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Summary

Early documentation of the consequences of the Tsambagarav earthquake happened on July 23, 1988 (M = 6.4)
compiled by Soviet and Mongolian specialists allowed the authors, using the example of Tsambagarav (Mongo-
lian Altai), to assess the impact of the seismic process on the reduction of mountain glaciation and topography
of the trough valleys in the arid region of Central Asia. In 1988, in upper part of the Zuslan river valley, 13 days
after the earthquake, the release of a fragment of one of the glaciers gave rise to an ice-rock avalanche «on an
air cushion». Its deposits with a thickness of up to 30 m blocked the valley over a distance of 5 km. Analysis of
space images taken in different time together with field researches revealed that as a result of the earthquake the
glacier Ne 15 simultaneously lost 0.1 km? of its tongue (10.4% of total area), as the whole in 1988-2015 it lost
56% of its area, whereas neighboring glaciers Ne 16 and 17, similar in size and the same exposure, lost signifi-
cantly less — 35 and 15% of the area, respectively. Rapid shrinking of not only the glacier tongue, but also of its
accumulation zone; the established deficit of ice volume in the broken off ice fragment (in comparison with ini-
tial assessment), and the abnormally long path of the avalanche made it possible to clarify the factors and mech-
anism of its initiation: the fall of the ice-snow ledge from the accumulation zone could lead to the rapid release
of the broken ice fragment in the tongue part of the glacier. In 2004, 16 years after the avalanche, the buried
ice in its deposits was still partially preserved, having completely degraded by 2019. The long time of the ice
degradation process was caused by the high content (about half of the volume) of debris that armored the sur-
face of avalanche sediments. The debris material of the avalanche repeats the relief of the underlying Pleistocene
moraines, which may complicate the reconstruction of the number, scale and age of glacial events in avalanche-
hazardous areas. The relatively high rate of leveling of the avalanche traces and, as a consequence, the difficulties
of their subsequent identification in the relief allow us to assume a greater number of avalanche releases, includ-
ing seismic ones, in the recent geological past than it can be established at present in the Altai ridges.
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NepHuk N2 15 (no [3]), noTepsaBlwmin B pe3ynbTate LlambarapaBckoro 3emnetpsaceHns 1988 r. marHuTy-
o M = 6,4 dpparmeHT si3bika (10,4% Bceit NIOLWAAN) 1 YacTb 06bEMA B 001aCTU aKKyMYsiLUK, B MEPUOA
1988-2015 rr. coKpaTunca Ha 56%, uto Gonblue COKpaLleHUsa cocefHMX negHUKoB (15-35%). MNorpe6éHx-
Hbll NéA B OT/IOKEHMAX JIeOBO-KAaMEHHOWN NaBWHbI, 3aNONHMBLUUX AOAVHY P. 3yCnaH Ha NPOTAKeHW
5 KM, YaCTMUHO coxpaHsanca u B 2004 r.; NONHOCTbIO OH pacTasn K 2019 r. O6510MOYHbIN MaTepuran naBuHbI
noBTopAeT penbed NOACTUNAIOWNX MNEACTOLEHOBbIX MOPEH, UTO MOXET OCINOXKHUTb PEKOHCTPYKLUIO
NeAHVKOBbIX COOLITUI B pernoHe. YTouHeHbl GaKTopbl, onpeaenmBLUne BOSHUKHOBEHVE NIaBMHbI Ha «BO3-
OYLWHOW nogyLiKe».
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JIeOHUKU U 1eOHUKOBbIE NOKPOBbI

BBenenne

CoBpeMeHHOE OTCTyIlaHKWE JICAHUKOB M WH-
TeHCHBHasl TpaHc(opMalrsl BHICOKOTOPHBIX JIaHI-
macdToB B apuaHoi LleHTpanbHO# A3uu, Kak U B
JNPYTUX TOPHBIX perMoHax 3eMJiu, BbI3BaHbI TJIO-
OaJIbHBIM ITOBBIIIIEHUEM TeMIlepaTypbl. OTCTyIaHUe
JIEAHUKOB TTpoucXoauT ¢ KoHua XIX B. u 3Haum-
TEJIbHO YCKOPUJIOCH B TOCJIEIHEe BpeMsI: O IaH-
HbIM BceMupHOIi MeTEOpOJIOTUUECKOM OpTraHu3a-
muu riepuon ¢ 2011 mo 2020 r. cTair caMbIM TETUIBIM
NeCATUIETAEM 3a BCIO MCTOPUIO METEOPOJIOTHYE-
CKUX HaOJIIOAeHMI, KOTOPbIE PETryJSIpHO BEOYT-
cg ¢ 1891 r. Tak, B MoHTONINM, COTJIACHO JTaHHBIM
IRIMHE (the Information and Research Institute
of Meteorology, Hydrology and Environment of
Mongolia), ¢ 1940 r. cpegHeromoBasi TeMIlepaTy-
pa yBeauumiach Ha 2,1 °C, mpu 3TOM yCUIUBaeT-
Csl apPUAHOCTb — CPEIHErog0BOe KOJIMUYECTBO OCal-
KOB YMEHBIIMJIOCH 371ech Ha 7%. Takue nuaMeHeHUs
KJIMMaTa He CITOCOOCTBYIOT COXPAaHEHUIO OJie/ie-
HEHUS B LIeHTpe HanboJiee KPYITHOIO KOHTUHEHTA
3emiu: B nipeaesax MoHIoJIbCKOro ATasl IJollalb
JIEAHUKOB HEYKJIOHHO cokpatnaercs [1—3]. OgHako
Ha CKOPOCTH Jerpamaiyy JeIHUKOB TaKKe BIUSIOT
MPOLIECChI, HE BCErna CBSI3aHHbIE C KJIMMaTOM Ha-
npsmyto. Karactpoduueckue cXoanl JeTHUKOB U
JIeIOBO-KaMEHHbIX JIJaBUH B HUBaJbHO-IJISILIMAJIb-
HOM MO$ICE€ TOP MPUBOIAT K IMPAKTUUYECKU OTHOMO-
MEHTHOMY BBIHOCY Ha 00Jiee HU3KHE TUIICOMETPHU-
YyecKue ypOBHU OONBIINX OOBEMOB JibJa, CHera u
00JIOMKOB TOpHBIX TTopon [4, 5]. B MoHTroabckoMm
AnTae, KOTOpBIN XapaKTepu3yeTcsl BHICOKOM celic-
MUYECKOIN aKTMBHOCTBIO, ONUH U3 TPUITEPOB 3TUX
MIPOIIECCOB — 3eMJICTPSICEHUSI.

MaccuB llambarapaB — BTOpOIi 110 3HAYUMO-
CTU LEHTp ojiefeHeHUsT MOHTOJbCKOTO AJITasl.
B TekTOHMYECKOM IIaHE OH IIPeICTaBIIsIeT cO0O0it
nepenoBoil XpedeT — KPYIHbI CaMOCTOSITEIbHbII
TEKTOHUWYECKUI 010K, OTACAEHHBIA OT OCHOBHOM
TOPHOI CUCTeMBI aKTUBHBIM peTHOHAIBHBIM K00-
JIUHCKUM paziomoM (puc. 1, a). C akTuBuzauuei
3TOT0 MIYOMHHOTO pa3jioMa B Iipeaeiaax MOHTOJb-
ckoro Anras u cBszaHo LlambarapaBckoe 3eMieTpsi-
cenue (M = 6,4), npousoweniuee 23 uiosa 1988 r.
I'maBHBII TOJTYOK, SMMUILEHTP KOTOPOTO HAXOIWJICS B
30He KoOaMHCKOTOo pasioMa, COIMpoBOXAAICS CepU-
el acrepinokoB. [To JaHHBIM oNepaTUBHbBIX HAOIO-
JEHUI [6], MaKcuMabHBIC ceiicMuyecKue 3 (eKThI
ObUTM yCTaHOBJIEHBI B BLICOKOTOpHOM Xp. Llambara-

paB. CaMbIM 3aMETHBIM M3 CEHCMOTPaBUTALIIOHHBIX
SIBJICHUI (0OBAJIBI, OITOJI3HM) CTaja JIEJOBO-KAMEH-
Hasl JIJaBMHA, COIIeaIIas Ha I0)KHOM CKJIIOHE XpeO-
Ta mo mojauHe p. 3yciaH 9 aBrycra 1988 1., uepes
13 mHEl TTociie TJIaBHOTO ToT9Ka. B BepxoBhsx Oac-
ceitHa p. 3ycllaH Ha OMHOM M3 JICTHUKOB, CITyCKa-
oIMxcsl ¢ HauboJjiee BLICOKOM BeplLIMHBI XpeOTa
ropsl LacT-Yna (4208,4 M), B Xome 3eMIETPSICEHUS
00pa3oBaanCh MOIIHEIE TPEIIMHBI CeBEpPO-3amna-
Horo npoctupaHus. CoriacHo 3akjaoueHuio [6], B
pe3yibTaTte KoMILIeKca (DaKTOPOB — YMEHbBIICHMUS
TPEHUs JIbIA O JIOXKE 3a CYET HAyaBIIIErOCsI MHTCH-
CHBHOTO TastHUSI ¥ TMIOCTYILJICHUS TaJIOM BOIBI, IIa-
cTUYeCcKUX nedopManuii abaa, apTepIIOKOBOIO
npoliecca — OTKOJOBIIUMICS OJIOK JibAa 00bEMOM
0KO0JIO 6 MJIH M? moTepsi1 yCTOWYMBOCTb U 00pYy-
LIKUJICS B 1OJUHY p. 3yciaaH. Bei3BaHHAs 3TUM Mna-
JIeHUEM JIaBUHA MPOIIUIA TYTh IJIMHON OKOJIO 5 KM,
yIapsisiCh M MePeCKaKuBasi C OMHOTO CKJIOHA JAOJIM-
HbBI Ha Ipyroii (cMm. puc. 1, 6). AHOMaJIbHO OOJIBIIION
MyTh JIaBUHBI, 00Jiee ueM B 10 pa3 npeBbICUBIIMIA
PACUYETHBIN IJ1s1 TAKUX YCJIOBUIA [7], TTO3BOJMA UC-
CJICIOBATE/ISIM OTHECTU €€ K YHHKAJIbHBIM SIBJICHU -
M — «00BaJlaM Ha BO3AYILIHON moayiike». O0mmii
00BbEM aKKyMYJIMPOBAHHOIO B JOJUHE MaTepuaia,
no oueHke [6], cocraua 12-10° M3 npu paBHOM co-
OTHOILIEHWH JIbJa 1 KAMEHHOTO MaTepualia.

Taxkum 06pa3oM B pe3ysibTaTe CeiCMUUECKOM aK-
TUBM3aLUM OAWH U3 JieAHUKOB xp. Llambarapas oj-
HOMOMEHTHO ITOTePsIJT 3HAYUTEIbHBIN 00BEM JIbla, a
nonrHa p. 3yciaaH Ha IPOTSDKEHWU ITOYTH 5 KM OKa-
3aj1ach 3aIl0JIHEHA JIEIOBO-KAMEHHBIM MaTepuajJIoM
Ha BbicoTy 10 30 M (cMm. puc. 1, ). OnepaTUBHOCTb
U AEeTaJIbHOCTb JOKYMEHTaluu nociaeactsuii [lada-
rapaBCKOI'O 3eMJIETPSICEHMSI, TIPOBEIEHHOM COBET-
CKMMH Y MOHTOJILCKMMMU crieLmaaucramu B 1988 r.,
JIAJTA TIPEKPACHYIO BO3MOXKHOCTh OLIEHUTD BIIMSTHUE
ceiicMrnYecKoro npoiecca Ha COKpallleHUe TOpHOro
OJIEICHEHNST ¥ peibed TPOTrOBBIX JOJIVH B apUIHOM
paiioHe LlentpanbHoit A3uu. [TonoOHas oleHKa
IUIST ANITaiiCKOTO MOIHSITHS BBITIOJHSIETCS BIICPBEIC,
YTO B YCJIOBUSIX €I0 BBICOKOW CECMUUYECKOM aKTUB-
HOCTH OTIpeIelIsieT aKTyaJbHOCTh HACTOSIIMUX KC-
ciaepoBaHuii. Kpome Toro, mpakTuuecKuii MHTEpeC
MIpeACTaBIIsIeT COOOM M aHAJIM3 TOITOJIHUTEIbHBIX
¢axkTopoB, 00YCTOBUBIINX AHOMAJIbHYIO MTPOTSIKEH -
HOCTb MYTHU JIEHOBO-KaMEHHO JIaBUHBI, BbIHECEH-
HOI M3 HUBAJILHO-TJISLIMAJIBHOIO MOsICa K MOTHO-
xuto xp. Llambarapas, rae oObIYHO pacroyaratoTcs
ToceJieHUsI CKOTOBOIOB-KOYEBHUKOB.
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91°30" c.L.

