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Summary

Due to climatic changes in Spitsbergen the glaciation of the Nordenskjold Land (West Spitsbergen) has signif-
icantly degraded over the past 100 years. Changes in glaciers are undoubtedly associated with intensive melt-
ing caused by a rise of summer air temperatures. Based on the results of field measurements of ablation on
the East Grenford glacier, data on the ice reduction were obtained since 2004. Analysis of the results showed
that magnitude of the surface ablation is in a good agreement with the values calculated by the Krenke-
Hodakov formula, in which the argument is the average summer air temperature. The parabolic dependence
of the Krenke-Hodakov formula with the exponent of 3.25 presented the best approximation to the field mea-
surements for all high-altitude zones of the glacier with a correlation coefficient of 0.96. The calculated values
of ablation of ice and snow were used to estimate the mass balance of the East Grenford glacier since 2004.
The calculations were based on the following: measured values of jump in temperature at the boundary of
the glacier, averaged values of the air temperature gradient, and averaged data on snow storage on the glacier.
Data on the mass balance of the glacier is indicative of its shortening during the last decade, despite the inter-
annual variations. In 2016, the glacier mass balance reached the lowest value equal to —1990 mm, the calcu-
lated value was equal to —1960 mm. Analysis of the data demonstrated that the average summer air tempera-
ture is the major factor affecting the glacier mass balance. These results may be useful for estimating melting
and mass balance of a number of mountain glaciers of the Nordenskjold Land.
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MHoroneTHue HabnaeHa Ha negHrke BoctouHbin MpéHdbopa NoKasanu 3HauyuTeslbHOe COKpalleHune
€ro MJIOLWAAN N CHUXKEHWE NMOBEPXHOCTU NefHUKa. PacuéT abnauum npoBoanncs no YeTblPEM BbICOTHbBIM
30HaM C YYETOM peasibHblX 3HAYEHWNN TeMMepaTypHOro rpagreHTa 1 TeMnepaTypHOro Cckavyka Ha Kpato
nepHvKa. Pe3ynbTaTthbl, MONlyYeHHblE HAa 3TOM NEAHUKE, NO3BOJMIAIT OLEHUTb NETHIO abnAauun u 6anaHc
MacCbl FOPHbIX JIeAHNKOB Ha 3anage 3emnu HopaeHwenbaa.

BBenenne

3emiis1 HopoeHmienbaa paciojoXeHa B HeH-
TpallbHOM yacTu apxurieiara lInumndepren Mmexmy
npoauBamu Mc-bvopa u Ban-Maiien (puc. 1), e€
MPOTSLKEHHOCTD C 3amaaa Ha BOCTOK 0Koio 100 km.
Bangnue témnoro HInuumbepreHCKOro Te4yeHus
3HAYUTEJbHO BJIMSIET HA KIMMAT TEPPUTOPUM, TaK
KaK MPUTOK TerJia cO CTOPOHBI I'peHIaHaCKOT0
MODSI IPOUCXOAUT 3a CUET LIMPOKUX (PbOPIOB, 00-
palI€HHBIX Ha I0ro-3araj, a TakxKe MPOTSKEHHBIX

IIUPOTHBIX JOJUH. biarogaps Markomy Kiumarty
3/1€Ch PaCIpPOCTPAHEHBI TOPHBIE JIEAHUKU CPaBHU-
TeJIbHO HEOOJBIIMX pa3MepoB. BoJIbIIMHCTBO e -
HUKOB PacIoJIOKEHO Ha TOPHBIX XpeOTax 0ymu3 3a-
MaJHOTO U BOCTOYHOTO MOOEPEXMii OCTPOBA, UX
o0111as rIolaab coctanisieT okojo 500 km? [1].

Bo BTOpOIit monoBuHe XX B. ObLIM OIpeaesieHbl
OCHOBHBIE 3aKOHOMepHOCTH ojeacHeHus Llnuir-
OepreHa ¥ JaHbl OLIEHKU OajlaHca MacChl JISTHUKOB
apxunenara [2, 3]. Ha 3anmagHbIX TeppUTOpUSIX ap-
XuIenara, B ToM uncie u Ha 3emsie HopaeHienbna,

-59-



JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

14°20° 14°25' B.A.

77°56 ¢.W.

77°55

77°54'

77°53'

Puc. 1. Cxema negHuka Boctounsiii I'péHdropa, pacmo-
JIoXXeHMe abJIIMOHHBIX peeK (/) 1 aBTOMaTUYECKUX Me-
TeocTaHUUI Ha JeaHuKe (2)

Fig. 1. Scheme of Eustre Grenfjordbreen, location of
wells (/), automatic weather station (2)

OTMEYEHO MaKCHMMaJbHOE COKpallleHUe ILIOIIaan
TOPHBIX JIETHUKOB, KOTOPOE CBSI3aHO C TTOBBIIIEHU-
eM JIeTHe# TeMIiepatypsl Bo3ayxa [1, 4—7]. B nepu-
on 1980—2010 rr. Ha 3TOl TEPPUTOPUU HaOIIOmAN-
CS MOJIOXUTENBbHBIA TPEH JETHENA TeMIIepaTyphl
Bo3ayxa, Kotophlit coctaBun 0,8 °C 3a gecaruie-
e [1]. B aTOT Mepuon Ha oHe MoTeIIeHUsT KO-
YECTBO 3MMHUX OCAJKOB OCTAaBaJIOCh MOCTOSIHHBIM,
a ¢ KoHua 1990-x ronoB OHO Jaxe YMEHbIIAJIOCh.
Knumaruyeckue ycioBUs BhI3BAJIM 3HAUUTEIbHYIO
nerpagaluio JIEAHUKOB, OCOOEHHO JeXallluX Ha
HU3KUX TUIICOMETPUUECKUX YPOBHSIX, UTO Haubo-
Jiee XapaKTepHO IJIs 3aIllafHbIX TEPPUTOPUI 3emMiIn
Hopnenmenbaa. MakcumanabHOE COKpallleHUe Top-
HO-JOJIMHHBIX JIETHUKOB OTMEUYEHO B palioHe 3aju-

Ba I'péHdbopa B pe3ynbTare OTCTyNaHUS JIETHUKO-
BBIX SI3BIKOB, HAXOISIIINXCS B 6eperoBoii 30He [8].

