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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 xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



Bac penakrop

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

FplabiMu XaTiibl

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

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

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

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

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

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

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

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

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

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

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

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

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

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

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
Pecrry6mmkn Kazaxcram» (T. AMatsr).
CBUAETENECTBO O MOCTAaHOBKE HA y4eT NMEPHOIMUYECKOro nedaTHoro uiganus B Komurere mHbopManum
MunncTepcTBa HHGOPMAIIHK 1 001ecTBeHHOT0 pa3BuTns Pecrryommku Kazaxcran Ne KZ39VPY 00025420,
BeIganHoe 29.07.2020 .
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Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

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

Scientific secretary

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

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

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

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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B.R. Rakishev', M.M. Mataev?, Zh.S. Kenzhetaev'", K.S. Togizov',
A.Kh. Shampikova'!

'Satbayev University, Almaty, Kazakhstan;
“Institute of High Technologies LLP, NAC JSC Kazatomprom,
Almaty, Kazakhstan.
E-mail: kzhiger@yahoo.com

INNOVATIVE METHODS FOR RESTORING FILTRATION
CHARACTERISTICS OF BOREHOLE URANIUM ORES IN
KAZAKHSTAN’S FIELDS

Abstract. The practice of operating technological wells in deposits with low
filtration characteristics of ores shows that over time there is a decrease in their
productivity. This is due to the formation of colmatation due to the deposition of
solutes in process solutions, swelling of clay minerals, and mechanical movement
of particles of the ore-containing horizon. The aim of the study is to increase
the efficiency of downhole uranium production by selecting special decolmating
solutions and selecting rational parameters of the technology of influencing the
near-filter zone of the formation of geotechnical wells, improving the filtration
characteristics of the formation depending on the mineralogical composition and
structure of sedimentary materials. The main method of research is the sampling
of sedimentation from the productive horizon at the uranium deposits of the Shu-
Sarysu and Syrdarya depressions. Quantitative and qualitative characteristics
and features of mineral compositions were determined by the X-ray phase
method. A technique was developed and laboratory experiments were performed
on the processing of sedimentation samples by the drip method using selected
decolmating solutions.

Key words: Downhole production, sedimentation, decolmating solution,
X-ray phase analysis, microscopic studies.
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B.P. Pakumen'!, M.M. Maraen?, /K.C. Ken:keraes'", K.C. Torbi30B!,
A.X. lllamnukoBa'

!CormaeB YuuBepcureti, Anmarsl, KazakcraH;
2¥oraps! Texnonorusuiap uHCTUTYTHI JKIIC,
Kazaromenepkocim» YAK» AK, Anmarsl, Kazakcran.
E-mail: kzhiger@yahoo.com

KA3AKCTAH KEH OPBIHJIAPBIH/IA YPAH/IBI YHFBIMAJIBIK
OH/IIPY KEHJEPIHIH CY3Y CUITATTAMAJIAPBIH KAJIIIBIHA
KEJITIPYIIH HHHOBALIUSLIBIK OIICTEPI

AnHoTauus. Kennep/ig cy3iidy cumarramaiapbl TOMEH K€H OpBIHAApbIH/A
TEXHOJOTHSIIBIK YHFBIMANAP/Ibl Taianany ToKIpHOECi yakKbpIT ©TKEH CailblH
OJIapJbIH OHIMIUIITIHIH TOMEHJEHTIHIH KepceTedl. bysl TeXHOIOTUsIBbIK epi-
TIHIIIEPIC ePITIHAUICPAIH KaybIH-IIAIIBIHBIHA, Ca3[Abl MHUHEPAIIAPIbIH
iciHyiHe KOHE KeH KabaTTapbIHBIH MEXaHUKAaJbIK KO3FalbIChiHA OalIaHbICTHI
KONTMATallUSHBIH Taia OodybIMeH OallaHBICTBL. 3epTT€y MaKcaThl apHaWbI
JICKOJIbMaTUpPJIeyIli epiTIHAIEPAl IpIKTEY XKOHE Te0TEXHOJOTHSUIBIK YHFbIMasIap
KBIPTBICBIHBIH CY3Till aiiMarblHa 9CEp €Ty TEXHOJIOTHSCBHIHBIH THIMII mMapa-
METpJIEPiH TaHJay €CeOIHeH YpaHIbl YHFBIMAIBIK OHIIPYAIH THIMILIITIH apT-
TBIPY, MUHEPAJIOTHSUTBIK KYpaMbl MEH TYHOA TY3yIli MaTepHalaapAblH KYpbI-
JBIMbIHA OaJIaHBICTBI KBIPTBHICTBIH CY3TIII CHUIIaTTamMallapblH apTThIPY OOJIBIT
tabbiIaabl. 3eprreyain Herisri oaictepi Ly-Capericy xone Coipaapus aerpec-
CHUSICBIHBIH YpaH K€H OpbIHAAPbIH/IAa OHIM/II TOPU30HTTaH TYHOA TY31/ly chIHama-
JapbiH ipikTey. PeHTreHaik ¢aszanblK 9JiCTIIeH MUHEpPaJIapIblH CaHIBIK JKOHE
carajblK CHIaTTaMmajapbl MEH KYPaMBIHBIH €pEKIIETIKTepl aHbIKTaNAbl. TaH-
JlanFaH JEeKOJIMAaTu3alus epITIHAUIEpIH KOJJAHBIN, TYHIBIPY ChlHaMalapblH
TaMIIIbUIATYy SJIICIMEH OHJICY dJIICTEMEC] d31pJICH/Il JKOHE 3€PTXAHAJIBIK TOHKIPH-
oenep Kypri3iimi.

