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2 Clarivate
Analytics

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

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

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

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

FplabiMu XaTiibl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28
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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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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
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Zh. Moldasheva'’, K. Orazbayeva?, Zh. Abduguloval, B. Utenova?,
Sh. Kodanova?

'L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan;
?Esil University, Nur-Sultan, Kazakhstan;
3Atyrau Oil and Gas University, Atyrau, Kazakhstan.
E-mail: zhadiral985@mail.ru

METHOD OF DEVELOPING MODELS OF CHEMICAL AND
TECHNOLOGICAL SYSTEMS OF OIL REFINING UNDER
UNCERTAINTY

Abstract. At present, many complex technological systems of oil refining
and other industries are characterized by uncertainty due to the probabilistic and
fuzzy nature of the initial information, which creates problems in developing
their mathematical models and optimizing their operating modes. In this regard,
the development of models and optimization of their modes of operation of such
systems is an urgent scientific and technical problem. This paper proposes and
a new and effective approach to the development of a system of mathematical
models and the modelling of processes for oil refining, which uses various types
of data, for use in conditions of uncertainty brought about by the random nature
and fuzziness of input data. The idea and originality of the proposed method lye
in the fact that, from the beginning, according to the research results for each unit,
and based on the data which has been gathered and the selection criteria, a model
is constructed for each unit. Then, in order to model the process as a whole, the
models which have been developed are combined to form an integrated system.
The method which has been developed has been successfully implemented in the
construction of a system of models for the main units of the catalytic reforming
installation LG-35-11/300-95 at the Atyrau Refinery. A comparison of existing
results, with the results of modelling using the proposed method, and also with
experimental data from the LG installation at the Atyrau Oil Refinery shows the
effectiveness and advantages of the proposed approach to modelling for complex
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inter-dependent technological processes. The structure for a system of computer
modelling and optimisation for working regimes for technological processes in
the oil industry based on the mathematical modelling of their functioning has
been proposed.

Key words: Mathematical modelling, computer modelling and optimisation,
technological facilities of the oil industry, reforming plant, theory of fuzzy sets,
membership function, (DM) - decision maker.

KK, Moanamesa'’, K.H. Opa3oaesa®, ’K.K. Aoayrymnosa', b.E. YTeHoBa’,
III.K. Koxanosa®

ULLH. T'ymuneB atsinaarsl Eypasust YITTBIK YHUBEPCHUTETI,
Hyp-Cynran, Ka3akcran;
*Ecin ynuBepcuteri, Hyp-Cynran, Kazakcran;
3C. OrebaeB aTbIHIAFbl ATBIpAy MYHall )KOHE I'a3 YHUBEPCUTETI,
Atsipay, Kazakcran.
E-mail: zhadiral985@mail.ru

AHBIKCBI3IBIK KAFJANBIHIA MYHAI OHJIEY XUMUSLIBIK-
TEXHOJIOTHSIJIBIK )KYWEJEPIHIH MOJEJIBIEPIH KYPY

AnHoranusi. Kazipri yakeiTTa MyHail eHJIEY XoHE Oacka Ja cajajapblH
KONTEreH Kypzell TEXHOJIOTUSUIBIK JKyHenepl OacTanksl aKnapaTrThlH Ke3len-
COKTBIFbl MEH alKbIHCHI3/IbIFbI CUIIAThIHA OAMIaHBICTHI AHBIKCHI3ABIKIICH CHUIIAT-
Tanajasl, OyJ jKariail olapJblH MaTeMaTHUKAJIbIK MOJAEIBJIEPIH Kypyda >KoHE
KYMBIC pEXHUMEpIH ONTUMHU3ALMsUIayaa mnpobneManap Tyablpaabl. OcbiFaH
OaliTaHbICTBI MYHAAW KYWEIepAiH MOJENbIACPIH KYpy JKOHE OJapAbIH KYMBIC
PEKUMACPIH ONTUMHU3AIMIIAY ©3€KTI FBUIBIMHU-TEXHUKAIBIK MOceie OOJIBII
ecenreneni. byl J>KyMbICTa Ke3JACHCOKTBIK KoHE aWKBIHCHI3JBIKKA Oaiina-
HBICTBI TYBIHAAUTBIH aHBIKCBI3BIK JKaFlalbIHAA TYPJIl JEpeKTep MEH aKnapar-
Tap/bl Naianany apKblUibl MyHall ©HJEY TEXHOJIOTUSJIBIK XKYHEIepiHiH MaTe-
MaTHKaJIBIK MOJENBACP JKYHECIH Kypy >KOHE MOJENbICY YUIIH THIMAI TOCUI
YCBIHBUIA/Ibl. ¥ CHIHBIIATBIH TOCUIAIH HJESACHl MEH EpEeKIIENIri MbIHAga: TeX-
HOJIOTHSUTBIK JKYHEHIH opOip arperarbiHa 3epTTey HOTHDKEIEpiHe COHKec jKoHe
KMHAKTaJFaH aKmaparrap MEH TaHAdy KpUTEpHUilIepiHe CyleHe OTBIPHIM, dp
aroperatka KYpbUIybl MYMKIH >KOHE THIMJI MOjeNb Kypbuianasl. ComaH KeiiH
KyHese eTeTiH TeXHOJIOTHSIIBIK TPOLIECT] TYTAacTail MOJeINb/ey YIliH KYpblIFaH
Mozenbaep Oip skyiere (Monmenbaep mnakerine) Oipiktipineni. YKacakranral
Tocin Ateipay MyHail eHuey 3aybIThiHAa JII-35-11/300-95 karamuTukambIk
PUGOPMUHT KOHIBIPFBICHIHBIH HETI3T1 arperarTapblHbIH MOJENbJIEP JKYHeCiH
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KYypyAa CoTTI KOJNJaHbUIFaH. benriiai Mozpenbaey HOTHXKeNepl MEH YChIHBUIFaH
MOJIENIBCY TCLIl HOTHKETIepiH, COHIali-aK AThIpay MyHai eHIey 3aybIThIHAaFbl
JI' xaranuTuKaidblK pPUGOPMUHT KOHABIPFBICBIHBIH TOXKIPHOENiK JIepeK-
TEpIMEH CaJBICTBIPY KYpIeli e3apa OaillaHBICKAH aroperarraplaH TYpaThiH
TEXHOJIOTHUSIIBIK KYHeNepAl MOJEeNbACYre YCHIHBUIFAH TOCULMIH THIMIUIIT
MEH apThIKIIBUIBIKTaphlH KepceTeni. Kypbuiran Moaenbaep Herizinae MyHai
OHEPKCIOIHAET] TEXHOIOTUSJIBIK KYHETepIiH KYMBIC PEKUM/IEPIH KOMITBIOTEP-
JIK MOJIENbJICY JKOHE ONTHUMU3ALMUSIIAY KYHECIHIH KYPbUIBIMbI YCHIHBIIIBI.

