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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
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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 article shows the results of research on the possibility and efficiency
of disposal of human waste (municipal wastewater) and animals. Currently, there is
a problem of energy supply to rural settlements in Kazakhstan. And if the supply of
electric energy is stable enough, then there are big problems with heat supply: rural
residents in most regions are forced to use coal for heating, which negatively affects not
only the environment, but also the social situation, since fuel is getting more expensive
every year, which is not to say about the income of the population. The purpose of the
research is to develop technologies for obtaining thermal and electrical energy in the
joint disposal of waste of the population and domestic animals. At the same time, such
bioenergy installations should be inexpensive, energy efficient and environmentally
friendly. Studies of the influence of various factors on the fermentation process have
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been carried out. The option of joint disposal of these wastes is being considered. A
technological scheme of a biogas plant with complete utilization of biogas, with the
production of methane and carbon dioxide, biohumus as products, has been developed.
The scheme is waste-free. At the same time, municipal wastewater is separated and
the biogas plant uses activated sludge together with the manure of domestic animals
to produce biogas. An efficient bioreactor has been developed, horizontal with three
compartments operating in automatic mode. The cycle of effective biogas production
is 18 days. For every 10 m® of joint disposal of municipal wastewater and cattle waste,
an estimated biogas output of 196 m?, an estimated thermal power of 17 kW, and an
estimated electrical power of 15 kW is expected. For example, the daily volume of
municipal wastewater at the treatment facilities of Astana city averages about 180,000
m?*/day. Accordingly, the estimated maximum capacity of a biogas plant for biogas
output is 3,528,000 m*/day or 147,000 m*/hour, for thermal power of 306 MW/day
or 12.75 MW per hour, for electrical power of 270 MW/day or 11.25 MW per hour.
The considered variant of waste-free waste disposal technology allows creating energy-
efficient, inexpensive small biogas and bioenergy installations that allow combining
either 8-10 rural courtyards or several buildings of an urban settlement into a single
waste disposal unit.

Keywords: Waste-free production, waste disposal, municipal wastewater, household
waste, manure, biogas plant, energy-efficient technologies, biogas, thermal energy,
electric energy, technical nitrogen, carbon dioxide, greenhouse gases
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AHHoTamusa. Makanazga ajgamMHaH O6JIIHETIH HOXKICTepi (KOMMYyHAaJIIBIK-
TYPMBICTBIK aFbIHJIAp) MEH >KaHyapJiapJblH KaJIBIKTapbIH K9JIeTe jKapaTy MYMKIHIIT
MeH THUIMIUIIIH 3epTTey HoTwkenepi kepcerinreH. Kasipri yakeirta Kazakcranma
aybLIIBIK €J1/11 MEKSH e/l SHEPIUSIMEH Ka0/IbIKTay Macesieci ©3eKTi 00 oThIp. Erep
ANIEKTP KyaThIMEH KaMTaMachl3 €Ty TYPaKThl TYPJE *KY3ere achlpblica, OH/Ia KbIITyMEH
KaMTaMachl3 €Ty Ke3iHAe YJKEH Mocejelep TYbIHAANAbl: KONTereH aiiMakTrapIarsl
aybUT TYPFBIHIAPBI KOMIP/ KBUIBITY YIIIH Naigananyra MOKOYp, Oy TEK SKOJIOTHsIFa
FaHa eMmec, COHbIMEH Oipre oJeyMEeTTIK OopTara Ja Kepi ocepiH THTi3eli, OWTKeHi
OTBHIH KbUI CaiiblH KbIMOATTal »arblp, OYJI XaJILIKThIH TaOBICHIHA KeJIETIH OOJICaK,
MYJJIEM CaNBICTBIpYFa OOJIMalTBIH HOpce. 3epTTeyliH MakcaThl — TYPFBIHIAD MEH
Y sKaHyapiIapblHBbIH KaJIIbIKTapbIH Oipiiecin Kojere xapary OapbIChIHIA KbUTY JKOHE
JIEKTP KyaThblH ajly TEXHOJIOTHsUIAPBIH d3ipsiey O0JbI TaObuUIaAbl. AWTA KETETIH JKANT,
MYHJIaii OMOPHEPreTHKAaJIbIK KOHIBIPFBLIAD ap3aH OOJBIN, SHEPTUSHBI YHEMJCHTIH
JKOHE DKOJIOTHSUIBIK — TYPFBIJAH Taza OOJybl KepeK. AIIBITY TpoleciHe opTypii
(daxTopiapIblH ocepi Typallbl 3epTTeyiep KYpri3uyai. byn xangbikrapabl OipikTipin
OTBIPBII, )KOI0 MYMKIHJII KapacThIpblIyaa. OHIM peTiHIe METaH MEH KOMipPKBIIIKbLI
ra3blH, OMOTYMYCTBI aja OTBIPBIN, OHMOTA3Abl TOJIBIK KOJAEre >KapaTryMeH Oworas
KOHJIBIPFBICHIHBIH TEXHOJOTHSJIBIK cXeMachl a3ipieHgi. Cxema KalJbIKChI3 OOJBII
TabbuIaAbl. Bysl peTTe KOMMYHAIIIBIK-TYPMBICTBIK aFbIHIAp OOJIHIIN ajblHalbl, OHoTa3
KOHJIBIPFBICHIH/Ia Ouora3 anxy ymriH Oencenai TyHOa »oHE YH jKaHyapiapbIHBIH KOHI
Oipre nmarigananpuiaabl. ABTOMATTBI PEKUM/IE )KYMBIC iICTEUTIH Y1l 601iMi 6ap KesJieHeH
THIMJII OropeakTop a3ipyeHi. bruorasnel THiMai amy nuKmi 18 ToymikTi Kypaiasl. Opoip
10 M? KOMMYHaJIJIBIK-TYPMBICTBIK aFbIHIAP MEH ipi Kapa Mall KaJIbIKTapbiH OipiKTIpil,
Kojere skaparyman 196 m® OHMOTasmblH eCenTiK IIBIFBIMBL, 17 KBT ecemTik Kby
Kyarbl, 15 KBT ecentik 3eKTp KyaTbl jxocrnapianyia. Mbicasibl, AcTaHa KajJachIHbIH
Ta3apTy KYpBUIFBUIAPBIHAAFEl KOMMYHAJIBIK-TYPMBICTBIK ~aFbIHIAPIBIH TOYIIKTIK
KeJieMi opTalla ecenrneH anranjaa, Toynirine 180 000 m* kypaiiasl. Tuicinme, Ouoras
KOH/IBIPFBICBIHBIH OHMOIa3 IIbIFBICHI OOHBIHIIA OOJIKAMJIbI MaKCHMAaJJIbl ©HIMILIIrT
toymirine 3 528 000 m® memece 147 000 m’/car, *buTy KyaThl OOMBIHINIA TOYIiriHe
306 MBT nemece caratbiHa 12,75 MBT, anektp Kyatsl OolibiHIa Toymirine 270 MBT
Hemece cararbiHa 11,25 MBT kypaiinel. Kanaplkeb3 KaaabIKTapAbl KoAere Kapary
TEXHOJIOTUSICBIHBIH KapacThIPBUIFaH HYCKACH! 8-10 aybUIIBIK aylaHbl HeMece KalalblK
eIl MEKCHHIH OipHellle FUMapaThlH KaJJIbIKTap/bl KOJEre JKapaTy[blH OipbIHFail
TOpaOblHa OIpiKTipyre MYMKIHAIK OepeTiH SHEepPrusiHbl YHEMJCWTIH ap3aH IIaFblH
Ouora3 sxoHe OMO’HEPreTHKAJBIK KOHBIPFBUIAP KYpyFa MYMKIHIIIK Oepe/i.

