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Summary

Volume of icebergs calved from the output glaciers located on the Northern Land during 2014-2019 was estimated
using the satellite information. High-resolution satellite data were obtained in the visible spectral range from the
non-commercial satellites Sentinel-2 (spatial resolution 10 m) and Landsat-8 (spatial resolution 15 m). Data collec-
tion was carried out under conditions when the natural illumination in the Arctic was sufficient (March—September)
to make pictures in the visible spectral range. About 100 satellite images were analyzed for each year of the above
period. The technique used for the iceberg detection is based on statistical criteria for finding the gradient zones
in the analysis of two-dimensional fields of satellite images. The generation of the iceberg from a particular glacier
was verified by using a form template of the detected iceberg taking into consideration the following parameters of
the object: the geometrical shape, dimensions, specific features of «picture» of the ice surface (presence and orienta-
tion of cracks, peaks, and lakelets of melt water). The iceberg height was determined by its shadow on the image. The
calculated total annual volume of icebergs from the outlet glaciers was estimated 1.52-1.9 km?. According to satel-
lite data, the annual area reduction of the Northern Land outlet glaciers averaged 13 km?. The greatest contribution
is made by 12 outlet glaciers located on the Komsomolets and the October Revolution islands. Of these, six are from
the Academy of Sciences ice dome, four - the glaciers of the Matusevich Fjord, the Vavilov Glacier and the Rusanov
dome glacier Ne 12. Icebergs of maximum height (30-40 m) are produced by glaciers of the North-Eastern slope of
the Academy of Sciences ice dome and glacier Ne 12 of the Rusanov dome. In general, according to satellite data of
recent years, generation of icebergs from the outlet glaciers of the Northern Land shows a steady growth trend.
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Mo cnyTHMKOBbBIM AaHHbIM BUAMMOIO CMEKTPaSIbHOrO AManasoHa OLeHeHa MPOAYKTMBHOCTb BbIBOAHbIX
nenHnkoB CeBepHON 3eMnu Kak NCTOYHMKOB acbepros B nepuog 2014-2019 rr. PaccuntaHHbIN exxeroa-
HbIVi CyMMapHblil aic6eproBbIii CTOK C BbIBOAHbIX IeAHUKOB cocTasun 1,52-1,9 km3. Hanbonblunin BKnag,
B aicOeproBblii CTOK BHOCAT BbIBOAHbIE NeAHUKN JIeJHUKOBOro Kynona Akagemun HayK v wenbdoBbli
nepHuK MatyceBnya. CornacHoO CNyTHWKOBbBIM AaHHbIM MOCAeAHUX NeT, ancbeproBbli CTOK BbIBOAHbIX
negHnkos CeBepHO 3emMnn UMeeT YyCTONYMBYIO TEHAEHLMIO K POCTY.

BBenenne

Bo Bropom aecarunetun XXI B. B APKTUKE MIPO-
M3O0IIJIU 3aMETHbIE KIUMaTU4YeCKUe U3MEHEHUSI,
COIIPOBOXK/IABIIKMECS COKPALIEHUEM JIEASIHOIO MO-
KpoOBa Ha apKTUYECKUX apXuIesarax U yBeJu4yeHU-
eM 0e3JIEMHOTO Tlepro1a Ha aKkBaToOpusIX Mopeit [1].

B pe3ynbrare aKTHBU3UPOBAIUCH ITPOLIECCHI TASTHUS
JIeTHUKOB [2]. B ¢BsI3u ¢ 3TMM Bo3pociia aiicbepro-
Bas yrpo3a Ha Tpaccax CeBepHOI0 MOPCKOTO MyTH U
B palioHaX TOOBIUM YIJIEBOAOPOAOB Ha IPUOPEXKHOM
menbde. g obecrieyeHnst 6€30IMaCHOCTH CYyI0XO/I-
CTBa U CHAOXEHMUS MIPOCKTUPOBIIUKOB UHKEHEP-
HO-TeXHMYECKUX COOPYKECHUI Ha 1Ieabde J0CTO-
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BEPHBIMM JaHHBIMU IJISI pacdyéTa IMOTeHIINAIbHBIX
Harpy30oK OT CTOJIKHOBEHMUSI C OITACHBIM JISASTHBIM
00BEKTOM HeoOXoauMa akTyajibHast MH(pOpMaLus O
4yacTOTe HAOJIOMEeHNI 3a aificOepraMu 1 X ITapaMeT-
paMU B KOHKPETHBIX MOPSIX.

K omHOMY 13 alicOeproonacHbIX paiilOHOB, Yepe3
KOTOPBIE IIPOXOIAT CYIOXOTHBIE TPACCHI, BHITIOIHSI-
IOTCS JJOTMCTUYECKUE OIlepallvy IJIsi 00eCIIeUeHUS
cIieMaJu3upoBaHHBIX paboOT Ha 1Ieabde U cHAb-
JKeHUSI OpraHM3allniil, BEAYIINX X03IACTBEHHYIO JIe-
SITeJIbHOCTh Ha apKTHUYECKUX OCTPOBAX, OTHOCSITCS
akBatopuu Kapckoro mopst u Mmopst JlanreBeIX, mpu-
MBIKaoIe K CeBepHoif 3eMite. DTOT apxuriesar —
OIVH 13 OCHOBHBIX NICTOYHUKOB alicOeproB B ApK-
THKe. 31ech U3BECTHO 99 BBIBOAHBIX JEAHUKOB [3],
3HAYMTEJIbHASI 9aCTh KOTOPBIX TOCTUTaeT MOPS U
OpOAYyLUUPYET alicOepru, ux Kycku u objiomku. Pe-
TYJISIPHBIE MOHUTOPUHT BHIBOTHBIX JISTHUKOB C HC-
MOJIb30BaHWEM IMCTAHIIMOHHBIX CPEICTB HAOIIOme-
HUS TI03BOJISIET OLIEHUTh (PPOHTAILHYIO aOJISIIIIO
JIETHUKOB (IIOTePU MACCHI JISTHUKA 32 CIET OTKO-
Jla aiicOeproB M TasHUS IIPY KOHTAKTe ¢ MOPCKOM
BOIIOi1) 1 alicOEProByI0 OITACHOCTh B KOHKPETHOM
perruoHe, Tak KaK alicOeproBbIii CTOK — IJIaBHAsI CO-
cTaBiIsTIONIAsT (POHTAILHOM aOISIIINU JICTHUKOB.
3amauyy HACTOSIIEro UCCIeNOBAaHUSI — aKTyaln3a-
LIUST OLIEHKHU T'OJOBOTO alicOepTroBOro CTOKa JIel-
HukoB CeBepHOU 3eMIM IO MaTepHalaM CIIyT-
HUKOBBIX HAOJIIOACHUN ITOCAESIHMUX JIET, a TakKXkKe
BBISIBJICHNE JICIHUKOB, IIPOMU3BOISIIINX HAa0OOIb-
1IIee YMCJIo aiicOepros.

IlepBbIM MPUOIUXKEHHYIO OLIEHKY T'OJOBOTO
aiicoeproBoro croka jJegHuKoB CeBepHOI 3eMIn
nain JI.C. I'oBopyxa [3, 4]. OH ucxomnua u3 cpemHe-
CTaTUCTUYECKMX MapaMeTPOB JIETHUKOB, OPUEHTH-
pysICh Ha OOIIYIO IIMHY X (PPOHTOB, CPeIHUE 3HA-
YEeHMSI CKOPOCTH IBIKCHUS W CPEIHIOI TOIIINHY
KpaeBoii yactn. B Karamore negankoB 1980 r. [3]
Oo0ILIMI TOHOBOM cOpOC ailcOeproB BbIBOAHBIMU
neaHukamu CeBepHoit 3eMin oueHEH B 0,383 km>.
IIpu pacuérax B34THI Clenylole 3HaYeHus mapa-
METPOB JIEAHUKOB: CPEIHETroa0Basi CKOPOCThb B~
KeHus JegHukoB 100 M/Toa, ToJaIIMHA KpaeBoi
yacTu JenHukoB 20 M, cymMMapHas IjruHa ¢GpoOHTOB
BBIBOJIHBIX JefHUKOB 191,5 kM. C yuéToM OoTKOJa
aiicoeproB oT HeaUdEepPEeHIIMPOBAHHBIX JIEASTHBIX
OeperoB rofoBoit CTOK JieAHUKOB CeBepHOM 3eMiin
o naHHbeIM Katanora cocrasun 0,4 km3 [3]. B nanb-
HeMleM 3Ta OlleHKa CTOKa YyTOYHSJIach pa3HbIMU
aBTOpaMM MO MaTepMajaM pa3HbIX JieT. B paborax