Tyiiin ce3aep: YHFbIManapasl OHAIPY, TYHABIPY, JEKOIMaTHU3AlMSIAY epi-
TIH/ICI, PEHTTeHIK (ha3abIK Taju1ay, MUKPOCKOIHUSIIBIK 3€pTTEYIep.
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B.P. Pakumes', M.M. Maraen?, )K.C. Ken:xeraes'", K.C. Torbi30B!,
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!CarnaeB YuuBepcutet, Anmarsl, Kazaxcran;
*TOO UucrutyT Bhicokux Texnomoruii, AO «HAK «Kazarommpom»,
Anmarsl, Kazaxcran.
E-mail: kzhiger@yahoo.com

NHHOBAIIMOHHBIE METO/IbI BOCCTAHOBJIEHUA
OHUJIbTPAIIMOHHBIX XAPAKTEPUCTHUK PY/I ITPH
CKBAKMHHOMH JJOBBIYE YPAHA HA MECTOPOXJIEHUSAX
KA3AXCTAHA

AnHoTauus. [IpakTika sSKCIuTyaTaiy TEXHOJIOTHYECKUX CKBAYKMH HA MECTO-
POXKIEHHSIX ¢ HU3KUMHU (DMITBTPAIMOHHBIMU XapaKTEPUCTHKAMHU P/ TIOKa3bIBa-
€T, YTO C TeYeHHUEM BPEMEHHU HaOII0aeTCsl CHUYKEHHUE UX MTPOU3BOAUTEILHOCTH.
DTO CBsI3aHHO ¢ 00pa30BaHMEM KOJIbMATAllUM 32 CUET OCAXKIEHUS PACTBOPEH-
HBIX BELIECTB B TEXHOJOTMUECKUX PAcCTBOpax, HaOyXaHHEM IIIMHUCTBIX MHUHE-
pPaJIOB U MEXaHUYECKOTO MEPEMEIICHUS YaCTULl PYJIOBMEIIAIOIIEr0 TOPU30HTA.
Lenpro ucciieoBaHus SIBISETCS MOBBIIIEHUE 3()PEKTUBHOCTH CKBRXKUHHOM J10-
OBIYM ypaHa 3a CcYeT MmoJ0opa CHeHaIbHBIX IEKOIbMAaTHPYIOUINX PAaCTBOPOB U
BBIOOpA PAlIMOHATIFHBIX ITAPAMETPOB TEXHOJIOTHH BO3/ICHCTBHS HA TPUQIITBTPO-
BYIO 30HY IJIaCTa T€OTEXHOJIOTMYECKUX CKBa)KHUH, MOBBILIICHUE (PUIBTPALIMOH-
HBIX XapaKTePUCTHK IJIaCTa B 3aBUCUMOCTH OT MUHEPAJIOTMYECKOTO COCTaBa U
CTPYKTYpBI 0CcaikooOpa3yronmx MarepuanoB. OCHOBHBIMH METOIaMHU MCCIEN0-
BaHUI sBIIIETCS OTOOP MPOO 0CaAKO0OPA30BAHNUS U3 TPOILYKTUBHOTO TOPU30HTA
Ha ypaHoBbIX MecTopoxkaeHusx Llly-Capsicyiickoil 1 CbipapbUHCKON nerpec-
cun. PeHTreHoa3oBhIM METOZIOM YCTaHOBIICHBI KOJHUYECTBEHHO-Ka4eCTBEHHBIE
XapaKTEePUCTUKHU U 0COOEHHOCTH COCTAaBOB MUHepasoB. Pa3paborana meTonuka
Y TIPOM3BEACHBI JTAOOPATOPHBIE OIBITHI IO 00PabOTKE MPOO 0caTKOOOPa30BAHUS
KareabHBIM METOZOM C IPUMEHEHUEM MOJ0OPAHHBIX JEKOJIbMATUPYIOIIUX pac-
TBOPOB.

