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

KA3AKCTAH PECITIYBJIMKACBHI
YJITTBIK FBIJIBIM AKAJIEMUSCBI

Satbayev University

XABAPIIAPDBI
N3BECTUA NEWS

HAHHOHAHBHOﬁ AKAJIEMIN OF THE ACADEMY OF SCIENCES

HAYK PECITYBJIMKIA OF THE REPUBLIC OF

KA3AXCTAH KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

1 (457)

JANUARY - FEBRUARY 2023

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

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

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

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



Bac penakrop

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

FplabiMu XaTiibl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

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

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

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

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

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

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

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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M.K. Urazgaliyeva, R.Y. Bayamirova, K.T. Bissembayeva®, G.S. Sabyrbayeva,
A.A. Bekbauliyeva

Caspian University of Technology and Engineering named after Sh. Yessenov,
Aktau, Kazakhstan.
E-mail: karlygasha.bissemd74@mail.ru

METHODS FOR ASSESSING THE CHARACTERISTICS OF OIL RESERVES
WITH FUZZY GEOLOGICAL INFORMATION AND DEVELOPMENT OF
OIL FIELDS

Abstract. The problems arising in the development of models to assess the
characteristics of oil deposits due to the vagueness of the initial geophysical, geological
information, which is an urgent problem of oil production, have been studied and a
method for solving thereof based on expert evaluation methods and theories of fuzzy
sets has been proposed. Mathematical formulation of the problem of multi-criteria
optimization of oil fields development processes in a fuzzy environment has been
developed by modifying the various principles of optimality for fuzziness. On the basis
of the developed models the approach to the solution of the formulated problem of
multicriteria optimization of development processes with fuzzy criteria and constraints
has been proposed. The paper describes the main phases of the proposed method for
solving the problems of identifying oil deposits with fuzzy geophysical information.
Two-dimensional and multidimensional relations between the reservoir factor and the
structure factor with the main fuzzy geophysical characteristics have been obtained
from experts in form of their knowledge, experience and intuition in natural language.
Whereas these relations have been established on the basis of a modified multiple
regression method. Structural identification of fuzzy and linguistic models, which
allow to describe the scope, oil composition and porosity of the oil deposit, has been
carried out. A description of the proposed methodology for the identification of fuzzy
parameters of fuzzy models based on the a level set has been given. Various modified
principles of optimality have been used for formalization and mathematical statement
of the task of multi-criteria optimization of the oil deposits development process in a
fuzzy environment and the approach to solving thereof has been proposed. The obtained
results of the research allow to formulate and obtain solutions to the problems of oil
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reservoir simulation and optimization of the oil field development process under the
conditions of fuzzy source data and indicators.

Key words: Oil reservoirs, fuzzy geological information, oil field development,
reservoir factor, structure factor.

M.K. YpasraimeBa, P.Y. Basmuposa, K.T. Bucem6aena’, I.C. CaébipoaeBa,
A.A. bek0ayimeBa

[1. EcenoB arsinaarsl Kacnuii TexHomorusuiap soHe HHKUHUPUHT YHUBEPCHUTETI,
Axray, Kazakcran.
E-mail: zhadiral985@mail.ru

AMKBIHCBI3 TEOJIOTUSIIBIK AKITAPATTA MYHA KEHJIEPIHIH
CHUIIATTAMAJIBIP BAFAJIAY KOHE MYHA KEHOPBIHJIAPBIH UTEPY
TOCLIJIEPI

