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2 Clarivate
Analytics

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

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

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KauecTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J]aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH IesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTsAX oOpa3oBaHMS M HAyKH,
COLMANILHOM 3aIlUTHI, KYJIBTYPBI, 31paBooXpaneHus u cnopra, Gonp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHu0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MPeANPUHUMATENILCKUE HaBBIKK. Tak, Ha coOmelCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
06110 BeIzIeneHo Oosee 200 rpanToB. [y moiep KKy TadaHTIMBBIX 1 MOTUBHPOBAaHHBIX
nereii @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HAa 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«XanpIKk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE HA BOCIIMTaHUE (UHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX1aH CTPaHBI.

HeobOxonumyto momois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHch yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0aCbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Us, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAILIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBernHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanbHas akanemus Hayk Pecryonuku Kazaxcrany, 2024
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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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Abstract. The issues of development of mathematical models and optimization based
on the modeling of oil production processes by forecasting and regulating the stock of oil
wells have been studied. A technique for developing mathematical models and modeling and
optimizing the stock of oil wells based on the Markov chain is proposed and described. The
proposed methodology is implemented to analyze the state of operation of the well stock at
the studied Kenkiyak field. An approach is proposed for formalizing and obtaining a correct
mathematical formulation of the problem of multi-criteria optimization of field development
and oil production processes in a fuzzy environment by adapting various optimality principles.
Based on the modification of the Pareto optimality principle, a heuristic method for optimizing
oil production processes has been developed based on models that describe the processes
occurring in oil wells. In the paper, the processes of transition of the well stock from one
category to another, for example, from active to idle, characterized with different intensity,
are described by the Markov chain theory based on differential equations for the probabilities
of wells being in certain categories. Such processes of transition of the well stock from one
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category to another are analyzed on the example of the operation data of the stock of operating
and idle wells of the Kenkiyak field for the study period. On the basis of the general scheme
for writing the equations of Markov processes and taking into account the peculiarities of
the operation of the operating fund, a system of differential equations is obtained, which is a
mathematical model that allows predicting and regulating the fund of oil wells. The scheme of
using the developed model based on the Markov chain for modeling, forecasting and regulation
of the well stock is described. Graphs of the dynamics of the well stock are constructed based
on the data of the studied field and the actual and estimated number of wells of the operating
and idle stock of oil wells are compared.

Keywords: mathematical model, Markov chains, optimization, heuristic method, oil
well fund
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MYHAW OHJIIPY NPOLIECTEPIH MOJEJILJAEY HETI3IHJAE MYHA
YHFBIMAJIAPEI KOPBIH PETTEY KOHE OIITUMU3ALIASAJIAY

