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Cpena oburaHus BogHbIX Buonornyecknx pecypcos

OxeaHonornueckue yCcnoBma B npepenax oCHOBHOro apeana

MMUHTOSNA
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Llenb: oxapakTep13oBaTb OKEAHONOMMYEeCKUe YCIOBUS U UX U3MEHUMBOCTb HA Pa3IMUHbIX MaclwTabax BpemMeHu
B Npenenax apeana MMUHTas, BK/OYaa BCe AaNbHEBOCTOYHbIE MOps Poccuu, YykoTckoe Mope, a TakxKe HXXHO-KY-
PUNBLCKUIA M BOCTOYHO-KaMYaTCKMUIA paiOHbI.

MeTopabl: aHanu3 nUTEPaTYPHbIX UCTOYHMKOB M AAHHbBIX 3KCNEAULMOHHBIX UCCNeA0BaHMMA, NPOBOAMMbIX AANIbHEBO-
cTo4HbIMK dunuanamu GIBHY «BHUPO».

HoBusHa: Bnepsble faHO 0606LEeHNEe UMEIOLWMXCA HA CErOLHALLHWUI IeHb CBeLeHW 06 OKeaHONOorMYecknx ycno-
BUAX Cpeabl 0OUTaHMS MUHTAs B OCHOBHbIX paliOHax ero BOCNPOW3BOACTBA, Haryna 1 NpombIc/a.

Pesynbratbi: B bepnHrosom mope B nepuog 1950-2020 rr. BbisiBNEHbI ABa KNMMaTUYeCKux casura — B 1977
1 2014 rr., xapakTep130BaBLIMXCS CKa4KOOOPa3HbIM pOCTOM TemnepaTypsbl. [lepBbii KIMMATUYECKUI CABUT O3Ha-
Yyan nepexof, ot xonogHoro (1950-1976 rr.) k ymepenHomy (1977-2013 rr.) nepuony, BTOPO — OT yMEPEHHOIO
K aHoManbHo Ténnomy (2014-2020 rr.) nepuoay. YpoxaiHble NOKONEHUS BOCTOYHO-6€pUMHIOBOMOPCKOrO MUHTas
$hOopMMpPOBaANMCL TONIBKO B YMepeHHbIM nepuoa. B Ténnbiit nepuos Bbixoa MMHTas 13 3oHbl CLUA B 30HY Poccuiickoi
QPenepauuny NPOUCXOAUT C MECSAYHBIM OMEpexeHMeM, YTo B1aronpusATHO A9 OTeYeCTBEHHOro NpoMbicna B HaBa-
PUHCKOM paioHe 1 AHaablpCKOM 3anumBe.

MotenneHne Bon OXOTCKOro MOpPS B COYETaHUU C TEHAEHLMEN K YMEHbLUEHWIO €ro NefloBUTOCTM CNOCOBCTBYIOT pac-
WMPEHUIO apeana Haryna MUHTas Kak B CEBEPHYHD, TaK M B 3aMafHY0 YaCTb MOPS, XapakTepU3YHLLYCS CYypOBbIMU
NPUPOAHBIMU YCOBUSIMU, YTO MOBBICUT €€ pbiHONPOMBICIIOBbI MOTEHLMAN.

MoTenneHune AnoHckoro Mops 06ycnoBAMBAET AENPECCUBHYIO TEHAEHLMIO AN BCEX SMOHOMOPCKMX NONYASLMUIA
MuHTas. BmecTe ¢ TeM, Ha hoHe fenpeccum B COBPEMEHHbBIX (@QHOMAIbHO TEMbIX) YCNOBUAX NO-MPEXHEMY BO3MOXHO
$hOopMUPOBaHUE OTAENbHBIX BbICOKOYPOXKAMHBIX MOKONEHUIA MUHTAs Nt060M AMOHOMOPCKOM NONyASLMu.
MpakTnueckaa 3HaUMMOCTb: pe3ynbTaTbl paboTbl MOTyT ObITb MCMOMb30BaHbI A1 YCOBEPLIEHCTBOBAHMS METOAOB
CpeAHEeCcpOYHbIX U AONTOCPOYHBIX MPOrHO30B BbIIOBA MUHTaS.

KntoueBble cnoBa: 0KeaHON0rMYeCkMe YCI0BUS, MEXTOLOBAs U3MEHUMBOCTb, MOTEMIEHUE KIMMATA, MUHTaW Gadus
chalcogrammus, TeMnepaTypa BOAbI, LUPKYAALUS BOA.

Oceanographic conditions within the main area of walleye pollock

Andrei S. Krovnin!, Yury |. Zuenko?, Aleksander L. Figurkin?, Gennady V. Khen?, Kirill K. Kivwva’,
Yury V. Novikov?, Oleg B. Tepnin®
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Purpose: to characterize oceanographic conditions and their variability at various time scales within the wall-
eye pollock area, including all Far Eastern seas of Russia, the Chukchi Sea, and the South Kuril and East Ka-
mchatka regions.

Methods: analysis of literary sources and data of expedition studies conducted by the Far Eastern branches
of «VNIRO».

Novelty: for the first time, a generalization of current information on the oceanological conditions of walleye
pollock habitat in the main areas of its reproduction, feeding and fishing was given.

Results: In the Bering Sea, three periods were identified during 1950-2020: cold period (1950-1976), mod-
erate period (1977-2013) and warm period (2014-2020). Strong year-classes of walleye pollock were formed
only over the moderate period. During the modern warming of the Bering Sea migrations of walleye pollock
from the US EEZ into Russian waters occurs by one month earlier that favors the pollock fishery in the Navarin
area and Gulf of Anadyr. The warming of Okhotsk Sea waters, combined with the tendency to reduction of its
ice cover, favor expansion of the walleye pollock feeding area northward and westward. The warming of the
Sea of Japan results in a depressive trend for all Japan Sea walleye pollock populations. At the same time,
against the background of depression in modern (abnormally warm) conditions, the formation of single strong
year-classes of any Japan Sea walleye pollock population is still possible.

Practical significance: the results of this work can be used to improve the methods of the medium-range and
long-range forecasts of walleye pollock catch.

Keywords: oceanological conditions, interannual variability, climate warming, walleye pollock Gadus
chalcogrammus, water temperature, water circulation.
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BBELOEHUE

MunTan Theragra chalcogramma (Pallas, 1814) yxe
6onee nonyeeka yCTOMYMBO 3aHMMAET NepBoe MecTo
B MMpPOBOM pbibonoBcTBe No 06bEMY A06bI4M. OH 06u-
TaeT TONbKO B CEBEPHOM YacTh TUXOro okeaHa, Npu 3TOM
ero apean npoctupaetcsa oT 6eperos Asuu po bepe-
ros ceBepHoi AmMepuku [Pagees, 1975; LWyHTOB 1 Ap.,
1993]. B apean MMHTag NoNHOCTbIO BXOAAT bepuHroso,
Oxotckoe u SinoHckoe Mopsa. Kpome Toro, B npegenax
N33 Poccum KpynHble rpynnmMpoBKM MUHTas obuTtatoT
B Bojgax BoctouHom KaMuatku 1 B TUXOOKEAHCKMX BOAAX
B panoHe toHoM Yyactn Kypunbckux octposoB. CeBep-
Hasl rpaHMLLA pacnpoCTPaHEHUS 3TOTO BMAA PacronoxXe-
Ha B KOXKHOWM YacTn YyKOTCKOro Mops Ha wupoTe 68° C. L.
W, BO3MOXHO, laXXe ceBepHee.

MWHTaM OTHOCUTCS K QNYKTYMPYOLWMM BUAAM, Xa-
PaKTEPU3YIOLLMMCS 3HAUYUTENbHBIMKU KONTeBaHUIMU Ync-
NEeHHOCTM 1 Buomacchl. IMHaMMKa YNCIEHHOCTU MUHTaS,
Kak 1 ntobon apyroi nonynsiLmMmM npoMbICNIOBbIX TMAPO-
OUOHTOB, ONpefenseTcs, npexae Bcero, b1MonorMyeckuMm
3aKOHAMM, KOTOpble, OAHAKO, AENCTBYIOT Ha POHe n3Me-
HEHWI, NPONCXOAALLMX B Cpefe 0buTaHMs Noa BAMSHUEM
Knumara. [103ToMy 3HaHWe KNMMaTO-0KeaHON0rMyeckmx
YCNOBUI B OCHOBHbIX palioHax 06MTaHUS MUHTas U 0CO-
6EHHOCTEN MX MEXIOLOBOM M MHOTONETHEW M3MEHUYMBO-
CTH, BKJIOYAS KIMMATUYECKME TEHAEHL MU, Ype3BblYaNHO
BaXKHO AN19 pa3paboTku CTpaTternn passuTna pbiboxosain-
CTBEHHOro Kommnnekca Poccuu, HanpaBieHHOM Ha pauuo-
HanbHOE UCMONb30BaHME BOAHbIX BUOPECYPCOB U YCTOM-
4yMBOE pa3BUTUE NMPUOPEXHBIX PETMOHOB CTPaHbI.

Llenb naHHOM paboTbl — XapaKTepuUCTUKa OKEeaHo-
NOrMYECKMX YCNOBUM U UX U3MEHUYMBOCTU HA pa3iuny-
HbIX MacliTabax BpeMeHU B Npepenax apeana MUHTas,
BKJlOYas BCe AanbHEBOCTOYHble Mopsa Poccuu, Yykort-
CKOe Mope, a TakXe HXHO-KYPUNbCKUM U BOCTOUYHO-
KaM4aTCKWii paloHbl, HA OCHOBE aHaNU3a NNTepaTypHbIX
MUCTOYHUKOB M AAHHBIX IKCNEAULMOHHbIX UCCNEf0BaAHUNA,
NPOBOAMMbIX AaNbHEBOCTOYHbIMKU dunuanamu OIbHY
«BHMPO».

CnepyeT 0TMETUTb, Y4TO K YMCY OCHOBHbIX aKTO-
pOB Ccpefnbl, BIUSAKOLWNMX HAa BOCMPOU3BOACTBO MUHTAS,
OTHOCWTCS TeMnepaTypa BOZLbI, NpU KOTOPOM MPOUCXO-
OWUT pa3BuTUE NMYUHOK M Monoau. Temnepatypa sBng-
€TCS UHTErPUPOBAHHBIM MOKa3aTeneM, KOTOPbI BAUSeT
Ha NPOAO/IKUTENBbHOCTb MHKYDaLMn, obecnevyeHHOCTb
nuLLen, CKOPoCTb 06MeHHbIX npoueccos. [pu 3TOM m3-
MEHYMBOCTb TEPMUYECKOTO PEXMMA B palioHax 0buTaHms
MUHTas e€ B 3Ha4YMUTeNbHOM Mepe obycnoBneHa xapak-
TepoM aTMOCHEPHON LUPKYNSLUU HaL CEBEPOTUX00-
KeaHCKUM pernMoHoM, KOTOpbIi BO MHOTOM onpeaenseT
MHTEHCMBHOCTb LMPKYNSALMUM BOA, @ TAKXKe 0COBEHHOCTH
TennoobmeHa Ha rpaHuue «aTMmochepa-okeaH (Mope)».
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Mo3ToMy nepesn onMcaHUEM OKEaHONOrMUYECKMUX YCIOBUHM
B YKa3aHHbIX Bbille paiioHax B paboTe npuBeaeHa KpaT-
Kas XxapakTepucTuka atMochepHbiX NPOLECCOB.

Xapaktepuctuka atMmocdepHbIX npoueccos
Hap, ceBepo-3anafHoOM 4YacTbio
Tuxoro okeaHa (C3TO)

PernoH ceBepo-BOCTOUYHOM A3nun 1 ceBepo-3anagHoM
yactn TUXoro okeaHa oTiM4yaeTca pe3KMMU CE30HHbLIMMU
M3MEHEHUSMM NPOLECCOB B aTMOCdepe u OKeaHe, Hau-
6onee 9pKUM MpPOSBNEHMEM KOTOPbIX SBASETCS CE30HHAs
CMeHa JOMUHUPYHOLMX BETPOB — MYCCOHOB. B X0noaHbIv
nepuop roga atMochepHble NPoLLecchl B pernoHe cBsi3a-
Hbl C QHTULMKNOreHe30M Haj BOCTOYHOM YacTbio EBpa-
31K, GopMUpyOLWNUM MOLWHBIN CUBUPCKUIA aHTULMKNIOH,
M aKTUBHbIM LUUKJIOTEHE30M Haj OKeaHOM B N0XbuHe
AneyTcKon oenpeccuu, LeHTpbl KOTOPOM 06bIYHO pacno-
NarakTcs K Kro-BoCToky oT KaMuaTtku u oxHee Angacku
[Dawko, 1998; UnbuHckuit, 1965; Cepaesa, LeByeHko,
2001]. C Hos6psa no MapT Hapg bosnbluelt YacTbio pernoHa
CpefHUI nepeHOoC BO3AYLWHbIX Macc HanpasneH ¢ Eepa-
3MICKOro MaTepuka B OKeaH, TO eCTb AOMUHUPYIOT BETPbI
CeBepHbIX pyMOOB — 3UMHUIA MYCCOH.

CnepyeT oTMeTUTb, YTO Ha CcybapKTuyeckmne mMops
B XOJIOAHbIM nepuop rona 6onbloe BAUSHUE OKa3blBa-
t0T rnobanbHble aTMochepHble NpoLEecchl, Npexae Bce-
ro, apktuyeckoe konebaHue (AK), xapaktepusytwuieecs
NpoTMBO(PA3HOCTbI M3MEHEHUS aTMOCHEPHOro Aasne-
HUS Ha4 apKTUYECKMM PEermoHOM M Hah YMEepeHHbIMU
wupotamu CesepHoro nonywapus [Thompson, Wallace,
1998]. B yacTHOCTH, BAMUSHUE U3MEHYMBOCTU, CBA3AHHOM
¢ AK, BbisSIBIeHO B NOAMNOBEPXHOCTHOM TeMMnepaType BOf,
sinoHckoro [Minobe et al., 2004] n Oxotckoro [Minobe,
Nakamura, 2004] mopei.

B neTHuWI nepunon NnponcxopuT NonHas nepecTporika
H6apuyeckoit cuctembl: CUBUPCKUIA aHTULMKIIOH MCYe3a-
eT, AneyTCKMin MMHMMYM aTMOC(HEPHOro AaBAEHUS CTa-
HOBMTCS cnabbiM, Npu 3TOM BO3pacTaeT ponb [aBanckoro
MaKCMMyMa aTMOChEepHOro AaB/EHWNS, KOTOPbIA NeTOM
3aHMMaeT CBOE KpaliHee CeBepo-3anagHoe NnosioxXeHue
[Favorite et al., 1976]. LuknoHnyeckas nesaTenbHOCTb
CuUnbHO ocnabeBaeT, x0T Ha bepnHroBo Mope BbIXOAAT
KOHTUHEHTaNbHbIE LUKIOHbI CO €C1ab0 BbIpaXKEHHbIMMU
LeHTpaMu, a Hag OXOTCKMM MOpEeM MOrofHble yCioBuUS
onpeaensatTcs B3aMMoAeNCTBMEM KBA3UCTALMOHAPHOTO
NeTHero LeHTpa HM3KOro aasneHus — [lanbHeBOCTOY-
HOW Oenpeccuu C LEHTPOM HaA HUXHUM [Mpunamypbem,
n OXOTCKOro aHTUUMKNOHA. B uenom, Hap akBaTopusaMu
BCEX Ja/IbHEBOCTOUYHbIX MOpeN npeobnafatoT BETPbI HOXK-
HbIX HaNpaBAEHUN — NETHUI MYCCOH.

TakuM 06pa3oM, 0OCHOBHOM 0COBEHHOCTbIO aTMOC-
depHOM UMPKYNSLUM HAL AANbHEBOCTOYHBIMU MOPSMHU
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Poccuu u npuneratowmmm paioHamu C3TO asnsetca eé
SIPKO BbIPAXXEHHbIM CE30HHbIM (MYCCOHHbINA) XapakTep.
3MMHWI MYCCOH YCUNMBAET CYPOBOCTb 3UMHUX YCI0BUMH,
TaK KakK BbIHOCMT Ha akBaTOpMM MOPEN U OKeaHa BO34YX,
CMNbHO OXNTAXAEHHbIW Hag ceBepoM EBpasmm n ApkTu-
KOM, U B TO XXe BpeMsi NpenaTCTByeT afBeKLMM Ha CeBep
TENnoro Bo3ayxa cybTponukoBs. JIeTHUE MYCCOHHbIE Mne-
pEeHOCHl UMEHT MeHbllee 3HavyeHue ansg GopMMpoBaHuUS
NMOroAHbIX YCNOBUM, TaK KaK 1€TOM BO34YX Haj MOpPeM
NporpeBaeTCcs MeHbLUe, YeM HaA CyLIew, ero BAUSHUE Ha
OKeaHoNIormyeckne yCcnoBmus 3aBUCUT Bonblue OT CUbl
BETPa, YEM OT HaNpaBNEHMS.

bepuHroso u Yykorckoe mops

luaponoruyeckne ycnosus bepuHrosa mops onpege-
NnaTCs 0COBEHHOCTAMU ero reorpadmnyeckoro nosioxe-
HWS U penbedoM LHa, KOTOpble BKOYAOT B Ce61:

a) cBobOaHbIM BOf00OMEH C TMXMM OKeaHOM 4yepes
MHOrOYMCEeHHble NponuBbl AneyTckon rpsgbl n KomaH-
[OPCKMX OCTPOBOB, B TOM uuc/ie Hanumuue rnybokoBo-
OHbIX (6onee 3000 M) nponunesos Kamuatckui, bavkHui

M AMUMTKA, NO KOTOPbIM NMPOUCXOAUT BOAOOOMEH C Tu-
XUM OKEaHOoM;

6) Hannuune o6WwmnpHoro wenbda wupuHoi go 500 kM
B BOCTOYHOM 4acTU MOp$, COCTaBASAIOLWEN OKONIO NONOBU-
Hbl 06LLel naowaan Mops;

B) GOpMUpPOBaHME NEefSHOrO MOKPOBA B XOJIOLHYIO
NONOBUHY rofa.

