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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MpeANPUHUMATENILCKUE HaBBIKK. Tak, Ha COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«Xanplk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesunenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H =19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimagacteipsuiran npogeccop, Haszapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachHBIH ¥IJITTHIK FRUTBIM akagemusicey PKB, 2024
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBernHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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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
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Abstract. The materials of the publication reflect the importance of using
geoinformation technologies for predicting ravines in the territory of the North
Kazakhstan region. For the study, a section of the A16 Petropavlovsk-Zhezkazgan
highway was chosen, where dozens of ravines with different growth rates are
located. Satellite images for 2003, 2016, and 2019 were used for monitoring.
A feature of the images is their detail and accuracy, which makes it possible to
analyze the features of the structure and determine the dynamics of growth and
the coordinates of the ravines. The calculations were made using the Google Earth
program. To determine the dynamics and forecast of ravine erosion, the growth rate
of the tops of ravines was determined according to the generally accepted method.
Based on this technique, a model for predicting the growth rate of ravines in the
Microsoft Excel program was developed. After entering the indicators in the Excel
table, the model calculates the growth rate of the ravine and gives a forecast for
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the next 30 years. The model was developed for natural ravines, the calculations
present data typical for the North Kazakhstan region. The accuracy of the model
depends on many factors. These are soil density, coefficient of erosion resistance
of soils, amount of precipitation, and presence of vegetation cover. The result of
the calculation obtained by the developed model is visualized as a sinusoid of the
growth of ravines for the studied and predicted period. The used geoinformation
technologies make it possible to carry out complex monitoring studies of ravines
to predict their dynamics within the boundaries of the North Kazakhstan region.

Keywords: geoinformation systems, ravines, gully erosion, forest protection,
North Kazakhstan region
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AnHoTtanusi. baceuieiM Marepuangapel Conrtycrik Kaszakcran o0OMBICBIHBIH
ayMarbIHIAFbl JKbIpajiapAbl OoOJpKay VIIIH TE0aKMapaTThIK TEXHOIOTHsUIApAbI
naiananyelH MaHbI3IBIIBIFBIH KepceTei. 3epTrey yurin [lerponasn — XKeskasran
Al6 TpaccachlHBIH ydyacKeci TaHJalAbl, OHIa ©Cy KapKbIHBI dpTYpJi OHAaraH
XKpIpasap opHamackaH. bakputay yrmia 2003, 2016 xone 2019 xepuimapmarsl

66



Reports of the Academy of Sciences of the Republic of Kazakhstan

FApBINITHIK CypeTTep KOMAaHbUIABL. CyperTepiH epeKIIeNiri-KypbUThIMHBIH
ePEeKILEeTIKTePiH TaIIayFa, 6Cy TMHAMUKACHI MEH IIaTKAIIaP/IbIH KOOPIUHATTAPBIH
aHbIKTayFa MYMKIHIIK OepeTiH ermkeH-Terxein jkoHe ponmik. Ecenteynep
Google Earth GarmapimaMacel apKbUIbl KYy3ere achpbuiajbl. JKbIpa dpO3USICHIHBIH
JMHAMHUKAChl MEH OOJDKaMbIH aHBIKTAy YIIIH JKaJIbl KaObUIIaHFaH oiicTeMe
OOMBIHINIA JKbIpajap HIBIHBIHBIH ©CY KapKbIHBI aHBIKTAIABI. OCBI 9licTEeMEHIH
Herizinge Microsoft Exel OarmapnmamaceiHia skapTacTaplblH ©CYy KapKbIHBIH
Oomkay mopneni jkacanisl. Ecel kecTeciHe KepceTKilITep EHTi3ireHHEeH KeHiH
MOJIETh MIATKAIIBIH 6Cy KapKBIHBIH €CenTeiiml skone ammarel 30 Kputra O0mKaM
xacainel. Moxmens TaOufru >Kplpanapra apHaiFaH, ecenteyiepae CoaTycTik
Kazakcran oONbICHIHA TOH JEpEKTep VCHIHBUIFAH. MOIENBIIH TOIIIr KONTEreH
(bakTopmapra 6aliIaHBICTHI. BYJ TOMBIPAKTHIH THIFBI3ABIFEI, TOBIPAKTHIH dPO3HIFa
TO3IMIUTIK KOA(UIMEHTI, KaybIH-IIAIIBIH MOJIIepi, CIMIIK KaMbUIFBICBIHBIH
00ITyBI. O3ipJIeHTeH MOJIENTb APKBUTBI ATBIHFAH €CENTey HOTHIKEC] 3epTTEINTEH JKOHE
OoJDKaHFaH Ke3eHJerl MIaTKaJJapAblH ©Cy CHHYCOH[bI peTiHae OeHHeIeHTeH.
[NatimananpiiFan  reoakmapartelk — TexHomorustiap — Conryctik  Kazakcran
OOJIBICBHIHBIH MIEKapaJapblHIa OJAP/bIH TUMHAMHUKACHIH OOJKAY YIIiH JKbIpaaapabl
MOHHUTOPHUHITIK 3€PTTey KELICHIH Y3€ere acblpyFa MyMKiHIIIK Oeperi.

