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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
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
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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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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:
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PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
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FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6
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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
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SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
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K.N. Orazbayeva', Zh.Zh. Moldasheva?, B.B. Orazbayev*’, Y.A. Ospanov’,
S.Sh. Iskakova*

'Esil University, Astana, Kazakhstan;
’L.N. Gumilyov Eurasian National University, Astana, Kazakhstan;
*University Shakarim, Semey, Kazakhstan;
“Atyrau Oil and Gas University, Atyrau, Kazakhstan.
E-mail: batyr o@mail.ru

MODELING AND OPTIMIZATION OF OPERATING MODES
OF OIL HEATING TUBE FURNACES

Abstract. Mathematical modeling and optimization of parameters and
operating modes of production facilities is the most effective and promising
direction for solving many production problems. Mathematical model,
multicriteria optimization, fuzzy information, (DM) - decision maker, heuristic
algorithm, oil heating furnace. But, with the development of technology and
an increase in the number of complex, mathematically difficult to formalize,
described indistinctly and by the vector of criteria for technological objects of
oil refining and other industries, the processes of developing their mathematical
models and optimizing their operating modes become more complicated. In
this regard, at present, the study and solution of the problems of developing
mathematical models and multicriteria optimization problems characterized by
the fuzziness of technological objects of oil, for example, oil heating furnaces,
and other enterprises is a very urgent task of science and practice.

In this paper, to develop models and optimize the operating modes of fuzzy
oil heating furnaces, experimental-statistical methods and methods of expert
assessments and fuzzy set theories are used, which make it possible to use the
available information of a statistical and fuzzy nature. The hypothesis is accepted
that there are sources of reliable fuzzy information, i.e. experts on the object of
study, which is confirmed in the practice of collecting and processing expert
fuzzy information about the operation of oil heating furnaces of the Atyrau
Oil Refinery and the oil heating station. Based on expert evaluation methods
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and fuzzy set theories, an algorithm for developing fuzzy models is proposed,
with the help of which a fuzzy model of the investigated oil heating furnace
is synthesized, fuzzy estimating its performance. To optimize the operating
modes of the oil heating furnace based on the developed models, modifying
the principles of Absolute concession and Pareto optimality for operation in a
fuzzy environment, a heuristic algorithm for solving the problem of multicriteria
optimization with fuzzy constraints was developed. The proposed algorithms
for model development and multicriteria optimization in a fuzzy environment
can be used in practice for modeling and optimizing the operation modes of
complex, quantitatively difficult to describe objects of various industries.

Key words: Mathematical model, multicriteria optimization, fuzzy
information, (DM) - decision maker, heuristic algorithm, oil heating furnace.

K.H. Opa3so6esal, XK.JK. Moanamena?, b.b. Opa3oaes”’, E.A. Ocnanos?,
C.III. UckakoBa*

'Esil University, Acrana, Kasakcran;
2JI.H. l'ymunes arbinnarsl Eypasus yiITThIK yHUBepcHuTETI, AcTana, KasakcraH;
3Cewmeti k. [1lokopim areiHgarsl yauBepcureti, Cemeit, Kazakcran;
*C. OtebaeB aTblHIaFbl AThIpAy MYHAi KOHE ra3 YHUBEPCUTETI,
ATsipay, Kazakcran.
E-mail: batyr o@mail.ru

