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B mocnenHue ronmbl HaboAaeTCS YCKOPEHHAsT Aerpafalivs TOPHBIX JIGAHUKOB. B pesynbTare meriasmuaniu
(bopMuUpyIOTCSI MOpPEHBI Pa3JIMYHBIX TUIIOB, COMPSDKEHHBIE C MISLIMATbHO-KOUTIOBUATBHBIMU W IPYTUMU
oTioxXeHussMu. HanbGosiee akTUBHO B celieBble TTPOIIECChI BOBJIEKAIOTCSI KOHEYHbBIE MOPEHBI € TTPOTSKEHHBIMU
KPYTBIMU yCTYIaMU, Ha KOTOPHIX Pa3BUBAIOTCS CeJieBble Bpe3bl. SHAYUTENBHO PeXe CelIeBhble OYaru TOsIB-
JIAIOTCSI Ha GeperoBbIX MOPEHax, HO 3TU CeJieBble MOTOKM MOTYT JAOCTUTATh KaTacTpo(pUUIecKUX pa3mMepoB.
IIpuBeneHbl AaHHbBIE O CEJEBbIX oyarax, CBSI3AHHBIX C OEperoBbIMM MOPEHAMU TOPHBIX JETHUKOB, Kap-
MaHaMM OeperoBbIX MOPEH, a TaKXKe C HaXOMSIIMMHUCSI B HUX O3epaMUd U BOIOTOKaMM. Takue odaru
oxapakTtepu3oBaHbl i LlenTpansHoro Kaskaza, Aun, ['maaykymra, ['mmanaeB n Tubera. Cambie KpyITHEIC
cesieBble KaTacTpodbl cBsi3aHbl ¢ MpopbiBamMu o3ep [lanbkakoua B [lepy B 1941 1. u Yopabapu B Unauu
B 2013 r. ¢ unciom norudmux 1o 6054, a Takxke ¢ mpopbiBoM o3epa JIxonak FOxHoe B Cukkume (Muaust)
B 2023 r. Ha GeperoBbix MOpeHaX, COIPSKEHHBIX C TbeAecTaliaMu OBIBIIMX JIEMTHUKOB MPUTOKOB, 00be-
MBI CEJIEBBIX BBIHOCOB MOTYT HOCTUTaTh 6.5 mMuH M3 (neguuk anrorpu B Immanasx B 2017 1.). Cenesble
TPOIIECCHI Ha OEPETOBBIX MOPEHAX HEOOXOIMMO YUUTHIBATh IIPY OCBOSHMH TOPHBIX TEPPUTOPHIT KaK BOJIU3H

MOPE€H, TaK U Ha 3HAYUTCJIbHOM OT HHUX YIAaJICHHH.

Karouesvie crosa: GeperoBasi MOpeHa, CeJIeBOI ouar, TIPOPBIB 03¢pa, MOPEHHBIN TheIeCTall, CEIeBOM Bpe3
DOI: 10.31857/52949178924030049, EDN: PLUOGZ

BBEAEHUE

B pesynbraTe M3MeHEeHUS! KJIMMaTa B MOCJIEIHUE
rofpl HAOMIOMAECTCSl YCKOpPEHHAas Aerpagalusl TOPHBIX
JegHukoB. OT HUX ocTaeTcst 00JIOMOYHBII MaTepra B
BHUJIE MOPEH, KOTOPbI BOBJIEKAETCS B DPO3UOHHbBIC U
OIoJI3HEBbIC TMpoliecchl. [ToSBISIIOTCS celeBble ouaru
BCJIEACTBUE TasiHUsI 3aKJIIOYEHHOTO B MOpEHaX Jiba,
pa3MbIBa MOTOKAMU JISAHUKOBBIX BOJ, I JIMBHEBLIMU
ocagkamu. Celu BO3MOXHBI YK€ B HaYaJlbHBIN TIepU-
O/l OTCTYIIaHUSI JIETHUKOB U OBICTPO JOCTUTAIOT MaK-
CUMAaJIbHOM CUJIBI, TIOCTEIIEHHO B HUX BOBJICKAIOTCSI U
Oeperosbie MopeHbI!. I MX CKIOHOB XapaKTepHBI
PaBHOMEPHO paclpeeieHHbIe SPO3MOHHBIC PHITBUHbI
(60po3apl). OueHKa CKOPOCTH (POPMUPOBAHUST TAKUX
00po31 MPoBOAUIACK B psile paboT (XapyeHKo u Ap.,
2021; Dusik et al., 2019; Ash, 2020; Woerkom et al.,
2019; Wang et al., 2022).

#Cebinka ona yumuposanus: bexxues M 10., Jokykun M /1.,
3anuxaHoB M.Y. u ap. (2024). CeneBbie npoliecchl Ha Gepe-
TOBBIX MOpPEHAX TOPHBIX JIETHUKOB (AaHAJTUTUYECKUIT 0030D).
Teomopgponoeus u naneoceoepagpus. T. 55. Ne 3. C. 73—89.
https://doi.org/10.31857/S2949178924030049;
https://elibrary.ru/PLUOGZ

73

MHorna Ha OeperoBbIX MOpeHax 00pa3yloTcst KPyIIl-
HbIe ceJieBble Bpe3bl INIYOMHOM OT HECKOJIbKUX Je-
catkoB 10 100 M 1 Gosee, MpUypoOUYeHHbIE K PE3KUM
neperu6am nmpodwist ckiaoHa (CIT 479.1325800.2019).
[Tpumepbl mposiBIeHUsI TTOAOOHBIX CeJieil HaMUu U3Yy-
yeHnl Ha lleHTpanbHoM KaBkase M B Apyrux paio-
Hax (bexxueB u np., 2021a; bexxueB u ap., 20210).
C OeperoBbIMU MOPEHAMM CBSI3aHbI KpyMHeuIe ce-
JieBole KaTacTpodsl B Ilepy (rpopsiB o3epa [lanbka-
koua B 1941 r.) u B Ungum (mpopsiB o3epa Yopabapu
B 2013 r.) (lokykuH, 2014; Dobhal et al., 2013; Rao
et al., 2014; Allen et al., 2015; Klime$ et al., 2016),
npopsiB 03epa JIxoHak HOxHoe B 2023 r. (HYucio
norn6mux, 2023; Active deformation, 2023). B Ha-
cTosIIell cTaTbe 000OIIEeHbI TaHHbIe MYOJUKALMI 10
CEeJIETIPOSIBJICHUSIM Ha y4yacTKax OeperoBbIX MOpPEH U
MpUBEJACHBl MaTepuajibl aHajau3a KOCMO- U aspodo-

'BeperoBas MOpeHa — MOpeHa TOPHBIX JIEIHUKOB, OTJIO-
JKEHHas B BUMAE TIPSO WIM CTyIeHedl BOOJb CKJIOHOB J0-
JINHBI, TIPU YACTUYHOM WJIM HEIOJHOM TasHUM JIEAHUKA.
OOGpasyerca U3 MOpPeHBI OOKOBOM, KOTOpast OCTAETCs IpU
BBITAMBAHWM Ha CKJIOHAX AOnuHBI (I'eoJormyeckmii cio-
Bapb, 1978, c. 482).
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TOCHUMKOB, TIO3BOJISIIOIIME CHCTEMaTU3UPOBATh U
TUIIM3UPOBATh 3TU CJIydau W OMNpeaeuTb MeXxaHU3-
Mbl cejiepopMUpoOBaHUs, a B JajbHEHIIEM HCIONb-
30BaTh U TIPU OLIEHKE CEJIEONaCHOCTU TEePPUTOPUIi
TOPHO-JIEAHUKOBBIX PaliOHOB.

MATEPHAJIBI 1 METO/IbI

B paGore ObLIM MCIIONB30BaHBI KOCMOCHUM-
ku Sentinel-2 m Landsat 4-9 ¢ caiita https://apps.
sentinel-hub.com/eo-browser/ ¢ MpoCTpaHCTBEHHBIM
paspemrenneM 10—30 M u ¢ pasIUMYHBIMM BapuaH-
TaMu 0o0paboTku, B ToM 4ucie B 3D-cdopmarte, a
TaKke KOCMOCHHUMKHU CBEPXBBICOKOTO Ppa3peIeHMUS
¢ cepucoB Google Earth, Bing Maps (QuickBird,
WorldView-2, GeoEye-1, Pleiades-1A). Kpome atoro,
HCIIOJIb30BaHBl MaTepHaIbl a3poPOTOCHEMKHU Cele-
Boro oyara go u mociue censt 13 aBrycra 2022 1. B
BepXxoBbsIX p. Mukupru (6acceitH p. Yepek-beseH-
ruiickuii, LlenTpanpHbiii KaBka3) ¢ mpuMeHEHHEM
kBagpokonrepa DJI Mavic Air 2 (Akaes, Illuayros,
2023; bekkues u ap., 2023).