Tyiiin ce3nep: reoakmnaparThiK XKyHenep, Kbipasiap, )KbIpa 3p03HICh, OPMaH/IbI
Kopray, Conryctik Kazakcran oOJIbICh
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AHHOTanus. Marepuaipl MyONIUKalMKU OTPAXKAIOT 3HAYCHUE HCIIOIb30BAHUS
reonH()OPMaLMOHHBIX TEXHOJIOTHH JUISI POrHO3UPOBAHUS OBPAroB HA TEPPUTOPHN
Cesepo-Kazaxcranckoit obmactu. J{7s uccnepoBanust ObUT BRIOPAH y4aCTOK TPAcChl
A16 ITerpomaBioBck — XKeskasras, TJIe pacIoiararoTcs IeCITKA OBPAroB C pa3HBIMA
TeMnamMu pocrta. /[ MOHUTOpPHHTa HCIIONB30BAINCH KOCMHUYECKHE CHUMKH
3a 2003, 2016 u 2019 roapl. CHUMKH SIBIISIIOTCS JETAIbHBIMM M TOYHBIMH, YTO
MO3BOJISICT aHAJIM3UPOBATH OCOOCHHOCTH CTPOCHUS, ONPEACISTh JUHAMHUKY POCTa
W KOOPJUHATHI OBparoB. PacueTsl BBITIOIHEHBI MTOCPEACTBOM nporpammbl Google
Earth. Jlns ompenenenust AMHaMUKK W TIPOTHO32 OBPAXKHOM 3PO3WH OTPEACTICHBI
CKOPOCTBH POCTa BEPIIWHBI OBPAroB IO OOIIepuHATON MeToanke. Ha ocHOBaHUM
ATON METOAMKH pa3padoTaHa MOEIb MPOTHO3UPOBAHUS CKOPOCTH POCTa OBPAroB
B mporpamme Microsoft Excel. Ilocne BHecenus mokasareneit B Tabmumy Excel,
MOJIETIb PACCYUTHIBAET CKOPOCTh POCTa OBpara M JlaeT MporHo3 Ha Ommwkaiimme 30
net. Monenb pa3paboTaHa Ui MPUPOIHBIX OBPAroB, B pacdeTax Ipe/CTaBICHBI
nmaHHbIe XapakrepHble mis CeBepo-Kazaxcranckoit o6mactu. TogyHOCTH pabOTHI
MOJIEJIN 3aBUCUT OT MHOTHX (PAKTOPOB, TAKHUX KaK: IUIOTHOCTH ITOYB, KOA(PPUIIHESHT
OPO3MOHHON CTOWKOCTH TIOYB, KOJIMYECTBO OCAJIKOB, HAIMYHME PACTHUTEIHLHOIO
nokposa. Pesynprar pacyera, MONYYEHHBIH IOCPEACTBOM pa3paboTaHHON
MO/JIeJIM, BU3YyaJIM3UPOBAaH B BHUJIE€ CHHYCOH/a POCTa OBPAaroB 3a MCCIIEAOBAaHHBIN
W TIPOTHO3UpYeMbIi nepnojl. Mcrons3oBanHble reonH()OpMaIMOHHBIE TEXHOIOTHI
MTO3BOJISIOT OCYIIECTBIIATH KOMIUIEKC MOHHTOPWHTOBBIX HCCIEIOBAaHUI OBParos,
JUTS TIPOTHO3MPOBAHMSA MX JTUHAMUKH B TpaHuIiax CeBepo-KazaxcTaHckoit 00macT.

