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IIpocTpaHcTBeHHO-BpeMeHHasi K3MEHYHBOCTH TeIJI0COAeP:KAHUS
B CeBepo-EBponeiickom 6acceiine o 1aHHbIM peanaiaun3a ORASS

H.A. JTuc™, E.A. UYepnssckas, H.B. Jlebenes, JI.A. Tumoxos

THI] P® Apxmuueckutli u aHmapkmudecKuti HayyHo-uccie008amenbCKull UHCmumym,
Canxm-Ilemepbype, Poccus

8nalis@aari.ru
HAJI, 0000-0003-0762-5188; EAY, 0000-0002-8517-1057; JIAT, 0009-0001-9492-2174

AnHoTauus. MccneoBanne MOCBAIEHO aHAIM3Y MPOCTPAHCTBEHHO-BPEMEHHOI H3MEHYHBOCTH TEILIOCOAEP-
xanus B CeBepo-EBponeiickom bacceiine (CEB) — Bapeniiesom, ['pennangckom n HopeskckoM MOpsix — 1o
naHHbIM peananusa ORASS 3a nepuon 1982-2024 rr. AktyabHOCTb paboThl 00YCIIOBICHA YCHICHHEM KITH-
MATHYECKHX M3MEHEHHH B APKTHKE, BIUAIOMIMX HA TEPMOXATHHHYIO LIUPKY/IAILHIO U J1e/10BbIH pexuM. Llenbio
ABISETCS aHAJIM3 MEXKTONOBBIX H3MeHeHHH Temocoaepxkanus Mopeit CEb mo nannbim peananuza ORASS 3a
nepron 1982-2024 rr. ¢ yueTom ce30HHON TMHAMUKH, BBISBIICHHE IPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTEH B pac-
TpEeJIeNeHNN TPEH/IOB TEIIOCOCPIKAHNS JUTS Pa3IHYHBIX CIIOEB 1 HCCIIeI0BAHHE 0COOCHHOCTEH BEPTUKAILHOTO
pacrpereneHns TerIoCoAepKaHNs B KOHTEKCTE COBPEMEHHBIX KIIMMAaTHYECKIX H3MEHeHHil. Vcronb30BaHbl Me-
TOJIbI IMHEHHOM perpeccun, kputepuii CThoIeHTa M BepTHKaIbHOE 30HupoBanHe croes (0-600 m). Pe3ynbTarsl
TOKA3aIIH, YTO MAKCHMAJIbHBIC TPEH/IbI TEILIOCOCPKAHHS HAOIFOAOTCS 3UMON B 30HaX ajBekiuu (R? > 0,5),
JeTOM TpeoOnajiaeT BIMAHUE CTpAaTH(UKALME U TypOylIeHTHOCTH. BbisBiIeHo yrmybneHne usorepM nocie
2000-x rr. B nposnuse Opama, koriouHax bopes u JlodoreHckoi, B paiione xpedTa MoHa.

KaroueBnle cioBa: Ceepo-Esponeiickuii 0acceitn, [ pennanickoe mope, baperiieBo Mmope, Hopsexckoe mope,
TEIIOCO/EPKAHUE, TPEH]I, MEKIO0BAsl K3MEHUHBOCTD, Ce30HHAs JruHamuka, ORASS

Jast uurupoBanus: Jluc H.A., Yepnsasckas E.A., Jlebenes H.B., Tiumoxos JI.A. [IpoctpancTBeHHO-BpEMEHHAS
M3MEHYHBOCTH Temoconepxkanus B Ceepo-EBporneiickom Oacceiine o ganusM peanamsa ORASS. [Ipotie-
mol Apkmuxu u Anmapxmuxu. 2025;71(3):256-276. https://doi.org/10.30758/0555-2648-2025-71-3-256-276

Moctynuaa 27.05.2025 [Moc.ie nepepadotku 25.07.2025 Mpunsra 21.08.2025
© Asropsr, 2025 © Authors, 2025

256 IIpoobnemvr Apxkmuxu u Anmapxmuxu. 2025;71(3):256-276
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Space-time variability of heat content in the North European Basin based on ORASS5 reanalysis

Space-time variability of heat content in the North European Basin
based on ORASS reanalysis

Natalia A. Lis™, Ekaterina A. Cherniavskaia,
Nikolai V. Lebedev, Leonid A. Timokhov

State Scientific Center of the Russian Federation Arctic and Antarctic Research Institute,
St. Petersburg, Russia

Mpalis@aari.ru
NAL, 0000-0003-0762-5188; EAC, 0000-0002-8517-1057; LAT, 0009-0001-9492-2174

Abstract. The study investigates the spatiotemporal variability of heat content in the North European
Basin (NEB) — the Barents, Greenland, and Norwegian Seas. The research is based on the ORASS (Ocean
ReAnalysis System 5) reanalysis data for the period 1982-2024. The climatic vulnerability of the region, driven
by Arctic amplification and the intense advection of warm Atlantic waters, necessitates a detailed investigation
of heat redistribution mechanisms. The aim of the work is to quantify interannual changes, taking into account
seasonal dynamics, to identify spatial patterns in the distribution of heat content trends for different layers (0200 m,
200-300 m, 300-400 m, 400-500 m and 500-600 m) and to study the vertical distribution of heat content during
the period of modern climate change. The analysis employed methods of linear regression, the coefficient of
determination (R?) of the linear trend, and layer-wise averaging; the statistical significance of the trends identified
was assessed using Student’s t-test. The most pronounced positive heat content trends (R* > 0.5) are observed
during the winter season in key advection zones of warm Atlantic waters: along the West Spitsbergen Current,
over the Mohn Ridge, and within the Bear Island Trough. The Lofoten Basin stands out due to exceptionally high
and persistent R values (> 0.6 down to a depth of 600 m), explained by the dominant role of mesoscale eddies
in deep heat penetration processes. The analysis revealed significant vertical transformations in the thermohaline
structure of the NEB waters since the 2000s: in the Fram Strait, the 1.4 °C isotherm descended from ~400 m
to ~650 m; in the Boreas Basin, the 0 °C isotherm descended from ~500 m to ~650 m; over the Mohn Ridge,
the layer of water warmer than 2 °C thickened from ~200 m to ~300 m. Summer months show minimal R? values in
the central basins, reflecting the strong influence of seasonal stratification and enhanced turbulent mixing processes.
The combination of changes observed — weakening of vertical stratification, intensification of meridional heat
transport, and the progressive deepening and eastward spread of Atlantic-origin warm waters — serves as a key
indicator of the accelerating “Atlantification” process of the NEB, fundamentally altering the regional heat balance.
The results obtained highlight the decisive role of complex bathymetry and sustained advection in shaping the
spatial patterns of heat accumulation within the basin. The patterns identified are of significant importance for
forecasting thermohaline circulation and the sea ice regime of the Arctic under climate change conditions.
Keywords: North European Basin, Greenland Sea, Barents Sea, Norwegian Sea, heat content, trend, interannual
variability, seasonal dynamics, ORASS

For citation: Lis N.A., Cherniavskaia E.A., Lebedev N.V., Timokhov L.A. Space-time variability of
heat content in the North European Basin based on ORASS reanalysis. Arctic and Antarctic Research.
2025;71(3):256-276. (In Russ.). https://doi.org/10.30758/0555-2648-2025-71-3-256-276
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BBenenue

Mopst Cesepo-Eporeiickoro 6acceitna (CEB) — Bapenriero, ['pernannckoe u Hop-
BEKCKOE — UTPAIOT KIIIOYEBYIO POJIb B MTOOATBHON KIMMATUYECKOW CHUCTEME, SIBISISICH
30HON MHTEHCUBHOTO B3aMMOJEHCTBUS MEX/Ty TEIUIBIMU aTIaHTHUECKUMHU U XOJIOJHBIMU
apkruuecknMu Bogamu. ITo onenkam MI'OUK [1], anomanuu Temneparypsl Bo3ayxa B Ap-
KTHKE B 2,5 pa3a npeBbIIIAoT INI00ATbHbIE, UTO SBIISICTCS XapaKTEPHBIM MPOsIBICHUEM Ap-
KTUYECKOTO ycuieHus [2, 3]. DTo siBeHue, BhIpasKalolieecs B OMEpekKaroIleM MOBIIICHUN
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TeMITepaTypsl B APKTHKE 110 CPAaBHEHHUIO CO CPEAHEMUPOBBIM, JICNIAET PETHOH 0COOCHHO
YA3BUMBIM K KIIMMAaTHIECKUM M3MEHEHUsIM [4]. B ycioBusix HaOmonaromerocs morerie-
HUSI U3yYeHNE MEXXTO/I0BOH N3MEHUYNBOCTH TEIUIOCOAEP)KAHNS ATHX MOpel Ipruodperaer
0c00yI0 aKTyaJbHOCTh, TAK KaK OHO HAIIPSMYIO BIMSCT HA TEPMOXAITMHHYIO [IUPKYIISIHIO,
JEZOBBII PEXUM M SKOCUCTEMBI APKTUKH. BakHeHIIMME nporieccaMu, OTpeAeIIOnMA
9TO BIMSHUE, SIBIAIOTCS aABEKIHS TEIUIBIX BO, TETIIOOOMEH Ha TPaHuUIle OKeaH—aTMocdepa
n Me3oMaciuTabHast fuHamMuka. [IpsMble n3MepeHust TpaHCTPaHUYHBIX TTIOTOKOB TEIlIa Yepes
I'pernanncko-1lleTnanackuii MOPOT MOKA3aIN KJIIOUEBYIO POJIb aJBEKIINH ATIIAHTUIECKUX
Box (AB) B TeroBoM Oanance peruona [5]. s baperieBa Mopst MonenbHBIE OIICHKH [6]
MIPOJEMOHCTPUPOBAIIY CPAaBHUMOE BIIUSIHNE aJBEKTUBHOTO TEIIONEPEHOCA U JIOKAIBHBIX
BO3/IyIIHO-MOPCKUX MTOTOKOB TeIIa HA M3MEHYMBOCTH KianMara. B Hopsexckom mope
Me3oMacIiTabHbIe BUXPHU ObIIH MACHTU(UIINPOBAHBI KAK CYIIECTBCHHBIH MEXaHU3M, OTBET-
CTBEHHBIH 3a moTepro ~35 % Teruta, nepeHocuMoro HopBe)XXCKUM CKIIOHOBBIM TEUCHUEM,
3a CUET ero IepepaclpeiesieHns B IIEHTpallbHbIe YacTH Oacceiina [7]. BaxubiM dakTopom,
MoaupunupyomuM teroBoil 6ananc CEB, aBnsercs «amiaHTH(HUKALUSI»Y — yCHICHHE
BIIMSTHUS TEIUIBIX U COJICHBIX AB Ha apKTHUECKHE 3KOCHCTEMBI M THAPOJIOTHYECKHE YC-
JoBus [8]. DTOT mporecc COMpOBOXKIACTCS ITPOHUKHOBEHNEM AB B BBICOKHE HIMPOTEI,
ociabneHneM CTpaTH(HUKANY U YBEINIEHHEM BEPTUKAIBHOTO TEINIO0OMEHA, YTO CII0CO0-
CTBYET COKPAICHHUIO JIEJSTHOTO MTOKPOBA M MEPECTPONKE UPKYISINOHHBIX ITAaTTepHOB [9].
B wacTHOCTH, ycnileHHE MEPHIMOHAIBHOTO aTMOC(HEPHOTO U OKEaHHYECKOTO TepeHoca
TETIa, SBJIAIOIEECS] OHUM M3 BaKHBIX MEXaHU3MOB ApKTHuecKoro ycwiuenus [4, 10],
MIPUBOIMT K YCHIICHHIO aJIBEKIH depe3 nponuB Ppama n bapeHueBo Mope, mporpeBy
MPOMeKyTOIHBIX coeB (200—-600 M) u yrimyonenuro usorepm [10, 11].

KiroueBbIM MEXaHM3MOM, PEryIHPYIOIIM 3TOT MEPHINOHAIBHBIN IIEPEeHOC TeIuIa
MEXIy MUPOTAaMH Ha JACCATHIETHUX MaciiTadax, sBiseTcs KoMieHcanus beepkneca —
B3alMHOE 3aMelIeHNe aHOMAJINH MEPUANOHATIBHOTO TIEpEeHOCca Terlia OKeaHoOM 1 aTMoc(e-
poii Ipu oYTH MocTOsTHHOM TTosTHOM TToToke [12, 13]. B CEB 3TOT MeXaHN3M MPOSIBIISETCS
MIPOCTPAHCTBEHHO HeopHOpoHO. B HopBexkckoM Mope HabIromaeTces Kilaccnieckasi KoM-
neHcaius beepkreca, mpu KoTopoit okeaH (opcupyeT arMochepy (aHOMalIN OKEaHMYECKO-
TO MepeHoca TeruIa orepexaroT armocepHslie Ha 1-3 roga). YeuiieHne aaBeKIN TEIUTBIX
AB NpHUBOIMT K YMEHBIIEHHIO MEPHIHOHAIBHOTO I'PaJIMeHTa TEMIIEPaTypbl, CHIKEHHIO
0GapOKIMHHOCTH aTMOC(Eps! U, KaK CIEICTBUE, OCIa0ICHUIO BUXPEBOTO TEIIIONEPEHO-
ca [12, 13]. B baperueBoM Mope, UCTIBITEIBAIONIEM 3HAYUTEIFHOE COKPAIICHHE JICASTHOTO
TTOKPOBA U SIBIISIOMIEMCS] HHIUKATOPOM APKTHYECKOTO YCHIeHHS [3, 9], IelicTBYeT HHOM
PEKUM B3aMMOAEHCTBU. 371€Ch aJIBEKTHBHBIC TIEPEHOCH TEIIa B OKeaHe U atMocdepe He
KOMITCHCHPYIOT, a AEUCTBYIOT COTJIACOBAHHO, yCHIIUBas oouwii apdexr [14]. Yeumenue
a/IBEKIMH TETIbIX AB PUBOINUT K COKPAIEHHUIO JEASHOTO MOKPOBA, YBEIMUESHHUIO TETIIO-
OT/a4u OKeaHa B aTMoc(epy U H3MEHEHHIO BEPTUKAIbHOU cTpatudukanuu [15, 16]. DTo,
B CBOIO OUY€pe/lb, CIIOCOOCTBYET YCHIICHHIO [IMKJIIOHUYECKOH 3aBUXPEHHOCTH aTMOC(hephl
1 KOHBEPTeHIIMHM aTMOC(HEPHOTO TEIUIONEPeHOca Hall MOPEM, CO3/1aBasi MOJI0KUTEIbHYIO
00paTHYIO CBSI3b, YCKOPSIOIIYIO pETHOHATIbHOE moTeruieHne [17].

BBICOKYIO 4yBCTBUTEIBHOCTh K M3MEHEHUSIM MEPHIMOHAIBHOTO MEPEHOCA IEMOH-
ctpupyet HopBekckoe Mope, depe3 KoTopoe TocTymnaeT ocHoBHas Macca AB [7, 18]. o
70 % obmero Temna noctymnaet yepe3 Mcmanncko-lermanackuii mopor [18]. Ograko no
35 % aToTO TemIIa TepseTCs n3-3a Me30MacITaOHbIX BUXPEH, KOTOPBIE TTepepacupeiersiioT
SHEPIUIO B IEHTPAJIbHBIE YacTu Oacceitna [7]. JlomomHuTensHbIM (PaKTOPOM N3MEHUYHBOCTH
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SIBJISTIOTCSI TIOJISIPHBIE IIUKJIOHBI, 9aCTOTA KOTOPBIX BO3PACTAET B 3UMHMI CE30H U BIIUSET
Ha TEII000MeH MeXIy okeaHoM m atmocdepoii [17]. ['peHnmanacKoe MOpe, HaPOTHB,
XapaKTepU3yeTcsl JOMUHUPOBAHHEM apKTUYECKUX BOJ M TIIYOOKOM KOHBEKLMEH, OTHAKO
¢ 1980-x rT. 31mech HabmOmaeTCs mepexoy] 0T TEPMOOAPHIECKON K TePMUIECKON KOHBEKIINH,
CBsI3aHHBIN ¢ ocnabmenueM crparudukaryu [19]. CokparieHne JIeassHOro TOKPOBa MOCie
2015 1. compoBOXKIAIOCH IPOTPEBOM MOBEPXHOCTHBIX Box Ha 0,19 °C 3a mecsaTuierue, 9To
ycmmio B3anmoneiicteue ¢ AB [20]. ParHune mcciaenoBaHus MpoaeMOHCTPHPOBAIH, YTO
CE30HHAasi N3MEHYMBOCTD TEIUIOCO/EPkKaHUS B BepxHUX cinoix (0—-500 M) MuHMMAanbHa,
YTO ITO3BOJISICT PACCMATPUBATH JJOJITOCPOYHBIE TPEH/BI KaK MHANKATOP KIMMATHYECKUX
tparchopmarmii [21]. Ocoboe 3HaUECHNE UMEET U3YyUCHHE TETIOCOACPKAHUS B TIpEIeIax
Pa3NUYHBIX DIyOWH, MMOCKOJIBKY KaKIBIH CIOH OTpakaeT yHHWKaJbHbIE TUHAMUYECCKHE
U TepMOXaJHHHEIEC Tporecchl. Kak mokazano B padore [22], cinou okeana (0—700 m) ne-
MOHCTPHPYIOT KOJICOaHHUS TETUIOCOAEPKAHMSI ¢ TIEPUOJOM OKOJIO 22 JIET, IPUYEM 3TH
KoJIeOaHMUs OTIepeKaroT M3MEeHEHH B Oonee mryookux ciogx (0-2000 m). OxHako B ycio-
BUSIX COBPEMEHHOT'O MOTETIIICHHUSI YCUIINBAETCS POJIb HEJTMHEHHBIX MTPOIIECCOB, TAKUX KaK
Me30oMacITaOHbIe BUXPH U B3aUMOJICHCTBHE 0apOKIMHHOMN/0apoTPOITHON IUPKYIISIIAH, YTO
CBHIETEIBCTBYET O CIIOKHBIX MEXaHU3MAX MEPE/ladr TEIIOBBIX AHOMAJIMH B BEPTHKAIEHOM
HAaIpaBJIeHUH U TPeOyeT NEeTaIbHOIO M3yUCHUS! BEPTUKAIBLHON CTPYKTYPBI TEIIOCOAEP-
JKaHUS IS IOHUMAaHUST KIIMMaTHYeCKUX MPOLIECCOB B pernone [16].

Ba)kHBIM HHCTPYMEHTOM ISl X M3YyUCHNUS SABISIOTCS JaHHBIC peaHalln3a, TAKNE KakK
ORASS, obnagatommne BEICOKUM ITPOCTPAHCTBEHHO-BPEMEHHBIM Pa3pEICHUEM U OXBAThI-
Baromue repuor ¢ 1982 mo 2024 r. B oTmuue oT JOKaTbHBIX HAOMIONCHHH, peaHaTN3bI
MO3BOJISIFOT TIOJYYHUTh COIVIACOBAHHBIE MHOTOJICTHHE PAIBI JaHHBIX 110 BceMy Oacceiiny,
YTO 0COOCHHO BaYKHO JUISl aHAJM3a CE30HHOM M MEKI00BOI M3MEHUYNBOCTH U BBISBIICHHS
MPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTEH.

Llenbro naHHOW pabOTHI ABJISETCS aHAIN3 MEKIOAOBBIX U3MEHEHNH TEII0CoeprKa-
Hus bapennesa, ['pernannckoro u Hopeesxckoro mMopeit mo manHbpIM peananm3a ORASS
3a nepuox 1982-2024 rr. ¢ yueToM C€30HHOW AUHAMUKH, BBISIBIEHHE TPOCTPAHCTBEHHBIX
3aKOHOMEPHOCTEW pacnpe/ieIeHNs! TPEH/I0B TEIIOCOACPKAHMS 110 PA3IIUIHBIM CIIOAM U HC-
clieJoBaHNE 0COOCHHOCTEH BEPTHKAILHOTO PACTIPE/IENICHHS TEIIIOCOEPKaH s B KOHTEKCTE
COBPEMEHHBIX KINMATHYECKUX M3MEHEHUH.

)j[amn,le U ME€TObI

B pabGore ucnosb3oBanbl naHHble peanann3za ORASS (Ocean Reanalysis
System 5) [23], KoTOpBIi MpegocTaBiIsieT HHPOPMALUIO O TEMIIeparype M COJICHOCTH
BOJIbI Ha Pa3JIMYHBIX TIIyOMHAX CO CPeHEMECSIYHOM ANCKpEeTHOCTEIO [24, 25]. B padote
paccmarpuBaetcs nepuoj ¢ 1982 no 2024 r. Jlanubie npeacTaBieHbl B y3jaX CETKH pas-
Mmepom 0,25 x 0,25°.

OcHoBHasi 00pabOTKa AaHHBIX BBITIOJIHSIIACH C MCIIOIB30BAaHUEM s3bIka R B cpene
RStudio, uto obecrieunsio rHOKOCTh U BOBMOXKHOCTh TIPUMEHEHUSI Pa3JINYHBIX CTAaTHCTH-
YEeCKUX METO/IOB. Terocomep:kaHue BOIbI pacCUUTHIBAIOCH IO (popmyite [21]:

0=p,,C,[ (T-T,)dz, (1)

e O — TeIIOCOACPKAHNE; P, — IUIOTHOCTH BOJBI (PACCUMTHIBACTCS 110 TEMIIEPAType
M COJIGHOCTH B CJIO€ C HCIIOJIb30BaHUeM (QyHKImN gsw (in-situ density) mo TEOS-10 u u3-
MeHsieTcs B iuanasone = 10221028 kr/m’); C, — ynenbHas TEmIoeMKOCTb BOJbI (IpH-
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HUMaeTcs Kak y/elbHasl TEIJIOEMKOCTh MOPCKOI BOABI NMPHU IOCTOSHHOM JaBJICHUU
3989 Jix/ (xr-°C)) [26]; T— Temmeparypa Boabl, T — TEMIIEpaTypa 3aMep3aHHus, IPHHIMA-
emas s ciost 0-200 M paBHoit —1,88 °C (Temmeparypa 3amep3aHus), a 11t 6oJee ITyOoKuX
croeB —0,9 °C (cpenusis st CEB). Bee 3HaueHNs TemmocoaepKaHus POUHTET PUPOBAHEI 10
ciosm 0-200 M, 200-300 M, 300400 m, 400-500 M, 500—-600 m. Croit 0—200 M BbIfeICH
KaK OCHOBHOH pe3epByap Ce30HHOTO TEII000MEHa, TIOIBEPIKEHHbIA CHIIFHON M3MEHIHBOCTH
1 TIpMOMY B3auMozeicTrro ¢ atmocdepoit [21]. Cion 10 600 M 0XBaTHIBAIOT MIPOMEXKY-
TOYHBIE BOIBI, I7I€ TEMIIOCOIEPIKaHUE TTPEHMYIIIECTBEHHO KOHTPOIHpyeTcs afBekuueii AB
¥ Me30MacITabHON BHXPEBOH aKTUBHOCTHIO [15]. OOnMacTH MOBHIMICHHBIX TOPU30HTAITb-
HBIX TPAANEHTOB, (POPMHUPYEMbIC B3AaUMOACHCTBIEM ATIAHTHUECKUX M APKTHYECKUX BOJ,
CMEIIAI0TCS ¢ TyOMHOM, HO B OCHOBHOM orpaHmdeHbl BepxHumu 600 M [27]. deranmmzarms

nybuHa, M
5000

2000

1000

500
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60°

3.4 15° 45° 60° B.A.

Puc. 1. Cxema paiioHa MccIeOBaHUS C 3IEMEHTAMHU pelbe(a U OCHOBHBIMU MOBEPXHOCTHBIMH
TEYECHUSIMH.

KpacubIMu cTpenkaMy 0003HaUCHBI TEIUIbIE TEUSHHS, CHHUMH — XOJIOHBIE, 3eICHBIMU — HPHOpesKHbIe. [ TTyOnHbI
0003HAYEHBI CONIACHO L[BETOBOM I1KaJie. [TyHKTUPHBIMU JIMHUAME 0003HA4YeHBI Ipanuiibl Mopeil. BAT — Bos-
BpatHoe Amiantuueckoe teyenue; BI'T — Bocrouno-I'pennanackoe teuenue; BIIT — Bocroyno-Inuubep-
renckoe teyenue; 3ITH3T — 3anagno-IIpunososemensckoe teyenue; 3T — 3ananno-IlInunbeprenckoe
teuenue; JIB — Jloporenckuii Buxpb; MT — Mypmanckoe Teuenne; HCT — HopBexckoe CKIIOHOBOE TEUCHHUE;
HT — Hopaxanckoe teyenune; HOT — Hopaexckoe pponransroe Teuenne; [THT — Hopexckoe npudpexnoe
Teuenue; [1O — nponus @pama; CB — Cesephas BeTBb; LIB — LlenTpansnas BerBb; | — I'pennanackas kot-
noBuHa; 11 — kotnosuna bopest; 111 — xpeder Mona; IV — xpeder Kuunosuua; V — MenBe:KMHCKHI %ei100;
VI — Jlodorenckas kornosuHa; VII — Hopexckas KOTIIOBUHA

Fig. 1. Schematic of the study area with topographic features and major surface currents.

Red arrows indicate warm currents, blue arrows — cold currents, and green arrows — coastal currents. Depths
are shown according to the color scale. Dashed lines denote sea boundaries. BAT — Return Atlantic Current;
BI'T — East Greenland Current; BIIIT — East Spitsbergen Current; 3IIH3T — West Novaya Zemlya Current;
3IIT — West Spitsbergen Current; JIB — Lofoten Vortex; MT — Murman Current; HCT — Norwegian Slope
Current; HT — North Cape Current; HOT — Norwegian Front Current; [THT — Norwegian Coastal Current;
T1d — Fram Strait; CB — Northern Branch; [IB — Central Branch; I — Greenland Basin; I — Boreas Basin;
III— Mohn Ridge; IV — Knipovich Ridge; V — Bear Island Trough; VI— Lofoten Basin; VII — Norwegian Basin
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¢ mwaroM 100 M B 3THX CJIOAX Ba)KHA JJIsl BBISIBIICHUSI BEPTUKAJILHOW CTPYKTYpbI IPOrpeBa,
YTO CIY>KUT MHIWKAaTOPOM «aTJaHTH(HUKALMN», A TAKKE ISl TOUHOW OLEHKH [TyOMHHOM
M3MEHYMBOCTH TPEHJIOB TEIIOCOIEP)KAaHNS B TEIUIOBBIX pe3epByapax [7]. JlononHuTensHO
JTAHHBIC CTPYIITUPOBAHEI TI0 C€30HAM: 3UMHUH (JIeKaOph — anpetb), BECEHHUH (Maif — HIOHB),
JIETHUH (IO — CEHTAOPB) U OCCHHUI (OKTIOps — HOsIOph). [ panumsr mopeir CEB u oc-
HOBHBIE TTOBEPXHOCTHBIC TEUCHUsI IIPE/ICTABICHBI Ha pHC. 1.

Jliist aHanmM3a 10ATONEPHOJHBIX N3MEHEHHI BPEMEHHBIX PSIOB HCIIOIB30BAJICS JIH-
HEHHBIA TPEeH/T KaKk OCHOBHOH MMoKa3arens. OnpeieneHie CTaTHCTHYECKOH TOCTOBEPHOCTH
PE3yIbTaTOB BBHIIOJIHSIOCH CTAHIAPTHBIM METOIOM MPOBEPKH TMIIOTE3, UCIIOIb3YIOIINM
t-xpurepuii CthrofieHTa npu ypoBHe 3HaduMocTH 0,05. PacyeTsl ObUIH BBITOTHEHBI IS
KaXJIOTO y3J1a CETKH B pacCMaTpHUBaeMBbIX ciosx. [Ipy aHanmn3e mpocTpaHCTBEHHOTO pac-
MIPEAEIEeHHs TPEH/Ia AJIsl OIIEHKH MEXXTO/IOBBIX M3MEHEHUH TETIIOCOAEpKaHUS CIIONb30-
BaJICsl KOO PUIMEHT AeTepMUHALIUK JIMHEHHOTO TpeHaa (R?), a He abCOMIOTHAS BETHYHHA
TpeHaoB. Takol BEIOOP 00yCIOBICH HEOOXOMMOCTHIO CPAaBHCHUSI HHTEHCHBHOCTH U3Me-
HEHHUH HE TOJILKO MEX/Y CE30HaMH, HO U MeXy ciosMu. [Tockonbky koaddumment R
ABJIsIETCS] Oe3pa3MepHOl BEIMYMHON, 3TO MO3BOJISIET HUBEJIMPOBATH BIMSHUE PA3ITHIUH
B a0COITFOTHBIX 3HAYCHUSX TEIUIOCOACPIKAHMS, CBI3aHHBIX C ITYOMHOI ClIosl. DTO 0COOCHHO
B&)KHO JUIS1 aHAJIM3a MHOTOJIETHUX TPEH/IOB B YCIOBHUSX HEOTHOPOIHOTO PACIPEICICHUS
TeIula 1o IIyOMHEe W BpeMeHH. R? OTpakaeT JOJIF0 IHUCIIEPCHHU, 00YCIOBICHHYIO JIMHEH-
HBIM TPEHJIOM, YTO JIEJIACT €r0 YHUBEPCAIBHBIM HHCTPYMEHTOM JUISl OLICHKH 3HAYNMOCTH
W3MEHEHHUH B Pa3HOPOIHBIX YCIIOBHSX.

Pe3yabTarsl

IloBepxHocTHBII cioii 0-200 M
B mpocrtpancTBeHHOM pacnpeneneHun Temnnoconaepxkanus Mopeil CEb B BepxHeM
200-mMeTpoBOM cii0oe HaOJIIOaeTCsl 3HaYNTEIIbHASI Ce30HHAsT H3MEHYMBOCTH (puC. 2).

40°  60°ep 20°3.4.
Tennocogepxanve Q 107, [x/(kr °C)

0 100 200 300 400 500 600 700 800 1000

Puc. 2. Ce3oHHas 13MEeHYHBOCTSH Tertoconepikannst Q x 107 x/(kr-°C) B coe 0-200 M: @) 3uMHHIA;
0) IIeTHU; 6) BECEHHHH; 2) OCCHHHI CE30HBI

Fig. 2. Seasonal variability of heat content in the 0200 m layer: (@) winter, (6) summer, (8) spring,
(e) autumn
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Maxcumanbubie 3HaueHust O (950—-1000-107 Jx/(kr-°C)) ycToitunBo GpUKCHPYIOTCS
BO Bce ce30Hbl B Papepo-llletnannckoM mponrBe U BAOIb mobepekbs CKaHTUHABUH.
D10 00yCIOBIEHO agBeKIuel Terbix Bog CeBepo-ATIaHTHICCKOTO TEUCHHUS, TPAHC-
(dopmupytromierocs B BeTBH Hopsekckoro. Hampotus, B [peHmaHaCcKOM MOpe OTMEUEHBI
muHUMAaNbHbIe 3HaueHust O (250—400-107 Jx/(kr°C)), uto 00BsICHsIETCS TTPe00IaIal0IUM
BIIMSTHAEM XOJIOJHBIX apKTHYECKHAX BOTHBIX MacC M HHTCHCHBHBIMH IIPOIECCAMU JIET000-
MeHa ¢ ApPKTHYEeCKHM OacCeiHOM.

B 3umnuii ce3on (cm. puc. 2a) B bapennesom Mope makcumym Q (> 500-107 JIx/ (kr-°C))
CMeIIaeTcs K Foro-3ama HbIM paioHaM IO BIMSHAEM HOpIIKarcKoro TeueHws, Torna Kak
ceBepHbie yuactku (< 100-107 [Ix/(kr-°C)) ocTarores moj BO3IeHCTBUEM apKTUUECKUX BOJI.
Ipu stom m3omuamst 500-107 JHx/(kr-°C) nocruraer 75° ¢. 11 Ha rpanuie [ peHIaHIckoro
1 HopBeskckoro Mopei, 9To OTpaxaeT OrpaHUICHHOE IPOHUKHOBEHHE TETUTBIX BOJI B BRICOKO-
[IMPOTHEIC paifOHBL. B neTHMIT ce30H (CM. puC. 26) OTMEYaeTCs 3HAYUTEIFHOE PACIIPEHUC
30HBI BBICOKHX 3HAUYCHUH TEIUIOCOMCPIKAaHMS BO BCEX MCCIEAyeMBIX paifonax. Tak, B Hop-
BEHKCKOM Mope MakcumyM jgocturaet > 990-107 Jhx/(kr-°C), a uzonunus 500-107 i/ (kr-°C)
npoaBuTaercs no 78° c. mr. B paiione 3amagHoro lmunbeprena. Becennuii ce3oH (cM.
puc. 26) IEMOHCTPHUPYET HA4YaJIo0 MPOTpeBa B OTO-3amagHoi dyactu bapeHneBa mops
(500-600-107 JTx/(xr-°C)), Torna kak ceBepubie paitonsl (< 100-107 Ix/(kr:-°C)) co-
XPaHSIIOT 3UMHHE TePMUYCCKIE XapakTepucTuku. OceHHee (CM. puc. 22) CHUKCHHE

20°3.n 0° 20° 40° 60°8.4. 20°3.0. 0° 20° 40° 60°B.0.
KoachchmumeHT getepmuHaumm R?

0 0,2 0,3 04 05 0,6 0,7 0,8

Puc. 3. [IpocTpaHCTBEHHOE pacnpeaesicHne Koa(p HIleHTa AeTepMUHALIN JTHHEHHOTOo Tperaa (R?)
terutoconepxanus B cioe 0—200 m CEbB 3a nepuon 1982-2024 rr.: a) 3uMHuMiA, 6) IeTHUI, 6) BECEH-
HUH, &) OCEHHHI CE30HbBI

Fig. 3. Spatial distribution of the coefficient of determination (R?) for heat content trends in the 0-200 m
layer: (a) winter, (6) summer, (8) spring, (¢) autumn
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tertocosepkanust B bapenuesom mope (10 400-500-107 x/(kr-°C)) KoHTpacTupyer
C COXpaHEHHEM IOBBIIICHHBIX 3Ha4UeHni B HopBexxckom mope (10 950-107 Ix/(xr-°C)).

Jlns aHanmu3a npocTpaHCTBEHHO-BPEMEHHONW NU3MEHYUBOCTH Terioconepkanust B CEb
3a mepuog 1982-2024 rr. ObT MPUMEHEH METOJ JIMHEHHON Perpeccuu ¢ MOCIeIy oIS
OLICHKOHM CTaTUCTHYECKON 3HAUMMOCTH TPEH/IOB C UCTIONb30BaHNEM KpuTepusi CThIOAEHTA
(ypoens 3naunmoctu o = 0,05). Koaddunuenr gerepmunaimm R?, OTpaskarouiii OO0
JHcriepcui, 00yCIIOBICHHYIO TMHEHHBIM TPEH/IOM, HCIIOJIB30BAJICS JJIsl KOJIMUECTBEHHON
OLICHKH CHJIBI TPEHIOB. [IpH 5TOM Bce BBISIBICHHBIC CTATUCTUUECKH 3HAYMMBIC JIMHEHHBIC
tpenpl (R? > 0,06) oka3ainuck MOIoKHUTEIbHBIMU. Pe3ynbrarsl st Bepxuero 200-MeTpoBo-
TO CJIOS TIPE/ICTABIICHBI Ha PUC. 3, AEMOHCTPUPYIOIIEM IIPOCTPAHCTBEHHOE pacIpe/ieIecHIe
R? 1t KaXKJI0ro Ce30Ha.

B sumnuii ceson (cM. puc. 3a) MakcUMaJIbHbIC 3HAYCHUS R? HAOIIONAIOTCS B 001aCTIX
aJIBEKIIMH TEIIa U BEPTUKAJIBHOTO MepeMeInBanms: Ha xpeore Mona (R* = 0,65), 8 Men-
BEXKHUHCKOM jkenode (R? = 0,5) u 'y ceBeproii okoneunoctu Hosoit 3emiu (R? = 0,55). Ipu
atoM B Jlodorenckoit (R* = 0,35) u ['pennanjickoii (R? = 0,4) KOTJIOBUHAX OTMEUCHO CHUKE-
Hue R?, a st HopBexckoil KOTIIOBHHBI XapaKkTepHbI KpaiiHe Huskue 3HaueHus (R? < 0,2).

B nemnuii cezon (cM. puc. 36) Habnromaercst oOmmiA pocT 3HaYCHUH K0 HUIICH-
Ta jerepMmuHanuu. B wactHoctu, B ['pennanackoit komioBuHe R? mocruraer 0,55, a Ha
menbde [pennananu cesepuee 75° ¢. nr. — 0,5. Makcumanbhbie 3Hadenus (R? = 0,7)
(bukcupyrorcst Ha xpedbte Kuunosuda u ceBepo-3anaanee Inunodeprena (R* = 0,6). B ce-
BepHO# yacTu HOpBEKCKOH KOTIOBHHBI TAKXkKe OTMEUYEHO noBbinienne R* 1o 0,4, oqHako
B €¢ LICHTPAJILHOW YacTH MO-TIIPEKHEMY COXPAHSIOTCS KpailHe HU3Kue 3HadeHus R? (<0).

Becennuii cezon (cM. puc. 36) xapakrepuzyercsi 00IMM cHIKeHHeM R? (Ha 20-40 %
OTHOCHTEJIEHO 3UMHETO Ce30Ha). MUHUMabHbIC 3HaYeHHs R? HaOmonatoTcs B HopBex-
ckoit (R* < 0,2) u I'pernanackoit (R* < 0,2) KOTJIOBUHAX, a Takke B npubpeskaom Hop-
BexckoMm Teuenun (R? < 0,15). Tlpu stom Ha xpedbre Mona (R? = 0,55) u Kuunosuua
(R*=0,5) ormMeuaeTcsi COXpaHEHHUE YMEPEHHBIX 3HAYCHHH.

B ocennuii ceszon (cM. puc. 32) oTMeuaercsi BoccTaHoBleHHe BennunHbl R? B BI'T
(R*=0,5), B paitone Anmupanteiickoro Bana (R* = 0,5) u y ceBepo-3anaja Ilmundep-
rena (R? = 0,55). Boicokue 3Ha4YEHHsI COXpaHSIOTCS B paiionax xpedtoB Mona (R* = 0,6)
u Knunosuua (R* = 0,6), Torna kak B [ pennanckoit (R? < 0,2) u HopBesxckoll KOTIOBHHAX
(R* < 0,2) HabmomacTcst CHIXKEeHUE R2.

B menom ananm3 npocTpaHCTBEHHOTO pacipenefeH s KodppuinenTa AeTepMUHAILIIN
JnuHenHoro Tpenaa teruiocoaepxkanus B cinoe 0200 m CEbB 3a nepuon 1982-2024 rr.
BBISIBIJI BBIPAXKEHHbBIE CE30HHBIE paznuums. Hanbonee Bricokne kK03(QGHUINECHTHI AeTep-
MHHAIMN XapaKTEPHBI JUIsl 30H HHTCHCUBHBIX TEUECHHH, TTOJIBOTHBIX XPEOTOB M KeIT000B.
Torma kak B IITyOOKOBOAHBIX KOTJIIOBHHAX (32 UCKIIoueHHeM JlodoTeHckol) 1 Ha menbdax
npeobnanaoT HU3KKe 3HaueHus. [Ipumeuarensro, uTo JIooTeHckast KOTIOBHHA SBIISETCS
UCKIIFOYCHHEM, JIEMOHCTPHUPYs Ooliee BBICOKHE 3HAaYeHHs R

MpomexyTounsblii ciioii 200—600 m
IIpocTpancTBeHHOE pactpenencHue K03hGUINEHTOB AETEPMUHALNHN JTHHEHHOTO
TpeHaa Tertoconepkanus B ciosx 200-300 m, 300-400 M, 400-500 m u 500-600 M 3a
nepuor 1982-2024 rT. B 3UMHUH U JIETHHH CE30HBI MPECTABICHO HA pHC. 4.
B sumnuii ceson B cioe 200-300 M (cM. puc. 4a) Hanboee BHICOKHE 3HAYCHUS
koaddurpenTa gerepmunaimu (R* = 0,7-0,75) ormeuatorcest B JIohoTeHCKO# KOTIIOBHHE,
a Takke B paifoHe xpebta MoHa m MenBeXHHCKOTO keo0a. [1oBBIIeHHBIC 3HAYCHUS
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Puc. 4. TIpocTpaHcTBeHHOE paciipeiesienne KodhuIreHTa 1eTepMUHAIINN JTHHEHHOTO TpeHaa R?
tertoconepkanust B Cepepo-EBpomnetickom Oacceiine 3a nmepuoz 1982-2024 rr. B 3MMHHAHN 1 TETHUI
Ce30HBI N0 cnosiM: a) U 6) 200-300 Mm; g) 1 2) 300400 M; 0) 1 e) 400-500 Mm; arc) 11 3) 500-600 M

Fig. 4. Spatial distribution of determination coefficient R? for heat content linear trends in intermediate
layers during winter and summer: a) & 6) 200-300 m; ) & 2) 300-400 m; 9) & ¢) 400-500 m;
ac) & 3) 500-600 m

(R?=0,5-0,65) durcupyrorcst Takxke Baoab 3amaano-Imuideprenckoro n Hopsekckoro
CKJIOHOBOT'O TeueHHil. B TO ke Bpems B LieHTpabHbIX yacTsax Hopsexckoil u I'pennann-
CKOM KOTJIOBHH, PaBHO Kak W Ha mmenbde [pernanmnn ceBepree 75° ¢. mI., 3HaucHUs R’
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He npeBbImaioT 0,15, 9T0 CBUAETENBCTBYET O CTa00N CBSI3M JOITOCPOYHBIX M3MEHEHHHA
TETIOCOAEPKAHUS C JINHEHHBIM TPEHIOM.

B nemmnuii cezon (cm. puc. 46) B cioe 200300 M oTMedaeTcsi o0IIee CHIDKEHUE
ypoBHs R, 0cOOCHHO BBIpaXKEHHOE B paiioHax (GpoHTanbHbIX 30H. Tak, B JlopoTeHckoii
KOTJIOBHHE Ko3(h¢unueHT ymensmaercs 1o 0,65, a Brons 3amagao-1lnunodepreHckoro
teueHnst — po 0,2. OnHako, HECMOTpS Ha 3TO, B KOTIIOBHHE bopest n ceBepo-3amaHee
Inudeprena 3HaveHus R? mo-npexkHeMy coxpansitorcst Boicokumu (0,6-0,65).

[Ipu nepexone k 6onee rirydoxmm cinosim (300—400 M) B 3umuuil ce3on (cM. puc. 46)
BBICOKHE 3HaUCHHs KO3((UIMEHTA eTepPMUHALIMN TTPOI0JIKatoT Habmonatses B Jlodo-
TeHCKoH koTiaoBune (R* = 0,65) u Broib xpedra Mona (R? = 0,7). Bmecte ¢ Tem B BI'T
ko3 umment cumxkaercs 10 0,4. OOpaTHas TEHACHIUS MPOCISKUBACTCSA B 3aIraTHo-
HImunbeprenckoM TeueHnn 1 MeaBeXKNHCKOM Keyo0e, T/ie BKIIaA TPEHA YBEIMINBACTCS,
nocruras 0,65-0,7. B zemnuti ce3on (cM. puc. 42) Ha 3Toi TiTyOrHE (PUKCHpYeTCs TanbHel-
IIee CHIKeHNe R? BO PpOHTANBHBIX 30HaX (HApuMep, BIoib xpedra Kaumosuya 1o 0,3).

B crosax 400-500 M (cm. puc. 40) u 500—600 M (cM. puc. 4o1c) B 3uMHULL Ce30H MAK-
cuMarbHble 3Hadenus (R? = 0,6-0,77) npeumyIiecTBeHHO cocpenotoueHsl B JlohoreHckoi
KOTJIOBHHE U B10Jb HOPBEXCKOTO CKIOHOBOTO TEUEHMS.

B nemnuii ceson (cm. puc. 4e, 3), xotsi Habmogaercs obiee cHmkeHne R> B 00Jb-
IIMHCTBE PETHOHOB, B KoTIIOoBHHE bopes ko dumment Bo3pacraer 10 0,7. B ieHTpazbHBIX
KOTJIOBMHAX M HA mIenb(e I peHnananu TpeH,] NpaKTHIeCKd OTCYTCTBYET.

[IpocTpancTBeHHOE pactpernencHne Ko3hGUINEHTOB AETEPMUHALNY JIMHEHHOTO
TpeHaa Termioconepkanus B ciosix 200-300 m, 300400 m, 400-500 m u 500-600 M 3a
nepuop 19822024 rr. B gecennuii U ocennuii ce30Hul NPEJICTABICHO Ha puc. 5.

Becennuii ce3on TeMOHCTPUPYET MTPOMEKYTOUHOE COCTOSHUE MEKTy 3UMHUMH H JICT-
HUMH YCIIOBHSIMH, YTO OTpa)kacTcs Ha OOIEM CHIKCHMHU BKJIa/a JIMHEHHOTO TpeHna
B M3MEHYHMBOCTH TETIJIOCOAEPKAHUSI.

B cmoe 200-300 M (cM. puc. Sa) 3TO IPOSIBIAETCS MO-pa3HOMY B KITFOUEBBIX paiOHAX:
B JlooTeHckoi KoTIIoBHHE KOA(hGUIMEHT AeTepMUuHannu cHmkaercs 1o 0,55, a Boonb
BI'T R? nanaer emie 3Hauntenpiee — o 0,3. OnHako B komioBuHe bopest u ceBepo-3a-
nagHee lInunbeprena CoXpaHsOTCs OTHOCUTENILHO BbhicOKue 3HaueHus (R* = 0,6). Ha
Oonpmieii rmyoune, B coe 300400 M (cM. puc. 56), BecHol B JIoPOTEHCKOH KOTIIOBHHE
BKJIAJ] TPEH/1a, HAIIPOTHUB, gocturaet 0,65, 4To OJIM3KO K 3MMHNM IoKazaressim. [1pu sTom
B 3amagHo-IIImunbepreHckoM TedeHnu Ko GUIueHT cHrwkaeres 1o 0,4.

B ocennuii ceson (cM. puc. Se, Se) HabMIOmaeTCsS YaCTUYHOE BOCCTAHOBJIICHHUE BBI-
COKHX 3HaueHHil R’ 0c0O0eHHO BhIpaxkeHHOE B ciosix 300—400 m u 400-500 m. B Jlo-
(hoTeHCKOH KOTIOBHHE KOA(PUIIMECHT AeTepMUHau Bo3pactaeT mo 0,6-0,75, a Bmoms
BI'T B Bepxuux cnosix R* nosbimaercs 10 0,5. Tem He MeHee B Hanbosee riyOOKUX
ciosix (500-600 M) B OCCHHMI Ce30H OTMEUEHO CHIDKCHHE BKIIaZa TPEHJAa B pailoHaxX
xpebtoB Kannosnya u MoHna (cM. puc. 53).

B 1menom npocTpaHCTBEHHO-BPEMEHHOE pacripeieieHue KO PHUIIMEeHTa JeTepMH-
HalW¥ JJMHEHHOTo TpeHaa temocoaepxkanus B CEB neMoHCTpHupyeT BRIpRXKCHHYIO 3aBH-
CHMOCTB OT CE30HHBIX IMKIOB. Hanbosbmmmii Bkiax TpeHa, Kak IMpaBHiIo, HaOmMonaeTcs
B 3UMHUL ce30H B paliOHaX MHTEHCUBHBIX (POHTAIBHBIX 30H (JIooTeHCcKas KOTIIOBHHA,
xpebetr MoHa) u Bronb Teruibix Teuenuii (Hopeexckoe ckiroHoBoe, 3amamHo-IInmmbep-
rerckoe). [myounnbie cnon (400-600 M) XapaKTepU3yIOTCS YCTOWYHBO BHICOKHMH 3HA-
YeHUsIMU K03 dunnenTa nerepmuHanyu B JIohoTeHckoil KoTiaoBUHE U KoToBuHE bopes,
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YTO YKa3bIBACT HA YCTOHYMBBIC ITOJOKUTEIBHBIC TPSHIBI TEIIOCOACPKAHUS B OTUX CIIOSX,
ocobeHHO BrIpaxkeHHBIE B JlohoTeHckoit koTmoBuHe B nuamazone 300-600 m. [Ipumeya-
TENBHO, YTO B OCEHHULL ce30H B TITyOOKOBONHBIX paiioHax (500—600 M) coXpaHSIOTCS BBI-
cokue 3HadeHust R* (0,5-0,7), moaTBepxaast yCTOMYMBOCTh TPEH/IA AaXe B ITOT MEPUOI.

20°3.n. 10° 0° 10° 20°B.A 20°3.0. 10° 0° 10° 20°B.A

KoachchmumeHT netepmuHaumm R?

0 0,2 03 0,4 0,5 0,6 0,7 0,8

Puc. 5. [IpocTpaHcTBEHHOE pacpeseneHie Ko3PpUIMeHTa AeTepMUHAIINK JTMHEHHOTO Tperaa R’
teroconep:kanust B CeBepo-EBpomnetickom Oacceiine 3a mepuon 1982—-2024 rr. B BeceHHUI U OCEH-
Huii ce30HsI 1o cnosm: a) u 6) 200-300 M; 6) u 2) 300400 m; 0) u e) 400-500 m; orc) 1 3) S00-600 M

Fig. 5. Spatial distribution of determination coefficient R? for heat content linear trends in intermediate
layers during spring and autumn: @) & 6) 200-300 m; 6) & 2) 300400 m; 0) & e) 400-500 m;
ac) & 3) 500-600 m
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TpanchopManus BepTHKATBHONH CTPYKTYPBI BOJ

Jluist aHanM3a BepTUKAJIBHOM CTPYKTYPHI BOJ Ha paszpesax (pHc. 6) UCIOIb30Baach
TeMIIepaTypa, a He TEIUIOCOJEPKaHue, MMOCKOJIbKY OHA SIBISETCS JIOKAIbHON XapakTe-
PUCTHKOM, HE 3aBUCSIIEH OT TOJIIUHBI CJI0A. DTO MO3BOIMIIO BHISIBUTH CYIECTBECHHBIE
N3MEHEHHS] TEPMUUECKOM CTPYKTYpBI B paiioHax HanOoliee BEICOKMX KOI(PPHUIIMEHTOB Jie-
TEepPMHUHAIUY JIMHEHHOTO TPeH 1a TeII0COAepKaH sl U cpaBHEHNH niepuosos 1982-2000
1 2001-2024 rr. (puc. 7). Pyoesxx 2000-2001 rr. 66u1 BBIOpaH MOTOMY, YTO JI0 HETO CEBEp-
Hasl 4yacTh bapeHiieBa MOpsi XapaKkTepru3oBajach OTHOCHTEIBHO CTAOMIBHBIM PEXHMOM
C CHJIBHOM cTpaTH(UKalMel 1 OTCYTCTBHEM 3HaYMMBIX TPEHIOB Terutocoepkanust. [Tocie
2000-x UMIIOPT MOPCKOTO Jiba cokpaTuiics Ha 60 %, 4TO 3aMyCTHIIO MPOLECC U3MEHEHUIH,
COTIPOBOXKIABUINICS HKCIIOHEHIIUAIBHBIM POCTOM TeMIepaTypsl [9]. YkazaHHbIN neproa
OTpakaeT Mepexo MEeKAY IBYMS Pa3lIUYHBIMM PeXUMaMU. JTOT MEPexo]] MOATBEepKIa-
eTcs N3MEHEHHUSIMHU BEPTUKAIBHOM CTPYKTYpBI BoA (YriryOlieHHEe U30TepM, HCUE3HOBEHHE
ApKTHYECKOTO CJIOSI) M COTIIAacyeTcsl ¢ «amianTudukanuein» Apkruku [9, 10].

Ilponue @pama (cm. puc. 6, paspes 1) T1eMOHCTPUPYET BBIPAKCHHOES yBEIUYEC-
HUE TeMrepaTypsl Boabl B cioe 1o 600 m. Eciim B mepuon 1982-2000 rr. (cM. puc. 7a)
n3orepMma 1,4 °C pacnonaranace B caoe 200-400 m B paiione pasgeneHust Cpaib-
Oapackoit BerBm 3amanHo-llnuideprenckoro TedeHus M BeTBU 1miato Epwak,
To k 2001-2024 1. (cM. puc. 76) oHa pacnpoCTpaHHWJIACh Ha TOBEPXHOCTHBIE
cion (4-8° B. 1.) u ynrybmiack 10 650 M. DT0 npuBesio K GOPMUPOBAHHIO BHITSIHY-
TOTO «SI3bIKa» TEIIBIX BOJ, KOTOPBIH MepeceKkaeT MPaKTHYECKH BCIO TIIyOOKOBOIHYIO
yacTh nponusa. Temmeparypa B cioe 200-600 M nogusiiace noutu Ha 1 °C. Hynesas
M30TEepMa CMECTIIIACh K 3amany (10 3,5° 3. 11.), a mIyOnHa ee 3ajeraHnsl yMEHBIINIACh
co 180 m mo 100 M. MakcumanbsHble Temneparypsl Beipocau ¢ 1,4 °C no 2 °C.

B komnosune Bopes (cM. puc. 6, paspe3s II) 3adukcupoBaHO 3HAYUTEIEHOE YITyOiIe-
HHe TersiX Box. Tak, B mepuox 1982-2000 rr. (cm. puc. 76) uzorepma 1 °C orpanuyu-
Baack BepxHUMHU 50 M. OnHako k 2001-2024 rr. (cM. puc. 72) BOCTOYHAs 4acTh pa3pesa
nporpenachk 10 300 M, a HyneBas u3oTepma omyctmwiack ¢ 500 go 650 m. Habmromaeres
poct temneparypsl ¢ 1,5 °C no 2,5 °C u pacuivpeHue TOIMIMHbI TEIUIOTO CIOSI.

Xpebem Mona (cm. puc. 6, paspes I1I) mokasan yBenuueHue TyOHHBI IPOHUKHOBEHHUS
terbix Bog ¢ 150 M 1o 300 M. B 1982-2000 rr. (cM. puc. 7arc) n3otepma 2 °C oxBaThI-
Basia Juiib Bepxuue 100-200 m, Torma xak k 2001-2024 rr. (cM. puc. 73) oHa AOCTHIIA

70°}-

10° 3.0, 10° B.O.
Puc. 6. CxematuuHOe pacnosnokeHue pa3pe3os: | paspes — nponus @pama; 11 pazpe3 — koTaoBuHA
Bopes; 111 pazpe3s — xpebet Mona; IV paspez — JlopoTeHckast KOTIOBHHA

Fig. 6. Schematic location of the sections: I section — Fram Strait; II section — Borea’s basin; I1I
section — Mohn Ridge; IV section — Lofoten Basin

Arctic and Antarctic Research. 2025;71(3):256-276 267



H.A. Jluc, E.A. Yepnasckas, H.B. Jlebeoes, JI.A. Tumoxos
IIpocTpancTBeHHO-BpeMeHHAsl H3MEHYHBOCTH Temjiocoaep:xanus B CeBepo-EBponeiickom 6acceiine...

20— S
0,15 Y

2°a3p0. 0° 2° 4°

6°8A 2°ap 0° 2° 4 6°8a

Temnepatypa Bogbl, °C

-

-2 -1 0 1 2 3 4 5 6

Puc. 7. CpenneMHoroseTHss TeMieparypa Boasl B ciioe 0—600 M Ha 30HaJIbHBIX pa3pe3ax 3a MepUOJIbI:
cneBa 1982-2000 rr; ciipaBa 2001-2024 rr.: I pazpe3 — nposnus Opama — a, 6; 11 paspe3 — KoTIoBHHA
Bbopest — s, ¢; 111 pazpe3 — xpeber Mona — 0, e; IV pa3pe3 — JlodoreHckast KOTIOBHHA — i, 3
Fig. 7. Mean vertical temperature profiles 0—-600 m across key transects, left panels: 1982-2000;
right panels: 2001-2024: (I) Fram Strait (a, 6), (II) Boreas Basin (s, ¢), (III) Mohn Ridge (0, ¢),
(IV) Lofoten Basin (orc, 3)

300 M, a HyneBast u3oTepma omyctuiack ¢ 550 M 10 650 M. OTMEUYeH POCT MaKCUMAaTbHBIX
temneparyp ¢ 3 °C no 3,5 °C.

Haubonee BhIpakeHHBbIC M3MEHEHUs! HaOmonaTes B Jloghomenckou Komiosu-
ne (cm. puc. 6, paspes IV). B nepuon 1982-2000 rr. (cm. puc. 7o) nzorepma 4 °C pac-
nmojaranack Ha youse 150-200 M, a k 2001-2024 rr. (cM. puc. 73) OHa yrIyOouIach 110
300 m, mpu 3ToM n3otepMma 2 °C noctura 600 M. MakcuMaibHbIE TEMIIEpaTypsl BBIPOCIN
¢ 5°C mo 7 °C. B cioe 400—-600 M JIopoTeHCKOM KOTIIOBHHBI 3a TIOCICIHHUE JIBA ICCATH-
netus 3aMKCUPOBaH pocT Temreparypsl Boabl (AT = 2 °C).

