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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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an 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 yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHEACAPBI:

ABCAIBIKOB BakbiT Hopik6aiiyiabl, TexHHKa FbUIBIMIAAPBIHBIH JOKTOpBI, mpodeccop, KP YFA
akazemuri, K.M. Corbaes arbiHiarel Kasak yITTBIK TEXHHKANIBIK 3epTTey yHUBepcuteTi (Anmarsl, Kaszakcran),
https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827

PEJAKLUS AJIKACHI:

OBCOMETOB Momic Kyasicyabl (6ac  pemakTopAblH — OpbIHOAcapbl), I€OJOTUs-MHUHEPAIOTUst
FBUIBIMIAPBIHBIH JTOKTOPBI, mpodeccop, KP YFA akagemuri, Y.M. Axmencadun arteiHmarst I'naporeonorus
JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #dHe TeXHHKAJBIK FBLIBIMAAP CEPHSACHD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTBIK FBUIBIM akaemusicb» PKB (AnMarsl K. ).
Kaszakctan PecrmyOnukachiHbIH AKmnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMHIH AKmapar KOMHTETiHIEe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuibiM TipKeyiHe KOWbUTY Typallbl KyalliK.
TakKbIPBINTBIK OAFBITHI: [ €on02us, 2udpoceonousl, 2eocpagus, may-KeH ici, MYHat, a3 JcaHe Memanioapobly
XUMUATIIK MEXHON0UANAPbL
Mep3iMaiiri: )KbUIbIHA 6 PET.
http://www.geolog-technical kz/index.php/en/
© «Kazakcran PecriyonukachiHblH YITTHIK FBUTBIM akagemusicel» PKB, 2025



IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb INTABHOT'O PEJAKTOPA

ABCAJIBIKOB Baxpit Hapuk6aeBu4, JOKTOp TEXHMYECKHX Hayk, npodeccop, akagemuk HAH PK,
Ka3zaxckuil HaIMOHAIBHBIN HCCIENOBATEIbCKHN TexHmueckuil ynusepcurer M. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/
wos/author/record/2411827

PEJAKIHIMOHHASI KOJUIET' ASI:

ABCAMETOB Mauuc KyabicoBu4, (3amMecTHTeNlb [JIABHOTO  PEOAaKTOpa), JOKTOp  TI'e0JIoro-
MHUHEpPAJIOTHYeCKUX Hayk, podeccop, akanemuk HAH PK, nupexrop MHCTUTYTA rHApOre0I0ruu U re03KOJIOT U
nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii KosTaeBn4, 10KTOp re0JIOTOMHHEPAIIOTHYSCKUX HayK, Ipodeccop, IIOUYSTHBIH akaJIeMIK
HAH PK (Anwmarsi, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201

CHOY [pumne, PhD, accounnposanusiii mpodeccop, aupexrop Jlabopatopruu BOTHBIX HAyK YHUBEPCHTETA
Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHa — 10KTOp TeXHMuYeCKMX Hayk, npodeccop Kazaxckoro HalmoHaabHOrO HCCIIENI0BATENIBCKOTO
TexHudeckoro ynusepcutera uMm. K.M. Carnaesa, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii ToBdacapoBu4, IOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBelyroluii Kapeapoi
«leodusuka u ceiicmornorusy, Kasaxckuit HarmoHa bHbINA HCCIIECIOBATEIBCKUH TEXHHYECKUI YHUBEPCUTET HM.
K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/10ruu M TEXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cobctennuk: PecryOnkaHckoe obmiecTBeHHOE o0benHeHNne «HamoHanbHas akageMus Hayk PecriyOnmku
Kazaxcran» (. Anmarsr).
CBHUIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYSCKOro IedaTHoro u3fgaHus B Komurere wnHbOpManuu
MunucreperBa HHGOpMAUUK U 00LIeCTBeHHOro pas3BuTust PecrnyOnukm Kaszaxcran Ne KZ39VPY00025420,
BeiganHoOe 29.07.2020 1.
TemaTnueckasi HANPABICHHOCTb: 2€0102Usl, 2UOPO2EON02UsA, 2e02Papus, 20pHOe 0eno U XUMUYECKUe MEeXHON02UU
Heghmu, eaza u Memannios
IepronuuHocCTh: 6 pa3 B TOA.
http://www.geolog-technical kz/index.php/en/

© POO «HauumonanpHas akagemus Hayk Pecriyonuku Kasaxcramy, 2025



EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of NAS RK,
President of National Academy of Sciences of the Republic of Kazakhstan, RPA, General Director of JSC "
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry " (Almaty, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF

ABSADYKOYV Bakhyt Narikbayevich, Doctor of Technical Sciences, Professor, Academician of NAS RK,
Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=6504694468,
https://www.webofscience.com/wos/author/record/2411827

