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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 PecryOnukachiHbIH ¥ITTHIK FBUIBIM aKageMuscel, 2023

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
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BeIganHoe 29.07.2020 .
Tematndeckas HANpaBICHHOCTB: 2e0n02us, XUMU4ecKue mexHonocuu nepepabomku Hegpmu u 2asa,
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Tupax: 300 3K3eMIIIIPOB.
Anpec penakiuu: 050010, . Anmarsr, yi. [lleBuenko, 28, od. 219, rem.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HarmmonansHas akagemus Hayk Pecrryonuku Kaszaxcran, 2023
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

ZHOLTAEV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H =13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology
and technology sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY 00025420,
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies
for extracting metals and their connections.
Periodicity: 6 times a year.
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/
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M.K. Karazhanova!, L.B. Zhetekova'", S.V. Abbasova?, K.K. Aghayeva?®,
G.S. Sabyrbaeva!

'«Caspian University of Technologies and Engineering named after Sh. Yessenov»,
Aktau, Kazakhstan;
2The Azerbaijan State University of Oil and the Industry, Baku, Azerbaijan;

*National Academy of Sciences of Azerbaijan.
E-mail: mikado 70@inbox.ru

STUDY OF INTERRELATIONS BETWEEN COMPOSITION AND
PROPERTIES OF HIGH-VISCOUS OIL

Abstract. Under the real geological-physical conditions of displacement of viscous
oil, the related anomalies are additionally strengthened also due to the content of
asphaltenes, resins and paraffins therein, inhomogeneity of collectors with various
properties, in particular, permeability; therewith, the displacement ratio is reduced
with increase in viscosity. All that is complicated by insufficient knowledge of the
mechanism of generation of asphalt, resin, and paraffin depositions, their impact on the
properties of oils, in particular, temperature of saturation of oil with paraffin, surveys
of the regularities of which do not provide the consensus as shown by the study. As it is
known, a feature of development of oil and gas industry is the exploration of deposits
of heavy high-viscous oil in order to increase the resource base of hydrocarbon raw
materials, which is possible due to the development of energy-efficient and resource-
saving technologies for its development.

That is explanation for the attention of the researchers to the problems related
to production of the hard to recover and viscous oils in structurally complex strata.
Therefore, this article is an attempt to analyze the interrelations between the composition
and properties of oils and estimation of the temperature of saturation with paraffin
subject to the experience gained by now. Prior to proceed with the results of the studies,
it is necessary to analyze knowledge of this problem, pre-obtained results.

Key words: high-viscosity oil; hard-to-recover reserves; oil composition; oil
properties; conditions of occurrence; classification; complex indicator of oil quality; oil
saturation temperature with paraffin.
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M.K. Kapaxkanosa', JI.b. ’Kerexona'", C.B. A66acoBa’, K.K. Araepa‘,
I.C. Cab6bip6aeBa’

'TII. EcenoB arsiniarsl Kachuii TEXHOIOTUsIIAP MHKUHUPUHT YHUBEPCHTET,
Axray, Kazakcran;
2O3ipOaiikan MemiekeTTik «MyHaii )KoHe OHEPKACill YHUBEPCHTET,
baky, O3ip0aiixkan;
¥ nTThIK FhuthiM AKaneMusiChIHBIH « MyHal KoHe ra3» UHCTUTYTHI,
Baky, O3ipOaiikaH.
E-mail: mikado 70@inbox.ru

