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Summary

The current state and mass balance of some glaciers of the Trans-Ili Alatau (Zailiyskiy Alatau, Tien Shan,
Kazakhstan) is estimated in the paper. The remote sensing data (images of the Pléiades satellites) and detailed
field geodetic measurements (differential global positioning system with the South G6 instrument)were used for
the analysis. The field works were carried out in August-September 2021on the northern slope of the Zailiyskiy
Alatau ridge. A digital relief model had been built for the analysis as well. Negative trends in the area of the stud-
ied glaciers have been revealed, which generally correspond to the average rate of degradation of the glaciation
of the Trans-Ili Alatau from 1955 to the present. A comparison of glaciological (contact, i.e., obtained as a result
of measurements made on the glacier) and geodetic (resulted from analysis of remote sensing data) methods for
estimating the annual mass balance of the Central Tuyuksu glacier for the period 2016-2021 showed that the
final values calculated by these two methods are very close in values. For example, the sum of annual balances
calculated by the glaciological method for this period was -2.9 m w.e., or —-0.58 a! m w.e. per a year, while the
balance calculated by the geodetic method for the same period was - 0.63 a! m w.e. Thus, the results of compar-
ison of the above methods of the glacier mass-balance investigation confirm that the geodetic one based on sat-
ellite measurements and the ground surveys using the South G6 instrument is in a good agreement with results
of glaciological methods of measurements and calculations.
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lerpagauma onefeHeHUA BbI3blBa€T U3MEHEHMA B FOPHbIX SKOCUCTEMAX, OKa3blBas HEMOCPEACTBEHHOE
BNIUAHNE Ha KN3HEOEATENIbHOCTb NIIOAEN, BbI3bIBAET U3MEHEHMA B TMAPONIOTMYECKOM PeXnMe, buoreo-
XVIMUWN PeK W MAUManbHbIX 03€p, BNMAA Ha KauyecTBO M AOCTYMHOCTb BOAHbIX pecypcoB. PaccMOTpeHbI
BOMNPOCHI OLeHKW 6anaHca Maccbl IeIHMKOB CEBEPHOrO cKnoHa 3annuickoro (Mne) Anatay nocpeficTBom
NPUMEHEHUA JaHHbIX ANCTAHLNOHHOIO 30HAMPOoBaHUA 3emnun ([33) B coueTaHUM C NONEBLIMU UCCNeo-
BaHUAMU 1 U3MEPEHNAMN.

BBenenue 2020). Pecniybmka KazaxcraH He cyuTaeTcsl UCKITIO-

YeHMEM: TUIOLIAb JISAHUKOB Ha CEBEPHOM CKJIOHE

Bo BcéM Mupe B TIociaemHue OSCATIICTHSI OTMe-  3arIniickoro AjaTay cokpatuiach Ha 48,4% B niepu-

YeHO COKpallleHUe oJIeNeHeHMsI, MacIuTabbl KoTo- of 1955—2017 rr. (Severskiy et al., 2016) u B JIXKyH-
poro ocobenHo Bo3pociu B XXI Beke (Hoelzle et al., rapckom Anaray Ha 53,3% B niepuon 1956—2018 rr.
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C TOYKM 3peHUS BIUSTHUS Ha peruoHaIbHbIE
BOIHEBIE PeCcypchl, HanboJjiee BaXXHa OLIEHKA M3Me-
HeHMsI 00béMa u Maccel JemHukoB (Huss, Hock,
2018; Shahgedanova et al., 2020). CpaBHHTEe/IbHAS
OlLIEHKA OTKJIMKA OJIENeHECHMSI TOPHO-JICTHNKOBBIX
paiiloHOB MUpa MPOBOAUTCS Ha OCHOBE TaHHEIX 00
M3MEHEHNHU OalaHca MacChl OTAEJIbHBIX JISTHUKOB,
BXOASIINX BO BceMupHyIo cily>k0y MOHUTOPUHTA
neagaukoB (BCMJI) (DyurgerovMeier, 2005; Zemp
et al., 2008). C yu€Ttom Mexx0acCeHOBBIX pa3Jiy-
Yl OTKJIMKA OJICACHEHMS Ha M3MEHEeHUS KJImMaTa
TaKWe OIIEHKU He BIIOJIHE KOPPEKTHBI, 1 [IJIs pelle-
HUS 3a1a9 HEOOXOOUMO IIPUMEHSITh IPYTUE METO-
IUKHU. 71 OLleHKM 3TUX U3MEHEHUI B PeTHOHAIIb-
HOM MacIuTabde mpemiaraeTcs IpuMeHeHNEe MeToaa
reoe3ndecKoro 0ajaHca MacChl, OCHOBAaHHOTO Ha
00paboTKe pagapHBIX U CTEPEOCKOIMMISCKMX CITYT-
HUKOBBIX CHUMKOB. /1)1 BeprduKanuy Takux JaH-
HBIX IIPUMEHSIOTCS Pe3yIbTaThl U3MEpPEeHUS OanaH-
ca MacChl Ha OTAEJIbHBIX JIETHUKAX, IOJyIeHHBIC
TISTIIOI0TYeCKIM MeTomoM (Zemp et al., 2019).

CpaBHUTEIbHAS XapaKTePUCTHUKA TOPHOIO OJie-
IeHEHUsI B TJI00AJIbHOM MacIITabe 09eHb aKTyallb-
Ha B HacTosmee Bpems. O000ImeHNe TaHHBIX O
OajaHCe MacChl KOHTPOJIBLHBIX JIETHUKOB Bcemup-
HOM CIIy>kObI MOHUTOPHWHTA JICTHNKOB Ha MEXpe-
TMOHAJIILHOM U TJI00aJIbHOM YPOBHE CUMTACTCSI HE
BITOJIHE HAIEXHON OCHOBOM IJISI CpaBHUTEIIbHBIX
OLIEHOK, TaK KaK PexXMM KaxXOOoTo JICTHNKA WHIN-
BUIyaJleH U HE MOXET CIIY:KMTh OCHOBOM IJISI Xa-
PaKTEepUCTUKHU OJIeACHEHMS, BCell COBOKYIITHOCTH
JIETHUKOB OacceitHa 1100 TOPHO CTPAHEI B IIEJIOM.

IIpoBemeHa olleHKa reomge3nmdeckoro Oa-
JJaHCa MAacCH JefHUKOB B LleHTpanpHOU A3uu
(Pieczonka, Bolch, 2015) Ha ocHOBe cpaBHEHHSI
IByX UM poBeIX Moneieit penbeda (LIMP), momy-
YEeHHBIX C IIOMOIIIbI0 KOCMUYECKOU paaroIOKaIl-
onHoit muccum Shuttle Radar Topography Mission
(SRTM) B 2000 1., c 601ee panneii LIMP, mocTpo-
€HHOIl Ha OCHOBE M300paxkeHUI C NCKYCCTBEH-
HbIX cryTHHKOB 3emun (MC3) Corona u Hexagon
1970-x romos. IlpenmylinecTBa TaHHOTO METO-
Ia — IMIMPOKUI OXBAT TEPPUTOPUM U IJIUTECIHHBIN
paccMaTpuBaeMBlil IIepUOI BpeMeHU, HeIoCcTa-
TOK — BBICOKME ITOTPEITHOCTHA U3MEpPEeHHUSI bajaHca
Macchel. OgHako Bo MHOTUX pernoHax TsHb-1laHs
OHM COITIOCTaBMMEI C PACYETHBIMU 3HAYCHUSIMU Oa-
JIaHCA MACCHI.