Pa3zHoBpeMeHHBIE KOCMUYECKIE CHUMKU CpaBHU-
BaJIUCh BU3yaJIbHO B TporpamMme ArcMap ¢ uUcrosb-
30BaHMEM WHCTPYMEHTa “3aIlITOpUTh cioii” (Swipe
Layer) misi BbISIBJICHUS CENENIPOSIBICHUI, a TakKe To-
CTPOEHUS BEKTOPHBIX CJIOEB KOHTYPOB CEJIEBBIX Bpe-

30B M OTJIOXKEHUIA, HA OCHOBE KOTOPHIX TTPOBOIUIINCH
aBTOMATUYECKHUE BBIYMCICHUS WX TDIOMIAON U OIIpe-
nmeneHus aauHbl. B mporpamme Agisoft Metashape
Professional mocTpoeHbl opTodoTomaaHbel U LU@-
pPOBEIE MOIENTW MECTHOCTH W ONpenesieHbl OObeMbI
BBIHOCA MaTepHajla M3 MacCuBa OeperoBOil MOpEHBI
JleAHUKa MICKUPTH.

ITPOLECCHI HA BEPETOBBIX MOPEHAX
W IMPOPLIBbI O3EP

B pesynbTare oTcTymanus JIeZTHUKOB Ha THE JOJUH
00paszyroTcs o3epa, OANPYKeHHbIE BaJlaM KOHEUHBIX
MopeH. Hepenko oHM pacrioiaraioTcst MeKImy BBICOKH-
MU CKJIOHaMU OeperoBbix MopeH. O3epa o0pa3yloTcs
TakKe B KapMaHax O0eperoBbIX MOpPeH (IIPOCTPaHCTBO
MEXIy CKJIIOHOM [OJIMHBI U OeperoBoii MOpPEHOM) U
BO3BBINIAIOTCS Hall THOM AOJAWH. Takue o3epa MOTYT
CYIIIECTBOBATh NOJITO, MOKAa HE BO3HMKHYT YCIIOBMS
IUTST TIpPOpBIBA.

O3zepo Yopabapu (I'angu CapoBap) CyliecTBOBAIO
6onee 100 et Ha BoicoTe 3860 M B KapMaHe IpaBOi
OeperoBoii MopeHsI tenHuka Yopabapu (puc. 1, (a)) B
BEPXOBbSIX NOJUHBI p. MaHgakuHu (IpaBblii IPUTOK P.
AnaknHaHpaa B mtare Yrrapakxana, Muaous). Ero mpo-
peiB 17 mions 2013 r. cran KpymnHeiileii ceaeBoii Ka-
tactpodoii (Jokykun, 2014; Dobhal et al., 2013; Allen

Puc. 1. Yyactok KapMmaHa mpaBoii OeperoBoii MopeHbI JienHMKa Yopabapu 10 U Tocie mpophiBa o3epa Yopabapu Ha
KocMocHMMKaxX: (a) — 26.09.2010 Landsat 4-5 TM, (6) — 09.11.2011 WorldView-2, (B) — 14.12.2013 Pleiades-1A. XKenrast

JINHUS — TpebeHb 0eperoBoil MOPEHHI.

Fig. 1. A section of the pocket of the right lateral moraine of the Chorabari glacier before and after the Chorabari Lake
outburst on satellite images: (a) —26.09.2010 Landsat 4-5 TM, (6) — 09.11.2011 WorldView-2, (8) — 14.12.2013 Pleiades-1A.

The yellow line is the ridge of the lateral moraine.
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et al., 2015). CTok ¢ o3epa OCyIIECTBIISIICS T10 (PUITh-
TpallMOHHBIM KaHajaM B OeperoBoii MopeHe. Ilmo-
maas Bogocoopa osepa cocrasisiia 2.2 kv? (bekkues
u ap., 2021), MUHMMAaJbHAs BBICOTA TPEOHS GEperoBoi
MOPEHBbl Hall JHOM KOTJOBMHBI 03epa — 12—15 M.
I'mybuHa o3epa oObIYHO He mpeBblmana 2—4 M. Yacto
03epo oTcyTcTBOBaiO (puc. 1, (0)), Tak KaK IMPOIyCK-
Hasli CIOCOOHOCTh (DUIBTPALIMOHHBIX KaHAJIOB OblLia
JOCTAaTOYHOM UISI TTPOIYCKa BOJ Py4bsl, MPOTEKaBILIETO
1o KapMaHy 6eperoBoit MopeHBI. [IutaHue o3epa ocy-
IIECTBISTIOCh B Pe3yIbTaTe CHETOTAsSHUS M ITOXKIEH.
[TpoprIB 03epa Mpou3olies mocjie JUBHEBBIX JOXAeH
(3a mBoe cyrok Beimaio 325 mm) (Dobhal et al.,
2013), Korma mo AHy KapMaHa IIPOXOAWJI CEJIEBOM MO-
TOK U YPOBEHb BOIBI IOCTUT IpeOHsS MopeHbI. Ilpu
MepesrBe BOJHAMU OT IMPOXOMSIIETO CEJIEBOrO TMO-
TOKa MOpeHa OBICTpO pa3MbLIach W OOpylLIWJIach Ha
yuactke mmpuHoi 80 m (puc. 1, (B)). O0bem o3epa
nepen npopsiBoM pocturan 400 Teic. M3, a pacxon
MpopbLIBHOIO nasonka — okoso 800 m3/c (Rao et al.,
2014). Bbeumn paspylleHbl HaceJeHHBIE ITYHKTHI B
JoiauHe p. MaHgakuHu u 1oru6io 6054 denose-
ka (Human ..., 2000—2019). TTogo6HbIli MeXaHU3M
B BMIE CeJIeBOI BOJIHBI HaOJIOAJCsl TPU TPOPHIBE
osepa bamkapa B nmonuHe p. Anpuicy (LleHTpaabHbII
Kaska3) B 2017 1. (Jokykun u np., 2020).

O3sepa B KapMmaHax OeperoBbIX MOpPEH MOIYT CO
BpPEMEHEM 3alloJHATHCS AJITIOBUAIBHO-TIPOJIIOBUAb-
HBIMU OTJIOXEeHMSIMU. B KapMaHe MOpEeHBI JieMHUKa
Hpix-Kotio-byraiicy (JIbix-Cy) B BepXOBbSIX JOJIMHEI P.
Yepek-bankapckuii (Llenrpansubiii KaBkas), momo0-
Horo Yopabapu, HO yxKe 3allOJTHEHHOTO, COIIEN Cejb
B 2017 r. (puc. 2). Ilo miockoMy AHY KapMmaHa ILIH-
puHO 45—50 M ¥ TUIOIWAABIO 7.5 THIC. M2, TOXOXEMY
Ha THO OBIBIIIETO 03epa, JO CeNsl pacTeKayiCs BOTHBIN
MOTOK, OEpylIMii HAYalo C TPeX MaJlbIX JIEMIHUKOB U
uMeoLmii miomans Bogocéopa 3.3 kM2 Ha ywacr-
K€ 3aMbIKaHHUsI TpeOHsI OeperoBoil MOPEHBLI BOMHBIMN
IOTOK IIPOTEeKaJl IO MOA3eMHOMY (DIIBTPAIIMOHHOMY
KaHany nnuHoit 40—45 m (puc. 2, (a)). Ilocne nuBs-
Ha 5 aBrycta 2017 r. maBOmOK pa3MbUI Y4acTOK AHA
KOTJIOBUHBI U CKJIOHBI 6EperoBOi MOpPEHHI, 00pa3oBaj
Bpe3 mmpuHOi 10 120 M, miomanso — 34.5 Thic. M2
(puc. 2, (6, B)). Ilmomanb cenaeBbIX OTJIOXEHUIA
cocrasuia 139 teic. M2 (puc. 2, (6)) (bexkues u mp.,
20216). Huxe nmo monuHe p. Yepek-bankapckuii Ha
yoaneHun 16.5 KM celeBbIM MOTOKOM OBUIO Pa3MBITO
300 M yyacTka HOporu YpBaHb— YIITYIY.

