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Summary

The Northern part of the Sredinny (Middle) Range is the largest glaciation area in Kamchatka in terms of the
numbers and areas of glaciers. As of 2016-2017, there were 465 glaciers in this area with a total area of about
255+17 km?® Amongst the morphological types, the cirque (corrie), slope, and corrie-valley glaciers pre-
dominate (64%), but more than half of the total area (54%) is covered by the corrie-valley and transaction gla-
ciers. The average area of glaciers over this region is 0.55 km?, while for the transection ones it is 8.3 km?2 The
main part (77.4%) of the glaciers in the region is located in the altitude range of 1200-1800 m. The firn line on
both slopes of the Central Range lies within the altitude range of 880-1910 m. Analysis of changes in the size of
the recent glaciation in comparison with the data of the mid-twentieth century indicates that the trend towards
its reduction, established in the second half of the twentieth century, remains at the present time. The loss of the
area of glaciers in the region registered in the USSR Glacier Inventory (1950), by 2016-2017 amounts to almost
125 km? (35.6%). Note, that losses for the first 15 years of the twenty-first century turn out to be approximately
equal to the total sum of losses for second half of the twentieth century. It means that at the beginning of the
twenty-first century the rate of reduction of glaciers is 4.3 times greater, i.e. about 1.45% of the area per year. The
glaciers of the South-Eastern (62.9%) and Southern (43.6%) exposures reduced the most (significantly more than
others). Loss of the total area was the greatest in small glaciers with sizes smaller 0.1 km? (>70%) and the smallest
in large glaciers exceeding 5 km? (< 11%). The process of disintegration of large glaciers into smaller ones did also
accelerate, that increased total number of glaciers. The increase in the rate of glaciers area reduction in the region
at the beginning of the twenty-first century was mainly caused by the rise in summer air temperatures, that also
intensified in these years. Similar values of the relative reduction of glacier areas are observed in the North Chui
Range (Altay), in the Bernese and Pennine Alps, in the Polar Ural, in the Nordenskjold Land (Svalbard), etc.
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MpurBOAATCS OaHHble O pa3Mepax, MOPGONOrMn 1 BbICOTHBIX MapameTpax NefHVKOB CEBEPHOW YacTu
CpeaunHHoro xpe6ta Ha Kamuatke B 2016-2017 rr. [lJaHa OLleHKa M3MEHEHNs oflejeHeHNA palioHa 3a Tpu
BpemeHHbIX nepuroga: ¢ 1950 no 2016-2017 rr., ¢ 1950 no 2002 rr., ¢ 2002 no 2016-2017 rr. YcTaHOBAEHDI
pe3Koe yBennyeHre CKOpOCTU coKpalleHua negHmnkos ¢ 2002 no 2016-2017 rr. (1,45% nnowaan B roa)
no cpaBHeHuto ¢ 1950-2002 rr. (0,34% nnowaan B rog), a Takxke UHTEHCMMKaLUA pacrnaga NefHUKoB
(BMecTO 152 nefiHMKOB, 3aperncTpPUPOBaHHbIX BO BTOPOW nonosuHe XX B., 06HapyxeHbl 187 neiHNKOB B
2002 r. n 249 neaHunkos B 2016-2017 rr.).

BgBenenue Anpnax [1, 2], Ha KaBkase [3, 4], Anrae [5, 6], B

Bocrounom Casne [7], na Kamuatke [8] u B Kopau-

B nocinenHue necsaTuiaeTus ropHoe ojeaeHe- Jbepax [9]. OnpHaKo Mpou3oLIeaIne B 3TUX TOPHBIX
HUe YyMepeHHBbIX HUpoT CeBepHOro Moayumapusi cucTeMax U3MEHEHMsI YaCTO HEOJHOPOIHBI U 3aBU-
MHTEHCHUBHO COKPAIIAETCsl, UTO CBSI3aHO C MOTEM- CSIT OT MECTHBIX KIMMATUYECKUX YCIOBUIA, Peiib-
JleHueM Kiaumarta. Takoil mpoliecc HaOmogaeTcss B eda, MopdoIoTuu, 3KCIMO3UILIMU U pa3MEPOB JIe-
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HUKOB. IlomoOHass HEOMHOPOMHOCTh U3MEHEHU
sipKo BbIpaxkeHa Ha KamuaTtke. Tak, Ha KpoHoukom
IIOJIyOCTPOBE COKpallleH1Ee JeAHUKOB CO BpEMEHU
Kkatajgorusauuu [10] mocturano 27,6% 3a 1957—
2013 rT., HO OHO He OBIIO BHISIBIICHO B palfoOHax aK-
THBHOTO BYJIKaHM3Ma, K KOTOPBIM OTHOCATCS Kitto-
yeBCKas U ABaUMHCKAs TPYIIIHEI ByJIKaHOB [8, 11].
M3y4eHHOCTD JIETHUKOB pa3HbIX paiioHoB KaMm-
YaTKU 1 TIOBTOPSIEMOCTh HAOIOACHWIT HAa HUX Kpaii-
HE HEOTHOPOIHKI. Jlydille Bcero n3ydeHbl JeTHUKHI
KimroueBckoit 1 ABaUMHCKOI TPYIII BYJIKAHOB, HAXO0-
OSIIECs BOJM3KU OTHOCUTEIPHO HACEIEHHBIX paiio-
HoB KamuaTtku [8]. MeHbIIIe ncciaenoBaHo oJiefeHe-
Hue KpoHOILIKOTro MmojiyocTpoBa 1 psiia BYJIKaHOB U
xpeoToB FOro-Bocrounoit Kamuatku. K omHoMy 13
HanboJjiee TPYTHOOOCTYIIHBIX U HaUMeHee U3yIeH-
HBIX palfoHOB oJyieAeHeHnsT KamMyaTkyr OTHOCUTCS ce-
BepHas1 yacTh CpeIMHHOTO XpeOTa. DTOT paiioH yna-
JIEH OT aKTUBHBIX BYJKAHOB, UTO YBEJIMUMBAET €TI0
WHTepeC /I UCCAeA0BaHMS BIMSHUS Ha JICTHUKU
COBPEMEHHBIX KIIMMATUIEeCKNX N3MEHEHMIA.
[loneBrle MccienoBaHUS JEIHUKOB CEBEPHOIM
yactu CpeAnHHOro XxpebTa HeMHOTOUYUCIICHHEL.
IlepBas skcmenuuus ¢ 1IeIbl0 U3YIeHUS BYJIKa-
HOB U JICAHUKOB OblLlIa OpraHr30BaHa JieToM 1964 r.
Kamuarckum otnenom I'eorpadpmueckoro oobie-
ctBa CCCP u Uncturyrom Bynkanomornun CO AH
CCCP. Eé ocHOBHBIE pe3yJbTaThl OITyOJIIMKOBAHBI
B pabote [12]. Cremyioniie moneBbie TASIINOIOT -
YeCKMe UCCIIeA0BaHUS IIPOBEIEHHI CITycTs 15 et (B
1979 r.) Ha negHuke I'peuninkuHa. D10 OBLIM Oa-
JIAHCOBBIC HAOIIONEHUS U TeoAe3nIecKue u3Mepe-
Hus [13]. C 1979 1. DISIIMONIOTAYECKIE UCCIeaI0Ba-
HUS Ha JIETHUKAX 3TOr0 palioHa He IIPOBOIMIINCE.
HaubGomnee akTyaiabHBIE CBEIEHUS O JIEIHUKAX
ceBepHoOl yacT CpeAMHHOrO XpeOTa IIpUBEACHEI B
pa6ote [8] Ha 2002 r. (Ha OCHOBE JAHHBIX PYYHOTO
neimnprupoBaHUS TPaHUII JICIHUKOB Ha CITyTHH-
KoBBIX cHMMKax) 1 B Katamore Randolph Glacier
Inventory 6.0 [14] na 2000—2011 rr. (Ha ocHOBe
JAHHBIX aBTOMATU3MPOBAHHOTO IeIIN(PPUPOBAHMS
TpaHMIIL JISTHUKOB Ha CITYTHUKOBBIX CHUMKaXx). Co-
rmacHo pab6ote [8], B 2002 1. B 3TOM paifoHe HacUn-
TBHIBaJIOCh 388 JIETHMKOB OOIIEH IUIOMAnblo0 0OKOJIO
335 kM%; o nanHbeiM Karanora [14] — 533 nenHuka
o61eii Turomanapio okoso 421 km2. [puiia nopa
aKTyaJu31poBaTh CBEJIEHUS O JeMHUKAX 3TOTO paii-
OHa, IPOoaHaIM3MPOBaTh UX U3MEHEHMSI 3a MOCIIEI-
Hue 15—20 et u cornocTaBUTh UX C MaTepuaJaMu
0oJiee paHHUX MCCIIeNOBaHUM. 3agaun 3Toil pabo-

TbI — TIOJIYYUTh U UCCIIEIOBATh XapaKTEPUCTUKH CO-
BPEMEHHOTO OJIeAcHEHUS ceBepHOI yacTu CpeauH-
HOTO XpeOTa, a TaKKe UX U3MEHEHUs CO BPEMEHU
katajgoruzanuu (1950 r.) m ¢ 2002 r.

