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TynHycka 3epTTey

¥HfbiMa TyOiHAeri Oypfbinay KawaynapbiHblH TYPaKTbINbIFbIH
KeHEeMUTKIL-TYpPaKTaHAbIPFbIWTbIH XeTingipisireH KOHCTPYKUUACDHIH
KongaHa oTbIpbIn 3epTTey

M.H. Abuwes, X.K. XXantypuH, H.M. AxmeToB
Cagpu ©mebaes ambiHOarbl Ambipay MyHal XoHe 2a3 yHueepcumemi, Ambipay Kanackl, KasakcmaH

AHOATNA

Herizpgey. MyHali xaHe ras yHfbiManapblH TepeH Oypfbinay xafganblHoa KalwayablH pagvangbl
XoHe ocbTik TepbenicTepiHeH TyblHOAAWTBIH Oypfbinay KOMOHHanapblHbIH AWHAMMUKANbIK TypaKCbl3-
Obifbl OypfFbinayabliH MexaHuKanblK XblnaamablfbiHbIH, TOMeHAeYiHe, KypanaapablH, KapKbiHAbl TO3ybiHA
)KOHe OKMaH AnaMeTpiHiH iCTeH WhbiFybiHa akeneai. Ocipece byn npobnema KaTTblNbIFbl )XoHe NMTONOor-
SICbl DPTYPi XKoHe Ke3eKTecin KeneTiH XbiHbicTapabl byprbinay kesiHae ankbiH kepiHeai. KongaHbicTarbl
TeXHVKanblK LWeLlimaepre, oHblH iwiHae KasakctaH Pecnybnuvkacbl Ne22228 (E21B 10/30) naTeHTiH-
0e Ky3ere acbipbififaH LUapoLUKarnbl KEeHEWTKIW-TypaKTaHObIPFbIWTBIH KypbibiMblHA Tangay >xacay
«KaLuay-6ypfblnay KOMOHHACHI-TAY KbIHbICHI» >XYWECIHIH TypakTbl AMHAMUKanNbIK TEHAINH KamTaMachI3
eTyre apHarnfaH TypakTaHAbIPFbIL KypbINfbinapablH reOMeTpUsAnbIK XoHe AMHaMuKanblK KepCeTKiLUTepiH
XKETINAIPYAiH KXEeTTiNiriH KepceTTi.

Makcatbl. ByprbinayabiH AMHaMuKanbIK XXynecingeri paguangbl Tepbenictepaid cebentepiH TeopusnbIk
XKOHe aKcnepuMeHTanablK Heri3aey aHe XyMblC opraHaapbiHbiH 120° Gypbilw xacan TviMai opHana-
CYbIHbIH, XX8He LuapoLukanapAbIH Ty3inyiHiH Kili enwemM apKbinbl Xy3ere acy TananTtapbliHblH OpbliHAANYbI
ecenTepiHeH yHFbIMa TybiHaeri KypanablH KeningeHgipinreH TypakTbifbIFblH kKaMTamackl3 eTeTiH kallay
YCTiHAeri TypAeri WwapoLuKasnbl KEHENTKILL-TypaKTaHObIPFbILTHI XXacakTay.

Martepuangap meH agictep. XKymbICTa AMHaMUKanbIK XyWenep TeOpUSAChIHbIH epexenepi, avHany-
OblH MexaHuKanblK XynenepiHaeri saHepreTukanblk LWblFbIHAAPAbIH 3aHAbIIbIKTAPbl XoHe eH a3 acep
eTy npuHUMni navganadbiniFad. LWapowka Ty3ywinepaid Kiwi enwemaepiHiH KeHenTKiWw-TypakTaHabl-
PFbIWTBIH, HOMUHANAbl paguycbiHAH TAyenAiniriH aHbIKTaWTbIH MaTeMaTtuKanblK MOAENb JXacaKTarfaH.
Ounametpi 203 mMm ayblpnatbinfFad Oypfbinay KyOblpnap Ti3beriHiH, HerisiHae opblHAanfaH AvameTpi
269,9 MM Kaway YCTiHOeri TypakTaHAbIPFbIWTBIH TaXxipnbenik HyCKacbliHbIH, reoOMeTpUsnbIK KepceT-
KiLUTepiH ecenTik Heri3gey >XyMbICTaphbl KacanblHFaH. JKCnepuMeHTanablK 3epTreynep TepeH byprbinay
KesiHAe eHAipiCTiK xaFgannapaa XyprisinreH.

HoaTtuxenepi. Bepinren TypiHAEri KypbINbIMAbIK TananTbl OpbiHAAY, YHFbIMA@ OCiHE KaTbl-
CTbl Byprblnay KypanblHbIH TypakTbl AMHAMUKaNbIK TEHAIMNH kKaMTamachl3 eTeTiHi aHblKTanabl. ©OHAiIpicTik
cbliHaynap OyprbinayabliH MexaHuKanblK XblngamablfbliHblH 5% apTkaHbiH XeHe Kaway OoMblHWa eTy-
OiH, 7,3% apTkaHblH kepceTTi. KawayablH MannaHy xaHe 6iTeny xafaannapblHblH TOMEHAEYi TipKenreH,
0N YHFbIMaHbIH rMapoAMHaMuKanblk Tasapy TananTtapblHblH XakcapraHblH kepceTesi.

KopbITbiHAbl. Kalway ycTiHgeri wapolkanbl KeHenTKiL-TypaKTaHAbIPFLILTBIH, KacakTasnifaH KOHCTPYK-
umsicel Bypfbinay AuHamMuKanblk Xynenepaeri pagvangbl Tepbenictepaid TaburaTtel Typanbl Teopu-
ANbIK Kafnganapdbl pacTaiibl XoHe TepeH MyHalras yHFbiManapbliH Oypfbinay TuiMAiniriHiK apTybiH
KaMmTamachbl3 etefi. AnblHFaH HaTMXeNnep YCbIHbINFAH TEXHUKanNbIK LWeLiMHIH eHepKacinTik enaipinyiH
XoHe Oyprbinay KomnoHHanapbiHbiH, TYOiH XacakTayabl »xobanay kesiHAe KonmaaHblnyablH, TUiMAINIriH
pacTtanabl.

Hezizzi ce3dep: 6yprbl Kawaybl, paduandbi mepbesnicmep, mypakmaHObIpFbil-KeHelUmKil,
OuHaMUuKarbIK mypakmbinblK, 6yprbliayOblH MexaHUKanbIK XblnidamObifbl, Oyprbinay Kenemi.
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Abuwes M.H., >KanmypuH K.K., Axmemoes H.M. ¥Hrbima TyGiHgeri OypfFbinay KallaynapblHblH TYPaKTbINbIFbIH
KEHEeNMTKILL-TYpaKTaHAbIPFbILUTbIH, XXETINAIpiNreH KOHCTPYKUMACHIH KongaHa oTbipbin 3epTTey // KasakcTaHHbIH
MyHaW-ra3 canacbiHblH xabapLubicbl. 2026. 8 Tom, Ne2. 8—-15 6. DOI: 10.54859/kjoqi108959.
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Stability Analysis of Bottom-Hole Drilling Bits Utilizing
an Advanced Reamer-Stabilizer Configuration

Murat N. Abishev, Zhomart K. Zhanturin, Nurken M. Akhmetov
Atyrau Oil and Gas University named after S. Utebaev, Atyrau, Kazakhstan

ABSTRACT

Background: During deep drilling of oil and gas wells, the dynamic instability of the drill string caused
by radial and axial vibrations of the drill bit leads to a reduction in the rate of penetration (ROP),
increased tool wear, and deterioration of the wellbore gauge. This problem becomes particularly
pronounced when drilling formations with alternating lithology and rock strength. An analysis
of existing technical solutions, including the roller-cone reamer—stabilizer design described in the Patent
of the Republic of Kazakhstan No. 22228 (E21B 10/30), has demonstratedthe need to improve
the geometric and dynamic parameters of stabilizing devices intended to ensure stable dynamic
equilibrium of the “bit—drill string—rock formation” system.

Aim: The objective of this study is to provide theoretical and experimental justification for the causes
of radial vibrations of the drilling system and to develop a near-bit roller-cone reamer—stabilizer
capable of ensuring the stability of the bottom-hole assembly (BHA) at the well bottom. The stability
is achieved through the efficient arrangement of the working elements at an angle of 120° and by meeting
the conditions meeting the conditions for the formation of the roller cones based on their minimum size.
Materials and methods: The study is based on the principles of dynamic systems theory, the laws
governing energy dissipation in rotational mechanical systems, and the principle of least action.
A mathematical model was developed to establish the relationship of the minimum size of the roller-
cone forming elements on the nominal radius of the reamer—stabilizer. The geometric parameters
of an experimental prototype of a near-bit stabilizer with a diameter of 269.9 mm, manufactured
on the basis from a 203 mm heavy-weight drill pipe (HWDP), were analytically substantiated.
Experimental studies were carried out under field conditions during deep drilling operations.

Results: It was established that meeting the structural condition ensures stable dynamic
equilibrium of the drilling tool relative to the wellbore axis. Field tests demonstrated a 5% increase
in ROP and a 7.3% increase in bit run length. A reduction in bit balling and clogging was also observed,
indicating improved hydrodynamic bottom-hole cleaning.

