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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.



EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of TAAS
and NAS RK, General Director of the Research Institute of Petroleum Refining and Petrochemicals (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, Doctor of Geological and Mineralogical Sciences, Professor,
Academician of NAS RK, Director of the U.M. 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
Academician of 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, Great Britain), 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, Germany), 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 (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.webof-
science.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, Director of the Centre for Advanced Middle Eastern Studies, Lund University
(Lund, Sweden), https://www.scopus.com/authid/detail.uri?authorld=7005388716; https://www.webofscience.
com/wos/author/record/1324908

MIRLAS Vladimir, PhD, Professor, Eastern R&D Center, Ariel University (Ariel, 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: «Central Asian Academic Research Center» LLP (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the Ministry
of Information and Communications of the Republic of Kazakhstan N° KZ50VPY 00121155, issued on 05.06.2025
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/

© «Central Asian Academic Research Center» LLP, 2026.



BAC PEJAKTOP

JK¥PBIHOB Mypar ’KypbIHy/ibl, XUMHUS FBUIBIMAAPBIHBIH TOKTOPHI, podeccop, XFAK xone KP ¥FA
akajgemMuri, MyHail eHJey *oHE MYHaH-XHMHSCHl FHUIBIMH-3ePTTEY MHCTUTYTHIHBIH 0ac AUPEKTOPHI (AJIMATHI,
Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=6602177960; https://www.webofscience.com/
wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHBACAPBI:

ABCAJIBIKOB BakbiT Hopikfaiiy/ibl, TexHHKa FbUIBIMIAPBIHBIH JOKTOpPHL, mnpodeccop, KP ¥FA
akanemuri, K.M. CorbGaeB arbinnarsl Kasak YITTHIK TEXHHKAIBIK 3epTTEY YHHBepcHuTeTi (AnMarsl, Kazakcran),
https://www.scopus.com/authid/detail.uri?authorld=6504694468; https://www.webofscience.com/wos/author/re-
cord/2411827

PEJAKLIUS AJTIKACBI:

OBCOMETOB Mouic KyabIcyabl, reoiorus-MHHEPAIOrHs FRUIBIMAAPBIHEIH JTOKTOpHI, mpodeccop, KP
YFA akanemuri, Y.M. Axmencaduu atbiHAarsl [ MIpOreonorus xoHe Te0dKOIOrUsl HHCTUTYTBIHBIH THPEKTOPbI
(Anmatel, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200; https://www.webof-
science.com/wos/author/record/1937883

7KOJITAEB I'epoii Koaraiiysibl, reosorus-MuHepanorus FeUIBIMAAPBIHBIH JOKTOPHI, podeccop, KP ¥FA
KypmerTi akagemwuri (Anmarsl, Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200;
https://www.webofscience.com/wos/author/record/1939201

CHOY [Ipumen, PhD, kaysivpacteipsurran npodeccop, Hebpacka yuusepcuterinin Cy FbUIbIMAAphI
3epTxaHachiHbIH aupekTopsl (Hebpacka, AKII), https://www.scopus.com/authid/detail.uri?authorld=710325
9215; https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typainb! FeutbiMaap OeiMiHiH HETPOIOTHS XKOHE Taiaasibl Kazdanap KeH
OpBIH/IAPbI CAJIACBIHIAFBI 3ePTTEYNIEepiHiH kerekuici, Taburu Tapux mypakaiibl (Jlonnon, ¥neiOpuranus), https://
www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681

NAH®WJIOB Muxauia BopucoBu4, TexHHKa FHUIBIMIAPLIHBIH JOKTOPbI, HaHcH yHHBEpCHTETIHIH
npodeccopsr (Hauncu, @pannus), https://www.scopus.com/authid/detail.uri?authorld=7003436752; https://www.
webofscience.com/wos/author/record/1230499

HIEH IMun, PhD, KeiTail reonorusuibik KOFaMbIHbIH Tay-KeH reoorHsChl KOMHTETI AUPEKTOPBIHBIH OpbIH-
Oacapbl, AMEpHUKaHIBIK KOHOMHKAJIBIK T€OJOrTap KaybIMIAacThIFbIHBIH Mylueci (beibkin, Kprrait), https:/www.
scopus.com/authid/detail.uri?authorld=57202873965; https://www.webofscience.com/wos/author/record/ 1753209

@OUUIEP Axcenb, PhD, kaysimpacteipsutran mpodeccop, Apesnen TexHukaiblk yHuBepcureti ([pesnen,
Tepmanns), https://www.scopus.com/authid/detail.uri?authorld=35738572100; https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHokoBHY, XUMUsI FBUTBIMIAPLIHBIH JOKTOPEI, benapycs ¥FA akagemuri, XKana
Marepuaiap XUMUSIChl MHCTUTYTBIHBIH KypMeTTi aupektopbl (Munck, bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, kaysimaacTeipsiirad npodeccop, Jpesnen Texuukansik yausepceuteri (pesnen,
Tepmanns), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/1309251

CATBIHTAEB “Kanaii, PhD, kaysimpacteipbuiran npogeccop, HasapbGae ynusepcureri (ActaHa,
Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaono, PhD, kaysimpacteipbuiran mnpodeccop, bukokk Mmman ynusepcuteri (Muas,
HWranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIEUICOBA Map:xan BaiicaHKbI3bl, TeXHHKa FhUIBIMAAPBIHBIH JIOKTOpbI, K.M. CorbaeB arbIHIaFbl
Kasak yiTThIK TEeXHHKAIBIK 3epTTey yHHBEPCHTETiHIH mpodeccopsl (Anmarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=57202218883; https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopanoaii ToB6acapoBu4, TeXHHKA FHUIBIMAAPBIHBIH JOKTOPHI, mpodeccop, «leodusrka xoHe
ceiicmonorus»y Kadenpaceiubie MeHrepymrici, K.M. CorbaeB arsinmarsl Kasak YITTBIK TEXHHKAIBIK 3€pTTEY
yHuBepcuteti (Anmarel, Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, npodeccop, Tasy LLbirbicTbl 3aMaHayn 3epTTEy OPTAJIBIFBIHBIH AUPEKTOPDI, JIyH
yuuepcureti (Jlynn, IlIBerms), https://www.scopus.com/authid/detail.uri?authorld=7005388716; https:/www.
webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, PhD, npodeccop, Apudnbs yHuBepcuteTiHil LIBIFbIC FBUTBIMH-3EPTTEY OPTAJIBIFBI
(Apwuanb, Uspanib), 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)

Menmikreymi: «OpTanbiK A3Hs akaJeMHsIIBIK FRUIBIME opTanbFbby XKIIC (Anmarsl K. ).

