYECKHUX
MPEUMYIIECTB U OTPaHUYCHUN TPUMEHHUTENIBHO K 3a/layaM HACTOSIIIEeH paOOThI.

JInsi aHanu3za TEMIIEpAaTypHOrO U COJIEHOCTHOIO PEXHMMa B BOCTOYHOW YacTH
pPOCCUNCKON ApPKTHUKH UCIOIb30BAINCH CIIyTHUKOBBIE JIaHHbIE MOBEPXHOCTHOM
TeMIepaTypbl U COJEHOCTH MOps. CyTOUHBIE JTAHHBIE MOBEPXHOCTHOW TEMIIEPATYPhI
ObuM ToNTydeHbl ¢ momoinbio The Moderate Resolution Imaging Spectroradiometer
(MODIS) Level 3 ¢ npocTtpancTBeHHBIM pasperieareM 4 kM 3a nepuon 2002—-2020 rr.,

3arpy»xeHHbie u3 apxuBa OceanColor http://oceancolor.gsfc.nasa.gov/ (mata oopamieHus

20 uronst 2021 r.). OTH maHHBIE MPOXOAAT PErYISAPHYIO aTMOC(EpPHYI0 KOPPEKIUIO C
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UCIIOJIb30BAaHUEM CTaHJAPTHBIX AQJITOPUTMOB, YTO TIO3BOJIAET YUYHUTHIBATH BIIHSHUE
aTMOocpepbl MW MOPCKOW TOBEPXHOCTH. TOYHOCTH W3MEPEHHH IMOBEPXHOCTHOM
temnepatypsl MODIS B oTkpsiToM okeane cocrasisier okono 0,07°C [Minnett et al.,
2002]. [ToMuMO BBICOKOH TOYHOCTH M TPOJOJIKHTEIBHON BPEMEHHOW JIOCTYITHOCTH,
KIIoYeBoe TmpemmymiecTBo mnpoaykta MODIS nns 3agau  Hacrosimed  paOoOThHI
3aKJII0YAETCSl B CHHONTHYECKOM XapakTepe TMOKphITHS. KOHTakTHbIE H3MEpPEeHUs
TEMIEPATypbl, BKIIIOUYAs 3aIKOPEHHBIE CTAHIINH U CyI0BbIE Pa3pe3bl, 1al0T HHPOPMAIUIO
B OTACJIbHBIX TOYKAX WJM BJOJb JIMHUM JBW)KEHHsS CcyJaHa. CHYTHHKOBOE IOJ€
TEMIIepaTyphl MO3BOJISIET BOCCTAHOBUTH MPOCTPAHCTBEHHYIO CTPYKTYPY (PPOHTAIBHBIX
30H U A3BIKOB TEIJIONW TUXOOKEAHCKOM BOJABI B MacIITade BCEro UCCIEyEMOT0 PETHOHa,
YTO MPUHIUITHAIIBEHO HEIOCTHYKUMO TIPU TOUEUYHBIX HAOIOIEHUAX. ITO 0COOEHHO BaKHO
JUISL OTCJICKUBAHUSI CE30HHOM W3MEHYMBOCTH TOJIOKEHHUS TEPMUYECKOro (pOHTa B
nposinBe JIoHra n npuneraromen akBatopun YyKOTCKOro Mops.

Jns u3ydyeHus paclnpoCTpPaHEHUs ONPECHEHHOrO CJIOS W JWHAMUKU BOJ B
NPUOPEXKHON 30HE MPUMEHSIIUCh TAK)KE CIYTHUKOBBIE TAHHBIE COJEHOCTH MOPCKOMN
MOBEPXHOCTH, MOJy4YeHHble co cnyTHHkKa Soil Moisture Active Passive (SMAP).
[Tponyxktr SMAP Bepcuu 4.0, oxBateiBatomuii nepuoj 2015-2020 rr., Ob11 3arpykeH ¢
pecypca http://remss.com/missions/smap/salinity/ (mara oopamenust 16 urons 2021 r.).
[IpocTpaHCTBEHHOE pa3pelieHne JaHHbIX cocTaBisier 0,25°, OHM  JIOCTYNHBI C
BPEMEHHBIM pa3pelIeHUEM KaK MECAYHbIM, TaK W 8-IHEBHbIM. MecsuHble MaHHBIC
UCIOJIB30BAIMChH JJI XapaKTEPUCTUKU pacipeiesieHus: BOJHBIX Macc, B TO BpeMs Kak 8-
JTHEBHBIE — JJI BepU(PHUKAIIMK JaHHBIX C UCTIOJIb30BAaHUEM KOHTAKTHBIX U3MEPEHHM.

Boibop SMAP B kauecTBe OCHOBHOTO HCTOYHHMKA CIYTHUKOBOM COJEHOCTU
00OCHOBaH PAJIOM METOJUYECKUX MPEUMYIIECTB [0 CPABHEHUIO C MPEAIIECTBYIOMUMU
CITyTHUKOBBIMU MUCCHUSAMHU. [IepBbIM CIIyTHUKOM 1O U3MEPEHUIO COJIEHOCTH C BBICOKOM
TOYHOCTBIO cTayl eBpomneiickuit SMOS, pabotarommii ¢ 2009 roma Ha OCHOBE
unreppepomerprueckoro pagrnometpa MIRAS [Kerr et al., 2010]. B 2011 roay ObL1
samyiieH cnyTHUK NASA Aquarius/SAC-D [Lagerloef et al., 2008], ograko B 2015 romy

OH MpPEKpaTW PadOTy W3-3a OTKasza ammaparypbl. [I[poCTpaHCTBEHHOE pa3pelicHHE
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JOaHHBIX Aquarius coctaBisuio okojo 100—-150 kM, Torna kak SMAP [Entekhabi et al.,
2010] u SMOS obecnieunBaroT 3aMeTHO OoJiee BICOKOE paspernenue, 40 km u 45—-50 km
COOTBETCTBEHHO, IPU COMIOCTABUMOM BPEMEHHOM AucKpeTHOCTH 2—3 s [Fournier et al.,
2019].

[Ipsmoe comnoctaBaenne SMOS u SMAP ¢ KOHTakTHBIMH W3MEpPEHUSMH,
BBINIOJIHEHHOE B paMkax apkruueckod nskcnenuuuu SASSIE, mokaszano, uto o6a
IPOAYKTA AAIOT COMIOCTABUMYIO IO MOPSAIKY BETUYHHBI OIIMOKY OTHOCUTEIBHO CYAOBBIX
JAHHBIX, OJHAKO paclpeiesieHue JTOM OMMOKM [0 AaKBAaTOPUU HEOJHOPOIHO
[Houndegnonto et al., 2025]. B mpubperxHo#i 30He 1 Ha 11eabde, B mooce mupruHoi 150
KM oT Oepera, nmpoaykT SMAP neMoHCTpUpyeT Jiyulllee COIJIacMe C KOHTAKTHBIMU
u3mepeHusamu, uem SMOS, Torga Kak HEOCPEICTBEHHO Y KPOMKH JibJia TOUHOCTE SMOS
okaspiBacTcs Beimie [Houndegnonto et al., 2025]. ITockonbKy OCHOBHOW HHTEPEC
HacTosie paboThl CBA3aH MMEHHO cC Iuenb(oBoi 30HOM UykoTckoro u BocrouHo-
Cubupckoro  mopeil  3T0  OOCTOSTENBCTBO  JOIOJIHUTEIBHO  IMOATBEPXKAAET
1enecoodpasHocTh BbiOopa SMAP s penaeMbix 3a1ay.

To4HOCTH CIYTHHKOBBIX M3MepeHur cosn€éHocth SMAP cocraBiser okomno 0,5
ITEC [Meissner et al., 2019a—6], oqHaKo B apKTUYECKUX YCIOBUAX OHA CHUYKAETCS M3-3a
HU3KOW TeMItepaTypbl moBepxHocTH Mops. HecmoTpst Ha 370, coriacHo [Fournier et al.,
2019], B axBatopuu CeBepHoro JIemoBUTOro OokeaHa CpeIHSs KBaJpaTHYHAsl ONIMOKa
cocrapmsier 1,2 IIEC, cucremarnueckas ommbka —0,16 IIEC, a koadduuueHt
KOPPEJSIUU MEXKTy CIyTHUKOBBIMU U KOHTAaKTHBIMU M3MepeHusiMu gocturaet 0,93, uto

MMOATBCPIKAACT BLICOKYIO TOYHOCTH JaHHBIX.

1.2.2 JlaHHble COYTHUKOBBIX  ajJabTUMeTpoB. [[ns  umccinegoBaHus
MIPOCTPAHCTBEHHO-BPEMEHHOM U3MEHYMBOCTU TEUEHUN B BOCTOYHOM YaCTH POCCUHCKOMN
ApPKTUKHM B HaCTOsAIIEeH pabOTe HUCIOIb30BAINCH KAPTUPOBAHHBIE AIbTUMETPUYECKUE
JaHHBIE, MpemocTaBisieMbie cepBucoM Copernicus Marine Environment Monitoring
Service (CMEMS). Bepcus nponykra SEALEVEL GLO_PHY L4 MY_008 047 na

ocHoBe cucteMbl Data Unification and Altimeter Combination System (DUACS),
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MPEACTABIIAIONTUN CO00H rI100abHBI MHOTOCITY THUKOBBIN aIbTUMETPUIECKUM TTPOTYKT
ypoBHsi L4, oxBateBatomryto mepuog ¢ 1993 mo 2024 rr. JlaHHBII NOpPOIYKT
MPENOCTaBIsAeT 3HAUYeHUs aOCOMIOTHOW  muHammdeckoi Ttomorpadum  (ADT),
BBIYKCIICHHbIE KaK CyMMa CIIyTHUKOBBIX aHOMauii ypoBHs Mops (SLA), moy4eHHbIX
Ha OCHOBE CHHTE€3a JIaHHBIX C HECKOJBbKHX CITyTHUKOB, MU MHOIOJIETHEH CpeaHeu
nuHamudeckod — Tomorpaduu  (MDT). DOTu  mossi  MO3BOJSIOT — PacCUUTHIBATH
MOBEPXHOCTHBIE T€OCTPOYUUECKUE CKOPOCTH TEUEHHM, KOTOPHIE HTUPOKO MPUMEHSIOTCS
B OK€aHOTpa(pUUECKUX UCCIEAOBAHUAX KaK KOCBEHHBIE OLIEHKH PEabHbIX CKOPOCTEN Ha
OCHOBE TPAJMEHTOB ypOBHsS Mops. JlaHHBbIE HpenBapuTeIbHO 00pabOTaHBI ¢ Y4ETOM
OCHOBHBIX  (PAKTOPOB, MCKAKAIOIIMX AJIbTUMETPUYECKHE H3MEPEHHUS. Y UTEHBI
WHCTPYMEHTAJIbHBIE OIMOKH, aTMOC(EpHbIEC U MPUIIMBHBIE onpaBku. K atmochepHbiM
OTHOCATCA TpornochepHble M HOHOC(EepHas TOMPaBKU, a TaKKE JTUHAMUAYECKAsS
atmoc@epnas nonpaska (DAC), yuuTbIBaroIIasi BEICOKOYACTOTHYIO PEAKIMIO OKeaHa Ha
aTMocepHoe napieHue W Berep. [locie Koppekuu TMojisi WHTEPHOJUPOBAHBI Ha
peryispHyo cetky ¢ marom 0,125° mo mmpote u monrore. BpemeHHOe pasperieHue
COCTAaBJISIET OAMH JI€Hb, YTO MO3BOJISIET UCCIEA0BATh PA3HOMACIITAOHBIE MPOLIECCHI.
ANBTUMETPUS U3MEPSIET BBICOTY MOPCKOW MOBEPXHOCTU. [0 TOpU3OHTAIIBHOMY
IpaJueHTy a0COIIOTHOW JUHAMUYECKOHN Tomorpaduu u3 He€ BOCCTAHABIUBAIOT TOJIBKO
MOBEPXHOCTHYI0 Ie€OCTPO(PHUUECKYIO COCTaBISIOLIYI0 TEUEHUS Ha BpPEMEHHBIX
Maciradax 6osee 10 nHeit u npoctpancTBeHHBIX OoJiee 10 kM. CocTaBistonias TCUCHUH,
KOTOpasi 4Yepe3 HaroH, IMEpPEecTpPOMKY YypOBHS (QOPMUPYET TIpaJUEHT JUHAMUYECKON
Tonorpaduu, BXOAUT B aIbTUMETpUUYECKUE OLleHKU. He Bocipon3BoaUTCS peke BCEro
areocTpoduueckuii BETpoBoOH Apeiid (3KMaHOBCKHIT), a TAK)KE HHEPIIMOHHbBIE KOJeOaHus
W JIpyThe TpOIEeCcChl, ciIab0o CBS3aHHBIE C MTHOBEHHBIM OTKJIUKOM TpagueHTa
nuHaAMU4eckou Tororpadun. HecMoTpst Ha 3Tu orpaHUYEeHHE, TAKUE JAHHBIC OCTAOTCS
BOKHEHIIIMM UCTOYHUKOM MHGOPMAIIUK MPU aHAIU3€ KPYITHOMACIITAOHOUW ITUPKYISAIIUN
U JIONTOCPOYHBIX TEHJICHIUMH W3MEHEHUS OKEaHWYECKUX TEUEHUH, OCOOCHHO B
TPYJAHOJOCTYIHBIX  palioHaXx ApKTHKH, TA€¢ TpoBeneHue in  Situ HaOmoaeHUH

3aTPYAHEHO.
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[Toutu Bcs uccneayemasi B JaHHOM paboTe 00J1acTh pacrosoKeHa Bhiiie 66° c.i.
B BpicOKMX mmpoTrax Hamboree I[EHHY0 HMHQOpPMAIMIO  MPEIOCTABISAIOT
ATBTUMETPUUCCKUE CITYTHUKH C OOJIBIINM HAKJIOHOM OpOUTHI, Takue kak ERS-2, Envisat,
GFO, CryoSat-2, Saral u Sentinel-3A/B. OgHako 3TH CITyTHUKH UMEIOT CYIIICCTBCHHBIC
OTpaHUYECHUS: JUIUTENbHBIN MIEPHO TOBTOPEHUS u3MepeHuit (0T 27 qHeit u 6omee), 4yTo
3aTpyAHSIET U3y4YeHUE OBICTPO MEHSIOLIUXCS ME30MAacIITa0HBIX MPOIECCOB, a TaKkKe
HEBO3MOKHOCTb MPSIMBIX U3MEPEHUI YPOBHSI MOPS MO/ JIEASHBIM MTOKPOBOM. [IpopsiB B
uccienoBanusx npowusoiuen B 2016 roxy, koraa Obul pa3padoTaH METO OLEHKH YPOBHS
MOpsI IIOJIO JIBJOM C HCIIOJIb30BAHUEM BPEMEHHBIX JIEIOBBIX PAa3BOABEB. DTOT MOJIXOJ
MO3BOJIWII [TOJTY4YaTh MECSYHBIE IAHHBIE O TMHAMUYecKoi Tonorpadguu B Mmope bodopra,
XOTS MX pa3pelieHUe OCTaBajOCh HEIOCTATOYHBIM JJIsi aHalM3a ME30MacIITaOHOU
WU3MEHYHUBOCTH.

Ba)XxHBIM MPEUMYIIECTBOM BBICOKMX LIMPOT SIBISIETCS CXOXKIEHUE CITyTHUKOBBIX
TPEKOB, YTO 3HAYMUTEJIBHO [OBBIIIAET IPOCTPAHCTBEHHO-BPEMEHHOE pa3pelICHUE
ANbTUMETPUYECKUX JAHHBIX. DTO JA€T MCCIEI0BATENSIM YHUKAIBbHYIO BO3MOKHOCTh
U3y4aTh Me30MaclTadHyI0 M3MEHYMBOCTH B ApkTthueckom Oaccerine [Volkov et al.,
2012, 2013], kak 3TO OBLIO MPOJAEMOHCTPUPOBAHO, HATIPUMED, TIPU AHAIIN3E BUXPEBBIX
cTpykTyp B HopBexckom mope [bammaunnkos, @egopos, 2018].

brarozapss KOHBEPreHIMH CIIYTHUKOBBIX TPEKOB B BBICOKHX IIUPOTAaxX, B TEUECHUE
0e3J1eIHOT0 IEPHOJIa 3ECh YAAETCS MOTYUYUTh Jlaxke O0JbIlle U3BMEPEHUM, UEM B CPETHUX
Y HHU3KUX MUpOTax. JIOCTYMHOCTh JAaHHBIX CYHUIECTBEHHO HM3MEHYHMBA BO BPEMEHHU U
3aBHCHT OT JIByX (DaKTOPOB: COCTOSIHUSI JIEITHOTO IMOKPOBA U KOJIMYECTBA OJJHOBPEMEHHO
paboTaOMIMX CITyTHUKOB.

JIJist BOCTOYHOM 4YacTH POCCUUCKOM APKTHKM XapaKTEPHO HAIMYHUE OOIIUPHBIX
JEAOBBIX TIOJICH, OCOOCHHO B 3uUMHUUN mepuon. [Ipu oOHapykeHMHM Jibla B 30HE
CIIyTHUKOBBIX U3MEPEHUH TaKue TaHHbIE UCKITI0YAIOTCA U3 AalIbHEeHIIel 00paboTKU 1 He
UCTIONB3YIOTCS TIPU MOCTPOCHUHU MTOTOBBIX MMOJIeH ckopocTeit [Faugere et al., 2003].

JIOCTOBEpHOCTh CITyTHUKOBBIX aJbTUMETPUUYECKUX H3MEPEHHM B ApPKTHUKE

MNOATBCPXKACHA PAAOM CICHUAIN3UPOBAHHBIX PICCHG}IOBaHI/Iﬁ, IIOCBAIICHHBIX HX
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Bajuaanuu [Volkov et al., 2012, 2013]. B gactnoctn, B padote [Volkov et al., 2013]
OBLJIO TIOKa3aHO, YTO CITyTHUKOBBIE BBICOTOMEPHI CIIOCOOHBI JIOCTATOYHO TOYHO
OTCIICKUBATh BPEMECHHYIO HM3MEHUHMBOCTH YPOBHS MOPS B APKTUYECKUX PETHOHAX,
BKJIIOYAsi TprUOpexHbie 30Hbl. CpaBHEHHE C KOHTAKTHBIMU U3MEPEHUSIMU Ha O€pPEroBbIX
CTaHLIUAX TMPOJAEMOHCTPUPOBAJIO XOPOIEE COIJIaCOBaHUE, MPH STOM CTaHAAPTHOE
OTKJIOHEHHUE MEXJY JIByMs TUIIAMH JaHHBIX, YACTUYHO OOYCIOBJICHHOE PA3IUUYUSIMU B
MECTOIIOJIOKEHUHU TOYEK U3MEPEHUN, COCTABUIIO OT 2 10 12 cm. Kpome Toro, pe3ybraTsl
yKa3aHHOTO WCCIICIOBAHUS MOATBEPIUIN BO3MOKHOCTh MCTIOJB30BAHUS AIbTUMETPUN
JUISL  OTIPENEJICHUS CHUHOINTUYECKOM H3MEHYMBOCTH CKOPOCTEH TreocTpodUuuecKux
TEUCHH, coracylomeiics c¢ apudrepubivu  nanaeiva  [Volkov et al., 2013].
CrocoOHOCTh BIOJIBTPEKOBBIX M3MEPEHUI OIpeaeNaTh TeUeHUsl B paiioHe bepuHrosa
NpoJIMBa Takke ObUTa 3aduKcHpoBaHa B Oosee paHHux pabdorax [Cherniawsky et al.,
2005; Woodgate et al., 2012].

JIJist uHTEepIpeTAIM ATbTUMETPUYECKUX OLICHOK BakHA BEPTUKAIbHAS CTPYKTYpa
ONMCBIBAEMOr0 nepeHoca Bo. [1o mTaHHBIM 3assKOPEHHBIX U3MEpeHui ¢ nomotso ADCP
[Woodgate et al., 2015; Woodgate, 2018] noka3ano, Bkj1ax 0apoTPOITHO# COCTABIISAIOIEH
TeueHui B nposuBe npesbimaeT 80%. Ha pucynke 1.5 obmactu 6apoTponmHOro noroxa
0003HaYEHbl CHHUM W YEPHBIM IIBETaMU. XOTS Ipei(OBBIC TCUCHHS U TIPHIIMBBI BHOCIT
OTIpEJICIICHHBIN BKJIA, ITH e UCCIEIOBAHUS MPOJIEMOHCTPUPOBAIIH, YTO OOJIBIIIAS YaCTh
CKOPOCTEN TEUEHH MOXKET OBbITh OMUCaHa B paMKaxX re0CTpOPUUECKOro MPUOIHKEHUS
[Woodgate et al., 2015; Woodgate, 2018]. IToatomy reocrpoduueckas cOCTaBIIsAIONIA,
BOCCTaHABIIMBaeMasi MO aJbTUMETPHUH, OTPAKAET CYIIECTBEHHYIO YacTh CTPYKTYpbI
TEUYCHUS B TIPOJIUBE.

Ha Pucysnke 1.6 oTueTinBO BUIHO, 4TO B paiione bepunrosa nponusa (0koio 66°
C.111.) HabJo1aeTCs 3HAYUTENFHO O0Jiee BHICOKAsI KOHIICHTPAIIUS CITyTHUKOBBIX TPEKOB
M0 CPaBHCHUIO C JPYTUMH PETHOHAMH. JTa OCOOCHHOCTh OOBSACHSACTCS TEM, YTO
nomnyJsipHeie anbTuMeTpudeckue cnyTHuku cepuii TOPEX/Poseidon u Jason umerot
CTaHAApPTHBIN HaKJIOH opouThl 66°. Ha pucyHke 1.6, a HarfsqHO MOKa3aHO XapaKTEPHOE

pacnpeaeneHue TpPEKOB UMEHHO JIJI 3TUX CITyTHUKOBBIX MUCCHH.
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(a) Bering Strait September 2001 HX250
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Pucynox 1.5 — Ckopoctu Teuenuit B bepunrosom nposuse 11-12 centsiops 2001 u3

[Woodgate et al., 2018]

B 30He bepuHrosa nposiuBa cXOAUTCSA OKOJIO BOCBMH aJIbTUMETPUUECKUX TPEKOB.
Kaxnpli W3 3TUX TPEKOB CONEPKUT B cpeaHeM 19 OTnenpHbIX H3MEpEeHHH ¢
BJIOJIETPEKOBBIM pa3pelieHrueM okojio 7 kM. OnHako, Kak BUJHO M3 pucyHKa 1.6, O,
KOJIMYECTBO BAOJBTPEKOBBIX U3MEPEHHH CYIIIECTBEHHO CHUKAETCS HA PACCTOSTHUNA MEHEE

10 kM oT GeperoBoit muHMK B parione nposinBa [Cherniawsky et al., 2005].
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Pucynok 1.6 — [Tokpeitue TpekoB Topex/Poseidon B bepuaroBom Mope (a); TO e 4To

s Pucynka 1.6, a B oomactu bepunrosa nposinsa u3 [Cherniawsky et al., 2005] (6)

1.2.3 Conocrasiienue B/10JIbTPEKOBBIX " KAPTHPOBAHHBIX
aJIbTUMETPUYECKHUX N3MepeHuil. KapTupoBaHHas anbTUMETPUS BEIYUCIISIETCS METOIOM
ONTUMAJILHOW UHTEPIOJISLINY psiia BIOJIBTPEKOBBIX U3MEpeHuil. IcxoaHoe paspenieHue
BJIOJIbTPEKOBBIX JIAHHBIX COCTaBJISIET OKOJIO / KM. Pacmpesenenne TpekoB B paiioHe

MPOJIMBA MPEACTABICHO HA pUCYHKe 1.7.
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PacnpeneneHune TpekoB Homep CnyTHuika
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Pucynok 1.7 — Touku, B KOTOPBIX ITPOBOAWINCH ATbTUMETPUUECKUE U3MEPEHUSL.
[IBeTom 0603HaueH HOMep criyTHHKA. [lypmypHas muHus 0003Ha4aeT MECTO pa3pesa

IUISL ICCIIEAOBAHMS TCUCHUN B beprHroBoM mposinse

Kak orTmeuanoce BbIlle, B BBICOKMX HIIMPOTaxX HaOJIONAETCs MOBBILIEHHOE
KOJIMYECTBO CITyTHUKOBBIX aJbTUMETPUUYECKUX TPEKOB, YTO MPHUBOJUT K YBEIMUYECHHIO
IUIOTHOCTH HW3MEPEHHH M, KaK CJIEACTBUE, IOBBIIIAET TOYHOCTh KapTUPOBAHHBIX
ANbTUMETPUYECKHX JIAHHBIX. ITO OCOOEHHO BAXKHO 7151 FOXKHOM yacT YyKOTCKOTo MOp4,
I7ie CTPYKTYpPY TE€UEHUH BBIIEISIOT MPOCTPAHCTBEHHBIM M BPEMEHHBIM OCPEIHEHUEM.
[Tpu mocTpoeHun anbTUMeTpUUecKux KapT L4 npumeHstor nogodbHoe ocpeanenue. Jis
OLICHKH BO3MOJKHBIX OTPEIIHOCTEN KapTUPOBAHHBIX TAHHBIX HA PUCYHKE 1.8 mpuBeneHo
CPAaBHEHUE BPEMEHHONW H3MEHYMBOCTH MEPUAMOHAIBHBIX KOMIIOHEHT CKOPOCTH,
MOJIYYCHHBIX U3 KapTUPOBaHHBIX (YpOBeHb 00paboTku L4) 1 BIOJIBTPEKOBBIX (YPOBEHb
obpaboTtku L3) anpruMerpuueckux gaHHBIX. O0a BpPEMEHHBIX psfa CIIAXEHBI C
UCIIOJIb30BaHUEM OJHOMEPHOTO CKOJB3AIIEr0 CPEIHEro 3a OJIMH TOJ, a pa3pe3 BbIOpaH
o mupoTe 66° .. mpu gojarorax ot 169,5°3.1 no 167,5° 3.1. 13 rpadukoB BUIHO, YTO
MEXIy JBYMS YPOBHSIMH OOpaOOTKM JAaHHBIX CYIIECTBYET CHCTEMAaTHYECKOE

pacxoxaeHue okojio 2—3 cm/c, ogHaKo oOImas CTPYKTypa H3MEHYHUBOCTH CKOPOCTH
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OCTaeTCsl OJMHAKOBON. B 4acTHOCTH, U B KAPTUPOBAHHBIX, U BO BAOJIBTPEKOBBIX JTAHHBIX
(buKCHUPYIOTCS 3aMETHOE YMEHBIICHHE CeBepHOU KOMMOHEHTHI TeueHus B 2002 u 2016
IT., @ TAKXXE UX YCUJIEHUE B Psi/ie APYTUX JIET. BBICOKas CTENEeHb COrJacOBAHHOCTH MEXKTY
BPEMEHHBIMU psiIaMd  MOJATBEpXKJIaeTcss KodpduuuentoM koppemstuuu 0,95, uto
CBUJETENBCTBYET O HAAECKHOCTU KAapPTHPOBAHHBIX AJIbTUMETPUUYECKHX OLIEHOK IIpH

HN3YyUCHHUU Me}KFOI[OBOI\(JI W3MEHUYMBOCTH TEUCHHUH B 3TOM PCTUOHC.
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I i I I

1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017
loag

Pucynox 1.8 — CpaBHEeHHE U3BMEHUYUBOCTHA MEPUINOHATBHON KOMIIOHEHTHI CKOPOCTH
10 KapTUPOBAHHBIM (CIUIONTHAS JIUHUS) U BAOJIBTPEKOBBIM (ITYHKTHUPHAS JTUHUS)
JTAHHBIM, CTJIQKEHHBIM |-JIETHUM CKOJIB3SIIUM CpeIHUM (TTOJI0KUTEIIbHBIC 3HAUCHUS

— CEBEPHOE HANPABJICHUE TEUEHUI )

1.2.4 CnyrHukoBble JaaHHble ajabTHMerpa Surface Water and Ocean
Topography. OTeabHOr0 BHUMaHUS 3aCIyKHBAIOT HOBEHIIHMe naHHbIe cryTHHKa SWOT
(Surface Water and Ocean Topography). OcHOBHas 1eJb CIyTHUKA 3aKJIIOYAeTCsS B
BBICOKOTOYHOM KaprorpadupoBanuu Tomorpauu BOAHOM TIOBEPXHOCTH. 3amyckK
cryTHUKa coctosuica 16 nmexabps 2022 roga, o3HaMEHOBAaB Hayajlo HOBOW SIOXH B
JIMCTAaHIIMIOHHOM 30HJIMPOBAHUM KaK KOHTHMHEHTAJIbHBIX BOJOEMOB, TaKk U MUpPOBOro

OKCaHa, BKIII049asa BEICOKOIIMPOTHBIC aPKTHYCCKHUC o6nactu. KimroueBpim HHCTPYMCHTOM
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SWOT sBnsercs pamap-unteppepomerp KaRIn (Ka-band Radar Interferometer),
WCIIOJIB3YIOIINI CHHTE3 WHTEPPEPOMETPUICCKUX H300pPKECHWA C JBYX AaHTEHH,
pacnonoxkeHHbIX Ha 10-metpoBoMm paccrosuun (Pucynok 1.9). Orta TexHosorus
MO3BOJISIET TPOU3BOJUTH JBYXMEPHbIE H3MEPEHHS YPOBHS BOJHOM MOBEPXHOCTH C
paspemieHueM 10 250 M B HECIVIA)KEHHOM BEpCHHM MNPOAYKTa W 10 1-2 KM i
criaxeHHo. TouHocTh U3MepeHui gocturaetr 2—3 cm, uro aenaer SWOT oguum u3
CaMbIX YYBCTBUTEJIBHBIX CITyTHUKOBBIX HMHCTPYMEHTOB [IJI1 OIIGHKHM MOPCKOM
tonorpadun [Fu et al., 2024]. [ns wucciaemoBaHus HUCIOIL30Balach SKCIIEPTHAsS

criaxxeHHas Bepcus npoaykra yposus L3 (L3 LR SSH, Expert v3.0.1)

10 m Baseline

Interferometer
Antenna 1

Interferometer Konuuectso uamepeHuit
Antenna 2 0 5000 10000 15000

Sturface Water
Topography

a 6
Pucynok 1.9 — Cxemarnueckoe nmpeAcTaBiIeHHE MMPOLecca U3MEPEHUM CITy THUKA
SWOT (a); KomudecTBo m3mepenwuii B menbhoBoi yactu MBA (Mopeii Boctounoi

APKTHUKH) 11O JaHHBIM CITyTHUKA C MOMEHTa Havaya u3mepenuit — utois 2023 (0)

CeBepHblil JIenqoBUTHI OKeaH TPATUIMOHHO MPEICTABISET COOON CIIOXKHYIO
o0yacTp IS CIyTHUKOBOTO  MOHUTOPWMHIAa  M3-32  BBICOKOW  OOJAYHOCTH,
MPOJIOIKUTEIBHBIX TOJSPHBIX HOYEH, CJIOKHOW JIeJOBOM OOCTAaHOBKM W HHU3KOIO
KOHTpAacTa T[OBEPXHOCTU. DBOJBIIMHCTBO MOPEABIAYIIMX CIOYTHUKOB, BKJIOYas
albTUMETPhl Ha ocHOBe 3oHaupoBanus B Haaup (TOPEX/Poseidon, Jason-1/2/3,
Sentinel-3), wMmenun orpaHWYCHHBIE BO3MOXKHOCTH B MPHOPEKHBIX M MEIKOBOJIHBIX

palioHax, a Takke B 30Hax ¢ MOpckuM JpAoM. CniytHuk SWOT mno3BosisseT nosrydartb
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JIBYMEpHBIE TIOJISI YPOBHS M reocTpoduyeckux TeueHui (mmpuHoid ao 120 kM), a He
TOJIBKO BJOJBTPEKOBBIE MPOPUIN KIACCUUECKON «HATUPHOW» alIbTUMETPHH.

Xots uzmepenuss SWOT He MOKpbIBarOT 30HBI BbIIIE 78,5° C.II., MOABIIAIOMIAS
yacTth CeBepHoOro JIemOBUTOro OKeaHa, BKIIOYAsl €r0 KOHTHHEHTAJIbHBIE OKPAWHBI U
MapIIpyThl TPAHCAPKTHUECKOW LUPKYJISIUY, MONagaeT B 30Hy HaOmoaeHuid. KauectBo
JAHHBIX B OJTHUX paliOHaX TMOJITBEPKICHO MPEIBAPUTEIIbHBIMU BaJIMIALIMOHHBIMU
UCCJIEIOBAHUSIM M COIOCTABICHHEM C HE3aBUCUMBIMM HCTOYHUKAMU (HampuMep,
JaHHBIMU JApudTepoB, OyEB, JEAOBBIX CTaHIUKA U Mojenei). ToYyHOCTh H3MepeHuit
YPOBHSI MOPCKOW NOBEPXHOCTH B ADPKTHMKE COXpaHSAETCA HAa YPOBHE 3—5 CM Jaxe B
NPUCYTCTBUM MOPCKOIO JibAa, Onarogaps aiaroputMaMm (UIbTpalMd U MACKUPOBAHUS
JIENA0BBIX Y4acTKOB. OJTHAKO IPH BBICOKOW KOHLIEHTPALMH INIOTHOTO MHOTOJIETHETO JIbJA
BO3MOYKHBI JIOKAJIbHBIE YXYIICHUS CUTHAJa U MOSIBJICHUE MPOIYCKOB JAHHBIX. TeM He
menee, SWOT ocrtaérca HamOosee MpOABUHYTHIM HHCTPYMEHTOM [ MOHUTOPUHTA
npuOpexHO Tonorpauyu M NUHAMUKH B apKTUUYECKHX MOpPSAX, OCOOEHHO B JIEIOBOM
IIPUKPOMOYHOM 30HE, a TAK)KE B pAIOHAX C BBICOKOW CE30HHOM M3MEHYUBOCTHIO.

Takum obOpazom, SWOT sBisieTcsi BaXKHEUIIIMM HUCTOYHUKOM HAOJI0IATEIIbHBIX
JAHHBIX B ApKTHKE, T1Ie JeUIUT In-situ HAOIIOACHUI 0COOEHHO OCTPO OIIYIIAeTCs B
3MMHHE W BeCE€HHUE Tmepuoabl. Ero wucnosb30BaHUE TMO3BOJSET CYLIECTBEHHO
IIPOJBUHYTHCS B IOHUMAaHNUN JUHAMUKHA MOPS ¥ KIIMMaTUYECKUX MPOLECCOB B YCIOBUAX

CTPEMUTEIIBHO MEHSIOIIUXCA ycaoBuid CeBepHOro JIemoBUTOro okeana.

1.2.5 JlanHble peaHam30B, IN SitU W3MepeHMs, CNYTHUKOBbIE MPOAYKTHI.
AHaTM3UPOBATIUCh CPEAHEMECSYHBIC M €XKCIHEBHBIC TIOJII CKOPOCTH, TEMIIEPATYphI,
COJIEHOCTH o JAHHBIM peananuza GLORYSI12vl, MPOIYKT
GLOBAL_REANALYSIS PHY_001 030 (mara oOpamenust 25 centsiops 2025 r.).
bonee monpodHo mpoxykt omucan B otdete QUID 001 030. Peananu3 ocHoBaH Ha
rinobanpHoi cucteme 1/12° Mercator Océan [Lellouche et al., 2018]. Mcnonb3yetcs
MOJIeb 001Iel upKyIsiiuu okeana/Mmopckoro jgpaa NEMO 3.1 ¢ 50 BepTUKaJIbHBIMU

YPOBHSIMU U JIOCTYNHBIMU Topu3oHTaMu 10 5900 M. VYcBauBarorcs mnanueie CMEMS
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BJIOJIbTPEKOBOI'O allbTUMETpa (aHOMasiust ypoBHSI Mopsi — SLA), naHHble CITyTHUKOBOM
TEMIepaTypbl W KOHIEHTPAIlMA MOPCKOTO JibJia BMECTE C IOJy4YeHHBIMH IN Situ
BEPTHKAIBHBIMU NpomisiMu Temnepatypsl u cosienoctu (T/S) u3 6a3er nanusix CORA.
[Iponykt xopomo ce0s TMOKa3bIBaeT IO KPUTEPUIO TOYHOCTH JAHHBIX U
IIPOCTPAHCTBEHHO-BPEMEHHOr0 (AoctyneH ¢ 1993 ronma) mokpeITHS MO CPaBHEHHIO C
aHaornyHeIMU Tpoaykramu [Liu et al., 2022]. Jlns anamu3a mporieccoB B 1eabhOBOM
30H€ YyKOTCKOro MOpsS HMCIOJB30BAIMCH IIEpBbIE 22 TOPU30HTA C MAKCUMAaJIbHOU
rnyounoit 77 m.  KiroueBoe NpenMylIeCTBO HOBOIO MPOAYKTA IO CPABHEHUIO C
IpEIbIIyIIMMU BEPCUSAMHU 3aKIJIFOUAETCSl B BOZMOXKHOCTH Pa3pelIuTh ME30MacCIITa0HYIO
JTUHAMUKY .

B pabote Takxe HCHOIB30BATUCH JaHHBIE APKTUYECKOTO OKEAHUYECKOIrO
npoaykra TOPAZS nmns 2023 r. Cucrema pazpaborana B HopBexckom IeHTpe
muctaHuuoHHoro 3oHaupoBaHusi (NERSC) wu  skcmmyarupyercs  Hopexckum
meteoposornyeckuM HHCTUTYTOM (MET Norway), npoyKThl pacpOCTpaHSIOTCS Yepes3
Copernicus Marine Service
(mpoaykt ARCTIC ANALYSISFORECAST PHY 002 001). TOPAZS npeacraBisieT
co00ii riI00anbHYI0 CUCTEMY aHaJIM3a M MPOTrHO3a (PU3NYECKUX MapaMeTpOB OKeaHa U
MOPCKOT0 JIbJIa AJi1 APKTHYECKOTO PEeruoHa. B 0CHOBE CHCTEMBI J€XKHUT OKEAHHUYECKas
mozaens HYCOM (Hybrid Coordinate Ocean Model) u nemoas moxens CICEvS.1.
[IpocTpaHCTBEHHOE pa3pelieHHe MOJEIM COCTABISIET OKOJO 6 KM B MOJSPHOU
crepeorpaduueckoit npoekiuu. [lo BepTukaniu moaens umeeT SO THOPUIHBIX YPOBHEH,
YTO MO3BOJISET JIE€TAIbHO ONMUCHIBATh BEPTHKAIBHYIO CTPYKTYpY BOAHBIX Macc. Jlis
ACCUMIISIIIUU JTaHHBIX HCHoJib3yeTcs aHcamOmeBblid ¢punbTp Kammana (EnKF) co 100
YIeHaMd aHcaMOyid. YCBaMBAlOTCS CJEAYIOUIME THUMBl JAaHHBIX: CITyTHUKOBAs
anbTUMETpUs (aHOMANIUK YpoBHS Mopsi, SLA), cliyTHUKOBas TeMInepaTypa MoBEepXHOCTH
Mopst (SST), cnyTHHKOBBIE JaHHbIE O KOHUEHTpauu mMopckoro jpaa (SIC), a Takxe
BEPTUKAJIbHBIE IPOMUITN TEMTIEPATYPBI U COJIEHOCTH U3 0a3bl in situ HAOIIOICHUIA.

Janubsie 0 ckopoctd BeTpa Ha BbeicoTe 10 M momydensl u3 peananuza ERAD.

JlaHHBIN peaHanu3 — 3To naroe nokoyienue peananmza ECMWF (European Centre for
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Medium-Range Weather Forecasts). ERAS sBisercss mpoaobKeHHEM pa3BUTHSA OoJiee
panHero peanamusza ERA-Interim. Mcmonp3oBaiics maccuB 3a 1993-2024 rr. lanHble
JIocTymHBI Ha pecypcee https://cds.climate.copernicus.eu/ (mara obpamenust 12 HOSOps
2025 r.). BpeMeHnHoe pa3zpelieHre coctapiseT 1 Jac, a MpOCTPaHCTBEHHOE pa3peliecHue
— 0,25°. Ilpm comocTaBlieHUH IIECTH aTMOC(EpPHBIX pEaHaTU30B C JaHHBIMU
npeiidyromieit ctanimu N-ICE2015 x cesepy ot lInun6eprena ERAS nokazan onnu u3
JYYIIMX CTATUCTHUECKUX XapaKTePUCTHUK IO CKOPOCTH BETpa Cpeau  BCex
paccMOTpeHHbIX poayKToB [Graham et al., 2019]. Banunauus 30HaqIbHON KOMIOHEHTHI
BeTpa ERAS HenocpeicTBEHHO 10 CTaHIIMOHHBIM HaOmoAeHusIM 0. Bpanrens 3a 1979—
2022 rr. Takke MOATBEPAMIIA XOPOIIEE COIIACHUE CO CPEAHEMECAYHBIMU JTAHHBIMU B
akBatopuu Yykorckoro mops [Ross et al., 2024].

B HekoTophIX ciydasx Takxke HEOOXOAMMbl ObUIM JTaHHBIE CPEIHEMECSYHOIO
peananuza. Mudopmanus o ckopoctu BeTpa Ha BeicoTe 10 M ObLTa MoydeHa 1o JaHHbIM
peananuza Merra Ha moptaiie https://disc.gsfc.nasa.gov/datasets (mata oOpamenus 20
ceatsiops 2020 r.). JlaHHbIe TPEACTaBISAIOT COOOM TOJII CKOPOCTH BeTpa C
IPOCTPAaHCTBEHHBIM pazpernienueM 0,5°%0,66°.

HernpepbiBHBIE M13MEPEHNS COJIEHOCTH MOJTYUYEHbI B IOBEPXHOCTHOM CJIO€ B 73-M H
78-m peiicax HUC «Axkanemuk Mctucias Kennpimy» ¢ MCIONb30BaHUEM MPOTOYHON
CUCTEMBI, OCHAIICHHOU TepMmocanuHorpadom. Boay mist uzmepenuit 6panu ¢ riyOuHbI
2-3 m.

JIst vicciiemoBaHus TTOBEPXHOCTHBIX XapaKTEPUCTUK HAPYIICHUH CIIONTHOCTH
JIEZIOBOTO TOKPOBA HCMOJIL30BAIMCh €KEIHEBHBIC JaHHBIE HAa OCHOBE HW3MEpPEHUN
npu6opa MODIS ¢ paspemennem 1 km? (https://doi.org/10.1594/PANGAEA.955561,
nata ooparenus 30 suBaps 2024) [Willmes et al., 2023]. Jdannbie npeacTaBiIsioT co00M
IPOCTPAHCTBEHHOE paclpeiielieHne IIeCTH KaTeropuii: MOpPCKOW Jen, obuaka,
apTeakTbl, HapylICHHE CIUIONIHOCTH JIEOBOTO MOKpPOBa (MMEHYEMBIE najiee TaKxkKe
JICTOBBIMU TPELIMHAMH), OTKpBITas BoJa W 3emiisi. [Iporecc ompeneneHusi, K Kakou
KaTerOpUM OTHOCUTCS IMMUKCEN POYKTa B pa3HbIe MOMEHTHI BpeMEHH, TOIPOOHO ONTUCaH

B pabote [Reiser et al., 2020]. Taxxe Mcoab30BaTUCh CHUMKH co ciytHuka MODIS-


https://cds.climate.copernicus.eu/
https://disc.gsfc.nasa.gov/datasets?project=MERRA
https://doi.org/10.1594/PANGAEA.955561
https://tc.copernicus.org/articles/17/3291/2023/#bib1.bibx70
https://tc.copernicus.org/articles/17/3291/2023/#bib1.bibx70
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Aqua B OIITHYCCKOM JAUaIia3oHce, IMOJIYYCHHBIC C pecypca

https://worldview.earthdata.nasa.gov/ (nara odpamenus 15 nexadps 2023 r.).