T'opHo-monuHHBINA NegHUK BocTouHblii ['pEH-
¢BOpI pacToNnoXeH B BEpPXOBbsIX 3aymBa I péndbopn
M YIMEET CEBEPHYIO SKCIO3HUIINI0. DTO — TUITMIHBIA
st 3anagHoro IlnunbepreHa ropHO-TOJMMHHBIN
JeqHuK. Ero mmomans — okosao 7 KM?, a IPOTSKEH-
HOCTBb — OKOJIO 6 KM [9]. fI3bIK IeqHMKA CITyCKaeT-
cs 1o ypoBHs 40 M, B BepXOBbe JICTHNK pa3neieéH Ha
IIBa ITOTOKA JIbAA: 3allafHasl BETBb JICIHIUKA 00pa3yeT
obmuit temopasnen ¢ genHuKoM Pputbod, a Boc-
TOYHASI JIEXKUT B CKAJTbHOM LIMPKE ¥ IOTHUMAETCS 10
BbIcOTHI 460 M. O6a moToka Jibaa CJIUBAIOTCS B CPE-
He yacTu J1egHrKa Ha ypoBHE 0K010 320—360 M, 00-
pasysl eauHBIN 36K mprHOi 10 900 M. B mocen-
HUE TOOBI JICHHUK ITOJTHOCTHIO HaXOMUJICS B 00JI1aCTH
a0JISILIY, XOTSI B BEPXOBBE Y CKaJl COXPaHSUIICH He-
OoJIbIIIME MSITHA CHETa. 3a MepHo PeTyIsIpHBIX Ha0-
moneHnii B teTHW niepuon ¢ 2004 T. CHEXHBIN 10~
KpoB ctamBai 1o BeICOTH 450 M. B 2011-2014 1. B
BOCTOYHOI YaCTH JISAHMKA 1 Ha Jiemopasaese coxpa-
HSTIaCh HeOOJIbIIIas 00JIaCTh aKKYMYJISIIAN, TDTOIIAIb
Kotopoit He nipebimraeT 0,15 kM2, C 2015 1. cHeX-
HBII OCTATOK CTalBaJl B aBIyCTe—CEHTSIOpE, a CHETO-
Bast TMHUS TTOTHUMAJAch 10 ypoBHT 450—500 M.

B 1967 r. corpynHuku MHcTHTYTa Teorpaduu
PAH BBINOJHSIM HA JEAHUKE MISIHMOJOTUYECKIUE
HCCIIeqOBaHuUS IJIs pacuéTa OajaHca ero MaccHl, a
¢ 2004 r. HabOACHUS B JISTHUM TT€pUOI TIPOHO -
KaJMCh exerogHo. M3aMepeHMsT 3MMOil IPOBEACHBI
B 2012—2015 rr. B aTOT ITepno MoJlydeHbI OLIEHKHT
TOJIIIHEI JIbIa, TEMIIEPAaTypPHOTO pexXnMa BepXHel
TOJIIIN JIETHUKA ¥ 3MMHETO CHETrOHAaKOIICHMST Ha
pasTMIHBIX BeIcOTax [9, 10].

Metoauka ucciie10BaHuil

IToneBbie pabOTHI BLINOJHSUIM B cocTaBe LIImuii-
OepreHCcKON TIAIMOIOTHIEeCKOM sKkcnequun MH-
ctutyta reorpadun PAH. Jlng n3mepeHuns TasHus
JIbIa ¥ CHeTa IIPOBOIMIIM €XXETOTHBIe N3MEPEHMS 110
abJISILMOHHBIM pelikaM, 3a0ypeHHBIM B JIEA, UX MO-
JIoXKeHHe moKa3aHo Ha puc. 1. CocTaBHBIE AepEBSIH-
HBIE peiKH JUTMHOM 10 2 M M ceueHrueM 25 X 25 Mm
OBUIM CKpETUICHBI METaJUIMYSCKUMU IIapHUPaAMU 1
3a0ypeHsl B IEN Ha TiyouHy 10 10 M. OTCYETHI TTO
pelikaM CHIMAaJIMCh B KOHIIE TIeproaa abJISIIAM € T10-
MOIIBIO PYJIETKA C TOYHOCTHIO 1 cM. OmmbKa n3me-
PEHMIA CTASIBILIETO CJIOSI, CBSI3aHHAs C OTKIIOHEHUEM
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peliKy OT OTBeca 1 HEPOBHOCTBIO IIOBEPXHOCTH JIEH -
HHMKa B MECT€ YCTAHOBKM PeeK, He IIPEBHIIIana 2 CM.
CpenHekBagpaTHiyecKast OIIMOKa N3MEPEHMST aOJIsi-
UM Ha JegHuKe cocTaBisuia 70 MM B.3. Tak Kak B
MEeCTax YCTAHOBKM PeeK YKJIOH MOBEPXHOCTH JIGTHH -
Ka He MPEeBBIIIAJ 5°, OH He YINTHIBAJICS BBUAY MUHH-
MAaJIBHBIX pa3INIuii UICTUHHOM TOJIIWHBI CTASIBIIIE-
ro cios u orcuéra no orsecy [11]. g uzmepeHuii
abJsIuIuy JepeBSIHHbIE PeKY ObLITU 3a0ypeHbl Ha Jie-
ISTHBIX Oyrpax, 4To OIpeAeIeHO OCOOEHHOCTHIO Pyd-
HOro OypeHMsI Ha HauMeHee OOBOMHEHHBIX y4acT-
Kax. B manpHeiieM peiiKu MOTYT 0Ka3aThCs KakK B
JIOXXOMHE, TaK M Ha ckate Oyrpa. Mel riojiaraeM, 4tro
n30MpaTeIbHOCTh MECTa YCTAHOBKM PEKM MOXET
BIMSITh HAa PE3YJIbTAThI JIMIIH B KOPOTKUI CPOK W3-
MepeHul — He OoJiee IBYX Heleb. 3a JICTHUI Ce30H
WIN JaXe HECKOJIBKO JIeT HaOIOAeHUI 3TOT (pakTop
HE MOXeT OBITh CYIIECTBEHHBIM, TaK KaK B IIEPHO]
TasTHMSI TTIOBEPXHOCTB JIbAa IIpeTepIieBaeT HEIIPEPhIB-
HbIe I3MEHEHUSI MUKpopebeda.

