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I Clarivate
Analytics

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

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol « KP ¥£A Xabapnapwi. ['eonoeusi scane
MEXHUKATLIK SbLIBIMOAD CEePUsChly blIbIMU JCypHAIbIiHbIY Web of Science-miy oicanananean
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvi0ay macenecin xapacmuipyoa. Webof Science szepmmeywiinep,
asmopnap, bacnawbliap MeH meKemenepze KOHmMenm mepenoiei MeH canacvih Ycuvlhaovl. KP
¥I'A Xabapnapwi. 'eonozus scone mexuuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKkmi Jicane 6e0eNoi 2e0102Usl HCIHE MEXHUKATBIK
EbLILIMOAp OOUbIHULA KOHMEHMKE A0a0blebIMbI30bl OLI0IPeOi.

HAH PK coobwaem, umo nayunoiii sicypran «Mzeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uUHOEeKCUpO8aHUU HAXOOUMCS 8 CMAOUul paccmMoOmpeHus
xomnanueu Clarivate Analytics ons danvueiiueeo npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus ceonocuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102UU 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 aTbIHAaFb! XUMUS FBUIBIMIAPEI 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 KaybiMaacToiFbiHbIH Mylieci (ITexun, Keitait) H = 25

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

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

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

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

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

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

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

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
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ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
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XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
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© Kazakcran PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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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 HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

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

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

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

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

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

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
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© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

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

Scientific secretary

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

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

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

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

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

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

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

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

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

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

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

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

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

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© B. Orazbayev!, M. Urazgaliyeva?, A. Gabdulova®, Zh. Moldasheva'’,
Zh. Amanbayeva‘, 2023
'L.N. Gumilyov Eurasian National University, Astana, Kazakhstan;
2 Caspian University of Technology and Engineering named after Sh. Yessenov,
Aktau, Kazakhstan;
SDosmukhamedov Atyrau University, Atyrau, Kazakhstan;
3Atyrau Oil and Gas University, Atyrau, Kazakhstan.

E-mail: zhadiral985@mail.ru

METHODS OF MULTI-CRITERIA SELECTION IN PETROLEUM
GEOLOGY UNDER CONDITIONS OF FUZZY INITIAL DATA

Orazbayev B.B. — Professor of the Department of System Analysis and Control, Gumilyov Eurasian
National University, Doctor of Technical Sciences, Professor, Republic of Kazakhstan. Astana.

E-mail: batyr o@mail.ru. ORCID: https://orcid.org/0000-0003-2109-6999;

Urazgaliyeva M.K. — Doctoral student of the Caspian University of Technology and Engineering named
after. Sh. Yessenov

E-mail: mira_090578@mail.ru. ORCID: https://orcid.org/0000-0002-3622-2356;

Gabdulova A.E. — Kh.Dosmukhamedov Atyrau University, Atyrau, Kazakhstan

E-mail: kabae@list.ru. ORCID: https://orcid.org/0000-0001-8753-2007;

Moldasheva Zh.Zh. — Doctoral student of the Department of Information Systems of the Gumilyov
Eurasian National University, Republic of Kazakhstan, Astana

E-mail: zhadira1985@mail.ru. ORCID https://orcid.org/0000-0002—0559-3410;

Amanbayeva Zh.Sh. — Senior lecturer of the Faculty of "Information Technologies" of Atyrau University
of Oil and Gas named after S. Utebayev, Republic of Kazakhstan, Atyrau city

E-mail: zhak-7777@mail.ru. ORCID https://orcid.org/0009-0005-2200-4453.

Abstract. The article is devoted to the study and to the solution of one of the urgent
problems of petroleum geology, related to the choice of optimal parameters for the
development and production of oil in conditions of uncertainty due to the lack and
fuzziness of the initial information. The problems of solving problems of multi-criteria
choice for optimizing the operating modes of oil wells in a fuzzy environment are
investigated and approaches to their solution are proposed. Mathematical formulations
of the problems of choosing the optimal parameters of the object of study in a fuzzy
environment are formalized and obtained based on the modification of the ideal point
principle and a given number of priorities of local criteria. Algorithms for solving the set
problems based on the involvement of DM in the process of choosing a solution using
the level set a, the principles of an ideal point and the lexicographic ordering of criteria
are developed and described. The proposed algorithms for solving problems of multi-
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criteria choice in fuzzy are heuristic and allow you to iteratively improve solutions in
the dialogue between "DM — decision support system". At the same time, the decision
support system is a software and hardware complex consisting of software-implemented
object models and proposed algorithms for solving the tasks. In the proposed algorithm
of the formulated multicriteria choice problem based on the use of the modified ideal
point (desired solution) principle, the improvement of the criteria values for some fixed
values of the ideal points is realized only by reducing the level a, i.e., the reliability of
the solution. By adjusting the desired values of local criteria, it is possible to take into
account the DM's preferences for different local criteria, which allows changing their
weight coefficients. This allows the DM to choose the best solution depending on the
current production situation and the market demand for the manufactured products.
The proposed method based on the lexicographic principle is applicable when it is
impossible to predetermine the desired values of the criteria and, given a number of
priorities of local criteria, allows you to consistently improve their values. The obtained
results of the study make it possible to more effectively solve the problems of multi-
criteria choice when optimizing objects of petroleum geology in a fuzzy environment.