Ki1roueBblie cioBa: reonHpopMaiOHHbBIE CUCTEMbI, OBPATH, OBPAKHAS 3PO3HS,
necozamuta, CeBepo-Kazaxcranckas obmactb

Introduction

Geographic information systems (GIS) in modern research are one of the
main methods of modeling, as well as forecasting processes and phenomena. This
complex of computer technologies is aimed at creating databases and data banks
and working with them, for graphical visualization of information and geographical
(spatial) analysis. Visualization of information stored in databases can be carried
out in cartographic form, in the form of tables, graphs, and texts.

In modern geographical and geoecological studies, a direction has become
widespread that allows modeling the influence of disruptive factors on the response,
vulnerability and integrity of ecosystems, and plant communities (Huang et al.,
2010; Kennedy et al., 2010).

Geoinformation methods are widely used to predict exogenous processes
caused by the humidification factor (Chupina et al., 2017; Zolnikov et al., 2016).
In addition, GIS is successfully used for environmental assessment with industry
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impact. This makes timely resettlement and evacuation of the population in flood
situations of varying intensity, mudflow and ravine-forming processes.

One of the directions of modern geoinformation research is monitoring and
forecasting the growth of ravines caused by changes in climatic and hydrological
phenomena (Zaitseva, Rysin, 2019). Ravine formation is a process that at the
present stage of relief formation has a fairly high rate in conditions of anthropogenic
activity (Chalov et al., 2019). The use of the capabilities of modern geoinformation
systems and elementary mathematical modeling tools in predicting gully erosion is
of great importance. Their results will make it possible to create timely protection
of territories, preserve natural and man-made landscapes (Slepnev, 2019).

In conditions of deforestation, as a result of the destruction of vegetation and
trees, erosion increases. Irrational use of land is one of the factors in the formation
of ravines, which leads to their rapid growth. Plowing the slopes of the beams in
the longitudinal direction leads to the destruction of the grass cover, another cause
of erosion may be the incorrect organization of strengthening roadside ditches
and pits (Leonova et al., 2016; Rasyid et al., 2016). The studies of the causes of
the development of the gully network, assessment and forecast, and mapping of
territories subject to suffusion and erosion processes are noted in the works of
foreign scientists (Gudiyangada Nachappa et al., 2019; Zhang et al., 2020).

A distinctive feature of the formation of gully erosion is the concentration
of small water flows into powerful watercourses. Under these conditions, the
flow of water from the catchment area into a natural or artificial hollow occurs
in a concentrated manner (Lee et al., 2005; Guzzetti et al., 2006; Gudiyangada
Nachappa et al., 2020). The annual process of water flow activity forms ravines
representing a negative form of relief. The structural elements of the ravine are the
top, the mouth, the cone of the outflow, the bottom, the edge, and the slopes. There
is an independent change in the parameters of ravines, under the action of seasonal
watercourses (Chupina et al., 2017; Zaitseva, Rysin 2019).

In modern conditions of development of geoinformation technologies, the
application of an integrated approach to the development of a mathematical model
for the forecast of gully erosion is promising. In particular, when designing anti-
theft technologies and technical means on slope and ravine-girder lands (Barabanov,
2019). A feature of the territorial location of the city of Petropavlovsk, a number
of rural settlements and development, highways is their location in the valley of
the Ishim River (Beletskaya, 2019; Taizhanova,1991). The increase in the building
area is associated with the development of new territories. This happens, including
within the boundaries of floodplain terraces, on the slopes of the river valley.
Without taking into account the dynamics of the possible consequences of natural
and man-made processes of the spread of gully erosion, it is impossible to develop
territories qualitatively. It is necessary to assess the intensity of the development
of gully erosion, as well as to predict the probability of its manifestation using GIS
technologies. The capabilities of these technologies make it possible to process
and analyze multidimensional data about the geological environment of the studied
territory (Leonova, Strokova, 2021).
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As evidence of the growth of gullies, elementary geoinformation systems that
are in the public domain are used, namely the modern functions of the Google Earth
satellite image retrospective and the possibilities of their morphometric analysis. In
combination with geoinformation systems, mathematical estimation methods are
used to build predictive models of ravine growth (Dmitriyev et al., 2022).