CocencTtBo c ApkTnyeckum b6acceiMHOM Ha ceBepe
“ TUXMM OKEAHOM Ha tore CO3[atT BaXKHble A5 rMApO-
nornun bepuHrosa mMops pasnnumsg KIMMATUYECKUX yC-
noBui. B ceBepHOM YacTW OHM pe3KO CABUHYTbI B CTO-
POHY KOHTUHEHTaNbHOCTU, C GOPMUPOBAHUEM NESAHO-
ro NOKpoBa 3MMOI. MakCMMYM pacnpoCTpaHeHUs Nbaa
B MOpe€ HacTynaeT B MapTe-anpese, Nén 3anonHaeT BCHO
CEeBEpPHYI0 NOMOBUHY MOpPSA, BKIOYaa bpuctonbckuin 3a-
1B 1 3anuBbl BoctouHon KamuaTku. TasiHue nbaos Haum-
HaeTca B anpene, u B U01e MOPE NMOJTHOCTbI0 OYMLLAETCS.
[lng 10XXHOM YacTu MOps XapaKTepHbl YC/I0BUS, 6inskune
K OKEAQHUYECKUM.

Lunpkynauma Bos bepuHroBa mops B npegenax rny-
H6okoBOAHOr0O HacceiHa MMeeT LUKIOHUYECKYH Ha-

=

BepuHros
nponue’

66°N

Ansicka

10 cm/c
-

178°E

178°W

170°

52°

166° 162° 158°W

Puc. 1. HanpaBneHne 1 CKOpOCTM TeYEHUIA B BOCTOYHOW YacTn bepuHroea mops no tpaektopusiM okono 500 cnyTHMKOBBIX

npudTtepos Ha ropusoHTe 40 m [Stabeno et al., 2016]. NyHkTMpHag nuHUs — nsobarta 100 M, cnnowHasa — 200 M. HasBaHua

TeyeHun: bCT — bepuHrosomopckoe cknoHoBoe TeyeHue, C3MN — Cesepo-3anafHbii noTtok, HT — HaBapuHckoe TeyeHue,
nobaBneHbl aBTopamMu HacTosLwei paboTsl

Fig. 1. Direction and velocities of currents in the eastern Bering Sea at depth of 40 m by trajectories of 500 satellite drifters
[Stabeno et al., 2016]. Dashed and continuous lines show isobaths of 100 m and 200 m, respectively. The current names: BSC —
Bering Sea Slope Current, NWS — Northwest Stream, NC — Navarin Current, were added by the authors of this paper
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npasneHHocTb [ApceHbeB, 1967; Takenouti and Ohtani,
1974; Khen et al., 2013]. B To xe Bpems, Hag o6wup-
HbIM BOCTOYHO-OEPUHIOBOMOPCKUM LWENbPOM, B YaCT-
HOCTH, B ero ceBepHon obnactu, Bknto4Yas AHaabIpCKuUi
3anmB, NnpeobnafaeT aHTULMKIOHNYECKOE ABUXEHNE BOS
(puc. 1).

BepuHrosomopckoe cknoHoBoe TeyeHue (BCT) wu-
POKMM MOTOKOM HamnpaB/ieHO Ha CeBepo-3anaj M Ha
wupoTte 59° c. w. eCcTb NpU3HaKM €ro OTpbiBa OT CKJO-
Ha B CTOPOHY KOpsiKCkoro nobepexbs. Ero cpeaHas cko-
pocTb cocTtaBnget 5-10 cM/c, HO MeCcTaMu LOCTUraeT
15 cm/c. Hap BHeWHUM wenbdoM B TOM e Hanpasne-
HUKU aBuxetca CeBepo-3anafHblii MOTOK CO CKOPOCTbIO
no 5 cm/c. MNpu Bxoge B AHaAbIpCKUIA 3anMB HA AONroTe
174° B. A. OH ycMnuBaeTCs U OAET, Kak cunTatoT CtabeHo
¢ coaBTopamu [Stabeno et al., 2016], Hayano HaBapuH-
ckomy TeyeHuto (HT) co ckopoctamu go 15-20 cm/c. Ha
6onbLien YacTu Wwenbda TeYeHUs HanpaBfeHbl Ha CceBep,
HO MX CKOpPOCTM cnabblie u He npeBbiwatT 3 cm/c. Mpu
3ToM HT, Hecyuiee TpaHCPOPMUPOBAHHbIE TUXOOKEAH-
CKue BOoAbl B AHaAbIpCKMIA 3an1B, NPOSABASETCS TONbKO
Ha NleTHeN KapTe Te4YeHUM, 3MMOM OHO CTAHOBUTCS Cna-
6bIM UMM Jaxe COBCEM MCUYEe3aeT U3-3a CUMbHbBIX CEBEpO-
BOCTOYHbIX BETPOB.

3anapgHas BetBb bCT B paiioHe gonroTel 174° B. 4. AaéT
Havyano Kamuatckomy TeueHutw. Cnegyet OTMETUTb, UTO
no ponrote 174° 8. A. npoBeAeHO pasaeneHve 3anagHo-
BeprHroBoMopcKoro npomMbICI0BOro paioHa Ha HaBapuH-
cKyto n KaparnHckyo nog3oHsbl, no KotopbiM ¢ 1980-x rr.
npoBoAMTCS AnbdepeHLMPOBaHHas OLEHKa 3anacoB., pas-
[eNbHasg CTaTUCTMKA U peryiMpoBaHue npombicnal,

B rnybokoBoaHoOM 06/1acTu TONWA BOAbI 1€TOM pas-
[efeHa Ha 4YyeTbipe CNoa: NOBEPXHOCTHbIM, XONOAHbI
npomexyTtouHbiit (XMC), Ténnbii npomexyTtouHblii (TI1C)
n rny6uHHbIN [ApceHbeB, 1967; Ohtani, 1973]. XINC ¢op-
MUPYeTCs B pe3ynbTaTe OCEHHE-3UMHEN KOHBEKLUU BOS,
a TNC — npu TpaHchopMaL MK TEMNbIX BbICOKOCONEHbIX
060raléHHbIX KUCIOPOAOM TUXOOKEAHCKMX BOL.

B npenenax BOCTO4HO-6E€pUHIOBOMOpPCKOro wenbda
B TEMbIA NEPUOA, rofa BbIAENSIOT TPU TMAPONOTrMYEcKue
obnactu, CBA3aHHble C penbedoM LHA: NpUBpPeEXHYI,
cpeaHtoto 1 BHewHiow [Kinder, Schumacher, 1981]. Onu
oTAeneHbl Apyr OT Apyra rmMApoONornyeckuMm GpoHTaMu:
BHYTPEHHWUM — NpubaM3uTEenbHO No usobarte 50 M, cpen-
HUM — no u3obate 75-100 M 1 BHELWHMM, paCNONOXKEH-
HbIM HafJ KpaeM KOHTMHEHTANbHOr0 CKAOHAa (Npubnnsu-
TenbHO BAOMb M306athl 170 ™).

B 3anapHoi YacTn Mops Wwenb® LOBOSIbHO Y3KMI, Er0
wupwuHa coctasnseT 20-80 km, 1 Tonbko B KaparMHckoMm

1 BepuHroBoMopckas MuHTaeBas nytuHa — 2022 (MYTUHHbINA MPOTHO3).
2022.Bnapgusoctok: TUHPO. 92 cTp.
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3anuMBe oHa gocturaet 120 KM. 34ech TakXe MOXKHO Bbl-
LlennTb OTAeNbHble 061aCTH, HO He CBSI3aHHble C penbe-
doM aHa. NoNoXKeHUs UX rpaHuL, rog OT roaa MeHaKTCs
B 3aBMCMMOCTM OT yaaneHus KamMyaTckoro teyeHus ot
KOHTMHEHTaNbHOro CknoHa [XeH, 1997].

B AHapgbipckom 3anmBe 061aCTb OAHOPOAHOM CTPYK-
Typbl BOA 3aHUMAET y3KYK NpUOpExHy nonocy u no-
3TOMY HeAOCTYMHa AN CyLOBbIX HabnwaeHuin. B ce-
BEPHOM 4acTM 3anMBa TOJNLWA BOA, UMEET ABYXCNONHYIO
CTPYKTYpPY C BbICOKUMU FPagMEHTAaMM B C/10€ CE30HHOTO
CKaykKa MAOTHOCTU (MUKHOKINHA) M3-33 00pa3yoLmxcs
3MMOM BbICOKOMJIOTHBIX MPUAOHHBIX BOA, [XeH, 1999].
CeBepHag rpaHuua 06nacTn C ABYXCNOMHOM CTPYKTYpOW
BOJ, pacnonoxeHa B6nm3n octposa CBatoro JlaBpeHTus.
JTa 30Ha B OTEYECTBEHHOW NnuTepaType MMeeT Ha3Ba-
HWe «JlaBpeHTbeBCKOe 94p0 X0noaa» unu «J/1aBpeHTbes-
ckoe xonogHoe natHo» (JIXM) [Bactok u 3yeHko, 2019].
B ueHTpe AHapbipckoro 3anuBa BOAHAs TONWA MMeeT
TPEXCNOMHYIO CTPYKTYPY, C TENION NOBEPXHOCTHOM, XO-
NOAHOM NPOMEXYTOYHOW U TEMNOM NPULOHHOMN BOAHbIMU
Maccamm.

3uMon (aHBapb-MapT) BCA WwenbdoBag 30Ha 3anaa-
HOW YaCTK MOpS MOKPbIBAETCS NbAOM U HEAOCTYMHA AN
X039McTBEHHON aeatenbHocTU. CBOOOAHBIM OT Nnefo-
BbIX NMOJIEM OCTAETCA TONbKO rMy6OKOBOAHbIN BacceiH.
OT noBepxHocTu o rnybunsl 100 M TemnepaTtypa Boabl
NpakTUYecKn He MeHsaeTcs. Y KpOMKM NbA0B TeMmnepary-
pa Boabl coctaBnseT 0-0,2 °C, a Ha tore U LeHTpe Mopa
1,5-2,0 °C [XeH, 2010]. ConéHocTb Ha NOBEPXHOCTU Me-
HsieTca oT 32,7-32,8 y nenoBoi KpoMKM 0o 33,1 B LeH-
TpanbHOW YacTu Mops.

B mMae-uioHe TeMnepaTypHble KOHTPACTbl HA NOBEpPX-
HOCTU MOPS MeX/AY XO/I04HbIM CEBEPOM U TEMJIbIM HOrOM
elweé coxpaHatoTcs. B none nponcxoamt boiCTpbIin Npo-
rpeB NpuOPExHbIX BOA, YTO NPUBOAMUT K NepecTpoiike
nonsg TeMnepaTypbl Ha NETHUIA TUN — NMOHUXEHUID TEM-
nepatypsl ot 10,5-11,5 °Cy 6epera po 9,2-9,8 °C B oT-
KpbIToM Mope. Tonbko y Kopsikckoro nobepexbs, B CBS3M
C NOABEMOM HUXKENEXALLMX BOL Ha MecTe OTMEYEHHOro
Bbiwe pasgenenma 6CT Ha 2 BeTBM, TeMnepaTypa BOAbI
Ha MOBEPXHOCTU HUXE, YEM B OTKPbITOM Mope, Ha 0,5-
1,0 °C.

OcobeHHOCTM pacnpeneneHns NpUAOHHON TeMne-
paTypbl CUAbHO 33aBUCAT OT TEPMUYECKOTO TUNA NeT (Té-
NAblA, XONOAHbIA UAN YMepPeHHbI). BecHOM xonoaHble
BOAbl C OTPMUATENbHOM TenepaTypoi 3aHMMatOT 60.b-
LUYI0 YacTb Wenbda Ha BOCTOKE M BeCb Wenb® Ha 3anase
mops.

JleToM xonopHble 3MMHUeE BOAbI COXPAHSAKTCS B NpU-
[LOHHOM cfioe cpefHen obnactu wenbda, NpUYEM, B X0-
noAble roAbl OHW NPOCTMPAOCTS L0 NonycTpoBa Anscka
(56° c.w.), a B TEN/ble orpaHunyeHsbl ¢ tora 58° c. w.
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MN3MeHeHUs TeMnepaTypbl BOAbl B MPULOHHOM Cloe
(100-200 M) netom Ha ceBepo-3anage bepuHroea mops
CBSI3aHbl C 3MMHUMM aTMOChEPHbIMM NPOLECCamMu U Nefo-
BbIMM ynoBusamu. Kak 3ameuvatot HO.M. 3yeHko u E.O. bactok
[2017], «B rogpbl € CypOBbIMU 3UMaMM W BbICOKOW NefoBu-
TOCTbO 3HAUMUTENbHAA YaCTb PaioHa AHaAbIpCKOro 3aaMBa
(8 npenenax N33 Poccuiickon Menepaumu) 3anata JIXT
(laBpeHTbEBCKMM XONOLHbIM NATHOM), aABEKLMS BOA, OT-
KPbITOrO MOpS B 3TOT paiiOH OrpaHMYeHa — COOTBETCTBEH-
HO, IeTOM 34eCb HablAATCS OTPULLATENbHBIE AHOMANUK
TeMnepaTtypbl U CONEHOCTU, U HAOOOPOT, B roAbl C MATKUMM
3MMaMM U HM3KOW NeLOBUTOCTbIO 6ONbLIAsi YaCTb paloHa
3aHATa 6onee TENAbIMU U CONEHBIMU BOLAMM, MOCTYNA0-
WwuMu ¢ tora, a JIXT 3aHMMaeT Nnilb HeGONbLLOM Y4aCcToK
y €ro BOCTOYHbIX rpaHuL, 1nbo BOObLLE HAXOAMUTCA 3a ero
npenenamu, B aMepPUKAHCKOM 30He» (puc. 2).

3anoXeHHble B 3MMHUIA CE30H TEPMUYECKME YCI0BMS
COXPAHAKTCA B TEYEHME BCETO TENOMO NONYroams, 0 YEM
CBUOETENbCTBYET MEXIOoA0Bas AMHAMMKA Nef0BUTOCTH
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M Nnowanm xonopHoix obnacren (Huxe 0 °C) Ha rnybuHe
50 M 1y gHa (puc. 3). Boicokne koaduuneHTbl Koppens-
LMW MexXAay NefoBUTOCTbI0 M Pa3MepoM XO0LHOro NaT-
Ha Ha ropu3oHTe 50 M (r = 0,76) M B NpMAOHHOM C0o€e
(r = 0,68) MoryT 6bITb MCMONB30BaAHbI NPU pa3paboTke
TMAPOAOTrMYECKMX NPOrHO30B C NONYrof0BOW 3abnaro-
BPEMEHHOCTLH).

MuHTan B HaBapMHCKOM MPOMBbIC/IOBOM paoHe U3-
beraeT xonoaHble 06n1actu ¢ Temnepatypoi Huxe 0 °C
[Ky3HeuoB v ap., 2013]. B xonoaHble roabl OH KOHLEH-
TpupyeTcs Banke K Kpat KOHTUHTaZIbHOFO CK/IOHA, TOr-
[la KaK B TEn/ble rofbl 3an0fHAET LEHTPaNbHYO 061aCcTb
AHanblpckoro 3anmBa. Takas e KapTMHa Habnpaercs
u B 30He CLUA, roe pacnonoxeH OCHOBHOM panoH BOC-
NpoOW3BOACTBA M Haryna BOCTOMHOBEPUHIOBOMOPCKOIo
MMHTas. B xonofHble roabl ero CKonaeHus cocpenotoye-
Hbl Mexxay 100-200-mMeTpoBbIMM M306aTaMu (BHELLHSS
obnactb wenbda), a B T€NAbIe roabl HabnaaeTcs 3Kc-
NaHCUs MUHTaa B CpefHIo 0bnacTb wenbda.
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Puc. 2. Pacnpenenenuns TemnepaTypbl Ha rnybuHe 50 M (BBepxy) vy AHa (BHM3Y) B ceBepo-3anafHoi yactu bepuHroea mMops
B aBrycre nocne mMarkux (cnesa — 2003 r.) u cypoBbix (cnpaBa — 2012 r.) 3um [3yeHko, baciok, 2017]

Fig. 2. Distribution of water temperature at depth of 50 m (top) and near sea bottom (bottom) in the northwestern Bering Sea
in August after mild (2003, left) and severe (2012, right) winters [Zuenko, Basyuk, 2017]
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Puc. 3. MexrogoBble U3MEHEHUS CpefHeN 3a SHBapb-anpenb NeL0BUMTOCTU bepnHrosa Mops v nNaowWwanmn pacnpocTpaHeHUs BOA,
¢ Temnepatypon Huxe 0 °C Ha rybuHe 50 M 1 y aHa B npenenax N33 Poccum B aBrycte-ceHTabpe [baciok, 3yerko, 2019]

Fig. 3. Interannual variations of ice cover in the Bering Sea (averaged over January-April) and area of water with temperature
below 0 °C at depth of 50 m and near bottom within the Russian EEZ in August-September [Basyuk, Zuenko, 2019]

Ha rpadmkax MHOroneTHMX MU3MEHEHMI TeMnepaTy-
pbl BOAbI Ha noBepxHocTu Mops (TMM) yétko npocne-
XMBAKTCS NONOXUTENbHbIE TPEHLOBbIE COCTaBNAOWME
KaK B LLesIOM M0 MOPH, TaK U B €ro OTAENbHbIX paoHax
(puc. 4 A u B). Xon TemnepaTypbl BECHOM, T. €. B CE30H
MACCOBOro HepecTa MUHTAS, He ABNSETCS UCK/IOYEHU-
em. OgHako, Kak NoKasanu nocnegHue UccnefoBaHus
[XeH u ap., 2022], MHoTrONeTHUe nsMeHenns TIM He
pPaBHOMEPHbI, B HUX 3aMETHbl CKa4yku (KnMMaTuyeckue
CABWIU), KOTAA B TEYEHMUE HECKONbKUX NIeT MPOUCXOAUT
ObICTPbIV POCT TEMNEPATYPbI, MOC/IE YEro OHa Ha Npo-
TSKEHUU papa net konebnetcs oKono onpenenéHHoro
cpeaHero ypoBHs 6e3 3Ha4YMMbIX TpeHaoB. B bepuHro-
BOM MOpe TaKMX CKa4yKoB Oblno ABa: oauH — B 1977 1.,
BTopoii B 2014 .

C y4yéToM 3TMX CABUIOB BpeMeHHOM oTpe3ok ¢ 1950
no 2020 rr. MOXXHO pa3aenuTb Ha Tpu nepuoga: 1950-
1976 rr.,1977-2013 rr. 1 2014-2020 rr. (puc. 4 b n IN.
MepBbI U3 HUX YCIOBHO MOXHO OTHECTU K XOJI04HOMY
TUNY NeT, BTOPOW — K YyMepeHHOMY, TpeTUi, COBpEMEH-
Hbll — K TénaoMy. [To aHanorMm co BTOpbIM NEPUOLOM
MOXHO MPeAnonoXUTb, YTO COBPEMEHHbBIN, TENNbIN Me-
puoa NpPoAOSIXUTCS, N0 KpalHen Mepe, 00 CepeanHbl Te-
KYLLEero ctonetus.

