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Ha ocHoBe aHanM3a MaTepuaioB JUCTAHLIIMOHHOTO 30HIAMPOBAHUS 3eMJIM M MyOIUKALMI TTIPUBOASTCS
JIaHHBIE O KaTacTpOoUUECKUX MPOSIBICHUSX OMACHBIX MPUPOAHBIX MPOLIECCOB, CBA3aHHBIX C ferpanaluei
JIETHUKOB M TOPHO# MeP3JI0ThI, BBI3BAHHO# M3MeHeHUeM Kiumara. Ha ¢hoHe yCKOpeHHBIX TEMITOB Jerpa-
alUy JIEAHUKOB Yallle HaOIoaoTes KaTacTpoduyeckue MposiBJICHUS! UX IMHAMUKUA — CXOJIbl JIEAHUKOB
U JiefsiHbIe JTaBUHBI, JieoBO-KaMeHHbIe taBuHbl. Ha IlenTpanbHoM n 3anmanHoMm KaBkaze HaGmomaercst
aKTMBU3ALMS CXOJ0B KAMEHHBIX U JIEA0BO-KaMEHHbIX JIJABUH, MaKCUMaJIbHbIE€ U3 KOTOPBIX ObUIH C 1aJIbHO-
CTBIO BEIOpOca 1o 11.3 kM (HaT. Ka36ek B 2014 T.), ¢ IUIOMAnBIO 30HBI TOpaXXeHHs 3.2 KM? (B yIenIbe AKCayT
B2022r.). B 2021—2022 IT. IpOXCXOOUIN KaTaCTpOoDHUUECKUe CXOAbI IETHUKOB 1 JIETOBO-KaMEHHbIE JIaBU -
HbI Ha T. Mapmonana B Anbnax, B yuienbe JIkyyky Ha TsHb-11lane u B nonunHe p. Pontu I'an B [umanasx.
MaxkcUMaTbHBIM 110 06beMy ObUT cxon sienHuKa CenoHrny B Bocrounom TuGere B 2018 . (130 muta M3). Ta-
sSTHUE JIblia B MacCUBaX TOPHOI Mep3J10Thl (MOPEHHBIX MbeAecTallaX) MPUBOAUT K (hOPMUPOBAHUIO Celleit
TUTaHTCKUX 0GBEMOB BbIHOCA, mocTHraroumx 300 MitH M 1 Gosee. C GIOKHPOBKOI MOI3EMHBIX KaHAIOB
CTOKa BHYTPU KaMEHHBIX IJIETYEPOB CBSI3aHbl HAKOTUJIEHUSI BOABI B JUTUTEIbHOE BpeMsI ITYCTYIOIIMX KOTJIO-
BUHax U (popMUpOBaHUE 03€p C MOCAECAYIOIIUMU UX KaTacTpoduyeckuMu npopeiBamu. IIpoueccsl, po-
WUCXOMSIIME B JISTHUKAX U MOPEHHBIX KOMIUIEKCAX, YaCTO UMEIOT YHAC/IeIOBaHHbBIN 1 B3aMMOOOYCIIOBJIEH-
HbI XapaKTep U JUIMTEIbHBIN epUO/ MOATOTOBKH, YTO MO3BOJISIET HA OCHOBE MOCTOSTHHOTO MOHUTOPUHTA
C MCMOJIb30BAaHUEM KOCMOCHUMKOB BBISIBJISITh TIPOTHOCTUYECKME TTPU3HAKM U TIPEIYTIPEXIATh 3apaHee O
TrpO3S11IEiA OITAaCHOCTHU.

Knouesuvie croea: cxon JeqHVKa, JIeNIOBO-KaMEHHAas JJaBUHA, MOPEHHBIN TbelecTal, KAMEHHbIN TJIeT4ep,
ceJIeBOI MOTOK, IIPOPLIB 03epa, KOCMUYECKNE CHUMKU
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BBEAEHWE

HM3MeHeHue Kiaumara OPUBOAUT K YCKOPEHUIO
TEMIIOB U MaclITaboB Aerpagaliuu JETHUKOB, Mpen-
CTaBJISIIONINX COOOIl cTpaTernyeckue 3amachl Mmpec-
Hoii Boabl. [lpoGiiema gerpagaiuu JETHUKOB U
yIIpaBJI€HUS1 BOAHBIMU PECypcaMu C KaXIbIM TOI0M
craHoButcst octpee (Rasul and Molden, 2019). Bme-
CT€ C TEM YBEJIMYUBAETCS yrpo3a aKTUBU3ALIMU ONac-
HBIX MPUPOIHBIX MPOIIECCOB B TOpax, Iie pa3BUTO
OJIefIECHEHUE U MAacCHBbI KPYITHOOOJOMOUYHbBIX T'DYH-
TOB, CoepXKallye OoNbIIe 00BEMBI JibIa (MOPEHHbBIE
MbeeCcTalbl, KAMEHHbIE IJIETYEPHI U APyryue odpa3oBa-
HUST). YBeJIMYWIACh YacTOTa CXOJOB JICIHUKOB, JIEHO-
BO-KaMEHHBIX U KAMEHHBIX JIABUH C OOJIbIIUMU O00be-
MaMU 1 JaJIbHOCTBIO BEIOpPOCA, TPOPHIBOB HAJIEAHUKO-
BbIX W MPWICAHUKOBBIX 03€p, MOMICAHUKOBBIX
BOJ0eMOB. Qyaru cesieBbIX OTOKOB 3aXBaThIBAIOT 3HA -

YUTENbHbIE TUIOIAAN TAOIIEeil TOPHOI MEP3IOThl U
cOpachIBAalOT BHM3 TUTAHTCKHE MAaCChl 00JIOMOYHOTO
MaTepuasa, pa3pyllas Bce Ha cBoeM ITyTu. I1osBisi-
IOTCSI HOBBIE OYarv OMacHOCTU Ha y4acTKax, TIe OHU
paHbllIe He OBIIM 3apUKCUPOBAHBI M, COOTBETCTBEH-
HO, He ObUIM YYTEHEI B CYIICCTBYIOIINX KaTajorax u
KaJacTpax OIMACHBIX MPOLIECCOB U sIBJIeHUA. B cBs13u
C 3TMM BO3HMKAIOT IIPO0GJIEeMBbI YTOUYHEHHUST KapT pac-
IIPOCTPAHEHUSI OMNACHBIX IIPOLECCOB U SIBJICHUM U
30H MOpaXeHUsI, pa3pabOTKU Mep amanTalny K Mo-
TeHLMAJILHBIM HOBBIM YTpO3aM.

Lens HacTOsIIEH pabOTHI — HA OCHOBE aHAJIM3a
pa3sHOBPEMEHHOI a3pPOKOCMMNYECKONM MHGpOpMAalIiN,
a Takke MyOJMKalMii U COOOIIeHMWIA IaTh 0030p
OINACHBIX POILIECCOB B TOPHBIX pailoHax, CBSI3aHHBIX
¢ Jerpagalyeii JICTHUKOB U MaCCUBOB FOPHOM Mep3-
JIOTBI (CXOABI JIEMHUKOB M CeJieBble MPOLIECChl Ha
MacCHBax MOPEHHBIX IIbeJEeCTAJIOB U KaMEHHBIX
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Taomuna 1. [TapameTpbl CXOIOB JIGTHUKOB B TOPHBIX paitoHax Mupa B XXI B.

leorpacdnyeckue Vron
Hasbarue nexHmka, KOOPIMHATHI Hanbrocts | Tepenan | o em.| Haona
Ne Pernon Ton BBIOpOCA, | BBICOT, 6 3
JOJIVHBI, TOPbI LIMPOTA, | NOITOTa, . o 10°M° | lemHMKa,
rpaj rpaj rpan
1 | . Mapmonana Htanbsinckue Anbrbt | 2022 46.43 11.85 2.7 0.9 0.07 26
2 | Konka Kaskas 2002 42.73 44.44 19 2.0 130 11
3 | p. lllypaku Kamanu | [Tamup 2017 38.98 70.85 9 1.4 8.8 16
4 | p. derunsmonu Ioen| ITamup 2019 38.99 70.70 6.7 1.5 8.6 20
5 | p. taknbicy IMamup 2019 39.01 70.98 4.7 1.3 1.7 30
6 | p. JIxyyky Taub-11Ianb 2022 41.95 77.85 2.8 0.8 1.1 17
7 | Apy-1 BananHbiil Tuber 2016 34.02 82.25 8.2 0.8 68 12
8 | Apy-2 3anagHbiii Tuber 2016 34.00 82.27 7.2 0.8 83 13
9 | xp. AMHU MayeH Bocrounsrii Tuber 2004 34.82 99.44 5.2 1.0 27 13
10 | Cemonrmy Oro-BoctrouHbIit 2018 29.80 94.92 8 13 130 9
TuGer ’

11 |r. PonTHn Tumanau 2016 30.37 79.72 6.5 2.3 6 32
12 | p. ®aa7 Kpuk AJsicka 2015 61.50 |—141.54 12.7 1.1 17-20 20
13 | JIenac AprentuHckue AHael | 2007 | —34.46 | —70.05 2 0.2 4.2 15
15 | r. TuHrynpupuka Yunuiickre AHIIbI 2007 | —34.83 | —70.35 7.9 1.4 12 20

Ilpumeuanue. 17151 TeAHVKOB, VCIBITABIINX HECKOJIBKO CXOIOB, TPUBEIEHbI MAKCUMAJIbHbIC 3HAYCHHUSI ITapaMeTPOB.
Cocmasnena mio (Jacquemart et al., 2022; Kaab et al., 2021; Leinss et al., 2021) ¢ o6aBieHUSIMUA aBTOPOB.

