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BBEJIEHUE
Apxmuueckasn uacmov 2100a1bHOU KIUMAMUYECKOU CUCTEMbl

Knumar Apktuku opMupyercs B YCIOBHSIX 3HAYUTENbHO MEHBLIETO MPUTOKA TEIUIa OT
ConHia, yeM KJIMMAaT HEMOJSPHBIX oOnacteil. B 3HaumTenbHOW dYacTH 3TOT JeUIMT
BOCTIOJIHSIETCSI BHYTPEHHHUMH TEPMOJMHAMUYECKUMU IPOLIECCaMH, MPOTEKAloIMMMHU KakK B
KIMMaTHYECKOH CHCTEME B II€JIOM, TaK U B MOPCKO# ApkTuke (puc. 1). 3HAUUTENbHbIH BKIA] B
MOTEMJICHHE apKTUYECKOro  KJIMMara IO CpPaBHEHHIO C TUIOTETHMYECKUM KJIMMAaToM Mpu
HETOABIKHON U MPO3pavyHoi aTMocdepe, BHOCUT aABEKIIHs TEIUIa M0 HAIPAaBIECHHIO K MOJIIOCY.
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Pucynok 1. Apktudeckast 4acTh r100aJbHON KIMMaTHUeCKol cucteMsl (Anekcees, 2003)



B Mopckoit ApkTHke M3MEHEHUS KIMMara YCUJIMBAIOTCS OOpAaTHBIMH CBSI3SIMH, CpEAU
KOTOPBIX 0CO00€ BHUMAaHME IPUBJIEKAET JAerpajainus MOpckux jbaoB B CeBepHoM JlenoBurom
okeane (CJIO), ocTpo pearupyrouMx Ha U3MEHEHUs kiaumaTa. BeiHoc mpecHoit Boasl u3 CJIO
BJIMSIET HA PAaclpOCTPAaHEHHE MOPCKUX JIbJIOB, TEPMOXAJIMHHYIO LUPKYJIALUIO B IpUieraromei
akBaropuu CeBepHOIl ATIAHTUKYU U Yepe3 HUX Ha PETMOHAIBHBIN U IN100aIbHBIN KJIMMAT.

Onepeemuueckuii baranc Apkmuxu

Kak nokaspiBatoT onenku [Mapuyk u nap., 1988; Nakamura and Oort, 1988; Xpoi, 1992;
Serreze et al., 2007], agBekIus COCTAaBISET OCHOBHYIO YacTh DHEPreTHUECKOro OanaHca s
KIIMMATHYeCKON cucTeMbl 3eMisl - atMocdepa B BhICOKHX mupoTax (CeBepHOro MoIylIiapus.
OtpuiareabHas aIBEKIHs B OKEAHE JICTOM SIBJISICTCS PE3yJIbTaTOM ITOTJIOMICHUS TEIla Ha TassHUE
JbJa W CHETa W Ha MPOTPEB BEPXHErO OMPECHEHHOTO ciiosi. HeaBHUE OIEHKU COCTaBIISIONINX
SHEPreTUYeCKOro OajaHca ¢ HCIIOJIb30BAaHMEM MACCHBOB peaHalid3a aTMOC(EpPHBIX JTaHHBIX
ERA-40 u NCEP/NCAR mis ob6nactu cesepuee 70° c.m. (Serreze et al.,, 2007) mnoka3amu
HECKOJIBKO MCHBINMN BKJIAJ aaBEKIMH B aTMocdepe W OONBIINK MPUTOK M3 OKEaHa B CBS3HU C
COKpAIIICHUEM IIIOMAAH MOPCKHX JIBJIOB M YBEIMYCHHEM JICTHETO IMPOrpeBa BEPXHErO CIIOs
OKeaHa.

HABJIFOJJAEMBIE U3MEHEHUS B APKTUUECKON KJIIMMATHUYECKOM
CUCTEME

Temnepamypa 6o30yxa

B BeIicokux mmpoTtax CeBepHoro mosymapus passutue noterienus B 1910-1940 rr.
npepBaHo riy6okuM noHwkeHnueM [ITB no 1970-x rr., mocie KOToporo Hauajaoch COBPEMEHHOE
norerienue (puc. 2). Otu tpu craauu 3omoiun [ITB o0pasyrot konedanue ¢ nepuogom 60-70
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Pucynok 2. Cpennsist mo 32 cranuusm k cesepy ot 60° c.ur. [ITB 3umoii u netom. B nentpe —
MIOJIOKEHHE CTaHIMH (aaanTupoBaH u3 Anekcees u ap., 2011).

aet (Schlesinger and Ramankutty, 1994), nau6onee 3ameTHoe B obsiacti CeBepHOI ATIAHTHKH
u npuneraronie cymu. Ilo 3TOW mnpuYMHE €ro 4acto Ha3bIBalOT ATIIAHTHYECKOU
mexaecatuwietneit ociusanueit (AMO) (Enfield et al., 2001). B MHOroMeTHUX H3MEHEHUSX
[ITB B ApKTHKE Ha JOJIO 3TOr0 KojeOaHus MpUXoAuTcs 37% W3MEHYHBOCTH CPEIHErOJJOBOM
I[ITB. Haumbonpmmit Bkiag (or 22 g0 45%) oTMmedaercss Ha  CTaHIUAX B
I'pennanacko/McnanackomM paifoHe, KOTOpbIM U (GopMHpyeT B 3HAUUTEIHHOW CTENEHU BKIIAJ
AMO B u3MeHeHus cpeHel TeMIepaTypsl B ApKTHKE.

