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Summary

Glacier mass loss and consequent terminus retreat lead to formation and growth of glacier lakes. In Cauca-
sus outbursts of glacial lakes formed in recent decades have led to human casualties and significant damage.
In this study the location and volume of the potential glacier lakes in Central Caucasus was estimated based
on ground and airborne GPR data, as well as using results of global ice thickness modelling. Selected glaciers
are located in the Adyl-Su and Gerkhozhan-Su valleys as well on the southern and north-eastern slopes of
Elbrus. The methodology was tested by retrospective modeling of Bolshoy Azau and Djikiugankez glaciers
bed topography using 1957 topographic map. Seven existing lakes were predicted by the hydraulic poten-
tial in the areas where glaciers disappeared by 2017. Six overdeepenings on Djikiugankez glacier bed as of
1957 are currently absent, which might be related to the model uncertainties and the original DEMs errors,
as well as to possible filling of lakes by sediments. Retrospective modeling of the Bashkara glacier bed topog-
raphy based on SRTM DEM (2000) showed significant growth potential of the existing lake Lapa. Retrospec-
tive modeling of the Kaayarty glacier bed topography has not provided a clear answer whether the subglacial
lake outburst flood was a trigger for catastrophic debris flow formation during the summer of 2000. In case
of total disappearance of Bolshoy Azau, Djikiugankez and Bashkara glaciers at least 11 new lakes with total
area of about 1.7 km? and an average depth of 8 m will form. While the deepest lake will be formed at the
ablation zone of Bolshoy Azau glacier (at elevation 3100-3400 m a.s.l.) the largest in area (1 km?) glacial lake
will appear at the Djikiugankez snout with maximum depth of 40 m and mean depth of 7.2 m. The simula-
tion also showed that subglacial lakes of different number and size may also exist under studied glaciers. Our
estimates may contain uncertainties due to low resolution of airborne GPR data and the lack of GPR data for
Kayaarty glacier, DEM and ice thickness model errors. Detailed ground-based radar survey will enable the
assessment of the size and volume of the potential subglacial lakes.
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Ha ocHoBe paHHbIX paAvoNoKaLMOHHOrO 30HAMPOBAHWA Y MOAENMPOBAHNA OLeHeHbl 06bEM 1 nno-
Wafb NOTeHLMaNbHbIX 03€P, KOTOPble MOTYT CPOPMUPOBATLCA HA MeCTe OTCTYNAILUX JiefHUKOB B [Npu-
anbbpycbe. MeToauKa npoTecTpoBaHa NyTéM PETPOCNEKTMBHOIO MOAENNPOBAHMWSA NOXa JIEAHNKOB MO
MaTepuanam 1957 n 2000 rr. YCTaHOBREHO, YTO NNOWab NOTEHUMANbHbIX 03Ep, YrpoXKaloWwmnx obbeKkTam
MHPPACTPYKTYPbI, MOXET [OCTWYb 1,7 KMZ, @ 06bEM — 130 MAH M3,

BgBenenue HUE NEeCATUIETHS B ropax, CIriocOOCTBYET ObICTPOMY

(OopMUPOBAHUIO U pa3pacTaHUIO JIETHUKOBBIX 03EP

ITpopbIBBI JeAHUKOBBIX 03€P B FOPHBIX pailo- B OOJBIIMHCTBE TOPHBIX cucTeM [2, 3]. be3omacHoe
Hax HEOAHOKPATHO MPUBOAWIA K MHOTOYMCIIEHHBIM — Pa3BUTHE MH(MPACTPYKTYPHI B TAKKX paiioHaX TpeOyeT
JKepTBaM U 3HauuTebHOMY yiuepOy [1]. IToBcemecT- OLIEHKM OMAcHOCTHU MUISIIUAIBHBIX TTABOAKOB U CEJICH.
HOE COKpallleHHE JICTHUKOB, OTMEYaeMoe B Mocjen- TpaauliMOHHBIE CITOCOOBI OLIEHKH M0 HAIMYUIO Cele-
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BBIX OTJIOXKEHUI U Te0OOTAHMYECKIM TTpU3HAKaM [4]
IUTSI JIETHUKOBBIX 03€p HEIPUEMJIEMBI, TaK KaK 03€pa
(bopMupyIOTCS Ha MECTe OTCTYIAIOIINX JICTHUKOB 1
YacTo MPeACTaBJISIIOT OO0l 00pa3oBaHNsI, HE NMEIO-
1€ UCTOPUYECKUX aHaIoroB. ['eorpaduyeckoe 1mo-
JIOXKEHUE TaKUX 03€p, X MOP(POMETPUS U BEPOSIT-
HOCTB ITPOPBIBA HEPEIKO OCTAIOTCSI HEM3BECTHBIMU IO
caMoOro IIpopbhiBa. Bo3MOXXHOCTE TTOsIBIIEHMST 03€p Ha
MeCTe OTCTYIIAIOIINX JIETHNKOB MJIM pa3pacTaHMs yKe
CYIIECTBYIOIINX ITPMJICTHUKOBBIX 03EP HE YIMTHIBACT-
cs1 HopMatuBHbIMU JokyMeHTamu (CIT 47.13330.2016
U [Ip.) TIPY OLIEHKE CEJIeBOI OITACHOCTH.

Bcé ato xapakTtepHo u mist KaBkasa, rjae orMeda-
€TCsT HanOOoJIbIIAsI CTeTICHb IJISIIMAILHOIO PYCKa Ha
Tepputropun Poccuu [5]. Kak 1 B Ipyrux ropHbIX CU-
cTeMax, Ha KaBkase B ITociemHIe IeCATHICTHS JICTHI-
KU cOKpalalorest [6—8], 4yTo compoBoxkmaeTcs (op-
MUPOBAHWEM W POCTOM JIETHUKOBBIX 03¢p [9, 10] m ux
npopsiBamu [11]. Pa3Burtre nHGpacTpyKTyphbl TOPHBIX
TeppuTOpUil Ha (pOHE OTCTYIIAHUS JIGTHUKOB MOXKET
MPUBECTU K TOMY, YTO HEIABHO ITOCTPOEHHBIE O0BEK-
THI OKaXXYTCSI B 30HE CEJIEBOI YIPO3bI 13-3a (hOPMHPO-
BaHMSI 03€p Ha MECTE OTCTYITAIOINX JICTHUKOB.

B Hacrosee BpeMst pa3paboTaHa MHOTOypOBHE-
Basi CTpaTeTysl, II03BOJISIONIAS OLIEHUTh BEPOSITHOCTD
(bopMmpoBaHMST 03EP HA MECTE OTCTYIAIOLINX JICTHHU-
KoB [12]. IlepBble nBa €€ YpOBHS HOCSIT KaUeCTBEH-
HBII XapaKTep U MO3BOJISIIOT CYIUTh O BEPOSITHOCTH
00pa3oBaHUsI 03€p MO YKIIOHAM ITOBEPXHOCTH JIETHH-
KOB (ecnu yKJIOH MeHee 5°, To (OpMUpPOBAHUE BO3-
MOXKHO), paclpeAe/IeHIIO 30H TPEIINH, N3MEHEHUIO
IIVPUHBL ToJauHBL. K HemocTaTKy TaKMX MOAXOMOB
OTHOCHUTCSI OTCYTCTBUE MH(OPMALIMI O BO3MOXHOM
00BEME 03€p, TpeOdyeMOM [IJIsl OLIEHKU MaKCUMaJlb-
HOTO pacxopia Bombsl Tipu TipopbiBe |13, 14]. Ha Tpe-
ThEM YPOBHE MCIIONIB3YIOTCS IIPOCTPAHCTBEHHO-PAC-
npeaea€HHbIe MOICIM TOIIIMHEL JbIa. Takoil MeTom
IUJISI OLIEHKU pacIlpoCTpaHeHUs U oO0bEMa OyayIInX
03€p ObLT peann3oBaH B ['mMmanasx [15]. HecomHeH-
HOE IIPENMYIIECTBO MOACINPOBAHMS — BO3MOXKHOCTD
€ro MPUMEHEHMUS 15T LISJIBIX TOPHBIX CUCTEM, OTHAKO
peruoHanbHasI KaJIOpOBKA MOJIEIN TODKHA BBITION-
HSITBCSI HA OCHOBAaHUM MHCTPYMEHTAIBHBIX JaHHBIX
O TOJIIIMHE JIbAa. YeTBEPThI ypOBEHD IIPEICTABIIS -
eT co0oli reodu3nIecKrie M3MepeHNS TOJIIINHBI JIbIa
IUTSI OLICHKY TOITOT pachu JI0Ka JIGTHUKOB, HO IIPUME-
POB ero MpUMeHeHUs B paboTe [12] He TpUBOINTCS.
l'eodusnyeckne n3aMepeHnss MOXHO KUCIIOJIb30BaTh
U U1 OLICHKM IIPEAeIOB POCTa YK€ CYIIECTBYIOIINX
MIPWICTHUKOBBIX 03€P.

3amaun mpenjiaraeMoil CTaTbi — IIOMCK PacIiojo-
JKEeHUsI U OLIeHKa 00bEMa yYacTKOB MepeyriyoaéHHO-
IO JIOXKa JIEMHUKOB KaK MECT, B KOTOPBIX B OyIYIIEM,
MIpY OTCTYITAHUM JIEIHUKOB, MOTYT c(pOPMUPOBATh-
cs1 03€pa. B KauecTBe TECTOBBIX YYaCTKOB JJISI OLIEH-
KU TIOTEHIIMAJIa Pa3BUTUSI 03EP BEIOPAHBI CIICAYIOIIIE
parioHbl: BepxoBbs 1oJuH Anbli-Cy u I'epxoxaH-Cy,
a TaKoKe MPEATONbs JISTHUKOB I0XKHOTO 1 CEBEPO-BOC-
TOYHOTO CKJIOHOB Dnbbpyca (puc. 1). Huxke ykazaH-
HBIX JIETHUKOB, B IOJIMHAX, PACIIOJIOXEHBI OOBEKTHI
MH(PPACTPYKTYPhI, KOTOPBIE MOT'YT OBITh IOABEPKEHBI
OITACHBIM BO3IEHCTBUSIM ITPU IIPOPBIBAX 03ED.

