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2 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 Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



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
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Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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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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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:
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SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
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Zh. Zhantayev', D. Talgarbayeva'’, A. Kairanbayeva', D. Panyukova?,
K Turekulova?

'LLP Institute of Ionosphere, Almaty, Kazakhstan;
’L.B. Goncharov Kazakh auto road institute (KazADI), Almaty, Kazakhstan;
SLLC Seismology Institute, Almaty, Kazakhstan.
E-mail: turebekova.d.n@gmail.com

COMPLEX PROCESSING OF EARTH REMOTE SENSING DATA
FOR PREDICTION OF LANDSLIDE PROCESSES ON ROADS IN
MOUNTAIN AREA

Abstract. Today, the economic development of mountain territories leads
to the fact that mountain ecosystems are undergoing significant changes in
land use. Highways in mountainous areas are practically the only transport
routes. Their construction and other facilities lead to a sharp increase in man-
made loads on the natural environment and to an increase in the danger of
its significant negative change. Based on the above, engineering-geological
studies of exogenous processes are now becoming increasingly important.
Landslide processes are the most common and at the same time the most
complex, lengthy and multifactorial, causing significant material damage.

The study of the mechanisms of landslide processes with the involvement of
modern satellite technologies is part of a global project funded by the Ministry
of Education and Science of the Republic of Kazakhstan on the topic «Design
of an intelligent system to forecast landslides’ processes and their influence
on the roads’ technical and operational characteristics». Within the framework
of this project, new knowledge will be gained in the theory of forecasting
the occurrence of landslide processes and their impact on the technical and
economic indicators of highways, which undoubtedly has applied significance
and contributes to the widespread introduction of intelligent systems for
forecasting and making industry decisions.

This project is especially relevant for the road industry of Kazakhstan, as
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issues related to the destruction of roads under the influence of natural disasters,
such as landslides, remain poorly understood. Therefore, the purpose of the
study is to survey the landslide slope in the area of the « Almaty-Cosmostation»
highway and identify the causes of the destruction of the highway for the
development of recommendations. This site was chosen due to the extreme
danger associated with the possible closure of the river flowing through the
gorges along the road under study due to a landslide slope. This can lead to a
change in the riverbed, the formation of a strong water flow, which will create
a danger to the population, will lead to significant material damage.

Key words: Remote sensing, geodynamic processes, earth surface
displacements, road diagnostics.

K. Kanrtaes', I.H. Taarap6aeBa'’, A.b. KaiipanoaeBa',
J.B. llanokoBa’, K.A. TypekyaoBa®

'AK Honocdepa unctutytsi, Anmatsl, KazakcraHn;
2JI.b. Tonuapos areiHaarsl Ka3ak aBTOMaOMIIb-KOJI HHCTUTYTHI,
Anmarsl, Kazakcrasn;
SKUIC Ceiicmonorust ”HCTUTYThI, AsnMaTsl, KazakcTas.
E-mail: turebekova.d.n@gmail.com

TAYJIBI JKEPTEPIETT ABTOMOBHJIb JKOJIJAPBIHIA KOIIKIH
MPOLECTEPIH BOJKAY YIIIH KEPAI KAIIBIKTBIKTAH
30HATAY AEPEKTEPIH KEIMIEHI OHJEY

AHHoTanusi. byrinae taynasl ayMaKTapAblH SKOHOMMKAJIBIK JaMybl Tay
9KOXKYHEJEePiHiH Kep/i naiaananyaa alTapibIKTaid e3repicTepre YIslpayblHa
okeneni. Taymbl aymakrap/arbl aBTOMOOWIIb JKOJJIAphl 1C JKY3IHIE KaJFbI3
KOJTIK YKOJIbI 00JIBITT Ta0BIIa 6. Oapabl )KoHE Oacka 0OBEKTINep Il camy TaOuFu
OpTara TEXHOTEHJIK XYKTeMeJepiH KYPT ecyiHe »KoHe OHbIH alTapibIKTai
Tepic e3repy KaymiHiH ecyiHe okeneni. JKorapelna alTeuiFaHnapra cylieHe
OTBIPBII, Ka31pri yakbITTa SK30T€H/IIK POLIECTEPAl HHKEHEPIIK-T€0IOT UsITBIK
3epTTey MaHbI3ABl Oona Tycyme. KemikiH mpolecTtepi €H Kom TapajifaH
JKOHE COHBIMEH Oipre eH KypJeii, y3aK >KOHE Keml (aKTOpJIbl, alTapIiIbIKTai
MaTepHUaJIbIK HIBIFBIH OKeJIe]Ii.