Kazakcran PecryOnukachlHbIH AKIapar »oHE KOMMYHMKAIUsIAp MHHHUCTDIITIHIH AKIapaT KOMHTETiHJE
05.06.2025 x. Oepinren N° KZ50VPYO00121155 mep3imMaik 0acbuibiM TipKeyiHE KOWBUIYy Typajbl KyoliK.
TaKbIpBINTHIK OAFbITBL: 2eonoaus, 2u0po2eonous, 2eoepapus, may-kKen ici, MYHail, 2az dHcane Memanoapovly
XUMUSIBIK, MEXHON02USIAPbI

Mep3iminiri: xblibiHa 6 peT.

http://www.geolog-technical.kz/index.php/en/

© «OpranblK A3us akaJIeMUSIIBIK FBUIbIMU opTanbirsDy JKILIC, 2026,



IJIABHBI PEJAKTOP

JKYPUHOB Mypar KypuHoBHY, IOKTOp XUMHYECKUX Hayk, npodeccop, akanemuk MAAH u HAH PK,
T'enepanbubiii qupekrop HUM vedrenepepaborku u Hedrexumun (Anmarel, Kasaxcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960; https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB BaxbiT Hapuk0aeBH4, JOKTOp TEXHHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
Ka3zaxckuil HalMOHANBHBIN HCCIENOBATEIbCKHI TexHmueckuii yHuepcurer uM. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468; https://www.webofscience.com/
wos/author/record/2411827

PEJAKLIMOHHASI KOJUIET ASI:

ABCAMETOB Majmc KyasicoBuY, TOKTOp I€0JI0r0-MHHEPAIOrHYECKUX Hayk, mpodeccop, akagemuk HAH
PK, mupexrop MHcTUTYTa rHApOreoorny U reodkonoruy uM. Y.M. Axmencaduna (Amvarsl, Kazaxcran), https:/www.
scopus.com/authid/detail.uri?authorld=56955769200; https://www.webofscience.com/wos/author/record/1937883

JKOJITAEB TIepoii ’KonraeBH4, IOKTOp TeO0JOrO-MHHEPAIOTHUECKUX HayK, npodeccop, MOYETHBII
akanemuk HAH PK (Anmarel, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200;
https://www.webofscience.com/wos/author/record/1939201

CHOY Jpuuen, PhD, accouunpoBanuslii npodeccop, aupextop Jlabopatopun BOTHBIX HAyK YHHBEPCHTETA
Heb6packu (Hebpacka, CILA), https://www.scopus.com/authid/detail.uri?authorld=7103259215; https:/www.
webofscience.com/wos/author/record/1429613

3EJBTMAHH Paiimap, PhD, pykoBogutenb uccienoBaHuii B 00JacTH HETPOIOTHH M MECTOPOXKICHHUM
TI0JIe3HBIX HCKomaeMbIX B Otierne Hayk o 3emite Myses ecrectBeHHOiT neropuu (JIonnon, Benmko6puranms), https:/
www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681

MMAH®UJIOB Muxani BopucoBny, 10KTop TeXHUUECKUX Hayk, mpodeccop Yuusepcutera Hanen (Hanen,
Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
o01ecTBa, wieH AMEPUKAaHCKON accouuanuu sKoHomuueckux reonoros (ITexkun, Kuraii), https://www.scopus.
com/authid/detail.uri?authorld=57202873965; https://www.webofscience.com/wos/author/record/1753209

@®UILIEP Axcens, PhD, accormuupoannsiii npopeccop, Texunueckuii yauBepcutet pesnen ([pesnew,
Bepnun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100;  https://www.webofscience.com/
wos/author/record/2085986

AT'ABEKOB Baamumup EHokoBM4Y, JOKTOp XMUMHYECKMX Hayk, akagemuk HAH benapycu, mouetHbrit
upekTop MHcTHTyTa XMMHH HOBBIX MarepuanoB (MuHck, bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIIEMCOBA Map:xan BaiicanoBHa, TOKTOp TEXHHYECKUX Hayk, podeccop Kazaxckoro HalmoHaaIbHOrO
HCCIIEIOBATENLCKOTO TexHuueckoro ynupepeutera um. K., Carnaesa (Anmarsl, Kasaxcran), https://www.scopus.
com/authid/detail.uri?authorld=57202218883; https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  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)

CoberBennnk: TOO «LlenTpanbHO-A3HaTCKH aKaeMHIECKUil HayuHbIH HEHTP» (T. AJMaThl).

CBHIETEIBCTBO O TIOCTAHOBKE HA YydYeT IEPHOAMYECKOro medaTHoro usfganus B Komurere wnHbOpManuu
Munucrepersa nHopManuu 1 koMMyHHKanuid u PecrmyOmuku Kaszaxcran N° KZ50VPY00121155, BeinanHOe
05.06.2025 .

TemaTuueckast HANPABICHHOCTb: 2€0/102Usl, 2UOPO2EON02Us, 2e02Papus, 20pHOe 0eNo U XUMUHECKUe MEXHON02UU
Hegmu, easa u Memanios

IepronuunocTs: 6 pa3 B TOA.

http://www.geolog-technical kz/index.php/en/

© TOO «llenTpanbHo-A3MaTCKMi akageMUYECKUi HayuHbIi HeHTp», 2026.



ISSN 2224-5278 1.2026

CONTENTS
Abdullaev A.U., Kamberov I.M.
Possibilities of mercury studies in seismic hazard assessment and earthquake
FOTECASTINE. ...eevtieieiieie ettt ettt ettt et e et e bt e e esae st e e s e enteeseenbeenseesaesseenseeneennean 8

Agzamova [.A., Abdurakhmanov B.M., Normatova N.R., Ermatova Ya.S.,
Agzamova N.Sh.

