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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 xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
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

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
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Scientific secretary
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K.M. Akishev", D.S. Zhamangarin', S. Zhardemkyzy?, T.T. Murzabekov?,
A.Yu. Nurgaliyev’, M.Yu. Zhiganbayev?

'Kazakh University of Technology and Business, Astana, Kazakhstan;
2Academy of Civil Aviation, Almaty, Kazakhstan;
3International Educational Corporation KazGASA, Almaty, Kazakhstan.
E-mail: akmailO4cx@mail.ru

APPLICATION OF THE PRINCIPLE OF SPECIAL STATES IN
DEVELOPING SIMULATION MODEL

Abstract. The active development of new bauxite deposits in the Kostanay region
will increase the volume of alumina production at the Pavlodar Aluminum Plant, which
in turn will lead to an increase in the volume of waste sent to man-made deposits (bauxite
sludge). The study of the chemical, strength characteristics of bauxite sludge used as
fillers in concrete mixes makes it possible to substantiate the prospects and possibilities
for organizing technological systems for the production of construction products based
on industrial waste from the Pavlodar Aluminum Plant.

The presented article is a continuation of a series of articles devoted to the study of
man-made deposits (storage sites, industrial waste (metallurgical slag, bauxite sludge,
fly ash) for subsequent use in concrete mixtures.

Earlier, the article was published with a description of the methodology that allows
clustering concrete mixtures using industrial waste (bauxite sludge, metallurgical
slag) with different chemical composition and strength characteristics, based on which
construction products of various nomenclature were subsequently produced.

This article discusses the application of the «principle of special states» in the
development of a simulation model of a technological system for the production of
construction products based on industrial waste (bauxite sludge), presents the features
of concepts and definitions of complex systems.

The described methods for determining the system time show the difficulties that
arise in determining the system time for a real technological system for the production
of construction products.

The purpose of the study was to apply the «principle of special states» in the
development of a simulation model of the technological system for the production of
construction products using industrial waste (bauxite sludge).
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The assessment of the adequacy of the developed simulation model shows that the
use of the “principle of special states” allows not only to ensure the determination of a
reliable and accurate system time for the functioning of each cycle of the technological
production process, but also to reduce the error in calculating the system time of the
technological process for the production of construction products using waste industrial
production.

The algorithm, created with the «principle of special states», made it possible to
create a software product that allows you to accurately calculate the performance of
process equipment for the calculated simulation interval when using concrete mixtures
with various fillers (bauxite sludge).

The graphs described for each cycle of the technological process for the production
of construction products using industrial waste (bauxite sludge) clearly represent the
«principle of special states», both practically and analytically.

Key words: bauxite sludge, industrial waste, principle of special states, technological
system, technological process, simulation model, graph, concrete mixes, simulation
interval, system time.

K.M.Axumes", JI.C. ’Kamanrapun', C. Kapaemksizor’, T.T. Myp3abekxos?,
A.10. Hyprasmesr?®, MLIO. ’Kuran6aes’

'Kazak TexHoJI0THs XKoHe OM3HEC yHUBepcHuTeTi, ActaHa, KasakcraH;
2 A3aMatTThIK aBHAlMs akaaeMuschl, AnMarsl, KazakcTaH;
? KasbCKA xanbikapanbik Oinim 6epy kopropauusicel, Anmarsl, Kazakcras.
E-mail: akmailO4cx@mail.ru

