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

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

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem 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
coobwecmsa.



KAWMBIFBIMABIABIK, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIICHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH OesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMsS U HAyKH,
COLMAJILHOM 3aIlUTHI, KYJABTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHTe.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30BaHuI0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB MU «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 COoOelCTBHE MajoMy OHM3HECY HIKOJbHHUKOB
06110 BeIIeneHo Oosee 200 rpanToB. [y moaiep KKy TadaHTIIMBBIX 1 MOTHBHPOBAaHHBIX
nereit @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HA 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 HOAICPHKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4eOHO-METOANYECKUX KHHUT 10 IPEAMETY
«OCHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAaHCKUX ILKOJ 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
«Xanplk» 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
JOJDKHO OKa3aTh CYIIECTBEHHOE BIIHMSIHUE Ha BOCIIMTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX/1aH CTPaHBI.

Heob6xonumyto momors @oHx «Xanbk» 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

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

FruibiMu xaTmisl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHHKa FBUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

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

OBCAMETOB Mauic Kyasicyabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIPOTEOJIOTHS 5KOHE T€0IKONIOTHSI HHCTUTYTHIHBIHY AupeKTopsl (AnmMarsl, Kazakcran) H =2

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

CHOY [Iaunen, Ph.D, kaysiMaacteipeutran npogeccop, Hebpacka yausepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH JqupekTopsl (HeOpacka mrarsl, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MypaxxailbIHbIH JKep Typajibl FBUIBIMIAp OediMiHze
MIeTPOJIOTHS XKSHE Taiiiaibl Ka30aiap KeH OpBbIHAPBI CalachIHAAFbl 3epTTeyiiepain kerekurici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBu4, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPEI, HaHcn yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH ITun, Ph.D, KpITaii reoorusuiblk KOFaMbIHBIH Tay T€0JIOTHSICH KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAIIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3sen TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPbUIFAH IPOPECcCOphI
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii OMHIbeBUY, TI'COJNOIHMS-MUHEPATIOIUs FBUIBIMIAPBIHBIH JIOKTOPBI,
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 matepuaniap XUMHUSICbI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3neH TeXHUKaNIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBLUIFAH PO eCCOphI
([pe3nen, bepiun) H =20

CEMTMYPATOBA Dieonopa FOcynoBHA, reoiorns-MHHEPANOT s FHUIBIMAAPBIHBIE IOKTOPBI,
mpodeccop, KP ¥FA koppecnionaent-myteci, K.M. Carnaes arbinarbl [ €0n0orust FoUIbIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

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

®OPATTUHMU MMaono, Ph.D, bukokk Munan yHUBepCHTETI KaybIMIACTBIpBbUIFaH podeccops! (MuiaH,
Wramus) 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 KydJTiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apobl A1y HCIHE OAAPObIH KOCLIHObLIAPHIHbIY MEeXHOIOSUACHL.
Mep3iMAimiri: xKpUIbIHA 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 PecnyOnukachHBIH ¥IJITTHIK FRUTBIM akagemusicey 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

