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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 Pecnybnukacer ¥immuolx 2oiivim akademusicol « KP ¥FA Xabapnapwl. I'eonocus
JICOHE MEXHUKANBIK RbLIbIMOAD Cepusiculy bLibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyze KabulioaHeaHbiH
xabapnaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIObL
o0aH api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yevtnaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2blAbIMOAp CEpUsiCol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03ekmi dcoHe
6edendi eeonocus HcoHe MEXHUKABIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbl30bl

6indipeoi.

HAH PK coobwaem, umo nayunvii ocypuan «Mseecmuss HAH PK. Cepusa zeonozuu u
MeXHUYecKux Hayky» ool npunsim 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 8 3mom UHOEKCUPOBAHUU HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as OanvHeuuezo npuHAmMU
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednazaem xawecmeo u 2nyoOumHy
Kowmenma Ons uccieoogamenell, aemopos, uzoameneti u yuypedcoenuil. Brnouenue
Hszeecmua HAH PK. Cepus ceonozuu u mexuuueckux Hayk 6 Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboniee akmyaibHOMY U GIUANETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haue2o coodujecmad.



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».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
Hepmexumus, mexHoN02UlU U3GLeHeHUs MEMAI08 U UX COeOeHeHUl.
[eproguarOCTH: 6 Pa3 B TOA.
Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

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:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
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,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© National Academy of Sciences of the Republic of Kazakhstan, 2022
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UDC 551.3
S.A. Tarikhazer", I.I. Mardanov?

Institute of Geography named by acad. H.A. Aliyev of ANAS,
Baku, Azerbaijan;
“Sumgait State University, Sumgait, Azerbaijan.
E-mail: kerimovi7@gmail.com

INDICATORS OF ECOGEOMORPHOLOGICAL RISK FOR THE
PURPOSE OF SUSTAINABLE DEVELOPMENT OF MOUNTAIN
TERRITORIES

Abstract. The study of natural geosystems and the features of their
transformation under the influence of natural and anthropogenic factors is
caused by the need for a scientifically based approach to solving of regional
environmental problems. Mountain geosystems are highly susceptible to climate
change and ill-conceived anthropogenic activities.

Anthropogenic activity in the mountainous region of the Greater Caucasus
within Azerbaijan is often associated with the problem of assessing landslide
processes and implementing anti-landslide measures. The regional assessment
of the development of landslide processes suggests the possibility of their
occurrence and the intensity of their formation, as well as the identification of the
nature of their impact on economic facilities and the amount of damage inflicted
within the territories. The basis for the regional assessment of the development
of landslides is a special zoning. For this reason, it is urgent to develop a GIS
technology for studying landslide processes, which makes it possible to assess
in real time the degree of danger, predict the formation of dangerous trends,
promptly inform and, if possible, prevent threatening phenomena.

The article reveals the reasons for the development of landslides in the
southeastern part of the Greater Caucasus, namely on the example of the territory
of the Shamakhi administrative region, and also gives recommendations on
minimizing the consequences of their activation.

Key words: landslide, risk, regional assessment, GIS technologies,
anthropogenic impact, anti-landslide measures.
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C.A. Tapuxazep"’, U.1. Mapnanos’

Teorpadus uHCTUTYTHL. aka. [.A. OMUEB aThIHAAFbl ¥JITTHIK FHUIBIM
akazemuschl, baky, O3ipOaiikan;
MY, Cymraur, O3ip0OaiikaH.
E-mail: kerimovl7@gmail.com

TAY AYMAKTAPBIHBIH TYPAKTBI JIAMY MAKCATBIHIATbBI
IKOI'EOMOP®OJIIOTUAJIBIK KATEPIAIH KOPCETKIILUITEPI

AnHoTtanusi. TaOufu reoxyienepai KOHE ONapAblH TaOUFH JKOHE
AQHTPOTIOTCHIIK (PaKTOpIapIbIH OCEPIHEH ©3repy epeKIIeTIKTepiH 3epTTey
allMaKTBIK OKOJOTHSUTBIK ~ MOCENIeTIepli IIENIyre FHUIBIMH  HETi3/IeNTeH
KO3KapacThlH KaKeTTUIriHEeH TybIHAaWAbsl. Tay reoxyiienepi KIMMAaTThIH
@3repyiHe )KOHE OMJIACTRIPhUIMAFaH aHTPOIIOTEH/IIK OPEKEeTTEPre OTe Ce3iMTall.