Conclusion: The developed design of the near-bit roller-cone reamer—stabilizer validates the theoretical
provisionsregarding the nature of radial vibrations in drilling dynamic systems and ensures an increase
in the efficiencyof deep oil and gas well drilling. The obtained results demonstrate the feasibility
of industrial implementation of the proposed technical solution and its effectiveness for application
in the design of bottom-hole assembly (BHA) configurations.

Keywords: drill bit; radial vibrations; reamer—stabilizer; dynamic stability; rate of penetration; footage.
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Opu rmHanbHoe uccriegoBaHue

MccnepoBaHue ycToM4YMBOCTM OypOBbLIX A4ONOT Ha 3a60€e CKBaXXUHbI
C UCNONb30BaHMEM YCOBEpPLUEHCTBOBAHHOW KOHCTPYKLUMN
pacwupuTtensa-ctrabnnusaropa

M.H. Abuwes, X.K. XXantypuH, H.M. AxmeToB
Ameipayckull yHugepcumem Heghbmu u 2asa um. C. Ymebaesa , e. Ambipay, KazaxcmaH

AHHOTALUMUA

O6ocHoBaHue. Npu rny6okom BypeHun HeTSHbIX U ra30BbIX CKBaXWH AMHaMUYeCcKas HEYCTOMYMBOCTb
OypUNbHBLIX KOMOHH, OOyCrnoBMeHHas paguanbHbIMU U OCeBbIMM KonebaHuaMu fonoTa, NpuBOAUT
K CHWXEHMWIO MEXaHW4eCKOWN CKOpPOCTU BypeHWUsi, MHTEHCUBHOMY M3HOCY WMHCTPYMEHTA W HapyLUeHWo
kanmbpa cTBona ckBaxwuHbl. OcobeHHO Spko p[aHHas npobnema nposinseTcs npu  OypeHun
nopoA PasfMYyHON MNPOYHOCTM M NMTOMOMMM, Yepedylomxcs Mo paspesy. AHanns CyLiecTBYIOLMX
TEXHUYECKMX PELUEHWI, BKMHOYAs KOHCTPYKLUMIO  LUApOLUIEYHOro  paclumputens-crabunusatopa,
peanu3oBaHHyto B nateHTe Pecnybnukmn KasaxctaH Ne22228 (E21B 10/30), nokasan HeobxoanmocTb
COBEPLUEHCTBOBAHUS FEOMETPUYECKNX W AMHAMUYECKUX MapameTpoB CTabUNM3npyloLmx YCTPOWCTB,
npenHa3HayYeHHbIX Ans obecnevyeHuss YCTOMYMBOrO AMHAaMUYECKOrO PaBHOBECUSI CUCTEMbI «[OMOTO —
GypurnbHasi KONOHHa — ropHasi mopoaa.

Lenb. TeopeTnyeckoe n aKcnepuMeHTaribHoe OOOCHOBaHWE MNPUYMH BO3HWUKHOBEHWS PaamanbHbIX
konebaHun B pAuHaMM4eckon cucteme OypeHus u  paspaboTka  LIapOLIEYHOro paclumpuTens-
cTabunmaaTopa Hag4o0NoTHOMO TUNa, obecneyrBaloLLEero rapaHTUPOBAHHYO YCTOWYMBOCTb MHCTPYMEHTA
Ha 3aboe cKkBaXuHbl 3a CHET 9deKTMBHOrO pas3melleHuss paboumx opraHoB nog yrinom 120°
W BbINOSTHEHUST YCINOBUI (DOPMUPOBAHMS LLAPOLLEK Yepe3 UX MUHUMarbHbIN pasmep.

Matepuanbl U Metoabl. B pabote wncnonb3oBaHbl MOMOXKEHUS TEOPUWM AMHAMUYECKUX CUCTEM,
3aKOHOMEPHOCTM 3HEepreTUYeckMx MnoTepb B MEXaHWYEeCKMX CUCTeMax BpalleHns W NpUHLMN
HaumeHbllero fencteus. PasdpaboraHa maTematuyeckass Mopgenb, onpegensiowias 3aBUCUMOCTb
MWHUManbHOrO pasmepa opmMoobpasyloLMX 3MEeMEHTOB LUApOLeK OT HOMWHAaNbHOro paguyca
pacwmpuTensa-ctabunuaatopa. BbinonHeHo pacyéTtHoe 060CHOBaHWE TEOMETPUYECKUX MapaMeTpoB
onbiTHOro obpasua HagaonoTHOro crabunusatopa AvameTpom 269,9 MM, M3roToBIEHHOro Ha 6Gase
yTsOKENEHHOWM BypunbHon Tpybbl Anametpom 203 MMm. JKCnepuMeHTanbHble CCneoBaHUSA NPOBEAEHbI
B NMPOW3BOACTBEHHBIX YCMOBUSIX Npu rny6okom BypeHuu.

PesynbraTbl. YCTaHOBMNEHO, YTO BbINOSIHEHWE KOHCTPYKTUBHOIO YCroBUSI obecneunBaet
YyCTOMYMBOE AMHaMMyeckoe paBHoBecue OypoBOroO WHCTPYMEHTa OTHOCUTENbHO OCWU  CKBaXKMHbI.
Mpon3BoacTBEHHbIE UCNbITaHWA NOKa3anu yBenuyeHne MexaHn4eckon ckopoct bypeHuns Ha 5% v poct
NPOXOAKN Ha [onoTo Ha 7,3%. 3aduKcMpoBaHO CHWXEHWE CryYaeB 3amacnvBaHWs U 3allnamoBaHuUst
[0noTa, 4YTo CBMAETENbCTBYET 06 yryylleHnn ruapoanHaMmMYeckon O4MCTKU 3a00s.

3akntoyeHune. PaspaboTaHHas  KOHCTPYKUMS  HaO4OMOTHOMO  LLAPOLIEYHOro  paclumpuTens-
cTtabunmsaTopa noATBEPXAAET TEOPETUUECKUE TMOMNOXEHUST O MPUPOAE paavarnbHbiX konebaHui
B OWHaMU4YecKMx cuctemax bypeHus n obecnednBaeTt nosbilleHne 3hPEeKTUBHOCTM BypeHust rnyBOokmx
HedpTera3oBbIX CKBaXWH. MonyyeHHble pe3dynbTaThl NOATBEPXKAAKOT LienecoobpasHOCTb NPOMBILLIIEHHOTO
BHEOPEHUST MNPELNOXKEHHOrO TEXHUYECKOrO PELUEHUSS U €ero MPUMEHEHUS MPU  MPOEKTUPOBAHUM
KOMMOHOBOK HW3a BYpUnbHOM KOMOHHbI.

Knroyeewle cnoea: b6yposoe doromo, paduasnbHble KonebaHusi, cmabunu3amop-pacuwupumerib,
OuHamuyeckasi ycmol4ueocms, MexaHuU4Yeckasi Ckopocms 6ypeHus, npoxodka.

Kak untupoBarth:

Abuwes M.H., XXaHmypuH XK.K., Axmemos H.M. ViccnenosaHune ycTOM4MBOCTM OypoBbIX OOMOT Ha 3aboe
CKBaXWHbl C WCMONb30BaHWEM YCOBEPLUEHCTBOBAHHOM KOHCTPYKUMM paclmputens-ctabunusatopa //
BecTHuk HedpTerasosoi otpacnu KaszaxcraHna. 2026. Tom 8, Ne2. C. 8—15. DOI: 10.54859/kjoqi108959.
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Kipicne

Bypfbinay xymbicTapbl reonoruanblk 6apna-
yAaa, MyHan xaHe rasapl eHaipyae MaHbi3abl ypgic
Gonbin ecenTtenepni. Kaway eHe Tay >XblHbICTaphbl
apacblHaafbl, COHbIMEH kaTap, Oypfbinay Cynbifbl
MeH Bypfrbinay KonoHHanapbl apacbliHaarbl Kypaeni
KaTblHacTap HaTWXKeCiHOe AWHaMuKanblK Xyhe e3-
repictepre yuwbipan, Oyprbinay ypAaiciHe 3UsiHbIH
Turideqi. Byprbinay ypaiciHaeri AMHaMuKanbIK Xyne-
nepain TYpaKTbINbIFbIH 3epTTey YLUiH Byprbinay >yn-
€CiHiH TMIMAI AMHaMKKanblK MOAENiH TYPFbI3Y KaxeT
6onagb [1].

OHAipiCTiK xaFdannapga Xymcak XaHe KaTTbl
kabaTTap Ke3ekTecin KeneTiH opTeKkTi Tay >XblHbl-
cTapblH Oyprbinay ken >xargankaa 3usHabl gipinre,
Tonkynapra akenegi. byprbinay KkypanaapblHbIH KaT-
Thl Aipini kesiHae yHFbIMaaa KallayablH iCTeH LUbIFYbl
OpblH anybl MyMKiH. Bypfbinay KypanbiHblH OCbTIK
XeHe anHanmanel Tepbenictepi 6enrini 6ip gspe-
Xeae Kesgencok cunatta Gonagbl, Herisri ce6en
peTiHae kabaT NUTONOrMSCBIHbIH, 9PTYPNIniri, Gypfbl
KallayblHbIH Tay XbIHbICbIMEH YIKenici XaTaabl [2].

