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Summary

The interannual changes in ice coverage in the Greenland Sea for the winter (December-April), spring (May-
June), summer (July-September), and autumn (October-November) seasons for the period 1950-2018 are
considered. The presence of negative linear trends and the polycyclic oscillations of the ice coverage variabil-
ity for all seasons has been confirmed. Using spectral analysis, the dominant fluctuations from 5 to 22 years
were identified. The cross-correlation method allowed us to determine the significant relationship of the
Greenland Sea ice coverage with hydrometeorological and astrogeophysical factors. The statistically signifi-
cant relationship of the ice coverage for a concrete year with similar characteristics for a previous period per-
sisting up to three years had been noted. The highest cross-correlation coeflicients were noted in the winter
and spring seasons. The ice coverage of the autumn season demonstrates the persistence of the inertia of ice
conditions for up to two years. The analysis of correlations with astrogeophysical parameters revealed the
closest relationship between the ice coverage and the longitude coordinate of the Earth's pole position, the
nutation parameters of the Earth's axis, and the distance between the Earth and the Sun. When construct-
ing the multi-regression equations, we investigated the informativeness of various hydrometeorological and
astrogeophysical factors in the models of the ice coverage variability for each season. The following esti-
mates of quality of the models were obtained: correlation coeflicients (up to 0.89), determination coefficients
(to up 0.80), and a model reliability which depends on the admissible forecast error and includes the mean
square deviation of the investigated value) — up to 99%). The informativeness of various factors was estimated
and the contribution to the total variance was revealed: hydrometeorological factors - up to 70%; astrogeo-
physical factors — up to 50%. The obtained statistical equations can be used for the diagnosis and for develop-
ment of methods for the very-long-term forecast of the Greenland Sea ice coverage.
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Knrouesbie cnosa: [peHnandckoe mope, 2udpomemeoponozuyeckue u acmpozeogpusuydeckue 8030elicmeus, 1ed06UmMocms, Mex20008as
U3MeHYUBOCMb, MHOMeCMEeHHAs pezpeccus, MOpcKoli néd, cmamucmuyeckue ypagHeHus O dUazHOCMUKU.

MopTBep)KaeHbl OTpuUaTeNbHble JNIMHENHble TPeHAbl U MOAUUMKIMYHOCTL NefoBuTocTn lpeHnaHa-
CKOro mops. YcTaHOBNEeHa TecHaa CBA3b M3MEHEeHUA NeOBUTOCTU C TeMNepaTypon BO3fyxa U WHAEK-
caMmn aTMochepHON UMPKYNALMK, a TakXKe C JONTOTHOW KOOPAMHATOWM MONOXEHUA Mosca 3emnu,
napameTpamm HyTauum ocu 3emnm u pacctoaHnem mexagy 3emnent u ConHuem. MNMonyyeHsl Gpr3mKo-cTa-
TUCTUYECKME YPABHEHNA N3MEHEHUS IeQOBUTOCTU [if1Al BCEX CE30HOB C YYETOM BNUSAHUSA Pa3fIMUHbIX Gak-
TOPOB 1 OLeHeHa ux MHGOPMaTMBHOCTb MO BKNady Kakporo daktopa B obuyto aucnepcuto. Ha gonto
rMaPOMETEOPOSIONMUECKUX MHAEKCOB NpuxoamTca fo 70%, actporeodursnyeckmx — o 50%.
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BBenenne

Cesepo-EBporneiickuii 6acceiiH — cBoero poaa
«KYXHsI ioroabl» Bceil EBpomnbl M MeeT Kak Hayy-
HO€, TaK 1 IPaKTUYECKOe 3HAYECHUE MIST pa3IMUYHbIX
ucciaeaoBaHuii. B aToM pernoHe B3anMoaeicTBYIOT
OCHOBHBIE LIEHTPHI NeHCTBUSI aTMOC(Eephl, 3apOXK-
NaI0TCs U MPOXOAST IYTU CeBepoaTIaHTUIECKUX
LIUKJIOHOB 1 (DYHKIIMOHUPYET CJAOXHAas CUCTeMa
OKEaHUYECKUX TeUCeHU, a ISl JISASTHOTO ITOKpOBa
XapaKTepHBbl 3HAUMTEJIbHbBIE CE30HHBIC U MEXKTOI0-
BbI€ U3MEHEHUSI.

I'pennannckoe Mmope — yacth CeBepo-EBpo-
neiickoro 6acceitna. OHoO TpencTaBiIsgeT co0Oit
00J1acTh BBIHOCA JIBAOB U ONPECHEHHBIX BOO M3
ApkTuueckoro 6acceifHa. B To ke Bpems 3aman-
Ho-IllnmunbepreHckoe TeueHME, MPOXOIsIIIee Y
3anmaaHbIX OeperoB apxumnenara HInuudepreH,
HeCcET B ApKTUUECKUI 6acceiiH TEMble U COJEHbIe
Boabl CeBepHoil AtnanTuku [1]. IlepBble npen-
CTaBlieHUs 00 U3MEHYMBOCTHU miomanu jgpaa Ce-
Bepo-EBporneiickoro 6acceiiHa ObLIM MOJYyYeHBI
emé B.JO. Buse [2]. B nmepuon ¢ 1950 mo 1987 .
B.A. bepeskun, A.M. Kapakau, I'.K. 3yb6akuH,
A.A. Jlebenen, H.C. Ypanos u np. [3—7] BHecau
3HAUYUTEJbHBINA BKJald B U3YYEeHHUE MEXaHU3MOB
(opMupoBaHNUSI U3MEHUYUBOCTU JIEIOBUTOCTH, a
TakXe B METOJIbI €€ TOJITOCPOYHOIO IMPOTrHO3MpPOBa-
Hus. B 2004 r. E.Y. MupoHoBs [8] 0600111171 nMero-
LIMeCs JaHHbIE TTI0 OCHOBHBIM 3JIEMEHTaM JIEI0BOTO
pexuma I'peHIaHICKOro Mopsi, a TaKxKe Ipenio-
>KMJI HOBBIE METOJbI IIPOTHO3a U3MEHEHUS JIeI0-
BOTO pexXrmMa 3a0JIarOBpeMEHHOCTHIO OT OHOIO 110
mectr MecsaueB. OH BBIICINI Cleayoline (akTo-
pBI, BIMSIONIME Ha JIEAOBUTOCTh I peHIaHACKOTO
MODSI: TeMIIEPaTypy BO3ayxa, aTMOC(HEPHYIO LIUp-
KYJISLIHMIO, TeMIIepaTypy BOABI U TEUEHUS, T.€. Te
OCHOBHBIC ITapaMeTPhl, B U3MEHUNBOCTU KOTOPHIX
BBIIEJISTIOTCS KBa3UIIUKINIecKue (hIyKTyaluy pas-
Horo maciutaba. B padore [9] Bbicka3zaHO 000CHO-
BaHHOE TIPEAIOJOXEHUE, YTO BBICOKOYACTOTHAS
4acTb B UBMEHEHUSIX JeJOBUTOCTU (hopMUpyeTcs
NPEeUMYILIECTBEHHO B pe3yjbTaTe BO3AEUCTBUS U
B3aMMOIEHCTBUS JIEASTHOTO MOKPOBA C TUIPOMETEO-
POJOTUYECKMMMU TTPOLIECCaAMU.

Emeé B xonue XVIII B. A.. BoelikoB yTBepXK-
JaJl, YTO Ha KJIMMAaT U ero U3BMEHYMBOCTh B OCHOB-
HOM BJIMSIET NEepeMelleHre BO3AYIIHBIX MacC B
pe3ynbtate BausgHus Connua [10]. UMeHHO BBISIB-
JICHUIO J0Ka3aTeJbCTB HEMOCPEICTBEHHOTO BJIMS -

HUSI COJTHEYHOM aKTUBHOCTY Ha aTMOC(MEPHYIO LIMpP-
KyJS11I0 0co00e BHUMaHUE YIEISIJIOCh YYEHBIMU B
1960-x romax. Tak, M.B. Makcumosn, M.C. DiireH-
coH, b.M. PybameB n ap. [11—13] moka3anu, 9to Ha
IOJTONEePUOIHBIE (PIYKTYalluy JIEAOBUTOCTHU, IIPe-
K€ BCEro B HU3KOYaCTOTHOM YacTU KOJIeOaHU,
MOTYT BIUSTh U acTporeodusnueckre pakKTopPHI,
Cpeay KOTOPBIX: ACKJIMHALMOHHBIA U IIOJIOCHBIN
npunus [14], ckopocTth BpaleHust 3emun [15, 16]
¥ COJIHeYHas aKTUBHOCTH [17—19]. M.U. Tlynos-
kuH [20] mokasai, 94To n3MeHeHMe TTOTOKA ITOCTyIIa-
IOIIEN COJTHEYHOW HEPTUU BbIZBIBAET U3MEHEHUE
TeMIIepaTyphl BO3IyXa W BBICOTHI N300apUIECKUX
MOBEPXHOCTEI B Tpornocdepe, 00yCI0OBIMBAs 3TUM
3aMEeTHBIC U3MEHEHUsI CKOPOCTH KPYITHOMACIITa0-
HOM LUPKYIIUMUA aTMochepbl. AHAJIM3 COJTHEUHO
00YCJIOBJICHHBIX U3MEHEHU MPU3EMHOTIO 1 BHICOT-
Horo maBieHusd no3soaus A.I. Eroposy [21, 22]
YCTAaHOBUTH UX CBSA3b C MHOTOJIETHUMM OCOOCHHO-
CTSIMU pacIrpeneeHus JTbI0B B apKTUIECKIX MOPSIX
B JICTHUM IIEPUO/I.

CormacHo B.M. ®enoposy [19], B pe3ynbTare
MaJioli U3MEHUYMBOCTA CyMMapHOI'O COJTHEYHOTO
WU3JIy4eHMS TJIaBHBI MEeXaHU3M U3MEHEHMST MHCO-
JISIIUK 3eMJIM CBsI3aH ¢ HEOECHO-MeXaHNYeCKUMU
MpolieccaMy, KOTOPbIe BBI3BIBAIOT U3MEHEHNE pac-
ctogHUS Mexay 3eMieéit 1 CorHIeM, a TaKKe 3eM-
HOI OpOUTHI M HAaKJOHA OCU BpallleHUs 3EMJIU.
B pa6ote [23] mokazaHo, 4TO Hanboee 3HAUNMBI
(axTop, ompenenOIInil Bapualud MaKCUMalb-
HBIX 1 MUHUMAJIbHBIX 3HAUCHM TIJIOIIAIN MOPCKUX
JIbIOB B MHOTOJIETHEM PEXUME, — U3MEHUYMBOCTh
MPUXOISIIeil Ha BEPXHIOI T'PaHUILY aTMOCGhEPHI
COJIHEUYHOM pagualyu.

Ha kpynmHoMacumTaOHYI0 CTPYKTYpPY YPOBHS
OoKeaHa U UUpKyJasuuio Bofd, no M.B. Makcumo-
By [11], BIUSIIOT rpaBUTALIMOHHbIE CUIbl JIYHBI 1
ConHiia 1 KoJiebaHus CKOPOCTHU BpallleHUs 3eMIIH.
DTa moATpyIIIa IIepeMeHHBIX AeHCTBYET yepes Iap-
MaJbHOE M3MEHEHME I'PaBUTAIIMOHHOTO TIOJIS,
(opmupylolee 10JIroBpeMEHHYIO BHIHYKISHHYIO
BOJIHY IIPUJIMBHOTO TUIA X1 BOSHMKHOBEHHUE Tap-
LIAIbHOTO Te0CTPOoGUIECKOro TeueHus. BoaHoii
«MOJIOCHOTO MpuanBa» Ax. JapBuH Ha3BaJ BbI-
HYXJIEHHYIO BOJIHY, BO3HUKAIIYyI0 B MupoBoM
OKEaHe 1 CBSI3aHHYIO C KOJIeOaHUSIMU MTHOBEHHOM
ocu BpameHusd 3emuu [14]. LlenTpoOexxHas cuia
3eMIu U3MEHSETCd B pe3yJibTaTe CBOOOIHBIX 14-Me-
CIYHBIX Kosiebanmii (YaHamepoBckoe KonebaHne) n
12-MecSYHBIX BEIHYKICHHBIX KOJeOaHWIT OCH Bpa-
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IIeHUS 3eMJIN WM IBUKEHUI MTHOBEHHOT'O ITOJII0-
ca 3emiuu [24]. HanoxeHne 3Tnx ABYyX KoJaeOaHMA
co3MaET 6—7-LMKINYECKOe OUeHUeE.