JIETYCPOB, OOBAJIbHBIE M APYTrUe IPOIECCHI), OIle-
HHUTHh COBPEMEHHBIC MacCIITaOhl 1 OCOOCHHOCTU MX
Pa3BUTHS 1 TI0 BO3BMOXHOCTH OIIPEIIEIUTh XapaKTep-
HBIC TIPU3HAKMN M YCJIOBU ITOATOTOBKMU KaTaCTpO(I),
yTOOBLI B IIOCJICAYIOIIEM BBISIBJISITH HOBBIE OYaru
OMNACHOCTU M OLIEHUBATh ITIOTCHILIMAJIbHBIE YIPO3bI,
pa3pabaTbIBaTh MEPOIIPUSTHUS ITO CHIDKEHUIO PUCKOB
U yiepoa.

B pabotre ObLIM KMCOOJB30BaHBI MyOJMKALUUA U
KocMocHUMKM Sentinel-2 u Landsat 4-9 ¢ mpocTpaH-
CTBEHHBIM paspemeHneM 10—30 M ¢ pa3nuIHBIMHA
BapuMaHTaM1 o0paboTkH, B ToM unciie B 3D dopma-

Te!, a TaKKe KOCMOCHUMKM CBEPXBBICOKOIO pa3pe-

meHus ¢ cepuca Google Earth (QuickBird, World-
View-2, Pleiades-1A).

PasHoBpeMeHHbIE KOCMOCHUMKU TIPpUBSI3bIBa-
JIUCh MO OTIOPHBIM TOYKaM B Mporpamme ArcMap u
CPaBHUBAJIUCH BU3YaJbHO C MCMHOJb30BaHUEM WH-
CTpyMeHTa “3aimroputh cioii” (Swipe Layer) mis
BBISIBJICHUSI (DaKTOB CeJIETIPOSIBIICHUI, OOBaJIOB M
CXONIOB JIETHUKOB, a TaKXKe IMTOCTPOCHUST BEKTOPHBIX
CJI0EB KOHTYPOB CeJIEBBIX BPE30B 1 OTJIOXEHUI, 30H
TMopaXkeHMsT OITAaCHBIMU MPOIleccaMM, Ha OCHOBE KO-
TOPBIX MMPOBOAUINCH aBTOMATUIECKUE BBHIYMCICHUS
TJIOLIAAN U OTIpeAeAeHUS IJIMHBI.

! https://apps.sentinel-hub.com/eo-browser;/.

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

OB30P KATACTPO®UYECKMUX ITPOLIECCOB
Cx00bi 1e0HuK06

CaMBIMU KPYITHOMACIITAOHBIMU 1 pa3pyIINTEIb-
HBIMHU TIPOIIeCCaMM, CBSI3aHHBIMH C JISTHUKAMMU, SIB-
JISTIOTCSI CXOmBI JIeMHUKOB (glacier detachments). Cxo-
IIbl JIETHUKOB XapaKTepU3YIOTCs 3HAUMTEIbHO OoJiee
BBICOKMMH CKOPOCTSIMHM IOBIMKCHMS Macc Jipda [Io
100 M/c u 6onee (BaamumBuiu, 2020) B oTIMYKE OT
nynbcauuii aenHukoB (no 200—300 m/cyT)]. Hoaroe
BpeMs KaTacTpodudyeckue cxonbl eqHnka Komka B
1902 u 2002 rr. cyuTaJIMCh YHUKAJIBHBIM SIBJICHUEM,
HE MMEBIIM aHaJOrOB B MHMpPEe M OOYCIIOBIICHHBIM
MpOSIBIICHUSIMU ByJIKaHu3Ma I. Ka36ek. B mocremny-
JOLIIEM TTOHOOHBIE TIPOLIECChHl ObIIN 3a(UKCHUPOBAHBI
yXKe B pa3HbIX TOpHbIX paiioHax mupa (Kéaib et al.,
2021). Jannbie o cxonax JegHuKoB B XXI B. rmpuBe-
neHbl B Ta0. 1. I[IpruMepHO Takoro ke o0beMa, Kak B
ciydae genHuka Koska, 6601 cxon JienHuKa CeqoHT-
my B 2018 r. (130 mia M) (An et al., 2022). B cpennem
TATBHOCTB BHIOpOCA Macc JIbaa IPH CXOaaX JSTHUKOB
cocrapiisiia 5—8 kM (MakcumainbHo 10 19 km) (Kaab
et al., 2021).

Cxopl JIEAHUKOB ITPOUCXOIVIN Ha yJ4aCTKaX C yT-
JIaMH HakJIoOHa oT 8°—9° go 25°—35°. IIponecchl Ha
KPYTOCKJIOHHBIX YU4aCTKaX 4acTO UMEHYIOT JICASTHbI-
MU jgaBuHaMu. COOBITUSI JaJIEKOro IPOIUIOTO, Ha-
MpUMep JieasiHylo JaBuHy 1895 r. o6bemMoM Oosee
4 wutH M3 Ha tope Astbrensc (Faillettazet al., 2011; Heim,
1895), MOXHO MHTEPIIPETUPOBATDH KaK CXOM JISIHUKA.
Ne 7
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IToapoOHee ciyyan cxOd0B JIEAHUKOB U JIEAOBO-
KaMEHHBIX U JIeJSHBIX JJaBUH Ha xpeoTe Iletpa Ilep-
Boro Ha Ilamupe mpencraBineHbl B (Leinss et al.,
2021). B (Shugar et al., 2021) mpuBeaeHbl JaHHBIE O
cxojax jengHuka Ha r. Pontu B MHauiickux I'umana-
sx B 2000 1 2016 rT. 1 KaTacTpoGUIECKO JIeTOBO-Ka-
MmeHHOM jaBuHe B 2021 1. B (bekkues u ap., 2022)
0XapaKTepU30BaHbl CXObl JIETHUKOB Ha I. POHTH, B
TOM 4gucie cooriTre 2021 T., a TaKKe CXOIBI JISTHU-
koB B 2022 r.: 3 mtons B JomomutoBbix Anbitax (MTa-
sust) u 8 uionist Ha Taub-11lane (KbipreizcraH).

Ha puc. 1 moka3aHbI y9acTKI OTpBIBa M 30HbI IIOpa-
2KeHMSI CXOIaMU JIETHMKOB B Ajibriax 1 Ha TsHb-11lane.
Cxon HeOOJIBIIOro BUCIYETO JIeAHUKA Ha I. MapMoJia-
J1a B Asbltax mpuBelt K rudenu 11 yenoBek. O0beM co-
LIEAIIMX Macc Jibaa cocTaBmwia Bcero 65 + 10 Teic. M3
(Berthier and Gascoin, 2022a). O0beM colemmei
Macchl Jiba JeaAHuKa B noauHe p. [Ixxyyky Ha TsHb-
Ilane cocraBua 1.1 mnH M? (Berthier and Gascoin,
2022b). 30HBI MoOpaxXeHUs cXxogaMU 3TUX JIEAHUKOB
cocraswau 0.25 u 0.83 km? (cm. puc. 1B, r). ITnowmanu
OOpPYLIMBILKXCS MACCUBOB JIbAA AOCTUTAIN 11 ThIC. M?
(cM. puc. 1a) u 71.5 Teic. M? (cM. puc. 16). Ipyrue na-
paMeTpbl CXOHAOB JICHTHUKOB B AJbIlax U Ha T9IHBb-
Illane mpuBeneHE! B Ta0MI. 1.

Ha ocHoBe aHa/IM3a KOCMUYECKUX CHUMKOB 10 U
mocJie cxona JISMHWKA B clydae JJeAHUKOB Apy B 3a-
nmagHoM Tubete m negHMKOB Ha xpeote Iletpa Ilep-
Boro Ha ITamupe, nenHuka Kojka Ha KaBkaze ObLIM
BBISIBJICHBI IIPU3HAKU IOATOTOBKY JICTHUKOB K CXOIY
(doxykuH u gp., 2019a): HacTynaHue JeTHUKOB (B
TeyeHue oT 1.5 mecsia g0 moJiyroga), yBeJudeHUe
CKOPOCTH IBMXKEeHUS (10 2 M/CyT U OoJjiee), MosiBie-
HUE pa3pbIBOB B Telle JIEIHUKA WU HOBBIX TPCIIWH U
npyrue. Hepenko B mpolecchl cxona 4yepe3 HeKOTO-
poe BpeMsI BOBJIEKAJIMCh JICAHUKU COCEIHHE C CO-
memuuM (lemHUKu Apy B Tubere M JemHUKM HaA
xpeote Ilerpa IlepBoro Ha Ilamupe). OguH JeAHUK
MOXET WCHBITBIBATH HECKOJILKO CXOIOB B TEUCHME
KOpPOTKOTOo Iieprofa (OCTaBIIMECS HEITOIBVKHBIMU
YYaCTKU JIEMHUKA WJIM BOCCTAHOBMBILIMECS IIOCJIE
IIEPBOTrO CXOJa MOTYT COMTH 4Yepe3 HECKOJIBKO JIET).
Ha cocemHux ¢ colemimmm JIeTHUKAaX MOTYT ITPOUC-
XOJIUTb JIENOBO-KaMeHHbIe 00BaIbl WJIN ITyJIbCallUu.
ITynbcalimy MOTYT IIPOUCXOIUTH Y JIGAHUKA, WCIIBI-
TaBmiero cxonbl (TenHuk Konka, negHuK Ha xpeOTte
AmHu MaueH B Boctounom Tubete).

