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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.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



BAC PEJJAKTOP

YKYPBIHOB Mypar JKypbIHy./IbI, XUMHUS FBUIBIMIAPEIHBIH TOKTOPSL, mpodeccop, KP YFA akanemuri, PKB
«Kazakcran Pecriyonukacel YTtk FouibiM akagemusicbinbiay npesuaenti, AK «/1.B. Cokonbekuii aTbIHIaFbI
OTBIH, KaTaJli3 JKOHE MICKTPOXUMHS HHCTUTYTHIHBIH» 0ac IupekTopsl (AnMarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHEACAPBI:

ABCAIBIKOB BakbiT Hopik6aiiyiabl, TexHHKa FbUIBIMIAAPBIHBIH JOKTOpBI, mpodeccop, KP YFA
akazemuri, K.M. Corbaes arbiHiarel Kasak yITTBIK TEXHHKANIBIK 3epTTey yHUBepcuteTi (Anmarsl, Kaszakcran),
https://www.scopus.com/authid/detail.uri?authorld=6504694468,  https://www.webofscience.com/wos/author/
record/2411827

PEJAKLUS AJIKACHI:

OBCOMETOB Momic Kyasicyabl (6ac  pemakTopAblH — OpbIHOAcapbl), I€OJOTUs-MHUHEPAIOTUst
FBUIBIMIAPBIHBIH JTOKTOPBI, mpodeccop, KP YFA akagemuri, Y.M. Axmencadun arteiHmarst I'naporeonorus
JKOHE TEO0DKOJIOTUSI MHCTUTYTHIHBIH THUpPEKTOpsl, (AnmMarsl, Ka3zakcran), https://www.scopus.com/authid/detail.
uri?authorld=56955769200, https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii XKoaraiiyiibl, reonorus-MHHEPAIOT sl FEUTBIMAAPBIHBIH TOKTOPHL, podeccop, KP YFA
KypMetTi akazgemuri, (Anmarsl, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

CHOY JIpumen, PhD, xaysimpacteipeutirad mnpodeccop, Hebpacka yuuBepcuretiniy Cy FbUIBIMIAphI
3epTXaHACBIHBIH ~ JHPEKTOPHI, (HeOpacka  mrarer,  AKII),  https://www.scopus.com/authid/detail.
uri?authorld=7103259215, https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typans! reuisiMaap OemiMiHIH NETPOIOTHs JKOHE Maiansl Kazdamap
KCH OPBIHIApPBI CAIACBIHIAFDI 3epTTeyIepiHiH xerekurici, Taburu Tapux mypaxaiisl, (JIoH10H, ¥IbI0pUTaHNS),
https://www.scopus.com/authid/detail.uri?authorld=55883084800,  https://www.webofscience.com/wos/author/
record/1048681

MNAH®WJIOB Muxaua BopucoBuy, TexHHMKa FHUIBIMIAPHIHBIH JOKTOPHL, HaHCH yHUBepCHTETiHIH
npodeccopsl, (Hancn, ®panims), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.
webofscience.com/wos/author/record/1230499

HIEH Ilun, PhD, Kpitail reoforusiblk KOFaMbIHBIH Tay-KEH ICONOTHICHl KOMHTETI JHPEKTOPHIHBIH
opbiHOacapsl, AMEpPHKAaH/bIK JKOHOMHKAJIBIK TEOJOrTap KaybIMIAacThIFbIHBIH Mymreci, (Beibkin, Kerrait),
https://www.scopus.com/authid/detail.uri?authorld=57202873965,  https://www.webofscience.com/wos/author/
record/1753209

OUIIEP Akceub, KaybIMaacTeIpbuIFad npodeccop, PhD, Jlpesnen texHukanslK yHusepcureri, (JpesieH,
bepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100, https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBHY, XMMUsI FBUIBIMIAPBIHBIH TOKTOPBI, benapycs ¥FA akanemuri, XKana
Marepuaiaap XUMHAChI WHCTUTYTBIHBIH KypMeTTi aupektopsl, (Munck, Bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, xaysimpacteipsutran mnpodeccop, Texuukambsik yHuBepcuteTi ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CAFBIHTAEB “Kanaii, PhD, xaysimaactsipsurran npodeccop, HasapGaeB yHuBepcureri (AcrtaHa,
Kasakctan), https:/www.scopus.com/authid/detail.uri?authorld=57204467637, https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaoso, PhD, xaysimpacteipbuiran npodeccop, bukokk Mmuman ynusepcuteti, (Munas,
Wrtamus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIHEUICOBA Map:kan Baiicankbi3bl — TexHrKka FbUTbIMAAPBIHBIH JOKTOPBI, K. CaTbaes aTbiHIaFbl
Ka3akyITTEIK3epTTey TeXHHKAIBIKyHIBEpCUTETiHIHITPpodeccopsl, (Anmarsl, Kasakcran), https:/www.scopus.com/
authid/detail.uri?authorld=57202218883,  https://www.webofscience.com/wos/author/record/AAD-1173-2019