B paborax [25, 26] ucciaegoBaHa pojb IMAPO-
METEOPOJIOTUYECKNX (DAKTOPOB U COTHEUHOI aK-
TUBHOCTU B MEXTOIOBBIX U3MEHEHUSIX JICIOBUTO-
CTH OTIEJIbHBIX apKTUUeCKuX Mopeit. 1o Hamemy
MHEHMWIO, CICAYIONINI IIar B pa3BUTUU OIMCAHUSI
OOJITOTIEPUOMHBIX KOJICOAHUSIX JIETOBUTOCTU —
BKJIIOUEHHE B aHAJIU3 OTAEJIbHO HE TOJIBKO TMAPO-
METEOPOJIOTNISCKNX MHIEKCOB, HO M acTporeodu-
3n4eckKux (akToOpoB, a TaKxKe 00beIMHEHNE UX B
eIMHOM CTaTUCTUYECKON Momenu. KMcciaemoBaHue
MEXaHM3MOB IOJITONIEPUOTHON N3MEHUMBOCTH TLIO-
many apaa I'peHraHacKoro Mopsl Kak OQHOIO U3
WHINKATOPOB M3MEHEHUN KIMMaTa CTAaHOBUTCS C
KaXXIBIM romoM akTyajpHee. OCOOEHHO 3TO OTHO-
CHUTCSI K pa3pabOTKe METOAMK CBEPXIOJITOCPOUYHBIX
IIPOTHO30B C 3a0J1arOBpeMEeHHOCTBIO 00Jjiee IIeCTH
MecsiieB. OgHaKo Bopoc o hakTopax, hopMUpPYIO-
IIMX MEXTOIOBBIC 1 KIIMMAaTUIECKIE KOJIeOaHMsI Jie-
JOBUTOCTH, IO CUX IIOP OCTAETCS TUCKYCCHOHHBIM.

K 3amauam Hacroseir pabOThl OTHOCSTCSI:

1) olleHKA CTATUCTUYECKMX CBSI3ei MEXIY MEX-
TO0BOI M3MEHUYMBOCTHIO ILIOIIAAM JIBIOB C TUIPO-
JIOTUYECKUMU, METEOPOIOTMISCKUMH 1 aCTPOIe0-
pusnueckuMu pakKTOpaMu;

2) pa3paboTKa CTaTUCTUIECKUX MOJIEIEH T0JITro-
MePUOTHBIX KOJIeOaHUI JIEHIOBUTOCTH 3MUMHETO, Be-
CEHHETO, JIETHEeTO M OCEHHETO CE30HOB C IIOMOIIIbIO
MYJIBTHPETPECCHOHHOIO aHajlMn3a MyTeéM mepedopa
TUAPOMETEOPOIOTHIECKIX U aCTPOreodu3NIeCKIX
MIPEeIUKTOPOB;

3) nccienoBaHne MHGOPMATUBHOCTH pa3Ind-
HBIX TUIPOMETEOPOJIOTUIECKIX U aCTPOreopu3n-
YeCKMX (DaKTOPOB MPU OMUCAHUU TOJTOIEPUOTHBIX
M3MEHEHUI JICHOBUTOCTH I peHIIaHICKOTO MODSI.

Mcxonnbie cBeieHUs] M METOIbl AHAJIM3A

JaHHBIE IO cpedHeMeCAYHbIM 3HaAUeHUAM 1e00-
eumocmu I'peHranackoro Mops [27] monydeHBl Ha
OCHOBE aBMAIlMOHHBIX JIEAOBHIX pa3Benok (¢ 1950
oo 1986 r.) ¥ CIyTHUKOBBLIX JaHHBIX MYTEM JIe-
M pUPOBaHUS CITyTHUKOBBIX CHUMKOB B LleHTpe
«CeBep» THII AAHHMU (c 1986 r. mo Hacrosiee
Bpems) [8, 28]. Ilog TepMUHOM «JIETOBUTOCTb» IO-
HUMAaeTCsl O0JIs IJIOMIAanH, 3aHsITasl JIbIOM 0001
CIUIOYEHHOCTH, IT0 OTHOILIEHUIO K OOIIEe TUIoIanmu

MOPS$ UJIY JIIOOOTO IPYyroro 0OJbIIOro reorpaduye-
CKOro pailoHa. DTOT paliloH MOXET ObITh I100aIb-
HbIM, BKJTIOYAIOIIMM B ce0s TUIOIaab MOpPE 1IeJI0TO
MOJIyIIapysl, WY JIOKAJIbHBIM, IPEACTaBIIsAsI CO00i
TOJILKO 4YacTb okeaHa miu Mops [29]. Kpome Toro,
IUTST XapaKTepUCTUKU JIEJOBUTOCTU MUCIOJb3YIOT
TaK:Ke BEJIMUMHY TUTIOLIAIA MOPSI, 3aHSITYIO JIbIaMH.

B xauecTBe XapaKTepuCTUK ammoc@hepHbixX npo-
yeccoe Mbl BBIOpaI CpeTHETOI0BhIEC 1 CpelHece-
30HHbIE UHAEKChI KpyMTHOMACIITaOHOI aTMocdep-
Hoii nupkyassuun: AO (ApkTHuyeckoe KoJiebaHue,
Arctic Oscillation), AD (ApkTuueckuii TUNOJb,
Arctic Dipole), Pacific North American oscillation
(TuxookeaHcko-CeBepoaMepuKaHCKUI UHAEKC,
PNA), North Atlantic Oscillation (CeBepo-AtnaH-
Tuyeckoe kKojedbanue, NAQO) u TemmnepaTypy Bo3-
nyxa T,. DTy nmepeMeHHble UCIIOIb30BATUCH IS
OIMMCAaHUS JOJTOIIEPUOIHBIX KOJIeOaHUN JIeHOBU-
TOCTU B apKTU4YeCKUX Mopsx [8, 25, 26] u moka-
3aJIM CBOIO IIPOAYKTUBHOCTh. BpeMeHHEbIe cepuu
nHaekcos AO, AD, PNA no6e3H0 npeaocTaBul
M.A. Janout [30]. OHu npeacTaBasIIOT COOO0M Tep-
BbIe TPM MOZBI Pa3jIOXEHUS IMPU3EMHOTO aTMO-
cepHoro gasiaeHus ot 60° ¢.11. 10 MOII0ca IO dM-
MUPUIECKUM OPTOTOHAIBHBIM QYHKIMSIM (DOD).
Muaexc AO BOCOPOU3BOAUT CUTYallMM TOBBILIE-
HUSI/TIOHMXEHUS aTMOC(EepHOTO IaBJIeHUS Hal
ApPKTUKOI1, oTOOpakast MUHTEHCU(PUKALIAIO IIIUPOT-
Horo ooMeHa. Muaekc AD oTobGpaxaeT MUHTEHCHU-
(puKannio MepUINOHAIBHOTO OOMEHA; TPEThsI MOAa
EOF3 npeacrasasier codoii UMOIb C OChIO, Mep-
neHaukyaspHoit ocu AD. JlanHble nHaekca NAO,
MpeacTaBASONIero co00il pa3HUIY BBICOTHI I10-
BepxHocTu 500 rlTa Mmexny nyHktamu B Mcnanauu
(64° c.m., 24° 3.1.) v BOIM3U A30PCKUX OCTPOBOB
(39° c.m1., 24° 3.1.), B3ITHI Ha caiiTe https://www.
cpc.ncep.noaa.gov/products/precip/CWlink/. Ile-
peunclieHHbIe MHIEKCHl OTpaXKaloT XapaKTep BO3-
IYIITHBIX TIEPEHOCOB, KOTOPbIe MHAYLIMPYIOT BETPO-
BOI1 Ipelid IbI0B, a TAKXKe N3MEHSIOT TOITOrpaduio
MOBEPXHOCTU MOpS, OCOOEHHO BOJM3U Oeperon
(CTOHHO-HArOHHEIE SIBJICHUS), U Yepe3 TpagueHT
YPOBHSI BJIUSIIOT Ha Apeiid JIeasTHOTO ITOKPOBa.

B 6a3y eudpomemeoponoeuueckux ¢pakmopoe
TaK:Ke BOILIM ATIAHTHUYECKOE MYJIBTHICKAaTHOE KO-
nebaHue (Atlantic Multidecadel Oscillation, AMO;
http://www.esrl.noaa.gov/psd/data/timeseries/AMO/)
1 TeMIiepaTtypa Bosayxa 7,. 9T npeauKTOpbl OTHO-
CSITCSL K TEPMOIMHAMUUYECKUM XapaKTepuCTUKaM,
OIpEeAEISIIOIIMM UHTEHCUBHOCTD (ha30BbIX ITePEXo-
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IIOB: TastHUE JIbIA BECHOM 1 JIETOM U €r0 HapacTaHUe
OCEHBIO Y 3UMOM.

Acmpoeeoghusuueckue ¢axmops: COCTABUIN IBE
MO PYIIITHL.

1. JlonronepromgHble TPAaBUTALIMOHHBIE CHJIBI

Jlyasl n CoJtHIIa ¥ KOJIe0aHMSI CKOPOCTH BpallleHUS
3eMJIM YIUTHIBAIMCHh BapUaUsIMU CPEIHETOIOBBIX
koopauHat X, Y mmomoca 3emiu (ftp://hpiers.obspm.
fr/iers/series/opa/eopc04) u cpegHETOOOBHIX I1apa-
METpOB HyTanuu ocu 3eMiu — dEps u dPsi (https://
datacenter.iers.org/eop/-/somos/5Rgv/latest/38).
B kxauecTBe MHOEKCAa CKOPOCTH BpalleHUST 3eMJIN
HUCIIOJb30BaHa CpeIHeromoBasl BeJInunHa (Ppiayk-
Tyalluu TPpOmoIKuTeIbHOCTY nHA lod (length of
day; https://astro.ukho.gov.uk/nao/lvm/#tabs-d3).
Takum o6pazom, pJIyKTyalliu CKOPOCTU BpallleHUsI
3eMJIM U3MEHSIIOT POTAlIMOHHYIO YacTh T'paBUTALI-
OHHOTO ITI0JIsI, CO3IaBasi, II0 0OpPa3HOMY OIIpeaeie-
auio b.A. Cnennosa-llleBneBuua [18], «poratm-
OHHBII IIPWJIMB», a BapUallMy TOJOXEHUS ITOII0ca
3emu GOPMUPYIOT TaK HA3BIBAEMbII «ITOTIOCHBII
npunmB» [14].

2. Bo BTOpYyIO0 mOATPYNNy BKIIOYECHBI BEIU-
YMHA COJIHEYHOI aKTUBHOCTU V (CpeaHEeromoBoe
yucino Bonabda) (https://solarscience.msfc.nasa.
gov/greenwch/SN_m_tot V2.0.txt), a Takxxe cpen-
Hee 3a IIeCTb MecsIeB paccTossHue oT CojiHIIa 10
3emun B jeTHee (anpeab—CceHTI0pb) Cg M 3UMHee
(oxtsa6pb—Mapt) Cj, nonyroaus (https://soft-ok.
net/226-astroprocessor-zet-9-lite.html). I1penmno-
JlaraeTcsi, 4YTo 3T (paKTOPbl 0KAa3bIBAIOT KaK MpsSIMOe
TepMUUYECKOE BO3/IeiicTBIE (M3MEHEHME COJTHEUHOM
panuanuu B pesyabTare KojebaHuii yrucen Bonbgda
U 3a CUET UBMEHEHUSI PaCCTOSTHUS MeXIy 3eMieid U
ConHuewm [20]), Tak onocpeaoBaHHOE, Yepe3 aTMO-
cepHyIo HUPKYJISIUIO.

HcxonHble cpemHeMecsiuHbIe 3HAYEHHYS JIeTOBU -
TOCTU OCPETHSIIUCH 10 CE30HaM rojia B COOTBETCTBUU
CO CIEOyIOIMMU IpagalusaMu [8]: 3uMe COOTBET-
CTBYIOT MECSIIbI C IeKaOpsI T10 arpelib, BECHE — ¢ Mast
110 MIOHbD, JIETY — C WIOJIS TI0 CEHTSIOPh U OCEHU — C
OKTSIOPSI 1TO HOSIOPb. 3HAYEHUST UCCIIeAYEMbIX MHICK-
COB OCPEIHSUTUCH TaKXKe MO ce30HaM, MOJYrOausIM
U 3a ron. O6paboTKa BpeMEeHHBIX PSIJI0B BKIIOYa-
Jla B ce0s1 CITEKTpaJIbHBIN, KPOCC-KOPPEISIIIMOHHBII
U MYJIbTUPETPECCUOHHBIM aHaIn3, BHIMOJHEHHBIN
C TIOMOIIBIO TTaKeTa aHain3a rporpammbl «CtaTh-
ctuka» [31]. OnrcaHue UCITONIb3yEMbIX CTaTUCTUYE-
CKUX METOJIOB IIPUBENIEHO B MPUJIOXEHUU MPOrpaMM
«CraTtucTuKa», a TaKXe B padote [32].