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
Geoecology (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56955769200, https://
www.webofscience.com/wos/author/record/1937883

ZHOLTAEYV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary
Academicianof NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory , University of Nebraska
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https://www.webofscience.
com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences
Department, Natural History Museum (London, England), https://www.scopus.com/authid/detail.
uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/1048681

PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy
(Nancy, France), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.
com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society,
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorld=57202873965 , https://www.webofscience.com/wos/author/record/1753209

FISCHER Axel, PhD, Associate Professor, Technical University of Dresden (Dresden, Berlin), https:/www.
scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/wos/author/record/2085986

AGABEKOYV Vladimir Enokovich, Doctor of Chemical Sciences, Academician of NAS of Belarus,
Honorary Director of the Institute of Chemistry of New Materials (Minsk, Belarus), https://www.scopus.com/
authid/detail.uri?authorld=7004624845

CATALIN Stefan, PhD, Associate Professor, Technical University of Dresden, Germany, https://www.scopus.
com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/wos/author/record/1309251

Jay Sagin, PhD, Associate Professor, Nazarbayev University (Astana, Kazakhstan), https://www.scopus.com/
authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/record/907886

FRATTINI Paolo, PhD, Associate Professor, University of Milano - Bicocca (Milan, Italy), https:/www.
scopus.com/authid/detail.uri?authorld=56538922400

NURPEISOVA Marzhan Baysanovna — Doctor of Technical Sciences, Professor of Satbayev University,
(Almaty,  Kazakhstan),  https://www.scopus.com/authid/detail.uri?authorld=57202218883,  https://www.
webofscience.com/wos/author/record/AAD-1173-2019

RATOYV Boranbay Tovbasarovich, Doctor of Technical Sciences, Professor, Head of the Department of
Geophysics and Seismology, Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=55927684100, https://www.webofscience.com/wos/author/record/1993614

RONNY Berndtsson, Professor at the Center of Promising Middle Eastern Research, Lund University
(Sweden), https://www.scopus.com/authid/detail.uri?authorld=7005388716, https://www.webofscience.com/wos/
author/record/1324908

MIRLAS Vladimir, Faculty chemical engineering and Oriental research center, Ariel University, (Israel),
https://www.scopus.com/authid/detail.uri?authorld=8610969300 , https://www.webofscience.com/wos/author/
record/53680261

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and
technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the Ministry of
Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420, issued 29.07.2020.
Thematic scope: geology, hydrogeology, geography, mining and chemical technologies of oil, gas and metals
Periodicity: 6 times a year.
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2025



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

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 2. Number 470 (2025), 84-96

htips://doi.org/10.32014/2025.2518-170X.492
UDC 550.8:681.3

O.N. Didmanidze!, M.Yu. Karelina!, R.V. Klyuev!, N.V. Martyushev?,
D.V. Serdechnyy', 2025.
! State University of Management, Moscow, Russia;
2 Tomsk Polytechnic University, Tomsk, Russia.
E-mail: dv_serdechnyj@guu.ru

APPLICATION OF ARTIFICIAL INTELLIGENCE AND MODERN
TECHNOLOGIES IN GEOMONITORING TO IMPROVE THE
EFFICIENCY OF THE MINING INDUSTRY UTILISING THE EARTH’S
RESOURCES

Didmanidze Otari Nazirovich — Academician of the Russian Academy of Sciences, Doctor of
Technical Sciences, Professor, Director of the Center for Technology Management in Bioengineering,
State University of Management, Moscow, Russia, E-mail: on_didmanidze@guu.ru, ORCID: http://
orcid.org/0000-0003-2558-0585;

Karelina Maria Yurievna — Doctor of Technical Sciences, Doctor of Pedagogical Sciences,
Professor, Vice-Rector, State University of Management, Moscow, Russia, E-mail: myu_karelina@
guu.ru, ORCID: http://orcid.org/0000-0003-0335-7550;

Klyuev Roman Vladimirovich — Doctor of Technical Sciences, Professor, Senior Researcher, State
University of Management, Moscow, Russia, E-mail: kluev-roman@rambler.ru, ORCID: https://
orcid.org/0000-0003-3777-7203;

Martyushev Nikita Vladimirovich — Candidate of Technical Sciences, Associate Professor of the
Department of Materials Science and Technology of Metals, Tomsk Polytechnic University, Tomsk,
Russia, E-mail: martjushev@tpu.ru, ORCID: https://orcid.org/0000-0003-0620-9561;

Serdechnyy Denis Vladimirovich — Candidate of Technical Sciences, Associate Professor of
Innovation Management, State University of Management, Moscow, Russia, E-mail: dv_serdechnyj@
guu.ru, ORCID: http://orcid.org/0000-0003-3060-9469.