OO0mieii yepToil Bcex pa3pe3oB SIBISICTCS yBEIHMUCHHE TEMIIEpaTypbl U CMEIlCHHE
n3orepM Ha Oosnblime Tryounsl nmocie 2001 .
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Puc. 8. MexronoBble I3MEHEHHUS! aHOMAJINIT TETIOCOSPKaHuUS 110 CJIOSIM B: @) [ peHanackas KoT-
noBuHa; 6) nponus ®pama; ¢) Hopsexkckas koT1oBUHA; 2) xpeber MoHa.

1 — cnoit 0-200 M, 2 — cnoii 300-400 M, 3 — cnoii 500-600 M, 4 — ypOBEHb HYJIEBBIX aHOMAJIHI

Fig. 8. Interannual changes in heat content anomalies by layers in: @) Greenland Basin; 6) Fram Strait;
6) Norwegian Basin; and ¢) Mona Ridge.

1 — 0-200 m layer; 2 — 300-400 m layer; 3 — 500-600 m layer; 4 — zero anomaly level

st yrmy6neHHOro aHaimm3a MEXXTOJOBBIX M3MEHEHHH TeIIoco/epKaHUsl OKeaHa
M0 BEPTHKAJIBHBIM CJIOSIM, & TaKXKe 0COOEHHOCTEl ()OPMUPOBAHMS TPEHIOB M JTUHAMHKH
aHomayuii Terutoconepkanus (AQ) ObUT MpoBeneH chOKYyCUPOBAHHBIN aHAJIN3 B XapaK-
TEPHBIX pailoHax McciaeoBaHus. DTH pailoHb! ObUTH BEIOPAHBI HA OCHOBE BBIPAXKEHHOCTH
JUHEHHBIX TPEHAOB: YCTONYMBO BBICOKHE, HU3KHE (WM CTAaTUCTUYECKH HE3HAUYHMBIC)
Y M3MEHYMBBIC B 3aBUCHMMOCTH OT IIyOWHBI (puc. 8). Takoil MOIXo/ MO3BOJINIT BBISIBUTH
KJIFOYEBbIe OCOOEHHOCTH (POPMUPOBAHUSI IOJATONEPHOTHBIX TPEHIOB U JTUHAMUKH AQ.

B I'pennanackoit 1 HopBeskckoil KOTIOBMHAX HAOMIOAAIOTCSI HAUMEHBIIINE J0JTOoTe-
puonHbie u3MeHeHus (cM. puc. 3-5). B I'pennanckoit komioBune (cM. puc. 8a) Habmona-
eTcsl BRIpaXKEHHAs! IPOCTPAHCTBEHHO-BepTHKaNbHAs nuddepeniuanus quHamuka AQ. Tlo-
BepxHOCTHBIN cinoi (0—200 M) ¢ koHIIa 1990-X IT. XapakTepusyeTcsl yCTOMUUBBIM POCTOM
anomanuii AQ. B koHTpacte ¢ 3tumM B 6osiee ryookux ciosix (300-400 m u 500—-600 m)
B niepro] ¢ koHna 1990-x no 2010 r. 3auKCUpOBaHO 3HAYMUTENBHOE CHIDKeHUE AQ, IpH-
9YeM BEJIMYMHBI aHOMAJIUH B 3TUX JIBYX CJIOSIX COTMOCTaBHMBI.

[Iponus ®pama (cM. prc. 86) BbIICIACTCS HAMOOICE 3HAYUTCIILHBIMU PA3TUIAIMHU
B M3MEHEHUsIX AQ MEXIy ClI0sIMU Ha (DOHE BHIPAKEHHOTO MOJIOKHUTEIBLHOTO JIMHEHHOTO
tpenna. MurencuBHoe ypennuenue AQ, ocodenHo 3ametHoe nocie 2000 r., conpoBoxia-
JIOCh BO3pAacTaHUEM aMIUTUTYIIbl MEXKTOJIOBBIX KoJieOanuii. Ocoboe BHUMaHUE NPUBJICKALT
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pe3koe cHmkenue AQ B cioe 500-600 m nocne 2015 1., npyu KOTOPOM 3HAYEHHUS TTEPEILLITH
yepe3 HOJIb B OTPUIATEIBHYIO 00IacTh. DTO CHI)KEHHE ObLIO OoJiee NHTCHCHUBHBIM MO
cpaBHEeHMIO ¢ Bblenexamum cioem 300—400 m. Y mpoucxoauiio aCMHXpOHHO C JIMHA-
Mukoit Bepxaero ciost (0-200 M), Tae B TOT ke nepro] Habmrogaics poct AQ. AHOMaITHH
B BEPXHHX CIIOSIX IIPU 3TOM COXPAHSUIN MOJOKHUTEIIFHBIE 3HAYCHMS.

B Hopsesxckoit koTmoBuHE (cM. puc. 86) nuHamMuka AQ XapaKTepHU3yeTcs depeIoBa-
HHUEM TIEPUOI0B YMEHBIICHUS ¥ YBEINYEHHS, YTO UCKIIOYAET BO3MOXXHOCTD BBIJICIICHHS
CTaTUCTUYECKH 3HAYMMOTO JIMHEHHOTO TpeH/a Ha OONbIIel 9acTH paccMaTpHUBAEMOTO
nepuoga. [Tocae 2010 r. 3HaueHuss AQ NpeuMyIIeCTBEHHO OTPULIATENbHBI U AEMOHCTPH-
PYIOT TEHAEHIMIO K CHIDKCHUIO, XOTS B BepxHeM cioe (0—200 M) HabmionaeTcst KpaTko-
BpeMeHHbII nepuof peskoro yseanuenus AQ B 2015-2018 rr.

Paiton xpe6ta MoHa (cM. puc. 82) oTIHYaeTCsl MEPEXOAOM OTPUIATEIBHEIX AQ
B HOJIOXHTENBHBIE TTocie 2015 1., KOTOpbIe BIIOCIEICTBUN CTAOMIN3HPOBAIINCH, YTO KOH-
TPACTHPYET C IPYTUMH HccIenyeMbpIMu obmactsamu. B Bepxaem cnoe (0-200 m) 1o 1996 .
3HAYMMBIN TPEH ] OTCYTCTBOBAJ, TTOCIIE YEro HaYaJoCh €r0 YCTOHYMBOE yBeInueHue. B cio-
s1x 300400 m u 500-600 m poct AQ Havasics HECKONBKO 1o3xe — B Havane 2000-x rr.
Konebanust ¢ pe3koil cMeHO 3HaKa aHOMaNIMH (TIepexo uepe3 HOJb) HAOIIOAAINCh HC-
KITIOYUTENIFHO B OoJiee TIIyOOKHX CIIOSIX.

CpaBHUTEIBHBIA aHAIN3 BCEX PAlOHOB IOKA3bIBAET, YTO OONBIIAsT YACTh PACCMO-
TPEHHOTO TIEPHO/Ia XapaKTepU30BaJIaCh MpeodIaJaHneM OTPUIATENbHbBIX 3HaueHUH AQ.
Onnako, HaunHast mpuMepHo ¢ 2010 1., oTMeyaeTcst yBeNM4eHHE YacTOTh BOSHUKHOBEHHUS
TOJIOKUTENBHBIX AQ M MX TOMHHUPOBAHHME HaJl OTPHULATEIFHBIMHA BO BCEX paloHax, 3a
nckioueHrneM HopBeXCKOH KOTIIOBHHBI.

Obcy:xnenue

[TonyueHHBIE pe3yNbTaThl IEMOHCTPUPYIOT BBIPAKEHHYIO IMPOCTPAHCTBEHHYIO He-
OZIHOPOIHOCTH TpeHAoB Terutocoaepkanns B CED, 00ycioBieHHy0 pernoHanbsHON -
HAMHUKOH U OaTUMETpHECH.

YeroitunBble MaKCUMYMBI Teriocoaepxkanus B BepxHem 200-meTpoBom cioe Dape-
po-1lleTnanackoro nposuBa 1 BIOJIb MoOepexbsi CKaHIMHABHU BO BCE CE30HBI (CM. puC. 2)
00yCIIOBIIEHBI aBEeKIMEH TeTuIbIX BoJ CeBepo-ATIaHTHYECKOTO TeUSHUsI, TPAHC(POPMUPYIO-
merocs B BeTBU HopBeskckoro teuenust (cM. puc. 1). B To ke BpeMst MUHIMaJIbHbIE 3HAUSHHsI
TeruIocoepkanusi B [ peHnanackoM Mope 00bSICHSIFOTCS MPpeo0I1a[alolIiM BIUSIHIEM XOJIO/I-
HBIX apKTHYECKUX BOJIHBIX Macc W MpoIieccaMu JieJooOMeHa ¢ APKTHYECKUM OacCeiiHOM.

[TpocTpaHcTBEeHHOE pacnpeielieHne TeII0CoIepKaHusl BHYTPH MOPEH TakKe Cylile-
CTBEHHO 3aBHCHUT OT PETHOHANBHON UpKy/siiuu. Harpumep, B 3umnuil cezon (cM. puc. 2a)
CMelleHHe MaKkcuMyMa K I0ro-3arnajHbIM pailoHam bapeHrieBa Mopsi 00yCIOBIEHO BITHU-
stHueM Hopakarckoro TeueHwus, TOraa Kak CeBEpPHbIE YYaCTKU OCTAIOTCS 0] BO3JEH-
CTBUEM XOJIOJHBIX apKTHYECKHUX BoJ. Habmromaemoe mosokeHue 3MMHEH HM30JIMHUU
500-107 ox/ (xr-°C), mocTurarorieit juib 75° ¢. 1., CBHACTEIBCTBYET 00 OrpaHHYCHHOM
IIPOHUKHOBEHUH TEIUTBIX BOJ] B BHICOKOIIMPOTHBIE PAHOHBI B 9TOT CE30H, TIPH 3TOM OHA MO-
JKET CITY)KUTh YeTKUM MHIUKATOPOM CE30HHBIX KoJieOauuit. B nemnuii cezon (cM. puc. 26)
3HAUUTENIFHOE CE30HHOE PacIIMPEHUE 30HBI BHICOKMX 3HAYCHUH yKa3bIBaeT Ha yCUIICHHE
MepuanoHanbHoro terooomena [10]. CezoHHast AMHAMUKA TEIJIOCOAEPIKAHUS XapaKTe-
pu3yeTcst BRIpaKEHHOW MHEPIUOHHOCTEIO. [ToBbImeHHbIe 3HaueHns: B Hopexckom mMope
B oceHHUU ce30H OOBSICHAIOTCS aHAJIOTHYHOW MHEPLHMOHHOCTHIO JIETHETO MIPOTpeBa.
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Jloghomenckas komaosuna BbIIENSETCS] HANOOIEE YCTOWYNBBIMH MOTOXKHUTEIIBHBIMI
TPEHIAMH TEIUIOCOIEPKAHNUS BILIOTH 0 TITyOrHEI 600 M (cM. puc. 3—5). D10 00BsACHICTCS
JIOMHHHPYIOIIEH pOJIbIO Me30MacIITabHBIX BUXPEH, KOTOpbIe 3()EKTHBHO Mepepacpeerns-
10T TeT10 13 HOpPBEXKCKOTO CKIIOHOBOTO TEUEHHMS B IIEHTPAIBHBIC YaCTH KOTJIOBUHEI [ 7, 28].
KBazunocrosHuslit anTuiukiaoHndecknii JJohoTeHCKni BUXph 1 MHTCHCUBHAS TEHEPAIHS
BUXPEH B/IOJb CKJIOHA CHOCOOCTBYIOT IIIyOOKOMY NMPOHUKHOBeHHIO AB, crabmmmzammn
TeMITepaTypHOro pexxuma [7, 27] 1 KyMyJIsSTHBHOMY HAKOIUICHUIO TETIIa B MPOMEXKYTOU-
HBIX cnosix [29]. Yrmyonenue m3orepm nocie 2000-x IT. (cM. prc. 7) HaIpsIMyIO CBS3aHO
¢ anBeknuer Teruia BUXpsAMHU [10] u ycuieHHeM NUKIOHWYECKOH LUPKYISINN, CIOCO0-
CTBYyIOIICH BepTHKaIbHOMY moabeMy AB [28]. Tomorpadus xpedma Mowna Hampapnser
MepeMeIeHne BUXPEH, MOYITUPYsI aJBEKIIUIO M CHIDKast N3MEHINBOCTH [7]. Ocnabnenne
CAK Taroke cMemraeT (ppoHTANbHBIC 30HBI K KOTJIOBHHE, YCHIINBAsI aIBEKIIHIO Teruia [27].

B ommune ot JlodoTreHCKOH KOTIOBUHBI, Hopegeicckas Komaosuna XapakTepusy-
eTCsl HU3KOH OOBSICHEHHOH CIIOCOOHOCTHIO JIMHEHHBIX TPEHIOB (CM. puc. 3—5) m3-3a J10-
MHUHHPOBAHUS HEJIMHEHHBIX MPOIECCOB. DTO 00YCIOBIEHO 3aCTOEM BOJ, MHTEHCHBHON
mTyOoKOi KoHBeknuei [21], meanapuposanreM Hopakamnckoro TedeHus [28] u ycmieHueM
ME30MacIITaOHOH TypOyJICHTHOCTH JieToM [27]. 3acTOHHBIC SBJICHUS B COYCTAHHH C Me-
aHJIPUPOBaHUEM (DPOHTANBHBIX 30H CO3/AIOT CIOKHYIO THIPOAMHAMUYECKYIO cpey [27].
BecHoii 10MOTHUTENBHYIO HETMHEHHOCTh BHOCHT PACIIPECHEHHE MOBEPXHOCTHOTO CIIOS,
ocnabisromee BepTUKaIbHbIH oOMeH [13]. Jletom ce3oHHOE OciabieHne GapOoKIMHHON
HEYCTOMYMBOCTH M3-3a YCHUJICHHUS CTpaTH(UKAINN CHIKAECT ME30MacIITa0HYyIO0 aKTHB-
HOCTh [27]. AHamm3 AQ (puc. 86) MOATBEPKIACT CIIOKHYIO TUHAMHUKY: OTCYTCTBHE 3HA-
YMMOTO JJMHEHHOTO TPpeH/a Ha OOJNBIICH YacTh Meproia, YepesoBanue (a3 yBeIndeHHs
u ymeHbIneHns AQ, a Taxoke mpeodialaHue OTpUIaTeIbHBIX 3HaueHn mocie 2010 1. (kpo-
Me KpaTkoBpeMeHHOT0 pocta B cioe 0-200 m B 2015-2018 rr.). DTa TeHICHIHS K CHIKE-
a0 AQ B TIIyOOKHX CIIOSIX, BEPOSITHO, CBSI3aHA C MHTCHCH()MKAIIMEH ITyOOKOIl KOHBEKIIHH
WIIH N3MEHEHHEM ITyTeH TEIUTBIX BOJ/BUXPEH, 00XOIAIINX KOTIIOBUHY. KpaTKoBpeMeHHBIH
MOBEPXHOCTHBIN TporpeB (2015-2018 TT.) MOXKET OTpakaTh aHOMaJbHOE aTMocdepHoe
BO3/JICHCTBHE MM BPEMEHHOE YCHJICHUE a/IBEKIINN / BUXPEBOH aKTHBHOCTH, HE 3aTPOHYB-
1Iee TTyOMHBI U3-3a CTpaTH()UKAINN.

[MapamrensHO HAOMIOAAIOTCSI KOHTPACTHBIE 3aKOHOMEPHOCTH B [ pEHIIaH/ICKOM MOpe.
VYcToltumBoe mporpeBaHue B komiaogure bopes n Hag xpeomom Moua (cMm. puc. 3-5)
0o0BsicHSeTCS ycuieHneM Bo3BpatHOro AtiaHTHdeckoro tedeHus [7, 30], a Taxke WH-
TeHCH(UKaIUEeH Me30MacITa0HBIX BUXPEH M IUKJIOHWYECKON IUPKYISAINH, CIOCO0-
cTByIOIIeH BepTuKambHOMY monbemy AB [28]. Ocmabnenne CAK ycunmBaeT ajBeKIuio
B 3TuX parionax [27]. Jlerom (cM. puc. 36) cnabas crparuduKanyst U TTyOOKask KOHBEK-
U TIOAJICPKUBAOT BBICOKUH BKIaa TpeHna [21]. Ha wensge I pennanouu poct BKIIaga
TpeHza jgetoM (cM. puc. 3—50) CBsI3aH ¢ aKTUBHBIM ITOTVIOMIEHUEM TeIlIa U3 aTMOC(hepsl
U YCTOHYMBEIM TpUTOKOM TetwiblX AB [15]. B Ipennanockoii komnosune (cMm. puc. 8a)
npeoOnagaeT HelMMHEHHAs AMHAMKKA U3-32 c1aboi cTpaTu(UKaIny, OIaronpusTCTBYIOMEH
TTyOOKOH KOHBEKIMH W BeHTWIIIUHU [21]. UTO OTYETIMBO MPOSBISIETCS B KOHTPACTHOM
muHaMuKe AQ TIO CTIOSM: YCTOWYHBEIHA pocT B BepxHeM cioe (0-200 M) ¢ korma 1990-x .
Ha ¢oHe 3HauuTeNnbHOTO CHIKEeHUA AQ B cnosx 300400 m u 500-600 M B iepuo mpu-
MepHO 110 2010 1. ComocTaBUMBIC aHOMAJMH B THX JIByX TIIYOOKHX CIIOSX YKa3bIBAIOT
Ha BOBJICUCHHE B KOHBEKIIMIO 3HAYMTEIBHBIX MO TOJIIMHE CIIOEB, BHIHOCAIIMX Ooiee
XOJIO/THBIE BOJIBI C ITYOWHBI W/MIIN CIIOCOOCTBYIOMNX 3()(PEKTHBHOMY BBIXOIAXHBAHHIO
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IIPOMEXYTOUHBIX CIIOEB 3a CUET B3aNMOACHCTBHS € XOJIOIHOM arMocdepoii. I3MeHYnBOCTh
3/IECh OIPEIEISAETCS] TOPU30HTAIBHBIMU TIOTOKAaMH, & HE TPEHIaMH, C MUHUMAJIbHBIM
BIIMSTHAEM Me3oMacTaOHbIX Buxpeit [7, 31]. Bxoms BI'T ycTONHYMBEIA BEIHOC XOIOTHBIX
APKTUYECKUX BOJ M CE30HHAS M3MEHYHBOCTb JISISTHOTO IIOKPOBA MOJYJIUPYIOT BBICOKHUIT R?
3uMoii (cM. puc. 3—5a) [7]. OmHako 3aMenyieHre MOBEPXHOCTHEIX ckopocteit BI'T u mo-
TEIUICHHIE €TO BEPXHUX CJIOEB YKa3bIBAIOT Ha yciuokHeHue auHamuku [20, 30].

bapenyeso mope neMoHCTpUpPYET BBRIPAXKEHHbBIE TPEHIBI B 3UMHUIL CE30H B BEPXHEM
200-meTpoBOM cioe (cM. puc. 3a). YCTOWYIHBEIHN MEpeHOC Teria BeTBIMH HOpBEKCKOTO
n 3anaaHo-IIpHHOBO3eMENbCKOTO TEUEHUH YCHIIMBACTCS IITOPMOBOI aKTHBHOCTBIO U T10-
JSIpHBIMU nUKIToHaMH [ 17]. lnHamuka TedeHuit TecHo csizaHa ¢ CAK: ero monoxurensHas
(a3za yBenTMUMBACT MEPEHOC TEIUIA Yepe3 YCUIICHUE 3allaHbIX BETPOB [6]. AIBEKTHBHBIC
TIEPEHOCHI TEeIJIa B OKeaHe 1 arMoc(epe ASHCTBYIOT COINIACOBAHHO, CO3/aBast OJIOKUTEIIb-
HYI0 00paTHYIO CBSI3b: COKpAIICHHUE JIEASTHOTO TIOKPOBA YCHIIMBACT TEIUIOOTAdy OKeaHa
Y OUKJIOHUYECKYIO 3aBHXPEHHOCTH atMocdepsr [14, 17].

Oco0slii HHTEpEC NPENCTABIACT npoause Ppama, rae 3ahUKCUPOBAHO 3HAYUTEITHHOE
yryoieHne u30TepM (CM. pHc. 7a, 6). DTH U3MEHEHHUS COITIACYIOTCS C COKpaIICHHEM
JIeITHOTO TIOKPOBA M YCIJICHHEM anBeKImn Teruibix AB [8]. Ocmabnenne BepTHKATBHON
cTparuduKanny yBennunBaeT BepTHKaiIbHOE nepemerBanue [31], a popmuposanue BbI-
TSIHYTOTO «S3bIKa» TEIUIBIX BOA (CM. PHC. 70) CIlyKMT WHIUKATOPOM «ATIaHTH()UKAIHN
pernona [9]. Anamuz AQ (puc. 86) moaTBepKaaeT 00N TTOJIOKUTETBHBIN TPEH] U yCH-
JICHWE aMIUTUTYIbl MEeXTOHOBBIX Konebanuii mocie 2000 1., oTpaxas HHTCHCH(PUKAIHIO
anBeknuu AB U CBSI3aHHYIO ¢ «aTTaHTH(HUKALINC» H3MEHINBOCTh. Pe3koe cHikeHne AQ
B ciioe 500—-600 m mocie 2015 1. (6onee maTeHCHBHOE, YeM B 300—400 M, 1 acHHXpOHHOE
¢ poctom B 0—200 M) MOXKeT OBITh OOBSICHEHO H3MEHEHHSAMHU B BEPTUKAIBHOU CTPYKTYpe
a/IBeKINM (BpeMeHHoe cMmeleHne AB, ycunenne omyckanus Oosee IIIOTHBIX BOI) WIN
aKTUBH3ALMEH BEPTHKAIBHOTO IEPEMEIINBAHNSL, BBIHOCAIIETO TEIUIO M3 NTyOMHHBIX CIIOEB
BBepX Ha (poHE OciabieHus cTpaTu(UKAIHH.

Paiton xpedbma Mowna (puc. 82) IEeMOHCTPUPYET OTUSTIHMBBIA MEPEXOd OT OT-
pHLATENBHBIX K YCTOHYHBBIM TONOXKUTEIRHEIM AQ mocie 2015 r, 4ro cormacyeTcs
¢ ycuieHueM Bo3BpaTHOro ATIIAHTHYECKOTO TEUEHHMS M ME30MacIITAOHOH aKTHBHO-
ctu. @a3oBerid caur (Hagamo pocta AQ B 0200 m mpumepro ¢ 1996 1., a B cmosix
300-400 m u 500—-600 m — ¢ Hagamna 2000-x) oTpakaeT BEpPTHKATBHOE PACIIPOCTPAHCHIE
Teruia ceepxy BHU3. KosebaHust ¢ pe3koll CMEHOM 3HaKa HCKIIIOYUTENBHO B IITyOOKHX
CJIOSIX MTOAYEPKUBAIOT UX OOJBIIYI0 HHEPIMOHHOCTh M YyBCTBUTEIBHOCTD K ITyJIbCAIMSIM
a/IBEKIMHN TeTlIa WK SMH30/1aM YCHJICHHUS] BEPTUKAIBHOTO BBIXOJIAXKNBAHMUS.

Ce30HHBIE W BEPTHKAIBHBIC 3aKOHOMEPHOCTH TAK)KE MTIPAIOT KITFOUEBYIO POJIb. 3UMON
MaKCHMaJIbHAsI COITIACOBAHHOCTB TPEHIOB HAOMIOaeTCsl B 30HaX afBeKunu (3anaowno-LlInuy-
bepezenckoe meuenue, xpebem Mona) u3-3a yCUICHUSI BETPOBOTO BO3JCHCTBHS, KOHBEKIIMN
1 Me3oMacIuTabHoi aktuBHOCTH [ 11, 17]. Jlerom crparudukams u ocnadineHne 6apOKITHHHON
HEYCTOWYHUBOCTH CHIKAIOT R*, 0COOCHHO B LICHTPAJIbHBIX KOTIOBUHAX [7, 27]. B BepxHux
crosix (0-200 M) TOMHHHPYET CE30HHOE aTMOC(EpPHOE BO3NEHUCTBHIE, TOTA KaK B TITYOMHHBIX
crosix (400—-600 M) ycToianBeie TPEHIBI B JIoghomeHcKoll KomnosuHe U komiogune bopes oT-
paXxaroT JOJIrOCPOYHOE HAKOIUICHHE TeTlTa Me30MacIITaOHRIMU BUXpsmH [29, 32]. Ocnabnexne
cTparti(uKaIyy, yCHISHHE MEPHIOHATIBHOTO MIEPEHOCA TEeTlIa M COKPAIICHHUE JIEASHOTO T0-
kpoBa rocie 2000-X I'T. cormacyroTesi ¢ MoOATbHBIMA TPEHIAMH, BKIIFOUas «ATIAHTH(UKAIIHION
1 TIOJIOKUTENFHYIO OOpaTHYIO CBSI3b «OKeaH — Jieq — anmboeno» [9, 33].
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3aKkjIIoueHue

Hccnenoanne remioconepxannst CEDB, BBIIOIHEHHOE Ha OCHOBE JaHHBIX PeaHalIn3a
ORASS 3a mepuon 1982—2024 1., MO3BOIUIIO MPOAHATU3UPOBATH €T0 TPOCTPAHCTBEHHO-BPE-
MEHHYIO M3MEHYMBOCTh. B pesysbrare mpezicTaBieHbl KIIF0UeBbIE 3aKOHOMEPHOCTH, CBSI3aHHbIC
KaK ¢ KJIMMaTHYeCKUMH U3MEHEHHSAMH, TaK ¥ C PETHOHAIBHON TMHAMHUKOH. BriepBbie B aH-
HO paboTte ObTa BHIIOIHEHA JeTaIbHAasl OCIIOHHAs OLEHKA JOJITONEPUOIHBIX H3MEHEHHUH
Teroconepkanus B BepxaeMm 600-merpoBoM cioe CEB 3a mepron ¢ 1982 mo 2024 . Oto
TMO3BOJIMJIO BBISIBUTH CIICIM(UIECKHIE BEPTUKAIBHBIC TIATTEPHBI «aTIaHTH(GUKAIMN U IeTa-
JIM3UPOBATh TTyONHHYIO 3aBUCHMOCTB THX JIOJTONEPHOIHBIX M3MEHEHHH TEIIIOCOACPKaHHS.

[ToaTBeprkaeHa HEOTHOPOTHOCTH KinMarndeckoro otkianka CEB, uto o0yciosieHo
PErNOHATBEHBIMU 0COOCHHOCTSMHE LIMPKYIISIIUK 1 OaTiMeTpuel. BrIsBieHo, 4To mosoxeHne
m3onunun 500-107 [Ix/(kr-°C) BO Bce CE30HBI MOKET CIY)KUTh HHAMKATOPOM CE30HHBIX
KOJICOaHHIA.

BbIcokuii BKIa TMHEHHOTO TPEH A B paliOHaX C BBIPAXEHHBIM peibedoM (XpeOTsl
Y KOTJIOBHHBI) SICHO IEMOHCTPHUPYET KITFOUEBYIO POJIb TONOrpaduil B MOIYIISIIAH JOJITOTIe-
PHOAHBIX TPEHOB TEIUIOCOAEPKaHUs. Hanbombime monoKuTenbHbIC TPEHABI TEIIOCOIEp-
xaHus (R? > 0,5) BBISBICHBI 3MMOM B 30HAX aJBEKLMHU TEIUIBIX aTIIAHTHYESCKUX BOJ: BIOJb
3anagno-1nmuudeprenckoro TeueHuns, Hag xpedrom Mona n B MeIBeXMHCKOM Kero0e.

Jloorenckast KOTIOBHHA JEMOHCTPUPYET YCTONUMBBIC TTOJIOKUTEIBEHBIE TPEHIBI Te-
TJIOCOZCPIKAaHMS BO BCEX paccMarpiBaeMbIX cinosix (R? > 0,0) BO Bce CE30HBI, YTO yKa3bIBaeT
Ha ee KIIFOUEBYIO poJb Kak JgonrocpodHoro peseppyapa Temia B CEB. IMocie 2000 r. 3a-
(huKCHpPOBaHO 3HAUUTENBHOE YITyOIeHne n3oTepM: B ponuse Opama uzorepma 1,4°C omy-
ctunack ¢ 400 M mo 650 M; B koTnoBuHE bopes nzorepma 0 °C cmectmiack ¢ 500 M 10
650 M; Hag xpedTomM MoHa coif Bomer Teruiee 2 °C yBemmumics ¢ 200 m 10 300 .

B 3uMmHNI ce30H MPOCTpaHCTBEHHASI COIVIACOBAHHOCTD TPEH0B MAKCHMAIJIbHA B 30HAX
TeueHHH 1 XpeOToB. B neTHNIt ce30H B mTyOoKoBOAHBIX KoTiaoBuHAX (HopBekckas u ['pen-
JaHjIcKast) mpeodnanaer cinadas CBsI3b U3MEHUYUBOCTH C JIMHEUHBIM TpeHaoM (R*< 0,2).

B cnosx 400—-600 M ycTOiUMBBIE MOJIOKUTEIBHBIE TPEHABI coxpaHstoTcs B Jlo-
(oreHckoit koTIOBUHE U KOTIOBHHE Bopes naxe ocenbio (R? = 0,5-0,7), uto oTpaskaer
JIOJITOCPOYHOE HAKOIUICHNE TEIUIA B IMTPOMEKYTOYHBIX CIIOSIX.

CpaBHUTENBHBIIN aHATIN3 AMHAMUKI aHOMAJINH TETIIIOCOEPKAHMS BO BCEX UCCIENO-
BaHHBIX paifoHaX BBIABIII 00mIIyI0 TeHAeHIHo: ocae 2010 . HaOmomaeTcs yBeamdeHue
YacTOTHl M JOMUHUPOBAHHE MOJOKHUTEIFHBIX AHOMAINH TETUIOCOICP KA Ha/l OTPHILIa-
TenpHBIMH. VMckirouenue coctaBmia HopBexxckast KOTIOBUHA, T/ O00HAsT 3aKOHOMEP-
HOCTb HE ITPOCIICKUBAIIACE.

[Tomy4eHHble JaHHBIE KOTNYECTBEHHO MOATBEP)KAAIOT YCKOPEHHUE «aTIaHTU(DUKALIIN
CEbB mocie 2001 r., mposBIisiforieecs B yIIyOJICHHN W30TEPM M BOCTOYHOM PaCIIpOCTpa-
HEHUH TEIUTBIX BOJI.

Pe3ynbrarsl MOAYEPKUBAIOT KPUTHYECKYIO POIIb ME30MACIITAOHOH AMHAMUKH U CIIOK-
HOW OaTUMETPHUH B Iepepaclpe/ie]iecHnH TeIla. BIsBICHHBIC IPOCTPaHCTBEHHO-BpPE-
MEHHBIE TIATTEPHBI CITy’KaT OCHOBOM JUIsl MPOTHO3MPOBAHMS U3MEHEHHI TEPMOXaTMHHON
IUPKYISIIAHN, JIEJOBOTO PEKUMa APKTHKH M PETMOHAIBHOTO KJIMMaTa B YCJIOBHSX MPO-
JIOJDKAIOIIETOCS] I3MEHEHUS! KInMara.

Konduukt unrepecos. KoHQIUKT HHTEPECOB OTCYTCTBYET.
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Abstract. The paper study presents a review of synoptic conditions and an analysis of atmospheric radiosonde
data collected at the “Ice Base Cape Baranova” research station, operated by the Federal State Budgetary
Institution “AARI”. The station is located on the coast of the Shokal’sky Strait at the northern tip of Bolshevik
Island (Severnaya Zemlya archipelago). The analysis includes four cases of thunderstorm activity: one case in
June 2019, two cases in June 2020 and one case in July 2022. Notably, the first recorded thunderstorm at the station
occurred on June 20, 2019. The analysis focused on morning radiosonde data (00:00 UTC) and aimed to construct
and evaluate aerological diagrams and calculate various instability indices, including the Boyden Index, K-index,
Vertical Totals, Cross Totals and Total Totals. The findings reveal diverse synoptic conditions at the surface, while
the upper troposphere consistently exhibited the influence of baric trough from the southwest and height ridges
from the southeast. In all the cases analyzed, a temperature inversion was observed in the surface layer, typically
indicating stable atmospheric stratification. However, the actual occurrence of thunderstorms suggests alternative
factors, such as orographic influences and warm air advection, may give rise to these convective processes.
Although the calculated instability indices generally remained below established thresholds, indicating a low
probability of thunderstorms, thunderstorm events were nevertheless recorded. This discrepancy highlights
the need to adapt existing criteria for predicting thunderstorm activity in the High Arctic. This study underscores
the importance of further research to enhance understanding of atmospheric dynamics in Polar Regions and
improve predictive models for convective weather phenomena.
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BBenenue

B ycnoBusix MeHsIOLIErocs KIMMaTa OTMEUAeTCsl TEHICHIMS K YBEJIMUEHHIO TOBTO-
PSAEMOCTH OMACHBIX MOTOJHBIX siBNeHUH [1]. B BbICOKMX HmIMpOTaxX MOTEMICHUE KIUMara
HaOmromaeTest ¢ Oonpmiei ckopoctho [2]. [lpu 3TOM OTMEYaeTCs BIUSHUC YBEIUYCHHUS
IPO30BOI aKTHBHOCTH Ha M3MEHEHHS JIEIOBBIX YCIIOBUH JIETOM B APKTHKE, 00yCIIOBICHHOE
TIOBBIIICHUEM BOJSIHOTO IT1apa B BepXHEH Tporocdepe, KOTOpBIH JeHCTBYET KaK MapHH-
koBbIl ra3 [3]. B HayuHOl 1uTepaType Bce yallle YIOMUHAETCs TPO30Bast ACATENbHOCTb
B BBICOKHX IIMpOTax [4, 5]. B palione HayuHO-HCClIEN0BATENBCKOTO CTAllMOHapa «JleqoBas
6a3za Mric bapanosa» ®I'bY «AAHUN» (nanee HNUC) na 6epery nponusa Lllokansckoro
y CEBEpHOIH OKOHEYHOCTH ocTpoBa bombmreBuk (apxwumnenar CeBepHast 3eMilsl) BIIEPBbIC
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3apeructpupoBanu rposy 20 utors 2019 1., a camast mpogomKHUTENbHAS Tpo3a (55 MUHYT)
B BBICOKOIIMPOTHOM ApKTHKe ObLIa 3apeructpupoBana B urone 2022 r.!

CrannoHap pacnonoxeH Ha Oepery nponusa [1lokanbckoro, pa3aenstomero ocTpo-
Ba bonbmeBuk n OkTs10pbckoit PeBomtonun apxunenara CeBepHast 3emMiisi, HEJAIEKO OT
Meica bapanoBa u nmeeT xoopauHatel: 79°16° ¢. m., 101°45" B. 1. [IponmuB mocturaer
mryoussl 10 350 M u mupuas! 40 kM. [Ipueratommas K paifoHy pacroiIOKEHHUs CTaI-
OHapa TEPPUTOPHS XAPAKTEPHU3YETCs] HAINYNEM MIMPOKOTO CIIEKTPa MPHUPOIHBIX JIBIOB!
MOPCKOTO Aped(yromero u mpunaifHoro, 03epHOr0 U PeYHOT0, MOIIHEIME (10 800 M)
KyT0JI000pa3HbIMHK JIEJHUKAMH ¥ MHOTOYHCIICHHBIMH aiicOepramu.

OKpecTHOCTh CTallMOHAPa M300MITyeT MHOTOUMCICHHBIMU 03€paMHU U OTIHYAeTCs
SPKO BBIPQKEHHBIM JAHAMA(PTOM HOJISIPHOHN MyCThIHU. PailoH pacroaokeHus CTaHIUH
XapaKTepU3yeTCs ITUTETBHBIMI TOISIPHON HOUBIO (C 22 OKTSIOps 1o 22 ¢eBpais) u mo-
JSIpHBIM aHeM (c 22 ampenst no 22 aBrycra). CpeaHsis Temneparypa Bo3Lyxa JeToM (HIOHb —
aBryct) coctaBisier or 0 1o +4 °C. 3umoii (OKTAOph — ampens) TemIeparypa Bo3ayxa
BappupyeT oT —25 mo —45 °C. [{ns palioHa CTaHIMH XapaKTePHBI yCTONYHMBBIE BETPHI
MPENMYIIECTBEHHO IOT0-3aMaJHOr0 HANPaBICHUS CO CpemaHeil ckopocThio 10-15 m/c.
B nepexonnble epropl rojia CKOPOCTh BETPa B MOPHIBAX MOXKET AOCTUTATh 10 45 m/c.
I'pyHT B pailoHe CTaHIIMU OOJIbINEH YaCThI0 KAMEHUCTBIN, CIAHICBBIH.

Habmonaemeie ciryyan Tpo3 B paiione HUC He SBISIOTCS eAMHIYHBIMH, 8 OTPaXKaloT
OOIIYIO TEH/ICHIMIO B BBICOKHX MUPOTaX. [1o maHHBIM MeTeoponornueckux craniuii BMO
K ceBepy or 60° c. 1. 3a nepuon 2000-2019 rr., Poccuiickass ApKTrHKa paccMaTpuBaeTCs
KaK PETHOH C BBICOKOH ITOBTOPSIEMOCTBIO I'PO3, U B cpeiHeM 85 % cityuaeB 3aperucTpupo-
BaHHBIX TPO3 MPUXOIUTCS Ha JIETHUI IepHof ¢ HIoHS 10 aBrycT [6]. 90 % ciydaeB rpo3
K ceBepy oT 60° c. mI. mpuxoaarcs Ha (GOH TeMIlepaTypsl Bo3ayxa ot +5 °C mo +25 °C.
OTMeueHo, 4To Cilydan Tpo3 IpH TeMIieparype Bosayxa Hike +5 °C penku, oJHako 3ape-
THECTPUPOBAHBI CIy4al Tpo3 B APKTHKE NP Temrieparype Bozayxa Hike —20 °C [6]. Jletom
2019 1. amepukaHckas HannonanmpHas ciry:k0a moroasl 3aUKCHpOBasia TPO3y B MEHEE
gem 50 kM ot CeBepHOro momtoca [7]. DTo MoaTBepKIaeT BOSMOXKHOCTH (POPMHUPOBAHUS
IpoO3 JaXke B yCIOBHUIX HU3KHX TEMIEPATyp BO3LyXa NP HAINYMHU ONaronpusTHBIX Tep-
MOIMHAMUYECKUX yCIOBHH.

Bompoc o BeposTHON AMHAMHKE TIOBTOPSIEMOCTH I'PO3 B APKTHKE B OyyIieM ocTa-
eTcst OTKPHITEIM [§, 9]. B HayyHOM co0OI1ecTBE CyIIeCTBYIOT MPOTHBOIIONOKHBIE MHEHHS:
OIIHU aBTOPHI YKa3bIBAIOT HA BO3MOXKHOE YBEJIMUEHHUE YaCTOTHI IPO3 B CBS3H C ITOTEILIC-
HHUEM KJIMMara ¥ OTMEYAIOT KOPPEIISIIHI0 MEXIy TEMIEpPaTypoi BO3LyXa U KOJIMYECTBOM
rpo3 [4, 5], apyrue, HaIpPOTHB, MPEAIIONATAIOT CHIKEHUE Tpo30Boi akTuBHOCTH [ 10]. Tem
HEe MEHee MOHUTOPHHT T'PO3 M IIPOrHO3MPOBAHNE YCIOBUIH MX BOSHUKHOBEHHUS OCTAIOTCS
B)KHBIMH 3aJ1adaMy /I oOecriedeHus 0e301acHON XO3sICTBEHHON M HAyYHON JEsATelb-
HOCTH B BBICOKHX mmpoTax [11].

Llenbro HacTosiIel pabOTHI SBIISETCS BBISIBICHUE W aHAJIN3 CHHONTHYECKUX U Me-
TEOPOJIOTHYECKNX YCIOBHH, CIIOCOOCTBYIOMNX (POPMUPOBAHHUIO I'PO30BOH aKTHBHOCTH

' Vuensie AAHUU 3adukcupoBanu caMyr MpOJODKHTENBHYI I'PO3y B BBICOKOIIHMPOTHOI

Apxruke. URL: https://www.aari.ru/press-center/news/vae/uchenye-aanii-zafiksirovali-samuyu-
prodolzhitelnuyu-grozu-v-vysokoshirotnoy-arktike (mara odpamenus: 21.04.2025).

2 HayuHo-TeXHHYECKHIi 0TYET 0 paboTte HayuHo-HCcCIe[0BaTeIbeKoro craironapa «Jlemosas 6asa

Msic Bapanosay» 2022-2023. AAHUU; 2023. 530 c.
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B palioHe HayYHO-MCCIIEIOBATEILCKOTO cTannonapa «Jlemosas 6a3za Mric bapanoBay», Ha
OCHOBE 3apETHCTPUPOBAHHBIX cirydaeB Tpo3 B 2019, 2020 u 2022 rr. Pabora HampaBieHa Ha
YCTaHOBJICHHE OCOOCHHOCTEH aTMOC(EpHOH UPKYIAINI U TEPMOIMHAMUYECKIX YCIOBHH.

MaTepna.nbl U METOAbI

B pabote npencrasien pe3ynbrar aHaJIM3a METEOPOIOTHUECKUX YCIOBHH, aTMOC-
(epHON UPKYISAUK Ha MPU3EMHOM YPOBHE M BBICOTE M€ONOTCHIHAIBLHON ITOBEPXHO-
ct 500 rlla u 1aHHBIX PagMO30HIMPOBAHUKN aTMOc(ephl (0a30Bast CTAHINS CHCTEMBI
pamuno3onaupoBanus «[lomoc-C» u pagmoszorast MP3-H1), npoBenennsix Ha HUC. Hc-
cyielyeMble JIaHHbIC HAOMIONEHHH OXBATHIBAIOT YETHIPE CIydas PErHCTPALMH I'PO30BOH
aKTMBHOCTHU — MEPBBII 3aperucTpupoBaHHblil ciydail rpo3sl Ha HUC B utone 2019 ., nBa
cirydas B mtone 2020 r. u oquH ciy4ait B urose 2022 1. JIo 3TuX cOOBITHIA TPO3BI B paiioHe
HUC ne peructpupoBanuch, Takxke He ObIIH U3y4EHBI YCIOBHUS X ()OPMHUPOBAHUS B pac-
CMaTpUBaeMOM paiioHe. B KOHTEKCTe Hallero MCCieoBaHMs ObUTH MPOaHAIN3UPOBAHBI
naHHble yrpenHero paauosonaupoBanus (00:00 UTC, 08:00 mecTHOrO BpeMeHHM), IS
Ka)XJI0T0 city4ast ObIIIM IIOCTPOEHBI U MTPOaHAIN3UPOBAHBI a9POJIOTHUECKUE AUArpaMMBbl,
paccunTanbl HanboJee YacTo MPUMEHsIEMbIE Ha MTPAKTHKE MHAECKCH HEYCTOHYMBOCTH, Ta-
kue kak naiaekc boiinena (Boyden Index), K-unnexc (nanekc Baittunara), Vertical Totals,
Cross Totals, Total Totals.

Wunexe boiinena (Boyden Index) [12] paccunTtsiBaeTcst uist MPOrHO3a 3MMHUX TPO3
mo opmyie:

BI = (Z,, ~ Zy000) — Ty — 200, (1)

00

e Z,,, — Boicota yporus 700 rlla B nexamerpax; Z . — BbicoTa yposHs 1000 rlla
B Jiekamerpax; 7, ~— temneparypa Ha yposre 700 rlla, °C. JlaHHBIH MHIEKC SABJIS-
eTCs MEpOW HEyCTOMYMBOCTH HMXKHEH Tpomocdeps! g0 ypoBHs 700 rlla. IToporosoe
3HayeHue Bl > 94.

K-unpexc [13] paccunTsiBaeTcs JUisl OLEHKM MOTEHIMANa K Pa3BUTHIO KOHBEKIIUU
u po3. Iloporossle 3HaueHne HHAEKca: < 20 — BEPOSITHOCTH I'PO3 CTPEMUTCS K HYIIO,
20-30 — BeposiTHOCTH (POPMUPOBAHUSI OTIEIBHBIX TPO30BBIX 04aroB, > 35 — BBICOKast
BEPOSTHOCTH (POPMHUPOBAHMSI MHOTOYHCIICHHBIX TPO30BBIX OYaroB.

K= (Tsso - Tsoo) + Tdsso B (T700 B Tdmo)’ 2
e T, — temneparypa Ha ypoBHe 850 rlla, °C; T, , — temneparypa Ha yposHe 500 rlla,
°C; Td,, — Temmeparypa Touku pocsl Ha yposne 850 rlla, °C; T — Temmeparypa Ha

ypoerne 700 rlla,’C; 7d,, — Temneparypa Touku pocsl Ha yposne 700 rlla,’C.
Vertical Totals® paccunTbiBaetcst o Gopmyie:

VT=T,, T 3)

5007

rne T,,, — Temneparypa na ypoene 850 rlla, °C; T, — Temmeparypa Ha ypOBHE
500 rlla, °C.
Ecim VT > 28, cnenoBarensHO, Tporiocdepa o0nagaeT BHICOKUM MOTEHIIMAIOM

KOHBEKTUBHOM HCYCTOfI‘IHBOCTH, JOCTATOYHBIM JJIA 06pa303aH1/m Tpo3.

*  Vertical Totals calculator. Skystef’s aviation & weather world. URL: https://www.skystef.be/

calculator-verticaltotalsindex.htm (accessed 05.02.2025).
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Cross Totals* uniekc paccuutsiBaercs 1o hopmysie:
CT=Td,, —T,, 4
e Td

ypOBHeBS%OO rlla, °C.

[Toporosele 3Ha4eHns nujekca: < 18 — Tponocdepa 001agaeT HU3KMM MTOTEHIUATIOM
KOHBEKTUBHOW HEYCTONYMBOCTH, KOTOPBI HEJOCTATOUEH M IPO30BON AEATENbHOCTH;
18—19 — ymepeHHast HeyCTOMYMBOCTD, C1adast Tpo30Bast NeaTebHOCTE; 20—21 — BhICOKast
HEYCTOMUUBOCTB, TPO3bl; 22—23 — SHEprus HEyCTOMUUBOCTH, NIPU KOTOPON BO3MOKHBI
CUJIBHBIE I'PO3bl; 24—25 — BBICOKAsl YHEPIUs HEYCTOMYUBOCTH, CUIIBHBIE FPO3BbL; > 25 —
OYEHb BBICOKAsl DHEPIHsl HEYCTOMUMBOCTH, OUEHb CHUJIBHBIE TPO3BL.

Total Totals [14] mHICKC pacCUUTHIBAETCS MO (GOpPMYyIIE:

— Temreparypa To4ku pockl Ha yposue 850 rlla, °C; T, ) — Temmeparypa Ha

TT= (Tsso - Tsoo) * (Tdsso B Tsoo)’ ©)
e T, — temneparypa Ha yposHe 850 rlla, °C; T, , — temneparypa Ha yposae 500 rlla,
°C; Td,,, — remneparypa Touku pockl Ha yposHe 850 rlla, °C.

[ToporoBbie 3HaueHus: uHAeKca: < 44 — rpo3oBasi JA€ATEIbLHOCTh HEBO3MOXKHA;
44—45 — otaenbHas rpo3a WIM HECKOJIBKO Ipo3; 46—47 — paccesiHHbIE TPO30BbIE 0YarH;
48—-49 — 3HauNTENIHHOE KOJUYECTBO I'PO3, OTACIbHBIE U3 KOTOPBIX CHIIbHBIE; 50-51 —
paccesiHHbIe CUJIbHBIC TPO30BBIE O4Yaru, OTAEIbHBIC O4aru co cMepueMm; 52—-55 — 3Ha-
YHUTENIbHOE KOJMYECTBO OYaroB CHJIBHBIX P03, OTAEJIbHBIE OYaru co cmepuem; > 55 —
MHOT'OYHMCJICHHBIC CUJIBHBIC T'PO3bI C CUJIbHBIMU CMEpYaMU.

Wunexcer Vertical Totals u Cross Totals Obutn paccunTasbl ¢ MOMOIIBI HHTEPHET-
pecypcoB (ceouiku 3 u 4). Kak Buano, K-unnekc, Cross Totals u Total Totals yunTtsiBaroT
HE TOJIBKO TeMIICPaTypHBIC, HO M BJIAYKHOCTHBIC XapaKTEPUCTHKH aTMOC(EPHI.

AHaJu3 U pe3yJibTaThl HCCJIEI0BAHUS

O030p CMHONITHYECKHUX YCIOBHIA
B 1HU (popmupoBanus rpo3 Ha HUC «JlexoBas 6a3a Mpic BapanoBa»

Jns u3ydeHns CHHONITHYECKUX YCIOBHH MCIIOIh30BaHbI (DaKTHUECKUE JaHHBIC CTaH-
JApTHBIX MeTeoponornaeckux Habmonerniit FM 12 SYNOP, FM 35 TEMP, nomyuaembie
B ABTOMaTH4eckoit cayxoe nepenaun ganusix (ACIIJ]) AAHUUW u o6paboTtannsie B Llen-
Tpe Je0BO U ruapomereoposiorudeckot napopmanuu (LIJIFTMI) AAHUN. Kapter BeicOoT
cTanaapTHoi nzobapuueckoir mosepxnoctr 500 rlla mpeacTaBieHbl B TEOMOTSHITUATBHBIX
nekameTrpax (TT. Jaam).

20 urons 2019 r. paiion apxunenara CeBepHasi 3eMJIsl HAXOIUIICS O/ BIUSHUEM
FOTO-3aMaIHON TIepudeprun OOIMMPHOTO IUKIOHA (pHUC.la), CMEIAarIerocs ¢ MpUIo-
JIFOCHOTO cekTopa Mops JlanTeBrIx manee Ha ceBepo-BocTOK. C 10ro-3amana pa3BUBAJICS
TPOMEKYTOUHBIH Oaprudeckuii rpedeHs. Bo Bropoii momosuHe cyTok 20 HIOHS C I0T0-3ammaaa
Havaya BIMsHAE Oapudeckast J0XOWHa OT HOBOTO IMKIJIOHA (faBineHue B ieHTpe 990 rlla),
pacIonoXeHHOTO Haf foro-3amagoMm Kapckoro mops. Habmomanace cMeHa HampaBiieHHUS
BeTpa oT roro-3amaaHoro (230°) k BocrounsiM HampasieHusM (80—100°), Habmomamuch
MOPBIBBI OYEHB CHIIBHOTO BETPa, CKOPOCTh gocturana 18—19 m/c, hon Temmeparypsl Bo3-

4 Cross Totals calculator. Skystef’s aviation & weather world. URL: https://www.skystef.be/
calculator-crosstotalsindex.htm (accessed 05.02.2025).
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Puc. 1. Ilpuzemuas kapTa 1morojs! (a), Kapra BBICOTHI TeONOTEeHIMAIbHOM moBepxHOocTH 500 rlla,
riL. aMm (6), 20.06.2019 00:00 UTC

Fig. 1. Surface weather map (a), geopotential surface height map 500 hPa, gpdam (6), June 20, 2019,
00:00 UTC

Puc. 2. IIpuzemuas kapTa morofs! (a), Kapra BBICOTHI TeOIOTEHIMAIbHOM oBepxHOocTH 500 rlla,
ri. gam (), 24.06.2020 00:00 UTC

Fig. 2. Surface weather map (a), geopotential surface height map 500 hPa, gpdam (6), June 24, 2020,
00:00 UTC

nyxa Haxoawics B npefenax 0... +3 °C, B KOHIIE CyTOK OTMEYaIUCh OCaKU B BUJIE MOPOCH
1 c1a00T0 TOXK/s. AHAIM3UPYsI KapThl BBICOTHI 'eONOTeHIMaNbHOH noepxHoctr 500 rlla
20 urons (puc. 16), MOXKHO OTMETHUTH MOJIOKEHHUE LIEHTPA HU3KOTO JIABJICHHS B paioHe
10XKHOH okoHeuHocTH apx. HoBas 3emitst, k BocToky oT apx. CeBepHast 3eMJIsl OTMEUaeTCsI
HaJIM4Me BBICOTHOTO I'PEOHSL.

24 nrons 2020 r. CHHONTUYECKHE YCIOBUS ONPENEIAINCh BIUSHUEM YaCTHOTO LIU-
KJIoHa (pHc. 2a), PacIoNOKEHHOTO HaJl CEBEPO-BOCTOYHON akBaTopueil Kapckoro mops,
B paiioHe MbIca bapaHoBa BNMsI TEIUIBINA CEKTOP JAHHOTO HUKIOHA. Bo BTOpOil nmonoBuHe
Tiepro/ia ycumBaiochk bapudeckoe siyipo (nasnenne B rientpe 1015 rlla) van ceBepo-Boc-
TOYHOM akBaropuell bapenuesa mops. HanpaBieHue BeTpa CMEHSIOCh OT CEBEPO-BOC-
TouHoro (40°) x ceBepo-3ananHomy (320-340°), nabmonanuce cinabble Betpa 2—4 m/c.
®on Temneparypbl Bo3ayxa B TeueHHe cyTok npeobdmanan 0... +1 °C. C 06:00 UTC no
18:00 UTC ormeuanoch 3HaYUTENBHOE yXyAlleHHe BUAUMOCTH A0 400 M B CBSI3H C Ty-
MaHOM, OTHOCHTEJIbHAs BIAXKHOCTD 3adukcupoBaHa 99—100 %. AHain3 KapT BBICOTHI
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Puc. 3. Ilpuzemuas kapTa 1morojs! (a), Kapra BBICOTHI TeoNoTeHIHaapHON moBepxHocTH 500 rlla,
ri. gam (6), 30.06.2020 00:00 UTC

Fig. 3. Surface weather map (a), geopotential surface height map 500 hPa, gpdam (6), June 30, 2020,
00:00 UTC

\ \

70° 80° 90°° 100°  10°  120°s;  70°  80° 90°  100° 110°  120°m.n.

Puc. 4. IIpuzemHast kapta moroas! (@), KapTa BBICOTHI reonoTeHIuanbHol nmoBepxHoctu 500 rlla,
ri. aam (), 27.07.2022 00:00 UTC

Fig. 4. Surface weather map (@), geopotential surface height map 500 hPa, gpdam (6), July 27, 2022,
00:00 UTC

reonoTeHuanbHoi mosepxuoctu 500 rlla mokaszan, 4yTo B BepxHEl Tpomnocdepe Hax
paﬁOHOM BJINSITT BBICOTHBIN rpe6eHL C I0T0-BOCTOKA, C HCHTPOM IMOBLIIICHHOTO AaBJICHUA
HaJ ceBepo-3anazoM Sxytun (puc. 20).