KYBBIPJIbI MYHAW KbBI3AbIPY NEMITEPIHIH ’K¥YMbIC
PEKUMIH MOJIEJIBJAEY KOHE OIITUMU3ALIUAJIAY

AHHOTaNUsA. OHIIPICTIK 0OBEKTUIEPAIH MapaMeTpiiepi MEH KYMBIC PEKUM-
JIEpiH MaTeMaTUKAJIBIK MOJIEIbCY JKOHE OHTAMIAHABIPY KONTETeH OHIIPICTIK
ecenTepl MEHIyIiH €H THIM/II )KOHE TIEPCTICKTUBAIBI OaFBITHI OOJIBIN TAOBIIAIBI.
Anaiia, TeXHOJIOTHSHBIH JaMybIMCH JKOHE KypJeii, MaTeMaTHKaIbIK (opMma-
TU3alUsIIaHy bl KUBIH, alKBIH eMeC )KOHE KPUTEPHIIIep BEKTOPHI OOMBIHIIIA CHITAT-
TaJaThIH MYHAl OHJICY JKOHE 0acKa Ja OHIIPICTIK calayiapIblH TEXHOJIOTUSITBIK
OOBEKTUICPIHIH CaHAAphl APTYBIMEH, OJAPABIH MATeMAaTHUKAJIBIK MOJACIbICPiH
KYpy JKOHE JXYMBIC PEXHMJICPIH ONTUMHU3ANMSIIAAY IPOILECcTepl KypaelcHe
tyceai. OchiraH OaiaHBICTBI Ka3ipri yakbITTa MYHall ©HJAEY 3aybITTapbIHBIH
TEXHOJOTHSJIBIK OOBEKTUIEPiHIH, MbICAIbl MYHAll KbI3bIpY MELITEPiHIH >KoHE
0acka Ja KoCIMOPBIHIAP/IbIH AMKBIHCHI3ABIKIICH CHUIIATTaNIaThIH OOBEKTINIEPiHIH
MaTeMaTHUKaJbIK MOJEIBICPIH KYpy JKOHE KONKPUTEPHUIUI ONTHUMHU3AIUSIIAY
€CEeNTepiH IIeNry MOCeNeNepiH 3epTTey FhUIBIM MEH MPAKTUKAHBIH OTE ©3€KTi
Macese 00JbIn TadbUIa k.
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Byn skyMbIcTa afiKbIHCHI3ABIKIICH CHUIIATTAJIAThIH MYHAH KBI3IABIPY MEIITe-
PIHIH MOJAETBACPIH KYPY >KOHE >KYMBIC PEKUMJAEPIH ONTHMH3ALUsIAY YIIH
CTaTHCTUKAJIBIK KOHE allKbIH eMeC CUIATTaFbl KOJKETIMJII OacTanmKkhbl aKmapar-
Tap/ibl KOJJJaHyFa MYMKIHJIIK O€peTiH, SKCIEPUTMEHTTIK-CTaTUCTUKAJIBIK KOHE
AKCIIEPTTIK Oarajiay MEH alKbIH €MeC >KMBIHJAP TEOPHSCHI ToCLIAepl Kojjaa-
Hblaasl. CeHiMIi aiKbIH eMec aKmapaT Ke3/epl, SFHU 3epTTey 00beKTici OOMbIH-
112 9KCIepT-MaManaap 6ap JaereH runoresa Kabbuiganran. by runoresa Ateipay
MYHail ©HJIeY 3aybITBIHBIH MYHAH >KBUIBITY MEIITEPIHIH XKOHE MYHAH KBUIBITY
MyHKTICIH/AE OJIAPJABIH JKYMBICH TYpaJIbl dKCIEPTTIK alKbIH €MEeC aKIaparThl
KHUHAY XKoHE OHJIey MTPaKTUKACBhIHA pacTallIbl. DKCIEPTTIK Oarajay MEH allKbIH
eMeC JKUBIHJIAP TEOPHSCHIHBIH TOCUIEPl HETI31HAEC alKbIH €MeC MOJICIbACPIl
KYpY alrOpUTMi YCHIHBUIA/bI, OHBIH KOMETIMEH 3€pTTENETIH MYHAH KbI3IBIPY
MEMIHIH OHIMIUIINH alKbIHCBI3ALIKTA OarajalThlH alKbIH eMeC MOJEIl
cuHTe3aeNnreH. KyppulFaH Mozenblep HeTi3iHIe MayHalapl KbI3AbIpYy Melli-
HiH JKYMBIC PeXHUMJIEPIH ONTUMHU3AIMIIAY YIIIH AOCOIIOTTI KOHIIECCHUS KOHE
[Tapeto onTUMasIbl MPUHIUIITEPIH AWKBIHCHI3IBIKTA KYMBIC jKacayFa MOJIH-
(dbuKkanusIail - OTHIPHIN, alKBIH €MeC IIeKTeyJepi 0ap KONKpUTEpUNIl OINTH-
MU3alusIay eceOiH IICHIyAiH IBPUCTUKAIBIK alrOpUTMI o3ipieHl. AWKbIH-
CBI3JIBIKIICH CHITATTATAlIbIH OOBEKTIICPIIH >KYMBIC PEKUMICPIH MOIENIbILY
YKOHE ONTUMU3AIUSIIAY YIIH YChIHBUIFAH aKBIH €MEeC TOCUIIEMEHIH THIMILIIT
KOpCEeTUITeH. AWKBIH €MeC OpTaja MOACIBACPAl KYpy *KoHE KOIKPUTCPUII
ONTHMHU3ANMSIIAY YIIIH YCBIHBUIFAH aJTOPUTMICP KYpJeNi, CaHIBIK KarbIHAH
KHUBIH CHUTATTAJIATBIH TYPJI OHIIPICTIK cajla 00BEKTUIEPIHIH KYMBIC PSKUMICPIH
MOJIENb/ICY JKOHE ONTUMHU3ALMSIAY YIIiH MPAaKTUKAIIa KOJJaHbLTY MYMKIHIIT
30p.

Tyiiin ce3nep: MaTeMaTHKAIBIK MOJEIb, KONKPUTEPUIATI ONTHMHU3ALUSIIAY,
aiikpiH emec akmapar, (LLKT) — menriM KaObpIaymibl TYJiFa, IBPUCTHKAIBIK
QJITOPUTM, MYHAMTBI KbI3IBIPY TTCTITi.
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MOJIEJIMPOBAHUE U OIITUMU3ALIUA PEXKUMOB PABOTbBI
TPYBUYATBIX IEYEN TIOJOTPEBA HE®TH

AHHOTaUMsl. MaremaTtnueckoe MOJCITUPOBAHUE M ONTHMH3AIUS T1apa-
METPOB U PEXHMOB pabOThl NPOU3BOACTBEHHBIX OOBEKTOB SBISIETCA HaM-
Oosiee 3((EeKTUBHBIM M MEPCHEKTUBHBIM HAalpaBIEHUEM pELICHHUsS MHOIHMX
MIPOU3BOJCTBEHHBIX 331a4. OHAKO C Pa3BUTHEM TEXHOJIOTUU U YBEIMYCHHEM
qHcaa CIOKHBIX, MaTeMaTHYECKUH TPYIHO (HOpMalM3yeMbIX, OMHCHIBAEMBIX
HEUYETKO M BEKTOPOM KPUTEPUEB TEXHOJIOTHUECKUX 00BEKTOB He(pTenepepadoTKu
W JPYyTUX OTpaciiell MPOU3BOJCTBA YCIOKHSIOTCS TPOIECCH pa3paboTKH X
MaTeMaTH4eckuX MojeNneld M ONTHUMH3ALUU UX PEeXUMOB paboTel. B aTOM
CBSI3W B HACTOsAIIEE BpeMsl UCCIENOBaHHWE U pelleHue mpoliieM pa3paboTKu
MaTeMaTH4ecKuX Mojened M 3a7ady MHOTOKPUTEPUATbHON ONTUMHU3AINH,
XapaKTepU3yeMbIX HEYETKOCTBIO TEXHOJIOTHUYECKHMX OOBEKTOB HE(TIHBIX,
HarpuMep, redeil moxorpeBa HeTu U JPYTUX NPEANPHUSITHN SBISETCS BEChbMa
aKTyaJIbHOW 3aJjadeil HayKu W MTPAKTHKH.