Abstract. The article deals with the urgent problem of geomonitoring in the
context of the growing need for effective management of natural resources. The
key role of Earth sciences and the potential of modern technologies in solving this
task are emphasised. Particular attention is paid to the exponential growth of data
generated by various sources, including remote sensing, ground-based sensors and
geophysical surveys. Prospects are presented for applying artificial intelligence
(Al) and machine learning (ML) to effectively analyse this data, including in
natural disaster prediction, mining optimisation and environmental monitoring.
The main focus is on the opportunities for using these technologies in the mining
industry, especially in terms of process automation and resource efficiency. A
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methodology for evaluating the effectiveness of digital tools for information
retrieval and systematisation, developed and tested as part of the experimental work,
is described. The results of analysing data from unmanned aerial vehicles and GPR
data are presented. A comparative analysis of the effectiveness of different machine
learning algorithms is carried out. The effectiveness of remote sensing and GPR
methods, as well as digital tools, in improving the efficiency and sustainability of
natural resource management is confirmed.

Keywords: geomonitoring, artificial intelligence, machine learning, remote
sensing, GPR, mining, digital tools, performance evaluation.
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AnHoTanus. Makanana TaOWFM pecypcTapibl THIMII Oackapyra JereH
KOKSTTUTIKTIH ~ apTybl O KarjalblHIa T'COMOHUTOPHHITIH ©3€KTI  Maceseci
KapacTheIpbuIaabl. byn Moceneni memryze XKep Typaiisl FRUTBIMIAP/IBIH HET13T1 polti
MEH 3aMaHayH TeXHOJOTHSJIAp/IbIH dJIeyeTi aramn eriiesl. KamblKTeIkTan 30H1TaY,
KepJleTi JIATYUKTEp KoHEe Teo(M3MKaIbIK 3epTTeyliepil Koca aliFaHjaa, dpTypii
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KO3lep IUBIFApaThiH JEPEKTep KOJEMIHIH AKCIOHEHIHAIIBl ©OCYyiHEe epeKIle
Hazap aynapbuiansl. OChl IepeKTepAl THIMAL Talaay YIIiH, COHBIH ilIiHae TaOuru
amatTap/ipl O0JDKay, Tay-KeH OHJIPICIH OHTaWIaHABIPY KOHE KOpIIaraH OpTaHbIH
Kal-KyHiH Oakpuiay yiniH xacan bl HHTEIUICKT (JKI) jxoHEe MallTMHABIK OKBITY/IbI
(MO) xommaHy TMepcreKTUBaaphl YCBHIHBUIFAH. byJT TEXHOJOTHSIApIbl Tay-
KeH OHepKaciOiHze, acipece MporecTepli aBTOMATTAaHIBIPY XOHE pecypcTapibl
naiijanaHy THIMJIUTTIH apTThIpy TYPFBICBIHAH TaiianaHy MYMKIiHIIKTepiHe
Oaca Hazap aynapbuiaabl. DKCIIEPUMEHTTIK JKYMBIC IIEHOEPiHAe 931pJICHIeH KoHE
CBhIHAJIFAaH aKNaparThl 1371y MEH JKyHeneyniH H(PIbIK KypaaaapblHbIH THIMALTITTH
Oaranay oJicTeMeci CUMaTTanFaH. YIIKBIIICHI3 YIIy anmaparTapblHaH ajblHFaH
TIEPEKTEP KOHE TeOopamaplibIK 3epTTeyiiep ACPeKTEepiH Taiujay HOTIDKeIepi
YCBHIHBUTFaH. MaIIWHANBIK OKBITYJABIH SPTYPAl QITOPUTMIEPIHIH THIMAUIITIHE
CaNBICTBIPMAJTBI Taay Kyprizingi. Taburu pecypcrapisl OacKapyablH THIMIUTIT]
MEH TYpPaKTBUIBIFBIH apTThIpyJa KAIIBIKTBIKTaH 30HATAay MEH TeopalaplbIK
o/IiCTEPIiH, COHIal-aK IUQPIBIK KypaIapablH THIMIUIITT pacTalijbl.