ParoB bopanéaii ToB6acapoBH4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPHI, mpodeccop, «leopms3nka sxoHe
ceiicmonorns» KadenapackinbiH MeHrepyiici, KM, CorbaeB arbinmarbl Kazak yITTHIK 3epTTey TEXHHKAJBIK
yHuBepcurerti, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHU Bepuarccon, Jlynn ynuepcurerinif Tasyy IIBIFBICTHI HEePCIEKTUBANIBI 3€PTTEY OPTAIBIFHIHBIH
npodeccopsl, JIyHI yHHBEPCUTETIHIH TONBIK KypcThl mpodeccopst, (LLBerms), https://www.scopus.com/authid/
detail.uri?authorld=7005388716, https://www.webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, Apuaib YHHBEPCUTETiHIH X UMUSIIBIK HHKeHepHs GaKkyabTeTi skoHe LLIBIFbIC FUTBIMU-
3eprrey opranbiFbl, (M3pauns), https:/www.scopus.com/authid/detail.uri?authorld=8610969300, https://www.
webofscience.com/wos/author/record/53680261

«KP ¥FA» PKB Xa6apaapsl. I'eo10rus #dHe TeXHHKAJBIK FBLIBIMAAP CEPHSACHD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menikreyi: «Kazakcran PecriyonukachiHbIH YIITTBIK FBUIBIM akaemusicb» PKB (AnMarsl K. ).
Kaszakctan PecrmyOnukachiHbIH AKmnapar J>koHE KOFAMIBIK JaMy MHHHCTDPIIMHIH AKmapar KOMHTETiHIEe
29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3iMaik 6acbuibiM TipKeyiHe KOWbUTY Typallbl KyalliK.
TakKbIPBINTBIK OAFBITHI: [ €on02us, 2udpoceonousl, 2eocpagus, may-KeH ici, MYHat, a3 JcaHe Memanioapobly
XUMUATIIK MEXHON0UANAPbL
Mep3iMaiiri: )KbUIbIHA 6 PET.
http://www.geolog-technical kz/index.php/en/
© «Kazakcran PecriyonukachiHblH YITTHIK FBUTBIM akagemusicel» PKB, 2025



IJTABHBIA PEJAKTOP

JKYPUHOB Mypar ’KypuHoBHY, JOKTOp XUMHYECKHX HayK, npodeccop, akanemuk HAH PK, npesunent
POO HauunonanbHoii akagemun Hayk Pecriyonuku Kaszaxcran, renepanbhbiii tupekrop AO «MHCTUTYT TOTUINBA,
karanmsa u snekrpoxumun uM. J[.B. Coxonbsckoro» (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=6602177960, https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb INTABHOT'O PEJAKTOPA

ABCAJIBIKOB Baxpit Hapuk6aeBu4, JOKTOp TEXHMYECKHX Hayk, npodeccop, akagemuk HAH PK,
Ka3zaxckuil HaIMOHAIBHBIN HCCIENOBATEIbCKHN TexHmueckuil ynusepcurer M. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468, https://www.webofscience.com/
wos/author/record/2411827

PEJAKIHIMOHHASI KOJUIET' ASI:

ABCAMETOB Mauuc KyabicoBu4, (3amMecTHTeNlb [JIABHOTO  PEOAaKTOpa), JOKTOp  TI'e0JIoro-
MHUHEpPAJIOTHYeCKUX Hayk, podeccop, akanemuk HAH PK, nupexrop MHCTUTYTA rHApOre0I0ruu U re03KOJIOT U
nM. Y.M. Axmencaduna (Anmatsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200,
https://www.webofscience.com/wos/author/record/1937883

YKOJITAEB I'epoii KosTaeBn4, 10KTOp re0JIOTOMHHEPAIIOTHYSCKUX HayK, Ipodeccop, IIOUYSTHBIH akaJIeMIK
HAH PK (Anwmarsi, Kazaxcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200, https:/www.
webofscience.com/wos/author/record/1939201

CHOY [pumne, PhD, accounnposanusiii mpodeccop, aupexrop Jlabopatopruu BOTHBIX HAyK YHUBEPCHTETA
Heb6packu (mrar HeGpacka, CIIIA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https:/
www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, pykoBoauTens ucciieoBaHuil B 001aCTH HETPOJIOTUH M MECTOPOXKICHUI
MoJIe3HBIX McKomaeMbix B Otaerne Hayk o 3emie Mysest ectectBenHoit uctopun (Jlonmon, Anrmus), https:/www.
scopus.com/authid/detail.uri?authorld=55883084800, https://www.webofscience.com/wos/author/record/104868 1

MNAH®UJIOB Muxani BopucoBuy, 10KTop TeXHHUECKUX Hayk, mpodeccop Yuusepcurera Hancu (Hamcn,
Opannust), https://www.scopus.com/authid/detail.uri?authorld=7003436752, https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecrurens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
obmiecTBa, 4ieH AMEPHKaHCKON acconmaiuu skoHomuyeckux reosoros (Ilexun, Kurait), https://www.scopus.
com/authid/detail.uri?authorld=57202873965, https://www.webofscience.com/wos/author/record/1753209

@OUUIEP Akceab, accormupoBannbiii npodeccop, PhD, texuuueckuii yuusepcurer dpesnen ([pesnew,
Bbepmun),  https://www.scopus.com/authid/detail.uri?authorld=35738572100,  https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Baagumup EHokoBUY, JOKTOp XMMHYecKuX Hayk, akagemuk HAH Benapycu, noderHslii
nmupekTop MHcTuTyTa XMMHH HOBBIX MarepuanoB (Mumck, Bemapycs), https://www.scopus.com/authid/detail.
uri?authorld=7004624845

KATAJIUH Credan, PhD, accoumuposanusiii npodeccop, Texumueckuii ynusepcuter ([pesnew,
I'epmanus), https://www.scopus.com/authid/detail.uri?authorld=35203904500, https://www.webofscience.com/
wos/author/record/1309251

