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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 Pecnybnuxkacel ¥immulx 2ol1oim akademuscvinviy Xabapnapul. [eonocus owcome
MEXHUKATBIK  bLILIMOAD Cepuschly blivlmu cypuansl 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe SbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneoi JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCEeMKiumepoi Kepcemin Keneol.

Convimen xamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvlkapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopsl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexxopuvinoa unoekcmenyi scypHAIObIH XATbIKAPATIK EbLILIMU PeYEH3UANAY MATANnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan 6aceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmuelpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OONYbIH KAMMAMACHI3 emedi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusblK alKanbly 2e0n02us MeH MexXHUKaIblK
EBIILIMOAP CANACHIHOA&bL ©3eKMmi, Oipecell JiCaHe EbLIbIMU MYPEbIOAH MAHbI30bl 3epmmeynepoi
JAcapuAnay2a FMmulislColH 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 mencoyHapooHoll pegpepamusHol
u Haykomempuueckou 6aze Oanuvix Scopus u OeMoHcmpupyem cmabuibHvle OubIUOMempuiecKue
nokasamern.

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

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MEHCOYHAPOOHBIM
CMAHOApMam HAYUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU MUKU, 4 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).

Hnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem poCcmy YumupyeMocmu u noomeepicoaent
cmpemaerue pedaKyuoHHOU Koare2uu nyOIuKo8ams akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OACTIU 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 TOKTOPBI, podeccop, XFAK xone KP ¥FA
akajgemuri, MyHail eHJey *oHE MyHaH-XHMHSCHl FHUIBIMU-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 OPBIHEACAPBI:

ABCAJIBIKOB BakbiT Hopikfaiiy/ibl, TexHuHKa FbUIBIMIAPBIHBIH JOKTOpPBI, mpodeccop, 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 Kyablcyabl, reoiorus-MHHEPAIOr s FRUIBIMAAPBIHEIH JTOKTOpHI, mpodeccop, KP
YFA akanemuri, Y.M. Axmencaduu atbiHaarsl [ HIpOreonorus soHe Te0dKOIOTUsl HHCTUTYTBIHBIH JTHPEKTOPDI
(Anmatel, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200; https://www.webof-
science.com/wos/author/record/1937883

7KOJITAEB I'epoii Koaraiiyibl, reosorus-MUHEpanorus FhUIBIMAAPBIHBIH JOKTOPHI, podeccop, KP ¥FA
KypmerTi akagemuri (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 yumsepcuterinin Cy FbUIbIMAAphI
3epTxaHachiHbIH aupekTopsl (Hebpacka, AKIII), https://www.scopus.com/authid/detail.uri?authorld=710325
9215; https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typainb! FeutbiMaap OemiMiHiH HETPOIOTHS KOHE Maiaasisl Kazdanap KeH
OpBIH/IAPbI CAJIACBIHIAFBI 3ePTTEYNEePiHiH kerekurici, Taburu Tapux mypakaiibl (JlIonnoH, ¥neiOpuranus), https://
www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681

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

HIEH IMun, PhD, KeiTail reonorusuiblk KOFaMbIHbIH Tay-KeH Ie0NorHsChl KOMHTETI AUPEKTOPBIHBIH OpbIH-
Oacapbl, AMEpPHUKaHIBIK KOHOMHKAJIBIK T€OJIOrTap KaybIMIAacThIFbIHBIH Mylneci (beibkin, Kprrait), https:/www.
scopus.com/authid/detail.uri?authorld=57202873965; https://www.webofscience.com/wos/author/record/ 1753209

@OUUIEP Axcenb, PhD, kaysimpacteipsutran mpogeccop, Apesnen TexHukaiblk yHuBepcureti ([pesnen,
T'epmanns), https://www.scopus.com/authid/detail.uri?authorld=35738572100; https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHokoBHY, XUMUsI FBUIBIMIAPLIHBIH JOKTOPEL, bemapycs ¥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 yausepeuteri (pesnen,
Tepmanns), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/1309251

CATBIHTAEB “Kamnaii, PhD, kaysimpacteipbuiran npogeccop, HasapbGae ynusepcureri (ActaHa,
Kasakcran), 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 (Munas,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

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

PATOB Bopanoaii ToB6acapoBu4, TeXHHKA FBUIBIMAAPBIHBIH JOKTOPHI, mpodeccop, «leodusrka xoHe
ceiicmonorus»y Kadenpaceiabiy MeHrepymrici, K.M. CorbaeB arpinmarsl Kasak YITTBIK TEXHHUKAIBIK 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 (JIynn, IIBerms), https://www.scopus.com/authid/detail.uri?authorld=7005388716; https:/www.
webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, PhD, npodeccop, Apudns yHuBepcuteTinil LIBIFbIC FHUTBIMH-3EPTTEY OPTAJIBIFBI
(Apwuanb, U3panib), 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)

Memnmikreymi: «OpTanbK A3Hs akaJeMHsIIBIK FRUIBIMU opTanbFbhy XKIIC (Anmars! K. ).

Kazakcran PecryOnukachlHbIH AKIapar »oHE KOMMYHMKAIUsIap MHHHUCTDIITiHIH AKIapaT KOMHTETiHJEe
05.06.2025 x. Oepinren N° KZ50VPYO00121155 wmep3imMaik 0acbuibiM TipKeyiHE KOWBUIYy Typajbl KyaliK.
TaKbIpBINTHIK OAFbITBL: 2eonoaus, 2u0po2eonoaus, 2eoepapus, may-kKen ici, MYHail, 2a3 dHcane Memanoapovly
XUMUSIBIK, MEXHON02USIAPbI

Mep3iminiri: *KblibiHaA 6 peT.

