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2 Clarivate
Analytics

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
coobwecmaa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KauecTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J]aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH IesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTsAX oOpa3oBaHMS M HAyKH,
COLMANILHOM 3aIlUTHI, KYJIBTYPBI, 31paBooXpaneHus u cnopra, Gonp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHu0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «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 coOmelCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
06110 BeIzIeneHo Oosee 200 rpanToB. [y moiep KKy TadaHTIMBBIX 1 MOTUBHPOBAaHHBIX
nereii @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HAa 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 HOAICPIKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAHCKMX ILIKOJ 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
«XanpIKk» 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
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE HA BOCIIMTaHUE (UHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX1aH CTPaHBI.

HeobOxonumyto momois @oHx «Xanblk» 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

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

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

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

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

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

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHch yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
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 MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

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

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) 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 KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Us, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAILIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 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 PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky 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

ZHOLTAEV 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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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Abstract. The article details the results of laboratory and field studies on the compaction
of coarse materials and clastic soils. The laboratory used a 300 mm diameter vibration machine
and a standard compaction device. In the field, compaction was carried out with a 27-ton SANY
smooth roller. To determine the highest density and preferred humidity, the laboratory created
a diagram of the dependence of the density of dry soil on humidity and found the best result
of the obtained dependence, corresponding to the required values of the maximum density
and the required humidity. As a result, the work done presents the results of soil compaction
in field conditions, with a layer thickness of 50.70, 80 cm, density 2.19 t/m3, 2.05 t/m3, 2.13
t/m3, respectively. The soil was compacted with a 27-ton roller in 6-8 passes along one strip.
In addition, the article shows the effectiveness of using the drilling and blasting method in a
quarry to obtain stone material of the required grain composition.

Keywords: coarse-grained soils, earthen dam, pit, grain composition, model mixtures
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AHHoOTanus. Makanaga Jepeki MaTepuaiijap MeH ChIHBIK TOTIBIPAKTapIbl HBIFBI3IAY
OOHWBIHIIIA 3EpPTXAaHANBIK JKOHE [ANalbIK 3EPTTEYNEPHiH HOTIKeIepl erKeh-TerKenii
cunarranraH. 3eprxaHafga nuamerpi 300 MM BHOpalUsUIBIK MalldHa MEH CTaHAapTThI
HBIFBI3/1ay KYPBUIFBICHI KOMIaHbUIIEL. [lanmana Heirbzaay 27 ToHHANBIK SANY Teric polmkieH
KYpTizinmai. EH KOFaphl THIFBI3IBIK NIEH KOJAMIBI BUFAIIBUIBIKTEI aHBIKTAY YIIiH 3e€pTXaHa
KYPFaK TOIBIPAKTHIH THIFBI3BIFBIHBIH BUIFAJIBUIBIKKA TOYEIIUTIK JAUarpaMMachlH KYpJbl
YKOHE MaKCHMAJJIbl THIFBI3/IBIK TEH KAKETTI BUFAIIBUIBIKTEIH KAKETTI MOHJIEpiHE Colikec
KeJICTIH allbIHFaH TOYEJJIUTIKTIH €H >KaKChl HOTHMIKECIH TanThl. HoTwkeciHe, opbIHAaIFaH
JKYMBICTAp €TiCTIK KaFJaiblH/Ia TONBIPAKTHIH THIFBI3IATY HOTHKENIEpiH Oeperi, colikeciHie
kabar KanslHAbIFBl 50,70, 80 oM, TeIFBBOBFE 2,19 1/M3, 2,05 /M3, 2,13 1/M3. Tombipak
27 TOHHAJBIK POJUKIIEH Oip jkojaK OoHbIMEH 6—8 eTymeH HbIFbI3nanraH. COHbIMEH KaTap,
Makaja/ia KaKeTTi aCThIK KYpPaMbIHBIH Tac MaTepHajblH ajly YIIiH Kapbepje Oyprbiiay jKoHe
XKapy SJIICIH KOJIaHYIbIH THIMILIITT KOPCETITEH.

