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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of geology and technical sciences in the Emerging Sources
Citation Index demonstrates our dedication to providing the most relevant and influential content
of geology and engineering sciences to our community.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

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

FruibivMu xaTuibl

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

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

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

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

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

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

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

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

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

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

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

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

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

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
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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

YueHHBIIi cexpeTrapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UuctuTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb TNABHOTO pENAKTOpa), JOKTOP T'EOJOTOMHHEPAO-
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 ecrectBenHor uctopuu (Jlonnon, Aurmus) H = 37

MNAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHUYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Haucu, ®panmus) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMWIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHcTuTyTa XMMHuN HOBBEIX Matepranios (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuii yausepcuret (pesneH,
Bepmun) H =20

CEMTMYPATOBA eonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUeCKHX HayK, podeccop,
uneH-koppecrionienT HAH PK, 3aBenyromas naboparopun MuctuTyTa reonmorndeckux Hayk nm. K.M.
Carnaea (Anmarsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslit npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Ilaoao, Ph.D, accommupoBanHbIi npodeccop, MuimaHckuil yHUBEpPCUTET BHKOKK
(Munan, Utanus) H =28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© K. Akishev!, K. Aryngazin?, A. Tleulessov*’, L. Bulyga?, V. Stanevich?, 2024
'Kazakh University of Technology and Business, Astana, Kazakhstan;
*Toraigyrov University, Pavlodar, Kazakhstan.

E-mail: Askaralek66@mail.ru

THE USE OF SIMULATION MODELING IN CALCULATING THE
PRODUCTIVITY OF THE TECHNOLOGICAL SYSTEM FOR THE
PRODUCTION OF BUILDING PRODUCTS WITH FILLERS FROM MAN-MADE
WASTE

Akishev K.M. — Candidate of Technical Sciences, Associate Professor, Department of «Information
Technologiesy, Kazakh University of Technology and Business, Astana, Republic of Kazakhstan
E-mail: akmail04cx04@mail.ru; https://orcid.org/0000-0001-5202-3501;

Aryngazin K.Sh. — Candidate of Technical Sciences, Professor, Department of Architecture and Design,
Toraighyrov University, Pavlodar, Republic of Kazakhstan

E-mail: kapar47@mail.ru; https://orcid.org/0000-0001-7959-024X;

Tleulessov A.K. — Senior Lecturer of the Department of Industrial and Civil Engineering, Toraighyrov
University, Pavlodar, Republic of Kazakhstan

E-mail: askaralek66@mail.ru; https://orcid.org/0000-0001-9368-4947;

Byliga L.L. — Candidate of Technical Sciences, head of the Department of Architecture and Design,
Toraighyrov University, Pavlodar, Republic of Kazakhstan

E-mail: clenj@rambler.ru; https://orcid.org/0000-0001-8351-3087;

Stanevich V.T. — Candidate of Technical Sciences, Professor, Department of Architecture and Design,
Toraighyrov University, Pavlodar, Republic of Kazakhstan

E-mail: svt_18@mail.ru; https://orcid.org/0000-0002-7581-2658.

Abstract. Currently in Kazakhstan, the use of digital technologies to solve both
applied and practical problems is quite active. One of the priority areas in scientific
research is the methodology of simulation modeling. TThis is primarily due to the fact
that simulation models are maximally adapted to real systems and adequate results are
obtained in simulation. The advantages of simulation modeling include the performance
of calculations by users who do not have practical experience in the construction industry.
Quite often in production, when working with various types of technogenic raw materials
(metallurgical slag, bauxite sludge), it is not always clear how these concrete mix fillers
will affect the productivity of building products, which ultimately affects production
efficiency. Therefore, the purpose of this article is to study the parameters of the system
time, depending on the type of technogenic waste (metallurgical slag, bauxite sludge)
used as fillers for concrete mixture and its impact on the performance of the technological
system of building products production. The author’s program was used as a software tool
in the study. The results of the study can be used in real production.