AnHoTauus. Mojenbaey apKbUIbl MyHai MyHail OHIIpYy HpOLECCTEpiHIAe MyHai
YHFBIMAJIapbl KOPBIH OOJDKAy KOHE PETTeyre KaKeTTi MaTeMaTHKaJbIK MOJENbACPIi KYpy,
OJIap/ABbIH HET131He ONTUMH3ALUSIIAaY Maceselepi 3epTTenai. MapkoB Ti30eri Herizine MyHai
YHFBIMAJIapbl KOPBIH MOJENb/CY JKOHE ONTUMH3AIMIAY YIIIH MaTeMaTUKaIbIK MOACIbAED
KYpy 9AicTeMeci YChIHBUIBII, CUIIATTaIFaH. ¥ ChIHBUIFaH anicTeMe 3eprrenred HE Kenkusik
MYHall KEHOpHBIHIAFbl YHFbIMAa KOPBIHBIH MaijanaHy >KarJailblH Tanjay YIOiH JKy3ere
achIpbuLbl. Typii OHOTUMAJJBIK NMPUHIMITEPIH OeHiMICYy apKbUIbl allKbIH €MeC OopTaja
KEH OpBIHAApBIH Mrepy MEH MYHall OHAIpY MpolecTepiH KONKPUTEPHIAIl ONTHMHU3ALMIIAY
ece0iHIH MaTeMaTHUKAIbIK KOWBUIBIMBIH peciMiey jKoHe ally Tocisli ycbiHbUTFaH. [lapero
ONITUMAJIIBIK IPUHIHITIH MOAU(UKAIMsIIAY apKbLIbl MYHAH YHFbIMaapbIHAa OOJBII KaTKaH
MIPOLECTEP Il CUITATTANTHIH MOJISIb/IEP HET131H e MYHAH OHIIPY MPOLIECTEPiH ONTHUMHU3ALIUSIAY
IBPUCTHKAIBIK TOCUM jKacakTainFaH. 3epTTey JKYMBICHIHIBA YHFbIMa KOPBIHBIH Oip
KaTeropusiiaH eKiHII KaTeropHsiFa aybIcy MpoLecTepi, MbICAIbI, TYPJi KapKbIHIBUIBIKIICH
YKYMBIC Kacall TYpFaH KaTeropusiian 00c TypFaH KaTeropusiFa aybICy, YHFbIManapAbIH Oenrini
0ip kareropusia 00JIy BIKTUMAJJIBIFbIH AHBIKTAUTBIH JU(PPEPEHITHATIBIK TEHACYJICP HeTi3/Ie
MapxkoB Ti30eri TeOpUsICHIMEH CUTIATTANIFaH. ¥ HFbIMaap KOPBIHBIH O1p KaTeropusiiaH eKiHIIi
KaTeropusira oTyiHIH MyHJail pouiecTepin 3eprreyae KeHKUIK KeH OPHBIHBIH dKYMBIC JKacarl
TYpFaH JKOHE TOKTall TYPFaH YHFbIMalapbl KOPHIHBIH AEPEKTEPiH MaijanaHy MbICabIHAA
TajjaHFraH. MapKoB TpOIECTEPIiHIH TEHICYJIEePiH >Ka3yJblH JKaJIIbl CXEMachl HETi3iHIC
JKOHE DKCIUTyaTalMsUIBIK YHFBIMANApABIH JKYMBIC jKacay epeKIICTIKTepiH ecKepe OTBIPHIIL,
MYHall YHFbIManapbl KOPbIH OOJDKayFa yKoHE PeTTeyre MYMKIHAIK OepeTiH MaTeMaTHKAaJIbIK
MoJieb 00JbIN TaObIaThiH AuddepeHnranabK TeHIeYIep Kyieci anbiHFan. MapKoB Tiz0eri
HETi31HJe KYpbUIFaH MOJEJbII YHFbIMa KOpPBIH MOZETbICY, OOJDKay >KOHE peTTey YIIiH
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naiasiaHy cxemachl CUIaTTalFaH. 3epTTEIreH MyHaill KE€H OPHBIHBIH JAEpEKTepi Heri3iHzae
YHFBIMA KOPBI AMHAMHMKACBIHBIH T'paUKTEpl TYPFBI3BUIIBI XKOHE MYHall YHFbIMaJIapbIHBIH
YKYMBIC Kacall TYpFaH KoHE TOKTAIl TYPFaH KOPBIHBIH YHFbIMAIAPbIHBIH HAKThI )KOHE €CETITIK
CaHbl CAJIBICTHIPBUIAMBI.

Tyiiin ce3nep: MaTeMaTHKAIBIK MOJENb, MapKoB Ti30€KTepi, ONTHMHU3AIUSIIAY,
IBPUCTHKAJIBIK TOCII, MYHal YHFbIMaJapbl KOPBI
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MOJEJMPOBAHUE U OIITUMHU3ALUU ITPOIHECCOB JOBbIYYY HE®TH AJI5A
PEI'YJIMPOBAHUS ®OHJA HEOTAHBIX CKBAYKUH