TYTKBIPJIBIFbI JKOFAPBI MYHAWIbIH KYPAMBI MEH KACUETTEPI
APACBIHJAFBI BAUJIAHBICTHI 3EPTTEY

AunHoTanus. Makana Kypueni kabartapJarbl KHbIH allbIHATBIH, TYTKbIP Maiiapbl
eH/Iipyre OalIaHbICTHI TpodieMaiapFa apHayFad. MyHalIbIH KYpaMbl MEH KaCHEeTTEepi
apachlH/IaFbl ©3apa OalJIaHBICTBI 3ePTTEy HOTHIKENIEPIH Tajjay KOHE KMHAKTAJIFaH
TOKIpUOCHI €CKepe OTHIPBIN, NapaUHMEH KaHBIKTBIPY TEMIIEpaTypachiH Oaralay
Kyprizinmi. MyHaiieiH napa@uHMeH KaHBIFY TEMIIePaTypachIHbIH €CENTIiK JAepeKTepi
QIBIHIBI, OYJT OPTYPIIi KEH OpBIHIapBIHBIH MYHAHBIH CaJIBICTBIPYFa caraibl Oara Oepyre
MYMKIiHIIK Oepemi. MyHalablH mnapadMHMEH KaHBIFYy TEeMIIEpaTypachl KOJIaHChI3
TeMIIepaTypa apaiblFblH aHblKTayFa jxkoHe AILLIIII Ty3inyiHiH angblH any >KoHe
aJJIBIH aJly OOWBIHIIA YaKThUIBI IICIIIMICP KaObUIayFa MyMKIHJIK OE€peTiH MaHbI3/IbI
KepceTKiTep iy Oipi O0JbI TaObLIa bl ¥ HFBIMAHBIH OOWMBIHIAFbl TEMIIEPaTypaHbIH
e3repyiHe OalIaHBICThl KAPKbIHIBI MapaduH TYy3Uly TepeHIIriH Oaranayra OOJaibl.
MyHaiineiH mapaduHMEH KaHBIFy TEeMIIEpaTypachlH OYpBIH KYPri3UIreH 3epTTey
HOTHIKEJIEPIHE JKYPri3UIreH CTAaTHCTUKAJIBIK Tajjay OChl IMapaMmeTpiai OomKambl
Oaraaynibl KSHUIJCTY YIIH NaigajaHbUIFaH JKEKe TOYEIIUTIKTEePIi alyFa MYMKIHJIIK
Oepmi. MyHalaplH nNapapuHMEH KaHBIFY TeMIIEpaTypachlHbIH —acdaibreHaep,
madeipiap MeH napauHAEpIiH KypamblHa, COHJal-aK TYTKBIPIBIK KaTbIHACHIHA
TOYEJIUITT KypbULabl. MyHaii )oHe Ta3 canachlH IaMBITYbIH SpPEKILENiri KoMipcyTeri
IIMKI3aTBIHBIH PECYPCTHIK 0a3achblH YIFaWTy MaKCaThIHIA  TYTKBIPJIBIFBl JKOFaphI
MYHall KeH OpBIHAApBIH UTepy OOJBIN TaObUIAABI, OYJ OHBI WTEPYHiH SHEPTHSUIBIK
THIMJII XKOHE PeCypC YHEMACUTIH TEXHOJIOTHSIIAPBIH d3ipiiey eceOiHeH MYMKIH OOJIBII
oteIp. Ecenrenren jkoHe SKCIIEPUMEHTTIK JIEPEKTEP/l CATBICTHIPY OJapbIH KETKITIKTI
JKaKBIH/IBIFBIH KOPCETTI, COHJIBIKTAH TOYEJUIIKTI 3epTTey aliMarbl YIIIH KOJAMIbI IeT
canayraOoazpl. Makasaaa MyHai IbIH napapHMEH KaHbIFy TEMITEPaTy PaChIHbIH KEHO1p
aiiMakrap yuriH acganbTeHaep, maibpiap MeH napaduHAEpIiH KOHICHTPAIMSIChIHA
TOYeJALIIrT KepceTiireH. KapacThIppUIFaH KEH OpBIHAApbl IICTIHJC aJbIHFaH
MOJICTIBICP/IIH KAaTEeTIKTepiH Oaraay >KoHe CaIbICTBIPMAIIbI TAJJIAy KYPri3iii.

