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[TosrydeHsl naHHBIE O BbIcOTe rpaHuilbl mutaHus (ELA) ns nenHrukoBoro Kynosa beuimHcrayseH 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 MoJIOXEeHUsI BbICOTHI TPaHU-
bl utadus (manee — ELA (Equilibrium Line Alti-
tude) Ha HeOOJBIIOM JETHMKOBOM KyIojie ben-
JuHcray3eH Ha octpoBe KuHr-/Ixxopmx (Batepiioo)
B AHTapKTUKE, IIOTYYeHHON IIPY Ha3eMHBIX INISIIINO-
JIOTUYECKUX UCCIEOOBaHMSIX 3a epuoa HaOII0AeHUIA
2007—2012 1 2014—2023 rr. 6b171a OOHapYKEeHa XOPO-
1mrast CBsI3b Mexxay nojoxenuem ELA u cpenneii net-
Hel Temiieparypoii Bo3ayxa (XII—II mecsiibr) ¢ Ko-
adduLmeHTOM AeTepMuHauuu okoyio 0.8. Mcxons
W3 TIPEAIIOJIOXEHUS O CTAOMILHOCTHU 3TOM CBSI3U U B
MIPOIIIOM, 3TO ITO3BOJIMJIO BOCCTAHOBUTD XOJI M3Me-
HeHusl noJjioxkeHust ELA B TedeHue Bcero repuojaa
MHCTPYMEHTaJIbHBIX HAOIIOAeHUI Ha METEOCTaHIIUN
BeumHcrayseH (¢ 1968 1.). I1oCKOMBKY 1T HEKOTO-
pBIX JIET OBLJIM MOJYyYeHbI OTPULIATEIbHBIC 3HAYSCHUS
nonoxeHus ELA, 4To ¢pusnyecku HEBO3MOXHO, UX
WCKYCCTBEHHO MPUPABHSIIN K YPOBHIO MOPSI. XOPO-
Iasi CBSI3b METCOJAHHBIX, IOJYYCHHBIX Ha METEO-
craHLUM beanuHcray3eH 1 Ha MET€OCTaHIIMU OCTPO-
Ba JlecemniiieH MO3BoIMIA IIPOMINUTD PSII U3BMEHEHU
nojioxeHust ELA Ha ©oJjiee IIMTeAbHBIN mepuon (C
1947 r.). CrimanuB CHJIbHBIE MEXTOIOBbIE M3MEHEHUS
nojyioxxeHuss ELA mpy moMonin nITUJIeTHETO CKOJIb-
3SI1LIETO OCPEIHEHMS, BEISIBJICHBI IBa ITOJIHBIX IIEPUO-
na naMeHeHus monoxeHust ELA (oT MuHuMyma no
MUHUMYMa) TIPOAOIKMUTEIBHOCTBbIO OKOoyJio 20 JeT
(1947—1968 1r.) 1 45 met (1968—2013 rr.). C 2014 1.
10 HAaCTOsIIIIee BpeMsI IIPOA0JIKAETCS TPETUI ITePUO/T.
Ha amnoree kaxxmoro nepuona mmonoxenue ELA oka-
3BIBAJIOCH BBIIIE BBICOTHI JISAHUKOBOTO KynoJja bei-
JIMHCTAy3€eH, YTO TOBOPUT O TOM, UTO B 3TU T'OMbI JIC -
HUKOBBII KYITOJI IOJTHOCTBIO TEPSII 0071aCTh aKKyMYy-

Jsmu. Jist IemHUKOBBIX KyToJioB beinHeray3eH u
Bapiapa BbIsIBIeHa 3aKOHOMEPHOCTh 00Jiee BBICO-
koro noJjioxxeHus:t ELA Ha 3amagHbIX U I103KHBIX CKJIO-
Hax MO CPaBHEHUIO C BOCTOUHBIMU, YTO, BEPOSITHO,
MIpUMEHMMO KO Bcemy octpoBy Kunr-IIxxopmx. ITo-
ckonbKy wm3MmeHeHne ELA HnHa octpoBe KwuHr-
J>XKOpmK CHHXpOHHO C U3MEHEHUEM BBICOTHI TpaHU-
LIbI TTMTAaHUSI HA OCTpoBe JIMBUHICTOH, TO JAaHHBIE
nonoxenuss ELA Ha negHmkoBoM Kymoie ben-
JIMHCTray3eH, BEPOSITHO, MOTYT ObITh MOJIE3HBIMU 151
BOCCTAaHOBJICHUSI UCTOPUU oJieaeHeHHsT Ha HOKHBIX
IeTnanackux ocTpoBax.

BBEAEHHME

JdvuHaMuKa BBICOThI TPaHUIILI TUTAHUS (Hajiee —
ELA) BaxHa i1 MOHUMaHUS 3BOJIIOLIMUA KOHKPET-
HBIX JISTHUKOB 1 OJICACHEHUS BCEro peruoHa. Brico-
Ta TPAaHULILI MUTAHUS MOXET OBbITh pacCYMTaHa ISt
KOHKPETHOIO 0aJIaHCOBOTO roja, psiaa JIeT VI ISt
YCTOMYMBOTO IT0JIOXEeHUs JegHuKa (Ahlmann, 1924;
Atle, 1992). ITockonbky ELA siBisieTcst napaMeTpoM,
PaBHOBECHBIM C KJIMMATOM, OHa 3aBHCUT OT psaa
MPOLIECCOB, CBSI3aHHBIX C aKKyMYJISILIeil 1 abJsIim-
eil. Cpean HUX caMble BaXKHbIe — HaKOILJICHUE U Te-
pepacripenelieHre 3MMHUX OCAJKOB, a TaAKXKe M3Me-
HEHUe JIETHUX TeMmIiepatyp Bo3ayxa. CKOpOCTb Mpu-
pocTa WM YOBLIM MAacChl JIeNHUKA 3aBUCUT OT €ro
MecTonoNoXeHus:. CUuTaeTcst, 4YTO JIGAHUKHU HaXo-
JISTCS B YCTOMYMBOM COCTOSIHUM, €CJIY TUIOIIAIb aK-
KyMYJISILIMM BABOE TMpEBBIIIAET MJIOIIAAb a0asIuu
(Braithwaite, Muller, 1980). ITonoxenue ELA cuib-
HO MEHSIETCS TOI OT ToJa, ITO3TOMY OOBIYHO UCIIOJb-
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3YIOT €€ 3HaueHue, OCPEIHEHHOE 3a HECKOJIBKO JIEeT
(He MeHee MSITH).

ITocKobKY MOJI0XEHUE BHICOTHI TPaHUIIBI TTUTA-
HUS OoIpeaesieTcst KojebaHUsIMU KIruMara, OHO MO-
KeT OBITh UCIOIL30BAHO IJIs TTajleoreorpaduiecKx
IMOCTPOCHU, CBSI3aHHBIX C U3BMEHEHHEM pa3MepoOB
onencHeHus (Braithwaite, Miiller, 1980). s onpe-
nmeneHus monoxenuss ELA B HacToseM 1 IIpoIIioM
UCHoab3yloTcs pasnuuHbie Mmetonuku (Kuhle, 1988;
Atle, 1992). OgHako mist BCEX 3TUX ITOCTPOSHUI BaX-
HO, 4TOOBI TPaAUEHT U3MEHEHHUST BbICOTHI TPAHUIIBI
NUTaHUS BO BpeMeHU ObLT JuHeiHbIM (Braithwaite,
Miiller, 1980). CaMbiM HaaEXHBIM METOIOM OIIpee-
nenuss ELA cayxaT TolieBble U3MepeHUsT OajaHca
Macchl. JIpyrvue MeTobl UCITOJB3YIOTCS B TEX CIyda-
SIX, KOLJa HeT MOJICBBIX N3MEPEHUIA.

BricoTy rpaHULIbI MUTAaHUS WU3ydajdld Ha MHOTUX
JIEMHVKAX B pa3HBIX palioHax Haleil miaHeTsl. Kak u
camu negHnku, ELA n3MeHsieTcst mo cBoeMy BBICOT-
HOMY TIOJIOKEHWIO, pacriojiarasich BOJM3U YPOBHSI
MODSI B TTOJISIPHBIX pETMOHAX U MOTHUMASICh BEICOKO
B TOpBI TIpU yaaJleHUU oT nomocoB (Isgiuunonornye-
CKUMA..., 1984). M3yyeHUIO0 BHICOTHI I'paHUILIbI MTUTA-
HUS TTOCBSIIEHBI MHOTOUYMCJIEHHBIE MNyOIMKAIIUN
(Miiller, 1980; Kpenke, 1982; Kuhle, 1988; Atle,
1992; Braithwaite et al., 2022). OgHako 111 CeBepHOt
yacTu AHTapKTUYeCKOro mnoyyoctpoBa U HOKHBIX
IleTmaHaCcKUX OCTPOBOB OHM HEMHOTOUMCIICHHEI.

