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[TosrydeHsl naHHBIE O BbIcOTe rpaHuilbl mutaHus (ELA) nsa nenHukoBoro Kynosa beuimHcray3eH Ha ocT-
poBe Kunr-/xopmx (Barepmoo) B AHTapkTuke 3a 2007—2012 u 2014—2023 rr. BocctaHoBIIEH XapakTep
n3meHeHust ELA ns xyroiia ¢ 1947 1. mo Hacrosiee BpeMsi. BoisiBlieHa CHHXpOHHOCTb u3MeHeHust ELA

Ha octpoBax KuHr-JIxxopmx 1 JINBUHICTOH.
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Ha ocHoBe aHa/iM3a MoJIOXEeHUs BbICOTHI TPaHM-
bl utadus (manee — ELA (Equilibrium Line Alti-
tude) Ha HeOOJBIIOM JETHMKOBOM KyIojie ben-
JuHcray3eH Ha octpoBe KuHr-/Ixxopmx (Batepiioo)
B AHTapKTUKE, IIOTYYeHHO IIPY Ha3eMHBIX INISIIINO-
JIOTMYECKUX UCCIEOOBaHMSIX 3a Iepuoa HaOIOaAeHUIA
2007—-2012 1 2014—2023 rr. 6b171a OOHapYKEeHa XOpPO-
mrasi CBsI3b Mexxay nojoxenuem ELA u cpenneit net-
Helt Temiieparypoii Bo3ayxa (XII—II mecsibr) ¢ Ko-
addumeHTOM AetrepMuHauuu okoyio 0.8. Mcxons
M3 TIPEAIIOJIOXEHUS O CTAaOMIILHOCTHU 3TOM CBSI3U U B
MPOIIIOM, 3TO ITO3BOJIMJIO BOCCTAHOBUTD XOJI M3ME-
HeHusl noJioxkeHust ELA B TedeHMe Bcero repuoaa
MHCTPYMEHTaJIbHBIX HAOMIOAeHUI Ha METEOCTAHIIUN
BemumHcrayseH (¢ 1968 1.). [1oCKOMBKY 1T HEKOTO-
PBIX JIET OBIJIM MOJYYeHbI OTPULIATEIbHBIC 3HAYCHUS
nonoxeHus ELA, yTo ¢pu3ndeck HEBO3MOXHO, MX
WCKYCCTBEHHO MPHUPABHSIIN K YPOBHIO MOPSI. XOPO-
Iasi CBSI3b METCOJAHHBIX, IOJYYCHHBIX Ha METEO-
craHuMM beanuHcray3eH 1 Ha METE€OCTaHIIMU OCTPO-
Ba JlecemniiieH MO3BoOIMIIA IIPOMIUTD PSII U3MEHEHUI
nojioxeHust ELA Ha ©oJjiee IIMTeabHBIN nepuon, (C
1947 r.). CrimanuB CHJIBHBIE MEXTOIOBEIE M3MEHEHUS
noyoxeHnss ELA mpn moMonin NITUIIETHETO CKOJIb-
3SIILIETO OCPEIHEHMS, BHISIBJICHBI IBa ITOJIHBIX IIEPUO-
nIa n3MeHeHus ronoxeHust ELA (oT MuHUMyMa 1o
MUHUMYMa) IIPOOOIKUTEIBHOCTBhIO OKoJo 20 JeT
(1947—1968 1r.) 1 45 met (1968—2013 rr.). C 2014 1.
10 HACTOsIIIIee BpeMsI IIPOA0JIKAETCS TPETUIA ITePUO/T.
Ha amoree kaxmoro nepuona mmonoxenue ELA oka-
3BIBAJIOCH BBIIIE BBICOTHI JISAHUKOBOTO KynoJja bei-
JIMHCTay3€eH, YTO TOBOPUT O TOM, UYTO B 3TU T'OMbI JIC -
HUKOBBII KYITOJI IOJTHOCTBIO TEPSUI 0071aCTh aKKyMYy-

Jsiyu. JIJist IeMHUKOBBIX KyIoJIoB bemnHeray3eH u
BapiraBa BhIsiBIeHa 3aKOHOMEPHOCTH 00Jiee BBICO-
koro noJjioxkeHus:t ELA Ha 3ammagHbIX U I103KHBIX CKJIO-
Hax MO CPaBHEHUIO C BOCTOUHBIMU, YTO, BEPOSITHO,
OPpUMEHUMO KO BceMy ocTpoBy KuHr-xopmx. I1o-
ckonbKy wm3MeHeHne ELA ©Ha octpoBe KwuHT-
J>XKOpmK CHHXpOHHO C U3MEHEHMEM BBICOTHI TpaHU-
bl MUTAaHUSI Ha ocTpoBe JIMBUHICTOH, TO HAaHHEIE
nonmoxennss ELA Ha negHmkoBoM Kymoie bemn-
JIMHCTay3eH, BEPOSITHO, MOTYT ObITh MOJIE3HBIMU 15T
BOCCTAHOBJICHUSI UCTOPUM oJieneHeHUsT Ha FOXHBIX
lIeTnanackux ocTpoBax.

BBEAEHUE

JduvuHaMuKa BBICOTBI TPaHUILILI TUTAHUS (Hajiee —
ELA) BaxHa i1 MIOHUMAHUS 3BOJIIOLIMA KOHKPET-
HBIX JICTHUKOB 1 OJICACHEHUS BCETO peruoHa. Brico-
Ta TPaHUILILI TIMTAHUSI MOXET ObITh paccuMTaHa sl
KOHKPETHOIO 0aJIaHCOBOTO rola, psiaa JIeT VI ISt
YCTOMYMBOTO IT0JIOXEeHUs JeqgHukKa (Ahlmann, 1924;
Atle, 1992). ITockonbky ELA sBisieTcss mapaMeTpoM,
PaBHOBECHBIM C KJIMMATOM, OHa 3aBHCUT OT psaa
MPOLIECCOB, CBI3aHHBIX C aKKyMYJISILIeil 1 aOJsIiu-
eil. Cpean HUX caMble BaXKHbIe — HaKOILJICHUE U Tie-
pepacrpeelieHle 3MMHUX OCaJKOB, a TaAKXKe M3Me-
HEHUeE JIETHUX TeMmIiepatyp Bo3ayxa. CKOpOCTb MpU-
pocTa WM YOBLIM MAacChl JIEIHUKA 3aBUCUT OT €ro
MecCTONnoNoXeHUsI. CUnuTaeTcst, 4YTO JIGAHUKHU HaXo-
JISTCS B YCTOMYMBOM COCTOSIHMM, €CJIW TUIOIIAIb aK-
KyMYJISILIMM BABOE MpEBBIIIACT IIOIIAAb aOJSIIUn
(Braithwaite, Muller, 1980). ITonoxenue ELA cuib-
HO MEHSIETCS TOI OT ToJa, IT03TOMY OOBIYHO UCIIOJIb-
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3YIOT €€ 3HaueHue, OCPEIHEHHOE 3a HECKOJIBKO JIEeT
(He MeHee MSITH).

ITocKoNbKY MOJIOXKEHUE BHICOTHI TPaHUIIbI TTUTA-
HUS OoIpeaesieTcs KojebaHUusIMU KiruMara, OHO MO-
KeT OBITh UCIOIb30BAHO ]IS TTajleoreorpaduiecKx
IMOCTPOCHUI, CBSI3aHHBIX C U3BMEHEHHEM pa3MepoB
onencHeHus (Braithwaite, Miiller, 1980). s onpe-
nelteHus monoxenust ELA B HacToseM U IIpoIIioM
UCHoab3yloTcs pasnuuHbie Mmetonuku (Kuhle, 1988;
Atle, 1992). OgHako mist BCeX 3TUX IIOCTPOSHUI BaXK-
HO, 4TOOBI TPaIUEHT U3MEHEHMUST BbICOTHI TPAHUIIBI
NUTaHUS BO BpeMeHU ObLT JuHeiHbIM (Braithwaite,
Miiller, 1980). CaMbiM HaaEXHBIM METOIOM OIIpee-
nenuss ELA cayxaT TolieBble U3MepeHUsT OajaHca
Macchbl. JIpyrvue MeTobl UCIIOJB3YIOTCI B TEX CIyda-
SIX, KOLJa HET MOJICBBIX NU3MEPEHUIA.

BricoTy rpaHULIbI MUTAaHUS WU3ydajdld Ha MHOTUX
JIEMHVKAX B pa3HBIX paiioHax Haleil miuaHeTsl. Kak u
camu negHnuku, ELA n3MeHsieTcst mo cBoeMy BBICOT-
HOMY TIOJIOKEHWIO, pacriojiarasich BOJM3U YPOBHSI
MODSI B TTOJISIPHBIX pETMOHAX U MOTHUMASICh BEICOKO
B TOPBI TIpU yaaJleHUU oT nomocoB (Isuunonornye-
CKUM..., 1984). M3yyeHUIO0 BHICOTHI I'paHMUIIbI MTUTA-
HUS TTOCBSIIIEHBI MHOTOUYMCJIEHHBIE MyOINKAIUN
(Miiller, 1980; Kpenke, 1982; Kuhle, 1988; Atle,
1992; Braithwaite et al., 2022). OgHako 111 CeBepHOt
yacTu AHTapKTUYeCKOro mnoyyoctpoBa U HOKHBIX
IleTmaHaCcK1UX OCTPOBOB OHM HEMHOTOUMCIICHHEI.