Annoranusi. MyHail eHZIpyIiH ©3eKTi MiHAeTi OoibIm TaObLIaThIH OacTarKel
reou3MKaiblK, TEOJOTHMsIIBIK AaKHapaTrThlH alKbIH  eMecCTiriHe  OailaHbICTHI
MYHall KeH OpbIHIApbIHBIH CHIIATTaMajapblH Oarajay MOJACTIH o3ipiey Ke3iHzae
TYBIHOAWTBIH MOCENesIep 3epTTeNiN, oJlapAbl JIKCIEPTTIK Oaranay J>KoHE aWlKbIH
eMeC JKUBIHAAp TeOopHsUIapbl TACUIAepi HETi3iHAe IMIelry TICiIAeMeci YCHIHBICFaH.
AWKBIH eMec opTaja MyHall KeH OpPBIHIApbIH Urepy MpOLEeCTEpiH KONKPUTEePHMI
OoNnTUMM3aLUsUIay eceOiHiH MaTeMaTHUKAIBbIK TYKBIPBIMBL TYPJi  ONTHMAJJIBIK
OPUHUUNTEPIH  ANKBIHCBI3ABIKKA MOAMGUKALMATIAY apKbUIbl  TY)KBIPBIMAAJFAH.
KypbuibiMbl uaeHTHOUKAIMATIaHFAaH MOAETBIEP HETi3iHAe ailKblH eMec KpuTepuiiiep
MEH IIEeKTEyJIepMEH MyHall KeHOPBIHIAApBIH Hrepy MpOLecTepiH KONKPUTEePHMI
ONTUMM3ALMSUIAYABIH  TYKBIpbIMAANFaH ece0iH IIenry TocianeMeci YCBHIHBUIFaH.
XKymbicTa aliKbIH eMec reo()U3UKaNIbIK aKMapaTieH MyHail KeH OpbIHIApbIH aHBIKTAy
MOCeJIeNIepiH MICHTY/IiH YChIHBUIFaH TOCUTIHIH HeTi3ri Ke3eHaepi cunarranran. Herisri
aliKpIH eMec reo(H3MKajbIK cumarramaiapbl 0ap KeHAIK (akTop MEH KYpBUIBIMIBIK
(dakTop apachlHOAaFrbl €Ki eNmeMIi JKOHE Kem enmeMIi OalnaHbicTap ajbIHFaH,
AKCIEPT-MaMaHAap/AbIH OLTiMi, TOKIpHOECI )KOHE MHTYUIUAICH TYPIHAC TaOUFU TijJIe
anbIHFaH. AtajraH Oyl OaiiaHbICTap KONMPETTIK perpeccusiHbIH MOAN(UKaIMsIaHFaH
ozici Heri3iHae OpHATBUIABL. MyHaHAbIH KeJIeMiH, KypaMblH J>KOHE MYHall KeH
OPBIHAAPBIHBIH KEYEeKTIIIriH CHUMaTTayFa MYMKIHAIK OepeTiH aHBIK €MeC >KOHe
JIMHTBHCTUKAIIBIK MOJETBACPAl KYPbUIBIMABIK HICHTU(UKALMSIAY OPBIHAAIFAH. O
JCHI'ell JKUBIHBl HEri3iHIe alKblH eMec MOJENbACPIiH AalKBIHCBI3 MapaMeTpiepiH
AHBIKTay/AbIH YCHIHBUIFAH 9/IICTEMECIHIH CHIaTTaMachl OepisireH. AWKBIH eMec opTajaa
MYHall KeH OpBIHAAPBIH WIepy MPOLECIH KONKPUTEPHUilNi ONTHMHU3ALMsIIay eceOiH
(dopmanmuzanusay KoHE MaTeMaTHKaJbIK TYXBIPbIMAAY YIIiH MOAU(UKAIMsIaHFaH
TYPJi ONTUMAJABIKTBIH NPUHLUOTEP] KOJJAHBUIFAH >KOHE OHBI AJNbIHFAH EMeNTi
LICHTYIiH TocUIAeMeci YChIHBUIAABL. 3epTTey OapbIChIHAA albIHFaH HOTHIKENep alKbIH
emec OacTamkbl JIEpeKTep MeH KOpCETKIIITep >KarnailblHna MyHail KeHIHIITEpiH
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MOJICNIbJIEY JKOHE MYHall KEHOPBIHIAPBIH WIepy NPOIECTePiH ONTUMH3AIMIIAY
€CeNTEePiHiH MEIiMACPiH alyFa MyMKIiHIIIK Oeperi.

Tyiiin ce3mep. MyHail KeHi, allKbIH €MeC TEOJIOTISUIBIK aKmapaT, MyHail KeH
OPBIHAAPBIH UTEPY, KeHIIK (GaKTOp, KYPBIIBIMIBIK (haKTop.

M.K. Ypasraiuesa, P.Y. Basimuposa, K.T. Bucemoaena’, I.C. CaébipoaeBa,
A.A. Bek0ayimeBa

3 KacnuiicKuii yHHBEPCUTET TEXHOIOTUU U uHkuHupuHTa M. [11.Ecenosa,
Axray, Kazaxcran,
E-mail: zhadiral985@mail.ru

METO/IbI OHEHKHU XAPAKTEPUCTHUK 3AJIEXKEA HE®THU ITPU
HEUYETKOM 'EOJIOTMYECKON UH®OPMAIIMU U PABPABOTKH
HE®TSIHBIX MECTOPOXJIEHUM

