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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

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

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



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

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

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

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

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

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

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

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

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

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

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

FruibiMu xaTmisl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

© POO «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11
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Annotation. In order to improve the living conditions of the population of the
Andijan city by accelerating the construction of multi-storey residential buildings,
social facilities and infrastructure, engineering and communication networks and
urban areas on the basis of modern urban planning requirements, the President
of the Republic of Uzbekistan adopted Resolution No. PP-5180 dated 12.07.2021
"On measures for the effective organization of work on the construction of the
city "Yangi Andijon". According to the decree, 4 thousand hectares of undeveloped
land area are allocated for the construction of a new city on the hilly territory of the
Andijan district, which is located in the north-eastern part of the city of Andijan.
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For the phased complex construction of the city "Yangi Andijon" for 440 thousand
inhabitants, consisting of residential buildings, social and service facilities, small
industrial and green zones, projects of detailed planning of urban areas are being
developed. In order to ensure the seismic safety of the population and the territory,
the decree specifies the implementation of research works on seismic micro-zoning
of the territory of the Yangi Andijon massif.

Keywords: seismic microdistricting, seismicity, tectonics, seismic impact, peak
acceleration of soil, seismogeological models, soil density
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XaJIKBIHBIH OMip CYPY KafAaiyIapblH jKaKcapTy MaKCaTblHIa Kajla KYPbUIbICBIHBIH
Ka3ipri 3aMaHFbI TaJIanTapsl Heri3iHae ©30ekcTan PecmyOnmukacsiHbIH [Ipe3uaeHTi
"Slarm AunvokaH "KanacklH cally YKOHIHJET! )KYMBICTApIIbl THIM/I YHBIMAACTHIPY
xeHiHzeri mapamap Typanbl'12.07.2021 xpurel  NellI1-5180  Kayneicein
KaObuimanel. JKapiblkka coiikec, AHIMKaH KaJachbIHBIH COJTYCTIiK-IIBIFBIC
OediriHae opHalacKaH AHIMKAH aylaHBIHBIH TayJibl ayMarbIH/A JKaHa Kajla cairy
YIIiH 4 MBIH TEKTap UrepiiMereH aymak Oeninre. TyprbIH yiiepieH, OleyMeTTiK
caJia JKOHE KbI3MET KOpCeTy canachl OObEKTUIEpiHEH, NIaFbIH OHEPKICINTIK KoHE
JKachll ailmMakTapaan TypatblH 440 MbIH TyprblHFa apHaifaH "Suru Annuxan"
KaJIaChIHbIH KE3€H-KE3€HIMEH KEeIICHAl KYPBUIBICHI YIIIH KaJalbIK ayMaKTap.bl
erKer-Ter ke skocmapnay >ko0anmapel d3ipieHyze. XajblK IeH ayMaKThIH
CEMCMUKAIIBIK KayillCI3AiriH KaMTamachl3 €Ty MakcaThblHJa KaylbIMeH SIHru
AHAMXKaH MacCUBIHIH ayMarblH CEHCMMKAJBIK INAFbIH aygaHAACThIpy OOWBIHIIA
FBUIBIMU-3EPTTEY KYMBICTAPBIH KYPTi3y KO3HEIICH.
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AHHoOTanus. B nensx yny4iieHus ycioBuil )KU3HH HaceJIeHUs Topojia AH/IMKaH
MyTEM YCKOPEHHSI CTPOUTEIbCTBA MHOTOITAKHBIX JKHIIBIX 3JIaHHH, OOBEKTOB
CoIMaNbHON cepbl 1 HHPPACTPYKTYPHI, HHKEHEPHO-KOMMYHHKAITUOHHBIX CETCH U
TOPOJCKUX TEPPUTOPHI HA OCHOBE COBPEMEHHBIX TPEOOBAHMUM I'PaI0CTPOUTEIBCTBA
[Ipe3unentom Pecrydnmku Y36exucran npunsaTo [loctanosnenne Nelll1-5180 ot
12.07.2021 "O mepax no 3¢pdexkTuBHON opraHuzanuu padoT MO CTPOUTEIBCTBY
ropona "Surn Anamxkan". ConnacHo ykasy, /Ui CTPOUMTENIBCTBA HOBOTO TOpoja Ha
XOJIMUCTOM TEPPUTOPUU AHAMKAHCKOTO pailoHa, KOTOPBIN paclojokKeH B CEBEPO-
BOCTOYHOM 4acTu roposa AHIWKAH, BBIIETICHO 4 THICAYN T€KTapOB HEOCBOSHHON
Tepputopun. JIJIS TOATAITHOTO KOMITJIEKCHOTO CTPOWMTENLCTBA Topoma '"SHTu
Angmxkan" Ha 440 ThICSAY KUTEIEH, COCTOSIIEr0 M3 JKHIBIX 3JaHHH, 0OBEKTOB
couuanbHoi cdepbl U cdepsl 00CTy)KMBaHHSA, HEOONBLIMX MPOMBIILUICHHBIX U
3€JICHBIX 30H, pa3padaThIBAIOTCS MPOCKTHI JETaIbHOM IUIAHUPOBKH TOPOJICKUX
Tepputopuii. B mensax obecrmedeHus celicMHUecKOl 0e30macHOCTH HACCICHHS
U TEppPUTOPUM TIOCTAHOBICHHWEM TIPEAYCMOTPEHO TPOBENEHUE HAyYHO-
HCCIIeI0BATENILCKUX PadoT 110 CelicMUYeCKOMY MUKPOPaOHUPOBAHHIO TEPPUTOPUN
MaccuBa SIHru AHAMKaH.