CpepHue TeMnepatypbl AN KQXKA0r0 U3 OTMEYEHHbIX
nepuvoaoB MOKasbiBaoT, 4To BTOpoi casur (2014 r.) Bbin
6onee MacwTabHbIM U NO BENMYMHE NPEBOCXOAMUN Nep-
BbIM CABUT Ha 25% B OTKpbITOM Mope 1 Ha 35% B BoC-
TOYHOM parioHe. bonee pe3kuit CKauok TeMnepaTypbl Ha
BOCTOKE MOT UMEeTb KaK MONOXUTENbHbIN, TaK U OTpULA-
TenbHbIV 3bdEKT A58 BOCNPOU3BOAUTENBHON CNOCOBHO-

Tpyas BHUPO. 2022 r. T. 189. C. 16-44

CTW NOKanbHOW MONYNSAUUM MUHTA — OCHOBbI MPOMBbIC-
nosoro 3anaca B bepuHrosom mope.

CpaBHEHWE U3MEHEHUI YUCIEHHOCTU TOLO0BUKOB
MWMHTas CO CABMIOM Ha OAMH rOA Ha3agd C XO4OM CpefHe-
rogosor TIM B BoCcTO4HOM parioHe (puc. 4 I nokasano,
4TO YpOXalMHble NOKONEHNS MUHTAs C YUCNEHHOCTbIO 60-
nee 40 mnppa sk3emMnngpos B Bo3pacte 1 rog (cpeaHas —
21 mnpp) GOpMUPOBANUCL TONbKO B YMEPEHHbI Nepu-
on. Bcero Takmx nokoneHuit 6eino cemb: 1978 (4,91 °Q),
1982 (4,60 °C), 1989 (4,94 °C), 1992 (4,75 °C), 2008
(4,67 °C), 2012 (4,13 °(C), 2013 (4,79 °C) rr.

B coBpeMeHHbIM TENAbIM Nepuos NOKONEHUS MUH-
Tas 6blAM CPEAHUMU UK HUXKE CPEAHUX BENUYMH. TONbKO
B 2018 r. cbopMMpOBaNOCh NOKONAEHNE C YUCNEHHOCTbIO
Bbllle CpeaHero ypoBHs (31 Mnpa) ofHaKo OHO 3aMETHO
yCTYnano CeMu MOLLHbIM MOKONEHUAM NpeabILyLLEro yMe-
peHHOro nepuoaa. MowwHbIX NOKONEHU He BbINo U B XO-
NOAHbIN Nepuoa,

HecomMHeHHO, 4TO B yMepeHHbIN nepuog B bepuHro-
BOM MOpe B OTAe/bHble rofbl CO34aBanuch bnaronpust-
Hble COYETaHUS KOMMeKCa rMapoOMETEOPONOrMYECcKMX,
rmapobruonormyeckmx u GUONorMYecknx yCnoBuii Ans Bbl-
COKOW BbIKMBAEMOCTU MUHTAsi HA PaHHUX CTaAMSX Pa3BU-
TMs. Buanmo, He cnyyariHo umernHo B 1980-e rr. nposo-
OMNCS WUPOKOMacCILTabHbIM npoMbicen MMHTas B KoMaH-
[opckoi n Aneytckon kotnosuHax [LyHToB 1 ap., 1993],
BKJ/1tOYAS HEMTPasbHbIA aHKNaB U AneyTcKyto rpsay.

He cTtana ucknoyeHnem u KaparmHckas nof3soHa, roe
B nepsoi nonosuHe 1980-x rr. 6GMOMacca MUHTas [oCTUINA
Hanbonblei BennYnHbl. Bo BTOpOI NonoBuHe gecatune-
TUS OHa Bblna HUXe, HO BCe eLLé 0CTaBaNachb Ha BbICOKOM
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Puc. 4. MHoronetHue namenenus TIIM B bepunHroBoM mMope 1 ero otaenbHbix paroHax ¢ 1950 no 2021 rr. u yucneHHOCTH rofA0BMKOB
BOCTOYHO-6EPUHIOBOMOPCKOr0 MMHTas CO CABMIOM Ha OAMH rof Hasan: A) — cpefHeroaoBas (KpacHas TMHUS) U BECEHHAS (CUHSAS
nuHus) TINM B bepnHrosom mMope B LeNnoM, X TpeHAabl € KoabduuneHTamm getepmuHaumm; b) — cpenHeronoBas M BeceHHAS
TIMNM ¢ yyétom kKnmumatuyecknx casuros. Cepble AMHUKM M UMPbI — CpefHMe YPOBHU TeMnepaTypbl MeXAY KAMMaTUYECKUMU
CABUIaMU M UX 3HaveHus: B) — cpepHerogosag TINM B 3anagHom (3P), BoctouHoMm (BP) n ceBepo-3anagHom (C3P) patoHax mops
n eé nuHeliHble TpeHabl; ) — cpegHerogosas TIMM B BOCTOYHOM paiioHe M NOMOAHEHUE BOCTOYHO-6€pMHIOBOMOPCKOrO MUHTAs
B Bo3pacTe 1 roa. 3enéHble TMHUM U LUPPbl — CPefHNE MEXAY KIMMATUYeCKUMM caBuramu. NonoxeHns paioHoB B [XeH u ap.,
2022]

Fig. 4. Multi-year changes in sea surface temperature (SST) in the Bering Sea and its different regions from 1950-2021 and
eastern Bering Sea walleye pollock recruitment at age 1 (bln inds.) with lag of -1 year: A) Mean annual (red line) and mean
spring (blue line) SST for the whole Bering Sea, their linear trends and coefficients of determination; B) mean annual and mean
spring SST with account of climatic shifts. Grey lines and numbers correspond to average SST levels and their values for each
climatic regime; C) — mean annual SST in the western (WR), eastern (ER), and northwestern (NW) regions of the sea and their
linear trends; D) mean annual SST in the eastern region and recruitment of eastern Bering Sea pollock at age 1 year, Green
lines and numbers correspond to average SST levels and their values for each climatic regime/ Positions of regions is given in
[Khen et al., 2022]

ypoBHe. B 1990-e rr. 6MomMacca MUHTAs CHM3MNACh 34eCh
B HECKOJ/IbKO Pa3s, YTO CUIbHO OTPaHMYMIO0 BO3MOXHOCTb
€ro NpoMbICAa, BNIOTb A0 €r0 BPEMEHHOIO 3aKpbITHS.
CnepyeT nogyepKHYTb, YTO CTAaTUCTMYECKAs CBA3b
Mexay TeMnepaTypoi BOAbl U YUCIEHHOCTbIO FO40BMKOB
MWHTas cnabas, B HaLWeM cnyvyae Koppensuus coctaBuna
Bcero nuwb -0,16. AHanornyHbIM BbIBOA, ObIN NOAYYEH
O.A. bynatoBbiM [2015]. YunTbiBas, 4TO NOBEPXHOCTHAS
TemMnepaTypa Ha BOCTOYHO-OEpPUHIOBOMOPCKOM Lefb-
(e TeCHO CBA3aHa C TeMMNepaTypoi BO BCEN To/LLe BOAbI
(r=0,63) [Danielson et al., 2020], MOXXHO HE MPUHUMATb

22

B PaCYET BAUSHUE TEPMUYECKUX YCOBUI B MPOMEXYTOY-
HbIX FTOPW30HTaX, FAe pa3BMBAETCS MUHTAN Ha PAHHUX
CTafmsax, B GOPMUPOBAHUM YNCIIEHHOCTU €ro NOKONEHMIA.

Knumatmnueckunn cagur 2014 r., conpoBOXAaBLUMICS
oyepegHbIM noTenneHnemM mMops, cnocobctsoBan 6onee
paHHeMy (MOYTM Ha MecsL), YeM B YMepEHHbIN nepuos,
BbIXOZYy MMHTas 13 30Hbl CLLUA B poccuiickne Boabl (2019
r). YpoBeHb B 60 T Ha CyA0-CYTKM JIOBA KPYMHOTOHHAX-
HbIM dnotom fo 2014 r. pocTurancs o6bIYHO B KOHLE
WIOHA, TOTAA KaK B NOCNeAHUE rofbl — YXKe B KOHLEe Mas
(puc. 5).

Trudy VNIRO. 2022. V. 189. P 16-44



A.C. KPOBHUH, 10.U. 3YEHKO, A.J1. DUT'YPKUH, I'.B. XEH, K.K. KUBBA, 10.B. HOBUKOB, O.5. TENHUH
OKEAHOJTOTMYECKME YCJTOBMA B NPEAESTAX OCHOBHOTIO APEAJTA MUHTAS

120

100

80 -

60

40

Bbinos B T. Ha cfc

20

i i l’ll‘lll |‘||’||| |‘|| _m!l’u‘uu I‘II’III‘ ! |’||||||

Maii| UioHb

Wionb |Asryct| Cent. | Okr. | Hoab. |lekab.

Puc. 5. NyTb netHeit Murpaumun MuHTas mu3 3oHbl CLUA B poccuiickue Boabl (A) u BHYTpUroaoBas AMHAMMKA CYyTOYHOMO BbIOBA
MWMHTas KPYNHOTOHHAXHbIM GnotoM Poccmuun B HaBapuHckoM paitoHe (B). [yHkTMpHasg nuHua — rpaHunua mexay N33 Poccum n CLUA

Fig. 5. Summer migration route of walleye pollock from the US EEZ toward Russian waters (A) and intra-annual dynamics of
daily pollock catch by Russian large-tonnage fleet in the Navarin area (B). Dashed line shows the boundary between EEZs of the
Russian Federation and United States of America

Bbicka3aHHOe Bbllle NpeanosioXXeHne, YTO HbIHeLL-
HWI TEMNNbIM NepUoL COXPAHUTCS A0 CepeauHbl TeKyLie-
ro CToneTus, NOATBEPXAAET MOAENbHbIW NPOrHO3, CAe-
nanHbin O. Ox. NMunyepom [Pilcher et al., 2022]. Mpea-
nonaraetcs, yto kK 2050-mMy rogy Temnepatypa BoAbl Ha
wenbde BOCTOUYHOW 4aCTU MOPS MOBLICUTCS MeHee YeM
Ha 1 °C. Bo3BpaTa K ypoBHI NMpeablaywero yMepeH-
HOro nepuofa, korga 6bin cGOpMUPOBaHbI HECKONBKO
MOLLHbIX MOKOJIEHUM MUHTas, B bnmkanwmne 30 neT He
npeasuamnTcsa. Y1cneHHoCTb MOKONEHNI MUHTASs, MO BCEN
BMOAMMOCTH, ByaeT konebaTbCs OKONO CpeaHEero ypoBHs
(21 mnppa 3K3. B BO3pacTe OAHOrO rofa), B peakue roabl
pocturas 30 mapa, 3K3eMnaspos.

loTenneHune Boa bepnHroBa Mops U CMEXHOM C HUM
akBaTopuu ApKTUKM cnocobcTBOBaNO Honee WMpPOKOMY
pacnpocTpaHeHUI0 MUHTAS B KXKHbIe paioHbl YyKOTCKO-
ro Mopsl.

YykoTckoe Mope — OKpauHHoe wenbhoBoe Mope
CesepHoro JlegoBuToro okeaHa (CJ10). Mockonbky Yy-
KOTCKOe MOpe Mo MMApPONOTrMYECKOMY pexunmy u buo-
NOrnyeckMM oCoBEHHOCTSIM CXOXe C CEBEPHOM YacTbio
bepuHrosa mMops, B GM0ONOrMYecknx NCCnefoBaHUsaX 3Tu
[IB€ aKBAaTOPUM 4acTo 0O6BEAMHSIOT B COOTBETCTBYHOLLYHO
60NbLUYD MOPCKYH 3KOCUCTEMY UM paCcCMaTPMBAKOT KakK
eanHoe uenoe. Mope 06nagaeT BbICOKOM BMONOrMyYeckom
NPOAYKTUBHOCTbI, 0BYC/I0BNIEHHOM, FNaBHbIM 06pa3oM,
anBeNnMHIoM H60oratbiX MMHEPANbHbIMWU NUTATENbHbIMYU
BelecTBaMum Bog B bacceriHe YnpukoBsa K tory ot bepuH-
roBa NpoJuBa M MEPEeHOCOM 3TUX BOA B IOXKHYHK 4acCTb
YykoTtckoro mops [Kawaguchi et al., 2020; Springer,
McRoy, 1993] (puc. 6).

[aHHble no ruaponornn YykoTckoro Mopst 4OCTYMHbI
B OCHOBHOM A4 TEMOr0 Ce30Ha (MNb-CceHTabpb). Ha
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wenbde Mops NeToM 0bbIYHO HabnoaAeTCa ABYXC/OM-
Has CTpyKTypa BoA. BepxHuit cnoit uMeeT MowHocTb 10—
20 M 1 npepcTaBneH CeayrLWMMM BOAHbIMU MacCaMu
(BM): cmbupckor npubpexxHon, ansicCKUHCKOM npubpex-
HOW 1 BOAON, obpasytowenca npu TasHum nbaa [Huku-
dopos u LLnaixep, 1980; BanuH, 2010; Pisareva et al.,
2015; XeH v ap., 2018; KogpsaH v ap., 2022]. Cnbup-
ckas npubpexHas BM noctynaet B Mmope ¢ Cnbupckum
npubpexHbIM TeyeHMeM yepes nponue JloHra u pac-
npocTpaHseTca 06blYHO BAOMAb A3MaTcKoro nobepexns,
B OTLeNbHble roabl Jocturaet bepuHrosa nponuea. 31a
BM onpecHeHa MaTepuMKOBbIM CTOKOM CUBUPCKMX pek
n umeeT conéHoctb Ao 30,0 (4acTo CyLecTBEHHO HUXE)
[Weingartner et al., 1999]. Eé TemnepaTypa B ieTHee
BpeMsa konebnetca B nHtepsane 2,0-4,5 °C [Pisareva
et al., 2015], onHako B mocnenHue roabl Habnwaanncb
3HauveHus 0o 8,5 °C [KoapsiH v ap., 2022] v gaxe Bbllwe
[BaHuH, 2010]. AnsicknHckasa npubpexHas BM dopmu-
pyeTcs B NpUbpexXHOM BOCTOYHOM YacTu bepuHroea
Mops u noctynaeT B YykoTckoe Mope yepes bepuHros
nponue [Coachman et al., 1975]. O6biuHO OHa pacnpo-
CTpaHseTCs B BOCTOYHOM 4acTU MOpS, HO B OTAENbHbIE
roabl MOXeT 3aHMMaTb U 3HAYMUTENbHYI YacTb aKBaTO-
puu B 3anagHow yactu [Pisareva et al., 2015; KogpsH
n ap., 2022]. OpMeHTMPOBOYHbIN AMana3oH eé Temnepa-
Typbl 5,0-9,0 °C, conéHoctn — 29,9-32,6 [Pisareva et
al., 2015; Danielson et al., 2020; KogpsH v ap., 2022].
Bopa, obpasytowwasncs 3a CYET TasiHMA Nibaa, 06bIYHO 3Ha-
yntenbHo xononHee (ot -1,0 o +2,0, B oTAENbHbIE FOAbI
no +4,6 °C), umeet conénoctb 25,8-30,1 [XeH v ap.,
2018; KoapsiH u op., 2022].

MopnoBepXHOCTHbIN CNOM OTAENEH OT MOBEPXHOCT-
HOr0 NMUKHOKJIMHOM, BEPXHAS FPaHMLA KOTOPOro pac-

23



ANDREI S. KROVNIN, YURY I. ZUENKO, ALEKSANDER L. FIGURKIN, GENNADY V. KHEN, KIRILL K. KIVVA, YURY V. NOVIKOV, OLEG B. TEPNIN
OCEANOGRAPHIC CONDITIONS WITHIN THE MAIN AREA OF WALLEYE POLLOCK

72°N+

VR

70°N 1

68°N 1

66°N 1

64°N 1

180°

Puc. 6. batumeTtpus YykoTckoro Mops U oCHOBHble TeyeHus. Lludbpamu o0603HayveHo: 1 — AHapblpckuii 3anuB, 2 — YyKoTCKuMI
nonyoctpos, 3 — bepuHros nponue, 4 — nonyoctpoB Cbtoapa, 5- nponus JloHra, 6 — octpoB BpaHrens, 7 — kaHboH lepanbaa
Fig. 6. Bathymetry of the Chukchi Sea and its main currents: 1 — Gulf of Anadir. 2 — Chukotka Peninsula, 3 — Bering Strait, 4 —
Seward Peninsula, 5 — Long Strait, 6 — Wrangel Island, 7 — Gerald Canyon

nonaraetcs Ha ropusoHTtax 10-20 m, uHorga rnybxe,
a MOLWWHOCTb cocTaBnseT okono 10-20 m. Mo, NMKHOKNK-
HOM 00bl4HO HabntopaeTcs 6epMHroBOMOPCKAN NETHAS
BM, noctynatowas yepes bepuHros nponus, nnm octa-
TOYHasa 3MMHsAS BM, KoTopas MOXeT Takxe nocTtynaTb
B Mope C tora unn GopMmnpoBaThCS B CAMOM MOpE B 3UM-
Hee BpeMs. Temnepatypa 3Tux BM coctaBnser 0-3,7 °C
n Huxe 0 °C, coOoTBETCTBEHHO, CONéHocTb — 32,0-33,0
n 30,5-34,6, cooTBeTCTBEHHO. Ha wenbde Mops OHMU
HabntopaTcs Ao AHa. bepuHrosoMopckaa netHas BM
ABNAETCS pe3ynbTaToM cMeweHuns asyx BM bepuHrosa
Mop$ (aHaablpCKoW wenbdoBOM U 6€@PUHTOBOMOPCKOW
wenbhosoit). OHa pacnpoCcTpaHNeTCs No TPEM OCHOBHbIM
HanpaBneHUsIM: Ha 3anaje B CTOPOHY KaHboHa lepanb-
[la, B LLeHTpPanbHOM 4acTu MOPS, U HA BOCTOK B CTOPOHY
kKaHboHa bappoy [Coachman et al., 1975; BanuH, 2010;
Pisareva et al., 2015] (cM. puc. 6).