Key words: Multicriteria choice, decision maker (DM), fuzzy information, ideal
point principle, lexicographic ordering of criteria

© B.B. Opa3zoaes!, M.K. Ypasranuesa?, A.E. I'a6nysiosa’, ’K.JK. Mosnamena',
JK.III. Aman6GaeBa‘, 2023
JI.H. l'ymunes areinaarsl Eypa3sust yaTThIK yHHBEpcUTeTi, AcTana, Ka3akcraH;
’I11.EcenoB atbinaarbl Kacnuii TeXHOIOTUsUIIAP JKOHE MHKUHUPHHT YHUBEPCUTETI,
Axray, Kazakcran;
’X. locMyxaMenioB aTbIHIaFbl AThIpay yHUBEpCcHTETI, AThIpay, Ka3akcraH;
3C. OtebaeB aTbiHIaFbl AThIpay MYHall )KOHE Ta3 yHHBepCcHUTeTi, ATbipay, KazakcraH.

E-mail: zhadiral985@mail.ru

AMKBIHCHI3 BACTAINIKBI IEPEKTEP ) KAFJIAMBIHIA MYHAN
TEOJIOTUSICBIHIA KONIKPUTEPUJII TAHJAY TOCLIJIEPI

Opazdaes b. b. — JL.H. I'ymunes arsigarst Eypa3usuiblk YITTHIK yHEBepCcHTETI, «Kyiiernik Tannay xoHe
Oackapy» KadeapaceHBIH Ipodeccopsl

E-mail: batyr_o@mail.ru. ORCID: https://orcid.org/0000-0003—2109—6999;
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E-mail: mira_090578@mail.ru. ORCID: https://orcid.org/0000-0002-3622-2356;

I'adaymoBa A.E. — X.JlocMyxamesioB aTbIHAAFEl ATEIpay yHUBEPCHUTETI, «barmapiaMaliblk HHKSHEPHSD
KagenpackIHBIH MaruCTp, aFra OKBITYIIBICH AThIpay, Kasakcran

E-mail: kabae@list.ru. ORCID: https://orcid.org/0000-0001-8753-2007;

Moanamesa K.2K. — JLH. I'ymuneB areiaparel Eypasustiblk YITTHIK yHUBEPCHTETI, «AKMapaTTHIK
KyHenep» kadeapachHbIH JJOKTOPaHTHI

E-mail: zhadira1985@mail.ru. ORCID https://orcid.org/0000-0002—0559-3410;

Aman6aena JK.III. — C. OrebaeB arbinparsl ATelpay MyHail jkoHe ra3 YHUBEPCHTETIHIH «AKHNapaTTHIK
TEXHOJIOTUsIIap» (paKyIbTEeTiHIH ara OKBITYIIBICHL, ATHIpay K.
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AHHoTamus. Makana MyHail Te0JIOTHSACBIHBIH ©3€KT1 MacelenepiHiy 0ipi, 6acTankbl
aKMapaTThlH JKETICIIEYIIUNrT MEH aWKbIH eMeCTiriHe OaiJIaHBICThI AHBIKCBI3IBIK
KarJmalbplHAa MyHall KEHOPBIHAAPBHIH Wrepy MEH MyHall OHIIpy NpOoLecCTepiHiH
ONITUMAJIZIBI TIApaMETPIIePiH TaHAay MAceNeepiH 3epTTeyre KoHe IeNryre apHajFaH.
AWKBIH eMec OopTafa MyHail YHFBIMAJIAPBIHBIH )KYMBIC PEKUMIIEPIH ONTHMHU3AIHSIIAY
YIIiH KOMKPUTEPHUINi TaHAAy €CcenTepiH ISy MIceNenepl 3epTTelin, oJapabl MIenry
TocUIIeMeNepi  YChIHBUIABI. AWKBIHCBI3ABIKTa 3€pPTTEY HBICAHBIHBIH OINTHMAJJIbI
napamMeTpliepiH TaHJay eCeNnTepiHiH MaTeMaTUKAIbIK KOWBUIBIMIAPEl WAl HYKTE
MPUHIUITH MOAU(UKANMSIAY KOHE JIOKAJAbl KPUTEPHIIepIiH OachbIMKbIIBIPBIHBIH
OepiireH caHbl HETI3IHAEC PACIMIEITeH J>KOHE allbIHFaH. 0 JICHICWJIl JKUBIHBIH
naijanaHa OTBIPBIN, ImemriMai Tangay npornecine IIITK-HbI KaTbICTBIpYy HeETi3iHIE
KOWBUIFaH ecenTeplli HIeHly alTOpUTMIEpi, HIealbl HYKTE KOHE KpUTEepHiIepi
JICKCUKOTpaQUsIBIK ~ pEeTTey  NPHUHIMUOTEPIHE  HEri3fenareH.  ANKbIHCHI3IBIKTA
KONKPUTCHPHUIII TaHJay eCeNTepiH IIelly YUIH YCBIHBUIFAH — aJTOpUTMIED
3BPUCTUKAIBIK O0NbI TaObutansl sxkoHe «IIIKT — memmmaepai kKommay Kyheci»
apachIHIaFbl TUAJIOT apKBUIBI MEIIiMAEPIl UTEPAaTHBTI TypAe )KaKcapTyFa MYMKIHJIK
Oepeni. MyHa menrimMaepai Kojaay xyheci OaraapiiaMaiblK KaMTaMachl3 €Ty apKbLIbI
JKYy3ere achIpbUIFAaH HBICAH MOJEbACP]I MEH KOWBUIFAH €CEeNTepHi MISHIyJ YIIiH
YCBIHBUIATBIH ATOPUTMJIEPIHEH TYPAThIH OardapliaMaliblK-alnapaTThiK KeieH OOJbI
Tabbutanbl. MoaudukanusnanraHn HIeNIbl HYKTE (KaXETTI HIeUliM) NPHHIUIIH
naiananyra HeTi3[eNreH TYXKbIPBIMIAIFaH KOIKPUTEPUII TaHIay eceOiH memryre
YCHIHBUIFAH ANTOPUTMIHJE HIealabl HYKTeJepAiH KeiOip OeKiTiireH MoHIepi YIIiH
KpUTEpHI MOHJICPIH JKaKCapTy o ICHIeHiH, SFHU IMEIIiMHIH CEHIMAIITIH TOMEHICTY
apKBUIBI FaHa )KY3€eTe achlpbUIaabl. JIOKaIbl KpUTEpUINIEpAiH KAKETTI MOHAEPIH 63repTe
OTBIPBII, ONApBIH canMak ko3 dumentrepin esrepryre, sran LLIKT 6acbIMKBUTBIPBIH
eckepyre Oonanbl. byn IIIKT-ra areiMaarbl ©HIIPICTIK KaFjaiifa jKOHE OHAIPLITeH
OHIMIe HapBIK CYPaHbIChIHA OAMIaHBICTHI €H KAKChI HICHIIMII TaHJIayFa MYMKIHJIIK
Oepeni. JlekcukorpadusUITBIK MPUHIIMIIKE HET13/1€JITeH YCHIHBUTFaH TOCLT KpUTEPHITIEpIiH
KKETTI MOHCPIH aliJIblH ajla aHBIKTAy MYMKIH OOJIMaraH Ke3Jle KOJIaHbUIAbI JKOHE
JIOKaJbl KPUTEPUIIEpiH OachIMIBIKTAPbIH OaChIMIBIKTAphl OepilreHae, onapibly
MOHJIEpiH Ti30eKTel jkaKcapTyFa MYMKIHAIK Oepeni. 3epTTeyne alblHFaH HOTHKEIEp
aliKplH eMec opTaja MyHall TeOJOTHSACHI HBICAHAAPBIH ONTUMH3ALMSIAY Ke3iHAe
KONKPUTEPHUIIII TaHAAy eCeNnTepiH TUIMAIPEK MeIyre MYMKIiHIIK Oepei.

