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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

5



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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Abstract. The aim of the field research was to develop a method for laying
and compacting coarse soil material and determining the maximum soil density
and optimal moisture content. Based on these studies, technical specifications for
the construction of thrust prisms are drawn up. Based on experimental data coarse
soils were laid. During the experiment, the authors determined the granulometric
composition of the soil, the density of the soil and the moisture state of the soil.
The article discusses the laboratory method based on the research, the maximum
soil density, optimality and moisture conditions of the soil. Laboratory sealing
was carried out using a vibration installation 300mm in diameter and standard
SOYUZDORNII sealing equipment. During field work the soil was compacted
with various SANY rollers weighing 27 tons. Finally, the maximum density and
optimal soil moisture were identified. The result of the work was compaction in
layers with a density of 2.117 t/m3, 2.13 t/m3, 2.28 t/m3 with a layer thickness of
50, 70 and 80 cm, respectively. The soil was compacted in six to eight passes along
one path using a 27-ton roller.
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AHHoTanms. bi3/IiH 1anaibiK 3epTTeY KYMBICBIMBI3JIBIH MAKCAThI 1pi CBIHBIKTHI
IPYHT MaTepHaJIbIH TOCEY KOHE THIFBI3JIAY SJIICIH 931pJiey, MAaKCUMAJIbI THIFBI3/IBIK
TI€H TPYHTTHIH OHTAMIIbI BUIFAJIIbLIBIFBIH aJTy/IbI )KOHE OHbI aHBIKTAY/Ib KAMTaMachI3
ety Oomapl. Ochl 3epTTEyNEpiH HeTi3iHAe Npu3MalapiAbl NaiganaHy apKbUibl,
OHBIH TEXHUKAJIBIK MIAPTTAPhI kKacaiajabl. Ka3ipri yakeITTa KOJJIAHBUIBIN KYPreH
oictep Oi3/1iH TOKIPUOECIIK )KYMBICBIMBI3JIBIH MAJIIMETTEPi OOWBIHIIA 1Pi CHBIHBIKTHI
TPYHTTapblH TOcey >KYMbICTapbl >Kyprizungi. Toxipubenik skymbicTa 0i3 OHBI
AHBIKTAJIBIK. TPYHTTHIH TI'PaHYJIOMETPHUSIIBIK KYPaMbIH, TPYHTTBIH THIFBI3BIFBIH
JKOHE OHBIH BUIFAJIBUIBIK KYHi aHbIKTaAbIK. Makajnaaa Oi3JliH 3epTTeyiepiMizre
HET13/IeIreH 3ePTXaHANBIK 9JiC, TPYHTThIH MAKCUMAJIIbl THIFbI3/IBIFbI, TPYHTTHIH
OHTAWJIBUIBIFBI  JKOHE BUIFAIJIBUIBIK JKarJaiiapel  KapacThIPbUIIABL.  Bi3maiH
3eprreyimizne TaKipuOenep JKyprisimim, ipi CHIHBIKTBI TPYHTTap op Kabar
caliblH TecesJi, CoJ KabaTTapblHJa J>KYPTi3UIreH 3epPTXaHaJbIK JKOHE JajallbiK
TOKIpHOENepAiH HOTHKENEPl TalKbUIaHABL. 3epTXaHAJbIK KYMBICTa JHAMETpi
300 MM nipin KoHABIPFBICHIH JkoHe cTaHmapttel COMNO3JJIOPHUU xabOapirbiH
naianany apKbUIbI )KYy3ere achIpbULIbL. [laia sKyMbICTaphbl KE31H e TPYHT CaIMaFbIH
27 tonna OonatbiH TYpii SANY TBHIFBI3IAFbIIITAPBIMEH ThIFbI3NAIbI. COHBIH/IA
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MaKCHMAJIJIbl THIFBI3/IBIK TICH TPYHTTBIH OHTAWJIBI BUIFAIBUIBIFEl AHBIKTAJIBL.
Byn sxymbicta ThIFBIBABIEB 2,117 /M3, 2,13 1/M°, 2,28 T/M* KabaT KabIHIBIFBI
tuicinmre 50, 70 xxone 80 cM KabaTTapaa HBIFBI3IAY Ke3iHae HOTIKe Oepai. [ pyHT
27 TOHHAJBIK THIFBI3AAFBIN APKBUTBI MAHIaaHbIM, Oip KO OOWBIMEH alThI-CEeri3
eTkenie ThIFpI3AaNIEI (Artykbaev et al., 2020).