C mmoMo1pio Habopa pa3HOBpeMeHHEBIX LIMP,
MOJIYYeHHBIX Ha OCHOBE CIIYTHUKOBBIX CTEPEO-

nzobpaxenuint ASTER, paccuuraH 6ajaHC Macchl
JnenHuKoB BricokoropHoii Azuu (Brunetal, 2017).
CpenHuii permoHajabHbIN 0ajaHC MacChl COCTaBUI
—16,3+3,5TI'rBrox (—0,18%+0,04 M B.3. B ron) B me-
puon ¢ 2000 mo 2016 .

OcHOBaHHbBIE Ha CITYTHUKOBBIX JaHHKIX (pa3-
HOBpPEMEHHBIE M300pakeHUs1, MOJyYeHHBIE CO
ciiytHukoB Corona KH-4 (1960-¢), Hexagon KH-9
(1970-e) 1 coBpeMeHHbIE HAOOPHI TAHHBIX C BHICO-
kuM paszpewieHueM ASTER, TerraSAR-X, Pléiades
U Ip.) BpeMeHHbIe psaabl OajlaHca Macchl JIEAHU -
KOB JJISI CEMU KJIMMAaTUYEeCKU Pa3JIMYHBIX peTu-
OHOB B BhICOKOTOpHO# Aszuu ¢ 1960 mo 2020 r.
(Bhattacharyaetal, 2021) moka3bpIBalOT, YTO TEMITbI
MOTEePU MaCChl JIEAHUKOB TTOCTOSIHHO YBeJIMYMBa-
1I0TCS B OOJIBIIMHCTBE paiioHOB. PermoHanbHbIe
OLIEHKM 0ajiaHca MacChl JETHUKOB BapbUpPYIOT B
nuana3zoHe ot —0,40+0,07 M B.3. B roa B LleHTpaJib-
HoMm u CeepHoM Tanb-11lane 1o —0,06+0,07 m B.5.
B roa Ha BocTtouHom [Tamupe co 3HauuTeNbHOM
BpPEMEHHOM U IMPOCTPAHCTBEHHOMN N3MEHUYNBOCTHIO.

B ctatwe (Lietal., 2021) ananusupyeTcs BO3-
MOXXHOCTb IIPUMEHEHUSI TPEX METONOB (TEXHO-
JIOTHi1) IJI MOHUTOPWHTA TOPHBIX JETHUKOB Ha
nmpumMepe jJenHuka Ypymuu Ne 1 B BoctouHom
Taub-Illane: IMP noaydyeHa npu cbeMKax jaef-
HUMKa MOCPEACTBOM KMHEMaTUUECKO robaabHOI
HABUTALIMOHHOM CIYTHUKOBOI CUCTEMBI B peab-
HoM BpeMeHU (RTK-GNSS) B 2012 r., HazeMHOTro
nazepHoro ckaHepa (TLS) B 2015 r. u 6ecriuiaoTHO-
ro JetarenbHoro annapata (BITJIA) B 2018 r. Co-
IJIACHO TIOJIyYEHHBIM pe3yJibTaTaM, JIEAHUK YPpyMuu
Ne 1 mpeTeprien 3aMeTHbIE HETaTUBHBIC U3MEHEHUS
Kak Io TOJIILIMHE, TaK U 1Mo Macce 3a 2012—2018 rr.
ITokazaHo xopoliee COOTBETCTBUE MEXIY TISIIMO-
JIOTUYECKUM U Te0Ae3UYECKUM YIeTbHBIM OaJlaHCOM
MaccChl, a TakKxXXe, YTO KOMOMHALIMS TPEX METOI0OB
MOAXOAUT IIJIsI MOHUTOPUHTA U3MEHEHUs OanaHca
Macchl JISAHUKOB, MO3BOJISISI U30€XKaTh MPUCYIIUX
KaXI0i METOINKe OTpaHWYECHUI U IIPEIOCTaBUTh
HaAEXHbIe JaHHbIE IJII MOHUTOPUHTA U3MEHEHUS
Macchl ropHbIx JenHUKoB (Lietal., 2021).

I[TogoGHBIE METOABI, ITOKA MpeaBapUTEIIbLHEIC,
anpo6bupoBaHbl U B KazaxcraHne. B npouecce uc-
ClIeOBaHUIA MO MEXIYHAPOAHOMY MPOEKTY B CO-
TPYOIHUYECTBE C YUEHBIMU YHUBepcuTeTa PenuHra
(BenukobpuTaHus), MOsIBUIACh BO3MOXHOCTb UC-
cJIeIoBaTh UBMEHEHUS OajlaHca MacChl ienHuka Ty-
1okcy 3a repuof ¢ 1998 mo 2016 r. mo KOCMUYECKUM
cHuMKaMm Pléiades, mo3BoJISIIOIINM C BBICOKOI TOU-

-528 -



A.Jl. Kokapes u 0p.

HOCTBIO OIICHUTh U3MEHEHUSI BEICOTHI IIOBEPXHOCTHU
TyroKkcyiCKOM rpyniibl JIETHUKOB 32 YKa3aHHBIN Me-
puon (Kapitsaetal., 2020). MeTomndecKue IIOIXOMbI
W3MEPEHUS BBICOTHI MOBEPXHOCTHU IIISIIAOJIOTHYEC-
CKIX 00BEKTOB (KaMeHHBIX IieTdyepoB) KazaxcraHa
n Kuprusnm Ha OCHOBE CIYTHHKOBBIX TaHHBIX IIPH-
MeHeHHI 1 B pabote (Kaabetal., 2021).

Hacrosmue n Oynyine n3MeHeHUSI KJIMMaTa
MIPEICTABIISIOT CO00M CEPhE3HYIO YIpo3y IS Hace-
JeHns 1 3KoHoMuKkHn LlenTpanpHoit Asnu (Stocker
et al., 2013). Opormraemble U TyCTOHACENEHHBIE paii-
OHBI B IIPEATOPhIX peTMOHA XapaKTepU3YIOTCS 3a-
CYIIUIMBBIM KJIMMAaTOM, IIO3TOMY TajIbie BOIBI TOP-
HBIX JICTHUKOB U CHETa CUMTAIOTCS CTPaTernIeCKU
BaxXHBIM BO300HOBJIsIeMbIM pecypcoM (Chenetal.,
2016; Huss, Hock, 2018). I1o »Toii mpuynHe Ka-
YeCTBEHHBIC JaHHBIC IS Pa3IMIHBIX KOMIIOHEH-
TOB THUAPOJIOTUYECKOTO IIMKJIA, B TOM YHCJIe IIpsI-
MbIe HaOJIIOAEHUS 32 KOMIIOHEHTaMU KPUOC(PEPHI,
MIPEICTaBIISIIOTCS KIIOUEeBBIMU IS 00eCIIeUYeHHUS
TOYHBIX IIPOTHO30B 1 adaIlTalliu.
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JleBBle IPUTOKKM HUXKHero TeyeHus: p. Miu
OepyT Havyajo U3 JIEAHUKOB CEBEPHOro CKJIOHAa
xpebTa 3auauiickuii AjaTtay, KOTOPBI MpeacTaB-
JIsieT co00i OHY U3 KpaliHUX CEBepPHBIX OYT TSHb-
IIansg. Ha cesepHom ckioHe 3aunuiickoro (Mie)
Amnaray B 2017 1. 3apeructpupoBaHo 470 JIeTHUKOB.
OO01as1 TIoIIaab OTKPHITOM YacTU BCEX JIEAHUKOB
cocrasisier 148,15 kM2, 00béM abaa 5,285 km3. s
cpaBHeHud, B Karanore (Karasor..., 1967) no co-
crostHuIo Ha 1955 r. 3adukcupoBaHo 307 1eNHUKOB
¢ 001LIel MIONIANbI0 OTKPBITOM yacTh 271,2 kM2,

B kauecTBe 00BEKTOB MCCIIeTOBAHMUS BEIOpAHBI
TPM JIEIHUKA CEeBEPHOro CKJIOHA xpebdra 3ammmii-
ckuii (Une) Anmaray: Llentpanpubiin Tytokcy, Urinsr
Tytokcy, MaHiyk MaMeToBO## — BCe OHM paco-
JIOXXeHBI B baccelite p. Manasg AnMaTtuHKa (puc. 1).

