ISSN 2518-170X (Online)
ISSN 2224-5278 (Print)

KA3AKCTAH PECITIYBJIMKACBHI
YJITTBIK FBIJIBIM AKAJIEMUSCBI

Satbayev University

XABAPIIAPDBI
N3BECTUA NEWS

HAHHOHAHBHOﬁ AKAJIEMIN OF THE ACADEMY OF SCIENCES

HAYK PECITYBJIMKIA OF THE REPUBLIC OF

KA3AXCTAH KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

1 (457)

JANUARY - FEBRUARY 2023

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



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».
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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
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M. Kabibullin', K. Orazbayeva*, V. Makhatova?, B. Utenova*, Sh. Kodanova*

2L.N. Gumilyov Eurasian National University, Astana, Kazakhstan;
Esil University, Astana, Kazakhstan;
3Kh. Dosmukhamedov Atyrau University, Atyrau, Kazakhstan;
*Atyrau Oil and Gas University named after S. Utebaev, Atyrau, Kazakhstan.
E-mail: kulman _o@mail.ru

REFORMING UNIT OPERATION CONTROL IN OIL AND GAS REFINING
TECHNOLOGY

Abstract. The study and solution of breakdowns that arise in the decision-making
process to control the operating modes of complex, fuzzy chemical-technological
systems, such as a reformer, based on their models, is currently one of the topical issues
of science and practice. To develop mathematical models of such systems characterized
by a lack and fuzziness of the initial information and to solve decision-making problems
in the process of controlling their operation modes, it becomes necessary to apply a
systematic approach thatallows the complex use of statistical methods, expert assessments
and methods of fuzzy set theory. In this paper, on the example of a reforming unit of
a catalytic reforming unit, the actual problems of complex systems characterized by a
deficit and fuzzy initial information are investigated and effective methods for solving
them are proposed. On the basis of a systematic approach, a technique for developing
mathematical models of complex technological systems characterized by a lack of
quantitative information and the fuzziness of available information is proposed. The
proposed method allows solving the problems of synthesizing complex object models
under conditions of uncertainty using available data and information of various nature.

A block diagram of the decision-making process has been created and described. A
mathematical statement of the problem of choosing an effective operating mode of the
reforming unit in a fuzzy information environment is formalized and obtained in the
form of a problem of fuzzy mathematical programming. Based on the methodology of
system analysis, a new, effective method for developing models of objects characterized
by a lack of quantitative data and fuzzy initial information is proposed, using the
available information of a different nature. The formulation of the decision-making
problem under conditions of fuzziness and the heuristic approach to its solution are
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based on the modification of the combination of the principles of optimality of the main
criterion and maximin.

Key words: reforming unit, mathematical model, system approach, decision making,
fuzzy information, chemical-technological system, heuristic method.

M. . Kaouoyniun', K.H. Opa36aeBa’’, B.E. Maxarosa®, b.E. YTenoa*,
III.K. Koganosa*

JI.LH. I'ymunes areinaarbl Eypasust 3eprTey, YITTBIK YHUBEPCUTETI, AcTaHa,
Kazakcran;
2Esil University, Acrana, Kazakcran;
’X. JlocMyxamMennoB aTeiHAaFbl AThIpay yHUBEpcuTeTi, AThipay, KazakcraH;
“C. OrebaceB aTbIHIaFbl AThIpay MYHaii )KOHE Ta3 yHUBepcUTeTi, ATbipay, KasakcraH.
E-mail: kulman _o@mail.ru

TA3, MYHAH OHJIEY TEXHOJIOTUSIJIAPBIHJIA PU®OPMUHT BJIOIbI
KY¥MBIC PEXXUMIEPIH BACKAPY

Annotauus. PudopMuHr 00T CUSKTBI KypAEi, alKbIHCBI3BIKIICH CUIIATTAJIATbIH
XUMUSUTBIK-TEXHOJIOTUSIIBIK JKYHENepaiH KYMBIC PEKUMAEPIH, ONapIblH MOICIbAEpI
Heri3iHge Oackapy YIUIH IIemiM KaOwlijay MpOLECiHAE TYBIHAAWTBIH Mocesenepai
3epITey KOHE OJapAbl LIeIly Ka3ipri yakpITTa FbUIBIM MEH NpPaKTHKAaHBIH ©3€KTi
Mocenenepiniy 0ipi. bactankel aknmaparThlH TallIbUIBIFBI JKOHE aWKBIHCHI3IBIFBIMEH
cUMaTanaTblH MYHJIAH JKyHenepaiH  MaTeMaTHKaJblK MOIENBACPIH KYpy >KoHE
OJIapHBbIH JKYMBIC pEXHMAEpIH Oackapy MpoleciHAe THIMAI MIenrM Kaobuiaay
€CeNTEepiH WICIyAe CTAaTHCTHKAIBIK 9MIICTEP, AKCIEPTTIK Oaranay »oHE allKbIH eMec
KUBIHJIAP TEOPUSIIAPhl TOCUIIEPIH KeeH i aliaananyFa MYMKIHAIK OepeTiH xKyHeik
TociAepai  KonfaHy KakeT Oonmanbl. By sKympicTa KaTaauTUKaJIBIK PUGOPMHUHT
KOHJIBIPFBICHIHBIH PU(OPMHHT OJ0THI MBICAJIBIH/IA OaCTANKbl aKIAPATTHIH TAIIBUIBIFbI
KOHE aMKBIHCHI3ABIFBIMEH CHUMATTAJATBIH KYPACHi JKYHelepliH aranfaH 3eKTi
MoceieNiep 3epTTeNi, oNapAbl THIMAI LIeNTy TacijneMenepi YChIHbIIaAb. bacTankel
CaHJIBIK aKIapaTThIH KETICTIEYIIJIIrT MEH KOJDKETIMII aKIapaTThIH aHKbIHCHI3bIFBIMEH
CHUIATTaJaThlH KYpAeJi TEXHOJOTHSJIBIK JKYHelneplIiH MaTeMaTHUKaJIbIK MOAEbIEPiH
KYHeNiK TocingeMe Heri3iHne Kypy ojicTeMeci YChIHBUIFaH. Y CHIHBUIFAH oicTeMe
arajraH aHbBIKCBI3ABIK JKargaliiapblHAa KOJDKETIMAI TYpJii CHIATTarbl JAepeKTep
MEH aKmaparTapibl Maiaany apKbUIBl Kypaeli, alKblH €MECTIKIeH CHUMaTTaJaTbIH
HBICAaHAAPBIH MOJENIBACPIH Kypy MoceleNepiH melryre MyMKiHIiK Oepei.