AHHoTanus. MccienoBanel poOieMbl, BO3HMKAIOIIME NpU  pa3padoTKe
MOZICTIH Il OLEHKH XapaKTEPUCTHK 3ajeKed HeTH H3-3a HEYETKOCTH HMCXOAHOM
reoU3MYEeCcKoi, TeoJorndeckol MHQOpMaINHU, SBISIOMICHCS aKTyaJbHOH 3anadei
HePTeN00BIUH, IPEITIOKEH METO MX PEHICHHUS Ha OCHOBE METOJIOB SKCIIEPTHOM OIICHKH
U Teopuid HedeTKuX MHOXecTB. CdopMmynupoBaHa MaTeMaTHuUecKas MOCTaHOBKA
3aJa4d MHOTOKPUTEPHAIbHOH ONTHMHU3ALMU IIPOLECCOB Pa3paboTKu HEPTIHBIX
MECTOPOXK/ICHUH B HEUETKOW CpeAe MyTeM MOAU(HUKALUHN Pa3INYHbIX NPUHLUIIOB
ONTUMAJBHOCTH Il HeYeTKOCcTH. Ha ocHoBe pa3paboTaHHBIX MOJENEH MpeiokeH
MOAXOJ K PEIICHUIO CPOPMYITUPOBAHHON 3a/1a4l MHOTOKPUTEPHATIBHON ONTHMHU3AIH
MIPOIIECCOB Pa3pabOTKU C HEYETKUMHU KPUTEpPHsIMH U OorpaHuueHusiMu. B pabore
ONHCaHbl OCHOBHBIE JTalbl MPEUIaracMoro METOJa pPEIIEHUs 3alad BBIABICHHS
3anexel HeTH Ipy HeYeTKOH reodusndeckoit nahopmarwu. [lomydeHs! 1ByMepHbIe 1
MHOTOMEPHBIE CBS3U MEKAY (HaKTOPOM 3aJekKH U (HPAKTOPOM CTPYKTYPhI C OCHOBHBIMH
HEYETKHMHU Teo(U3NUECKUMH XapaKTePUCTUKAMH, KOTOPBIE MOTYYEHBI OT HKCIIEPTOB
B BHJIE€ UX 3HAHUS, OINbITa U MHTYHIIMH HAa €CTECTBEHHOM fA3bIke. IIpu 3TOM naHHBIE
CBSI3U YCTAHOBJCHbI HAa OCHOBE MOAMMDUIIMPOBAHHOTO METOJa MHOXKECTBEHHOM
perpeccun. IIpoBeneHa cTpykTypHas HACHTU(UKALMSA HEUETKUX U JIMHTBUCTUYECKUX
MoJIeJield, KOTOpbIE MO3BOJISIIOT ONKCaTh 00bEM, COCTaB HEPTU M MOPUCTOCTD 3AJICKH
Heptu. JlaHo omMcaHWE MPEIJIOKEHHOW METOJUKH WICHTU(PHUKALUN HEYETKUX
napaMeTpoB HEUETKUX MOJIEJICH Ha OCHOBE MHOXeCTBa YpoBH o. it popmanuzanmn
1 MaTeMaTH4eCKOM TOCTaHOBKH 3a/1aul MHOTOKPUTEpHAIbHON ONTUMHU3ALINH ITpoLiecca
pa3paboTku He(TIHBIX MECTOPOXKICHUH B HEUYETKOW Cpejie MCIONb30BaHa Pa3InyHbIe
MOAM(UIMPOBaHHBIC IPUHIMIIBI ONTUMAJIIBHOCTH U IIPEIJIOKEH MOAXO/ K €€ PELICHUIO.
[TomyueHHBIE pe3yNbTaThl UCCIEA0BAHMS TIO3BOJISIFOT IOIYYUTh IOCTAHOBOB U PEILIEHUS
3aa4 MOJCIUPOBAHUS 3alle)kl HEPTH W ONTHMHU3AIMU MPOLECCOB pPa3pabOTKH
HEPTSIHBIX MECTOPOXKICHUH B YCIIOBHSX HEUETKOCTH HCXOAHBIX IAHHBIX M TOKa3aTeei.

KioueBble cioBa: 3amexu HeTH, HeUeTKas Teolornueckas HHpopMaius,
pa3paboTKa HEPTIHBIX MECTOPOXKACHUH, (haKTOP 3aIeKH, PaKTOp CTPYKTYPHI.
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Introduction. The theoretical basis for application of field geophysics methods to
search for minerals is the change in the physical properties of the geological environment
during formation of accumulations of these minerals therein, such as industrial oil
(Volkova, 2018).