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

© «OpranblK A3usi akaJIeMUSUIIBIK FBUIbIMU opTanbirsDy JKIIC, 2026,



IJIABHBI PEJAKTOP

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

3AMECTHUTEJIb ITTABHOTI'O PEJAKTOPA

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

PEJAKLIMOHHASI KOJUIET USI:

ABCAMETOB Mauc KyasicoBu4, T0KTOp reooro-MMHEpalIoOrHieckix Hayk, npodeccop, akagemuk HAH
PK, mupexrop MHcTUTYTa rIpOreoorny U reodkonoray 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 TeOJOrO-MHHEPAIIOTHUECKUX HayK, mpodeccop, MOYeTHBII
akanemuk HAH PK (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200;
https://www.webofscience.com/wos/author/record/1939201

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

3EJIBTMAHH Paiimap, PhD, pykoBoguTenb MccienoBaHuii B 00JacTH METPOIOTHH M MECTOPOXKICHHUM
MOJIe3HBIX MCKonaeMbIx B Otjiene Hayk o 3emiie My3ses ecrectBeHHOM rctopuu (JIontoH, Benukoopuranws), https://
www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681

MMAH®WJIOB Muxania 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 IMun, PhD, 3amecturens aupexropa Komurera mo ropHoit reoxornn Kurtalickoro reonorndeckoro
o01iecTBa, wieH AMEPUKaHCKON accouuanuu sKoHomuueckux reonoros (ITekun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965; https://www.webofscience.com/wos/author/record/1753209

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

ATABEKOB Buaagumup EHokoBHY, TOKTOp XMMHYeCKuX Hayk, akagaemMuk HAH Benapycu, moderHsiii
nupekrop MHCTUTYyTa XMMHM HOBBIX MarepuaioB (MuHnck, Benapyce), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIMH Credan, PhD, accounpoanssiii npodpeccop, Texunueckuit yausepentet Jpesnen ([peseH,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/ 1309251

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

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

HYPIIEMCOBA Map:xan BaiicanHoBHa, 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 Bopan6aii ToBGacapoBu4, JOKTOp TEXHHYECKHX HayK, Ipodeccop, 3aBeayromuii kadenpoii
«leodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATEIBLCKIN 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, Jdupexrop LleHTpa cOBpeMEHHBIX OMMKHEBOCTOYHBIX HCCIICIOBAHHI,
Jlynnckuit yrumBepcurer (Jlymn, IIBemms), 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, (Apwanb, 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 akaeMUIECKUil HayuHBIN HEHTP» (T. AJMaThl).

CBHUIETEIBCTBO O TIOCTAHOBKE HA YydYeT IEPHOAMYECKOro medaTHoro usfgaHus B Komurtere wnHbOpManuu
Munucrepera nHGOpManuy U KoMMyHHKanuii u PecrmyOomuku Kaszaxcran N° KZ50VPY00121155, BeinanHOE
05.06.2025 .

TemaTuueckasi HANPABICHHOCTb: 2€0/102Usl, 2UOPO2EONIO2Us, 2e02Papus, 20pHOe 0eNo U XUMUHECKUe MEXHON02UU
Hegmu, easa u Memanios

IlepronuunocTh: 6 pa3 B ToA.

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

© TOO «llenTpanbHo-A3HaTcKMi akageMUYECKUi HayuHbId HeHTp», 2026.



ISSN 2224-5278 4.2026

CONTENTS

Abdullaev A.U., Lyutikova V.S., Litovchenko I.N., Amirov N.B.
Patterns of Formation of Physical and Mechanical Parameters of Strong Earthquake
Foci in the Northern Tien Shan..........cccccoeviiiiiiiiieiiiieieeeeeee e 8

Abetov A.E., Mukanov D.B.
Geothermal Regime and Contemporary Tectonics of the South Torgai Sedimentary

Absametov M.K., Adenova D.K., Muratova M.M.
Zoning of Groundwater Flow in the Water Basins of Western and Northern
KAZAKNSTAN. ...ttt 47

Assirbek N.A., Sharapatov A., Saduov A.B., Abdyrov M.M.
Clay and Carbonate Composition of Hydrogenic Uranium Horizons: Problems
and Prospects of Their Investigation by Geophysical Methods..........ccccoevveviecienieiennenen. 64

Evsyukov D.Y., Stepantsevich M.N., Pavlova V.V., Zyukin D.A., Migda N.S.
Efficiency Assessment and Required Investment for the Development of Low-Profit
Solid MiINEral DEPOSILS. ....ccuvervieiiriieieiieieceesie st eie et ebe ettt e e sseeseesseessesseessesseessesssessenseens 79

Iklassova Zh.U., Medetov Sh.M., Zaidemova Zh.K., Suyungariev G.E.,

Orazgaliyev N.K.

Dynamics of the Elastic Coupling Block in the Drilling Regulator during Geological
EXPIOTALION. ¢ttt ettt ettt eb bbb 94

Isgandarova U.N., Aliyeva T.A., Hajiyeva A.Z., Jafarova F.M.
Soil Degradation Problems and Ecological Assessment in the Agrolandscapes along
the Araz River of the Nakhchivan Autonomous Republic..........cceceviveiiiieciinieiieieie 111

Ismailov V.A., Khusomiddinov A.S., Mukhammadkulov N.M., Yadigarov E.M.,
Rakhmatov A.R.

Assessment of Soil Liquefaction Hazard under Strong Seismic Loading Based

on SPT Tests and Peak Ground AcCCeleration.............cceeeveeeeviecuieiieeeieecee e 128

Kadasheva Zh.K., Amanbayeva B.Sh., Abdinov R., Zhangireyev T.M., Seitimbetov E.A.
Geochemical Characteristics of Saline Soils in the Atyrau Region as a Basis for the
Use of Kochia prostrata for Phytomelioration..............ccoccvevvereerieiierieiieiecieeeeesve e 145

Kukartsev V.V.,, Prudkiy A.S., Zhuravlev M.V., Muzalev K.S., Ivanov O.V.
Study of the Influence of Geological and Geographical Factors on the Dynamics
of Forest Ecosystems Using Machine-Learning Methods............ccocevieiiniiieninieniennnns 165

Kuldeyev Ye., Negmatov S., Sherubay S., Kurmanbayev O., Kurmanbayev R.
Monitoring of Land Surface Subsidence During Intensive Development
OF Ol FIELAS. ...ttt ene e 181



ISSN 2224-5278 4.2026

Mekhtiyev A.D., Aldoshina O.V., Khudaibergenov B.D., Mekhtiyev R.A., Seraly A.N.
Hydrogeological origin of water hardness and its reduction by electromagnetic treatment
of process water at thermal pOWer Plants..........c.cccveeuerieriirieiieeiee et 195

Molodykh A.A., Anarbayev A.A., Yessimov B.O., Darkhan A.Z., Dubinina Y.S.
Synthesis of Import-Substituted Glazes for Porcelain Stoneware Based on Local
RAW MaALETIALS. ...c.cveietiieiirccscr ettt 211

Nakbayev N., Faiz N.S., Kuttybay M.T., Artykbaev D.Zh., Nauryz B.K.
Dynamic Properties and Deformation Behavior of Sandy Soils under Multidirectional
SEISMICLOAAINEZ ...ttt ettt ettt e e e et eee s 231