Forecast assessment of disturbances and fracturing during development of solid

TNINETAL AEPOSIES. ..ottt ettt ettt sttt e e bt ese et e st e e enes 18

Arystanov M.B., Zhandiyar A.G., Kaipbayev Y.T., Sultanbekova A., Nikam B.R.
A geospatial approach to managing irrigation water resources of the big almaty canal.....32

Babii K., Kiriia R., Smirnov A., Kuttybayev A., Mishchenko T.
Justification of parameters of a steeply inclined tubular conveyor of cyclic-flow
technology at a deep open pit in Kryvbas........ccoccveviieiirieiiinieie e 55

Bryukhanova N.N., Gladkikh V.A., Idigova L.M., Lepekhina Yu.A., Kondratiev V.V.
Engineering control of blast-induced seismicity and environmental safety in underground
ore mining under complex geodynamic CONAItioNS. ........cecuerueerieriererienienieneee e 74

Evsyukov D.Yu., Pchelintseva S.V., Vakhrusheva I.A., Ermolaeva O.S., Modina M.A.
Geophysical investigation of technogenically disturbed areas for environmental
assessment in SOUthETN RUSSIA.........ccvivvieiiiiieiieieie et 90

Galiyev S.Zh., Axanaliyev N.E., Sarsenbayev Y.Ye.
Justification of technological parameters and energy consumption of quarry excavators
taking into account the quality of rock preparation for excavation...........cccceeeeeerercnnens 109

Hryhoriev Y., Lutsenko S., Hryhoriev 1., Kuttybayev A., Kuantayev N.
Adaptive modeling of mining schedule using genetic algorithm in a dynamic
ENVITOMIMIENIE . ....eeiteititi ettt ettt ettt ettt ettt ettt st et sae ettt e ae st e et saeebeeseennensennentesueas 120

Ismailov V.A., Aktamov B.U., Yodgorov Sh.I., Yadigarov E.M., Avazov Sh.B.
Assessment of the possible seismic risk of residential buildings in the Samarkand
region based on a scenario earthqUake..........ccoecvevieriiiieriiiieicee e 135

Ismayilov S.Z., Aliyev I.N., Karimov I.C.
Real-time monitoring and statistical analysis: optimizing sand detection in oil wells.....155

Kazakov A.N., Khakberdiyev M.R., Qurbonov H.A., Turgunov Sh.Sh., Obidov M.I.
Effect of rock mass discontinuities on underground mine stability (Uzbekistan)............ 170

Kukartsev V.V,, Stupina A.A., Khudyakova E.V., Stepantsevich M.N., Matasova L.Yu.
Diagnostics of the structure of crystalline materials of rock formations by the method
of thermally stimulated depolarization..............coceevuerieiienieiiiniee e 182

Medetov Sh.M., Zaidemova Zh.K., Suyungariev G.E.
Oscillatory dynamics of rigging operations in the development of exploration wells......196

6



ISSN 2224-5278 1.2026

Mustapayeva S., Nikolaeva S., Kabanov P., Omarova G., Assambayeva A.
New ammonoid records and gamma-spectrometry in the stratotype of the Beleutian
regional substage (Central Kazakhstan) ...........cccccooiiiiiiniiiiiiiec e 215

Nurpeissova M., Menayakov K., Aitkazinova Sh., Nukarbekova Zh., Bakyt N.K.
Environmental and industrial safety of subsurface development near a nuclear
POWET PLANT. ..ottt ettt et te et ste e b e s te e b e e tae s e esaesbeessesseesseeseensesneeneas 231

Obeidat M.A., Shmoncheva Y.Y., Jabbarova G.V.
Immiscible displacement of Herschel-Bulkley fluids in porous media: a modified
Buckley—Leverett approachi.........c.ccocvevierierieiiiiiieieine sttt 247

Sakhmetova G.E., Uralov B.K., Brener A.M., Turymbetova G.D., Absamatova Z.
System analysis of scaling problems while designing biogas plants in the context
[0 BS) 1T ¢/ OO PRUSORRIN 274

Salikhov T.K., Issayeva Zh.B., Onal H., Akhmetzhanov Zh.B., Atasoy E.
Using GIS technologies and traditional ground-based methods to analyze the vegetation
cover of ecosystems in the West Kazakhstan Region...........c.ccoevvevieniiecieneiiiinicieseeens 286

Satybaldina D., Teshebayev N., Shmitov N., Kissikova N., Zakarina A.
Methods for improving oil production efficiency using pumping units.............c.cceeueenee 303

Shalabaeva G.S., Abdimutalip N.A., Koishiyeva G.Zh., Ozler M.A., Toychibekova
G.B.

Study of hydrological and geostructural changes in the koskorgan reservoir due

t0 ClIMALIC CRANZES. ... itieiiiiiee ettt 318

Suiintayeva S.Ye., Bakhtybayev N.B., Imangazin M.K., Andagulov D.T.,

Atageldiyev K.T.

Experience in the use of self-propelled drilling rigs to increase the efficiency

of drilling and blasting operations with sublevel mining SyStems..........cccccervereeveeecnnens 332

Tolesh A.B., Mamitova A.D., Karlykhanov O.K., Tazhieva T.Ch., Kalmakhanova M.S.
Flow regulation of the Syrdarya River at Shardara under energy releases....................... 345

Torekhanova M.T., Tleuzhanova G.B., Yeserkegenova B.Zh., Kadyrov Zh.N.,
Kadyrova B.B.
Innovative technical approaches to the development of automatic control systems

for bitumen-chip SPreading........ceveeieriirieieee et 362
Tynchenko V.S., Krasovskaya L.V., Ashmarina T.I., Kononenko R.V.,

Shtyrkhunova N.A.

Geomechanical justification of underground mining technologies for ore deposits in
complex rock massifs from the standpoint of nature and resource conservation.............. 382

Zholtayev G.Zh., Rassadkin V.V., Umarbekova Z.T., Mashrapova M.A., Miniskul S.D.
Formation and development prospects of placer gold deposits in Southern Junggar.......396

7



ISSN 2224-5278 1.2026

NEWS OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC
OF KAZAKHSTAN, SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278

Volume 1.