BricoTa rpaHuIIbI MATAaHUS JISTHUKOB Ha 0. K1HT-
JIKOopIK neTajdbHO He n3ydajachk. [1o oTaeIbHBIM OT-
PBIBOYHBIM CBEICHMSIM MOXHO ycTaHOBUTH ELA B
OTIEbHBIC TOAbl Ha JeAHWKAX, IIe IPOBOIWINCH
DISIUOJIOTMYECKUE HCCIeAOBaHUsA. AHAIU3 U3Me-
HEHUS MOJIOXKEHUS BBICOTHI TPAaHUIBI IMUTAHUS BO
BpemeHu g FOxubpix Illetnanmckux OcTpoBOB
BBITIOJTHEH B paboTax (Braun, 2001; Falk et al., 2018;
Dziembowski, Bialik, 2022), Ho n3-3a HegocTaTKa JaH-
HBIX HUKAK1X 3aKOHOMEPHOCTE OOHApYy>KeHO He ObI-
Jio. HaubGosnblllee KOIM4YecTBO Macc OajlaHCOBBIX Ha-
OII0EHMIT BBIIOJIHEHO Ha JICIHUKOBOM Kynone ben-
JIMHCTAy3€H, pPAacloJIO(KEHHOM B CEBE€pPO-BOCTOYHOI
yacTu TonyoctpoBa Pailyiac Ha 3amaae camoro 00b-
IIIOTO OCTpoBa apxurienara — Kunr-JIxxopmxk.

OtpriBouyHbIe cBeAeHUsT 0 ELA Ha ocTpoBe MOX-
HO MOJYYUTb U3 pabOT POCCUNCKUX YUEHBIX (3amo-
pyes, 1972; OpnoB, 1973), npoBOAMBIINX UCCIEAOBA-
HUS Ha MajioM JIESTHUKOBOM KyrmoJje (HbIHE JIGAHU-
KOBbIT Kynion bemnmuHcraysen) B 1968—1971 rr. B aTo
BpeMsl TpaHUIla TUTAHUS HaXOAWJACh Ha BBICOTE
150—170 m. ITo maHHBIM KMTAWCKUX UCCIefOoBaTeeH
(Wen et al., 1998) B 1985—1992 rr. ELA pacnonara-
Jach Takxke Ha BeIicoTe 150 M Ham yp. MOpsI, OTKyda
JieJiaJicsl BIBOJ O CTaOMJILHOCTHU OJIeICHEHUSI KyTloJia
(Wen et al., 1994). BoicoTa rpaHuilbl MUTaHUS CTajla
MEHSTBHCS B KOHIIe XX — Havasie XXI croneTuii, Ko-
IJa OHa Hayaja MOCTeIeHHO MOTHUMAThLCS, JOCTHUT-
HyB B 2004 r. BepIlIMHBI JIGTHUKOBOIO KyIIOja, T.C.
BbicoThl 250 M Ham yp. mops (Brawn, 2001; Brawn,
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2009, yctHOe coobmenue). Hamm nccienoBaHus 6a-
JJaHCa Macchl JIEMTHMKOBOro KymnoJja (Mapiionos,
2014), nmpoBoausuiuecs ¢ 2007 o 2022 1. ¢ nepepbl-
BoM B 2012—2013 IT., TO3BOJIMIN JOITOJIHUTH MMEIO-
muecs naHHele 00 ELA, a Takxke BBISIBUTH 3aKOHO-
MEPHOCTHU ¢€ U3MEHEHMS, YTO ITO3BOJIMIO NPOIJINTh
JIaHHBIE O BHICOTE I'PAHMIILI MUTAHMWS HA BECh IEPUOL
MHCTPYMEHTAJIBHBIX METCOHAOMI0AeHIS Ha 0. KMHT-
JI>KOpIK.

METO/IMKA UCCJIIEJJOBAHU

Ha nenHukoBoM Kynoje bemnuHcrayseH ycra-
HOBJICHA CeTh 13 29 a0ISILIMOHHBIX peeK, KOTOPasi I10-
YTU HAIIOJIOBUHY MOBTOPsIJIa aHAJIOTUYHYIO CETh, MC-
MOJIb30BABIIYIOCSI HEMEUKMMU MCCAea0BaTeIsIMU
(Braun, 2001). HabmrogeHus 1o peiikaMm IIpOBOIM-
Juch B ce3oHbl abysiuuu 2007—2012 u 2014—2023 rr.
C YacTOTOl OAWH pa3 B HEIEJI0, UTO COBMECTHO CO
CHETOMEPHOIT ChEMKOI B KOHIIE IIEpHOAa aKKyMYJISI-
LI TTO3BOJISIO MOACYMUTATh OajlaHC Macchl KaK IS
KaXXI0UM TOYKU U3MEPECHUST aOJISILIMU, TaK U JJISI BCETO
KyIIoJia B 11eJioM. PacronoxkeHue peex mo mpouisaM
Ha pa3HbIX BHICOTAX M Ha CKJIOHAX pa3HOIi AKCITO3M1-
LU J1aJ0 BO3MOXHOCTb OoTMedaTb BbicOTy ELA He
TOJILKO IUISI BCEro JISMHUKOBOTO KYIIOJa, HO W IJIs
9TUX IMpOoduieit, To €CTh IJIs1 OTACTbHBIX CKIOHOB KY-
nosa. st Kaxkaoro poguist CTpOWIM rpaduk mu3-
MEHeHMs 0ajaHCca MaCChl C BBICOTOI, YTO ITO3BOJIMIIO
paccuuTaTh ypOBEHb HYJIEBOIO 0ajlaHCa WJIM BBICOTY
rpaHuibl uTaHust. [T0CKoOIbKY B OOJBIIMHCTBE Cy-
yaeB pacuy€THble 3HaueHUsI ELLA oka3bIBaiImch B Ipu-
BEPIIMHHON YacTH JIGAHUKOBOTO KYIIOJIa WJIU BbIIIE
Hero, IJisl MOJyYeHUsI CpeIHEro 3HayeHUsl BBICOTHI
rpaHUILbl TUTAaHUS OHU apu(pMETUYECKU OCPETHSI-
muck. M3yuenune nuHamuku ELA mokaszajo npenmy-
ILIECTBO MISIIMOJOTUYECKUX HAOTIONCHUI Ha JIGAHU -
KOBOM Kytioyie beiummHcray3eH Han HaOIOACHUSIMU
Ha Apyrux JegHukax octpoBa KwuHr-/Ixopmxk, rae
JIETHUKYW OPUEHTUPOBAHBI TOJIBKO B OJHOM Hampas-
nenun. Hanpumep, 1eqHUK DKOJIOTMIECKUil OpUeH-
THUpPOBaH Ha BocTok (Bintanja, 1995), nemnuk @ypran
— Ha 1or (Falk et al., 2018), neqnuk JlaHre — Ha 10TO0-
BocTtoK (Mojica-Moncada et al., 2021), B To BpeMsI
KakK HaOJIIoIeHUsT Ha KyTioye bemmHcray3eH mo3Bo-
JIWJIA OLIEHUTH TUHAMUKY BbICOTBI TPAHUILIbI TTUTAHUS
Ha CKJIOHAX W 3araJgHoOi, W IOXKHOM, U BOCTOYHOM
aKcno3uluii. BMecre ¢ TeMm 060c00JIeHHOE MOJI0XKe-
HUeE KyIloJia, OTKPBITOTO JIJIsl BETPOB BCEX HaIlpaBJie-
HUIi, IO3BOJISUIO IOIYYUTh 0OJiee ITOJHBIC JaHHBIE,
yeM HabJIIoAeHUs Ha JPYTUX JIEAHUKAX.

ITonygyennsie cpenane nanHbple ELA MBI cpaBHU-
BaJIu CO cpenHen neTHelt Temmeparypoit 3a XI1—II u
XII—III mecsubl Mo MeTeoCcTaHLIMU bemuHcrayseH,
pacnoJjioKeHHOI Ha BbICOTe 16 M Ha OMHOMMEHHOI
aHTapKTUYECKOM CTAaHIIMU U Haxoas1eics B 3.5 KM K
3araay-ro-3amnanay oT Kpasl JISTHMKOBOIO KyIIOJa.
3UMHME OCaIK! B pacy€T HEe MPUHUMAINCh, TaK KaK
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OHU MaJilo U3MeHsTIoTCd Ton oT roma (CBOmHBIE... —
DJIeKTPOHHBIN pecypc).