Keywords: technogenic waste, productivity of the technological production system,
simulation model, system time, modeling
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© K.M. Axumien!, K.III. Apoiarazun?, A.K. Tueyaecos?, JI.JI. Byabira,
B.T. Cranesuny?, 2024
! Kazak TexHOIOTHS jKoHe OM3HeC yHuBepcuTeTi, Acrana, Kasakcran;
? TopaiirsipoB Yausepcureti, [laBnonap, Kasakcras.
E-mail: Askaralek66(@mail.ru

KYPBLIBIC BYWBIMJIAPBIH OHAIPYAIH TEXHOJIOTUSUIBIK ’KYHECIHIH,
OHIMJLTITTHE TEXHOTEHAIK INMKI3ATTBIH OCEPIH BAFAJIAY YIIITH
UMUTAIMSIBIK MOAEJBAEYII KOJIAHY

AxnmeB K.M. — TexHHKa FpUIBIMIAPBIHBIH KaHAUAATHI, KaybIMIACThIpbUIFaH npodeccop, Kasak Texnonorus
JKoHe OM3HEeC YHUBEPCHUTETIHIH aKnapaTThIK TeXHOJIOrusIap kadeapacsl, Acrana, Kasakcran
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TneynecoB A.K. — ara okpITy1bl, TopaiiFbIpoB YHHBEPCUTETIHIH «OHEPKACINTIK, a3aMaTThIK KYPbLIBIC)
kadenpacsl, [TaBmogap, Kaszakcran

E-mail: askaralek66@mail.ru. https://orcid.org/0000-0001-9368-4947;

Byasira JI.JI. — TexHUKa FBUIBIMAAPBIHBIH KaHUAAThI, TopalFbIpOB YHUBEPCUTETIHIH COYIIET JKOHE JU3aiH
kadenpacsiHbIH MeHrepyurici, [TaBnonap, Kasakcran

E-mail: clenj@rambler.ru; https://orcid.org/0000-0001-8351-3087;

CraneBunu B.T. — TexHuKa FBUIBIMAAPBIHBIH KaHAWAATEL, Tpodeccop, TopaitFbIpoB YHUBEPCUTETIHIH COyIeT
JKoHe nu3aitH kadenpacel, [TaBnomap, Kaszakcran
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Annoranus. Kazipri yakeirra Kazakcranma KonmanOamsl )KoHE MPAKTUKAIIBIK
MoceTenep Il Menry YImiH MHGPIBIK TEXHOIOTUIIAPIbI KOJIaHy OeJICeH Il TypAe KOJFa
anbIHAGL. T BITRIME 3epTTeyNIepaeri 6achiM OaFBITTaAPIBIH O1pi IMUTAITUSITBIK MOICITBICY
omicHamMachl OOJIBIN TaOBUIAEI. ByJl, €H anapIMeH, MOJCIBICY MOACITbACPIHIH HAKTHI
KyHenepre MakCUMaJIbl OeHiMIeTyiMeH JKOHEe MOMIEThACY Ke31HIe aJeKBATThl HOTHIKEIIEP
aITybIMEH O0alIaHBICTHI. VIMUTAITUSITBIK MOACITBACYIIH aPTHIKIIBUTBIKTAPEI KYPBLTHIC
WHAYCTPUACHIH/IA TPAKTUKAIBIK TOKIPHOEC *KOK MaiiaanybuIap/IblH ecenTeyaepal
OpbIHIAYBIH KaMTUABI. KebiHece eHAipicTe TEXHOTEHIIK MHKI3aTThIH SPTYPIi TypiaepiMeH
(MeTamTyprusIbIK IMIjIaK, OOKCHUT ITUTAMBI) JKYMBIC icTeTeH Ie, OYJ1 6ETOH KOCIIAChIHBIH
TOJITBIPFBIITAPBI KYPBUTBIC OHIMIEPIHIH OHIMIUTITIHE KaTaid ocep eTeTiHi opKalllaH aHbIK
eMec, Oy TYTITen KelreHae oHaipic TuiMautiriae ocep erei. Ocbirad 0alIaHBICTHI, OCHI
MaKaJIaHBIH MaKCaThl OETOH KOCITACHIH TONTHIPFHIINI PETIHIE KOJITAHBIIATEIH TEXHOTCHIIK
KIIBIKTAPABIH (METAJLTYPTHSUIBIK ITUTAK, OOKCUT IIJIaMBI) TYpiHE OAilIaHBICTHI KYiie
YaKBITBIHBIH ITapaMeTpIIepiH JKOHE OJIapIbIH KYPBUIBIC OHIMAEPIH OHAIpyTe apHaIFaH
TEXHOJIOTHSITBIK JKYHEHIH OHIMIUTITIHE 9CepiH 3epTTey OOJBIN TaObUTa bl 3epTTEyIe
OarapiiaMaibliK Kypajl peTiHIe aBTOP/IbIK OaFaapiaMa maiiananbuiasl. AJIBIHFAH 3ePTTEY
HOTWKEJIePiH HAKTHI OHIIPICTe mainamanyra 00omIaIbl.