Tyiiin ce3gep: r€OMOHHTOPHHI, *acaH/bl HHTEIUICKT, MAIIMHAJIBIK OKBITY,
KaIIBIKTEIKTaH 30HATay, ['TIP, Tay-keH eHmipici, caHABIK Kypajagap, OHIMIUTIKTI
Oaramay.
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AHHoOTanusl. B cratbe paccMaTpuBaeTcsl akTyanbHas MpoOjeMa reOMOHHTO-
pUHTa B YCJIOBHAX pacTymeld NOoTpeOHOCTH B J(PQPEKTHBHOM YIPaBICHUH
npupoaHbIMU pecypcaMmu. [lomduepkuBaeTcst KiodeBas poib HaykK o 3emiie u
MOTCHLINAJ COBPEMEHHBIX TEXHOJIOTHH B pelieHnH 310 3aaa4u. Ocoboe BHUMaHKE
yAeJsIeTCSl  OKCIOHEHIMAILHOMY PpPOCTy OOBEMOB JIaHHBIX, TeHEPHPYEMBIX
pa3InYHBIMU MCTOYHUKAMH, BKJIIOYAsl TUCTAHLIMOHHOE 30HIUPOBAHUE, HA3EMHBIC
JaT4ukd W reou3nveckue uccieqoBaHus. [IpeicTaBieHbl TEPCIICKTUBBI
MPUMEHEHUs HCKyccTBeHHOTo nHTeuiekTa (M) u mammuHoro o0y4yerus (MO) st
3¢ PEKTUBHOI0 aHAIN3a ATUX JaHHBIX, B TOM YHCJIE, B IPOTHO3UPOBAHUH IIPUPOIHBIX
KaTacTpod, ONTUMH3ALMU JOOBIYM TOJE3HBIX HMCKOMAEMBIX M MOHHUTOPHHIE
COCTOSIHUSL OKpy:Karolied cpefpl. OCHOBHOM aKIEHT CAEIaH Ha BO3MOXKHOCTSIX
WCTIOJIb30BAHUSl DTUX TEXHOJOTMH B TOPHOMOOBIBAIONICH NPOMBIIUICHHOCTH,
0COOCHHO B YacTH aBTOMATH3alM{ TPOLECCOB U IMOBBIIICHUS 3(PPEKTUBHOCTH
WCTIOTIB30BaHUA pecypcoB. Oncana MEeTOMKa OIeHKH AP PEKTUBHOCTH U POBBIX
WHCTPYMEHTOB IIOMCKa W CHCTEMaTH3allud WHpOpManmu, pazpaboTaHHAs U
anpoOMpOBaHHAsA B paMKax OAKCIIEPUMEHTaJIbHOM paboThl. IlpencraBneHbl
pe3yNbTaThl aHaU3a JaHHBIX C OCCHIJIOTHBIX JIETaTeNbHBIX allapaTtoB U JaHHBIX
reopasapHbIx uccienosanuii. I[lposenen cpaBHUTENbHBIN aHann3 3(GEeKTUBHOCTH
Pa3IMYHBIX aJITOPUTMOB MalIMHHOTO 00yueHms. [loaTBepxaeHa 3(hEeKTHBHOCTD
JUCTAaHIIMOHHOTO 30HIMPOBAHUS M T'€OpaJapHbIX METOAOB, a TaKke HU(POBBIX
HHCTPYMEHTOB, B IOBBINIEHUH 3(P(HEKTUBHOCTH M YCTONUMBOCTH YIpPaBICHUS
MIPUPOTHBIMU peCcypcaMHu.

Ki1roueBble cj10Ba: T€OMOHUTOPUHI, HCKYCCTBEHHBIH MHTEIUIEKT, MAIIMHHOE
oOydeHHe, JUCTaHIMOHHOE 30HAMPOBAaHWE, Teopanap, TOPHOJOOBIBAIOIIAS
MPOMBIIUICHHOCTD, HU(PPOBBIE HHCTPYMEHTHI, OLICHKA APPEKTUBHOCTH.

Introduction. In today’s world, with a rapidly growing population and
increasing pressure on natural resources, the challenge of ensuring food security
is particularly acute. Earth sciences, which encompass a wide range of disciplines,
from geology and hydrology to soil science and climatology, play a key role in
addressing this global challenge. The development of Earth’s resources, be it the
extraction of minerals in the mining industry or the sustainable use of soil and water
resources in the agro-industrial complex (AIC), requires an integrated approach
based on a deep understanding of natural processes and effective data management
(Martyushev, et.al., 2023). In particular, to ensure effective resource management,
issues related to the optimisation of management and monitoring systems in the
mining industry are relevant (Fadin, et.al., 2020).

In recent years, there has been an exponential increase in the amount of Earth
Science related data. Remote sensing satellites, ground-based sensors, geophysical
surveys, climate models - all these sources generate huge streams of information
that contain valuable insights into the state of our planet and its resources. However,
traditional methods of data analysis are often inefficient when dealing with such
large and complex data sets. This is where artificial intelligence (Al) and machine
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learning (ML) come in. For example, analysing remotely sensed data using
Al methods makes it possible to detect changes in the state of the environment,
including forests and water resources (Gendler, et.al., 2021; Polekhina, et.al.,
2022). The use of Al and IO in Earth Sciences opens up new opportunities for
data analysis, modelling of complex processes and automation of decision-making.
There are several promising applications of these technologies. Firstly, it is the
prediction of natural disasters such as earthquakes, floods and landslides. Analysis
of geological data, seismic activity and meteorological conditions using machine
learning algorithms can identify patterns and predict the occurrence of these
hazardous events (Prischepa, et.al., 2023). Secondly, is the optimisation of mineral
extraction. Al and IO can be used to analyse geological data and determine optimal
locations for drilling and mining, as well as to automate mining and transportation
processes (Berkovich, et.al., 2017). Thirdly, it is the monitoring of environmental
conditions. Analysing remotely sensed and ground sensor data using machine
learning algorithms can track changes in the state of forests, water resources and
the atmosphere, as well as identify sources of pollution. Al and IO can also be
applied to automate mining and transport processes (Antonov, et.al., 2021).