UMUTALMSLIBIK MOJEJIH JKACAY KE3IH/E
«EPEKIIE KYIi IPUHIUITIH» KOJJAHY

Annoranus. Kocranaii o0bIChIHIA jkaHa OOKCUT KE€H OpBIHJApBIH OeJIceH 1l urepy
[TaBogap anoMUHKHN 3ayBbITHIH/IA TIMHO3EM OHIPICIHIH KOJIEeMiH YIFaiTyFa MyMKIHIIK
Oepeni, Oy o3 Ke3eriHie TEXHOTeHAIK KEH OpBIHAApbIHA KiOepijeTiH KalgblKTap
(OoxeuT HIIaMbI JkoHE T.0.) KeJIeMiHiH YJIFalobiHa oKkeneni. beTon KocmanapeiHaa Toj-
TBIPFBILI PETiHAE NaliAajaHbUIaThIH OOKCUT LUIAMAAPBIHBIH XUMMSIIBIK, OEpiKTiK
cumarTaManapbia 3eprrey llaBiomap amOMHHUE 3aybITBIHBIH ©HEPKACINTIK OHIIpic
KaJIBIKTaphl HETi3iHAe KYpPBUIbIC OYHBIMAAPBIH OHAIPYIIH TEXHOIOTUSUIIBIK JKYHeIepiH
YUBIMAACTBIPYABIH MEePCIEKTUBAIAPI MEH MYMKIHIIKTEpiH Heri3ieyre MYMKIHIIK
oepi.

Y ChIHBUIFAH MaKasa KeliHHeH OeTOH KocmajapblHaa Naianany YIIiH TEXHOTEeHIIK
KEH OpBIHAAPBIH (KOHMa OpHBI, OHEPKICINTIK OHAIPIC KATIBIKTAaphl (METAITYPrUsUIBIK,
KOK, OOKCHUT IIJTaMBbl, Tacy KyJii) 3epTTeyre apHalfaH Makanajap LHKIiHIH JKaJIFackl
00JIBIN TaOBUIAbI.

Bypein xapusinanraH Makana Op TYpil XUMESUIBIK KypaMmbl MeH OepikTik cumar-
Tamanapel 0ap TEXHOTEHIIK KalAbIKTapAbl (OOKCUT LIIaMbl, METAJUTYPIHsJIBIK IIJTaK)
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KOJIZIaHa OTBIPBII, OETOH KOCTajJapblH KiIacTepiieyre MYMKIHAIK OepeTiH ojicHaMaHbIH
CUTaTTaMachIMEH, OJIap/IbIH HeTi31H e KeHiHHEeH opTYpJIi HOMEHKIIaTypaiarsl Kypbuibic
OYHBIMIAPBI IIBIFAPBUI/IBL.

Ochl Makajaza eHEPKACINTIK OHIIPIC KaJIbIKTaphl (OOKCUT IIJIAMbI) HETI3IH/C
KYPBUTBIC OYHBIMIIApbIH OHIIPYIiH TEXHOJOTHAJIBIK KYHECIHIH UMUTALMSIIBIK MOACTIH
o3iprey Ke3iHJe «epeKiie KyHiep NPUHIMITIH» KOJJIaHy KapacThIPbUIFaH, KypHeni
JKy#enep YFeIMIaphl MEH aHbIKTaMaJIapbIHBIH ePEKINETIKTEP] KEITipiaTreH.

JKyiienik yakbpITTBI aHBIKTayABIH CHUIIaTTaNFaH 91icTepi Kypriisic eHiMaepiH eHaIpy-
JIH HaKTbl TEXHOJOTHSJIBIK JKyHeci YIIiH XKYHeNiK yaKbITThl aHbIKTay/la TybIHIANTHIH
KHUBIHJBIKTAPbl KOPCETEI].

3epTTeyaiH MaKcaThl ©HEPKICINTIK OHIIpIC KalJABIKTaphlH (OOKCHT MIIAMBIH)
rmalanafda OTHIPHIN, KYPBUIBIC OYVHBIMIAPBIH OHIIPYAIH TEXHOJIOTHSUIBIK >KYHECIHIH
MMUTAIMSUTBIK MOJICIIIH 931pJiey Ke31H/Ie «ePEKIle KyH MPUHITUITIH» KOJIaHy OOJIbI.

Ozipnenren UMuTanusmiblk MoaesbIiH OapabapiblFblH Oaranay «epekiie Kyniep
MIPUHIIATIIHY» KOJIaHy OHIIPICTIH TEXHOJOTHSUIBIK MPOIECIHIH op IUKIIHIH CeHIMII
JKOHE HAKThl JKYHWETIK >KYMBIC YaKbITHIH aHBIKTayFa FaHa €MecC, COHBIMEH Karap
OHEPKACINTIK OHJIIPiC KAIJBIKTAPbIH KOJIaHa OTHIPBHII, KYPBUIBIC OHIMJCPIH OHIIPYIiH
TEXHOJIOTHUSIIBIK IPOLECIHIH KYHENiK yakbIThIH €CenTey Ke3iHJe KaTeHi asaityra
MYMKIHIIK O€peTiHITiH KopceTei.