30 mrons 2020 1. apx. CeBepHast 3emIst HAXOWJIICS O] BISTHAEM OapuvecKOn JIOXK-
OWHBI ¢ 3armaja OT aKTHBHOTO IUKIJIOHA (pHUC. 3a), PACHONIOKEHHOTO HaJl I0T0-3aIa/ oM
Kapckoro mopsi. C BocToka Biusiia nepudepusi OOMMPHOTO aHTUIUKIOHA (JaBJICHHUE
B nientpe 1020 rlla), pacrnonoxeHHOToO B MPHUITOIIOCHOM cekTope Bocrouno-Cubupckoro
Mopsi. Ha apx. CeBepHast 3eMJIsi 0TMEUAIOCh IPOXOXKICHHE ()POHTA OKKITFO3UH. B TeueHue
CYTOK OTMEYAJIOCh JIBE€ CMEHBI HAIIPABIEHUS BETpa: B Hadaje CyTOK OT BOCTOYHOTO (90°)
K ceBepo-3amagHomy, ceBepaoMy (320-350°) 1 B KOHIIE CYTOK K ceBepo-BocTouHOMY (50°);
B Ha4aJIe CyTOK MOPBIBEI BETpa JocTUranu 13 m/c, ¢ mocienyomum ociabiieHueM BeTpa J10
2-3 m/c. B Havane cyTok Habmoancs 10KIb U yxyaumenne suaumocty 10 100 M B cBsizu
¢ TymaHoM, B niepuof ¢ 00:00 1o 06:00 UTC otHOCHTENBHAs BIa)KHOCTB MOBBIIIANACH JI0
100 %. Habmonanock moBbIIieHHE TeMieparypbl Bo3ayxa ot 0... +1 °C go +5... +6 °C.
B BepxHueli Tponiocdepe npeobiragan BEICOTHBINA rpedeHb ¢ 10ro-BocToka (puc. 30).
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27 wronst 2022 1. palioOH HAXOAMJIICS TTOJ] BIUSHHEM OapHueCcKO JIOKOWHBI C FOT0-3a-
najia OT IUKJIOHA (pHc. 4a), pacoIOKEeHHOT0 Ha i Foro-3anaioM Kapckoro Mopsi, ¢ BOCTOKa
oTMedasach nepudepus o0IupHOTo IUKIIoHA (HaBnerne B neHTpe 1025 rlla), mpotsHyB-
mierocs ¢ akBaTopuu BocTouHo-CHOUPCKOTO MOpS B TIPHUITONIOCHBIH paifoH. Ha cranim
«JlenoBas 6a3za Meic bapanosa» HabrO#aNach CMEHA HAIlPaBJICHHUS BETPA OT BOCTOYHO-
ro (100°) k 3amagHOMy (280°) M B KOHIIE CYTOK K Ioro-BoctounHomy (150°). B mepuon
¢ 06:00 UTC no 12:00 UTC ycunuBaics BeTep U OTMEYaIMCh MOPBIBEI 10 10—11 m/c.
B Hauase cyTok ropu3oHTaNbHAs JalbHOCTH BUAMMOCTH yxXyamanack 10 400 M B cBs3n
¢ TymaHoM. OTHOCHTEINbHAS BIIAXKHOCTH MoBbIIanack 10 100 %. don Temmneparypsl npe-
obmaman +3... +6 °C. B BepxHel Tpornocepe oTMeyacss BRICOTHBIN TpeOeHb ¢ FOT0-BOC-
TOKA, IUPKYMITOJISIPHBIM BUXPh pacrioyiarayicsi K cesepy ot apx. Hosas 3emust (puc. 40).

AHanm3 KapT BeICOT M300apuieckoil moBepxHocTy 500 rlla moxasai, 94To BO BCex
PacCMOTPEHHBIX CIydasX HaOIIOAAINCh I0TO-3alaHbIe TOTOKH.

Ha cnenyromem starne ncciaenoBaHus ObLI IPOBECH YIIIyOICHHBIN aHAIM3 YCIIOBUH,
crocoOcTByOIMX (HopMHUPOBaHHIO Tpo3. [JIst 3TOTO OBIIN UCIIOIb30BAHBI IAHHBIE YTPEH-
Hero pamuoszoHaupoBarus arMocdepsr (00:00 UTC), momyuennsie Ha HUC. Ha ocHoBe
PaIMO30HI0BBIX M3MEPEHHH MTOCTPOCHBI a3POJIOTNUECKUE AUArPAMMBI (CM. pHC. 5), a TaKxKe
BBINOJTHEHBI PACYETHl MHACKCOB HEYCTOWYMBOCTH aTMOC(epbl, MO3BOJISIOMINX OLEHUTH
TIOTEHIMAI K Pa3BUTHIO KOHBEKTHBHOW aKTHBHOCTH.

AHa/IM3 a3POJIOrHYeCcKUX JHArpamMm
U pacyeT UHIEKCOB HEYCTOMUYMBOCTH aTMoc(hepsnl

AHann3 TaHHBIX YTPEHHETO PaJM030HINPOBAHUS OKa3aJI HATMINE CXOKHX YCIOBUH
B IIPU3EMHOM CJI0€ B CBOOOIHOM atMocdepe. OHM XapaKTepHU30BaJINCh HATHIHEM ITPH3EM-
HOW TeMIepaTypHO MHBEPCHH U B IIEJIOM YCTOWYIHBO CTPAaTH(HUINPOBAHHON aTMOC(HEpOit.
ITocTpoeHHbIE IO JTAHHBIM 30HAUPOBAHMS a3POIOTHYECKHE JHArPAMMBbI IPE/ICTABICHbI Ha
puc. 5. [Ipu3eMHbIe TeMIepaTypbl, MAKCHMAJIbHBIE TEMIIEPATYPbl HHBEPCHOHHOTO CIIOS
Y TOJIINHA MHBEPCHOHHOTO CIIOS TPHBEACHHI B Ta0M. 1.

Kak u3BecTHO, CJI0i MHBEPCHOHHOTO PACIPEAEICHHs TEMIEPATYPhl PSS TCTBYET
Pa3BUTHIO BEPTUKAJIBHOTO ABKEHHS B atMocdepe [15] u TeopeTryecku He CriocoOCTByeT
pa3BUTHIO TPO30BEIX sBIeHHUH. [Ipenmomaraercs, uro ¢popmupoBanue rpo3 Bomm3u HUC
«JlemoBast 6aza Meic bapaHoBay» BO3HHKAaeT MpH FOTO-3aaIHBIX TIOTOKAX, KOTOPBIE MPH-
HOCSIT TETIJIBII M BIAXKHBIN BO3AYX C MaTepHKa Ha XOJOJHYIO MOPCKYIO TOBEPXHOCTD,
WHHULUHPYSI KOHBEKTHBHBIE ITPOLIECCHI BBIIIE YPOBHS HHBEPCHUH.

C ydeTom HccneJoBaHNH BIUSIHUA TapaMETPOB MPH3EMHOTO CIIOSI Ha pa3BUTHE 00Iad-
HOW KOHBEKIHWH [16], MOXXHO MPEAION0KUTD, YTO pebed MECTHOCTH CIIOCOOCH CHITPaTh

Tabruya 1
IIpuzemMHbIe TEMIEPATYPbl, MAKCUMAJILHASA TEMIIEPATYPa HHBEPCHOHHOIO CJI051 ¥ ero TOJILIUHA
Table 1
Surface temperatures, maximum temperature of the inversion layer and its thickness
[Tapametp 20.06.2019 | 24.06.2020 | 30.06.2020 | 27.07.2022
[Ipuzemuas Temmneparypa, °C 0,1 1,1 1,5 6,5
MakcumalibHast Temreparypa cios 3,9 9,0 12,6 11,0
nHBepcud, °C
TonmuHa MTHBEPCUOHHOIO CI10sI, M 240 1305 1116 342
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Puc. 5. Asponoruueckue quarpamMMsbl, IOCTPOEHHbIE IO JAHHBIM YTPEHHETO Pajn030HINPOBAHUS
00:00 UTC 3a mau ¢ rpo3amu 20.06.2019 (a), 24.06.2020 (6), 30.06.2020 (s), 27.07.2022 (o).
KpacHoii crutonsoit muHueit 0003HaueHa KpuBast CTpaTH(GUKALIHN, YePHON IMHHUEH — KPHUBAsi COCTOSHYIS, 3€JICHOH
CILTOIIHOM JINHUEH — TeMIIepaTypsl TOUKH POCHI

Fig. 5. Aerological diagrams, based on morning radiosonde data at 00:00 UTC for days with
thunderstorms: June 20, 2019 (@); June 24, 2020 (6); June 30, 2020 (g); July 27, 2022 ().

The red solid line demonstrates the stratification curve, the black line shows the state curve, and the green solid
line demonstrates the dew point temperature

POJIb CTAPTOBOIO MEXaHH3Ma JUIsi BOCXO/ISILErO IMOTOKA, O3BOJISIFOLIETO «IIPOOUTHY» HH-
BepCPIOHHBIﬁ clIon U 3allyCTUTDh NPOUECC KOHBECKINHU, YUNTBIBAS 3HAYUTECIIbHBIC U3MCHCHU
BBICOT MOACTHJIAIONICH MOBEPXHOCTH Ha apxunenare CeBepHas 3eMilsl, JOCTHIAIOMINX
960 M (ennuk Kaprnuuckoro, o. OkTsi0pbekoit Pepomtonnu). B paborax, ucciemyrommx
nporeccsl rpo30o0pa3oBanus B okpectHocTsX lInundeprena u Kanaznckoro apxumnenara,
MECTHBIN penbed TakKe YIOMHHACTCSl B KaUeCTBE BO3MOXKHOTO CITyCKOBOI'O MEXaHHM3Ma,
CIOCOOCTBYIOIIETO Pa3sBUTHIO BEPTHKAIBHBIX ABMXKeHUH [17, 18].
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Tabruya 2
3HauyeHHs] PACCYMTAHHBIX HH/IEKCOB HEYCTOUNBOCTH
Table 2
The values of the calculated instability indices
Yucio BI>94 | KI>20 | VI>28 | CT>18 | TT>44
20.06.2019 90,7 -3,1 23,2 12,2 35,4
24.06.2020 92,3 14,2 27,5 14,2 33,9
30.06.2020 93,6 32,5 24,5 22,8 47,3
27.07.2022 90,6 -1,3 22,8 18,4 41,2

IIpumeuarue. TToayKUpHEIM MWPHGTOM BBIICICHBI 3HAYCHHS, JOCTUTIINE TOPOTOBBIX 3HAYCHUH
Note. The values that reached the thresholds are highlighted in bold

s nanpHeiero aHainu3a NpoBOAMICS PACUET 5 UHIIEKCOB HEYCTOMUMBOCTHU, BKIIIO-
qas naAekce boiinena (Boyden Index), K-unnekc, Vertical Totals, Cross Totals, Total Totals.

B Tabn. 2 mpuBOmsSTCS pe3yNbTaThl pacdeTa MHICKCOB HEYCTOWYHBOCTH.

B menoM paccunTaHHbIE MHIEKCH HEYCTOHYMBOCTH, IPH KOTOPBIX HAOIIOAAIHCH
Ipo3bl, B OOJBIIMHCTBE CIyYaeB OKa3aJMCh HIWKE MOPOTOBBIX 3HAYCHUH. AHATU3UPYS
JlaHHBIE TA0M. 2, MOXKHO OTMETHUTD, YTO HanOoIee MPUOIMKEHHBIMH K TIOPOTOBBIM 3HaUeE-
HUSM JJIS BCEX YETHIPEX CIIydaeB SBISIOTCS MHAEKCH boiinena BI (cpemnee oTkioHeHMe
OT ITOPOTOBOTO 3HAYEHUS cocTaBiseT 2,2 enuHunbl, win 2,3 %) u Cross Totals (cpemqaee
otkioHeHne coctasiseT 1,1 °C, nmm 6,1 %), a HAaUXyAIIyI0 COMOCTaBUMOCTh JEMOHCTPH-
pyer K-unnexe (cpennee orkinonenue cocrasiser 9,4 °C, wmu 47,1 %). I'po3oBoit snmzon
30 mronst 2020 T. OTIIMYACTCS OT OCTANBHBIX TEM, YTO OBLTH TOCTUTHYTHI TIOPOTOBBIE 3HA-
yerns 1o TpeM uHaekcam u3 matu (KI, Cross Totals, Total Totals). Manekc Cross Totals
JIOCTUT NTOPOTOBBIX 3HAaUeHUH B ABYX ciydasax: 30 uronsa 2020 r. u 27 urons 2022 r. B pa-
6ote, r1€ MPOBOANTCS aHAIN3 IPUMEHEHUS PA3IMYHBIX WH/IEKCOB HEYCTOWYNBOCTH Hall
TeppuTopueit 3anagHoit CHOUPH TPH MPOTHO3UPOBAHUN TPO30BOI aKTHUBHOCTH, aBTOPEI
ormeuaroT, uto K-uanekc u Total Totals siBrsitoTcst omHUME U3 Hanbosee ycremHbx [19].
B To e BpeMsl aBTOpBI CTaThU YKa3bIBAIOT HA HEOOXOJMMOCTh KOPPEKTHPOBKH ITOPO-
TOBBIX 3HAUEHWH MHJEKCOB B 3aBHCHMOCTH OT PACIHOJIOKEHUS HCCIEIYEMbIX JIOKALNH.
[pu pacuerax Ha HUC «JlemoBas 6a3a Meic bapanoBa» He 0OHapy>KEHO, YTO WHACKCHI
KI u Total Totals Oonee ycrenHsI 0 CPaBHEHUIO C OCTAJIbHBIMH, OJHAKO B HACTOSIIEM
HCCIIEZIOBAHUH YHCIIO CITy4YaeB I0OBOJIBHO Mo, YTOOBI IIPOBOANTH HOJHOLCHHBIN aHAIIN3.

O06cy:xneHue pe3yJbTaTOB U BHIBO/IbI

Jlnst getwIpex cirydaeB (pOpMHpOBaHHMS Ipo3 B paiione apxurnenara CeBepHas 3emis,
HUC «JIenoras 6a3za Meic bapanoBay, mpoaHaTM3UPOBAHBI CHHOINITHYCCKHE YCIOBHS Ha OC-
HOBE JIAHHBIX HHCTPYMCHTAIBHBIX METCOPOJIOTUICCKIX HAOIFOICHHH, IPH3EMHBIX CHHOIITHU-
YEeCKHX KapT U KapT BBICOTHI Te0NnoTeHIManbHOM noBepxuoctu 500 rlla, paccuntanbl HHICK-
Chl HeycTourBoCcTH. Has palionoM (popMHUPYIOTCSl BO3IYIITHBIC TIOTOKH IPEUMYIIICCTBCHHO
FOT0-3aIa [HBIX HAMPaBJICHHUH, ¢ 00JIee TETUION, IIPOTPETOH B JICTHEE BPEMsI KOHTHHCHTAIBHOM
YacTH Ha OTHOCHTEIILHO 00JIee XOJIOMHYI0 CEBEPO-BOCTOUHYIO akBaroprio Kapckoro Mops,
akBaTopuio Mops JlanTeBbix, a Takke paiioHa apxurnenara CesepHas 3emiist. [TomyueHHbie
PE3yJIBTaThl COMIACYIOTCS C JaHHBIMH, MPEACTABICHHBIMU B padote [20], rme aHanmusupy-
JOTCSL YeThIpe MepHosia TPO30BOI aKTUBHOCTHU B pailoHe k ceBepy oT 75° c. m. OnuH U3
9TUX MEepHooB oxBaTbiBaeT BpeMeHHoH uHTepBai ¢ 00:00 UTC 26 urons no 00:00 UTC
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2 mtonsa 2020 . ABTOpPBEI OTMEUAIOT 3HAYUTEIBHOE MOTEIUIeHHe Ha Tepputopuu CeBepo-
Cubunpckoit HU3MEHHOCTH B YKa3aHHBIH MepHoJ]. DKCTpEeMaIbHOE MOTEIIICHHE HaJ| CyIeh
B COYETaHUM C COXPAHSIOMINMHUCS HU3KHMH TeMIIepaTypaMu Haj akBatopueil CeBepHOTO
JlenoBuToro okeana opMHpPYyeT BBIPaKEHHBI MEPUANOHAIIBHBIN TPAJANCHT TEMIIEPaTypbl
BO3/yXa. JTO, B CBOIO OYEpellb, CIOCOOCTBYET YCHICHHIO OapOKIMHHON HEYyCTOWYNBOCTH
M Pa3BUTHIO KOHBEKTUBHBIX CHCTEM Haj akBatopueii CeBepHoro JlenoBuroro okeaHa K ce-
Bepy oT Cubupu [20]. B paiione apxumnenara [Immmdepren rpo3oBasi akTHBHOCTB, HAIIPO-
THB, aCCOLUHUPYETCS € MOCTYIICHHEM XOJIOAHBIX BO3IYIIHBIX Macc. CoracHo pesyssraram
HCCIIEIOBaHMMN, OONBIIMHCTBO 3a()MKCHPOBAHHBIX CITy4aeB I'PO3 B JAHHOM PETHOHE CBSI3aHO
C BO3/ICHCTBHEM XOJIOHOTO (DPOHTA, CMEIIAIOLIErocs ¢ fora win foro-3anaza [21]. Takum
00pa3oM, Tpo30Basi akTHBHOCTH B paifone llInunbeprena o0ycinoBieHa MPEeMMyIIECTBEHHO
MPUXOJIOM XOJOJHBIX (PPOHTOB M BTOPKEHHEM XOJOJHOTO BO3/IyXa.

Ha MomeHT mpoBeneHus uccienoBanus B paiione «Jlemosoit 6a3er Meic bapanosay»
oHUIHAIBHO 3aPETUCTPUPOBAHO BCErO YETHIPE Ciydasl Ipo3 IO JTAHHBIM METEOPOIIO-
THYECKUX CBOIOK. Bee aTu ciydan ObUTH BKIIIOUEHBI B aHAJIN3, TIOCKOJIBKY OPYTHX 3a-
(ukcnpoBaHHbIX 31n3010B B paiione HMC He nmeercs. besycnoBHo, Takoro KonmuecTsa
HEOCTaTOYHO Ul NPOBEACHUS CTATHCTUYECKH 3HAYMMOTO aHAJIN3a WM BBIBICHUS
YCTOMUYMBBIX 3aKOHOMEpHOCTEH. OHAKO, YUYUTHIBASI PEAKOCTh CAMOTO SIBICHHS U €TO
cy1a0y10 M3y4E€HHOCTb B BBICOKHX IIUPOTAX, MPEACTABISIETCS 1IEIeCO00Pa3HBIM IPOBECTH
Pa3BEIOYHBIN aHATM3 UMEIOLIUXCS 3MTU30/10B. JTO MO3BOJISIET PACCMOTPETH 0COOEHHOCTH
(hopMHpOBaHUST APKTHUECKHUX T'PO3, OLEHUTH COMYTCTBYIOIINE CHHOITHYECKHUE YCIOBUS
W TIapaMeTpbl HEYyCTOWYNBOCTH TPOIochepsl.

Pacronoxxenne HUC «Jlemosast 6aza Meic bapanoBa» oOmamaeT psaoMm penbed-
HBIX M KJIMMAaTHYECKUX 0COOEHHOCTEH, KOTOpPBIE MOTYT CIIOCOOCTBOBAThH (hOpMHUPOBa-
HUIO JIOKAJIBbHBIX TPO30BBIX SIBICHNH. Pe3kue mepexonsl oT mprOpesKHBIX HU3MEHHOCTEH
K BO3BBIIICHHOCTSIM CO3/1AI0T OJAaromnpHATHBIE yCIOBHS sl (GOPMUPOBAHUS JTOKATBHBIX
BOCXOJISIIIIMX TTOTOKOB BO31yxa. KoHTpacT TemmepaTyp BO31yXa MEX/Iy JICTHUKOBOH I10-
BEPXHOCTHIO M TIOCTYMAIOIIMMH TEIUTBIMH BO3/TYLITHBIMH MAaCCaMH C 10Ta MOXET yCHIINBATh
BEPTUKAJIBHBIC TPAJIMEHTHI TEMIIEPAaTyphl BO3IyXa, CIIOCOOCTBYS (DOPMHPOBAHUIO KOH-
BEKTHBHON HEYCTOWYMBOCTH. ApXHUIIETar OKpY>K€H MOPSIMH, KOTOpPbIE B JICTHUII MEPHOI
0CBOOOXK/IAIOTCST OTO JIbJA, YTO CIIOCOOCTBYET YBJIQ)KHEHMIO HI)KHETO CIIOSI aTMOC(eEph
Y YBEINYMBAET BEPOATHOCTH Pa3BUTUSI KOHBEKTHBHBIX MPOLIECCOB.

Bo Bcex paccmoTperHbIX cimydasx rpo3 Ha HYC ¢on Temneparypsl Bo3ayxa mpeoo-
nagan ot 0 1o +6 °C. Otmedaercs, uTo okono 1,5 % ciaydaeB 3aperucTpupoBaHHBIX TPO3
3a nepuoga 2000-2019 rr. B paiione k ceBepy oT 60° c. 1I. IPUXOIATCS HA TEMIEPATYPbI
Bo3myxa +5 °C u HIDKe, TPO3bI TIpH Temreparypax Bo3ayxa Hike 0 °C oueHs penku [6].

[Tpn aHanm3e a’poNOTHYECKUX AMArpaMM BBISBICHBI CXOIHBIC YCIOBHUS JUIS BCEX
YeThIpex ciaydacB. JlaHHBIC MMOKA3BIBAIOT HAJIWYINE TPU3EMHON MHBEPCHUHU TEMIIEPATYPHI
M yCTOHYMBO CTPAaTH(UINPOBAHHON aTMoc(ephl, 4TO MOXKET IPOTHBOPEUHTH (hakTy Ha-
0Jr0aEMOTO SIBICHUS.

B OosbImHCTBE CiTy4yaeB pacdeTHbIE 3HAUESHHS HHIEKCOB HEYCTOWYMBOCTH HE JJOCTHT-
JI TIOPOTOBBIX 3HAYEHMH, YTO MIPUBOAUT K BBIBOJY O HEOOXOMMOCTH a/IalTalliy TOPOTOBBIX
K03(h(PUIMEHTOB 1151 POTHO3UPOBAHMS TPO30BBIX SBIECHUH B YCIOBHUSIX BEICOKOIIMPOTHON
ApxTuku. ABTopsl padot [19, 22] B cBOMX HCCIIEAOBAHMIX OTMEUAIOT, YTO MOPOTOBEIC
3HAYEHUs] MHAEKCOB HEYCTOMYMBOCTH IJIsl PAa3HBIX reorpauyeckux paioHOB CHIIBHO OT-
JUYAI0TCA U HEOOXOMMO NX YTOUHEHHUE VISl KaXKI0TO KOHKPETHOTO pernoHa. BeposTHoi
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TIPUYHHON HECOOTBETCTBUS PACCUNTAHHBIX WHICKCOB TIOPOTOBEIM 3HAYCHUSM MOXKET SIB-
JISTBCS TO, YTO MCTONIB3YeMbIe HHACKCHI HE OTPaKalOT HEKOTOpBIE (PU3MUECKIe MEXaHU3MBI,
CIIOCOOCTBYIOIINE PA3BUTHIO TPO30BON AKTHUBHOCTH HMEHHO B YCIIOBHSX BBICOKOIITHPOTHOM
Apxtuku. KpoMe Toro, B HACTOSIIEM HCCIEIOBAHAHU OIICHKA HHICKCOB HEYCTOMYMBOCTH
MIPOBOAMIIACK TT0 JaHHBIM yTpeHHero paano3oHaupoBanus (08:00 4 MecTHOTO BpeMeHN),
a 3apUKCHpPOBaHHEIE CITy4YH T'po3 Habmonammch B BedepHee Bpemst (20:00 — 22:00 g mect-
HOTO BPEMEHH), T. €. C MOMEHTa 30HIUPOBAHNS ITPOXOMIIO B cpemHeM 12 4. DToro BpeMeH!
JIOCTATOYHO ISl PA3BUTHS JIOKAIBHOW KOHBEKIIMH, OJHAKO C MCIIOIB30BAaHUEM TAHHBIX
TOJBPKO YTPEHHETO 30HAWPOBaHUS 3a()UKCHPOBATH €€ HE MPEICTaBIACTCS BO3MOKHBIM.
TeM HEe MeHee MOXXKHO CIeNIaTh MPEABAPHUTEIBHBIA BBIBOI O TOM, YTO Ha paccMaTpUBac-
MO CTAaHIINHU yCIIeNIHEee BCero okaszaimch nHaekcwl boiinena BI u Cross Totals, koTopsie
B CpEIHEM OTKJIOHSIOTCS OT MTOPOTOBBIX 3HAaUYeHUH Ha 2,2 enuHHIB 1 1,1 °C cOOTBETCTBEH-
HO. Bo3MOXXHO, B JambHENIIIEM B OTIEPATHBHOM MPAKTHUKE IPOTHO3UPOBAHUS OYIET IMETh
CMBICIT TIOHH3UTH ITOPOTOBBIC 3HAYCHUS ISl JAHHBIX WHIEKCOB, OIHAKO MPEABAPUTEIHEHO
HEOOXOIMMO PACIIMPUTH KOIUIECTBO MCCIEAYEMBIX CITyJacB.

Cxoxue GaprdecKue IO OTMCHIBAIOTCS B ITOJLSIPHBIN IeHb IPH (POPMUPOBAHIH TPO3
B bapennieBom mMope u B paiiore apxunenara [lmumndepren [21]. ABTOpBI HecieqoOBaHUS
BBIJICIISIFOT Ha BBICOTE IeonoTeHIHanbHoM noBepxHoctd 500 rlla BrusHIE OaprdecKoro
rpe0Hs ¢ I0ro-BocToKa (¢ meHTpoM Han apx. Hosas 3emist) u Oapudeckoil J10:KOWHBI
¢ 1oro-3ananaa (meHTp B paiione Mcmanmuu). Takxke oTMEYeHO, YTO B TOJSPHEIN JI€HB
(hopmupoBaHre TPo3 B APKTHKE HanOojee BEPOSITHO MPH IMEPEMEIICHUHA BO3TYITHBIX
Macc ¢ KOHTHHEHTAJIbHON YacTH Ha apKTHYECKUE OCTPOBA, B TOIAPHYIO HOUb CHUTYAITHS
MeHseTcst Ha oOpaTHyto [21]. Takas B3aUMOCBSI3h MOXKET OOBSCHATBCA TEM, UTO JIETOM
cymra 0OBIYHO TeTiee MOBEPXHOCTH OKEeaHa, a 3MMOM Teruiee akBaTtopust Mopsi. [lpu dop-
MHPOBaHHUH TPO3 JOJDKHBI OBITh YCIOBHS IS aIBEKIIUH OTHOCHUTEIHFHO TETUIOTO U BIIaX-
HOTO BO3/yXa, KOTOPAast CO3IaeT YCIOBHS ISl HEYCTOMUMBOH cTpaTrdukarmm atMmochepsl.

[Tomry4eHHbIe pPe3yNbTaThl MOTICPKUBAIOT BAXKHOCTH TOTIOTHUTEIEHOTO aHAIIA3a
aTMOC(EPHBIX YCIOBHHA U JOPAOOTKH METOIOB MPOTHORUPOBAHUS TPO3 B APKTUICCKUX Pe-
THOHAX, YUUTHIBAS UX YHUKAIbHBIC KIMMATHYECKHE U Teorpaduueckie ocodeHHocTH. Omu-
CaHHBIC 3a(UKCUPOBAHHBIC CITydar TPO30BOM aKTUBHOCTH MPEICTABISIOT COOO0M JOBOIBEHO
LIEHHYI0 WH(POPMAIHIO, KOTOpas MOXKET OBITh MCIONBH30BaHA IS BaJIHUIAIIUU JTaHHBIX
peaHaI30B, HACTPONKH PETHOHAIBHBIX YHCICHHBIX MOJIENCH, a TakKe [T JaTbHEHIIero
M3ydeHUs PU3NIECKUX MEXaHH3MOB (DOPMHIPOBAHUS TPO3 B BEICOKOIIMPOTHON ApPKTHKE.

[Tonmy4eHHBIE PE3yNBTATHI TTO3BOJISIOT CACTATh CIEAYIONINE BHIBOIBI.

1. MccnenoBanme cmHONTHYECKNX ycioBuid B 30He neiicteus HUC «JlemoBas 6a3a
Msic bapanoBa» moka3ano, 94To TPO30Basi aKTUBHOCTH Ha apxunenare CeBepHas 3emis
TTOJICP’KUBACTCS COUYCTAHNEM BIMSHUS OapUUECKUX JIOKOWH C FOT0-3armaja W BRICOTHBIX
rpe0Hel ¢ I0T0-BOCTOKA, (DOPMHUPYIOMIUX BO3AYIIHBIE TOTOKH, IEPEHOCSIINE TEIUTBIC
Y BIIQKHBIC BO3AYIIHBIC MACCHl C MAaTEPHKA.

2. AHanm3 a3pONIOTHYECKIUX TUAarpaMM BBIBII HAJIMYHE TIPH3EMHON TeMIIepaTypHON
WHBEPCHUH, UTO MPEIIONIATaeT YCTOHUYUBOCTE aTMOC(EPHI U MPETATCTBYET Pa3BUTHIO Bep-
THUKAJBHBIX BIDKCHHH. TeM He MeHee BOSHUKHOBCHHE TPO30BOH aKTUBHOCTH B YKa3aHHBIX
YCIIOBHUSAX CBHAETEIBCTBYET O TOM, UTO Takue (paKTOpPbI, KaK pelbed MECTHOCTH U BIHSIHUAE
TEIUTBIX TTOTOKOB, MOTYT 3HAYUTEIHHO N3MEHITH THHAMHKY CUTYallHH.

3. PacueTbl MHIEKCOB HEYCTOMUYMBOCTH, TaKUX Kak MHJeKc boinena, K-unnekc
U IpyTHe, B OONBIIMHCTBE CIIydaeB HE JOCTHUTAIN ITOPOTOBBIX 3HAYEHHUH, YTO YKa3bIBACT
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Ha HEOOXOMMOCTh YTOUHEHHSI IOPOTOBBIX KO((UIIMEHTOB IS IPOrHO3UPOBAHHMS TPO30-
BBIX SIBJICHUI B YCJIOBHSX BBICOKOIIMPOTHON APKTHKH WM TIOMCKA HOBBIX MHIMKATOPOB
TPO30BOH aKTHBHOCTH B apKTHYECKOM PErHOHE.

Kon(uukT nHTEpecoB. Y aBTOPOB HCClIeI0BAHMS HET KOH(IIMKTa HHTEPECOB.
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Annotamusi. CHEXHBIH TTOKPOB UTPAET OJHY M3 KIIOUEBBIX polieil B BOXHOM OalaHce JIETHNUKOB, PEK U 03ep
APKTHYECKUX apXurenaros. [Ipoucxozsime B HACTOAIIEE BPEMs KIMMATHIECKIE N3MEHEHNS B aPKTHIECKOM
PErUOHe MOTYT KOMILIEKCHO BIUATH Ha CHExkHbIi 0kpoB. DI'BY « AAHU» npoBouT UccieioBaHIe CHEKHOIO
nokposa Ha apxunenare [l Imunbepren B paiione 11. baperuoypr ¢ 2000 1. Lens paboTs — 00o01menne 1 anam3
TIOJYYeHHBIX TaHHBIX C TOYKM 3PEHHS] MEKTON0BOH M3MEHUYMBOCTH B yCIOBHMAX KIMMATHYECKUX M3MEHEHHIA.
B pabote npuBozsTCs pe3yabTaThl CHETOMEPHBIX CHEMOK, IPOITYCKH B HAOMIOAEHHUIX BOCCTAHOBIIEHBI C HCIIOb-
30BaHMEM CTaTUCTHYECKUX METOJ0B. YCTAHOBIIEHO, UTO B HccieayeMslii nepuos 2000-2024 rr. cratuctuuecku
3HAYMMBIX TPEHJIOB Y OCHOBHBIX XapaKTEPHCTHK CHEIKHOTO MOKPOBA (BBICOTA, INIOTHOCTB, BIAro3arnac) Ha MOMEHT
MaKCHMaJIbHOTO CHErOHaKoIieHus He ooHapyxero (-2,6 cm/10 set, —1,0 kr/M*/10 et u 1,8 Mu B. 9./10 ner
COOTBETCTBEHHO). JlaThl cxofa 1 00pa3oBaHus, a TaKKe MPONOKHTENBHOCTD 3aIeraHHs CHEXKHOTO MOKPOBa
0e3 3HAYMTEIBHBIX H3MEHEHHH. Pe3yIbTaTsl KOPpeAIMOHHOTO aHANIN3a JIEMOHCTPUPYIOT UyBCTBUTENEHOCT
XapaKTEePUCTHK CHEKHOTO TOKPOBA BEICOTHBIX BOJOCOOPOB (JIEAHUKN) K CyMMe 0CAJIKOB 32 XOJIO/HbII EpHO],
B TO BpeMsI KaK XapaKTepHCTHKU 00Jee HU3UHHBIX JOJHHHBIX BOTOCOOPOB UYBCTBUTENBHBI K TEMIIEPATYpe.

KuroueBble €j10Ba: CHEXHBIH IIOKpPOB, ApKTI/IKa, HIHI/III6epI‘eH, BbICOTA CHEIKHOI'O IIOKPOBA, BOJTHBII SKBHBAJICHT
CHEKHOI'0 IIOKPOBa, pEYHbIC BOZIOC60pBI
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Abstract. The snow cover plays one of the key roles in the water balance of water objects in Arctic archipelagos.
The current climate changes in the Arctic region can have a complex impact on the snow cover of Arctic
archipelagos. Since 2000, the Russian Federal State Budgetary Institution “AARI” has been conducting research
on the snow cover on the Spitsbergen Archipelago near Barentsburg as part of a hydrological study. The aim of
this work is to generalize and analyze the data obtained from the perspective of interannual variability under
conditions of climate change. The paper presents results of snow surveys. Gaps in the observations are restored
using statistical methods. It was found that during the study period from 2000 to 2024, no statistically significant
trends were observed in the main characteristics of the snow cover (height, density, snow water equivalent) —
2.6 cm/10 years, —1.0 kg/m*/10 years and 1.8 mm w. e./10 years respectively. It was shown that the characteristics
of the snow cover at similar objects are well correlated with each other and with the maximum height of the snow
cover at the Barentsburg weather station, and they can be used to reconstruct the gaps. The climate in the study
area during the cold season is becoming slightly warmer, windier, and drier, though the warmest years are also
the wettest. The dates of snow disappearance and onset, as well as the duration of snow cover presence, remain
largely unchanged. No relationships were found between the meteorological parameters of the cold period
and the height or proportion of basal ice in total watershed liquid-water content. Correlation analysis results
demonstrate the sensitivity of high-elevation watershed snow cover characteristics (glaciers) to precipitation
totals during the cold period, while lowland valley watershed characteristics are sensitive to temperature. Thus,
we currently observe an overall stationary period of snow accumulation conditions, where the increase in cold-
season temperatures is partially offset by increased precipitation, and the sensitivity of watershed snow cover
characteristics depends on their elevation.
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BBeaenue

CHEXHbII TOKPOB MIPaeT 3HAYUMYIO POJIb B BOJHOM OallaHce MOBEPXHOCTHBIX BOJI-
HBIX 00BEKTOB apKTHYECKHUX apXUIIENIaroB, TAKUX KaK JIETHUKHU, peKU U 03epa. CHEKHBINA
MOKPOB ()OPMUPYET 3UMHHIA OajlaHC MACChI JIGAHUKOB, OTPE/IEIsieT MPOJ0JIKUTEILHOCTD
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1 00BEM IOJIOBOIbS Ha pekax'??, BIUsET HA YCTOWYUBOCTD MHOTOJIETHUX MEP3JIBIX I10-
pox [1], a Takxke XUMHUECKHUIT cocTaB MPUOPEKHBIX MOPCKUX BOJ, TIOTa1asi B HUX BMECTE
C TaJIbIM TMOBEPXHOCTHBIM cToKoM. Ha apxumnenare IlInundepren B 3uMHUI mepruox cHer
nokpsiBaeT ot 60 10 100 % tepputopun [2]. CHEXHBIH TOKPOB YyBCTBHUTENICH K KIH-
MaTH4YE€CKUM M3MEHEHUM [3], B CBSA3M C 3THUM OIICHKA M3MEHUYMBOCTH XapPaKTEPHCTHK
CHeXHOTO 1okpoBa llInundeprena u UX 4yBCTBUTENFHOCTH K TIPOMCXO/SIIMM B HACTOSIIEE
BpeMsI KIIMMAaTHYECKUM N3MEHEHUSIM, SIPKO MPOSIBIISIOIIMMCS Ha ceBepe ATnanTtuku [4, 5],
SIBIISIETCSL AKTyaJIbHOM 3a/1aueid.

HccnenoBanus cHexxHOTO TIoKpoBa [lImumbeprena Opimn HavaTe! B 1934 1. 11 kacammch
TIpeX/Ie Bcero OajxaHca Macchl JISTHUKOB apxurienara [6]. OTedecTBeHHbIE HAOTIOMCHUS
AHAJIOTUYHOTO XapakTepa ObUTH HavaThl dKcneaunueii Mactutyra reorpadpun AH CCCP
B 1965-1967 rr. Hemanblii BKiIaJl B U3yYEHUE CHETA KAK AJIEMEHTA FUAPOJIOTMYECKOTIO
pexuma BHecna LlnundepreHckas misnuoaornueckas sxkcreaunus Mucrturyra reorpadun
AH CCCEP, xotopas cymectBoBana ¢ 1976 mo 1990 r. [6]. Ha ocHOBe 3THX HaOmomeHuit
ObUTa MOTyYeHa JOCTATOYHO TECHAs CBS3b MAKCHMAJIBHOTO CHETOHAKOIUICHHS B JIOJIMHE
p- ['pén ¢ cymmoit ocaakoB XOJIOIHOTO TIeproa Ha MeTeocTannuu bapennoypr. C 2001 .
OI'bY «cAAHUW» npoBoauT uccae10BaHus 3J1€MEHTOB T'HAPOIOrMYECKOTO PEKUMA U BOJI-
HOTo OanlaHca peyHbIX BOLOCOOPOB B paiioHe 1. bapeHnOypr, 4acThio KOTOPBIX SIBISIOTCS
CHETOMEPHBIE CHEMKH.

CoBpeMeHHbIE HCCIIeIOBAaHMS CHE)KHOTO MOKpoBa apxumnenara Ilnumnbdepren ckon-
LEHTPUPOBAHBI IPEUMYIECTBEHHO B 3armannoi (Hro-Onecynn, bapenudypr), neHTpaib-
Ho# (JloHTiHp) U 100kHON (XOpHCYH) 4acTsIX apXWIlejara W MOCBSIICHB B OCHOBHOM
M3YYEHHUIO CHE)KHOTO TTOKPOBA KaK 3JIeMEeHTa OaiaHca Macchl JISTHUKOB (pexe dIeMeHTa
BOZIHOTO OalaHca PeYHbIX BOZOCOOPOB), MEXKTOI0BOM H3MEHINBOCTH (PU3HUECKUX CBOWCTB
CHE)XHOT'O TIOKPOBA, a TAKKE eT0 XMMHUYECKOTO COCTaBa C TOUKH 3pEeHHs 3Kosoruu [2, 7, 8].
Bonbioe BHIMaHKE TakxKe yIenseTcs IPUMEHEHUIO M Pa3BUTHIO AUCTAHIIMOHHBIX METO-
JIOB, TeOpaJapHON ChEeMKE M MOJIEIHPOBaHUIO [8—11].

B Hacrosimiell craTbe IpUBOIATCS PE3YIbTaThl CHETOMEPHBIX ChEMOK, ITPOM3BOIUB-
IIMXCS Ha pEeUHBIX BomocOopax 3amuBa [ péH-propa B meprox ¢ 2000 mo 2024 1., a Taxxe
AHAJIIM3 MX MEKTOI0BOI M3MEHUMBOCTH M CBSI3U C METECOPOJIOTHYECKUMH YCIOBHUSIMH.

O0beKT HCCJICA0BAHUSA, MAaTCPHUAJIbI U METOAbI

OO0BEKTHI HCCIeIOBAHNS

OO0BeKTaMH UCCIIENOBAHUS SABITIOTCS peUHBIE BOZOCOOPHI OacceiiHa 3anmBa [péH-
(O, PACTIONOKEHHOTO B 3aIaAHON yacT apxurenara [nundepren 1 NPUMBIKAIOIIETO
c tora k 3amuBy Hc-dropa (puc. 1). Ha BocTounoM Oepery 3anmBa pacIioioKeH poCCHii-
ckuit mocenok bapeHOypr, rae HaxomuTcs Poccuifcknii HayIHBIA IIEHTP Ha apXUIlenare
Mmunbepren (PHLII), noructudeckuii neHTp uccnenoBanmii AAHWUN.

Peunble BOnocOOpPHI MPEICTABICHBI ABYMsI OCHOBHBIMU MOP(OIOrNYeCKIMH THIIAMA
penbeda — TOPHOH MOTMHOW M BHYTPUTOPHOHN KOTIOBHHOHN C pa3HOW CTENEHBIO OJiee-

' Meroas! u3y4enus u pacuera BogHoro 6ananca. [Tox. pea. B.C. Byrmunckoro. JI.: Tuapometeo-
m3nat; 1981. 398 c.

2 PyxkoBojcTBO BogHOGanancosbM cranuusm. [loxa. pen. B.U. Kysuenosa. JI.: Tugpomereounsar;
1973.305 c.

3 Cuer. CnpaBounuk. [Tox. pex. .M. T'pest, 1.X. Meiina. JI.: Tunpomereousmar; 1986. 751 c.
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Puc. 1. Kapra-cxema paiioHa UCCIICIOBaHH.

KpacHoit nuHueit 0603HaueHbl pednbie BogocOopsl. Lnppamu 0603Ha4eHBI Bo0COOpHI pek: [ — I'pénnaeH,
2 — I'péudropn, 3 — bpersépha, 4 — Anbaeronna, 5 — bprone, 6 — Konrpecc, 7 — Baccrak, 1 JI€IHUKH:
3a — Bocrounstii ['péuadropn, 36 — Bananustit [péadropa, 4a — Anbreronna

Fig. 1. Scheme of the study area.

The red line indicates the river catchments. The numbers indicate the catchments of the rivers: / — Grendalen,
2 — Grenfjord, 3 — Bretjerna, 4 — Aldegonda, 5 — Bryde, 6 — Kongress, 7 — Vasstak, and glaciers: 3a — East
Grenfjord, 36 — West Gronfjord, 4a — Aldegonda

HEHHOCTH W HayiuuueM o3ep. ITomans BogocOopos ot 11 g0 103 kM2, cpearsist BRICOTA
BOI0COOPOB BapbHpyeTcs B mpezaenax oT 176 mo 266 M, cpexnuit ykiaon — ot 11,7 mo
16,2°. Ha npakTudecku BceX BOIOCOOpax MPUCYTCTBYIOT JICIHHKHU, UX OIS OT 00mIei
Ion@au cocrasisiet ot 5 10 50 %. Mopdomerprueckre XapaKTepUCTHKHU TTOJyYeHBI Ha
ocHoBe MarepuanoB ArcticDEM* u criyTHHKOBBIX cHUMKOB LandSat® u ux nmocemyromieit
00paboTku B mporpammHoM obecriedeHnu QGIS (tabdm. 1).

Jist ynoOcTBa aHaym3a W MPEACTaBICHUS] HHPOPMALUKM B JAHHOW CTaThe MPUHATO
paszeneHrue BogocOOPOB Ha HEMOCPEACTBEHHO JICIHUKU — AJIbJIETOHIa, BOCTOUHBIN
u 3anaaueiii [pEHGBOPI — U AOIMHHBIC BOIOCOOPHI, BKIIFOYAIOIINE B CeOS BCE OCTaB-
mIrecst BOMocOOpsI C HU3KOW CTENeHbIo oneneHeHust, — I péunanen, bprone, Konrpecc,
a TakKe 0C3JICIHIUKOBYIO YacTh BOIOCOOpa peku AJbJeroH1a, 0003HAYCHHYIO Kak MOpPCHA
1. AIpIeroda.

4 Porter C., HowatI., Noh M.-J., Husby E., Khuvis S., Danish E., Tomko K., Gardiner J., Negrete A.,
Yadav B., Klassen J., Kelleher C., Cloutier M., Bakker J., Enos J., Arnold G., Bauer G., Morin P.
ArcticDEM — Mosaics. Version 4.1. 2023. URL: https://doi.org/10.7910/DVN/3VDC4W (accessed
24.04.2025)

5 Satellite data source (Landsat and etc.). Earth Explorer. U.S. Geological Survey. 2024. URL:
https://earthexplorer.usgs.gov/ (accessed 24.04.2025)
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Tabruya 1
Mopdomerpuueckre 1 MOpP(0JIOrHYecKue XapaKTepuCcTHKU
PeYHBIX BO10COOPOB Gacceiina 3ajauBa ['pén-pbopa
Table 1
Morphometric and morphological characteristics
of river catchments of the Gronfjord Bay basin
Bomoc6op (00beKT) Hniﬁ?m” CpeﬂHH?\/IBHCOTa’ Tun penseda oneigzzziz, %
I'péunanen 102,9 266 ropHas J0JIMHa 10
I'péndropn 59,5 258 BHYTPHUIOpHast 5
KOTJIOBHHA
Bpernépna 48,9 253 BHYTPHTOpPHAs 60
KOTJIOBHHA
Jlenuuk Bocrounsrnii ['péadropa| 7,05 295 JIEJTHUK
Jlennuk 3anannsiii [péudnopa 16,4 345 JIeTHUK
AJberoaga 11,6 259 ropHas J0JHMHa 50
Jleqnuk Anbaeronaa 5,58 330 JIETHUK
MopeHa neqHuKa AJbIETOHIA 6,02 133 ropHast JOJIuHA
bprone 11,4 219 BHYTpPUTOpHasi 10
KOTJIOBHHA
Kounrpecc 13,3 176 ropHas J0JIMHa
Baccrax 11,8 209 BHYTPHUIOpHAast 15
KOTIOBHHA

Marepuajbl M1 MeTOAbI

Jnis aHanmm3a XapaKTepUCTUK CHETOHAKOIUICHUS MCITOIb30BAHBI MAaTEPHAIIBI KC-
TIETUIINOHHBIX CHETOMEPHBIX chbeMOK OI'BY «AAHWMN», mpon3BOAWBIINXCS B TIEPHOJ
¢ 2000 mo 2024 1. Ha BogocOopax 3anmBa [ péa-hrop.

CHeroMepHbIE CHEMKH Ha BOJOCOOpaxX BBIMOJIHSINCE B TIEPHOA MAKCUMAIBLHOTO
CHETOHAKOIUIEHHS, C CEPEIMHBI arperisl 10 cepenHy Mas. MeToinka ChbeMOK OCHOBBI-
BaeTCs Ha NPUHATHIX B PocruppoMere pykoBomsImuX AokymeHTax®’. Ha iexHukax mpu-
MEHSJIaCh IJIOMIAHAsi CHETOMEPHAsi ChbeMKa, Ha PaBHMUHAX, O€3JETHIKOBBIX ydacTKax
BO0COOpPOB (MOpPEHAX) W HEKOTOPHIX TOPHBIX MOJMMHAX — JaHImadTHAs CHErOMepHas
cbeMKa. [Inomagaas cheMKa MpecTaBIseT co00i KBa3UPETyIIpHYIO CETh TOUEK Ha 00b-
ekTe ¢ pasmepom mara ot 250 mo 400 M. [TapameTps! IIOMAIHONH CHETOMEPHOH CHEMKH
OIIPE/IENAIOTCS Ha OCHOBAHUH PE3YyJIbTAaTOB MPEIBAPUTEILHON MapIIpy THO-TaHAIIA(THON
CHETOMEPHOW CHEMKH, UTO 0OECIIEUMBAET PENPE3CHTATUBHOCTh MeTona. JlanamadTHas
CheMKa IMPEICTABIACT COO0M TMPAMONUHEHHBIN podrith (700 mpodhum), IepeceKaromInii
TUOUYHBIE POPMEI perbeda BogocOopa, Ha KOTOPOM TIPOMU3BOIUTCS M3MEPEHHE BBICOTHI
cHexxHoro TokpoBa kaxabie 100-300 m. Mi3MepeHue mIoTHOCTH CHEKHOTO TIOKPOBA MPH

¢ HacraBneHue ruipoOMeTeopOIOrHueCKUM CTaHIHsIM 1 moctaM. Beim. 3. Y. 1. Meteoponorudeckue

HaOmoneHns Ha ctaniusx. JI.: Tuapomereonsaar; 1985. 301 c.
7 PI52.25.261-90 PykoBozCTBO 110 CHEroMepHbIM paboTam B ropax. M.: Pockomruapomer CCCP.
1991. 127 c.
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nasamadTHON ChbeMKe MPOU3BOIUTCS Kaxkaple 10 Todek, B TO ke BpeMs MPHU IUIOIIATHON
ChEMKE Ha JIEIHUKE KOJMYECTBO IIyppOB BapbUpyeTcs oT 4 10 9 BBHIAY HHU3KOH H3MEH-
YUBOCTH CHEKHOTO MOKPOBA HA MOCIIEIHUX.

Ha Bomocbope pexkn BpeThépHa BCiieICTBHE BBICOKOM CTEIICHH OJEICHEHUS CHETO-
MepHast ChbeMKa POU3BOIIIACEH TOJBKO Ha JIETHUKAX 3anaaHbii U Bocrounsnii [ péadnop,
cheMKa Ha BoocOope pekn AJbIETOH/a BKITIOUaa B ce0sl OTIENbHBIE CheMKH OTHOMMEH-
HOTO JICTHUKA U BHEIICAHUKOBOHM YacTH BOZOCOOpPA, BKIIIOYAs MOPEHY.

Brnarozanac BogocOopa (Q) paccuuThIBajiCs Kak CyMMa BJaro3armacoB CHEKHOTO
MTOKPOBA, TIPUTEPTON JIEASTHOW KOPKH, MOKPOTO CHETa M BOJBIL:

Q = QCH + QJ'IK + QMC + QB’

rae Q — cyMMapHbIi Biarosanac o0bekTa MM Bofocbopa, MM B. 3.; O, — BJarosarac
CHEXHOTO TIOKPOBa, MM B. 3.; ()| — BJarosamnac MpUTEpPTOH JIAAHOH KOPKH, MM B. 3.;
0\, — BJIaro3anac MOKporo cHera, MM B. 3.; (, — BJIaro3arnac ’HuKkoi a3l B CHEXKHOM
TIOKPOBE, MM B. 9.

Brarozanac cnexnoro nokposa (Q,.,;) Ha Bo1ocO0ope paccuMThIBAIICS Kak MPOU3BE/Ie-
HHE CPEeTHUX 10 BOIOCOOPY BBICOTHI M IIIOTHOCTH CHEKHOTO MOKPOBA, @ TAKXKE PazMEPHOTO
ko3 dunmenta 0,01. Biarosanacel nputepToi neasHoi kopku (0, ), Mokporo cHera (Q,,.)
1 KUIKOH (asbl () pacCUMTHIBAIKMCEH Kak MPOM3BEIEHHUE CPEHEl 110 BosocOopy BhICO-
TBI 3TUX CJIOEB, TUNIOTHOCTH, MPHUHATOM paBHOU 800 Kr/M> [JIsl MPUTEPTOM JIEASHONU KOPKH
u Mokporo cuera u 1000 kr/m> ayist sxuakoit ¢assl, u pazmeproro koddduipenta 0,01.

[Tpu pacuere XxapaKTEpPUCTUK CHEXKHOTO MOKPOBA JUIsl BCEro BojocOopa 3anusa [ pén-
¢bBOpA, a TakKe NPU CPABHUTEIBHOM aHAIIU3E IPYI 0OBEKTOB (JOJIMHHBIE BOIZOCOOPHI
W JICJIHUKN), C 1IEJIbI0 YUeTa pa3Inyuid IuIomaaei BogocOOpoB MPUMEHSUICS TepecyeT
Ha CpeTHEB3BEUICHHOE 3HAYCHHUE JIAHHBIX XapaKTEPUCTHK, BEIYUCIIEMbIH 110 (hopMyie:

2,45,

A = ZiSl.

1€ A, — CPEIHEB3BENICHHOE 3HAYEHUE XAPAKTEPUCTUKH; A, — 3HAYEHHE XapAKTEPUCTHKH
IJIA i-T0 BOROCOO0pa; S, — TIIomak i-ro Boaocoopa.

MC)KFO)IOBB.H N3MCEHYHMBOCTH OLICHUBAJIACh OCHOBHBIMU METOAAaMU CTATUCTHYCCKOI'O
aHaJIn3a — PErPECCHOHHBIM U KOPPEISIIUOHHBIM. OIeHKa CTaTHCTUYECCKOW 3HAYUMOCTHU
JIMHEHHBIX TPEHIIOB MEXTOI0OBON M3MEHUHMBOCTH PacCMaTpUBaeMbIX B pabOTe PsJIOB Me-
TEonapaMeTpoB M XapaKTEPHCTHK CHEIKHOTO MOKPOBA OCYLIECTBIISUIACH COMIACHO METO-
JMYECKUM pekoMeHaanusam®, JIMHEHHbIA TPEH T MPU3HABAJICS CTATUCTUYECKH 3HAYMMbIM
IIpY BBINTOJIHCHUHN YCJIOBUS:

rlo, > B,

rje # — Kod()GHUIMERT KOpPENAIMK JTMHEWHOTO TPEHIA; G, — CyJaiiHas CPeHssA KBaapa-
THYECKas OMMOKA; [ — CTaTUCTHUYCCKUI KPUTEPHIA, IPH YpoBHE 3HauMMOCTH o, = 0,05 Kpu-
Tepuit = 2. Ciryqaiinas Cpe/iHss KBa[paTUdecKas OHMOKa G, PACCUMTBIBAETCS TI0 (OpMyIIE:

o, = (1-r)/Jn-1),
rae » — K03 pUIIeHT KOppemsaIuy THHEWHOTO TPeH A, /1 — JIJIMHA BEIOOPKH.

8 Meronmuueckue PEKOMCHAAINH 10 OLICHKE OAHOPOAHOCTU TUAPOJIOTUICCKUX XapaKTCPUCTHUK U OITPE-

JIETICHHIO UX PacueTHHIX 3HaYeHHUI 10 HeomHopoaHbM gaHHbM. CI16.: Hectop-Hctopus; 2010. 162 c.
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BoccTaHoBIIEHHE ITPOITYCKOB B HAOIIOACHHAX OCYLICCTBIIIOCH € UCIOIb30BAHHEM
CTaTHCTHYECKUX MoJelieil. BrIcOTa M IUIOTHOCTh CHEXKHOTO MOKPOBA PaCCUUTHIBAIUCH
yepe3 00BEKTHI-aHATIOTH. J[J1s penepHBIX 0OBEKTOB C HANOONBIINMH PsIaMU HaOIoe-
Huil (I'p€HnaneH, Albieron/ia) B Ka4eCTBE HE3aBUCUMBIX ITEPEMEHHBIX BBICTYTIAIH MaK-
CHMaJIbHasi BBICOTA CHE)KHOIO ITOKPOBA, 3a()MKCHPOBAHHAS 32 CE30H Ha METCOCTAHLIUH
n. bapeHuOypr, a Takke cyMMa TeMIieparyp 3a XOJOAHBII NEepHOa M CyMMa OCAJIKOB 3a
sHBapb. JJ11 aHanM3a KadyecTBa CBSA3M MEXKIY OOBEKTaMU OBUIM ITOCTPOCHBI KOPPEIISIH-
OHHBIE MaTPHIBI BHICOTHI U IJIOTHOCTH CHEYKHOTO IIOKPOBa BCEX BOLOCOOpOB. BriGop
00BeKTa-aHaJIora 3aBUCEI OT THIIA OOBEKTOB, JIMHBI Psila COBMECTHBIX HAONIONCHHUH,

Tabnuya 2
XapakTepuCTHKHU NPUMEHsSIeMbIX /LIS BOCCTAHOBJICHHUSI IAHHBIX YPaBHEH Ui
Table 2
Characteristics of equations used to restore data
Paccuutsl- | HezaBucumas
OObekT BaeMasi NepeMeHHast Honia R F p Crann.
BeJNMYNHA |(0OBEKT-aHayIor) pana ourbia
I'péunanen H, H_, (56) 22 0,30 | 10,13 | 0,0047 | 16,8 cm
p T 22 0,24 | 6,22 0,02 | 39 xr/m®
Hy, H, (I'n) 19 0,31 7,50 0,01 8,55 cm
Jlennuk BocTouHbli H, H_., 3I'®) 10 0,84 39,7 (0,00001| 14,06 cm
[péndropn p p (3T D) 10 | 0,77 | 274 | 0,001 | 27 kriv®
Jlennuk 3anaaHbIi H, H_, (An) 18 0,71 39,7 |0,00001| 14,1 cm
Ipéudropn p p (An) 18 | 0,67 | 32,3 [0,00003| 23 xr/w’
Jlennuk Anbieronaa H, H_, (b0) 22 0,55 24,3 | 0,0001 | 20,6 cm
p Tt Pas 22 0,40 | 6,21 | 0,008 | 35 kr/m?
MopeHa negH1IKa H, H, (T'n) 12 0,64 17,4 | 0,002 | 17,5cm
ATbaIeToRa p p (Th) 12 | 053 | 11,4 | 0,007 | 38 kr/v?
H J0T 12 0,50 | 9,99 0,01 4,21 cm
bprone H., H, (3T'®) 8 0,55 7,48 0,034 10,9 cm
p p (3TD) 8 0,55 | 7,30 | 0,035 | 31 kr/m?
Konrpecc H, H, (I'n) 9 0,71 17,1 | 0,0044 | 6,31 c™m
p p (I'm) 9 045 | 5,73 | 0,048 | 58 xr/m?