W3MmepeHus TTOJI0XEeHNS peeK, TpaHuIl JIeTHUKA
¥ CHErOBO JIMHUU BBHIIIOJHEHHI ¢ IToMmoIipio GPS
Garmin-10 ¢ TOYHOCTBIO OKOJIO 3 M B IIaHe U 6 M
110 BEICOTE. XOII TeMIIepaTyphl BO3Ayxa Y Kpasl JIea-
HUKA U B €T0 BEPXOBbE IMOJIYYCH C IIOMOIIBIO IBYX
ABTOMATUYECKIX METCOCTAHIINIA, OCHAIIIEHHBIX 1aT-
ynkamMn HOBO n ycraHoBiaeHHBIX B amipesie 2015 1.
W3MmepeHus: TeMmiepaTyphbl BO3ayXa Ha JeTHUKE
MIPOBOIMIIN IPY IIOMOIIM aBTOMATUYECKUX JIOITe-
poB tuma i-Buttom DS1921G, ycTaHOBIIEHHBIX B
2016 1 2017 r. Ha peiikax Ne 10, 12 u 13 (cM. puc. 1).
TouHOCTh U3MEPEHUS TEMIIEPATYPHl BO3AyXa C MX
nomomkio coctasiser 1,0 °C.

W3MmepeHnst 3MMHET0 CHeTOHAKOITICHHS Ha JIe]-
HUKE IIPOBOIMIN B TOYKAX YCTaHOBKHM peek. Ilo-
JIydeHBI 3HAaYeHUS CPeIHEro CHerOHAKOIICHUST Ha
JIEMHNKEe W MEXTOI0BOI M3MEHUYMBOCTH CHET03a-
nacoB. OCHOBHBIE pPe3yJbTaThl 3TUX MCCIEIOBA-
HU oTpaxeHHI B pabote [12]. Pacuér ynenpHOTO
0ajlaHca MacCHI JIETHUKA BBIIIOJHEH II0 YeTHIPEM
BBICOTHBIM 30HaM. WX HUXXHME, BepXHUE TpaHU-
IIbI ¥ TUIOIIANG OIIPEAeNICHBI CIASHYIOINM 00pa3oM:
50—150 M (1,07 xm?); 150—250 M (1,69 xm?); 250—
350 M (2,35 km?); 350—450 M (1,61 kxm?) B 30He 1—4
COOTBETCTBEHHO. [IJTOTHOCTP JIbIa IpHUHSITA paB-
Hoit 0,88 r/cm?. [1o maHHBIM CHETOMEPHBIX U3Mepe-
HU Ha JIEMHUKE CPEIHSISI IDIOTHOCTh CHera IIpUHSI-
ta paBHoii: 0,40; 0,38; 0,37 1 0,35 r/cM?, a cpeqHmiA
Bojo3anac B cHexxHoM mokpose: 870, 550, 460 u
280 MM B.3. B 30HaX 1—4 COOTBETCTBEHHO.

3HayeHUs MOBEPXHOCTHOM abJISILUU OCPEaHSI -
JIUCh B KAXIOUW BBICOTHOM 30HE HA OCHOBE MOKa-
3aHuit peek. Jlo 2015 r. B BepxHUX 30HaX HAXOAU-
JIOCh IO OJIHOI peiike, a B HUXKHEI 30He ObLIO JIBe
peiiku. C 2015 r. ux 4ucyio yBeaIUYUIOCh A0 12, B
30He | yCTaHOBJIEHBI TPU PEMKU, MO YEThIpe PeiKu
B 30Hax 2 U 3, B 30He 4 — 1 peiika. YaelnbHbIl Oa-
JIAaHC JIeAHUKA PaCcCUMTBHIBAJICS IO BEJIMYUHE Cpell-
Hell abJISILMU B KaXIO 30HE ¢ YYETOM €€ IIo1aaun
U 06e3 yuéTa CHeXKHOIo OCTaTKa, TaK KakK 3a UCKIIIO-
yeHueM 2006 1. Bo BceX BHICOTHBIX 30HaX OTMEUYEH
OTpULATEJIbHbIN OalaHC HAKOIIJIEHUS JbAA.