N3menenus temmeparypbl BO3ayXa HajJ OO0JAcThI0O MOPCKOW APKTHKH, BKIIFOYAIOIICH
HOKpPBITYIO JIbJlaMUd B 3UMHHMI nepuop aksaroputo CesepHoro Jlemosuroro okeana (CJIO)
MPEJICTABISIIOT OCOOBI MHTEpEC, OCKOJIbKY, B MEPBYIO OUEpeab BIMSIOT Ha JIeTHEEe TasHUE U
3UMHee pazpactanue JseasHoro nokpoa B CJIO. Ha puc.3 BugHo ObicTpoe YyObIBaHHE
OTPHUIIATENLHBIX Temmeparyp nocie 1991 roma u ObICTPBIN POCT MOJIOKHUTEIBHBIX TEMIIEPATyp
nociie 1996 roxa ¢ abcomoTHBIM pekopaoM B 2012 roxy.
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Pucynoxk 3. MI3meHnenus cpeineit TeMnepaTypsl Bo3ayxa B Mopckoit Apkruke 3a 1951-2013 rr.
CrneBa — 3umoii ([ISD), cnpasa — netom (MUA). B eHTpe — mostoskeHue CTaHIMM (a1anTHpoOBaH
u3 Anekcees u jap., 2011).

Ammocehepnasn yupkyrayus

Bnusinue atMocdepHOW IMUPKYJIALMKA HA U3MEHCHUs KiIMMarta B APKTHKE HECOMHEHHO
BUAYy OONBIIOrO BKJIaZa aTMOC(EpHBIX IMEPEHOCOB B (POpMUpOBAaHHE €€ JHEPreTHYECKOTO
Oananca. HenmaBHsisi mepecTpoiika IMPKYJISIIUOHHOW CHUCTEMbl B ApKTHUKE IpOSBUJIACH B
dbopmupoBanuu aunonsHOi cTpyktypsl (WU et al., 2006; Wang et al., 2009) B none naBieHus
Bo3ayxa Ha ypoBHe Mops (AYM). B mnonoxutensHoil daze apkruueckuit aumnons (AJl)
XapaKTepU3yeTcsl TOHKEHHBIM JaBliecHHeM Haja Kapckum mopeM um mopeMm JlanTeBbIX
NOBBIIICHHBIM HajJ KaHaJckuMm — apxuIenaroMm, paclpoOCTPAHSIONIMMCS Ha  FOT0-BOCTOK
['penmanguu. B nerane cezonsr 2007-2012 rr. monoxwutensHas (aza ITUTIONS COMPOBOXKIAIACH
YBEIIMYCHUEM JIETHETO TasHUS W BBIHOCOM JibJa. VI3MEHeHue B CTPYKType aTMochepHOM
MUPKYJISIUU  HaJ ApPKTUKOH ¢ mpeoOiaaHueM I[HKIOHUYECKOTO peXHMa TOBIUIO Ha
(dopMHpOBaHUE KIMMATHYECKUX AHOMAIW HaJ TPUICTAIOIIMMH YMEPCHHBIMH IHIMPOTAMH, B
YaCTHOCTH aHOMAJIbHO XOJIONHBIX 3uM B EBpore m B Boctounoit Asum (Petoukhov, Semenov,
2010; Inoue et al., 2012).

Conneunas paouayus

[lorennenne B ApPKTHKE CBSI3aHO TaKXE€ C HM3MEHEHUSIMU B PEXKUME NPUXOIALIEH
COJIHEUHOM panuanuu. HaOmroneHus: 3a MpUXosiiel COMHEYHON pajauanuei Ha apKTUYECKHUX
CTaHIMSIX OOHApYXKUBAIOT 3HAUYMMBIE TPEHMABI €€ COCTAaBJIAIONIMX 3a mnocienHue S50 Jer.
CymMapHast pagualiisi BeIpociia, TiIaBHbIM 00pa3om, B Mae u urone (Weston et al., 2007). Oxnoit
U3 MPUYUH SBJISICTCS YBEJIMUCHUE HHUCXOJSINEH IIMHHOBOJIHOBOM pamuanuu (JIBP), kotopas
YMEHBIIAET anp0eno u crnocoOcTByeT Oosiee panHemy Hadany TasHus. C 1979 mo 2005 roxg
KOJIMYECTBO TIOTJIOIEHHOW COJIHEYHOW paJualuy, 3alacéHHOM JIETOM B BEPXHEM CIIOE
ApkTrueckoro Oacceitna yBenmuuniaocs Ha 89% ero akBaropuu (Perovich et al., 2007).

O BiIMAHHUU OONAYHOCTH HAa PAJAUALMOHHBIA pPEXHM B APKTUKE MOXKHO CYIUTH TIO
ornieHkam TpeH0B [1TB npu paznuunbix ycnoBusax obmauynoctr. Obnaka nmoseimatoT [1TB moutn
KPYIJIBIA TOJ 3a UCKIIOueHHeM cepenuusbl jera. Tpenasl [ITB npu sichom u obGixauyHoM Hebe
pacrpeziesieHbl TaK)Ke Kak MpU OOLINX YCIOBUSAX 00JaYHOCTH, HO BEJIMYKMHA TPEHJIOB MIPU SICHOM
HeOe Oosblie, yeM MpHu 00JaYHOM M OHH IOJIOKUTEIbHBI BECHOH, JIETOM U OCEHbI0. TpeH/Ibl pu

O0IIMX YCIIOBHSAX OOJAYHOCTH IMOKA3bIBAIOT MOTEIIEHHE B OOJBIIMHCTBE PAiOHOB BECHOW H
aerom (Liu et al., 2008).