BricoTa rpaHMiIbl MATAaHUS JICTHUKOB Ha 0. K1HT-
JIKOpIK neTajabHO He n3ydajachk. [1o oToeIbsHBIM OT-
PBIBOYHBIM CBEICHMSIM MOXHO ycTaHOBUTH ELA B
OTIEIbHBIC TOObl Ha JIeAHUKAX, IIe IPOBOIWINCH
DISIHUOJOTMYECKHUE HCCIeAOBaHUsA. AHAIU3 U3Me-
HEHUS MOJIOXEHUS BBICOTHI TPAaHUILBI IMUTAHUS BO
BpemeHu g HOxupix 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-
OJII0IECHMI BBIIOJIHEHO Ha JICOHUKOBOM Kynone ben-
JIMHCTAy3€H, pPAacloJIO(KEHHOM B CEBE€pPO-BOCTOYHOI
yacTu TonyoctpoBa Dailyiac Ha 3amajge camoro 00Jb-
II0TO OCTpoBa apxurenara — KuHr-JIxXopmxk.

OtpriBouyHbIe cBeaeHUs1 0 ELA Ha ocTpoBe MOX-
HO TIOJIYYUTh U3 pabOT POCCUMCKMX YIEHBIX (3aM0-
pyes, 1972; OpnoB, 1973), npoBOAMBIINX UCCIEA0OBA-
HUS Ha MajioM JIeMTHUKOBOM KymoJje (HbIHE JIGAHU-
KOBbIT Kyrion bemmuHcraysen) B 1968—1971 rr. B ato
BpeMsl TpaHuUIla TUTAHUS HaXOAWJACh Ha BBICOTE
150—170 m. ITo maHHBIM KMTAWCKUX UCCIIenOBaTeeH
(Wen et al., 1998) B 1985—1992 rr. ELA pacmnonara-
Jach Takxke Ha BweIicoTe 150 M Ham yp. MOpsI, OTKyda
JieJiaJicsl BBIBOJ O CTAOMJILHOCTHU OJI€ICHEHUSI KyTloJia
(Wen et al., 1994). BoicoTa rpaHuilbl MUTaHUS CTajla
MEHSTHCS B KOHIIe XX — Havajie XXI croieTuii, Ko-
IJa OHa Hayaja MOCTeNeHHO MOTHUMAThLCS, JOCTUT-
HyB B 2004 r. BepIIMHBI JIGTHUKOBOIO KyIIoja, T.C.
BoicoTHl 250 M Hanm yp. mops (Brawn, 2001; Brawn,
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2009, yctHOe coobmenue). Hammm nccienoBaHus 6a-
JJaHCa Macchl JIEMTHMKOBOro KymnoJja (Magpionos,
2014), mpoBoausuiuecs ¢ 2007 o 2022 1. ¢ mepepbl-
BoM B 2012—2013 IT., TO3BOJMINA JOITOJIHUTH MMEIO-
muecs naHHele 00 ELA, a Tak:ke BBISIBUTh 3aKOHO-
MEPHOCTHU ¢€ U3MEHEHMS, YTO ITO3BOJINIIO NPOIJINTh
JIaHHBIE O BHICOTE IPAHMIILI MUTAHMWS HA BECh IIEPUOL
MHCTPYMEHTAIBHBIX METCOHAOMI0AeHIS Ha 0. KMHT-
JI>KOpIx.

METO/IMKA UCCIIEJJOBAHU

Ha negnukoBoM Kyrmojie beinHcrayseH ycra-
HOBJICHA CeTh 13 29 a0ISILIMOHHBIX peeK, KOTOpasi I0-
YTH HAIMOJIOBUHY MOBTOPSJIa aHAJIOTUYHYIO CETh, UC-
MOJb30BABIIYIOCSI HEMELKUMU HCCIeI0BaTEIsIMU
(Braun, 2001). HabmogeHus 1mo peiikam IIpOBOIM-
J1ch B ce30HbI adssumun 2007—2012 n 2014—2023 rT.
C 4aCTOTOM ONWH pa3 B HENEI0, YTO COBMECTHO CO
CHETOMEepHOIT ChEMKOI B KOHIIE IIEpUOAa aKKyMYJIsI-
1IMM TIO3BOJISIJIO MOJACYUTATh OajaHC Macchl KakK IS
KaXXI0¥ TOYKU U3MEPECHUST abJISILIMU, TaK U JJISI BCETO
KyIIoJa B 11eJioM. PacronokeHune peex mo mpoduisaMm
Ha pa3HbIX BbICOTAaX M Ha CKJIOHAX pa3HOI BKCITO3M-
LU J1aJ10 BO3MOXHOCTb OTMedaTb BbicOTy ELA He
TOJILKO IUISI BCEro JISMHUKOBOTO KyIIOja, HO W IJIs
STUX TPOMUICH, TO €CTh ISl OTASIbHBIX CKIIOHOB KY-
nosa. st kaxkaoro npoguist CTpOWIU rpaduk mu3-
MeHeHMs 0ajaHca MacChl C BBICOTOI, YTO ITO3BOJIMIIO
paccuuTaTh YpOBEHb HYJIEBOIO OajlaHCa WJIM BBICOTY
rpaHullbl TuTaHus. [ToCKOIbKY B OOJIBIIUHCTBE CITy-
yaeB pacuéTHble 3HaueHUsT ELA oka3pIBainch B pu-
BEPIIMHHOM YaCcTU JISTHUKOBOTO KYIIOJia WJIN BBIIIIE
Hero, ISl MOJyYeHUsI CPpeIHEro 3HayeHUsl BbICOTHI
rpaHUIbl TUTAHUS OHU apru(pMETUIECKH OCPETHSI-
Juck. M3yyenue nuHamMuku ELA mokaszano npenmy-
IIECTBO MISILIMOJOTUYECKUX HAOTIONeHUI Ha JIGAHU -
KOBOM Kytioyie beiummHcray3eH Han HaOIOACHUSIMU
Ha Apyrux JeaHukax ocTtpoBa KwuHr-/Ixopmxk, rme
JIETHUKYW OPUEHTUPOBAHBI TOJIBKO B OJHOM Hampas-
nenun. Hanpumep, 1eqHUK DKOJIOTMIECKIT OpUEH-
THUpPOBaH Ha BocTok (Bintanja, 1995), nemnuk @ypran
— Ha 1or (Falk et al., 2018), neqHuk JlaHre — Ha 10TO-
BocToK (Mojica-Moncada et al., 2021), B To BpeMsI
KakK HaOJIIoJeHUs Ha KyTioyie bemmmHcray3eH mo3Bo-
JIMJIV OLIEHUTh IMHAMUKY BBICOTHI TPAHUIIBI TUTAHUS
Ha CKJIOHAX W 3araJgHoi, W IOXKHOM, U BOCTOYHOM
aKcrno3uluii. BMecre ¢ TeM 060co06JIeHHOE MOJI0XKe-
HUE KyIIoJIa, OTKPBITOTO IS BETPOB BCEX HampaBJie-
HUIi, TO3BOJISUIO IOIYYUTh 0OJiee ITOIHBbIE TaHHBIE,
yeM HabJIIoAeHUS Ha JPYTUX JIEAHUKAX.

IMonyuyennsie cpennue nanHble ELA MBI cpaBHU-
BaJI CO cpenHen neTHelt Temmeparypoit 3a XI1—I1 u
XII—III Mecsaupl o MeTeoCTaHIIMU bemuHcrayseH,
pAacIoIOXKEHHOM Ha BBICOTE 16 M Ha OOMHOMMEHHOM
AHTapKTUYECKOM CTAaHIIUU U HaxXoAs1Iencs B 3.5 KM K
3anaay-1oro-3afnaay oT Kpasi JEeIHUKOBOTo KyroJa.
3UMHME OCaIKU B pacyeT He MPUHUMAINCh, TaK KakK
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OHU MaJilo U3MeHsTIoTCd Ton oT roma (CBOmHBIE... —
DJIeKTPOHHBIN pecypc).

