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I 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.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol «KP ¥£A Xabapnapei. ['eonoeus scone
MEXHUKAIBIK bLIBIMOAD CEePUsChly blIbIMU JCypHAIbiHbiY Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvli xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index osicone the Arts & Humanities
Citation Index-xe xabwvioay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawvliap MeH meKemenepze KOHmMeHm mepenoici MeH canacvih ycuvihaovl. KP
¥F'A Xabapnapwi. 'eonozus scone mexnuxanvly eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKmi Jicane 6e0eNdi 2e0102Usl HCIHE MEXHUKATBIK
ELILIMOAp OOUbIHUA KOHMEHMKE A0a0blebIMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunwiii sicypran «zeecmuss HAH PK. Cepust eeonocuu u mexHuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpO8aHUU HAXOOUMCS 8 CMAaOUull paccmMompeHus
xomnanueu Clarivate Analytics ons danvueiueco npunsmus sicypHana 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 UCCledosamenel, asmopos,
uzoamenei u yupescoenuu. Brmouenue Hzeecmus HAH PK. Cepus ceonoeuu u mexHuieckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nawty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2e0N02UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



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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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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Mep3iMaimiri: KpUIbIHA 6 PET.
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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».
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Editorial chief

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

Scientific secretary

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

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

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

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

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

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

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

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

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

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

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

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

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

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology
and technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2022
Address of printing house: ST «Aruna», 75, Muratbayev str, Almaty.

5




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

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES

ISSN 2224-5278

Volume 6, Number 456 (2022), 156-168
https://doi.org/10.32014/2518-170X.246

UDC 665.733.3: 519.816

B.B. Orazbayev!, M.D. Kabibullin!, K.T. Bissembayeva?’, G.S. Sabyrbayeva?,
A.J. Mailybayeva3
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Kazakhstan;

Aktau,

3Kh.Dosmukhamedov Atyrau University, Atyrau, Kazakhstan.
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HEURISTIC APPROACH TO FUZZY CONTROL OF THE REFORMING
PROCESS IN REFINING AND GEOLOGY

Abstract. In production conditions, many processes of oil geology and oil refining
and other industries are often characterized by a lack of reliable statistical data and
fuzzy initial information. At the same time, the lack and economic inexpediency of
collecting and using quantitative information leads to the use of available fuzzy
information in the form of knowledge, experience and intuition of a decision maker
(DM, subject matter experts, which are available at all functioning objects. In this
regard, the formulation and solution of the problem of managing fuzzy-described
processes of geological exploration and refining of oil and the development of an
effective method for solving it based on a heuristic approach with the involvement of
decision makers is an urgent task of science and practice geological exploration
geological exploration and oil refining.

A mathematical statement of the problem of controlling the processes of geological
exploration and reforming in a fuzzy environment is formulated and obtained, and a
heuristic method for solving the problem is developed based on the modification of
various principles of optimality. The proposed fuzzy approach to solving the problem
of managing the processes of geological exploration and oil refining in a fuzzy
environment is based on the use of knowledge, experience and intuition of decision
makers, experts in the decision-making process to manage these processes in a fuzzy
environment. The mathematical formulation of the problem of managing the processes
of geological exploration and reforming is specified in the case of one main criterion
and a vector of fuzzy constraints. The specific problem of managing the processes of
geological exploration and reforming is solved using the proposed heuristic method.
The results obtained are compared with the known results obtained on the basis of a
deterministic approach and real data. The advantages are shown and the effectiveness
of the proposed fuzzy approach to solving the problem of control in geology and oil
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refining in a fuzzy environment is substantiated, which makes maximum use of the
initial fuzzy information when solving the problem. The novelty of the proposed
approach to the formulation and solution of the problem of managing the processes
of geological exploration and refining of oil in a fuzzy environment is to increase the
adequacy of the solution of practical problems of geology and oil refining based on the
use of experience, knowledge and intuition of the decision maker..

Key words: Oil geology, geological exploration, reforming process, decision
making, fuzzy control, heuristic method, decision maker (DM), principles of optimality.

