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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
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 PecnyOnukachIHBIH ¥JITTHIK FRUTBIM akagemusicedy PKB, 2023
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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 ecrectBenHo 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 «HammonanbsHas akagemus Hayk Pecryonuku Kazaxcrany, 2023

6




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. Energy saving is an important direction of economic and social develop-
ment of any State. Modernization of energy saving programs requires new innovative
approaches for their implementation. Ensuring the free passage of the coolant through
the system is one of the important directions in the uninterrupted operation of heat
supply systems. The heat supply system during operation is subject to the formation
of corrosion-scale deposits (CSD) on the inner surface of the pipelines, which hinders
the passage of the coolant to the consumer. This process requires an increase in energy
consumption for additional heating of the coolant. Removal of CSD from the surface of
pipes is one of the most important tasks. Advanced achievements in the removal of CSD
for reducing energy costs in heating systems, allow us to correctly approach the solution

100



ISSN 2224-5278 5.2023

of the problem. Corrosive deposits vary in composition, but almost 80% consist of
carbonates and silicates, to a lesser extent of sulphates and phosphates of alkali metals.
A change of the hydrodynamic and thermal regime in heat supply systems causes
sludge to be washed off the pipe walls, which is captured by the coolant and actively
participates in the formation of corrosion-scale deposits. For completely eliminate
corrosion — scale deposits from the inner surface of pipelines, chemical solutions are
needed, the composition of which has been worked on by scientists for many years.
The primary task of our research was to establish the composition of corrosion — scale
deposits for the correct selection of the composition of effective chemical washing
solutions that dissolve scale deposits from the pipe surface well. Analysis of the scale
deposits composition, established by a scanning electron microscope with systems of
energy dispersive microanalysis INSAEnergu and structural analysis HKL — Basic
with a useful magnification of 300,000, allows us to determine the content of the main
components and impurities in the composition of scale deposits, and correctly approach
the selection of flushing solutions.
Keywords: chemical washing solutions, scale deposits, energy dispersive analysis
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AHHOTaIUs. DHEPIUs YHEMJEY — Ke3 KeJreH MEMJICKETTiH SKOHOMHKAIIBIK JKOHE
QJIEYMETTIK JaMybIHBIH MaHBI3Ibl OarbIThl. JHEprus yHeMzaey OariapiamaiapbiH
YKAHFBIPTY — OJIapJbl iCKE achIpybIH KaHAa WHHOBALMSUIBIK TOCUIIEPIH Tajam eTemi.
XKylie apKpUIbl KbUTYy TachbIMaJJaFbIIUTHIH €PKiH OTyiH KaMTaMmachl3 €TY,KbIyMEH
XKaOIBIKTAy KYHenepiHiH Y3A1KCi3 )KYMBICHIHBIH MaHbI3Abl OaFbITTAPbIHBIH Oipi OOMbII
TabbuTaAb!. JKblTyMeH KaOAbIKTay KYHECIHIH XKYMBIC IPOLECCiHIe, KYObIpAapAbIH iIKi
oeringe xoppo3usuibik merinainepaid (K1) maiiga 601ysl, ®KbLTy TaChIMaIAaFbIIITHIH
TYTBIHYIIBIFa OTYIH KUBIHAATAABl. bByJl mporecc ®buly TachIMalAarbIIThl KOCHIMILA
KBI3/IBIPY YILiH SHEPrUsl TYTHIHYIBI apTThIpyAbl Tanan ereai. Kyooipnap Oerinen KIII-
Ji JKOKO MaHBI3Abl MiHAETTepAiH Oipi Ooybim TaObUIambl. KBUIBITY KylenaepiHaeri
9HEPTUsl WbIFBIHAAPEIH a3aiTy yuniH, KII-ai sKoromarel O3BIK JKETICTIKTEp MOCceleHi
LIemyai ayphic KapacThlpyFa MYMKIHAIK Oepeni. KopposusuiblK merinfinep Kypamsbl
OoiibrHIIa opTypi, Oipak 80 % aepinik kapOoHATTap MEH CHIIMKATTap/aH, a3 IopexKeae
curTimik MetanmapAslH cynbdarrapsl MeH ¢ocdarrapsiHad Typanbl. JKburymeH
XKaOIBIKTay JKYHelepiHAeri THAPOAMHAMHKAIBIK >KOHE JKbUIy PEXHMIiHIH e3repyi
KBUTY TaChIMaJIJAFbIII CYWBIKTBIFBIMEH YCTAJAThIH )KOHE KOPPO3USUIBIK IIOT1HIIEpIiH
naiina 6omysiHa OelceHAl KaTbicaThiH KYObIp KaOblpFaapblHaH HTAMHBIH IIAHBUTYbIHA
okeneni. KyOwipnapabiH imki Oetinaeri KIL-ai TOMBIFBIMEH KO0 YILiH, KOII JKbIIAap
OolibIFanbpIMIap KYpaMbIH 3€pPTTEreH XUMHSJIBIK epiTiHaijiep KaxeT. bizmin 3eprrey
KYMBICBIMBI3IBIH  Herisri mingeri KII kypambiH Kypy, SFHHKYObIp OeTiHzeri
LIeTiHAIEPAl epiTeTiH THIMII XUMHUSUIBIK XYY epiTIHIUIEPiHIH KYpaMbIH JYPHIC TaHIAy
oonapl. INSAEnergu sHepropucnepcusiiblk MUKpoaHanu3 skoHe HKL KypbUIBIMIBIK
tangay skyienepimen 300 000 maiimansl ynraidTysl OapckaHepiieylli SIeKTPOHJBI
MHUKPOCKONIEH OpHATBUIFAaH MAaclITa0Thl IIOTiHAUICPAIH KypaMblH Tanjay -Kak
LIOTIHAIEPiHIH KypaMbIHAAFbl HETi3rl KOMIIOHEHTTEp MEH KOCHaJapAblH KYpaMbIH
aHBIKTayFa JKoHE J)KYY epiTIHIUIEpiH AyphIC TaHJayFa MyMKIHIIK Oepeni