Tyiiin ce3nep: Kenkpurepuiino tannay, memim Kadsuiaaymis Tyra (ILIKT), alikba
eMec aKrnapar, uaeanpl HyKTe MPUHIIHI, KPUTSPUIIIEPAiH JIEKCUKOTPpadUsUIBIK peTi
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Annotanus. CTaths NOCBSIIEHA UCCIIEIOBAHUIO M PEHICHUIO OJHOM M3 aKTYaJIbHBIX
3aga4  He(TIHOH TEOJOrMH, CBSI3AHHOW BBEIOOPOM ONTHUMANBHBIX MapaMeTPOB
MPOIIECCOB Pa3pabOTKH W NOOBIYM HE(QTH B YCIOBHAX HEOIPEICICHHOCTH W3-3a
JneQuInTa ¥ HEYETKOCTH UCXOAHOW nH(popMmanuu. VMccnenoBansl mpoOieMbl pelieHus
3aJ]a4 MHOTOKPUTEPUATBHOTO BBIOOpA TS ONTUMU3AIHN PEKUMOB paOOTHl HEPTIHBIX
CKBQ)KMH B HEUETKOW Cpe/ie M MPEeNIOKEHBI IOAXO/BI K X pelieH0. PopMain3oBaHbl
U TOJTy4YeHbl MaTeMaTHUeCKUe MOCTaHOBKH 33/1a4 BBIOOPa ONTHMAIBHBIX MapaMeTpOB
00bEKTa HCCIEAOBaHUS B HEUETKOW Cpele Ha OCHOBE MOAM(DUKAIMH MPUHIMIA
WeaTbHOM TOYKH U 3aJAHHOM PsiJie TPHOPUTETOB JIOKATILHBIX KpUTEpreB. PazpaboTaHsl
1 OIMCaHbI aITOPUTMBI PEIICHHS TOCTABICHHBIX 3a]1a4, OCHOBAaHHbIC HA NPUBIICUYCHHE
DM B miporiecce BEIOOpa peNIeHus! C HCIIOIB30BaHHEM MHOXKECTBA YPOBHSI ¢, IPUHIIUTIOB
HeaTbHOM TOUKH U JIEKCUKOTpapUIeCKOTO YIOPSJ0UeHUs KpuTepueB. [IpenioxkeHHbIe
QITOPUTMBI PEIIeHUs] 3a/lad MHOTOKPHTEPUAIBHOTO BBEIOOpAa B HEYCTKOW SIBIISIOTCS
IBPUCTHYECKUMH U TTO3BOJISIFOT UTEPATUBHO YAYUIIUTh PELISHUS B Jrajiore Mexxay « DM
— CHCTeMa ITOJICPIKKY TPUHSITHUS pelieHui». [Ipr 3ToM cructema noaaep KK MpUHATHS
pelieHnii mpeacTaBiIsgeT Cco0Oi MPOrpaMMHO-AMIIAPATHBIA KOMIUIEKC, COCTOSIITUIN
W3 TPOTPaMMHO PEaM30BAaHHBIX MoJeNiell 00beKTa M MPEIIOKEHHBIX aJrOPUTMOB
pelieHns MOCTaBIeHHBIX 3agad. B mpemiaraemMom anroputMe chOpMYIHPOBAHHOM
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3aJ1aui MHOTOKPUTEPUATBHOTO BEIOOpA HA OCHOBE HCITOJIb30BaHHE MOAU(DUIIMPOBAHHOTO
MIPUHLIMIIA UACATFHON TOYKHU (PKEIaeMOTro pelleHus) yIydlleHns 3Ha9YeHUI KpUTepUeB
IIPH HEKOTOPBIX (PUKCHPOBAHHBIX 3HAYEHHSX HCANBHBIX TOUEK PEaTH3yeTcs] TOIBKO
3a CYET CHIKCHHSA YPOBHS 0, T.€. HAAECKHOCTH pelreHus. Koppekrtupys sxemaeMbix
3HAYCHUH JIOKAIBHBIX KPUTEPHEB, MOXKHO YYMTHIBAThH mpeanouTerHus DM k pa3HbIM
JIOKAJIbHBIM KPUTECPHUAM, YTO MO3BOJACT MCHATH HX BCCOBBLIC KOC-)(b(I)I/IHI/ICHTbI. 9t0
MO3BOJISIET BBIOpaTh DM HamiIydmiero pemieHus B 3aBUCHMOCTH OT CIIOKHBIICHCS
MIPOM3BOICTBEHHON CHUTYAIlMH M PHIHOYHOTO CIPOCa Ha MPOU3BOAMMYIO MTPOAYKIIHUIO.
[IpemnoxxeHHBIN METO HA OCHOBE JISKCUKOTPa(UIESCKOTO MPUHIIUTIA TIPUMEHHIM, KOT/Ia
HEBO3MOXKHO 3apaHee ONpECIUTh JKEIaeMbIX 3HAYCHUN KPUTCPUCB U NPU 3aJJlaHHOM
psne NPUOPUTETOB JIOKAIBHBIX KPUTEPHUEB MO3BOJISET IMOCIEN0BATENBHO YIIYYIIINTE UX
3Ha4ueHus. [lomydeHHBIE pe3ynbTaThl WCCIEAOBAaHUS IMO3BOJNSIOT Ooiee 3(pQeKTHBHO
peuiaTh 3a7a4 MHOTOKPUTEPHAIILHOTO BRIOOPA IPU ONITUMU3AIUU 00BEKTOB HEQTIHON
T€O0JIOTMHU B HEYETKOM cpefe.