B.b. Opa3s6aes!, M.JI. Kaou6yaiaun', K.T. Bucem6aena®’, I.C. CadbipbaeBa’,
A.K. Maiiibioaes®

JI.H. l'ymunes areinaarsl Eypa3sust yaTTeIK yHEBEpcuTeTi, AcTana, Kasakcraw;
I11.EcenoB ateinaarbl Kacnuii TeXHOIOTUsIIAP jKOHE MHKUHUPHHT YHUBEPCUTETI,
Axray, Kazakcran;

*X. locMyxaMeZioB aThIHIaFbl AThIpay yHUBEpCHUTETI, AThIpay, Kazakcras.
E-mail:karlygasha.bissemd74@mail.ru

T'EOJIOTYsI MEH MYHA# OHJEYIE PUGOPMUHI IMPOLIECIH
ANKBIHCBI3BIKTA BACKAPY/IbIH BPUCTHUKAJIBIK TOCLTIEMECI

Aunnoranusi. [eonorus, MyHall eHzey >koHe Oacka Ja camajapAblH KeITereH
TEXHOJIOTUSUIBIK JKYHenepl keOiHece CeHIMIl CTATUCTHKAJBIK MAJiMETTEpAiH KeTic-
MEYNIUTITIMEH XOHE KOJDKETIM OacTamnKbhl aKmapaTThlH aWKBIHCBI3IBIFBIMEH CHIIAT-
Tajganbl. byn skarmadinapaa CaHABIK aKHMapaTThIH KETIiCIEYIIUIri, OHBl JKUHAY MCEH
OHJICY/IIH AKOHOMHUKAJBIK TYPFBIIAH THIMCI3JITIIICNIiM KaObLIIaYIIBIHBIH TYJIFAHBIH
(LLIKT), menpik cana sKcnepTTepiy Oinimi, Toxkipudeci jkoHe UHTYULUSICH TYPIHIET]
KOJDKETIMII alKbIH eMec aKmapaTTbl Maifanany THIMAI Oosbin Tabbutaabl. OckiFan
0aliTaHBICTBHI MYHA Te0IOTUSICHl MEH MYHAH OHAEYIE allKbIHCHI3ABIKIICH CUIIaTTalaThIH
TEXHOJIOTUSUIBIK JKyienepiH 6ackapy eceOiH TYKbIppiMaay xoHe menry xone IKT-
HBI TapTa OTBIPBII, 3BPUCTHKAIIBIK TOCLITe HETI3ACITeH OHBI MICIIYIiH THIMJII TOCUTIH
KacaKTay MYHail reooTUsICHl MEH OHACY/IH aca 63€KTi FhIIBIMH, TPAKTUKAIBIK MiHIETI
0oJIBIN TaOBUIAbI.

AWKBIH eMec opTajia TeoJOTHsIIBIK Oapiay, pupOpMUHT IpoLeciH Oackapy eceOiHiH
MaTeMAaTHKAIBIK KOWUBLIBIMBI TY)KBIPBIMIAJBIN, TYPJi ONTHUMAJABIK MPUHIUITEPIH
MOMUQUKAIUIIAY HETi3iHAC KOWBUIFAaH €CeNTi WICHIYMiH SBPUCTUKAIBIK TICLUII
XKacaJdraH. AHKBIH €MeC OpTaja IeoNIOTHSUIBIK Oapray, MyHail eHJey NpOLECcCTEepiH
Oackapy eceOiH HIenryre YChIHbUTFaH alKbIH eMmec Tacinaeme [IIKT-HbIH, skcriepTTepaig
AKBIHCBI3ABIKTa HBICAH JKYMBIC PEKUMIH Oackapy OoOHBIHIIA mIiemiM KaObuiaay
npornecinae OiuTiMiH, TOXKIpUOECIH XOHE WHTYMLMSCHIH NalJalaHyFa HeTi3JeNreH.
leonorusmeik  Oapnay, pudOpMHUHr TpoleciH 0Oackapy eceOiHiH MaTeMaTHKAIbIK
TYKBIPBIMBI Oip HETi3r1 KpUTEpuil *KoHE allKbIH eMeC HIEKTeyep BEKTOPHI JKaFrdalbIHa
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HakKThUIaHFaH. MyHall TeoJOorvsIChl MEH pPHUQPOPMHUHT MPOILECiH OacKapyablH
HAaKTHUIAHBIN, KOWBUIFaH €ce0i YCHIHBUIFaH 3BPUCTHKANIBIK TOCUII KOJMIAHY apKbLIbI
IICIIIreH. AJIBIHFAH HOTHXKENEp NETEPMUHHUP/AL TOCUIMEH aNbIHPFaH HOTHKEIECPMCEH
YKOHE OHJIIPICTIK HAKTHI IEPEKTEP HET131H/IC aJbIHFaH MAJIIMETTEPMEH CANIBICTHIPHLIFaH.
CanbIchIpy HETi31H/Ie alKbIH eMeC OpTa/ia re0JI0THsIIbl, MYHAH OHJICY HBICAH1aPhl dKYMBIC
pexuMIEepiH O6ackapy eceOiH MIenIyre YChIHBUIFaH 3BPUCTHUKANBIK TOCUIIIH THIMIUTIT
MEH apTHIKIIBUIBIKTAPhl HETI3JIENITeH, OJlap €CeNTi MIeHly OapbIChIHIA KOJDKETIMITI
allKbIH e€MeC aKIaparThl TOJNBIKTal MaljanaHy ece0iHeH KaMTaMmachl3 eTefli. AWKBIH
eMec OpTajia MyHai bl TeOJIOTHSIIBIK Oapiay MEH eHJEy MpoueccTepin backapy ecebin
KOI0 MEH IICIIyre YChIHBUIFaH TocuiaiH skaHambuinbirel IIKT Toxipubecin, OimiMin
JKOHE WHTYUIUSCHIH TaljaNaHy HEri3iHAe OHIIPICTIK ecenTepli aNKhIHCHI3IBIKTa
HICTYAiH aJeKBAaTTHUIBIFBIH APTTHIPY OOJIBIN TaObLIa kL.