Paiion uccienosanmii

PaiioH nccinenoBaHU pacnonaoXeH B CeBepHOM
yactu CpeanHHoOro xpedta Ha KamyaTke, K ceBepy
or 57°15' c.m. (puc. 1), U mpocTHUpaeTcss MpuMep-
HO Ha 270 KM B HaIlpaBJIeHUHU C I0TO-IOTO-3aTtaga
Ha ceBepo-CceBepo-BOCTOK 10 59°26' c.um1. Ot I1apa-
nobcKoro nojia CpeAMHHBIN XpeOeT IMOCTEIIEHHO
MOBBIIIAETCS 0 TOpHOTO MaccuBa OcTpasi—XyB-
XOUTYH 1 UMEET CTJIA>KEHHBIN CPEOHETOPHBINA PEJIb-
ed. [IpumepHo mo 58°17' c.m. — BynkaH [logcHex-
HBI (1598 M) — OH 00pa3oBaH LIEIBIO BYJIKAaHOB
MO3IHEIUIEICTOIIEHOBOTO BO3pacTa ¢ aOCOMIOTHBI-
mu Beicotamu 1700—2600 M (BbICIIast TOYKa — ropa
XyBXOUTYH BBICOTOM 2613 M). Bynkanunuyeckue mno-
CTPOWKM 31eCh YETKO BBIpaxkeHHBI B pelibede. Cne-
JeHuit 00 nx akTuBHOCTU B XX—XXI BB. B Hay4HOI
JUTepaType HeT, OJHAKO B JaHHOM paiioHe BCTpe-
YalOTCS IPOSIBIICHUSI OTHOCUTEILHO HeTaBHEM BYII-
KaHMYECKOM MesITeIbHOCTU B BUIIE MHOTOYMCIICH-
HBIX CBEXUX, HE 3aJI6pPHOBAHHBIX JJABOBBIX IIOTOKOB.
Ha ckiioHax ByJKaHOB HaXOAUTCS OOJIbIIOE YHUCIO
KapoOB U TPOTOB, IOSIBJICHNE KOTOPHIX CBSI3aHO C
BO3ICHCTBHEM ITO3MHEYETBEPTUYHOIO OJICACHECHMUSI.
K ceBepy ot BynkaHa [lomcHeXXHBIN ByJIKAHUIECKUX
¢opM penbeda He OOHAPYKEHO.

KinnMaTtudeckue yciaoBus OIpeaessioTCsI 0CO-
OCHHOCTSIMU aTMOC(MEpPHONM IUPKYJISIIUN Hal Ce-
BEpPO-BOCTOKOM OXOTCKOTO MOps U bepuHroBBIM
MopeM. KitmMar BOCTOYHOTo CKJIOHA CEBEPHOI YacTH
CpenmHHOTO XpebTa 6onee KOHTUHEHTAJIBHBIN, YeM
3anagHoro [15]. 'ogoBoe KoJn4yecTBO aTMOC(HEPHBIX
0CaKOB Ha BOCTOYHOM ckJioHe (600—800 MMm) cyliie-
CTBeHHO OoJbIre, yeM Ha 3armagaoM (400—500 mm),
BBIIIIC HA BOCTOYHOM CKJIOHE ¥ 3MMHUE TeMITepaTyphl
Bo3nyxa — B cpenHeM Ha 2—3 °C. JleTHue KimMaTn-
YECKUe YCIIOBMSI Ha 3allalHOM 1 BOCTOUHOM CKJIOHAX
pa3IMyaTCs CYIIeCTBEHHO MEHbIIEe, YeM 3MMHUE.
H7st oTKpBITOro BeTpam ¢ OXOTCKOTO MOPSI 3alagHo-
IO CKJIOHA XpeOTa He XapaKTepHbI 3aMETHBIC CKAYKH
METEOPOJIOTMUECKUX ITapaMeTPOB.

CesepHasg yacth CpeqnHHOTO XpeOdTa — KpyII-
He#lumi paiioH oneneHeHus1 KamMmuaTku 1o rioma-
o 1 gucay JegankoB [8, 10]. [To naHHBIM KapThl
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160°

Puc. 1. Paiion uccinenosanuii B 2016—2017 rr.

1 — mecTononoxeHue JeaHukoB B 2016—2017 rr.; 2 — ceBepHas rpaHuia 30HbI oxBata cHUMKOB ASTER ot 18.08.2002 r.; 3 — ce-
BepHas rpaHuiia 30HbI oxBaTa cxeM Karasnora [10]; 4 — rpaHulbl paitoHa uccienoBanuii Ha cxeme KamyaTtku; 5 — T'MC Occo-
pa (a) u Kirouu (6)

Fig. 1. Research area in 2016—17.

1 — location of glaciers in 2016—17; 2 — northern boundary of the ASTER 18.08.2002 image coverage area; 3 — northern boundary
of the Catalog [10] schemes coverage area; 4 — research area boundaries; 5 — weather stations Ossora (a) and Kluchi (6)
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«Pexum nenHukoB» n3 pabotsl [16], obsactu mu-
TaHUS JEIHUKOB paiioHa oOpa3zoBaHbl XOJOIHOM
¢upHOBOIi, PUPHOBO-JIEASTHON U JeASIHOU 30HAMU
JIbIooOpa3oBaHus. B HUBaTbHO-TISLIMAIBHOMN 30HE
LIIMPOKO PacIpOCTPaHEHbl KPYNHbIE MHOTOJETHUE
CHEXXHMKM, YTO XOPOLIO BUAHO Ha CEPUSIX Pa3HO-
BPEMEHHBIX CITYyTHUKOBBIX CHUMKOB U OTMEUaJIOCh
nccreaoBaTesIMu U panee [12, 17].

JlaHHbIE M METO/IBI

B paGote uconb30BaHbl CIEAYIONINE MaTepra-
eI 1) CITyTHUKOBBIE CHUMKHU Sentinel-2 ypoBHS
o6pabotku L1C ot 19.08.2016 r., 10.09.2017 r. u
31.08.2018 r. ¢ MpocTpaHCTBEHHBIM pa3pelIeHN -
eMm 10 M; 2) cKOppeKTUpOBAaHHBIE TaHHBIE O TTPO-
CTPAHCTBEHHOM IIOJIOXKEHUU TPAHUILL JIETHUKOB B
2002 r. m3 paboTsI [17]; 3) Mmo3anka MU pPOBOIi MO-
nermm penabeda (manee LIMP) ArcticDEM v3.0 [18]
C TIPOCTPAaHCTBEHHBLIM pa3pemenuem 2 M; 4) LIMP
ASTER GDEM V3 [19] ¢ mpocTpaHCTBEHHBIM pa3-
pemrenueM 30 M B reorpacdudecKoil cucTeMe Ko-
opauHat Ha sututicoune WGS 1984; 5) manHbIe
Karanora nennukos CCCP [10]; 6) cpeanemecsy-
Has TeMIiepatypa Bo3nyxa [20] 1 MecsTYHbIEC CYMMBbI
0CaJKOB C YCTPAaHEHUEM ITOTPEIIHOCTE 0CaIKo-
MepHBIX TprOopoB [21] Ha TUAPOMETEOCTAHIINIX
(I'MC) Kmouu un Occopa u3 apxusa BHUUITMU-
MIIJI 3a 1950—2018 rT.