[TpuuyuHOI MPOPHIBOB 03€p, PACIOJOXEHHBIX Ha
IHE TOJMH MEXIy OeperoBbIMM MOPEHAMU, MOTYT
OBITh ONOJI3HM Ha YJaCTKaX, COMPSIKEHHBIX C TJIs-
LIMAJIbHO-KOJUTIOBUAIBHBIMU OTJIOKEHUSIMUA KapMaHOB
OeperoBelx MopeH. Ha puc. 3, (B, I') Imoka3aHo 03e-
po IIBunpylio (Jinwuco, Jiwenco) B 1oJMHE TTPaBOTroO
npurtoka p. Hunoy (Huny) 1I3an6o (yesn Jixapu, Tu-
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6er, Kurait) 1o 1 moce mpopeiBa 26 uronsa 2020 1. u
YYaCTOK OTIOJNI3HS Ha JIEBOU OeperoBoil MOpeHe Jiemd-
Huka I[3unpy (puc. 3, (a, 0)). OO0beM CHOA3LIUX C
©eperoBoii MopeHbl Macc cocTaBui 1.2 MiH M3 (Zheng
et al., 2021), a oObeM COpOIIEHHON BOALI M3 03€-
pa — 5.4 muH M? (Wang et al., 2021). Onon3HeBoii
TIPOIIECC 3aXBaTUJ MAacCUB OEperoBOil MOpEHBI IIH-
puHoit okoyio 230 M. OH OBUI CONpPSIKEH C KOHYCOM
ISIHAATBbHO-KOJUTIOBUANIBHBIX OTJIOXEHU, 3aroi-
HUBINIUX KapMaH OeperoBoit MopeHBI. Ha cocemAmx
cjeBa M CIipaBa KOHycax HaOIIOMAIOTCs ClIeAbl HUITU
OTPbIBa U 3PO3UOHHOTO Bpe3a, YTO CBUIETEIbCTBYET
0 Pa3BUTUM AHAJOTMYHBIX MPOLECCOB, HO B MEHb-
mux pasMmepax. CelleBbIM TTOTOKOM OBLT NMPUIMHEH
3HAYUTEJIbHBIN yIepOd HaceJleHHBIM IYHKTaM HIKe
no ponuHe Hwupoy Ll3aH00, pa3pylieHa gopora Ha
npoTsokeHn 43.9 KM, CHECEHO 7 MOCTOB, 3aTOILJICHBI
¥ 3aHECEHHI CEeIbX03YroaMs Ha Iuromanu oojee 25 ra,
YHUUYTOXEHO 9 ra Jjeca.

B pa6ote M.JI. HokykuHa (2014) nmpuBeaecHbI JaH-
Hble O TPOpbIBE APTU3OHCKMX o3ep B IlepyaHckux
Anpax B 2012 . B pe3ybTare OIoJI3HSI 00bEMOM OKO-
710 800 TBIC. M3 C JIEBOI GEPErOBOI MOPEHEI JIENHUKA,
CITyCKAIOIIErocs ¢ TOphl APTECOHpAaxy, B BEPXOBBSIX
JneBoro nputoka p. Canra-Kpyc.

Omon3HeM Ha OeperoBoii MopeHe 4 OKTSIOps
2023 1. ObL1 BBI3BAaH KaTacTpo(UUYECKUIl IPOPHIB
o3epa JIxoHak FOxnoe Ha BbicoTe 5200 M B moJi-
He p. Tucta (utat Cukkum, MHaus), Bo BpeMmsl Ko-
Toporo mnoru6;io 82 yenoseka u Oosiee 140 yenoBek
nponajiau 6e3 BecTu. B 001Leil CIIOXHOCTU NoCcTpana-
JIM CBBIIIE 25 ThIC. YeJIOBeK, 0osiee 7 ThIC. BHIBE3EHBI
B Oe3onacHble MecTa W pa3MellleHbl BO BPEMEHHBIX
narepsix. [ToBpexaeHbl 6ojiee 1.2 ThIC. TOMOB, pa3py-
LLIEHBI CBbILIE AecsATKa MOCTOB U tuioThuHa 'DC Tucra
III B YyHrrxaHnre, pa3MmbIThl noporu (HYuciao moru6-
mmx, 2023; Active deformation, 2023). Panee oueHu-
BaJIMCh BO3MOKHEBIE TIOCIIEACTBHS TTPOPHIBA 3TOTO 03€-
pa OT MmameHMsI B HETO MAaccC JIbIa BUCSYMX JIGTHUKOB
(Sattar, et al., 2021), a BapuaHT BO3A€iCTBUS OIOJ3HS
¢ OeperoBoit MOpeHbI He paccMaTpuBaJICs.

Ha puc. 4 mokazano o3sepo JIxonak IOxHoe mo
1 rocyie TipopbiBa. [1o HAITMM JaHHBIM TUIOIIANb 03€-
pa 1o npopseiBa cocrasisuia 1.67 kM2, a mocie Inpo-
peiBa — 1.44 xm2. JlivHa o3epa cocTasisuia 2.87 KM
U yMeHblmaach Ha 250 M. O6beM o3epa Mpu Iuiola-
o 1.35 xkm? cocrasisul 65.8 MIH M3, a IiIyOMHa —
nmo 130 M (Sattar, et al., 2021).

JleBag GeperoBast MopeHa JegHuka KOxwHbIil JIxo-
HaK COTpsDKeHa ¢ MACCMBAMM KOHEYHBIX MOPEH OBIB-
IIMX JIEBBIX NpUTOKOB JegHuka IOxubii JIxoHak —
CeBepnblii JIxonak u CpegHuii JIxoHak, pa3aeaeHHbBIX
IpsITON CpeNUHHON MopeHbl. BomHBINM MOTOK C Jemd-
Huka CeBepHblli JIXoHaK paHee mpope3an 6eperoBylo
MOpPEHY 1 B HAcTosIIee BpeMsI BITagaeT B 03epo JIxo-
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Puc. 2. YyacTok KapmaHa JieBoii 6eperoBoii MopeHbl Jiegnuka JIsix-KoTtio-byraiicy (Ipx-Cy) 1o u mocie ceist 5 uions
2017 r. Ha kocMocHuMKax: (a) — 19.09.2011 GeoEye-1, (6) — 06.10.2017 GeoEye-1, Ha BepToneTHO# (oTorpaduu
M. JdokykuHa: (B) — 19.09.2023.

1 — rpeOHU OeperoBbIX MOPEH; 2 — 03epOBUIHAS TUIONIANKA; 3 — ceJieBoil Bpe3; 4 — ceJieBble OTJIOXEHMSI.

Fig. 2. The section of the pocket of the left lateral moraine of the Dykh-Kotyu-Bugaysu glacier (Dykh-Su) before and
after the debris flow on July 5, 2017 on satellite images: (a) — 19.09.2011 GeoEye-1, (6) — 06.10.2017 GeoEye-1,
on a helicopter photo by M.D. Dokukin: (8) — 19.09.2023.

1 — ridges of lateral moraines; 2 — lake-like area; 3 — debris flow cut; 4 — debris flow deposits.
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Puc. 3. Ozepo L3unbyno B monmuue p. Humoy Llzan6o B yesne JIxapu (Tuber, Kutait) no u mocie mpopeisa B 2020 r.
Ha KocMocHMMKax Bing Maps u Google Earth: (a) — 24.12.2017 Pleiades-1A, (6, r) — 17.10.2021 WorldView-2, (B) —
29.11.2016 Pleiades-1A.

Fig. 3. Jinwuco Lake in the valley of the Nidou Zangbo River in Lhari County (Tibet, China) before and after the
outburst in 2020 on Bing Maps and Google Earth satellite images: (a) — 24.12.2017 Pleiades-1A, (06, r) — 17.10.2021
WorldView-2, (B) — 29.11.2016 Pleiades-1A.

TFTEOMOP®OJIOI'UA U ITAJTEOTEOTPA®UA  Tom 55 Ne 3 2024
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Hak lOxHoe. KoHeuHble MOpeHHI legHnka CpemnHuit
JIxoHak (Ha puc. 4, (a) cieBa OT I'psiibl CPEAUHHOM
MOPEHBI) COmep>KaT MacChl MEPTBBIX M TTOTPeOCHHBIX
JIBIOB, TP TasTHUW KOTOPBIX YBIAXHSUICS BHYTPEH-
HUI CKJIOH JieBOi GeperoBoit MopeHbl jenHuka FOx-
HBII JIXOHAK, 4TO, BEpOSITHO, CIIOCOOCTBOBAJIO OOpa-
30BaHUI0 omoj3HA 4 okTsaopss 2023 r. Onoa3eHb B
30HE OTPhIBA MMEJ IIUPUHY 0KoJI0 950 M, TTOIIanb —
0.25 kM2, a TIpeBbILIEHUE TPEOHS MOPEHBI HAll 036pOM
coctaBisyio 150 M. OO6beM OMON3HSI MPU TOJILUHE
20—50 M, ompeneneHHON MO M3MEHEHUIO OEperoBOii
JINHUKM Ha yYacTKe OIIOJI3aHUsI, MOT COCTaBIIATH ITO-
panka 5—8 MuH M3, AHanINM3 KOCMOCHUMKOB ITOKa3all,
yto B aBrycte 2020 r. momoOGHOe OIoJ3aHUE TTPOUC-
XOIWJIO Ha YJ4acTKe JIEBOI GeperoBoil MOPEHBI BHIIIIE
onuckiBaemMoro Ha pacctosiHuu 400 M. B 1o Bpemst
MaccChl OTOJI3HSI OTJIOXKUJIMCH Ha JienHuKe. Eciu Obl
TaKoi aHajm3 OBbLT MPOBEICH paHee, TO MOXHO OBIIO

a4 o

OpTraHM30BaTh MOHUTOPUHT 3a COCTOSTHUEM MOPEHEI
¥ CUCTeMY MPEOYIPEXKICHHUS O TIPOpPBIBE.