KuroueBble cjioBa: ceiicMUUeCKUi MUKPOpailoH, CEICMUYHOCTb, TEKTOHUKA,
celicMMueckoe BO3/EHCTBHE, MMKOBOE YCKOPEHHUE IPyHTa, CEHCMOIeoIornyecKkue
MO/IEJIH, TUIOTHOCTH TPyHTA

Introduction

Seismic microzoning is a form of seismic zoning that characterizes the seismic
impact parameters of a construction site based on local conditions. These conditions
encompass diverse aspects, including geomorphological features (such as dissected
terrain, steep slopes, and the structure of river terraces), the composition and
structure of the soil, engineering-geological and hydrogeological characteristics of
the site (such as the composition, physical and mechanical properties of the soil, the
thickness of soil layers, moisture content, and the depth of groundwater), as well
as the proximity of seismic faults. All of these factors influence the seismic impact
parameters.

Normative documents for designing earthquake-resistant buildings and
structures, drafting and revising city plans, and zoning territories by number of
stories and location of landscaping zones with respect to seismic hazards are based
on approved construction and installation projects ranging from 1:5000 to 1:25000
scales. These projects contain crucial information presented in maps of construction
and installation works that can be used to evaluate the actual seismic resistance
of previously constructed buildings by taking into account the specified values at
selected points.

Seismic microzonation of the territory of the Yangi Andijon massif was
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completed as part of this work and is the focus of this article. The developed maps
of seismic microzonation are being prepared for further inclusion in the regulatory
documents of the Republic of Uzbekistan.

The microzoning project consisted of six distinct tasks: 1) The seismotectonic
situation of the territory of Andijan and adjacent territories. 2) Assessment of
seismic hazard of the territory. 3) Investigation of geotechnical features of the
territory. 4) Assessment of seismic intensity increments at the territory using
geophysical methods. 5) Evaluation of seismic effects on the free. 6) Development
of seismic microzonation maps based on the results of geotechnical and instrumental
geophysical investigations. This collaborative research and abovementioned tasks
were accomplished by Laboratory of "Seismic Risk", Laboratory of "Regional
Seismic and Seismic Zoning", Laboratory of "Experimental Seismology" and
"Seismogeodynamics laboratory” of the Institute of Seismology in Uzbekistan.

Relevance. The scientific literature includes numerous publications on seismic
microzonation methodology, such as collections of materials from various
conferences, monographs, articles, manuals and recommendations. These studies
include research works by (Medvedev, 1962: 284; Shebalin, 1975: 87-109; Krieger
etal., 1980: 102; Kasimov et al., 1982: 187; Dzhuraev, 1985: 84; Zaalishvili, 2000:
367; Aleshin, 2017: 302; Khusomiddinov et al., 2022: 1-5; Suleyev et al., 2022:
99-104). However, it should be noted that the methods and calculations proposed
by these authors were based on the results of macroseismic surveys conducted after
strong earthquakes. As a result, the seismic intensity scale was used as an integral
index when evaluating the intensity of the seismic effect.