B pabote ncnonb3oBaHbl: 1) aBTOpCKUE JaHHBIE
paauoaokalMoHHoro 3oHaupoBanus (PJI3) nen-
HuUKoB baiikapa, JI)kukuyranke3, MukeabuyupaH,
Boabioit 1 Manblii Azay, pacoa0KeHHBIX BbILIE
CYILIECTBYIOLLIMX 03€P; 2) ONMyO0JIMKOBaHHBIE pe3yibTa-
ThI MOAeMpoBaHuys [ 16] TomuHbl tegHukoB Kasap-
Thl (GacceiiH p. I'epxoxaH-Cy) u baiikapa (6acceiiH
p. Anbui-Cy) no coctostHuio Ha 2000 r.; 3) pa3HoBpe-
MeHHbIe L1dpoBbie Moaenu peabeda (LIMP); 4) pas-
HOBpPEMEHHBIE KOCMUUECKe CHUMKU. B mpouecce
HCCJIeIOBaHWI ObLIY BBISIBIIEHBI YYaCTKU IIEPEyIIy0-
JIEHHOTO JIOXKa ATUX JISAHUKOB Ha Pa3HBIX 3Tarax UxX
CYIIECTBOBAHMSI; TTIOKA3aHO, YTO IMPAaKTUUECKU BCE
COBpPEMEHHBIE TTPUJIETHUKOBBIC 03Epa B IPEATIOIIbIX
HCCIeIyeMBIX JIETHUKOB 00pa30BaiCh B IIpeACKa-
3aHHBIX PEKOHCTPYKIIME MeCTax; OLIEHEH ITOTEHLIM -
aj1 pa3BUTUS (MaKCUMaIbHBI 00BbEM) HEKOTOPBIX CY-
LLIECTBYIOLLIUX U OyIYLIMX O3ED.

PanuonokanuoHHoe 30HAUpOBaAHHE

Annapamypa u memoouxa usmepenuii. Kax m3-
BECTHO, PaAMOJOKALIMOHHOE 30HAUPOBAHUE —
MOILLHBIA UHCTPYMEHT JJIs1 U3MEPEHUSI TOJLIMHBI
JIEAHUKOB, U3yYE€HUSI UX BHYTPEHHETO CTPOCHUS
u ycioBuil Ha noxe [17]. BMecTe ¢ unudpoBbIMU
MoJeasIMU pesibeda pe3yabTaTbl paguo030HINUPO-
BaHU$I MOXHO MCITOJb30BaTh JJIS1 UCCIEI0BAHUS
Jloxa JieAHUKOB. PaaronokallMoOHHbIE U3MEPEHUS
Ha JIeAHMKAX, pacCMaTpUBAEMbIX B HACTOSILIEM MC-
cJlefoBaHuM, BbiMoJHeHbl B nepuoa 2010—2017 rr.
U YacTUYHO onyoarkoBaHbl. B 2013—2014 rr. 612
“3MepeHa TOJIMHA BceX JJEAHMKOB Dbopyca ¢ uc-
MoJb30BaHUEM BepToiéTa, a B 2017 r. mpoBeaeHbI
Ha3eMHbIe U3MEPEHUS B MPUBEPLIMHHONI ero 00-
nactu [7, 18]; 82010 u 2017 rr. BeJiu U3MepeHus1 Ha
nenHuke bamikapa (puc. 2).
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Puc. 1. O6nekThl uccnegoBanuit Ha LlenTpaibHom KaBkase.
Jlennuku — Muxkenbunpan u Jxukuyrankes (a), boabioit u Maneiit Azay (6) (Dnbopyc); bamkapa (Anbui-Cy) (8), KasiapTsl
(I'epxoxan-Cy) (e); B OCHOBaHMU — KOcMUYecKit cHuMok Landsat-8 OLI ot 9.09.2016 .

Fig. 1. Study objects in Central Caucasus.

Glaciers — Mikelchiran and Djikiugankez (a), Bolshoy and Maliy Azau (6) (Elbrus); Bashkara (Adyl-Su) (8), Kayaarty (Gerk-
hozhan-Su) (e); space image Landsat-8 OLI on 9.09.2016 set as the background

HazemHble n3MepeHMsT TOJIIIMHBI JIbAa Ha JIe/-
HUKe bawiapa TPOBOIUIIN MO CETH MPOIOJbHBIX U
MOTIEPEYHBIX TPODUIICH U KOCHIX TaJICOB C IIOMO-
LIbI0O MOHOMMITYJILCHBIX JJoKaTopoB BUPJI-6 [19]
u BUPJI-7 [20] ¢ ueHtpanbHoit yactoToit 20 M1,
JUTUTEJbHOCTBIO 30HIMPYIOIIETO UMITYJIbCa OKOJIO
25 Hc u TIepuoaoM auckpetusauuu 2,5 He. [Mpume-
HSIBLIMECS JIOKATOPHI UMEIOT CUCTEMY LHU(GPOBOIA
perucTpaumu pagapHbIX U HaBUTaMOHHBIX (GPS-
KOOPAMWHAT) JaHHBIX C UHTEPBAJIOM 1—2 M ¢ TOU-
HOCTbBIO TJIaHOBOM MpUBA3KU 5—10 M. dnsa cunH-
XPOHM3ALUMU U3TyYEHHBIX U TIPUHSTHIX CUTHAJIOB
KCITOJIb30BaJM ONTOBOJOKOHHBIN Kabenb. B Ha-
3eMHOM BapuaHTe PJI3 KommiuekT obopymnoBaHUs
C aHTEHHaMU JUTMHOH 12 M BMecTe ¢ MCTOUYHUKaMU
MMUTaHUSI MOHTUPOBAJICS Ha IBYX prokK3akax. M3me-
PEHUS BBITIOJIHSIIA TPYIIIT U3 TPEX YEJIOBEK B TEIINUX
MapuIpyTax ¢ TaKUM pacy€ToM, YTOOBI TOKPHITh U3-
MEpEHUSIMU MaKCUMAaJIbHO BO3MOXHYIO TIJIOIIAIb.

J17151 BO3AYIIHBIX U3MEPEHMIT TOJIIIMHBI JIbAa Ha
Invopyce B 2013 1 2014 TT. IpUMEHSTIN BEPTOJIET-
Hyto Momudukauuio pagapa BUPJI-6 [18]. O60-

pydoBaHME pa3Mellanoch Ha crielMalbHOI dhepMe,
nMeroneit gfocratounyo Maccy (150 kr) u ocHa-
MEHHON XBOCTOBBIM CTAOMIIN3aTOPOM sl obec-
MeyeHusl CTabMJILHOTO MoJjioXeHus B nmojére. Ha
BpeMs u3MepeHui pepMa ¢ 3aKperIéHHbIM Ha Heit
00opynoBaHMEeM TOABEIINBaNaCh MO BEPTOJIETOM
Ha MOJUIPOITUICHOBOM TPOCE Ha pacCTOSTHUU 15 M
oT ¢ro3enska. M3MepeHus Benn B aBTOMaTUYECKOM
pexuMe ¢ yactoToit 0,2 ¢ mpu cpeaHeit CKOpOCTH
nonéra okosio 70 km/4 Ha BbicoTax oT 10 go 500 m
(Bce BBICOTHI B CTaThe JAaHBI Haf yp. MOpsI) Haf MO-
BEPXHOCTBIO JieAHUKA. [IJIs1 HaBUTaluy B 000UX CITy-
yasx MpUMeHsJIcs mopTaTuBHBIN GPS-npuéMHuk
Garmin GPSMAP 78. 3anuchy Ha mpuEéMHUKE Be-
nack B popmate UTM WGS-84, 3ona 38. Mcronb-
30BaHuEe MPUEMHMKA OTPAHUYMBAJIOCH pabOTOI BO
BpeMsI paaroJIOKalIMOHHBIX UBMEPEHUI IJIST 3aIIUCU
IUIAHOBBIX KOOPIMHAT BAOJIb Mpoduieii paquo30H-
aupoBaHusa. Takum od6pa3oM ObLIM cOOpaHBI JaH-
HbI€, JOCTATOYHBIC /I IIOCTPOCHUSI KAPT TOJIIUHBI
JbJa, peabeda Joxa U MOIEJIMPOBAHUS YYaCTKOB
nepeyrayoaeHHOTO JIoXa.
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Puc. 2. [Ipodunu pagno3oHAUPOBaHUS U pacipeaeeHre TOIUHbI JIbla U3YyYeHHbIX JIeTHUKOB.

Ilo naHHBIM U3MepeHuii: @ — Mukenbunpat, Jxkukuyrankes; 6 — bonbinoit 1 Manblii Azay; ¢ — banikapa (npoguns PJI3 A—b npuse-
NIEH Ha puc. 3); 1o JaHHbIM MozenupoBaHust: e — Kasaptel. KoHTypsl tenHukoB: I — 1957 r. (Dawopyc)/2000 r. (bamkapa, Kasaptsl);
2—2017 r.; 3 — npodunu panrozoHaupoBaHus. [IpsiMoyrosibHble KOOpAMHATHI epecurTaHbl 115t mpoekimu UTM WGS-1984, 3oHa 38
Fig. 2. Radio-echo sounding profiles and ice thickness distribution maps of the studied glaciers.

According to the radar data: @ — Mikelchiran, Djikiugankez; 6 — Bolshoy and Maliy Azau; ¢ — Bashkara (radar profile A—b is
shown in Fig. 3); according to simulation: ¢ — Kayaarty. Glacier outlines: 7 — 1957 (Elbrus)/2000 (Bashkara, Kayaarty); 2 — 2017;
3 — radar profiles. Rectangular coordinates are recalculated for UTM Zone 38 projection

Busyaausauua u unmepnpemauusa dannvix. O6-
paboOTKy MU MHTEPIIPETAIIUIO TTOJYYCHHBIX pagap-
HBIX JAHHBIX BEJIM C IMTOMOIIbIO IMaKeTa IMPorpaMMm
RadexProPlus 2011.2 Basic (www.radexpro.ru).
ITonpo6HO MeToaMKa 00pPaOOTKM JAHHBIX Ha3eM-
HBIX PaAUOJIOKAIIMOHHBIX ChEMOK M3JIOKEHA B pa-

oote [21]. I[IpyHUIMTIMATIBLHO OHA HE OTIMYAETCS OT
00pabOTKM TaHHBIX BO3AYIIHONW ChEMKH, KOTIa J0-
MOJTHUTEJIBHO OIPEACsAcTCS BbICOTA IOJIETA HAl
JIGIHUKOM. YKa3aHHBII MakKeT IMporpaMm I03BO-
JIIeT BU3YaJIM3UPOBaTh pajapHble 3allUCHU, BBOIAUTh
CcTaTUYEeCKUE MOIPAaBKU B HAYaI0 30HAMPYIOIINX
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Puc. 3. [Ipumep o6paboTaHHOI pagaporpaMMbl, ITOJy4YeHHOI Ha fenHuKe baikapa B 2017 r.
IMonoxenue npodunst A—b npuBeaeHo Ha puc. 2, 6. I — IMMOBEpPXHOCTD JieAHUKA; 2 — JIoXKe JenHruKa. KpacHbIMU oBajlaMU TOKa-
3aHBI TIePeYITyOIeHUsT Ha JIOXe, Ille MOXET CKaIJIMBaThCs BoMa; udpaMu JaHbl CpeaIHre/MaKCUMaIbHbIe 3HAYSHUST MepeyIiy-

GJICHU BIOJIb TPOGUIIST paTXO30HIUPOBAHUS

Fig. 3. An example of a processed radargram obtained on the Bashkara glacier in 2017.
The position of profile A—b is shown in Fig. 2, 6. 1 — glacier surface; 2 — glacier bedrock. Red ovals indicate bedrock overdeepen-
ings, where water can accumulate; numbers indicate medium/maximal depth of bedrock overdeepenings along radar profile