Materials and research methods

The possibilities of geoinformation systems are clearly illustrated by traditional
statistical data characterizing the process of ravine formation in dynamics for
monitoring and forecasting. There are four stages of ravine growth, and growth
can be carried out in three directions length, width, and depth. The first stage is the
formation of a washout, the second is the formation of a vertex cliff, and the third
stage is the development of an equilibrium profile. The fourth stage is the damping
of the ravine growth, characterized by the equilibrium of the formed structure. The
growth rate of the ravine in depth depends on the power of the water flow and the
resistance of the soil, and when these forces are balanced, the growth of the ravine
stops (Taizhanova, 1991; Chupina et al., 2017). Modern technical means make it
possible to stop the growth of the ravine at any stage, by fixing the bottom and top,
as well as when changing the direction of the water flow. Water flows can change
the profile of the ravine, with simultaneous rupture and deposition of soils. As a
result, a beam is formed, and the ravine fades (Taizhanova, 1991). In the historical
past, ravines were formed due to the hydrographic network. A secondary factor in
the increase in surface runoff is probably the irrational use of land and forest lands,
expressed in plowing the land and deforestation. This leads to a deterioration of the
hydrological regime and physical properties of soils.

The growth of ravines also depends on the features of the geological structure
of the terrain. The geological structure influences the erosion processes, the
morphology of the ravine, and its structural elements. The formation of a gully
network is especially fast on loose soils and loess deposits of the Ishim River
(Beletskaya, 2019; Taizhanova, 1991). The development of the ravine network
and the number of ravines depends on the degree of anthropogenic development
of territories, development, and area of agricultural areas. With an increase in the
arca of ravines, a lot of lands is withdrawn from economic use. In addition, the
development of a gully network reduces the groundwater level, thereby drying
up the territories. Ravines can divide arable land into small plots, due to this, the
integrity of the fields is lost, which affects the time and quality of processing. The
growth of the gully network causes economic and environmental damage to natural
and man-made ecosystems. The listed consequences of ravine erosion emphasize
the need for scientific research on the dynamics of the growth of ravines to develop
a complex of measures to protect territories from destruction (Barabanov, 2019).

To calculate the growth rate of the top of the ravine, the formula is used (1),

2QpBXxg
‘Ppnﬁ3(1+%)(1—%)

YoB =

(M
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where Q - the amount of precipitation, the flow rate of water flowing down
the cliff wall m/year; pB-water density; pm - the density of the soil horizon; g -
acceleration of free fall (g = 9,81m/s?); W-coefficient of erosion resistance of soils
(for backfill soil without vegetation - 0,025, in the presence of annual grass cover
- 0,04); BB, Ba, Hp, H - geometric dimensions of the ravine (Maksimov, 2004).

To verify the proposed formula, we compared the calculated data of the growth
rate of the top of the ravine with the data of observations made by GIS studies. The
use of elementary geoinformation systems makes it possible to predict the growth
of ravines without preliminary observations on the ground. One of the sources of
scientific information is retrospective satellite images, the analysis of which clearly
shows the dynamics of erosion processes. They allow mapping and monitoring of
the growth of the gully network. All the necessary observations and calculations
can be performed by the Google Earth program.

Results and discussion

The task of monitoring the growth of ravines is one of the most urgent in the
planning of economic activities, logistics development, and the formation of
transport networks (Dmitriyev, et al., 2021). This is due to the serious negative
impact of gully erosion on the roadbed, which can eventually lead to catastrophic
consequences, up to the threat to people's lives.