IIpenmomaraeTcs, 4To MPUYWHON KaTacTpodumrde-
ckoro mnpopbiBa o3epa Ilanbkakoua B 1941 r. (Ile-
pyaHcKHie AHIOBI) U celleBoro moroka Ha p. Koxym,
MPUHECIIIETo pa3pylleHus1 B I'. Yapac U rubenb He-
CKOJIBKUX TBHICSTY YeJIOBeK, OBbLT OIOJI3eHb Ha IpaBOit
OeperoBoii MopeHe, BO3BbILIAIOINIECHCS Hald 03epOoM
(Klimes et al., 2016).

Takum 06pa3oM, IPOPHIBEI 03ep B KOTJIIOBUHAX Ha
JTHEe IOJIUH OBIIM BBI3BAHBI OMOJI3HAMU CO CKIIOHOB
OeperoBbIX MOPEH, a 03ep, PACIOJIOXEHHBIX B Kap-
MaHax OeperoBbIX MOPEH — pPa3MbIBOM OEpPETrOBbIX
MOpEH, uX orpaHuuuBatromux. Kpome storo, mpowuc-
XOAWJ Pa3MbIB 3aIOJHEHHBIX (hIIOBUATBHO-TUMHO-
TEHHBIMU OTJIOXEHUSIMU KOTJIOBUH B KapMaHax Oe-
peroBbIx MOpeH. Bo3MoxeH TakxKe BapuaHT MpOphiBa
o3epa B pe3yJbTaTe OMOJ3aHUsI MaccuBa OeperoBoit

i

Puc. 4. Ozepo JIxonak FOxnoe B nonune p. Tucrta (Cukkum, MHmus) no n mocie npopeiBa 04.10.2023 Ha KOCMOCHUM-

Kax Sentinel-2: (a) — 26.09.2023, (6) — 06.10.2023.

1 — rpanuua osepa 26.09.2023; 2 — rpanuiua o3zepa 06.10.2023; 3 — BOZHBINM MOTOK, BTEKAIOIIMIA U BBHITEKAIOIUN U3
o3epa; 4 — rpaHULBI 30HbBI ONOJ3HS; 5 — rpebeHb GepPeroBoii MOPEHHl; 6 — Irpsga CPEAMHHON MOpEHBI.

Fig. 4. South Lhonak Lake in the Teesta River valley (Sikkim, India) before and after the outburst in 10.04.2023 on
Sentinel-2 satellite images: (a) — 26.09.2023, (6) — 06.10.2023.

1 — the boundary of the lake on 26.09.2023; 2 — the boundary of the lake on 06.10.2023; 3 — the water flow flowing
in and out of the lake; 4 — the boundaries of the landslide zone; 5 — the crest of the lateral moraine, 6 — the ridge of

the median moraine.
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MOPEHBI MMOoCcje IJUTEIbHOIO YBJaXXHEHUS CYIle-
CTBOBABILIMM B KapMaHe OeperoBoil MOPEHbI 03€POM.
Takoii ciyuait 3a¢pukcupoBan B 2002 r. B mojuHe
p. Kapayrom (Lentpanbhbiii KaBka3) — IpophIB
o3epa Mukenaii ruomanpio 9.3 Thic. M2 ¢ opmu-
poBaHMEM Bpes3a ruowansio 11 Teic. M2 Ha mpaBoii
OeperoBoii MopeHe JeaHuka Kapayrom (TaBacues,
2018; bekkueB u np., 20210).

CEJIEBBIE IMTPOLECCHI HA YYACTKAX
BEPEI'OBbIX MOPEH,
COITPAXEHHBIX C MOPEHHBIMH
IMbEAECTAJIAMU JIEAHUKOB ITPUTOKOB

TepMUH MOpPEeHHBIN MbeecTal OTCYTCTBYET B CIIpa-
BOYHOIi JIUTEpaType U CJIOBapsiXx, B MOHOrpachusX Io
DISIIAanbHOi reomopdonornu. HeoObuHass MoOpeH-
Hasi (hbopMa, HarlOMUHaoIIasl MbeAecTal, OTMeUYeHa B
pabote (Penun, 1980) mpu onmucaHUM MOpEH ITyJIbCH-
pyolux JeagHUKOB. PazHooOpa3Hble MopdoJioruye-
CKH€ TUIIbBl MOPEHHBIX MbEAECTAIOB — SI3BIKOOOpa3-
HBIX JIeJIOBO-00JIOMOYHBIX MaCCUBOB, OIpaHUYEHHbIX
¢ OOKOB OeperoBbIMM MOPEHAMM 1 BO3BBIIIAIOIIUXCS
Haja mHUAIaMu 1ojrH Ha 50—70 M, oxapakTepu30BaHbI
B pabore M.J. JJokykuHa (1988), HO reHe3uc 3TUX
(opm ObUT ompeneneH Kak TsSUUAAIbHO-TpaBUTALIUA-
oHHBIM. [Ipenrronararock, YT0 MOPEHHBIE TTbEIECTAIBI
00pa3yloTCcsl TIpU BHIITAXMBAHUU OOBaJIbHO-OCHIMTHBIX
KOHYCOB JIETHUKaMU, (HOPMUPYIOIIMMUCS B Hayajlb-
HOM TIepMOJe CTaauaJbHOTO HacTymaHudA. B mamb-
HeiillleM ObUI clieJlaH BBIBOJ O TOM, YTO MOPEHHbIE
MbeAECTAIBl — MPOAYKT MHOTOUMCIEHHBIX MOIBIXKEK
HACBIIIEHHBIX 00JJOMKaMM JIETHUKOB, Tela KOTOPHBIX
HaKJaAblBAINCh Opyr Ha napyra (JoKykvuH W Ip.,
2019). B mpoiiecce 3BOMIOIIMU MOPEHHBIX TbeaecTa-
JIOB TIPOMCXONMT BHITAMBAHME 3aKITIOYEHHOTO B HUX
JIbJla U Pa3XMXKeHWe MOPEHHBIX MacC 0 COCTOSIHUS
TOTOBHOCTH K cejie(popMUpPOBaHUI0. MOpEHHBIE The-
JecTajbl Kak ocobast (popma JIeTHUKOBBIX OTJIOKEHUIA
oxapakTtepuszoBaHbl B pabore I1.A. Okuiuesa (2017),
HO OHU He ObUIM OTIEJEHBl OT KAMEHHBIX IJIETUCPOB.
B paGore .M. Bacekosa (2016) paccMOTpeHBI ITbe-
JIecTalbHBIC JIGTHUKA M TIOKa3aHa CBSI3b MOPEHHBIX
MbeAECTAJIOB C TE€OJOTMYECKUM CTPOCHUEM, HOBEM-
el TEKTOHUKOW M M3MEHEHUSIMU KIIMMATUYECKUX
ycnosuii. B paborax M.J. JlokykuHa ¢ coasT. (2016)
u M.IO. bekkueBa ¢ coaBr. (2021a) mpuBeneHbI JaH-
HbI€ O CEeJIeNpPOSIBICHUSX, CBSI3AaHHBIX C JAerpamaiueit
MOPEHHBIX ITheIeCTaJIOB.