I'paHuULIbI IETHUKOB Ha CIIYyTHUKOBBIX CHUM-
Kax Sentinel-2 memmdpupoBan BpydYHYIO B COOT-
BETCTBMU C METOOUKON MeXIyHapOIHOIO MpoeKTa
GLIMS [22]. 13-3a 061a4HOCTH B TOpax Mmogo0paTh
CITyTHUKOBBIE CHUMKY HYXKHOTO Ka4eCTBa Ha KOHEII
aBrycTa — Hadajo CEHTIOps B mpeaesiaX OgHOTO
roga B iepuon 2015—2019 rr. okazanoch HEBO3MOX-
HbIM. [TosTOoMy melm@pupoBaHue TPAHULL JICTHU -
KOB BeJIOCh I10 TToa0opKe cHUMKOB Sentinel-2 2016—
2018 rr.: 43,1% obuiero yuciia JeAHUKOB ObLIU
o6paboTaHbl 10 4eTbIpéM cHuMKaM 19.08.2016 r.;
53,4% — mno yetbipéM cHuMmkam 10.09.2017 r.;
3,4% — mo nByMm cHuMKaMm 31.08.2018 r. CHum-
ku Sentinel-2 31.08.2018 r. ObLIM HaMeEHee Kade-
CTBEHHBIMU M3 BCE MTOAOOPKU U MCITOIb30BAINCH
TOJILKO B TOM CJIy4ae, KOrja JIGAHUKM Ha CHUMKAaX
Sentinel-2 ot 19.08.2016 1. 1 10.09.2017 1. 6bL1M 3a-
KPBITHL 001a4HOCThIO. [Inolanb JIeMTHUKOB, Ipa-
HUILBI KOTOPBIX AeIIU(MPUPOBAIUCH 110 HUM, CO-
craBisieT Bcero 1,3% o6lueil riomany oJieieHEHUS

paitoHa uccinenoBanuit. Mcxonst u3 Takux mporop-
LI, MOXHO CIeJIaTh BBIBOJ, YTO PE3YJIbTAThI pa-
0OThI OTpakaloT NapaMeTphbl OJieNeHEHUST CEBEPHOM
yactu CpenuHHoro xpe6ta B 2016—2017 rr.
ITorpemiHocTh onpeneneHus Miaolaan JeaIHU-
KOB IO CITyTHUKOBBIM CHUMKaM Sentinel-2 ompe-
JeJsiach YMHOXEHUEM MPOTSKEHHOCTU TPaHUIL
JIEMTHUKOB Ha TOYHOCTb IIPOCTPAHCTBEHHON TP~
BSI3KM 3TUX CHUMKOB, HaXOASIIYIOCS, IO JaHHBIM
ESA (European Space Agency), B nipenenax 11 m ¢
ypoBHeM noBepust 95,5% [23]. TouHocTh onpezene-
HUS TUIOLIAIE JISTHMKOB U X MUHUMAJIbHbIN pa3-
mep cocrasisim 0,01 km2. B Karasore 1e1HMKOB
CCCP [10] na Tepputoputo KamyaTku JeTHUKU C
miomanbio MeHee 0,1 KM2 He perucTpUpPOBAINCH,
OIHAKO B JAHHOM MCCJICAOBAHUM OHU YYUTHIBA-
Juchk. Mopdosiornyeckue TUMbI JeAHUKOB OIpee-
JIEHBbI MO KJaccuUuKalu padoTsl [24], nonoaHeH-
HOIT MaTepuaiaMu IpyTrux ucciaenosanuit [10, 25].
IIMP ArcticDEM v3.0 [18] ucnonb3oBaHa st
oIlpeaesIeHNsI TaKUX ITapaMeTPOB JICAHUKOB, KakK
BBICOTHI BBICIIUX M HU3IINX TOYEK, CPEIHUE BHI-
COTHI, BepTUKaJIbHasl MPOTIXKEHHOCTh, BBICO-
Ta (PUPHOBOI JUHUU U BBICOTHOE pacIlIpelesicHue
Iiolaaun JenHukoB. Mozauka naHHoi IIMP Ha
TepPUTOPUIO pailoHa uccienoBaHUit chopMUpoBa-
Ha U3 Pe3yabTaToB 00pabOTKU CIMYTHUKOBBIX CHUM-
koB WorldView-1, WorldView-2, WorldView-3 u
GeoEye-1 2010—2017 rr., cKOppeKTUPOBaAHHBIX
10 BBICOTE C MCIOJIb30BAHUEM JaHHBIX ChbEMKU
ICESat. TouHOCTb MPOCTPAHCTBEHHON MPUBSI3KU
TaKMX CHUMKOB U, clienoBaTesbHO, [IMP Ha ux oc-
HOBE 03 MCITOJIb30BaHUsI Ha3eMHBIX KOHTPOJIbHBIX
TOueK HaxoauTcs B npeaenax 4, 3,5, 3,5 u 3 M co-
otBeTcTBeHHO. [IMP ASTER GDEM V3 [19] npu-
MeHsaach aHajaorudyHo ArcticDEM v3.0 nas mectu
JICTHUKOB B CEBEPHOM YaCcTU pailloHa MUCCJICI0BA-
HU, He MOKPBITBIX AaHHbIMU ArcticDEM v3.0.
CpenHsisl BbICOTa KaXXI0ro JIeMHUKA OIpeaeisiach
Kak cpeaHee 3HauyeHue Bcex syeek [IIMP B npene-
Jlax rpaHul gegHuka. ArcticDEM v3.0 ucnonab3o-
BaJIM TaKXKe KaK BCIIOMOTATEJIbHBIM MaTepuall IIpu
npoBeaeHuU aeaopasaesioB. [TocTtpoeHHbIE pacTpo-
Bbl€ M300paXKeHUsI SKCIO3ULIMU U HAKJIOHA TTOBEPX-
HOCTU MO3BOJIMJIN CYIIECTBEHHO IMOBBICUThH TOY-
HOCTb MPOBEACHUS JIefOpa3aeJ OB MO CPaBHEHUIO C
IenpPUPOBAHUEM IO BU3YaJIbHBIM IIPU3HAKAM.
OtmeTuM, 4TO MpoBeAcHUe JeaopasaeyioB B Kara-
sore [10] u B naHHOI paboTe MOXET CYILIECTBEH-
HO pa3inyaThCsl, TOITOMY B psifie CaydaeB CleayeT
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aHAIM3UPOBATh U3MEHEHMSI IIPOCTPAHCTBEHHBIX Xa-
PaKTEepUCTUK HE OTAEJIbHBIX JIETHUKOB, a IBYX-TPEX
JIETHUKOB, UMEIOIINX O0IIIe JIeI0pa3uebl.

[lonoxeHne ¢pUPHOBOI IMHUM Ha JIETHUKAX BU-
3yaJIbHO OIIPEACISIIIOCh Ha CITyTHUKOBBIX CHUMKAX.
3HavYeHNe BBICOTHI (DMPHOBOI JIMHUY CHUMAJIOCH C
IIMP B Touke e€ nmepeceuyeHusl C LEHTPaIbHOM JIU-
HUEH JIeMHWKa, IIPeIBapUTEeIbHO IIOCTPOCHHON B
mopaenu «Open Global Glacier Model» (OGGM).
BxomaeMu ganaeiMu B OGGM cirysknim TpaHUIIBI
JIEIHUKOB, OeIn(pprupOBaHHbBIE 10 MCIOJIb30BaH-
HBIM B HACTOSIIIIEH paboTe CITyTHUKOBBIM CHUMKAM
Sentinel-2, a takke LIMP ArcticDEM v3.0 m ASTER
GDEM V3 (nmng mecty JTEIHWKOB, HE TMOKPBI-
TeIX TaHHBIMU ArcticDEM v3.0). Ecim menTpanb-
Hasl TMHYS JIeTHUKA TIepeceKana (QMPHOBYIO JIMHUIO
0oJiee OMHOTO pa3a (HampuMep, KPYITHbIE YIaCTKH CO
JIBIOM Ha ITOBEPXHOCTHU cpeaur (PMPHOBHIX IT0JIEIt), TO
BbICOTa (DMPHOBOI IMHUK HE OIIPEIeIsIach.

JanHbIe 00 OJIeAeHEHNH palioHa UCCIe0BaHUIA
B Karamore [10] mpuBenensr Ha 1950 r. Ouum momy-
YeHBI B pe3yJbTaTe aHajM3a MaTepHualioB melnd-
pupoBaHus a3pOOOTOCHUMKOB, CIeIaHHBIX B aBIy-
cre 1950 r. Bo Bcex ciyyasx (okoso 30% nenHUKOB
paiioHa), Kkorga B ocCHOBHOI Tabnuie Karanora
MIPUBOISTCS TaHHBIE O BHICOTE (DMPHOBOI JIMHUU,
B rpade «crmoco0b ompeae/ieHns U aTa» CTOUT OT-
MetKa «<ADC 10/VIII-50». ETMHCTBEHHOE UCKITIO-
yeHue — jeagHuk ['peuninkuHa, roe B 1964 r. 6butn
BBITIOJTHEHHI TTOJIeBBIe UccaeqoBanusd [12]. D1o, on-
HaKo0, He 03HAayaeT, YTO IUIOIIAAN OCTAIbHBIX JIeI-
HUKOB OIIPEACIISIIN C TIOMOIIBIO MHBIX MaTepuajaoB
(Hampumep, Tomorpadudeckux kaprt). upHOBas
JIMHUS BU3YyaJIbHO HaXOOUTCS JajleKO He BCerna U’
Ha COBPEMEHHBIX CITyTHUKOBBIX CHUMKaX. OLIEHUTh
MOTPEITHOCTH BCEX JAHHBIX O IUIOIIAMSIX JISTHUKOB
B Karamnore [10] HeBO3MOXHO, TaK KaK MCXOTHBIE
MaTepHalibl a3po(hOTOChEMOK HeTOCTYIHEI. Om-
HaKO Takasl OlleHKa OblIa cleaHa IJISI ISTHUKOB
CmionnHa n I'peunnikuHa B pa6ote [17]. B pe3ymnn-
TaTe 00pabOTKM MaHHBIX AeIIn(PUPOBAHUS Tpa-
HUII 3THX JICTHUKOB Ha IPUBSI3aHHBIX a3p0o¢OTO-
cHuMKax 1950 r. OBLIO TTOKA3aHO, YTO M3MEPEHHBIC
TUToIAaN pacxonsarcs ¢ JanHeMu Kartamora [10] Ha
0,7% s nennuka CiroHnHa 1 Ha 2,2 % 101 e THU-
Ka I'peuninkuHa.