Cas13b Jie1I0BUTOCTH ['peHSIaHICKOTO MOPS
C rMJIpOoJIOrTH4YeCKUMHU, METEOPOJIOrHYeCKUMH
U acTporeousnyeckumu pakropamu

MexXTromoBble U3MEHEHUS JIeTOBUTOCTH ['peH-
JIJAHJACKOTO MOpSI B 3UMHUWI, BECEHHU, JIECTHUIA U
OCEHHUI ce30HbI MpuBeaeHbI Ha puc. 1. Bo Bcex ce-
30Hax 3a nepuod 1950—2018 rr. BbIAEASIOTCS -
HEWHBIE TPEHIbI, IEMOHCTPUPYIOIIE YMEHBIICHUE
rioiaay JpnoB B I'peHnanackom mope. Ha one -
HEWHBIX TPEHIOB HAOIIOAAIOTCST KOJIeOaHusI, pa3mMax
KOTOPBIX /ISl 3MMHEr0 U BECEHHEIo Ce30HOB (CTaH-
JNapTHOE OTKJIOHEHME JJIsI 9TUX MEPUOIOB COCTaB-
ager 15-10% u 12-10* kM? cOOTBETCTBEHHO) GOJIbLIE,
YyeM JUIS JIETHETO M OCEHHETO Ce30HOB (CTaHAApTHOE
OTKJIOHEHHME JUTsl HUX paBHO 9-10% 1 8-10* xm? coor-
BETCTBEHHO). J1J151 omnpeaeaeHust CTPyKTypPhl TOMU-
HUpPYIOMUX (IYKTYaluii B MEXKTOIOBBIX KOJIeOaHM-
SIX TUTOIIAIX JIBAOB BBITIOJIHEH CIIEKTPaIbHBIN aHAIN3
BPEMEHHBIX PSIIOB JIEIOBUTOCTHU MIJISI KAaXKIOIO CE30-
Ha, pe3yJIbTaThl KOTOPOTIo MpUBeIeHbI Ha puc. 2. [1pu
KUCCIIeIOBAHUM IJISI JAHHOM IJIMHBI psIaoB (69 yer)
CTATUCTUYECKU TOCTOBEPHBI (PACUYETHI IO IIPOrpaM-
Me «CraTuctuka») epuonsl He oonee 22-x yet. Kak
BUIHO 13 TparKOB (YHKIIUM CIIEKTPAIIBHOI IIOT-
HOCTHU, OCHOBHEIE MEXKTOJ0BbIC KOJIEOAHMST Ce30H-
HOM JIEIOBUTOCTH COCPENOTOYEHBI B HU3KOUYACTOTHOM
YyacTH CIeKTpa ¢ MepruojaMu ot 5 10 22-X JieT.

DyHKIMK CIEKTPAIbHOM TNIOTHOCTH 3UMHETO 1
BECEHHET0 CE30HOB OYE€Hb CXOXKU: B 3TUX CIIEKTpax
BBIIC/ISIFOTCST LIMKJIMYECKKE KOJIeOaHUsI C IIEPUOIOM
22 u 16—17 ner. B cnekTpe BeceHHUX KoJieOaHUit
JIEMOBUTOCTU 3HAUYUTEIbHAsI J0Js1 CIIeKTpaJbHOM
TJIOTHOCTU MPUXOAUTCS Ha IUKJIMYHOCTD C TIEPUO-
oM 9 JIeT 1 MeHblask — ISl BapUallMy ¢ TIEpUOIOM
5 neT. B BBICOKOYACTOTHOM YaCTU CIIEKTpa 3UMHUX
KoJie0aHU IeAOBUTOCTU OTMEUYAIOTCsl HeOOJIbIIe
MUK C TIEPUOAAMU OT ABYX 10 YeThIpEX jeT. CIIeKTp
MEXTOIOBBIX KOJIEOAHUN JIE€AOBUTOCTU B JIETHUMN U
OCEHHMI Ce30HBI J10BOJAbHO OJIM3KU APYT K IPYTY,
HO OTJIMYAIOTCS OT LUKJINYHOCTUA 3MMHE-BECEHHE-
To Iepuroa 3a UCKII0YSHUEM IIPUCYTCTBUS Koieba-
HUsI ¢ TiepronoM 23 rona. B meTHe-oceHHUI ITepuo,
00HApYKMBACTCS JOBOJIHHO 3HAYNTEIbHAS IIKIIAY -
HOCTb — 13 JIeT, a TakKe HeOOoNIbIINE HUKIUYHOCTH
¢ neproaoM 6—7 jaeT. AMIUIUTYIbI KOJIeOAHUIA B BBI-
COKOYACTOTHOM 4acTu crhekTpa B 2—3 pa3a MeHbllie
aMILIUTYH KojiebaHuii ¢ mepuoaom 13 u 22 rona.

BrInotHeHHBIN aHATU3 BpeMEHHBIX PSIIOB IOI-
TBEPKIAET TE3UC O MOJMLUMKINIYHOCTH U3MEHEHUI
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Puc. 1. MexronoBble U3BMEHEHMS JICTOBUTOCTU [PEeHIAHICKOTO MOPS B CE30HbI:

1 — 3uMHMIA; 2 — BeceHHMIt; 3 — ieTHUI; 4 — oceHHME 3a ieprof 1950—2018 rr. 1 ux TMHEIHbIE TPEHIbI
Fig. 1. The interannual variability of the Greenland sea ice cover during the:

1 — winter; 2 — spring; 3 — summer; 4 — autumn seasons from 1950 to 2018 and linear trends
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Puc. 2. CniekTpajbHbIe TIJIOTHOCTU MEXTOIOBBIX KOJIeOaHU T IeIOBUTOCTU [ pEHIaHACKOTO MOPS B CE30HbI:

1 — 3UMHMIT; 2 — BeCeHHMIA; 3 — JIETHMIT; 4 — OCEHHUIA; Ha MUKaMU (DYHKIMIA CIIEKTPaJIbHOM TUIOTHOCTU YKa3aHbI ITEPUO/IbI B rogax
Fig. 2. The spectral densities of the Greenland Sea ice cover interannual fluctuations during the seasons:

1 — winter; 2 — spring; 3 — summer; 4 — autumn; the periods (in years) of the spectral density function peaks are highlighted in the figure
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Tabnuya 1. ITapHble 3HaYMMBbIe K03 GUIMEHTDI KPOCC-KOPPE/LALMI Ce30HHBIX aHOMAINI TeR0BUTOCTH [peHnaHacKoro Mops
¢ ruapoMeTeoponornieckumu pakropamu: 3uMa (gekabpb-arnpens), 1eTo (MOIb-CeHTAOPD), 0CceHb (OKTAOPH-HOAOPS),

BecHa (Maii-MI0Hb)*

IIpedvicmopus aedogumocmu

Ce3oH 3, I, B, (O 3, I, B, 0, 35 ) B; 0
3uma 0,59 0,57 0,63 0,58 0,44 0,55 0,49 0,37 0,30 0,29 0,35 —
Jleto 0,41 0,54 0,34 0,39 0,39 0,37 0,39 0,26 0,36 0,33 0,39 —
BecHa 0,36 0,53 0,49 0,49 0,35 0,38 0,35 0,27 0,24 — 0,36 -
OceHb 0,54 0,50 0,56 0,45 0,34 0,26 0,34 0,24 0,33 — 0,38 —

Tudpomemeoponoeuueckue ghakmopul

Ceson AOgp., Taw Tysi NAOy,, NAOg Toans-1 Tanw-1
3uma —0,34 —0,52 —0,47 — —0,49 —0,72
Jleto —0,43 —0,41 —0,54 —0,29 —0,68 —0,54
OceHb —0,31 —0,49 —0,35 — —0,34 —0,46
Becna -0,39 —0,41 —0,43 — —0,45 —0,56

Ilapamempoi céa3u ¢ Amaanmuueckum oKeaHom

Ceson AMO,, AMO; AMO 4 By Bysp. Bys.y Byaur
3uma —0,35 —0,43 —0,50 — —0,39 —0,29 —0,28
Jleto —0,44 —0,60 —0,46 —0,27 —0,52 —0,43 —0,32
OceHb - —0,29 — —0,27 —0,45 —0,32 —
Becna — —0,34 —0,32 —0,25 —0,33 —0,34 —0,24

*JlenoButocTb: 3 — 3umbl; JI — sieta; O — ocenu; B — BecHbl; 7, — Temneparypa atmocdepsl B ['peHnannckom mope; 7,y — TeM-
nepatypa atmocdepsl B Hopsexckom Mope; By — TeruioBoii 6ananc B HopsexckoM mope; B unaexkce —1, —2, —3 —4 — onepexe-
Hue napameTrpa Ha 1, 2, 3 1 4 rona cooTBeTcTBeHHO; uHAeKC: AO — Apktuueckoro Kojebanusi; NAO — CeBepo-ATIaHTUYECKOTO
Kojebanusi; AMO — ATIaHTUYECKOrO MYJIbTUAEKAIHOIO KosebaHusl; JaTUHCKUMU OYKBaMU 0003HAYalOTCsl CE30HBI: JIeTo — S

ocenb — AUT, 3uma — W; BecHa — SP.

JIeTOBUTOCTU, c(hOPMYJIMPOBAHHBIN paHee B pabo-
Te [9] IpUMEHUTEIBHO K JIEAOBUTOCTH apPKTUIECKUX
mopeit. TpeHabl U CIIEKTPbI KOJIeOaHMI COCTaBIISIIOT
OCHOBHYIO YaCTh M3MEHUYMBOCTHU IIOIIAAN JIbIOB
BCEeX YETHIPEX Ce30HOB I peHIIaHaCKOTO MOpsI, T10-
3TOMY IIPY YCTAHOBJICHUN MPUINH MEXKTOIOBOI 13-
MEHYMBOCTH JICHOBUTOCTH MOPSI COIPSZKEHHOCTD €€
CO CIIEKTpaMU BHEIITHUX (haKTOPOB MOXKET CITYKUTh
onpeaesIEHHbIM MoKa3aTesleM, 1o KOTOpoMy ¢ak-
TOP MOXHO MCIOJb30BaTh B KAUeCTBE MPEAUKTO-
pa st pU3MKO-CcTaTUCTUUEeCKUX Mojeneid. OgHako
OTMETHUM €llI¢ OAHY T'MIOTETUUECKYIO TPUINHY, CO-
IJIaCHO KOTOPOI (paKTOp HE MOXKET ObITh BLIOpAH 1O
MPU3HAKY CIIEKTpa: Koraa hakKTop JUMHEWHO BO3Iel-
CTBYET Ha JIEIOBUTOCTb, 3TO, ECTECTBEHHO, HE OTpa-
’KaeTcs B CMeKTpax MpeauKTopa U MpeauKTaHTa.
Br160opy npeAMKTOpPOB TOMOTaeT KOPPEISIIMOHHbBIN
aHaJMu3 CBSI3M CE30HHOM JIEMOBUTOCTHU C IJ100aIb-
HBIMM MHAEKCaMU pa3Hoi Mpupoabl. I1s1 olleHKHU
CTEIEeHU CBSI3U IIPOLIECCOB U3MEHUMBOCTHU JIEIOBU-
Toctu ['peHIaHICKOro MODS C eudpomemeoposoeuye-
CKUMU W acmpozeogusuyeckumy lapaMeTpaMu ObUIH
paccuuTaHbl K03ghguyuenmol Kpocc-Koppeasyuy nis

ypoBHS 3HaunMocTu o = 0,05. Pe3ynbraThl pacuéra
npejcTaBieHbl B Ta0JI. 1.

IIpexnae Bcero obpalaeT Ha ce0s1 BHUMaHUE
MHEPLIHUOHHOCTh M3MEHYMBOCTHU TUIOIIAIN JICASTHOTO
nokpoBa. B ta6i. 1 B 6iioke «/Ipedvicmopus nedogu-
mocmu» yKa3aHbl KOA(POUIIMEHTHI KOPPEJISILIUK JIeI0-
BUTOCTU KaXJIOTO C€30HA C JIEAOBUTOCTHIO B MPEJIbI-
IyIIKe Toabl (C OTpUIATEIBHBIM BPEMEHHBIM JIaTOM
—1, =2 u —3 rona). JIemoBUTOCTb 3UMHETO CE30Ha Xa-
paKTepr3yeTcss MAKCUMMAIbHBIMU BeJIMYMHAMM KO3(P-
(PULIMEHTOB CBSI3U C COCTOSTHUEM JICASTHOTO ITOKPOBa
B npenblayiiue roasl U coctasisgeT ot 0,30 mo 0,59,
T.€. UHEPLIMOHHOCTh 3UMHMX JIEIOBBIX MPOLIECCOB J0-
CTaTOYHO BEJIMKA U COXpaHsETCs 10 TpEX JieT. MHep-
LIMOHHOCTb XOPOIIIO MPOSIBISIETCS U B 3UMHUM, U B
BECEHHUI Ce30HBI, TOrma Kak JJIsi OCEHHEro ce30Ha
KO3((UIIMEHTHI C OTpUIIATEILHBIM JIATOM B TPU T'ola
0Ka3aJIuCh He3HaUUMMbl. BhIsiBIeHHAsT MHEPLIMOH-
HOCTb JIEIOBUTOCTU MOKA3bIBAET, YTO MPEIIIECTBYIO-
11Ie€ COCTOSIHUE JISASTHOTO TTIOKPOBa 1 €ro IUIoLIANb —
HauboJjiee BaxKHbIe MPEeAUKTOPbl MPU pa3padboTKe
ypaBHEHUI KaK IJIsT IMarHo3a, TaK M I IIPOTHO3a,
YTO paHee OBUIO TTOKa3aHo B pse padorT [8, 25].
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Tabnuya 2. ITapHble 3HaYMMBbIe K03 GUIEHTDI KPOCC-KOPPE/LALMI Ce30HHBIX aHOMAINI TeRoBUTOCTH [peHnaHacKoro Mops

¢ acTporeopusnuecKuMy napamMmeTpamm*

Cesort Actporeodusnyeckiie mapaMeTpb
X Y dPsi dPsi_; dEps lod Cy Cy V.,
3uma —0,41 —0,49 0,55 0,54 0,62 0,32 0,32 —0,33 —0,28
Jleto —0,48 —0,51 0,54 0,53 0,55 0,54 0,38 —-0,42 -
Ocenp -0,29 —0,56 0,49 0,46 0,57 0,25 0,33 —0,46 -
BecHa —0,30 —0,58 0,57 0,54 0,63 — 0,37 —0,32 -

*Xu Y — 1mpoTHasd 1 JOIroTHas KOOPIMHATHI MOI0XeHus nomoca 3emnn; dPsi, dEps — mapamerpbl Hytauuu ocu 3emin; Cg 1
Cy, — paccrosgHue ot 3emau 10 CosHLA B JIESTHUI M 3UMHUI TIEPUO/BI COOTBETCTBEHHO; /od — cKOpOCTh BpaleHus 3emin; V —

yucia Bonbda.