Tyiiin ce3mep: Kanabikchi3 eHaIpIC, KaJIABIKTap/bl K9JIETe )KapaTy, KOMMYHAJJIbIK-
TYPMBICTBIK aFbIHAAP, TYPMBICTBIK KAIIBIKTAp, KOH, OMOTra3 KOHABIPFBICH, SHEPTHSHBI
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YHEMICUTIH TEXHOIOTHSIIAP, OHOTa3, JKBITY SHEPTUACHI, SIICKTP SHEPTUSACHI, TEX HUKAJIBIK
a30T, KOMIPKBIIIKBUT Ta3bl, TAPHHUKTIK Ta3aap
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AHHoTauusa. B crarbe mokaszaHbl PE3YIbTaThL I/ICCJ'ICI[OBaHI/II\/'I BO3MOXHOCTH H
S(p(i)GKTI/IBHOCTI/I yTruiam3anuu OTXO40B JKU3SHCACATCIIbBHOCTU YCJIOBCKA (KOMMyHaJ'H:HO—
OBLITOBBIE CTOKI/I) 1 XKMBOTHBIX. B HacTosIee BpEMA B Kazaxcrane ectb np06ﬂeMa
3H€pI‘OCHa6)KCHI/I$I CCJIbCKUX HACCJICHHBIX ITYHKTOB. W ecau mopaya SHCKTpH'{CCKOﬁ
OHEPIrun OCyHIECTBIACTCA JOCTATOUYHO CTa6I/IJ'H:HO, TO C TEIUIOCHAOKEHNEM BO3HHUKAIOT
OobIne HpO6J'I€MI>I: CEIILCKUE SKUTEIH B OOJBIIHHCTBE PETrUOHOB BBIHYKACHBI
HCIIOJI30BAaTh YIOJIb AJId OTOIUVICHHWA, YTO HCTAaTUBHO CKa3bIBACTCSA HC TOJIBKO Ha
OKOJIOTHH, HO U Ha COIIMAIbHOM O6CTaHOBKe, TaK KaK TOIIJIMBO AOPOXKACT C KaXKIbIM
TOI0M. L[CJ'H:}O I/ICCJ'IC,[[OBaHI/Iﬁ SABIIACTCA pa3p360TKa TEXHOJIOTHUI MOJIy4YCeHuUs:A TEIUIOBOM
n BHCKTpI/I‘lCCKOI\/'I OHEPruu 1npu COBMECTHOM yThUian3anuu OTXO040B JKU3HCACATCIbHOCTH
HacCJICHUA U JOMAIIHUX KHBOTHBIX. HpI/I O9TOM TAKHUEC 6H03HepF€TI/I‘{CCKI/I6 YCTaHOBKHA
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JOJDKHBI OBITb HEJIOPOTHUMHM, JHEProd(QEeKTHBHBIMH U JKOJOTMYHBIMH. ABTOPHI
MPOBOAAT HCCIICAOBAaHHE BIUSHHSA Pa3IUYHBbIX (AKTOPOB Ha MpoLecc OpoxeHus,
paccmarpuBas BapHaHT COBMECTHOW YTHJIM3allMM JAHHBIX OTX0M0B. B pesymnbrare
pa3paboTaHa TEXHOJIOTHYECKasi cXeMa OMOTra30BOM YCTAaHOBKHU C MOJHOM yTHIM3aUuei
Ouorasza, ¢ TOIyYeHHEM B KauyecTBE MPOAYKIMHM MeTaHa M YIVIEKHCIOro rasa,
ouorymyca. Cxema siisieTcst 0e30TxoaHol. [Ipy 3ToM KOMMYHalIbHO-OBITOBBIE CTOKU
pas3zmensioTcss U B OMOTa30BOM yCTaHOBKE HMCIOJB3YETCSl aKTUBHBIA WJI COBMECTHO U
HABO30M JOMAIHHUX >KUBOTHBIX JUIS Mody4eHus: Ouorasza. Pazpaboran 3¢ddexTrBHbIN
OMopeaKkTop, TOPU3OHTAJIBHBIM C TpeMs OTCEKaMHM, paboTaloMKX B aBTOMAaTHYEeCKOM
pexxume. Llukn addexkruBHOro momydenus: Ouorasza cocrapisier 18 cyrok. C KaxIbIx
10 M* cOBMECTHO#M yTHUIIM3alUN KOMMYHAJIbHO-OBITOBBIX CTOKOB M OTXOJOB KPYITHOTO
pOraToro CKota OXKHAAeTCs PacueTHBIN BbIXOH Ouorasa 196 M, pacyeTHas TerioBas
MoIHOCTh 17 kBT, pacueTnas anexrpudeckas MoutHocTs 15 kBT. Hanpumep, cyTounstit
00beM KOMMYHAJIbHO-OBITOBBIX CTOKOB Ha OYHCTHBIX COOPYKEHHSX ropofa AcTaHbl
B cpeaHem coctapiseT okoio 180 000 m/cyrku. COOTBETCTBEHHO MpearoiaraeMas
MaKCHMaJbHasl MPOU3BOJUTENBHOCTh OMOTa30BOil YCTaHOBKH IO BBIXOMy Ouorasza 3
528 000 m*/cytku nimm 147000 m*/gac, mo TemnoBoit mormHoctr 306 MBT/cyTkn nin
12,75 MBT B yac, no sjiekrpuueckoil MmomHocta 270 MBt/cytkn nimm 11,25 MBT
B yac. PaccMoTpeHHBIli BapuaHT O€30TXOJHON TEXHOJNOTMM YTHJIM3AaLUU OTXO/OB,
MO3BOJISIET CO3JaBaTh HAHEProdpGeKTHBHBIC HEAOPOrHe HeOOJIbIINe Ouora3oBble H
OMOdHEPreTHYECKUe YCTAHOBKU, MO3BOJSIOMINE OOBenuHITh Win 8—10 cembcKux
JIBOPOB MJIM HECKOJIBKO 3[aHMH TOPOJCKOIO HAacENEHHOIO IyHKTa B €IUHBINA y3el
YTUIIU3ALUN OTXO/I0B.