B pabGore nnsa paszpaboTku Mozaeneil M ONTUMM3ALMHU  PEKUMOB
pabOThl HEYETKO OIMCHIBAEMbIX I€ueil MojxorpeBa HEPTH HUCHONIb3yeTCs
HKCTIIEPUMEHTATbHO-CTATUCTUUYECKHE METO/AbI M METOJbl SKCIEPTHHIX OIIEHOK
U TEOPHH HEYETKUX MHOXKECTB, MO3BOJISIIOIIME HCIOJIB30BaTh JIOCTYIHYIO
MHPOPMALIUIO CTATUCTUYECKOTO W HEYETKOrO Xapakrepa. [IpuHsaTa rumoresa o
TOM, YTO UCTOUYHUKHU JOCTOBEPHON HEYETKOW MH(OpPMAINH, T.€. CIICIIUATHCTHI-
9KCHEPThI 10 OOBEKTY MCCIEJOBAHUS MMEIOTCS, KOTOpas IMOATBEpXJEHa Ha
nmpakTHKe cOopa U 00pabOTKH SKCIEPTHON HedeTkoil mHpopmanuu o pabdbote
neueil moporpeBa Hedtu Atbipayckoro HII3 m myHkra mogorpesa HedTH. Ha
OCHOBE METOJIOB 3KCIIEPTHON OIICHKH M TEOPUI HEYETKHX MHOXKECTB MPEIOKEH
AJITOPUTM Pa3pabOTKH HEYETKUX MOJIENIEH, C IIOMOIILIO KOTOPOTO CHHTE3UPOBaHA
HEUYeTKast MOJIeIh UCCIIEyEeMO TIeYr TIOI0TpeBa He(PTH, HEYETKO OIIEHUBAIOIIAS
ee MPOU3BOUTEIBHOCTD. /I oNTUMH3AMK PEXUMOB pabOTHI IIEYH MOJ0rpeBa
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He(pTH Ha OCHOBE pa3pabOTaHHBIX Mojeae MOIUGHUIMPYS NPUHIUIIOB
AOGcomnroTHOi yerynku u [Tapeto onTumManbHOCTH U1 paOOTHl B HEUETKON cperie
pa3paboTaH IBPUCTUYECKUN AJITOPUTM pELICHUS 3a7a4l MHOTOKPUTEPHUAIbHOM
ONTHMHU3ALMU C HEYETKUMH orpaHndeHusMu. [lokazana »s¢ddexTuBHOCTD
IIPEIUIOKEHHOTO HEYETKOIO IOAXOAa I MOIEIMPOBAHMS M ONTHMM3ALUU
PEKUMOB pabOThI HEUETKO OMUCHIBaEMbIX 00bEKTOB. [Ipeiaraemple anropuTMsl
pa3paboTKu MofENe 1 MHOTOKPUTEPHAIbHON ONTUMHU3AIMM B HEYETKOM cpesie
MOTYT OBITh MCIOJIb30BAHbBI HA MPAKTUKE JUIsl MOAEIUPOBAHUS U ONITHUMHU3ALNU
PEKUMOB PabOTHI CIIOKHBIX, KOJTHUYECTBEHHO TPYIHOONHCHIBAEMBIX O0OBEKTOB
Pa3JINYHBIX TPOU3BOJICTB.

KiroueBble cji0Ba: MateMarnyeckasi MOJEIb, MHOTOKpUTEPHUAIbHAS OITH-
Mu3anus, Heuetkas uHopmauus, (JIIIP) - nuumo, mpuHuMmaromee pelieHue,
IBPUCTUUECKUIN aJITOPUTM, [I€Ub MOA0TPEBa HEPTH.

Introduction. One of the most important problems of oil companies is
optimization of large oil reserves of Kazakhstan on the basis of modeling of
operating modes of tubular oil heating tube furnaces in the processes of oil
refining and transportation applied in the development of the country’s economy
and efficient exploitation. From the practical point of view for effective solution
of problems of optimal management of such complex technological systems
as oil heating furnaces it is necessary to apply the latest achievements of
mathematical approaches and new information technologies, which are based
on the system approach. Besides, many complex production systems including
tubular oil heating furnaces frequently used in oil refining and transportation
processes are characterized by deficit and uncertainty of the initial information.
All this complicates formalization and solution of tasks for studying of tubular
oil heating furnaces, development of mathematical models and optimization of
operation modes thereof (Abakumov et all., 17 (1). 2014:209- 218., Orazbayev et
all 2021: 2(114)). Thus, to effectively solve the above problems of the oil heating
system in oil refining, transportation technologies it is necessary to take into
account the economic, environmental and technological criteria for assessing
the effectiveness of the system operation, i.e, the vector of criteria, the large
number of limitations, the lack and uncertainty of the initial information. Under
these conditions optimization of the operation modes of such a complex system
as tubular oil heating furnaces is impossible without application of the modern
mathematical approaches and computer aided technologies. (Muhammad, et all
2021: 2712. 1-24., Chen, et all 2018: 109. 216-235).