Seismic zoning in the USA and other developed countries has traditionally
been based on instrumental parameters such as PGA (peak ground acceleration)
and spectral accelerations, and has been carried out under the guidance of civil
engineers. Numerous journal papers have been published on seismic microzoning
in various countries, including works by (Sitharam et al., 2010: 54—56; Anbazhagan,
2013: 66-86; Gupta et al., 2016: 09—14; Kili¢ et al., 2006: 238-255; Pilz et al.,
2015: 01-14; Aleshin, 2015: 338, 2018: 326-340).

In post-Soviet countries, seismic effects were initially characterized by
macroseismic intensity, which was the main output parameter. The conversion
of macroseismic intensity to quantitative parameters, such as PGAs, spectral
accelerations, etc., was done in building codes. The building code of Uzbekistan
also uses macroseismic intensity concept.

The aforementioned approach using macroseismic intensity based construction
maps is utilized for two primary reasons. First, normative coefficients established
for each magnitude are utilized to calculate the earthquake resistance of a building.
Second, the seismic intensity is affected by various factors, and including all of
these factors into analysis can be complex. Fortunately, macroseismic intensity
evaluation eliminates the need for an accurate account of each factor. With the
development of computer modelling for the design of buildings and structures,
new approaches have been introduced that describe seismic vibrations in terms
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of engineering parameters such as peak ground acceleration (PGA), acceleration
response spectrum, as well as real or synthesized accelerograms. Consequently,
computational methods based on modeling of behavior of real ground conditions
under a given seismic load make it possible to obtain spectral characteristics of
ground layers and accelerograms on the free surface.

Materials and methods

Seismic microzonation aims to provide a quantitative assessment of the
influence of local engineering-geological conditions, including soil composition
and properties, groundwater levels, topographical features, and the presence of
seismic faults, on seismic activity. This assessment is based on the determination
of changes in intensity at specific points, as defined by (Russian Federation State
Standard, 2019: 27) as well as various engineering parameters, such as peak
acceleration, amplitude and response spectrum and duration of vibrations.

‘I Categories of soils by seismic properties

Geotechnical investigation and map of engineering-geological | _ Identification of areas, where seismic event can promote dangerous
zoning according to its results geological processes

Evaluation of geotechnical and geological conditions

Investigation by registration of an earthquake

Instrumental-seismometric studies and determination of seismic gtudyiofjbrationsiseneraiedibylaniexplosionblasing

intensity increments

Microseism recording method

HVSR — Nakamura methodology

Utilization of Multichannel Analysis of Surface Waves (MASW) to
] determine the parameters of section by transverse waves to a depth of 30m.

Values of V, p,, V,, p, are defined v __30 N

Seismic surveys and mapping of seismic intensity increments | 7} | by in the upper 30-m thickness and S0 i N, _ ;(p 0 <)
are calculated using the equations: T TP 30
Method of seismic stiffnesses Al e =1.671g(00Vo/ PV;)

S Processing of seismic data in the STRATA software [21]

Theoretical calculations for mapping the change in the peak
ground accelerations in the 30-meter soil layer at the study area

£

Peak ground acceleration mapping

Jvl Seismic microzonation mapping

Map of seismic microzoning |

Based on the abovementioned methodology, the following investigation and
field works were carried out at the territory of Yangi Andijon:

* Engineering-geological reconnaissance (without excavation of ground) on an
area of 4,000 hectares.

* Field seismic exploration consisting of 221 points using the MASW and MPV
methods.

* Field electrical exploration consisting of 60 points (AB500) and 20 points
(AB1000) using the Vertical Electrical Sounding (VES) method.

* Microseismic registration was conducted using the H/V method at 150 points.

* Instrumental-seismometric observations of weak earthquakes, explosions,
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and microseisms were carried out in 8§ points, resulting in the registration of 80
surface vibrations, of which 60 were simultaneously recorded.

* Theoretical calculations of seismic impact parameters using the STRATA
program were performed at 221 locations.