JlaHHBIE 0 TPOCTPAHCTBEHHOM ITOJIOKEHUM I'pa-
HUI JJeTHUKOB paiioHa mcciemoBanuit B 2002 r.
B3STHI 13 paboTHhI [17]. OHM moay4YeHBI B pe3yabTaTe
py4YHOTO AemnpUPOBAHMS YETHIPEX CITYTHUKOBBIX

cHuMkoB ASTER (optonpoaykr) ot 18.08.2002 1. ¢
MPOCTPAHCTBEHHbIM pa3zpelieHrueM 15 M. AHaau3y
MOJABEPIIMCh UCXOAHbIE (halijibl JaHHBIX B BEKTOP-
HoM (opmMmate «shapefile» (moaMroHanabHbINH) MOCE
koppekuuu. Koppekius 3akiaouanachk B 6ojee Tou-
HOM OMpeae/IeHUM IpaHUul] HECKOJbKUX JIETHUKOB
C pa3BUTOI MOBEPXHOCTHOI MopeHoi. Tpu negHu-
Ka, paHee CYMTABLIMECS paclaBLIMMUCS (Ha BOCEMb
CErMEHTOB), ObLIU OMpeae/ieHbl KaK COXpaHUBIINE
LIEJOCTHOCTb. OTMETHUM, UTO MPOCTPAHCTBEHHBIMI
oxBaT paiioHa ucciaenoBanuii cHumkamu ASTER
2002 r. B ero ceBepHOIl yacTuM MEHbIEe OXBaTa
cuuMkamu Sentinel-2 B 2016—2017 rr. (cM. puc. 1)
u 6osiblie oxBaTa cxemamu Karamnora [10].

IIpu aHanu3e M3MEHEHUI JeIHUKU pa30uBa-
JIUCh Ha TPYIIbI COMIACHO UX Itomaasam B 2016—
2017 rr. B cnyyae pacnaaa JeAHUKOB, 3apErUCTPU-
poBaHHbiX B Karanore [10] uau B padote [17],
YUYUTBIBAJaCh CyMMapHas IjIollaab Bcex pparMeH-
TOB OTaHHBIX JIeTHUKOB B 2016—2017 rr. Bce uc-
MOJb30BaHHbIE B PaOOTE CITYTHUKOBbBIE CHUMKHU U
LIMP 6b111 3apeructpupoBaHbl B npoekuuu UTM
(3oHa 57N) Ha annunicoune WGS 1984. Otn nan-
Hble 0OpabaThiBaiM B MporpaMmMHbIx makerax QGIS
n ESRI ArcGIS.

Pe3yJIbTaTbI HUCCJICA0BAHUA

O0paboTKa COBPEMEHHBIX CITyTHMKOBBIX CHUM-
KoB Sentinel-2 115 paiioHa Mcclen0BaHUI TTO3BO-
Jnja uaeHTUGULUUpPoBaTh 465 JTeIHUKOB OOILIEN
Iomanbso okoo 255+17 km2. U3 Karanora nen-
HukoB CCCP [10] nunentuduumponaHo 249 nen-
HUKOB, 106 M3 KOTOPHIX COXPAHWJIH LIETOCTHOCTD,
a 143 negHuKa MpeacTaBiasIIn co00i (hparMeHThI
46 pacnaBIIUXCS JICTHUKOB, 3apeTMCTPUPOBAHHBIX
B Karanore; 45 nennukoB u3 197, 3apeructpupo-
BaHHbIX B Kartanore [10] Ha TeppuTopuio palioHa
WcClea0BaHUl, He ObUIM BBISIBJIEHBI HA CHUMKAaX
Sentinel-2. I1pu cpaBHeHUuU ¢ pabortoit [17] (Ha
2002 r.) uneHTHdULMpoBaHo 433 negHuka: 288 ien-
HUKOB COXPaHWJIU LIEJIOCTHOCTb, a 145 neaHUKOB
ObUTH (parMeHTaMu 56 pacraBIIMXCS JEIHUKOB,
BBISIBJICHHBIX B pabote [17]. 39 nmenHuKOB, 3aperu-
CTPUPOBAHHBIX B 3TOI padoTte, He ObUIU UAEHTUDU-
IIMpOBaHbl HA CHUMKax Sentinel-2 (13 HUX IEeBAThH
ObuTM 3apeructpupoBanbl B Katanore [10]). 32 nen-
HUKa, BBISIBJIEHHBIX HA CHUMKaX Sentinel-2, He pe-
TUCTPUPOBAIUCH paHee B padotax [10, 17].
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Tabnuya 1. Mopdonorudyeckie TUITbI IEMHUKOB ceBepHOI yactu Cpegunnoro xpe6rta B 2016-2017 rr.

Mopdoaornueckuii TUI Yucno ITnomanb Cpennuii pasmep | JoJst 1eIHUKOB JAHHOTO MOP(OJIOrMYECKOro TUuIa
JIETHUKOB JIEAHUKOB | IEIHUKOB, KM2 |  JIEIHMKA, KM> B 001LIEM YKCIIe IETHUKOB/B 0011l momany, %
JlOMMHHBIN 23 25.4+1,6 1,10 4,9/10,0
CJIOXHBIN TOMMHHBIN 2 31,0%+0,9 15,49 0,4/12,1
IlepeMETHO-TOAMHHBII 8 66,11£2,3 8,26 1,7/25,9
KapoBo-mgoamHHBIIT 60 70,9147 1,18 12,9/27,8
KapoBsbrit 157 29,9£3,6 0,19 33,8/11,7
Bucsaunii 12 0,4%0,1 0,03 2,6/0,1
CKJIOHOBBII 79 7,1+1,3 0,09 17,0/2,8
TTpuCcKIOHOBBII 50 4,1%£0,8 0,08 10,8/1,6
Bappankocos 9 1,240,2 0,14 1,9/0,5
[MomHoxwuit 39 16,8+1,5 0,43 8,4/6,6
KoTtnoBuHHBII 21 1,8+0,3 0,08 4,5/0,7
He onpenenén 5 0,5+0,1 0,10 1,1/0,2
Beezo 465 255,2+17,4 0,55 100/100

AHanus mopgonrocuu 1e0HUK08, BBISIBIEHHBIX
Ha COBpeMEHHBIX CHUMKax Sentinel-2, oTpaxéH B
Ta6a. 1. B KonnuyecTBEeHHOM OTHOIIIEHUU B paiio-
HEe UCCJIeI0BaHU IIpeob1anaoT KapoBble, CKIIOHO-
BbI€ U KapOBO-IOJMHHbBIC JIETHUKU. MeHee Bcero
pacIpocTpaHeHbl CJIOXHBIC JOJIMHHBIE, IepeMET-
HO-JOJIMHHbIE U JIeAHUKU OappaHKocoB. ITo mio-
maau ImpeodiagaroT KapoBO-AOJMHHEBIC U Iepe-
METHO-IOJIMHHBIC. HanMeHbIme Tomany 3aHsATh
BUCSYMMM JIETHUKAMU U JISTHUKaMKU 0appaHKOCOB.
HaubGonpmue cpemHue pasMepbl XapaKTEPHBI IJIsI
CJIOXHBIX JOJMHHBIX W TIePeMETHO-TOJIMHHBIX JIeI-
HUKOB, K KOTOPEIM OTHOCSTCSI KPYITHEHIIINE JICTHU-
k1 paitona — Cmonuna (29,2+0,7 km?), XyBXOHTYH
(21,9£0,7 xm?), I'peuniukuna (13,840,3 xm?) u ap.
HauMeHnbiue cpenHue pa3Mepbl Y BUCSUMX, TPU-
CKJIOHOBBIX ¥ KOTJIOBUHHBIX JICTHUKOB.