ZHOLTAEYV 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
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Abstract. The paper notes that the use of pulsed, optoacoustic waves in order
to excite the residual oil for its cleaning of both the bottom hole and the bottom
zone of the oil-bearing formation of contamination by solids, is the most effective.
A pulsed, optoacoustic wave is an acoustic wave generated by the interaction of
powerful laser radiation with a thin layer of a highly absorbing medium. Practically
the advantage of this wave is that it can reach values up to 10® + 10° Pa and the
parameters of the laser radiation are controllable. In order to improve the efficiency
of the vibro-wave treatment of an oil reservoir, a pulsed optoacoustic wave is
suggested, taking into account the Knudsen effect. It is noted that the acoustic
impact on the oil reservoir in combination with the heating of the bottom hole
formation zone, in order to increase the oil recovery is ineffective. The low efficiency
of the latter method of formation stimulation in practice is caused by incorrect
formulation of physical and mathematical models, namely, not taking into account
the emerging Knudsen effect, which significantly affects the process under study.
The theoretical calculations performed have shown that in the case of bottom hole
cooling (when the oil temperature at the bottom hole and the wellhead differ little
from each other) a pulsed, optoacoustic wave with minimum energy loss reaches
the bottom hole. Refinement of physical and mathematical models established that
pulse, optoacoustic impact on the oil reservoir, in combination with bottom hole
cooling, is more effective in comparison with other methods.
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AnHoTauus. Makanaga MyHai 6ap KaOaTThIH TOMEHT1 )KOHE TOMEHT1 CaHbIIay
aiiMarbIH KaTTbl OJIIEKTEepPMEH JacTaHyldaH Ta3apTy YLIH KaJIblK MYHanabl
KO3IBIPY VIIIH HMITYIBCTIK, ONTOAKyCTHKAIBIK TOJKBIHIABI KONMAHY ©H THIMII
eKeHJIIr aran eTireH. MMmyabCTik ONTOaKyCTHKAIBIK TOJKBIH - KYIITI JIa3epiiK
CoyJieNieHy JKOFaphl CIHIPETIH OpTaHbIH KYKa KaOaThIMEH 9peKeTTeCKeHIe Maina
OOJIaThIH aKyCTHKAJIBIK TOJKBIH. ¢ 5)KY31H/1e OYJI TONKBIHHBIH APTHIKIIBUTBIFBI OHBIH
10® + 10° I1a neifinri MoHAEpPre XKETY1 KOHE JIa3epiliK CyNIeNeHYIIH TapaMmeTpiepi
OaKpUTaHyBI OONBITT TAOBUTATEI. MyHal KaOaThIHAA AiPiJT TOIKBIHBIHBIH dCEepIICpPiH
nainanany TUIMAUITIH apTTeipy YuriH KayaceH s¢¢exTiciH eckepe OTBIpHII
HMITYJIbCTIK ONTOAKY CTHKAJIBIK TOJIKBIH/IBI KOJIAAHY YChIHBUIAAbI. MyHal KabaTbIHAH
MYHa#l OepislyiH apTThIpy MaKcaTbIH 2 Ka0daT TYOiHIH YHFbIMa alilMaFbIH KbIITBITYMEH
VIITACThIPa OTHIPBIN, MYHAl KabaThlHA aKyCTUKAJBIK 9Cep THUIMJlI €MECTiri arar