Seismotectonic setting of the territory. According to its location, the territory of
Andijan city belongs to the mountainous part of the Fergana intermountain basin.
The main tectonic disturbances associated with seismic vibrations in the territory of
Andijan city are the South Fergana faults and the north-eastern strike-slip fracture
zone, the system of Kurshab and Taldysuisk faults of sublatitudinal direction located
east of Andijan, the North Fergana faults of north-eastern strike-slip located west of
the city. To the northeast of Andijan is the Talas-Fergana northwestern strike-slip
faults. Within these fault zones strong and destructive earthquakes have repeatedly
occurred, which had a significant macroseismic effect on the territory of the city.
A detailed description of active faults in the Earth’s crust and seismogenic zones
identified on their basis can be found in (Abdullabekov et al., 2002: 132; Sadikov
etal, 2021: 61-72).

The seismic activity in the area of Andijan city is a result of the ongoing
geodynamic activity within the South Fergana flexural-fracture zone, which has
a significant dynamic influence on the Andijan seismogenic zone (Abdullabekov
et al., 2002: 132; Sadikov et al., 2021: 61-72). Based on seismotectonic analysis,
this zone has a high seismic potential, estimated to have an M__ magnitude of 7.5.

Thus, the city of Andijan, including the Yangi Andijon district, is situated directly
within the Andijan seismogenic zone, which has a very high seismic potential. The
seismogenic zone is formed by the South Fergana flexural-fracture zone and its
current seismotectonic activity.

The seismic potential of this zone, according to seismological data, is estimated
ata value of M, =7.5 (M, =7.0). During the instrumental period of time, the
territory of the city has already experienced earthquakes with an intensity of 9
according to the MSK-64 scale (Fig. 2).

=S — " e
Figure. 2. The map presented in (Abdullabekov et al., 2002: 132; Sadikov et al., 2021: 61-72) shows
the epicenters of strong earthquakes that have occurred in the vicinity of Andijan city for the past
historical times. The map also indicates the active crustal faults and seismogenic zones in the region.
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Seismic hazard of the territory of the Yangi Andijon district. Based on the RSZ-
2017 (Regional Seismic Zoning) seismic zoning maps of Uzbekistan (Artikov et
al., 2020: 273-294), the soil in Andijan is categorized as soil of second category by
seismic properties. For the probabilities P=0.9 and P=0.95, the expected maximum
macroseismic intensity in the next 50 years is estimated to be [=8. For probabilities
P=0.98 and P=0.99, the expected maximum macroseismic intensity within 50 years
is estimated to be =9 according to the MSK-64 scale. Through a detailed seismic
hazard analysis, probabilistic characteristics for different ground conditions in
Andijan were obtained and are presented in Tables 1 and 2.

We have generated response spectra for soils of various categories (according to
seismic properties) at different probabilities (P) of not exceeding the seismic loads
over a span of 50 years.

Table 1. The values of seismic intensity (according to the masroseismic scale MSK-64) for various
ground conditions in Andijan at given probabilities of not exceeding the seismic loads for a 50-year period.

Soil category (by Macroseismic intensity (according to MSK-64)

seismic properties) P=0,9 P=0,95 P=0,98 P=0,99
Category I 8 (7,66) 8 (8,05) 8 (8,47) 9(8,77)
Category 11 8 (8,06) 8(8,32) 9 (8,75) 9 (9,05)
Category 111 8(8,31) 9 (8,66) 9(9,09) 99,39

Table 2. Peak ground accelerations (PGA, g) at a given probabilities of not exceeding the seismic
loads for 50 years on soils categorized as I, II, and I1I in terms of seismic properties.

Soil category (by seismic Peak ground acceleration (a,_, g)
properties) P=0,9 P=0,95 P=0,98 P=0,99
Category I 0,224 0,292 0,392 0,482
Category II 0,294 0,354 0,477 0,586
Category 11 0,350 0,448 0,603 0,743

Geological conditions of the territory of “Yangi Andijon” district. From a
geomorphological perspective, the “Yangi-Andijon” district is situated in the
western part of the Northern Alamyshyk adyr zone, which is situated on the
southeastern edge of the valley portion of the Fergana depression and forms a large
intermountain depression. The terrain of the region is intricate and fragmented,
comprising numerous ridges and hills of varying sizes, shapes, and elevations, with
the lowest point at an absolute altitude of 526.0 m rising up to 720.0 m.

The geological and lithological composition of the region consists of Quaternary
deposits belonging to the Tashkent complex (Q,*).

The Tashkent complex (Q,*) consists of alluvial-pluvial clays and coarse grained
sediments, mostly loams (sometimes sandy loams), with occasional thin interlayers
of sand and gravel layers. Tashkent deposits have a total thickness of over 100 m.