Huzwue mouku 97,4% nenqHUKOB CeBEpHOU
yactu CpeanrHHoOro xpedta HaxoasaTcs Boie 800 M
Haz yp. MOpsI (BCe BBICOTHI B CTAaThe TaHHI HAl YPOB-
HeM Mopst), 89,7% — Bbitie 1000 M, 66,9% — Bbile
1200 M. HauMeHbIas1 BbICOTa KOHLA JIEAHUKA —
520 M — 3acpuKkcupoBaHa y MPUCKIOHOBOIO JIETHU -
Ka. DTO — eAMHCTBEHHBIN JIEAHUK palioHa UCCEN0-
BaHUIA, ciycKaromuiics Huke 650 M. Bepmukanvras
npomsxucénnocms 98,1% NenHUKOB paiioHa Mccie-
JoBaHuit coctaBiasgeT meHee 1000 m (puc. 2, a),
95,9% — menee 800 M, 92,7% — meHee 600 M,
83,7% — menee 400 M. BepTrkanbHast IPOTSIKEH -
HocTb 6osee 1000 M cBOMCTBEHHA KPYITHEHIITNM TIe-
peMETHO-ITONMMHHBIM (XyBxolTyH, HaumknHckmii,
I'peunikmHa), TOMMHHBIM (XaMTIOJTUHCKWI) 1 Ka-

POBO-IOJMHHBIM JieAHUMKaM. MaKcuMaabHOe 3Ha-
yeHMe 3Toro mokasarens (1780 m) 3apukcupoBaHo
Ha JIeMIHUKEe XYBXOUTYH.

Cpeonue gvicomsr 94,6% NeTHUKOB CEBEPHOIA
yactu CpenrMHHOTO XpeOTa HaXOMITCS B TMAIla30He
900—1900 M (cMm. puc. 2, 6), 87,5% — B nuamasoHe
1000—1800 M, 75,5% — B muanaszone 1100—1700 wm.
MennaHHOe 3HAaUCHUE CPEIHEN BBICOTHI JICTHUKOB
coctaBuio 1430 M. JIvana3oH cpeaHUX BBICOT KPYII-
Hedmux (> 5 KM?) JIeIHUKOB paiiloHa COCTaBJISET
1390—1610 m. Bvicoma puprosoii aunuu ycTaHOBIIE-
Ha s 152 1emHUKOB, 86 U3 KOTOPBIX PACIIOIOXKEHBI
Ha 3amagHoM ckiioHe CpeauHHOro xpebta, a 66 —
Ha BocToyHOM. E€ 3HaueHus1 uaMeHsoTcsa ot 880
10 1910 M Ha 3anmagHOM ckjoHe 1 oT 870 mo 1860 M
Ha BOCTOYHOM, a MeIMaHHOE 3HaYeHUE COCTABUIIO
okoJjio 1430 M. Ha BocTtouHOM ckioHe CpeanHHO-
ro XpebTa MenMaHHOe 3HaueHUe BbICOTHI (PMPHOBOM
JuHuu (1410 M) HeMHOTO HUXE, YeM Ha 3arnagHoOM
(1435 M). B HampaBiieHUU C 1ora Ha ceBep BbICOTa
(bupHOBOII TMHUM Ha JIEAHUKAX 3aKOHOMEPHO TO-
HuxaeTcs. BeposTHo, GupHOBYIO TMHUIO O€3 10-
MOJTHUTEJIbHBIX UCCAeTOBaHUI HE CJIeNyeT OTOX-
JECTBJISATH C TpaHUIIEl MUTaHUS JIETHUKOB, TaK KakK
B 00J1aCTSIX MUTaHUs JIETHUKOB B 3TOM paliOHe Iu-
POKO pacrpocTpaHeHbl (PUPHOBO-JIEIsIHAS U JIesI-
Hasi 30HbI JibA00Opa3zoBaHust (KapTa Ne 234 [16]).

Pesynbrathl aHaIM3a U3BMEHEHUI JIETHUKOB, 3a-
peructpupoBaHHbIX B Karanore [10] Ha TeppuTopmio
paiioHa uccinenoBanuii, ¢ 1950 mo 2016—2017 rr.
MpUBeneHBI B Ta0J. 2. 3a yKa3aHHBIN IIepHUoI, 00IIIee
COKpallleHME 3aperucTpUpPOBaHHBIX B 3ToM KaTtao-
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Fig. 2. Altitude range (@) and average glacier heights (6) of different sizes in the northern part of the Middle Range

re JeIHUKOB, NISHTU(MULIMPOBAHHBIX HA COBPEMEH-
HBIX CIIYTHUKOBBIX CHUMKax Sentinel-2, cocTaBuiio
okoJ10 125 km?, unm 35,6%. [IpuMepHO MOJIOBUHA
IUIOILAAM COKpallleHus (0KoJo 62 KM2) rorepsiHa B
1950—2002 rr., yto cocrasiset 1,20 km2, wnu 0,34%
HWCXOIHOM MIoIaau JeTHUKOB B roa. OcrajlbHbie
notepu (63 kM?) npunuiuck Ha nepuon ¢ 2002 1o
2016—2017 rr. — B cpenneM 4,20 km?, unu 1,45%
miomaau JenHukoB 2002 r. B roa, T.e. CKOPOCTh
COKpallleHUS JIEMHUKOB B 3TOM paiioHe 3a 2002 —
2016—2017 rr. yBenmuuiach IpuMepHo B 4,3 pa3a 1o
cpaBHeHMIO ¢ iepuoaom 1950—2002 rr.

st aHanu3a JIeqHUKY ObLTN pa3aesieHbl Ha TPyII-
Il B COOTBETCTBUU € UX Tromansgmu B 2016—2017 rr.
st pacmaBIIMXCs JIGTHUKOB YUUThIBaJaCh CyMMap-
Has IUTolaab Beex ¢pparMeHTOB. HavMeHbIee oT-

HocuTebHOe cokpauieHue (10,9%) rmo cpaBHEHUIO C
nanHbiMu Katanora [10] npetepnenu Hanbosee Kpymn-
Hele (> 5 xM?) nenuuku. HeGosblioe yBennyeHne
momanu (1,4%) atoit rpynmsl JeqHUKOB B 1950—
2002 1T., BEpOsITHO, CJIEACTBUE TTOrPELIHOCTEN OIpe-
JeJieHUsl UX Tuiolnaneit B Karanore v pazHoro rmpose-
JeHus JienopasnenoB. Heckosbko JeMHUKOB JaHHOM
IPYTITBI UMEIOT MOILHBII MOPEHHBII ITOKPOB HAa SI3bI-
Kax v TIPOTSDKEHHBIE JIe0Pa3ae/ibl B 001aCTH aKKyMY-
Jsuyu. [1o aTUM npuyrMHaM, a TakKKe M3-3a CIOXKHOM
KOH(UTYpaluu NpoTsekeHHou (69,7 km B 2002 1.)
IPaHULIBI IIOLIAb JIEAHUKA XYBXOWTYH (24,2 KM?),
cocrasuBiuas B 2002 r. 27,2+1,4 kM2, Buaumo, Oblia
HenooueHeHa B Karanore [10].

C yMeHbllIeHUeM IUIoIIaaei JeTHUKOB YBEJIM -
YUBAETCSI OTHOCUTEJIbHOE COKpallleHUe UX ILIolIa-
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Tabnuya 2. Vi3ameHeHue YuCIa U IUIOLIAM JIEHHIKOB Pa3HbIX pa3MepoB ceBepHoit yactu Cpegunnoro xpe6ta, 3aperucrpupoBanisix B Karamore megunkos [10], B

1950-2002, 2002 - 2016-2017 u B 1950 - 2016-2017 r1.

1950 — 2016—2017 rr.

—14,5/—10,9
—22,4/-34,1
—27,1/—45,7
—20,9/—57.,9
—33,3/—66,9

—7,0/—88,6
—125,2/-35,6

2002 — 2016—2017 rr.

—16,3/—12,1
—12,3/-22,1
—12,9/-28,6

—7,7/=33,7
—11,5/—41,1

—2,3/-71,0
—63,0/-21,8

W3MeHeHMe MUIOIIAIH JIETHUKOB, KM2/%

1950—2002 rr.

1,8/1,4
—10,1/—15,4
—14,2/-23,9
—13,2/-36,6
—21,8/—43,8

—4,7/-59,5
—62,2/—17,7

2016—2017 rr.

118,16+4,03
43,24+2,65
32,23+2,59
15,24£1,49
16,48+2,19
0,94+0,24

2002 r.
134,5+7,7

55,6152
45,145,5
22,9£3,0
28,0t4,7

3,2+0,7
289,3+26,8 | 226,29+13,19

ITnowans 1eJHUKOB, KM>

1950 r.

132,7
65,7

59,3

36,1

49,8

7,9
351,5

2016—2017 rr.

20
28

53
44
83
21

249

Yucio JeAHUKOB

2002 .

12
18
37
29
73

18
187

1950 r.