«Epekire kyinep TpHHIAINY HETI3iHIE JKacajaraH AJITOPUTM OPTYpPJIi TONTHIP-
FBIITAphI Oap OETOH KocmanapblH (OOKCHT IJIaMbl) NalJaaHy Ke3iHae MOACIbICYIiH
€CENTIK apajblFbl YIIIH TEXHOJIOTUSIIBIK KaOJBIKTBIH OHIMJIUIITIH J9J eCenTeyre
MYMKIHAIK OepeTiH OaFaapiiaMabIK OHIM/II jKacayFa MYMKIHIIK Oep/ii.

OHEPKOCINTIK OHIIPIC KAIIBIKTApBIH (OOKCHT TIUIaMBIH) TMalganaHa OTBIPHIIL,
KYpPBUTBIC OYWBIMIAPBIH OHAIPYIIH TEXHOJIOTHUSUIBIK TPOLECIHIH opOip IMKII YIIiH
cUMaTTajraH OaraHzap ic *Ky3iHIE A€, aHAJTUTHUKAIBIK TYPFBIIAH Ja «EpeKile Kyiep
MIPUHIIAIIIHY» alKbIH KOPCETE/I.

Tyiiinai ce3aep: OOKCHT IIIaMbI, OHEPKACIITIK OHIIPIC KAABIKTAPHL,» epeKIne Ky
MIPUHIIMIT», TEXHOJOTHSIIBIK JKYHe, TEXHOIOTHSUIBIK, Tpoliecc, MMUTAIMSIBIK MOJICI,
rpaduk, OETOH KOCIaIapbl, MOACIbCY aPAJIbIFbI, KYUETIK YaKbIT.

K.M. Axumes', I.C. Kamaurapun', C. ’Kapaemkoi3nr’, T.T. Myp3a6exon?,
A.10. Hyprasmesn?, MLIO. ’Kuran6aes’

'Kazaxckuii yHUBEPCUTET TEXHOJIOTUU U OM3Heca, Actana, Kazaxcram;
2AKazieMust TpaXIaHCKOM aBuannu, AnMarsl, Kaszaxcram;
‘MexayHaponHas oOpa3oBarenbHas kopriopanus KasTACA, Anmarel, Kasaxcras.
E-mail: akmailO4cx@mail.ru

UCMOJIB30BAHUE «ITPUHIIUIIA OCOBBIX COCTOSIHUI» TPU
PA3PABOTKE UMUTALIMOHHO MOJEJIU

AHHOTaIII/Iﬂ. AxTuBHas pa3pa60TKa HOBBIX OOKCHUTOBBIX MeCTOpO)K,Z[eHI/Iﬁ B
Kocranatickoli 00acTi IMO3BOJIUT HapacTUThb 00BeM MpoOU3BOACTBA INIMHO3CEMa Ha
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[TaBnomapckoM aJrOMHUHHAEBOM 3aBOJIE, YTO B CBOKO OYEpPE/lb MPUBEICT K YBEIUYCHHIO
00beMa OTIPABISIEMbIX B TCXHOTCHHBIE MECTOPOXKICHHUS OTXO/I0B (OOKCUTOBBIH LIJIAM U
ap.). MccnenoBanne XMMUYECKUX, IPOYHOCTHBIX XapaKTEPUCTUK OOKCHTOBBIX LIJIAMOB,
UCIIOJIb3YEMBIX B KQU€CTBE HAIIOJIHUTENCH B OETOHHBIX CMECSX, TO3BOIIIN 000CHOBATh
MEPCIIEKTUBBI U BO3MOXKHOCTH OpPTaHHM3aIlMH TEXHOJIOTMYECKUX CUCTEM IPOU3BOJICTBA
CTPOUTENBHBIX M3JCIHid Ha OCHOBE OTXOMOB NPOMBIIUICHHOTO IPOM3BOICTBA
[TaBnomapcKoro aJTrOMUHHUEBOTO 3aBOJIA.