The loams (including sandy loams) have a loess-like texture and usually have
light brown or reddish-brown color, large pores and hard consistency.

The pebble soils are heterogeneous, medium dense and have low water
saturation, and usually underlay under the layer of loess-like loams.
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The entire territory of the city is covered by a Quaternary deposits, mainly of
Tashkent (pQ,*) complex. The wings of anticlinal folds are composed of dislocated
Lower Quaternary sediments of the Sokh (Q,*") complex.

The anticlines were irregularly eroded. First, the southward-facing vaults of the
brachiatic clines were eroded, so the southern slopes have some outcrops of Upper
Neogene rocks. (N,).

1. Paleozoic and Mesozoic formations are widely distributed beyond the city
boundaries and are accessible through deep wells. The oldest deposits consist
of continental Neogene sediments and are present throughout the study area.
However, only the upper parts of the anticlinal folds, known as Andijan adyrs, are
exposed on the surface. Neogene deposits in the remaining parts of the territory
are accessible through wells at varying depths. Therefore, from an engineering-
geological perspective, they are not the focus of our research.

2. Quaternary deposits are widespread in the geological structure of Andijan
territory. The Andijan “adyrs” are mostly composed of deposits from the Sokh
complex Q *, which are also partially found on high terraces of rivers. These deposits
are characterized by considerable dislocations and layers of pebbles with clays.
Outcrops of Sokh sediments above the bedrock can be observed in the area. The
Sokh deposits, consisting of conglomerates, pebbles, and clays, have been penetrated
by boreholes at depths of 230-280 m, with a total thickness of 100110 m.

The Tashkent Complex O, deposits are present on the northern slopes of the
Andijan adyrs, where they coexist with Sokh deposits. These deposits are composed
of conglomerates, pebbles, dense sandy clays, and loams, and exhibit consistent
thickness of pebble beds in the vertical section. Although the Tashkent complex
deposits are weakly displaced, they are accessed by wells at depths of 32—100 m,
with a total thickness of 60-90 m.

Seismic microzonation method based on instrumental-seismometric
registration of weak earthquakes. The method of registering low-energy earthquakes
is one of the seismological methods which is used in seismic microzonation. This
method enables the quantitative assessment of relative changes in seismic intensity
in areas with distinct engineering-geological conditions.

The incremental seismic intensity at sites can be estimated using the following
equation:

A =331 (1)
4

where Al, - average ground acceleration at the given location; A — average
ground acceleration at the reference site.

The instrumental method of inter-station amplitude and spectral relations,
involves conducting comprehensive engineering-seismological observations across
the investigation area and measuring the parameters of seismic vibrations during
seismic events, such as strong or destructive earthquakes or powerful explosions.
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To register earthquakes, three-component broadband velocimeters with built-
in recorder CMG-6TD, manufactured by Guralp company in Great Britain, were
used. A total of eight seismic stations were located in the territory of the Yangi
Andijan district, as listed in Table 3.

Table 3. Calculation of seismic intensity increments using the recordings of weak earthquakes

Ne Station Location Latitude | Longitude | Seismic intensity increments
1 6Y92 Farm-1 40,79 72,42 +0,49

2 6Y97 Pumping station 40,79 72,46 +0,65

3 6Y9 Fish Farm 40,78 72,47 +0,31

4 6Y93 School 40,79 72,43 +0,33

5 6Y97 Brick factory 40,84 72,47 +0,07

6 6Y92 Farm-2 40,83 72,47 -0,62

7 6Y96 Cementery-2 40,84 72,43 -0,24

8 6Y93 Garden 40,83 72,45 +0,09

Seismic survey using the seismic stiffness method. Seismic exploration works
were carried out at the site using the MASW and Refraction (MPV) methods. Seismic
exploration, due to its high depth and detail, is a leading method in geophysical
studies of the Earth’s crust. Currently, the MASW and Refraction (MPV) methods
have been developed for engineering-geological and hydrogeological surveys,
which allow the reliable tracing of seismic horizons during data processing.

The primary method for shallow seismic surveys is the refraction method (RM)
in the first arrival modification. This is due to the relative simplicity of conducting
fieldwork, processing, and interpreting data. Refracted waves are used in the method
to construct depth-velocity models of the medium. Refraction method is a relatively
fast and effective method, and therefore can be used for rapid reconnaissance.