JI.C. T'oBopyxm 1989 r. [5] romoBoii aiicOepToBbIii
CTOK BCex JeAHUKOB apxurienara B 1929—1972 rr.
oueHusaercs yxe B 0,45—0,55 kv3 nbna. A.®@. ['na-
3oBckuit u HO.4. Maueper mo MaTepmnaiaaM HaOIIO-
nernit 1952—2001 rr. manm oueHKY aiicOeproBOro
croka B 0,7 km? [6]. B cratbe B.M. Komiskosa [7]
MpUBEICHO 3HAaYeHUe aiicoeproBoro croka CeBep-
Hoit 3emau B 0,2 kM3, MBI BUAMM, 4TO JaHHBIE O
TroIOBOM alicOeproBoM CTOKe JieTHUKOB CeBepHOI
3eMJIM, MOJy4eHHBIC Pa3HBIMU aBTOpaMM, CYIIe-
CTBEHHO pa3nuyaroTcs. JIjiss yToOYHeHUsI OLeHOK
BMECTO COBOKYIHOM IJIMHBI (OPOHTOB BBIBOIHBIX
JICIHUKOB CIIEIyeT YUYeCTh pa3IMIHbBINA BKJIAI KOH-
KPETHBIX JIEAHUKOB B OOLIMI aiicOeproBblii CTOK,
NyJbCUPYIOIINI XapaKTep ABUKEHUSI HEKOTOPHIX
JIETHUKOB, Pa3JIn4Ms B TOJIINHE KPacBOM YaCTH.

B Hacrosiee BpeMst MOXHO ITOJIYYUTh aKTya-
JIM3UPOBAHHYIO OLICHKY alicOEproBOro CTOKA JIeHI-
HUKOB CeBepHOI 3eMiIM, OCHOBBIBASICh Ha CITyTHH-
KoBbIX cHUMKax 2010-x rogoB, — nepuoda, Kormaa
HAYaJIoCh YCKOPEHHOE M3MEHEHNE KIIMMATUIECKIX
ycinoBuit B Apktuke [1]. Kpome ouleHKM 0011ero
alicOeproBoOro CToka, HeOOXOMMMBI CTAaTUCTUUECKIE
XapaKTepUCTUKHU ITPOAYKTUBHOCTU KaXKIIOT'O BEIBOI -
HOTIO JIEMHWKA, BKJII0Yasl TUIINIHBIE TeOMeTpude-
CKHe TTapaMeTphl alicOeproB, MOPOXKIAEMBIX KOH-
KPETHBIM JICTHUKOM. PelInTh TaKyro 3agaqy MOXHO
MYTEM KCIIOJB30BaHUS KPYIJIOTOIMIHOTO CITYTHU-
KOBOT'O MOHMTOPHMHTA PETHOHA.

MeToamka ucc/ieI0BaHHii 1 MATEPHAIbI HAOIIONEHHIA

PaboTa BbIMOJIHSIIACh HA MaTepUaaax CIIyTHU-
KOBBIX HAOJIOIEHNI BUOMMOTO AUAalla30Ha C pas-
peumieHueM 10—15 M, pa3MmeliéHHbIX B ceTu MH-
TEpHET. OTO UH(POpPMALUI HEKOMMEPUYECKUX
cnyTHUKOB Sentinel-2 (ABa cryTHMKA 3alylleHbI
B 2015—2017 rr.) u Landsat-8 (3anywmen B 2013 r.,
JaHHbIe 1oCTynHbI ¢ utojs 2013 r.). Marepuansl co-
OMpaJuCh B YCIOBUSX JOCTATOYHOM JJIST UCTIOJIb-
30BaHUS JAaHHBIX BUIUMOTO CIIEKTPaIbHOIO IMa-
Ma30Ha €CTECTBEHHOM OCBEIIEHHOCTU B APKTHKE
(MapT—CeHT0pb). 3a KaxKAblii roJl pACCMOTPEHHO-
ro mepuona (2014—2019 rr.) mpoaHaJIM3MPOBAHO
cBbilie 100 cnyTHUKOBBIX M300paxkeHuil. B mipo-
rpamme ArcGIS no cnyTHUKOBBIM CHUMKaM (pUK-
CUPOBAJIOCh MOJOXEHUE (PPOHTOB BBIBOAHBIX
JIETHUKOB Ha MapT KaxXIOro roga — B IIEPUOI CYy-
IIECTBOBAHMSI IIPUIIAsI BIOJIb BCEro IMOOEpexXbs ap-
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JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

XHUIleaara. 3aTeM OTCIIEXXMBAJIOCh IepeMelleHe
(bpoHTa KaxXIOTO BHIBOOHOIO JIETHUKA B TEUCHUE
BCETO CE€30Ha 110 CEHTSIOPh BKIIIOUUTEIHHO; (DUKCH-
pOBaIMCh MaKCUMaJIbHOE IIPOIBIIKEHUE JISTHUKA B
CTOPOHY MOpPsI (€CIM OHO OBLJIO) U MOJIOXEHHE eTO
(¢poHTa Ha TMocHeTHEM MH(AOPMATUBHOM CHUMKE
CEHTSIOpS (B psife cydaeB Ha HAYaJIo OKTI0ps). s
KaXXIOTO JIEMHNKA PACCUMTHIBAJIOCh CE30HHOE 13-
MEHEHME TUIOIIAAM KpaeBoll YacTy JICMHUKA: TIpU-
paileHre WIN YObUIb JIEMTHUKOBOM ITOBEPXHOCTH C
Havayia HaOJIIOOeHMS B MapTe OO0 OKOHYAHMS B CEH-
TsI0pe WJIM IO DOCTUKEHMS MaKCHUMAaJbHOTO IIPO-
IBUXKEHHS (PpOHTAa B IIPOMEXKYTOUHBIN IEPUOI
(ecau Takoe MPOABMKEHNE OBLIO 3aperuCTPUPOBA-
HO). [locKonbKy B MepUOLI IOJSIPHOM HOYM CITYT-
HUKOBBIC HAOIIOAEHUS B BUOAUMOM IHAaIla30He He-
BO3MOXHBI, IJISI KAXKIOTO JIEMHNKA JOTIOTHUTEIHHO
OLICHMBAJIOCh M3MEHEHUE IT0JI0KeHUsT (DPOHTA C
MOMEHTA II0CIeAHEeTO OCEHHEeTO CHUMKA OO0 IIepBO-
ro BECEHHETO CHMMKA CJIeAYIOIIero roga (M3MeHe-
HUE B 3UMHUI TIEPUO).

IIpu omeHKe M3MEHEHMS IUIOIIameil Kpae-
BOI 4aCTH JIETHNKA YIUTHIBAINCh MOTPEIITHOCTU B
OIIpeneIeHNU reorpapruuecKoro MmoJoXeHus 00b-
€KTa Ha CIIyTHUKOBOM CHUMKe — +1 IMUKcenb, a
g Landsat-8 — +15 M. I[1pn cpaBHEHNM TTOJTOKE-
HUS PPOHTA JIeMHMKA Ha IBYX pa3HOBPEMEHHBIX
CHMMEKaX MaKCHMaJIbHasl a0COJIIOTHAS ITIOIPEIIHOCTh
OIIpeAeIeHNS IJIMHEI (M IIUPUHBI) 30HBI COKpalle-
HUS TIomany jJegHuka coctaBut 30 M. Torma mst
wiomaayu 1 kM2 u 6osiee OTHOCUTEIbHAS OLINOKA
ornpeaeseHus miowmanu 6yaet pasHa 6—8% (B 3a-
BUCUMOCTH OT T€OMETPUUYECKON (DOPMBI 30HHI),
wromanu 0,1 km?2 — 20—21%, 0,01 kM2 — yxe 60%.
JlenHuku, KpaeBasti 4aCThb KOTOPBIX IO MCIIOJIb30-
BaHHBIM CITYTHUKOBBLIM JAHHBIM 3a CE30H MEHSJIach
meHee yeM Ha 0,1 km? (<50 nukcesneit), pu gajib-
HeMIleM aHau3¢e He YYUTHIBAIUCH.