Hlemrim kaObu1aay MPOLECiHIHIH KYPBUIBIMIBIK CXEMachl KYPBUIBIN, CHIIATTaJFaH.
PudopMuHT OGNOTBIHBIH THIMAI KYMBIC PEKHUMIH alKbIH eMec OopTaja TaHAay YLIiH
mrenriM Kaobuigay ecebi aiiKblH eMec MaTeMaTHKalbIK MporpaMManay ecebi TypiHae
(opManM3auMsIIaHbI, MaTeMaTUKANbIK KOWBLIBIMBL TYXKBIpbIMIanFfaH. bacTamnkel
CaHJIBIK aKMapaTTbIH TAIIbUIBIFbI )KOHE alKbIHCBI3ABIFBIMBIH CHUIATTANATBIH KYpAeIi
KYHEHIH MOJIENIiH Kypy YIUiH KYHeiK Tajjay MeTONOJIOTHsACH HeTi3iHAe KOIDKEeTIMAl
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TYpJi aKmaparTapibl KOJJAHATBIH jKaHA o/iCTeMe YCBIHBUIFaH. AMWKBIHCBI3IBIKTA
mrenriM Kabpuiay ecebiHiH KOMBUIBIMBI MEH OHBI 1SNy YUIIH KYPBUIFaH dBPHCTHKAIIBIK
TOC1I OacThl KPUTEPHI KOHE MAKCUMHUH ONTUMAIIABIK MPUHIMIITEPIH KOMOMHALIUSICHIH
AMKBIHCBI3ABIKKA MOTU(PHUKALMSIIAYFa HET13/1E/TeH.
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YIIPABJIEHUE PEXXUMAMM PABOTbI BJIOKA PUPOPMUHI'A B
TEXHOJIOI'U IEPEPABOTKU HE®TU U TA3A

AnHoTanus. M3ydyenue u pemenne npodoeM, BO3HUKAIOIIUX B IPOLIECCE MPUHATHS
PpeLeHNH AT yIpaBICHUS PEKUMaMHU paOOThI CJIOKHBIX, HEYE TKOOTIHCHIBAEMBIX XMMHUKO-
TEXHOJOIMYECKHX CHCTEM, TAKMX KaK YCTaHOBKa pH(OpMHUHTa, HA OCHOBE HX MOJeIei
B HACTOSIILIEE BPEMSI SIBJISIETCS] OMHUM M3 aKTyaJbHBIX BOIPOCOB HAYKH U MPAKTUKH. J{iis
pa3paboTKK MaTeMaTHYeCKUX MOJIETICH TAKMX CUCTEM, XapaKTepU3YIOLIHNXCs N PULUTOM
U HEYETKOCTHIO MCXOMHOM WH(pOpPMALMM, W peIleHHs 3aJad NPUHATHS PEUICHUH B
mpolecce ynpaBieHUs] PSKUMaMHU X padOThl BOSHUKAET HEOOXOAMMOCTb IPUMEHEHHS
CHCTEMHOTO TIOJIXO0Jd, TMO3BOJISIIOIIET0 KOMIUIEKCHO HCIOJNb30BaTh CTaTUCTHYECKHE
METOJIbI, IKCIEPTHHIC OLIGHKH M METOIbl TEOPHU HEYETKUX MHOXECTB. B manHOM
pabore Ha mpuMmepe On0Ka pUPOPMUHTa YCTAHOBKM KaTATUTHUYECKOrO PHUPOPMHUHTra
HCCIIENYIOTCSl  aKTyallbHble MPOOJEMbl CIOKHBIX CHCTEM, XapaKTepU3YIOLIUXCS
Ie(HULIUTOM U HEUETKOCTHIO MCXOAHOW MH(OpManuu, U npemiaraiorcs: 3hGeKTHBHbIE
METOIBl MX pemeHus. Ha ocHOBE CHCTEMHOTO MOAXOAa MPEJIOKEHA METOIUKA
pa3paboTKM MareMaTHUeCKUX MOJAENEH CIOKHBIX TEXHOJOTMYECKHX CHCTEM,
XapaKTEePU3YIOIUXCSl HEXBATKOH KONMYECTBEHHOM WH(OpMALMM W HEYETKOCTHIO
noctynHoi nHpopmanuu. [Ipeanaraemas MeToarKa MO3BOMISIET PeLIaTh 3aa4l CHHTE3a
MOJIeTIe CIIOKHBIX OOBEKTOB B YCIIOBHSAX HEOMPEAEICHHOCTH C HCIOJIb30BaHUEM
JOCTYITHBIX AaHHBIX U HH(OPMALUK Pa3IMYHOTO XapaKTepa.