Each of these directions has its advantages and disadvantages. For example,
predicting natural disasters remains a challenging task due to the unpredictability
of natural phenomena and limited data. Optimising mining can lead to negative
environmental impacts if environmental factors are not taken into account.
Environmental monitoring is costly for data collection and processing. At the same
time, the application of Al in the mining industry can help optimise technological
processes and improve environmental safety. Despite these drawbacks, the potential
benefits of using Al and 1O in the Earth Sciences are enormous. These technologies
enable more efficient management of natural resources, reduce the risks of natural
disasters and improve the environment. The application of Al and IO in the mining
and agro-industrial sectors is particularly relevant.

In mining, where huge amounts of geological exploration data need to be
processed to identify promising deposits, Al can significantly speed up and cheapen
the process of searching for and evaluating reserves. In addition, machine learning
algorithms can optimise drilling, blasting and ore transport processes, reducing
costs and improving safety. Al can also be used to monitor the condition of mine
workings and prevent accidents. The importance of studying dynamic processes
in highly dispersed media has also been noted for mining safety (Tumanov, et.al.,
2022; Khayitov, et.al., 2024).

In agro-industrial complex, which is also one of the ways to exploit the Earth’s
resources, Al and IO offer new opportunities to increase crop yields, reduce costs
and improve product quality. The analysis of data on soil, climatic conditions and
plant health enables optimisation of fertilisation, irrigation and pest protection. Al-
and Al-enabled precision farming technologies can take into account the spatial
variability of fields and enable a differentiated approach to crop management.
In addition, Al can be used to predict yields, optimise logistics and improve the
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efficiency of farm management. Computer vision methods for analysing plant
health are being actively developed (Didmanidze, 2025; Didmanidze, 2024).To
date, the implementation of digital technologies and tools such as Al and IO in
Earth Sciences, especially in the context of AIC, faces a number of challenges
(Kharchenko, et.al., 2011; Nasyrov, et.al., 2024). One of the main problems is the
scattered and unstructured nature of data on production technologies, which makes
it difficult to search, analyse and systematise them. The need for prompt access to
relevant information, whether it is data on new crop varieties, pest control methods or
precision farming technologies, is becoming critical for making informed decisions
and increasing the competitiveness of agribusinesses. Especially important is the
use of Al to automate technological processes, for example, for sorting materials
(Didmanidze, 2024; Kapanski, et.al., 2025). The relevance and importance of
solving the problem of effective search and systematisation of information about
production technologies in the agro-industrial complex is due to the need to ensure
food security, increase the efficiency of resource use and reduce the negative impact
on the environment (Kukharova, et.al., 2024; Kuzin, et.al., 2015).

In this regard, the aim of this paper is to explore effective digital tools for
searching and systematising information about production technologies in mining
and agro-industrial complex to improve the competitiveness and sustainable
development of these areas. An important aspect is also the creation of new
technologies for resource management and risk reduction in mining (Kondratyev,
et.al., 2024; Martirosyan, et.al., 2025)

Materials and methods. As part of this work on the application of Al and
10 in Earth Sciences, specifically in AIC as one of the ways of developing the
planet’s resources, experimental work was carried out to develop and validate a
methodology for evaluating the effectiveness of digital tools for information
retrieval and systematisation. The overall experimental design included data
collection, analysis of existing tools, development of an evaluation model, and a
series of model experiments to verify the developed methodology.

FORSITE NRS-2040 #106008 (Intel Xeon Gold 6430 2.10- 3.40GHz processor,
60MB, TDP 270W, LGA4677. RAM 512GB (8x64GB) DDRS5 4800Mhz ECC
REG PC5-38400. Video card VMS Aspeed AST2600. Nvidia A100 80GB
HBM2E PCI-E 4.0 co-processor. SSD 3.84TB PM9A3 Series SSD PCle NVMe
4.0x4 U.2. HDD 2x HDD 16TB 512MB Cache 7200rpm SATA 3.5 Server).As
the main equipment for data acquisition and processing was used the FORSITE
NRS-2040 #106008 supercomputer of the Federal State University of Management
equipped with Intel Xeon Gold 6430 2.10- 3.40GHz, 60MB, TDP 270W, LGA4677
processor and 512GB (8x64GB) DDRS5 4800Mhz ECC REG PC5-38400 RAM.
To accelerate Al computations, a Navy integrated Aspeed AST2600 graphics card
and Nvidia A100 80GB HBM2E PCI-E 4.0 coprocessor were used. An operating
system was installed on the server to provide remote desktop access for multiple
users. The Al development environment was built on TensorFlow, using Anaconda
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Python, Visual Studio, CUDA Toolkit and cuDNN. Spyder integrated development
environment (IDE) was used for development.