Nazarov K.B., Zokirov R.T., Khayitov O.G., Umirzokov A.A., Baymirzaev B.
Modeling of terrigenous cretaceous deposits of the gazli uplift using filtration and capacity
PIOPEILIES OF TOCKS. ... ittt ettt b e nne e 248

Novikov D.A., Turdali B., Kismelyeva B.R., Kalitov D.K., Zairov Z.
Assessment of the Effective Public Exposure Dose due to Radon in Groundwaters
(the Eastern Regions of the Republic of Kazakhstan)............ccccoevvieieniieiinieieneee. 265

Shegenova G.K., Zhussupov K.A., Kamzanov N.S., Yessengaliyev M.N., Kozbagarov R.A.
Methods for Calculating Transport Energy Consumption and Rock Excavation
Productivity Using an Inertial ROtOT..........cooiiiiiiiiiiieiee e 280

Shodmonov O.0., Adilkhanov K.K., Mirkhodzhaev B.I., Almardonov A.R.,
Utamurodov E.A.
Shales of the South Pistali Gold Mineralization Area (Northern Nurata Mountains).......302

Solonenko V.G., Makhmetova N.M., Ivanovtseva N.V., Serikkaliyev Zh.S., Nikolaev V.A.
Study of the Influence of Discontinuity of Layer Cohesion on the Stability
OFf MINING WOTKINES......vieviivieiiitieii ettt ettt e ereesaeeseesbeessesaeesnen 319

Tatarskiy A.Y., Umirova G.K., Muratova S.K., Kenzhegaliyeva Z.M.
Geological and Geophysical Criteria for Assessing Porphyry Copper Prospectivity
in the Shyngys-Tarbagatai Structural-Formational Domain, Kazakhstan......................... 338

Temirova S.S., Tastanov Ye.A., Fischer D.E., Panichkin A.V.
Production of Ferroalloys from Technogenic Manganese and Chromite Wastes.............. 356

Togizov K.S., Amralinova B.B., Amangeldi N.M., Nukhuly A., Kassenova N.
Petrophysical Model of the Zhairem Deposit..........cceevevirierieeierieeienieeierie e eee e 374

Turniyaz M.B., Bakiyeva A.B., Nurshakhanova L.K., Penskiy Y.V., Ayapbergenov Y.O.
Comprehensive Evaluation of Hydrochloric Acid Treatment Efficiency for Productivity
Enhancement in Western Kazakhstan Terrigenous Reservoirs..........ccocoeeveveienenicncnnns 392

Tynchenko V.S., PotapovB.V., Demchenko M.S., Tokareva A.N., Dorofeev E.M.
Modeling the Spread of Atmospheric Pollution in Areas of Oil Refineries...................... 410

Tynchenko V.V., Ermolaeva O.S., Pchelintseva S.V., Khudyakova E.V., Shtyrkhunova N.A.
Machine Learning Methods for Analyzing Air Quality in Mining Regions..................... 425

7



ISSN 2224-5278 4.2026

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

Volume 4.

Number 478 (2026), 231-247

https://doi.org/10.32014/2026.2518-170X.675

UDC: 624.131.3:624.042.7
IRSTI: 67.09.37

©Nakbayev N.!, Faiz N.S.!, Kuttybay M.T.!, Artykbaev D.Zh."",
Nauryz B.K.%, 2026.

"Mukhtar Auezov South Kazakhstan University, Shymkent, Kazakhstan;
?Almaty University of Power Engineering and Telecommunications named after
Gumarbek Daukeev, Almaty, Kazakhstan.

“E-mail: artykbaev_d@mail.ru

DYNAMIC PROPERTIES AND DEFORMATION BEHAVIOR
OF SANDY SOILS UNDER MULTIDIRECTIONAL
SEISMIC LOADING

Nakbayev Nurken — PhD student, Mukhtar Auezov South Kazakhstan University, Shymkent,
Kazakhstan,

E-mail: turkestanproject@gmail.com, https://orcid.org/0009-0003-3608-7208;

Faiz Nursultan — PhD, Associate Professor, Mukhtar Auezov South Kazakhstan University,
Shymkent, Kazakhstan,

E-mail: nursultan 90faiz@mail.ru, https://orcid.org/0000-0002-7491-4281;

Kuttybay Musa — PhD, Senior Lecturer, Mukhtar Auezov South Kazakhstan University, Shymkent,
Kazakhstan,

E-mail: m-kuttybay@mail.ru, https://orcid.org/ 0009-0004-3980-9445;

Artykbaev Darkhan — PhD, Associate Professor, Mukhtar Auezov South Kazakhstan University,
Shymkent, Kazakhstan,

E-mail: artykbaev_d@mail.ru, https://orcid.org/0000-0003-4794-8707;

Nauryz Bauyrzhan — PhD, Senior Teacher, Almaty University of Power Engineering and
Telecommunications named after Gumarbek Daukeev, Almaty, Kazakhstan,

E-mail: nauryzb@list.ru, https://orcid.org/0009-0002-9971-6732.

Abstract. Relevance. Sandy soils are widely distributed in the southern and
southeastern regions of the Republic of Kazakhstan and serve as foundation
soils for buildings and structures located in seismically active areas. During
earthquakes, soil foundations experience multidirectional seismic loading,
resulting in a complex stress—strain state that cannot be adequately described using
conventional unidirectional approaches. Therefore, investigating the dynamic
behavior of sandy soils under multidirectional seismic loading is an important
task in modern geotechnical engineering. Objective. This study evaluates the
influence of multidirectional seismic loading on the dynamic characteristics and
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deformation behavior of sandy soils through experimental investigations and
numerical modeling to improve the reliability of seismic resistance assessment
for foundations and substructures. Methods. Experimental investigations included
resonant column tests, cyclic shear tests, and shaking-table simulations. Numerical
analysis was performed using the finite element method in PLAXIS 2D/3D with
nonlinear elastoplastic soil models. The analysis focused on changes in the
dynamic shear modulus, damping ratio, and residual deformations under different
loading directions. Results. The normalized dynamic shear modulus decreased
more rapidly under multidirectional than unidirectional loading. Multicomponent
seismic loading accelerated the accumulation of residual deformations and
increased the damping ratio because of more complex stress paths. Quantitative
analysis showed a 15-20% reduction in soil stiffness and a 1.5-2-fold increase in
residual deformations. The discrepancy between the experimental and numerical
results did not exceed 10—12%, confirming the reliability of the proposed numerical
model. Conclusions. The results demonstrate the importance of considering the
spatial nature of seismic loading in geotechnical analysis. The proposed approach
improves prediction of dynamic response of sandy soils during earthquakes
and enhances the seismic design of foundations and engineering structures in
seismically active regions of Kazakhstan.