Ozipbaibkan  mieringeri YnakeH KaBkazgplH — Taynel  aliMarbIHAAFbI
AHTPOTIOTEHTIK OEJICEHIUTIK KoOiHece KOIIKIH MpOoIecTepiH Oaranay KoHE
KOIIIKIHre Kapchl Iapaiapbl jKy3ere acblpy mpobdieManaapbiMeH OailIaHBICTHI.
XKep cinkiny mpouecTepiHiH AaMybIH ailMaKThIK Oarajay oJap/blH maiga 6oy
MYMKIHAIT1H )KOHE OJIap/IbIH Maiiaa 001y KapKbIHIBUIBIFBIH, COHIAM -aK OJIapIbIH
IapyambiblK OOBEKTIIEpre ocep €Ty CHUMAThIH JKOHE ayMakTap IIeTiHIe
KEJNTIPUIreH 3aiall MOJIIepiH aHbIKTaybl Ooimkaiabl. KemkinaepaiH 1aMybiH
aliMaKTBHIK OaranayJbplH HETi3l apHaiibl aygaHnacTeipy Oombin Tadbbutagsl. OChI
ceberTi, Kelly mpolecTepin 3epTreyre apHanran ['AXK TeXHONIOTrusIChIH a3ipIey
eTe MaHbI3/bl, OyJI HaKThl yaKbITTa KaylNTUIIK JopexkeciH Oarayayfa, KayiITi
TEHACHIUSJIAP/BIH Makiaa O0MysIH OOMKayFa, IIYFBUT Typae Xabapiayra xKoHe
MYMKIiH 00J1ca, KayinTi KYObUTBICTApAbl OOIABIpMayFa MYMKIHIIK Oepe/ti.

Byn makanaubIH Makcarthl - YIIkeH KaBKa3IbIH OHTYCTIK -IIIBIFBIC OOTIriHACTI
KOUIKIHACPAIH AaMy ceOenTepiH aHbIKTay, aran aiTkKaHga lllemaxa oKiMIILTIK
aliMarbIHBIH MBICAJBIHIA, COHJAW -aK OHBIH CaJJapblH OapbIHIIA a3alTy
OolibIHINA IIapajapAblH CUIaTTaMachl. oJapAblH OelceHnipinyi. byn xepaeri
KOIIKIH TMPOIECTEPIHIH TEepiC dcep €Ty Macesecl peKpealusyIblK MakKcarTa
ayMaKThI OCJICeH/TI KeIICH Tl TaMbITyFa OaiIaHBICThl COHFBI OHXXBUIABIKTAFbI C€H
©3EKTI Moceliere aiHajabl.

Tyiiin ce3aep: KellKiH, Kayil, aiiMakThIK Oaranay, ['AJK texHonorusmapsl,
AHTPOMOTEHIIK 9cep, KOIIKIHTe Kapchl Iapanap.
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C.A. Tapuxazep"’, U.11. Mapnanos®

"Mucturyt ['eorpadum um. akan. [ A. Annesa HAHA, baky, A3zep0Oaiimkan;
2CI'Y, Cymraur, A3ep0OaiixaH.
E-mail: kerimovi7@gmail.com

NHAUKATOPBI SKOI'EOMOP®OJIOI'HMYECKOI'O PUCKA C
HEJBIO YCTOMYUBOI'O PA3SBUTHS TOPHBIX TEPPUTOPUI

AHHoTanusi. V3ydyeHue ecTeCTBEHHBIX I'€OCHCTEM U OCOOCHHOCTEH HX
TpaHchopMaMy MOJA BIUSHUEM ECTECTBEHHBIX M aHTPOIOTCHHBIX (aKTOPOB
BBI3BAHO HEOOXOIMMOCTBIO HAy4YHO-OOOCHOBAaHHOIO MOAXO/AA K PpEIICHUI0
pErHOHANBHBIX AKOJIOTMYECKUX Impobnem. [opHble reocucremMbl BechbMa
BOCIIPUMMUYUBBI K M3MEHEHMSAM KJIMMaTra U HENPOAYMAaHHON aHTPOIIOI€HHOU
NeSITEIbHOCTH.