MMITYJILCOB, 00pabaThIBaTh CUTHAIBI HAa paJapHBIX
3anmcsx ¢ npuMmeHeHueM Dypbe-aHaausa I 10-
JIyUeHUS peallbHOM TeOMETPUH JIOXA 3a CYET KOP-
PEKLIMU TTOJIOXEHUST OOKOBBIX OTPAXEHUI 1 1eIaTh
ouM(pOBKY BpeMEHHU 3ama3IbIBAaHUS OTPaKEH-
HBIX OT JIOKA CUTHAJIOB B MHTEPAKTUBHOM pPEKUME.
ITpuMep TUIIMYHOTO PAJAMOJIOKALIMOHHOTO pa3pe3a
(pamaporpamma) nmokasaH Ha puc. 3. [Tocime obpa-
0OTKM pagaporpaMM Bce JaHHBIC (pagapHble U Ha-
BUTALIMOHHbBIC) MPEACTABISUIUCH B TAOJUYHOM BUJIE
(x, y, 2) ¥ BBIUUCTISIACH TOIIMHA JIEAHUKA.
MeTonuka onpeaeaeHUs TOJIIUHBI JEIHUKOB
110 TaHHBIM PAAMO30HIAMPOBAHUS C TPUMEHEHUEM
MOHOWMIIYJIBCHBIX JIOKATOPOB JAETAJILHO PaCCMOTpE-
Ha BO MHOTHX paboTax, HarmpuMep B [22], a TOUHOCTb
e€ ompeneneHus — B padbotax [23, 24]. Ha obpabo-
TaHHBIX C YYETOM F€OMETPUM MOBEPXHOCTU pagap-
HBIX 3anmucsx (cM. puc. 3) B TOYKaX C U3MEPEHHbI-
mu GPS-koopanHaTtamu (x, y) U3Mepssioch BpeMst
3anasaplBaHMsl Ty OTPAXEHUI OT JI0Xa U BBIYMCISI-
Jlacb 00111 TOJIIMHA JIEIHUKA As TIPU OIHOM U TOW
K€ CpelHel CKOPOCTH paclpoCTpaHEeHUS palOBOIH
Uep = 168 M/MKC, COOTBETCTBYIOIIEN CKOPOCTH pac-

MIPOCTPaHEHUsI PaIUOBOJH B IIJIOTHOM XOJOJIHOM
JIBAY C IJIOTHOCTBIO 917 Kr/m3. TonuvHa nexHuka h
OTpE/IETISIaCh U3 COOTHOLIeHUs h = (V,,Tg)/2. Ha 3a-
KJTIOUMUTEIBHOM 3Tarle MoJyYeHHbIC TaHHbIC UCITOJIb-
30BaJIUCh JIJI COCTABJICHUSI KapT TOJIIMHBI Jbaa U
penbeda NomIENHOrO JIoXa JISAHUKOB C TIOMOIIBIO
anmnpoxkcumanuu Topo To Raster ANUDEM, yuu-
THIBAIOIICH TUAPOJIOTUYECKYIO KOPPEKTHOCTD PEIIbe-
¢a noxa B mporpammHoii cpene ESRI ARCGIS.
IIMP u peavegh nooaéonozo aoxca. J1ns noctpo-
eHMS KapT peabeda momiéaHoro Joxa HeoOXoIu-
MBI TaHHBIC O peJibede MOBEPXHOCTH JICTHUKA U €T0
rpaHuuax. B naHHoM McciaenoBaHUU IS JeTHUKA
bamkapa mb1 ucnonb3oBanu LIMP Ha ocHoBe cTe-
peonapsl cHUMKOB SPOT-7 ot 1.08.2017 paspere-
HueM 1,6 M, a 11 JIETHUKOB DIbOpyca — Ha OCHOBE
crepeornapbl cHuMKoB Pléiades ot 8.09.2017 pa3spe-
meHueM 0,5 m [7] (Tabn. 1). Paspemenue monyyeH-
HbeIx LIMP coctaBuno 3,2 M ns negauka baiikapa u
4 M — 11 TeNHUKOB Dnbopyca. BepTukanbHas Tod-
HocTb naHHoi LIMP onenena panee [25] u Haxo-
nuTtcs B ripeaenax 0,5 m. [lnsg nennukoB KasiapTel 1
bamkapa o cocrostnuto Ha 2000 1. cnonb3oBajiach
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Tabnuya 1. IlepedeHp ¥ mapaMeTpbl JAHHDIX JYICTAHIMOHHOIO
30HAVPOBAHN, VICTIOTb30BAHHBIX B HACTOSAIIEM MCCTIETOBAaHNI

CHuMOoK/umnd- Mpoctpas-
CTBEHHOE JHata Lens

pboBas MOICeIb pa3spetiie- CBEMKU HCTIOJIb30BaHUS
peaseda (LLMP) He, M
SPOT-7 1 ,6 1.08.2017 1. Hemn(bpp[po];a_
Pléiades 0,5 8.09.2017 r.| HME JICOHUKOB
SPOT-7 UMP 4 1.08.2017 1. TMocTpoeHue
Pléiades LIMP 3,2 8.09.2017 r. | xapTsl penbeda
SRTM V.3 LIMP 30 2000 T. JI0Xa
LIMP Ha ocHOBe Jemmdpupona-
TOIOKAPTHI 30 1957 1. HUeE JIETHUKOB U
1957 r. MOCTPOECHUE Kap-
(Dnpbpyc) Thl peJibeda J0xa

IIMP SRTM V.3 (pa3pemenue 30 M) ¢ 3asiBIeHHONI
a0COJIIOTHOM BEPTUKAIbHOM TOYHOCTHIO 16 M (J11-
HeliHas MOTPeIIHOCTh IIPU TOBEPUTEILHOM YPOBHE
90%), OTHOCUTEILHOM BEPTUKAJIBHOI TOYHOCTHIO
+6 M ¥ TOPUBOHTAIBHOM MO3UIIMOHHON TOYHOCTHIO
£20 M [26]. I1pu aToM 110KazaHo [27], 4yTO morpen-
HocTb 210i IIMP B ropHbIX pailoHax Bo3pacTaeT ¢
a0COJIFOTHOM BBICOTOI, a CUTHAJI Ha MOKPBITHIX CHE-
oM 1 (PUPHOM MOBEPXHOCTSIX JIEAHUKOB IPOHMKAET
Ha Tmyonny 1o 10 M. Takum oOpa3om, maHHBIE TT0-
TPEIIHOCTH 3aJI0KEeHBI B COCTaBJICHHBIE HAMU KapThl
penbeda oxa aenHukos B 2000 r.

Jns peKOHCTPYKUUU pesibeda MOIJIETHOTO
JIOXXa JISTHUKOB DIh0opyca MBI UcTTofib3oBaau LIMP
Ha oCcHOBe Tomnorpaguyeckoit kKaptel 1957 r. (Mac-
mtad 1:50 000), co3maHHO# Ha reorpauyecKkom
daxkynpreTe MI'Y nmenu M.B. JlomoHocoBa [28].
KapTtbl noanéaHoro penabeda JeAHUKOB MOayde-
HBI TYTEM BBIYMTAHUSI 3HAYEHUI TOJIIMHEI JIbIA U3
LIMP mnioBepxHOCTM JIEAHUKOB, CIVIAXKEHHBIX 110 pe-
rynsipHoii ceTke 30 M. I'paHUIIBI JIETHMKOB IIPOBO-
IUJINCH TI0 TEM K¢ KOCMMYECKNM CHUMKaM, a JIJIst
JIEMHUKOB DJIbOpyca 13-3a HAJIUUYUSI CBEXEBBINAaB-
1IIETO CHETa KOPPEKTUPOBATIUCH TTO0 CHUMKY SPOT-7
ot 20.08.2016 1. [7].

PeKOHCTpYKIIUS YYACTKOB
nepeyrIyoJIEHHOrO JI0XKA JieJTHUKOB

YT0oObl yCTAHOBUTH BO3MOXKHbBIE MECTa CKOILIe-
HUSI BOABI MO, JISAHMKAMU U OLIEHUTb pa3Mephbl 03€D,
KOTOpbIE MOTYT C(pOpMUPOBATLCS B OyAyLlIEeM Ha Oc-
BOOOIMBIILIEMCS OTO JIbJa JIOXKE, HEOOXOAMMO UMETh

IaHHBIE O pebede MPeAIoanil 1 JIoXKa JICTHUKOB.
7151 3TOTO MCTIOJIB30BAIMCH JaHHBIE PagO30HINPO-
BaHMsA (TonuHa Jbpaa) u LIMP moBepxHocTu nem-
HUKOB. AHaM3 pejibeda JIoxka JISTHUKOB B ITPOIILJIOM
BBITIOJTHSUICS C TIOMOIIBIO TaHHBIX MOJCINPOBAHUS
toamuHbl apaa v LIMP SRTM V.3 (2000 r.) s nen-
HukoB bamikapa u KasiapTbl, a 1181 JIeTHUKOB DJib-
opyca — LIMP kopeHHoro joxa (6e3 JeAHMKOB) Ha
2017 r. B couetanuu ¢ LIMP Bau6pyca Ha 1957 r.

Modeauposanue nepeyeaybaenuii na aoxce. Kax no-
KazaHo B padote [15], mepeyriayoyeHus1 Ha Jloxe oOHa-
PYKMBAIOT MYTEM WX 3aIIOJIHEHMSI C TIOMOIIBIO CTaH-
JTAPTHOTO reOMH(MOPMAaIIMOHHOIO TMIPOJIOIMYECKOTO
nHctpyMmeHnTa (Hydrology tools) B mporpamMmMHoIi cpene
ESRI ARCGIS. Cnemyroniuii mar — rnojydeHue YKJIo-
HOB Jioka 13 31oi 3anonHeHHoi LIMP. BriopaB 3Ha-
YEeHMS YKJIOHA JI0Ka MeHee 1° B KOHTypax JIeTHHUKa,
HaXOsIT IUIOCKKE M POBHBIE yyacTKU. PasHocTHas
LIMP mexny 3anonHeHHO# 1 nucxogHoii LIMP 6e3
JIETHUKOB (T.e. OaTUMETPUUYECKUI PacTp) UCTIOIb-
30BaIach I KOJIMYECTBEHHOM OLIEHKM IUIOIIAAN 1
00bEMa mepeyrryoseHnii. OmHaKo TTOJTyYeHHBIN Oa-
TUMETPUYECKUI PacTp 3aIlOIHSIET IIePeyrIyOaeHISI 10
KpaéB, YTO MOXET BbI3BaTh IEPEOIICHKY IOTCHIINAIIb-
HBIX 00bEMOB Oyay1IMX 03¢p. [T09TOMY MBI UCITONIB30-
BaJI PacTp ¢ ypoBHEM Ha 10 M HITKe, UTO COOTBETCTBY-
eT OOLLEeNPUHITHIM TToaxoaaM [15]. DTo mo3Boauao
COKpATUTh YMCJIO TTOTeHLUATbHBIX 03Ep. [danee, Ha
OCHOBE 0aTUMETPUIECKOTO pacTpa U KOHTYPOB ITOJY-
YEHHBIX ITepeyIyOIeH, pacCCUNTHIBAIN CPEIHIE 1
MaKCHMaJlbHble TIyOUHbI TOTEHLMATBbHBIX 03€p. Pe-
3yJIBTAThl PEKOHCTPYKLIMY TIepeyIiTy0IeHri Ha OCHOBE
JAHHBIX U3MEPEHUH TOJIIMHBI JIbIA 1 MOICTMPOBAHMST
MpUBEICHBI Ha puc. 4—6 1 B TAOI. 2.

