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I Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol «KP ¥£A Xabapnapei. ['eonoeus scone
MEXHUKAIBIK bLIBIMOAD CEePUsChly blIbIMU JCypHAIbiHbiY Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvli xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index osicone the Arts & Humanities
Citation Index-xe xabwvioay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawvliap MeH meKemenepze KOHmMeHm mepenoici MeH canacvih ycuvihaovl. KP
¥F'A Xabapnapwi. 'eonozus scone mexnuxanvly eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKmi Jicane 6e0eNdi 2e0102Usl HCIHE MEXHUKATBIK
ELILIMOAp OOUbIHUA KOHMEHMKE A0a0blebIMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunwiii sicypran «zeecmuss HAH PK. Cepust eeonocuu u mexHuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpO8aHUU HAXOOUMCS 8 CMAaOUull paccmMompeHus
xomnanueu Clarivate Analytics ons danvueiueco npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuu. Brmouenue Hzeecmus HAH PK. Cepus ceonoeuu u mexHuieckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nawty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2e0N02UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
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Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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Editorial chief
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Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:
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sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
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ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
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Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
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Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11
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A.K. Mussina', A.S. Abdullayeva!*, M. Barandun’

'Al-Farabi Kazakh National University, Almaty, Kazakhstan;
’Department of Geosciences, University of Fribourg, Fribourg, Switzerland.
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THE IMPORTANCE OF CONDUCTING RESEARCH METHODS
TO ASSESS THE STATE OF GLACIAL-MORAINE LAKES

Abstract. The article analyzes the importance of ongoing long-term observations
and field research in assessing the state of glacial-moraine lakes. Since the second half
of the XX century, 87 mudflows of glacial genesis have been recorded in the northern
slope of the Ile Alatau. Mudflows of glacial genesis are considered as catastrophic
phenomena, preventing or reducing their damage is possible only taking into account
the experience of the past 80-90 years or through comprehensive measures, such as
continuous survey, monitoring and evaluation of the areas. Long-term observations
and field research of lake surveys of the glacial-moraine complex are essential for
Almaty city with a population of 2 million people and economically important
facilities located at the foot of the Ile Alatau. During the conducting research the
comparative assessment of the scale of mudflow activity and mudflow hazard of
different mudflow basins is carried out, the mudflow basins with the highest activity
or threatening the facilities of techno-, eco-, and socio-sphere. In order to protect
this area from social and economic losses, 3 different methods of preventive
measures are carried out to prevent the moraine lakes outburst floods. Therefore,
timely and prompt assessment of the state of the lakes, obtained on the basis of
research methods, is especially important for prevention and warning of catastrophic
mudflows, mudflow hazard forecasting and mudflow risk management.

Key words: glacial-moraine complex, moraine lake, mudflow, long-term
observations, field research, aerial visual survey.
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MY3IbIKTBIK-MOPEHAJIBIK KOJIEPIIH KAN-KYWIH BAFAJIAVIA
'KY3ETE ACBIPBIJIATBIH 3EPTTEY KYMBICTAPBIHBIH,
MAHBI3IBLIBIFBIH BAFAJIAY