ITo sTuM mpuU3HaKaM ObLIU BBISIBICHBI JISTHUKMU,
JTWHaAMWKa KOTOPBIX MOTJIa TIpuBecTH K cxony (bek-
KueB u ap., 2021a). B 2010 r. Ha rope AHABIpTay (0ac-
ceiid p. bakcan, KabapauHo-bankapckas pecmny6-
Juka, Poccusi) oOHapyXeHO CIIOJI3aHUE BUCSIYETO
JIeMHVKA OT IMHUU GepriupyHaa Ha 20 M 1 oOpa3oBa-
HUE HOBOI OBaJIbHOM CHUCTeMBbI TpELIMH. B uioHe
2018 r. 3acpnkcupoBaHa MOABIKKA HEOOIBIIOTO JIe/ -
HUKAa Ha IIPaBOM CKJIOHE JOJIUHLI p. Anbek (paiioH
Hombas1, KapauaeBo-Yepkecckas pecryonauka, Poc-
cus) Ha pacctostHue 90 M ¢ TTOSIBJIEHUEM HOBBIX Tpe-
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IIIMH 1 CO CKOPOCTHIO IBVMXKEHUS A0 2 M/cyT. B atux
cliydyasix MO pa3HbIM IIPUYMHAM CXOJ JIGAHUKOB HeE
IIPOU3OIIIEI.

AHanu3 TposIBIEeHU aHOMAaJIbHOW JMHAMUKU
JIEAHUKOB B Pa3HbIX palloHax MUpa IMokKasaj, YTo Ha
¢oHe ob11Iei pe3Koil Aerpagaliuy OJeAeHEHUSI HEKO-
TOpbI€ OTAEbHbIE JEAHUKU (MU TPYTIIbI JIEAHUKOB,
HaXOMSIIMXCS B TTOJOOHBIX YCIOBUSIX, KaK B cydyae
JIeMHUKOB Ha ckJioHe xpeobra Iletpa I[lepBoro Ha I1a-
MUPE) MOTYT MPEJICTABSTh YTPO3Yy UX CXOJla B TEX ME-
CcTax, Irme OHM He Habomanuch [mo maHHBIM (Jac-
quemart et al., 2022) cxomoB JICAHUKOB B JIOJIMHE
p. ®nat Kpuk He 661010 Ha poTskeHuu 400 net| uaun
TaM, Tae MPOUCXOIWIN paHblie. [ToaToMy ciemyer
oOpamath ocob0oe BHMMaHue B MEpBYIO odyepeab Ha
JIETHWKU, CXOAMBIIME B MpouuioM. Hanpumep, jen-
HUK Konka 3a 20 jieT mMOCTereHHOIOo BOCCTaHOBJIE-
HMUS elle JaJdeKo He Habpasl 00beM, KOTOPbIA ObLT O
cxona (CM. puc. 1), HO ero ¢XoO MOXeT IIOBTOPUTHCS
Y IIpU MEHbIIeM OObeME.

Jeepadayus MopeHHbIX Nbedecmanos
U cenegole NOMOKU

MopeHHBIN TIbenecTal — aKKyMYJISITUBHasI Qop-
Ma pebeda JeTHUKOBOTO MPOUCXOXIECHMS, BbIpa-
XKEHHasl B BUIE SI3bIKOOOPA3HOTO MAacCHBa, BO3BBHI-
IIAIOLIEeTOCS Hal JHOM JIOJMHBI WX IMTOBEPXHOCTHIO
ckJioHa Ha 50—70 M ¥ uMelo1Iero TpaneueBUIHbBII
MOIepeYHbIid TpodMiib OJlaromapss pOBHBIM CKaTaM
OeperoBbIX MOpeH, okalimiistiomux ero. Ha ocHoBe
aHajau3a pasIuyHbIX TUIIOB IMbEAECCTAIIOB U OCOOCH-
HOCTEI MX 3BOJIIOLUM OBbLI CAEIaH BEIBOA O TOM, UTO
00pa3oBaHNE MOPEHHbIX IThEIECTAIOB IIPOUCXOIMIIO
B pesyjbTaTe MOABUXEK JIGAHUKOB, HACBIIIEHHBIX
00JIOMKaMU BCJIEACTBUE BBICOKOM aKTUBHOCTU KaM-
HeIagoB U 00BaJIOB C UX CKAJIBHOTO OOpaMJICHUS, U
HaJIOXKEHUS APYT Ha Apyra MPOAYyKTOB MOABUXEK —
00JIOMOUHO-JIeASTHBIX Macc (JokykuH u ap., 2016).

Jlerpagaimst MOpEHHBIX IThEIECTAIOB KaK OCOOBIX
¢opM TropHOI MEeP3JIOTHl MPUBOJAUT K TasTHUIO BHYT-
DPEHHEro Jiba, MOCTeTIEeHHOMY HACBIIIIEHUI0 MOPEH-
HBbIX MacC BOJOM 1 CXOOy I'psi3eKaMeHHBIX ceeli Tu-
TFAaHTCKUX OOBEMOB C 0Opa3oBaHUEM KPYITHEUIINX
ceJIeBbIX BPE€30B, OCTAIOIIUXCS Ha MECTE MbeAeCTAIOB
CBUJIETEJIbCTBAMU ATUX HEOPAUHAPHBIX reoMopdo-
JIOTUYECKUX MPOIIECCOB. B MpoI1ioM Takue ceyernpo-
sBeHus 3adrKcrupoBaHbl: B 1940 1. B yiienbe AQbLI-
cy (bacceitn p. bakcan, LlenTpanbHbiii KaBkas), B
1953 1. (MJIM HEMHOTUM paHee) B yluesibe TIOTIOHCY
(6acceiin p. Yepek bankapckmii, lleHTpanbHBII
Kaska3), B 1963 r. B nonnue p. Mccebik (3annuiickuia
Aunaray, Kazaxcrtan), B 1975 r. B nojiuHe p. Xa3HUJAO0OH
(LlenTpanbHbiit KaBkas), B 1983 r. B nonunHe Hdapaur-
mmxapB (ITamup, Tamkukucran), B 2015 1. B ojuHe
p. bapcemaapa (ITamup, TamkukucrtaH) (BuHorpa-
moB, 1977; NokykuH u ap., 2016, 20196; Kosaies,
1957; Tykees, 2002).
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[cizs oy

Puc. 1. Cxoapl IeMHUKOB U 30HBI MX ITOPpaXXeHMST HA KOCMOCHUMKaX: (a) JIEMHUK Ha CKJIOHe T. Mapmosana (JloilomuToBbie Alb-
nbl, Utanus) no cxona (14.09.2012 WorldView-2), (6) neqnuk B ponuHe p. JIxyyky (TsHb-1anb, Kbipreizcran) no cxona
(24.09.2021 WorldView-2), (B) 30Ha mopaxeHust cxoqoM JienHuka c T. Mapmonana (11.07.2022 Sentinel-2), (r) 30Ha mopaxeHUst
CXOJIOM JiemHuKa B gosuHe p. Jxkyyky (16.07.2022 Sentinel-2), (1) BepXHsisl 4aCTh 30HbI ITOpaXeHUs cxoaoM jeaHnka Kojka
(KaBkas, Poccust) (25.09.2002 QuickBird) u rpanuubl ieqHuka no ero cxona B 2002 r. 1 Ha 3Tarne ero BocctaHoBaeHust B 2022 1.
(kenTast TuHUs). [paHULIBI IEAHUKOB 0 UX CXO/a MOKa3aHbl TOJyObIMU JIMHUSIMU, 30HBI MOPAKEHUSI CXOIaMM JICTHUKOB —
KpacHBIMU KOHTYpamu. DparMeHThl KOCMOCHUMKOB (), (6), a Takxe (B), (T), (1) MOKa3aHbI B OMHOM Maciirate.