Puc. 1. Paiion nccinenoBanus u JeqoBo-KaMeHHasl JJaBMHa B JOJIMHE p. 3yciaH, Bei3BaHHas LlambarapaBckum 3eM-
netpsicenueM (M = 6,4) 1988 1.

a — peruoHabHbIN KoOauHckuii pasnom u xp. LlambarapaB B cTpyKType MOHT0IbCKOTO AnTas (3Be3101 MOoKa3aHOo MOJ0XEHUE
TOJIMHBI p. 3yciaH); 6 — cXxeMa IBVXKEHUS JaBUHBI, 10 [6]: ] — 30Ha OTpbIBa JIbia, 2 — JeOHUK, 3 — Tpacca JaBUHBI, 4 — CMEIIEH-
HBIIA MaTepual, 5 — U30JUHMM BBICOT (4epe3 120 M); 6 — «IMOCTpamaBLINii» JIEIHUK Y BEPXHSISI YacTh JOJUHBI p. 3yCllaH Iocie
cxona naBuHbI, 1988 1. (poto B.A. ABneeBa); cTpesikaMM MOKa3aHa CTEHKa OTpbIBa 0J10Ka JibJa B JIETHUKE

Fig. 1. Study area and ice-rock avalanche in the Zuslanriver valley caused by the 1988 Tsambagarav earthquake (M = 6.4).
a — regional Kobdo fault and Tsambagarav range, Mongolian Altai (the star indicates the location of the Zuslan valley); 6 — ava-
lanche path according to [6]: I — ice detachment zone, 2 — glacier, 3 — avalanche path, 4 — displaced material, 5 — elevation lines
(every 120 m); 6 — «injured» glacier and the upper part of the Zuslanriver valley after 1988 event (photo V.A. Avdeev); arrows show
the detachment wall of ice block in glacier tongue
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Paiion uccienosanmii

MOHTOIMST HAXOAUTCS B BHICOKOCEHCMUYHOM
obOsactu LleHTpaabHO-A3MATCKOIO KOJIM3UOHHO-
ro rnosica M MoABep>KeHa YaCTbIM U CUJIbHBIM 3eM-
netpsceHusiM. Tonbko B XX B. 31eCh ITPOU3OIIIO
6ostee 60 3emieTpsiceHUI ¢ MarHuTynoit M > 5,5 n
MHTEHCUBHOCTBIO OT 7 10 11—12 6ayuioB. HecdaTku
3eMJIETPSICEHUI COMPOBOXKIAIMCH KPYITHBIMU Hapy-
IIEHUSIMHU 3€MHOM MMOBEPXHOCTU, & CEUCMUYECKUE
karactpodsl ¢ M > 8 (bosnaiickoe B 1905 r., ®y-
1oHbcKoe B 1931 1., ['oOu-Anraiickoe B 1957 1.) BbI-
3BaJId CEMICMOTEKTOHMYECKHUE Ae(OopMaIK IIPOTSI-
KEHHOCTBIO O HECKOJBKUX COTEH KMIOMETPOB [8].
Benyiyio posb B CeICMUYECKOM PEXUME TePPUTO-
pyuy MOHTOIMY UTPArOT ITyOMHHBIC TOJITOKUBYIIIVC
paznomsl [9, 10], B TOM uuciie CBSI3aHHbIE C HOBE-
1M TeKTOHMYECKUM TOMHSITHUEM Ha 3amajie cTpa-
HBI — MOHTOJILCKUM AJITacM, IIPEACTaBIISIONIAM
co0oii yacTh ropHoIi cucteMbl bosbiioro Anras.

Xp. lambarapaB — oauH U3 TePeIOBbLIX Xpeo-
TOB MOHTOJILCKOTO AJITast — OTAEJIEH OT OCHOBHOTO
MOIHATHS aKTUBHBIM PeTMOHAIbHBIM KoOInmHCKIM
pazioMoM (cM. puc. 1). XpebeT uMeeT CI0XHOe
CTPOEHHE U COCTOUT U3 TPEX COTUKEHHBIX TEKTO-
HUYecKuX 0JI0KoB. B penbede pazaoMHbIe TpaHU-
1IbI XpeOTa 1 OJIOKOB B €r0 CTPYKTYpe MPEeACTaBICHbI
yCcTynaMM BBICOTOI 10 1 KM, 1IeTTOYKaMM XapaKTep-
HBIX TeKTOHOT€HHBIX (hbaceT TPEYroJibHOM U Tparie-
LIMEeBUAHOM (OopM, a TaK:Ke CKBO3HBIMU IOJIMHAMU
U TIPSIMOJIMHEMHBIMU YIaCTKaMU JOJIMH; 30HbI IIepe-
CEUYEHUS pPa3JIOMOB IOAYEPKUBAIOTCS PE3KUMU, 10
90°, moBopoTamu K0JMH. Takoil KOJIEeHOOOpa3HbIil
u3ru6 mnpu nepecedueHun KodbauHcKuM paziomMom
nMeeT 1 gonanHa p. 3yciaan. Craeapl HEOTHOKpAT-
HBIX 3eMJIETPSICEHUI B BUIE YCTYIIOB B OCHOBAaHUU
TeKTOHOT€HHBIX (haceT, CEMICMOPBOB, CMEIIAIOIINX
3PO3MOHHO-OCHIITHBIC JIOTKU U PyCjia BOJOTOKOB,
HaOJIIOJAIOTCSI IPEUMYIIECTBEHHO BIOJb TPAHUI]
TEKTOHNYECKMX OJIOKOB pa3HOTO paHTa.

KpynHeimnii u3 6J10KoB xpedTa, MMEOLINA
TPEyToJIbHYIO B T1IaHe (popMy, — HanboJiee BhICOK.
Ero ymiomgéHHbI Bomopasaes ¢ OCHOBHBIMU Bep-
mHamu 4208,4 (ropa Hact-Yna), 4102 u 4025 m
Haz yp. MopsI (BCe BBICOTHI B CTAaThe TaHbBI Hal YPOB-
HEM MOp$I) TIOJHUMAETCS BbIIlIe CHETOBOM JIMHUM.
DTO oNpenesniIo IHUPOKOe pa3BUTHE IIOCKOBEP-
IIMHHBIX JIEAHUKOB B €ro Ipeaejiax — Ux J0js B
CyMMapHOI TJIOIIaaM OJeACHEeHUST XpeOhTa coCTaB-
aset oyt 40% |[3]. JlomuHHBIE U KapOBBIE JICTHU -

KM 3aHUMAIOT MOJIOXXEHME Ha UX nepudepun, oopa-
3ys1 IS THUKOBBIC KOMILJICKCHI.

CoBpeMeHHOe oneneHeHue xp. LlambGarapas
BO3HMKIIO B CEpeIMHE TOJIOLEHA, OKOJIO 6 ThIC. JIET
Hazan [11], u ObICTPO coKpallaeTcsl B HacTosilee
Bpems [1-3]. C MmakcuMyMa Majioro JIETHUKOBO-
ro Iepuoa Ijolaab oJleAeHeHUs YMEHBIINIAChH
Ha 47%, rpaHuLIa TUTaHUS JICAHUKOB MOAHSIACH
Ha 165 M, 4TO Ha JaHHOM 3Talle MPUBEJIO K 000-
COOJICHUIO CEMU JIEAHUKOBBIX KOMILIEKCOB. B HUX
CIPYHIIMPOBaHbI 67 JIEIHUKOB CYMMAapHOM IIIoIIa-
nbto 68,41 kM2 (1o coctostHuio Ha 2015 1.), B mpene-
JIaX KOTOPBIX CpedHeB3BellIeHHAas BbicOTa (DUPHO-
BOI rpaHulbl cocTaBiset 3748 M [3]. KpynHerimuit
M3 JIEAHUKOBBIX KOMIUJIEKCOB MPUYPOUYEH K Hanubo-
Jiee BbICOKOI BepliuHe xpedTta — rope LlacTt-VYina.
Ha e€ 103kHOM CKJIOHEe B BEpPXOBBSIX p. 3ycJiaH IMpe-
001a0a10T BUCSYME U KAPOBO-AOJMHHbBIC JIETHUKU,
Cpelu KOTOPbIX MUHUMAJIbHBIN pa3zMep UMeeT Ka-
poBblii tenHUK (Ne 15, 1o [3]), KOTOpHIii Jajl Hada-
JIO Ie10BO-KaMeHHOi 1aBuHe 1988 r. u cTan oobek-
TOM HalllMX UCCIIeTOBAHUIA.

Kuimmart xp. [lambarapaB xapakTepu3yeTcsl HU3-
KMM TOJIOBBIM KOJMYECTBOM OCAJKOB, YTO CBSI3aHO
C ero TOJIOKEHWEM B LIeHTpaJIbHOU yacTu EBpaszuu.
ITo nanHBIM OnykanIux (35 KM) THIPOMETEOCTaH -
uuit ('MC) bagnnyp (nepuon usmepeHuit 1995—
2004 rr.) u DpasHbypeH (1962—2002 1T.), pacmojo-
SKEHHBIX B IIPEAropbsax Ha BbicoTax 1364 u 1250 m
COOTBETCTBEHHO, CpeIHeroaoBas TeMIepaTy-
pa Bo3myxa cocTaBiisieT —5,6 °C, cpeaHsss 3UMHSIS
—22.3 °C, cpenngasa nerHsas 16,5 u 16,6 °C; cpennee
roaoBO€ KOJIMYECTBO OCAAKOB — 87 U 78 MM COOT-
BETCTBEHHO TIpU NpeodaagaHuM CeBepO-3anagHOro
HampaByieHMs BaaromnepeHoca [2]. Poct konnyecrBa
0CaJKOB C BBICOTOM, MOJIOXEHUE I1aBHOIO BOAO-
pasaena Bbllle CHErOBOW JIMHUM, MpeodagaHue
YIUTOLIEHHBIX BEPIIMH, a TAKXKe BbICOKasI POJIb IKC-
MO3ULIMKA U METEJIEBOro MepeHoca — OCHOBHBIE OPO-
KJIMMaTudyeckue aktopsl ojieneHeHus xp. [lamba-
rapaB B JaHHbBIX apUIHBIX YCIOBUSIX.

Metoauka uccie10BaHuil

Hns aHanu3a npoucxoasdmux ¢ 1988 r. uzme-
HEHUII B COCTOSSHUU «IIOCTPaJaBIIEro» JICAHU-
Ka No 15 u 1emoBOo-KaMeHHOI JIaBUHEI B JOJMHE
p. 3ycliaH, a TaKxKe YTOUYHEHUST (aKTOpPOB, OIpe-
JEVBIINX BOSHUKHOBEHUE JTABMHBI HA «BO3AYIII-
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Ta67mu,a 1. Kocmuyeckue CHUMKM, UCIIOTb3OBAHHBIC B UCCTIEMOBAHUN

Wunekc (ID) Pexxum ara cb€MKU CryTHUK Higg;‘;r;;fl:l;oe
DS1104-1055 [TanxpomaTtuueckuii 11.08.1968 r. Corona 1,8
LT51410261988174BJC00 22.06.1988 .

LT51420261989215BJC00 03.08.1989 r. Landsat-5 30,0
LT51410261996196BJC00 MyJbTUCTIEKTPATbHBIT 14.07.1996 1.

LE71420262002195SGS00 14.07.2002 r. Landsat-7 15,0
LT51410262006207TKR00 26.07.2006 r. Landsat-5 30,0
1030010048939200 [MaHxpomarnyeckuii 19.08.2015 . WV02 0,48

HOI IMOAYIIKE», Mbl MCIIOJb30BaJId KOMILJIEKC
METOIOB, MpeAyCMaTPUBAIOIINX KaK IOJIEBhIE MC-
clieIOBaHUS, TaK U AUCTAaHIIMOHHOE 30HAUPOBa-
Hue. CpaBHEHME CKOPOCTEIl COKpaIlleHUsT JISTHUKA
Ne 15 1 cocegHuX JEAHUKOB B TOJUHE p. 3ycliaH A0
u nocie IlambarapaBcKoro 3eMJeTPsICEHUS BBIIIOI-
HEHO Ha OCHOBe AeIM(GpUpPOBaHUSI KOCMUICCKIX
cHuMKOB 1968, 1988, 1989, 1996, 2002, 2006, 2015,
2019 rr. (Tabna. 1). HemubpupoBaHue MpOBOAUIOCH
B nporpammHoii cpene GIS — Mapinfo u ArcGIS.
IIpu memmdpupoBaHUM U PEKOHCTPYKILIUU OJIeAe-
HeHMs B KaUyeCTBE MUHUMAJbHOM IPUHSITA ILJIO-
manps kapruposanus 0,01 km2.

s peKOHCTPYKIIMU BO3MOXHOTO MEeXaHU3-
Ma OTpbIBa JIEASTHOTO 0JIoKa B TeJie JIeMHUKA 00bEM
ATOro 0Ji0Ka OBLT OlLEHEH pa3HBIMU CITOCODAMHU C
LIEJIBIO TIOC/ICAYIOIIETO CPABHEHUSI C 00BEMOM JIeH0-
BOIi cOCTaBJIsIIONIEH OT/IOXKEHUM TaBUHbL. CpeaHss
TOJIIIMHA JICAHUKA, JaBIIETO HA4Yajo JIaBUHE, pac-
CUMTaHa C MCIOJb30BAaHUEM PETMOHAIBHOM SMITU-
pUYECKOI 3aBUCHMOCTH /IS KAPOBBIX M KAPOBO-BU-
CIYNX JIeTHUKOB Antas [12]

V'=0,0487F1:24,

roe V' — o0beM; F — 1Tuiolanh JIeTHUKA.

IIpu onpenelieHUN TONIIWHEI JIeATHNKA B OT-
JeJIbHBIX TOYKaX Obljla 3ajeiicTBOBaHa MOJENb
GlabTop (Glacier bed Topography) [13]. BeanunHa
HamnpsKeHUsT CABUTA Ha JIOXKE T pacCUMTHIBAIaCh C
TMTOMOIIIBIO SMITUPUYECKON 3aBUCMMOCTU OT Pa3HU-
Bl BEICOT AH MeXXIy BBICIIEH W HU3IIEH TOYKaMU
JenHuka [14]:

1=0,005+ 1,598AH — 0,435AH".