AHTponoreHHasi JesTeNbHOCTh B TOpHOM o6nactu bomnbmoro Kaskaza
B mpenenax AsepOaiipkaHa 3adacTyr0 CBs3aHa C MPoOJIEMON  OIEHKH
OTIOJI3HEBBIX IPOLIECCOB U BBINNOJIHEHUS MPOTHUBOOIOI3ZHEBBIX MEPOIPHUATHIA.
PernonanpHast oOIlCHKa pa3BUTUSA OIOJ3HEBBIX IIPOLECCOB IPEAINOIAractT
BO3MOYKHOCTH MX BO3HMKHOBEHUS U MHTEHCUBHOCTU (DOPMUPOBAHUS, a TaKKe
BBISIBIICHHE XapaKTepa WX BO3JCHCTBUS HA XO35CTBEHHBIE 0OBEKTHI M pazMepa
HAHECEHHOr0 ypoHa B mpejenax Tepputopuil. OCHOBOM perMOHAIBHON OIEHKHU
Pa3BUTHSA ONOJI3HEH SBIIAETCS ClIELMAIbHOE palioHupoBanue. I1o 3Ton npuunze
aKTyaJIbHOM siBisieTcs pa3padoTka I MC-TexHOI0r1M UCcCeI0BaHus OMOI3HEBBIX
MIPOLIECCOB, KOTOPAsi Ja€T BO3MOKHOCTb OLIEHUTh B PEKUME PEAIbHOTO BPEMEHU
CTENEHb OINACHOCTH, CIPOrHO3UPOBaTh OOpa30BaHME OMACHBIX TEHICHIIMH,
CBOEBPEMEHHO HH(POPMUPOBATH 1 110 BO3MOXKHOCTH ITPEAYIIPEIUTH YIPOXKAIOIINE
SIBIICHUS.

Ilenpto naHHOW CTaTbU SABJISAETCS BBIABICHUE NIPUYUH Pa3BUTHS OIOJI3HEW B
10ro-BocTO4YHOM yactu bonpmioro KaBkasza, a uMeHHO Ha puMepe TepPUTOPUU
[ITemMaXWHCKOTrO aAMMHUCTPATUBHOIO PAiOHA, & TAK)KE ONMCAHUE MEPOIIPUATUI
10 MMHUMU3AIMK MOCIEACTBUNA OT MX akTuBU3anuu. [Ipobiema HeraTuBHOrO
BIUSHUS OINOJ3HEBBIX IIPOLIECCOB 3/€Ch CTaJ0 HaumOoJee axkTyalbHOW B
MOCJIEJHEE JACCATWIETUE B CBSI3M C AKTUBHBIM KOMIUIEKCHBIM OCBOCHHEM
TEPPUTOPHUH B LIEAX PEKPEALIH.

KiroueBbie ci0Ba: oOnon3eHb, pPHUCK, peruoHanpHas oneHka, ['HMC-
TEXHOJIOTHH, aHTPOIIOTEHHOE BO3AECHCTBUE, TPOTUBOOIIOI3HEBBIE MEPOIIPHUSTHS.

Introduction. The territory of the Greater Caucasus within Azerbaijan,
characterised by optimal natural conditions for agricultural and tourist
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development, is one of the regions with multiple developments of landslide
processes. Although landslide processes here are developed in almost all vertical
belts, they are most common in the mid-mountain belt. Landslide formation is
associated with the widespread development of limestone, clays, sandstones
and fissile shales, with a complex tectonic structure, dense fracturing of rocks,
and presence of actively developing splits and thrusts, and an abundance of
atmospheric precipitation. In addition, the study region is seismically active,
where frequent earthquakes contribute to the separation and sliding of landslide
material. For example, the largest landslides are found in the Girdimanchay River
basin, where most of the landslide areas are occupied by landslide streams. On the
southern slope of the Main Caucasian ridge, in the interfluve of the Mazimchay-
Goychay Rivers, landslides are mainly located at an altitude of 1300 to 3000 m,
which are composed of a marly-clay stratum of rocks and caused by the presence
of active faults and rock fractures. Landslides are located on the slopes of the
lateral spurs, characterised by large slopes, clay deposits, and the condition of
significant moisture (from 300-600 mm to 900-1400 mm/year). The steepness of
some slopes is more than 35-40°, in some places up to 70-80°. The most active
landslides are confined to the northern exposures of the slopes, and the area of
their distribution is small on the southern slopes.