According to the results of the studies it was found out that in the area of oil and gas
deposits the following are observed (Pospelov, 2019, Issenov, 2021):

- abnormal changes in geophysical fields;

- deterioration of the correlativity of seismic waves;

- reduction of the number of reflections;

- appearance of horizontal reflective pads over oil and gas contacts with water;

- decrease of amplitudes of reflected waves, local decrease of gravity, increase of
apparent electrical resistance.

These anomalies are usually very weak and often cannot be distinguished against the
background of more intense anomalies caused by interferences: depth, structural factors
and heterogeneities in the upper parts of the section.

An anomaly of geophysical information in oil and gas geology is defined as an
isolated in territory and significant deviation of the real physical field of the Earth
from the values of the normal field, such as electromagnetic, gravitational, radiometric
properties, which are recorded in the observed point corresponding to the localized oil
and gas fields (Crable, 2020).

Geophysical anomalies are usually used in geology in the search for oil and other
minerals as it refers to their search signs. By analyzing and interpreting anomalies in
geology you can solve the problem of searching and exploring for oil and other minerals.
In addition, these methods can be applied for study the features of the geological
structure of the vicinity of the wells and mine workings; masses of fossils, which are
deposited between the wells, mine working and the surface (Iskaziyev, et al. 2018).

As arule there is no unambiguous relation between the presence of oil and the nature
of individual geophysical anomalies in the background of interference, it is necessary
to develop methods for the integrated use of geophysical data by means of modern
methods of analysis and information processing (Rakhmetov, et al. 2022, Orazbayev, et
al. 2020, Ryskin, et al. 2020,).

Usually geophysical data collected and used in petroleum geology are approximate
and fuzzy (Liu, et al, 2022). For effective use of such data it is necessary to complement
them with a meaningful human interpretation, which is a specialist's judgment in the
form of fuzzy statements (Kuanbayeva et al. 2022, Orazbayeyv, et al. 2019). The efficient
means of processing such information are methods of fuzzy sets theory (Ryzhov, 2017).

Methods of multivariate regression analysis are used to solve the problem of finding
oil deposits from field geophysical data (Zhao, et al. 2017, Israilova, et al. 2021), but
in many cases due to the lack of reliable statistical data (Sabzi, et al. 2017, Orazbayeyv,
et al. 2016: 103-109).

In order to estimate oil reserves in the deposit fields, to build projects for its
development, production and refining, it is necessary to know some filtration-
capacitative and hydrodynamic parameters of the reservoir being developed: porosity,
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permeability, oil and gas content, etc. (Khurgin, 2019). Their determination is carried
out by both direct and indirect measurements with the participation of specialists. A
number of physical measurements are performed in the well: electrical and acoustic
logging, radiometry, etc. Then, some petrophysical equations are used, which connect
formation parameters with physical values measured in the well. These equations are
written as regression equations or as various empirical relations derived from physical
considerations and a variety of data. As a result of solving these equations the reservoir
parameters are determined, which are used to estimate oil field reserves, to build field
development projects and to manage the production, transportation and refining process.

Research materials and methods. When measuring and processing geophysical
data in petroleum geology since human factor is involved the results of measurement and
processing are characterized by approximate, fuzzy values, which are verbal information.
This is due to the following objective reasons, such as (Orazbayev, et al 2014):

- inaccuracy of the instruments, accuracy class thereof;

- measurement process errors;

- influence of noise and interference during measurement and other.

In addition, there are subjective reasons for the vagueness of the measurement and
processing results, such as:

- registration of specialist’s measurements;

- interpretation, explanation of the data, the results obtained by man, which
are usually expressed in natural language, i.e. vaguely in the form of a conclusion,
conclusive statements.

In the practical geology a significant number of parameters and indicators are not
measured, they are difficult, expensive and economically impractical to measure.
Therefore, they are estimated by man and are vague, verbal by nature. Besides, due
to the high cost of measurements and time constraints the practical measurements
and interpretation of geophysical data are performed once, which excludes statistical
processing of the data. However, even with many measurements where man plays the
main role, the independence of sequential measurements cannot be ensured, because the
behavior of the expert making measurements and interpretation substantially depends on
his previous experience. All this shows the limitations of using a probabilistic-statistical
approach for processing geophysical information to estimate field reserves (Zhao, et
al. 2017, Khodanovich, et al. 2017). Such methods, which are based on collection,
processing and application of an array of random parameter values, are characterized
by the stability of geological objects in multiple repeatability of experiments under the
same conditions. Thus, the probabilistic-statistical methods allow you to determine the
relations between input and output random values of the geological object parameters
such as of oil deposit.