Tyiiin ce3ep: rpyHTTHIH IPaHYIOMETPHUSUIIBIK KYPaMbI, OoreT, ipi
CBIHBIKTBI TPYHT, JAAJAIBIK 3ePTTEYCp, IPYHTTHIH bUIFAJIBIIBIFBI, THIFBI3/IBIF,
(UITBTpANUSAIIBIK KaCHETTep1
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AnHoTauus. L{enpto JaHHBIX TOJIEBBIX UCCIIEI0BaHUH ObLTa pa3paboTka MeToAa
M0 yKJIAJKe W YIUIOTHEHHIO MaTrepHaja KpYMHOOOIOMOYHBIX I'PYHTOB, a TaKXke
olpesielIeHe MaKCUMaJIbHOW IJIOTHOCTH TPyHTa U ONTHMAJbHOM BIIaYKHOCTH.
Ha ocHoBe 3Tux wuccieoBaHuil B JaJbHEHIIEM COCTaBISIOTCS TEXHHUYECKHE
YCIIOBUSI Ha CTPOUTEILCTBO YMOPHBIX Npu3M. Ilo maHHBIM SKcmepuMeHTa Oblia
MpoBeJIeHa YKJIaJKa KpyITHOOOJIOMOUHBIX IPYHTOB. B akcniepumenTansHON padote
HCCJIEZIOBATENN OINpPENEININ TPaHYJIOMETPUUECKH COCTaB TIPyHTa, IJIOTHOCTh
IPYHTa U BIaXHOCTHOE COCTOSIHUE TPyHTA. B cTarhe paccMOTpeH 1adopaTopHBIi
METOZl IO MPOBEAECHHBIM HCCIIEAOBAHUSAM, MaKCHUMallbHas IUIOTHOCTh TPYHTa,
ONITUMAJILHOCTD M BIIAYKHOCTHBIE COCTOSIHUE IpyHTa. JlaboparopHast repmeTH3anus
OCYILECTBIISUIACH C UCIIOJIb30BaHHEM BUOPALIMOHHON YCTaHOBKH JruaMeTpomM 300mMm
W CTaHAapTHOro repMerusupyromero oobopynoBanus «COIO3JOPHIN». B xoxne
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MOJIEBBIX pabOT IPYHT YIJIOTHSUICS Pa3IHMYHBIMHU KaTkamMu THra «SANY» maccoit
27 ToHH. B KoHIE OBUTM BBISBIEHBI MaKCHMallbHAs IUIOTHOCTh W ONTHMAaIbHAS
BJIaYKHOCTH I'pyHTa. Pe3ynbraroM paboThl CTaNIO YIJIOTHEHUE CIOSIMH TIOTHOCTBIO
2,117 t/m3, 2,13 /M3, 2,28 1/m3 tipu Tosmmuae ¢iost 50, 70 u 80 ¢cM COOTBETCTBEHHO.
VYoTHEeHHe rpyHTa MPOU3BOANUIIOCH 32 IIECTh-BOCEMb MTPOXOO0B M0 OJJHOMY IyTH
27-TOHHBIM KAaTKOM.