151 neqHUKOBOTO KyTiojia bennuHcrayseH xapak-
TEPHO €XEerogHoe HaKOIUIEHYE HaJIOXKeHHOTO JIbIa B
OCHOBaHUM CHEXXHOro rmokpona (Masionos, 2022a).
ITocne ctauBaHMs cCHera HaJIOXKEHHBIN JIEN TaKKe Ta-
eT. OmIHAaKO IIpU HEMOJIHOM CTauBaHWU CHEra MOII-
HOCTb HAJIOXKEHHOTO JIbAa KaXKAbIi TOJl yBEIUIMBACT-
cg. B 2012—2016 rr. 1 1mo3:xe mIst JIETHUKOBOIO KYIIO-
Jna BennuHcrayseH mpM IIOJIOXKUTEILHOM OajaHce
MacChl Ha OTHEJIbHBIX yJacTKax OBLIO XapaKTEepHO
HaKOILJICHWE HAaJIOKEHHOTO JIbda IIO[ HecTauBalo-
IIMM CHEXHBIM IToKpoBoM. ITockonbKy BeIicoTa rpa-
HULIBI UTaHUS IIPOBOAUTCS MO HIDKHEW TpaHUIE
pacrnpocTpaHeHUs] OAHOJIETHETO HAJIOXKEHHOTO JIbja,
a B MHOTOJIETHE TOJIIE OTHOPOIHOIO HAJIOXKEHHOTIO
JIbIa HEBO3MOXKHO BBIWICHUTH CJIOM HaJIOXEHHOIO
JIbJa KOHKPETHOTO Trojia, TO MPOBEACHUE TPAHUIIBI
ELA Ha Kynose B 3TU roabl B HEKOTOPBIX CIIydasix
BBI3BIBaeT 3aTpyaHeHre. OgHAaKO peeuHbIe HAOIIoae-
HUSI MO3BOJISIIOT MPEOAO0JETh 3TU TPYAHOCTH, YEro
HEeJIb3sl CcKa3aTh O AUCTAHIMOHHBIX HAOJIOOESHMSIX
(Masnronos, 20220). IToaToMy mis1 BEISICHEHUS IO~
JIOXKCHMST BBICOTHI T'PaHUIIbl TIMTAHUSI HA JIEIHUKO-
BOM Kyrmojie beiummHcray3eH HOpeanoYTUTEIbHBI
MMEHHO peeUHbIe HAOIIONEHNSI.

MECTO HABJIIOAEHUN

JlemnukoBelit Kymon bemnuHcrayseH (TIpexxHue
Ha3BaHUs: Kynos A, Maslii Kynosn, Kynon KouinH3)
nMeeT OKpyriyio ¢opMy ¢ mmamerpom 3.5—4.5 K,
MJIOLAABIO OTKPBITOM JIEASTHON MOBEPXHOCTU OKOJIO
9 km? u BbIcOTOM 250 M Hax yp. mops (puc. 1). Jlen-
HUKOBBII KYMOJ IO OOJbIIE 4acTU CBOETO Tepu-
MeTpa OKPYKEH MOPEHOI C JIEASIHBIM SIIPOM, BHEIII-
HS TpaHMLA KOTOPOU CIY>KUT IpaHULEN JIETHUKO-
Boro kyrmosia. JIeTHUKOBBIA KyIIOJd ITOBCEMECTHO
3aKaHUYMBaeTCs Ha cyllle Ha BoicoTax oT 0 1o 50 M Han
yp. Mopsi. CKIIOHBI KyMoJia MOJIOTMe 1 Yallle BCeTo He
npeBbiapT 10° 3a UCKITIOYEHUEeM HUKHEN YaCcTH Ky-
1oJia Ha BOCTOYHOM CKJIOHE, IJIe HAaKJIOH CKJIOHA J10-
cruraet 20°, MecTaMu Iiepexons B oOpbiB. B ceBepo-
BOCTOYHOM YacTU IO MepelIeiiky BBICOTOU OKOJIO
230 M Hag yp. MOpPS KYIOJI IPUMBIKAET K JISTHUKOBO-
MY KyIojly ApKTOBCKMIA, BbICOTa KOTOPOTO TPEBbI-
maet 700 M Ham yp. Mopsl.

Kiumar Ha octpoBe KuHr-XXOpax MOpPCKOH ¢
TEIUIO 3uMOii (CO cpegHel MeCSIYHOI TeMIepaTy-
poii —5°C) u npoxyiagHbIM jieToM (1o 2—4°C). Ipe-
obnanawT Betpa C3- u KOB-nHanpasneHnuit (CBomu-
HEIE... — DJIEKTPOHHBINA pecypc).

PE3YJIbTATbI HABJIIOJAEHU

N3mepenns 6amaHca Macchl IO OTASIBHBIM peii-
KaM I103BOJIUJIM cOOpaTh JaHHbIE OTHOCUTEIBHO I10-
noxeHusa ELA Ha pa3HbIX CKJIOHAX JIETHUKOBOIO KY-
nona (tadnuua). ITockonsky B 2021/22 r. HabmoOe-

HUS Ha JEAHUKOBOM KYIOJi€ IIPOBOIMIUCH TOJIBKO B
TeyeHUe dheBpaisl, peajbHbIX 3HaYEHMIT BBICOTHI Ipa-
HULIBI IIMTAaHUS TNOJY4YUTh He ymanoch. [IpuBeméH-
HblI€ B TaOJIMLIE CBEAEHMS 32 3TOT o, IpUOIN3UTEIb-
HBI U B TaJIbHEHIIINX TOCTPOESHUSIX HE UCITOJIb3YIOTCS.
3nauenust ELA g 2020 u 2023 1T. pacIioyioXeHbI
BBIIIIE BepXHEil TpaHUIILI KyTToJia, paBHoM 250 M. DTO
O3HAyaeT, YTO B OTU JIETHUE CE30HBLI BCSI IOBEPX-
HOCTb JIGAHUKOBOI'O KyITOJIa HAaXOIWJjIach B 001acTu
a0JTALINN.

AHanu3 naHHBIX, IIPUBEIEHHBIX B Ta0a. 1, moka-
3piBaeT, yTo ELA Ha nemHuKoBOM Kyroje ben-
JIMHCTay3eH NEiCTBUTEIBHO ITOABEPXEHA CUJIbLHBIM
MEXTOIOBBIM KOJeOAaHUSIM: OHA OMYyCKaeTCs K MOJI-
HOXKMIO JIETHUKOBOIO KYI0Jia B TOABI C IOJI0KUTEb-
HBIM 0ajJlaHCOM MacChl M IIOJHUMAETCSI K BEpIIMHE
JIETHUKOBOTO KYITOJIa VJIM BbIIIE HE€ B TOOBI C OTPU-
HaTeabHBIM OajtaHcoM Macchl. B cpeqHeM MHOTrOJIeT-
Hee MOJIOKEHUE BBICOThI I'PAHULILI IIMTAaHUS OTMEYe-
HO B BepxHeil 4acTH JIGAHUKOBOTO KYII0JIa HA BBICOTE
okoJiio 190 M. Dto monoxenue ELLA onmHakoBO Mo-
YTU Ha BCEX CKJIOHAX JIGAHUKOBOIO KyIIOJIa, 3a WC-
KJIIOUEHEM BOCTOUYHOTrO CKJIOHA, Te BBICOTa Tpa-
HUIIBI NUTAaHUS HAXOIUTCI Ha BbICcOTe OKoJo 170 M
13-3a IPUYPOYSHHOCTU BETPOBBIX HATYBOB K 3TUM
YacTSIM JIETHUKOBOTO KYIIOJIA.

KpoMe MeXrogoBhIX KOJICOAaHMII TOJOXECHUS
ELA na6GmomaroTcs €€ BBICOTHBIE KOJIEOAHUSI U Ha
pa3HbIX CKJIOHAX JISTHMKOBOTO KyIioJjia. B roapl ¢ mmo-
JIOXUTEIbHBIM M OTpULIATEIIbHBIM 0ajlaHCOM MacChl
caMoe HM3KOe MOJIOXKEHNE BBICOTHI TPAaHUIBI TTUTA-
HUS TATOTEET K BOCTOYHBIM CKJIOHAM JIEAHUKOBOTO
KyIIOJIa, YTO TOBOPUT O IIpeodIafaHu B 3MMHEE Bpe-
Ml 3aITagfHBIX U CeBEPO-3anaaHbIX BeTpoB. OIIHAKO B
2009/10 r. mpu TOJOXUTEJILHOM OajaHCe MAacChl
Hu3koe nosgoxeHue ELA Tdaroreino K 3amagHbIM
CKJIOHAM M3-3a TpeoOdJlagaHusI 3MMHETO IepeHoca
CHeTa I0ro-BOCTOYHBIMU BETPAMM.

CpaBHeHUE MOJOXEHUSI CPEIHETro 3HAUYEHUST Bbl-
COTBI I'PaHULIBLI ITUTAHUS C TOIOBBIM OaJIaHCOM MAaCChI
Ha JISMTHUKOBOM KYIIOJIe IToKa3aHo Ha puc. 2, a. OT-
MeJaeTcsl HeTlloXasl CBSI3b 9TUX MapaMeTpoB (Koag-
¢duumneHT aetepMuHaliu paBeH 0.78), MOCKOJBKY
XOPOIIIO BUIHO, YTO IPH ITOJIOXKUTEILHOM OajaHce
maccel ELA omyckaercst, a ipu oTpuLIaTeIbHOM 0a-
JIaHCE MacChl — ITOJTHUMAETCS.