Co3mana ® omnMcaHa CTPYKTypHas CXeMa [polecca NPUHITHS pPELICHUH.
dopmannzoBaHa W TONyYeHa MaTeMaThdecKas IIOCTaHOBKAa 3aJaud  BBIOOpa
s eKxTuBHOrO pexknma paboTel Ooka puOpMHHTa B HEUETKOW HMH(POPMAIMOHHOM
cpeie B BHJE 3aJadd HEYETKOTO MaTeMaTW4ecKoro mporpammupoBanus. Ha ocHose
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METOJIOJIOTMU CHUCTEMHOTO aHalii3a MpeajaraeTcs HoBas, S(PQPEeKTHBHAS METOIUKA
pa3paboTKu Mozeneil 00bEeKTOB, XapaKTePU3YIOMUXCS Ne(UIMTOM KOTUYECTBEHHBIX
JaHHBIX W HEYETKOCTbIO HWCXONHOW HH(GOpPMALUK, HCIOIBb3YIONas JOCTYITHOM
nHPOpPMAMKM pa3NUYHOTO XapakTepa. llocTaHOBKa 3agaud NPHHATHS pPELICHUH
B YCJIOBUSIX HEUETKOCTH W HIBPUCTUYECKHI MOAXON K €€ pElIeHHI0 OCHOBaHbI Ha
Moau(UKaKM COYeTaHWs MPUHIMIIOB OAaTUMaJbHOCTH IVIABHOTO KPUTEpUS H
MaKCHMUHA.

KiroueBble cioBa: 010k pedopmuHra, MaremMardueckass MOJAENb, CHCTEMHBIH
MOAXON, NPHUHITUS PEUICHUH, HeueTKas WHQPOpPMalMs, XHMHUKO-TEXHOJOTHYECKas
CHCTEMa, 3BPUCTUUECKUN METOI.

Introduction. Efficient control of the operation modes of a catalytic reforming
unit like most chemical and technological systems (CTS) while satisfying the set
constraints is considered to be a major and relevant issue in the refining industry
(Deryugina, et al. 2020, Orazbayeyv, et al. 2022:1-26). In order to efficiently solve this
problem, it is necessary to create a package of interrelated mathematical models,
which allow the systematic simulation of the chemical and technological system. The
abundance of elements of a catalytic reforming unit as a system, their relations and
influence on each other, the uncertainty arising from the lack and uncertainty of initial
information, and the variability of production conditions complicate the construction
of the unit models. There are also difficulties in formulating and solving decision-
making problems pertaining to efficient control of the reforming unit operation modes
on the basis of the models being created (Orazbayeyv, et al. 2021:1-22).

Thus, the chemical and technological system (CTS) is characterized by scarcity and
uncertainty of the initial information, such as catalytic reforming; various scientific,
practical issues arise when setting and solving the problems of operation modes control
based on the models. The scientific and practical significance of this research lies in the
fact that the problems arising in solving the issues under consideration are studied and
ways of solving them are proposed. The main issues of decision-making (DP) regarding
modeling and control of operation of LG-35-11/300-95 CTS catalytic reforming unit of
Atyrau oil Refinery (AOR) are considered in this paper as an example. LG-35-11/300-
95 catalytic cracking unit is designed for production of high-quality automobile gasoline
and hydrogen-containing gas (HCG) and raw materials necessary for petrochemical
synthesis. (Pinheiro, et al. 2018).

By means of computer simulation of the reforming unit operation modes of the
catalytic reforming unit it is possible to determine and control its efficient operation
modes, to increase the volume of the target products produced while ensuring the
required quality of the products released. In addition the process of visual mathematical
modeling of the reforming unit operation applying multimedia computer capabilities,
i.e. computer simulation, allows to improve the values of control criteria based on
rapid determination of its efficient operation mode. Thus, computer modeling makes it
possible to control the operation modes of a reforming unit by means of its mathematical
models and to apply the obtained results to a specific object.
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Any mathematical models should be built depending on the purpose of modeling,
i.e. depending on the purpose of model application. In this regard we can point out
the problem of determining the purpose of modeling as one of the problems of the
development process of mathematical models of chemical and technological systems.
The purpose of modeling should be determined depending on what problem the models
are built to solve. For example, if modeling is used for forecasting, the requirements to
the accuracy of the model will not be relatively high, and if it is used to solve a control
problem, it is necessary for the models to have much higher accuracy and adequacy.