CpenHss BbICOTAa TPAHULILI MUTAHUS JICAHUKA
paccumMThIBalIach 10 MOAUGULIMPOBAHHON (popMy-
e Kpenke—Xonakona [15], a 6anaHc Macchl — 10
metonuke I'.E. ['maseipyna [16] ¢ Mcnojb30BaHU-

eM JaHHbIX 6a3oBoit [MC o TemmepaType Bo3ayxa 1
ocazKax, a TaKKe BBICOTHI (PMPHOBOI rpaHuUIIbL. [1pn
pacuéTe abasILUKM IIpUMEHSIJIach perMoHaibHas hop-
MyJa, MoJydeHHas B pe3yJibTaTe U3MepeHusl bajlaHca
MAacCChI JIETHUKOB TOpHBIX MaccuBOB MoHryH-Taiira,
Typrenu-Hypy u Xapxupa [17]. BoicoTHBII TemIie-
paTypHBIii TpagueHT NpuHAT paBHbIM 0,65 °C/100 M,
a BBICOTHBIM I'PaJe€HT rOJJ0BOr0 KOJIMYECTBA OcCal-
koB — 7,7 mM/100 M. OGa rpagueHTa ObUIM OIIpee-
JIeHH! 11 MaccuBa LlambGarapas panee [3].

IloneBsle nccaemoBaHUs JOJIUHBI P. 3yciaaH Ipo-
poauau aBaxapl: B utoHe 2004 u aBrycte 2019 rr., co-
OTBeTCTBeHHO Yepe3 16 net u 31 rox nmociie Llambara-
paBckoro 3emuieTpsiceHus 1988 r. B xone mapiipyToB
BeJin POTOPUKCALIMIO U OTIPeAe/ISIN KOOPAUHA-
TBI HOBOOOPA30BaHHBIX (hOPM pestbeda ¢ TTOMOIIBIO
GPS-npuémanka (TouHocth 2—4 M). I'panniier ja-
BUHHBIX OTJIOXKEHWI YCTaHABINBAIM KaK HEIIOCpe-
CTBEHHO Ha MECTHOCTH, TaK U HAa OCHOBE Ielund-
pUpPOBaHUS KOCMOCHUMKOB. JIJIsT TIOATBEPKACHUS
3PO3UMOHHOTO BO3NEMCTBUS JaBUHBI OBLIM IPOBE-
JIeHbl TaTUPOBaHUE, CIIOPOBO-MbLIbIIEBOI aHAIN3
W KOMTIJIEKCHBIN TPYITITIOBOM OMOJIOTrMYeCKUii aHa-
1m3 110 Metoarke Kopna—Ycmenckoii [ 18] obpasiios
TOP(MSHUCTOI TTOYBBI, BCKPBITO# mrypdom B 2019 1.
noj JaBUHHBIMM OTJIOXCHUSIMU. Pamuoyriaepon-
HOE JaTUpOBaHME ITOYBHI BHIITOJHEHO B MIHCTUTY-
te reosorun 1 MmuHepainoruu CO PAH (r. HoBocu-
oupck). “C nara kanubpoBaHa ¢ JOBEPUTEIbHBIM
nHTepBasioM 20 B riporpamme CALIB Rev 7.1 (http://
calib.qub.ac.uk/calib/) ¢ ucnoib3oBaHueM Kaju-
O6poBouHoit 6a3bl IntCall3 [19]. CriopoBO-TIbLIbLIE-
Boit aHanm3 BeinosHeH O.b. Ky3pmunuoit (MHCTHUTYT
HedTera3oBoit reoornn u reopusnku nm. A.A. Tpo-
¢dumyka CO PAH, r. HoBocubupcK), KOMILIEKCHBII
rpynnoBoit buoananus — O.H. Ycnenckoit (Bce-
POCCUICKMIA HAYYHO-UCCIIEA0BATEIbCKUI MHCTUTYT
opoiesoactea PACXH, r. Bepes).
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PesynbTaThl HCC/I€I0BAHMIA

Cokpawenue aeonuxa Ne 15. Jlo IlambGarapaB-
ckoro 3emyerpsicerHus 1988 r. neqnuk Ne 15 mpen-
CTaBJISLI COOOI KapOBBIl JIGAHUK C BBIBOIHBIM BU-
CSIYMM SI3BIKOM, COCTaBJISIBIIMM MeHee 1/3 IIMHbI
BCEro JIeMHUKA — IIEPEXOIHbBINA TUIT MEXIY KapOBbIM
U KapoOBO-IOJMHHBIM. YKIIOH SI3bIKA COCTABIISLI 0
25° (B cpemaeM ~11° cormacHo SRTM, moctpoeHHOM

B 2000 r., 1 ~26° coryacHO Tororpaduyeckoi Kapre
macmmtada 1:100 000, HecMOTpsT Ha METKWIA MacINTao,
JIydIlie OTPaXKaIoLIEl COCTOSIHUE JISAHUKA HA MOMEHT
IlambarapaBckoro 3emierpsiceHns1). Ha ocHoBaHUM
aHaJIM3a KOCMUYECKUX CHUMKOB OT 22.06.1988 r. n
03.08.1989 r. cokpamneHue TTOMIAIN JIeATHUKa Ne 15
B pe3y/bTaTe OMHOMOMEHTHOM MTOTEPU YaCTH SI3bIKa
09.08.1988 T. moce LlambarapaBcKOTo 3eMiteTpsice-
Husg ounennsaercd B ~0,1 km2, mim 10,4% (puc. 2).

©W oW N OO0 A WN =

-\
S

11
12
13
14
15

AN
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-1 | EERNECONR | | |

Puc. 2. CokpaleHre HapyllIeHHOro B pesyibTaTe llambGarapaBckoro 3emiieTpsiceHust jeaHuka No 15 mo qaHHBIM
NYCTAHLIMOHHOTO 30HIMPOBAHUSI:

1 — peku (Ge3bIMSIHHbBIC MpaBble MPUTOKU p. 3yciaH); 2, 3 — uzoruncsl: 2 — yepe3 50 M, 3 — yepe3 250 M; 4 — JIeTHUK B MaKCH-
MYM MaJIOro JISAHUKOBOIO Iepuoaa; S—I11 — y4acTKU COKpaIlleHUs IUIOIIAaK JiefHUKa B mepuonnl: 5 — ¢ 11.08.1968 r. mo
22.06.1988 1., 6 — ¢ 22.06.1988 r. mo 03.08.1989 r., 7— ¢ 03.08.1989 r. mo 14.07.1996 r., § — ¢ 14.07.1996 r. o 14.07.2002 1., 9—¢
14.07.2002 r. o 26.07.2006 r., 10 — ¢ 26.07.2006 r. mo 15.08.2015 r., 11 — ¢ 15.08.2015 r. mo 02.08.2019 r.; 12 — JAeaHUK IO CO-
crostHuio Ha 02.08.2019 r.; 13 — rpanuna Jennuka go LlamGarapaBckoro 3emieTrpsicenus (22.06.1988 r.); 14 — rpaHulia JeqHUKa
nocne [lambarapasckoro 3emuerpsicenus (03.08.1989 r.); 15 — paccuutanHbie o moaeau GlablTop 3HaYeHUs TOMIIMH JETHU-
Ka, M. M3orurcel nposeaeHbl Ha ocHoBe 1UbpoBoii moaenau peabeda SRTM 3 (The NASA Version 3.0 SRTM Global 1
arcsecond). Ha Bpe3ke — cokpallieHue JeTHUKOBOro KoMiuiekca BepiiurHbl Lact-Yia ¢ 1968 .

Fig. 2. Reduction of the glacier No. 15 as a result of the Tsambagarav earthquake according to remote sensing data.

1 — rivers (nameless right tributaries of Zuslan river); 2, 3 — elevation lines: 2 — every 50 m, 3 — every 250 m; 4 — glacier at the max-
imum of the Little Ice Age (LIA); 5 — 11 — areas of glacier reduction based on the results of space imagery interpretation in the pe-
riods: 5 — from 11.08.1968 to 22.06.1988, 6 — from 22.06.1988 to 03.08.1989, 7 — from 03.08.1989 to 14.07.1996, & — from 14.07.1996
to 14.07.2002, 9 — from 14.07.2002 to 26.07.2006, 10 — from 26.07.2006 to 15.08.2015, 11 — from 15.08.2015 to 02.08.2019; 12 —
glacier as of 02.08.2019; 13 — the boundary of the glacier shortly before the Tsambagarav earthquake (22.06.1988); 74 — the bound-
ary of the glacier after the Tsambagarav earthquake (08.03.1989); 15 — glacier thickness (m) according to the GlabTop model. Ele-
vation lines were drawn based on the SRTM 3 digital elevation model (The NASA Version 3.0 SRTM Global 1 arc second). The in-
set shows the reduction of the glacial complex of the Tsast-Ula peak since 1968
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AHaJIM3 pa3HOBPEMEHHbBIX CITyTHUKOBBIX CHUMKOB
IOKAa3bIBACT, YTO ITOCJIC OTPhIBA OJIOKA JIbAA JIOXKE JIe]I-
HUKa OOHAaXXWJIOCh B 3aMalHO YyacTu si3bika. OTKO-
JIOBIIMICSA (hparMEHT OTIACIUIICSI HE OT CAMOT0 Kpast
ga3bIKa (cM. puc. 1, 6, ¢), Ho yxe B 1989 r. ToHKas 3a-
MagHasl mepeMbluKa pacrasia, TOraa Kak Ha BOCTOY-
HoI TIepudepun OBIBIIETO SI3bIKA COXPAHWIICS ydya-
CTOK JbAa mupuHoit okojao 100—130 M u aauHoMi
0ko0s10 600 M (cM. puc. 2). B cBoeit HIKHE YacTh OH
BIUIOTH 110 2019 r. ieperopakusan noauHy. B TeueHue
CEMU JIET TTOoCJIe 3eMJICTPSICEHUS M CXO/a JIEIOBO-Ka-
MEHHOM JIaBUHbI ILTONIAIb JISIHUKA COKpalllajach B
OCHOBHOM 32 CUET TasTHUSI 3TOT0 y3KOro 6y10ka. boib-
11asT YaCTh JISAHUKA MPY 5TOM HAaXOIWIAch B 00J1aCTU
AKKyMYJISILIAM, TIO3TOMY TIOJIOKEHME KOHIIA JISTHUKA

(\lE 1 n
=z
ry _\\
& 084
3
o
= 0,6
c
0,44
0,2 1
0 T T T T T T
1850 1877 1904 1932 1959 1986 2014
400+ @
Puc. 3. Iunamuka neqauka No 15.
200 T a — U3MEHEeHMe TUIOIIAIU JISTHUKA C
MaKCUMyMa MaJIoOTO JIeIHUKOBOTO
) nepuona no 2019 r. mo naHHbBIM Ae-
@ 04 1 b pUPOBaHUSI KOCMOCHUMKOB; 6 —
; KoJieGaHuUsT GajlaHca MacChl JIeMHUKA
= Ha BBICOTE TPAHMIILI TUTAHUS 11O CO-
5 crosiHuio Ha 1988 . (3900 M) 3a ne-
g -200 puon 1961—2019 rr. KpacHas nunus
g otMmeyaeT 1988 r., Korma mpou3ouuio
o LlambarapaBcKoe 3emMIeTpsiceHUe
§ 400 Fig. 3. Change of the glacier Ne 15.
@ a — change in the glacier area from
L the maximum of the Little Ice Age to
¢ 2019 according to the interpretation of
-600 7 satellite images; 6 — fluctuations in
the mass balance index of the glacier
at the equilibrium line altitude as of
-800 T T T T T ! 1988 (3900 m) for the period of 1961—
1960 1970 1980 1990 2000 2010 2020 2019. Red line indicates the 1988
Foawl Tsambagarav earthquake

B T€YEHHUE HEMPOIO/DKUTEIBHOTO Meproia CTadbuIn-
3UpOBaIOCh. TeM He MeHee, BOCCTAHOBJICHUE JICTHY -
Ka He npomsonrio. [Tocie 1996 r. HauMHaeTCs ero UH-
TeHCUBHOEe oTcTyranue (puc. 3, a). C 3Toro BpeMeH!
MPOIOJ/DKACTCS HE TOJIBKO Jerpanaliys JIEASHOTO Bbl-
CTyIa B HIDKHEH YacTy JISTHUKA, HO U YBEJIMYMBACTCS
IJIOLIAb OOHAXKAIOIIMXCS CKAJTbHBIX BBIXOIOB Ha BbI-
cotax oko10 3800—3850 M. DTH mpolLecChl OTpaKaroT
OBICTPOE YMEHbILIEHNE TOJIIIMHBI JIbA.

B 2004 r., yepes 16 jeT mocie 3eMIeTPsICEHMS],
P HallleM MOCEeIeHUU JOJMUHEI p. 3yciaH elé co-
XpaHsSJICS KPYTOM yCTyN B Tejie JeAHUKA — CTeHKa
OTphIBa 0JI0Ka, MajeHWe KOTOPOro MHUIIMUPOBA-
JIO CXOJ JIJaBUHBI; B CAMOM YCTyTie OblIa OTYETIUBO
BUJHA CJIOUCTasl CTpYKTypa Jbaa (puc. 4, a). CteH-
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Puc. 4. Bun nennuka Ne 15 yepes 16 et u 31 ron nociie ceiicMmocoobitust 1988 r.

a — 20 mons 2004 1.; 6 — 30 aBrycra 2019 r. @oto A.P. AratoBoii

Fig. 4. View of glacier No. 15 16 years after and 31 years after the 1988 seismic event.
a — on July 20, 2004; 6 — on August 30, 2019. Photo by A.R. Agatova

KM Kapa Bc€ elllé ObIJIM MOKPBITH (PUPHOM, XOTS €T0
TOJILIIMHA CTaJla 3aMETHO MeHbIIe, 4yeM B 1988 1.,
IIPY 3TOM CKJIOH I0r0-3aragHoi 9KCIIO3UIIUM 1O~
HOCTBIO MOTEPSII JeI0BO-(PUPHOBHIM MOKPOB.
K 2006 r. 610K JIbIa B HUKHEN YacTH JIEAHUKA TIpe-
BpaTWICS B Y3KMI KJIUH 3a0pPOHUPOBAHHOTO MEPT-
BOTO JIbJia, HE CBSI3aHHOTIO C JICAHUKOM. B nmanb-
He#leM MPOAOJKUIOCH OBICTPOE COKpalleHUe
IUTOIIAM, 3aHSITOM JIbIOM Ha CTCHKE Kapa Ha ypOB-
He okousio 3800 M, a yxxe k 2015 r. B mpenenax Kapa
HaMETUJIOCHh pa3liesicHue JeAHMKA Ha KapOBYIO U
BUCSIUYIO COCTABJISIONINE.