[IpencraBneHHas cTaTbsi SBISETCS TMPOMODKCHUEM IMKIA CTAaTeH, MOCBSIICHHON
MCCJICZIOBAHUIO TEXHOTCHHBIX MECTOPOXKICHUI (MecTa CKIIQJUPOBaHHs, OTXOIOB
MPOMBIIIICHHOTO MPOM3BOJCTBA (METAUTypPrHYecKoro Iuiaka, OOKCHTOBOTO IIIama,
30J1 YHOCA) JUIsl TIOCJIEYIOIIETO UCIIONb30BaHMsI B OCTOHHBIX CMECSX.

Panee omyOnmukoBaHa CTaTbs C ONKMCAHHEM METONOJOTHH, TO3BOJISIONICH
BBITIOJIHATD KJIACTEPHU3ALMI0 OCTOHHBIX CMECEH C HCIIOJIb30BAHUEM TEXHOTCHHBIX
0TX0/10B (OOKCHUTOBBIH IIJIaM, METAJUTypPTUUSCKHI IITAK) C Pa3IHYHbIM XHUMHYECKHM
COCTaBOM M MPOYHOCTHBIMH XapaKTEPUCTHKAMM, HA OCHOBE KOTOPBIX B JajbHEHIIeM
MPOU3BOMINCH CTPOUTEIBHBIC M3ICIHS PA3INYHON HOMEHKIIATYPHI.

B Hacrosieii cTaTbe paccCMOTPEHO UCTIONb30BAHUE KIIPHHIIMIIA OCOOBIX COCTOSHUID)
npu pa3paboTKe WMHTAIMOHHON MOJEIH TEXHOJIOTHYECKOW CHCTEMBI MPOU3BOICTBA
CTPOUTENBHBIX M3JCIHH Ha OCHOBE OTXOMOB HPOMBIIUICHHOTO IPOM3BOICTBA
(OOKCHTOBBIN 1LIAM), TPEACTABICHBI 0COOCHHOCTH MOHITUI U ONPENISIICHUS CIIOKHBIX
CHUCTEM.

OmnucaHHbIe CIIOCOOBI OMPE/ICICHHsI CHCTEMHOTO BPEMEHH TOKa3bIBAIOT TPYAHOCTH,
BO3HHUKAOLIHE [TPH ONPEACICHHU CUCTEMHOTO BPEMEHHU JIJIsI peasIbHOM TEXHOIOTHYE CKOM
CHCTEMBI TIPOU3BOJICTBA CTPOUTEIBHBIX U3ICIHI.

Llenb uccnenoBaHus 3aKiI04anach B IPUMEHEHHN «IPUHIIUIIA 0COOBIX COCTOSHUI
npu pa3paboTKe WMHTAIMOHHON MOJEIM TEXHOJIOTHYECKOW CHCTEMBI MPOU3BOICTBA
CTPOUTENBHBIX M3EIHI C UCIOIB30BaHHEM OTXOIOB MPOMBIIIICHHOTO MPOM3BOICTBA
(OOKCHTOBBIH 1IITaM).

OreHKa aJIeKBaTHOCTU pa3pabOTaHHOW MMUTAIIMOHHOW MOJICTH TOKa3bIBAET, YTO
UCIIOJIb30BAHUE «IPUHIIUIA 0COOBIX COCTOSIHUID TTO3BOJISICT HE TOJIBKO 00eCIeunBaTh
OIpe/ieNIeHHEe JOCTOBEPHOTO M TOYHOTO CHCTEMHOTO BpeMEHH (YHKIIMOHUPOBAHHMS
Ka)KZ0T0 LIUKJIA TEXHOJIOT UYECKOTO ITPOLIecca MPOU3BOICTBA, HO M CHU3UTD TOTPEITHOCTD
OpU  pacyeTe CUCTEMHOTO BPEMEHH TEXHOJOTMYECKOTo Tpolecca IPOU3BOACTBA
CTPOUTENBHBIX H3JEIHI C UCTIOIb30BAHIEM OTXOJI0B MPOMBILIICHHOTO POU3BOICTBA.

