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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. In downhole oil production, a column of pumping and compressor
tubing’s is equipped with various operational and technological valves for their
intended purpose. Each of these valves has a specific function. Therefore, the basic
tubing arrangement may not initially contain a specific valve, the need for which
may arise for individual operations during repair and maintenance work. This
makes it necessary to carry out labor-intensive work involving special equipment
for stopping and silencing wells, lifting underground equipment, completing
tubing with the necessary technological valve and its descent into the well. The
paper proposes to simplify the layout of a downhole pumping unit and increase its
technological capabilities by equipping it with a multifunctional valve, which will
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allow performing both operational tasks and a wide range of necessary technological
operations directly in the well without lifting equipment.

Keywords: borehole, layout, valves, mechanical impurities, tubing, down-hole
equipment, filters
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AnHOTamusa. MyHalpl YHFBIMAJBIK  OHAIPYAE COPFBI-KOMIPECCOPIBIK
KYOBIpJIap/blH KOJOHHACHI MaKcaThl OOWBIHINA OPTYpil mMaiijanaHy IKoHe
TEXHOJIOTUSIIBIK KJIAMaHapMEH ka0 IpIKTanapl. bys KianaHaapabiH oOpKaiChIChI
oenrini 6ip QynkuusHbl opeiHAaiiabl. Conapikran, CKK-nbpiH Herisri opHaiacybl
Oacrankpina Oenrimi Oip KIamaHIbl KaMThIMaybl MYMKiH, OHBIH KaKETTLIIT1
KOHJICY KOHE KaJMbIHA KENTIPY JKYMBICTAphl KE3iHJE JKEKEe OTepanusiap/ibl
XKYPri3y VIIH TybIHIAybl MYMKiH. BYJ YHFbIManmapibl TOKTATy KOHE COHIpY,
KepacThbl HKAOJBIKTAPBIH KOTEPY, COPFBI-KOMITPECCOPIIBIK KYOBIPIApAbl KAKETTI
TEXHOJIOTHUSIIBIK KIIAMMAHMEH JKHHAKTAY JKOHE OHBI VHFbIMara Tycipy OOWBIHIIA
apHaMbl TCXHUKAHBI TAPTA OTHIPHII, KOTI eHOCKTI KaXKeT eTe/li. JKyMbICTa YHFBIMATBIK
COPFBbI KOHJIBIPFBICBIHBIH OPHAJACYBIH KCHIIJCTY JKOHE OHBI KON (DYHKIIHSIBI
KJIAMaHMEH Ka0bIKTay apKbUTbl OHBIH TEXHOJIOTHSIIBIK MYMKIHAIKTEPiH apTThIPY
YCBIHBUIAIBI, OYJT ONIEPAIUSITBIK MiHACTTEP/I 1€, XKAOIBIKTHI KOTEPMECTEH TiKeJIeH
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YVHFBIMA/Ia KQKETTI TEXHOJOTHSIIBIK ONMEpaIMsIapAblH KeH CHEKTPIH OpBIHAayFa
MYMKIHIIK Oepe/ti.

Tyitin ce3nep: yHFbIMA, KYpacThIpy, KiIamaHaap, MEXaHUKAIBIK KOcranap,
COPFBI-KOMITPECCOPIBIK KYOBIPIIAp, TEPEH COPFBI KaOIBIKTAPHI, CY3Tiiep

© B.A. Mbip3axmertoB'*, T.A. Kyanasikos', b.K. MayJier6exoBa’,
IL.E. Baaraes', JK.b. Hypkac?, 2024
!Satbayev University, Anmarel, Kazaxcran;
’TOO «Manul», Acrana, Kazaxcran.
E-mail: b.myrzakhmetov(@satbayev.university

MHOTI'O®YHKIIMOHAJBHBIN KJAIIAH JIJIsI KOMIIOHOBKH
HOTI'PYKHBIX CKBA’KWHHBIX HACOCOB B CKBAXKMHHOM
JOBbIYE HE®PTH

Mpeip3axmeToB beii0uT AGMKeHOBHY — KaHIWAAT TEXHUUYCCKUX HAyK, mpodeccop Kadeaps
«TexHOMOrMUECKNEe MAIIUHBI M TpaHCIOpPT», Satbayev University, yn. Carmaesa, 22a, 050013,
. Anmarsl, Pecniyonmka Kazaxcran