Tyiiin ce3mep: TEXHOTCHIIK ITUKI3aT, OHAIPICTIH TEXHOJIOTHSIIBIK KYHECIHIH
OHIMILTIT], UMUTAIUSIIBIK MOJIEITb, KYUEIIK YaKbIT, MOACIBICY
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AHHOTaIIHﬂ. B nacrosmiee BpEMs B Kazaxcrane JO0CTAaTOYHO aKTHMBHO HaA4YaTo
HCIIOJIb30BaHUC I_II/I(I)pOBI)IX TCXHOJOT UM AJI1 pCHICHUS KaK MPUKIIaIHBIX, TaK U
MPAKTUYCCKHUX 3a1aa4. OI[HI/IM H3 IPUOPUTETHBIX HaHpaBJ’IeHI/Iﬁ IIpyu NPOBCACHUN HAYYHBIX
I/ICCJ'IeI[OBaHI/II‘/'I SABJIACTCA METOAOJIOT U UMUTAIUOHHOI'O MOACIMPOBAHUS. 210 CBs3aHO,
mpexKAeC BCEro, ¢ T¢M, 4YTO UMUTALIMOHHBIC MOACTIN MAKCUMAJIbHO aAaliITUPOBAHLI K
pCaJIbHBIM CUCTEMAaM U IIPU MOJCIMPOBAHNHU IMOJYUAKOTCA aJICKBATHBIC PC3YJIbTAThHI. K
AOCTOMHCTBAM UMHUTAITMOHHOTO MOACIIUPOBAHUSA MOXKXHO OTHECTH U BBIIIOJIHCHUE PACYCTOB
MOJIb30BaTCIsIMU, HE UMCHOIIUMU MMPAKTUYCCKOI'O OIIbITa B CTpOHTCJ’II;HOﬁ OoTpaciiu.
HOCTaTO‘lHO 4aCTO Ha NPOU3BOACTBE IpHU pa60Te C pa3jiIndYHbIMU BUJJaMU TEXHOICHHOI'O
ChIpbA (MeTaJ’IJ’IypI‘H‘ICCKI/Iﬁ Iak, OOKCUTOBEII HIHaM) HC BCCra sAICHO, KaK ITOBJIUAIOT
JAaHHBIC HAITOJIHUTCIIN OCTOHHBIX CMECeH Ha IMPOU3BOAUTECIBHOCTDL ITPOU3BOACTBA
CTPOUTCIIbHBIX H3I[eJ'IPII>i, YTO B KOHCYHOM UTOI'C BIMACT HA 3(1)(1)CKTI/IBHOCTB MMpoOU3BOACTBA.
B at0ii cBSI3UM JE(SA18:Y10) HpeHCTaBHﬂCMOﬁ CTaTbu SABJIACTCA UCCIICAOBAHUC TAPaMETPOB
CUCTCMHOI'0 BPEMCHHU B 3aBUCHUMOCTHU OT BUJd TCXHOTCHHBIX OTXOJ0B (MCTaJ’IHypI‘I/I‘IeCKI/Iﬁ
Iak, OOKCUTOBEII HIJ'IaM), HCIOJIB3YEMbBIX B KaUCCTBC HAaIMOJIHUTEICH OCTOHHOW cMecH
" BJIUSAAHUA UX HA TPOU3BOAUTCIIBHOCTD TCXHOJIOTUYECKOM CUCTEMBI MMpoOu3BOACTBA
CTPOUTCIIbHBIX I/I3I[eJ'II/II\/'L B kadecTtBe MporpaMMHOTO CPeACTBA B UCCIICAOBAHUN
HCIIOJIb30BaHa aBTOpPCKas mporpaMma. HOJ'Iy‘-ICHHLIC PE3YIbTATHI UCCICAOBAHUS MOTYT
OBITH UCITOJIE30BAHEI B pcajbHOM IPOU3BO/ICTBE.