Annortauus. VccnenoBaHbl BONPOCH pa3paOOTKHM MaTeMaTHUYECKUX MOJACIeH H
ONITUMHM3ALIUH HA OCHOBE MOICITMPOBAHUSI IPOLIECCOB TOOBIYHM HEPTH ITyTEM IPOTHO3UPOBAHUS
u perynupoBanus Gonna HeTHBIX ckBaXHH. [Ipeanoxena u onucana MeToIuKa pa3padoTKu
MaTeMaTHYeCKHX MOJeNiell U MOJENMpPOBaHUs, a TaKKe ONTHMHU3auuH (QoHAa HEePTIHBIX
CKBa)XMH Ha OCHOBe Lenu Mapkosa. [IpenioxkeHHass MeTOMKa pealn30oBaHa Ui aHalU3a
COCTOSIHUSI dKCIUTyaTalmd (OHAA CKBAXKHMH Ha HCCIEIyeMOM MecTOpoKaeHUH KeHKusk.
[penoxken moaxoa GopManu3aluy 1 MoJIydeHHsI KOPPEKTHON MaTeMaTHIeCKOM MOCTaHOBKU
3aJaul MHOTOKPUTEPUATLHON ONTHMH3AaLMU TPOLECCOB Pa3pabOTKH MECTOPOXKICHUH U
N00BIYM HEQTH B HEUETKOM cpejie My TeM aJanTaluy Pa3TudHbIX IPHHLIUIIOB ONITUMAIBLHOCTH.
Ha ocHoBe moaudukanun npunuuna [lapeto onTuMansHOCTH pa3paboTaH dBPUCTHUYECKHUN
METOJ ONTHUMH3ALUU TPOLECCOB A00BIMM HE(TH HAa OCHOBE MOJEJCH, OMUCHIBAFOIINX
MPOIIeCChl, MpOTeKalolre B HePTIHBIX CKBaXXMHAX. B paboTe mponecchl mepexona ¢GpoHaa
CKB&)XMH M3 OJJHOHM KaTeropuu B APYTyI0, HalpUMeEp, ¢ IEHCTBYIOIIUX Ha MPOCTauBaIoOIINe,
XapakTepUu3yloluecs pas3IMuHOM HMHTEHCUBHOCTBIO, OINKCaHbl Teopuerd uenu MapkoBa
Ha ocHOBe AuddepeHIHaIbHbIX YPaBHEHHH IS BEPOSITHOCTEH NpeObIBaHUS CKBAXKUH B
OIIpeeNICHHBIX KaTeropusax. Takue nmpouecchl nepexoaa GoHaa CKBaKUH U3 OJHON KaTeropuu
B JIPYTYIO MPOAHaJM3MPOBaHbl Ha TIPUMEPE AaHHBIX DKCILTyaTanuu (GoHIa JeHCTBYIONINX U
MIPOCTAUBAIONINX CKBAXUH KEHKUAKCKOTO MECTOPOXKACHHS 3a HCcleayemblii mepuona. Ha
OCHOBE OOIIIeH CXEMBI 3aIMCH YpaBHEHUH MapKOBCKHUX MPOLIECCOB U C yY€TOM 0COOESHHOCTEH
(YHKIIMOHUPOBAHUS IKCIUTyaTallMOHHOTO (hOHIA ToJydeHa cucreMa AudQepeHInanbHbIX
YpaBHEHUH, SIBISIFOLLEHCS MaTeMaTH4eCKUMHU MOJIEISIMH, MO3BOJISIFOIINE MTPOTHO3UPOBATH U
perynupoBath GoHA HePTIHBIX CKBaXHH. OnucaHa cxema HMCIOJIb30BaHUs pa3pabOTaHHOM
MO/JIENIM Ha OCHOBE 11erT MapKoBa /1J1sl MOJeTUPOBaHUS, POTHOZUPOBAHHS M PETyJINPOBAHNUS
¢donna cxBaxuH. [locTpoeHsl Tpapuku AUMHAMUKKA (DOH/IA CKBOKMH HA OCHOBE JIAHHBIX
HCCIIEyeMOr0 MECTOPOXKICHHUS M CPaBHEHBI (PAKTUYECKOE M PACUYeTHOE YHCIO CKBa)KMH
JeHCTBYIOLIETO U MPOCTanBaloIIero poHa HeTSHBIX CKBAXKHH.

KnawueBbie cioBa: maremaTtuyeckass MoJelb, Lemd MapkoBa, ONTHMHU3AIMS,
IBPUCTHYECKHUN MeTOJl. (POHT HEDTIHBIX CKBAXKUH
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Introduction

Optimizing the processes of developing oil fields and oil production is the most
important task for the development of the oil industry of the Republic of Kazakhstan and
other oil-producing countries. And the efficiency and level of economic development of the
country as a whole depends on the optimal functioning of the oil industry of any oil country
(Orazbayev et al., 2022: 112—-116). It should be noted that in recent years, reserves of hard-to-
recover oils have been increasing in Kazakhstan. Hard-to-recover reserves, according to the
international classification, include such reserves of oil fields, deposits or their individual parts
that are characterized by geological conditions of oil occurrence and/or physical properties
that are unfavorable for extraction, for example, they are concentrated in deposits with low-
permeability reservoirs and the recovered oil is viscous and waxy.

In this context, the problems of developing mathematical models and optimizing oil
production and regulating the well stock are very urgent tasks of science and practice in the oil
production sector. Effective solution of these problems based on mathematical models of oil
deposits and oil production processes makes it possible to create modern control systems for
the development of oil fields with hard-to-recover oil reserves and oil production processes
(Lambert et al., 2021).

