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Summary

The results of numerical experiments on the model of joint water and ice circulation for the period from Sep-
tember 1979 to December 2019, aimed at studying the interannual variability of the ice balance in the Arctic
Ocean, are considered. The results obtained made it possible to analyze the geographical features of the pro-
cesses of ice formation and melting in the Arctic Ocean and to identify key areas that determine the volume
of ice in the ocean. It is established that the main quantity of ice is formed in waters of the Siberian seas,
and the most intense melting occurs in the North European Basin, where the ice transported by the Trans-
polar Current through the Fram Strait enters the relatively warm water of the Greenland Sea, heated by the
North Atlantic Current. The formation of the absolute minimum of ice coverage in 2012 was promoted by the
anomalous position of the anticyclonic hydrological cycle - much closer to the Canadian coast. This resulted
in the fact that only a small part of the ice formed in the Siberian seas was involved into a weakened circula-
tion, while most of the ice in the stream of the Transpolar Current was transported through the Fram Strait
to the Greenland Sea. Statistical analysis of the results of numerical experiments demonstrated that the trend
towards a decrease in the volume of ice in the Arctic Ocean is primarily determined by the global warming,
and dynamic forcing exerts significant effect on local extremes.
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[lns nccnepoBaHNa 3MeHUMBOCTY H6anaHca nbaa CeBepHoro JlefoBUTOrO OKeaHa KCnosib3oBanacb Moaesb
COBMECTHOW LMPKYNALUN BOA 1 NbAOB. Pe3ynbTaThl cneumanbHbIX YMCIEHHbIX SKCMEPUMEHTOB ANnA nepu-
ofia € ceHTA6PA 1979 1. no gekabpb 2019 r. NO3BONNAN YCTAHOBUTb HEKOTOPbIE reorpadpuyeckme ocobeH-
HOCTV NPOLIeCCOB 06Pa30BaHUA U TasiHUA NbAa. CTaTUCTUYECKNIA aHaNIM3 Pe3yNbTaToB MOKasal, YTo TPeH[
Ha yMeHbLUeHre o6béMa fibfia B CeBepHOM JleJoBMTOM OKeaHe onpefenseTcs B NepByto ouepeab rnobanb-
HbIM MOTEMN/IEHNEM, @ Ha JIOKaJIbHbIE SKCTPEMYMbI CUIIbHOE BAIMSIHUE OKa3blBaeT AMHAMUYECKUA GOPCHHT.

(mames noceawaemca namamu Heawa EezeHbesuya Oposiosa — 8bI0aroLLe20CA y4eH020-0KeaHon02d,
IALU0N02a, NOAPHUKA, 3ACTyXKeHH020 Oeamena Hayku PO, unera-koppecnoHdeHma PAH, mHozonemrezo
Oupekmopa Apkmuyecko2o U AHMAPKMUYECKO20 HAYYHO-UCCTE008aMeNTbCKO20 UHCMUMYMA — UHUYUAMOpa
U pyK0B0OUMeJIS nPoeKmd, 8 PAMKAX Komopo2o Gbi/ia 8bIN0/IHEHA 00HA U3 NOCTIEOHUX e20 pabom.

Benenne JnsgpHoe ycuiieHue [1]. OgHoBpeMeHHO HabJtoaa-

I0TCSI COKpallleHUEe B CE30HHOM XOJI¢ IUIOIIAAN U

CoBpeMeHHOe U3MEHEeHHe KIMMaTa XapakTe- TOJIIMH MOPCKOTO JIba U MHTEHCU(UKALIMS JUHA-
pU3yeTCs 3HAYUTEJbHBIM POCTOM TeMIMEpaTypbl B MUKH MOPCKOTO JIbJa, BhIpaXKawoIlasics B yBeJude-
ADKTHKE 10 CPAaBHEHUIO C €ro TJ100aJbHBIM POCTOM HMHU CKOpPOCTeii Apeiida abaa, ero IMBEpreHuun u
(6omnee yeM B 2 paza). DTO — TaK Ha3bIBaeMoOe MMO- KOHBEPTeHLMHU U MepepacnpeacaeHUU TOIIINH, YTO
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YBEJIMYMBAeT PUCKM JICIOBOIO IUIABaHUS IPU MH-
TeHcUuduUKauu cygoxoactsa B Poccuiickoit ApkTu-
Ke [2]. bamanc MopcKoro Jab1a, oTpeneIsTIomiics
n3MeHEeHHEeM 00bEMa JIbJa B €AUHUIY BpeMEHH B
(bukcupoBaHHOIT 001aCTU, — KIIIOYEBOI MHAMKA-
TOp KIMMAaTU4YeCKNX M3MeHeHnil. OH MHTEeTpUpyeT
Kak TepMuyeckue (paKkTophl (TasHUE W HapacTaHHUE
JIbIA), TaK M AUHAMHUIeCKUe (aaBEKIINs, IPOLECChI
TOPOIIIEHMsI, HACJTOCHMSI, Pa3peXeHUS) B Pe3yIbTa-
Te BJIUSIHUS aTMOC(EpHI ¥ OKeaHa.

B HacTost111e€ BpeMsI IMCTaHIIMOHHBIE N3MEPEHUS
00BEMA MOPCKOTO JIbIa OCHOBAaHBI Ha OIIEHKAX CILIO-
4Y€HHOCTH, BO3pacTa, TEIUIOBOIO OajlaHca IMOBEpX-
HOCTH 1O TaHHBIM MYJIbTUCIEKTPAJIbHBIX JaHHBIX
HUCKycCcTBeHHBIX cnyTHUKOB 3emiu (M C3) u oneH-
Kax TOJIIIMHEI JIbAa C IIPUBJICYCHUEM aJIbTUMETPH-
YeCKUX 1 MUKPOBOJHOBBIX TaHHBIX. OOHAKO Haxke
IIpY CaMOM ITOJTHOM O00OOIIEHNN AUCTAaHIIMOHHBIX
W3MEPEHUI1 TOMIIMHEI JIbAA OCTAIOTCS 3HAYNTEIbHBIC
IIPOCTPAaHCTBEHHO-BPEMEHHEBIE JIAKYHBI. Bhixom u3
3TOI CUTYalluM — MPUBJICYCHNE METOIOB YMCICHHO-
IO MOIEIMPOBAHMS, TTO3BOJISTIONINX ITIOIyYaTh KOJIM-
YeCTBEHHBIC OLICHKM OajiaHca JIbIa 3a JI000il MOMEHT
BpeMEHU U B JIIOOOM paiioHe APKTUKU W TeM CaMbIM
BOCIIOJTHSITh HEXBATKY JAHHBIX HAOIIONCHNIA.

3HaYNTEIbHBIE YCUIINSI B 00JaCTU ITOBHIIIE-
HMS KadecTBa MOJEIMPOBAHUS JIEJOBO-TUIPO-
morudeckoro pexuma CeepHoro JlemoBurto-
ro okeana (CJIO) ObuTM TIpEeANPUHSITEI B paMKax
MexnyHnapogHoro npoekra AOMIP (Arctic Ocean
Model Intercomparison Project, http://www.whoi.
edu/projects/AOMIP) [3] u ero mpomoXeHUsT —
npoexta FAMOS (Forum for Arctic Modeling and
Observational Synthesis) [4]. B pabore [5] mpoBe-
IeHO CpaBHEHME PE3yJIbTaTOB BOCIIPOM3BEICHUS
nenoBbrx yenosuii B CJ1O B mepmon 1948—2000 rr.
paznunuHbBIMu Monengamu 13 AOMIP. Becero mpo-
TeCTUPOBAIIM IIeCTh Momaeneii. IlpuBeném msTh U3
aux: Goddard Space Flight Center, GSFC; Institute
of Ocean Science, 10S, Sydney, British Columbia;
Alfred Wegener Institute, AWI; Naval Postgraduate
School, NPS; University of Washington, UW,
Seattle. Bce Momenu IpogeMOHCTPpUPOBAIN YMEHbD-
IIeHNEe TUIOIIAAM JIbIa, OMHAKO B MEHBIIIEH CTeIe-
HU, YeM JaloT HabaoaeHusd. [Iist 60abIIMHCTBA U3
MOIeJIell OTMEUAIOTCS IIPOOIEMBI C BOCIIPOM3BEIE-
HUEM IIPOCTPAHCTBEHHOI'O PaCIIpeAeIeHNS TOIIIN-
HBI MOPCKOTO JIbIa, 0COOEHHO IS JISTHETO IIEproIa.