etired. Toxipubene KampIlTacyFa ocep €TYHIH COHFBI OICIHIH THIMIUTITIHIH
TOMEHIT (PU3NKAIBIK-MaTeMaTHKAIBIK MOAECIBIIH AYPHIC TYKBIPbIMIaIMaybIMEH,
atam aWTKaHJa 3epTTEIICTIH IMPOIECKE alTapiBbIKTall ocep eTETiH maima OoJFaH
Knyzncen addexricin ecenke anMaybiMeH OaiiaHBICTBL. TEOPHSIIBIK ecenTeyiep
YHFBIMa TYOiH calKbIHIaTKaHaa (TyOiHmeri MyHal Temreparypachl MEH YHFbIMa
carachlHBIH Oip-OipiHeH aWbBIPMAIIBUIBIFBI IIAMalbl OOJIFAH Ke37e) WMITYJIbCTI,
OIITOAKYCTHKAJIBIK TOJKBIH YHFbIMa TYOiHE a3 dHEPrusl IIbIFBIHBIMEH JKETCTiHIH
kepceTTi. Du3nka-mMaTeMaTuKanblK MOJAEIbAEP/Il HAKThIIAH OTBIPHIN, MyHal Kaba-
TBIHA UMITYJIbCTIiK, OTOAKYCTHUKAJIBIK 9CEP €Ty, TOMEHI'1 CaHbLIaYy aliMaFrbIH CaJIKbIH-
nmaTyMeH Oipre 6acka oliCTepMEH CaIbICTRIPFaHIa THIMIIPEK SKEH/IIT] aHBIKTAJIEL.
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AnHoTanus. B ctarbe oTMeuaeTcs, 4To MPUMEHEHHE UMITYIIbCHOM, OTITOaKycC-
TUYECKOH BOJIHBI, C IIEJIbIO BO30YKACHUS OCTATOUHON HEDTH JJisl €€ OUMIIICHHSI KaK
32004, TaKk ¥ IpU3a00IHOI 30HBI HE(PTEHOCHOTO TUTACTA OT 3arpsI3HEHUH TBEPIBIMU
JacTUllaMHU, SBIseTcs HanOonee 3(dexTuBHBIM. IMITynbcHas!, ONTOAKyCTHYECKAs
BOJIHA — HTO aKyCTHUECKasi BOJHA, BO3HUKAIOLIAS IIPU B3aUMOJCHCTBUU MOIIHOTO
JIA3€PHOTO U3TYUYESHHSI C TOHKHM CIIOeM CHITbHOTIOTIOMIatotiel cpessl. [IpakTinueckn
MPEUMYIIECTBO ITON BOJIHBI COCTOUT B TOM, YTO OHA MOXKET JOCTUTATh 3HAYCHUN
Bwioth 10 10% + 10° Ila, 1 mapameTpbl Ja3epHOrO W3IydeHUs yrpasisembl. C
LIEJIbIO TOBBIIICHUS 3()(HEKTUBHOCTH NMPUMEHEHHUST BUOPOBOJIHOBBIX BO3ZCHCTBUI
Ha He(TSIHON TUIACT MpeAiaraeTcs MPUMEHUTh UMITYJIIBCHYIO ONTOAKYCTHUECKYHO
BoHY ¢ yuéTtoMm 3ddekra Kayncena. OTMedeHo, UYTO aKyCTHUECKOE BO3ICHCTBHEC
Ha HE(TSHOW IUIACT B COUETAHWHU C HArpEBaHWEM NPHU3a00IHONM 30HBI IUIACTA, C
IIEJTbI0 YBETTMUEHUST HE(TEOT/aun IjIacTa sBisieTcs MarodpekTuBHbIM. Huskas
3¢ (GEKTUBHOCTD MOCJIEAHETO CHOCO0a BO3ACHCTBUS Ha IUIACT HA IPAKTHUKE
00yCJIOBIIEHa HEKOPPEKTHOW (OPMYIUPOBKOW (PU3UYECKOM M MaTeMaTH4eCKOM
MO/IENIN, a IMEHHO, HE TIPUHATHEM BO BHUMaHKE BO3HUKaromero a3gpdexra Knyacena,
KOTOpBIA CYyIIECTBEHHO BIHUSET Ha ucciaeayemblii mponecc. llpoBenénubie
TEOPETHUYECKHE PACcUETHI MOKA3aJH, YTO MPHU OXJIKICHIH 32005 CKBaXUHBI (KOT/Ia
TeMIieparypa He(TH Ha 3a00€ M yCThE CKBKHUHBI MaJl0 OTIMYAOTCS APYr OT
JpyTa) UMITYJIbCHAs, ONTOAKyCTHUYECKask BOJIHA C MUHUMAJIbHOW MOTepeil sHeprun
JIOXOJUT 1O 320051 CKBaKHHBI. YTOYHEHHEM (U3MYCCKOH M MareMaTH4YeCKON
MoJieJiell YCTaHOBJIEHO, YTO HMMITYJIbCHOE, ONTOaKyCTHYEeCKOe BO3ZeHcTBHE Ha
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HE(TIHOHM IUIACT, B COYETAHWH C OXJIAKIACHHEM TNPH3a00HHON 30HBI, SBISETCS
6omee A3 PEeKTUBHBIM IO CPABHEHUIO C IPYTUMHU METO/IaMHU.