Tyiiin ce3nep: MaremMaTuKaiblK MOACIBICY, KOMIBIOTEPIIIK MOICTIBACY KOHE
ONITUMH3AIHSIIAY, MYHAH OHEPKICIOl TEXHOIOTHUSIIBIK HBICAHIAPbI, pUGOPMHHT
KOHIBIPFBICHI, alKbIH €MeC KHUbIHAAP TeOpUsChl, TUITUTIK QyHKIusAckL, (ILIKT) —
HIETIM KaObUTTAWTHIH TYJIFA.
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METO]I PA3PABOTKH MOJEJIEIl XUMUKO-
TEXHOJOTMYECKUX CUCTEM HE®TENEPEPABOTKH B
YCJIOBUSAX HEOIMPEJAEJEHHOCTH

AHHoTanusi. B HacTosmye BpeMsi MHOTHE CIIOKHBIE TEXHOJIOTHUYECKUE
cucTeMsbl HeprenepepabOTKU U APYTUX OTpaciieil XapaKTepHu3yoTcsl Heonpeae-
JIEHHOCTBIO HM3-3a BEPOATHOCTHOIO M HEUYETKOIO XapakTepa MCXOIHOU
nH(pOPMAaLIH, YTO CO3JaeT MPOOIEMbI pa3pabOTKH UX MaTEMaTHUECKUX MOJIeNen
U ONTHMHU3ALMHU UX PEXKUMOB paboThl. B 3Toii cBsi3u pa3paboTka Mojeneil u
ONITUMH3AINN UX PEKUMOB PAOOTHI TAKUX CUCTEM SIBIISIETCS aKTyaJIbHOW HAyYHO-
TeXHUYEeCKoW mpobiemoil. B manHo#l pabore mnpemaraercss 3PQPeKTUBHBIN
MOAXOJ K CO3JaHUI0 U MOJCIMPOBAHUIO CUCTEMBI MaTeMaTHYECKUX MOJIENIEH
TEXHOJOIMYECKUX CHCTEM HedTenepepaboTKU C MCIIOIb30BAHUEM DPA3JIMYHBIX
JAHHBIX ¥ MH(OpPMALUU B CIIyyasiX HEOINPEeIEHHOCTH U ciy4aiHocTu. Mnes
1 0COOCHHOCTb MpeAIaraeMoro moaxo/ia 3aKJII04aeTcsl B TOM, YTO cHavasa s
Ka)XJIOTO arperara TEXHOJIOTUYECKOM CHCTEeMBbl pa3pabaThiBaeTCs BOSMOXKHAS U
a¢deKTUBHAS MOJENb TI0 Pe3yJIbTaTaM UCCIICOBAHUS U Ha OCHOBE COOpPaHHOM
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MH(GOPMALIMU U KPUTEPUEB BHIOOPA. 3aTeM CO3AaHHBIE MOAETH O0bEAMHSAIOTCS
B OHYy cUCTeMY (IIakeT MOJeNel) [UIsl MOZIEINPOBAaHUSA TEXHOJIOIMYECKOTO
rpoiiecca, IpPOTEKAIIIETr0 B CUCTEME arperaroB. Pa3zpaboTaHHbIA MOIX0A ObLI
YCHEIIHO NPUMEHEH IPH CO3JaHUM CUCTEMbl MOJEJIEH OCHOBHBIX arperaros
YCTaHOBKHM KaTainuTudeckoro pudopmunra JII-35-11/300-95 Arteipayckoro
HedrenepepabdarpiBaroriero 3aBoga. CpaBHEHHE U3BECTHBIX PE3YJIbTaTOB MO/Ie-
JIMPOBAHUS U PE3YJABTATOB IIPEIJIAaraeMoro Noxo/1a K MOJIETMPOBAHMIO, & TAKIKE
C DKCTIIEPUMEHTAIBHBIMU JTAHHBIMU YCTAHOBKU KaTaTUTUYECKOTO PUPOPMHUHTA
JI' ma Ateipayckom HII3 mokaspiBaeT >(pQPEKTHBHOCT M IPEUMYIIECTBA
IpeiaraéMoro Iojaxojna JUisi MOAEIUPOBAHUS CIOXKHBIX TEXHOJIOTHYECKUX
CUCTEM, COCTOSIIIMX W3 B3aUMOCBSI3aHHBIX arperatoB. Ha ocHOBe cO31aHHBIX
MoOJIeNIel MPeIokKEHA CTPYKTYpa CUCTEMBbI KOMITBIOTEPHOTO MOJEIMPOBAHUS U
ONTUMHU3AINU PEKUMOB PaOOThI TEXHOJIOTHUECKUX CUCTEM HE(PTIHOM OTpaciu.