Bpoonb MaTepukoBOro ckjioHa Ha ceBepe Habntopa-
eTca TpaHchopMupoBaHHas BM aTtnaHTMueckoro npouc-
XOXJ,EeHUS, pacnpoCTPaHALWANACsa € 3anaja Ha BOCTOK
[Hukndopos, Wnanxep, 1980; Pisareva et al., 2015].
O6bI4HO OHa pacnonaraeTcs Ha ropuM3oHTax Hmxke 150 m,
HO B HegaBHMe roabl HabNaaeTcs eé NoAbEM BBEPX A0
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120 m [KogpsH u ap., 2022]. OHa umMeeT TemnepaTtypy
Bbille —-1,3 °C M conéHocCTb Bbllle 34,6.

YyKOTCKOe MOope exerofgHo MOJHOCTbI0 MOKPbIBA-
eTCcsl NbA0M; B OCHOBHOM, Nén ofHONeTHUn. B ceBepHom
4acTM MOpS MOXET HabnaaTbCs ABYXNETHUIN n bonee
CTapblil Néa, HO B MOCNEAHUE TOAbl ero NaowWwaab U Bepo-
ATHOCTb HabnloAeHNS CHWXKaeTCs noyTn fo Hyns [Frey et
al., 2015]. OcBoboxpeHne akBaTOpUM OTO NibAA HAYMHA-
€TCA B KOHLLe Mas B OXKHOM 4acT1 MOPS U NPOA0JIKAETCS
[0 aBrycra-ceHtabps. B nocnegHue roabl Habnwpatotcs
CMTYyauMK, Korga Bcsa akBatopusa go 75-78° c. w. netom
ocBoboxpaeTcs oTo nbaa. JlepoobpasoBaHMe HauMHa-
€TCs Ha ceBepe Mops B 0kTa6pe, a B paiioHe bepuHroea
nponvea — B Hosibpe-gekabpe [Frey et al., 2015; KveBa
n ap., 2021].

B nocnenHune Heckonbko gecatunetuin B YykoTckom
Mope HabnaaTCca CywecTBeHHbIe U3MEHEHNS B YC-
NoBMAX cpenbl 06uTaHns rmapobmnoHToB. B yacTHOCTH,
NpOUCXOAMUT CMelleHMe AaThl Havana nefoobpasosa-
HUs Ha 6onee NO34HME CPOKMU U JaThbl OYMLLEHMS AKBa-
TOpUKM OTO Nbaa Ha 6onee paHHue [Frey et al., 2015].
CoOTBETCTBEHHO, YMEHbLIAETCA NPOLO/IKMTENbHOCTb
NefoBOro Ce30Ha M yMeHbLIAeTCs Ief0BUTOCTb paioHa
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B NeTHee BpeMsd. Takne U3MeHeHUs Nef0BbIX YCI0BUN
npuBOAAT K bonee paHHeMy Havany BECEHHEro «LBeTe-
Hus» dutonnaHkToHa [Kahru et al., 2011]. CywecTtByeT
TaKXe TOYKa 3peHus, 4To B YyKOTCKOM Mope, B LLeN1oM,
YBEIMUYMBAETCS POSb KPYyNnHOpasMepHoro GutonniaH-
KTOHa B BeceHHeM «LBeTeHumn» [Fujiwara et al., 2016]
M CyMMapHas rogoBas nepBuyHas npoaykums [Brown
and Arrigo, 2012]. 3To MoXeT BNuATb Ha 06UAMe KOPMO-
BbIX 06bekTOB MUHTAA. OAHAKO 3TM OLEHKM OCHOBAaHbI
Ha CMYTHUKOBbIX AAHHbIX U ANS UX YTOYHEHUS TpebyioT-
€S feTanbHble CYyN0BblE N3MEPEHMUS.

Takxxe B nocliefiHUe HECKONbKO /1eT, 32 KOTopble
MUMEITCS MHCTPYMEHTaNbHblE U3MEpPEHMS, CyLLeCcTBYeT
TEHAEHUMS K YBEIMYEHUIO NOTOKA OTHOCUTENbHO TEMJIbIX
BoA, 13 bepuHrosa mops B Yykotckoe [Woodgate, 2018].
BmecTe ¢ yBennyeHmem noToka COIHEYHOM paanaLmm Ha
rpaHuLe Mope-aTMocdepa, CBS3aHHbIM C U3MEHEHUIMU
B 1ef0BbIX YCN0OBUAX YyKOTCKOro Mops, 3TO NPpUBOAMUT
K yCTOMYMBOMY pOCTYy TeMmnepaTypbl MOBEPXHOCTHOTO
Cnosi Mops U BCEro BoAHOro ctonba, no KpaiHeln Mepe,
¢ 2000 r. [Danielson et al., 2020].

Poct TeMnepaTypbl BOAbl M, BO3MOXHO, 0bLiee yBe-
NIMYeHne NpoayKTUBHOCTM YyKOTCKOro Mops NpuBOAMT
K yBenMYeHuto buomaccbl MMHTag B Bogax YykoTcko-
ro mopsi. Hanpumep, no nmewmMmcs gaHHbiM 3a 2010,
2018 1 2019 rr. B 3anafHoOM Yyactu YykoTckoro mops
H6MomMacca KpynHoro MUMHTas B 3TW roAbl COCTaBNANa
0,2, 31,6 1 890,0 TbiC. T, cooTBeTCTBEHHO [Opnos u ap.,
2019]. B 2019 r. muHTam BcTpeyanca go 73° 30’ c. w.,
a ero Hanbonee NNOTHbIe CKOMJIeHUs Bbinn 0OHapyxe-
Hbl B IOr0-3anafHOM 4YacTu MOpS B panioHe € rMybuHamm
6onee 50 M u B KaHboHe lepanbaa. 10 cywecTByOLWMUM
npeacTaBfeHnaM 60MbLIas 4acTb 3TOr0 MUHTAs MUTPU-
pyeT n3 bepuHrosa mops, u ero adpekTMBHOE BOCNpPO-
M3BOACTBO B YykoTCKOM Mope oTcyTcTByeT [bycnos, OB-
CSHHMKOB, 2022]. YBenuyeHune 6uomaccel MuHTasa B Yy-
KOTCKOM MoOpe, N0 BCeM BUAMMOCTU, CBA3AHO C ynyu-
WeHMeM KOPMOBbIX YCNIOBMI Ha GOHE KNIMMaTUYECKMX
U3MEHEHUN.

Boabl BoctouHoi Kamuatku

Ocob6eHHOCTU TMAPONOTMYECKUX YCIOBUI TUXO-
OKeaHCKMX BOA Yy BOCTOYHOro nobepexbs KamuaTtku
B BECEHHMWI Nepuoa, Koraa NpouMCXoLnT MacCoBbIN He-
pecT BOCTOYHOKaMUaTCcKoro MuHTas [bycnos u ap., 2004],
OnpenenstoT HECKO/IbKO OCHOBHbIX (DaKTOpPOB:

— YpOBEHb «CYpOBOCTM» MPEALECTBYIOWENO OCEH-
He-3MMHEro BbIXONAXMBaHUSI BOA, KOTOPbI hopMupy-
eT Tennoconepxanue u TonwmnHy XIMC, roe, B OCHOBHOM,
00uUTaeT MUHTAN;

— ypoBeHb nogbéma Bopa TIC B parioHe cBana rny-
61H 1 B rNyOOKOBOAHbIX KaHbOHAX;
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— CTPYKTypa U MHTEHCMBHOCTb OCHOBHOW CTPyM
KaMuaTckoro TeyeHus, HaM4me M MOLWHOCTb ero mMe-
AQHAPOB, @ TaKXKe UX HANPaABNEHHOCTb;

— WHTEHCUBHOCTb BECEHHEro Nporpesa M BETpO-
BOro nepeMeLlInBaHus, BINSKOLWKUX Ha GopMMUpoBaHue
TOHKOrO MOBEPXHOCTHOTO C/0S BOAbl, OTAENEHHOIO OT
XTC LOCTaTOYHO MOLLHBIM MUKHOKIMHOM.

Bo BTOpO# nonoBnHe BeCEHHEro Ces3oHa y BOCTOY-
Horo nobepexbs Kamuatkn popmMupyeTcs TpEXCNON-
Has CTPYKTypa BOA,; TEN/bIA NOBEPXHOCTHbIN cno, XINC
OCeHHe-3uMHero npouncxoxaenus u TMNC.

B Kamyatckom dunmane ®IbHY «BHNUPO» (Kam-
4aTHMPO) no gaHHbIM exerofaHbIX BECEHHUX CbEMOK,
BbINOAHEeHHbIX ¢ 2012 no 2022 rr., 6bIn paccynTaH Te-
nnosanac Bog cnost ot 20 no 600 M (80 AHA NPU MEHb-
we rnybuHe) gna nepuopa C anpens no Mam, KOTopbin
XapaKTepu3yeT ero sHeprosanac, M Npu OTHOCUTENbHO
OLHOPOAHbIX MONSAX CONEHOCTU, KOCBEHHO OTpa)kaeT
CTPYKTYpPY MO reocTpoPUUECcKmUX TeYEHU.

OCHOBHOM HEPECT MUHTas NPOUCXOAUT Ha Wenbde
B cnoe 20-200 M [AHTOHOB, 1991], a B rny60KOBOAHbIX
KaHbOHax ABauymHckoro u KpoHOLKOro 3afnMBOB 1 A0
ropusoHTa 600 m [bycnos u ap., 2004]. Takum obpa-
30M, Ha OCHOBE NPOU3BEAEHHbIX pacyéToB 6bina no-
JlyyeHa UHTerpanbHas OLEHKA TEPMUYECKUX YCI0BUIA
B CJloe 0OMUTaHMSA MUHTas, YTO NO3BOJIUIO BbISBUTb He-
KOTOpble 0COOEHHOCTU UX MEXIOA0BOM U3MEHUYMUBOCTY.

AHanu3 pacnpepeneHus Tennosanaca Boj B UC-
cnefyeMoM parioHe nokasan, YTo 60nbly Y4acTb ak-
BAaTOPUM 3aHMMAIOT BOAbl C €r0 HU3KMMU 3HAUYEHUAMU
W TONbKO B paoHe rnyboKOBOAHbIX KAHbOHOB ABaUUH-
CKOrO 3a/1MBa 3HAa4yeHMsa pe3Ko BO3pacTatoT. Habnwnaa-
HOTCS MEXrOf0Bble U3MEHEHUS MIOWALMN U «TNYOUHBI»
3TMX QHOMasbHbIX PANOHOB.

Ha puc. 7 nokasaHbl MeXroaoBble U3MEHeHUs Teno-
3anaca Boj, B pavioHe nccnepoBaHuin. Ha gaHHoM rpadu-
Ke NpuBefeHbl TaKXKe KPUBble U3MEHEHUS NAOWAAM NbAA
bepuHrosa Mop4 3a npenwecTBYOWMIA 3UMHUIA NEPUOL
W CpepHss Mo naowaam Temnepatypa noBepXHOCTU BOA,
€ro 1ro-3anagHor Yactu Ang Toro xe nepuoga ropa. Co-
OTBETCTBME BCeX TPEX rpadMKOB AOCTaTOYHO OYEBUAHO,
4YTO MOATBEPXKAAETCS M pe3ynbTaTaMu KOpPPensLuUoH-
Horo aHanu3a. KoappuumneHTsl Koppenaumm 3HaunuMbl
(p < 0,05) kak png napbl «Tennosanac — NAOWaab nbaax»
(obpaTHag cBasb r=-0,78), Tak 1 «Tenno3anac — Temnepa-
Typa BOA, NOBEPXHOCTM B 3UMHUIA NEpMOA, rofa B 0ro-3a-
nagHou yactu bepuHroea Mops» (NpsMas 3aBUCUMOCTb
r = 0,85). CnepoBaTenbHO, MOXHO MPeAnon0XuTb, YTO
ypOBEHb Tenno3anaca Boj, y BOCTOYHOro nobepexbs
KamuaTku TeCHO CBsi3aH C CYpOBOCTbI 3UMHEro Ce30-
Ha ans bepuHroBa Mops M 0COBEHHO ero tro-3anagHow
yactu.
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Puc. 7. Tpaduk mexronoBoro nsMeHeHus tennosanaca (k) o6cnenoBaHHOro cnos Bof y BOCTOYHOro nobepexbs KamuaTtku ans
nepuopa anpenb-man 2012-2022 rr. B CpaBHEHUM C U3MEHEHMEM CPEAHEN 3@ 3MMHUIM Nepuog, naowaaun nbaa bepuHrosa mops
(TbiC. KM2) U cpenHeit 3uMHel TINM B ero toro-3anagHoi yactu (°C)

Fig. 7. Interannual variations of heat content (bars, KJ) in the investigated water layer off the Eastern Kamchatka in April-May,
2012-2022 in comparison with mean winter area of the Bering Sea ice cover (gray line, thousands km?2) and mean winter SST
in the southwestern Bering Sea (black line, °C)

Tenno3anac Bog B paloHe UCCNe0BaHMI xapakTe-
pU3yeTCcs MeHbWWUM ypoBHEM €Bs3n C TI10 B 3TOM xe
parioHe B 3MMHWI nepwuog roga, 4em c TIMO wro-3a-
nagHou vyactu bepuHrosa mMops. 3TO KOCBEHHO MOA-
TBEpXKAaeT BAMgHne KamMyaTcKoro TeyeHus Ha TepMu-
YeCKyH CTPYKTYpy BOJ Yy BOCTOYHOro nobepexbs Kam-
yaTku. Ecnm npuHATb CpefHIo CKOPOCTb NOTOKA B OC-
HOBHOM «cTpye» Kamyuatckoro TeueHuns 3a 20 cm/c [XeH,
2010], 70 Ha nyTb OT M. HaBapuH A0 ABa4UMHCKOro 3anMBa
(6onee 1200 kM) ycnoBHoMy 06bEMY BOJ, noTpebyeTcs
okono 2,5 mecsaues, T. €. BOAbl 3MMHEN MoAMdUKALUM
M3 paroHa 3apoxaeHna KamMyaTckoro TeyeHums, TpaHc-
(hOpMMPOBABLUUCH MO NYTU C/IELOBAHUS, LOCTUTHYT MeCT
HepecTa BOCTOYHO-KaMUaTCKOro MUHTAs Kak pas B anpe-
ne-Mae,T. €. B NEPUOA, KPUTUYHDINA ONS BbIXXMBAHMUS €ro
NNYUHOK.

Takum obpa3om, TepMuyeckne yCnoBmMs BO BpeMs
HepecTa BOCTOYHOKAMYaTCKOro MMHTas U nocneayLle-
ro pasBUTUS IMUMHOK MOTYT ObITb C OCTAaTOUYHOM TOUYHO-
CTbi0 OXapaKTePU30BaHbl MO AAHHBIM AUCTAHLUOHHOIO
MOHWTOPUHIA, NPOBOAMMOIO B OCEHHE-3UMHUIM Nepuos,
(c 3abnaroBpeMeHHOCTbIO 2-3 Mecsua) Ha akBaTopuu
3anagHon yactn bepuHrosa mops.

OxoTckoe Mope

Lunpkynsuma Bog OXOTCKOro MOpsS UMEeT LLUMKNOHU-
Yyeckuit xapakTtep (puc. 8). B ero BOCTOYHOM YacTu NOCTy-
narowiune yepes cesepHble Nponuebl Kypunbckoi rpsgbl
TUXOOKeaHcKkMe Boabl GopMupytoT 3anagHo-Kamuartckoe
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TeyeHue (3KT).Mog BAMSAHMEM CKNIOHA B CEBEPHOM YacCTu
Mops 6onbwas yactb Bog 3KT noBopaynBaeT B Hanpas-
nenunn 6aHkn Kawesaposa u dopmupyeT CpeanHHYO
BETBb, @ Apyras 4acTb NPOAO/HKAET ABUXKEHME HA CEBEP
(CeBepHas BeTBb). CeBepHas BETBb TaKxXe paspgensercs
Ha [Be BETBW, HanpaB/ieHHble, COOTBETCTBEHHO, B 3a/I1B
LlennxoBa u Ha CkNoH 1 wenbd Taynckoro 3anmea. [o-
CnepHss BAONb CEBEPHbIX U CEBEPO-3anajHbix beperos
dopmupyet Ceepo-OxoTckoe TeyeHue, MakCUManb-
HO pa3BMTOE OCEHb M BAMBAlOLLEECS BMNOC/NEACTBUM
B BoctouHo-CaxannHckoe TeyeHue.

B To e Bpemq, Hag rnybokoBogHoM KypunbCKo
kotnosuHol (1500-3900 m) npeobnagaeTt aHTULMKIIO-
HUYeCKaa LMpPKyNsaLms, COCTOAWAN U3 OTAENbHbIX aHTU-
LMKIOHUYECKMX KPYrOBOPOTOB. 3HAUYUTENIbHAS YaCTb BOJ,
BocTouHo-CaxanuHCKoOro TeyeHns BOBEKAETCA B QHTU-
LUKIOHUYECKY LMpKynaunto KypunbCKon KOTIOBUHbI
n bopMUpYeT CeBepO-BOCTOYHOE TeYeHUe, KOTOPOoe YCu-
NMBaeT 3anajHy nepudeputo 3anagHo-Kamuartckoro
TeyeHWs B palioHe ceBepHbIX KypunbCKMX NMpoONnBOB,
3aMbIKas LMKIOHUYECKYIO LMPKYNAUMIO Hag rnybokoBo-
[OHbIM BaccerHom OxoTckoro mMopsi.