3aMaHayd CIHYTHHUKTIK TEXHOJIOTHUAJIApAbl TapTa OTBIPBIN, CBHIPFbIMA
MPOLIECTEPIHIH Maina 00y TETIKTEpiH 3epAeliey «CBhIpFbIMa MPOLECTEPiH
OoIpKaMIayIbIH 3UATKEPIIIK )KYHECiH a31piiey aKoHe 0JIapAbIH TayJIbl )Kepiiepaeri
aBTOMOOWJIb JKOJAAPBIHBIH TEXHUKAJBIK-NIAHAaIaHy CUIIaTTamMallapblHa acepi»
TakpIpbIObIHAa KP BEM KapxbinanabipaTsis skahanIblK xKoOaHbIH Oip Oeriri.
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Ochl x00a meHOepiHAe KOIIKIH MNpolecTepiHiH mnaiiaa OosybslH Ooikay
KOHE OJapAblH AaBTOMOOWIIb IKOJNJAPBIHBIH TEXHHKAJBIK-IKOHOMHKAIIBIK
KOPCETKIIITepiHe ocepi TEOpHsACHIHAA >XaHa OUTIM ajblHAIBI, Oyl ce3ci3
KOJ11aHOAJIbl MOHT€ M€ JKQHE callaJIbIK LIenrimMaepl 0oipkay *koHe KaObuiiay
YIIIH 3UATKEPIIIK KyHeaepal KeHIHEH eHTi3yTe bIKMal eTe/l.

by x06a Ka3zakcTaHHBIH aBTOXKOJI Cajlachl YIIIH e€peKIne ©3eKTi, OUTKeH1
KOUIKIH CUSKThl TaOUFU CTUXMSUIBIK KYOBUIBICTap/bIH 9CEPIHEH >KOJIapblH
KHpayblHa OalIaHbICTBI Macenenep a3 3eprrenreH. COHIBIKTAH 3epTTEYIiH
Makcarhl «Anmatbl-KocMocTaHIUs aBTOMOOMITH KOJIbI ayJJaHbIHJAFbl KOIIKIH
OOKTEpiH 3epTTey XKOHE YCBHIHBIMIAP 93ipJiey YIIiH aBTOMOOWIIb >KOJIBIHBIH
Oy3buTy cebenTepiH aHbIKTay. bysn ydacke KemikiH OeTKEHiHIH cajlgapblHaH
3epTTENICTIH KON OOWBIHAAFBI IIATKAJIJAAp apKbUIBI aFbIll JKaTKaH ©3CHHIH
BIKTUMAJ OerenyiHe OalIaHBICTHI TOTEHIIE Kayilke OaiaHbICThI TaHAAJIbI.
©3eH apHAChIHBIH ©3Trepyl KYLITI Cy aFbIHBIHBIH Iaii1a 00JIybIHA OKETyl MYMKIH,
OyJ1 XaJIbIKKa Kayil TOHIpe/l )KOHEe alTapibIKTail MaTepHalIblK IIBIFbIHIAPFa
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KOMILJIEKCHASI OBPABOTKA JJAHHBIX JUCTAHIIMOHHOI'O
30HJIUPOBAHMUS 3EMJUIN JIISI IPOT'HO3UPOBAHUS
OITIOJI3BHEBBIX ITPOIIECCOB HA ABTOMOBWJIBHBIX JOPOTAX
B T'OPHOM MECTHOCTH