KioueBble cjioBa: onToakycTHYecKas BOJHA, OXJaxaAeHHE 3a00s, »ddekrt
Knyncena Hed T, MOBBIIIEHNE TPOTYKTUBHOCTH CKBAXKHUH

Introduction

A great number of works have been devoted to the study of enhanced oil recovery
(EOR), one of the most important problems of the oil industry. Let us note some of
them which are of interest for substantiation of the enhanced oil recovery method
we propose below. In (Kuanys, 2019), it is noted that during the existence of a
well, its bottom hole zone changes its structure, scale and hydrodynamic properties.
This fact indicates the thermohydrodynamic connection of the borehole with the
oil reservoir and has a significant impact on its productivity (Faverne, 2004; Siman
George, 1974: 8; Zeynalov, 2010: 7). The above-mentioned peculiarity of good
behaviour allows making a conclusion that by applying different physical or chemical
methods to the bottom hole zone of the oil formation it is possible to increase its
filtration properties. Currently, several methods of influencing the formation are
used to improve its filtration properties, such as chemical, mechanical, thermal and
combined methods (Kuanys, 2019, Semenovskaya, 1965). The physical essence of
these methods lies in the fact that under the influence of these impacts, the bottom
hole formation zone is cleaned from various impurities, resulting in an increase in
the filtration properties of rocks. There is a large number of experimental works,
an overview of which is given in (Semenovskaya, 1965), testifying to the fact that
the impact on the oil-bearing formation of vibration increases the flow of oil to the
well. It should be noted that, to date, there is no single mathematical model that
allows calculating the effect of vibroacoustic impact on increasing oil production
(Kuanysh, 2019).

Materials and basic methods

In the work (Abramov et al., 2012) it is noted that the existing methods for

increasing oil recovery and well yield are labour-intensive, energy-consuming and
environmentally unsafe. That is why the task of developing and improvement of
known technologies based on physical impact on reservoirs, which would allow
extracting of the residual oil reserves with higher efficiency, is urgent. Application for
these purposes of physical fields can be considered as resource-saving technologies,
at that, less energy-consuming and, accordingly, economically more expedient in
comparison with other known methods. According to the work (Dyblenko, 2000:
381), the acoustic impact method is one of the most promising wave methods for
increasing good output. At the same time, the efficiency of the method itself can
be substantially improved by the proper selection of a mathematical model of
the process of acoustic impact on oil and the development of a highly effective
apparatus.

In the work (Zakenov et al., 2013) an analysis of the current state of research on
the application of acoustic influence to increase well productivity is given, which
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is based on the use of acoustic theory and wave mechanics. The paper notes that
the oil industry is characterised by the successive entry of many oil reservoirs into
the complex late phase of development when more than half of their reserves have
already been depleted and recovery of the remaining reserves requires considerable
effort. According to works (Gadiev, 1972: 158; Gorbachev, 2002), the existing
methods of vibropneumatic stimulation are not effective enough and, at present, it
is necessary to develop new methods of impact on the bottom hole zone in order to
intensify oil production.

It is noted by (Gulyaev et al., 2018) that the decrease in oil flow rate during
prolonged good operation is associated with the quasi-cementation of pores in the
oil reservoir, which leads to a decrease in its permeability. In order to restore the
flow rate, downhole ultrasonic emitters can be used, performing acoustic impact on
the bottom hole zone, whereby a significant restoration of its permeability can be
expected. In the work (Abbasov et al., 2015), the pressure field in a reservoir with
a deformable reservoir was determined by vibro-wave treatment. It was found that
the degree of elastic wave attenuation in the reservoir, with deformable reservoirs,
is significantly greater compared to that of non-deformable reservoirs.

In our opinion, the use of pulsed optoacoustic waves to excite residual oil for
its further recovery and cleaning of both the bottom hole and bottom hole zone of
oil-bearing formation from contamination by solid particles is the most effective.
A pulsed optoacoustic wave is an acoustic wave produced by the interaction of
powerful laser radiation with a thin layer of a highly absorbing medium (Gusev et
al., 1991:304). The practical advantage of this wave is that the acoustic pressure
can reach values as high as 10%+10° Pa, and the laser radiation parameters are
controllable. This high acoustic pressure is due to the high power of the pulsed
laser radiation and the short duration of the pulse, which is not available by other
methods.