JUist aHanW3a HKCHONB3YIOTCS KOHTAKTHBIE 3asgKOPEHHBIE M3MEPEHHsI CKOPOCTU
tedeHnuit B bepunrosom nposuee no ganaeiM ADCP (Acoustic Doppler Current Profiler).
N3mepenus  gocTynmHbl Ha  ropuzoHrax 2-44 M ¢ marom 2 M.
https://pscfiles.apl.uw.edu/woodgate/BeringStraitArchive (narta oopamienns 15 despais
2026 r.). Ha pucynke 1.10, a ykazaHbl MECTOIOJIO0KEHHS TOCTAHOBOK 3asKOPEHHBIX OyeB
B akBaTOpUM UyKOTCKOTO MOPS, a TAK)KE€ TUMIUYHASI KOHCTPYKIIUSI U3MEPUTEIISI TEUECHUN
1.8, 6. Touka Al HaxoaMUTCs OCEpPEUHE 3aMMaIHOTO (CHOMPCKOT0) KaHasa, a Touka A2
HAXOJIUTCS B CEPEIMHE BOCTOYHOTO (CO CTOPOHBI AJISICKM) KaHana. A3 HaxoauTcs
npuMepHO B 30 MOpPCKMX MHIISIX K CEBEpPy OT OCTpOBOB /lmommma m meHee 4yem B 1
MOPCKOW MUJIE€ K BOCTOKY OT JIMHUU UCKITIOYUTENBbHON SKoHOMUYeckoil 30HbI CIITA. Kak
OTMEYaJIOCh pPaHEe, U3MEPEHHUsS, IMOIYUYEHHBIE C IOMOIIbIO 3asIKOPEHHBIX CTAaHIIHM,
orpaHU4eHbl 10 BpeMeHu. [lonHble BpeMeHHbIE PSJIbl IaHHBIX HEIOCTYMHBI JJIsl BCETO
UCCIIEAYEMOTO TEPUOAA, MOCKOJIBbKY B OTHAENIBbHBIE T'OJbl YCTAHOBKA N3MEPUTEIBHBIX
KOMILJIEKCOB HE TMPOM3BOAWIIACH, a TakKe€ HMMEITCS MpoOebl, 00yCIOBIECHHbIE
TEXHUYECKUMHU TPYJAHOCTSIMU — B YaCTHOCTH, HEBO3MOKHOCTbIO BOCCTAHOBJICHUSI WUJIU
U3BJICUCHUSA 3adKOPEHHBIX U3MeputTenel TedeHuil. HaumOosbliee KOJIMYECTBO
HaOmoIeHNH 3aUKCUPOBAHO B Touke A3, UTO CBSI3aHO KaK C PeryJsipHON MOCTaHOBKOM
o0opymoBaHUs B 3TOM 00J1aCTH, TaK U C €€ THAPOJIOTHYECKON 3HAUMMOCThIO. IMEeHHO B
paiioHe TOYKH A3 TPOUCXOAUT CIHMSHHUE PA3JIMYHBIX BETBEH THXOOKEAHCKHUX BOJ,
MOCTyMaImmx B ApkTudeckuil Oacceiin uepe3 bepunroB mponus. bmaromaps stomy
JaHHas 00JIacTh MPENCTaBIIIET COOOM KIIOUEBYIO 30HY JUISI aHAIHW3a CTPYKTYpPhl U
W3MEHYUBOCTU TPAHCTPAHUYHOTO MOTOKa Mexay Tuxum u CeBepHbIM JlemoBUTHIM
okeaHaMu. Bbe1Oopka HaOII0IeHUH B ATOM TOYKE TO3BOJISIET MOTYYUTh HAUOOJIee TIOJTHOE
NPE/ICTABICHUE O XapakTepe BOJOOOMEHa U €ro JUHAMUKE B KOHTEKCTE WM3MEHEHUH
KJIIMMAaTUYeCKOM M TUJIPOPU3NYECKOW OOCTaHOBKM B pervone. s wuccienoBaHus

CKOpocTed TeueHni Mo 3askopeHHbIM wu3MepeHussMm ADCP B nHactosmelr pabote


https://worldview.earthdata.nasa.gov/
https://pscfiles.apl.uw.edu/woodgate/BeringStraitArchive
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HCIIOJB30BaAJIMCh JAHHBIC, IMOJYYCHHBIC B TOYKC A3. Ommcanue OCHOBHBIX JaHHBIX,

UCIIOJIB3yeMBIX B paboTe, mpenacrasieHo B Tabmure 1.

ISCAT

ADCP m
FLOAT ‘
SBE |
>

RELEASES

Not to scale
ANCHOR ‘

Pucynok 1.10 — CiyTHHKOBOE M300paxKeHHe TEMIIEPATYpbl MOPCKOM MOBEPXHOCTH
C MECTaMU 3asIKOPEHHBIX U3MEPUTENIEH OTMEUEHHBIMU TOUKaMHu 26 aBrycra 2004 r.
(a); TunmuHasg KOHCTpyKUus u3Meputens B bepunrosom [Iponuse ¢ 2007 r. (He B

Mmactrabe) (0); [Togpem 3asikopennoro Oys A3-03 (B) u3 [Woodgate et al, 2015]
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Tabmuma 1.1 — OcHOBHBIE UCIIOIb3YEMbIC TAHHBIC

TEeUCHU U

[TapameTp [Mpoxyxt/ Hcrounnk Cerka no Bpemennoe | Ilepuon
CryTHUK MPOCTPAHCTB | pa3pelieHue
y
Ckopocts  |GLORYS12v1 | Copernicus 1/12° 1 neHb 1993
TCUCHHH, —
npeiida npaa, 2024
TEMIIEPATypa,
COJIEHOCTH
[Toepxnocthas | SMAP L4 remss.com/ 40 xm 1 neun 2015
COJIEHOCTD missions/s —
Mopst map 2024
CkopocTb BeTpa ERA5 Copernicus 0,125° la 1993
Ha BbIcoTe 10 M —
2024
Temmneparypa |MODIS-Aqua pceancolor.g 4 kM 1 nenp 2003
TIOBEPXHOCTH sfc.nasa.go -
OKeaHa % 2024
Ckopoctu ADCP- BeringStrai 2 M 110 30 muH 1990
TCUCHUI usmepurenu | tArchive riryonHe -
(in situ) 2024
YpoBeHnb Mops, DUACS Copernicus 0,25° 1 neHb 1993
reocTpoduyeck —
1€ CKOpOCTH 2024

1.2.6 Moaeab MupoBoro okeana. Mojenb HUpKyIsiuu MupoBoro

pfain30BaHa Ha 0aze KOMIIJIEKCA YHCJIECHHOTO MOACIMPOBAHUA AWHAMUKH

OKCaHa

OKCaHa
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NEMO Bepcunu 3.6 [Madec et al., 2016]. [lapameTpsl U BXOJIHbIE JTaHHbBIE TJI00ATBHON
KOH(QUTYpallMi OCHOBaHBI HAa HAXO/SIIUXCS B OTKPBITOM JOCTYIEC JaHHBIX OTYETa
[Grieco, 2015]. 3a ocHOBY B3siTa KOH(PUTYpAIHs II00ATEHOTO OKEaHa ¢ pa3peluicHUEM
0,25 rpamyca, pazpaboTaHHast AJIs SKCIIEPUMEHTAILHOW CHCTEMbI TIPOTHO30B MOPCKOTO
I'mapodusmueckoro nacrutyta (MI'HN) [Korotaev, Mizyuk, 2025]. B ceBepHbIX mmpoTax
paspelieHne JOoXOIUT A0 6 KM, YTO IO3BOJSET JETadbHO OMUCHIBATH IMPOIIECCH B
ApkTrHdeckoM peruore. ['uapomHaMUIecKuii 0JIOK MOJICITBHOTO KOMITJIEKCa OCHOBAH Ha
CHUCTEME NPHMHUTHBHBIX YpaBHEHUH TUAPOJMHAMUKH B TpHONMKEeHUH bBycchHecka,

I'nMAPOCTATUKH U HCCXKUMACMOCTH JKUIAKOCTU B KpHBOJ’IHHGﬁHOﬁ CHCTEMC KOOpAHUHAT.

du 1 0 wou 10 (ps+px
—_ = - 2 2y - - S u u
5% (+ fHv 2e, i (u” +v*) e 0k o, i (—po )+D + F*%, (1.18)
5 ,, wiv 10 <ps + ph) ’ ’
- == — =W V) -~ —— DY + F?, (1.1
TR TACERI AR 1) S R C )
Opn
T —pges, (1.20)
ow = 1.21
ok = X (1.21)
M _ e fn d +6 jn dz ||+ P—E+R 1.22
ot - e,e, oi €2 _Hu z 6] €1 _Hv Z , ( . )
or _ 1 (d(e;Tw) , d(e1Tv) _la(Tw) T T
at e1e2< a aj > e ok TP TE (1.23)
oS 1 (0(exSu)  d(e1Sv)\ _ 10(Sw) | s, s
ot ele2< i T 9] > es 0k +D" +F, (1.24)
p=p(T,S,z(k)), (1.25)
1 (d(e,v) d(equ)
= — 1.2
¢ elez< di aj )’ (1.26)
1 [(d(e,u) 0d(eqv)
B elez< i * oj )’ (1.27)

rie U, V, W — KOMIIOHEHTBI CKopocTH B 6asuce (1, J, K);
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t — Bpems;
Z — ¢usnueckas BEpTHKAJIb, HAPABICHHAS BBEPX;
€1, €2, €3 — MacIITaOHbIE MHOKUTEH;
f — mapamerp Kopuosnmuca;
{ — oTHOCUTEIbHAS 3aBUXPEHHOCTD;
Y — JUBEPTECHIIMS TOPU3OHTAIBHON CKOPOCTH;
g — yCKOpeHHEe CBOOOIHOTO IMaJICHHUS;
p — TJIOTHOCTA;
Po — OTCUETHAS TJIOTHOCTb;
Ph— TUIPOCTATUYECKOE JABIICHUE;
Ps= p g N — JaBJIieHUE Ha CBOOOIHOM MTOBEPXHOCTH;
1 — BO3BBIIICHUE CBOOOTHON MMOBEPXHOCTH;
H — rinyOuna nHa;
T, S — noTeHnManbHas TeMIepaTypa u COIEHOCTh;
D%, DV, DT, DS — rapaMeTpu3alys MEJIKOMacIITabHOro oOMeHa (MMITyJIbca,
Teria, COJIH);
F*, FY, FT, FS— noToku Ha NOBEPXHOCTH (MMITyJIbCa, TEIIa, CON);

P, E, R — ocanku u ucnapenue, peqyHoi CTOK

ATtMochepHoe BO3IEHCTBUE MOJTYYEHO MO pes3yiibTataM padotbl cucteMbl GFS

(URL: https://nomads.ncep.noaa.qgov/) Jlist 3TOro MCroib3yrTCs MoJis TeMIIepaTyphbl U

BJIQYKHOCTH BO3/lyXa Ha BBICOTE 2 M, KOMIOHEHTbl TOPU30HTAIIBHON CKOPOCTH BETpa Ha
BbicOTe 10 M, MOTOKM HHUCXOIAIIEr0 JUIMHHOBOJHOBOTO M KOPOTKOBOJHOBOIO
U3ITy4YEeHHsI, CYMMapHbI€ OCaJIKU U OCaJKU B TBepAoi (aze.
l'opusoHTanbHblid  TypOyJEHTHBIA OOMEH Il UMITYJIbCa  OIMCHIBAETCS
ourapmoHndeckuM omneparopom. [Ipu 3Tom K03pGUIIUEHT 3aBUCUT OT KyOa 30HATBHOTO
. 7 h
pa3Mmepa suerKH U ero MakcuMasbHas BenuunHa paBHa —5x10" m*/c. {uddy3us tenna u

COJIxK II0 TOPHU3OHTAIM OIIMUCBIBACTCA TAaKKCE 6I/IFapMOHI/ILIeCKI/IM o1rIcpaTopoMm C


https://nomads.ncep.noaa.gov/

60

KO3 PUIIMEHTOM, 3aBUCSIIUM OT BEIUYMHBI TOPU3OHTAIILHOTO pa3Mepa SUYEHKU C
MaKCHMaJILHOM BeanunHoi —1x10° M¥/c.

BeptukanpHoe mnepememuBanne B 0a3oBoil  koHpurypammm ORCA025
napaMeTpHu3yeTcs cxeMoil TypOyiaeHTHoN kuHeTnueckoit suepruun TKE [Grieco, 2015];
NPy KOHBEKTUBHOW HEYCTOWYMBOCTH TPUMEHSCTCS YCWICHHAs BEpTUKAIbHAS
nuddyszus. [To BepTHKaIM UCTIONB3YIOTCS Z-YPOBHU C CryleHHeM y noBepxHocTd (50
TOPU30HTOB).

B npornoctuueckoit cucteme MI'M PAH pans rnmobansHOM KoHUTypanuu
UCIIOJIB3YETCsl YIPOIIEHHAs CXeMa acCUMWISIUU HabmoneHuii. Pemienue mopenu
peTaKCUpyeT K CYTOYHBIM TPEXMEPHBIM TOJSIM TEMIIEpaTypbl W  COJIEHOCTH,
BOCCTAHOBJICHHBIM II0 CITYyTHUKOBBIM JaHHbBIM [Korotaev, Mizyuk, 2025]. bomee
CJIOKHBIE BapHAI[MOHHbBIC WM aHCAMOJIEBbIE CXEMbl aCCHMUJISIIUY B HACTOSIIIIEH paboTe
HE TIPUMCHSITHCH.

['moGanbHasi KOH(UTYpalusi YYUTHIBAET CPEIHEMHOIOJIETHUE EKEMECSUHBIC
BEJIMYMHBI PEYHOTO U MPUOPEKHOrO CTOKA 99 KpyNHENIINX peUyHbIX cucTeM Mupa. s
aHaNKM3a BIUSHUS PEYHOTO CTOKA HA TUAPOIOTHICCKAN PEKUM APKTHIECKOTO OacceitHa
UCTIOIB30BAJIOCH J1Ba pacueTa st 2023 T ¢ yuyeToM pedHoro ctoka u 6e3 Hero (R = 0).
Peunoii ctok otkiroyancs B oomactu ot 100 o 180 °B.n. UncneHHbIN SKCIIEPUMEHT Ha

YyBCTBUTEIHHOCTh K PEYHOMY CTOKY OIHKCaH B 1I. 3.5.

BeiBoabI Kk ri1aBe 1

Mops BocTouHOM ApPKTHKH XapaKTEPU3YIOTCS MPEUMYILECTBEHHO MEJIKOBOIHBIM
menbhoM U CE30HHBIM JieoBbIM MokpoBoM. C Hawana 2000-x rogoB HaOIHOgaeTCS
CHIDKEHHE CpEeJHEHd MHOTOJIETHEH JIENOBUTOCTH, a TAaKKE€ POCT TEMIIEpATyphl U
COJIEHOCTH Ha 1menbhe YyKoTCKoro Mops.

IToTrok Box yepe3 bepuHIOB MPOIMB TEMOHCTPUPYET BBIPAKEHHYIO MEKTOLOBYIO
U3MEHYMBOCTb,  OOYCIIOBJICHHYIO  Kak  JIOKQJIbHBIMH  BeTpaMH, Tak U

KpyIHOMACIITa0OHBIMU ~ OKeaHOrpauuecKUMU U aTMOC(EepHbIMU  IpoOIlECCamHu.
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Benyuryro ponp urpaer mnepenan ypoBHA mexay Tuxum m CeBepHbIM JIenoOBUTBHIM
OKEaHAMH.

3UMO# yCHIIEHHE CEBEPHOTO BETpa CIIOCOOCTBYET CHIKEHUIO MOTOKA B MPOJIMBE.
Hapyiienus CIuiomHOCTH JIeJI0OBOTO MOKPOBa, (POPMUPYIOMIMECS O] BO3JACHCTBUEM
BETPOB U 0OaTUMETPUUYECKHX OCOOCHHOCTEW, CYIIECTBEHHO BIIMSIOT Ha BEPTUKAIBHOE
TypOyJICHTHOE TIepeMellInBaHue, OOMEH TeIia U COJIH.

KoHTakTHBIE U3MEPEHUS U HA OCHOBE YHCIICHHOTO MOJEIUPOBAHMS NOKA3bIBAIOT
CYIIECTBEHHYIO MEKI0J0Basi U3MEHYMBOCTD PACIIPOCTPAHEHUS TUXOOKEAHCKUX BOJHBIX
Macc B YykorckoM mope. Peunoit ctok (ocobenno Jlennl n Koinbimbl) B BocTouHo-
Cubupckoe u Mope JlanTeBbIX NMPUBOIUT K (POPMUPOBAHUIO OOIIUPHBIX ONMPECHEHHBIX
30H. BoctouHo-Cubupckoe npubpexHoe teueHue, GopMHUpyeMOe B TOM YHCIIE PEUHBIM
CTOKOM, MOKET paclpOCTPaHATHCS 10 UyKOTCKOIO MOps U BIUATH Ha PacCIpeieICHUE
TUXOOKEAHCKUX BOJ B APKTHKE.

HecmoTps Ha akTUBHBIE MCCIECIOBAaHUs, OCTAIOTCA HEAOCTATOYHO W3YYEHHBIMU
MEXaHU3Mbl MEXI0J0BOW H3MEHUYMBOCTU KOH(UIypallMM BOAHBIX MacC B PErHOHE,
nepeHoca 4epe3 bepuHIroB MpOJIMB M B3aUMOACHCTBUE JIOKAJIBHBIX M IJI00ANbHBIX
dbakTopoB, 0COOCHHO B 3amaJHON YacTH UyKOTCKOTO MOpS U B 3MMHUHN TIEPHO/I.

B pabGote mnpoBOAWTHCS KOMILIEKCHBIM aHAjdu3 CIIyTHUKOBBIX JIAHHBIX,
3asikopeHHbIX u3mepeHuii ADCP B beprHroBoM nposimuBe, a TaKKe JaHHBIX peaHaIn30B
(GLORYS12vl, ERAS). Jlns omucaHus TOBEPXHOCTHBIX IIOJIGH TEMIIEPAaTyphl W
cosiéHoctu Opanuck ganueie MODIS-Aqua u SMAP. Anstumerpuueckue nosist DUACS
WCIIOJIb30BAHBI JJI aHAJIM3a YPOBHS MOPS U reocTpoduuecknx TeueHuid. s oTaebHbIX
3a71a4 UCIOJIb30BAJIIMUCh PACYETHI MOAEIIM MUPOBOro okeaHa. /it uccienoBanus JIe10BOM
JUHAMUKHN HWCIIOJIH30BAJICS CITyTHUKOBBIA TMPOJYKT Ha OCHOBE HM3MEpPEHHUH Mpudopa

MODIS. Marepuansl epBoii riaaBbl omyOIuKoBaHbl B padorax [Kyk, Kybpsikos, 2021;

Zhuk, Kubryakov, 2021; Zhuk, Kubryakov, 2023; XXyk, Kyopskos, 2026].
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I'JIABA 2. PACITPOCTPAHEHHUE TUXOOKEAHCKHUX BO/J
B YYKOTCKOM MOPE

2.1 Bogooomen B bepuHrosom npo.suse

2.1.1 CpaBHeHHe MHOroJeTHHX JaHHbIX peanaau3a GLORYSI12vl,
aJIbTUMETPUU M KOHTAKTHBIX JaHHbIX ADCP B bepunrosom nposause. CpaBHeHUE
CPEIHEMECSIYHON CKOPOCTH TEUYCHHS, M3MEPEHHOU 3agKOpEeHHBIMU OysiMH B TOouke A3
(Pucynok 1.8, a), c nanapiMu GLORYS12v1 u anetumerpuun (DUACS) BbinoaHEHO 151
obmero nepuoga HaOmogeHuit 1997-2024 rr. ComocTtaBieHUE MNPOBOAMIOCH IS
MEPHUINOHAIIBHOM KOMIOHEHTHI ckopocTH (Vy). Mcnonp30Banuch CKOPPEKTHUPOBAHHBIE
no metoauke [WWoodgate et al, 2015] psiibl, BKITrOUaroIIye monpaBku C y4ETOM TITyOHHBI
WHCTPYMEHTOB M MPOMYCKOB B AaHHbIX. (OCHOBHOM aHaJIW3 MPOBOJUJICA IO MecAllaMm,
KOrJa OJHOBPEMEHHO JoCTynHbl AaHHble ADCP U COOTBETCTBYIOWIETO MNPOIYKTa
peaHanu3a/ansTUMeTpun. JlaHHBIE AIbTMETPUM M pEaHaIM3a WHTEPIOJIUPOBAIHNCH B
Touky usmepenuiit ADCP. [lanHble peaHanu3a yCpeIHsIIuCh 1o riayOuHe.

Ha Pucynke 2.1 npeacraBiena cpeiHeMeCTYHast K3MEHYNBOCTh MEPHUIUOHATILHOM
KOMIIOHEHThl Te€ueHWl B bepuHTroBOM mponuBe MO TpeM HabopaMm JTaHHBIX.
HaOmronaronuecs Bapuanuu CKOpoCTH HaxonasTcss B mpenenax ot 0,1 mo 0,5 m/c.
MakcuMalibHble 3HAUEHHUS CKOPOCTH, KAaK MPaBUIIO, OTMEYAIOTCS B JIETHE—OCEHHHI
nepuoj, TOTrJa Kak B 3MMHE—BECEHHUE MecCsIlbl CKOpOCcTH Huxe. Bce Tpu psna
BOCITPOU3BOST OOIIMK CE30HHBIM XOJ, OJHAKO a0COIOTHBIC 3HAUCHUS Pa3INYar0TCs.
Taxke HaOIIOIIOTCA UACHTUYHBIE OCOOCHHOCTH M3MEHYHMBOCTH, HAIPUMEP MUHUMYM B

nekadpe 2006, 2019, makcumym B okTsi0pe 2016.
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Pucynok 2.1 — CpegneMecsiuHasi U3MEHYMBOCTh MEPUINOHAIBHOW KOMITOHEHTHI

ckopoctH (Vy) Teuenuii B bepunrosom nposmese B Touke A3 no nanaeiv ADCP (a);

BOCIIPOU3BOAAT M3MCHYHMBOCTL MCPHUAMOHAIIBHOU CKOPOCTH,
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ADCP. Ilpu 53TOM METPUKH COOTBETCTBHUSI paszinyatorcs. JlaHHble peaHanu3a
GLORYS12v1 nyume mokas3plBaeT BPEMEHHOE CXOJICTBO ¢ KOHTAaKTHBIMHU JTaHHBIMHU.
Koaddumment xoppemnsiuu (K) ¢ ADCP cocramsier 0,863 mpu uucie cpaBHHBaeMBIX
mecsaeB (N) 322. Ognako peaHann3 CUCTEMaTHYECKH 3aBBIIIAET 3HAYEHUS CKOPOCTH.
Cpennee cmemenue (bias) cocramser 0,13 m/c, a cpeaHekBagpaTHdHas OIIMOKA
(RMSE) 0,14 m/c.

Anptumerpuueckue ganHele DUACS no wmeTpuke cMemeHus Ommxe K
KOHTAakTHBIM n3MepeHusm. st DUACS cmemenne otHocutensHO ADCP 3HaunTtensHo
menbie (0,023 m/c, npu N paBabim 260). Bmecte ¢ Tem koppensius DUACS ¢ ADCP
HIUKE, 9YeM y peaHanmsa, u coctasisier 0,707,

['ucTorpamMmbl pa3HOCTEH JaHHBIX peaHalM3a U aJbTUMETPUU OTHOCUTEIHHO
KOHTaKTHBIX JaHHbIX (PucyHok 2.2, 0, T') moaTBepxaaroT 3tu ocodennoctu. s DUACS
pacnpenefieHue OIMOOK COCPENOTOYECHO BOJM3M HYJS, MPU 3TOM OCHOBHAs 4acTh
3HaueHu HaxoauTcs B mpenenax 0,1 m/c. [lng GLORYS pacnpenenenue cmenieHo B
MOJIOKUTENIBbHYIO 0071acTh. [1070KUTENbHBIE PA3HOCTH COXPAHSIOTCS IS OOJIBIIMHCTBA
MecdAlleB, a HauOojee YacTo BCTpPEYAIOIIMECS 3HAuYeHHs JieKaT MPUMEPHO B
nuamna3one 0,075-0,16 m/c.

Takke MpOCHEKUBAECTCS CE30HHASI CTPYKTYpa PacxoKIeHHU. B 3uMHUE MecALbl,
0COOEHHO B JieKabpe—siHBape, pa3inuus MEXIy Ha0OpaMH JIaHHBIX yBeIu4HuBaroTcsa. B
JIETHE—OCEHHUM nepuo coracoBaHHOCTh Bo3pacTtaer. [nsgs DUACS u GLORYS cBs3b
¢ ADCP cranoButcs 060Jiee BRIpRXKEHHOM, UTO YKa3bIBACT Ha JIyUIllee BOCIIPOU3BEICHUE
nepuoaa yCHUJICHHOTO MPUTOKa yepe3 bepuHroB nposus.

[TogpobHee ce30HHbIE OCOOEHHOCTH COTOCTABJIEHUS MPOCIEKUBAIOTCA Ha
Pucynke 2.3, rae nmpeacTaBiI€Hbl CPEIHEMECAYHbIE 3HAUEHUS CKOPOCTU JJISl KaXKJIOTO
Mecsa 3a Bech nepuoa HaomoneHuit (Pucynok 2.3, a) 1 COOTBETCTBYIOLIUE PA3HOCTH
otHocutTenbHO ADCP (Pucynok 2.3, 6). Bce Tpu psiga 1€MOHCTPUPYIOT BBIPAXKEHHBIH
CE30HHBIN X0JI. MakcuManbHbIE 3HAYCHHUSI CKOPOCTH HAOIOMAIOTCS B JIETHE—OCCHHUI

nepuoa, Toraa Kaxk 3UMOU CKOPOCTH YMCHBIIAKOTCH.
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s GLORYS xapakTepHO yCTOWYMBOE 3aBBIIICHUE CPEIHEMECIYHBIX 3HAYEHUN
otHocutenbHO ADCP mpaktudyecku Bo Bce Mecsipl. Haunbonblme pacxoxaeHus
HaOMOMal0TCs B 3UMHHMM Tiepuoa. B smHBape cpeanemecsuyHas pasHoctb DUACS
(GLORYS) otnocutensno ADCP cocrapiset okosio 0,1 m/c (0,17 m/c), B IeTHUH TIeproT

ymenbinaetcs, B utone st DUACS npaktudecku ctpemutcest k Hymo (0,1 m/c), a
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ceHTsa0pro nocturaet okoso 0,05 m/c (0,08 m/c).

Pa3HOCTb CKOPOCTU, M/C

Pucynok 2.3 — CpegHeMecsiuHble 3HaYEHUSI MEPUANOHAIBHON KOMIIOHEHTBI CKOPOCTH
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teuenus (Vy), ocpennénnbie 3a Bce roapl, o ganHeiM ADCP, GLORYS12v1 u

DUACS (a), u ux pa3HOCTh OTHOCUTENIbHO KOHTaKTHBIX u3meperuiit ADCP (0)

Ha Pucynke
CKOpocTH 1o TpéM HaOopaM NaHHBIX. [ Bcex psanoB (UKCUpYeTCs BbIpa)kKeHHas

HN3MCHYMUBOCTL OT IoJla K roay. HawnGonee PE3KHUC U3MCHCHHS ITPOABIIAIIOTCA B IICPHUO/]

2.4 mokazaHa MEXroJ0Bas H3MEHYMBOCTH MEPHUIMOHAIBLHON



67

HIOJIb—OKTS0ph, ocobenHo B 2002-2003, 2012 u 2016-2017 rr. B »Tu 1ol
HAOJFOMAIOTCS 3aMETHOEC YMEHBIICHUE MEPUIUOHAIBHOW KOMITOHEHTHI CKOPOCTH,

OTpakaroliee ocIablieHne OTokKa yepe3 bepuHros nponms.
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Pucynok 2.4 — CpegHeroioBble 3HaYEHUSI MEPUIHOHAIIBHOW KOMIIOHEHTHI CKOPOCTH
TeueHusi, nosydeHusle o nanabiM ADCP, GLORYS u DUACS, nys Bcero rojaa (a)
U 18 ieproia urosb—okKTI0ps (0); paznocts GLORYS12v1 u DUACS

OTHOCUTEIBHO KOHTAKTHBIX u3Mepenuii ADCP (B)

Anamu3 paznoctu GLORYS u DUACS otHocutensHo ADCP Ha Pucynke 2.4, 6

IIOKAa3bIBACT, YTO 00a Ha6opa JaHHBIX B CPCAHCM 3aBBIINAIOT CKOPOCTD 11O CPABHCHHUIO C
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KOHTAaKTHBIMU HW3MEPEHMUSIMHU, OJHAKO BEJIMYMHA OSTOTO CMEIICHUS B TMOCIEIHUE
necaTuieTus ymenbinaercs. B xonme 1990-x rr. paznocts coctabisia 6omee 0,05 m/c
st DUACS u 6onee 0,15 m/c qmst GLORYS. Haumnas ¢ 2015 r. 5TH 3Ha4YeHUs, KaK
NpaBujIo, HE MPEBBINIAIOT YKa3aHHBIX BEJIMYMH U 4Yalle OKa3bIBaloTCa Huxke. Jls
GLORYS pasznocts 00b19HO coctaBisier okojo 0,07 m/c, a qis DUACS B oTnenbHBIC
roJiel, Harpumep B 2016 1., cTaHOBUTCS 01M3KOM K HYJ110. OCHOBHBIE METPUKH CPABHEHUS

npeacrasieHsl B Tabmure 2.1

Tabmuma 2.1 — Cpeanuwe meTpuku cpaBHeHHS (N — KOJMYECTBO MECSIICB,

YUYACTBYIOIMX B CPABHCHHH)

N K Cwmemienue, CkopocTb CkopocTb
M/C npoaykra, m/c | ADCP, m/c
GLORYS 322 | 0,863 0,13 0,364 0,233
GLORYS
111 | 0,922 0,105 0,359 0,255
UIOJIb-OKTAOPb
DUACS 260 | 0,709 0,024 0,268 0,245
DUACS
111 | 0,884 0,037 0,291 0,255
UIOJIb-OKTSAOPb

Jlns  mepuoja MIONb-OKTSAOPh TPEHJ HM3MEHYMBOCTH Pa3HOCTH  SBIISCTCS
OTpUIAaTEeNIbHBIM M cTaTucThuuecku 3HauuMbIM. (g GLORYS-ADCP oH cocraBiser
—0,026 m/c 3a 10 net npu p-3nadenuu 2,9 x 107, a gna DUACS-ADCP —0,019 m/c 3a 10
et npu p-3HadeHur 0,0096, 4TO CBUIAETENBCTBYET O IMOCTEIIEHHOM YMEHBIICHUU
pPacXOXKJACHUH MEXIy paccMaTpuBaeMbIMH HaOOpaMU [IaHHBIX W KOHTaKTHBIMU
m3Mepenusimu ADCP B netHe-ocennunit nepuoa. Conocrabnenue ¢ nanabiMu ADCP Ha
cranuun A3 3a 1997-2024 rr. mokazano, yto GLORYS nyuinme BoCcIpoW3BOIUT
MECSIYHYK0 M3MEHUYHMBOCTh MEPUAMOHAIBHOU ckopocTu. K cocrtaBmsger 0,863 3a Bech
nepuon u 0,922 s UIONSA-OKTIOPS, OJHAKO CHCTEMAaTUYECKH 3aBBINIAET CKOPOCTh Ha
0,13 m/c 1 0,105 m/c coorBeTcTBeHHO. DUACS nMmeet Mensbiee cMmenienue, 0,024 m/c 3a

Bech nepuoa u 0,037 M/c nys utons-okTsiopst, HO koppensuus Huke 0,709 u 0,884. Ha
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MECAYHBIX MaciuTabax 00a HaOopa JaHHBIX MPUTOAHBI ISl aHAIM3a MU3MEHYUBOCTH
TeueHui B Apktuke, npu 3toM GLORY'S neMoHCcTpHpyeT aydinyto BOCIPOU3BOIUMOCTh
nuHamukn Boj, a DUACS BoCOpOU3ZBOAUT CpPEAHUN YPOBEHb IMOBEPXHOCTHOM

reocTpoPUIECKON CKOPOCTH.

2.1.2 CpaBHeHHMe pe3yJbTATOB YMCJEHHOI0 MOJAEJIHPOBAHMS € JAAHHBIMH
peanaimn3oB GLORYS12vl, TOPAZ5 u ADCP wusmepenusivu B bepunrosom
npoiauBe B 2023 r. CpaBHenume BoimosiHeHO B 2023 1. g 3oHampHOU (V) ®
MepuanoHanbHOH (Vy) KOMIIOHEHT CKOPOCTH, & TAKXKE M0 MOJYJIO CKOPOCTH TEUCHHS Ha
FOPU30HTAaX, COOTBETCTBYIOMMX JOCTyNHbIM aAaHHbIM ADCP. [lanasie ADCP wu
peananu3oB GLORYS12vl u TOPAZS5 Obumn mnpuBeneHbl K €IWHOW CYTOYHOM
BpeMeHHON ceTke. /[ peaHanu3oB M Mojaenu MHpOBOTO OK€aHa 3HAa4YeHUs
MHTEPHOJUPOBAINCH B TOYKY CTaHUMH A3 U Ha (akTuyeckue TiTyOMHBI HU3MEpPEHUI
ADCP. OcHOBHOH aHaIU3 ITPOBOJMJICS 10 3HAYEHUSIM, KOTJja OJTHOBPEMEHHO JIOCTYIIHBI
nanuble ADCP u coorBercTByromero mnpoaykra. Jlis yMEHBIICHHS BIUSHUS
BBICOKOYACTOTHOM M3MEHYMBOCTH HCIIOJIB30BAJIOCh 7-CyTOYHOE CTJIaKMBaHUE, a IS
pPENpEe3eHTaTUBHOCTU MPU OCPEIHEHUHM MO TIyOMHE JaHHble MHTEPHOJIMPOBAINCH Ha
PAaBHOMEPHYIO CETKY € IIarom 1 M.

Kak BunHO Ha Pucynke 2.5, Bce MpOAYKTHI IOCTATOYHO XOPOIIO KOPPETUPYIOT C
3aSKOPEHHBIMU W3MepeHussMu. J[1si mepuauoHanbHON kommoHeHThl (Vy) peananms
GLORYS12v1 ganie moka3pIBacT 3aBbIIICHHBIC 3HaYeHUS oTHOCUTEebHO ADCP, ogHako
B OTHENbHBIE TMEPUOJBl HKCTPEMAJIbHBIX 3HAUEHMH OH OKa3bIBaeTcs Olke K
HAOJIOICHUSIM, YeM 4uclieHHble pacueTbl U AaHHble TOPAZS, nanmpumep, B Haudaie
deBpans u mapra. B 1o xe Bpemst monenb U peananu3 TOPAZS He neMOHCTpUPYIOT
BBIPKEHHBIX JIOMOJHUTENBHBIX 3KCTPEMYMOB M B CPEIHEM JIyYIlE COIIACYIOTCS C
nanabiMu ADCP mo amMmumityne um XapakTepy HM3MEHYMBOCTU. AHAIW3 Auarpamm
paccesHusi (pucyHok 2.6, a) mnokasbiBaeT, uto i peanHann3za GLORYSI12vl
MPOCJIC)KUBACTCS JIMHEWHAs] 3aBUCHUMOCTh OTHOCUTENbHO naHHbiXx ADCP, oaHako

OCHOBHAas YaCThb TOYCK CMCIICHA BBIIIC AHaroHaIu. 9T10 CBUACTCIILCTBYET O
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CHCTEMaTHYECKOM  IOJIOKUTEeNIbHOM — cMerienun  (bias) wmoayns  ckopoctu B
GLORYSI2vl oOTHOCHTENBHO KOHTAKTHBIX H3MepeHud. CpaBHEHHE YHUCIEHHBIX
pacyeToB U JaHHBIX 3asKOPEHHBIX OyeB (PHCYHOK 2.6, 0) TTOKa3bIBALT, YTO 00JIAKO TOYEK
0oJiee KOMMAKTHO B OOJIACTM MaJIbIX M CPEJHUX CKOPOCTEH, HO TPHU YBEIUYCHHUH
CKOPOCTH IO KOHTAKTHBIM HW3MEPEHHUAM MOJENIb YacTO JAeT MEHbIINE 3HAYCHHUS.
3aMeTHBI OTJAENbHBIE TPYIIBI TOYEK C TMOHMKEHHBIMU 3HAUYEHUSIMU I10 YHCJICHHBIM
pacdyeraM mpu BeauMunHaxX ckopoctd mo gaHHeiIM ADCP oxomno 0,2-0,5 wm/c, uyTo,
BIIPOYEM, XapaKTepHO U i JaHHBIX peaHann3a GLORYS12v1, koraa B qekadbpe Takxe
(buKCUpoBaIOCHh 3aHWKeHUe Moayiisi ckopoctd. lanueie TOPAZS (pucynok 2.6, B)
JNEMOHCTPUPYET HanboJiee OJIM3K0E PAacCoIOKEHIE OCHOBHOM YaCTH TOYEK K IMarOHaH,
0coOeHHO B 1uana3zone ckopocreit 10 0,45 m/c. [Ipu aToMm mist Beicokux 3naueHuit ADCP
TaK)K€ BUJHA TEHACHLUS K 3aHUKEHUIO CKOPOCTH, XOTS pa30dpoc B LI€JIOM MEHbILIE, YEM

y GLORYS12v1.

MepuaunoHanbHaa CKOPOCTh, OCpeaHeHHan no rnybune (5-39 M)

0.8

0.6 Al

= iy

—0.21

MepnanoHanbHas CKopocTb, M/C

—-0.44 —— ADCP ---- GLORYS12v1 TOPAZ5 Mopens MIM PAH (ORCA025)

30HanbHaA CKOPOCTb, OCpeAHeHHan no rnybuHe (5-39 m)

0.14

0.0+

—0.1+

30HaNbHas CKOPOCThb, M/C

-0.3

2023 tes Map anp Mai WOH uon aBr CeH OKT HOA nek
Bpems

Pucynok 2.5 — BpemeHHast "3MEHUMBOCTh CPEAHUX IO ITyOUHE MEPUAMOHAILHON 1
30HAJIbHOM KOMIIOHEHTHI TEYCHUH B bEpHHTOBOM MPOJIMBE, CIIIaXKEHHBIX 7-THEBHBIM

ckop3sanuM cpeaanM mo ganaeiM ADCP, GLORYS12v1 u DUACS
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Pucynok 2.6 — JIlnarpammsl paccestHisI MOAYJIsl CKOPOCTH IO JaHHBIM peaHaiu3a
GLORYS12v1 (a), uncnennoro moaenupoBanus (0) u peananuza TOPAZS (B)
OTHOCHUTENHbHO KOHTaKTHBIX ADCP u3mepenuii, crnakxeHHOTO 7-THEBHBIM

CKOJIB3AUM CPpCAHUM

Ha Pucynke 2.7 mnpencrtaBieHbl OCpPEJHEHHBIE IO BpeMeHH mpoduin
cpaBHUBaeMbIX Benn4yuH. OOIIe#t 0COOCHHOCTBIO JJIsl BCEX PAaCCMOTPEHHBIX MPOIAYKTOB
SBJIICTCSI YBEJIMYCHHE KOPPEISAIUUA C TIIyOMHOW. DTO MOXKET OBITh CBS3aHO Kak C
OOJBIIEH YCTOMYMBOCTHIO TMIYOMHHOM 4YacTH MOTOKa M MpeobiagaHueM 0apoTpOITHOM
COCTaBJISIONICH HUPKYJIALNH, TaK U ¢ 00Jiee BEICOKOW HalexkHOCThi0 ADCP-u3Mepenuit
Ha TJTyOOKHX TOPU30HTAX, T BIUSHUE TOBEPXHOCTHBIX TTIOMEX, BOJTHCHUS U HETIOJHOTO
MOKPBITHUSI BEpXHUX TOPU30HTOB OOBIYHO MEHBIIIE (CM. pa30opoc OMMOKY HA pUCYHKE 2.7,
B). ComocTaBicHHE B TOYKAaX Ha PA3IMYHBIX TOPH30HTAX ITOKa3bIBACT, YTO JIJIS
MEPHUANOHAIEHON KOMIIOHEHTHI BCE MPOAYKTHI IEMOHCTPUPYIOT BHICOKYIO KOPPEIISIIHIO
¢ ADCP, 3nauenus K B ocHoBHOM Haxoagrca B amamnasone 0,85-0,93. HaubGonee
BBICOKHC 3HAYCHUS KOPPEIAIUU XapaKTEePHBI IS PE3yJIbTaTOB YHCICHHOTO pacueTa
Mojzienu MupoBoro okeana, riae K cocraBiser npumepno 0,89-0,93, tornma kak s
GLORYSI2vl u TOPAZS5 3nauenus yame Jaexar B npegemax 0,85-0,9.

CpennexBaapatuunas omubOka (RMSE) ams TOPAZS5 u Momenw OTHOCHTEIIBHO
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HEBEJIMKHU U COCTaBIIAIOT npeumytnecTBeHHo 0,06-0,1 m/c, Toraa kak qiss GLORYS12v1
OHU 3aMeTHO Bbime W gocturaroT 0,14-0,18 m/c. 3HadeHust cpeaHEKBaIPaTUIECKOTO
orkiioHeHus ommoku (CKO/STD) mis Bcex mpoaykToB MeHsieTcs B npenenax ot 0,06
0,07 no 0,1 ¢ Toit numb pasuuien, yrto aaa TOPAZS u pacyera moaenu MupoBoro
OKeaHa. MaKCUMYM PacroJio>KeH Ha HUKHHUX ropu30oHTax, ay GLORYS12v1 na BepxHux.
JluanazoHbl YacCTHUYHO MEPEKPBHIBAIOTCS, YTO CBUJIETEIBCTBYET O CTAaTUCTHYECKU
YMEPEHHOM, HO YCTOMYMBOM YBEITMYCHUH CITy4aifHOM COCTABJISIFOIICH OMMMOKH B JAHHBIX
GLORYS12vl. [Ilpodumu  cmemieHuss  CBUACTENBCTBYIOT 00  yCTOHYMBOM
nosoxkutenbHoM cMemennn qanHbeix GLORYS12v1 okomo 0,12-0,16 m/c mpakTuyecku
Ha Bcex ropuszoHTax. ¥ TOPAZS u pacuera momenu MupoOBOro okeaHa CMEIICHUA
3HAYMTEIHFHO MEHBIIIE, B OCHOBHOM 0T MHHYC 0,02 10 munyc 0,03 mM/c, 1 B OOIBIITMHCTBE
CJIy4aeB HE BBIXOJIAT 3a mpesenbl omuoOku nzmepennit ADCP B ciiydae gaHHBIX pacueTa
MoJiesii MupoBOro okeaHa.

Jlnst 30HanBbHOM KOMIOHEHTHI (V) KOAQGHUIIMEHT KOppensanun 0oJiee 3HAYUTEIHO
MeHsieTcs ¢ rryonHoi. B Bepxuem cioe 3nauenus K cocrasistot okomno 0,5-0,7, a Huxe
15-20 m Bo3pacrarot 10 0,75-0,92. Haubomnbiivie 3HaueHus: KOPPENSIUU B HU)KHEN 4acTh
npoduis ormeuarorcs o gaHasiM GLORYS12v1, rae K nocturaer 0,9-0,92, Torma kak
y TOPAZS5 u pacuera moaenu MupoBoro okeana Ha riyounax 6osiee 20 M OHM OOBIYHO
cocrasisitor 0,8-0,87. 3nauenuss RMSE ninis 3onanbHol kKoMmoHeHTHI ckopocTH (V) B
IIeJIOM HYDKE, 9eM JJIsl MepHIuoHaIBHOH (Vy), 9TO COOTBETCTBYET MEHBIINM aMILIHTY IaM
MEPHUJANOHATIBHOW KOMIOHEHTHI CKOpOCcTH TeueHur. s TOPAZS u pacuera moaenu
Muposoro okeana RMSE cocrasnsier 0,035-0,06 m/c, niis GLORYS12vl — 0,06-0,095
M/C, YTO yKa3bIBaeT Ha Oojiee BBICOKMI YpPOBEHb CIy4YalHOUH OLIMOKHA B TJIOOAIBHOM
peananuze. GLORYS12v]l nemoHCTpupyeT OTpUIIATEILHOE CMEIICHUE IO BCEU TOJIIIE
BOJHOIO cToyiba, mpeumyuiectBeHHO oT MuHyc 0,04 mo munyc 0,08 m/c. JlanHble
TOPAZS n pacuer mogenu MHUpPOBOro OK€aHa UMEIOT CMELIEHUE MPOTHUBOIOJIOKHOIO
3naka, okomo 0,01-0,04 wm/c. 3uagenms CKO (STD) omubku mms 30HAIBHOM
KOMIIOHEHTBI CKOPOCTH HEBEJIMKU OTHOCUTEJILHO COOTBETCTBYIOLINX 3HaUEHUH 1 Vy u

HaxoasaTcss B mpenenax 0,035-0,06 m/c naims Bcex paccMaTpUBAaEMbIX PEaHATU30B.
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OITNOKHU IIpy 3TOM CXOKa BO BCCX IIPOAYKTaxX, 4 MUMCHHO

MaKCUMAJIbHBIC 3HAYCHUA Ha6J'IIOI[aIOTC$I Ha BCPXHHX TOPHU30OHTAX H y6BIBaIOT C

TITyOMHOM.
+ owmnbka ADCP —#-GLORYS —4-ARC ORCA025
0 Vy K 0 Vy RMSE Vy CmeweHune 0 Vy STD
10 10 10 10
= s = =
g g g g
s 20 = 20 s 20 =20
L =3 e e,
= i 2 ey
30 30 30 30
»
40 v 40 40 40
0.84 0.86 0.88 0.9 0.92 0.94 0.05 0.1 0.15 005 0 005 0.1 0.15 0.06 0.08 0.1
K RMSE, m/c Cmeuexue, m/c STD, m/c
Vx K Vx RMSE Vx CmelyeHune Vx STD
0 0 0 0
10 ‘\ 10 10 10 /
s s s s
g g g g
s 20 s 20 s 20 =20
o O 0 O
> > > > > ”
& 3 £ E B X
30 * 30 30 30
40 i 40 & 40 40
05 06 07 08 09 0.04 0.06 0.08 0.1 -0.05 0 0.05 0.02 0.04 0.06
K RMSE, m/c Cwmeuenune, mic STD, m/c
a 6 B r

Pucynok 2.7 — BepTukanabHble MPOPUIN CTATUCTUYECKUM MAPaMETPOB IS
MepunoHanbHou (Vy) 1 30HaNbHON KOMIOHEHTHI (Vy) CKOPOCTH TEUEHU:
koahumment xoppensiuu (K) (a); cpennexBaapatuunas omunodka (RMSE) (6);

cpenHee cMeneHue (B); CTaHaapTHOE OoTKIIOHeHUE omnoku (STD) (T)

HToroBsie ocpenHEHHBIE TapaMeTPhl COMOCTABIECHUS MpeACTaBiIeHbl B Tabmuie
2.2. AHanu3 OCpeJHEHHOro To TiayOmHe Moayis ckopoctu tedenus (|V[) ¢ ADCP-
U3MEPEHHUSIMH TIOKa3bIBa€T, YTO BCE TPU TNPOAYKTa BOCIPOU3BOAAT BPEMEHHYIO
U3MEHYMBOCTh TCUCHHI ¢ BhICOKMMHU 3HaueHussMu koppessiiuu (K = 0,805-0,82). [pu
ATOM XapaKTep CUCTEeMAaTHYECKHX OMMOOK cymecTBeHHO paznuuaercs. GLORYS12vl
JEMOHCTPUPYET HAMOOJbINEe TOJOXKUTENbHOE cMerieHue oTHocutenbHo ADCP (B

cpeanem 0,133 m/c). Cpennee 3Hauenue moayisi ckopoctu mo GLORYS cocrapiser
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0,401 wm/c, Torna kak nmo ADCP 0,268 m/c. 910 yka3pIBaeT Ha 3aMETHOE 3aBBIIICHUE
CKOPOCTH TEUYEHHsI JaHHbIM peaHanin3oM. COOTBETCTBEHHO, CPEIHEKBaJIpaTUyecKas
omunoka GLORY'S Taxke makcuMannHa u coctaBisier 0,162 m/c. TOPAZS u ORCAO025
nokaspiBatoT Oosiee Onmskue k ADCP 3Hauenus monyns ckopoctu. s TOPAZS
cmemenue cocrasuser 0,03 m/c, ams ORCAO025 -0,024 m/c. CpenHekBaapaTHUECKHE
o6k TOPAZS u pacuera moaenn MupoBoro okeaHna OJIM3KU MEXy COOON U MOYTH
B ABa pa3a Huxe, yeM y GLORY'S 0,085 u 0,087 m/c cOOTBETCTBEHHO.