JaHHble MO HauOoJiee aKTUBHBIM JIeIHUKAM
npuBeAeHbI B Tabauie. st 9TUX JeTHUKOB OlleHe-
Ha TakKe TOJIIIMHA UX (DPOHTAIbHON YacTH, OCHO-
BaHHas Ha U3MEPEHUM IO TEHU Ha CIIYTHUKOBBIX
CHUMKax OT aiicOeproB, OTKOJOBIIMXCS OT KOHKPET-
HBIX JIEAHUKOB. BhicoTa HanBOMHOM yacTu aiicoep-
ra ycTaHaB/JIMBajach MO CHUMKaM, BBIITOJTHEHHBIM B
MapTe B YTPEHHUE Yachl, KOIJla YToJl BO3BBIIIEHUS
ConHua Hag ropu3oHToM cocTaBasieT 8—10°. ITpu
TaKMX MaJjbIX yIjax OObeKThl Jal0T OOJIbIINE TEHU,
YTO MO3BOJISIET YMEHBIIUTD MTOIPEITHOCTH OMpee-
JIeHUs BbICOTHI. Kak yxke oTMeuanoch, ITOrpelHOCThb

M3MepeHus IUIMHBI 00beKTa Ij1s1 CHUMKOB Landsat-8
cocraBisgeT +15 M (1 mukcens). [TorpemrHocTs n3Me-
PEHMSI BBICOTHI aiicOepra Ipy IJIMHE eTo TeH! [ 1 yIyie
ConHia a orpenensiercd mo BeIpakeHuio (/+15)tga.
ITpu yrne Comrama 10° n pmuHe ero TeH 57 M pac-
yéTHag BBICOTA alicOepra TrojrydaeTcst paBHoi 10 M:
(57+15)tgl0° = (57+15) x 0,176 ~ 10+2,6 M. Ilo-
TPEIIHOCTD pacd€Ta BHICOTHI HAIBOMHON YaCTH aiic-
6epra npu yriie Connua 10° coctaBut 2,6 M, 4TO JaET
OTHOCHUTEJIbHYIO TIOTPEIIHOCTh OIIPene/IeHUsI BBICO-
eI 40-MeTpoBoro aticoepra npm yrie Comana 10°
paBHyIO 6,5%. s kaxnoro ciumka Landsat-8 Bo
BCIIOMOTaTeIbHBIX (paiizax JaHa MHGOPMAIIKS O T10-
JIOXKEHMU COJIHIIA HA MOMEHT ChEMKU, KOTOpasl UC-
MOJIb30Bajach WISl pacuéTa IJIMHBI TEHU OT aiicoep-
TOB Ha KOHKPETHOM CHUMKE.

TommuHa KpaeBoii YacTU JeAHUKA CUYUTAIACh
paBHO CpeaHEeMY 3HAaUCHUIO OOIIeil BHICOTHI OT-
KOJIOBIIErocsI alicoepra, OLIeHEHHOM 13 YpaBHEHUS
TMAPOCTAaTUYECKOTO paBHOBecus: p,gV, = p, gV,
rie P, P, — MIOTHOCTb BOJABI U JIbIa COOTBETCT-
BEeHHO; V|, V;, — 00bE€M HaIBOIHOM U MOABOLHOMI
yacTel aiicoepra; g — yCKOpeHHe CBOOOIHOTO Ta-
neHus. s aiicOepra, uMmerouiero opmal mnpa-
BUJBHOTO TE€OMETPUUECKOIro Teja, HalpuMep
MPU3MBbI, COOTHOLLIEHUE BBICOT HAIBOIHOM /| 1 MOJI-
BOIHOMH A, yacTeil BbIpaxaeTcs CAEAYIOLIUM 00pa-
30M: hy/hy = (0, — 0,)/0,, UTO JAET COOTHOLIEHHUE
h,/h, = 1:8 nna ycnosuii mopst JlanteBbix. OnqHaKO
peanbHO (hopMa HAABOIHONM M MOABOJAHON YyacTeit
aricoepra MOXET CYIIECTBEHHO OTJIMYAThCs, OITO-
My [UJISl YTOUHEHUs] BeJMYUHBI /1,/h, HEOOXOAUMBI
WHCTPYMEHTaJIbHbIe HaOMoAeHUS 3a (OpMOI MO -
BOJHOI yacTu alicbeproB 1 nx ocagkoil. [TockoabKy
TaKUX U3MEPEHUI HEe MPOBOIMIOCH, Mbl UCITOJIb30-
BaJIM CBEJCHUSI O COOTHOIICHUU BBICOTHI U OCAJIKU
aiicoepra u3 OTKpPBITBIX IMyoaukauuii. Tak, B pabo-
Te |8] IpUBOASTCS COOTHOLICHMST BBICOThI/OCAIKHI
JUTSI apKTUIECKUX aiicOeproB pa3Hoil (hOpMbI, TOJTY-
yeHHbIe MeXIyHapoaIHBIM JIEOBBIM MaTPyJIeM: CTO-
Jloobpas3Hble aiicoepru — 1:5, Kyrnojiooopa3Hble —
1:4. B pabote [9] npu ucciaenoBaHusx B bapeHiieBom
Mope IIJ1s1 aiicOeproB MOJYYEHO COOTHOIIEHUE HaJ-
BOJIHOW M MoABOIHOI yacTeit 1:4. B HacTosei pa-
0oTe TIpu pacuéTax o0IIel BEICOTHI alicOeproB TaKkKe
HCITOJIb30BAJIOCHh COOTHOIIEHUE 1:4.

Ipu pacuérax cpemaHeill BHICOTHI HAaABOAHOM
YacTH aiicOeproB B MEPBYIO OUYepelb OTOMPATUCH
cToJiooOpa3Hble aiicoepru. Mckimouanucsy alicoep-
T'U, CEBIIME HA MEJIb B MIPUOPEKHOM 30HE, TaK KakK
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Vi3MeHeHMe oAy MOBEPXHOCTY BBIBOJHBIX TefHIKOB CeBepHOIT 3eMnu (xm?) o CIIyTHUKOBBIM JJaHHBIM 32 2014-2019 rr.

2014 r. 2015 . 2016 . 2017 r. 2018 r. 2019 . 20142019 rr
Jlemnuku'
2 | 3|+ _ + [ -]+ ] - + | - + _ _
Jleonukosulil kynon Axademuu Hayx

8 0,38 | 1,82 | 0,35 | 1,49 | 0,646 | 0,95 | 0,41 | 2,06 0 3,0 0 2,19 11.51

11 0 0 0 0,09 0 0 0 0,3 10,022 0 0 0 0,39

12 0 0 0 0,27 0 0,15 0 0,09 0 0,04 0 0 0,55

13 0 0,24 0 0,41 0 0,39 0 0,47 | 0,04 | 1,3 0 1,47 4,27

14 0 1,21 0 1,76 0 0,83 0 0,51 0 1,26 0 0,24 5,8

15 0 0,25 0 0,25 0,19 10,017 | 0,063 0 0,25 0 0 1,0

16 0,72 | 0,17 | 0,49 | 2,31 | 0,22 | 1,23 | 0,87 | 1,17 | 0,06 | 2,4 0,7 | 1,99 9,27

17 0 0 ]0,052| 0,03 0 0 0 0 0 0,22 0 0,16 0,41

18 0 0 0 0,2 0 0,16 0 0,18 0 0,23 0 0 0,77

19 0 0,27 10,273 | 0,15 | 0,146 | 2,06 | 0,3 | 1,18 | 0,72 | 0,41 | 0,2 | 1,82 5,89

Jleonukosvie kynoaa Pycanosa u Kapnunckoeo

12 0 0,3 0,8 0 0 0,05 | 0,35 | 0,084 | 0,09 | 0,017 | 0,15 1,69

17 0,034 1 0,094 | 0 0,1 0 0,4 0 0,11 0 0,45 0 0,06 1,29

21 —4 — — — — 0 0 0,86 0 0,31 0 0,71 1,88

48 AHUU — — — — — 0,13 0 0,33 0 0,23 0 0,21 0,9
49 Uccnenosareneit | 0,409 | 0,37 0 2,24 0 1,52 10,051 0,35 | 0,1 1,0 0 1,0 6,48
34 menb(hOoBBIN 0,17 | 0,05 3,3 0 1,42 0 3,18 0 3,1 0 0,71 11,76