Ken xafganaa, FelnbIMU XXyMbICTapAa FblnbIMFa
Genricia guHaMuKanbIK Xynenepai matemaTtukarnblk
Mofenbaepdi TYpFbldy Hemece Teopusnapabl Xa-
cakTay apKbifbl eMeC, HaKTbl Xafgannapabl 3epTTey
apkbinbl TyciHAipyre Typa kenepfi. MyHgaw 3eptre-
yrnep yHfbiIManapabl TepeH Oyprbinay ypaiciHae,
HaKTbl alTkaHAa, XbIHbIC TankaHgaylbl Oyprbinay
KypangapblHblH KYMbIC YpZiciHOe Ke3OeceTiH Ky-
ObInbICTapabl 3epTTey KesiHae Xui keaaecedi. HakTbl
Xarganaa OGakplinaHaTblH YHFbIMa TyGiHgeri Gyprbl
KalaynapbiHblH  paguangbl  bifbicybl  (Tepbenici)
XeHe peTTenreH Tepbenici XeHe COHbIH HOTUXECIH-
Oeri yHfblManapgarbl Kenkblprbl KengeHeH Kuma-
napblHbIH TY3inyiH y3aK yakblT G0Wbl KnaccukanbiK
n3onapameTpnik MNPUHUMN TYPFbICBIHAH TYCIHAIPY
MyYMKIH GonmMagbl. byn Kybbinbic Metanngapapl
Oyprbinan Tecy kesiHae aHblK KepiHeTiHIH atan eTyre
TuicTimia. Bipak ©yn ke3geri KyObinbICTbl GepinreH
Onametpaeri TeCiKTiH KenaeHeH KMMacbiHbIH LUEeH-
Gepi apkbinbl eMec, TY3iNeTiH Ken KbIprbifbIKTbIH,
aygaHbIHbIH KilwinirimeH TyciHgipingi. OcbiFaH Kapa-
MacTaH, COHbIHaH aHblKTanFaHgamn, ndonapameTprik
TOyenainikTepaiH AvHamukanblk Xyvenepgeri Ky-
ObinbICTapabl 3epTTeyae elkaHaan porb atkapmai-
TbIHAbIFbI aHbIKTaNapl.

HakTbl anTKaHda, craTukanblK KepceTKiTep
elkawaH Aa OuHamuKkanblK KyObinbiCTapablH ce-
6enTepi 6onybl MyMKiH eMec efi.

Tek kaHa AMHaMuKanbIK Xynenepae eTeTiH Ky-
ObinbICTapabl 3epTTeyaiH KacakTanfaH agictepi MeH
a3 apeKkeT eTy MPUHUMMI XaHe AMHaMUKanbIK >Xyn-
enepaeri 3Heprns LWbiFbIHAAPbLIHBIH, 3aHAbINbIKTapbl
aTtanfaH KyObinbiCTapdbl HakTbl fbibIMU TYpFblaa
TycCiHaipyre MymkiHAiK 6epai.

Kasipri ke3ge >XyMbIC )acayfa KaxeTTi yL pe-
KUMHIH, eLLKancbiCbiHAa AWHaMuKanbIK Jxynenep
Genrini Gip WekTeynepmeH LuekTenvece, onap Au-
HaMuKanblk Tene-TeHaikke ne bona anvangbl. bisaid
XarganbiMbl3ga LUeKTerilTep peTiHae TypakTaHabl-

preilwTap (cTabunusatopnap) KkongaHeinagel. [uHa-
MUKanbIK XyWenepaiH aHeprus WeifbiHaapbl 6acka
Gipoen xargavnapgoa TeMeHri XafblHaH anHany
XyObl apkbinbl WwekTeneTiHi 6enrini. byn xarpanpa
na bepinreH AeHreriae aHeprusi LWbIFbIHAAPbBIH AKC-
LeHTpUTETTIH, Genrini Gip wamacbiveH (
apanblfblHAa) LWEKTeYy KaxeTTiniri navga Gonagpl.
LekTeriwtep GonmaraH xarganga a3 apekeT eTy
NPUHUMNI Ke3 KenreH AvHaMuKanbIK KYWeHi 3Hep-
TS WbIFbIHBI @3 BonaTbliH XXYMbIC Xacay PexumiH
isageyre maxOypnengai. uHamukanblk xynenep xy-
MbIC acan TypfaH Kesge MyHaaw pexvmaepaid
6onybl MymkiH emec. Tek kaHa ( ) HykK-
TECiHiH ayMafblHAa 9HEPrusiHbIH LWEKCi3 a3 LWbIfbIHbI
6ap anHany xybbiHAa pexum 6onybl MyMKiH, Bipak
( ) Ke3iHae SHeprus WbIFbIHbI KYPT apTa-
Obl, cebebi AMHamMuKkanblK Xyne nesfe XyMbiC Xa-
cayapblH BipiHWi pexumiHe nesge aybicagpbl. bipiHLwi
pexuMm (e3 ociHeH ariHany) Gapnblk MexaHWuKanblk
Xymrenep yLiH opTak oeHe onapAbl TonblK cunaTram-
abl. backawa antkaHga, 6apnblk MexaHu3Maepain
XKYMbIC acay pexuMi eH ken aHeprust WhifbIHAAPbIH
KaxeT eTepi. byn aHeprusa wWbiFbiIHAaAPbLI ra3 Hemece
CyWblK OpTagafbl OWCK YMKeniciveH 6GannaHbICTbl
OonatblH AucKkanbl Xbingam anHanatbliH 6inik Mo-
AenbAepiHae XoHe 9Heprus LWbiFbiHAAPLI Kaluay
TiCTEpiHiH Tay XblHbICTapbIMEH YWKeniCiHeH nawnaa
bonaTtblH OypfFbinay kallaynapbliHoa epekile aHblK
Hankanagpl.

Binik Hemece Oypfbinay Typbanapbl TypiHAe
bonaTbiH wekTeriwTep Genrini xargannapga pagu-
anabl Tepbenic ypaicTepiH LWeKTeyre MYMKIHLIniri
B6onmanapl, SFHN a3 SHeprus LWbIFbIHbIH i30eY KesiH-
Oe AvHamukanblk xyrenep 6ysbinaabl. byn kesge
MYMKIHArHWe Te3 LWeKTi avHanbiMgapfa Xbiigam
KeLLly kepek Hemece TypaKkTaHAbIpFbILUTapAbl OpHaTY
Kepek, on Oypfbinay KornoHHanapbliHbIH, TYGiH BinikTi
KypacTbIpy Ke3iHae eCcKepinreH.

Martepuangap meH agictep

TepeH yHFbIManapabl Oyprbinay ypaiciHae
Tay XbIHbICTapbIH TankaH4anTbliH OypFbinay Kyparn-
OapblH TypakTaHablpaTbiH 6acka agic xok, cebebi
OCblHAaN reoMeTpusnbIK enwemMai KoHconaapablH
Oy3binyblHa ©Te KaTTbl Kyl kaxeT eTtinmengi. Ocbl-
nanwa, byprbinay kawaynapbiH TypakTaHabIpy Tek
KaHa kaway YCTiHAeri TypakTaHAbIpFbil HerisiHae
MYMKiH 6onagbi.

Ocbl 3epTTeynepaiH MakcaTbiHa Kallay YCTiH-
Aeri TypakTaHAbIpFbill naescbliHa, Aanipek anTKaH-
Aa wapowka TypiHAe oOpblHAanfaH LwapoLKankl
KEHEeNTKILL-TypaKTaHAbIPFbILUTHIH, foenenaeHreH
eHepTabbICbiHA HerisgenreH KypbinfbiHbl nagana-
Ha OTbIpbIN AMHaMUKanbIK Xyeaeri paguanapl Tep-
GenictepaiH cebentepi Typarnbl TEOPUSAMbIK TyXbl-
pbiMAapabl pactay HeMece >OKKa LUbiFapy >KaTaabl.

OHepTabbic yHfbiManapgbl Oyprbinay 6Garfbl-
TblHA XaTadbl, atan anTkanga, WapoLlKanbl KeHen-
TKiLL-TYpaKTaHAbIPFBILTHIH  KYPbINbICbIHA  KaTbICTbI
XoHe MyHal, ra3 oaHe Gacka da yHfbiManapgbl
Oyprbinay kesiHae kongaHyra 6onaabl.
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FeinbiMaa >xxymblc opraHaapsl kanak 6onein Ta-
ObINaTblH KEHEWTKILL-TypaKTaHablipFeiwTap 6enrini,
onap afeTTe UMNMHAP KOPMNYCbIHbIH LLET aiMarbiHAa
opHanacTbipbinagel [3] (banama).

Kawwayabl ocbliHAaM KypblnbiMAbIK TYPAE OpPbIH-
OanyblHbIH, egayip kemuuiniri 6ap.

ManpganaHy kesiHOQe kanakrapgblH KapKblHAbI
abpa3uBTi To3ybl 6onagbl, COHbIMEH KaTap, bypfbl-
nay ypgiciHae kanakTblH YHFbIMameH Lamacbl 6oi-
bIHWIA €e[ayip >XoHe TypakTbl TYWiCy HaTWxXeciHae
OVHaMuKanblk TypakCbI3ablK OpbIH anagbl.