AnHoTaumusi. Ha ceromHsmHuil JA€Hb XO3SMCTBEHHOE OCBOEHHUE TOPHBIX
TEPPUTOPHUI MPUBOAUT K TOMY, UTO TOPHBIE 3KOCHUCTEMBI MPETEPIIECBAIOT
3HAYUTEJIbHBIE  HM3MEHEHHS B 3€MJIENOJB30BAHHMHA.  ABTOMOOUJIBLHEIE
JIOPOTH Ha TOPHBIX TEPPUTOPHUAX SBISIOTCS MPAKTUYECKH €IMHCTBEHHBIMU
TPAHCTIOPTHBIMU MyTsMU. VX CTPOUTENHCTBO U APYTUX OOBEKTOB MPUBOAUT
K PE3KOMY BO3PacCTaHHUIO TEXHOTEHHBIX HAarpy30K Ha MNPUPOAHYIO Cpeay U K
pPOCTY ONACHOCTH €€ CYLIECTBEHHOI0 HETaTMBHOTO M3MeHeHusd. Mcxons w3
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BBIIIECKa3aHHOTO, B HACTOSIIEE BpeMs Bce Oolibliiee 3HaYeHHE MPUOOpeTaroT
UHXEHEPHO-TE€OJIOTUUECKUE  HUCCJIENOBAaHMUS  3K30T€HHBIX  IIPOLECCOB.
OrnoJsi3HEBBIE MPOLIECCHI SIBISIOTCS CaMbIMU PACHPOCTPAHEHHBIMU U B TO K€
BpeMs Hanbosee CIOKHBIMH, IIUTEIbHBIMU U MHOTO(GAKTOPHBIMU, IPUHOCH
3HAUMUTENIHHBIN MaTepUaIbHBINA yIIIEpO.

N3yuyenne MexaHM3MOB BO3HHUKHOBEHHUS OIOJ3HEBBIX IIPOLECCOB C
IIPUBJICUEHUEM COBPEMEHHBIX CIyTHUKOBBIX TEXHOJIOTMH SIBJISETCS YacCThIO
rnobanbHOro mpoekra, ¢uHancupyemoro MOH PK na temy «Pa3spaborka
MHTEJUIEKTYaJIbHOM CUCTEMBI IPOrHO3UPOBAHUS ONOJI3HEBBIX IIPOLIECCOB U UX
BJIMSIHUSL HA TEXHUKO-IKCILTyaTallMOHHbBIE XapaKTEPUCTHUKU aBTOMOOMIIBHBIX
JIOpOT B TOPHOM MecTHOCTW». B paMkax NaHHOrO npoekra OyayT MOJy4YeHBI
HOBBIC 3HAHMS B TEOPUH MPOrHO3a BOSHUKHOBEHHUS OIOJI3HEBBIX IPOLECCOB U
UX BJIMSHUSA Ha TEXHUKO-IKOHOMHMUYECKHE IOKa3aTed aBTOMOOMIIBHBIX JIOPOT,
YTO, HECOMHEHHO, UMEET MPUKIIATHOE 3HAYCHHE U CIOCOOCTBYET IIHPOKOMY
BHEJIPEHUIO MHTEJUIEKTYaJbHbIX CHUCTEM JJI IPOTHO3UPOBAHUS U NPUHATHS
OTPACJIEBBIX PEIICHUM.

DTOT NPOEKT 0COOEHHO aKTyaJleH JJis aBTOJIOpOKHON oTpacinu KazaxcraHa,
TaK KaK BOIPOCHI, CBSI3aHHbIE C pa3pylIeHHEM JOpOr MOJA BO3ICHCTBHEM
IPUPOAHBIX CTUXMUWHBIX SIBJICHHM, TaKMX KakK OIOJI3HHM, OCTaKTCs
Majou3ydeHHbIMH. [103TOMy 1enblo uccieqoBaHus SABISETCS 0Ociea0BaHue
OMOJI3HEBOTO CKJIOHA B pallOHE aBTOMOOWJIBHOM JOpOoru «AJIMaThl-
KocmocTanuus» u BBISIBICHHE IPUYUH pa3pyLICHUs] aBTOMOOHMIIBHOM Joporu
Uil pa3paboTKy pekoMeHjanui. JlaHHBIA y4acTOK ObUI BBIOpPAH BBUIY
YpE3BbIYANHON OMACHOCTH, CBSI3AHHOM C BO3MOXKHBIM IE€PEKPBITHEM PEKH,
MIPOTEKAIOUIEH MO YIIEIbsIM BJIOJIb MCCIEIyEMOW TOPOTU H3-3a OIOJ3HEBOTO
CKJIOHAa. DTO MOXKET INPHUBECTH K H3MEHEHHUIO pycia peKu, 00pa30BaHUIO
CHUJIBHOTO BOJHOTO IIOTOKA, YTO CO3JACT OMACHOCTH JJIs HACEJICHUS, IIPUBENET
K 3HAYUTEIbHOMY MaTepHalbHOMY yIepoy.