AHHoTamus. Makanaga My3/IbIKTBIK-MOPEHAJIBIK KOJIJICP/iH jKal-KyHiH Oaranayaa
JKY3€ere achIpblIaThIH CTAIMOHAPIBIK JKOHE SKCIICAUIMSIIBIK 3ePTTEY JKYMBICTAPBIHBIH
MaHBI3ABUTBIFBl 3€pPTTeNAi. XX FachIpIbIH EKiHIII JKapTHICBIHAH OacTam 3epTTeim
OTBIPFaH aylaHna TISIUalAbl TeHe3ucTeri 87 cell TAaCKbIHBI TipKeJNreH. [Jismuan sl
TEHE3UCTET1 Cel TacKbIHAAPHI amarThl KYOBUIBICTAp PETiHIE KapacThIpbUIAIbl, OHBIH
KeNnTipeTiH 3ajanblH TeK oTkeH 80-90 >kpUmapiblH ToXKIpHOECIH ecKepe OTBIPHII
HEMECe KYPTi3UIin jKaTKaH 3epTTeyliep, ayMaKTapbl OaKblIay yKoHe Oarajiay CHSKTHI
KEIICH/II TIapajap apKbpUIbl ajJIblH allyFa HeMmece asaiityra Oonajpl. My3IBIKTHIK-
MOPEHAIBIK KEIICH/ET] KOJIepre KYPri3ieTiH CTallMOHAPIIBIK XKOHE IKCICIUIUSITBIK
3eprTey omictepi — Ilme AnarayblHBIH eTeriHIe OpHAJlacKaH 2 MITH XajKbl JKOHE
9KOHOMUKAJIBIK MaHBI3IBUIBIFEI KOFAphl KOCIIOPBIHAAPEI 0ap AJIMarhl Kanachkl YIIiH
aca MaHbI3IBL. 3epTTey KYMBICTAPBIH KYPri3y OapbIChIHIA Cell KbI3METIHIH ayKbIMbIHA
JKOHE OPTYPJIi CeJl aJlalTapbIHBIH CeNl KayiNTLUIIriHe CabICThIPMasbl Oarayay Ky3ere
achIpbUIa/bl, OCJICEHIUTIr HEFYpIBIM JKOFaphl HEMEce TEXHO-, JKO-, coruochepa
00BEKTUIEpiHEe Kayill TOHIIPETIH CeJl ajanTapbl aHbIKTanaasl. OChl KaJlaHbl 9JISYMETTIK
JKOHE SKOHOMUKANBIK IIBIFBIHAAPJIAH KOPFay MaKCaThIH/Aa, MY3IBIKTHIK-MOpPEHAIBIK,
KOJIJIEp/IiH aKTapblly KayilTiLTIriHIH ajuiblH alxy YIIiH NpeBEeHTUBTI mapanap 3 Typmi
omicte xy3ere aceippiiangsl. Con cebenri, le AnarayblHBIH CONTYCTIK OeTKeHiHiH
opTanblK OeniriHme OpHANackaH KeNAepHiH JKal-KyHiH Oaranaynarbl 3epTrey
KYMBICTapBIHBIH MaHBI3IBUIBIFBIH aHBIKTAY, allaTThl CEJl TACKBIHAAPBIHBIH aJlIbIH-aTy
MoceJieNIepiH IIeNry, olapAbIH OoJallaKTarbl KayinTiairin Oaranay, KaymiH Oackapyna
aca MaHbBI3/IbI.

Tyiiin ce3aep: MY3IBIKTBIK-MOPECHANBIK KEIIEH, MOPEHAIBIK KOJ, Cel TACKbIHBL,
CTalMOHAPJIBIK 3EPTTEYNIEP, IKCIEAUIHSIIBIK 3ePTTEYIIEeP, a3pOBU3YyaJIbl Oapiay.
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OLEHKA 3HAUUMOCTHU OCYIECTBJIAEMBIX
HNCCJIEJOBATEJIBCKUX PABOT B OLIEHKE COCTOsAHUSI MOPEHHO-
JEAJHUKOBBIX O3EP