The purpose of modeling is defined in the subsequent issue, which is the issue of
building the necessary model. In order to build the required model it is necessary to have
the type of initial information necessary to create it, because only then the required model
can be created. The next arising problem is the problem of structural and parametric
identification of the required models. If the necessary amount of statistical data on the
operation of the chemical and technological system is available, then the idea of serial
connection of regressors (SCR) methods can be used for structural identification (Valeev
2017). And when solving parametric identification problems it is usually preferable to
use the most appropriate of the known parametric identification methods, for example,
the least squares method is preferred for practical application in most cases (Malev, et al.
2021). Problems arise due to the lack and uncertainty of the initial information required
to create complex models of chemical and technological systems, such as reforming
unit, as well as to optimize and control their operation modes. Whereas the reason for
uncertainty arises basically due to the random nature of the values of measured object
parameters or the uncertainty of the values of unmeasurable parameters described by the
operator-technologist, decision maker (DM), experts in the natural language. It is known
that methods of the theory of probability are used to solve the problems of uncertainty
of measurable parameters of probabilistic nature (Sansyzbay, et al. 2020, Orazbayev, et
al. 2020: 498-507). However, there are also often important parameters encountered
in production, which are very difficult to measure, are economically inefficient, or
cannot be measured in general. For example, parameters determined by human presence
that are characterized by such uncertainty include refinery product quality indicators,
environmental impacts, various constraints and requirements. Probabilistic methods are
unacceptable when solving problems of uncertainty in such verbally described values of
parameters, since in this case the axioms of the theory of probabilities are not fulfilled. In
this case based on the methods of expert evaluation and the fuzzy sets theory apparatus
the uncertainty problems can be solved by formalizing, processing and using implicit
information obtained from experts (Orazbayev, et al. 2020:1-13, Sayed, et al. 2021,
Sarojini, et al. 2022).

The distinctive feature of the catalytic reforming unit of AOR — LG-35-11/300-
95, which has been operated for more than 70 years, is that the control process is
basically carried out by the person who makes direct decisions on control thereof,
i.e. DM, experienced operators. Thus, the control process of operation modes of this
unit is characterized in most cases by non-formalized action of the DM’s participating
in the control chain. And DM’s on the basis of experience, knowledge and intuition
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causes implicitness of some part of the initial information being transmitted in the
natural language. Due to this studying and solving the problems of modeling, control of
chemical and technological systems characterized by fuzziness is currently a relevant
and important scientific and technical task.

Despite the significant development of mathematical approaches and computer
technologies, the application of traditional methods of building models of chemical
and technological systems characterized by the indicated uncertainty does not allow
to achieve the expected results. In a real case scenario the objects characterized by
such uncertainty are well controlled by an experienced operator, DM, who due to his
experience, knowledge and intuition can successfully carry out the control process
under the uncertainty of the initial information (Orazbayev, et al. 2019: 182-194).
Whereas as opposed to the computer the DM uses non-obvious concepts and in
the case of arising uncertainty he can efficiently control the operation modes of the
chemical and technological system.

The decision-making process of reforming unit operation modes control is based on
the mathematical models of the object and by the way of selecting an efficient operation
mode of the unit with consideration of the intelligence and priority of the DM. In this
case a specific formal and creative decision is combined, i.e. the decision is made on the
basis of mathematical models, creative capabilities and human intelligence. Decision
making support systems (DMSS) are developed for prompt and efficient decision making
by means of a computer. The DMSS combines human and computer capabilities and
iteratively implements the process of efficient decision making by the DM by applying
object models. (Thomas. 2020).

The decision-making procedure pertaining to control of the catalytic reforming unit
operation modes, like many chemical and technological systems, is characterized by
fuzziness, and is characterized as follows:

— with the purpose of making a decision, which should be achieved in the decision-
making process. In the absence of a goal the need to make a decision does not arise;

— with alternative ways to achieve the goal, because the decision is made only if
there are several ways to achieve the formulated goal of decision making. In addition,
each alternative to achieve the goal is characterized by a different probability of its
achievement and requires different costs;

— the limiting factors subdivided into groups are economic factors (money, labor,
time resources and other), technical, process factors (mode of operation of the chemical
and technological system, reliability, energy consumption and other); social factors,
which take moral requirements into consideration.

The problems arising in the decision-making process can be divided into conceptual
and formal-mathematical ones. Conceptual problems are characterized by the complexity
of formal-mathematical methods and logical form, which cannot be solved by a computer.
Such problems are basically solved on the basis of experience, knowledge and intuition
of experienced experts-specialists on the basis of methods of expert evaluation and
heuristic methods. Besides, formal methods are used as aids that organize and facilitate
the implementation of heuristic procedures by DM, and formalization of heuristic
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activities is performed on the basis of decision-making theories. Formal-mathematical
problems are solved on the basis of formal methods of mathematics and with the help
of computation tools.

The aim of this paper is to study the problems of modeling and decision-making in
control of chemical and technological systems by the example of reforming unit and
the development of approaches to solving thereof based on the methodology of systems
analysis, methods of expert evaluation and approaches of fuzzy sets.

Research materials and methods. Methods of the theory probabilities and
mathematical statistics are used to collect, process statistical data of input, mode-
related and output values of reforming unit parameters in different modes of operation
(Orazbayeyv, et al. 2020:53-65), whereas collection, design and use of fuzzy information
about the state and operation of the object is performed on the basis of expert evaluation
methods and mathematical apparatus of fuzzy set theories (Sayed, et al. 2021, Orazbayev,
et al. 2020:1235-1241).

Construction of models of the own interrelated units of the catalytic reforming system
uses hybrid model construction methods based on system analysis methodology and on
application of available information of different nature (Orazbayev, et al. 2019:182—
194, Pavlov, et al. 2016). Temperature, pressure, output volume of products and other
process parameters of the reforming process are measured quantitatively by means of
appropriate measuring instruments. If the uncertainty problem arises due to the random
nature of the measured parameters, these problems can be solved using the methods of
the theory of probabilities.