15
22
23

65

18
152

PasMep JICAHUKOB B

2016—2017 rr., kM2

>5

2-5

1-2

0,5—1
0,1-0,5

<0,1
Bceeo

mu. Hamborpliiee cokpaliieHre Ha0IonaeTcs y JISTHUKOB C TDIOIIAIbI0
meHee 0,1 kM2 DTa 3aKOHOMEPHOCTb XapaKTepHA KaK [UISl IEPUOa C
1950 mo 2016—2017 rr. B 1enom, tak u mis rnepuogosB 1950—2002 u ¢
2002 o 2016—17 rr. mo otaenbHOCTH. [1apamieabHo ¢ COKpalleHueM
IUIolaAeit JeMHUKOB IIENI IIpolece NX pacmana (puc. 3, a), yCKOpUB-
muiics ¢ 1950 mo 2016—2017 rr. Tak, 46 1eTHUKOB, 3aperUCTPUPOBAaH-
Heix B Karanore [10], k 2016—2017 rr. pacnayniice Ha 143 dparmenTa.
ITpu sToM B 2002 T. M COOTBETCTBOBAJ 81 JIETHNK.

M3MmeHeHne T1omany JISOIHUKOB, 3aperucTpupOBaHHBIX B Karta-
sore [10], B 3aBUCUMOCTH OT MX 3KCIIO3UIIMU OTPAXKEHO Ha puc. 3, 0.
bomblie Bcero cokpaTuianuch JIEOIHUKN, OPUEHTUPOBAHHEBIE Ha I0TO-
BOCTOK (Ha 62,9%, v 19,6 xm2) u 1or (Ha 43,6%, wm 5,0 km?). s
STHUX TPYIIII JICAHUKOB TaKXKe XapaKTepHO HanOOJIbIIee COKpaIlleHIE B
repuonbl 1950—2002 (na 42,1 u 23,0% cooTtBeTcTBeHHO) U ¢ 1950 1O
2016—17 rr. (Ha 35,9 u 26,7% cooTBeTCTBEHHO). OTMETUM, YTO JIe]I-
HUKU TAHHBIX 9KCITO3UIINI UMEIOT 110 CPaBHEHUIO C JISTHUKAMM MHBIX
SKCITO3ULINIA OTHOCUTEIEHO HEOOJIBIIINE CPeTHIE pa3Mephl Kak 1mo Ka-
tayiory [10], Tak u B 2002 1 2016—2017 rr. (cM. puc. 3, 8). MeHee Bcero
¢ 1950 mo 2016—17 rr. cokpaTuiach IUIOLIANb JIEAHUKOB CEBEPO-BOC-
TouHo# (Ha 25,8%, win 13,5 km?2), 1oro-3ananHoit (Ha 29,4%, win
13,1 xm2) u ceBepHoit (Ha 29,7%, wm 11,1 xm?) skcriosuumii. [l nen-
HUKOB, OPUEHTHPOBAHHBIX HA CEBEPO-BOCTOK U I0T0-3aI1al, IT0OI00HYIO
IUHAMHUKY MOXXHO OOBSICHUTH ABYMS IIpUUYnMHaMu. Bo-TiepBEIX, 3TO
OPUEHTALIMSI TAHHBIX JISAHUKOB 10 OTHOIICHHIO K BJIaTOHECYIIINM BO3-
IYIITHBIM MaccaM, IocTymammmmM ¢ OXoTcKoro u bepuHrosa Mopeii ¢
3araga 1 BOCTOKA COOTBETCTBEHHO. BO-BTOPBIX, JISAHUKM JaHHBIX 9KC-
MO3UIINI XapaKTEPU3YIOTCS HaOOJIbIINMK CPEIHMMU pa3MepaMU B
paitoHe ucciaenoBaHuii (cMm. puc. 3, 8). KpoMme Toro, MHTEHCMBHOCTb
rpoliecca pacraja JeIHUKOB I0ro-3anaaHoil 9KCIO3UIINU 0Ka3aiach
JIOBOJILHO MaJia — IIIeCTH JICIHUKAM, 3apeTUCTpUpOBaHHBIM B KaTao-
re [10], cooTBeTCTBYIOT BoceMb JeTHUKOB B 2016—2017 rT.

CaMbIlif THTEHCUBHBINM pacliag XapakKTepeH IJIsl JISHTHUKOB BOC-
TOYHOI 3Kcmo3unuu — 27 JIeMIHUKaM, 3apeTUCTpUpOBaHHBIM B Ka-
tajore [10], k 2016—2017 rr. cTaju COOTBETCTBOBAThH 58 JIEMIHUKOB.
ITpu 3TOM MX cpenHuii pasmep cokparuicd ¢ 2,60 1o 0,78 kM2 Bos-
MOKHO, 3TO OOBSICHSIETCSI OTHOCUTEILHO HEOOJIBIION T0JIei KAPOBBIX
nenHukoB (okoJio 40%) B maHHo# rpymme. HanMmeHee moaBepKeHbl
pacnany JeAHUKU IOKHOU 3KCMO3ULIMU, YUCTO0 KOTophiX ¢ 1950 mo
2016—2017 rr. yBenunumioch ¢ 10 no 11 (pacnancst TOJIbKO OIMH J€/I-
HuK nocse 2002 1.), YTo MOXXHO OOBSICHUTH MpeodaagaHuemM (8 uz 11)
HEOOJIBIINX KapOBBIX JIETHNUKOB.

B pa6ote [17] B ceBepHoit yact CpeanHHOro XpeOdTa ObLIO UASH-
tudumponaHo 190 ieTHUKOB, HE 3aperucTpUpoBaHHBIX B KaTano-
re [10]. IIpeumyliecTBEHHO 3TO HeOOMbIIME JEAHUKU — 55 U3 HUX
uMenu iowans meHee 0,1 kM2, a tutomanp emé 116 Haxonuaach B
npenenax 0,1—0,5 km2. YToObI MOIy4uTh GOJIEE MTOJHOE MIPENCTABIIE-
HHEe 00 U3MEHEHUSIX OJieAeHeHUsT ceBepHOi yacT CpeIMHHOTO Xpeo-
ta B riepuof ¢ 2002 o 2016—2017 rr., ObUIM TpOAHAIU3UPOBAHBI U3-
MeHeHUs 344 negHUuKOB, MAEHTUMULMPOBaHHBIX Ha cHUMKax ASTER
ot 18.08.2002 r., 1 COOTBETCTBYIOIIMX UM JIETHUKOB, BBISIBICHHBIX Ha
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Fig. 3. Change in quantity (a), area (6), and average size (g) of glaciers in the northern part of the Middle Range, re-
corded in the Catalog of glaciers [10], from 1950 to 2016—2017

COBpeMEeHHBIX CHUMKax Sentinel-2 (Tadm. 3). Ooiiee
COKpallleHUe TUIONIAaN 3aperuCTPUPOBAHHBIX B pa-
6ote [17] nemHUKOB, MIEHTU(ULMPOBAHHBIX HA CO-
BPEMEHHBIX CITYTHUKOBBLIX CHUMKaxX Sentinel-2, 3a
JaHHBII tepuoz paBHo 88,1 kM2, unm 26,0%, 4to co-
cTaBisieT B cpenHeM 5,87 km2, wiu 1,73% ucxonHoit
MJI0IAAM JIEIHUKOB B roa. M3 Tabj. 3 BUAHO, 4TO
OTHOCUTEJIbHOE COKPAILCHUE TIIOIIAAN JICTIHUKOB B
palioHe uccaeqoBaHUM 00paTHO MPONOPLIMOHAIBHO
nx pasmepaM. Menee Bcero (Ha 12,3%) cokpaTuiuch

caMble KpYITHbIE JIEIHUKHM TIJIOIIAAbI0 6osee 5 KM2.
Haub6onbiee cokpaienue (Ha 68,5%) nperepriesin
camble MeJIKMeE JIeIHUKY Tionanabio mexee 0,1 kv2.
JIOTOTHUTEILHO MPOBEICHO UCCICIOBAHUE CO-
kpameHus ojaeaeHeHus ¢ 2002 mo 2016—2017 rr. no
BBICOTHBIM 30HaM (puc. 4). béabias yacTb onene-
HeHus ceBepHoit yact CpeauHHoro xpeora (76,6%
B 2002 r. 1 77,4% B 2016—17 1T.) cocpenoTouycHa
B BbIcOTHOM auana3oHe 1200—1800 m. Ha atu ke
BBICOTBI IIPUXOASATCS OCHOBHBIC TTOTEPHU TLIOLIAIN
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Tabnuya 3. VIsMeHeHMe 4Y¥CIa M IUIOLWIA/N IEKHIKOB ceBepHOit YyacTu CpeauHHOro xpe6Ta, 3aperucTpupoBaHHBIX B pabo-

te [17], ¢ 2002 o 2016-2017 1.