IIpn BEIOOpE JIEMTHUKOB OPUEHTUPOBAIMCH Ha
JOCTYIIHOCTh IIPOBEeACHUS MHCTPYMEHTAIbHBIX
paboT, pa3Tuuns B MOPMOIIOTMISCKIX ITapaMeTpax

wo b

deuwre) 824

Puc. 1. Paiion uccnegoBaHuii 1 uccienyeMble JeqHUKN 3auauiickoro (Mie) Anatay
Jlennuku: a — Uentpanbhbiit Tyiibikey, 6 — Uribl Tyitbikey, 6 — MaHmyk MameToBoit; I — NeIHUKH, 2 — peKU, 3 — rpaHULIbI

BOI0pa3aciaioB

Fig. 1. Research area and selected glaciers of Zailiyskiy (I1le) Alatau.
Glacicers: a — Central Tuiyksu, 6 — Igly Tuiyksu, ¢ — Manshuk Mametova; / — glaciers, 2 — rivers, 3 — watershed boundaries
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JIETHUKOB ¥ HEOTHOPOIHOCTD IIPUPOIHEIX (T€OMOP-
(osrornyeckmx, KIMMaTUIECKUX 1 IPYTUX) YCIOBUMA
PpacIoNIoXeHUsI 00bEKTOB UCCICIOBAHMIA.

Jlegnuxk LlenTpanbHblit TylOKCYy, OIMH U3 Hau-
6omee M3y4eHHBIX JegHUKOB Kaszaxcrana m CHI.
Mopdomornaeckuii TUI — OJOJMHHBINA, 3KCIIO3H-
sl — ceBepHasl, MaKCHUMaJbHas BeIcoTa — 4219 M
HazI yp. MOpSIL.

Jlennuk Urnel Tylokcy pacnoiaoxeH B Hello-
CpeICTBEeHHOI 0JIM30CTH K JieAHUKY Tyrokcy, Mop-
(onormyeckuii TUIl — TOJMHHBIN, S9KCIO3UIUSI —
ceBepo-3aIagHasi, MaKcuMajbHas Beicota — 4170 M
Hax yp. Mops. Llupk nemHuKa mpeacTaBisieT coboit
KOPOTKO€ 1 OTHOCHTEIILHO II0JI0roe YIIeIbe, HO
CTEHBI LIMPKa, HECMOTPS Ha 3HAYUTEJIbHYIO KPYTH3-
HY, HAKAIUIMBAIOT OOJIBIIINE MACCHI CHEra B XOJIOMI-
HBII IEPHUOL.

JlenHuk ManHiyk MameToBoii — KapoBO-BUCSI-
yuii, OpUEHTUPOBAH Ha CEBEepO-3amal, MaKCUMallb-
Hag BeicoTa — 4130 M Hag yp. mops. BeaencTBue
OOJIBIIION KPYTU3HBI CKJIOHBI IIPMJICTAIONINX ITNKOB
3aCHEXeHBI ¢1a00, CE30HHASI CHETOBasI IpaHMIIA 3a-
HUMAaeT caMO€ BBICOKOE ITOJIOKECHUE CPEeIU APYIUX
JIETHUKOB OacceifHa.

Martepuajbl 1 METOIbI

Taauuoaoeuneckuii memoo uzmepenus 6asanca
maccot aednurxoe. Ocod0e MECTO B TJISIIMOJIOTUMH 3a-
HUMAIOT TJISIIIAOJIOINISCKIE U TOIIOre0ae3nIecKIe
W3MEpPEeHNsI, O3BOJISIONINE BHIIOIHATD KOJIMYE-
CTBEHHYIO OIIEHKY IIPOIIECCOB, PEaTU3yIOIINXCS Ha
ropHoM JegHuke. Ha ceBepHoM cKiIoHe 3amanii-
CKoro AnaTtay B KaueCTBe KOHTPOJBHOIO (3TaJIOH-
HOTO) JIEMHWKA IUIST N3y4eHusI OalaHca MacChl B CH-
creme BCMJI nipencraBnen neguuk LleHTpaabHBIN
Tylokcy, ¢ 65-JIETHUM MepUOAOM HEMPEPLIBHBIX Ha-
omoneHnit Ha 6a3e crarmoHapa AO «HCTUTYT reo-
rpaguu 1 BogHoi 6e3omacHOCTH». Pacuét ronoBoro
OaylaHca MaccChl JIeTHUKA IIPOBOIUTCS IO METOINKE
Maxkapesnua (Maxkapesud, 2007).

Ilpumenenue oannvix OucCmanHuuoOHH020 30HOU-
poeanus 3emau (133) 0aa ouenxku usmenenus nio-
waou u Oasanca maccvt aednuKod. JIs1 onpene-
JICHUSI TPaHUIl JICAHUKOB, IIPUMEHEHB CHUMKU
coytHukoB: LandsatTM/ETM++, ¢ pa3penieHuem
oT 15 mo 60 M/muKcenb, gaThl chEMKM 29.07.1978,
08.08.1999; Sentinel 2, ¢ paspemreruem 10 M/uK-
cenb, nata cbéMKu 07.09.2021; CHUMKM CBEPXBBICO-

koro paspemenus (0,5 u 2,5 m/mmukcens) Pléiades,
nata cbémku 27.08.2016. Cuumku Landsat u
Sentinel moaydensl ¢ caiita EarthExplorer I'eosioru-
yeckoit Ciayx06br CIIA (http://earthexplorer.usgs.
gov), cHuMku Pléiades nmoyrydeHbI B paMKax IpoeK-
ta the Pléiades Glacier Observatory B coTpyaHHYE-
ctBe ¢ LEGOS u WGMS (https://wgms.ch/boost-
remote-sensing-data/).

HemudpupoBaHue TpaHUI] JIETHUKOB BEITIOI-
HeHo B ArcGIS 10.5. Bce cHUMKU moJiy4eHBbI Ipe-
UMYILIECTBEHHO Ha KOHELl ce30Ha abJIsILuM, YTOObI
HUCKJIIOUMTDH CHETOBBIC ITOJISI, HE OTHOCSAIIMECS K
JIEMHUKY. Y4YTeHa TOJBKO IJIOIIaab JieqHuKa (0e3
y4y€Ta MOpPEH, CoaepKallux NOrpeOEHHBIN AE1) U
KOHTYPBI, 110 KOTOPBIM OIIpeIessiach IIOIAAb, He
BKJTIOYABIIINE OTACIMBIIMECS (3a TIepUOI UCCIIEeIO-
BaHUsI) OT OCHOBHOTO JIEIHUKA MeJIK1e JIETHUKU.