Keywords: sandy soils, dynamic shear modulus, damping ratio, residual
deformations, multidirectional seismic loading, seismic resistance, PLAXIS,
dynamic testing
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AunHoramusi. Ozexminiei. Kymner rpyarrap Kazakcran PecmyOnukachHBIH
OHTYCTIK KOHE OHTYCTIK-IIBIFBIC OHIpJEpiHJIe KeHIHEeH TapalfaH >KoHe
celiCMUKaNIBIK OelceHai aifMakTap/a OpHajJacKaH FUMaparTap MEH WHKEHEPIiK
KYPBUIBICTAPBIH HET131 peTiHAe KeHiHeH naigaransiansl. JKep cinkinic ke3iHme
TPYHT HETi3Aepi KOMOAFBITTBI CEHCMHKAIBIK OCepyiepre YIIbIpam, JoCTYpPIi
O1pOaFrbITTHl €CeNTey TACUIIEepiMEeH TOJBIK CHUMATTAIMANTBIH KYpAEi KepHeyli-
nedopmarusIsIK Kyire Tyceai. Ocbiran 6aiIaHbICTRI KOTIOAFBITTHI CEHCMUKAITBIK
ocepiep KargaiibiHAa KYMIBl TPYHTTapAbIH JWHAMUKAIBIK  KacHeTTepi
MeH gAehopMamusUIaHy EpeKIISTKTEepiH 3epTTey Kasipri TeOTeXHUKAIBIK
WHKEHEPUSHBIH ©3€KTI MIiHAETTepiHiH Oipi Ooneim TaObutambl.  Maxcameol.
3epTTeyaiH MakKcaThl — JKCHEPUMEHTTIK 3epTTEYyJIep MEH CaHIBIK MOJICIbICY
HETI3iHAC KOMOAFBITTBI CEHUCMHUKANBIK OCepNEepAiH KYMIObl TPYHTTAPIBIH
JTUHAMUKAJBIK CHTIaTTaMaliapbl MeH JiehopMalisiany epeKIeTikTepiHe bIKIMaIbiH
Oaranay apKpUIbl FUMapaTTap MEH MHXKEHEPIIK KYPBUIBICTAPIbIH HETi3nepi MeH
ipreTacTapbIHBIH CEMCMOTYPaKTBUIBIFBIH OaraiayiblH CEHIMIUITIH apTTHIPY.
9oicmepi. DKCUEPUMEHTTIK 3EpTTEYIep PE30HAHCTHIK OaraHa omici, MMHMKIIIK
BIFBICY CBIHAKTAPHI JKOHE CITKIHY YCTENIHIEr1T MOMAENBIIK ChIHAKTAP apKBIIBI
xkyprizinmi. Caaasik Tasnay PLAXIS 2D/3D 6arnapiaMaibik KEMICHISPiHIE COHFBI
AJIEMEHTTEDP 9/1iCi MEH CBI3BIKTHIK €MEC CePIIM/II-TIIIaCTHKAIBIK TPYHT MOJIETbACPIH
KOJIJIaHy apKbUTBl OPBIHIAIABI. 3epTTey OapBIChIH/Ia CEHCMUKAIBIK 9Cep OaFbIThIHA
OaifTaHBICTHl JUHAMUKAIBIK BIFBICY MOIYJIHIH, AeMIdupiey xkodhuiueHTiHIH
KoHe KaJIIBIK JedopManusiapAsiH e3repyl Tanaanasl. Homuoswcenepi. Hotmxenep
KOIOAFbITTHl CEHCMHUKAIBIK 9cep Ke3iHAe KYMJIBI TPYHTTap[blH HOpMaJjaHFaH
TUHAMHKANBIK ~ BIFBICY  MOAYJi  OipOarbITTBI  9CepMEH  CalbICThIpFaHa
KBUTTAMBIPAK TOMEHICHTIHIH KOpceTTi. KOemKOMITOHEHTTI TWHAMHKAIBIK 9Cep
KYpIeai KepHEy TpaeKTOPHUSIApbIHBIH KalbITacyblHA OallIaHBICTBI KaJIbIK
nedopMausIIapAbH, JKUHATYBIH KeJenIeTin, nemmndupiaey koddduunueHnTiHin
apTybIHa OKeNETiHI aHbIKTaaabl. CaHIOBIK Tajaay TPYHT KATTBUIBIFBIHBIH OpTa
ecermieH 15-20%-Fa TOMEHICUTIHIH )KOHE KaIABIK Aehopmarusuiapasiy 1,5-2 ece
apTarbIHBIH KopceTTi. COHBIMEH KaTap dKCIIEPUMEHTTIK KOHE CaHIIBIK MOJICTBICY
HOTHOKETIepl apachIHAarbl abipManbiIblK 10—12%-m1an acmaael, Oy YCHIHBUIFAH
€CernTey MOJESIIHIH CeHIMIUITIH pacTanasl. Kopsimbinobl. ATBIHFAH HOTHKEIICD
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TEOTEXHUKAIBIK Tajjay Ke3iH/Ie CEHCMHKAIBIK 9CepAiH KEHICTIKTIK CHIIaThIH
€CKEPYIIH MAaHBI3IbUIBIFBIH JIONeNeiai. Y CBIHBUIFAH TOCII JKep CUIKiHICI
JKaFJalbIHJIa KYMJIbI TPYHTTApP/IbIH TMHAMUKAJIBIK KACUETTEPIH IJIIpeK OarasayFra
MYMKiHJIIK Oepemi xoHe Kaszakcran PecrnyOnukachIHBIH CEHCMUKANIBIK OCJICEH/I
OHIpIEpiHAE OpHATAaCKaH FHUMaparTap MEH WHKEHEPIIK KYPBUIBICTAPIBIH
ipreTacTapbl MEH HeTi3/IepiH CeHCMUKAIBIK JK0OaTayablH THIMIITITIH apTTHIPAIbL.
Tyiiin ce3mep: KyMIIbI TPYHTTApP, TUHAMUKAIBIK BIFBICY MOIYII, JeMIipupiey