IIpumeuanue. XXupHbIM BblJieeHbl 3HauuMble kod(duuunentst (mpu o = 0,05). Coxpamenus: b6 — ba-
pennOypr, I'm — I'péunanen, BI'® — 1. Bocrounstit ['péudropn, 3I'® — n. 3anagusiii ['péadropn,
An — 1. Anbieronza, M. A — Mopena J1. Anbaeronna, bp — bprone, Kr — Konrpece, 7., — cymma
TEMIIEPaTyp 3a XOJNOAHbIA nepuon, Py, — cymma ocaakos 3a sHBapb, JIOT — komuuecTBo aueH ¢ 1o-
JIOXKHUTENBHOM CPeHECY TOYHON TeMITepaTypoil 3a XOJIOAHBIH eproi, R> — ko3 HUIMEHT [eTepMUHALIH,
F — craructuyeckuii kputepuit duiepa, p — 3HaUCHUE p-KPUTEPHUS.

Note. Significant coefficients (at o = 0.05) are highlighted in bold. Abbreviations: 56 — Barentsburg,
I'n — Grendalen, BI'® — East Gronfjord glacier, 3I'd — West Gronfjord glacier, An — Aldegonda
glacier, M. An — Aldegonda glacier moraine, bp — Bryde, Kr — Kongress, 7., — sum of temperatures
for the cold period, P, — sum of precipitation for January; JIOT — number of days with positive average
daily temperature for the cold period, R — determination coefficient, F'— Fisher’s statistical criterion,

p — p-criterion value.
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CTaTUCTHYECKOHN 3HAUNMOCTH (ypOoBeHb 3HaunMocTH o = 0,05) 1 kagecTBa cBsa3u. [Ipume-
HSIEMBIE CTATUCTUYECKUE MOJIENIH ITPOBEPSUINCH HA HE3aBUCHMOM MartepHae (pe3yabTaThl
cHeroMepHOU cheMKH 2025 T.) ¥ TIOKa3adH YIOBICTBOPUTEIBHBIC PE3YIBTATHI.

BoccranoBneHHOE 3HaYEHHE BIIAro3anacoB pPacCUNTHIBAJIOCH 11O ONMMCAHHOM BBIIIE
Metoauke. Ha BogocOopax ¢ MOCTOSHHO MPHUCYTCTBYIOIIEH MPUTEPTON JEISTHON KOp-
xoit (I'pénmanen, MopeHa JeAHUKa AJIb/IETOH/A) BIIAaro3anac pacCUUTHIBAJICS KaK CyMMa
BJIAr03aIacoB CHEXKHOTO TIOKPOBA U JIEASHON KOPKH, BHICOTa KOTOPOH TaKXKe OTMPEAEsIach
TPH TIOMOIIH CTaTHCTUIECKHX MozeNed. Brarosanacel Mokporo cHera Q. M JKHIKOHA (asbl
O, OOBIYHO HEBEJMKH M PETHCTPHPYIOTCA TOJNBKO B NOJMHE I pEHIANEH, TTO3TOMY NpH
BOCCTAHOBJICHHH TPOITYCKOB HE YUNUTHIBAINCH. XapaKTEPUCTHKN MOZAEIIEH, TPHUMEHIEMbIX
JUISl BOCCTAHOBJICHUSI TIPOITYCKOB, TIPUBEACHBI B Ta0MI. 2.

[Tporryckn B HabmoneHusx Bogocobopos pek I'péndropa u Baccrak, oTpakeHHBIX
Ha puc. 1 u B Tabn. 1, HE BOCCTAHABIMBAINCH BCIEACTBUE HU3KOW MPOJOIKUTEILHOCTH
HaOMIONEHNH Ha 3TUX BOHOCOOpax (6 M 4 JIET COOTBETCTBEHHO), 4 MX XapaKTePUCTUKH
CHEXHOTO MOKPOBa HE YUUTHIBAINCH B JaHHOI padore.

Pe3yabTaThl HCC/IeI0BaHUI U 00CYKIeHUE

Memrouonaﬂ H3MEHYMBOCTH BBICOTHI M BJIaro3amnaca CHe;KHOro rokpoBa

XapaKTep Q)OpMHpOBaHI/Iﬂ CHEKHOTI'O IOKPOBa Boaoc6opa ONpeACIACTCA pE3yIbTaTOM
B3aHMOﬂ€ﬁCTBHH FeOMOp(l)OJ'IOFI/I"ICCKI/IX 1 METCOPOJIOTNYICCKUX (i)aKTOpOB u YCHOBHﬁ,
TaKHNX KakK MaKpopenLe(b, OKCIIO3HUIIMs, BbICOTAa MECTHOCTH, Q)opMa penbe(ba (HaHI/I‘lI/IC
AKKYMYJISATUBHBIX q)OpM), THII HOHCTHJ’IaIOIIICi;I MOBCPXHOCTH, JIABUHBI, PCIKUM U KOJIHNYC-
CTBO OCAaAKOB, OTTCIICIIU, ACATCIBHOCTL BETpPA. Takum O6p330M, pa3jmvuudg B XapakKTepe
pacupeacieHuss CHEIXKHOTO MOKPOBa BCTPEUAOTCA HE TOJILKO MCEKAY BO,HOC60paMI/I Ha

Tabruya 3

CBoaHasi Ta0JIMIA XapaKTePUCTUK CHETOHAKOIUIEHUsI Ha BogocOopax 3ajauBa ['pén-propa
Table 3

Summary table of snow accumulation characteristics in the Gronfjord bay catchments

H, cm p, Kr/m? 0, MM B. 3.
Obuexr Cp. |[Mun.|Makc. C;EE)I%H;;ZT Cp. |MuHn. |Makc. Kr};gi%‘uﬁﬂ Cp. | MuH. | Maxc. MM]];PS/%(’HH
I'u 581 22 94 | 3,49 |341| 270 | 410 —12 296 173 | 501 7,1
BI'o 132 75 | 171 0,07 |394| 271 | 494 —4 5251 203 | 755 -0,6
3ro 154 110 | 196 | —1,63 |395| 323 | 471 -2 610| 365 | 843 -7,9
An 154 101 | 200 | -2,79 |380| 294 | 467 -4 590| 365 | 850 -14,3
M. A 93| 46 | 139 | 3,09 |347| 269 | 440 -5 380( 183 | 541 2,4
bp 91| 56 | 114 | —1,45 |347| 294 | 420 -2 316| 171 | 429 -5,8
Kr 75| 51 94 | —1,69 |346| 230 | 476 -1 261| 159 | 371 -12,9
Cpemne- | 79 | 48 | 113 | -2,59 |351| 281 | 417 -1 349 203 | 526 1,83
B3BCHICH-
HOC

Tpumeuanue. Coxpamenus: I['n — I'péunanen, BI'® — . Bocrounsrit ['péudropa, 3I'® — 1. 3anaansrit
I'péudropa, An — 1. Anbieronaa, M. A1 — MopeHa 1. Anbaeronaa, bp — bprone, Kr — Konrpece.
Note. Abbreviations: I'n — Grendalen, BI'® — East Gronfjord glacier, 3I'd® — West Gronfjord glacier,
An — Aldegonda glacier, m. An — Aldegonda glacier moraine, bp — Bryde, Kr — Kongress.
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Puc. 2. MexromoBast ©3MEHYNBOCTh BBICOTHI M BlIaro3arnaca CHe:KHOTO TIOKPOBa BOJIOCOOPOB 3aJIMBa
I'pén-dropn 3a 2000-2024 rt. ) — I'pénnanen, 6) — 1. Bocrounstit [ péndropn, 6) — 1. 3ana bt
I'péudropn, ) — 1. Anpneronna, 0) — MopeHa J1. Anbaeronaa, e) — bpione, o) — Konrpecc.

1 — U3MepeHHas BBICOTa CHEXKHOTO OKPOBA, 2 — BOCCTAHOBJICHHAs BBICOTA CHEIKHOTO IMTOKPOBA, 3 — H3MEPEeH-
HBII BIarosarnac, 4 — BOCCTaHOBJICHHBIH BJIaro3arac.

Fig. 2. Interannual variability of snow cover depth and liquid-water content in the Gronfjord bay
catchments for 2000-2024. @) — Grendalen, 6) — East Grenfjord glacier, 6) — West Gronfjord
glacier, ) — Aldegonda glacier, 0) — Aldegonda glacier moraine, ¢) — Bryde, orc) — Kongress.

1 — measured snow depth, 2 — reconstructed snow depth, 3 — measured snow water equivalent, 4 — reconstructed
snow water equivalent

BCEM apXxurieiare, HoO ¥ 'y OJIM3KHX 110 (M3HKO-Teorpad)uuecKuM CBOMCTBaM BOJOCOOPOB
OJTHOTO paiioHa (cM. Tadm. 1).

Ha puc. 2 npuBeeHa MEXro1oBasi U3MEHYMBOCTH BBICOTBI CHEXKHOTO TOKPOBA U CyM-
MapHOTo Bjarosaraca BogocOopoB 3anuBa [ péH-(propx; B Tabn. 3 — cBOAHBIC JaHHBIC
XapaKTEPUCTUK CHETOHAKOTUICHHMSI.

XapaKTepucTUKaM CHEKHOTO TTOKpPOBa (BBICOTA, TUNIOTHOCT, Blaro3ariac) ucciesye-
MBIX 00BEKTOB 3a paccMarpuBaeMblii ieproxa ¢ 2000 o 2024 1. cBOMCTBEeHHA HU3Kas U3-
MEHYUBOCTb U OTCYTCTBUE CTATHCTHYECKH 3HAYMMBIX TpeHJ0B. CpeiHeB3BEIICHHAs MHOTO-
JIETHSIL BBICOTA CHEXHOTO TTOKPOBa 110 BoJocOopy 3anusa I pén-dropa cocrasiser 79 cm.
HawnGosnbire BEICOTH 3aKOHOMEPHO HAOMIONAIOTCS Ha JISTHUKAX — CPEIHSISI MHOTOJICTHSIS
BBICOTA CHEXKHOTO TIOKPOBA JICTHUKOB Albaerona u 3amanseiii [ péadropn 154 cm, nen-
Huka Bocrounstit ['péadropn — 132 cm. CpenneB3BenieHHast BBICOTa CHEXXHOTO MTOKPOBa
B JIOJIMHHBIX BOocOOpax B cpernHeM coctanisieT 44 % oT BBICOTHI Ha JieiHUKaxX. CpenHsis
MHOTOJICTHSISL BBICOTA JIOJMHHBIX BOJOCOOPOB BapbupyeTcs B mpezenax ot 58 e (I'péna-
neH) 10 93 cM (Mop. 1. Anmbreronna). CpemHuil KO3 QUITEHT BapHAIIH BHICOTHI CHE)KHOTO
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TTOKPOBa T BceX 00bekToB paBeH 0,21, 4To TOBOPUT 0 Majioi m3MeHunBOCTH. Hanbompmas
M3MEHYUBOCTH HaOmronaercs B nonune [ péumanen (0,32) u MopeHe egHnKa AJIbICTOHIA
(0,29). s npyrux o0BEeKTOB dTa BenmmurnHa He npebimiaeT 0,19. CpenHee 3HaYeHHE TPeHAA
BBICOTHI CHEXHOTO TOKpoBa coctaBmsieT —1,13 cm/10 xer (cpemuens3B. —2,59 cm/10 net)
1 BapeHpyeTcsa B mpenenax oT —3,49 no 3,09 cm/10 set. Bee TpeHIBI oTpHIIaTENBHEL, 32
HCKITIOYCHUEM TpeHI0B JienHnka Bocrounsrii [péadropn (0,07 cM B gekany) u Mop. JI. Alb-
nerouza (3,09 cM B Aekamy), U CTAaTUCTHICCKH HE 3HAYUMBI.

CpenHeB3BeIIEHHOE MHOTOJIETHEE 3HAUCHHE TIOTHOCTH CHEXKHOTO TTOKPOBA BOJIO-
coopos 3anmBa [péu-dropa cocrasisier 351 kr/m?. Kak u B citydae ¢ BbICOTOIA, OOJbIIIHE
3HAUEHUS IIOTHOCTH COOTBETCTBYIOT JeAHnKaM. CpeHeB3BeNIeHHAs! TUIOTHOCTD CHEX-
HOTO MOKPOBa Ha JieqHUKaXx — 392 Kr/M*, MONMHHBIX BOg0cO0poB — 342 kr/m?. Tlnot-
HOCTbh CHEXXHOTO IIOKpOBa 001a1aeT HU3KOH N3MEHUYNBOCTBIO — cpefHnil KodddunneHt
Bapuaruu paseH 0,09. [Ins Bcex 00BEKTOB XapaKTePEH CTATUCTUYECCKU HE 3HAUNMBIH
tpena — —1 kr/m® B 10 et (cpeanesss.). Haubonbiunit TpeHa HaOIOmaeTcss Ha BOIO-
coope I'péunanen, pasubiit —12 kr/m® B 10 jer.

CpenHeB3BelICHHOE MHOTOJIETHEE 3HAYSHHE Biiarosarnaca JUisi BCeX BOI0COOpOB
cocrapisieT 349 MM B. 5. Brarozanac siBisiercst QyHKIHEH BBICOTHI M IUIOTHOCTH CHEX-
HOT'O MOKpPOBA, HO, HECMOTPSI HA MEHBIIYIO MJIOTHOCTh y JOJIMHHBIX BOAOCOOPOB, MX
CPEIHEB3BEIICHHBIN BJIaro3anac COCTaBIsIeT OOJIBIIYIO JIONI0 OT Bilaros3araca JeTHH-
k0B (53 %), 4eM BBICOTA, YTO 00YyCIIaBINBACTCS] HATMYMEM HMPUTEPTOTO JIb/A B JOJINHAX.
KoadhdunpenT Bapuanuu uist Bcex BogocoopoB B npezesnax ot 0,18 1o 0,26, 4To roBoput
0 HU3KOW M3MEeHYMBOCTH. CpeqHEB3BEIIEHHBIH TPEH/ M0 BCEM OOBEKTaM COCTaBIISIET
1,8 MM B. 5./10 net. TpeHibl MPEUMYILIECTBEHHO OTPHUIIATEIbHBI, CAMbIC OOJIBILIUE 3HAUE-
Hust y 1. Anpaeronga (—14,3 mm B. 9./10 ner) u Konrpecca (—12,9 mm B. 3./10 ner). Bee
TPEH/Ibl CTATUCTUYECKH HE 3HAUUMBI.

B3anMocBs3b XapaKTepHUCTHK CHEKHOTO MOKPOBA HCCIIEyEMbIX 00BbEKTOB HEOHO-
3Ha4Ha (puc. 3). XapakTepUCTUKA MEXIY CE30HAMU HU3MEHSIOTCS MPEUMYIIECTBEHHO
KBa3UCHHXPOHHO. Kak rpaBuio, Hanbosee CHITbHASI CBSI3b MEK/IY MEKIOOBBIMU 3HaUe-
HUSIMH BBICOTBI, IIFIOTHOCTH M BJIaro3araca CHE)KHOTO ITOKPOBa XapaKTepHa sl OIM3KUX
110 MOP(OIOrHYECKUM CBOHCTBAM OOBEKTOB.

[TpuBeneHHble nanee BEMTUUUHBI KO3()(OUINEHTOB KOPPEISIIIMN MOTyYSHbI IPH aHa-
JIM3€ HEBOCCTAHOBJICHHBIX psiioB HaOmoneHnit. KoadduimenTsr koppensnum Mex1y Bbl-
COTaMH CHEXKHOTO MOKPOBa JISTHUKOB AJibJierona, 3anaaubiii [ péadropa n Bocrounsrii
I'péudropn Bapeupyrotes B npenenax ot 0,84 mo 0,92, y nomuHHBIX Bomocbopos ['pén-
nanen, Konrpecc u mopens! neanuka Anpaeronga — ot 0,80 mo 0,95. Tem He MeHee,
HECMOTpsI Ha OJIM30CTh CBOWCTB M OJIM3KOE PACIIOIOKEHUE JPYT K JPYTY, Y HEKOTOPBIX
OOBEKTOB OTCYTCTBYET CTAaTHCTHUYECKH 3HAUNMasl CBsI3b — KOI(D(PHUIUEHTH KOPPEIISIIIN
MEXy BBICOTOM CHEXHOTO TIOKpoBa Bogocbopa bprone n cocennnmu Konrpeccom u mMo-
peHoit nennuka Anpaerorna coctasiseT 0,33 u 0,66 cOOTBETCTBEHHO. Y OONBITMHCTBA
0OBEKTOB TaKKE MPUCYTCTBYET CTATUCTUYECKU 3HAYNMAsS CBS3b MEXK/Iy BBICOTON CHEKHOTO
MIOKPOBA ¥ MAKCUMAJIFHBIM 3apErHCTPUPOBAHHBIM 32 IIEPHO]] CHETOHAKOIUICHHSI 3HAYCHUEM
BBICOTHI CHEXKHOTO ITOKPOBA Ha MeTeoCTaHInH 1. bapeHnOypr — cpeaauii KoappuirueHT
KOppessiiuu Jiist JieqHukoB 0,76, mis JonMuHHBIX BomocbopoB — 0,65 (BomocOopsr [pén-
JaJieH ¥ MOpeHa JI. AJIBJICTOHAA).

XapakTep CBSI3M MEXIy 3HaUCHHSMH IUIOTHOCTH U BIaro3arnaca CHeXHOTO TIOKpOBa
Cpenu JETHUKOB M JOJMHHBIX BOZOCOOPOB CIEAYIOMMIA: ISl IEJHUKOB XapaKTepHa XO-
poras cBsi3b, CpeHue KOAPPHUIIMEHTH KOPPEISIHAN T Biaro3anaca u miotnocta 0,93
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Puc. 3. MexronoBast ©»3MEHYHBOCTb BBICOTHI @), INIOTHOCTH ) U BIIaro3araca g) CHe)KHOTO TIOKpOBa
Bon0COOpOB 3anuBa [ peu-propa.

11— CPEAHEB3BCHICHHOC 3HAYCHUE XaPaKTCPUCTUK CHEXKHOTO ITOKPOBA JOJIMHHBIX BOZ[OC60pOB; 2— XapakTepu-
CTHUKHU CHEXKHOTO IMOKPOBa JOJIUHHBIX BOI[OC60p0B; 3— CPEAHEB3BCHICHHOC 3HAYCHNUE XapaKTEPUCTUK CHEXKHOI'O
TIOKpPOBA JICAHUKOB; 4— XapaKTEPUCTHUKU CHEIKHOI'O ITOKPOBA JIE[THUKOB; 5 — MakcUMaJIbHas BBICOTA CHEKHOTO
MIOKpOBa B 1. bapeHI0ypr; 6 — IHHEHHBII TPeH MaKCHMAIBHOH BEICOTEI CHEXKHOTO ITOKPOBa B IT. bapeHnoypr;
7 — NUHCIHbBIC TPEHABI CPEAHEB3BEIICHHBIX XapPaKTEPUCTHUK CHEKHOI'O ITOKPOBA JOJIUHHBIX BOI[OC60POB; §—
JINHEHHBIC TPEHABI CPEIHEB3BEIICHHBIX XapaKTEPUCTUK CHEXKHOTO IMTOKPOBA JIEJTHUKOB

Fig. 3. Interannual variability of snow cover height a), density 6) and water equivalent g) in
the Gronfjord bay catchments.

1 — weighted average value of snow cover characteristics of valley catchments; 2 — snow cover characteristics
of valley catchments; 3 — weighted average value of glacier snow cover characteristics; 4 — glacier snow cover
characteristics; 5 — maximum snow cover height in Barentsburg; 6 — linear trend of maximum snow cover
height in Barentsburg; 7 — linear trends of weighted average snow cover characteristics of valley catchments;
8 — linear trends of weighted average snow cover characteristics of glaciers

u 0,81 cOOTBETCTBEHHO; CTATUCTUYCCKU 3HAYMMAs CBSI3b IS JOJUHHBIX BOAOCOOPOB
00HapyKMBAETCsl TOJIBKO Y 3HAUEHUH TUIOTHOCTH CHEXXHOro mokpona (0,73 B cpennem);
OTCYTCTBHE CBSI3U IS 3HAYCHUI BIaro3araca JOJIUHHBIX BOJOCOOPOB MPEHMYIIECTBECHHO
SIBJISIETCSI CJIEACTBUEM IIPUCYTCTBUSI IIPUTEPTOM JIEISIHON KOPKU U €€ HEOIHOPOAHOCTH
BHYTpPHU CE€30Ha MEX]y BOJOCOOpaMH.

IIponomkuTeIbHOCTD 3a1eTaHNs CHEsKHOT0 MOKPOBa
Bpewmsi cxona cHexHoro nmokposa (puc. 4) ocraeTcs NperMMyIECTBEHHO HEH3MEH-
HBIM — CPEJIHSA JaTa CX0Ja CHEXKHOTO MOKpoBa 15 utoHs (Bapuaiuu B nipeaenax 31 mas —
27 nionst), Tpery cratuctudecku He 3Ha4uM (0,8 cyt1/10 net). CpenHsist 1ara mosiBIeHUS
YCTOWYMBOTO CHEXKHOT'O MOKPOBa — 5 OKTSIOPsI ¢ Bapuanueil B npenenax ot 10 ceHTs0ps
1o 1 HostOps1, Tpenna 1,2 cyt/10 ner. Jlata MakcuMaIbHON 3apErUCTPUPOBAHHON BBICO-
ThI CHE)XHOT'O ITOKPOBA Ha CTAHIMH HCHBITHIBACT (IIYKTyalluyd Ha MPOTSHKEHUH BCETO
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Puc. 4. Jlatel Hauana 3aneranus, CXoAa 1 MAKCUMAaJIbHOM BBICOTHI CHE)KHOTO ITOKPOBA, a TAKXKE MPO-
JOJDKUTENBFHOCTD €T0 3aJeraHus 110 JaHHBIM MeTeoCTaHImu 1. bapeHnoypr.

1 — nara cxona; 2 — Jara Havyasja 3ajeraHus; 3 — MpOoJOJDKUTEIBHOCTD 3ajeranus; 4 — Jara MaKCUMaJIbHOM
BBICOTBI CHEra Ha METEOCTaHIMU 11. bapeHuOypr; 5 — JIMHEeiHbIE TPEH 1B

Fig. 4. Dates of the onset, melting and maximum snow cover depth, as well as the duration of its
occurrence according to the Barentsburg meteorological station.

1 — dissapearance date; 2 — onset date; 3 — occurrence duration; 4 — date of maximum snow depth at Barentsburg
meteorological station; 5 — linear trends

paccMarpHuBaeMoro Iepruosa, cpeanss nara — 21 ampens, UIMeeT CpaBHHUTENBHO Oolee
BBIpAYKEHHBIN, HO CTAaTUCTHYECKU HE 3HAYMMEIHN, TpeH ] Ha yBenmmdenune (6,6 cyt/10 mer).
CpenHee KOIMYECTBO JHEH C HAJHYUEM CHEXHOTO ITOKpoBa 254, mMmeer cinalblii U He-
3HAYUMBIN TpeHA Ha cHIKeHne — —1,2 c¢y1/10 setT. I3SMEeHYHBOCTh MPOAOIKUTEIHHOCTH
3aJleraHusl CHEXHOTO TOKPOBa O0YCIIABIMBACTCS MPEUMYIIECTBEHHO N3MEHUYNBOCTHIO
JIaThl TOSIBIICHNSI CHEXXHOTO MTOKPOBA.

Me:kroaoBasi H3MEHYMBOCTh MeTeoNapaMeTPOB
U CBSI3b C XaPAKTePHUCTHKAMH CHE:KHOT0 IIOKPOBa

Knrmvar HInunbeprena B 3HAYUTETHHOM CTETIEHH 00YCIaBINBACTCS PACIIOIOKEHIEM
apxumenara Ha OCHOBHOM MapIIpyTe MepeHoca aTMOC()EepHOro U OKEaHHYECKOTO TeIuia
B ApPKTHKY W TIpeTepIeBaeT 3HAYUTEINbHBIC U3MEHEHHUS B MOCIeNHUe aecsatuierns [12].
B cBoro ouepenp Ha 3amafHyIO YacTh apXHUIIenara, Ie pacronaaraeTcs 3aiuus [ péH-propa,
BIIMSIHUE OKa3bIBaeT Teruioe 3anaaHo-llInundepreHckoe TeueHue.

Ha puc. 5 npuBenena mexroqoBasi U3BMEHUNBOCTb CPEJHUX CYTOUYHBIX 3HAUEHUM
TEMIIepaTypbl ¥ CKOPOCTH BETPA, a TAK)KE CyMMBI OCAJKOB 32 XOJIOJHbIE NEPHO/bI (Ha-
YaJIOM 1 KOHIIOM IIEPHO/IA SIBISIFOTCS] yCTONYMBBIE NTEPEX0/IbI TEMIIEPATYPhI HIKE U BBIIIE
0 °C cootBerctBeHHO) ¢ 2000 mo 2024 1. Mo JaHHBIM MeTeocTaHIHH 1. bapeHnOypr.
B Tabn. 4 maHbl cTaTHCTHYECKHE XapaKTEPUCTHKH yKa3aHHBIX METEONapaMeTpoB, J0-
TIOJTHEHHBIE 3HAUCHNUSIMH TPOIOIKUTEIBHOCTH XOJIOHOTO MEPUO/IA U ATTMHON OTTETIeNeH.

Jns paccMaTprBaeMBIX METEOIApaMETPOB XapaKTepHa HI3Kast i3MeHIHMBOCTh (Cv < 0,22).
CKOpoCTh BETpa UMEET CTATHCTUYECKH 3HAaYNMBIH TpeH | Ha yBenmyenue (0,2 m/c B 10 ser).
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Puc. 5. MexromoBasi ©3MEHUYMBOCTh CPETHUX 3HAYCHUI TEMIEpaTypbl U CKOPOCTU BETPA, a TAKIKE
CYMMBI OCaJIKOB 3a XosojHble nepuosisl ¢ 2000 no 2024 .
1 — Temneparypa, 2 — CKOpPOCTb BeTpa, 3 — cymMma ocakoB. LLITpruxoM HaHEeCEHbI JIMHUU TPEHIOB

Fig. 5. Interannual variability of mean values of temperature and wind speed, as well as precipitation
for cold periods from 2000 to 2024.

1 — temperature, 2 — wind speed, 3 — precipitation. The dashed lines indicate trend lines

Tabruya 4
CpoaHasi TA0/IMIA CTATHCTHYECKUX XapaKTePHCTHK MeTeonapaMeTpPoB
B nepuof ¢ 2000 mo 2024 r.
Table 4
Summary table of meteorological parameters’ statistical characteristics
for the period from 2000 to 2024
Temme- Konmuecto CkopocTh Tponomiurennrocts Orreneny,
parypa, °C | ocaakoB, MM BeTpa, M/C XOHOHHOE;THep Hoza, CyT
XO0JIOIHBIN IEPUOJT
Cpennee 7,34 389 3,73 236 9,2
Mun -10,5 234 2,97 191 2
Maxkc -4,82 541 4,43 263 20
Cv -0,21 0,22 0,10 0,08 0,46
Tpern |0,63 °C/10 net |-21,9 mm/10 mer| 0,19 m/¢/10 et -10,9 cy1/10 zer  |-1,0 cy1/10 ser
Ton
Cpennee -3,12 569 3,45 — —
Mun -5,81 382 2,65 — —
Maxkc -0,37 797 3,93 — —
Cv 0,35 0,13 0,07 — —

Tpern (0,91 °C/10 aer| 15,1 mm/10 net | 0,15 m/¢/10 et — —

Tpumeuanue. JXupHbIM BBLIEIEHBI CTATUCTUUECKU 3HAUMMBbIE TpeH bl (0=0,05).
Note. Statistically significant trends are highlighted in bold (o = 0.05).
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Puc. 6. T'paduk 3aBUCHMOCTH CPEAHHX 3HAYCHHH BBICOTHI M INIOTHOCTH CHEXHOTO MOKPOBA Ha
JIeTHUKAX @) U B JOJMWHHBIX BOOCOOpax 6) OT METEOIMapaMeTpoB (CpeJHEeCy TOYHBIE TEMIIEpaTypa 1
CKOPOCTb BETpa U CyMMa OCaJIKOB 3a XOJIOAHBIN epHoJ)

Fig. 6. Graph of the dependence of average values of snow cover depth and density on glaciers @) and
in valley catchments 6) on meteorological parameters (average daily temperature and wind speed,
and the amount of precipitation during the cold period)

3HaueHus] TPEHIIOB JIJIsl CyMMbI OCJIKOB U TeMmIeparypsl coctapisitor —21,9 mm/10 ner
u 0,6 °C/10 net coorBeTCTBEHHO. [IPOIOIKUTEIBHOCTD XOJIOMHOTO MEPHO/IA MMEET HU3KYIO U3~
MEHYMBOCTB U CTATUCTHYECKH 3HAYMMBII TPEH/I HA yMEHBIIICHHE, cocTapysomuii —10,9 mrei
3a gecarwierue. KonnuecTBo AHEH ¢ OTTeNneNsIMU 3a XOJI0AHbII IEPUOJ, UMEET BBICOKYO M3-
MeHunBocTh (Cv = 0,46) 1 CTaTHCTHYECKU He 3HAYMMBbINA TpeH,1 Ha cHibkeHue (—1,0 cy1/10 ner).

CraTucTHYECKN 3HaYMMBIC TPEHABI OOHAPYKEHBI Y CPEAHETOIOBBIX 3HAYCHUI TeM-
nieparypsi Bozayxa (0,91 °C/10 ner) u ckopoctu Berpa (0,15 m/c/10 ner). CpenneronoBoii
TeMIIepaType Tak’Ke CBOHCTBEHHa BbICOKas m3MeHunBocTh (Cv = 0,46). Cymma ocaikoB
3a TOl UIMEET MOJOKUTEIIbHBINA CTATUCTHYCCKU He 3HauuMbId Tpenm (15,1 mm/10 ner).

[Ipu Gonee MOAPOOHOM PACCMOTPEHUH MEXTOJOBON M3MEHYMBOCTH METeomapa-
METpPOB (aHATM3UPOBAIACH MEKTOM0BAsI N3MEHUYNBOCTD CPEIHEMECSIIHBIX 3HAYCHUH Me-
TEOMapaMeTpoOB IS KaKIOTO MecsIa OTACIbHO) 3HAYUTECIBHBIX OTIMYUI OT TEKYyIETo
aHaJIM3a CPEIHECYTOYHBIX BEIMYIH 32 XOJOAHBIN Iepruo He 00HAPYKEHO, YTO TOBOPUT 00
OTCYTCTBHH CYIIECTBEHHBIX N3MEHEHUH PacIpe/ieICeHNs TPUBEICHHBIX METEOIapaMeTPOB
BHYTPH XOJIOAHOTO TIEPHO/IA 32 PACCMATPUBACMBIi UANa30H JIeT.

Taxum o0pa3zom, 3a paccMaTpuBaeMblii BpeMeHHOH nuana3oH (2000-2024) xomon-
HBIC MEePHOABI UMCIOT TEHACHINIO K COKPAIICHUIO MPOIOIDKUTEIFHOCTH, TTOBBIIICHHUIO
TEeMIIepaTyphbl U CPETHEH CKOPOCTH BETPAa W YMEHBIICHUIO KOJWYESCTBA BBHIMAJAOITIX
0CaaKoB. B TO e BpeMs ¢ TOUKH 3PEHHS TOJOBBIX 3HAYCHUN METEONapaMeTpOoB KIIH-
Mar B paifoHe 1. bapeHIOypr 3a paccMaTpHBaeMBIid TIEPHON CTAHOBHUTCS 00JI€e TEIUIBIM,
BJIQKHBIM W BETPEHBIM. {11 aHanm3a B3aMMOCBA3HM H3MEHYMBOCTH METEOIIapaMeTpOB 3a
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Tabruya 5
CBs13b CpeIHUX 3HAYECHHIT XapAKTePUCTHK CHE’KHOI0 IIOKPOBA
HA JI/IHMKAX U B JOJHHHBIX BoocOopax
H MeTeoNnapaMeTpoB 32 X0JI0HbIIl mepuoa
Table 5

Relationship between average values of snow cover characteristics
on glaciers and in valley catchments,

and meteorological parameters during the cold period

Tum oobexra | Xapakrepuctuka| Temmneparypa | Cymma ocanxo | CKOpOCTb BeTpa
Jlegaukn Bricora 0,15 0,38 (0,059) 0,21
[TnotHOCTH 0,31 0,40 (0,050) 0,42 (0,04)
Buarosanac 0,26 0,46 (0,019) 0,33 (0,09)
JlonuHHbBIC Bricora -0,39 (0,05) 0,14 0,12
BOZ0COOPBI [loTHOCTH —0,44 (0,03) 0,07 -0,04
Bnarosanac —-0,38 (0,06) 0,09 0,21

Ipumeuanue. B ckoOKaxX MPUBEICHO p-3HAYCHUE; )KUPHBIM BBIICICHBI CTATUCTHYCCKU 3HAYUMBIC KOA(-
¢urmentsr (npu yposHe 3Haunmocts o = 0,05).

Note. The p-value is given in brackets; statistically significant coefficients are highlighted in bold (at a
significance level of a = 0.05).

XOJIOJIHBIM MEePHOJl U XapaKTEPUCTHK CHEXHOTO MOKPOBA ObUIM MOCTPOCHBI TOUCUHBIC
rpaduku ¢pyHkmid (puc. 6) U KoppensiMoHHas Marpuna (tadi. 5).

XapaKkTepuCTHKN CHEXKHOTO MOKPOBa (BbICOTA, IVIOTHOCTh M BJIAro3arac) JIeTHUKOB
HMEIOT CJ1a0yI0 CTaTHCTHYECKYIO CBSI3b C MPUBEICHHBIME MeTeorapamerpamu. Handomb-
mme Ko3(GHUIUEHTBI KOPPEISMK 00HAPYKHBAIOTCS MEXK/LY XapaKTepPUCTHKaMH CHEKHOTO
MOKPOBA JIEJIHUKOB ¥ CYMMOI 0CaJIKOB 32 COOTBETCTBYIOIIHE XOJIOAHBIE TEPUO/IbI, OJTHAKO
TOJIBKO OJIHA XapAaKTEPUCTUKA UMEET CTATUCTUUECKHU 3HAYMMYIO CBSI3b C CYMMOM OCaJIKOB
npu ypoBHe 3Haunmoctu o = 0,05 — Bmarosamac (» = 0,46, p = 0,02). Beicota u miot-
HOCTb CHEXHOTO ITOKPOBA JISHUKOB UMEIOT MPAKTUUECKH UICHTUYHbIE, HAXOSIIMECS Ha
TpaHuIle CTATUCTHYECKON 3HAYMMOCTHU CBSI3U ¢ cymmon ocaakoB — 7 = 0,38, p = 0,059
Jutst BBICOTHI U 7 = 0,40, p = 0,05 nns mioTHOCTH. Taroke CTaTUCTUYECKH 3HAYMMAsl CBSI3b
00OHAPYKUBAETCSI MEXK/1y TNIOTHOCTBIO U CPEIHEH CKOPOCTBHIO BETpa 3a XOJIOAHBIN IMepH-
on (r=0,42, p=0,04), ocranbHble KOXOGHUIMEHTB KOPPEISALMU MY XapaKTePUCTHKAMU
CHera U JPyTUMH MeTeonapaMeTpaMu jJexar B npeaeine ot 0,15 mo 0,31.

BpIcoTa 1 IIIOTHOCTB CHEXHOTO TIOKPOBA JIOJIMHHBIX BOAOCOOPOB UMEIOT CTATUCTUYECKH
3HAYUMYIO CBSI3b C CPEJHECYTOYHOM TEMIIepaTypol XOJIOJHOIO Meproia — COOTBETCTBYIO-
e ko3 HUIHEHTHI KOPPEISLMH IS BEICOTBI, IJIOTHOCTH M Bilaro3ariaca cocrasisitor —0,39
(» = 0,05) u —0,44 (p = 0,03). IIpu 3TOM CBA3b BIArO3anaca M TEMIEPaTypbl HAXOIUTCS Ha
rpaHuIie crarucTrdeckoi s3HaaumMoct (7 =—0,38, p = 0,06). CBsI3b MEXKTy XapaKTePUCTUKAMHU
CHE)KHOT'O [TOKPOBA JIOJIMH U OCTAJIbHBIMH METeOoNapaMeTpamMmu He OOHapyKeHa.

Jonst npuTepToii JieAsAHO KOPKH B 00111eM BJIaro3anace 10J1UHHbIX BOA0COOPOB

3Ha‘lI/ITeHLHyIO 4acTh Bjiarosariaca A0JIHMHHBIX BO,HOC60pOB COCTAaBJIACT MPUTEPTAL
JICAsAHasA KOpkKa, O6pa30BaBHIaHCSI Ha MOBCPXHOCTHU IMOYBLI B PE3YJIbTATE OTTCHGHeﬁ, BbI-
MagCHUA ) XUJAKUX OCAAKOB Ha CHCIKHYIO TOJIIY HHM3KOU TOJIIMHEI 1 HaMep3aHus MMOBEPX-
HOCTHOT'O CTOKa Pa3JIM4YHOI0 reHe3uca.
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Cpennsist TonmmmHa nputeptoit teasaoi kopku (IIJIK) B nommue ['pérnanen Bapbu-
pyetcs B mpenenax ot 0,63 mo 37,0 cm (cpenass TommmHa 11,8 cM) npu kodhdurmenTe
Bapuanuu 0,79, 9To TOBOPHUT O €€ BBICOKOH M3MEHUYHUBOCTH. OTHOCHUTEIHHO OOIINX BIIa-
ro3amacoB JOJWHBI OIS Biaro3anaca IpuTepTo JIEASHOW KOPKH B CPETHEM COCTABIISACT
32 % wm m3meHseTcs B npenenax ot 2 1o 73 % (puc. 7). HabmroneHHas cpemHss TONIIIHA
TIPUTEPTON JICNTHOW KOPKH TSI MOPEHBI JI. AJIBIETOH/Ia UMEET CXOKUE CTATUCTUICCKHUE
XapaKTEePUCTUKHU, KIFOUECBBIMHA U3 KOTOPBIX SBISIOTCS CHIbHAS M3MEHUYHUBOCTH U OOJb-
masi aMIuTUTyaa. TeM He MeHee CpefHee 3HAYCHHE TOJIIWHBI MPUTEPTOH KOPKHA U TOJH
B 0o0mieM Biarosamace BomocOOpa CyIIECTBEHHO HIDKe — cpemHee 5,9 cM, monsa 16 %.
s octanbHBIX JOMHHHBIX BogocOopoB (Bprone, Konrpece) xapakTepHa He3HAYUTEIbHAS
BBICOTA MPUTEPTON JIEATHON KOPKHU.

Bricora IIJIK Ha BogocOopax I'pérnmanen m MopeHa J. AJbIETOHAa UMEET CTaTh-
CTUYECKH HE 3HAYUMBIC TpeHbI, paBHbEIC 3,1 1 —0,6 cM/10 €T COOTBETCTBEHHO. DTO
cobmonaetcs u At Tpernos nonu [TJIK B obmmx Biaroszamacax BomocOOpoOB, Iie COOT-
BETCTBYIOIINE 3HAYEHHs TPEHAOB paBHBI 6,9 1 —0,8 %/10 ner.

CTaTHCTUYECKH 3HAYMMasi CBA3b MEXKAY MeTeolnapaMeTpaMH XOJOMHOTO MepHoa
(cpemHecyTOUHas TeMIieparypa, CyMMa OCaJKOB, CPEIHSS CKOPOCTh BETPa) M BBICOTOM
u poneit B 00mmx raro3amnacax [1JIK o6HapyxkeHa TonbpKo y TeMmiepaTypsl u gomneit [TJIK
MopeHs! 1. Anpaeronna (r = 0,46, p = 0,02).
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Puc. 7. XapakTepucTHKN IPUTEPTOH JICITHOI KOPKH OT 00I11ero Biaro3anaca Bogocoopos [ pénnaneH
1 MOPEHBI 1. ATTBAETOHAA. @) — MEKT0/10Bast HK3MEHINBOCTD JOJIU IIPUTEPTOH JIITHOH KOPKH; 0) —
3aBHCHMOCTB JIOJIH IPUTEPTOH JIITHON KOPKHU OT CPEAHECYTOTHOH TEMITEPATyPhI XOIOAHOTO TIEPHOAA.
1 — cpenHeCyTOUYHAs TEMIIEPATypa XOJIOAHOTO NIepHoa; 2 — J0JIs IIPUTEPTOH JIeJAHOH KOPKH B 00111eM Bl1aro3a-
nace B ionuHe [ pénasen; 3 — oI IPUTEPTOH JIeITHOM KOPKH B 0011IeM Bllaro3arace Ha MOpeHe J1. AJIbJIeTOH/1a;
4 — I'pénnanen; 5 — MopeHa J1. Alibjieronia

Fig. 7. Characteristics of the basal ice share in the total liquid-water content of catchments Grendalen
Valley and Aldegonda glacier moraine. @) — interannual variability of the basal ice share; 6) —
dependence of the basal ice share on mean daily temperature during cold period.

1 — mean daily temperature during cold period; 2 — basal ice share in liquid-water content in the Grendalen

Valley; 3 — basal ice share in total liquid-water content of Aldegonda glacier moraine; 4 — Grendalen; 5 —
Aldegonda glacier moraine
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Oo6cy:xneHue

CommacHO TOJTY4EHHBIM pe3yJbTaTaM, BBICOTA, MIIOTHOCTh M BJIAro3amac CHEXHO-
TO TOKpOBa BopocOopos 3anmBa [ pén-dpropa B Havane XXI B. He UCTIBITHIBAIOT CTaTH-
CTHYECKH 3HAUMMbIX N3MEHEHHH, OIyYCHHBIC TPEH/IBI XapaKTEPUCTHUK OJIM3KU K HYJIIO,
YTO COTTIacyeTcs C Pe3ylbTaTaMH JAPYTUX UCCIECIOBaHUI CHEKHOTO ITOKPOBA apXuIesara
mumbepren [8, 9]. B [8] aBropsr B mpomexyTke ¢ 1961 mo 2012 1. HaxomsaT ciaadorro-
JIO)KUTEIbHBIC U CTATUCTHYECKH HE 3HAYMMBIE TPEH/IBI BlIaro3araca CHEXXHOTO MOKPOBa,
M, COIIACHO MX BBIBOZIAM, JIOITOCPOYHAS TCHACHIMS TAK)KE HE3HAYNTEIIbHA.

B 10 xe Bpems uccrnenoBanus [5, 8, 9] HaxomsAT Ha OONBIICH YACTH apXwuIlenara
HImunbepren TpeHa Ha COKPAIIEHNE MTPOAOIDKUTEIBHOCTH 3aJIETaHNs CHEXHOTO ITOKPOBA,
TMOJIOKUTETBHBIN BPEMEHHOH CABUT B MOSBICHUH YCTOHYMBOTO CHEKHOTO TTOKPOBA, & TaK-
e 0oJiee paHHUH CXOJl CHEKHOTO TIOKPOBA, CChUTASICH Ha OBICTPOE MOTEIUICHHE APKTHKH.
OTcyTcTBHE 3HAYMMOTO TPEH[A JaThl CXO/la CHEKHOTO MOKPOBA BO BPEMsI NMOTETUICHUS
JUISL BCETO apXHIIesara aBTopbl CBS3BIBAIOT C KOMICHCAIMEH MOBBIIICHUS TEMIIEPaTyphl
KOJINYECTBOM OCaAKOB. JlaHHBIC Pe3yNnbTaThl B LIEJIOM COBHAJAIOT C PE3yNIbTaTaMH, I10-
Jy4eHHBIMH B Hamieil pabore. [Ipumenurensho k 6acceiiny 3ammBa ['pén-dpopn Takxke
3amedeHo, uto B mepuon ¢ 2006 mo 2013/14 r. maTel Hadaga yCTOWYMBOTO CHETO3ajera-
HUSI M CXOJla CHE)KHOTO ITOKPOBA, a TAKXKE MPOJODKUTEIBHOCTh CHEro3aJleraHus Obun
OTHOCHUTEJIBHO CTaTHYHBI B CPABHEHUH C APYTUMH BPEMEHHBIMH TTEPUOAAMH, YTO MOXKHO
O0OBSICHUTH CMEHOM arMoc(epHOr mupkymswa [13].

Kinmar IlInunOeprena mpocTpaHCTBEHHO HeogHopoaeH. Haubonee cuibHbIC
KJIMMaTH4YeCKHEe M3MEHEHHUsS TIPOUCXOIST HA CEBEPE M CEBEPO-BOCTOKE apxmrienara [8],
B TO BpeMs Kak Ha 3arajHoil W I0KHOM 4acTsAX OH Oojee CTaTHYeH, YTO MOXKET OBITh
ciencTBreM BiusiHAS 3anagHo-lmunoeprenckoro tedenus. [1o qaHHBIM METEOCTaHIIMN
. bapernOypr B Hagane XXI B. B XONONHBIN mepuos HabmrogaeTcs ciadoe moTerie-
HUE (TpeH[ CPEeAHECYTOYHOU TemmepaTypsl xomonHoro mepuona 0,6 °C/10 mer), ycu-
nerne Betpa (0,2 M/c/10 5eT), a Taxke CHIKEHHE CyMMBI ocankoB (—21,9 mm/10 xer).
Cpenn NOJTyYeHHBIX TPEHAOB CTATHCTHYECKYIO 3HAUNMOCTh MUMEET TOJBKO yCHUIICHHE
BeTpa. Pe3ynpraTel aHamM3a KIMMAaTHYECKUX M3MEHEHHUH TOJIOBBIX 3HAYCHUI MeTeomna-
paMeTpoB (CPEAHETOOBBIE TEMIIEPATYpa BO3AyXa U CKOPOCTh BETPA, CyMMa OCAJIKOB 3a
To/) M0 JaHHBIM METEOCTAaHIMHU 1. bapeHnOypr Takke COIIACylOTCsl C aHAJOTHYHBIMU
uccaenoBanusaMu [5, 8]. TpeHJ Ha CHMKEHHME KOJIMYECTBA OCAIKOB B XOJOAHBIN MEPHON
CTAaTHCTHUYECKH HE 3HAYMM, a CyMMa OCAaJIKOB HE MMEET CBS3U C MPOIOJIKUTEIHLHOCTHIO
XOJIOZHOTO TIEPHO/A, YTO B COBOKYITHOCTH C TOJIOKHUTEIBHBIM TPEHIOM TOZOBOI CYyMMBI
OCAaJIKOB CBHJETEIBCTBYET O MEpepacTpeaeICHIH PEKUMa 0CaIKOB BHYTPH TOa.

OTCyTCTBHE Ka4eCTBEHHBIX CTATUCTUYECKH 3HAUUMBIX JIMHEHHBIX CBSI3€H MEXIY
MeTeolapaMeTpaMy M XapaKTepHCTHKaMH CHEXXHOTO MOKpoBa B Oacceiine 3amuBa [pén-
(BOpA ABISIETCSI CIIEACTBUEM BapUAaTUBHOCTH M JMHAMHUKN METEOPOIOTNIYECKUX YCIOBHI
B COYETaHNU C (PU3UKO-TeOrpapuIecKUMI OCOOCHHOCTSIMU KXXI0r0 00BEKTa HIIH BOZO-
cbopa B 1esoM. B To ke BpeMs MOydeHHbIE Pe3yibTaThl KOPPEISIHOHHOTO aHAJIN3a
JEMOHCTPUPYIOT OTIINYHS B YCIOBHUSAX CHEr03aeraHusi, KOTOpbIE MPOSIBISIIOTCS B HATNYUH
CTAaTUCTUYECKH 3HAUYMMOH CBSI3M Y XapaKTEePHCTHK CHEKHOTO ITOKPOBA JISTHUKOB C CYMMOM
0CaJIKOB 32 XOJIOAHBIA MEPHOJ, B TO BPEMs KaK XapaKTCPUCTUKU JOJIUH HMEIOT CBSI3U
TOJIBKO CO CPEIHEH TeMIIepaTypoil XOJIIOAHOTO repruoaa. TakuM 00pa3oM, MOKHO Tpen-
TMIOJIOXKHTh, YTO BCIIEJCTBUE MaJION CPEAHEH BBICOTHI pelbeda XapaKTepUCTHKI CHEXHOTO
MOKPOBA JIOJIMHHBIX BOIOCOOPOB O0JIee TyBCTBUTEIBHBI K N3MEHEHHUSIM TEMIICPaTyphl, YeEM
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0CaJIKOB WJIM BETPa, B TO BPEMs KaK JICTHUKH, UMEIOIINE OONBIIYIO BBICOTY, IEMOHCTPH-
PYIOT 9yBCTBUTEIBHOCTH K OCAIKaM.

Mexay BBICOTOH CHETa Ha METEOCTaHINH bapeHIOypr i BBICOTOH CHEra Ha BOJO-
cOOpax CyIIeCTBYET CTaTHCTUICCKH 3HAYMMAs CBs3b, KaK OBLIO TOKa3aHO B TaOI. 2 1 Ha
puc. 3. 3aMeueHo, YTO XapaKTePUCTUKHA CHEXHOTO ITOKPOBA y OJHOTHITHBIX OOBEKTOB,
OCOOCHHO IIETHUKOB, KaK IPABUIIO, IMCIOT CTATUCTHYECKH 3HAYHMYIO CBSI3b, KOTOPYIO
MOYKHO HICTIONIB30BATh MPH PEKOHCTPYKIIUH MPOIYCKOB JaHHBIX WM peaHann3e (Tak ke
KaK U CBS3b C MaKCHMAJIbHOM BBICOTOM CHera Ha MeTeocTaHmuu). C 3TOH TOYKH 3pEHHUS
HauboIee pernpe3eHTaTUBHBIMU OOBEKTaMHU SBIAIOTCS | pEHMANeH A TOTMHHBIX BOIO-
cOOpOB U NeTHUK ANBIETOHIA IS JICTHUKOB. 3HAYUMYIO POJb B 3TOM BBIOOpE UTpacT
JUTMHA PSI0B HAOONEHU Ha STHX OOBEKTaX.

B crathe He pacCMOTpPEHO BIUSHHE TOPH30HTAIBFHOTO MIEPEHOCA CHEXKHOTO TIOKPO-
Ba, YTO MOXKET CTaTh MPEAMETOM OYIYIIMX HUCCIEAOBaHUNA. B To ke BpeMs, 10 JaHHBIM
aBTOPOB, IMOTyYSHHBIM B Xoz1e padot 2022 r. Ha BocToke apxurienara llImumdepren B o-
nrHEe Arap/, TOPU30HTAIBHBIA METEIIEBBIN IIEPEHOC CHEKHOTO MTOKPOBA MOYKET OKa3bIBATh
CYIIIECTBEHHOE BIMSHIE Ha XapaKTEPUCTHKH CHEKHOTO MOKPoBa. COIIaCHO MOTYYCHHBIM
pe3ynbTaTam, o BO3ICHCTBHEM TOPH30HTATIHHOTO TIEPEHOCAa CHETa ¢ MOPCKOTO JIENITHOTO
MTOKPOBA TUIOTHOCTBH CHEKHOTO TIOKPOBA B JIOMWHE ATap/ JOCTHTala 3HAYCHUH, XapaKTep-
HBIX IS JISTHUKOB 3aiiBa [ péH-(pop/, a BEICOTa OblIa B CPEIHEM BBIIIC, YEM Y TOIIH
3anuBa. OCHOBHYIO POJIb 37I6Ch MTPAET SKCIIO3UIIHS TOJMHBI B COYCTAHUH C HAINIHEM
JIeITHOTO TTOKPOBa Ha MOpE, YTO KOCBEHHO IMOATBEpKaaeTcs B padote [12].

3HAYUTETBHYIO JJOTIO BIIaro3anaca JOJIHHHBIX BOJOCOOPOB COCTABISECT MpUTEpTast
nensHas Kopka. Hambornee CHIIBHO ATO MPOSBISETCS Y OOJBIINX TOPHBIX TOJWHHBIX
BOZIOCOOPOB € MPEUMYIIECTBEHHO OAHOPOIHBIM IUIOCKHM penbedom (Ipénmanen), rae
JIOJISl IPUTEPTOM JIEASTHON KOPKU B OOIIEM BIlaro3amace MOKeT gocturars 79 %. OmHa-
KO CTaTHCTUYECKON CBSI3M MEXIY METeollapaMeTpaMH XOJIOMHOTO MEepHUoa M BBICOTOM
1 J0Jel IPUTEPTON e THONH KOPKHU B OOIIMX Biaro3amacax Bomocbopa He HalIeHO, 3TO
MOJKET CBHJIETEIIECTBOBATH O TOM, UTO T€HE3UC MPUTEPTOH JICATHONH KOPKU HEOTHO3HAY-
HBI, a yBEITMYCHNUE YHCIIAa OTTENeNeH MIIN BBIMAaACHHUS KUIKAX OCaIKOB HA CHE)KHBIH
MTOKPOB, HaOmonaeMpIX B Hawane XXI B. [8, 12, 14], He urparoT B HEM OIpeIeIIONIeH
pOTH ¥ 3aBUCAT OT OOCTOSTEIBCTB, TAKUX KaK BBICOTA CHEXHOTO TOKPOBa Ha MOMEHT
BBITIA/ICHUS OCAJIKOB, PaiiOH BBITAJCHISI C TOUYKH 3pEHUS BIUSHUS pelbeda Ha CHeTOHa-
KOTLICHHE, CyMMa OCaIKOB.

3akJ/oueHue

PesynbraTel MccaenoBanus nokasanu, uto 3a nepuon 2000-2024 rr. He HaOmio-
JIAeTCsl CTaTHCTHYECKU 3HAYMMBIX (TIpH ypoBHE 3HaunMMocTH o = 0,05) TpeHI0B u3Me-
HEHUsI BBICOTHI, INIOTHOCTH M BJlaro3araca CHEXHOTO MoKpoBa. [lomydeHHbIE TpeHbI
MIPEUMYIIECTBEHHO Ci1a0ooTpHIaTenbHble. [lokazaHo, 4TO XapaKTEPUCTHUKU CHEXHOTO
MTOKPOBA y OJHOTHITHBIX OOBEKTOB XOPOILO KOPPEIUPYIOT MEXIY COOOH M 3HauCHHEM
MaKCHMaJIbHON BBICOTHI CHEKHOTO MOKPOBA Ha METEOCTaHUUK N. bapeHnOypr n Moryt
OBITh MCIIOJIB30BAHBI JUIsl PEKOHCTPYKIMH. [IpOI0IKUTETBHOCT CHEro3ajIeratus, a TakKe
JlaThl YCTAHOBIICHHS M CXO/1a CHEXKHOTO TIOKPOBA HE MMEIOT SIPKO BBIPAKEHHBIX TPEHIOB.
Knumar paiiona uccnenoBanus B XOJIOIHBIN MEPUO/ CTAHOBUTCS ClIeTKa 00Jiee TeIIbIM,
BETpPEeHBIM M cyxuM. OOHapysKeHbI ciiadble, HO CTATUCTHYECKH 3HAYMMBbIC JTMHEWHBIC
CBSI3U MEXJly MeTeonapaMeTpamMH XOJOJHOTO MEepHo/a U XapaKTepUCTUKAMH CHEXHO-
ro MoKpoBa. B paifoHe ucciae0BaHMs BIMSHHE Ha CyMMapHBIE BJIaro3anachl 1 BBICOTY
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U JIONIIO TIPUTEPTON JIEATHOW KOPKM B OOIIMX BIIAaro3aracax yBEJIWYCHHs KOJIMYECTBa
CJTy4aeB BBINAJICHUS KUIKUX OCAIKOB HA CHEXKHBIM ITOKPOB, OTTEIENEeH M UX MPOIOII-
JKUTEIBHOCTH HE OOHAPYKEHO.