MopeHHbIe TbeaecTaabl JEAHUKOB MPUTOKOB B
MecTe MX BIIaJieHUsI B TJIaBHBIN JIETHUK 0OpasyioT
KOMILIEKCHI, COUeTamIe 6eperoBylo MOpeHy TJlaB-
HOTO JIEIHWKA C MOPEHHBIM MbeAecTaJoM JIeTHU-
Ka mpuroka. Takue ciyyau paccMOTpeHbl B pado-
te M.IO. bekkueBa c coaBt. (20210) Ha mpumepe
y4acTKOB OeperoBbiXx MopeH JenHukoB Mpuk (bac-
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ceitH p. bakcan) u Jlpix-KoTio-byraiicy (6acceitn
p. Yepek-bankapckuii) ¢ o0pa3oBaHHBIMM Ha HHUX
Bpe3aMU IIPOTSLKEHHOCTBIO 0K010 500 M, miomanbo
30—50 ThIC. M2

OgHUM U3 caMbIX KPYIHBIX CEJIETpOsIBICHUI Ha
yJacTKax OeperoBbIX MOPEH IOJWHHBIX JIETHUKOB,
COIPSIKEHHBIX ¢ MOPEHHBIMU TbeAeCTalaMU JICTHU-
KOB TIPUTOKOB, SIBISIETCS] Bpe3, C(OOPMUPOBABILIUIACS
B pe3yJjbTare cejieBoro mnpoiecca B uwone 2017 r. Ha
MOpPEHHOM ITheJecTasie ieqHnka Mepy bamak u neBoit
OeperoBoil MopeHe JjeaHukKa ['aHroTpu B BEpPXOBBSIX
p. bxarupatxu — omHOro u3 MCTOKOB p. I'aHT (IITaT
Vrrapakxana, Munust). Ha puc. 5 mokasaH ydyacTok
JIEBOM OeperoBoil MOPeHHI ieAHNKa ['aHTrOTpU U mpu-
JIeTalollero K Heil MOpPEHHOTo TibelecTana JieAHWKa
Mepy bamak 10 u mocje cejaeBoro mpolecca.

[TapameTpbl 0Opa3oBaBIIETO Bpe3a U OTIOXEHUM
Ha JHE JOJUHEI: 00beM BBIHECEHHOTO MaTepHaia —
OKOJIO 8 MJIH M3, 00BEM OTJIOXKEHHOTO HA [THE ITOJIMHBI
CeJIEBOrO Marepuajia — okoso 6.5 muH M3. Tlnowans
obOpazoBaBIIerocsi Bpeza cocrasmwia 150 Teic. M2,
JIJIMHA — OKOJIO 1 KM, a Iuiomagb CeJeBBhIX OTJIOXE-
Huii — 470 Teic. M2 (Kumar et al., 2019). JInuna Bpe3a
Morjia ObITb OOJIbIIe, HO OH OB OrpaHUYeH KOH-
noM jeagHuka Mepy bamak. bonblmass yacts Bpesa
OTHOCHUTCSI K MOPEHHOMY TIbeeCTaly JeaHuKa Mepy
bamak, MeHblIasg — K OeperoBoil MOpeHe JeaHHKa
I'anrorpu. OcoOEHHOCTBIO CeJIeBBIX IPOLIECCOB Ha
OeperoBbIX MOpEHax, COMPSKEHHBIX C MOPEHHBIMU
MbeAeCcTajgaMM, SIBJISIETCS IIOYTH IOJIHAS aKKyMYJISIIINST
CeJIeBbIX OTJIOXEHMII cpa3y y KOHIIa Bpe3a Ha ydacT-
Ke JIHa MIaBHOM JOJWHBI MPOTSKEHHOCThIO 1—2 KM,
MOIIIHOCTbIO, YacTo MpeBbiiiatoiieit 10 m.

B Tex ciygasix, korna 60KOBOii IPUTOK OCHOBHOTIO
JIeAHUKa 00pa3yeT ¢ HUM €OUHBIA SI3BbIK, BCIIECACTBUE
HECKOJIbKUX MPOMU3OLIEAIINX MOABUXEK OH MOXET CO-
CTaBJISITh OTAEJbHYIO MHOTOCJONHYIO TOJIILY B BMIE
MbeIecTala, IPUCIOHEHHYIO K 60K0Boii MopeHe. [Tpu
OTCTYITAHUM JIEIHUKA 3Ta TOJIIA, (DAKTUIECKU SIBJISI-
folllasicsi MOPEHHBIM TIbeECTaIoM, 00pa3yeT Teppa-
COBUJIHYIO OeperoByto mopeHy. Ecinu Huke BnageHMsI
TAKOTO MPUTOKA CO CKJIOHA CITyCKAeTCsl KaMEHHBIIA
[JIETYEP, TO SI3BIK JICAHUKA OTTECHSIET €ro K CKIIOHY
1 obpasyeTcsl TeppacoBuaHas 6eperoast MopeHa. OHa
coyeTaeT MaTepuajl MOPEHHOTIO IbelecTala U KaMeH-
HOTO TJeTdepa, KaK B CIydae CIOXHOIO MOPEHHOIO
KOMILIEKCa JIeIHUKA OBIBIIETO JIEBOTO IMPUTOKA JIeHI-
Huka bartcBat B nonuHe p. Mikoman (CeBepHblii I1a-
kucrtaH). Tam B utone—anrycre 2018 r. B pe3yibrare
MPOAOJIKUTEIIBHOTO CEJIEBOrO Mpolecca o6pa3oBaics
Bpe3 twiomanpo 0.27 kM2, mmHoil 1.2 km (Bekkues
u ap., 2021a).

Ha puc. 6 TToka3zaH 3TOT y4acToK 10 U mociie Gop-
MupoBaHus Bpe3a. PaHee HebosbIloi Bpe3 chopMu-
poBaJICSI Ha Y4aCcTKE€ MOPEHHOTO IIbelecTana, IpH-
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Puc. 5. Yuactok seBoii OGeperoBoii MOpeHbl JieMHUKa ['aHrOTpM U MOPEHHOro mbenaecTaia JeaHuka Mepy bamak B
BepxoBbsix p. bxaruparxu (Fmmanau, Uuous) no v nocne censt B nepuon ¢ 16 mo 19 urons 2017 r. HAa KOCMOCHUMKaX
Google Earth: (a) — 26.08.2014 Pleiades-1A, (6) — 07.10.2017 Pleiades-1A.

1 — rpeGenn yeBoit GeperoBoit MopeHHI jenHuKa [aHroTpu; 2 — TpeOHU OEpeTOBBIX MOPEH MOPEHHOTO ITheiecTaia
nenHuka Mepy bamak; 3 — ceneBoil Bpe3; 4 — celieBble OTJIOXKECHUS.

Fig. 5. The section of the left lateral moraine of the Gangotri glacier and the moraine pedestal of the Meru Bamak
glacier in the upper reaches of the Bhagirathi River (Himalayas, India) before and after the debris flow in the period
from July 16 to 19, 2017 on Google Earth satellite images: (a) —26.08.2014 Pleiades-1A, (6) — 07.10.2017 Pleiades-1A.
1 — ridge of the left lateral moraine of the Gangotri glacier; 2 — ridges of the lateral moraines of the moraine pedestal
of the Meru Bamak glacier; 3 — debris flow cut; 4 — debris flow deposits.
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CJIOHEHHOTO K JIeBOii GeperoBoii Mopere, a B 2018 . CEJIEBOM ITPOLIECC HA YYACTKE ITPABO
MPOM30IILIO 06pa3oBaHue 00bEIMHEHHOrO Bpe3a ¢ uc-  BEPETOBOM MOPEHBLUIE JHUKA MUXKXHNPTU

YE3HOBEHUEM CPEAUHHON pasaestolleii rpsabl. [1pu (LEHTPAJIbHBIM KABKA3)

9TOM KaMEHHBIN ryieTyep, Kak KOMIIOHEHT Teppaco- 13 ABTYCTA 2022 .

BUIHOI MOpPEHBI, ObUI OOjiee YCTOMYMB K CEJIEBBIM

MpolLeccaM, 1 TTO3TOMY MOYTH He ObUT MU 3aTPOHYT. 13 aprycra 2022 r. B nonmxe p. Minkupru (Gac-

TTocnenCTBUSIMK ceJist ObUTH pa3pyLIeHUs U 3aToruie- CCMH p. Uepek-beseHruiickuii) couresa HeoObIYHbII
HUsS JIOMOB B TocelKke barcBar Ha paccTogHUM 5 KM CEJlb, O4ar KOTOPOTro pacroJiarajics Ha IpaBoii Oepe-
OT ouara. ropoii mMopeHe neaHuka (Akaes, Illugyros, 2023;

Puc. 6. YuacTok MOpeHHOTO KOMITIEKCa OBIBIIIETO JIEBOTO TIPUTOKA JiefHNKA barcBart B monmHe yieBoro nputoka p. M-
koMmaH (IlakucraH) ¢ TeppacOBUAHBIM MOPEHHBIM IMhEAECTAIIOM 10 M Mocjie oOpa3oBaHus Bpe3a B uwe-aBrycre 2018 r.
Ha KocMocHMMKax Google Earth u Bing Maps: (a) — 10.07.2017 Pleiades-1A, (6) — 26.05.2020 WorldView-2.