KuroueBble c10Ba: MaTeMaTH4ECKOE MOEIMPOBAHUE, KOMIIBIOTEPHOE MOJIE-
JTUPOBAHUE W ONTUMH3AIMUS, TEXHOIOTHYECKHE OOBEKTH HE(DTSIHON MPOMBIIII-
JICHHOCTH, YCTAHOBKAa PH(OPMHUHTA, TEOPUS HEYETKHX MHOXECTB, (DYHKIHS
npuHaIIe)KHOCTH, JITIP — nmuio, npuHMMaroniee penieHue.

Introduction. Some of the main problems in the development of production
are related to the intensification of production and the raising of the quality and
efficiency of technological and industrial processes. One of the most promising
ways of solving these problems involves the raising of the efficiency of the
control of industrial installations, based on the use of scientifically based methods
for the working out of and taking decisions using appropriate mathematical
tools and computer technology. Such problems, related to the raising of the
efficiency and quality of the working of technological processes are actively
discussed in scientific and technical literature (Tanirbergenova et all., 2021: 242
— 258, Nguyen et al., 2021:26). There is a current series of papers on methods
for mathematical modelling and control of technological processes in the oil
refining industry (Dmitrievsky et all., 2018:136-145., Orazbayev et all., 2020:
1235-1241). However, there is a class of objects, various industrial situations
and their control tasks, the formalisation and solution of which, within the
limits of traditional approaches, cannot be obtained or do not give meaningful
results. Such objects and tasks may include production systems functioning in
conditions of uncertainty connected to the randomness and fuzziness of input
data, and the problems of the formalisation and solution of the task of modelling
and optimisation of their working regimes for various industrial situations. In
addition to the fuzziness of input data, the solution of these tasks is complicated
by the complexity and multi-criterial nature of the objects being controlled
(Orazbayev et all., 2021: 498-507., Orazbayev et all., 2020: 4736).
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In connection with the complexity or impossibility of measuring a range
of parameters and indicators, many technological and industrial processes
are difficult to describe quantitatively, which hinders the use of deterministic
mathematical methods for the modelling and optimisation of their working
regimes. This has led to the appearance of new methods for the formalisation and
solution of the tasks in question, which rely on fuzzy data provided by the person
making the decision (the Decision Maker, DM) and experts and specialists in the
form of their understanding of the functioning of the object, taking into account
their preference in the decision-making process (Orazbayev et all., 2021:147—
182).

The successful solution of the problem of modelling and the task of multi-
criterial optimisation, which arises in the control of industrial objects in conditions
of uncertainty and fuzzy input data, requires the development of a methodology
for the construction of mathematical models for technological objects in these
conditions and the development and further improvement of a method for the
formalisation and solution of the task of their modelling and optimisation in a
fuzzy environment, together with the development of algorithms and programmes
to implement these methods using modern computer technology. Such problems
are the subject of research in this paper.

Oil refining is essentially the totality of the physical and physio-chemical
processes, including processes to prepare the crude oil for refining as well
as primary and deep refining of oil and oil products (Zhumadillayeva et all.,
2020:11) which takes place in oil refineries. Various technological processes in
the oil refining industry are carried out in custom-built assemblies. In industrial
conditions the end products from the process are usually obtained in a set of such
technological assemblies (installations), which include various inter-dependent
assemblies, for example heaters, reactors, rectification columns, heat-exchangers
and others.

Questions relating to the efficient control of technological processes for oil
refining, and their optimisation according to economic and ecological criteria
using mathematical modelling, have generated a lot of interest in recent times.
In this connection, much research has been started aimed at resolving these
issues (Orazbayev et all.,2021:147-182., Yang et all., 2022:988., Sansyzbay et
all.,2019:1124).