Takum 00pazom, B HacTosiIee BpeMsi Mbl HaOJIIOIaeM B II€JIOM CTAI[MOHAPHBIN Iie-
PHOZ yCIIOBHU CHETOHAKOIUICHHSI, TA€ yBEIMUEHHE TEMIIepaTyphl XOJIOAHOTO Mepuoaa
YACTUYHO KOMITEHCHPYETCS YBEIIMYSHUEM CYMMBI ocankoB [15—17]. Hammuaune cBszeit
MEXKIy XapaKTepPUCTHKAMH CHEKHOTO ITOKPOBA M CyMMOH OCAJIKOB 3a XOJIOAHBIA MEPHOI
Ha JISTHUKAX, SIBJIAIOIINXCS TPEHMMYIIECTBEHHO BEICOTHBIMH BOJOCOOPAMH, a TAKXKE MEXKILY
XapaKTEPUCTUKAMH CHEKHOTO TIOKPOBA MaJIOBBICOTHBIX JIOJIMHHBIX BOIOCOOPOB M CPEIHEH
TEMIIepaTypoi XOJIOIHOTO IEPHO/Ia SIBISETCS XapaKTepPHOI 4epToil TaHHOTO INepuoja,
JIEMOHCTPHPYS 0COOEHHOCTH YyBCTBUTEIBHOCTH XapaKTEPUCTUK CHEXHOTO ITOKPOBA B 3a-
BHCHMOCTH OT BBICOTHI M THIIA BOIOCOOpa K OCHOBHBIM METEOPOJIOTHYECKIM ITapaMeTpaM.
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Is the surface mass balance in inland East Antarctica decreasing?
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Abstract. This article offers critical comments on the paper “Sustained decrease in inland East Antarctic surface
mass balance between 2005 and 2020” by Dr. Danhe Wang and co-authors published on the 11th of June 2025
in the “Nature Geoscience” journal. There is no doubt about the high quality of the data presented in the Wang
et al.’s manuscript, but the results of the study are applicable only to a relatively short interval of time and to
a small fraction of the East Antarctic Ice Sheet (in particular, to the vicinity of Dome A). In this respect, the paper’s
title is to a large extent misleading since there is no evidence of sustained decrease in surface mass balance in
inland East Antarctica as a whole, even though there is no disputing the fact that the total mass of the Antarctic
Ice Sheet is decreasing due to ablation at the edges.
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The Antarctic Ice Sheet (AIS) is currently losing mass, contributing about 10 % of
the mean 3.6 mm yr! sea level rise in 2006-2018 [1]. The total AIS mass budget is an
interplay between ice ablation on Antarctica’s edges (mainly iceberg calving and ice shelf
basal melt) and net snow accumulation in the AIS’s interior; the latter is often referred to
as “surface mass balance” (SMB) and represents a function of precipitation, sublimation
and snow transport by wind [2]. The mass loss is dominated by the increased ice ablation,
while the contribution of the SMB is less clear [3]. It is argued that in a warmer climate
the SMB should increase due to enhanced water vapor capacity of air [4]. Therefore, it
is crucial to know the SMB’s sensitivity to the current climate change in order to project
the future AIS’s mass change and its final contribution to the sea level rise. However,
such studies suffer from a dramatic paucity of ground-based reliable data on SMB, so the
researchers have to rely upon the climate models, despite the fact that they do not necessarily
reproduce the instrumental data correctly, especially in the inland parts of the AIS [5, 6].

On the 11" of June 2025 a paper was published in the ‘“Nature Geoscience” journal
entitled “Sustained decrease in inland East Antarctic surface mass balance between 2005
and 2020” (https://doi.org/10.1038/s41561-025-01699-z), by D. Wang and others [7].
The authors presented a new unique dataset of instrumentally observed snow mass
balance values along the transect between the coastal Zhongshan Station and the main
East Antarctic ice dome, Dome A (Fig. 1) in order to demonstrate a significant decrease
in SMB between 2005 and 2020 in the inland part of the transect, and to reveal a role
of atmospheric circulation in this trend. Although the quality of the instrumental SMB
data and the robustness of the results are not in doubt, three main concerns arise: (1)
the article only discusses the atmospheric circulation drivers of the SMB variability
ignoring the thermodynamic factor; (2) the findings of the article are applicable only
to a relatively short interval of time and to a small fraction of the East AIS and (3) as
such, the article’s title is to a large extent misleading. These concerns motivated me to
write comments on the Wang et al.’s work, which is the subject of this short article. The
comments were sent to Dr. D. Wang and his colleagues, and their reply is attached as
supplementary material to this article.

The study of Wang et al. is based on measuring the heights of the accumulation
stakes installed along the Zhongshan — Dome A logistic traverse. The authors are aware
of a very weak climatic signal in the instrumental SMB data (due to a very high amount
of “depositional noise”, which constitutes more than 90 % of the total variance, [8]), so to
overcome this problem they use averaging of the SMB values over a number of adjacent
stakes. The reliability of the data could be further improved if the authors used the SMB
data from the stake farms situated in the vicinity of Dome A [9].

The next issue concerns the choice of the time interval discussed in the paper,
from 2005 to 2020. The data shown in their Figure Sa—c demonstrates that it is actually
the only 15-yr period between 1979 and 2024 when the SMB (and precipitation rate, as
seen in ERAS reanalysis data) was significantly decreasing. Looking at the same graph for
the period up to 2024, one can see no negative SMB trend between 2005 and 2024. There
is also no overall negative trend in precipitation between 1979 and 2024. The selection of
the 2005-2020 interval is explained by the fact that 2005 was the first year when the SMB
data was available along the whole length of the Zhongshan — Dome A profile, although
other parts of the accumulation-stake profile are operating since January 1997 [10]. It is
just a pure coincidence that the time interval of the study covers the only 15-year period
of time when the SMB was decreasing.
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Fig. 1. The location of the sites mentioned in the paper.

The red line is the Zhongshan — Dome A transect (ref. 7). The colors denote the spatial variability of the correlation
coefficients between detrended time-series of instrumentally measured SMB at Vostok in 1979-2021 [8] and
the SMB time-series produced by ERA-S5 reanalysis [15]

Puc. 1. MecTononoxeHnue MyHKTOB, YIOMSHYTHIX B CTaThe.

Kpacnas auaus — npoduns JKonruran — Kymon A [7]. L{Betom moka3aHo MpoCTPaHCTBEHHOE paciipeesicHue
K03(()HUIMEHTOB KOPPEIISAILIMU MEK/Yy BPEMEHHBIM PSIOM HHCTPYMEHTAJIbHO M3MEPEHHOM CKOPOCTH CHETOHAKO-
uieHus Ha ctaniuu Bocrok B 19792021 rr. [8] M CKOPOCTBIO CHETOHAKOIUIEHUS 110 JaHHbIM peaHann3a ERA-5
(13 pabotsl [15])

When discussing the factors responsible for the observed negative SMB trend in
2005-2020, the authors focus on the atmospheric circulation in the Southern Hemisphere,
such as the intensity of zonal circulation, the anomalies of 500 hPa geopotential height
and the related anomalies of the poleward transport of the water vapor. However, it is
known that the variability of SMB is closely related to the local air temperature, which
is evident both from the climate models [11], the instrumental observations [8, 12] and
the ice core data [13]. Thus, the discussion part of the Wang et al.’s article could be
substantially improved if the authors analyzed the relationship between the SMB and the
surface air temperature at Dome A, data on which is available for the region of study [14].
Having said that, it is necessary to note that the circulation and the thermodynamic factors
are certainly not fully independent as it is atmospheric circulation that brings heat and
moisture to central Antarctica.

The most important issue concerns the geographical extent of the validity of the results
of the paper. The title refers to the region as “inland East Antarctica”, but it is very unlikely
that the results are applicable to the entire plateau of East Antarctica. For example, one of
the reasons of the decreasing SMB in the Dome A region in 2005-2020 is the deepening of
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Fig. 2. Vostok snow accumulation rate (b) vs local air temperature (a).

The shading depicts the error bars (+ 2 SEM). The dashed lines in () and (b) are the linear trends of temperature
and accumulation rate for the time intervals 1960—-1978, 1978-1999 and 1999-2021. Pink color highlights the
time interval (2005-2020) studied by D. Wang et al. [7]. The figure is from [8] with modifications

Puc. 2. CxopocTts cHeroHaKoIUieHus Ha CT. BocTok (b) 1 MecTHas pr3eMHas TeMIeparypa Bo3myxa ().

3anuBka 0003HaYaET MOrPEIIHOCTD U3MepeHHs (£ 2 omndku cpeero). IlyHkrupom Ha puc. 2a u 2b 0603HaIEHBI
JIMHEIHbIE TPEH/Ibl TEMIIEPATYpbl U CHErOHAaKoILIeHUs B uHTepBaibl 1960-1978, 1978-1999 u 1999-2021 rr.
Po3zoBbIM 11BeTOM BbLeNeH HHTepBai Bpemenu (2005-2020 rr.), kotopomy mocssinieHa padora /1. Bonra ¢ co-
aBropamu [7]. PucyHok 3auMcTBOBaH U3 paboThl [8] ¢ M3MEHEHUIMU

the low-pressure anomaly in the south-eastern part of the Indian Ocean (South Indian Ocean
Low, SIOL), to the eastern side of the study area, thus enhancing offshore tropospheric
winds along the SIOL’s western flank and reducing the water vapor transport into the
interior of Antarctica (see the Wang et al.’s figures 3 and 6). Does it mean that along the
eastern flank of SIOL the offshore tropospheric winds are weakened and the poleward water
transport is enhanced? Does it mean that the depleted SMB in the region of study is (at
least, partly) balanced by the increased snow accumulation somewhere to the east of Dome
A, e.g. in the vicinity of Vostok or Dome C? (see Fig. 1). To test this hypothesis and to
study the geographical extent of the results obtained at Dome A, it is necessary to involve
the SMB data from the other sites where robust instrumental observations of the snow
accumulation are available: South Pole [12], Dome C [15] and Vostok [8]. In particular,
at Vostok a clear growth of SMB was observed in 2005-2020 (Fig. 2); the accumulation
rate has increased by about 28 %, from 20.3 to 26.1 kg m? yr' [8]. Moreover, it is very
likely that the mean present-day (1970-2020) SMB value at Vostok exceeds that during
any 50-year interval in the pre-industrial era [16]. At the South Pole, the SMB increased
by as much as 57 % between 2005 and 2020 [12], while no significant trend is detected at
Dome C [15]. These results do not contradict the observed decline of snow accumulation
rate at Dome A, given a large regional variability of the SMB trends on decadal scale [1, 6].
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For example, interannual variability of SMB at Vostok significantly correlates with that at
the South Pole and Dome C vicinity, but not with the Wang et al.’s area of study (600 km
to the north of Dome A), Fig. 1.

In conclusion, the article by D. Wang et al. is an important contribution to
the understanding of the processes lying behind the decadal SMB variability in Antarctica,
but its results should not be interpreted as evidence of a sustained recent accumulation rate
decline. Because of the large spatial (between different Antarctic sectors) and temporal (on
decadal scale) variability of SMB, it is likely that during a short (15 years) time interval
the snow accumulation rate may reveal decreased values in a certain region of Antarctica,
but there is also evidence that on the continental and multi-decadal scale the SMB in
central Antarctica has increased probably as a result of increasing air temperature [6, 16].
Supplementary materials
The reply of Dr. D. Wang and his colleagues on my comments can be found here:
http://cerl-aari.ru/wp-content/uploads/2025/08/Reply to matter arising_v4.docx
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YMeHbIIACTCS JIM CKOPOCTH CHETOHAKOIJICHHUS
B IEHTPAJbHBIX paiioHax BocTouHOM AHTAPpKTHABI?
(kommeHnTapuu K cratbe D. Wang ¢ coaBropamu
B :KypHaJse “Nature Geoscience”)
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Pacmmmpennsliii pegepar

W3menenne macchl AHTAPKTHYECKOTO JISASHOTO IUTA OYJIEeT CIIYy)KHTh OCHOBHBIM (hak-
TOPOM, ONPEAEISIIOMUM M00aNbHbIN ypoBeHs MOpa B XXI B. u nansuie. B Hacrosmee
BpeMsi AHTapKTH/a aKTMBHO TEPSIET Maccy, YTO CBS3aHO C YBEJIMYEHHOH adisuueil Ha
Kparo sienHuka. [Ipyu 5TOM M3MeHeHue MPUXOIHOM YacTu GalaHca MacChl — CHETOHAKO-
IJICHUS B LIGHTPAJIbHBIX PallOHaX AHTapKTUAbI — U3y4YEHO HEJOCTAaTOYHO BCIIEACTBUE 1)
HEXBAaTKH MHCTPYMEHTAIBHBIX JIAHHBIX U 2) OOJIBIION MPOCTPAHCTBEHHON W BPEMEHHOU
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M3MEHYUBOCTHU 3TOTrO mapamerpa. IIpennonaraercs, 4To Ipyu MOBBILIEHUN TEMIEPATYPBI
BO3J/lyXa KOJINYECTBO OCAAKOB JOJLKHO PACTH BCIIE] 32 POCTOM BIAroCOAEPKAHUSI aTMOC-
(epsl. [lanHas 3aMeTKa MOCBSIIEHa KPUTHKE HEAABHO OIMyOINKOBAaHHON B MPECTHKHOM
xKypHaine “Nature Geoscience” cTaTbl, 03arIaBICHHON « YCTOWYHBOE CHIDKEHUE OallaHca
MAacChl CHEXHOW MMOBEPXHOCTH BO BHYTpEeHHEHN yacTu BocToOUHONM AHTApKTHIBI B IEPUOL
¢ 2005 mo 2020 rom». HecMoTpst Ha TO, 9TO K Ka4eCTBY MCXOTHOTO MaTepuaa, K ero 0o-
pabOTKe ¥ MHTEPIPETALNH IPETEH3UH HET, TIATeJIbHBIN aHaIU3 STON CTaTh! MPUBOAUT K
3aKJTFOUYEHHMIO, YTO OHA MOXKET OBITh OIIMOOYHO HCTOJIKOBAHA YUTATEIIEM KaK CBUJICTEIILCTBO
CHIDKAIOIEHCS] CKOPOCTH CHEeroHakoruieHust B LleHTpanbHOil AHTapkTHae. Bo-niepBbix,
ynoMsaHyThlid niepuos — ¢ 2005 no 2020 r. — sBAsETCS €AUHCTBEHHBIM 15-€THUM OT-
PE3KOM BPEMEHH, KOTIId CKOPOCTh CHETOHAKOIJIEHHSI CHIKAJIACh B pallOHE MCCIEeJOBAaHUS
(oxpecrrocTr Kynona A). Bo-BTOpBIX, aBTOPBI paccMaTprBaioOT TOIBKO IUPKYIIAIHOHHbIE
(baxTOpBI, BAMAIOMINE HA CKOPOCTh CHETOHAKOIUICHHUS, HTHOPHUPYS TEPMOJMHAMHYECKUN
(bakxTop. B-TpeTbux, BBIBOABI CTAThbHU MPUMEHUMBI JIMIIb K OIPAHUYEHHOW TEPPUTOPHUH,
npwteratomeil kK Kynomy A (crannust KyHbIyHB) 1 He MOTYT OBITh SKCTPAIIOJINPOBAHBI HA
BCIO TeppuToputo LleHTpaibHO AHTapKTUIBL.

KutroueBnble ciioBa: AHTapKTHIA, OaNaHC MAcChl, CKOPOCTh CHETOHAKOIIIEHHUS

Jlas untupoBanusi: Ekaykin A.A. Is the surface mass balance in inland East Antarctica decreasing? (with
reference to D. Wang’s paper in the “Nature Geoscience” journal). IIpoonemvt Apkmuku u Anmapxmuxu.
2025;71(3):311-317. https://doi.org/10.30758/0555-2648-2025-71-3-311-317
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O pacnpeneseHMH 0OCHOBHBIX MOP()OMETPUYECKHUX XaPAKTEPHUCTHK
TOPOCHCTBIX 00pa30BaHUM
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AnnoTamus. B psjie myOnukarmuii, CBI3aHHBIX ¢ HHQOpMALMel 00 OCHOBHBIX MOP(OMETPHUYECKHX XapaKTepu-
CTHKaX TOPOCOB (BBICOTE Tapyca, 0CaJKe KIS M TOJIIMHE KOHCOIUAUPOBAHHOTO CII0S), IIPEACTABIICH IIMPOKHIA
CIEKTp MHeHHi 00 ux pacnpenesneHusx. [Ipy oeHKe BEPOSTHOCTH SKCTPEMATBHBIX PEIKUX COOBITHI pasHbie
3aKOHBI PACIpe/IeNIeHNs. MOTYT IPUBECTH K CYIIECTBEHHBIM OTIMYMAM. By pacnpesenenus, no-BUINMOMY,
B IIEPBYI0 OYEPE/Ib OMPE/ICISETCS KOJTHIECTBOM TOPOCOB U CTAMYX, HCCIICI0BAHHBIX B TOI MM MHON KCIICUIIHH,
T. €. pa3MepaMu BHIOOPKH. B 1aHHOI cTaThe MpenpHHsTa MOMBITKA CHCTEMATH3UPOBATh PA3IHYHbIC MHEHHUS
¥ BHECTH HEKOTOPYIO ONPE/IEICHHOCTD B 3TOT BONPOC. B OCHOBY MOJIOMKEHBI Pe3y/IbTaThl H3MEPEHHS TONIIHHBI
POBHOTO aPKTHYECKOTO JIbj{a ¢ 60pTa POCCHICKHX CY/IOB U JIEAOKOJIOB C TIOMOIILIO IH(POBOTO TEIEBU3MOHHOTO
KoMIuiekca. OHH OKa3bIBAIOT, YTO PacIpe/ie/IcHIE TONIMHBI JIbJIa ABIIsETCA HopMabHbIM. Ha ocHOBe u3Bect-
HBIX COOTHOLICHHH MEX/Iy NapamMeTpaMu CTPOCHHS TOPOCOB, a TAKKe ¢ MpUMeHeHreM Metona Monte-Kapmno
TIOJIy4YeHbI CTaTUCTUIECKHE PACTIPEIEIICHUs BBICOTHI ITapyca U TOJIIUHbI KOHCOIUUPOBAHHOIO CII0Sl TOPOCOB.
B pesynbrare BBIMOJTHEHHBIX PACUETOB BBISBICHBI HEKOTOPBIE 3aKOHOMEPHOCTH UX pacmpenesnenns. TommHa
TOPOCALIErocs JbJa OAYUHSETCS SKCIOHEHIMAILHOMY 3aKOHY pacipeseneHus. Beicota napyca, ocajixa Kiuis
¥ TOJIIIMHA KOHCOHIMPOBAHHOTO CJI0S TOPOCOB MOAYMHSIOTCS pactpeneseHnto BeiiOyma—I HeaeHxko.

KuroueBsle c1oBa: Topoc, cramyxa, apyc, KHilb, KOHCOJTHIMPOBAHHBIIN CIIOH, pactpenenenne Beiibymia—[He-
JICHKO
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Abstract. From the 1970s to the present time, a great deal of field work and analysis has been done on the physical
and mechanical properties of sea ice ridges. Sail and keel thicknesses have almost always been measured in
the field expeditions. Emphasis is placed on the thickness of the consolidated layer (CL) within the ridge. This
paper was motivated by a number of new findings on the distributions of the main morphometric characteristics
ofice ridges. The wide range of opinions about the distributions is, apparently, primarily due to the number of ice
ridges and stamukhas studied in the different expeditions, i.e., the sample size. This article attempts to systematize
the various opinions and add some clarity to the matter. It focuses on the development of approaches to determining
the statistical distributions of the main morphometric parameters of first-year ice ridges: sail height, keel depth
and consolidated layer thickness. Measurements of ice cover thickness were carried out in 2006-2009 from
Russian vessels and icebreakers using a digital television complex. The distribution of first-year ice thickness
along the navigation route of vessels shows that Arctic ice is normally distributed with a mathematical expectation
of 1.24 m and a standard deviation (RMS) of 0.34 m. The histogram of ridging ice thickness in the Arctic region
presented in L. Strub-Klein and D. Sudom’ review and based on a large data set is satisfactorily approximated by
the exponential distribution law. It is known from literature sources that sail heights scale with the square root of
ice thickness. One of the properties of the exponential distribution is as follows: if a random variable (the thickness
of ridging ice) adheres to the exponential distribution, then the random variable “sail height” connected with
the thickness of ridging ice has the Weibull-Gnedenko distribution. The ice ridge keel draft can be also shown
as adhering to the Weibull-Gnedenko distribution. If we compare the formation process of the sail of ice ridges
and stamukhas, it can be concluded that the energy of these processes is similar. Therefore, it can be presumed
that the distribution of stamukha sails is also the Weibull-Gnedenko distribution. As for the distribution of
the stamukha keel, it also adheres to the Weibull-Gnedenko distribution, since the stamukha draft is determined
by the keel draft of an ice ridge which ran aground in shallow water and became its embryo. When considering
the distribution of the CL thickness, let us use Hoyland's formula, which gives a direct correspondence between
the rubble porosity and the CL and level ice thickness. We shall generate an array of pairs of random level
ice thickness values normally distributed with a mathematical expectation of 1.24 m and RMS of 0.34 m. We
shall assume that the porosity is constant and equal to 1 = 0.23. For each pair values, we will calculate the CL
thickness corresponding to them from Heyland's formula and plot a histogram of the resulting array of values.
The best approximation of the histogram is the normal distribution with a mathematical expectation of 1.82
and RMS of 0.88. However, given the gradual reduction of the keel porosity the normal distribution transforms
into the Weibull-Gnedenko distribution. Thus, as a result of the simulations performed, a certain pattern of
distribution of the sail height, keel draft and the CL thickness of ice ridges has been revealed. The thickness of
the ridging ice obeys the exponential distribution law. The height of the sail, the draft of the keel and the thickness
of the consolidated layer of ice ridges obey the Weibull-Gnedenko distribution.

Keywords: ice ridge, stamukha, sail, keel, consolidated layer, Weibull-Gnedenko distribution
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O pacnpeejieHHH OCHOBHBIX MOP()OMeTPHYECKHX XapPAKTEPUCTHK TOPOCUCTHIX 00pa30BaHU

BBenenune

C 1970-x rr. XX B. ¥ 1O HACTOsIIEee BpeMs OBLIO MPOBEICHO OOJNBIIOE KOJIIYe-
CTBO TIOJIEBBIX Pa0OT MO M3yYCHHIO TOPOCOB M3 MOPCKOTO Jbja. VIX pe3ynabrarsl Obun
MIPOAHAIN3UPOBAHBI C AKIICHTOM Ha (PU3UKO-MEXaHNYECKHE CBOMCTBA TOPOCOB, KOTOPHIE
ObLTH 0000IIEHB! ¢ TOUKU 3PEHUS X BIUSHUS Ha CyZOXOJACTBO M MOPCKHE COOPYKEHHS.
OcHOBHBIE MOP(POMETPUIECKHE XaPAaKTEPUCTUKN TOPOCOB, TAKNUE KaK BBICOTA Iapyca
M ocaJiKa KWJIsl, TTOYTH BCETJa U3MEPSIIOTCSI BO BPEMs MOJEBBIX dkcnenuuii. Ocoboe
BHHMAaHHUE TAKKe yNENSeTCsl TONINHE KoHcomuauposanHoro cios (KC)' B Topoce, ko-
TOPBIA SBIAETCS OJHUM M3 KIFOYEBBIX (JAKTOPOB IPH ONPEIEICHUH JIEJOBOH HATPY3KH
Ha COOpYXXEHUs. JTa cTaThs OblJIa BBI3BAaHA PSIIOM ITyONMKanuii, CBI3aHHBIX C pacipesie-
JICHUEM OCHOBHBIX MOP()OMETPHUECKUX XapaKTEPUCTHK Topocos. Eiie B mpomuiom Beke
k. Kpeitnep u M. Top u3ydanm CTaTHCTHKY BBICOTHI Tapyca TOpocoB B Mope bodopra
1 OTIPEZICIUIIH, YTO OHA MOUUHACTCS SKCIOHEHIIMaIbHOMY pactpenenenuio [1]. M. Caiten
u P. ®penepkuHr mociie 00paboTKu pe3yabTaToOB MCCICIOBaHMUS 37 TIOMEPEYHBIX CEUCHUI
Tpex TopocoB (9, 10 u 18 ceuennii) B Mmope Bodopra 0OHApY UK, YTO MaKCUMAaIbHAS
BeNMYMHA Mapyca ISl KaXXJ0ro OTAENBHOTO Topoca pacmpeneneHa HopMmaibHo [1]. Ox-
HaKO €CJIM 3HAYECHUS BHICOTHI TOPOCOB Ha BCEX CEUCHUSIX OOBEIUHUTD B €IUHbIH MacCHB,
TO BBICOTA YK€ TMOJUUHSACTCS JJOTHOPMAIBHOMY pactpereneHuio. Ha skcrioneHmansHoe
pacnpeneneHue BpICOThI TapycoB yka3biBaioT [LA. Cypkos u [1.A. Tpyckos?. B uactHocTy,
OHH YIIOMHHAIOT paciipeaesncHue, npeanokeHaoe B. Xubnepom B 1972 1. [2]. Poccuiickue
JIEJIONCCIIEIOBATENN €IIe JIET JECSATh Ha3a/l OTIABaJIH MPEATIOYTEHHE JTOTHOPMAIEHOMY
pacIipeieieHuIo 1 ISl TTapyca, U A7l KWl Topoca. JTO MPOCIEKUBACTCS B CTATHAX, TIO-
CBAIICHHBIX pe3y/bTaTaM MHKEHEPHbBIX N3bICKaHNI Ha Imenbde okpanHHbIXx Mopeit Poccnn,
BBITIOJTHEHHBIX 10 3aKa3y He(TIHBIX KOMIaHui, Hanpumep [3—5]°. Ognako B nmocnenHee
BpEMsI B CBSI3U C MOSIBICHWEM HOBBIX JJAHHBIX CTATHCTHUECKHE PACTIPEICIICHUS Pa3HATCSL.
B crarbe, mocBsimeHHoH MOP(HOMETPHUECKIM XapaKTEPHCTHKAM CTaMyX, PACCMOTPEHO
pacripezieJieHne BBICOTHI UX MapyCcoB M OCAJKM KWJIEH M OTMEUEHO, UYTO 3TH BEIMUYHHBI
MIOMYMHSIOTCS pactpenencHnio BeiiOyma—I Henenko [6]. MckimodeHne cocTaBseT BEICOTa
MapycoB CTaMyx Mops JlanTeBbIX — OHa pacmpeeneHa JIorapupMUIeckn HOPMaJIbHO.
DTOT ke KOJUIEKTHB aBTOPOB B CTaThe, MOCBAIICHHON MOP()OMETPHIECKNM 0COOCHHOCTAM
TOPOCOB, OTMEYAET, YTO BHICOTA MAPYCOB TOPOCOB MOAUHMHSETCS TAKXKE PACHPEICIICHHIO
BeiiOynna—T'Henenko, a ocajika kujiei — norapuMudeckn HopManbHOMY*. MHEHUs,
YTO OcCa/ika KWJIeH TOpOCOB pacipezeneHa o BelOymry—I HeneHko, NpuaepKUBaIOTCS

! KoHCOMMIMPOBAHHBIH CIIO TOPOCUCTOrO 00PA30BAHUSI — ITO CIIOW IIOTHOTO (TBEPAOTO) Jibja

¢ BepXHei rpaHuLeil B palioHe BaTepIMHUN, 00pPa30BaBIIMICS B pe3ysIbTaTe BO3ICHCTBHUS X0I0Aa U
3aMep3aHus BOIBI B MIPOMEXKYTKAX MEKIAY OJOKaMH BCTOPOIICHHOTO JIbJIa U BKIFOUYAKONIHIA B CCOS
9TH OJIOKH, C TIPOYHOCTHIO, OJIM3KOI K MPOYHOCTH POBHOTO JIbJIA.

2 Surkov G.A., Truskov P.A. Morphometric parameters of ice ridges in the Sea of Okhotsk.
Proc. of the 18th Int. Conf. on Offshore Mechanics and Arctic Engineering (OMAE’99). St. John's,
Newfoundland, Canada, 1999, July 11-16. OMAE99-1128.

3 Naumov A.K., Gudoshnikov Yu.P., Skutina E.A. Determination of the design ice ridge based on

data of expedition studies in the northeastern Barents Sea. Proc. of the 16th Int. Offshore and Polar
Eng. Conf. (Lisbon, Portugal, July 1-6 2007).

4 Guzenko R.B., Mironov Ye.U., May R.I., et al. Morphometric particularities of ice ridges with
the greatest thickness of the consolidated layer and other statistical patterns of morphometry of first-year
ice ridges. Proc. of the 31st Int. Ocean and Polar Engineering Conf. (Rhodes, Greece, June 20-25, 2021).
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A K. HaymoB® u aBTOpBI pabOThl O CTATHCTHKE OJHOJIIETHUX TOpocoB [7]. b. Mapremnyc
U p.° CUUTAIOT, YTO pacIIpelie]IeHue OCa KN KWIel TOPOCOB — 3TO raMMa-paclpeieIeHue.

Pactipenienienne o01EH TONMMHBI TOPOCOB MHOTA CUUTAIOT HOPMAJIBHBIM [8], HHO-
raa — noraopManbHEIM [ 10]. UTo kacaercs ctamyX, TO pacipeIeneHIe UX O0Iei TOIIIH-
HBI TIOJYUHACTCS JIOTHOPMalIbHOMY 3aKoHy [9]7. OmHaKo 1Mo JaHHBIM HCCIICIOBaHHM I10-
CIICIHUX JICT paclpeesieHre 00LIel TOJIIHBI TOPOCOB OJIMKe K raMMa-pacipeeIeHuIo®.

CpenHue 110 BceM ToUKaM OypeHns 3Ha4eHHs BHICOTHI [1apyca, OCaKH KU 1 001Ien
TOJILIMHBI PACIIPEACIICHBI JIOrapU(pMUYECKH HOPMAaIbHO®.

C pacmpenenennem tommuabl KC emne menpmie sicHoctu. E.Y. Muponos u B.C. Ilo-
pyOaeB yKa3bIBalOT Ha JIOTHOPMaJIbHBIN 3aKoH pacrpeenenus KC°. B mocnenyrorei pa-
6ote 3THX aBTOPOB 0 Topocax Kapckoro mops TommuHa KC pacnipenenena HopMaibHO [5].
A K. HaymoB u jip.'° juist pa3ubix peruoHoB baiigaparikoii ry0bl OTMEUaOT JIOTHOPMAJIbHOES
pacnpenenenue Tomuuasl KC u pactipenenenue Beiibymia—I Henenko. B pabdore o peru-
OHAJIBHBIX 0COOCHHOCTSIX TOPOCOB NPHUBEACHB! pacnpeneneHus Tommuasl KC B pa3sHbIx
peruonax Kapckoro mopst u mopst JlanteBoix''. Cpeau Hux pacrpeaesienue BeiiOymima—
I'nenenko, HOpMaJIbHOE M TaMMa-paciipesienieHne. B 0000mennn pe3ysisTaToB 0TMEUEHO,
yro B Kapckom mope Tomuuaa KC nogumnnsiercs raMmma-pacrpeziesieHuro, a B Mmope Jlan-
TEBBIX — HOPMaJIbHOMY pacnpefeneHuto. B npyroit pabore o0beanHEHHBIE JaHHBIE MO
000MM MOpSIM MTOTUUHSIOTCS pacupenencHuto BeiOymra—IHenenko [10].

C pacnpenenenusmu Tonmuabl KC cramyx nomo6nas kapruaa. Tommuaa KC ctamyx
Kapckoro Mopst pactipenieneHa JOrHOpMalibHO, a B Mope JlanTeBrix — 1o BeOymmy—I He-
neHko [6, 9]. JlormopmaneHO pacnpenernena taxke ToimmHa KC cramyx B Kacnimiickom
Mope, a o Beibymry—-I'Henerko — B OxoTckoM Mope [9].

B paborax, MOCBAIMIEHHBIX CTATUCTHYECKOH 00paboTke mHpOpMAH 00 OITHOIET-
HHUX TOpPOCax, MMOKa3zaHo, 4to TonmmHa KC momunHsAeTcs ramMa-pacipenenesuto [7, 11].
5 HaymoB A.K. Moppomempuueckue xapakmepucmuru nedsanvix 06pazosanuti Bapenyesa mopsi.
ABtopedepar aucc. Ha COUCKaHME y4. CT. KaHA. reorp. Hayk. CI16.: AAHWU; 2010. 12 c.

6

Marcellus B., McKenna R., McGonigal D., Pilkington R. Old ice floe and ridge statistics from
submarine upward looking sonar data for the Beaufort, Chukchi and Arctic seas. Proc. of the 21st
Int. Conf. on POAC’11, 2011.

7 Mironov Ye.U., Porubayev V.S. Structural peculiarities of ice features on the offshore of the Caspian

Sea, the Sea of Okhotsk and the Pechora Sea. Proc. of the 18th Int. Conf. on Port and Ocean Engineering
under Arctic Condition. (POAC) (Potsdam, New York, 26-30 June 2005). V. 2. P. 483492

8 Guzenko R.B., Mironov Ye.U., May R.L, et al. Morphometric particularities of ice ridges with

the greatest thickness of the consolidated layer and other statistical patterns of morphometry of first-year
iceridges. Proc. of the 31st Int. Ocean and Polar Engineering Conf. (Rhodes, Greece, June 20-25, 2021).

°  Mironov Ye.U., Porubayev V.S. Structural peculiarities of ice features on the offshore of the Caspian

Sea, the Sea of Okhotsk and the Pechora Sea. Proc. of the 18th Int. Conf. on Port and Ocean Engineering
under Arctic Condition. (POAC) (Potsdam, New York, 26-30 June 2005). V. 2. P. 483-492

1 Naumov A.K., Skutina E.A., Golovin N.V., Kubyshkin N.V., Buzin 1.V., Gudoshnikov Yu.P.,
Skutin A.A. Peculiarities of morphometric features and inner structures of the ridged formations in
the Ob’ Bay. Proc. of the 29th Int. Ocean and Polar Engineering Conference ISOPE’19 (Honolulu,
Hawaii, USA, June 16-21). P. 684—690.

' Guzenko R.B, Mironov Ye.U., Kharitonov V.V. et al. Regional differences and general patterns

of'ice ridges morphometric characteristics distribution in the Kara and Laptev Seas. Proc. of the 30th
(2020) Int. Ocean and Polar Engineering Conf. (Shanghai, China, October 11-16, 2020). P. 789—795.

Arctic and Antarctic Research. 2025;71(3):318—333 321



B.B. Xapumonos
O pacnipeesieHUH OCHOBHBIX MOP(OMETPHYECKHX XapPAKTEPHCTHK TOPOCHCTBIX 00pa30BaHMii

OTO0 yTBEpXKICHUE MOAKPEIUIEHO HE TONBKO TPaQUKOM, HO U TPUBEICHHBIM YHCICHHBIM
3HaYeHUEM KOX(PQHUIIEHTa TeTSPMUHALINH.

Takoll LMPOKUI CIEKTP paclpeAeeHU, 0-BUANMOMY, B IEPBYIO OUEPEND ONpeEie-
JIETCSI KOMMYECTBOM TOPOCOB M CTaMyX, HCCIICIOBAHHBIX B TOW HMJIM MHOM SKCIICIHIINH,
T. €. pa3MepaMu BeIOOpkH. HeoOXonnMo UMeTh B BHY, UYTO BCE BBIIICIICPEUHCICHHEIC
rmapaMeTpbl TOPOCOB K TOMY K€ H3MEHSIOTCA CO BpeMeHeM. ABTOpa, Kak, HaBepHOE,
W MHOTHX JIPYTHX JICIOUCCIENOBATENICH, BCeTIa 3aHUMAJIHM BOIIPOCHI: TTOYEMY 3aKOHBI
pacrpeneneHus TeX WM WHBIX MOP(POMETPHUECKAX XapaKTEPUCTHK Pa3HbIC ISl Pa3HBIX
JIET, pa3HBIX MOPEH, a TO M I y9acTKoB Mopeii? OT dero 370 3aBucut? Kakne MexaHn3Mbl
OTBETCTBEHHHI 32 3T0? [IprMeHeHre TOTO Wi HHOTO PacIpeAeICHUS MOXKET CYIIIECTBCH-
HO M3MEHUTH PE3yNIbTaThl PAcUueTOB, HAIPHMEP, BO3MOKHBIX IKCTPEMaIbHBIX 3HAUCHHNA
OCHOBHBIX MOP(OMETPUYIECKUAX XAPAKTEPUCTHK TOPOCHUCTHIX 00pa3oBaHWU. B maHHOMH
CTaThe MPEATPUHSATA TOIMBITKA CHCTEMaTH3UPOBaTh Pa3InIHbIe MHEHUS M BHECTH He-
KOTOPYIO OTIPENIEIIEHHOCTh B 3TOT BOIPOC. B mpeacTaBieHHON paboTe aBTOP B OCHOBHOM
HCTIOBF30BAN CBECHHS M3 0030pHBIX MyONUKAIHiA, B KOTOPHIX CAETaHO 0000IIeHne HH-
(hopmanuu U3 pa3HBIX UCTOYHHKOB.

CraTucTuyeckue MOJeJH VI KJII0YeBbIX MApPaMeTPOB TOPOCa

PoBHBII e

[TockonbKy TOPOCHI B OCHOBHOM 00pa3yroTcst B pesyibTare Je(opMalui pOBHOTO
TIbJ1a, B IEPBYIO OYepeb BHUMAaHHUE JOJDKHO OBITH COCpeioToueHo Ha HeM. [lo-Buanmomy,
HaunOoJIee TOJTHBIE CBEACHHS O TOJIIMHE POBHOTO apKTHYECKOTO JIb/Ia MPUBEACHBI KOJIJICK-
THBOM aBTOPOB Moj pykoBojcTBoM C.B. ®@ponosa B cTaThe 0 pe3yabrarax HaOIIOACHHUN
neastHoro mokposa [12]. M3mepenus npoBonmiauck B 2006-2009 rT. ¢ GopTra poccuidi-
CKHUX CYZOB M JICZIOKOJIOB C ITOMOIIBIO pa3pabOTaHHOTO B APKTHYECKOM W aHTapKTHYe-
ckom HUN (AAHUN) undpoBoro TesneBU3HOHHOTO KoMIuiekca. OCHOBHOW MapHipyT
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Puc. 1. Pacnipenesnenuie TONIUHBI OJHOJIETHUX JIBJIOB Ha IMyTH IUIaBaHus cyaoB B uioie 2006—
2009 rr. [12]. I'mcrorpaMMa anmpoKCHUMUPOBaHA HOPMaJIbHBIM 3aKOHOM pPACHpENeSICHUs C MaT.
oxuganueM 1,24 M u ctanapTHeiM oTkIIoOHeHHEeM 0,34 M

Fig. 1. Distribution of first-year ice thickness on the navigation route of vessels in July 2006-2009 [12].
The histogram is approximated by the normal distribution law with an expected value of 1.24 m and
a standard deviation of 0.34 m
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«3emis Ppanna-Mocuda — CeBepHBII MOMIOCH HEepeceKal 3amajHylo 4acTbh TpaHcap-
KTHUYECKOTO Jpeida JIbJ0B — OHOTO M3 IVIABHBIX JIEMEHTOB LIUPKYISAIUN JIbJI0B B Ap-
KTHueckoM Oacceitre. CyoBbIe Tpacchl HOCHIIM MPEUMYIIECTBEHHO MEPUANOHATIBHBINA
xapakrep B cektope 40—60° B. n. O0mmit o6veM coctaBui 6onee 55 000 m3mepeHuit
TOJIIIMHBI POBHOTO JIbAA. J{JIsl NCKITFOUEHHMS BIUSHUS M30MPATEIbHOTO XapaKTepa JABMKSHHS
JefoKkosa (CyHa) IpU OLEHKE pacIpeiesIeHus TOJIIIUHBI JIbJla NCTIONb30BAINCH CIEIH-
anpHble TIpoueaypsl [12]. Ha puc. 1 npuBeaeHo pacnpeneieHue TOMIUHBI OJHOIETHUX
JbJIOB HA MYTH IJIABAHUS CY/IOB.

OTa THCTOrpaMMa HAMIYYIINM 00pa3oM almpOKCHMUPYETCs TayCCOBCKOM KPUBOM,
T. €. apKTUYECKUI JIe/1 pacnpeiesieH HOpMalbHO C MaT. okujgaHueM 1,24 M 1 cpeHeKBai-
parudecknM oTkioreHueM (CKO) 0,34 m. @yrknus pacnpenenenus sepostHocTr (PDF),
MOJTyYeHHas TI0 METOly HaUMEHBIINX KBa/IpaToB, fo0aBieHa Ha puc. 1. IToxoxue pe3yib-
TaThl MOJTYYEHBI BO BPEeMs HAOIMIOACHUS 3a TONIIMHOW HpHUIaiHOro jbjaa B [leqopckom
Mope'?. DTo Ba)KHBIH BBIBOI, HA KOTOPOM MOYKHO CTPOMTH JAJIbHEHIINE PACCyKICHUS.
HecomHeHHO, XapaKTepHUCTHKN PACTIPEACIICHUSI M3MEHSIOTCSI TOZL OT TO/la M JJaXKe OT Mecsla
K MecsITy, Kak 3To mokaszaHo B cratbe C.B. @ponosa u ap. [12]. Ho, cyns mo rucrorpamme
Ha puc. 1, 3aK0H pacmnperneneHnst ocraeTcs Heu3MeHHbIM. C (hOpManbHON TOUKH 3peHHUS
9TO yCEUEHHOE HOPMAJILHOE PACIIPEENICHHE C JIEBOM I'paHUIEH 00JIACTH BO3MOXHBIX
3HAUCHUH CITyYallHON BEMYUHBI, PABHOW HYIO'.

OueBHIHO, YTO B NIEPBYIO OYEPEb TOPOIICHHIO MTOABEPTAIOTCS MOJIO/BIC U TOHKHE
7661, HaganbHble BU/IBI JIbA Yallle BCETO MOABEPratoTcs Ae(hopManny, HO B 3TOM CiIydae
MPONCXOJUT MHOTOKPAaTHOE HacjoeHne [13], 1 ToiabKo mocie cMep3aHus CII0EB 3TOT Jie]
BHOBb HaYMHAET y4acTBOBAaTh B TOPOIIEHHH. TO €CTh BEPOATHOCTh, YTO TOPOCHUTH OyIeT
B TIEPBYIO OYEPE/b TOHKUE JIbJ(bl, MAKCUMaJbHA. M ueM Toume fief1, TeM BEpOsITHOCTD JUIs
JbJIa TIOJIBEPTHYTHCSI TOPOILICHHUIO OyJeT yMEHbIIAThCS. PaccMOTpUM CHTyanuio, IpHu Ko-
TOPOH B KaKOM-TO MECTE OKeaHa IPOMCXOANT TOpOIIeHNEe. BO3HUKaeT BOIpoc — KakoBa
BEPOSITHOCTh, YTO TOPOCHUTCS JI€A MIMEHHO TONIIMHBI /7 YTOOBI MONBITAaThCS OTBETUTH HA
HETro, BO3bMEM 3a OCHOBY TOJIIMHY OJIOKOB JIbJIa B MApyCe TOPOCOB, KOTOPAs SIBIISIETCS
XOPOIIMM MHJIUKaTOPOM TOJIIMHBEI TOPOCSINErocs jbja. Vi3MeHeHne TONIHUHBI OJI0KOB
B I1apyce MoJ IeHCTBHEM BETPOBOM 3PO3HU M COTHEYHOU paguanuu' OpaTb BO BHUMaHHUE
He Oynem. B armanmmurindeckom 0630pe Mopdoorun ogHoneTHHX Topocos JI. Ctpad-Kieitn
n JI. Cynoma npuBezieHa THCTOrpaMMa TOJIIIMHBI TOPOCSIIErocs JIbAa B aPKTHIECKOM
permuoHe, MOCTpOCHHAS Ha O0IbIIOM MaccuBe HaHHBIX [11]. Ha puc. 2 mpuBeneHo pacmpe-
JIeJIEHHE TTOBTOPSEMOCTH TOJIIMHBI OJIOKOB HAa OCHOBE JaHHBIX M3 3TOro 0030pa. Mcxons n3
(pm3HUIECKOTO CMBICTIA JAHHOTO SIBJICHUS, CAMOW TIPOCTON M HAWIIYIIeH anmpoKCHMauen
€r0, TIOJIy4EeHHOH 110 METOy HaMMEHBIINX KBAJAPATOB, SBIACTCS SKCIOHEHINAIBHBIN 3aKOH
pacnpenenenus. Beibopka He 04eHb 00IBIIOr0 00beMa MOXKET ObITh AMIPOKCHMUPOBAHA
pacnpeneneHus MU Pa3HbIX TUIOB. M ake, BO3MOXKHO, KaKoe-HHOY/Ib 9K30THIECKOE pac-
npezeneHue OyaeT eme JydIel annpoKCUMaIiel, HO B JAHHOM CJTydae — 4eM MPOIIE, TeM

12 Mironov Ye.U., Porubayev V.S. Structural peculiarities of ice features on the offshore of the Caspian
Sea, the Sea of Okhotsk and the Pechora Sea. Proc. of the 18th Int. Conf. on Port and Ocean Engineering
under Arctic Condition. (POAC) (Potsdam, New York, 26-30 June 2005). V. 2:483-492.

13 Bamsunckuii P.H. Cnpagounux no eeposmuocmuvim pacnpedenenusm. CII6.: Hayka; 2001. 295 c.

!4 Strub-Klein L., Hoyland K. One season of a 1st year sea ice ridge investigation — winter 2009.
Proc. of the 21st Int. Conf. on POAC’11 (Montréal, Canada, 2011). Paper No. POAC11-043.
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Puc. 2. TucrorpaMmma TOJIIIMHBI OJIOKOB JIbJIa B IAPYCE TOPOCOB APKTUYECKOTO PETHOHA, IIOCTPOCHHAS
Ha OCHOBE JaHHBIX U3 [11] 1 anmpoKkCHMUpPOBaHHAS SKCIIOHEHIINATBHBIM 3aKOHOM PacIpeaeIeHUs
¢ Mar. oxunanueM 0,60 m. [{ng anmpokcuManuy 3Ha4eHUS YaCTOTHI MPEOOpPa3OBAHBI B TOJIH OT
oO11ero 4yrcia ciryyaes

Fig. 2. Histogram of block thicknesses. The histogram of the Arctic region is obtained by the data
of [11] and approximated by the exponential distribution law with an expected value of 0.60 m. For
the approximation, the frequency values are converted to fractions of the total number of cases

nyuite. K Tomy e HeKoTopble pacipeeseH st TP ONPEAEICHHBIX MTapaMeTpax CBOMATCS
K SKCIOHeHIManbHoMy. OTCYTCTBHE JaHHBIX B Ipafanuu Tommusel 0-0,1 M He TOIKHO BIIU-
SITh Ha BBIOOP 3aKOHA pacIpe/eeH s, T. K. JIe/l TAKOH TOJIIMHBI, KaK y»e TOBOPHIIOCH, TIPH
CKaTUU HaYMHAeT HacnamBaTbes. K ToMy ke Hebombiue Topockl u3 ToHKoro (0,08—0,10 m)
JIbJIa OOBIYHO HE MPUBJIEKAIOT BHUMAHHUS JISJOMCCIIEA0BATeNel U BBINAIal0T U3 CTATUCTHKH.
Topoc u3 Takoro npaa TonmmHoH 0,08 M Habmonancs asropom B 2016 I B mpumae mpoinuBa
[Mokansckoro [14]. CommacHo anmpoKCHMAaIMK, MaTEMAaTU4YECKOE OKUJIAHUE PaBHIETCA
0,60 M. OT™MeTHM, UTO MaTEMaTHYECKOE OXKHUJAHUE IIIIIOC CTAHJAPTHOE OTKIIOHEHHE TIOITY-
YEHHOTO SKCIIOHEHIIAJIBHOTO PacIpe/ieNIeHNs COCTaBIsAeT BeinnunHy 1,20, 94To 10BOIBHO
OJIM3KO K MaTeMaTH4eCKOMY OXKHJIAHUIO PACIIPEIesICHNsT POBHOTO Jibaa 1,24 M.

IIapyc Topoca

V. Xubnep npenyioxut GpyHKIMIO Ui MAKCUMaJIbHOM BBICOTHI ITapyca Topoca B BUAE
KBaJIPaTHOTO KOPHSI M3 TOJNIIMHBI Topocsiierocs abaa [15]. V. Takep u [Ix. ToBonu mpo-
AQHAJIM3UPOBAJIN TONIINHY OJIOKOB JIbJIa B TAPYCE TOPOCOB U TO, KaK OHA CBSI3aHa C BHICOTON
napyca [16]. Ouu Takke clienaiu BbIBOJ, YTO BBICOTA MapyCoOB, MO-BUAUMOMY, 3aBUCUT
OT KBaJIPaTHOTO KOPHS M3 TOJIIMHBI JibJa. [10 X MHEHUIO, B TO BpeMsl Kak JIMHEHHas
WM DKCIIOHEHIIMAIbHASI KPHBAsi MOKET JIyUIlle COOTBETCTBOBATh JaHHBIM B CTATHCTHYE-
CKOM CMBICJIC, 3aKOH KBaJPAaTHOIO KOPHS KaKeTCsi Oojiee MOIXOSIIUM, OCKOJIbKY OH
MO3BOJISIET BBICOTE CTPEMHTHCSI K HYJIIO BMECTE C TOJIIIMHOW. B mpunoxeHun x crarbe
V. Takepa u [Ix. [0BOHU npHBe/ieHa reoMeTpruyecKas MoJielib BBICOTHI mapyca (ridge height
geometry model), moaTBepIKAAIOIIAs TPESIOKCHHY0 3aBUCHUMOCTS [ 16]. JI. Ctpad-Kiieiin
u /1. Cynom B cBOeM 0030pe MPUBOASAT HECKOJIBKO ANMPOKCUMAIMHA AJISI COOTHOIICHHS
MaKCHUMaJbHOW BBICOTHI Mapyca U CpeAHei ToMuHbl 010koB [11]. OHM Takke cunuTaroT
ONTHUMAJbHOM 3aBUCUMOCTh B BU/IE KBaJPATHOTO KOPHSI U3 CPETHEH TOIIIMHBI OJIOKOB. DTN
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AlMpoOKCUMANU MMPAKTUYCCKU MaJI0 OTIIMYAOTCA APYT OT Apyra, H03TOMY 31€Chb MOKHO
MPUBECTHU ONTHUMAJIBHOC, IO UX MHCHHIO, COOTHOIICHUEC!

Hg =3,73\/h,, (1

e H— BpIcOTa Mapyca, /i, — CpeHss ToKHa OJTOKOB JIbJa B apyce. byaem cuurars,
9TO /1, COOTBETCTBYET TOJIMHE TOPOCSIIETOCS JTbJa /. OCHOBAHHEM JIS STOTO MOTYT OBITH
CIeqyroIIre JTOMyIIeHus. B ciydae, Korja TOHKHH Jiel TOPOCUTCS Ha OoJiee TOICTHIMH,
TIPOHCXOJIUT PaspylIeHHe MPEUMYIIECTBEHHO TOHKOTO JIbjaa W /1, = h. Ecim Tommuna
TOPOCSIITUXCS JISASHBIX TIOJIEH HE CHIIFHO OTINYACTCS, B TTAPYCe TOPOCa HAXOAUTCS TPH-

MEpHO OJIHHAKOBOE KOJHUECTBO GJIOKOB 3 PA3HBIX JEIAHBIX TOCH u i, = .

OJIHO U3 CBOMCTB DKCIIOHEHITHATBLHOTO PACTIPEICIICHNUS [IACUT: SCIIH CIyJYaiHas Be-
mvuuHa h = (H/3,7)* (npeobpasoBanHoe cooTHOIIeruE (1) ¢ yaeTtom &, = h) moguuHsAeTcs
SKCHOHEHIMAILHOMY Paclpe/eNIeHUI0 ¢ napameTpoM A = 1, To ciyyaiinas BenuuuHa
nuMeer pacrpenenenue BeiiOymia— HeeHKO ¢ mapaMeTpoM MaciiTada, paBHbIM 3,7, U Ta-
pameTpoM (HopMmbl, paBHBIM 2'°. MOXKHO MOKa3aThk, YTO, €CIIN /i MOAYMHAETCS SKCIIOHEH-
IHAJILHOMY pacrpenesieHuto ¢ mapamerpom A = 1/0,60 = 1,67, mapamerp maciurada pac-
npenenenus BeiiOymna—THenenko Oyaer a = 3,707 = 2,87. MareMaTH4yecKy 5TO 03HAYAET,
YTO, HECMOTPSI Ha TO YTO HanOoJiee BEPOSTHO TOPOILICHNE TOHKUX JIbI0B, (POPMUPOBAHHE
MaJIeHBKHX MapyCOB KpaifHe MaToBEPOSTHO.

KoHncomaupoBaHHbIii c10ii

IIpu paccmotpenuu pacnpenenenus Tommuasl KC BocnonszyeMcsi COOTHOILICHHEM
Xoiinanaa, KOTOpoe AaeT NpsIMOoe COOTBETCTBHE Mex Ty TonuuHoi KC, TonmmHoi poBHOrO
JIB/1a y TOPOCA U MOPUCTOCTHIO HEKOHCOJIMAMPOBAHHOM yacTu Kuist [17]:

2 3
HéL:HéLO-’_M’ 2)
n

rne H ., — ronmmmna KC, H,,, — tomuuna KC B MOMEHT BpeMeHH £, (HanpuMep, ToJIHHA
KC B MOMEHT OKOHYaHHMs TOPOINEHUS), {,, — TONIIMHA POBHOTO Nbja, /[,  — TONIIIHHA
POBHOTO JIbJIa B MOMEHT BPEMEHHU f, 1] — MOPUCTOCTH HEKOHCONUMPOBAHHON YaCTH KUIISL.
B MOMeHT OKOHYaHUS TOPOLIEHHSI pa3pyLIeHHbIe OJIOKH HAXOAATCS Ha ypPOBHE MODsI, HO
OHU Pa3pO3HEHHBI, HE CBA3AHBI MEXy cOOO0M, TOATOMY HHUKAKOTO KOHCOJIHIUPOBAHHOTO
ciost HeT. KC HaunHaet (popMUpOBaTHCS ¢ MOMEHTA OKOHYAHHMS TOPOILICHUS, T. K. IO 3TOTO
MOMEHTa OJIOKM MOTYT JIBUTAThCS IPYT OTHOCUTENBHO JPyra U CMEp3aHus KaK TaKOBOTO
He npoucxouT. Kak Toiabpko IBH)KEHHE OJOKOB IPEKpaIlaeTcs, 32 C4eT NPUTOKA X001
n3 arMocdepsl MeXly OJIOKaMH IOSIBIISIETCS! CJIOHM JIbJa OECKOHEYHO MajOM TOJILUHBEI,
1 OH YK€ CKpeIUIsieT OJIOKU B OJIMH HENPEepBIBHBIN citoid. CpeaHsisl TONIIKMHA ero yKe He
OeckoHEUHO Majas, a KOHeUHas 3a cYeT BKJIIOYEeHUs 0sokoB. C 3TOro MOMEHTa MOXKHO
CUUTATh €r0 3apOXKAAOIUMCS KOHCOJIUAUPOBAHHBIM ciioeM. C MaTeMaTHUeCKON TOUKH
3penns pyHkuus TommHEbel KC B HyneBOH MOMEHT BPEMEHH £, ECIIM 3TO MOMEHT, KOIjIa
3aKOHYMJIOCh TOPOLIEHUE M HadaJlach KOHCOJIMJALUS TOpPOCca, JeNaeT CKauOK OT HyJs
JI0O HEKOTOPOTO HEM3BECTHOTO 3HAYEHUSI, ONPEAEISIEMOrO TOIIMHOW U KOH(UTypanuei
0JI0KOB JTb/1a HA YPOBHE BaTE€PIMHUM, T. €. TEPIUT Pa3pbIB 1epBoro poaa. [lockonbky pac-
CMaTpHUBAETCS BEPOSITHOCTHASI MOJIENIb HA OCHOBE MaTeMaTHUECKUX (popMyi1, TpaBOMEpHO

15 Bamsunckuii P.H. Cnpasounux no éeposimnocmuvim pacnpedenenusim. CI16.: Hayka; 2001. 295 c.
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B3STh OJHO U3 3Ha4eHUH QyHKIIH TommuHb KC mpu = 0. U3 nByx 3Hau€HUN U3BECTHO
TOIFKO OTHO, & UMEHHO PaBHOE HYIIO, €T0 U MPUHUMAaeM B pacueT. Takum odpas3om, co-
otHommeHne (2) mpeodpa3yeTcs K BUILY

2 2
HLI _Huo

N 3

B nanpHelieM MOXHO pacCMOTPETh U pe3ylbTaThl PacdeToB C JAPYTHMH, THIIOTE-
TUYECKUMHU 3HaYeHusMH HadanbHOUW Tommuubl KC. B 2022 r. K. Xoiinana sBisics pe-
LIEH3EHTOM OJIHOM M3 cTaTelf aBTOpa U OTMETHJI B PELIEH3UH, YTO K MOMEHTY OKOHYAHHS
TOPOIICHUS U Havyasa KoHcoiauaanuu Topoca KC umeeT HEHyNneByIO TOJIIIUHY, U XOTS He
Jlall KaKMX-TH00 €€ KOJIMYECTBEHHBIX OLIEHOK, HO JIOMYCTHJI Ul OLEHOK ToiiuHbl KC
HCIIONIb30BaHUe COOTHOIIEHUS (3).