To collect and process fuzzy information from specialists, experts in the subject area
(experienced geologists, geophysicists) we use methods of expert evaluations in this
paper (Sabzi, et al. 2017, Gutsykova, 2017). The methods of verbal analysis or fuzzy
mathematics methods can be applied as methods of formalization, processing of fuzzy
information application (Ryzhov, 2017, Orazbayev, et al. 2022).
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In this paper the mathematical apparatus of the theory of fuzzy sets can be used as
a more efficient and adequate mathematical apparatus for solving such problems under
the conditions of fuzzy geophysical information.

To the main phases of the proposed method for solving the problems of identifying
oil deposits in case of fuzzy geophysical information can be referred (Orazbayev, et al.
2021):

Phase 1. Conducting an assessment of the influence of the main disturbances affecting
the character of the geophysical fields of a structure containing the oil deposit;

Phase 2. Determination of the relative informativity of different types of exploration
and different sets of characteristics in solving the problem of searching for oil deposits;

Phase 3. Analysis of the direct influence of the oil deposit on the complex of
geophysical characteristics;

Phase 4. Development of fuzzy equations, i.e., models that can estimate characteristics
of oil and gas deposits by geophysical data;

Phase 5. Create a simulation algorithm that allows changing, including fuzzy values
of geophysical data on the basis of the developed model to simulate different situations,
to forecast the characteristics of the oil deposit.

Phase 6. Software implementation of the developed fuzzy models and modeling
algorithm and create a system of computer modeling and decision support;

Phase 7. By exploring with the help of computer modeling and decision support
system select fuzzy solutions to assess the characteristics of the oil deposit and conduct
an interpretation of the results and, if necessary, the de-fuzzification procedure.

As the initial data necessary to solve the problem of searching for oil deposits it is
possible to use a set of geological and geophysical characteristics, and the information
to be received from the person at estimation of these characteristics and interpretation
thereof. In this case indicators of the of the oil deposit volume and the conditions of
occurrence thereof are used as geological characteristics, i.e. such factors as:

1) Deposit factor (FD). This factor characterizes the thickness of "pure oil or gas"
vertically by pickets of observation, which has been calculated as the sum of thicknesses
of oil-and-gas-saturated formations with consideration of their porosity and oil-and-gas
saturation;

2) Structure Factor (FS) is the absolute depth mark (m) of the reservoir top within
and beyond the reservoir contour. All FS contours are obtained from seismic research
data, and they are characterized as a rule by indistinctness.

It should be noted that the indicators used as geophysical characteristics are those
that are most affected by the deposit and for which sufficient data have been obtained:

1) Seismic characteristics representing the absorption coefficient of reflected seismic
waves K,, varying from 0.50 to 2.0, and the number (6-20) of seismic waves in a 500
m thick K, including the gas reservoir. In practice, these parameters are represented as
fuzzy numbers - £..%, ;

2) Electrical characteristics. These include the apparent electrical resistance p,, which
varies from 6 to 13 Om'b and the total longitudinal conductivity S, which is defined in
the range of 310<S<530 sym/m;
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3) Gravimetric index: gravity anomaly Agy (Zverev, et al. 2018).

As we can see many geophysical characteristics affecting oil, gas and other mineral
deposits can be estimated in form of fuzzy values. Therefore, methods of expert
evaluation and fuzzy sets theories are applied for their collection, formalization and use
in practice.

Results. Since reliable information about the nature of the correlation between
individual geological and geophysical indicators as well as between the indicators and
characteristics of deposits is not sufficient or not available the algorithms of traditional
mathematics that impose stringent requirements on the nature of these correlations
(statistical stability of the observations, the need for a normal distribution of the vector
of observed values, etc.) are not applicable. In this regard we apply a fuzzy approach
based on the apparatus of fuzzy mathematics, which uses meaningful, fuzzy information
that is obtained from man (expert geologists and geophysicists).

Based on fuzzy information obtained from experts in the form of their knowledge,
experience and intuition in natural language and using a modified multiple regression
method we can describe bivariate and multivariate correlations between FD and FS with
sets of geophysical characteristics:

~ o~ ~

.‘N'FD = f(FS, K,. Izu'~ﬁk~s~ AgH)

where 7™ - is a is a fuzzy value of the oil deposit factor, FS.K,. K. 5,. 5. A8y -are

fuzzy values of the above-described structure factor, seismic characteristics, electrical
characteristics and gravity anomaly, which is a gravimetric indicator.