Number 475 (2026), 120134

htips://doi.org/10.32014/2026.2518-170X.594

UDC 622.271.3
IRSTI 52.13.17

©Hryhoriev Y.'%, Lutsenko S.'%, Hryhoriev 1.2, Kuttybayev A.*",
Kuantayev N.3, 2026.
'Kryvyi Rih National University, Kryvyi Rih, Ukraine;
’LLC “Technical University “METINVEST POLY TECHNIC”,
Zaporizhzhia, Ukraine;
3Satbayev University, Almaty, Republic of Kazakhstan.
*E-mail:a.kuttybayev(@satbayev.university

ADAPTIVE MODELING OF MINING SCHEDULE USING GENETIC
ALGORITHM IN A DYNAMIC ENVIRONMENT

Hryhoriev Yulian — candidate of technical sciences, associate professor of the Department of Open-
Pit Mining, Kryvyi Rih National University, Kryvyi Rih, Ukraine,

E-mail: yulian.hryhoriev@knu.edu.ua, https://orcid.org/0000-0002-1780-5759;

Lutsenko Serhii — candidate of technical sciences, associate professor of the Department of Open-
Pit Mining, Kryvyi Rih National University, Kryvyi Rih, Ukraine,

E-mail: lutsenkoserhii@knu.edu.ua, https://orcid.org/0000-0002-5992-3622;

Hryhoriev Thor — candidate of technical sciences, associate professor of the Mining Department,
LLC “Technical University “Metinvest polytechnic”, Zaporizhzhia, Ukraine,

E-mail: ihor.hryhoriev@mipolytech.education, https://orcid.org/0009-0006-2787-106X;
Kuttybayev Aidar — candidate of technical sciences, professor of the Department “Mining®,
Satbayev University, Almaty, Kazakhstan,

E-mail: a.kuttybayev@satbayev.university, https://orcid.org/0000-0003-3997-8324;

Kuantayev Nurzhan — PhD Student, Department “Mining“, Satbayev University, Almaty,
Kazakhstan,

E-mail: 93022760046-D@satbayev.university, https://orcid.org/0009-0002-6763-3024.

Abstract. The operation of large mining clusters faces significant challenges, as
long-term planning is often based on constant environmental conditions, ignoring
uncertainties in the economic environment, geological uncertainty, and the mutual
influence of enterprises. However, the current realities of the global market and
the challenges of the industrial crisis require consideration of dynamic conditions,
such as price and demand fluctuations, during mining operations. This study
proposes a method for multi-factor optimization of mining operations based on a
genetic algorithm. The methodology involves the mathematical formalization of
a mining cluster system combining open pit mines and industrial deposits, using
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an evolutionary approach to solving nonlinear optimization problems that take
into account ore quality and mining costs. The study identified optimal parameters
for the optimization algorithm — specifically, a crossover value of 0.7-0.8 and a
mutation probability of 5% — to ensure the accuracy of design decisions and prevent
optimization from drifting toward local minima. The proposed model determines
annual production blocks, storage volumes, and processing of man-made deposits,
enabling dynamic adjustments to cutoff ore grade values to minimize overall costs.
Unlike traditional deterministic approaches, the proposed methodology provides
flexibility in planning, enabling long-term reductions in production and storage
costs while maintaining stable ore quality. The results obtained can be used by
engineering design organizations for adaptive, dynamic long-term design of mining
facilities and regional clusters, as well as for improving the specialized software
used for this purpose.

Key words: mathematical modeling, regional mining cluster, open-pit,
technogenic deposits, ore quality, adaptive design
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AnHoTauus. [pi Tay-KeH eHAIpY KJlacTepiiepiHiH KbI3METI eJ1eyJTi KUbIHABIKTapFa
Tan OOJIBIIN OTHIP, OUTKEH1 Y3aK Mep3iM/i kocnapiay KebiHece KopIaFraH OPTaHbIH
TYpaKTHl JKaFJaiiapelHa HETi3AeNil, MapyambUlbK KYPri3yaiH SKOHOMHKAJIBIK
OpTacChIHIaFbl OENTrici3 (akTopiIapiabl, TEOJOTHSUIBIK OEJNTiCi3/iKTI, COHIak-aK
KOCIMOPBIHJAP apachblHIaFrbl ©3apa BIKIMAIIbl ecKkepMeiini. Anmaliaa sxahaHabIK
HApBIKTBIH ~ Ka3ipri IObIHAWBl KaFAaidinapbl MEH OHEPKICINTIK  JarJapbic
Mocesieniepi Tay-KeH >KYMBICTApbIH XKYpridy OapbichiHAa 0ara MEH CYPaHbBICTHIH
AyBITKYbl CHAKTHI JTUHAMHUKAIBIK >KaFrAalaapabl ecenke amyabl Tanan ereai. Ocbl
3epTTey/ie TeHEeTHKAJIBIK aJlTOPUTMIE HETi3/Ie/ITeH Tay-KEeH JKYMbICTAphl PeXUMIiH
KON(AKTOPIBl OHTAWIAHABIPY OMICI YCBHIHBUIAABI. OAicTeME Kapbepiep MeH
TEXHOTCHJIIK KEH OPBIHAAPBIH OipIKTIpeTiH Tay-KeH OHIIpy KiacTepi XKyHeciH
MaTeMaTHKaJIbIK (OpMaIu3alusuIay /il KAMTUABI )KOHE KEHHIH canackl MEH OHAIPY
LIBIFBIHAPBIH €CKEPETiH CHI3BIKTHIK €MeC OHTaWIaHAbIPy €CeNTepiH ey YIIiH
ABOJIIOLIUSIIBIK TOCUIII KOJIaHaAbl. 3epTTey OaphIChIH/A KOOAIBIK IIEHIIMISPIiH
JOIIINH KaMTaMachl3 €Ty >KOHE OHTAMIaHABIPYIbIH JIOKAIABIK MHHUMYMAApFa
TycyiH OonaplpmMay MakcaThIHIA OHTAMJIaHIBIPY AITOPUTMIHIH MapaMmeTpliepi,
aran aiiTkanga kpoccoBep mamackl 0,7-0,8 skoHe MyTauusl BIKTUMAJABIFBL 5
% JIeHreWinAe aHBIKTANbl. ¥CBHIHBUIFAH MOJENb JKBUIIBIK OHAIpY OJOKTaphiH,
KoliMarayFra >ki0epineTiH KeJaeMIepal *KoHe TEeXHOTCHIIK KeH OpBIHAAPBIH KaiTa
OHJCY/l alKbIHAANWABI, Oy aJbl WIBIFBIHAAPAB a3alTy YIIiH KeH KypaMbIHBIH
OOpPTTBIK MOH/CPIH TUHAMUKAIBIK TYpHAE TY3€Tyre MyMKiHAIK Oepeni. JocTypii
JETEPMUHHCTIK TOCUTICPACH albIPMAaIIbUIBIFbI, YCHIHBUIFAH 9JIiICTEME JKOCIapayia
WKEMJUTIKTI KamMTaMachl3 eTill, y3aK Mep3iMIi MEepCreKTHBaZa KEH CarachIHBIH
TYPaKTBUIBIFBIH CAKTal OTBIPBIN, OHAIPY MEH CakTay HIBIFBIHAAPEIH TOMEHIETYTE
MYMKIHIIK Oepeni. AJBIHFaH HOTHXKEJEp Tay-KeH OHAIPY KOCIMOphIHAAPHI
MEH OHIpNiK KiacTepyiepli OeiMaenmeni TUHAMUKANBIK Yy3aK Mep3imIi
xobanay YIIiH WHKEHEpINiK jkobanay yHWbIMIapblHAA, COHIAH-aK KOJJaHBUIBII
KYPreH MaMaHJaHJbIpbUIFaH OarnapiaMaiblK KaMTaMachl3 €Tyl KeTUIIipynae
naiganaHbuTybl MYMKIH.