Tyiiin ce3nep: XUMHAIBIK KYFBILI €PITIHALIED, KaK IOriHIIep, SHEProAHCIICpLUs-
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AHHOTanus1. DHEProcOepekeHne — BAXKHOE HaMpaBlIeHHE SKOHOMHUYECKOTO H
COLMAJILHOTO Pa3BUTHs JII0OOTO rocynapctBa. MonepHU3alus OporpaMM SHEpPro-
cOepexeHus: TpeOyeT HOBBIX MHHOBAIIMOHHBIX MOJXO0B s uX peann3anud. OTHIM
W3 BaXHBIX HaIlpaBJICHWA B OeccrmiepeOoifHOW paboTe cHCTeM TeIIoCHAOKECHHS
ABIISIETCSl OOECTeYeHrne CBOOOJHOTO TPOXOXKICHHS TEIUIOHOCHUTENSI Yepe3 CHCTEMY.
Cucrema TEIUIOCHAOXKEHUS B TIPOIECCE DKCIUTyaTallMd IOIBEpPKEHa 00pa30BaHUIO
Ha BHYTPCHHEH IMOBEPXHOCTH TPYOOIPOBOJOB KOPPO3MOHHO-HAKHITHBIX OTJIOXKCHUN
(KHO) 3aTpynHstomumx npoxos TEIIOHOCHTEIS TOTPeOUTEN0. DTOT mpolece Tpedyer
TTOBBIIIICHHUS YHEPro3aTpaT Ha JOMOJHUTEIHHBI 000TPEB TEIUIOHOCHUTEINS. YaaleHne
KHO c moBepxHOCTH TpyO SBISIETCS OMHOW W3 BakHeHmmx 3amad. [lepemoBbie
noctwxenna mo yganennio KHO mns cHmkeHus sHeprosaTpaT B TEIIOCHCTEMaX,
MO3BOJISIIOT MPABUIILHO TMOJIOMTH K PELIeHHIO MOCTaBlIeHHOM 3amaun. Koppo3noHHbIe
OTJIOXKEHUS Pa3JIMYHBIC 110 COCTaBy, HO MpakTHYeckh Ha 80% cocToAT U3 KapOOHATOB
Y CWJIMKATOB, B MEHBIIIEH CTETICHH W3 CyIb(ParoB M PocdaroB MIEIOUYHBIX METAIIOB.
W3MeHenune ruApoIMHAMHYECKOTO U TETNIOBOTO PEXKIMa B CHUCTEMAaX TEeTUTOCHAOKEHHUS
BBI3BIBAET CMBIB CO CTEHOK TPYO IITama, KOTOPBI 3aXBaThIBAECTCS TEIJIOHOCUTENIEM U
aKTUBHO YYacTBYeT B Ipoliecce o0pa3oBaHUs KOPPO3HOHHO-HAKHUITHBIX OTIIOKEHUH.
Hns momHoro ycrpanenuns KHO ¢ BHyTpeHHEH MOBEpXHOCTH TPyOONpPOBOIOB
HEOOXOAMMBI XUMHUYECKHUE PACTBOPBI, HAJl COCTABAMH KOTOPBIX Pa00TalOT MHOTHE OB
ydeHble uccienoBarenu. [lepBoodepenHas 3ajada HaIIero HMCCIESNOBAHUS COCTOSIIA
B ycraHoBieHuH cocrtaBa KHO mns mpaBmibHOTO mombopa cocraBa 3(¢GEKTHBHBIX
XUMUYCCKUX MPOMBIBHBIX PACTBOPOB, KOTOPHIC XOPOIIO PACTBOPSIIOT HAKHUITHBIC
OTJIOXKEHUSI C IOBEPXHOCTH TPYO. AHAIIN3 COCTaBa HAKUITHBIX OTIIOKCHUH, ITOBE/ICHHBIH
pPacTpOBBIM 3JEKTPOHHBIM MHKPOCKOIIOM C CHCTEMaMH 3HEProJUCIEpCHOHHOTO
mukpoananu3a INSAEnergu u crtpykrypHoro anamm3a HKL — Basic none3nsiM
yBenuuenueM 300 000, mo3BOMSIET YCTAHOBUTH COAECPKAHUE OCHOBHBIX KOMIIOHEHTOB
U MpUMECEe B COCTaBE HAKUITHBIX OTIOKEHUH, W TPABHIBHO TOMONTH K IMOIO0PY
MIPOMBIBOYHBIX PACTBOPOB.