KiroueBble cJji0Ba: JHMCTaHIMOHHOE 30HIMPOBAHHUE, T'€OJAMHAMHYECKUE
MIPOLIECCHI, CMELIEHUsI 36MHOW MOBEPXHOCTH, AMATHOCTUKA aBTOMOOMJIBHBIX
JOpOT.

Introduction. Currently, space survey and remote monitoring technologies
are actively used throughout the world in land use planning, both for general
tasks (Abdelaziz et al., 2020) and for planning urban areas (Anderssohn et
al., 2008:8). This makes it possible to significantly reduce the work time of
specialists and optimize the work as much as possible at the planning stage of
various states and local level works (Chang et al., 2019).

Mapping landslides along highways is a necessary condition for making
optimal technical decisions when designing and maintaining roads, taking
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into account the likely areas of slope destruction (Cees et al., 2008:19). Over
the past two decades, studies on predicting the risk of landslides have been
conducted all over the world (Dou et al., 2020:17).

Meanwhile, the causes of landslide processes, first of all, are the impact
of various natural processes developing on the slopes (De Rouffignac et al.,
1995:14). Taking into account the impact of natural factors and processes on
the highway is one of the fundamental principles in the design of the highway
both as a transport structure and as an engineering structure (Elias et al.,
2020). In many ways, the importance of this principle is well known and is
explained, first of all, by the closest connection of the road with the geological
environment and all those deeply natural processes that occur in it and on its
surface (Kirschbaum et al., 2018:18).

Factors determining landslides on highways can be divided into 2 groups
(Krutskikh et al., 2018:9):

* Potential — geology, relief and seismic hazard of the area, characteristics
of groundwater;

* Provoking — climate, weather conditions, erosion of streams, human
development and vibrations from the movement of cars (Yesilnacar et al.,
2005:15).

The multifactorial nature of the occurrence of landslides determines the use
of an integrated approach when calculating the risk of dangerous situations.
Within the framework of the project funded by the Ministry of Education
and Science of the Republic of Kazakhstan on the topic “Development of an
intelligent system for predicting landslide processes and their impact on the
technical and operational characteristics of highways in mountainous areas”,
an intelligent system will be developed designed to make decisions to ensure
the quality of the roadway with the use of complexing of space sensing data,
technical and operational characteristics of the highway obtained in as a result
of diagnostics using a road laboratory, methods of geo-radar sensing, climatic
data from weather reports. An important aspect of this study is to clarify the
key variables that cause landslides. Therefore, it is necessary to select more
objective data for cross-analysis in accordance with the overall potential and
initiating factors before an objective generalized conclusion can be made.

Almaty is one of the major cities of Kazakhstan, where mountain highways
pass, which are often destroyed by landslides, mudfiows caused by sudden
changes in weather conditions. Therefore, a section of the earthquake-prone
mountain road to the Big Almaty Lake (BAL) was taken as an object of
research.

Research Material and methods. There are a number of parameters that
can be used to describe the structural condition of roads obtained by processing
satellite data:
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* Vertical displacements of the Earth’s surface based on SAR interferometry
data;

* Morphometric analysis of DEM;

* Characteristics of vegetation and soil cover;

* Snow cover.

* Development of a map of vertical displacements of the Earth’s surface
based on SAR interferometry data of the mountain highway to the Big Almaty
Lake.

Observation of movements of the Earth’s surface when monitoring the
condition of highways is a priority task.