Mopckoti neoanot nokpos

CoxpalieHre iomaa MOPCKOTo JibJa sBJsIETCs Hanboiee 00CyK1aeMbIM IPOSIBJICHUEM
COBpeMEHHOro noreruieHuss B Apkruke. HambGonee paHHHME OLEHKH PAaCIpOCTPaHEHHUs JIbJOB
oTHOCcATCs K akBaropuu I'pennanackoro, Hopsexckoro u bapeHueBa Mopell U NpUIIETAIOIINX
paiionos (Vinje, 2001; Brinck Leyning et al., 2003). U3 Hux BuaHO, uTo B nepuox ¢ 1920-x mo



1940-e rombl IPOUCXOAMIO COKpAIICHHE JIETHEH TuTomau jJbpaa B oomactu ot 30° W mo 70° E u
K rory ot 80° N. [lanHbIe 0 neTHel miomaay jibaa B CHOMPCKUX apKTUYSCKUX MOPSX UMEIOTCS B
Buzie JenoBbix kapt ¢ 1933 roma (Mahoney et al., 2008). Psiibl cpemHeit B JIeTHHE MeECSIIbI
IUTOINAIHM JibJia BoccTaHoBIeHbI ¢ 1924 roaa (3axapos, 2004; ®posios u ap., 2007).

CoBpeMeHHBIN TIEpPHO COKpAIICHHS IUIOMIAd aPKTUYECKOTO MOPCKOTO JIbJa XOPOIIO
JOKYMEHTHUPOBAaH M0 JaHHBIM H3MEpPEHUil co chnyTHUKOB. IIpom3BeneHHble Ha HX OCHOBE
KOMIUIEKTBI JICOBBIX KapT M BPEMEHHBIE PS/IBI PA3IMYHBIX XapaKTEPUCTHK MOPCKOTO JISASTHOTO
MOKPOBa MOKA3bIBAIOT M3MEHEHMS IUIOIIAAM, 3aHATON JbgamMu B Apktuke. B mocrnennee
MOJITOpA JIECATUIICTUS TPOUCXOAMIIO €€ OBICTpOEe COKpallleHHWE B KOHIIE JICTHErO IEepUOoja,
3aBEPIIUBIIEECS CaMbIM TJyOOKHMM MHHHUMYMOM B ceHTsA0pe 2012 roma (3.37 MIIH. KB. KM IIpH
cpeaHeM 3HaueHuu Oosiee 6 mitH. (puc. 4)).
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Pucynok 4. CpenHsis miiomaab MOPCKOTO JibJa B CeHTs0pe B Apkruke no aaHHeiM NSIDC
(http://nsidc.org/data/seaice_index/index.html) B 1980-2013 rr. [IlynkTupHas KpuBas —
afrpoKcumanusd rmoJIMHOMOM 3 cTemneHu.

Tonuuna nvoa

Tonumua npaa sBAsieTcs HaubOosiee TPYAHBIM IS MAcCOBBIX M3MEPEHHMH MapaMeTpoM
MOPCKOTo JieAstHoro nokposa. Ha ocHoBe 060011eHus JaHHbIX, coOpaHHbIX [1JI B ApkTHueckoM
OacceilHe HaliIeHO yMEHbIlIEHHE cpelHeil mo OacceliHy TOMIIMHBI JbAa Ha 42% Kk cepeauHe
1990-x romoB oOTHOcUTENbHO cpenHeir 3a 1958-1977 romer (Rothrock et al., 1999).
CpaBHUTENBHBIN aHAJIN3 JAaHHBIX MOMYTHBIX M3MepeHui B 1977, 1987 m 2000-x rr. mokasain
COKpAILIEHHUE J10JIU MHOTOJIETHUX JIBJIOB B 2-3 pa3a U, COOTBETCTBEHHO, YMEHbIIIEHUE CPEHEHN HX
TOJIIUHBI B ApkTHdeckom Oacceiine k 2005-2006 rogam Ha 23% (puc. 5).
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PHcyHOK 5. PacnpezxeneHI/Ie TOJMIMHBI POBHOIO JibJa B Mac Ha IIyTH IIaBaHHUSA aTOMHOIO

nenokona «SImam» B 2006 1. 1 atomHoro jenokona «Cudbups» B 1987 r.




Henasno Laxon et al. (2013), ucrnonb3yst HOBbIe TaHHBIC O TOJIIIMHE JIbJA, TOJyYCHHBIC
co cnyrauka CryoSat-2, onenunm ooweM npaa juist 3umbl 2010/11 u 2011/12 rr. CpaBHeHue ¢
panneit (2003-2008) ouenkoii mo nanubiM crryTHuka |CESat, mokasasno, 4To oceHbio 00beM Ibaa
yMEHbIIWICS Ha 4292 KM3, a 3uMoii Ha 1479 KMS_