Many process oil production facilities including oil heating stations (tubular
furnaces) are a complex of balancing units. Therefore it is necessary to create a
complex of models, i.e. a system of models, in which these units interact with
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each other. Under the conditions of uncertainty due to randomness, uncertainty
of initial information, the construction of mathematical models of interconnected
objects such as oil heating furnaces, setting of tasks of multi-criteria optimization
of process complex operation and their solution are still referred to a number of
issues, which are insufficiently studied and completely unresolved within the
scientific-research work (Valiakhmetov, et all 2018: 329(2) 159-167., Orazbayeyv,
et all 2020: 54(6), 1235-1241). Due to these reasons the most relevant subject of
this work is development of mathematical models of oil heating furnaces in oil
refining and transportation technologies under the conditions of uncertainty and
multi parameter nature of the studied initial information, approaches to multi-
criteria optimization of optimal facility operation modes on basis thereof.

Within the oil industry the reduction of production costs, increase in
productivity of process units, reduction of power consumption and oil losses is
carried out by modeling and optimizing the operation modes of main process
facilities such as oil heating furnaces. (Toloo, et all 2020: 10. 1796., Ospanov et
all 2016: 978-1-4673-8414-8. 103-109). An important condition for functioning
of computer aided simulation and optimization systems for this purpose is
obtainment of the information necessary for building models, which adequately
characterize the state and all relations of the object under research. The operation
quality of such computer aided modeling and optimization systems essentially
depends on metrological qualities of measuring instruments, statistical and
dynamic properties of regulating and actuating devices (Zhao Zhi-Wen, et all
2012: 56(7-8). 152166). However, under production conditions some important
parameters characterizing quality indicators of many complex systems, for
example, oil reheating furnaces (environmental impact, productivity, etc.)
are quantitatively, comprehensively measured or not measured, that is, their
statistical properties are unknown. In most cases such measurable complex or
immeasurable production indicators are best described in natural language by
qualified specialists, i.e. by experts who have worked in this production for
many years and have gained a lot of experience. Useful information in form of
such a word, sentence, reasoning in the theory of fuzzy sets (fuzzy sets) is called
implicit information and is converted into a format, which can be formalized
and processed by the methods of this theory. (Ryzhov, et all 2017:115., Liu et
all 2022., 10, 2368). Such implicit information is the knowledge, experience and
intuition of expert specialists, i.e. their intelligence and is accumulated by means
of special expert evaluation methods (Gutsykova et all 2017: 978-5-9270-0209-
2., Sabzi et all 2017: 82(3). 145-163).

The purpose of the scientific article is to create mathematical models of
tubular oil heating furnaces, for which there are some work quality indicators
obtained as an object of research, and on the basis of the obtained models is to
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formulate the problem of optimization of the object operation mode (problem
statement) and to offer a way of solution thereof.

To achieve the set goal the following main research objectives will be set
forth and achieved:

- Collection and processing of available information of various nature, which
characterizes the work of the objects under research, the study of modes of oil
reheating furnaces operation of Atyrau oil refinery and at Atyrau point of Uzen-
Atyrau hot oil pipeline;

- improvement of the methodology for building mathematical models
of complex technological facilities on the basis of available information of
different nature including fuzzy information and system approach and creation
of mathematical models of oil heating furnaces on basis thereof;

- multi-criteria optimization under conditions of contradiction of optimization
criteria and uncertainty of a part of the initial information, i.e. development
of heuristic algorithm of decision-making and its realization under specific
production conditions.

Research materials and methods. As science and technology are developing
oil refinery process premises, oil transportation and other facilities are constantly
improving and becoming complicated. Currently the specified technological
systems are referred to a number of the complex systems characterized by lack
and uncertainty of theoretical, statistical information under initial production
conditions consisting of interconnected units (elements). Therefore, this work
applies formal and informal approaches of system analysis (Boud et all 2019:
978-0-12-121851-5) as effective approaches for finding optimal operation
modes of tubular oil heating furnaces most frequently used in oil refining and
transportation processes: mathematical modeling (Abakumov et all 2014: 209-
218., Orazbayev et all 2021: 6: 2(114)), 147—-162., Leonenkov et all 2017: 787),
multi-criteria optimization (Bekibayev et all 2022: 115., Chen et all 2018: 109.
216-235., Orazbayev et all 2019: 330(7).182-194., Kahraman et all 2008., 592—
608), and also methods of expert evaluations and theory of fuzzy sets (Abakumov
et all 2014: 17 (1). 209- 218., Ryzhov et all 2017: 115., Gutsykova et all 2017:
509., Sabzi et all 2017: 82(3). 145-163).

At the same time depending on the nature of available information different
methods of developing mathematical models are used, for example: experimental-
statistical, regression methods in developing of statistical models in the form
of regression equations; fuzzy methods of developing mathematical models of
the object under research based on expert fuzzy information. Methods of multi-
criteria optimization are applied in the process of development of heuristic
algorithm of decision-making tasks as to the choice of the optimal mode of
oil heating furnace operation. To collect fuzzy information, i.e., knowledge
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and experience of experts the methods of expert evaluation are used, and to
formalize, to process and to use the collected fuzzy information the methods of
fuzzy sets theories are used.