Takum o0pa3zoM, pe3yiabTaThl YUCICHHOTO MOJICIMPOBAHUS 110 XapaKTEPUCTUKAM
cMmenieHus 1 koppersiuu He yerynatoT TOPAZS v npeBocXoasT ri100aIbHbIN peaHains
GLORYS12v1.

Cpenun  oOmienocTymHble  MPOJIYKTOB, pacCMAaTpUBAEMBIX B HACTOSILIEM
conocraBiiennu, TOPAZS nemoHcTpupyeT HamboJiee OJIM3KOE COOTBETCTBHUE JAHHBIM
ADCP B 2023 r., o1HaK0 gocTyIeH b ¢ 2021 r., 4T0 NpUHIUNUATBHO OrPAaHUYUBACT
€ro NPUMEHUMOCTh JJIi MHorosieTHero aHanu3a. Ero mpemmectBennnk TOPAZA4b
obOnanmaer 0oJjiee HU3KUM MPOCTPAHCTBEHHBIM paszperieHueM (0,25°) U He oXBaThIBaET
paiion bepuHroBa mpoiuBa, 4TO HUCKJIIOYaeT ero u3 paccmorpeHus. Ha stom ¢done
GLORYS12v1, HecMOTpsi Ha HECKOJIBKO 3aBBIIIEHHbIC 3HaUeHUs cMelleHus 1 RMSE,
NPEACTaBIIET HaUOOJBIIYI0 LEHHOCTh JJIA 3aJad HacTosed pabdoTsl. Bricokoe
MIPOCTPAHCTBEHHOE pa3pelieHue, BEICOKAsK KOPPEISITHS ¢ HA0II01aeMO N3MEHYHBOCTHIO
NOJISI TEUEHUd M HENpepbIBHBIN HAa0Op JaHHBIX 3a nepuona 1993-2024 rr. aenarT ero
ONTUMAJbHBIM WHCTPYMEHTOM ISl MU3Yy4YEHUST MEXKIOJ0BOM WM3MEHUYMBOCTH B palioHE
bepuHrosa nposusa.

Tabnuua 2.2 — VIToroBsie napaMeTpbl CpaBHEHUS MOAYJISE CKOPOCTU T€UEHU N

K Bias, m/c RI\;I/%E, V|, m/c | |V| ADCP, m/c
GLORYS12V1 0,805 0,133 0,162 10,401
TOPAZ5 0,82 -0,03 0,085 0,239 0,268
ORCA025 0,82 -0,024 0,087 0,244
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2.1.3 BpeMeHHasi ©3MEHYUBOCTh NMOTOKA B bepUHIroBOM NpoJiuBe M0 JaHHBIM
kpyrioroguunbix usmepenuii ADCP. Kak BugHo w3 Pucynkos 2.1, 2.5,
MEpHUANOHANIbHAS KOMIIOHEHTA TEYEHU B beprHroBOM MpoJIMBE B HECKOJIBKO Pa3 BHIILIE,
4eM 30HajJbHas IMOATOMY aHAJIW3 B HACTOSIIEM pAa3Zeiie COCPENOTOYEH MMEHHO Ha
mepunuoHanpHoii. Ha mpencrtaBmenHom pucynke 2.8 oroOpaxeHa BpeMeHHas
U3MEHYMBOCTh MEPHUIMOHAIBHOW KOMIIOHEHTBI CKOPOCTH Te4yeHUuH B bepuHroBom
IPOJIMBE, NOJyYeHHAs] M3 exXeMecsSuHbIX NaHHbIX ADCP-n3mepenuii Ha MPUAOHHOM
ropu3onTe. AHanu3 pAaHHbIX 3a nepuon ¢ 1990 mo 2024 roxm nmemMoHCTpHUpYET
3HAYUTEIBHYK0 MU3MEHUYMBOCTH CKOPOCTEH TEUYECHHW, 3HAYEHUs KOTOPBIX MEHSIOTCS B
nuanasone ot muHyc 0,1 M/c (rorxHOE Hampasienue) 1o 0,5 m/c (ceBepHOE HAIIPaBICHHUE).

Taxoke ObLT OCUMTAH MHACKC aHOMAJIMI CKOPOCTEH I Kaxxoro roja (1,):

_ (v; — D)
I, = G—v' (2.1)

TJIe Vi — CPEeMIHsAS CKOPOCTH B I-1 TOJI;
U — CpelHsIsl MepUIMOHAIbHAS CKOPOCTH JIJIsl BCETO Mepruoaa HaOJII0ACHUH;

Oy — CTAHAAPTHOC OTKIIOHCHUC MHOI'OJICTHETO psaJia CPECAHCTOAOBBIX CKOpOCTeﬁ.

Paccuutanneli  psg  MHAEKCA AHOMAJIUMKA JEMOHCTPUPYET 3HAYUTEIBHYIO
MEXKTOJIOBYK0 U3MEHUHUBOCTb CKOPOCTH TE€YEHUU B BEPUHIOBOM IPOJIMBE C HAIMYHUEM
JIOKJIbHBIX MAaKCUMyMOB U MUHUMYMOB. Tak, JTOKaJlbHble MUHUMYMbI HAaOJIO/IatOTCS B
1990 u 2001 rogax (I, = —1 —2), Torma Kaxk JIOKaJIbHbIE MAKCUMYMBbI JOCTUTAIOTCS B
2014-2015u 2020 ronax (I, =1 ... 2). B menom psaa nHIEKCa yKa3bIBaCT HA MOCTETICHHOE
MOBBIIICHUE CPEIHEr0JIOBOM CKOPOCTH TEYEHMM, YTO COTJIACYETCS C MNPEAbIAYIIHMHU
WCCJIEIOBAHUSIMH, (DUKCUPYIOIIUMH POCT TIEPeHOca BOJA 4depe3 bepuHroB mposMB Ha

ceBep.
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06 . . : . : . . . . . : : : . . . . : .
—— CpefHemecayHas CKopocTb
—®—HOEeKC MeXrofoBbIX aHOManmit
=~ = JluHus TpeHpga Ia

0.5

1,=0.082" Year + -163.863

CpepaHemecsiyHasa CKOpoCTb, M/C
VHaeKkec mexroaoBbix aHomanum |-

Pucynok 2.8 — BpeMeHHasi "3BMEHYMBOCTh CPETHEMECIYHON MEPUINOHATIBHON

KOMITIOHCHTBI CKOPOCTHU TC‘IGHPIIZ, a TAK)XKEC MCKIoaoBas N3BMCHYMBOCTb HHACKCA

aHOMaJIM CKOpPOCTH TC‘ICHHﬁ, OCpCIAHCHHAA I KaXKA0I'o Iroaa

Jns nanabix ADCP, gocTynHbIX Ha pa3jiuyHbBIX TOPU3OHTaX, B bepuHroBom
npojiuBe Oblla BBHITIOJIHEHA MpeaBapuTeNbHas 00padoTka. [[ns KakIoro ropu3oHTa
BPEMEHHBIE PsIIbl CKOPOCTH CHAYAJIa YCPEIHSINCh HA PETYJIPHOM 3-4acOBOM CETKE,
MOCJIE YEro CriaXXUBAJIUCh 7-THEBHBIM CKOJIB3AIIUM cpeaHuM. Jlanee 3HaueHUs
HMHTEPIIOIMPOBAIKCH MO ITyOWHE Ha PABHOMEPHYIO CETKY C miaroM 1 M. JlaHHbIe 3a Maii-
okTA0ps 2019 r. HEe KCMONB30BATUCH M3-32 AHOMAJBHO HU3KHX 3HAYEHHI CKOPOCTH,
HEXAPAKTEPHBIX IS TAHHOTO paiioHa. [Ipu moCTpOEHNH CE30HHBIX MOJIEN YUUTHIBAIIUCH
TOJIBKO T€ 3HAYEHHUS, JJII KOTOPHIX ObUIO HE MEHee § BaJMAHBIX JIET HAOMIOJIeHUNd U
CpeaHee MOKPBITUE COCTABIISIO HE MeHee | u3MepeHus B CyTKHU.

Haunbonee monHBI MaccMB W3MEpPEHUH, OXBATHIBAIOIIMA TOPU3OHTHI OT
MOBEPXHOCTH 10 JAHa, AocTtymneH 3a mepuon ¢ 2007 roma (Pucynok, 2.9), onHako B
OTJIeJIbHBIC TOJBI BCE TAK K€ HAOIIOJAI0TCA IPOOETbl B JaHHBIX, OCOOCHHO Ha BEPXHUX
ropuzoHTax (10 5 m). HecMoTps Ha 3Tu orpaHuyeHus, MOJTyUYEeHHbIE PE3yIbTaThl Y€TKO

(UKCUPYIOT KaK C€30HHYIO0, TaK U MEXTOJIOBYI0 U3BMEHUUBOCTH MPOQHUIISI CKOPOCTH.
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HauGonbmine xonedanus ckopoctu (oT munyc 0,1 no 0,4 M/c) xapaktepHbl s
MTOBEPXHOCTHOTO CJI0A (10 5 M ITyOMHBI), TOT/Ia KaK B MPUAOHHBIX CJIOSX HAOTIOAACTCS
Oonee ycronuuBas crpatudukaius. [I[poBeaeHHBIN aHAIN3 MEXTOI0BOM H3MEHUYNBOCTH
MO3BOJIMII BBISIBUTH MEPUOJUYECKUE PE3KUE CMEHBI HAIpaBJICHUS TEUEHHUs Ha IOKHOE,
HanOoJIee YacTo MPOUCXOJIAININE BHE JIeTHET0 meproaa. OcobeHHo Boimemsitorest 2012,
2016 u 2021-2022 rompl, KOrJia OTMEHAINCh HanboJee MPOJ0JDKUTEIIbHBIE 0CIa0IeHUS

CCBCPHOI'O ITOTOKA.

MexroaoBasa M3MeHYMBOCTbL MECAYHOTO BepTUKanbHoro npocguns Vy B GepuHroeom nponvee

il

45 T T | T | | T T T | T | T T T T T 0.1
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
log

my6uHa, m

35

40

Pucynok 2.9 — MexrooBasi '3BMEHUUBOCTh BEPTUKAIBHOTO PO

MepPI,Z[HOHaJTBHOP'I KOMIIOHCHTEI CKOPOCTH TCUCHUH B BepI/IHFOBOM IIPpOJINBC

AHanu3 CEe30HHOM W3MEHYMBOCTH TEYEHUH B DEPUHTOBOM MPOJIMBE BBISBUI
BBIPKCHHBIN CE30HHBIN IIUKII MEPUAMOHATBHOM ckopocTh (Pucynok 2.10, a). Haubonee
MHTEHCUBHBIN CEBEPHBII NMEPEHOC BOJIHBIX MacC HAOJIOAAETCs B JIETHUE MECAILIbl, KOrAa
cpenHue 3HadeHUs: ckopoctu pocturarT 0,25-0,4 M/c, 4To cyiecTBeHHO (B 2-3 paza)
IpeBbIIIACT 3UMHUE TOKa3aTenu. BeceHHMI mepuona XapakTepus3yeTcsl MOCTEIEHHBIM
ycuiienueM tedenuii: ot 0,15-0,26 m/c B mapte u 10 0,4 M/c k koniy mas (Pucynok 2.10,
0). OceHHsIs U3BMEHYUBOCTD IEMOHCTPUPYET MPOTUBOMNOIOKHYIO TEHICHIHUIO - TJIABHOE

ocnabsienue noroka ¢ 0,3 M/c B cCeHTAOpE 10 MUHUMAJIBHBIX TOJIOBBIX 3HAYEHUN OKOJIO
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0,1 m/c B HOsiOpe. Takast ce30HHAs U3BMEHUYMBOCTh CKOPOCTH T€UEHUN TECHO CBSI3aHA C

TOA0BBIM LIUKJIOM aTMOC(bepHOﬁ MUPKYJIWUU 1 JICAOBBIMHA YCJIOBUSMH B PCTHOHC.

0.4

/ 0.3
159/

0.2

N
o
V.. M/c

0.1

rnybuHa, m
N
w

301 0.0

-0.1

Pucynok 2.10 — Jlnarpamma cpeaHen i KaXJ10ro rojia U Mecsia MepyuIMOHATbHON
KOMITOHEHTbI CKOPOCTH T€UeHH B beprHroBoM nposuse (a); BEpTUKAIbHBIMI

pod b CE30HHON M3MEHUYMBOCTH TeueHu# 1o nanusiM ADCP (0)

Ha Pucynke 2.11 mokazaHa ce30HHas M3MEHYMBOCTH KOPPETSIIMOHHOW CBS3H
MEXIY OCPEIHEHHOM MEPHUAMOHAIBHOW KOMIIOHEHTOM BETpa HaJ NPOJIMBOM U
MEpPHUJINOHATIBHOW COCTABJSIONICH TeUyeHUM B bepuHroBom mposnue. Pacuer
MIPOU3BOAMIICA I KaXKJOTO TOPU30HTA C MCIOIb30BaHUEeM (HOpMyJibl KodpduimeHTa

koppensuuu [Iupcona:

(@) — V@)W~ w)
L@ - 59" 50w = wy?]

K(z) = (2.2)

rie K(z) — koaddunmeHT Koppessiiuu Ha TITyOuHe Z;
Vi(z) — 3HAUYEHHUSI CKOPOCTH TCUCHUS HA ITyOMHE Z B MOMEHT BPEMCHH 1]

W; — 3HaYEHUSI CKOPOCTU BETpa B MOMEHT BpeMeHH |;
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v(2), W — cpeHue 3HAYCHHS COOTBETCTBYOIIUX PSJIOB.

Pe3ynbpTarhl aHanmmsa JEMOHCTPHUPYIOT BBIPAKEHHYIO CE30HHYIO 3aBUCHUMOCTD
BETPOBOTO  BO3JEHUCTBUSA. MakcuMaibHble 3HAuUMMbIE 3HadeHUs Kod(¢uuueHTa
koppersinuu (K > 0,7) XxapakTepHbI 411 OCEHHE-3UMHETO TIepro/ia — HOSOPS, TeKaOpsi—
deBpans 1 MapTa, — TOT/Ia KaK JIETOM (HI0JIb—aBrycCT) CBsI3b ocnadenaer 1o |K| <0,25. B
NEPEXOIHBIE MECSIIBI (anpeab—UIOHb, OKTAOPH) KOA(DPUIIMEHTHI KOPPETALNN 3aHUMAIOT

npomexyTounoe nosioxkenue (0,3—0,5) 1 cTaTUCTUYECKU HE3HAUYUMBI.

K(v10 ERAS, Vy) no rnybuHe Vy, cpegHAs no rnybuHe

1 1 1 —— Y2 CREAHAR NO MyouH
08
08} ]
06
: 0.4 0.6F 1
0.2
| 04} ]
0 ¥ x
102 0.2r 1
0.4
06
-0.2+ 1
0.8
- e a0 oLt il
non aBr CeH OKT HOA Aek

AaHB dee map anp Mah  WIoH

N
o

nyBuHa, m
(%]
w

w
o

w
[32]

a 6

Pucynok 2.11 — Ce30HHas H3MEHYUBOCTH Mot kodddurmenta koppemsauu (K)
BETpa, OCPEAHEHHOT0 B o0nactu 66—72° c.u1., 174—-164° 3.1. Haa NpoIUBOM, U
MEPHUINOHAILHON KOMITIOHEHTHI CKOPOCTEH TeueHuit B bepruHroBom nposimBe B TOUKE
A3 (a); To ke, uto Ha Pucynke. 2.11, a nnst ocpeqneHHOTO 10 TiTyOuHe poduiis (6)

(Toukamu o603navens! K npu p-3Hauenun menee 0,05).

OcoO0bIii UHTEpeC MPEICTABISET MEXAaHU3M BETPOBOIO BO3JICUCTBUS B YCIOBHUAX
pa3IMyHON JIEAOBUTOCTU. B mepuos MakCHUMallbHOTO JIEOBOIO MOKPBITHS (JIeKaObpb—
amnpeib), KOraa 3HaueHus CIUIOYEHHOCTH NpeBbIatoT 70%, nepenaya UMITyJibca BETpa K
OKEaHy OCJOXKHSAETCS OTrPAaHMYEHHOW MOABUKHOCTBIO JIEAOBOTO MNOKpoBa. OgHAKO
MMEHHO B 3TO BpeMs HaOItoal0Tcs Hauboiee NHTEHCUBHBIE BETPHI CEBEPHBIX PYMOOB,

CHOCOGCTBYIOHII/IC BCPTHKAJIbHOMY TICPCMCIINBAHUIO, YTO MHHUMHUBHUPYCT BIIMAHUC
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CcTpaTU(UKALUK U TPAJUCHTA JAABJICHUS, HAXOIIIETOCS Ha PACCTOSHUM, Ha JUHAMHKY
TEUCHUI U YCUJIMBAET JOJI0 HEMOCPEICTBEHHO BETPOBOIO yIpaBieHus nepenocom. [1pu
yacTUYHOM JiejoBoM mokpbiTun  (10—70%), xapaktepHom s (deBpansi—mapTa,
3¢ dEeKTUBHOCTh Tepeaadnd MMITyJbca BO3pacTaeT: Kod()(HUIIMEHT CONMpOTHUBICHHUS HA
TpaHuIle BO3AYyX—JIEN U Ha TpaHUIE JEN—BOJA 3aMETHO MpeBbImaeT Kod(QuimeHt
COINPOTHBIICHUSI HAa OTKPBHITOH MOBEPXHOCTH BO3IAYX—BOJa, YTO oOecmednBaeT Oosee
MOJIHYIO TIepefady BETPOBOTO UMITYJIbCa K BOJHOM TOJIIE MO [ENoYKe aTMoc(epa—ien—
mope [Pisareva et al, 2025]. Oto, BeposTHO, U 00YCIOBIMBAET MAKCUMYM KOPPEIISIHH B

despare—mapre (K > 0,9).

2.1.4 BpemeHHasi H3MEHYMBOCThL TedyeHUWii B bepuHroBom mnpoJinBe Mo
JaHHBIM CHYTHUKOBBIX AaJIbTUMETPOB. PerynsapHeie W BCENOTrOJHBIC JJTaHHBIC
aTbTUMETPHUH TTO3BOJISIIOT OLICHUBATh MUPKYIIsIUi0 Yykorckoro mops. Ha Pucynke 2.12
MpeCTaBlICHAa KapTa pacnpeesieHusi CpeaHel CKOpocTu TeueHu B UyKOTCKOM Mope.
CornmacHO OOMICHIPHHSATHIM  JIaHHBIM, HAIMpPABJICHUS TEUYCHUN  OPHUEHTUPOBAHBI
MPEUMYIIIECTBEHHO K CEBEPY, MPU ATOM B IIEHTPAIHHOM YaCTU aKBAaTOPUHU UX CKOPOCTH
Bo3pactaeT no 0,23 m/c, a BOMM3M moOepexbs cHrmkaercs o 0,15 m/c. B cesepo-
BOCTOYHOM YaCTHU PUCYHKA OTYETIIMBO BBIJEISIETCS AJIICKHHCKOE TPUOPEKHOE TEUCHUE,
Yb¢ CEBEPO-BOCTOUHOE HAMpPAaBJICHUE TOJATBEPKIACTCS pPe3yiabTaTaMHU MPEAbITYIINX
uccinenoBanuii. CpeHue CKOpOCTH TEUYEHHUSI B 3TOM pallOHE MEHSIOTCA B Mpeaenax oT
0,13 no 0,19 m/c. Kpome Toro, B paifone 68° c.il. 4acTh reocTpoduyuecKoro MoJs
TEUEHUM, XapaKTEPHOTO JJisl OEPUHTOBOMOPCKUX BOJ, HallpaBlieHa Ha 3amnaj, GopMupys
W3BECTHYIO 3amajHyt0 BeTBb. UTo Kacaercs BocTouno-CuOUPCKOTO TEUeHHUs, €ro
CTPYKTypa Ha JaHHOW KapTe MPaKTHUUYECKH HE MPOCIEKUBAETCS, YTO CBSI3aHO C €ro
KBa3UIIOCTOSIHHBIM XapaKTEpPOM, HE BBIPAKAIOIMIUMCA B CpEIHEM II0Je 3HAYCHUH
CKOPOCTH.

Jlns n3ydyeHus: BpEeMEHHOM M3MEHYMBOCTHU IIOTOKA 4epe3 bepHHroB mpoJivB B
JTaHHOM paboTe ObuTa MpoaHATM3WPOBAHA MEPUIMOHATBHAS KOMIIOHEHTa CKOPOCTH

reoCTpoOPUUECKUX TEUECHU Ha OCHOBE JAHHBIX CIYTHUKOBOW albTUMeTpuu. JIMHUS
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paspesa, BIOJb KOTOPOM MPOU3BOJWICS OTOOp JaHHBIX, 00O3HAauYeHa (HHUOJETOBBIM
BeTOM Ha pucyHKe 2.12. Ce30HHas U3MEHYMBOCTh CKOPOCTH TE€YEHHMI HA IIMPOTHOM
paspese mpezacTtaBieHa Ha Pucynke 2.13. Crnenyer yuuThiBaTh, UTO B 3MMHE-BECEHHUN
Nepuoj Mu3-3a JISAJOBOTO MOKPOBa [JAHHBIE 32 HEKOTOPHIE MECSLBl IOJTYYEHbI
IPEUMYILIECTBEHHO B aHOMAJIbHO TEIUIbIE TOJbI. 3a MOCIEAHUE MATh JIET TAKHE TOJIbI
HaOJIIOAAIOTCS BCE yalle, YTO KOPPETUPYET € TII00ATbHBIMUA TEHICHIIUSIMU MMOTEIUICHUS
kmumaTta. HawOonbiive 3HaYeHWs] MEPUAMOHAIBHON  KOMIIOHEHTBI  CKOPOCTH
3aUKCHpPOBaHBl B 3alaJHON YacTH TposiuBa (B mpenenax 169 — 168,5° 3.m.), rae
ckopocth gocturaetr 0,14-0,24 m/c. B oceHHuii mepuon, ¢ CEHTSIOps MO HOAOPD,
MEpUIMOHAJIbHAsT KOMIIOHEHTAa CKOPOCTH T€YEHHM CHMXKaeTcsa 10 3HadeHuu ot 0,09 no
0,11 m/c. CoracHo JaHHBIM, TTPE/ICTABIICHHBIM Ha pUCYHKE 2.12, HAauOONbIINNA CPeTHUMI
NOTOK uepe3 bepuHroB mpoiuB HaOMIOAAETCS C KOHIIA BECHBI JI0 KOHIA JIeTa, KOrjaa
CKOPOCTh T€UEHHMM JOCTUTAaeT MaKCUMaJIbHbIX 3HaueHui — 1o 0,24 m/c. Eme omun
MaKCUMYM (UKCUPYETCSl B 3MMHUI MEpUo — ¢ sTHBaps 1o (eBpajb — CO CKOPOCTSIMU
10 0,18 m/c. B oTimuume ot 3anagHo 4acTy, BOCTOYHAS YacTh IPOJuBa (B npeaenax 168,5
— 167,53° 3.1.) XapakTepu3yeTcss MUHUMAIbHBIMA CKOPOCTSIMH, OCOOCHHO B OCEHHUU
CE€30H, Korja oHU MeHstoTes B mipeaenax ot 0,04 mo 0,1 m/c. [lomydyeHHble pe3ybTaThl
KAUEeCTBEHHO XOpPOLIO COrJacyloTCs C JaHHBIMHU, TMOJYYEHHBIMH B MPEABITYIINX
UCCIIEIOBAHUSIX HA OCHOBE KPYTJIOTOJWYHBIX HM3MEpeHUil ¢ ucnolib3oBanrnem ADCP
[Woodgate et al., 2015, 2018], rae Takke Ha0JII01aI0Ch 3aMETHOE YCHUICHHE CEBEPHOTO
MOTOKAa OEPUHIOBOMOPCKUX BOJ B TEIUIBIM JIETHUI MEPUOJ U €r0 0CJIa0JIeHUE OCEHbIO, a

TaK)K€ aHaJIM30M, BBITIOJIHEHHBIM B paMKax HacTosmel padboTel B moamyHkre 2.1.1.
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Pucynok 2.12 —

3 AN & VNS I
-172 -171 -170 -169 -168 -167 -166 ° [.

Cpennee 3a nepuos ¢ 1993 o 2024 nose TeueHuit BOIM3U

bepunroga IIponusa (PuosmeroBas TuHUS 0003HAYAET pa3pe3 A UCCIASAOBAHUS

Mecsu
:ne§>§ss>QOI];

Te4YeHUH yepe3 bepruHroB mposvB)

cm/c

.

169.5 169 168.5 168 ‘3.4

Pucynok 2.13 — I3MeHUYMBOCTh MEPUINOHATBHON KOMIIOHEHTBI CKOPOCTH T€UEHU

110 MECSIIaM Ha pas3pe3e BA0JIb 66° C.IiI.

AHanu3 aJTbTUMETPUUYECKUX JTAHHBIX TaKXe MpejcraBiicH Ha Pucynke 2.14, a, roe

NOKa3aHa HECIJIa)KEHHAasT BpEMEHHas HM3MEHUYMBOCTH CpEIHEH 10  paspesy

MEPUANOHAIBHON KOMIOHEHThI CKOpocTH. OTpHIlaTelibHble 3HA4eHUs Ha Tpaduxe
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COOTBETCTBYIOT TEUEHHUSIM, HAIMpPABICHHbIM Ha Oor. OTYETIMBO MPOCIIEKUBAETCS
3HAUYUTENIbHAS U3MEHYMBOCTh CPEAHEH CKOPOCTH B MPOJIMBE. 3HAUEHUS MEHSIIOTCS B
mupokoM auamnazoHe — oT —0,05 mo cBeime 0,27 m/c. [laxke mpu pacCMOTPEHUH BCETO
nepuojia HaONMIOJICHUNA COXPAHSETCS BBIPAKEHHBIM CE30HHBIM XOJI: MaKCUMAaJIbHbIE
3Ha4YeHHUs] cKopocTu (uxcupytorcss ngetom (1o 0,5 m/c), mocne uero HaOmrOAaeTCA
CHU)KEHHME HWHTEHCUBHOCTU IMOTOKa. OCEHBI0 MNpeo0salaloT [0KHBIE HarpaBIICHUS
TEYEHU, CKOPOCTh KOTOPBIX MOXKET Jocturath Munyc 0,1 m/c.

Ha Pucynke 2.14, © mnpenacraBieHbl CpeIHUE 3HAYCHUS HW3MEHYMBOCTU
MEpUIMOHATIBHON KOMIIOHEHTBI CKOPOCTH JJISI KAXI0r0 MecAlla U roaa. /[laHHble Ha 3TOM
JAarpaMMe TaKXKe IMOJATBEPKIAAIOT HAUIMYHME 3HAYUTEIBHOM MEXIOJOBOM U CE30HHOU
M3MEHYMBOCTU. MaKCHMaJIbHbIE 3HAYEHUS CKOPOCTH TPAIULMOHHO MPUXOASITCS Ha
JICTHUM TEepUoJ — C UIOHS IO aBTYCT, KOTJla OHM MeHAIoTcs B npenenax 0,14-0,3 m/c.
CrnemyeT OTMETUTD, YTO B OTJIEJIbHBIC TOJIbl B PA3HBIC 1€Kabl (PUKCUPYIOTCS aHOMAJIBHO
BBICOKHME 3HaueHUs ckopocTtu (mpessimatomue 0,3 m/c). Takue ciydan Habr01a10TCH,
Harpumep, B utoHe 1997 u 2015 rogos, a Taxxe B ceHTs10pe 1995 u 2007 ronos. Tem He
MEHee, HauOOoJbIIIasi YacToTa TMOSBJICHUS MUKOBBIX 3HAYEHUU MPUXOJIUTCS HA UIOJbL U
aBr'yCT, UTO MOATBEPAKAAET CE30HHYI0 U3BMEHYMBOCTh TEUEHU B IIPOJIMBE.

Kak 6bu10 yKazaHo paHee, B OCEHHUN Mepuoj HaOMI0AaeTCsI MUHUMYM CKOPOCTHU
teyeHui. OCOOEHHO MPUMEUaTeIHHO, YTO B OKTSIOpEe—HOSIOpEe B OTACIIbHBIC aHOMAJIbHBIC
ronbl (2001, 2002, 2003, 2009 u 2012, 2016) cpeaHeMecsiuHOE HapaBiIeHUE TEYCHUH B
beprHroBOM MpOJIMBE MOXXET U3MEHSTHCS C CEBEPHOro (IMOJIOKUTENbHbIC 3HAYEHUS
MEPHUANOHAIILHON KOMIIOHEHTHI) Ha t0KHOE. [[JIs1 OIleHKH MEXToJ0BOM M3MEHYHUBOCTH
MEPUANOHATLHON KOMIIOHEHTBl CKOPOCTH OBIJIO PACCUMTAHO CKOJB3SIIEE CPelHee C
OKHOM B OJIH TOJl, IPUMEHEHHOE K 3HAYCHUSIM, YCPEAHEHHBIM 10 MPOCTPAHCTBY BJOJIb
paspe3a B bepunroBom mnponuBe. Pe3ynbTaThl mpencraBieHsl Ha Pucynke 2.15
CIUIOIIHOW JMHUEH. 3HaueHHE IITPUXOBAHHOW JIMHUM OyAeT pacCMOTPEHO Jajee.
CornacHO TMOJMYyYEHHBIM  JIaHHBIM, CIVIQKCHHBIE 3HAYEHUS  MEPUAMOHAIBHOU
KOMIOHEHTHhI ckopocTu MensieTcss ot 0,096 mo 0,164 m/c. HaumOGosbinve 3HaYeHUs

3adukcupoBansl B 2004, 2007, a Takxe B 2014-2015 rogax.
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Pucynok 2.14 — BpemeHHasi '3MEHUYUBOCTh CpeAHEN MEPUANOHATLHOW KOMITOHEHTHI
CKOPOCTH T€UEHHI 10 pa3pe3y Ha 66° c.1I. (MOI0KUTEeNbHbIC 3HaYeHUSI 0003HAYAIOT
CeBEpHOE HaIpaBJICHUE TCUCHHIT) B beprHTOBOM ITPOJIMBE, CTIaKEHHAS 7-THEBHBIM
CKOJIB3SIIMM CPETHUM (a); TuarpaMMa U3MEHUYNBOCTH MEPUIMOHALHOW KOMITOHCHTHI
CKOpPOCTHU TEUCHHIA, OCPETHEHHOM TSl KAXKAOT0 Mecsla U roja (Cepblil IBeT —

OTCYTCTBUE JaHHBIX) (0)

Taxke CTOMT OTMETHUTh BBICOKHE CKOPOCTH, XapaKTEpHBIC I OOJBIICH YacTh
1990-x romos, 3a uckiaouenrueM 1994 roga. OngHako HanbOoJiee 3aMEeTHOH 0COOEHHOCTHIO
BBISIBJICHHOH M3MEHYMBOCTH  SBIISIOTCA TEPHOABI  CYIIECTBEHHOTO  OCJIA0JICHHUS
CPEIHETO0BOT0 MTOTOKA Yepe3 MPoJuB. Takue MUHUMYMBbI HA0JIFOTaf0TCS, B YaCTHOCTH,

B 2001, 2002 u 2012 romax, korjaa 3HaueHUsi CKOpocTu cHkanuch 10 0,096 m/c. Emié
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OJMH 3aMeTHbIK MHUHUMYM mpuxoautcs Ha 2008—2010 ronpl, B Te€YeHHE KOTOPBIX

CKOPOCTH Tafana o mpumepso 0,12 m/c.

15

CKkopocTb, cMm/c
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[og

Pucynok 2.15 — BpemeHHast "3BMEHUMBOCTh MEPUINOHAIIBHONM KOMIIOHEHTBI CKOPOCTH
TeueHU B bepuHroBom nposivBe (CIUIONIHAS JIUHUS) U 30HAJIBHON KOMITOHEHTHI
CKOpOCTH TeUeHUs Ha pa3pese 1o 170,52° 3.1. ¢ 66°35’ mo 67°37' c.m.

(TpuXxOBaHHAS JIMHUS ), CTJIAXKEHHBIC |-JIETHUM CKOJIB3SIIAM CPEIHUM

2.2 U3MeHYUBOCTD MOJIS CKOPOCTH, TeMIepaTypbl UyKoTCKOTro MOps M UX

B3aMMOCBS3b € TeYeHHeM Yepe3 beprHroB npoJiuB B 0e3/1eAHbIN Nepuo.I

B mensx BbISBIEHUS BO3MOXHBIX MPUYMH HAOIIOJAEMBIX MHUHUMYMOB
MEpPUIMOHATLHOM  KOMIIOHEHTBhI, OOHApPYXEHHBIX IO JIaHHBIM  CIyTHUKOBOM
ATBTUMETPUHU, OB TPOBEAEH aHATIN3 CPETHEMECSYHBIX KapT Te0CTPODUIEeCKIX TEUCHHM
I Bcer akBaTopuu YykoTckoro mops. B pesynprare gaHHOrO aHainusa yAanoch
BBIJICJIUTD PsiJl OCOOEHHOCTEN B CTPYKTYPE OISl TEUCHUM.

Ha pucynke 2.16 mpeacTtaBieHbl CpaBHUTEIbHBIE KapThl TCUCHUM 3a HIOIbh H

okTa0pb 1999 1 2002 rogoB. 1999 rox xapakTepu3oBajics MaKCUMaIbHBIMU 3HAYCHUSIMU
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notoka yepe3 bepunros mnponus, B To Bpems kak 2002 roj, HampoTHB, OTMEYEH

MWHHUMAJIbHBIMHA 3HAYCHUAMU CKOPOCTH.
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Pucynok 2.16 — I1onst ckopocTelt reocTpopruuecKkux Te4eHUi, OCpeTHEHHBIX

3a H10JIb (a, 0) 1 oKTI0pH (B, T) 1999 1. (a, B) 1 2002 1. (0, T)

Oco0eHHO npuMeUaTeabHo, 4To B Utosie 1999 rona BeICOKHME 3HaYEHUS CKOPOCTH
TE€YeHUI HaOII0JaNMCh MO Bcell mupuHe npoiauBa. CpenHue 3HAUYCHUS JOCTUTaId He
menee 0,29 m/c, 9TO CBUJIETEIBCTBYET O CHJILHOM YCTOWYMBOM TEUCHUH B HANIPaBICHUHN
ApPKTHUKH B yKa3aHHBIN NIEPUOJI.

OTHOCHUTENBHO BEICOKHE CKOPOCTH TEUEHUSI CEBEPHOTO HaIpaBJieHHs B utosie 1999
roJjia HaOJIIOJAINCh HE TOJIBKO B Mpejenax camoro bepuHrosa nposinBa, HO U CEBEpHEE,
B MHTEpBaJie upoT oT 65° 1o 69° c.m1. Hampotus, B utoisie 2002 roga CKOPOCTH TEUECHUI

B NpoJjuBe ObUIM 3aMETHO HUXE U cocTaBisuid okoyio 0,22 m/c, 9TO yKasbiBaeT Ha
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ocnabyienre nepeHoca Boa B Uykorckom mope. B oktsbpe 1999 roma, B mponuse
COXPaHSUIHCh TeUeHUs co ckopocTsimu 110 0,21 m/c, XoTst 0671aCTh MHTEHCUBHBIX TCUCHUIN
CYLIECTBEHHO Cy»KaJlach B COOTBETCTBUU C €r0 CE30HHOW W3MEHYHMBOCTHIO. B 3TOT
NEepHUoJl B MOJie TeUCHUN HAOJII0MAETCsl BhIpAXKEHHBI KPYyroBopoT. OH pacnoyiokeH K
CEBEPY OT 3amaJHOM YaCTH MpojuBa. KpyroBopoT npo1omxaercs: napauieabHO TPOJIUBY
Baosb 67° c.u1. Jlanee oH HaOmogaeTcsi ceBepHee. B KoHIlE OH 3aMbIKaeTcsi B paiioHe
3amaJHOM YacTu [npoyimBa. B camMomM mpoiMBe  OTpULIATEIbHBIE  3HAYCHUS
MEpHUIMOHATEHON KOMIIOHEHTBI CKOPOCTH MPHU ITOM He HaOmtoat0Tcs. CpeiHeMecsYHOoe
noJie reoctpoduueckux TeueHui 3a okTsiops 2002 roja 1eMOHCTPUPYET 3HAUUTEIIbHbBIE
oty oT cutyauu B 1999 romy. OcoOeHHO BBIAENAETCS IMOBBIIEHUE CKOPOCTH
TEYEHUH BIOJb CEBEPO-3amnaaHoro oepera UykoTckoro Mopsi — OT paiioHa MOCTYILJICHUS
tuxookeaHckux Boj. Jlo KomroueHckoit ryOsl um manmee no mnponuBa Jlowra. Ilo
HaIpaBJICHUIO U TOJIOKEHUIO 3TO TEUCHHE ompenensercs kak Bocrouno-Cubupckoe
teuenue (BCT). Ckopoctu B 3TOM BI0JILOEPETOBOM TEUEHUU MPUHUMAIOT 3HAYCHUS
0,25-0,3 w™/c. AHamM3 CIOYTHUKOBBIX QJIBTHMETPUUYECKHX JaHHBIX ITO3BOJISIET
onpenenutb, 4To BCT mocturaer bepuHrosa nposmBa U OTYETIMBO MPOCIEKUBAETCS B
€ro 3anaJHou yactu. TakuM 00pa3om, B OT/ENIbHBIE TOJIbI HAOMIOAACTCS 3HAUUTEILHOE
ycunenne BCT. B pesynbpraTte B 3amagHoON 4YacTh mpojuBa (OPMUPYETCS FOKHOE
TEYEHUE, YTO TNPUBOJUT K COKPAIIEHUIO IIUPUHBI O0JIACTU TMOJOKUTEIBHBIX
MEPHUJANOHATBHBIX CKOPOCTEM TEYEHUU. IJTO, B CBOKO OUYEPEIb SIBIAECTCA KOCBEHHBIM
MPU3HAKOM CHIDKEHUS TMEepeHoca 4Yepe3 MPOJIMB Ha MEXTOJOBBIX MaciiTadax (cwm.
pucyHOK 2.8).

U3 6onee pannux padot [Weingartner, 1999; Woodgate et al., 2015; Woodgate,
2018] u3BecTHO, UTO OAHOM M3 XapakTepHbIX 0cobennocTeit BCT siBisieTcs ero BhICOKast
W3MEHUYMBOCTh, BKJIIOYas BO3MOKHOCTb W3MEHEHHUSI HAIPaBJICHUA JIBUKCHUS B
3aBUCUMOCTH OT aTMoc(epHbIX U Tujapojoruueckux ycioBui. Kak cremgyer wus
uccienoBannii, BCT wacto ocrtaércs He3aMeYeHHBIM TpU HAOIIONCHUSX H3-3a €T0

CMCIINBAaHUA C HpCO6J'Ia,Z[aIOH_II/IMI/I THUXOOKCAHCKMMHU BOJaMH, OJHAKO B HCEKOTOPLIX
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ciy4asix OHO (opMHUpyeT YETKO BBIPAKEHHYIO CaMOCTOSITENIBHYIO CTPYKTYpY H
MPOHUKAET B bepUHrOB MPOJINB

Taxkum oOpa3zoM, JaHHBIE, IPEACTABICHHBIE HA Prucynke 2.16, 1eMOHCTpUPYIOT,
YTO CITyTHUKOBAs aIbTUMETPHUSI TTO3BOJISIET HE TOJIKO BBISIBUTH U3MeHYMBOCTH BCT, HO
Y OLICHUTh MPOJAOHKUTEIBHOCTD €r0 CYIIECTBOBAHUS U aMIUIUTYy CKOPOCTH.

B nomnonHeHue K anbTUMETPUUYECKUM JIAHHBIM, CBUJIETEIHCTBA JBYHAIIPABICHHOM
CTPYKTYpPBI BOAHBIX MacC B beprMHTroBOM MpoJIMBE MEPUOANICCKH OOHAPYKUBAIOTCS HA
CpPEIHEMECSUYHBIX KapTax IMOBEPXHOCTHON TeMIepaTyphl, MOJYUYEHHBIX MNPUOOPOM
MODIS. Kak BugHo Ha Pucynke 2.17, B 3anmagHoi yactd YyKOTCKOro MOpsi HEPEJIKO
(UKCUPYIOTCS XOJOJHbIE apKTHYECKUE BOABL. TemiepaTypa 31ech B cpenneM Ha 5-9 °C
HIDKe, 9eM B Oosee Témioi BocTtouHo obmacth. Ocennto 2012 roma, Hampumep,
MIOBEPXHOCTHAsI TEMIEpaTypa B 3alaJHOW 4acTHU MpoiuBa cocraBisuia okosio 0—1 °C,
TOrAa Kak B BOCTOYHOW yacTu nocrurana 6—7 °C. Takue TeMmeparypHbIE pa3iIv4uHs
MOATBEPAKAAIOT MPUCYTCTBUE APKTUYECKUX BOIAHBIX MACC B 3allaHOM 4acTW MPOJIUBA.
OTH BOJBI, KaK MPABUIO, IPOHUKAIOT B MPOJIUB B OCEHHUU MEPUOJ — C CEHTSIOps IO
HOSIOpb, OJTHAKO B aHOMaJIbHBIE o1kl (HarpuMmep, B aBrycre 2001 roga) otmevarores u

JICTOM.
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e

Pucynok 2.17 — CpeaHeMecsuHble KapThl TEMIIEPATYPBI, IEMOHCTPUPYIOLINE
IIPOHUKHOBEHUE XOJIOJHBIX BOJ APKTUYECKOIO IIPOUCXOKICHMS B 3aI1aJHYIO YacCTh

bepunrosa nponusa

IIpoBen€HHBIM  aHAIM3 TIOJIEM  TEeMIEpaTypbl  IIOBEPXHOCTH  MOps U
reocTpoPuyecknx TEYEHUW YKa3blBa€T HAa HAJIMYUE YCTOMYMBON CBS3U MEXKIY
BEJIMYMHON MEPUINOHATIBHON KOMIIOHEHTBI CKOPOCTH TE€UEHUI Yepe3 bepuHroB mposinB
n uHteHcuBHOCThIO BCT. [JononHUTENbHOE MNOATBEPKICHUE JAaHHOW B3aMMOCBSI3U

npeacrabieHo Ha Pucynke 2.18, rae m3obpaxeHa kapra Kod(hQHUIIMEHTOB KOPPEIAIUN
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MEXKIY YCPEAHEHHOW MEPUIMOHATIBHON KOMIIOHEHTOM CKOPOCTH B bEpHHTOBOM ITPOJIMBE
Y 30HaJIbHOM (BOCTOYHOM) KOMIIOHEHTOW CKOPOCTH T€YEHUN B aKkBaTOpUH UyKOTCKOIro

MOpsL.