I BBIYMCIEHUS U3MEHEHMST BBICOTHI ITOBEPX-
HOCTH JIETHUKOB, C MOCJEAYIOIINM pacuyéToM Oa-
JlaHca Macchl, npuMensanchk LIMP Pléiades 2016
u IIMP, mocTpoeHHast Ha OCHOBE MOJIeBbIX U3-
MmepeHuit 2021 r. CeHcop u unudpoBLie MOAEIU
Pléiades — nucTtaHIIMOHHBIE JaHHBIE MOJTydaeMBbIe
co cnyTHUKoB-0M3HenoB Pléiades 1A u 1B, 3amy-
IIEeHHBIX Ha opouty 3emuu 17 nekadbpsa 2011 r. u
2 nexabps 2012 r. cooTBeTcTBeHHO. JlaHHbBIE Tepe-
JaroTcs ¢ paspewreHreM 0,5 M 1719 maHXpoMaTUye-
CKOTO pexuma (IarHa BOJHBI B Auana3oHe 480—
830 HM) U 2 M JJ11 MYJBTUCIEKTPATBLHOTO pexXuMa
(Kapitsa et al., 2020). M300paxkeHusI CIIyTHUKOB
Pléiades, ycrnelmrHO NpUMEHSUIMCh B HALIMX MPebl-
nyux padotax (Kapitsaetal., 2020; Bhattacharya et
al., 2021). IMP BbIcOKOI0 pa3pelieHusi CTpOUTCS
Ha OCHOBe cTepeonap B moayJje Leica Photogram-
metry Suite u B nporpamme ErdasImagine.

CsémKa nogepxnocmu KA104e6bixX A1e0HUKO8 8bICO-
KOmo4HbIM npubopom ougpepenuyuaivroli cucmemol
2a06aavno2o nozuyuonuposanua (DGPS). Chémka
JIETHUKOB IpOM3BeneHa B repuo ¢ 11 aBrycra 1o
24 cents6ps 2021 r. ¢ moMoubio prudopa, OCHO-
BanHoro Ha DGPS — Posepa «South G6». Beicokoii
TOYHOCTH M3MEPEHUI KOOpAMHAT TOYEK U NX abCco-
JIIOTHOM BBICOTHI HA MECTHOCTHU, B peaJlbHOM Bpe-
MEHH, YIaJIOCh TOCTUTHYTh OJ1arogapsi TeXHOJIOTUM
RTX (Real Time eXtended). Texnonorus RTX, pas-
paboTtanHast Kommanueit «Trimble Navigation», mo-
3BOJISIET MOJIYYaTh JaHHBIE C CAHTUMETPOBOI TOY-
HOCTbBIO, KaK B IJjiaHe Tak u 1o Beicote (X, Y, Z)
Jlaxke B YCJIOBMSIX BEICOKOTOPBS. JIJIsT opueHTalnm
Ha MECTHOCTH, B KOHTpoJsuiep npudopa «DGPS
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Puc. 2. Touku n3MepeHuit ¢ TIOMOIIbIO prdopa mruddepeHINaTBHON CUCTEMBI IIOOATBLHOTO ITO3UIIMOHUPOBAHUS

«South G6», mpoBeI€HHBIX B aBrycre—ceHTsa0pe 2021 r.

Jlennuxu: a — Lentpanbhblii Tyitbikey, 6 — Uriel Tyiibikey, 6 — MaHiyk MametoBoii; I — koHTyp 1978 1., 2 — kKoHTyp 1999 1.,
3 — koHTyp 2016 T., 4 — KoHTYp 2021 I., 5 — TOUKM U3MEPEHHUI1 C TTOMOIIBIO TTprbopa T depeHINATEHON CUCTEMBI IIO0ATBHOTO
no3unronnpoBaHus «South G6», MpoBeNEHHBIX B aBrycte-ceHTsa0pe 2021 roma

Fig. 2. Points of measurement made in August-September 2021 using the device of the differential global positioning

system "South G6".

Glaciers: a — Central Tuiyksu, 6 — Igly Tuiyksu, 6 — Manshuk Mametova; / — contour of the year 1978, 2 — contour of the year
1999, 3 — contour of the year 2016, 4 — contour of the year 2021 1, 5 — points of measurement made in August-September 2021 us-
ing the device of the differential global positioning system "South G6"

South G6» npenBapUTeIbLHO 3arpyKeHbl KOHTY-
PBI BCEX UCCIEAYEMBIX JICTHUKOB, MOJYYEHHBIX CO
CITyTHUKOBOTO M300paxeHus Pléiades 1o cocrtosi-
Huto Ha 2016 . Bo BpeMs mpoBeaeHus reone3nye-
CKOI1 ChbEMKH OBLIO TOCTATOYHO IIPOCTO ONPEACIUTh
Ha KaKoOW YaCTU COBPEMEHHOM MOPEHBI, PACIIOJIO-
>KEHHOH Tepel SI3bIKaMU JICTHUKOB, HEOOXOIUMO
OpaTh oTYETHI X, Y, Z 11 BEIYMCICHUS U3MEHEHUS
nosepxHocTH ¢ 2016 mo 2021 r. (puc. 2), To eCThb Mo-
crpouts LIMP.

Bcero 3a moneBoit ce30H oTcHATO 1544 Touku
B auamna3zoHe BbICOT oT 3400 mo 4148 M Hanm yp.
Mops. MakcuMaiabHasi IOIrPEIIHOCTD IO ONpeac-
JIEHUIO abGCOoMIOTHOM BBICOTHI cocTaBuiaa 0,109 M,
muHuManbHas — 0,016 M, cpennsas — 0,029 M, mo
miany — 0,023, 0,009 u 0,014 M COOTBETCTBEHHO.
MakcuMaiabHoe KonndecTBo Touek (1094) oTcHs-
T0 Ha nenHuke LlenTpanbHblii TyloKcy B MHTEpBaje
BBICOT OT 3410 mo 3828 M Ham yp. MOpsT, MUHUMAaJTb-
Hoe (158) — Ha negHuke MaHiyk MamMeToBoii, Tak
KaK COCTOSIHME TIOBEPXHOCTH JIAHUKA CUJIHO Orpa-
HUYMBAJIO HOCTyIl. KpoMe Touek, HaXOAUBIINUXCS
Ha IMOBEPXHOCTHU JICTIHUKOB UM MOPEHBI, OTCHSTO

130 HazeMHBIX KOHTpOJbHBIX ToYeK (HKT) Ha He
n3MeHsouencs (cTabuabHOM) U CBOOOTHON OTO
JIbJIa TIOBEPXHOCTH JISI OIpEeIeICHUS ITOTPEIIHO-
ctu abcooTHOI BeicoThl LIMP. TTpuMensiss Mmonynb
Spatial Analyst u meTon unTeprnoasaunu «Kriging» B
nporpamme ArcGis 10.5 moctpoena LIMP penbeda
JIETHUKOB 110 cocTossHUIO Ha 2021 r. ¢ pa3pelieHu-
eMm 30 M. B mpouecce npoBenenust cbémMku DGPS,
00JIacTh aKKYyMYJISILUU JeAHUKOB (Bbime 3800 M
Hal yp. MOpPsI) IPaKTUYECKU He Obla OXBavyeHa M3-
MEpPEHUSMU U3-3a KPYTHIX CKJIOHOB, KOTOPBIC TIpe-
ISITCTBYIOT ITOJIYYEHUIO MOIPABOK CO CITYTHMKA,
U TJIyOOKMX TPELIMH, BO3HUKAIOIIUX B pe3yJibTaTe
IBWKEHUS Jbaa. YTOOBI BOCIIOJIHUTEL 3TOT IIpobes B
JAHHBIX, TIPOBecHA ChEMKa 00JIaCTU aKKyMYJISILIUU
JiemHUKa MoJIoagXHOT0, KOTOPhIil TaKXKe HAXOIUT-
cs B bacceliHe p. Manasg AnTMaTHHKA U pacIiofioXeH
Ha TeX e a0COJIIOTHBIX BbicoTax. O0J1acTh akKy-
MYJISILUM JiIeAHUKA MOJIOAEXHOIO0 — C OTPHITBIMU
U 6e30ITaCHBIMU CKJIOHAMM, HE MPETITCTBYIOLIM -
MM TIOJIy4EHUIO TIOINPaBOK cO cIlyTHMKa. Ha ocHoBe
DGPS uzmepenunii nmosryueHa cBsi3b UI3MEHEHUS BbI-
COTBI TIOBEPXHOCTH JICAHUKOB B TOYKAX U3MEPEHUSI
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Puc. 3. CBs3b uaMeHeHuUs (a0sLMs U aKKyMYJISIIMSI) BBICOTBI TOBEPXHOCTU UCCAEAYEMbIX JIEAHUKOB B TOUKAX M3-
MEpEHUST ¢ BBICOTOM Hanm yp. mMops 3a mepuona 2016—2021 rr. (mo maHHBIM cHMMKa Pléiades, mata chEéMKM
27.08.2016 r. u U3MepeHuii ¢ MoMolIblo nprbdopa auddepeHInaIbHON CUCTEMBI TII00AIPHOTO MO3ULIMOHUPOBAHNS