151 neqHUKOBOTO KyTioyia bennuHcray3seH xapak-
TEPHO eXerogHoe HaKOIUIEHME HaJIOXXeHHOTO JIbIa B
OCHOBaHUM CHEXXHOro rmokpona (Masiwonos, 2022a).
ITocne ctauBaHMs cHera HAJIOXKEHHBIN JIEN TaKKe Ta-
eT. OIHAaKO IIpU HEMOJIHOM CTauBaHMU CHEra MOII-
HOCTb HAJIOXKEHHOTO JIbAa KaXKAbIi TOJl yBEIUIMBACT-
cg. B 2012—2016 rr. 1 mo3:xe 1ist JIETHUKOBOIO KYIIO-
na BennuHcrayseH mpM IIOJIOXKUTEILHOM OajaHce
MacChl Ha OTHEJIbHBIX y4acTKax OBLIO XapaKTepHO
HaKOILJICHUE HAaJIOKEHHOTO JibJa IIo[ HecTauBalo-
IIMM CHEXHBIM IToKpoBoM. ITockonbKy BeicoTa rpa-
HULIBI MUTaHUS TIPOBOAUTCS MO HIDKHEW TpaHUIe
pacrnpocTpaHeHUs] OAHOJIETHETO HAJIOXKEHHOTO JIbja,
a B MHOTOJIETHEH TOJIILE OOHOPOIHOIO HAJIOXKEHHOTIO
JIbIa HEBO3MOXKHO BBIWIEHUTH CJIOM HaJIOXEHHOTO
JIbJa KOHKPETHOTO Trojia, TO MPOBEACHUE TPAHUIIBI
ELA Ha Kynoje B 3TU roabl B HEKOTOPBIX CIIydasix
BBI3bIBAET 3aTpyaHeHue. OJHAKO peevuHble HabIoIe-
HUSI MO3BOJISIIOT MPEOAO0JIETh 3TU TPYAHOCTH, YEro
HeJIb3sl cKa3aTh O AUCTAHIMOHHBIX HAOJIOOESHMSIX
(Masnronos, 20220). IToaToMy mist BEISICHEHUST TIO-
JIOXKEHMST BBICOTHI T'PaHUIIbl TIUTAHUSI HA JIEIHUKO-
BoM Kymojie belummHcray3eH NOpearnoYTUTEIbHBI
MMEHHO peeUHbIe HAOIIONEHNSI.

MECTO HABJIIOAEHUN

JlenHukoBbINM Kynon bennuHcrayseH (mpexHue
HazBaHUsI: Kyroa A, Mabiit Kyrnof, Kynos KojinHs)
nMeeT OKpyriyio ¢dopMmy ¢ mmamerpom 3.5—4.5 xwm,
TUIOIAJIbIO OTKPBITOMN JEASTHONM MOBEPXHOCTU OKOJIO
9 km? 1 BbIcOTOM 250 M Hax yp. mops (puc. 1). Jlen-
HUKOBBII KYMOJ IO OOJBIIE 4acTU CBOETO Mepu-
METpa OKPYXEH MOPEHOM C JIEASTHBIM SIAPOM, BHEIII-
H$IS1 TpaHMLA KOTOPOM CIIY>KUT IpaHULEN JIETHUKO-
BOoro kyrmosa. JIeTHUKOBBIA KyIOJ ITOBCEMECTHO
3aKaHUYMBaeTCs Ha cyllle Ha BeicoTax oT 0 1o 50 M Han
yp. Mopsi. CKIIOHBI KyMoJia MOJIOTMe 1 Yallle BCeTro He
npeBbiapT 10° 3a UCKITIOYEHUEeM HUXKHEN YaCcTH Ky-
oJjia Ha BOCTOYHOM CKJIOHE, Tlle HaKJIOH CKJIOHA J10-
cruraet 20°, MecTaMu Iiepexonsi B o0OpuiB. B ceBepo-
BOCTOYHOIM YacTU MO MepelIeiiky BBICOTOU OKOJIO
230 M Hag yp. MOpS KYIOJI IPUMBIKAET K JISTHUKOBO-
MY KyIoJjly ApKTOBCKMIA, BbICOTa KOTOPOTO IPEBbI-
maet 700 M Ham yp. Mopsl.

Kiumar Ha octpoBe KuHr-I>Xopax MOpPCKOH ¢
TEIUIO 3uMOii (CO cpegHel MeCSYHOM TeMIepaTy-
poit —5°C) u npoxnagHbiM JeTtoM (10 2—4°C). IIpe-
obnanawT Betpa C3- u KOB-nHanpaBneHnuit (CBomu-
HEBIE... — DJIEKTPOHHLIN pecypc).

PE3YJIbTATHI HABJIIOJAEHU

N3mepenus 6amaHca MaccChl IO OTASIBHBIM peii-
KaM IO3BOJIUJIM COOpaTh JaHHbIE OTHOCUTEIbHO I10-
noxeHus ELA Ha pa3HbIX CKJIOHAaX JJIETHUKOBOTIO KY-
nona (tabnuna). [Mockonbky B 2021/22 r. HaGmone-

HUS Ha JIETHUKOBOM KYIIOJIE TIPOBOIWINCH TOJIBKO B
TedeHUe heBpaisl, peajbHbIX 3HaAY€HWi1 BBICOTHI Ipa-
HULIBI IIMTAaHUS TOJYYUTh He yaanoch. [IpuBeméH-
HbIE B TaOJIMIIE CBEASHMSI 32 3TOT rof IPUOIU3UTEIIb-
HBbI U B JaJIbHEUIINX TOCTPOSHUSIX HE UCITOIb3YIOTCSI.
3nauenust ELA nginsg 2020 u 2023 IT. pacIioyioXeHbI
BBIIIIE BepXHEil TpaHUIILI KyTToJia, paBHou 250 M. DTO
03HAYaeT, YTO B 3TU JICTHUE CE30HBI BCSI ITOBEPX-
HOCTb JIGIHUKOBOI'O KyITIOJIa HaXOIujach B 001acTU
adIIInn.

AHaW3 JaHHBIX, IPUBEAEHHBIX B Taba. 1, moka-
3piBaeT, yTo ELA Ha nemHuKoBOM Kyroje ben-
JIMHCTay3eH IEiCTBUTEIBHO ITOABEPXEHA CUJIbLHBIM
MEXTOIOBBIM KOJEeOaHUSIM: OHA OMyCKaeTCd K MOJI-
HOXKMIO JIETHUKOBOIO KYIO0Jia B TOABI C IOJI0KUTEb-
HBIM 0ajJlaHCOM MacChl M IIOJHMMAETCSI K BEpIIMHE
JIETHUKOBOTO KYITOJIa WK BbIIIE HE€ B TOIOBI C OTPU-
HaTeabHBIM OajjaHcoM Macchl. B cpenHeM MHoOroeT-
Hee MOJIOKEHME BBICOTHI I'PAHULILI IIMTAHUS OTMEYe-
HO B BepxHeil 4acTH JIGAHUKOBOTO KYTI0JIa HAa BBICOTE
okoJiio 190 M. Bto nonoxenne ELLA onmHakoBO mo-
YTU Ha BCEX CKJIOHAX JIGMHUKOBOIO KyIIOJa, 3a WC-
KJIIOYEHEM BOCTOUYHOTO CKJIOHA, Te BBICOTa Tpa-
HUIIBI MUTAaHUS HAXOIUTCI Ha BbICOTe OKOJIO 170 M
13-3a IPUYPOYSHHOCTU BETPOBBIX HATYBOB K 3TUM
YacTsIM JIETHUKOBOTO KYIIOJIA.

KpomMe MeXrogoBhIX KoOJICOAHMIT TOJOXEHUS
ELA nHaGmomaroTcs €€ BBICOTHBIE KOJIEOAHMSI U Ha
pa3HbIX CKJIOHAX JISAHMKOBOTO KyI1oJjia. B roapl ¢ 1mo-
JIOXUTEIbHBIM M OTPULIATEJIbHBIM 0ajlaHCOM MAacChl
caMoe HM3KOE€ MOJIOXKEHNE BBICOTHI TPAaHUIBI ITUTA-
HUS TATOTEET K BOCTOYHBIM CKJIOHAM JIEAHUKOBOTO
KyIIOJIa, YTO TOBOPUT O IIpeodiafaHu1 B 3MMHEE Bpe-
Ml 3aITagHBIX U CeBEPO-3anagHbIX BeTpoB. OIHAKO B
2009/10 r. mMpU TNONOXUTEIHHOM OajaHCe MacChI
Hu3koe mnosgoxeHue ELA Tdaroreio K 3amagHbIM
CKJIOHAM M3-3a TIpeoOJlagaHusI 3WMMHETO TepeHoca
CHEera I0ro-BOCTOYHBIMU BETPaAMMU.