¥CbIHbINFAH TEXHUKanbIK LWeLiMre eH >XakblH
TEXHWUKanbIK Kypbinfbl peTiHAe LuapoLukanapbl Kop-
nyc GuikTiri 6orbIHLWa XoHe xocnap GolblHwa 120°
Oypbll >kacal opHarnackaH LapoLukarnbl KeHenT-
KiLL-TypaKTaHabIpFbILWTEl aiTyFa 6onaabl [4] (npoTto-
™n).

LLlapoLukanel KeHenTKill-TypaKTaHObIPFbILITHIH,
OCbl HyCKaga opblHAanybl KeHEeMTKill-TypakTaHgbl-
PFBILUTLIH, TO3YFa TYPaKTbIMbIFbIH @PTThIPaAbl, Kalua-
y-KEHENTKIL-TypaKTaHAbIPFbILL  KYPbIIbIMbIH aMbe-
GanTbIFbIH >X8HEe >XyMbICKka KabineTTiniriH kyLuentesi.
ATanfaH TexHuKanblk WeLiMHIH KeMwiniriHe Bypfbl-
nay KypanbiHblH y3aK yakblT TypakTaHybl TEK kaHa
WwapoLkanapapblH 6enrini 6ip KaTblHAaCkl MEH BUIKTIri
KesiHOe FaHa KamTamachbI3 eTinyi xatagbl [5].

OHepTabbICTbIH MakcaTblHa YHFbIMa OCiHe Ka-
TbICTbI KOpNyc GuiKTiri GorblHLLIA XaHe xocnap 6on-
biHWa 120° BGypbILl xacaii opHanackaH LwapoLukanbl
KEHeNTKILL-TYpaKTaHObIPFLILWTBIH, - TYPakTbl  Kannbl
ecebiHeH yHfbiMa TybiHaeri Gypfbinay KypanbiHbiH
Keninai TypakTaHyblH kamTamacbl3 eTeTiH LuiapoLu-
KanblK KeHEWTKiL-TyYpaKkTaHAbIPFbILL Xacakray Xa-
Tagel [6].

KovbinFaH makcat 1 cypeTTeri yHfFbiMa OCiHe
KaTbiCTbl LWeTTepiHae 120° Gypbiw xacan OuikTi-
ri bombiHWa Tik GafbiTTanfaH yw LuapoLlka OpHa-
nackaH UunuHAP KOPMyCTaH TypaTbiH LWapoLiKans
KEHEMNTKILL-TYpaKTaHAbIPFbIL  apKbifbl  LIeLinegi.
An kopnyc OuikTiri GOMbIHWA ©3iHiH MWHMManabl
wamanapbl GoMblHWA TiC yLWTapbIHbIH, OUiKTIriMeH
KMbINbICNaNTbIH LIapoLLKanapablH, Ty3yLuinepi kene-
cigen waptTapra bafbiHagbl:

M

MyHA@Fb! by, — TiC yLuTapbl 60MbIHLLA WapoLL-
KanapAblH eH Killi LWamacsl, MM; Rp, — LLapoLuKansbl
KEHEWTKILL-TYpaKTaHAbIPFbILITLIH HOMUHaNAb! paau-
yCbl, MM.

LLlapowkansl KeHenTKiL-TypakTaHabIPFbILL Ke-
necifen XXyMbIC xacangbl.

Bypfbinay KypanblHbIH YHFbIMa OCIMEH anHa-
nacbiMeH avnHanybl kesiHge Tanan (1) Oyprbinay
KallayblHbIH OCiHE KaTbICTbl TYPaKTbl AMHAMUKAINbIK
Tene-TeHAiriH KaMTamacbl3 €eTefli X8He OCbIHbIH
HeTWXeciHOe yHFbiIMa TyGiHOE Tay XXbIHbIChbI arn-
OblH ana KOHCTPYKUMSIMEH OekiTinreH mexaHu3mbl
apkbinbl Tankasganaabl. YHfelMa gnameTpi Killipen-
reH Kesae LapoLuKarbl KEHEWTKILL TypaKTaHAbIPFbILL
KEeHEeMNTKIL KbI3METIH aTkapa anagb!.

[ e
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1-cypeT. KasakctaH Pecny6nukacbl Ne22228
nateHTi (E21B 10/30) 60MbIHLWa KaluaynbIK
KEeHeNTKill TYpaKTaHAbIPFbIWTBIH Xannbl KOpiHici
Figure 1. General View of a Reamer—Stabilizer
for a Drill Bit According to Patent of the Republic
of Kazakhstan No. 22228 (E21B 10/30)

¥CbIHbIFAH  KEHEWTKILL-TypaKTaHAbIPFbILLThI
nanganaHa oTbipbin Bypfbinay kalayblHbIH YHFbIMa
AvameTpiH XofanTnah AUHaMUKanbIK TYPaKTbl Xy-
MbICbIH KaMTamachbI3 eTy apKblfbl xannbl Oypfbinay
KypanbIHbIH TUIMAINIr apTTbipblnagsl.

XKymbicTa [7] kaway ycTiHgeri @ 269,9 mm
TYpaKTaHAbIPFLIWTBLIH TaXipubenik ynriciH AanbiH-
payfa apHanfaH ecentep 6epinreH xsHe @ 203 MM
ayblpnaTtbinFaH bypfbinay kKybblipnap Tisberi HerisiH-
Oe KypbinbiM xacaktangbl. Kypbinbiv kenecigewn
ecenTep HerisiHae fanbiHAanabl.

BipiHWwigeH, kaway ycTiHaeri TypakTaHAbIPFbILL
6ip yakbITTa aybICThIPFbIL KbI3BMETIH atkapybl THic.
CoHpa TypaKkTaHAbIPFbIWTBIH Xanmbl y3blHAbIFbI Ke-
necigen ecenTeynep apKbifbl aHbIKTanagpl.

2)

MyHAafbl L — TypakTaHObIPFbIWTbIH, Xannbl

V3bIHAbIFBI, MM; Al — >anfacTbipfbil  6ypaHaa

Y3bIHAbIFLI, MM; Al — GekiTkilw 6onTka apHanfaH uiH

Y3bIHAbIFLI, MM; Al, — TypaKTaHAbIPFbILW KararblHbIH,
Y3blHAbIFbI, MM.

MyHpa Al Tananka (1) ceiikec TaHaanfaH
KanakTblH, Y3bIHABIFbI. TypakTaHablprblLlka
(@ 269,9 Mm) apHarnFfaH KanakTblH LWEKTi y3bIHAbIFbIH
Kerneci Toyenginikrep apkbinbl aHbIKTaMbl3:
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EKiHWigeH, ynkeH ceHimainik ywiH b wama-
cbii 220 mm gen anambis. 41,=130 MM wamacbiH
6ine oTbIpbin xaHe 41,=40 MM WwamackiH kabbinaan
OTbIpbIN Kaway ycTiHaeri @ 269,9 MM TypakTaH4bl-
PFBILTBIH Xannbl y3blHAbIFbIH Keneci hopmynameH
(2) Tabambi3:

(3)

Opi kapaw kaway ycTiHAgeri TypakTaHabl-

pFBIWTBIH @ 269,9 MM KanafFbiHbIH, OMIKTIriH aHbIKTay

kepek. Kaway yctiHgeri TypakTaHablpFbIWThIH, Ava-
MeTpi Kernecigen aHbiKTanagpl.

4)

MyHOafFbl D — Kalay YCTiHOeri TypakTaHabl-
pFbIWTBIH AnameTpi, mMm; d — ABT anameTtpi, Mwm;
Ad - xanakrapabl ABT opHanacTblpyFa apHarnfaH
XbIpbIK TEPEHAIri, MM; h — Kaluay yCTiHAeri TypakTaH-
ObIPFBILWTBIH KanafblHbIH, OMiKTiri, MM.

OcblfaH Kaluay yCTiHAeri TypakTaHAbIPFbILUTbIH
KanafblHbIH OMIKTir aHbIKTanagwl.

(%)

OHpa, Ad = 4,55 MM eKeHiH kabbinaan oTbipbin,
@ 269,9 MM Kalay ycTiHAeri TypakTaHabIpFblill Ka-
narblHbIH OMiKTIriH TabaMbl3.

Ochbl ecenTeynep apKkbirbl falblHAanFaH Kkanak
TypiHOe opblHOanfFaH @ 269,9 MM Kaway ycTiHaeri
TypakTaHAbIPFbILW-KEHENTKIW ©HAIPICTIK Xardanaa
CbIHAKTaH eTki3inai.

Kenbip >xymbicTapgarel [8] aBTOoprap OpbIH-
[araH TipekTik-opTanblKTaHabIPYLLUbl 3NEMEHTTEPAIH,
XiKTenyiHe wWony >aHe onapgblH Oypfbinay KOMoH-
HanapblHAaFbl MakcaTbl 6onbin TabbinatbiH BypFbl-
nay KONMOHHaCbIHbIH, TeMeHri GeniriH opTanbiKTaH-
Oblpyabl Ky3ere acbipy, kawlayAblH >XYMbICbIHbIH,
XaFgavblH TypakTaHabIpy XeHe XakcapTy Kypanaa-
pbl Gypfbinay KoOMOHHanapbiHbIH, TYOiHIH KypayLubl-
napblH TypakTaHAbIpyFa KaKeTTi apThIKWbINbIKTapbl
MEH KeMLLUIMiKTepiH aHblKTayFa MyMKiHAIK 6epeai.