KuroueBble cioBa: rpaHyIoMeTpUYECKU COCTaB TPYHTA, TUIOTHHA, KPYITHO-
0OJIOMOYHBIE TPYHTBI, MOJIEBBIC MCCICAOBAHMS, BIAKHOCTh T'PYHTA, IUIOTHOCTH,
(buiIpTpanlMOHHBIE CBOIMCTBA

Introduction

In recent years, coarse-grained soils have been used in a wide variety of elements
of soil structures. In industrial-civil, hydrotechnical, water management and road
construction, their share is 75 % or more. In this case, the main task is to make soils
in layers (Hardin, 2023 ).

For the first time, granulometric analysis, as a quantitative method, was applied
in the XVII century in geology to study clastic sedimentary rocks. At the same time,
a set of sieves (1704) were be used to classify the material along with grinding
(1692). At the beginning of the XIX century the method of soil sieving through
a set of sieves and the method of grinding for granulometric analysis (1805g.)
was worked out and described. For the first time, a centrifugation method was
developed to separate grains by size. The introduction of graphic images of the
results of granulometric analysis dates to the same time. Thus, by the beginning of
the XX century the methods of granulometric analysis of granular materials were
sufficiently justified.

In this work, the basic requirements and the granulometric composition of
the soil in mining industry was created based on numerous studies, the theory of
crushing, grinding and screening of minerals. The main provisions of it can be used
by other industries .

Usually, high-quality materials for the coating device were determined by such
characteristics as strength, density, humidity, and soil deformation. To comply to
the standards of soil coatings for each facility and conduct extensive experimental
studies to demonstrate these standards for coatings in the dam we use coarse-
grained soils.

The material in any zone of a rock-soil dam is determined by its strength,
deformability and filtration properties, to meet these requirements, the granular
composition of the soil must be determined at the construction stage. The density
of coarse soil and its granulometric composition should be determined during
experimental work. Therefore, the accuracy of determining the granulometric
composition of coarse-grained soils is of great importance .

Earthen and stone-filled dams have become the main form of high dams due
to their adaptability to various terrain conditions, on-site extraction of material,
structural simplicity, and ease of construction. Coarse-grained soils, widely used
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as embankments in the construction of dams, are a class of gravel soils of wide
gradation with widely varying grain sizes, and particle destruction under high loads
is very common. The destruction of particles causes significant deformation of
the dam, which, in turn, leads to cracking of the surface layer increasing seepage
in neighboring positions. These problems endanger the safety of dams, which
becomes a relevant topic for a project aimed at building earthen and stone-filled
dams. In the construction of high dams the deformation and destruction effect of
coarse soils should be controlled.

Tan et al. (Baibolov et al., 2022) found that the angle of internal friction
and adhesion of coarse-grained soils tended to increase and then decrease with
increasing coarse-grained content, porosity changed accordingly, which, in turn,
caused differences in the dilatation characteristics of soils with varied sizes of grain.
After comparing the current appropriate boundaries and different soil particles
limiting particle size distribution in soils, Hardin (Alai et al., 2012) proposed the
particle destruction rate for a theoretical description of the effect of soil particle
destruction, which was widely used by researchers. Alai and Mahbubi (Fard, 2020)
noted that the destruction of particles directly changed the gradation of soil particles
and affected a number of physical properties, such as the structure of aggregates of
soil particles, the degree of occlusion and friction between particles.

Various methods are used to study the granulometric composition of coarse-
grained soils, of which the most used are the standard sieving method on sieves
with round holes and the linear measurement method. The linear method for
determining the granumetric composition can be described as follows: on the open
surface of the structure (slope, pit wall, etc.), several lines are outlined using slats
or stretched ropes. At the intersection of each line, the sums of the particle lengths
of all fractions are calculated. For each particle, only the length that is located on
the intended line is calculated, but it belongs to the fraction of the entire section
(Artykbaev et al., 2019).

In the practice of construction, the granulometric composition of the soil with
various coarse-grained materials where the size of individual pieces reaches 500,
1000 mm or more is determined. To determine the mechanical characteristics of
coarse-grained soils in laboratory conditions, they resort to identification of the
granulometric composition of the soil from the natural soil.