Tyiiin ce3aep: ipiCHIHBIKTHI TOMBIPAKTAP, TOMBIPAK OereTTepi, MIYHKbIpIap, TYHIpIIiK
Kypambl, YJIT1 Kocrauap
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AnHoTrammss. B crathe mOAPOOHO U3JIOKEHBI PE3yJbTaThl JIAOOPATOPHBIX U
MOJICBBIX MCCJICIOBAHUN 10 YIUIOTHEHHIO KPYITHOOOJOMOYHBIX I'PYHTOB. B aboparopuu
WCIIOJIB30BaJIach BUOpaInoHHas MarmuHa guamMeTpoMm 300 MM B CTaHIapTHOE YILIOTHSIOIIEE
YCTPOMCTBO. B MOJIEBBIX YCIOBHSIX YIUIOTHEHHE OCYHISCTBIISIIOCH 27-TOHHBIM IVIaJKHM
karkoMm SANY. Jlis onpenenenust HAaWOOIBIIEH TIIOTHOCTH | MPEANIOYTUTEIHFHON BIAYKHOCTH
B J1Ja0OpaTOpuK co37aiid rpad)iK 3aBUCMMOCTH IUIOTHOCTH CYXOTO TpPyHTa OT BJI@XKHOCTH
M HALUIA JIy4IIUA Pe3yJibTaT MOJYyYeHHOM 3aBUCHMOCTH, COOTBETCTBYIOLIHH TpeOyeMbIM
3HAYCHUSM MAaKCHMMaJbHOW IUIOTHOCTH M HEOOXOAMMOM BIaXHOCTH. B  pe3synbrare
MPOJICJIaHHON PabOThI MPEACTABICHBI PE3YJIbTAThl YIUIOTHEHUS TPYHTA B MOJICBBIX YCIOBHSIX
npu Tonmuue ciost 50,70, 80 cm, totHocTH 2,19 /M3, 2,05 /M3, 2,13 T/M3 COOTBETCTBEHHO.
VYIUIOTHEHHE TPYHTA MPOU3BOAMIOCH 27-TOHHBIM KaTKOM 32 6—8 MPOXO0/I0B 10 OJIHOM I0JI0CE.
Kpowme Toro, B crarbe mokazana 3¢(eKTHBHOCTb MCTIOIH30BaHMS OypOB3PHIBHOTO METONA B
Kapbepe JJIs MOJy4YCeHUsT KAMEHHOIO MaTepraia HeoOX0AMMOI0 36PHOBOIO COCTaBa.

Ki1roueBble cjioBa: KpynmHOOOJIOMOUHBIN IPYHT, TPYHTOBas IJIOTHHA, LIypd, 3epHOBOM
COCTaB, MOJICIIbHASI CMECh
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Introduction

In recent years, coarse-grained soils are widely used in various elements of soil
structures. In industrial, civil, hydrotechnical, water and road construction, their share is 75 %
or more. An important task is to ensure quality laying of the ground (Shakirov, 2014; Denikin
et al., 2016).

The quality of laying materials for these structures is determined by their density,
strength, deformability and filtration characteristics. In order to fulfill these requirements, it
is necessary to individually establish the control parameters of soil laying on each object and
conduct large-scale experimental studies to substantiate these parameters in the dam.

Materials and methods

Coarse-grained soils are considered one of the most promising materials for the
construction of earthen dams. It is known that to strengthen the base of stone-earth structures,
coarse-grained soils are often used, which constitute approximately 70 % of the total volume
of the dam.

For rock-earth dams, studies of the behavior of coarse-grained materials under heavy
loads, the choice of soil characteristics used in the construction of an earthen dam are of
particular importance, and this is one of the main stages of construction, since the reliability
and efficiency of the structure will depend on this.

To determine soil density in laboratory conditions, the standard compaction method
was used.

Under the conditions at the experimental site, the density was determined by the pit
method. In this case, the volume of the pit was determined by pouring water onto a pre-
positioned polyethylene film 0.2 mm thick (Fig. 1) (Teltayev et al., 2021: 174-179).

Figure 1 — Determination of the density by the “pit-hole” method of the first layer after two passes with a
smooth roller with a vibrator turned on

The purpose of the research was to create and select a method for developing, laying
and compacting dam soil materials in a natural environment, ensuring maximum density and
minimum filtration coefficient of materials.

These goals were achieved by constructing experimental embankments and performing
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the minimum required laboratory tests. Before the start of construction, preliminary laboratory
experiments were carried out at the experimental sites, which made it possible to determine
the relationship between humidity and soil density for various efforts expended.