B Tonwe OxoTckoro Mops BblAenstoT 5 BOAHbIX Macc:
NMOBEPXHOCTHYH; XONOLHYI MOANOBEPXHOCTHYH — CO6-
CTBEHHO, OXOTOMOPCKYH, POPMUPYEMYH) OCEHHE-3UMHUM
BbIXONIAXXMBAHUEM, IAPOM KOTOPON ABNAETCS MUHUMYM
TemMnepaTypbl; MPOMEXYTOUYHY OXOTOMOPCKYH — OT-
HOCUTENbHO XONIOAHYI0 BOLHYK MAaCCy MOHWXKEHHOW CO-
NEHOCTU, GOPMUPYEMYHO CKIOHOBOM KOHBEKLMEN; MpO-
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Puc. 8. batumeTpna n cxema OCHOBHbIX TeyeHuit OXOTCKOro MOps W npuneratLien 4yactn Tuxoro okeaHa [YepHasckui, 1981;

Fayman et al., 2020; Ohshima et al., 2002]. TeyeHus: 1 — BoctouHo-KamyaTtckoe; 2 — Kypunbckoe; 3 — 3anagHo-Kamyarckoe; 4 —

CpenvnHHoe; 5 — CeBepo-OxoTckoe (cknoHoBas BeTBb); 6 — CeBepo-OxoTckoe (NpubpexHas BeTBb); 7 — BoctouHo-CaxanuHckoe
(npnbpexHas BeTBb); 8 — BoctouHo-CaxanuHckoe (cknoHoBas BeTBb); 9 — Cosa

Fig. 8. Bathymetry and scheme of water circulation in the Sea of Okhotsk and adjacent Pacific Ocean. Currents: 1 — East
Kamchatka; 2 — Kuril; 3 — West Kamchatka; 4 — Middle; 5 — Northern Okhotsk (slope branch); 6 — Northern Okhotsk (coastal
branch); 7 — East Sakhalin (coastal branch); 8 — East Sakhalin (slope branch); 9 — Soya

MEXYTOYHYH TUXOOKEAHCKYH0, MOCTYNaKoLWYy U3 OKeaHa
yepes NpouBbI, 14POM KOTOPOK ABASETCS MaKCUMYM
TeMnepaTypbl U MUHUMYM KUCI0POAA; FMYOUHHYO BOA-
HYI0 MACCy HXKHOW KOTNIOBUHbI (HUXe ropn3oHTa 1500 m),
XapaKTepMU3yoLWYyCs HEOONbILIMM NOHUXEHUEM TEMIe-
paTypbl C ry6MHOMN.

Mo AaHHbIM 3KCNEeAMLMOHHbIX HabnoaeHnn (1989 -
2022 rr.) Ha wenbde OXOTCKOro Mops, NOKPbIBAEMOM
Nb[,0M, TOA0BOM MakCMMYyM TeMnepaTypbl HA TOPU3OHTE
100 M oTMeuvaeTcsa B Hos6pe-aekabpe, a Ha cBO6OAHOW
OTO NbJla aKBATOPUM OTHOCUTENbHO BbICOKME 3HAYEHUS
COXpaHATCS U B sHBape. [040BOW MUHUMYM TeMne-
patypbl B Bogax 3KT Ha rnybuHe 100 m Habnwopaetcs
B (b eBpane-mapTe, 3a nNpefenamMmu TeyeHus — B MapTe-
anpene, a B Bogax snaguHbl TMHPO — B anpene-utoHe.

Ha ropusoHTax 200-500 M (TO eCcTb B NpOMEXYTOY-
HbIX OXOTOMOPCKMX BOAAX) FOAOBOM MaKCMMyM TeMnepa-
Typbl Habntogaetca B despane-mapte. OT4ETIMBO Npocie-
YXMBAETCS NMPOCTPAHCTBEHHOE NepeMelleHne MakCMMyMma
TeMmnepaTtypsbl: B ekabpe — deBpane oH pacnonarancs Ha
TpaBep3e Kypun, B peBpane-mapte B nonoce ot 50° c. w.
[0 xenoba Jlebens, B deepane-mae — B Bogax CpeauH-
How BeTBM 1 BO BnaamHe TUHPO, a B Mae-noHe — B ce-
BEPHOW M BOCTOYHOM MONOBMHE BNaauHbl [eptornHa (49—
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54° c.w., 146-150° B. £.). PacnpocTpaHeHue «BONHbI TEM-
nax» ot KypunbCKMx NpOAMBOB MO CUCTEME TEUEHUI MOpH,
no-BMAUMMOMY, 06YCNOBNEHO KOMMEHCALMOHHOM NpUpo-
[LOV NOCTYNAEHUS TUXOOKEAHCKMX BOJA B BOCTOYHYIO YaCTb
Mop$ (OTKJMK Ha BbIHOC BOA 3anafHOM YacTu Mops Yepes
IOXKHbIE U LLeHTPanbHble NPOAUBLI, YCUIUBAOLWMICS NOL,
[lefiCTBMEM OCEeHHEe-3UMHUX CeBEPHbIX BETPOB).

B 3uMHe-BeceHHUI nepuog B 30He BanaHUa 3KT Hapg,
rny6uHamu 6onee 200 M MUHTaW, KaK NpaBuMo, pacnona-
rancst NoA, BbIXONOXEHHbIMW COOCTBEHHO OXOTOMOPCKMU-
Mu Bogamu npu temnepartype 1,2-1,8 °C. B ato Bpemsa
BAO/b CKAIOHA 3anagHon KamMyaTku TepMOKIMH (Cion
CKauyka Temnepartypbl) otMeuancs B cnoe 90-120 m, uc-
Ktoyas panoH KypunbCKoM KOTNOBUHbI, MPUMbIKAIOLLMIA
K 3anuBy KambanbHbIi, roe TepMOKIUH (COOTBETCTBEHHO
M MUHTaM) 6bin 3arnybnén no 200-250 M nop BAMSHUEM
npeobnafaroLwer aHTULMKIOHUYECKON LUPKYNALUK.

Ha wenbde (npu rnybuHax meHee 200 M) HepecTo-
Bbl MMHTAM pacnonarancs B OCHOBHOM B NMPUAOHHOM
Tonuie. MakCMMyM KOHLLEHTpaLMiA MUHTas Ha M3obartax
50-110 M npuypoyeH K cpeauHHOM GPOHTaNbHOM 30HeE,
oTLenstoLLen O4HOPOAHbIE BbIXONOXEHHbIE A0 AHA BOAbI
OXOTOMOPCKOM BOAHOM MacCbl CO CTOPOHbI Bepera oT
cTpaTnduumpoBaHHbix Boa 3KT.
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Ha wenbde 3anagHoi KamMuyatkm 06bI4HO OTMEYAIOT-
C TPU oYara Hepecta MUHTas, onpeaensemMble No Mak-
CMManbHOMY cKonaeHuto ukpbl 1 ctaguu: xHbin (52—
53° c.w), ueHtpanbHbiv (54°30-55°30" c.w), ceBepHbI
(56°30°-57° c.w) [Papees, CMupHOB, 19927].

YCTaHOBIEHO, UTO YEM CEBEPHEE HEPECTUULLE, TEM,
Kak npaBuno, bosnbLue rnybuHa, Ha KOTOPOM MPOUCXOAMNI
HepecT. Obwee 3arnybneHne n3obat HepecTa No Mepe
NpOABUXEHUS B CEBEPHOM HAMpaBNE€HUM XOPOLLO CO-
rnacyetcs ¢ 3arnybneHnem npuaoHHOro PpoHTa, oTae-
NISOLLEr0 rOMOreHHble BOAbI CPeIMHHOM 061acTu Wenb-
da oT CTpaTUPULMPOBAHHBIX MOPUCTBIX.

CywecTByeT NpeanonoXeHue, YTo CKONIEHUS MUH-
Taa (B YaCTHOCTW, 3MMOBaJIbHbIe U HEPECTOBbIE) POPMMU-
pYHTCS HA aKBATOPUAX C MOBbILEHHbBIM NMPUTOKOM TE-
NNAblX TUXOOKEaHCKUX Bof [Bacunbkos, mebosa, 1984;
@Papees, CMUpHOB, 19922]. OTo NpennosiioXeHWe nog-
TBEPAMNOCH NPU NPOBELEHUN CEPUMN MOBTOPHBIX CbE-
MOK B siHBape-anpene 1997 1 1998 rr., KoTopbie BbISIBU-
N1 OTYETNIMBYIO NPUYPOYEHHOCTb O4AroB HepecTa (30H
MaKCUMManbHbIX KOHLEHTPauui MKpbl MUHTas 1 ctaguu)
K palOHaM MaKCMMaNbHbIX BTOPXEHWUI S3bIKOB TEM/bIX
BOJ, BO BHYTpeHHMWe obnactu wenbda.

YCTaHOBNEHO TaKXe, YTO B paiOHaxX C pe3KUM NMUKHO-
KIMHOM MKpa KOHLEHTPMPOBANACh Ha HEM, KaK Ha «KM[-
KOM» TpYHTE; MPU Pa3MbITOM MUKHOKMHE UKpa Oblna OT-
HOCUTENIbHO PaBHOMEPHO paccesiHa B ero To/LLe; B pawi-
OHaX C TOMOTeHHOM CTPYKTYPOM BOJ UKPbl U IMYUHOK HE
661710 06HapyXeHO (BO3MOXHO, U3-3a OMYCKaHUS Ha HO).
OTMeueHo Takxe 1 bonee BbICTpOE pa3BUTUE UKPbI U NIU-
YMHOK B C/I0SIX MX MOBbLILEHHOM KOHLLEHTPALMK Ha pes-
KUM nukKHokAnHoM [Kanamaru et al., 1979].

Bo BnaguHe TUHPO ukpa 1 ctaguu Habnwopa-
Nlacb TONIbKO BAOJIb €€ BOCTOYHOIO M CEBEPHOrO CKJO-
HOB, YTO COMPSKEHO C MPMXUMAHUEM CTPEXHS TEMMbIX
Boa CeepHoi BeTBM 3KT B X0N04HYIO NONOBMHY roaa
K 3anafHO-KaMyaTCKOMY CKJIOHY. B LieHTpanbHOM YyacTu
BnaauHbl TMHPO, roe B nepuop HepecTta Bceraa 4oMU-
HMPOBANA LMKNOHMYECKAN UMPKYNALMS, MKPA NPAKTU-
yecku He Habnpanace.

B pacnpeneneHun ukpbl CEBEPHOTO paioHa oTMe-
Yyanacb JOBOJIbBHO XOPOLWO BblpaXeHHas 3akoHoMep-
HOCTb: B TENJIble, MaNoNeLOBUTbIE rOAbl MHTEHCUBHbIM
HepecT oTMeuancs Ha nsobatax 140-150 m nputa-
ynckoro wenbda mexay 148-152° B. a. MNocne cypo-
BbIX 3UM 60MbLIOK 0OBEM XONOAHbIX, MAOTHbIX LWENb-
¢dosbix Boa (MWB) npengaTcTtBOBan MPOHUKHOBEHWUIO
Bon Ténnoi CesepHoi BeTBM 3KT Ha npuTaymckuin
wenb®. B pesynbraTe, HepecT cMewanca Ha usobartsbl

2 Mapees H.C., CMupHoB A.B. 1992. Pacnpeaenexve u MUrpaumm MUHTas
B ceBepHoW Yyactn Oxotckoro mops. len. so BHUIPX, YK 597.21.51 c.
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220-240 ™M ceBepo-3anagHoOro ckjioHa BnaguHbl TUH-
PO, a Takxxe K 1ory oT ceBep0o-0X0TCKOro wenbda mexay
144-148° B. A.

N3 0606WEHHOM KapTbl CKOMJEHUI CEeroneTok
MWUHTaa 3a ceHTa6pb-aekabpb, NpuBeaEHHON B pabo-
Te [Papees, CMupHOB, 19922], cnefyeT, YTo BCE OHMU
pacnosiaratoTcs B AMana3oHe NpUAOHHbIX TeMnepaTyp
-0,5...+1,5 °C 1, yTO BaxKHee, NCKNOYNTENBHO HA NpU-
b6pexHon ctopoHe obnacten xonona (CeBepo-0XOTCKOM,
3anagHo-KamyaTckon mn 3anuea Lenmnxosa). MoxHoO
npeacTaBUTb, HACKObKO pa3HbIM OyaeT NyTb B NpU-
H6pexHble paloHbl 1, COOTBETCTBEHHO, pa3Has cyabba
UXTUOMNAHKTOHA NPU HepecTe OCHOBHOW A0/ MUHTas
Ha NpuTayncKoMm wenbde (Hefaneko oT 6raronpuUsTHOM
npuBpPEXXHOM BbIPOCTHOM 30HbI) UKW MPU HEPECTE HX-
Hee CeBepo-0XOTCKOro fApa xonoaa (Ha 3HaYMTENbHO
6onbLieM pacctosiHum). 1o 3TUM e NpuYMHaM HepecTu-
nvwa 3anagHoi Kamuatku, 3anmsa Lennxosa u npu-
Taynckoro wenb®a B TENbIE FOAbI ABNATCA Hanbonee
6n1aronpuaTHbIMK A5 YCNELWHOro HepecTa MUHTas. Bos-
MOXHO, YTO HEPECT Ha HXXHbIX CKJIOHaX BO3BbIEHHO-
ct1 Jlebens — 370 BbIHYXXAEHHAA Mepa, BO3HMKAOLWAS
B Hanbonee X0NOAHbIE rOAbl, KOTAA HEpPeCcToBble M3006a-
Tbl MpuTayrickoro wenbda 3aHaTol MLB 1 MeHee 6na-
ronpUATHbI MO TEPMUYECKUM U LUPKYNALUOHHBIM YCNI0-
BMAM OJ15 HepecTa.

Kak y)ke oTMeuanocb, 3anacbl MMHTas UCMbITbIBA-
0T B0NbWNE MEXIOAOBbIE U3MEHEHUS, ONpeaenéHHas
4aCTb KOTOPbIX HE CBSI3aHa C MPOMbIC/IOM U UMEET Npu-
pOAHble NMPUYUHBIL. MicCnenoBaHUI0 BAUSHUS Cpelbl Ha
KonebaHMs YNCNEHHOCTU MUHTas ceBepHOW YacTu OxoT-
CKOro Mops NocBsWEH 6onblon pas paboT [HanpuMmep,
KauuHa, Cepreesa, 1981; KapmaHos, 1982; Bacunbkos,
meboea, 1984; Nasbigos, 1984; LUyHToB, 1985; 30-
nortos, 1991; ®anees, CMupHoB, 1992; WyHTOB M Ap.,
1993; bopeu, 1997; Klyashtorin, 1998; ®anees, 2001;
WyHToB, 2001].

I.E. KapmanoB [1982] cuuntan, uto 61aronpuaTHbIMMU
N9 HepecTa A0J/IXKHbI ObITb TENMbIE FOAbl C YCTONYMBbLIM
HanpasneHHbIM Ha cesep 3KT, ¢ MeHbl el NoBTOpSsie-
MOCTbIO aTMOChEpPHbIX LMKNOHOB, C 0cnabneHmem nonu
CUNbHbIX BETPOB U BoNHeHMS. W.B. [1aBbif0B B paHHUX
paboTax yTBepxAaan, uyto Ang MuHTas bonee Gnaronpu-
ATHbI XONOAHbIE FOAbl, KOTAA HA 3anafHoM nepudepun
3KT popMupyoTCa UMKNOHUYECKME BUXPU (Mpeanono-
XUTeNbHO, 6oratble KOPMOM) M NOBbLILLAETCS BbIHOC NYK-
HOK B UX npepensl. [lo3gHee OH NpUCOeaMHUNCS K MHe-
HUIO O TOM, YTO BnaronpuaTHee TEN/ble roabl U Apend
uKkpbl Ha ceeep [[asbinos, 1984]. B.T1. lWyHToB [1985,
2001] Takxke NpuLWEN K BbIBOAY, YTO B TEMJIbIE TUMbI N1ET
YPOBEHb 3aNacoB U YPOXXAMHOCTb MUHTAS MOBLILWIAKOTCS.
B pabote [KauunHa, Cepreesa, 1981] nony4yeHbl BbICOKME
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KO3(P®dOULMEHTbI BbIXKMBAEMOCTU MUHTAa ang 1960-x rr.,
W, CYMTas 3TOT Nepuos NPeuMyLLeCTBEHHO XONOAHbIM,
aBTOPbI OLEHUSIU XONOAHbIE Tofbl, Kak Bonee 6naronpu-
atHble. B.I. Bacunbkos n C.10. [nebosa [1984] koHcTaTh-
poBanu OTCYTCTBME MPSAMOTO BAUSHUS TEPMUYECKUX YC-
NOBWWA, MONYYMB HEBBICOKME KOIPODULIMEHTBI CBS3U YPO-
YKaMHOCTU MOKONEHUI MUHTASA C N€A0BUTOCTHIO 3UMbI Te-
Kywero roga. Takxe 6bin1a BbigsBneHa cnabas cBS3b Mex-
Ly Ko3DdUUMEHTaMU BbXKMBAHMUSA MUHTASA U NNOLWAAbIO
NPUAOHHBIX XONOAHbIX BOL B ABE NOC/IeAyOLWMe BECHbI,
a Takxe TeMnepaTypow BOAbl B IBe NOCNEAYHOLME 3UMDI.
Tem He MeHee, aBTOPbI OTMETU/IN, YTO YPOXKAHOCTb MUH-
Tag onpenenseTcs yCJOBUSIMU €ro BbKMBAHUS Ha paH-
HUX CTagMAX Pa3BUTUS U, MPULLIN K BbIBOAY, YTO YC/IOBUS
TENNbIX BECEHHMUX CE30HOB BnaronpusaTHee, YeM X004 -
HbIX.

B pab6ote [KoTeHéB u ap., 2019] BbIIBNEHA AOCTO-
BEpHas CBA3b MeXAY aHOManuamu 6MoMacchl HepecTo-
BOrO 3anaca v CpefHUMU 3UMHUMU aHOMANTUAMU TEM-
nepatypbl noBepxHoctu OXOTCKOro Mops Ans CceBepo-
0XOoToMopckon nonynauuu MuHTas (r= 0,60). YctaHoBne-
HO, YTO NpPU MONOXMUTENbHbIX AaHOMANUAX TeMNepaTypbl
Habntopaetcs 6onee BbICOKMI YPOBEHb 3aNacoB, YEM MNpwH
oTpuLaTenbHbIX (puc. 9).

M.B. daebipos [1975] oTmMeTn cBSA3b NepuoaoB Mno-
BbILUEHHOM YNCNIEHHOCTU MUHTasa (1964-69 rr.u 1976-
80 rr.) c NOAbEMOM CONMHEYHOW aKTMBHOCTM B 11-neTHmx
LMKNAX, @ MOHMXKEHHOM YNCIEHHOCTU — C BETBSIMM CMaja.