AHHoTanmsa. B cratbe naH aHanM3 Ba)XKHOCTH MPOBOAMMBIX CTALMOHAPHBIX H
OKCIICAUIIMOHHBIX HMCCJIICJOBATCIIBCKHUX pa60T nOpu OLCHKE COCTOAHHUA MOPCHHO-
JIeTHUKOBBIX 03ep. Co BTOpO# 1ooBHHEI X X BeKa B CeBepHOM ckiioHe Minelickoro Anaray
3a(hukcupoBaHO 87 CEeNEBBIX IOTOKOB IIIIMAIBHOrO reHesuca. Cenn DISLMAIbHOTO
reHe31ca pPaccMaTpUBAIOTCSl KakK KaracTpouuecKkue SBICHUS, NMPEAOTBPATUTh WM
YMEHBIIUTHh YHIEPO OT KOTOPHIX MOXHO JIMIIb YYHUTHIBas OMNBIT Hpouuisix 80-90
JIET WIN IyTeM KOMIUIEKCHBIX MEpOMNpPHUSATHH, TaKMX KaK MPOBEIEHHE IOCTOSHHOTO
o0cIie1oBaHus, MOHUTOPUHT U OIICHKa TeppuTOopril. CTallHOHAPHBIE U KCIIETUIIHOHHBIC
METO/bl 00CIeJ0BaHHUs 03€p MOPEHHO-JIEAHUKOBOIO KOMIUIEKCA SIBJIAIOTCS HauOoiee
Ba)XHBIMU Il ropofa ANMaThl ¢ HaceleHHEM 2 MIIH YeJIOBEK M C 3KOHOMUYECKH
Ba)XHBIMU OOBEKTaMH, PACIOJIOKECHHBIMU y HoaHOXHs Mneiickoro Amaray. B nemsix
3aLUTHI JaHHOW TEPPUTOPUH OT COLIMATIBHBIX U SKOHOMHUYECKHX MTOTEPh IPUHUMAIOTCS
MPCEBCHTUBHBLIC MCPLI 3-Ms Pas3sIIMIHbIMHA crocobaMu e OpeaoTBpallCHUA
MPOPHIBOIIACHOCTH MOPEHHBIX 03ep. B XoJe mpoBeneHns: HCCIIeNoBaTeIbCKUX padoT
OCYILECTBIISICTCA CPAaBHUTENIbHAsE OLCHKA MacIITa00B CeJIEBOH JESATEIbHOCTH H
CeJIeBOM ONMAcCHOCTH PAa3JIMYHBIX CEJeBBIX OacCeHOB, BBIABISIOTCS CEJCONACHBIE
paiioHbl, IPEACTABISIONINE HAUOOMBIIYI0O AKTUBHOCTD MM YIPO3y OOBEKTaM TEXHO -,
9KO -, conrocdepsl. [loa3ToMy cBOeBpeMeHHas 1 OllepaTHUBHAS OLIEHKA COCTOSHHSA 03€p,
MOJyYeHHasl Ha OCHOBE Hay4HO-HCCIIEOBAaTEIbCKUX METOA0B, OCOOEHHO BajkKHA JUIs
MPeAOTBpAIeHHS ¥ IPEAYTPEKICHUS KaTaCTPOPUIECKUX CENEBBIX TTOTOKOB, TPOTHO3a
CeJIeBO ONIACHOCTH M YIPaBICHUS CEJIEBBIMU PHUCKAMHU.

Ki1roueBble cji0Ba: MOPEHHO-JICIHUKOBBIH KOMIUIEKC, MOPEHHOE 03€pO, CEIEeBOM
[IOTOK, CTAallMOHApHBIE HCCIENOBAaHUA, JKCIEIUIMOHHBIE HCCIEAOBAaHUs, adpPOBH-
3yajibHOE 00Cle0BaHKE.

Introduction. Numerous glacial-moraine lakes are an integral element of the
landscape of the highlands of Ile Alatau, as well as other mountainous regions of Central
Asia. These mountain areas are characterized by catastrophic mudflows, which are often
formed as a result of the glacial-moraine lakes outburst floods (Kapitsa et al., 2018).

Over the past 70 years, 87 cases of mudflows of glacial genesis were observed in
the mountains of the Ile Alatau (Medeu et al., 2020). The most powerful mudflows by
energy characteristics were formed in the basins of the Ulken Almaty and Kishi Almaty
rivers located in the central part of the northern slope of the Ile Alatau, and the total
number of registered mudflows in these basins is 37 cases.
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One of the most important regions for the country’s economy, the city of Almaty, is
located at the foot of the Ile Alatau. The population of Almaty is about 2 million people,
and about 25% of all enterprises of the country operate on this territory. Almaty with its
current boundaries is the leader in terms of the spread of mudflow centers (Baymoldayev
et al., 2018).