[IpoGaeMbl B MOASIUPOBAHUNA MOPCKOTO JIbaa
B CJIO rakxe obcyxnatorcs B padore [6]. CpaBHUB

pe3yabTaThl MOACIMPOBAHMSI APKTUUECKOTO JIbIa B
XXI B. no 14 rino6anbHbIM KJIMMAaTUYECKUM MOJE-
JISIM, aBTOPbI OTMETUJIU OOJIBIION pa3dpoc B pe3yib-
TaTax, 4YTo OOBSICHSETCS, MO X MHEHUIO, Pa3INUM-
SIMU B TlTapaMeTpHU3allui ajib0en0 Ha MOBEPXHOCTHU
gpna. B reuenne XXI B. Bce Monesu 1alOT YMEHb-
lIeHre 00bEMa JIbAa B pe3yabTaTe YBeJIUUeHUsI Mpe-
00JIaaHysl TassTHUST HaJ POCTOM JibAa, KOTOPKII ya-
CTMYHO KOMIIEHCHPYETCs YMEHBIIIEHUEM BBIHOCA
B HU3KMe KNpoThl. HecMoTpst Ha oblee cora-
cHe, MOJEIM 3HAUMTEJIbHO pa3InyaroTCs M0 KO-
YeCTBEHHBIM OLIEHKaM ITOoTepy 00bEMa JIbJa M OT-
HOCHUTEJIbHOM pOJIM TasTHUSI U HapacTaHUs B 3TOM
rorepu. [1pogoKUTeIbHOCTh CE30Ha TasTHUST KO-
JiebJsieTcsl OT TPEX A0 IMSITU MeCsILEB, a B HEKOTOPBIX
MOJEJISIX TIPOIOJIKAeTCs Taxe 10 Hostopst. [IporHo-
31pyeMble U3BMEHEHUs B OI0IKeTaX MOPCKOTO JIbIa
YAaCTUYHO 3aBHMCSIT OT Ha4aJIbHBIX JIEJOBBIX YCIIO-
BUIi; MOIEJISIM C 00Jiee TOJCTBIM MCXOIHBIM JIbIOM
OOBIYHO COOTBETCTBYIOT 0O/blIME OOBEMHBIE T10-
Tepu. YuCThlil TpaHCIOPT (AMBEpreHMs) Jbia U3
ApPKTHUKM, KaK IIPaBUJIO, UMEIOIINI MEHbIIIee BO3-
JIelficTBUMEe Ha KJIMMAaTOJOTMYEeCKMil OI0IKeT Jibla,
TaKKe CUJIBHO BapbUPYET 110 BCEM MOJIEIISIM.

OnHO U3 MepBBIX MCCIEIOBaHUI, B KOTOPOM
CPaBHMBAJIA PE3Y/IbTaThbl MOJACINPOBAHMS JIETOBBIX
ycaoBuii B CJIO ¢ mmpokoMaciuTabHbIMU JaHHBIMU
HaOJIIoIeHU, onmybrKoBaHo B padote [7]. Ero aBTo-
PbI OTMEUAJIN, YTO KOHILIEHTPALIYSI MOPCKOTO JIbIa —
HauOoJIee MpeANIoUYTUTEIbHASI BeJIMIMHA IJISI OLIEHKH
JIOJITOCPOYHBIX PACUETOB, TaK KAK 3TO — €IMHCTBEH-
HBII ITapaMeTp KJIMMaTa, ollepaTUBHO ITPOBEPEHHbIN
B TeUeHME IJIUTEIbHOIO BpeMeH! Ha BCell aKBaToO-
puu CeBepHoro JlenoBUTOro okeaHa. ABTOPBI CO-
MMOCTABJISUIN pe3ybTaThl MOACIMPOBAHMSI TIJIOIIAIN
MOPCKOTO JIbJia B OK€aHEe CO CITyTHUKOBLIMU Ha0JII0-
JeHusMu B TeyeHue nepuona 1978—2001 rr. brina
MIPOJIEeMOHCTPUPOBaHA CITIOCOOHOCTh Moaean AWI
BOCITPOU3BOAUTD TOJITOCPOUYHbIN TPEHII M CE30HHYIO
U3MEeHYUBOCTS JiegoBuTocTu CJIO.

ABTOpPHBI paboThl [§] HA OCHOBE MOJENIU LIUPKY-
JISILIMKA BOJ, U JIBAOB MaccadyCeTCKOro TeXHOJIOTH -
YeCKOT0 MHCTUTYTA MCCIIeIOBAIN MOTEHIMAIbHOE
BJISIHME TEPMOAMHAMNYECKOTO aTMOC(EPHOTO BO3-
JIECTBUSI HA MEXKTOIOBYIO M3MEHYMBOCTb CEHTSIOPb-
CKOI0 MMHMMYyMa KOHLIEHTpaLlMu U 00bEMa JibJa B
ApkTuKe 1t Tpex neproaos: 1980—1989, 1990—1999
u 2000—2009 rr. Pe3yabTaThl 1oKa3aiu, 4TO TOJBKO
KpYITHBbIe aHOMaIuU (DOPCUHTIOB 10 Hayajla BeCeH-
HETO TassHWSI B Mae MOTYT MOBJIMSATh Ha XapaKTepu-
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CTHKHU CEHTSIOPhCKOIO MOPCKOTO JIbAa, XOTS Iaxe
HeOOoJIbIIe N3MEHEeHUS aTMOC(hEPHBIX IIePEMEHHBIX
B IIOCJICAYIONINE MECSIIIBI MOTYT CYIIECTBEHHO IIO-
BJIMSITH HAa COCTOSIHME MOPCKOTO JIbAa B CEHTSIOpE.
B yacTHOCTH, B apKTHUECKIX MOPSIX C MIOHS I10 MIOJIb
30HA KPOMKM JIbIa OUYe€Hb YyBCTBUTEIbHA K TEPMOIH-
HaMMYECKUM M3MEHECHUSIM aTMOC(hEpPHOTO BO3ICH-
ctBus. Hanpotus, 06bEM Jibaa 0YeHb YYBCTBUTEEH
K U3MEHEHMSIM TeMIIEpaTyphl BO3MyXa, IIPOMCXOISI-
IIMM B TOT € MEePUOI B LIEHTpaJIbHBIX YacTsax Ce-
BepHOTO JlemoBuToro okeaHa. CpaBHeHUE IyBCTBU-
TEJIbHOCTH MOPCKOTO JIbIA B TeUCHHE TPEX Pa3HBIX
MIEPUOIOB ITOKA3BIBAET, YTO M3-3a CUJIBHOTO CHU-
JKeHUSI KOHILIEHTPAlMK W TOJIIMHBI MOPCKOTO JIbIa
€ro IUIoIIaAb CTaja CYIIeCTBEHHO 0oJjiee YYBCTBU-
TEJIbHOI K TeM XK€ aMIUIUTYIHBIM TEPMOITMHAMU-
YyeCKMM aTMOC(epHBIM (POPCHUHTAM, BHI3BIBAIOIINM
anomaymu B TeaeHre 2000—2009 rr. mo cpaBHEHUIO
¢ 6osiee paHHUMU niepuogamMu. B mae 1 ceHTsI0pe Ha-
OJIFOMArOTCST CaMble CHIIBHBIC BKJIAABI PA3IAYMIiA I1O-
BEPXHOCTHBIX aTMOC(EPHBIX TEMIIEpaTyp B U3MEHE-
HUSI KOHLIEHTpalUuU 1 o0beéMa Jibaa. Hanbonbimii
BKJIaJl OT HUCXOISIIETO JUIMHHOBOJIHOBOTO TEILJIOBO-
IO IIOTOKA B MI3MEHEHMST KOHIIEHTPALIMI IIPOUCXOIUT
B CEHTI0pE, a B UBMEHEHUST 00bEMA — B MIOJIE—aB-
rycte. Okojio 62% yMeHbIlIeHUS ILIOIIAaN, JeMOH-
CTPUPYEMON MOICIBIO, MOXHO OOBSICHUTH CYMMMU-
poBaHUEM BCeX BKJIAIOB B TEPMOIMHAMUICCKOC
aTMoc(epHOe BO3IEICTBHE.