OObeMbl CeJIEBbIX BBIHOCOB Tipu ¢opMUpOBa-
HUM BPE30B Ha MOPEHHEIX ITbeAecTallaX JOCTUTAINA
4—6 MJIH M> 1 3aBHCEJIA OT OOBEMOB JIEIOBO-KAMEH-
HBIX Macc, COACPKAIIMXCS MeXAY OeperoBbIMU MO-
peHaMM, OrpaHMYMBAIOIINMU IIbeaecTayibl. OOpazo-
BaBILIKECS CeJIEBbIE BPE3bl UMEJIH Tutomanb a0 0.17 km?,
JUMHY 10 1 KM 1 mpuHy 10 180 M (JokykuH u ap.,
20196). XapakTepHOii 0COOEHHOCTBIO CEJIEBBIX MPO-
LIECCOB B MOPEHHBIX TTheAecTallaX SIBJISIeTCSI UX hop-
MUPOBaHHUE B OCHOBHOM 0€3 BIMSIHUS OXIEH, a TaK-
Ke OoJibllIasl MPOAOIKUTEIbHOCTh (OT HECKOJBbKUX

MN3BECTHUA PAH. CEPUS TEOTPAOUYECKAA

JIHel 1o Heaeau U 6oJjiee) M BHICOKAas IJIOTHOCTD Ce-
JIeBBIX MOTOKOB. HauaBiuiicsa ceneBoii mpolecc
MPOJOJIKAETCS 10 TIOJTHOTO BBIHOCA MOPEHHBIX Macc,
coIepXKaInuxcs B IbeaecTaaax, HO MOXET OBITh Orpa-
HMYEH KOHIIOM JISAHUKA, YACTUYHO ITOKPHIBAIOIIETO
nbeaectaji. MopeHHbIe ITbeIeCcTalbl B OCHOBHOM SIB-
JISTIOTCST OTOEIBHBIMU (DOpMaMM, HO BCTPEYAIOTCS U B
BUJIE TTapareHeTUYECKUX KOMILJIEKCOB B COUeTaHUU C
OeperoBbIMM MOpE€HaMM KPYITHBIX JIETHUKOB, C Ka-
MeHHBIMHU TeTdyepamu (bekkueB u ap., 20216).
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Puc. 2. CeneBbie Bpe3bl B MOPEHHBIX IMbeIeCTalaX U 30HbI CEeJIEBbIX OTJIOXEHU Ha KOCMOCHUMKaX: (a) B omHe p. Japaun-
mmxaps Ha [Tamupe B 1983 1. (22.08.1988 Landsat-4 TM), (6) Ha MopeHHOM TibenecTase Jeqnuka Cenonrmy B Boctounom Tu-
6ete B 2021 1. (30.09.2021 Sentinel-2), (B) Ha MOpeHHOM MbenecTale JeqHuka Mepy y KoHLa jeaHuka [aHroTpu (MCTOK
p. l'anr) B Tumanasax B 2017 1. (21.07.2017 Sentinel-2). 1 — ceneBoii Bpe3, 2 — ceyeBble oTioXeHUs1. Bce hparMeHTH KOCMO-

CHMMKOB IMOKa3aHbl B OMHOM MacIiTabe.

Ha puc. 2 moka3aHbl OTHU U3 KPYITHBIX TTPOSIBIIS-
HUI1 ceJIeBbIX MPOILIECCOB B MOPEHHBIX IbeAecTanax
(MopeHHbIe (OPMbI OMpeaeeHbl KaK IMbeaeCTalbl
aBTopaMM Hacrosileit crater) Ha [Tamupe, B [Mmanasix
un Tubete. /InuHa Bpe3a B mojmHe p. JdapamMmynupaB
(rputok p. Japanmmuxaps, [1lamup) (cMm. puc. 2a) co-
crasuia 1.3 kM, a rmowans — 0.17 km?2. [Tnowans ce-
JIEBBIX OTJIOXKEHUI B 1oJIMHE p. Jlapauniimxaps 10CTH-
rasa 0.41 km2. CaMasi MOLIIHAS ceJieBasl BOJIHA ITPoLiecca
1 aBrycra 1983 r. mpolinia paccTosiHue 18 KM OT BepIln-
HBI cesieBoro Bpesa 1o p. Ilaumxk (Tykees, 2002).

ITo mannueiM (Kumar et al., 2019) o6beM celieBbIX
OTJIOXKEHUIT 13 o6Gpa3oBaBllerocd B nepuos ¢ 16 mo
19 o 2017 1. Ha MaccuBe TbeaecTasa JieqHuka Mepy
bamak 1 GeperoBoit MopeHHbI JegHuka [aHroTpu (uc-
ToK p. ['aHr) ceneBoro Bpesa coctasui 6.5 M M. Iio-
wanp Bpesa gocturia 0.13 kM2, a ydacTKa cesieBbIX
ormnoxeHnii — 0.46 km? (cM. puc. 2B). JlnuHa Bpesa
(0.9 xm) ObLTa OrpaHMYeHa KOHIIOM JieOHUKa Mepy
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bamak. B (bekkueB u ap., 2021B8) npuBeacHbI CBEIE-
HUS O (opMUpOBaHMM Bpe3a IMHON 1.3 KM Ha
y4acTKe MOPEHHOTO KOMILIEKCA OBIBIIErO MPUTOKA
JietHUKa baTtcBaT ¢ MOpEHHBIM MbEAECTAIOM B BUIIE
TeppacoBUIHON OEperoBoii MOpPEHbI U CXOJe celie-
BBLIX IOTOKOB B TeyeHue 12 nHeit B utose 2018 1. B 1o-
JuHe Jieoro nputoka p. Mimkoman (ITakucrtan) ¢
paspymeHussMu B Kunakax barcBar u bunabxani u
dopMupoBaHMEM MNOANPYIHOTO O3epa IUIOLIAIbIO
okoJ10 0.74 xM? Ha PACCTOSHUU 5.4 KM OT BEPLUMHBI
Bpe3a. DTOT ciydyail ITOKa3bIBaeT, YTO MOpPEHHBIE
nbeAeCcTajabl MOTYT OBITh YacThlO KPYITHOTO MOPEH-
HOTro KOMILJIEKCAa U He UMEThb YeTKYyI0 (popMy Ibee-
cTayia, 1 KpoMme TibeiecTalla B CeJIeBOil TIpoliecc BO-
BJIEKAIOTCSI MacChl OOBIYHBIX OSpPETOBBIX M JOHHBIX
MOpPEH OCHOBHOTO KOMILIEKCA.

CaMBIM KPYITHBIM CeJICTPOSIBJICHUEM Ha MOPEH-
HBIX IIbeaecTajlax ObLI CeJeBOI Mpoliecc Ha Mbeae-
crane egHuka CeIOHTITY B JOJIWHE JIEBOro IIPUTOKA
p. Apayur Hanrno (FOro-Boctounstii Tuber), B pe-
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3yJIbTaTe KoToporo B mione—aprycrte 2021 1. odbpas3o-
BaJICSL Bpe3 IUIOIIANbI0 2.6 KM? U IUIMHOK 4.7 KM.
O0BeM celeBBIX BBIHOCOB M3 MOPEHHOTO MbeaecTaia
npesbicun 300 i M® (Kaab, Girod, 2022) (cwm.
puc. 20). Ilepen ¢opMupoBaHMEM Bpe3a Ha IIbele-
cTajie, rue ObLT PacIoioXeH JieTHUK CeaoHTIy, Mpo-
W3O0IIIeNT HebIi psii COOBITUIM (6 CXOMOB JIeTOBO-Ka-
MEHHBIX JIaBUH ¢ 2014 I. 1 cXon JieIHUKA), YTO OBLIO
0XapakTEepM30BaHO B HECKOJIbKMX MyOanMKausx (An
et al., 2022; Kaab et al., 2021; Li et al., 2022; Zhao et
al., 2022). B xonue oktsi6ps 2017 r. coluia JeaoBo-
KaMeHHas JaBuHa 00beMOM 0KO0JIO 50 MJIH M3, 3aTeM
16 okTs10pst 1 29 okTsA6pst 2018 I. TTpOM3OIIENT CXOI
JnenHuka. o dopMupoBaHUsI Bpe3a BBICOTA BHEII-
HUX OTKOCOB MOPEHHOIO mnbenecTana jenHuka Ce-
JoHrmy cocrapisiiia 50—70 M, Kak M nbeaecTana B
oanike xanoBuat (6acceiin p. Anpip-Cy, LleHTpanb-
Hb1ii KaBka3s). [llupuHa nibeaecTaia 1mo Bepxy (Mexay
OpoBKaMM OOKOBBIX OTKOCOB) ObLIa okoyio 400 m. B
o6pa3zoBaBIIIeMcsT Bpe3e OHa YXKe COCTaBJIsIa OKOJIO
700 M (T.e. OPOBKM OTKOCOB ITbeeCTalla OTCTYIWIN
1o 06e CTOPOHBI IpuMepHO Ha 150 Mm).

CeneBble TIpoliecchl Ha TibeAecTaie JenHuka Ce-
JIOHTTTY TI0Ka3aJiu, YTO JJIs1 OLIEHKM CEJIEBOIi OMacHO-
CTM HEOOXOAMMO oOpalllaTb BHUMaHUE U Ha Mbeae-
CTaJIbl, €llle MOKPBIThIC JIGAHUKOM, TaK KaK MEXIy
CXOJIOM JIeMHUKAa U (POPMUPOBAHUEM Bpe3a MOXKET
ObITh HEOOJBIIOI BPEMEHHOI WMHTEPBaJ; CeJIEBOM
MpolecC MPOTEeKaeT HEeINPepPhIBHO A0 MPaKTHUYECKU
MOJIHOTO BBIHOCA Macc TbeAecTajla U 9TOMY Mpollec-
Cy MOABEPXEHbl U MOPEHHbIE MbEAECTANIbl C MUHU-
MaJIbHBIMU yTJIaMU HakKiIoHa (1o 8°—9°). [IpumepoMm
MOPEHHOTO TheAecTalla, €llle MOKPhITOrO JIEAHUKOM,
HO B OynylieM MpeAcTaBIsIIONIero CEIeByl0 yrpoasy,
SIBJISIETCS JIEMHUKOBO-MOPEHHBI KoMIuiekc JIoHTy3-
OpyH (YereTrkapaumpaH) B BepXOBbSX p. JlOHIy3-
OpyHOakcaH (TipaBblii mputoK p. bakcaH, lleH-
TpanbHBI KaBkas) (JlokykuH u np., 2016). Cxox ce-
JIeW U3 3TOr0 MOPEHHOTO IMbelecTajia MOXET MPpUHe-
CTU pa3pyllleHUs] MHOTOUMCJIEHHBIM OOBbEKTaM Ha
IMonsaue Yeret B [Ipuanbopychbe.