Ty#inai cezaep: TYTKbIPIBIFBI XKOFaphl MYHAH; ajJbIHYbl KUBIH KOpJIap; MYHaH bIH
KYpaMbl; MYHa#IbIH KACUETTEPl; OpHAJIACY JKaFaaijiapbl; KIKTEyl; MyHai canachlHbIH
KEIIeH i KOPCETKIIlli; MyHal IbIH napaduHMEH KaHbIFy TEMIIepPaTypachl.
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NCCJIEJOBAHUE B3AUMOCBS3EN MEKIY COCTABOM U
CBOMCTBAMHY BBICOKOBSI3KUX HE®TEMN

Annoraumus. Crarhsd TOCBAIIEHA TpoOieMaM, CBS3aHHBIM C  JOOBIUEH
TPYAHOM3BIIEKAEMBIX, BS3KHX HE(PTel B CIIOKHOTOCTPOCHHBIX IUIacTaX. BhIMoMHEH
aHaJIN3 Pe3yJbTaTOB MCCIIEOBAHMI B3aMMOCBSA3EH MEXKAYy COCTaBOM M CBOWCTBAMHU
HeTell M OIIeHKa TEeMIIepaTyphl HACBHIIICHUS MapaUHOM C YYETOM HAKOTUICHHOTO
ombiTa. [lomy4yeHbl pacyeTHblE JIAaHHBIE TEMIIEPaTypbl  HACHILEHWS HEPTH
napaHOM, KOTOpBIE IMO3BOJISIIOT JIaTh KayeCTBEHHYIO OICHKY CpaBHEHHs He(Tel
pa3NUYHBIX MecTopokIeHuid. OTMETHM, 4YTO TeMmIeparypa HachllleHUs HedTH
napauHOM SIBIISIETCS OIHMM M3 BaXKHBIX TIOKa3aresiel, MO3BOJISIONINX OIpPeAesTh
WHTEpBaT HEONArONpPHUATHBIX TEMIIEpPaTyp M TPUHUMATh CBOEBPEMEHHBIE PEIICHHUS
o TpeaoTBpalieHuio U npoduinakruke odpaszoBanus ACIIO. B 3aBucumoctu oT
WU3MEHEHHMsI TEMIIepPaTypPhl [0 CTBOITY CKBRXKHHBI MOYKHO OLIEHUTH IITyOMHY HHTEHCUBHOTO
napapuHooOpazoBaHus. [IpoBeeHHBII CTaTHCTUUECKU aHAIN3 Pe3yJbTaroB paHee
BBITTOJTHEHHBIX UCCIIEIOBAHHI TEMITEPaTyphl HACKIIICHUST HE(DTH MapaduHOM MO3BOJIUI
NOJYYUTh YaCTHBIE 3aBUCHMOCTH, KOTOpBIE OBUTM HCIOJNB30BaHbI Ui OOJIErdeHus
IIPOTHO3HOM OLIEHKHW dToro mnapamerpa. llocTpoeHa 3aBHCHMOCTH TeMIepaTypbl
HachIeHUsT He(hTH apa@uHOM KaK OT copepkaHus acaabTeHOB, CMOI U napaduHa,
TaK U COOTHOIIIEHNUS B3KOoCcTel. Kak M3BECTHO, 0COOCHHOCTBIO Pa3BUTHs HE(TETra30BOM
OTpaciu SIBISIETCS OCBOCHUE MECTOPOXKIEHHH TSIKEIBbIX BBICOKOBS3KHX HepTel ¢
LEJIbI0 YBEJUYEHUSI peCypCHON 0a3bl YITIEBOIOPOIHOTO CHIPbS, YTO MPEICTABIAETCS
BO3MOXKHBIM 3a cyeT pa3paboTKu dSHeprodd(dEeKTHBHBIX M PecypcocOeperaronmx
TeXHOJIOTUH ee ocBoeHus. [IpoBeeHHOe CpaBHEHUE PACUETHBIX U SKCIIEPUMEHTAIBHBIX
JAHHBIX TIOKA3aJI0 UX JOCTAaTOUYHYIO OJIM30CTh, U 3aBUCUMOCTh, TAKUM 00pa3oM, MOXKHO
CUMTATh MPUEMIIEMON U1 pailoHA MccieloBaHUM. B crarbe Mmosy4eHbl 3aBUCUMOCTH
TEMIIepaTypbl HACBIIICHUSI HePTH napaduHaMU OT KOHIIEHTPAIUU ac(albTeHOB, CMOJ
U 1apaduHOB [Tt HEKOTOPHIX PErHOHOB. BBITIOIHEHBI OLIEHKA M CPABHUTEIIHHBIHN aHAIN3
MOTPEIIHOCTEN MOITYYEHHBIX MOJIEIIEH B IPEJIENIax PACCMATPUBAEMbIX MECTOPOKICHU.