AJITOpUTM, CO3JaHHBI HAa OCHOBE «IIPHHIMIIA OCOOBIX COCTOSIHHUID», MO3BOJIHI
CO3/1aTh TPOTPAMMHBIH HPOAYKT, TO3BOJSAIOMINI JOCTATOYHO TOYHO PACCYMTATh
MPOU3BOJAMTEILHOCT TEXHOJOTMYECKOr0 OOOpYIOBaHUS 3a PACUYCTHBIH HWHTEpPBAI
MOJICIUPOBaHHUS IPH KCIIOJIb30BaHUU OETOHHBIX CMECEH C pa3IMuYHBIMU HATIOTHUTEIISIMU
(OOKCHTOBBIH 1IITaM).

OnucanHble rpadbl A7t KaXKI0T0 HUKIJIA TEXHOJIOTUYECKOT0o MPoLiecca MPOU3BOICTBA
CTPOUTENBHBIX M3JCIHN C HUCIOIB30BaHHEM OTXOIOB MPOMBIIIICHHOTO MPOM3BOICTBA
(OOKCHTOBBIN IILTAM) HAIVISITHO HPEICTABISIOT IPHHIMIT OCOOBIX COCTOSHHI» Kak
NPAaKTUYECKHU, TaK U aHATUTHYECKH.
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KiawueBble ¢10Ba: OOKCHTOBBIN nu1aM, OTXOAbl MPOMBIINIJICHHOTO IMPOU3BOACTBA,
«MIPpUHLIUTT 0COOBIX COCTOﬂHHﬁ», TCXHOJIOTHMYCCKass CUCTEMaA, TEXHOJOTNYECKUM
npouecc, MMUuTallMoHHass MOACIIb, rpaq), OCTOHHBIE CMCCH, UHTCPBAJl MOACIIUPOBAHUA,
CUCTCMHOC BpEMsI.

Introduction. Pavlodar Aluminum Plant (PAP) produced the first batches of alumina
in 1964. Alumina is a source of aluminum production. At present, PAP is supplied with
bauxite ore from two deposits: Torgaiskoye (almost depleted) and Krasnooktyabrskoye,
which is the main supplier. To date, 2 more bauxite deposits have been discovered, with
exploredreserves of bauxite ore up to 37.5 million tons, which allow increasing the volume
of alumina production and the life of ore deposits (https://kz.kursiv.media/2020-05-31/
kak-alyuminievyy-klaster-pavlodarskoy-oblasti-privlekaet-investicii).

The amount of alumina produced by PAP alumina today is 1.4 million tons per
year [https://www.google. com/search?client=avast-a-1]. The bauxite ores of the
Krasnooktyabrskoye deposit are not rich enough; on average, the content of aluminum
Al , 0 ,is less than 20% (https://metalspace.ru/education-career/osnovy-metallurgii/
proizvodstvo-tsvetnykh-metallov/540-proizvodstvo-alyuminiya.html).

Obtaining alumina on the PAP is carried out on the basis of the Bayer method:

AlO,nH,0 + 2NaOH = 2NaAlO, + nH,O
Aluminum is obtained from the obtained sodium aluminate by hydrolysis.
NaAlO, + 2H,0 = NaOH + Al(OH),

Crystals of aluminum hydroxide Al(OH), precipitate, which is filtered, washed and
calcined to obtain pure alumina (Al O,).

As aresult, 200 kg of alumina is obtained from 1 ton of Krasnooktyabrskaya ore, the
rest is bauxite sludge. The estimated amount of bauxite sludge at the man-made PAP
deposit is presented in Table 1 (Tulegulov, 2022).

Table 1 - Estimated amount of bauxite sludge stored at man-made PAP deposits

Company name Year of opening of the | Quantity of produced Amount of bauxite
pany enterprise alumina, thousand /ton sludge, thousand /ton
Pavlodar aluminum 1964 60000 240000
plant

The chemical composition of bauxite sludge is shown in Figure 1. Bauxite sludge
is a red-brown friable mass, particle size analysis shows that when sieved, minimal
particles can be sifted through a 0.05 mesh sieve (figure 2).
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Figure 1 - Chemical composition of bauxite sludge

|

Figure 2 - Granulometric analysis of bauxite sludge

The study of bauxite sludge, chemical, strength characteristics made it possible to
develop a fairly large number of concrete mixtures. Laboratory and field tests allowed
to obtain real statistical results allowing the use of the developed concrete mixtures
based on man-made waste (bauxite sludge) for the production of construction products.
Further work was carried out in relation to the adaptation of the “principle of special
states” to develop a simulation model of the technological system for the production of
construction products using industrial waste (bauxite sludge).