B xone nocenienus nenHuka 2 aBrycra 2019 r.
OTMEYEHO €ro OKOHYATEeJIbHOE pa3lielieHre Ha JABe
YacTu — KapoBYIO U BUCAUYIO (cM. puc. 2). Tommum-
Ha JIeAHMKA 3aMETHO YMEHBIIMIACh, OOHAXUINCH
BBICTYIIBI €TO JIOXKA. YCTYI (CTEHKA OTPhIBA) OBLIT
IOJHOCThIO HUBeMMpoBaH. UpH Ha CTEHKax Kapa
MpaKTUYeCKU OTCYTCTBOBAJ (cM. puc. 4, 6). Ilepero-
paxkuBaIOIIUiA TOJIUHY 0JIOK, HECMOTpPSI Ha YMEHb-

LIEHUE pa3MePoB, I COXPaHSUICS TI0JT YeXJIOM 00-
JoMo4yHoro matepuaja. CTOK BOJbI IPOXOAII IO
0JI0KOM. AHAJIU3 Pa3HOBPEMEHHBIX KOCMOCHUM-
KOB ITOKa3bIBaeT, 4To 3a nepuoxn ¢ 1988 mo 2015 r.,
B Hayvajie KOToporo B pe3yiabrare LlambarapaBckoro
zemieTpsceHus aegHuK Ne 15 yrpatua pparMeHT
s3blKa, IUIOIIAAb 3TOTO JICAHUKA YMEHBIIMIACh
Ha 56% (cM. puc. 2 u 3, a). 3a TOT XXe TIepUoI IJI0-
1aab COCEMHUX JIeAHUKOB No 16 u 17 cokpaTtuiach
Ha 35 u 15% coorBeTcTBeHHO. MHTEpecHO, 4TO ¢
1989 1., T.e. yke mocJe cxona (pparMeHTa sI3bIKOBO
YacTU M YMEHBIIEHMST 001acTh abasIuu, JISTHUK
Ne 15 cokparancs 6bicTpee, YeM CocenHUe JIeTHM -
KM: oTeps ero rioianu B 1989—2015 rr. coctaBu-
na 49% no cpaBHeHUIO ¢ TeMu Xe 35 u 15% y nen-
HUKOB No 16 1 17 COOTBETCTBEHHO.

baaanc maccot aeonuxa No 15 0o u nocae Ilam-
bazapasckoeo zemaempacenus. Ha ocHoBe naH-
HBIX Onmxaimeit gpnuHHopsanHoit 'MC Varmit
paccuMTaHO M3MeHeHUe OajaHca MaccChl Jiekd-
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Huka Ha ypoBHe 3900 M — BBICOTE TPaHUIIBI ITH-
TaHUs 1o cocTossHuo Ha 1988 r. mepen Llambara-
paBCKUM 3emieTpsiceHreM (CM. puc. 3, 6). Pacu€rsr
BBIIIOJIHEHBI 111 mepuoga 1961—2019 rr. bananc
Macchl OBLI CTaOMABHBIM 10 1998 1., mocie dero
HCIIBITAJI CKauKooOpa3Hoe yMeHblIeHue (0ojee
500 MM B.3.) ¥ OIIpEeAEIISIICS 3HAUCHUSIMU B MHTEP-
Baje —400 + —600 MM B.3., T.e. B HeOJArONpUsIT-
HBIX KIIMMAaTHIEeCKUX YCIOBUSX JICTHUK ITPOIOJIKAT
OBICTPO coKpamaThbes (cM. puc. 3, a). B 1988 1. co-
OTHOIIIEHNE TUIOIIAaaeil 00acTeil aKKyMY/ISILINUA 1
a0JISIMK M3MEHWIOCH B pe3yJIbTaTe Pe3KOro COKpa-
IIeHWsT 00J1aCTU a0JISIIUKM IIPU OTPHIBE YaCTU JIEHI-
HHUKa, 4TO Ha (pOHE CTaOMJIBHBIX KINMAaTUUECKHIX
YCIIOBUIA, Ka3aJa0Ch ObI, MOTJIO BBI3BaTh YaCTUIHOE
BOCCTAaHOBJICHHUE JIETHUKA B ITOCEOYyIOIIEe AeCsI-
tuietre. OgHAKO 3TOro He IMPOM30IIUIO U JISTHUK
B 1988—1998 rr. mpomokan cokpamarbcs. Bepo-
SITHO, B 1988 T. yMeHBIIMIACH B pa3Mepax He TOJIb-
KO 00J1acTh a0y (3a CYET OTphIBA OJIOKA OT JIeH-
HUKOBOTO $SI3bIKa), HO M 00JIaCTh aKKyMYJISILIAH, T
NoTepsl 3HAUMTEJIbHOTO 00bEMA JIba 3a CUET oOBasa
Mpou3oiuia 6e3 BUIMMOIO Ha CHUMKaX M3MEHCHUS
IUIOIIAAN 3TOM 30HBI.

Ouenxa moawunot aeonuxa /No 15. OieHKY TOJ-
IIMHBI IIPOBEJIX B Pa3HBIX TOUKaX JIEAHMKA C MC-
nonb3oBanueM Mmoaenu GlabTop, kotopas mpen-
ImoJjaraeT HeCyIlleCTBEHHOE BIMSHUE JeIHMKA Ha
M3MEHEHHEe peibeda MOACTUIAIIETO JoXxa (ITo
COOTBETCTBYET ACHMCTBUTEIBHOCTU IIPU PACCMOTpE-
HHUU COBPEMEHHBIX JJEIHUKOB HAa MCTOPUIECCKOM
aTalle UX pa3BUTHUS) U CIVIAXKEHHBIN XapaKTep I10-
caemHero. ToamuHy Jboa OLCHMBAIM BIOJIb JUHUIMA
TOKa JIEOHUKA U Jajiee MHTSPIOIUPOBATINA MEXKIY
3THUMHM TOYKAMM W TpaHUIIAMHU JISAHUKA C HYJIEBOI
TOJMIIMHOM Jbaa. [1pu MomenmpoBaHUY MUCTIOIb30-
BaHa Torrorpagndeckas kapra macmrata 1:100 000,
TaK KaK BCe M3BECTHBIC HaM LIM(PPOBLIC MOIEIN Ha
palioH McciaeqoBaHNI co3maBaanch mo3xke 1988 T.
Pesynbrathl pacuéToB mpuBeneHBI Ha puc. 2. Pac-
CYMTaHHAsI TAKUM 00pa30M TOJIIIMHA JIbIA IJIsI CO-
mremmieii B 1988 r. yactu teqHMKA HAXOOUTCS B TIpe-
nenax 14—31 m. OOBbEM JIemHMKA 10 COCTOSIHUIO Ha
22 woHs 1988 ., pacCUMTaHHBINA C UCITOJIb30BaHU-
€M 3MIIMPUUYECKON 3aBUCHUMOCTH IJISI KAPOBHIX U
KapOBO-BUCSYNX JIEAHUKOB AnTas [12], coctaBumn
0,046 xM3, 4TO COOTBETCTBYET CpPENHEN TOJIIMHE
JIbJIa 111 BCETo JIEMHMKA OKOJIO 48 M.

Iapamempuot aedoeo-kamennoii aasunst 1988 e.
JlaBuHa, THULIMMPOBaHHAS CXOAOM (PparMeHTa Je-

HUKa, Havyaja ()OpMHUPOBATHCSI Ha BHICOTE OKOJIO
3400 M 1 mpomnuia MyTh JJIUHON 5 KM 10 OTMETKH
2840 M (BBICOTHBIE OTMETKU M M3MEPEHUS IJINH
npuBeneHsl no 3D-monenu penabeda MporpaMMbl
GoogleEarth) (puc. 5). Takum obpa3om, Trepeman
BBICOT cocTaBmI 560 M, IpY 3TOM Ha MEPBOM KHJIO-
MeTpe TIyTU, TIe YKIJIOH CKJIoHa mocturaet 20—25°,
OH OBbUI MAaKCUMAaJIbHBIM — OKOJIO 320 M, KaK U OT-
MedyeHo B pabore [6]. DTo obecrneynno ObICTPLIT
Habop CKOPOCTU JIEJOBO-KAMEHHOU OpeKUYuei.
Ponp TpaMIimHa 11l pa3roHsIBIIEICS IaBUHBI B
KOHIIEe TIepPBOTO KMJIOMETpa MYTU BHIIOJIHUI I10-
MEPEYHBI €€ XOmy CKJIOH BOIOPa3aeIbHOTO Iped-
Hs BeIcOTOI 70 M. ¥Ymap B CKJIIOH MPUBEN K MPLLKKY
yepes rpedeHb, a Haandne TPEX KPYThIX (0Koo 90°)
MOBOPOTOB MOJUHKI I10 IIYTH CJIEAOBaHUS JIaBU-
HbI (uepe3 1, 1,6 u 3,5 KM OT MecTa 3apOKIeHUs)
00yCIOBMIIO €€ MepeKUAbIBAHNE C OJHOTO CKJIO-
Ha Ha JPYToH C 3aTyXaHMEM aMIUIMTYIbI 3aIUIECKOB
o BeicoTe oT 120 M mo 70 u 30 M. CoxpaHHOCTH
MOYBEHHOTO ITOKPOBAa B MECTE MEPEIPhIruBaHUS
BOAOPA3IeJIbHOIO IpeOHs, a TaKxKe aMIINTyIa U
MPOTSKEHHOCTD 3aIUIECKOB 3aJ0KYMEHTUPOBAHBI
HEMOCPEACTBEHHO ITOC/IEe CX0Ja JaBUHBI [6], UyTO
BaXXHO IJIsl IOHMMAaHMUS MacluTaba U MeXaHu3Ma
3TOrO MPUPOTHOTO SIBICHMSI, TaK KaK CJICIbI JIaBU-
HBI B pejibede 10CTaTOUHO OBICTPO Mpeodpa3yroTcs
W HUBEJUPYIOTCS MOCEAYIONMMU reoMOpdOoIoru-
YECKUMU IIPOLIECCAMMU.

H3menenus 6 obaacmu aKKymyasuuu 1e0060-ka-
MmeHHotl aasunbt nocae 1988 2. B 2004 1., T.e. yepe3
16 net mociie cxoaa JIaBUHBI, OCHOBHASI Macca JibIa
B JIEIOBO-KaMEHHBIX OTJOXEHUSIX yXe pacTrasia
1 00JIOMOYHAsI COCTaBJISIONIAsl Ha OOJIbIIEM IIPO-
TSDKEHUM JOJMHBI OblIa CIIpOeIIMpOBaHa Ha THO U
CKJIOHBI HoJuHBL. Ha 60oJiee KpyThIX yuacTKax CKIIO-
HOB OBLJIO OTMEUYEHO CMEIIeHNEe JaBUHHBIX OTJIO-
JKEHUI BHU3 MO CKJIIOHY. Peka mpopaenana HoBoe
pyclio, IPeMMYIIeCTBEHHO CMECTUBIINCH K IIPaBO-
My, OoJiee TIpoTrpeBaeMOMY CKJIOHY JOJIMHBI I0TO-
BOCTOUHOM 3KcHo3uLMu. Pycio Bo MHOTMX MecTax
pacragajioch Ha pykaBa, oru0asi Crpy>kKeHHbBI 00-
JIOMOYHBII MaTepua. YkKe ObLIM pa3pylleHbl KOT-
JIOBUHBI BPEMEHHBIX 03€p, 00pa30BaBIIMXCS B
1988 r. [6], MEIKO3ePHUCTHBIE OTIOXEHUS STUX 03EP
TaKXXe 0Ka3aJIMCh CIPOCUMPOBAHBI Ha THO JOJIM-
Hbl. TeM He MeHee, B BepxHell (CeBepO-BOCTOYHO-
ro IIPOCTUPAHUST) YACTH JOJUHBI, TAe JaBMHA OblLIa
HaCBIIIIeHA JIEIOBBIM MaTeprajoM B OOJbIIEH CTe-
MeHu, Ha JieBobepexbe el MmpoaosKaaach aerpa-
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kM 5 4,5 4 3.5 3 25 2 1.5

0,5

1

Puc. 5. Cnenpl 1e10Bo-KaMeHHOI JaBUHBI B pelibee J0aMHbI p. 3yciaH (xp. LlamGarapaB) u mponojbHbIN MPOopUIb
y4acTKa MPOXOXIECHNS JIABUHBI:

1 — rpaHula lefHMKa Ha MOMeHT LlambarapaBcKOro 3eMJIeTPSICEHUST X OTKOJIOBIIMIICS (DparMeHT si3bIKa, CXOI KOTOPOTO BhI3BaJ
JIaBUHY; 2 — OTJIOXEHMUSI JIEIOBO-KAMEHHOM JIaBUHBI; 3 — CKJIOH C COXPAaHMBIIKMMCS ITOYBEHHBIM ITOKPOBOM, Yepe3 KOTOPLIii Te-
peneTesia JaBuHa; 4 — CKOIUICHUE PACKOJIOTBIX OOJIOMKOB B MECTe yaapa JIaBUHBI U BepOsiTHasl TpaHuIla e€ 3aruiecka Ha JIeBbIi
CKJIOH JOJIMHBI p. 3yciaH; 5 — y4acTOK HOJMHBI C MHBEPCUOHHBIM XOJMUCTBIM pelibehoM U CeIaMU CITYLIEHHBIX MOAPYIHbBIX
03€p; 6 — TPsIIbl OTJIOXKEHMIA COILIEAIIEel JJABUHBI;, 7 — 9PO3MOHHbIE KaHAJIbl B CKAJbHBIX ITOPOAAX Y PBHIXJIbIX OTIIOXKEHUIX; & —
y4aCTOK Pa3BUTHUSI KPUOTCHHBIX ITOJMIOHOB Ha MOBEPXHOCTU JIABUHHBIX OTJIOXEHUI; 9 — TOYKM HaOII0AeHUsI, 00CyKIaeMble B
Tekcte; /0 — MoBOPOTHI 1OJMHBI Ha TTpoduie. OcHoBa cxeMbl — KocMocHUMOKWorld-View-2, nata cbémku 19.08.2015 .