When carrying out this study the structure, experimental and statistical data
from G9P02B tubular furnaces, which are deployed as part of the oil heating
station in Atyrau oil refinery (AOR) and at Atyrau point of Uzen-Atyrau hot oil
pipeline, were viewed as study materials. Besides, expert, fuzzy information
on estimation of productivity of oil heating furnaces and their influence on
environment is used, which information is necessary for development of models
and optimization of operation modes thereof.

Within technological processes of oil refining and transportation it is necessary
to provide optimal temperature and process operation modes of heating furnaces
as well as their accident-free and continuous operation.

Thus, by means of computer aided modeling of oil heating furnaces operation
modes the following multi-criteria tasks can be resolved:

- minimizing the cost of oil heating and refining;

- maximizing the volume of heated oil and productivity;

- improving the environmental safety of the facility.

It is known that the above criteria practically contradict each other in the
field of effective solutions such as increasing the productivity of the oil heating
furnace, increasing its costs and increasing the impact on the environment. To
solve these problems, it is necessary to make a solution for effective management
of oil heating furnace operation modes, i.e. to formulate and solve the problem
taking into account the contradictions of the criteria. And when solving such
problems we need mathematical models describing connection between object
output parameters to be received as criteria and input mode parameters therefore
this research paper with application of fuzzy information builds up models of
tubular oil heating furnaces being an object of research, and on the basis of these
models the paper sets forth the task of multi-criteria optimization for managing
operation modes of the facility and a heuristic algorithm for its solution is
proposed.

The operation principle of tubular oil heating furnaces of G9P02B type is
based on combustion of fuel in the burners inside of the radiation chamber.
The flame arising from the combustion of fuel is directed to the smooth wall
and dissipates heat in the tubes of the 4-way productive coil, in which the oil
circulates (it gives off heat by the ray method). In the convection chamber of
such furnaces the hot fume gases heat the furnace winding tubes (heat transfer
by convection method).

The basic scheme of tubular oil heating furnace of G9P02B type is shown in
Fig. 1
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Figure 1 — The basic scheme of tubular oil heating furnace of G9P02B type
GI9P02B oil heating furnace consists of the radiant I and convection II zones, separated by a
metal frame 1.

The radiant zone 1, in its turn, is divided into two parts by a wall made of
refractory material 2. In the lower block of the furnace there are installed six
nozzles 3 with air distribution of burning fuel. Oil or gaseous mixture are used
as fuel. Also there are coils installed in this region 4. It heats the oil, in which the
flare radiation energy is transported by oil.

In the convective zone II combustion products are heated by oil flowing
through the pipes by force of convection. Chimney 5 is designed for emission of
combustion products into the atmosphere. The draught in the furnace is regulated
by means of slide gate 6.

The main parameters of the G9P02B tubular furnace: height - up to 10.5 m
(excluding the chimney); capacity - 600 m3/h; heating oil - from 30°C to 70°C;
pressure of heated oil at the coil input - not more than 6.5 MPa; heat output
-10500 kW, efficiency ratio reaches 0.77.

Results. During practical application there is often an uncertainty of some
important data required to study the production conditions of the facility and to
optimize its operation modes. The source of non-obvious information in these
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cases is a person, for example, the operator who controls and manages the oil
heating furnace, i.e. the person who makes the experienced decision (the decision
maker - DM), the expert. Opinion, knowledge, experience and intuition of DM,
experts transmitting the data in natural language about the state and operation of
the facility can be formalized and used to build a model based on the mathematical
apparatus of the fuzzy sets theory in the form of fuzzy information. Such models,
structure of which is presented in the form of fuzzy regression equations, are
built when input, operating parameters of the facility are obvious (quantifiable),
whereas output parameters are not obvious (non-quantifiable). Also non-obvious
will be the parameters (regression ratios) of such fuzzy models. In general the
structure of fuzzy regression models can be written as follows:

—aO/ +2a,jxy +ZZalk/xekj v j=1m

i=1 k=i

here ¥, — are fuzzy input parameters of the object to be modeled; as a rule
such input parameters are considered as local criteria characterizing the facility
operation quality; x,x,;, — are measurable i.e. obvious input parameters of the
facility being modeled; as a rule input operating parameters impacting the facﬂlty
operation, a process going on therein are taken as these parameters, d,;,d;,d;
— non-obvious parameters of a model being assessed i.e. being identified are
regression ratios. The proposed algorithm for building of a fuzzy model in form
of multi-regression fuzzy regression equations consists of the following basic
steps:

Step 1. Input necessary for building of «x, e x,i=1,» model and uncertain
output ¥,€B,, B ev, j=1m selection of parameters. In this step the input,
operating parameters and output parameters of the object affecting the quality
of object operation, output parameters assessing the quality of its operation are
determined as a result of system analysis, whereas parameters not affecting the
object operation or having weak influence, of low importance, are not considered
in order not to complicate the model.

Step 2. Determination of thermal set, which characterizes the state and fuzzy
parameters of the object, by means of expert evaluation methods.