B pa6ote [9] mponoizkaeTcs cpaBHEHHE Pe3yib-
TaTOB MOICAMPOBAHUSA PA3IUIHBIMU MOIEISIMU
MOPCKOTO JIbIa ¢ TaHHBIMK HaOIIOACHU. ABTOPHI
HCIIOJIb30BaIN: JaHHbBIE HAOMIOOEHUI C IIPOXOMISI-
mux cynoB (2004—2008 1T.), a TakKe dIeKTpoMar-
HUTHBIX U3MepeHuit ¢ Bozayxa (2001—2009 rr.);
CBEeIeHUS OT 3asIKOPCHHBIX CTAHILUI B IIPOJIH-
Be ®pama, ['pernmangckoM Mope 1 Mope bodopra
(1992—2008 rr.); MmaTepuanbl ¢ TOABOAHBIX JIOJOK
(1975-2000 rr.); manHBIe OypeHUsI B APKTUYECKOM
bacceitne, Mopsx JlanteBeIx 1 Boctouno-Cubup-
ckoM (1982—1986 rr.) 1 Ha NPUOPEKHBIX CTAHLIUIX
(1998—2009 rr.). HecmoTpst Ha pa3nmaus B YUCIICH-
HBIX METOIaX, CETOUHBIX pa3pellIeHUsIX, TOMEHaX,
(bopcuHrax u rpaHUYHBIX YCIOBUSIX, BCE IIPOTECTH-
pOBaHHBIE MOIEIN OOBIYHO IIE€PEOLICHUBAIOT TOJI-
IIMHY JIbIA TOHBIIIE 2 M ¥ HEAOOLEHUBAIOT TOJIIINHY
npaa 6oiee 2 M. B paifonax mipurast (MeJTKOBOIHEIE
cnoumpcKme Mops ¢ TayonHamu MeHee 25—30 M) Mo-
IeJI OOBIYHO MEPEOLICHUBAIOT KAaK TOJIIMHY MOp-
CKOTO JIbJIa, TaK ¥ TEMIIbI POCTa JibAa B CEHTSIOpe U

OKTSIOpe 1O CpaBHEHMIO C HaOMIOIeHUSIMU OoJiee
yeM B 4 pasa. Monenu He BOCIIPOU3BOAAT YCIIO-
BUsI OBICTPOTO (DOPMHUPOBAHUS MPUIIANHOTO JIbJA.
BmecTo 3TOro cMoaenMpoBaHHbIA MpUIaiHbINA JTEI
3aMEHSIETCS TTAKOBBIM JIbIIOM, KOTOPbI IpeidyerT,
00pa3yst XpeOThbl YBEJIMYEHMST TOJIIIMHEI JIbJa B 10-
MOJTHEHUE K er0 TePMOAMHAMUYECKOMY POCTY.

OnHO 13 BaXXKHENIINX CBOMCTB YMCIEHHBIX MO-
Jeyieii — €€ YyBCTBUTEIBHOCTh K OIIMOKAaM B Ha-
yajabHBIX Yca0BUsIX U popcuHrax. B padore [10]
MIPUBOASATCS Pe3yJbTaThl CIIEIUAIbHBIX DKCIIEPH-
MeHTOB Ha mojeiu AARI-IOCM [11], HanpaBieH-
HbI€, B TIEPBYIO O4Yepellb, Ha MCCIIeJOBaHE CBOMCTB
Mogaenu. ITo pesynbTaTaM NpoBEeAEHHBIX 9KCIIEPU-
MEHTOB C/IeJIaHbI CJIETYIOIIE BbIBOIbI:

1) MozeNb TOCTATOYHO aJicKBaTHO BOCITPOM3BO-
JIUAT HaOII0gaeMoe B ITOCJICAHNE TOAbI YMEHBIICHUE
iomaau u oobeMa sieasiHoro nokpona B CJIO;

2) Teruio U3 ATJIaHTUYECKOTO OKeaHa, MoCTyma-
ouiee B cTpye CeBepHO-ATIAaHTUUYECKOTO TeUEHUS,
HE OTHOCHTCSI K KJIFoueBOMY (pakTopy, GOpMHUPYIO-
1IeMY JISAOBUTOCTh OKEaHa;

3) HavyabHbIE YCIOBUS MO pacipeaeIeHUIO Jbaa
CYILIECTBEHHO HE BJIMSIOT Ha Pe3yJIbTaThl pacuéToOB
nepoButocTu CJIO Ha mepuoa B HECKOJILKO JIET;

4) naxe ecau Korga-HuOyab Bech Jiéa B CeBepHOM
JlemoBUTOM OKeaHe pacTaeT, TO TP CYLIECTBYIOLIEM
KJIMMAaTe OH Yepe3 HECKOJIbKO JIET BOCCTAHOBUTCSI,;

5) MmunumymM geposutoctu B CJIO, HaGM01aB-
muiics B ceHTs10pe 2007 1., 00BbICHSIETCSI B3AUMHBIM
OIHOHAIIpaBJIEHHBIM ACUCTBUEM TEPMUUYECKOIO U
JTUHAMUYECKOTro (paKTOpOB, IIPH 3TOM POJIb TEILIO-
BBIX U JMHAMMWYECKUX ITPOLIECCOB B (DOPMUPOBAHUM
JIETOBUTOCTH MPAaKTUYECKHM paBHO3HAYHA.

B pab6orte [12] paccMoTpeHbI pe3yJbTaThl UMC-
JIEHHBIX 9KCIIEPUMEHTOB Ha OCHOBE MOJIEJIH CO-
BMECTHOI LMpPKyIsuu aba0B U Bog AARI-IOCM
u nanHbix peaHanuza NCEP/NCAR. BoinonHeH-
Hble pacuyéThl 3a nepuoa 2001—2012 rr. mo3BoJUIN
cIeaTh BBIBOJA O BKJIaje UMPKYJISIIMOHHBIX MeXa-
HU3MOB B HabJomaeMoe yMeHbllleHue Jbaa B Ce-
BepHOM JlemoBuToM okeaHe. ITokazaHo, 4TO pe3koe
YMEHBIIIEHUE TOJIIMHBI JIbJa BIOJb CEBEPHBIX ITO-
oepexuii o. I'pennanaust nu Kanagckoro Apkruye-
CKOI0 apxuIiejiara B IIepBYIO ouepeab — CJICACTBHE
MEXTOJIO0BOM U3MEHUYMBOCTU LIMPKYISILUU aTMO-
cdephl, a He cieACcTBUEM TToTeruieHns KimMara Ce-
BepHOI nossipHoit obnactu. B uccnenpoBanum [13]
MIPUBOIATCSI PE3yIbTaThl pacyéToB Ha Moaenau AO-
FVCOM Ha HecTpyKTypUPOBaHHOI CETKE C BbICO-
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KHMM IIPOCTPAHCTBEHHBIM pa3pelieHreM (10 2 KM)
MOPCKOTO JIbaa B ApkTrKe B Tiepuon 1978—2014 rr.
Takast pacu€THast ceTka pa3dpaboTaHa JJisl Jydllie-
ro pa3pelleHns Kak Tororpa¢puyeckux, Tak u 0a-
POKJIMHHBIX MACIITa00OB TMHAMMKM OKeaHa BAOJb
MaTepPUKOBOTO CKJIOHA M Y3KMX MPOJUBOB. Moae-
JIMPYEMbII MOPCKOM JI€EA XOPOIIO COorjlacyeTcs ¢
HaOJI0IaEMbIM T10 TOCTYIHBIM ISl OLIEHKM Xapak-
TEPUCTUKAM — OOBEMY, KOHIIEHTPALIUU, CKOPOCTHU
npeiida, ce30HHON M MEXKTOA0BOI M3MEHUYMBOCTH,
MPOCTPAHCTBEHHOMY pacnpeacacHUIO.

PesyiabpTaThl MOAEIMPOBAHUS TIOLIAAN MOPCKUX
JIbIOB B APKTHUKE ABYMSI MOCJIETHUMU MOKOJEHUSI-
MU TJI00aJIbHBIX KIMMaTuuecKux Moaeneit CMIP3
n CMIP5 B XX u XXI BB. cpaBHMBAIOTCS B pabo-
Te [14]. OT™MeuaeTcs, YTO YCKOPUBIIIeecsT cCoKpalie-
HUe TUIomany Mopckux J1paoB B CJIO B mocnenHee
JNECSTUIETHE HE TTOJHOCThIO BOCIIPOU3BOIUTCS MO-
neasiMu. TTpru4yrMHBI 3TOTO — BKJall €CTeCTBEHHOM
JNOJITONEPUOAHON U3MEHYMBOCTHA B HabOJII0gaeMblit
TPEH, HEIOCTaTOYHAsl YYBCTBUTEILHOCTb MOJCICH
K 3aJJaHHOMY BHEIIHEMY BO3IE€HCTBUIO, 3aHUKEH-
HbI€ OLIEHKM BHEILIHEro BO3ACHCTBUS HA KIMMAaT.