CATUHTAEB Kanaii, PhD, acconunpoBannstii npogeccop, Hazapbaes yausepcuret (Actana, Kazaxcran),
https://www.scopus.com/authid/detail.uri?authorld=57204467637 , https://www.webofscience.com/wos/author/
record/907886

®PATTUHMU Iaoao, PhD, accoummupoBanubiii npodeccop, Munanckuii yausepcurer bukokk (Munan,
Uramus),  https://www.scopus.com/authid/detail.uri?authorld=56538922400 HYPIIEMCOBA  Map:kan
BaiicaHoBHa — 10KTOp TeXHMuYeCKMX Hayk, npodeccop Kazaxckoro HalmoHaabHOrO HCCIIENI0BATENIBCKOTO
TexHudeckoro ynusepcutera uMm. K.M. Carnaesa, (Anmarsl, Kazaxcran), https://www.scopus.com/authid/detail.
uri?authorld=57202218883, https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopan6aii ToBdacapoBu4, IOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBelyroluii Kapeapoi
«leodusuka u ceiicmornorusy, Kasaxckuit HarmoHa bHbINA HCCIIECIOBATEIBCKUH TEXHHYECKUI YHUBEPCUTET HM.
K. Carnaesa, (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100, https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, [Tpodeccop LlenTpa nepcrnekTHBHEIX OIMXHEBOCTOUHBIX HCcIenoBanuit JlyHnckoro
yHuBepcuTeTa, mnpodeccop (momubii Kype) Jlymackoro ymumsepcurera, (ILBermsi), https:/www.scopus.com/
authid/detail.uri?authorld=7005388716 , https://www.webofscience.com/wos/author/record/1324908

MMUPIAC Baagumup, DaxyabTeT XUMHYECKOH MHKEHEPUUM M BOCTOUHBINM Hay4yHO-MCCIIEI0BATENbCKHI
neHTp, YuuBepcureT Apwot, (M3pamns), https://www.scopus.com/authid/detail.uri?authorld=8610969300,
https://www.webofscience.com/wos/author/record/53680261

«H3Bectust POO «<HAH PK». Cepusi reo/10ruu M TEXHHYECKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cobctennuk: PecryOnkaHckoe obmiecTBeHHOE o0benHeHNne «HamoHanbHas akageMus Hayk PecriyOnmku
Kazaxcran» (. Anmarsr).
CBHUIETEIECTBO O IIOCTAHOBKE HA YydYeT IIEPHOAMYSCKOro IedaTHoro u3fgaHus B Komurere wnHbOpManuu
MunucreperBa HHGOpMAUUK U 00LIeCTBeHHOro pas3BuTust PecrnyOnukm Kaszaxcran Ne KZ39VPY00025420,
BeiganHoOe 29.07.2020 1.
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EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of NAS RK,
President of National Academy of Sciences of the Republic of Kazakhstan, RPA, General Director of JSC "
D.V. Sokolsky Institute of Fuel, Catalysis and Electrochemistry " (Almaty, Kazakhstan), https://www.scopus.com/
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DEPUTY EDITOR-IN-CHIEF
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EDITORIAL BOARD:
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ZHOLTAEYV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary
Academicianof NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57112610200,
https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory , University of Nebraska
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorld=7103259215, https://www.webofscience.
com/wos/author/record/1429613
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PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy
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com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society,
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorld=57202873965 , https://www.webofscience.com/wos/author/record/1753209

FISCHER Axel, PhD, Associate Professor, Technical University of Dresden (Dresden, Berlin), https:/www.
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authid/detail.uri?authorld=7004624845
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Abstract. The rapid digitalization of industrial sectors raises important questions
regarding the real efficiency, economic impact, and feasibility of implementing
digital technologies. This study explores the digital transformation of EcostroyNII-
PV LLP, a construction materials enterprise that uses technogenic waste from
metallurgical and thermal power plants as alternative raw materials. The novelty
of the research lies in the integration of intelligent information technologies with
eco-friendly resource utilization in construction manufacturing. A simulation
software tool (SMTL), developed in C++, enables dynamic modeling of production
processes, raw material optimization, and performance forecasting. Concrete
mixtures containing industrial waste fillers were experimentally developed, tested,
and classified using statistical and mathematical analysis. The simulation results
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indicated the production of 1338 split bricks during a standard 8-hour shift, with
a detailed breakdown of material requirements. A 5-day simulation projected
weekly output at 5975 bricks. The implemented digital system demonstrated high
adequacy and precision. As a result of digital integration, the enterprise achieved a
21% increase in production efficiency, a 24% cost reduction, and a 17% decrease in
defective products. These findings confirm the practical value and reproducibility
of digital tools in real manufacturing settings. The outcomes offer a strategic
approach for enterprises aiming to enhance efficiency, sustainability, and decision-
making through digital transformation. The research is beneficial for engineers,
technologists, researchers, educators, and policymakers involved in construction
and industrial innovation.