Tyiiin ce3nep: MaTeMaTHKAIBIK MOJENbBICY, OHIPIIK Tay-KeH OHIIpY KIIacTephl,
Kapbep, TEXHOTCH/TIK KeH OPBbIHAphI, KEH carackl, OeiiMienmerti xobaray
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AHHoTanus. Pabora KpynHBIX TOPHOIOOBIBAIOMINX KJIACTEPOB CTAIKUBACTCS
CO 3HAYUTEIBHBIMU NMPOOJIEMaMH, MOCKOJIBKY JONTOCPOYHOE IJIAHUPOBAHHUE YacTO
OCHOBBIBAETCS Ha ITPENITOJI0KEHUN O HEU3MEHHOCTH YCJIOBUN BHELITHEH Cpeibl U TPU
3TOMHEI0CTaTOYHO yUNTHIBAETHEONPEIeIEHHOCTE9KOHOMUYECKON KOHBIOHKTYPHI,
Te0JOTHYECKYI0 HEONpPEeaeIEHHOCTh, a TaK)Ke B3aWMHOE BIHUSHHE MPENNPHUITHN
BHYTpH Kjactepa. OJJHaAKO COBPEMEHHBIE PEaINH I7100aIbHOT0 PhIHKA U KPU3HCHBIE
SIBJICHUS B TPOMBIIIIJICHHOCTH TPEOYIOT yuéTa TUHAMHUUECKUX (DAKTOPOB, TAKUX KaK
KoJIeOaHus LIeH U CIIpoca, PY IUIAHUPOBAHUH U BEIEHUH TOPHBIX pa0oT. B nanHOM
WCCIICIOBAHUU TPEIJIOKEH METOJ MHOro(aKTOPHOM ONTHUMHU3ALIUKN pPEKHMa
TOPHBIX paboT Ha OCHOBE T€HETHYECKOro anroputMa. MeTomoyorHsi BKIIOYaeT
MaTeMaTHUYEeCKyl0 (popMayn3aluio CHCTEMbl T'OPHOJOOBIBAIOLIEIO KJIACTEPa,
OObEIUHAIOUICH Kapbepbl M TEXHOTCHHBIE MECTOPOKACHHUS, M IPUMEHEHHUE
9BOJIIOLIMOHHOTO TOAXOAA JUIsl PEIICHHsT HEIMHEHHBIX 3aJad ONTUMH3alHU C
y4€TOM KauecTBa pyA U 3aTpaT Ha 100bIuy. OnpeeneHbl ONTUMAaIbHbIC TapaMeTphl
ITOPUTMAa, BYaCTHOCTH KO3 puuneHT kpoccosepa 0,7—0,8 1 BepOITHOCTb My Talluu
5%, 4TO MOBBIIIAET TOYHOCTh IPOEKTHBIX PEIIEHUH 1 CHUKAET PUCK «CKATHIBAaHUSD)
ONTUMHU3AIMHN K JOKAJbHBIM MUHHUMyMam. llpemoskeHHas Moaenp ompezesnseT
TOJIOBBIE OJIOKM JOOBIYM, OOBEMBI CKIAJMPOBAHUS W TAapaMeTphl MepepadboTKu
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rofioBble OJIOKH 100BIYHM, OOBEMBI CKIAAMPOBAHMS M MapaMeTphl mepepadoTKu
TEXHOTCHHBIX MECTOPOXKICHHH, TII03BOJISII JAWHAMHUYECKH KOPPEKTUPOBATh
OOpTOBBIE COIEpPIKaHUS PY/BI JUII MUHUMHU3AIIMU COBOKYIHBIX 3aTpaT. B oTnmune
OT TPAJULHUOHHBIX AETEPMUHUCTHUYECKHUX MOX0/I0B, pa3pad0TaHHAs! METOHAOJIOTUS
obecrieunBaeT rHOKOCTh MJIAHUPOBAHMUS, IO3BOJISAS B IOJITOCPOYHON IEPCIIEKTUBE
CHIDKATB 3aTpaThl Ha 100BIYY M XpaHEHHE MPH COXPAHEHUH CTa0MIBHOTO KayecTBa
pyasl. [lomydeHHble pe3ynbTaThl MOTYT OBITh HCIHOJIB30BAaHBl HHKEHEPHO-
MIPOEKTHBIMU OPTaHU3ANMAMU JJIS1 aIalITUBHOTO JIOJTOCPOYHOTO MTPOESKTHPOBAHUS
TOPHOOOBIBAIOIINX NPEANPUATHIH W PErHOHAJIBHBIX KIACTEPOB, a TaKkKe s
COBEpPILIEHCTBOBAHUS  CIELMAIM3UPOBAHHOIO IPOrpaMMHOrO  oOecredeHus,
MIPUMEHSEMOT0 ISl pEIIEHUs] COOTBETCTBYIOIINX 3a]1a4.