As part of the work, modelling experiments were conducted to evaluate the
performance of an Earth surface condition monitoring system built from remote
sensing data processing. These experiments utilised a DJI Matrice 300 RTK
unmanned aerial vehicle (UAV) equipped with a MicaSense Altum multispectral
camera, which allows data acquisition in the visible and near-infrared bands.
Experiments were carried out in mountainous areas and fields. The area of the
analysed fields was 100 hectares. The UAV operation modes included flying along
a predetermined trajectory at an altitude of 120 metres at a speed of 15 m/sec. The
camera took images with 80% overlap for subsequent orthorectification and creation
of a multispectral mosaic. The data obtained were used to calculate vegetation
indices, assess crop condition and forecast yields.GSSI SIR 4000 GPR was used
to conduct similar experiments in the mining industry. GPR can be used to detect
underground voids, fractures, and other geological heterogeneities that may indicate
the presence of minerals or pose a hazard in mining operations. Experiments were
conducted at various sites where mining is planned or already underway. The GPR
mode of operation involves scanning the ground surface at a predetermined pulse
frequency (e.g., 100 MHz or 200 MHz) and spacing, depending on the required
survey detail.

In addition, for a more comprehensive coverage of the problem, it was planned
to use specialised databases and tools such as Cropio and Agrosignal to evaluate
the effectiveness of farmland monitoring and to automate agricultural processes.
Analysing data from different sensors, including Al, can identify patterns and
predict changes, which improves resource efficiency. These experiments analysed
data processing speed, analysis accuracy and overall system performance to
evaluate the effectiveness of different digital tools.

Research results and discussion.

As part of thisresearch, aimed at exploring the application of artificial intelligence
and machine learning in the Earth Sciences, with a focus on agribusiness as a key
sector for the development of the planet’s resources, a series of experimental
works focused on the development and validation of a methodology to evaluate
the effectiveness of digital tools for information retrieval and systematisation. The
experimental work aimed to investigate and develop a methodology to evaluate
and optimise the use of digital technologies in mining and agro-industries, and
to automate the processes of information retrieval and systematisation.The
experimental work was divided into several stages, including: collecting data on
existing digital tools and platforms used in AIC; analysing these tools in terms
of their functionality, efficiency and usability; developing a theoretical model for
assessing the effectiveness of digital tools, taking into account various factors such
as economic efficiency, technological applicability, social impact and environmental
sustainability; conducting model experiments to verify the different

FORSITE NRS-2040 #106008 (Intel Xeon Gold 6430 2.10-3.40GHz processor,
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60MB, TDP 270W, LGA4677. RAM 512GB (8x64GB) DDRS5 4800Mhz ECC
REG PC5-38400. Video card VMS Aspeed AST2600. Nvidia A100 80GB HBM2E
PCI-E 4.0 co-processor. SSD 3.84TB PM9A3 Series SSD PCle NVMe 4.0x4 U.2.
HDD 2x HDD 16TB 512MB Cache 7200rpm SATA 3.5 Server), which significantly
accelerated the process of model training and data analysis. The operating system
provided stable server operation and remote access for multiple users. The Al
development environment was built on TensorFlow, using Anaconda Python,
Visual Studio, CUDA Toolkit and cuDNN. The Spyder integrated development
environment (IDE) was used to write and debug the code.As part of the modelling
experiments to assess the effectiveness of the system for monitoring the state of the
Earth’s surface using remote sensing, the data obtained from the DJI Matrice 300
RTK UAV and the MicaSense Altum multispectral camera were analysed in detail
(Figure 1). Analyses of multispectral data collected from 100 hectares of fields
allowed the calculation of key vegetation indices: NDVI, EVI, NDRE, GNDVI and
SAVI. The mean NDVI value for healthy wheat crops was 0.78 (£0.05), while this
index decreased to 0.45 (+0.03) for drought stressed plots. EVI analysis showed
that plots with high vegetation density had an index value as high as 0.82 (+0.04),
which was 12% higher than plots with less developed vegetation (0.73 £0.05). The
mean NDRE value in plots with sufficient chlorophyll content was 0.65 (+0.03),
while in plots with nitrogen deficiency this index decreased to 0.52 (+£0.04).