Keywords. digital technologies, production of construction products,
technological process, management efficiency, technogenic waste.
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AHHoTamus. Byrinri tanga OyKuUl oJlieMJie ©HEPKACIN IEeH SKOHOMHKAHBIH
Typil cajanapbiHia HUQPIIBIK TEXHOJIOTHsUIAPbl SHII3YIIH ocyl OaliKasalbl.
JerenMeH, nUQPIBIK TEXHOJOTUSHBI CHTI3YIiH ocepi Oap Ma, omme Oy kai
FaHa CoH WHHOBaIWsChl Ma? Erep 013 FbUIBIMH OPTaHbI ajicak, OHJA IHQPIBIK
TEXHOJIOTUSIApAbl Kypall peTiHJAe MaljajiaHy eCenTey HOTHKEICPIH OTKEeH
FACBIPMEH CaJIBICTBIPFAaHIA OJJICKaia JKbUIAM ajyFa MYMKIHIIK Oepeni,
COHBIMEH Karap OarjapiiaMaliblK Kypajjapibl KOJIJaHy OYpbIH KHHAyFa Y3aK
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YaKBIT KQKeT OOJIFaH aKnapaTThIK IepEeKTep i allyFa MyMKIHJIiK OepeTiH eHiMaep/i
KacayFa MYMKIHAIK Oepeni. OperTe, KYHIENIKTI, KO eHOeriH OomapipMay
yIIiH 0i3re MUQPIBIK TEXHOJOTHsIAp KaxeT. bipak coHbIMeH Oipre IHQpIBIK
TEXHOIIOTUSIIApAbI CHTI3Y, OpHUHE, 1pi )KOHE IIaFblH, OpTa OM3HEC OOBEKTLIepl YIIIiH
KaXETTI ic-11apanap eKeHiH TYCIHY KaXeT, oJIap alTapiIbIKTal YJIKEH IbIFbIHAAP bl
tanan erexi. L{udprbik TexHOMOTHIIAPIBI OHAIPICKE €HTi3y albIHFAaH TYTKLTIKTI
HOTHXKEJIEPMEH KaMTaMachl3 €Tyl Kepek, OJapAblH MYHJAAH ic-InapaiapibiH
JKEKeIIereH OHIIPICTIK 0OBEKTiIe OPBIHABUIBIFEI MEH TaiIabUIBIFBIH Oaraliayra
Ooasel, OYIT ic )KY3iHIE opIalbIM KO KeTiM i Oona 6epMeni.

By makana MeTanyprusi CEeKTOPBIHBIH, KbUTY CTAaHIMSIIAPBIHBIH KaJIABIKTapbIH
3eprreyre OalylaHbICTBl MakajlaJapAblH JKalfachl. TEXHOTEHIIK IIWKi3aTTaH
TONTHIPFBIIITAPEl  0ap KYpbUIbIC OYHbIMIAphIH OHIIPYAIH TEXHOJOTHSJIBIK
MPOIIECiHE aKMaPaTTHIK-IIU(DPIBIK TEXHOIOTHSIIAP/IbI €HT13y HOTHXKeINepi OOMbIHIIA
*a3bulraH. Makajia @HepKacill TIeH SKOHOMHUKAHBIH HAaKThl CEKTOPbIHA LUQPIBIK
TEXHOJIOTUSIIap bl KOIJaHYMEH XKOHE EHI'13yMEH aifHaJIbICaThIHAAP IBIH OapIIbIFbIHA,
COHMal-aK FalbIMAApFa, WHXKEHeplepre, CTYIEHTTEpre, MarucTpaHTTapFa,
JOKTOpaHTTapFa Maiaaisl OoIabl.

Tyiiin ce3mep: IUGPIBIK TEXHOJOTHIAP, KYPBUIBIC OYWBIMIAPBIH OHIIPY,
TEXHOJIOTUSIIBIK MTPOIECC, OacCKapy THIMILIIT, TEXHOTEHIIK KaIbIKTap.
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AnHoramus. Ha cerofusmiHuii JieHb BO BCEM MHpE HAONIONACTCS POCT
BHEJpEHUS IU(PPOBBIX TEXHOJIOTUH B Pa3IMYHBIX OTPACISAX MPOMBIIUICHHOCTH U
OKOHOMMKH, YTO OUYCHB ITO3UTUBHO. Tem ne MCHEC, 4aCTO MbI MOXKEM CJIBIIIATh KaK
13 CPEICTB MacCOBOI HHPOPMAITHH, TAK M OT IIPOCTHIX OOBIBATEINEH, €CTh JIN A EeKT
OT BHEPEHHUS ITU(PPOBBIX TEXHOIOTHI, HITH 3TO MPOCTO MoHast ¢uinka? Eciu Opath
HAy4YHYI CpEIy, TO HCIOJbh30BaHHE HU(POBBIX TEXHOJIOTUH KaK MHCTPYMEHTA,
TTIO3BOJIACT IMOJIYYaTh PE3yIbTaThbl BBIYHMCJIEHUH HAMHOTO 6BICTpeI>i, MO0 CpaBHCHUIO
C TIPOIILTBIM BEKOM, OoJjiee TOro, MPUMEHEHUE TIPOTPAMMHBIX HHCTPYMEHTOB JaeT
BO3MOXKHOCTh CO3/IaHHUS TMPOAYKTOB, MO3BOJSIONIMX MONydYaTh HH(HOpMAIIMOHHBIC
JaHHBIC, JJIs1 cOOpa KOTOPBIX paHee TPeOOBAIOCh MPOIOKUTEIBHOE KOIMYSCTBO
pabodero Bpemenu. Kak mnpaBwiio, MUQPOBBIC TEXHOJOTHH HAM HYXHBI JUIS
WCKITFOYCHUS] PyTUHHOTO, PyYHOro TpyAa. Ho mpu 3TOM HEOOXOAMMO MOHHMATh,
4TO BHEJApPEHHE IUPPOBBIX TEXHOJIOTMH — OTO, pasymeercs, HEOOXOAMMbIC
MEpPOIPUATHUS JJIsi OOBEKTOB KaK KPYIHOTO, TaK U MaJjoro, CpeHero Ou3Heca,
OHU TpeOYIOT JOCTaTOYHO OONbIIMX (PUHAHCOBBIX 3arpar. Buenpenue mudpoBbix
TEXHOJIOTHH B MTPOU3BOICTBO JIOJKHO 00ECIIEUMBATHCS TTOJTyYCHHBIMUA KOHCYHBIMU
pe3ynbTaTaMu, MO0 KOTOPBIM MOXHO OBUIO OBl CYAHWTh O IEIeCO00pa3HOCTH U
MOJIC3HOCTH TAKUX MEPOIPUITHH Ha OT/ICTHHO B3ITOM IIPOU3BOJICTBEHHOM 00OBEKTE,
YTO Ha MPAKTHUKE HE BCCrga AOCTHUIKUMO. HpeI[CTaBHeHHaH Balli€eMy BHHUMAHUIO
CTaThsi €CTh MPOJNOJDKEHHE CTarei, CBS3aHHBIX C HCCIICJOBAHUEM OTXOJIOB
METAJUTyPrHYECKOTO CEKTOpa, TEIUIOBBIX CTAHIMH, HAMWCaHa IO pe3yJabTaraM
BHEIPEHUS MHPOPMAIIMOHHO-IIU(PPOBBIX TEXHOJIOTHUH B TEXHOJIOTHUSCKHIA ITPOIECC
IMPOU3BOACTBACTPOUTECIIBHBIX I/ISI[CJ'II/Iﬁ C HAITOJIHUTEIIAMU U3 TCXHOTCHHOT'O ChIPbA.
Crarbst OyzeT moie3Ha BCEM, KTO 3aHUMAETCsl MCIOJh30BAaHHEM M BHEIPCHHUEM
UQPPOBBIX TEXHOJOTUH B PEaTbHBIA CEKTOP MPOMBIIIICHHOCTH W YKOHOMHKH, a
TaKXKe YYCHBIM, HHKCHEPaM, CTYJICHTaM, MaruCTPaHTaM, JIOKTOPAHTaM.