In the North Kazakhstan region, in particular along the section of the A16
Petropavlovsk - Zhezkazgan highway, there are dozens of ravines with different
growth rates, which sooner or later will have a negative impact. The A16 highway
has a length of 940 km and is one of the main highways of Kazakhstan. In 2011,
it was renamed from the A 342 road to the A16 highway. The road connects the
Central and Northern parts of Kazakhstan and stretches from Zhezkazgan to
Petropavlovsk. The highway is strategically important for the country, crossing the
A 17 highway on its way. The logistics of the route passes through the hilly steppe,
and desert landscapes, along the valley of the Ishim River (Dmitriyev et al., 2021,
2022). Within the borders of the North Kazakhstan region, west of the village of
Ruzaevka, the A16 highway intersects the M36 road. It ends with the A1 highway
in the territorial boundaries of the city of Petropavlovsk.

GIS widely available were used to predict the growth of ravines without
preliminary observations on the ground. Modern computer technologies include
means of processing satellite images. These technologies, along with digital
cartographic material and terrain models, provide the basis for mapping, monitoring,
and forecasting the growth of the gully network.

Satellite images were used in the study, which made it possible to carry out
complex measurements of ravines, and determine the dynamics of growth and
geographical coordinates, using the decryption of satellite images. All the necessary
observations and calculations were made possible by the Google Earth program.

A ravine was identified on the Petropavlovsk — Zhezkazgan highway, between
the villages of Krasnaya Gorka and Priishimka (with coordinates 54°34'57.34"n.1.,
68°50'8.48"¢e.1.) posing a danger to the road (Fig. 1). Selection of images in the
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years presented (2003, 2016, and 2019). It is based on photographs of this territory
by Google Earth satellites. At the time of the study, the images of recent years are
not presented in the Google Earth program.

23.05.2016 year

07.10.2019 year

Figure 1. Example of monitoring the growth of a ravine on the Petropavlovsk — Zhezkazgan
highway, between the villages of Krasnaya Gorka and Priishimka

Based on retrospective images of this territory by year, it is possible to fix
the main nodal points and observe the development and growth of the ravines.
Comparing the 2003 snapshot with the 2016 snapshot, it is clear that the ravine
has significantly increased. Moreover, an increase is observed not only in lateral
erosion but also in the growth of the top of the ravine towards the road is noted,
approaching it at a dangerously close distance (from the top of the ravine, in the
2016 picture, there are exactly 10 meters left to the road). Visually it can be seen
that the ravine has stretched almost 20 meters, and over the past 5 years, the ravine
has not only increased in length but has also become much wider. However, in
the 2019 image, we observe that the ravine changed direction to the south and
continued its growth along the roadway. This may be because when laying the
roadway, the filling and compaction of the underlying surface were carried out.
Nevertheless, there is a direct threat of destruction of the roadway, since the ravine
has come close to the roadway and with spring floods, the most active leaching of
the soils that make up the support for the road occurs.

The technique of using different time satellite images made it possible to
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effectively study the parameters of gully erosion, to identify the dynamics of the
growth of the ravine. The images allow you to visualize changes in the ravine on
an area and linear scale, with monitoring studies at minimal cost, and to make a
forecast. These studies are important to prevent threats from the ravine network.

Thus, the development of effective ways to combat ravine formation requires
knowledge of the methodology of quantitative prediction of the development of
ravines under known soil, hydrological and geological conditions. The solution
to this problem, even very approximate, requires some schematization since the
process of ravine formation depends on many interrelated factors. To calculate the
growth rate of the top of the ravine, the formula (1) is applied, (Maksimov, 2004).
To verify the proposed formula, we compared the calculated data of the growth
rate of the top of the ravine with the data of observations made by GIS researchers.
Based on the above methodology, a model for predicting the growth rate of ravines
in the Microsoft Excel program was developed.

To predict the growth of the ravine, the main indicators were obtained: the year
of the first measurement, the length of the ravine from the mouth to the top, the
height of the top of the ravine, and the height of the mouth of the ravine. All this
is possible with the help of the Google Earth program. After entering the main
indicators into the Excel spreadsheet, the model itself calculates the growth rate of
the ravine and gives a forecast for the next 30 years (Table 1).