CpaBHEHME BBIYMCIIEHHBIX II0 BCEM HPOQPUIISIM
CpPEOIHUX 3HAUEHWI BBICOTHI T'pAHMUILI MUTAHUS B
KaxxnpIii rog namepenunii ¢ ELA xaxxnoro otoeibsHOro
nmpoduiist Tex e JIeT IJIsl BCero Irepuoaa Habaoae-
HUI MOKa3aJl0 OYEHb BBICOKUI KO3(GGUILIMEHT ae-
tepmuHanuu (0.8—0.9). DTo o3HayaeT, YTO 110 MOJIYy-
YEHHBbIM 3aBUCUMOCTSIM JUISI KaXIOTO OTIEeJIBLHOIO
CKJIOHA KYITIOJIa C OOJIBIIOM CTEMEHbIO JOCTOBEPHO-
CTU MOXHO BBIYMCIIMTH CpedHee 3HAYEeHUE BHICOTHI
rpaHULBl IIMTAHUS IJISI BCEX CKIIOHOB, TO €CTh IS
BCEro JIEMHUKOBOTO KYIIOJIa 32 JJIUTEIbHbIE TIEPUOIBI
BpPEMEHMU.
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Puc. 1. JlennukoBsiii kynoi beanuncrayseH. (a) — I[Nonoxenue o. Kunr-/Ixopmk (Batepioo), ykazaHo CTpesiKoit; (6) — ocT-
poB Kunr-/Ixxopmx (Batepioo) (rmonoxkeHune pucyHka () okazaHo KBaapaToM); (6) — MmoJioxkeHue npoduieii usmepeHust 6a-
JIaHCa MaccChl Ha KyTioJie: / — TOpU30HTaIN Ha MOBEPXHOCTHU KYIIoJia, 2 — Kpail KyroJjia, 3 — npoduin u ux Homepa, 4 — 1moJjo-
XeHue peek HaboaeHui (a — Te, 4YTo AyOJMpYyIOT HEMELIKKEe peiiku, 6 — ycTtaHoBJieHbl Hamu. Cuctema koopauHaT UTM,
23 30Ha).

Fig. 1. Bellingshausen Ice Dome: (a) — Position of King George (Waterloo) Island, shown by arrow; (6) — King George (Water-
loo) Island (position of sector (¢) shown by square); () — position of profiles of mass balance measurements: / — contour lines
on Ice Dome surface, 2 — edge of Ice Dome, 3 — profiles and their numbers, 4 — position of observation stakes (a — those that
duplicate German stakes, 6 — installed by us. Coordinate system is UTM, 23 zone).
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Ta6muna 1. ITonoxxeHne BEICOTHI TpaHUIIBI MMTAHMWS Ha pa3HbIX CKIIOHAX JIEAHUKOBOTO KyIojia bemmmHcrayseH (pacyér
110 YPaBHEHMSIM PErpeccuu ISl TOUeK M3MEPEeHU 6aaHca Macchl B IIPOMUIISIX)

Cpensist BricoTa BrIcoTa rpaHULLI IUTAHUSL, M HaJl Yp. MOps,
bananc TeTHSS FpAHULIBI Ha cki1oHax (Ne mpoduis)
Ton, macchol Bn,
CM B3 TeMIieparypa| MUTaHUA, M | 3apgn-| 3anan-2 JOro-3araj or BOCTOK
XII-II, °C |Han yp. Mopst (ii) ) V) @iv) (iii)
2006 1.7 250
2007 1.6 250
2008 —15.5 1.4 217 245 220 200 218 200
2009 —84.9 1.6 232 265* 232 207 251%* 207
2010 29.8 0.3 49 40 40 43 2 120
2011 —45.3 1.1 232 250 257* 197 251* 205
2012 —48.3 1.1 228 247 246 202 232 211
2013 — —0.2 172 100 198 180 186 198
2014 — —0.5 32 30 30 40 20 40
2015 4.6 0.6 46 40 30 100 40 20
2016 9.4 0.13 113 30 180 138 196 20
2017 —43.4 1.3 238 250 279* 205 251%* 204
2018 —56.1 1.4 229 250 250 197 250 200
2019 1.8 0.6 143 155 170 179 104 105
2020 —152.9 1.9 338* 442%* 285* 284* 325% 356*
2021 —65.4 1.4 230 248 247 203 243 210
2022 — 1.6 195 210 240 190 225 110
2023 —124.5 1.9 260* 264* 282* 210 274%* 242
CpenHee 192 192 199 173 192 166

*BpIcoTa rpaHUIIbI TUTAHUSI, TTOJyUYeHHAsI TI0 pacyéTaM.

IMTockonbKy 3UMHME OCaIKK MaJI0 U3MEHSIIOTCS BO
BpeMeHM B 3Toi 4yactu o. Kwuur-/Ixxopmkx (Com-
HBbIE... — DJIEKTPOHHBINA pecypc), OCHOBHBIM (paKTO-
POM BIMSIHUS KJIMMaTa Ha moyoxeHue ELA oka3bl-
BaeTcs TemiepaTypa Bo3ayxa. IlpoaHanu3mpoBaB

350
300
250
200
0100

y=1.3974x + 133.04 \?59\

R*=0.775
<1050 o

M HaJ yp. MOPS

CBSI3b BBICOTBI TPAHUIIbI MUTAHUS CO CPEAHEN JieTHe i
TeMIIEpaTypoil BO3Ayxa Ha MeTeocTaHUUu ben-
suHcrayseH 3a Tpu (XII—IT) u wetwsipe (XII—III) me-
csilia, a TaKKe C CYMMOM CPEIHUX MECSIUHBIX TeMIIe-
paTyp 3a Te XXe NePUOibl, C CYMMOI CPETHUX MeCs4-

y=142x + 39.433
R>=10.8062

S~ BricoTa TpaHNIbI MINTAHUI,

-150 -100 =50 0
bananc maccel, cm B.o.

W

0 02 04 06 08 1.0 1.2 14 16 18 2.0

CpenHsisi JIeTHsIsI TeMIiepaTypa Bosnyxa, °C

Puc. 2. CBsi3b BBICOTBI TPAHUIIBI TUTAHUS C TOTOBBIM OaJIaHCOM MacChl Ha JIETHUKOBOM KyTioJie beymmHcrayseH (a); cBS3b BbI-
COTBI TPAHULIbI TUTAaHUS U cpenHeit neTHeit Temreparypsbl (XII—II) Ha meTeocranuuu beutnHcerayseH (6).

Fig. 2. Relationship of ELA with annual mass balance at the Bellingshausen Ice Dome (a); Relationship between ELA and mean
summer temperature (XII—II) at the Bellingshausen weather station (6).
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Puc. 3. i3ameHeHVe BbICOTBI IPaHULIbI TUTAHUSI BO BpEMEHMU 3a Mepuo HabmoaeHuit: 1 — pacy€T 3Ha4eHU i BHICOTBI TPAHUIIbI
TMUTAHMS TI0 CPeIHEN JIETHEeM TeMIiepaType Bo3ayxa Ha MeTeocTaHMu bemnHeray3eH, 2 — naHHble HaOTI0eHWI BHICOTHI 'pa-

HUUIbI MTUTaHUWA.

Fig. 3. Change of ELA for the investigation period: / — estimated ELA on the base of mean summer temperature on Bellingshau-

sen weather station, 2 — measured ELA.

HBIX TEeMIIepaTyp BbIIIE HYJIS M CyYMMOM CpETHUX
CYTOYHBIX TeMIIepaTyp BbIIe HYJIS, IIPUXOIUM K BbI-
BOdy, YTO Hawydleil okasbiBaeTcs cBsidb ELA co
CpelHell JeTHEN TeMIepaTypoid Bo3ayxa Ha METEO-
cranuumn bennmHcraysen 3a tpu (XII—II) mecsna.
I1pu 3TOoM K03PULIMEHT TOCTOBEPHOCTH IJISI BCEX
Jiet HaboaeHuit ¢ 2007 mo 2021 1. coctaBuia 0.81 mpu
WCKIIIOYEHUN JIET C OTCYTCTBHEM HAOJIOOCHUN B
2012/13 u 2013/14 1r. (cM. puc. 2, 6). Tot ke Koa(h-
(ULMEHT JOCTOBEPHOCTU MpH aobapaeHun 2022/23 r.
paBeH 0.79. JloctaTouyHO XOpoliasi CBSI3b 3TUX I1apa-
METPOB I103BOJISIET BOCCTAHOBUTH BBICOTY T'PaHUIIbI
NUTAaHUS 3a BeCh NEpPUOM HAOMIOOCHUI Ha METEO-
cranuuu BemnuHcrayseH, T.e. ¢ 1968 T., Ha OCHOBe
pacyéTa cpemHel JIeTHEN TeMIlepaTyphbl BO3lIyxa Ha
MeTeocTaHuMU bennuHcrayseH 3a tpu (XII—IT) me-
cs1a IjIsk BCETo Ilepruoa HaOMoAeHW U IIpUMeHe-
HUS TIonydeHHou ¢opmynsl: miss 2007—2021 rr.:
T=0.0057 x ELA — 0.0167; vu ¢ yuétom 2023 1.:
T=0.006 X ELA — 0.0466,rne T — cpenHss JIeTHSIS
TeMIleparypa 3a gekabpb—denpanb, °C; ELA, M Haz
yp. mops. Orcioga ELA = (0.0167 + 7)/0.0057, vin
ELA = (0.0466 + 7)/0.006.