CoHbIMEH kaTap >XymbiCTa Oypfbinay Xbif-
OamMaplfblHbIH apTyblHa GalnaHbICTbl TipekTik-opTa-
NbIKTaHAbIPFbILL 3MeMEeHTTepAi KongaHyablH, apTybl-
Ha MaH bepinreH.

Kenecipen aBTop eHbektepiHge [9] Oyprbl-
nayablH  Genrini Gip >kargavnapbiHga  rubpuarTi
KypblnbiMAapAabl  navganaHy YCbiHbINaAbl, SfFHU
KEHEeNTKILTepAiH Ae KanubpaTopablH Aa 3NeMEeHT-
TepiH atan eTefi, coHbIMeH Gipre onapablH eneyni
KEMLUIMNIKTEpiH Ae kepceTteni:

- KEHewTKil-kanubpaTtopablH e3iHiH Ae aHe
Gipre KongaHbINaTbiH XbIHbIC TankaHaayLwbl Oypfbl-
nay KypbInfbICbIHbIH, 4a >XYMbICTbIK KOPblH TOMEH-
OETETiH Herisri XblHbIC TankaH4aylbl XoHe Kanu-
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2-cypert. Kanak TypiHae opbiHaanfaH
KeHeNTKil-TypaKTaHAbIPFbIW NPOTOTUNIHIH TYpi
Figure 2. Prototype Type of a Blade-Type
Reamer-Stabilizer

Opneywi 6eTTepAdiH xapakTaHy TypakTbiNblFbIHbIH,
XKeTKinikciaairi;

- KeHeWTKiWw-kanubpneywinepaiH LapoLuka-
napblHbIH TipeK TopanTapblHbIH, TO3iMAIMiriHiH, XeT-
Kinikciaairi;

- KeHenTKiw-kanubpneyLiHiH kaxeTTi aua-
METPiH anyfa apHarnfaH Kacinwinik xafgavga aybl-
CTbIpy KesiHgeri Lapolukanapabl Aan KOHAbIPYAbIH
Kypaeniniri;

- YHFbIMaHbIH Oynipnik kabblpFacbiHOa «perka»
Ty3inyimeH GannaHbiCTbl 6onaTbiH TOMEH TUIMAINIK,
on canaHblH TeMeHJeyiHe XaHe TycCipy KeTepy one-
pauuvsinapbiHa XXymcanaTbiH YakbIT WbIFbIHbIHbIH ap-
TyblHa aKenep;j;

- uandaHblH, XancblpManapblH XaHe cakuHa-
napablH Tipek 6eTTepiHiH apkenki To3yblHbIH canja-
pblHaH YHfbIMaHbIH HOMWHanNAbl AMaMeTpiH ycTan
TYPYAblH MYMKiH eMecCTiri, HoTUXeCiHAe LuapoLLKa-
Nbl KEHEWTKILL-KannbpneyLwi AnaMeTpiH xofantagpl.

MyHbIH Gapnbifbl  KEHENTKILL-KanMopneyLuiHiy,
YKYMbICbIHbIH, TMiMAININH TeMeHaeTeai.

KbIHbIC TankaHgayLwbl Kypangapabl eHAIpeTiH
Genrini  eHpipywi [10] epTypni KypbinbiMaapabl
ycbiHaabl: XR™ keHenTkiwi, NBR® Kaway YyCTiH-
neri keHenTkiwi, UR™  blrmkbIManbl KEHEWTKILL,
ocbinapgpliH, apacbiHaH SPHO keHeWTKiwi Ke3re
Tyceqi, cebebi oHbIH KypbinbiMbl GyTiH 6onbin Ke-
nefi xxaHe KOoprycbl ©34iriHeH TypaKTaHAbIPFbILINEH
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XabablkTanfaH, 6ipak oHbIH MpodUNbAEHreH Kanak-
wanapsl, Typba CbipTbl KEHICTIriHiH, Tapbinybl canaa-
PblHaH WNaMAabl WbiFapyabl KUbIHAATaAbI.

¥CblHbINbIN ~ OTbIpFaH  yHfbIMa  TybiHaOe-
ri TypakTaHOblpyFa apHanfaH KanakTbl KeHewT-
KiLW-TYpaKTaHAbIPFBIWTBIH  KYPbINbIMbl - TypakTaH-

oblpyabl  GuikTiri  GoMbIHWA  OpHanacTbIpbIFaH,
TiKk OafblTTanfaH yw Kanak apkbifbl KamTamachbi3
eTineni, onap weTki armakta 120° Gypbiw >xacan
OpHanacTbIpbIfFaH XeHe KypbifiblMFa KaXeTTi KaT-
ThINbIK xaHe bepikTik 6epy yLwiH 6yTiH bonaT AanbIH-
hamMagaH cpeseprey XonbiMeH AalbliHaanraH.

Hatuxenep

JKyprisinreH cbiHaKTap kenecigen HaTwxkenep
KepceTTi:

1. ¥HrbiMa TybiHaeri Oypfbinay kallaybiHbIH
OUHaMUKarbIK TYPaKTbl XXYMbICbIl XaHa TeXHUKanbIK
wewiMm HeriziHae pAdavblHOanfFaH kKaway ycTiHae-
ri TypakTaHAbIPFbILWLTLI NanganaHy KesiHge TuiMAi

KOCbIMLLA

KapxbinaHgbipy Kesi. 3epTTey >xyMbichbl xeke 6a-
cTamaMeH, OKbITylbinapablH 63 kapaxarbl ecebi-
HeH Xyprisingi.

Myapenep KauwbinbiFbl. ABTOpriap ocbl Makana-
Hbl Xapusnayra 6annaHbICTbl alKbIH XOHe bIKTUMan
My4Aenep KallbInbIFbIHbIH KOKTbIFbIH Jxapusinan-
Obl.

ABTopnapablH KockaH yneci. bapnblk aBTopnap
e3aepiHiH aBTopnblK yneciH ICMJE xanbikapanblk
KpuTepuiinepiHe CoMKecCTiriH pacTtanabl (6apnbik
asTopnap 3epTtTey TyXblpblMAamacblH a3ipreyre,
3epTTeyai XKyprisyre xsHe makanaHbl AanblHAayFa
eneyni ynec KOCTbl, MakanaHblH COHfbl HYCKaCbIH
OKbIN, XXapusinayra geniH makyngaapl). Herisri ynec
TemeHgerigen 6eniHai: Abuwes M.H. — maTiH xasy,
aHanuTuKa, AepeKKe3aAepMeH XYMbIC, Kormka3baHbl
pepakumanay; XXantypuH X.K. — gepekkesgepmeH
XyMbIC, 94ebu wonyapl AavbiHaay, dopmynanap
MeH aHblKTaManblk AepekTepdi AavibliHaay; Axme-
ToB H.M. — paiiblHabIKKa >xannbl 6aclubinbIK Xacay,
MaTIHAI KypbinbiMaay.

SEBMETTEP TI3IMI

6onatbiHbl Typarnbl TEOpUAmbIK TyXXblpbIMAAMaHbIH
OypbICTbIFbIH - kepceTTi. On eHepTabbicka 6Gepin-
reH KasakctaH Pecnybnukacel Ne22228 nateHTi
(E21B 10/30) apkbinbl gonengeHai.

2. ©OHpipicTik xafganpa cbliHay KesiHaeri ka-
way ycTiHAeri TypaKTaHObIpFbIlWThl NaiaanaHy
HaTWxeciHaeri Oypfbinay kallaynapblHblH TypakTbl
AVHaMukacel BypFbinayablH MEXaHVKanblk Xblngam-
OblfblH 5% apTTbipyFa oHe Kaway 6oWbliHLWa eTy
mernepiH 7,3% apTTbipyFa MyMKiHAIK 6epai.

3. Bypfbinay kalwayblHblH MavnaHbin biteny
akTbICbIHbIH a3atobl 6arikangbl, Oyn Kaway ycTiH-
Oeri TypakTaHablpFbiTaFbl OUMIKTiK GOMbIHLLIA OpHa-
nacTbIpbififaH  KanaktapgblH XYYy CYMbIKTbIFbIHbIH
OVHaMMKacbiHa OH acep eTKEeHiH kepceTtes,.

4. Bypfrbinay Mmekemeci ocbl Makanagarbl yCbl-
HbIIFaH FbINbIMU XXaHanbIKTbl TEPEH, MyHal XaHe ra3
YHFbIManapbiH OypfFbinay >KyMbICTapblHa eHrisyai
Konaaapl.
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Review article

Spacer Fluids for Wells Drilled with Invert Emulsion Drilling Fluids:
A Review of Their Role in Preventing Formation Damage

Arman A. KabdushevV', Farit A. Agzamov?, Dina A. Issayeva®, Abdulakhat A. Ismailov?
'Dulaty University, Taraz, Kazakhstan

2Ufa State Petroleum Technological University, Ufa, Republic of Bashkortostan, Russia
3Kazakh-British Technical University, Almaty, Kazakhstan

ABSTRACT

This article examines problems associated with the quality of cementing and casing integrity in oil
and gas wells under conditions of increasing drilling activity in Kazakhstan. It is shown that complications
such as behind-casing hydrocarbon migration, sustained casing pressure, and water coning are largely
caused by poor cementing quality and the loss of wellbore integrity. It is noted that more than 30%
of wells worldwide exhibit inter-casing pressures of varying intensity, which highlights the relevance
and significance of this issue. The main causes of cement sheath degradation under the influence
of mechanical, hydraulic, and thermal loads during well operation are analyzed. Particular attention
is given to the problem of incomplete displacement of drilling fluids in the annular space, which leads
to channel formation and a reduction in the isolation properties of the cement sheath. The role of buffer
fluids in the cementing of wells drilled with hydrocarbon-based drilling fluids is also considered.
The study emphasizes the need to develop effective buffer systems that ensure compatibility between
drilling fluids and cement slurries, thereby improving displacement efficiency and enhancing the overall
quality of well cementing and zonal isolation.