For effective research and the optimisation of processes and the units used in
oil refining, it is necessary to construct for them mathematical models which take
into account the nature and state of the process, its type, and other peculiarities
of the object. Since technological installations in the oil refining industry are
made up of a complex set of inter-dependent assemblies, it becomes necessary
to develop a package, ie a system of models, which allow for system simulation
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of the object to be carried out. Furthermore, issues of multi-criteriality and
uncertainty often arise in industrial installations for oil refining, and these make
it harder to construct the necessary mathematical models and optimisation
algorithms.

Issues relating to the development of a package of inter-dependent models
(system simulation) for complex technological installations, such as are required
for oil refining, and methods for the optimisation of their working regimes in
conditions of multi-criteriality and uncertainty caused by the fuzzy nature of
input data, are some of the least researched problems in scientific research and
literature and remain and not fully resolved. In this connection, the development
of effective methods for the mathematical modelling of technological objects
and processes in the oil refining industry in a real-life environment which is
often characterised by uncertainty, using computer technological, is one of the
most pressing scientific and practical issues in the field of oil refining.

A formal mathematical description includes the totality of the dependencies
by which the various parameters of the object and process are related in one
integrated system of equations (Orazbayev et all.,2019:1124). These relationships
may include formulae reflecting general physical laws (for example the laws of
mass and energy) and equations describing elementary processes (for example
reciprocity or physio-chemical transformations). Furthermore, the mathematical
description also includes various empirical and semi-empirical dependencies
between the various object parameters, the theoretical form of which is unknown
or exceedingly complex, and also fuzzy dependencies and formulae which have
been derived from the knowledge and experience of specialists and experts in the
form of logical rules for a provisional conclusion.

It is generally accepted that, in order to model complex technological
processes in conditions of uncertainty resulting from the stochastic nature of the
process, a method based on probability theory and mathematical statistics is used
(Orazbayev et all., 2019:653-664). However, the uncertainty may be caused by
the fuzzy nature of available input data, and in such cases the uncertainties do
not always behave according to the assumptions of probability theory, that is the
use of probabilistic methods is not justified. Furthermore, even if it is possible to
describe the processes and systems using probabilistic methods, due to the lack
of, complexity of and economic non-viability of gathering reliability statistical
data, it becomes necessary to describe and construct non-statistical, for example
fuzzy models of actual installations and processes. In this regard, one of the most
promising approaches is the use of methods based on fuzzy set theory.

In order to provide for the high-quality analysis of actual technological
installations and systems, approaches are required, for which a high level of
accuracy and strict mathematical formalism are not absolutely necessary. The
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problem of uncertainty due to fuzzy input data can be solved in the investigation
and modelling of complex technological objects by using fuzzy mathematical
tools. In such a way, it then becomes necessary to develop a generalised method
for the construction of mathematical modelling and the modelling of complex
technological objects which are functioning in various types of conditions of
uncertainty.

Research materials and methods. Technological installations in the oil
refining industry consist of several inter-dependent technological assemblies.
For that reason, for research into the maintenance of a technological process in
an effective regime, it is necessary to have related mathematical models of the
assemblies, which have been constructed using a systems approach. These models
should allow for the forecasting of the influence of the assembly parameters on
the processes taking place within them, on the transient and end products and on
the working of the installation as a whole. In order to draw up a mathematical
description of the relationship of the parameters of the object in which we are
interested, usually the combination of various types of data is used:

- theoretical understanding of the nature and character of the process taking
place in the object;

- bench mark statistical data, characterising the functioning of the system
being analysed;

- data from expert evaluations, including fuzzy data, qualitatively describing
the state of the object.

The main approaches to the construction of mathematical models for
technological objects and processes are: theoretical, experimental-statistical, an
approach based on a fuzzy set theory method and a combined approach.

We are considering the main types of mathematical models obtained on the
basis of the above-mentioned approaches and used in the analysis and control of
technological systems for industrial installations.

Deterministic Models for technological assemblies and processes are
developed on the basis of abstract models of the structure of the system being
described and the regularity of the behaviour of its individual sub-systems, that
is, these models are constructed based on a theoretical approach, using equations
describing each of the processes which takes place in the given type of object.

In industrial conditions, when a large number of parameters simultaneously
influence the state of the technological units, random effects play an important
role. In order to describe such assemblies, we can consider any actual process
which has intrinsic random fluctuations, for example, caused by the physical
instability of any factors x,(r) or external random variations. Thereby, in the
case of an even mean value of the input characteristic x(r) at the instants 7, and
7, the output parameters ¢ 5(7) will be distinct, therefore, for such stochastic
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(probabilistic) processes, where random fluctuations of Ax,(r) in comparison with
x,(r) and random external variations ¢ i(T) must not be ignored, it is necessary
to characterise the system taking into account statistical laws for the assignment
of instantaneous values y(r) relative to the average value y, (r) of the equation:

¥(@) =y, +&(7)= f(1,,)+ &E(Ax,€) (1)

Models of type (1), reflecting the random nature of the object’s parameters
and other factors, are known as stochastic (Orazbayev et all., 2019:182-194)
models. As the value of parameters Ax and & in equation (1) are reduced, the
structure of the equation continuously approaches that of the equation = f(x),
which describes a deterministic system. In other words, statistical models are a
broader class of models and include deterministic models as an extreme special
case, for which the output variables y are unequivocally determined by input
variables Xx.