Dakxmopyl, erusOWUe HA 0e2padayuio MOPCKO20 1e0sIH020 NOKPO8a

O4eBHIHO, UTO MPUYKHA PE3KOI0 COKPAIICHUS KOJIMYECTBA aPKTHUECKUX JIbJ0B B KOHIIE
JIETHETO MEepHo/Ia CBsi3aHa C MOTEIUIeHWEM Kiumara. Koppensuus Mexay U3MEHEHUSIMH JIeTHEH
MIPUIIOBEPXHOCTHON TeMIIepaTypbl BO3yXa M IIOLIA/IbIO, 3aHSATOH MOPCKUM JIBJIOM B CEHTSOpe
3a 1979-2013 rr. coctasisier -0.93. Ouenku (KynakoB u nap., 2012) Ha ocHOBE MOAECTUPOBAHUS
n3meHeHut JjetHed [IMJI mom BausHMEM mTOTEIUIEHUS MW aTMOCHEPHON HUPKYISIUHA
HNOATBEpAMIN, 4To cokpamenue IIMJI B mocnenHue aecarb JeT OOYCIOBJICHO, TJIaBHBIM
00pa3oM, TMOBBIIICHHEM TEMIEPaTypbl Bo3ayXxa. M3MeHeHus IUPKYISIIUU aTMOC(epbl Takxke
NOBJIMSJIM Ha cokpamienue jbaa (Bengtsson et al., 2004; Maslanik et al., 2007; Ogi et al., 2008;
Wang et al., 2009; Stroeve et al., 2011), BciaencTBre yBeIUUEHHS 3KCIIOPTA JIba Yepe3 MPOJIUB
®pama B koH1e 1980-x — Hayane 1990-x rr.

JletHee TasHME AapPKTUYECKOTO MOPCKOTO JibJa B CHJIBHOW CTENEHH 3aBUCUT OT
pacnpenesieHus IPUXOASIIEH COTHEYHON paaruali MEXAY OTPAXKEHHOW U MOTJIOIEHHON JIbIOM
U OKeaHoM YacTaMu. [Ipu 3ToM KOIMYecTBO MOTJIOUICHHON COTHEYHOM pagualiii CUCTEMOM Je-
OKEeaH 3aBHCHUT OT Hayajla TasHUA WU C€Ia00 CBSI3aHBI C MPOJOJDKHTEIBHOCTHIO TAasHHUS WIIH
OKOHUYaHUEM TasHHs, Hauano TasHUS CTONb CHJIBHO BIUSET TMOTOMY, YTO Ha 3TO BpeMs
NPUXOJUTCS MaKCUMyM B IPHUTOKE COJIHEYHOW paJMallid W OTKIOHEHHS OSTOrO0 MOMEHTa
CKa3bIBAIOTCSA Ha BCEM IMEpPHUOJIEe TassHUS Yepe3 BIUSIHHUE Ha anb0eno. BaxkHyio posb urpaer poct
NPUXOSIIEH Ha TTOBEPXHOCTh JITMHHOBOJIHOBOM pajMalliil BCICJACTBHE YBEIMUYCHHS BIAYKHOCTH
U 00JIAYHOCTH B apKTUYECKOM aTMocdepe, a TakKe CABUI OT MHOTOJIETHETO K OJHOJIETHEMY
JbAY C MEHBIIUM alib0es1o.

Bompoc o BaumsSHMM Ha JAerpajaliil0 MOPCKOTO JIEASHOTO TIOKpoBa B ApPKTHKE
TIOBBIIIIEHUS TEMIIEPATYPHI B TIOATIOBEPXHOCTHOM CJIO€ BOJIBI B APKTHYECKOM OacceifHe ocTaeTcs
npenmerom obcyxaenus (Timmermans et al., 2008; Shaw et al., 2009; Lenn Y.D. et al., 2009).

Cpenu mocinencTBHid COKpAIICHHUs TUIOIIAAN JIbIa B APKTHKE CIIEIYeT OTMETUTH BIUSHUE
Ha Oananc CO; B apkTHUeCKOH aTMocdepe. YBearnueHHe MPOCTPAHCTBA OTKPHITOM BOABI JIETOM B
ApKTUYECKMX MOPSX JieToM crocoOcTByer nornomienuto CO, u3 atmocdepsr (Semiletov et al.,
2004). 3umoit 3TOT MpoIIecC MPO0IIKAETCS TOCPEACTBOM CTOKa paccoia, coaepxkamiero CO, u3
aTMocdepsl, B TIOJUICAHBII CJI0H BOJIBI TPH 00pa3oBaHUuU MOpckoro Jibaa (Anderson et al., 2004).
HenaBHo Obu1 3adukcupoBaH MPOTUBOMONOXKHBIM 1MOTOK CO2 ¢ MOBEPXHOCTH HAPaCTAIOIIETO
MOPCKOTO Jbia B arMochepy B pe3ylbTaTe peaklud B pPaccoje TpH OIpeaesieHHON
Temreparype, kortopas comnpoBoxaaetrcs BoeineneHuem CO; (Hemamkosckuii, Makmrac, 2010;
Miller et al., 2011). Dtu pe3yabTaThl MOATBEPKAAIOT MPEANOIOKEHHE O POCTE aMILTUTYIa
Ce30HHBIX KoneOaHuil koHneHtpauuu CO; B atmocdepe Hax ApKTHUECKHMM OacceiiHOM B
pe3ynbTaTe YBeTUYCHUH 00beMa (OPMUPOBAHUS MOPCKOTO Jibaa 3uMoi (AsekceeB, HarypHsiid,
2007).