k03 dunMenTi, Kanaelk aedopMmanusiap, KemOarbITThl CEHCMHUKAJIBIK dcep,
ipreractapablH ceiicMoTypakThuIbiFbl, PLAXIS, nnHaMHUKabIK ChIHAKTAP
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AHHOTamuA. AxmyanrvHocme. llecyaHble TPYHTBI IIUPOKO PACHPOCTPAHEHBI
B IOKHBIX M IOTO-BOCTOYHBIX pernoHax PecnyOmuku Kazaxcrtan u dacto
CIIy’)KaT OCHOBAaHWAMH 3IAHUH W MH)KEHEPHBIX COOPYKEHHH, PACIIOJIOKEHHBIX
B CEHCMHYECKM aKTHBHBIX paiioHax. Bo BpeMs 3eMileTpsACEHHIl I'DyHTOBBIE
OCHOBaHUS MOABEPralOTCS MHOTOKOMIIOHEHTHBIM CEHCMUYECKUM BO3/IEHCTBUSAM,
(hopMUPYIOLTNIM CIOKHOE HAIMpPsHKEHHO-Ie(hOPMUPOBAHHOE COCTOSHUE, KOTOPOE
HE MOXKET OBITh B MOJHOW MEpEe ONMUCAHO TPAIUIMOHHBIMHU OJHOHAIPABICHHBIMU
pacuETHBIMH MOZEIISIMUA. B CBA3M ¢ 3TUM HCCIENOBaHUE TUHAMHYECKUX CBOWCTB
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u 1ehopMalMOHHOTO MOBEACHMS NEeCYaHBIX I'PYHTOB MPH Pa3HOHAINIPABICHHBIX
CeMCMUYECKUX BO3JICUCTBUAX SBISIETCS aKTyaJdbHOM 3ajayell COBpPEMEHHOU
reoTeXHUKH. [Jenv. OLEHUTH BIUSHUE pa3HOHANPABIEHHBIX CEHCMMUYECKHUX
BO3ACHCTBMM HAa JWHAMMYECKHE XapaKTEPUCTHKHM U AePOpManroHHOE
MOBE/IEHNE TIeCUYaHbIX I'PYHTOB HAa OCHOBE 3KCIIEPUMEHTAJIBHBIX HCCIIEIOBaHUN
U YUCJIEHHOTO MOJEJIHMPOBAHHA JJs IOBBIIIEHUS JOCTOBEPHOCTH OLEHKHU
CEHCMOCTONKOCTH OCHOBAHMI M (PYHIAMEHTOB. Memoobi. DKCIIEpUMEHTAIbHbBIC
HCCIIEIOBaHMsI MPOBENEHBI C HMCIOJIB30BAHUEM METOJa PE30HAHCHOW KOJIOHHBI,
LIUKINYECKUX MCTBITAHUI Ha CABUT M MOJEIBHBIX UCIBITAHUN Ha CEHCMUYECKON
wiatopme. UWCIIEHHBIH aHaNW3 BBIMOIHEH METOAOM KOHEYHBIX 3JIEMEHTOB
B mnporpammubix kommuekcax PLAXIS 2D u PLAXIS 3D c¢ npumeHeHueM
HEJIMHEHHBIX YIPYroINIACTUYECKUX Mozesned rpyHra. [IpoaHanusupoBaHbl
W3MEHEHHsT HOPMHUPOBAHHOTO JWHAMHMYECKOTO MOAYJS CABHUra, Kod(hQuiueHTta
neMIpUPOBAaHUS U OCTATOYHBIX JAe(opMaIiii B 3aBUCUMOCTH OT HaNpaBIeHUS U
KOMITOHEHTHOCTH CEHCMUYECKOT0 BO3/1eHCTBUSA. Pe3ynbpTrarsl aKCIIepUMEHTABHBIX
WCIBITAHANA  COMOCTABIEHBl C JAHHBIMH  YHCIIEHHOTO  MOJEIHPOBAHHA.
Pesynomamul.  YCTaHOBIEHO, YTO TpPHU pa3HOHANpPABICHHOM CeHCMHUYECKOM
BO3JICIICTBMM HOPMHPOBAHHBIN JWHAMUYECKHH MOIYJIb CJBHra IECYAHBIX
TPYHTOB CHIDKaeTcs ObICTpee, YeM TpHU OJHOHAMPABIEHHOM HarpyXeHHH.
MHOrOKOMIIOHEHTHOE ~ TMHAMUYECKOE BO3JCHCTBUE YCKOPSIET HAKOIUIEHHE
OCTaTOYHBIX AcehopMalMii ¥ TMOBBIMACT KOIPPUIMEHT AeMII(DUPOBAHUS
BCeACTBHE (OPMHUPOBaHUsI 0Oojee CIOXKHBIX TPACKTOPHH  HANPSHKCHHH.
KonnuecTBeHHBIN aHAIN3 MMOKA3aJl CHI)KEHUE KECTKOCTH rpyHTa Ha 15-20 % n
YBEJIIMYCHUE OCTATOYHBIX ehopmanuii B 1,5-2 pa3a 1o cpaBHEHUIO € pe3yIbTaTaMu
OJTHOHAITPABIIEHHOIO HarpyeHus. PacxoxkneHne Mexay 3KCIepUMEHTaIbHBIMU
TAHHBIMU U pe3yJIbTaTaMy YUCIIEHHOTO MOJEINpoBaHus He npeBbicuiio 10—12 %,
YTO TOATBEPKAAET YAOBIETBOPUTEIBHYI0 TOYHOCTh NMPUMEHEHHOW pacuéTHON
Mozenu. 3axnouenue. IlomydeHHbIe pe3ynbTaThl MOATBEPKAAI0T HEOOXOIUMOCTh
y4€Ta MHOTOKOMIIOHEHTHOI'O Xapakrepa CEeHCMMYECKOrO BO3ACHCTBUS IIpHU
FEOTEXHUYECKOM aHAIM3€ II€CUYaHbIX OCHOBaHUU. [IpennoeHHBI MoIXox
oOecrednBaeT 0Oosee JTOCTOBEPHYIO OIEHKY IWHAMHUYECKHX XapaKTePUCTHK M
ne(pOPMaIMOHHOTO TOBEICHHS MECUYaHBIX IPYHTOB U MOXKET MPHUMEHSTHCS NpU
pacuére U IPOEKTUPOBAaHUU OCHOBAHUHN U (PyHIaMEHTOB B CEHCMHUUYECKU aKTUBHBIX
pernonax Pecnyonuku Kazaxcras.