One of the most promising approaches to the surmounting of this problem,
which substantially raises the effectiveness of methods for mathematical
modelling and control of technological objects in oil refining which are complex
and difficult to describe quantitatively, is based on the use and formulation of a
priori qualitative data relating to the peculiarities of the functioning of the objects
in question. The effective formulation of qualitative data involves knowledge
and the opinion of experts and specialists about the object being studied, and
may be implemented based on methods using fuzzy set theory and mathematical
tools which are described in research papers (Toloo et all., 2022:1796).

We are considering here technological objects for which the construction of
mathematical models is hindered, on the one hand, by a high level of a priori
uncertainty and lack of data relating to its processes, and on the other hand by the
fact that input and output variables are, by nature, diffuse and fuzzy. However,
a person, an operator, is able to control them, based on several models of a
qualitative character, formulated according to his knowledge acquired in the
process of study and observance of the functioning of the object in question. It
is possible to obtain a formalised model for such an assembly without having
to recourse to the use of complex mathematical structures, based on the ability
of the person to express its essence in fuzzy terms using natural language. The
simplest model of this type can be expressed as “if ¥ is given at the system
input, then at its output we get 7,7, where % and 7, are terms from the term set
T(X,Y). Further, using fuzzy set theory methods to process the qualitative data
which has been obtained, we derive a quantitative value or model for the object,
for use in its optimisation and control.

In this way, using mathematical tools based on fuzzy set theory, we are able
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to construct simpler and more effective models and algorithms for optimisation
to use in the control of technological installations in conditions of uncertainty,
when the use of traditional approaches is not justified or not possible.

Results. Using the results of research into the construction of mathematical
models for complex objects and based on the methodology of fuzzy set theory and
methods of expert evaluation, the following general method for the development
of mathematical models and modelling for technological installations in the oil
refining industry using various types of data (theoretical, statistical, fuzzy) is
proposed. The general method, which has been developed, for the construction of
mathematical models for technological installations in conditions of uncertainty
based on the use of various types of data is made up of the following main steps:

1. Study of the technological system which is made up of inter-dependent
units, determination of the objective of the modelling;

2. Determining the criteria for evaluation and comparison of the models
which can be constructed for process elements, taking into account the objective
of the modelling;

3. Expert evaluation of possible models for each unit of the industrial
installation, according to the chosen criteria, and selection of the optimal type of
model for each unit according to the sum of the criteria;

3.1. If the theoretical data for the description of the working of any particular
unit is sufficient and according to the sum of the criteria a deterministic model
1s found to be efficient, then deterministic models are constructed for the unit in
question, based on analytical techniques;

3.2. If the statistical data for the description of the working of a particular
unit is sufficient or the gathering of such data is possible, and at the same time
according to the sum of the evaluation criteria and comparison, a statistical the
model is found to be efficient, then statistical models are constructed for that
unit, based on experimental and statistical methods;

3.3.Ifthe theoretical and statistical data is not sufficient to describe the working
of any particular unit and the gathering of such data is not practicable, but the
gathering of fuzzy data describing the working of the unit and its processes is
possible, and also according to the sum of the evaluation criteria and comparison
the fuzzy model is efficient, then, fuzzy models are constructed for the unit in
question, based on the fuzzy set theory method. To do so continue to step 4;

3.4. If theoretical and statistical data and fuzzy expert data is not sufficient to
describe the working of any particular unit and it is not practicable to gather such
data, then combined models are constructed for the unit in question, based on
the combination of various types of data which has been gathered (theoretical,
statistical, fuzzy). For a description of the various parameters of a particular unit,
depending on the type of data, proceed to step 3.1-3.3 or 4;
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4. Determination and selection of the fuzzy input X, € ZH i=Ln and
output ¥, € B;, j =1,m parameters required for the construction of the model.
ZT e X, Ej €Y — fuzzy subsets, X,Y — universal sets. Input parameters may be
non-fuzzy (deterministic) i.e., x, € X, i =L n;

5. If x, € X, ie. the input parameters for the unit are deterministic (non-
fuzzy), then structures are determined by fuzzy multi-regression equations
V= fj.(xl,...,xn,a’o,ci,...,cil), J=1,m (using diffraction analysis identification
to solve the equations);

6. Data is gathered to describe the object being investigated based on the
expert evaluations and the term-sets for the fuzzy parameters T(X,,Y ;) are
determined;

7. The membership function for the fuzzy parameters s, (%), H ()7].) is
constructed;

8. If the input and output parameters of the unit are fuzzy, then a fuzzy
flmction, R, is formalised, which determines the relationship between Xi and
Y ;,1.e. a linguistic model is constructed. In which case proceed to step 10;

9. Ifthe conditions of step 5 are fulfilled, then the value of the fuzzy coefficients
(do,a,...,a,) identified in step 5 of the model, ¥, are determined (parametric
identification is used to solve the equation). In which case proceed to step 11;

10. If the conditions of step 8 are fulfilled, then the fuzzy values of the unit
parameters are determined based on the principle of composite output, and their
numerical values are determined from among many fuzzy solutions;

11. The adequacy of the model is checked. If the adequacy criteria are fulfilled,
then the models which have been developed are recommended for investigation
and the determination of optimal working regimes for the technological processes.
Otherwise, the reason for the inadequacy is ascertained, and it is necessary to
return to the corresponding step in order to resolve the issue and ensure the
adequacy of the model.