ﬂeepa@auuﬂ KAMEHHbIX enemuepoe U ceseeble NOMoKU

KamMeHHBIe TieTyepbl SIBISIIOTCS XapaKTePHBIM
3J1€MEHTOM MEPUTJISILIMAIBHOM 30HbI B TOPHBIX paiio-
HaxX W TIPEACTABIISIOT cO00M SI3BIKOOOpa3HEIE JIeNO-
BO-00JIOMOYHBIE MACCUBBI C MHOTOYMCJIIEHHBIMU Oy~
roo6pasHbLIMU BajlaMH Ha TTOBepXHOCTU. KaMeHHbIM
mretyepaM EBpaszum nocssimeHa moHorpadus (I'op-
oyHoB, I'opoynoBa, 2013). CenenposiBieHUsI B Ka-
MEHHBIX TIJIeTYepaxX OxapaKTepu3oBaHbl B paborax
(HoxykuH, 1987; HoxkykuH u ap., 2020; CeiiHoBa,
Me3senuHa, 1987). Ha puc. 3 moka3aHbl pa3andHbIC
y4acTKM (DOPMUPOBAHUSI cesieii B KaMEHHBIX IIeTue-
pax, a Takxke clJieibl OOpYILIeHUs YacTH MacCUBa Ka-
MEHHOTO mieTdepa (cMm. puc. 3B).

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

BEKKWEB u np.

B oTiimyue OoT MOpEHHBIX MbEAECTaTIOB, KaMEH-
HbIe IJIeTYephbl YaCTO BCTPEYAIOTCS C PAa3BUTBIMHU pa3-
HOBO3PAaCTHBLIMU TeHEePalIUsIMU, 9YTO CBUICTETHLCTBY-
eT 00 YCTOMYMBOCTHU 3TUX (POPM B TCUEHUE IJINTECITb-
HOTO BpEMEHM M MeEHblIeil CKOpPOCTH TasiHUS,
3aKJTI0OYEHHOTO B HUX JIbIa. ApeHOI pa3BUTHS celle-
BBIX TIPOIIECCOB B KAMEHHBIX IJIeTYepax B OCHOBHOM
SIBJISIFOTCSI X He3aJepHOBaHHbIE (PPOHTANIbHBIC YCTY-
bl 3HAYUTEIbHON IpoTskeHHOCTU (HdokykmH, 1987),
KOTOPBIE pacceueHbl MHOTOUMCIIEHHBIMU PHITBUHAMMU.

MHoroneTHre UCCIIeA0BAaHUS TMHAMUKY KAMEHHO-
ro mietTyepa PuturpabeH Ha TpaBOM CKJIOHE TOJWHBI
p. Marreprains B IBeiiniapckux Anbrax (KaHToH Base)
u 16 cenenpossienuii ¢ 1958 1. (Lugon and Stoffel,
2010) moka3zaju, 4TO CKOPOCTh IBMXKCHUSI KAMEHHO-
ro IieTyepa C MOBbILIEHUEM TEMIIEPATYPhI BO3ayXa B
MocJIeAHWE TOAbl YBEJIWYWIAch IO CpPaBHEHUIO C
1975—1993 rt. Ha 70% (1m0 0.6—0.9 M/Tom). KpymHeii-
11Iee ceJieBoe COObITUE Ha KAMEHHOM TiieTuepe Putu-
rpabeH npowusoluio 24 ceHTa6ps 1993 r., Korna mne-
pen 3TuM BeiItano 115 MM ocankoB 3a 72 yaca — 00beM
OTJIOXKEHMI Ha KOHyce BbIHOCa cocTtaBui 60000 M.

IMocnencTtBueM BBINMAfeHUs OOJBIIOIO KOJIWYE-
CTBAa OCAJKOB Ha YYaCTKU LIUPKOB, 3aIIOJTHEHHBIX Ka-
MEHHBIMHU TJeTdepaMu (B TOM YKCJIe Pa3HBIMU IO
BO3paCTy IFeHepalMsIMU), MOXET ObITh BOBJIEUCHUE B
ceJieBble MPOLECCHl 3HAYUTENIBHBIX 00BEMOB (DPOH-
TaJIbHBIX 30H KAMEHHBIX IIeTdyepoB. Ha puc. 3e mokasa-
Ha 3PO3MOHHO-OITOI3HEBAst BOPOHKA HA (PPOHTATIBLHOIM
YacTM MaccuBa KaMEHHOIO IJeTdepa B BEPXOBBSIX
p. Bropasa lIuxronaiika (6bacceitn p. Keinrapra, Pec-
nmyonuka bypsitust), oopazoBasbiiasics 28 utoHs 2014 r.
O0OBeM ceJIeBBIX OTJIOXEHUI BMECTe C MAaTEPHAJIOM,
3aXBaUYCHHBIM Ha y4acTKe HMXe KaMEHHOTIO IJIeTue-
pa, coctasuia 0.72 muH M> (Makapos u ap., 2014).

HecMoTpst Ha To, 4TO ceJIenposIBJIEHMSI Ha (DPOH-
TaJbHBIX YCTYIIaX KAMEHHBIX IJIETYEPOB pacpocTpa-
HEHHOE SIBJICHNE, BCTPEUYAIOTCSI KAMEHHEBIC IJIETYEPhI
¢ ycTynamMu npoTskeHHocThio 10 300—400 M, 1o-
KPBIThHIE CBEXKMM OCBIITHBIM MaTepHUaIOM, U IIPU 3TOM
ceyeBasi AeITEIbHOCTh HA HUX JJIUTEIbHOE BpEMSI He
dukcupyercs. Hanpumep, mo JaHHBIM CpaBHEHUS
aspodorocHuMKoB 1957, 1959, 1975 rr. u Kocmo-
cHuMKOB Landsat 4-5 u Sentinel-2 1985—2022 rT. He
BBISIBJICHO CEJICIIPOSIBJIEHUIT Ha ydyacTKe (ppOHTaIb-
HOTO yCTymna KaMeHHOro Ietdyepa (IIpOTSLKeHHOCTh
1o 380 M, mmpuHa B BepxHeit yactu 240 M, cM. puc. 3K)
Ha JIEBOM CKJIOHE NOoJUHBI p. XazHuaoH (LleHTpanb-
Hblli KaBka3) c¢ 1uiomagbio Bomocbopa 10 OpOBKM
yeryna 1.9 km?2. ITpu 5ToM HabII0aaeTCS IIOCTOAHHAS
aKTUBHOCTbH OCBIITHBIX MPOIIECCOB M KAMHENAI0B Ha
YCTyIIE€, a CKOPOCTh ABMXKEHUSI KAMEHHOTO IJIeTdyepa
B HIDKHEN 4yacTu s13bika 3a nepuon 2015—2021 1r. B
cpemHeM cocrtaBmia 2.0 M/rom.

OmHUMM M3 caMbIX 3HAYUTEIILHBIX TI0 00bEMY TIe-
peMellaeMoro MaTrepuaja IpolecCOB, MPOUCXOIsI-
IIMX B KAMEHHEBIX IJIeTYepax, SIBJISIOTCS OOPYIICHUS
(OBICTpBIC cOA3aHMs) (PPOHTAILHBIX X YIACTKOB C
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Puc. 3. CenenposiBiieHUs 1 0OpYyIIeHUs] B KAMEHHBIX IJIeTYepax Ha KOCMOCHMMKaX 1 a3podOTOCHUMKAX: (a) BepXoBbs p. dap-
parapu (mpaBblii iputokK p. [Nanmxiep, Adranucran) 08.09.2018 WorldView-2, (6) BepxoBbs p. Jlamtaapa (JeBblii IPUTOK
p. axmapa, Tamkukucran) 31.08.2008 QuickBird, (B) eBbIii ckiioH noymHBI p. Yepek beseHruiickuit Hax ieqHUKoM be3seHrn
(KaBkas, Poccust) aspodorocHumoxk 15.08.1957, (r) kunuiak [Mawrop B nonune p. [Manmxkiuep B ycrbe p. Japparapu (Adranu-
cran) 08.09.2018 WorldView-2, (n) kunuiak Hamrt B nonunHe p. lllaxnapa B yctbe p. Hamrtnapa (Tamxkukucran) 31.08.2008
QuickBird, (e) BepxoBbst nonuHsl p. Bropas Luxromnaiika (JieBbiit mputok p. Keiarapra, bypsrusi, Poccust) 26.09.2016 Pleia-
des-1A, (k) BepxoBbsl jeBoro nputoka p. XasHumoH (Kaskas, Poccus) 27.10.2020 Pleiades-1A. I/ — KoTjioBMHa o3epa
rocJie MpopbiBa, 2 — MOA3EMHbBIN KaHaJl BOMHOTO U CEJIEBOTO CTOKAa B MAaCCHBE KAMEHHOTO TieTyepa, 3 — ceJieBble OTJIOXKEHUS,
4 — 30Ha OTPBIBa MacCMBa KAMEHHOTO TJleTyepa, 5 — 30Ha TpaH3UTa OOPYIIMBIIIETOCS MAaCCMBa KAMEHHOTO TieTyepa, 6 — OT-
JIOXKeHHast Macca OOpyIIMBILIErocs KAMEHHOTO ieTyepa, 7 — cejieBble OTJIOXKEeHHUsI Ha KOHYCe BbIHOCA, & — MOATPYKEHHOE ce-

JIEBBIMU MacCaMHM 03€pO0.