«South G6» B aBrycte—centssope 2021 1.)

Fig. 3. Correlation between the change (ablation and accumulation) of the height of the surface of selected glaciers at
the measurement points with the height above sea level for the period 2016—2021 (according to the Pléiades image,
survey date 27.08.2016 and measurements made in August-September 2021 using the "South G6" differential global

positioning system device)

OT abCOJIIOTHOM BBLICOTHI (puC. 3),KOTOpas IpuMe-
HS1IACh JJIS1 3KCTPAMNOJISILMKU JaHHBIX HA HE OXBauyeH-
Heie DGPS ch€MKoii 001aCTH JIETHUKOB — JIJISI BCEX
nukceneit, He oxBaueHHBIX DGPS cnéMkoit, pa3ou-
TBHIX ITO BBICOTHBIM MHTEpPBaIaM.

Memoouxa cpasnenusn IIMP u pacuém zeodesute-
CK020 6aaanca maccot. J17151 BEIMUCIICHUS N3MEHEHUS
BBICOTHI TIOBEPXHOCTHU JieAHUKOB Bce LIMP npeo6-
pa3oBaHbI B cucTeMy KoopauHat npoekuun UTM
WGS 84 30HbBI 43N. V3MeHeHUs BBICOTHI TTOBEPX-
HOCTHU BBIIIOJIHEHO IUISI OTKPBITOM YaCTU JIETHU-
KOB, T10 cocTosTHUIO Ha 2016 1. PacuéThl mpousBee-
Hbl B mporpammMe ArcGIS 10.5 ¢ moMolibio MoayJist
SpatialAnalyst 1 ”HCTpyMeHTa «AJIreopbl KapT». Yc-
PEIHEHHBIN T10 TUIOLIAAM YACIbHBIN Treone3nuecKuii
6ananc maccol (AM ) paccuuTaH 1o Gopmyie:

AM... = (AV-pAv)/(AAD),

reon

rae AV — usmeHenue o6beéMa (M3);'pAv — mior-
HOCTb JibJa (Kr/M3); A — cpefHss TUIOLALb JICIHU-
Ka (KM?2); Af — BpeMs B TOJaX MEXIY COOTBETCTBYIO-
mumu LIMP (Huss, 2013; Barandun et al., 2018).
CpenHsas rwioTHocThb 850160 Kr M- prMeHsIach
IJIsl IpeoOpa3oBaHus 00bEMA B MaccCy, IJIsl pacyé-

Ta reofe3nYeckKoro GajaHca MacChl B COOTBETCTBUM
¢ pekomeHnauusamu (Huss, 2013) u pacuéra reome-
3UYECKOro 0alaHca Macchl IPYTUX JIEAHUKOB TSHb-
Iang (Barandunetal., 2021).

Koauvecmeennas ouenrxa nozpewtnocmu pac4émoe.
INorpenHoCcTh onpeneaeHUs TPaHMIL JIGAHUKOB CKJa-
IbIBAJIach U3 ITOTPEITHOCTH OPTOPEKTU(DUKAIINY KaXK-
noro uzoopaxkenus: ¢ HKT u morpeniHoctu ornpene-
JIEHMSI TpaHU1I JIEATHUKOB orepatopoM. IlorpenHocTsb
OPTOPEKTU(HMKALIMA paCCYMTaHA COTIACHO PEKO-
MeHgausaM B uccienosannu (Granshaw, Fountain,
2006). O6yacTh MOrPETHOCTH, IITUPUHOM ¥ 3HaUe-
HUsI cpeliHeKBaapaTuyeckoit ommoku (2 RSME, (),
MOCTpOCHA BOKPYT' KOHTYpa KaXXI0ro JISAHUKA U T10-
TPELIHOCTh pacCYMTaHa KaK CpelHee COOTHOLICHHE
HVICXOIHOM TUIOLIAIN JIGTHUKOB K IUIOLIAIU ¢ Oydep-
HOIt 30HOM. 3HaUEHUSI TTOTPEITHOCTA OPTOPEKTUMDU-
Kaluu KocMudyeckux cHuMKoB (RSME, ) He mipe-
BBHIIIAJIM BEJIWYMHBI padMepa MUKCENsT KaXIoTo
n3oopaxenus. [TorpelrHoCTh onpeaeneHuns: TpaHuIl
JIGIHUKOB OIEPaTOPOM, COINIACHO MCCJIEAOBAHUIO
(Pauletal., 2013), npuHsTa paBHoii 3,5%.

IMorpenIHocTh B ONpeAeIeHUM IFeoIe3uIecKOro
OanaHca MaccChl JICIHUKOB BKJII0Yajia: BEPTUKAb-
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Tabnuya 1. JuHaMMKa IIOIATM KITI0YEBbIX (OMMOPHBIX) TETHUKOB

ITnowmans ieJHUKA 110 TogaM, KM?2
Jlennuk
1978 1999 2016 2021
LeHtpanbHbiit Tylokcy 2,71+0,70 2,67+0,11 2,28+0,09 2,22+0,14
Wrnsl Tyokcy 0,98+0,49 0,92+0,13 0,801+0,04 0,7240,08
Maniuyk MametoBoit 0,37%+0,19 0,34%0,03 0,25%+0,04 0,24+0,07

Hyto TouHocTb LIMP (Pléiades 2016) — cucteMHoOI
onOku (£)), BBIYMCICHHOH MyTEM CpaBHEHUS ab-
comoTHoM BeIcOTHI LIMP ¢ 130 HKT, mosygeHHBI-
MU B Xoge IoJieBeIX n3mepenuii DGPS Ha He us-
MeHsolIeics (cTabuabHOI) U CBOOOAHOM OT JibAa
MOBEPXHOCTHU. J10 KOppeKTUpoBKM G = 1,5 M, mocie
0,7 m; norpertnocts DGPS npu6opa (£,) cocraBuia
0,031, 0,026 u 0,032 m Ha nenHukax LleHTpaabHbIil
Tyrokcy, st Tyrokcy 1 MaHiyk MameToBoii co-
OTBETCTBEHHO; CllyyaiiHas ounoka (£3), BOZHUKaIO-
11ask IpU IBMXKEHWU aHTEHHBI, IPUKPETUIEHHON Ha
reoe3nyecKylo Bexy, MoJOXeHNe BeX Ha HEPOB-
HOI1 IMMOBEPXHOCTU U IMMPOHUKHOBEHMS BEXU B CHEX-
HYIO T (DMPHOBYIO TTOBEPXHOCTh. [IprHsTa 01116~
Kka 0,1 M, moxyuyeHHas B pabote (Nolanetal., 2005).
O61as ommbKa paccuuThiBaIaCh Mo (hopmyJie:

E=+(E?+ E}?+ E}"

Pe3yabTaThl

Hzmenenusn niowaou onopusix 1e0HUK08 NO Oan-
Hotm J133. Ha ocHOBe aHam3a KOCMUYECKUX CHUM-
KOB IIpOBeAeHa paboTa Mo OIpeacIeHUIO II0IIa-
JI OTIOPHBIX JIEAHUKOB 3a roAbl ChéMKU. B Tabdma. 1
MIpUBEICcHB U3MEHECHUS TUIOIIAAN JISTHUKOB, U3Me-
peHHble o gaHHbIM [I33. OTciexeHa nmoapooHas
JUHAMUKa U3MEHEHUS TUToIaan JeAHUKOB ¢ 1978
no 2021 r. (cMm. puc. 2).

Ha ocHoBaHMU TMHAMWKU U3MEHEHUS TIJI0IIA-
A UCCIEAYEMBIX JEAHUKOB pacCuMTaHa BeJIMYMHA
TEMIIOB Aerpagallii 3a Becb 43-JeTHU TIepuo uc-
cnepoBanuit. Jlemnuk LlenTpanbsubiit Tytokcy ¢ 1978
mo 2021 r. motepsin 6onee 18% cBoeil mowmanu,
yrto cocrasisier 0,42% B rox, negHuk Mrisl Tyok-
Cy pacmajics Ha TpM YacTH U YMEHBIIMICS Ha 26,5%
(0,62% B rom), a negHUK MaHiyk MaMeToBoIi 1mo-
tepan 35,7% nnomanu (0,83% B rox). Habmona-
€TCS TOBOJIbHO CMJILHBIN pa30poC BETMYMHEBI TEM-
MOB Jerpagalu. DTO MOXHO OOBSICHUTbH Pa3HbIMU
YCJIOBUSIMU JIETHUKOBBIX TTapaMeTpoB (MOIITHOCTh
Jibla, KpyTU3HA JeIHWKA, 9KCIO3UIIUs, 3aT€HEH-

HOCTb, HAJIMYME JABUHHOIO MUTaHMS, CTPOCHUE U
¢dopMa J10ka ¥ T.11.) ¥ OTIIMYAIOIIMMUCSI MUKPOKITHU -
MaTUYECKUMHU YCIIOBUSIMU. B 11emoMm 311 43-netHne
TEMIIbI JeTpagallii BIIOJIHE COOTBETCTBYIOT O0IIIEMY
OTpHULIATEIbHOMY TPEHAY IUIOIIAIN OJIeIeHEHUS 3a-
wimiickoro Anartay ¢ 1955 r. mo HacrosiIee BpeMs,
KOTOpHIit cocTaBnseT — 0,78% B ron. Dra BeIMynHA
MPaKTUIEeCKU He M3MEHWIIACh B CPAaBHEHHUU C KCCIIe-
JMOBaHUSIMU OJIENEHEHUS 3TOTO PETHMOHA I10 COCTO-
sHuo Ha 1990 r. (Bunecos, YBapos, 2001), 2008 r.
(Kokapes, Illectepona, 2011) u 2017 r.

Hzmenenusn o06éma onopuvix 1e0HUK06 no 0an-
noim /]33 u HazemHo20 MOHUMOpUH2a, pacuém baian-
ca maccot eeodesurecKum memoodom. Pe3ynbrathsl Uc-
CJICIOBAaHUI 110 U3MEHEHUIO BBICOTHI IIOBEPXHOCTH
1 pacy€Ty reofe3ndecKoro bajgaHca MacChl JICTHU-
KOB MIpeACTaBlIeHHBI HA puc. 4 u Tabx. 2. B memoMm,
pacIipeneieHre 3Ha9eHU 0 a0COIIOTHON BEICO-
T€ MOKAa3bIBaeT BIOJHE OXUIAaeMbIe PE3yIbTaTHI.
MaxkcuManbHbIe OTpULIATEIbHEBIC 3HAYEHMST OTME-
YaroTCsI Ha SI3BIKAX JIEIHUKOB, B 00JIACTYU a0JISIIIAN,
C MOCTENEHHBIM CHUXEHMWEM, TI0 MEpPE YBeInye-
HUE aOCOJIIOTHOM BBICOTHI, U TIEPEXOAOM K HYJIEBHIM
WIX HEe3HAYUTEJbHBIM ITOJIOKUTEIbHBIM 3HAYEHU -
M B obsiactu akkyMyasauuu. Hanbonbinve notepu
Jbaa, 6osee 14 m 3a nepuon 2016—2021 rr., oTMeye-
HBI Ha SI3bIKe JlegHnKa lleHTpanpHbiii Tyokcy (cMm.
puc. 4), Ipu 3TOM CpeaHee ITOHIKEHIUE II0 BCEMY
JIeqHUKY coctaBuio —3,72 uau 0,74 M B rod, yc-
penHEHHBIN O6anaHc Macchl coctaBui —0,63 M B.2. B
roa. Becero 3a nsrvieTHUI iepyo JISTHUK MOTePSIT
6oste 8,4 MuH M3 nbaa.

Ha negnukax WUrnel Tyokcy u MaHmyk Ma-
METOBOI 3HAYECHUSI CHUXKEHMS BBHICOTHI IIOBEPX-
HOCTH OYCHB OJIVI3KM U B CpeaHEM COCTaBIIIN —3,32
1 —3,39 M COOTBETCTBEHHO, TIPY 3TOM JICAHUKU T10-
tepsun 1,58 n 0,64 MIH. M3 JIbIa COOTBETCTBEHHO.
HecmoTpg Ha HeOONbIIYIO pa3HUILY YCPEOHEH-
HBIX 10 BCEU IIOIIAAN 3HAYCHUI MOHWKEHUS I10-
BEPXHOCTH 3TUX JIBYX JIGTHUKOB C JieTHUKOM LleH-
TpaidbHbI TYIOKCY B SI3IKOBOI YacTU OTMEYEeHa
CyIlleCTBEHHasl pa3HuIla. MeHblle 3HauYeHUs 13-
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Puc. 4. VIaMeHeHMe BBICOTHI ITOBEPXHOCTHU JIETHUKOB (B MeTpax) 3a mepuon 2016—2021 rr. mo JaHHBIM CHUMKAa
Pléiades, nara crémku 27.08.2016 1. 1 U3MEPEHUII ¢ TIOMOIIIBIO TTpubopa nuddepeHIIMaTbHON CUCTEMBI IJI00ATBHO-
ro nosuoHuposaHus «South G6» B aBrycte—ceHTtssope 2021 r. Jegnuku: a — Lentpansuenii Tyilbikey, 6 — Vsl

Tyiibikcy, 6 — MaHIIyk MaMeToBoii

Fig. 4. Change in the height of the surface of glaciers (in meters) for the period 2016—2021 according to the data of P1é-
iades image (survey date is 27.08.2016) and measurement made in August—September 2021 using the device of the differ-
ential global positioning system "South G6". Glaciers: a — Central Tuiyksu, 6 — Igly Tuiyksu, ¢ — Manshuk Mametova

MEHEHUS BBICOTHI TOBEPXHOCTU Ha SI3bIKE JIETHU-
ka Urasl Tylokcy, B cpaBHeHUU ¢ LleHTpanbHBIM
Tytokcy, TIpu MOYTH OAMHAKOBOM aOCOIIOTHOM BbI-
COTe, BO3MOXHO CBSI3aHBI C IMMOCTEIIEHHBIM OpOHU-
POBAaHUEM JibJA ITOBEPXHOCTHON MOPEHOM B 3TOM
ob6aactu. SI3bIk nemgHuKa MaHimyk MameToBoii o
abCOJIIOTHOM BBICOTE, B cCpeaHeM BhIIIe Ha 140—
150 M, 4TO cKa3bIBaeTCsd Ha CKOPOCTU TasTHUS U
BJIMSIET Ha pa3HUILY C SI3bIKOM JenHuka LleHTpaib-
Hblit Tyrokcy. Ha 61mM3kux abCcoMIOTHBIX BhICOTAX
(Ha yJacTKax ¢ U3MEpPEeHUSIMU) TeMIIbI TTOHVKEHUS
MOBEPXHOCTU MPAKTUYECKU UIEHTUYHBI.