CpaBHeHUE TMOJIOXKEHUS] CPEIHETO 3HAYEHUS Bbl-
COTBI TPAHULIBI TUTAHUSI C TOIOBBIM OaJIaHCOM MAaCChI
Ha JIEAHMKOBOM KYIl0Jie [T0Ka3aHo Ha puc. 2, a. OT-
MeyJaeTcsl Herjioxasl CBSI3b OTUX MapaMeTpoB (Koagd-
¢duuueHT aetepMuHaliu paBeH 0.78), MOCKOJBKY
XOpOIIO BUIIHO, YTO MPHU TOJIOXKUTEIbHOM OajaHce
Maccel ELA omyckaercs, a TIipu oTpuliaTeJIbHOM Oa-
JIaHCE MacChl — MOAHUMAETCSI.

CpaBHeHME BBIYMCIIEHHBIX II0 BCEM HNPOQPUIISIM
CpEOIHUX 3HAUEHWI BBICOTHI T'PAHUIBI MUTAHUS B
Kaxxnpiii rog uamepenunii ¢ ELA xaxxnoro otoebsHOro
nmpouiist Tex e JIeT IJIsl BCero repuoaa Habaoae-
HUI MOKa3aJlo OYEHb BBICOKUI KO3(MGULIMEHT ae-
tepmuHanuu (0.8—0.9). DTo o3HayaeT, YTO 110 MOJIYy-
YEHHBbIM 3aBUCUMOCTSIM JUISI KaXIOTO OTIEJIbHOIO
CKJIOHA KYIIOJIa C OOJIbIIOM CTEMEHBIO JOCTOBEPHO-
CTU MOXHO BBIYMCIIMTH CpeaHee 3HAYeHUE BHICOTHI
rpaHUIbl IIMTAHUS IJIsI BCEX CKIJIOHOB, TO €CTh IS
BCEro JISMHUKOBOTO KYIIOJIa 32 JJIUTEIbHbIE TIEPUOIBI
BpPEMEHMU.
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Puc. 1. JlennukoBsiii Kynoi beanuncrayseH. (a) — I[Nonoxenue o. Kunr-JIxxopmk (Batepioo), ykazaHo CTpeiKoii; (6) — ocT-
poB Kunr-/Ixxopmx (Batepioo) (rmonoxkeHue pucyHkKa () moka3aHo KBaapaToM); (6) — MmoJioxkeHue npoduieii usmMmepeHus 6a-
JIaHCa MaccChl Ha KyTioJie: / — TOpu30HTaIN Ha MOBEPXHOCTHU KyIoJia, 2 — Kpaii KyroJja, 3 — npoduin u ux Homepa, 4 — 1moJjo-
XeHue peek HaboaeHui (a — Te, 4YTo AyOJMpYyIOT HEMELKUe peilku, 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 KyTiojia bemmmHcrayseH (pacyér
110 YPaBHEHMSIM PErpeccuu ISl TOUeK M3MePeHU 6aaHca Macchl B IIPOMUIISIX)

Cpenusist BricoTa BrIcoTa rpaHULLI IUTAHUS, M HAJl YP. MOps,
bananc TeTHSS FpAHULIBI Ha cki1oHax (Ne mpoduis)
Ton, macchol Bn,
CM B3 TeMIeparypa| TUTaHUA, M | samap-1 3aman-2 10TO-3amaj or BOCTOK
XII-II, °C |Ham yp. Mmopst (ii) (i) ) (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.

ITockonbKy 3UMHME OCaIK/ MaJI0 U3MEHSIIOTCSI BO  CBSI3b BBICOTHI I'PAHUIIBI ITUTAHUS CO CPEOHEM JIeTHE
BpeMeHM B 3Toi 4yactu o. Kumur-/Ixxopmk (CBom- TeMmIiepaTypoil Bo3ayxa Ha MeTeocTaHIMU ben-
HbIE... — DJIEKTPOHHBIU pecypc), OCHOBHBIM (hakTo-  JinHcrayseH 3a Tpu (XII—II) u yersipe (XII—IIT) me-
pOM BIMSIHMS KjIMMaTa Ha mojioxxeHue ELA oka3bl-  cslia, a TakKKe ¢ CYMMOI CpeIHUX MECSIYHBIX TeMIIe-
BaeTcs TeMIlepaTypa Bo3ayxa. IIpoaHanu3umpoBaB  paryp 3a Te K€ NepuOoIbl, C CYMMOI CpeaIHUX MECSIU-

350 2
E o)
300 E =l
oL
250 z 2
200 £ £Ff
S
0100 & § -
y = 1.3974x + 133.04 \?5\9\ s =| o y = 142x + 39.433
R2=0.775 S R =0.8062
1050 o A - o o
~150 -100 -50 0 50 0 02 04 06 08 1.0 1.2 14 1.6 18 2.0
Bbamanc maccel, cM B.3. CpenHsisi JIeTHsIsI TeMIiepaTypa Bosnyxa, °C

Puc. 2. CBs13b BICOTBI I'PaHULIbI TUTAHUSI C TOIOBBIM OaJJaHCOM Macchl Ha JIETHUKOBOM KyrnoJie besuinHcerayseH (a); CBsi3b Bbl-
COTBI TPAHULIBI TUTAHUS U cpenHeit neTHeil Temrepatypsbl (XII—II) Ha meTeocranuuu besutnHcerayseH (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. i3ameHeHe BbICOTHI IPaHULIbI TUTAHUSI BO BpEMEHU 3a Mepuo HabmoaeHuit: 1 — pacu€éT 3HaueHU i BHICOTBI TPAaHUIIbI
MUTAHMS 10 CPEIHEN JIETHE TeMIiepaType Bo3ayxa Ha MeTeocTaHMu betnHerayseH, 2 — naHHble HaOTI0eHWI BHICOTHI 'pa-

HUIbI MTUTaAaHUWAA.

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 CpPETHUX
CYTOYHBIX TeMIIepaTyp BbIIe HYJIS, IIPUXOINM K BbI-
BOdy, YTO Hawydleil okasbiBaeTcs cBsidb ELA co
CpelHel JeTHEN TeMIepaTypoid Bo3ayxa Ha METEO-
cranuumn bennmHcraysen 3a tpu (XII—II) mecsna.
I1pu 3TOoM K03 PULIMEHT TOCTOBEPHOCTH IJISI BCEX
Jiet HabmoaeHuit ¢ 2007 mo 2021 r. coctaBuia 0.81 mpu
WCKIIIOYEHUM JIET C OTCYTCTBHEM HAOJIIOOCHUN B
2012/13 u 2013/14 1r. (cM. puc. 2, 6). Tot ke Koa(h-
(ULMEHT TOCTOBEPHOCTU MpH aobasaeHun 2022/23 r.
paBeH 0.79. JloctaTo4yHO XOpoliiasi CBSI3b 3TUX I1apa-
METPOB I103BOJISIET BOCCTAHOBUTh BBICOTY T'PaHUILIbI
MMUTAaHUSI 3a BeCh MEpHOHd HAOMIOAESHUI Ha METeO-
cranuuu BemnuHcrayseH, T.e. ¢ 1968 T., Ha OCHOBe
pacyéTa cpemHel JIeTHEN TeMIlepaTyphl BO3lyxa Ha
MeTeocTaHuMU bennuHcrayseH 3a tpu (XII-IT) me-
csla IjIsi BCETro Ileproaa HaOMIoAeHU U IIpUMeHe-
HUS TIonydeHHou dopmynsl: miss 2007—2021 rr.:
T=0.0057 x ELA — 0.0167; viu ¢ yuétom 2023 r.:
T=10.006 X ELA — 0.0466,rne T — cpenHsst JIETHSIS
TeMIleparypa 3a aekabpb—denpanb, °C; ELA, M Haz
yp. Mops. Orcioga ELA = (0.0167 + 7)/0.0057, vin
ELA = (0.0466 + 7)/0.006.