Based on the study and analysis of numerous experiments and dependencies,
we have developed a method for composing model mixtures that characterizes
the composition and condition of the soils under consideration more objectively
(Ghorashi et al., 2023).

When using modeling methods for coarse-grained soils, it was determined that
the dimensions in the sieve should not exceed 5 mm for simulated and full-scale
soils. The size of the largest fraction was the size of the sieve particle. Therefore,
the graph of the granulometric composition was determined with two points: the
percentage of fine-grained soil we always calculated the maximum density. In this
case, we use a modeling technique that eliminates arbitrariness when assigning
sieves from 5 to 60 mm.
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Research materials and methods.

This is relevant for earth dams in which large-block soils are used. It is known
that large-block soils are used to support prismatic structures, which on average
account for 70% of the total construction and installation work. We studied coarse
soils under various loads, with various soil properties, in which they were used
for a dense subgrade, and this is considered the main stage of construction, since
its effectiveness depends on it (Hristova et al., 2021). In field conditions at the
experimental site, the density was determined by the pit-hole method. At the same
time, the volume of the pit was determined by pouring water onto a pre-lined
polyethylene film 0.3 mm thick (Fig. 1) (Ibragimov et al., 2021).

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

The aim of the research was to develop and select a layout for the dam in the
field. In which it ensured its maximum density and optimal humidity. To determine
this, we set goals to be achieved in laboratory conditions. After laboratory studies,
we compared them under natural (field) conditions. In which the density and
moisture content of coarse soils was determined.

Laboratory compaction, unlike field conditions, was carried out not by rolling,
but by compacting the soil using a standard compaction device. In order to save
money, the filling of the experimental embankment was carried out directly at the
construction site on the left bank of the Pskem River. For these purposes, the plant
layer was cut off on a horizontal section, leveled and the surface was compacted
with a 27-ton smooth SANY roller. The planning of the base was carried out subject
to possible deviations from the base horizon of up to 5 cm.

The size of the platform was 110x110 m. Passage vibration action was 5—7 times
per track. The cleared area was leveled at 10 m intervals at each point to align the
measured cross-section. The site was leveled using thrust prisms and experimental
backfilling for the first and second layers of core filtration.
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Contour landmarks were installed; as an orientation, the F16—40 armature, a
1.5m long rod was used to show the platforms and alignment. Then the density of
the soil base was determined using the split ring method. Currently, stone-filled
dams are the most urgent issues of the earthworks. Studies of the behavior of
coarse-grained materials under high loads are of particular importance for stone-
earth dams.

Since the strength and stability of the structure depends on the properties of
the soil, the choice of soil properties to be used in the construction of earthworks
on the dam is determined by an important component in the design. At the Pskov
HPP facility, we determined the density and humidity of the soil using a prism. The
facility will use support prisms for the enclosure, which is located at the height of
the dam with a distance of 2-3 km.

The soil was transported by large-capacity dump trucks of the BelAZ type
with a lifting capacity of up to forty tons. Laboratory and full-scale compaction of
coarse-grained soils was carried out at the site. In the experimental plots, the soil
was bulldozed into uncompacted layers with a thickness of 50cm, 70cm and 80 cm.
After leveling, water was supplied from a water carrier with a volume of 200 liters.

In the facility, the soil was laid with smooth rollers weighing 27 tons at a low
speed; in each second pass, two pits were made in each layer and the density was
measured using the pit depth method. (Fig.2). Sampling of stones and the results
and discussion of measurements were carried out as described below.

The layers were selected from the surface as follows: a carefully aligned
horizontal padl.5x1.5 m was prepared, within which a metal framel.1x1.1m was
installed, through which a "pit" passed to the depth of density determination. The

volume of the pit was measured by pouring water on a black film (Ibragimov et al.,
2020).
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Figure 2 - Simulated soil method
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The density of the soil is determined by

w P
Pi=y

where: p-weight ground, kg; V-volume, [; p% - soil moisture.