P, = (XX, oy, ) = 1,ms

i.e., solving the structural identification problem, for example, based on the
method of successive inclusion of regressors;

Step 4: Building the membership functions (membership functions) of fuzzy
parameters of the object model. When building these functions based on practical
experience it is recommended to use the following structure of the membership
function with correction ratios (Orazbayev et all 2021: 2.114, 147-162):
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- g
Hg (V) =exp(Qf |(V; = Vua)) -

here uj (7,) - B, — B, of fuzzy output parameter of object referred to the
quantity of obvious, divisible by 7, ~membership function; p — quantum, i.e.
the discretization value; Qj — ratio characterizing the level of uncertainty to be
determined during identification of membership functions; N? — ratio, which
changes (corrects) the area of therms of fuzzy parameters and the form of
membership functions; »,, — implicit variable that corresponds the most to a
given therm (in p Quantum), for this value the following condition is satisfied
Mg, (Vo) = MaX 115 (7)),

Step 5. Solving the parametric identification problem, i.e. solving the fuzzy
parameters of the @,,a,,...,a, model, definition (regression ratios);

Step 6. Checking for model consistency with actual data, i.e. adequacy of
the developed model. The following condition can be obtained as an adequate

. . — i N M E ) . .
criterion: X =min Z(y‘,- Rd )Z <Ry here ;' —are estimated (determined by means
=

of the model) values of object output parameters, whereas, y; —are experimental,
i.e. true values of object output parameter; R, — value of permissible deviation.

If adequacy condition is satisfied, it is recommended to use the model in
tasks of determination of object’s optimal modes. In the opposite case, i.e. when
the adequacy condition is not satisfied, it is necessary to establish the cause of
model inadequacy, afterwards in order to ensure model adequacy it is necessary
to return to the above steps and repeat the procedure until the adequacy condition
of the model is satisfied. Model inadequacy may happen due to various reasons,
for example: non-inclusion of some parameters into the model, which parameters
have significant influence on object operation, on the process going on in the
object, wrong identification of model structure and/or parameters, etc.

Now, using the described algorithm of fuzzy model building, let’s build
models based on fuzzy information of the object under research. Models of
G9P02B tubular oil heating furnace. To determine the effect of input mode related
parameters of the oil heating furnace on its output parameters, i.e. to build its
models under conditions of fuzzy part of the input information the generalized
statistical data and unreliable information obtained from the experts have been
used. Using the fuzzy regression model (1), which estimates the productivity of
the oil heating furnace on the basis of the above proposed algorithm, and using
the experimental-statistical approach the structures of the regression models
(2), which characterize the dependence of the temperature and pressure at the
furnace outlet on its input, operating parameters, have been identified as follows:
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Vi =ag T aX, Ay Xy — Ay Xy ta,X,, +
+ g X)) + Ay Xay — Ay Xa, + g X5, + G, 1
s Xy T g Xy — Ay Xy T g Xy T Ao X3 Xy, (1)
V=g, Hay X 0y Xy Ay X ay X+
2 2 .
Xy g Xy Ay X Xy, ] =273. (2)

From the models taken: Y, — non-obvious price of oil heating station
performance; y,, /=23 — temperature and pressure at the outlet of oil
reheating station; @,,,d,,,d,,...,dy, — fuzzy parameters (regression ratios) of
the identified model (1) based on expert assessment; X1,>X5;,X3,,X4; — in the
order, temperature at the furnace inlet, pressure in the furnace and fuel and oil
volume at the furnace inlet. To identify the fuzzy parameters of model (1), which
characterizes the performance of the inbuilt oil heating furnace the method
proposed in the research paper [1] is used. Thus, on the basis of modification
of the least squares approach to the uncertain position and with the help of the
method of fuzzy parameters identification the problems of identification of the
unknown parameters (regression ratios) of oil heating furnace values identified
as per the structure (1) of the fuzzy model are solved.

To identify the fuzzy regression ratios of the fuzzy model @, of oil heating
furnace (1), fuzzy sets (therm-quantity), which characterize fuzzy models, the
following a = 0,5; 0,85; 1 1s characterized by a set of a level. According to the
selected levels each a,,q =13 level of the input object X, and ¥ ; output value
of parameters are monitored and determined. The values of these parameters at
different levels are given in deterministic form at each selected c,, level.

Then the fuzzy regression model (1) describing the performance of oil heating
furnace in explicit form can be written for each level as follows:

Ay _ % %y %y 4% Ay Ay 2 Uy 2 Oy 2
V=g Ty Xy Ay Xy — Ay Xy Ay Xy Asp Xy dgy Xy — Ay Xyt
a, 2 a, __.
+ag Xy, + g X3,%41, 94 = 1,3 3)

Since the obtained model (3) is a system of multi-regressive regression
equations the problems of identification of their parameters (regression ratios)
are reduced to the problems of identification of parameters of known multi-
regressive regression equations. There fore to identify the unknown parameters
of fuzzy model (3) it is possible to use the known methods of parametric
identification, software package for the identification of regression ratios. In
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this paper to identify the regression ratios of the obtained model (3) we used
the REGRESS package, in which the least squares method is implemented on
programmable basis. This software package contains linear and nonlinear multi-
regressive models, i.e. with any number of input parameters (x,,i=1,n), it
allows to determine the regression ratios in the dialog mode.

Thus, the efficiency of the oil heating furnace 7y, its input, operating
parameters X;,i=14 after the result of parametric identification of the model
characterizing the fuzzy relation, taking into account each a level, can be written
as follows:

~ ( 0.5 0.85 1 0.85 0.5
y = + + + + X, +
2.000254727 2.007525117 2.088235294 2.175725157 2.787515357

0.5 0.85 1 0.85 0.5
+ + + + + Xy —
7.0010 7.01000 7.10000 7.101523567 7.156572378

0.5 0.85 1 0.85 0.5
+ + + + - X,
5.005700 5.025000 5.680000 5.750000 5.950000
0.5 0.85 1 0.85 0.5
+ + + + + X,
0.003700 0.055000 0.400000 0.450000 0.500000
+( 0.5 0.85 1 0.85 0.5 )2