To develop mathematical models that make it possible to adequately describe
and evaluate the performance of production and idle reserves of oil wells, it is necessary
to apply an approach based on the principles of Markov chain theory (Gagniuc, 2017). In
this approach, each subsequent state of the wells depends on their previous state. Thus, for
high-quality, adequate modeling of the state and process of functioning of the well stock,
diagrams of the practical application of a given system of equations are consistently presented
(Zhang et al., 2019). The presented technique based on the Markov chain is implemented in
this work to analyze the state of operation of the well stock at the Kenkiyak field, which is
located in the Aktobe region. At the same time, a consistent search for an effective solution to
the problems of optimizing oil production processes is implemented based on the developed
models of oil wells, taking into account their previous state. Formalization and practical use
of random information, which is interrelated and describes oil production processes, involves
the use of methods of probability theory and mathematical statistics (Spirina, 2019; Weiwei
Zhuang et al., 2022). The proposed heuristic approach to optimizing oil production processes
using mathematical models describing processes in oil wells is based on the use of the Pareto
principle of optimality (Kuanbayeva et al., 2022; Orazbayev et al., 2020). At the same time, to
optimize oil production processes according to a vector of criteria, the knowledge, experience
and preference of the decision maker (DM), subject matter experts are used (Orazbayev et al.,
2022: 1-26). Experienced heads of oil and gas production departments, leading engineers,
scientists and researchers who have the necessary knowledge and extensive experience in
solving problems of oil field development and oil production act as decision makers and
experts. Thus, to effectively solve the considered problems of modeling and optimizing
the processes of field development, regulation of well stock and oil production from hard-
to-recover oil reserves, formal and informal methods of system analysis using information
of various types should be used (Pavlov et al., 2016; Goyal, 2017; Orazbayev et al., 2019;
Rakhmetov et al., 2022).

Currently, the oil industry of the Republic of Kazakhstan is characterized by the state
and significant number of oil producing, oil pumping and oil refining enterprises that extract,
transport through trunk pipelines and process oil on an industrial scale. In this chain of the
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oil industry, effective management of the processes of developing oil fields and producing oil
with hard-to-recover oil reserves based on modern achievements of mathematical methods
and information and communication technologies is important. In this regard, it is necessary
to intensify work on the creation and implementation on an industrial scale of various oil
production optimization systems based on mathematical models of oil deposits and wells.
This allows to regulate the well stock, effectively and efficiently manage the processes of field
development and oil production and ensure uninterrupted, high-quality work of oil producing
companies. As a result, oil producing companies that have implemented oil production
optimization systems based on mathematical models and a systematic approach can optimize
oil production processes at all stages and achieve a significant improvement in the quality of
forecasting and management of oil well reserves (Gordji, 2016; Shakhverdiev et al., 2020;
Shutko et al., 2017). As a result, such optimization systems in the future will allow improving
oil production processes and will contribute to increasing the rate of economic development
of the country and bringing the Kazakh economy to new levels in terms of GDP (GDP),
improving the standard of living of the people.

The main goal of this work is to study methods and prospects for the development and
practical application of systems for optimizing oil production processes based on a systems
approach and mathematical models for regulating hard-to-recover oil reserves. Since in oil
production processes the main active elements are people who control these processes, it is
necessary to use available information of a different nature (theoretical, stochastic, fuzzy),
based on the methodology of system analysis.

Research materials and methods

The research materials in this work are experimental and statistical data collected from
the Kenkiyak field and the results of their processing (Aidnalieva, 2022; Ilin et all, 2017), as
well as the results of expert assessment processed by methods of fuzzy set theories (Jorgensen,
2019; Sabzi, 2017; Zimmerman, 2018; Romanov, 2019). The methodological approach of this
study is based on the integrated use of systems analysis methods, which cover the necessary
aspects of the development and practical application of mathematical models and methods for
optimizing oil production based on available information of various types. These materials
and methods allow analyzing and exploring the prospects for using mathematical models and
optimization methods for effective regulation and forecasting of well reserves.

Based on the identified system of models and the proposed heuristic method of multi-
criteria optimization based on a modification of the Pareto optimality principle, this study
proposes an approach to creating a system for optimizing operating modes of oil wells. At the
same time, to effectively solve the assigned problems for developing models and modeling
in a fuzzy environment, it is recommended to use the Fuzzy Logic Toolbox applications of
the MATLAB system. This allows, based on expert information, to synthesize fuzzy models,
rule bases and visualize the results of fuzzy modeling and select the best solution. In addition,
this study is based on existing theoretical results obtained from a synthesis of analyzed works
and publications on the development and application of mathematical models and systems
for optimizing oil production. As well as experimental and statistical data collected in the
processes of regulating the well stock of the studied Kenkiyak oil field.