E-mail: b.myrzakhmetov(@satbayev.university; https://orcid.org/0000-0001-5175-3844;

Kyanapixos Tunen6aii AnumodaeBuy — PhD B ropHOiIT oTpaciy, 3aMecTHTeNs AUpeKTopa, Satbayev
University, yn. Carmaesa, 22a, 050013, . Amvatsl, PecrryOnmka Kazaxcran

E-mail: t.kuandykov(@satbayev.university; https://orcid.org/0000-0001-8993-5555;

MayaerdexkoBa bBya6yan KycmaHKbI3bI — PhD poxropant, mnpemomaBarens Kadeapsl
«TexHOMOrMUECKNEe MAIIUHBI W TpaHCIOpPT», Satbayev University, yn. CarmaeBa, 22a, 050013,
. Anmarsl, Pecniyonmka Kazaxcran

E-mail: b.mauletbekova@satbayev.university; https://orcid.org/0000-0003-4229-429X;

Banraes [loc:kan Eprenouy — PhD moktopant, npenogasarens kadeapsl « TexHOMOTHYECKHe
MaIIuHbl U TpaHcmopT Satbayev University, ym. Carmaesa, 22a, 050013, r. Anmarsl, PecmyOmmka
Kazaxcran

E-mail: d.balgayev(@satbayev.university; https://orcid.org/0000-0001-9278-7653;

Hypxkac Kacynan Boaar:kanynapl — rerepanbHeiii qupexrop TOO «Manuly, yin. MyxameTkaannesa,
3maHue 5, HaceneHHbIH myHKT 38, 010000, . Actana, Pecnyonuka Kazaxcran

E-mail: zhassulan.nurkas@gmail.com; https://orcid.org/0009-0005-8779-7941.

AHHoTanus. B ckBaxnHHOH 100b149e HE(TH KOTOHHA HACOCHO-KOMITPECCOPHBIX
TpyO o0opyayercs pa3iWYHbBIMM 110 HA3HAYCHUIO SKCIUTyaTallMOHHBIMH U
TEXHOJOTMYECKHUMHU KJIATIaHAMH. Kaxnplli M3 3TUX KJIAaHOB BBIMOJIHSET
onpenenennyto ¢yHkmmoo. [losTomy 6azoBast xommonoBka HKT wu3HauanpHO
MOXET HE COJEpXaTh ONPECJICHHbIN KianaH, He0OX0AMMOCTb B KOTOPOM MOXKET
BO3HMKHYTH [UIS HPOBEICHUS OTAEJIBHBIX ONEpanuid B IPOLECCe PEMOHTHO-
BOCCTAHOBUTENBHBIX pabOT. OTO BbBI3BIBACT HEOOXOAUMOCTH MPOBEICHHUS
TPYAOEMKHX Pa0OT ¢ MPHUBJICUCHUEM CICUTEXHUKH IO OCTAaHOBKE M DIYLICHHIO
CKBOXHWH, TIOIBEME IOJ3EMHOTO OO0OpYHZOBaHMS, KOMIUICKTAllMd HACOCHO-
KOMIPECCOPHBIX TPYO HEOOXOANMBIM TEXHOJIOTMYECKUM KJIallaHOM U €ro CIIyCKY B
CKBaXMHY. B pabote npemiaraercst ympocTUTh KOMIOHOBKY CKBaKMHHOM HACOCHOM
YCTaHOBKH M IOBBICHTH €r0 TEXHOJOIMYECKHE BO3MOKHOCTH IMyTEM OCHAICHHUS