The main method of shallow seismic surveying is the First Arrival Refraction
Method (FARM). This is due to the relative simplicity of conducting field work,
processing and interpreting data. The method uses refracted waves to construct
depth-velocity models of the medium. First Arrival Refraction Method is quite fast
and efficient, and therefore can be used for rapid reconnaissance of the territory.
The classic type of layout is used during field work, with a step size of 2, 5 or 10
meters between receiver and source points. The depth of the method is determined
by the power of the source and the length of the layout, and in the vast majority of
cases does not exceed 30-50 meters. In the case of a complex section structure, a
large number of observations are required to increase the detail and quality.

Seismic surveys were carried out at 222 points in the study area, with 222
points observed according to the Z-Z scheme, and 111 points according to the Y-Y
scheme. The spacing between points was 500 meters. The seismic exploration was
conducted using the “MAE X820-S” station (produced in Italy) with vertical and
horizontal seismic receivers with a frequency of 4.5 Hz.

According to the obtained results, the V , velocities for the entire study area
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range from 350 to 500 m/s. The investigated area can be conditionally divided
into two sections: the southern and southeastern parts of the area have relatively
low velocity values (340-400 m/s), while the northern and northeastern parts have
relatively high V ,  values (420-520 m/s). For the central part of the area, the
transverse wave propagation velocities lie within the range of 380-420 m/s (Fig. 5).
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Figure.5. Map of distribution of shear wave velocities.

Research results

Selection of reference soils. The concept of reference soils will be used only for
conducting seismic microzonation in terms of increments of seismic intensity.

It is recommended to select “average soils” as reference soils, which are
conditionally considered as having the same value of initial seismic intensity.
When selecting the reference soil for the analysis, it is important to choose the
most characteristic soil in the upper 30 m layer of the ground, which is not fully
saturated, sands and clays with inclusion of gravel or pebbles, or medium- to
coarse-grained sandy soils of medium density, or soils of similar composition that
belong to category II in terms of seismic properties.

Based on the analysis of engineering-geological data, borehole logging and the
seismic exploration data on the velocity parameters of the soil layer, the value of
V., =390 m/s and density p,=1.81 g/cm’ was taken as the reference soil parameter.

Calculation of seismic intensity increments using the seismic stiffness method.
In the seismic stiffness method (SSM), the seismic intensity increments relative
to the reference soil are determined by the change in the physical and mechanical
characteristics of the soil, namely the product of the soil density and the shear wave
velocity (seismic stiffness) in the corresponding layer. Seismic stiffness method
allows the determination of the seismic intensity increments based on the seismic
properties of the soil layer (at the investigated and reference sites), regardless of the
physical characteristics of the initial seismic vibrations.

Currently, in the practice of seismic microzoning, shear wave velocities are used
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because the shear wave propagation velocity does not depend on the degree of
saturation. When calculating seismic intensity increments using SSM method, only
upper 30 meters of the ground are considered.

The calculation of seismic intensity increments using SSM method is carried
out by comparing the seismic stiffness values of the investigated and reference soils
using Equation 3.

Alsseirr = 1.671 X Ig (M) o)

Vs30,i.XP30,i.

where J__.. — increment of seismic intensity relative to the initial (background)
intensity, taken for the conditions of reference soils, to which the value of the initial
intensity refers (for such soils the increment of intensity is zero); V, wep> Prep ~
shear wave velocity and density of the upper 30 m of the ground of the reference
ground; V. ., p, — shear wave velocity and density of the upper 30 m of the ground
of the investigated ground.

The increments of seismic intensity were determined based on the values of
V., velocities obtained from seismic exploration using the MASW method, taking
into account the parameters of the selected reference soil. The computed values
of seismic intensity increments are shown in Fig. 6. For the entire site, the range
of maximum changes in intensity increments is within -0.35 to +0.3. The site can
be divided into two sections: southern/northern and western/eastern. The southern
and northern sections are characterized by stable negative values of intensity
increments (closer to the center - zero), while the western and eastern sections are
characterized by the highest positive values (Fig. 6). The decreased increments of
intensity increments are associated with areas where higher values of Vs30 shear
velocities were observed.
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Figure. 6. Map of seismic intensity increments obtained by utilizing the seismic stiffness
method.
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Assessment of seismic impacts on the free surface. To calculate the ground
motion at the free surface, an initial vibration is needed that is compatible with
the target response spectrum to the bedrock. The next step is to construct seismic-
geological models of the soil strata on the site.