Moisture in the coarse-grained soil does not have a significant effect on the
density of the soil, so we should be careful in the presence of more than 5 % finely
dispersed soil (fr<5 mm). It is necessary to measure and adjust its moisture content
of all soils of the samples. The humidity in the selected materials is determined and
dried in an oven of 2 kg to a thickness of less than 20 mm.

The samples were determined in accordance with the maximum size of the
material contained in it and is determined by GOST 28514-90. The assessment of
the quality of the underlying natural soil is carried out according to the general curve
of the granulometric composition determined by seeding in the field laboratory
conditions.

To study large-block soils on the body of the dam, we must know the granulometric
composition, mechanical, physical properties, and design characteristics of soils.
The use of such soils is difficult due to factors such as labor intensity, particle size,
sample volume and the need to use extensive measuring equipment (Tang et al.,
2018).

We evaluate the sealing capabilities of large-block soils carried out on standard
sealing equipment according to standard sealing techniques in accordance with
regulatory requirements. At the same time, the sizes of individual grains reach
700-1000 mm.

This forces the experimenter, when studying coarse-grained clastic soils in
laboratory conditions, to switch to modeling the granulometric composition of
natural soils and conducting experimental determinations on model mixtures. The
work on modeling the granulometric composition of soils is carried out in such a
way that the model mixture can be used in laboratory equipment of an acceptable
size. At the same time, the properties of the model mixture should correspond as
much as possible to the properties of the natural soil (Kronik, 2017).

Based on the experimental studies of large-block soils, it can be concluded that
the diameter of the equipment to the maximum size of the mesh fraction is at least 5d
max for equipment >5 dmax. For standard equipment dmax=300 mm, the maximum
screen size should be 60 mm. When specifying the granulometric composition of
the model mixture, it is recommended to observe the fraction from 5 mm to 10 mm
in size. On the graph you can see the granulometric composition of the full-scale
mixture, 2 points are fixed-the fine-grained fraction and the maximum fraction (Fig.
3). The experiment of large-block soils was carried out by JSC "Gidroproekt"
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Figure 3 — Modeling of large-block soils

When using the method of modeling large-block soils, the proportion of 5
mm or more should be the same for simulated and natural soils. The maximum
fraction should be determined by the small size of the box. The graph shows the
granulometric composition of the full-scale mixture, there are two points: the
content of fine-grained soil and a large fraction. The modeling approach used here
excludes the arbitrariness of allocating fractions of at least 5 or 60 mm. The middle
point on the graph is obtained by proportionally reducing the fraction in the natural
soil and is calculated using the formula:

m_Pi—P<5

P—=
d pg—P<5

(100-p < 5)+p <5

Pm - the percentage of sizes in the full-scale mixture
d

p<5- grid sizes < Smm;

p? - the percentage of soil

For each type of material, model mixtures are prepared, which are tested by
laying for soil compaction. On each layer of the laying, the mixture is moistened
so that the moisture content of the fine-grained soil in the mixture is from 5 to
6%. After that, the vibration units are placed in a container (Fig. 4), leveled and
measured between the surface of the soil and the top of the installation at five points
using a measuring ruler. And it defines five points on the ground surface and can
rotate 90° (Huang et al., 2016).
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Figure 4 — Vibration installation for soil compaction: 1-cylinder direction, 2-soil loads, 3-boxes,
4-metal plate, 5-spring hole, 6-frame, 7-vibrator.

The position of the bottom and the ground can be determined as a sample. After
that a vibrator, which is fixed to the bottom of the platform can be connected,
and the vibration lasts 8 minutes. Then the additional packaging material and the
rubber gasket are removed, the surface in ten points of the container is measured,
according to which the maximum density of the compressed sample is calculated
(Liu et al., 2020).
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Figure 5 — Graph of the maximum density of additives from the composition of the soil for d<5
mm fractions