B pesynbTaTe moiaydyuM KpUBYIO U3MEHEHUS BBI-
COTBI TPaHUIIBI MUTAHUS BO BpeMeHU. O0e MmonydeH-
HBI€ KpUBBIE TIOUTHU coBnaaaoT. OgHaKo Mo NepBoii
¢dopmysie TIOBBILIEHUE WM TOHWKEHHWE CpemHeit
JIeTHeil TemnepaTypbl Ha 1°C NpUBOAUT K U3MEHE-
Huio ELA Ha 175 M, a 1o BTOpoii — Ha 166 M. B nanb-
HeliIreM ObliIa MCITOIb30BaHa repBas GopMyia n3-3a
oousbliero koagdpuireHTa goctoBepHocTu. Iloy-
YeHHBIe 3HAYEeHUSI U3MEHEHUSI BLICOTHI TPAHULIBI ITH -
TaHUSI CPAaBHUMBI C TAaHHBIMU, HAWOEHHBIMU IJIsI
CeBEpHOM 4YacTu AHTapKTHUYECKOIro IIOJyOCTpPOBa
(Davies et al., 2012). CienyeT oroBOPUThCS, YTO IJIsI
2013 1 2014 1. o 3TO¥ (pOopMyJIe TTOTydeHBI OTPHIIA-
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TebHbIe 3HaueHusT ELA, yero B AefCTBUTETBHOCTHA
ObITh HEe MoXeT. [1oaToOMy 3HaUeHUsT BHICOTHI I'paHuU-
1Ibl MUTAHUS B 3TO BpeMs1 ObUIM TTPUPABHEHBI K HYJIIO
(puc. 3). O ToM, UTO CHer Ha KyroJie bemnHcrayseH
B 9TH TOJbI Tasl JUIIb YaCTUYHO, CBUIETENbCTBYIOT
MpsiMble HAOII0/IEHUS, BBITTOJTHEHHbIE, B YACTHOCTH,
setom 2013/14 1. (yctHoe coobiieHue P.A. YepHoBa).

Ha sToT e rpacduk ObLIM BHIHECEHBI TOUKU €U -
HUYHBIX n3MepeHuit ELA B rogbl, korma Ha KyIioJe
MpPOBOAMINCH HabmoaeHus1. HenmoaHoe coBnageHue
TOYEK HAOJIONEHMI C MOJIYyYeHHON KPUBOII MOXKET
OBITH CBSI3aHO C TeM, UTO Ha TpaduKe ITOKa3aHa
OCpeOHEHHAasI BbICOTA TPAaHUIIbI MUTAHUS IO BCEM
CKJIOHaM JIETHUKOBOTO KYyII0Jia, B TO BpeMsl KakK eau-
HUYHBbIE U3MEPEHUSI COOTBETCTBOBAIU TOJBKO OIHO-
My W3 CKJIOHOB KyMoJjia — 4Yallle BCero, 3arnagHOMy
(Braun, 2001) v 1oro-3armagHomMy (Wen et al., 1998).

IMonyyeHHast KpuBasi IE€MOHCTPUPYET CUJILHYIO
n3MeHunBocTh ELA Bo BpemeHu (cM. puc. 3), a e€
CpaBHEHHUE C JaHHBIMU Pa3pO3HEHHEBIX IT0JIEBBIX Ha-
OJ1IoIeHUI ITOKa3bIBAeT OJIM30CTh 3HAYCHUI. AHANIN3
KPUBBIX PACYETHOTO U OCOOEHHO OCPETHEHHOTO 3Ha-
yeHuit ELA roBoput o ToM, 4TO HUKaKOM CTabMIM3a-
LY JIETHUKOBOI'O KYII0Ja 3a BeCh IIepro HaOIIo e -
HUII He mpoucxoaujo. HampoTuB, 10 cepeanHBbl
1980-x romoB rpaHuIIa ITMTaHUS IIOBBIIAJIACH, U 3Ta
TeHIEHLIMS IIPOoaoKaaachk mMpuMepHo 10 1998 r., xo-
TS U B MEHBIINX pa3Mepax. B majbHelileM BIJIOTh 10
2003 r. ELA mommkaiach, a 3aTeM HaOJII0IaJa0Ch eé
HebOompImoe nosbeiireHue 1o 2008 1., a 3aTeM pe3Koe
MOoHMXeHue BIUIoTh A0 2015 1. B mocnexytomue roabl
rpaHMIA TUTAHMS IIPOJOJDKACT MOBHIIIATHCS BIUIOTh
o HacTtosero BpeMeHu. CortacHO oCpemHEHHBIM
JaHHBbIM, B iepuon ¢ 1994 mo 2000 . u B 2010 . ELA
pacriojiarajiach BBIIIIE JIGTHMKOBOIO KyIiona ben-
JIMHCTAy3€H.
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Puc. 4. BoicoTa rpaHULIbI TUTaHUs pacyeTHast (/) U CKOJB3SIIUE CPeIHNE 3HAYEHUST BBICOTHI TPAHMIIBI TUTAHUS C 5-JIETHUM
1aroM (2) 3a rombl MTHCTPYMEHTAJIbHBIX HAOM0neHUl. Pacuér mo ypaBHeHUSIM perpeccuu sl TOYeK U3MEePEHMIA 6aaHca Mac-
cbl B mpoduisx. [TyHKTUpOM MoKa3aHa BbICOTA JISAHUKOBOTO KyIoJia.

Fig. 4. Estimated ELA (/) and moving average ELA value with 5 years step (2) for tool period of investigations. Calculation using
regression equations for mass balance measurement points in profiles. The dotted line shows the height of Ice Dome.

CornacHo pat6oram (Ferron et al., 2004; Kenya
et al., 2013), pasnuuuss MeXIy TeMmrepaTypamu BO3-
nyxa Ha ctannusix beiumHcrayseH u JeceniineH oT-
CyTCTBYIOT. [103TOMY MBI UCITOJIL30BAJIM JaHHbBIEC Ha-
OnromeHuil Ha MeTeocTaHUMM [ecemileH AJsl MpoO-
IUIEHUSI TeMIIEpaTypHOTO psida METEOCTaHIINU
beiuHcray3eH, 4To MO3BOJMJIO pacCYMTaTh MOJIO-
JKeHHE BBICOTHI TpaHUIIbI TTUTaHUS 30ech ¢ 1947 T.
(puc. 4). AHanu3 MOJIYyYeHHOI KPUBOI MOKA3bIBAET,
YTO B T€YEHUE BCEro Mepuoja MMEIOIINXCS UHCTPY-
MEHTAJIbHBIX JaHHBIX BHICOTA I'PAHMIIBI TUTAHUS HE-
OOHOKpPATHO TMpeBbIIIAJIa BHICOTY Kynoja bei-
JIMHCTray3eH. DTo nmpoucxoauiio B 1955, 1962 u 1963
IT., a TaKXe HeogHoKpaTHO ¢ 1982 o 2002 r., B 2020,
2022 1 2023 rr. B neioM noBhIIIeHUE TPAHUIIEI TUTA-
HMs oTMedaeTcs ¢ 1947 o 1955 r., najnee oHa orrycka-
€TCsI TIOUYTH 10 YPOBHS Mops B 1959 1., a 3aTeM IOBBI-
IraeTcs 1o MakcuMmyMa B 1963 T. 1 CHOBa ommycKaeTcs
oo Hyns B 1968 r., mociie yero ciieayer IJINTEbHOE
noBbllIeHue 10 1997 1., 3aTeM ciaboe MoHMXEHUE 10
2008 1., pe3koe omyckanue B 2013/14 r. u rmociaeayio-
miee e€ moBbIlIeHNEe. Ha KpnBoit BUIHBI KaK pe3Kue
U IJIaBHBIE MMOBHIIIeHUS 3HaueHuit ELA, Tak v 11aB-
HBIE U pe3Kue IMMoHKeHMsI. B etom Kaknx-1m6o 00-
X 3aKOHOMEPHOCTEH BBISIBUTH He ynaétcs. M xoTsa
B ITOCJICAHUE TOALI HAMETHJIACh TEHASHIIUSI TIOBBIIIIE-
HHS BBICOTHI T'PAHMIIBI TMTAHUS, HEBO3MOXKHO IIpe/-
CKa3aTh €€ N3MEHEHUI B OyIyIIIEeM.

OBCYXIEHMUE PE3YJIILTATOB

JdvuHaMuKa BBICOTHI TPaHULIbI TIMTAHUST OTpaKaeT
COCTOSIHHE JIEAHUKOBOTO KyIlojia Bo BpeMeHU. Ecnu
MBI IOCMOTPUM Ha equHUYHbIC faHHbIe ELA ¢ 1968
no 1992 r., To moKaxeTcsi, YTO COCTOSTHUE JIEMHUKO-
BOTO KyIoJia 6110 cTabuibHbIM (Wen et al., 1994).
Orto ke orMeyanoch u B padore (Falk et al., 2018).