66 c.u.

180° 170° 3.4.

-0,5 -0,2 0,0 0,2 0,5
ko3 dumumeHT Koppensiummn K

Pucynok 2.18 — Kapra koadduiimenta koppensiuu cpeiHei mo 10iarote
MEPUANOHAIHON CKOPOCTH T€YEHHUS] B bepMHIOBOM MPOJIMBE C 30HAJILHON
KOMITOHEHTOM TeueHuii B akBatopun Uykorckoro mops (UepHoii TnHMel HaHEeCEeH
paspe3 11l UCCleI0BaHus 30HaIBbHOM ckopocTH BocTouHo-CruOupcKkoro Te4eHus mno

JTAHHBIM peaHaan3a)

Jlist ycTpaHeHusi BBICOKOYACTOTHBIX KOJ€OaHW BpPEeMEHHBIE PANbI CKOPOCTEN
OBbUIH CTJIAXKEHBI C UCTIOIb30BAaHUEM OJIHOJIETHETO CKOJIB3SILEro cpeaHero. B pesynbrare
AQHaJIN3a BBISBIICHBI 30HBI C MOBBIIEHHBIMU 3HAYEHUSIMU OTPULIATEIILHON KOPPEISLNH,
JOCTUTAIOMIMMHU 110 MOAyJto 0,7, MpeuMyIeCTBEHHO B puOpexHoi yactu CHOUPCKOro

cektopa YUyKOTCKOro Mops. DTO CBUJIETEILCTBYET O BhIpakeHHOM BiusHuu BCT Ha



91

MEKTOJIOBYK0 HM3MEHUYHMBOCTH MEPUAMOHAIBHON KOMIIOHEHTBI CKOPOCTH TEUYEHUW B
bepuHroBOM npomnuse.

Ha Pucynke 2.18 4depHOW nMHHEN MOKa3aH pa3pes, BAOJIb KOTOPOIrO MPOBEACHO
YCPEOHEHUE 30HAJIBHOM KOMIIOHEHThI CKOPOCTHM C ILEIbI0O OLIEHKH MEXI0JI0BOU
n3menunBoctu BCT.

Bpemennas n3menunBocth ckopoctu BCT, nosydeHHas o 30HaAIBbHOMY pa3pe3y
U CIUIaKEHHAs] OJHOJICTHUM CKOJB3SIIUM CpPEIHHM, IpenacTaBieHa Ha Pucynke 2.15
(mrpuxoBaHHas TWHUS). AHaMH3 TpaduKa MO3BOJISET BHIICIUTH MEPHOMABI, B TCUCHUE
KOTOpbIX HaOI0/aeTcss oOpaTHas 3aBUCUMOCTh MeXAy uHTeHcuBHOCThIO BCT wu
MEpUINOHAJIBHON KOMIIOHEHTOM TeueHM B bepnHroBoMm nponuse. Tak, yBennueHHe
ckopoctu BCT B mpubpexnoii 3one Uykorckoro mops B 2001-2002 u 2012 romax
CONPOBOXKIAJIOCh 3aMETHBIM CHMKEHHEM MEPHUIMOHAIBHOW KOMIIOHEHTBI CKOPOCTH B
npoJjuBe. B MpoTUBOMOI0KHOCTE 3TOMY, OciiadieHue TeueHust B nepuoasl 1997, 2006 u
2014 ronoB, HANPOTHUB, COBIAJAANO C YBEIMYEHUEM MEPUIMOHAIBHON KOMIIOHEHTHI B
bepuHroBOM nponuse.

Kpome ananuza BpeMEHHOW H3MEHUYMBOCTH Ha CPEIHEMECSYHBIX WU TOJOBBIX
MaciTabax, OblUI MpOBEJAEH aHanu3 HoBeimmx naHHbix cnytHuka SWOT c Gonee
BBICOKMM BPEMEHHBIM U MPOCTPAHCTBEHHBIM pa3pelieHreM. Pe3ynbTarsl MOKa3bIBaIOT,
4yTO CBs3b Mexny ocnabnennemM BCT u ycunenwem motoka B bepuHTOBOM mposvBe
HaOroMaeTcs Ha MacmTabax MmeHee Mecsa. Ha Pucynke 2.19, a MoxxHO HaOIFO1aTh MOJIE
ckopoctu TedeHuil B UykoTckom Mope, riae 00o3HayeHbl 00JaCTU AJIS OCPEIHEHUS
ckopoctu TedyeHuil. Ha pucynke 2.19, 6 memonctpupyercs cBsizb Mexay BCT u
MEPUANOHATIBHOW KOMIIOHEHTON CKOPOCTU B beprHIroBoM Iponuse. B qaHHOM ciiydae B
NepuoJl ¢ aBrycra mo Hosops 2023 3nHaueHUst ko3 duiiieHTa oOpaTHOW KOPPEISAINH,

OCpEIHCHHBIC BO BpeMeHHBIX okHax 10 gueit, coctaBmm — 0,68.
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K =-0.68 ABrycrt — Hos6pb 2023
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Pucynox 2.19 — [1osne ckopocTu TedeHuit, oCpeTHeHHOE i CeHTA0ps 2023.
[IpsiMoyroJIbHUKaMU BBICJICHBI 00JaCTH ocpeaHeHus (a); 3MeHYMBOCTh 30HAIBHOM
KOMIOHEHTHI ckopocTh Boctouno-Cubupckoro teuenus (00aactsb 2) u
MEPHUANOHAILHON KOMIIOHEHTHI Te4eHUI B bepuHroBoM mposivse (00sacth 1),

ocpenHeHHbIe Kaxpie 10 quei (0)

Ha ocnoBe nmannpix peananumza GLORYS12v1 takke MOXHO YE€TKO OTCIICIUTH
n3meHunBocTh BCT. Pe3ynbraTel paHHUX HCCIENOBAaHUN NMOKA3bIBAIOT, YTO YCUJICHUE
JTAHHOT'O TCUYCHHS MPOUCXOJUT B OC3JICTHBIN MepHo, onpeaeasieMbplid 1 YyKoTcKoro
MOPS KaK MTPOMEKYTOK C UIOHS TIO OKTSAOPE.

Cornacio Pucynky 2.20 B 2012 rogy cpenuuii monynb BCT y moGepexbs
Uyxkotku nocturaet 0,2—0,3 m/c. BCT Ttak »xe HaOI01aeTCsl B BUJIC 3aMETHOTO CHYDKCHUS
MEpUIMOHATLHON KOMIIOHEHTBhI T€UEHHWW K BOCTOKY U IOTY OT ocTpoBa Bpanrens c
BenuunHamu 10 0,15 wm/c. Ckopoctu B BocTouHOM uyactu bepunrosa mponuBa
HaIpaBJIeHbl Ha CEBEp U JIOCTUTAIOT 3HaueHu# Bbime 0,4 M/c, OTHAKO B €ro 3amajHou
4acTy HaOJIIOAaeTCsl 3HAUUTEIbHOE OCIa0JIeHUEe TeUeHUs U M3MEHEHHE HaIlpaBJICHUs Ha
for. B 2015 romy mo Bceii mmpuHe bepuHrorBa mposmBa ObUTH 3aMETHBI BBICOKHE
3HAQYEHUS MEPUJIMOHAJIBHOM KOMIIOHEHTHI CKOpOCTH. fBHO BbIpaxkeHHOTO BCT He
HaOmoanock. TedeHnus y octpoBa BpaHrens He3HauUTEIbHBI (3HAUEHUST MOJTYJIsl MEHEE
0,05 m/c). Paznuuus B mepuogax nateHcudukarmu BCT nanbonee 3aMeTHB Ha KapTax

aHOMaJIUKA CKOpocTH Ha riayoune 13,5 M B 3anmagHoil yacth YyKOTCKOro Mops,
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npeAcTaBiicHHble Ha Pucynke 2.21. AHOManMM CKOPOCTH 3a KOHKPETHBIA MeECHIl
pacCUMTHIBAIOTCS KaK BEKTOpPHAs Pa3HOCTb MEXAY CPEAHEMECSYHbIM BEKTOPOM
CKOPOCTH M BEKTOPOM CKOPOCTH, OCPEAHEHHBIM 3a BECh paccMaTpUBAEMblid MEPHO/I.
OCHOBHOM OCOOEHHOCTBIO SIBJIIETCA HAJIMYME BBIPAXKCHHBIX aHOMAJIUN CKOPOCTH

TedeHus y 3anagHoro Oepera akBaropun B 2002, 2012 u 2016 rr. (Pucynok 2.21, r—n).
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Pucynok 2.20 — Kaptel ckopocteit Teuenuii Ha riryoune 0,5 M, ycpegHEHHBIE 3a
NEePUOJT C UIOJIst 10 OKTSIOpD it 2012 1. (a) u 2015 r. (6) (U€pHble muHUN
0003HAYAIOT pa3pesbl, UCMOIb3yEeMbIe ISl OIIEHKM W3MEHYMBOCTH TEYCHHUN B

Bepunrosom nposuse u BCT)
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Pucynoxk 2.21 — AHOManuu CKOpOCTH TeYeHH Ha riayoune 13,5 M, ycpenHEeHHbIE 3a
MIEPHO]T C UIOJIS TI0 OKTSIOPH ISl TOAOB ¢ MAKCUMATbHBIMH 3HAYCHUSMU

MEpHUANOHATLHON KOMIIOHEHTHI TedeHui B bepuaroBom nposmee: 1999 (a), 2014 (0),

2015 (B) u munumansabiM: 2002 (1), 2012 (1), 2016 (e)

3HaueHus: aHOMaJlMi CKOpocTH TeueHud nocturatoT 0,1 M/C U CyIIECTBEHHO
OTIIMYAIOTCS MO MecTomnosnoxenuto. Hampumep, B 2012 rogy mmupuHa 0051acTH C
anomanusimu Beitie 0,1 M/c Ob11a BIBOE OOJTbIIE, YeM B ApyTHE ToAbL. [IpoTHBOMOIOKHOE
noJie anomanui Habmonanock B 1999, 2014-2015 ronax, kak nokasaHo Ha Pucynke 2.21,
a-B. B »9oTm mepuombl aHOManmMM CKOPOCTH, HaIpaBJICHHbIE Ha CEBEpO-3ama,
HaOmoAaMch B MpUOpeXHOW 30HE UyKOTCKOTO MOJIyOCTpOBA, YTO YKa3bIBaeT Ha
ocnabnenue BCT. Ilpu sTom anomanuu B beprHroBoM mnpoJinBe HalpaBJIeHbI Ha CEBEp,
YTO KOCBEHHO CBHUJETENIbCTBYET 00 YCHUJICHUUM TepeHoca uyepe3 bepuHroB mposjuB Ha
cesep.

Ananus npodusneit cpeHuX 3a HI0JIb—OKTAOPh CKOPOCTEN Ha pa3pe3e MOKa3hIBaeT
(Pucynox 2.22), 4To xapakTepHble 0COOCHHOCTH LIUPKYJISIIUU MPOCIEKUBAIOTCS 110 BCe

riyoune. B cpeanem 3a Bce roibl 30HaJIbHbIE CKOPOCTH TE€UEHUs COCTaBIISIOT 0kos1o 0,04
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Mm/c, uto Onm3ko k oreHkaMm [Pavlov et al., 1996]. Bmecte ¢ atum B 2016 u 2012 rr.
cpenHue 3a O0e3neqHbIN epuo BeInduHbl Bo3pactarot 10 0,12 — 0,14 m/c u 1o 0,07 m/c
B 2002 r. Ocnabnenne BCT dukcupyercss no 3nHadenuit munyc 0,05 m/c (3amamHoe
Harnpasiyienue) B 1999, 2014, 2015 rr.

Pucynok 2.23 neMOHCTpUPYET CE30HHYI0 M3MEHYMBOCTh aHOMAJIUN CKOPOCTH
teueHud B bepunroBom nponuse 1 BCT B 2015 u 2016 rogax, xorjma HaOIr01aauCh
MPOTUBOMOJIOKHBIE THUIBl HUPKYJISIUU. OCHOBHBIE pa3iMyus MEXKAY pa3pe3aMu
3aMETHBl B OCHOBHOM B II€pHOJ OTCYTCTBHsA JbAa. B wmrone—asrycre 2015 roma B
bepuHroBoMm rposivBe HaOIIOAAIUCH BHICOKUE 3HAUYCHUS MEPUANOHATIEHON KOMIIOHEHTHI
aHomaymii ckopoctu (Pucynok 2.23, a), 3HadeHWs KoTophix mocturamu 0,2 m/c. B
CEHTSIOpe M HOsIOpe PUKCUPYETCS] CHUKEHUE MEPUIMOHATBHOU KOMIIOHEHTBI CKOPOCTH.
B ato Bpemst o paspe3a BCT (Pucynok 2.23, 6) ¢ cepeIuHbI HIOHS JI0 KOHIIa aBI'ycTa
MPOSIBIISIUCH  OTPUIIATEbHBIE 30HAJIBHBIE KOMIIOHEHTHI AaHOMAJIMH CKOPOCTH CO
3HaueHusamH Boitie 0,07 m/c. D10 coueTaHne aHoOMaui TeueHui B bepuHroBoM nposinBe
n BCT yka3pIBalOT Ha NPOHUKHOBEHUE TUXOOKEAHCKUX BOJ B CEBEPO-3aIIaIHYIO YaCTh
Yykorckoro wmops. Ilozxe, B Hos0pe 2015 roma (pucynok 2.23, 0), 3HaK
MepUAMOHAIBbHOU cocTaBiswonle aHomanuii BCT u3MeHwscsi, U Ha BCEM paspese
dbukcupoBamuce 3HaueHus ot 0,1 mo 0,8 m/c. DTO coBmajgo ¢ OTPUIATEITHLHBIMHU
aHOMAJIMSMH MEPUIMOHAJIBHOM KOMIIOHEHTHI CKOpPOCTH B BEepUMHrOBOM MpOJIUBE, YTO

oA4YEPKUBAET B3aUMOCBA3b Mexk 1y BCT u TeueHnsAMH B ITPOJIHBE.
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Pucynok 2.22 — OcpeaHeHHbIe Ha pa3pese MPoPHIH 30HATbHON KOMIIOHEHTHI
ckopoctu BCT ¢ makcumanbubiMu ckopoctsimu BCT (2002, 2012, 2016) u

MuHUManIbHbIMU (1999, 2014, 2015) B urone—oxTa0pe

I'maBHast ocobeHHOCTh TeueHui B bepunroBom mposnuse B 2016 rogy (Pucynok
2.23, B) 3aKiiOYaeTCd B HAIMYUU OTPHUIATEIBHBIX MEPUAMOHATBHBIX KOMIIOHEHT
aHOMaJINi, KOTOPbIE COXPAHSIIUCH C UIOHA 10 CEHTSIOPh U MPEBBIIIAIN 3HAYEHUSI MUHYC
0,2 m/c. B 10 xe Bpems Ha Pucynke 2.23, r BUAHO, YTO Ha OOJIBITMHCTBE YYaCTKOB
paspesa BCT 3nauenust anomanuu 00JbIlIe HyJIS 1 HaXO0AUIucCh B nuamnas3one ot 0,05 1o
0,1 m/c, 9TO TOBOPUT 00 yCUIIEHUH BOCTOYHOTO fiepeHoca. CpaBHeHue PucynkoB 2.23, B
U 2.23, T TOATBEPXAACT HATMYUE B3aMMOCBSI3U: MPU YBEIMUYECHHUM TMOJIOKUTEIbHBIX
anomanuii BCT nmpoucxoauT MOHMKEHUE MEPUIMOHATIBHOW KOMIIOHEHTHl aHOMAJIMM B
bepunroBom mnponuse. [IpumedaTenbHbIM ObLJIO M3MEHEHHE 3HAKa MEpPUIMOHAIBHOU
COCTAaBJISIFOLIECH aHOMAJIMIA B OKTSIOpE, CBA3aHHOE C PE3KUM M3MEHEHUEM HaIpaBJIeHUsS U
cuibl BeTpa. B aBrycre—ceHTsiOpe npeobnaganu ceBepHbIE BeTpa ¢ MOAyJieM He Ooiee 3

M/C rokHee 72° c.IL., TorJa Kak B OKTSOpe HaOJoJalicsl FOro-BOCTOYHBIA BETEp CO
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CKOPOCTBIO CBBIIIE 6 M/C (He moka3zaHo). OTMeTum, uto kKak B 2016, tak u B 2015 roay B
TeueHue Ooublell yacTu 0e3NEAHOr0 Meproia COXpaHsuIach COrNIACOBAHHOCTH 3HAKOB

aHOMAaJIN B 000UX pa3pe3ax.

2015, BIT vo 2015, BCT uo
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Pucynok 2.23 — MI13MeHYMBOCTh aHOMAJIMI CKOPOCTH TEUEHH, OCPETHEHHAS 10
riyOuHe IS KaXKI0TO MecAla: MepUANOHAIIbHAS COCTABIISIONIAs B0 pa3pesa 1o
66° c.m1. B BII (a, B) (MOJ0XUTENbHBIE 3HAUEHUSI COOTBETCTBYIOT CEBEPHOMY
HaIPaBJICHUIO) U 30HATBHAS COCTABJISIFOIIAS BIOJIb pa3zpesa mo 180° 3.1. (0, 1)
(moJto’KMTEIbHBIC 3HAYCHHS COOTBETCTBYIOT BOCTOYHOMY HarpaBiieHuo) B 2015 (a, 0)

n 2016 (B, T) IT.
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[Tepenoc Bouwl (F) u conmu (Fs) paccunthiBaeTCs MO ClIey oMM (HOpMyITaMm:

F = Vs, (2.3)
Fs = pS,F, (2.4)

rae F u Fs Beipaxkensl B CB (10° M?/C) 1 KI/c COOTBETCTBEHHO;
V — cpennsisi CKOPOCTh T€UEHHUS B ceueHUu (M/C);

S — IJIOIIA/Ib MOMIEPEYHOT0 CeUeHHUs (M?);

Sw — CpeIHssl COJIEHOCTh B CEUEHUU;

p — IJIOTHOCTh MOPCKOM BOJBI.

[11OTHOCTP MOPCKOM BOJBI PACCUUTHIBAIACH C HCIOJIb30BAHUEM YpPABHEHUS
cocrostaust  TEOS-10. Ilepem ocpenHeHwmeM Ha TOPU30HTaX MPOU3BOIMIIACH
WHTEPHOJISAINA JaHHBIX PeaHaIn3a Ha paBHOMEPHBIN 10 TIIyOUHE Al ¢ Iarom 1 M.

Pucynok 2.24, a JEeMOHCTPUPYET OLEHKA MEXIOJOBOM HW3MEHYMBOCTHU
MEpPUIMOHAJIBHOIO NEpeHoca B bepnHroBoM mponuee M 30HAIBHOrO nepenoca BCT.
Cpennue 3naueHus neperoca coctaBuiu 1,18 Cs B bepunrosom nponuse u 0,04 CB nist
BCT. Ilepenoc BCT penko npesbimain 0,1 C (10 net u3 32, makcumywm 0,23 CB, Pucynox
2.24, a). OTu pe3yNbTaThl COTNIACYIOTCA C MPEABIIYIIIUMH UCCIEIOBAHUIMEU, B KOTOPHIX
coobmanock o 3HaueHusx nepenoca or 0,1 CB [Kinney et al.,, 2022] go 0,3 Cs
[Weingartner et al., 1999]. MakcumanbHbIe 3HaYeHUs 30HaIbHOro mneperHoca BCT
HaOmomanuch B 1994, 2002—-2003, 2005, 2008, 2012, 2016 u 2018 rr. Cpeaun HHX
ocoOeHHo BbiesAtoTes 1994, 2012 u 2016 rr., Korga BOCTOYHBIA MEPEHOC JTOCTUTAT
0,14-0,2 Cs. B Takue ronel ¢ukcHpoBajioch ociablieHHe mnepeHoca B bepuHroBom
nponuse. Hanmpumep, B 1994 1. nepenoc BCT yBenuuuics va 0,12 CB 0THOCHTEIIEHO
CpEeIHEero, TOor/la Kak nepeHoc B npoiuse ymeHnbinmica Ha 0,28 Cs. B 2012 r. nepenoc

BCT yBemuuuics wa 0,2 CB, a B nposmuBe ymenbmuics Ha 0,42 CB. MuHuManbHbIE
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3HAYEHUS 30HAIBHOTO TepeHoca Habmoaanuch B 1995-1996, 1998-1999, 2011 u 2013—
2015 rr., KOTIa HampaBJICHUE TIEPEHOCAa MEHSIOCHh Ha 3aImaiHoe co 3HadeHussMu 10 —0,12
Cg. B atu ke ronpl ceBepHbIil nepeHoc B bepunrosom mposuse Bo3pacrtai no 1,38-1,42
Cs, uto Ha 0,2-0,25 CB BbIIIE€ CPEAHETO. ITHU PE3YJIbTAThI MOKA3BIBAIOT, YTO U3MEHEHHUS
nepeHoca B 000MX pa3pe3ax MMEIOT COMOCTABMMBIC BEIMYMHBI aHOMAJWH TEepeHoca
(cpenHue 3Ha4YeHWE 3a TOJ MUHYC CpefHee 3a Bech Iepuon). Takum oOpazom, Mpu
yBenuueHun (ymenbiieHun) nepeHoca BCT HaOmomaeTcsi conoctaBuMoe mo MOpsIIKY
yMEHbIIICHUE (YBEJIMUCHHE) CEBEPHOr0 TiepeHoca B  bBepuHroBOM  MpOJIMBE.

Koadduiment xoppemsiun (K) Mexay psaaMud M3MEHUYMBOCTH IEPEHOCA COCTaBIISET

—0,71 (Pucynok 2.24, 0).
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Pucynox 2.24 — MexrooBasi U3SBMEHUUBOCTD nepeHoca uepe3 bepunros nponus (bIT)
1o pa3pesy Buoab 66° c.ai. u BCT, ycpennéHnas 3a nepuo; ¢ Uiojis 1Mo OKTSI0pb, 1Mo
paspe3y Baosb 180° 3.1. (2); JlmarpamMmma paccesiHus, TOKa3bIBaroIIasi B3aHMOCBSI3b
Mexkly nepeHocoMm B bepunrosom npomnuse (paspes Baoib 66° c.ui.) u BCT (pa3pes

B110J1b 180° 3.11.) (0)

Hakonern, ucronb3ys [aHHbIE KpPYTJOTOJWYHBIX 3aSKOPEHHBIX H3MepUTeNen
TeueHu B bepuHroBom mnponuBe u gaHHble peaHanuza GLORYS12v1, paccuurtan
npodmiib K03 GUIIMEHTa KOPPEISIITUN MEKTOJOBOM M3MEHUYMBOCTH MEPHUIMOHAILHON

KOMIIOHCHTBI TCUCHHH 1 30HaIbHOM KoMIoHeHThl BCT, ocpeqHeHHBIN B HIOJIE-OKTIOpE.
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Pe3ynbTaThl Ha pucyHke 2.25 MOKa3bIBalOT, YTO B JIETHUM MepHo]1 Ha TiyouHe 6onee 10
M m3MeHInBOCTh BCT OKa3pIBaeT CyIeCTBEHHOE BIUSHUE Ha U3MEHYMBOCTh TCUCHHUH B

bepunrom IIpommse (K = munyc 0,7).

Fny6uHa, m

-40 . ! . L .
-9 -08 -07 -06 -05 -04 -03 -02 -01

KoadpchuumeHT koppensaumm
Pucynok 2.25 — [Ipoduib ko3pdunrenta Koppeasiuud MeKroJ0BOi N3MEHYUBOCTH
MEpPUIMOHATIBHOM KOMIIOHEHThI T€YEHUU B bEpMHrOoBOM MpOJIMBE U 30HAJIBHOU

koMrioHeHTsl BCT, ocpenHeHHbIi B MI0JIe—OKTSI0pe

2.3 Bausinne BocTouHo-CHOMPCKOro TeyeHusl HA paclpocTpaHeHue

TUXO00KEAHCKHNX BoJ B UyK0oTCKOM MOpe

B nmamHOM moapasnmene  BBINOJMHAECTCA  OILEHKAa PACHPOCTPAHECHUS  BOJ,
MOCTYNAIINX Yepe3 bepruHroB mpoJiuB, a TaKkKe BIMSHUSA Ha 3TOT npouecc BoctouHo-
CuOHpCKOTO TeUSHHUS.

Ha puc. 2.26 noka3zana makcuMalibHasi ITyOMHa OEpUHIOBOMOPCKHUX JIETHUX BOJT
(BJIB) B UykoTckoMm Mope 3a HIOIb—OKTSIOph 1Mo JaHHbIM peananu3za GLORYS12vl. Tlo
OTUM KapTaM BBIJCIAIOTCA 3alaJHbld MU BOCTOYHBIM THIIBI pacnpocTpaneHus bJIB.
3anagueril Tun — 1997 u 2015 rr. (PucyHok 2.26, a, 6), Boctounsiii — 2012 u 2016 rr.

(Pucynok 2.26, B, 1).
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B 1997 u 2015 rr. bJIB Haxoaunuce B poauBe JIoHra, okpyxanu o. Bpanrens u
npociexXuBanuch 3amnagnee or 180° mo 168° B.n., B BOCTOUHYIO 4acTh BocTodHo-
Cubupckoro mopsi. Ha ceBepo-3amagnom menbpe UyKoTCKOro MOpst UX MaKCUMabHas
riyouHa Obuta okoso 30 M u mectamu aocturana 40 M. Bo Bcex deTbIpéx rogax mose
OXOJUT 210 72° c.1iI.

ITpu BoctounoMm tune BJIB cmeménnl k Boctoky. B 2012 r. ux pacnpocTtpaHeHue
orpanudeHo npumepHo 177° B.a., B 2016 r. — npumepno 174° B.n. B nponuse Jlonra
BJIB Tarxke nHaOmomaroTcs, MakcuMaidbHas TiayomHa okojo 30 M. VY 3amagHOTO
nobepexnbss UyKOTCKOro MoJiyoCTpOBa OHU 3aHUMAIOT MEHBIIYIO 10/, 4eM B 1997 u
2015 rr. B uenrpanbpHoii yactu Mops, okoJio 68° c.ur. u 170° 3.4., BJIB ecTb nipu 060oux

TUIIAaX, 1 MAKCUMaJbHas IIyOrMHa B ATOM 00J1acTU coCTaBisieT 4555 m.

60

50
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o

180°3.4. 170 3n. 160" 3.4. 180°3.a.  170°3p 160 34

30

MakcuManbHas rnybuHa, M

N
o

10

180 3.4. 170" 3.0. 160" 3.4 180 3.4. 170° 3.4, 160 3.4.

B r

Pucynok 2.26 —Pacrnipenenenrie MakCUMaIbHBIX TITyOUH OEPUHTOBOMOPCKUX JIETHUX
Boj (BJIB), ocpenHEHHBIX 3a UIOJIb—OKTSAOPH 3anaaHbIi (a, 0)

1 BOCTOYHBIC (B, I') THIIBI
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Xotsa AIIB 00buHO nokanu3yroTcs BoctouHee bJIB u peako BcTpeuaroTcs Ha
3amaze menbda, UX pacnpocTpaHEHHUE Takke CHIbHO M3MeHunBo. B 1997 u 2015 rr.
(Pucynok 2.27, a, 6) BJIB nmpucyTcTBOBaNM 10 BCeMy Ieiabdy a0 72,5° C.II., JOCTUras
riyoun Gonee 50 M B meHTpanbHON yactu Mops. OgHako 1o cyAoBbIM naHHBIM BJIB
peaKo BcTpeyaroTcs B KaHboHE ['epanp u nponuBe JIonra. OTMEUEHO UX MPUCYTCTBUE B
BUJIC JIMH3 JJIMHOU okoyio 10 kM Ha rimyomHax 20-30 m. JleTanbHBIM aHamM3 TaKUX
CTPYKTYp 3aTpyAHEH P UCIOJIb30BAaHUU JAHHBIX peaHalln3a, OJHAKO HAOJII01aeMbIe B
HACTOSIIEeH paboTe KpyIMHOMACIITAOHbIE 3aKOHOMEPHOCTH COOTBETCTBYIOT pe3yIbTaTaM
HaTYpHBIX u3Mepenuid (cM. PucyHnok 8 B [Pisareva et al., 2015a]).

Eme Oonbinasi pasHuiia MexIy apeajaMd pacHpOoCTpaHEHHs HabomaeTcs Ha
kaptax AIIB (Pucynok 2.27). B 1997, 2015 rr. pacnpoctpanenue AIIB ¢ukcupyercs
MIPAKTUYECKHU 110 BCEH akBaTopuu A0 72.5° c.r. OTMETHM JT0BOJIBHO OOJBIIHE TTyOUHBI
zaneranusi AIIB B nienTpanbHoi yactu Mops (10 60 M) U 3HAYUTENBHOE COKpAIEHUE
Ionaay BoJ ¢ TiyouHoit 3aneranus AIIB okono 40 M B 2016 1 2012 rr. B To %e Bpemst
rpaHuila ux pacnpoctpaHeHus Ha 3amaa B 2016 r mpoxoaut mo 175° 3.1, [loxoxas
cutyanusi npoucxoguT B 2012 r., omHako B 3TOT roj HaOmromaercs emie OoJbliee
orrecHeHne AIIB Ha Boctok g0 173° 3.4. W CyIIECTBEHHOE YMEHBIIICHHE
pacrpocTpaHeHus Ha ceBep a0 71,5° c.am.

Crnenyer OTMETUTh, UTO 00BEMHOE COAEPKAHNE TUXOOKEAHCKUX BOJ 3aBUCUT OT
nepeHoca BOAbl B MECSIIbl, MPEAIIECTBYIONIME CBOOOIHOMY OT JbjAa nepuonay. Kpome
TOTr0, TUAPOJOTHUYECKUE XApPAKTEPUCTUKU MOTYT CIJIaXKUBAThCS MPU YCPEIHEHHH IO
MECALaM, YTO NMOTCHIUAIBHO MPUBOAUT K «HUCUYE3HOBEHUIO» BJIB B BOCTOYHOW 4YacTu
Uykorckoro mopsi. Takke B 3THX paiioHaX BOJa MOXKET yke ObITh nmepeMemana. Ha
UJACHTU(DUKAIIMIO BOJHBIX MAacC BIHMSIOT W KIUMAaTHYECKUE TEHICHIIMU, a TaKXKe
HEYYTEHHBIE TUIIBI BOJ, TAKKE KaKk ocTatouHas 3uMHss Bojia (O3B) u HoBast 3UMHsIsl BOAA

(H3B). Oxnako B cBOOOHBIN OT Jib/1a TIEPUOJ] TH BOJIBI HE SBIISIOTCS TOMUHUPYIOIIUMHU
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W dYaiie Bcero HaOII0MalTCd B TIyOOKOBOAHOM wyacTh Mops. Takum oOpasoMm,
ocobennoctu pactnpenenceaus AIIB u BJIB mo3BossifOT BBIIETUTH TOT WM WHOW THI B

OOJIBIIIMHCTBE JIET.
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Pucynok 2.27 — PacnipeesneHne MakKCUMaJIbHBIX TITYOUH alsICKUHCKOU MPUOPExKHOM
BozbI (AIIB), ocpelHEHHBIX 3a UIOJIb—OKTSAOPb 3anaaHbli (a, 0)

¥ BOCTOYHBIE THIIHI (B, T)

CTOUT OTMETHUTB, UTO NMPEAJIOKEHHAS TUITM3AalUsl UMEET aHAJIOTH B uTeparype. B
pabote [KynakoB, 1993], mocBsmEHHON MOACIMPOBAHUIO ITUPKYJISAIUU YyKOTCKOTO
MOpSi Ha OCHOBE YETHIPEX OapUUeCKUX CHUTyalliii BOCTOYHOTO pailoHa ApPKTHUKH,
BBIJICJICHBI PEKUMBI, OJIM3KHE K OMMCAHHBIM BBIINIE: 3aNaAHbINA TUT pactpenencHus bJIB
U COJEHOCTH COOTBETCTBYET THUXOOKEAHCKOMY TPaH3UTHOMY (AHTHLIMKIOHHUYECKOMY)
TUITY, IPY KOTOPOM THUXOOKEAHCKUE BOAbI TPAH3UTOM PACIPOCTPAHSIOTCS HA CEBEPO-
3amaa BIIOJIb MOOEPEXKbS W JOCTUTAIOT TpojuBa JIoHTa, TOT@a KaK BOCTOYHBIA THII

COOTBETCTBYET UMKIOHUYECKOMY DPEXHUMY C TepepacrpeiesieHueM BOJHBIX MacC B
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HEHTPaJIbHYI0 4YacTb Mops. [IpuHIUNuanbHOE OTIMYME MPEJI0KEHHOTO MOAX0Aa
COCTOHT B TOM, UTO MIEPEKIIIOUECHUE MEXKTY TUIIAMH CBS3BIBAETCS HE TOJIBKO C JIOKAJIbHBIM
atMocepHbpIM (hopcHTOM Haj UyKOTCKMM MOpEM, HO W C BHEUTHUM IMIEIb(OBBIM
BO3/CICTBEM CO CTOpPOHbl BocTouHO-Cubupckoro Mops. VIMEHHO H3MEHUMBOCTb
menbhoBoil nupKymauuu BocTouHo-CuOUpCcKoro Mopsi ompenenser, Kakod U3 THIIOB
peanusyeTcss B KOHKPETHBIM TepHoJl, OOyClaBiMBas 3alagHOEC WM BOCTOYHOE

HaIpaBJIEHUE PACIIPOCTPAHEHUsI OEPUHTOBOMOPCKUX BOJ uepe3 UyKOTCKHil menbd.

2.4 Bansinue BocTouno-CuOHUpPCKOro Te4eHusi HA K3MEHYHBOCTb COJIEHOCTH

YyKoTCKOro Mmops

ITockonbKy BOIBI, NMEPEHOCUMBIE TEYEHHEM, IOABEPIKEHBI BIMSIHUIO PEYHOTO
CTOKA, BAJKHOW 3aJa4eil SIBISACTCS OLEHKAa IEPEHOCA COJIM, & TAKKE BIMSHUE ITOTO
TEUYEHUsI Ha CPEIHIOI0 CONIEHOCTh YyKOTCKOr0 MOPsl. J{J1s1 3TOro He0O6X0IMMO OTIPEAETUTh
O0COOEHHOCTH €€ IPOCTPAHCTBEHHO-BPEMEHHOM U3MEHUNBOCTH.

Janusie SMAP, npenocrasstomue nH(GOpMaIHO O MOBEPXHOCTHON COJIEHOCTH,
B 3UMHUU NEPUOJ OKA3bIBAIOTCS HEIOCTYIHBIMM Uil OOJIbIIEH YacTU aKBaTOPUU U3-3a
3HAQUYUTENBHOTO JIENOBOIO IOKpOBA. B CBf3M ¢ 3TUM B JaHHOM MCCIEAOBaHUU
aHaJIM3UPOBAIIACh U3MEHUMBOCTH COJIEHOCTH B O€3JIETHBIN TEPUO]] — C HIOJIS 10 OKTAOPD
st UyKOTCKOTO MOpSi M C aBrycTa mo okTs0pb /it Mopeit JlanreBsix u Bocrouno-
Cubupckoro.

Pucynok 2.28, a 1eMOHCTpUPYET CpeHEe I0JIe€ MOBEPXHOCTHOM COJIEHOCTU MO
COYTHUKOBBIM JaHHbIM SMAP. YErko mnpocnexuBaroTcs o00JacTH MNOBBIIIEHHOM
conénoctH (10 32—-33 [1EC) B roxkHOM yacTu menbda YyKoTcKoro Mopsi, HaXoAsIIrecs
IO/ BJIMSIHUEM COJIEHBIX THXOOKEaHCKHUX BOJ. [o Mepe yBennyeHus: MUpOoThl 3HAUEHUS
COJIEHOCTH CHWYKAIOTCSI BCIIECJICTBUE CMEIICHUSI TUXOOKEAHCKUX M apKTUYECKUX BoA. B
BOCTOYHOM yacTu YyKOTCKOTO MOpsi — OT bepuHroBa mposmBa 10 mo0epexbsi AJISICKU
— HabmofatTess 30HBI TOHMWKEHHOW conéHoctn (~30-31 TIEC), uro cBs3zaHo

MPEUMYIIIECTBEHHO C PAcCIpOCTpaHEHUEM AJISICKUHCKOTO MPUOPEHKHOTO TEUEHUS U3
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bepunroBa mopsi. HaubGonee 3HaunTenbHoe cHibKeHUE conéHoctH (MeHee 24 ITEC)
3a(pUKCUPOBAHO B CEBEPHBIX palioHaX M 00YCIOBICHO MpoIleccaMu TasiHUS Jb10B. KapTa
CTaHJIAPTHOTO OTKJIOHEHUs con€HocTH YykoTckoro Mops (PucyHok 2.28, 0) mokasbIBaer,
4T0 HauOoJiee CyIIeCTBEHHbIC Bapuanuu conéHoctu (mpebimatone S5 I1EC)
HaOmomaroTcss K ceBepy oT 73° c.m. [lpm 3TOM 3HauwWTeNnbHas W3MEHYHUBOCTH B
pacrpeeIeHud MNOBEPXHOCTHOM COJIEHOCTU OTMEUYAETCS TAKXKE B 3aI1aJHOM YaCTH MOPS
— BOnM3u moOepexbs YyKOTCKOTo TMOJyOoCTpOBa, TI/I€ 3HAYEHUS CTaHIAPTHOTO

OTKJIOHCHU COIIOCTaBHUMBI I10 BEJIMYHNHE.

ConeHoctb, MEC
CraHaapTHoe OTK/I0HeHue coneHoctu , NEC

175°8.4. 170°B.4. 165°B.A. 175°s.8. 170°8.4. 165°8B.A4.

a 6
Pucynox 2.28 — Cpenusis moBepXHOCTHAS COJICHOCTS (a); CTAaHAapTHOE OTKIOHEHUE
MOBEPXHOCTHOM coJieHOCTH (0) 3a nepuoj ¢ utodist o okTssopb 2015-2020 mo gaHHBIM

cnytauka SMAP

Ha pucynke 2.29 oTmedaercs 3HAYHMTENbHAs MEXKIOJI0Bas HW3MEHYHBOCTH
pacupeneneHus IOBEPXHOCTHOM cojeHocth B YUykorckom wMope. Kak um ¢
pacrmpezielieHueM BOJHBIX MacC TMpeljiaraercsl BBIICIATh JABa THIMA paclpeaesieHus
MOBBIIICHHBIX 3HAYEHU MOBEPXHOCTHON COJIEHOCTH: 3alaHbIA U BOCTOUHBIN. B 2015 n
2020 romax oTMeyanach BBITSHyTass o0Ojactb ¢ cojeHocteio 32-33 IIEC,
MPOCTUPAIOIIASICS OT 3aaaHoN yacTu bepunrosa nponusa 10 70° c.11. K 10Ty OT OCTpOBa
Bpanrens, 4To cooTBeTCTBYET 3anagHoMy Tuly. B nepuosa Bocrounoro tumna (2016-2018

IT.) 00JIaCTh MOBBILIEHHOW COJEHOCTH CMeUlalach K BOCTOKY, TOT/la Kak paiOHBI C
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noHmwkeHHou coyieHocThio (10 29-30 IIEC) pacnonaraiuch B NpUOPEKHON YacTu

YUyKOTCKOr0 moJIyOoCTpOBa.

2015 2016 2017

33

65 '_
)

175 1700 165 3. A 175 170" 165 3. 4. 175 170° 165 3. A.
a 6 B

32

131

30

29

28

ConeHoctb, MEC

27
26

25

170
a

Pucynok 2.29 — KapTbl HOBEpXHOCTHOM COJIEGHOCTH OCPETHEHHbIE 32
aBryct-Hos10pb 2015-2020 no nanasiM SMAP (4epHBIMU JTUHUSIMUA

0003HaYeHBI 00JIACTH TOHUKEHHOUN COJICHOCTH)

Paznuuus Mexay monsiMu cojieHOCTH OoJjiee yeTko BUIHBI Ha Pucynke 2.30, rae
MIPE/ICTABIICHBI KApThl aHOMAJIUI CPeAHE COJICHOCTH JIJISi KaKI0TO Tofia OTHOCUTEIHHO
CpemHero moJisi 3a Bech mepuoj HaOmoaeHuil. Hanbonee BhIpakeHHOW 0COOCHHOCTHIO
SBJISIIOTCSL TIOBBINICHHBIE 3HaueHus aHoMmanuii B 2015 romy (Pucynok 2.30, a). B
HEHTpaIbHON YacTh oHu peako npesbimarot 1 [TEC, Torna kak B 3anaHbIX U CEBEPHBIX
pationax mops gocturatot 2-3 [IEC B 2016 roxy (Pucynok 2.30, 0) pacnpenenenue
aHOMAJIUK CTaJI0 MPOTHBOMOJOKHBIM: CEBEpPHasi 4acTh MOpS U MNPHUOPEKHBIE BOJbI
YyKOTCKOTO MOJIyOCTPOBA OKA3aIMCh ¢ OTpHUIaTesibHbIMU anoMmausMu (Oonee 3 ITEC).

BolpakeHHbIe OTpULIATEIbHBIE AaHOMAJIMKM B 3aMaJHOM 4YacTU MOPSA MPOCIEKUBAIUCH
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taxoke B 2017 (Pucynok 2.30, B) u 2018 romax (Pucynok 2.30, r), XOTs 1 HE OBLIIU CTOJIb
oOmmpHBIMH, Kak B 2016 romy.

Kax BugHo Ha Pucynke 2.30, 1 B 2019 romy HaGII0qaMHCh KaK MOJOKUTEIBHEIE,
TaK M OTpUIaTeN]bHbIE aHOMAIMH. MaKCUMyMbl OTPHIIATENILHBIX  AHOMAaIUMN
pacnonaranmch B paiiore 170-173° 3.1. (K 10r0-BOCTOKY OT OOJIACTH TOBBIMIEHHBIX
aHoMmajui BIOJbL obepexbs Ha 174-179° 3.1.). DTo MO3BOMSAET cenaTh BBIBOJ, YTO B
2019 romy mpoOSIBHIIMCH Y€PThI OOOMX THUIIOB — BOCTOYHOTO C OOJIACTSIMU TIOHM>KEHHOMN
COJICHOCTH K 3amnajay oT bepuHroBa nposuBa u 3aaHOro ¢ MOBBIIIICHHBIMU aHOMATUSIMU
COJICHOCTH K IOry oT octpoBa Bpaurens. B 2020 romy Obutn 3apUKCUpPOBAHBI
TIOJIOKHUTENbHBIC aHoMamu coieHocTH (1,5-2,7 TTEC), nabmrogaBmmecs: Ha pacCTOSTHUN
okosio 100 kM ot 3amagHoro nooepexkbs UyKOTKH, C MOCTENEHHBIM YMEHbIICHUEM
3HAYEHUM B CeBEPO-BOCTOUHOM Hamnpasienuu (Pucynox 2.30, e).