Tyitinai ce3gep. MyHali reonoruscel, reoJOrHsUIBIK Oapiay, pudopMHUHT mporeci,
mrenriM KaOpliay, alkbIH eMec 0acKapy, IBPUCTHUKAIBIK TOCIT, MICIIM KaObIIAayIbl
tynra (IIKT), onTumanablk IpUHIUITEDI.
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3BPUCTUYECKHWI MOAXO0/ K HEUETKOMY YIIPABJIEHUIO
MNPOLHECCOM PU®OPMUHI'A B HEOTEINEPEPABOTKE U I'EOQJIOI'MHN

AHHOTanmMs. B TpOU3BOACTBEHHBIX YCIOBHUSX MHOTME IPOLECCHl T'EOJIONOTHUU
He(Th ¥ HedTenepepabOTKH M APYTHX MPOU3BOJICTB YaCTO XapaKTepU3YHOTCs aedu-
LIUTOM JOCTOBEPHBIX CTATUCTHYECKUX JTAHHBIX U HEYETKOCTHIO UCXOAHON HH(POPMAIIUH.
[Ipu 3TOM neduuUT ¥ SKOHOMHUYECKAsT HELEeIeco00pa3HOCTh cOOpa U UCTONB30BaHUS
KOJIMYECTBEHHOW WHGOpMAIMM  TMPHUBOAUT K HCHOIB30BAHUIO JOCTYITHOH HEYET-
KOl uWHpoOpMAaMM B BUJAC 3HAHUS, ONbITA M WHTYUIUM JIHIA, TPUHUMAOIICTO
pewenus (JI[IP), skcreproB mpeaMeTHOH 00NacTH, KOTOpPbIE HMMEIOTCS Ha BCEX
(bYyHKIMOHUPYIOIIUX 00BbeKTaxX. B cBsi3u ¢ 3TuM (HOpMYIHpPOBKA M PEUICHHE 3a]a4u
YIPaBICHUS HEUETKO OMUCHIBAEMBIMHU IIPOIIECCAMU I'€0JIOTOPA3BEIKU U MTEPEeParo00TKH
He(TH U pa3paborka 3((HEKTUBHOTO METO/Ia €€ PEIICHUS Ha OCHOBE 3BPUTCTHYECKOTO
noaxona c npusiedeHueM JIIIP sBigercs axTyanbHOW 3amayell HAyKM U NPaKTUKH
He(dTenepepabOTHIBAIOIIETO TPOU3BOCTRA.