OnHako ToJjiydeHHasi KpMBasi BLICOThI TPAaHUIIbI ITH-
TaHMsI TIOKA3bIBAET, YTO 3TO OBLI Mepuoa e€ oOIIero
MOBHIIIECHUS, YTO HAIIJIO OTPaXXeHHE B CYIIECTBEH-
HOM YMEHbIIIEHUM HaKOIUIEHUsI (hMpHA B BEpxHEi
yacTu JieTHUKoBoro kymoja. Eciu B 1968—1971 1r.
BeJIMuYrHa (PMPHOBOTO CJI0SI Ha BEpIIMHE KyII0Ja I0-
crurajia 20 m (Orheim, Govorukha, 1983), To yxe B
Hauvaje 1990-x romoB TodlMHA (UPHOBOIO CJOS
3nech cokpatuiachk o 7 M (Wen et al., 1994), a k
2007 r. 3TOT CJIO¥ TTOTHOCTBIO McYe3 (Hallli HaOI0-
neHus). [IlpuMmepHo TOTAA XKe Ha JISTHUKOBOM KYTIOJIe
MeTaMop(hUIEeCKUIA TUIT IbA000pPa30BaHUS CMEHWII-
cs1 Ha KOHXesauoHHbIi (MaBmonos, 2022a).

MHorosieTHUI XapakTep U3MEHEHMUSI MOJIOXESHUS
ELA Ha cki1oHax JISMTHMKOBOTO KyIIOJIa HE TOKa3bIBa-
€T O0IIel TeHACHIIMY ITOBBIILIEHUS BBICOTHI TPAHUIIBI
MUTaHUsI BO BpeMeHu. HampoTus, oTMe4yaloTcst OT-
JeJIbHbIe TIeproabl M3MeHeHus mmonoxeHuss ELA kak
B CTOPOHY IOBBILIEHNUS, TAK U MOHWXeHUsI. BBISIB-
JIEHHbIE TIepUOJIbl MMEIOT pa3HYI0 NPOTSLKEHHOCTh
(okojio 20 u 45 neT) 1 He Jal0T HUKAKUX OCHOBAaHUIA
CTPOUTH KaKue-In00 IMporHo3nl. [1omoOHEBIE Tepro-
Ibl M3MEHEHUSI XapakKTepa IHUTaHUs JIETHUKOBOTO
Kymnonaa bemnHcray3eH nMean MeCTO M B IIPOIILJIOM,
0 4Y€M MOXHO CYIUTH I10 UMEIOIIMMCS HECOIJIACUSIM
3aJIeraHus CJIOEB JbJla Ha CKJIOHAX JIETHUKOBOTO KY-
1oJjia, KOTOphle HanboJiee OTYETINBO BUIHEI B 3aI1a/l-
HOI 4YacTH JIETHUKOBOIO KyIojia. DTU HECOIJIacHs
CBUICTEIBCTBYIOT O TOM, YTO B UICTOPUM KyIOJjia B 3a-
BUCUMOCTH OT moJioxkeHus1 ELA nieproabl Hakorie-
HUS MaccChl JIbJa CMEHSUTUCH ITpeo0IagaHueM e€ pac-
X0lla, U HA0OOPOT, KOTJa HaKOIJIEHWE MacChl JibIa
MPOUCXOAWIO He TOJHKO B BEPIIMHHON YacTH JieHd-
HMKOBOTO KyIIOJIa, HO M Ha €r0 CKJIOHAaX BILJIOTh IO
OeperoBoii yepThl. Takue dyepenoBaHUsI MOObEMA U
ONYCKAaHMsS BBICOTHI T'PAHUIBI MUTAHUSI, BEPOSITHO,
MPOUCXOAMJIM IO KpailtHel Mepe ¢ Hayajla Majioro
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JIETHUKOBOTO MEPUOJIa, TTOCKOJbKY paHee JeIHUKO-
BBIli KynoJj beinHcray3eH CUJIbHO COKpallajacs B
pa3Mepax Win gaxe MoJTHOCThIoO ncuesan (Bepkynuu
u 1p., 2012).

CKJIOHBI JIEMHUKOBOTO KyTiojia bemnuHcrayseH
OPUEHTUPOBAHBI NTOYTU HA BCE CTOPOHBI CBETA, B TO
BpeMsI KakK Apyrue JeAHUKW OCTPOBa, Ha KOTOPBIX
MPOBOJISITCSI MHOTOJIETHUE HAOJIONEHUsI, UMEIOT J0-
BOJIbBHO YETKYI0 OPHMEHTALlMI0O B OIHOM Harpabliie-
Huu. OTcroAa cieayeT, YTo MpaBUIibHEE CpaBHUBATh
BBICOTHI TpaHUIIbl TUTAHUSI Pa3HBIX JIGAHUKOB CO
CKJIOHOM JIEAHMKOBOTO KyMoJja TOl K€ OpUeHTalluu,
YTO M y CpaBHMBaeMoro jenHuka. Hanpumep, yen-
HuK Dypraja Ha JeMHUKOBOM KynoJje Bapiiasa opu-
€HTHUPOBAaH Ha I0ro-3araj 1 ero npaBujibHee CpaBHU-
BaTh ¢ ELA 1oro-zanmamHoro ckjioHa KynoJja ben-
JiuHcraydeH. JlemHUK DKOoJIOrMYecKuii Ha KyIloJie
BapiaBa opueHTMpOBaH Ha BOCTOK W €ro CleayeT
CpaBHUBATbh C BBICOTOI I'paHUIIbI MUTAHUSI BOCTOY-
HOro ckjoHa Kynosa bemnuHcrayzeH. K coxarne-
HUIO, OTCYTCTBUE JJIUTENbHBIX PSNOB HEMPEPBIBHBIX
HaOJIOACHUI Ha 3TUX JEeAHUKAX HE MTO3BOJISIET IPO-
BECTM KauecTBeHHoe cpaBHeHUe ELA B mapax sen-
HUKOB. Mcnosb30BaHME NUCTAHIMOHHBIX AAHHBIX
JUUIST BOCCTAHOBJIEHUST BBICOTHI TPAaHULIBI TMTAHUS Ha
JIEMHVMKaX OCTpOBa B OOJILIIMHCTBE ClydyaeB 3aTpyil-
HUTEJbHO, TTOCKOJIbKY Ha 9TOH TEPPUTOPUM TPe0O-
Jlagaet obJjlauHas noroaa (B cpemHeM 22 AHS B KaX-
JIOM Mecsilie He0o MOKpHITO ob1akamu). Kpome Toro,
nosioxxeHue ELA MOryT MackupoBaTh YacThle CHETO-
nmanbl B KoHLe Jeta (Davies et al., 2012). IToaTomy
MPUXOJUTCSI OTPAHUYUTHCSI HEOOJBIIMMU BpPEMEH-
HBIMM OTPE3KaMU J1JIsI BO3MOXHOTO CpaBHEHMUSI.

Mg nempnka dypkam nMeeTcs MATUIETHUNA P
HaomoneHuii — ¢ 2011 mo 2015 r. (Falk et al., 2018).
CpaBHEHME MOJYYEHHBIX ITOJIOXXEHUI BBICOThI I'pa-
HULIBI TATAHMUS IJIsI 000MX JIEATHMUKOB II0KAa3aHO Ha
puc. 5. Kak BUIHO M3 3TOTO PMCYHKA, ITOJOKEHUE
BBICOTHI TPAHUILILI TATAHUSI B OOUH U TOT K€ IIEPUO/I
BpPEMEHM CHJIBHO Pa3/IMYacTCs, XOTS CPaBHUBAIOTCS
OIMHAKOBO OPMEHTHPOBAaHHBIE CKIOHBI. Ha KymoJe
bennuHcrayzeH ELA HaxoauTcss HUXKeE, a HA JISOHUKE
@dypkan — Beiie. [1py 3ToM aMIInTyna U3MEHEHUS
BBICOTHI TPAHMUIIBI IIMTAHUS 3a TSITWIETHUIT CPOK Ha
nenHuke Dypkan He npeBbimaetr 20 M, B TO BpeMs
Kak Ha Kyroye beiummHcray3eH aMIuidTyna Kojieba-
Huii ELA npesbiaer 160 M. OnHako xapakTep U3-
MEHEHMsI KPUBBIX BBICOTBHI TPAaHMIBI ITUTAaHUS Ha
000UX JIGTHUKAX COBMNANAIOT 10 3HAKY. DTO O3Haya-
€T, YTO 00a JIEMHNKA B HEKOTOPHIX CIYYasiX IMOXOXHUM
00pa3oM, XOTS U C pa3HOM MHTEHCUBHOCTBIO, pearv-
pYIOT Ha KoyiebaHus kiauMaTa. [1ocKoIbKy Imojioxe-
Hue ELA 3aBUCHUT OT KOJIMUeCTBa 3MMHMX OCaJIKOB 1
TeMIlepaTyphl BO3Iyxa, a TeMIiepaTypa Bo3ayxa Majio
MEHSIETCS B IIpeesiaX OMHOTO OCTPOBa, TO, BEPOSIT-
Hee BCEro, pa3HuIla B MOJ0KEHUN BbICOTHI TPAHUIIBI
MMATAHUSI MOXET OBITh CBSI3aHA C 3UMHMMMU OCaJKa-
mu. Ho 1 cymMMma ocankoB Ha OMHOM OCTPOBE, CKOpee
BCETO, IOYTU OAMHAKOBA, a pa3HMUIIAa B CHETOOTI0XKE-
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HUM MOXET OBbITb CBSI3aHA C BETPOBBIM ITEPEHOCOM
0cagKoB. MOXHO IToJIaraTh, YTO I10 3TOI ITpUYMHE HA
nenHuke Dypran cayBaHME CHera MOIJIO IIPUBECTH K
Oosiee BeICOKOMY noJioxkeHnio ELA 1mo cpaBHEeHUIO C
kynosioM bemnuHcrayseH. I[lomoOGHOe BeTpoBOE ITie-
pepacnpeiencHe MOIJIO BEI3BaTh U OoJiee IIaBHbIE
MEXTOIOBbIE M3MEHEHHUS BBICOTHI T'PAHUIILI ITUTA-
HUSL.