Jleonukosulii Kynoa Yuueepcumemckuii

655+88 0 0,37 | 0,21 0 0 0,25 | 0,41 | 0,06 0 0,02 | 0,12 | 0,02 0,72
90 0,019| 0,01 |0,074 | 0,06 0 0,3 0 0,06 | 0,015 0 0 0,21 0,63

92 0 0 0 0 0 0,05 0 0 0 0 0 10,011 0,06

93 0 0 0 0 0 0,05 0 0 0 0 0 0 0,05

94 0,05 | 0,06 |0,135] 0,05 0 0,29 | 0,51 | 0,51 0 0 0 0,02 0,92

95 0 0 0 0 0 0,52 0 0,04 0 0 0 0,01 0,57

96 0 0,15 0 0,17 | 0,01 | 0,13 0 0,04 0 0 0 0,06 0,55
Basuosa 33 | 0,16 | 229 | 0,85 | 13,4 | 3,55 8,18 | 0,75 | 1,78 | 1,55 | 2,19 | 3,26 10,12

Ocmpoe Boavuiesux

39 0 0 0 0,15 0 0 0 0 0 0 0 0 0,15

40 0 0 0 0,09 0 0 0 0,08 0 0 ]0,015| 0,04 0,21

49 0 0 0 0,04 0 0 0 0 0 0 0 0 0,04

95 0 0,03 0 0,27 | 0,03 | 0,02 0 0,08 0 0 0 0,02 0,42
Hmoeo 5,53 15,08 14,65 12,82 15,85 14,37 78,31

"Homepa 1 HaszBaHus JeqHUKOB gaHbl o Karagory WGI, nosoxeHue BLIBOAHBIX JIEAHUKOB [TOKa3aHOo Ha puc. 1; 2(+) mpupaite-
HMeE IIJIOLIAAN BEIBOJHOTO JIEAHUKA TIPU €r0 NPOABMXKEHUN; 3 (—) yObIIb TUIOLIALM IIPU pa3pyLIEHU KPAeBOil YaCcTH BHIBOIHOIO
JIETHUKA; *BBIXOJ JIEAHUKA BO (GbOP/ OJOKUPYETCH IIENL(OBLIM JIEAHUKOM; > TaKXKe Ha3bIBAETCH JEAHUK Mapara, OTHOCUTCS K

JIEAHNKOBOMY KYITIOJTY KapHMHCKOFO.

3Ta CUTYallUsl OrpaHUYMBAET IPUMEHUMOCTb THIPO-
CTaTUKM IS OIICHOK Macchl 00bekTa. He mpuHmMma-
JINCh BO BHUMaHWE KYCKM M OOJIOMKU ailcOepros,
obpasyrornecsd pu oTkone. OOImii aiicoeproBIin
CTOK BBIBOJIHBIX JIETHUKOB OBLT OLIEHEH KaK cyMMa
00BEMOB pa3pyIIUBIICICS 3a TOI KpacBOM YacTH
KaxXJI0To U3 HanboJiee aKTUBHBIX JICTHUKOB, MCXOIS

W3 paCYETHOM TUIOIIAAN UCYE3HYBIIE JIETHUKOBOM
TIOBEPXHOCTU U €€ OLIEHOYHOU TOJIIIUHBI.
AlicOepru HaXOaWIY C TIOMOIIBIO METOINKU, OC-
HOBAaHHOI Ha CTaTUCTUYECKUX KPUTEPHUSIX TTOMCKa
IPpaJMeHTHBIX 30H TIPY aHaIu3e ABYMEPHBIX MOJei
CITYyTHUKOBBIX M300paxkennii [10]. Otkon aticbep-
ra OT KOHKPETHOTO JieIHMKA IMOATBEPXKIACTCS MyTEM
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HUCMOJIb30BaHUS 11a00Ha (pOpMBI OOHAPYKEHHOTO
aiicOepra, KOTOPbIil YIUTHIBACT COBOKYITHOCTD He-
CKOJIbKMX MapaMeTpOB 0ObEKTA: TEOMETPUUECKYIO
(bopmy, pa3mepsl, XapaKTepHbIe OCOOCHHOCTH «PH-
CyHKa» MTOBEPXHOCTU (HaJIW4YMe U B3aMMHOE pacro-
JIOKEHHUE TPEIMH, BEPILIMH, 036PKOB TaJIO BOJbI).

Pe3yabTaTsl u 00CyKIeHue

AHanu3 CNyTHUKOBBIX U300paxkeHuit 2014—
2019 rr. mo3Boaua 00HAPYKUTh 28 aKTUBHBIX JIeNI-
HuKoB CeBepHOIt 3eMJIu, MPOU3BOIASIINX HANOOIb-
1ee 4Yucjao aicoepronB, UX KyCKOB, 0OJIOMKOB U
Oosiee MeJIKOro mMatepuana (cMm. Tabauly, puc. 1, 2).
Howmepa neqHrKoB B Tabnuie U Ha puc. 1 gaHBI 1O
Bcemupuomy katanory negHukoB World Glacier
Inventory, u3 6a3bl gaHHBIX JegHUKOB GLIMS
(Global Land Ice Measurements from Space), oc-
HOBAHHOM Ha CITyTHMKOBBIX JaHHBIX ONTUYECKOrO
nuamnasona [11]. U3 oatux 28 nexauxos 90,7% aiic-
OeproBoro cToka IMpuXoanTcs Ha 12 caMbIX aKTUB-
HBIX NTegHuKoB CeBepHoil 3eMnn. B coBoKynmHO-
CTH Ha 3TuX 12 JIeHUKAX 3a IeCTh JIeT ucyes 71 km?2
JICAHUKOBOM MOBEPXHOCTU — OT MAKCUMaJIbHOTO
3HaueHus 11,76 km? Ha wenbdoBoM enHuKe Ma-
TyceBnya 10 1 km? Ha nenHuke Ne 15 JeIHUKOBO-
ro xynoJjia AkageMuu Hayk. I[IpuBeaém naHHbIC IO
5TUM 12 AegHuKaM.

1. Ilenndosbiii nemHuk Matycesiua — 11,76 kw2,

2. Jlennux Ne 8 JieIHUKOBOIO Kyrona Akazemuu Hayk — 11,51 k2.
3. BoIBoIHAs JTOMACTb JIETHUKOBOTO Kyriona Basmmosa — 10,12 kv,
4. Jlenxuk Ne 16 JieTHUKOBOTO Kymona AKafeMus HayK — 9,27 KM2.
5. Nemnvik Mccnenopateneii (Ne 49 nenHukoBoro Kynona Kaprus-
CcKOTO) — 6,48 KM,

6. Jlemnuk Ne 19 (Ne 7 mo karanory Pannonbda (Randolph glacier
Inventory, RGI, Bepcust V6.0) nemHUKOBOTO Kyrojia AKaieMUun
HayK — 5,89 k2.

7. Jlemnuk Ne 14 ieJHUKOBOTO KyTiona AKaIeMii HayK — 5,8 KM,
8. JlemHuk Ne 13 e JHIKOBOTO KyTiona AKageMiy HayK — 4,27 KM2.
9. Jlenank Xonosa (Ne 21 nemHMKOBOTO Kymojia PycaHoBa) —
1,88 kM2

10. Mexruk Ne 12 nexnukosoro kyrona PycaHosa — 1,69 kv

11. Jlemnnk Ne 17 neasuxoBoro Kyrona Pycanosa — 1,29 km2,

12. Mexruk Ne 15 nexHuKoBoro Kyrosna Akanemnn Hayk — 1,0 kw2,

B pabGote [12] mo naHHBIM paguOJI0KALIMOHHO-
ro cnytHuka Sentinel-1 3a nmepuon ¢ HostOopst 2016
no Hos10pb 2017 T. MpoBeIeHO CpaBHEHUE TON0-
BOT0 alicOeproBoro CToka ¢ BOCbMU JIETHUKOBBIX
OacceliHOB Kymoya AkageMuu HayK. B mpuHsaToit
B Halllell cTaTbe HyMepaluM 3TO JeTHUKU No 8,