KunroueBble cioBa: 0e30TXOAHOE MPOM3BOACTBO, YTHIIHM3ALMs OTXOAOB, KOMMY-
HaJIbHO-OBITOBBIE CTOKH, OBITOBBIE OTXOJbI, HABO3, OMOra3oBasi yCTaHOBKA, SHEProdd-
(beKTHBHBIE TEXHOJOTHH, OMOTa3, TEIUIOBAsl SHEPTHS, DIEKTPUUYECKast SHEPTHs, TeXHH-
YEeCKUH a30T, YIVIEKUCIIBIN ra3, MapHUKOBBIE T'a3bl

Kongpnuxm unmepecos: asmopvl 3asn6naiom 06 omcymcmeuu KOHGIUKMa unme-
pecos.

Introduction

The relevance of waste disposal in the energy sector is determined by the significant
increase in the cost of traditional types of hydrocarbon fuels in recent decades. In many
countries, one of the most important decisions taken recently in order to improve energy
security is to increase the share of the use of local and renewable energy resources. At
the same time, it is planned to increase the use of municipal waste, pet waste, sewage
and secondary energy resources for generating electric and thermal energy for energy
purposes, the introduction of biogas, wind power and solar installations, heat pumps,
construction and restoration of hydroelectric power plants.

However, existing technologies make it possible to generate energy, while receiving
new flue gases that pollute the atmosphere.

The pace of development of production and the welfare of society is determined by
innovative developments in the field of energy. At the same time, in addition to economic
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attractiveness, modern energy facilities should have environmental safety. In the current
conditions, it is extremely important to accelerate research and make decisions on the
use of promising bioenergy technologies. One of the directions of biomass processing
that has become widespread recently is the decomposition in anaerobic (without oxygen
access) conditions of sewage sludge and other organic waste of plant and animal origin
(biomass) in order to obtain biogas (Yanko et al., 1978; Repin 1995; Raven et al., 2007;
Holm-Nielsen et al., 2009; Appels et al., 2008).

The purpose of the research is to develop a technology for the integrated disposal
of human and animal waste with the production of electrical and thermal energy,
vermicompost, with maximum utilization of the resulting flue gases and the production
of finished products from gases in the form of food-grade carbon dioxide and nitrogen
gas.

The problem of energy supply will be solved by recycling waste from the life of
the population and animals, especially social remote objects — villages and auls at an
affordable low price, the problems of supplying agriculture with cheap, high-quality
vermicompost. At the same time, it is planned that the technology will be completely
waste-free.