KiroueBble ci10Ba: CKBaXMHHAs 100bIYa, 0CaIKOOOpa3oBaHue, 1EKOIbMATH-
PYIOLIHIA pacTBOpP, PEHTreHO(a30BbIi aHATN3, MUKPOCKOIIMYECKUE HUCCIIET0BA-
HUSL.

Introduction. Climate change due to disproportionate human production
activity on the planet is becoming more and more tangible (Rashad et al., 2020:2).
Concrete measures are being taken to protect and preserve biodiversity and reduce
the negative impact of climate change in the World (Atia et al., 2018:3). In this
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regard, the recognition of nuclear generation projects for green energy types will
double electricity generation by 2050, which will make an important contribution
to the fight against global warming (Chen et al., 2018:12). According to the
IAEA research, nuclear power has a significant potential to reduce greenhouse
gas emissions to mitigate the effects of climate change in certain regions of
Europe, Asia and Africa (IAEA) (Marchand et al., 2018:50). The growth of
nuclear energy will lead to an increase in the demand for natural uranium and
its products. The uranium industry of Kazakhstan, based on progressive, highly
efficient borehole extraction of uranium ores, can make a worthy contribution to
solving the issues of natural uranium supplies (Kenzhetaev et al., 2021:3).

Kazakhstan has 14% of the world’s proven uranium reserves and ranks
second after Australia, with 70% of them suitable for downhole development
(Rakishev et al., 2019:6). Borehole development of uranium ores in the Republic
of Kazakhstan is carried out at 26 sites, united in 13 uranium mining companies.
The total volume of natural uranium production is more than 40% of the global
level (Rakishev et al., 2020:4).

Uranium deposits in Kazakhstan are located in six provinces: Shu-Sarysui,
Syrdarya, North Kazakhstan, and the Caspian region, Balkash, Ili regions. The
first two provinces, located in the northern part of the country, are currently
producing uranium ore (Kuandykov et al., 2020:6). Kyzylorda and Turkestan
regions. They are shown schematically in Figure 1.

North-Kazakstan

Pre-Balkhash

Pre-Caspian Shu-Syrasu

. N

Figure 1. Scheme of location of regions of explored uranium deposits

Downhole mining of minerals, in particular uranium, involves the dissolution
of the useful component by a moving flow of solvent at the location of the ore
body, followed by the removal and lifting of the formed compounds to the surface
(Panfilov et al., 2016:160). The positive aspects of using sulfuric acid solutions
at enterprises in Kazakhstan are its low cost, widespread use in the national
economy, and the possibility of complete dissolution of uranium mineralization
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(Yusupov et al., 2018:2). However, there are negative aspects, such as the high
reactivity of the interaction of sulfuric acid with carbonate and clay minerals of
ore-bearing rocks (Kenzhetaev et al., 2022:3). When sulfuric acid interacts with
carbonate minerals, gypsum is formed, and clay minerals swell and increase in
size, these factors prevent the leaching process (Rakishev et al., 2019:7).

Difficult-to-dissolve sediments and swollen clay particles in the productive
horizon increase hydraulic resistance and form impenetrable sections of
geochemical barriers that overlap the solution flow lines (Rakishev et al.,
2020:6). As a rule, decrease in the filtration characteristics of the productive
horizon leads to a decrease in the uranium content in the productive solution,
and a decrease in the flow rate and the period of uninterrupted operation of wells
(Nikitina et al., 2019:1). This increases the development period of technological
units, as a result of which the consumption of sulfuric acid, electricity, and
other operational components increases (Zammit et al., 2014). In some cases,
it is necessary to carry out costly, heavy complex treatments using drilling rigs,
including washing, chemical treatment, swabbing and compressor pumping
(Yusupov et al., 2017:4).