Fig. 5. Traces of ice-rock avalanche in the topography of the Zuslan river valley (Tsambagarav Range) and the longi-
tudinal profile of the avalanche path:

1 — glacier outline at the time of the Tsambagarav earthquake and detached fragment of the glacier tongue, which triggered ice-rock
avalanche; 2 — avalanche deposits; 3 — slope with preserved soil cover (the avalanche flew over this slope); 4 — conglomeration of
fractured debris at the place of the avalanche impact and the probable boundary of its splash on the left slope of the Zuslan valley;
5 — part of the valley with the inversion hilly topography and traces of drained dammed lakes; 6 — ramparts of avalanche deposits;
7 — erosion channels in rocks and loose sediments; & — area of cryogenic polygons on the surface of avalanche sediments; 9 — ob-
servation points discussed in the text; /0 — bends of the valley on the longitudinal profile. The basis of the scheme is the World-
View-2 satellite image, image acquisition date 08.19.2015
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Puc. 6. Cienpl mpoxoxneHus JeA0BO-KaMeHHOM JaBUHBI 1988 1. Ha 1HEe TOJUHBI p. 3ycIaH:

a — B 2004 r., ycTym Ha JieBoOepexXbe, 00pa3oBaHHbBIN MOTpeOEHHBIM JIba0M; 6 — B 2019 ., cTpesKaMu MoKa3aH yyacTOK TOJUHBI
Ha (GOTO @, OBAJIOM — OIUIBIBIIMIA CO CKJIOHA 0JIOK OpraHOMUHEpaJIbHOro cyocTpaTa BbicoToi 3—4 M. Yuactok ponuabsl CB—HO3
MPOCTUPaHUs, BUI BHU3 110 nojiuHe. Poto A.P. AraTtoBoit
Fig. 6. Traces of the passage of the ice-rock avalanche in 1988 at the bottom of the Zuslan river valley:

a — in 2004, scarp on the left bank is formed by buried ice; 6 — in 2019, arrows show the part of the valley in photo a, oval — peat
block 3—4 m high sliding down the slope. The NE-SW-oriented part of the valley, view downstream. Photo by A.R. Agatova

Iauys MorpedoeHHOTO JbIa — JEI 0OHaXKaJcs Mo
YexJIoM 00JI0MKOB BO BJI0JIb OEpETOBBIX YCTYIIaX Ce-
Bepo-3aMnagHOi 3KCNO3ULUU BbICOTOU 10 1—1,5 M
(Touka 1 Ha puc. 5, puc. 6, a).

V NMomHOXUI JeI0BBIX YCTYIOB 11O (POpMU-
poOBaHUeE OCHIIIe N3 KaMEeHHBIX 00JIOMKOB. Oco00
MogYepKHEM, YTO BO3HUKIINME IIPU BHITAUBAHUU
JIbIa Bajibl OBIJIA XOPOIIIO BBIPAXKEHBI B peibedpe 1
HammoMUHaIu 00KOBbIe MOpeHHI JiemHuKa. [locie
noBOpoTa AoJuHBI Ha 90° Ha y4yacTKe e€ ceBepo-
3aIlaJHOTO IIPOCTUPAHUS B OTJIOXEHUSIX JIaBU-
HbI, KaK ObIJIO OTMeUYeHOo B pabore [6], mpeobia-
najna yxe KaMeHHas coctasisomas. B 2004 r. Ha
9TOM y4yacTKe JIEA OTCYTCTBOBAJ M Ha CKJIOHAaX, U
Ha nHe nojauHbl. Cpa3y HMXe MOBOPOTa BHIHECEH-
HbIe 00JJOMKM TMOPOJI 3ajIeTajii Ha ITOJOrOM JIEBOM
CKJIOHE B BUJIE JIONIACTH JUIMHOM 0K0j10 400 M 1 1111~
punoit 1o 150 M. ToHKuU#i 4yexoa JTaBUHHBIX OTJIO-
JKEHUII TOYHO MOBTOPSI 31eCh pebed MOoaACTuIa-
IOIIUX IPEBHUX MOPEH, HO MMeJ 0ojiee CBEXYIO
MOBEPXHOCTh — OOJIOMKM OBIJIM HE 3aJepHOBAHBI,
HE TOKPBITHI JUIIAWHUKAMU, MHOTUE UMEJIN CBE-
KM€ CKOJIbI ¥ TpelInHBL. OOJIOMOYHBIN Y€X0JI PE3KO
BBIICJISUICS CEpPhIM IIBETOM Ha (DOHE 3aIepHOBaH-
HBIX IIeiicTolieHOBbIX MOpeH. I1o cpaBHeHUIO ¢ 00-
JIOMKaMM Ha TTOBEPXHOCTH MOPEHEI, IIpeICTaBIICH-
HBIMM IIPEUMYIIECTBEHHO KPYITHBIMM BaJyHaMU U
IJIBI0AMU, CpeIr O0JIOMKOB, BEIHECEHHBIX JIABUHOIA,

3HAYUTEILHO MEHBIIIE KPYITHBIX ¥ OKaTaHHBIX, OfI-
HAKO TOHKO3CPHMCTAsI COCTABJISIONIAS B OTJIOXKEHU-
SIX JJABUHHOTO YexJia MpaKTUYEeCK OTCYTCTBOBAJa.
TToBBIIIEHHBITT 00BEM U CBEXUIA BUI 0OJJOMOYHO-
ro yexJjia ObUIM OTMEUEHBI Ha CKJIOHAX W Ha JTHE MO-
JIOMIOTO 3PO3UOHHOIO YIIEJbs, Bp€3aHHOTIO 3/1€Ch
B noauHy. ®poHTaNbHas YacTh JIABUHBI, HAIIPO-
THUB, HE BbIAEIsUIaCh B pesibede, OUeBUIHO, U3-3a
MaJIoii MOIIITHOCTU CHPOELIMPOBAHHOIO Ha JHO J10-
JIMHBI 00JIOMOYHOTO MaTepuajla U ero pa3MblBa B
XOJIe TIOCJIEAYIOIINX CE30HHBIX ITaBOAKOB. JIuIib He-
0oJIbIIasl «IIpUMa3Ka» Ceporo 1BeTa B BUIE TOHKOTO
yexjia KPYIMHBIX OKaTaHHBIX U HEOKaTaHHBIX 00JIOM-
KOB (DMKCHUPYETCS B 3TOM MECTe Ha MOBEPXHOCTU
paBoOepeXHON CKaJIbHOM Teppachl.

B 2019 1., wepes 31 rox mocie coOBITHSA, Ha Jie-
BOOEPEXXHOM YJacTKe TONuHEL, rae B 2004 r. emé co-
XpaHSJICS MOrpeOEHHBIN JEM, BUAUMBIX OOHAXKEHUIA
JIbAAa BAOJIb PEKU MBI YK€ He OTMEUajId, XOTs He HC-
KJIIOUEHO, YTO 3a0pOHUPOBAHHBIN 0OJIOMKAMU JIET
YACTUYHO COXPAHSIETCS Y IIOOHOXMSI CKJIIOHA TOJIMHbI
0[], BO3HMKIIIMMHU OCBHITISIMU. B TO e BpeMsI Ha 3ToM
yJacTKe OBLIN 3aPUKCUPOBaHBI eMMHUYHbBIC KPYII-
Hble, 10 3 X4 M MI0WAAbIO U TOJIIUHON 10 2—4 M,
0JIOKM OpraHOMUHEPAJIBHOTO cyOcTpaTa, BEPOSITHO,
TMOApPEe3aHHOrO JIABMHOM Ha cKJToHE B 1988 . (Touka 2
Ha puc. 5, cM. puc. 6, 6). Bioku ObUIM ITOCTaBIEHBI
«Ha pedpo» 1 pa3BEPHYTHI JIMOO MepeBEPHYTHI MOI0-
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IIIBOM BBEPX B pe3yJIbTaTe AeTpaJallviy Jibaa 1 MHTEH-
CUBHOTO onoji3aHust ckjioHa B 2004—2019 rr.

XapakrepHast ¢opma penbeda, yKa3bIBaromas
Ha HeJaBHEe 3aIl0JIHEHUE BepXHEl YacTH JOJIMHBI
MaccCoii IbJa 1 KaMEHHOI0 MaTepuajia, — MHOTO-
YMCJIIEHHBIE CKOIICHMSI, YaCTO MHUpaMUIaIbHbIC,
00JIOMKOB pa3HOI KpYITHOCTH (OT BaJIyHOB IO IeCKa
U CYIVIMHKA), CIIPOSIUPOBAHHBIX HA THO JOJUHBI
100 Ha OTIEIbHbIE KPYITHBIE BaJyHBI IIpU AeTpama-
LIUM OTACIbHBIX OJIOKOB Jbaa. BeIcoTa 3THX CKOII-
JICHU# BapbUpPYeT OT HECKOJbKUX CAHTUMETPOB IIO
2—3 M. Camble KpYITHBIE «ITMPAMUIBI» BCTPEUECHBI
Ha JHe TOJMWHBI B BepxHell e€ yacTtu (cM. puc. 5),
I7e paHee OTMe4aJuch XOJIMBbI BBICOTOM 710 5 M [6];
HeOOoJIbIINe MUPaMUIBI, HAPSIAY C PACKOJOTHIMU
00JI0MKaMHM, 9acTO CIyKaT MapKepaMH BEpXHETO
YPOBHS JIJABUHHBIX OTJIOKEHUIA Ha CKJIIOHAX TOJIMHBL.
OrpoMHOE KOJIMYECTBO PACKOJIOTHIX KAMHEI 1 00-
JIOMKOB CO CKOJIaMM (DMKCHPYET 1 MECTO yaapa Jia-
BHUHBI O JIEBBI CKJIOH JOJIMHEI p. 3yciaH. Yaap Ipu-
LIEJICS HA YIACTOK CKJIOHA HAIIPOTUB YCThSI JOJIMHBI
IIpaBOTO IIPUTOKA, U3 KOTOPOI IaBUHA BEHIJIETENA,
yXe HabpaB 3HAYNUTETHLHYIO CKOPOCTh (CM. pHUC. 5).
OOJIOMKM CKOHIIEHTPHUPOBAHHEI Ha BBICOTE OKOJIO
30 M Hag mHOM moauHbl (3075 Mm). Crensbl BEIOPO-
ca JIeIOBO-KaMEHHOM MaccChl Ayroii no 120 M BeICO-
TOI, OTMEUEHHOTO B 3TOM MecTe B 1988 T., MBI He
CMOTIJIM YBepeHHO naeHTudumnponath HA B 2019,
HU B 2004 rT. BO3MOXHO, 13-3a MaJIOil MOIIHO-
CTH OTJIOXEHUII OHM 0Ka3aJIMCh pacCpemoTOYCHEI
Ha ITOBEPXHOCTHU ACTIOBHAIBHO-OCBHIITHOTO IIICH-
¢a. BaynooObpa3Hble CKOMJICHUS Y TIOJHOXUSI 3TOIO
1uieiiga MOTyT OpeacTaBIsITh COO0I BEpXHUN ypo-
BEHb 3aruiecka (OH OTMeUYeH Ha puc. 5), HO 6e3 WH-
(dopManuy 0 MakKCUMaJIbHOI BBICOTE JIaBUHBI B
JaHHOM MeCTe IIPUHSTh 3T CKOIUICHUS 3a CIIeIbI
JIABUHBI T10 TIPOIIECTBUU BCErO0 HECKOJBKMX AECST-
KOB JIET YK€ IIpO0JIeMaTUYHO.

B 11emom ke 4exoJ1 TaBUHHBIX OTJIOXEHUI I10-
MIpeXXHEMY XOPOIIO OTINYMM Ha CKJIOHAX JOJIMHBI
110 SIPKO-CEepPOMY LIBETY, HO YK€ 3aMETHO OIT0JI3a-
€T ¥ He MMEeeT CIUIOIIHOIO PacIpoOCTpaHEHMSsI, KaK
o710 OBITO B 2004 1. PacuiieHéHHOCTH penrbeda, BO3-
HUKIILIETO TIpY TasTHUM JIbAa B TeJie JJABUHbBI, 3HAYM-
TeJIbHO CHM3MIAch. [1osgBMIOCH OOJIbIIIE CKAIBHBIX
Y4acTKOB, paHee IIPUCHIIIaHHBIX YeXJIOM 00JIOM-
koB. IIpu aTOM peka, HaIIpOTUB, TIIyOXe Bpe3anrach
B CIIPOCLIMPOBAaHHBIC HAa THO IOJUHBI OTJIOXCHUS 1
Ha HEKOTOPBIX yYaCTKaX yxe cpopMUpoBama OTIET-
JINBYIO MOMMEHHYIO Teppacy.