These models are based on the following assumptions:

* The soil strata is assumed to be viscoelastic media, lying on a viscoelastic
half-space.

* The boundaries between soil layers are horizontal.

* Volumetric seismic waves propagate vertically.

* Energy dissipation is determined by the damping ratio of the soils.

A generalized seismic-geological model was constructed based on engineering-
geological and seismic exploration data (MASW profiles) for the calculations. A
total of 218 models of the soil strata were built.

To account the uncertainties in soil models and input accelerograms, a Monte
Carlo method implemented in the STRATA software (Ismailov et al., 2022: 15-19;
Strata, 2022: 132) was used. A set of six accelerograms, described in the chapter, was
used as input, and each accelerogram was passed through the soil layers. Multiply-
ing by the number of soil model parameters, a total of 180 branches were calculated.

The calculation methods allow determining the amplitude-frequency characteris-
tics of the layered soil strata and consequently, the modified characteristics of
vibrations on the free surface of the site or at internal points of the soil. To perform
calculations using this method, it is necessary to determine the initial seismic
impact specified by the accelerogram and/or the response spectrum and to construct
seismic-geological models of the soil strata. Real accelerograms from three
earthquakes were taken, which, by their mechanism (strike-slip and thrust) and by
the nature of the propagation of seismic waves, correspond to the seismological
conditions of the territory of the Republic of Uzbekistan.

The following set of accelerograms were used as input: Mayli-Suu earthquake
(Kyrgyzstan) 2018/08/07 17:17:28, PGA - 0.246g, M5.0, H=15 km, Latitude 41.29,
Longitude 72.473, seismic station “AND”, Tash-Dobo earthquake (Kyrgyzstan)
2020/11/06 07:38:56, M5.2, H=9 km, PGA - 0.247g, Latitude 40.16, Longitude
71.72, seismic station “SOX”, Namangan earthquake (Uzbekistan) 2020/04/17
04:34:23, M4.0, H=10 km, PGA - 0.143g, Latitude 40.16, Longitude 71.72, seismic
station “SOX”.

The accelerograms were normalized and adjusted to correspond to the
acceleration of the soils of category 1 (by seismic properties), which are prevalent
in the Yangi Andijan district at depths of 200 meters and are represented by dense
aleurolites of the Neogene age (Table 4).

Table 4. Seismic-geological model used in the STRATA software calculations

Layer | Depth | Thickness, m | Specific weight, kN/m® | Vs, m/s | Lithological composition
1 0.00 0.95 16.09 223.25 Sandy loam
2 0.95 1.18 15.94 211.32 Sandy loam
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3 2.13 1.48 14.68 131.67 Sandy loam
4 3.61 1.85 16.31 240.88 Sandy loam
5 5.45 2.31 17.54 366.29 Sandy loam
6 7.76 2.88 17.97 421.44 Sandy loam
7 10.64 3.61 17.12 318.36 Sandy loam
8 14.25 4.51 18.37 478.79 Gravel

9 18.76 5.64 19.40 656.25 Gravel

10 24.40 6.10 20.75 965.76 Gravel

11 30.50 169.50 22.00 1100.00 Gravel

12 200.00 - - 1200.00 Dense siltstone

For each study point, an important indicator of engineering seismology, the
ground response spectrum to seismic vibrations, has been constructed. Ground
response spectra allow analyzing the change in the ground reaction to actions in
different spectral ranges. The smallest change is observed for point 218, while the
largest amplification of the ground reaction is observed in the frequency range of
0.11-0.50 seconds, corresponding to 1-2 Hz.

Isolines of various peak ground accelerations were depicted using the triangle
method. By modeling three earthquakes for all 218 points, a seismic zoning map
of the “Yangi Andijon” district was constructed using the peak ground acceleration
values with initial seismicity of 0.143g, 0.247g, and 0.246g, respectively.

Initially, the maps were constructed using the triangle method with 218 points.
Then, uncertain areas were corrected using ArcGIS software and other graphic
editors (Ismailov et al., 2022: 15-19)
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Figure. 7. Map of seismic microzonation of the territory of Yangi-Andijon district with values of
peak ground acceleration (PGA)
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The map of seismic microzoning of the “Yangi Andijon” district shows the sum-
mary of the seismic intensity increments (dl) obtained by different methods. For the
generalization of each observation points the maximum increment values obtained
by various methods were taken. However, in cases where the value obtained by one
method significantly exceeds (by more than 50 %) the values of others (at least two
methods), they were excluded from the set. Based on a conservative approach, the
highest values obtained by different methods were taken for the final map (Fig. 8).