The compaction process in laboratory conditions differed from field conditions in that it
was not carried out by rolling, and soil compaction was carried out with a standard compaction
device.

For reasons of economy, backfilling of the embankment under study was carried out
directly at the construction site on the left bank of the Pskem River.

On the horizontal section, the vegetation layer was removed, leveled and the surface
was compacted with a smooth “SANY” roller weighing 27 tons. The marking of the base was
carried out taking into account possible deviations of up to 5 cm.

The selected area measuring 100x100 m was carefully compacted using a vibratory
roller in 68 passes. Next, the prepared site was leveled at marking points every 10 m. The
site layout included an experimental embankment for a thrust prism and filters of the first and
second layers, as well as the active zone. Landmarks were set along the contour. To mark the
sites and routes, F16ASH reinforcement was used - 40 pieces, 1.5 m long. The density of
the base was determined by the cutting ring method. The dam consisted of a persistent stone
prism, filters from the first and second layers of pebbles, and a core of loamy soil (Petrov et
al., 1993; Zhambakina et al., 2020: 133-141).

Currently, among other types of high earthen dams, rock-earth dams are most
widespread. For high rock-earth dams, studies of the behavior of coarse-grained materials
under heavy loads are of particular importance. The choice of soil characteristics used in the
construction of an earthen dam is one of the most important design stages, since the strength
and stability of the structure will depend on it.

Determination of the soil density of the pressure prism at the experimental site was
carried out as follows.

The retaining prisms of the Pskem hydroelectric power station dam are planned to be
built from a mountain range. It is planned to use a deposit located upstream on the left bank,
2.0-3.0 km from the dam site, as a quarry for pressure prisms.

The soil was transported by a heavy BELAZ dump truck with a lifting capacity of up
to 40 tons.

Laboratory and field compaction of coarse soils was carried out at the experimental site.

At the site, the soil was leveled with a bulldozer in uncompacted layers 50, 70, 80 cm
thick. After leveling, the soil was watered with water from a water truck at the rate of 200 liters
per 1 m3. Compaction was carried out with a smooth roller weighing 27 tons, turned on at low
speed. After every second pass, the density was determined using the pit method, two pits for
each layer. (Figure 2).

Sampling of stone materials and processing of measurement results were carried out
according to the method described below. Sampling from the layer was carried out from the
surface of its occurrence as follows:

- a carefully leveled horizontal platform of 1.5x1.5 m is prepared, inside which a metal
frame of 1.1x1.1 m is installed and a “hole” is sunk to the depth of the density determination
horizon;

- the material selected from the pit was weighed and distributed into fractions. The
volume of the pit was measured by filling it with water onto a pre-lined polyethylene film
(Baluyev et al., 2015).
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Figure 2 - Soil modeling method (developed by Hydroproject JSC)

The volumetric weight of the soil is determined as the ratio of the weight of the samples
to the volume of the pit: i p
p d "4

where: p-weight of ground, kg; V-volume, [; pE - volumetric weight of the wet soil.

In light of the fact that moisture in the stone material has little effect on its density, it can
be neglected. However, if the content of fine earth (particles less than 5 mm in size) exceeds 5
%, it is necessary to determine the moisture content and adjust it for all samples by subtracting
the amount of water contained from the total mass of the sample.

The moisture content of the selected material is determined by taking samples and
drying them in a special oven with a mass of 2 kilograms of a fraction less than 20 millimeters.

Checking the representativeness of the sample depends on the volume of the well
depending on the maximum size of inclusions and is regulated by GOST 28514-90.

A general assessment of the quality of the laid natural soil is made according to the
summary curve of the grain composition, determined by the sieving method in the experimental
area. The use of coarse-grained soils requires reliable knowledge about their physical and
mechanical properties and construction features. The use of these soils is complicated by a
number of specific factors: labor intensity, large particle sizes, and the need to use large-sized
instruments.

A preliminary assessment of the compactability of coarse-grained soils is carried
out using a standard compaction technique that meets regulatory requirements on a typical
compaction device.

At the same time, the size of some fractions reaches 700—1000 mm. This study of coarse
soils in laboratory conditions forces us to move on to modeling the grain composition of
natural soils and carry out experimental determinations on model mixtures.