KiroueBble cioBa: BBICOKOBsI3Kash HE(Th; TPYAHOHM3BIIEKACMbIEC 3aITachl; COCTAB
HeTH; CBOWCTBA He(TH; YCIOBHs 3aJieTaHUs; KIacCU(PHUKALUS; KOMILICKCHBIN
NoKazaTelb KauecTBa HeTH; TeMIlepaTypa HachIeHUs] He(TH napaduHOM.
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Introduction. Analysis of results of studies of interrelations between composition
and properties of oils. It should be noted that, in their studies, the authors pay the great
attention to definition of the concept of the hard to recover reserves, their classification,
estimation of degree of oil recovery hardness. For the analysis, it should be noted that
the concept of “hard to recover reserves” (HRR) has been greatly changed (Yaschenko
et al., 2020:5), (Guler et al., 2001), (Negin et al.,2016:9).

As it is known, a feature of development of oil and gas industry is the exploration of
deposits of heavy high-viscous oil in order to increase the resource base of hydrocarbon
raw materials, which is possible due to the development of energy-efficient and resource-
saving technologies for its development.

One of the main negative factors of the characteristics of heavy oil is the high
content of paraffin, resins and asphaltenes. Changes in the properties of fluids during
oil production can induce the deposition of asphaltenes. At their large thickness such
consequences are possible, as a violation of the flow and production stoppage as
a result of accumulation in various parts of the system from the formation pores to
various pumping well equipment, as well as obstructed oil trunk transportation due to
the manifestation of clogging ability. In addition, the studies carried out show a great
influence of asphaltenes on the stability of oil-water emulsions and the wettability of the
formation. The problem of studying the influence of the content of paraffin, resins and
asphaltenes in oil is also relevant in the processes of heavy oil processing. The problem
of developing deposits with reserves of heavy high-viscosity oils is considered in the
work (Paul et al., 2009:32), (Planckaert, (2005:16). The results of research on the study
of physical effects, among which ultrasonic, ultra-high-frequency and magnetic methods
are distinguished, on the rheological properties of oil. The essence and main ways of
application of thermal methods of extraction of hard-to-recover oils are analyzed. The
main directions for extension of the study of this direction in order to eliminate the
existing shortcomings in the previously conducted experiments are proposed.

Research Material and methods. As shown by the studies, there is no unified
classification of hard to recover reserves. The specialists distinguish the common
criteria: the hard to recover reserves are the “reserves contained in the geologically
complex strata and deposits or represented by slow-moving (heavy, high-viscosity) oil”.
As a rule, the hard to recover reserves are characterized by relatively low well outputs
and slow development rates due to low productivity of strata, unfavorable conditions of
oil occurrence and its abnormal physical-chemical properties. Estimation of the results
of recovery is affected also by the insufficient level of the appropriate technologies. The
studies of the hard to recover oils have resulted in formation of two groups of works:
the works devoted to study of the properties and conditions of oil occurrence and the
works devoted to study of the compositions of oils. In recent years, works of improving
the classification of hard-to-recover oils have attracted specialists. In this case, it should
be noted the use of modern methods of mathematical statistics in conjunction with
the methods of fuzzy logic (Aliev et al., 2014). The analysis shows that, pursuant to
(Askarova, 2017), (Lissovksiy et al., 2009:2), (Yaschenko et al., 2015:5) the hard to
recover reserves are the reserves represented by slow-moving oil due to high viscosity
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and density, oil with high (more than 500 m*/t) or low (less than 200 m*/t) gas saturation,
or with presence of aggressive components (hydrogen sulfide, carbon dioxide) in
dissolved and/or free gas. Oils included into this group are commonly called as oils with
abnormal physical-chemical properties. This group also includes oils with high content
of metals (firstly vanadium and nickel), due to increase in degree of their environmental
hazard. The second group of the hard to recover oils consists of oils with complicated
conditions of occurrence, as wells as oils located in the territory of perpetually-frozen
ground and sea offshores (Purtova et al., 2011:5). In order to identify the oil reserves as
to degree of recovery hardness, the work proposes the complex index of oil quality at
various temperatures and regression equation for calculation of this index. Later, it has
been proposed to use such complex index for estimation of qualitative characteristics of
oils in oil deposits of fields and oil basins (Planckaert, 2005:16).