Pe3yabTaThl HCCIeI0BAHMIA

Ha ocHoBe cpaBHeHUs KapTorpadruyeckoro Ma-
Tepuvaja U MHOTOJETHUX DKCIeAULIMOHHBIX HA0-
JIIOIEHU OTMEYEeHO, YTO Ha TeppUTOPUU 3eMIIU
HopaeHuenpaa 60Jibliie BCEr0 COKPATUIUCH pac-
MOJIOXXEHHbIe HU3KO FTOPHO-A0JMHHBIC JEAHUKU B
3anagHolit yactu noayoctpona [13]. JlenHuku Anb-
JeroHaa, 3anaaHbiii 1 Boctounslii I'péHdropn, SAH-
coHa, baancrpyna, danbhoHHa, DpaMaHa OTCTYIIM -
JIn oT cBoux rpanHull 1930-X rogoB Ha pacCcTosTHUE
1—2 kM. ITo cpaBHeHMIo ¢ 1980 r. Ha ATUX JeAHU-
KaX YCTAaHOBJIEHO MOBBILIEHNE TPAaHULbI MTUTAHUS
1 COKpallleHUe IuIoIaayu akkyMmyasiaum [8]. dak-
TUYECKU OOJILIIMHCTBO 3aIaIHbIX JEAHUKOB 3eMJIN
HopaeHienbna, BepXHU Kpaid KOTOPBIX JIEKUT
Hike 500 M, MOTEPSIU CBOU 001aCTU MUTAHUS T10J1-
HOCTbIO UJIM OHU MPeACTaBIeHbl HEOOIbLIUMMU TISIT-
HaMMU, T1e JIETOM COXPaHSIETCsl CHEXXHbIN MOKPOB.

PerynsapHbie HaOmoaeHUS Ha JlenHUKe BocTou-
Hblll I'péHdbvopa, KoTopsie BenyTcs ¢ 2004 r., no-
Kas3ajii, 4YTO €ro IJIolalb CTPEMUTEbHO COKpallla-
€TCsl, a MOBEPXHOCTD JIEAHUKA MTOHMXAETCS BO BCeX
BBICOTHBIX 30HaX. OCHOBHasl MpUYKMHA 3TOrO MpPoO-
liecca CBsI3aHa C UHTEHCHUBHBIM JIETHUM TastHUEM,
YTO OOYCJIOBJIEHO POCTOM JIETHUX TeMIIepaTyp BO3-
ayxa. B mocineaHue roabl Ha SI3bIKE JEAHUKA B JIET-
HUI TIepuof cTauBaeT 10 4 M Jibaa. 3a CUET yTOHYe-
HUS SA3BIKOBOM YACTU JIEAHUKA €T0 MEePEIHUN Kpal
¢ 2014 no 2017 r. orctynuia Ha 450 m. CoBpeMeH-
HbIE MOTEPU MACCHI JIEAHUKA CYLIECTBEHHO IPEBbI-
LIAI0T U3BECTHbIE OLEHKU OajlaHCa MacChl JIEAHU-
KoB 3emau HopreHienbaa, noaydyeHHbie B 1980-x
rojgax [14]. U3mepeHus1 BEJIMYUHBI JIETHETO Tasi-
HUS M 3MUMHEro CHerOHaKOILIeHUSI, TPOBOAUMBIE HA
OCHOBE CeTU abJSILMOHHBIX peeK, MoKa3aau, 4To
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Puc. 2. BeanunuHa a6asuuu abaa (Boctounsiii I'péH-
¢bopna) Ha BbicoTe 300 M (/) U cpenHssl JETHSIST TeMIIe-
patypa Bo3ayxa 1o MmeteoctaHLMu bapeHUOypr (2)

Fig. 2. The value of the annual ice melting (Eustre Gron-
fjordbreen) at an altitude of 300 m (/) and the mean sum-
mer air temperature at the weather station Barentsburg (2)

MMpakTUYECKU BO BCEX BBICOTHBIX 30HAX JEeAHUKA
MIPOMCXOIT ITOTEPH JIbIA.

Haubomnee naMHHBINA psig M3MEPEHUI a0IsAIInn
MOJIy4YeH I10 peiikaM, YCTaHOBJIEHHBIM B LIEHTPalb-
HOI1 yacTH JiemHMKa Ha BeicoTe okojio 300 M. Como-
CTaBJICHME 3HAYCHMIT aOJISILIMY Ha 9TOM BBICOTHOM
YPOBHE C JICTHUMM TeMIIepaTypaMy BO3oyxa METEO-
craHMu bapeHuOypr mokazaHo Ha puc. 2. CpegHssa
JIETHSIS TEMIIepaTypa UCIoJIb30BaHa KaK YHUBEPCalb-
Hasl TeMIepaTypHasl XxapaKTepUCTHKA TEIUIOTO Ce30Ha
(ntonb—asrycT). [locie KpaTkoBpeMEeHHOIo nepruoaa
noxonoganus B 2008—2010 rr. HabmomaeTcs yBeu-
YeHMe JIETHUX TeMriepatyp [15], yTo ripuBeno K ycu-
JIEHUIO TasgHUS Jbaa (cM. puc. 2). MakcumaibHOe Ta-
sHKMe oTMedeHo B 2016 T., Korja JeTHUE TEMIIEPATyPhbI
JOCTUTINA a0COTIOTHOIO MaKCMMyMa 3a CTOJIETHUI
nepuon Ha IImuidepreHe, a CHEroHaKOIUIEHUE TIpe-
mecTBytomeit 3uMbl 2015/16 1. OBUIO HUXKE CpEIHE-
ro MHOToJIeTHero 3HaueHus. B urore 3a 13 yieT B aToit
YacTH JIEAHUKA pacTasijl CJIOM JIbJa TOJNIIMHON 14,6 M,
YTO COCTaBJISIET B cpeaHeM 1,1 M Jibaa B rom.