Cpasnenue pe3yabmamog onpedenenus oaianca
maccot aednuxa Ilenmpaavnotii Tyroxcy eeodeszuue-
CKUM U 2aauuoaozuteckum memooamu. I1poBonrmelie
HaOmoneHus Ha negHuke LleHTpanbHblilt Tylokcy
Jal0T BO3MOXHOCTh IPOBECTU CPAaBHEHMUS TJISLIMO-
JIOTUYECKOTO U Te0Ie3MYECKOro METOIOB OIpeeie-
Hus 0ajlaHca MaccChl JJeTHUKA.

CeTb U3 NYHKTOB HAOJIONCHUS — JEpPEBSIH-
HBIX peeK Ha negHukKe LleHTpanbHbIN TyooKcy, B
1990-x — Hayvase 2000-x romax IMOCTeNIEHHO COKpa-
1ajach, HaOMIOMEHUS TaK Xe BeJMCh HEpeTyIsIp-
Ho. B 2006—2007 rr. peeyHOE MoJie OJTHOCThIO 00-
HOBJIEHO, ObLIO 3a0ypeHOo 120 4eTBIPEXMETPOBBIX

peeK 1 BOCCTAaHOBUJIACH PETYJISIPHOCTDH HAOMIOIE-
Hui. JlepeBIHHbIE pEiKM HA TIOBEPXHOCTHU JeTHU-
Ka B OCHOBHOM DPacIIOjIOXKeHbI B 00JIaCTU a0JIsAIuH,
TaK KakK OypeHMe BhIIlIe — B 00JIaCTU aKKyMYJISIIINU
He MMeeT CMbIC/Ia, U3-3a YaCcThIX 00BAJIOB JIEASTHbIX
Macc U cxoja JaBuH. Ilo aToit npuuyuHe GanaHC B
3TOM 00JIACTH OMpenessieTcss paCYETHBIM METOIOM,
OCHOBaHHBIM Ha 20-JeTHMX MPSIMbIX HAOIIOIEHUIX
(Makapesuu, 2007). Ha puc. 5 moka3aHbI pe3yJibTa-
THI U3MEPEHUI OaaHca Macchl legHuKa LleHTpanb-
Hu1it Tyrokey 3a nepron 2016—2021 rr., moay4yeHHO-
IO IJISIIMOJOTMYEeCKUM (T10JIeBbIe UCCIeNOBaHMS Ha
6aze crannoHapa TyOKCY) U TeoIe3n4eCKUM METO-
namu. HeobxonuMo yIuThIBaTh, YTO KapTa IJISILMO-
JIOTMYECKOro GajaHca Macchl 10 BhIcOThI 3800 M Han
yp. MOpsI TIOCTPOEHA I10 JaHHBIM, ITOJIYYEHHBIM C
97 Touex (3a0ypeHHBIX peeK), a IJIs1 BepXHeil yacTh
JIeAHUKA, 110 YKa3aHHBIM BbIIIIE€ TIPUYMHAM, 10 Me-
tony K.I'. Makapesuua (MaxkapeBuy, 2007). Cymma
TOJIOBBIX OAJIAHCOB, PACCUMTAHHBIX TJISIIAOJOIMYE-
CKUM MeToaoM 3a nepuon 2016—2021 rr., cocTaBu-
na —2,9 M B.3., unu —0,58 M B.3. B ro, CyMMapHBIi
OajaHC, MOJIyYEHHBIN reoIe3nYEeCKUM METOIOM 3a
3TOT nepuod, coctaBwi —3,17 M B.3. uau 0,63 M B.3.
B ron. Pa3Huna B 6ajnaHce Macchl, HabogaeMas B
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Tabnuya 2. VI3aMeHeHue BBICOTHI IOBEPXHOCTH, 00béMa 1 6amaHC MacChl KIII0UeBBIX IETHUKOB 3a mepuox 2016-2021 rr.

Jleqnuk W3MeHeH1e BBICOTHI TOBEPXHOCTH, M | Mi3aMeHeHMe 00béMa, MiTH, M3 | BanaHc mMacchl, a™!, M. B.o.
Uentpanbusrit Tylokcy* — —8,36 —0,58
LenTtpanbhblii Tytokey** -3,72%0,79 —6,25+1,8 —0,6310,13
Urns Tyrokey™* —3,324+0,8 —1,58%0,6 -0,56+0,14
Manuryk MameToBoii** —3,39+0,8 —0,6410,2 —0,58%0,14

AHanu3 U3MEHEHU mokasaTesieil BbIIOJHEH TJISLMOJOTMYECKUM METOIOM™ U Ieofe3udeCcKuM MCTO)IOM**; IIpOYEpK — IMOKasa-

TEJIb HE OMPEICIIATICA.
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Puc. 5. Pesynbrarel u3MeHeHUs1 GajaHca Macchl JegHuka LleHTpanbHbiii Tyiibikcy (B M.B.3.) 3a nepuon 2016—
2021 rr. noay4YeHHBIX Fe0Ie3UUYeCKUM (a) U INISLMOJ0rnYecKuM (6) MetogaMu; I — Touku (3a0ypeHHbIE PEHKU).

Fig. 5. Results of changes in the mass balance of the Central Tuiyksu glacier (in m.w.e.) for the period 2016—2021 ob-
tained by geodetic (a) and glaciological (b) methods; 7 — points (drilled rails).

obJacTu abaaunu (C TTOKPBITUEM peKaMM), MOXKET
CUYUTAThCH CJICACTBUEM MEpPEeHOCa MAaCChl M3 001aCTH
aKKyMYJISILIMU B 00J1aCTh aOJIAIIUM, KOTOpast He Y4u-
TBIBaeTCSA IPpU pacuére banaHca DISLMOJIOTMYECKIM
MetonoM. s pacyéra BRIHOCA MJIM TaK Ha3bIBac-
MOTO BHYTPEHHETO 6ajlaHca MacChl TPEOYIOTCS 10-
IMOJHUTEIbHbIC UCCIEeA0BAaHUS U PAcUYEThl HA TIPO-
TSDKEHUU HECKOJIbKUX JIET.

Takum o0pa3oM, pe3yabTaTbl CPABHEHUS ME-
TOIOB Macc-6aJaHCOBBIX MCCIeAOBAHUI JIGAHUKOB
IMOKa3bIBAaIOT, UTO METOJ I'eOAe3MYeCcKOTo OajlaH-

ca Macchl JIEMHUKOB 1Mo naHHBIM /133 n HazeMHOM
creéMKku DGPS BrioiHe conoctaBuM ¢ pe3yibTaTaMUu
IJISILIMOJIOTUYIECKUX METOIOB U3MEPEHMIA 1 paCUETOB.