Landslides in the high-mountain belt of the southern slope are relatively weak
and are observed in the headwaters of the Shinchay River, on the slopes of the
lateral spurs of the Gdim passage, on the slopes of the Gotur, Peygambarbulag
mountains, etc., where tectonic faults are widely developed. Landslides on the
southern slope of the Main Caucasian ridge cover the northern, northwestern,
and northeastern slopes of the middle mountains between the left tributaries of
the Ganikh River and the Vandamchay River basin, within the range of heights
from 1400 to 3000 m. The middle parts of the landslide slopes are characterised
by hilly dissection, and a forest is developed in the interhill depressions. The
so-called “drunken forest” is developed where landslide masses are actively
moving. In such areas, there are observed peaks, as well as parts of intensively
growing ravines, dry lands, and small valleys. The most mobile parts are confined
to the lower parts of the landslide slopes. In addition, landslides contribute
to the development of a gully-ravine network on the slopes of the northern,
northwestern, and northeastern exposure. Areal landslides and landslides-flows
are widespread in the Girdimanchay river basin (Dvoriansky, Khimransky,
Garchinsky, Lagichsky, Gaidansky, Severo-Khimransky, etc.). Landslides,
landslide-landfalls, and landslides-mudflows are widely developed on the
northeastern slope of the Greater Caucasus. In the development of landslides,
there is observed their natural confinement to the northern exposures of the Lateral
Ridge and the slopes of the erosion-structural mountains of the Main Caucasian
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Ridge, which is due to the stratification of rocks of clay and calcareous facies that
compose these slopes. In comparison with the southern and northeastern slopes,
landslide processes are most widespread in the southeastern part of the Greater
Caucasus. Their intensity is determined by large faults and thrusts (landslides
along the Malkamud, Gaynar, Gamirvan, Gazmakriz, Siyazan, Germian, and
other faulting), as well as by the wide distribution of clay deposits of the Maikop
series. Periodic activation of landslides is associated with heavy precipitation
and high seismicity (up to 9 points).

Purpose and methods of research. The risk of activation of landslide
processes is necessary for the performance of work on the identification of
landslide hazard areas and the identification of the reasons for the development of
landslides on the studied territory. The regional assessment of the development of
landslide processes implies the possibility of their emergence and the intensity of
formation, as well as the identification of the nature of their impact on economic
objects and the size of the damage inflicted on the territory. The main regional
assessment of landslide development is special zoning (Tarikhazer S.A. et.al,
2020). The results of these studies are widely used in the development of the
scheme of territorial planning and the identification of sites for various designed
structures and objects. In recent years, new methods of analysis and prediction of
landslide processes of different origin have been developed in various countries
and by numerous researchers (Pham T.B.et.al, 2016). As the majority of methods
of forecasting the landslide risk require a comprehensive analysis of the enormous
amount of factual material, there have increasingly been used methods based on
GIS technologies (Pendin V.V.et.al, 2009; Lee C.T. et.al, 2008; Komac M.A.
2006; Saro L. 2004). With the introduction of GIS technology, the assessment
of the landslide risk became possible in the course of scientific analysis and
economic assessment of the predictive development of the territory.

The purpose of this article is to reveal the reasons for the development of
landslides in the southeastern part of the Greater Caucasus, specifically in the
territory of the Shamakhi administrative district, as well as a description of the
activities to mitigate their activation. The problem of the negative influence
of landslide processes has become more relevant here in recent decades in
connection with the active comprehensive development of the territory for
recreational purposes.

The research results. The area of the Shamakhi administrative district
makes 1611 km?. If landslide processes were manifested in several villages of
the district - Mughanly, Maysari, Madrasa, etc. before 2000, where 180 houses
were exposed to landslide processes, then after the 2000s, more than 400 houses
in only seven villages of the district - Chabany, Madrasa, Maysari, [-Chayli,
Mughanly, Ajidere, and Galeybughurd fell into an emergency situation. Most of
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the families were evacuated. More than 100 houses in the village of Mughanly
were destroyed from April 2010 to March 2012. Currently, there are cracks of
various sizes in more than 150 houses in the village of Mughanly, with 460
households and a population of 2400 people. Two houses and 100 hectares of
land (private garden plots and arable lands, orchards) are completely destroyed.
In addition, the landslide processes are widely developed on highways in the area
as well: in three parts in the 3 km of Shamakhi-Pirgulu-Damirchi highway, 147-
153 km of Baku-Shamakhi-Aghsu highway and Gushchu-Alabashly highway,
24-25 km and 35-40 km of Shamakhi-Galeybughurd-Kechmeddin highway, 5-6
and 10 km of Chukhuryurd-Gizmeydan-Pirbayli highway, 25 km of Gushchu-
Chayli highway, in seven parts in the 19-20 km of Shamakhi-Geylar-Padarchel
highway, and Shamakhi-Mughanly highway, and others. There are 15 residential
houses in the 48A quarter of the city of Shamakhi in the landslide hazard zone.
Landslides destroyed one house, a road, and a water supply system. Numerous
cracks were found in seven houses (Tarikhazer S.A. 2020). The specificity of the
relief of the territory is one of the basic conditions that facilitate the formation of
landslides. It is the relief that determines the reserve of potential energy, which
contributes to the development of landslides.