Tuopasauueckuii nomenyuaa. Bropoii crnoco6
OOHApPYXUTh YYACTKU Tepeyriy0JIEHHOTO JioxXa, a
TakxKe MecTa CKOIUIEHMS MOMJIeTHUKOBON BOIBI U
PEKOHCTPYMPOBATh KapTUHY MOIJIEAHOrO ApeHa-
>Ka (BO3MOXHBIX MyTel MOAJeIHUKOBOTO CTOKA
BOZIbI) — PACY€T BEJIMYMHBI TUAPABINYECKOTO I10-
TeHIIana ¢. DTO MOXKHO CliejaTh, UMesI Te 3Ke BXOJI-
Hele ganHble (LIMP moBepxHOCTH 1 JTOXKA JIETHU -
Ka), C IOMOLIBIO CJIEAYIOIIETro ypaBHeHUs [29]:

b= 0,88+ fo,g(H— B),

rae p,, U p; — COOTBETCTBEHHO IJIOTHOCTb BOJBI U
Jbla, KI/M3; g — YCKOpPeHUE CBOOOIHOIrO majie-
Hus M/c?; B — BbIcoTa J1oXa, M; H — BbICOTA TIOBEPX-
HOCTH, M; f— IaBJIeHUE BOIbI Ha JIOXKE, BRIPAXKEHHOE B
JIOJISIX TaBJIEHMSI TIEPEKPhIBAIOIIIETO JIbIa, f TIPUHUMA-
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Puc. 4. IlepeyrnyoneHus: (M) Ha KOPEHHOM JIOXe JIETHUKOB DJibOpyca Mo JaHHBIM Paauo30HAUPOBAHUS U PEKOH-
CTPYMPOBaHHAs MOMJIEAHUKOBAS IpeHaXkHasl ceTh 0e3 ienHUKOB (f= 0) (a, ) u npu ux Hanuuuu (f= 1) (6, ).

1 — rpanuubl 1enHUKOB B 2017 r.; 2 — cOBpeMeHHbIe NTPUJICIHUKOBBIE 03€pa; 3 — U30TUIICHI KOPEHHOTO JIOXKA JIeIHUKOB, 4 — Te-
peyniyGsieHrs Ha JJoxke (HoMepa cM. TabJl. 2); 5 — IyTH MOUIETHUKOBOIO CTOKa (MHTEHCUBHOCTD I1BETa XapaKTepHU3yeT OTHOCH-
TeJIBHYIO TUTOIIAaIb BogocOoopa). 3BE31aM1 OTMEUYeHBI TpecKa3aHHbIe MOMEIbI0 KPYITHbIE COBPEMEHHbBIE MTOIJICTHUKOBBIE 03€pa.
B ocHoBanum — kocmuyeckuit cHUMOoK SPOT-6 ot 20.08.2016 1. ITpsiMOyrojibHbIe KOOPAMHATHI MTEPECYNTAHBI IJIsT TIPOSKIINHA
UTM WGS-1984, 30Ha 38

Fig. 4. Overdeepenings (m) at the Elbrus glaciers bedrock according to radar data and reconstructed subglacial drain-
age network without glaciers (= 0) (a, ¢) and with glaciers (f= 1) (6, ¢).

1 — glacier outlines in 2017; 2 — modern glacier lakes; 3 — contour lines of the glacier bedrock topography; 4 — bedrock
overdeepenings (numbers correspond to those in Table 2); 5 — subglacial drainage pathways (color intensity indicates relative
drainage area). The stars mark large predicted by the model modern subglacial lakes. Satellite image SPOT-6 on 08.20.2016 set as
the background. Rectangular coordinates are recalculated for UTM WGS-1984 Zone 38 projection

eT 3HauyeHus1 oT 0 1o 1, KoTopble OTBEYalOT TEYSHUIO 3aMKHYTbIe TOPU30HTAIN B I10JI€ TUApPaBINYEC-
BOZbI IPU aTMOC(EPHOM AaBJIEHUN U TIPU JaBJIEHUU CKOTro IOTeHIMaa CBUAETEIbCTBYIOT O BO3MOX-
BCETO MepeKPhIBAIOIIETO JIbJa COOTBETCTBEHHO. HOCTHM CYILIECTBOBaHMS MepeyrayosieHuii (B ToM
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Puc. 5. [lepeyrnyosneHust (M) Ha KOpEeHHOM JIOXKe JieIHMKa balikapa 1o gJaHHbIM paJlO30HAMPOBAHUST U PEKOHCTPY-
MpOBaHHas MOIJEeAHUKOBAs ApeHaxKHas ceTb 0e3 JeaHuka (f= 0) (a) u ipu ero Hanuuuu (f= 1) ().
1—5 — cMm. puc. 4. B ocHoBaHuM kocMudeckuii cHUMokK SPOT-7 ot 1.08.2017. T1psiMoyrosibHble KOOPAMHATBI TIEPEeCUYUTAHbI TSI

npoekiuu UTM WGS-1984, 3oHa 38

Fig. 5. Overdeepenings (m) at the Bashkara Glacier bedrock according to radar data and reconstructed subglacial
drainage network without glacier (= 0) (a) and with glacier (f= 1) (6).
1-5 — see Fig. 4. Satellite image SPOT-7 on 01.08.2017 set as the background. Rectangular coordinates are recalculated for UTM

WGS-1984 Zone 38 projection

YHCe MOIJIEAHMKOBBIX 03¢p). Oba 3T MeToa 1aloT
OYEHb CXOXXME pe3yabTaThl. 111 MUHUMU3ALIMU T10-
TPENTHOCTU Mbl BBEJIU KPUTECPUU, MO3BOJISIOIINIA
BBIIEIUTD TAKUE YYACTKM C YIETOM pa3pelrlieHUs uc-
nonb3oBaHHbIX HamMu LIMP (3,2—30 M) u xapT TOJ]I-
IIMHBI U peJibeda Joxa JeTHUKOB: HIXKHUI MOPOT
IUIOILAAN 03Ep MPUHAT paBHbIM 1000 M2.

TomHa JeTHMKOB U MOTEHIMATbHbIE
Jie[IHUKOBbIE 03€pa MO JAHHBIM
PATMO30HIUPOBAHUS M MOJIETUPOBAHUS

Davopyc. TlonpoOHO pe3yabTaThl PaIUO30HIN -
pOBaHUS BCero ojeaeHeHUsT DinOpyca MpeacTaB-
JIeHBI B pabote [7], 3mech e MpuBenEM pe3yabTa-
THI TI0O pacCMaTpUBAEMbIM JIETHUKAM (CM. puc. 2,
a, 0). Jlennuku MuxkenbuupaHd u J>)KMKUyTaHKe3 B
BOCTOYHOM CEKTOpe oJieneHeHus Dibpopyca B 2017 .
3aHuManu mowanp 4,71+£0,02 u 24,54+0,25 km?
COOTBETCTBeHHO. VX cpeaHsisl TOJIIMHA JIbIa CO-
craBiger 42,9+8,2 m u 56,6+7,3 M, MakcuMab-
Has mocturaet 149,0£8,6 u 204,3+£11,0 M, a 00bEM

abaa pased 0,20+0,04 u 1,3940,18 km? cooTBercT-
BeHHO. B 10;kHOM ceKTope os1eneHeHUST KPYITHE AL
nenHuK Bosbmoit Asay (tutomans 16,63+0,09 km?)
MMeeT CPEeIHIOI TOMIIMHY 52,7+7,3 M, MakcuMallb-
Has TOJIIIMHA JibIa JocTUraeT 236,9+12,6 M, a 00bEM
abaa paseH 0,88+0,12 km3. TosIIMHA COCETHETO €
HUM JiegHuKa Mablii Asay (turomans 8,50+0,04 km?)
cocrtasnseT 137,0£8,0 M mpu cpenHeM 3HaAYEHUU
40,8+7,2 M, a 06bEM s1b1a paseH 0,35+0,06 k3.
IMonb3ysich onMcaHHBIMM 3eCh METOAAMU, BCETO
MBI OOHAPYKUJTU AEBITH YYACTKOB TMePeyrIyoIe HHO-
T'0 JIOKa Ha BEIOpAHHBIX JIEAHUKAX DIbOpyca U CMO-
JETMPOBAIN TTOAJIEAHUKOBYIO IPEHAXHYIO CETh, 10
KOTOpPOIi BoAa MOCTYIAeT B 3TU MepeyriIyoJieHUus 1
K bpoHTaM NegHUKOB (cM. puc. 4, cMm. Tabh. 2). Ha
puc. 4, a, 6 IPUBEAEHO TIOJIOKEHUE TePEYTIyOIEH-
HBIX Y4aCTKOB Ha KOPEHHOM JIOKE BIOPAHHBIX JIC]I-
HUKOB rpu f= 0, T.e. 0e3 TaBIeHUs TIepeKphIBaloIIe-
ro npaa (6e3 IeMIHUKOB). BUpi030BBIMU MOJIMTOHAMU
MOKa3aHbl YYaCTKHU Ha JIOXE, COOTBETCTBYIOLINE MU~
HUMyMaM B I10JIe TUAPABIMYECKOro MOTCHIIMAA,
KOTOpHBIC, B CBOIO OYepe/ib, YKA3hIBAIOT HA HAJIMYLE
nepeyriyoJieHui, Iie MOXET CKaIIMBaThCs BOJA.
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Puc. 6. I1epeyrnybaeHust (M) Ha KOpeHHOM Jioxke JeaHuKa KasiapTbl Mo JaHHBIM MOAEIMPOBAHUSI U PEKOHCTPYUPO-
BaHHasl MOIJIEAHUKOBAsSI ApeHaxHas ceThb 0e3 enHuka (= 0) (a) u mpu ero Hanuuuu (= 1) (0).