Glacial mudflows became an object of research after the passage of earthflows in the
basin of the Kishi Almaty river in 1951 and 1956. The Alma-Ata hydrogeological party
of the Hydrogeological Administration of the Ministry of Geology of the Kazakh SSR
carried out the first engineering-geological and geophysical works to study the structure
of modern and ancient morains in the river valleys of the northern slope of the Ile Alatau
in 1964-1968 (Baymoldayev et al., 2007), which allowed identifying the main problems
and became the fundamental theoretical basis for preventive measures and works to
reduce the mudflow hazard.

In 1974-1978, active work on creation of a network of observation and warning posts
in mountain river basins, control centers for receiving and processing information on
the state of mudflow hazards, organization and conduct of ground-based field surveys
of moraine lakes, mudflow centers and mountain river beds was conducted . Also, aerial
visual surveys of mudflow-prone areas for baseline assessment of the situation have
been widely used.

The above-mentioned activities are carried out until now and are the main methods
of identification and assessment of mudflow hazards in glacial-moraine lakes located in
the central part of the northern slope of the Ile Alatau. Also, the methods of identification
and assessment of mudflow hazards of lakes are controlled by organizations such as the
State Institution “Kazselezashchita” and RSE “Kazhydromet” (Stepanov et al., 2014).
In addition, in 1985, on the basis of the results of long-term observations and field
research methods, a passport system of moraine lakes was created for the first time.
These documents for assessment of the condition of the lakes contain information on
location, brief characteristics, relationship with glaciers, type of lake basin, height,
length and width of lakes, area, depth, water volume and physical composition of the
lake. Also, for estimation of risk of lakes outburst floods, information about volumes of
inflows and outflows, the maximum level exceeding the level above the shoreline, the
maximum lake level held back by a cofferdam, the potential location of the lake, and
the stability of the ground are provided. According to the identified attributes, glacial-
moraine lakes are subdivided into mudfiow hazard categories: high, medium, and low
mudflow hazard (Medeu et al., 2018). Positive outcomes of long-term observations and
field studies used for warning the population and prevention of glacial mudfiows can be
determined by reduction of the number of destructive mudflows in recent years.

According to the Atlas of emergency situations, the study area belongs to an area
with a high degree of mudflow hazard . Therefore, the assessment of research methods,
which determine outburst hazard criterion of the moraine lakes located in the central
part of the northern slope of the Ile Alatau, as well as improving the monitoring of
glacier moraine lakes by including remote sensing observations is extremely important
in alerting the population and preventing catastrophic mudfiows.
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Methods and materials. The article was written on the basis of literature and
historical data, as well as the results of monitoring observations of the State Institution
“Kazselezashchita” of the Ministry of Emergency Situations of the Republic of
Kazakhstan and RSE “Kazhydromet” of the Ministry of Ecology, Geology and Natural
Resources of the Republic of Kazakhstan.

The data on observation posts and control centers in the study area were used to
evaluate the conducted stationary studies, the results of which were marked on the map.
The mapping of observation posts and control centers was carried out using ArcGIS
10.8 software. The main geographic objects were taken from the OpenStreetMap web-
mapping crowdsourcing project.

Materials on the preventive work which is carried out to prevent and warn about the
moraine lakes outburst floods are collected and summarized by the results of scientific
and technical reports of the State Institution “Kazselezashchita”.

The long-term observations method is used to study the dynamics of mudflow objects
and to identify mudflow hazards in the study area. The results of long-term observations
are of great theoretical and practical importance. Thus, observation networks of posts
were created for the purpose of timely detection of changes in the state of mudfiow
hazardous objects and transfer of information for prompt warning of the possible
occurrence of mudflow. The main tasks of the observation posts are to provide data on
the level, volume, water and air temperature, precipitation, snow height in the glacier-
moraine complex (Chigrinets et al., 2020). The data are transmitted and processed by
24-hour control centers, which provide reception and transmission of information. Also,
they are used to implement preventive measures of destructive mudflows .

Many years of experience in organizing the observation network has allowed us
to develop a certain methodology of placing stations in basins, from moraine lakes to
settlements and on critical engineering structures of protection (Baymoldayev et al.,
2007).