158



Reports of the Academy of Sciences of the Republic of Kazakhstan

ero MHOTO()YHKUIMOHAJIBHBIM KJIallaHOM, KOTOPOE IO3BOJIUT BBIIOJHATH Kak
9KCITyaTallMOHHbIC 33/1a4H, TAK M IIUPOKHUNA KPYT HEOOXOANMBIX TEXHOJIOTMUECKUX
OIepalii HEMOCPEACTBEHHO B CKBAXKHHE 0€3 MobeMa 000pyI0BaHusl.
Ki1roueBble cjioBa: CKBa)KMHA, KOMIIOHOBKA, KJIallaHbl, MEXIIPUMECH, HACOCHO-
KOMIPECCOPHBIE TPYOBI, MYOMHHO-HACOCHOE 000pyn0oBaHUE, (PUIIBTPHI

Introduction

The column of pumping and compressor pipes (PaCP) is a universal downhole
pipeline for all existing technologies of extraction of liquid minerals using various
kinds of pumping equipment. Moreover, the tubing string, in addition to its main
purpose, is used to solve many other tasks related to the repair of the well and the
restoration of its productivity.

To ensure the normal operation of submersible pumping equipment and carrying
out repair and remedial operations (RRO) at the well, the layout of lifting pipes may
include various operational and technological valves for their intended purpose —
drain, check valves, shut-off valves, equalization valves, circulation, inhibitory
and others. Even the simplest operational layout of lifting pipes provides for the
presence of at least two valves in its composition: a drain valve for draining liquid
from it during underground repairs and a reverse valve for retaining a column of
liquid in the tubing when the pump is stopped (installed above the deep pump),
which also complicates its layout and installation (Miguel Ferraz et al., 2016).

Each of these valves is usually designed to perform only a specific technological
function. The completion of the tubing with the necessary valve leads both to
the downtime of the well and the shortage of products during this period, and
significantly increases the cost of production.

Another, no less important problem in the operation of deep-pumping equipment
(DPE) in wells with a weakly cemented bottom-hole zone is the frequent clogging
of the filter with mechanical impurities in the arrangement of the pumping and
compressor pipes in front of the pump, and their regeneration in borehole conditions
is practically impossible.

According to various sources more than 60% of problems with DPE are caused
by solid mechanical impurities contained in the reservoir fluid. This leads to an
increase in production problems associated with a decrease in the efficiency of
pumps and their service life, a decrease in the production rate, an increase in the
probability of equipment failure due to the destruction of working elements. All
this leads to a decrease in production volumes and an increase in costs.

The problem of sand formation and commutation of wells is also characteristic
of the technology of uranium extraction by the method of underground borehole
leaching during the drilling of technological wells and the opening of productive
layers. This leads to the need for repair and restoration work to clean the filter with
a well stop or the application of additional measures to decolmatize well faces
(Robello Samuel et al., 2010; Sereda et al., 1980).
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If downhole filters can be cleaned by applying a pressure pulse from the wellhead
along the production column, then filters installed in a pumping and compressor
pipes with a check valve above the EDCP cannot be cleaned in this way. This leads
to the need to stop the well and remove the tubing from the EDCP to clean the filter.

The most common and well-proven in practice are borehole filters, in which
slit gratings made of V-shaped wire made of high-strength steel are used as a filter
element. The size of particles trapped by the filter in the FFIM is 100-200 microns
and depends on the design of the filter surface. Among the well-known filters in the
loaECP there are filters of the ZhNSH shore IMofF type. In the latter case, self-
cleaning may partially occur due to pump vibration. For additional cleaning (for
example, from clay rocks), a IMofF auger is used. However, vibration and screw
device do not always allow cleaning the filter element from mechanical impurities.
Similar problems arise when using downhole screw pumping units (Tanzharikov et
al., 2023).

Materials and methods

In recent years, development work has been intensively carried out on the
creation of specialized downhole equipment for the assembly of tubing, in particular,
for various purposes of process valves such as KCPT, KCPZ, KCPTS KUM,
KUMG-S and others for the operation and conduct of technological operations for
underground well repair.

There are also attempts to create multifunctional well equipment, in particular,
to develop designs of multifunctional valves that simplify the layout of tubing.

Thus, according to the patent of the Eurasian Patent Organization (EAPO)
No. 038348 and the Republic of Kazakhstan No. 34414, No. 34415, designs of
multifunctional valves are proposed for equipping installations with an electric
submersible pump (ESP) and rod screw pumping units (RCPU), which additionally
combine the functions of several valves for technological purposes.