Tomuua TOpoCAIIErocs Iba B MOMEHT TOPOLIEHUs H, ,, KaK yKe TOBOPUIIOCH, TOI-
YUHSETCS SKCIIOHEHIMAIBHOMY 3aKOHY PaclpeaeseHus ¢ mapaMerpom 1,67 npu ycrioBuH
CJIEIYIOIIUX OrPaHHYEHHH, BBITEKAIOIMX 13 371paBoro cMbicna: 0,08 </, < 1,85 (Gonbiue
3a)KCUPOBAHHON MUHMMAIbHON TOJIIMHBI TOPOCSIIErOCs JibJJa U MCHbBIIIC 3HAUYCHHIHA,
MTOBTOPSIEMOCThH KOTOPBIX COTIACHO rHcTorpamme puc. | Mensiie 5 %). TommuHa poBHOTO
JIbIa BOKPYT TOPOCA B MOMEHT M3MEPEHHUS [, MOMIUHAETCS HOPMAILHOMY 3aKOHY pac-
npenencHus ¢ Mar. oxxuganueM 1,24 m u CKO, paBubiM 0,34 M. [To kakoMy 3akoHy OymeT

051 N = 40000
0,45 4

0,4 4
0,35 A
0,3 4
0,25 A
0,2 4

[noTHoCTL BE POATHOCTU

0,15 +

0 i 2 3 4 5 6
TorLMHa KOHCONMAMPOBAHHOTO CIOs, M

Puc. 3. I'mcrorpamma tommunsr KC: / — anmpoxcnmManust pactpenenearneM BeitOymna—I nenenko
¢ mapamerpamu m = 2,33 u s = 2,18; 2 — annpokcumalys yce4eHHbIM HOPMaJIbHBIM 3aKOHOM pac-
TpeiesieHus ¢ MaT. okuaanueM m = 1,82 u crangapTHbIM oTKIIOHeHHeM s = 0,88; 3 — pacnpenenenue
Beiibymna—I'nenenko rommunast KC, moctpoennoe mo 3830 ckBaxkunam B 105 Topocax, m = 2,40 n
s =2,27[10]. N — Kkoau4ecTBO 3HAYCHUI

Fig. 3. Histogram of CL thickness: / — approximation by the Weibull-Gnedenko distribution law
with parameters of scale m = 2.33 and shape s = 2.18; 2 — approximation by the truncated normal
distribution law with an expected value of m = 1.82 and a standard deviation of s = 0.88; 3 — Weibull—
Gnedenko distribution of CL thickness obtained by 3,830 boreholes in 105 ice ridges, m = 2.40 and
s =2.27[10]. N— number of values
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pacnpenenena tonmuHa KC H CL? JI71s1 BBISICHEHUS 3TOTO BOIIPOCA MPOBEAEM CIIEAYIOLIUI
YUCIIEHHBIN dKcriepuMeHT. CreHepupyeM MacCuB map CiyyaiiHbix 3Hadennit H,, > H, . Tak
kak MoMeHT n3mepenust KC Bcerna rmos»xe 1mo BpeMeHH MOMEHTa TOPOCOOOPa30BaHMs, 3TN
3HAUYCHUSI ABIISIOTCS] KOPPETMPOBaHHBIMH (Kod(dunment koppersiunu oxono 0,70), Ho 310
HE BIIMSET Ha PEe3yibTaT dKCIIEpUMEHTa. ABTOP B CBOCH paboTe O MOPUCTOCTH TOPOCOB
nponuBa [IoKaJbCKOTO MPUBOIUT IMIIMPHUECKYIO 3aBUCHMOCTh CpPEIHEH MOPHCTOCTH
HEKOHCONUIANPOBAHHOTO KIS OT tryOomHEL: 1 = 0,007z + 0,225, rne z — mryouna, M [18].
Bocmone3oBasimmch 31oi nHbOpMarmeit, OyaemM cUuTaTh I OIPEAEICHHOCTH TTIOPUCTOCTD
TIOCTOSIHHOW 1 paBHOH N = 0,23. Jlns kax1o# maps! ciryqaiinbix snauennid H, n H,, (H,,
> H, ) paccuuTaeM COOTBETCTBYIONIEE UM 3HaYeHue H ., cormacHo (opmyie (3) u mocTpo-
UM THUCTOTPaMMY TIONyYEHHOTO MaccuBa 3HaueHHU (puc. 3). Jlyumelt ammpokcuMarei
ructorpammel siisiercst PDF HopmanbeHoro pacnpenenenus ¢ mar. oxxuganuem m = 1,82
U CTaHIAapTHBIM OTKJIoHeHHeM s = 0,88. MIHTepecHo, uTo emie 6oree XOpoIIei armmpoKCcH-
manuei oyner PDF yceueHHOTO HOPMaIbHOTO pAaCIpeIeNICHNsI C TEMH XKE MapaMeTpaMH.
JleBas rpanuIa 001aCTH BOSMOKHBIX 3HAYEHUH CITyJaiHON BETMYMHBI /1, paBHA HYIIIO.
AnnpokcuMHpYyIOIas KpuBasi okazaHa Ha puc. 3 MyHKTUPHOM JIMHUEH.

YMeHbIeHne cpeHeil MOpUCTOCTH HEKOHCOIMINPOBAHHOTO KHIIS 10 3HAYCHUS
N = 0,20 TpUBOOUT K CMEMICHUIO THCTOTPaMMBI B 00macTh 06mpmmx Tomma KC. Mart.
oXugaHue craHoButcs paBHbM 1,95 M, a CKO — 0,94 m.

HopBexckue yueHsle, HCCIeI0BABIINE MTPOILECC «APSXJICHNSD OTHOIETHUX TOPOCOB,
TOJIAraroT, YTO TIOPHCTOCTH HEKOHCOJIMIMPOBAHHOTO KHJISI TOCTEIIEHHO YMEHBINACTCS B Te-
YEeHUE BCEH JKU3HHM TOPOCA M 3TOT IMPOLECC YCKOPSIETCs B TIEPUOA JIeTHEro TasHust [19].
OpnHako B cTaThe HE JACTCS HUKAKUX OIIEHOK MHTEHCUBHOCTH 3TOTO yMeHbIneHus. Pac-
YETHBIE OLEHKU Takoro ymeHbleHus nopucroctu npusoasit A.C. IllecroB u A.B. Map-
YEHKO B paboTe O TepMOIMHAMUYECKOW KoHconmuaannu kuis Topocos [20]. CormacHo
9THM pacyeTaM, yMEHbIIEHHE MOPUCTOCTH 3aBHCUT OT HAYAIBHON IMOPHCTOCTH, M €CIN
B HauaJie mopuctocTh Kmist cocrasisieT 0,4-0,5, To Kk Havamy TassHUsI MOJKET YMEHBIITHTHCS
MOYTH B J1Ba pa3a. UTOOBI OLCHNUTH BIMSHUE YMEHBIICHUS TOPHUCTOCTH B TCUCHUE KU3HU
Topoca Ha pacnpenenenue Tommuasl KC, BBeeM B cooTHOIIEHHE (2) 3aBUCUMOCTD T10-
PHUCTOCTH 1| OT BPEMEHH >KHU3HH Topoca. Bui 3Toil 3aBHCHMOCTH HEN3BECTEH, H3BECTHO
TOJIBKO, YTO OPUCTOCTh YMEHbIIAaeTCs. FIcXons U3 3Toro, B IEPBOM NMPHOIMKEHHN OyeM
CUMTATh, YTO TIOPUCTOCTH PABHOMEPHO YMEHBIIACTCS CO BpeMEeHEM. Bpemst xnu3Hu Topoca
B HAIIEM YHCICHHOM JKCIIEPUMEHTE MOXKHO OIEHUTH TOJIBKO 10 BEJIMYMHE HapacTaHUs
POBHOTO JIbJIa BOKPYT Hero. ABTop Ha apeiidyromeii crannun CI1-38 B TeueHue roma
HaOmonan n3Menenue cpenHero 3HadeHnss 1 CKO TommuHb! Jb/1a Ha JEJOBOM ITOJIHUTO-
He (puc. 4a) [21]. B3sB o0paTHyI0 QyHKIIUIO U aIIPOKCHMHUPOBAB €€ CTCTICHHOW (PYHKIINEH
(puc. 46), nmoyunm, 9TO BpeMsl HAOMIONEHHS, WIIH BPEMsl, 32 KOTOPOE TOJIIIMHA POBHOTO
JbJIa JOCTUTHET 3aJaHHOTO 3HAYCHNS, IPUMEPHO MTPOITOPIIOHATIBHO KBAAPATY TOIIIHHBI
POBHOTO JbJ1a Yy Topoca. OCHOBBIBASICH HA 3TOW MH(POPMALINH, YMEHBIICHUE TOPHCTOCTH
KWt OyZieM pacCYMTBIBATh MPOMOPIIMOHAIBGHO BPEMEHH HAOMIONEHMS, WIIN KBAJIpaTy H3-
MEHEHHS TOJIIMHBI POBHOTO JIb/IA!

n=—A(H-H,)+023, (4)

rae H — TonmuHa poBHOTO JibJia B IIEPUOA MEXy 00pa3oBaHHEM TOPOCAa M MOMEHTOM
nsmepenns Tonmunasl KC (H,,) < H < H,)). To ecTh HadaibHas MOPUCTOCTh OyJIET co-
craBiaTh 0,23, a ymenbwarbest 10 0,10 B 3aBUCMMOCTH OT pa3HOCTU MEXAY KOHEUHOU
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Puc. 4. Tonmuna 1b1a Ha JIeI0BOM MonuroHe aApeidyromteit cranimu CIT-38 [21].

a) BpeMeHHOE N3MEHEHHE CPEAHEro 3HAYCHHs TOJNIIHMHBI Jbaa. BhIieneH NpoMexyTok ¢ aekadpst 1o Mail. 6)
OOparHast GyHKIHS BBIICICHHOTO )parMeHTa 1 ee armnpoKCHMalHs CTCHeHHON (QyHKIHei

Fig. 4. Ice thickness at the ice polygon of the drifting station “North Pole-38” [21].

a) Temporal change in the average ice thickness. Period from December to May is highlighted; 6) Inverse function
of marked fragment and its approximation by power function. Equation of the approximation and coefficient of
determination are presented

Y HavYaJbHOM TOJIIMHON poBHOTO JbJa. Koaddunuent 4 BapbupoBaiicsi B yKa3aHHBIX
npexaenax (0,03 < 4 <0,07), 4ToOBI BBISICHUTB €r0 BIMSHUE HA BHJ| PACTIPECIICHUS pac-
yeTHOM Tonmmuuel KC.

B pesynsrare noctpoenue pacnpenenenus toamuasl KC no onucaHHoi BbIe npo-
Letype MoKa3ao, 4To HeOOJIBIIOE MOCTENEHHOE YMEHBIIEHUE TOPUCTOCTH HE BIUSIET Ha
BUJI paclipeieNIeHUs U OHO OCTaeTCs HOPMaIbHBIM yCEUEHHBIM pacnpeaeneHrueM. OqHako
npu yBeandeHun koddouimenra 4 B popmyie (4) XBOCT pacipe/ieieHHsT yBeTHINBaeT-
Csl U OHO BBIpOXKJaeTcsi B pacripeneienue BeiiOymina—IHenenko (cMm. puc 3, kpusas /).
bnu3ocTh moy4eHHOM TakuM 00pa3oM BBHIOOPKH M aHAJUTHYECKOTO BBIPAKCHHUS IS
pacripeznenenus BeiOymia—['Henenko Oblta Takke MOATBEPIKICHA C MTOMOIIBIO KPUTEPHST
y? [upcona. ¥* = 0,68 I 3TOrO pacIpeie/iCHHs], YTO MHOTO MEHBIIIE, YeM I IPYTuX
pacnpenenenuii (1,80... 6,20).

O0cy:xneHue pe3yjbTaToB

ITapyc u kuab

Ha xondepentun ISOPE B 2021 r. 6pu1a mpeacTaBieHa paboTta ¢ pe3yabraraMmu
aHayM3a OOJIBIIOTO KOJHYeCcTBa TOPOCOB (17 = 104), B KOTOPOU CeIaH MOJ00HbII BBIBO/I,
YTO BBICOTA IApyca TOPOCOB MOAUUHSETCs pacrpeaenenuio BeliOymia—Inenenko'®. Ox-
HAKO 3TOT BBIBOJI POTHBOPEUHT CIICAYIOIIEMY YTBEPKACHHUIO B 3TOM ke paboTe, KOTopoe
IJIACUT, YTO CPEIHUE 3HAYCHHS BBICOTHI Iapyca TOPOCOB (CpeaHEe IO BCEM M3MEPEHHSIM
MIPEBBILICHUS JIbJIa B [IPE/eax napyca BIOJIb HPOQUIIs MONEPEYHOr0 CEYCHUsI TOpoca)
pacrmpeseneHsl JIOTHOpMaIbHO. B mpenpinymei paboTe 3TOTo e KOJIEKTHBAa aBTOPOB

16 Guzenko R.B., Mironov Ye.U., May R.L, et al. Morphometric particularities of ice ridges with
the greatest thickness of the consolidated layer and other statistical patterns of morphometry of first-year
iceridges. Proc. of the 31st Int. Ocean and Polar Engineering Conf. (Rhodes, Greece, June 20-25, 2021).
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npuBeeH Npodmib OypeHHst TOPOCOB, a TAKIKE OTMEUEHO, YTO COIIACHO METO/INKe Oype-
HUSI ¢ 00eHX CTOPOH OT TOYKHM MAaKCHMAJIBHOTO Tapyca OypHIINCh JIBE JOTOIHUTEIbHbIC
CKBXHHBI Ha paccTossHUA 2,5 M (0O0brgHBIA MHTEpBAT — 5 M) [10]. Brimtouenue stux
JIOTIOJIHUTEJIBHBIX CKBXHH B OCPEJHEHHE MPHBOIUT K METOIMUECKON OMINOKE, & IMEHHO
K 3aBBIIICHHUIO CPEJTHETO 3HAUYCHNUS OCpeHAeMON BeMIrHBL. OCOOEHHO 3TO 3aMETHO IpH
OONBIINX 3HAUYCHUAX BBICOTHI apycoB. [lo-BuauMomy, 3Ta MeTonMYecKast OINOKa 1 PH-
BOJIUT K COMHHUTEIILHOMY BBIBOJY B 3TOI paboTe, 4TO pacipeieieHne CpeHel BEICOTHI Ma-
pyca IMOIYMHAETCS JOTHOPMAIBEHOMY pactpesaeneHnto. CormacHo TUIIOTE3€ O TPEYTOIbHON
(opme mapyca cpeHee 3HaY€HNUE BBICOTHI ITapyca PaBHSETCS TOJIOBHHE OT MAaKCHMAIBbHOTO
3HAUCHNS, CIEOBATEIILHO, TAKXKE TMOJUUHSETCS pacrpeaeieHuio BeiOymna—I HeneHxko.

B pabote FO.I1. I'ynomankoBa n 1p. 0 MOPHOMETPHUECKUX XapAKTEPUCTUKAX Jie-
JSIHBIX 00pa30BaHUl MPUBEICHA TUCTOTPAMMa PAacIpPEAEIECHHs BBICOTHI TapycoB 42 To-
pocoB Iledopckoro mopsi, ucciemoBanHbIX B 1996-2003 rr. [3]. ABTOPHI yTBEPKIAIOT,
YTO TUCTOTPAaMMa XOPOIIO aNMpOKCUMHUPYETCs JIOTapU(PMUIECKH HOPMAJIBHBIM 3aKOHOM
pacmpenenenus (puc. 5). Ho Habop maHHBIX (BEIOOpKa) HE OYEHB OOJIBIIOTO 00BEMa MOKET
OBITh aIPOKCUMHUPOBAH PACIIPENEICHUSIMI pa3HbIX TUIOB. Hampumep, ructorpaMma Tax
K€ XOPOILO alpOKCUMHPYETCs U pactipezencHueM BeiiOyma—I menenko. Koaddunment
JerepMUHAIUH (R?) anmpoKCUMAIK JIOrapu(pMUUECKH HOPMAJILHBIM 3aKOHOM pacrpee-
nerns cocraBiseT 0,858, a ms pacnpenenenus BeitOymra—IHenenko — 0,851. Tem He
MeHee 1o kputepuio [InpcoHa B 1aHHOM citydae 0oJiee OIXO/ISIINM BCE K€ OKa3bIBaeTCs
JIOTHOPMAJIbHBIN 3aKOH paclpezeICHus.

Eciu cpaBHUTB cXeMbl (opMUpPOBaHUS Mapyca Topoco!” u cramyx'®, a Takxke npu-
HATH BO BHUMaHHUE NPOIECCHI Pa3BUTHS 3THX JICASHBIX 00pa30BaHM, paCCMOTPEHHBIE
B MoHorpadun C.A. BepmmHnHa 1 Ip. 0 BO3/IEHCTBHHM Jiba HAa coopyxkeHus CaxannH-
ckoro menbga [22], To MOXKHO 3aKIIOYUTh, YTO COBEpIIAEMast JIECASHBIM ITIOKPOBOM Me-
XaHM4ecKas padora 1Mo GOPMHUPOBAHHMIO HATPOMOXKICHHS OJIOKOB JIbJIa B Iapyce ITHUX
oOpa3zoBanuii nonodHa. HecMoTpst Ha To, 4TO 3aTpaThl SHEPruX HA (GopMHUpPOBaHHE Mapyca
TOpOCca M Mapyca CTaMyXH CyIIECTBEHHO Pa3iIMYaroTCs B CHIy Pa3IMYHOTO XapakTepa
(hopMupOBaHUS MJIABYYETO HATPOMOXKICHUS M HATPOMOXKICHUS, OMIMPAIOIIErocs Ha JIHO,
B 000MX CiTydasix Mpolecc TOPOIIeHHs OyJeT OCTAaHOBJIECH M3 OTPAHMYCHHON BEINYHHBI
nprkUMHOM critel [22]. TTo3ToMy MOXKHO yTBEpXKaTh, YTO M PACHpEesICHHE TapyCcoB
CTaMyX TaKke SBIIETCS pacupeneneHueM BeiiOymna—IHenenko. B pabdore E.Y. Mupo-
HOBA ¥ JIp. 0 MOP(OMETPHH U BHYTPEHHEH CTPYKTYpE CTaMyX 3TO IOATBEPKAACTCS LIS
cramyx Kapckoro mops [9].

[TpuHMMas BO BHUMaHHE CIEAyIonHe (hakTophl:

— (QopmMHupoBaHUE KNI IPOUCXOIMT 110 MOXOOHOMY CIIEHApHIO, 4TO M Tapyca [22];

— HaWIy4IeH armpoKCUManreH A7l 3aBUCHMOCTH OCaAKH KUJIS OT TOJIIIMHBI O110-
KOB JIbJIa B IIapyce SIBISIETCS] CTENEeHHast (QyHKUUS (HampuMep, KBaJAPATHBIH KOPEHB);

— TI0 JaHHBIM HCCIIEA0BAaHUA 265 TOPOCOB € YIaCTHEM aBTOPA JIMHEHHAS M CTEIICH-
Hasl armpOKCHUMAIIMH CBSI3U BBICOTHI NApyca U 0CaIKU KU B MHPOPMATHBHOM JHANla30HEe
NPAKTHYECKU COBIAIAIOT, M JUISl TPOCTOTHI 3TY CBSI3b MOXXHO CUNTATH JINHEHHOI, — MOXHO

17" Kovaks A., Sodhi S.D. Ice pile-up and ride-up on Arctic and subarctic beaches. Proc. of the

POAC'79, 1979, v. 1. p. 127-146.

'8 Crocker G., Ritch A., Nilsen R. Some observations of ice features in the North Caspian Sea. Proc.
of the 21st Int. Conf. on POAC'l1 (July 10-14 2011, Montréal, Canada).
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Puc. 5. T'uctorpamma BBICOTHI apyca TopocoB [ledopckoro mopst 19962003 rr., mocTpoeHHast o
JaHHBIM paboThI [3] M aNIPOKCHMUPOBAHHAS JIOrapH(YMUUECKU HOPMAJIbHBIM PacIpe/ie/ieHHeM 1
pacnpenenenuem BeitOymna—I HeneHko

Fig. 5. Histogram of the sail height of the Pechora Sea ice ridges 1996-2003, obtained on the data
of [3]. It is approximated by the lognormal and Weibull-Gnedenko distributions

3aKJTFOYUTh, YTO TIYOMHA OCAIKU KUJIS TOPOCOB TAKXKE MOMYUHSIICTCS PACIPEICIICHUIO
Beii0Oymna—I'HeneHko, HO, COOTBETCTBEHHO, C IPYTMMH MapamMeTpamu [cM., Haripumep, 7].
DTO0 TaKKe OTHOCUTCS M K PACIIPEACICHHIO CpeTHEeH 0CaIKN KHJIsl TOPOCOB. XOTsI OOBIYHO
CUHTAeTCs, YTO 0CajKa KU TOPOCOB paclpe/esieHa JIOTHOPMAaIbHO [CM., Hanpumep, 4].

Uro kacaeTcs pacnpeneseHust KIS CTaMyX, TO OHHM TaK)Ke TOAYMHSIOTCS pactpeie-
nennto BeliOymia—I HeieHko, MOCKOJIBbKY ITyOHMHA 0CaJKH CTaMyXH ONpeelisieTcs Nyou-
HOM OCaJKH KW TOPOCa, CEBIEr0 Ha MeJIb Ha MEJIKOBO/IbE U CTABILIETO €€ 3apPOJIbIIIEM.

Pacnpenenenue o01ieii TONIMHBI TOPOCA, CPSAHETO 3HAYCHHSI OOIICH TONIIIMHBI, a TaK-
K OTHOIIICHUE KIJIB/TIAPYC TAKXKe MOAYMHSIOTCS pacipeieicHuo Beiidymia—I HeneHko.

Bnusiaue dakropa BpeMEHH Ha BEPOSITHOCTHBIC PACIPEACICHHUS F€OMETPHUCCKHUX
rapamMeTpoB JIe[sHbIX 00pa30oBaHuil TpeOyeT MOMOIHUTEIbHOrO u3yueHus. Mccnenona-
HUS TOPOCOB OOBIYHO MPOBOASTCS BECHOM B MEPHO MAKCUMAIBHOTO Pa3BUTHUS JICISTHOTO
MOKPOBA, TIOPTOMY TOPOCHI, MOABEPTIINECS UHTEHCUBHOMY TasHUIO B JIETHHU MEPUOI,
BBITIAJAIOT U3 PACCMOTPEHHUSI.

KoHncomaupoBaHHbIii ¢J10ii

I'ncrorpamma pacnpenenenus Tonuuasl KC TopocoB, anmpokcHMUpOBaHHAs TaMMa-
pacIipezienieHleM, IpUBEAeHa B paboTe HOPBEKCKUX YUEHBIX, ITOCBAIIEHHON CTaTUCTHKE
OIHOJIETHUX TOpocoB [7]. s cpaBHeHHUs Ha AuarpamMmy HaHeceHa Taioke m PDF pac-
npeneneHus BeliOynma— Henenko (puc. 6). AmpoKcuMaIis TaHHOH BRIOOpKH Hambosee
ONTUMallbHa raMMa-pacripeneneHiueM. 13 napameTpos raMmma-pacnpeneneHuss MOKHO
3aKIIFOYNTH, YTO MaT. okuanue paBaseTcs 1,060 M, a mona pacupenenenns — 1,03 m. To
ecTh Hanbosee yacTo Berpedasnck Topockl ¢ KC TonmuHol okono MeTpa. Mar. oxunaHue
pacripenenenus BeiOynna—IHenenko pasnsiercs 1,67 m. Cormacuo kpureputo [Tupcona
JUIst TaMMa-pactipezenenus y° = 0,15, a st pacnipenenenus BeiiOymia—T Hemenko x* = 0,09,
T. €. pactpeneneHue BeiiOymna—['HemeHKo aeKBaTHEE OMICHIBACT JaHHYIO THCTOTPAMMY.
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MHpPOBaHHasi raMMa-paciipe/ielieHHeM U pactpeseieHueM BeiiOymia—I HeneHko

Fig. 6. Histogram of CL thickness. It is obtained based on the data of [7] and approximated by
the Gamma distribution and the Weibull-Gnedenko distribution

CootHomenue Xoinanaa (3) mpeamnonaraeT CIOKOHHOE TePMUUYECKOE HapacTaHUe
tonumHabl KC. OgHako B peaqbHOCTH MaJeHbKUE, HEMAaBHO 00pa30BaBIINECS TOPOCHI U3
TOHKOTO JIbJIa YaCTO BCKOPE MOABEPralOTCsl HOBOMY IPOLIECCY YK€ BTOPHYHOTO TOPOILIe-
Hust. Tak OHU BBINAJAIOT M3 30HBI BHUMAHUS JISIOUCCIIEIOBATECH M UCKITIOYAIOTCS U3
MOJIy4aeMbIX BBIOOPOK. DTa CHTYaIlUsl HAMIAHO MIPOAESMOHCTPUPOBAHA Ha pHC. 0, KOraa
ramma-pacrpe/ielieHie (pakTHUYeCKH MCKII0YaeT CyIIeCTBOBaHHE TOPOCOB C COBCEM He-
oonbinum KC. B To Bpems kak pacnpezesenue BeitOysuia—I HeleHKO MOKa3bIBaeT TO0BOJIBHO
CYIIIECTBEHHYIO BEPOSITHOCTh HAIM4YUS TOpocoB ¢ Takoi Tommuoi KC. Hanpumep, Bepo-
ATHOCTb TOTO, 4To ToMrHa KC okaxercs meHee 0,4 M, COIIACHO raMMa-pacrpe/ieIeHUIO
cocrasysieT 8,6 %, a o pacnpeneieHuio BeiOymia—Heaenko — 9,7 %. A BEpOSITHOCTD,
gto TonmuHa KC okaxercs menee 0,14 M, mo ramma-pacnpezaenenuto coctasuser 1,1 %,
a 1o pacrpezesnenuto Beiidymia—[nenenxko — 1,9 %, To ecTh moytyu B jBa pasa OoJblie.
AHaNOTHYHYI0 KapTHHY MOJKHO HAOIIONaTh U HA puC. 5.

ITo manueM pabotel A.K. Haymosa u ap.' o mopdomerpuu TopocucThix 06paso-
Bauuit O0ckoit ryobl, Tonmaa KC TOpOCOB B 3TOM pervoHe pacmpezescHa mo Beiioyii-
ny—THenaenko. B padore P.b. I'y3eHko u ap. 0 MOpHOMETpUH U BHYTPCHHEH CTPYKTYpe
TOpPOCOB TpuBeieHa ructorpamMma Tonmunabl KC, moctpoennas mo 3830 ckBaxkunam B 105
Topocax Kapckoro mopst 1 Mopsi JlanTeBbIX W anmpoKCUMUpPOBaHHAs paclpeieIeHueM
Beiidymia—T'nenenxo [10]. Annpokcumupyronas KpuBasi ¢ STUMU [TapaMeTpaMu [IPUBEICHA

19 Naumov A.K., Skutina E.A., Golovin N.V., Kubyshkin N.V., Buzin L.V., Gudoshnikov Yu.P.,
Skutin A.A. Peculiarities of morphometric features and inner structures of the ridged formations in
the Ob’ Bay. Proc. of the 29th Int. Ocean and Polar Engineering Conference ISOPE’19 (Honolulu,
Hawaii, USA, June 16-21). P. 684—690.
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JUISL CpPaBHEHUS Ha pUC. 3. PUCYHOK TOATBEPIKIAET, YTO OLEHKA PACTIPEAEIICHHS TOJIIIHBI
KC azmexBaTtHO oTpakaeT peajbHYIO0 CUTYalHi0. B 0cTabHBIX MyONMKanusaxX Ha 3Ty TEMY
TIPE/ITOKEHBI IpyTHEe 3aKOHBI pactpezeaeHus. [[o-BuiuMomMy, B 3TOH CUTyannu OOJIBIITYIO
pOJb UrpaeT HEOCO3HAHHOE CIICIOBAHHWE YCTOSBIIMMCS MHEHUSIM, T. K. JJOBOJIBHO YacTO
B JINTEPATypPHBIX NCTOYHNKAX YIIOMHHAETCS JIOTHOPMAJIBHOE pacIpe/iesieHHe.

3akaouenue

Bomnpoc nagansroit Tonmmuasl KC ocTaercst oTkpsIThIM. Ecin B kKadecTBe HauaslbHOM
TOJILLIMHBI B35Th 3HAYEHUE, PABHOE IIOJIOBUHE 3HAYEHUS HAYaJIbHOW TOJILLUHBI POBHO-
IO JbJia, TO PE3YyJIbTAaT MOACIUPOBAHUS IIOKA3BIBACT, YTO PACIPENEICHUE OCTAETCs pac-
npenenenreM BeiiOymia—T'Henenko. OHaKo Takoe OrpaHUYeHHe MPUBOJUT K TOMY, 4TO
BeposATHOCTH ToNmKHbl KC Menbiie 0,4 M MpakTUYECKH HYJEBas, YTO HE COOTBETCTBYET
JeUCTBUTENILHOCTH. YTO KacaeTcsi BbIOOpa BEpXHEH I'paHUIbl TOJIIIUHBI TOPOCSINETrocs
JIbJ1a, PaBHOH 1,85 M, TO ClleyeT OTMETUTD, YTO 3HAYCHUE BEPXHEH IPaHHUIIBI C1a00 BIHSCT
Ha BUJ pacrpeneicHus. I[loBblenre BepXHel rpaHuLbl OTPA3UTCS Ha HE3HAUUTEIIBHOM
TIOBBILIIEHUH JIEBOM YacTh ructorpammsel TonuHbel KC, coorBeTcTBytoieit Tonkomy KC.

B pe3synbrare BHITOIHEHHOH PabOTHl MOYKHO CIENaTh CIETYIONINE BBIBOJIBL:

— HUcxonst n3 Gpu3MUeCcKoi CyIIHOCTH TOPOILEHHMSI, TOJIMHA TOPOCAIIErocs Jb/a
NOJYMHSETCS YKCIIOHEHIMAIbHOMY 3aKOHY PacIpeesICHUs.

— EcTb OCHOBaHUSA NPEANOIOKNTh, YTO BbICOTA H1apyca, 0CaAKa KWIs U TOJLIMHA
KC TOpOCOB MOAUUHSIIOTCS OMHOMY 3aKOHY paclpeieicHus — pacipeeicHuo BeiiOyi-
J1a—I ' HeIeHKO.

OTH 3HAHUS C ONOPOH Ha MPAKTUYECKUI OMBIT MO3BOJIAT aA€KBATHO MOICIHPOBATH
JIEJITHO ITOKPOB MPH pacyeTe MPOoIecCOB TEII000MEHa MEXy OKEaHOM U aTMoc(epoid,
OIPE/ENIATh BO3MOXKHBIE DKCTPEMAIIbHBIC 3HAUCHHsI MOPPOMETPHUUECKUX XaPAKTEPUCTUK
TOPOCHCTBIX 00Pa30BaHUIA.
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Introduction

The Antarctic ice sheet is the largest reservoir of fresh water in the world, stored
in the form of ice, and one of the major contributors to current sea-level rise [1]. Over
the past three decades, the loss of Antarctic ice sheet mass has more than tripled [2]. This
loss of ice is mainly due to iceberg calving, surface ablation, and melting at the base of
ice shelves and in continental areas with a “warm” bed. The impact of the Antarctic ice
sheet on sea-level rise in the 21st century, as predicted by the Sixth Assessment Report
of the Intergovernmental Panel on Climate Change, ranges from 0.08 to 0.34 m, within
the range of total global sea-level rise estimated at 0.40-1.01 m. After 2100, forecasts
for mass loss of the Antarctic ice sheet become even more uncertain, but it is likely that
they will continue at an accelerated rate [3, 4].

The main trend in the loss of mass of the Antarctic ice sheet in recent decades
has been the sharp and continuing loss of mass by the Pine Island Glacier and Thwaites
Glacier in the Amundsen Sea region, West Antarctica (Fig. 1). The bottom of the Thwaites
glacier deepens towards the continent more than 2 km below sea level, creating a long
narrow cavity to which the Antarctic Circumpolar Current delivers warm water [5, 6]. This
glacier alone contributes to about 4 % of the current global sea-level rise. Unfavorable
model expectations suggest that the glacier may collapse sometime in the 2040s. This will
eventually lead to a sea-level rise of 0.65 m, a prospect that has led some researchers to
call the Thwaites Glacier the “Doomsday glacier” [7, §].

Is it possible to artificially reduce the mass loss of the Antarctic ice sheet? This
question is addressed by glacier geoengineering, a new field of geoengineering defined as
large-scale interventions in glaciers and ice sheets to counter the effects of anthropogenic
climate change [10]. The general principles of geoengineering are well known to the Russian
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Fig. 1. Mass loss of Antarctic ice sheet from 2003 to 2019 [modified from 9]
Puc. 1. IToteps maccsl abaa B Autapkruae ¢ 2003 no 2019 1. [9 ¢ usmeHeHusAMu|

Arctic and Antarctic Research. 2025;71(3):334-345 335



11T Tananau, M.A. Ceicoes
I'eouH:KeHepHBbIe HHTEPBEHIHH B AHTAPKTHYECKHii JIEISIHOM MOKPOB...

audience from one of the most ambitious but unfulfilled engineering and construction
projects of the 20th century: the transfer of part of the runoff from the northern and
Siberian rivers to Kazakhstan and Central Asia. Design and survey work on this project
was stopped in 1986, mainly due to opposition from scientists of the USSR Academy of
Sciences, who convinced the country’s leadership that the project would cause irreparable
damage to the environment. Of the modern geoengineering projects, one that deserves
mention is the Great Barrier Reef Protection Project, which is funded by the Australian
government [12]. As part of this initiative, work has already begun to brighten sea clouds
by spraying microscopic droplets of seawater in order to cool and shield the coral reef.

In recent years, there has been an intense debate among scientists and experts
about the scientific, technical, environmental, and ethical implications of geoengineering
interventions in the Antarctic ice sheet. This debate has split the scientific community,
with some advocating for actively counteracting ice melting in order to create safer
living conditions and promote economic activity in many parts of the world, while
others warn of the unpredictability, inefficacy, and severe environmental consequences
of such measures [13].

This paper provides a brief overview of glacier geoengineering methods, highlighting
the shortcomings in the technological and theoretical validation studies for these projects
and analyzing possible adverse environmental impacts.

Methods of glacier geoengineering

Glacier geoengineering approaches

Glaciologists have been informally discussing methods of geoengineering intervention
in glaciers and sea ice since the early 1980s, when the community first began to realize
the scale of the potential impact of global climate change on the stability of the ice
shelves and the ice cover of the Arctic Ocean. The first peer-reviewed scientific papers
on geoengineering concepts and numerical models for potential interventions in glaciers
emerged in the early 2010s, with an increasing number published since then.

Very tentatively, the proposed methods of geoengineering interventions in
the Antarctic ice sheet can be divided into the following categories: (1) interventions
that alter the heat transfer processes in the coastal ocean waters surrounding the ice
shelves or outlet glaciers; (2) mechanical braking and strengthening of the ice shelves;
(3) changes to the parameters of the ice sheet, such as thickness, ice mass balance, and
albedo; (4) alterations to the subglacial hydrology, including decreasing the flow and area
of subglacial water; and (5) measures to control solar radiation in the Antarctic atmosphere.
To date, more than a dozen methods of geoengineering have been proposed. However, in
our opinion, only a few of the concepts discussed below are relatively workable.

Underwater dams or curtains

The melting of ice shelves is caused by relatively warm ocean waters flowing to
the grounding line and melting the base of the glacier. In order to reduce the amount
of warm water entering the cavity under the ice shelves, it is proposed to construct
underwater dams several hundred meters high (Fig. 2a) or curtains made of metal or
plastic [10, 14—-17]. If this intervention were successful, it is expected that a decrease in
the temperature of the ocean water would lead to a reduction in the rate of basal melting
beneath the ice shelf and iceberg calving. Model simulations indicate that even a partial
covering of the cavity could reduce glacier-induced sea-level rise as much as 10 times [18].

336 IIpo6nemvr Apkmuxu u Anmaprkmuru. 2025;71(3):334-345



P.G. Talalay, M.A. Sysoev
Geoengineering interventions in the Antarctic ice sheet: A potential solution...

Artificial island

Ice shelf

C) Anchors  Cargo net Boreholes Frozen ice

T

CO, capture and
liquéfaction station

- Snow cannon Degasser

gaseous state

.-..Snow cannon | #
g) Pumping station ’//|\ Spraying reflective materials

Submersible Ice shelf

pumps

Fig. 2. Illustration of some geoengineering interventions in the Antarctic ice sheet (explanations are
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Artificial islands and underwater uplift structures

The acceleration of the movement of ice shelves and outlet glaciers is one of the main
causes of the increased mass loss of the Antarctic ice sheet. Observations of the behavior
of ice shelves adjacent to underwater uplifts have shown that even small natural anchor
points have a wide-scale effect on the speed of ice movement. Therefore, one of the rational
engineering solutions to slow down the flow of ice shelves is to create sufficiently strong
artificial islands (Fig. 2b) or underwater uplift structures built on the continental shelf in
front of the barrier of the shelf [10]. These attachment points can be created in the form of
interconnected arrays of artificial islands composed of a soil core reinforced with concrete
or steel structures. In this case, the supporting structure is fixed to the seabed with steel
piles driven along the perimeter of the island.

Iceberg anchoring

The process of icebergs calving from ice shelves is a complex phenomenon caused
by various factors, including high stresses at specific points of the glacier, the spread
of surface water and cracks, wind loading, and the flow of ocean currents. When an
iceberg calves, it can be secured to the glacier shelf using cable-stayed nets and tripwires
(Fig. 2¢) [19]. As the ice moves, the nets are tightened and push the iceberg against
the ice shelf body. If an iceberg is firmly attached to the ice shelf, it can usually heal
cracks. Such phenomenon often happens naturally when icebergs that have broken off
from the glacier and collided with each other refreeze and become part of the ice shelf
again. In suitable weather conditions, the water supply at the point of contact can speed
up the refreezing process.

Thickening of ice shelves
Some researchers proposed thickening the ice shelf by controlling snow accumulation
on its surface or by freezing water pumped through access boreholes from the subglacial
cavity (Fig. 2d) [19]. The thickening can be done evenly over a large area of ice shelf or in
a more specific way, giving the ice shelf useful reinforcing shapes, such as a compressive
arc. This intervention will help the ice shelf increase its structural strength and stability.

Draining subglacial water or promoting basal freezing

Up to 90 % of the ice mass loss from the Antarctic ice sheet occurs through fast-moving
ice streams and outlet glaciers [25]. The speed of ice streams can reach up to 1 km/year,
which is one or two orders of magnitude higher than the speed of the surrounding ice.
The size of ice streams is also significant, ranging from 50 to 100 km in width, up to 2 to
3 km in thickness, and hundreds of kilometers in length. Despite decades of research, the
exact mechanism behind their fast movement remains poorly understood. Most scientists
believe that the reason for the increase in movement speed is the presence of a layer of
water at the bottom of the glacier, which acts as a lubricant between the glacier and its
bed, reducing friction and increasing speed (see [26], for example). To slow down ice
flow, it has been proposed to remove the water from beneath the base of the ice stream
by drilling a series of access boreholes to the bed [10, 19]. Removing of the water can
be carried using an airlift technology with a double row lift (Fig. 2e).

An alternative strategy involves freezing subglacial water through access boreholes
by direct contact with refrigerants such as liquid air, liquid nitrogen, or liquid carbon
dioxide [19]. The method shown in Fig. 2f illustrates how the wet base can be frozen
through cyclical injection and extraction processes. Boreholes alternate between injecting
antifreeze and extracting gas, using liquid carbon dioxide as the refrigerant.
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Growth of snow accumulation

On the global scale, injecting ocean water into the Antarctic ice sheet interior could
lead to a significant slowing of sea-level rise [21]. In order to preserve the stratigraphy and
rheology of the ice sheet’s surface, it is preferable to add additional ice in the form of snow
(Fig. 2g) rather than in the form of water. Adding artificial snow produced from ocean water
to certain “problematic” areas could help stabilize the balance of ice mass over a significant
area of Antarctica. For example, adding 7.4 Tt of snow to the coastal areas around Pine Island
Glacier and Thwaites Glacier could reduce the mass balance loss from the entire West Antarctic
region by 2 mm/year in the equivalent to the current rate of sea-level rise [22].

Surface albedo modification

The reflectivity of a glacier’s surface, or albedo, plays a significant role in the melting
process. The albedo of fresh snow is between 0.85 and 0.9, while that of compacted dry
snow is around 0.8-0.85. Melting snow cover has an albedo of 0.7, and wet firn has an
albedo between 0.35 and 0.45 [23]. Increasing the albedo of ice shelves, ice streams, and
outlet glaciers through the application of bright materials, such as hollow glass microspheres
or reflective geotextiles, is intended to reflect more solar radiation and reduce surface
warming (Fig. 2/) [24]. However, to achieve a significant impact on global sea-level rise,
these materials would need to be scattered in the ablation zone over a large area of Antarctica.

Solar geoengineering

This manipulation aims to control solar radiation in the Earth’s atmosphere in order
to reduce its surface temperature [27]. Within the framework of solar geoengineering,
researchers consider two main approaches [28]. The first is the introduction of stratospheric
aerosols into the upper atmosphere, known as stratospheric aerosol injection (SAI).
The second one, marine cloud brightening (MCB), uses sea salt to create artificial clouds
in the sea. Strictly speaking, SAI is a global intervention, as the stratospheric circulation
will quickly spread any aerosols introduced into the atmosphere over all latitudes [29].
Therefore, the overall cooling effect of SAI cannot be limited to a specific region, unlike
MCB [30]. However, by choosing the location and timing of the injection, some control
can be achieved over the resulting cooling profile under SAI intervention [31,32].

Discussion

Despite some progress made in the technological and theoretical validation of these
interventions, each one is still faced with significant challenges. Here, we highlight some
of the main problems.

Technical feasibility

The concepts presented are developed very approximately, with many initial data
based on rough estimates and tentative assumptions. For instance, the idea of pumping
water under ice sheet does not consider the fact that subglacial reservoirs are connected
to the ocean through a complex hydrogeological system, and that subglacial cavities and
access boreholes will quickly fill with water to sea level when they are pumped, according
to the law of communicating vessels. Similar limitations and inconsistencies can be found
in many other proposed concepts [18].

Uncertainty and high risks

All the concepts are subject to uncertainties and increased risks. Uncontrollable factors
can lead to unexpected results or the need for significant changes to intervention. The effects
of using certain methods are not fully understood. Alternative climate models suggest that
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geoengineering may not be able to prevent the loss of the Antarctic ice sheet in the next two
centuries [33]. It is possible that underwater dams could divert warm water towards nearby ice
shelves, leading to increased melting in these areas [34]. The developers of the concept of the
underwater dams believe the success rate to be only 30 % [14]. Clearly, glacial engineering
methods must be designed with confidence as regards their effectiveness and manageability,
so that any interventions can be adjusted or stopped if necessary.

Geopolitical and social challenges

The Protocol on Environmental Protection to the Antarctic Treaty, which entered into force
in 1998, defines Antarctica as a “nature reserve dedicated to peace and science” (Article 2).
Before carrying out any activities in Antarctica, it is essential to conduct a preliminary
assessment of the potential impact of the proposed activity on the Antarctic environment
and its associated ecosystems [35, 36]. For projects that may pose a risk to the environment,
a Comprehensive Environmental Assessment (CEE) must be prepared. The CEE is publicly
available and reviewed by the Committee on Environmental Protection. The Committee then
advises the Antarctic Treaty Consultative Meeting on whether and how this activity should
be conducted. Due to the current circumstances, all proposed projects are likely to face the
rigorous environmental review of the Committee and may not be approved. Implementing
these projects would involve significant changes to the environmental legislation, which is
only possible after ratification by all 29 consultative parties to the Antarctic Treaty. However,
given the current political climate, it seems unlikely that this will occur.

Environmental consequences

The potential environmental consequences of glacier interventions are vast and
irreversible. The construction of underwater dams and artificial islands presents a particular
ecological threat. During construction, a substantial amount of marine sediments would be
displaced, causing significant harm to a delicate ecosystem such as the Antarctic continental
shelf. Bottom sediments serve as the sole and largest habitat for benthic communities.
In some areas, more than 155,000 organisms per square meter have been recorded [37].
The movement and migration paths for fish and other marine life are disrupted. Changes
in the distribution of warm ocean currents can lead to changes in the habitat conditions,
primarily temperature, for fauna living under the ice shelves.

During construction work, there is also a possibility of water pollution due to
the operation of watercraft engines, fuel leaks, and loss of building materials during
the overloading and filling of structures. This is in addition to the traditional types of
negative impacts associated with construction works, such as noise, vibration, light, and
electromagnetic radiation.

Material consumption

The construction of geoengineering structures will require a significant amount of
materials, which would need to be transported to Antarctica. For instance, the construction
of a 120-km-long and 500-m-high underwater dam to reduce the flow of warm ocean water
beneath the Thwaites Glacier could require up to 110 km? of building materials [14]. For
comparison, the construction of the Palm Jumeirah artificial island off the coast of Dubai
in the United Arab Emirates required approximately 0.1 km?® of construction materials.

Logistical problems and human resources

Antarctica is a remote frontier of the world, and the weight and size of the equipment
and materials transported there are crucial factors in implementing resource-intensive
projects [38]. A fleet of icebreakers would be needed to transport cargo and supplies to
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the Antarctic for the completion of geoengineering projects. In addition to the challenges
of transporting materials and equipment, these projects also require a significant amount
of labor resources to construct and maintain facilities in the extreme polar conditions.
Thousands of people will need to be brought to Antarctica, housed, and supplied with
food. Currently, about 5,000 scientists and staff members live on the whole continent
during the summer months, but this number drops to about 1,000 in winter.

Energy costs

Many of the proposed projects involve significant energy costs. For example, to
reduce sea level by 3 mm/year, pumping ocean water to the Antarctic inland would require
the construction of at least 90 large pumping stations. Each of these stations is expected to
pump 360 m*/s of water [21]. Under optimistic assumptions, the total power required for
the pumps could reach 2,300 GW. The production of such large quantities of electricity
would lead to significant greenhouse gas emissions, unless the energy is produced from
renewable sources, which seems unlikely.

Budget

The costs of geoengineering interventions are astronomical. The estimated cost
of building a dam in front of the Thwaites Glacier is 60£10 billion USD [17], which is
approximately 50 times the annual budget of all current Antarctic expeditions. Despite
the UNFCCC'’s (United Nations Framework Convention on Climate Change) suggestion
that wealthy countries should finance cryosphere conservation, it remains unclear who will
fund such interventions and in what proportions. The implementation of geoengineering
interventions may delay funding for other projects aimed at reducing carbon dioxide
emissions. If implemented, these large-scale projects would undoubtedly rank as the most
expensive ever undertaken by humanity.

Conclusions

In recent years, debates about the scientific, technical, environmental, and ethical
implications of geoengineering interventions in the Antarctic ice sheet have intensified,
dividing the scientific community into two groups [13]: those who support the idea of
actively combating ice melt and create safer living conditions and economic opportunities
for people on other continents [18,35], and those who warn of the unpredictability, potential
inefficiency, and serious environmental risks associated with such measures [33, 39].

Scientists who advocate glacier geoengineering interventions claim that “the greatest
risk is doing nothing ... The impacts of construction would be dwarfed locally by the effects
of the ice sheet s collapse, and globally by rapid sea-level rise [10].” However, the resolution
of the UN Human Rights Council Advisory Committee is clear and unambiguous
(October 6, 2023) [40]: “the deployment of NCTPs [new technologies intended for climate
protection] today would be contrary to the human rights and environmental frameworks.”
Nevertheless, the funding of the theoretical validation of glacier geoengineering projects
continues. It is also planned to conduct large-scale field experiments in the near future.

The development of practical, relatively safe geoengineering approaches will
require long time and extensive discussions with experts in various fields and the public.
Unfortunately, at present, there are no reliable and accurate methods for modeling
the climate and ecological environment that take into account the long-term effects of
various processes. These processes may become inefficient, unstable, or may even lead to
a worsening of the environmental situation, despite the positive predictions of the models.
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In our view, the level of theoretical and practical knowledge about geoengineering, as
well as the political, ethical, and regulatory context, is not at a point where any reasonable
person would recommend the implementation of glacial geoengineering technologies.
Geoengineering interventions do not reduce global warming caused by greenhouse gas
emissions. Currently, it would be wise to use available political and financial resources to
address the root causes of the accelerated loss of Antarctic ice mass. This could be done
by regulating greenhouse gas emissions, thereby addressing the disease itself rather than
just treating the symptoms.
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Pacuupennslii pegepar

OnHO U3 OCHOBHBIX IIPUYUH MOBBIIEHHS YPOBHS MOPS SIBIISICTCS TasHUE JbJ0B, U IIPEXKIE BCETO
AHTapPKTUYECKOIO JIESHOrO MOKPOBA. 3a MOCIEIHUE TPU JECATUIETUS NOTEPs MACChl JEISHOIO
TIOKpOBa YBeJMYMIach Oosee yeM B TpH pasa. HekoTopble MccieioBaTeny IpeiaraloT CHU3UTh
CKOPOCTB TastHUS JIBJIOB C IOMOIIIBIO KPYITHOMACIITA0HBIX T€OMHKEHEPHBIX HHTEPBEHIIHH, KOTOpBIE
M3MEHSIIOT IIPOLIECCHI TEILIO- X Macconepeiadl B IPHOPEKHBIX OKEAaHMUECKUX BOJAX, OKPYKAIOIINX
1menb(oBbIe JETHUKH, CIOCOOCTBYIOT MEXaHHYECKOMY TOPMOMKEHHIO JIBUKCHHS M YKPEIUICHHIO
11eb(OBBIX JIETHAKOB, H3MEHSIOT TAPAMETPbI JISASHOTO IIOKPOBA, TAKUE KaK TOJIMHA, OallaHC Macchl
JbJa M aTb0e10, MM TIPpe0OpPa30BbIBAIOT COCTOSHHE MONIEIAHUKOBOM I'HIPOIOTUH, NPUBOJSIIEE K
YMEHBIIEHUIO CTOKA JIbJA U ILTOMA M HOUIEAHUKOBBIX BOJ. Tax:ke NpeIo:KeHbl METO/IbI COTHEUHON
TeOMHKEHEPHH IS KOHTPOJIS KOJIMYECTBA COJTHEUHOH pajialiiy, JOCTHraromei arMocheps! 3emin,
U CHIKEHMSI TEMIIEPATypbl HOBEPXHOCTH JIESHOro NoKpoBa. HecMoTpst Ha HEKOTOpBIH Tporpecc,
JIOCTUTHYTBIH B HAyYHOM U MH)XEHEPHOM 000CHOBAaHMM 3THX MHTEPBEHIMH, CYIIECTBYIOT (yH/a-
MEHTaJIbHbIC POOIEMbI, CBA3aHHBIE C HX TEXHUYECKOH OCYIIECTBUMOCTEIO, HEOTIPE/IEIEHHOCTHIO 1
BBICOKUMH pHCKaMu. [10TeHI[aTbHbIE IKONOTHUECKUE TOCIECTBHS [EONHKEHEPHBIX MEPOIPUATHI
ABJIAIOTCS OYEHb BEICOKMMU. Bee reormkeHepHbIe HHTEPBEHLMY HE OKA3bIBAIOT BIMSHUS HA YPOBEHb
BBIOpOCA MAPHUKOBBIX Ta30B. [10 MHEHHIO aBTOPOB CTaThH, B HACTOSIEE BpeMs ObLIO ObI pa3yMHO
UCIIONB30BaTh UMEIOIINECS MOJIUTHYECKUE U (PMHAHCOBBIE PECypehl Ul YCTpaHEHHs! KOPEHHBIX
TPUYHH YCKOPEHHOTO TastHUS aHTAPKTUYECKHX JIBJI0B. DTOr0 MOKHO OBLIO ObI JOOMTBCS, peryupyst
BBIOPOCHI TAPHUKOBBIX T'a30B, TEM CaMBIM OOPSCH C CAaMUM «3a00JI€BAHIEM, @ HE TIPOCTO YCTpaHss
«CUMIITOMBD».

KutoueBble cj10Ba: reoMHKEHEPHbIE HHTEPBEHIMH, AHTAPKTUUECKUH JIEASHON OKPOB, MOBBILIEHHE YPOBHS
MOp#i, MOIETHIKOBAS CPeia, eNb(OBbIC JETHUKH, TEISIHbIE TOTOKH

Jast uuruposanus: Talalay P.G., Sysoev M.A. Geoengineering interventions in the Antarctic ice sheet:
A potential solution to the effects of global warming, or a scientific utopia? IIpo6iemor Apxmuxu u Anmapxmuku.
2025;71(3):334-345. https://doi.org/10.30758/0555-2648-2025-71-3-334-345
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AHHoTanus. V3yyeHne ayTHICHHOTO MUHEPanoo0pa3oBaHisi B KPHOINTO30HE NPEICTABIIACT 3HAUUTEIbHbII
Hay4HBIH HHTEPEC, OHAKO /10 CUX 1O 9THM IpOLeccaM YIeNsIeTcsl HeloCTaTOYHOE BHUMAHHUE. B laHHO# paboTe
BIIEPBBIC MOJPOOHO OMKCAH U U3yYeH ayTHICHHBIH OapyT, 00HAPY/KEHHBINH B MEP3JIbIX CHHKPHOTCHHBIX OTIIONKE-
HUSIX, BCKPBIBAIOIIMXCS B TEPMOLIMPKE TOIyOCTPOBa SIMaJ, ¢ LEIbI0 OLCHKH ero MOTeHIHANA Kak MHIMKATopa
9K30TCHHBIX KPHOTCHHBIX TPOLECCOB. VICCie[oBaHNe BBIMONHEHO ¢ MPUMEHEHHEM KOMILICKCa COBPEMEHHBIX
METOJI0B, BKIIIOYasi CKAHHPYIOIIYO SMEKTPOHHYI0 MHKPOCKOIIHIO, PEHTTCHOCTICKTPIIbHbIA MUKPOAHAIIN3 U T€0-
XuMuueckne uccieopanns. Ocoboe BHUMAHNUE y/IENeHO NPUMEHEHHIO OPUIHHAIBHOI METOIMKH M3TOTOBIICHHS
TIOJMMEPHBIX PEILIHK, O3BOJNMBIIEH COXPAHHTH MEPBHYHBIC TEKCTYPHO-CTPYKTYPHBIC OCOOCHHOCTH MEP3JIBIX
IPYHTOB. Pe3yNnbTarsl HCCIEI0BAHMS MOATBEPKAAIOT KIIOYEBYIO POJIb KPHOTCHHBIX MPOLIECCOB B 00pa3oBaHUK
Gaputa, HOPMHUPYIOIIET0 XapaKTEPHbIC PO3ETOYHBIE arperarbl B MUKPOITYCTOTAX JIEOTPYHTA. YCTaHOBJIEHO, YTO
ero 00pa3oBaHKE CBA3AHO C MPOLIECCAMH TEPEPACTIPE/ICIICHHS W KOHLICHTPHPOBAHUS COJCH MPU MPOMEP3aHUH,
TIPH 3TOM KJTFOYEBYIO POJIb UTPAIOT CHICLU(DUYECKIE TEOXMMIYECKHE YCIIOBHS, OJIarONPUATCTBYIOIIIE CBS3bIBAHHIO
CyIb(}haToB IMEHHO ¢ OapreM. DT YCIoBHs 00eCTIeIITH MPOLECCHl TEPMOJICHYAAIIIH, B TOM YHCIE TasHHE MO
3EMHBIX JIbJIOB 1 [IEPCOTIIONKEHHE TPHOPEKHO-MOPCKHX 1 CyOadpaibHbIX Mopoyt. [TorydeHHbIe JaHHbIE TO3BOJISIOT
paccmarpuBaTh ayTHTCHHBIH OapyT KaK NepCIIeKTUBHBII HH/MKATOP KPHOTCHHBIX POLECCOB B MHOTOIETHEMEP3IIBIX
TI0POJIAX M BaXKHBI TS IOHUMAHHS PEAKIIMU KPHOIMTO30HBI HA BHEIIHHE BO3CHCTBHS, YTO 0COOEHHO aKTyaJIbHO B
KOHTEKCTE COBPEMEHHBIX KIIMMATHUECKIX H3MEHEHHMI, BEYIIHX K aKTHBH3ALHMH TEPMOKAPCTA M TEPMOICHY/IALIHH.