Results

The thermo-optical excitation and propagation of a pulsed optoacoustic wave
in a viscous and thermally conductive fluid are described by the mathematical
model proposed in (Gusev et al., 1991: 304). For the one-dimensional case in a
homogeneous medium with constant thermal and acoustic properties of the fluid,
this equation has the form:

2 3 2
T0-qll-tevin ll - Lyerr

or o ot-oz°
the following symbols are given here: ¢(z,t) - the scalar potential of a velocity
field, ¢, — the speed of propagation of the optoacoustic wave in the liquid, o —
laser ray absorption coefficient, ) — shear viscosity of the liquid, § — its volumetric
viscosity, p - liquid density, ¢, — initial heat capacity, ¢~ heat capacity at constant
pressure, B - coefficient of volumetric expansion, J, — laser radiation intensity,
] =Jof (t) — the change over time in the intensity of the laser light.
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In the work (Gorbachev, 2002; Rasulov et.al., 2020: 7) considered a case of
occurrence and propagation of a pulse acoustic wave in a homogeneous liquid with
constant thermophysical properties without considering the influence of viscosity,
in other words, the liquid was taken ideal =0, &= 0. For fluids in an oil well,
this approximation is incorrect because oil (like many other fluids involved in the
oil industry) is substantially heterogeneous, which must be taken into account in
the mathematical model.

The above-presented mathematical model of optoacoustic wave propagation in
an inhomogeneous medium, described by equation (1), is generalized to the case of
variable thermophysical parameters which takes place at the interaction of powerful
radiation with medium

o’p
or’

¢ 1 4 o acP(@) ; .
o () C O NG =T ¢, (2)p(2) TS0 @)

The heterogeneity of oil in a well is mainly due to two reasons: 1) the change in
temperature in the well with depth, which leads to a change in the volume expansion
coefficient (we will call it thermal heterogeneity) and 2) the oil in the well contains
solids (rock particles, salts, sands, etc.) that are not evenly distributed along the
wellbore. The solids that remain suspended in the borehole are in the ground gravity
field and therefore subject to the Boltzmann distribution. This heterogeneity will be
called gravitational heterogeneity.

If the origin of coordinates is placed at the wellhead, then with reference
to the conditions of an oil well, the above-mentioned inhomogeneities can be
mathematically described by the following formulas

2
0

B(z) = Byexp(kiz), p(z)c,(z) = p,c,oexp(k,z) 3)

where k and k, — coefficients defining thermal and gravitational heterogeneity.
It is logical to assume that the other thermophysical parameters of the oil also
change with well depth according to the Boltzmann distribution

n(z) =n,exp(k,z) &(2) =&, exp(k,z) “)

Applying the spectral method to the solution of the differential equation (2)
with variable coefficients at zero initial and appropriate boundary conditions, we
can in principle construct an exact analytical solution to the problem. However, the
resulting solution will be mathematically cumbersome and inefficient for practical
analysis.

The solution to the problem can be somewhat simplified if we consider the case
where the influence of oil viscosity on the propagation of optoacoustic waves can
be neglected. In this approximation, the particle velocity of the medium is defined
by the formula
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Taking into account the fact that in a flat running wave, the vibrational velocity
and the acoustic pressure are related by the relation p=p.,cv for the acoustic
pressure we obtain

1 . k —k)B,J, f
P(Z’t)zﬂci)o - (szw ;( ;))ﬁ: oaJ;(T) exp{—iw(t—czo)}da) ©6)

i a+k —k) +—

S

For the case of short laser pulses, the intensity spectrum of the laser beams can
be assumed to be constant over the entire frequency range of sound excitation

Jof (@) = Jof (@ = 0) = Jo [ f(t)dt = E, = const (7)

Taking into account the last formula (7), the acoustic pressure is determined by
the formula