Since a road with a length of 26 km (Fig. 1) was investigated, an area
processing of measurements was chosen, this is not only economically
profitable, but also productive, due to the uniform coverage of the studied
area. The methods of SAR interferometry have long established themselves
as a reliable tool for monitoring the displacements of the Earth’s surface for
any tasks related to the monitoring of technical objects. Methods of multi-pass
interferometry, in the presence of an initial data volume of more than 30 images
and with the smallest time base, make it possible to obtain displacements of the
observed surface with millimeter accuracy.

Input data. 75 archival images of the Sentinel-1 satellite for the period
2017-2021 were used to assess the geodynamic state of the highway territory
and develop an appropriate map. After analyzing the archival optical images,
the snow period of this territory was determined, this lasts from November to
April. This is done due to the low coherence of the images of the Sentinel-1
satellite in the conditions of a mountain cluster; therefore winter images were
excluded from the calculations.

Since this processing takes place in mountainous terrain, two images
processing in ascending and descending orbits were carried out for a complete
overview of the highway.

Specifics of Sentinel-1 data processing on the territory of the BAL. The
processing of radar images is reduced to calculating the phase difference of
the reflected signal from the same object for repeated shooting dates and its
subsequent transformation into a change in elevation. The phase difference
is calculated by creating interferograms — the result of pixel-by-pixel
multiplication of two images with further conversion to the amplitude of the
displacements, implemented in the ENVI-SARscape software package (Harris
Geospatial Solutions, USA).
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Almaty
\

Figure 1. Overview drawing of the highway to the Big Almaty Lake
(the blue line is the length of the road under study, the red square is the test
site, the yellow dots are places with pronounced defects on the road)

As aresult of using a set of interferograms for different shooting dates, it is
possible to track the dynamics of vertical displacements of points on the earth’s
surface, that is, to build a map of displacements or the velocity of vertical
displacements over the time period under study.

To analyze multi-pass chains of interferometric radar images, two
modifications of radar interferometry are implemented in SARscape: Small
Baselines Series Interferometry (SBas) and Persistent Scatterer Interferometry
(PS). To solve the problem of the project, a modification of PS was used, due
to the fact that the road is a good signal reflector (Zhantayev et al., 2017:4).

The PS modification is characterized by the accuracy of estimating
displacements of 2-4 mm per year. For a guaranteed successful processing
result, it is necessary to take a series of at least 25-30 images of the same
territory for different dates taken in the same shooting geometry (Saf’yanov et
al., 2014:5).

During processing, the program automatically selects the main image, on
which the remaining images of the interferometric chain are recorded with an
accuracy of 1/100 pixel. Next, the program builds interferograms for each pair
of images.

Then the program determines the points — persistent scatterers of the radar
signal. Several thresholds are used to select points: the amplitude correlation
threshold, the coherence threshold, the spatial standard deviation of the
displacements of the first iteration, etc. After the persistent scatterers are
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determined, the procedure for estimating phase differences and multi-time
phase sweep is performed for them. It is in the phase difference of each image
that the magnitude of the displacements for the period between the shooting of
these images is recorded.

Thus, for each of the selected points, the chronology of the phase change in
time is restored, which is then mathematically recalculated into displacements
in millimeters. Additionally, a special filter is used during the processing to
remove the possible influence of the atmosphere on the interferometric phase.

The result of processing is a vector file of points, in the attributes of which
are written:

* displacements as of each shooting date;

* average annual displacement rate;

* total amount of displacement;

* coherence;

* height above the ellipsoid WGS-84.

Characteristics of vertical displacements maps. As a result of interferometric
processing by the PS method for the period 04.2017-05.2021, an interpolated
map of the amplitude of vertical displacements of points of the Earth’s surface
to the territory of the studied area was created and corresponding graphs of
vertical displacements characterizing individual areas of the territory of interest
were constructed (Fig. 2).

Figure 2 shows several graphs of vertical displacements, indicating that
slow but steady subsidence occurs in sections 4 and 5 during the observed
period with amplitude of up to 30 and 20 mm. And in areas 1, 2, 3, elevations
are observed, which reach up to 20 mm on the 3™ area, and up to 10 mm on the
Itand 2" in 5 years.