KuroueBble cj10Ba: ayTUTe€HHbIE MUHEPAITBI, OapHT, KPUOTUTO30HA, TEPMOAEHYAALHS, [IIACTOBBIE b/l
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Abstract. Authigenic mineral formation in permafrost environments represents a scientifically significant yet
little understood field of cryolithology. This study provides the first comprehensive documentation and analysis
of authigenic barite discovered in frozen sediments of thermocirques on the Yamal Peninsula, with a particular
focus on its potential as a novel indicator of cryogenic processes. The research methodology combines advanced
analytical techniques including high-resolution scanning electron microscopy (SEM), energy-dispersive
X-ray spectroscopy (EDX), and comprehensive geochemical characterization of ice-ground systems. A key
methodological innovation is the development and application of specialized polymer replica techniques that
enable precise preservation of primary cryogenic textures and microstructures in frozen samples, overcoming the
limitations of conventional sample preparation methods. The results obtained demonstrate that authigenic barite
forms distinctive rosette-shaped micro-aggregates within ice-ground micro-pores, with the crystal morphology
indicating in situ growth under cryogenic conditions. Detailed geochemical analysis reveals that barite formation
is fundamentally controlled by freeze-induced solute redistribution processes, where specific ionic ratios
(particularly elevated SO+*7/Ca?") and neutral pH conditions preferentially promote barium sulfate precipitation
over calcium sulfates. These findings show authigenic barite as a sensitive paleoindicator of cryogenic processes
including thermodenudation, segregation ice formation, and freeze-thaw solute concentration. The study provides
crucial new insights into low-temperature geochemical processes operating in permafrost environments, with
important implications for understanding cryosphere evolution under contemporary climate change scenarios.
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BBenenue

W3ydenue nporeccoB ayTUr€HHOTO MUHEPAI000pa30BaHusi B MHOTOJIETHEMEP3IIbIX
TOJIIAaX MPENCTABISACT COOON BaXHYIO OOJIACTh MCCIICIOBAHNN, OCOOCHHO CBS3aHHBIX
C IMHAMHUKO#M KPHOJIUTO30HBI, B TOM YHCIE B KOHTEKCTE II00ATbHOTO M3MEHEHHUS KITU-
Mmara. ['eOXUMHUECKUE MOCIEACTBHSI IPOIECCOB MPOMEP3aHHsI-TPOTanBaHUs (BKIIIOUAs
AKKYMYJISIIIMIO OPTaHUYECKOr0 M HEOPraHMUYECKOrO BEIIECTBA) OCTAIOTCS HE MOJHOCTHIO
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N3YYEHHBIM acleKTOM (POPMUPOBAHMS MHOTOJIETHEMEP3IIBIX TOJI, KOTOPOE MOXKET IPO-
HCXOJUTH KAaK MPH KIMMaTHIECKUX KOJIEOaHMUsX, TaK 1 TP HAMPABICHHOM ITOXOJIOJaHUH.
B cBo10 ouepesps mporecchl KPHOJIMTOTEHE3a B yCIOBHSIX M3MEHEHUS KIIMMAaTa IPUBOJIST
K ()OpPMHPOBAHMIO XapaKTepHBIX (HOpM perbeda 1 U3MEHEHHIO THAPOJIOTNIECKOTO PEXUMA,
YTO OTPA’KAETCs B TPAHC(HOPMALIUH COCTABA OTIIOXKEHUH M MHTCHCU()HUKALINH ay THTEHHOTO
MHHEpanooOpaszoBanust. Tak, HCCIEAOBAHMS KPUOTEHHBIX MUHEPAJIOB (HAIIPUMED, PaTIH-
KpuKuTa) B nemepax Boctounoit Cubupu [1] 1 MogenupoBaHne KPUOTSHHBIX IIPOIIECCOB
B MEP3JIbIX IPYHTaX [2] AEMOHCTPHPYIOT CIOKHOCTD B3aNMOJCHCTBHS (ha30BBIX NEPEXOIOB
1 XUMHYECKHX peaknuii. PaboTel o reokpuonoruu [3] u u3ydeHne cie0B KpHOTCHHBIX
MIPOIIECCOB B OTIOXKEHUAX 3amamgHoil Cudupu [4] moauepKuBarOT poib JIOKATBHBIX T'e0-
XMMHYECKHUX YCIOBHUH, B TO BpeMsI KaK JJaHHBIC 110 KPHOTCHHOMY MHHEPao00pa30BaHHIO
B riemepax [5] paciupsIoT MOHNMAaHHE HU3KOTEMIIEPaTyPHBIX MEXaHH3MOB.

B HacTosmee BpeMs MCClie0OBaHUS MUHEPAIBHOI COCTABISIONIEH MEP3JIbIX TPYH-
TOB c()OKYCHPOBaHBEI Ha COCTaBE TEPPUTEHHBIX 3€PeH, POPMHUPYIOMINX OCHOBHYIO JOJIIO
MHUHEpaIbHOTO BemiecTBa. IIponeccsl ayTHTeHHOTO MHHEPaIo00pa30BaHus, MPOTEKaro-
mue in situ B YCIOBHAX KPHOJIUTOTE€HE3a, OCTAIOTCSl B MEHBIIEH CTENICHN M3yYCHHBIMHU.
B cy0aspanbHbIX CHHKPHOTEHHBIX TOJIIIAX M SMUKPUOTCHHBIX aJlaCHBIX, TaOepalbHBIX
KOMILTEKCaX MIHPOKO pacIpoCcTpaHeHBl HOBOOOpa3oBaHHbBIE KapOOHATHI, CYIbGhuab! [6—8].
EnyHIYHBIE HAXOAKN ayTUTEHHOTO 3B€3/[4aTOro 0apuTa OTMEUEHBI B MEP3IIBIX AITUKPHOTEH-
HBIX TPUOPEIKHO-MOPCKHX OTIOKEHHUSIX C CETPETrallMOHHBIMI KPHOT€HHBIMU TEKCTYypaMu
Ha 0. bemsprii, Kapckoe mope [9] 1 B OTIIOKEHUSAX JIEIOBOTO KOMILUIEKca B BocTouHoM
Apxruke [10].

AyTureHHbIe MUHEPAIIBbI, 00Pa3yIONIUECs B Pe3yIbTaTe HU3KOTEMIIEPATyPHBIX T€OXH-
MHUYECKHX MTPOLECCOB 1 (PAa30BBIX MEPEXOI0B B MEP3JIBIX M OTTANBAIOLINX MOPOJAX, TIPE/-
CTaBJIAIOT 0COOYIO IIEHHOCTh KaK MHIMKATOPbl KPUOTEHHBIX TporieccoB. OHM QUKCHPYIOT
N3MEHEHHs (PU3UKO-XUMUIECKUX YCIOBHHI CPEIbl, HO TaHHBIX 00 MX CTPYKTYpE, COCTaBe,
MOP(OJIOTHH U PACTIPOCTPAHEHUH MaJIO, TaK KaK 3TH MUHEPAJIbI CIIOXKHBI U N3yUYEeHUs],
a MHOT/Ia HEIOCTYITHBI M3-32 HEYCTOMYMBOCTH W PACTBOPEHUH TIPH OTTAaMBAHUU TPYHTOB.

Llenbro MccIenoBaHMs SBISETCS H3yUEHUE Ay TATEHHOTO OapuTa B MEP3JIBIX OTIIOXKE-
HUSIX MAJIE0TEPMOIMPKA TOJIyoCTpoBa SIMalt I ONIPE/IeNIEHHs €T0 PO KaK MHANKATopa
KPHOTEHHBIX 3K30TC€HHBIX ITPOIIECCOB.

PaiioH ucciienoBaHuit

[TomyoctpoB SImain Ha ceBepe 3anagHoit CHOMpPH — OAWH U3 KIIIOYEBBIX PETHOHOB
JUISL UCCIIEJIOBAaHHS TEOXMMHYECKHX MPOLECCOB, MPOUCXOISIINX B YCIOBUSIX CTAOMIBHO
HU3KHX CPEHErOA0BBIX TeMneparyp Bo3ayxa ot —11,2 °C no —5,1 °C. 3zecs, B 30He pac-
MIPOCTPAHEHHs] MHOTOJICTHEH MEP3JI0THI, TOPO/IBI COXPAHSIOT CBOIO KPUOTEHHYIO CTPYK-
TYpy HMD)KE CJIOSl CE30HHOTO NPOTaMBAHMS, YTO IO3BOJISIET M3y4aTh X B €CTECTBEHHOM
pa3spese — cTeHKe TepMolMpka. PaiioH mcciaenoBaHmii paconokeH B IEHTPaIbHOH Ya-
cTH moxyoctposa SImai, B 25 kM k roro-3amany or HIT'KM «boBanenkoBo» (puc. la),
B IIpeJesiaX XOJIMHCTO-yBAJUCTBIX Ka3aHIEBCKOHW u canexapickoil IV u V pasaun [11].
Penbed TeppuTopru MperMMyIIeCTBEHHO PaBHUHHBIHM, C HEOOJIBIINMHI BO3BBIIICHHOCTSIMH,
XOJIMaMH, MHOTOYNCIICHHBIMH 3a00JI04EHHBIMHU JTOJMHAMH PEK, TEPMOKAPCTOBBIMH KOTIIO-
BHHAMH C 03€paMH, OOpTa KOTOPBIX OCIIO)KHEHBI aKTUBHBIMU U 3aPOCIIMMHU U JAPEBHUMHU
tepmoupkamu [12]. Kinumar pernona — apKTHUECKUH € ATUTENbHON 3MMOM U KOPOTKUM
neroMm. [1o4BEI paifoHa peCTaBICHB TYHAPOBO-IVIEEBHIMU 1 TOP(SHO-TIIEEeBEIMHU THITAMH,
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Puc. 1. Kapra-cxema otbopa mpo6: @ — (oTo nu3ydeHHOTO TepMOLUpPKa ¢ 0003HAUCHHEM MECTa OT-
0opa po0; 6 — paiioH PacIOIOKEHUS YIaCcTKa UCCIeJOBAaHMA Ha M-0Be SIMair.

1 — rpaHuna IPOTaUBaHUsI M Pa3MbIBa 3a5exkH 1acToBoro abaa (I[1JT), TabepanbHOro KoMmIniekca; 2 — KOHTYp
JIMH30BUIHOMN 3aJI€KH JICIOTPYHTA; 3 — PEJIMKTOBAs IPAHHLA TAJIMKA, IITPUX HAMpasieH B cropony I1JI; 4 —
BEPXHsIs IPAHMIIA MEP3IIOThI; 5 — IPaHMIIA IPOCAIOK, IPOMOMH MOKPOBHOIO TOPU30HTA; 6 — MeCTO 0TOOpa
MOHOJIUTOB, B KOTOPBIX OOHapyxeH 0apuT. | — ruractoBast 3a1exb JibJa B PUOPEIKHO-MOPCKUX CYTIIMHUCTBIX
omoxenusix; 11 — rabepanbubiit komruieke mo ITJT; 111 — Ko3blpek — JIMH30BHHAS 3AJICKb JICIOTPYHTA U
IV — noBepXHOCTHBIN CJION JHUIIA JPEBHETO TEPMOLUPKA; V — IOBEPXHOCTh HEPEKPHIBAIOIINX OTIOKEHUI;
VI — nHulie COBPEMEHHOT0 aKTUBHOTO TEPMOLMPKA € TaIbIMU OCaIKAMHU

Fig. 1. Sampling map: location of the study area on the Yamal Peninsula (a); photograph of the studied
thermocirque with the sampling location indicated (6).

1 — Boundary of thawing and erosion of tabular ground ice (TGI) and taberal complex; 2 — Boundary of lens-
shaped ice-ground deposit; 3 — Relict boundary of talik (dashed line points toward TGI); 4 — Upper permafrost
boundary; 5 — Boundary of subsidence and gullies in the surface layer; 6 — Sampling location of monoliths
where barite was detected. Roman numerals denote: I — Tabular ground ice in coastal-marine silty deposits;
II — Taberal complex over TGI; III — Overhang (lens-shaped ice-ground deposit); IV — Cover horizon of the
ancient thermocirque floor; V — overburden surface; VI — the bottom of a modern active thermocircus with
melted sediments

B PACTHUTEIBEHOCTH TYHIPHI IIPe0OIalatoT MXH, JTMIIAIHUKH, KyCTAPHIYKH U KYCTapHHUKH,
B ITOHIDKEHHAX penbeda U BOKPYT BOJOEMOB — OCOKHU. PalioH OTHOCHTCS K 30HE pacmipo-
CTpPaHEHUs CIUIOIIHOW MHOTOJIETHEI MEP3IIOTHI, 3aJIeraHne KPOBIH MHOTOJIETHEMEP3JIBIX
MOPOA IO TITyOWHE CE30HHOTO MpoTamBaHus BapsupyeT oT 0,4 1o 2 m [13].

MarepuaJibl U METOIbI

B 2021 r. 6bu1 m3ydeH paspe3 Tepmonnpka TILS [12], koTophIif BKIIOYALT: MPH-
OpEXKHO-MOPCKUE CYTIIMHHUCTHIE OTIIOKEHHUS C TITACTOBBIM JIbJIOM; CyOaspalibHbIC MeCUaHbIe
1 aJIeBPUTOBBIC OTIOKEHHS C JMH30BHIHBIM ITACTOBBIM JIBJIIOM; ITOKPOBHBIN TOp(, 3a-
TOp(hOBaHHBIE CYIIECH U MIECKU C PA3MbIBOM, EPEKPHIBAIOLIHE BCIO TONILY. B ocHOBaHUH
pa3pesa IUTaCTOBBIN Jie/I, BUIUMON MOIIHOCTBIO Oonee 3 M, CIOMCTHIHM, Ceporo mBeTa 3a
CUET MOAYMHEHHBIX TPOCIIOEB CYIIMHKOB, IVIMH, aJIEBPUTOB U TOHKHX ITECKOB. B miacto-
BYIO 3aJI€Kb BHEJIPAIOTCSI TOBTOPHO-)KMJIBHBIE JIbJIbI U TPYHTOBBIE JKWJIBI, BEDXHHUE YACTH
KOTOPBIX 3aJIeTaloT B cyOa’panbHOH Toxmie. B CHIDKEHHOH CTEHKE TepMOIMPKa 3aJICKb
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JbJIa 110 MIPOCTUPAHUIO KOHTAKTHPYET C IUIOTHBIMH MAJIOJIBANCTBIMA TOHKOCIONUCTBIMA
CYDIIMHUCTBIMH OTJIOKEHUSMH — BEPOSITHO, OTTASIBILICH M BTOPUIHO MIPOMEP3IIEH B MO-
03EpHOM TAJIMKE YacCThIO 3AJIEXKH. 3aJIeXKb JbJla U TaOepaJbHBI KOMIUIEKC IEPEKPBITHI
03EPHBIMH, CKIIOHOBBIMH OTJIOKCHUSMH JHUINA JPEBHETO TEPMOLMPKA M JIMH30BUIHBIM
TUTACTOM JIEJOTPYHTA B BHJIE KO3BIPbKAa MOITHOCTHIO 110 1,5 M. Jlen Ko3bIpbKa CIOMCTHIN
MapajuIeIbHO TTOBEPXHOCTH, UMEET JKEITOBATHIM L[BET 3a CUET JIMH3 IIECKOB, Cylecer
C JTMH30BUIHO-CIIOUCTOW KPUOTEHHOH TeKcTypol (puc. la).

JIist M3y4eHus! ayTUTEHHBIX MIPOIIECCOB B JIEJOTPYHTAX MPOBEAEH 0TOOp mpod u3
cTeHkH TepMonrpka B 2021 r. MOHONHUTEHI JIbJ]a OTOOpaHBI M3 TUTACTOBOW 3aJICKU Ha TITy-
oune 2,65-2,8 M (B pa3peze TLISH ot abc. BricoTHI OpoBKH ycryma 17 M), uz IDKJT Ha
mryoune 1,9-2,0 m (B paspese TLISH/1 ot abc. BrIcOTHI OpoBKH ycTyma 15 M) U IHH30-
BHHOTO IIIacTa JeorpyHTa Ha rryoune 1,1-1,25 m (B paspese TLISH/2 ot abc. BBICOTHI
6poBknu ycryna 10 M), Bcero 06110 0T0OpaHo 7 MOHOIMTOB. MUHEpalIbHBIE TIPOCIION 3a-
JIETAOT B BUJIE JIMH3, TOHKUX CJIOEB U3 YaCTHIl M arperaToB MEKAY LETIOYKaMH, OSICKAMH
1 cI0sIMH 00Jiee KPYTTHBIX KPHCTAIUIOB JIbJIa U PACCEsSHBI MEX/y MEIKHMHU KPUCTAIIAMH,
YTO, 110 MHEHHIO aBTOPOB, XaPAaKTEPHO AJISI CETPETallMOHHBIX JIB/IOB.

AHann3 MOHOB BO JIb/IaX U BOIHBIX BBITSDKKaX BBIIOJIHEH B TIOMEHCKOM HMHIYCTpH-
aJbHOM YHHBEPCHTETE METOIaMHU aTOMHOM abcopOuuu (Ca'?), Typobuaumerpun (SO,>)
n nonoMeTpur (pH). MOHOIUTEI J1bJja OBUTH PACIUIABICHBI HETOCPEICTBEHHO MEPE] MPo-
BEJICHHUEM aHaJIN3a 1 MPpo(MILTPOBaHEI uepe3 MeMOpaHHbIi (GriisTp 0,45 MKM, 4TO HCKITIO-
YHMJIO IPUCYTCTBUE TBEPOH (ha3bl B paciuiase JibAa. s 37IeMEHTHOTO aHAJIN3a 9TOH BOJIBI
nocse GUIBTpanuy MpoOs 00padaThIBaIM a30THOM KHCIIOTOI A 030JI€HNST OPraHUYEeCKUX
BEIIECTB, M3BJICUCHNSI COPONPOBAHHBIX IEMEHTOB U3 OPraHMYECKONH MAaTPHIIbl. DIEMEHT-
HBII aHANN3 BBHINIOHEH Ha KBaJPYMOIbHOM Macc-criekTpomeTpe Agilent 7500ce B Jlabopa-
TOPHUH THAPOXUMHUH U XuMuH atMocheps! JInmHomorndeckoro naetutyTa CO PAH [12].
DJIeMEHTHBIH COCTaB MHUKPOArperaTtoB ONPEAEIISUICS PH HOMOIIN SHEPTO-IUCIIEPCHOHHBIX
cuekTpoB (D/1C). Dtot cocraB momydeH ¢ momonipio criekrpomerpa INCA Energy 450
X-MaxEDS u nporpammuoro obecrieuenust AZtecOne (MI'ul” mm. A.H. 3aBapuiikoro)
U peHTreHocnekTpanpHoro aHanmmzatopa SwiftED3000 (MK3 TromHILL CO PAH).

Jlnst coxpaHeHHs! TEKCTYPHO-CTPYKTYPHBIX 0COOEHHOCTEH MEp3IIbIX IPYHTOB H JIB/IOB
ObUIa TPIMEHEHA METOJMKA W3TOTOBICHHS OTTHCKOB MOBEPXHOCTH C MCIIOJIb30BAHHEM
MOJIMMETIIIMETAKpHIIaTa (OPrCTeKia), perinka (PUKCUPYET eCTECTBEHHBIE COOTHOIICHHUS
1 PaCIIONOKEHUE TEPPUTCHHOTO MaTepHala, TPaHHIbl KPHCTAJUIOB JIbA-1IIEMEHTa, a TaK-
XK€ TTO3BOJISICT COXPAHNUTh YacTh ayTHI'€HHBIX MHHEPAJIOB, KOTOPBIE MOTYT PaCTBOPUTHCS
B TaJIOW BOJIE TIPH TPAAUIIMOHHOHN MpoOomoaAroToBke [8].

MertonnKa BKIIIOYAET B ce0sl CIEAYIOIINE STAllbL:

1. IlpuroToBiieHne pacriiaBa MOJUMETHIIMETAKpHUiIaTa B AuxJyiopaTane. st aToro
oprcTexio pactBopsioT B quxiopatane (C,H,CL,) 10 momydenns oMHOPOIHOTO pacIuiaea,
Ba)KHBIM SIBIISICTCS COXPAHEHHE TEMIIEPATyphI MOIYYEHHON MacChl, IPH KOTOPOH MPOM3-
BOIUTCS paboTa ¢ 00pa3ImoMm.

2. Hanecenwue pacmiiaBa Ha IIOBEPXHOCTh CBEXKET0 CKOJIa Mep3J10ro obpasima (puc. 2a).
PacriraB paBHOMEPHO pacIpeiesnsieTcst o UCCIIeyeMOoi MOBEPXHOCTH, 00ECTIeunBast 1MoJI-
HBIH KOHTAKT C MHUHEPAJIbHBIMH BKIIIOUCHUSIMH.

3. Iocne monmHOTO HWCMapeHus pactBoputens npu (ot —5 go —10 °C) obpazer oT-
TaWBaeT, a MOTY4YMBIIASCS IUIACTHKOBAS IUICHKA (PEIUIMKA) MEXaHWUYECKH OTAEIsIeTCS
U TIPOMBIBACTCS TUCTHIUIMPOBAHHOM Bomoit [15].
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Puc. 2. Ayrurennsiii 6apuT B peIIMKaX MOHOJIHUTOB OTIOKECHHUH MaJeOTePMOLIUPKA: ¢ — MOHOJIHT
JeOTPYHTA U3 JIMH30BUIHOI 3aI€XKN IO JHUIIEM JAPEBHETO TePMOIUPKA: CYIeCh C JIMH30BUIHON
KPHOTEKCTypoH, rry6uHa 1,1-1,25 M (TeMuble yuacTkn — sien); 6 — COM-doTo permku ¢ mosepx-
HOCTH CKOJIOB JICIOTPYHTa; 8, 2 — COM-(hoTo MUKpOarperaroB ayTHreHHOro 0apuTa B peruInKax
¢ pacnpeneneHneM MukposaeMenToB (EDX-criekrpsr)

Fig. 2. Autigenic barite in replicas of paleothermocircus monoliths: ¢ — ice-ground monolith from
a lens-shaped deposit beneath the floor of an ancient thermocirque: loam with lens-shaped cryotexture,
depth 1.1-1.25 m (dark areas — ice); 6 — SEM image of a replica from the ice-ground fracture
surface; 6, 2 — SEM images of authigenic barite microaggregates in replicas with microelement
distribution (EDX spectra)

[Tonmy4yeHHas peruinKa MpeACTaBIIeT COO0H TOHKUH €O ToNMrMepa ¢ OCTaBIIIMCS
Ha HEM B HEM3MEHEHHOM COCTOSTHMM TOHKHM CJIOEM OCaJKa, COXPAHUBIINM TEKCTYpY,
LETOCTHOCTh MUHEPAJTIBHBIX arperaTtoB U MOP(OIOTHIO 3epeH. DTOT METO] O3BOJISET IPO-
BOJWTH JICTAIBbHBIN aHAIN3 MUKPOCTPOSHHSI MEP3JIBIX TPYHTOB 0€3 prcka norepu HHMOp-
MalliH, CBSI3aHHOM C OTTanBaHmeM oOpasua. Ha gactu perik pasmMepoM 2 cM? HAHOCHIOCH
HAITBUICHAE 30JI0TOM (Ha yCTaHOBKE T MarHeTpoHHOTo pacnbureHns Q150R Plus gpupmer
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Quorum), mocJie 4ero OHM MCCIEAOBAIUCH ITPU MTOMOIIH 3TEKTPOHHON MUKPOCKOITHH C 3J1e-
MEHTHBIM aHaIn30M. [I0MCKOBBIE ChEMKH MPOU3BOAMINCEH C UCIIONB30BAaHNEM MUKPOCKOMA
TM3000 (Hitachi) ¢ anammzatopom SwiftED3000 (Oxford)), meTambHbIH aHATH3 U CHUMKH
C BBICOKHM pa3pelIeHueM IOIy4YeHHI ¢ ucmoib3oBanueM mukpockona (TESCAN MIRA
LMS, S6123), sHepro-aucrnepcuoHHBIE CIIEKTPHI MOTYYCHBI ¢ TIOMOIIBIO CIIEKTPOMETPa
INCA Energy 450 X-MaxEDS u nporpammHoro obecrniedenuss AZtecOne (puc. 26—2).

Pe3yabrarhl uccsieaoBanuii

JlaGopaTopHBIMHU HCCIIEIOBAHUSMH MEP3JIBIX TIOPO/I, JIHOB U JIEOTPYHTA, COOpPaHHBIX
B Tepmonupke B 2021 1., ObUTH ONpe/ieNIeHbl TEOXUMHYECKHE TTapaMeTphl, UMEIOIIIE 3Ha-
yeHue Uit GOPMUPOBAHUS ayTUTEHHOTO OapuTa (Tadm. 1). B uzyueHHbIX npobax (Tadi. 2)
npeobnanany HerlTpanbHbie 3HaueHus pH (6,1-6,77), 4To co3maeT ONarompUsITHBIC YCIOBHS
JUISL COXpPaHEHHsI ayTUTEHHBIX MHHEPAJIOB, BKIIOUas Cynb(arhl, Aa)Ke NPU MOBBIIICHUH
TeMrneparypbl TpyHTOB nouTH a0 0 °C u yBenuueHuHn Hezamepsliei Biaru. B pemkux
clty4asix HaOroanuch cinadbokucibie 3HaueHus pH (4,76), cBsi3aHHbBIE, BEPOSITHO, C TIOBBI-
LICHHBIM COJICPYKAHHEM OPraHMYECKOTO BELIECTBA U aKTUBHOCTBIO CYIIb(aTpe Iy IUpyOIINX
Oakrepuii. Hanbonee 3acoseHHble 00pa3iibl 03€pHBIX MECKOB, C IyOUHBI 2,4 M, Xapak-
TEPU30BAIMCH BHICOKUMHU 3HAYECHHUSIMU 001Iel MuHepanu3anuu (2358 mr/kr) (tabm. 2),
YTO CBHJICTEIBCTBYET O BBHICOKOM KOHIIEHTPAIMHM PACTBOPEHHBIX COJIEH W KPHUOTCHHOM
KOHIICHTPUPOBAHUH, UIPAIOIEM BAXHYIO POJb B (DOPMHUPOBAHUM ayTUTECHHBIX MUHEpa-
108 [2, 3]. Ilo Tumy 3acosneHust B OONBIIMHCTBE 00pa3ioB mpeodiiagaeT ruapokapOoHaT-
HO-CyNb(ATHBIN THIIL, JJIs1 HanOoJiee 3acoeHHBIX 00pa3noB — cynbdarHbiil. Konnen-
Tpauus cyib}ar-noHOB B 00pasiax BapbHpoBalia B IIMPOKHX IpEJeiax: OT CIEJOBBIX
Kojin4ecTB (<7 MI/KT) 10 BBICOKHX 3HaueHui. HanGomnbmue konuenrpanuu SO,> 3a-
(UKCHUPOBaHBI B 03€PHBIX MecKax, ¢ NyouHsl 2,4 M (1474,6 MI/KT) U 03€pHBIX CyIIECIX
¢ Tiryouns 2,3 M (478,3 Mr/kr) (tabmn. 2). OTcyTcTBHE NPSIMOI KOPPEISLUA MEXy TITy-
OMHOM 3aseranust NpoOd 1 CoJepPIKaHNEM CYIb(aT-HOHOB, BEPOSITHO, CBI3aHO C PA3IMIHON
AKTUBHOCTBIO CyNb(harpeayupyomnx 0akTepuii, HEOANHAKOBOW CTETIEHbIO KPUOTEHHOTO
KOHLIEHTPUPOBAHUS U BBIMBIBaHUs coneit [16, 17].

Coornomenne SO,>/Ca** B GONBIIMHCTBE 00PA3IOB MPEBBIMIANO EAMHHILY, YTO
yKa3bIBaeT Ha mpeoOiiafianne Cyib(aT-noHOB HaJ KaJbIUEM M CO3/1aeT YCIOBHUS IS
MPEUMYIIECTBEHHOTO CBSI3bIBaHUS Cyib(aroB ¢ Oapuem (tadn. 2). Kpucrammsanus
6apura (BaSO,) crana Bo3MOKHOM Gs1arofapsi cOUETaHUIO TPEX KIFOYEBBIX (AKTOPOB:
(1) HaMMYKIO 3HAYMMBIX KOHIICHTpaIMil Ba®” B ienorpyHTOBBIX kunax (9,9-55,7 Mxr/m mo
JIAaHHBIM DJIEMEHTHOTO aHaiu3a); (2) HelTpaibHbIM 3HadeHusiM pH (6,1-6,77 B GonblnH-
cTBe Npo0), 00ecreunBaloIUM CTAOMIBHOCTD CyIb(ar-HOHOB M MPEMSATCTBYIOIIMM HX
BOCCTaHOBJICHUIO 10 CYNb(GH/IO0B; (3) KPHOTEHHOMY KOHLIEHTPUPOBAHHIO PACTBOPOB B MU-
KPOIYCTOTaX, YTO MPUBOAUT K JIOKAJHHOMY II€PECHIICHHIO OTHOCUTENBHO Oapura. Kak
TIOKa3bIBAIOT JaHHbIE Ta0M. 2, B 00pasiax ¢ MakcuMaibHbiM cooTHommenuem SO,>/Ca® (10
31,58) u BeICOKOI MUHEpanu3anueit (10 2358 MI/Kr) co31aBaIuCh ONTUMAIILHBIC YCIOBHS
nns obpaszosanus BaSO,, torna kak rumnc (CaSO,-2H,0) ne dpopmuposancs, HecMOTps
Ha obiee nmpeobnaganue Ca*". [IpeumyiiecTBeHHOE 00pa3oBaHue OapuTa, a He TUIca
o0ycopieHo: Oonee Hu3Koi pacTBopumMocThio BaSOs, caasbiBannem Ca** ¢ HCO, B xap-
OOHaTHBIE aCCOIMAIMU M HAaTPUEBO-CYJIb(ATHBIM THUIIOM 3aCOJICHUSI OCHOBHON MaccChl
nopossl, foMuHuposanue Na“ u SO,> (tabn. 1-2) cosaet reoxumudeckuii ¢pon, rae Ca*
CBSI3BIBAETCSI B KapOOHATHI MIIM OCTACTCSl B pacCesHHOM (opMe, a JOCTYIHBIE CYib(harsl
pacxozyrores Ha obpasosanue BaSO, u pactsopumoro Na,SO,.
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Tabruya 1
CocTaB HOHOB MOI3eMHBIX JIH/I0B B 00HAKEHHH TEPMOIUPKA
Table 1
Ion composition of ground ice in the thermocirque exposure
6 H CocTaB HOHOB, MI'/JI
YD, M PP [HCco | ¢ [NO*[S02 [ Na' | K | Ca» | Mg” | Ba

2,9 7,65 | 94,85120,55| 0,00 | 0,65 | 56,6 | 3,00 | 0,55 | 1,38 | 0,0119
IUIACTOBBIH J1e]
CYIJIMHUCTBIN
2,65-2,8 7,39 (47,44 | 1,70 | 0,33 | 0,60 | 25,7 | 1,97 | 0,26 | 0,21 | 0,0011
IJIACTOBBIN JIEIT
TecyaHbli
1,9-2,0 6,42 (28,19| 1,67 | 0,03 | 0,31 | 435 | 0,79 | 11,1 | 0,58 |0,00164
MTOBTOPHO-KHJIbHBIN
el BEPTUKAIBHO-
10JI0CYAThIN
1,1-1,25 7,92 199,94 | 33,54 | 0,00 | 61,88 | 56,0 | 9,87 | 6,44 | 8,74 [0,00778
JEAOTPYHT HEeCUYAHbIH
13 KO3BIPBKa»
C JTUH30BUIHOU
KPUOTEKCTYpOi

Tabruya 2

JIMTO/IOTHS M TeOXHMUYeCKHEe MapaMeTPhl 0TJI0KeHHiT TepMOIpKa
Table 2

Lithology and geochemical parameters of the thermocirque deposits

%
1§ s
= = = = = 5y @ Q
g E ok = | £|8%| &g 3
E ez SRR 3
g 28 5w |82 s
= EL B 2|3 |S8|5¢28 =
0,7 |Cynecob o3epHas 6,35 <7 |23,6|<0,3 133 XIIOPHIHO-THAPOKAPOOHATHBIN
HaTPUEBO-KaJIbIIMEBBIN
1,5 |I'muna o3epHas 6,36(151,4|31,0 | 4,88 | 342 TUIPOKAPOOHATHO-CYIb(ATHBIIT
KaJIbLINEeBO-HATPUEBbIN
2,2 |Cynecs o3epHas 6,581388,4 12,3 31,58 687 cynab(aTHBII HaTPUEBHII
2,3 |Cymnech o3epHas 5,931478,3117,8 126,87 963 cynb(aTHBII HaTPHEBBIN
2,4 |ITecok o3epHbIii 4,7611474,6/523,0( 2,82 | 2358 cynb(haTHBIN KaJbIIUEBBIN
¢ MastakoayHoM
4 |Ilecox 6,77(166,7 | 52,0 | 3,21 389 THAPOKApOOHATHO-CYITB(ATHBII
03€PHO-aJLTIOBHATBHBII HaTPHEBO-KAJIBIINCBEIH
TabepabHBII KOMITIEKC
6,3 |Ilecox 6,10] 68,1 | 7,7 | 8,84 181 XJIOPUIHO-CYITb(ATHBIN
03€pHO-AJUTIOBHAJIbHBIN KaJIbIII€BO-HATPUEBbII
TabepanbHbIil KOMITIEKC
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B perummkax u3 JieorpyHTa 1 JbJa Py MOMOIIM CKAaHUPYIONIEH EKTPOHHONH MUKPO-
ckormy (COM) ObUTH BEISIBJICHBI TIPU3HAKA TIPOMEP3aHHUS, BRIPAKCHHBIE B MUKPOTEKCTYpE,
B TOM YHCJIE CIIE/IbI IEPePACTIPEACIICHUS], HApYILIEHHS OPHEHTUPOBKH MUHEPAIbHBIX YACTHIL
TEpPUTeHHOTO MaTeprala 1 My3bIPbKOB I'a3a B PE3yIbTaTe POCTa KPUCTAILIOB Jibjla. OCHOB-
Hasi 9acTh MHHEPAJIBHOTO BEIIECTBA 00PA3I0B UMEET I€CUaHO-ATIEBPUTOBYIO CTPYKTYDY.

OCHOBHasl 4acCTh IIECYAHO-ATIEBPUTOBOTO MaTepraia (puc. 26) IMeeT IT0JIEBOIIIIATO-
KBapLEBBII COCTaB. 3epHa MOJIEBBIX IIATOB UMEIOT IPU3HAKN YaCTHIHOTO PA3pyIICHHS
Ha MOBEPXHOCTH, MPAKTHUECKH 0€3 TIPU3HAKOB pereHepanun. KBapuesbie 00JIOMKH TakKe
C MPU3HAKaMU PACTBOPEHUS M MHUIMAIBGHBIMU TOHYAHIIINMH pereHepalnOHHBIMHI KacMKa-
Mmu. Habmropatorest mioxo KpUCTaUIN30BaHHBIC TOHKHE TIPEPHIBUCTHIE TUNICHKN TIIMHUCTBIX
MHHEPAJIOB, TPEIIOIIOKUTETHLHO HIUINTOBOTO COCTABA.

AyTureHHbIH O0apuT ObLT 0OHApYXKEH B BUJIE MUKPOATPETaTOB PO3ETOYHOM (pOpMBI,
00pa30BaHHBIX TEPEKPHIBAIOIIMMUCS IIACTUHYATHIMU KpHUCTa/uIaMu (puc. 28, 2). Pazme-
peI arperatoB BapbupytoTcs oT 10 mo 15 mMxm. Kpuctamisl 061amaroT 4eTKOW OrpaHKoi
1 BBIP@)KEHHOHN IUTACTHHYATOM (POPMON ¢ MHHHMAIBHBIMH Je(EKTaMH ITOBEPXHOCTH,
YTO XapaKTEpPHO ISl ayTHTEHHOTO POCTa B OFPAHWYEHHOM IPOCTPAHCTBE MUKPOITYCTOT.
I'pann kpucTamuIoB npsiMele, pedpa octpsle. HacTh arperaros 6apuTa He IMEET IPHU3HAKOB
pacTBOPEHUsI, OZIHAKO Ha HEKOTOPBIX KPUCTAJIaX HAOMIONAI0TCsl HEe3HAYUTENIbHBIE HEPOB-
HocTH. Bee arperarsl AeMOHCTPHPYIOT MOP(OIIOTHIO, THITHYHYIO ISl POCTa B CTECHEHHBIX
YCIOBHSX: KPHCTAIUIBI HIMEIOT HIMOMOP(HBIE OYepTaHNus, HO X (hopMa SIBHO OrpaHUYEHA
MIPOCTPAHCTBOM MHKPOITYCTOT. DTO CBHJICTEIBCTBYET O AIUTEILHOM IIPHPOHOM MHHEpa-
J1000pa30BaHNH in Situ N HE COOTBETCTBYET MOP(OIOrN BTOPHUUHBIX (pa3, KOTOPBIE MOITIN
Obl BOBHUKHYTH B XO7i¢ JJabopaTopHOii mpodonoaroroBku. Pozerounas ¢opma arperatos
YKa3bIBAET Ha MEJICHHBIN MTPOLECC KPUCTAIUIN3AIMN B YCIOBHSAX IEPECHIIEHHOTO pac-
TBOpA. DJIEMEHTHBIN aHAJIN3 METOIOM 3HEPrOAMCIEPCHOHHON PEHTI€HOBCKOW CIIEKTPO-
ckormmu (EDX) moareepamn cocras arperaros kak BaSO, (puc. 2s, 2).

OOHapyXeHHBbIE MHKpOarperarbl ayTHTeéHHOTo O0apuTa MpUypOYeHbl K ydacTKaM
C NPHU3HAKaMH MOCTCEIUMEHTAMOHHOTO MTPe00pa30BaHUsl KPHOT€HHBIMH IPOLECCAMU:
arperaTHbIMH MUKPOTEKCTYPaMH M CIEAaMHU POCTa KPUCTAILIOB JIAA.

Ha ocHoBaHNY MOTyYEHHBIX JTaHHBIX MOYKHO ITPEATIONIOKUTD CIIETYIOMNI MEXaHU3M
00pa3oBaHMs ayTMICHHOTO 0apHuTa B M3YUYCHHBIX OTIOKEHHSX: B MHOTOJIETHEMEP3IION
TI0POJIe MPOUCXOUT KPHOTEHHOE KOHLIEHTpHpoBaHue HOHOB Ba** 1 SO,* B 1ieHKax He3a-
Mepamieit Bomsl. Hewrpanpasre 3HaueHus pH (6,1-6,77) B OonpImmHCTBE 00pa3oB CO3MAIOT
OIaronpuATHYIO cpefy AJsl CTAOMIBHOCTH CyIb(aT-uOHOB M MPEAOTBPAIAIOT UX BOC-
CTaHOBIICHHE 10 CyTb(prI0B. BricOKkHe KOHIEHTpaIiu Cylb(par-noHoB (1o 1474,64 mr/ KT
B O3CPHBIX IECKAX) B COYETAHUN C TIPHUCYTCTBHEM HOHOB OapHsl, TOATBEPKACHHBIM aHa-
JIM30M JIEJOTPYHTOBEIX KM (9,9-55,7 MKr/m) [14], co3mat0T yCIOBHS MEPECHIIEHHS OT-
HocutesnbHo BaSO,. Ipu coornomenuu SO,*/Ca*™>1 nabironaeTcs NpeuMyIeCTBEHHOE
CBSI3bIBaHHUE CyNb(}aT-MOHOB C OapHeM, YTO MPENATCTBYET 3HAUNTEIEHOMY 00pa30BaHHIO
THIICA WIIM aHTUAPHTA!

Ba** + SO,> = BaSO, (6apur)

| xoHKypeHuus

Ca* + SO,> = CaSO, (rumc)

Kpucramnm3zaius 6apuTa mpoUCXOAUT MOCTEINIEHHO B OTPaHMYEHHOM ITPOCTPAHCTBE
MHKPOITYCTOT, YTO TIOATBEPIKIAACTCS XapaKTePHOU PO3eTKOOOpa3Hoi Mopdoaoruei arpe-
raTroB ¢ YETKOW MIACTUHYATON OIPaHKON OTAETBHBIX MUKPOKpUCTAIIOB. CerperainoHHoe
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JIbJIOBBIJICNICHAE W KPUOTEHHAsI KOHIIEHTpAIMs B HE3aMep3lIel BOJe MPHU IPOMEP3aHUN
0CAaJIKOB MIPAIOT KIIIOUYEBYIO POJIb B CO3JaHMH yCIOBHUil Ut hopMupoBaHus Oapura [18].
Hannane OnoreHHOTO MeTaHa M YIVIEKMCIIOTO Ta3a B Ta30BbBIX ITy3bIpbKax [14] KocBeHHO
yKa3bIBaeT HA aKTUBHBIE MUKPOOHBIE TPOILECCHI, BKJIIOUAs CyIb(aTpeayKInio, KOTOPbIe
MOTYT CITyXHTb JAOIOJHUTEIbHBIM UCTOYHUKOM Cyib(ar-noHoB. Pa3MbIB mpubpexHO-
MOPCKHX 3aCOJICHHBIX OTJIOKEHUH M aKKyMYJSALUS B MEJIKOBOIHBIX 03€pax M ITOJIOTHX
CKJIOHaX 00eCIeunBaioT MOCTYIUICHHE PACTBOPUMBIX (hopM Oapwusi.

Hecmorpst Ha To, uto obmiee conepkanue Ca?' B M3y4EHHBIX OTIOKCHHUSX 3HAYUTEIIb-
HO IPEBBIIIAeT cofepkanne Ba*" (tabim. 1), rurica B UccieayeMbIx o0pa3iax 0OHApPYKEHO
He ObUI0. DTO yKa3bIBaeT HA TO, YTO MHHEPAJIO00pa30BaHNE B KPHOTEHHBIX OTIIOKEHUSIX
KOHTPOJIMPYETCSI HE TOJBKO OOIIel KOHLIEHTpAILMEll lIEMEHTOB, HO M aKTHBHOCTBIO HOHOB
B PAaCTBOPE, a TAKXKE JIOKATBHBIMU TCOXMMHIECKIMH YCIOBHAMH. BeposiTHO, oOpasoBaHme
GapuTa MPONCXOAUT B MUKPO30HAX (MUKPOITYyCTOTAX, TOPAX, KAIMLIPax 1 IUICHKaxX BOABI),
rjie aKTUBHOCTH Ba?* Bhiiiie aktuBHOCTH Ca?' n3-32 KOMIUIEKCHBIX coeuienuii Ca*' ¢ apyrumu
MOHAMH WIIH JIOKaJIbHOTO oborammeHus Ba?*. Kpome Toro, kKuHeTHYeCKHE (haKTOPHI M BIUSHUC
OpraHUYECKOTO BEIIECTBA (O YeM CBUJIETEIBCTBYIOT CITabOKHUCIble 3HaYeHNs PH B HEKOTOPBIX
00pasIax) MOIIIH CIIOCOOCTBOBATh MPEUMYIIIECTBEHHOMY 00pa3oBanHuto Oaputa. Takum 00-
Pa3oM, COYETaHNE JIOKATBHBIX TEOXMMHIECKNX YCIIOBHH, KHHETHUECKHUX (PAKTOPOB U BIMSHUS
OPraHMYECKOTO BEIIECTBA MOIIO MPUBECTH K 0OPa30BaHUIO OapnTa, HECMOTPS HA BHICOKOE
obmiee coneprkanme Ca. Takoil MexaHI3M 00pa3oBaHus OapUTa TEMOHCTPHUPYET TECHYIO CBSI3b
C KPUOTEHHBIMH IIPOLIECCAMH 1 MOUEPKUBACT €r0 3HaUCHHE KaK MHANKATOpa YCIOBHI MUHE-
paooOpazoBaHus P (HOPMHUPOBAHUH MEP3IIBIX TTOpol. [TomyueHHbIe JaHHbIE O BapHALUIX
cootnomenus SO,>/Ca*" 1 HEOTHOPOIHOM pacnpe/ieieHiy Ba®': MakCMMalbHOE KOTMYIECTBO
COJIEPIKHUTCS B JIEAOTPYHTOBOH 3aJICKH JHHIIA MTAJIEOTEPMOLIMPKA, IO CPABHEHUIO C HU3KUM
coJieprKaHMEeM B JIEASHOM JKUIIe M INTACTOBBIX JIbax (Tabm. 1). B qauine Tepmonnpka B xozne
TEPMOJICHYJALlNH HAKAIUINBAJINCH TaJlble MPOMYKTHI Pa3pyIICHUS KHUIbHBIX M IIACTOBBIX
JIbI0B, a TAKKe BMEMIAIOMNX Mopoyl. Hakomsiennto 6apust B 3T 30He MOITIa CIIOCOOCTBOBATH
€ro yMepeHHasl 1 Hu3Kasi MUTPalloOHHast CIOCOOHOCTb, YTO TPUBETIO K €I0 OTHOCHTEIEHOMY
000TaIIeHNIO B 3THX OTIOXKEeHUsAX. CHHKPHOTEHHOE NPOMEp3aHne HEMUTU(HUIIMPOBAHHOTO
0caJIKa, BEPOSITHO, PHUBENO K KPHOTEHHOMY KOHIIGHTPHPOBAHHIO OapHs B HE3aMep3IIel BOJE.
TakuM 00pa3om, ayTUTeHHBIH OapUT MOKHO CUHTATh MHIMKATOPOM KOMIDIEKCA U CIIOKHON
JMHAMHUKH KPHOTEHHBIX ITPOLIECCOB (TaKUX KaK KPHOTEHHOE KOHIIEHTPUPOBAHHUE COJIEH, ce-
IPEranioHHOE JIBJIOBBIICIICHHE, MUT AL BIIarW X PACTBOPEHHBIX BEIIECTB B IIPOMEP3AIOLICH
TOJIIIE, @ TAKXKE COMYTCTBYIOIIMX FCOXMMHYECKHX IpoLeccoB). M3oTonHelil anamms (6*S,
8"%0) mor Obl M03BONKTH: AUBPEPEHIINPOBATH UCTOMHUKH cepbl [19], pekoHCTpyHpoBaTh
TEMIIEpaTypHbIC YCIOBHS MHHEPAIO00OPa30BaHus, BEPHU(DUIIPOBATh BBISIBICHHYIO CBS3b
MEXIy COCTaBOM IUTACTOBBIX JIHJIOB M dyTHT€HHBIMH MHHEPAIAMU.

BriBoabI

OOHapy)keHUE ayTUTCHHOTO 0apuTa B MHOTOJICTHEMEP3JIBIX MOPOIaX MalcoTePMO-
LUpKa MOJyoCcTpoBa SIMaj paciupsieT MpeiCTaBIeHHsI O €r0 pacIpoOCTPaHEHUH B KPHO-
JIUTO30HE, paHEe OrPaHUUYCHHbIE €IUHUYHON HAXOAKOH B MEP3JIbIX MOPCKUX OTIOKEHUSIX
o. benwrii [9]. BrisiBneHue naHHOTO MUHEpaja B HOBOM I'€HETHUYECKOM TUIIE OTIIOKEHUH
CBUJICTCILCTBYET 00 aKTHBHBIX M PAa3HOOOPA3HBIX MPOIECcCax MUHEPATI000pa3oBaHMUs,
MPOUCXOJIAIINX B COBPEMCHHBIX KPHOTCHHBIX yclIoBUsX. OOHAPYKEHUE ayTUICHHOTO Oa-
puTa B JIEAOTPYHTAX 03€PHOTO M CKIOHOBOTO MPOUCXOMKACHHUS JOKA3bIBAET BO3MOXKHOCTD
ero o0pa3oBaHUsI P OTPUIIATECIFHBIX TEMIICPATypax B KOHTHHCHTAIBHBIX 00CTAaHOBKAX,
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B OTVIMYME OT PaHee U3BECTHBIX CIIy4aeB, CBS3aHHBIX NPEHMYIIECTBEHHO C BHICOKOTEM-
nepaTypHbIMH YCIIOBUSIMH OKEaHHYECKUX THAPOTEPM WK auareHe3a. Mopdororudeckue
0COOCHHOCTH KPHCTAILIOB OapuTa (PO3ETKOBHIHBIC arperaTbl MUKPOKPUCTAJIOB ILIa-
CTUHYATOW (OPMBI), B COUYETAHUH C UX PACIIOIOKEHHEM B MUKPOIYCTOTAX JICIOIPYHTA,
YKa3bIBalOT Ha ()OPMHUPOBAHHKE i1l Sifu B YCIOBUSIX OrPaHMYECHHOTO IPOCTPAHCTBA U MEJI-
JICHHO# KpHCTaJUIM3anny, 00yCIOBICHHON KPHOTCHHBIM KOHIICHTPUPOBAHHEM PaCTBO-
POB, CerperalMOHHBIM JIbJIOBBIICIICHHEM U OaKTepHaJIbHON Cylb(haTpenyKIuue, o yemMm
CBUJICTENIbCTBYIOT IIPUCYTCTBHE I'A30BBIX My3bIPHKOB OHMOreHHOTO MeTaHa [13], ToKaibHbIe
cnabokucible 3HadeHus pH (4,76) B oTHeNBHBIX NPOOaxX M CICIOBBIC KOJHMYECTBA CYIlb-
¢unoe B EDX-cnekrpax. Beicokoe cootnomenue SO,*/Ca*" B ncciemyeMbIx odpasuax
MOATBEPIKIACT NpeodIagaHne Cyab(aTtoB HaJl KAIbIIUEM, YTO OJIaronpusTCTBYET IPEHMY-
mecTBeHHOMY oOpaszosanmio 6aputa (BaSO,) o cpasnenmio ¢ runcom (CaSO,-2H,0) nim
anruapurom (CaSO,), ¢ ydeTom Hanu4us MOHOB Ba*" B JIeIOrpyHTOBBIX JKUIIAX.

[Tosry4yeHHbIe TaHHBIE MO3BOJIAIOT MPEIIIOIOKUTE, YTO ayTHICHHBIA OapUT MOXKET
SIBIIATBCS IEPCHEKTHBHBIM HHIMKATOPOM KPHOTSHHBIX MPOLIECCOB B MHOTOJIETHEMEP3IIBIX
NOPOAaX, TAKMX KaK LUKIMYHOE IIPOMEp3aHUe-TIPOTauBaHKe, KPUOTCHHAsE KOHIICHTPALs
coneld u cynbdarpenykims. Eciu nanpHeiime uccueaoBaHus HOATBEPIAT 9Ty CBA3b, Ona-
rofaps CBOei 4yBCTBUTEILHOCTH K H3MCHEHHUSIM KOHLICHTPALUH PACTBOPEHHBIX BELIECTB
U TEeMIIepaTypbl, OApUT MOT OBl CITY’)KUTh MHCTPYMEHTOM Il MOHUTOPUHIA PAa3BUTHS
TEPMOKApCTa U TEPMOICHYIALUH B YCIOBUAX MEHSIOLIEr0OCs KINMaTa.
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Aunorauus. [Torennenue kiumara B ATIaHTHIECKOM CEKTOPe APKTHKH IPUBEIIO K 3HAYUTEILHOMY COKpaIlie-
Hmio onesenenus Lmnmbeprena. Ha ocBoGoaMBIIIXCS OTO Tha TEPPUTOPHSIX HOBOU CYIIN» CPEIH MOPEH
(OpMIPYIOTCS MHOTOUHCIICHHBIE IPUIIETHIKOBBIE 03epa, Oepera KOTOPBIX OKa3bIBAIOTCS YIOOHBIMH MECTOOON-
TaHuaMu 1t iTrL. COBpeMeHHBIH aTan nernsiuanyi 3anagHoro Llnunbeprena vagascs okoro 100 net Hazan,
¥ B TIEPBYIO OYePe/Th OTO JIb/[a 0CBOOONHINCH T€ YIACTKH CYIIIH, KOTOPBIE JIeKaT Ha HI3KHMX THIICOMETPHYECKHIX
ypoBHsx. 3a mocnenrue 100 et (¢ 1920-x tr.) kpymHble nexaukn [péadropaa (3emns Hopaermensaa) ot-
crymii Ha 2,1-2,8 kv ot Gepera, 0cBOOOMB 3HAYUTENBHBIE TIPOCTPAHCTBA 00MIEH MIONAAbI0 0KOI0 14 KM,
Ha mopenax copMupoBanuch MHOTOUHCIEHHBIE 03epa pasHOro pasmepa (52 o3epa) CyMMapHOH ILTOMIA/IBI0
1,9 km?. O6cnenoBanue Geperos 3amisa [ péH-(hpopa mpoBoamiIocs B Teuenue asrycra 2022-2024 rr., u 65110
BBIsABJIEHO 26 BUIOB ITull. Cpenut HUX 9 BUIOB NTHIT 00HAPYKEHBI B PEIeTax «HOBOH CYII» — Ha TEPPUTO-
PYSIX MOPEH TeAHNKOB. Hamu oTMeueHo, 4To Ha MOPEHAX BCTPEYAIOTCS HITH THE3AATCS CIIEYIONIHe BB ITHIL:
KpacH0300bI€ rarapbl, Iy, TYMEHHIKH, OENOIIEK e Ka3apKH, TYHIPSHbIE KyPOTIATKH, MOPCKHE ECOTHHKH,
OyproMuCTpBI, TIOTAPHBIE KPauKH U TMyHOUKH. JlaHHBIE TT0 BUOBOMY COCTaBY, CTAaTyCy M UHCIy 0CO0eH MTHIL
TIOTyYeHbI BO BPEMs MapIIPyTOB, IPOIOKEHHBIX 1O PA3HBIM THIIAM MECTOOOHTAHH, BH3yalbHO 1 IpH 00paboTke
(ororpaduii, cienaHHBIX (OTOAMTAPATOM C TENEOOBEKTHBOM. PericTprupoBaiich Bce BCTpEUeHHbIE BH/IBI TITHI]
B TIpefieIax BUAUMOCTH, Oe3 (JMKCHPOBAHHOM MONOCH ydeTa. B pesynmbrare BBIBICHB! pa3Tidus B BUIOBOM
COCTaBe W YHCICHHOCTH NITHI] HA MOPEeHaX JIeTHNKOB Boctounstii, 3ananusii [péadbopn u Anbaeronna. Han-
Goree MpeANOINTAEMBIMI MECTOOONTAHIAMH JUTS TITHII OKA3aIHMCh HE MMEIONINE OOMBIINX MeperaoB BEICOT
XOPOIIIO 33/IePHOBAHHBIE YYACTKH MOPEH C MHOTOUHCICHHEIMHU 03€PaMH, KOTOPbIE OCBOOOIMITICE OT JTEAHHKOB HA
paHHeM sTare Aerinuanmm, oonee 50-60 et Hazax. [Iponece BeeneHus MTHII Ha TEPPUTOPHH MOPEH JISTHIUKOB
TPOHCXOUT CPABHUTENEHO MEUTEHHO.

KuaroueBbie cioBa: [lInuubepren, emisiuanis, MOPEHbI, MPUICIHUKOBBIE 03€pa, MTHII, CTATyC, MECTO-
obuTanue
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Birds of the new periglacial territories of Grenfjord Bay (Spitsbergen)
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Abstract. The warming of the Arctic climate in the Atlantic has led to a significant reduction in the glaciation
of Spitsbergen. The numerous periglacial lakes formed on the ice-free areas among the moraines, their banks
and adjacent areas have become the suitable habitat for the birds. The current stage of deglaciation of Western
Spitsbergen began about 100 years ago, and the first to be freed from ice were those land areas that lie at low
hypsometric levels. Over the past 100 years (since the 1920s), the large glaciers of Grenfjord Bay (Nordenschéld
Land) have retreated 2.1-2.8 km from the coast, freeing up significant land with a total area of about 14 km?.
Numerous lakes of various sizes (52 lakes) with a total size of 1.9 km? have formed on these moraines. The shores
of Grenfjord Bay were surveyed during August 20222024 and 26 bird species were identified. Among them,
9 bird species were found within the “new land” — in the areas of glacial moraines. We noted that the following
bird species were often observed or found nesting on the moraines: the red-throated loon, fulmar, bean goose,
barnacle goose, rock ptarmigan, purple sandpiper, glaucous gull, Arctic tern and snow buntings. The bird species,
their status and numbers were registered at a visible distance during a field survey in various habitats, by counting
or photographing the birds by camera or “digiscoping”. All the bird species encountered were recorded within
the visibility range, without a fixed counting strip. As a result, differences in the bird composition and numbers
were found for moraines of the Austre, Vestre Gronfjordbreen and Aldegondabreen glaciers: the most preferred
habitats for birds were the gentle or flat areas of young moraines covered by pioneer vegetation near the periglacial
lakes. These are the areas, which became free of glaciers at an early stage of deglaciation more than 50-60 years
ago. Despite the diversity of bird species in the bay, they occupy the new periglacial areas relatively slowly.
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BBenenune

[InuubdepreH — yHUKaJIbHOE MECTO THE3/I0BaHHS BOIOIIIABAIOIINX, OKOJIOBOIHBIX,
Mopckux ntun bapennesomopckoro peruona [1, 2]. Ha Bcem Ilnunbeprene ormeueHo
254 Buja NTUL, U3 HUX PETYJISPHO U COpaaudyecKu rHe3asaTcs 45 sujos [3]. Jas ak-
Baropuu u nodepexuii ['péu-propaa ¢ 2000 1. 3aperucrpuposano 33 Buga nrun [4-7].