Craenyomuii aTan UcciaeloBaHUS — aHaIU3
CBSI3U JIEIOBUTOCTU MOPS C pa3IUYHBIMU TUAPO-
METEOPOJIOTUYECKUMU XapaKTepUCTUKAMU; aTMOC-
(bepHBIM HaBIeHHEM, TEMIIEPATypPOii, a TaKXKe pa3-
HBIMU OOBEKTUBHBIMU TUIPOMETEOPOIOTMIECKUMU
u acTporeodusnyeckumu nHaekcamu. [1pu oneHke
CBSI3M JIEIOBUTOCTH M APKTHUYECKON OCLIMJIISLIUNA
3HaYUMbIe KO3(MPUIMEHTHI KOPPEISLIN IIPUXOIST-
Csl Ha BECEHHUI Ce30H MpeAbIAyIIero roaa. 3aech
HaOromaeTcsT ooOpaTHasI CBSI3b C MAKCUMAJIBHOM Be-
mmanHoit 0,43 (10 MOmyJ0) C JICTHEH JIETOBUTO-
cThio (cM. Tabx. 1, 610K «/udpomemeoposoeuueckue
¢akmopbi»). DTO 03HAYAET, YTO MPU OCTA0IEHUMN
AHTULMKIOHA Had ApPKTUKOUN ATJaHTUYECKasl BO3-
JIylIHas Macca BTopraercsi B EBpory u ycuiuBaeT
MOTOK TEIIBIX U CONEHBIX BoJ CeBepHOI ATIaHTU-
ku B CeBepo-EBponeiickuit 6acceitH, 4To NMpuUBO-
JUT K YMEHBILIECHUIO JIEAOBUTOCTU ['peHIaHaCKO-
ro Mopsi. MHTepeceH ToT (akT, YTO BTOpas Mojla
pa3ioxXeHUus MPU3eMHOTO aTMOC(hepHOTo aaBiie-
Husa EOF,, wim ungexc AD, He uMeeT 3Ha4MMBbIX
MapHbIX KOAPOUILIMEHTOB KOPPEIILUUN (IaHHbIE HE
MPUBOASTCS), HO XOPOIO MPOSIBISETCS BO MHOXE-
CTBEHHOW JIMHEWHOUW pErpecCur B COBOKYITHOCTU
¢ Ipyrumu npeaukropamu. OdpaTHas CBSI3b JeA0-
BUTOCTU C MPUIMOBEPXHOCTHOI TemmepaTypoit aT-
Mocdepbl MOATBEPKAACTCS BHICOKMMU 3HAYMMbIMU
OTpULIATEIbHBIMU KO3 DUIIMEHTaMU KOPPEISLIUU
NIl TeMIlepaTyphl Bo3ayxa Kak B I'peHIaHACKOM,
TaKk 1 B HopBexkCKOM MOpsiX, KOTOPbIE COXPaHSIOT-
cs Oosee rona.

CBsI3b JIEIOBUTOCTU C XapaKTepUCTUKAMU BOI
CeBepHOIl ATJIaHTUKM, BBIpAaXXEHHBIMU WHIEK-
COM MYJIBTUAEKAIHON aTJIaHTUYECKOM OCIMIUISLIM -
et AMO 1 MOBEepXHOCTHBIM TETUIOBBIM OaJlaHCOM B
Hopsexckom Mope By, Takxke JOBOJIHO TECHAs (CM.
Tabm. 1, 610K «[lapamemput céa3u ¢ Amaanmuueckum
oxearom»). Hanbosee 3Ha4MMO 3Ta CBSI3b MPOSIBIISI-

€TCsI /IS JIETHETO M 3UMHETO CE30HOB roja ¢ Koad-
dunmenToM Koppensaunu oonee 0,60 1o MoayIIIO.

Cpenu acmpoeeousuueckux ¢pakxmopos Havi-
0oJjiee TecHasl CBSI3b JIEMOBUTOCTHU IIPOSBIISIETCS C
JOJITOTHOM KOOPAMHATOW ITOJIOXKEHUS II0JI0Ca
3eman Y, mapaMeTpaM¥ HyTalluu ocu 3emin dPsi,
dEps ¢ xoadpuueHTaMU KOPPEASIIUKU OOJIbIIE
0,50 (Tabm. 2). CtaTuctuueckas CBSI3b JISHOBUTOCTH
CO CKOPOCTBIO BpalleHus 3eMIn [od Iydiile BCETo
MIPOSIBIISIETCS [JIST JIETHETO ce30Ha ¢ KO3 GUIINEH-
ToM Koppensauuu 0,54, a ¢ UBMEHEHUSIMU PacCTosI-
Hug ot 3emun 10 ConHua Cgu Cp,K09(pdULMeHTh
Koppeassuuu onpeaensiiores Ha yposHe 0,32—0,46.
Cambiii Hu3Kui K03hOUIUEeHT KOPPEIIIny Hao0-
JIIOJAeTCs IS MHIOEeKCa COJTHEYHON aKTMBHOCTU
(uncnamu Bonbda) ¢ BpeMeHHbIM J1aroM —1 rog V..

IIpoBenéHHBII aHAINU3 TTOKA3bIBAET, YTO MEXK-
TOAOBBIE U3MEHEHUS JICTOBUTOCTUA BCEX YETBHIPEX
CE30HOB Tola CTATUCTUYECKU CBSI3aHBI HE TOJIBKO C
TUIPOMETEOPOJIOTMUECKUMHM, HO U € acTporeodusu-
YeCKUMM MapaMeTpaMu.

Hccaenosanue uHGopMaTUBHOCTH
THIPOMETEOPOIOTHYECKHX H ACTPOreou3nyecKux
(hakTOpOB B MO/IEISAX M3MEHYMBOCTH JIEAOBUTOCTH

WccnenoBanne MHMOPMATUBHOCTU Pa3JIMYHBIX
(bakTOpOB TIPY ONMUCAHUM UBMEHYMBOCTH JICISTHOTO
MOKPOBA BBIMTOJIHEHO MYyTEM YMCJIEHHBIX 9KCIIePH-
MEHTOB Ha CTaTUCTUYECKUX MOJCISIX CE30HHOMM Jie-
JOBUTOCTU. MOIEIN CTPOWIIM C IIOMOILBIO MYAbMU-
peepeccuoHH020 aHAAU3a C UCIIOIb30BaHUEM ITaKeTa
nporpamm «Cratuctuka» [31] [TogroroBneHHbIe
PSABI TUAPOMETEOPOJOTMUCCKUX XapaKTePUCTUK
Y MUHACKCOB, a TAKXKEe PSAIbl aCTPOreo@u3nuecKux
napamMeTpoB (cM. pasnen «CBs3b JT€JOBUTOCTH
I'peHIaHACKOrO MOPS ¢ TUAPOJOTMUYECKUMU, Me-
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TEOPOJIOTUUECCKUMHU U aCTPOreopru3ndecKuMu dak-
TOopaMu») oOpa3oBaiv 0a3y UCHBITATEIbHBIX IPEIN-
KTOpoB. OTMETUM, YTO B paHee OIyO0IMKOBaHHBIX
padoTax JOJTONEPUOTHbIC U3MEHEHUS JIETOBUTO-
CTU MCCIIEIOBANINCH TOJIBKO B paMKaX THIPOMETEO-
POJIOTHYECKOTO BO3aeicTBUS [8, 9] MM TOIBKO ¢
HCIIOJIb30BaHMEM B KaueCTBE IIPEAUKTOPOB acTPO-
reodusmaeckux napametpon [11, 18, 20 u np.].
B Hacrtosmieit paboTe mMcciaenoBaHUEe IIPOBOTUTCS
KOMIUIEKCHO C BKJIIOUEHHEM B aHAJIM3 HE TOJBKO
TUAPOMETECOPOIOTUYECKMX, HO 1 acTporeodusnde-
CKHX XapaKTEePUCTHUK, TaK KaK TOJIbKO COBMECTHBII
aHaJIN3 MO3BOJISIET OLIEHUTH BKJIAA KaXXIOTO Ipe-
IUKTOpa IIPU OMHOBPEMEHHOM BKJIIOUEHUU IPYTUX
MIPEeIUKTOPOB Pa3HOM MPUPOIBL.

[Ipouenypa moirydeHUsI CTAaTUCTUYECKOIO YpaB-
HEHUSI CBSI3M JIEHOBUTOCTHU C IIPEIUKTOPAMU BBITTION-
HSIIach IMyTEM UX mepedopa 1 HaXOXICHMST ypaBHe-
HUS ¢ HanboJsiee BBICOKAM OOIITNM KO3(MPUITMEHTOM
KOPPEIISIIAN, C IOCTaTOYHOI CTaTUCTUIECKOI 3HAUM -
MOCTBIO TIEPEMEHHBIX, BXOISIINX B CTATUCTUYECKYIO
Moznelb. CTaTUCTUIECKUI TTOAXOM IJI MOTYISHUS
YpaBHEHMI, ONKICHIBAIOIINX U3MECHEHMS JICIOBUTO-
CTHU B aBrycre Wi [ peHmaHacKoro Mopsi, paHee ObLT
IpUMEHEH B padoTe [25], Koraa Impy aHaJ3e NCTTONb-
30Bajlach TPEXJICTHSISI CKOJIb3SIIAsl BEJIMIMHA JISH0-
BUTOCTH, a B KaYeCTBE IIPEAUKTOPOB — TPEXIJICTHHUE
CKOJIB3SIIIIMe TUAPOMETEOPOIOTNIECKIE XapaKTepH-
cTuKu. B HacTosIIIe# paboTe UCCIeMyOTCS MEXIOI0-
BbIE CE30HHBIC M3MEHEeHUs JienoBuTOCTU. 110 Mcxom-
HBIM TaHHBIM JICTOBUTOCTH YETHIPEX CE30HOB (3MMa,
BECHA, JIETO M OCEHb) M MPEIUKTOPOB BHIYMCIICHBI
AHOMAJIMU OT CPEOHUX 3a MCCIIeMyeMbIii IIepro, KO-
TOpBIe OBUIM HOPMUPOBAHBI 110 CTAHAAPTHOMY OT-
KJIOHEHHIO. DTO MO3BOJIJIO IIPOBOMUTD aHAJIN3 C JaH-
HBIMM OTHOI pa3sMEpPHOCTH, YTO MOBBIIIACT KAYECTBO
ypaBHEHUI, 00JIeT9aeT padoTy U YBEIMUMUBACT IIPOU3-
BOIUTEJILHOCTb MPOrpaMMbl «CTaTUCTUKA».

YpaBHEHMST MEXTOIOBBIX M3MEHEHUH IIIOIIAIN
JpI0B I'peHIaHACKOTO MOpPS IJISI KaXKI0ro ce30Ha
HaXOIWJINCh METOIOM MYAbMUPE2PeCCUOHHO20 AHA-
Au3a MyTEM IIepedopa pa3HBIX IPEIUKTOPOB: THI-
POJIOTUYECKUX, METEOPOJIOTUIYECKIX U aCTPOTeO-
(pu3MUecKMX mapaMeTpoOB U MHIEKCOB. 71 oLleHKM
KauecTBa IIOCTPOCHHBIX MOJENIel MCII0Ib30BaINCh
CIeayIoIIKe mapaMeTphl: Ko3¢hGUIINEeHT KOppes-
unu R, KosbduuneHT gerepmuHanuu R? u obe-
CIEYEeHHOCTh MoJean P Ipu yCTaHOBJIEHHOM 10-
MYyCTUMOU OIIMOKE CTaHIAPTHOIO OTKJIOHEHUS O
(0 — momycTuMasi MOrPEIIHOCTD 11 CBEPXI0JITOC-

POYHBIX JIEIOBBIX IIPOTHO30B, 0,80 — IJIsI MOITO-
CPOYHBIX JIeAOBBIX, 0,670 — IJ11 KpaTKOCPOUYHBIX
MIPOTHO30B WJIU IJIsI OLIEHKM TOYHOCTU JUATHOCTH-
yeCcKuX ypaBHeHuit) [26]. Jng Bcex Koadpduum-
€HTOB Koppeasuuu R kputepuii CTblomneHTa ObLIT
paseH +0,21 ipu ypoBHe 3HaunMocTH o = 0,05.