B oOnactu akKyMyJISILIMY JTJABUHHBIX OTJIOKEHUM
YCTaHOBJICHBI TAKXKE YIACTKU, TIIe JJAaBMHOM ObLIN Cpe-
3aHbl HAKOIUIEHHBIE paHee OTVIOXKEHUS Ha CKIIOHAX
W JHUILLE OOJMHBL. Tak, y TOMHOXMST 000MX CKJIOHOB
JOJIMHBI 3POIMPOBAHBI OCHOBAHMSI OCHIITHBIX U IIPO-
JIIOBUAJIbHBIX KOHYCcOB. Ha neBom ckioHe B 2019 r.
3a(pMKCHPOBAH POB — MaprUHAJIbHBIN KaHaj, OTIe-
JISTIOIIMIA OTJIOKEHUS JIABUHBI M IIEPEKPHITOTO UMU
MIPOJIIOBUAILHOIO KOHYCA B YCThE KPYITHOI'O 3PO3U-
OHHOTO Bpe3a (cM. puc. 5). 31ech Ke oOHaXkKalTCsd U
HeOOJIBIIIME BBICTYITBI CIJIAXKEHHBIX JIABUHOM KOPEH-
HBIX MOPOJ, cKJIoHa. Takoii ke Habop PO3UOHHBIX
(opM 3apuKCcHpoBaH B CKAJIbHBIX MIOPOJIAX HILKE T10
JIOJITHE Ha TIpaBoM Oepery. JloKa3aTe/IbcTBOM 3K3apa-
LMY JIABMHOM MOACTWIAIOIINX OTIOXKEHMI Ha yJacT-
Ke IMOBOPOTa JOJIMHBI Ha ceBepo-3anan (Touka 3 Ha
puc. 5) crana C para 16214201 kan. et (172570
COAH-9838) ropuzoHTa TOp(PSHUCTOI MOYBbI TOJ-
1muHoi 20 cM, 3ajierarollero Ha JeBoOepeKHOM Movi-
MeHHo# Teppace (2910 M ) moa MaaTOMOIIHBIMU
3aech — He 6ojiee 20 cM — OTJIOXKEHUSIMU JIaBUHBI.
HaTupoBaHKe TT0KAa3aJlo, YTO BEPXHSISI YaCTh ITOUYBEH-
Horo npoduis TM00 NepeKphiBalolINe MaJIeONOUBY
OTJIOKEHUSI HAa 3TOM YJyacTKe ObLIM cpe3aHbl. JlaH-
HBII BBIBOI ITOATBEPXKIACTCS IMPUCYTCTBUEM B CIIO-
POBO-ITBUIBIIEBOM CIIEKTPE CIIOP ITPOM3pacTaliolIe-
ro Ha BJIAXHBIX ITOYBAX MAIIOPOTHUKA-TPO3I0BHIKA
(Botrychiumsp.) 1 pe3yJbTaTaMu KOMITJIEKCHOTO TPyTI-
MOBOro OMOaHaIN3a — OMOOCTATKU Pa3MEPHOCTHIO
>250 Mk, momumo npeobnagaomux (90%) TpaBsHU-
CTBHIX pacTeHUi1, IIpeACTaBICHbI TAKXKe BIJIATOJIFOOM -
BbIMU Oocokoli (Carex) n nepoeHHukom (Lythrum), B
COBpPEMEHHBIX YCJIOBUSIX B AoJIMHAX MaccrBa Llambara-
paB He Mpom3pacTaimmx. Ha rmoBepxHocTH IoiiMeH-
HOI Teppachl Ha JAHHOM YyJacTke JoJauMHbI B 2019 r.
ObLTM 3a(UKCUPOBAHBI SIMHUYHBIE TEPMOKAPCTOBEIC
3amaauHbl 10 1,5 M B IMaMeTpe, yKa3bIBalollve Ha OT-
HOCHUTEJLHO HEaBHIOK JeTPaalifio Jibaa, Mpeodia-
JABIIETO B TeJIe TABUHEI 10 IIOBOPOTA TOJIMHBL.

Ha ygacTke moJaMHBI ceBepo-3alagHoro Ipo-
CTHpaHUsl, HIKEe KPYyTOTO ITOBOPOTA, B MAaJIOMOIII -
HOM uexJie 00JIOMKOB Ha JIEBOM IIOJIOTOM Oepery
MPOCJIEKNBAIOTCS KOHTYPBI KPUOTEHHBIX ITOJIMTO-
HOB (cM. puc. 5). OTIOXeHUS JaBUHBI YK€ OCBOE-
HBI 3IeCh TPAaBIHUCTOI PaCTUTEIIbHOCTHIO, MECTAMU
cchopmupoBascst OyrpucTo-3anaguHHbIA MUKPO-
penbed. B yienbe, Bpe3aHHOE B THO IOJHMHBI, CO
CKJIOHOB IPOJIOJIKACT CIPYKaThCs CIIPOSLIMPOBAH-
HBII1 00JIOMOYHBIN MaTepHaj IIPeUMYyIIeCTBEHHO
KPYIHOTO pa3Mepa.
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O0cyxneHue pe3yJbTaToB

Pazaunus 6 ckopocmu coxpawienus nocmpadasuie2o
aeonuxa Ne 15 u coceonux aednuxos @ éepxoewvsx bac-
ceitna p. 3ycaan. CoOnocTaBjeHNE TUIIA, SKCITO3ULINM,
TUIICOMETPUYECKOTO MOJIOXKEHUS U YKIIOHOB ITOBEPX-
HOCTH JIEAHUKOB I0HOTO CKJIOHA BeplunHbI 1lacT-
Vna Ha 22.06.1988 r., T.e. HE3aM0ITO A0 3eMJICTpsICE-
HUd (Tab1. 2), MOKa3bIBaeT, YTO BCE JISAHUKU UMETHU
cxoxue rapaMmerpbl. OTimune aenHukKa Ne 15 ot npy-
rux — 0oJiee CI0XKHOE CTPOSHHUE: HAJIMYME XOPOIIIO
BBIPAXKEHHOTO Kapa, U3 KOTOPOI'O CITyCKAJICS BUCSUMI
si3bIK. IIpu aTOM temHuK Ne 15 pacmojaraicst B TOT
MOMEHT J1a’ke HEeCKOJIbKO HIKE BUCSUMX JICTHUKOB
Ne 16—18. CpaBHeHMe ¢ BeCbMa CXOXUMM COCEIHU-
MM JICTHUKAMU TIO3BOJISICT MAKCUMAaJIbHO OOBEKTHB-
HO BBISIBUTH BIMSIHUE CEMICMUYECKH O0YCIOBIEHHOM
rnorepu (hparMeHTa sI3bIKa Ha CKOPOCTb COKPAIICHUS
MOCTPAABIIETO JISAHNUKA B YCIIOBUSIX TIPOIOJIKAIOIIE-
rocs norernjeHus kauMmara. OTpbIB U ¢xoj 9 aBrycra
1988 r. B pesynbTaTte LlambarapaBckoro 3emMieTpsice-
Hus 0,1 km? a3bikoBoit yactu (10,4% Beeit uiomwany)
nemHrKa Ne 15 TToBIMsSIIN Ha €T0 COKpallleHe KOPEeH-
HBIM 00pa30M. AHAJIN3 KOCMOCHUMKOB ITI0Ka3aJjl, 4YTO
¢ 1988 mo 2015 r. ero miolanb yMeHbIIMIACL Ha 56%
(cM. puc. 2), Toraa Kak coceaHue JJemHuKu No 16 1 17,
CXOXHE C HUM I10 pa3MepaM, BEICOTHOMY IOJIOKEHUIO
M 3Kcno3uuuun (cM. Tabj. 2), COKpaTUJIMCh HE CTOJIb
3HAYUTENIBHO: Ha 35 1 15% cOOTBETCTBEHHO.

OTMETHM, UTO B YCJIOBUSIX IIPOIPECCUPYIOIIETO
MOTEIUICHUST KJIMMaTa pe3Koe COKpallleHue TUIOLIa-
JI1 00J1aCTU a0JISILIMU B pe3yJibTaTe OAHOMOMEHTHOM
MOTEPH JISTHUKOM HECKOJIBKIX MUJIJIMOHOB KyOrJe-
CKIX METPOB JIbJIa He TIPUBEJIO K €ro BOCCTaAHOBJIE-
Huto. Hanuyue riryboko Bpe3aHHOIo Kapa, KOTOPBIi
MpU MPOYUX PABHBIX YCIOBUSIX CIYXUT MPEeUMYy-
1LIECTBOM [IJIsI COXpaHEHUs JIEMIHUKa, CIIOCOOCTBYS
€ro 3aTeHEHHOCTHU U MOBBIIIEHHON KOHIIEHTpALluU
CHera, Takxke He CTajo pelamiuM (hakTopoM st
BoccTaHoBJIeHUsI. [Tocne KpaTKoBpeMeHHOI cTabu-
nu3auuu, miuBiieics 1o 1997 r. (eMm. puc. 3), mo-
CJIeAOBAJIO COKpallleH!e TTOCTpanaBIIero JeIHuKa,
3HAUYUTEIbHO 0oJiee ObICTPOE MO0 CPAaBHEHUIO C CO-
ceqHumu. CHavaa mocjie OKOHYaTeIbHOIO CTarBa-
HUS SI3bIKA OH CTaJl KAPOBHIM, a K MOMEHTY HaIlleTo
nocemieHns B 2019 1. yke IMpOMU30IILIO eT0 pasaeie-
HUe Ha IBa OTAEJIbHBIX JIEAHUKA BHYTPU 3TOTO Kapa.

Beposimubiii mexanuzm 803HUKHOGEHUS 1€0060-Ka-
MEHHOU 1a8UHbBL HA «8030yuiHOl nodyuke». COracHO
Bepcun B.A. ABneeBa ¢ coaBropamu [6], B pe3yJib-

tate LlambarapaBcKoro 3eMyeTpsiCeHUsT OJIOK Jbaa
B SI3BIKOBOI YacTHU JieAHUKA OB OTOPBAH OT OC-
HOBHOTO TeJla U CMEIIEH HAa HECKOJIbKO METPOB B
I0TO-BOCTOYHOM HampaBJeHUM; KaK CIEACTBUE,
B 00pa30BaBIIYIOCS TPEIIWHY MOCTYIaIN Tajble
BOJIbI, BbI3bIBAsi YMEHBIIICHUE TPEHUSI MEXIY OTO-
pBaBIIUMCS OJIOKOM JICIHUKA U JIOXEM, UYTO, Hapsi-
Iy ¢ TIaCTUYEeCKUMU AcdopManusaMu ibaa u ad-
TEPILIOKOBBIM IIPOLIECCOM B oyare, dyepe3 13 nHei
MPUBEJIO K IBUXKEHUIO 0JOKA U CXOIY JaBUHBI.
B pabore [5] momuépkuBaeTcs BAUSIHUE HA KOH(DU-
rypaiuio OTAeIUBIIETOoCs 0JI0Ka Jibla TPeIIMHOBA-
TOCTU, CYIIECTBOBABIIEH €IIE 10 CeCMUUYECKOTO
coObiTus 1988 1., — olHa M3 TPEIIUH B TeJie Je-
HUKa (HaKTUYECKU MOCTYXUIa CTEHKON OTpHIBA.
®opMupoBaHUE CUCTEMbI TPEIIIMH — ABYX OoJjee
KPYITHBIX TIOTIEPEYHbIX U PsiAa KOHIUEHTPUYECKUX,
OYEePUMBAIOLINX KOHTYP LIEHTPaJIbHON Aempeccuu
auaMeTpoM okosio 150 M Ha TTOBEPXHOCTH JIETHU-
Ka, — TIPEAIoJOXUTEbHO CBI3bIBACTCS C KOH-
LIeHTpallMell momienHoro croka. Ha Ham B3rs,
Momo0Hasl TPeIIMHOBATOCTh OTpaXkasa CIOXHYIO
Tornorpaduio JeAHUKOBOIO JioxXa — JieTHUK No 15
nMeeT HanboJjiee BHIPAXXEHHBIN 110 CPaBHEHMUIO C
COCEIHUMM JIeAHUKaMM Tayookuii kap. [1o cytu,
3TU TPEUIMHBI ObLIM OepriuIpyHaaMu — Ha COCE-
HUX BUCSIUMX JIGAHUKAX ¢ 00Jiee IPOCTOI TeOMET-
pMeli moacTuNalolleil TOBEPXHOCTH OHU MPAKTH -
YecKM He BhIpaxeHbl. He uckiouass BeposSTHOCTD
MOJIEAHOTO CTOKA, OTMETUM, T10 OTIBITY HAIIIUX I10-
JIEBBIX UCCJIEAOBAHUIA, UTO JUISl JIGIHUKOB paccMar-
pMBaeMoTo paiioHa OH He XapakKTepeH. 3a MCKIIIO-
YyeHUEeM TOHHeJIelt B Torpe6€HHOM (MEPTBOM) LAY
CTOK TaJIbIX BOA MIET BAOJb WJIM MO MOBEPXHOCTHU
JIEAHUKOB. B 11e710M XXe Hajuuue CUCTeMbl TPEIIUH
0e3yCJIOBHO MPEAOIPEAeInIo OTPhIB 0J10Ka JIbaa
B 1988 r. ©IMeHHO B OCJIa0JeHHON YacTu JIeMHUKA.
Boabias oTHOCUTENBHO cocefeii AMHAMUUecKast
aKTUBHOCTD JieMHUKA No 15, BbIpaxaBiuasics B €ro
CHUKEHHOM I10JIOKEHUM, U HepaBHOMEpPHas CKO-
pOCTb IBUKEHMUS JIbja, CTaBlIasl CJIeCTBUEM 0ojiee
CJI0KHOTO MOJCTUIAIONIETO pesibeda, MOTYT 0ObsIC-
HSTh, TTOYEMY UMEHHO 3TOT JIEAHUK OTpearupoBa
Ha 3emuieTpsiceHue 1988 r.