3agauym HaCTOSIIEl pabOThI — BBISIBIICHHE BKJIA-
Ja TEPMUYECKUX M TUHAMUYECKUX (POPCUHIOB B U3-
MEHYMBOCTH OanaHca Jbaa B CeBepHOM JlemoBuToM
OKeaHE B 3MO0XYy COBPEMEHHOIrO MOTEIJICHUS C MO-
MOIIbIO YMCJICHHBIX 9KCIIEPUMEHTOB Ha MOJEIU CO-
BMECTHOM LIMPKYJISILIMKA BOJ U JIbIOB 3TOrO OKeaHa.

ITocTanoBKa 3agaun

Huist mpoBedeHUST YMCICHHBIX SKCIePUMEH-
TOB OblIa BEIOpaHa MOMAEIbh COBMECTHOM LIUPKY-
nsauu Bog u nbnoB CeBepHoro JlemoBUTOro oke-
aHa AARI-IOCM (Arctic and Antarctic Research
Institute — Ice and Ocean Circulation Model) [11].
AARI-IOCM mpencraBisgeT coOO0i pe3yabTaT 00b-
eIMHEeHUS TPEX MoAesieii: TPEXMEPHOI OapOKIIMH-
HOI MOIEeIN HUPKY/SIIIAM BOM, MOACIN apeiida e-
ISTHOT'O TTOKPOBa M TEPMOAMHAMMUIECKON MOIEIU
Mopckoro abaa. OkeaHCKUI 0JI0K — 3TO MOIEIb
LUPKYJISIIAU BOI B IPUMUTUBHBIX YPaBHEHUSX, B
MpUOIIKeHUSIX TUIPOCTaTUKY U byccuHecka, pe-
aJIM30BaHHAs Ha Z-KOOPAMHATaX CO CBOOOMHOII I10-
BEPXHOCTBIO U pa3feaéHHas Ha 0apOTPOITHYIO (IBY-
MEpPHYI0) U 0apOKIMHHYIO MOIbIL. JIeasTHO TTOKPOB
B MOJIEJIM ONMCHIBACTCSI CIASAYIOIINMHU XapaKTepH-
CTUKAMM: A; — CpeHsIsl TOJUIMHA POBHOTO JbJa,

M3MEHSTIOIIASICS 32 CYET TEPMUUIECKOTO CTaMBaHUSI
U HapacTaHus; i, — TOJIIMHA TOPOCOB; N; — OTHO-
CHUTEIbHAs IUIOIIAAb STUYCHKM, 3aHSITAsT JIHIOM TOJI-
LIUHOM A;; N), — OTHOCUTENIbHAS IJI0IIAb, 3aHATasI
TopocaMmu; N,, — OTHOCUTEJIbHAS IJIOIIAAb YUCTON
BOIBL. 32 OCHOBY TEPMOIMHAMMYIECKOIO OJI0KA MO-
IeIv IMIPpUHSTA KBa3WCcTallMOHApHAs HYJIbMEpHas
MOJeJib MOPCKOTIO Jibja, pa3padboraHHasi b.B. WBa-
HoBbIM U A.Il. Makiutacom [15]. Moaenb apetida
JIbJIa OCHOBBIBACTCSI HA YIIPYTrO-BsI3KO-IIACTHAYE-
CKOI PEOJIOTUH JICASTHOTO IOKPOBA, IIPEIIOKEHHOMN
B pabore [16].

B nacrostiee Bpems monenrb AARI-IOCM aman-
THpoBaHa Ko Bceit akBatopuu CJIO u mpuieraio-
meit yactu CeBepHOI ATIaHTHKY (o 44° c.111.) Ha
PaBHOMEPHOI IPSMOYTOJIbHOI CETKE C IMPOCTPaH-
CTBEeHHBIM pa3perreHueM 13,8 kM. I1o BepTukamm —
paspelieHue IepeMeHHOe, pacYET IPOBOIUTCS Ha
33 ropmzonrax. Ha momemm AARI-IOCM ocHOBaHBI
TEXHOJIOTUU pacuéTa U KpaTKOCPOYHOTO IIPOrHO3a
YPOBHS MOpSI, TeueHU! 1 Apeiida npaa B CeBepHOM
JlemoBuToM okeaHe 1 ero Mopsix. OHa MCIIOJIB3YEeTCST
IUIST 00ecTIeYeHUSI IIPOTHO3aMK Ha0oJIee 3HAYMMbIX
npoekToB B Apktuke: MJICII «IlpupaszmomHas»,
Aman CIII" (Caberra), «Caxanus-1» u ap. B mocen-
Hee BpeMsI MOZEIIb YCIICIITHO MCITOIb3YeTC s B oIiepa-
TUBHOM TeXHOJIOTUM TIPOrHO3a aiicbepros [17].

B uenmom psme pa6or [10—12] moka3aHo, 4TO
AARI-IOCM nocTaTo9HO XOPOIIO BOCIIPON3BOIUT
JIEAOBUTOCTh W LIMPKYJISILIMIO BOI 1 JIbI0B B CeBep-
HOM JIemOBUTOM OKeaHE B PeXXKUME IIPOIOJLKUTEIb-
HBIX IMAaTHOCTUYECKUX pacuéToB. PaccumTaHHEIe
Ha MOJEIN PeXXMMHBIC XapaKTePUCTUKU LI PKYJISI-
LMY BOJ MCIIOJIb30BAIMCH IIPY CO3IaHUU Psima atTia-
COB: «ATJIaC TUAPOMETEOPOJIOTNISCKUX 1 JIETOBBIX
ycaoBuii Mopeit Poccniickoit Apktnku» [18], «Ha-
OUOHANBbHBIN ATinac Apktukn» [19], Atirac «9Ko-
cucteMbl bepuHroBa nmpoauBa 1 (pakKTOphl aHTPO-
TMoTeHHOTO Bo3neiicTBus» [20]. Moaeab TOCTOSHHO
BepU(UIIIPYETCS ITO BCEM JOCTYITHBIM JaHHBIM Ha0-
nmoaeHuii. HegaBHO mmosiBUIIach BO3MOXKHOCTD Be-
puGUIIIPOBATh Pe3yIbTaThl MOACIMPOBAHMS TIO Pe-
3yJIbTaTaM ITOIYTHBIX HATYPHBIX HAOMIONEHUI 3a
TOJIIIMHOM JIbaa, BeIMoJHeHHBIX B CJIO ¢ moMmoIibio
cynoBoro teseMerprdeckoro Komriekea (CTK) [21].
Tax, OBLIO IIPOBEIEHO COIIOCTABICHNE PACCUMTaH-
HOTO pacIIpee/IeHNS TOIIIMHEI JIbIa M HaOTIOIeHUI
3a ToJIIMHOM Jibaa ¢ nmoMmoubio CTK ¢ negokona
«50 net I[1oGenpl» B MPUITOIIOCHOM paliOHE B UIOJIE
2011 r., KoTOpOE TTOKAa3a10, YTO MOJETb BEpHO BOC-
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Puc. 1. ConocraBneHue HaOMOIEHUI U PE3YAbTATOB PACUETOB.

a — MUHUMAaJbHasl eXerojaHas Jea1oBUTocTh B repuon 1980—2020 rr.: / — naHHble HaOmoneHui [22]; 2 — pe3yabTaTbl pacu€éToB;
pacripeneneHue Jbaa B CeBepHoM JlenoButom okeaHe B ceHTs10pe 2019 r. mo naHHbIM [23] (6): 3 — cTapslii 1€0; 4 — MOJIOAOM NEN;
5 — HWIac; 6 — 4MCTO; MO pe3yabTaTaM pacuéToB (8): 7 — ToMIIMHA Jbaa 6onee 1 M; & — ToMHa 1baa MmeHee 1 M; 9 — yncTo

Fig. 1. Comparison of observations and calculation results.

a — minimum annual ice cover in the period 1980—2020: / — observational data [22], 2 — calculation results; ice distribution in the
Arctic Ocean in September 2019 according to [23] (6): 3 — old ice; 4 — young ice; 5 — nilas; 6 — ice free; and calculation results (8):

7 — ice thickness more than 1 m; & — less than 1 m; 9 — clean

MPOM3BOANT KaK OCHOBHBIE OCOOCHHOCTH ITPOCTPaH-
CTBEHHOTO pacripeneyieHus ToamnHbl apaa B CJ10,
TaK 1 HEITOCPEACTBEHHO CaMM MX BEIMYMHBI.