KiroueBble cj10Ba: MaTeMaTHUECKOE MOJACIMPOBAHHE, PErMOHAIbHBIN
TOPHOJIOOBIBAIONINN KJIACTep, Kapbhep, TEXHOICHHBIE MECTOPOXKICHHS, KaueCTBO
PYZbl, aJanTUBHOE MPOCKTUPOBAHUE

Introduction. In the course of studying the design of open-pit mining
scheduling within a mining cluster under uncertain initial data, it becomes evident
that a comprehensive understanding of the interactions between various geological,
geotechnical, and economic factors is a necessary requirement (Hryhoriev et al.,
2023a, Lutsenko et al., 2024). The experience of mining and processing enterprises
in the Kryvbas region under crisis-driven dynamic conditions demonstrates a shift
in the logistical connections between enterprises (Khomenko, V.L. et al., 2024).
Numerous instances of transporting minerals from the open-pit mines of one combine
to the processing plants of another have been recorded. Such intensification of
logistical connections confirms the formation of an anthropogenic-mining complex
of the third order — a mining cluster — based on the Kryvyi Rih Iron Ore Basin
(Hryhoriev et al., 2023a). The uncertainty in initial data, such as ore grade, rock
mass properties, and market conditions, complicates the already complex process
of mining design and adds a dynamic component to its determination.

Essentially, designing open-pit mining operations under conditions of uncertain
initial data requires a holistic approach that goes beyond traditional deterministic
frameworks. By acknowledging inherent uncertainties and utilizing advanced
mining scheduling modeling techniques, designers can develop more robust and
adaptive production systems. These systems are based on the principles of dynamic
design (Hryhoriev et al., 2023b) and are better prepared to operate in the modern
dynamic environment of mining production. The search for and justification of
new methods for evaluating and selecting mining scheduling strategies necessitates
a thorough analysis of the development of the scientific foundation on this issue.

The relevance of selecting a mining scheduling strategy for open-pit mines
emerged in the 1930s with the development of large-scale mining complexes. This
was primarily due to the fact that the production capacity of open-pit mines cannot
remain constant throughout their operation, mainly due to the varying volumes of
overburdenremoval. Subsequently, the process of determining the mining scheduling
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strategy was long considered under deterministic conditions. With the advancement
of mathematical knowledge and the capabilities of computer technology, methods
for automatic design of intermediate pit outlines began to develop. In 1965, Lerchs
and Grossmann, using graph theory and dynamic programming methods, developed
an algorithm for determining the mining scheduling strategy, which was later
named after them (Lerchs et al., 1965). In 1991, Denby and Schofield introduced
a methodology based on a genetic algorithm, which allows for the simultaneous
combination of pit limits and mining schedules, leading to the maximization of
the net present profit from the exploitation of the deposit. These and several other
algorithms (Denby et al., 1991) were primarily implemented in powerful geographic
information systems used by large design enterprises.

At the same time, the described scientific approaches are relevant primarily
under conditions of deterministic initial data available during the design process.
Some of these approaches were developed under a directive economy, while others
were based on the relative stability of prices for products from mining enterprises.
Similarly, geological information about deposits was considered deterministic, and
risks associated with geological uncertainty were not taken into account. However,
in practice, numerous cases of unconfirmed reserves (Okhunov et al., 2022, Jelvez et
al., 2023) have been encountered, highlighting the shortcomings of such an approach.

The article (Dimitrakopoulos et al., 2002) examines the development and
application of stochastic optimization for strategic mine planning, highlighting
the advantages of this approach specifically under conditions of uncertain initial
data. The primary tools discussed in the article include stochastic simulation and
stochastic optimization. The authors rightly note that traditional methods of reserve
estimation and production planning often result in single-point forecasts, which
may be biased due to the failure to account for uncertainties. To address this issue,
the authors propose integrating stochastic simulation and stochastic optimization to
model ore body uncertainties during the design of open-pit mining and production
planning. The article also provides statistical information based on project work
experience: stochastic optimization increases the efficiency of mining scheduling
by 25% and can expand pit limits by 15%, adding approximately 10% to the net
present value of the project (Dimitrakopoulos et al., 2011).

In particular, stochastic simulation tools are used to create a series of models that
reflect the probabilistic mine production schedule. Sequential simulation generates
a series of models that are statistically equivalent to the probabilistic distributions
of the ore (Dimitrakopoulos et al., 2011). High-order sequential simulation with
spatial cumulants allows for modeling complex nonlinear geological structures
by using high-order statistical characteristics (Mustapha et al., 2010). In further
research, stochastic optimization integrates uncertainty into the optimization process
of mining scheduling and pit productivity. For these tasks, researchers employed
methods such as Simulated Annealing or Stochastic Integer Programming (SIP).
The first approach involves a heuristic method that includes iterative improvement,
where blocks with lower probabilities are rescheduled across production periods to
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minimize deviations from production targets (Godoy et al., 2004). Stochastic Integer
Programming ensures optimization of the mine production schedule, accounting for
uncertainty by using a series of simulated orebody models. The primary goal is to
maximize the project’s NPV while minimizing deviations from planned production
targets (Rakishev et al., 2015). A similar approach for a copper mine, considering
uncertainties in ore quality and waste dump capacity, is examined in (Ramazan et
al., 2014). The study (Hryhoriev et al., 2024c) proposes a technological solution to
minimize geological uncertainty when exploiting a technogenic deposit.

The study (Groeneveld et al., 2019) provides an in-depth analysis of existing
approaches to open-pit design under conditions of uncertainty. However, the authors
do not consider the changes in the production system that involve stockpiling
temporarily substandard raw materials.

The authors of (Buelga et al., 2021) confirm the relevance of considering the
dynamics of commodity prices as one of the key factors influencing the boundaries
and scheduling of open-pit mining operations. However, in (Das et al., 2023), the
authors also conclude that a gap still exists in research concerning the development
of an optimization model for mining scheduling that takes into account the
management of overburden and associated minerals under conditions of uncertainty.