11-19 (Ne 7 mo karanory RGI). ITo o6bémy atic-
6eprosoro cToka 3a 2017 T. JeTHUKM B MCCIIenoBa-
HUM [12] B mopsiaKe yOBIBaHUS pacIIoiaraloTcsI clie-
nyromum obpasom: Ne 8, 19, 14, 16, 1113, 18, 15,
17, a B Haieil paboTte B TakoM mnopsiake: Ne 8, 19,
16, 11-13, 14, 18, 15, 17. HanGonpuinii rogoBoit
aicOeproBEIii cTOK [12] 3amMKCcHUpoBaH y JIeTHUKA
Ne 8 — 0,69 I'r/rox (0,77 xm3/ron) ¢ y4éTom TO1-
ILIMHBI KPaeBOM YacTu JeaHMKa 223 M IO pagapHbIM
uzMepeHussm 1997 r. [13]. 1o HaMM ouLeHKaM, B
2017 r. nemaUK N2 8 TaKsKe IIPEeBOCXOIMII OCTaIbHEIC
JIEMIHUKM, MCCIIeTOBaHHbIE B padboTe [12], o 00bEMy
aiicoeproporo ctoka: 0,41 xm3?/rox (rmpu ToamuHe
ero KpaeBou 4acTu, MOJTYYEHHOM U3 00I11Ieii BBICOThI
aiicoepra 200 m). Ha BTopoM mecte — aemank Ne 19
(Ne 7 o xatanory RGI). Ero aiicOeproBblii CTOK y
aBTOpOB pabotsl [12] — 0,44 I'r/rox (0,49 kM3/ron),
a B HacTosILeM uccaenosanuu — 0,24 xkm3/rox. Tpe-
ThIO TTIO3ULIUIO B CITUCKE, MO HAILIMM JaHHBIM, 3aHU-
MaeT iefHUK Ne 16 ¢ ronoseiM cTokoM 0,13 km3 mpu
TOJIILIMHE KpaeBou yacTu aegHuka 85 M. ITo mate-
puanaM paboTsl [12], megHuk Ne 16 3aHUMaeT yeT-
BEpTOE MecTo ¢ mapaMmeTpamu ctoka 0,18 I'r/ron
(0,2 kM3/ron); oLeHKa MoJly4eHa, UCXOAs U3 TOJ-
LIMHBI JeAHKUKA 83 M, YCTAaHOBJIEHHOM T10 paJgapHbIM
usmepeHusM 1997 r. Tpetbe mecTo B padote [12] —
y neqHuka Ne 14, aiic6eproBblii CTOK KOTOPOTO CO-
crasisier 0,41 I'r/rox (0,45 km3/ron). B Hamem uc-
cJIeOBaHWM alicOeproBbIil CTOK C ATOTO JeTHUKA 3a
2017 r. okasacs Ha nisiTom Mecte — 0,09 km3/rof.

Takum ob6pa3om, HecoBNaAeHUE B YIIOPSIOYEH-
HOM I10 BeJIMYMHE alicOeproBOro CTokKa psay Jiemd-
HUKOB B HallleM MCCJIeA0BaHUU U B cTaThe [12] HaO-
JoaaeTcsl TOJAbKO Ui JeaHuka Ne 16. B Hamem
WCCJIEAOBAHUM 3TOT JIEAHUK JAET OOJBIINIA OTHOCH-
TeJIbHBIN BKJad B 0011yI0 (DPOHTANIbHYIO aOJISLI0
M0 CPAaBHEHUIO C APYTUMU JIEAHUKAMU. DTOT (PakT
MOXHO OOBSICHUTh TEM, UTO B padoTe [12] ucnosb3o-
BaJIUCh CITyTHUKOBbBIE JAHHBIE C UHTEpBAJIOM 12 CYT.,
ay neqHrka Ne 16 MakcHUMasbHasI 32 CE30H ITOIBIK-
Ka HaOIromaeTcss B KOHIIE UIOHS, TTOCJIE YETO CJIEAyeT
OTKOJI aiicOepros, U MpU TaKOM MHTepBaJie a3y MaK-
CUMaJTbHOM TTOABMKKIY MOXHO MPOITyCTUTh. B Hallei
padoTe eXXeroTHO UCITOIb30BATIOCHh HECKOJIBKO CHUM-
KOB paiioHa B UIOHE — HayaJse MIoJI.

B pa6ote [14] uccnenoBaHa ppoHTaIbHas a0sI-
uus B 2015—2016 rr. BoceMu jgegHUKOB CeBepHO
3emun: aByx Ha 0. Komcomonerr (Ne 7, 8) u mectn Ha
0. OkTs0pbekoii pesomonn (Ne 17, Actroka (Ne 20),
Ckaszounslit, AAHUU (Ne 48), Wccnemosarencii
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Puc. 1. OcHoBHBIe alicOepronpoayLupyome JeaHuku CeBepHoii 3emMn.
HOMCpa BbIBOJAHBIX JICAHUKOB JAaHBbI 1O BCCMI/IpHOMy Karajory JEIAHUKOB, a JIEA0opa3ac/ibl (HOKaSaHI)I KpaCHbIMUA J'II/IHI/IHMI/I) JIeo-

HUKOBBIX KYIOJIOB — B COOTBETCTBUU C 0a30ii naHHbIX GLIMS [11]

Fig. 1. The main iceberg-generating glaciers of the Severnaya Zemlya.
Numbers of outlet glaciers are given with the use of the World Glacier Inventory, ice divides of ice caps (the red line) are given with

the use of the GLIMS [11]

JlaM aBUalIMOHHBIX HaOmoneHnit 2014—2016 rr. Han-
OoJIbIIIME TTOTEPU MACChl OOHAPYKEHBI Y CIEAYIOLINX

(Ne 49), Mapara (Ne 65)). [TonoxeHue (ppoHTa JIea-
neaHukoB: Ne 8 (1,04 km3/ron), Mccnenopareneii

HUKOB orpenensioch mo gaHHbiM MC3 Landsat-8,
TOJIIIMHA KPaeBOI YacT JICIHUKOB — I10 MaTepua-
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Puc. 2. IIpumepsl n3odpaxkeHUs1 BHIBOAHBIX JEAHU-
koB CeBepHOIi 3eMJIM HAa CIIYTHUKOBBIX CHUMKAaX BU-
NMMOTO AMarna3oHa.

a — negauk Ne 19 (Ne 7 mo karanory RGI) kynosia Akame-
MuM Hayk, 19.09.2019, UC3 Sentinel-2; 6 — nemuuk Ne 19
(Ne 7 mo karanory RGI) kymona AkageMuu Hayk,
9.09.2019. Ha Bpeske MnokaszaHbl U3MEHEHUSI KpaeBoil ya-
cTH JenHuka 3a nepuon 9—19.09.2019, MC3 Sentinel-2;
KpacHOU JuHUell o6o3HayeH (POHT JIeIHHMKaA Ha
19.09.2019 r.; cuHeit — dpoHT Ha 9.09.2019 r.; 6 — NeAHUK
Bauiiosa, 18 centsaopst 2016 r. MC3 Landsat-8. CHUMOK ¢
caiira USGS.

1 — aiicbepru; 2 — o0JOMKM U KyCKHU aiicoepron; 3 — Mell-
KOOOJIOMOUHBII MaTepuai; A, b — aiicoepru, OTKOJOBILM-
ecst ot JemHuka Ne 19 B mepuoz ¢ 9 o 19 centsiops 2019 r.
Fig. 2. Examples of images of the Severnaya Zemlya
outlet glaciers in the visible spectral range.

a — glacier No 19 (Ne in catalog RGI) of the Academy of
Sciences ice cap, 19.09.2019, Sentinel-2; 6 — glacier Ne 19
(Ne 7 in catalog RGI) of the Academy of Sciences ice cap,
9.09.2019. In the insert — a fragment of the Sentinel-2 image
with the changes of the glacier front in the period 9—19 Sep-
tember 2019; Sentinel-2, red line — front of the glacier,
19.09.2019; blue line — front of the glacier 9.09.2019; ¢ —
Vavilov glacier, September 18, 2016, Landsat-8. Images from
the USGS website.

1 — icebergs; 2 — bergy bits and growlers; 3 — fine-grained
material; A, b — icebergs that broke off from glacier Ne 19
between September 9 and 19, 2019.

(0,77 xm3/rom) m Ne 7 (Ne 19 B ucnionb3oBanHoii Hamu  (Ne 48) 1o 0,01 (mexnuk Ckazounslit) kM3 /ron. TTo
Hymepauuu — 0,63 km3/ron). OcTanbHbIE JIEAHUKNA — HAIIUM JaHHBIM, U3 JIEAHUKOB, UCC/IEI0BAHHbIX aB-
TEPSUIN 3a Tof, 3a CYET ppoHTaIbHOM abnsauum ot 0,37  Topamu padoTh [14], B 2016 r. HanboNbILIKME TTOTEPU
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Macchl 6b1M y JenHukoB Ne 19 (0,41 km3/rom), Ne 8
(0,2 xm3/rom) m Ne 49 (0,15 km?/ron), morepu Macchl
OCTaJIbHBIX JICTHUKOB B UX (PPOHTAJILHOI YacTH He
npesbiuamm 0,04 kv3/rox.