YaCTUYHBIM COXpaHEHHWEM MepBOHAYAIbHOU CTPYK-
Typsl MaccuBa. B pabdore (Bodin et al., 2012) npuse-
JIeHbl TaHHbIe 00 0OpyIllIeHUsIX (KoJularcax) KaMeH-
HBIX IJieTuyepoB: 1) kameHHbI ieTyep bepapn (xpe-
6et [Mapnaiton, @paniry3ckue AJbIibl) getom 2006 T.
¢ 06beMOM 00OpyLMBLIEiica Macchl 0.5 MiTH M3, 2) Ka-
MEHHBII IJIeTUep Ha I0ro-3aIliafHoOM CKJIOHE MacCuBa
ropel Ceppo-nac-Topronac (6145 M, Arabl, Yuim)
BeCcHOI (1Mo HAlMM AaHHBIM MexXnay 12 deBpanst u
13 mapra, kocMocHUMKHY Landsat 4—5) 2006 . ¢ rto-
manpio otoxenuii 0.12 km2. [TonoGHBIE SIBIEHUS 3a-
¢ukcupoBansl u Ha llentpanmpHom Kaskaze. Ilo
nmaHHbIM (CeiiHoBa, Me3enunHa, 1987) B utone 1937 1.
Ha ckyioHe ropbl [vxu (3213 M) B nosiuHe pyubst JIo-
KJIeH (JIeBBI CKJIOH JOJUHEI p. I'apa-Ay3ycy, 6ac-
ceiiH p. Yerem) mpousoIio oopylieHrue KaMEHHOTO
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mieT4epa ¢ TaTbHOCThIO BhIOpoca okoio 1.9 kM. ITno-
1aab OTJIOXEHHO Macchl coctaBuia 60 Teic. M2, Ha
aspodorocHuMKe 1957 1. (cM. puc. 3B) BBISBICHBI
clienbl OOpylIeHUsI KaAMEHHOTO IJIeTdyepa Ha JIEBOM
CKJIOHEe noauHkbl p. Yepek be3seHruiickuii ¢ mioia-
JIbIO OTJIOXKEHHOTO Ha MOBEPXHOCTH JienHUKa be3eH-
i MaccuBa 0.14 km? U JaJIBHOCTBIO BBIOPOCA OKOJIO
2.3 KM.

Haub6onee pa3pymurenbHEIMU IpolieccaMM, CBSI-
3aHHBIMU C Jerpajgainueil KAMEHHbBIX [JIeTYEPOB, SIB-
JISIIOTCSI TIPOPBIBBI 03€P B THUIOBBIX KOTJIOBMHAX Ka-
MeHHBIX mieTdepoB (JlokykuH u ap., 2020a). Ha
puc. 3a, 0, I, 1 MOKa3aHbI MOCJIEACTBUS IBYX TaKUX
ciiydyaeB: 1) B BepxoBbsIX N0JUHBI p. lapparapu (Ad-
raHucTaH), 2) B BEpPXOBbSIX MOJMHBI p. [aimtmapa
(Tamxukucran). CiaeacTBUeM MOPOPBLIBOB 03€p ObLIN
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ceJIeBbIe TTOTOKH, Pa3pyIIMBIINE 1 3aTOMMBIINE IOMA B
kunuiake INamrop ¢ wiomanpo omoxeHuit 0.2 kM2 B
nosmHe p. Ianmxinep (cM. puc. 3r) U B Kuluiake Jla-
WIT C IUomanslo orioxeHuit 0.3 kM?> B JoauHE
p. lllaxnapa (cMm. puc. 31), 1 mpuHeCIIne THOeb JII0-
meit. Ecnu B BepxoBbgx p. JlamTmapa o3zepo mepen
npopsiBoM 7 aBrycta 2002 r. cymectBoBasio B 2000 u
2001 IT. ¥ IMEJIO MaKCUMAITBHYIO TUTOIAnb 44.6 ToIC. M2
(cMm. puc. 30), To 03epo B BepXxoBbsX p. Jlapparapu
Iomanelo 62.6 ThIC. M? MOABUIIOCH TOJIBKO B TOJ
npopsiBa (2018 1.) mocjie MHOTOJIETHETO TIeprUo/ia €TO
OTCyTCTBUS. B 060MX ClTyyasix o3epa MUTAIUCH TAJTbI-
MU BOJAMU JICTHUKOB U CHEXHWKOB. 3aroJHEeHUE
KOTJIOBMH B ThUIOBOII YaCTH KAMEHHBIX INIETYECPOB U
CYyIIECTBOBaHUE 03€P ObUIN CIIEACTBIEM OJIOKUPOBKU
MOA3EMHBIX KAHAJIOB, KOTOPhIC CYIIECTBOBAIN -
TeJIbHOE BpeMsI B TejlaX KAMEHHBIX IieT4epoB. JymHa
MOA3eMHBIX KAHAJIOB CTOKA COCTABJISUIA: U3 KOTJIOBUHBI
03. Jlapparapm — 1550 M, 13 KOTIOBUHEI 03. JlamT —
680 M (0603HaueHue 2 Ha puc. 3a u 6). [TogoGHEIE
MPOPHLIBBI 03€pa, IePUOAUUYECKU BO3HUKABIIETO B
TBIJIOBOIM KOTJIOBMHE KaMEHHOTO IIeTyepa B BEpXO-
Bbsix p. Kapranel (xpeber Nne Anaray, Kazaxcran),
npoucxomin B 2015 1 2019 IT. 1 cCONPOBOXIAINUCH
CceJIeBBIMM MOTOKAMMU C YIIepOOM paifioHy I. AJTMAaThI.

Kpome o3ep B THIJIOBBIX KOTJOBHMHAX KaMEHHBIX
JIETYCPOB, O3epa OOpPa30BBIBAIMCH B pPE3yjIbTaTe
OJIOKMPOBKU JOJUH SI3bIKAMU KaAMEHHBIX IJIETYEPOB,
CIYCKaBIIMMUCS CO CKIOHOB. OMHUM U3 TaKUX 03P
ObUIO 03. Maanieii mowmanpio 286 Thic. M2 B JOJMHE
p. Maxoii (AnTait), Moanpy>XeHHOE TeJI0M KaMEeHHO-
ro IJIeT4yepa C HeCKOJIbKMMU BO3PAaCTHBIMU TeHepa-
nusmMu (JokykuH, 2014). O3epo cyiecTBoBajio bojee
100 ntet, 1 Bce 3TO BpeMsi (DYHKIIMOHUPOBAJI CTA0MIb-
HBIIA MTOA3EMHBIIN KaHAJI CTOKA B TEJIE KAMEHHOTO IJIET-
yepa. [1popsiB o3epa npousoien 15 utonst 2012 1. B pe-
3yJIbTaTe LHEMOYKHM IIPOLIECCOB: 1) YCKOPEHUS OBIKE-
HUSI KaMEHHOro Ijierdyepa (BeIWYMHA CMEIIEHUS
OTIEJbHBIX YY4aCTKOB nocTturajia 43—48 M 3a repuo
2002—2013 rr.), 2) 610KMPOBKM KaHajia CTOKA BCJIEI-
cTBUeE AedopManM Tea KaMeHHOTO IyieTyepa, 3) mpo-
JIMBHBIX L[O)Kﬂ,@ﬁ N TIOOHATHSA YPOBHS BOIblI B O3€pEC,
4) manpHENIIero IIOBEPXHOCTHOIO pa3MbIBa Tejla Ka-
MEHHOTO IJIeTYepa IIpY NePeIoTHEHUN KOTIOBUHEI.