At present, according to the data of the State Institution “Kazselezashchita”, there
are 4 permanent and 4 seasonal stations which operate in the basin of the Ulken Almaty
river and 3 permanent and 2 seasonal stations in the basin of the Kishi Almaty river
(Figurel (a)). The seasonal stations carry out observations in the mudflow hazardous
period. Also, according to RSE “Kazhydromet”, the number of active stations in the
basin of the Ulken Almaty river is 5 and the number of closed stations is 5. In the Kishi
Almaty river basin, there are 5 stationary stations and 7 closed stations, as well as one
site where water discharge is measured (Figure 1 (b)).
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Figure 1. Location map of hydrological gauging stations in the basins of the Ulken and Kishi Almaty
rivers a) observation network of the State Institution “Kazselezashchita”; b) observation network of RSE
“Kazhydromet”

The number and density of observation posts and their location are determined by
the degree of the moraine lakes outburst floods (Bolch et al., 2011), the presence of
economic facilities located in hazardous areas, and the control centers can monitor the
situation using a group of nearby basins. Data are received and analyzed by the Main
Control Center in the State Institution “Kazselezashchita”.

In addition, the significance of field research works, which are carried out to assess
the hydrometeorological characteristics of the glacial-moraine complex, was studied.
Field research works are carried out in the following areas :

- reconnaissance survey;

- specialized survey of the glacial-moraine complex.

Reconnaissance surveys of the glacier-moraine complex are divided into aerial visual
and ground-based survey methods. During the reconnaissance survey the comparative
assessment of the scale of mudflow activity and mudflow hazard of different mudflow
basins is carried out, the mudflow basins with the highest activity or threatening
the facilities of techno-, eco-, and socio-sphere are determined in order to carry out
specialized detailed surveys in them (Medeu et al., 2018).

Aerial visual surveys are carried out from helicopters by the staff of the State
Institution “Kazselezashchita”. The use of a helicopter is more practical, as its flight
speed is lower and it has more opportunities for maneuvering. Surveys are conducted
along a pre-planned route, which is mapped.

During the ground-based surveys, all the data obtained as a result of the aerial visual
survey are verified on the terrain, the selection of observation points for specialized
surveys or work on the study of the conditions of mudflow formation is made. Materials
of reconnaissance surveys are the basis for drafting the program of specialized surveys.
Specialized survey of the moraine complex is carried out to identify the conditions
of mudflow formation; to establish the characteristics of past mudflows; to obtain
morphometric characteristics of mudflow centers, channels, fields and cones, mudflow-
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prone lakes; physical and mechanical characteristics of soils and grounds of mudfiow
deposits .

The collection of available information on the past mudfiows from literature and
other sources and the study of cartographic and aerial survey materials in order to
identify the main mudfiow sites in advance should be done before the conduct of field
surveys (Krylenko et al., 2008).

Results and Discussion. With this study we were able to include remote sensing
into state-of-the-art glacier-moraine lake monitoring. As a result of the field survey of
mudflow-prone lakes, the morphometric characteristics of basins, structure and condition
of lake cofferdams, ways of water outflow channels from lake, level of maximum filling
of lakes, mechanisms of lake emptying, characteristics of earlier outburst floods are
determined. Based on the analysis of these characteristics, the degree of mudflow hazard
of the lakes in the study area is determined.

Preventive measures are taken to prevent the moraine lake outburst floods
(Baymoldayev et al., 2018). Preventive measures are a set of long-term measures
aimed at mitigating the situation by reducing the risk of glacial mudflows. Different
methods of controlled emptying of mudflow-risky water bodies are applied depending
on morphometric characteristics of lakes, structure of lake cofferdams, destruction of
which may naturally lead to formation of catastrophic mudflows (Stepanov et al., 2001).
Three methods can be distinguished, which are widely used in our country (Figure 2):

Figure 2. Methods of preventive measures for emptying of glacial-moraine lakes - a) siphon method;
b) trench channel method; ¢) comprehensive method