Hab6noaeHus abasguuu 1Mo peiikam, yCTaHOB-
JICHHBIM Ha pa3JIMYHbIX BHICOTaX, ITOKa3aJIu 3aMeT-
HbIE MEXTOI0OBbIE OTINYMs. TeM He MeHee, CyMMap-
HbIE TIOTEPH JIbJA 34 TPU rojia I KaXIou perku
BBISIBUJIA BBICOTHYIO 3aBUCUMOCTD, OJIM3KYIO K JIU-
HeltHo#. Ha puc. 3 moka3aHa absIius Ha pa3and-
HBIX BbICOTax B repuoj ¢ Mas 2015 r. 1o ceHTIOoph
2017 r. 3a 3TOT MepUoI Ha SI3bIKe JISAHUKA TTOBEPX-
HOCTb JIbJa TTOHM3UIach A0 11 M, a B ero Bepxo-
BbSIX — He Oojiee 2 M. YcTaHOBJIEHHAsI 3aKOHOMEp-
HOCTb yKa3blBaeT Ha BO3MOXHOCTb IIPUMEHEHUS
Pacy€THOIO MeTOo/a C UCII0JIb30BaHUEM BBICOTHO-

: - R*=0,96
©10 000
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= Y 2
S~ 6000 o/
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S 40001 U
<L{) \~‘\
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AbcontoTHas BbicoTa, M

Puc. 3. Abnsuusa Ha nregHuke Bocrounsiit I'p€Hdbopa 3a
nepuop ¢ masg 2015 r. mo ceHtsiops 2017 r.:

1 — u3Mepenus; 2 — pacuér TasiHus 1o popmyiie (1)

Fig. 3. Total melting on the Eustre Gronfjordbreen Gla-
cier in the period from May 2015 to September 2017:

1 — measurements; 2 — calculation of melting according to for-
mula (1)

ro rpagdeHTa TeMIepaTyphbl, KOTOPbIA TakxXe ObLI
u3MepeH. BhICOTHBIN rpaaneHT TeMIiepaTyphl BO3-
JlyXa, U3MEPEHHBIM C MOMOIIbIO aBTOMAaTUYECKUX
perucTpaTopoB TeMmepaTyphbl, IoKa3aad cpeaHee
3”HaueHue paBHoe —1,05 °C/100 M. laxke ¢ yuéTom
0OJIBIIION BeJIMYMHBI BHICOTHOTO I'pagleHTa TeMIIe-
paTyphbl BOo3yXa B BEpXOBbSIX JeIHMKA Ha BHICOTE
350—450 M B IeTHHE Mecs1Ibl TeMIIEpaTypa Bo3ayxa
ObLIa YCTOMYMBO MOJIOXKUTEIHLHON.

CBs13b MeXIIy JIETHEH TeMIepaTypoil Bo3ayxa 1
abJsiiueit onpenaeaeHa cooTHoueHueM Kpenke—
Xomakosa [17]. dnsg pacuéTa BeIUUNHBI abasaunu A
MPUHSTA 3aBUCUMOCTD 110 popMmyiie (1), B KOTopoit
cTerneHHOM MmoKa3aresb paBeH 3,25 (cM. popmyiy Ha
ctp. 63). IToka3arenb ObUT MOJYYEH U3 YCIIOBUS HaU-
JIydlIeil Koppesslyu JaHHbIX U3BMEPEHUI 1 pacué-
ToB abssiumu. [1apamerp 7, B bopmyine (1) — cpenHss
JIETHSISI TeMIIepaTypa Bo3Iyxa, KOTopasl pacCUMThIBa-
€TCSl Ha OCHOBE U3MEHEHUS TeMIlepaTyphl BO3ayxa
¢ BBICOTOM 1o popmyre (2), B KoTopoit: T — Temrie-
patypa y NOAHOXMUS JIeAHUKA; T, — TeMIepaTypHbIi
ckauok; dT — BepTUKaAJIbHBIN I'paIueHT TeMIlepa-
TYpbI; i — BBICOTHBIN YPOBEHb, BEICOTA OT HIKHEH
TOYKH JIEAHUKA B MeTpax. Bennuuna 7, nmonydyeHa
pu 00pabOTKe NaHHBIX 3aIlicell 0 TeMIIepaType BO3-
Jlyxa Ha MET€OCTaHLIMU, PacIloOXKEeHHOI Ha MOpe-
He Iepen JeIHUKOM, M JIOTTepa, YCTaHOBJIEHHOTO
Ha Jipay. PacuérHele 3HaueHUs abassunu mo ¢GpopMy-
nam (1) u (2) nmoka3zaHbl TyHKTUPOM Ha puc. 3. Ko-
adPULMEHT KOoppelsiuuu 3HaYeHU pacuyeéTHON U
u3MepeHHo# abnasauumn paseH 0,96. Pacu€THas mo-
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3HaveHVI CpeHMX JIETHUX TeMIIEPaTyp Bo3Ayxa, abiaruu u 6ananca Maccel mefHuka Bocrounsit [péudpopn ¢ 2004 mo 2017 1.