Table 1. Ravine growth forecast model

INTRODUCTION OF THE MAIN INDICATORS
Year 1 of measurement 2003
The length of the ravine at 1 measurement 300
Acceleration of free fall 9,8
The amount of precipitation typical for this territory, mm per year 350
Water density 1
Soil horizon density 1,4
FORECAST OF RAVINE GROWTH BY YEAR

v | Lpgh o [ The rowh e of e 0| 14, dopefresip

2003 300,0 1,52 0,11

2004 301,5 1,52 0,11

2005 303,0 1,51 0,11

2006 304,5 1,50 0,11

2007 306,0 1,49 0,10

2008 307,5 1,49 0,10

2009 309,0 1,48 0,10

2010 310,5 1,48 0,10

2011 312,0 1,47 0,10

2012 313,5 1,46 0,10

2013 314,9 1,46 0,10
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2014 316,4 1,45 0,10
2015 3178 1,44 0,10
2016 3193 1,44 0,10
2017 320,7 1,43 0,10
2018 322,1 1,43 0,10
2019 323.,6 1,42 0,10
2020 3250 1,42 0,10
2021 326,4 1,41 0,10
2022 3278 1,40 0,10
2023 3292 1,40 0,10
2024 330,6 1,39 0,10
2025 332,0 1,39 0,10
2026 3334 138 0,10
2027 334,8 1,38 0,10
2028 336,2 137 0,10
2029 3375 137 0,09
2030 3389 1,36 0,09

As a result of entering ravine data into the model (with coordinates
54°34'57.34"n.1., 68°50'8.48"¢.1.) from the Google Earth program for 2003, the
program makes a forecast for the years of such indicators as slope, ravine growth
rate, length from the mouth to the top of the ravine (Fig. 2). To verify the reliability
of the calculations, we compare the indicators obtained for 2016 and 2019 in the
model with measurements from the image from the Google Earth program for 2016
and 2019 of the same ravine. In this case, the results coincided. This allows us to
speak, first of all, about the reliability of calculations.

Ravine growth trend
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Figure 2. Trends in the growth of the ravine of the studied area, based on the
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The proposed model is designed for natural ravines. The calculations present
data typical for the North Kazakhstan region. The accuracy of the model depends on
many factors. First of all, this is the amount of precipitation. In our case, the climate
of the studied territory is moderately continental and the amount of precipitation
is 350 mm per year, however, this value is not constant and may vary in different
years. Secondly, it is the density of the soil cover (a value equal to 1.4 g/ cm® is
taken), which may vary depending on the structure of the ravine soil (sand, sandy
loam, loam, clay). Thirdly, this is the coefficient of erosion resistance of soils, it
depends on the presence or absence of vegetation, in our case, it is 0.04.

The model will give false information about the growth rate of the ravine
during technological measures aimed at stopping the erosion processes of the
ravine network. And also, in case of an increase in anthropogenic load on the
ravine territory (plowing in the immediate vicinity, selection of exposed rocks for
construction needs, and other negative influences). At the same time, the growth
rate of the ravine can significantly increase. It is assumed that there is a small
error in the model, the value of which is dictated by the variability of humidity in
different years. However, when analyzing the data obtained based on the model, for
2016 and 2019, an absolute accuracy of 100% is noted.

Also, the model has developed a function for plotting the growth trend of the
ravine and the sinusoid of the growth of the ravine. In the case of the studied ravine,
there is a tendency to decrease the growth of the ravine. This suggests that the
fourth stage of the ravine growth is coming.

The sinusoid of the ravine growth constructed by the model on the site based on
the data obtained is shown in Fig. 3.