J1.B. KnawTopuh [Klyashtorin, 1998] o6Hapyxun Ha-
JM4Me BbICOKOW KOPpensunm Mexay CKOpOoCTbio Bpalle-
HUS 3eMAU M yNOBaMU MHOIMX MacCOBbIX BUAOB pbIb.
Ona muHtaa CesepHoi MNaundukm Takas cBA3b Xapak-
Tepu30Banach BbICOKMM MONOXMUTENbHBIM KO3DPULMEH-
ToMm (r = 0,84). Co cKOpPOCTbIO BpaLLEHNS TECHO CBA3aHbI
MHAEKCbl rNobanbHbiX GOPM aTMOCHEPHON LUMPKYNSLUNA:

npu yBeIMYEHUM CKOPOCTU BpaALLEHUS BO3paACTaeT No-
BTOPSEMOCTb 30Ha/IbHbIX (OPM, YTO CONPOBOXAAETCS
noBblWeHWeM rnobanbHOM TeMnepaTypbl BO34yXa; Npu
3aMefneHnn CKOpOCTU AOMUHUPYIOT MEPUAMOHANbHbIE
(hOpMbI ULMPKYNSLMKM M OTMEYaeTcsa noxonomaHue. Mcxo-
19 U3 LOMUHUPOBAHMS B KoNebaHUsAX CKOPOCTU Bpalle-
Hust 40-60-neTHen NepMoaMYHOCTH, aBTOP Npesnoo-
Xun, uto npumepHo fo 2015 r. 6yaeTt oTMeuaTbes ycune-
HWe NOBTOPSEMOCTU MEPUAMOHANbHBIX GOPM LUPKYNS-
LMK, CnefoBaTenbHO, MOXON0AAHUE U CHUXEHWE 3anacoB
MMHTaS.

Takum 06pa3om, 6oNbLWIMHCTBO UCCNefoBaTeNel CBS-
3blBaeT U3MEHEHME 3aMacOB MUHTAA C YepenoBaHWEM
TENNbIX M XONOAHbIX NIeT u Honee ycnewHbIM ero BocC-
NpoOM3BOACTBOM B TENJble TUNbI NeT [Bacunbkos, Mebo-
Ba, 1984; NaBbinos, 1984; ®anees, 2001]. Mo nopcyétam
A.J1. ®urypkuHa [2003] 3@ BCIO UCTOPUIO U3YYEHUS MUH-
Tas B rofbl, KNaccMduLUMpOBaHHbIE KaK TEM/ble, 0OTMeYa-
Nnocb L0 85 % BCeX YpOXaMHbIX U BbICOKOYPOXKaMHbIX NO-
KoneHun MnHTas OxXoTckoro Mops.

Ha puc. 10 n 11 nokasaHbl, COOTBETCTBEHHO, U3MEHE-
HUS CpefHen ANa KKAO0ro cios 06MTaHMsa MMHTas cpea-
HeronoBoOKM TemnepaTypbl BOAbI NO BCEMY PalOHY Hepe-
CTa M OTAENbHO Ha wenbde U cknoHe 3anagHon Kamuat-
Ku. Bce KpMBble LEMOHCTPUPYIOT OTYET/IMBYH TEHAEHLMIO
K pocTy TeMnepaTypbl B nepuog, ¢ 1993 r. no HacTosee
BpeMs.

MpumepHo ¢ 2004 r. no HacToawee Bpems B Ox0T-
CKOM MOpe OTMeyaeTCsl NefOBUTOCTb HUXE CpefHero
MHOrosIeTHero 3Ha4yeHus (puc. 12); npumMepHo c 3TOro xe
BpeMeHu (c 2006 r.) 3HaUMTENbHO CHM3MNACh U NPOAYK-
LMS NIOTHBIX WenbdoBbix BoA (puc. 14).

HabntopaeMoe nosbileHWe TENIOCOAEPXKAHUS NPO-
MEXYTOUHbIX, @ C 2014 . — 1 rny6UHHbIX BOA, O4EBUAHO,
CBSI3aHO C YMeHbleHuem npoaykuun MLB ¢ ycnosHoM
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Puc. 9. lnHamuka aHoManumit 6Momacchl HEpeCToBOro 3anaca MMHTas ceBepHoi Yactn OxoTckoro Mopsi (BH3, ctonbukm) u cpenHux
3UMHUX aHOManMi TemnepaTypbl NnoBepxHocTn OxoTckoro mops (ATIMO, nnHKUS)

Fig. 9. Dynamics of anomalies of spawning stock biomass of northern Okhotsk Sea walleye pollock (SSB, bars) and mean winter
sea surface temperature anomalies of the Sea of Okhotsk (SSTA, curve line)
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Puc. 10. CpenHsasg Temnepatypa Boabl B cnosix 50-100, 100-200, 200-300 n 300-500 m ong pavioHa 50-60° c.w., 140-157° B. A.
MYHKTUPHbBIMK IMHUSMU MOKa3aHbl CPelHEMHOIONETHWE 3HAYEHUS TEMNEPATYPbI BOAbI B KAXA0OM U3 C/I0eB

Fig. 10. Mean annual water temperature averaged over water layers: 50-100, 100-200, 200-300, and 300-500 m for the region
50-60°N, 140-157°E. Dashed lines show the mean long-term values of water temperature for each layer
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Puc. 11. CpepnHas TemnepaTtypa Bog B cnosx 50-100, 100-200, 200-300 M Ha wenbde u cknoHe 3anagHon Kamuatkm (50-
58° c.w., 154-156° B. A.). [lyHKTUPHBIMWU AUHUAMM NOKA3aHbl CPEAHEMHOTONETHUE 3HAUYEHUS TeMMepaTypbl BOLAbI B KXA0M U3
cnoes

Fig. 11. Mean annual water temperature averaged over water layers 50-100, 100-200, and 200-300 m on the shelf and
continental slope of West Kamchatka (50-58° N, 154-156° E). Dashed lines show the mean long-term values of water
temperature for each layer

nnoTHocTblo 6onee 26,80, cnocobHbIX CKaTbIBATLCS [0
rnybuH 6onee 500 m (puc. 13).

MOXHO NpeanoNoXnTb, YTO NOC/IE MATKMX 3UM (KOraa
1M GOpPMUPOBAHME CE30HHOIO MUKHOKIMHA HAaYMHAETCSs
3HAUUTENbHO paHblie, n 06NaCTb BAUSHUS CTPATUDULM-
poBaHHbIx Bog, CesepHoit BeTBM 3KT 3HAUMUTENLHO WKpe
M HepecT NpouCxXoamT 6amxke K 6yAyLWMM BbIpOCTHbLIM

30

30HaM), 06/1aCTb, UCMbITbIBAOLLAS HaMboONblLee BAUSHME
3KT v TpagMuUMOHHO BnaronpuaTHas ANs YCNeLwHoro He-
pecTa (3anafHO-KaMuyaTCKui Wwenbd), CyLecTBEHHO pac-
LUMpaeTCca B CTOPOHY 3anuBa LllenuxoBa 1 nputaymnckoro
paioHa, COOTBETCTBEHHO YBENMUYMBAETCS BEPOSATHOCTb
NosIBNIEHMS BbICOKOYPOXAMHOIO MOKOJIEHUS, B CpABHE-
HWUM C YCNOBUSAIMM MOCSE XONOLHbIX 3UM.

Trudy VNIRO. 2022. V. 189. P 16-44



A.C. KPOBHUH, 10.U. 3YEHKO, A.J1. DUT'YPKUH, I'.B. XEH, K.K. KUBBA, 10.B. HOBUKOB, O.5. TENHUH
OKEAHOJTOTMYECKME YCJTOBMA B NPEAESTAX OCHOBHOTIO APEAJTA MUHTAS

100

A ——I-IV ———maKc

o

VA%
i

70

60

JNlepoBUTOCTD, %

50

40

30

1955

o LN o
(<)) D )}
— i i

1965

o
o)}
i

1985
1990
1995
2000
2005
2010
2015
2020

Puc. 12. '3ameHeHna cpeaHen 3uMHeN (SHBapb-anpenb) (CMHWUI LBET) U MaKCMMaNbHOM (OpaHXeBblM LBET) NAOoWaan Nbaa
B Oxotckom Mope 3a 1957-2021 rr.

Fig. 12. Changes in mean winter (January-April) (blue line) and maximal (orange line) ice cover area in the Sea of Okhotsk for

1957-2021
80 ice NW Sh 10
N o
70 8 %
_7:
2 NS\ N \’\ 3
2 60 6
(8]
: /\ I \/\ M-
=
850 A A /\ I 45
& V —3$
= o
40 \AIn \/ 2
A}, I &l\\/'l
30 T T 1 T 1T T T T T T 7T L T T T 0
o & a S 8 3 3 I
()] [e)} [e)} o o o o o
i — — o o o~ (9] (9]

Puc. 13. CpenHss 33 sHBapb-anpenb 1ef0BUTOCTb (%) OxoTckoro Mops 1 o6bemM MMLUB (103 kM3) ¢ ycnoBHOM NNOTHOCTLIO Gonee 26,8
B [BYX OCHOBHbIX parioHax ux dopmuposaHms (wenbd 3anagHon Kamyatku (Sh) n cesepo-3anaaHbivi wenbd (NW))

Fig. 13. Changes in ice extent (%) averaged over January-April in the Sea of Okhotsk and volume of dense shelf water (DSW Vol)
with ¢ > 26.8 in two main regions of their formation (West Kamchatka shelf (Sh) and northwestern shelf (NW))

Ho BO3MOXHO TakXe, YTO YCTOWYMBAA TEHAEHLUS
K MOTEMNIEHUI0 MOXET UMETb U OTpULLATeNIbHbIe MOCNeA-
CTBMS: Y>Ke ceiyac HabnoaaeTcs He TONbKO pacluupeHue
apeana Haryna MMHTas Ha CeBep, HO U IBHOE yXyAlleHue
ero BOCMpOM3BOACTBA Ha tore apeana.

CnepyeTt OTMETUTb, YTO KaxylLeecs NpoTuBopeyne
B XapaKTepe BAUSHUSA TEPMUYECKMX YCIOBUIM HA ypo-
KaMHOCTb MUMHTaa B bepnHrosom n OxoTckom Mopax
(8 bepnHroBoM Mope ypoxaiHble MOKONEeHUS MUHTas
dhopMupyOTCS B rogbl C 61M3KOM K CpeaHEMHOroneT-
Hel TemnepaTypoi Boabl, @ B OXOTCKOM Mope — B Té-
nfble rofbl) CBA3aHO CO CNefyoWwmnM 06CTOATENIbCTBOM.
[naBHble MecTa BOCNPOM3BOACTBA MMUHTas B OXOTCKOM

Tpyas BHUPO. 2022 r. T. 189. C. 16-44

n beprMHroBoM MoOpsix — MX BOCTOYHbIE YacTu. [1pu 3TOM
B BOCTOYHOW Yacti bepuHrosa Mops TemnepaTypa BOAbl
3aMeTHO BbIle, YeM Ha BocToke OxoTckoro mMops. Mo3-
ToMy B Ténnble Ang OXOTCKOro Mops rofpl, TeMnepaTypa
BOAbl B bepuMHroBomM Mope HaxoaMTCa Ha YpoBHe cpea-
HUX NeT.

lOxxHo-Kypunbckuin parion (FOKP)

OCHOBHble HepeCcTUNMLLA 3UMHEe- U BECEHHEe-Hepec-
TYIOLLEro MUHTAs PacnonOXeHbl C OXOTOMOPCKOM CTOPO-
Hbl OKP — B KyHawunpckom nponuse u 3an. [poctop; Tn-
XOOKeaHCKas CTOpOHa — paloH Haryna MOnoam U cpej-
HEBO3paCTHOr0 MUHTas.
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MccnepoBaHms BHYTPUIroL0BOM MU3MEHYMBOCTH OKea-
HONOMMYECKNX YCIIOBUIM C TUXOOKEAHCKOM cTopoHbl HOKP
nokasasm Ux NepBOCTENEHHYI 3aBUCMMOCTb OT afBEK-
TUBHbIX dakTopoB [PurypkuH, Xuranos, 2010]. C Tnxo-
okeaHckon ctopoHbl KOKP B MapTe 6blnM BblgeneHbl ABa
TMna wenb®oBbIX BOA M BoAbl TeueHus Orsacmo. Kpome
TOro, B OTZE/bHble roAbl HAbNAANMCh 3HAUUTENbHbIE 3a-
TOKM OXOTOMOPCKMX BOA, Yepe3 nponusbl ®pusa u Exa-
TEPUHbI.

Ha ocHoBe gaHHbIX, nonyyeHHbIx cyaamu TUHPO
B MapTe 2000-2022 rr., 6b11M paccuMTaHbl CpeaHeB3Be-
LUEHHbIE 3HAYeHUs TeMnepaTypbl U CONEHOCTU B CNOAX
0-50 m,50-100 M 1 100-200 ™. Pacuét npomnssogmncs
LN TPEX pa3pe30B C OKEAHCKOW CTOPOHbI B BOCTOYHOM,
LeHTpanbHOM m 3anagHoi vactax FOKP HaunHatowmxcs,
COOTBETCTBEHHO, OT np. ®pu3a, ot 3an. Kacatka u ot np.
ExkaTepuHbl (puc. 14).

MpeobnapaHue Ha pa3pese Tex UK UHbIX BOA, OMpe-
fenstoleecs UHTEHCMBHOCTBIO M HaMpaB/ieHUEM Teve-
HWI, BbI3bIBAET CUHXPOHHOE U3MEHEHUE TeMNepaTypbl
n conéHoctu. Tak, Ha paspese y np. EkatepuHbl — 370
wenbdosbie Boabl KOxHO-Kypunbckoro nponvea, BOAbI
Ownscmo u 3atokm n3 Oxotckoro Mops [PurypkuH, Xu-
ranos, 2010]. Ha pa3pese ot 3an. Kacatka — wenbdo-
Bble BoAbl MTypyna, Boabl Oisicuo 1 3aTokn 13 OXOTCKO-
ro mops. Ha paspese y np. ®pn3a — 370 0XOTOMOpCKMeE
BOAbl M BOAbl Orscro. B otaenbHbie 04eHb XONOAHbIE UK
TENAble roAbl B pe3ynbrate TennoobmeHa ¢ aTMocdepon
CUHXPOHHOCTb TEPMOXANIMHHOM M3MEHYMBOCTU HapyLUla-
eTcs. I3MeHYMBOCTb Ha BbIGpaHHbIX pa3pe3ax xapakre-
pU3yeT rMAPONOrnMYeCcKUii peXXnMM panoHa B LLeNoM.

KonebaHusa cpenHeB3BeLEHHbIX 3HAYEHUIH TeMmne-
paTypbl ¥ CONEHOCTU Ha pa3pe3ax C TUXOOKEAHCKOM CTO-

147

41645 146

148

poHbl OKP npencraBneHbl Ha puc. 15. Kak otMeuanoch
Bbllle, Ha BCEX pa3pe3ax Bapuauuu TemnepaTypbl U CO-
NEHOCTM NPOMUCXOAAT OAHOHANpaBneHHo. McknoyeHus
HabnwopatoTcs B otaenbHble roabl ans cnos 100-200 m.
Mo BceM pa3pesaM (N0 paioHy) He BbiIBNEHO TPEHIOB
MOBbILLEHMS U MOHUXKEHMS TEMMNEPATYPbl U CONEHOCTMU.
Mpu 3TOM HaMMeHblIME TeMMepaTypbl MPU HU3KOM CO-
NEHOCTU BO BCEWM paccMaTpMBAEMOI TOJLLE BOL OTMeYe-
Hbl Ha pa3pe3se oT np. EkaTepuHbl, BbICOKME TeEMNepaTypa
M CONEHOCTb — Ha pa3spese oT np. ®pusa, NpoMexyTou-
Hble — Ha pa3pe3se oT 3an. KacaTka.

B mapte 2000, 2013 1 2017 rr. Ha pa3pe3e OT np.
ExkaTepuHbl npeobnafanu 0XOTOMOPCKME BOAbI 33 CHET
MHTEHCMBHOrO cTokKa U3 np. Ekatepuusl. B 2001, 2007
1 2018 rr. npeobnapganu Boabl ONACKO 32 CHET UHTEHCU-
dukaumm TedyeHms. B octanbHble rogbl Ha paspese npe-
obnapanu wenbdposblie Boabl HOXHO-Kypunbckoro npo-
nuea. B 2001 r. oTMeyeHa HM3Kasg TeMnepaTypbl B C/0e
100-200 M M. B 2018-2022 rr. Habnoganacb NOBbILWEH-
Hasg cpeaHeB3BelleHHas TeMnepatypa B cnoe 0-200 m.

B mapte 2013 u 2017 rr. Ha pa3pe3e oT 3anuBa Ka-
caTka npeobnafanvu oxoToMopckue Boabl B cnoe 50—
100 ™M 3a cuét cToka u3 np. ®puza. B 2007,2018 n 2019
Ha pa3pe3e npeobnaganu soabl Oisacmo. B octanbHble
roabl Habnwganuce wenbdosbie Boabl. B 2001 r. oTMeye-
HO HUM3KOoe TennocoaepxaHue B cnoe 0-200 m. B 2018-
2022 rr. HabnofanocCb NOBbIWEHHOE TEMIOCOAEPXKAHME
B cnoe 0-200 m.

Pa3pes ot np. ®pur3a otnmMyaeTcs 3HaUYMTENbHOM U3-
MEHYMBOCTbIO TennocoaepxaHmsa. B mapte 2005, 2006,
2012-2014, 2017 v 2019 rr. Ha pa3pe3e npeobnasa-
nu oxoTomopckue Boabl, B 2000-2002, 2004, 2007~
2011, 2015, 2018, 2020-2022 rr. — Boabl TeyeHus On-

149 150 151

45

44

43

Puc. 14. Cxema paspe3oB 1 NONOXEHME CTaHLMI B TUXOOKeaHCKMX Bogax OKP

Fig.14. Scheme of sections and stations in Pacific waters of the South Kuril Region
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Puc. 15. MameHumMBOCTb CpeaHeB3BeELEHHOMW TeMnepaTypbl (cneBa) M conéHocTu Boa (cnpasa) B mapte 2000-2022 rr.
B TMXooKeaHckoi yactu KOKP B cnoe 0-50 M (cuHue nuHum), 50-100 M (opaHxeBble nnHumn) n 100-200 M (cepble NUHUN).
Paspesbl: (a) oT np. EkatepuHa, (6) ot 3an. KacaTka, (B) ot np. ®pusa

Fig. 15. Variations of mean weighted temperature (left panels) and salinity (right panels) in March, 2000-2022, in Pacific waters
of the South Kuril region for layers of 0-50 m (blue), 50-100 m (orange), and 100-200 m (gray). Transections: (a) from the Strait
of Ekaterina, (6) from the Kasatka Bay, (B) from the Vries Strait

scno. B 2001 r. Habntoganocb HU3KOe TeNNoCoaepxaHue
B cnioe 100-200 M, a B 2018-2022 rr. — NoBbIlWEHHOE
TennocoaepxaHue B ciioe 100-200 m.