KuroueBble cjioBa: MHOTOKPUTEPUAIbHBIN BBIOOD, JUII0, IPUHUMAIOIIECE PEIICHUE
(DM), nmederkass wHMOpMANMs, TPHHIWI HIACATHPHOW TOYKH, JIEKCHKOTpahUIecKoe
yHOpsIIOueHHE KPUTEPHEB

Introduction

With the expansion of the range of production tasks, including in geology, in which the
best solution is selected from a variety of alternatives in which a special role in making
decisions belongs to a person, there is a need to take into account human characteristics
when describing the system. When solving such problems, uncertainty and complexity
are generated, associated with a large number of alternatives, a vague description of the
selection criteria, possible limitations and parameters of the geological system under
study (Urazgaliyeva et al., 2023; Orazbayev et al., 2020). At the same time, the main
part of the initial information needed to solve the problem is formalized knowledge
and experience in the form of the judgment of the decision-maker (LPR), experts in the
subject area, for example, experienced geologists. The judgment of the LPR, experts
is usually expressed in natural language and is characterized by vagueness, ambiguity,
which is due to the peculiarities of human psychology and language (the diversity of
concepts and categories of thinking) (Ryzhov, 2017). As a rule, in the process of setting
a problem and choosing a solution, the LPR finds it difficult to formulate optimization
goals clearly enough, i.e. its ideas about the "best" alternative are fuzzy.

The judgment, the statement of the LPR evaluating the system, the selection criteria,
as arule, have a verbal form of the form "the more, the better" or contain an approximate
indication of the numerical values of the restrictions of the type "this parameter should
be approximately in such a range". In addition, expert information in the form of point
or verbal gradations is used to evaluate the systems under study according to criteria
measured in a scale of intervals or order (Lukianova et al., 2019). Thus, the vague
nature of the descriptions in the formulation of multicriteria selection problems and in
the preferences of experts when choosing a solution lead to the need to formalize and
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solve fuzzy problems based on the methods of fuzzy set theories (Zimmermann, 2018;
Rakhmetov et al., 2022).

Multicriteria selection problems in practice are often formulated and solved in the form
of mathematical programming problems, which are investigated in the works (Pishvaee
et al., 2020; Liang et al., 2018, Shvedov, 2017). When setting and solving problems of
fuzzy mathematical programming, the main difficulties arise due to the multi-criteria
nature of the problem being solved, uncertainty and lack of initial information necessary
for constructing a model of the problem and choosing a solution (Orazbayev et al.,
2021). At the same time, the problem of uncertainty in the formalization and solution
of multicriteria selection problems may be associated with randomness or vagueness of
the initial information.