1

0,8 -

0,6

0,4

0,2

0

SIN

Figure 3. Sinusoid of the ravine growth between the villages of Krasnaya Gorka and Priishimka

75



ISSN 2224-5227 2. 2024

The resulting sinusoid shows the attenuation of the growth of the ravine in the
future. As can be seen in Figure 3, the growth curve is steadily decreasing, which
probably indicates the development of the equilibrium profile of the ravine. It can
be stated about the onset of this stage after 2020. The sinusoid turns into a negative
trend, in subsequent years, the deepening of the ravine profile does not occur. It
can be assumed that the growth of the ravine occurs in width under the influence of
erosion processes. At the same time, the slopes of the slopes are washed away and
collapse, which leads to the expansion of the bottom of the ravine. At a certain stage
in the development of the ravine, the slopes reach a stable state, develop a certain
angle of slope and overgrow with floral species. Under these conditions, the ravine
transitions into a ravine or ravine.

It is possible to verify the reliability of the model based on the second and third
measurements using GIS, in comparison with the results obtained in the forecast.

The forecast and analysis of the dynamics of the gully network allow the timely
application of a set of characteristic measures for this stage. This will slow down
or stop the growth of the ravine thanks to comprehensive scientifically based
measures. All this is aimed at the safety of the population and the sustainable
development of the territory (Beletskaya, 2019; Taizhanova, 1991). The system
of measures aimed at stopping the growth of the ravine includes comprehensive
measures aimed at eliminating the causes of gully erosion on the ravine itself and
its catchment. Effective means are afforestation, both of the ravine itself and the
adjacent territories, concreting of its tops and bottom, and the construction of
earthen ramparts. The planting of the adjacent forest strips is not only a means of
preventing ravine formation but also has aesthetic and ecological significance.

Conclusion

Erosion processes associated with the growth of the gully network can lead to
many negative economic and social consequences. To avoid them, it is necessary
to carry out work on fixing ravines and apply a set of measures to protect the land
from gully erosion in the catchment area. The envisaged works should be aimed
at eliminating the causes of the formation of ravines and turning them into forest
lands. In this regard, it is necessary to use modern accessible, and reliable means
and methods to monitor and forecast gully erosion. One of the promising tools for
modeling a gully network is the use of geoinformation technologies. Based on the
analysis of satellite images and software, it is possible to make a forecast of the
growth of ravines threatening residential areas and the road network.

Currently, elementary geoinformation systems are widely available, through
which it is possible to predict the growth of ravines without preliminary observations
on the ground. Geoinformation systems are a source of scientific information and a
means to solve problems with minimal time and financial costs. Moreover, the data
from remote sensing of the Earth provide accurate and objective information for
monitoring studies and the construction of models for predicting the dynamics of
gully erosion. Electronic maps and satellite images are the basis for the visualization
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and mapping of data from monitoring studies of the growth of the gully network.
These observations should be made especially carefully in those places where
the growth of ravines is especially dangerous for the economy (where the ravines
approach the road, buildings, or agricultural land). Any observations, no matter
how interesting they may be, are important not in themselves, but as a means to
choose the right measures that most effectively fix the ravines.

Based on the conducted research, the following conclusions can be drawn:

1. Ravines pose a serious threat to economic development, their growth can lead
to human casualties. Based on the use of elementary GIS that are widely available,
it is possible to predict the growth of ravines without preliminary observations on
the ground. Satellite images, electronic maps, and other geoinformation tools are
of genuine scientific interest for rapid and accessible monitoring, mapping, and
forecasting of the growth of ravines.

2. Based on the developed model for predicting the growth rate of ravines, it can
be concluded that the ravine in question on the section of the highway between the
villages of Krasnaya Gorka and Priishimka is in the stage of slowing growth, but
its growth continues. The transition to the beam stage began after 2020. Satellite
images show that the ravine poses a threat to the roadbed of the A16 Petropavlovsk
— Zhezkazgan highway. If appropriate measures are not taken to prevent the growth
of the ravine, then judging by the forecast data obtained using the model, by 2025
it will cause significant damage to the road.

3. The main hydraulic structures for fighting ravines are: spray rollers, catchment
earthen ramparts, and outflow ditches. In addition, afforestation of adjacent
territories is necessary, the root system of trees and shrubs can absorb surface water
runoff, and bond the soil. Forest plantations can prevent ravine formation, and also
have ecological and aesthetic significance.
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