KuioueBble c10Ba: XUMHUYECKHE POMBIBOYHBIE PACTBOPHI, HAKUITHBIE OTIOKEHUS,
SHEProJUCIEPCUOHHBIN aHAIN3

Introduction

Scale deposits consist of silicate, iron, manganese compounds, their compositions
are formed in the form of solid, dense crystalline deposits on the inner surface of the
pipe in heat supply systems, and under boiling conditions in boilers they can precipitate
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in the form of sludge deposits part (Ilyin & Zhilin, 2010; Balaban-Irmenin et al., 2009;
Balaban-Irmenin & Fokina, 2007; Glazyrin et al., 2012).

Carbon dioxide-based elements (CO,, H,CO,, HCO,, CO.*, OH", H", Ca**) and non-
carbon dioxide-based (Na*, K*, Mg**, CI', SO,*), as well as soluble gases O,, H.S, N,
forming compositions of scale deposits are important indicators of the composition of
water. An important role in the formation of scale deposits is played by carbon dioxide
balance, taking into account calcium ions that are in a dissolved state, and when it
shifts, water is capable of forming and depositing scale in the form of CaCO, and the
products of cathodic and anodic reactions of OH- and Fe**, formed near the metal surface
(Balaban-Irmenin et al., 1994; Akolzin, 1988; Ryzhenkov, 2006).

It has been established that especially impurities of phosphates, iron and manganese
in high concentrations in water contribute to the formation of loose crumbling scale,
while in the case of copper content in water, copper scale in the form of layered deposits
can form. A change in the hydrodynamic and thermal regime in heat supply systems
may wash out finely dispersed sludge from the walls of pipes, consisting of complex
carbonates. The sludge is also involved in scale formation processes, contributing to the
formation of denser scale deposits on the inner surface of the pipe. Such undesirable
consequences cause excessive consumption of electricity during the operation of the
system up to about 10 % with a thickness of scale deposits in the system up to 2 mm or
more (Shatova, 2005; Nikolsky, 2005; Vysotskaya et al., 2015; Balaban-Irmenin et al.,
2008)

The removal of scale deposits from the inner surface of pipelines in heat supply
systems is carried out by various methods, one of which is the selection of an effective
flushing composition of the solution [9]. When heat exchangers in heat supply systems
are contaminated with sparingly soluble carbonates, acids, such as hydrochloric,
sulphuric, sulfamic and others are used as detergents. The advantages of some acids
are their low cost and non-toxicity in relation to the metal surface of the pipe. The
disadvantages of other flushing solutions are some corrosion of the metal pipe surface,
caused by the toxicity and aggressiveness of the flushing solution (Glazyrin et al., 2011;
Zhilin & Ilyin, 2010; Patent 23499856 Russian Federation, 2007; Slepchenok 2000)

Materials and methods

In order to determine the composition of scale deposits, in order to select effective
solutions for their dissolution, we used a JSM-6490LV scanning electron microscope
with INSAEnergu energy-dispersive microanalysis and HKL-Basicc structural analysis
systems with a useful magnification of 300,000 in combination with a VarianProStar
high-performance liquid chromatograph, which makes it possible to carry out qualitative
and quantitative analysis of scale deposits.

Results and discussion

Scale deposits, stimulating not only a decrease in the permeability of the coolant
through the pipe, but also its partial destruction, require a thorough research of their
composition in order to select effective flushing solutions.

Figure 1 shows the results of the first stage of the research, which consists in
establishing the energy-dispersive composition of scale deposits taken from the inner
surface of metal pipes.
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Figure 1 - Quantitative composition of component-elements in corrosion-scale deposits, removed from
the surface of metal pipes and their structure

As can be seen from Figure 1, the elements in the composition of corrosion-scale
deposits, taken from the inner surface of metal pipelines in heat supply systems have a
composition close to alkaline earth. The structure of scale deposits is porous and close
to looseness.