KiroueBble cJ10BA: TEXHOI'CHHOE ChIPpbEC, IPOU3BOAUTCIIBHOCTD TCXHOJOTUUECKOM
CHUCTEMBI TPOU3BOACTBA, UMHUTAIIMOHHAA MOACIIb, CHCTCMHOC BpEMs1, MOACIIUPOBAHUC
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Introduction

Within the grant project NeAPR-SSG-17/0290P «Innovative technologies of using
solid industrial waste from thermal power and metallurgy plants of Pavlodar region in
the production of building materials» funded by the «Stimulating Productive Innovation»
Project, supported by the World Bank and the Government of Kazakhstan, studies of
industrial waste (bauxite slime, metallurgical slag) of industrial enterprises of Pavlodar
region were carried out.

For the production of alumina, the Pavlodar Aluminum Plant (PAP) uses bauxite ore
from the Krasnooktyabrsky deposit.

From 1 ton of Krasnooktyabrsky ore, 200 kg of alumina is obtained, the rest is
bauxite sludge. The estimated amount of bauxite sludge at the technogenic PAP deposit is
presented in Table 1.

Table 1 — Estimated amount of bauxite sludge stored at the at the technogenic fields of PAP

The amount of Amount of bauxite sludge,
. The year of the .
Enterprise name - . alumina produced, thousand/ton
enterprise’s opening thousand/ton
Pavlodar Aluminum Plant | 1964 60000 240000

The chemical composition of bauxite sludge is shown in Figure 1. Bauxite sludge is
ared-brown loose mass, granulometric analysis shows that during sieving, minimal particles
can be sieved through a sieve with 0.05 cells (See Fig. 2).

Chemical composition of bauxite sludge of technogenic
waste of Pavlodar Aluminum Plant in %

1% 0% 6%

2% 2%
1%

W Fe203
HAIRO3
wCad
502
B Tio
mCo2

14%

Figure I — Chemical composition of bauxite sludge

Figure 2 — Granulometric analysis of bauxite sludge
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The study of bauxite sludge, chemical, strength characteristics allowed us to develop
a sufficiently large number of concrete mixtures. Laboratory and field tests allowed us to
obtain real statistical results that allow us to use the developed concrete mixtures based on
man-made waste (bauxite sludge) for the production of construction products (Akishev,
2021).

Metallurgical slag of enterprises of the Pavlodar region is gray waste, of various sizes,
formed during the smelting of steel from scrap metal Figure 3. The chemical composition of
metallurgical slag is shown in Figure 4.