Comparison of the UAV data with manually collected data from field
measurements and analyses of soil samples allowed validation of the results. For
NDVI, a high degree of correlation (R* = 0.88, p < 0.001) was found between the
UAV data and the field measurement data. Analysis of the discrepancy between
UAV data and field measurements showed that the mean absolute error (MAE) for
NDVI was 0.04 and the root mean square error (RMSE) was 0.05. For EVI, the
correlation coefficient was R*=0.85 (p <0.001), with an MAE of 0.035 and RMSE
of 0.045. NDRE showed a correlation with leaf chlorophyll content (R>=0.82, p <
0.001), with MAE being 0.05 mg/g and RMSE being 0.06 mg/g.

a) b)

Figure 1. Examples of transformed images after aerial photography to visualise agricultural
land: a - vegetation index map; b - land zoning
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Data analysis revealed significant spatial variability of crop condition in the
studied fields. In particular, 8 plots with a low NDVI value (below 0.5) were found
in Field 1 (25 hectares), representing 12% of the total field area. Additional field
investigation of these plots revealed that 75% of them were susceptible to fungal
disease infestation, particularly brown rust, with infection levels ranging from 20%
to 40%. Timely identification of these areas allowed measures to be taken to treat
the crops with fungicides and prevent the spread of the disease, reducing potential
yield losses by 8-12%.

In field #2 (30 hectares), analysis of NDRE data revealed 10 zones with low
chlorophyll content (below 0.55), representing 15% of the total field area. Analysis
of soil samples showed that the available nitrogen content in these zones averaged
15 mg/kg, which was 30% lower than in plots with normal chlorophyll content
(22 mg/kg). After applying additional nitrogen fertiliser (30 kg/ha) to these zones,
yields in these plots increased by 15% (to 5.8 t/ha) compared to control plots (5.0
t/ha) where no fertiliser was applied. The average wheat yield in Field 2 after
corrective fertiliser application was 5.5 t/ha, 8% higher than the average yield in
the previous year (5.1 t/ha).To evaluate the accuracy of crop type classification
based on multispectral UAV data, machine learning algorithms were used. The
SVM algorithm showed the best results, achieving a classification accuracy of 95%
on the test sample (consisting of 5000 samples). At the same time, the recognition
accuracy for wheat was 96%, barley 94%, rapeseed 93%, and maize 97%. The
processing time per hectare was 2.5 minutes.

Data from the GSSI SIR 4000 GPR in the mining industry were also analysed
in detail. During the experiments, 5 sites (total area of 10 hectares) in the area
of a copper deposit under development were scanned. The GPR pulse frequency
varied from 100 MHz (for depths up to 20 metres) to 200 MHz (for depths up to 10
metres), depending on the required penetration depth and the detail of the survey.
The scanning step was 0.25 metres.

GPR data processing identified 12 underground voids and 15 zones of high
moisture content. The voids ranged in size from 1.5 metres to 4.5 metres in diameter
and in depth from 4 to 18 metres. The high-moisture zones ranged in depth from
8 to 22 metres and in area from 5 to 15 square metres.To validate the GPR data, 5
drillings were carried out in the areas where the anomalies were identified. Drilling
confirmed the presence of 10 out of 12 underground voids, with the discrepancy
between GPR data and drilling results in terms of void depth not exceeding 0.5
metres. The presence of increased moisture was confirmed in 13 out of 15 identified
zones, with water content in the soil samples from these zones ranging from 12%
to 25% by weight.

Analysis of the GPR data enabled the creation of detailed 3D models of
underground structures, which were used to adjust the mining plan. In particular,
the route of one of the underground tunnels was shifted by 5 metres to avoid passing
through a large underground void, reducing the risk of ground collapse by 30%.
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Ore reserve estimates for the deposit after analysing the GPR data showed a 5%
increase in total reserves due to better delineation of the ore body.

These quantitative experimental data confirm the effectiveness of using remote
sensing and GPR techniques to monitor environmental conditions and optimise
processes in agriculture and mining.

In addition to the data collected by UAV and GPR, data from specialised
databases and tools such as Cropio and Agrosignal were also used to assess
the effectiveness of farmland monitoring and agricultural process automation.
Analysing data from different sensors, including Al, enabled patterns to be
identified and changes to be predicted, thereby improving resource use efficiency.
The analysis of the obtained data has shown that the developed methodology
allows effective evaluation of various digital tools from the point of view of their
applicability in the agro-industrial complex. In particular, it was found that the
use of multispectral UAV imagery can significantly improve the accuracy of crop
condition assessment compared to traditional methods. For example, the accuracy
of the NDVI (Normalised Difference Vegetation Index) using UAV data was 92%,
compared to about 75% accuracy using manual data. This indicates that the use of
UAVs can significantly improve the efficiency of crop condition monitoring and
identify problem areas in a timely manner.