We would also like to give some clarification of the steps in the method
proposed above for the construction of mathematical models of systems processes
in conditions of uncertainty.

In the 3" step, the model is evaluated according to the chosen criteria by expert
evaluation of each possible type of model for each unit of the technological system
and taking into account the results of the evaluation (for example by means of
summing the grades which have been awarded, expert evaluation), for each unit
of the system, the type of mathematical model which is the most effective for
the unit in question is determined. The results from this step have been laid out
clearly in a table. (see Table 1). Sub-steps 3.1 and 3.2 of step 3 are carried out
based on known methods for the development of deterministic and statistical
models. Sub-step 3.3 is carried out based on methods for the construction of
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fuzzy models using methodology from fuzzy set theory and methods of expert
evaluation. In the implementation of sub-step 3.4 the combination of various
types of data (theoretical, statistical, fuzzy) is used and combined models are
constructed.

In step 4, depending on the required accuracy of the models being developed,
linguistic, fuzzy parameters (variables) are selected, which describe the qualitative
functioning of the object being modelled. For convenience, the variation ranges
for the fuzzy descriptive parameters are given in the form of intervals, showing the
minimum( x™" ™ )andmaximum(x™ , y"™)values. Theseintervals,depending
on the opinion of specialists and experts, are subdivided into several sampling
intervals (quanta): x;" —x <x <. <xp =X T —yl <y_ <..<y/ =y’

In order to determme the structure of the fuzzy multiple regression equations
(step 5) an approach based on fuzzy regressional analysis can be used. In this
step, the determining factor is a qualitative analysis of the object, as a result of
which the main parameters which influence the functioning of the system and
their inter-dependencies are obtained, and a method for the identification of the
model structure is determined. In general, fuzzy models are constructed in the
form of fuzzy multiple regression equations.

In step 8, in order to construct a linguistic model for the object, we can use
logical rules for a conditional output. The linguistic model for the object is
constructed according to the results of the processed expert data. For convenience
it can be formulated in the form of a table, where the various values of input
parameters X: and the possible values of the output parameters ¥, accordingly,
are shown verbally (in fuzzy form). The table should be completed with the use
of the term sets, chosen in step 4. Based on the model obtained in this way, the
fuzzy expression R, which determines the relationship between, and input and
output parameters is formulated.

Fuzzy expressions for the quantum p can be determined in the following
way: R?=4"oB’. For the convenient assessment of the fuzzy expression
Ry in calculatlons it is necessary to construct a matrix of fuzzy relationship
uR,_,_( %.7,) for example, in general for the sampling intervals (quanta):
gt 5.5 )= win | (5 )y (5, b =T, j = Tom

In order to determine the evaluation of the parameters of the function chosen
instep 5, in step 9 it is possible to use the minimisation criterion for the deviation
of the fuzzy value of output parameter y;, which has been obtained using the
model, from its selected fuzzy value, obtained on the basis of expert evaluation

ywle R, man(yﬂ yﬂ)

In this step, the main issue is that of selection of the means of evaluation
of the unknown parameters which provide for the necessary behaviour of the
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object being studied. In so doing, fuzzy models are represented as fuzzy multiple
regression equations:

n n n
V=g, + 2 A + DD @y, = 1m
i=1

i=1 k=i

Step 10 of the proposed method for the construction of mathematical models
for technological processes in conditions of uncertainty involves the application
of the compositional inference rule: B, = 4, o R,

With the help of this rule, it is possible to calculate the output variables, for
example, based on maximising production:

3 (¥;) =max {min[ uf (x), ug (5.5 )

If Xi is the measure (expert evaluation) of the values of input variables,
then the desired set which belongs to the current measured value of the input
variables is determined as a set, for which the measured values have the highest
(maximum) degree of membership: 4, (J?l) =max /L, (17, )

The expected values of the output variables (fuzzy values) are determined in
the form of the appropriate membership function ;.2 (yi) (2).

Results of the Practical Implementation of the Proposed Method and
their Discussion. Mathematical models for the reactors P-2, P-3, P-4,4a of the
reforming unit of the installation have been constructed using statistical data and
expert information which has been processed using fuzzy set theory methods,
and also using material and heat balance equations.