1 — TeppacoBUIHBIII MOPEHHBI TbeAecTal; 2 — TePPACOBUIHBI KaMEHHBIN IiieTyep; 3 — ceJieBoil Bpe3.

Fig. 6. A section of the moraine complex of the former left tributary of the Batswat glacier in the valley of the left
tributary of the Ishkoman River (Pakistan) with a terraced moraine pedestal before and after the formation of the cut
in July-August 2018 on Google Earth and Bing Maps satellite images: (a) — 10.07.2017 Pleiades-1A, (6) — 26.05.2020
WorldView-2.

1 — terraced moraine pedestal; 2 — terraced rock glacier; 3 — debris flow cut.
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bekkueB u ap., 2023). Ha puc. 7 moka3zaH y4yacTok
ceJIeBOTO oyvara 7o U mocie censi. Bpes acummerpud-
HBI: JIEBBII OOPT BO3BEHIIIACTCS Ham THOM Ha 6-9 M,
a TpaBBIf — Ha 16-20 M, Tak KaK MOpeHHas Tpsma
IO CeJisl MMeJla CKJIOHBI pa3HOil BEICOTHI (ee IpeGeHb
MoKa3aH KpacHOW JIMHMWEH Ha puc. 8, (a)).

Illupuna Bpesa cocraBuna 30-40 M, miuHa ero
Ha MopeHe — 230 M, 00beM BBIHECEHHOTO MaTepua-
7a — okoj10 110 Teic. M3 (BKJIIOYAs BO3BBILIAIOIYIOCS

4acTh rpebHs 6EpEroBoil MOPEHbI OKOJIO 16 Thic. M3).
CpenHuil yron HakJIOHa oyara o JAHY Bpe3a COCTaB-
Jsm 6.7°.

Ha ocHoBe aHann3a pa3HOBpPEMEHHBIX a’3po- U
KOCMOCHHMKOB JieNHUKa MMWXUPIru MpemaiokeH cie-
YOI MeXaHU3M cefie(popMUpPOBaHUS.

ITo nanusiMm O.C. bymyesoii (2013) B mepuon
1987-2004 rr. negHUK MUXUPru MpOABUHYJICS BIle-
pea Ha 137 m. IIpu aToM npousonio popMupoBaHe

Puc. 7. YuacTok ceneBoro odara Ha mpaBoil 6eperoBoii MopeHe JeqHruka Mukupru no u mocie cxona censt 13.08.2022
(doto ¢ kBampokonTepa): (a) — 26.07.2022, (6) — 28.08.2022.

Fig. 7. The site of the debris flow original site on the right lateral moraine of the Mizhirgi glacier before and after the
debris flow on 13.08.2022 (photo from the quadcopter): (a) — 26.07.2022, (6) — 28.08.2022.
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HOBOI1 O0KOBOI MOpeHHbI (cM. puc. 8, (a) — KpacHas
nuHust). Cyngd mo kocMocHuMKam Landsat 4-5, sto
IBIDKCHNME OBII0O WHHIIMMPOBAHO JIEBBIM TTOTOKOM
JIbAa, KOTOPBI OTTECHWI MPaBBIM MOTOK W, BO3MOXK-
HO, neopMUpOBa IpaByio MopeHy. B cBoio ouepens,
3TO CIOCOGCTBOBAIO TTPOHUKHOBEHWIO TTOTOKA TaJTBIX
BOJ JIEMHWKA, PACITOJIOXEHHOTO Ha IPaBOM CKIIOHE
IOJIVHBI p. MWXUPIH, BHYTPh MaccuBa OeperoBOif
MOpPEHEL.

MoXHO HpearnoaoXnuTh, YTO ITOA, OCHOBHOI TIpsi-
JIoil 6eperoBoil MOPEHbI HAXOAUTCS MaCCUB MEPTBOTO
JIETHUKOBOTO Jibaa. Ero tasiHue mop IeicTBUEM JI0-
MOJIHUTEILHOTO TIPUTOKA BOABI IIpMBEJIO K (popMM-
POBAHUIO TIOJIOCTEN, KOTOpPbIE 3aIOJHSINCH BOIOM.
DTO COMPOBOXAAIOCH MPOCAAKOH U (hDOPMUPOBAHUEM
MPOTSKEHHOU 3UsIIoleil TpelMHbI B KapMaHe Oepe-
roBOIf MOpEeHHBI IUPUHON 10 1.5 M U IJTMHONA OKOJIO
450 M (cM. puc. 8, (0) — HUKHUIA ¥ BEpXHUI ydacT-

Puc. 8. Yuactok GeperoBoii MopeHHI JemHUKa Minkupru: (a) — kocMocHUMOK Google Earth 28.10.2019 Pleiades-1A,
(6) — doro ¢ kBagpokonTepa 26.07.2022, (B) — ¢oto ¢ kBagpokonTepa 28.08.2022. KpacHas iuHuUsI — rpeGeHb 6eperoBoit
MopeHbl XXI B., xenTast IMHUS — TpeGeHb OEpPEeroBoil MOPEHbI MAJIOTO JIEAHUKOBOTO MepUoa, roiydast JIMHUS — Pycio
BOJIOTOKA B KapMaHe OeperoBoii MOPEeHbI, KPaCHbIe CTPEJKU YKA3bIBAIOT HAa PACIOJOXKEHHUE TPEIIUHBI CMEIICHUS TPSIbI
0OeperoBoii MOPEHBHI.

Fig. 8. A section of the lateral moraine of the Mizhirgi glacier: (a) — Google Earth satellite image 28.10.2019 Pleiades-1A,
(6) — photo from the quadcopter 26.07.2022, (B) — photo from the quadcopter 28.08.2022. The red line is the ridge of
the lateral moraine of the XXI century, the yellow line is the ridge of the lateral moraine of the little Ice Age, the blue
line is the watercourse bed in the pocket of the lateral moraine, the red arrows indicate the location of the fracture of

the displacement of the ridge of the lateral moraine.
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KM TpelIMHBbI MOKa3aHbl KpacHbIMU cTpenkamu). Ha
y4yacTKe, OTMEYEHHOM BEPXHEN KPAaCHOM CTPEJIKOA,
MPOU3OIILIO CIIOJA3aHUE MacChBa MOPEHBI BHU3 C 00-
pa3oBaHMeM CTeHKHU oTpbiBa. IIpu 3TOM 00pa3zoBanuch
JIyrooOpasHble TpellvHbl B 30HE OTpPbIBA, U CIOJI3a-
oMt 610K mMpuHOi 15-17 M ObLT pa3dUT U To-
TOB K oOpyiieHuo. [loaTBepXKaeHrneM 3TOMY SIBUJICS
pa3MbIB JIEAHUKA HUXE o4yara ¢ oOpa3oBaHUEM Bpe3a
mupuHoit 15-20 M u rayOuHOI 10 4 M.

ITockonbpKy 00pa3oBaBIINICS CEIEBOM IIOTOK MPO-
XOJWJI TIO JIEAHUKY, OTJIOXMBIIMECS CeJeBble MacChl
MOIITHOCTBIO A0 8 M 3a0JOKMPOBAJIM BBIXOH Tajoi
BOJIIbI M3 MOIJIEAHOTO KaHayia. B pesynbTaTe mpouso-
1IJI0 HAKOIJIEHWE BOJAbl B KaHajle W TOCAEAYIOIIU
MPOPBIB €€ B BUIE CEJsl MO APYromy pyciy p. Mu-
xkupru. TakuM oOpa3oM, CelneBoi IIpoliecc Ha Oepero-
BOW MOpPEHE BBI3BAJl MPOPBIBHOUW BOMHBINA UMITYJIBC C
JenHuKa. IlepeHocuMBIT ceneM Marepuain oTjarajics
no O0okaM pyces, a OKoJo ajubIuiarepsa be3eHru o06-
pa30BaJIOCh MOJIe OTIOXEHWM mUpUHON 10 250 M u
TOJNIIMHONA 10 5 M. YacTb TeppuUTOpUHU allbILIareps
ObUla 3aHeceHa.