From a geological viewpoint, the Shamakhi district corresponds to two
tectonic zones — Zagatala-Govdag synclinorium in the north and Shamakhi-
Gobustan structural zone in the south. Deposits of chalk have developed in the
northern part of the area, represented mainly by clays, masses of limestones
and limestone sandstones. Neogene and Paleogene sediments have developed
in the remaining territory. Pliocene (Pontus and Akchagylian) deposits prevail
in the central and southern parts of the region, represented mainly by clays,
sandstones, sands, etc. Shamakhi district is active from a seismic viewpoint. The
most ancient morphostructures of the region began to form within the Middle
Pliocene. Kaynar-Zangin and Ajichay-Alat deep faults and other faultings played
a significant role in their formation.

During monitoring surveys and decoding of the space images (SI), 76 most
active landslides of various types and scales were identified in the Shamakhi
administrative district (figure 1). It was found that the periods of formation of
new landslides and different movements coincide with the rainy season. This
is related to the change in the properties and condition of the soils composing
the slopes due to their excessive moistening. Besides, there is a rise in the level
of groundwater consequently with the growth of soil pressure. The amount of
atmospheric sediments exerted an impact on the hydrological regime of the
rivers, which determines the intensity of erosion processes and the activation of
landslides on coastal areas (Bui T. Et.al, 2017).
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Figure 1 — Overview map of the development of landslides in the Shamakhi
region.
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It was found that a large part of the Shamakhi administrative district is
characterised by a high risk of landslides. From a geological viewpoint, the zone
with a high landslide hazard includes territories where soil massifs are composed
of carbonate-terrigenous flysch: sandstones, mudstones, silts, clays, and clay
slates, which are located in the zone of influence of active tectonic faults. The
reason for the activation of landslide processes in this zone is the high energy
of the relief, as well as the weak strength of the soil massifs and their fracturing
by tectonic faults. The zone with a low landslide hazard includes areas and soil
massifs composed of sedimentary clays with stratified sands, sandstones, and
marls (Tarikhazer S.A 2020). By the development mechanism, most of them are
delapsing. A large part of the landslides is associated with carbonate-terrigenous
flysch (sandstones, argillite, siltstones, clays, and clay slates). In the Shamakhi
administrative district, landslides are particularly intensively developed in
the basins of the Girdimanchay River, in the upper and middle reaches of the
Aghsuchay and Pirsaatchay rivers, on the Govdag ridge, in Lagich, on the
Nialdagh ridge, in the Mudri basin, and others.

The intensification of anthropogenic impact on natural geo-complexes
causes the revival of undesirable processes that provoke a tangible threat to the
population of these regions. Among all geomorphological systems, alpinotype
orogenic areas, which include the territory of the Shamakhi administrative region
of the Greater Caucasus, have the overwhelming vigour of endo- and exogenous
processes. Therefore, the topic of comprehension and conclusion of the eco-
geomorphological threat that people encounter when settling in a specific area
is topical now. An important part of this problem is the development of new
methods for compiling maps of hazardous exodynamic processes and the risk of
natural resource use in the mountain geosystems of the Greater Caucasus based
on them. It is relevant and topical to use the indicator of protection against natural
disasters and natural calamities in the work to assess the eco-geomorphological
risk. There are a large number of methods for analysing the risk of environmental
management and predicting threatening eco-geomorphological processes.
However, these techniques are not sufficiently reliable under present-day
conditions. This, in turn, determines the relevance and need for the development
of original or modernised methods of strategies for the prevention, protection,
and elimination of the consequences of calamities and natural disasters. The
critical ecological situation that has developed in the Greater Caucasus, coupled
with an excessive revival of the settlement processes of a certain zone, becomes
the reason for the need to develop modern scientific and methodological tactics
for the dilemmas of environmental protection and the conservation of the natural
habitat. The issues of environmental protection, conservation of the natural
habitat, and their reasonable use should be resolved not only by the method of
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eliminating the negative outcomes of natural phenomena and economic activities
but also by the method of developing a device for alerting their permissible
results. The development of the basis for the formation and implementation of
regional policy in the field of ensuring environmental safety is an important
component of achieving sustainable socio-economic development of the
country and its regions. The urgency of the problem of ensuring environmental
safety in Azerbaijan stems not only from the natural features of high mountain
ecosystems, which predetermine their increased vulnerability under the man-
caused impact but also from a sharp deterioration of the environmental situation
in many regions of the country.