K coxanenuto, onpeneineHust ELA s 1emHUKOB
B 3aJIMBE ADMUPaJITU, OPUEHTUPOBAHHEBIX Ha BOCTOK,
eIUHUYHBI M HE II03BOJISIIOT IIPOBECTU CPABHEHME C
BBICOTOI I'paHMIBI NUTAaHUS KyIioya bemHcray3eH
(Pasik et al., 2021). MoxHO cKa3aTh JUIIb, 4To ELA
TSI OTUX JIETHUKOB PAaCIIOJIOXKEHBI HIDKE, YeM Ha KY-
none bemnuHcrayzen. Hampumep, Ha Dkojoruue-
ckoM JsiemHuke B 2013 1. BBICOTa T'paHULBI ITMTaHUS
pacnonaraiachk Ha BeicoTe 156 M, Ha nemHuke Pe-
Hukc — Ha 140 M, a neqHuke bapaHOBCKOIro — Ha BbI-
cote 150 M, B To BpeMsi Kak Ha BOCTOYHOM CKJIOHE KY-
noia bennmHcraysen B 2013 1. ELA Haxomuiack Ha
ypoBHe 180 M. [TogoOHBIe pa3nuuus, O4eBUIHO, TaK-
Ke OIIPEeAeIsSIIOTCSI 0COOEHHOCTSIMU BETPOBOTO IIepe-
pacrpeneeHns CHera Ha 3TUX JIETHUKAaX.

Kak oTmedeHo Bbillle, TeMIlIEpaTypbl BO3ayxa Ha
octpoBax Kunr-JIxxopmx u ecemnmen o0au3ku (Fer-
ron et al., 2004). DTo MO3BOJISIET OTHECTHU IIOI0OHOE
NpearojgoxeHue u K aApyrum yactsaMm FOxnbix Iler-
JIAHJACKUX OCTPOBOB. MOXHO OXUIATh, UTO U XOII U3-
MeHeHuit noyioxxeHust ELA mpoucxonuT Ha apxurne-
Jlare CXOmHBIM oOpa3oM. eicTBUTENBbHO, COOTHO-
IIEHUSI UBMEHEHMIA BBICOTHI TPAHUILIBI MUTAHUSI Ha
KyTiosie bejuinHcray3eH 1 Ha JefHuKe Xepa Ha o. JIn-
BUHICTOH (Sancho et al., 2017) cXoxu 1 110 CUHXPOH-
HOCTU U3MEHEHMUI, U M0 BeaU4YruHe (CM. pucC. 5), 4TO
MOXET MOATBEPAUTH BO3MOXHOE T0J00He U3MEHe-
anii ELA B mpenmenax apxurmenara FOxnapix Iler-
JIJAHJICKUX OCTPOBOB.

CpaBHEHME MOJOXCHMS BBICOTHI TpaHULIbI ITATA-
HUS Ha Kynojie bemmHcray3eH 1 Ha JIeTHMKAaX, pac-
MOJ0KEHHBIX K BOCTOKY OT AHTapKTUYECKOTO MOy~
ocTpoBa (CM. puc. 5), MOKa3bIBa€T KaK HEKOTOPYIO
CXOXECTbh, TaK 1 paznmmuus. [Ipu 3ToM HanboJbIIAs
CXOXECTh OTMEUAETCS C JESAHMUKOBBIM KyHojaoMm JI3-
BUC U MeHblIasg — ¢ JegHukoM Bucku (Engel et al.,
2018). Cxoxecth nusmeHenuii ELA B Bume cCMHXpOH-
HOCTHU M3MEHEHUS Ha KynoJje bemnmHcray3eH u ien-
HMKaX Ha BOCTOKE AHTapKTUUYECKOIo MOJyOoCTpOBa
1 O0COOCHHO Ha JiefHuKe Xepd Ha o. JIMBUHICTOH
oKazajach Jaxe BbIIIe, yeM ¢ JegHukoMm Dypran,
pacmoJIO(KEHHOM Ha TOM e OCTpoBe. MOXHO
MIPEAIIOIOXUTh, YTO OTMEUYEHHASI CXOXECTh U3MEHe-
HUS BBICOTHI TPAHUIL IMTAHUS HA apxunesare u AH-
TapKTUYECKOM ITTOJIyOCTPOBE CBsI3aHa C Ipeodsana-
HUEM 3allaJHBIX BETPOB B peruoHe. BeposiTHO, UMeH-
HO ITO3TOMY OTMEYAETCSI CHHXPOHHOCTh U3MEHEHUS
OaylaHca Macchl Ha tenHuKax KOxxubix [letnanackux
OCTPOBOB M AHTapKTH4ecKoro moiyoctpoBa (Engel
et al., 2018), 4To TakKe MPOSIBASIETCSI U B HEKOTOPOIA
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Puc. 5. I3MeHeHMe MOJI0XEHUST BHICOTBI rpaHuIibl muTanus B 2008—2015 rr.: 1 — kynoa beyutuHcrayseH, 2 — negHuk Dypkan
(Falk et al., 2018), 3 — nennuk Bucku, 4 — xynon [dsBuc (Engel et al., 2018), 5 — nexgnuk Xepn (Sancho et al., 2017).

Fig. 5. Change of ELA position in 2008—2015: / — Bellingshausen Ice Dome, 2 — Fourcade Glacier (Falk et al., 2018), 3 — Whisky
Glacier, 4 — Davies Dome (Engel et al., 2018), 5 — Hurd Glacier (Sancho et al., 2017).

CXOKECTU B CUHXpOHHOCTH udMeHeHuii ELA negHu-
KOB 3TUX PETUOHOB.

Haxxe Ha OJIM3KO PACIOJOXEHHBIX JETHUKAX O~
HOTO OCTpOBa BbICOTa T'pAaHUIIbl TMUTAHUS MOXET
MPUHUMATh pa3Hble 3HAYEHUS. DTO BUIIHO HE TOJHKO
Ha nmpuMepe o. KuHr-J>kopmK, HO U B CEBEpHOM Yya-
CTU AHTapKTUUEeCKOTo nonyoctpona (puc. 6). Cromiab
oosremIoe pasHooOpasme nmoyioxkennit ELA Ha moiry-
ocTpoBe TPUHUTHU CBSI3aHO C CUJIBHBIM TPagleHTOM
0CaJIKOB C BOCTOKA Ha 3arma/l, B pe3yJibTaTe Yero CHe-
roBasi IMHUS Ha 3alafHOM Oepery onycKaeTcsi ouTu
JIO YPOBHSI MOpSI, B TO BpeMsI KaK Ha BOCTOUHOM OHa
pacmiojioxeHa Ha BeicoTe 300—400 M Ham yp. MOpst
(Davies et al., 2012). Bax#o Takke 1 riepepacipene-
JIeHUE CHera CUJIbHBIMU BETPAMU.

B otuuue ot cutyaiiMu Ha nojyocTpoBe TpuHU-
TU, TlIe p€Yb UAET O HECKOJIbKMX JIEAHUKAX Ha Pa3HbIX
CKJIOHaXx IMOJTyOCTPOBa, Ha KyroJiax berHceray3eH u
Bapmasa Ha o. KuHr-JIxxopax HabarogaeTcs oopar-
Hasi KapTHMHa: Ha BOCTOYHBIX YaCTsIX KYITOJIOB BbICOTA
TPaHUILIbI TUTAHUST pACTIOJIOKEHA HIUKE, YEM Ha 3a-
MagHbIX. DTO MOXET ObITh CBSI3aHO CO CIAyBaHUEM
CHera npeoo0JajallMMKU 3alaJHbIMU U CEBEPO-3a-

InagHbIMM BE€TpaMM C BEPIIMHHBIX qacreu KYITOJIOB
Ha MX BOCTOYHBIC CKJIOHBI.