The work (Raupov et al., 2014:15) presents the results of the studies of the optical
properties of oil of various oil-gas-bearing regions of Russia and correlation dependences
of density and viscosity on the light absorption factor correspondingly. The abnormally
viscous properties of oils containing asphalt-resinous substances are strengthened by
cooling of oil not only due to weakening of Brownian motion, but also due to generation
of new phase — paraffin. Thereat, it must be understood that the medium temperature
shall be lower than the temperature of saturation of oil with paraffin. Pursuant “...
according to, the link between the temperature of saturation with paraffin and weight
content of asphalt-resinous substances and paraffin in oil has been detected. The value
of the temperature of saturation of oil with paraffin is closely related to the weight
content of asphaltenes and paraffins and is weakly related to presence of resins”. The
same work researches the impact of the composition of high-molecular components
on the temperature of saturation of oils of the Ural-Volga region deposits with paraffin
(Amerkhanov, 1980:49). Based on the studies of oils of five fields of Kazakhstan and
comparative analysis of the results of the study of fusion temperatures of paraffins
extracted from oil, the work defines that this index for Uzen Field corresponds to 48°C,
and Botakhan Field — 44°C. Paraffins with such fusion temperature are transformed
naturally upon heating from the solid state into the liquid state. Pursuant to the data
presented in (Askarova, 2017) the fusion temperature of paraffins of East Makat Field,
Kumkol Field and Akshabulak Field is equal to 62, 55 and 44°C correspondingly;
for Botakhan Field and Uzen Field, the fusion temperature of resins is equal to 62°C
(Askarova, 2017). Based on processing of the data of the temperature properties of
paraffins extracted from oil, as well as rheological parameters of oil, the temperature of
saturation of oil with paraffin has been calculated. The authors of the work (Akhmetov
et al., 2018:7), (Karazhanova et al., 2021a:11), (Ogolo et al., 2012:9) propose to use
the following formula of VNIIneft as equation for calculation of the temperature of
saturation of oil with paraffin:

t = 11.398 +34.084-1gC,, (1)

where t ~temperature of saturation of oil with paraffin under surface conditions; C,-
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concentration of paraffin in oil, wt.%. Also the references contain the similar empirical
dependences of the temperature of saturation on the content of paraffins in the form of:

t = 19.457-In(C,)-0.8117. )

The works (Ogolo et al., 2019:9), (Santos et al., 2014:19) make the conclusion that
the temperature of saturation of oil with paraffin depends not only on the content of
paraffin therein, but also on presence of resins and asphaltenes, fusion temperature of
paraffin extracted from oil, kinematic viscosity at 20°C and 50°C:

t. = [o](K«In(T, , )*+120/u50), 3)

fusion

where [o] —correction factor (°C/%); p,, - kinematic viscosity of oil at 20°C (mm/
s%), L~ kinematic viscosity of oil at 50°C (mm/s), K — total content of paraffins, resins
and asphaltenes (%), T, . - fusion temperature of paraffin extracted from oil (°C). The
work presents the results of calculations of the temperature of saturation of oil with
paraffin by such formulas (Amerkhanov, 1980:49).