Cmamucmuueckue modeau aemueeo cezona. B net-
HUI Ce30H (MIOJIb—CEeHTSIOPh) Bedylasi poib B op-
MUPOBAHMUU JIENOBBIX YCIOBUI IIPUHAIJIEKUT TIpe-
IBICTOPUU JE€IOBUTOCTH (BECEHHUI IEPUOI) U
TIOBEPXHOCTHOM TeMIiepaType Bo3ayxa (Tadi. 3, ypas-
Henus 1.1—1.3), 9To paHee oTMedanioch B padorte [8].
HeticTBUTEIbHO, B ypasHenuu 1.1 Ha DONIO BIUSI-
HUS yKa3aHHBIX NPEIUKTOPOB IIpUXOoAUTCs 28 u
26% obleit gucrepcun CooTBeTCTBEHHO. He MeHee
BaKHBI — TIPUTOK TETUTBIX ATiiaHTdecKux Bog (AMO)
n atMocdepHast nupKyrsanusa (mHaekcsl AO, AD u
NAO), Ha noiio Kkotopsix puxoaurcst 18 u 20% co-
oTBeTCTBeHHO. 1lInMpoTHast KoopauHaTA TTOJI0XKEHUS
nosroca 3emui X BHOCUT BKJIaJl, OLIEHUBAeMbIi B 9%.
Hcnonp3oBaHre KakK MPEAIIeCTBYIOIINX JIETOBBIX 1
TUIPOMETEOPOIOITMUECKIX YCIOBUI, TaK M aCTpOreo-
(pm3MIecKrX mapaMeTpoB IO3BOJIMIO TOOUTHCS 00ec-
MEeYESHHOCTU MOCTPOCHHBIX YpaBHEHMI 10 99%, 4TO
OTBEYaET BHICOKOMY ITOKA3aTeIII0 Ka4eCTBA MO,

B xonme cnemyiomero 3KCIepuMeHTOB U3 Mpe-
IUKTOPOB OBIJIO MCKIHYEHO IIPEIIIeCTBYIOIICE
3HaueHue jJenoBuToctu (ypasuenue 1.2). Koad-
(pULIMEeHT KOppesliui B 3TOM CJIydyae CHUXKAeTCS
¢ 0,87 no 0,85, a obecniedeHHOCTL — € 99 1O 94%
(cm. Tabn. 3, ypasnenue 1.2), 0oMHAKO OCTaBILIMI-
csl Ha0OP MPEAUKTOPOB TAKXKE MMEET TOCTATOYHO
BBICOKYIO MH(pOopMaTuBHOCTD. [locie nckimoueHus
MpPeIIeCTBYIONIEH JeJOBUTOCTA M MHIAEKCOB aT-
MocdepHON UMPKYISLUA ITOJIYyIeHO ypagHeHue 1.3,
Ka4eCTBEHHBIE MOKa3aTeJI KOTOPOTO YMEHBIII-
JINCh, HO HE3HAUYUTEIbHO. DKCIIEPUMEHT MOKa3al,
YTO C IIOMOIIIBIO BCETO TPEX MPEAUKTOPOB B (pr3U-
KO-CTaTUCTUYECKUX MOMIEISIX MOXHO TOCTAaTOUHO
MH(GOPMATUBHO OIMCHIBATH ITOJTOIEPUOIHYIO M3-
MEHYUBOCTb JICTOBUTOCTH.

Cmamucmuveckue moodeau ocennezo cesona. J1ist
OCeHHero rnepuojaa (OKTsIOpb—HOSIOPb) ObLIU MOJY-
4yeHBI ypasHernus 2.1 n 2.2 (cM. Tabm. 3). JJomuHMpy-
fo1uii (pakTop B ypasHeHuu 2.1 — IpeaecTByomast
JIETHSIS JIEAOBUTOCTD L ¢ ¢ BKJIAIOM B OOLIYIO J1CTIEp-
cuto 48%, Torna Kak Ha JIOJII0 OCTAJIbHBIX MPEINKTO-
POB — MOBEPXHOCTHOI TeMIlepaTyphl Bo3ayxa, 10J-
TOTHOM KOOPIMHATHI MOJ0XEHUS mojoca 3eMin Y
¥ MHIeKca aTMocdepHoit uupkynsaiuu PNA — nipu-
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Ta6ﬂmga 3. ®u3uKo-CTaTUIECKNe YpaBHEHUA CBA3N T€TOBUTOCTU rpeHTIaHI[CKOI‘O MOpA € TUAPOMETEOPOTOTNYECKMI U

actporeo¢usmdeckumu paxropamm*

P, %
YpaBHEHME U ETO HOMED R | R
o 0,800,670
1. Jlemnue (uronb—cenmsaops) anomanruu
11 Lg=-0,32T, s+ 0,33Lgp_0,26AMO_; — 0,18X; — 0,I8NAO, | + 0,16ADg | — 0,14A0, 0,87 10,75 99 | 97 | 94

1.2. Lg=—0,48T, 5— 0,24AMO 5 — 0,28X , — 0,20NAOg,+ 0,16AD,,, — 0,19PNA ,

0,8510,72| 94 | 90 | 90

1.3. Ly=—0,42T, s— 0,31AMO ; + 0,23dEps

0,79 | 0,63 | 91 84 | 80

CEHTSIOPb).

*L ¢ — IENOBUTOCTb 3a JIETHUI NTepro, (MI0Ib—CeHTAOPD); T, ¢— MOBEPXHOCTHAs TEMIIEpPATypa BO3/IyXa 3a JIETHUI ITepruo (MI01b—

2. Ocennue (okmsabpb—HOA0pL) anomaruu

2.1 Lyyr=0,41Lg—0,24T, 4y7—0,24ADg—0,26Y 0,81 0,65 90 | 88 | 87
2.2 Lyyr=0,46L5—0,26T, 4yr— 0,59Y — 0,43dPsi 5 0,791 0,62 | 88 | 86 | 8l
23 Lyyr=—0,47T, 4yr—0,41Y —0,23AD; — 0,18NAO; | 0,77 0,59 | 87 | 84 | 81

(OKTSAIOpb—HOSI0pb); AD — MHIEKC APKTUYECKOTO AUTIOJIS.

*L 47 — JISLOBUTOCTD 33 OCEHHUI nepron (OKTA0pb—HOSIOPB); T, 47 — MOBEPXHOCTHAS TEMIIEPATYpa BO3/yXa 38 OCCHHMIA IepUOL

3. Sumnue (dekabpv—anpensv) anomaruu

3.1 Ly=—0,49T, j+0,31L 57, —0,23AMO_, — 0,16NAO,., 0,89 0,80 | 94 | 94 | 94
3.2 Ly=—0,49T, yy+ 0,33L 7, — 0,234AMO_,— 0,13V, 0,89 (0,80 | 97 | 96 | 94
3.3 Ly=—0,35T, ., + 0,39dEps — 0,25AMO_, — 0,15V, 0,831069| 9 | 93 | 83

*Ly, — MENOBUTOCTH 32 3UMHUI Nepyrop (nekabpb—aripenb); T, — TOBEPXHOCTHASI TEMIIEPATYPa BO3/yXa 32 3UMHMUIA IIEPUO], (Jie-
Kabpp—arnpeinb); T,y — NOBEPXHOCTHAs TeMIlepaTypa Bo3/lyXa 3a 3MMHUI repuoz (1ekabpb—arpesb) B Hopeexckom Mope.

4. Becennue (mail—utoHb) aHoMaiuu
4.1. Lgp=0,68Ly, — 0,41Y—0,17A0y,— 0,17V + 0,17ADy;.; —0,15PNAg,

0,89 10,79 | 99 | 9%4 93

4.2 Lgp=—0,41T, 3,—0,39Y — 0,17V — 0,15A0,,

0,82 10,67 | 90 | 88 88

4.3 Lgp=—0,52T, y+0,31dPsi |, — 0,17V

0,79 | 0,62 | 81 71 65

Kabpb—aripenb).

*Lgp — NENOBUTOCTD 32 BECEHHUI NEPUOI (Maii—uIOHb); T, , — MOBEPXHOCTHAS TEMIIEPATYPA BO3IyXa 3a 3UMHUIA IIepuo (zie-

*J1OTIOTHUTETLHO CM. YCJI. 0003HAaYeHUS K Ta0d. 1 1 2.

XOIATCS MPaKTUYECKU paBHbIe yacTh: o 17—19%.
O6mmii Ko3hPUIIMEHT KOPPEIISILUNA YpaBHEHUST He-
CKOJIbKO MEHbIIIe, YeM B YPaBHEHUSX ISl JIETHETO
ce30Ha, 1 BapbupyeT B penenax 0,77—0,81. Obdecre-
YEHHOCTH ITOJIyYeHHBIX YpPaBHEHHUI 0Ka3a/Iach T0CTa-
TOYHO BbICOKOI1 U cocTtaBuiia 87—90% (cM. Tao. 3).
AHaJIN3 YCTAHOBJIEHHBIX CBSI3¢ii TTO3BOJISIET BbI-
cKa3aTh HECKOJbKO MPEANOI0XKEeHUA O POJIU Bbl-
OpaHHBIX IPEIUKTOPOB B (hDOPMUPOBAHUN OCECHHEH
nenoButocTu. IlonoxurenbHas aHOMaIUs JIeTHEH
JISAOBUTOCTH CIIOCOOCTBYET (DOPMHUPOBAHUIO ITOBBI-
IIEHHOH JIEMOBUTOCTH B OCEHHUI Mepuoa U Hao0o-
pot. OrpuniateabHasg aHoMaaust AD cOOTBETCTByeT
MMOJIOXKUTEIbHOI aHOManuu gaBiaeHus Hax Cuou-
PBIO 1 OTPUIIATESIEHONM aHOMAIUI IIPU3EMHOTO aTMO-
cepHoro gasineHus Hag KaHagckum 6acceiiHOM.
DTO CITOCOOCTBYET YCUIEHUIO BO3MYIIHBIX TIEPEeHO-
COB, YBEJIMUMBAIOIINX Apelid IpI0B B [ peHIaHIckoe
MOpE, UTO, B CBOIO OUepe/ib, MPUBOIUT K TMOBbIIIE-
HUIO JIEAOBUTOCTU B OCEHHUI TIepuo. I1oaoxuTenb-

Hag aHoMmanust NAQO, cOOTBETCTBYIOIIAsI aHTUIINK-
JIoHm4YeckoMy pexumy Han CeBepHBIM JIeTOBUTHIM
OKEaHOM U CeBEPHBIM BeTpaM ITOBBIIIEHHON MHTCH-
CUBHOCTHY Haj I'peHIaHACKUM MOpeM, COIpsDKeHa C
YMEHBIIIEHUEM JIETOBUTOCTU B OCEHHUI ITepUO.

B skcnmepuMeHTaxX Mo MCKIIIOUEHUIO U3 IIpe-
IUKTOPOB MPEIIISCTBYIONMICH JeTHEM JTeJOBUTO-
CTU Lg MOJIy4eHO CTaTUCTUYECKOE ypasHeHue 2.3
(cM. Tabi. 3), B KOTOpOe B KaUeCTBE MPEAUKTOPOB
BOLLIM UHAEKCHI aTMOochepHoi nupkynsauuun ADg
1 NAOyg_;, a TakXe TOBEPXHOCTHAs TeMIlepaTypa
Bo3ayxa 1, 47V mapaMeTp HyTalluy OCU BPALLEHUS
3emau dEps. Y xoTs obumit Ko3hdULUeHT Koppe-
JISIIMK OBLT MEHBIIIE, YeM IIJIs IIPEAbIIYIINX YpaBHEe -
HUI, ypOBEHb 00€CTICYeHHOCTH OKAa3aJICsI BBICOKHM.