As a result of the study and analysis it was found out that the parameters of the
deposit factor are mainly determined by the values of the parameters of the structure
factor, apparent electrical resistivity, absorption coefficient of reflected seismic waves
and total longitudinal conductivity, which are usually fuzzy, i.e. FS. p,. K .. K,.S. ' This
revealed relation between the FD and FS factors is explained by the fact that they both
reflect the geography of the deposit and are the most informative indicators (Orazbayeyv,
et al. 2016: 1487-1493).

Multivariate correlations of the reservoir factor with geophysical characteristics are
much more intense than bivariate ones. The fuzzy equation, which defines the correlation
of FZ with the full complex of geophysical characteristics, is much more informative
than the bivariate correlation equation 7™ = 7(rs).

Structures of fuzzy multiple regression equations, i.e., models that fuzzily describe
characteristics of oil and gas reservoir, such as: volume, porosity, oil and gas composition,
FD, etc., are generally identified as follows.

In the case of clear values of the source data (structure factor, seismic and electrical
characteristics, etc.) in the form of fuzzy multiple regression equations:

n n

) 7" B —
Y, =8y 40, @yx, + ) ) XXy +.j =Lm, (1
i=1 k

i=1 k=i
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where ¥, . are fuzzy values of oil field characteristics; %> @ -are fuzzy regression
coefficients to be identified; *y-*% are values of source data, e.g. FD, p,.k,.s etc.; n and
m — respectively, are the number of source data and oil reservoir characteristics.

For the case when in addition to the characteristics of the oil field and the source data,

i.e. FD.5.K..5 etc., denoted as o , are fuzzy, the structures of models describing the
dependency of oil reservoir characteristics (volume, porosity, composition, etc.) on the
structure factor, seismic and electrical characteristics, etc. are identified in the form of
linguistic rules of conditional inference:

IF X € 21 Af;e Zz A..AX, € Z,,. THEN ¥, € §j.j= Lom. )

where %:%%, _are fuzzy source data (terms describing the source data); y,.j=1m
-are fuzzy characteristics of the oil field being studied, i.e., the terms describing fuzzy
characteristics of the oil field; 4.i=Lnu B, j=1.m -fuzzy subsets to which belong,
respectively, the source data and characteristics of the oil field.

Linguistic variables are used to estimate the value %,.%; i.e., the terms like “small”,
“below average”, “average”, “normal”, “above average”, “many”, etc. Each of these
variables is described using an identity function. To describe these fuzzy variables an
affiliation function structure is proposed, which differs from the known ones by having
two coefficients for fast (rough) and slow (accurate) adjustment, fitting the graph of the

identity function to the graph obtained on the basis of expert evaluation:

,“_;, (;,1) — exp(Q,’ |xi —xi-\m [Av,’ l (3)

where O -is coefficient of a rough adjustment of the identity function graph to the
graph built on the basis of expert evaluation, which is identified on the set of level
a=0,5;N; -coefficient of the accurate fitting of the identity function graph to the graph
built on the basis of the expert evaluation; x, are numerical values of fuzzy source data
%.i=1n, obtained on the basis of the set of level a=1; x;” - are the values of the source
data determining the fuzzy variable, which most corresponds to the selected term and
for which the identity function takes the maximum value.

The obtained fuzzy and linguistic models allowing to describe the dependency of oil
reservoir characteristics (volume, porosity, composition, etc.) on the structure factor,
seismic and electrical characteristics are suitable for modeling and calculation of various
field characteristics under the conditions of fuzzy source information.

Fuzzy models of the type (1) evaluating various characteristics of an oil field are
developed on the basis of the system approach, methods of expert evaluation and theories
of fuzzy sets as well as on the basis of a modified method of successive inclusion of
regressors. To identify fuzzy parameters (regression coefficients ;- a;. a; the following
methodology can be used (Orazbayev, et al. 2021).

1) At the first stage fuzzy models are represented as a set of fuzzy, regular regression
models based on the level a set.
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2) At the second stage the regression coefficients are identified for each level o using
known methods of parametric identification, such as the method of least squares;

3) At the third stage, which is final for computer modeling, the identified coefficients
at different levels o, are combined using the merge operation and one regular regression
model is obtained.