Figure 2. Map of the distribution of the values of the amplitudes of vertical
displacements in mm of the points of the Earth’s surface on the last date of
the survey
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Morphometric analysis of DEM. The nature, scale and intensity of natural
exogenous slope processes affecting the highway depend to a very significant
extent on the characteristics of the territory through which the road passes. In
this regard, the mountain relief is of particular importance, the consequences
of geodynamic processes often turn out to be such that these processes are
called “dangerous”.

Relief is one of the main factors in the differentiation of landscapes.
Currently, due to the development of digital technologies and the wide
availability of remote sensing data, a detailed assessment of the relief as a
landscape-forming factor has become possible (Robbins et al., 2016:13). The
use of DEM has greatly simplified the morphometric analysis of the relief
(Piriev, 1986:120). It is the relief and its parameters that are recognized as
the most important in the selection of landscapes (Richards et al., 2007:24).
Obtaining morphometric information about the shape and structure of the
relief surface serves as an initial procedure that precedes a meaningful study
of genetic, dynamic, temporal (i.e. general geomorphological) aspects of the
functioning of the relief (Mikhailov, 2015:8).

Input data. As initial data for GIS analysis of morphometric indicators of
the relief of the studied region, the materials of the ALOS PALASAR satellite
survey were used. This DEM has a grid with a cell size of 12.5%12.5 and a kind
of raster file in which the pixel value is the height above sea level at a given
point. The mathematical basis of the data is the reference ellipsoid WGS-84
and the projection GCS WGS 1984.

Processing methodology. Morphometric analysis of the relief of the
BAL mountain highway was performed on the basis of the DEM using GIS
technologies. Based on the processing performed, the following parameters
were obtained: dissection index, aspect, slope, solar radiation, TWI.

To process DEM data, we used the ArcGIS software package (ESRI, Inc., USA).

Dissection index. This indicator expresses the ratio of relative relief (in
this case, vertical dissection) to absolute relief (maximum relief indicators)
(formula 1). DI — the dissection index, Z wu Z . — maximum and minimum
elevation values:

Zmax - Zmin
o M

The index is an important indicator of the nature and magnitude of the
dissection of the surface, i.e. it shows the nature of vertical dissection. A high
index value indicates active mountain formation; a low value corresponds to
stable areas. The value changes from zero (complete absence of dissection) to
one (vertical rock). Within the study area, this indicator varies from 0.002 to
0.03 (Fig. 3).

189



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

Dissection index

05308 seaot 705850°E 63907

SR T T 60T

Topographic Wetness Index

7655207 76550 907 768710

6 76SN0E 76 SR0E 60 76SI0E wWIWE &

Figure 3. Results of morphometric analysis of DEM

Aspect and slope. One of the main morphometric indicators analyzed in this
work are the slope angles and aspect. The calculation of the slope is necessary
in the assessment of slope processes, in the calculations of soil erosion, land
assessment, etc.

The aspect is one of the morphometric characteristics of the relief,
characterizing the spatial orientation of the elementary slope. The orientation
of slopes through the influence on erosion and denudation activity determines
the morphological properties of the earth’s surface. Aspect can be considered as
the direction of the slope. The slope and aspect at any point of the raster DEM
are calculated using adjacent cells in the window (sliding window method).

Solar radiation. Solar radiation analysis tools allow you to map and analyze
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the effects of the sun by geographical area for specific time periods. This
parameter reflects the amount of possible incoming solar radiation.

Topographic Wetness Index —displays the potential humidity of the catchment
area and represents the natural logarithm of the ratio of the drainage area to
the slope tangent. Large values of this index correspond to the accumulation
of moisture, its increased content in the soil, which, in turn, affects other soil
characteristics, microclimate, water balance, etc. This index is widely used to
predict soil characteristics, to assess surface runoff, the degree of soil moisture
and the movement of detrital material based on DEM. TWI makes it possible
to assess the prerequisites for the development of waterlogged lands and take
this factor into account when planning optimization measures (Fig. 3).