Pasmep JienHUKOB B Yucno neqHukoB ITnomans nenHUKOB, KM? 3MmeHeHMe Tuiomany JeIHUKOB C
2016—2017 rr., km? 2002 . 2016—2017 rr. 2002 r. 2016—2017 rr. | 200210 2016—2017 rr., kM%*/%
>5 8 17 128,4+7,1 112,6£3,7 —15,8/—12,3
2-5 16 23 59,1£5,3 46,5+2,7 —12,6/—21,3
1-2 22 34 41,4+4.6 30,242.2 —11,2/-27,1
0,5—-1 29 43 33,3%£3,9 21,1%+1,9 —12,2/—36,6
0,1-0,5 154 194 59,8+10,8 35,0+4,9 —24.8/—41,5
<0,1 115 122 16,8%+4,3 5,3+1,4 —11,5/—68,5
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Puc. 4. BoicoTHOe pacripenesieHye IUIOIIAaN ojieeHeHUsl ceBepHoii yacTu CpeauHHoro xpe6ta B 2002 u 2016—2017 rr.
Fig. 4. Altitude distribution of glaciation area in the northern part of the Middle Range in 2002 and 2016—2017

oneneHenus B nepuon ¢ 2002 mo 2016—2017 rr. —
65,5 kM? (25,2%) nipu obLIEM COKPAILEHUU JIE-
HUKOB 3a JaHHBII nepuon Ha 88,1 kM2, Lo one-
JEeHEeHUs, pacIloJIoKeHHOTO 31ech HxXe 800 M,
cocrabiisgeT okoJjio 0,3%. Maag noliianb ojeaeHe-
HUS Ha BeicoTax Bbile 2000 M oOycioBIeHa MEHb-
IIMMU BBICOTAMU OCHOBHOI YaCTU TOPHOTI'O MacCH-
Ba OcTpasi—XyBXOUTYH.

O0cyxK1eHue pe3yJibTaToB

st onipeneieHus: MPpUYMH COKPAILICHUST JICTH -
KOB B ceBepHOi1 yacTu CpeanHHOTO XpebTa ObLIN
KCCIeIOBaHbl KIMMAaTUYECKUE U3MEHEHMS, IIPOU-
zowmenmue 3aech B 1950—2018 rr. Jns atoro aHa-
JIU3UPOBAINCH HAXOISAIIUECS B OTKPBITOM JIOCTYIIE

NaHHbIe HaOmoneHui Ha omkaiimx I'MC ¢ oTHO-
CUTEJIbHO JUTMHHBIMU psigamMuy HabmonaeHuit — Occo-
pa (3 m Hag yp. mops1) u Komroun (28 M Hafg yp. MopsT)
(cM. puc. 1). AHaIM3MpPOBaAIUCh CpeaHNE JeTHUE (C
MIOHS TI0 aBrYCT) TeMIIepaTyphl IIPU3EMHOTO CJIOSI
Bozayxa [20] 3a 1950—2018 rr. u cyMMBI OCaIKOB C
yCTpaHEHUEM IOTPEITHOCTEN 0CaAKOMEPHBIX TPU-
00poB [21] ¢ OKTAOPS 1Mo Mait (eproa aKKyMYISLIUN
Ha negHukax Kamuarku) 3a 1950—2015 rr. miog TMC
Komoun u 3a 1959—2015 rr. miig I'MC Occopa. Cpen-
HUE JIETHHE TeMIIepaTyphl BO3IyXa B palioHe UCCIIe-
noBaHuit mociyie 2000 1. ObUTM CYIIECTBEHHO BBIIIIE,
yeMm 10 2000 r. (puc. 5, a, 6). Ux 3nauenus niug TMC
Kitrouu ¢ ocpenHeHUEM MO MATUIETHUM BPeMEHHBIM
nHtepBanaM ¢ 2000 r. He omyckanuch HUXe 14 °C,
4ero He ObLJIO HU IS OMHOTO ISTUICTHETO MHTEP-
Bayta 10 2000 r. Ha 'MC Occopa ¢ cepeamnn 2000-x
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Puc. 5. CpenHue netHue TemMnepaTypbl Bo3ayxa (@) U UX TpeHIbl (ITOJMHOM S5-I CTEMeHM), B TOM YHUCJie C yCpeaHe-
HHMEM TI0 TISITU ToaM (6), U CyMMbI OCAlIKOB C OKTSIOPSI 110 Maii ¢ yCpeIHeHHEM I10 IIATH rojam (6) Ha MeTeOCTaHIIM-

sax Occopa (/) u Kirouu (2)

Fig. 5. Average summer air temperatures () and their trends (polynomial of the 5™ degree), including averaging over five
years (0), and precipitation from October to May averaged over five years () at weather stations Ossora (/) and Kluchi (2)

TOJIOB IPOCJEKUBACTCS CYIIECTBEHHBIN POCT JICT-
HUX TeMIIepaTyp BO3ayxa 10 cpaBHeHMIO ¢ 1980-Mu,
1990-mu 1 Hayaom 2000-X rogoB.

JIonoTHUTETbHO TTPOaHAIM3MPOBAaHbI U3MEHEHMS
CpPEeIHMX JIETHUX TeMITepaTyp BO3/1yXa B IIEPUOJ CO-
BpeMeHHoro noteruieHus (¢ 1989 r.) mo cpaBHEeHUIO
¢ 6a30BbIM TIepuonoM 1951—1980 rr. Beibop maHHBIX
NnepruogoB 060CcHOBaH B paborax [3, 26]. Ha TMC
Kimtoun 1 Occopa cpenHue IeTHUe TeMIiepaTyphbl BO3-
nyxa, ocpenHéHHbIe 3a 1989—2018 rr., o cpaBHEHUIO
¢ 1951—1980 rr. BeIpocau Ha 1,3 °C. Ha Haxonsiueii-
cs Ha robepekbe OXOTCKOTo MOopsl K ceBepo-3arany
oT paiioHa ucciaegoBanuii IMC YcTb-Bosmmnonka
(58°31" c.r., 159°10' B.n.) cpenHue JeTHUE TeMIle-
paTyphl Bo3ayxa, ocpeaHEHHbIe 3a 1989—2006 rT.,
no cpaBHeHUO ¢ 1951—1980 rr. moBBICKMIIMCH Ha
0,6 °C [8]. OcpengHEHHOE KOJIMYECTBO OCAIKOB, BbI-
MajarolmnX ¢ OKTsI0ps no Mait, B 1989—2015 rr. mmo
cpaBHeHUIO ¢ 1951—1980 rr. nHa I'MC Kuroun (cMm.

puc. 5, ) mpakTU4Yecku He u3MeHunock. [Toxoxas
KapTuHa HabJ01aeTCs MpU CpaBHEHUM IMepUoaa
2000—2015 rr. ¢ 1980—1990 rr. (poct Ha 0,5%). Ha
I'MC Occopa, HarpoTuB, HAOIOJAETCS SIBHBIM POCT
KOJIMYECTBA BHITIANAIONINX B XOJIOIHBIM NIEPUO/ Ocal-
KOB, oH coctaBuia 13,3% 3a nepuon 1989—2015 rr.
o cpaBHeHuto ¢ 1959—1980 rr. u 19,5% 3a nepuon
2000—2015 rr. no cpaBHeHuIo ¢ 1980—90-Mu rona-
mu. Ha 'MC Ycrb-Bosimmionka ocpeHEHHBIE CyMMBI
OCaIIKOB C OKTSIOpsT 1o Maii 3a riepuon 1989—2006 rr.
ob1n Ha 20,8% Menblie, yeM B 1966—1980 rr. [8].
IIpuBen€HHbIE JaHHBIE MO3BOJSIOT CAeaTh
BBIBOJ O KJIMMAaTUYECKMUX MPUUMHAX COKPAIICHUS
oneneHeHus ceBepHoi yactu CpeaguHHOro Xpeodra
Bo BTOpOit nmonoBuHe XX 1 Havane XXI BB. ['maBHas
MPUYMHA — TTOBBIIICHUE JIETHUX TEMIIepaTyp BO3IY-
Xa. YBeIMYeHUE KOJIMYECTBA BhIMAJAIOIINX TBEPIBIX
OCAIIKOB B CEBEPO-BOCTOYHOM YaCTU pailOHa UCCIIEIO-
BaHUI, Cy/s IO TTOJYYEHHBIM pe3yJibTaTaM, He KOM-
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' 160°22'

B.4.

MeHCUpyeT yBeJInUeHre JeTHero TasHus. Oopalaer
Ha ce0sl BHUMaHMe Pe3KUii pOCT CKOPOCTH COKpallie-
HUs oneneHeHus 3nech B Hadane XXI B. — ¢ 0,34%
mtomany B roa B 1950—2002 rr. no 1,45% moiiany B
roz B iepuof, ¢ 2002 o 2016—2017 rr. 1151 IETHUKOB,
3aperucrpupoBaHHbIX B KaTanore [10]. OH mpoucxo-
IV B YCIOBMSIX YCKOPHUBILIETOCS POCTA JIETHUX TEM-
Ieparyp Bo3ayXa M akTUBHOTO TIpoliecca pacrazia Jie/-
HMKOB Ha (DparMeHThLI MEHBIIIETO pa3Mepa.