Then a software implementation of the resulting model is carried out, which allows
to determine on the computer the influence of the source data (structure factor, seismic
and electrical characteristics, etc.) x,.i=1» on the characteristics of the oil reservoir
y,.j=Lm, in other words they are used to solve the problem of volume estimation,
determination of porosity, oil composition, etc.

Based on the developed models, on evaluation of the characteristics and oil field
depending on the structure factor, seismic and electrical characteristics and other input
data we can solve various optimization problems of oil field development.

The approach to solving the problem associated with the evaluation of the
characteristics and development of the oil field has been researched and proposed. The
subject matter of the solution of this problem is to determine the amount of oil reserves
and an efficient plan of the oil field development. To solve this problem, it is necessary to
develop a model on the basis of above mentioned approach, i.e. to identify the structure
and parameters of fuzzy equations of multiple regression of the type (1) at x.,i=1n
and y,.j=Lm. In case of fuzzy source data - x,.i = 1,n and output parameters (reservoir
characteristics) - ¥,.7=Lm | the linguistic model is synthesized as per structure (3).
The developed models must correctly estimate the characteristics (volume, oil and gas
composition, FD, etc.). Whereas expert evaluation is carried out both to describe fuzzy
data and characteristics, and to evaluate various options for development and production
of oil.

To select the most efficient option the following is selected as the main comparison

criteria: f;(x).i=Ln - is the profit received from the development and production of

oil; £(x).i=Ln- are capital investments into field development. These criteria are
generalized and depend on many factors. Their approximate (fuzzy) estimates can be
obtained on the basis of methods of expert evaluations and the theory of fuzzy sets. Let
A®.4®.£® -be fuzzy values of above-mentioned criteria, which estimate efficiency

of oil field development option, where X=(x.,x,,%,,x,.%,,%,) - are source data, such as the
structure factor, seismic and electrical characteristics affecting the amount of capital
investment, the method, technology of production, the resulting profits.

To formalize and obtain the formulation of this problem in the form of a decision-
making problem, it is necessary to build identity functions #(x).j=13. describing fuzzy
criteria £ ®).£(x). 4(x). describing fuzzy criteria

When building the identity function, you can use the structure of the function
proposed above in formula (3). Then the stated problem of oil field development in a
fuzzy environment can be written in form of the following statement of the problem of
multicriteria optimization or decision making:
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f N 3
maxpc (x), pe(x) = >l ud(x)) “4)
5 - J=1
X:{er, xngq,q:l,_6}, (%)

where 4/(x) - are identity functions of fuzzy criteria evaluating the efficiency
of oil field development; x=(x,%,,x,%,%,%,) — is the vector of source data;

3
% i=13 (Z %=L 72 — are weight coefficients reflecting the mutual importance
of the criteria; X is the set of acceptable solutions; Q is the initial set of alternatives;

x, 2b,,q =16 - are fuzzy restrictions on the assignment of source data.

. . 1
If the decision maker (DM) can choose one of the criteria, for example 4 (x) —a
profit obtained from development and oil production, as the main criterion and set their

boundary values Hz(x),j =23, to the remaining criteria, then the correct statement of
the multicriteria optimization problem can be written as:

max 4 (x) (6)

xeX
6 6
X=x:xeQA arg(//é (x)> y{z) Aargmax» Bx, AY B, =
xs0) po=t a=1
1A B zo,j=2,3,q=1,_6}, (7

where g3(x).j =23 - are boundary values of local criteria. In this statement it

is necessary to set a number of criteria priority I=t1, 2, 3}, where priority 1 has the
main criterion, the other criteria of lower priority will be taken into account within

constraints and should be equal or greater than their given boundary values; B PByreens By
- are weight coefficients of source data.

The given statement of the multicriteria optimization problem with fuzzy criteria and
constraints (6)-(7) is formulated on the basis of modification of principles of optimality
of the main criterion and Pareto optimality for work in fuzzy environment. To solve the
resulting problem of fuzzy decision-making for the efficient development of an oil field
it is recommended to develop a heuristic algorithm that allows to solve the problem
with participation of the DM, experts based on their knowledge, experience, intuition
and preferences.

Discussion. With the help of structurally identified fuzzy (1) and linguistic models (2)
it is possible to estimate the amount of reserves of the deposit, determine the prospects
of field development, predict the impact of oil field development on the environmental
situation of the region, etc. To formalize and improve the efficiency of solving such

220



ISSN 2224-5278 1.2023

problems it is necessary to create a special intellectualized system of computer modeling
and decision-making support (OSDMS). Such an intellectualized system based on
“intellectualized” interface and knowledge base allows to easily form the task in a user-
friendly language (definition and setting of quality criteria, source data) and, using the
knowledge of DM, experienced professionals and researchers (experts) entered into
a knowledge and data base to solve the problems of modeling and determining the
characteristics of fields with fuzzy source information.