Experimental

Materials and methods. Theory. Biogas is poorly soluble in water, consists of
methane (55+85 %) and carbon dioxide (15+45 %), there may be traces of hydrogen
sulfide. Its calorific value ranges from 21 to 27.2 MJ/m®. When processing 1 ton of fresh
waste from cattle and pigs (at 85 % humidity), you can get from 45 to 60 m* of biogas,
1 ton of chicken manure (at 75 % humidity) - up to 100 m* of biogas. According to the
heat of combustion, 1 m*® of biogas is equivalent to: 0.8 m’ of natural gas, 0.7 kg of fuel
oil, 0.6 kg of gasoline, 1.5 kg of firewood (in a completely dry state), 3 kg of manure
briquettes. Biogas, like natural gas, belongs to the cleanest types of fuel (Boyles 1987,
Soufer et al., 1985).

The production of biogas from organic waste has the following features:

- sanitary treatment of wastewater (especially livestock and municipal) is carried out,
the content of organic substances is reduced up to 10 times;

- anaerobic processing of animal husbandry, crop production and activated sludge
leads to mineralization of the main components of fertilizers (nitrogen and phosphorus)
and their preservation (unlike traditional methods of preparing organic fertilizers by
composting methods, in which up to 30+40 % of nitrogen is lost);

- with methane fermentation, the efficiency of converting the energy of organic
substances into biogas is high (80+90 %);

- biogas with high efficiency can be used to produce thermal and electrical energy, as
well as in internal combustion engines;

- biogas plants can be located in any region of the country and do not require the
construction of expensive gas pipelines (Eder et al., 2008; Sokolov, 2001; Forster, et al.,
1990; Baader, 1982).

Biogas technologies allow the most rational and efficient conversion of the energy
of chemical bonds of organic waste into the energy of gaseous fuels and highly efficient
organic fertilizers, the use of which, in turn, will significantly reduce the production
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of mineral fertilizers, which consumes up to 30 % of the electricity consumed by
agriculture.

The following factors are of particular importance for the wide spread of biogas
technology (Belyaev, 1984; Zhabo et al., 1983):

— the cost of installation;

— specific productivity;

— completeness of processing of fermented mass and biogas into the most valuable
products in comparison with the raw materials;

— efficiency in solving problems related to environmental protection;

— high operational reliability and ease of maintenance.

The cost of the installation is largely determined by the simplicity of its technological
scheme and the absence of unique components in it.

At the present stage of biotechnology development, it is important to intensify the
process of methane fermentation and reduce capital and operating costs due to this.

Despite the fact that a biogas reactor contributes the largest single share to the
cost of the entire installation, its costs, as a rule, do not exceed 30 % of all costs for
a bioenergy installation. As a result, it is more significant to increase the processing
speed and the associated reduction in the volume of the reactor, which will ensure the
necessary economic effect before there is a significant reduction in the cost of component
equipment included in the bioenergy plant or a significant reduction in its nomenclature
due to a significant simplification of installations.

The process of anaerobic digestion requires strict maintenance of certain parameters
and depends on external conditions. To organize the necessary conditions and increase
the metabolic activity of bacteria, the following factors should be taken into account that
determine the efficiency of the fermentation process: anaerobic conditions in the reactor;
fermentation temperature; composition of the feedstock (availability of nutrients);
humidity of the feedstock; mixing of the fermented raw materials; fermentation time;
loading value; acid-base balance; ratio of carbon and nitrogen content; absence of
process inhibitors.

A number of microorganisms take part in the anaerobic process of splitting organic
substrates. About 50% of the bacteria involved are aerobic or facultatively aerobic and
require or tolerate oxygen well. Only methane bacteria are exclusively anaerobic. If
oxygen is still present in the substrate, as, for example, in fresh manure, then aerobic
bacteria primarily use it. This happens at the first stage of the biogas formation process.
Therefore, a small amount of oxygen that penetrates during targeted injection of air for
cleaning from sulfur or when opening inspection holes is not harmful (ST RK GOST R
52808-2010; Sokolov et al., 2011).

The redox potential is much more significant. The redox potential is the degree of
readiness of ions to accept electrons. For the growth of anaerobic bacteria, this potential
should be at a very low level (-0.1 V). Since oxygen has a high redox potential (+1.78),
it initially harms anaerobic bacteria. However, if there are enough substances with low
redox potential, then the anaerobic process can occur in the presence of oxygen.

Exclusion of light ingress into the substrate medium and taking into account the
influence of fermentation temperature and fermentation time.
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Although light is not lethal to bacteria, it slows down the process. In practice, it is
possible to exclude the influence of light on the process by using a light-tight lid.

Methane bacteria manifest their vital activity within the temperature range of 0+70
°C. If the temperature is higher, they begin to die, with the exception of a few strains
that can live at ambient temperatures up to 90 °C. At subzero temperatures, they survive,
but cease their vital activity.

Equipment

The principle of operation of the biogas complex. Manure in the cowshed room
is dumped onto an automatic unloading conveyor from the room into a container for
collecting and homogenizing raw materials 2, where it is crushed with electric knives
and diluted with water to a consistency with 85% humidity. There is a node 3, with
a conveyor belt, manual feeding of the initial dry manure from outside from other
cowsheds and sources (Figure 1).

The prepared homogenized liquid raw materials are fed by a fecal pump 4 to the
reactor - to the fermentation start section, with a volume of 50 tons of manure for a
5-day nominal capacity, where the fermentation of raw materials with the release of
biogas takes place for 5 days, while the raw materials, at the time of adding a new fresh
portion, are transferred to the to the residual fermentation section, with a volume of 50
tons of manure for a 5-day nominal capacity. In total, the raw materials emit biogas in
the reactor for 18 days.