IMocTpanaBiuii JeIHUK COKpalaics OblcTpee
COCEHMX, Aaxe eC/M 3a Hayajlo Mepuojaa HaOIo-
neHuii mpuHuMaTth He 1988, a 1989 r. Yxxe mocie
cxoja JieIoBO-KaMEeHHOM JJaBUHBI €ro TJIoIIaib
yMeHbIImIach Ha 49%, 1 3TO HECMOTpSI Ha TO, YTO
cokpaianiasicst mocye 1989 r. yacts tegHuka No 15
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Tabnuya 2. TuncoMeTpydecKkye mapaMeTpbl IEFHUKOB KXKHOTO ckiIoHa BepumnHbl Iact-Yia, xp. Ilam6arapas*

Howmep nenHuka, HuxHas BepxHsis CpenHss CpenHuil ykiioH, | CpenHsis 9KCO3ULIMS,
JimmHa, KM Mopna, m
1o [3] TOUKa, M TOYKa, M BBICOTA, M TpajIyChl rpaychl
14 1,693 3412 4068 3768 3846 22 191
15 0,9745 3445 4090 3750 3649 26 192
16 0,8555 3514 4158 3850 4073 28 190
17 1,019 3464 4191 3870 4105 26 190
18 1,466 3525 4192 3840 3766 23 200

*[1)1s1 U3MepeHMi UcTonb3oBaHa udposas Moaensb penbeda SRTM 1 KoHTYphI TemHUKOB Ha 22 uioHs 1988 .

B OCHOBHOM HaXOIMJach B BBICOTHOM JMara3oHe,
COOTBETCTBYIOIIEM 001aCTH aKKyMYJISIIUM COCEll-
HUX JIEAHUKOB, W pacliojiarajach B ITy0OKO Bpe-
3aHHOM Kape ¢ OOJIbIIEH IUIOMIAabI0 3aTEHEHHOCTH.
DTOT MapagoKC MO3BOJISIET MPEATIOI0XKUTh, YTO Je-
CTPYKTUBHOE BO3JEUCTBUE CEMCMUYECKON aKTUBU-
3allMy Ha JIEAHUK HE OTPAaHUYMIOCH JUIIb OTPbI-
BOM M CXOAOM (pparmMeHTa sI3bIKa. 3HAYUTEIbHBIC
MOTEPU CHEXHO-JIEAOBOU MaCChl MOTJIM IPOU30MTH
TakKe U B 00JIaCTU aKKYMYJISILIUM — B IIpUTrpeOHe-
BOW YacTu Kapa, 4TO NPUBEJO B JaJibHENIIEM K Obl-
CTPOMY OOHAXKEHUIO 31€Ch JIOXKa JICTHUKA.

Ha Ttakoii cueHapuil yKa3blBalOT U pacueThl
TOJIIIMHBI OTKOJIOBIIETOCS OJIOKa JIbJa, CXOI KO-
Toporo 9 aBrycta 1988 r. IMOCIYXUII TPUITEPOM
JIeJoBO-KaMeHHOM jJaBuHbI. B.A. ABaeeB ¢ coaB-
TOpaMu OLIEHUBaINU 00bEM OTKOJOBILErocsl 0JioKa
B 6 MyTH kM3 [6]. [Tnowmans 3Toro 6;10Ka, MO HALIUM
OIlEHKaM, ITOJIYyUeHHBIM MpU aHaJlli3e KOCMO-
cHUMKOB oT 22.06.1988 1 03.08.1989 r., cocraBuia
okoJio 0,1 kM2, Takum 06pa3om, IIpU Mpernosara-
eMOM 00BbEMeE 6JI0KA 6 MJTH M3 €ro cpeaHss TONLIM-
Ha cocTaBJjisia 661 0K0JI0 60 M. DTO 3HAYUTEIBLHO
6oJblie, yeM 14—31 M — ToJIIIMHA Jblla B I3BIKO-
BOI YacTu, pacCUMTaHHas HaMU C MCIOJIb30BaHU-
eMm mozaenu GlabTop (cM. puc. 2). CpenHsis TOJIIN-
Ha JbAa JUISl BCEro JIEMHMKA 10 COCTOSIHMIO Ha Mait
1988 r., paccunTaHHasl ¢ MUCIOJIH30BAHUEM SMITUPU-
YeCKOM 3aBUCUMOCTH MIJIsI KAPOBBIX U KAPOBO-BUCS -
YuX JeTHUKOB AnTad [12], cocTaBuiia OKOJio 48 M.
OmHaKo TOMIIIMHA JIbIA Ha SI3bIKEe MOXET OTIMYaTh-
Csl OT CpemHEH IS JJeAHMKA BEeIMYMHEL. JIemHnK
No 15, kak yxke Mog4€pKMBaIOCh, UMECT XOPOIIIO
BBIPaXKEHHBINM Kap. 3a CYET LHEHTPOCTPEMUTEIHHO-
ro ABMXKEHMS JIbJa M ero KOHLEHTPALMK Ha T0JI0-
roM JHMIIE Kapa TOJIIMHA JbAa 10 CEHCMOCOOBITUS
¢ OOJBIION HOJIEi BEpOSITHOCTH B IIpeleiax Kapa
ObLIa BBIIIE, YeM Ha sI3bIKe, UMEeBIIEeM 0oJjiee Kpy-
TYIO TTOBEPXHOCTb — A0 25°. CiaemoBaTelbHO, U B
3TOM CJIydyae MOXHO TOBOPUTH O TOM, UTO OIIeH-

Ka 00bEMa OTKOJIOBIIEroCs OT JIETHUKOBOTO SI3bIKa
610K JIbIa B 6 MJIH KM, TpUBeEHHas B padote [6],
10 BCEil BUIUMOCTH, 3aBbIILICHA.

BwmecTte ¢ TeM, olleHMBas1 cpaly Iocje 3eMiie-
TpsiceHUs 06Ul 06bEM 1aBuHbI B 12-100 M3, nc-
cJeoBaTe I OTMeUaad paBHOE COOTHOIIEHUE JibAa
M KaMeHHOTro MaTepuaia [6], T.e. 00bEM JibJa B Je-
3MHTETPUPOBAHHOM BUIE COCTAaBUJI HE MEHEee TeX
xe 6 MiTH M. OY4eBUIIHO, YTO NPU ABMKEHUY JTIABU -
HBI IIPOMUCXOIMIIN KaK ObICTpast Ae3UMHTErpalus OTO-
PBaHHOTO JieAsTHOrO 0J10Ka U yBeJIMueHue 00bEMa
JibJa, TaK U TOTepsl YaCTU ero o0bEéMa 3a CUET Tasi-
HUSI B pe3y/IbTaTe BhIIEISHNs TeIlIa II01 AeCTBIEM
CHJIBI TPCHUSI. YUUTHIBAsl YCTAHOBJICHHBII HAMMU JIe-
duumuT 06bEMa Nbaa B 6JI0KE, COPBABLIEMCS C SI3bl-
KOBOI1 9aCTU JIeAHWKA, JIOTUYHO IIPEAIIOI0KNTH,
YTO BOCTIOTHSIIOIINI €T0 TOTOTHUTEIBHBIN 00BEM
JIbIa MOT TIOCTYIIMTh Ha ITOBEPXHOCTh JICAHUKA, a
3aTeM U B JOJIMHY B pe3yjIbTaTe OOpYyIIeHHUST CHEX-
HO-JICASTHOTO KapHM3a 13 00JIaCTU aKKYMYJISILIH.

BeposiTHo, 9 aBrycra 1988 r. mpousoién odBan
CHEXXHO-JIEISTHOTO KapHU3a ¢ BBICOT 0K0JIo 3850—
3900 m. CopBaBiuiasicss Macca CHera M Jbia yaapu-
Jla O YK€ pacKOJIOTOI YacTH JIeMHUKa Ha BbICO-
Te oKoJio 3500—3600 M. DTO coOBITHE, BO3MOXKHO,
BbI3BAHHOE OJHUM U3 aTEPIIOKOB, HAPSIAY C UH-
TeHCHUBHBIM MOCTYIUIEHHEM TaJIOll BOIbI Ha JIOXe
JIeMHUKA, U IMMOCTYXKUI0 TPUITEPOM JJIsl CXOAa OT-
KOJIOTOI YacTH sI3bIKa. [1oJIydeHHBIN UMITYJIBC 00b-
SICHSIET OBICTPBIM HAOOP CKOPOCTU U MepPenphbIru-
BaHUe ApoOsIIeics Jeg0BO-KaMeHHO Maccoi
BOAOpPA3IeIbHOTO rpeOHs BeIcOTO# 70 M B Havae
MYTH, a TAKXKe BBICOKYIO CKOPOCTb I aHOMAJIbHYIO
NaJIbHOCTh ABVMXKEHUSI BOSHUKIIEH JIeHOBO-KAMEH-
HOI JTaBUHBI, II03BOJIUBIINME IIpeAIIoIaraTb Mexa-
HHU3M e€ MepeMelleHUsT Ha BO3MYIIHOM IMOTYII-
ke [6]. EnBa nmu Takoe ObIcTpoe U AajiéKoe — Ha
5 KM — TIpOABMKEHME JISIOBO-KAMEHHOM OpeKInM
MOTJIO OBITh MHUIIUMPOBAHO OJHUM JIMIIb CIIOJI-
3aHUeM (pparMeHTa JSTHUKOBOTO SI3bIKa, XOTS ObI
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U C Y4ETOM HAMOOJBIIUX KPYTU3HBI CKJIIOHA (IO
20—-25°) m mepenana BeicoT (320 M) Ha IIEpBOM
kmioMeTpe nyTu. [locTyIieHne TOIOTHUTEIBHO-
ro oobE€Ma Jbaa U3 00JaCTU aKKYMYISILUU OObsIC-
HSIET M OTMEUYEHHOE paHee HeCOOTBETCTBUE 00bEMa
JIbJIa, YYaCTBOBABIIETO B JIABUHE, 00BEMY JICASTHOTO
0J10Ka, OTOpPBABIIETOCS OT SI3bIKa. BrIicoKas cko-
pOCTb Aerpagalny Jbaa B 00JIaCTH aKKyMYJISIIMU
negHUKa No 15 Imocie cxoja JJaBUHBI — eIIé OOuH
BECKUI apTYMEHT B MOJIb3Y IIPEATOKECHHOTO Me-
XaHM3Ma MHULMALUKY JTJaBUHBI. Ha oOBam cHex-
HO-JICASTHOTO KapHU3a, Ha HaIll B3TJIsIA, YKa3bIBa-
eT U uHGpopMaLMsd OYeBUALIA, HAXOAUBILIETOCs Ha
3HAYUTEJIHbHOM PACCTOSIHMU OT COOBITHS: «...Mo-
MEHT HaydaJia ABVKCHUS JJaBUHBI ObLT 3a(UKCHUPO-
BaH CJIyJaifHBIM HaOmogareneM. B 18 4. mecTHOTO
BpeMEHH OH YBUIEJ B3METHYBIIIeecs 0e1oe 001aKo
B paiioHe JieAH1Ka, a 3aTeM JOoHeccs ryi» [6].

brox 1b1a B BOCTOYHOM YacTH AHMIIA Kapa Jel-
Huka Ne 15, 3auKCUpOBaHHBIN HAa CHUMKAaX IT0CTIe
LlambarapaBCcKOro 3eMJICTPSICEHUSI M COXpaHSIB-
IIMICS BIJIOTh AO HAIIEro MOCEIIeHUS JIeAHUKA
B 2019 r., MOXeT OBITH OCTaBIIIEiiCsT HA MecTe Ya-
CTBIO CaMOTO JIETHUKOBOTIO SI3bIKa, IIPUMEP3IIEro
K JI0xXy. OmHAKO ¢ y4€TOM PacCMOTPEHHOIO MeXa-
HU3Ma MHUIIMAIINY JIaBUHBI 00JIiee BEpOSITHO, YTO
OH TIPEICTaBIISIET COOOI COXPAaHUBIIYIOCS THIJIOBYIO
YacTh OTKOJIOBIIETOCS (pparMeHTa si3bIKa, KOTOpast
BO BpeMsI IBVKCHMSI OCTAaHOBUJIACH IIPU KOHTAKTe
CO CKaJIbHBIMM BBICTYIIAMU B I0TO-BOCTOYHOI YaCTH
IOJMHBIL. JIOMOIHUTEIbHOE BIMSHIE Ha YCKOPEHUE
IBIDKCHUS JIEIOBO-KaMEHHOI OpeKYnur B Hadaje
IIYTA OKa3aJl CKJIOH BomopasaeilbHoro rpedoHs. OH
(pakTyecKku ChIrpaj poiab 70-MeTpOBOIrO TPaMILIN-
Ha: ITOCJIeI0BaBIINI 3aIUIECK Ha IIPOTHUBOIIOIOX-
HBIM CKJIOH IOJIMHEL p. 3ycjaH cTajl MaKCUMaJlb-
HBIM I10 BbICOTe, cocTaBuB 120 M. IMEHHO B MOMEHT
Mpu3eMJICHHsI JJABUHBI IIOCJIE MPbhIKKA MOIJIM IIPO-
M30MTH 3aXBaT BO3Myxa 1 00pa30oBaHUE BO3MYIIHOMN
noaymky. Takue ciaydan ObUTM HEOTHOKPATHO OITH-
CaHbI OYEBUAIIAMU B PA3INYHBIX CEMICMOAKTUBHBIX
TOpHBIX paitoHax Mupa [20], a TakKe pEKOHCTPYUPO-
BaHBI IIPY U3YYCHNU TICHCTOLIEHOBBIX 1 TOJIOLIEHO-
BBIX celiCMOTeHHBIX 00BaJloB Ha AnTae [21, 22]. Ha
BO3MOXHOE CYIIECTBOBAHME BO3MYIIHOM «CMa3Kn»
IIpY ABVDKCHUN JIABUHBI MOXKET YKa3bIBaTh U TO 00-
CTOSITEJILCTBO, UTO ITOCTIe AeTpafgalliy Jbaa 1 Ipoe-
LIUPOBaHMUs 00JIOMOYHOIO MaTepuraja IIPeXHUA pe-
JIbed THUINA TOJMHBI, TEM HE MEHEe, BO MHOTHUX
MeCTaX OKa3aJICs BIIOJIHE y3HABAEM.