ChopmynupoBana u moiyueHa MaTeMaTHYECKas MOCTAHOBKA 3a/1aud YIIPaBICHUS
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mpoleccaMi TeoJoropa3Belku W pUOPMHHIa B HEYETKOH CpeAae W Ha OCHOBE
MOMUGUKAIUN Pa3IMYHBIX MPUHIIMIIOB ONTUMAIBLHOCTH Pa3paboTaH 3BPUCTHUYCCKUN
METOJ pELIEHHU MMOCTaBIEHHOM 3a1auu. [IpeayioxkKeHHbI HEUETKUI OAXO0 K PELIEHUIO
3aJlau yIpaBJICHHUS MPOIECCAMU T€0JIOTOPA3BEAKHU U NepepaboTKu HETH B HEUETKON
Cpele OCHOBaH Ha HWCIIOJIb30BAHUE 3HAHUsA, onbiTa U MHTyuuuu JIIIP, sxcriepToB B
MIPOLIECCE IPHUHATHS PEILIEHUN 10 YIIPABICHUIO TUMU IIPOLECCAMU B HEYETKOHU Cpele.
Maremarnueckass NOCTAaHOBKA 3aJaud YIPABJIEHUS MPOLECCAMH T€0JOrOpa3BeIKU
1 pudOpMHUHTa KOHKPETU3UPOBAaHA Ha CIydae OJHOTO INIABHOTO KPUTEPHUS U BEKTOpa
HedyeTkuxX orpaHuueHud. KoHkpeTuzupoBaHHas 3a/ada YIpaBICHHsS IIPOLIECCAMU
re0JIOrOpa3BeAKH M pU(OPMHHIA pellleHa C NMPUMEHEHHEM IPEIIOKEHHOTO 3BpPHC-
Tuaeckoro mMerona. [lonydeHHsie pe3yabrarbl CPABHEHBI C U3BECTHBIMU PE3yJIbTaTaMu,
MOJYYECHHBIMM Ha OCHOBE JIETEPMHUHUPOBAHHOIO MOAXOJa W PEajJbHBIMU JaHHBIMU.
[Toka3zansl mpenMymecTBa 1 000CHOBaHA 3()(HEKTUBHOCTH MPEIIOKEHHOTO HEYETKOTO
MOJIX0/Ia K PEIICHUIO 3a/1au YIIPABICHHUSI B TSOJIOTUH U HETernepepadoTKU B HEUETKON
cpene, KOTOPBIM MPU PELICHUH 33/1a91 MAaKCUMaJIbHO UCIIOJIBb3YET HCXOAHYIO HEYETKYIO
nHpopmarmo. HoBu3Ha mpeaaraeMoro moaxonia K MOCTAHOBKE W PEIICHUIO 3a/lauu
yIpaBieHHs] TPOLECCaMH T'e0JIOTOpa3BeIKu U mepepaboTKku HepTH B HEUETKOH cpene
3aKJIF0YAETCsl B MOBBILIEHUH aJC€KBATHOCTH MPUHUMAEMOIO PELIECHHS NMPaKTUYECKUX
3a/lad TeoJIOTUH U HedTenepepaboTKh HAa OCHOBE HCIIONB30BAHHS OIbBITA, 3HAHUS U
natyunuu JIIIP.

KioueBblie ciioBa: I'eomorust HedTH, reomoropasBenka, Mpouecc pUPOpPMHUHTa,
MPUHATHUSA PELIEHUH, HEYETKOE YIIPABIECHUE, 3BPUCTUUECKUIN METOJ, JIULIO, TPUHUMALO-
mee pemenue (JIIP), npuHIUne onTHManbHOCTH.

Introduction. In oil refining and other industries the chemical process systems,
where various physical and chemical processes take place, are referred to sophisticated
systems and are often characterized by many parameters simultaneously affecting
the process and by fuzziness of some of the source information. In this regard the
formulation and solving of the problem of controlling the modes of operation of such
chemical process systems in a fuzzy environment and improving their performance
based on fuzzy control systems are currently very relevant scientific and technological
tasks (Demin et al., 2016, Orazbayev et al., 2019, Gumen, 2018). To diversify and
further develop Kazakhstan’s economy it is necessary to increase the share of processing
industries, primarily oil refining and petrochemical industry. As it is known, one of the
most important processes of oil refining and petrochemical industries is the process of
catalytic reforming.