The processes of adding fresh raw materials and removing the fermented mass are
carried out once a day at the same time.

Fig. 1 — Technological scheme of a biogas plant

1 — farm with cattle; 2 — collection and homogenization capacity of liquid raw
materials; 3 — filling unit of raw materials from the outside; 4 — fecal pump; 5 — feed line
of ready—to-ferment raw materials into the reactor (with a diameter of at least 300 mm);
6 - unregulated valve; 7 — reactor with mixing device, heating jacket and an automatic
temperature controller, biogas outlets and fermented mass, horizontal, consisting of 3
compartments. Approximate geometric dimensions: a total volume of at least 235.5 m?,
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a diameter of 5 meters, a length of 12 meters; 8 — a node for the removal and collection
of fermented mass; 9 — a biogas collector with a compressor for feeding into a low—
pressure gas tank; 10a — a low-pressure gas tank with a volume of at least 450 nm?
for daily nominal capacity; 10b — a high-pressure gas tank with a volume of 30 - and
daily nominal capacity, with a pressure of up to 20 MPa; 11 — a gas cylinder refueling
unit with compressor; 12 — biogas purification unit from hydrogen sulfide and carbon
dioxide; 13 — gas supply to the gas pipeline; 14 — compressor; 15 — the return line of
the pressed water; 16 — the supply of dry residue for fertilizers; 17 — emergency candle;
18 — the dehydration unit of the fermented mass; 19 — The fermentation start section:
up to 5 days, with a volume of 5-and daily nominal capacity — 50 tons of manure; 20
— The section of the main stage of fermentation, with a volume of 8-and daily nominal
capacity — 80 tons of manure; 21 — Section of the remaining fermentation, with a volume
of 5-and daily nominal capacity — 50 tons of manure; 22 — gas tank with carbon dioxide;
23 — line of injection of carbon dioxide into cylinders by compressor.

The fermented mass is discharged from the reactor to the dewatering unit 18, from
where the pressed water is returned to the tank 2, and the dewatered mass is supplied for
shipment as fertilizers.

Biogas from the reactors is supplied by a compressor to an intermediate low-
pressure gas tank 10a, then to the carbon dioxide purification unit 12, from where the
compressor 14 is pumped into the main gas tank 10b at a pressure of 20 MPa for storage
and subsequent sale. Biogas is supplied from the gas tank by compressor 14 to the gas
pipeline 13 to the consumer. A gas cylinder refueling unit 11 is also provided for sale to
the consumer.

Carbon dioxide separated from biogas in node 12 enters a separate gas tank, with a
storage capacity of 30 days, and is stored in it for a long or short term.

The amount of manure received per day with daily manure production from one cow
is 50 kg per day: 200*50=10,000 kg/day.

The amount of biogas received from farm cattle per day, with a specific output of
biogas from 1 ton of manure with a humidity of 85 % in the range from 38 to 51.5 m*/t,
we accept 44.75 m?/t: 44.75%(10000/1000) = 447.5 m*/day.

Hourly biogas consumption: 447.5/24=18.65 m’/h.

Number of days of fermentation: 18 days.

Reactor volume, with a volume reserve for biogas above the fermentation mirror in
30 %: 1,3*18*10000=234 000 kg.

Reactor volume at a manure density of 1020 kg/m?: 234 000/1020 =229.41 m°.

The volume of the reactor, taking into account dilution with water in proportions of
3 to 1 to achieve a humidity of 85 % : 229.41 * 1.3 =298.24 m°.

The number of reactors is 1.

The reactor type is horizontal, consisting of 3 sections.

Preliminary overall dimensions: diameter — 5.5 m, length — 13 m.

The preliminary volume of the reactor is 308.7 m°.

Obtaining biofertilizers.

With the help of anaerobic digestion, biogas technology allows you to quickly obtain
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a natural fertilizer containing biologically active substances and trace elements. The
main advantage of biofertilizers, in comparison with traditional fertilizers, is the balance
of all elements of nutrition, a high level of humification of organic matter.

The biofertilizer obtained in the process of anaerobic fermentation serves as a
powerful energy material for soil microorganisms, therefore, after application to the
soil, nitrogen-fixing and other microbiological processes are activated, resulting in
improved physical and mechanical properties of the soil, and as a result, when using
balanced biofertilizers, plant yields increase by 30—50 %.

Results

The speed of the fermentation process is very dependent on temperature. It is
fundamentally important: the higher the temperature, the faster decomposition occurs
and the higher the gas production. Thus, the decomposition time is reduced (Figure 2).
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Fig. 2 — Effect of fermentation temperature and fermentation time on the amount of gas produced

As the temperature increases, the methane content in biogas decreases. This is due to
the fact that at high temperatures, carbon dioxide dissolved in the substrate passes more
intensively into the gaseous phase (into biogas), so that the relative methane content
decreases. The amount of gas that can be extracted will be the same with a sufficient
amount of fermentation time.

The dependence of the fermentation period of the substrate on the surface area of the
raw material.

The principle is that the smaller the substrate, the better. The larger the interaction
area for bacteria and the more fibrous the substrate, the easier and faster it is for bacteria
to decompose the substrate. In addition, it is easier to mix, mix and heat it without the
formation of a floating crust or sediment. Crushed raw materials have an effect on the
amount of gas produced through the duration of the fermentation period. The shorter
the fermentation period, the better the material should be crushed (Figure 3).
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Fig. 3 — Duration of the fermentation period

With a sufficiently long fermentation period, the amount of gas produced will
increase again. When using crushed grain, this has already been achieved after 15 days.