PacxoxneHmne B olieHKax aiicOeproBoro CToKa Iro
CpaBHEHUIO C TaHHLIMHU Pa0bOTHI [12] MOXHO 00B-
SICHUTh PasHMIIC B MeTOmAMKe pacuyéra. MBI uc-
TIOJIb30BAJIM [IJIST aHAJIM3a TOJIBKO JaHHBIC BUIMMOTO
muana3zoHa 2014—2019 rr., TOoCTyITHBIE WISl 3TOTO pe-
TMOHA eXXEeTOMHO B IIEPHOI ITOJISIPHOIO JIeTa, C MapTa
0 KOHIIA CEHTSIOpsI — Hadajla OKTSIOpPsI, a aBTOPHI
paboTel [12] onepupoBany ¢ paaroIOKAIIMOHHBIMI
JAHHBIMHU, COOpaHHBIMU ¢ HOSOPsT 2016 110 HOSIOPH
2017 . BOoTBIIMHCTBO pacCMOTPEHHBIX JISTHUKOB B
OKTSIOpe—HOSIOpe M3-3a MOXOJodaHUs (IIepexo K
OTpHUIIATEILHBIM TeMIIepaTypaM BO3[dyXa, ITOSIBJIC-
HUE TIpUIIasi) IPOAYLUPYIOT 3HAYMTEIbHO MEHBIIIE
alicoepros, YeM B IIPEOIISCTBYIOIINIA IIEPUO roa,
U TI0JIoXKeHNe (pOHTA KpPaeBOM YaCTH BBIBOIHBIX
JIETHUKOB Ha CHUMKAaX He MEHSIETCS IO CIICAYIOIe-
ro ce3oHa. OQHAKO HEKOTOpbIEC JICTHUKU, B YaCT-
Hoctu Ne 8 m 19, BemyT ceOs1 MHAYeE, IIPOIIECC alic-
OeprooOpa3oBaHUsl U MOABUXKA (DPOHTA JeAHUKA
HaOJIIOIAIOTCS 31eCh U TTO3THEH OCEHBIO (3TO BUIHO
Ha PJI-cHuMKax), BO3MOXHO, B CUJTy AUHAMUYECKUX
(akTopoB. BecHoi1, Koraa IMOsIBISICTCSI BO3MOXKHOCTD
CITyTHHKOBOM ChEMKH B BUAMMOM OUaIla30oHe, GPOHT
JICTHUKA OKAa3bIBAaeTCs IPUMEPHO B TOM K€ TOJIOXKE-
HHUH, KOTOpOe ObLIO 3a(hMKCUPOBAHO Ha ITOCICIHEM
OCEHHEM CHMMKE BHIMMOTO IMAaIla30Ha B IPEIbI-
oymeM rogy. Takum oOpa3oM, OTCIEOIUTh MPOIec-
Chl alicObeproodpa3oBaHus B MEKCE30HbE (OKTIOPb—
(beBpab) 10 JAHHBIM TOJIHKO BUAMMOIO JHUalla30Ha
He ymaéTcs, I03TOMY Hallld TaHHBIE I10 JIeMHUKY No 8
3aHIDKEHBI 1T0 CPAaBHEHUIO C OLICHKAMMU, TTOJTyYCHHBI-
MU B paborax [12, 14], B 1,5—2 pa3za.

Iloayuennsvie no cnymnukxogoim 0aHHbIM OUEHKU
exnce200H020 CyMMapHoz2o aiichepz06020 cMoKa ¢ Gbl-
600nbiLx aednuros. B cpeqrem 3a 2014—2019 rr. exe-
TOTHOE COKpallleHNE IUIOIIAAN BEIBOIHBIX JICTHIKOB
CeBepHoli 3eMiI, OLICHEHHOE HAMM I10 CITyTHUKO-
BBIM JaHHBIM, cocTaBwio 13 km2. BeicoTa HanBoI-
HOI YaCTU OTKOJIOBILIMXCS OT JIEAHUKOB alicOepros,
orpeneséHHas 1Mo UX TeHU Ha CHUMKaX BUIMMOTO
nuanaszoHa, usMeHsuiach oT 10 1o 40 M. Makcumaiib-
Hag BeicoTa B 30—40 M xapakTepHa 1151 CTOJI000pa3-
HBIX aiicbeproB, 0Opa30BaHHbBIX OT JeaAHUKa No 12
KyrnoJyia PycaHoBa, u njs ailcoepros, reHepupye-
MbBIX Ha CEBEPO-BOCTOYHOM CKJIOHE KyIloja Akanie-
MU HayK. MIcXons u3 3TUX 3HaUYe€HU, OOIIyIO TOJI-

IIMHY KpaeBOM YacTU BHIBOAHBIX JIGTHMKOB MOXHO
oueHNTH B 50—200 M. M3yuenue nmpeiicda aiicoep-
TOB, OTKOJIOBIIMXCS B II€PpUOI MOHUTOPUHTA OT MUC-
CJIeIOBaHHBIX JIEAHUKOB, MIOKA3aJ0, YTO IIPH IIy-
ounax 50 M 1 MeHee alficOepru cagsgaTcs Ha MeJib U B
TaKOM COCTOSTHUU HAXOISATCs HECKOJIBKO MECSIIEB
v gake JieT. C y4€ToM BBICOTHI aiicOeproB, 3Me-
PEHHO II0 CIIYTHUKOBBIM CHUMKAaM, €XKETOIHbINA
CYMMapHbIii aiicOeproBblii CTOK C BEIBOJHBIX JICAHM -
KOB IIpY COOTHOIIIEHMH BBICOTHI K Oocanke ot 1:4 mo
1:5 cocrapnger 1,52—1,9 xm>. [l yTouHeHUs 3THX
OLIEHOK HEOOXOIMMBI MHCTPYMEHTAIbHbIE 3Mepe-
HU4 ocaaku aicoeproB y CeBepHOl 3eMJIH.

BriBonHbie tenHuku CeBepHOI 3eMJIM UMEIOT
CYIIECTBEHHBIC Pa3IN4KsI B CKOPOCTH IPOIBIKE-
HUs1 GpoHTA, MHTEHCUBHOCTHU aiicObeproobdbpaso-
BaHMs, pa3Mepax U popme aiicoepros. B npoause
Kpacnoit Apmuu HanboJIbIIee IMCI0 aiicOeproB 00-
pa3oBaHoO OT JiemHuKa No 16 B 3amagHOi YacTH Ipo-
JINBA; TOPU3OHTAJIbHbIE Pa3Mepbl (DOPMUPYIOLLIUXCS
y 9TOro JeaHuKa aiicoeproB mocturarot 420 M npu
BbICOTE OKOJIO 20 M 1 COOTHOILEHUY IJIUHBI K IHAPU-
He (1,5—2):1. MaxkcumanbHasi CKOPOCTb MPOIBUKE-
HUS DPOHTA JIEAHUKA B CTOPOHY MPOJIMBA Y JIEAHUKA
Ne 16 orMeuaeTcst B KOHIIE UIOHSI, Koraa (hpoOHT JIed-
Huka BbiiBuraercs Ha 300—400 M Mo cpaBHEHMIO C
ero rnojoxeHueMm B mapte. Ha pacctosiHum 12—25 km
K 10ro-3amnany ot ¢hpoHTa jegHuKa No 16 exXerogHo B
mapTe (opMUpYyeTCsl Kackaa nmojabiHel (puc. 3), cy-
ILIECTBYIOIIMA BIUIOTh 10 Pa3pylLeHUS IIpUnas B JIeT-
Huit nepuon. IToabiHEU 00pa3yloTCsl B y3KOM r1y00-
KOBOJIHOM yactu npoausa (riayorHsl 100—200 m),
pasnensoeil M3BecTHAKOBBIE ocTpoBa. IIpouc-
XOXIEHHE TIOJIBIHE, TT0-BUAUMOMY, CBSI3aHO C M-
HaMHWYECKHM pacIIpOCTpaHEHUEM BOII, CKOPOCTh KO-
TOPBIX TOBBIIIAETCS IIPU ITPOXOKICHUN YePe3 Y30CTH
MEXIy OCTpOBaMM, a TeUeHUEe IIpuodpeTaeT TypoOy-
JICHTHBII xapakTep. B pe3ynbTaTe nepemellmBaHue
M3HAYAJIbHO MPECHBIX JIETHUKOBBIX BOJ U COJEHBIX
BOJI MPOJIMBA YCUJIMBAETCSI U TTOSIBJISIIOTCS TIOJIbIHbU.
3a CY4E€T MHTEHCHUBHOTIO JeA000pa30BaHus B MOJIbI-
HBSIX pa3BUBAETCSI KOHBEKTUBHOE IepeMelINBaHNE.
Bce aTu perynsipHo Hab0gaeMble B pailoHe JIeqHU -
Ka Ne 16 mpolecchl CyIeCTBEHHO BIUSIOT Ha TUAPO-
JIOTUYECKUI pexkuM mponuBa. [TomoOHbIe mpoLecChl
B paiioHe APYIruX JEAHUKOB apxuIiejara 1o CIyTHU-
KOBBIM JaHHBIM OTMEUYEHbI HE ObLITH.