Thus, a substantial scientific and methodological foundation has been
accumulated for the search for optimal mining scheduling and production capacity
(Hryhoriev et al., 2023d) under uncertain dynamic conditions. However, the
emerging trends toward the formation of mining clusters necessitate considering
the mutual influence of individual extraction enterprises on the overall mining
scheduling of the cluster.

Therefore, the aim of this study is to scientifically substantiate and develop a
methodological approach to adaptive optimization of the mining scheduling within
a mining cluster under dynamic operational conditions.

Materials and methods. Planning the mining scheduling and production
capacity in such a complex system is a non-trivial task and requires appropriate
mathematical support. However, we first need to formulate and mathematically
formalize the approach to solving the problem of determining the mining scheduling
for a mining cluster that includes several open-pit mines and technogenic deposits.

Let us consider that the open-pit mines are extracting steeply dipping ore
deposits of variable quality. Low-grade ore, which is not economically feasible to
process at the moment, is stockpiled in technogenic deposits for future processing.
Consequently, technogenic deposits can operate in modes of accumulating mineral
raw materials and subsequent extraction.

To ensure the continuous operation of the processing plant, it is planned
to supply the plant with a steady quantity and quality of ore, blended from ores
extracted from different open-pit mines. The ore production rate of each mine may
vary over time, while the overall rock mass extraction rate must remain constant. In
this context, the objective function (1) aims to minimize the total costs of extraction
and storage while ensuring minimal deviations from the target values for ore quality
and volume.
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where X,y,z — coordinates of a block in three-dimensional space;

Q,,, — the content of the valuable component in the block by coordinates.
xX,Y,Z;

C‘xyz — the cost of extracting the block at coordinates x,y,z in year t,
monetary units;

V — constant volume of each block, m?;

Q' — target content of the valuable component required for the
processing plant in year t, %;

V' e — target volume of ore to be delivered to the plant over a specific
period in year t, m’,

a, B, y — weighting coefficients for balancing between costs and quality
indicators of mining operations;

The variable parameters will be:

ey, binary variable indicating whether the block is removed at the given
coordinates x,y,z in year t;

S binary variable indicating whether the block at coordinates x, y, z
is stored in the technogenic deposit in year t.

When searching for the optimum, certain constraints must be considered.

First, a block can only be removed if there is no other block directly above it:

min a Z(etxyz +St)CyZ )Ct)cyz +ﬂ

X,p,2,
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X, 0,2,
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It should also be considered that the volume of material extracted from the
technogenic deposit cannot exceed the volume that has been stockpiled:
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The ore mass delivered to the processing plant must maintain consistent quality
and quantity, taking into account the selection from both open-pit mines and
technogenic deposits:

z etxsz - Vttarget — min (4)
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t
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This problem formulation allows for a comprehensive approach to mining
planning, considering not only the economic but also the technological aspects of
ore extraction and processing.

Let us consider rational methods for solving the problem we have formalized.

The classical method for solving a similar problem, albeit under deterministic
initial data, has been simulation modeling followed by optimization (Jelvez et al.,
2023). This approach involves first creating a detailed simulation of the mining
operations and then applying optimization methods to the simulation results to
achieve optimal solutions.

Simulation involves modeling the development of mining operations for various
extraction strategies, taking into account all technological processes and potential
changes. Then, during the data analysis phase, analytical methods are used to
identify optimal patterns and strategies. The next step is to apply mathematical
optimization methods to the simulation data to select the best strategy.

We consider this approach impractical, as the first step — namely, the modeling of
the development of mining operations — is a rather complex and resource-intensive
process, and this method requires numerous iterations of that process.

Another well-known method for solving such problems is the Integer Linear
Programming (ILP) method. This method allows the problem to be addressed
as an optimization problem with binary variables that indicate whether a block
should be extracted or left in situ. ILP is used for a wide range of engineering and
management tasks and can be effectively applied to our case as well. The modeling
of the problem’s solution is performed using specialized mathematical software
for linear programming, such as IBM CPLEX or Gurobi (Ramazan et al., 2014).
All constraints (geometrical, resource balance, ore quality) are formulated as linear
inequalities. ILP solvers efficiently find the global optimum, provided that the
constraints and the objective function are linear.

The advantages of this approach traditionally include the accuracy of the solution.
Additionally, ILP is a well-established field with a vast body of literature and tools,
which simplifies the implementation of the approach. Today, there are many highly
efficient commercial and open-source solvers available that can quickly solve large
ILP problems.

However, for very large problems or problems with a large number of variables
and constraints, ILP can become excessively resource-intensive or even unsolvable
due to the exponential growth of computational requirements. ILP is also limited
to problems that can be formulated with linear constraints, which does not always
accurately reflect the real-world situation.

In recent years, genetic algorithms have gained increasing popularity in solving
optimization problems (10, Paithankar et al., 2019). They are part of a broader
class of evolutionary algorithms that utilize natural selection methods to solve
optimization and search problems. Genetic algorithms are well-suited for solving
optimization problems that involve a large number of possible solutions and a high
level of complexity.
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Next, let us consider how genetic algorithms can be applied to solve our
formalized problem of optimizing the mining scheduling within a mining cluster.
The key components of applying genetic algorithms can be summarized as follows.
In this method, each individual in the population represents a possible plan for
the extraction of blocks from the open-pit mine — a specific mining schedule. An
individual can be represented as a vector of binary variables €. and Sy where
each element reflects the status of a block (extracted, left in situ).

The fitness function evaluates the quality of the block extraction plan, taking
into account the quantity and quality of the ore delivered to the processing plant, as
well as the extraction and storage costs, in accordance with the objective function.

Next, according to the classical interpretation of this approach, selection
methods, such as tournament selection or roulette wheel selection, are used to
choose individuals that will reproduce and form the next generation. Individuals
with higher fitness have a greater likelihood of being selected. In our context,
individuals refer to the different solutions to the optimization problem.

Two selected individuals (parents) are combined to create one or more offspring
(crossovers). In the context of determining the mining schedule, this involves
combining the initial solutions to generate new ones. Typical methods include
single-point, two-point, or uniform crossover.

To prevent premature convergence to a local optimum and to introduce diversity
into the population, random changes are made to the genome of the offspring
(mutation mechanism). For example, this could involve changing a binary value
from 0 to 1 in a randomly selected block.