Axmueuszayus 006a1bHbIX NPOUECCO8

B pesynbTaTe gerpagalvu 1eIHUKOB, BBI3BAHHO
MOTEIUICHUEM KJIMMAaTa, CKaJbHbIe CKJIOHBI, OKaliM-
JIIIOIIME JIGAHUKU, OCBOOOXIAIOTCS OT JIEMOBOIO
MaHLIKPS U BOBJIEKAIOTCS B UHTEHCUBHBIE TTPOLIECCHI
MOPO3HOT0 BEIBETPUBAHMS ¢ GOPMUPOBAHNEM OOBa-
JIOB (KaMEHHBIX U JIeA0BO-KaMEHHBIX JIaBUH). B pa-
oore (Bessette-Kirton and Coe, 2020) noka3zaHo, 4TO
B ropax CB. Mpu Ha Ansicke yBeJIMYeHUE KOJIMYe-
CcTBa KaMeHHBIX JaBuH B niepuoxn 2013—2016 rr. Kop-
pEMPOBAJIO C MOBBILIEHUEM TEMIIEPATYPHI, UTO B ITe-
puon 1964—2019 rr. ceficMoreHHbIe KAMEHHBIE JIaBU -
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HBI OBUIM B IBa pa3a pexe, YeM He CeliCMOIeHHBIE.
PexopaHoii Mo mionaay 30HbI TOPaXKeHUS U MO 00b-
eMy Obl1a KaMeHHas JlaBiHA Ha JIemHWKe JlaMIuTyr B
HanuoHajibHOM Itapke Ieitinep-beir B 2016 1. —
21.8 xm? (rromank), okono 70 MiaH M3 (06bem) (Bes-
sette-Kirton et al., 2018). Karactpohuyeckum ObLI
CXO[I JIEMOBO-KaMeHHOM JTaBUHBI ¢ Topbl PoHTH (I'1-
manman, Mamus) B 2021 I. ¢ JalbHOCTBIO BEIOpOCa
okoJio 16 km — 204 moru6Gmux (Shugar et al., 2021).
Ha Kagka3ze B XXI B. 1e10Bo-KaMeHHBbIE 1 KAMEHHbIE
JIABUHBI OT/IMYAIMCh 3HAYUTEIbHON IaIbHOCTBIO
BbIOpoca: 11.3 kM (110 1€eBOMY OTBETBJICHUIO ITyTU B
BepxoBbsiX) B JleBmopakckoMm yiuenbe (Ipy3usi) B
2014 r. (Joxykux un gp., 2020B), 7.5 KM B moJIMHE
p. Xaprabaxk (YeueHckas pecny6nnka) B 2006 T.
(JJokykuH, CasepHiok, 2010), 6.4 XM ¢ IUIOLIAABIO
30HBI NopaxeHus 3.2 km? B nonuHe p. AkcayT (Kapa-
yaeBo-Yepkecckas peciyoiamka) B 2022 1. (Casep-
HIOK 1 1p., 2022). Ha ognoM yuactke I'maBHOTO KaB-
Ka3CcKoro xpeOrta (CeBepHBIA U IOXHBINA CKJIOHBI)
miowansio 160 km? B XXI B. 66110 3aUKCUPOBAHO
16 0OBAJIOB C JAJTBHOCTBIO BEIOpOCa A0 4.2 KM, a Bce-
ro, 1o maHHbIM (JokykuH u ap., 2020B) okoino 70%
cliyyaeB 00BaJIoB (POPMUPOBAJIOCH HA BHICOTAX CBHI-
mre 3600 m.

OOBayTbl HEPEOKO CTAaHOBSITCS NMpUYMHAMU (DOp-
MUPOBaHMUSI pa3IMYHbIX OMACHBIX ITPOLIECCOB, BCJIEI -
CTBHE YEro 30Hbl UX TOpaXeHUs YyBeJIMYMBAIOTCS
MHOTOKPATHO: MOCJIEICTBUEM MHOTOUUCIIEHHBIX 00-
BaJIoB cTajl cxof JienHuKa Koska u ceneBoii MOoToOK 1Mo
noymHe p. Im3enpnon B 2002 r., KaMeHHBIE 1 JIEOOBO-
KaMEeHHbIE JIaBUHbI TPaHC(HOPMUPYIOTCS B CEJIEBbIE
MOTOKH, a TAKXKe MOTYT IIPUBOJIUTD K TPOPHIBAM 03€P
U IIpOpEIBHEIM naBoakaM (Mani et al., 2022), otiio-
JKEHMSI 0OBaJIbHBIX MaccC Ha JIAHUKAaX MOTYT IIPUBO-
JIUThb K MX MOABUXKAM 1 oOBajaM Jibaa (rmocjie ooBa-
na ¢ r. Kazoek B 2014 r. nennuk IllanTop B LIMpKe
JeBoopakckoro jegHuka HacTymaa Ha 400 M 1 ¢ Kpy-
TOTO yCTyMa YYaCTWINCh JISJsTHbIE TABUHBI C JaJIbHO-
CThIO BEIOpOCca 10 2 KM, B 2021—2022 r. HayaJl HacTy-
nath JleBnopakcKuii JeMHUK).

INpeaBecTHUKAMU KPYHHBIX 0GBAJIOB MOTYT CIy-
KUTh MEJIKEe 00BaJIbl 3a CYTKU, Mecs1 wiu roa (Jdo-
KyKUH U 1p., 2020B). B onHoIi 101HE BO3MOXHO MO~
BTOPEHME CXOJOB KaMEHHBIX U JIEIOBO-KAMEHHBIX
JIaBUH 4epe3 OIpelesIcHHbII IMTPOMEXYTOK BpeMeHU
(OT roja 10 HECKOJIBKUX JIET U AecsITKOB JieT) (Jloky-
kuH, 2010; Leinss et al., 2021). B 30He oTpbiBa KaTa-
cTpodryeckoi 1e0Bo-KaMeHHOM JTaBUHBI 7 peBpa-
as 2021 r. Ha rope PonTu B mepuon 2016—2021 rr.
dopmupoBanack 1 pacimpsiach TpEIIMHA, YTO ObI-
JIO BUAHO Ha KocMocHUMKax (bekkueB u ap., 2021a;
Shugar et al., 2021).

HNTOT'U OB30PA

0O0630p KaTacTpoPUUECKMX COOBITUI BBISIBIII 3HA -
YUTENbHYIO aKTUBU3ALIMIO OMIACHBIX MTPOLIECCOB, CBSI-
Ne 7
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3aHHBIX C TIOTEIJICHWEM KJIMMaTa W Aerpaganueit
JIETHUKOB (CXOJBI JISTHUKOB, JIeAOBO-KaMEHHBIC Jia-
BUHBI, ceJieBble MOTOKM, BBI3BaHHbLIE Acrpagalueit
MacCHBOB TOpPHOII Mep3JI0ThI U Ip.). B pabore He
MPUBEIEHBI ITOCJIEACTBUS IPYIUX MPOLIECCOB, KOTO-
pble MPOUCXOASAT MOBCEMECTHO B XOAE Ierpamaluu
JIETHUKOB — (pOpMUpOBaHMUE U IIPOPLIBBI 03€p, Ha-
npuMep, KatacTpodudecKuii mpopbeiB 03. bamikapa
(nonuHa p. Anwuicy, LlentpanbHbiii KaBkas) B 2017 1.
(YepHomopen u ap., 2018), MmeTonuka olIleHKA YTPO3bI
KOTOPBIX JIETATbHO pa3paboTaHa, MOCTOSIHHO COBEp-
IIIEHCTBYETCSI M OCHOBAaHA Ha KOJIMYECTBEHHBIX OLIEH-
KaxX MHOTOYMCJIEHHBIX (haKTOB ITPOPHIBOB 03€P pa3iny-
HBIX TUTTOB. KpoMe 3Toro BO3HMKAIOT eAMHUYHBIE CITy-
Yay MPOPHIBOB BHYTPUJIEAHUKOBBIX (ITOIJIETHUKOBBIX)
BOJIOEMOB, HampuMmep, (popMUpOBaHHE BOTHBIX WM-
IMy/IECOB CeJIEBBIX MMOTOKOB Ha p. Kasapteicy (bacceitH
p. bakcan, llenTpanphbrit KaBka3) B 1960—1962,
1999, 2000, 2011, 2017 n 2022 rr. (JIoKyKuH U 1p.,
202006).

B pesynbrare MHOTOJIETHUX MCCIEIOBaHUM Jief-
HUKOB OBLIM BBISIBJIEHBI MHOTOUMCJIEHHBIE ClIy4yau
MmyJbcaluii, onpeaesaeHa ux NepuoanIHOCTb, OlLIeHe-
Ha CTeTleHb YIpO3bl 1 B HOBOM KaTajore yYTeHbI Bce
HecTaOWIbHbIEe JJeAHUKU (XpomoBa u ap., 2021). Ha
COBPEMEHHOM 3Talle BO3HUKAIOT YIrpO3bl KaTacTpo-
¢duyecknx cxol0B JIETHUKOB B paiiloHaX, Tie OHU
paHblile He ObLTM 3apUKCUPOBAHBI U HE OBLIIU UCCIIE-
JIOBaHbl, UTO 3aTPyIHSIET OLIEHKY HX OIACHOCTH.
ITepBoe 0600IIIEHNE CiTydaeB cXoa JISTHNKOB B MUPE
npencrtasiieHo B padote (Kaib et al., 2021), a Ha pe-
ruoHajabHOM ypoBHe B pabore (Leinss et al., 2021).
KonuuecTBo cXx010B JIEAHUKOB C KaXAbIM IO0M He-
VKJIOHHO pacTeT, O YeM CBUIETEJIbCTBYIOT KaTacTpO-
¢a B Anbnax Ha rope MapMoJiana v cXof JieTHMKA Ha
Tanp-1lane B 2022 1. (bekkueB u ap., 2022). Jdnxa
HEKOTOPBIX CXOJOB JIGTHWKOB BBISIBJICHBI MMPU3HAKU
nx moarotoBku (JdoxkykwH m gp., 2019a), KoTtopkie
MOXHO (DUKCUpOBATh MPU aHAIM3€ Pa3HOBPEMEH-
HBIX KOCMOCHUMKOB JIETHUKOBBIX PaiifOHOB U Mpey-
MpexaaTh Ha UX OCHOBE O TOTEHIMaIbHON yrpose
cxoJia JIeMHUKa.