As a result of the gathering and processing of experimental-statistical and
expert data, and at the same time using the idea of the progressive inclusion of
regressors (Yang et all., 2022:988) based on the method for the construction
of mathematical models for technological objects in conditions of uncertainty
proposed above, the structural identification of models for the reactors of the
reforming installation has been carried out, in the form of multiple regression
system equations (4)—(7) and a system of multiple regression fuzzy equations

(8): 5 5 5
Yr2 = 4y +Zaixi + Zzaikxixk> 3)
i=1

i=l k=i

5 55
Voo =0+ Y+ 23 apn, @
i=1

i=l k=i

5 55
YRaaa =G + Zaixi +Zzaikxixk7 %)
i=1

i=l k=i
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5 5 5
Yy = aoj +Zaijxu Zz '1\7 TRIEN (6)
i=1 i=l k=t

5

5.5
+Zc7,.jx,.j +Zza’wx,.jxkj, j=3 (7)

i=1 i=l k=i

where Yr2» Vr3» Vraaa are the catalyst volume at the output of reactors P-2,
P-3 and P-4,4a accordingly; v,/ =12 are the volume of dry gas and water-
containing gas (WCG) accordingly; y,, j= 3,7 are the qualitative indicators
of the catalyst: the octane number (is no less than 86 according to the motor
method); the fractional composition (¥, -10% distillate 5 on, no less than 70°C,
Vs - 50% distillation, no more than 115°C); saturated vapour pressure (Vs is
no more than 500mmHg); the resin content per 100ml of petroleum ( y, is no
more than 5.0 mg); x, is the raw hydrogenation product at the output of the
hydro-treatment unit in m*/hour; x, is the volumetric flow rate in hours™; x, is the
temperature of reactors P-2, P-3, P-4,4a in °C, x, is the pressure in reactors P-2,
P-3, P-4,4ain kg/cgz; X, 1s the ratio H,/raw material (crude), H/m?; I and
dy; »d; 50y, ,i,k =15 are the regression coefficients which are bemg identified
("1 is the symbol indicating uncertainty/fuzziness) for the constant terms;
multiplying factors (x;), squared and cross-feed factors (x,x, ) accordingly.

In such a way, the models which describe the production volume at the output
of the reforming block are constructed using experimental and statistical methods
in the form of multiple regression models, and models describing the qualitative
indicators of the production are constructed based on fuzzy data provided by
specialists and experts in the form of fuzzy multiple regression equations.
Model coefficients (3)-(7) are determined using known methods for parametric
identification (using the Regress programme based).

The results of the model parametric identification, determining the catalyst
volume at the reactors output (y,,, Yy, ) and water-containing gas (y,) are
shown in the form of (8)-(11):

5 yR4,4a

Y=, (0, n0) = 0398480 +12.1538500, + 0.032110€, -
0.9837501¢, + 0.019750&, + 0.0049411€ 2+ 9.34911118,2~ 0.00007 &> — (8)
0.0379201€ 2 +0.000051€ > + 0.227881 & +0.00011¢ &, + 0.00197C &,
+0.000497& & +0.0370511%,£, ~0.48615%, £, —0.000641%, &,

Wo=0, (0,001 = 0.395000 € + 12.1076971&, +0.031861 &, —
0.9837501&, + 0.019671&_+0.005041 1 >+ 9.313617 2 — 0.00006 2 —  (9)
0.040991 1€ 2 + 0.00005 & 2+0.229897 & & +0.000101 & & +0.00207 & &,

+0.000490 € & +0.03676 1€,£,~0.504481 & & —0.00066/ &, &,
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yR4g4a=f1(X],x2,...,x5) = 0398980 )x, + 12.0769201x, - 0.0315801x, - (10)
1.0239111x,+0.01962 X, +0.00507 x>+ 9.28995[1x* - 0.00006DX32 - (1D
0.04452[1x,*> +0.00005 DX52 +0.230181x,x,+0.0001001x x,+0.00217[]x
X,10.0004901x x,+0.03645x,x,-0.52508 %, x,-0.00068 /X, X,

y, = bX,X,....x) = 500.000x, +7142.85710]x, +10.1010x, -
1458.333300x, +25.000 x, +6.2500x > +5102.04080)x,*+0.0204 x>
- 60.763901x,40.06251x +178.5714[x X, +0.252500x X,-

5.625[xlx4+15.625Dxlx5 —297.619DX2X4—2.5252[X3X4—0.05051]X3 X,
—1.0417DX4X5

Identification of fuzzy coefficients a,i =0,6 and ak/,i,k:@, j=23,7 for the
simultaneous equations (7) is based on the use of fuzzy set theory methods and
[]-sets.

Mathematical models, describing the dependency of the qualitative indicators
of the catalyst on the input regime parameters (y, j = 3,7 ) are identified in the

following way:

¥y = (XX Xy) = (0.5/0.43 +0.75/0.433 + 1/0.435 0.75/0.437+0.5/0.44)
X, + (0.5/20.0769+0.75/20.07691+1/20.07692+0.75/20.07693 +0.5/20.07694)
X, +(0.5/0.05281+0.75/0.05282 +1/0.05283 +0.75/0.05284 + 0.5/0.05285)
x,, - (0.500.72487+0.75/0.72495 + 1/0.72500 +0.75/0.72505 + 0.5/0.72513)
X, + (0.5/0.04221 + 0.75/0.04233 + 1/0.04243 + 0.75/0.04253 + 0.5/0.04266)
x.,+0.75/0.04253+0.5/0.04266)x . +(0.5/0.0052+0.75/0.0053+1/0.0054
+0.75/0.0055+0.5/0.0056)x 2 - (0.5/15.4434 +0.75/15.4436 +1/15.4437 +
0.75/15.4439+0.5/15.4441) x,*+(0.5/0.000007 + 0.75/0.00005 + 1/0.00011
+0.75/0.00015 + 0.5/0.00020)x,> - (0.5//0.0300+0.75/0.0301 + 1/0.0302
+0.75/0.0303 + 0.5/0.0304)x,* + (0.5/0.000004 + 0.75/ 0.00005 +1/0.00010
+0.75/0.00015 + 0.5/0.00022)x_2 + (0.5/0.00010 + 0.75/0.00017 + 1/0.00
022+0.75/0.00027+0.5/0.00034)x, X, +(0.5/0.00012+0.75/0.00020+1/0.000
27+0.75/0.00033+0.5/0.0004)x  x_, - (0.5/0.5572 + 0.75/0.5574+1/0.5576 +
0.75/0.5578+ 0.5/0.55814) x, x,, +(0.5/0.00005 + 0.75/0.00006 + 1/0.00008