Figure 3 — Metallurgical slag of Pavlodar enterprises

According to open sources, the amount of metallurgical slag in the man-made
deposits of Pavlodar region is 6000 thousand/ton. The data are shown based on the
calculation that for the production of 1 ton of steel 4.7 tons of scrap is needed, the waste is
0.4 tons (Akishev, 2021).

Figure 5 shows the estimated amount of technogenic waste produced by enterprises
of the Pavlodar region for 2019 (Akishev, 2021).

Chemical composition of metallurgical slag of Pavlodar

enterprises in %

2%
H Feob

m 502
mAIRZOS
mCal

= Mg
10862 %0 5%
Figure 4 — Average chemical composition of metallurgical slag of Pavlodar
1% 3% 5% B Ekibastuz coal basin

B Pavlodar Aluminum Plant

m Aksu Ferroalloy Plant

m PF Casting LLP

Figure 5 — Estimated amount of technogenic waste 2019
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The amount of technogenic waste allows us to talk about the possibility of a serious
raw material base for the production of construction products.

Experiments. We use technogenic waste (bauxite sludge, metallurgical slag) with
various chemical properties and physical characteristics as fillers of concrete mixtures.
Accordingly, we need to take this into account when organizing the production of
construction products.

To assess the impact of various parameters, including technogenic raw materials, on
the performance of the technological system for the production of construction products, the
following methods were used in our simulation model:

1. «The principle of special states and the principle of Aty;

For each type of technogenic raw materials, the task is to determine the system
(model) time T, where T is taken as the interval of «real machine timey, from the beginning of
modeling and at the same time, «calendar time t », in the simulated system. The relationship
between them can be represented by the ratio:

t = M*T
(M

where M — is the scale factor.

In the process of modeling composite systems, the concept of «modeling intervaly
is adopted - a period of «real calendar time A t_», for which the behavior of a complex sys-
tem is studied. It can be any period of a year or more. The simulation time can only depend
on the capabilities of the computer technology, the developed simulation algorithm and a
given «simulation accuracy».

As arule, during the simulation process with the help of modern computer systems,
the system time changes intermittently (discretely), and the real time is continuous (Rizhi-
kov, 2004; Pichitlamken and Nelson, 2002; Karpov, 2017; Banks et al., 2003; Usupov and

Sokolov, 2008; Preston, 2016; O’Sullivan, 2017; Ostauch, 2009; Ivaev, 2011).
For the «principle Aty, a «discrete step of the system time AT, » is set at the beginning,
while the system time is determined by the expression:

T=T+ ATd, 2
where T=T(0)to start the simulation.

Calculation by formula 2, allows you to view all events in the interval A T with
subsequent changes in the system. But for this principle, there is a problem that for events
occurring «close in time to each other», the value of AT is assumed to be less (usually AT
<< A't_), while the time of the modeling process increases, which does not ensure high ef-
ficiency (Ivaev, 2011; Kamenev, 2011; Akishev et al., 2022).

2. Theory of state graphs.

As in real production, the simulation model used for research (Akishev, 2021) con-
sists of objects, each of which ensures the functioning of the technological system for the
production of construction products. Z , Z , Z, objects of the simulation model work accord-
ing to the theory of graphs or graphs of states, taking into account the «principle of special
states» discussed earlier. Let’s take a closer look at how each object works.

For Z  we accept:

/I OA,, — object class Z,
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/1 0 —it is free and can form a dry mixture

//'1 — the formation of a dry mixture without cement has been completed

// and the dry mixture can be transferred toZ , transfer time ordered

/' 2 — simple, transfer is impossible, Z, is busy mixing the mixture, feeding cement,
lime, plasticizer

/I 3 —simple, out of any component.

Figure 6 shows the graph of states of the object Z . In states 0 and 1, the object is
included in the event list. In other states, the object is excluded from the list of events. In
state 3, the model stops working, because there is no procedure for adding components. The
transition <1, 0> is carried out if the dry mixture is transferred to the object Z .The transi-
tion <1, 2> is carried out if the dry mixture has not been transferred to object Z1 due to its
occupancy. The transition <2, 0> is carried out by a signal from object Z , at the time when
it goes to state 0, that is, it is released.