Mopckas cpeda

Oxeanorpaduieckrie JaHHbIEe 3a IEPHO ] HAOTIOCHUI B apKTHUYECKUX BOAAaX COOpaHbI
B Oaze OKeaHOTpadUIeCKIX JTAHHBIX AAHUN
http://www.aari.nw.ru/projects/ECIMOt/ocean/. Ouu ObLTH UCHIOIB30BAHBI, B YaCTHOCTH, IS
COCTaBJIEHUS KJIMMAaTU4YeCKuX UUGPOBBIX OKeaHorpaduueckux arigacoB (CeBepHOro
JlemoBuroro okeana s 3umHero (EWG, 1997) u nernero (EWG, 1998) cesonos. lus
MOHMTOpPHHTA KJIMMaTa HanboJiee pernpe3eHTaTUBHBI U3MEHEHUS COJepKAaHUS MPECHON BOJIbBI
B BEPXHEM CIIO€ U TEMIEPATYPhI BOJbI ATIAHTUYECKOTO MPOUCXOKIACHHUS B IPOMEKYTOUHOM
cioe Apkrudeckoro OacceitHa. [lepBoe xapakTepu3yeT MOTEHIIMAT apPKTUYECKOTO BIMSTHUS Ha
KIIUMaT, BTOPOE IOKa3bIBAET COCTOSIHHE OKEAHWYECKOTo KOHBEWpOenTa, OCTaBISIOIIETO
TEIUTYIO U COJICHYIO BOJY U3 HU3KUX LIUPOT.



JIMHAMUYECKOE YCUJIEHUE U3MEHEHUN KJIMMATA

Ponb yupxynayuu ammocghepol u oxeana 6 popmuposanuu usmeHeHuti 2100a1bHO20 U
apKmu4ecko20 Kiumama

Hupkynsuus atMochepsl U OKeaHa SBISIOTCS BaKHEUITUMU BHYTPEHHUMHU IMPOLIECCaMU
B KIMMAaTHYECKOH cHcTeMe 3eMJM, YYacTBYIOIMMUH B (OPMUPOBAHWH KIMMaTa H €ro
W3MEHUYMUBOCTH. MHOTOYHCIICHHBIE HCCIIeIOBaHUs, HayaTele emie B 1930-e rojapl, mokazaiu
BXHYIO POJIb aTMOC(HEpPHON IMUPKYJISAIUU B Pa3BUTHH PETHOHAIBHBIX KOJICOAaHWI KiIMMara, B
yactHOCTH, moremieHuss Apktukd B 1930-40-¢ romer [Buze, 1937; Burrennc, 1946;
NzepseeBckuii, 1943; T'upc, 1966; Bengtsson et al., 2004] u B coBpeMeHHbIi niepuo [Aiekcees,
2004; Proshutinsky and Johnson, 1997; Dickson et al., 2000; Zhang et al., 2008]. Bo muorux
paboTax ObLIN MPEUIOKESHBI MHACKCHI I OIICHKU BIHMSIHUS aTMOC(HEPHON UPKYIISIIUH, TPEXKIIC
BCEr0 €€ 30HAIBHOM COCTaBIAMONICH, Ha KonebaHus moroasl W Kiumara [biuxosa, 1943;
Banrenreiim, 1946; J3epazeeckuii, Monun, 1954; I'py3a, 1965; Rossby, 1939; Thompson and
Wallace, 1998; Hurrell et al., 2003].

Brusinue 30HanbHON HUPKYISIAUA HA MOTOIY U KJIMMAT CBSI3aHO C OIPOMHOM Pa3HOCTHIO
B TEIUIOEMKOCTH OKeaHa U aTMOC(ephl M C HAKOIJICHUEM TeIlJIa B BEPXHEM CIIO€ OKE€aHa JIETOM U
MOCIIEAYIOMIEH ero nmepeaadeii B armochepy 3umoii. B pesynbraTe oOecnieunBaeTcst OTEIUISIoNIee
BO3/ICIICTBHE TEPEHOCOB TeIla M BJIAard M3 OKEaHWYECKUX oO0acTedl Ha MOroay U KiIuMmaT
KOHTHHCHTAIBHBIX o0jacted W (HOpPMHPYIOTCS WX KOJEOAaHUS BCIEACTBHE HW3MEHYMBOCTH
arMochepHoii rupkyssinuu [Cemenos, 1960; Mapuyk, Ckuba, 1976; Hukomnaes, 1981; Van Loon
and Williams, 1976; Hurrell and van Loon, 1997]. Orerstromuii 3ppeKT He OrpaHHYUBACTCS
007acThio, B KOTOPOH COCPENOTOYEH 30HAJbHBIA IEPEHOC C OKeaHa Ha KOHTHUHEHT, HO
MIPOSIBIISIETCSl KaK B CpellHeN Temmeparype Bcero CeBepHOTO MOJNyIIapus M TaK U TI00aTbHOU
cpenueit Temnepatype [Asekcees u ap., 1991; Anexcees, Csamennnkos, 1991; Anekcees, 2004;
Alekseev, Podgorny, 1992; Wallace et al., 1995; Wallace et al., 1996].