Designing and subsequent implementation in production of studies related to the
modeling and operation of complex systems is not only an urgent task, but also practically
necessary, especially at the present time, when the number of complex objects is only
increasing. Such complex systems include technological systems for the production of
construction products, including those using waste from industrial enterprises. When
developing and researching complex systems, the designer needs to solve many tasks
based on knowledge of not only quantitative, qualitative and other patterns characteristic
of the systems under study (Ryzhikov, 2004); (Pichitlamken, 2002).

Considering as a system, a technological line for the production of construction
products using waste is separate components, for example: a mixer for preparing a
concrete mixture, a conveyor for supplying raw materials, a matrix press for forming
construction products, etc. As a basis, such properties of a system element are taken
that interact with other elements of the system, and also impose restrictions on the
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properties of the system as a whole. Today’s promises in the development of complex
systems require a fundamental change in the entire technology of designing systems
development. The main feature is the presence and wide choice of modern methods and
ways of presenting and processing information, which allows the developer to reveal
all his creative potential. In today’s world, complex systems under investigation require
the creation of prototypes or simulators of complex systems-simulation models, which
are a set of algorithms and programs capable of displaying the system under study and
its behavior in the virtual space of a computer system.

The proximity of the real system and the simulated system is based on the use of
common information data and common patterns. But at the same time, ideal conditions
are created for the simulation model, which do not always take place in a real system
(Karpov, 2017; Ostaukh, 2009; Ivaev, 2011). It turns out that the nature of the simulation
model does not fully correspond to the nature of the real system, for the same patterns.
One of the solutions for discrete complex systems is the application of the principle of
special states for each element of the system, which allows you to determine the system
time as accurately as possible and, accordingly, bring the behavior of the developed
simulation model closer to the graying of the real system.

Research methods. In practice, when developing simulation models, two methods
can be presented: “the principle of special states and the principle t”. For each case, the
task is to determine the system (model) time T for the studied (simulated) system, where
T is taken as the interval of “real computer time”, from the beginning of the simulation
and at the same time, “calendar time t” in the simulated system. The relationship
between them can be represented as:

t=M*T (1)

where M is the scale factor.

In the process of modeling complex systems, the concept of “interval of modeling”
is adopted - the interval of “real calendar time t_”, for which the behavior of a complex
system is studied. It can be any period of a year or more. The simulation time may depend
only on the capabilities of computer technology, the developed modeling algorithm and
the given “simulation accuracy”.

As arule, during the simulation process using modern computer systems, the system
time changes intermittently (discretely), and the real time is continuous.

For the “principle t” the “discrete step of the system time T,” is first set, while the
system time is determined by the expression:

T=T+Td, ©)

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

Calculation according to formula 2, allows you to view all events in the interval T
with subsequent changes in the system. But for this principle, there is a problem that
for events occurring “close in time from each other”, the value of T  taken less (usually
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T <<t ), while increasing the time of the modeling process, which does not provide high
efficiency.

Research results. In our study, to model the “technological process for the production
of construction products using industrial waste” as a complex system, we will apply
the “principle of singular states” as the most practical and accurate description of the
behavior of a real system. In Figure 3, we are presented with a developed, functional
model of the “technological process for the production of construction products based
on industrial waste.”

Consider a functional model in the form of state graphs:

/I OA ,—object class Z |

/10 - free and can dry mix

//'1 - the formation of the dry mix without cement is completed and you can

// transfer dry mix to Z , transfer time ordered

// 2 - idle, transfer impossible, Z is busy mixing the mixture, supplying cement, lime,
plasticizer

// 3- simple, some component ended.

Figure 4 shows the state graph of the object Z . In states 0 and 1, the object is included
in the list of events. 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
transition <1, 2> is carried out if the dry mixture is not transferred to the object Z due
to its busyness. The transition <2, 0> is carried out by a signal from the object Z at the
time when it goes into state 0, i.e., is released.