Hanusie SMAP conep:xat 40CTaTOYHO TOYHYIO HH(OPMALIUIO O COIEHOCTH, HO UX
HEJIOCTATKOM SIBJISIETCA OTPAaHUYEHHBIM 1Mo BpeMeHu psan. Peanaimm3z GLORYS12vl
JocTynHbI ¢ 1993 1. nononHsieT Hacrosmee ucciaegoBanue. COriacHO CITyTHUKOBBIM
JaHHBIM U AaHHbIM peaHanu3a GLORYSI12vl, 6putn 3adukcupoBaHbl Ba pa3InyHBIX
THIIA pacTpeaesICHUs CONEHOCTH. 3anaublil TUIT HaOmroaancs, Hanpumep, B 2011, 2014
u 2015 romgax (Pucynox 2.31, r—¢), xorna Bojsl ¢ conéHocthio Boimie 31 [TEC 3annmanu
TEppUTOpUIO OT bepuHroBa MpojuBa 10 MPUMEPHO 72° C.II. MO BCEH aKBATOPUH
YykoTckoro Mopsi. O0JIacTH ¢ TOHUKEHHON COJIEHOCThIO OTMEYAJIUCh TOJIBKO B 3aJIMBE
Koiuieby um Ha 0osiee BBICOKMX IIUPOTaX, TJI€ YCUJIMBACTCS BIIMSHUE TasHUS JIbJA.
[Tpumepbl BocTouHOro THIAa oT™MedeHbl B 2002, 2012 u 2016 ronax (Pucynok 2.31, a-B).
B sTOM ciydae cosi€Hble BOJIBI CMEIIAIOTCA K BOCTOKY, @ MAKCUMAJIbHAS COJIEHOCTh HE
npesbimaer 31 IIEC B npomexyTtke mexay mepuauaHom 180° 3.4. U MOJ0KEHUEM
uzoxamuael 31 TIEC mabmromaercs cioii ompecHeHHbiX Boa (ot 18 mo 30 IIEC)

NPOTHKEHHOCTHIO Ooiiee 190 kM.
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Pucynox 2.30 — Kaptbl aHOManuii coi€éHOCTH, YCpeAHEHHBIE 3a MIEPUOJ C UIOJIS 110

okTsi0pb 2015-2020 rr. Ha ocHOBe JaHHBIX SMAP
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Pucynox 2.31 — Kaptel conénoctn Ha riryoune 0,5 M, ycpeTHEHHBIE 3a IEPUOJ C
HIOJIS TI0 OKTSAOPB, JIJIs 3aMaHoro Tuma (a-B); I BOCTOYHOIO THIA (I-¢€), MO JaHHBIM
peananm3za GLORYS12v1 (cTpenkamu moka3aHo JBUKEHHE BOJ THXOOKEAHCKOTO

MIPOUCXOKICHHUS C BBICOKOW COJIEHOCTHIO)
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Ha Pucynke 2.32 npencrapiieHa MEKro/10Basi U3MEHUUBOCTb CpEJIHEN CONEHOCTH
Uykorckoro Mops. Bapumanum cpenHen COJNEHOCTH B ILEJIOM COTJIACYETCS MEXKIY
paznuyHbIMH TUNIaMu AaHHbIX. B 2017 u 2018 rogax paznuua mexay nanabiMu SMAP u
GLORYS12v1 ne npepsimana 0,1 [TEC. Cxoskast MEXrooBast ©3MEHYMBOCTb COJIEHOCTH
IPOCIEKUBACTCA HAa BCEM JOCTYIMHOM BpeMeHHOM uHTepBaie ¢ 2015 mo 2019 ron.
Hampumep, B 2015 roay aJist Bcex TUIOB IaHHBIX HAOJI0/1a710Ch MOBBIIIEHHE CONIEHOCTH,
torna kak B 2016 rogy e€ 3HaueHHs CHM3WIMCH. CleayeT OTMETHTb, YTO JIAHHbBIE
peaHanuza mnpeactaBieHbl Ha rayowmHe 0,5 M, Torma kak SMAP mnpenocraisieT
uH(pOpMAIUI0O O COJIEHOCTH Ha MOBEpXHOCTU Mops. Kak BHUIIHO, ONMHMCAHHBIC BBIIIE
O0COOEHHOCTH HaIPsIMYIO BIIMAIOT Ha OOIIYI0 CONIEHOCTh MOps. Bo Bpemst 3anagHoOro Tumna
B 2011 u 2015 rogax MakcumMyMm cpeHeit CoEHOCTH (PUKCUpPOBAICs Kak Ha riryoune 0,5
M, TaK M B ycpeaHEHHON mo riyomHe m3MmeHuuBoctu. B 2002, 2012 u 2016 romax
Ha001a0Cch cHKeHue npumepHo Ha ~1,5 TIEC na rnmyoune 0,5 M u Ha ~0,5 T1IEC B
YCPEIHEHHBIX MO TiIyOuHe 3HaueHUsX. ['paduk MeXrogoBod U3MEHYMBOCTH MEpPeHOCca
cosiéHoctu B bepunrosom nposnuse u BCT (MepuanoHanbHBIX U 30HAIBHBIN pa3pesbl)
npeacrasieH Ha Pucynke 2.33. Otmevarorcs nepuoast ycrienns BCT, korga nepeHoc
cosi€éHocTH Bo3pacTai oT 3 10 8.3 X 10? kr/c, OJHOBPEMEHHO C YMEHBIIIEHUEM TepeHoca
yepe3 bepunros npoaus g0 17 % 10° kr/c. Takum oOpazoM, o6a GakTopa B3auMOCBS3aHbI
U TPUBOJIAT K COIJIACOBAHHBIM HM3MEHEHUSM COJIEHOCTH BOJ YYyKOTCKOTO MOpH.
Boctouno-Cubupckoe teuenne (BCT) nmepeHOCUT apKTUUECKHE TTPECHBIE BOJIBI C 3arajia
Ha BOCTOK, 4YTO TMPHUBOJUT K CHIDKCHHUIO COJICHOCTHM B 3allaJHOM 4YacTH MOpS.
OOHOBPEMEHHO HAOJIOAACTCS YMEHbBIIICHNUE MTOCTYTIUICHUS COJIEHBIX THXOOKEAHCKUX BOJT

B FOKHYIO 4acTh YyKOTCKOI0 MOpHI.
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Pucynox 2.32 — MexroaoBast ©3MEHYMBOCTh COJICHOCTH Ha riryouHe 0,5 M (KpacHas
KpHUBasi), OCpEeIHEHHAs MO ITyOnHe CONEHOCTh (CUHSSI KpUBasi) U IOBEPXHOCTHAs
COJIEHOCTh 110 JaHHBIM SMAP (u€pHas kpuBas), ycpeAHEHHbBIE 32 IEPUO]T C UIOJIA 110
OKTSIOpb B paiioHe 163—-179° 3.1. u 67—72° c.m1. (TOYKH YKa3bIBAIOT HA 3aIlaJHbIA THII

(>k€nThIC) U BOCTOUHBIN THI (3€JIEHBIC) COTIIACHO JJAHHBIM O COJIEHOCTH U3 peaHaIn3a
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Pucynok 2.33 — MexrooBasi “3BMEHUUBOCTD IepeHOca coiu yepe3 bepruHros mposus
(urpuxoBannoit) 1 BCT B MepuanoHaabHOM paspese mo 180° 3.1. (CrutomHoi),

yCpeIHEHHAs 3a IEPUOJ] C UIOJS TI0 OKTAOPh
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2.5 CBs13b H3MEHYHBOCTH BETPOBOI'0 pe:kuMa ¢ TCHCHUEM

B bepuHrosom npoJinse

AHanu3 BIHMSAHHUS BETPOBOTO pEKMMa Ha BOJooOMeH B bepuHroBom mposnBe
BKJIIOYAJI pacdeT KO3PQPUIHUEHTOB KOPPEISALNH MEXIY PsIJAaMH CEBEPHBIX TECUCHHUI B
NpOJIMBE M KOMIIOHEHTAMH CKOPOCTHM BETpa C HCIOJIb30BAHUEM OJIHOJIETHETO
crnaxuBamomero ¢wietpa (Pucynok 2.34). HaubGomnpime 3HAYCHHS KOPPEISAITUU
Ha0JII0JAI0TCS HE B pallOHE caMOro IpoJMBa, a ceBepHee HoBocHOMpPCKUX OCTPOBOB, UTO
COTJIaCyeTCsl C BBIBOJAMU HCCIENOBAaHUI, OOHAPYKMBIIUX B 3TOM PErHOHE CHIIBHYIO
B3aMMOCBS3b MEXAY YPOBHEM MOPSI 1 MHTEHCUBHOCTHIO TIOTOKA uepe3 bepnHroB mpoius
no ngaHHbIM rpaBuMetpun [Peralta-Ferriz, Woodgate, 2017] u MojebHBIM pacueTam
[Nguyen A. T et al., 2020]. Pe3yabTaThl KOPPEIAIIMOHHOTO aHAIM3a CBUJICTEIBCTBYIOT,
YTO YCUJIEHHUE CEBEPO-3alla/IHbIX BETPOB MPUBOAUT K YBEIMUEHHIO BOJIHOOOMEHA Yepes3
MIPOJIUB.

Boctouno-Cubupckoe Teuenue, Qopmupyromeecss B MOpUOpPEKHONH 30HE,
BO3HHMKAET B pe3yjbTaTe B3aUMOJCUCTBHUS IUIOTHOCTHBIX TEUYEHHUH, OOYCIOBJICHHBIX
pEYHBIM CTOKOM B Mopsix JlanTeBbix 1 BoctouHo-Cubupckom, U BETPOBOTO BO3ACHCTBUS
[Weingartner et al., 1999]. CeBepo-3anaiHbie BETPbI BbI3bIBAIOT SKMAHOBCKHUI TEPEHOC C
OTKJIOHEHHEM OTHOCHUTENIbHO BeTpa Ha 6(0° BIpaBO, UYTO CIOCOOCTBYET BOCTOYHOMY
NIePEHOCY ONMPECHEHHBIX PeUHBIX BOJ [Zatsepin et al., 2015; Kubryakov et al., 2016]. Oto
NPUBOAUT K OCTAOJIEHUIO TOCTYIUICHUS TPECHBIX BOJ B HAIpPaBJICHHUH TMPOJIUBA,
YMEHBIIICHUIO TPATUEHTOB COJICHOCTH U OTKJIOHEHUI0 BocTouHO-CHOUpCKOTO TeueHus
oT OeperoBoil nmuHUK. B pe3ynbpTare TedueHWe HE AOCTUTAET MPOJIMBA, YTO YCHIIMBACT
NOCTYIUIEHHE THXOOKEAHCKHX BOJ B CEBEPHOM HampapiieHHMH. B MpoTHBOMOIOXKHOMA
CUTYaI[UH MPHU FOT0-BOCTOYHBIX BETPaX YCHUIMBACTCSI BOCTOUHBIN MEPEHOC OMPECHEHHBIX
BOJ, UHTeHcupuiupyercs Bocrouno-Cubupckoe TedeHue, KOTOpPOe IPOHUKAET B

IIPOJIUB.
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Kak BugHo Ha pucynke 2.34, KOppEISIMOHHAs CBSI3b MEXKIY MOTOKOM
TUXOOKEAHCKUX BOJ M JIOKAJILHOM CKOPOCTHIO BETPa HEMOCPEACTBEHHO HaJ| TPOJIMBOM Ha
MEKT0/IOBBIX MacIlTadax BbIpaXe€Ha 3HAUUTEIBHO ciabee (Ko OULIMEHTHI KOPPESAIIH
0,2-0,3). D10 yKa3bIBaeT Ha CYIIECTBEHHO MEHbIIIEE BIIUSIHHUE JIOKAJIBbHBIX BETPOB Ha
CKOPOCTh T€0CTPO(UIECKIX TEUECHHH B MTPOJIMBE MO0 CPABHEHUIO C BETPOM Haja BoctouHo-
Cubupckum mopeM. IIpu 3TOM J0KanbHBIE BETPHI MOTYT (POPMHUPOBATH UHTEHCUBHBIE
OapotpomnHbie aApeidoBbie TEUCHHs, KOTOPbIe HE (DUKCHUPYIOTCS albTUMETPHUECCKUMU

HN3MCPCHUAMMU.

N

\&ga '
' LR

Pucynok 2.34 — Kapra ko3 dunrienTa Koppesiiun cpeHen o J0JIToTe

MCpPII[PIOH&J'IBHOﬁ CKOPOCTH TCUYCHHU: B BepHHFOBOM IIPOJIMBC C BCTPOM

AHanu3 BETpOBOTO pexxrma HajJ bepHHroBbIM MPOIMBOM MO JaHHBIM peaHalin3a
ERAS 3a 1993-2024 rr. (Pucynok 2.35, a) moka3bIBaeT mpeodiiafjaHie yMEpPEHHBIX
BETPOB CO CPEJIHEN CKOPOCTHIO OKOJIO 7,4 M/C, MPEUMYIIIECTBEHHO CEBEPHOTO U CEBEPO-
3aMaJHOrO HaIpaBJ€HUM, MNPOTHUBOMOJIOXHBIX OCHOBHOMY (CEBEpHOMY) IEPEHOCY
TUXOOKEAHCKUX BOJ. XapaKTepHOU 0COOEHHOCTHIO SBIISIETCS BHICOKAS KPaTKOBPEMEHHAs

M3MEHUYMBOCTh BETPOBBIX YCIOBHI, CTOCOOHAS BBI3bIBAThH OBICTPHIE KOJIEOAHUSI CKOPOCTH
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TEYEHUH B IPOJIMBE, YTO coriacyercs ¢ pe3yibraramu [ Woodgate et al., 2015; Woodgate,
2018]. Ha MeXroloBbIX BpPEMEHHBIX MacliTa0ax MEpUJIMOHAIIbHAS COCTaBIISIIOIIAS
CKOPOCTHU BETpPa, CTIIAKEHHAS HU3KOYACTOTHBIM (DMIIBTPOM, OCTAETCS OTPHUIATSIIBHON |
MeHsieTcss npumepHo ot —1,5 mo —4,9 m/c (Pucynok 2.35, 6), 4To yKa3bIBaeT Ha

yCTOWYMBOE TMpeo0iaJaHue CEBEPHOTO BeTpa B KPYMHOMACHITAOHOW BETPOBOMA

MUPKYJEIOUA Hall ITIPOJIMBOM.

V], m/c
0-2
. 2-4 0 1 <-B-——ceBepHbiit BETEP ————-—---—==--—==—m—mmmmmmo oo
m 4-6
Il 6-8
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1996 2000 2004 2008 2012 2016 2020 2024
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Pucynoxk 2.35 — Po3a BeTpoB Hajy bepuHTOBBIM MIPOJIMBOM 3a MEPUOJT
¢ 1992 no 2016 (a); MexkroaoBast U3MEHYNBOCTh MEPUIMOHATBHON KOMIIOHEHTBI
CKOPOCTH BeTpa (OTpHUIATEIbHBIC 3HAUCHUS YKA3bIBAIOT HA CEBEPHBIN BETEP) HAJI

MPOJIMBOM, CTJI&KEHHAs 1-JIETHUM CKOJIB3SIIUM cpeaHuM (0)

BeiBOabI K Ii1aBeE 2

[TocTymneHrne TUXOOKEAHCKUX BOJ 4Yepe3 BepHHroB MpOMB WUrpaeT KIHOYEBYIO
posib B (hOpMHPOBAHUU TUApOJoTHYecKoro pexknma CeBepHoro JlemoBuToro oxeana.
Ananu3 ganHbix ADCP-u3Meputeneil u CnyTHUKOBOUW anmpTuMeTpuu 3a 30-leTHui
MEePUO/ BBISBIII YETKYIO CE30HHYI0 U3MEHYMBOCTh BOJI0OOOMEHA C JICTHUM MaKCUMYMOM

H OCCHHUM MHUHHMYMOM HMHTCHCHUBHOCTHU TCUCHUH. HpI/I 9TOM B OTACJIBHBIC OCCHHHC
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MECSIIbl  OTMEYAIOTCSI  BBICOKME  OTPHUIATEIbHBIE 3HAYEHUS  MEPUAMOHAIBHOU
COCTABJISIFOIICH CKOPOCTH TeUEeHHS co ckopocTsimu 10 0,34 m/c.

YcranoBieHa obpaTHas 3aBHCHMOCTh MeX Iy niepeHocoM Boctouno-Cubupckoro
TE€UEHHUSI U IEPEHOCOM MOCTYNAMUX B UyKOTCKOE MOpE TUXOOKEAHCKUX BOJ. Y CUIICHHE
IOr0-BOCTOYHBIX BETPOB B pailoHe HoOBOCHMOMPCKHUX OCTPOBOB BBI3BIBAECT YCHUJICHHE
NPUOPEHKHOTO TEUEHUS, YTO MPUBOJUT K MPOHUKHOBEHUIO aPKTUYECKUX BOJI B 3aMaTHYIO
YacTh TMPOJIMBA M YAaCTHYHOMY OCJIAOJEHUIO CEBEPHOTO TOTOKA. IJTHU MPOIECCHI
MOATBEPAKAAIOTCS KOMIUIEKCOM JaHHBIX: CTyTHUKOBBIMU U3MEPEHUSAMH TOBEPXHOCTHOM
temmnepatypsl, peadamm3oM GLORYS12v1 u nabmronenussmu criytauka SMAP.

Pe3ynbTaThl Hccien0BaHUN MOAYEPKUBAIOT OMPEACIISIONIYI0 POJIb APKTUYECKON
HUPKYJSIIUM B PEryJIupoBaHuHM BojooOMeHa B bepunroBom mposnuBe. N3meHenus
BETPOBOI'O PEKKMMA, BbBI3BIBAIOIINE YCHICHHUE BOCTOYHOTO IEPEHOCA BOA M3 MOpS
JlanteBbix u BocTtouHO-CUOMpPCKOTO, MPUBOIAT K CYHIECTBEHHOM MEXIOA0BOM
U3MEHUYMBOCTU TOCTYIUICHUS TUXOOKEAHCKUX BOJI. OCOOCHHO BBIPAKEHHOE CHUKCHUE
CKOpocTH TeueHul (6osiee ueM B 1,5 paza) nadbmroganocs B 2001-2002 u 2012 rogax.

Pe3ynbratrhl nccaea0BaHMi, IPEACTABICHHbIE B IJ1aBe 2 OMyOJIMKOBaHbI B paboTax

[Kyk, Kyopsikos, 2021] u [Zhuk, Kubryakov, 2023].
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I''TABA 3. KOHOUT'YPAIIUU OITPECHEHHOTI O CJIOA B MOPAX
JIAIITEBBIX U BOCTOYHO-CUBUPCKOM

3.1 Bo3MOKHOCTDH MCIOJIb30BAHUS CIYTHUKOBBIX TAHHBIX 0 COJIEHOCTH ISl
onpeaeJeHus1 KOHPUTypauu ONPEeCHEHHOTO ¢JI0s1 B Mope JlanTeBbIX 1 BocTouHO-

Cudupckom

BCT ¢opmupyercs B OCHOBHOM 3a CUET CTOKAa PEUHBIX BOJ. BojbIIoi HCTOUHUK
IIPECHBIX BOJ KaK pa3 HaXOAUTCS BOJW3H BBISIBJIEHHOU B MPEbIIYIICH IT1aBe 00JacTH C
BBICOKMMU 3HAYCHMSIMU KOPPEJSIUU BETPa U TEUEHUM B bepuHroBom mposmse. Takum
o0pa3oM, HccleOBaHWE KOH(PUIYpaLUU ONPECHEHHOIO CJIOSI BaKHO HE TOJIBKO MJIs
NOHUMAaHUsl LUPKyIauuu mopeil JlanrteBsix u Boctouno-Cubupckoro, HO W IS
UHTEpIIpETallui U3MEHUUBOCTH T€YeHUN YyKOTCKOIO MOpHI.

CnytHHuKOBBIE M3MepeHus conéHoctu B CeBepHOM JIenOBUTOM OKEaHE MeEHee
TOYHBI M3-3a BJIMSHHS MOPCKOTO JbJAa M HU3KOW TEMIEPATYPbI, KOTOPHIE CHHUKAIOT
YyBCTBUTEJIILHOCTh MUKPOBOJIHOBBIX ITACCUBHBIX JAaTYMKOB K M3MEHEHUSAM COJEHOCTHU
[Fournier et al., 2019]. HecmoTps Ha 3TH orpaHuueHus, B psje padot [Zatsepin et al.,
2015; Kubryakov et al., 2016; Tarasenko et al., 2021] mnoka3aHa BO3MOKHOCTbH
3¢ (HEeKTUBHOTO TMPUMEHEHMs] CHYTHHUKOBBIX JAHHBIX O COJIGHOCTH MJIsi H3Y4YEHUS
KOH(UrypallMi peYHbIX IUIFOMOB, TMOCKOJbKY B ApKTHKE pPEUYHbIE BOJBI MOTYT
CYIIIECTBEHHO OTJIMYATHCS 110 COJIEHOCTH OT OKpY Karonux Mopckux o (Ha 5—10 ITEC).
JIns1 onieHKM npuMeHUMOCTH TaHHbIX SMAP k 3a1ade kapTUpoBaHUS ONPECHEHHOTO CIOS
B aPKTHUYECKUX MOPSIX ObUIM MPOBEACHBI COMOCTABICHUS C HATYPHBIMH M3MEPEHUSIMU
ITIOBEPXHOCTHOM COJIEHOCTH, BBINIOJHEHHBIMA B XoJA€ Jkcneaunuid HWMHcTuTyTa
okeanosorn um. ILII. I[Hupmosa PAH B 2018 u 2019 rr. Bcero O6suio

MpOaHAM3UPOBaHO Oosee 15 ThiCc. M3MEepEeHUH.
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ChyTHUKOBBIE JaHHBbIE OBUIM HMHTEPIOIUPOBAHBI HA KOOPJIMHATHI M BpeMs
KOHTaKTHBIX W3MEPEHHM, YTO MO3BOJMJIO OIICHUTHh MPOCTPAHCTBEHHOE paclpeeiicHue
abcomotHoi morpemHoctd (Pucynok 3.1, a). B OompmmHCTBE ciydaeB ommmoOKa
cocrapisuia MmeHee 1-2 TTEC, Tornia kak Ha OTAENBbHBIX y4acTKaxX, 0COOCHHO Y MOOEPEKbsl
BOM3u ycThs Jlensl u B mponuBe JlanteBbix, mocturana 4-5 IIEC. IloBeimienHbIe
OIMOKM MOTYT OBITh OOYCIOBJIEHBI HECKOJbKHUMH (haKTOpaMu: BO-TIEPBBIX,
MEJIKOBOJAHOCTh U OIM30CTh Oepera yBeInIuBalOT BEPOSATHOCTh UCKAKCHUS CUTHAJA H3-
3a OTPaKCHHUI; BO-BTOPHIX, BEPTUKATBHBIC TPATUEHTHI COIEHOCTH MKy | cM (rmyOuHa
CIIyTHUKOBOTO 30HIUPOBaHMs) U 2—3 M (INIyOMHA HATYypHBIX U3MEPEHUN) MOTYT OBITH
3HAYNTEIHLHBIMH B 30HE WHTCHCHBHOTO PEYHOTO CTOKA; B-TPETHUX, pPa3IMYhE B
IPOCTPAHCTBEHHO-BPEMEHHOM PA3pEIIeHUH JIBYX THUIIOB JJAHHBIX OCOOCHHO 3aMETHO B
YCTBEBBIX 30HaX C BBICOKOM M3MEHUYMBOCTHIO COJIEHOCTH, CBS3aHHON C BETPOBBIMHU
BO3JICHCTBUAMU 1 OapoKIMHHOM IupKyJsauer [Guay et al., 2001; Golubeva et al., 2015,
2017]. dns ydera pa3nuuuii B pa3pelieHUH HaTypHbIE U3MEpPEHUsl ObUTH YCPETHEHBI 110
aaeirikam 0,25° x 0,25°, coorBeTcTByromUX ceTke SMAP. KonmnuecTBo ToUek Ha SUEHKY
MensieTcs oT 3 10 40. AHanu3 pa3HOCTU MeXIy Habopamu JaHHbIMU Ha Pucynke 3.1, a
MIPOJIEMOHCTPUPOBAJ UX XOPOIIIEe COOTBETCTBUE: KOIDPHUITUEHT KOPPEISIIIUN COCTABUI
ceeiie 0,9, cpemHexkBagparuuHoe oTkioHeHne — okomo 1 IIEC. Cpennee
cucremarudeckoe cmerienue coctaBmwio —0,734 TIEC, 4To, BeposSTHO, CBS3aHO C
pasnu4reM riyOuH 30HIUPOBAHMS, TOCKOIBKY B TIOBEPXHOCTHOM MUJUTUMETPOBOM CIIOE
BOJIa MOYKET OBITh MEHEE COJIEHON M3-3a IPECHOBOIHOTO CTOKa. /[narpamma Ha Pucynke
3.1, 6 moka3bIBaeT, YTO CIYTHUKOBBIC JIAaHHBIC JOCTATOYHO YBEPEHHO IO3BOJISIOT
otaenath pednbie Bojbl (S < 28 [IEC) ot mopckux (S > 30 [TEC) ¢ To4HOCTBIO B mpeeiax
1 TIEC. IIpu sTtom 3HaueHus cosn€Hoctu Huxe 20 I[TEC B HaTYypHBIX U3BMEPEHUSX MTOUYTH
HE TPEJCTaBIEHBI, YTO OTPAHUYMBAET BO3MOXXHOCTH KOJIMYECTBCHHOW BalUIaIluN
CIIyTHHKOBBIX JaHHBIX B 3TOM jauana3oHe. Tem He meHee, mpuauMas 28 [TEC B kauecTBe
BEPXHEH TpaHUIIbl Ui PEYHBIX BOJI, MOKHO JOCTATOYHO YBEPEHHO BBIICISATH 30HY
pEYHOTr0 BIUSHUSA MO JaHHBIM SMAP, kak 3TO moaTBep)kKmaeTcs M B IPYrux padoTax,

Hanpumep, B [Osadchiev et al., 2020], rae ucnons3zoBanack rpanuna 30 [TEC.
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Cnenyer OTMETUTh, YTO MPUBEAEHHBIC BBIIIE OICHKUA MOJIYYEHBl s
CTaHJAPTHOTO aJropuT™Ma BoccTaHoBliieHUs coliéHoctu SMAP. HenaBuue nccienoBanust
MOKa3aJIl BO3MOXHOCTh CYIIECTBEHHOT'O MOBBIIICHHSI TOYHOCTH CITyTHUKOBBIX OIICHOK B
ApkTHKe 3a CU€T NPUMEHEHHS METOJOB MallMHHOro oOydeHus. Tak, s Ooiee
OOIIMPHOTO APKTUYECKOTO PETHOHA CpeIHEKBaJpaTHUecKas OIIMOKAa OMpeaeICHUs
conéHocty Obuta cHmxkeHa c¢ 3,15 po 2,15 TIEC, a kod3pduiuueHt Koppensiuu C
HATypHbIMH JaHHbIMEH yBemmuwmics ¢ 0,82 mo 0,9 [Savin et al., 2024]. IIpu stom
HauOoJIbIIee YIyYIIeHUE ObLJIO JIOCTUTHYTO MUMEHHO B OOJACTH HU3KOW COJIEHOCTH,

XapaKTCpHOﬁ AJIA 30H PCYHOI'0 CTOKa.
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Pucynok 3.1 — IIpocTpancTBeHHOE pacnpeaeieHue aOCOIIOTHON Pa3HUIIBI MEXKTY
MTOBEPXHOCTHOM COJICHOCTH M KOHTAKTHBIMH U3MEPEHHUSAMHU COJICHOCTH (a);
JlnarpamMma paccestHusi CITyTHUKOBBIX U HATYPHBIX 3HAUYEHUM COJIEHOCTH 3a TOT Ke
nepuoy (0) (o — cranmaptHoe oTkIoHeHue; [IITpuxoBaHHON TMHUEH BBIICICHA

obsacth +20; R — ko3 puiueHT aerepMuHaIim)

HecmoTps Ha TO, 4TO B HACTOSIIIEH pabOTE NCIIOIH30BAJICS CTAHIAPTHBIN MPOIYKT
SMAP, BBIOTHEHHOE TPSMOE COMOCTABJICHUE CO CIYTHHUKOBBIMHU W HATypPHBIMHU

MU3MEPEHUAMU B palioHe Mops JIanTeBbIX MPOAEMOHCTPUPOBAIIO CPEAHEKBAIPATUUECKOE
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otkioHeHre okojio 1 ITEC u Beicokyro koppessiuio (6onee 0,9), 4To moaTBEpKIAaCT
JOCTATOYHYI0 TOYHOCTh CTAHJAPTHOTO alropuTMa I HACHTH(UKAIMK 00IacTeit
pacrpoCTpaHeHHsI PEYHBIX BOJ M aHAJIM3a MPOCTPAHCTBEHHON M3MEHYHMBOCTH PEUYHBIX
wioMoB. CTOUT y4YHTBIBATH, YTO OIMCAHHBIE BHIINIE OIPAHHYEHHS W HCTOYHUKH
MOTPEIIHOCTEH TaK)KE MOTYT OKA3bIBATh BIMAHUE HA HHTEPIPETALIUIO POCTPAHCTBECHHO-
BPEMEHHONW H3MEHYHMBOCTH PACIPOCTPAHEHHUS OIMPECHEHHOIO CIIOS Ha OCHOBE
CIYTHUKOBBIX JIaHHBIX O ITOBEPXHOCTHOH coseHOoCcTH. Hambomee CyIieCTBEHHBIM
(baKkTOpOM SIBISETCS HEBO3MOXKHOCTH ITOJIyYEHHUS KaYCCTBEHHBIX TAHHBIX MMACCHBHBIX
MHUKPOBOJIHOBBIX H3MEPEHUI BOJIM3H IMOOEPEKBS M B 30HAX, IIOKPHITHIX MOPCKHUM JIbIOM
[Meissner et al., 2019, 2019a], 4To OrpaHUYMBACT BO3MOXHOCTH MCCIICAOBAHMUS, a TAKIKE
MOJKET IPHBOJUTh K HEIMOJHOM KapTHHE pacHpOCTPAaHCHHS pEYHBIX BOJI B
nepudepuiiupix paioHax. Kpome Toro, OTHOCHTEIIEHO HEBBICOKOE IPOCTPAHCTBEHHOE U
BPEMEHHOE pa3peliCHHE CITyTHUKOBBIX MPOAYKTOB IMPUBOAUT K CIIAKUBAHHIO PE3KUX
I'PAUCHTOB COJIEHOCTH, B PE3YJIbTATE YETO MOXKET MIPOUCXOIUTH HEKOTOpAs IePEOIieHKa
IUTOINAZAM OIMPECHEHHOIO CJI0S, OCOOEHHO B IEPEXOAHBIX 30HaX. TeM He MeEHee,
IOCKOJIBKY B JaHHOH paboTe aHaIu3upyeTcs KpymHOMAacmTaOHas HW3MEHYHBOCTh
OIMPECHEHHOTI'O CJIOS HA BPEMEHHOM HHTEPBAJIC OKOJIO MECAIA, YKa3aHHbIE OrPaHUYCHHUS
HE OKa3bIBAIOT CYIIIECTBEHHOTO BIMSHUS Ha OOIIME BBIBOIBI O XapaKTepe M HAIIPaBICHHH

pacnpocTpaHeHus peuHbIX Boja B BocTouHoM yactu CJIO.

3.2 Me:kroaoBasi ©3MEHYHUBOCTb ONIPECHEHHOTO CJI0SI 110 CYTHUKOBBIM

H3MEpPEeHHUAM coJIeHOCTH B MOpsXx JlanreBbIX 1 BocTouHno-Cudupckom

HauOounbimii cTok apkTudeckux pek Poccun mpoucxonut B utoHe—wurone [Paviov
etal., 1996]. OgHako CITyTHHKOBBIE JaHHBIC COJIEHOCTH B OCHOBHOM JIOCTYITHBI TOJIBKO C
aBrycTa MO OKTSIOpb, MOCKOJIBKY paHee OCHOBHAS YaCTh aKBATOPUU OCTAETCS MOKPHITOM
JBJIOM, 4YTO 3aTPyIHSET MHUKPOBOJIHOBBIe u3MepeHus. Ha pucynke 3.2 mokazaHbl
CPEOHEMECAYHBIE KAPTHI IOBEPXHOCTHOM COJIEHOCTH 3a aBI'YCT B Pa3HbIC T'OJbI B IIEPUO/T

c 2015 mo 2020 rr. OGnacTu ¢ MOHWYKEHHOU COJEHOCTHIO OTPAXaIOT PACIOIOKEHUE
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ONMPECHEHHOTO CJIOS, [JIi KOTOPOTO XapakTepHa 3HAUUTENbHAs MEXrojoBas
U3MEHYUBOCTb.

CTouT yuYuTHIBaTh, 4YTO TAasTHUE MOPCKOTO JbJa TaKKe MOXKET BIUSTh Ha
pacmpejiesieHde COJIEHOCTH B TEIIOe BpeMs roga. Tem He MeHee, MOCKOJIbKY JIEN
MOKPBIBAET BCIO MCCIEIYEMYIO aKBaTOPHIO, €r0 BIMSAHUE JOJHKHO OBITH OTHOCHTEIHHO
MIPOCTPAHCTBEHHO OJIHOPOJHBIM. B TO e Bpems ganHble criyTHuka SMAP pukcupyrot
MOCTENIEHHOE IOBBIIICHHE COJEHOCTH 1O MEpEe YJaJeHUs OT YCThSl PEKH, YTO
CBUJETENBCTBYET O HAJIMYMU BO3JICUCTBUS PEYHOIO CTOKA B JAHHOW 00JIaCTH.

Ha ocHoBaHMM aHa/M3a TOBEPXHOCTHOM COJEHOCTM HA PHUCYHKE 3.2 MOXKHO
BBIJICTIUTh TPU XapaKTEpHblE KOH(MUTYypallMd paclpOCTpPaHEHUsS PEYHBIX BOJ B
NpUOPEKHOM 30HE: C JOMUHUPYIONIUM CeBepHBIM HampasiienueM (2015 u 2020 rr.), C
MPEUMYIIIECTBEHHO BOCTOYHBIM HarpaiieHueM (2016 u 2017 rr.) u npomexyTodHas,
cMmemanHas KoHpuryparwst (2018 u 2019 1r.).

Konduryparus ¢ npeobiagaHueM CEBEPHOTO PaCPOCTPAHEHUS XapaKTepU3yeTCs
TEM, YTO OMPECHEHHBIE MAaCChl ABMKYTCA OT yCThs JICHBI K ceBepy. B 3TuX ycioBusix B
paiione ceBepHee HoBoCMOMPCKUX OCTPOBOB, BbIllIe 76° C.111., HAOJIIOAACTCS BEIPAKEHHOE
CHIXEHHE CONIEHOCTU. B TO ke Bpems rokHbIe paiioHbl BocTouno-Cubupckoro Mopst u
aKBaTOPUU IOI0-BOCTOYHEE JEMOHCTPUPYIOT 3HAYMTENBHO OOJ€e BBICOKHE 3HAUCHMS
conénoctu. B 2015 romy Obuia 3aduxcupoBaHa UYETKO BBIpAKEHHAs CEBEpHAs
koHpurypanus. OnpecHEHHBIN CiIoW, o0nafaromuii CoIEHOCThI0 B auanazone 13-17
[TEC, mpoctupaincs ot yctbs JIeHbI Ha ceBep 110 paifoHa ¢ koopauHatamu 132° B.a. u 77°
cau. Jlanee nHaOmomaeTcs €ro OTKIOHEHHWE K BOCTOKY — B CEKTOp CEBEpHEe
HoBocuOHpCcKuX OCTPOBOB, TlIe B PE3yJIbTaTe€ CMEIICHUS C OKPY>KAIOIUMH MOPCKUMU
BOJIaMHU COJIEHOCTh OCTENEHHO yBennuuBaiach 10 ~20 [IEC B roxHoii yactu BoctouHo-
CubupcKoro Mopsi IpH TOM COXPAHSIIUCh BRICOKHE 3HAYEHUS COJIEHOCTH — OKOoJIo 31
[IEC W3-3a OTCYTCTBHUSI CHYTHMKOBBIX HAaOMIOJeHUMN BOMM3M Oepera TOYHOE
OTCJIEKUBAHUE MEPEHOCA OMPECHEHHOTO CJIOS BJIOJIb OCTPOBOB M B HEMOCPEICTBEHHOMN
oim3ocTu k Oepery 3arpyaHeHo. OgHako 3aUKCHUpOBAaHHOE CHIDKEHHE COJIEHOCTH B

paiione 144,6-150° B.n1. u 74,38° c.ul. MO3BOJSIET MPEINOJOXKUThH JalibHEHIIIee
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pacnpocTpaHEHHE ONPECHEHHOM JIMH3bI Ha I0r0-BOCTOK BILIOTH A0 153° B.11. B 2020 roay
Tak)ke HabJro/amack ceBepHas KOH(GUTYypalus, OJHAKO MPOJBIKCHHE OMPECHEHHOTO
CJI0S Ha ceBep ObLTO MeHee BhIpakeHHBIM. O0IacTH ¢ TOHMKEHHON COJIEHOCTHIO (<20
[IEC) mocturiu mmpoTsl 77° c.il. U J0JTrOThl 124° B.j., MOCIE 4ero CMECTUIIMCh Ha
BoCcTOK. B oTimume ot 2015 roza, k ceBepy oT HoBocHOMpPCKHX OCTPOBOB ONPECHEHHBIE

BOJbI MPAKTUYCCKH HEC (I)I/IKCHpOBaJIHCB.
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Pucynox 3.2 —Ycpennennsie 3a 6e371e1HbIN IEpHO/I (C aBrycTa 1o OKTSIOpB)

KapThl MOBEPXHOCTHOU cosieHocTH ¢ 2015 mo 2020 rr. (a—€)

Bocrounas koHdurypaius o3HayaeT pacipoCTpaHeHHe OMPECHEHHOTO CII0S BIIOJIb
nobepexnbs Mops JlanTeBbIX B BOCTOYHOM HampaBlieHUU. B 3ToM ciydae con€HoCcTh BOJ
K 3amaay OT apXwuiiejiara MPEeBbINIAeT 3HaueHUs, HAOII0aeMble B IOKHOW YacTu
Boctouno-Cubupckoro mops. [logoOHast kondurypanuus nposisisiace B 2016 u 2017
roJiax, Korja ONpPecHEHHBIN CIION BBITATUBAJICSA BIOJb moOepexbs. B 2016 rogy nuH3a

OTPECHEHHOTO cJIosi MpoTsiHynachk ot 130° mo 165° B.1. — Gonee uem Ha 1400 kM — ¢
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yBenuuenrem cosiéHoctu oT ~10 TIEC B mope JlanteBbix g0 17-20 I[IEC B BocTO4HOI
gactu Bocrtouno-Cubupckoro mopst B mpeaenax 160-170° B.n. B stom xe romy
ONPECHEHHBIN CIION HAXOAWICA B MPHXKATOM K MAaT€PUKY MOJOKEHHUH, & €r0 IHUPUHA B
NEepHEeHANKYJIIPHOM K Oepery HarpanieHuu He npesbimana 190 km. B 2017 rony nunza
OMPECHEHHOTO CJIOS IPOJBUHYIACH €IIE AAJbIIE HA BOCTOK — MPUOIU3UTENHHO 10 171°
B.1. B npuOpesxnoii 30He BocTouno-CuOrUpcKkoro Mopsi B 3TOT MEPUOJI CPETHNE 3HAUCHUS
conénoctu coctaBisuin menee 13 [IEC, Torna kak B EHTpaIbHBIX 00IaCTAX MOpPS OHU
npebimiany 24 IIEC. IlomMumMO  BBIp@KEHHOTO  BOCTOYHOI'O  HalpaBJICHUSA
pacnpocTtpanenusi, B 2017 roxy Takyke HaOII0AaJ0Ch UHTEHCUBHOE PacIpOCTPAHEHUE
ONPECHEHHOTO CJIOS1 B CEBEPHOM HAIpPaBICHUU — A0 75° .11 Mops JIanTeBbIX, BKITIOYast
3anajHble paiioHbl HoBOCHOMpPCKUX OCTpPOBOB. Kondurypamuss HampaBieHUs
pacnpoctpaHenus peunsix Boa B 2018 u 2019 romax xapakrepusyeTcsi Kak CMEIIaHHAs!.
B 31ux ciayyasx (uKcupyeTcs OAHOBPEMEHHOE PacHpOCTPaHEHHE OMPECHEHHOIO CIIOS
KaK B CTOPOHY CEBEPHBIX IIUPOT (110 76° c.111.), TaK U B BOCTOYHOM HaIlpaBJICHUU BJIOJIb
nooepexns. B 2018 roay nuH3a onpecHEHHOTO €IS TocTUria paitona HoBocuOupckux
octpoBoB (140° B.x., 77° c.11.) Ha ceBepe, a B BOCTOYHOM HaINpaBJIeHUU HaOI01a1ach
BJIOJIb ToOepexbs 10 169° B.1. B 2019 roay onpecHEHHBIC BOABI C COIEHOCTHIO OKOJIO
10 ITEC npoasuraiuch Ha ceBep oT ycThs JIeHsl 10 o0mactu ¢ koopauHaTamu 133° B.j.
1 75,5° C.I1I., TJIe, MPEAMOI0KUTEIBLHO B PE3yIbTaTe B3aUMOICHCTBHS ¢ 00JIee COIEHBIMH
BOJIaMH OTKPBITOTO MOPSI, 3HAUYCHHUS TOBEPXHOCTHOM COJICHOCTH YBEINYHBAIUCH 10 13—
16 TTIEC. OnpecHEHHBIN €O TaKKe PacHpOCTPaHSIICS Ha BOCTOK, MMPOXOJIS Yepe3 BCIO
akBaroputo BocTtouHo-Cubupckoro wmopsi. MuHUMalIbHbIE 3HA4YEHUS COJIEHOCTU
¢bukcuposanuce Ha yaaienuu 100-200 km oT OeperoBoi JIMHUK B CEBEPHOU YaCTH 3TOTO
mopsi. Korduryparus Boj, Habmonasmasicss B 2019 rofy, cymecTBEHHO OTINYAIUCH OT
BOCTOYHOTO TepeHoca, 3adpukcupopanHoro B 2016—2017 romax. B gactaoctn, B 2019
rojly ONpEecCHEHHBIA CJIOW HE OCTaBaJCsl MPUXKATHIM K IIeTh(OBON 30HE, a 3aHUMAl
OOITMPHOE MPOCTPAHCTBO, yAAIEHHBIE OT OeperoBoi nuHUU. B paiione mexnay 145° u
175° B.#. OTMEUYEHBI OT/AENIbHbIE 30HBI C MOHUKEHHON CONEHOCTHIO, (hopMUpYIOIINE

W30JMPOBAaHHbIE JIMH3bI. PaHee mMOAOOHBIE CTPYKTYphl B O3THX IIUPOTAax HeE
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PETUCTPUPOBAIIUCH, BEPOATHO, W3-32 KpallHE OrPAHMYEHHOTO KOJUYECTBA HATYPHBIX
u3MepeHnil. BO3HMKHOBEHME TaKMX YIAJIEHHBIX OT Oepera M OCHOBHOM JHH3BI
ONPECHEHHBIX YYaCTKOB MOXET OBITh CBSI3aHO C OBICTPBIM MEPEHOCOM BOJ, YTO
0OyCJIOBJIEHO BETPOBBIM MEPEMEIIUBAHUEM, U3MEHUUBOCTbIO TEUCHUIN WM JIEUCTBUEM
ME30MAaCIITA0HBIX BUXPEBBIX 00Pa30BaAHU.

Ha Pucynke 3.3 npencraBieHbl cpeHEMECSYHbIE TIOJII CITYTHUKOBOM CONEHOCTH
3a 6e3nénupiii ce3on 2015-2016 romgoB. B aBrycre 2015 roma (Pucynok 3.3, a) Obutn
3aUKCHPOBAaHB MUHUMAJIbHBIC 3HAUCHUS cON¢HOCTH, nocturatonue ~5—10 [TEC DOtun
BEJINYMHBI OKA3aJIMCh HUKE XapaKTEPHBIX 3HAYEHU JJIs1 OMPECHEHHOTO CJI0S, U3BECTHBIX
[0 HATYpHBIM JIaHHBIM, YTO, BEPOSITHO, CBA3AHO C MajbiM KOJUYECTBOM HATYPHBIX
u3MepeHuil. TpyIHOIOCTYIIHOCTh palioHa HAOMIOACHUN ISl CYJIOB, CIEAYIOIIMUX U3
KPYIHBIX IOPTOB, OOYCJIOBJIEHHAsl CJIO)KHOM JIEIOBOM OOCTaHOBKOW, Jienaer
CITyTHUKOBBIC U3MEPEHUSI COIEHOCTH €IMHCTBEHHBIM HAJIEKHBIM UCTOYHUKOM JIAHHBIX O
pacrpenesieHnn TPECHOBOIHBIX MACC B aBIyCTE.

B centsbpe u oxra6pe (Pucynoxk 3.3, B, T) MPOUCXOJIUIIO AKTUBHOE
nepepacrpezeieHue U CMEIIeHHe ONMPECHEHHBIX BOJ| ¢ 00Jiee COJIEHONW MOPCKOM BOJIOH.
ConéHocThb OMpecHEHHOTO CJI0s Bo3pacTaina, mpubnuxasicek Kk ~16 TIEC, uto cornmacyercs
C M3BECTHBIMHU JIaHHBIMU In Situ. DTO U3MEHEHHE, BEPOSITHO, CBA3aHO CO CHUYKEHHUEM
pPEYHOTO0 CTOKAa M YBEJIMYEHHWEM TypOYJIEHTHOTO TMepeMEelIuBaHus B O€3NEMHBIX
ycnoBusix. B mepuon ¢ aBrycra mo ceHtsopb 2015 roma ompecHEHHBIE BoAbl (S < 21
[TEC), nabntonaembie Kk ceBepy oT HoBocuOMpPCKUX OCTPOBOB, CMECTHIIMCH Ha BOCTOK C
149° B.1. no 156-157° B.1. B okTsa6pe (PucyHnok 3.3, 1) CONEHOCTh TPOJOIDKUTIA PACTH,
IPU 3TOM OTHOCUTEIBHO OAHOPOJHAS MO TOPU3OHTAIM CTPYKTYypa OMPECHEHHOTO CIIOS
paspyiianachk, OCTaBIsAsS JUIIL OTIAEIbHBIC (DPAarMEHThI ¢ MOHMKCHHBIMU 3HAYCHUSIMU
ITOBEPXHOCTHOM COJIEHOCTH, JOKAJIM30BAHHBIE B paloOHE apxurenara. B akBaTtopuu
Boctouno-Cubupckoro Mopsi B 3TOT MEpPUOJ HE HaOMI0JATIOCh 3HAYUTEIBHBIX
MOHM)KCHUI TTOBEPXHOCTHOM COJIEHOCTH, XapaKTEPHBIX [UJISI OMNPECHEHHOTO CIIOA,
oOpa3zoBanHoro pexkamu KombiMa u Wugurupka. Ilockonbky nanneie SMAP B

NpUOPEXKHON 30HE OTCYTCTBYIOT, MOXHO JHIIb MPEANojararb, 4YTO WHTEHCUBHOE
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MNEPCMCIINBAHUC OIMPCCHCHHOT'O CJIOA B 2015 r. HE MO3BOJIUIO Sa(i)I/IKCI/IPOBaTB HaJIM4uc

OIIPECHEHHOTO CJIOS OT 3TUX PEK.