The first significant advantage of this approach is that genetic algorithms can be
applied to a wide range of problems, including those that do not lend themselves to
linear formulation. Given the complex configuration of ore deposits, the constraints
and the objective function of the problem are rarely described by a linear equation.
Practical experience in design suggests that the initial data for planning are often
incomplete or not entirely reliable. This method can effectively handle problems
where optimal solutions are rare, difficult to determine, or based on incomplete
initial data. Experience with this approach indicates that genetic algorithms can find
global optima in problems where other methods might get stuck in local optima.

At the same time, it is known that genetic algorithms typically do not guarantee
finding the best possible solution, and the time required to find a solution can vary
significantly. It should also be noted that the choice of algorithm parameters (such
as population size, mutation probability, and crossover probability) can significantly
impact the outcome.

Given the advantages and disadvantages outlined, the most appropriate approach
appears to be the use of genetic algorithms for solving the optimization problem of
mining scheduling within the structure of a mining cluster.

Results and discussion. In accordance with the chosen solution method, the
mathematical interpretation of the genetic algorithm will include several stages
through which the algorithm evolves to find the optimal solution.
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Let P(g)={u,(g).u,(g)....,uy(g)} be a population of N individuals at the g-th
step (iteration) of the algorithm. Each individual u (g)isa p0s51ble solution to the
problem, represented by a vector of variables e " and Sy,

xyz

t t t t
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At the beginning of the algorithm, P(0) is generated randomly or based on
heuristics.

Next, for each individual u(g) the value of the objective function f(u(g)) is
calculated, which takes into account costs, volumes, ore quality, as well as the year
of extraction for each block:
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The fitness function is calculated as the inverse of the objective function, since
the objective function is being minimized:

fitness (u,(g))= L ®)

1+f(ui(g))

At the selection stage, individuals are chosen to participate in the crossover and
mutation processes. The selection is based on the fitness function, with individuals
having better fitness values having a higher chance of being selected:

Pselected(g):Selection (P(g), fitness (ui(g))) 9)

At the next step, the crossover process combines the parental chromosomes
to create new offspring. In our interpretation, new variants of mining schedules
are generated. Let up(g) and uq(g) be the two selected parent individuals. The new
individuals are created as follows:

u,., = Crossover (up(g), u, (g)) (10)

The mutation process alters some genes of the new individuals with a certain
probability \( p_m \). If the selected gene is e, ors, ., its value can be changed
as follows:

Uy = Mutation(unew ) (11)

For example, if e__ =0, it can change to e, . 1 with a probability of p .
The new individuals replace the old ones in the population. The replacement
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can be partial or complete. For example, the new individuals replace the worst-
performing ones in the population.

P(g + 1) = Replace(P(g), {unew }) (12)

The algorithm terminates the optimization process when one of the following
criteria is met: a specified number of iterations G__is reached, or the improvement
in the fitness function remains insignificant over several iterations. The overall
structure of the genetic algorithm for determining the mining scheduling within the
structure of a mining cluster is presented in figure 1.

Population Initialization
P(0)= {”1(0} uy(0).... «”N(D)}

¥
Fitness Function
Calculation

Sflu,(g)) vu,(g)e Pg)

v

Selection

Loop until Feciea (8 ) cP (g )

termination l

criteria
reached Crossover and Mutation

 — (g) = Crossover{Mutation(,,...(¢)))

b

Replacement

P(g +1)=ReplacelP(g), Py ()

k

Output
u' =arg min  f(u)

ueP(Gpy, )

Figure 1 - General structure of the genetic algorithm for determining the mining scheduling
within the structure of a mining cluster.

The implementation of the algorithm can be carried out in the PyCharm IDE
using the Python programming language, which is well-suited for such tasks and
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has the necessary libraries. After compiling the program code, it is necessary to
input the array of geological and techno-economic data for the enterprises being
designed, as well as the technological parameters thget , V‘mget, a, B, v, which are
set according to the conditions of the dynamic mining environment.

Equally important is the selection of genetic algorithm parameters, as this
impacts the accuracy of the results. The crossover probability cxpb controls the
combination of already determined mining schedules to create new ones (offspring
variants) and determines the frequency of this process. A value in the range of
0.7-0.8 effectively combines different solutions and maintains diversity within the
population.

The mutation probability mutpb introduces random changes into the mining
schedules, helping to avoid local minima and maintain variation within the
population. A value around 5% is generally accepted. A high value might lead to
excessive random searching and the loss of useful solutions, while a value that is
too low could result in the algorithm getting stuck in local minima.

The number of generations ngen determines how many times the population
will evolve before the algorithm terminates. The more generations, the more time
the algorithm has to search for the optimal solution. The specific value depends on
the complexity of the project, with a minimum of 50 generations recommended.
However, if improvements in the results are still observed in the later iterations, the
number of generations can be increased to 100 or more.

Conclusions. The present study has theoretically substantiated and practically
developed a methodological approach to the adaptive optimization of mining
scheduling within a mining cluster operating under conditions of market
uncertainty. A key result of the research is the formulation of a mathematical model
that, unlike traditional deterministic frameworks, integrates distinct open-pit mines
and technogenic deposits into a single, unified production system. This holistic
integration facilitates the rigorous optimization of material flows — balancing
direct extraction, stockpiling, and the reprocessing of previously accumulated raw
materials — thereby minimizing operational costs while strictly adhering to the
quality constraints imposed by the processing plant.

Furthermore, the research has demonstrated the efficacy of employing a genetic
algorithm to address the formulated non-linear optimization problem, which
typically challenges standard linear programming methods. Through extensive
experimental modeling, rational parameters were established to ensure the reliable
identification of the global optimum: specifically, a crossover probability in the
range of 0,7-0,8 and a mutation probability of approximately 5%. These parameters
provide the critical balance between maintaining population diversity and ensuring
convergence speed, effectively preventing the algorithm from stagnating in local
minima.

From a practical perspective, the proposed methodology enhances the resilience
of mining operations against the volatility of global commodity markets. By
enabling the dynamic annual adjustment of cut-off grades and production volumes,
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the model mitigates the economic risks associated with long-term planning in a
dynamic environment.

Future research will focus on developing this approach by expanding the
optimization solver. This will reduce the size of the model’s elementary block,
reduce the time required for optimization calculations, and improve the accuracy
of the results.
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