Ha monenu AARI-IOCM O6b11 BBITIOJTHEH TMAar-
HOCTUYEeCKMI pacy€T nenoBbix yciaoBuii B CJIO nus
nepuoaa ¢ ceHtsa6psa 1979 r. no nexa6pp 2019 r.
B xauecTBe BHemHero atMocgepHoro ¢popcuHra
HUCTIONb30BaNuch faHHble peaHanu3a ERA-5 EB-
pOIIEiiCKOTO ILIEHTpa CPEeIHECPOUYHBIX MPOTHO-
30B ECMWEF ¢ npocTpaHCTBEHHBIM pa3pelieHun-
em 0,25° X 0,25° 1 BpeMeHHBIM pa3pelieHueM Tpu
yaca (https://www.ecmwf.int/en/forecasts/datasets/
reanalysis-datasets/era5). B kauecTBe rpaHMYHBIX
YCJIOBUM MCIOJIb30BaHbI CPeAHEMECSIYHbBIC CPE-
HEMHOTIOJIETHHE 3HAUYEeHUST PacXoaoB 17 OCHOBHBIX
pek, Bnagaromux B CJIO. HauanbHoe ycioBue 1o
TeMIIepaType U CONEHOCTHU BOAbI B3TO U3 World

Ocean Atlas (WOAOS). Pe3yabTarsl pacu€ToB MoKa-
3ajid, YTO MOJIE/Ib BOCIIPOU3BOAUT OCHOBHBIE OCO-
OEHHOCTHU CE30HHOI U MEXIOJ0BOM U3MEHUYMBO-
ctu neasHoro nmokpona CJIO. OnguH 13 OCHOBHBIX
rnokasareJieit, MO3BOJISIOIINX OLEHUTh COBPEMEH-
HYIO TEHIEHIIMIO COCTOSIHUS JIEASTHOTO TTIOKpOBa, —
BpeMEHHOI X0/1 TOA0BOr0 MUHUMYMa €ro ILJIOIIAIu,
KOTOPBIH, KaK IPaBUjIO, IPUXOAUTCS Ha CEHTSIOPb.
Ha puc. 1 npuBeneHo cpaBHEeHHE U3MEHUYUBO-
CTU FOJIOBBIX MUHUMYMOB, TTOJIYY€HHBIX 110 Ha0JII0-
nenusiMm NSIDC [22] u pe3ynbTaTaM MpoBeIEHHBIX
pacuéroB Ha Mogenn AARI-IOCM. BugHo, 4yTo pe-
3yJIbTaThl MOAECIMPOBAHUS XOPOIIO BOCIIPOU3BOAST
COBPEMEHHYIO U3MEHUMBOCTD ILIOIIAAN MOPCKO-
ro npaa CJIO. B Havane pacuyéra Momesb 3aHMXKa-
Jla MUHMMAaJIbHYIO IUIOIIAb JIbIOB, OJHAKO IOCTE-
MIEHHO 3Ta pa3HMIIa YMEHbIIaJach, YTO yKa3bIBaeT
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Ha IIOCTEIIEHHOE COTJIaCOBAaHME TEIIOBOTO COCTOSI-
HUSI BCEH TOJIIM OK€aHa M MOPCKOTIO JIbIa C aTMO-
cepHBIM (pOPCUHTOM. XOPOILINM MOATBEPKICHIEM
KauyecTBa MOACIbHBIX PaCUETOB CIIYXKUT TaKXKe He-
IUIOXO€ COOTBETCTBUE PACCUMTAaHHON M HAOIIOOEH-
HOM TIomameif MOpcKoro ibaa oceHpio 2019 r. 3a
COPOK JIET MOIEILHOTO BpeMEHM 0e3 BCSIKOM accu-
MUK ObLIa TOIy4YeHa OYeHb peajbHas U3MEH-
4YMBOCTH JienoBeIX yciaoBuit CJIO. Ha ocHoBaHMU
BBIIIOJTHEHHBIX CPABHEHUI MOXHO YTBEPKIATh, UTO
MOJIyYeHHBIC PE3YJIbTaThl COOTBETCTBYET COBPEMEH-
HBIM IIPEICTaBICHUSIM O KIIMMAaTHICCKUX U3MEHEe-
HUSIX B APKTUKE.

B mpouecce BeIUMCIeHUI OBLIA pacCUMTaHBI
M COXpaHEHHBI IUISI JaTbHEUIIIETO CTaTUCTUIECKOTO
aHaJIM3a II0JISI OCHOBHBIX XapaKTePUCTUK JICASTHO-
ro mmokpoBa CJIO (cnmouy€HHOCTD, TOJNIIMHA JIbIA,
CpemHsIs TONIIMHA JIbIA, TOPOCUCTOCTh) C MOIyMe-
CSIIHOI BpeMeHHOM TUCKPETHOCTHIO M C TIPOCTPaH-
CTBeHHBIM paspemeHueMm 13,8 km. Kpome Toro,
COXPaHSUIUCH TOJISI Apeiia Ibaa, a TaksKe IT0JIST MH-
TerpaJibHBIX BEJIMIMH 00pa30BaHUs U TassHUS JIbAA.

AHaJIu3 pe3yJibTaToB

O0BEM MOPCKOTO JibJa — KJIIOUeBOM MHIMKATOP
KJIUMaTU4YeCKUX U3MeHeHUu. OH MHTerpupyeT Kak
TepMUUecKue (TasiHMe M HapacTaHUe JibAa), TaK U IU-
HaMuyeckue (pakTophl (aABEKLMSI, TPOLIECChl TOPO-
LLIEHUsI, HACIOEHUS, pa3pekeHNs1) B pe3y/IbTaTe BIusI-
HUS aTMocdephl U oKeaHa. /1715 aydiiero moHMMaHUs
MMPOVCXOASIINX TTPOLIECCOB B HAIIIEM YMCJIEHHOM DKC-
TMepuMeHTe OBIJIO BBEAECHO TTOHSITUE 1e0068020 2004.
Ilonm 3TM TepMUHOM OyzIeM TTOHMMATh TTPOMEXKYTOK
BpeMeHU ¢ 16 ceHTS0ps 110 15 ceHTsI0psI caenyolie-
IO TOfa, T.€. TIEPUOJ, 32 KOTOPLIH JIET OT HAMMEHBIIIE-
TO CBOETO 00BEMa COBepIIacT KBa3UTaAPMOHWUYECKII
k. Ha puc. 2 ipencraBieHO cpenHee Toie pa3Hm-
B MEXIy 00pa3oBaHMEM U TasHUEM JIbIa 3a JeI0-
BBIN TOA. XOPOIIIO BUITHO, YTO OCHOBHOE KOJIMYECTBO
JIbJIa 00pa3yeTcd Ha aKBaTOPUSIX OKPAMHHBIX MOpPEH.
B 11enbhoBbIX MOpsSIX HEOOJIbIINE TIYOUHBI HE MO-
3BOJISTFOT HAKOITUTH 32 JIETHUE MECSILIBI 3HAUNTEIbHBII
TeIuIo3ariac, IpeIsITCTBYIOIINI JTbA000pa30BaHUIO,
HO camoe TJlaBHOe — 0JM30CTh Oepera crocoOCTBY-
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Puc. 2. Cpennss 3a nepuon 1980—2020 rr. pazHulia Mexxay odpa3oBaHUEM U TasHUEM Jibaa B CeBepHOM JlenoBuTOM

OKE€aHe 3a JIeNOBbIN Iojl, M

Fig. 2. Average for the period 1980—2020 the difference between the formation and melting of ice in the Arctic Ocean