The valve design proposed in them consists of two main components — the drain
valve assembly itself and the control unit for its actuation delay (Figure 1). The
drain valve assembly includes a movable cylindrical spool 2, adjacent to the side
surface of the inner wall of the housing 3 and locking the drain holes 4, as well as
its activator 1, locking the passage hole in the spool 2. In the lower part, the spool
of the drain valve is supported by an adjustment spring 5, with a locking ring 6 on
the thread, which allows you to adjust the tightening force of the spring 5.

The control unit for the delay time of the start of activation of the drain valve is
located under the drain valve and consists of a check valve 7, a drain valve 8 with
a bellows type activator 9. A gas lift valve from the so-called «mandrel» of the gas
lift installation can be used as it.
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a) b)

Figure 1. Multifunctional valve for rodless pumping units

Between the drain and check valves, in their closed positions, a sealed cavity 10
is formed, which can communicate with the annular space by means of a drainage
valve 8 through drainage windows 11.

Valve-activators in the anti-sand valve can be different. For example — rotary,
dish-shaped and others, or combine them in various combinations in one device.

The drain valve activation delay time is regulated by changing the pressure
P_of inert gas in the drain valve bellows during its filling and depends on: the
dynamic level and viscosity of the fluid in the well, the concentration and fractional
composition of mechanical particles and their sedimentation time (Myrzakhmetov
et al., 2020; Rakishev et al., 2022).

Figure 1 in position (a) shows — the position of its elements during the operation
of the deep pump, and in position (b) — the position of the valve elements after
stopping the deep pump at the moment of activation and discharge of part of the
column of liquid with mechanical impurities into the annulus.

The device works as follows:

During the operation of deep-pumping equipment (Figure 1a), when a liquid
pressure appears from the electric centrifugal pump, both check valves — the upper
1 and the lower 7 are open and the process of pumping the liquid out of the well.
The drain holes 4 in the valve body are blocked by the spool 2 of the drain valve
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under the opening of the spring 5 and partially, due to the hydraulic resistance to the
fluid flow, are drained by the spool 2 itself.

When the pump stops (Figure 1b), due to the lack of pressure, the activator valve
1, under the action of gravitational forces and the hydrostatic pressure of the liquid
column in the tubing, sits on the spool seat 2. However, the force generated by
hydrostatic pressure is not enough to move the spool 2, since it is balanced by the
force of the spring 5 and the residual pressure of the liquid in the closed volume 10
with the lower check valve 7 closed and the drain valve 8 closed.

The drain valve 8 will be closed as long as the set pressure in the bellows 9 is
greater than the liquid annular pressure. As the fluid inflows from the formation,
the static fluid level in the annulus gradually rises, and when it exceeds the pressure
P_in the bellows 9, the drain valve 8 opens and begins to bleed the fluid from the
closed volume 10 into the annulus, lowering the pressure in it.

Now when the pressure drop across the drain valve 2 is sufficient to overcome
the force of the spring 5, the spool of the drain valve 2 moves down, opening the
drain holes 4 in the body 3. The process of discharge of the liquid column from
the tubing into the annulus begins. In the process of draining the liquid from the
tubing, the liquid level in the annulus will rapidly increase, which will lead to a
more intensive increase in the external pressure on the bellows 9. If the annular
pressure of the liquid exceeds the pressure in the bellows P, the drain valve 8 will
open, which will lead to a decrease in pressure in the closed volume 10. The latter
will contribute to the further movement of the spool 2 and the full opening of the
drain windows 4 to discharge fluid with sand from the tubing. When the elastic
forces of spring 5 exceed the hydrostatic pressure of the residual liquid column in
the tubing, the spool of the drain valve 2 moves upward, closing the drain windows
4 and returning the valve to its original state (Mashrapova et al., 2021).

During the period from pump shutdown and annular pressure growth to a
value sufficient to trigger the drain valve, sedimentation of the largest particles
of mechanical impurities occurs, which can form a stable sand plug. The duration
of this period can be controlled by the internal pressure in the drain valve bellows
depending on the concentration and sedimentation rate of sand in the formation
fluid and the recovery time of the hydrostatic fluid level in the well.