OnHMM 13 BaXKHEHIINX COBPEMEHHBIX (pakTopoB, Biusttomyx Ha npupoay Lnunbep-
TeHa, ABJSIETCS MOTEIUIEHUE KIIMMaTa, KaK CIeJCTBUE — COKpaIlleHHe IUIOLaId MOPCKOTo
Ib/1a, «amiaHTH(GUKanus» 1 «Oopeanu3anys» OpHUTO(AYHBI, CIBUTH B ()EHOJIOTHH UX
JKU3HEHHOTO IIMKJIa, U3MEHEHHE BUJJOBOTO COCTaBa M YUCIEHHOCTH KOJIOHUN MOPCKHUX
[ITUL, yclexa uxX THe3noBaHus [8].
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B pesynberare moTernuieHus KIMMaTa IMPOUCXOAUT COKPAIICHNE ONEICHEHUS apKTH-
YECKHX OCTPOBOB U TMOSIBIICHWE OOIIUPHBIX IMPOCTPAHCTB, CBOOOIHBIX OTO JIbJA. DTH
MIPOCTPAHCTBA SBIISFOTCS TPIJICTHIKOBEIMA MOPEHAMH U (PAKTUIECKU CTAaHOBATCS apeHOU
CYKIIECCHH PacTUTEIHHOCTH M PE3ePBHBIX MECTOOOMTAHUM 1y nTHIl [9].

CoBpeMeHHBIH dTan aeriuanuy 3ananHoro Lnumbeprena Hadancs okono 100 et
Ha3aJ, ¥ B IIEPBYIO O4YepeNb OTO JIbJa OCBOOOIIUTUCH T€ YYACTKH CYIIH, KOTOPBIE JeKaT
Ha HU3KHUX TUncoMmerprueckux ypoBHsax [10, 11]. 3a mocnemame 100 met (¢ 1920-x rT.)
B 3aranHoi yactu 3emin Hopaenmensaa oneneHenune cokparmiock Ha 51 % [10]. Kpyn-
HbIe JegHuKH 3anuBa [ péH-propa (Boctounsnii u 3amamusiii [péadropa, Anpaeronmaa)
oTcTynuin oT Oepera Ha 2,1-2,8 kKM, 0CBOOOINB 3HAYHUTENBHEIC POCTPAHCTBA OOIICH
I0IIa (610 0KoI0 14 km? [10]. B CBsI3U C 3TUM B IOJKHOM W IOr0-3alafHON 9acTAX 3a-
JIMBA TPOCTUPAIOTCS OOIIMPHBIE MOPEHBI. VX TpaHUIIBI Pe3KO BBIICISAIOTCS B CPABHEHUH
C OKpY’KaIOIIUM IPOCTPAHCTBOM TYHIPHI, KaK IO MOP(OIOTUISCKUM TPHU3HAKAM, TaK
U TI0 XapaKTepy pacTUTensHOro mokposa [12]. Ha mopenax chopmMupoBainch MHOTO-
YHUCIIEHHBIE 03epa pa3Horo pasmepa (52 o3epa) cymmapHoi rwiomanasio 1,9 km? [13].
WX BO3pacT, KOHTAKT C MEPTBBIMHU JIbJIaMH, BEICOTHOE TIOJIOKCHHE OTPEACISIOT CTEIICHb
3aJIEPHOBAHHOCTH OEPETOB, YTO SBIISCTCS OJHUM H3 (PaKTOPOB, OMPEHCISIONINX CTEIICHb
MIPUBJIEKATEIIFHOCTH STHX HOBBIX TEPPUTOPHUI JUIS IITHUIL.

ABTOpPOB TaHHOM PaOOTHI 3aMHTEPECOBAI POIECC BCEIICHHUS PAa3HBIX BUIOB IITHI] HA
OCBOOOXKICHHBIC B PE3YIIBTaTe TasTHUA JICTHIKOB IIPHIICTHUKOBBIC MOPEHBI, T/I€ C(HOPMH-
pOBaJCs CIIEKTP HOBBIX MECTOOOUTAHUH ¢ MHOHEPHOH PACTHTEIHHOCTHIO. DTOT MPOIECC
Havyaycs HeJaBHO M MPONOJDKAeTCs B HAcTosImee BpeMs. COCTaB M YHCICHHOCTh BUIOB
MITUI] B MOPEHAX Pa3HBIX JICTHUKOB OTIIMYAETCA W TPeOyeT NambHEHIIero M3ydeHHUs,
CpPaBHEHHUS U MOHUTOPHHTA.

[ebr0 HACTOSAIIETO WCCIECAOBAHMS SBHUIIOCH N3yUCHHE BHIOBOTO COCTaBa IITHUI] Ha
moOepekbsax 3anuBa [ pEH-(QBOPI U BEISIBICHUE BUIOB, BCEIIONINXCS B HACTOSIIEE BPeMs
Ha YYacTKH «HOBOH CyIIM» — IPIJICIHUKOBBIE MOPEHBI, a TAaK)KE BBISBICHUAE TPUIHH
pa3nuumii B coctaBe (hayHBI IITUII HA MOPEHAX Pa3HBIX JICAHUKOB.

MaTepHa.m,l H METOAbI

JlaHHbIe 1O BUJIOBOMY COCTaBY, CTaTyCy U YUCIY 0COOCH MTHIL MOIyYeHBI BO BPEMs
MapIIpyTOB, KOTOPbIE OBUTH MTPOJIOKEHBI IO Pa3HBIM THUITAM MECTOOOUTaHMH. MapmpyTsl
NPOTSDKEHHOCTBIO 20—25 KM OBUIH MPOJIOKEHBI TaK, YTOOBI OXBAaTUTH OEPETOBYIO JINHUIO
3aJIMBa, MOPEHBI JISITHUKOB, YYaCTKU TYHJPBI 3a TpejeslaMi MOpEeH, Oepera MHOTOYHC-
JICHHBIX MPUJIETHUKOBBIX 03ep. [ paHMIlbl 0071acTH MOPEHHBIX KOMIUIEKCOB ITOKa3aHBbI
nyHKTHpoM Ha puc. 1, mudpamu I, 11, III o0o3HaueHbI MOPEHBI JITHUKOB AJBICTOH/IA,
3anagnbiii 1 Boctounstit [ péndnopa cooTBeTcTBEHHO. B MecTax rHe310BaHusI WK BCTPEY
NTHIl U UX CKOIUICHUH OBUIM CJieJIaHbl OCTAHOBKH JUISI ONIPEEJICHHSI BUJJOBOTO U BO3-
PAcTHOTrO COCTaBa, YUCICHHOCTH CTall WM TPYMI NTHUIl WX ONMUCAHUA THe3/. JlaHHbIe MO
NTHIIAM COOPaHbI BU3yaIbHO WK TIpU 00paboTke (ororpaduii, caernanHbIx (HOTOKaMEpOit
SONY DSC-RX10M4, ¢ ¢pokycubiM paccrosiareM 220-600 mM. PerucrpupoBainuchk Bce
BCTPEUYCHHBIC BHBI NITHI B MpeJeiax BUANMOCTH, 0e3 (PMKCUPOBAHHOI MOJOCH! yYeTa.
BerlIsiBneHbl pa3nuuus B BUJOBOM COCTABE U YHCIEHHOCTHU MTHIl HA MOJENBHBIX yUacTKax
MPWJICTHUKOBBIX MOPEH JIeAHNKOB Bocrounslii ['péudropn n Anpaeronsa, u mpoBeaeHo
CpaBHEHHUE MX OPHUTO(hAYH MEXKLy COOOI U B OKPYKAIONIMX JIaHAadTax, HEe JIETHUKOBOTO
MIPOUCXOXKIEHHSL. | paHUIIBI MOPEHHBIX KOMIICKCOB MOJTyY€HBI TAKXKE HAa OCHOBE MOJIEBBIX
HAOJFOZICHUH U O TaHHBIM JICKTPOHHOTO cepBuca toposvalbard.npolar.no.
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Puc. 1. Paiton nccienoBanws. ['paHnisl 06JacTH MOPEHHBIX KOMIUIEKCOB (/), pPUMCKUMU IH(ppaMu
I, 11, 111 0603Ha4eHBI MOPEHBI JICTHUKOB AJTbJICTOH 1A, 3armaaHblii u Boctounsnii [péadbopa cooTBET-
ctBeHHO (2). [Tomnoxka kapTel — Kaprorpadmdeckuii ceppuc HopBexxcKoro moysipHOro HHCTUTYTa
(http://toposvalbard.npolar.no)

Fig. 1. Study area. The boundaries of the moraine complex area (/), I, II, III are marked by the moraines
of the Aldegondabreen, Vestre and Austre Grenfjordbreen glaciers, respectively (2). The map base is
the cartographic service of the Norwegian Polar Institute (http://toposvalbard.npolar.no)

Pesyabrathl u MX 00CyKIeHHe

W3ydenue coctaBa (hayHBI ITUI] M WX YUCICHHOCTH BKIIIOYAET IMOIPOOHOE 00Oce-
JIOBaHUE PA3IMYHBIX MECTOOOHWTAaHUH moOepekbs 3anmBa [ pEH-PHOPI M MapIIpyTHl Ha
MOpEHEBI JIeAHUKOB BocTtounsrit 1 3anaxnsiii [péadropa, Ampaeronna. MopeHBI STHX
JICTHUKOB TIPHUIIETAIOT K TTO0EPEeKbI0 (Phopaa, HATOPHBIN MOPEHHBIA Ball IETHUKOB Boc-
TouyHBIN M 3ananHbiid [pEéHdbopa orpaHMIMBaeT OOMIMPHYIO 00IACTh MOJOTUX MOPEH CO

Puc. 2. Be3pIMIHHOE MPHUICTHUKOBOE 03€PO M MOPEHBI JIeTHUKOB 3anuBa [ pEH-Qbopa — «HOBBIE»
TEPPUTOPHH JIsl THE3TOBAHHS IITHIL

Fig. 2. An unnamed glacial lake and moraines near the glaciers of Grenfjord Bay — “new” territories
for nesting birds
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Tabruya

BunoBoii coctaB u xapakrtep npedbiBanus ntul B ['pén-gpnopae
B 11€JIOM ¥ HA NPUJIeIHUKOBBIX TeppuTOopusix B 20222024 rr.
Table

Species composition and nature of bird presence in Grenfjord
as a whole and in glacial areas in 2022-2024

Xapakxrep buoronuueckas

Crimcok ¢ayHbI ITAL]
MpeObIBaHUS CBSI3b

Kpacuo306as rarapa (Gavia stellata) Tr r,P,

Imyniern (Fulmarus glacialis) T

c

KopotkokitoBslit rymMeHHUK (Anser brachyrhynchus) J,P,
benomiexas kazapka (Branta leucopsis) J,P
Uepnas xazapka (Branta bernicla)

°

Xoxnaras uepHetb (Aythya fuligula) -
Mopsuka (Clangula hyemalis) -
OO0bIkHOBeHHAS rara (Somateria mollissima)
Tara-rpe6enyiuka (Somateria spectabilis)

Typuan (Melanitta fusca)

Tynapsinas kypomnartka (Lagopus mutus huperboreus)
Tancryunuk (Charadrius hiaticula)

Kamnuemapka (Arenaria interpress)

[Tnockonocwit mnaBynuuk (Phalaropus fulicarius)
Mopckoit necounuk (Calidris maritima)

Bonpmroii Beperennuk (Limosa limosa)
KopoTkoxBocTslit moMOpHUK (Stercorarius parasiticus)
Bypromuctp (Larus hyperboreus)

Mopcxkas uaiika (Larus marinus)

Moeska (Rissa tridactyla)

[MonsipHast kpauka (Sterna paradisaea)

Jlvopux (Alle alle)

ToncroxmoBas kaiipa (Uria lomvia)

Yuctuk (Cepphus grille)

R N R I R R B e I B B A B R R R e
|

Tynuk (Fratercula arctica)
[lynouxa (Plectophenax nivalis)

—

r,p,

IIpumeuanue. T’ — rae3autcs, JI — nunsiet, P — peryispHo BCTpeYaeTcs; HHICKChI YKa3bIBAIOT JIOKALHIO
ITHL Ha PUICIHUKOBOH TEPPUTOPHU: OMOTONNYECKAs CBSA3b THUIL CO CKalaMu OJIN3 JICAHHUKOB (C), ¢ JIe-
HUKOBBIMH 03epami (0), C MIPUIICAHUKOBBIMA MOPEHaMH (M).

Note. I' — nests, J — moults, P — regularly encountered; the indices indicate the location of the birds in
the glacier-affected area: the birds' biotopic association with rocks near glaciers (c), with glacial lakes (0),
and with glacier-affected moraines (m).

MHOXeCTBOM 03ep (puc. 2). Y neHuKa AJbJICTOH/Ia BBIPAKEHBI JIUIIH OOKOBBIE MOPECHHbIE
BaJIBI, ICHTPAJIbHAST 9aCTh MOPEHBI CJIOKEHA KPYITHOOOJIIOMOYHBIM MaTepHaioM, U Ha IIpo-
CTPAaHCTBO MOpPEH umeercs b 4 o3epa. B 2022-2024 rr. Hamu BcTpedeHO 26 BUIOB
NTHIL, U3 HUX THe3pmmecs — 15 (cM. Tadm.). B aBrycre nogasisromniee 60IBIIMHCTBO TITHIT
yKe TIOKHHYJIM CBOW THE3JI0BBIC TEPPUTOPUH M COOMPAINCH Ha JIMHBKY MIIM TOTOBMIINCH
K MUTPALWH, JIUIIH JJIsT HEKOTOPBIX BUI0B OBIIM OTMEUEHBI MO3/IHHUE KJIaIKH HITH BBIBOJIKH.
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Ha MopeHnax JielHIKOB HaMH 3a()UKCHPOBAHO NPeObIBaHNE 9 BUIOB MTHIL C PA3HBIM
cTarycoM (cM. Tadm.).

Bonee neranpHas nHGOPMAIHS O BUIAM NTHI], KOTOPbIE OBIIIM BCTPEUEHBI HA TIPH-
JIEJIHUKOBBIX TeppuTOpusixX B aBrycre 20222024 rr., npuBeacHa HUXKE.

Kpacnozobas rarapa Gavia stellata (Pontopp., 1763). OOBIYHBII BHI, peryasipHO
BCTpPEYAeTCsl HaJl aKBaTOpHEH 3a1MBa M Ha o3epax. Ha mpuiaeqHUKOBOM 03epe JeTHH-
ka Bocrounsrit ['péadropn (mmua npumepro 100 M), B chIpoii c1abo 3aaepHOBAHHOM
OCOKOBO-MOXOBOM KaMEHHCTOH TyH/pe [12], nepkanack NTHIa ¢ NTEHIIOM Pa3MepoM CO
B3pocCiIyio ocodb (Habmomenne — 20.08.2022). Ha Tom e o3epe BHIEIH Mapy rarap
6e3 nrrenma (19.08.2023). Ha cpaBHUTETBHO KPYITHOM 03€pe MOPEH AJIBICTOHIBI ITTHHOM
okoro 200 M Opia oTMedeHa rarapa (15.08.2022 u 23.08.2024).

Imyneim Fulmarus glacialis (L., 1761). OOBIMHBINA BUA, THE3IOBbIE KOJOHUH pac-
10JIararoTCsl Ha BBICOKMX CKaJlaX OKOJIO JISITHMKOB M aKBAaTOPUH 3ajiBa. B KoJIOHMM Ha
KPYTBIX CKaJIbHBIX CKJIOHAX TOp, OKPYXaBIIUX JIeAHUK AJbaeronaa, 23.08.2024 mpl Buzenu
oxoio 10 mapsAmmux M CHAEBIIMX HA THE3IaX IIYNBIIICH, U, IO OMPOCHBIM CBEICHUSM,
10/ CKaJIAMH HaXOJMJIH MOTHOIINX NTEHIOB. KOIOHNMS pacronokeHa BhIIIE TISITEH SPKOH
3€JIEHOH PaCTUTEIFHOCTH — MapKepa MOBBIMIEHHOH HUTPpU(UKAINK OT rmomera nTui [15].

KopoTtkoxmroBslit rymeHHuk Anser brachyrhynchus (Lath., 1787). Perymsapro BeTpe-
YafoTCsl B OKpecTHOCTSIX noc. bapenndypr. Ha 03. bpersépna Obuta orMeueHa crast JInH-
HBIX TYMEHHUKOB OKoqlo 50 ocobeii (11.08.2022). Crast u3 16 THHHBIX B3POCIBIX IITHI
Jiep)Kanach Ha HEOOJBIIOM 03epe B MOpPEHHOM JaHamadre negunka Boctounsrit [pén-
¢dropx (8.08.2023). [Tapa ryMEHHHUKOB ClIeTeNa ¢ HEOOIBIIOTO 03epa B MOPEHHOM JIaH/-
madre nenauka Ampaeronaa (23.08.2024).

Benomexas kazapka Branta leucopsis (Bech., 1803). PerynsapHo BcTpedaroTcs B He-
OOIBIINX KOJINYECTBAX B JJOJIMHAX M HU30BBSX PEK, HA Oeperax 3ainBa, Ha OTMENSX U Mbl-
cax. 08.08.2023 Ha HeOOMBIIOM 03epe Ha MepUpEpUH MOJOIOTO MOPEHHOTO TaHAmadTa
nemHuKa Bocrounsnit ['péadpopa 0p110 3aMeueHO 35 B3pOCTBIX TUHHBIX MTHII B 2 CTasX,
a Ha 03. bpernsépHa Ml Bugenu eme 35-40 ocobeii.

TynnpsHast kyponarka Lagopus mutus huperboreus (Montin, 1776) — >HmeMud-
Heiid monBua Inmundeprena. [He3nnuTCs B BEPXHUX YacTAX CKIOHOB, B TOPHOW TyHIpE
Ha TJIaTo ¥ B IPWJICIHUKOBOM MOpEHHOM JaHmadre. B cnabo3anepHoBaHHBIX KaMEHH-
CTBIX MOpEHax JieHuKa Bocrounsrit I'péndropa ¢ peaxumu KypTuHamMu apuanst Dryas
u TpexmeTnHanKa Trisetum 20.08.2022 Opia BCTpeueHa mapa KypoIaToK ¢ MOAPOCIIIM
BBIBOJIKOM M3 7 MITEHIIOB pa3MepoM ¢ 2/3 B3pocioit ocodu (puc. 3).

Mopckoii ecounuk Calidris maritima (Brunnich, 1764). IloBceMecTHO BCcTpeyaeTcs
B Pa3HBIX THIAX JaHAMA(TOB. BCTpedeHbl OAMHOYHBIC NTHUIBI M HEOOJIBIINE TPYIIIBI
B 3aJICPHOBAHHBIX MOpEHax JieJHnKa Bocrounstii [ péndropa, HalileHbl MHOTOUYHCIICHHbIE
OTIEYATKH CJICIOB KYJIHMKOB (IIPEAIIONOKUTEIBFHO TOTO K€ BHA) HA BIAKHOM AJITIOBHU
BoJOTOKa Onu3 nmemuuka (1, 5, 11 u 20 aBrycra 2023 1.).

Bypromuctp Larus hyperboreus (Gunn., 1767). MHOTOYNCTICHHBII B, BCTPEYACTCS
TTOBCEMECTHO, THE3JUTCS KaK Ha CKaJlaX, Tak M Ha MocTpoiikax. HeomHokpaTHO BCTpeueH
B YCTBEBBIX y4acTKaX peK, CTEKAIOMINX ¢ JISAHUKOB, M Ha Oepery o3. bpeTsépHa.

[Honspuas kpauka Sterna paradisaea (Pontopp., 1763). T'uesmutcs B ['pé-propme
KaK OZIMHOYHO, TaK M KOJIOHHAIILHO, B @aHTPOIIOTEHHBIX U B IPUPOAHBIX MECTOOONTAHUSIX.
Mps1 HabOIrOANM CKOTUIEHUE KpadeK Baaiu Ha otMenu o3. bpersépra (11 u 20 aBrycra
2022 r.). Ha mepudepuu MmopeH nenanka Boctounsiit [ péadropa Ha meOHUCTOHM TOBEpX-
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Puc. 3. Tynnpsinast Kyporarka Ha IpHISIHUKOBOW MopeHe BoctouHoro I'péndropna

Fig. 3. Rock ptarmigan on the periglacial moraine of Austre Grenfjordbreen

HOCTH C HE3HAYUTEIBHBIM KOJMUYECTBOM JIMIIAWHUKOB O3 HEOOIBIIOrO 03epa ObIIo
Haiineno | rHe3no ¢ 2 HacwkeHHbIMH stiinamu (19.08.2023). B HusoBbsx p. bpersépHa,
B KyTOBOW YacTH 3aJIMBa, KPAuyKH JETEIHN OT 3ajMBa Yepe3 MOPEHHBIM Baj B CTOPOHY
03. bpersépHa ¢ MenkuMu ppIOKaMK B KITIOBE, BUIUMO, HECS KOPM NITEHIIAM (B TEUCHHE
40 muH nponereno 23 kpauku ¢ kopmom) (30.08.2024).

[Mynouxa Plectrophenax nivalis (Linnaeus, 1758). Berpedaercst moBcemMecTHO, 00OBIYHA
B TIPUPOAHBIX U B @HTPOMIOTCHHBIX MECTOOONTAHMSX: CTAHKH B3POCIBIX M MOJIOJBIX JIETHBIX
NITATL] OBbUTH OOBIYHBI B KAMEHHCTHIX Pa3Bajiax M MOpeHax JieqHnka Bocrounstii [péndnop.

HaubomnpIree KoMMyecTBO MTHII OTMEYCHO HA MOpEHAaxX JeqHnka Bocrounsnii [pén-
¢ropa. [Inomane MOpPEH JIeTHHKA COCTABIISET OKOJIO 5 KM?, M MX 3HAYMUTEIbHAS 4acTh
JISKUT HIDKE OTMETKH 25 M. [Ipy TassHUM MEpTBBIX JIBAOB, OCTABIINXCS TIPH OTCTYAHUH
JIeJHUKA, CPEAN MOPEHHBIX XOIMOB oOpasoBanock Oornee 30 ozep [13]. B cBs3u ¢ pas-
JIMYHBIM BBICOTHBIM TIOJIOKEHHEM H BO3PACTOM 03€p JIHIIb HEMHOTHE U3 HUX 3aCENSIOTCS
BOJIOTUIABAIOIIMMH M OKOJIOBOAHBIMHU NTHIIaMU. Ha 3ToH TeppuTOpHM OBUIM BCTPEUCHBI:
THE3[SIIIMecss KpacHo300as rarapa, TyHApsIHAs KypolaTKa M MOJSpHAs Kpadka; JUHHbIC
cTan OenoneKknx Ka3apok ¥ KOPOTKOKITIOBBIX TYMEHHHUKOB; KOPMSIIIUECS CTAalKH MTyHOYEK
1 MOPCKHX TIE€COYHUKOB, OYpPrOMUCTPHI.

MopeHBI JTeTHIKOB ATTbICTOHIA U 3anaaabii [ péHGBOPI B OTIHYNE OT MOpPEH JIe-
HuKa Bocrounsrit [péndropa nMmeroT Oosee pe3kuii mepenas BEICOT U cllabylo 3aJepHO-
BaHHOCTb. JISTHUKOBBIX 03€p MaJlo, M UX Oepera 3a4acTylo CIOKEHBI MEPTBBIMH JIbJAMH.
Tak Kak 3HaYNTEIBHAS TUIONIAlh ATUX MOpEH JeKUT Bhimie 100 M H. y. M., OHM MO37HEE
ocBobommuch oto mpaa (Meree 30—40 mer wHazax) [10]. BOmm3u nexauka AnbaeroHaa
B 2022-2024 rr. He OBUTO OTMEUCHO THE3AAIINXCS MTHII, KPOME KOJIOHHHU TIYTIBIIICH Ha
CKaJlaX, OKPY)KaIOMINX JIOKE JieMHUKa. Ha mpriieHNKOBBIX 03epax AJbJETOHABI ObLIN
BCTpEUCHBI KpacH0300as rarapa, MoJIIpHbIC KPAauKH, OyproMHCTpHI, HEOOIBIINE CTan
TYMEHHHKOB M OEJIOMIEKNX Ka3apoK.
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3akjIoueHue

Hawnbosnee npeanoyntaeMbIMU JUT ITHL] OKa3aJUCh JINIIb T€ YYaCTKH MOPEH, KO-
TOpbIE OCBOOOIMIINCH OT JITHUKOB HA PaHHEM dTarie Aeniinuanun 6onee 50 et Hazan,
OnHako BCEJICHHE NTHUIl HA HOBBIE IMPWJICTHUKOBBIC TEPPUTOPHH, KaK JOMOITHUTEIbHBIC
WM albTePHATUBHBIE MECTAM, CTABIINM MEHEE MPUTOAHBIMH JUIS HUX 110 T€M MM MHBIM
IIpUYMHaM [8], IPOMCXOMNT JIMIIb HA OTPAHUYCHHBIX YUacTKaX M CPABHUTEIBLHO MEATICHHO:
T0Ka, 3a nporreamme Meree 100 JreT, uX 0CBOWIIN JIMIIb OKOJIO TPETH BUIOB NTHUII, BCTPE-
YAIOIIMXCS Ha OKPYKAIOIINX TeppuTopusax. Cpeay MMOHEepOB U3 NTHUIL B HEMOCPECTBEHHON
0IM30CTH OT JICTHUKOB JEPXKaTCsl TYHIPSHBIC KyPOTIATKH, TOJISIPHBIC KPAuKU M ITyHOUKH,
KOTOPBIX MPHUBJIEKAIOT MOJIO/IbIE KAMEHHUCTBIC TIOBEPXHOCTH C TIEPBBIMHU 3TallaMH CYK-
LIECCHUI PACTUTEIBHOCTH; MOPCKHE TIECOYHNKH, HAXOAAIINE KOPM B TOHKHX OTIOKCHHUSIX
JIEHUKOBBIX PYUBSIX U PEKax; rarap, BOAOIUIABAOIINX U KyIUKOB MOXXHO CKOpEe BCTPETHUTD
Ha TMPUICTHUKOBBIX TEPPUTOPHUSAX C MOJIOTHM perbedoM, ¢ GOIBIINM KOITHYECTBOM 03€ep,
CO CPaBHMTEIILHOH 3a/IepHOBAaHHOCTBIO OEPEros, K TOMY K€ yAAJCHHBIX OT IOOEPEexKbs
1 MEHEE JIOCTYITHBIX Ul XUIIHUKOB. KOJOHMM DITyTbIMICH Ha MPHIISTHUKOBBIX CKaslaX
MIPUBOJAT K YCWIIEHHON HUTPU(UKALNH, YCKOPSIOMEH €CTECTBEHHBIH CYKIIECCHOHHBIN
TIPOIIECC 3apacTaHus MPIICTHUKOBEIX MopeH [12, 14, 15]. Takum oOpazom, 3TH OBICTPO
(hopMHpYIOLTHECS] «HOBBIE» TEPPUTOPHUU C IEIBIM CIIEKTPOM CYKLECCHOHHBIX CTaIUN
CPaBHHUTEJIEHO MEUICHHO M aCHHXPOHHO 3aHMMAIOTCSl Pa3HBIMH BHAAMH IITHII, B 3aBH-
CHMOCTH OT OMOTOTIMYIECKUX MPEATIOYTEHUH PA3HBIX BUIOB M COCTOSHUS MX TTOITYIISAIINH.
JanpHeiiliee n3y4eHne BUI0BOTO COCTABa, YUCICHHOCTH M CKOPOCTH 3aCENICHHMS ITHLIAMA
«HOBOM CyIIM» BaXKHBI ISl TOHUMAHHMS ITpoliecca INHAMHUKN SKOCUCTEM M MX KOMIOHEHTOB
B APKTHKE BBHY COBPEMEHHBIX KIMMAaTHUCCKUX M MPOYNX M3MEHEHUH [9].

Kondguukt nuntepecoB. ABTOpHI HE NMEIOT KOH(INKTA HHTEPECOB.

OuunancupoBanue. [loaessie padoThI MPOBOAIIICH B paMKax KoMIuiekcHo# [ImundepreHckoit SKCeuIim
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Wucruryra reorpagun PAH FMWS-2024-0007 («brotnyeckue reorpado-ruponornieckue u JanamadTHbe
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ITPABHJIA 1151 ABTOPOB
KYPHAJIA «(ITPOBJIEMBI APKTUKHU 1 AHTAPKTHUKW»

B xypHase myOIMKyIOTCS OpUTMHAIIBHBIE CTAThU 10 TEMAaTHUKE MCCIICOBAHUN I10-
JISIPHBIX 00JIaCTEH, a TaK)Ke HayuHbIe COOOIICHNUS TEOPETUYECKOT0, METOIMIECKOT0, IKCIIe-
PUMEHTAIILHOTO M IPUKIIQJHOTO XapaKTepa, TeMaTHIecKrue 0030pHI (110 3aKa3y pelaKium).
TexcThl cTarei OMKHBI OBITH HA PYCCKOM HJIM aHITIMHCKOM si3bIke. JKypHai paccMarpruBaeT
TOJIBKO T€ CTAaThH, KOTOPHIE paHee HEe ObLIM OITyOIMKOBAaHBI M HE HAXOZSTCS Ha PACCMO-
TPEHHUH B JIPYyTHX U3IAHHSX.

Bce marepuaibl HanpaBIsIOTCS B PEIAKIUIO B JISKTPOHHOM BHJIE OHJIAWH uyepe3
JIMYHBIN SJIEKTPOHHBIN KaOMHET aBTopa Ha caiite xypHaia https://www.aaresearch.science.
ABTOpBI TOJDKHBI TIPEICTABUTH TEKCT CTATBH CO BCTABICHHBIMHU PHCYHKaMH, @ TAKXKE OT-
JICTTbHO OPUTHMHAIbHBIC (DAMIIBI PUCYHKOB (CM. TpeOOBAaHMS K PUCYHKAM), AKT 9KCIICPTH3bI
0 BO3MO)KHOCTH ITyOJIMKAI[MN CTaThH B OTKPBITON TI€YaTH 1 (haiiil ¢ TOIHBIMU CBEICHUSIMA
00 aBTopax: amMmius, UMsi U OTYECTBO (TIOJHOCTHIO), MECTO pabOThI (MOJIHBIN aapec),
yueHasi CTEIIeHb, JIOJDKHOCTb, a/IpeC AIEKTPOHHOM MOYTHI U TeJIe()OH OJHOTO U3 aBTOPOB
IUTs CBsi3U. PekoMenayemeblii 00beM ctareit — ot 8 o 20 crpanuil Tekcra (uepe3 1,5 uH-
TepBaJia), BKJIIOYAsi TAOIHIEI M CITUCOK JINTEPATYPBI; PUCYHKOB HE Ooiee 6, TaOIMIl HE
oonee 6. Texct Habupaercs B ¢popmare Microsoft Word. [Tapamerpsr Habopa: mpudt
Times New Roman, kerip 12, matepBan 1,5. CTpaHHIBI B CTaThe HyMEPYIOTCS.

Bce mocrynaromiye Marepuaiibl IPOXo/IsT HPOBEPKY Ha OTCYTCTBHE 3aMMCTBOBAHHIA
B COOTBETCTBHMHU C ATWYECKUMH NpPaBUJIAMU ITyOJIMKAIUI C TIOMOIIBIO CUCTEMbI « AHTH-
IUTaruar.

Bce crarby mpoxomsT IBOHHOE PElieH3NPOBAHUE.

[Ty6nukamnys B HaIIeM >KypHaje IMOJHOCTHIO OecIuiaTHa.

CTpykTypa cTaTtbu

Crarpu opopMisIroTes crieayromuM oopazom. CHagana naetcs YJIK; 3arem Ha pyc-
CKOM S3bIKE — Ha3BaHHE CTaTbH, HHHUIMAIGI 1 (HaMUIHH BCEX aBTOPOB (IIPH YKa3aHUH
ABTOPOB CTAaTbW CHavYajla UAYT MHHULHAJIBI, 3aTEM (baMI/IJ'II/IH. I/IHI/II_[I/IaJ'II)I u (baMI/IJ'H/IH pas-
JIEISIFOTCSI TPOOEIIOM), MTOJTHOE Ha3BaHHWE OpraHu3aluu(IMi), TIIe BBIIIOJIHEHA paboTa 1 ee
(ux) anpec; >IEKTPOHHBIN aapec aBTOpa, OTBETCTBEHHOIO 32 CBs3b ¢ penakuuer. [lanee
MpoIoinKaeTcss nHPOPMAIIKS Ha PYyCCKOM sI3bIKe: Kparkas aHHoTanus (7—10 cTpok) (6e3
TepeBoia Ha aHIIIMICKAN) U KITIOUEBBIC CI0Ba B alipaBUTHOM mopsake (ae 6oxee 10).

3areM Te jKe CBEICHNUS IPUBOJIATCS Ha AHIIIMHCKOM SI3bIKE: 3aIVIaBHE, aBTOPBI, yUPEK-
JICHHs1, BTOPOi1 pa3 e-mail miaBHoro aBropa. [Ipu 5ToM MMeHa aBTOPOB AAOTCS MOJIHOCTBIO,
OTYECTBO coKpameHHO. [Tocie 3Toro Ha aHIIMHCKOM SI3BIKE aBTOPCKUE Abstract craTbu
Ha 20-25 cTpok (37ech ke Uit KOHTPOIIs 00s13aTeIbHO Ipuiaraercst nepeBox Abstract Ha
PYCCKHH SI3bIK) M KITIOUEBBIE CIIOBA B COOTBETCTBUH C aHIIMHCKHUM aipaBUTOM (HE Ooiee
10 cmoB u He Goee IBYX CIIOB B COYCTAHUSX).

Abstract 10/DKHO OBITH TIOHATHO 03 00pAIeHUs K CaMOi IyOIMKAIUK KaK HEe3aBHCH-
MBIH OT CTaTbU UCTOYHHUK I/IH(bOpMaI_[I/II/I. Ono JOJDKHO OTBEYATh CJICAYIOIIUM KPUTCPUIAM:
nH(OPMaTHBHOCTH (HE COJEPIKAaTh OOIIMX CIIOB); COAEPKATENLHOCTH (OTpaXkaTb OCHOBHOE
COZIEp)KaHUE CTaThH: 337a4i paOOThI, METO/IbI, TJIABHBIE PE3YJIBTAThl HCCIIEI0BAHMIA); 110-
CJIeIoBaTEeNbHOCTH M3NoKeHus. [lepeBox Abstract Ha aHIIMICKAHN SI3BIK JOJDKEH OBITH
BBITIOJTHEH KaY€CTBEHHO, C MCIOJIb30BAHNEM aHIIION3BIYHON CHEINATbHON TEPMUHOIOTHH,
He OBITh JOCJIOBHBIM IIEPEBOIOM PYCCKOSI3bIYHON BepcHH (IIPU HEOOXOAUMOCTH CIIEIYeT
TAKKE BKJIIOYATH MOACHCHUA JId MHOCTPAHHOI'O YUTATCIIA, CBA3aAHHBIC CO CHeL[Hq)HKOﬁ
HCCIEeIOBAHUM).



AHHOTanus Ha PycCcKOM si3bIke M Abstract ZJOJKHBEI OBITh CTPYKTYpHPOBAHHBIMH,
T. €. OTpakaTh KPATKO MPOOIEMY HCCIEIOBAHUS U €€ COCTOSHHE, 1Ielb PaO0Thl, METOABI,
pe3yabTaThl U 3aKIIOYCHUE.

Jliis ctaThy, IPEACTABIIEMON Ha aHIIIUHCKOM si3bIKe, TpebyroTes: YJIK; mepeBon Ha
PYCCKHIA SI3bIK BCeH MH(pOpMAIMY, KOTOpast AAaeTcsl Mepesl HayaloM CTaThbH B JKypHale.
Kpome Toro, B koHIle cTaTb HEOOXOIMMO MPUBECTH PACIIUPEHHBIN pyccKui pedepar
(1-1,5 ctp.), @ B moanucsax K pUCyHKaM JaTh UX IEPEBOI HA PYCCKHUH S3BIK.

OcHognotl mexkcm pa3duBaetcs Ha pa3gensl. OOBIYHO 3TO BBEJCHUE C ONMHCAHUEM
Hay4YHOH MpoOIeChl, METOIMKA UCCIEIOBaHUH, PE3yIbTaThl UCCIEAOBAHNN, 00CYKIEHUE
PE3yIIbTaTOB, 3aKIIFOYeHHE (BBIBO/BI). B KOHIIE CTaThbu HY)KHO TIOMECTUTD CIIEAYIOIIYIO HH-
(opmarmio Ha 1BYX si3bIkax: Konduukr nHTepecos/Competing interests; @uHaHCHpOBaHuE/
Funding; braronaproctn/Acknowledgments. JKenarenbHo Takke yka3arh BKJa]] aBTOPOB
B paboTel — Bkian aBropos/Authors contribution. B pa3mene @unancupoBaHne HE0O-
XOIMMO yKa3aTb MCTOYHHK (DMHAHCOBOHM MOAEPIKKH, COCOOCTBOBABIINII BHIITOIHEHHIO
9TOM paboThI (rpaHThl (POHIOB, TPOTPAMMBI U T.11.), B bi1aroqapHoCTsIX MOXKHO TOMECTUTh
0J1aroIapHOCTb JIMIIaM, OKa3aBIIMM ITOMOLIb B IIOJrOTOBKE CTaThU.

Tloonucu nood pucynkamu Dar0TCst K KaXKJIOMY PHCYHKY B COOTBETCTBHH C €rO pac-
MIOJIOKEHUEM B TEKCTE: CHadana Ha pycckoM (Puc. 1. Jlanee moammce), a HOTOM Ha aH-
rmiickoM si3bike (Fig. 1. Figure caption). B moamucsx HE0OX0OMMO OTACIATH COOCTBEHHO
Ha3BaHHUE PUCYHKA OT OOBSICHEHUH K HEMY (3KCIUTMKALU), KOTOPBIE HAaJ0 JaBaTh C HOBOH
CTPOKH.

Pucynru u pomoepaguu nomemaror B oTneNbHbIX (aiiyiax: [yis pacTpoBbIX H300pa-
sxeHui B pactpoBbix (opmarax JPEG/TIFF/PNG/PSD, B Bekropubix — CDR, Al, EPS
u B hopmare XLS (e nomyckarorcst pucyHku B popmare Word). Pazperienne pactpoBbix
n300pakeHmit B oTTeHKax ceporo u RGB-mBer momxuao 661tk 300 dpi. Bee TexcToBbie
HAJIMCH Ha PUCYHKAX JTAIOTCS TOJIBKO HA PYCCKOM SI3bIKE, JUI CTaTel Ha aHIIIMHCKOM —
COOTBETCTBEHHO — Ha aHIVIMMCKOM. {1151 cTareil Ha pyCCKOM S3bIKE BCE YCIOBHBIEC 3HAKU
00o03HavaroTcs mudpamu (KypcHBOM) ¢ 00513aTeIbHON pacIIi(POBKOM B MTOIPUCYHOYHBIX
MOAITUCSX, T/Ie OHHM TaKke 0003Ha4aroTcss KypcuBoM. L[Udpbl MOKHO CTaBUTH M HA JIH-
HUsIX TpadukoB. Ha rpadukax Bce mkaibl 00s3aTeIbHO TTOIIMHMCHIBAIOTCS U YKA3bIBACTCS
Pa3MepHOCTh BEJIMYHUH.

Tabnuyer. 1st 60MbMAX TAOMUI] CIEAYET UCTIONB30BATh ATEOOMHYIO Pa3METKy CTpa-
Hutpl. HoMep 1 HanmeHoBaHue TaOIUIB (J1Ba OTIAEIBHBIX a03a11a) MPUBOISATCS Ha PyCCKOM
1 aHDJIMHCKOM SI3bIKaX. 3arojIOBOK TaOJHIIBI HE J0JKeH npeBbimath JIBYX crpok.

Tabmuubl 1 Tpadbl JOIKHBI UMETH 3ar0JOBKH, COKpAIEHHs CIIOB B TaOIWIax He
JloITycKaroTes. Tabnumpl HaOMparoTcsi, Kak U TekcT, B ¢opmare Word mpudTom 9 .
Ecnu y Tabnune! ecTh mpuMeYaHue, OHO TOXKE MPUBOANTCS HA ABYX sA3bIKax. [Ipumedanus
BHYTpPHU TaONUIBI HE JaroTcsl. MCronb3yroTesl CHOCKM KO BCEW TaOIMIE WM OTACTHHBIM
ee T0Ka3aTelsiM.

B tekcre ciemyer gaBath CChUIKM Ha BCE PUCYHKH M TaOiuipbl. [1pu mepBoii cebli-
ke — puc. 1, Tabn. 1; mpu moBTOpHBIX — cM. puc.l, cMm. Tabm. 1. Ecnu B Tekcte naercst
ofiHa TaOJIMIA WM OJIMH PUCYHOK, TO CCBIIKH B TEKCTE TIPHBOJSTCS CIICLYIOMINM 00pa3oM:
TIPH TIEPBOH CChUIKE — (Tadnmia), (pPUCYHOK); IPU TIOBTOPHOM CCHUIKE — (CM. TaOIHILy),
(cM. pUCYHOK).

Maremarnueckre 0003HaYCHUS, CHMBOJIbI M MPOCThIE ()OPMYJIbI PEKOMEHTYETCS
HaOMparh OCHOBHBIM LIPU(TOM CTaThH, CIOXKHbIE (GopMyisl — B porpamme MathType
(nmm B Bepemsix Word o 2007 roza BKirounTenbHO). Hymepyrorest Toimbko Te (hopMyItbl,
Ha KOTOpBIC €CTh CCHUIKH B TEKcTe. Pycckue u rpedeckue OykBbI B (hopMysax M TEKcTe,
a TaKKe XMMHUYECKHE HIEMEHTHl HAOMPAIOTCS MPSAMBIM MIPU(TOM, JITATHHCKHAE OyKBBI —
KypcuBoM. AGOpEeBHATYPHI B TEKCTE, KPOME OOIICTIPHHATHIX, HE JOIYCKAIOTCA.



[Tpu moxave craTthy B )KypHAI aBTOP JIOJDKEH IPOBEPUTH TOYHOCTH M PABHIBHOCTh
oopmIeHUS chucka aumepamypuol.

Penakius MoXkeT 0Tka3aTh aBTOpY B IpHEME PYKONUCH K JaJbHEHIIEMY pacCMOTpe-
HUIO IIPY MJIOXOM KaueCTBE CIMCKA JIUTEePaTyphl, B YaCTHOCTHU:

— IpU IpeobsIaJaHuU CCHUIOK HAa MaJIOM3BECTHBIC MCTOYHHUKH, OTCYTCTBYIOIINE
B MHB/I, Ha HEemOCTYIIHBIE UCTOYHHKH, Ha COOCTBEHHBIE paboTH! (Oombie 30 %);

— [IPY HAJIMYUH OIIMOOK B ONMCAHHUM: TIPOITYCK aBTOPa WIIM HEBEPHOE HAITMCAHHE €r0
@O, HeTouHOE HAa3BaHHUE CTATHN/KHHUTH, HETIOIHBIC MM HEBEPHBIC BHIXOIHBIC CBE/ICHUS
(ToM, HOMEp, CTPAHHMIBI, TOA M3aHus, He ykazaHHbIH DOI).

Bce npuBenieHHBIE B CTAaThe [IUTATHI JOJKHBI OBITH BHIBEPEHBI IO MTEPBOUCTOUHU-
KaM C yKa3aHHEeM CTpaHHUIbl (Hampumep, [17, c. 37]). Takke HOMKHBI OBITH TIIATEIHHO
BBIBEpEHHI Bce Oubnmorpaduueckue nanasie (PO aBTOpa/oB, Ha3BaHUE CTAaThU/
KHWTH, TOM, HOMED >KypHajla, CTpaHHUIbI, U3aTeIbCTBO, To1 n3nanus, DOI, momHbi
HWHTEPHET-a/Ipec, 10 KOTOpoMy goctyrneH TekcT crarbu/kKauru (URL), mara oOparmie-
Hus K caity). [lonusie natepruer-aapeca (URL) nomkHBEI OBITH IPUBEISHBI IS BCEX
CCBUIOK, TJI€ 3TO BO3MOXKHO.

J171 OpUrHHANIBHBIX HAayYHBIX CTaTell He0OXOAMMO yroMuHaHKe He MeHee 10 u, sxena-
TeTbHO, He Ooree 25-30 MCTOYHUKOB, I HAyYHOTo 0030pa — He MeHee 50 ncTouHnkoB. XKe-
JIaTeNbHO UCNONb30BaHMe He MeHee 30 % aHIIOA3BIYHBIX HCTOYHUKOB 3a rocnexane 10-15 met.

B cooTBeTcTBUM C 3THKOW HayYHBIX MyOJIMKAIMH PEKOMEHIYETCS, YTOOBI B CITUCKE
JIUTEPaTyphl CCHUIKM Ha coOCTBEHHBIE paboThl He mpeBbimanu 30 % oT obmiero Koimye-
CTBa MCTOYHUKOB.

B crnmicku nutepaTyphl BKIIOYAIOTCS TOJIBKO PELEH3UPYeMble HCTOYHUKH (CTaThu U3
Hay4HbIX XYPHAJIOB U MOHOTpa(n), NCIOJIB30BaHHbIEC NIPH MOATOTOBKE CTaThH.

B cBs131 ¢ HOBBIMH NPAKTHKAMH pacdeTa PEHTHHIOB HAy4HBIX XKypHaJIOB B CITHCOK
JIUTEPATypbl HE PEKOMEH/TYETCsI BKJIIOYATh!

— KaHIMJATCKHE M JOKTOPCKUE THCCepTaluy, UX aBTropedepars! (Hy>KHO IUTHPO-
BaTh CTaThH, OITyOJIMKOBAHHBIC B IPOLECCE MOATOTOBKH JIMCCEPTALUK U BKIOYAOLIHE
Matepuan u3 Hee);

— MaTepHaisl KOH(epeHIni;

— CTaTbU M3 HEPENEH3UPYEMbIX JKypPHAJIOB, & TAKXKE )KypHAJIOB, HCKITIOYEHHBIX M3
BAK, 6a3 PUHII;

— CCBUIKM Ha TPYIHOIOCTYIIHBIE, HEOITyOIMKOBAHHBIE, MAJIIOTUPAYKHBIE, & TAKXKe
JIOKAJIbHBIE, TOIYJISIPHbIE 1 00pa30BaTeIbHbIE HCTOYHUKH:

— Heolu(poBaHHBIE, OTCYTCTBYIOIINE B CETH CTapble Y4eOHbIE TTOCOOHS,
COOPHUKH TPYAOB, MOHOTpa(HH;

— METOAWYECKHE MOCO0us, TEXHIIEeCKyto nokymenTamnuio, [ OCThI;

— "HenonroBeunsle WEB-cTpanuuibl.

— CCBUIKH Ha CTaThio B medatHOM CMU, TeKkcThI Ha caliTe WK B Oorax.

[Tpn HEOOXOOMMOCTH JUIsl BBIICHIEPEYUCIICHHBIX KaTErOPUil MOYKHO HCIIOJIB30BaTh
BHYTPHUTEKCTOBBIC MOJTHBIC OMOIHOrpaduueckre cChIKU (0(QOPMIISIOTCS B KPYIIBIX CKOO-
Kax B CTHJIC CIIHCKA JUTEPaTyphl) B KOIMYECTBE He Oojee Tpex Ha ImyOmmkarmro. Bmo-
CJICZICTBUH ITPY HAIMYMN TEXHUYECKONW BO3MOXKHOCTH B MaKeTe OHM MOTYT OBITh 3aMEHEHBI
Ha CHOCKH.

B >xypnane npunsaT BaHkyBepckuil CTHIIb IIUTUPOBAHMS (OTCBHUIKA B TEKCTE B KBa-
JIPaTHBIX CKOOKax, MOJIHOE OMOIMorpaduueckoe OnMcaHue NCTOYHUKA B CITUCKE JIMTepa-
TYpHI B TIOPSIIKE YIIOMUHAHUS B TEKCTE CTaTbH).



B cooTtBercTBHM ¢ TpeOOBaHMSIMH MUPOBBIX HAyYHBIX 0a3 JHaHHBIX pedepaTnBHON
U QaHAJMTHYECKOW MH(POPMAIMU HapsLy CO CIIMCKOM JIMTEpaTyphbl Ha PYCCKOM SI3bIKE He-
00XOMMO MIPE/ICTaBUTH OMOIMOTpaUIECKUI CIIMCOK CTaTel M JOCTYITHBIX MOHOTpahui
TaKKe Ha aHIJINHCKOM SI3BIKE.

C saBaps 2024 1. MBI UCHIOJIB3YEM CTHIb O(OPMIIEHUS! CCBUIOK, B KOTOPOM ITOJT
€/IMHBIM HOMEPOM CIIHCKa 00BbEJMHEHBI paHee npuBoauBIInecs B CIHCKe JIUTEpaTyphl
u B References onmcanus 6nOmuorpaduiecknx cChbUIOK OAHOTO U TOTO YK€ HCTOYHHKA.

IIpumeps! opopmaenns

Cmamus Ha pycckom sA3bike

Hecreposa H.b., XomyTtoB A.B., Jleitoman M.O., Cadonos T.A., bemoa H.I. H-
BeHTapu3alms TepmMonnpkoB Ha Cesepe 3amagHoit CHOMPH O JaHHBIM MO3AUKH CITYT-
HUKOBBIX CHUMKOB 2016-2018 ronoB. Kpuocghepa 3emnu. 2021;25(6):41-50. https://doi.
org/10.15372/KZ20210604

Nesterova N.B., Khomutov A.V., Leibman M.O., Safonov T.A., Belova N.G. The
inventory of retrogressive thaw slumps (thermocirques) in the north of West Siberia
based on 20162018 satellite imagery mosaic. Kriosfera Zemli = Earths Cryosphere.
2021;25(6):41-50. (In Russ.) https://doi.org/10.15372/KZ20210604

Cmamus Ha anenuiickom s3viKe

Nitze 1., Heidler K., Barth S., Grosse G. Developing and testing a deep learning
approach for mapping retrogressive thaw slumps. Remote Sensing. 2021;13(21):4294.
https://doi.org/10.3390/rs13214294

Monoepadghus na pycckom sizvike

Jleiitoman M.O., KuzsikoB AWM. Kpuoeennvie ononsnu Amana u FOzopckozo noxy-
ocmposa. M.: Unctutyt kpuocgepsr 3emmm CO PAH; 2007. 206 c.

Monoepaghus na unocmpanHom azvike

Kelley M. C. The Earth’s ionosphere: Plasma Physics and Electrodynamics. San
Diego, CA, USA: Academic Press; 1989. 556 p.

Inasa uz monoepaguu

Leibman M., Khomutov A., Kizyakov A. Cryogenic landslides in the West-Siberian
plain of Russia: classification, mechanisms, and landforms. In: W. Shan et al. (eds.).
Landslides in cold regions in the context of climate change. Environmental Science and
Engineering. Springer International Publishing, Switzerland; 2014. P. 143—-162.

Monoepaghus, nepegedennas Ha AHTUNCKULL A3bIK

Aspozons u knumam. Iox pen. KA. Kongparsesa. JI.: ['unpomereonsnar; 1991. 541 c.

Kondratyev K.Ya., Ivlev L.S., Krapivin V.F., Varotsos C.A. Atmospheric aerosol
properties, formation processes, and impacts: from nano- to global scales. Chichester:
Springer/PRAXIS; 2006. 572 p.

Monoepagpuu be3 asmopos

Kokhanovsky A., Tomasi C., editors. Physics and Chemistry of the Arctic Atmosphere.
Springer Polar Sciences series. Cham: Springer; 2020. 717 p. https:// doi.org/10.1007/978-
3-030-33566-3

Ceblaku Ha uHmepHem-pecypcol

Global Modeling and Assimilation Office (GMAO). MERRA-2 tavgl 2d
aer Nx: 2d, 1-Hourly,Time-averaged,Single-Level,Assimilation,Aerosol Diagnostics
V5.12.4, Greenbelt, MD, USA, Goddard Earth Sciences Data and Information Services
Center (GES DISC). 2015. URL: https://10.5067/KLICLTZ8EMO9D (accessed 15.04 2023)



Te3ucwvl KoHgepenyuu (npu ocmpoii HeobxooumMocmu).

Maxkapos E.J., Camreprureiin E.Bb., @ponos C.B., @exsxos B.E. Pa3pabdorka crienapu-
€B JUISl TAKTHYECKOTO ITAHMPOBAHMUS TPAH3UTHBIX PEHCOB ra30BO30B B JIEOBBIX YCIOBUSIX
B akBaropunt CMIL. B kH.: Tpyosr 15-1i MeswcoynapooHoii KoHGepeHyuu 1 8blcmasKu no
oceoenuio pecypcos neghmu u 2aza Poccuiickou Apkmuku u KOHMUHEeHManbLHo2o uelb@a
cmpan CHI' (RAO/CIS Offshore 2021), 21-24 oxmsaoépa 2021. CII6.; 2021. C. 181-187.

Ecnn crares omy0ianMkoBaHa B )KypHAJe, HMEIOIIEM PYCCKYIO U aHIIIMHCKYIO Bep-
cun, To Oubnmorpaduueckne maHaple B References ciiexyer mpuBOOUTh M3 aHIITHICKON
BEPCHU JKypHaJIa:

Bunorpanosa A.A., Bacuises A.B., MIBanosa FO.A. 3arps3Henune Bo3ayxa YepHBIM
YIJIEPOIOM B paiioHe 0-Ba BpaHrens: cpaBHEHHE MCTOYHHKOB M BKIIAIOB TCPPUTOPHIA
EBpazun u Ceseproit AMepuku. Onmuxa ammocgepwt u okeana. 2020; 33(12):907-912.
https:// doi.org:10.15372/A0020201201

Vinogradova A.A., Vasileva A.V., Ivanova Yu.A. Air pollution by black carbon in
the region of Wrangel Island: comparison of Eurasian and American sources and their
contributions. Atmospheric and Oceanic Optics. 2021;34(2): 97-103. https:// doi.org:
10.1134/S1024856021020111

Jlns crareit U3 Hallero *ypHanaa oTMeTuM, uto ¢ 2018 r. Ha3BaHMeE XKypHaIa Ha aH-
DIUICKOM si3bike — Arctic and Antarctic Research. J1o 2018 1. Ha3BaHKMe Ha aHTIIUHACKOM
obu10 Problemy Arktiki i Antarctiki

Crarbu, HE COOTBETCTBYIOIIHME YKa3aHHBIM TPEOOBAHMSAM, PACCMATPUBATHCS HE OYIyT.
[Tpu pabote HaL pyKOIMCHIO PEAKINS TI0 COINIACOBAHHIO C aBTOPOM BIIPABE €€ COKPATHTh.
ABTOp, MOANKCHIBASI CTAThIO M HAIPABIISAS €€ B PEAKIIHIO, TEM CaMbIM IEpeIacT aBTOPCKHE
npaBa Ha U3JaHKe dTOH cTaThu XypHaiy «lIpobiembr ApkTuku u AHTapKTHKH / Arctic
and Antarctic Researchy.

PenakioHHast KOJJIETHsI HE BCTYINAeT B AMCKYCCHHU C aBTOPaMHM IO TIOBOAIY IIpH-
HHUMAEMBIX €10 PELIEHUH.

Bonee monubie cBeneHus 1Mo 0()OPMIICHUIO CTAaThU MPHUBEIEHBI B JoKyMeHTe « Tpe-
0oBaHUS K OQOPMIICHHIO CTaTeH, MPUCHUIAEMBIX B XKypHals [IpoOiaeMbl ApKkTHKH 1 AH-
TapKTHKW», KOTOPBII 00s13aTeNIeH sl O3HAKOMJICHHS ITPU ITOATOTOBKE MaTepHaioB CTAThU.

06 Annomayusx. Pegakums peKOMEHIyeT BCEM aBTOpPaM O3HAKOMHTHCS ¢ PexkomeH-
JALHUAME IO 0()OPMIICHHIO aHHOTALIUH HA aHITIMHCKOM SI3bIKE, KOTOPBIE SIBIISIIOTCS JUISl HHO-
CTPaHHBIX YYEHBIX U CIICUAINCTOB OCHOBHBIM M, KaK IIPABHIIO, €IMHCTBEHHBIM HCTOYHHKOM
UH(OPMALIUK O COACPKAHUU CTAThH M U3JIOKEHHBIX B HEW pe3ylibTaTax MCCIIeOBaHHN.
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