KioueBble cioBa: 1udpoBbie TEXHOJIOTHH, MPOM3BOACTBO CTPOUTEIHHBIX
W3JICTINH, TEXHOJIOTHYECKUI Tpotiecc, 3h(EeKTHBHOCTD YIPABICHMUS, TEXHOTCHHBIC
OTXOJIBI.

Introduction. Today no one has heard of the term ‘digitalization’. Even the
company taking place in Ukraine did not do without the use of ‘digital technologies’,
providing an advantage for one of the parties.

Digital technologies are necessary, their use is effective and has good prospects.
From the usual point of view, digitalization is a remote control for TV, air conditioner,
the ability to determine the location of your loved ones, etc. This raises interest in
the application of digitalization in the real economy, how effective it is, whether
the stated goals have been achieved, etc. After all, often in practice, in pursuit of
new-fashioned innovations, the whole meaning of the ‘work’ carried out is lost, the
goals of which were initially not achievable. The mass media of Kazakhstan quite
often provide data on the number of new production facilities launched, the type
of products manufactured, and the number of personnel employed, but there is no

9



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

data on digital technologies introduced and used at these enterprises, production
efficiency, and other key indicators.

Therefore, the authors of the article have the opportunity to share with potential
readers the results of the use of digital technologies at a single enterprise for the
production of construction products EcostroyNII-PV LLPunder the grant subproject
#APR-SSG-17/0290P ‘Innovative technologies for the use of solid technogenic
waste from thermal power and metallurgy enterprises of Pavlodar region in the
production of construction materials’, funded under the Project ‘Stimulating
Productive Innovations’ supported by the World Bank. Production of volume of
manufactured construction materials of various nomenclature is worthwhile. The
Law of the Republic of Kazakhstan ‘On Amendments and Additions to Certain
Legislative Acts of the Republic of Kazakhstan on Stimulating Innovations,
Development of Digitalization, Information Security and Education’, adopted in
2022, provides an incentive for further development and implementation of digital
technologies in the real sector of the economy.

Data for 2021 on the use of digital technologies allow us to talk about the
increasing trend of introducing industry achievements in various business processes
(Akishev, et al, 2024).

Purpose of the study. The research aims to improve methodological and system
principles of digital transformation of enterprises of Kazakhstan for the production
of construction products based on wastes of the metallurgical sector, and thermal
power plants, through the introduction of information intelligent technologies.

Materials and methods. Methods of system analysis, statistical analysis,
mathematical and simulation modeling, theory of automatic control, and modern
methodologies of management and production organization were applied. The
material of research in the article are ash and slag wastes from thermal power
plants used as an active mineral admixture in the composition of heavy concrete.
The study is aimed at evaluating the effect of these wastes on the physical and
mechanical characteristics of concrete (including compressive strength), in order to
utilise the TPP wastes and improve the environmental friendliness of construction
materials.

Results and discussion. To evaluate the results of the use of digital technologies
at the enterprise for the production of building products, let us consider several
stages.

The stage of development of concrete mixture composition. Note that the
process of production of construction products begins with the development of
concrete mixture composition. Currently, various sources describe a large number
of software tools for the automatic development of concrete mix composition.
Therefore, we do not emphasize the methodology of concrete mix design.

It should be realized that concrete mixtures developed in this way do not provide
strength or other indicators of concrete mix quality. These data can only be obtained
experimentally using existing methodologies.
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In our study, we have developed concrete mix compositions using various fillers,
including wastes from metallurgical enterprises and thermal power plants.

Testing stage of the developed concrete mixtures.