OAO Containers with
ingredients. object z0

OA2 Mixer and conveyors for feeding

E0 . . X
Dispenser into the matrix z2

'
!

1
I
i

|
v B-1 B-2
Tpl T2
B0 >l S =

E-2

L=

E-3

/

Capacity with / A2 [S=--__| Waterand
plasticizer supply

cement a
A1
E-5
9
'

E-6

/

.
OAI cement and
water supply, facility
zl

Figure 3. Functional process model
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Figure 4. State graph of the object Z,

/IOA| — Z, object class

// 0 - free and can take dry mix

/I'l —dry mix is transferred to object Z , end of transfer time ordered,

// 2 - the machine is involved in mixing, adding cement, water, plasticizer and mixing,
mixing end time is ordered,

// 3 - the time of transfer of the mixture to the matrix is ordered,

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

Figure 5 shows the state graph of the object Z,. In 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 is transferred to the object Z | and the transfer
end time is ordered. The transition <1, 2> is carried out if the dry mixture is transferred
to the 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
determined. The transition <4,1>> is carried out by a signal from the object Z | at the
time when it goes into state 0, i.e., is released.

—
Figure 5. State graph of object Z,
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/I OA2 — Z, object class

// 0- free and can accept ready mixes,

//'1 - busy with the transfer of ready-mixed concrete, from production waste
(Kamenev, 2011; Banks, et al, 2003; Yusupov, et al., 2008; Preston, 2016).

/I 2 - received the mixture, ordered the end time of the transfer ready products.
The state graph of the object Z , is shown in Figure 6.

o=

Figure 6. State graph of object Z,

Object Z, in state 0 is disabled from the list of events. The transition <0,1> is
carried out by a signal from the object Z . The transition<0,1> is carried out if there is
a mixture in the object Z1 for transfer to the forming matrix. In this case, the end time
for transferring 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 for
the transfer of finished products is ordered. At this moment, the transition to state 0 is
carried out and the object Z, is excluded from the list of events.

Thus, in our case, four events are allocated, stored in the events array:

//ST[4] - event array:

// ST[0] —release of the block Z : completion of the mixture formation by the machine
Z, and transfer to mixing;

// ST[1] — release of the block Z,: the end of mixing, pouring water, transferring the
wet mixture to the vibropress and the molding matrix,

// ST[2] — release of the block Z: finishing and molding, production of finished
products Z,

// ST[3] — end of simulation interval

// T, - system time, in minutes.

Actually the very principle of special events (states) is as follows: the system time
each time is adjusted to the nearest event. After processing this event, the system adjusts
to the next nearest event, etc. The formula for setting the system time is as shown in
formula (3):

T . =min MS(i) (3)

where i = 1..N; N — the number of all special events in the system.

For our case MS(3) = 480 min.

Usually, in addition to events that change the state of the system, the number of
events also includes the achievement of the system time value corresponding to the
specified simulation interval t. Since all special events are tied to active blocks, the
number of events Ns in the modeling system can be determined by the formula (4):
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N =N +1, )

where N_is the number of active blocks.

Thus, for the functional model shown in Figure 1, N = 4.

The use of graphs to represent simulation models provides a practical way to analyze
these models, both analytically and numerically, to improve the accuracy of estimates,
simulation modeling must be used.

Results discussion. The use of “principles of special states” in practice is used to
model discrete processes in various sectors of the economy (Sullivan, 2017; Akishev, et
al., 2022) until today, in the construction industry, the “principle of special events” has
not been used to develop simulation models.

Conclusions: The application of the “principle of special events” in the development
of a simulation model of a technological system for the production of construction
products using industrial waste allows you to accurately determine the “working”
time of the main technological operations, depending on the accuracy of setting the
dispensers and transfer equipment, and when the equipment is idle, it is excluded from
the list of events and is not taken into account when forming the total system time - this
ensures reliable and high-quality behavior of the developed simulation model, close to
the behavior of the real system, and also takes into account what type of technogenic raw
material is used as a filler, which greatly affects the performance of the technological
system in in general.
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