The study of natural geosystems and the features of their transformation,
under the influence of natural and anthropogenic factors, is caused by the need
for a scientifically based approach to solving regional environmental problems.
The mountainous geosystems of the Greater Caucasus are characterised by the
high-altitude zoning of landscapes, the complexity of the space structure, and
the dynamism of development. Mountain geosystems are highly susceptible
to climate change and ill-conceived anthropogenic activities. As a result, the
quality of the habitat is reduced, and the ecological situation is deteriorating.
The lack of modernised technologies for sustainable nature management in the
mountains, the legislative base that does not work on the ground, the hitherto
prevailing opinion about the infinity of natural resources, and a very weak
ecological culture of relations between people and the natural environment have
tangibly affected the natural complexes of the region. The growth of the human
factor in the surrounding geo-complexes in the past years provokes the revival
of landslide processes, which form a colossal threat to the population of specific
regions.

The main features that reflect the degree of risk of landslide processes are the
intensity and the activity of their manifestation, as well as the speed and power of
the flow. Based on the before-mentioned, namely, the features of the manifestation
of landslide processes and their impact on the eco-geomorphological situation
and living conditions of people, a geomorphological risk map was compiled
using the example of the Shamakhi administrative region (figure 2). We have
identified three zones with different levels of geomorphological risk on the map:
low, medium, and high.
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Figure 2 — Map of geomorphological risk from landslide processes in the
Shamakhi administrative region.
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According to the State Statistics Committee of Azerbaijan, the population
of the Shamakhi region is 103 thousand people (for 2018). There are 1 city, 3
towns, and 61 villages in the Shamakhi region. The first zone with an area of 481
km? (29.8%) and a population of 13781 (17 settlements) people is characterised
by a low risk to the population against the impact of landslides. The second
zone with an area of 973 km? (60.4%) and 80500 people (33 settlements) is
characterised by an average risk for the population against the impact of landslide
processes. The third zone with an area of 157 km? (9.8%), where 8719 people
(15 settlements) live, is characterised by a high risk for the population against
the impact of landslide processes (figure 3).
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Figure 3 — Diagram of the population of the Shamakhi administrative region
by risk zones.

Thus, if landslide processes, significant in their manifestations, practically
do not entail unintended socio-ecological consequences, this may be due to
the poor development of the territory. Conversely, minor landslides can cause
serious damage to nature and people if they occur in areas with a high population
density.
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Landslide protection measures. The design of the entire complex of
landslide prevention measures should be based on a detailed analysis of the
reasons for the development of the process and the conditions in which it occurs.
The main requirements of landslide prevention measures should be: 1) effective;
2) reliable; 3) sustaining; 4) ensuring the manufacturability of the device
of protective structures and their operation. By efficiency, we mean both the
economic (feasibility of an event) and technical (the likelihood of ensuring its
sustainability during the implementation of measures) side. A number of authors
(Pendin V.V. et.al, 2015) distinguish “active and passive” among measures to
prevent the development of landslide processes. The active measures include
the elimination of the main causes of this process, namely the creation of a
drainage facility for the removal of groundwater from the landslide mass and
the regulation of surface-water flow due to atmospheric precipitation. Passive
measures include the construction of retaining walls of concrete and reinforced
concrete. To mitigate unintended consequences in the landslide zone, a regime
is established that regulate the rules for the production of any economic activity,
including the operation of various structures (Pendin V. V. et.al, 2008).

Conclusion. Construction of facilities, road building, etc. in mountainous
areas are always accompanied by cutting of slopes, which contributes to the
formation and activation of landslides. To ensure the safety of the operation of
objects in landslide zones, it is necessary to arrange technical protection measures,
the main stage of the development of which is risk analysis. This will allow both
minimising possible economic losses from landslides and optimising the complex
of the landslide protection measures. One of the main elements of risk analysis
is the assessment of damage from undesirable effect. We believe that the review
of the damage from landslide processes in the Shamakhi administrative region
carried out in the work can be used in the future to take administrative measures
to mitigate landslide risks based on the designing (economic and technical) the
implementation of measures for the technical protection of the study area.
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