The next stage of the research is testing the solubility of corrosion scale deposits in
solutions of various acids, such as sulfamic, hydrochloric, oxalic and citric in a certain
mode.

The weighed mass of tubes, containing scale deposits was placed in 5 % wt.
solutions of sulfamic, hydrochloric, oxalic, citric acids, left for five hours (the minimum
time for cleaning pipelines from scale deposits in practice (Vysotskaya et al., 2015) at
room temperature. After a predetermined time, the composition of the acid solution
was analyzed for the content of the components of scale deposits that passed into the
solution (table 1.).

Table 1 - Indicators of the composition of the components that passed into the acid solution

Acid Elements in the composition of scale | Elements in the composition of acid solutions
deposits

Sulfamic acid Al Si, K, Ca, Mg, Fe Iron and aluminium

Hydrochloric acid | Al, Si, K, Ca, Mg, Fe Iron and silicon

Oxalic acid Al Si, K, Ca, Mg, Fe Iron, silicon, magnesium, calcium

Citric acid Al, Si, K, Ca, Mg, Fe Iron, aluminium, magnesium, calcium

As can be seen from the table, scale deposits of alkaline earth composition are
practically insoluble in oxalic and citric acids, but are readily soluble in hydrochloric
and sulfamic acids. However, we know from literary sources that hydrochloric acid
solution is quite aggressive (Vysotskaya et al., 2015).
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To this end, the third stage of our research was to establish the dependence of the
corrosion rate on steel pipes in solutions of the above acids.

The dependence of the corrosion rate was carried out on steel tubes with an area of
0.02 m?, which were weighed on an analytical balance and activated with the indicated
acid solutions for eight hours. After this time, water was passed through the tubes in
circulation mode at a circulation rate of 0.5 m/s. The corrosion rate was calculated from
the mass of iron, transferred from the steel surface of the tube into the solution.

Table 2 shows the data on the dependence of the corrosion rate on steel pipes on the
composition of the acid.

Table 2 - Corrosion rates on steel pipes, activated with acid solutions

Acid solutions for surface | The mass of iron that has left the | Corrosion rate, | Corrosion losses from
activation surface of the steel tube, g g/m? hour the sample, mm/year
Sulfamic acid 0,0016 0,0072 0,0018

Citric acid 0,099 0,0130 0,0087

Oxalic acid 0,0178 0,0162 0,0070

Hydrochloric acid 0,0240 0,0510 0,0230

As we can see, the corrosion rate on the acid-activated surfaces of steel tubes is
different. The lowest corrosion rate is observed in a solution of sulfamic acid, the average
corrosion rate is in a solution of citric and oxalic acids, the highest is in a solution of
hydrochloric acid. As we can see, the losses from corrosion of a metal pipe per year are
two orders of magnitude higher in a hydrochloric acid solution.

The fourth stage of our research was the study of the washing solution of sulfamic
acid to remove scale deposits.

Element | Weight, % i
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Si 1,00

Fe 89,86 L TS
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Figure 2 shows the surface characteristics of a steel pipe, washed with the solution of sulfamic acid in
circulation mode with a circulation speed of 0.5 m/s.

Figure 2 - The quantitative composition of the components-elements of a metal pipe
after passing the solution of sulfamic acid through the pipe

Figure 3 shows the surface characteristics of a steel pipe, washed with the solution
of citric acid in circulation mode with a circulation speed of 0.5 m/s.
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Figure 3 - The quantitative composition of the components-elements of a metal pipe after passing the
solution of citric acid through the pipe.

As the figures show, the appearance of the pipe surface does not show the presence
of scale deposits, which are observed in Figure 1.

Figure 4 shows the appearance of the pipe surface and the quantitative composition
of the component-elements after passing the solution of oxalic acid through the pipe.

Al 0,42
Si 0.50 nm\ Lol
Fe 90’92 lonHaa wkans 24171 unn. Kypoop: 0,000

Figure 4 - The quantitative composition of the components-elements of a metal pipe after passing the
solution of oxalic acid through the pipe

Based on the above results of the experiment, the task of selecting the chemical
composition of the flushing solution for removing corrosion-scale deposits from the
inner surface of pipelines in heat supply systems can be successfully solved using the
solution, in which scale deposits are completely dissolved and metal corrosion of pipes
is not observed. Such a solution can be called a solution of sulfamic acid.

Conclusion

1. The composition of corrosion-scale deposits on the metal surface of pipelines in
heat supply systems was established by Energy-dispersive analysis.

2. The possibility of dissolving corrosion — scale deposits in solutions of various
acids is shown.

3. The calculated corrosion rate on the metal surface of pipelines after washing with
acid solutions is given.

4. The composition of the acid solution is proposed for use as flushing solutions with
minimal corrosion rates.

Funding: This research has been/was/is funded by the Science Committee of the
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