Such a delay in the operation of the anti-sand valve allows you to dump the liquid
column most highly concentrated in mechanical impurities from the tubing, prevent
the formation of sand plugs above the pump and reduce the power consumption for
filling the vacated part of the lift pipe during subsequent start-up.

The cylindrical shape of the drain valve spool has a larger through hole for
pumping liquid (hence, it creates less hydraulic resistance), its side locking surface
is less susceptible to hydroabrasion wear.

The anti-sand valve for sucker-rod pumping units has a similar design (Figure
2). Structurally, it differs in that the activator valves 1 and 7 are movably mounted
on the rod (Kenzhetaev et al., 2022; Karmanov et al., 2021).
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a)

Figure 2. Multifunctional valve for rodless pumping units

The anti-suspension valves are installed on the tubing string above the stator of
the sucker-rod pumping (SRP) or the electric module centrifugal pumps (ECP) and
control the communication between the pipe and annular space (Figure 3).

rrrv I: el
. sand valve
- sand valve
B - SRP

a) b)

Figure 3. Layout diagram of tubing with electric submersible pump (ESP) (a) and sucker-rod
pumping (SRP) (b)
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In case of possible formation of a small sand plug after a prolonged stop of the
pump, at its subsequent start, there is a danger that the liquid pressure from the
pump at the initial moment will not be enough to flush it. In this case, the drain
valve 8 will work as a safety valve, and the liquid will be partially discharged into
the annular space. This will prevent a sharp increase in pressure between the anti-
suspension valve and the pump and partially neutralizes a sharp increase in the load
on the electric motor.

Due to the presence of this device, there is no need to assemble downhole-
pumping equipment with standard check and drain valves, the functions of which
it can simultaneously perform. The same device allows you to carry out various
technological operations related to flushing tubing from asphalt-resinous and
paraffin deposits (ARaPD), pumping process fluids into the annulus when the pump
is turned off. The proposed design also makes it possible to communicate the tubing
channel with an annular space for the complete discharge of liquid from the tubing
by pneumatic action from the ground part (from the wellhead) during well repairs
(Kuandykov et al., 2022).

Results and discussion

To solve the problem of cleaning module filters, there are separate technical
solutions for their cleaning in borehole conditions. However, most of these technical
solutions require either stopping the well and lowering the flushing tool, or are
limited to performing one specific operation. But there are developments that allow
performing filter cleaning functions directly in downhole conditions without the
use of special devices.

Thus, according to patent Ne2415253 a design of a submersible pump with a
filter cleaned directly in the well is proposed (Figure 4).

Here, the submersible pump 1 with a filter being cleaned in the well 2, 3 includes
a submersible borehole pump 1, which is lowered on a pipe column 4, which is
placed in a hollow cylindrical casing 5 hermetically and rigidly fixed from above
and allowing the flow of the pumped liquid to move through the gap between the
casing 5 and the pump 1, a hollow cylindrical shank 6, fixed from the side the lower
open end of the casing 5 and equipped in the lower part with a filter 3, and a check
valve 7 located behind the pump 1 in the direction of movement of the pumped
liquid. The casing 5 is connected by an opening 8 with the inner space of the pipe
column 4 above the check valve 7, which passes only from the bottom up, and is
equipped with an adjustable valve 10 pressed by a spring 9, blocking the flow of
liquid in the casing 5 between the intake opening 11 (shown conditionally) of the
pump 1 and the opening 8§ of the pipe column 4 and retaining pressure in the pipe
column 4, arising under the action of the pump operation 1.
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Figure 4. Diagram of a submersible pump with a filter being cleaned in a well

The disadvantages of the layout of a downhole pumping unit with such a device
are:

— the need for multiple valves (at least two) in the device layout: a bypass valve
for transmitting a pressure pulse to the filter for cleaning it in the casing and a
check valve above the pump along the fluid flow to hold the liquid column in the
tubing string above the pump when it stops) installed in different parts of it, which
complicates the design;

— unreliability of actuation of the bypass spring-loaded adjustable valve when
installed in the casing, since with an unforeseen increase in hydraulic resistances
associated, for example, with the deposition of asphalt-resinous and paraffin
deposits (ARaPD) on the inner walls of the tubing string above the pump and an
increase in hydraulic resistances at the mouth of the column, the bypass valve may
work to bypass part of the liquid through the casing from filter back to the pump
inlet. The latter is fraught with overheating of the submersible ESP (Kuandykov et
al., 2020; Myrzahmetov et al., 2020).