Cmamucmuueckue mooeau 3umnezo ce3ona. J1s
3MMHETro nepuoa (Iekadpb—anpesib) BO BCEX ypas-
HeHuax 3.1—3.3 B TabJ. 3 B KauecTBE MPEIUKTOPOB
KCITOJIb30BAJIUCh. TPUTOK TEIUIBIX ATIAHTUYCCKUX
BoI (nHaekc AMO); mpunoBepXHOCTHAs TeMIlepa-
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Typa Bo3ayxa (I'pennanackoro 7, u Hopsexckoro
Mopeit T, yy), a 11 ypasnenuii 3.2 1 3.3 — COJTHEU-
Has aKTMBHOCTb Ipeabinyero roga V.. YkasaH-
HbIE TIPEIUKTOPHI BXOASAT B YpaBHEHHE CO 3HAKOM
MUHYC, T.€. IIOJIOXUTEJIbHBIC aHOMAJIUM 3TUX IIpe-
IUKTOPOB BBI3BIBAIOT YMEHBIIICHUE JIEIOBUTOCTH.
JlemoBUTOCTHh OCeHHEro mnepuona (IpeablCTOPHSI
L 4y7.1) BXOOUT B ypasnenusa 3.1 u 3.2 O 3HAKOM
ILUTIOC. DTO O3HAYaeT, YTO OOJIbIIAS JIEIOBUTOCTD
OCEHBIO TIPEIBIAYIIETO ToAa IPUBOINUT K ITOBBIIICH-
HOM JIEJOBUTOCTU B IMOCJICAYIOIMINN 3UMHUN IIe-
puon. Ilo moaydeHHBIM ypaBHEHUSIM OBLT OlleHEH
BKJIaJ KaxXnoro npeaukropa. s ypasuenus 3.1 oc-
HOBHOU BKJan 59 u 23% B 001LYI0 AUCIIEPCUIO PSaa
MIPUXOANTCSI Ha TIOBEPXHOCTHYIO 3MMHIOIO TeMIIepa-
Typy Bo3ayxa I'pennannckoro mopst T, ,, ¥ coCTOSI-
HUe OCeHHell JIENOBUTOCTHU B ITPEILLECTBYIOLINIA IO/
L 4¢/7.1 cOOTBETCTBEHHO. BKian BIusHUS aTjJaHTU-
yeckux BoJ (AMO) ¢ BpeMeHHbIM JlaroM —4 rojaa u
uHaekcoM atMochepHoii uupkyasuuu NAO ¢ Bpe-
MEHHBIM J1aroM —1 rof ouieHuBaeTcs B 19%.

B xome mampHEMIIMX 3KCIIEPUMEHTOB U3 psima
MPEeIUKTOPOB ObLIa MCKIIIOUeHA aTMOC(epHast LIp-
KYJISILMS, UTO TTO3BOJIMJIO TIOJIYUUTh ypasueHue 3.2.
Kaxk BumgHO 13 IpuBeaEHHBIX PE3yIbTaTOB, MHAECKC
aTMocepHoii LMPKyIsKU CeBepo-ATIaHTUUECKO-
ro koneb6anusi NAO ycrielHo 3aMeHsIeTCsl COJTHEeU -
HOI aKTUBHOCTBIO B Buje uucesl Boabgda ¢ 3amas-
IbIBAaHUEM B ofduH rofd. Ilpu 3ToM obecrneyeHHOCTh
ypaBHeHHUs TTOBbIIaeTcs ¢ 94 mo 97% (cm. Tabi. 3).
B caenyromieM 3KCIIepMMEHTE MOCJIE UCKITIOYeHUS
JIETOBUTOCTHU MPEAIISCTBYIOLIETO0 OCEHHEro ce30Ha
ObUIO TOy4YeHOo ypasuerue 3.3. Hanbonbluunii BKIag
B OOIIYIO JUCIIEPCUM JICAOBUTOCTU MPUXOIUTCS Ha
napamMeTp HyTauuu ocu 3emiu dEps, KOTOpBIi co-
ctaBui 42%. Bkiiaabl TemIiepatypbl Bo3myxa Mpe/ibl-
nyuiero roga B Hopsexckom mope T,y 1, UHIEK-
ca AMO c BpeMeHHBIM JlJaroM —4 rojia U COJIHEYHOM
aKTMBHOCTHM Ipenbiayiero roga V., cocrabunu 34,
18 1 6% cootBeTcTBeHHO. KauecTBeHHBIE MMOKa3aTe-
JIM YpaBHEHMSI HE3HAUUTEJIbHO CHUXAIUCh (KO-
(unmeHTt Koppessiuuu ymeHbiics ¢ 0,89 no 0,83;
obecrieueHHOCTb — ¢ 97 10 96%; cM. Tab1. 3). B To ke
BpeMsl YCTaHOBJIEHHBII HaOOp MPeaUKTOPOB MTO3BO-
JISIET UCIIOJIb30BaTh ypasHerue 3.3 ISl YBEJIMYECHUS
3a0J71arOBpeMEHHOCTH MPEABBIYUCIECHUS TII0LIAIN
JIEJITHOTO TTIOKPOBa, TaK KaK MPeIUuKTOPbI BXOIST C
BpPEeMEHHBIM JlaroM —1 1 —4 rofia, a JoJIroTHast KOop-
JHATa MOJIOXKEHUS MoJItoca 3eMJIM pacCUYMTHIBAETCS
Ha HECKOJIbKO JIET BIEPE.

Cmamucmuueckue mooeau eeceHnez2o cezona. Jist
BECEHHeTO Tieproaa (Mali—WIOHb) TaKXKe TTOJTyYeHBI
TPU BapUaHTA CTATUCTUYECKOM MOJIEIN MEXTOI0BOM
M3MEHYMBOCTH JIETOBUTOCTH (CM. Ta0:1. 3). B kauecTse
MPEIUKTOPOB B ypasHerue 4.1 BOLLIN: PEIIIEeCTBY-
IolIee 3MMHEE 3HAYEHUE JIEAOBUTOCTU Ly, ¢ BKJIAIOM
B 0011yI0 qucrnepcuio 63% 1 JoJroTHast KOOpaMHa-
Ta MoJjioxkeHus nomoca 3emau Y ¢ Bkiagom 22%.
Bxkiag octanbHBIX IIPEAUKTOPOB, MPEICTaBICHHBIX
uHaekcamu atMocdepHoi uupkyasiuun AO, AD u
PNA, cocrtabnsier 10%. [Ipu orpuLiaTenbHbIX (a3ax
AD u PNA nasneHue Han Kapckum MopeM 1 MOpeM
JlanTeBbix NmoBbilIaeTcs, a Hag KaHanckum ApKTu-
YeCKHUM apXUIleJIaroM IMOHMXKAETCsI, YCUINBACTCS
TaKxXKe 30HaJIbHAsl COCTABJIAIONIASI M OCJIA0EBAIOT Me-
PUOMOHATIBHBIN IMEPEHOC ¥ aHTULIMKIIOHWYECKAsT Je-
SITEJIBHOCTD. YBEIMUCHHUE TTPOIOJLKATEIbHOCTH 3THUX
MPOLIECCOB IIPUBOIUT K 3HAUUTEILHOMY U IJINTE/Ib-
HOMY TOBBIIICHUIO JIeNOBUTOCTH. [1pu momoxuresnb-
HbIX ¢azax AD u PNA HaGnogaercst odpaTtHasi CUTY-
aumst. OTMETHM, UTO B KaXKIOM U3 IIPEICTaBICHHBIX
YPaBHEHUI B YMCJIO TIPEIUKTOPOB BXOIUT COJTHEYHAST
aKTUBHOCTb, IIpeacTaBlIeHHas ynciaMu Bonbda, ¢
BKJIAZIOM B 0011yI0 aucnepcuio psiaa B 4, 6 u 8% co-
oTBeTcTBeHHO. Ilocie nckimoyeHnsT u3 IpeauKTOpOB
MpeAIIeCTBYIONIEH 3UMHE JISHOBUTOCTH B XOJIE YMC-
JICHHBIX 9KCIICPUMEHTOB YCTAaHOBJICHO, UTO BJIMSIHUE
acTporeo(pr3NIeCcKMX MPOLIECCOB B YpaBHEHUHU BO3-
pactaeT u cocTaBisieT 10 38% BKiama B OOILYIO quC-
nepcuto JeaoBUToCTH (ypasuenue 4.2). Ha npuzem-
HYIO TeMIIepaTypy BO3Iyxa U IapaMeTp HyTaluu OCU
3emnu nipuxoautest mo 20%. Ipu UCKIIOUeHUU UH-
JIEKCOB aTMOC(EPHOM LUPKY/ISILIMK B YMCIIO IIEpeMEH-
HBIX B ypasHeruu 4.3 BOIIET ITapaMeTp HyTaluy 3eMIu
dPsi_; 1 COMHEeYHOM akTUBHOCTU (4ncna Bonbda V).

ITo pe3ynbraTam MpOBENEHHBIX YMCIEHHBIX IKC-
MEPUMEHTOB MOXHO C/eNaTh BaXKHbIN BBIBOI: B Be-
ceHHuI (cM. Tabu. 3, ypasnenus 4.1—4.3) u oceHHUt
(cM. Tabn. 3, ypasnenus 3.1—3.3) ce30HBI roaa BIU-
sSIHUE TPUTOKA TETUILIX U CONEHBIX Bol CeBepHOt
ATJIaHTUKU 3HAYUTEJIbHO OCJlabeBaeT U OCHOBHOM
BKJIaJ1 B IOJITONEPUOAHYIO U3MEHUYMBOCTD JIETOBUTO-
CTHU TIPUXOAMUTCS Ha aTMOC(hepHbIE TTPOLIECCHI.

ITpomyKTUBHOCTB MOJYYEHHBIX MOJEJIC MEXKIO-
JIOBOI MI3MEHUYUBOCTU JIEAOBUTOCTH YETBIPEX CE30-
HOB MPOJAEMOHCTPUPYEM, CPABHUB AUArHOCTUUECKUE
pacyéTsl 1o ypasHernusm 1.1—4.3 ¢ (pakTUIECKUMU
JNaHHBIMU JeA0BUTOCTHU. ['pacuku pakTUUECKUX U
pacu€THbBIX 3HaYeHUI JenoBUTOCTH ['peHIaHICcKO-
ro mops 3a nepuon 1950—2018 rr. mpuBeneHsl Ha
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AHOManuWuM NeaoBUTOCTU,HOPMUPOBaHHbLIE MO BenuymMHe CKO, ycn.ea.

. T T T T
1950 1960 1970 1980 1990

T T 1 -3 T
2000 2010 2020 1950 1960
loabl

T T T T T 1
1970 1980 1990 2000 2010 2020

1

2 3 4

Puc. 3. ConocraBieHue (I)aKTI/I‘IeCKI/IX 1 BOCCTAaHOBJICHHBIX IO YPAaBHCHUAM 3HAYEHUN aHOMAJIUIA JIEJOBUTOCTHU

I'pennanackoro Mops 3a nepuon 1950—2018 rr.:

1 — nenoBUTOCTD; 2 — ypaBHeHMs1 1; 3 — ypaBHeHUsI 2; 4 — ypaBHEHUS 4; CE30HbBI: @ — 3UMHMIA; 6 — JIETHUIA; 6 — OCEHHUIA; ¢ — Be-
CEHHMI1; BepTUKAJIbHOI YepToii 0003HaYeHO pa3aesieHre psiia Ha 3aBUCHMYIO (ClieBa) M He3aBUCUMYIO (CIIpaBa) BHIOOPKU
Fig. 3. Comparison of the actual and equations-reconstructed values of the Greenland Sea ice cover anomalies during

the 1950-2018:

1 — ice cover; 2 — equations /; 3 — equations 2; 4 — equations 4; a — winter; 6 — summer; ¢ — autumn; ¢ — spring seasons; the time
series separation into dependent (left-hand side of the figure) and independent (right-hand side) samples is shown by the vertical line

puc. 3. BeiOpanHbIe MPEAUKTOPHI U TTOCTPOSHHBIE
(pusuko-craTuctTuyeckue ypasuenus I1.1—4.3 nocra-
TOYHO MH(GOPMATUBHBI U XOPOIIO OMMUCHIBAIOT U3-
MEHYMBOCTD JeA0BUTOCTU. OOeCcIeueHHOCTh pac-
YETHBIX YpaBHEHUI HA 3aBUCUMBIX PSIIaX COCTABIISICT
10 99% 1ipu IOITyCTUMOi oIIMOKe 0 U1 10 94% nipu
nponyctuMoit ommbke 0,670. JIOMOJHUTENIBHO BbI-
MOJIHEHA MPOBEPKA YpaBHEHUI HAa HE3aBUCUMOM
BeIOOpke (2017—2018 rr.), KoTOpas mokasana, 4To
OHU IOCTATOYHO XOPOILLIO OMMCHIBAIOT AOJTONEPUOI-
HbIE UI3MEHEHMUS TToIaau apaa (cM. puc. 3). Obec-
MEeYeHHOCTh pacuéTa Mo He3aBUCUMO BBIOOPKE CO-
cTaBWJIa T JIETHETO 1 3UMHero ce3oHoB 100%, misa
BeceHHero — 83%, a HauboJiee HEBLICOKME MOKa3aTe-
JIA IPUIIUIKCH HAa OCEHHUI ce30H — 53%. Ucxons u3
MpencTaBIeHHBIX pe3yIbTaToB (CM. Tab. 3 1 puc. 3),
JYYIKe pe3yIbTaThl JAal0T YPAaBHEHUS, B KOTOPBIX

MPEANKTOPHI B COBOKYITHOCTH MPEACTABICHbI TUAPO-
JIOTUIECKUMU, METEOPOJIOTUIECKIMU U acTporeodu-
3UYEeCKUMU (DAKTOpaMHU, a TAKXKE YUTEHA MPEIBICTO-
P COCTOAHUS JIEASHOTO TTOKPOBA.