+ + + + x;+
0.0003787 0.0077253 0.0614187 0.0997334 0.1344578
( 0.5 0.85 1 0.85 0.5 j 2

+ + + + + Xy —
0.600000 0.650000 0.710000 0.760000 0.820000
( 0.5 0.85 1 0.85 0.5 jQ
- + + + +

0.180300  0.2001000  0.227200 0.247200  0.267200 ) ' (4)

0.5 0.85 1 0.85 0.5 2
+ - + + - x;, +
(0.0000037 0.0000775 0.0005634 0.0037355 0.0125574}
0.5 0.85 1 0.85 0.5
- - - + + XXy,
0.006000 0.007000 0.008000 0.009000 0.010000

For computer aided modeling the values of oil heating furnace model (4)
determined at the levels of a;;",i =0,7, j =13, ¢ =13, regression ratios are combi-
ned as per following equations of fuzzy sets theory:

=~ a ~(a;)=sup min {a a..
%y _ae[B/.S,l]aifq or Hg, (4;) pae[o.s’l]{ ’Ha?f( 2

here a = {a, | ; (a,) 2 0}

Then the model describing heating furnace efficiency, which is convenient for
computer aided modeling, will be obtained as follows:
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v, =2,08957x, +7,100257x, — 5,704050x, +
+0,40558x, +0,07055x; +0,7727357 x5 —

—0,22755x; +0,001735x; —0,00805x,x, (5)

From the last given model, to simplify it, we excluded either repressors, which
do not affect the productivity of oil heating furnace, or ratios, which are close to
0, and secondary lower indices corresponding to the number of output parameter
of input, operating parameters, i.e., index 1.

Figure 2 given below shows a graph of the dependence of the productivity of
a tubular oil heating furnace on temperature, provided that the values of other
input, operating parameters of the furnace are constant.

X, — pressure at furnace inlet
—10 kg/cm?;
x3 — fuel consumption by furnace
— 25 kg/hour;
x4 — oil volume at inlet
— 710 t/hour

Performance

3 £l k3

2 3
Temperature, °C

Figure 2 Dependence of oil heating furnace efficiency on temperature under
constant X,,X;, X,

values, i.e., , 1.. 3 = f,(x,) graph

Temperature at the outlet of the tubular oil heating furnace (y,) and temperature
(v)at the furnace inlet, x,,i=14 operating parameters, results of parametric
identification of the model based on statistical data and on the method of least
squares to be defined by equation (4), which characterizes the relation (regressors

with almost zero regression ratios not to be considered due to their very weak
influence), are given below:

y, =0.0000001+ 0.588235294x,, — 0.500000000x,, + 0.400000000x,—
~0.007042254x,, +0.021626298x2, —0.050000000x2, + 0.029411765x,,x,,

(6)
y, =0.000000001—0.023529412x, +0.320000000x,, — 0.032000000x , +
+0.002253521x,, —0.001384083x7, —0.040000000x2, +0.007058824x,,x,; . (7)
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Further we show the results of setting the problem of optimization of GOP02V
tubular furnace operation modes and development of heuristic algorithm for its
solution based on modification of absolute concession and Pareto optimality
principles. The proposed heuristic algorithm for solving the problem of optimizing
the modes of oil heating furnace operation will use the furnace models (6)-(7)
developed above and is based on the interactive operation mode between the
decision maker (DM) and the computer, in which the developed furnace models
and the proposed heuristic algorithm for solving the task of optimization of
operation modes of the research object are implemented on a programmable basis.

By modifying the principles of Absolute Concession (AC) and Pareto
Optimality (PO) we will obtain the following mathematical statement of the
problem of optimizing the modes of oil heating furnace operation:

m

max 4 (x), ¢ (X) = 3 7,46(%), (8)
X = {x: xeQ) /\llla!_}’(zl: B (x) /\ZL: B,=1np,20.g= I.L}, (9)

here A —is the logical “and” requiring truth of all statements, which are related
through this sign; Y= (71,75,-7,). B=(B..B,... B,) —are, respectively, weight vectors
describing mutual importance of local criteria and fuzzy constraints; ,(x).q=1L —
membership functions of performance level of fuzzy constraints.

To solve the obtained problem of multi-criteria optimization of operating
modes of tubular oil heating furnaces on the basis of the developed models, on
the basis of adaptation of principles of optimality of absolute concession and
Pareto optimality the AC+PO heuristic algorithm consisting of the following

basic steps is offered:
Step 1. By involving the DM enter values of weight vector of 7= (11sV 20 T),
local criteria importance, by observing the conditions: zm:yi =1,y,20,i=1m-

i=1

Step 2. Define therm sets and build membership functions in case of fuzziness
of criteria and/or of their weight ratios with the purpose of describing them.

Step 3. DM, experts shall define therm sets describing fuzzy constraints of the
optimization problem.

Step 5. With participation of DM, experts the membership functions, which
evaluate the degree of their fulfillment, shall be built for fuzzy constraints
By (x),g=1L .

Step 5. DM shall enter the values of the B=(B. By B )Y B, =1.B,20,g=1L
weight vector, which reflects their mutual importance,-for fuzzq}:/1 constraints.
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Step 6. By using mathematical models, which describe the dependence of the

criteria on the input operating parameters, maximize the p,(x)=) y,u(x) criterion
i=1

integrated as per the principle of absolute concession on the acceptable solutions
X, which is defined as per expression (9) on the principle of Pareto optimality.
Determine the x(y, B) current solutions: the vector of input, operating parameters

of the object, u,(x(y ZV,#O(X(“{J‘)) — values of integrated local criteria and

ul(X(v,B))r--,uL(X(v,B))

with the selected solution x(y, B).