°E
P(z,0) =°‘Bzfi°exp{—(a th —kz)co(r—jﬂ ®)
In the case of a homogeneous liquid k= 0, k, = 0 formula (8) becomes even
more simplified and takes the form
2
P(z,t)= Mexp {—aco(t —Z)} )]
2¢e, o

The relative change in the amplitude of the acoustic pressure during the
propagation of a signal in an inhomogeneous liquid can be calculated as follows

P(z,t
PO((ZZ, t)) = eXp|:—(k1 —ky)c, (¢ _CZO):| (10)

From formula (10) it follows that the relative change in the amplitude of the

. . zZ
acoustic pressure depends not only on the duration of the laser pulse ¢,(t——)
G

but also on the difference in inhomogeneities caused by the temperature gradient
coefficient k, and by the density gradient coefficient k, (Gasanov et al., patent Az
2021 0007). There are three possible cases here:

1) the coefficients mentioned are equal k, =k, to each other, that is, the measures

of thermal and gravitational inhomogeneities are equal, they compensate for each
P(z,1) _

other, and therefore it follows from equation (10) P(z.1) =1 that physically this

means that the noted inhomogeneities do not affect the change in the amplitude of

the optoacoustic pressure.
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2) k, > k,, that is, the measure of thermal inhomogeneity is greater than the
gravitational one. At the same time, with an increase in the duration of the laser
pulse, the relative change in the acoustic pressure exponentially decreases (Figure

).

1
oy
k-3
1Ay
(LY
LE 3
b E
b3
k2
LR Y-S

% 75 i 5 z 25 3 EX3 4
. z
Fig. 1 - The graph shows the dependence of ﬁ on for different values CO(Z — —)
£
of AK=0.5 (curve 1), AK=1 (curve 2),AK=1.5 (curve 3), and AK =2 (curve 4).

B

1] 0.5 1 156 2 25 3 35

P z
Fig. 2 - The graph shows the dependence of F on Co(l‘ - —) for different values of
0

0
AK=-0.2 (curve 1), AK =- 0,3 (curve 2), AK =- 0,4 (curve 3), and AK =- 0,5 (curve 4).

3) k, > k,, That is, the measure of thermal inhomogeneity is smaller than the
gravitational one. At the same time, the relative change in the amplitude of the
acoustic pressure exponentially increases with an increase in the duration of the
laser pulse (Figure 2).

The analysis of research dedicated to increasing oil recovery through the
influence of various physical fields has shown that thermoacoustic treatment of the
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near-wellbore zone of the reservoir is quite effective as a method. Thermoacoustic
treatment is a combined method, in which thermal treatment is combined with
acoustic treatment. There is a large amount of experimental work that indicates
that the impact on the oil-bearing formation with frequencies ranging from one
to several thousand hertz increases oil inflow to the well and reduces its water
cut (Kuanys, 2019; Voropaev et al., 1988:6). However, there is still no unified
mathematical model that would allow the correct calculation of the influence of
vibroacoustic treatment on the hydrodynamics of oil flow increase. According
to (Dyblenko et al., 2000:381), the acoustic impact method is one of the most
promising among wave methods used to increase well productivity. At the same
time, the effectiveness of the method can be significantly increased by selecting the
correct physical and mathematical models of the acoustic impact process and by
applying physical effects correctly in the well-reservoir system.

In (Abramov et al., 2012), it is noted that existing methods for increasing oil
recovery and well productivity are energy- and labour-intensive, environmentally
unsafe, and inefficient. Therefore, research aimed at developing new and/or
improving known technologies based on physical effects on the reservoir and
allowing for more efficient extraction of remaining oil reserves is relevant. It is
physically accepted that the main factor contributing to increased oil recovery
during thermoacoustic treatment of the reservoir is a reduction in the viscosity
coefficient of residual, immobile oil. For the simplest case of filtration under a
stationary pressure field, the productivity is determined by a known formula.