for an ice year, m
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eT 00pa3oBaHMIO MOJbIHEH. 7151 apKTUYECKMX MOpeit
XapakTepHO HaJW4YMe MpuIiask BOOJb Oepera, MmoaTo-
MY M HOJIBIHbY TaM UCTOPUYECKM HOCSIT Ha3BaHUE 3a-
npunaiiHbix. K coxaneHuto, COBpeMeHHbIE MOACIU
HE MOTYT aIeKBaTHO BOCHPOU3BOAUTD ITPOLIECCHI CTa-
HOBJICHUS 1 B3j0Ma Iipumast. OqHaKO MOAeb XOpo-
1110 BOCIIPOU3BOIMUT MOJILIHBY HEMOCPEACTBEHHO OT
Oepera, YTO HE3HAYUTEIbHO MEHsIET (DEHOMEHOJIOTHIO
npoliecca ¥ No3BOJISIET UCIIOIb30BaTh TEPMUH 3aIIpU-
naiHbIe MOJbIHBY B HAILLIEM MCCIEIOBAHWM.
3ampunaiiHasi MOJIBIHbS — 3TO IIPOCTPAHCTBO
YUCTOM BOAbBI 1 MOJOABIX JbIOB, PACIIOJOXEHHOE
HENoCPEeACTBEHHO 3a KPOMKOM mpuras u oopaso-
BaHHOE B OCHOBHOM I10J IEMCTBUEM BETpa, OTo)KMMa-
IOIIIEeTO IUIaByure JIbapl. CTallMoOHApHbBIC 3alIpUIlaii-
HbIE MOJIBIHbY HAOI0JAI0TCS 3UMMOI 1 BECHOI TTOYTU
BO BceX ApKTUIeCKMX MOpsix. OHM ITOKPBIBAIOTCS
MOJIOABIM JIBAOM Y BHOBb B3JIaMbIBAlOTCS, HO HE-
PEOKO HEMPEPBIBHOU IIOJIOCOU IMUPUHOM B AECSITKA
W JUIMHOM B COTHU KMJIOMETPOB OKAMMJISIIOT IpUITIai
win negHuK. OTHAKO cucTeMa MOJIbIHEN B MOPSX
JlanrreBBIX 1 BocTouHO-CHOMpPCKOM — 3TO 0c0ob0e
SIBJICHHE U HE 3psl OHA MOJIy4ynsia Ha3BaHue Benukoi
Cubupckoit moneIHBEN. MI3BecTHA OHA U KaK «(padbpu-
Ka Jbaa». Ha yncToii Boge B MOJIbIHBE OBICTPO 00pa-
3yeTcsl MOJIOAOM JIEN, KOTOPBII 3aTeEM IO IeiCTBEM
OTXXMMHOTO apeiida NepeHOCUTCS Ha ceBep, Tae OH
(opMUpPYET Ipsiabl TOPOCOB MPU B3AUMOJEUCTBUM C
TOJICTBIM 00JIE€ CTapbIM JIbIOM, & Ha OCBOOOIUBIIECH-
CsI OTO JIbJIAa YaCTU MOJILIHBY CHOBA HapacTaeT JIEM.
IIpeBbilieHME TasiHUS HAO HapacTaHUEM JibAa
HaO01aeTCs B paiioHax, MOABEPXKEHHBIX BAUSHUIO
OTHOCUTEJIbHO TEIUIBIX BOI, MOCTYHAIOIIUX U3 CO-
npeneabHbIX akBaTopuii. B HyKoTcKoM Mope Xopo-
1110 BBIIEJISIETCS 30HA BIMSIHUSI TUXOOKEAHCKUX BOJ,
MoCTynaroumux Tyaa yepe3 bepuHron npoaus. Hau-
0oJiee MHTEHCUBHOE TastHUE TIporcxoaut B CeBepo-
EBponeiickom OacceliHe, Tae J€a, BBIHECEHHbIN UH-
TEHCUBHBIM 1 KBa3UIIOCTOSIHHBIM TpaHCHOMSIPHBIM
TeueHreM uepe3 mpoauB Ppama, momnamaet Ha OTHO-
CUTEJIbHO TEILIYIO Boay I'peHiaHACKOro Mops, Io-
norpeBaemMoro CeBepo-ATIaHTUIECKIM TeUCHUEM.
B nocnenHee Bpems 00JblIO0€ BHUMAHUE Y-
JIsieTcsl palioHy ceBepHee apxurnenara HInumbep-
reH. 31ech IOBBIIIIEHHOE TasTHUE JIbIa OIpeaesIsieT-
C MPUTOKOM TEMIOM BOIbI, MOCTYNAOLIECH yepe3
nposmB ®pama ¢ Bomamu 3anagHo- InuidepreH-
CKOTO TeUeHUS. ABTOPHI pabOTHI [24]| cuuTalioT, 4To
B 9TOM pailoHe BO3MOKHA ITy0OKasi KOHBEKIIMS, KO-
TOpasl CNOCOOCTBYET YBEIMUYECHMIO BIMSIHUS aTIaH-

THUYeckoil Boawl Ha nenoBuTocTb CJIO. Heckonbko
BBIZIEJISIETCS] 30HA TTOBBIIICHHOTO TasTHUSI Ha CEBEPO-
BocToke BoctouHo-Cubupckoro mops. B atom paii-
OHEe He HabJIIo1al0TCs TEMIbIe BOMbI, a MOBLILLIEHHOE
TassHAE OIPEICIISITCS OCOOCHHOCTSIMM Jpelida Jibaa,
Oarogapst KOTOPBIM B JIETHHE MECSIIBI 31€Ch pac-
noJyiaraeTcs AMOHCKUIA J1IeA0BbI MacCCUB, KOTOPbIM
1 BBITAMBAET 3[IeCh MOJ IeiiICTBUEM aTMOC(EPHOro
TEeIIa U COJTHEUHOM pamuanun. MHTepecHast KapTh-
Ha HaOmogaeTcs U B akBatopuu bapeHiieBa Mopsi.
Ha ceBepo-3amane Mopst BblIessieTcst 00JIaCTh ITOBHI-
IIEHHOTO TasiHUsI, 00YCJIOBJIEHHAsI [IEPEHOCOM B 3TOT
palioH JILIOB B CTPYe X0JI0aHOro TeueHus Ilepces u3
ApPKTHUYECKOro bacceifHa uyepe3 MPOJIMB MEXIY ap-
xunenaramu Lmmoepren u 3emns ®panua-Mocu-
¢a. Ha roro-Boctoke Mopsi TIpeBbILLIEHUE TasHUS Haf
JIbIOOOpa3oBaHUEM 00eCreurBaeTCsl aiBEKLIME TEM-
Joii Bonbl B Konryeso-Ileuopckom TeueHH .
®opmuposanue TomuHb Jbaa B CJIO cBs3a-
HO He TOJIBKO C TepMOIMHAMWYIECKMMU TIPOIIECCaMu,
0oJIbLLIOE BIAUSIHME HA HEe€ 0KA3bIBAlOT IMHAMUYECKUE
¢daxropsl. Ha puc. 3, a ipeacraBieH pacCUMTaHHbII
BpeMEeHHO X0 CpeIHUX 10 BCEMY OKeaHy TOJIINH
Jbaa. ToJmHa poBHOTO JibAa OINpeAesIsieTCsT TOIbKO
TEPMOAMHAMMYECKIMH TIPOLIECCAMHU, a CPEIHSISI TOJI-
IIMHA JIbJA PACCUUTHIBAETCSI C YIETOM TOPOCOB, BO3-
HUKIIMX B pe3y/IbTaTe JMHAMWYECKMX ITpoleccoB. U3
puc. 3, a BUIHO, YTO Y POBHAsI, U CPEAHSIS TOJIIIIMHBI
MMEIOT TeHAEHLINIO K YMEeHbIIeHNI0. OObICHSIETCS
3TO TEM, UTO, XOTSI TOPOCHI ¥ 00Pa3yroTCs B pe3ysibTa-
TE€ YMCTO TMHAMUYECKOTO IpOolecca — KOHBEPIeHLIMHI
Ipeiida Jibaa, B JaJbHEHIIIEM OHU 3BOJIOLIMOHUPYIOT
B pe3yJIbTaTe TEPMOIMHAMUYECKUX ITPOLIECCOB.
Pacrnipenenenue TOMLMHBI POBHOTO JIbAA U CPEII-
Heil (¢ y4ETOM TOPOCOB) TOJIIMHBI [0 aKBATOPUU
CJIO B centsa6pe 2007 r. mokazaHo Ha puc. 3. Mak-
CUMaJibHasl TOJIIMHA POBHOTO Jibaa (bosee 1 M) Ha-
XOIUTCSI B 30HE aHTULIMKIIOHMYECKOIO KPyroBOpoTa
(cM. puc. 3, 6). CkopocTb 00pa3oBaHusl JibIa B 3TOM
paiioHe HeBeauKa (CM. pUc. 2), 0OAHAKO JIEA 31eCh
MOXET LUPKYJIMPOBaTh TOAaMHU, ITOCTEIIEHHO Hapa-
IIMBAast CBOIO TOIIIMHY. TOpOChl 00pa3yroTCs B 30HAX
3HAUYMTEJbHONM KOHBEpreHuuu apeida apaa. Oco-
OeHHocTb Apelida apaa B CeBepHoM JIeT10BUTOM OKe-
aHe IMPUBOIUT K TOMY, YTO HauOOJIblIee KOJTMIECTBO
TOPOCOB HaOJIIOAAETCSI Y CEBEPHOTo Imobepexbs Ka-
Hanbl 1 ['peHnanauy. MMeHHO B 3TOM paiioHe apeiid
JIbIa UMEET YCTOMYMBYIO HOPMAaJIbHYIO K OEperoBoii
yepTe KOMIIOHEHTY Ha Tiepudepu aHTULIMKJIOHNYE-
CKOT'0 KPYroBOpOTa U B IIpaBoii yactu TpaHcapKTH-
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Puc. 3. PaccuntaHHble ToMIIMHA poBHOTO (/) U cpeaHssl TodMHa (¢ y4€ToM TopocoB) (2) jibaa (a) u pacnpenene-
HUe cpeaHeii (¢ Y4ETOM TOPOCOB) TOMIIMHBI (6) 1 TOJIIMHBI pOBHOTO Jibaa (8) B ceHTs10pe 2007 1., cMm