1 — rpanuua jgegHuka B 2000 r.; 2 — M30rUIIChl KOPEHHOTO JIoXka; 3 — IepeyriayosieHus: Ha Jloxe (HoMepa cM. B Tabj. 3); 4 — nyTu
MOIIEIHUKOBOIO CTOKA (MHTEHCHMBHOCTh 1IBETA XapaKTepu3yeT OTHOCUTEIbHYIO TUIOIIAIb Bogocbopa). B ocHOBaHMM KOCMUYECKMiA
caHumok Landsat 7 ETM ot 5.09.2000 r. I[IpssmoyroibHble KoopauHaThl iepecurtanbl 1ist mpoekuu UTM WGS-1984, 30Ha 38
Fig. 6. Overdeepenings (m) at the Kayaarty Glacier bedrock according to simulation and reconstructed subglacial
drainage network without glacier (f= 0) (@) and with glacier (f= 1) (6).

1 — glacier outlines in 2000; 2 — contour lines of the glacier bedrock topography; 3 — bedrock overdeepenings (numbers correspond
to those in Table 3); 4 — subglacial drainage pathways (color intensity indicates relative drainage area). Satellite image Landsat 7
ETM on 5.09.2000 set as the background. Rectangular coordinates are recalculated for UTM WGS-1984 Zone 38 projection

Wx yncno u momanb 60ablIe OTMeYeHHBIX udpa-
MU HOHVMXEHMI (ITOJTYyYEeHHBIX METOMIOM 3aIl0JHE-
HUSI pacTpa), Tak Kak Jjis1 00j1ee TOCTOBEPHOI OLICH-
KU MbI, KaK OBbLIO OTMEUYEHO paHee, TOHU3UIN UX
ypoBeHb Ha 10 M. Kak BugHO 13 puc. 4, caMbie KpyII-
Hble nenpeccun (Ne 2, 6 u 9) iowmansio 1026, 195 u
415 TeIC. M2 COOTBETCTBEHHO PACIIOJIOKEHBI HA JIOXKE
negHUKoB [xxukuyranke3 u bonbinoii Azay, a nx
00BEM cocTabiser 7355, 4522 u 9380 Tbic. M3 cooT-
BETCTBEHHO (CM. TaOJI. 2).

Ha puc. 4, 6, ¢ moka3aHbl KapTHUHA MOMIETHO-
ro ApeHaxa M IOJOXEHNE 3aMKHYThIX TOPU30HTA-
JIeil B IoJie TUAPABINYECKOro IoTeHIran a npu f= 1,
T.€. B COBPEMEHHBIX YCJIOBMSIX, KOTAA JIOXKE Tepe-
KPBITO JICTHUKOM. 3aMETHBI OTJINYUSI B TTOJIOXKECHUU,
qlyciie U TUIoIaAu OOHAPYXXEHHBIX MMOHVXKCHUI B
peibede — UX IUIOIIAAb 3HAYUTEIbHO MEHbIIE 10
CPaBHEHMIO C YCIOBMSIMU, KOT/IA JIEAHUKA HET. B yc-
JIOBUSX, KOTJa AaBJICHUS JibIa HE XBaTaeT, YTOOLI
BBDKaTh BCIO BOAY U3-TI0A JICTHUKOB, YacTh €€ BIIOJI-
HE MOXET HaKaIUIMBaThCS B 3TUX MOHIKeHUsIX. Ha

JIoKe TIeAHUKOB J>kukuyranke3 1 MukeaburpaH 00-
HapYKEHO IIITh HEOOJIBIIMX 3aMKHYTHIX TOHMKEHU I
o61eit tuonanpio 33 Teic. M2 (0T 3,5 10 10 ThIC. M2).
KpymHbie coBpeMeHHbIe TToIIeTHUKOBBIE 03Epa (CM.
puc. 4, ¢) owmansio 42 u 51 Teic. M2 MOTYT Haxo-
JIUATHCS TIO JIETHUKOM bolbioit A3ay, B ero HIKHEN
yacTU (BBICOTHBIN auana3oH 3250—3270 M), B MmecTe
CJIMSTHUSI OCHOBHOTO IOTOKA U JIbAa, TEKYILETO C I1e-
peBana 9xo BoitHbl. B 3TOM MecTe ¢ BBIDOBHEHHBIM
penibehoM MMOBEPXHOCTHU 3a MOCJIeTHUE TOIbl 00pa30-
BaJICSI KPYITHBIN MOPEHHBIN Bajl, UCTICIPEHHBIN M0~
BEPXHOCTHBIMU KaHaJlaMU Y BOPOHKaMM, KOTOpbIE
MOTYT CJYXKUTb MYTSIMM MOCTYIUICHUS TaJOl BOIbI
Ha Joxe neagHuka. Emé Tpu BO3MOXHBIX ydyacTKa
rromanpio 15, 17 1 9 Teic. M2 pacronoKeHbl BhILIE
10 JIEMHUKY TOJI TUIOCKMMM yJ4acTKaMM Ha BbICOTax
3280, 3580—3590 1 3685—3690 M COOTBETCTBEHHO.
Jednux bawrkapa. Tonmuny npaa B 2010 u
2017 rr. u3mMepsIIi He Ha BCe TUIOLIAaN JISAHUKA, a
JIUIITb Ha €ro SI3bIKE, YTO 0OYCJIOBJIEHO HEIIPOXOIU-
MOCTBIO CUJIBHO TPEIIMHOBAThIX Y4aCTKOB U HEI0-
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Tabnuya 2. Ilepeyrny6neHns Ha T0Xe UCCTeXOBAHHbIX TeTHIKOB 0 JAaHHBIM pagro30HANpoBanusa 2013-2017 rr.

Howmep Koopaunatst }[eHTpOB Mromazs, ['nybuna, m CraHnapTHoe 06biM,
HepeyryGIeHIst Jlennuk TepeyriyoeHnit, rpamsychbl ThiC. M MaKCH- cpemas OTKJIOHEHMe, | 3
Mpora JOJTOTa MabHast M
1 42,52788 43,37469 3 1 1 0,1 2
2 42,55234 43,37111 1026 40 7 6,3 7355
3 JIKMKUyTaHKE3 42,51849 43,36654 3 3 2 0,8 5
4 42,54574 43,35997 22 4 2 1,2 36
5 42,52869 43,35954 22 12 4 3,6 92
6 42,42869 43,30230 195 56 23 14,7 4522
7 Bobioii Asay 42,40549 43,29539 3 4 1 1,6 5
8 42,40638 43,29253 4 3 1 1,5 2
9 42,42524 43,28430 415 55 23 15,8 9380
1 Bamkapa 42,72785 43,19973 6 3 10 3,2 19
2 42,72790 43,19713 1 1 1 0,0 1
Cpeduee 132 15 & - 1655
Cymma 1714 — 21521

CTYITHOCTBIO JIJII UBMEPEHUI KPYTHIX CKJIOHOB C BU-
cssuuMHM ibaaMmu. Beero Ha nemnuke bamkapa B 2010
u 2017 1. 66UT0 TIpOIineHo okojo 30 KM mpoduieit
C U3MEPEHUSIMU TOJIILIMHLI JIbJa Ha yJ4acTKe sI3bIKa
Iomansio okoso 1,2 km? (cM. puc. 2, 8). Ha 60ib-
IIMHCTBE Mpoduieii paiMo30HINPOBAaHMSI MOIyde-
HbI UICHTUDULMPYEMbIe OTPAXKEHMS OT JIOXKa, OfI-
HAKO HaJW4yWe TPeIMH Ha MOBEPXHOCTHU JISAHUKA 1
CUJIbHOE pacCesTHUe B TOJIIIE, TUITAYHOE TS TETLIBIX,
HACBIIIEHHBIX TaJO0i BOMOM JIEMHUKOB, B OTACIHHBIX
CIIydJasix 3aTpyIHSUIO MHTEPIIPETAILIAIO PalapHbIX 3a-
muceit. ConocrapieHNE ITOJIYICHHBIX B pa3HbBIC TOIBI
PE3YJIBTaTOB MTO3BOJIMIIO BBECTH IIOIPABKY B TaHHBIC
2010 r., kotopas coctaBuiia ~30 M, 4TO TO3BOJIUJIO
HCIIOJIb30BaTh JaHHBIC 33 3TU Tkl COBMECTHO. [laH-
HbIe Ha 15 mpoduisx paaro30HAUPOBAHUS XOPOLIO
COOTBETCTBOBAJIN APYT APYTY: CPETHEKBAAPATUIECCKOE
OTKJIOHECHME B PA3HOCTH TOJIIIMHBI JIbIa COCTABIISI-
eT 1,3 M. [IpuHrMast BO BHUMaHUSI CPEIHIOI0 TOJI-
ILIMHY JbJa Ha 3Tux nepecedyeHusx (109 m), MoxHO
MPUHSTh, YTO CTAHAApTHAsI olMOKa cocTapisieT 1,2%
M3MEPEHHBIX BeJIMYUH. B cpegHem, ToJllMHa Jbaa
Ha UCcClelyeMOM yJyacTKe JeJHUKA paBHa 75,5 M, a
00bEM Jbaa — 88,2 MaH M. KapTuHa pacnpenene-
HUSI 3HAUEHU I TONIMHEI JIbIa BITOJIHE 3aKOHOMEPHA.
MakcumainbHoe 3HaueHue — 215 M — IpuypodyeHo K
BEepXHEU yacTu uccieayeMoro yyactka. B Hemocpen-
CTBEHHOU OJIM30CTU K (DPOHTY JeTHUKA, IPUMbIKa0-
1ero K osepy Jlama, ToimHa jbia yMEeHbIIaeTcs 10
30 M, ogHAKO 3TY 3HAUYEHUST OTHOCSITCS JIUIIIb K LIEH-
TpaJbHOM YacTy (ppoHTa IMPUHOI okoo 100 m.
XapakTep Jioxa Ha BceX MPpoduIsx paaro30H-
OUPOBaHUS TOCTATOYHO BhIpOBHEHHBIN. Ha 3amu-