Cpennsisi netHsisi teM- | [ToBepxHocTHast absiuyst | MI3MepeHHBIi GaaHC PacuérHelit banaHc Mac- OTHOCcUTEIbHAsSK
lon o ..
niepatypa Bosayxa 7, °C| A (pacuér o 7), MM B.3. | Macchl JIeTHUKa W, MM B.3. | ChlJleTHHMKa W}, MM B.3. |morpetHocts W, %

2004 5,05 —2076 —1400 —1487 6

2005 5,03 —2066 —1550 —1478 =5

2006 5,07 —2088 —850 —1500 76

2007 4,7 —1863 —1200 —1274 6

2008 4,30 —1637 —800 —1048 31

2009 5,07 —2091 —1000 —1502 50

2010 4,42 —1703 —1100 —1113 1

2011 5,61 —2453 —1320 —1869 42

2012 4,75 —1893 —1240 —1304 5

2013 5,49 —2371 —1510 —1784 18

2014 5,01 —2052 —1400 —1464 5

2015 5,88 —2655 —1780 —2068 16

2016 5,91 —2678 —1990 —2090 5

2017 4,95 —2015 —1790 —1630 -9

BEPXHOCTHasI aOJISIIIUSI U TeMITepaTypa Bo3ayxa ycTa-
HaBJIMBAIOTCH 110 CJIEAYIOIIMM COOTHOILLIEHUSIM:

A= (T, +9,5)3, (1)

T,=(T+ T,) + dTh/100. Q)

B pacuéte ncnonb30BaHbl CpeNHUE JIETHUE TEM-
nepaTypbl BO3ayxa Ha MeTeocTaHuMu bapeHUOypr,
pacrnionoxeHHo# B 20 KM OT JegHuka. Temreparypy
BO3IyXa Ha JEIHUKE PETMCTPUPOBAIU C TIOMOIIbIO
aBTOMAaTUYECKON METEOCTAHIIUU, YCTAHOBJIEHHOUN
Ha MopeHe B 300 M 1repen; GpoOHTOM JIeAHUKA (CM.
puc. 1). /Ins1 neTHero nepuoaa Mnoay4eHo, YTo Cpea-
HSISL JIETHSISL TeMIlepaTypa BO3ayxa y Kpas JeTHUKa
Obu1a B cpenHeM Huke Ha 1,3 °C, yem B bapeHLOyp-
re. BBICOTHBII IpagyeHT TeMIlepaTyphl IIPUHAT paB-
HbM —1,05 °C Ha kaxabie 100 M nogbéMa Ha OCHOBE
W3MepeHUI TeMIIEpaTyphl BO3AyXa Ha pa3HBIX BHICO-
Tax. BeJnmunHa JeTHMKOBOIO CKayka TeMIlepaTyphbl
Ha rpaHulie JegHuKa npuHsaTa pasHoi —1,3 °C.

AOnauMs JbJa U CHera Ha JIeIHUKE OIIEHEeHa C
YUYETOM OCpPEIHEHHBIX CHEro3aracoB, IOJYYeH-
HBIX Ha OCHOBAaHUM pPe3yJIbTATOB BECEHHUX CHE-
TOMEpPHBIX ChEMOK Ha HMCCIEIyeMOM JIETHUKE B
2012—2015 rr. [12]. CpenHsas TONIMIMHA CHEXHO-
ro MokpoBa Ha jJeaHuke B 2012—2015 rr. coctaBuia
1,3 M 1 MMeJIa HeOOJIBIIIYIO MEXTOIOBYIO M3MEHYM -
BOCTbh. B HIMKHE! 4acTy JiefHMKA TOJIIMHA CHEX-
HOro nokposa KoJjiebanach oT 80 1o 125 cM, B Bepx-
Heit — ot 130 mo 175 cM. B aBrycte 2017 r. B BepXoBbe
BOCTOYHOM YaCTH JIEMHUKA CHEXHBIN TTOKPOB UMEJ
cpenHoo TonmuHy 20 M, HO B CEHTSIOpE CHET CTasiil

rmoHocThio. B aBrycte 2015 1 2016 rr. cHer Takke
TOJTHOCTBIO CTasl Ha BCeil MOBEPXHOCTH JICIHUKA.
B npenpiayinuve Tpu roga Ha 3TOM ydyacTKe HaOJIro-
Jajloch HEOOJIbIIIOE HAKOIUIEHUE CHeTa Ha ILIola-
au meHee 0,1 KM2, TONIIMHA CHEXHOTO IMMOKPOBa He
npesbiiiana 20 cM. B 3amagHoit yacTu negHuKa Ha
nenopasneie ¢ genHukoM @puthod (BbicoTa 408 M)
CHEXXHBIN MTOKPOB cTamBal Kaxnoe jeto ¢ 2004 r.,
3a uckmouenreMm 2006—2009 rr. B pacuérax 6amaH-
ca MaccChl JIeTHMKa UCITOIb30BaICh 3HAUCHUS a0JIsI-
LW, pACCYUTAHHEBIC 10 CPEIHEN JIECTHEN TEMIIEpaTy-
pe Bo3myxa, ¥ CpeIHUe 3HAYSHMSI CHETOHAKOILICHUS
Ha jegHuKe. OCTaTOK CHEXXHOTO MOKPOBa, HAOJI0-
IAaeMBII B OTIEIbHBIC TOIBI B BEPXOBBSIX JIGAHNKA, B
pacuér He MpUHUMAJICS. PacyéTHbBIN ¥ U3MepEeHHbII
OanaHc Macchl JegHuka Bocrounslit I'péHdbopa ¢
2004 o 2017 r. npuBeaEH B TabIMLIE.