Some important parameters that characterize product quality, such as octane number
of gasoline, its fractional composition and the proportion of other sulfur impurities in
gasoline, are not directly measured under production conditions, they are determined in
the presence of specialized experts and are described in uncertain terms. The quality of
unit operation, requirements to quality indicators of products can be described by DM
with the help of fuzzy instructions: for example “it should not be less”, “it should not
be more”, etc. Therefore, when building mathematical models of the reforming unit it
is necessary to take into account these non-obvious instructions, which evaluate the
influence of input, mode-related parameters, production indicators characterized by
uncertainty.

Since the decision-making process based on fuzzy sets theory approaches must take
into account the uncertainty of constraints, quality indicators of the target products, the
solution is found in the form of a fuzzy mathematical programming (FMP) problem,
which uses heuristic approaches to solve decision-making problems (Orazbayeyv, et al.
2021:1-22, Valiakhmetov, et al. 2018).

Results. To solve the problems of uncertainty arising due to randomness of
parameters, which are quantified by measuring instruments, or the uncertainty of
available information, a methodology for building models of complex systems based
on information of different nature in the process of building CTS models, such as
reforming unit, has been proposed. The proposed method is based on the methodology
of system analysis, approaches of probabilistic and mathematical statistics, approaches
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of expert evaluation and theory of fuzzy sets and allows building models of chemical

and technological systems using available information of different nature.

The block diagram of the generalized and refined method of building complex
models of chemical and technological systems characterized by lack and uncertainty of

the initial information, is presented below in Figure 1.

1 [ Start ]

v
Collection, input of available information about input, mode-related
x=(5,0x, ) X = (%7, ) and output y=(y,,..., ) §= (5.7,
parameters, about CTS condition

v

3 System analysis of CTS elements operation, their interrelations.
Identification of the modeling purpose

:

4 Generation of criteria for evaluation and selection of the most efficient types of models
for each CTS unit with consideration of the modeling purpose

v

5 Selection of the type of efficient models for each CTS element on the basis of developed
criteria and expert’s evaluation

2

v

Creation of the selected types of unit model depending
on the nature of available information:

Is theoretical and statistical
information sufficient ?

Y&

3 Building of deterministic/statistical models on the basis of
analytical/experimental and statistical methods y = f (xl,... X )

s
1

1 |
—_ Building of fuzzy or linguistic models depending on whether input mode-related
parameters are crisp or not

10

No mination of the model for adequacy:

m

<wind (v} - f <&,

Output of models and recommendations
for application thereof

Figure 1. Block diagram of the generalized approach to the construction of complex CTS models,
characterized by scarcity and uncertainty of the initial information
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Let us consider the description of the basic blocks of the block diagram of the
generalized approach in the figure below. In block 2 the simulated state of the chemical
and technological system and the available values of its input, mode-related and
corresponding output parameters are summarized and implemented. In blocks 3, 4 and
5 a systematic analysis of operation of CTS units and of the relations between them
is carried out, the purpose of modeling is determined and based on expert evaluation
the type of model is selected, the construction of which is appropriate for each unit
depending on the purpose. From block 6 the procedure of building the aggregate selected
models starts depending on the nature of the information available to the expert.

If theoretical/statistical information is sufficient to build a model, and by the value of
the integrating criterion the greatest value is the construction of deterministic/statistical
model of the chemical and technological system, then in block 8 the procedure of
construction of deterministic/statistical model based on analytical/statistical methods
is performed respectively. Then a transition to block 10 is made to check the adequacy
of the model.

In cases where theoretical/statistical information is insufficient to build a model and
construction of implicit/linguistic model of the CTS has the greatest value on the value
of the integrating criterion, the procedure of creating an implicit/linguistic mold using
methods of expert evaluation and implicit sets respectively is performed in block 9.
Then the adequacy of the created models will be checked for the purpose of modeling
in block 10. If the adequacy of the created model is sufficient according to the modeling
goal, the model is recommended for deployment and application (block 11). And if the
adequacy of the model is low at the required level, its cause will be determined, and the
cycle will be repeated by returning to the appropriate block (8 or 9) in order to increase
the adequacy of the model to the required level.

The procedure for creating a deterministic/statistical model in block 8 of the described
block diagram is based on the deterministic/statistical model building approach. In the
procedure of deterministic/statistical model construction the deterministic model of
the object will be constructed on the basis of analytical approaches to construction of
such model under maximum balganic conditions of this type of model according to
sufficiency value of theoretical data and criterion being integrated.

If the data necessary for construction of statistical model of an object is sufficient and
by criterion being integrated the statistical model has maximum value, then on the basis
of experimental-statistical approaches the statistical model of object will be constructed.

In case theoretical/statistical information 1is insufficient for construction
of the model and the greatest value by the value of the integrating criterion
has the construction of fuzzy/linguistic model of the CTS, expert evaluation

and  fuzziness ¥, =f,(x,..X,,8,d,,...,a,), j =1,m (x, € 4,i=1n crisp, and

y,€B, J=Lm _if fuzzy) or linguistic models IF X, € 21 (%, € Zz (5o (X, € Zn )), and
THEN ij €B,,j=Lm (x e€d,i=Ln if fuzzy) expert evaluation will be constructed
based on fuzzy sets approaches. Whereas the structure of the implicit model can be
defined based on the method of successive addition of regressors in the form of implicit
regression equations:
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- aOJ + Zauxl/ + Z z alijljxkj m

i=l k=i

Fuzzy parametric identification after structural identification, i.e. fuzzy @);,d;,d;,

i=Lnk=in,j=1,m solves the problem of estimating the regression coefficients. This
problem can be solved using sets of a - level by converting the implicit equation into
several explicit equations, and then using least squares methods.