Fig. 3. Calculated thickness of flat (/) and average thickness (including hummocks) (2) ice (a), distribution of average
(including hummocks) ice thickness (6) and thickness of flat ice (8) in the Arctic Ocean in September 2007, cm

YEeCKOIo TeueHUs. 3HauUMTebHbIe KOHIIEHTpaIluu
TOPOCOB MOTYT 00pa30BbIBAaTHCS U B APYTUX palioHax
CJIO, B yacTHOCTH, Y OCTPOBOB Ha aKBaTOPUM ap-
KTUYECKUX MOPEN MPU MPOXOXKISHUU TTyOOKUX LI~
KJI0HOB. OHAKO 3TO IPOMCXOAUT MEPUOIUYECKHU U,
KaK MpaBUjIo, TaM OHU BBITAMBAIOT B TEILIBIA MEepU-
O[l TOJ1a WJIM BBIHOCATCS B IPYTME PAaiioHBI. Y 1obe-
pexbs Kanane! u 'peHnanauy tTasiHue JbAa, B 4acT-
HOCTH TOPOCOB, IMPAKTUYECKU HE TIPOUCXOAUT U JIE
HabJrogaeTcs B Ji000e BpeMs roja. DTo MPUBOIUT K
TOMY, YTO CPEIIHSIsI TOMIIMHA JIbJa 3[eCh JaXe B CeH-
TIOpe MOXeT MpeBbIIaTh 3 M (CM. puc. 3, 0).
Bosnbiiyio posb B 6anaHce jbna B CeBepHoM Jle-
JMIOBUTOM OKeaHe Urpaet apeii. BblmoiHeHHbIE BbI-
YUCJIEHUS MO3BOJISIIOT OLIEHUTh POJIb Apefida baa B
MEXTOIOBBIX U3MEHEHMSIX OanaHca ibaa. Ha puc. 4
MPUBEICHO COIIOCTABJICHUE TIOJIEU CPEOHETO ApEVi-
(a 3a nemoBbie Toma 1986—1987 u 2011-2012 (ms
HaIISITHOCTU MPUBEAEH TOJBbKO KaXKIIbIil IeCsAThIi
BEKTOP). DTU MEPUOILI BEIOpAaHBI U3-3a TOTO, UTO B
1987 r. ObLI 3apUKCHPOBAH MAaKCHMYM 3a IEPUOI
BeIurciaeHuit, a B 2012 r. — aGCOMIOTHBI MUHUMYM
nenoBuroct CJIO. Puc. 4 no3BosisieT KaueCTBEHHO
OLIEHUTH pa3jinuMsl B Apeiide Jbaa, KOTOpble, BO3-

MOXHO, U OTIPEICIUIN CYIIECTBEHHYIO Pa3HOCTD B
MMWHUMAJIBHOM JIEAOBUTOCTU B 3TU roibl. B mepByto
oudepenb, oOpallacT Ha cebsd BHUMaHUE pa3HULIA B
MOJIOXEHUH LIEHTPa aHTULIMKJIOHUYECKOTO KPYTrOBO-
poTa B AMepasuiickoM OacceitHe. B 1987 r. oH ObL1
aHOMaJIbHO OJIM30K K CUOUpCKOMY Oepery, TIpu 3TOM
0OJIbIIIas YacThb Jibaa, 00pa3oBaBIIerocs: Ha «(adpu-
Ke JIbIa» Ha 1esibge mopeit Boctouno-Cubupckoro
u JlanTeBbIX, BOBJIEKAIaCh B 3TOT KPYTOBOPOT M LIUP-
KyJIUpOBaJia TaM MPoAoJKUTeIbHOe Bpemst. B 2012 T.
LIGHTP KPYroBOPOTa HAXOMWJICSI 3HAYUTEIBLHO OJIVKE
K KaHaJICKOMY TO0EpeKbIo. DTO IIPUBOIUIO K TOMY,
YTO TOJILKO HE3HAYMTEbHAs YacCTh JIba U3 CUOUP-
CKMX MOpell BOBJIeKajach B OCJIa0JIEHHBIN KPYro-
BOPOT, B TO BpeMs Kak OOJIbIIAsT YacTh JIbJa B CTPYye
TpaHCcapKTUYECKOTO TEUEHMSI IIEPEHOCHIACH K TIPO-
nuBy ®@pama. B 1987 negoBoM rogy yepe3 MpoauB
®pama o pesynbTaTaM BBIYMCICHUI OBLIO BBIHE-
ceHo 1225 km? npma. B 2012 1. BeIHOC Jibaa ObUI €11IE
MHTEeHCUBHee U cocTtaBua 1793 kM3, Dra BeanuuHa
okaszanach Haubonblueit mocse 1995 r. (2039 km3).
Ha puc. 4 BugHo, uto néa B 2012 r. mepeMeriaics He
TOJBKO B cTpye XonoaHoro BoctouHo-I'pennanacko-
IO TeUCHUSI, HO B 3HAUMTEJILHOI CTEIIEHU OTKJIOHSUICS
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U Ha BOCTOK, B HopBexckoe Mope, rie ObICTpO Tasil
B TEMTBIX Bogax CeBepo-ATIaHTUYECKOTO TeUeHUS.

Jns uccnenoBaHusl IPUYUMHBI COBPEMEHHOMN U3-
MeHUYMBOCTU OanaHca abaa B CeBepHoM JlemoButom
OKeaHe IMPOBeAEH KOPPEJSIIMOHHBIN aHaIu3 psaa
€eroHbIX MUHMMAJIbHBIX 3HaUeHUI1 00bEMa Jibla B
CJIO V; (puc. 5) ¢ pakropamu, Ero ONpeAEISTIOLUMMU.
51 BBIIBIIEHMS BKJIama TETIOBOTO (pakTopa B OagaHc
Jibia ObLT paccuuTaH 1o naHHbIM ERAS psin cpenHero-
JOBBIX (JIETOBBIN rOf) 3HAYESHUI TeMIlepaTyphl BO3IYy-
Xa B ApKTHKe (paiioH ceBepHee 65° c.1i1.) (cM. puc. 5).
CTaTUCTUYECKIIA COBMECTHBIN aHAIN3 TUX PSIIOB 3a-
(pykcrpoBan 04eHb TECHYIO CBSI3b ¢ KO3 DULIrieHTOM
koppensain R = —0,88. OnpHako moclie yaaneHus u3
PSIIOB CpenHel TeMIlepaTyphl Bo3nyxa B ApKTUKE U
MUHMMAaJIbHBIX 00BEMOB Jibla JIMHEWHBIX TPEHIOB —
0,071 °C/rox u —0,153 TeIC. KM?/TOII COOTBETCTBEHHO,
KO3(pDULIMEHT KOppeIsIiy 3HAUUTETHHO YMEHBIIINII-
csau coctaBl R = —0,52. D10 NOKAa3bIBAET, YTO TEIUIO-
BOI1 (hakTOp ompenesnsieT B OCHOBHOM JOJITOIepUOI-
HYIO U3BMEHYMBOCThL 00bEMa Jibaa B CJIO.

BnusHue nuHamuuyeckoro atMocgepHoro dak-
Topa Ha 6anaHc Jpaa B CJIO ycTaHOBUTH 3HAUUTEIb-
HO CJIOXKHEe, YeM CKaJISIpHOU TeMIlepaTyphbl BO3ayXa.
Kaxk yxxe orMevasioch, Ipu3eMHBIIA BETep MOXET YCU-
JIUBaTh WU OCNA0JISITh BRIHOC JIbJa Yepe3 MPOJIUBHI,

OTKPBIBATh UJIM 3aKPBIBATH ITOJIBIHBY U Pa3BOIbs, T1e-
peHOCUTH JIEN Ha TETUTYIO Boay, (DOPMUPOBATH B TOM
WJIM UHOW CcTereHU Topockl. Takast cioxHast (heHo-
MEHOJIOTHS HE TTO3BOJISICT BEIPA0OTaTh KaKOi-11b0
penpe3eHTaTUBHBIN MHIMKATOP MHTCHCUBHOCTU U
HaIpaBJIeHHOCTH AUHaAMHU4YecKoro popcuHra. OmgHa-
KO MOJIEJIN TTO3BOJISIIOT IPOBOAUTh PAa3JIMYHbBIC YMC-
JIEHHBIE 3KCIIEPUMEHTHI U1 TIOMOLIU B U3YYEHUN
MPOLIECCOB, MPOUCXOISIINX B IPUPOJIE.