CH BIOJIb TPOIOJBHOTO Ipoduiis (CM. puc. 3) 4ETKO
BUJHBI IIJIaBHOE yBEeJIMYEHUE TOJIIMUHBI Jbjla OT
(bpoHTa K LIEHTpaJbHOM YaCTH JICAHUKA, a TaKXKe
JIBa TepeyriayoaeHusl, COOTBETCTBYOIIUE OOHApY-
JKEHHBIM Ha KapTe KOPEHHOTO JIOXa METOIOM 3a-
TTOJTHEHUSI pacTpa ABYM JIOKAJIbHBIM ITOHIKEHUSIM B
penbede, KOTOphle B cIydae NCUe3HOBEHUS JICTHN -
Ka OyIyT 3aIloJTHEeHHI BOmoii (cM. puc. 5, a). Pasmep
KpYHHEHIIero rmepeyriayoieHns, 0OHapyKeHHOTO B
1,5 KM oT (bpOHTA JIEHNUKA, COCTABISAET 14 ThIC. M2,
a ero 00béM MoxeT gocturatb 100 TbICc. M3 (CM.
TabJI. 2), 4TO IIPUMEPHO B 2 pa3a MEHbIIIe 00bEéMa
COBpeMeHHOTO 03. Jlama, Haxonsmerocst y ppoH-
ta. [Ipn 3TOM B IMojie pacCUMTAaHHOTO TUIPABIM-
yecKoro noTeHnuana mpu f = 0 Ha sI3bIKe JISTHUKA
Bamkapa oOHapyXuBaeTCs IeBSITh 3aMKHYTBIX TO-
PHM30HTAJICH, COOTBETCTBYIOIINX BO3MOXHBIM Me-
CTaM CKOIUICHMSI BOIBI ITOCJIe NCUYEC3HOBEHUS JIbaa
ob6weit ruronanpio 75 Toic. M2. [TonoxeHue aByX U3
HUX COOTBETCTBYET OOHAPYKEHHBIM ITIEPBBIM CIIOCO-
0oM nepeyriyoneHusM Ha joxe (1 u 2 Ha puc. 5, a),
a OCTaJIbHbIe CeMb IMOHMKEHUN IIJIOMIAIbI0 OKOJIO
45 TpIC. M2 TPUHUMATD B KA4eCTBE OYIYILUX 03Ep HEe
clIeyeT, TaK KaK OHM He OTBEYAIOT YCIOBUSIM 3a-
MOJTHEHUS pacTpa JIoXa IMPU MOHMKEHUHN YPOBHS
Ha 10 M. Eciii mocMoTpeTh Ha KapTUHY IpeHaXKHOM
cetu nipu f = 1 (cM. puc. 5, 6), To XOpOIIO BUIHO,
YTO B COBPEMEHHbBIX YCIOBUSAX MPU HATUUYUU JIe -
HUKa KaKUX-J1100 3HAYMTEIbHBIX NepeyriyoaeHnit
(mnowaaeio 6osee 1000 M?) Ha KOPEHHOM JIOXKE HE
00HapyXMBaeTCcs U BCS Boja IO IOUIEIHBIM KaHa-
JlaM CTOKa YXOIUT B MpUJIEIHUKOBBIe 03€pa Jlama
(cneBa) n bamkapuHckoe (crpaBa).
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Tabnuya 3. TlepeyrmyOneHus Ha T0)Ke JICCTEOBAHHBIX JIETHIKOB IO JAHHBIM PEeTPOCIIEKTUBHOTO MOfe/IMpoBanis Ha 1957 1. (Inb-

6pyc) 1 2000 1. (bamkapa, KasapTsr)

Howmep Koopmunarsr LICHTPOB IMromas, Tny6uHa, M CrannaptHoe OBEM,
nepeyriyo- JenHuk repeyriyoeHu i, rpamychl Thic. M2 OTKIIOHeHHe, | = 3
JIEHUS LIUPOTa JOJITOTa ’ MakCUMajbHad | CPEIHSL M )
1 MukenpurpaH 42,5103 43,3922 5,4 2,6 1,9 0,5 10
1 42,5327 43,3755 3,6 2,0 1,6 0,9 6
2 42,5358 43,3765 5,1 2,4 1,8 0,6 9
3 42,5299 43,3775 39,1 4,2 2,0 1,3 78
4 42,5396 43,3780 6,2 4,4 2,3 0,4 14
5 42,5261 43,3791 7,6 2,6 1,7 0,6 13
6 JI>KUKMyraHkes 42,5463 43,3807 1,4 1,7 1,6 2,7 2
7 42,5249 43,3805 4,8 3.4 2,3 2,1 11
8 42,5375 43,3801 39,5 14,3 5,1 1,4 200
9 42,5269 43,3816 2,8 2,9 2,1 3,2 6
10 42,5448 43,3821 5,2 2,9 2,5 2,1 13
11 42,5470 43,3852 10,3 3,3 2,3 2,3 24
1 42,9257 43,30014 1,5 1,3 0,3 0,4 1

2 42,9297 43,29882 2,7 2,3 0,7 0,5
3 KastapTh1 42,9382 43,29939 1,8 1,4 0,8 0,9 1
4 42,9385 43,29804 9,3 4 1,4 1,2 13
5 42,9348 43,29131 1,3 0,9 0,5 0,5 1
6 42,9349 43,29076 3,1 1,7 0,7 0,1 2
1 42,7179 43,2096 18,1 9 3,6 0,9 65
2 42,7219 43,2079 17,8 7 2,6 3,6 46
3 Barkapa 42,7262 43,2049 3,6 4 1,7 0,6 6
4 42,7271 43,2025 13,2 11 3,3 0,3 44
5 42,7278 43,1999 12,8 7 2,7 0,7 35
6 42,7201 43,1918 26,2 7 3.8 0,4 99
Cpednee 10,1 4,3 2,1 29
Cymma 242,4 700

Jeonurx Kasapmui. AHanm3 KapThl paclipenesie-
HUS TOJIIWHEI JIbIA JieqHuKa KasgapTel 110 COCTOSI-
Huto Ha 2000 r. (cM. puc. 2, 2) oKa3bIBaeT, YTO MaK-
cUMaJjibHasl CMOAEJIMPOBaHHAs TOJIIIMHA TOCTUTAET
95 M 1 puypoUeHa K CpeHe YacTH sI3bIKa ero Opo-
rpaduyecKu JeBOil BETBU, IIPXA 3TOM IIpaBasi BETBb
TIOYTH B IBa pa3a TOHbIIe (MakcuMyM — 45 m). Cpen-
HSISI TOJIILIMHA JIbAA JISAHWKA COCTaBiIsieT ~31 M, 4To
NpY TUIoAnN 2,6 KM2 1aéT 001t 00BEM JIbIa paB-
Hblii ~81 M M3. K 2018 r. momans JeqHuKa co-
KpaTtuiach 10 2,31 kM2, HO COBPEMEHHBIMU JaHHBI-
MM O TOJIIIMHE JIbJa JeMHUKA (KaK MOAEJbHBIMU, TaK
U NPSIMBIMI) MBI HE pacIiojiaraéM, B TOM YHCJIe U3-3a
OTCYTCTBUSI Y Hac coBpeMeHHoU LIMP Ha maHHBII
parion Kaska3za. B penbede yoxa enHrKa ooHapy-
JKEHO HECKOJIbKO HEeOOJbIIMX NepeyriyoseHuit (CM.
puc. 6, @), KOTOpble IIPU COOTIOAECHUN YCIOBUIA TT0-
HYDXKeHUS uX ypoBHS Ha 10 M «rcue3nyT». Hecmo-
TP HA 3TO, Mbl IPUBOJAUM MX Ha puUC. 6 U B Ta0I. 3.
KpymHeiiiiee mo momany nepeyriayonieHe Ha JIoxkKe
3TOTO JIEAHUKA JOCTUTAET 9,3 ThIC. M2, UTO ITPU CPEI-

Heil rnyouHe 1,4 M (MakcumanbHasg — 4 M) Aa€T
00bEM 12,7 Thic. M3. OcTanbHbBIE TOHWXKEHUS CO CPel-
Heli rryouHoi 0,6 M 3aHMMAarOT Tutomianb ot 1,3 mo
3,1 ThIC. M2, 2 0OBEM MX BMECTE B3AThIX HE TIPEBBIIIACT
2,2 ToIC. M. BOJIBIIMHCTBO ATUX NEpeynIyOIeHUI TIO
CBOMM pa3MepaM He BBIXOISAT 3a IIPeeIbl IOTPEIHO-
cteit. J1J1s1 Takoro HeOOIbIIIOTO JIEAHMKA CTIOIb30Ba-
Hue rpyooii (30 M) LIMP 15t peKOHCTpYKLIMM y4acT-
KOB MnepeyriyoJIEHHOIO J10XkKa He MOIXOIUT, TaK Kak
pa3mep nukcena IIMP 1 3HaunTeIbHBIE MOIPEITHO-
CTH, 3aJI0>KEHHbBIE B KapThl TOJIIMHBI JIbIA U pelibeda
KOPEHHOT0 JIoXa, IIEPeKPhIBAIOT IJIaHOBbIE pa3Mephbl
U TJIyOMHY UCKOMBIX TTOHVIKEHMIA.

HecMotpst Ha coBMeCTHOE UCITOIb30BaHUE JaH-
HBIX U3MEPEHUI TOJIIIWHEI JIbIa W pacuyeTa MOmIEN-
HOTO ApeHaxa M0 TMAPABINYSCKOMY MOTESHIIATY
JUJIS1 oTIpenesieHUs epeyriyojieHUi Ha JToxkKe JeIHU-
KOB, HAIIl MIOJIXOA MMEET psii orpaHuueHuii. Pagno-
JIOKaIIMOHHbIE U3MEPEHUsI, OE3yCI0BHO, COlepXKaT
MOTPEIIHOCTH, KOTOPBIE ITIOAPOOHO PACCMOTPEHBI B
pab6ote [7]. TouHOCTb ompeaeaecHUsT TOJNMUHBI JbIa
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C UCIIOJIb30BaHMEM JAaHHOTO THUIIA paJapa COCTABIIS-
eT OT 4,2 M IIJIsI He3HAYUTEIbHON TOJIIMHEL JIbaa 10
12,8 M mrgt TommmHE cBbIme 240 M. UAHTepIIOngms
M3MEpPEeHUH IT0 CeTH pa3pekeHHBIX ITpoduieii Takke
COIEPXKUT MOTPelIHOCTH. YacTUUHO 3Ta IpodiaeMa
pelaeTcss HaMy MyTEM UCKITIOUEeHUSI M3 PacCMOTpe-
HUA IepeyrniyoaeHuil wiomanso MeHee 1000 M2 u
MNOHMXeHUEeM UX M1youHbl Ha 10 M. TakuMm obpazom,
pacnojioXXeHue CMOAEIMPOBAHHBIX TIEPEYTTYOICHUIA
JOCTATOYHO HANIEXHO, B TO BpeMsI KaK TaKue rapa-
METpHI, KaK pa3Mep U INIyOMHa, JOJLKHBI MHTepIIpe-
THPOBAThCSI C OCTOPOXKHOCTHIO.