If uncertainty arises due to the random nature of the initial information, then such
uncertainty can be eliminated or reduced using methods of probability theory and
mathematical statistics, for example, those studied in the works (Botev et al., 2020;
Gmurman, 2020; Mary, 2019). It should be noted here that in order to apply probabilistic
methods to solve uncertainty problems, it is necessary to fulfill the conditions of the basic
axioms of probability theory. The main axioms of probability theory include: repeated
execution of experiments to collect data under the same conditions; the presence of
an array of statistical data; statistical stability of the object of study, etc. But in reality,
these conditions are often not met, for example, some important parameters, production
indicators that affect the quality of the object are poorly measured or not measured
at all, the necessary amount of statistical data is missing. Such tasks include multi-
criteria selection tasks in a fuzzy environment, where it is necessary to use and take into
account subjective information or DM preferences when choosing the optimal solution.
Under these conditions, the use of probabilistic methods to solve uncertainty problems
in selection problems is not justified.

Often, even the use of probabilistic, statistical methods is possible, the complexity
of collecting and processing statistical data can lead to inefficiency in the use of these
methods. Thus, the conditions for the applicability of probabilistic methods, a large error
in calculations or the economic inexpediency of using these methods require other, for
example, non-statistical approaches to describing and solving real problems of multi-
criteria selection in conditions of uncertainty. As the most effective approach to solving
multicriteria selection problems in the conditions of uncertainty, it is possible to identify
fuzzy schemes for solving such problems based on expert evaluation methods and fuzzy
set theories set forth in the works (Lukianova et al., 2019, Gutsykova, 2017, Sabzi et al.,
2018; Ryzhov, 2017; Zimmermann, 2018; Pishvaee et al., 2022).

In the work of Leonova N.L., a study of the sensitivity of solving linear programming
problems used to solve optimization problems of production, i.e. complex objects and
processes under conditions of uncertainty (Leonova, 2020). But in this work, the issues
of solving the problems under study in the conditions of initial information fuzziness
are not investigated. In works on stochastic programming (Can Li et al., 2021; Goel et
al., 2019) an approach to solving the problems of uncertainty arising from the presence
of stochastic variables is proposed. In these studies, an approach to the development of
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optimization algorithms that can effectively solve initial problems in noisy information
conditions is proposed. In these analyzed research papers, the usual, i.e. clear
information is used to analyze the state of the optimized objects and in the optimization
process, and the lack of information is not explicitly taken into account in the models.
But in practice, many real objects and tasks are described by fuzzy information, which
is the experience, knowledge, intuition, judgments of experts in the subject area, LPR
about the functioning of the object and reflects their ideas in the process of choosing
the best solution. Moreover, it is often very difficult or impossible to transform such
fuzzy, semantic information into clear information. In the process of such conversion,
many important information can be lost. Therefore, the need to take into account such
fuzzy information stimulates the development of new, fuzzy approaches to solving
multicriteria selection problems in a fuzzy environment (Orazbayev et al., 2019: 1-6).

The purpose of this study is to formalize and obtain a correct formulation of the
multi-criteria selection problem for solving problems of geology in uncertainty and to
develop algorithms for their solution.

Research materials and methods

In practice, optimization problems are often characterized not only by multi-criteria,
but also by the inconsistency of these criteria in the field of effective solutions and
fuzziness (for example, criteria, constraints, priorities, weights, etc.). To solve such
multi-criteria optimization problems in this paper, they are formalized and posed as
multi-criteria selection problems in a fuzzy environment. To solve the obtained problem,
heuristic algorithms for their solution are proposed, based on the use of a set of level a
from the mathematical apparatus of fuzzy set theories and on involving in the process
of choosing a solution of the LPR.

To formalize the task of multi-criteria selection for solving problems of petroleum
geology in a fuzzy environment, the following designations are introduced:
Jix)h..., F ix} criteria that evaluate the effectiveness of the chosen solution. These

criteria constitute a vector of criteria LX) ={/ X} LKD) pe X=1(%,0000 1)
vector of input parameters (independent variables); ¥ ={¥,.....¥. 1 vector of weight

coefficients ¥ +-+s¥ ., evaluating the importance of criteria fil%h--+ fulX)
Eachsolutionis characterized by the value of criteriain points ¥+ ¥y : f (B Sy

L b Sy, X.). [lepBBIM 3TamoM pelieHus 3alaud MHOTOKPUTEPUAIBHOTO BBIOOpA,
a MHOTJA €€ OKOHYATEeNIbHBIM PEIICHUEM, SIBISCTCS ONPEICICHUE TaKUX 3HAYCHHI
BekTopa X =X, x), highlighting the set of effective solutions (the Pareto set) in

which the values of one particular criterion f (X} f{x}, i € [ wm it can be improved

only by worsening the value of other criteria Jx) jeli#j e I={l,...m]
multiple criteria indexes.

Then the solution of the multi-criteria choice problem in a fuzzy environment consists
in choosing the LPR of such a solution (alternative) that provides the best values of the
criteria f,{%x}.... f, (X} inan acceptable set, taking into account the imposed restrictions.
In this case, one or more criteria or restrictions are characterized by fuzziness. In this
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regard, when setting and solving such problems, it is necessary in one way or another to
use the methods of expert assessments (Lukianova et al., 2019; Gutsykova, 2017; Sabzi
et al., 2018) and the theory of fuzzy sets (Ryzhov, 2017; Zimmermann, 2018; Pishvaee
et al., 2022).