The value of the limiting density of the additive allows to make a graph from
two points: the content of small grains 'm' and density “p,”. in a mixture of a model
granulometric composition. The graph shows the extreme density values at a certain
content of fine grains in the composition and the mixture under study. By testing
mixtures with different fine grain contents, it is possible to determine the optimal
fine grain content (Fig. 5). From the results of compaction of the model mixture, its
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maximum additional density and the maximum density of natural soil, it follows
that the required coating density is 0.95p™*,

Table 1 - Compaction of model mixtures

Density of model Nature ground | Required densities
N| The content | The content mixtures, t/m? mp 3
max Py ,t/m
of fr. <Smm, | of fr. <20mm, Py t/m?
in % in % mix mx ym?
Py Py
1 24 34 1,57 2,01 2,15 2,22
17 46 1,70 1,89 2,03 2,12
3 9 32 1,76 2,04 2,14 2,24

The results shown in Table 1 are used to determine the relative density of quarry
stones for a granulometric composition containing 10-25 % fine fractions.

Table 2 - Experimentally proven data

Composition, %
Experimental Soil density
data , t/m?
1,-0,65 1,-0,70 1,40,75 1,~0,80
24 1,83 1,85 1,89 1,97
17 1,79 1,82 1,84 1,89
9 1,75 1,83 1,85 1,87

We have determined on an experimental site the results of dense soil with
persistent prisms, in which it depends on the layers in which the skating rink went
and different thicknesses, which you can see in the following figures. (Fig. 6,7 and
8).
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Figure 6 — The density is determined in each 50cm layer with the vibrator turned on
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Figure 7 — The density is determined in each 80 cm, in which water is displaced 160 liters per m?
layer, with the vibrator turned on
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Figure 8 — The density is determined in each 70 cm layer, in which water is displaced 160, 1
liters per m®, with the vibrator turned on

Thrustprisms (stones) from bedrock were laid in layers of 50 cm, 70 cm, and 80 cm,
rehydrated from a water carrier and pressed with a 27-ton roller for 68 revolutions.
We obtained all the above data on an experimental site, with a granulometric
composition of up to two hundred mm. In a quarry with the application of blasting,
an experimental curve can be used to estimate the granulometric composition of the
resulting stone. At the same time, it is possible to determine the effectiveness of the
method in maintaining the required granulometric composition of the stone (Peng,
2022). To complete the results on the granulometric composition of the stone, we
needed to make a processing experiment in order to determine the method of shot
blasting to obtain the required fraction (Rassulov et al., 2020). By an expedient
method, we calculated how to make it to a ground degree.

An expedient way to obtain a high density is the distribution of stones of one
meter, forced wetting with water with a flow rate of 150-300 I/m3 and sealing with
a vibrating mechanism with a large radius of action. To prevent the scattering of
stones, it is recommended to distribute them evenly over the surface of the layer
with heavy-duty dump trucks, and then level them with a bulldozer (Rasulov et al.,
2023).

As can be seen from the granulometric composition and density of stones
laid in the experimental embankment, the relative sediment of stone layers in the
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embankment decreases with an increase in the content of fine-grained (<5 mm) soil
in the composition of the embankment; when loading 4.0 MPa, the sediment also
decreases from 8.6 mm to 6.2 mm, becoming significantly larger with an increase
in the fine grain of the rock and the deformation of the material increases. The most
optimal value of the content of fine-grained rock in the composition of the soil is
18-25 %, at which the amount of subsidence does not exceed 6 mm (Shabayev et
al., 2020).

Results

The simulated task of the granulometric composition of the soil was performed
in this case in laboratory situations using fraction sizes. The content of natural
soils and modeling should always be consistent with each other. The size of the
fractions depends on the granulometric composition of the soil. The large-block
soils diameter must not exceed five, i.e. 4,, 25d,, . So, for a standard we used the
diameter of the installed equipment d = 300 mm, a great value does not exceed 60
mm (Internet, 2022).

When assigning grain composition in full-scale conditions, for determining
the size of the sieves, the size is from 5 to 10 mm. Since the graph can be used
to determine the granulometric composition of the soil in which two points are
displayed — the first one is the minimum and maximum fraction in the case, a
modeling method is used that excludes the arbitrariness of fractions from 10 to 60
mm.