HccnenoBanuto BIMSHUSA Ha KIUMAT MEPUIUOHATEHON COCTaBISIONIEH MEPEHOCOB Teria
U €€ U3MEHYMBOCTH IOJ BJIMSHUEM BHYTPEHHEH JMHAMHUKHU aTMOC(hEphl M €CTECTBEHHBIX W
AHTPOTNIOTEHHBIX BO3ACUCTBUMN, YIENAIOCh 0co00e BHHUMaHHE. MHOTHE BaKHBIE Pe3ylbTaThl B
TOM HampaBJICHUU OBUIM TMOJYyYEeHbl C HCIOJIB30BAHHEM HHEProOAJIAHCOBBIX MOjeen
cpenne3onansHoro knumara (OBM), npemnoxenasiva M.M. Byaeiko [Budyko, 1969] u B.
Cemnepcom [Sellers, 1969]. Ha Hux ObLIM BOCHPOM3BEACHBI HAOIIOJAEMbIC IIMPOTHBIC
pacupeneneHus JIUCIEePCUN  CPEeIHE30HAIbHBIX TEMIEpAaTyp C MOJSPHBIM  YCHIIEHHEM,
BO30yK/IaeMble KoJeOaHUsAMU MepuanoHanbHoro nepenoca teria (MIIT) [demuenko, 1984;
North, 1982], Bxitouast neperoc ckpbitoro teria [Flannery, 1984], nokasano Bnusiaue MIIT Ha
YYBCTBUTEIBHOCTh KJIMMATHYECKOM CHUCTEMBbI K BHEHNIHUM BO3AeHCTBUAM © poct MIIT c
norerienuem [Baciota u ap., 1989; Jlemuenko, 3y0OapeB, 1989], uto cormacyercs c¢
AMITUPUIECKUMH JTAHHBIMU O POCTE BUXPEBOW aKTHBHOCTH B aTMoc(depe MpHu MOTEIUICHU! U €e
ociabieHuu mpu noxosionanuu [Moxos u np., 1992; Agee, 1991].

B 10 xe Bpems B skcniepumenTax ¢ ObM He Obuto otmedeno BiausHus MIIT Ha cpenHioro
TeMnepaTrypy, KOTopas ocTraBajach HEM3MEHHOU B auamna3zoHe usmeHeHnit MIIT ot mosHOro
OTCYTCTBHSI JO MTHOBEHHOTO BBIPAaBHHWBAHHS KOHTPACTOB TEMIIEPATyphl MEXIY 3KBAaTOPOM H
nomocom [North et al., 1981]. Takoit pe3ynbrar sBISETCS CICICTBHEM JHHEHHOTO
npuOmKeHus Uil mapameTpuszanuu  YJIP, koTopoe mMO3BOJSET BOCHPOM3BECTH MHOTHE
xapaktepucTuku kimuMata [Byaeiko, 1974; Moxos, Ileryxos, 1978; North et al., 1981], no
MPOTUBOPEYUT PACIIPEICICHUIO TUCTIEPCUM CPEIHE30HAIbHBIX 3HaUeHUM n3mepsiemoro Y JIP. B
paborax [AnekceeB, 1982; AnekceeB u np., 1990; Anekcees, Casamennukos, 1991; Alekseev,
Podgorny, 1990] moka3aHo, 4To HelWHEHHAs 3aBHCUMOCTh Y JIP OT Temrmeparypsl MPHBOIUT K
MOBBILICHUIO CpeHel TeMIieparypsl npu ycunenun MIIT npu 3ToM cpenHue morepu Teria ¢
VYJIP ocTaroTcsi HEU3MEHHBIMHU.



Hnoexcol nusinus 30HAIbHO20 U Mepu()LlOHaJZbHOZO neperoca menuia

IIpn ycusmeHunm Kak 30HAJIBHOTO, TaK W MEPUIMOHAIBHOIO IIEPEHOCOB TEIUIA
npocTtpaHcTBeHHbIe KOHTpacThl [ITB ymeHbmaroTes U, Ha000pOT, MPH OCIAOICHUH MTEPEHOCOB
Bo3pacraroT. Ha aTom ocHoBaHuM ObumM TpensiokeHbl (AsnekceeB u ap., 1990, 1991) ungekco
JUISL OLICHKH BIIMSIHUS KoJieOaHuii mepeHocoB Ha cpenHioto [ITB B oTienbHBIX IIMPOTHBIX 30HAX,
Ha [oJIylIapuu 1 Ha riao0yce. MHaeKc 30HalIbHOTO epeHoca

1
2 2x(sing, —sing,)

2] 2z
[cose [ (T,,-T,)dade
[ 0

XapakTepu3yeT HEOTHOPOAHOCTh pacmpexaenenus [ITB Booiap KpyroB HIMPOTHI B 0OO0JIACTH
[o,, ¢,]. NHaeke nuist MepuanOHAIBEHOTO TIepeHoca

_ 2 _ _
Dy = <(T¢, _<T¢ >) >¢,’T¢’ - <T<M >4’<T<ﬂ> - <T¢ >¢,
— HCOAHOPOAHOCTH BAOJb MEpHUAHAHA OT 3KBATOpPa A0 IMOJKOCA, HMHACKC COBMCCTHOI'O BJIMAHUA

nepesocos D = (D, +D,, )%. Cpennue kBamparsl oTkioHeHus [ITB oT cooTBeTCTByIOMIMX
CPEIHHMX BXOIST B ONpEeNICHHE JOCTYITHON MOTEHIMaIbHON sHeprun B arMmochepe (Jlopeni,
1970; Ban Murewm, 1977).

B tabmune 1 mpuBeneHbl OIEHKH KOppeisiuuu WHAEKcoB U cpexneid [ITB B pasnbie
ce3oubl 3a 1948-2009 rr., paccunrtanubie 1m0 ganHbiM NCEP (H) u mo mogenu ECHAM (M).
JononmaurensHo paccuntana Koppessimust Mmexay [1TB u nagexkcamu NAO u AO.