B pesynbTaTe moiaydyuM KpHUBYIO U3MEHEHUS BbI-
COTBI TPaHUIIBI MUTAHUS BO BpeMeHU. O0e MmonydeH-
HBI€ KPUBBIE TIOUTHU coBnaaaoT. OgHaKo Mo NepBoii
¢dopmysie TIOBBILIEHWE WM TOHMXKEHHWE CpemHeit
JieTHeil TemnepaTypbl Ha 1°C ONpUBOAUT K U3MEHE-
Huio ELA Ha 175 M, a 1o BTOpoii — Ha 166 M. B nanb-
HelfIIeM OblJIa MCITOJIb30BaHa repBas GopMyia n3-3a
Oosblrero KoadgduuueHra gocroBepHocTtu. Ilomy-
YeHHbIe 3HAYEeHUSI U3MEHEHUSI BLICOTHI TPAHULIBI ITH -
TaHUSI CPAaBHUMBI C HAHHBIMM, HAaMOEHHBIMU IJIsI
CeBEpHOM 4YacTu AHTapKTMYECKOIro II0JyOCTpOBa
(Davies et al., 2012). CienyeT oroBOPUThCS, YTO IJIsI
2013 1 2014 rr. mo 3TOM (popMyJie TTOTyUdeHBI OTPHUIIA-
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TebHbIe 3HaueHusT ELA, yero B AeficTBUTETBHOCTHA
ObITh HE MOXeT. [ToaToOMy 3HaUeHUST BHICOTHI I'paHU-
LIbI TTUTAHUSI B 3TO BpeMsl ObLIM MPUPaBHEHBI K HYJTIO
(puc. 3). O ToM, UTO CHer Ha KyroJie beinnHcrayseH
B OTU TObI Tasul JIMIIb YaCTUYHO, CBUIETEIbCTBYIOT
MpsIMble HAOIIOEHUSI, BHITTOJTHEHHbBIE, B YACTHOCTH,
setom 2013/14 r. (yctHoe coobuieHue P.A. YepHoBa).

Ha sToT e rpadmk OBITM BEIHECEHBI TOYKM €1~
HUYHBIX U3MepeHuii ELA B roapl, Korga Ha KyroJe
NpoBOAWINCH HaOMoaeHus1. HeronHoe coBnaaeHue
TOYEK HAOJIOOEHUN C MOJYyYEeHHON KPUBOII MOXKET
OBITb CBSI3aHO C TeM, YTO Ha rpaduke MnokaszaHa
ocpegHEHHas BBICOTA TPaHUIBI MUTAHMUS II0 BCEM
CKJIOHAM JIETHUKOBOTO KYIIOJIa, B TO BpeMsI KaK eai-
HUYHbIE U3MEPEHMSI COOTBETCTBOBAIM TOJIBKO OJHO-
MYy 13 CKJIOHOB KyIlOjJa — 4Yallle BCEero, 3amaaHoMy
(Braun, 2001) v toro-3amagHomy (Wen et al., 1998).

ITonyyeHHast KpuBasi J€MOHCTPUPYET CHUJIBHYIO
usMeHunBocTh ELA Bo BpeMeHU (cM. puc. 3), a eé
CpaBHEHHUE C JaHHBIMU Pa3pO3HEHHEBIX II0JIEBBIX Ha-
OJIroAeHUI MoKa3bIBaeT OJIM30CTh 3HAYEeHUI. AHAJIN3
KPUBBIX PACYETHOTO X OCOOEHHO OCPETHEHHOTO 3HA -
yeHuit ELA roBoput o ToM, 4TO HUKaKOM cTabMIM3a-
LU JISTHUKOBOTO KYIIOJIa 3a BeCh Iiepuod, HabJrome-
HHUII He mnpoucxomwio. HampotuB, 10 cepeauHbI
1980-x romoB rpaHuIIa ITMTAaHUS IIOBBIIIAJIACH, 1 9Ta
TeHIIEHLIMS TIpoaoIKagack mpuMepHo 10 1998 r., xo-
TS U B MEHBIIINX pa3Mepax. B manbpHeiileM BIJIOTh 10
2003 r. ELA mommxanach, a 3aTeM HaOJII0IaaoCh eé
HeOompIIoe noBeiieHue no 2008 1., a 3aTeM pe3Koe
NOoHMXXeHHe BIJIOTh 10 2015 r. B mocienyrolye rombl
rpaHMIA TUTAHMS IIPOJOJDKAET MOBHIIIATHCS BIUIOTh
o HacTtosero BpeMeHu. CortacHO oCpemHEHHBIM
JaHHBIM, B iepuon ¢ 1994 1mo 2000 r. m B 2010 . ELA
pacrojiarajiach BBIINIE JIGTHMKOBOIO KyIiona ben-
JIMHCTay3eH.
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Puc. 4. BoicoTa rpaHULIbI TUTaHUs pacyeTHast (/) U CKOJB3SIIUE CPeIHNE 3HAYEHUST BBICOTHI TPAHMIIBI TUTAHUS C 5-JIETHUM
1raroM (2) 3a rombl MTHCTPYMEHTAJIbHBIX HAOMOneHUl. Pacuét mo ypaBHeHUSIM perpeccuu IUIsl TOYEK U3MEePEeHMIi OaaHca 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), pasnuuust MeXIy TeMmrepaTypaMmu BO3-
nyxa Ha ctannusix bemHcrayzeH u JdeceniineH oT-
CcyTCTBYIOT. [103TOMY MBI UCITOIL30BAJIM JaHHbBIEC Ha-
OnMrogeHuil Ha MeTeocTaHUUM [ecemileH AJsl MpoO-
IUICHUST TeMIIEpaTypHOTO psida METeOCTaHIINU
beiuHcray3eH, 4To MO3BOJMJIO pacCYUTaTh MOJIO-
JKeHHE BBICOTHI TpaHUIIbI TIUTaHUS 30ech ¢ 1947 T.
(puc. 4). AHanu3 MOJIYyYeHHOI KPUBOI MOKA3bIBAET,
YTO B T€YEHUE BCEro Meproja MMEIOIIUXCS UHCTPY-
MEHTAaJIbHBIX JaHHBIX BHICOTA I'PAHMIIBI TUTAHUS HE-
OOHOKpATHO TMpeBbIIIaJIa BHICOTY Kynoja bei-
JIMHCray3eH. DTo nmpoucxoauiio B 1955, 1962 u 1963
IT., a TakKXe HeoJqHoKpaTHO ¢ 1982 mo 2002 r., B 2020,
2022 1 2023 rr. B esioM noBhIIIeHUE TPAHUIIBI TUTA-
HMs oTMedaeTcs ¢ 1947 o 1955 r., nanee oHa orycka-
€TCsI TIOUYTH 10 YPOBHS Mops B 1959 1., a 3aTeM IOBBI-
IraeTcs 1o MakcuMmyMa B 1963 T. 1 CHOBa omycKaeTcst
oo Hyns B 1968 r., mociie yero ciieayer JJIMTETbHOE
noBkwIlIeHre g0 1997 r., 3aTeM ci1aboe NOHMXKEHUE 10
2008 1., pe3koe omyckanue B 2013/14 r. u mmociaeayio-
miee e€ moBbIlIeHNEe. Ha KpnBo#t BUIHBI KaK pe3Kue
U IJIaBHBIE MOBHIIIeHUS 3HaueHuit ELA, Tak v 11aB-
HBIE 1 pe3KKe NOHXKeHUs. B 11e10M Kakux-11b6o 00-
X 3aKOHOMEPHOCTEH BBISIBUTH He yaaétcs. M xoTsa
B ITOCJICAHUE TOAbI HAMETUJIACh TEHASHIIUSI TIOBBIIIIE-
HUS BEICOTHI TPaHULIBI MUTAHUSI, HEBO3MOXHO IIPE/I-
CKa3aTh €€ N3MEHEHUI B OyIyIIIEeM.

OBCYXIEHMUE PE3YJIILTATOB

JrHaMuKa BBICOTHI TPAHUILILI TMTAHUSI OTpaXkaeT
COCTOSTHHE JIETHWKOBOTO KYIIoJIa BO BpeMeHu. Ecimn
MBI IOCMOTPUM Ha eqUHUYHbIC JaHHbIe ELA ¢ 1968
o 1992 r., To MoKaxeTcsl, YTO COCTOSIHUE JIETHUKO-
BOTO KyIoJia 66110 cTabuibHbIM (Wen et al., 1994).
Orto ke orMmeyanoch u B padore (Falk et al., 2018).