Keywords: well cementing; wellbore integrity; inter-casing pressure; behind-casing hydrocarbon
migration; cement sheath,; spacer fluids; oil-based drilling fluids; zonal isolation.
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Hayu4HbIn 0630p

BydepHble XMAKOCTU Npu OypeHUn MHBEPTHO-3MYJTbCUOHHbIMU
pacTBOpamMu: 0630p U BNUsIHNE Ha 3arpsi3HeHue NPoAYKTUBHOIO
nnacra

A.A. Kabaywes', ®.A. Arzamor?, [I.A. UcaeBa®, A.A. UcmaunnoB?®

"Tapa3sckuli peauoHarnbHbIl yHUeepcumem um. M.X. [lynamu, . Tapa3s, KazaxcmaH

2yebumckull 2ocy0apcmeeHHbIl HeghmsiHOU mexHu4Yeckull yHusepcumem, 2. Y¢ha, bawkopmocmaH,
Poccus

3Kasaxcko-bpumaHckuli mexHu4eckull yHueepcumem, e. Anmamesi, KazaxcmaH

AHHOTALUMA

B ctatbe paccmMoTpeHbl NpobnemMbl, CBA3aHHbIE C KAYECTBOM LIEMEHTUPOBAHUSI U KPEeNneHUst HeTSAHbIX
1 rasoBblX CKBaXWH B YCINOBUAX pocTa 06bEMoB BypoBbix paboT B KasaxcTaHe. MNokasaHo, 4TO Takue
OCIOXHEHWS, KaK 3aKONOHHAasi MUrpauusi YrreBOoAOPOAOB, MEXKONOHHble AaBneHus U obpasoBaHue
KOHYCOB BOAbI, B 3HAYNTENbHON cTeneHn obyCcnoBneHbl HEKAYeCTBEHHbIM LIEMEHTUPOBAHNMEM U Hapy-
LUEHUEM FEPMETUYHOCTM Kpenu ckBaxuH. OTMmeuveHo, YTo 6onee 30% CKBaXWH B MUPE UMEIOT MEXKO-
NOHHbIE OABMEHUS PasNUYHOA UHTEHCUBHOCTM, YTO MOATBEPXKAAET aKTyalnbHOCTb AaHHOW Npobnembi.
MpoaHanu3vpoBaHbl OCHOBHbIE NPUYMHBI Pa3pyLUEHUsl TaMMOHAXHOTO KaMHsi NMof BO3AeicTBUEM Mexa-
HUYECKMX, rMAPaBANYECKUX U TeMNepaTypHbIX Harpy3ok B Npouecce aKcrnyaTaummn ckBaxuH. Ocoboe
BHUMaHVe yOoeneHO BOMpPOCaM HEMOSIHOMo BbITECHEHMsT GypoBOro pacteopa B KOMbLEBOM MPOCTPaH-
cTBe, NPMBOASILLEro K 06pa3oBaHMI0 KaHaNoB U CHUXKEHWIO U30MNSALMOHHBLIX CBOMCTB LIEMEHTHOIO KaMHS1.
PaccmoTpeHa ponb BydepHbIX XUAKOCTEH NPU LEMEHTUPOBAHUN CKBaXWH, NPOGYpeHHbIX pacTBopamu
Ha yrneBOAOPOAHON OCHOBE, M Moka3aHa HeobxoAMMOCTb pa3paboTku 3hPEKTUBHBIX OydepHbIX cu-
cTeM, obecneunBatoLLX COBMECTUMOCTb BYpPOBbIX M TAMMOHAXHbIX PACTBOPOB U MOBbLILLIEHWE KadYecTBa
KPEMNEHUsi CKBaXMH.

Knroyeeble crioea: UeMEeHMUPOBaHUE CKBaXUH, UENOCMHOCMb CMEOoNa CK8aXUHbl, MEXKOMOHHOoe
OaerneHue, 3aKOfOHHasi Muegpayusi yarneeo0opodos, UeMeHMHbIU KaMeHb, OyghepHble xudkocmu,
byposbie pacmeopsbi Ha y2reeo00podHOU OCHO8e, U30sAUUST MIacmos.
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Fbinbimu wony

MHBepTTi aMmynbecuanbIK epiTiHAiNnepMeH Oypfbinay kesiHgeri
Oydhepnik CyMbIKTbIKTap: LWOMY XaHe OHiMAi KabaTTbIH flacTaHyblHa
acepi

A.A. Ka6aywes', ®.A. Arsamor?, [1.9. UcaeBa?®, A.A. UIcmaunoB?®

'"M.X. Oynamu ambiHOarbl Tapa3 yHusepcumemi, Tapa3s kanacskl, KazakcmaH

2ycha memnekemmik MyHall mexHuKarsnbIK yHusepcumemi, Ya kanacol, bawkypmcmaH
Pecnybnukacsi, Pecel

*KaszakcmaH-bpumaH mexHuKarnbiK yHugeepcumemi, Animamsl Kanacsl, KazakcmaH

AHOATNA

KasakctaHaa Oypfbinay >XyMbiCTapbl kenemiHiH apTybl afaanblHaa MyHaw XeHe ra3 yHfbiManapbliH
LuemMeHTTey xoaHe OekiTy canacbiHa GalnaHbICTbl Macenenep artanfaH Makanaja KapacTblpbifiFaH.
KemipcyTekTepaiH KOMOHHA CbIpTbiHAAfbl KOLUiM-KOHYbl, 6araHaparnblK KbICbIM X8HE Cy KOHYCTapblHbIH
nanga 6onybl CUSIKTbI ackblHynap HerisiHeH canacbl3 LEMEHTTeYy MeH YHfblManap OekiTkiTepiHiH
repMeTuKanbiFbiHbIH, - Oy3binybliHa OGannaHbICTbl  eKeHAiri  kepceTinreH. 9nemperi  yHFbIManapAbiH
30%-gaH actamblHga apTypni KapKblHAbIbIKTaFbl 6araHapanslk kpicbimaap 6ap, 6yn ocbl MaceneHiH
©e3eKTiniriH pactangpl. YHfblManapdbl nanganaHy npoueciHge MexaHuKanblK, rMapaBnuvkanbik
XoHe TemnepaTypanbIK XXyKTeMenepaiH acepiHeH TaMnoHaxXablK TacTblH, Oy3binybiHbIH, Heridri cebenTtepi
TangaHabl. ApHanapablH naaa 6onybliHa XaHe LeMeHT TacTblH OKLiaynay KacueTTepiHiH TemeHgeyiHe
9KeneTiH cakuHanbl KeHicTikTeri Oypfbinay epiTiHAICIHIH TOMNbIK bIFbICTLIPLINIMAY MacernenepiHe epekiue
Hasap aygapbinagbl. KemipcyTtek HerisiHgeri epiTiHginepmeH OypfblnaHfFaH yHFbiManapabl LeMeHTTey
Kesinae Oydepnik CyMbIKTbIKTapablH, peni kapacTblpbinbin, OypFbinay XeHe TaMMoHaXAbIK epiTiHainepaiH
yvnecimainirii kamTamacbl3 eTeTiH api yHFbiManapabl 6ekiTy canacblH apTTelpaTbiH TUiIMAI Bydepnik
Xyvienepgi a3ipney kaxeTTiniri kepceTingi.

Hezizzi ce3dep: yHfbiManapObl UeMeHmmey, YHfbiMa OKnaHbiHbIH mymacmblifbl, bafaHaaaparbiK
KbICbIM, KOJ/IOHHA CbIpmbIHOafFbl KemipcymekmepOiH Kewin-KoHybl, uemeHm mackl, 6ygeprik
cyUbIKmbIKmMap, Kemipcymek HeezisiHOeai 6yprbinay epimiHdinepi, KabammapOb! oKwaynay.
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Introduction

Hydrocarbon drilling activities in Kazakhstan have
increased with the discovery of new hydrocarbon
deposits (e.g., Klimene and Khalel Uzbekgaliyev)
and the expansion of exploration and appraisal oper-
ations, which has consequently led to a growth in well
construction and cementing activities [1]. Howev-
er, several production challenges in many oil fields
of Kazakhstan—such as behind-casing hydrocarbon
migration and water coning—remain unresolved.
These problems are closely related to the technical
condition of wells and the quality of well comple-
tion [2]. According to various studies, approximately
one quarter of oil and gas wells worldwide experi-
ence inter-casing pressure of varying intensity [3, 4].
These data highlight the importance and relevance
of improving well completion quality and developing
advanced cementing materials to ensure reliable
casing integrity in oil and gas wells.

A considerable number of studies have been con-
ducted to address the problem of inter-casing
pressure and fluid crossflows in oil and gas wells.
However, this issue remains relevant not only
in Kazakhstan but also worldwide [5, 6]. Measures
aimed at eliminating poor zonal isolation associated
with inter-casing flows typically involve shutting
in the operating well and using kill fluids, which may
negatively affect well productivity. In addition, reme-
dial operations require significant time and financial
resources [5, 6-8].