J1ns BBISIBIICHUS BKJIaga JUHAMUYECKUX IPO-
1eccoB B banaHc apaa CeBepHoro JIeqoBUTOrO oKe-
aHa ObLJT BLITIOJTHEH CIIeLIMAaIbHbBIIA MOJEIbHBIN 9KC-
nepumeHT. Ha monenn AARI-IOCM 6b11 mpoBenéH
ell€ oaMH pacueT JeaoBbiX yeaoBuit B CJIO nia ne-
puona 1979—2019 rr. Ocob6eHHOCTh 3TOro pacuéra
cOCTOsiIa B TOM, UTO Bce (POPCUHTU, OMPEACIIsSIio-
IIKMe TePMOAMHAMUYECKUE TIPOLIECCHI, 3a1aBaIuCh
MMOCTOSTHHO TOBTOPSIOIIUMCS PSIIOM C OKTSIOpS
1986 no cenTs16pb 1987 T. 1 TOJBKO aTMOC(pepHOEe
JIAaBJICHWE U BETEp 3aaBaJIUCh KaK B OOBIYHOM JMa-
rHocThUYeckKoM pacuére. Jlemopniit 1986—1987 ron
ObLI caMbIM XOJIOAHBIM 3a pacCMaTpUBaeMbIii I1e-
puon, u B 1987 r. Habmonancss HauOOJIbIIUA cpeau
MUHUMaNbHBIX 00BEM Jibaa (cM. puc. 1). Haubo-
Jie€ MTHTEPECHBIM Pe3yJIbTaTOM 3TOr0 SKCIIEPUMEHTA
CTaJI Psifi €XKETOAHBIX MUHUMAJIbHBIX 3HAYeHUI 00b-
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L Puc. 5. MuHuManbHbIit 00BEM JIbIa
B CeBepHOM JlemoBUTOM oOKea-
He (/), cpeaHerogoBasi TemIrieparypa
B ApkTuke (2), 00bE€M 1baa, pac-
CYMTAHHBIN TIPU ITOCTOSIHHOM TeM-
nepatypHoM cdopcuHre 1987 r. (3) u
BOCCTAHOBJICHHBII 110 YpaBHEHUIO
perpeccuu MUHUMAaJbHBIN 00bEM
abaa (4)

Fig. 5. The minimum volume of
ice in the Arctic Ocean (/), the av-
erage annual temperature in the
Arctic (2), the volume of ice calcu-
lated at constant temperature forc-
ing in 1987 (3), and the minimum

TelenepaTypa, °C

-12

T T
2000 2010

loabl

T
1990

éma npaa B CJIO (cMm. puc. 5), U3BMEHUMBOCTb KOTO-
pOro oIrpeaesaach TOJIbKO KOJAeOaHUSIMU TUHAMU -
yeckoro (opcuHra. CTaTUCTUYECKUI COBMECTHBII
aHaJI3 3TOTO Psifia C PSIOM €XKErOIHbBIX MUHUMAaJIb-
HBIX 3HauYeHUi o0bEMa abaa B CJIO, mosydyeHHbIM
MPpU IMAarHOCTUYECKOM pacuéTre, majl TakxKe OYeHb
BBICOKMI KO3hGULIMEHT Koppeastunu — R = —0,86.

MHOXeCTBEHHBII1 pEerpecCCUOHHBIN aHa-
JIN3 TO3BOJIMJI MOJYYUTh CleAylollee ypaBHEHUE
V,=—14,33 — 1,387, + 1,08V,_,957, OTIpEnEIAIO-
1ee MUHUMAaJbHBIN 00bEM Jbaa B CeBepHoM Jle-
JNOBUTOM OKeaHe V; uepe3 CpeqHIO TeMIepaTypy
Bo3ayxa B ApKTuke 7, U yCIOBHBII TMHAMUYECKUI
(daxTop V;_9g7, PACCUNTAHHBINA B IMOCIEIHEM YHUC-
JICHHOM 3KcIlepuMeHTe. BoccTaHOBIGHHBIN MO
9TOMY YPaBHEHMIO PsIi MUHUMAaJIbHBIX 3HAUEHUI
00BbEMa Jbaa MpUBEAEH Ha puc. 5, a KOa(pGULINEHT
KOPPEJISILIMY 3TOTO psifia C paCCUMTaHHBIM I10 MOJIe-
1 AARI-IOCM psaoM exXerogHbIX MUHUMAaJIbHBIX
3HaUYeHUI 00BbEMA JIbJa UMEET OUYEHb BBICOKYIO Be-
mnauHy R = 0,96.

3akinouyeHue

Pe3ynbraThl BHITOJIHEHHBIX HA MOJIEIM COBMECT-
HOM UMPKYASAUU Bon 1 baoB CeBepHoro JlenoBu-
Toro okeaHa AARI-IOCM opuruHaIbHBIX YACIEH-
HBIX 3KCIIEPUMEHTOB MOATBEPAUIN U3BECTHHIE U
MO3BOJIVUIM BBISIBUTD PsSIl HOBBIX 3aKOHOMEPHOCTEM
B U3MEHYUBOCTH OasiaHca ibaa B CeBepHoM JlegoBu-
ToM okeaHe Ha pyoexe XX u XXI BB. YcTaHoBIEeHO,

2020 volume of ice restored according to

the regression equation (4)

YTO OCHOBHOE KOJIMYECTBO JibJa 00pa3yeTcsl Ha aKkBa-
TOPUSIX OKpaHHBIX MOpeli, a Haubojee UHTEHCUB-
Hoe TastHue nmpoucxonut B CeBepo-EBpormeiickom
Oacceline, Ha akBatopusix bapenuesa u YUykoTcko-
ro MOpeil, Kyaa MOCTYIal0T OTHOCUTEJILHO TEILIbIe
BOJIbI U3 COMpEeEIbHbIX OKEaHOB, a TakXKe Ha CceBe-
po-BocToKe BocTouHo-Cubupckoro Mops, rae Toj
JeiicTBreM aTMOC(EepHOTO TeTljla M COTHEUHOM pa-
Jaluy BhITauBaeT AMOHCKUI JISTOBbI MacCHB.
DopMHPOBaHUIO AOCOIIOTHOTO MUHUMYMA JISI0-
BuTOCTU B 2012 T. CITOCOOCTBOBAJIO aHOMAJIBHOE T10-
JIOXK€HUE aHTUILIMKIOHMYECKOIo KPyroBopoTa 3Ha-
YUTEJIBbHO OJIMXKE K KaHaJCKOMy Mobepexbio. DTo
MPYBOIMIIO K TOMY, UTO TOJIbKO He3HAUMTEJIbHAS YacTh
JIbla, 00pa30BaBIIErOCsI B CUOMPCKUX MOPSIX, BOBJIE-
Kajach B 0c1a0JIeHHbI KPyrOBOPOT, B TO BpeMsI KakK
OOJTBIIIAsT YacTh JibAa B cTpye TpaHCapKTUUECKOro Te-
YyeHUsI riepeHocuIach yepe3 mpouB Ppama B ['peH-
JaHackoe Mope. CTaTUCTUYECKU aHaIu3 pe3y/ibTa-
TOB YMCJICHHBIX SKCIIEPUMEHTOB I10Ka3aj, YTO TPEHI
Ha yMeHbIlleHre 00beéMa Jibaa B CeBepHoM JlemoBuTom
OKeaHe OIpeeIsieTCsI B IIEPBYIO 0UYepelb I100aTbHBIM
MOTEIUIEHUEM, a Ha JIOKAJIbHbIE 9KCTPEMYMBbI OOJIbIIIOE
BJIMSIHME OKa3bIBaeT AMHAMUYECKUI (DOPCUHT, IIPU-
YEM TOJIBKO 3a €r0 CUET MUHUMAJIbHBIN OOBEM JIbaa B
OK€aHe MOXET U3MEHATHCA 60JIee YeM Ha 3 ThIC. KMS.
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