Jlegauk Ne 14 nemHMKOBOTrO KyroJia AKageMuu
HayK IO YMCIy OTKOJOBILIMXCS ailcOeproB — BTO-
poit B mpoauBe KpacHoil ApMuu nocie JegHuKa

-21-



J1eOHUKU U /1eOHUKOBbIE NOKPOBbI

94° 95°
0. Komcomonely
80°. 3
10//
g J1edHuK
OmaennHbIER AN 57 N G
; ¥ |
;;;‘,":\-' !
&
‘rl»“ -y 1
v,", ::'1";? q '
b (T B
< IR : S R
PbITIV
‘ .‘. ¥
- X
N % f'?
A

'

0. Kpyrribii

s Wy
0. OkTabpbCron
‘ _peBontouu

=L

KpacHo 0 10 20 50 100 200m
-
T eeeeesm—
0 4 8 KM

Puc. 3. IIpumep HaGMr0OeHKS NOJIbIHEN B paiilOHe BRIBOAHOTO jiefHnKa No 16 Ha criyTHUKOBOM cHUMKe Landsat-8 3a
24 wions1 2017 r. Tonorpacdust nHa mpuBeneHa o kapte 1985 r. Macura6 1:200 000.

Ha Bpe3ke — ¢parmenT cHuMKka Landsat-8 ot 24 uionst 2017 r. / — MakcuMalibHO€ BBIABUKEHUE (DPOHTA JIEIHUKA B UIOHE
2017 r.; 2 — nonoxeHue gpponrta B Mapte 2017 r.; 3 — nojoxeHue ppoHTa B KOHLE ceHT0pst 2017 r.; 4 — yyacTku, rae obpa3oBa-
JIUCh TIOJIBIHBY BO JIbILY

Fig. 3. An example of a polynyas observation in the area of the outlet glacier Ne 16 on the Landsat-8 satellite image on
June 24, 2017. The topography of the bottom is shown on the map 1:200 000 (ed.1985).

In the sidebar — a fragment of the Landsat-8 image on June 24, 2017. I — is the maximum extension of the glacier edge in June
2017; 2 — is the position of the edge in March 2017; 3 — is the position of the edge in the end of September 2017; 4 — areas where po-
lynyas in the ice formed

Ne 16; ero aiic6epru pocturaioT pasmepa 300 M mpu kax 20112013 rr. BeiaBUHYJICS B TIposuB Ha 800 M;
COOTHOIIEHUU CTOPOH (2,1—2,4):1. Jlemnuk Ne 11 B 2014 r. mosoxeHue ppoHTa JeIHUKA HE U3MeE-
KynoJja AKaJleMUU HayK Ha CITyTHUKOBBIX CHUM- HUJIOCH 10 CpaBHEHMIO ¢ 00Jice paHHUMM CHUMKa-
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mu. 3umoii 2017 I. SI3bIK 3TOr0 BHIBOIHOTO JIGTHUKA
pa3pyLIWICS U B JaJbHEHIIIeM ITOABIKEK Y JICTHIKA
He Habmomanock. Jlemnuk Ne 12 kymoja PycaHoBa,
IPEHUPYIONINIA KyITOJI Ha ceBep B mpoauB KpacHoii
Apmun (cMm. puc. 1), peryIsipHO ITOPOXAACT SaM-
HUYHbBIE KPYITHBIE CTOJI000pa3HbIe alicOepru yuin-
HEHHOI (OpMBI pazMepoM 10 1—1,2 KM TTpr BBICOTE
0K0J10 30 M ¥ COOTHOIIIEHNHU CTOPOH 110 5:1.

Bo ¢wopde Mamycesuua 60apIIMHCTBO aiicOep-
roB 00pa3yeT OBICTPO pacIiamalolIniics B IIOCIEI-
HMe roAbl 11eab(MoBhIi TegHUK. Pa3zmepshl aiicoep-
TOB Pa3INYHbI, HANOOJIBIINI U3 HAX JOCTUTAN 3 KM
B JUIMHY. AiicOepru CIioJi3aloT He TOJILKO BO (hbop,
HO U B OyxTy KpacHas, rme CylmecTByIOT M30JIMPO-
BaHHO MHoOrO JeT. B 2019 r. onuH aiicbepr, OTKO-
JIOBIIIMIACS OT 1IeIb(OBOTO JeTHUKA, OIpelihoBal B
oyxte Cka3ouHas. boiee neTanbHBIN aHAINU3 IIPO-
1ecca aicoeproodpasoBaHust Bo propae MaTtyceBu-
ya JaH B pabortax [9, 15, 16].

B mope Jlanmeegvix OCHOBHOI aiicOEproBblii CTOK
JA0T JISTHUKM CeBEPO-BOCTOYHOTO CKJIOHA JICTHU-
KOBOIo KymnoJja AkageMHuu HaykK, 31eCh aiicOepru
MOCTUTAIOT IJIUHBI 1,2 KM IIpY BHICOTE HAIBOIHOM
qactu 10 40 M. EsxxeronHerit 00bEM alicOoeproBoTro
croka jgemHuka Ne 8 3a mepuon 2014—2019 rT. co-
CTaBIISIET, II0 MaTepHajaM CIIYyTHHUKOBEIX HAOJIIO-
nennit, 0,384 kM3, DTOT JeAHUK AAET HAUOOJBILINIA
BKJ1aJ B aiicoeproBrlii cTok ¢ CeBepHOIt 3eMiln.

Ocob6eHHocTh JenHukoB Ne 8 u 19 (Ne 7 o ka-
tanory RGI) kynona AkaneMun HayK — CpaBHU-
TEeJIbHO BBICOKAsl CKOPOCTh CE30HHOTIO KojaebaHus
¢ponTa. Tak, Bcero 3a 10 nHeit ceHTs10ps 2019 r.
aeaHuK Ne 19 nummca 0,22 xm? rutolanm Kpae-
BOIT YacTu ¢ 00pa3oBaHMEM ABYX KPYMHBIX aiicoep-
roB pasmepom 490 X 160 m 1 420 x 150 M, a TakKe
00JIOMKOB alicOeproB U MeJIKOOOJOMOYHOTO MaTe-
puana (cm. puc. 2, a, 6). ITotepsiB B IeTHe-OCEHHUIA
MepUOJ 3HAYUTEIbHYIO YacTh 00béMa U OTCTYIIUB B
CTOPOHY CYIIIU, K BeCHe (PpOHT JIieAHMKAa BO3Bpallia-
€TCs IPUMEPHO B TO Xe TOJIOXKEHUEe, KOTOPOEe OH
3aHUMan roa Hazan. Emé omHa oCOOGEHHOCTh 3TUX
JIETHUKOB COCTOUT B TOM, UTO OOJBLIMHCTBO (hop-
MUPYIOLIUXCS 3AeCh alicOeproB yXoaUT U3 palioHa
reHepaluu B IyOOKOBOJHYIO YacTh Mops JlanTe-
BBIX B TeUEHME OJTHOTO CE30Ha U JIUIIb CaMble KPYII-
HbIE aiicOepry cagsaTcsl Ha TPYHT Y KPOMKU JIETHU -
KOB U 3a[Iep>XK1BAIOTCS 3[€Ch HA OIMH CE30H.