Takmm obpasom, B MapTe 2013 1 2017 rr. oxoToMop-
CKue BOAbl Npeobnaganu Ha pacCMaTpUMBaeMoOl akBa-
Topun okeaHckol ctopoHbl KOKP 3a cYéT MHTEHCHMBHO-
ro ctoka yepes nponusbl EkatepuHbl u ®pusa, B 2007
n 2018 rr. npeobnaganu soabl TeyeHus Onsacumo.

B 2001 r. no BceMy paioHy Habnwaanocb HM3Koe
TennocoaepxaHue B cnoe 0-200 M, Nn0O3TOMY €ro Mox-
HO OTHECTM K aHOManbHO XonoaHbIM. B nepunog 2018 -
2022 rr. HabnopaNoCh NOBbILEHHOE TEMNOCOLEPXKAHUE
B cnioe 0-200 M, MO3TOMY 3TM roAbl MOXHO XapakTepu-
30BaTb KaK Ténnble.

Tpyas BHUPO. 2022 r. T. 189. C. 16-44

CnepyeTt OTMETUTDb, YTO HA AKBATOPUM MENKOBOLHOIO
HOxHo-Kypunbckoro nponvea Bcerga npeobnanatoT wenb-
¢doBble BOAbl, bopMUpytOLLMecs 32 CHET NOCTOSIHHOIO CTOKA
0XOTOMOPCKWUX BOA B H6onbluer cTeneHn yepes nponus Eka-
TepUHbI, B MeHbllen — yepes KyHalwmpckuin nponus. Ha ak-
BaTopum KOxHO-KypnabCckoro NnponmMBa NpakTMYecku Bcer-
[a npeobnafatoT 0XHble — Kro-3anafiHble MOTOKM C Bbl-
HocoMm Bog, yepe3 nponus LLnanbepra v gpyrue nponussl
Manon Kypunbckowi rpaabl [OurypkuH, Xuranos, 2010].

OCHOBHOV MpOMbICEN MUHTas BEAETCA C TUXOOKEaH-
cKoM cTopoHbl KOxHbIX Kypun, 3aech fLobbiBaeTcs 6onee
80% Bcero ynoBa. B teueHne 2000-x rr. BbINOB MUHTas
coctasnan 7-10 TeiC. T, B NoOCnegHee pecatuneTue oH
yBenmumunca 0o 70-105 teic. . OCHOBHbIe NPOMbICNOBbIE
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CKOMMEHUs B BeCEHHME Mecsubl GOpMUpYIOTCS npen-
MyLLEeCcTBEHHO Hedaneko oT 6epera B NPMAOHHOM C/0€
wenbdoBOM 30HbI U Havane ceana rybuH [OBCSAHHUKOBA
n op., 2021]. Jletom pbiba cMewaeTcs ganblue oT 6epera
3a npegensl wenbda u GopMupyeT CKONIEHMS B BEPXHEN
4acTu NPOMEXYTOYHbIX BOA,.

OcobeHHOCTH LUMPKYNSLMM BOA, ONpPeaensioT apeid
W pacnpepeneHne MKpbl MMHTas no akeatopuu HOKP
B MapTe [OBcsiHHUKOBA U Ap., 2010]. OyeBnaHO, 4TO Me-
XXroA40Bas M3MEHYMBOCTb NONS TEYEHUIM U, COOTBETCTBEH-
HO, MONIOXXeHWe BOAHbIX MacC 00yCN0BAMBAET HE TONbKO
pacnpeneneHune UKpbl, HO U OKa3bIBaeT BINSHUE Ha €é
BbXXMBAEMOCTb. JTO, B CBOKD O4Yepefb, MOXKET SBNATbCS
0AHUM 13 dhakTopoB GOPMUPOBAHUS YPOXKAUHOCTHU MO-
koneHm MunHtas B FOKP.

fAnoHcKoe mMope

KnumaTto-okeaHonormyeckas cucrtema SIMOHCKOro
MOpS, HAXOAALWEroca Ha XHoM nepudepun apeana
MUHTas, NPUHLUMNMUANBHO OTIMYAETCA OT YCNOBUIA B OC-
HOBHbIX PalOHax ero 06MTaHMS U, MOXHO CKa3aTb, Yy-
XAaa atomy Buay. lMpexae Bcero, AnoHckoe Mope gBnseT-
CS eOUHCTBEHHBIM MOpeM MUPOBOro OKeaHa, Yepes Ko-
TOpoe NpoXoauT nnaHeTapHbin Cy6apKTUUYECKUA PPOHT.
JTa 0CO6EHHOCTb OMNpeaensieT peskue pasnnuns Mexay
ceBepo-3anagHon — cybapKTu4eckon M ro-BoCToY-
HOM — Cy6TpONMYECKON ero 4acTamMu. AKTUBHOMY NOCTY-
nieHuto cybTponuyeckmx Bog B npeaensl mops ¢ Llycum-

CKWM TeueHwueM (B cpeaHeMm 2,6-2,7x10° m3/c [Taegue et
al., 2005]) Hemano cnoco6CTBYeT CUNbHbINA NETHUI MYyC-
COH, NOA, AEeNCTBMEM KOTOPOrO Pacxof TeYEHUS B KOHLE
neTa Bo3pacTtaeT o 7,2-7,7x10% m3/c [Hahn, 1991]. Ha-
NpOTMB, 3MMOI SNOHCKOE MOpe MOABEPXKEHO BAUSHUIO
3UMHUX MYCCOHHbIX BETPOB, 13-33 YEr0 3UMbl B 3TOM pe-
rmoHe BecbMa CypoBbl. OrpoMHble NoTepu Tenaa noBepx-
HOCTbO MOPS 3UMOW B COYETAHUU C OTCYTCTBMEM TEMIOrO
NPOMEXYTOUYHOr0 €109 (OKeaHMYeCcKMe NpoOMeXyToUHble
BOAbl HE MPOHMKAIT B SINOHCKOE MOpe M3-33 MEeNIKOBO-
[LHOCTM NponnBOB) 0OYCNOBNINBAIOT Pa3BUTME MOLLHOM
KOHBEKLMU, KOTOpasi A0 NOC/IeHEro BpeMeHW BEHTUIU-
poBasia BCK 3,5-KMNIOMETPOBYHO TOJLLY BOA, MOpS. DTUM
00BACHAETCS UCKITYUTENBHO BbICOKOE HACbILWEHME TNy-
HOUHHbIX CNOEB AANOHCKOro MOPS KNCNOPOAOM — HE HUXE
4,9-5,2 Mn/n B Cnoe MMHUMMYMa KMCNOpPOAa Ha rybumHax
1400-1800 ™ [JlyunH, 2004]. OnHako B nocnenHue pecs-
TUNIETUS U3-33 NOTENNIEHNS KIMMaTa MOLLHOCTb ryboKo#n
KOHBEKLMM yMeHbluunacb npumepHo o 400 M, a ckno-
HOBAs KOHBEKLMS, BEHTUIMPOBABLLASA NPUAOHHbIN C/IOM
Mops, CMIbHO 0cnabna, no3ToMy B rMYOUMHHOM M NPUAOH-
HOM CNosX COAEpXaHWe KUCN0POAA CHUXKAETCS.

MuHTal B ANOHCKOM Mope 0BMTaeT MpenuMyLLeCcTBEH-
HO B MPOMEXYTOYHOM BOLHOM Macce. XO/IO4HbIM NOAMO-
BEPXHOCTHbIM C/IOW 34ech c1abo pa3BuT, u B CybapKTu-
4YeckoM CeKTope MOops MPOMEXYTOUHbIE BOAbl pacnona-
ratTCs HENOCPeACTBEHHO MOJ CE30HHbLIM NMUKHOKINMHOM
(puc. 16). Ha Bcer akBaTopum MOps 3Ta BOAHAas Macca

k nn /rnu I‘ICA\ nerT \ ncT —
20-30 m
nc
200-300 m
NPOMEXYTOUHASs
700-1000 m rmy6uHHas
2000-2500 m
\ [OHHas [

Puc. 16. CxeMa pacnonoxeHus BOAHbIX MAcC Ha YC/IOBHOM paspese C CeBepo-3anafa Ha toro-BoCcTok AnoHckoro Mops. BodHsie

maccer: MM — npubpexHas nosepxHocTHas, MU — noBepxHocTHag wenbdosas (Mpumopckoro TeyeHus), MNCA — noBepxHOCTHas

cybapkrtunueckas, MMCTT — noBepxHOCTHas cybTponuyeckas TpaHcpopmupoBaHHas, MCT — noBepxHOCTHAs cybTponuyeckas,

BUT — Uycumckoro teuenus, MM — noanosepxHocTHas wenbdosasd, MMNCTT — nognoBepxHocTHas cybTponuyeckas

TpaHcdopmupoBaHHas, MNMNCT — nognoBepxHoCcTHas cybTponuueckas. [lognoBepxHocTHas cybapkTuyeckas u 4oHHaa wenbhosas
BOJHbIe MACCbl Ha CXeMe He MoKa3aHbl

Fig. 16. Scheme of water masses at conventional section in the Sea of Japan from northwest to southeast. Water masses: CS —

coastal surface water, SS — surface shelf water (Primorskoye current), SSA — surface subarctic water, MSST — modified surface

subtropical water, SST — surface subtropical water, TSCW — Tsushima current water, SSS — subsurface shelf water, MSSST —

modified subsurface subtropical water, SSST — subsurface subtropical water. Subsurface subarctic water and bottom shelf water
are not shown on the scheme
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MMeeT NMPUMEPHO OAMHAKOBbIE XapaKTEPUCTUKU (TEM-
nepatypa 0,5-1,5 °C, conéHoctb ot 34,04-34,06 Ha
cesepe 00 34,07-34,10 Ha tore Mop4), 4TO MO3BOAMNO
MUHTAK0 OCBOWUTb KaK CybapKTUUYECKMI, TaK 1 cybTponu-
YeCKui cektopa, 6€30THOCUTENBHO YCI0BUI B BEPXHEM
cnoe mops.

KpynHomacwtabHbie M3MEHEHUSI OKEAHONOTMYECKUX
yCN0BMIA B INOHCKOM MOpe B Noc/iefHue fecsaTunetms
HanpaBneHbl B CTOPOHY MOTenneHns Bo Bcex cnoax. Ha
NOBEPXHOCTU noTenneHune 0bycnoOBAEHO, B OCHOBHOM,
ocnabneHnem 3MMHEro MyccoHa m notomy bonee Bbl-
paXKeHO B 3UMHUI CE30H, MpUYEM, nocne casura 1988 -
1989 rr. coXpaHsAeTCst OTHOCUTENBbHO CTAabUNbHbINA PEXUM
C NOBbILWEHHOM TeMnepaTypoi (puc. 17). B npomexyTou-
HOM BOAHOW Macce, BEHTUIMPYEMOW 3UMOM, POCT TEM-
nepaTtypbl HabnOAAETCS M 3UMOMN, U IETOM, MPUYEM, OH
He NpeKpaTuaCs, a 1Llb 3aMeAINACS B MOCNeAHNE rofbl
(puc. 18). MexrofoBblie U3MeHeHUs TeMnepaTypbl BOAbI
3HaUUTENbHO MPEBOCXOANAT U3MEHEHUS KIMMATUYECKOTO
MacwTaba no amMnauTyae, HO NPOMCXOAAT pa3HOHanNpas-
NeHHo. [NoOMUMO M3MEHEHUIT TEPMUYECKOTO pPeXMMa, ANs
SINOHCKOro MOP$ aKTyanbHbl TaKXKe TeHAEHUMU ycune-
HUS TEMNIbIX TEYEHUI U CMelLeHns K ceBepy MongpHoro
dpoHTa.

Mpu WMPOKOM pacnpefeieHUn Haryl1bHOro MUHTas,
HepecT ero SNOHOMOPCKMX NOMYAALMIA NPOXOAUT Ha He-
CKOMbKMX NIOKANbHbIX HEPECTUANLLAX, PACNONOXEHNE
KOTOPbIX onpeaenseT NONyNsSLMOHHYI CTPYKTypy. MNx
nokanusauma obycnoBneHa 0CO6EHHOCTAMU LUMPKYNSi-
LUK BOA, T. K. B YCIOBUAX INOHCKOro MOPS C CUAbHBIMMU
TeYEeHUIMU N9 YCNewHOoro BOCNPOU3BOACTBA BAXHO,

4yTOObI Menarnyeckas MKpa MUHTas He BbIHOCMAACh C He-
pecTunuLL B paloHbl C MHbIMWU, HEBNAroNpUATHBIMU ANs
€€ pa3BUTUA YCNOBUSMU. TaKOM pexnm obecrneynBaet-
€S B TPEX KPYMHbIX 3a/MBaX, rAe Ha nepudepun BAONb-
H6eperoBbix Te4eHUI 06Pa3yrOTCI aHTULMUKNOHMYECKME
KpyrosopoTbl: Kopelickom 3an. u 3an. [letpa Benukoro
Ha MaTepuKoBOM nobepexbe U 3an. Micukapu Ha 3anaf-
HOM nobepexbe 0. Xokkanao. CooTBETCTBEHHO Bblaens-
0TCA KOpeKcKas, NpMMOopPCKas U XOKKanackas nonynaumm
MUHTas. B poccuiickon nutepaType 4acTo paccMaTpuBa-
eTcs ewé M 3anagHocaxanuMHCKag nonynaums, oaAHako
€€ CaMOoCToATENbHOCTb SBNSETCS NPeAMETOM AUCKYCCUMA.
XoTa HepecT MuHTas y 6eperos KOro-3anagHoro Caxanu-
Ha BO3MOXEH, CKopee BCero, 3TO SBNSETCSH CNeACTBUEM
3KCMAHCMM XOKKAWACKOM nonynaumnn. Ha caxanmHcKoMm
nobepexbe OTCYTCTBYKT KPYMHblE€ 3aAMBbl U COOTBET-
CTBEHHO YCNOBUS ANS YAEPXaHUS UKPbl MUHTas B npe-
fenax HebonbWoro palnoHa ¢ ONTUManbHbIMU YC/TOBUSMU
[ons eé pa3BUTUS, KOTOPbIA MOXHO 6bln10 Bbl paccMaTpu-
BaTb B Ka4eCTBE OCHOBHOIO HepecTuauwa. [lnga aopyrux
nonynaumMmn Tak)Ke CBOMCTBEHHO pacClUMpeHue 30H He-
pecta B nepuoabl BbICOKOM YNCNEHHOCTU, MPU 3TOM He-
pecToBble 30Hbl KOPEMUCKOW M MPUMOPCKOM NONynsaumm
CMbIKatoTCs. B yacTtHocTH, B toro-3anagHown yactu 3an. le-
Tpa Benukoro Habnwofancsa Hepect o6enx nonynsaumii, Ho
B pa3Hble CPOKMU: KOPEWCKOIO MUHTAs — OCEHbHO, @ MpU-
Mopckoro — BecHoi [Panees, 1981].

MN3MeHeHMa KNMMaTUYeCcKoro MacwTtaba npoasnsa-
I0TCS B AMHAMUKE YMCIEHHOCTU BCEX SMOHOMOPCKMUX
nonynsuui MuHTas. B nocnenHue pecatunetua ans
HUX XapaKTepHa TEHLEHUMUS K CHUXEHUK YUCIIEHHO-

1.5

AHoManusa Temnepatypsbl, °C

1950
1955
1960
1965
1970
1975
1980

1985
1990
1995
2000
2005
2010
2015
2020 -

Puc. 17. MexxronoBsble U3MeHEHUS 3UMHMUX aHOMaNUM TemMnepaTypbl Ha MOBEPXHOCTU HXKHOM (35-38° c. w.) (cnnowHas nnHMA)
n ceepHoi (40-46° c. w.) (NyHKTUPHAA NMHKUSA) YacTen ANoHCKOro Mops. [1ns KXKHOM YacTu NMoKasaHbl Pe3yNnbTaTbl CKOMb3SLWEro
7-neTHero crnaxuBaHus (KpacHas KpuBas) U COBPEMEHHbIN IMHENHbIN TPeHA (KMPHbIA MYHKTUP)

Fig. 17. Interannual changes of winter SST anomalies for the southern (35-38° N) (solid line) and northern (40-46° N) (dashed
line) zones of the Japan Sea. The 7-year smoothing (red curve) and recent linear trend (thick dashed line) are shown for the
southern zone
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Puc. 18. MexronoBble U3MeHeHMS TETHUX aHOManui TeMnepaTypbl BEPXHEro €105 NPOMEXYTOYHbIX BOJ Ha CTaHAAPTHOM
paspese no 132° B. A. (Y KOHTUHEHTaNbHOro ckioHa Npumopba Mexay 41°30-42°20’ c. w.) B MoHe-aBrycre. lNokasaHbl pe3ynbrathl
CKONb3ALWWEro 7-neTHero CrnaXMmBaHUs U COBPEMEHHDbIN NMHENHbIN TPeH[,

Fig. 18. Interannual changes of water temperature anomaly for the upper Intermediate water in summer, by the data of standard
section along 132° E (between 41°30-42°20'N, at the continental slope). The 7-year smoothing and recent linear trend are
shown

ctv (puc. 19). OLHako MeXronoBble U3MEHEHUS 3ana-
COB B Pa3sHbIX NONyNaUMaxX MOryT pa3nmyatbes. Tak, Ha
$oHe 06LLero HeraTMBHOroO TpeHAaa, Habnwaanucb ne-
puoAbl POCTA YUCNEHHOCTM MUHTAA NOC/AE NOSABNEHUS
OAHOM0 MM HECKONbKUX BbICOKOYPOXAMHbIX MOKone-
HuI: B BoctouHo-Koperickom 3anunse B 1968-1977 rr.,
B 3an. [leTtpa Benukoro — B 1973-1978, 1997-2003
1 2019-2022 rr., y MMUHTA8 XOKKaWACKOM nonynauumu —
B 1968-1982 rr. [lLlyHTOB ¥ Ap., 1993, c pononHeHua-
MW 3a nocnegHue roabl]. Ecnu nenpeccnBHoe cocTosiHue
npeacTaBngeTcs BNOJHE JIOTMYHbIM AN9 Nonynsumi, obum-
TAKOLWMX Ha HOXHOW nepudepun apeana Xono04HOBOAHOIO
BMAA, NOTEN/EHME KMMaTa CKa3biBAaeTCs Ha HUX Hebna-
rornpusaTHO, TO B MEXIroA0BOM MacwTabe BAMSHKUE yCno-
BMI CpeAbl HA SMOHOMOPCKUI MUHTaM Heo4yeBUAHO. Ha
npumepe 6onee KpynHbiX U 6onee BaXHbIX B MPOMbIC-
JIOBOM OTHOLWWEHUKU nonynaumnin mmHTas OxoTtckoro u be-
PWHIOBa MOPEN U3BECTHO, YTO B YCJIOBMUSX MOBbILLIEHHbIX
TemMnepartyp Moryt GopMmnpoBaTbCs OTHOCUTENBHO BbICO-
KOUYMCNEHHblE MOKONIEHNS MUHTas [cM., Hanp., [1aBbifoB,
1986].Ans AnoHckoro Mops Takasi 3aKOHOMEPHOCTb TOXe
Bpoae 6bl oTMevaeTcs. Tak, B nepuoabl pocTa YUCAEHHO-
cTn Kopenckoro MmHTag B 1950-x n 1970-x rr. B pavioHe
HepecTunuy npeobnafanu NONOXMUTENbHbIE aHOMANUK
Temnepatypbl BOAbl B 3MMHMIA nepuof [LLyHTOB M Ap.,
1993]; u3MEeHEeHMS YNCIEHHOCTU MUHTas Y oro-3anag-
Horo nobepexbs CaxanuHa B TeyeHne 1950-1970-x rr.
YAMBUTENbHO CUHXPOHHbI C U3SMEHEHUAMU CPeaHEN TeM-
nepaTtypbl BOAbl HA CTAaHAAPTHOM pa3pese B TaTapCKOM
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nponvBe B 3UMHMIA NepuopA [3BepbkoBa, 1981]. LM. laB-
punos n A.M. besntoaHbiv [1986] coobwatT o hopmu-
POBAHWUU YPOXKANHbIX MOKONEHUIA MUHTaa 3an. NeTpa
Benukoro B rofbl C NONOXWUTENbHBIMU aHOMANUAMU TEM-
nepaTypbl Boabl BeCHOM. OgHako ewé 6onee 3HaYMUTENb-
HOe noBbIlLeHWe TemnepaTypbl Boabl y 6eperos Kopewn
B 1990-e rr., HAaNPOTUB, NPMBENO K KONNAMNCY KOPENCKOM
nonynauuu, a y 6eperos CaxanuHa B nocsiefHue LecaTu-
NeTus MUHTas HEM3MEHHO Mano, HECMOTPS Ha BCe Bapu-
aumu Temnepartypebl.