Step 7. Obtained current solutions shall be submitted to DM for analysis and
selection of the final solution. If submitted current solutions are not acceptable to
DM, he changes the values of weight vectors of local criteria and/or constraints
to improve the solution, and the search for the best solution is repeated starting
from step 6. If the DM is satisfied with the current solution, the next step shall
be taken.

Step 8. Make the final decision acceptable to and chosen by DM as the best
one: the values of the vector of input, operating parameters — x*(y, B) , which

ensure maximum value of the integrated criterion — Ho( ) ZJ/ 1 (x'(v,B)) and
the maximum values of the membership functions of the fuzzy constraints —
/Jl(X*('YaB)):"':#L(X*( ’ﬁ))

The results of solving the problem of optimizing the oil heating station
operation mode by means of three criteria and two fuzzy constraints with
application of the developed models and on the basis of the proposed AC+PO
heuristic algorithm are listed in Table 1 given below. The provided table contains
the results of DM’s selection of the final best solution acceptable to him after the
5' cycle of the algorithm application.

— degrees of ensuring fuzzy constraints, which are achieved

Table 1 — Comparison of the results of optimization of oil heating furnace operation modes
as per the proposed heuristic algorithm, as per deterministic method [20] and real data obtained

from the object under research

AC+PO Known Real production
Criteria, fuzzy constraints and input, operating parameters heuristic determined data
algorithm method
Oil heating furnace efficiency, kg/s — criterion )N/l ; ~0,1968 0,1960 0,1963
Temperature at oil heating furnace outlet, K, criterion ), ; 323,15 322,03 323,15
Pressure of oil heating furnace, kPa, criterion )5 ; 96,57 97,55 96,70
Membership function of compliance with the 1% fuzzy constraint -
* 1.0
w (x (B))
Membership function of compliance with the 2" fuzzy constraint -
* 0.99
Hy (x (B))
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Optimal ~ values of vector of input, operating parameters

X' = (0,25, 5,0,

xl* — optimal temperature at oil heating furnace inlet, K; 306,00 308,10 307,15
x; — optimal pressure at oil heating furnace inlet, kPa; 118.03 123,35 119,42
X, — optimal consumption of raw materials for oil heating furnace, 0.0070 0.0075 0.0072
kg/s;

x: — optimal oil volume at inlet into oil heating furnace, kg/s. 0,1970 0,1970 0,1970

Note: (-) are not measurable parameters. The time required to solve the
problem is approximately the same in the compared methods.

Discussion. On the basis of analysis and discussion of the obtained results
of optimizing the operation modes of tubular oil heating furnace by using
the developed models and the AC+PO heuristic algorithm, we can make the
following conclusion:

— The results obtained in multi-criteria optimization of oil heating furnace
operation modes on the basis of models and AC+PO heuristic algorithm
developed with consideration of fuzziness of certain part of initial information
are mostly consistent with the actual production data in comparison with the
results of deterministic method of the optimization problem;

— Since fuzzy information received from DM, experts on the basis of their
knowledge and experience allows to take into account complex, non-formalized
relations between the parameters of the optimization object, the models adequacy
and efficiency of the obtained results of solving the problem of optimizing the oil
heating furnace operation modes in a fuzzy environment increases;

— The advantages of the proposed heuristic approach to the solution of the set
optimization problem can also include the fact that it provides estimates of the
execution of fuzzy constraints.

Difficulty of obtaining initial reliable fuzzy information might be the
disadvantage or limitation of the proposed approach to model development
and multi-criteria optimization. This limitation can be overcome by the proper
organization and conduct of expert evaluation. Whereas the sources of reliable
fuzzy information, i.e. experienced specialists-experts, DM, as it is evidenced
from practice, are available at all objects that have been functioning for a long
time.

Conclusion. In the process of the conducted research aimed at solving
problems of modeling and optimization of fuzzily described objects, by the
example of tubular oil heating furnaces used in oil processing and pumping
technologies, the following results have been obtained:

— Based on the methodology of system analysis, expert evaluation methods
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and fuzzy sets theories the algorithm for building fuzzy models in the form of
fuzzy regression equations has been developed and described;

— On the basis of the proposed algorithm and experimental-statistical approach
the models of oil heating furnace, which estimate its efficiency in a fuzzy way,
have been developed;

— Based on the modification of Absolute Concession and Pareto Optimality
principles for working in a fuzzy environment a heuristic algorithm for solving
multi-criteria optimization problems with fuzzy constraints has been developed.
The results of optimization of operation modes of the object under research have
been given and analyzed by means of the proposed algorithm and the developed
models of oil heating furnace.

As opposed to the well-known approach to fuzzy problem solving, which is
based on the replacement of the initial fuzzy problem with a set of clear problems,
which leads to the loss of the collected fuzzy information, the proposed fuzzy
approach sets and solves a fuzzy problem in a fuzzy environment. This allows to
maximize the use of available fuzzy information and to receive a more adequate
and efficient solution to the set problem in a fuzzy environment, which is the
novelty and originality of the obtained results.

The example of application of the proposed fuzzy approach to solving
modeling and optimization problems in a fuzzy environment of complexly
formalized objects allows practical application of the obtained results to solving
modeling and optimization problems of many complex, fuzzily described objects.
The potential for further research within the field of research is quite high since
methods of expert evaluations, fuzzy sets theories and means for implementation
thereof are currently being intensively developed.
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