The design data of the temperature of saturation of oil with paraffin enables to perform
the qualitative estimation during comparison of oils from different fields. The temperature
of saturation of oil with paraffin is one of the important indexes; its knowing enables to
determine the interval of unfavorable temperatures in the process of production of well
products, as well as to make timely decisions for prevention of generation of asphalt,
resin, and paraffin depositions. Depending on change in the temperature along the well
bore, the depth of intensive paraffin-generation may be estimated.

Results of studies. In order to facilitate the forecast estimation, the statistical analysis
of the results of the previously performed studies of the temperature of saturation of
oil with paraffin has been performed to disclose the particular dependences, which
are summarized in the form: tpﬂr=f(Ca,Cres,Cpar). Here, t  — temperature of saturation
of oil of the deposits with paraffin; Ca,Cres,Cpar— concentrations of asphaltenes, resins,
high-molecular paraffins correspondingly, %. For the analysis, the initial data is the
results of the studies of impact of the composition of high-molecular components on the
temperature of saturation of oil of the Ural-Volga region deposits with paraffin presented
in the work of .M. Amerkhanov (Amerkhanov,1980:49).

Transformations have resulted in the following formula:

ts = 15085Ca- 0.047 (1 1 .21*ln(cp)_1)02199 e 0.004464Cr (4)
The calculations by this formula and comparison with the experimental data have

been carried out (Amerkhanov,1980:49). Table 1 presents the calculated and relevant
actual data, as well as appropriate errors.
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Table 1-Values of concentrations of asphaltenes, resins, high-molecular paraffins, related design and

actual temperatures of saturation of oil with paraffins (Ural-Volga region)

Ca Cr Cp L s actual av L Ut rel.%
3.605 13.053 4.531 27.68 22.71 4.97 21.885
0.526 18.711 3.281 29.36 25.79 3.57 13.84
1.763 7.263 3.125 26.09 29.03 2.94 10.128
1.763 12.526 3.125 26.71 29.03 2.32 7.99
0.474 18.842 4.531 31.24 32.10 0.86 2.679
0.474 20.289 4.531 31.44 32.10 0.66 2.056
0.632 8.184 7.188 31.26 34.20 2.94 8.597

e " absolute error of the

-t|; Ot - relative error
S s rel

t — temperature of saturation of oil with paraffin; [t
temperature of saturation of oil with paraffin, [t

bs |ts calculated

of the temperature of saturation of oil with paraffin, [t = It calculated = &1, 100,

In order to determine the degree of compliance of the resulted formula (4) with the
real conditions, the quantitative estimation called as identity index has been executed:
Q (t) =0.697.

As shown by comparison of the calculated and experimental data, in the sufficient
extent, they may be deemed as similar; therefore, the dependence may be deemed as
acceptable for the studied area. It is of interest to study the similar link for the conditions
of Kazakhstan. For that, it is possible to try to identify the resulted formula as per the
conditions of fields of Kazakhstan or to create the same dependence based on the data
of the experimental studies for oils of fields of Kazakhstan. It should be noted that,
of course, the results of the special studies are need for that. The work presents the
summarized results for five fields of Kazakhstan with the reference to the performed
works (Askarova, 2017). Using this data, we have tried to identify the resulted
dependence for the conditions of Kazakhstan. Processing has resulted in the following
formula:

t =0.2996 exp(2.2371C **(11.21 *ln(Cp)-l)"'2199 g (00u6iC ) 5)

The experimental values of the temperature of saturation with paraffin for oils of
some fields of Kazakhstan pursuant to in comparison with the ones calculated by the
formula (2) are presented in Table 2.