Tabmuna 1 — Koppensiust mexny uaaekcamu Dz, Dy, D, NAO, AO u cpenneii [ITB B pa3ubix
obnactsx u ce3onax no ganHsiM NCEP (H), mogenrn ECHAM (M)

HHJIEKC 32.5-65.5° c. 67.5—87.5° c.m. CeBepHoe ToITymapue
3uma Becna | Jlero Ocenp | 3uma Becna | Jlero Ocenp | 3uma Becna | Jlero OceHb
D, | H |-084 -0.53 0.48 -0.60 -0.26 -0.26 0.17 -0.13 -0.66 -0.49 0.50 -0.40
M | -0.73 -0.48 0.31 -0.53 0.14 0.08 0.15 0.06 -0.42 -0.26 0.15 -0.33
Dy [H | -0.68 -0.69 -0.66 -0.78 -0.83 -0.91 -0.70 -0.86 -0.66 -0.62 -0.19 -0.78
M | -0.51 -0.55 -0.39 -0.34 -0.68 -0.72 -0.39 -0.69 -0.41 -0.43 0.30 -0.15
D H | -0.83 -0.76 -0.28 -0.84 -0.50 -0.52 -0.29 -0.59 -0.77 -0.71 0.06 -0.76
M | -0.77 -0.64 -0.21 -0.48 -0.41 -0.61 -0.29 -058 -0.53 -0.45 0.35 -0.23
NAO 0.40 -0.06 -0.15 -0.09 0.40 0.05 -0.41 -0.17 0.30 -0.0 -0.21 -0.17
AO 0.41 0.28 0.18 0.26 0.27 0.15 -0.12 0.0 0.20 0.14 0.01 0.08

W3 Tabnuiel BUAHO MPEUMYIIECTBO MPEUIOKEHHBIX UHACKCOB JJIsl OLIEHKH BIIHSIHHS MTEPEHOCOB
Ha cpennoio [ITB Bo Bcex paccMoTpeHHBIX oOjacTsax. PaccunTaHHble TIO JTAHHBIM MOJETH
HoBBIe MHJEKCH U [ITB Takxke cBsA3aHbl Mexay co0oil, XoTs u ciabee. Kpome TOro, HHIEKCHI
MOKa3beIBalOT corjacoBaHHbie ¢ [ITB TpeHnmpl, CBUAETENBCTBYIOIMHUE 00 YCWJICHHH POJIU
MUPKYISIUU aTMOC(hEphl B Pa3BUTHH MOTEIUICHHUS.

Konuuecmesennvle oyenxu sxnaoa nepernocos 6 nomenienue (3a 1969-2008 22.)
O1eHKH [T MEPUIMOHAIILHOTO TiepeHoca (pHc. 6) MOoIy4eHbl B COOTBETCTBUU ¢ (hopMyIaMu

Tyu = BorDy Ty = Bor (ayt + D'M ) Qur =By G =y Qg

rae f — K-T perpeccud, oy — K-T TpeHaa Dy , Oy - Tpena, cBszannbliil ¢ Dy , Orr — C apyrumu
IIpUIrHaMU.
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Pucynok 6. OneHku BKiIaga yCUJICHHS MEPUIUOHAIBHOTO TIEpeHOca B  IOTEIUICHUE
B 1969-2008 rr.

AHaJIOTUYHbIE OLEHKHU BBIMOJIHEHB! I 30HAJIBHBIX HNEPEHOCOB MO JaHHBIM peaHajn3a, CETOUHBIX
apXMBOB U CMOJICIMPOBAHHBIX 3HAUCHHI (pUC. 7).

NCEP Hadcrut3 NIERSC ECHAM

Pucynox 7. OueHky BKJIafia yCHIICHHUSI 30HAITBHOTO MIEPEHOCA B MOTEIUIEHHE YMEPEHHBIX IHPOT
Cesepnoro nomymapust B 1969-2008 rr. Crtonbuk crneBa - 3MMOi, crpaBa — B XOJOJHYIO
MOJIOBUHY TOJ1a (OKTSOpb-MapT).

Apxmuueckoe ycunenue

Hcxons u3 onpenensionieit poiay NpUTOKOB Terjia B APKTHKY 1oKa3aHo (AJiekcees U JIp.,
1991; AnekceeB 2004) , 4To U3MEHYMBOCTh MPUIIOBEPXHOCTHON Temmeparypsl Bo3ayxa (IITB)
3UMOH B IIEPUO/ MOJSPHOI HOUM 3aBUCUT OT U3MEHUMBOCTH IMPUTOKOB SHEPTHH C HUPKYJISLUEH
aTMocQepsl U OKeaHa:

oo,
Q

rne Top u Qo — KIMMaTHYeCKWe 3HAYCHUs TEMIIepaTypbl W TNPUTOKA SHEPTHU B TOJSIPHYIO
001aCTh, G - CpeIHEKBAJPATHUHBIE OTKJIIOHEHUS! COOTBETCTBYIOIIMX BEJIMYMH OT KIIMMATHUYECKUX
HOpM. Ilockonpky B MHOrojeTHoOw u3MeH4uBOocTh [ITB  OCHOBHOM BKIax BHOCAT
JONTONEPUOHBIE M3MEHEHMsI, BKJIOYash TPEHI, TO OH TaKXe 3aBUCUT OT W3MEHEHUMU
UPKYJIALUU aTMocepbl B MepBylo odepenb. B aTom ciydae ycunenue usmenenuit I1TB B
BBICOKMX IIHUPOTax IO CPAaBHEHMIO C MPUJIETalOIIMMU IIUPOTAMH OIpPEAENSTCS B IEPBOM
NpUOJIMKEHUU COOTHOIIICHUEM HX TUIONIAICH.