O)Z[HaKO IMOJIy4€HHas1 KpuBas BbICOTbI 'PaHUIIbI ITHU-
TaHMS TIOKA3bIBAET, YTO 3TO OBLI Mepuoa e€ 0OIIero
MOBBILIEHUS, UTO HAIIUIO OTPa’keHUE B CYIIECTBEH-
HOM YMEHBIIEHUM HaKOIUIEeHUs (pupHa B BEepXHEU
yacTu JieTHUKOBOro kyroja. Eciu B 1968—1971 rr.
BeJIMYMHA (DUPHOBOTO CJI0SI HAa BEepIIMHE KYIoJa 10-
crurajia 20 m (Orheim, Govorukha, 1983), To yxe B
Havaysie 1990-x romoB TOJIIMHA (PUPHOBOTO CJIOS
3mech cokpatuiiach 10 7 M (Wen et al., 1994), a x
2007 1. 3TOT CJI0¥ TTOJTHOCTBIO McYe3 (HalllM HaOJI0-
neHust). [lpumepHo TOTAA XKE Ha JISTHUKOBOM KYTIOJIe
MeTaMopdUUeCKUil TUTI JTbA00OPa30BaHUST CMEHUII-
cs1 Ha KoHXesauoHHbIi (MaBmonos, 2022a).

MHorosieTHUI XapakKTep U3MEHEHMUSI MOJIOXESHUS
ELA Ha cki1oHaXx JIEMTHUKOBOTO KyIIOJIa HE TOKa3bIBa-
€T O0IIel TeHACHIIMY ITOBBIIIIEHUSI BBICOTHI TPAHULIBI
MUTaHUsI BO BpeMeHu. HampoTus, oTMe4YaloTcst OT-
JIeJIbHBIe TIeproAbl M3MeHeHus mmonoxeHus: ELA kak
B CTOPOHY ITOBBIIIICHMSI, TaK U MOHWXXEHUS. BhIsIB-
JIEHHbIE IIepUOJIbl MMEIOT pa3HYI0 NPOTSKEHHOCTh
(okoJjio 20 u 45 neT) 1 He HalOT HUKAKUX OCHOBAHUIA
CTPOUTH KaKre-In0o IMporHo3sl. [1omoOHEBIE Tepro-
Ibl M3MEHEHUSI XapakKTepa IHUTaHUs JIEIHUKOBOTO
Kyrona bemmHcray3eH UMen MEeCTO U B IIPOIIIOM,
0 4Y€M MOXHO CYIUTH 10 UMEIOIIMMCS HECOIJIaCUSIM
3aJieraHus CJIOEB JIbJa Ha CKJIOHAX JIEAHUKOBOIO KY-
1oJjia, KOTOpbie HanboJiee OTYETIIMBO BUAHEI B 3a11ajI-
HOM YacTU JIETHMKOBOTO KyroJja. DTU HecoIjacus
CBUICTEJIBCTBYIOT O TOM, YTO B UICTOPUM KYyIOJia B 3a-
BUCUMOCTHU OT nojioxeHust ELA meproabl HaKoOILIe-
HMS MacCHhI JIbIa CMEHSIJIMCH MTpeo0iagaHmeM e€ pac-
Xola, 1 HaoOOPOT, KOIJa HaKOIIECHWE MAacChl JIbIa
IIPOMCXOAMJIO HE TOJILKO B BEPIIMHHOM YacTHU JIEHI-
HUKOBOT'O KYyMoJjia, HO U Ha ero CKJIOHaX BIUIOTH MO
OeperoBoii yepThl. Takue dyepenoBaHUSI MOAbEMA U
ONYCKAaHMsS BBICOTHI T'PAHUIBI MUTAHUSI, BEPOSITHO,
NPOUCXOAUIMN TI0 KpaillHE Mepe C Hadaja Majaoro
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JIETHUKOBOTO MEPUOJIa, TTOCKOJbKY paHee JeIHUKO-
BbIli KynoJj beinHcray3eH CUJIbHO COKpallajics B
pa3Mepax Win gaxe MoJHOCThIo ncuesan (Bepkynuu
u ap., 2012).

CKJIOHBI JIEMHUKOBOTO KyTiojia bemnuHcrayseH
OPUEHTUPOBAHBI NTOYTU HA BCE CTOPOHBI CBETA, B TO
BpeMsI KakK ApYyrue JEeOAHUKW OCTPOBa, Ha KOTOPBIX
MPOBOJISITCSI MHOTOJIETHUE HAOJIONEHUsI, UMEIOT J0-
BOJIbBHO YETKYIO0 OPMEHTALlMI0O B OIHOM HampabJie-
Huu. OTcroAa cieayeT, YTo MpaBUJIbHEE CpPAaBHUBATh
BBICOTHI TpaHUIIbl MUTAHUSI Pa3HBIX JIGAHUKOB CO
CKJIOHOM JIEAHMKOBOTO KyMnoJja TOl K& OprUeHTalluu,
YTO M y CpaBHUBaeMoro jenHuka. Hampumep, yien-
Huk Dypram Ha TeMTHUKOBOM KymoJie BapiaBa opu-
€HTHUPOBAaH Ha I0ro-3araj 1 ero npaBujibHee CpaBHU-
BaTh ¢ ELA 1oro-zanmamHoro ckjioHa KynoJja bein-
JiuHcraydeH. JlenHUK DKoJOrM4yeckuii Ha KyroJie
BapiaBa opueHTMpPOBaH Ha BOCTOK W €ro CleayeT
CpaBHUBATh C BBICOTOI I'PaHUIIbI MUTAHUSI BOCTOY-
Horo ckjioHa kynosa bemnuHcrayzeH. K coxarne-
HUIO, OTCYTCTBUE JJIUTEJIbHBIX PSII0OB HEMPEPbIBHBIX
HaOIOACHUI Ha 3TUX JEAHUKAX HE MTO3BOJISIET MPO-
BECTM KauecTBeHHoe cpaBHeHue ELA B mapax sen-
HUKOB. Mcnosb30BaHME NMCTAHLUMOHHBIX AAHHBIX
JUTST BOCCTAHOBJIEHUST BBICOTHI TPAaHULIbI TMUTAHUS Ha
JIeMHVMKaX OCTpOBa B OOJILIIMHCTBE ClydyaeB 3aTpyil-
HUTEJNbHO, TTOCKOJbKY Ha 3TOM TEPPUTOPUU TPE0O-
Jlagaet obJjlauHas norojaa (B cpemHeM 22 AHSI B KaX-
JIOM Mecsilie He0o MOKpHITO obakamu). Kpome Toro,
nosioxxeHue ELA MOryT MacKMpoBaTh YacThble CHETO-
nmanbl B KoHLe Jeta (Davies et al., 2012). IToaTomy
MPUXOJUTCS OTPAHUYUTHCS HEOOJBIIMMU BpPEMEH-
HBIMM OTPE3KaAMU JIJIsl BO3MOXHOTO CpPaBHEHMUSI.