J1J1st IpOBEPKM YCTOMYMBOCTH MOJYUYEHHBIX CTa-
TUCTUYECKUX YPABHECHUM BBIMIOJHEH CJICAYIOIIUIA
SKCMEepUMEHT. BpeMeHHO! psia MpeIuKTOpOB ObLT
pa3nenéH Ha aBe yactu: 1950—2000 u 2001—2018 rr.
ITo nanHbpiM 1950—2000 rT. MoayYeHBI CTATUCTU-
YecKue ypaBHEHUS CBSI3U JIEAOBUTOCTU C TUAPO-
METEOPOJOTUYECKUMU U acTPOTeoDU3NIECKUMU
XapaKTepUCTUKaMu. B ypaBHeHYs BOIILIU Te e Mpe-
JUKTOPHI, UTO U B ypasHeHus I.1—4.3, HO BeTUUNHBI
KO23(PULIMEHTOB MPONOPIIMOHATBHOCTU HECKOIBKO
pasnuyanuchk, Koadduimentsl Koppensauun (0,70—
0,84) n nerepmuHaunu (0,48—0,70) yMEHBIININUC,
HO TaKKe OCTAJIMCh CTATUCTUYCCKU 3HAUMMBI. [lajee
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BBITIOJIHEHBI PACUETHI JISHOBUTOCTH TI0 HE3aBUCUMO-
My psay 2001—2018 rr. ObecrnieyeHHOCTb YpaBHEHU,
MOJIyYEHHBIX 110 00Jiee KOPOTKOMY PSIIy, COCTaBU-
7a 67—97%. DPphHeKTUBHOCTL ITPOBEPOUYHOI BHIOOP-
K1 — 2—6%. DTO — BBICOKMII MOKAa3aTelb. YKa3aH-
HbIe 3HAYEHMS ITapaMeTPOB MEHbIIE ITapaMeTpoB
ypaBHEeHMI, MOaydyeHHBIX 118 psiga 1950—2018 r., Ho
OHMU TaKXe yIOBJIeTBOpUTEIbHbIC. [1oMydeHHbIl pe-
3yJIBTAT ITOKA3bIBACT YCTOMIMBOCTD ITOTyUYEHHBIX CTa-
TUCTUYECKUX ypasnenuil 1.1—4.3, o KpaliHeit Mepe,
1 natepsana 18 mer. Hebombioe cHmkeHUe 3¢-
dexTuBHOCTHN ypaBHeHU# I pssma 1950—2000 rr.
CBSI3aHO, Ha Halll B3TJISAM, C YMEHBIICHNEM JIMHBI
psina, Tak Kak 3TOT Psi He OXBaTWJI aHOMAJIbHO TEII-
Jible roanl — 2007 1 2012.

3akinoyeHmne

JJ1s1 MEXTOIOBBIX UBMEHEHUI TUIOLIAAN JIbIOB
I'peHnaHacKkoro Mops B 3MMHMIA, BECEHHUIA, IETHUI
U OCEHHUM CE30HbI MOATBEPXKICHBI HAUIMYME OTPU-
LATEJIbHOTO JIMHEMHOTO TPeHAa U MOJULIUKIMYHOCTD
KoJiebaHuii, paHee yCTaHOBJICHHbIE 151 JI€A0OBUTO-
cTu apKTudyeckux Mopeii [9]. IlosydyeHbl cTaTUCTHU-
YeCKUE CBSI3U MEXTOA0BOM M3MEHYMBOCTH TLJIOLIAAN
JIBAOB He TOJILKO C TMIPOMETEOPOJIOTHYECKIMU (PaK-
TOpaMM, HO U C acTpOoreodr3nIecKuMu ImapaMeT-
pamu. Beicokue 3HaunMMble KOA(MDOULIMEHTHI Kpocc-
KOpPEJSIUU JIETOBUTOCTA U aCTPOreodu3nIecKux
napaMeTpoB AAlOT OCHOBAaHUE IoJaraTb UX B3aMMO-
CBS13b U HEOOXOAMMOCTb BKJIIOUEHUS UX B UMCIIO TIpe-
JTUKTOPOB IPU pa3padoTKe (PU3UKO-CTaTUCTUUECKUX
YpaBHEHMIA 17151 ONTMCAHUsI MHOTOJIETHUX U3MEHEHUIA
ce30HHoI JenoButoctu I'peHnaHackoro Mopsi. Pas-
paboTaHbl CTATUCTUUYECKUE MOJEIU TOJTONEPUO -
HBIX KOJIeOAHUN JIGAOBUTOCTHU JIS1 3MMHET0, BECEH-
HEro, JIETHEro U OCEHHEero Ce30HOB roja, KOTOphie
YUYMTBIBAIOT HE TOJIBKO TMAPOMETEOPOJIOTUYECKHUE,

JIutepaTtypa

1. Hukugopos E.I., Illnaiixep A.O. 3aKOHOMEPHOCTH
(opMupoBaHus KpylHOMACIITAOHBIX KOJIeOaHM
ruaposiornyeckoro pexuma CeBepHoro JlemoBUTOro
okeana. JI.: T'mapomereounsnat, 1980. 269 c.

2. Buze B.IO. Knumart Mopeit coBeTckoit ApkTuku. JI.—
M.: Uzn-Bo I'maBceBmopnytu, 1940. 124 c.

3. bepeskun B.A. Tpynbl mepBoii BBICOKOIIUPOTHOM 3KC-
nenuuuy Ha «Canko» B 1935 1. T. 1. Boim. 1. I'peH-

HO M acTtporeodusnyeckue npeaukropsl. Hanbob-
it Bkiaaz (ot 23 1o 63%) B 00111y10 TUCTIEPCUIO Jie-
TOBUTOCTY BHOCUT JIETOBUTOCTD IIPEAIIECTBYIOIIETO
ce3oHa. B Monensx, rae ObUlT UCKIIOYEH MPEIUKTOP
«JIeIOBUTOCTDH TPENIIECTBYIOIIETr0 Ce30Ha», BKIAI B
O0IIYIO TUCTICPCUIO TUIPOMETEOPOIOTNIECKIX (haK-
TopoB coctaBwi 10 70%, a BKjang acTporeopusnde-
ckux (pakropoB — 10 50%. [1pu 3TOM BKIIAABI ITapa-
MeTpa HyTalllu OCH 3eMJIH, JOJTOTHOM 1 ITUPOTHOM
KOOpPAMHAT IMOJOXEeHUS Mojca 3eMJIU U Yyucia
Bonbda MOTyT 1OCTUTATh COOTBETCTBEHHO 42, 43 1
6osee 8% cooTBeTCTBEHHO. Bollleaiye B ypaBHEHUST
MPeIUKTOPhl UMEIOT TOCTaTOUHO BBICOKYIO MH(OP-
MaTUBHOCTD, a IIOCTPOCHHBIE (PU3UKO-CTATUCTUIC-
CKI€ MOJIEJIV XOPOIIO OITICHIBAIOT AOJTOBPEMEHHYIO
M3MEHYUBOCTD JIeAOBUTOCTU. [1pemiaraembie HaMu
CTATUCTUICCKIE MOJIEIN MOTYT OBITh UCITOJIb30BaHbI
KakK JIJIst AMarHo3a, Tak ¥ B KAYeCTBE OCHOBBI JUTS pa3-
pabOTKM METOIOB TTPOTHO3a C OOJIBIION 3a01aroBpe-
MEHHOCTBIO Ha HECKOJILKO JIET BITEPE.

BaaromaprnocTu. PaboTta BhImoHeHA TIpU MOAAEPK-
ke HUPT Pocrunpomera 5.1 «PazButue moaenei,
METO/IOB U TEXHOJIOTMIA MOHUTOPHUHTA U TIPOTHO3M -
pPOBaHUS COCTOSIHUS aTMOC(EpPhI, OKeaHa, MOPCKO-
0 JICISTHOTO MMOKPOBA, JISTHMKOB 1 BEYHOM Mep3J10-
ThI (Kprochephl), TPOLIECCOB B3aUMOIECCTBUS Jiba
C TIPUPOIHBIMU OOBEKTAMU Y MHXXEHEPHBIMH COO-
PYXEHUSIMU TSI APKTUKI W TEXHOJIOTUIA TUIPOME-
TEOPOJIOTUYECKOTO 00ECIIeUeHs TOTpeOUTENei».

Acknowledgments. This work was carried out with the
support of SRTW Roshydromet 5.1. «Development
of models, methods and technologies for monitoring
and predicting the state of the atmosphere, ocean,
marine ice cover, glaciers and permafrost (cryo-
sphere), ice interaction processes with natural objects
and engineering structures for the Arctic and Tech-
nology of Hydrometeorological Consumer Support».

References

1. Nikiforov E.G., Shpayher A.O. Zakonomernosti formirova-
niia krupnomasshtabnykh kolebanii gidrologicheskogo
rezhima Severnogo Ledovitogo okeana. Patterns of forma-
tion of large-scale fluctuations of the hydrological re-
gime of the Arctic Ocean. Leningrad: Gidrometeoizdat,
1980: 269 p. [In Russian].

2. Wiese V.Yu. Klimat morei Sovetskoi Arktiki. Climate of
the Seas of the Soviet Arctic. Moscow — Leningrad:
Glavsevmorput Publishing, 1940: 124 p. [In Russian].

-442 -



H.A. BasueuHa u op.

nanackoe mope u IlongpHbiit 6acceitn: ['mapoioru-
yeckue paboThHl B ['peHIIaHICKOM MOpe U B paiioHE K
ceBepy ot IllnuuGeprena. JI., 1939. 167 c.

4. Kapakaw A.U. JlenoBuTtocTh [ peHIaHICKOTO MOpPS
¥ BO3MOXHOCTD MpeacKa3aHus COCTOSIHUS Jibaa B
MOpSX 3amagHoro cekropa Apkruku // Tp. LIAII.
1950. Beim. 17. C. 40-55.

5. Kupuanoe A.A., Xpomuyosa M.C. O MHOTONETHEN U3MEH-
YUBOCTH JIETOBUTOCTHU [ pEHIaHICKOTO MOPSI U METONIU-
ke ee mporHosza // Tp. AAHUMU. 1970. T. 303. C. 46—54.

6. Jlebeoes A. A., Ypanoe H. C. IIporHo3upoBaHue Jen0-
BUTOCTU ['peHIaHICKOTO MOPSI B CBSI3U ¢ OCOOEHHO-
CTSIMU TEIJIOBOTO COCTOSIHUST ATIaHTUYECKOTO OKea-
Ha 1 atMocdepHoil tupkysuuu // TIpodaeMbl Apk-
TUKKA 1 AHTapKTuku. 1977. Beim. 50. C. 36—39.

7. 3ybaxun I.K. KpynmHoMaciitabHasi ”3BMEHYMBOCTb CO-
CTOSIHMS JieAsTHOTO TToKpoBa Mopeii Cesepo-EBpomneii-
ckoro 6acceitHa. JI.: Tmapomereounsnar, 1987. 160 c.

8. Muponoe E.Y. JlenoBble ycinoBus B ['peHIaHICKOM U
BapeH1IeBOM MOpPSIX ¥ UX TOJTOCPOYHBIN ITPOTHO3.
CII6.: AAHUMU, 2004. 319 c.

9. @®ponoe U.E., I'yokosuu 3.M., Kapxaun B.I1., Kosa-
aeé E.I., Cmonsnuykuti B.M. HaydHble HCCIIeTOBAaHUS
B Apktuke. T. 2. KiimMmaTuueckue U3MeHEHUS s~
HOTO TToKpoBa Mopeit EBpasuiickoro mrenbda. CII6.:
«Hayka», 2007. 136 c.

10. Boeiixos A. 1. 36pannble counHenus. T. 1. Knuma-
Thl 3¢eMHOTIO 1l1apa, B ocooeHHocTu Poccuu. M.-J1.:
Wzn. AH CCCP, 1948. 423 c.

11. Makcumos U.B. Teopusndeckue CUIIBI U BOALI OKea-
Ha. JI.: Tuapomereonsnat, 1970. 447 c.

12. Dieencon M.C. ConHue, noroga u kaumar. J.: T'u-
npometeousnart, 1963. 276 c.

13. Pybauwee b.M. I1pobGaeMbl COTHEUYHOI aKTUBHOCTH.
M.-J1.: Hayka, 1964. 362 c.

14. I'yokoeuu 3.M., Capyxanan 3.U., Cmupnoe H.II. «I1o-
JIIOCHBIN MPUIKUB» B aTMOcGhepe BHICOKUX IIUPOT U
KoJieOaHUs JeTOBUTOCTU apKTUYECKUX Mopeit //
Hoxin. AH CCCP. 1970. T. 190. Ne 4. C. 954—957.

15. Iyokoeuu 3.M., Kapxaun B.I1., @poros HU.E. BuyTpu-
BEKOBbIE M3MEHEHUS KJIMMaTa, TUIOMIAIN JIASTHOTO
nokpoBa EBpa3uiicKnx apKTUIeCKUX MOpE 1 UX BO3-
MOXHBIE TIPUIUHBI // MeTeopoIorust U TUIPOJIOTHSI.
2005. Ne 6. C. 5—14.

16. I'yokoeuu 3.M., Kosasee E.I., Hukugpopose E.I.
O CBSI3U1 YIJIOBOI CKOPOCTH BpaIeHUST 3eMIIN C KITH -
MaTudyecKuMu mameHenusmu // WU3s. PI'O. 2004.
Bein. 6. C. 1-10.