For a standard seal, we made various natural mixtures with each layer. The
granulometric composition of the natural mixture can be seen in Figure 9
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Knowing the diameter and h container, the volume can be calculated. The
weight of the model mixture for a container with a diameter of d = 300 mm can
be assumed to be 40-45 kg. Based on this weight, the weight of all fractions of the
model mixture can be calculated.
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Dividing the total volume of the sample is the ratio of its specific gravity, we get
the bulk density p;mn In this case, humidity is not considered, because the sample
was formed in an air-dry state. A 10 mm thick rubber gasket is placed on the soil
sample with a minimum density and a sample load is installed, consisting of metal
discs assembled into a package with a through rod with a total weight of 100 kg.
Rubber rings are put on the bag in the upper and lower parts so that the package
does not hit the walls of the device. At this time loading discs, considering the
diameter of the shock absorption rings, should freely pass into the container.

It should be noted that the best compaction of the rock mass can be achieved
only based on experimental rolling on special filling maps. We compacted the
coarse-grained soil with the state standard, where maximum addition densities are

obtained for each type of material ( p;“i“ ; oy ). The results of the standard seal are
shown in Table 3. High density addition of model mixtures, as high density of the

natural soil layer soil and the required laying density are equal 0,95 p;~ (Tilloev,
2019).

Table 3. Results of standard compaction of stone material

Densities of model mixtures Natural soil
Zones o rox ,Dmax Required densities p J
P P d
WE 1,52 1,98 2,14 2,03
WN 1,49 1,87 2,12 2,01
Conclusion

When developing stone quarries with the help of explosions, it is possible to
evaluate the grain composition of the resulting stone material using experimental
optimal curves. At the same time, it is possible to judge the effectiveness of the
applied method of conducting drilling and blasting operations in a quarry, which
ensures the production of stone material of the required grain composition. To obtain
complete information on the grain composition of the stone material, experimental
blasting operations should be conducted, in which the method of explosions to
obtain the required fractions will be determined.

According to the data obtained, the most rational, providing a high density,
is the method of laying stone material in layers no more than 1.0 meters thick
with mandatory wetting with water at a flow rate of 150-300 1/m3 and sealing
with a vibrating mechanism of a large radius of action. To prevent layering, it is
recommended to lay stone material with large-capacity dump trucks with a uniform
distribution over the surface of the layer, followed by leveling with bulldozers.

The “fish” of the stone curve for a thrust prism reaches up to 1000 mm in
fraction, and according to the results of experiments at the test site 200 mm, i.e., the
curve shown on the graph is the upper curve. To obtain the data of the lower curve,
it is necessary to conduct research during the filling process at the construction site
of the Pskov dam.
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As can be seen from the granulometric compositions and densities of the
stone material laid in the experimental embankment, the relative precipitation of
the layer of stone material in the embankment decreases with an increase in fine-
grained fractions in the soil composition (fr.<5 mm). At loads of 4.0 MPa, they also
decrease from 8.6 mm to 6.2 mm with an increase in fine earth from 5 % to 18 %.
With an insufficient amount of fine-grained rock, the porosity of the rock mass is
high enough and the deformations of the material are significant. The most optimal
value of fine-grained soil is 18-25 %, at which precipitation will not exceed 6 mm.

Domestic and foreign experience in the construction of pressure-bearing soil
structures shows that at different stages of design, no matter how the indicators of
the properties of soil materials are established, their uncertainty is inevitable, since
they must correspond to the actual density of the laid soil in the structure, the exact
value of which becomes known only during construction. Even experienced rolling
operations, which establish not only the technological parameters of soil laying,
but also the geotechnical properties after its compaction, do not show sufficiently
accurate values of soil properties, since they are carried out in conditions different
from the main construction in terms of the scale of excavation, they cannot consider
all the spatial variability of soil properties in quarries.
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