Gas migration, inter-casing pressure, and be-
hind-casing fluid flows are often the result
of poor-quality cementing, which requires careful
attention during the selection and design of cement
slurry systems. The proper formulation of cement
slurries is therefore critically important.

Materials and Methods

This study employed a method of analytical review
of the scientific and technical literature devoted
to the application of buffer fluids in wells drilled using
invert emulsion drilling fluids.

The information sources included publications in-
dexed in international and national databases, in-
cluding Scopus, Web of Science, Google Scholar,
and eLIBRARY, as well as conference proceedings
and industry reports.

The literature was selected using the follow-
ing keywords: “spacers,” “invert emulsion drilling
fluids,” “formation damage,” and “wellbore cleaning.”
The analysis included studies published primarily
during the period from 2010 to 2025, reflecting con-
temporary approaches to the use of buffer fluids.
The study applied comparative and systems anal-
ysis methods, as well as data synthesis, to identify
the main patterns governing the influence of buffer
fluids on productive formation damage.

Literature review
The primary objective of well cementing is to create
a hermetic wellbore barrier that maintains its integ-

rity throughout the entire operational life of the well.
If the integrity of the wellbore is compromised, par-
ticularly in the productive formation interval, subse-
quent well stimulation methods aimed at improving
well productivity may become ineffective.
Unfortunately, after hardening, the cement sheath
is subjected to various mechanical and thermal
loads that may lead to cracking and, consequent-
ly, to the loss of wellbore integrity. Such loads
may occur during drilling operations when drill bits
and drilling tools impact the casing walls while drill-
ing out the cement plug and during subsequent
deepening of the well; during casing running; during
casing pressure testing; during well perforation;
and during hydraulic fracturing operations. In addi-
tion, thermal loads may arise during cement hyd-
ration, thermal cycling of formations, and during
the injection of steam, hot water, or cold water into
the reservoir [12]. These stresses inevitably con-
tribute to the formation of cracks in the cement
sheath, particularly across the productive interval.
As illustrated in Fig. 1, potential pathways for fluid
migration include the formation of microannuli be-
tween the casing and the cement sheath (Fig. 1,
b), channels within the cement sheath (Fig. 1, c),
fractures and damaged zones in the cement ma-
trix (Fig. 1, d and e), and gaps between the cement
sheath and the surrounding formation (Fig. 1, b).
In addition, Fig. 1 also demonstrates possible leak-
age and migration pathways relevant to well aban-
donment and decommissioning operations (Fig. 1,
aand c).

Figure 1. Schematic representation of potential
leakage pathways along the wellbore
a) between the cement and the outer surface of the casing;
b) between the cement and the inner surface of the casing;
c) through the cement sheath; d) through the casing;
e) through cracks in the cement; f) between the cement
and the formation

Undoubtedly, these loads can lead to the forma-
tion of cracks in the cement sheath, particularly
in the productive formation interval. The conse-
quences of this problem include gas migration, in-
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ter-casing pressure, and a decrease in the effective-
ness of enhanced oil and gas recovery methods.
It is estimated that inter-casing pressure occurs
in more than 30% of wells worldwide. Furthermore,
the complexity of this issue is associated with the in-
accessibility of such cracks, which significantly com-
plicates subsequent well repair operations or secon-
dary cementing.

Many researchers focus in their studies on the pro-
per selection of cement slurry formulations
and on the cementing process after slurry placement.
However, it is also important to emphasize the signif-
icance of efficient displacement and pre-circulation
prior to cement slurry placement (Fig. 2) [10].
During pre-cementing circulation, drilling fluid re-
mains in the annular space and is subsequently dis-
placed by spacer fluids and cement slurry. However,
two main problems may arise during this circulation
process. The first problem is related to complications
caused by the incompatibility of technological fluids,
which can lead to loss of circulation [10]. The sec-
ond problem is the incomplete displacement of drill-
ing fluid, which may result in the absence of cement
sheath behind the casing and the formation of chan-
nels between the cement and the casing or between
the cement sheath and the formation.

Figure 2. Onset of cement slurry circulation
loss [10]

If cement slurries are incompatible with drill-
ing fluids [11], contact between the cement slur-
ry and the drilling fluid may lead to the formation
of a highly viscous mass that prevents further dis-
placement of fluids in the annular space. As a result,
operational problems may occur, including accidents
or incomplete cement slurry placement in the an-
nulus up to the required height. To prevent such
problems, preliminary flushing using intermediate
fluids, commonly referred to as spacer fluids, is ap-
plied [12]. As intermediate fluids, chemical solutions
that do not contain suspended solids may be used,
as well as spacer fluids containing solid additives
mixed to achieve different densities.

If drilling fluids were fully compatible with cement
slurries, the use of spacer fluids could potentially be
avoided [11]. Studies conducted by several authors
in this area have reported positive results [13—15].
However, drilling fluids may be either water-based
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or hydrocarbon-based, which are often incompatible
with cement slurries and conventional spacer fluids.
Despite their advantages in preserving the reservoir
properties of productive formations and their prom-
ising application in drilling operations, oil-based drill-
ing fluids present additional challenges. In particular,
they tend to form a film or filter cake on the wellbore
surface, which reduces the adhesion of the cement
sheath to the surrounding surfaces. As a result,
the use of effective spacer fluids becomes essential
when oil-based drilling fluids are employed [16-17].
Oil-based drilling fluids consist of oil as the continu-
ous phase and water as the dispersed phase, com-
bined with emulsifiers, wetting agents, and gelling
agents. Various hydrocarbon liquids may be used
as the oil phase, including diesel fuel, kerosene,
fuel oil, selected crude oil, or mineral oil; however,
in practice diesel or kerosene are most common-
ly used [12]. Such drilling fluids are characterized
by high drilling rates, reduced torque and drag
on the drill string, and a lower risk of differential
sticking. This type of drilling fluid can also be used
as a completion and workover fluid, as a spotting
fluid for freeing stuck pipe, and as a packer or cas-
ing fluid. Oil-based drilling fluids are particularly ef-
fective when drilling reactive shale formations, such
as “gumbo” shales.

The density of the drilling fluid can be adjust-
ed within the range of approximately 7-22 Ib/gal.
Although these fluids are sensitive to temperature,
they do not undergo dehydration as water-based
drilling fluids do. They also do not have strict limita-
tions on the concentration of drilled solids. The wa-
ter phase should be maintained at a pH above 7,
and the stability of the emulsion depends on the al-
kalinity of the system [18]. QOil-based drilling fluids
are also commonly referred to as invert emulsion
drilling fluids. In such systems, the dispersed phase
typically consists of an aqueous solution containing
various salts to maintain wellbore stability during
drilling. Surfactants are used to ensure the stability
of the emulsion.

The aqueous phase typically contains highly con-
centrated salts, such as calcium chloride or calci-
um hydroxide. When in contact with cement slurry,
the salts present in the aqueous phase of the drilling
fluid may accelerate the cement setting process.
In contrast, emulsifiers may have the opposite effect,
as they can adsorb onto the surface of cement parti-
cles and thereby prolong the hydration process [20].
The compatibility of invert emulsion drilling fluids
with cement slurries may also depend on the com-
position of the cement system itself [21]. Therefore,
analysis of these factors indicates that invert emul-
sion drilling fluids exhibit more complex and gener-
ally less effective compatibility with cement slurries
compared with water-based drilling fluids [12].
Another advantage of oil-based drilling fluids
is the lower friction within the wellbore. There-
fore, they are often used in extended-reach wells,
where frictionbecomes acritical parameter. In contrast
to water-based fluids, significant deterioration of drill-
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ing fluid properties over time is typically not observed
when oil-based systems are used. In addition, capil-
lary pressure prevents the penetration of oil into wa-
ter-wet formations [16].

In addition to the excellent filter-cake—forming prop-
erties of oil-based drilling fluids, when properly for-
mulated their use can minimize the risk of disturbing
the natural inflow conditions of productive forma-
tions.

Oil-based drilling fluids are particularly effective
when drilling through formations such as high-
ly reactive shales, where water wetting can cause
significant operational difficulties. They also allow
core samples to be obtained without contamination
by drilling water. These fluids act as the liquid me-
dium of the system, control viscosity, contribute
to the development of initial and final gel strengths,
provide gel structure and stability to prevent parti-

cle settling, and can serve as a weighting medium
in the drilling fluid system [17].

Another challenge is poor displacement efficien-
cy. For example, polymer-based drilling fluids
are commonly used to reduce fluid loss; however,
these fluids are more difficult to displace from the an-
nular space compared with bentonite-based drilling
fluids. Invert emulsion drilling fluids contain emulsi-
fiers and surfactants that can adsorb onto the sur-
faces of minerals and form a coating over the entire
surface. If poor displacement leads to various prob-
lems associated with inadequate cementing, the sit-
uation becomes even more complicated when invert
emulsion drilling fluids are used, since the cement
may not properly adhere to the casing surface [19].
Therefore, the study and development of effective
spacer fluids for wells drilled with invert emulsion
drilling fluids is of great importance and remains
a highly relevant research topic.