Oo0cyxnenue

Davbpyc. PeKOHCTpYKIIUS TIepeyriyoaeHU Ha
JIoXXe JIeMHUKOB JIXknkuyranke3 1 MukeapbunupaH
Mo cocTossHuIO Ha 1957 1. mpuBeaeHa Ha puc. 7, a.
BupgHo, uto Ha MecTe ncue3HyBLIuX K 2017 r. yacTteit
JISTHUKOB 13 12 cMOAEIMPOBaHHBIX METOIOM 3aII0J-
HEHMS pacTpa IepeyIiayoleHnii ceMb IIpeacKa3aHbl
10 TUAPABINYECKOMY ITOTEHIIUAIY M UM COOTBET-
CTBYIOT CEMb CYIISCTBYIOIIMX B HACTOSIIEE BpeMs
03ép. IIpu 3TOM 1IeCcThb NepeyryoJeHuid Ha JIoXe
JenHuka JI>xukuyrankes Ha 1957 r. B HacTosliee
BpeMsI He CYIISCTBYIOT B BUIIE 03P, UTO MOXKET OBITh
CBsI3aHO Kak ¢ mnorpemHoctssMu IIMP, tak u ¢ 3a-
MOJTHEHNEM 3TUX MOHVIKEHUI JISTHUKOBBIMM HaHO-
caMH B TIpoliecce OTCTYITaHusI Kpas JeTHrKa. B 1o ke
BpeMsI HEKOTOPhIE pealbHO CYIIEeCTBOBABIINE 03€pa
MOJeNIb He oTobpasmia. Tak, o3epo, IIpopBaBIIeecs
11 aBrycra 2006 r. [30], Ha puc. 7 He MOJEIMPOBA-
JIOCh KaK Mo moBepxHocTu 1957 r. B nmoJie ruapaBiu-
YeCcKOro ImoTeHIana npu f = 0, Tak 1 IyTéM 3aIIo-
HEHMS pacTpa jJoxa jenHuka. Kak 0bl1o mokazaHo
B pabote [31], KOTJI0BMHA 3TOro 03epa chpopMupo-
BaJIach B pe3yJIbTaTe M3MEHEHMS TTOJIOKEHUS TPSIIbI
CpeIMHHOU MOpeHbl Ha JiegHuke. B 1957 r. aTa rpsaa
pacriojiarajach 3amamHee OT HBIHEIITHETO ITOJI0KEHMS
Ha pacCTOSHUM HECKOJIBKMX COTEH METPOB Ha MECTE
Oymyiero o3epa. Takast cutyauusi, omHaKO, He TOBO-
puUT 0 HeKoppeKTHOCTH Moaenu. [1pophIB o3epa mpo-
M30IIEI Yepe3 JICASTHOI TpeOeHb, IIOKPBITHIIA TOHKUM
CJI0eM TIOBEPXHOCTHOM MOpPeHBI. JIoxke JieqHrKa He
BCKPBUIOCH IIPU IIPOPHIBE, IIO3TOMY 03€pHast KOTJIO-
BUHA He SIBJISLIACh NepeyriyoIeHeM JIoxKa JIeAHUKA.

TonbKo ogHO TepeyriydjieHre Ha JIOXE JeTHU -
Ka JIXKukuyraHkes, CMOISIMPOBAHHOE 10 pebedy
MOBEpXHOCTHU JenHukKa 1957 r., He cTajgo 03epoM Ha

WCYE3HYBIIIEH YacTu JIeAHUKA, XOTSI OTpakaeTcsl B
1oJjie MUHUMYMa TUAPABINYECKOro MOTeHIIMaa Mpu
f=1 (cm. puc. 7, a). B a0 niepeyriayoneHue ObLT Ha-
MpaBJieH KaHajl MOoIJeIHUKOBOTO CTOKa (He ToKa-
3aH Ha PUCYHKE), TIO3TOMY OHO MOTJIO OBITh 3aHece-
HO (roBHOTISAIIMATBHBIMI HaHOCAMU. BeposTHo,
3TO CBSI3aHO € TEM, UYTO JaHHOE 03ePO 00Pa30BaIOCh
Ha IMOBEPXHOCTH CBEXKe JienocoaepKaIieiit MOpeHbI.
DaxThl MOJHOTO U YaCTUYHOTO 3aIOJTHEHUS 03EP-
HbIX KOTJIOBMH TTOCTYMAIOIIMMU C JIeAHWKA HaHOCca-
MU oTMevanuch B [Tpuansopycke paHee [9].

IToHuXeHUe MOBEPXHOCTU JIEAHUKOB DIbOpY-
ca nocie 1957 r. [7, 28] oTpa3unoch Ha KapTUHE pe-
KOHCTPYUpPOBaHHOI IpeHaxHoi cetu. B 2017 r. o
cpaBHeHUIO ¢ 1957 1. (cM. puc. 7) 3aME€THO U3MEHU-
JIUCh YMCJIO U TUIOIIAAb 3aMKHYTHIX MUHUMYMOB B
MoJie TUAPABIMYECKOro MoTeHIana npu f = 1 (pu
HaJIMYUU JISTHUKA), COOTBETCTBYIOIINX MECTaM BO3-
MOXHOTO CKOILJIEHUS BOJIBI Ha Jioxe. Tak, Tomanb
BEPOSITHBIX 03Ep Mo JJeAHUKOM bosbItoit Azay yBe-
JmauiIach B 3 pasa (M Ha 67%) Ha (hoHe yMeHbIIIe-
Hus TonuHb abaa. C 1957 mo 1997 r. moBepXHOCTH
3TOTO JIeAHWKA MTOHU3MIACch B cpeaHeM Ha 12,6 M, a
JenqHuka JIxxukunyrankes — Ha 21,9 M [28], a B ne-
puon 1997—2017 rr. — Ha 13,5 u 21,5 M COOTBETCT-
BeHHO [7]. Ho yyacTku JemHUKOB, Te ObLIM CMO-
JIeJMPOBaHbl BEPOSATHBIC TOAJIEAHUKOBBIE 03Epa,
HaXoAATCs B 00J1aCTU a0ISIU, TIe TTOHUKEHUE T10-
BEPXHOCTU OBUIO 3HAYMTEIBHO BBIIIE CPEIHUX 3HA-
YyeHM 3a 00a reproaa. DTOT PakT MOXKET OObSICHUTD
BO3MOXHOE HaJW4le COBPEMEHHBIX MOMJIECTHUKO-
BBIX 03€p, TaK KaK JaBJICHUS Jibla CTAJIO HE XBaTaTh,
YTOOBI BBKMMATh BCIO BOAY, CKaruIMBAIOIIYIOCS B
nepeyriayoneHusx Ha Joxe. Ha nennuke JIxukuy-
raHKe3, OJTHAKO, YMCJIO U TIJIOIIAAb BEPOSTHBIX O/ -
JIeTHUKOBBIX 03€p K 2017 r., HA0OOPOT, CHU3UJIUCH
B 3,5 paza (unu Ha 74%) npu yMEHbIIEHUH TOJIIIH -
HbI Jibfa. Bce oHM oKazanvch MpuypoUYeHbl K Kpae-
BOIi YaCTH COBPEMEHHOTIO JIEMHUKA, TAe Ha JIOXe He
OoOHapy>KeHbl 3HAYUTEJIbHbIE Mepeyrayonenus. [1pu
3TOM Ha OCBOOOIMBIIEMCS OTO JIbJa Y4acTKe Tepe
COBPEMEHHBIM SI3IKOM 00pa30Bajioch HE MeHee Je-
BATU 03€p ¢ mromanaMu 0,8—65 ThIc. M2, ecTb U3
KOTOPBIX ObLIU MpeacKa3aHbl MOJEIbI0 UMEHHO B
aTUX MecTax. B npennonbe negHrnka MukenbumpaH
CYLLECTBYET 03epo Iuomansio 9,1 Teic. M2, Ha Io-
JIOXKEHME KOTOPOIo YKa3bIBalu JaHHbIE MOAEIU IO
cocTosiHMIO Ha 1957 I., KaK 1 COBpPEMEHHOE 03epO Y
s13bIKa JleqHuKa Manblit Azay (cM. puc. 7, 6), KOTO-
poe MEHSIET CBOM pa3Mephl OT Ce30Ha K CE30HY.
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Puc. 7. IlonoxeHne peKOHCTPYUPOBAHHBIX MEPEyrIyoJeHU Ha JoXe JeAHUKOB: Mukenpuupad u JXXKukuyraH-
ke3 (a), bonbioit 1 Manslit Azay (1957 r.) (6), bamkapa (2000 r.) (8).

1 — rpanuubl JenHukoB B 2017 r.; 2 — ucuesnysiue ¢ 1957/2000 mo 2017 r. yacTu Je€AHUKOB; 3 — U3OTUIICHI KOPEHHOTO JIoXka
JIEAHUKOB; 4 — mepeyriyoseHus Ha Jioxe 6e3 JenHukoB (f = 0); 5 — nepeymiy0aeHus Ha JIOXKe MPpY HAJTUYMU JeTHUKOB (f = 1);
6 — COBpeMeHHbIe IPUICTHUKOBbIC 03€pa (BbIAEICHBI TaKXKe Ha (hoTorpacdusx). 3e1€HOM 3Be300i M KOHTYPOM Ha ¢oTo (a) 1mo-
Ka3aHo IMOJIOKEHKE U NMMPUMEPHBII KOHTYp o3epa, mpopsasierocs 11.08.2006 r. [IpssMoyroibHbIE KOOPAMHATHI Ha KapTax repe-
cuutaHbl 115 ipoekiu UTM WGS-1984, 30Ha 38

Fig. 7. Position of reconstructed bedrock overdeepenings under glaciers: Mikelchiran and Djikiugankez (a); Bolshoy
and Maliy Azau (1957) (6); Bashkara (2000) (8).

1 — glacier outlines in 2017; 2 — parts of glaciers that disappeared from 1957/2000 to 2017; 3 — contour lines of the glacier bedrock
topography; 4 — bedrock overdeepenings without glaciers (f = 0); 5 — bedrock overdeepenings with glaciers (f= 1); 6 — modern
glacier lakes (also highlighted on photographs). Green star and outline on (a) show lake that broke through on 11.08.2006.
Rectangular coordinates on the maps are recalculated for UTM WGS-1984 Zone 38 projection
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Ha ¢popmupoBaHue KOTJOBUH 03€p BIUSIET HE
TOJILKO KOPEHHOH pelibed JaBOBHIX IIOTOKOB, HO
¥ HAJIOKEHHBIM Ha HeTo pejbed MopeH. B3anmo-
IEeCTBUE 3THX 3JIEMEHTOB pelbeda, oOpa3oBaHue
U pa3pylIeHne MOPEH MOXET IIPUBOAUTH K Mepe-
CTpOIiKe MOBEPXHOCTHOI TuAporpacuIeckoit ceTu,
4YTO HAOJIIOJAJIOCh Ha CeBEPO-BOCTOYHOM CKJIOHE
BOnwpopyca ¢ 1950-x romos [32]. I110THHBI HECKOJIb-
KX 03€p Ha DIpOpyce 0Opa3oBaiich B pe3ysIbTaTe
KpPaTKOBPEMEHHOI'O HaCTyIaHus JIeTHUKOB B 1990-x
rogax [10, 28]. MopeHsI, cdhopMUpPOBaAaHHEIE B pe-
3yJIbTaTe TOTO HACTYITAHMSI, HE MOIJIM OBITH IIPEMI-
cka3aHbl 1o moxaenu LIMP 1957 r.

bawrkapa. Monens moka3sajia BBICOKHUI IIOTEH-
muaja pa3BuTus 03. Jlama HuxXKe negHuKa bamika-
pa B 2000 r. 1 oTCyTCTBME MOTEHIIMANA Pa3BUTUS
03. MusnnaumK [33], ncuesnysmero B 2007 1. [9]
(cMm. puc. 7). CymecTBoBaHME KPYIIHOTO 0O3epa
IOJI, SI3BIKOM JIemHMKa bamikapa mpenmoiaraioch B
koH1ie 1950-x romoB. [34]. CoBpeMeHHOe 03. Jlama,
KOTJIOBMHA KOTOPOTO B cepenrHe XX B. HAXOOWIACh
IIOJI SI3BIKOM JIEIHUKA balmikapa, peKoHCTpyupyeT-
sl B I10JI€ TUAPABIMIECKOTO ITIOTEHIIMAIIA II0 COCTO-
ganio Ha 2000 T., 4TO TTOATBEpKIAeT KaK BO3MOXK-
HOCTbB CYIIECTBOBAaHMS IMOMIEMHOTO 03¢epa B 1950-¢
TOIbI, TaK ¥ KOPPEKTHOCTH MOJIEIIN.