ConeHoctb, MNMEC
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Pucynox 3.3 — OcpenHeHHbIe 17151 KaKI0TO MecsIa Oe3IeTHOTO MepruoIa KapThl

MOBEpXHOCTHOM cosieHoctu aiis 2015 (a, B, 1) u 2016 (6, T, €)

B 2016 romy omnpecHEHHBIA CIOH paCHpOCTPAHSIICS MPEUMYILIECTBEHHO BJOJIb
nobepexnss Poccun B BoctounoMm HarpaBieHuu. Kak Bumgno Ha Pucynke 3.3, 6 yxe B
aBryCT€ TPaHUIAa ONMPECHEHHOTO cJost Jocturaia 166° B.1., a k okTsa0pro (Pucynoxk 3.3,
€) OHa MPOABUHYJACK /10 175,5° B.1I., MPU 3TOM CJIOM OKa3aJiCs BBITSIHYT BJI0OJIb O€PEroBoii
auaun. [llupwHa 30HBI TOHWXEHHOH conéHocTH B Boctouno-CubupckoM Mope
coctaBimsuia okoso 90 kM. B okTa0pe mpomomkamoch yBETWYCHHE COJIEHOCTH

OHpeCHéHHOFO CJI0s1, 9TO CBHACTCIILCTBYCT O €TI0 ICPEMCIIMBAHHUU C OKPYIKAOIMIUMU
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MOpckuMu Boaamu. CienyeTr MOTYEpPKHYTh, YTO MEPEMEIICHUE ONMPECHEHHOTO CIIOS B
MIEPHUO/T C aBTYCTa MO OKTAOPH, COTIACHO JTaHHBIM Ha Pucynke 3.3, ObLIO OTHOCHUTEIIBEHO
HE3HAUUTEIBHBIM. OJTO CBUAETEIBCTBYET O TOM, YTO OCHOBHOE pPaclHpOCTpaHEHUE
PEUYHBIX BOJ MPOM3OLLIO €IIE€ A0 aBrycTa — B IEPHUOJ, KOT/Ia aKBaTOPHS OCTaBalach
MO0 JhJAOM M OblJa HEJOCTyMHa JUIS CIYTHUKOBBIX HU3MepeHHil. Takoil BbIBOX
COTJIacyeTcs C pe3yJibTaTaMy U30TOITHOTO aHAJIN3a KACIIOPO/1a, IPOBEAEHHOTO HA OCHOBE
KOHTaKTHBIX u3MepeHuit B 2018 roxy [Tarasenko et al., 2021], koTopsrii moka3ai, 4To
MOCTYIJIEHUE PEYHBIX BOJI Ha ceBep B Mope JlanTeBbIX Hayanoch 32 HECKOJIBKO MECSIIEB
JI0 aBryCcTa, HECMOTPSI HAa HAJIMYHE JIEOBOTO TOKPOBA.

JlokanbHble aTMOC(EpPHbIE CHUHONTUYECKUE MPOLECCHl SBIAIOTCS OAHUM U3
KJIIOYEBBIX (DAKTOPOB, OIpPENEISAIOIIUMX HalpaBlIeHUE NEpPEeHOca OMPECHEHHOTO CIIOsS
[Guay et al., 2001; Fofonova et al., 2015; Golubeva et al., 2015, 2017]. Ha pucyuke 3.4
MIPEICTABIICHBI CPEIHEMECIYHBIE MOJI BETPa JIsl IEPUO/IA C UIOJIS IO CEHTSAOPH IS ABYX
pa3HbIX KOHPUTYparuii onpecHEHHBIX BOJI: ceBepHOi (2015 1.) u BocTounoi (2016 1.).
AHanu3 JEMOHCTPUPYET BBIPAKEHHBIE Pa3jvyMsl B 30HAJIBHOM COCTABISIOLIEH MOJIS
BeTpa HaJ 3cTyapueM JIeHbl B JIETHHE MECSIIbl COOTBETCTBYIOIIMX JIET.

B wutone 2015 roga mpeoOnaman ceBepo-BocTouHblii Betep (Pucynok 3.4, a).
CoryacHO Teopun DKMaHa, MOBEPXHOCTHBIN CIIOM CMENIAeTCs] BOPABO OT HAIpPABIICHUS
BETpPA; IPU CEBEPO-BOCTOYHOM BETPE IKMAHOBCKHI MEPEHOC MPEMSTCTBYET BOCTOYHOMY
NEPEHOCY OIMPECHEHHOTO CIOsl, U YCTheBasi 00JIACTb CTAHOBUTCS 30HOW HAKOIUICHUS
NpecHbIX BOA. I'pagueHThl CONEHOCTH HAa TPAHULIE ONMPECHEHHOTO CJIOSI COCOOCTBYIOT
(bOpMHUPOBAHUIO AHTUIIMKIOHUYECKON IUPKYJISINHN, KOTOpas B paiioHe AENbThl JIeHbI
BBIpaXkaeTcs B BUJIE TCUCHUM, HalTpaBJIeHHBIX Ha ceBep. B aBrycre (PucyHok 3.4, B) BeTep
U3MEHUJICSI Ha I0r0-BOCTOYHBIN, UYTO JOMOJHUTEIBHO CHOCOOCTBOBAJIO MPOABUKEHUIO
OTPECHEHHOTO CJI0S Ha CEBEP U ceBepo-BOCTOK. B centsiope 2015 roga (Pucynok 3.4, n)
npeoOnajan 3amagHbli  BeTep, W BOCTOYHAS TIpaHUIA ONPECHEHHBIX  BO/,

pacnonaraBiasicss ceBepuee HoBocuOMPCKUX OCTPOBOB, CABUHYJIACh BOCTOYHEE — JO

~159° B.1.
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Pucynox 3.4 — CpenHemecsiuHbIe KapThl MO BETPa JIJIsl UIOJIS-CEHTAOPs

B 2015 (a, B, 1) 1 2016 (0, 1, ¢)

B otnunuue BoimeonucanHoro, B 2016 roxy Han yctheM JIeHs! peoOiiagan ceBepo-
samagueiii Betep (Pucynox 3.4, O, r, €), KOTOpBIH CIOCOOCTBOBA CMEIICHHUIO
OTMPECHEHHOTO CJIOA Ha IOT U €ro NpPWKaTUI0 K Oepery, uTo BBI3BAJIO JIOKAJIHHOE
NoBbINIeHUE YpoBHS Mops (cMm. Pucynok 3.5, 0) u cmocobctBOBasio (HOPMUPOBAHUIO
BJIOJILOEPErOBOr0 TEUEHMsI, HAMPaBJICHHOTO Ha BOCTOK. KOro-zamagHblil U 3amajaHbIHA
BeTEp, JOMHUHHMPOBABIINN B aBrycte W ceHtsope 2016 roma, ycunmBagl BOCTOYHBIN
nepeHoc omnpecHéHHoro ciosi. [logoOHoe BiusHME BeTpa HaA pacHpoCTpaHEHUE
ONPECHEHHBIX BOJ ObLIO paHee omucaHo aiig OOb-EHUCEHCKOro onmpecHEHHOTO €IS B

Kapckom mope padot [Zatsepin et al., 2015; Kubryakov et al., 2016].
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3.3 Bo3MOKHOCTH HCIOJIB30BAHUS CIYTHUKOBBIX JAHHBIX 00 YPOBHE MOPS
U TeMIepaTtype JJIs onpeaejieHus KOHGUIypanuy onpecHEHHOro cJI0M B

0e3/1eAHbIH NePHO/

Peunble Bonbl, moctynatomue B CJIO B jeTHUN mNepUOJ, XapaKTEPU3YIOTCS
CYIIIECTBEHHO 0o0Jjiee BBICOKOH Temriieparypoii, gocturaromieir 15 °C [Lammers et al.,
2007]. CumwxeHue COJIEHOCTH M OJHOBPEMEHHOE TIOBBIIICHHWE TEMIEpaTypsl B
ONPECHEHHOM CJIO€ MPUBOAAT K YBEIUYECHHIO 00BbEMa BOJbI 32 CYET CTEPUUYECKOIO
pacmupenus. CynieCTBEeHHbIN BKJIaJ B MOBBIIIEHHE YPOBHS MOpPS TAaKK€ BHOCHUT caM
O00BEM PEYHOro CTOKAa. DTHU (PAKTOPBI MO3BOJISIIOT MCIOJIB30BaTh MPOCTPAHCTBEHHOE
pacmpenesieHne  TeMIeparypbl ~ IOBEPXHOCTHOCTH  MOPSI U BCEIOTOJHBIC
AIbTUMETPUUECKUE HU3MEPEHHMs] YPOBHS MOpsl JUIsl M3Y4YeHUs] OCOOEHHOCTEH
pPacpOCTPAHEHUS] OIPECHEHHOTO CJIOA B MOPSAX BOCTOUHOU APKTUKH.

Ha Pucynke 3.5 npezcraBiieHbl yCpeIHEHHBIE MOJI TEMIIEPATYPbl U YPOBHS MOPS
3a OesnenHbli  ce30H (aBryct—okTsa0ps) 2015 wu 2016 r0m0B, oOTpaxaroliue
KOH(Urypaluu ONpecHEHHOTO CIIOs, BbIACIECHHbIE MO JaHHBIM SMAP kak ceBepHas
(2015 r.) 1 Bocrounas (2016 r.). B 2015 roay o61acTh TOBEpXHOCTHOM TEMIIEPATyPbI
BhIme 3 °C mpoctupaercs OT YCThsl peku Ha ceBep Oosiee yem Ha 350 kM, qocturas 77°
C.Il., U MO reorpagMueckoMy pacHoOJOKEHUIO COBMNAAAE€T C 30HOW MOHMKEHHOU
COJIEHOCTH, YTO YKA3bIBAET Ha TEIUIOBOE BIMSIHUE ONPECHEHHOTO CJI0s1 B JaHHOM 00J1aCTH
(Pucynox 3.5, B). B 2016 romy mnpu BOCTOYHOW KOH(UTypaIlMH ITOBBIIICHHUE
TeMIlepaTyphl ceBepHee ycThs Jlensl He Pukcupyrotcs (Pucynok 3.5, r). BmecTo atoro
TEIJIbIE BOJBI C TOBEPXHOCTHOM TemmepaTypor Oosee 3 °C pacnpocTpaHSIOTCS Ha
BOCTOK M 3aHHMAIOT 3HAUYUTEIbHYIO 4acTh MpUOpexHON 30HbI BocTtouHo-CulOupckoro
Mops. Ha temmeparypHble aHOManuM B IIpeleiax ONPECHEHHOTO CJIOS BIMSIET
COBOKYMHOCTb (pakTOpOB. Bo-niepBbIX, pEUHOI CTOK MOCTYMNAeT B MOPE YK€ MPOrPEThIM

10 CpaBHEHMIO C OKpY’Karolei Mopckoii Bogoi [Lammers et al., 2007; Kraineva et al.,
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2014, 2015; Magritsky et al., 2018]. Bo-BTOphIX, XaluHHAs CTpaTU(UKALNS
CIOCOOCTBYET YCTOMYMBOCTH BOAHOM TOJIIHM, YCHUIIUBAS JIETHUI MPOTPEB BEPXHETO CIIOS
[Osadchiev et al., 2021]. KpoMe Toro, BHICOKOE COJIEp)KaHHE B3BEIICHHBIX YaCTHI[ B
PEYHBIX BOJaX YBEJIUYMBAECT MOIJIONICHUE COJHEUHOM paguanuu [Bauch et al., 2013]. B
COBOKYIMHOCTH 3TH MEXAHWU3MbI MO3BOJISIOT BBIABIATH CIEbl OMPECHEHHOTO CIIOSl Ha

KapTax HOBerHOCTHOﬁ TCMIICPATYPhI JaKC HA 3HAYUTCIIbHOM YAAJICHHUHN OT YCTbA.

Pucynok 3.5 — CpenHue kapTbl ypoBHSI MOpsI 17151 aBrycTa-okTa0ps: 2015 (a); 2016

(0). Cpeanue kapThl TOBEPXHOCTHOM TeMIepaTypbl AJi aBrycta-okTsiops: 2015 (B);
2016 (1) (UepHblii MpsIMOYTOJIBHUK 0003HAYaeT 001aCTh, KOTOPask UCIIOIB3YETCS IS
CpPaBHEHMS TOBEPXHOCTHOM COJICHOCTH, TEMIIEPATYPBI U YPOBHS Mops B Pucynke 3.7

u Tabmmie 3.1)

N3MeHeHusT ypoBHS MOpPS KOPPEIUPYIOT C HAOMIOJaeMbIMH aHOMAJIUSIMU
TeMriepaTypsl U conéHoctu. B 2015 roxy npu ceBepHON KOHGUTYpAIUKA OTPECHEHHOTO
CJI0S1 MAaKCUMAJIbHBIC 3HAYEHUS YPOBHSI MOPSI PETUCTPUPYIOTCSI CEBEpHEE YCThs JIeHbI, B

3anaaHoi yactu akBatopun (PucyHok 3.5, a). B To e Bpemst B1ob mobdepexns (140—



128

180° B.1.) ukcupyeTcs MOHUKEHHBIA ypOBeHb Mops. Takas CTpyKTypa MOXKET OBbITh
o0yCIJIOBJIeHa HE TOJIBKO OTCYTCTBHEM OINMPECHEHHBIX PEYHBIX BOJ BONM3M Oepera, HO U
BO3JCHCTBUEM JIPYTUX JIWHAMHUYECKHX NPOLECCOB. B YacTHOCTH, CHIIBHBIN FOTO-
BOCTOUYHBIN BETep, XapakTepHble i JieTHero nepuona 2015 ropa, cmocoOCTBOBaIU
(dbopMUPOBaHHIO IPUOPEIKHOTO AlBEJLTMHTA Y poccuiickoro moodepesxbs [Osadchiev etal.,
202006], uTo Takxke OBLII0O OTMEUEHO B X0/ YMCIeHHBIX pacyeToB Moaenn ARRI — IOCM
[Mopst poccuiickoii ApKTHKH..., 2021]. AOBEUIMHT CIOCOOCTBYET BBIHOCY XOJIOJIHBIX
TIyOMHHBIX BOJ, COITPOBOXKIAIOMIEMYCS JIOKATbHBIM TTOHIKCHHEM YPOBHEM MODSI.

B otnuume oT BbIIENIPUBEIEHHBIX 0cOOeHHOCTEM, B 2016 TOMy MpU BOCTOYHOM
KOH(pUrypanuy HaOMIOAAETCS TMOBBILIEHHBI ypPOBEHb MOpPS BAOJIb MHOOEPEXKbs
Bocrouno-Cubupckoro u JlanteBbix Mmopeit (Pucynok 3.5, 0). 3HaueHUst ypoOBHS MOPS
OCTAaIOTCSI OTHOCHUTEIBHO BBICOKMMHU BIUIOTH 10 171° B.A. BoaHble Macchl,
XapaKTEPHU3YIONTUECS MTOBBIIICHHBIM YPOBHEM U TEMIIEPaTypOH, pacIiooKeHbI y Oepera
Y COBIAJAIOT C 30HAMU MOHI>KEHHOW MOBEPXHOCTHOM COJIEHOCTHIO.

Bxnag Ttemmeparypel W CONEHOCTH B CTEPUUYECKYIO KOMIIOHEHTY YPOBHS,

0003HaYaeMblIil Kak N¢;, MOXXHO OLIEHUTH 110 hopmyiie:

H -
hCT _ J (pnoc pMOpH) dZ, (31)
0 pMOpf—I

rae H — tonmmHa onpecHEHHOTO CI10;
Prioc M Pyops — TIIOTHOCTH ONPECHEHHOTO CJIOS U MPUJIETAIOIIUX MOPCKUX BOJ

COOTBCTCTBCHHO.

XapakTepHble mapaMeTpbl MOKHO 33JaTh CJIEIYIOIIUM 00pa3oM: TOJIIHUHA CIIOS
H =5 ™, conénocts S = 15 IIEC, temneparypa T = 6 °C; nst otkpsiToro mopsi: S = 30
ITEC, T =2 °C. B atom ciyuae pacuéTHas BenuuuHa h., coctaBiseT okoyio 12 cm.

bonee moapoOHBIN mpuMep BIMSHHUS BETPOBOW LUPKYJSIMU HA TOBBIIICHHE

ypOBHsI BOJM3HM MoOepexbs mnpeacTaBieH Ha Pucynke 3.6. B 2023 r maGmromanuch
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JIOKaJIbHbIE CHHONITUYECKUE IUKJIOHBI, C TIPE00IIaIaloIUMK BETPAMH 3aIlaJHbIX pyMOOB
Hag menbhom mopeid JlanreBeix m Bocrouno-Cubupckoro (Pucynok 3.6, a), dto
CIIOCOOCTBOBAJIO DKMaHOBCKOMY TepeHoCY Ha BOCTOK (Pucynox 3.6, 0). UHTerpanbHbIi

ICPCHOC OIPCACILACTCA BBIPAKCHUCM !

T
Mg = ——, (3.2)
g prOpH
T = pBO3Dv2' (3-3)

rje f — napameTp KOpUOJIHCa;

T — TAaHIM€HUIHUAJIBHOE HAMNPSHKEHUE TPEHUS BETPA,
Pros — INIOTHOCTh MPU3EMHOT'O BO3/1YXa;

D — rimyOrHa 5KMaHOBCKOTO CJIOS;

V — CKOPOCTB BETpa.

Hst menbdoroit wactu mops JlanreBeix D = 20-50 M. B ycnmoBusIX TOHKOTO
crpatuduumpoBanHoro tmoma (D > H) NUKHOKIMH MOJABJSICT Pa3BUTHE IMOJHOU
HPKMaHOBCKOW criupayiv, OJOKUPYST KOMIIEHCAIIMOHHBIN MEPEHOC B MPUIOHHOM CJIO€.

OtcyTcTBHE OOpAaTHOrO TEYEHUS! B HUKHEM CJIO€ MPUBOJUT K TOMY, YTO
HaOJro1aeMasi CKOpocTh IiroMa MoxeT B 3—4 pasa (K) mpeBbIIaTh KIACCHYCCKHI

nepenoc(Mg) [Savin, Osadchiev, 2025]. Torna unTerpanbHbii 3hHEKTHBHBINA EPEHOC
(M eff ):

M= Mgk (3.4)
Nuterpanpubii  dpdekTuBHbI mepeHoc K Oepery ¢GOpMHUPYET TOIBEM

ypoBHs (An) n Oapuueckuii rpaaueHT (An/L) Bmosb 1mrenabda, npoTshkeHHOCThI0 L. B

YCTAaHOBUBLIEMCSI PEXKHUME ATOT TpaJMEeHT ypaBHOBewuBaerca cuiioil Kopuosuca, a
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HAaKOIUICHHBIM 00BeM KOMIICHCUPYCTCA BI[OJIL6epeI‘OBI)IM FeOCTpO(l)I/I‘-ICCKI/IM OTTOKOM.

N3 6aanca uHTErpaibHbIX MepeHocoB Mess ~ JHAMN cienyet oneHka
M
/n = ng—jg~ 20 cM, (3.5)

npu napamerpax f = 1,4x107% k = 3, L = 600 kM. B urore ypoBeHbs aGCOIIOTHOM
tonorpaduu (Pucynok 3.6, B) moBbltmaerca Ha 3HaueHus cBeime 0,2—0,3 M B obnactu
125-160 °3.1., uTo NpUBOIUT K hopmMupoBanuio mpudpexHoro noroka (Pucynok 3.6, r),

HaIpaBJICHHOI'O Ha BOCTOK, OITMCbIBACMOI'0 B FeOCTpOCpI/I‘—Ie(JKI/IMI/I COOTHOUICHUSMU.

_ goh 36
"= oy 5o
__goh

TJI€ Uy, V; — KOMIIOHEHTBI F€OCTPOPHIECKUX CKOPOCTEN;
h — ypoBeHs mops;
X, Y — TOPU3OHTAJIbHAS U MEPUIUOHATbHAS KOOPINHATHI;

g —yCKOpeHHe CBOOOHOTO MaJICHHUS.
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N S T //'//

CkopocTb BeTpa, M/C

Mopaynb OkmaHoBCKoro nepeHoca, m?/c

130°6.5 14054 150°%A

Mogynb CKOPOCTU T@UEHUI, CM/C

Ab6conioTHas auHamu4Yeckan Tonorpagus, M

~ I..
120%6.4 \130 —
B.Aa.

B r
Pucynox 3.6 — Ilons BeTpa (a), skMaHOBCKOTO TiepeHoca (0), abCoMoTHON
JTUHAMHYECKO# Tororpaduu (B) U TeocTpopuiecknx TeueHui (T) B Mopsx JlanTeBrIx u

B 3anajHoN yacTu Boctouno-Cubupckoro, ocpeiHEHHbBIE 3a UIOJIb—CEeHTIOph 2023

JIiss  BBISABIIEHUS CBA3M MEXIy CIYTHUKOBBIMH JaHHBIMH O COJEHOCTH,
TEMIIEPAType U YPOBHE MOPCKOM MOBEPXHOCTH, ObUIN MOCTPOEHBI JUATPaMMBbI pacCessHUS
MEXIy COOTBETCTBYIOIMMHU BenuunHamu (Pucynok 3.7). s 9TOTO MeCSUHBIE KapThl
MOBEPXHOCTHOM TEeMIEpaTypbl C MPOCTPAHCTBEHHBIM paspelieHneM 4 KM ObUIH
yCpenHEHbl B sA4yelkax ceTku 0,25°, COOTBETCTBYIOIIEW PpPA3PEIICHUIO CIIyTHHKOBBIX
naHHbix SMAP. ExxeMmecsiuHble KapThl aJbTUMETPUM 00 YPOBHE MOPSI TaKX€ UMEIOT
paspemenue 0,25° u 6p11H cornacoBanbl ¢ ceTkoit SMAP. CpaBHeHue mpoBOAUIIOCH 110
KOKJIOMY Y371y B IIpeiesiaX UCCIeayeMOoro peruoHa 0Jm3u yeThs (koopauHaTer 131-138°

B.A., 73—75° c.u1.), KOTOpBIA BBbIACIEH NPSIMOYTOJbHON pamkoi Ha Pucynke 3.5.
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O600ménnblie pe3ynbrarhl aHamm3a 3a 2015-2020 rr. npeacraBiensl B Taduumie 3.1, a

XapakTepHbIC TPUMEPHI Auarpamm paccessaus st 2015-2018 romoB — Ha Pucynke 3.7.

Tabmuma 3.1 — Koppensmus Mex 1y moBepXHOCTHOU cosieHocThio SMAP, ypoBHEM

MOPS IO JJaHHBIM aJIbTUMETPUHU U oBepXHOCTHOU TeMriepatypsl MODIS B pa3Hbie ro/b1

JlaHHBIE/TO. Koppensuus Koppemsus
C YPOBHEM MOp# ¢ Temmepatypoii
2015 ~0.66 052
2016 0.88 0.82
2017 0.73 06
2018 0.85 o7
2019 054 ~0.69
2020 5 ——
Cpennss -0.74 066

B paiioHax, XapakTepu3yIOIIMXCS 3HAUYUTEIBHBIM OINpPECHEHUEM, HaOIt0JaeTcs
3aMETHOE yBEJIIMYCHHE YPOBHS MOps. Mexay COIEHOCThIO U 3HAYEHUSIMU YPOBHS MOPSI
NPOCJIEKMUBACTCS  CBSI3b, TOATBEPXKAAaeMas BBICOKHM  ypPOBHEM  KOPPEISIUH,
COXpaHSIOIMMCA B TE€YEHHE BCEro paccMarpuBaemoro mnepuona. CpeaHee 3HaueHHE
K03 puImeHTa Koppensauuu coctanisier MuHyc 0,74, mpu 3TOM B OTJENIbHbBIE 'Ol OHO
nocturaet munayc 0,88. HecmoTps Ha MOHMKEHNE KOPPEIALIMHU B OTJCIBHBIE CE30HBI, OHA
ocTtaércst cTaTUCTHYecKu 3HaunmMmon. Tak, B 2019 romy kodpuiueHT Koppesiuu
coctaBuil okosio 0,54. OcnabiieHre CBS3UM MOXKET ObITh OOYCJIOBJICHO YAaCTOW CMEHOM
JOMUHHUPYIOIINX BETPOBBIX PEXKUMOB: MEPEXOJA0M OT FOTO-BOCTOYHBIX BETPOB B HIOJIC K
CEeBEPHBIM B aBTyCTe—CEHTAOpe, 4TO OO0yCHaBiIMBAaeT peaJu3alUi0 CMEIIaHHOU

KOH(UTYpalMK paclpOCTPaHECHUs OMPECHEHHOTO CIIOSI.
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Pucynok 3.7 — CpaBHeHHE CITyTHUKOBBIX JAHHBIX O COJICHOCTH C TIOBEPXHOCTHOM
TeMIlepaTypoit (a—T), U ypoBHEM Mops (1-3) B aBrycte-ceHtsiope B paitone 131-138°
B.1. 73—75° c.ir. 3a 2015 (a, 1), 2016 (0, ), 2017 (B, k), 2018 (T, 3) (LITprxoBas JTHHUS

o6o3Hauaet 6. K — kosdpurment xoppensuuu. R? — ko> GpUIUEHT eTepPMUHALINN)

Harpetsie peunble BOABI XapaKTEPU3YIOTCS MOBBIIIEHHON TEMIIEPATYPOM, OJHAKO
CBSI3b MTOBEPXHOCTHOM TEeMIEPaTypbl C COJEHOCTHIO BhIpaXkeHa ciabee, 4eM C YPOBHEM
Mopsi. CpenHee 3HAUYEHUE KOPPEISLHMM MEXIY IMOBEPXHOCTHOM TEMIEPATypord H
COJIEHOCTBIO cOoCTaBisieT okoso MuHyc 0,66, konebmsice oT munyc 0,54 B 2015 roay no
munyc 0,82 B 2016. bonee HU3KMIT YpPOBEHb KOPPETSAIMU OOBICHSIETCS BO3ACHCTBHEM
JOTIOJTHUTENBHBIX (DAKTOPOB — MPEXK]IE BCET0, MOTOKOM TEIIa Ha TOBEPXHOCTH B JIETHUI
NEPUOJ U BETPOBBIM MEPEMENIMBAHUEM, 3aBUCAIIMMHU OT TEKyLIMX MeTeoycioBuil. Ha
3HaueHuss KOdPPUIMEHTa KOPPESALUN MEXKIY XapaKTepUCTHKaMHU BOJ TaKKe MOXKET
BIUSATh MEXIOJ0Basi M3MEHYMBOCTH YCJOBHI MpOrpeBa, B YacCTHOCTH, BbI3BaHHas
Kojie0aHusIMU JieoBOM oOcTaHOBKHU. CleIyeT y4uThIBaTh, YTO MPOLECCHl JIETHETO
MporpeBa yCWJIMBAIOTCA B HAM0OJIee MEJIKOBOJHBIX YYacTKax I0’KHOM 4acTH aKBaTOPHH,
YTO JOTOJIHUTEIHHO YBEJIWYMBAECT Pa3HUIly TeMIiieparyp. IToT 3(pdekT crnocoOcTByeT

YCUWJICHHOMY TIPOTPEBY TPHUOPEKHBIX pPAMOHOB, BKIIOYas TOJIBI C CEBEPHOU
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KoH(UTyparued pacrnpocTpaHeHHst ONpecHEHHOro ciosi (cM. pucyHok 3.5). Takum
0o0pa3oM, XapaKTepHbIM HMHIUKATOPOM CEBEPHON KOH(UTYpalMH PpacHpoCTpaHEHUs
ONPECHEHHOTO CJIOA CIIYKUT BBIPAKEHHOE IOBBIIICHUE TOBEPXHOCTHOM TEMITEPATYPBI K
ceBepo-3anaay oT HoBOCHOMPCKMX OCTPOBOB IPH OJHOBPEMEHHO IMOHMKEHHBIX €€

3HAYEHHIX K BOCTOKY OT HUX, B ceBepHOi yactu BocTtouno-Cubupckoro Mopsi.

3.4 Memroszaﬂ H C€30HHAasA N3MCHYUBOCTD KOH(l)HI‘ypaHI/II/I Ol'lpeCHéHHOFO cJ1od

M0 CIYTHUKOBBIM JaHHBIM TEMIIEPATYPLI 1 YPOBHSA MOPSH

BricOkOTOUHBIE aTbTUMETPUUYECKUE CIYTHUKOBBIC JIaHHbIC, CHUCTEMATHYECKU
noctynHele ¢ 1993 ronma, mpemnoCTaBisIOT BO3MOKHOCTh PETPOCHEKTHBHOTO aHAIM3a
MEXT0JJOBOM M3MEHYMBOCTH KOH(UTYpallMd pPactpoCTpaHEHUs] OMPECHEHHOTO CIIOS B
Mopsix JlanreBbix U1 BocTouno-CuOUpCcKOM Ha MpOTSKEHUU 0oJiee BYX C MOJOBHHOU
necstunetuii. Ha Pucynke 3.8 mpencraBieHbl penpe3eHTaTUBHBIE MPOCTPAHCTBEHHbBIC
pacrpeneneHrss YpOBHS MOpPSl 3a aBTyCT OTIEIBbHBIX JIET, B COBOKYITHOCTH C PO3aMH
BETPOB, YCPEAHEHHBIMU 3a TIEPHUO]T HIOHb—OKTSIOPb COOTBETCTBYIOLINX TOJIOB.

Ha Pucynke 3.8, 0, e, i OTYETIMBO MPOSIBIISIETCS IOMUHUPYIOIIEE MOBBIIICHNUE
ypoBHs MOpsI B 30He Cubupckoro nooepexnbs B 1994, 2001 u 2012 rogax, 4to mo3BoJseT
OTIPEJICIUTh COOTBETCTBYIONIYI0O KOH(UTYpAIMI0O TEPEHOCa OMPECHEHHOTO CJIOS Kak
BOCTOUHYI0. B 3T rojpl mpeobiiaganu ceBepo-3amajHble BETPhI, CIIOCOOCTBOBABIINE
YACP)KAHUIO W HAKOIUICHUIO OMPECHEHHBIX BOJ BJOJb KOHTHMHEHTAJIBHOTO Ieib(a
(Pucynox 3.8, a, a1, u). B yactHoctn, B 1994 um 2001 romax MeCTONOJIOXKEHHE
OMPECHEHHOTO cliosl aocturaino 173° B.1., orpaHnumBasich ¢ ceBepa HoBocubupckumu
OCTPOBAMH.

AnpTuMerpuueckue naHubie 2012 roma ¢GuUKCHpPYIOT OCOOCHHO BBIPAKEHHOE
30HaJbHOE (BOCTOYHOE) pACIpPOCTPAHEHUE ONPECHEHHOTO CJosi, MpPU KOTOPOM
AKCTpPEMaJIbHBIC 3HAUCHHUS YPOBHS MOPS JOKAIU3YIOTCS B FOKHOM MPHOPEKHOM TOJIOCE
mopeit JlanteBeix 1 Boctouno-Cubupckoro. [loBbiieHHbIE 3HAYEHUST YPOBHS MOpPS

MPOCJICKUBAIOTCS 10 176° B.A., mpu 3TOM ceBepHee 75,5° c.i1. HaOI01aeTCsl CHUKEHHE
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ypoBHsl Mopsi. B 2012 rogy otnuuaerca ot 1994 u 2001 rr. B 3TOT roa noBeIlIeHHBIE
3HAYEHHs] YPOBHsI HAaOMIOAANUCh B OOJbIIEeH OOJACTH, YTO BEPOSITHO, OOYCIOBICHO
BKJIaJIOM BOCTOYHOIO BeTpa (cM. po3y BeTpoB Ha Pucynke 3.8, u). Takoii Betep mMor
BbI3BAaTh YKMAHOBCKHIl IEPEHOC HA CEBEP, YTO B UTOre no3BossieT otHectH 2012 r. K

CMEIIaHHOM KOH(UTypaluu.

1994 Jul - Oct 1995

120 130 140 150 160 170 ° B. 4. 120 130 140 150 160 170 ° B. 4.

" n K n

CKopocTb BeTpa, M/c YposeHb Mops, cM CkopocTb BeTpa, M/c
.- N ]
T

2 4 6 8 10 0 5 10 15 20 25 30 2 4 6 8 10

Pucynok 3.8 — KapTel ocpenHeHHOT0 ypOBHS MOps IpH BocTouHBIX 1994 (0), 2001 (e),
2012 (#) u ceBepubix 1995 (B), 2011 (x), 2014 (k) kKoHPUTYpaIHIX OTIPECHEHHOTO
CJIOs1, @ TAK)K€ PO3bl BETPOB JJIS1 HIOHS—OKTSIOPSI 110 TaHHBIM aTMOC(EpHOro peaHainza

ERADS mst aTux ke roios (a, 1, U, T, 3, )
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B npoTHBOMOI0KHOCTH BBIIIEONUCAHHBIM KOHpUTypaiusaM, Ha Pucynke 3.8, B, ik,
K HaONIOJAalOTCSd WHBIE MPOCTPAHCTBEHHBIE XAPAKTEPUCTUKH YPOBHS MOps. 31€Ch
00J1aCcTh OBBIIIICHHBIX 3HAYCHUH JIOKAJIN3YETCsl B CEBEPHON YacTh Mops JlanTeBbIX, B TO
BpeMsl Kak BJOJb MmoOepexbs BocTounHo-CuOMpPCKOro MOpsi W IOKHOW 4YacTh MOpS
JlanTeBBIX ypOBEHb MOPSI 3aMETHO CHIDKEH 10 OKOJIO HYJEBBIX 3HadYeHUM. Takas
CTPYKTypa ypOBHS MOpsSI KOPPEIUPYET C CEBEPHOM KOHPUTypaluell pactupocTpaHeHUs
onpecHéHHoro cios. Tak, B 1995 u 2014 (Pucynok 3.8, B, ) rojiax MOBBIIICHHbBIC
3HAYCHUS YPOBHS MOPs HaOmogamuch B cektope 110—140° B.1. 1 mpoCTHpaAIUCH K CEBEPY
BILJIOTH /10 76° C.II., yKa3bpIBasi HA 3HAYUTENbHBIN CEBEPHBIN MEPEHOC ONPECHEHHBIX BO/L.
Bocrounee 140° B.1. ypOBEHb MOPsI, HAITPOTHUB, YMEHBIIAJICS, YTO CBUAETEIBLCTBYET 00
OTCYTCTBUU CJIEJOB OIPECHEHHOTO CIIOS1 B OTOM 30HE.

Haubonee Bplpa)keHHOE CMEIICHHUE OMPECHEHHOTO CJIOS B aKBaTOPUIO CEBEPHOIL
yactu Mops JlanreBbix Obwio 3aduxcupoBano B 2011 rogy (Pucynok 3.8, k), korna
MUHUMAaJbHbBIE 3HAYEHUS YPOBHS MOpsi, HUxke —0,2 M, 3aHUMaH NPOTSHKEHHBIE 00J1aCTH
BocTouHee 130° B.1I. ¥ pactipocTpaHsIUCh Ha paccTtossHue 10 230 KM oT modepexbs. Kak
BUJHO Ha po3ax BeTpa Ha Pucynke 3.8, T, 3, 1 BO BCEX MNPEACTABJICHHBIX ClIydasX,
aCCOLIMMPOBAHHBIX C CEBEPHOW KOH(UTypalleil pacnpocTpaHeHHs], KIIOUYEBYIO pOJib
urpaer npeodsiajlaHue  IOro-BOCTOYHBIX  BETPOB,  CIOCOOCTBYIOIIMX  OTPBIBY
ONPECHEHHOTO CJI0s1 OT MOOEPEkKbs U €ro MEPEHOCY B CEBEPHBIE CEKTOPAa APKTUUYECKOTO
Oacceiina.

AnanornunsiM oOpa3om, Ha Pucynke 3.9 mpoaemMoHCTpHUpOBaHa BO3MOKHOCTH
ornpenaeneHuss KOH(QUrypaluu pacupoCTpPaHEHHUs OMPECHEHHOTO CJIOsS Ha OCHOBAaHHUU
IIPOCTPAHCTBEHHOTO  PACHPEACIICHUSI IMOBEPXHOCTHOM Temmeparypbl. B ropsi,
XapaKTepU3yIOIIMecss BOCTOYHON KoHpurypammeir (Pucynox 3.9, a, 0) Ttémibie
OTPECHEHHBIE BOJIBI C TOBBIIIEHHOMN MOBEPXHOCTHON TEMITEpaTypOi HAXOISITCs y Oepera.
MakcuManibHble 3HAYEHUS TEMIIEpaTyphl, MpeBblmaromue 3 °C, TOKaIM3yrTCi B
npuOpexxHoil 30He rokHee HOBOCMOMPCKHX OCTPOBOB, YTO CBHJIETEIBCTBYET O
JTOMUHUPOBAHUM  BJOJILOEPErOBOIO TEPEHOCa M HAKOIJIEHUS PEYHBIX BOJA B

IMPHUITIOBEPXHOCTHOM CJIOC B YCJIOBHAX 3aIllaHOTO BETPA.
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2009-09 2003-09

TemnepaTtypa, °

B r
Pucynok 3.9 — KapTbl mOBepXHOCTHOM TeMIIepaTyphl, yCPeIHEHHBIE B CCHTIOPE MPU
BocTouHbIX B 2009 (a), 2017 (6) rr. u ceBepubix B 2003 (B), 2011 (1) T.

KOH(pUrypanusx

B rozpl ¢ ceBepHOl KOH(DUTYpanuelt pacpocTpaneHus onpecHenHoro ciiost (2003
u 2011 rr.) Temsble BOJABI AKTHBHO PACIPOCTPAHSIIOTCS K CEBEPY OT HCTOYHMKA
ONPECHEHHOTO CJ10s1 YCThs peku JIeHsl. BoJIHBIE MacChl C MOBEPXHOCTHOM TEMITEPATY PO
BoImie 3,5°C poxonaar 10 HoBocuOUpCKUX OCTPOBOB U Aaxe 00Jiee BHICOKUX HMIUPOT —
no 76-77,5° c.au. OTW pAaHHBIE CBUJIETEIBCTBYIOT O TOM, 4YTO TP CEBEPHOU
KOH(UTYpallMi ONPECHEHHBIN CJIOH CrocOOEH BO3JEHCTBOBAThL Ha TEIJIOBOM PEKUM
LEHTPaJIbHON YacTu APKTUYECKOro OacceliHa U, B YACTHOCTH, MOKET YCKOPSTh TasHUE
JBJIOB B OJIAPHBIX perroHax [Gentemann, Minnett, 2008].

AHanmM3 CIHYTHUKOBBIX JAHHBIX T[IO3BOJIMJ BBISBUTH TOJBI CO CMENIAHHOM
KOH(pUTryparuen pacnpoctpaHenus onpecuénnoro cios (1993, 2004, 2007, 2018, 2019).
OcoOsb1it uaTepec npencrasisger 2018 roa, Koraa MHTEHCUBHBIN Apeld Tpaa B ceBepo-
BOCTOYHOM HampaBJIe€HUH OTPaHUYMII BOSMOXKHOCTH U3MEPEHUIN HAa 3HAYUTEIbHON YacTu
akBatopuu. PaboTa MacCHBHBIX MHKPOBOJHOBBIX PaIHOMETPOB B TaKHX YCIOBHIX

OCJIOKHACTCS BIUAHHUEM IIJIABYYCTO JibJd, YTO MCKIIIOYACT BO3MOXKHOCTb JOCTOBCPHOTI'O
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OTIpEe/IeTICHUS] COJICHOCTH. B KadecTBe OMOJIHHUTENHLHOTO METOAAa WCCISAOBaHUS
UCITOJIB30BAIMCH anbTUMeTprueckue usmepenus (Pucynok 3.10), obGnamaromue psiiaom
MIPEUMYIIECTB: 00JIee BHICOKUM MPOCTPAHCTBEHHBIM pa3pernieHueM (7 kM mpotuB 40 kM
y TACCHUBHBIX CHCTEM) M MEHBIIEH YyBCTBUTEIHHOCTHIO K JIEIOBOMY ITOKPOBY. OTO
00eCIeunsIio HEeMPEePHIBHBIA MOHUTOPUHT JTHWHAMHUKUA OMPECHEHHOTO CIIOS MO YPOBHIO
MOPSI C UIOJISI TIO OKTSIOPB.

B 2018 romy wHaOmonmanach CIOXKHasg BHYTPHUIOJOBasi HM3MEHUYHMBOCTh
onmpecHEHHOTO cJiosl. Mroip xapakTepu30Bajcs mpeodiagaHueM F0ro-3arnaJ HbIX BETPOB,
GbOopMHPYIOIUX BOCTOYHYIO KOH(MUTYpalUIO C BHICOKUM 3HAYEHHEM YPOBHS MOpPS Y
poccumiickoro mooepexbs (Pucynokx 3.10, a, 6). CmMeHa BETpOBOTO peXuMa Ha IOTO-
BocTOuHbIN B aBrycre (Pucynox 3.10, r) BbI3Baja anmBeJUIMHT U TMepepacipenesieHue
BOJHBIX MAacC — 30HA IOBBIIIEHHOTO YPOBHS CMECTHJIACh K CEBEpYy OT JAeNbThl JIeHbI
(Pucynok 3.10, B). Ocennmii nepuos (Pucynok 3.10, e, 3) BHOBb OTMETHJICS FOTO-
3armaJIHbIMU BETpaMH, YTO MPHUBEIIO K aJABEKTUBHOMY NEPEHOCY OMPECHEHHOTO CJIOS Ha
BOCTOK C ITOCJICIOBATEILHBIM CMEIICHUEM €T0 TpaHuIlbl oOT 162° B.11. (ceHTs0ph) M0 172°
B.J. (OKTA0pH).O0IaCTh MOBBIIICHHOTO YPOBHS JOCTHTIA KoopauHat 77,5° c.r., 172°
B.[., YTO COIJACyeTcs ¢ HE3aBHCHMMBIMU H3MEpPEHHSMH cojicHoctu [Tarasenko et al.,
2021]. JlaHHBIC ANBTHMETPUH MPOJCMOHCTPUPOBAIN BBICOKYIO YYBCTBHTEIBHOCTH K
KpPaTKOBPEMEHHBIM U3MEHEHHUSAM MECTOMOI0KEHHS OIPECHEHHOTO CJIOS IIPU CMEIITAHHON

KOH(pUrypauuu, 00ycaoBI€HHOW CE30HHONM U3MEHUYUBOCTHIO BETpA.
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Pucynok 3.10 — Kapter ypoBHs Mop# (a, B, 1T, 3K) ¥ IOJIsE CKOpocTH BeTpa (0, T, €, 3),

OCPEJIHEHHBIC I KaX0T0 MecsIa ¢ utoJis 1mo oktsops 2018

CraTHCTHYECKHI aHAIM3 MHOTOJIeTHEro psiia AaHHbIX (Tabmuma 3.2) mokas3siBacT
npeobnaganue ceBepHOoM KoHpurypamuu (14 cmyuyaeB) Haj BOCTOYHOH (6 ciaydaeB).
OpHako B MOCHEAHIOI JIeKaay HaONogaeTcs TEHACHLUS K YCHWJIEHHIO BOCTOYHOTO
nepeHoca: nociie 2012 roma BOCTOYHAs TpaHULA OINPECHEHHOTO CJOS PETYJSIPHO
nocturana 170° B.a. (2012, 2016-2017), a B 2019 roay nabaoganacek v Ha 180° B. 1., 4TO

TaKXe TMOJTBEPKIAETCS KOHTAKTHBIMUA H3MEPEHHUSIMHU cosieHoCcTH [Poroxxun u np., 2025].
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Jns cpaBHeHus, B nepuo 1o 2010 roga MmakcuMasabHas TpaHUIla OrpaHUIMBaIoCh 168°

B.J., IprueM HanOoublINe 3HaueHus ObUH 3apeructpupoBansl B 2001-2002 romax.
Tabmuma 3.2 — MexroioBasi K3MEHYUBOCTh KOHPUTYpallUii ONPECHEHHOTO CIIOSI U

MaKCUMaJIbHasi pacyeTHas J0JroTa ONPECHEHHOTO CJIOS JJIsI BOCTOYHBIX U CMEIIaHHBIX

KOH(UTYypaluii Bo Bpemsi 0e371e10BOT0 Ieproia

Konguryparus N I'oael (Makcumywm, °B.1.)
1995, 1996, 1997, 1999, 2000,
ceBepHas 14 2008, 2003, 2005, 2006, 2011, 2013,
2014, 2015, 2020

1994 (168), 2001 (169), 2002, (169),

BoCTOdHas | 6 2009 (167), 2016 (173), 2017 (170)
1993, 1998, 2004 (164), 2007 (158),
cMemmanHas | 8 2010 (166), 2012 (175), 2018 (170),

2019 (180)

AHanmu3 JIOKaJbHBIX CHHONTHYECKAX aTMOC(EPHBIX TIPOIECCOB B 00IacTH
ocpenHenns Hajx mopem Jlantebix (125-150° B.7., 68-80° c.mi.) B JieTHE-OCEHHUI
MEepUoJl TIOKa3ajl YCTOMYMBYIO B3aWMOCBSI3b MEXKAYy HANpPaBICHHEM BETPOB W
O0COOCHHOCTSIMHU TIepeHOca BOMHBIX Macc. [Ipeobnamanne 3amagHoro U OT0-3armaIHoro
BETpa, BU3YAJU3UPOBAHHBIX KpPACHBIMU CTOJIOIaMu Ha pucyHke 3.11, HagexHO
CBUIETEIBCTBYET O (OPMUPOBAHUM BOCTOYHOW KOH(MUTYpAIlMA PACTIPOCTPAHCHUS
onpecHEHHOTO cyiosi. Oco0eHHO sipKo ATOT Tporece nposBisics B 2001, 2012 u 2016—
2017 ronax, xorna HaO0AaICca HanOOee HTEHCUBHBIN BOCTOUHBIA MEPEHOC PEUHBIX
BOJI.