Ckopocmb maanusa a1v0a u 00pa3o6aHuss HOGbIX
dopm peaveha 6 obaacmu akkymyaayuu aaeu-
Hbl 3a npoweduiue c eé¢ cxoda 30 aem. Kak ormeua-
au B.A. AsaeeB ¢ KojieraMu [6], BbIITOJTHUBIINE
HaOJIIOAEeHWsI BCKOpE TIOCJIe CXOJa JIaBUHBI, pac-
MpeaeicHe NepeMelIEHHOTO MaTepraja B JOI1-
He p. 3ycJiaH ObIJIO HEpaBHOMEPHBIM KaK MO Be-
IEeCTBEHHOMY, TaK U IO I'PaHyJIOMETPUIECKOMY
cocTaBy. B BepxHeli yacTu Morpe0eHHON TOAUHBI
npeobJjiagana JIeJOBO-CHEXXHAass COCTaBIISIIONIAS,
B HUXHelt — ob6iaomouHas. Co3maHHbIE JJaBUHOM
¢opMmbl peabeda ObLIM pa3HOOOPa3HbI U pacrpe-
JleJICHBl XaOTUYHO. Y3Ke Ipu MepBOM OCMOTpE B
1988 r. B1OJb TalibBera pydybsl pacriojarajiuchb Bbl-
MOJIHEHHBIE MEJIKO3EMOM KOTJIOBUHBI CITYIIEH-
HbIX 03€p. [TonoxurenbHbie (OpMbI peibeda ObLIU
MpeACTaBICHbl JMHEWHBIMU I'PSIIAMU, CXOXUMU C
OOKOBBIMM U JTOHHBIMU MOPEHAMU, W OTAEIbHBIMU
BO3BBILIEHHOCTSIMU 10 5—8 M Hal CpeIHUM YPOB-
HeM. MOIITHOCTB JIeIOBO-KaMEHHBIX OTJIOKEHUI B
BEpXHEl 4acTy JOJIUHBI COCTaBJIsIIa TOrIa 0KOJIO
20—25 M, B cpeaHeii yacTu yBearuuBanach 10 30 M
M HYZXE T10 TOJIMHE TTOCTEIIEHHO YMEHbBIIAJIACH.

Hao6moaenusa 2004 u 2019 rr. mokasanu, 4To Ta-
sIHI€ OCHOBHOT'O 00bEMa JIbJa U MpoeUupOBaHUE
KaMEHHOW COCTaBJISIONIEN JJAaBUHBI TPOU3OIILIU 10
2004 r., ogHako U 4epe3 16 et mocye KaracTpodbl
MOTrPeOEHHBIN JIEI YaCTUMHO COXPAHSUICS B BEpXHeit
YacTU AOJMHBI, MOJTHOCThIO AerpaaupoBaBs K 2019 r.
JTeIbHOCTh TasTHUS JIbAa 3a IpeAe/iaMyd HUBaIb-
HO-TJISILIMAJILHOTO TTosica Obl1a 00ycoBieHa 00J1b-
1LIUM cofepxKaHheM (OKOJIO MOJIOBUHBI 00bEMA) 00-
JIOMKOB TOPHBIX ITOPOJI, B OTJIOKEHUSIX JTABUHbBI — JIE]T
0KazaJjicsd IJIOTHO 3a0poHupoBaH. st cpaBHeHUS
MPUBEIEM IPUMEP U3 HAIIUX ITOJIEBbIX HAOIIOAeHUI
B pyroit ropHoii cucteMe LleHTpanbHOM A3uM: Tasi-
HUE JIEA0BO-CHEXHOM JIJABUHBI, COLIEIIIEN B MHIN-
ckux 'mmanasix B BepxHeit yacTu 6acceiita p. Tucra B
pesynbrate CUKKMMCKOTo 3emiietpsiceHust (M = 6,9)
18 centsiopst 2011 r., mpou3o1LJIo 3a TepBbIe TOJbI,
T.€. Ha NMOPsIAOK ObicTpee. JIaBMHA ObLIa MEHbIIIE T10
00BEMY U MPaKTUUECKU HE coaepkaa CKaJIbHbIX 00-
JiomkoB. B ¢peBpane 2012 r. B Xone Haliero ocMoTpa
e€ TastHUe el He HaYaJloCh, OQHAKO YXKe Ha KOCMO-
cHumkax 2013 r. (6a3a nanHbix GoogleEarth) o He-
JaBHEM IIPOXOXKIEHUU JIABUHBI CBUIETEILCTBOBA-
JIM JIMIIIb MOJIpe3aHHbIe HUKHUE YYACTKM CKJIOHOB
1 TOHKUIA 4eX0JI 00JIOMKOB B MECTE €€ OCTAaHOBKM.

B xp. [lambarapaB mociie TassHUS Jbla B OT-
JIOXKEHUSIX JIaBUHEKI €€ clieabl B peibede HauMHa-
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IOT OTHOCHUTEJILHO OBICTPO 3aTYIIEBBIBATHCS. YXKe
yepe3 30 JeT maxe B YCIOBUSIX apUIHOIO KIMMAaTa
MOHTOINH IIPOUCXOIUT OCBOCHME 00JIOMOYHOTO
yexJjia TpaBSIHOI PacTUTEIIbHOCTHIO, 3aMETHO €T0
OITOJI3aHME Ha CKJIOHAX, YMEHBIIIAIOTCSI BHICOTA U
YETKOCTD MOJIOKUTEILHBIX (PopM penbeda (BajioB,
XOJIMOB), (popMupyeTcs moliMeHHas Teppaca. OT-
HOCHUTEJIbHO BBICOKAasl CKOPOCTh HUBEIMPOBAHUSI
CIIEIOB JJaBUHBI U TPYAHOCTHU UX MOCICIYIOIICi
UICHTU(UKALIUKN B pelibede MO3BOJISIIOT IIPEAIo-
JlaTaTh OOJIbIIIEe KOJIMYSCTBO CXOIOB JIABUH, B TOM
YHCJIe CeMCMUUECKOM IIPUPOILI, B HEAaBHEM Ie0-
JIOTMYECKOM IIPOIIJIOM, YeM 3TO MOXHO yCTaHO-
BUTH ceituac B xpedTax AnTasl.

B mponecce nmamux mccraemoBanuii 2004 u
2019 rr., T.e. yXe mocje TasHUSI OCHOBHOI YacTH
JIbJa B OTJOXEHUSIX JIJAaBUHBI, Mbl, KakK U B.A. AB-
neeB ¢ KoyuteramMu B 1988 r., oTMedaan CXOICTBO
HOBOOOpa30BaHHBIX IOJIOXUTEIbHBIX TUHEWHBIX
¢dopm penbeda U y4acTKOB OyTpUCTO-3aIIafUMHHOTO
MUKpopesibeda ¢ MopeHaMu. Y nogHoxust xp. Lam-
OarapaB 00JIOMOYHBII MaTepHaJl JaBUHBI, BRIHECEH-
HBII T10 TOJIMHE p. 3yclaH, IOBTOPSIET peabed Imom-
CTUJIAIOIINX TIEHCTOIIEHOBBIX MOPEH. DTO CO3HaET
WITIO3UIO0 MOP(OIIOTUYECKH CBEXUX MOPEH, OTHO-
CHUTEIbHO HEIABHO BBIIBMHYTHIX U3 TOPHOM YaCcTHU
IONMMHBL. be3 3HaHUS 0 cXoe JJaBUH TaKask KOHBEP-
TEHIIMSI MOXET OCIOXHUTH KOPPEIISILINIO0 MOPEHHBIX
KOMIUIEKCOB B pa3HBIX TOJIMHAX XpeOTa, a TaKKe pe-
KOHCTPYKILMIO KOJIMYEeCTBa, MacuiTada U Bo3pacra
JIETHUKOBBIX COOBITUII B JJABUHOOIIACHBIX palioHAX
B uenoM. MHGopMaLsl 0 CXOie CTOJIb MPOTSIKEH-
HBIX JIABUH CEMICMUYECKON IIPUPOIBI JOJLKHA IIPH-
HUMAaTbhCS BO BHUMAaHME B XOE ITaJICOIISIIINOIOT -
YECKHMX PEKOHCTPYKIIMIA.

BriBoapl

PesyabraTsl IMCTAaHIIMOHHBIX UCCIIEIOBAHUNA 1
MapupyTHBIX Habmonenmii 2004 n 2019 rr. B moau-
He p. 3ycnaH xp. LlambarapaB 1mo3BOJMIN CIeNIaTh
PsiI BBIBOIIOB.

1. JlegHuk, nmoaBepriIUiics cCeACMOIreHHOM ne-
¢opmanuu B xoae LlambarapaBckoro 3emjeTpsice-
HU 1988 T. 1 OMHOMOMEHTHO ITOTEPSIBIINI 3HA-
YHUTEJbHBIN 00bEM Jbaa u 10% cBoeil miomanu,
IeTpagupoBal 3HAYUTEIbHO OBICTPEE OCTATbHBIX
CXOXMX II0 pa3MepaM JIEIHUKOB Ha CKJIOHE TOil
ke akcno3uumu. C 1988 mo 2015 r. ero miomanb

yMeHbIIIach Ha 56%, a B 2019 1. oH yXe pasze-
JIMJICSI Ha IBE COCTABJISIIOLINE.

2. Ki1toueBy1o poJjib B OBICTPOM HA0OpEe CKOPOCTHU
OTKOJIOBIIIMMCSI OJIOKOM B SI3bIKOBOI YaCTH JIEIHU-
Ka MOIJIO CHIIPaTh MOCTYIUICHUE TOMOJHUTEILHOMN
CHEXHO-JIEIOBOI Macchl B pe3yjbTaTe oOBaia Oll-
HOTO M3 KAPHU30B U3 00J1aCTU aKKYMYJISILIUU. DTOT
CLieHapuii TTIOATBEPKAAIOT aHOMAaJIbHAsI IPOTKEH-
HOCTh ITPOMIEHHOIO JIJABUHOM ITyTU, ObICTpast Ae-
rpajganus Jbaa B 0071acTh aKKYMYJISILIUKA U YCTaHOB-
JICHHBIN He@UINT AbAa B COIIEAIIC YacTU SI3bIKA
10 CPaBHEHMUIO C MIEPBOHAYATLHOM OLIEHKOM [6].

3. B knuMaTtuueckux ycaoBusiX MOHTOJIbCKO-
ro AnTas TasgHue 3a0pOHUPOBAHHOIO JIbAa B TeJe
JIENOBO-KaMEeHHOM JIaBUHBI 3a IIpeie/laMUi HUBaIb-
HO-TIJISIIUAIBLHOTO T10sIica IIPOU30IIII0 B OCHOBHOM
B nepBbie 10—15 net mocie codbitus (k 2004 r.), HO
MOJHOCTbIO JIEA BbITas1 uepe3 30 jeT (BO3MOXHO,
HECKOJIbKO paHblie). [TonodHas AIuTeIbHOCTh Tas-
HUSI OOBSICHSIETCS OOJIBIINM COAEPXKAHMEM KaMeH-
HOTO MaTepurajia — OKOJIO ITOJIOBUHBI 00BEMA.

4. OtnoxeHus 1 GopMbl pesibeda, BO3HUKIIIME B
pe3ysbTate TassHUS JIbIA B JIEHOBO-KAMEHHOI JIaBH-
He, HAaITOMUHAIOT JISAHUKOBBIE OTJIOKEHMS M (DOPMBI
penbeda, a chopMupoBaBIINiicS 00JOMOYHBIN
YeXOoJI B HU3KHEM YacTH JOJUHBI TTOJTHOCTBIO TTOBTO-
psieT peabed MOACTUIIAIOIINX MOPEH, YTO TIPY He3Ha-
HUU JJAaBUHHOTO ITPOUCXOXKIECHUST JAHHBIX OTJIOXE-
HUIA MOXKET IMPUBECTH K HEBEPHOI MHTEpIIpeTallii
BO3pacTa JISTHMKOBbBIX COObITHI B Xp. [lambarapas.

5. llambarapaBckoe 3eMJIeTpsiCEHUE TIPOJe-
MOHCTPHUPOBAJIO peaJibHYI0 BO3MOXHOCTb KaTa-
CTPOGUUECKOro MOCTYMAeHUS OOJIbIIOr0 00bEMa
JIEIOBO-KaME@HHOTO MaTepHalia U3 BEepXHEro HU-
BaJIbHO-IJISIIMAILHOTIO T10sIca K TTOJHOXWIO BHICO-
KOTOPHBIX XpeOTOB AJTasi, YTO HEOOXOIMMO YUU-
TBIBaTh B XO3SIMICTBEHHOU AesITeIbHOCTU. BBicTpoe
3aTylIeBbIBAHUE CJICAOB JIABUH ITOCJIEAYIOIINMU
reoMop@dOJIOrMYeCKUMHU TIPOLIECCAMHU ITO3BOJISIET
MPEeaIojaraTh, YTO CXOJAbl KPYITHBIX JJABUH, B TOM
YyHcie CeMCMUYECKOM MPUPOABI, IPOUCXOININ B
xpebTax AiTasl yaile, Y4eM MOXHO YCTAHOBMTD Ceii-
yac B peJibede.
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