In the OSDMS the values of criteria fj (x),7 = 1,m and their fuzzy values expressed

through identity functions ,tlé (x),j= m which evaluate the efficiency of oil field
development, are determined on the basis of models, such as fuzzy (1) or linguistic

models (2) ;J j= L_m, structurally identified in the previous section. At the same

time, it should be noted that ¥, = f;(X) = #(X), j =1,m, and the values of source
data are determined in the field of admissible solutions expressed by the formula (7) and
with consideration of their weight confidences set by DM, experts.

When new, more accurate information is received or in case of changes in experts’
assessments, regression coefficients are recalculated on the basis of a special program.
Thus, mathematical models determining characteristics of oil and gas deposits are
adaptive and take into account changes in field properties and new data.

The structural scheme of the OSDMS for solving the problems of reservoir detection
and assessment of its main characteristics can be presented as in Figure 1.

The user in this structure of the OSDMS is a DM (geologist, geophysicist, exploration
manager) directly making a decision on management of oil field development processes.
The user’s block interface serves to provide a convenient information exchange between
DM (user) and the system (computers) in the process of modeling and decision making.

User

l I Block of expert ‘
Interface —»  procedures and |

I—_' +— record of new data
| ] 1

Package of models — '  Algorithmsof |,  Knowledge and

for modeling and optimization data base
calculation <«——  problem solving *——
| ool
— Parameters
> identifier <

Figure 1 - Block diagram of the OSDMS for forecasting and assessment of oil field development
efficiency.
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Package of models can be developed on the basis of proposed above approaches
to model development under conditions of fuzzy initial data or under deterministic,
stochastic conditions on the basis of corresponding traditional methods. Algorithms
for solving optimization problems are various model-based optimization algorithms
including heuristic algorithms, which allow making efficient decisions providing
efficiency of oil field development.

The block of expert procedures and record of new data is designed to conduct expert
evaluations pertaining to collection and formalization of fuzzy information from experts
and to create and maintain a knowledge and database.

Parameter identifier block is a program that implements methods of parametric
identification of unknown parameters of models. The function of this block is to
periodically check the adequacy of developed models and, if necessary, to re-identify
their parameters in order to ensure the adequacy of models to current situations.

The principle of the main criterion optimality for the criteria and the Pareto principle
of optimality for the constraints are modified for fuzziness and used when formulating
the decision-making problem in a fuzzy environment (6)-(7). To solve the formulated
problem (6)-(7) based on the applied principles it is necessary to develop a heuristic
method based on involvement of DM, experts into decision making process based on
their preference, knowledge, experience and intellect.

The advantages of the proposed approach to developing models and solving problems
of multi-criteria optimization of oil field development process in a fuzzy environment
include the possibility of developing adequate models and efficient solving of the
problems of optimal development of oil fields based on the experience, knowledge and
intuition of DM and subject area experts.

Conclusion. The problems of evaluating the characteristics of oil deposits with
fuzzy geological information and optimization of oil field development processes have
been investigated and approaches to their solution have been proposed.

As a result of the conducted research the following basic results were obtained:

- the method of solving the problems of identifying oil deposits with fuzzy geophysical
information has been proposed and its basic stages have been described;

- based on fuzzy information obtained from experts in form of their knowledge,
experience and intuition in natural language and by means of a modified method of
multiple regression the bivariate and multivariate correlations between the reservoir
factor and structure factor with sets of geophysical characteristics have been described;

- structures of fuzzy and linguistic models describing such characteristics of the oil
deposit as volume, porosity and oil composition have been identified and presented;

- the structure of a membership function with adjustable exponential type coefficients
recommended for building of the membership function of fuzzy data and indicators has
been proposed;

- the basic stages of the proposed methodology for identification of fuzzy parameters
based on the level a set have been described;

- on the basis of modification of various principles of optimality, the mathematical
problem of the multicriteria task of optimization of the oil field development process
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in a fuzzy environment has been formulated and the approach to its solution has been
proposed.

The obtained results of the research have the prospect of application in solving
problems of oil reservoir modeling and optimization of oil field development processes
under conditions of fuzziness of the source data and indicators.
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