When constructing linguistic models, firstly, we should pay attention to the fuzzy
output of the object 7,5, j=1Lm the input, mode-related parameters, described fuzzy
impacts ¥ ec4,i=1,n are selected. These parameters are necessary for construction of
linguistic model and are linguistic variables: 7 e x, B, e Y —fuzzy sets, X, Y —the universe
of input and output parameters. Then with participation of DM, experts the value of
[I-parameters and indicators characterizing fuzzy object parameters is determined, and

membership functions shall be built for each term: x, (%), 4, (7).

Based on the experience of modeling technological objects of oil refining facility
in a fuzzy environment we can imagine the construction of the following membership
function with the adaptation coefficients:

NP
Ng

;= Vug) P>

g (V;) = exp(Qy

here #5,(¥;) -is the membership function describing the fuzzy output parameters of

the object; p -is the quantum number; @5 - is the adaptive coefficient defining the
uncertainty level determined when determlmng the membership function; N, are
the adaptive coefficients defining the domain of the membership function of 1mphclt
parameters and allowing to change the shape of the membership function; ¥,.; p is the
implicit variable corresponding to a given term in the quantum. This variable is defined
from the following condition M, (Vi) = max My, )

After that the relations between the 1nput X, and y ¥, output linguistic variables are

defined, i.e. R a fuzzy image is created. To make the use of the fuzzy representation
acceptable, a matrlx of relations with the membership functions is defined in the course
of computation:

t, (5.5, = minlu (). 7). =L j = L

The overall structure of the linguistic model based on the generalization rules of the
logical condition, can be written as follows:

IF % € 4%, € 4,(...(%, € 4,)), THEN 5,€B,, j=Lm

On the basis of the compositional conclusion rule Ej =4 o 1?,] the fuzzy values of
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the output parameters of the investigated CTS are determined, afterwards the numerical
values of the output parameters can be determined from the implicit solutions. In addition
by means of the compositional conclusion rule the output parameters determining the
quality of the object operation, such as the maximum output volume or quality, are
determined. Whereas X — represents the fuzzy values of the input parameters of the
object estimated by the experts. In this case the set of current values of input parameters
is defined as a fuzzy set, in which the membership functions of the input parameters are
the highest, as follows: g, (¥)=max (u, (¥))-

Then implicit values of the output variables are defined as the membership functions
representing the largest set:

Hy (V)= max {minf 4 ( ¥ ) ap ((x). )]}

The quantitative values of the output parameters can be determined using the
following expression: y;=argmax, (7)), that is, the values of the output parameters
whose membership functions reach the maximum value, are selected.

If both theoretical and statistical data describing the operation of the CTS and fuzzy
information are insufficient or their collection is economically inefficient or impossible,
and the integrated criterion according under the hybrid model has a maximum value, a
hybrid model will be built using the hybrid approach [Orazbayev, et al. 2019:182—194].
In this case the hybrid (composite) model is developed on the basis of available
(theoretical, statistical, expert fuzzy information) of different nature.

The adequacy of the models can be tested under the following conditions:

R- mini(}'f" VvET <R,
=

here yj” calculated values of output parameters obtained by means of the model;

y? — experimental values of output parameters of the object; R, y] and y are

the permissible value of deviation of values. If the condition of adequacy is met, then
it is recommended to model the model and determine the optimal operation modes of
the object, i.e., the reforming unit. Otherwise, the causes of model inadequacy will be
identified, and model building cycles will be repeated to eliminate them and improve
model adequacy to the required level.

Let us describe the process of decision-making on the basis of their models during
control of operation modes of chemical technological system and mathematical statement
of the decision-making problem in a fuzzy environment and the way of solving it.

In a fuzzy environment, for example, when the constraints are not obvious, let us
formalize and give a mathematical formulation of the decision-making problem for
choosing the optimal mode of operation of reforming reactors and let us consider a
heuristic approach to its solution.

LG-35-11/300-95 from the reforming unit of the unit produces a catalyst with a higher
octane number, i.e., high-quality automotive gasoline, as the target product. In addition,
technical hydrogen, which is valuable for petrochemical synthesis, is produced from
the reforming unit. The choice of the optimal operating mode of the reforming reactors
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assumes an increase in the volume of products produced as criteria, i.e. values 1y and
2y, as well as an improvement in the quality indicators of the target product, meeting
the requirements of the various imposed constraints. These criteria such as volume and
quality of gasoline in the aggregate of efficient solutions in practical application are in
conflict.