_2rkh PB,—F. 2rkh AP
u(T) m& u(T) ln&

C RC

)

(1

where the following notations are introduced: & - permeability, / - thickness of
the reservoir, 4 (T) - viscosity coefficient, P, R, - respectively, pressure and radius
of the feeding contour, P, R - respectively, pressure and radius of the well. It is
evident from formula (11) that with a decrease in the viscosity coefficient u (7), the
flow rate Q, increases.

However, another thermodynamic effect is not taken into account, which is
caused by the temperature difference between the well and the reservoir, namely,
the Knudsen effect. Applied to the well-reservoir system, the Knudsen effect
manifests itself in the fact that the temperature difference between the well and

the reservoir, i.e. Lyey - Tzayer , creates a pressure difference P, determined by the
formula (Pol, 1971: 478).

P=a (Twell - T;ayer) (12)

Taking into account equation (12), formula (11) can be written as
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_ 2nkh (AP—AR) 2mkh AP-a(T,,,~T,,..) "

u@ ko R ()

C C

Taking into account that the use of physical fields to increase oil recovery of
the reservoir is less resource- and energy-intensive and more economically feasible
compared to other methods, we investigated the generation and propagation of
optoacoustic waves in an inhomogeneous medium, which is a well. In an oil well,
the inhomogeneity is due to the variation of density and coefficient of volume
expansion of oil with depth. Theoretical calculations showed that the absorption of
optoacoustic waves strongly depends on these noted inhomogeneities. The relative
change in the amplitude of optoacoustic pressure during signal propagation in an
inhomogeneous medium is determined by the formula
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In this formula, the coefficients k, and k, are constants that characterize the
heterogeneities caused by the change in temperature and density of oil with
depth in the well, i.e., they are measures of the corresponding heterogeneities.
A computer study of formula (14) shows that to increase the effectiveness of the
pulsed optoacoustic wave, it is necessary for the heterogeneity of the oil in the well
caused by temperature change with depth to be minimal, which corresponds to the
proximity of the oil temperatures at the wellbore and surface. To achieve this, it
is necessary to cool the wellbore, for example, by blowing in cold air. With this
condition satisfied, the acoustic pressure reaches the wellbore with minimal energy
losses. In this case, the pulsed optoacoustic wave, by cleaning the wellbore and
near-wellbore zone of the reservoir, excites the stationary residual oil, imparting
a certain amount of energy to it. On the other hand, cooling the wellbore creates
a temperature difference between the reservoir and the well. This temperature
difference, due to the Knudsen effect, creates a difference in pressures.

APZ = a(T;ayer B Twell) > Y;ayer > Twell > (15)
In this case, there is a pressure differential acting on the residual oil
AP = (})layer - Pwell) +a (T;ayer - Twell) > Tlayer > Twel/ > (16)

It should be noted that when the wellbore is heated, the residual oil begins to
move under the action of the pressure difference
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AP = (])layer - Pwell) —Q (Twell o T;ayer) > T]ayer < Twell (17

Taking into account the above, for the simplest case, the well productivity is
determined by the formulas

0 - 2rkh AP—;;LAT1 (18)
u(T) In =%
C
when the wellbore is heated
0, - 2mkh AP+ aAT, (19)
HO 1n &
RC
when it is cooled down
Comparing formulas (18) and (19), we have
T) AP—-aAT
Ou(T) _ 1 o0
O, uy AP+al,
Clearly, for any values of AT, and AT,, the inequality holds.
AP —aAT, < AP —aAT, 1)
7}
0 <0, —2—~ or Qu(AT) < 0, (22)

H(AT))

Experiments to determine the viscosity coefficient of oils conducted on samples
from different oil fields have shown that the temperature dependence of oil viscosity
can be expressed by the following formula.