Kasapmui. CeneBble moToKM 110 p. ['epxoxan-Cy
B 2000, 2011 1 2017 rT. TIpOBOLIMPOBAINCEH PA3TAI-
HBIMU 110 00BEMY BOTHBIMU UMITYJIbCAMU OT JIEBOTO
a3b1ka Jegauka Kasgapter [35]. O6 aToM cBUaeTe b~
CTBYET Bpe3 B MOPEHHBIX OTJIOXEHUSIX IITyOMHOI
1o 1,5 M, chopmuposasmmiics B 2000 1. 1 maymii
HEToCpeACTBEHHO OT PpoHTa negHuka [36]. [pen-
110JIaraj0Ch, YTO 3TU UMITYJIbCHL JA€T IPOPHIB BHY-
TPWJIETHUKOBBIX TIOJIOCTEI, HO OTHO3HAYHOTO BBI-
Boza 00 MX ITPOMCXOXKICHNM caelaHo He ObITo [35].
Curyauug Ha megauke KasgapTter B 2000 r. mokassi-
BaeT HaJW4ue OYeHb HeOOIbIINX MOHXKCHUI Ha
JIOXX€ JIEBOTO $3bIKa JeaHuKa. X o0bEM ObLT HEelo-
cTaTo4eH It (OPMUPOBAHMS 3HAUYMMOTO IIPOPHIB-
Horo naBoaka. KadyectBo umugpoBoii Mogean Imo-
BepxHocT negauka Kagapter B 2000 r. — HU3KOE,
IIO3TOMY MOJHOCTHIO UCKITIOUUTDH BEPCHUIO IIPOPHIBA
MOIJICTHUKOBOTO 03epa IT0Ka HeJlb34.

CeneBoit moTok 2011 T. 6bUT BEI3BaH TTPOPEIBOM
BHYTPUJICTHUKOBOM ITOJIOCTH WX ITOMJICTHNKOBOTO
03epa, pacIloJOXEHHOIO B BepXHEM LIMPKe JISTHU-
Ka [37]. Monenb neMOHCTpUPYET IBa HEOOTBIINX T10-
HIDKEHMS JIOXKa JIeqHNKa KasiapTel B BepXHEM IIIPKe
(cM. puc. 6, a), IPOPBLIB KOTOPHIX MOT CTaTh IPUYU-

Hoit censa 2011 r. OgHaKo oHa He MOKa3bIBaeT KaHal
CTOKA M3 BEPXHETO LIMPKa K JIEBOMY SI3BIKY JISTHU-
Ka, 4TO, BEPOSITHO, 0ObsICHsIeTCS KayecTBoM LIMP
1 HaJIMYMEM PUTeJIsl, HO OTOOpaXkaeT MOIJICTHUKO-
BBIII KaHAJl CTOKA Ha KOHTAaKTe C IpaBOOEpeKHOM
MOpeHOI (cM. puc. 6, 6). UMeHHO 1o 3TOMY KaHaly B
2000 r. mpouén MpopbIBHOM MaBOJOK, OCTABUBILINMI
(parMeHTHI CeIeBBIX Teppac 110 KOHTAKTY JieAHUKA
¢ 6eperoBoit MmopeHoit [36]. IIpu oTcyTcTBUM JIbaA
(f = 0) oTOT KaHal BhIpaXeH Xyxe (CM. puc. 6, a).
MOXHO IPEAIIOOXKUTh, YTO TI0 Mepe TTOHMXKEHUS
IMOBEPXHOCTH SI3bIKa JieqHMKa KasapTel pojib 3TOTO
KaHaJla CHIKAJIach M TTaBOJIKM, BBEI3BAaHHBIE ITPOPbI-
BOM IIOJIOCTEM IO HEMY, CTAHOBUJIMCH MEHee 3Ha-
yuMbl. Ha ymMeHblIeHUe 00bEMa MPOPHLIBOB BOJ, C
neaHuka B 2011 u 2017 rr. mo cpaBHeHuto ¢ 2000 r.
yKasbiBajoch U paHee. Cyns Mo TaHHBIM a3pOBU-
3yajibHOro oocienoBanusi, B 2017 r. ceeBoil MOTOK
OBbLI BbI3BaH BOIHBIM UMITYJIbCOM HE TOJIBKO U3 00-
KOBOIi, HO U M3 LICHTpaJbHON 30HbI JeaHuKa [33].
DTO TaKXKe MOTJIO OBITh CICACTBHEM OCJIA0JIeHUS
POJIM TIPaBOTO ITOAJIEAHUKOBOIO KaHa/Ia ¥ YCUJICHUS
POV LIEHTPaAJIbHOTO KaHaJja, IIPOUCXOASIINX B pe-
3y/IbTaTe YMEHbBIIEHUS TOIIINHbI JIbIA.

3akiouyenue

Ha ocHoBe maHHBIX HA36MHOIO M BO3AYLIHO-
ro paguoJOKallMOHHOTO 30HIMPOBAHUS, a TaKXKe
KUCMOJIb30BAHUS TJIOOATbHBIX MOAEJEN TOIIMHBI
Jbaa [16] Mbl BBISIBUIM Y4aCTKU BO3MOXHOTO (op-
MUPOBAHMS 03EP (3aMKHYTbIE MOHUKEHUS Ha JIOXeE)
Ha KOPEeHHOM JioXe psaa JeaHUKoB I1pusnbdpy-
cbsl. Ha ocHOBe peKOHCTPYKUMMU J0XKa JIEAHUKOB
bonbiioit Azay u JIxkukuyraHkes no Tonorpadu-
yeckoit kapte 1957 r. mpoBeaeHa mpoBepKa MeToAA.
Ha mecte ncue3nyBiux K 2017 r. yacteit JeAHMKOB
u3 13 cMoaenupoBaHHBIX 3aMKHYThIX YIiyoJe-
HUI JIoXa ceMb ObLIM MpeacKa3aHbl MO TUAPABIM-
YyeCcKOMY MOTEHILIMay U UM COOTBETCTBYIOT CEMb
CYLIECTBYIOLIMX B HacTosiee Bpems 03ép. [lectb
3aMKHYTBIX YIyOJaeHuil Ha Joxe JenHuka k-
KWYTraHKe3 Mo COCTOSIHUIO Ha 1957 T. B HacTosiiee
BpeMsI OTCYTCTBYIOT, YTO MOXKET ObITh CBSI3aHO KaK C
MOTPELIHOCTSIMU caMO Mofesu 1 ucxoaHoit [IMP,
TaK U ¢ 3aMojHeHueM 03¢p HaHocaMU. PeTpocriek-
TUBHOE MOJeJMpOoBaHue JoxXa JieqfHuKa bamka-
pa o LIMP 2000 r. oTo6pa3ujio noTeH1MaJl pocTa
03. Jlana u oTCyTCTBME MOTeHLMaAa pocTa 03. Mu-

- 356 -



N.N. JlaspeHmoes u op.

3MHYHUK, IT03Xe 3aIll0JJHEHHOro HaHocaMu. Petpo-
CIIEKTMBHOE MOJIEIMpOBaHMUeE JI0XKa JieqHrKa Kastap-
161 10 LIMP 2000 r. He 1aj0 0o4HO3HAYHOI'O OTBETA O
BO3MOXKHOCTH IIPOPHIBA ITOMIETHNKOBOTO 03¢pa KakK
UMIyJIbca K (OPMUPOBAHUIO KaTaCTpOPUIECKOTO
ceqst aetom 2000 r.

YcTaHOBIEHO, YTO IIPU ITOJTHOM MCYE3HOBEHUU
JiemHUKOB bonbiioit Azay, JI)kukuyrankes u baiii-
Kapa Ha HX JIOXe MOXeT c(popMUpPOBAThCS HE MEHEE
11 HOBBIX 03Ep 0OLIE TUIOWAnbIO OKOJIO 1,7 KM2 1
cpenHelt tmyonHoit 8 M. I1pu 3ToM camble TITyOOKHe
03€pa OKaXXyTCsl B COBpEeMEHHOM obyiacTu absiLuun
nmepgauka bonbiroit Azay B mHTepBaie BeIcOT 3100—
3400 m. Camoe kpynHoe 1o iomann (1 km?) nen-
HUKOBOE 03ep0 00pa3yeTcst Ha MECTe sI3bIKa JICTHIKA
JIXXuKuyraHkes, ero MakcumajibHasl ri1youHa Oynet
nJoctuTath 40 M TIpy cpeTHeM 3HAYeHUH 7,2 M.

B coBpeMeHHBIX YCIIOBMSIX IO JIETHUKAMHU TAKKe
BO3MOXHO CYIIECTBOBAaHME YIaCTKOB, 3aIIOJTHEH-
HBIX Bomoii. Kak 1mokasango MoaeanpoBaHKe, TaKue
YYaCTKM €CTh Ha BCEX MCCIICHOBAHHbIX JICTHNKAX, HO
HX YKCJIO, a TJIaBHOE IIAHOBBIE pa3Mephl OTJINJaIOT-
ca. JlaBaeHue Jbaa pe3Ko YMEHBIIAeT IDIOIIAab ITO/-
JISTHUKOBBIX 03€p, ITepeyIyOIeHNs Ha JIOXKEe 3aI10-
HSTIOTCS JIBIOM, a BoAa MOXET KOHILIEHTPUPOBAThCS
B HUX TOJIbKO IIPY CYIIECTBEHHOM CHIKEHUM JaB-
JIEHUsI. YUUTBIBasI pa3pellleHre BO3MYIIHOM pamgro-
JIOKAlIMOHHOM ChEMKU (JienHuKu bosbiioit Azay u
J>XMKUyraHKe3), OTCYTCTBHE PaarOI0KAIIMOHHBIX
JaHHBIX s negHuka Kastaptel, ommbku IIMP u
MOTPEIIHOCTHU IPY MHTEPIIOJISIINY TOJIIIUHEI JIbIA,
MIpUBEIEHHBIC OLIEHKU MOTYT COIAEPKaTh HETOYHO-
ctu. [IpoBeneHne netanbHOI HA3eMHOM paanoIoKa-
IIMOHHOM CHEMKHM ITO3BOJIUT ITOJIYYUTh JOCTOBEPHBIC
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