To achieve the goal of modeling soil composition, it is necessary to consider the use
of model mixtures in small laboratory instruments, which should be as close as possible in
characteristics to natural soil (Tilloyev et al., 2019; Abirov et al., 2022: 159-173).

The study of soils of large particles allows us to draw a conclusion about the ratio of
the device diameter to the maximum fraction size, which should be at least fived, . >5d_

For a device with standard size d = 300 mm, the maximum particle size should be
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60 mm.

When specifying the composition of model mixtures, it is recommended to keep the
percentage of fractions in them less than 5 mm or 10 mm. Thus, two points are fixed on the
graph of the composition of the model mixture - the proportion of fine earth and the maximum
fraction. The method for modeling large particle soils was developed by the “Hydroproject”
JSC.
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Figure 3 - Method for modeling coarse-grained soil developed by “Hydroproject” JSC

To achieve the same composition of particles less than 5 mm in size in the test soil
sample and in natural soil using the coarse soil modeling method, it is necessary to determine
the maximum particle size based on the size of the container. On the graph of the grain
composition of the model mixture, two points are marked - the content of small particles and
the maximum particle. For this purpose, a modeling method is used that excludes the random
distribution of particles ranging in size from 5 to 60 mm. Intermediate values on the graph are
calculated by proportionally reducing the particles to match the grain composition of natural
soil, according to a given formmla-

Pm_PFP<5

d pl-prs

(100-p < 5)+ p <5

where: P% percentage of fractions in the model mixture;
p<S5- percentage of the fraction < Smm;
pZ -percentage of fraction in natural soil.

For each type of material, experimental mixtures are prepared and tested on a standard
compaction installation. Before compaction, the material is moistened so that the moisture
content in the fine earth is at least 5-6 %.

Afterwards, the solution is poured into the container of the vibration unit (Fig. 4), then
it is leveled and the distance between the soil surface and the top of the device is measured
with a measuring ruler at five points. After this, measurements are carried out by rotating the

measuring ruler by 90 © and measuring five more points on the soil surface (Belov et al., 2021).
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Figure 4 - Installation of vibratory soil compaction: 1-directing cylinder; 2-load;
3-container; 4-metal plate; 5-spring; 6-frame; 7-vibrator

The average of the 10 points determines the position of the top of the tool sample, and
the difference between the location of the bottom and the ground determines the height of that
sample.

After assembling the installation, the vibrator attached to the bottom of the platform is
turned on, and the container vibrates for 8 minutes. Then remove the additive package and
rubber gasket, measure the surface at ten points from the top edge of the container to calculate
the volume of the compacted sample and the maximum (Brovko, 2018; Imashev et al., 2014:
286-289).
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Figure 5 - Diagram of the dependence of the maximum densities of additives in the composition of soil
with a fraction d<5 mm
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The study of the influence of fine earth content on the density of model grain mixtures
made it possible to establish the relationship between these two parameters. During the
experiment, the maximum density of the additive was determined for each mixture composition,
which made it possible to construct a graph of the dependence of density “p,” on fine earth
content “m”.

The graphically presented dependence demonstrates the presence of an extreme value
of density at a certain content of fine earth in the mixture. This means that there is an optimal
ratio of fine earth at which the density of the mixture reaches its maximum. Carrying out tests
with different fine earth contents allows us to determine this optimal value, which is visualized
in Figure 5.

Compaction results for model mixtures, including maximum admixture densities and
maximum natural soil densities, indicate that a placement density equal to 0.95p™* of the
maximum natural soil density is required to achieve optimal compaction.

Table 1
Results of compaction of modular mixtures
Nature ground . N mp
No.No. of The content The content [Density of model mixtures, max Required densities () d - tm’?
mixtures of fr. <5mm, [fr. <20mm, in % tm? | P d t/m?
in %
mix max
Pa | P

3 10 33 1,63 1,88 2,00 1,84

2 18 04 1,68 1,98 2,13 2,02

1 25 35 1,74 2,00 2,25 2,18

Using the results of Table 1, we obtain the relative density of spent quarry stone for
grain compositions with a fine earth content of 10 to 25 %.