KirodeBbie ciioBa: mecuaHble TPYHTHI, OUHAMHUYECKHUI MOAYJIb CHABHIA,
k03 UIMeHT neMnpUpPOBaHNUs, OCTATOYHbIE Ne(OpMallii, pa3HOHAIPABIECHHOE
CeliCMUYeCcKoe BO3JIEHCTBHE, CEMCMOCTOWKOCTh (QyHmaamenTtoB, PLAXIS,
TUHAMHUYECKUE MCTIBITAaHMS

Introduction. In conditions of high seismic activity in certain regions of
the Republic of Kazakhstan, one of the priority tasks of modern geotechnical
engineering is to enhance the reliability of foundations and substructures of
buildings and structures. A crucial role in ensuring the seismic resistance of
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construction projects is played by the correct consideration of the dynamic
properties of soils, which govern the propagation and transformation of seismic
waves within the soil mass (Kramer et al., 1996; Seed et al., 1970; Groholski D.R.,
etal., 2016). Of particular interest in this context are sandy soils, which are widely
distributed in the southern and southeastern regions of Kazakhstan and often serve
as the foundation soils for critical engineering structures (Kokusho et al., 2018).

Real seismic actions are characterized by a complex spatial structure and
involve the simultaneous occurrence of ground motions in several mutually
perpendicular directions. Such multidirectional seismic excitations generate
a complex stress—strain state in the soil mass that differs substantially from the
conditions of unidirectional dynamic loading traditionally assumed in engineering
analyses (Cerna et al., 2020; Star et al., 2019; Pretell et al., 2022). Experimental
and numerical studies demonstrate that considering only a single component
of seismic excitation may lead to an underestimation of deformations and an
inaccurate prediction of foundation stability (Idriss .M., et al., 2012).

The dynamic properties of sandy soils-including the dynamic shear modulus,
damping ratio, and the mechanisms of residual deformation accumulation-are
strongly dependent on the direction and trajectory of cyclic loading (Cerna et al.,
2020; Richards et al., 2021; Chen et al., 2022). Under multidirectional seismic
actions, an intensification of nonlinear effects, stress redistribution, and accelerated
development of plastic deformations are observed, which may result in a reduction
of foundation bearing capacity and an increased risk of hazardous geotechnical
processes (Park et al., 2023; Idriss et al., 2012).

Literary review. The relevance of the present study is also by the fact that a
significant portion of construction sites in Kazakhstan is characterized by complex
engineering—geological conditions, including the coexistence of sandy and loess
soils, increased water saturation, and design seismicity of up to 8-9 intensity
points (SP RK 2.03-30-2017; SP RK 5.01-102-2013). Under such conditions,
the use of refined dynamic characteristics of sandy soils under multidirectional
seismic loading becomes a necessary prerequisite for improving the accuracy of
engineering analyses and ensuring the regulatory level of seismic resistance of
structures.

Despite the active development of research in the field of soil dynamics in recent
years, the issues related to the deformation characteristics of sandy soils under
multicomponent seismic excitations remain insufficiently studied, especially with
regard to the regional conditions of the Republic of Kazakhstan (Artykbaev et al.,
2025; Artykbaev et al., 2024). This determines the need for targeted investigations
aimed at refining the governing patterns of the deformation response of sandy soils
subjected to multidirectional seismic loading.

The objective of this study is to investigate the dynamic properties and
deformation characteristics of sandy soils under multidirectional seismic actions
in order to improve the reliability of analytical methods for assessing the seismic
resistance of foundations and substructures of buildings and structures.
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Materials and methods. The object of the study consisted of sandy soils
characteristic of construction sites in the southern and southeastern regions of the
Republic of Kazakhstan. The investigated materials included medium- and fine-
grained sands with different states of density, which makes it possible to cover
typical foundation conditions of buildings and structures in seismically active
areas (Kramer, 1996; Seed et al., 1970).

The physical and mechanical properties of the sandy soils were determined in
accordance with the current regulatory documents of the Republic of Kazakhstan
and international guidelines (Eurocode, 8; Idriss et al., 2012; SP RK 2.03-30-
2017). The main characteristics of the investigated soils are presented in Table 1.

Table 1. Main physical and mechanical properties of sandy soils.

Parameter Symbol Value
Particle density ps, g/cm? 2.65
Initial (bulk) density p, g/cm? 1.60-1.75
Void ratio e 0.55-0.75
Internal friction angle 0, ° 30-36
Cohesion c, kPa =0
Water content w, % 5-12

Experimental Methods. To investigate the dynamic properties and deformation
characteristics of sandy soils, laboratory dynamic tests were carried out, including
cyclic and multiaxial loading conditions. The main experimental methods
employed were:

* resonant column tests;

* cyclic shear tests;

* simulation of multidirectional seismic loading using a shaking table (Richards
et al, 2021; Idriss et al, 2012).

The dynamic shear modulus was determined using the following expression:

G=p - V7
where
p — soil density
V. — shear wave velocity, representing the propagation speed of transverse
(shear) seismic waves in the soil mass.
The damping ratio was determined from the bandwidth of the resonance curve:

D:i . -f
2
where
fy — resonant frequency, corresponding to the frequency at which the

maximum amplitude of soil response is observed during resonant column testing.
f,,f, —are the frequencies corresponding to 0.707 of the peak amplitude of the
resonance curve (half-power points).
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Multidirectional Dynamic Loading. To account for realistic seismic loading
conditions, two- and three-component loading schemes were employed, in
which cyclic forces were applied simultaneously in the horizontal and vertical
directions. The intensity of seismic excitation was specified in terms of equivalent
accelerations:

a(t)=a (t)+a (H)+a (1)

where

ax(t)+ay(t)+az(t) — are the acceleration components acting along the
corresponding orthogonal axes of the loading system.

As input motions, synthesized accelerograms corresponding to a design seismic
intensity of 89 points were used, which is consistent with the requirements of the
regulatory documents of the Republic of Kazakhstan and Eurocode 8 (Cerna et al.,
2020; Eurocode, 8).

Numerical Modeling. To analyze the deformation behavior of sandy soils under
multidirectional seismic loading, numerical modeling was performed using the
finite element method implemented in specialized software packages (PLAXIS
2D/3D).

The behavior of sandy soils was described using a nonlinear elastoplastic
constitutive model that accounts for the strain-dependent variation of the shear
modulus:

_G:"I’I ax
G(Y) 1+eay
where
Gz — maximum dynamic shear modulus at small strain levels, characterizing
the initial stiffness of sandy soils under near-elastic deformation conditions.

y — shear strain amplitude, representing the magnitude of cyclic shear
deformations induced in the soil during dynamic loading.
o — is an empirical coefficient determined experimentally, reflecting the

influence of soil fabric, density state, and loading path on the nonlinear degradation
of stiffness under multidirectional seismic excitation (Kokusho et al, 2018; Pretell
et al, 2022).