AT,
p(T) = py exp(———) (23)
’ 100
Taking into account the last relationship, condition (12) can be rewritten in the
form of

AT,
< -1
0,<0,exp(1 1) o

Discussion

Comparing Figures 1 and 2, it follows that in order to increase the efficiency of
pulsed optoacoustic wave application, it is necessary to implement the condition
k, >k, i.e., the inhomogeneity of oil in the well, caused by a temperature change
with depth, should be minimal, which corresponds to the proximity (ideally,
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equality) of the oil temperature at the well bottom and surface. To achieve this, it is
necessary to cool the bottom of the well, for example, by blowing cold air. When
this condition is met, the acoustic pressure reaches the bottom of the well with
minimal losses. In this case, the pulsed optoacoustic wave, by cleaning the bottom
of the well and the near-wellbore zone of the oil reservoir, excites the immobile
(residual) oil, imparting a certain amount of energy to it, as residual oil absorbs
the energy of the acoustic wave. On the other hand, when the bottom of the well is
cooled, a temperature difference is created between the reservoir and the well. This
temperature difference, according to the Knudsen effect (Gulyaev et al., 2018),
creates a pressure difference.

AP =a (T}ayer - Twell) (25)

here a- 1s coefficient of Knudsen. As a result of these two effects, the residual
oil, under the action of the pressure difference, starts to move, which ultimately
leads to an increase in the well productivity.

AB) = (Player - Pwell) t+a (T;ayer - Twell) (26)

If the bottom of the well is heated, as is done with current technologies, then the
effect of extracting residual oil is actually reduced due to the resistance associated
with the aforementioned Knudsen effect. In the latter case, 7., > T,aye, and
accordingly

A130 = (Player o Pwell) - (T}ayer o Twell) (27)

here T, - well temperature, T;ayer - layer temperature, £, - layer pressure,

P - well pressure

This method of oil extraction is apparently going to be more efficient, especially
for hard-to-recover fractured reservoirs.

From (14) it can be concluded that cooling the near-wellbore zone of the
reservoir in combination with the impact of pulsed optoacoustic waves is more
effective for enhancing oil recovery than the currently used simple heating of the
near-wellbore zone. Indeed, for any value of AT >0, ie., (T, - Tlayer) > (0, from
condition (14) we have Q < Q,. It is absolutely clear that the condition Q, = Q, can
only be met in the case of 7 =T, .

Based on the analysis of the results of existing methods of reservoir stimulation
to increase its oil recovery, the following conclusions can be drawn:

Conclusion

1. Even combined vibro-wave impacts with the involvement of heating in the

bottom hole zone are insufficiently effective. At the same time, the influence of
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one of the important effects of thermophysics - the Knudsen effect, is not taken
into account, the essence of which is that the temperature difference between the
reservoir and the well creates an additional pressure difference. When heating the
wellbore, a back pressure is created, which reduces the filtration properties of the
TeServoir.

2. In order to increase the efficiency of using vibro-wave impacts on an oil
reservoir, we propose to use an impulse optoacoustic wave, taking into account the
Knudsen effect.

3. In accordance with the methodology we propose, it is necessary to first
minimize thermal heterogeneity by cooling the wellbore (for example, by blowing

cold air) with the aim that the temperature at the wellbore 7,,,,,. does not differ
significantly from the temperature at the surface so that the condition is satisfied
T=T,,.,.—T, ... — min. In this case, a favourable condition is created for
maximum impact on the oil recovery of the reservoir from the Knudsen effect.

After that, the impulse optoacoustic wave with a speed of ¢, = 1250+1300 m/s
and a pressure amplitude of 103+10° Pa, propagating in the well, reaches the bottom
hole in about 3+4 seconds. Penetrating into the oil reservoir and imparting some
energy to the immobile (residual) oil, this wave excites it. The excited, previously
immobile oil begins to move under the influence of the total pressure difference,
determined by the formula (12).

Our theoretical calculations have shown that with wellbore cooling (when the
temperature of the oil at the wellbore and the wellhead differ little from each other),
the pulsed optoacoustic wave reaches the wellbore with minimal energy loss.

Refinement of the physical and mathematical models has shown that the pulsed
optoacoustic impact on the oil reservoir, in combination with wellbore cooling, is
more effective compared to other methods.
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