The catalytic reforming process is designed to produce high quality motor fuels
- high-octane motor road vehicle gasoline, household gas and raw materials for
petrochemical synthesis (Orazbayev, et al., 2022). A number of papers are known on
the development and improvement of modeling and control approaches for the catalytic
reforming process (Gumen, 2018, Orazbayev, et al., 2022, Panchenkov, 2018, Rubekin,
2018, Zhorov, 2017, Nazarova, et al., 2020). The following is implemented in the known
systems of the catalytic reforming process control: optimal temperature distribution at
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the inlet of reforming reactors (Rakhmetov, et al., 2022); optimization of process modes
of the reforming unit operation (Bekibayeyv, et al., 2022), catalyst quality control in the
stabilization unit of the catalytic reforming unit (Dzhambekov, et al., 2022); situational
control of the reforming process (Moldasheva, et al., 2022). These and other works
insufficiently study and solve the issues of modeling and optimization of the reforming
process in a fuzzy environment.

The research paper (Matveykin, et al., 2019) formulates the problem of controlling the
catalytic reforming process and develops the control system of the catalytic reforming
process with consideration of fuzziness. Whereas this work applies the well-known
Bellman-Zadeh principle to account for fuzziness of target and constraints. But various
production situations arising in practice require development of other approaches and
principles, which solve the problems of fuzziness more efficiently.

In this regard, the goal of this work is to set the problem of reforming process control
in a fuzzy environment depending on the given production situation and available
information and to develop a heuristic method for solving thereof with the involvement
of human operators-technologists. In this case operators-technologists are the decision
makers (DM) in the process control based on their experience, knowledge, intuitions
and preferences depending on the production situation.

To achieve the formulated goal the following research tasks are solved:

— formalization and mathematical formulation of the problem of reforming process
control based on reforming unit models under multicriteria and fuzziness conditions;

— development of a heuristic method for solving the formulated reforming process
control problem taking into account the fuzziness constraints;

— analysis and comparison of the results of fuzzy approach and non-probability
method for the solution of the reforming process control problem.

Research materials and methods. Materials for the study are experimental-
statistical data and expert information on the object of research - LG-35-11/300-
95 catalytic reforming unit of Atyrau oil refinery (AOR). This technological unit is
designed for production of high-quality gasoline with an octane number up to 95 points
as per research method and of hydrogen-containing gas (HCG) as well as for production
of aromatic hydrocarbons to be used as feedstock for petrochemical synthesis (Toleuov,
2018).

The basic criteria for reforming process control are maximization of the volume of
produced gasoline y, and HCG y, and improvement of gasoline quality indicators taking
into account the imposed constraints. Practically these criteria (quantity and quality
of gasoline) are contradictory in the area of efficient solutions. Since gasoline quality
indicators - octane number (3,); gasoline fractional composition, i.e., 10% distillation
(¥;)and 50% distillation (¥,)are not directly measured, but are determined with human
participation (DM), are not clearly expressed, for example, with the term «at least»
(2).Thus, the problem of reforming process control should be formulated taking into
account fuzziness and it is necessary to develop a heuristic method for its solution,
which would take into account and use the experience, knowledge and intuition of the
DM, his preferences when choosing any solutions.
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Since the problem of controlling the modes of the research object operation is
characterized by multi-criteria and fuzziness of constraints the methods of modeling,
multi-criteria optimization and decision making (Orazbayev et al., 2019:, Orazbayeyv,
et al., 2022, Nazarova, et al., 2020, Bekibayev, et al., 2022, Makhazhanova, et al., 2020,
Ospanov, et al., 2016), methods of fuzzy set theories and expert evaluations (Orazbayev,
et al., 2022, Dzhambekov, et al., 2022, Orazbayev, et al., 2020:, Turekulova, et al., 2022,
Jovanovic, et al., 2022, Gutsykova, et al., 2017) are applied for formulation and solution
of this problem in a fuzzy environment.

Results. In accordance with the goal and objectives of the study the following basic
findings were obtained:

Formalization and formulation of the problem of reforming process control based on
the models of the reforming unit under the conditions of multi-criteria and fuzziness.

Let F(x)=( f,(x), f,(x)) be the criteria vector evaluating the quality of the reforming
unit: the yield of gasoline f,(x) and HCG £,(x); ¢,(x) >b,,q =13 fuzzy restrictions imposed
on the quality indicators of gasoline: on the octane number “more than > 92”; fractional
composition according to GOST 2177-82 - 10% distillation «no higher than < 75»;
and 50% distillation «no higher than < 115» (Toleuov, 2018). The = sign denotes the
fuzziness of the constraints.