From every 10 m® of joint disposal of municipal wastewater and cattle waste:

- estimated biogas output: 196 m?;

- estimated thermal power: 17 kW;

- estimated electrical power: 15 kW.

The daily volume of municipal wastewater at the treatment facilities of Astana city
averages about 180,000 m*/day. Accordingly, the estimated maximum capacity of the
biogas plant:

- estimated biogas output: 3,528,000 m*/day or 147,000 m3/hour;

- estimated heat output: 306 MW/day or 12.75 MW per hour;

- estimated electrical capacity: 270 MW/day or 11.25 MW per hour.

Discussion of results

The developed technology of integrated waste disposal for the cold climate of
Kazakhstan, Siberia and for a milder climate will allow obtaining not only thermal and
electrical energy by burning biogas obtained from waste, vermicompost, as a fermented
residue, but also to obtain finished products in the form of food carbon dioxide and
nitrogen by utilizing flue gases (Razva, 2010; Glazyrin, et al., 1998; Glazyrin et al.,
1999; Aidymbaeva et al., 2020).

Thus, the environmental problems of the accumulation of waste from the life of the
population and animals of any state, regardless of the existing climate, as well as the
environmental problem of the operation of thermal power plants, which will reduce the
load and reduce the amount of emissions of harmful substances, will actually be solved.
The social problem of energy supply of all settlements and villages, especially those
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remote from the central supply lines, is also being solved — they will stop burning coal
and switch to waste-free technologies.

The main trends affecting the development of society and science related to the
ongoing research within the framework of this Project are:

- solving social problems of energy supply to small settlements and - developing a
"green economy"';

- automation and robotization of technological processes of industrial enterprises;

- improving energy efficiency and reducing the energy intensity of production
processes.

Utilization of waste from the population and animals with the production of thermal
and electric energy, vermicompost without emissions into the atmosphere gives a triple
environmental effect:

- reduction of wastewater and greenhouse gas emissions from waste disposal plants;

- reduction of the volume of accumulation of animal waste;

- reduction of harmful emissions into the atmosphere from coal-fired power plants,
as there is a replacement of part of the energy generated at thermal power plants, and,
accordingly, a reduction in the amount of solid fuel burned and emissions into the
atmosphere from power plants.

Conclusion

The development and development of technology for the complete disposal of human
and animal waste for the production of thermal and electrical energy and vermicompost
gives a triple environmental effect to reduce wastewater from urban treatment facilities,
the accumulation of animal waste and emissions into the atmosphere of thermal power
plants;

1. Obtaining from every 10 m® of municipal wastewater: 17 kW of thermal energy,
15 kW of electrical energy, carbon dioxide with a purity of 99.9% and technical nitrogen
with a purity of 99 %.

For example, with a daily volume of municipal wastewater of 180,000 m* (Astana
city), the capacity of the biogas complex will be:

- electric - 11.25 MW*h;

- thermal — 12.75 MW per hour or 10.963 Gcal per hour.

The total annual income from the development and subsequent commercialization
of the technology being developed at wastewater treatment plants (for example, Astana
with a daily volume of 180,000 m?) will be:

- from the generation of electric energy, taking into account the standard annual
load factor of 80%, at an average daily price of 12.28 tenge/(kWh) [(8 hours* 3.62+16
hours*16.61)/24]: 1097.24 million tenge per year;

- from the generation of thermal energy at the minimum tariff for consumers with
heat metering devices in 2147.91 tenge/Gcal for the heating period of 215 days: 121.51
million tenge for the heating period;

- Total total revenue from sales: 1,218.75 million tenge per year, excluding sales of
carbon dioxide and technical nitrogen obtained from flue gases.

228



ISSN 2224-5278 5.2023

REFERENCES

Aidymbaeva Zh.A., Glazyrin S.A., Dostiyarov A.M., Glazyrin A.L. (2020). Method for cleaning flue
gases of a drum-type energy boiler. Utility model patent of the Republic of Kazakhstan No. 5184.

Appels L., Baeyens J., Degre've J., Dewil R. (2008). Principles and potential of the anaerobic digestion
of waste-activated sludge. Progress in Energy and Combustion Science. Ne 34. Pp. 755-781.

Baader W., 1982. Biogas theory and practice. Translated from German. Moscow: Kolos. 148 p. https://
www.geokniga.org/books/25236

Belyaev S.S. (1984). Methane-forming bacteria and their role in the biochemical carbon cycle: Abstract
of the thesis. ... doc. biol. Sciences. USSR, Pushchino. 45 p. https://www.geokniga.org/books/25236

Boyles D. (1987). Bioenergy: technology, thermodynamics, costs. Moscow: Agropromizdat. 152 p.
https://www.geokniga.org/books/25236

Eder B., Schultz H. (2008). Biogas plants: a practical guide. Translated from German. Ziirich:
ZorgBiogas. 168 p. https://www.geokniga.org/books/25236

Forster C.F., Weiss DAJ. (1990). Ecological biotechnology. Leningrad: Chemistry. 384 p. https://www.
geokniga.org/books/25236

Glazyrin S.A., Glazyrin, A.L (1998). Options for the use of acid components of flue gases. Preparation
of regeneration solutions (Flue gases acid components application options. Preparation of regeneration
solutions), Kazakhstan, Pavlodar: Kazakh Scientific Research Institute of Scientific and Technical
Information. 95-98, 96-98. 10 p.