Figure 6 — Object state graph Z

For Z, we accept:

/I OA | — object class Z,

/I 0 — free and can take a dry mixture

/I'1 — the dry mixture is passed to the Z, object, the transfer end time has been or-
dered,

/I 2 — the device is busy mixing, adding cement, water, plasticizer and mixing, the
end time of mixing is ordered,

// 3 — the time of transfer of the mixture to the matrix has been ordered,

/I 4 — simple, failed to transfer the mixture to the matrix, Z, is busy.

Figure 7 shows the graph of states of object Z,. In the state 0,1,2,3, the object is
included in the list of events. In state 4, the object is excluded from the list of events. The
transition < 0, 1> is carried out if the dry mixture has been transferred to object Z, and the
transfer end time has been ordered. The transition <1, 2> is carried out if the dry mixture is
transferred to object Z . The transition <2, 3> is carried out if the object Z, is busy mixing
the mixture and adding cement, water and plasticizer and the end time of this process is de-
termined. The transition <4, 1>> is carried out by a signal from object Z,, at the time when
it goes to state 0, that is, it is released.

—
%@ﬁ
Figure 7 — Object state graph Z,
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For Z, we accept:

/I OA2 — object class Z,

/I 0-he is free and can take ready- made mixtures,

/I'1 —engaged in the transfer of finished concrete mix, from production waste

/I 2 —accepted the mixture, ordered the end time of the transfer of finished products.
The graph of states of object Z, is shown in Figure 8.

Figure 8. Object state graph Z,

The Z, object in state 0 is disabled from the list of events. The transition <0, 1>
is carried out by a signal from object Z,. The transition <0, 1> is carried out if there is a
mixture in the object Z, for transfer to the forming matrix. In this case, the end time of the
transfer of the mixture to the matrix is ordered. The transition <1, 2> is carried out at the
end of the transfer of the mixture to the forming matrix. In state 2, the time of transfer of the
finished product is ordered. At this moment, the transition to state 0 is performed and the
object Z, is excluded from the list of events.

Therefore, in the simulation model, four scenarios are defined, stored in an array of
events:

/I ST[4]- array of events:

/I ST[0] — release of block Z: the end of the formation of the mixture by the Z
apparatus and transfer to mixing;

/I ST[1] — release of block Z,: the end of mixing the mixture, pouring water, trans-
ferring the wet mixture to the vibrating press and molding matrix,

/I ST[2] - release of block Z2: finishing and forming, release of finished products Z,

/I ST[3] — end of the simulation interval

/I'T — system time, in minutes.
The principle of special events (states) is as follows: The system time is adjusted each time
to the nearest event. After processing this event, the system is adjusted to the next nearest
event, and so on. The formula for setting the system time is as follows (3):

T, = minMS(i) 3)

Usually, in addition to events that change the state of the system, the number of

events includes reaching the value of system time, corresponding to a given simulation in-

terval A t (Kamenev, 2011; Akishev et.al., 2022). Since all special events are bound to the

active blocks, the number of events Ns in the simulation system can be determined by the
formula (4):

N =N+1,
“)
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Results and discussion
Figure 9 shows a simulation model (developed in Russian (Akishev, 2021) used to

assess the impact of technogenic waste on the performance of the technological system for
the production of construction products.