Laboratory research methods. Detailed determination of the physical and
chemical characteristics of sediments will make it possible to develop more
effective reagents and methods for restoring the filtration characteristics of ores
in the borehole zone of the formation, ensuring an increase in productivity and
uninterrupted operation of geotechnical wells. To determine the quantitative and
qualitative characteristics of sedimentation, sediment samples were taken from
the Shu-Sarysu and Syrdarya depressions.

X-ray diffractometric analysis was performed on an automated DRON-
3 diffractometer with Cu,_ -radiation, p-filter. Conditions for shooting
diffractograms: U=35 kV; [=20 mA; shooting 6-20; detector 2 deg/min. X-ray
phase analysis on a semi-quantitative basis was performed based on diffractograms
of powder samples using the method of equal weightings and artificial mixtures.
Quantitative ratios of crystal phases were determined. Interpretation of diffraction
patterns was carried out using data from the ICDD card file: Powder diffraction
data base PDF2 (Powder Diffraction File) and diffractograms of minerals free
of impurities. For the main phases, the content was calculated. Figures 2 and 3
show diffractograms of samples in which crystal phases were identified by the
radiation intensity.
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Figure - 2. Diffraction pattern of the sample Figure - 3. Diffraction pattern of a sample of the
of the Syrdarya depression Chu-Sarysu depression

Research results. According to X-ray phase analysis, the sediments have
high crystallization in several phases. B Table 1 shows the results of X-ray
phase analysis of sedimentation from the Shu-Sarysu uranium deposit and The
Syrdarya depression.

Table 1. Mineralogical composition of sediments from the uranium deposit

Minerals |Formula Syrdarya depression, | of Chu-Sarysui depression,
(Concentration,%) |(Concentration,%)

Gypsum  |Ca(SO,)(H,0),|52.0 81.8

Quartz SiO, 42.3 3.2

Potassium |KAISi,O, 5,7 2.2

feldspar

Sillimanite |ALO,-SiO, 12.8

Table 1 shows that the basis of the sample from the Syrdarya depression
deposit was made up of chemical compounds Ca(SO,)(H,0), (52%) and SiO,
(42%), minerals — gypsum and quartz. About the steel part of the sample is
potassium feldspar (5.7%). The characteristics of samples from the Syrdarya
depression indicate a combined origin of sedimentation, chemical-gypsum, and
mechanical-quartz and potassium feldspar (KPS). The bulk of the sample from
the Shu-Sarysu depression consists of the chemical compound Ca(SO,)(H,0),
(81,8 %), the mineral gypsum. The rest of the sample consists of quartz (3.2%),
potassium feldspar (2.2%), sillimanite (12.8%). The data of the samples of the
Shu-Sarysu depression show the predominance of the chemical origin of gypsum
sedimentation and the presence of mechanical impurities of quartz and KPS.

Analysis of X-ray images of samples from different deposits shows that the
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main sedimentary component of colmatant is calcium sulfate CaSO,*2H,O. In
this regard, it can be said that the main cause of colmatation is the interaction of
a leaching solution of uranium leaching with calcium carbonate, which proceed
according to the formula:

CaCO, + H,SO, = CaS0,| + H, CO.. (1)

For effective destruction and prevention of such sedimentation, it is necessary
to develop a decolmating solution using hydrofluoric acid with the addition of
surfactants with complexing properties. To improve the solubility, sulfamic acid
was used as a surfactant, which has the properties of lowering pH and binding
metal ions.

Laboratory experiments on the selection of chemical reagents. Experiments
on the treatment of sediments were carried out on samples from the same sample
with different compositions of chemical reagents of decolmating solutions. To
determine the effective composition of the solution, the most solvent properties
were selected. The experiment included treatment with a solution of ammonium
bifluoride (5.0%) and sulfuric acid (10.0,0%), Surfactant (1%) and industrial
water (84%). The choice of ammonium bifluoride as the main component is due
to its high ability to exchange reactions with mineral acids (sulfuric, hydrochloric,
nitric acids) and the formation of hydrofluoric acid according to the formula:

NH_HF, + H,SO, = NH,SO, + HF )
CaSO, -2 H, 0 +2HF = CaF,+H, SO, + 2H,0 3)
CaAl SiO, + 16HF = 2AIF, + 2SiF, + 8H,0 + CaF, )
6HF + Si0, = SiF, + 2 HF + 2H, O (5)

As a result of the interaction of hydrofluoric acid with sedimentation, both
the colmatant and part of the terrigenous component of the sands are dissolved,
which increases the effective porosity of the ore block massif. The addition
of surfactants increases the interaction of hydrofluoric acid with sedimentary
minerals. At the same time, hydrofluoric acid is completely utilized due to the
large amount of quartz contained in the sands.