Table 2-Values of temperature of saturation with paraffin for oils of fields of Kazakhstan in comparison
with calculated data

. Structural-group composition, %

Field - t,°C t cateutatea "C Ot . Ot oo
Asphaltenes | Resins | Paraffins s s caleulate s s ren
Uzen 2.36 16.2 21.1 56 43.978 12.022 21.468

Botakhan 0.44 4.3 3.1 22 17.534 4.466 20.3
East Makat 0.01 5.21 2.1 16.67 24.503 7.833 46.989
Kumkol 0.21 5.2 14.4 50 52.319 2.319 4.638
Akshabulak 0.23 6.3 16.1 53 55.091 2.091 3.945
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t — temperature of saturation of oil with paraffin; [it - absolute error of the

abs
temperature of saturation of oil with paraffin, [t =t -t]; [t - relative error

of the temperature of saturation of oil with paraffin, [t = ltscalc“lgw * 100%.

el

The results of comparative calculations show the ambiguity of accuracy of the
model for various fields: for Kumkol Field and Akshabulak Field, the relative error is
(3.9-4.6)%, for the other fields, it varies in the range of (20-47)%. Such circumstance
requires arrangement of the special experimental studies.

Based on the resulted experimental data, the work presents the values of the
temperatures of saturation of oil with paraffin (Askarova, 2017). Taking into account
the above and the results presented in the references, the dependance of the temperature
of saturation of oil with paraffin both on the content of asphaltenes, resins and paraffin
and on the ratio of viscosities has been created:

s calculated

ts = 37362* Ca0.0855(0‘3363Cr_ 1 )0.4292 Cp0.2392 (0.6451 % _ 1) 0.4292 (6)

Table 3 shows the initial data pursuant to (Askarova, 2017), as well as appropriate
calculated values of the temperature of saturation of oil with paraffin. Identity index: Q
(t)=0.873.

As shown in the Table 3, the calculations by the formula (6) provide generally the
sufficiently satisfactory results. Thereat, the relative error varies in the range of (6-20)
%, enabling to use the formula (6). The noted results are summarized and presented in
the form of bar charts (Fig.1), which clearly show the concentrations of asphaltenes,
resins and paraffins, as well as the saturation temperature of oil with paraffin. In order
to obtain more accurate forecast data on values of the temperature of saturation of oil
with paraffin, it is necessary to arrange and to perform the more detailed, extended
experimental studies. It should be noted that knowing of the temperature of saturation
of oil with paraffin is required to control the products in the process of production and
to make the appropriate decisions for prevention of generation of asphalt, resin, and
paraffin depositions.

Table 3- Initial data and appropriate calculated values of the temperature of saturation of oil with paraffin

Structural-group composition, | Viscosity of oil, |, g
. % mm/s> = t,
Field 2 81t C eutate | D ane | et
. at . =1 8 s Ldu‘:lgjted s abs s rel,%
Asphaltenes | Resins | Paraffins 20°C at 50°C |2 .2
Uzen 2.36 16.2 21.1 1800 | 1059 | 17 | 56 - - -
Botakhan 0.44 43 3.1 12.82 | 6.04 |2.12| 22 [21.052(0.948| 4.309
East Makat 0.01 5.21 2.1 11.2 498 |2.25(16.67(18.919(2.249|13.4913
Kumkol 0.21 5.2 14.4 893 | 391 |[2.28| 50 [42.647|7.353| 14.706
Akshabulak 0.23 6.3 16.1 13.11 | 4.66 |2.81| 53 |61.557|8.557|16.1452
t — temperature of saturation of oil with paraffin; [t - absolute error of the

temperature of saturation of oil with paraffin, [t =t

of the temperature of saturation of oil with paraffin, [/t

el
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Figure 1. Structural-group composition the temperature of saturation of oil with paraffin in five fields of
Kazakhstan

Conclusion. Thus, we have performed the analysis and summarization of the results
of the studies for forecast estimation of the temperature of saturation of oil with paraffin.
The statistical processing of the experimental data of different researchers has resulted in
the dependence of the temperature of saturation of oil with paraffins on the concentration
of asphaltenes, resins and paraffins for some regions. Estimation and comparative
analysis of the uncertainties of the resulted models within the studied fields have been
carried out. The performed studies on the classification of oils in various companies
continued with studies devoted to finding methods for influencing the reservoir and
increasing oil recovery (Santos et al., 2014:19), (Khasanov et al., 2018:5), (Purtova et
al., 2011:5), (Ogolo et al.,2012:9), (Karazhanova et al., 2019 b:5).
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