Processing and Analysis of Results

The results of the experimental and numerical investigations were analyzed
based on the following key indicators:

* the dependence of the dynamic shear modulus on the level of shear strain;

* the accumulation of residual deformations under cyclic loading;

* the influence of the direction of seismic excitation on the deformation
response of sandy soils.
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Figure 1. Dependence of the normalized shear modulus G/G__on shear strain y under
unidirectional and multidirectional loading
(illustrating a more rapid stiffness degradation under multicomponent seismic excitation).
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Figure 2. Accumulation of residual deformations over time under different directions of seismic
loading.

Reliability of the Results. The reliability of the obtained results was ensured
through comparison of experimental data with numerical modeling results, as
well as through benchmarking against findings from recent international studies
(Cerna et al., 2020; Richards et al., 2021; Chen et al., 2022; Park et al., 2023). The
identified patterns are consistent with general trends reported in the literature over
recent years, confirming the validity of the selected research methods.

As a result of the experimental and numerical investigations, relationships
characterizing the variation of dynamic properties and deformation characteristics
of sandy soils under unidirectional and multidirectional seismic loading were
obtained. The analysis was performed with due consideration of the nonlinear
nature of soil deformation and the influence of multicomponent dynamic loading,
which is in line with modern approaches in seismic geotechnical engineering
(Kramer, 1996; Seed et al., 1970; Groholski D.R., et al., 2016).
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Variation of the Dynamic Shear Modulus. Figure 1 presents the relationship
between the normalized shear modulus G/G_,_ and shear strain y under
unidirectional and multidirectional loading. The obtained curves demonstrate the
nonlinear stiffness degradation typical of sandy soils with increasing strain level,
which is consistent with the results of recent studies (Kokusho et al., 2018; Cerna
et al., 2020; Star et al., 2019).

In the small-strain range (y<10*), the values of the normalized shear modulus
are close to unity:

G

G?J"I X

which corresponds to the predominantly elastic behavior of the soil. Within this
strain range, the influence of the direction of seismic excitation is insignificant,
and the dynamic characteristics are mainly governed by the density state and soil
structure (Seed et al, 1970; Pretell et al., 2022).

At moderate strain levels (10<y<10?), the differences between unidirectional
and multidirectional loading become clearly pronounced. Under multidirectional
excitation, stiffness degradation occurs at a faster rate, which can be approximated
by a relationship of the following form (Idriss .M., et al., 2012; Cerna et al.,
2020):

6 1
G?J"Iﬁ.t’ 1—|—a:}-l'

where the coefficient o under multicomponent loading takes higher values than
under unidirectional excitation. This indicates an ycunenue nonlinear deformation
response of sandy soils due to the increased complexity of stress paths (Cerna et
al., 2020; Kavvadas et al., 2021).

At high strain levels (y>102), the differences between the curves reach their
maximum. Multidirectional seismic loading leads to an earlier transition of the soil
into a plastic state, which is of fundamental importance for assessing the seismic
performance of foundations and substructures (Star et al., 2019; Chen et al., 2022).

Accumulation of Residual Deformations. The analysis of Figure 2, which
illustrates the accumulation of residual strain € over time, shows that the
deformation response is strongly dependent on the direction of seismic excitation.
Similar patterns have been reported in a number of recent experimental and
numerical studies (Idriss .M., et al., 2012; Park et al., 2023).

For unidirectional loading, the process of residual deformation accumulation is
satisfactorily described by an exponential relationship (Cerna et al., 2020):

E,,[:t) = Ermax [:1_ E_Er)
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where

€ — ultimate (limit) value of residual strains, representing the maximum
accumulated permanent deformation of sandy soils under cyclic or seismic loading.

B - a coefficient characterizing the rate of deformation accumulation, reflecting
the intensity at which residual strains develop in sandy soils under cyclic and
seismic loading.

Under multidirectional seismic loading, the value of the coefficient B increases,
which leads to a more intensive accumulation of residual deformations over the
same time interval This behavior is associated with an increase in the number of
effective shear loading cycles and with continuous changes in the orientation of
principal stresses within the soil mass (Richards et al., 2021; Eurocode, 8).

Quantitative Comparison of Results. For a clear assessment of the influence of
seismic loading direction, Table 2 presents representative values of the normalized
shear modulus and residual deformations obtained from the experimental
investigations and confirmed by numerical modeling (Chen et al., 2022; Idriss et
al., 2012).

Table 2. Comparison of dynamic and deformation characteristics of sandy soils.

Parameter Umdlre?tlonal Multidirectional loading
loading
G/G_ _aty=10" 0.92 0.86
G/G__ aty=10" 0.75 0.60
€,max, % 34 6-8
Rate of deformation accumulation Moderate Increased

The presented data indicate a reduction in the stiffness of sandy soils by 75—
20% under multidirectional seismic loading compared to unidirectional loading at
the same strain level, which is consistent with the results of international studies
(Park et al, 2018; SP RK 2.03-30-2017).

Engineering Interpretation and Comparison with Literature Data. The obtained
results confirm that the use of simplified unidirectional dynamic loading schemes
may lead to an underestimation of deformations and an overestimation of the
stiffness of sandy soils (Groholski D.R., et al., 2016; Star et al, 2019). Under real
earthquake conditions, the multicomponent nature of ground motion causes more
intensive accumulation of plastic deformations and an accelerated reduction in the
bearing capacity of foundations (Idriss [.M., et al., 2012; Eurocode 8).

A comparison of experimental data with numerical modeling results
demonstrated satisfactory agreement, confirming the validity of the adopted soil
models and the applied calculation methodology. The identified patterns are in
good agreement with the findings of recent studies published in leading journals
on geotechnical engineering and seismic-resistant construction (Kramer, 1996;
Kokusho et al, 2018; Chen et al, 2022; SP RK 2.03-30-2017).

Thus, the results of this study substantiate the necessity of accounting for
the multidirectional nature of seismic actions when evaluating the dynamic and
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deformation characteristics of sandy soils, especially in the seismically active
regions of the Republic of Kazakhstan.