This scientific research was carried out in the following stages:

— the stage of preparing a theoretical base and collecting and processing experimental
and statistical data, as well as expert information. At this stage, the main issues of the
development and practical application of mathematical models and systems for optimizing oil
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production processes based on information of various types have been systematically studied;

— the stage of developing mathematical models based on the results of the previous
stage and a heuristic method for solving the multi-criteria optimization problem. At this stage,
an analysis of the prospects for using the developed models and optimization method in
regulating the oil well stock was also carried out;

— the final stage contains formulated conclusions and a generalization of the results
of scientific research and development. The conclusions formulated and the research results
obtained can be used as a methodological basis for effectively conducting further research
on optimization systems for regulating the oil well stock based on mathematical models in
various situations.

Let us formalize the formulation of the problem of multi-criteria optimization of oil
production processes in a fuzzy environment, and propose a heuristic method for solving it.

Let Let pix) = (pdlx) plix), . pi(x)) vector of membership functions of
fuzzy criteria or a normalized vector of criteria that evaluates the quality of the oil production
process. Here and below, ¥ = (%1, ... %n) denotes the vector of input, operating parameters

of the oil production process , affecting the oil production process * wi=1 " the values

of the criteria and restrictions characterizing the oil production process. Let us assume that
membership functions have been constructed that estimate the degree of fulfillment of fuzzy
constraints: -“’qlixj’ g=11, , Where L - the number of fuzzy restrictions. Let’s also assume
that the priority series for local criteria Ie=1{L..m} and constraints 7z = {1, ..., L} or
vectors of weighting coefficients, reflecting the mutual importance of criteria ¥ = (¥es s Fomd
and constraints B = (Br. s Br) , are known.

Then, based on various principles of optimality (compromise schemes) for working
in a fuzzy environment, it is possible to obtain different mathematical formulations of multi-
criteria optimization problems in a fuzzy environment in the form of fuzzy mathematical
programming (FMP) problems and propose methods for solving them. For example, modifying,
using the Pareto optimality principle, the general FMP problem with several criteria and fuzzy
constraints (Orazbayev et al., 2020):

¥ P 4 o
max pe(x),j = L,m,

X= {m arg max pg(x),q = ﬁ}

let write it in the form of the following correct formulation:

ke
i
I Zn#c (%) ], (1)
=1
L L
X =<x argr}rg;fz’ﬁqﬁq(x)hz;?q=lf\ﬂq(szﬂ,q=1,_l. : (2}
=1 g=1

In the resulting formulation of the FMP problem (1)—(2), an effective set of solutions
is sought at the points of the Pareto set formed by fuzzy constraints.
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To solve the problem of multi-criteria optimization with fuzzy constraints (1)—(2), the
following heuristic method is proposed, developed on the basis of a modification of the Pareto
optimality principle (PO) for criteria and fuzzy constraints.

Heuristic method PO+PO.

1. With the involvement of decision makers and experts, determine the values of
the weighting coefficients of the vector ¥ = (¥1s ws ¥ and B = By, o, Br), respectively,
assessing the mutual importance of the criteria and restrictions. .

2. To find optimal solutions, set the number of steps Mg.& = LL for each g-th
coordinate.

3. Calculate the step sizes for changing the coordinates of the weight vector using the

formula: g = 1.&',;!@ =1L

4. By varying coordinates on segments [0,1] with step determine a set of weight
vectors BLBZ,  BY.N = (m 4+ 1) x(po 4+ 1020 L (e + 10,

5. Based on information from decision makers and experts, select term sets to describe
fuzzy constraints and construct membership functions for each term that evaluate the degree
of fulfillment of fuzzy constraints: #q(l‘i:'; g =1L

6. Solve the problem of maximizing the integrated criterion (1), obtained on the
basis of the Pareto principle for the set of feasible solutions X, i.e., taking into account the
conditions of fuzzy restrictions (2). In this case, the criterion values are determined on the
basis of mathematical models that make it possible to describe the dependence of the criteria
on the input factors of oil production processes *1: 1 %n. As a result, the current solutions are
determined: vector of input parameters X = {¥1,...,%,), which provides the corresponding

values of the criteria y,f: (x),j = 1,m and the degree of fulfillment of fuzzy restrictions
.u,q(xl g = 1, L. Since these results depend on the values of the weight vectors ¥ and ﬁr,

let write the obtained result as a function: input, mode parameters — Xy B =1N,
criterion — .MHK(‘M ET:':', #?[K(‘h [3_?':':';1‘ =1,N; fuzzy constraint fulfillment functions —
pa(xCy, 7)), (xp B7)r = LWV,

7. Present the current solutions to the problem to the decision maker for analysis and
selection of the final best solution based on his preferences, experience and knowledge, as
well as taking into account the current situation in production and the market. If the current
solutions do not satisfy the decision maker, then in order to improve the solution, he adjusts
the values of the vectors ¥ and B". Then, starting from point 6, the next cycle of searching
for the best solution begins. The cycle is repeated until the decision maker makes the final
decision. If the presented current solutions satisfy the decision maker, then he selects the final
best solutions and moves on to the next point.