Quality indicators of gasoline produced in reforming reactors, namely its octane

number — !y, fractional composition of gasoline, i.e. 10% distillation — V2, 50%
distillation — | ), are not measured directly, they are characterized by uncertainty in
the presence of a person, DM, for example by means of terms such as “not less” (=)
, “approximately” (=) or “not more” (<).For these reasons the decision-making
calculation for selecting the optimal mode of operation of reforming reactors should
be formulated with uncertainty in mind, and it is advisable to use a heuristic approach
to solve it in an implicit environment. In this case, the dependencies of the criteria and
constraints in the implicit form, the indications are determined by the object models built
on the basis of the methodology for building models of CTS in a deficit and uncertainty
of the input information provided above. F(x)=(/,(x), /,(x)) vector of criteria, on which
the reforming reactors assess the quality of performance, that is, the volume of gasoline
and technical hydrogen, and ¢,(x)=b,,¢=13 — fuzzy restrictions on quality indicators
of gasoline: 92 octane number “not less”, and fractional composition, that is — 10%

distillation “not more than 75<», 50% distillation will be “not less than 115= ». The ~
sign means the uncertainty of the restrictions.

The given criteria and values of implicit restrictions depend on the vector of input,
mode-related parameters used to control the reforming process x=(x,,X,,X,,X,,X;) varies,
here x — the volume of the feedstock at the reforming; x ,x, u x ,— reactor inlet, R-4,
R-4a is volume rate, temperature and pressure in the reforming reactor, a x.— H,/ ratio
of the feedstock. These parameters in the limiting values defined by the technological
regulations of the unit: % € Q2 X, X =[x, 5" ],j = 15, varies, «™", x™* _ the
minimum and maximum values of variation of the specified parameter. The intervals of
change of these limits can also be fuzzy.

Thus, the optimal value of the criteria vector, which ensures the fulfillment of the
specified constraints, should be determined and the efficient mode of operation of
reforming reactors should be selected under conditions of uncertainty of some initial
information and taking into account the priorities of the DM. In case of uncertainty
and ambiguity the refined optimization report can be written as the following decision
making report:

max f; (x),i = 1,2, 1
max i(x) (1)

X={XEQ,(pq(x)§bq,q=ﬁ} (2)

(1)-(2) solution of the problem of making the implicit bounded decision, which meets
all conditions of implicit constraints and provides maximum values of local criteria and
satisfies the DM x*=(x *, x,*, x,*, x,*, x,*)
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Now, to get the correct mathematical statement of the above problem based
on the approaches of fuzzy sets theory, we introduce the following notations:

#(x) = (11,(%), 1,(%)) - £(x),i =12 vector of local criteria evaluating the volume of gasoline
and hydrogen produced, whose value is normalized in the interval [0, 1], and #,(x).q =13

— gasoline quality indicators characterized by the expression ¢,(x)=5, ¢,(x)>b,,q=23 let
the membership function evaluate the fulfillment. A row of priorities for local criteria

and constraints /. ={.2} and 7, ={1.2,3} suppose that it is known or is determined or it

determines the mutual significance of criteria and constraints: y=(y.7,) and p=(8,45..5)
— let the vectors of weights be given.

Then for main criteria (MC) we can write the problem (1)-(2) in the form of the
following problem using the Maximin Optimality Principle (MM) and modifying the
MM principle to fuzziness:

max (x) 3

X= {x XxeQA arg(,ug (x)> ,ulﬁ)/\ arg(n}}g}x mEiP(ﬁq,uq (x))),q =13,L = (1,2,3)} 4)

here u(x)— the target product chosen by the DM, i.e. the main criterion for assessing
the volume of gasoline; A — the logical “and” sign, it requires that all statements

associated with it are true; ,2 —the DM, experts determining the #(x) limiting value of
the local criterion, it represents the limiting value of technical hydrogen as a constraint.
The fulfillment of the limiting requirements is ensured on the basis of the guaranteeing
principle of the maxim.

(3)-(4) when solving the problem of choosing an efficient mode of operation of
reforming reactors under uncertainty in the representation of the limiting value 2 of

the criterion 42 and / or limiting vector of limiting weight coefficients g=(s,4,,5,),
by changing we can get different solutions to the problem —x(x,). From the resulting
set of solutions the best decision is taken by = DM through dialogue depending on
his priority and the prevailing production, market situation. To solve the problem of
decision-making in the mathematically formulated environment (3) — (4) we provide
the main steps of the proposed heuristic approach developed on the basis of MC and
MM principles.
MC+MM heuristic method.

1) Experts compute numbers of steps by coordinate of each g- restriction , ,-i3
4 =1,
and row of priorities for local criterion 7, ={12}, here 1 is the main criterion ) (x)
priority, definition.
2) Determination of the vector value of weighting coefficients, at which the experts
evaluate the mutual importance of the constraints by means of evaluation: B = (5. 5,.5:)

3) Assigning the limiting value of the local criterion to be considered as DM
constraints.
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4) determined at step 1 to change the coordinates of the B weight vector, pq=1
calculation of the step value using the following formula #, = i,q =13

q

5) in the section [0,1] using the step 4, p,.q=13 creating a set of weight vectors of

constraints with the change of their coordinates g',p*,...p", here N=(p, +1)-(p, +1)-(p; +1).

6) Choosing the term-menu T(X,¥Y), which characterize the fuzzy parameters and
indicators of the object.

7) Creating the membership functions that estimate the degree of their fulfillment for
the uncertain constraints 4 (x).q =13. These membership functions are recommended to
build from the Fuzzy Logic Toolbox application by selecting Gaussian-type functions or
using the formula with the adjustment coefficients in the structure (1).