The intensity increments range from -0.2 to +0.9 points. The western part of the
area is characterized by low values of intensity increments, while the eastern part
has the maximum intensity increments.
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Figure. 8. Seismic intensity map (according to the MSK-64 macroseismic scale)

Based on comprehensive seismotectonic, seismological, and engineering-
seismological studies, the following conclusions can be drawn regarding the
seismicity of the “Yangi Andijon” district:

The city of Andijan and its surrounding territories, including the “Yangi
Andijon” district, are located directly in the Andijan seismogenic zone, which
is associated with the modern seismotectonic activity of the Southern Fergana
flexural-fault zone. The seismic potential of this zone, both from seismotectonic
and seismological data, is estimated at an M, ~=7.5 (M, =7.0). During the
instrumental observation period, the city area has already experienced earthquakes
with an intensity of [=9 according to the MSK-64 macroseismic scale.

According to the maps of the general seismic zoning of the territory of
Uzbekistan (RSZ-2017), which classify seismic effects on soils of the second
category (by their seismic properties), the initial macroseismicity of the territory of
Andijan city is estimated as [=8 according to the MSK-64 scale for probabilities of
P=0.9 and P=0.95 of not exceeding the seismic loads over a period of 50 years. For
probabilities of P=0.98 and P=0.99 of not exceeding the level of seismic loads over
a period of 50 years, the value is estimated as [=9.
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Results and discussion

To solve urban planning tasks, design and construction of multi-story typical
residential, public and social buildings in the territory of the “Yangi Andijon”
district, and taking into account the international practices of seismic microzoning,
we have adopted the initial seismicity value for a probability of P=0.95 for the II
category of soils (by their seismic properties). Thus, the initial seismicity (design
seismic intensity) is [=8.32 for average soils.

An assessment of the increase in seismic intensity under various soil conditions
was carried out based on the registration of weak earthquakes and explosions at 8
observation points, determination of seismic stiffness of soil layers at a depth of 30
meters (in some cases even deeper) at 218 observation points, and establishing the
ratio of spectra of horizontal oscillations to vertical ones during the registration of
microseisms at 177 observation points. The summarized assessment results show
a change in the increase of seismic intensity within -0.2 to +0.8. According to the
methodological guidelines for seismic microzoning, the obtained increment values
are within two boundary values ranging from -0.5 to +0.5 and from +0.5 to +1.
Within the “Yangi Andijon” district, two zones are distinguished with an increment
of 0 and an increment of +1.

In the compiled map of seismic microzoning of the territory of “Yangi Andijon”
district in a scale of 1:10,000, 8- and 9-intensity zones are highlighted, which are
divided depending on the characteristics of soil conditions. Thus, the zone with an
intensity of [=8 covers the central, western and north-eastern parts of the territory,
where the soils are denser and the observed propagation velocity of transverse
waves in a 30-meter thickness was comparatively higher. The zone with an intensity
of =9 is located in the central part of the territory, where there are large deposits
of low-strength loess-like clays where low shear wave velocities were observed. It
should be noted that in the delimitation of zones, the values of the initial seismicity
at a probability of P=0.95 of not exceeding the seismic loads for average soils were
used, i.e. [=8.32, with the addition of the generalized value of the increments at a
given point.

For the design of high-rise buildings using dynamic methods, a map of seismic
microzoning of the territory of Yangi-Andijan district has also been developed
based on peak ground acceleration (PGA) values. On the studied territory, PGA
values were ranging from 0.3g to 0.5g.

The type of foundation, its structural features and depth of foundation, as well
as changes in soil characteristics resulting from its reinforcement or replacement at
construction site, cannot be the basis for changing the seismic microzoning zones.
When carrying out special engineering measures to strengthen the foundation
soils at a local site, changes in the calculated seismicity of the site and seismic
microzoning zones on the seismic microzoning map should be made based on the
results of additional engineering and seismological research and with the decision
of Institute of Seismology of Academy of Sciences of Republic of Uzbekistan.
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