Ha puc. 6 npuBenén npumep segauka (Ne 115),
pacnaBuerocst B nepuon 2002—2016 rr. Ha Tpu
¢parmenTa. [1pu 3TOM €ro rmiIoIaab COKPATUIACH C
0,9 kM2 B 2002 r. 10 0,4 kM2 B 2016 T., T.€. Gosiee yeM
BIBoe. OCOOEHHOCTh TaHHOTO JIEAHMKAa — HE0OJIb-
1asi BEpTUKaJIbHAsI MPOTSKEHHOCTh, BCETO OKOJIO
200 M. BeposiTHO, 3TO — OCHOBHAas MpUUMHA CTpe-
MMTEJIbHOTO COKPAILIEHUS €ro IJIOIIAaN B YCIOBUSIX
MOBBILLIEHUST JICTHUX TeMItepatyp. PocT leTHUX TeM-
nepatyp, 3a¢puKCcUpoBaHHLIN Ha omkaimux TMC,
MOT MPUBECTU K MOABbEMY TPAaHULBI TATAHUS JIE-
HUKAa BBIIIE €r0 BEpXHEM TOUYKU, T.€. K MpaKTUde-
CKU TTOJTHOMY MCYE3HOBEHUIO €ro 00JIaCTU ITUTAHUS
(4TO BUIHO Ha puc. 6).

Pe3koe yckopeHue Ipoliecca pacriana JeaHM -
KOB B Hauajie XXI B. MOXET CBUAETEIbCTBOBATh O
TOM, 4TO K KOHIIy XX B. UX HUKHUE YaCTU CTAJIN
UCTOHYEHHBIMU. JlanpHelilllee MOHUXEHUE T10-
BEpPXHOCTH 3a CUET abiILMM, YCUJIUBIIEHCS B pe-
3yJIbTATe MOBBILIECHUS JICTHUX TEMIIEPATYp BO3IyXa,
MIPUBEJIO K MacIITaOHOMY BBITAMBAHUIO 3JIEMEH-
TOB MOMJIEAHOTO peibeda U PparMeHTalluM Je/-
HUKOB (Kak Ha puc. 6). M3-3a TpyIHOIOCTYITHOCTU
paiioHa uccliefOBaHUM 3TO TIPEANOJIOKEHUE TTOKA
HE TOATBEPXKACHO ONYOJMKOBAHHBIMU JaHHBIMU
MoJIeBBIX HaOMoaeHuit. OQHaKO MTOJ00HBIE COOBI-
TS HAOIIOAANIMCH HA TOPHBIX JIeAHUKAX 3aIlaTHOM

Puc. 6. Jleqnuk Ne 11582002 1 2016 1T.

B noajioxke — cyTHUKOBBIM CHUMOK Sentinel-2 ot
19.08.2016 .

Fig. 6. Glacier No 115 in 2002 and 2016.

On the background — the space imagery Sentinel-2
19.08.2016

yactu 3emnu Hopnenmensaa (apxunenar Lnui-
OepreH), rae akTUBU3alMs paclana JISTHUKOB Oblia
3a(hMKCUpPOBaHAa MHOTOJICTHUMU TI0JIEBBIMU HA0JII0-
JCHUSIMH, a CKOPOCTh COKpAaIlleHUST OJieAeHEeHUs
yBeanuuiach ¢ 0,49% momany B TOI B MEPUOL, C
1936 1o 2002—2004 1r. (0,51% 110111201 B TOJI, B TIE-
puox ¢ 1990 o 2002—2004 rr.) 1o 1,67% mommanu
B roz B riepuon ¢ 2002—2004 o 2016—2017 rr. [27],
T.e. B 3,4 pa3a. biuskasg K 3TUM 3HAYEHUSIM CKO-
POCTb COKpallleHUs Tomann ojaeaeHenus (1,54%
B roj) yctaHoBJieHa Ha [TonsipHoM Ypaie B mepuon
2000—2018 rr. [28]. OHa Bo3pocia MpuMepHO BIBOE
110 CPAaBHEHUIO CO CKOPOCThIO COKPAILICHUSI ILIOIIA-
1 JeTHUKOB B niepron 1953—2000 rr.

IMoxoxkee yBeIMYeHUE CKOPOCTU COKpAILICHMS
oJieieHeHUsT HaOI0aaeTCcsl U B TOPHBIX pailoHax
yMepeHHBIX mupoT CeBepHoro noaymapus. Tak,
Ha Cesepo-YyiickoMm xpebTe (AnTail) oHa BO3poOC-
na ¢ 0,37% mutomanu B rox B iepuon 1968—2008 rr.
1o 1,21% nnowanu B rox B 2008—2017 1r. [6], T.c.
B 3,3 pa3a. OneneHenue bepHckux, ITeHHUHCKNUX
u I'paiianckux Anbn B 2000—2014 rr. cokpaiianoch
€O CKOpocThio 0KoJjio 1,8% mutomanu B rox [2]. Pa3-
HMIIA B CKOPOCTU COKpaIeHUs TIOMIAAN JCIHUKOB
ceBepHOIt yacTu CpelMHHOTrO XpeOdTa, 3aperucTpy-
poBanHbIX B Karanore [10] u B pabote [17], cocTaB-
nseT 1,45 u 1,73% niomiaay B rof, COOTBETCTBEHHO
B riepron ¢ 2002 o 2016—17 rr. 1 0ObsICHSIETCS Cy-
IIECTBEHHO OoJblIeit BEIOOPKOI B padote [17]. U3
190 nenHUKOB, HE 3aperucTpupoBaHHbIX B KaTano-
re [10] u yuténnbix B padote [17], 171 nemHuK nmen
mowanb, He npepbimaomyio 0,5 kvm?. JlegHukn
TaKMX pa3MEpOB XapaKTePU3YIOTCS HanOOJbIINMU
CKOPOCTSIMU COKpAILEHUST TUIOLIAAM, YTO TOATBEPK-
JaeTcs pe3yJbTaTaMu HacTosero (cMm. Tabj. 2) u
npenpiaymux 3, 4, 17, 28] uccnenoBaHuiA.
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3akinoueHne

CesepHag yactb CpeqnHHOTO XpedTa — KpyITHe-
1M paiioH ofieneHeHus1 KamMyaTku mo 4mMciy u 1io-
waay JeaHuKoB. [1o coctosHuo Ha 2016—2017 1. ero
oJielicHEHUE HACUUTBIBAJIO 465 JIeMHUKOB OOIIEi TI0-
1anpo okoso 255+17 km2. Haubonee pacripoctpa-
HEHHBIE MOP(OJIOTTYECKIE TUTIBI JISTHUKOB — Kapo-
BbI€, CKJIOHOBBIE 1 KApOBO-AOJMHHBIE (CM. Tab. 1).
ITo mnomany npeo61anaoT KapoBO-A0JUHHBIC U TIe-
PEMETHO-IOIMHHbBIC. bbIast yacTh IIoIany Jied-
HUKOB paiioHa (77,4%) cocpenoToyeHa B BHICOTHOM
mranasoHe 1200—1800 M Hax yp. Mop4.

AHaJIu3 U3MEHEHUI1 JIGTHUKOB CO BpeMEHM Ka-
TaJloru3alnuu B cepeanHe XX B. ITOKa3ajl, 4YTO TEH-
IEeHIMs K COKpaIleHUIO UX pa3MepOB, YCTAHOBUB-
11asicsi BO BTOpOii mojioBuHe XX B., COXpaHsIeTCs
U B HacTosuiee BpeMsi. Ilnomanb JIETHUKOB U UX
CpeaHME pa3Mephl TIPOAOJIKAIOT COKpalaThes (CM.
puc. 3, 6, 8), a X YUCJIO YBEIUIUBACTCI 3a CUET
pacrnaga JeaHuKkoB (cMm. puc. 3, a). Ilpu 3ToM nipo-
LIECChI COKpaIlleHUS IIOIIAAK JIEAHUKOB U UX (ppar-
MEHTalluMu CyllecCTBEHHO ycKopuauch ¢ 2002 nmo
2016—2017 rr. o cpaBHeHuto ¢ 1950—2002 rr. Taxk,
JIEMHUKM, 3apeTUCTpupoBaHHEIe B KaTtamore jen-
nHukos CCCP [10], morepsinu 62,2 KM? muioiany B
1950—2002 rr. ¥ MpUMepPHO CcTONBKO Xke (63,0 Km?)
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