Takum o0pa3om, TMOJydeHHbIE NaHHbIE O HEOo-
OBIYHOM CEeJIEBOM IIpollecce Ha OeperoBoii MOpeHe
JeqHuKa MIXUpru TMoKas3ajiv, YTO TMOTEHIIMAIbHbIE
CeJIEBbIE MAaCCUBbBI yUYACTKOB OEPETOBBIX MOPEH MOTYT
WMETD Pa3IMUHy0 MOP(OJIOTUIO U pacmoiaraThCsl Kak
Ha CKJIOHaX, TaK U Ha JHEe JOJWH. DTO HEOOXOAUMO
YUUTHIBaTh MPU BBIOOpPE OOBEKTOB MOHUTOPUHTA U
OLIEHKE CEJIEBOM OIMAaCHOCTH.

OBCYXIEHWE PE3YJIETATOB

B cratbe paccMOTpeH IIMPOKMI CIIEKTp cele-
MPOSIBJICHMII Ha yYacTKaX OeperoBbIX MOPEH TIop-
HBIX JeOHUKOB. Ero MOXHO HOIIOJHUTH pPa3BUTUEM
ceJIeBOro mpoliecca Ha ydyacTKe KapMmaHa OeperoBoit
MOpEHBI, 3alOJHEHHOM CeJIeBbIM KOHYCOM BbIHOCA
IpU CHOJ3aHUM OOBOJHEHHBIX Macc OEperoBoil MO-
peHbl U U3MEHEHUM HampaBJIeHUSI pycjia IMPUTOKa,
MPOTEKABIIETO BHMU3 MO KapMaHy — (popMUpoBaHUE
Bpesa mupuHoii 150 M Ha KoHyce BbIHOCa p. Dacrar,
COIPSDKEHHOM C JIEBOU 6eperoBoif MOPEHOM JIeTHUKA
Kapayrom B 1988 r., u ceneBoii mpoiecc Ha Tpa-
Boil GeperoBoii MopeHe JeaHuka Jxxankyar B 2015 1.
¢ pasButueM Bpesa mupuHoit 70 M (Bacwkos, 2006;
bexkuen u gp., 2021; Kharchenko et al., 2020).

PaccMoTpeHHbBIe B cTaThe MPUMEDPHI 1al0T MpeCTaB-
JIeHUe O CeJIeBbIX Mpolieccax Ha OeperoBbIX MOpPEeHax B
Mepuos Aerpaialiu JeIHUKOB, KOTa, OTCTynas, Jie/-
HUKHU OCTaBIISIIOT Ha KPYThIX CKJIOHAX TOJIMH OOJIbIINe
Macchl OOJIOMOYHOTO MaTepHaia B BHUAE IIPOTSIKEH-
HBIX OEperoBbIX MOPEH, 3alOJHSST Y4acTKU JIOXOWH
MPUTOKOB M CIIOCOOCTBYSI aKKYMYJSIIUU CEJIEBBIX,
OITOJI3HEBBIX O0OBAJIbHO-OCHIITHBIX MAacC U MOPEHHBIX
Macc JIEIHUKOB ITPUTOKOB B KapMaHax 0€peroBbIX MO-

peH. TommmHa GeperoBBEIX MOPEH Ha 3THUX Y4YacTKax
CTAaHOBUTCSI MAKCHUMAJIbHOM M COMOCTAaBUMOM C TOJI-
IIIMHON HEKOTOPHIX KOHEUHOMOPEHHBIX KOMILJIEKCOB,
rae chopMupyloTesl Bpe3bl. B mepuos, korga K aTomy
YYaCTKy ellle IMPpUMBIKAET JIEMHUK, HaXOMSIIUiics Ha
JIHE JOJIMHBI, Macca MOPEHHOro Marepuaja objagaeT
YCTOMYMBOCTBIO K CIIOJI3aHUIO U Pa3MbIBY BCJIEICTBHUE
HaJIuuus yropa B Buje Tesa jeaHuka. Ho koraa nen-
HUK OTCTYIIaeT, YIIOp MCYe3aeT, U MacCUB OEpPEroBoii
MOPEHBI IIOJBEPTaeTCs] BO3NCUCTBUIO OITOJI3HEBBIX U
CeJIEBbIX IIPOIIECCOB.

Macchl 6eperoBbix MOPEH Ha OTAEIbHBIX y4yacT-
Kax COIIPSDKEHBI C OTJIOXKEHMSIMU Pa3JIMYHOTO TeHe-
31Ca — MOPEHHBIMHU MbeAeCTaJaMU JIETHUKOB IIPUTO-
KOB, TPaBUTAllMOHHO-KOJUIIOBUAJbHBIMU U CEJIEBBIMU
KOoHycaMM BbiHOca. [Ipu oTCYTCTBUM Tejla OCHOBHOI'O
JOJIMHHOTIO JIEAHUKA Y TIOAHOXMUS CKJIOHOB 3TU OTJIO-
KeHUsI BbIpabaThIBaOT MPOMUIb paBHOBECUS 1 OMHU-
palTCcsl Ha AHO NOJWHBI. DK3apalMOHHAsl AesTesb-
HOCTb JABUWXYIIETOCsl MO AOJMHE JeAHWKA MPUBOIUT
K BBIIIAaXMBAHUIO OTJOXEHHBIX B MeXCTagWaJIbHBIN
MepUOA MacC Y MHOMHOXHUS CKJIOHA M HapyILICHMIO
npoduiisi paBHOBECHS, UYTO BIIOCJIECACTBUM IIPU OT-
CTYMaHWU JIETHUKA BbI3bIBAET aKTUBU3ALUIO CKJIOHO-
BBIX M PYCJIOBBIX IPOLIECCOB Ha Y4acTKaX MaCCHUBOB,
PACIIOJIOXKEHHBIX B IMPUIPEOHEBOI 30HE OEPEroBBHIX
MOpPEH, BO3BBIIIAIOIIMXCS Hall THOM JOJIMHBI.

CeneBble IOTOKM MOTYT CXOIMTh C Y4aCTKOB Oepe-
TOBBIX MOPEH C CONPSKEHHBIMUA C HUMU MOPEHHBIMU
nbeAecTajaMyu 0e3 ydJacTusl JMBHEH 3a CYeT pa3Ku-
JKeHMsI MaccChl IbelecTaja B pe3yJibTaTe TasHUS 3a-
KJIIOYEHHOTO B HEM Jibla. DTW MOPEHHBbIE MaCCUBbI
MOXHO CYUTAaTh CEJIEeBBIMU OdYaraMum OOBOITHEHUS.
OO0OBbeM cesieBbIX BBIHOCOB B TaKMX CiIydasX OIIpene-
JIsIeTcsl 00bEMOM MOPEHHOIo IbeAecTaia. IloTHbIE
Ipsi3eKaMeHHbIE MacChl 0ObEMOM B HECKOJIbKO MWJI-
JIMOHOB KyOOMETpPOB aKKyMYJHMPYIOTCS Ha I10JIOrOM
JIHE JOJMHBI B YCThe 00pa30BaBIIIErOCs Bpe3a, U celie-
Basi OMACHOCTh JIOKAJIU3YETCsl ydacTKaMy HEOOIbIIOMN
IJIOIIAAM, KaK B cllyyae Tpoliecca Ha OeperoBoii Mo-
pene negHuka ['anrorpu B 2017 r. B Unmuu. Ho xorma
HIDKE BPE30B YKJIOHBI JHA MOJMHBI JOCTATOYHBI IJIs
MPOJOJKEHUST CEJIEBOTO IIpoliecca, 30Ha IOPaKEHUS
MOXET OBbITh 3HAUUTEIbHOM, BKJIIOYasl ciaydyaud, BbI-
3BaHHBIC IIPOPLIBAMM JIGAHUKOBBIX €MKOCTEH WJIMN
BBHIIIAICHUEM JIMBHEH (Aerpamauus TeppacoOBUIHOIO
MOPEHHOI'0 IIheJecTaja U CEJIeBOM MOTOK B IOJMHE
JieBoro nputoka p. Mikoman B INakucrane B 2018 r.).

Korma nmo kapMaHy OeperoBoit MOpeHHI ITpOTeKa-
€T BOIHBIN ITIOTOK, YaCThb BOJHOM MAacCChI IIOIAIAEcT B
OeperoBylo MOpPeHy B pe3yjbTaTe (UIbTPALIMU, TEM
caMbIM HachIlllasl BOJO MacCUB MOpPeHbI. B pesynb-
TaTe IIPOMCXOOUT OIIOJ3aHME MAacCHMBa MOPEHBI M
obpa3oBaHME Bpe3a Ha CKJIOHE OeperoBOii MOpPEHHI,
COIPOBOXIAIOIIEECSI CXOIOM CEJIEBOT0 IOTOKA, KakK
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B Cilydae cejisi B BepXOBbsiX p. JIXkaHKyaT B HOJMHE
p. Anpiicy B 2015 r. Bpe3bl Ha ydacTkax OeperoBbIX
MOpPEH MOTYT O0Opa30BBIBAaTbCS M Ha JHE OOJMHBI C
HEOOJBIIMM YIJIOM HaKJIOHAa Ha KOHTaKTe C JIEOHM-
KOM, KOTOPBIH €llle He OTCTYIIMJI U He OCBOOOIMII THO
JIOJIMHbBI, KaK B cyyae celisl B JojJuHe p. MIKUpPTU B
bacceiine p. Yepek-besenruiickuii B 2022 r.