Characteristics of vegetation and soil cover. Among the factors influencing
the occurrence of landslides, the condition of the earth’s surface and vegetation
cover are also of great importance. Since the vegetation cover retains
precipitation, not only reducing the erosion of the earth’s surface, but also
improving the adhesion strength of root systems to stabilize the soil mass on
the slopes. Based on the above, the analysis of the materials of the optical
survey of the Landsat-8 satellite with a resolution of 30 meters was carried out
in order to calculate the vegetation index.

To calculate the vegetation index, SAVI was taken — this is the vegetation
index, which tries to minimize the effect of soil brightness by using the soil
brightness correction coefficient. It is calculated by the following formula 2:

SAVI=((NIR-RED)/(NIR+Red+L))x(1+L) (2)
which:
NIR — pixel values from the near infrared channel;
Red — pixel values from the near red channel,
L — the value of covering green vegetation.
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Figure 4. Map of the SAVI vegetation index
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Results of processing optical images in order to identify the snow cover. It
has already been mentioned above that precipitation has a direct relationship
with the condition of the road surface. Therefore, the study of snow cover is an
integral parameter for monitoring highways.

As the source material of remote sensing data, 50 cloudless Landsat images
for the period from 2017 to 2021, taken during the snowy period, were used.
All the necessary channels of the selected image were subjected to radiometric
calibration and conversion of the brightness values DN to the reflectivity
values of the underlying surface. To reduce the influence of the atmosphere
and further compare different time data, atmospheric correction by the DOS
method was applied. The normalized Snow Difference Index (NDSI) was used
for identification:

NDSI = Green — Swirl (3)
"~ Green + Swirl

Based on the processed images, the snow period of this site was determined
— from mid-November to early May. As an example of the processed array, it
is presented for 2018 in Figure 5.

25.01.2018 31.01.2018

09.02:2018

wsears
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Figure 5. Example of snow cover for 2018
(Gray color — snow, green color — earth)

Result and discussion. The Almaty-Cosmostation highway was repaired in
2021. Visual assessment of the road surface at the beginning of the investigated
section, i.e. from the city of Almaty in good condition without visible defects.
As a test site for ground-based observations, the polygon indicated in Figure
1 was taken. 5 areas with more pronounced changes were allocated at this

polygon.

Area 1 Ara »2 » Area 3

Figure 6. Longitudinal and transverse cracks formed on the surface of the
automotive coating in areas 1-3

The comparison of space and ground data showed a qualitative
correspondence. So in areas 1, 2, 3, according to radar interferometry data,
elevations were recorded. Field work carried out by the road laboratory
recorded axial and oblique deep cracks, as well as the effect of soil sliding is
observed (Fig. 6). In area 4, the formation of transverse cracks has a different
character (Zhantayev et al., 2021:9). This area is located on sharp turns and
due to poor drainage from the road surface, the slope of the roadbed has been
eroded (Fig. 7), which is confirmed by the results of interferometry in the form
of subsidence (Fig. 2). The area is characterized by transverse cracks covering
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the entire width of the roadway. Stable subsidence of the earth’s surface was
also recorded on area 5, which are reflected in the form of small pits on the
surface of the highway (Fig. 8).

Figure 7. The formation of erosion of the slopes of the roadbed on area 4

Figure 8. Small cracks and pits that appeared on the surface of area 5

Conclusion. Analysis of archived and up-to-date radar data has shown that
the use of the SAR interferometry method is an effective method for areal
remote monitoring of mountain highways, despite the inaccessibility of this
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territory. The processing results allowed us to identify areas with deformation
processes that directly affect the condition of the road. For the next two years,
it is planned to process a large array of up-to-date remote sensing data, for
which recommendations will be offered.

The appearance of transverse and longitudinal cracks on the test site is not
associated with the influence of dynamic load from moving vehicles, because
starting from 13 km from the beginning of the study area; traffic is suspended
due to construction work.

The presence of the above parameters allows us to take into account the
nature of the development of negative natural processes. After analyzing the
areal distribution of these parameters, the neural network after training will
show how much each of them is of paramount importance.
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