3akmroueHre 00 OmpeneNsiomeld pojau aIBEeKIMA TeIula B YCHJICHHH TOTEIUICHUS B
Apktuke ObUIM TOATBepXkIeHBI B paborax (Alexeev et al., 2005; Cai, 2005; 2006) c
MCIIOJIb30BaHUEM SHEProdalaHCOBBIX MOJIeNIel U MOJeNH 001Iel HUPKYISIIUU atMocdepbl. XOTs
MHOTHE UCCIIEN0BATENN Pa3JIENsIOT TOJUKY 3pEHUS O PEILAOLIEN POIN aBEKTUBHOTO MEPEHOCA
TEIUIAa U BJIaTM B BBICOKME LIMPOTHI B Pa3BUTHE apPKTHUYECKOTO IOTEIICHMs, UCCIECIOBaHUS B
TOM HaIlpaBJIEHUU NpOAOJDKaloTcs. bonee Toro, yrBepikaaercs, 4TO OCHOBHBIE NPUYMHBI
YCHJICHUS OCTAIOTCS HEU3BECTHBIMM.

OcHOBHasl IpUYMHA OCTAIOLINXCS PACX0XKJIECHUM B OLICHKE IPUYUH YCUJIEHMS CBSI3aHA C
TEM, YTO YCWJICHHE LUPKYJIALUU U NEPEHOCOB BEJET K MOSBJIECHUIO MOJI0KUTEIBHBIX 00paTHBIX
CBsi3el, KOTOphIE MPUHUMAIOTCS 3a TJIaBHBIE MPHUUYUHBI ycuwieHus. K 3TuM oOpaTHBIM CBS3IM



OTHOCHUTCSI, TPEXAE BCEro, COKpalleHHe IUIOMaAM U CIUIOYEHHOCTH MOPCKOTO Jibjla U
YBEJIMUYEHUE TPOCTPAHCTB OTKPHITOM BOJIBI B KOHIIE JIETHErO nepuoja. [[pyras BaxkHas odparHas
CBSI3b MOSIBIISIETCA C YBEJIMYCHUEM MOCTYIJICHUS BJIard IPU YCUJICHUH aJBEKTUBHOTO MIepeHoca U
MPUTOKA JJIMHHOBOJIHOBOMU panuaiuu ([IBP) k moBepxHocTH.

MOPCKOM JIEJ] B TJIOBAJIbHBIX MOJEJISIX KIIMMATA

I'moGanpHBIE MOJENM KJIMMAara MPEAOCTABISIOT A(G(EKTUBHBIA WHCTPYMEHT IS
IIPOBEPKHU 3HAHUH O MpoIeccax B KIMMATHYCCKOW crcTeMe 3eMJIH, HCCIICIOBAHUS €€ PeaKIuy Ha
BHEIITHUE BO3JICHCTBUS W UYYBCTBUTCIBHOCTH K WM3MCHEHHUSM MapaMETPOB CHUCTEMBI.
[IporHocTHYECKHE  MPWIOKECHHsSI  pacuyeTOB HAa  TJIOOAIBHBIX  MOJCISAX  OrPaHUYCHBI
HEOOXOUMOCTBIO 3apaHee 3HATh BHEIIHUE BO3JCHCTBUS HA CHCTEMY W/WIM HW3MEHEHUS
BHYTPEHHUX €€ MapaMeTpoB. 3apaHee H3BECTHHI JIUIIb DPETYJISPHbIC BHEIIHHE BO3JICHCTBUS,
CBSI3aHHBIC C M3MEHEHUSMHU TPHUXOMAINICH K 3eMiie CONHEYHOH paaualii U IpeIoliaracMele
CIICHApPHH TMOCTYIUICHHUSI MAJIbIX T'a30BBIX MPHUMECEH U a’po30Jieil B pe3ysbTaTe JeATeIIbHOCTH
YyeJ0BeKa.

AHanu3 pe3ynbTaToB pacuyeToB M3MEHEHUH Tuiomaan Mopckoro ibaa (IIMJI) B Apkruke
B TepBOil mosioBuHE 21-ro crtojierusi, Kotopeie coxepxkarcs B CMIP3, mokasan, uto monmenn
3aBBIIIAIOT MPOTSHKEHHOCTh MOPCKOTO JIbJia M OIIMOKK HanboJiee 3HaYUTEIbHbI B bapeHiieBoM 1
Kapckom mopsix. Muoroneraue n3menenust [IMJI mo pacueram Ha mogensx u3 CMIPS mydmme
COTJIacyIOTCS ¢ HAOMIOJEHUSIMU 110 CPaBHEHHIO ¢ pacueTraMu Ha mojensx u3 CMIP3. Onnako mno-
PEeKHEMY HAOJFOIaeMOe COKpAIIeHHWe IUIONIaJN JIbJia ONepekaeT MOJEIbHBIC pacueThl, a
JICTHSI TEMIepaTypa BO3JlyXa B MOPCKOW APKTHKE IMOBBIIIACTCS 3HAYMTEIBHO OOJIBIIE, YEM B
MOJIETIAX.
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