Results and discussion. /. Variation of the Dynamic Shear Modulus of Sandy
Soils. As a result of laboratory dynamic testing and numerical simulations, the
patterns governing the variation of the dynamic shear modulus of sandy soils
under unidirectional and multidirectional seismic loading were established. The
obtained relationships are presented in Figure 3, which illustrates the variation of
the normalized shear modulus G/G__ as a function of the shear strain amplitude y.
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Figure 3. Dependence of the normalized shear modulus G/G_ on shear strain y.

The analysis of the experimental data shows that at small strain levels
v<10*, the values of the normalized shear modulus are close to unity:

which corresponds to the predominantly elastic behavior of sandy soils. Within
this strain range, the influence of the direction of seismic excitation is weak and
is governed mainly by the density state and the grain-size distribution of the soil.

When transitioning to moderate strain levels 10“*<y<102, a clear distinction
between unidirectional and multidirectional loading is observed. Under
multidirectional seismic excitation, stiffness degradation occurs more intensively,
manifested by an accelerated reduction in the normalized shear modulus G/
G, .- Similar trends have been reported by Cerna et al (2020), Idriss et al (2012),
and Richards et al (2021), who emphasized the role of complex stress paths in
controlling the nonlinear deformation behavior of sandy soils.

At high strain levels y>102, the differences between the curves reach their
maximum. Multidirectional seismic loading leads to an earlier transition of the soil
into a plastic state, which is of fundamental importance for the assessment of the
seismic performance of foundations and substructures of buildings and structures.
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2. Accumulation of Residual Deformations under Cyclic Loading. The pattern
of residual strain accumulation ¢ under cyclic loading is presented in Figure
4. The analysis of the results indicates that the direction of seismic excitation
has a significant influence on both the rate and intensity of residual deformation
development.

For unidirectional dynamic loading, the process of residual strain accumulation
is satisfactorily described by an exponential relationship:

£ (t) = ema* (1 — e FF)

where

g% — ultimate (limit) value of residual strains, corresponding to the
maximum admissible level of permanent deformation of the soil under cyclic or
seismic loading.

B — a coefficient characterizing the rate of residual strain accumulation under

cyclic and seismic loading.

1] e iruireies kg

Figure 4. Accumulation of residual strain ¢ _as a function of the number of loading cycles.

Under multidirectional seismic loading, the value of the coefficient § increases,
which leads to a more intensive accumulation of residual deformations over the
same time interval This behavior is explained by an increase in the number of
effective shear loading cycles and by the continuous rotation of principal stress
directions within the soil mass.

The obtained results confirm the findings of international studies indicating
that multicomponent seismic actions promote accelerated development of plastic
deformations and increase the risk of degradation of foundation bearing capacity
(Idriss et al, 2012; Park et al, 2023).
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Figure 5. Variation of the damping ratio D for sandy soils under unidirectional and
multidirectional seismic loading.

3. Comparison of Experimental and Numerical Results. A comparison between
the results of laboratory tests and numerical simulations performed using the
PLAXIS 2D/3D software packages demonstrated a satisfactory agreement in
terms of deformation curves and residual strain levels. This confirms the validity of
applying nonlinear elastoplastic soil models that account for the strain-dependent
variation of the shear modulus (Kokusho et al., 2018; Pretell et al., 2022).

The discrepancies between experimental and numerical values do not exceed
10-12%, which lies within acceptable engineering tolerances and is consistent
with the findings of recent studies (Artykbaev et al., 2024; Cerna et al., 2024).

4. Engineering Interpretation of the Results. The obtained results indicate that
the use of simplified unidirectional dynamic loading schemes in seismic resistance
analyses may lead to an underestimation of deformations and an overestimation of
the stiffness of sandy soils (Brovko et al, 2024). Under real earthquake conditions,
the multicomponent nature of ground motion induces a more complex stress—
strain state, accompanied by accelerated accumulation of plastic deformations and
a reduction in the bearing capacity of foundations (Idriss et al., 2012; Artykbaev
et al., 2022).

Therefore, accounting for the multidirectional nature of seismic excitation
is a necessary condition for improving the accuracy of engineering analyses
and ensuring the required regulatory level of seismic safety of foundations and
substructures of buildings and structures in seismically active regions of the
Republic of Kazakhstan.

Conclusion. Based on the experimental and numerical investigations of the
dynamic properties and deformation behavior of sandy soils under unidirectional
and multidirectional seismic loading, the following main conclusions were drawn:

It was established that the dynamic shear modulus of sandy soils depends
not only on the level of shear strain but also significantly on the directionality of
seismic excitation. Under multidirectional loading, the reduction of the normalized
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shear modulus G/G__ occurs more intensively than under unidirectional loading,
particularly in the range of moderate to large strains.

In the small-strain range (y<10*), the behavior of sandy soils is predominantly
elastic, and the influence of loading direction is negligible. Within this range, the
dynamic characteristics of the soils are mainly governed by their density state and
structural features.

Multidirectional seismic loading was found to induce an earlier transition of
sandy soils into nonlinear and plastic deformation regimes. This is accompanied
by accelerated stiffness degradation and an increased deformation response of
foundations, which is of fundamental importance for the assessment of seismic
performance of building and structure foundations.

The analysis of residual deformation accumulation showed that multicomponent
seismic loading leads to a significant increase in both the rate and intensity of
permanent deformation development. Under multidirectional loading, residual
strains increase by approximately 1.5-2 times compared to unidirectional loading
over the same time interval, which is attributed to more complex stress paths and
an increased number of effective shear deformation cycles.

A quantitative comparison of experimental and numerical results demonstrated
that, under multidirectional seismic excitation, the stiffness of sandy soils
decreases on average by 15-20% compared to unidirectional loading at the same
strain level. These findings are in good agreement with the results reported in
recent international studies.

A comparison between laboratory test results and numerical simulations
performed using PLAXIS 2D/3D showed satisfactory agreement, with
discrepancies not exceeding 10—12%. This confirms the adequacy of the adopted
nonlinear elastoplastic soil models and the reliability of the applied computational
methodology.

Overall, the results indicate that the use of simplified unidirectional dynamic
loading schemes in engineering analyses may lead to an underestimation of
deformations and an overestimation of the stiffness of sandy soils. Accounting
for the multidirectional, multicomponent nature of seismic actions is therefore a
necessary condition for improving the accuracy of calculations and ensuring the
required level of seismic safety of foundations and substructures of buildings and
structures in seismically active regions of the Republic of Kazakhstan.

The obtained findings can be applied to refine seismic design models, develop
recommendations for the design of foundations and substructures, and contribute
to the improvement of regulatory documents in the field of seismic geotechnical
engineering.
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