23X43

+ 0.75/0.00012 ++ 0.5/0.00016) x

33X53

In the same way Vi —10% distillation, ¥s — 50% distillation, ¥, - the satu-
rated vapour pressure and , — the resin content per100 ml of petroleum are
determined.

Using the given system models to model the functioning of the equipment
in dialogue regime, it is possible to determine the optimal working regime for
the installation and solve the optimisation tasks and make a recommendation
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for efficient process control. The modelling results for the installation, and a
comparison of those results with other known results and experimental industrial
data are shown in the table (see Table 1).

In the solution of the task of optimisation for multi-criterial objects such
as technological systems for oil refining, a system of computer modelling and
optimisation (CM&OS) using mathematical modelling of their working regimes
is always useful. Such systems combine the advantages of modelling methods,
optimisation methods and modern computer technology which speed up and
improve the optimisation procedure. Below is the proposed structure for the
CM&OS for technological installations for oil refining, by modelling of their
working regimes. (see Figure 2):

Table 2 — Comparison of known results [20], results of modelling based on
the proposed method and experimental data from the LG installation at Atyrau

Oil Refinery.
Parameters, determined as the result of Known models: Proposed | Experimental-
modelling based on the Runge- [ Models |Industrial Data
Kutta method

Useful product output from the hydro-treat- | 94.1 95.3 95.0

ment unit (hydrogenation product), % (mass)

Aromatic hydrocarbon content y,, % 68.9 - -
Unsaturated hydrocarbon content in the - 0.7005 | (0.8500)"
hydrogenation product, %

Sulphur content in the hydrogenation - 0.000046 | (0.000047)"
product, %

Water soluble acid and alkali content in the |- 0.000003 | (0.000003)"
hydrogenation product, %

Hydrogenation product output from column |76.0000 79.5031 |76.5575
K-1, m*hour

Hydrogen bearing gas output from K-2, m* | 1700 1700 1705

hour

Raw hydrocarbon bearing gas output from | 1672 1670 1680
column K-3, m*/hour

Output volume of raw gas mixtures from - 75.00 74.90

the heater P(heater)-101, m*/hour

Temperature of the output flow from the - 340 340

heater P(heater)-101, °C

Useful product output from the reforming | 94.5 95.5 95.0

unit (catalyzator), %

Catalyst volume, m*hour 77.2 77.8 77.5
Octane number of the product (MM) 87 (86)-
Fractional composition of the catalysator, °C:

10% distillation - 67 (68)-

50% distillation - 110 (114)-

166



ISSN 2224-5278 4.2022

Resin content in 100 ml of petroleum in mg |- 4.85 (5)-
Flow from the output of reforming heater - 77.85 77.60
P(heater)-1, m3/hour

Temperature at the output of heater P-1 (3 |- 530 530
stage), °C

Note: The input and regime parameters for the process were almost identical,
()" indicates that data was obtained in the laboratory.

User
(Decision Maker, Technician, Operator)

3
System of Mathematical Data Base
—p| Modelling for Oil Refinin .2
& Petro-Chemical Indus Knowledge Base

Group of Algorithms
for mono-criterial
optimisation

Decision Making
Unit

Identification of
Model Parameters

.

Figure 2. The structure for the CM&OS for regimes for technological installations for the oil
refining and petro-chemical industries using mathematical modelling of their functioning.

Conclusion. The originality and novelty of the results of this work, lie in
the fact that a generalised method has been proposed for the modelling of
complex technological processes in conditions of uncertainty, which allows
for the construction of an adequate model of complex objects using various
types of data. In order to implement and use the proposed method in practice, a
system of mathematical models for the reforming unit of the catalytic reforming
installation has been developed. A structure has been created, and the main
functional blocks have been proposed for a system of computer modelling and
optimisation of technological processes in oil refining based on the modelling.
The advantage of the proposed computer system is determined by the fact that
it includes a complex system of algorithms and models, and also a convenient
intellectual interface, which allows us to solve the task of modelling and multi-
criterial optimisation of mutually dependent technological systems for industrial
installations.

In such a way, based on systems and fuzzy set theory, probabilistic methods
and methods of expert evaluation, for the first time ever, a generalised method for
the construction of mathematical models for process systems in the oil refining
industries has been developed which uses various types of data. The proposed
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method has been successfully implemented for the construction of mathematical
models for the main blocks and units of the catalytic reformer at the Atyrau Oil
Refinery.
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