Glazyrin S.A., Glazyrin A.L. (1999). Features of the regeneration of cation exchangers with aqueous
solutions of flue gases, Materials of the scientific conference of young scientists, Kazakhstan, Pavlodar.
Pp. 48-50

Holm-Nielsen J.B., Al Seadi T., Oleskowicz-Popiel P. (2009). The future of anaerobic digestion and
biogas utilization. Bioresource Technology. Ne100. Pp. 5478-5484.

Sokolov E.Ya. (2001). Heat supply and heat networks. Moscow: Moscow Energy Institute. 472 p.
https://www.geokniga.org/books/25236

Sokolov V.Yu., Sadchikov A.V., Naumov A.S., Goryachev S.V., Idigenov A.B., Nikonorov I.N., Kotova
M.S. (2011). Metatank. Patent Russian Federation. 2011129524

Soufer S., Zaborsky O. (1985). Biomass as a source of energy. Moscow: Mir. 368 p. https://www.
geokniga.org/books/25236

ST RK GOST R 52808-2010. — Non-traditional technologies. Energy of biowaste. Concepts and
definitions. Date of introduction: 01-01-2012. Kazakhstan, Astana: KazInSt

Raven R.P.J.M., Gregersenb K.H. (2007). Biogas plants in Denmark: successes and setbacks. Renewable
and Sustainable Energy Reviews. Nell. Pp. 116-132.

Razva A.S. (2010). Environmental technologies in industrial heat power engineering. Tomsk: National
Research Tomsk Polytechnic University. 30 p. https://www.geokniga.org/books/

Repin V.N. (1995). Modern technologies for anaerobic treatment of industrial wastewater. Water supply
and sanitary engineering. Ne5. Pp. 27-29

Yanko V.G., Yanko Yu.G. (1978). Wastewater and sludge treatment in digesters. Kyiv: Budivelnik. 120
p- https://www.geokniga.org/books/25236

Zhabo V.V,, Lebedev D.P., Moroz V.P. (1983). Reference book on heat supply of agricultural enterprises.
Moscow: Kolos. 320 p. https://www.geokniga.org/books/25236

229



NEWS of the National Academy of Sciences of the Republic of Kazakhstan

CONTENT

A.E. Abetov, N.B. Uzbekov, A.N. Uzbekov
STRUCTURE AND INTERPRETATION OF THE ANOMALOUS GEOMAGNETIC FIELD
OF CENTRAL KAZAKHSTAN. ..ottt ettt ettt sttesteesaeeseesseasseesaesssessaesssesseenseeseensens 8

1.0. Aimbetova, O.S. Baigenzhenov, A.V. Kuzmin, E.O. Aimbetova, B.S. Abzhalov, A.T. Dagubayeva
DEVELOPMENT OF A NEW ENERGY-INTENSIVE COMPOSITION VANADIUM ELECTROLYTE
AND INVESTIGATION REVERSIBLE CHARGE TRANSFER MECHANISMS FOR USE
HIGH-EFFICIENCY ENERGY STORAGE DEVICES.......cocoiiiitiitietteteeeeeeteeeteete et 22

M.R. Aktayev, T.SH. Toktaganov, L.Kh. Akbayeva, O.N. Lyakhova
RESEARCH OF THE CONDITIONS OF WATER FORMATION IN RADIATION-HAZARDOUS
SITES OF THE SEMIPALATINSKY TEST POINT.......c.ciitmimieiiiniiieiiinieieieenteteeese et 35

Sh.S. Amanova, A.Z. Hajiyeva, F.M. Jafarova
ECO-GEOGRAPHICAL ASSESSMENT OF URBAN LANDSCAPE DEVELOPMENT
DYNAMICS ON THE BASIS OF GIS....c.ooiiiiiiiiieiiiniieciieeicittretctt ettt ettt 45

B.K. Assilbekov, D.A. Bolysbek, N.E. Kalzhanov, K.Sh. Uzbekaliyev
STUDY OF THE EFFICIENCY OF MACHINE LEARNING ALGORITMS BASED ON DATA
OF VARIOUS ROCKS ... oottt ettt e eteeteeteeteestesaesaessessessesseeseessessessessessassessssssessessessessessensesseas 58

I. Bekbasarov, N. Shanshabayev
UPLIFT BEHAVIOR OF PYRAMIDAL-PRISMATIC PILES IN CLAY SOIL........cccccoiiiiiiiiiiniinine 76

D.A. Bolysbek, A.B. Kuljabekov, G.I. Issayev, K.Sh. Uzbekaliyev
EXPERIMENTAL STUDY OF DISSOLUTION OF CARBONATE SAMPLES USING
X-RAY MICROCOMPUTED TOMOGRAPHY......ccovtieiiiriiieiiininicttneteentseeiete et 89

N.A. Vysotskaya, B.N. Kabylbekova, R. Spabekova, A.A. Anarbaev, K.T. Kurbanbekov, E.G. Lukin
REMOVAL OF SCALES FROM THE SURFACE OF PIPES WITH CHEMICAL SOLUTIONS
IN HEAT SUPPLY SYSTEMS ...ttt ettt ettt ettt sttt ettt ss s ssesbesteeteessessessessessessaeseens 100

L.R. Kudaibergenova, N.V. Gritsenko, M.B. Tskhay, N.N. Balgabayev, B.Sh. Amanbayeva
FEATURES OF TECHNOLOGY FOR CULTIVATING CORN FOR GRAIN UNDER
DRIP IRRIGATION ON SEREOZEM SOILS......c.cciniiiiiirieiiiriniettineieeeneeieee ettt ee 109