8) Determine the current solution by solving the maximization problem of the
main criterion in the set (5) of allowed solutions X, to be defined by the maximin

principle x(z2.p). Determined solutions x(u:.B) of local criterion embedded in

the constraints s;(x(x,B)) of the limit value () and fulfilment of fuzzy constraints
must provide the maximum values of membership functions characterizing them
w(xler B)) o (xl2. B)  a2s (x(7.B))

9. The current solutions obtained will be offered to select the best solution. If the
current results do not satisfy the DM he proceeds to step 5 in order to improve the results
by changing the threshold value of the local criteria to be considered as constraints,

ie. Mr values of weight coefficients of constraints and/or restrictions B = (£,.53,.3,).
Otherwise, i.e., when the specialist is satisfied with the current solutions, he chooses the
final solution that will be efficient depending on his priority and the given situation. We
proceed to the next step to derive the efficient solutions adopted.

10. Output of the best solutions chosen by the specialist, namely the maximum value

of the main criterion £, (X* (,uﬁ,[i)), the value of the local criterion not less than the
limit criterion £ty 47 (x* (,u; ) B)) and the maximum membership function of the fuzzy

constraint fulfillment (x*(y,ﬁ,ﬁ) 1, (x*(u,ﬁ,ﬁ)), 15(x"(12,B)) the control vector (input,

mode-related parameters) X' (,u =B

Discussion. The proposed methodology for building complex CTS models
characterized by the absence and uncertainty of initial information is based on application
of systems analysis methodology and application of available information of different
nature. The methodology based on analytical methods, methods of mathematical
statistics, expert assessments and the apparatus of the theory of fuzzy sets allows to build
models of different types of CTS elements on the basis of theoretical data, experimental-
statistical data and expert, fuzzy information. In the course of applying the methodology
the question may arise as to how models of different types can be integrated into a
unified system of models for system simulation of chemical and technological systems.
To solve this problem it is proposed to unify the input and output data of different types
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of models and relate them to each other on the basis of the processes occurring in the
chemical and technological system.

Decision-making report on selection of the optimal mode of operation of the CTS
in a fuzzy environment of the Atyrau Oil Refinery LG-35-11/300-95 unit is formulated
within the example of the problem of selecting the efficient operation mode of the
reforming unit. To solve the formulated decision-making problem a heuristic method
based on the main criterion and modification of principles of maximin optimality in
fuzziness was developed and described. Here we can find other optimality principles
related to occurring situations and to available information, such as Pareto optimality
principle, ideal point, equality, etc., and note that their combinations can be used. The
proposed heuristic MC+MM method for determining the efficient operation mode of
a reforming unit can be easily extended and applied to chemical and technological
systems characterized by other m criteria and L constraints.

The proposed heuristic method of solving the decision-making problem on the
choice of an efficient operation mode of the controlled object is iterative and based on
the use of creativity and intelligence of the person (DM) and the speed and capabilities
of the computer in the decision-making process.

To efficiently perform the last 10 steps of the MC+MM heuristic scheme proposed for
solving the decision-making problem one can organize an additional dialog procedure
that allows you to determine their impact on the criteria by changing the parameters and
to find the optimal solution.

Conclusion. The paper studies the problems of decision making on their modeling
and control in the process of CTS control characterized by complexity, fuzziness. With
the example of a reforming unit the problem of optimization of the CTS operation modes
characterized by the deficit and fuzziness of the initial information has been formulated
and the heuristic method for solution of the posed problem on the basis of modification
of various optimal principles has been offered. To solve the problem of fuzziness in
decision-making processes as to construction of complex mathematical models of CTS
characterized by fuzziness and as to the choice of an efficient operation mode in control
thereof, the methodology of systems analysis, approaches to theory of probabilities and
expert evaluation, the mathematical apparatus of the theory of fuzzy sets are used.

As a result of the research carried out in accordance with the purpose of the
study, the following results were obtained by this paper:

—  On the basis of the system approach the methodology of building complex CTS
models characterized by fuzziness allowing the use available information of different
nature is proposed;

— With the example of reforming unit the mathematical statement of the decision-
making as to the choice of the efficient operation of CTS in a fuzzy environment has
been formulated in the form of the fuzzy mathematical programming problem;

—The heuristic method has been proposed for solving the decision-making problem
formulated on the basis of modification of the main criterion for operation under the
condition of fuzziness and on the basis of the principles of maximin optimality.

The novelty of the proposed methodology for the construction of CTS models
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characterized by complexity, fuzziness under the conditions of deficit of quantitative
information is the integrated application of the methodology of system analysis and
various approaches to model building and application of available information of
different nature [Sansyzbay, et al. 2020, Pinheiro, et al. 2018, Sarojini, et al. 2022]
and known methods for solving fuzzy problems considered in other papers, based
on their transformation into a system of explicit problems using sets of a levels and
then solving in the known ways. This approach leads to loss of some of the collected
non-obvious information and, accordingly, reduces the adequacy of the solution. The
advantage of the proposed heuristic scheme of solving a decision-making problem in an
implicit environment and its difference from the mentioned known approaches is that
in the presented implicit approach the implicit problem is set as implicit and is solved
heuristically on the basis of experience, knowledge, intelligence of the DM. That is, as
a result of the complete application of fuzzy information fixed in the proposed method
the adequacy and efficiency of the decision made under the condition of fuzziness is
increased.

The practical value of the research lies in providing the possibility of building
efficient models under conditions of scarcity and fuzziness of source information and
in providing sufficiently adequate and efficient decisions as to the choice of an efficient
operation mode of the chemical and technological system in a fuzzy environment.
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