B pa6ote (Kaplan et al., 2020) ObUI0 BBISICHEHO,
YTO U COKpallleHUE, U YBeJIMYEHUE pa3MepOB JICTHU -
KoB B [laTaronuu, Ha 3amaje U Ha BOCTOKE AHTapK-
TUYECKOTO ITOJIyOCTPOBA B TeUEHHUE TOJIOLICHA IIPOUC-
XOIWJIN CUHXPOHHO — KOTJa CO3JaBaJIUCh YCJIOBUS
IIOCTOSTHHOTO IIOJIOXUTEIBHOTO M OTPULIATEIILHOIO
uHaekca HOxHoro kxoiblieBoro pexuma (SAM —
Southern Annular Mode) cooTtBerctBeHHO. Ilo-
CKOJIbKY U3MEHEHUSI JISTHUKOB B 1I€JIOM IIPOUCXOA-
JIU CUHXPOHHO, MOXHO MPEAITOJIOXKNUTh, YTO KoJieba-
HUSI TIOJIOXKEHMSI BBICOTBHI TpPaHUIIBI IMTAHUSI Ha
CXOIOHBIX JIEMHUKAX B3TUX PETMOHOB TaKKe MOIIU
MPOUCXOOUTh CUHXPOHHO. W TONbKO nmalibHeiiinue
HUCCIeA0BAaHUS CMOTYT MOKa3aTh, HACKOJIbKO BEpHa
9Ta TUIoTe3a.

3AKJIIOYEHHME

JaHHBIE O IIOJIOXXEHUM BBICOThI TPAHMUIIBI ITMTA-
HUSI, TIOJIydeHHBbIe MPU 0OpabOTKe MaTepualioB II0
OajaHCcy Macchl Ha TPOMMIBHBIX TOYKAX JICTHUKOBO -
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Puc. 6. PacuéTHast BeIcOTa rpaHUILIbI ITUTAHUS JJTsl CEBEPHOI yacT AHTapKTHUYeCKOro noyiyoctposa B 2006 1., M (Davies et al.,

2012).

Fig. 6. Calculated ELA for northern part of Antarctic Peninsular in 2016, m (Davies, et al., 2012).

ro KynoJja bemnHcrayseH 111 Kaxkaoro roga Habto-
JIIEHU, BBISIBWIN Xopolnyio cBsi3b ELA u cpegHeit
JIeTHeil TemIepaTypbl Ha MeTeocTaHuuu ben-
JIMHCTay3eH 3a JiIeTHUe Mecsiiibl FOXKHOoTro moyiapust
(ko dunueHT nerepmuHaiu okoio 0.8). ITonaras
MMOJIYYSHHYIO CBSI3b CTAOMIBHOM U B MPOILIJIOM, yaa-
JIOCh BOCCTaHOBUTH mojoxeHue ELA Ha kyrole
beiuHcray3eH Ha Bech Iepro/ HAOMIOAeHUM (HaYr-
Has ¢ 1947 r.). HecMoTpst Ha CUJIbHBIE MEXTOIOBbIE
U3MEHEHUsI, OCPEAHEHUE MO TATWIETHUM CpOKam
MoKa3aJjio, YTO UMEETCs 1Ba Iepruoaa U3MEHEHUS T10-
JIOXKEHUSI BBICOTBI TPAHUIIbI MUTAHUS Pa3HOI Mpo-

JIEN U CHET Ne 4
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TOJDKUTEIbHOCTH: oKoJio 20 et (1947—1968 1T.) n
okoJio 45 ner (1968—2013 rr.). TpeTuii mepuom Ha-
yajica B 2015 . ¥ IpooKaeTcst 40 HACTOSIIETO Bpe-
MeHU. SBasgeTcs M HACTOSIUUN 3TAall U3MEHEHUSA
BBICOTHI TPAHULIBI TUTAHUSI TPETHUM ITEPUOAOM U Ka-
KOBa OyIeT ero MpoaoJLKMTEIbHOCTh, MOTYT ITOKa-
3aTh Oyaylue HaOmoaeHus. B xaxkmom n3 BblIeIeH-
HBIX IepuonoB nojoxeHne ELA Ha MakcuMyMe OKa-
3bIBAJIOCh BBIIIE BBICOTHI JIGAHUKOBOTO KyIlOJa
BeimHcrayseH, T.e. B 3TU roAbl JISTHUKOBBINA KYITOJI
MOJIHOCTBIO TEPSI 001aCTh aKKYMYJISILIMU.
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AHanM3 MMEIOIINXCS TaHHBIX MOKAa3bIBAaeT CUIIb-
HYI0 U3MEHYMBOCTh MOJIOXKEHUSI BBICOTHI T'PaHUIIBI
nutaHus Ha o. KuHr-/Ixxopmx. Ha 3anamHbIxX, 10ro-
3aIaIHbIX W I0KHBIX CKJIOHAX KaK HeOOJIBIIIOTO JIeI-
HUKOBOTO KyImona bemmuHcray3eH, tak um 0OoJjee
KpYITHOTO JIeMTHUKOBOTO Kyroyia Bapmasa ELA pac-
IIOJIOXKEHA BHIIIE, YeM Ha BOCTOYHBIX M IOIO-BOCTOY-
HBIX CKJIOHaX. SABJIsIeTCs JI1 3TO 3aKOHOMEPHOCTBIO JIJISI
BCETO OCTPOBa 1, BO3MOXHO, Bcex FOxnbix [leTnanma-
CKMX OCTPOBOB, IPEICTOUT BBISICHUTH B OYIyIIIEM.

ITockonbKy KojiebaHMsI BBICOTHI TPAaHUIIBI ITHTA-
HUSI Ha JIEAHMKOBOM Kyriojie bennuHcrayseH Ha
o. Kunr-JIxxopmx (Batepioo) u Ha JiemHUKe Xep Ha
0. JIuBnarcToH (CMOJIEHCK) IPOUCXOOSAT CXOMHO II0
CUHXPOHHOCTU U3MEHEHUI1 U 10 BEJIMUMHE, 3TO MO-
KeT CBUAETEIbCTBOBATh O BO3MOXHON CMHXPOHHO-
ctu uaMmeHeHus ELA Ha Bcex FOxubix HleTnanackux
OCTpOBax B HeJIoM. MOXHO TIpedriojaaraTb, 4Tto 00-
1€ 3aKOHOMEPHOCTU U3MeHeHMUsI moJioxkeHust ELA,
MOTy4YeHHbIE IS JISAHUKOBOTO KyIiojia bemnuHcray-
3¢H, C ONpeneIEHHON mojeil BEpOSITHOCTH MOTYT
OBbITh UCITOJIb30BaHbI JJIs1 BOCCTAaHOBJIEHUSI TTOJIOXKe-
HUSI TPAaHUIBI IIMTAaHUS HE TOJILKO Ha BCEM OCTPOBE
Kunr-/Ixopmx, HO M, ¢ OIIpeIeaeHHOM Toeit Bepo-
STHOCTU, Ha JOPYIuX JIGAHUKaAxX apxwuiiesnara. Takas
IIpOBEpPKa OKAXETCsI BO3MOXKHOI II0 MEpe TOTO, KaK
MOSBSTCS IUIMTEIBbHBIC PSIIBl HAOMIOAeHII 32 OataH-
COM MAacChl Ha IPYTUX OCTPOBaxX apxXuIiesara.

BaarogapaocTu. ABTOp MPUHOCUT OJ1arogfapHOCTh
PAD 3a mpenocraBieHHYI0 BO3MOXHOCTb pabOThI B
AnTtapkTuke Ha octpoBe Kunr-/Ixxopmx (Batepinoo).
HMccnenoBaHue BBIITOJHEHO B paMKaX TEMbI Tocyaap-
cTBeHHOTo 3amaHus MHctutyra reorpadum PAH
AAAA-A19-119022190172-5 (FMGE-2019-0004) “Onne-
JIEHEHVE 1 COITYTCTBYIOLLIME ITPUPOIHBIE ITPOLIECCHI IPU
M3MEHEHUSIX KIMMaTa” W TIPpU YaCTUYHOM MOmIepKKe
MexpernoHaabHoro rmpoekra MATATD INTS5156.
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We present an analysis of the equilibrium line altitude (ELA) on the Bellingshausen Ice Dome on King
George Island (Waterloo), Antarctica, derived only from ground-based glaciological surveys for the period
2007—2012 and 2014—2023. A good relationship was found between ELA and mean summer air temperature
(XII-II months) with a coefficient of determination of about 0.8. Assuming the stability of this relation in the
past, the changes in the ELA during the entire period of observations at Bellingshausen weather station (from
1968) were reconstructed. Since negative ELA values were obtained for some years, which is physically im-
possible, they were artificially adjusted to sea level. A good correlation of air temperature between the Bell-
ingshausen and Deception Island weather stations allowed extending the reconstruction of ELA for a longer

period (from 1947).

By cleaning up the strong interannual fluctuations in ELA using five-year moving averages, two complete pe-
riods of ELA change (from minimum to minimum) were identified for approximately 20 years (1947—1968)
and 45 years (1968—2013). From 2014 to present time, the third period has been continuing. At the apogee of
each period, the ELA was higher than the Bellingshausen Ice Dome height, which indicates that in these
years the ice dome completely lost accumulation area. For the Bellingshausen and Warsaw ice domes, a pat-
tern of higher ELA position on the western and southern slopes compared to the eastern slopes was revealed,
which is probably applicable to the entire King George Island.

Since the ELA variations on King George Island are generally synchronous with its variations on Livingston
Island, the reconstructed ELA on the Bellingshausen Ice Dome can probably be useful for reconstructing the

glaciation history of the South Shetland Islands.

Keywords: ELA, Bellingshausen Ice Dome, mean summer air temperature
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