The technological parameters introduced to calculate the productivity for techno-

genic raw materials are obtained bz calculation.
L I

HATSEME Ll fLar TLAFARMIT TP T WO CRO88 CWCT Tk

g e kiaiaaied Bt el 0 v g Tipmmapes, Aropatam b frnas
[ | | [ I
S (YT rpe— T —— AR s TRy e L e Y L 11
| I | I
et [| P Bane Hiparis moposemsi o, b R IR OO T His
[ ol [ ne

huam crncHTENA. Ar IBjainrs dioe s dpsrani OIS R A e
PRLTTTTRIFA

I
L ez :; i 2 A P, Chmefie Si e poadeins 5
oz

e [
Somacmrne ot il B Waoe mons o L LT )

L L Minnorwpse =<m o1 1 Beaa - aons oF L
AU s RO S B P E mo g apnnass
r E

Figure 9 — Simulation model for assessing the impact of man-made raw materials on the perfor-
mance of the TS

Let’s calculate the productivity of the technological system for the production of

construction Rroducts usinﬁ bauxite as a filler, see Fiﬁure 10.
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Figure 10 — Productivity modeling for a filler made of bauxite sludge
Let’s calculate the productivity of the TS for the production of construction prod-
ucts using metallurgical slag as a filler, see Figure 11.

30



Reports of the Academy of Sciences of the Republic of Kazakhstan

o ot
AT e A FRASALE E T T E 00O M E S0 ST IE M
LmHosT L e S e e T T . - e o 0 0L i femsain
|sooo [1seen (renes la 1=
e e [T P— [Ty % e N LgHE T EF I T N, Tpstnias i J-0pen FI LY, B8 e
[snnn [snon |15 i (L]
[t [ =y I FIpeis s i et i bt s TIpeis Fe Mo e CHCH B TR i
[iogn ——  [1m [ioen ] i T
Ot 0 0 0 T ), [T . e
PELIEMTTHRA [son o
ALY % Nea=n W Modae
OieasH HnTpEL, BF [ R T T T
% e IEU I—.u |—| 0
Bomn=gomsar Ll G llese =mossor Ll B ey =g L MOIPACDICHLATICE
- Fiemp[0]= 2201917
o [o =3 e g 1] = SAKE, 11
Bkl s i [ F] = 1RO 290
B T TR i b =i w9 Bons - moss ot L i l.‘ﬁ = 109 494
: s a 4]- 167,540
- 5 w4 K| §]= 27 5T
& i [E]= 1155905
BT I LT M, Eoa g e F]= 176 309
— u . w0041
Ann o
[ AV | T I g
O, pos . cecraFe= 5% 0 grfees
Ll .t _Avow | i s e T e AL ] B ii= 0 DRBT =i fosi ol 3
CECH npouaenm cHcrosmas 03 s
Figure 11 — Performance modeling for metallurgical slag filler
Conclusions

As can be seen from Figure 10, the productivity of the technological system for
the production of construction products with filler from bauxite sludge is 1705 pieces of
products with a modeling interval of 480 minutes, despite the longer system time of the
technological process, and the productivity of the production of construction products
with filler from metallurgical slag was 1338 pieces of products, the modeling interval
is 480 minutes with a lower value of the system time, see Figure 11. In Figurell shows

the dependence of the productivity of the technological production system on the type of
technogenic waste.

Dependence of the productivity of the technological
system for the production of construction products on
the type of technogenic waste

metallurgical slag Productivity in pcs
| 1 .
per maodeling interval
480 min.

bauxite sludge

0 500 1000 1500 2000

Figure 12 — Dependence of the technological line productivity on the type of technogenic waste

This is primarily due to the lower density of the concrete mixture with a filler made
of bauxite sludge, physical parameters, plasticity, viscosity, which makes it possible to ob-
tain lighter construction products, in larger quantities, with sufficiently good strength char-
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acteristics.

The use of concrete mixes with fillers from bauxite sludge allows to increase the
efficiency of production of construction products, reduce production costs, reduce the per-
centage of traditional fillers, with a standard working shift duration (Akishev, 2021).

The simulation model (Akishev et al., 2022) opens up to users the possibility of
calculating the performance of the technological system, when modeling changes in various
parameters, factors related to the production of construction products.
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