In depending on the source of fuzziness, multi -criteria selection tasks in a fuzzy
environment can be divided into the following main types:

1. Multi-criteria selection tasks with fuzzy criteria f{%).1=1m;
2. Multi-criteria selection problems with fuzzy maximization operators

max f{X), instructions of the form: «It is desirable that f;{).i=1L.m  there was
morey;

3. Multi-criteria selection problems with fuzzy constraints. Such fuzzy constraints
can be formalized as: «It is desirable that the values of the constraint function be at least
@ (X)<h g =1L (nomore >, approximately equal = );

4. Multi-criteria selection tasks with a fuzzy weight vector, a number of priority
criteria and/or constraints;

5. Multi-criteria selection problems with fuzzy constraints on independent variables
¥ ={x....x0. ) like: X = where ¢« fuzzy set;

In this paper, multi-criteria selection problems for solving geological problems with
fuzzy criteria and constraints will be formulated and their solutions based on expert
evaluation methods and fuzzy set theories will be proposed. The tasks of multi-criteria
selection are set and solved on the basis of the maximin principle and subject to a
known number of priority criteria. The proposed methods for solving the multi-criteria
selection problem are based on minimizing the mismatch of the criterion values from
their desired values. The procedure for optimizing the parameters of a geological object
is carried out on the basis of models that are fuzzy in such conditions. To solve the
proposed multicriteria selection problems, sets of level a are used, with the help of
which the original fuzzy problem is replaced by a set of clear tasks.

Results

The mathematical formulation of the multi-criteria choice problem for solving a
geological problem in the initial environment based on the ideal point and minimax
methods is obtained in the following form.

Find the vector of input parameters x = - '-',2] geological system, which is a
solution to the problem of multi-criteria selection, which provide the best approximation
of the vector of selection criteria fyx} = [ £x),.... F(x)) to their desired values
=0 e )

111|]1|__?; (x. ulﬁ—;;'ix}.f =1,m, O

X= ':!u: cX e sargle (XY) = byrael (d).g=1, !.:, 2)

rae -'F (X, ) fuzzy local criteria (all or part of them), the values of which are
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calculated by models; f"(x),i = I.m desirable (ideal) values of local criteria set by
the LPR; '

@ ¥y =bg=LL _ fuzzy constraints; B .g =1L — set numbers;
g’_u |:f_f':|= :D:I oy [':E.- ]£ . s [1}55][]]_ s=1, o E— the set of level o of fuzzy
parameters introduced to account for the fuzziness of parameters £; onthe s — th term.
In the resulting formulation of the multi-criteria selection problem in a fuzzy

environment, the values of the selection criteria f,{%x}.... f,,{%) The parameters are
determined on the basis of mathematical models of the optimized geological system:

V={VV.)= f{X)... [ (X} depending on the value of the input parameter vector

X ={x ., X_) (Kuanbayeva, et al, 2022). At the same time, mathematical models of
the optimized system should also be developed taking into account the fuzziness of the
initial information, i.e. fuzzy models are synthesized.

Values of fuzzy constraints &, (%.¥) =, %, f(x).., (L (x))=b g=1LL a
can be seen from (2), it also depends on the vector of input parameters that affect the
operation of the system and the chosen solution, and are determined using models of the
geological system

Localcriteria f {x}.i = |, combinedintoavectorfunction f{x}) = [ f(x). (%))
, which expresses the interest of the LPR in a particular state or mode of operation
of the system. In practice, depending on the current situation, the importance of local
criteria changes. Each of the m criteria depends on the vector of input parameters

X = {'.l'.l ..... X :l :FI """ |-l'-lr||

7" and it may differ in its coefficients of relative importance ,
the values of which vary depending on the current situation.

Given the values of the input parameter vector ¥ = {X)+.... X, | criteria Fixyi=1m
they take certain values. One of the tasks of multi-criteria is the selection of such vectors
X = {x.....x_), which highlights the Pareto set.

Expediency of minimax formulation of the multicriteria choice problem (1)-(2)

it can be explained by the fact that most production systems are expensive, and the
task of optimizing them has to be solved under conditions of uncertainty. Under these
conditions, it is reasonable to evaluate the quality of the system according to the minimax
principle, which ensures a guaranteed result. To effectively solve the problem of multi-
criteriachoice (1)-(2), anapproach based on the idea of identifying and taking into account
the preferences of LPR simultaneously with the study of an acceptable set of solutions
for finding effective solutions implemented on human-machine systems can be used.

The human-machine decision-making procedure is a cyclical process of interaction
between a person, i.e. a computer and a computer. The cycle consists of a phase of
analysis and decision-making (setting tasks for a computer) performed by the LPR, and
an optimization phase (finding a solution and calculating its characteristics) implemented
by a computer. In the process of interaction, the LPR clarifies the characteristic features
of the task, reveals additional information, thanks to which the computer determines
more and more perfect solutions.
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Thus, as a result of solving the problem of multi-criteria selection for the optimization
of geological systems in conditions of scarcity and vagueness of initial information,
rational modes of operation of the system are determined and selected according to
the selected criteria. The flowchart of the developed heuristic algorithm for solving the
problem of multi-criteria selection in a fuzzy environment (1)—(2) based on the minimax
principle using a set of level a is shown in Figure 1.