B Kapckom mope nHanbonbliee yucio alicoepron
oOpasyet JlenHUK BaBunosa. Hanmuuue rycroii cetu
TPEIIUH Ha sI3bIKe BBIBOIHOTO JIEIHMKA W BBIXOH Ha

Mable TIyouHsl (MeHee 50 M) 0OBSICHSIET Impeodiia-
JaHWe 37eCh MEeIKUX aiicoepros pazmepom 40—50 M.
B 2015 r. mpou3sonuia pe3kast TIOABMXKKA 3TOTO Jie -
HUKa, KOTOpbI BeLIBUHYIICS B Kapckoe Mope ¢ mpu-
paleHueM TUIoany KpaeBoil yactu Ha 22,9 km? B
IO, 4TO B 7 pa3 IPEBBICUIIO aHAJIOTUIHBIN TTOKA3aTeIIb
2014 r. B2016—2017 rr. BeIABMXKEHUE TTPOIOKIIOCS,
HO MEHBITNUMU TeMmnamu (cM. Tabauiry). B 2018—
2019 rT. moJoXeHye BRIBOTHOTO SI3bIKA JIGAHMKA CTa-
OMIM3MUPOBAJIOCH M CKOPOCTh €T0 €3KETOMHOM ITOIBILK-
KM BepHyJach K ypoBHIo 2014 1. B padorax [17—19]
IaH OoJjiee TTOIPOOHBIN aHAIN3 U3MEHEHUSI CKOPOCTU
IBIDKeHMs Jenarka Basumosa B 2010-¢ rompl.

Boisoonvie nednuxu kynosa Axademuu Hayk, Bbl-
xonsmue B 3anuBbl KoBaneBckoit u Kypasie-
Ba, JAIOT OTAEAbHEIE aiicoepru ¢ pasmepamu 400—
700 M. KpymHbie aiicOepri, oTKaabIBaOIINecs OT
BBIBOJIHOTIO JegHuKa No 17, momamaloT Ha MEJIKO-
Bonbe (IIyOMHBI MeHee 20 M), IpaKTUIEeCKU cpa3y
camsITCS Ha TPYHT M CYLIECTBYIOT Ha OOHOM MECTe
HECKOJIBKO JIET, IIOABEPrasiCh pa3pylIeHUIO TP ITH-
HaMWYeCKMX Harpy3KaxX, CBSI3aHHBIX C IIPUINBHBI-
MU KOJIeOAHUSIMH W BO3ACHCTBHEM INTOPMOB. Tax,
aricoepr, obpaszoBasmniica 3mech B 2012 1. [20],
B 2017 1. mpnmén B IBUKEHUE, TIePEeMECTIIICT 3a
CE30H B I0KHYIO YaCTh 3aJIMBA U pa3pyIInCs.

B npoause lllokarsckoeo OOMBIIUHCTBO aricOep-
TOB IIOSIBJISIETCS V 3allafHOTO ITo0epexkbs. Mx uc-
TOYHHMKOM CJIYXKaT IeCSITh BIBOIHBIX JICTHUKOB KY-
nojia YHUBEPCUTETCKUI U neAHUK Ne 65 Kyroja
Kapnmackoro (cMm. puc. 1). Hu ogun u3 1eTHUKOB
He TepseT 3a rog 6osee 1 KM?2 monany Bo GppoH-
TanabHOI yacTu. ITo 00BEMY alicbeproBoro croka
TUAUPYIOT tegHuKu Ne 94 1 65 (cM. Tabauiy). Jlen-
HUK Maparta (Ne 65) mouTH eKeromHoO MPOU3BOIUT
JOCTaTOYHO KPYITHBIE aiicoepru — 10 600 M IIMHOMI
Mpu BbIcOTe HanBomHOM yactu 10 20 M. Ha BocTou-
HOM Mo0Oepexbe MPOoJMBa OCHOBHBIE UCTOUHUKU
aiicoeproB — BBEIBOIHOM JeTHUK Ne 40, MMerommii
BbIX01 BO propa Crnapraka, a Takke No 95, BbIXO-
nsamuit Bo ¢propa TenbmaHa., DNU30IUYECKU, HE
yalle OJHOTO pa3a B roJl, 3TU JIeAHUKU (DOPMUPYIOT
eIMHUYHBbIE KPYITHbIC aiicOepru MPOTSKEHHOCTBIO
o 170 m. Ot negnuka Ne 40 aiicOepru oTKaibiBa-
10TCsl Takke B CrlapTaKOBCKOE 03€po.

Bcero 3a 2014—2019 rr. B nponus KpacHoit
ApMuH JeqHUKaMU ObLJIO COpOILLIeHO B BUIIE aiicOep-
roB, UX KYCKOB U 0OJIOMKOB 22,8 KM? JIe[HUKOBOWA
noBepxHOCTH (29,2% Bceli IIOIIAAN, «IIOTEPSIHHOM»
negaukamu CeBepHoit 3emin), Bo ¢hbopa MaTyceBu-
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ya — 22,3 xm? (28,5%), B Mope JlanTeBbIx — 17,4 km?
(22,3%), B Kapckoe Mope — 11,3 xm? (14,5%), B ripo-
aus Hlokanbekoro — 4,29 xkm?2 (5,5%).

BriBoapl

Hcnonb3oBaHKe perysipHbIX CITyTHUKOBBIX JaH-
HBIX BUAMMOTO IMara3oHa MO3BOJIIO OLIEHUTD €Xe-
TOIHBIN CyMMapHBIii alicOeproBblii CTOK C BEIBOJHBIX
nmegaukoB CeBepHoii 3emimm B iepuon 2014—2019 1.
PacuéTHag Be1nyrHa cpeIHEerogoBoro aiicoeproBoro
croka cocrauna 1,52—1,9 km3. YTOYHUTE 5TH OLIeH-
KM MOXHO IPU NPOBEACHUU MHCTPYMEHTAIbHBIX
n3MepeHnit ocagku aricoeproB y CeBepHOI 3eMIIH.
HawubGonbiiuit BKjiag B aitcOeproBblii CTOK JIEAHU-
koB CeBepHOIT 3eMJI BHOCST IIeIb(OBHIN JeTHUK
dropma MatyceBuua, neguuku Ne 8 u Ne 16 jen-
HMKOBOIO KyIoja AKageMuM HayK U JeaHuK Ba-
BUJIOBA. AilcOEproBbiii CTOK BBIBOJHBIX JIETHUKOB
CeBepHoil 3eMiIM, OLIEHEHHBIN 110 CITyTHUKOBBIM
JaHHBIM ITOCJIEAHUX JIET, UMEET YCTOMUYMUBYIO TEH-
JIEHLIMIO K pocTy. B mpubpexHoil 30He apxuresara

JIutepaTypa
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ximagHag kianmarosaorud. 2015. Ne 1. C. 6-21.
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nsakoB. M.: Hayka, 2006. C. 97—114.

7. DIeKTpoHHLIN pecypc: https://bigenc.ru/3250942.pdf.

8. Haswvidos JI.K., JImumpuesa A.A., Konkuna H.I. O61ias
runaposorus. JI.: Tunpometeousnar, 1973. 463 c.

9. bysur U.B., Inazoeckuii A.D., I'voownukos FO.11., lanu-
no6 A.HU., /Imumpues H.E., 3yoaxun I K., Kyoviuxun H.B.,
Haymoe A.K., Hecmepos A.B., Ckymun A.A., Ckymu-
Ha E.A., Illubaxun C.HU. Aiicoepru u nemnnky bapeHiieBa

BO3pacTaeT YMCI0 HaOMoIaeMbIX aiicOeproB, 4ToO MO-
BBIIIIAET PYCK O0€30IIaCHOTO IIABAaHMS B 9THX aKBaTO-
puUsix, 4Yepe3 KOTOphIe MPOoXonsaT MapupyTel CeBep-
HOTO MOPCKOTO ITyTH. 11 MUHMMM3allMi PUCKOB,
CBSI3aHHBIX C BO3MOXHBIM CTOJIKHOBEHHMEM C aiic-
OepraMu Kak OIaCHBIMU JICASTHBIMI 00pa30BaHUSIMU
HeoOxoarMa OpraHu3alusl ITIOCTOSIHHOTO CITyTHHUKO-
BOro MOHUTOpUHTIA perrnoHa CeBepHOM 3eMJIH.
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