R.Yu. Zaripov, P. Gavrilovs, B.D. Kabbasov
ON THE DEVELOPMENT OF TANKS FOR PETROLEUM PRODUCTS MADE OF COMPOSITE
IMATERIAL.....cotitietiettettet ettt ettt ettt ettt ettt et e b e e teeseeseess e seeseessessesseebeeseesaessesaeseessessessesseessessansens 121

I.G. Ikramov, G.I. Issayev, Z.M. Kerimbekova, G.K. Ivakhnyuk
DETERMINING THE IMPACT OF GRANULATED SLAG ON PUBLIC HEALTH.........c.cccccveurnene 132

A. Sh. Kanbetov, M.Z. Muldakhmetov, D.K. Kulbatyrov, R.G. Duisekenova, G.S. Dyussengaliyeva,

G.R. Zhaksiyeva
SOIL CONDITION STUDIES IN THE AREA OF THE TENGIZ DEPOSIT......cccccccccevneeinnercennnnes 145

256



ISSN 2224-5278 5.2023

M.S. Karabayev, M.Sh. Moyliev, E.M. Amirov, A.B. Yusupov, R.M. Sadirov
FUNDAMENTAL PROBLEMS RELATED TO GOLD-ORE PROCESS IN THE CENTRAL
KYZYLKUM, PROSPECTS FOR THEIR SOLUTIONS........ccciiiitiitieiieieiiiesieeteete ettt 156

A.Zh. Kassenov, K.K. Abishev, A.S. Yanyushkin, B.N. Absadykov, D.A. Iskakova
RESEARCH OF THE STRESS-STRAIN STATE OF THE BUCKET ELEVATOR NODE

M. Nurpeissova, B. Mingzhasarov, B. Burkhanov, D. Kyrgizbaeva, Zh. Nukarbekova
INFLUENCE OF METEOROLOGICAL FACTORS ON THE ACCURACY OF MONITORING
RESULTS ...ttt e bt b e et b et eb e aeea e ene e e 179

A.R. Omarov, A.Zh. Zhussupbekov, A.S. Sarsembayeva, A.B. Issakulov, A.M. Buranbayeva
NUMERICAL MODELLING MICRO PILES AND EVALUATION OF THE O-CELL TEST
RESULTS ...ttt ettt ettt ettt et ete e st e b e e teeseesb e beeseesbeebeessesbaseessessesseessessesseessessensesssensessenes 190

V. Povetkin, A. Bukayeva, A. Nurmukhanova, A. Seitkhanov, M. Kerimzhanova
IMPROVING THE DESIGN OF A CENTRIFUGAL GROUND PUMP IN ENRICHMENT
PRODUCGTION ...ttt ettt ettt ettt st e te e bt e st essesbasseeseessessessessesseesseseessensensesseessassessensessesseens 202

T.S. Salikhova, S.A. Glazyrin, T.K. Salikhov, A.Sh. Alimgazin, Z.A. Bimurzina
DEVELOPMENT OF A TECHNOLOGICAL SCHEME OF A WASTE-FREE BIOENERGY
PLANT FOR THE DISPOSAL OF WASTE ...ttt 217

B.T. Uakhitova, R.A. Zhokanov, Z.S. Sarkulova, M.M. Taizhigitova, N.B. Kurbangaliyeva
STATISTICAL ANALYSIS AND QUANTIFICATION OF RISK DANGERS OF INJURIES............... 230

A.G. Fremd, A.J. Bibosinov, B.A. Iskakov

DISTRIBUTION OF ZONES OF DECOMPRESSION OF THE EARTH'S CRUST AS AN INDICATOR
OF THE OIL PROSPECTS OF THE TERRITORY OF THE CASPIAN REGION..........ccccccevinennenn. 242

257



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see
http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the described work has not been published previously (except in the form of an
abstract or as part of a published lecture or academic thesis or as an electronic preprint, see http://
www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities
where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written
consent of the copyright-holder. In particular, translations into English of papers already
published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification,
fraudulent data, incorrect interpretation of other works, incorrect citations, etc. The National
Academy of Sciences of the Republic of Kazakhstan follows the Code of Conduct of the
Committee on Publication Ethics (COPE), and follows the COPE Flowcharts for Resolving
Cases of Suspected Misconduct (http://publicationethics.org/files/u2/New_Code.pdf). To verify
originality, your article may be checked by the Cross Check originality detection service http://
www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide
corrections, clarifications, retractions and apologies when needed. All authors of a paper should
have significantly contributed to the research.

The reviewers should provide objective judgments and should point out relevant published
works which are not yet cited. Reviewed articles should be treated confidentially. The reviewers
will be chosen in such a way that there is no conflict of interests with respect to the research, the
authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they
will only accept a paper when reasonably certain. They will preserve anonymity of reviewers and
promote publication of corrections, clarifications, retractions and apologies when needed. The
acceptance of a paper automatically implies the copyright transfer to the National Academy of
Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan
will monitor and safeguard publishing ethics.

[IpaBuiia opopmiieHHs CTaThu JUI MyONUKAlMHU B XKypHaJle CMOTPETh Ha calTax:
www:nauka-nanrk.kz
http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

TToxmucano B meuars 10.09.2023.
®opwmar 70x90'/,. Bymara odcernas. [levars — pusorpad.
19,0 .. Tupax 300. 3aka3 5.

POO «Hayuonanvnas akademus Hayk PK»
050010, Armamei, yn. Llleguenxo, 28, m. 272-13-19