[Ipu ycTaHOBIEHWU BOCTOYHOW KOH(PUTYpAIlMd BO3HUKAIOIINE TPAJTUCHTHI
COJICHOCTH ¥ IUIOTHOCTH B TNpUOpekHOW 30HEe BocTouHo-CHOMPCKOTO MOpPS
CIIOCOOCTBYIOT YCHJICHHIO T€OCTPO(DHUUECKHX TEYEHUIl BOCTOYHOTO HAMPABIICHUS, YTO
npuBOAUT K MHTeHCUUKamu BocTtouno-Cubupckoro tedenus. Jlanapie Tadbmumibl 3.3

YKa3bIBalOT Ha TCHACHIOWIO YBCINYCHUA MaKCUMaJIbLHOM BOCTOYHOM JOJITOThI
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pacIpoCTpaHEHUsl ONPECHEHHOTO CJIOSI B ITOCIIEIHUE T'OJbI, YTO MOYKET CYIIECTBEHHO
BJIMSITH HA TEPMOXAJIMHHBIE MTPOIECCHI BIOJIb APKTHUECKOTO TOOEPEKbA.

CMeHa BETpPOBOTO peXWMa Ha BOCTOYHBIH W FOTO-BOCTOYHBIN, OTOOpaKeHHas
CUHMMHM CTOJIOLAMU Ha pucyHKe 3.11, BeI3bIBAaET Mepexos K CEBEPHON KOHPUTYypaLuu
ONpecHEHHOTO ciosi. B Takue mepuojpl CIyTHUKOBBIE HAOIIOEHUS TMOBEPXHOCTHOU
COJIEHOCTH 10 AaHHBIM SMAP (QukcupyroT 3HaUMTENbHOE YBEJIWYEHHE COJEHOCTH B
Bocrouno-CubupckoM Mope, Kak MoKa3aHo Ha pucyHKe 3.4. DTo siBIIEHUE OOBICHAETCS
YCUJICHHBIM TPOHUKHOBEHHEM THUXOOKEAHCKUX BOJ B ApPKTHUKY C MOCJIEIYIOLIUM

3allaIHBIM IICPCHOCOM.

N
T
|

—

]
—

1995 2000 2005 2010 2015 2020

1
N

MepuanoHanbHas KOMNoHeHTa
CKOpOCTW BeTpa , M/c
o

Pucynoxk 3.11 — Mexro1oBasi U3MEHYMBOCTh 30HAJIbHON KOMITOHEHTBI CKOPOCTH BETpa
B paitone 125-140° B.n. 72—77° c.11., OCpeTHEHHAS 3a TIEPHO/T C UIOHS 110 OKTSAOPb
(TIBET yKa3pIBaeT Ha BBIACICHHYIO KOHPUTYPAITUIO OMPECHEHHOTO CIIOS: KPACHBIM —

BOCTOYHAsA; CHHUM — CCBCPHAA; JKCIITbIM — CMeHIaHHaH)

3.5 Ca3b pacnpocTpaHeHnusi onpecHéHHoOro cios u auHamuku BCT.

YucieHnslii 3kcnepument 3a 2023 r.

Pexxum BeTpa Han akBaTopueit mopeit JlanteBbix u Boctouno-Cubupckoro urpaer
KJIFOYEBYIO POJIb B ONPEACIIEHUN MPOCTPAHCTBEHHOI'O PACIPOCTPAHEHUSI ONPECHEHHBIX

BOJ, YTO B CBOIO OUYCPCAb BJIMACT HAa TCPMOXAIMHHBIC XAPAKTCPHUCTUKHU BOJHBIX MACC,
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OCOOEHHOCTH paclpelesieHuss YpOBHS MOps W HUpKyJsanuio. OTaenbHble paboThl
MOKAa3bIBAIOT, YTO B PACIPOCTPAHEHHUU OIPECHEHHOI'O CJIOS BaKEH PEXUM BETpA HE
TOJIBKO Haj MopeMm JlanTeBbiX, HO U HajJ BocTouHO-CuOMpPCKUM MOpEM, /i€ NEPEHOC
pPEYHOro IUIIOMa TaKK€ BO MHOTOM OIpEAENsieTCsl BETPOBBIM BO3AeHCTBHEM [Savin,
Osadchiev, 2025]. Tem He MeHee OCHOBHOE HaIlpaBICHHUE PACIPOCTPAHECHUS
ONPECHEHHOTO cios 3aaaércs B Mope JlanteBrix. Kak BugHo Ha nipumepe 2016 u 2015
rr. (Pucynok 3.12), mpu BOCTOYHOM THUIiE pacmpocTpaneHus: onpecHéHHoro ciost BCT
npoHukaer B YyKoTCKoe MOpe, a aHOMaJIUH CKOPOCTU BaOJb Oepera UykoTku
npeBbimaT 0,1 M/c. DTU nporecchl BIUSAIOT HAa BOJIOOOMEH depe3 bepuHToB MpouB U
Ha 00BEM TUXOOKEAHCKUX BOJI, MOCTYMAIOIMNUX B APKTUYECKHI OacCelH.

Kak 6p110 mpomemoncTpupoBano Ha Pucynke 3.6, B 2023 roxy HaOmromaics
BBIPAKEHHBI BOCTOYHBIA THUI PACIPOCTPAHEHUS ONMPECHEHHOTO clios. [ OleHKu
BIIUSIHUASL peyHOro crtoka Ha ycwieHne BCT BBINOJHEH YUCIECHHBIM SKCIEPUMEHT Ha
YyBCTBUTEIBHOCTh C UCIOJIb30BAHUEM TI00aIbHON Mosienu MupoBoro Ha 6aze NEMO
3.6 (cm. . 1.2.6; [Korotaev, Mizyuk, 2025]).

BrmonHens! nBa pacuéra 3a 2023 1. Ipy OAMHAKOBBIX HAYAJIBHBIX YCIIOBHUSX,
atMocepaoM (Qopcunre GFS u mapamerpuzanusax TypOyJIeHTHOTO OOMEHa,
OTJIMYAIOIIUXCST TOJIBKO MPECHOBOAHBIM HUCTOYHUKOM: (1) C KIMMATHYECKUM PEUYHBIM
cTtokoM; (2) 6e3 croka (R =0) B cekrope 100—180° B.11., 0OXBaThIBAIOIIEM CTOK CHOMPCKHUX
pek B CeBepHbil JlemoButhlli OkeaH. Pa3nuums mosend COJIEHOCTH M CKOPOCTH
paccMaTpHUBAIOTCS KaK OTKJIMK Ha HaJIM4Me€ WA OTCYTCTBHE IPECHOBOJHOIO CTOKA
CHOMPCKHUX peK. AHaTM3UPOBAIMCH MOJeabHbIe 1Mo 3a 2023 1. OCHOBHOEC BHUMAaHHUE
yAEJIEeHO CEeHTAOpIo, Koraa onpecHEHHbIN ot 1 BCT Ha mienbde BoipaxkeHbl Haubosiee

OTYETIIUBO.
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Pucynox 3.12 — [ToBepXHOCTHAs COJICHOCTh MOPS (2, B) U aHOMAIIUU CKOPOCTH TEYCHUH

Ha riyoune 13,5 m (0, T), ycpeaHeHHBIE 3a TIEPUO/T C UIOJIS 110 OKT0ph a1t 2015 (a, 0)

2016 (8, 1)

CpaBHHMBaIMCHh TOBEPXHOCTHAsI COJIEHOCTh, MOJYJIb W HaIpaBICHUE CKOPOCTH
TEUCHUH, a TakkKe pa3HOCTh TMOJEH «CTOK MHUHYC 0e3 cTokay. JlomoaHuTEnbHO
OIICHUBAJINCh TJIyOMHBI, Ha KOTOPOH CyIIECTBYeT pasHHWIa cKopocth. llpum
MOATBEPKICHUU TUIOTE3bl (BJIMSHUE HAMPABICHUS PACHPOCTPAHEHHS OMPECHEHHOTO
ciost Ha ycuienue BCT) B pacuére co CTOKOM OXKHUIAIOTCS MOHMKEHUE COJEHOCTH Y
CHOMPCKOTO MOOEPEXKbsl M YCUIIEHUE BIOJILOEPETOBOTO MOTOKA Ha BOCTOK, a B pacuére
0e3 croka — ociabsnenune BCT u cokparienre 001acTy €ro MposiBIICHUS ITPU COXPaHEHU U
BIIUSIHUS BETPA.

Pesynbratel npeacrasiensl Ha Pucynke 3.13. B nepBom ciyuae (PucyHok 3.13, a
— cpeanuii psaa) BCT npociexuBaeTcss HA BEPXHEM TOPU30HTE C BEJIMYUHAMHU MOIYJIS
oxouio 0,15 m/c 1 3aruMaeT npocTpancTBo oT 169 °B.x. (3anamHast yacTh YayHCKOM TyOBI)

1o Uykotckoro mopst 1 bepunrosa nponusa. [Ipu otcyTcTBum peunoro croka (Pucynok
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3.13, 6) obnacts noBeieHHbIX 3HaUeHU BCT cyiecTBeHHO cysxkaercs. CornocTaBUMbIe
C HEPBBIM PAaCYETOM 3HAYEHUS MOIYJI CKOPOCTH HAOJIFOIAIOTCS TOJIBKO B pailoHE K
ceBepy or KomoumHckoil ryosl m Ommke kK bepuHroBy mnposmBy, 4YTO, BEpOSITHO,
0OyCJIOBJICHO JIOKAJIbHBIM BIIMSIHUEM 3amagHoro BeTpa. B cpennem 3a ceHTSOph B MOJISAX
CKOPOCTH U COJICHOCTHU C YYETOM PEUHOTO CTOKA HAOII0JAeTCs TOHUKEHHUE COJIEHOCTH B
3amagHou yactu y 6epera Cubupu no 3 IIEC, a taxxke ycunenue BCT B UykoTckoM u
BocTtouno-Cubupckom mMopsix Ha BenuuuHbl cBbimie 0,1 m/c. OcoOeHHO 3TO 3aMETHO Ha
menbhe Boctouno-Cubupckoro Mopsi, riae pasHuna B uHTeHcubukanuu BCT
coctasisiet 10 70 %. [Ipuyem pa3Huila B CKOPOCTH MPOCIICKUBACTCS /10 TIIyOUH CBBIIIIE
32 M XOTs ¥ ocjlabeBaeT ¢ UX YBEJIMYEHUEM, UTO XAPAKTEPHO JJIsl TEUEHUI B MPOJIHBE
Jlonra (cMm. Pucynok 2.22). Kak BumHo Ha Pucynke 3.13, (HWKHHH psja Kapr)
CpellHeMecCsiuHas pa3HUIla YPOBHS MOpsl TaKKe SIBHO BbIpakeHa. B oboux pacuérax, C
y4€TOM CTOKa U 0€3 HEro, aHoMaJMsl YPOBHS MOJOKUTEIbHA IOYTH HA BCEl aKBaTOPHUHU.
Haubonbive 3HaueHus NpUXosaTCs Ha MpUOpexHyto nosuocy Boctouno-Cubupckoro u
YyxkoTckoro mopeit u gocturator 0,3 M ¢ yuétom ctoka u 0,24 M 6e3 cToka, a K ceBepy,
B OTKpPBITOM YacTu YyKOTCKOrO MOps, aHOMaJMsl YMEHBIIAETCS NPAKTHUYECKU [0
uHyns. [lpu ydere pedyHoro cToka BIOJb Oepera ApKTUYECKOTO mienbdha HaOIogaeTCs
MOBBIIEHNE 3HAa4eHUM ypoBHS Mops 10 0,05 M.

Ha Pucynke 3.14 npencraBieHbl Tpoiid CKOPOCTH TEUEHUN Ha pa3pes3e BIIOJb
182° B.n. HabGonpmme 3Ha4€HHUSI CKOPOCTH COCPEAOTOYCHBI B I0KHON YacTH paspesa, a
pazHuIla MexXay pacueramu noxoaut 1o 0,1 m/c u HaGmromaercst Mo Bceul riayOuHe

MaKCHMAaJIbHBIMM 3HaYE€HUSIMU Ha Topu3oHTaX oT 10 10 35 M.
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3.6 Konuenuusi ruipoauHaMmuyeckoro 6apoepa BCT

[IpenraraeTcss omucaHue CBSI3M AQABEKIIMM OMPECHEHHBIX BOJ, CTEPUUYECKOTO
YPOBHS, a Takxke reoctpoduueckoro Bkiaaa (on(Qscr)) B mepeHoc yepes mpous. U3
Oayanca cu it cpeHen ckopoctu U (1.3), a Takke onpeesieHns: 00bEMHOTO MepeHoca

yepe3 bepuHroB mposuB cieayer siBHas THapaBiudeckas gopmysa [Danielson et al.,
2014]:

H?W A WH
T = g NATP n T,
T L PoT

(3.8)

rae T - 00bEMHBIN TiepeHoc yepe3 mposiuB (CB);

W - mmupuHa nposvBa,

H - cpennsis rimyOuHa kaHama,

ANaTp — QPKTUKO-TUXOOKEAHCKAsI Pa3HOCTh YPOBHEH,

L — addexTuBHAS JyTMHA YKIIOHA.

YpoBeHb y ceBepHOro Bxoja mposivBa (opmupyercs Ha mmenbdhe BocrouyHo-
Cubupckoro Mops W BXOAMT B J(PEKTUBHYIO pPa3sHOCTb YPOBHEH (AN,44) Kak

BBIYHTAEMBIN BKJIAT (O1)):

Ay = ANgrp — M (3.9)

BCT nepenocut onpecHEHHBIE BOABI peuHoro ctoka (Jlena, MUuaurupka, Konsima)
BJOJb MoOepexbsi Ha BocToK. Ha menbde k ceBepy ot bepunrora mponumBa 3TOT
30HAJBHBIM TMEepeHOoC (QOpPMUPYET AHOMAJUIO COJIEHOCTH, KOTOpas OmpenesseT
CTepUUYeCKHil ypoBeHb. bamanc comu B BepxHeM cioe 0e3 ydera MepUIHOHATBLHON

aJIBCKIIMHY, IICPCMCIINBAHMA, IIPOYHUX HCTOYHHKOB IIPCCHBIX HWJIM COJICHBIX BOJ

3aIIUCBbIBACTCA KaK.
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%5 L By 3.10
ot Yox (3.10)

riae U - 3oHanbHas ckopocts BCT,

X — [0Jrora (HOHO)KI/ITGJIBHBIC 3HAa4YCHUA Ha BOCTOK).

Ha mexronoBbix Macirabax aHoManusi COIEHOCTH S’ B pailoHEe CEBEPHOI0 BXO/a

B ITIPOJINB OIIPCACTIACTCA aIBCKTHUBHBIM IICPCHOCOM OHpGCHéHHBIX BOA:

aS @pcr
S = ————— A, 3.11
0x hgcWgcr ( )

rie, Npc - TomImKHa OPECHEHHOTO CIIOA,

Wscr - mupuna BCT,

At - xapakTepHOE BpeMs aIBEKIINH.

[Ipu ycunenuu Qpcr ONpecHEHHWE y CEBEPHOrO0 BXOJa B IMPOJIUB BO3PACTACT.

AHOMaJIHS CTEPUUECKOTO YPOBHS ONPENEIACTCS UHTErPAIIOM aHOMAJIMU TIOTHOCTHU TIO

rIyOuHe:
1 0
n'=-—-——/| p'dz (3.12)
Po J_n
r7ie Mpeaesibl HHTEIPUPOBAHKS OT TJIYOMHBI ONMPEecHEHHOTO ¢os (Z = — hpc) 10
noBepxHocTH (Z = 0). B xomoaneix menbhoBeIX Bojax p' = —fsS', fs = 0,75-0,8
kr/(m*- ITEC). Torna:
T], = —&hBCS' (313)

Po
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OmnpecHenue (S’ < 0) MOBBIIAET CTEPUUECKUI YPOBEHb Y CEBEPHOrO BXOJa U
YMEHBHIAET AN,¢g. Y cusieHne Qpcr HOHMXKAET CONEHOCTH (3.11), MOBBIIAET CTEpUUYECKUI
ypoBeHs (3.13), yBennuuBaeT dn ¥ yMEHbIIAET Alsgg (3.9). CootHomenus (3.11) —(3.13)
oObscHAIOT 3HaK d3¢dekra. Bxmanx Oapbepa cBs3zan ¢ mnepeHocom BCT depes

reocTpo(UIECcKoe COOTHOIICHHUE:

&n = f Cper (3.14)
9Hsp¢
riae H,pp — 3¢ dextuBHas ronmuna cinost BCT;
f - mapametp Kopuomnuca.
[ToncranoBka (3.9) u (3.14) B (3.8) na€t BeIpaxkeHue:
H?W (A k) WH
T — g (Anarp n) + (3.15)

r L PoT y

VYcunenne BCT nossimaet on, yMeHbIIAET An,¢g U OCHA0IAET CEBEPHBINA IEPEHOC

py GUKCUPOBAHHOM JIOKAJILHOM BeTpe. B nmuneitHoi hopme:

T(Qpcr, Ty) = a (An — kQgcr) + b1y, (3.16)
o= W (3.17)
rL ' '
p= 21 (3.18)
PoT
k=1 (3.19)

ghgc
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[Mpu rtommmue BCT paHoit h. Unen —k:Qpcr ommchiBaeT yMeHbIIICHHE
abdextuBHOrO An 3a cu€t reoctpoduueckoro Oaprepa BCT y ceBepHOro Bxojaa
IIPOJINBA.

Jlist BeIIeNeHus 0aphbepHOrO0 MEXaHHM3Ma, a TaKXKe M3-3a OTHOCHUTEIIBHO Malloi
M3MEHYMBOCTH BETpa HaJ| MPOJIMBOM B JIETHHI niepuo (cM. Pucynok 2.35), mexxronoBast

M3MCHYMBOCTh BETpa MPUHUMACTCS paBHOW Hyiro. Hampsokenue T, Hax bepruHroBbM
MIPOJTUBOM YCPEIHSICTCS 32 HIOJIb—OKTIOPH 1Mo BceM rojiaM 1993-2024 u pukcupyercs Kak

IIOCTOsIHHAA BCIIMYHMHA (Ty>. Torz[a:

T(Qgcr) = a(Anarp — k Qper + C<Ty>)' (3.20)
L
= (3.21)

MesxromoBas u3mMeHIUBOCTh T(Qpcr) onpenensercs ToabKo ciaraeMbiM —akQpcr
(GapbepHas 4acTh). DTO U30JIHMPYET OapbepHBIN BKJIAJ OT MEXI0JI0BOM U3MEHUYMBOCTHU
BETpa U BTOPOCTENIEHHBIX ()aKTOPOB, BIUSIIONINX HA MEPEHOC B JICTHUN MTEPUO/I.

Hannaple s npoBepku  3aBUCUMOCTH T (Qpcp) Opamuch w3  peaHanmsa
GLORYS12vl. Ilepenoc T — mHTErpan MepuauoHalbHOU cKopocTH (Vo) Ha pas3pese
BI0JIb 66° c.i1. (o1 170,5° 3.1. 10 166,5° 3.1). Qpcr — 30HANBHBIN TIEpeHOC Uy Ha pa3pese
B0k 180° B.a., 69,2-69,9° c.m. Kak Obl10 MoKa3zaHo Ha pucyHKe 2.24 1j1si TOAOBBIX
CPEIIHUX 3a HIOJIb-OKTSIOph KOI(PUIIMEHT Koppemsiuu cocraBiusier munyc 0,71.
Ycunenane Qper COMPOBOXKAACTCS OCTA0JICHHEM CEBEPHOTO MepeHoca depes mpoyms. B
OTJMYHE OT KIMMATOJOTrHYeCcKoi orieHku padotel [Danielson et al., 2014], rae momHbIi
nepenan An otHocunu K paccrosuuio L = 2000 kM u momyuamu r = 6-107% m/c,
HUxe L u r kanubpyrorest B pamkax koHuenuuu ¢ 6apsepom BCT. B xone kanubpoBku
BeipakeHus (3.20) mpuUHATH ClIeAyoNmMe 3HavyeHus mapameTpoB h = 30 M, dro
corjacyercs ¢ MaciTaboM onpecHEHHOTO ciios Ha 1enbde BocTouno-Cubupckoro Mmopst
u HaOmoaaemon riyouHoit BCT (Pucynok 3.14); apdexruBnas nnuna Hakiona L = 250

km; mupuHa W = 85 kM u rimyouna H = 50 M dukcupoBansl mo reomerpun bepunrona
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npoJsinBa. [Ipu nocrosHHOM (Ty> paBubiit Mmunyc 0,0193 H/m? nomydueno a = 3,32 Cs/m, r

= 2,510-1073 m/c, Anarp = 0,38 M, k = 0,459 M/CB. Pe3ynbrarhl mpeacTaBICHbI Ha
Pucynke 3.15, a. CpennekBanparnynas omuoOka (RMSE) mepenoca B bepunrosom
IPOJIMBE, paccuuTanHoro mo Mojaenu (3.16) u mo maHHBIM peaHanusa, pasHa 0,12 Cs.
Teopernueckas npsimast T(Qpcr) MPoXoauT Yepe3 001aK0 TOUCK ¢ HAKJIOHOM, 33 JaHHBIM
OappepHON YACThIO MPU TIOCTOSIHHOM BeTpe. 3HA4YeHHs] IO JaHHBIM peaHaIn3a
ykaaasiBatoTcs B npenenax 6 ~ 0,12 Cs. Ilpu atom 22 n3 32 Touek Jiexkat B MOJI0CE G, U
IPaKTUUECKU Bce — B Mpezenax 2c. BpeMeHHas W3MEHUMBOCTH IpENCTaBICHA Ha
pucysnke 3.15, 0 U ToXe JTEMOHCTPUPYET COBHAJECHHE OCHOBHBIX MUHUMYMOB (1994,

2012, 2016, 2023) u makcumymoB (1995, 2011, 2015, 2020) nepeHoca mpu HOCTOSTHHOM

BCTPC.
1.75
@ GLORYS
MOJIENTh
1.504 o o
! .0 e ©
& 1257 e Eé- —e— TGLORYS - -akQ
- i 5059 =»- T moaens —-= ac(T)
7Y =
1.00 ;i
=
075_ +g . ) OO-_..‘.:_. _I.,.,_._...,..._._-‘,T:-_ — T ¢ — — — — — — 1 —
+20 N T
T 1 L] 1 1 I 1 1
0.0 0.2 1995 2000 2005 2010 2015 2020
QgcT. CB ron
a 0

Pucynok 3.15 — Jluarpamma paccestaust Qper 1 T BMecTe ¢ pacuéTom mMojienu (a);
MEKT0I0Basi ©3MEHYUBOCTD MepeHoca T 10 JaHHBIM peaHaIn3a 1 10 MOJICIIH,

OapbepHbIi BKJIA U BeTep (0), ocpeaHEHHbIE 3a HIOIL-OKTSIOph ¢ 1993 1o 2024 rr.

Ha Pucynke 3.16 cxemMaTH4HO IMOKa3aHbl JBE€ KOH(UIypalld, B KOTOPBIX
KJIFOUEBBIM 3BE€HOM CIyXuT BiusinHue Bocrouno-Cubupckoro Tteuenuss (BCT) nHa
BOZI000MeH B bepuHTOBOM TpoOJHBE.

[Tpu nukonnyeckoit atmochepHoi upkysiiuu (Pucynok 3.16, a). mpeoOnagaroT

3armaiHbie BeTphl. OMPEeCcHEHHBIN CIION CMEIIaeTcsl Ha BOCTOK M MPMKUMAETCs K Oepery
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cunoii  Oxmana (Vex). YcuiauBaeTcss 30HAIbHBIA  T'PAJAMEHT  COJEHOCTH, YTO
uateHcupummpyet BCT. Ycunenne BCT moBeIaeT cTepudeckuii ypoBEHb Y CEBEPHOTO
BXOJIa B TIPOJIMB W (GoOpMHpPYET Oapbep. APKTHUKO-THXOOKEAHCKHHA TIEperajl YPOBHS
YMEHBIIAETCS, MEPEHOC TUXOOKEAHCKUX BOJ Ha CEBEp OCIa0EBAET, a MECTOMOJIOKEHUE
CaMuX BOJl CMEIIAETCS K BOCTOKY.

[Ipu aHTUIUKIIOHUYECKON aTMOC(EepHON MUPKYISIIUU HAJ MOpAMH JlanTeBbIX U
Bocrouno-Cubupckom (Pucynok 3.16, 0) mpeobmagaroT BOCTOYHBIE BETPHI.
OnpecHEHHBIN CTI0U pacIpOCTpaHAETCS MPEUMYIIECTBEHHO Ha ceBep. MHTeHCHbUKams
BCT u 6apnep He Gopmupyrorcsi. TuxookeaHCKHe BOJBI 3aHUMAIOT 0oJiee OOIMIUPHYIO

ob6nacth UyKOTCKOTO MOPSI.

Pucynox 3.16 — Cxema nByX pexxuMoB BiIUsHUS BocTouro-CHOMPCKOTO TeUEHUS Ha
BOJI000MEH 4epe3 beprHroB mposuB Mpu IMUKIOHUYECKOH (2) M aHTUITUKIIOHUYECKOM

(6) atmMOocdepHOM HUPKYIISIUH.

[Ipeapiaymue paboThl paccMaTpUBAIA U3MEHUNBOCTh OOBEMHOTO TIEPEHOCA Yepe3
bepuHroB nponmB Kak 6anaHC ApKTUKO-TUXOOKEAHCKOW Pa3HOCTH yPOBHEH M BETPOBOTO
nHanpsbkenus [Coachman, Aagaard, 1966; Aagaard et al., 1985]. B nuHeitHOi
THJIPABIMYECKON (opMe CKOpPOCTh TeueHHs 3amaBajioch ypaBHenueM (1.3). Ha
MEXTroJ0BbIX MacmTabax B pabore [Woodgate, 2018] mpemioxkeHO SMIUPHUECKOE

pasnoxenue (1.2). B padorax [Danielson et al., 2014, 2020] moka3anu HeIOKaIbHBIN
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XapakTep BeTpoBoro BoznaeicTBus. Hanm menbdom bepunroBa m UykoTckoro mopei
dbopMupyeTCcs TPaAMEHT YPOBHS Ha MacmTadax COTeH KWioMmeTpoB. Jlamee B paborax
[Peralta-Ferriz, Woodgate, 2017, 2023] cBsi3pIBaJI HEBETPOBYIO COCTABIISIOIIYIO C
OPUJOHHBIM JaBJIEHUEM M JUHAMUYecKoil Tomorpaduedt Ha 1menbde Bocrouno-
Cubupckoro Mopsi.

[Ipu 5TOM B mepeyucieHHbIX paboTax U3MEHUYUBOCTh TEUCHUN Ha IIelib(e Mopei
BocrouHoit ApkTHKHM 100 paccMaTpHUBAETCs KaK CIEACTBUE BETpa U NEpenaia ypoBHs,
100 HE BXOJIUT B 00BSICHEHUE U3MEHYMBOCTH NIEpeHoca uepe3 bepuHros mponus. Bkias
BCT kak 3BeHa MEX]ly ONPECHEHUEM OT PEUYHOI'0 CTOKA, YPOBHEM MOPS U MEPEHOCOM
yepes MPoJIMB MPaKTUYeCKU He o0cyxaaetcs. B paznoxxenun Woodgate (popmyna 1.2)
ko3 PuIeHT m 00beUHAET YYBCTBUTEIHHOCTh MEPEHOCa B IPOJUBE OT BeTpa, a PH
ocTaéTcsl SMIUPUUYECKUM oOcTaTkoM. B pamkax mnpennoxkenHod konuenuuu BCT
HEBETPOBasi COCTABJISIIONIAsl TepeHoca B bBepuHroBOM MpONMBE TMOJYYaeT SIBHYIO
buzndecKkyro uHTEepIpeTanuo a(Anatp — o), rae on cBsa3aH ¢ Qpcr Yepe3 BhIpaKEHHE
(3.14). B paoore [Danielson et al, 2014] yka3bsiBaJioch Ha HEJIOKAIBHBIN IICTH(H)OBBIMA
BETEP, HO HE MPOBOAWIACH CBSI3b C T€OCTPOPUIECKUM MOABEMOM YPOBHSI, CO3aBAEMbIM
3oHasbHBIM TiepeHocoM BCT. OtnocutensHo pabGot [Danielson et al., 2014, 2020]
coxpaHsieTcsi 0ajaHC rpaJueHTa YPOBHS, BETpa U JMHEHHOTO TpEeHUSs, HO J00aBiseTcCs
sBHBIN wieH on (Qzcr). Tem cambiM nmepenoc BCT BxoauT B ypaBHEHHE MEPEHOCA Uepe3
MPOJIMB KaK M3MEPSIeMbId reocTpoUUECKU BKJIad, a HE TOJBKO Kak (oH meab(hoBoi
UpKyJsiui. HoBHU3HA MpeIoKEHHOW KOHIICTIMK Oaphepa 3aKII0YacTCs B TOM, YTO
npeioxkena cBa3b n3MeHunBoct BCT ¢ nepeHocom B bepruHroBoM npoJiMBe U ypOBHEM
Mopsi Ha mmenb(de, a Takke (U3NYSCKH TpoBepseMas OCHOBA [IJII HHTEPIIPETAITUU

MCXKTOA0OBBIX aHOMaJINI THXOOKEAaHCKOTO II0TOKA B ApKTI/II(y

BuiBoabI K ri1aBe 3

AHanu3 KoH(UTypaiuii OIPECHEHHOTO €105 B MOpsax BocTounoit Apktuku ¢ 1993

nmo 2020 rox OCHOBaH Ha KOMIUJIEKCHOM HCHOJIb30BAaHUM CHYTHUKOBBIX JAHHBIX O
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MTOBEPXHOCTHON cosieHocTH SMAP, anpTUMETPpUUECKUX U3MEPEHUN YPOBHS MOpSA H
JAHHBIX TIOBEPXHOCTHOM TeMmieparypsl. Bmepseie, [lo cnyTHMKOBOW COJEHOCTH
BBIICJICHBI TPY KOH(UTYpAIUKA OTIPECHEHHOTO 105, [Ipy BOCTOYHOM BETpe OH yXOAUT
oT ycTbs Jlensl Ha ceBep: B 2015 1. Boasl 13—17 IIEC nocturanu 132° B.1., 77° c.ui., B
2020 r. Boasl menee 20 [TEC — 124° B.x., 77° c.m. Ilpu 3anmagHoM BeTpe CIOW MpUKAT
K Oepery: B 2016 . o 3anuMan 130—-165° B.1. u x okTsa0pro goxoxwn g0 175,5° B.1., B
2017 r. — mo 171° B.x. B 2018-2019 r1r. mpu cMeHe BeTpa KOHUTypalus ObLIa
cmemianHoi. B 2018 r. Huskaa conéHocth oTMmeuanach y HoBocMOMpPCKHX OCTpPOBOB
(140° B.x., 77° c.m1.) m BIonab O6epera 1o 169° B.a. B 2019 r. cioit moxoaun g0 133° B.1.,
75,5° c.111. 1 gaBai oTAeNbHBIC TUH3BI Mexay 145° u 175° B.a. B 100200 kM ot Gepera.

B03MOXHOCTh HCHOJIB30BaTh JAHHBIE YPOBHS MOpsS W TeMIEpaTypbl s
orpesieieHus] KOH(DUTypaIuK OMPECHEHHOTO €0 000CHOBaHAa CPaBHEHUEM C JIAHHBIMU
cosieHocTH. O0JIaCTH MOBBIIIIEHHBIX 3HAYEHHU I YPOBHS MOPS COBNAAIOT C TOHUKEHHBIMU
3HauYeHUAMH con€HoCcTU. CpeaHuit KO3PUIUEHT KOPPEISALUU COCTABISET OKOJIO MUHYC
0,66. B otimumne ot SMAP, psin anprumerpun goctymeH ¢ 1993 r. u gydiie mokpsiBaeT
NPUOPEKHYIO 30HY, YTO MO3BOJIAET BOCCTAHABIMBATH KOH(PUTYPALUIO ONPECHEHHOTO
CJIOSI HA MHOTOJIETHEM MHTEpBaJie, KOrJa MpsMbIE€ U CIIy THUKOBBIE U3MEPEHUS COJIEHOCTH
OTCYTCTBYIOT. AHalIM3 MHOTOJIETHET0O MAacCHUBa JaHHBIX TOKa3zal MpeodiiajaHue
CEeBEpHOM KOH(UTypalu OMPECHEHHOTO CJIOS HaJl BOCTOYHOW MPHMEPHO B JIBAa pasa.
Onnako ¢ 2012 rona HabmrogaeTcss yCTOWYMBAs TEHJCHIMS K YCHJICHHIO TIEpeHOCca Ha
BOCTOK, JIOCTUTIIAasi MUKOBbIX 3HaueHuil B 2019 rony, xorna GpoHT ONPECHEHHBIX BOJ
pacnpoctpanuics g0 170-180° B. 1., YTO CBUIETEIBCTBYET O 3HAYUTEJIBbHBIX
W3MEHEHUSIX B THUJIPOJIOTHYECKOM PEKHUME PETHOHA.

[Ipennoxena konueniusa 6apbepa BocTouno-CHOUPCKOTO TEUCHUS IJIS MIOJISI—
okTs10psi. KoHIenust 3akmouaeTcss B TOM, YTO 30HAJBHBIN MEPEHOC OMPECHEHHBIX BOJ
BCT ¢opMupyer aHOMaldMIO CTEpPUYECKOTO YpPOBHSA, YMEHBIIAET aAPKTUKO-
TUXOOKEAHCKUU TIepenaa ypOBHSI U OCIA0ISIET CEBEPHBIN NIEPEHOC TUXOOKEAHCKUX BOJT
yepe3 beprHroB NpoJiuB BHE 3aBUCUMOCTH OT BETPOBOT'O HAMPSIHKEHUSI HEMTOCPEACTBEHHO

HaJd IIPOJMUBOM. HpOBejleHa KOJIMYCCTBCHHAA IIPOBEPKA KOHIOCIIHHU II0 JaHHBIM
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GLORYS12v1 3a uronb—okTsa0ps 1993-2024 rr. MojaenbHbIl pacueT CpaBHUBAJICA C
nepeHocoM Ha paspe3e B bepunroBom mnponme. CpemgHekBaapaTH4HAs OIIHMOKa
cocraBuna okoio 0,12 Ca.

Matepuansl rmaBel 3 onyOnmkoBaHbl B paborax [Zhuk, Kubryakov, 2021a] u
[Zhuk, Kubryakov, 2023].
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I'JIABA 4. OCOBEHHOCTH IPEJIMNPOJIMBHON TUHAMUKHU B IO)KHOM
YACTH YYKOTCKOI'O MOPSI B 3UMHUI ITEPUO/]

4.1 Ha6aronenus JieoBbIX TPpemuH B YykoTckom Mope

Kaxk Obu10 mokazano B riaBe 1, mocTymieHue apkTuieckux Boa B Tuxuii okead B
3UMHHI TTEPUO B 3HAYUTEIHHOU CTETIEHU ONPEACIISICTCS] BETPOM. Y CHIICHUE CEBEPHBIX
BeTpOB HaJ UyKOTCKMM MOpPEM MPHUBOAWT K OCIAOJCHUIO HAIPAaBICHHOTO Ha CEBEp
TeYeHUs1 B bepuHTOBOM MpOJIMBE, a B PAJIE CIy4aeB — K €ro pa3BOPOTY B FOKHOM
HarnpaBJICHUH. B HacTosIIel riaBe paccMaTpUBaOTC OCOOEHHOCTH TaKMX aHOMAaJIbHBIX
nepeHocoB u3 Apktuku B Tuxuii OkeaH B 3MMHUMN TIEPUOJT, a TAKXKE UX CBSI3b C JIETIOBBIM
nmokpoBoM. [lomoOHBIE COOBITHS MOTYT CYIIECTBEHHO BIIMATh HA TEPMOXATUHHYIO
CTPYKTYpY, AWHAMUKY JIEISHOTO ITOKPOBA, MEPEHOC MAacChl M TeIUIa, a TaKXKe Ha
Bog000MeH Mexay CJIO u ceBepHoit yacThio bepunrosa mopsi.

OmHUM U3 KITFOYEBBIX MPOIIECCOB, COMPOBOXIAIOITUM FO)KHBIC 3aTOKA B 3UMHUIN
NIEPHO/I, SBJSIETCS OOpYIIIEHKE JIEI0BOM apku B beprHroBOM mposmBe, KOTOPOE MOKET
MPOUCXONUTHh TIPU TPEBBIINICHUH KpuTUuueckod ckopoctu Berpa [Sodhi, 1977].
Pazpymienne apku u 00pa3oBaHHE TPEUIMH COMPOBOXKAAIOTCS HWHTEHCU(DUKAIIUEH
nepeHoca Teria U COJM, a TAKXKE PE3KMMHU U3MEHEHHUSIMU B TEPMOXAJIMHHON CTPYKTYpeE.
[Tornmanue yclioBUid 1 MEXaHU3MOB 00pa30BaHMS JICTOBBIX TPEIIUH, BKIIOYAS BIUSHUE
MecTHOM Mopdonoruu OeperoBol JMHHWM, a Tak)Ke HAINPaBJICHHUS BETPOB, OCOOEHHO
BKHO JIJIS1 OIEHKH JOJTOCPOYHBIX KIIMMATHYECKUX U3MEHEHHM U MPOTHO3a COCTOSIHUS
Je0BOTO MOKpoBa [Zhang et al., 2018; Willmes et al., 2023; Jewell, Hutchings, 2023].

B sTom paznene aHanmu3upyoTCs CIydau F0KHOTO MTOTOKa yepe3 bepuHTroB mposuB
B 3UMHHE MECSIIBI M COMPOBOXKIAIOIINE UX M3MEHEHHUS JIeqoBoM oO0cTtaHoBKH. Ocoboe
BHUMAaHHE yJICTSAETCS BO3MOXKHBIM MPHYMHAM TIOJIOOHBIX COOBITHH, X TTOBTOPSIEMOCTH,
a TaKKe TMOCICACTBUSAM IS IUPKYJISIUH B IOKHOW dYactTh YyKOTCKOro Mops,

TpaHcpOopMalK BOJHBIX MACC U IIEpepaclpeesICHus JIbJa.
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AHaIIN3 TaHHBIX, OJIYYEHHBIX HA OCHOBE CITYTHUKOBBIX U3MEPEHUH, TTOKA3aJ1, YTO
B paiioHe beprHroBa npoianBa v K CEBEpPy OT HEro MEPUOJIMUYECKU BO3HUKAIOT TPEIIUHBI
napaboandeckoil (HOpMBbI, KOTOPHIE BBIACISIOTCS CPEIU MPOYUX Pa3pyIICHUN JICTOBOTO
nokpoBa. Ha Pucynke 4.1, a—B npuBeeHbl TpU XapaKTEPHBIX ClIydas UX 00pa3oBaHUs
(mokazanbl He Bce natel) B 2010 m 2012 rr., 00IKMM NPU3HAKOM KOTOPBIX SIBIISETCS
paspylieHue JeIoBOM apku. MecTononoxkenue obnacte oOpa3oBaHMs TpPEIIUH
MEHSIETCSI B 3aBUCIMOCTH OT BETPOBBIX ycioBuil (Pucynok 4.1, r—e).

Tak, 19 suBaps 2010 roma nox BO3AEMCTBUEM CEBEPO-3aIIaTHOTO BETPA TPEIIUHBI
dbopMUpOBaIUCh BAOJbL 3amagHoro Oepera mops, gocrturas 68,8 °c.am. u 175 °3.1., ¢
NPOTHKEHHOCTHIO 0KOJI0 180 kM mo monrore u 6oznee 388 kM mo mmupote. Makcumym
MOyJIsl BeTpa Habitoancs B pailone bepunrosa nposiusa.

B depane 2012 roga (B nmepuon 26 ¢peBpas — 3 mapTta) moj| J1eHCTBUEM CEBEPHOTO
BETpa TPEUIMHBI PA3BUBAJIUCHh B IIEHTPaIbHON YacTH UyKOTCKOTO MOpS, OXBaThIBas
obmacte g0 71,6 Ccam., HX NOPOTHKEHHOCTH OblIa MaKCUMAJIBHOW  cpeau
paccmaTpuBaeMbIX ciiydaeB U gocturaina 611 kM mo mmpore u 346 KM Mo JOJITOTE.
[IpakTHyecku TMepreHIUKYJISIpHAs OpUEHTAlMs MapaOOIMYeCKUX JICHAOBBIX TPEIIUH K
bepuHroBy MpoJiuBy MOATBEPKIAET TOMUHUPYIOITYIO POJIb BETPOB CEBEPHBIX PyMOOB.

B mapte 2012 roga (15-20 mapta) o6:1acth GopMUpPOBAHUS TPEITUH CMECTUIIACH K
CEBEPO-BOCTOYHOMY T0OEpexkbI0, JocTuras mupotsl 71,8 °c.u1. [Ipu ceBepo-BocTOUHOM
BETpe B O3TOT NEpUoJ Habmomanoch (GopmMupoBaHue NapabOIMYECKUX TPELIUH,
pacIpOCTPaHSBIIUXCSA B BOCTOYHOM HampaBlieHUu oT bepuHroBa mnposiuBa. OTu
TPEIIMHBI 3aHUMAJIH MPAKTHYECKU BCIO BIOJILOEPETOBYIO aKBATOPHUIO MOPsI ceBepHee 68
°c.m1. OTAMYUTETHFHONM 0COOEHHOCTBIO B JJAHHOM CJIydae SIBJISIETCS TO, YTO MAaKCUMyM
MOyJIsl BeTpa OBLI JIOKAJTM30BaH HE HAJl akBaTopuel bepuHrosa mpoiuBa, a ceBepHee —
B paiione 68 °c.u. Takue JOKalbHbIE CHUHONTHYECKHWE YCJIOBHUS, BEPOSITHO,
OoOyCJIOBJIMBAJIM ~ OTCYTCTBUE  SPKO  BBIPAKEHHBIX  MapabOJUUYECKUX  TPEUIUH
HETMOCPEJICTBEHHO BONMM3M mposnBa. [IpoBEeNEHHOE COMOCTABIGHUE CITyTHUKOBBIX

Ha6JIIOJICHI/II\/’I M JaHHBIX O CKOPOCTH BCTpa IMOKa3aJio, 4TO AJId BCEX pacCMaTpHUBACMBIX
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ciIy4yaeB 00pa3oBaHUE KPYIMHOMACIITAOHBIX MAapabOIUYECKUX TPEIIUH MPOUCXOIUT MIPU
CPEMHECYTOYHON CKOPOCTH BETPOB CEBEPHBIX PyMOOB OoJiee 9 M/c.
Takum oOpa3zoM, I3MEHYMBOCTh MHTEHCHBHOCTH U HATIPABJICHUS CEBEPHBIX BETPOB

OTIPENIEISAIOT MECTOIOJIOKEHUE, MPOTHKEHHOCTh U MOPGOJIOTHIO MapadOIMYECKUX

TPEUIUH B JIJJOBOM MTOKPOBE ceBepHee bepuHrosa npoiusa.
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Pucynok 4.1 — Ilpumepsl coObITHII 00pa3oBaHus TpelMH B YyKOTCKOM MOpE Ha OCHOBE
JIAHHBIX, TIOJTYYEHHBIX C MOMOIIBIO CITyTHUKOBBIX H3MEPEHUH (a-B); OJISI CKOPOCTH

BETpa, OCPETHCHHBIE 3a CYTKH, 10 JaHHbIM ERAS (r-e)

Ha Pucynke 4.2 nmpuBeneHbl pacCUMTAHHBIE NApaMeETPbl JIEIOBOTO IOKPOBAa B
MeCTax JIEOBBIX Pa3pbhlBOB [IJIi HECKOJIBKUX COOBITUH 00pa3oBaHUsl TpEUIUH
napabosimueckoit popmel. Bomuszu bepunrora nposva 3HadeHUs 3(QPEKTUBHOTO yIiia

BHYTPEHHETO TpeHHs JexaT B auamnazoHe 30—45°. Ilo mepe ynpaneHus OT NposHBa
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BEJIMUMHBI ¢ Bo3pacTaroT A0 50-60°, 9To CBA3aHO C YBEJIMYCHHEM TOJIIUHBI U
KOHCOJIUAIIMK JIEJJOBOTO TOKpOBAa HA BBICOKMX IMpoTax. Jlisg Bcex cllydaes
3aKOHOMEPHO HAOII0AAETCS yBEIMUCHUE CLETITICHHSI IPU POCTE IUPOTHL. ITO CBSI3aHO C
TeM, 4To yroa 6 (KpacHas JHMHHUS) TaKXke pacTéT — apKd CTaHOBATCS Ooiiee
«OTKPBITBIMUY», W I YCTOMUUBOCTH TpeOyeTcs Oosbiee crieryieHue. TakuM oOpazom
3aKOHOMEPHO, YTO MaKCHMaJllbHbIC 3HAYCHHUs CIEIUIeHHs ibaa — g0 12-13 klla —
HAOJFOMAIOTCS Ha BBICOKMX IMUPOTAaX. OJTO OOBACHICTCS OOJBINEH TOJNIUHON |
MIPOYHOCTHIO JIbJIa, @ TAK)KE YCIOBHAMU CxkaTHs. [loydeHHBIC 3HAUCHUS KPUTHIHBI JIJIS
OIICHOK pa3pylICHHs JIEJJOBOTO TMOKPOBA, YTO BAXXHO ISl MOHUMAHMS, TJ€ U KOrjaa
BO3MOXKHO (DOPMUPOBAHKE WM WCUYE3HOBEHHE JICMOBBIX apOK, PETYIHPYIONUX Apeid
apaa. K ToMmy sxe oOpylieHue JIeJJOBBIX apOK COMPOBOXKIAETCS MACCOBBIM MEPEHOCOM
JbJa 4Yepe3 MPOJUB, HANpPsIMYIO0 OKa3biBas BIUSHUE HA CYJIOXOJCTBO, 0€30MaCHOCTh

APKTUYECKUX KOMMYHHUKaUUWA U pabOTy HHKEHEPHOU HHPPACTPYKTYPHI.