For each composition of concrete mixtures experimental samples of cubes were
made for testing (Fig.1) according to (GOST 25192-2012, GOST 10180-2012,
GOST 10060-2012, GOST12730.3-78).

We would like to note that experimental samples of concrete mixtures with fillers
from metallurgical sector waste, and thermal power plants, unlike samples based on
natural raw materials, should be investigated more carefully and responsibly.

Figure 1: Experimental samples of concrete compounds

The data on composition, strength (Fig. 2a), moisture absorption (Fig. 2¢), frost
resistance (Fig. 2c) tests of concrete compounds were recorded using the form
shown in Table 1 (Akishev, et al, 2019).

a) strength B) water absorption c) frost resistance

Figure 2 - Testing of experimental samples

The prepared data in Table 1 were further used to classify concrete compounds
into classes and then used in the production process of the company.
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Table 1 - Form of presentation of concrete mix composition

CocTaB OETOHHOM cMeCH

Ne Traditional fillers | Metalslag | Slurrybauxite | Chemicaladditive Water/ Milk of
(cement, sand, /% /% /% Cementratio | lime in %
crushed stone) 2/% to cement

1. Distribution of developed concrete mixes by classes.

At many enterprises producing construction products, usually, concrete mixes
of the same grades are usually used, so the issue of analyzing the qualitative
characteristics of concrete mixes is not relevant.

But when the company uses a wide range of manufactured building products,
different nomenclature is necessary for each technological process to apply a
particular composition of concrete mixes.

In these cases, to analyze the qualitative characteristics of concrete mixtures,
there is a need for effective and prompt results.

In our study, statistical methods of analysis are used to evaluate the quality
characteristics of concrete mixes. The task is to distribute a sufficiently large
number of concrete mixtures with different quality characteristics and to distribute
them into classes with the closest indicators.

To realize the task of distribution of concrete mixes into classes, a mathematical
formulation has been performed, the aim of which is to ensure the most uniform
and qualitative distribution into classes, formula 1 (Akishev, et al, 2019).

F(C,C) =1/(Ny*Ny*2sick 2.sic1 f(S1,S]) (1)

Where:N,,N-number of concrete mixes, C,,C~ distribution classes,f(Si,5j)— a
potential function that provides an optimal measure of similarity between concrete
mix compositions.

In other words, each distribution class contains concrete mixes with the closest
possible quality parameters, but the concrete mixes of each class are different from
each other.

The process of class distribution of concrete mix compositions itself was carried
out using software tools and methodology (Akishev, et al, 2019). The results of
classing the concrete mixes are shown in Figure 3, each class has its color.
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Figure 3 - Results of concrete mixes distribution by classes

As can be seen from Figure 3, all concrete mixes are in classes with the closest
qualitative characteristics. We would like to note that the process of distribution
into classes does not take much time, and the result allows us to talk about a fairly
high accuracy.

This stage is very important, as any distortion resulting from poor quality
distribution of concrete mixes, causes in the future, when using the composition of
concrete mixes of this class in the technological process of the enterprise, the defect
of products.

So, we have developed concrete mixes, conducted tests, and obtained a qualitative
analysis of the characteristics and distribution by class of optimal compositions.

If we take a real production enterprise, we can start the technological process of
production of building products.

To organize the technological process it is necessary to work out the following
questions:

- what quantity of raw materials should be in production?

- what is the productivity of technological equipment for a given composition
of concrete mix?

- how to calculate the production plan for the month, quarter, etc.?

- what are the optimal operating parameters of the process equipment?

- How much does the introduction of additional equipment affect productivity?

It became possible to answer these questions after the development of the
program ‘Simulation model of the technological line for the production of building
products using waste from industrial enterprises’ by the authors (Akishev, et al,
2019), hereinafter referred to as SMTL.

1. Use of simulation modeling to ensure the functioning of the production
enterprise for the production of construction products.
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Further, we will show the features and purpose of the software tool to ensure the
functioning of the production enterprise for the production of building products.

To begin with we would like to say that this program is written in object-oriented
language C++, in Russian, which allows us to talk about the possibility of scientists
of the former USSR countries to develop products with practical application.

The methodology of the development of simulation models for various processes
of the construction industry and some operations of concrete production technology
is presented in (Ryzhikov, et al, 2004, Babina, et al, 2004, Borscheyv, et al, 2008).

The possibilities and advantages of the developed SMTL program will be
discussed below. Currently, the SMTL program has been upgraded and has a more
extended interface and functionality, the principle of the program operation is
discussed in sources (Akishev, et al, 2019).

The SMTL program is designed as a real technological line for the production
of construction products, including the use of waste from the metallurgical sector
and thermal power plants. Currently, there are no analogs of the SMTL program.

Let’s proceed to the practical implementation of our stage.

This stage will be interesting both for producers of construction products and for
students, masters, and doctoral students within the educational process.

Let’s imagine that you have an enterprise for the production of building products,
you have worked out compositions of concrete mixtures, and technological
equipment, and you need to know what quantity of building products can be
produced per working shift, what quantity of raw materials should be in your
warehouse, can you fulfill the order of a potential customer?

Recall that you know the compositions of developed concrete mixtures, class,
and grade, and you know for which building products they are used.

So, enter the data for modeling the technological process of production of
building products, for example - split bricks, Figure 4.

Figure 4 - Split Brick
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The data for modelling the technology of production of construction products
based on anthropogenic waste are entered manually into the SMTL program
depending on the quantity and type of construction products to be produced, Figure 5.