O0cyxKaeHue pe3yJibTaToB

MHoroieTHre HaOAOAEHUS a0JISIUMY Ha JIeAHU -
Ke — HauOoJiee HaaEXXHbIe JaHHbIE 17151 €€ MOJACINPO-
BaHUS pacuyeéTHBIM criocoooM. Mcrnob3oBanue hop-
mynbl KpeHke—XomakoBa 1151 pacu€Ta aOisIluu Co
CTeTNeHHbIM ToKazartesieM 3,25 oKa3ajaoch ONTUMAJIb-
HbIM TIPU CPAaBHEHMU C HATYPHBIMU U3MEPEHUSIMU
2015—2017 rr. KoadduiimeHT Koppensiiu pacuét-
HBIX IAHHBIX M U3MEPeHHBIX ObUT paBeH 0,96. Tak kak
B nepuon HabmoaeHui ¢ 2004 r. 6anaHc Macchl BO
BCeX BBICOTHBIX 30HaX Ha JieqHuKe Boctounslii ['péH-
¢ropa ObUT OTPULIATETLHBIM, MOXKHO JOITYCTUTh, UTO
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BeJIMUMHA JIETHEH aOMsILuKu — oIpenessionas B 06a-
JlaHce Macchl JegHuka. CpaBHeHHUE pacu€THOIO U
M3MEPEHHOro 3HaueHMI OajlaHca MacChl JIETHUKA
MMOKa3bIBaeT HAUMEHbIIIME pa3Inuus B HauboJiee
té€ruieie roabl (2004, 2005 u mocne 2013 r.), Korma
CHEXXHBIN IMOKPOB Ha JIEMHUKE CTauBaJl IIOJHOCTHIO,
a JICTHUE TeMIIepaTyphl ObUTM MaKCUMaJIbHBIMU (CM.
TabnuIy). MakcuManbHbIE pa3Inyusl HaOII0IaINCh
B cHexkHble 2006 1 2009 r., a Takke B 2011 1., Korma
JIeTHee TasiHMe MPOI0JIKaaoCh JUIIb ABa MecsIla.
daktuuecku, ce3oH TagHusa 2011 r. 3akoHYMICS Ha
MecsIl paHbllle, TaK KaK B TpeThell IeKane aBrycra
CJIy4yaJIMCh paHHUE CHeromnajnl. B aToM ciyuae pac-
YET TasiHUS MO CpeIHEU JeTHEW Temmeparype naj
OOJNbIIIMEe OTpULIATEIbEHEIE 3HAUCHUS, YeM peaTbHbIe
3HAYEHMSI TasTHUS B TIEPUO KOPOTKOTO JIeTa.
PacuéTtHbie u (pakTHyeckue 3HaYeHMUS OalaHca
MaccCHhI JIeAHMKA IM0Ka3aJud ero yMeHbIIeHe, KOTO-
poe corjiacyeTcsl C pOCTOM JIETHEl TeMIlepaTyphl BO3-
JIyxa. DTa TeHAEHLIMS HaMeTHIach B cepeanHe XX B.
Ha puc. 4 mokazaHbl JIETHSISI TeMIIepaTypa Bo3ayXa 1o
JAHHBIM MeTeocTaHLIMY bapeHuoypr [16] v 3HaYeHUsT
banmaHca Macchl JegHuka BoctouHblit I'péndnopa.
Haubonee panHee 3HayeHMe OajlaHCa MacChl JISTHUKA
Bocrounsrii I'péndropn mmoryyeHo B 1967 r. U3 cpas-
HEeHMS psiga HaOmoaeHMit OajlaHca MaccChl JIGTHUKaA
Bépunr ¢ 1967 mo 1987 r. [18]. YcraHoBiEeHO, 4TO B
3TOT TIepUO/, 3HAYEHMST OajlaHca Macchl JieqHuKa Bé-
puHr 1 BoctouHslit ['péHdropa pa3nuyanuck B mpe-
nenax 10%, 4To, BO3MOXHO, ONpeAesieHO MOA0OHBIM
BBICOTHBIM ITOJIOXKEHUEM U BKCITO3UIIUEN JIETHUKOB.
Hnst 1986, 1987 1 2004—2010 rr. mpuUBeaeHBI JaH-
HbIe HATYpHBIX U3MepeHuii [1, 8]. bamanc macchl en-
Huka mist 2011—-2017 rr. paccynMTaH aBTOpaMHu Ha OC-

2020

YnenbHbit 6anaHc macchl iegHuka, Mm B.3.

er station Barentsburg (7), the mass balance of
the glacier East Gronfjordbreen (2)