g nempnka Mypkam nMeeTcs MATUIETHUNA P
HaomoneHuii — ¢ 2011 mo 2015 r. (Falk et al., 2018).
CpaBHEeHME MOJYYEHHBIX ITOJIOXXEHUI BBICOTHI I'pa-
HULIBI TATAaHMUS IJIsI 000MX JIEAHMKOB II0KAa3aHO Ha
puc. 5. Kak BUZHO M3 3TOTO PUCYHKAa, ITOJOXKEHUE
BBICOTHI TPAHUIILI TATAHUSI B OOWH U TOT K€ TIEPUO/I
BPEMEHM CHJIBHO Pa3IMYacTCs, XOTS CPaBHUBAIOTCS
OIMHAKOBO OpUEHTUPOBAaHHBIE CKJIOHBI. Ha KymnoJe
bennuHcraysden ELA HaxoauTcs HUXKe, a HA JIGAHUKE
dypkan — Beiie. [1pu 3ToM aMIIMTYyIa USMEHEHUS
BBICOTHI TPAHUIIBI TIMTAHUS 3a TSITWIETHUI CPOK Ha
JnenHuke Dypkan He mpesbiiiaeT 20 M, B TO BpeMs
Kak Ha Kyroyne beiummHcray3eH aMIumdryna Kojieba-
auit ELA npessimaer 160 M. OgHako xapakrep 13-
MEHEHMsI KPUBBIX BBICOTBHI TPAaHUIBI IUTAHUS Ha
000MX JIGTHUKAX COBMNAAIOT IO 3HAKY. DTO O3Hada-
€T, YTO 00a JIMHWKA B HEKOTOPBIX CIYYasiX MOXOXUM
00pa3oM, XOTS U C pa3HOM MHTEHCUBHOCTBIO, pearu-
pYIOT Ha KoyiebaHus kiauMaTa. [1ocKobKy 1mojtoxe-
Hue ELA 3aBUCHUT OT KOJIMUECTBa 3MMHMX OCaJKOB U
TeMIlepaTyphl BO3ayxa, a TeMIlepaTypa Bo3ayxa Majio
MEHSIETCS B IIpeAeiiaX OMHOTO OCTPOBa, TO, BEPOSIT-
Hee BCEero, pa3Hulla B MOJ0KEHUU BbICOThI TPAHUILIbI
MMATAaHUSI MOXET OBITh CBSI3aHA C 3MMHUMMU OCaIKa-
mu. Ho 1 cymMma ocankoB Ha OTHOM OCTPOBE, CKOpee
BCETO, IOYTU OAMHAKOBA, a pa3HUIla B CHETOOTIOXKE-
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HUU MOXET OBIThb CBSI3aHA C BETPOBBIM IEPEHOCOM
0CcagKoB. MOXHO IToJIaraTh, YTO I10 3TOI IIpUYMHE Ha
neqHuke Dyprag coyBaHKE CHEra MOTJIO ITIPUBECTH K
Oosiee BRICOKOMY noJioxkeHnio ELA 1mo cpaBHeHUIO C
kymosoMm bemnmuHcraysen. IlogobHoe BeTpoBoe Iie-
pepacrpeelieHre MOLJIO BBI3BaTh U 00Jiee IIaBHBIE
MEXTOIOBbIE M3MEHEHHUSI BBICOTHI T'PAHUIILI ITUTa-
HUSI.

K coxanenuto, onpeneineHust ELA s 1emTHUKOB
B 3aJIMBE ADMUPaJITH, OPUEHTUPOBAHHBIX Ha BOCTOK,
€IMHUYHBI M HE TTO3BOJISIIOT IIPOBECTU CPABHEHUE C
BBICOTOIi I'paHUIIBI TMTaHU KyIoyia bemHcrayseH
(Pasik et al., 2021). MoxHO cKa3aTh Julllb, 9To ELA
JUJISL OTUX JIETHUKOB PAaCIIOJIOXKEHBI HIDKE, YeM Ha KY-
noie bemnuHcraysdeH. Hampumep, Ha DKojoruye-
ckoM semHuke B 2013 1. BBICOTa T'paHUILBI ITMTaHUS
pacnojarajach Ha BbicoTe 156 M, Ha JienHuke De-
HuKc — Ha 140 M, a negHuKe bapaHOBCKOro — Ha BbI-
cote 150 M, B To BpeMsi Kak Ha BOCTOYHOM CKJIOHE KY-
nosa bennuHcraysen B 2013 1. ELA Haxomuiace Ha
ypoBHe 180 M. ITogoOHbIe pa3nuuusi, O4eBUAHO, TaK-
XKe OIIPeAeIsSIIOTCSI 0COOEHHOCTSIMU BETPOBOTIO IIepe-
pacmopeneneHusI CHera Ha 3TUX JeIHUKAaX.

Kak oTrmedeHo Bbillle, TeMIlIepaTypbl BO3ayXa Ha
octpoBax Kunr-JIxxopmx u [ecermen o6ausku (Fer-
ron et al., 2004). DTo MO3BOJISIET OTHECTHU IIOI00HOE
MPEATNOIOKEHNE U K ApYyruM 4dacTam FOxubix let-
JIAHACKUX OCTPOBOB. MOXHO OXWJIATh, UTO U XOII 13-
MeHeHMi monoxeHus ELA nmpoucxoouT Ha apxure-
Jlare CXOmHBIM oOpa3oM. eicTBUTENbHO, COOTHO-
IIeHUs] M3MEHEHUI BBICOTHI TPAHMIIbI MUTAHUSI Ha
Kytone bemnmHcray3eH u Ha 1egHuKe Xepa Ha o. JIu-
BMHTCTOH (Sancho et al., 2017) cxoxXu 1 110 CHHXPOH-
HOCTU U3MEHEHMUIA, U TI0 BEJIMYMHE (CM. pUC. 5), 4TO
MOXET MOATBEPAUTH BO3MOXHOE TOJ00HUe U3MEHe-
Huit ELA B npenenax apxurnenara IOxHbix Ier-
JIAHJCKUX OCTPOBOB.

CpaBHeHUe TT0JIOXKEHUST BLICOTHI TpaHUIIbI TTMTa-
HUs Ha Kynoyie beimiHcray3eH n Ha JJemHUKAaxX, pac-
TMOJIOKEHHBIX K BOCTOKY OT AHTapKTUYECKOTO MOJTYy-
ocTpoBa (CM. pHC. 5), TOKa3bIBaeT KaK HEKOTOPYIO
CXOXeCTb, TaK M pasznuuus. [1pyr aToM HanGoIbIIast
CXOXECTb OTMEYaeTCsl ¢ JISAHUKOBBIM KYyIToJIoM JIa-
BUC 1 MeHbIIass — ¢ genHukoM Bucku (Engel et al.,
2018). Cxoxecth nusmenenuii ELA B Bume cMHXpOH-
HOCTU U3MEHEHUs Ha KynoJie bennuHcrayseH u en-
HUKaxX Ha BOCTOKE AHTapKTUYECKOI0 MOJIyOCTpOBa
1 0COOEHHO Ha JemHuKe Xepa Ha o. JINBUHTCTOH
oKaszajiach Jaxe BbIlle, yeM ¢ JegHukom Dypran,
pacmojiokeHHOM Ha TOM Xe OcTpoBe. MOXHO
MIPEATIOIOXUTh, YTO OTMEYEHHAsI CXOXECTh U3MEHe-
HUSI BBICOTHI IPaHULl MATAHUS Ha apxumnesare u AH-
TapKTHYECKOM ITOJyOCTPOBE CBsI3aHa ¢ Mpeobrama-
HHUEM 3aTagHbIX BETPOB B peTnoHe. BeposiTHO, UMeH-
HO TTO3TOMY OTMEYaeTCsI CHHXPOHHOCTb U3MEHEHMUS
GanaHca Macchl Ha JemHMKax KOxHbrx LleTmanackmux
OCTPOBOB M AHTapKTH4ecKoro moiyoctpoBa (Engel
et al., 2018), uyTo Tak:Ke MPOSIBISICTCS U B HEKOTOPO
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Puc. 5. I3MeHeHMe MOJI0XEHUST BHICOTBI rpaHuIibl muTanust B 2008—2015 rr.: 1 — kynon beyutuHcrayseH, 2 — egHuk @ypkan
(Falk et al., 2018), 3 — nennuk Bucku, 4 — xymnon [IsBuc (Engel et al., 2018), 5 — neqgnuk Xepn (Sancho et al., 2017).

Fig. 5. Change of ELA position in 2008—2015: 7 — 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 3THUX PETUOHOB.

Haxxe Ha OJIM3KO PACMOJOXEHHBIX JEIHUKAX O -
HOTO OCTpOBa BbICOTa I'paHUIIbl MUTAHUS MOXET
MPUHUMATh pa3Hble 3HAYEHUS. DTO BUIHO HE TOJBHKO
Ha npuMmepe o. KuHr-J>XKopax, HO U B CEBEpHOM ya-
CTU AHTapKTHUUYeCKOro nonyoctpona (puc. 6). Ctomib
oOosrenIoe pasHooOpasue noyioxkennit ELA Ha moiry-
ocTpoBe TPUHUTHU CBSI3aHO C CUJIbHBIM IPagleHTOM
0CaJIKOB C BOCTOKA Ha 3arma/l, B pe3yJibTaTe Yero cHe-
roBasi IJMUHMS Ha 3aMaHOM Oepery ornycKaeTcs MouTu
JIO0 YPOBHSI MOpPSI, B TO BpeMsI KaK Ha BOCTOUHOM OHa
pacniojioxeHa Ha BbicoTe 300—400 M Ham yp. MOpst
(Davies et al., 2012). BaxxHo Takke 1 riepepacipene-
JIeHUE CHera CUJIbHbIMU BETPaMU.