3aKkinoyeHue

IIpoBencHa olieHKa COBPEMEHHOTO COCTOSIHUS U
OaylaHC MacChl KJIIOUEBBIX JICTHUKOB 3a pa3Iu4yHbIC
nepuoabl. Pabora BeIMOJIHEHA HA OCHOBE codeTa-
HUS 00pabOTKM 1 aHaaM3a naHHbIX /133 13 KkocMmoca

-535-



JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

¥ TI0JIEBBIX M3MepeHuii. I1oeBrie n3MepeHus IIpu-
MEHSIJINCH IJIST BEIYUCIICHUSI U3MEHEHUST BBICOTHI
MMOBEPXHOCTH JICTHUKOB B CPAaBHEHUM C UMEIOIIH-
mucs LIMP, a takxke IIMP BbICOKOro pa3pellieHust
(Pléiades), mo cocrostHuio Ha 2016 T.

Ha ocHOBaHmM TMHAMMKN M3MEHEHHUS ILJIOIIA-
I BEIOpaHHBIX JICTHUKOB CEBEPHOTO CKJIOHA Xpeo-
Ta 3ammMiicKuii Ajlatay paccunTaHa BeJIMIMHA TeM-
noB gerpagauuu. Jlennuk LentpanbHbiit Tytokcy
¢ 1978 mo 2021 r. notepsut 6osee 18% cBoeii mio-
maau, uro cocrapiseT 0,42% B rox, JenHUK Wbl
Tylokcy ymenbmics Ha 26,5% (0,62% B ron), a
negHuK Maniyk MameTtoBoit norepsit 35,7% mio-
manu (0,83% B rox). B 1ieioM TeMIIBl Jerpaganuu
KJTIOUYEBBIX JIETHMKOB BIIOJIHE COOTBETCTBYIOT OOIIIe-
My TeMITy Jerpagaluy ojedeHeHNs 3alINiiCKOTO
Anatay ¢ 1955 r. mo HacTosIIIee Bpems.

IlonydyeHHBIe pe3yabTaTHl 110 U3MEHEHUIO BHI-
COTHI IOBEPXHOCTHU M PacUETy Ireome3nIecKoro oa-
JIaHCa MacChl MCCIIEIYEMBIX JIETHUKOB ITO3BOJISIOT
caenaTh BEIBOM, YTO pacIpeae/icHUe TeMIIOB CTau-
BaHU JIbAA IT0 a0COJIOTHOM BBICOTE BIIOJIHE MOTYT
MPUMEHSITHCS B TOPHEIX cucTeMax KasaxcraHa.
MakcuManbHBIE OTpULIATeIbHBIC 3HAYCHHUS OTMe-
YaroTCs Ha SI3BIKAX JIGTHUKOB, B 00JIaCTH a0JIsIIIuN,
C IIOCTEIIEHHBIM CHIXXEHMEM, 10 MEpe yBeIude-
HUS a0COIOTHOM BBEICOTHI, U MIEPEXOAOM K IIOJIO-
KUTEIbHBIM 3HAYCHUSIM B 00JIaCTH aKKYMYJISIINU.
HauGonpmme morepu baa, 6omee 14 M, oTMEYeHBI
3a nepuog 2016—2021 rr. Ha si3bIKe JiegHuka LleH-
TpanbHbIi TyloKcy.

IIpenmoxeHHass METOOMKA MUCTAHIIMOHHOMN
OLICHKHU OajlaHca MAcCHI JIETHUKOB 110 MaTepuajiaM
N33 cumrtaercs IMPOMOKEHUEM MCCICIOBAHUIA,
MPOBOIMMEIX B 3TOM HarpaBiaeHun (Kapitsaatal.,
2020). Oco0yro LIEHHOCTh IIPeACTaBJISTIOT HATYPHEIS

JIutepaTtypa

Buasecoe E.H., Ysapos B.H. DBonounsi COBpEMEHHOTO
osneneHeHMs 3amauniickoro AjaTtay B XX Beke. AjiMa-
TeI: Kazaxckuit ynuBepcuret, 2001. 252 c.

Karanor nemgumukos CCCP. T. 13. Boimn. 2. Y. 1. J1.: Tu-
npometeomnsaar, 1967. 78 c.

Kokapes A.JI., lllecmeposa HU.H. I3MeHeHNE JICTHUKO-
BBIX CUCTEM CEBEPHOI'O CKJIOHA 3aMIMIICKOro AnaTay
BO BTOpOi1 nosioBuHe XX u Havane XXI BB. // JI€n u
Cuer. 2011. Ne 4 (116). C. 39—46.

Makapesuu K.I. MeTonudeckue acIreKThl UCCIeI0Ba-
HUi1 OajlaHca Macchl M KOeOaHUii TOPHBIX JIETHUKOB.
KpaTkoe pyKoBOJICTBO IO ITOCTAHOBKE U ITPOBEIECHUIO

MOJIEBBIC N3MEpPeHMSI (C IIOMOIIBI0 T hepeHIIATb-
Horo rmpubdopa DGPS South G6), KoTopble 1TO3BOJISA-
IOT C IOCTaTOYHO BBICOKOI TOYHOCTHIO BEPU(DHIIH-
poBaTh HaTypHbIe JaHHKIe ¢ [IIMP, mony4yeHHBIMU OT
cercoposB J133. Emé oguH HemMamoBaXXHbBIN (hakTop
VIIyYIIeHUST UMEIOIINXCS METOOINK — MHOTOJICTHUE
HCCIIeq0BaHUs OajaHca Macchl JemHuKa LleHTpanb-
eI Tytokey, Bxogsiiero B BCMJI.

CpaBHEHUE TIISIIMOJIOTHIECKOTO (IT0JIeBbIE HC-
clieqoBaHMS Ha 0a3e cTallMOHapa) W reole3nde-
ckoro (aHanu3 maHHBIX [I33) MeTOOOB Ha OCHO-
BE pe3yJIbTaTOB pacdéTa TOZ0BOTO OajaHCa MacCHl
negnuka Lentpanbhbiilt Tyrokcy 3a nepuos 2016—
2021 1T. moKa3bIBaeT, YTO UTOrOBEIE 3HAYEHUS TO-
IIOBOTO 0OajlaHca, pacCUMTAaHHBIC IBYMSI METOOAMM,
OYeHb OJIM3KU 110 3HaYeHUSIM. Tak, cyMMa TOIOBBIX
0aJaHCOB, PAaCCUMTAHHBIX INISIHAOJOTMISCKUM Me-
TOIOM 3a 3TOT IIEPUOI, cocTaBmwiIa —2,9 M B.3., 4TO
cooTtBeTcTBYeT —0,58 M B.3. B rom, 0ajaHc, paccuu-
TaHHBII TeOAe3NICCKUM METOIOM 3a 3TOT IIEPHUO,
cocraBuia —0,63 M B.3. B roJ.

TakuM o0pa3oM, pe3yabTaThl CPABHEHUS Me-
TOHOB Macc-0aJJaHCOBBIX MCCIICIOBAaHUNA JeTHUKOB
MMOKAa3bIBAIOT, YTO METOH T'€0Ie3MIeCKOTo OalaH-
ca MaccHl JISTHUKOB 1o JaHHBIM 33 u HazeMHO
cuéMKH DGPS coroctaBiM ¢ pe3yabTaTaMy TITSIIINO-
JIOTMYECKMX METOIOB U3MEPEHMIT M paCUETOB.
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