Ong 06bsSICHEHUS BAMSHWMS YCNOBUIA Cpeabl Ha BOC-
NMPOM3BOACTBO U, CIeA0BATENbHO, YNCSTIEHHOCTb MUH-
Tas B INOHCKOM MOpe NpeanoXeHO HeCKONbKO rnmno-
Te3. B.M. WyHToB c coaBTopamu [WyHTOB M Ap., 1993]
MCNONb3yeT M3BECTHYH KOHLEMUMI0 «COBMaLEeHUs-
HecoBnaLeHMs» CPOKOB NepexoAa TMYMHOK Ha BHeL-
Hee NUTaHMe CO CPOKAaMM BECEHHEeN BCMbIWKU PA3BUTUS
NAAHKTOHA, Npeanonaras, Yto B rofbl C NOBbILLEHHbIMY
TeMnepaTypamMu BOAbl BECHOM BECEHHAS BCMbILLIKA HAYM-
HaeTcs paHbLLue 00bIYHOrO, y)Xe B MapTe, YTo Gnaronpust-
HO ANA NUTAHUS TMYMHOK MUHTas. OfHAKO 3Ta rMnoTesa
HY>XAQeTCs B NOATBEPXKAEHUM AaHHbIMKU HabnoaeHui. Bo
BCSIKOM CNyyae, 3aTpyAHUTENbHO PacnpoCTPaHATb eé Ha
BCE MOMyNsLMM MUHTAS B INOHCKOM MoOpe, CUJIbHO pas-
NiMyaLLmMecs No CpokaM HepecTa U BeCEHHEero «LBeTe-
Hus». [lpyras runote3a o MexaHU3Me CBS3U TePMUYECKMX
YCNOBUI C YCNELWHOCTbI BOCMPOM3BOACTBA MUHTAN OC-
HOBbIBAETCSA HA KOHLEMNUMUU KyAEPXKMBAHUS» TUYMHOK HA
BbICOKOKOPMHbIX y4acTkax mops: J1.M. 3sepbkoBa [1981]
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Fig. 19. Annual landing of walleye pollock in the Japan Sea by Russia, South Korea and Japan

OTMEYaeT, YTO rofbl C KTEMALIMU®» 3MMaMK OTIMYALOTCS
NOBbIWEHHON MHTEHCUMBHOCTbIO LlycMMCKOro teueHus,
KOTOpPOE BbIHOCUT MKPY U INYUMHKM MUHTAS XOKKAMLCKON
nonynauuu B TaTapckuii NponuB, r4e TMYUHKKU U MOSIOAb
HaxoasT GnaronpusaTHble ycnoBus Ang Haryna. K coxa-
NIEeHUI0, 3TOT MEXaHU3M «paboTtan» nuwb go 1970-x rr.
B.A. HyxauH [2004] npepnonaraert, 4to Ans MUHTaa bna-
ronpusaTHbl Nepuoabl «obuwero noxonogaHus». K0.U. 3y-
eHko [2008], aHanusunpysa BnusHne TeMnepaTypbl BEPX-
HUX FOPU3OHTOB NMPOMEXYTOUYHbIX BOJ HAa YMC/IEHHOCTb
NoKoNeHun MuHTasa 3an. lNeTpa Benukoro, 3aMeTun, 4to
LN CrNAXKEHHbIX PSLOB XapakTepHa oTpuLaTeNbHas
CBA3b — B NEPMOAbI NOTENJEHUS NONYAALUMSA HAXOAMNACh
B Aenpeccuu, a BbICOKAs YMCNEHHOCTb Habnwaanaco
B Nepuoabl ANnMTenbHbiX noxonoganmi 1950-x n 1970-
1980-x rr., HO mocne yoaneHns CrNaXeHHoro CMrHana us
aHanu3upyeMmbix psA0B 0OHAPYXKMBAETCA NONOXUTENb-
Has CBSA3b, XOTS M HEYCTOMYMBAS — YpOXKaWHble MoKoe-
Hus MmHTag 1959, 1968, 1975 rr. cdopmunpoBanuch B 0T-
HOCUTENbHO «TEMbIE» roabl, a cnabblie nokoneHuns 1966,
1970-1971, 1979-1980 rr. — B roabl C OTHOCUTESNIBHO
HU3KMMMK TEMMEpaTypamu.

Mpu aHanu3ze gMHAMUKM YUCNIEHHOCTM MOKONIEHUMN
MUHTas B OTAE/bHbIX NONYNALUAX OTMEUYEHO, YTO NNLLb
CMEHY [0/ITOBPEMEHHbIX TEHAEHLMIA MOXHO UHTepnpe-
TMPOBATb KaK pe3yNbTaT BHELWHEro B0O34eNCTBUS Ha Mo-
nynaumu. B 4actHOCTH, COBpeMEHHbIE HEraTUBHbIE TPEH-
[bl U3MEHEHUS YUCNTIEHHOCTU MOKONIEHUI (CeACTBUEM
KOTOPbIX SBNSETCA CHUXEHUE 3anacoB) CBSA3bIBAKOTCS
C U3MEHEHUAMU KMMATa B CTOPOHY NOTENNeHUs: Ans
NPUMOPCKOM MONyNgauUMM — C poCTOM TeMMepaTypbl BO
BCEX CI0S9X MOPS$, BKHOYAS MPOMEXYTOUHbINM, YTO MPUBO-
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OWUT K HeBNaronpuaTHOM ANg MUHTAs NepecTpoiike BCel
akocucteMsl [3yeHko, HyxaunH, 2018], a ons xokKana-
CKOM nonynauuun — ¢ ycunenuem Llycumckoro TeueHums,
4TO NPensTCTBYET YAEPXKMUBAHUIO UKPbl U IMYUHOK MUH-
Tag B 06nactu ¢ 6naronpuaTHbIMKU AN UX PA3BUTUA YC-
nosusamu B 3an. Mcukapwm [Funamoto, 2011].

Mo pe3ynbTaTtaM HeAaBHUX UCCEA0BAHUIA MEXIOA0-
Bble€ U3MEHEHUS YNCNIEHHOCTM NMOKONIEHUI MUHTAs Sno-
HOMOPCKMX NONYASILMIA perynmpyoTcs buonornyecknumm
MexaHM3MaMu, npexae Bcero, GakTopom nAoTHOCTH [3y-
eHko, HyxxamH, 2018, 2020]. MonbiTka annpoKcMMaLmm
ypaBHEHMEM KpWBOW PuKepa 3aBMCMMOCTM MHAEKCA YMC-
NIEHHOCTM NOKOJIEHUI MPUMOPCKOrO MUHTast OT HEPECTO-
BOro 3anaca nokasana, 4To COOTHOLIEeHMe 3anaca 1 no-
NONHEHUS ANS BCEM COBOKYMHOCTU AAHHbIX €AUHOM KpU-
BOW Pukepa annpokcMMupoBaTb HEBO3MOXHO, TaK Kak
napameTpbl 3TOM 3aBUCMMOCTU MEHSKTCS C U3IMEHEHU-
SIMU yCNOBUI cpeabl. B pesynbrate popMupyoTCs «BON-
HbI» YNCIEHHOCTU C AIMHOM «BOJIHbI», CONOCTAaBUMOM
C NPOAOMKUTENBHOCTBIO XXMU3HU MUHTAS, BHYTPU KaXA0M
M3 KOTOpbIX 1-2 ypoXKanHbIX NOKONEHMS, NOSBASOLWME-
CS1 B YCNOBMSX HU3KOrO HEPECTOBOrO 3anaca, NoAaBAsoT
BOCMNPOM3BOACTBO B Apyrue rofbl. MexaHusmMom, obecne-
YMBAKOLLMM OTPULLATENBHY 3aBUCUMOCTb NMOMOJIHEHMS OT
3anaca, NOMMMO XapakTepHOM Ans BCEX BUAOB BHYTPU-
BMA0BOM KOHKYPEHLMU 33 MULLEBbIE pecypCbl, ANS MUH-
Tas MoXeT OblTb TakXKe KaHHMBAaNU3M, Tak Kak MUHTaN
noenaet IMYMHKKM M MONoAb cBoero Buaa [LLyHToB 1 Ap.,
1993].

Mocne pexMMHOro caBura K NOTEMIEHUIO NPOMEXY-
TOYHbIX BoA AnoHckoro mops B Havane 1990-x rr. (cm.
puc. 17) npon3sowno peskoe CHMmxeHne EMKocTn 61o-
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TOoMa NpMMOPCKOM nonynauuMu MuHTas. B nocnenyouwme
fLecaTuneTns Temnepartypa B NPOMEXYTOYHOM C/0e npo-
LLO/KMNA pocCT, @ EMKOCTb BUoTona AN MUHTAs — COOT-
BETCTBEHHO, COKpaLLEeHWe, BMIOTb A0 HYNEBOro 3HaYeHUs
B rofibl NOCNEAHEN KBOJIHbI» YNCNEHHOCTM NMPUMOPCKONA
nonynsaumn [3yeHko, HyxanH, 2018]. Mockonbky npome-
XYTOYHble BOAbI SIMOHCKOro MOpS UMEKT MeCcTHOe npo-
NCXOXEeHWUe, POCT UX TeMMepaTypbl SBNSETCS pe3ynbTa-
TOM perMoHanbHOM TeHAEHUUU K 0CabneHunto 3MMHero
MyCCOHa: yeM cnabee CMBUPCKMI QHTULMKIIOH, TEM Hey-
CTOMYMBEE XONOAHbIE CEBEPHbIE, CEBEPO-3anajiHble Be-
Tpbl, TEM MEHbLUE BbIXONAXMBAETCS MOBEPXHOCTb MOPS
3MMOI U TEM BbllLEe TeMNepaTypa NPOMEXYTOUHbIX BOJ
B NnocneayLme roapl.

CoBpeMeHHble KNMMaTUYeCcKne U3MeHeHUs Ype3Bbl-
YaNHO CUNIbHO MOBAMSAIM HA IKOCMCTEMBI, HAX0AaWMecs
Ha I0XKHOM nepudepun cybapKTMUYECKON 30HbI, K CEBEPY
oT CybapkTmMyeckoro GpoHTa: IeTOM NOBEPXHOCTHbIM
CNOM B 3TUX paoHax CTan CUIbHO NPOrpeBaThbCs, yCU-
JIUNINCb BTOPXXEHUSI B HUX CYyBTPONMYECKUX BOA, MHOTUE
cybTponuyeckme BMAbI pbib M Aaxe NAAaHKTOHA CTanu Mu-
rPUPOBaTh MU NEPEHOCUTHCS TEYEHUSAMM B 3TU PANOHbI,
BMO0BOE pa3Hoo6pa3ne B NpndPOHTOBOM 30HE YBENU-
4YMNOChb, @ MPOAYKTUBHOCTb M 0BMAME NNAHKTOHA CHU3U-
auce. B vactHoctw, B.T1. LUyHTOB 1 Ap. [2010] ykasbiBatoT
Ha CHWXeHMe obLLero 3anaca naaHKTOHa B POCCUMICKMX
Boaax fAnoHckoro mopsa ¢ 70 po 50 mau 1,3 H.T. don-
raHoBa u t0.U. 3yeHko oTMeTUNn cHuxkeHune B 1990-e rr.
npuMepHo BABOe GMOMACChl OCHOBHOM MULLKM MONOAMU
MUHTas — 300MNJaHKTOHA HENOCpeACTBEHHO Y beperos
Mpumopbs [Kang et al., 2012]. Mponcxoamnt nepectpoiika
NOrpaHMYHOM 3KOCMCTEMDI, KOTOPAs, HOMMHANBLHO OCTa-
BasiCb Cy6apKTUYECKOM, MEHAET CBOM XapaKTEPUCTUKMH,
npexae Bcero NpoayKTMBHOCTb U 3PHEKTUBHOCTb DYHK-
LMOHUPOBAHMUS, B HaNnpaBAeHUU, NPUBAMXKAKOLWEM UX
K XapakTepucTukam cybTponumyeckmx skocucrem. B nto-
re MMHTaW yXe He 9BNSEeTCsS BUAOM, XOPOLLO NPUCNOCOo-
GIEHHBIM K )XM3HWU B TaKOM, U3SMEHEHHOM 3KOCUCTEME, T. K.
M3MEHWUNICA BUOAOBOM COCTAB €ro MULLM U YMEHbLUMIOCH
eé obunue, BMecTe C TeM YCUIMNACh NULLEBAS KOHKY-
peHLMsa CO CTOPOHbI APYrUX BMUAOB HEKTOHA, Npexae
BCEro, TMUXOOKEaHCKOro KanbMapa. [103ToMy B yCnoBuax
NPOAOJIKALLEroCs NOTENNEHUS KNIMMaTa eCTeCTBEHHO
0XMAATb COXPAHEHUS HEBNArONPUATHBIX 3KONOTUYECKUX
nocnencTsui ANs MMHTas, 0OUTAKOLWLErO HA KXHOM nepwm-
depumn cybapKTMYECKOM 30HbI.

3AKJIIOMEHHUE

lNoTenneHwe BOA B AaNbHEBOCTOUHbIX MopAax Poccuu,
npogosXxawueeca Ha NpoTaXeHUN HE MEeHee TpéX no-
cnenHuUX OecaTUNeTuin, 0KasblBaeT CUbHOE BIUSIHUE Ha
COCTOAHUE pA3/IUYHbIX I'IOI'IyﬂFILI,MVI MUHTasa.
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B bepuHrosom mope B nepuog 1950-2020 rr. BbisiB-
JIEHbI ABaA KAMMaTM4yeckux casura — B 1977 n 2014 rr.,
XapaKTepu30BaBLWIMXCA CKa4Koobpa3HbIM pOCTOM TeMIe-
patypbl. [IpM NnepBomM KAMMATUYECKOM CABUTe Npon30-
wén nepexop ot xonoaHoro (1950-1976 rr.) k ymepeH-
HoMmy (1977-2013 rr.) nepuoay, npn BTOPOM — OT yMe-
peHHOro K aHomanbHo Ténaomy (2014-2020 rr.) nepuo-
ny. YpoxaiHble NOKoNeHWS BOCTOYHODEpPUroBOMOPCKOro
MUHTas GOPMMPOBANMCH TOJIbKO B YMEPEHHbI Nepuoa.
B Ténnbit nepuop, Bbixon MuHTas u3 30Hbl CLUA B poc-
CUICKME BOLbl MPOUCXOAMUT C MECAYHBIM OMepexeHneM,
4yTo 6MaronpusaTHO ANS OTEYECTBEHHOrO NpoMmsbicna B Ha-
BApMHCKOM paioHe 1 AHaablpCcKOM 3a/umBe.

MotenneHne Boa OXOTCKOro MOps B COYETAHMMU
C TEHAEHUMEN K YMEHbLUEHMIO €ro 1ef0BMTOCTM CNOCob-
CTBYIOT paclUMPEHUIO apeana Haryna MMHTAs He TOJIbKO
B CEBEPHOM HanpasieHUU, HO U B 3aNafHYH 4acTb MOp4,
XapaKTepu3yLLyCs CypoBbIMU NPUPOAHBIMU YCNOBU-
SIMW, YTO MOBbILIAET €€ pbIGONPOMbICIIOBbLIN NOTEHLMAN.

MNoTennexue INoHCKOro Mops 0bycnoBnMBaeT fenpec-
CUBHYI TEHAEHLUMIO A5 BCEX AMOHOMOPCKMX NOMNYNALUi
MUHTas. BMecTe ¢ TeM, Ha GoOHe aenpeccum B COBpEMEH-
HbIX (@HOManbHO TEMbIX) YCNOBUSX, MO-NPEXHEMY, BO3-
MOXHO (OPMUPOBaAHUE OTAE/NbHbIX BbICOKOYPOXaMHbIX
NMOKONEHUIM MUHTas Nt06OI SMOHOMOPCKOM NONYASLUK.

KoHdnukT uHtepecos

ABTOPpbI 3a9BNSAOT 00 OTCYTCTBMM Y HUX KOHPAMKTA
MHTEpPeCoB.

CobnopeHne 3TUHECKUX HOPM
Bce npUMEHUMbIE 3TUYECKMNE HOPMbI cobnoaeHbl.
®uHaHcupoBaHue

PaboTa BbiMONHEHA B paMKax 6H4XKETHOro dUHaH-
cupoBanust IbHY «BHUPO» u ero ¢punmanos, « TUHPO»
n «KamuyatHUPO».
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