B otnuue ot cutyaiiMu Ha nojyoctpoBe TpuHU-
TH, TIIe p€Yb UAET O HECKOJIbKMX JIEAHUKAX Ha Pa3HbIX
CKJIOHaX IMTOJTyOCTPOBa, Ha KyroJiax bennrHcray3eH u
Bapmasa Ha o. KuHr-JI>xopax HabmarogaeTcs: oopar-
Has KapTHUHA: Ha BOCTOYHbBIX YaCTSIX KYITOJIOB BbICOTA
TpaHUIBl MATAHUST PacCIloJioOXeHa HUXe, 4eM Ha 3a-
MagHbIX. DTO MOXET ObITh CBSI3aHO CO CIAyBaHUEM
CHera npeo0ajallMMKU 3alaJHbIMU U CEBEPO-3a-

IMagHbIMM BETPpAaMM C BEPIIMHHDBIX qacreu KYIIOJIOB
Ha NX BOCTOYHBIC CKJIOHBI.

B padote (Kaplan et al., 2020) 6bUI0 BBISICHEHO,
YTO U COKpallleHWe, U YBEIUYEHUE pa3MepPOB JICAH -
KoB B [laTaroHuu, Ha 3amaje ¥ Ha BOCTOKE AHTapK-
TUYECKOTO ITOJIyOCTPOBA B TeUYEHUE TOJIOLICHA IIPOUC-
XOIWJIM CUHXPOHHO — KOIJa CO3JaBaJIUCh YCJIOBUS
MOCTOSHHOTO TTOJIOXXUTEILHOTO U OTPUILATEIBHOIO
nHaekca FOxHoro kxoiblieBoro pexmma (SAM —
Southern Annular Mode) coorBeTcTBeHHO. Ilo-
CKOJIbKY U3MEHEHUSI JIEAHUKOB B LIEJIOM IIPOUCXOA-
JI CHHXPOHHO, MOXHO MPEAITOJIOXKNUTh, YTO KoJieba-
HUSI TIOJIOXKEHUS BBICOTHI TpaHUIbl TNMHUTAaHUS Ha
CXOOHBIX JIEMHUKAX BTUX PETMOHOB TaKKe MOIIU
MPOUCXOOUTh CUHXPOHHO. W TONMbKO malbHeiime
HCCIeIOBAaHMSI CMOTYT MOKa3aTh, HACKOJILKO BepHa
9Ta TUIOTE3a.

SAKJIIOYEHHUE

JlaHHBIE O IIOJIOXXEHUM BBICOTHI TPAHMUIIBI ITMTA-
HUSI, TIOJIydeHHBIe MPU 0OpabOTKe MaTepualioB II0
OajaHCcy Macchl Ha TPpOMUIBHBIX TOYKaX JIGTHUKOBO-
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Puc. 6. PacuérHast BeIcOTa rpaHUILIbI TUTAHUS JJTs 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 bemuHcrayseH 111 Kaxka0ro roga Habto-
JIIEHU, BBISIBUIN Xopolnyio cBsi3b ELA u cpegHeit
JIeTHeil TemIepaTypbl Ha MeTeocTaHuuu ben-
JIMHCTay3eH 3a JIeTHUe Mecsi1ibl FOXKHOoTro mosyiapust
(ko dunueHT nerepmuHaiu okoso 0.8). ITomaras
MMOJYYSHHYIO CBSI3b CTAOMIBHOM U B MPOILIJIOM, yaa-
JIJOCh BOCCTaHOBUTH mojoxeHue ELA Ha kyroie
benuHcrayseH Ha Bech Iepyo/ HAOMIOAeHUM (HaYr-
Has ¢ 1947 r.). HecMOTpst Ha CUJIbHBIE MEXTOIOBbIE
U3MEHEHUsI, OCPEAHEHUE MO TSITWIETHUM CpOKam
MoKa3aJjio, YTO UMEETCs 1Ba Tepruoaa U3MEHEHUS TT0-
JIOXKEHUSI BBICOTHI TPAHUIIbI MUTAHUS Pa3HOU Tpo-
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TOJDKUTETbHOCTH: oKojio 20 jet (1947—1968 1T.) m
okoio 45 ner (1968—2013 rr.). Tpetuii mepuon Ha-
qajics B 2015 T. ¥ MpoaoJKAETCsI O HACTOSIIIETO Bpe-
MeHU. SIBNsIETCST M HACTOSIIUIT 3Tall M3MEHEHUS
BBICOTHI TPAHULIBI TUTAHUSI TPETHUM ITEPUOAOM U Ka-
KOBa OyIeT ero MpoaoJKUTEIbHOCTh, MOTYT ITOKa-
3aTh Oyaylne HaOmogeHus. B KaxkaoM 13 BhIIEICH-
HBIX IeproaoB nojoxenne ELA Ha MakcuMyMe oKa-
3bIBAJIOCh BHIIIE BBICOTHI JIGAHUKOBOTO KYyIlOJa
BennunHcrayseH, T.e. B 3TU TOAbI JISTHUKOBBIN KyITOJ
MOJTHOCTBIO TePSIT 06J1aCTh aKKYMYJISILIUH.
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AHanM3 MMEIOIINXCS TaHHBIX MOKAa3bIBAaeT CUIIb-
HYI0 U3MEHYMBOCTh MOJIOXKEHUSI BBICOTHI T'PaHUIIBI
nutaHus Ha o. KuHr-/Ixxopmx. Ha 3anamHbIxX, 10ro-
3aIagHbIX W I0KHBIX CKJIOHAX KaK HEOOJIBIIIOTO JIeI-
HUKOBOTO Kymona bemmuHcray3eH, tak um 0OoJjee
KPYITHOTO JIeMTHUKOBOTO KyroJyia Bapmasa ELA pac-
IOJIOXKEHA BHIIIE, YeM HAa BOCTOYHBIX M IOIO-BOCTOY-
HBIX CKJIOHaX. SABJIsIeTCS JI1 3TO 3aKOHOMEPHOCTBIO IS
BCETO OCTPOBa 1, BO3MOXHO, Bcex FOxnbix [leTnanma-
CKMX OCTPOBOB, IIPEICTOUT BBISICHUTH B OYIyIIIEM.

ITockonbKy KojiebaHMsI BBICOTHI TPAaHUIIBI ITHTA-
HUSI Ha JIEAHMKOBOM KyIiojie bennuHcrayseH Ha
o. Kunr-JIxxopmx (Batepioo) u Ha JiemHUKe Xep Ha
0. JIuBnnrcToH (CMOJIEHCK) IPOUCXOASAT CXOIHO 10
CUHXPOHHOCTU U3MEHEHUI1 U 10 BEJIMUMHE, 3TO MO-
KET CBUAETEIbCTBOBATh O BO3MOXHON CMHXPOHHO-
ctv usaMeHeHus ELA Ha Bcex FOxubix Hletnanackux
OCTpOBax B HeJiIoM. MOXHO TIpeariojaraTb, 4Tto 00-
1€ 3aKOHOMEPHOCTU U3MeHeHUs noJioxkeHust ELA,
MOTyYeHHbIE IS JISAHUKOBOTO KyIiojia bennuHcray-
3¢H, C ONpeneIEHHON moieil BEpOSTHOCTHU MOTYT
OBbITh MCITOJb30BaHbI JJ1s1 BOCCTAaHOBJIEHUSI TTOJIOXKe-
HUSI TPAaHUIBI IIMTAaHUSI HE TOJILKO Ha BCEM OCTPOBE
Kunr-/Ixopmx, HO M, ¢ OIIpeIeIeHHOM Toeit Bepo-
STHOCTU, Ha JOPYIuX JICAHUKaAxX apxwuiienara. Takas
IIpOBEpPKa OKAXETCsI BO3MOXKHOI 110 Mepe TOTO, KaK
MOSIBATCS JUTUTEIbHBIC PSIIbl HAOMIOAeHUI 32 OajlaH-
COM MaccChl Ha IPYTMX OCTPOBax apxuriesara.

BaarogapaocTu. ABTOp MPUHOCUT OJ1arofapHOCTh
PAD 3a mpemocTaBieHHYIO BO3MOXHOCTh pPabOTHI B
AnTtapkTuke Ha octpoBe Kunr-/Ixxopmx (Bartepnoo).
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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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