8. Stop searching for a solution and present the final, best solutions chosen by the
decision maker taking into account the current situation: Xy, B7)r=1N — optimal

1
values of input parameters providing maximum values of criteria: He [K*(“ ET}]’. o
#?[K*ﬁﬂ B :ﬂ and functions for fulfilling fuzzy constraints: """1[3*(“ GT:I]’...,
EL{K*(‘I’J ﬁ?’j}lm = LN 1f some values of criteria need to be minimized, this is achieved by
changing the sign of these criteria to the opposite.
Results

When conducting a study of the problems of developing and applying mathematical
models and systems for optimizing oil production based on various available information for
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regulating the stock of oil wells, the following results were obtained. Currently, the application
of mathematical modeling and optimization methods in oil production practice is the most
effective way to solve problems of increasing oil production and rational use of oil wells. To
improve engineering and oil production technology, a set of repair, preventative measures and
industrial research, carried out at a scheduled time throughout the entire well stock, ensures
the effective functioning of the well stock. Solving these problems requires the consistent
implementation of a system of measures aimed at increasing the time between repairs of wells,
increasing the productivity of repair crews, ensuring the quality of repair work and the required
number of crews, etc. To do this, it is necessary to correctly plan and rationally distribute
the necessary resources, taking into account the oil production development strategy, which
allows increasing the well stock and improving the technical level of the equipment used. In
this case, it is necessary to take into account the impact of possible changes in the context of
current decisions, choosing the most technically and economically optimal options (Liu et al.,
2017).

The technical and economic indicators of well operation modes are determined by
many factors, the main ones of which are uncontrollable. The total operating well stock
consists of production-producing wells and those undergoing preventive maintenance. And
the idle well stock consists of wells that are undergoing major repairs and awaiting such
repairs, as well as wells that are being developed and awaiting development after repairs.

The number of these categories of wells is constantly changing, as wells move from
one category to another with varying intensity. Such processes have been studied and are well
described by the Markov chain theory based on differential equations for the probabilities of
wells being in certain categories.

We described this process using the example of an analysis of the stock of active and
idle wells at the Kenkiyak field for the period from 01.01.2018 to 01.01.2023. The analysis
data are presented in Table 1.

For a qualitative description and development of the necessary mathematical models,
a notation system has been introduced: # — time; x4 (¢) — active wells; X z(f) — wells undergoing
major repairs or awaiting such repairs; X3 (1) — wells under development or awaiting
development; ¢(f) — intensity of commissioning of new wells.

Table 1 — Current actual state of the oil well stock of the Kenkiyak field

2018 2019 2020 2021 2022 2023

Well stock 3 S S s |3 S 3 S ) S )

= = = s |3 = 3 3 = = =
Operating wells, 200 | 505 | 645 | 847 | 1030 | 1200 | 1525 1817 | 2100 | 2250 | 2415
including:
- production wells; 196 | 495 | 634 | 8301010 | 1176 | 1494 | 1783 | 2060 | 2205 | 2368
- undergoing 4 10 11 17 | 20 22 31 34 40 45 47
preventative
maintenance
Idle wells, including: 77 100 | 132 | 147 | 130 | 112 | 119 138 170 190 210
- undergoing major 49 63 84 92 | 83 72 74 88 110 119 133
repairs and awaiting
such repairs
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- under development 28 37 48 55 | 47 40 45 50 60 71 77
or awaiting
development

Then, in accordance with the general scheme for writing the equations of Markov
processes, taking into account the peculiarities of the functioning of the operational fund, we

can write the following system of equations:
ri.xi

a2 21 + bxq,
222w, —ex
et 2
d
f:cxz—bx3+q.
(D
dxy
The first equation ar —&X1+ X3 from the system of differential equations
given above (1) reflects the fact that the number of wells in the active stock per unit of

gy
time 5, changes due to the retirement of wells from operation with intensity a(ax) and the

commissioning of wells after development with intensity b(bz). The remaining equations of
the system of equations (1) are presented similarly. Thus, the change in the total number of
production wells per unit time N(¢) will be equal to the intensity of commissioning new wells
q(¢). Summing up all three equations of system (1), we obtain:

2)

dfilf  dxy dig dig
dr  dt dr  dt

To model the process of functioning of the well stock, consider the scheme of using the
system of equations (1), which is as follows. Based on data on the dynamics of the well stock
over a certain period of time, the parameters a, b, ¢ of the equations are estimated. Then, based
on the given intensity of commissioning new wells ¢(?) it is possible to predict the dynamics
of change x1(8),22(8), 23 (8D Since the value of parameter a is inversely proportional to the
duration of the turnaround period, and the value of b and c is proportional to the productivity
of well repair services, using the model system (1) it is possible to simulate and predict the
consequences caused, for example, by increasing the rate of commissioning of new wells or
introducing measures to increase the duration of the between-repairs period, etc. Typically,
such calculations are performed without taking into account the time lag, which does not
allow reliably predicting emerging trends in changes in the structure of the existing fund. A
distinctive feature of the approach under consideration is the possibility of obtaining both
operational estimates and long-term forecasts.

The system of models (1) for the existing well stock xll:t]l, can be reduced to the
equation:

2"+ (a4 b+ o)y (ab +ac +bojay = begi xq(ty) = x], 3)
The solution to equation (2) is determined by the following expression:
beg
— et Moit =
xy(t) = Ay + Ayt + Agedt tat, ot o aotab+be “4)

with real roots
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e+bh+rc o+ b+ oy’
¥1=0, ¥23=— + ( ) —ab —ac—he <10,

2 2 )

The stock of wells that are undergoing major repairs and development is determined

by sequentially substituting * 1{t), into the second equation of system (1) and then * 2L} into
the third equation:

(6)
x:(t)=Be " + e'“f ax(T)eTdn x;(ty) = x5
(7
x.(t) = Be % 4+ e‘“f ax(TIettdn xalts)= xz':.";
At 122 (8] 3 1 he relations (3)-(5) are simplified:
x1(£) = x] + ec(t — tg);
xa(t) = x3e o020 1+ 2 (3 = 2 [1 — gm0 |+ ZE (g — 1),
—hi— 1 & —el— —hl—
xg(t)xfeblemte) 4 E[ng_ a(xf —:)] [emeleta) — g=blr-t) | 4
1 p_z_ = —pblt—ta)| £ B8y
b[q+a(x1 e b.)][l ¢ D]+b(t o) (8)
and for £~>¢ a linear asymptote of all types of well stock in time is ensured.
©)

C
xggé[q+a(xf—ﬁ—;—g ]+?(t—tu).

The proposed procedure can also take into account well abandonment. To do this, it
is enough to assume that ¢(7) is the total intensity of the commissioning of new wells and the
abandonment of long-term idle wells; in this case ¢ > 0, if the intensity of commissioning new
wells exceeds the intensity of abandonment, and ¢ < 0 in the opposite case.

Based on the data given in Table 1 using parametric identification methods, it is
possible to determine the values a, b and c. As a result of using the REGRESS software
package, which implements the least squares method, with the given data we determined:
a=0,19 well/year; b=15 well/year; ¢=3 well/year. The actual and estimated number of wells in
the operating %1(£) and idle 2(E)+ ¥alt) + stock and the dynamics of their changes in the
graphs are presented in Figure 1.

Discussion

As can be seen from the graphs shown in Figure 1 of the dynamics of the well stock,
the agreement between the calculated (forecast) values obtained from the models and the
actual values is quite satisfactory. The significant discrepancy between them in 2019 is
explained by a sharp increase in the number of idle wells this year compared to the forecast,
which means a deterioration in the work of repair crews and requires special analysis. The
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proposed method allows us to identify the development of negative trends. For example, when
analyzing changes in the calculated and operating stock of idle wells, it is clear (see Figure
1) that the trends in the number of wells in the operating stock exceeding the number of
wells in the calculated stock began to develop in 2018. Based on this analysis, it is possible
to timely predict the possible dynamics of the well stock and make operational decisions on
organizational and technical measures.

The proposed system of models allows analyzing various situations. For example,
you can find out the dependence of the dynamics of the well stock on the productivity of
well repair units or determine how the productivity of repair organizations should be changed
to ensure the necessary changes in the structure of the stock. The complexity of such an
assessment is determined by the need to simultaneously take into account the influence and
interaction of several factors, the effects of which change over time. For example, an increase
in the number of overhaul teams will not immediately affect the change in the structure of the
well stock, since the commissioning of wells is determined both by the time spent waiting for
development and by the time of development. This type of problem can be effectively solved
using the proposed system of models.

a
02004 200 A

20004 180 7 o7
= 12009 160 7
£ 16004 — 140 e, o
o~ T Idle wells /f'/ -
§ 1400 E 120 s =
N | - |