I — R e e e—
INGREDIETS IN THE TECHNOLOGICAL PRO CESS PARAMETERS OF TECHNOGICAL EQUIPMENT
CEMENT BEND RUBBLE NUMEBER OF PRODUCTS IN THE MATRIX THE PERFOMANCE OF INGREMENT
5000 | 15000 | 20000 | I a 100
AEH METALLURGICAL 5LAG FIBERGLAES THE VOLUME OF THE CONCRETE MIX CEMENT AND FIBERGLAES
5000 | s000 I 150 | 490 100
MDONG TIME OF COMCRETE MIZ, MIN THE TIME OF TRANSFER OF THE MIXTURE
EBLUDGE CHEMICAL ADDITIVES WATER . - - - .
B I T . | ’ =z
MIXER VOLUME IN. KG THE FORMATION TIME OF ONE PRODUCT. MIN
RECEIPE OF THE CONCRETE MIX, % |s00 ’ -W
CEMENT SEND RUEBLE THE WOLUME OF THE MATRIX, KG DOEING ERROR, %
22 | 20 | &0 | &0 10
ASH SLUDGE METALLURGICAL SLAG -
0,82 | 0,05 | o, 01 |
x|
FIBERGLAES CHEMICAL ADDITIVES WATER
L3 | 0, 08 | 0.4
SIMULATION INTERVAL, | MUMEER - OF
— INTERVAL
[480 o
HEZ BT

Figure 5 - Input data for modelling the split brick production process

The data for raw materials are approximate, as the necessary quantity of raw
materials will be adjusted automatically. In the production of products from
heavy concrete, the weight of wall partition bricks is 20 kg, in the matrix can be
simultaneously formed 4 bricks, the volume of the mixer 0.5 m3, pressing time, and
speed of conveyors - according to the manufacturer’s passport data.

Modeling of the technological process of wall partition brick production
takes place according to the technical regulations, all time intervals of operations
correspond to the real production.

We apply the modeling interval for a working shift of 8 hours (or 480 minutes).

We press the ‘Start’ button and start to perform the virtual process of production
of wall partition bricks. Figure 6 showstheresultofthisvirtualprocess.
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R Form1 - — - = o - -
IN THE T OGIC AL ERS OF T T
CEMENT SEND RUBBLE NUMBEROF PRODUCTS IN THE MATRIX THE PERFOMANCE OF INGREDIENT
5000 15000 20000 l:l 100
o e ST v THEVOLUME OF THE CONCRETE MIX CEMENT AND FIBERGLASS
400
0 5000 1000 100
MIXING TIME OF CONGRETE MIX, MIN THE TIME OF TRANSFER OF THE MIXTURE
sSLUDGE CHEMICAL ADDITIVES WATER 2 = - - -
o 100 1000 1 0.6
MIXER VOLUME IN, K& THE FORMATION TIME OF ONE PRODUCT. MIN
RECEIPE OF THE CONCRETE MIX, % |50ll F
GEMENT SEme RUBBLE THE VOLUME OF THE MATRIX, KG DOSING ERROR, %
13 20 50 80 ’ltli
ASH SLUDGE METALLURGICAL SLAG
o o 5 Weight ofthe component [0] =2281.317
1 Weight of the component [1] = 5466.711
FIBERGLASS CHEMICAL ADDITIVES WATER Weight of the component [2] ~16707.398
15 2 0.4 Weight of the component [3] =1889.434
Weight of the component [4] =167.590
SIMULATION INTERVAL, :‘N‘:.";:f,il_nr Weight of the component [5] =27.757 1
’57 Weight of the component [6] =115.985
480 Weight of the component [7] =176.389
Weight of the component [8] =890.041
START I ABOUT I
The ge number of 1332 pieces, stafara =
i pieces, ge system ]
kg/min, dispersion of the production system=0.0663
kg *kg/min/min, the iati of the i

system=0.3 kg/min

Figure 6 - Modelling of the split brick production process

Let’s take a closer look at the simulation results shown in Fig. 7., position 1.

The average number of products=1338 pieces, standard
deviation=6 pieces, average system performance=55.8
kg/min, dispersion of the production system=0.0663
kg*kg/min/min, the standard deviation of the production
system=0.3 kg/min

Figure 7 - Modelling results

As can be seen from Figure 7, during the simulation period of 480 minutes,
1,338 bricks are formed on the production line, the average square deviation of 6
products, the average productivity of the system is 55.8 kg/min, the dispersion of
the production system is 0.0663 kg*kg/min/min, the average square deviation of
the production system is 0.3 kg/min

Figure 8 shows the data on the composition of the concrete mix used for the
production of split bricks.

16



ISSN 2224-5278 2.2025

THE RECIPE OF THE MIXTURE PER SERVING VOLUME IN THE MIXER

Cement percentage =8.2; weight of cement =32.80 kg

Sand percentage = 20.00; weight of sand =80.00 kg

Percentage of crushed stone = 60.00; weight of crushed stone=240.00 kg
Ash percentage = 6.72; weight of ash =26.90 kg

Percentage of metallurgical slag = 0.6; weight of slag =2.40 kg

Lime percentage = 0.01; weight of lime =0.40 kg

Percentage of bauxite sludge = 0.410; weight of bauxite sludge=1.64 kg
Percentage of plasticizer = 0.656; weight of plasticizer =1.64 kg
Percentage of water= 0.4; weight of water=13.12 kg

Figure 8 - Composition of the concrete mix

According to, the initial parameters needed to perform 5 iterations or simulation
cycles of the virtual split brick manufacturing process, as can be seen in Figure 9,

all simulation cycles were successful.