Economic and ecological efficiency of preventive measures is rather high. The
experience of the State Institution “Kazselezashchita” shows that the time spent on
emptying a moraine lake outburst flooding in a non-critical situation is determined
to a crucial extent by geological conditions, the quality of preliminary scientific and
technical preparation for the work, and the degree of preparedness of persons. So far, 11
moraine lakes have been emptied in the study area (Figure 3).
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Figure 3. Preventive measures carried out in glacial-moraine lakes in the basins of the Ulken and Kishi
Almaty rivers

As a result of preventive works, the danger of glacial-moraine lakes outburst floods
with subsequent formation of catastrophic mudflows was eliminated, and in others it was
significantly reduced. Examples are preventive works on moraine lakes: No.6 near the
M. Mametova glacier in the basin of the Kishi Almaty river, No.13-bis near the Sovetov
glacier in the basin of the Ulken Almaty river (Petrakov et al., 2004). The works allowed
achieving the main things: to eliminate the real threat of catastrophic mudfiows, to
protect the population, business facilities and territories from this extremely dangerous
natural phenomenon.

Comprehensive use of research to assess the state of moraine lakes of the central part
of the northern slope of the Ile Alatau plays an important role in prevention of glacial
mudflows and reduction of social and economic losses. The result of the effectiveness
of the conducted long-term observations and field studies is a timely warning about the
hazard of moraine lakes outburst floods (Romang et al., 2010).

At present, Earth remote sensing data are widely used in foreign countries to study
the moraine complex, its condition and prospects (Mussina et al., 2016). Therefore,
the application of Earth remote sensing data and GIS-technologies should become an
alternative to the traditional aerial photography for large-scale mapping of the study
area (Krylenko et al., 2008). The Earth remote sensing data and GIS-technologies can
improve the quality of large-scale mudflow maps, which provide a detailed description
of the glacial-moraine complex in certain mountain areas and watersheds (Fisher et
al., 2016). With the help of space images it is possible to identify the litho-genetic
composition of the complex of bedrock and sedimentary covers taking into account
the age and anti-denudation properties, zones of separated fractures and tectonic faults,
mudflow centers classified according to the origin of mudflow forming processes,
mudflow channels of permanent and temporary streams. Also, when processing space
images we can get morphological characteristics of mudfiow centers and other objects,
such as: slope, area, volume, length, width, height. The use of LULC (Land Use and
Land Cover) images is also noteworthy and gives an idea of the economic development
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of the area, which may be in the zone of mudflow impact or occurrence (Salerno et al.,
2012).

The use of space images is especially important in cases where aerial visual and
ground-based methods of research are not possible, for example, in the study of hard-
to-reach, hazardous, remote moraine lakes. Today, multispectral images are used to
identify water bodies and to clarify morphometric characteristics using the NDWI index
method (Junli et al., 2012). A set of images on the concerned territory, gives a complex
characteristic of the terrain and allows obtaining reliable information on the state of the
territory. On some satellites of Landsat, Terra (Aster), EO-1 (Hyperion, ALI), the range
of spatial resolution varies from 15 m to 1000 m.

Conclusion. The modern foundations of the organization and conduct of research
works on moraine lakes were formed in stages. The aforementioned research works
have led to the accumulation of certain experience in understanding the process of
formation of glacial mudfiows.

Along with this, the stages of research development in Kazakhstan are associated with
the passage of catastrophic mudflows in the region, which stimulated the intensification
of research work (Mussina et al., 2019). However, conducting the above-mentioned
studies requires a long time and economic costs.

Nowadays, remote sensing data and GIS technologies are widely used in assess and
calculation maximum discharge characteristics of hydrological hazards in Kazakhstan
(Duskayev et al., 2021). Therefore, we provide a cost-efficient way using the application
of Earth remote sensing and GIS technologies to monitor glacier-moraine lakes. This
most effectively affect the quality of informed and timely decision-making in the
management of mudflow risks and the identification of hazards in the glacial-moraine
complex, prevention and protection of socio-, techno- and ecosphere facilities from the
negative effects of mudfiow phenomena.
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