Each of the local criteria f(x),i=1,2 and constraints ¢,(X),¢=1.3 depends on the
vector of input, mode (controlling) parameters x=(X ,X,,X,,X,.,X,), where x — feedstock
flow rate; x,,x, and x, — respectively - the volume rate, temperature and pressure in the
reformer reactor P-4,4a; x, — H /feedstock ratio). Input, mode parameters used to control
the reforming process have their boundary values, which are set by the technological

regulations of the unit: x,eQ> X, X =[x x™] j=15, where x™",x™ — lower and upper

Jo27
limits of x,, j=15. parameters variation. These limits, variation intervals might also be
fuzzy (5,<,2).

A number of priorities of local criteria and a vector of importance of fuzzy constraints
is considered to be set or is defined.

Under such conditions it is required to determine and select such a mode of the
reforming unit operation, which provides the best value of the criteria vector under
the given constraints and fuzziness of some part of the source information and with
consideration the DM preference.

The formalized problem of decision-making as to control of the reforming unit
operation modes under conditions of multi-criteria and fuzziness can be written in the
form of the following decision-making problem:

ma}(xfl.(x),izl,Z, (1)
Xz{er, ¢q(x)§bq,q=L_3} 2)

Solution to this problem is a value of control vector X =(Xf ,x;,x;,xj,x; ), which
ensures such values of local criteria, which are acceptable for DM and ensure meeting
the fuzzy constraints conditions.
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Through applying and modifying the principles of the main criterion (MC, for
criteria) and Pareto optimality (PO, for constraints) for fuzziness, in general terms for
m criteria and L constraints we can obtain the following mathematical statement of the
decision making problem:

max 1, (), 3)

X = x:er/\arg(uS(x)Z,u;)/\

L L _ -
/\argm%xZﬂq,uq(x)/\Zﬁq:lAﬁqZO,i:2,m,q:1,L “
xe o o

where A —the sign of logical «and», which requires that all statements related thereby
are true; Y = (¥,....¥,,) and B=(pB,,....B,) — respectively are weight vectors
reflecting the mutual importance of the criteria and constraints; 41, (X), g =1,L —the
membership functions (MF) describing the degrees of fuzzy constraints.

2) A heuristic method for solving the decision-making problem of reforming process
control taking into account the fuzziness of constraints.

To solve the problem of decision-making as to control of operation modes of a multi-
criteria process with fuzzy constraints (3)-(4) a heuristic method of MC+PO is proposed,
which consists of the following main steps:

the DM shall define the main criterion and introduce a number of priority of local
criteria: I ={1,2,..,m}. Whereas the main criterion is assigned priority 1, the second most
important criterion - 2, etc.

If criteria are described by fuzziness a T(X.Y) — term set is defined for them and
membership functions are built up.

The term set describing fuzzy constraints is defined.

Membership functions are built up that estimate the degree of observing the fuzzy
constraints. p, (x),q=1L.

DM introduces the value of the weight vector of constraints §=(,....,3,), which takes
into account the importance of local constraints.

The task of criterion maximization with consideration of the imposed fuzzy
constraints is solved. Current solutions are determined: the value of the control vector

x(ug,B), providing the current values of the uj(x(B)), main criterion, values of other
criteria to be taken into account as constraints /(x(u’,p)), i =2,m and the degree of
observation of fuzzy constraints 1, (x),q=1,L.

The solution is presented to DM. If the current results are not acceptable to DM,
the B vector values and/or boundary values of local criteria are corrected by him, then
return to paragraph 2 is carried out in order to improve the solution. Otherwise go to
paragraph 8.

Searching for a solution is stopped, results of DM’s final choice are displayed:
values of control vector x'(B); which provides maximum value of main criterion ,(x’ ()
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, fulfillment of conditions of local criteria #(x"(4;.B)) i =2,m and maximum degrees
of observing the constraints yu, (x"(B)), ..., u;(x"(B)). To make decision making problem on
reforming process control in fuzzy environment more specific and convenient we accept
the following assumptions and designations.

Let /ix)=u(x) — be the normalized main criterion, i.e., the volume of produced

gasoline (catalyst). Suppose that membership function ¢,(0)>b,,4=13 of observing
a fuzzy constraint was built up for each fuzzy constraint describing the qualitative
parameters of gasoline 4 (%).,¢=13. We consider that either a priority row for the constraints
I, ={1,2,3}, or a weight vector reflecting the mutual importance of the constraints
B=(B.B,.B,) are known. As it has been already noted the criterion and constraints depend
on the parameters x, j=15. These dependencies describe the mathematical models of the
reforming reactor obtained in the research paper (Orazbayeyv, et al., 2022).