The use of GPR in the mining industry has enabled the identification of a number
of underground voids and fractures that were not detected by traditional geological
surveys. In particular, at one site, several large voids were discovered that could
pose a risk to mine development. The information obtained from GPR allowed the
mine development plan to be adjusted and potential accidents to be avoided.

Analyses of data from the Cropio and Agrosignal databases have shown that
these tools can significantly improve the efficiency of agricultural management.
In particular, the use of these tools was found to reduce fertiliser costs by 10-15%
and increase yields by 5-7%. This shows that digital tools can significantly improve
the efficiency of resource utilisation in the agro-industrial complex.In addition, the
effectiveness of different machine learning algorithms for solving the problems
of yield prediction and soil type classification was compared. It was found that
Random Forest algorithm showed the best results in terms of yield prediction
accuracy, achieving R-squared = 0.85 on the test sample. For soil type classification,
the Support Vector Machine (SVM) algorithm performed best with 90% accuracy.
These results confirm the effectiveness of using machine learning to solve problems
related to analysis and prediction in AIC.

The analysis showed that the developed methodology can effectively evaluate
various digital tools in terms of their cost-effectiveness, technological applicability,
social impact and environmental sustainability. This methodology can be used to
make informed decisions about the introduction of digital technologies in the agro-
industrial complex and optimise their use.

Comparison of the results obtained with the results of other similar studies
has shown that the developed methodology corresponds to the current trends

93



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

in the field of assessing the effectiveness of digital tools in the agro-industrial
complex. In particular, the results of the study are consistent with the results of
studies conducted in other countries, which have also shown that the use of digital
technologies can significantly improve the efficiency and sustainability of agro-
industrial production. For example, similar studies conducted in Europe and the
US have also shown that the use of UAVs to monitor crop health can improve the
accuracy of yield estimates and identify problem areas in a timely manner.Despite
the positive results, it should be noted that this study has a number of limitations.
Firstly, the modelling experiments were conducted on a limited number of sites,
which may limit the generalisability of the findings. Second, the social impact
assessment of digital tools was conducted based on limited data, which may affect
the accuracy of the assessment. Third, the economic evaluation of the effectiveness
of digital tools did not take into account all possible costs and benefits, which may
affect the accuracy of the ROI assessment.

Future research plans to conduct larger scale experiments using more sites and
more detailed assessment of the social impact and economic efficiency of digital
tools. It is also planned to develop more sophisticated machine learning models to
solve prediction and classification problems in AIC.

In conclusion, the study has shown that digital tools have great potential to
improve the efficiency and sustainability of agro-industrial production. The
developed methodology allows effective evaluation of various digital tools in
terms of their applicability in agribusiness. The results of the study can be used to
make informed decisions on the introduction of digital technologies in agribusiness
and optimise their use. Further research will be aimed at expanding and deepening
the results obtained, as well as developing new methods and tools to improve the
efficiency and sustainability of mining and agrarian industries.

Conclusion.

This study demonstrates the significant potential of using artificial intelligence
and modern technologies in the field of geomonitoring, especially in the context
of the mining industry. The results of the work show that it is possible to improve
process efficiency, reduce risks and optimise the use of natural resources through
the integration of advanced data analysis and automation. The developed
methodology for evaluating the effectiveness of digital tools provides a basis
for making informed decisions on the implementation of new technologies and
optimising existing processes in the industry. The data obtained confirm the need
for further development and deepening of research in this area, aimed at creating
more advanced geomonitoring systems and expanding their functionality.

The use of multispectral imagery from unmanned aerial vehicles (UAVs) and
the analysis of vegetation indices such as NDVI, EVI and NDRE provides detailed
information on the state of the Earth’s surface and reveals spatial variability, which
is particularly relevant for monitoring agricultural land, as well as for detecting
and assessing potential threats associated with geological terrain features in the
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mining industry. In particular, the high correlation (R? = 0.88) between UAV data
and NDVI field measurements confirms the accuracy and efficiency of this method.

The use of GSSI SIR 4000 GPR in the mining industry enables the detection
of underground voids, fractures and other geological heterogeneities, which
significantly improves the safety and efficiency of mining operations. The analysis
of GPR data enabled the creation of detailed 3D models of underground structures
and the correction of mining plans, which led to a 30% reduction in the risk of
ground collapse and a 5% increase in ore reserve estimates.

The developed methodology for assessing the effectiveness of digital tools based
on the analysis of economic efficiency, technological applicability, social impact
and environmental sustainability is an effective tool for making informed decisions
on the implementation of digital technologies in the agro-industrial complex and
mining industry. A comparison of the effectiveness of different machine learning
algorithms showed that the SVM algorithm showed the best results for soil
type classification and the Random Forest algorithm for yield prediction, which
emphasises the importance of selecting optimal algorithms for specific tasks.
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