Discussion of the results of laboratory tests. After carrying out laboratory
experiments on the processing of samples by the drip method with a different
composition of decomposing solutions, the sedimentation was dried at room
temperature. A scanning electron microscope was used for a detailed examination
of the sample surface. A comparative analysis of the images after processing
with a particular solution and comparing it with the original image allowed us to
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visually establish the effectiveness of the composition of the decollating solution.

Images of the precipitation surface before and after treatment with various
solutions were recorded using a high-resolution analytical scanning electron
microscope. It is manufactured for a wide range of research tasks and quality
control at the submicron level of Tescan MIRA 3 FEG-SEM. SEM TESCAN
MIRA electron column, electron source: Schottky auto-emission cathode. The
energy range of the electron beam incident on the sample is from 200 eV to 30
keV (from 50 eV with the option of braking the BDT beam). To change the beam
current, an electromagnetic lens is used as an aperture changer. Beam current:
from 2 nA to 400 nA with continuous adjustment. Maximum field of view:
more than 8 mm at WD = 10 mm, more than 50 mm at maximum WD. Electron
column resolution, high vacuum mode 1.2 nm at 30 keV, detector SE. 3.5 nm at 1
keV, In-Beam detector SE. 1.8 nm at 1 keV, beam braking option BDT. Figure 4
shows images of samples from the Syrdarya and Shu-Sarysu depressions before
and after treatment with special solutions.

(a) | (b) | (©) | &)

Figure 4. Image of surface samples of Syrdarya and Shu-Sarysu depression: (a) and (b) —
initial samples; (¢) and (d) - after the experiment

It can be seen from Figures 4,a and 4,b that the surface of the initial sample is
formed of dense lamellar crystals with sizes from 5 to 30 um with a characteristic
frame structure without breaks and cracks in the body. The crystal shapes are
elongated with a chaotic arrangement and uniform surface relief. It can be seen
from Figures 4, ¢ and 4, d that after treatment with decollating solutions, there
was a noticeable destruction of the structure and a change in the shape of crystals
with a decrease in their size and density with the formation of small loosened
flakes. It can be seen the rounded edges of the crystals and the formation of
cracks in the bodies. The arrangement of crystals has become less dense with the
formation of voids and gullies in the pore space. Partial dissolution of the sample
is noticeable, the crystal sizes decreased from 30 to 15 pm. This is due to the
dissolution of part of the sample in hydrofluoric acid.
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The application of the decollating solution must be carried out according to
a special method on special technological equipment. The innovative method
provides for the treatment of the filter area of the well with a decomposing solution
directly and the maximum destruction and prevention of sedimentation in the
formation. The method provides an increase in the productivity of operational
units and the completeness of metal extraction from them by removing and
preventing sedimentation in a porous medium. In addition, a reduction in the
specific costs of sulfuric acid, electricity, labor costs and other production costs
is achieved in the process of borehole extraction of uranium from various mining
and geological blocks.

Conclusions. The quantitative and qualitative studies of the sedimentation
composition of the deposits of the Shu-Sarysu depression indicate that the main
part of the sample is gypsum (81.8%). The rest of the sample consists of quartz
(3.2%) KPS (2.2%), sillimanite Al,O,-Si0, (12.8%). The basis of the sample of
the Syrdarya depression deposit consists of gypsum (52%) and quartz (42.3%),
the rest of the sample consists of KPS (5.7%).

Due to the interaction of sulfuric acid solutions with carbonate minerals,
sedimentation is deposited mainly in the discharge zone. They cause low efficiency
of hydro-dynamic methods and difficulties in processing technological blocks,
lead to a decrease in the productivity of production and intake of injection wells
due to the deterioration of the filtration characteristics of the formation. They
excite additional costs for restoring the permeability of the productive horizon
and increasing the productivity of production and intake of injection wells,
increase the operating costs of developing blocks.

Preparation of a decomposing solution based on ammonium bifluoride (5%),
sulfuric acid (10%) and surfactants in small quantities can increase the dissolving
ability of the decomposing solution and prevent sedimentation in the formation
for a longer time.

The developed technique for restoring the filtration characteristics of the
productive horizon based on the treatment of the filter part of wells allows to
reduce the specific consumption of chemical reagents and increase the efficiency
of the decomposing solution.
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