111

o 1200 - Emo /L}: -

® 10004 2 80 ;/F P
s004 = 60l—I- )\

Operating wells

6004 40 4

w0l oA
J

0 p1/o1/ 01/01/ o01/01/ 01/01/ o1/o1/ 01/

2018 2019 2020 2021 2022 2023

Date

Figure 1 — Change in oil well stock:
solid line - actual data;
dashed line — calculated (model) values

Idle

Operat

Modeling is implemented according to the following scheme. Some initial values of
the coefficients a, b, c, determined by the productivity of the repair crews and the duration of
the repair period, and the structure of the current well stock are set. Then the model calculates
the predicted population dynamics * 1080, 205(2), 23t} 1f for the forecast period the indicators
of the use of the well stock do not satisfy the specified criteria (for example, the number of
wells in the idle stock turns out to be unacceptably high), then by selecting the values of the
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coefficients of the model system (1), its solution is adjusted to the required limits. Based on
the obtained coefficient values, recommendations are issued and organizational and technical
decisions are made on changing the structure and equipment of repair departments.

From the results presented in Figure 1, it follows that by 2022-2023, in accordance
with (9), a linear asymptote of growth of the operating and idle well stock is achieved. In this
area, the growth rate of the number of idle wells is 0.07-0.08 of the growth rate of the number
of operating wells.

Estimation of the indicated ratio using equation (9) gives the result

(s + xg}' alb+c) (%7 + x3)
, the actual ratio is ff = —————=0.08. Suppose 2 times, i.e. to the

i
leveﬂfl = 0.04, mgmtalmng the intensity of ¢, a, b aid changing only the productivity of the
well repair workshop c. Then, going straight to asymptotic estimates, from relations (9) we

alh+ ey
obtain £; = b—i’ from which the required productivity of the repair department has the
form: ‘1
_ b _ 0,1%-15 _2.85_695 " mwell
AT Hb—a) 004-15-019 041 vear

To achieve the goal, it is necessary to increase the productivity of the repair department
more than 3 times (c /c). It should be noted that the estimates performed are of an asymptotic
(equilibrium) nature. To calculate the transition process, you should use relations (6)—(9) or a
numerical solution of the original system (1).

An example of estimating the duration of the transition period. We define the
duration of the transition period as the time , during which in relations (3)—(9) the nonlinear

terms decrease to a value less than 0.01 from the initial value at the moment of time #3, 1. €.
i

3- Then for the data defined above b=15 well/year, c=3 well/year, a=0,19 well/

minl ye,pe.ob

year,y,=-15(14.96) well/year, y,= -3.24 (3) well/year we have = = ﬂ , 1.e.1<1 year, which
means a transition period should be taken into account when assessiig semi-annual plans.

Currently, for the effective operation of oil fields where the oil production process is
carried out, it is necessary to develop models on the basis of which the actions of all systems
involved in this process are quickly managed and coordinated. In this context, it should be
noted that management is the most important function of any system with different levels of
organization and is designed to ensure high-quality and timely coordination of operations to
create optimal conditions for achieving the desired result and solving problems of optimizing
the oil production process and regulating the well stock. In general, mathematical modeling
methods are the most effective and promising approach to the practical solution of a wide
range of oil production issues, from the point of view of the prospects for increasing the
efficiency of exploitation of oil well reserves.

Conclusion

As aresult of studying the issues of synthesis and practical application of mathematical
models for optimizing the processes of oil field development and oil production when
regulating oil well reserves, the following conclusions were obtained:

—studying the issues of forecasting and regulating the oil well stock using mathematical
models and optimizing oil production processes involves the use of a systematic approach
based on various approaches to solving the problems under study;
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— formalization and mathematical formulation of the problem of multi-criteria
optimization of oil production processes in conditions of shortage and fuzziness of initial
information, and the development of a method for solving it involves the use of a heuristic
approach based on expert assessment methods and fuzzy set theories;

— solving the issues of developing mathematical models to describe oil production
processes based on the theory of Markov chains involves building models that allow assessing
the state of various types of oil well stock;

— the developed mathematical models based on the theory of Markov chains for
forecasting and regulating the stock of oil wells allows to qualitatively assess the prospects for
using the stock of operating wells, as well as the stock of wells that are under major repairs
and at the development stage.

Thus, the study indicates that there are significant prospects for the
practical application of mathematical models for optimizing oil production
processes, for predicting and regulating the well stock, which determines the
prospects for further scientific developments in order to create modern opti-
mization systems based on mathematical models that describe the functioning
and state of the oil well stock.
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