17. A6dycamamos X. M. ConHlle TUKTYeT KIMMAT 3eMJIH.
CII6.: U3n-Bo «Logos», 2009. 197 c.

18. Caenyoe-1lleenresuy b.A., bospunoe A.M. ComHeUHBII
BeTep, BpameHue 3eman u kauMmat. CI16: Tumorpa-
¢us bmank MU3mar, 2002. 159 c.

19. @edopos B.M. ConHeuHast paaguanus U KJIuMat
3emnu. M.: @usmariur, 2017. 232 c.

3. Berezkin V.A. Trudy pervoj vysokoshirotnoj ekspedicii na
«Sadko» v 1935 g. T. 1. Vyp. 1. Grenlandskoe more i
Polyarnyj bassejn: Gidrol. raboty v Grenlandskom more i
v rajone k severu ot Shpicbergena. Proc. of the first high-
latitude expedition on board the «Sadko» ship in 1935.
V. 1 (1). The Greenland Sea and the Polar Basin: Hyd-
rological work in the Greenland Sea and in the area
north of Svalbard. Leningrad: 1939: 167 p. [In Russian].

4. Karakash A.I. The Greenland Sea ice cover and the pos-
sibility of the ice condition predicting in the seas of the
western sector of the Arctic. Trudy CIP. The Proceed-
ing of the Central Forecasting Institute. 1950, 17: 40—55.
[In Russian].

5. Kirillov A.A., Hromcova M.S. Long-term variability of
the Greenland Sea ice cover and the its forecast meth-
od. Trudy AANII. Proc. of the AARI. 1970, 303: 46—54.
[In Russian].

6. Lebedev A.A., Uralov N.S. Forecasting the ice covern-
ess of the Greenland Sea due to the peculiarities of the
thermal state of the Atlantic Ocean and atmospheric
circulation. Problemy Arktiki i Antarktiki. Problems of
Arctic and Antarctic. 1977, 50: 36—39. [In Russian].

7. Zubakin G.K. Krupnomasshtabnaia izmenchivost’ sostoia-
niia ledianogo pokrova morei SeveroEvropeiskogo basse-
ina. Large-scale variability of the state of the ice cover
of the seas of the North European Basin. Leningrad:
Gidrometeoizdat, 1987: 160 p. [In Russian].

8. Mironov E.U. Ledovye usloviia v Grenlandskom i Barent-
sevom moriakh i ikh dolgosrochnyi prognoz. Ice conditions
in the Greenland and Barents Seas and their long-term
forecast. St. Petersburg: AARI, 2004: 319 p. [In Russian].

9. Frolov I., Gudkovich Z., Karklin V., Kovalev E., Smoly-
anitsky V. Climate Change in Eurasian Arctic Shelf
Seas. Centennial Ice Cover Observations. Praxis Pub-
lishing Ltd. UK, Chichester, 2009: 164 p.

10. Voejkov A.I. Izbrannye sochineniya. T. 1. Klimaty zem-
nogo shara, v osobennosti Rossii. Selected works. V. 1.
Global climate, especially Russian one. Moscow —
Leningrad: Publishing House of the USSR Academy
of Sciences, 1948: 423 p. [In Russian].

11. Maksimov L. V. Geofizicheskie sily i vody okeana. Geo-
physical forces and ocean waters. Leningrad: Gidro-
meteoizdat, 1970: 447 p. [In Russian].

12. Ejgenson M.S. Solnce, pogoda i klimat. Sun, weather
and climate. Leningrad: Gidrometeoizdat, 1963: 276 p.
[In Russian].

13. Rubashev B.M. Problemy solnechnoj aktivnosti. Prob-
lems of the solar activity. Moscow — Leningrad:
Nauka, 1964: 362 p. [In Russian].

14. Gudkovich Z.M., Saruhanyan E.I., Smirnov N.P. «Pole tide»
in the atmosphere of high latitudes and the Arctic seas cover
fluctuations. Dokl. AN SSSR. Proc. of the USSR Academy
of Sciences. 1970, 190 (4): 954—957. [In Russian].

15. Gudkovich Z.M., Karklin V.P., Frolov I.E. Interdecadal
climate variability, the Eurasian Arctic seas’ ice cover
areas and their possible causes. Meteorologiya i gi-
drologiya. Russian Meteorology and Hydrology. 2005,
6: 5—14. [In Russian].

16. Gudkovich Z. M., Kovalev E.G., Nikiforov E.G. On the
relationship of the Earth angular velocity with climatic
changes. Izvestiya RGO. Proc. of the Russian Geo-
graphical Society. 2004, 6: 1—10. [In Russian].

17. Abdusamatov H.I. Solnce diktuet klimat Zemli. The Sun
dictates the Earth's climate. St. Petersburg: Logos,
2002: 197 p. [In Russian].

-443 -



Mopckue, peuHble u 03épHble 1b0bl

20. Ilydoexun M. H. Biusiaye COMHEYHOM aKTUBHOCTY Ha CO-
CTOSTHUE HIDKHEN atMocdepbl 1 rmoroxy. CopoCcoBCKMiA
obpasoBatebHbIii kypHaiL. 1996. Ne 10. C. 106—112.

21. Feopos A.I. ColHEUHBI LIMKJI K MHOTOJICTHSIST Oapu-
YyecKasi BOJIHA B IIPU3EMHOM aTMocdhepe ApKTUKH //
JAH. 2003. T. 393. Ne 3. C. 402—406.

22. Feopos A.I. ConHeuyHO 00YyCIOBICHHbBIC U3MEHEHUS
MPU3EMHOIO MaBJICeHUs BO3Myxa B APKTUKE U MHOIO-
JIETHUE OCOOEHHOCTU paclpeleeHUs JIbAOB B ApKTH-
yeckux Mopsix Poccuu B netHuit nmepuon // Meteopo-
Jorus u ruapojorus. 2005. Ne 8. C. 14—24.

23. @edopos B.M., Byxapos O.E., boeoarobos JI.11., [peden-
Hukos I1.5. ONBIT CpeIHECPOUHOTO TTPOTHO3UPOBAHMUS
M3MEHEHUs IO MOPCKUX JibA0B B CEBEPHOM IO-
JIylIapyuy Ha OCHOBE PacyeTOB MPUXOSIIEH COTHEY-
HOI pamuanuy 1 HeMpoCceTeBOTO MOIEIMpOoBaHUs //
Kpuocdepa 3emmu. 2016. T. 20. Ne 3. C. 43-50.

24. Medeedes HU. I1., Kyaukoes E. A., Pabunosuu A. b.,. Jlan-
wun B. b. YanmiepoBckye OMEHMS U MOJIOCHBIN TTpU-
mmB B CeBepHoM u bantuiickom Mopsix // T'enuoreo-
(usuueckue uccnenosanus. 2018. Beim. 18. C. 9—17.

25. Tumoxoe JI.A., Basueuna H.A., Muponos E.Y.,
Ilonoeé A.B. OcOGEHHOCTU CE30HHON 1 MEKTOL0BOIL
M3MEHYMBOCTH JICASTHOTO MOKpoBa I'peHIaHICKOTO
mopst // JIEm u Crer. 2018. T. 58. Ne 1. C. 127—134.

26. Tumoxoe JI.A., Bopodaues B.E., bopooaues U.B., Bazu-
euna H.A., Muponoe E.Y., duym M. Posib ruapomeTeo-
posiorndecKux (HakToOpoB M COJTHEYHOM aKTMBHOCTHU
B MEXTOIOBBIX U3MEHEHMAX TUIOIIAAN JbI0B Boc-
TouHo-Cubupckoro mopst // JIEn u Crer. 2019. T. 59.
Ne 2. C. 222-232.

27. I'panuubl okeaHoB 1 Mopeid. Ne 9031. CI16.: T'YHuO
MO, 2000. 208 c.

28. DeKTpoHHbIN pecypce: http://www.aari.ru/. Obu-
uuanbHblii caiit THL «ApkTuyeckuii 1 aHTapKTUYe-
CKUI HAyYHO-UCCJIEN0BATEIbCKUIA UHCTUTYT».

29. DaekTpoHHBIN pecypc: http://wdc.aari.ru/vms/docs/
atlas_ledyanih_obrazovanij(2019,AANII).pdf. Atnac
JnensiHbiXx obpazoBaHuii. [loag obuieit pesakiueit
B.M. Cmonsnuuxoro. CII6.: AAHWUU, 2019. 232 c.

30. Janout M.A., Holemann J., Timokhov L., Gutjahr O.,
Heinemann G. Circulation in the northwest Laptev Sea
in the eastern Arctic Ocean: Crossroads between Siberian
River water, Atlantic water and polynya-formed dense
water // Journ. of Geophys. Research: Oceans. 2017.
V. 122. Is. 8. P. 6630—6647. doi: 10.1002/2017JC013159.

31. DuexTpoHHBIN pecypc: http://statsoft.ru/. OpuLm-
aJIbHBIN caliT MpeCcCTaBUTENLCTBA KoMITaHnuu StatSoft
Inc. na Teppuropun Poccum u ctpan CHI'.

32. Maaunun B.H., Topoeesa C.M. PU3NKO-CTAaTUCTHUEC-
CKMIT METOJ IMPOTHO3a OKEaHOJOTMICCKIX XapaKTe-
puctuk (Ha ipumepe CeBepo-EBpomneiickoro dacceii-
Ha). Mypmanck: I[TMHPO, 2003. 129 c.

18. Sleptsov-Shevlevich B.A., Boyarinov A.M. Solnechnyi veter,
vrashchenie Zemli i klimat. Solar wind, Earth’s rotation
and climate. St. Petersburg, 2002: 159 p. [In Russian].

19. Fedorov V.M. Solnechnaya radiaciya i klimat Zemli.
Solar insolation and Earth's climate. Moscow: Fiz-
matlit, 2017: 232 p. [In Russian].

20. Pudovkin M.I. Influence of solar activity on the state
of the lower atmosphere and weather. Sorosovskij
obrazovatel'nyj zhurnal. Soros Educational Journal.
1996, 10: 106—112. [In Russian].

21. Egorov A.G. The solar cycle and long-term baric wave
in the near-ground atmosphere of the Arctic. Doklady
Akademii Nauk. Proc. of the Russian Academy of Sci-
ences. 2003, 393 (3): 402—406. [In Russian].

22. Egorov A.G. Solar-induced changes in surface air pres-
sure in the Arctic and long-term features of ice dis-
tribution in the Arctic seas of Russia in summer. Me-
teorologiya i gidrologiya. Meteorology and Hydrology.
2005, 8: 14—24. [In Russian].

23. Fedorov V.M., Bukharov O.E., Bogolyubov D.P., Greben-
nikov P.B. Experience of medium-term forecasting of
changes in the area of sea ice in the Northern Hemi-
sphere on the basis of calculations of incoming solar ra-
diation and neural network modeling. Kriosfera Zemli.
Earth's Cryosphere. 2016, 20 (3): 43—50. [In Russian].

24. Medvedev I.P., Kulikov E.A., Rabinovich A.B.,
Lapshin V.B. Chandler Beats and Pole Tide in the North
and Baltic Seas. Geliogeofizicheskie issledovaniya. Helio-
geophysical Research. 2018, 18: 9—17. [In Russian].

25. Timokhov L.A., Vyazigina N.A., Mironov E.U., Po-
pov A.V. Seasonal and inter-annual variability of the ice
cover in the Greenland Sea. Led i Sneg. Ice and Snow.
2018, 58 (1): 127—134. [In Russian].

26. Timokhov L.A., Borodachev V.E., Borodachev I.V., Vyazi-
gina N.A., Mironov E.U., Janout M. The role of hydro-
meteorological factors and solar activity in interannual
changes in the ice area of the East Siberian Sea. Led i
Sneg. Ice and Snow. 2019, 59 (2): 222—232. [In Russian].

27. Granicy okeanov i morej. No 9031. Limits of Oceans
and Seas. Ne 9031. St. Petersburg: GUNiIO MO, 2000:
208 p. [In Russian].

28. http://www.aari.ru/. An official website of the State
Scientific Center of the Russian Federation Arctic and
Antarctic Research Institute.

29. http://wdc.aari.ru/vms/docs/atlas_ledyanih_
obrazovanij(2019,AANII).pdf. Atlas of ice features.
Under the editorship of V. Smolyanitsky. St. Peters-
burg: AARI, 2019: 232 p. [In Russian].

30. Janout M.A., Holemann J., Timokhov L., Gutiahr O.,
Heinemann G. Circulation in the northwest Laptev Sea
in the eastern Arctic Ocean: Crossroads between Sibe-
rian River water, Atlantic water and polynya — formed
dense water. Journ. of Geophys. Research: Oceans.
2017, 122 (8): 6630—6647. doi: 10.1002/2017JC013159.

31. http://statsoft.ru/. StatSoft Inc. company representa-
tive in Russia and CIS states.

32. Malinin V.N., Gordeeva S.M. Fiziko-statisticheskij
metod prognoza okeanologicheskikh kharakteristik (na
primere Severo-Evropejskogo bassejna). Physical and
statistical method for forecasting oceanological char-
acteristics (on the example of the North European
Basin). Murmansk, 2003: 129 p. [In Russian].

444