HanbGosbiryo omacHOCTh MPEACTaBISIOT Y4acTKHU
KapMaHOB OeperoBbIX MOpeH ¢ o3epamu. IloTeHIIMan
CeJIEBOM OIMTaCHOCTH MX TEM BBIIIIE, YeM OOJIbIIIe 00bEeM
BOIHOM Macchl. Eciu o3epo He MMeeT IOBEpPXHOCT-
HOTO CTOKa, Kak ObuIo B ciydyae o3epa Yopadapu B
NHauu, fuHaMuKa o3epa omnpenessieTcsl MpoIyCKHOM
CHOCOOHOCTBIO TTOA3EMHBIX KaHAJIOB CTOKAa U IIPUTO-
KOM BOJIIbI OT IPOTEKABIIEro 10 KapMaHy OeperoBoit
MOPEHBI BOTHOTO IIOTOKA. B MCKIIOUNTENBbHBIX CTyda-
X TIPU BBITIAZJEHUU aHOMAJIbHBIX JTUBHEBBIX OCAIKOB
MPOUCXOIUT TMOJIHOE 3aM0JIHEHUE KapMaHa OeperoBoii
MOPEHBI BOIOI 1 ee cOpOC BHU3 B BUAE ITPOPHIBHOTO
MaBoJKa M CEJEBOro IOTOKA B pe3yJibTaTe IlepesinBa
1 pa3MbiBa OeperoBoii MopeHbl. beperoBbie MOpPEHBI
CTAaHOBSTCS CEJIEBBHIMMA O4YaraMy B3aMMOJIEHCTBUS.
30Ha MOpaXeHUsI TaKWM CeJIeBbIM IPOILECCOM J0-
CTUTAeT MO MPOTSKEHHOCTU HECKOJBbKUX IECSITKOB
KUJIOMETPOB.

B TeueHue mIMTENBHOrO BpeMEHU KOTJIOBUHBI
KapMaHOB O€peroBbIX MOPEH MOTYT 3aIlOJHUTHCSI
03epHBIMU U aJJIIOBUAJIbHO-TIPOTIOBUAJIBHBIMU OT-
JIoXXeHUusIMU. B 3TOM ciydyae BCeACTBUE JUBHEH M
YBEJIMYEHUS pacxoia BOAbl BOJOTOKA IMPOUCXOJUT
pa3MbIB OEPEroBOil MOPEHBI M BHIHOC HAKOILJIEHHBIX
OTJIOXEHMI, KaK B CJIy4ae Cesisl C JIEBOM OeperoBoii
mopeHbl JenHuka [wsix-KoTio-byraiicy B nonuHe
p. Yepek-bankapckuit 8 2017 r.

[TpopbIBbl 03ep, PACIOJOXEHHBIX B KOTJIOBUHAX
MeXIy OeperoBbiIMM MOpPEHaMM, MPOUCXOIAT B pe-
3yJbTaTe OIOJ3aHUs (OOpyIlIeHHUs]) MacCUBOB Oepe-
TOBOM MOPEHBI U COIPSLKEHHBIX C HUMU CKJIOHOBBIX
OTJIOKEHUI U 0Opa3oBaHUsSI BOJHBI Ha MOBEPXHOCTHU
o3epa, TpeBbIIIAIOINIEH BBICOTY €ro IJIOTUHBI, Kak
B cJlyyae MpopbIBOB o3epa [IxxuHBykKo B Tubere B
2020 r. n o3epa JIxonak IOxuHoe B Cukkume B 2023 T.

BbIBOJLbI

CenenposiBieHUs! BbIpaxkKeHbl Bpe3aMu pa3IMuHOM
JUIMHBL W TUJIOIIAAM, KOTOpbIE OIpeeseHbl Mo JaH-
HBbIM KOCMOCHMMKOB U a3p0(hOTOCHUMKOB. OOBbEMBbI
BBIHOCOB OINPEJEIEHBl B OCHOBHOM IO JaHHBIM My0-
JIUKALIUA.

VYyactku OeperoBbBIX MOpPE€H, Ha KOTOPBIX OOpa-
30BajIMCh BPE3bl, MPEACTABIsIM COOOM MOTeHLIMATb-
HblE cejieBble MAacCCHUBBI, KOTOPbIE CTajlil CEJIeBbIMU
odyaramMu OOBOJHEHUsS WU B3aUMOJCUCTBUSI, B 3aBU-
CUMOCTU OT TOTO, MPOXOIWJIM WA HET B KapMaHax
OeperoBbIX MOPEH JIMBHEBbIE MABOAKMU.
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B xone mpomoskatoiieiicst nerpagaliuy JeIHUKOB
B CeJIeBble IIpOoIecChl OYIYT BOBJICYEHBI y4aCTKU Oe-
PEroBbIX MOPEH, Ha KOTOPBIX CeJIEMIPOSIBICHUsI ellle
He OblIM 3a(UMKCHUPOBAHBI, UTO OCJIOXHSET OLEHKY
celieBoii omacHocTu. B OymyiieM mo pesyjibTaTaM
aHaJM3a KOCMOCHMMKOB U a3po¢hOTOCHEMOK TIpea-
CTaBJISIETCSI BOBMOXHBIM BBISIBJISITh MOTEHIUATbHbBIE
ceJIeBble MAacCHBBI Ha yyacTKax O0eperoBbIX MOPEH pas-
JIMYHBIX TUTIOB M MapaMeTPOB, CXOXHMX C MacCUBaMMU,
Ha KOTOPBIX CeJIeBbIe MPOIECCH YK€ PeaIu30BATUCH B
GOJBIIIX U KaTaCTPOPUIECKUX pazMepax. DTO IMO3BO-
JIUT OMpPEeNsITh 30Hbl MAaKCUMaJbHOI'O BO3MOXHOTO
TTOpaXXeHUsI CEJIEBBIMU TIPOIIECCAMU M TIPOBOINUTH M-
PONPUATUS IO CHUKEHMIO CEJIEBBIX PUCKOB U MUHM-
MM3alM1 BO3MOXHOTO YIIepoa.
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DEBRIS FLOW PROCESSES ON LATERAL MORAINES
OF MOUNTAIN GLACIERS (ANALYTICAL REVIEW)

M. Yu. Bekkiev?, M. D. Dokukin®#, M. Ch. Zalikhanov®, R. Kh. Kalov?,
L. M. Fedchenko?, and A. R. Akaev?

@ High- Mountain Geophysical Institute, Nalchik, Russia
# E-mail: inrush@bk.ru

As a result of climate change there have been high rates of degradation of mountain glaciers in recent years.
During deglaciation in the territories previously occupied by glaciers, moraines of various morphogenetic
types remain deposited by them, connected with massifs of glacial-colluvial and other deposits. The most
actively involved in debris flow processes are massifs of terminal moraines with extended steep ledges, on
which debris flow cuts and furrows develop.

Much less often, debris flow original sites are formed on lateral moraines, but debris flows can reach
catastrophic proportions. The analysis of publications and of multi-time satellite images revealed data on
the formation of debris flow original sites of various types in the areas of lateral moraines of mountain
glaciers, pockets of lateral moraines filled with slope and glacial deposits, as well as lakes and streams
inside them. Similar debris flow original sites have been characterized for the Central Caucasus, the Andes,
the Hindu Kush, the Himalayas and Tibet. The largest debris flow disasters with original sites in areas of
lateral moraines were outbursts of Palcacocha lakes in Peru in 1941 and Chorabari in India in 2013 with
a death toll of up to 6054, as well as the outburst of South Lhonak Lake in Sikkim (India) in 2023. In
areas of lateral moraines of valley glaciers connected with moraine pedestals of former tributary glaciers, the
volume of mass transport of debris flows can reach 6.5 million m? (lateral moraine of the Gangotri glacier
in the Himalayas in 2017). The progress of debris flow processes on lateral moraines of mountain glaciers
must be taken into account when developing mountain territories both in areas near lateral moraines and
at a considerable distance from them.

Keywords: lateral moraine, debris flow original site, lake outburst, moraine pedestal, debris flow cut
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