Multifunctional valve with filter cleaning capability

Based on the experience of development and the results of semi-industrial
tests of a number of multifunctional valve designs, we offer several options for
the layout of submersible pumps with a multifunctional valve with the possibility
of cleaning the filter directly in downhole conditions (Figure 5). Here, option (a)
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is — for rod screw pumping units, and option (b) is — for centrifugal pumps (ECP)
(Akhymbayeva et al., 2023).

When assembling rod screw pumping units (Figure 5 a), a multifunctional
valve is placed above the screw pump in the direction of fluid movement and its
drain windows in the tubing body are enclosed in a hollow cylindrical casing,
hermetically and rigidly fixed from above and allowing the flow of the pumped
liquid through the gap between the casing and the pump into a hollow cylindrical
shank fixed with the sides of the lower open end of the casing and equipped in the
lower part with a dust filter, similar to the design according to the patent. The up
arrows show the directions of fluid movement during operation and down — during
emptying or cleaning the filter.

Such an arrangement of a multifunctional valve as part of submersible borehole
pumps will allow it to provide the functions of a screw pump check valve (to prevent
reactive rotation of the pump rotor during stops and jamming from mechanical
impurities entering the pump), a drain valve when performing a SS during PW, as
well as the possibility of flushing the borehole filter and tubing string directly in
borehole conditions.

So, to clean the filter from deposits from the ground part of the well, a sufficient
pressure pulse is created by the washing liquid, under the action of which the spool
1, overcoming the force of the spring 3, moves down. As a result, bypass windows 7
in the tubing string body are opened to allow liquid to pass through the gap between
the casing 5 and the pump 8 to the inner cavity of the filter 11 for cleaning. At the
same time, the tubing string is washed from deposits. This prevents chemicals from
entering the pump.

To drain the liquid from the tubing string during the SS during underground
repairs at the well, it is possible to pump gas from the mouth, which will also trigger
the valve and empty the tubing string.

The layout of the electric submersible pump (ESP) (Figure 5 b) may have a
similar design.

Thus, the very designs of the valves discussed above with a delayed actuation
node can be significantly simplified if they exclude a delayed actuation node, and
they can be used as simply discharge valves for draining fluid from the tubing
string when the DPE stops. In this case, the filter will be simultaneously cleaned
and flushed with a discharge column of liquid from the tubing string, the starting
load of the DPE will decrease, since the filter resistance will be minimal, and the
remaining column of liquid in the tubing string after discharge will be significantly
less (in extreme cases, it will be equal to the depth of immersion of the pump)
(Akhymbayeva et al., 2021; Ismailova et al., 2022).

Conclusions

1. The use of multifunctional valves is a promising direction in improving the
efficiency of technological processes in the downhole extraction of liquid minerals
and makes it possible to simplify the layout of the downhole pump pipe column by
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reducing the number of valves of different purpose and the multifunctionality of
technological operations carried out by it.

2.1If it is necessary to carry out specific technological operations of underground
well repair, these multifunctional devices will eliminate the need for additional
descent and lifting operations to complete the tubing string with the necessary
technological equipment with the involvement of special equipment and human
resources.

3.The valve design fits well into the tubing string layout and will reduce
operating costs associated with equipment failures and increase the inter-repair
period of wells.
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Figure 5. Submersible pump layout options with multifunctional valve
The scheme of submersible pump layout with filter to be cleaned in the well:
a) for rod screw pumping units; b) for electric submersible pump (ESP)
1 — valve spool; 2 — tubing string; 3 — spring; 4 — stopper; 5 — casing; 6 — check valve; 7 — drain
holes in the tubing string body; 8 — screw pump section; 9 — filter (ARaPD); 10 — protector;
11 — SEM
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