HOBE MHCTPYMEHTAJIbHBIX U3MEPEHUI TasHUS T10
peiikam. OueBUIHO, YTO OaylaHC JeTHuKa BocTouHbI
I'péndropn yMeHbIIaeTcs ¢ cepenrHbl 1960-x romoB
BMECTE C pPOCTOM JICTHUX TEMIIEPATyp, HAOII0IaeMbIM
B 9TOT IIEPUOI, U B TTOCJICTHUE TOIBI €TI0 YISIbHbIN 6a-
JIAHC MAacChl JOCTUT MMHUMAJIbHBIX 3HAYCHUIA.
M3MeHeHUs JIeTHEM TeMIlepaTyphbl BO3ayxa Io
MeTeocTaHIIMM bapeHLOypr mokasanu, 4to ¢ 1912
no 1930 r. HaGMogancs e€ pocT, KOTOPhIi CMEHWICS
cTaOWIbHBIM nepuoaoM B 1940-e roasl (cM. puc. 4).
B o111 TOIBI CpeIHEMHOTOIETHSISI HOpMA JICTHEI TeM-
nepatypsl 6bl1a paBHa 4,0 °C. Iig nepuona 1947—
1967 rr. B 3TOM paiioHe OOHapyXeH HeOOJbIIOoM
TPEeH K IMMOHWKEHMIO JICTHUX TeMIIepaTyp BO3Iyxa.
B nocnenyroiue ronbl HabMIOAANCS YBEPEHHBIN POCT
TeMIIepaTypbl, OCOOEHHO 3aMeTHBII ¢ Havyana 1980-x
TOI0B, KOTOPBIN ITPOAOJIKAETCS IO HACTOSIIIETO Bpe-
MeHH. KpaTKoBpeMeHHBII Mepuo JETHETO TT0XO0-
JiogaHus1, HabmonaeMslii B 2007—2010 rr., oka3zajcs
MaJji03aMETHBIM Ha (DOHE JaIbHEMIIero MOTeIICHYS.
B nocaenHue roapl IeTHUE TeMIIEPATYphl BO3ayXa
YBEPEHHO pacTyT co ckopocThio okojio 0,08 °C/rop.
DKCTpeMaIbHO TEIUILIMU OKa3aJIUCh JIETHUE TIEpU-
onnl 2015 1 2016 r.: cpenHsIst JIETHSS TeMIiepaTypa
BO3/yXa B 3TH roanl Obl1a paBHa 5,88 u 5,91 °C co-
OoTBeTCTBeHHO. Ha (hoHe yBeIMYeHUs JIETHUX TEM-
neparyp HabJII04aI0Ch YMEHBILIEHUE 3UMHUX OCal-
KOB, YTO HEOJIArONPUSATHO IJIsl IeATHUKOB. OcoOeHHO
3aMETHO 3MMHHME OCaIKM YMEHBIIAINCh HAYMHAS
c 3umbl 1982/83 1. Upe3BbluaitHO MaJIOCHEXKHBIMU
0Ka3aJrch 3MMbI BO BTopoii noyioBrHe 1990-x ronos
u B niepBoii mojgoBuHe 2000-x rogos [15]. C Haua-
na 2000-x romoB 6ajaHC Macca JeTHUKa YMEHbIIa-
¢S U 110 cpaBHeHMIO ¢ 1967 1. cHu3wiIcs B 2—3 pasza.
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B nesrom 3a mocaemame 50 et 6ajgaHC MaccChl JISTHT-
Ka CTaHOBMJICS BCE 60Jjiee oTpuLAaTEIbHBIM, B 2016 T.
€ro BeJIMYMHA TOCTUIJIa MUHMMAJIbLHOTO 3HAYEHUSI
(cM. Tabnuiy). 3HaueHUs OajlaHca MAcChI JISAHUKA,
OCHOBAHHBIE Ha pacyéTe abJsuu ¢ YYETOM CHEro-
3aI1acoB, OKA3aJIMCh HIKE pealbHBIX 3HAYCHWI TSI
psiia JIeT, YTO YKa3bIBaeT Ha HEIOCTATOYHBIN YUET
CHETOHAKOIUICHMS Ha JIGTHUKE.

Jlast yaydiieHus pe3yJibTaToB pacuéra OaaH-
ca Macchl JIEAHMKA HEOOXOOUMO B JaJIbHEUIIIEM Y4IH-
THIBaTh BEJIMYMHY CHET03aracoB, OCOOEHHO B T'OMIbI C
MOBBIILIEHHBIM CHETOHakoIUieHreM. Kak nmokazanu
MOJIeJIbHBIE PACU€Thl, YUET peaibHbIX 3HAYeHUIA CHe-
ro3aIacoB IS MaJI0- ¥ MHOTOCHEXKHBIX 31M YITydIlIaeT
pacyéTHble 3HaUeHus OanaHca Macchl JenHuka. Ipu
3TOM €T0 BO3MOXHbBIE OTKJIOHEHHST HAXOISITCS B TIpe-
nenax 20%. Otvetum, urto ¢ 2013 r. Ha JIeAHUKE cTau-
BaJI BECh CE30HHbII CHET, II03TOMY JISAHUK TIOJTHOCTHIO
OKa3bIBaJICSI B obnacTu abisauuu. BepositHo, 11om00-
Hasi CUTyallsl MOXKET COXPAaHUTBLCS U B MOCTIEAYIOIIIE
TOIbI, IIO3TOMY OIIEHKa OajaHca Macchl JIETHUKA T10
BEJIMUMHE JICTHETO TAsTHUSI MOXET OBITh B JAJTbHEHIIIEM
ycIrenrHo mpuMeHnMa. OTHaKO BO3MOXKHOCTD UCTIONb-
30BaHus (popmyisl (1) misa pacu€ra GaaHca MacChl
IpyTux JemHuKoB 3emim Hopnenmenpaa (Harmpumep,
Samagueiii ['péadrvopn u JanspoHHa), Tae CoXpaHsieT-
Ccs1 00JIaCTh ITUTAHUsI, MOXKET OBITh OTPaHMUYEHA.

3akinoueHue

WHcTpyMeHTadbHble U3MEPEHUST TTOBEPXHOCT-
HOM aGasuuu Ha JegHuke BoctouHblil I'péHdropa
OTIpeAeIMIN €€ BEICOTHYIO 3aBUCUMOCTh, KOTOpas
CpaBHMBajach ¢ pacyETHOM abasgmeit mo opmy-
e Kpenke—Xomakona (1) co cTenmeHHBIM oKa3aTe-
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