BrisiBieHHast cBSi3b hOpMUPOBAHUS KPYTTHEUIITUX
CeJIeBBIX BPE30B C OCOOBIMU (pOpMaMU TOPHOU Mep3-
JIOTbl — MOPEHHBIMU TIbelecTalaMUu — JaeT BO3MOX-
HOCTb MpU OOHApYXKEeHUU ITUX (POPM OlLIEHMBATh UX
KakK MOTEHIIMAJbHbIE CEJIeBble MAaCCUBBI U TIPEIBU-
JIeTh pa3BUTHUE KaTacTpOoGUIECKUX ceJieii B Oyayliem,
a TakXe OlLIEHMBAaThb YIpO3bl U MAcCIITa0bl CEeJIeBOTO
Mpoliecca Ha OCHOBE JAaHHBIX 00 00beMaX MOPEHHBIX
nmeeaectanoB. KpoMe spko BbIpakeHHBIX (DOPM MO-
DPEHHBIX MbEAECTAIOB CYIIECTBYIOT MepeXoaHble o0pa-
30BaHUS K OOBAJIbHO-OCHIITHBIM KOHYCaM, 0eperoBbIM
MOpeHaM, KaMeHHbIM IJIeTYepaMm, YTO YCIOXKHSIET pac-
MO3HaBaHUE cesieBoil yrposbl. Ho mpu nocrarouHom
KOJINYECTBE BBISIBJIEHHBIX CIy4aeB cXo/a cejeid ¢ Mmo-
JIOOHBIX YyYaCTKOB B Pa3HBIX TOPHBIX paifoHax (bek-
KueB U ap., 2021B) MOXHO HUCITOIb30BaTh MX KaK aHa-
JIOTU NpU OLIeHKe cesieBoil omacHocTu. CeyeBble
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MPOLIECCHI B MOPEHHbBIX NbeAeCTa1aX BHIILJIM HA OJHO
W3 MEPBBIX MECT CPeay 3K30TeHHBIX MPOIECCOB 10
00BbeMy epeMeIleHHOTO 3a ONMH MPOILIECC 00JI0MOU-
HOI0 MaTepuasia, 4YTO OATBEPKIAIOT TaHHbIE O ceJie-
BBIX BbIHOCAX C MbeaecTaia JjegHuka CenoHTITy 00b-

eMoM 6osee 300 MITH M°.

Kak ormeueHo B paborte (Wagner et al., 2020), oe-
rpamanysl KaMeHHBIX TJIeTIepOB IPUBOINT K YBEIH-
YEHUIO TIOTeHIIUAJIbHON BO3MOXHOCTU BPEMEHHOI
aKKyMYJISTIIUM BOABI B X MacCHBax, a MPH BEHITIaIe-
HUU aHOMAJIBHBIX OCAIKOB — ITOCIIEAYIONIEeTo copoca
HaKOILJICHHOM BOABI BMECTE C O0JIOMOYHBIM MaTepu-
aJIoM B BUIE CEeJIEBBIX MOTOKOB. Takoe HaKOIUICHHE
BOJIIBI B KAMEHHBIX IJIeTYepax Mpu OJIOKUPOBKE IO~
3€MHbBIX KaHaJIOB CTOKA C 03ep B ThLJIOBBIX KOTJOBU-
HaX KaMEHHBIX IJIETIYCPOB MOXKET 3HAUUTEIIFHO YBe-
JIMIUTHh 00BEM COPOIISHHOM BOIBI M OOJOMOYHOTO
MaTepuasa B XoAe IMPOPbIBOB TaKUX 03€P, YTO BAXKHO
IUUIST OLIEHKU CeJIEBOM OITacHOCTH. [Ipr3HaKoM SIBHOM
CeJIeBOi1 yrpo3bl KaMEHHOTO TIJIeTYepa MOXKET CITy-
KUTh MOSIBJIEHWE B €r0 ThUIOBOI KOTJIOBUHE O3epa
IOCJIe UTUTETLHOTO TepUoa OTCYTCTBUS B cOoYeTa-
HUU C TIpeKpalleHWeM ITOBEPXHOCTHOIO BOTHOTO
CTOKa B pyclie HUXe (ppOHTAIbHOIO YCTyIla KaMeH-
HOTO IJieT4epa. DTH MPOIECCH MOTYT IIPOXOIUTH KaK
B aKTUBHBIX KAMEHHBIX TJIeTUYepax, TaK U APEBHUX T'e-
HepaLusix.

B coBOKynHOCTU B BBICOKOTOPHOI JIEMHUKOBOM
30HE (hopMUpYyeTCsl CHUCTeMa OMNACHBIX MPOIIECCOB,
BJIMSIOIIUX JPYr Ha Opyra, B KOTOPOIl MOCIENCTBUE
OITHOTO TIpoliecca CTAaHOBUTCS MPUYUHOMN APYroro, B
TOM YMCJIE Ha COCETHMX Yy4acTKax, yBEeJIMYUBasi 30HY
nopaxeHusl. Y4yet Bcex pakTopoB (pOPMUPOBAHUS U
pa3BUTHUS CUCTEMbBI TPOLIECCOB, €€ TEXHOJIOTUYECKUX
1IET0YeK M MPOCTPAHCTBEHHO-BPEMEHHBIX OCOOEHHO-
CTeli OYeHb BaxKeH JUIsl aKTyau3aliuy OLIEHKU OMaCHO-
CTU TOPHBIX TeppuTopuii (Assessment ..., 2017).

SAKJIIOYEHHUE

IMToreruieHre KaMMaTa M BhI3BAHHOE UM YCKOpe-
HUE TEMIIOB Aerpaaaliuy JIEIHUKOB MTPUBEJIO K aKTU-
BU3allMU OMACHBIX MPUPOAHBIX MPOLIECCOB, HAMDO-
Jiee MacIITaOHbIMU U KaTacTPOGUIECKUMU U3 KOTO-
pBIX CTaJii CXOAbI JIETHUKOB, JIEAOBO-KAMEHHBIE U
KaMeHHbIE JIJaBUHbI, CejieBble TTOTOKM, CBSI3aHHbBIE C
Jierpaganyeil MacCUBOB TOPHOM MEP3JIOTHI U TIPOPHI-
BBI 03€p.

HekotopeiM KatacTpo(pmyeCKMM ITPOSBICHUSIM
OMNACHBIX IIPOLIECCOB IIPEAIIESCTBOBAIM MEPUOIbI
IOATOTOBKU 1 Pa3BUTHUSI, IIPU3HAKY KOTOPBIX MOKHO
OBUIO BBISIBUTH ITIPU JIEIIM(PPUPOBAHMU pa3HOBpE-
MEHHBIX KOCMOCHMMKOB. Ha coBpeMeHHOM 3Tarre
BO3pacTaeT 3HaueHMEe HEIIPEPhIBHOTO KOMILIEKCHOTO
MOHUTOPUHTA BBICOKOTOPHOI 30HBI C HCIIOJIb30Ba-
HUEM KOCMOCHHMMKOB BBICOKOI IIEPHUOAUYHOCTH,
MaTepruajioB a’poGOTOChEMOK M MapIIpyTHBIX Ha-
OJTIOIeHUI, 1 KapTUPOBAHUS MPOSIBJICHUMN OITaCHBIX
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TIPOIIECCOB 1 30H UX IMTOPAXKEHUSI, a TAKKE ITePECMOT-
pa OLIEHOK CTEIEHU OMAaCHOCTU TOPHBIX TEPPUTOPUIA,
OTpaXXeHHBIX B UMEIOIIMXCS KapTaxX U KagacTpax, Ha
OCHOBE TaHHBIX MOHUTOPHWHTA, PACYETOB M MOV -
poBaHuUsI.
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Catastrophic Phenomena in the last Decades Associated with the Degradation
of Glaciers and Permafrost in Mountains (Analytical Review)

M. Yu. Bekkiev!, M. D. Dokukin *, and R. Kh. Kalov!
! High-Mountain Geophysical Institute, Nalchik, Russia
*e-mail: inrush@bk.ru

Based on the analysis of Earth remote sensing materials and publications, data on catastrophic manifestations
of dangerous natural processes associated with the degradation of glaciers and mountain permafrost caused
by climate change are presented. Amid accelerated rates of glacier degradation, catastrophic manifestations
of their dynamics are more often observed—detachment of glaciers and ice avalanches, ice-rock avalanches.
In the Central and Western Caucasus, there is an intensification of rock and ice-rock avalanches, the maxi-
mum of which had a runout distance of up to 11.3 km (on Mount Kazbek in 2014), with an affected area of
3.2 km? (in the Aksaut gorge in 2022). In 2021—2022, there were catastrophic glaciers detachments and ice-
stone avalanches on the Marmolada mountain in the Alps, in the Juuku gorge in the Tien Shan and in the
Ronti Gad River valley in the Himalayas. The Sedongpu glacier detachment in Eastern Tibet in 2018 had the
maximum volume (130 min m3). Melting of ice in moraine pedestals (massifs of mountain permafrost) leads
to the formation of debris flows of gigantic runout volumes, reaching 300 min m? or more. The blocking of
underground drain channels inside rock glaciers is associated with the accumulation of water in long-empty
basins and the formation of lakes with their subsequent catastrophic outburst. The processes occurring in gla-
ciers and moraine complexes often have an inherited and interdependent nature and a long period of prepa-
ration, which allows on the basis of constant monitoring using satellite images to identify prognostic signs and
warn in advance of the imminent danger.

Keywords: glacier detachment, ice-rock avalanche, moraine pedestal, rock glacier, debris flow, lake outburst,

satellite images
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