Fig. 1 — Block diagram of the algorithm for solving the multi-criteria selection problem in a fuzzy
environment

We describe the main blocks of the proposed heuristic algorithm for solving the
problem of multi-criteria selection in a fuzzy environment.

In block 2, the initial data, the values of the intervals of the set of level a, for example,
from 0.5 to 1.0, and the corresponding reliability levels (RL) are entered. For example,
the following can be highlighted RL: RL=1, by 0.9 <« 1.0 highly reliable solution;
RL=2, by 0.7 <a 9.0 reliable; RL=3, by 0.5 <a 0.7 medium reliable; RL=4, by 0.0 <
0. 0.5 low reliable.

In b_lock 3, the DM enters the ideal, desired wvalues of the criteria
=L e X)),

The solution of the minimization problem (1) on the set of acceptable solutions X,
determined by the expression (2), is performed in block 4, i.e. the difference between
the values of the optimization criteria is minimized ”: a, Li=1,m, and their ideal,
desired values

f,".i =1.m. The current results obtained for various levels of reliability

min; f %8} output in block 5.

In block 6, the received current values of the criterion are checked f(x.e ) and RL
satisfy DM or not. If yes, i.e. fix.2 b and the RL satisfy the DM, then to output the final
solutions selected by the DM go to block 10. Otherwise, i.e. if and RL do not satisfy
DM, then in block 7 DM enters a new value of o and/or makes the transition to the next
level of reliability according to the formula DM=DM+1.

In block 8, the condition of not exceeding the reliability levels RL of the specified
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REG value is checked. If it does not exceed, i.e. RL<RLE, then the search for new
solutions continues starting from block 4. If it exceeds, i.e.. RL>RLS, then the DM
adjusts the desired values of the criteria

f..i=1.m inblock 9, the search for new solutions is carried out starting from block
4.

Block 10 displays the final best solutions selected DM: & ={x, .....x,} the optimal
value of the vector of input parameters of the geological system, providing the best
values of the criteria

£7(x" e,y with the required set of level o and the required level of reliability RL.

This proposed and described algorithm is based on a combination of the idea of
the ideal point methods and allows the DM to choose a compromise solution between
the values of the optimized function and the reliability of the recommended control,
depending on the state of the object, the production situation. Such an algorithm is
effectively used when the values of local criteria are characterized by fuzziness, for
example, due to the fuzziness of the model, the management goal, etc. and the DM code,
it is necessary to obtain a solution result that is close to the desired results.

Let’s consider other approaches to solving the problem of multi-criteria selection,
which also rely on mathematical models of the optimized system. These approaches
are based on modification of the well-known principles of multi-criteria optimization
(Orazbayev et al., 2019: 182194; Chen et al., 2018).

Methods for solving the problem of multi-criteria selection using the principle
of lexicographic ordering of criteria. In these methods, the criteria are ordered by
importance, after which the best alternative is considered to have a higher score on a
more important criterion, regardless of the scores on the other criteria.

Let’s say as above X = {.r, ..... x| the vector of the input parameters of the oil
production system, and the criteria depending on them are ordered by importance, and
the criteria may be fuzzy

Fix) = A(x) == [0}

where * a sign that the criteria fix) preferable to the criterion _f.', Ax)i= I, m—1.
Then it is possible to make a consistent optimization, i.e. the choice of a solution
according to the scheme, lexicographic principle:

= |X targ ..f;'[ X.ct, ) =argapt f( f'iIJI,]'I
Al

¢

I
20X, ={x:arg [, (xa,)=argopt £(x,a,))
al N

[L.X={x :;Lrg_r_'.':.r. a, ) =arg opf .lrJ [t'.{r, 1 3)

T |

where X, X,..., X, many alternatives; &, = L. |.'5-f,- | parameters that take into
account the fuzziness of the original information; opt - optimization operator max or
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min It is clear that if the optimized criterion, for example, is the productivity of oil wells,
the quality indicators of the object, the profit from the products sold, etc., then max is
selected as the optimization operator. If the criteria express losses, production costs,
material, energy and other costs, then min is selected as the optimization operator.

The disadvantage of this approach is that the mutual importance of local criteria is
not taken into account. To solve this problem, you can enter the values A, g =1, L~
, allowing to take into account the importance of particular criteria (the principle of
quasi-optimality).

1.X, = ix:arg f (x,@,) = argopr f(x . &, — A,)!}
zall
2. X, ={x:arg f.(x.c,)=argopt (X, e, =A,))

L B

..--------...........-.\-.........--------...............;....--------.......| (4)
L.X, ={x:arg f, (x,e,)=arg opt f,(x,e,)=A,}
(LR
In this case, if, depending on the current situation, the mutual importance of the

criteria changes, then the DM values are adjusted in the dialog mode & o d = L, L.

Using the principle described above, we can propose the following algorithm for
solving the problem of multi-criteria selection in a fuzzy environment with a given set
of criteria priorities.

Step 1. Enter the reliability levels of the values of the optimized parameters, which
are determined on the basis of fuzzy models of the system.

Step 2. DM set priorities of criteria, arrange local criteria by their importance (- ):

_fﬁu] = f(X) m _Fwixl.