Tt=480 Sales=1 Number of products 1339
Capacity kg/min=55.8

Product weight kg=267876.5

USED UP

Weight of the component [0] =2281.317
Weight of the component [1] = 5466.711
Weight of the component [2] =16707.398
Weight of the component [3] =1889.434
Weight of the component[4] =167.590
Weight of the component[5] =27.757
Weight of the component[6] =115.985
Weight of the component[7] =176.389
Weight of the componen [8] =890.041

Tt=480 Sales=2 Number of products 1345
Capacity kg/min=56.1

Product weight kg=26907.5

USED UP

Weight of the component [0] =2244.391
Weight of the component [1] = 5462.532
Weight of the component [2] =16726.175
Weight of the component [3] =1870.677
Weight of the component[4] =168.086
Weight of the component[5] =28.757
Weight of the component [6] =113.853
Weight of the component [7] =179.254
Weight of the component [8] =901.741

Tt=480 Sales=3 Number of products 1342
Capacity kg/min=56.0

Product weight kg=26858.3

USED UP

Weight of the component[0] =2187.342
Weight of the component [1] =5483.309
Weight of the component [2] =16755.469
Weight of the component [3] =1829.031
Weight of the component [4] =170.454
Weight of the component [5] =28.445
Weight of the component [6] =110.453
Weight of the component [7] =178.394
Weight of the component [8] =872.303

Tt=480 Sales=4 Number of products 1339
Capacity kg/min=55.8

Product weight kg=26793.9

USED UP

Weight of the component [0] =2260.041
Weight of the component [1] = 5593.365
Weight of the component [2] =16806.039
Weight of the component [3] =1855.580
Weight of the component[4] =167.177
Weight of the component[5] =28.530
Weight of the component[6] =115.11
Weight of the component [7] =179.249
Weight of the component[8] =893.306

Tt=480 Sales=5 Number of products 1329
Capacity kg/min=55.4

Product weight kg=265833.2

USED UP

Weight of the component [0] =2281.317
Weight of the component [1] = 5466.711
Weight of the component [2] =16707.398
Weight of the component [3] =1889.434
Weight of the component[4] =167.590
Weight of the component([5] =27.757
Weight of the component[6] =115.11
Weight of the component [7] =176.389
Weight of the component[8] =890.041

Figure 9 - Modelling cycles

Let’s take a closer look at the obtained results of modeling the split-brick
production process.

As aresult of 5 cycles of modeling, we obtained the average value of productivity
of the technological line, i.e. for 480 minutes 1338 pieces of split bricks were
produced, the standard deviation of products is 6 pieces, the standard deviation of
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the system is 0.3 kg/min, the average productivity of the technological system was
55.8 kg/min.

The consumption of various raw materials for the production of 1338 pieces of
split bricks, were:

- cement - 2281.317kg;

- sand - 5466.711kg;

- crushed stone - 16707,398kg;

- metallurgical slag - 167,590kg;

- ash - 1889,434kg;

- bauxite sludge - 115,985kg;

- mixing water - 890 litres

- milk of lime - 27,757kg;

- chemical additives - 176,389kg.

If necessary, the user can increase the modeling interval and calculate the
productivity of technological equipment for a longer time of production of
construction products.

Figure 10 shows the result of modeling the split brick production process with a
simulation interval of 2100 minutes, a 5-day working week in one shift.

Mass of products =119454.2
CONSUMED in kg
Cement=9874.681
Sand=24032.875

Ash=8149.180
Metallurgical slag=722.084
Lime=120.842
Bauxite sludge=489.643
Plasticizer=788.819
Water=3919.507

Figure 10 - Simulation of the split brick production process with a simulation interval of 2100
minutes.

The SMTL program calculated the productivity of the process equipment in
the production of split bricks for a week, it was 5975 pieces, standard deviation 2
pieces. Also calculated the volume of raw materials required for the production of
5975 pieces of split bricks for each nomenclature.

The adequacy of SMTL was evaluated based on statistical methods.

C obtaining modelling data in the SMTL program provides the possibility
of outputting the results of modelling directly to the printer, by pressing the key
‘PRINT”, the report comes out as a Word-file, Table 2. The obtained results of
modelling are rounded to integer.
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Table 2 - Modelling results

Cement 9875 kr
Sand 24032kr
Crushedstone
Metallurgicalslag 72169kr
Ash 8149kr
Bauxitesludge 490kr
Mixingwater 3920 n
Milkoflime 121 kr
Chemicaladditives 789 kr
Averagenumberofproducts 5975 mtyk

Conclusion. Analyzing the information presented above, as well as the
experience of digital transformation in LLP ‘EcostroyNII-PV’, which is used in
the production of construction products as fillers of concrete mixtures wastes from
the metallurgical sector, thermal power plants of Kazakhstan, we can draw the
following conclusions:

- it is necessary to further promote modern information-intelligent technologies
and techniques in the production of construction materials.

- There are prospects of replacement of traditional fillers with technogenic raw
materials.

Innumerical terms, according to the received statistical datain LLP ‘EcostroyNII-
PV’ for the last 2 years, the introduction of digital technologies has provided an
increase of production efficiency by more than 21%, reduction of production costs
by 24%, scrap of manufactured products by 17%.

We believe that the results obtained from the use of digital technologies in
EcostroyNII-PV LLP in the production of construction products in Kazakhstan
will resonate both among specialists in the field of digital technologies and the
construction industry, which allows us to open a wide discussion on the promotion
and implementation of modern digital tools in the construction industry.
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