90+ 28 02 2012 35 90+ 22 02 2005 4q
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Pucynok 4.2 — PaccuntanHble TI0 CITyTHUKOBBIM JJaHHBIM YTOJI MEXTy OCHOBAaHHEM
apKu M KacaTeabHOU K Hel (0), 2P deKTUBHBIN yroa BHYTPEHHETO TpeHus (@) u

crericHue (C) B 3aBUCMOCTH OT IIIMPOTHI OCHOBAHHUSI JICIOBOW apKu Jyist 28 GeBpats

2012 r. (a) u 22 despans 2005 r. (0)
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OcB0oOOX/IeHUST 3HAYUTEBHBIX IUIOMIA/IeH OTO JbJla CYIIECTBEHHO YCHUJIMBAIOT
OOMEH TEIUIOM MeEXJIy OKeaHoM u arMmocdepoit [Perovich, 2011]. OxHo w3 Takux
COOBITUH PE3KOTO YBEJIMYEHHUs IUIOMIATM OTKPBHITOM BOJABI BO BpeMsi 0Opa3oBaHUs
TpeuwH 15 u 18 mMapra XOpomo mpocMaTpUBAIOTCS M B ONTHYECKOM JMANa30HEe IO
nanabM npudopa MODIS na Pucynke 4.3, a. Ecnu 15 mapTta ne1oBbie TpeIuHbI TOIBKO
oOpa3zoBanuch, TO 18 Mapra HaOmogaeTcs 3HAYUTEIbHOE YBEITUYEHHUE IUIOMIAAN

OTKPBITOM BO/IBL.

15 mapta g ™. 18 mapta

)
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Pucynox 4.3 — CHUMKH B ONITHYECKOM Juanasone ais 15 u 18 mapra 2012 (a);
ILJIOIIAIb JISIOBBIX TPEIIUH B paiione 165—174 °3.1. 66—71.5 °c.m. (0); (kpacHOM

JTUHHEH 0003HaueHa cpeanss B saBape—mapte 2012 mroriaab JeI0BbIX TPEIIHH)

JIns KOIMYeCTBEHHOM OIEHKH ILIOIIAIH, 3aHUMAaeMOl TpelnuHaMu B (peBpaie u
Mapte 2012, ucnonp30BaINCh JaHHBIE CIYTHUKOBBIX M3MepeHui. Ha pucynke 4.3, 0

MPEICTABIICHbI PE3yJIbTAThI, I€MOHCTPUPYIOILIKE, YTO JaHHAs IJIOMIAb KOJIeOIeTcs OT
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MeHee 3 TBIC. KM?

B npoMexxyTkax 16—22 despans 11-13 mapra g0 6omee 12 u 11 ThIC.
KM? BO BpeMs 00pa30BaHMs TPEINMH 3 ¥ 15 MapTa cOOTBETCTBEHHO. TakuM 00pazom
HaOJIOMAaeTCsl YBEIMYCHUE IUIONIAA TPEIIUH B Oojiee 4eM B 2 paza OTHOCHUTEIBHO
cpeaHei B 1eqoBbii niepuoa 2012 r.

[Toce coObITHI BBIHOCA IUIOMIAAL OTKPHITOM BOABI JOCTUTACT MaKCUMyMa, 3aTeM
MOCTETNIEHHO YMEHBIIAETCS BCIEACTBUE JIb000pa30BaHMsl, MOCKOJIBKY BOJA B TPEIIMHAX
HaXOAWTCS MPHU TeMIlepaType, OJu3Kol K Touke 3amep3anuto [Morison et al, 1992].
N3BecTHO, 4TO 3UMOM OTKpbITas BOJAAa B TPEIIMHAX BO JbAY OBICTPO 3amep3aeT,
00pa30BBIBast CMECh OTKPBHITOM BOABI M TOHKOTo Jjbaa [Beitsch et al., 2014], moatomy

IocCJICc PE3KOro yBCIMYCHHA KOJIMYCCTBA TPCHIWH Ha6J'IIOI[aCTC51 IIOCTCIICHHOC

COKpamCHUC JICIOBBIX PA3JIOMOB.

4.2 Ilapamerpuszauus ¢Gopm JeJ0BbIX TPELINH

Bmecte ¢ BeTpoM BakHOW  pErMOHAIbHOM  OCOOCHHOCTHIO  SIBJISIFOTCS
MopdoJioruueckoe cTpoeHue OeperoB U Oatumerpus YUyKOTCKOTO MOps, KOTOpbIE
COBMECTHO C BETPOBBIM BO3JICHCTBHEM PETYJIHPYIOT OKeaHNYecKue TeueHus. CoriacHo
pabore [Sodhi, 1977] manas mmpuna bepuHrosa mposjmBa MO3BOJISIET paccMaTpPUBATh
MEePEHOC TAKOBOTO JbJa aHAJIOTHYHO BBIXOAY TPaHYJUPOBAHHOTO MaTepHalia W3
cyxarmoulerocss kaHana. llpy OOCTMKEHMM KPUTHMYECKUX 3HAYCHUN HANPSIKECHUN
BO3HMKAIOT TPEIIMHBI, (POPMa KOTOPHIX BHIBOJUTCS W3 OTHOIIEHHUS TAHTEHIIMAIBHOTO U
HOPMAaJILHOTO HampsokeHusl. B utore popMy JIeJOBBIX TPEITUH MOYKHO OITUCATh COTJIACHO
dopmyne 1.12. [TockoabKy KOHBEPTEHIIMSI JIEIOBOTO MOKPOBA MPOUCXOJUT B 00IACTH
bepuHropa mposvBa HaYalio OTCYeTa IS TOCTPOCHHUS (OPM JICTOBBIX TPEITUH
BbIOMpaioch B IeHTpe mponuBa. [Ipu TOCTPOECHWU WCTHOIB30BAINUCH CIICAYIOIHE
3HAYEHHUS MapaMeTPOB: TUIIMYHOE 10 MOPSAKY BenuunHbl 3Hadenne D = 0,001 [Sodhi,
1977; Martin, 2016]; r = 1,3943 xr/m® — cTaHapTHOE 3HaUYCHHUE IJIOTHOCTH BO3AyXa JIJIs
ycinoBuit UyKOTCKOTO MOpSI B 3UMHHM TEPUOJ; CKOPOCTh BETpa MPUHSATA paBHOU 9,4 M/c

(cpenHecyTo4YHass CKOPOCTh BeTpa Haj BepHHTrOBBIM MPOJHUBOM BO BPEMSI COOBITHS IO
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naHHbIM peadanu3a ERAS); p =3500 H/M — Benuuuna, mojo0panHast SMIUPUICCKU TIPH
HaWJTy4IlleM COOTBETCTBUU HaOmtojeHusM. [lomymmuprHa yBenuuuBanach I KaKIou
nocienyoued TpemuHsl. Yucio TpemmH 3aJaBalioch Bpy4yHYRO. Pe3ynbrarhbl
MPOBEICHHON MapaMeTpu3aluu mnpeacTtaBieHsl Ha Pucynke 4.4. Jlng ¢eBpambCcKux
COOBITUH BBIHOCA HAOJIONAETCS COTJIACOBAHHOCTH MapaMeTPU3UPOBAHHBIX Mapadoil ¢
MECTOMOJIOKEHUEM TPEIIMH M0 CIIYTHUKOBBIM JaHHBIM. Pacxoxkaenus: pukcupyrorcst B
KpailHUX CEBEPO-BOCTOUHBIX M CEBEPO-3aMaJHBIX YaCTAX JEAOBBIX Pa3JIOMOB, 4YTO,

BEPOSITHO, 00BsICHSIETCS 00pa3oBanneM BTopudyHbIX TpeuwH [Sodhi, 1977].
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Pucynok 4.4 — IIpumep napameTpru30BaHHOU (POPMBI JIEAOBBIX TPELIUH Ha KapTe

JTAaHHBIX HA OCHOBE m3MepeHuit cimytauka MODIS

4.3 U3MeHYHUBOCTb T€YCHUI U NepeHoca JbAa B bepuHrosoM npoJinse B0 BpeMst

CIWJIbHBIX BETPOB HA puMepe coObITHi B (peBpasie-mapre 2012 r.
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Ha Pucynke 4.5, a, 6 npeacTaBieHbl €XEIHEBHbIE KapThl CKOPOCTH JIETOBOTO
npetipa mo manasiM GLORYS12v1. OtuernuBo BUAHO, Kak B Mepuoj] 00Opa3oBaHUs
TPEIIMH IPOUCXOANT YBEIMUCHHUE I0KHBIX CKOpocTel. 27 (eBpans B paitone bepunrona
posuBa ckopocTu fnocturanu oosee 0,3 M/c. Bo Bpems nmocneayroiero coObITHs B MapTe
2012 x MOMEHTY Hauaja BBIHOCA HAa FOT HAOJIOJACTCS 3HAYUTENbHAS MO pa3Mepam
obnacte Ha yaaneHu ot bepunrosa nponusa co ckopoctsmu 0,15-0,2 m/c. B paiione
~167° 3.1. 70° c.m. MakcumainbHble 3HaUeHus1 HabmofatoTes B bepuHroBom nposnuse, K
0Ty OT 00JIacTM 00pa3oBaHUsl TPEIIMH, YTO CBA3AHO C HaOJIOJAIOMIEHCS B JTaHHOU
001acTi KOHBEPIreHIUEN CKOPOCTH.

Paznuuua mexnay B3nomamMu JpJa B (eBpajie M MapTe MPOCIEKUBAKOTCA Ha
Pucynke 4.5, B, T, TJie IOKa3aHbl KapThl JUBEPIreHIIMN CKOPOCTH JIbJIa, YCPEIHEHHON B
Haubosiee TUHAMMYECKU aKTHUBHBIE JTHU TpaHchopMauuu Jenooro nois. B ¢espaie
HanOoJIbIIME OTpULIaTenbHble 3HaueHus 10 —0,02 pacronoxkeHbl K BOCTOKY OT bepuHrosa
npoiuBa B paiione 165° 3.1. 67° c.m. B TO Bpems, Kak B pallOHE camoro mnpoJrBa
npeo0IaIatoT NOJ0KUTENbHbIE 3HaueHus cBbiie 0,02. B MapTe rmaBHON 0COOEHHOCTHIO
SIBJISIIOTCS TOBBIIICHHBIE OTpULIaTeNIbHbIC 3HaUeHUS (110 —0,02) B10JIb BOCTOYHOTO Oepera

Ha 68-71° c.11., YTO MOAUYEPKUBALT PA3TUUNS B MECTOIIOJIOKEHUSIX TPEIIUH.
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Pucynok 4.5 — ExxeTHEBHbBIE KapThl CKOPOCTH JieA0BOro Apeiida 27 pespans (a) u 15

mapta 2012 (6) mo manubsiM peananuza GLORYS12v1; nuBepreHuus moys CKOpOCTH

aemoBoro apeida ocpennennast ¢ 26 mo 28 despais (B) u 14-16 mapTa (T); CTpenku

0003HAYaIOT HAIIPABIICHUE CPETHEH CKOPOCTH JIEIOBOTO Jpeiida

CKOPOCTE, M/C

JHBEPTEHITHA

O6pa3OBaHI/Ie JCOAOBBIX TPCIIMH CYHMICCTBCHHO BJIMACT HAa AWHAMUKY JICAOBOI'O

MOKpOBa M BOJOOOMEH B peruoHe. B kadecTBe JEMOHCTpalMU pPacCMOTpPUM Oojee

oAPOOHO N3MEHYNBOCTh TUIPOJIOTUYECKHUX XapaKTepUCTUK B (heBpane-mapte 2012 1 BO

BpeMsi HaOJIro/IeHus JIe0BbIX BhIHOCOB. Ha Pucynke 4.6 mpencrtaBieHa U3MEHUYHNBOCTD

TeueHul B bepruHroBoM mposmBe no naHHbIM 3asskopeHHbIX ADCP u3Mepenuii. Ananus

IMOoKa3aJl YCHUJICHHC HOKHOI'O IIOTOKa 3a HECKOJIbKO I[HGfI a0 O6p330BaHI/I$I JICAOBBIX

TpemmH. B HauvanpHbil mepuoa ¢ 17 mo 26 ¢eBpans CKOPOCTH TEYEHUH HMEIOT

HEOJTHOPOJIHYIO CTPYKTYpy: Ha TiayOumHe 10 15 M HaOmoaamTcs OoTpHUIaTelbHbIE
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3HaueHus 10 —0,1 M/c (r0)XkHOE HampaBJIEHUE), B TO BpeMs Kak Ha INIyOMHax CBbIIE 15 M
NPUCYTCTBYIOT PKO BBIPAKEHHBIE MOJIOKUTETIbHBIE 3HaueHUsI cBbiie 0,2 M/c (ceBepHOE
HanpaBieHue). Haumnas ¢ 26 ¢eBpans 3aMeTHO YyCHIIGHHE IOKHBIX TEUYEHH,
IPOUCXOASIINE NPAKTUYECKH OJHOBPEMEHHO C WHTEHCUBHBIM B3JIOMOM JibJla B
YyKOTCKOM MOpE U MOCJIEAYIOIKUM 00pa30BaHUEM JIEIOBBIX TpemuH. HemocpencTBeHHo
BO BpeMsa oOpa3oBaHMs TpEIIMH HAOMIOAIOTCS  OTpHULATEIbHBIE  3HAYCHMS
MEPHUIMOHAIFHOM KOMIIOHEHTBl TEUEHHH, KOTOpbIE OXBATHIBAIOT BCE TOPHU3OHTHI
npoduns u nocruratoT 0,8 u 0,44 m/c 27-29 despans u 16-19 mapTa COOTBETCTBEHHO.
OpHako mociie mepBoro coObITUss 00pa3oBaHUs JIEAOBBIX TPELIUMH Y€ K 4 MapTa Ha
MIyOMHE 5 M TOYTHM MOCTOSHHBIM CEBEpPHBI MOTOK €O ckopocTsimMu 1o 0,2 m/c
BOCCTAHABJIMBAETCS. AHAJIOIMYHAsl U3MEHUYUBOCTh HA0JII01a€TCs U JIJIs1 BTOPOTO COOBITHS

—k 19-20 mapTa Ha riyOuHe CBBIIIE 5 M OTMEUYarOTCsl ceBepHbIe ckopocTH 110 0,1 m/c.
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Pucynox 4.6 — BpemeHHast "3MEHUHMBOCTh BEPTUKAIBHOTO MPOQPHUIISI MEPUINOHATBHON
KOMITOHEHTBI CKOPOCTH TEUEHHUM, CIJIaKE€HHAs | -ITHEBHBIM CKOJIB3SIIIMM CPEIHUM IO
nanHbIM 3asskopeHHbIX ADCP B BepunroBoM nposivBe (YepHbIC JIMHUU 0003HAYAIOT

MOMEHTBI Hauajia U KOHIIA COOBITHI 00pa30BaHus JICOBBIX TPEIIIHH)

[IpoBeneH aHanu3 CBSA3M U3MEHUYMBOCTH BETpa M TE€UEHUM B NpoJiuBe. CeBEpHBIi

BETEP B MPEANPOIMBHBIX 30HAX MPUHUMAJT 3HAYSHUS CBBIIIE 9 1 8 M/C 17151 PeBpaIbCKOTO
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U MapTOBCKOIO BBIHOCOB COOTBETCTBEHHO. [lonTBepikIaercss NMpeBaMpyIOWasl PoJib
BeTpa: KOXPOUIMEHT KOPPESIUH MEXIy HW3MEHYHMBOCTHIO MEPUAMOHATBHON
KOMIIOHEHTHI TeUeHUIl Ha TIyOuHe 4 M U ocpeqHEHHON B obnactu 164-174° B.xo. 66-72°
C.III. MEPUIMOHATBHOM COCTaBIIsAIOIIEH ckopocTu BeTpa coctapiisieT 0,78. Ha Pucynke 4.7
Tak)Ke MPHUBEACHO COMOCTaBJICHHE M3MEHUYMBOCTH CpEIHEN CKOPOCTU BeTpa W japeiida
ap1a B UykoTckoM Mope B KoHile ¢epaiist — Mapte 2012 r. Koadduruent koppensuun
MIOKAa3bIBAET BBICOKYIO CBSI3b MExay AByMs u3meHunBocTsMH (K ~ 0,75). Peskomy
YBEJIIMUEHUIO OTpularenbHoir ckopoctu ¢ —0,05 nmo -0,11 ™/c 27 despans
IPEIIIECTBOBAJIO YCHJIEHHE CEBEPHOIO BETpa CO 3HAUEHUSIMHU CBBIIE 7 M/C, YTO
IIPEBOCXOIUT KPUTHUYCCKYIO BEIUYHMHY JUIs 0OpyimeHus JieqoBoi apku [Sodhi, 1977].
AHanornyHass M3MEHYMBOCTBH IPOCIEKHUBANIACH U BO BpEMs BBIHOCA JbJAA B MapTe:
CJIEJIOM 3a MaKCUMYMOM CEBEpHOro BeTpa 14 mapTa HaOIIOAAICS MUHUMYM CKOPOCTH
nperida npaa 15 mapra. Cpennee 3ama3apiBaHUE OTKJIMKA JApeida abaa U TeUCHUN Ha
U3MEHEHue BeTpa cocTaBmio 12 yacoB. TakuM oOpa3oM MOKa3aHO HAJIUYME CHIIbHOM
CBSI3M MEXIYy M3MEHUYMBOCTBIO Apeiida Jib/la, CKOPOCTbIO TEYEHUI U BETPOM BO BpEMsI
coObITHi1 BbIHOCA B (heBpasie-mapte 2012. Kaxk BugHo Ha Pucynke 4.7, cpeiHuii 32 CyTKU
NEPEHOC JIbJ]a PU TIEPBOM COOBITHH BBIHOCA B F0)KHOM HAIPABJICHUU YBEITUYUBAETCS 110
1,6 ThIC. KM2 1 710 1 THIC. KM? BO BTOPOM, 4TO B 4-5 pa3 NpeBOCXOANT 3HAUEHUS 0 HAYa/Ia
BBIHOCOB. DTH pe3yJIbTaThl HAXOJATCS B COOTBETCTBUH C 00JIe€ paHHUM HCCIIEOBAHUEM
[Babb et al., 2013], B pamkax KOTOporo oOHapy>kKeH aHOMaJIbHO OOJIBIION IMePEHOC JIba
n3 CJIO B 2011-2012 rr. ABTOpPBI CTaThu NOAYEPKUBAIOT, YTO TJIABHAS IPUYHUHA TAKOTO
COOBITHS 3aKJII0YAETCS] B COYETAHUHU CUIIBHOTO A3HAaTCKOTO MaKCUMyMa U CMEILEHUEM

AJIeyTCKOM JIeTpeccuu Ha ceBep B 00J1acTh HaJl BepuHTOBBIM MPOJIUBOM U AJISICKOM.
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Pucynok 4.7 — I3MEHYHUBOCTh MEPUIMOHATIHLHON KOMIIOHEHTBI CKOPOCTH TCUCHHI B
bepunrorom nponmBe Ha riayOrMHE 5 M MO JaHHBIM W MEPUAMOHATEHON KOMITOHEHTHI
CKOPOCTH BETpa, yCPETHECHHOM HaJ IPOJMBOM B obnactu 164-174° 3.1. 66—71° c.i1.;

YcpenHeHHble MEpUANOHATIbHAS KOMIIOHEHTHI CKOPOCTH T€UCHUM U Jpeiida ibaa B
npoJimBe B paspese 167,6-170° 3.1. 66° c.1m1., CriTakeHHbBIE | -THEBHBIM CKOJIB3SIIAM
cpennuM; ExxecyTouHbIN nepeHoc Jibjia yepe3 bepuHroB nposiuB (YUepHBIMU JTUHUSIMU

0003HAYCHBI MEPHOBI COOBITHIT 00Pa30BaHNUS JICJOBBIX TPEIIIHH)

Kak Owuto mpomemoHcTpupoBaHo Ha Pucynkax 4.5-4.7 Bo BpeMsi COOBITHIA
o0Opa3zoBaHus TpELIMH Mapabanuyeckoil Gopmbl HAOIIOAETCS MEPEHOC BOJ U Jbjla B
I0)KHOM HampaBJi€HUU (OTpULIATENIbHBIE 3HAYEHUS MEPUIMOHAIBbHON KOMIIOHEHTBI
CKOPOCTH TE€YEHUM M mepeHoca Jibaa). JJIs OIEHKHM MEXTO0JI0OBOM H3MEHYHMBOCTH
KOJIMYECTBA TAaKMX COOBITHMM MO KOCBEHHBIM IapaMeTpaM Oblla MpoaHaIUu3upoBaHa
M3MEHUYMBOCTh MEPUAMOHAIIBHON KOMIIOHEHTBI BETPa, OCPEIHEHHOW HaJl bepuHIroBbIM
nponuBoM, a Takxke naHHeie ADCP wusmeputeneit. M3-3a dWactoro oTcyTCTBHS
nHpopMalu Ha BEpXHUX ropu3oHTax (Hampumep, B 2016—2017 rr.) ans onpeneneHus
COOBITUI BBIHOCA MCIOJIB30BAINCH JaHHbIE Ha riryouHe 15 M. B To xe Bpems Ha 3TOM
rIyOMHe B clly4ae SKCTPEMAJIbHO CHJIbHBIX BETPOB HAOIIOJAIOTCS OTPUIIATENIbHBIE
(FO)KHBIE) CKOPOCTH TEYEHWH, YTO TO3BOJIIET 3aUKCHPOBATHh OTKIWK TEYCHUN Ha
BETpOBOE Bo3nelcTBHe. TakuMm 00pa3oM, UMEHHO Ha 3TOM TOPU30HTE COOJIOAAETCS
ONTUMAJIbHOE COOTHOUIEHUE MEXKYy KOJIMYECTBOM JIOCTYTIHBIX JAHHBIX U BO3MOKHOCTBIO

HaOMIOMaTh FOKHBIE 3aTOKM B bepuHroBom mnposmBe. ®ukcamnusi COOBITHI BBIHOCA
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MNOAKPCILIAIACh aHAJIIM30M JAHHBIX, ITOJTYUYCHHBIX Ha OCHOBEC CIIYTHHKOBLIX I/IBMepCHHﬁ

[Willmes et al., 2023]. Harrpumep, Ha Pucyske 4.8, a oryeTiinBo BHIHO, uTO 11 heBpais,

HCCMOTpPsA Ha MHOI'OYMCIICHHBLIC JICJOBLIC TPCIIWHBI, Ha6J'IIOI[aIOTC$I Hapa6OJ'II/I‘—I€CKI/IC

TpPEIIMHBI B LIEHTPEe Mops, Oepyiiue Hadano oT bepuHrosa mpoauBa. B 3ToT ke AeHb

OTMCEYAJICA CCBepHBIﬁ BCTCp C JIOKAJIBHBIMHU MAaKCUMYMaMHU CKOPOCTH HaAd ITPOJIMBOM

(Pucynok 4.8, 6) u B BocTouyHOM parione Yykorckoro mops 162° 3.a1. 70° car. 'y

noOepexbs Amsicku. Ha Pucynke 4.8, B mo nanusim ADCP 3a 2015 r. 3adukcupoBaHbl

WHTEHCUBHBIC IOXKHBIC 3aTOKH: Ha TiyomHe 15 M ckopocTs mocturama —0,6 m/c, a 11

depans —0,4-0,5 m/c. bonee BripaxkeHHBIE MapabOIMUECKUe TPEUMHbBI HAa0I01auCh 3

mapta 2021 r., Taxxe npu ceBepHoM Betpe (Pucynok 4.8, 0), HO CO CIBUTOM MaKCUMyMa

CKOPOCTH BCTpa Ha CCBCP OT IIPOJIMBA. FOxHbIe TeueHus YCUIIUBAJIUCH I10 BCeH TJIY6I/IHC,

npessimas 0,6 m/c (Pucynox 4.8, B).
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Pucynok 4.8 — [1one nenoBeix TpeuH Ha ocHoBe uaMepenuit MODIS (a) u

cpeaHecyTouHoe 1nose ckopoctu Betpa (0) 11 ¢gespans 2015 u 3 mapra 2021. Ilpoduns

W3MEHYMBOCTH MEPUIUOHAIBHON KOMIIOHEHTBHI CKOPOCTH T€UEHUN B beprHroBoM

npoJiuBe (B) ¢ sstHBapsi mo anpenb 2015 u 2021


https://tc.copernicus.org/articles/17/3291/2023/#bib1.bibx70
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4.4 MeskroaoBasi U3BMEeHYMBOCTH COOBITHH J1eJ0BOT0 BHIHOCA U UX CBSI3b C BETPOM

JIns1 OLICHKH MEXKTOJOBOM M3MEHUYMBOCTU COOBITHI BbIHOCA MPOAHAIM3WPOBAHA
M3MEHYMBOCTh MEPUIMOHAIBHON KOMIIOHEHTBI CKOPOCTH BETpPa, OCPEIHEHHAas Haj
bepunroseiM mnponuBoMm, a Takxke nanHele ADCP wu3mepureneit. M3-3a wactoro
OTCYTCTBUS MH(GOPMAIIMKM HA BEPXHUX TOPU30HTAX JJisi OOHAPY>KEHUsI COOBITUI BhIHOCA
UCITIOJIB30BAIMCH JaHHBIC Ha TIIyOuHe 15 M. AHaNM3 UMEIONINXCS JAHHBIX MOKa3al, 4To
oOpa3oBaHHE TpeUIMH MapaboJnyecko (QOopMbl 3HAUYMTENBHBIX Pa3MEPOB 4Yalle
MPOUCXOJUT TPU IOKHBIX TEUYEHHUSX BeIUUYMHOW cBhime 0,25 M/C U 3HAUYCHHAX
MEPHIMOHATEHOM KOMIIOHEHTHI CEBEpHOTO BeTpa Ooiee 5,2 m/c. [IpuBeeHHbIC 3HAYCHHUS
UCIIOJIb30BAIMCh KaK MOPOTOBbIE ISl ONPEIEICHUs KOJUYecTBa COOBITUH BBIHOCA
(Pucynok 4.9, a), a Takke KojauuyecTBa JHEH ¢ BiHOcamu (Pucynok 4.9, 6) B mepuoj ¢
sHBaps mo mapt. Ha MexronoBsix Macimradbax GUKCHUpyeTCs CHUKEHUE KOJIMYECTBA U
MPOJIOJDKUTEILHOCTH cOOBITHM. 3a nepuoy Habmoaenuit ¢ 2008 mo 2022 r B cpenHeM
YHUCJI0 COOBITUM YMEHBIIATIOCH CO CKOPOCTHIO 0,4 B 101, @ KOJMYECTBO THEH C COOBITUSIMHU
BbiHOCOB 0,3 % B Toa. Ha Pucynke 4.10, a, 6 BuiHO, uTO Ha7 YyKOTCKMM MOPEM B 3UMHUI
nepuoJI mpeodiiaiaeT ceBEpHbBIN BeTep. B 10)kKHOM YacTh MOps HAOIIOAeTCs YBEIMUEHUE

CWJIbI BETpa JI0 3HaYEHUM CBbIIIE 9 M/C.
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Pucynox 4.9 — MexromioBast ”3BMEHYMBOCTh aOCOTIOTHOTO KOJIM4YeCTBa (a) U
OTHOCHUTEIFHOTO KOJMYECTBO JHEH (0) ¢ coOBITUSIMU (POPMUPOBAHUS JIETOBBIX TPEUTHH
C sITHBaps [0 MapT, ONPEIECICHHBIX TOPOTOBBIMU 3HAUEHUSIMU CKOPOCTH BETpa U
TEUCHUU

B nocnennee Bpemsi HaOmogaeTcst nmonoxuTenbHbld TpeH (Pucynok 4.10, a, B)
MEpPUIMOHAILHOM KOMIIOHEHTHI BETpa, MPUYEM HauOOJIbIINE U3MEHEHUS TPOUCXOIAT B
paiione bepunrosa mponmBa. [ paccMaTpuBaeMoro MpOMEXYyTKa BPEMEHH TPEHI
SIBJIICTCS CTATUCTUYECKH HE3HAYMMBIM, OJTHAKO TIOBBIIIICHHE MEPUAHNOHATBHON CKOPOCTH
BeTpa B siHBape-Mapre HaOmomaercs ¢ 1992 roga u ans pacHIMpEeHHOr0 BPEMEHHOIO
Jarna3oHa CTAaTUCTHYECKU 3HAYUM.

HabntoiaeMoe CHUKEHUE CHIIbI CEBEPHBIX BETPOB HAaXOAMUTCS B COOTBETCTBHUHM C
buKcUpyeMbIMH HM3MEHEHHSIMH TOTOKa dYepe3 bepuHroB mponmB, TAe HA OCHOBE
MHOTOJICTHUX 3askopeHHbIXx ADCP wm3MmepeHuii moka3aHO IOBBIIIICHHE TEpEHOCA Ha
ceBep W yBeimueHue npuBHocumoro teria B CJIO [Woodgate, 2018]. Takum oOpazom,
aHaJIM3 U3MEHYMBOCTH BeTpa B UyKOTCKOM MOpE MOKa3al, YTO MPUINHONW YMEHBIICHUS
KOJIMYECTBA U MPOAOKUTEIHLHOCTH IEPUOAO0B SKCTPEMAIBHBIX BHIHOCOB JIbJA SIBIISIETCS

ocJiabJieHue CEeBEPHBIX BETPOB.
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Pucynok 4.10 — XapaktepucTiku BeTpa HaJ UyKOTCKUM MOpPEM, OCPETHEHHBIE IS
saaBaps—Mapta 2008—2022 rr.: MeXrosoBasi U3MEHYMBOCTh MEPUIMOHAIIBHON
KOMIIOHEHTBI, OCPEHEHHO! 10 TPOCTPAHCTBY B oOmactu 164-174° 3.1. 66—72° c.i.

(a); mone ckopocTu BeTpa (0); MpOCTPAHCTBEHHOE pacIpe/iesieHre

HaKJIOHA JIMHUK TpeHaa (B)

BriBoambl K ri1aBe 4

Bnepsbie Ob1M OIpoOHO pacCMOTPEHBI COOBITHSI MHTEHCUBHOT'O B3JIOMA JIbJia U
o0Opa3oBaHMs pa3pbIBOB Mapadosindeckoil GopMbl B F0XKHOM yacTd UyKOTCKOro Mopsi U
UX B3aMMOCBSI3b C MEPEHOCOM JIbJa, a TAK)Ke U3MEHYMBOCTBHIO TeueHU B bepuHroBom
NPOJIMBE HAa OCHOBE JAHHBIX CIYTHHKOBBIX MpPOaAyKTOB, in Situ ADCP natumkoB u
peanan3oB. OCOOEHHOCTU MOP(OJOTHUECKOTO CTPOEHHUS FOKHOM yacTu UyKOTCKOro
MOps. M BO3JICMCTBUE CHJIBHOTO CEBEPHOTO BETpa MPHUBOIIT K PE3KOM MEpPEeCTpOUKe

nenoBbIx moseit. [lo onThyeckuM JaHHBIM, a TakKe MO JAaHHBIM Ha OCHOBE MpuOOpa
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MODIS onpenenensl TPOCTPAHCTBEHHBIC XapaKTEPUCTUKUA COOBITHI JIEIOBOIO BBIHOCA
u3 akBaropun Yykorckoro mops Ha ror B 2012 roxy: 26 deBpans — 2 mapta u 15-20
mapta; 1 B 2010 rony c¢ 18 mo 21 sHBaps. AHanu3 €XEeIHEBHBIX JAHHBIX HA OCHOBE
u3mepenuit mpubopa MODIS [Willmes et al., 2023] mokasan moBbllIeHHE ILIOMIAIH
OTKPBITBIX BOJI BO BPEMsI MHTEHCUBHOTO I03KHOTO MEpEHOCa Ha 10T B 2 pasa. B pesynbrare
cJioMa JibJa U FKHBIX TEUEHHM TaKue COOBITHS MPUBOJAT K PE3KOMY BBIHOCY JIbJla U3
CJIO B Tuxwii okean. B 3uMHuUl eproj BO BpeMsl MHTCHCU(PHUKAIIUN CEBEPHBIX BETPOB
B bepuHroBOM npoinBe MEPUOJUYECKH MPOUCXOJUT CMEHA HAINpaBJIEHUS TECYCHUU C
ceBepHOro Ha roxHOoe ¢ K>0,7. Ha npumepe 2012 roma moapoO6HO pacCMOTPEH MPOIIECC
YCUJICHUS CEBEPHOT0 BETpa OJIHOBPEMEHHO C M3MEHUYHUBOCTBHIO CKOPOCTH TEUEHUU B
npoJsinBe. Mcnonb3ys mOporoBbie 3HAYECHHS] CKOPOCTH TEUEHHUM U BETPA, a TAKXKE JIaHHbBIC
Ha OCHOBE cIyTHUKOBBIX m3MepeHuit MODIS onpenenena mexrogoBasi ”3MEHUYUBOCTh
COOBITHI F0YKHOTO TIEpeHOCa JibAa B MpeAnpoanuBHON obnactu Yykorckoro mopsi ¢ 2008
o 2022. OOHapyKeHO CHIKEHUE KOJIMYECTBA U MPOJAOHKUTEIIbHOCTU COOBITHI PE3KOTo
BbIHOCA JibJa Ha Ior. [IpuunMHa STOrO0 CHIDKEHHUS 3aKIIOYAETCS B JIOJITOCPOYHOM
YMEHBIIIEHUU CKOPOCTHU CEBEPHBIX BETPOB B 00JIACTH HAJ| MPOJIUBOM B 3UMHHI MEPUO/.
Hab6mrogaembie coOBITHS PECTABISIOT 0COOYI0 BaXKHOCTh, BBUYy YBEIUYCHHS MMOTOKA
Japaa 4epe3 bepuHroB mpojuB B MOCJIEAHHUE ACCATUIETUS B YCIOBHUSIX MEHSIOIIETOCS
KmMara. B gonrocpoyHod mnepcrnekthBe UYyKOTCKOE MOpE MOXKET CTaTh YacCTbRO
MupoBoro okeana, 4epe3 KOTOPYI0 MHOTOJIETHUU JIes dKCIOpTUpyeTcss u3 CeBepHOro
JlemoButoro okeaHa. Pe3ynbraThl HMCCIENOBaHWUW, MPEICTABICHHBIX B TJaBe 4,

ony0sukoBansl B [JKyk, Kyopsikos, 2026].


https://tc.copernicus.org/articles/17/3291/2023/#bib1.bibx70
https://tc.copernicus.org/articles/17/3291/2023/#bib1.bibx70
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3AK/IIOYEHUE

B xone uccienoBanust ObUIN BBISIBIEHBI KIHOUYEBbIE 3aKOHOMEPHOCTH BOJOOOMEHA
Mexay Tuxum oxeaHoM U MopsMH BocTouHON ApKTHKH, OOYCIIOBJIEHHBIE KaK
aTMOc(epHBIM BIUSHUEM, TaK M XapaKTEPUCTHUKAMHU IUPKYJSIUU BOJHBIX Macc.
OCHOBHBIE pe3yNbTaThl HACTOALIEH padOThl MOTYT OBITH C(HOPMYJIUPOBAHBI CIEAYIOLIUM
oOpazom:

1. B 3uMHe-BeceHHUI MEepuOJ OCHOBHBIM (AKTOPOM, ONPEIEISIOIINUM
HaIlpaBJICHUE U MHTEHCUBHOCTb TEUYECHUN B BEpUHIOBOM IIPOJIMBE, ABISAETCS MECTHBIN
Berep (Koaddumment koppemsiuu 6omee 0,7). YcuieHne ceBEpHBIX BETPOB BBI3BIBACT
CMEHY HalpaBJeHHs TEYEHHI C CEBEpHOro Ha rokHoe. Mopdonorus 0eperoBoil 4epThl
105)KHOHM yacTu UyKOTCKOT0 MOPS CIOCOOCTBYET PE3KOM MEPECTPOUKE JIEJOBOTO MOKPOBA:
IPU JOCTUKEHUU KPUTHUYECKUX HANPSLKEHUA (POPMHUPYIOTCS HapyLIEHHUS CILIOMIHOCTH
J€I0BOTO IMOKPOBa, (opMa KOTOPBIX 3aBHUCUT OT COOTHOUIECHMSI TAHT'€HLUAJIBHOTO U
HOPMAaJbHOTO HANpsDKEHUW. B Takue neproasl miomanb OTKPhITOM BOAbI B UyKOTCKOM
MOpE€ MOXKET yBEJIIMYUBAThCs 0o0Jiee YeM B TPU pa3a, a BO3HUKAIOIIME Pa3IOMbl BEIYT K
akTUBHOMY BbIHOCY JibJia u3 CJIO B Tuxuii okeaH. YacToTa 1 MHTEHCUBHOCTb COOBITUM
BBIHOCA JIbJIa IEMOHCTPUPYIOT BBIPAKEHHYIO MEKTOJOBYI0 U3MEHYMBOCTD, CBSI3aHHYIO C
MHOT0JIETHEN U3MEHUNBOCTBIO BeTpa. 3a(hUKCUPOBAHO CHIKEHUE YnCia TAKUX COOBITHIM
32 TMOCJEAHHE NECATUIIETUS, YTO CBSI3aHO C JOJTOCPOYHBIM TPEHJIOM OCIIa0IEeHUS
CEBEPHBIX BETPOB HaJl bepHHIrOBBIM IIPOJIMBOM B sIHBape—MapTe.

2. B neTtHe—OCeHHMI NEpHOJ KIIOYEBOE BIMSAHHUE HA aHOMAJIMM IIEPEHOCA B
beprHTrOoBOM IPOJIMBE OKA3BIBAET U3MEHYMBOCTD TEYEHUH B MOPSIX BOCTOUHON ApPKTHKH.
Y cTaHOBIIEHO, UTO MEPHOIBI OCTA0IEHUSI CYMMapHOT'0 MOTOKA Yepe3 MPOJIUB COBIAIAI0T
¢ ycunenueM BCT, KoTopoe MOXKET BPEMEHHO CHUXKATh IEPEHOC TUXOOKEAHCKUX BOJ B
CJIO u BBI3BIBATH UX CMEUIEHNE HA BOCTOK. DTO MPOSBIISIETCS B U3MEHEHUU MTOJO0KEHUS

3anmeranusi bepuaroBomopckux netaux Boa (BJIB) u AmsickuHCKMX TpUOPEXKHBIX BOJT

(ATIB).
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3. MexronoBass ©3MeHYMBOCTh BocTOUHO-CHOMPCKOTO TE€YEHUS 3aBUCHUT OT
TOPU30HTAJIBHOTO PACIPOCTPAHEHUsI OIPECHEHHOTO CJO0sl, KOTOPOE OIPEEIsAeTCs
BETPOBOM wLHUpKyJsiuumed Haa mopem JlanteBolx M BocTouHo-CuOUpckuM, W Inpu
3arajHbIX BETPax CIIOCOOCTBYET PE3KOMY pOCTy TPaJMEHTa IUIOTHOCTU Ha ILIenbde
Bocrouno-Cubupckoro Mops. Ha OCHOBE CHYTHHKOBBIX JaHHBIX MPEIIOKEHA
KJaccupuKanus KOH(Urypanuil pacrnpoCTpaHEHHs] ONPECHEHHOIO CJIOSI, BBISBIICHBI
CE30HHBIE M MEXToJ0Bble M3MeHeHus 3a 30-jeTHuil mepuoi. 3a MOCIEIHIO AeKary
HaOmoAaeTcsl OTYETIIMBAs TEHACHLMS K CMEIICHHIO TPAaHULbI ONMPECHEHHOTO CJIOS Ha
BOCTOK 10 180° B.A., 4TO CBfI3aHO ¢ mpeoOjaJaHueM 3amlajJHbIX BETPOB U YCHUIICHUEM
BCT.

4. Panee mnepenoc 4epe3 bepHHIOB MNpoiauB CBA3BIBAIM C  apPKTHUKO-
TUXOOKECAHCKUM IIEpEenajoM YPOBHA M JIOKAIBHBIM BETpOM. B IpemioxeHHOU
KOHLEILINHU JJIsl IEPUOJA C UIOJS MO OKTSIOpPh 3TOT OajJaHC AOMOIHIETCS JTUHAMUYECKUM
O6apeepom Boctouno-Cubupckoro teuenus. 3oHanbHbli mnepenoc BCT ¢opmupyet
AHOMAJIMIO CTEPUYECKOTO YPOBHS ON Y CEBEPHOrO BXOJa B IPOJUB M YMEHBIIAET
3¢ dexTUBHBIN Nepenaj ypoBHs, OClIa0isisl CEBEpHbIM MEpeHOC MpU (UKCUPOBAHHOM
JIOKAJIBHOM BETPE.

Takum o00pa3oMm, MPOBEAEHHOE HCCIECJOBAHUE TMO3BOJWIO  KOMILJIEKCHO
OXapaKTEepU30BaTh W3MEHEHUS LUPKYJAIMM BocToyHOW ApPKTHKM, IOKa3aTh pPOJb
JIOKAJIbHBIX CUHONTUYECKHUX MPOLECCOB B YIPABICHUN PETMOHAJIBHBIMU MPOLECCAMU U
BBISIBUTH PAHEE HE ONMCAHHBIE MEXAHW3Mbl B3aHMMOJICUCTBUSA PEYHOIO CTOKA, BETpA H
okeaHnueckux TeueHuil. [lomydeHHblEe pe3ynbTaTbl MOTYT OBITh HMCIOJNb30BaHbl IpU
MOCTPOEHUU MOJIeTIeH MPOrHO3a APKTUYECKOT0 KIMMaTa, HABUTallMOHHOTO 00eCrieYeHUs!

N OOCHKHU YCTOﬁqHBOCTH 9KOCHUCTEM ApKTI/IKI/I K U3MEHCHMSIM BHEIITHEH CpCAaHhI.
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NEPEYEHb COKPAIIIEHUI

AIIB — AnsckuHCcKuE MpUOPEKHbIE BOIBI

bJIB — bepuHrOBOMOPCKHUE JIETHUE BOJIbI

ADCP — Acoustic Doppler Current Profiler

GLORYS — Global Ocean reanalysis and Simulation

MBA — Mops BoctouHoi ApKTUKH

CJIO — CeBepHnbliit JIenoBUTHIN OKeaH

SWOT - Surface Water and Ocean Topography

SMAP — Soil Moisture Active Passive

KaRIn — Ka-band Radar Interferometer

CMEMS — Copernicus Marine Environment Monitoring Service
SLA — Sea level Anomaly

MODIS — The Moderate Resolution Imaging Spectroradiometer
ITEC — practical salinity units

BII — bepunros nposvs

CTD - Conductivity, Temperature, Depth

ECMWEF — European Centre for Medium-Range Weather Forecasts

BCT — Bocrouno-Cubupckoe TeueHue
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