Step 3. Perform sequential optimization of criteria according to scheme (3) or (4):

. gt . g "
X =ixcarg £ (xa )=arg opt fx @)} or

L L8, -

X, = {.1':;Lrg_ji,'|21.{za ) = arg opi _fvi:i.‘.[rv:l— Al

where i = LL; X, =L, npug=1 the original set of alternatives. Optimization is
performed for different levels of control reliability.

Step 4. DM present the results of the current optimization X = ['-'. ‘f..} and

the corresponding values of the criteria. .f ;.lil-fi,,. | If the DM is not satisfied with the
current results, then he corrects the values @ and/or reliability levels and go back to
step 3 to improve the solution. If the current solutions satisfy the DM, then proceed to
the next step to output the final solution.

Step 5. DM based on his preference and taking into account the current situation in
production and the market, he chooses the final solution: X = [ '-',I r,: } the optimal
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values of the input parameters of oil wells and the corresponding best values of local
criteria.

_.l'-. Ix, o, | Thus, the condition for stopping the solution search procedure is to obtain
results satisfying the DM.

Discussion

Analyzing the proposed methods for solving multicriteria selection problems in a
fuzzy environment, it can be noted that heuristic methods for solving these problems
based on the DM reading when choosing the final solution are the most effective way to
solve selection problems in a fuzzy environment. These methods are iterative methods
that allow, based on the knowledge, experience and intuition of the DM, to consistently
improve the chosen solution in the «DM-computer» circuit in an interactive mode. At
the same time, the computer programmatically implements a decision support system
based on optimization object models and decision selection algorithms, such as the
heuristic algorithms proposed above. It is difficult to carry out a dialogue in such a
system without using languages close to natural, capable of describing fuzzy categories
that are close to human concepts and representations. In this regard, it is advisable to use
linguistic variables. Linguistic variables can make it possible to adequately determine
an approximate verbal description of the process, the operation of the system in the case
when there is no exact deterministic description. At the same time, it should be noted
that many fuzzy parameters described linguistically are often no less informative than
an accurate description.

The features of the proposed heuristic algorithms include:

— improvement of the values of local criteria for some fixed values of reference

levels .."-.I Jd=1Lm itis possible only by reducing the level of a, i.e. the level of control
reliability;

DM by adjusting the des1red (reference) values [ *.i=1.m may give preference to
one or another local criterion ,-F (%, a).i= I, that is, to change their weights;

by selectmg the most effective procedures (depending on the type of function
(model) f. (X, @, )) AT MUHMMH3AIHK OTKJIOHCHHS OT JKC/IACMBbIX 3HAYCHUI KPUTEPHEB

l)’ (%, )= [ |, you can increase the speed of finding a solution;
iterative procedure for sequential minimization of the maximum deviation of the

values of local criteria from the reference levels _,r:_.‘ = |,m repeats until the DM is
satisfied with the current results.

One of the effective algorithms for solving multicriteria selection problems is an
algorithm belonging to the class of deformable configuration methods (Rykov, 2019).
This algorithm is a generalization of the methods of deformable configurations for the
case of solving the multi-criteria choice problem. It should be noted that in order to
apply this algorithm in the case of fuzzy optimization, it is necessary to pre-process odd
information, for example, based on sets of level a, which allows us to proceed to a clear
statement of the problem being solved.In these algorithms, DM is used to evaluate and
compare the values of the quality function. He is required to divide the vertices of the

218



ISSN 2224-5278 3.2023

simplex into different groups and evaluate the success of the step by comparing two
values of the quality function at the centers of neighboring simplices. At the same time,
the construction of the quality function in an explicit form is not required. In this way,
using the non-formalized DM representations of the quality function, the uncertainty of
the task associated with multi-criteria is overcome.

Conclusion

The problems of solving multicriteria selection problems in oil geology in a fuzzy
environment and approaches to their solution are investigated. Heuristic methods for
solving multicriteria selection problems based on sets of a and various optimality
principles or their combination are proposed and described.The problem of multi-
criteria selection in petroleum geology is formalized and a mathematical formulation is
obtained in the form of a fuzzy mathematical programming problem based on the ideal
point principle using multiple levels a. A heuristic algorithm for solving the formulated
multicriteria selection problem in a fuzzy environment with different levels of reliability
of the solutions obtained is developed and described.

The main results of the study are:

— depending on the source of fuzziness, the types of multicriteria selection tasks in a
fuzzy environment are systematized and described:

— a mathematical formulation of the multi-criteria choice problem in a fuzzy
environment based on the principle of an ideal point and the application of a set of
levels is formalized and obtained a. The formulated statement of the problem allows
us to present the original fuzzy problem as a set of clear tasks depending on the value a
and solve by suitable methods;

— the problem of multicriteria selection with ordered local criteria is formulated on
the basis of the principle of lexicographic ordering of criteria. To take into account the
changing importance of local criteria, a modification of the lexicographic principle of

Ag=LL

optimality is proposed by introducing concessions

— based on the principles of the ideal point and the 1ex1c0graph1c principle of
optimality, iterative algorithms for solving formulated multicriteria selection problems
based on the use of a set of level a are developed and described. The condition for
stopping the procedure of searching and choosing the best solution in the proposed
algorithms is to obtain results satisfying the DM.

The presented research results are promising and can be effectively used to solve
problems of optimization of petroleum geology and to choose the best solution in a
fuzzy environment.
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