Table?2
Results based on experimental data
Fine earth content, % Relative density, t/m’
On experimental data . _ - _

p I=070 | I,=075 | I,=080 | [ ;=085

25 1,95 1,97 1,99 2,00

18 1,88 1,90 1,91 1,93

10 1,80 1,81 1,82 1,84

66



Reports of the Academy of Sciences of the Republic of Kazakhstan

The graphs (Fig. 6, 7, 8) show the results of the experimental determination of soil
density obtained using a thrust prism. The data demonstrates the dependence of soil density
on the number of roller passes and the thickness of the soil layer.

BB KaMmens. I JaTKHil KATOK C BHOPATOPOM (BeC KaTKa
26000kr) t=50cMm,Boaa 160 1/M3
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The number of passes of the rink on one track, stroke
Figure 6 — Dependence graph of the dry soil density with a layer thickness of 50 cm on
the passes number of a smooth roller (26000 kg.) with the vibrator turned on, water irrigation
160 1/m?, stone.
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Figure 7 - Dependence graph of the dry soil density with a layer thickness of 80 cm on the passes number
of a smooth roller (26000 kg.) with the vibrator turned on,
water irrigation 160 1/m?, stone
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Figure 8 — Dependence graph of the dry soil density with a layer thickness of 70 cm
on the passes number of a smooth roller (26000 kg.) with the vibrator turned on,
water irrigation 160 1/m3, stone

Consequently, abutment prisms (stones) from the rock mass were laid in layers of 50, 70
and 80 cm thick, then watered from a water source and compacted with a 27-ton roller in 68
passes. Therefore, the average density was p, =2.19t/m’, p, =2.05t/m?, p, =2.13t/m2’.

These data were obtained from a test site with a particle size distribution that included
particles with a maximum diameter of up to 200 mm (Fig. 9).
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Figure 9 — Granulometric composition and density of stone material laid in
an experimental embankment

When developing stone quarries using the explosive method, it is possible to evaluate
the grain composition of the resulting stone material based on the results of experimental
curves. This allows us to judge the effectiveness of the method used to maintain the stone
material with the required grain composition.

To fully understand the grain composition of the stone material, it is recommended to
carry out experimental blasting operations, during which the optimal blasting method will be
determined to obtain the required fractions (Balykov, 2014; Ibragimov et al., 2021; 2021; et
al., 2021).
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Based on the data obtained, the optimal way to ensure high density is to lay stone
material in layers no more than 1 meter thick with preliminary wetting with water, a flow rate
of 150-300 1/m* and subsequent compaction with a vibration mechanism with a large radius
of action.

To prevent destruction, it is recommended to use heavy-duty dump trucks capable of
evenly distributing the material over the surface of the layer and further leveling it with a
bulldozer (Ibragimov et al., 2021; Artykbaev et al., 2020: 205-212; Artykbaev et al., 2019:
1259-1262; et al., 2017: 238-243).

From the granulometric compositions and densities of the stone material laid in the
experimental embankment, it is clear that the relative subsidence of the layer of stone material
decreases with an increase in the proportion of small fractions (less than 5 mm) in the soil. At
loads of 4.0 MPa, the sediment also decreases from 8.6 mm to 6.2 mm, but with a significant
content of finely dispersed rock mass, it remains high, which leads to deformation of the
material. The optimal value of the proportion of fine-grained fractions in the soil composition
is 18-25 %, while the amount of precipitation does not exceed 6 mm (Rassulov et al., 2019:
60-63; Valeyev et al., 2019: 195-205; Teplitsky et al., 2020).

Conclusions

The following results were obtained during the study:

1. Thrust rock prisms were laid in layers 50, 70 and 80 cm thick, followed by watering
and compaction with a 27-tonne roller in four to six passes. At the same time, with a thickness
of 50 cm, the density was 2.19 t/m?, with a thickness of 70 cm - 2.10 t/m?, and with a
thickness of 80 cm - 2.05 t/m?. These data were obtained on an experimental site with a grain
composition that included particles with a maximum diameter of up to 200 mm.

2. When developing stone quarries using the explosive method, it is possible to evaluate
the effectiveness of the drilling and blasting method used, which ensures the extraction of
stone material with the required grain composition.

3. To achieve high density, the method of laying stone material in layers no more than
1.0 meters thick is used with preliminary watering, with a flow rate of 150-300 I/m* and
subsequent compaction with a long-range vibration mechanism.

4. To prevent delamination of the stone material, it is proposed to lay it using large-
capacity dump trucks with uniform distribution over the surface of the layer and further
leveling with a bulldozer.
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