By modifying the MC and PO principles under the conditions of one criterion and
several fuzzy constraints we can write down the following mathematical statement of
the reforming process control problem in the form of a decision-making problem with
fuzzy constraints:

max (), 5)
3 3 J— 6
X:{x:er/\argt?Ezg(;ﬁquq(x)/\;ﬂq =1rpB, 20,q=1,3} (6)

In the obtained problem (5)—(6), since there is no special requirement for the HCG
output in production, the second criterion is neglected in order to simplify the problem.

To solve the given specific problem of decision-making on controlling the operation
modes of the reforming unit (5)—(6) we modify and apply the above proposed heuristic
MC+PO method based on involvement of the DM, i.e. his knowledge and experience
when choosing a solution.

The main stages of solving the problem (5)—(6) by applying the heuristic MC+PO
method:

1. Since there is one criterion under consideration, there is no need to define the main
criterion, a number of criteria and to assign boundary criteria for local criteria except for
the main criterion.

2. In the given task the 11o(X) criterion is clear, that is why T(X.VY) — term set for it is
not defined and membership function is not built up.

3. The term set is defined, which describes fuzzy constraints. By involving DM,
experts to describe fuzzy constraints the term set is defined: from terms «less», «more»
(for octane number) and «lower» and «not higher» (for fractional composition), and
also their derivatives which are received by means of various modifiers can be used.

4. The membership functions for observing the fuzzy constraints 1, (x),g =13 are
builtup. Onthe basis of research results the following membership functions for observing

the constraints are built up:  (x) = exp(82.0 |y, =95 |0‘78); 1,(x) = exp(72.0 | y3=170 |0'85)5
11,(x) =exp(110.0] y, 115 %)
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wherey,, y,, y, —are numerical values of fuzzy indicators of catalyst quality obtained
on the basis of =1 level set;

82.0, 72.0, 110.0 — parameters, which are determined at identification and determine
the fuzziness level at =0.5;

95, 70, 115 — parameters that determine the fuzzy variable that corresponds to the
selected term the most, for which the membership function takes the maximum value;

0.78, 0.85, 0.50 — coefficients for changing the area of definition of terms and the
shape of the graph of the membership function of fuzzy parameters.

5. DM has introduced values of weight coefficients of §=(8,,5,,5;), vector constraints,
which takes into account the importance of local constraints. In the process of solving
the given task at the 5th cycle the DM has introduced the following final values
p=06,p=02=02 je p=(0.60.2,0.2).

6. The problem of criterion maximization is solved, i.e. the problem of catalyst yield
max po(x) taking into account the imposed fuzzy constraints. The current solutions are
determined: x(B); u; (x(B)) and w (X(B)), 1, (X(B)), 15 (x(B)).

7. The solution is presented to DM. If the current results are not acceptable to DM,
the B=(B.5,,5,) vector values are corrected by him and the return to step 2 is carried out
to improve the current solutions. Otherwise, go to step 8.

8. The search for solution is stopped, the results of final DM’s choice are displayed:
values of the control vector X ' (B) criterion value and the degree of constraint
observation 1, (x"(B)), 1, (x"(B)), ;(x"(B)). The obtained best solutions acceptable to DM
after the 5th cycle of problem solving are recorded in Table 1 (see Table 1).

3. Analysis and comparison of results of fuzzy approach and non-probability method
of solving the problem of reforming process control.

The final, best results of solving the given specific decision-making problem of
modes control acceptable to the DM obtained on the basis of the heuristic method, the
results obtained on the basis of the non-probability approach and the real data obtained
from the production under these conditions are provided in Table 1 for the purpose of
comparison.

Table 1 - Comparison of the results of solving problem (5)-(6) based on the proposed heuristic method,
non-probability solution method (Zhorov, 2017) and real production data

Non- Proposed Real
Criteria and constraints probability | heuristic method | data
method (MC+PO) (AOR)
Gasoline yield — criterion ¥, = f,(x), m*/hour 77.0 79.0 78.5
Gasoline octane number, ¥, =@,(X) 85 86,5 (86)'
Fractional composition of catalyst;
10% distillation, °C, , = ¢,(x); 70 70 (70)"
50% distillation, °C, Vs = 93(X) 115 114 (114y
Membership function of observing fuzzy constraint 1, 4 (x"(B) ) 1.0 -
Membership function of observing fuzzy constraint 2, #(x (B)) ; 1.0 -
Membership function of observing fuzzy constraint 3, 3 (B ) 0.98 .
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Optimal  values of input, mode-based parameters
* * * * * *
X =(X),X,,X,,X,,X5):

x, — feeding rate of raw materials, m*hour; 80 80 80
X, — volumetric velocity in reactors, hour'; L7 1.3 L5
x; — temperature in reactors P-4,4a, °C; >00 493 495
X, — pressure in reactors P-4,4a, kg/cm?; 26 25 25

415 400 400

*s — hydrogen/hydrocarbons ratio

Note: MF — membership function; ()' means that the corresponding qualitative
indicators are not measured directly, they are determined by a laboratory method with
human participation; (-) means the corresponding indicators are not determined by this
method. The time for finding a solution in the compared methods is almost the same:
about one minute taking into account the time of entering or correcting the required
data.

Discussion. In the formulated decision-making problem, the fuzzy constraints
¢,(x)>b,,q=13 allow to take into account the qualities of gasoline (octane number and
fractional composition) in the process of maximizing the volume of gasoline produced.
In case of fuzziness of criteria or weight coefficients for them it is necessary to define
a term set and build membership functions that allow to take into account fuzziness
thereof. In the proposed formulation of the control problem (5)-(6) in form of a decision-
making problem the criterion is presented in normalized form. This allows to ensure
convenience of applying fuzzy sets methods, since the criterion as well as membership
functions take value in the range of [0, 1]. The criterion value is determined on the
basis of mathematical models of the reforming reactor, which models are built up with
consideration of the fuzziness of the source information (Orazbayev, et al., 2022).

As aresult of the analysis of the results shown in Table 1 the following can be noted:

— the proposed heuristic method is more efficient in comparison with the non-
probability method;

—when solving the control problem on the basis of the proposed method the adequacy
of solving the operational problem increases, because additional qualitative information
(experience, knowledge of the DM, experts) is taken into account, which describes the
real situation more fully without idealization.

— the proposed and applied heuristic method allows to determine and take into
account the degrees of observing the fuzzy constraints.

The proposed heuristic method based on modification of the main criterion and Pareto
optimality principles is applied more efficiently in case of possibility to determine the
main criterion and to apply Pareto optimality principle (number of objects in the range
of 7£2). In other situations it is recommended to set and solve the problem on the basis
of other principles of optimality, which are more suitable for the current production
situation.

Conclusion. The task of reforming process control under the conditions of fuzziness
of some part of source information has been formulated as a problem of decision-
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making in a fuzzy environment. In order to solve the formulated problem of control
under the conditions of multi-criteria and fuzziness on the basis of modification of the
main criterion and Pareto optimality principles the heuristic method has been developed.
The developed heuristic method is based on involving DM, i.e. applying his knowledge,
experience and intuition in the decision making process as to reforming process control.
As a result of the conducted research the following main results were obtained:
the mathematical formulation of the problem of reforming process control based
on reforming unit models under multi-criteria and fuzziness conditions was worked out
and obtained;

a heuristic method has been developed for solving the decision-making problem as
to reforming process control taking into account fuzziness of constraints;

the analysis and comparison of the results of the proposed fuzzy approach and
non-probability method for solving the reforming process control problem have been
carried out; the efficiency of the proposed heuristic method for solving fuzzy production
problems has been shown.

The novelty and advantage of the proposed fuzzy approach to solving the problem
of control in fuzzy environment lies in setting and solving the problem in fuzzy
environment without replacing the original problem with clear equivalents. As a result
of full application of the original, collected fuzzy information the adequacy of solving
production problems in fuzzy environment is significantly increased.

To a disadvantage or limitation of the proposed heuristic approach to solving the
problems of decision-making we may refer the need to involve DM, experts in the
process of collecting, processing of source fuzzy information. But this problem is easily
solved when there are experienced DM, subject matter experts involved, which is often
the practical case at many operating facilities.

The Science Commiittee of the Ministry of Education and Science of the Republic
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system for controlling the operating modes of the catalytic reforming unit.
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