Figure 3. Main criteria for the improvement of spacer fluids

The authors of study [22] identified, in addition
to compatibility and the degree of casing and well-
bore cleaning, several key indicators of spacer
fluid performance. These include the stability of rhe-
ological properties, pumping rate and contact time,
and the volume of the spacer fluid.

Various approaches have been proposed for the de-
velopment of effective spacer fluids. However, among
these approaches, the investigation of the clean-
ing and filter-cake removal properties of developed
spacer systems remains insufficiently studied.
Therefore, the development of effective spacer
fluids for cementing wells drilled with oil-based
drilling fluids, based on studying the mechanisms
of interaction between the hydrocarbon components
of the drilling fluid and both the formation and cas-
ing surfaces, as well as investigating the cleaning
and filter-cake removal capabilities of the developed
spacer systems, represents a novel research direc-
tion.

However, reservoir contamination remains a signif-
icant concern. For example, the study of reservoir

permeability recovery after interaction with mixtures
of technological fluids is very important during pri-
mary cementing. Primary cementing is the process
of placing cement slurry in the annular space bet-
ween the casing and the wellbore wall. After place-
ment, the cement slurry hardens into a solid cement
sheath that prevents migration of formation fluids
and provides reliable zonal isolation. Therefore, pri-
mary cementing is a critically important stage in well
construction, as there is typically only one opportuni-
ty to perform this operation successfully [23].

High-quality well cementing, particularly during well
completion, is critically important, since in addition
to ensuring reliable wellbore isolation it is also nec-
essary to prevent contamination of the productive
formation. Reservoir contamination refers to the se-
quential invasion of technological fluids such
as drilling fluids, spacer fluids, and cement slur-
ries into the formation. Many researchers indicate
that drilling fluids are the primary type of techno-
logical fluid responsible for reservoir contamina-
tion and have the most significant negative impact
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on the filtration and reservoir properties of produc-
tive formations [24]. However, it should also be not-
ed that the fluid loss of cement slurries could be up
to ten times greater than that of drilling fluids [25, 26].
The filtrate of cement slurry can penetrate
into the productive formation to depths of up to 10
meters. Consequently, cement slurry filtrate can af-
fect not only the efficiency of subsequent operations
such as well perforation and well clean-up, but also
the overall well productivity. For example, earlier
studies conducted by N.Kh. Karimov and F.A. Ag-
zamov on core samples demonstrated that the per-
meability recovery coefficient of the cores did not
exceed 60% [25, 26].

Undoubtedly, the productive formation may also
be damaged during secondary reservoir expo-
sure due to the contaminating effects of filtrates
from perforation fluids [24—27]. However, reduc-
ing the impact of cement slurry filtrate on reservoir
contamination is also important for several reasons.
The fluid loss of cement slurries is generally high-
er than that of drilling fluids, and the filtrate of ce-
ment slurry can significantly affect the permeability
of the near-wellbore zone as well as the effective-
ness of secondary reservoir exposure operations.
The main causes of reservoir impairment are consid-
ered to be the following [24, 28]:

— swelling of clay particles;

— formation of emulsions;

— high interfacial tension at the filtrate—formation
fluid interface;

— chemical interactions between the filtrate and for-
mation fluids, as well as between different filtrates.
The latter leads to pore plugging in reservoir rocks
as a result of the supersaturation of formation
water with salts originating from the filtrate [29],
as well as to changes in rheological properties. Pore
blockage may also occur due to the penetration
of solid particles from the cement slurry into the pore
space [29]. In addition, cement slurries may contain
insoluble salts such as CaCO; and CaSO,. Ce-
ment slurries typically exhibit a higher pH compared
with drilling fluids. Under such conditions, clay
and other fine rock particles may detach from
the formation matrix and migrate through the res-
ervoir, potentially causing pore plugging [30].
This phenomenon may influence experimental re-
sults, which necessitates the use of core samples
that have been pre-cleaned of clay particles. Areview
of the literature shows that many researchers have
conducted experiments in this area [28—-30]. Howev-
er, the relevance and necessity of further investiga-
tion are increasing due to the fact that modern cement
slurry formulations include a wide range of additives
such as expanding agents, plasticizers, accelera-
tors and retarders, fluid-loss reducers, defoamers,
anti-settling additives for lightweight materials, fibers,
and other chemical reagents that serve as regulators
of technological properties [30]. Nevertheless, many
developed cement slurry systems also exhibit unde-
sirable effects that may lead to contamination of pro-
ductive formations.
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In field practice, various technologies are applied
to reduce or prevent contamination of the near-well-
bore zone of the reservoir, such as underbalanced
drilling and the use of oil-based drilling fluids. Howev-
er, underbalanced drilling is a relatively complex pro-
cess to implement, and well cementing operations
are still performed using conventional methods.
The use of oil-based drilling fluids is considered
a less damaging technology for reservoir protec-
tion; however, their high cost, increased operational
risks, and other factors impose certain limitations
on their application [28]. Therefore, it is necessary
to take into account the composition and compati-
bility of technological fluids with formation water
and the reservoir rock of productive formations.

Results

The analysis of the literature demonstrated that buf-
fer fluids play a key role in ensuring an effective tran-
sition from drilling fluids to completion fluids during
the exposure of productive formations.

Based on the above-mentioned materials, it can be
concluded that the improvement of spacer fluids
should be guided by several key criteria [12] (Fig. 3):
— compatibility of the spacer fluid with various drilling
fluids;

— compatibility of the spacer fluid with different ce-
ment slurries;

— complete displacement of drilling fluids and en-
suring tight contact between the cement sheath
and the confining surface;

— tolerance to variations in cement slurry density;

— adaptability to different temperatures and pres-
sures;

— ease of preparation under drilling conditions;

— low fluid loss;

— stability of rheological properties [22];

— pumping rate and contact time [22];

— spacer fluid volume [22].

The relevance of studying spacer fluids for wells
drilled with invert emulsion drilling fluids and their
relationship with reservoir contamination lies
in the possibility of utilizing the anomalous behavior
of dispersed systems to prevent filtrate penetration
into productive formations. This involves identifying
non-Newtonian and filtration anomalies of filtrates
from drilling, spacer, and cementing fluids in porous
media containing microscale channels, with the aim
of limiting fluid loss and predicting contamination
of the near-wellbore zone of productive formations.
Such studies are based on investigating the mecha-
nisms of interaction between filtrates of technologi-
cal fluids, rock-forming minerals, and polymeric re-
agents, as well as examining the conditions of filtrate
flow through pores of different sizes. In addition, pre-
dictive evaluation of the depth of filtrate penetration
into rocks with different permeability characteristics
is performed.

Conclusion
The conducted analysis of the literature demonstrat-
ed that one of the principal pathways for fluid leakage
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along the wellbore is the formation of gaps between
the cement sheath and the confining surfaces, which
may subsequently lead to loss of zonal isolation
and deterioration of well performance. In this regard,
particular importance should be placed on proper
wellbore conditioning and the effective displacement
of drilling fluids prior to cementing.

It was established that, when evaluating the com-
patibility of process fluids, it is necessary to consid-
er not only their macroscopic interactions but also
the compatibility of their filtrates. The formation of in-
soluble precipitates and emulsions in the near-well-
bore region can result in pore plugging and a reduc-
tion in the permeability of the productive formation.
The analysis further showed that the onset of ce-
ment slurry losses is, in most cases, associated
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OerMHaanoe unccnegosaHue

AHanun3 acppeKkTMBHOCTU NPUMEHEHUS NOBEPXHOCTHO-aKTUBHbIX
BelLleCcTB B MeToAax yBennyeHust Hedpreotaaum HedpTAHbIX NJlacToB

B.I. PaxweTr
KasaxcmaHcko-bpumaHcKkul mexHudeckul yHusepcumem, . AiiMamsl, KazaxcmaH

AHHOTALINA

O6ocHoBaHMe. TpaguMUMOHHOE BOAO3aBOAHEHME HeTAHbIX MecTopoXaeHun obecneunBaeT
Ko3a(hULUMEHT un3BNeveHuss Hedtn He Gonee 35-40%, OCTaBnsAst 3HAYMTENbHYO [OMKO 3anacos
Hed TN B NMOPOBOM MPOCTPAHCTBE KOMNMeKTopa, yaepXusaemon KanumnsapHeiMv cunamu. NpumeHeHve
XMMMUYECKNX METOAOB YBeNnuyeHWs HedTeoTaadu, B YacTtHocT, ASP-zaBogHeHuns sBnsetcs
NepcrnekTVBHLIM HamnpaBneHnem [Ans OOLEKTOB C BbICOKOBA3KOM HedTbi, rae TpaauumoHHOe
BOJO3aBOAHEHME XapaKTepusyeTcs KpaiHe HebnaronpusaTHbIM — COOTHOLUEHMEM  MOOBWMbHOCTEN
BbITECHSIOLLEro areHTa u HedpTu.

Lenb. Cuctematnyeckas nabopatopHas oueHka acpdekTnBHoCcTM ASP-3aBogHEHMS NPUMEHUTENBHO
K YCNOBWSAIM NPOAYKTMBHbIX FOPU3OHTOB MecTopoxaeHus X (3anagHbiii KazaxcTtaH) Ha OCHOBE pearnbHbIX
06pasuoB kepHa ¢ pa3paboTKoi pekoMeHAauMi No oNTUMU3aUnK peLenTypbl XMMUYECKO OTOPOYKN.
Matepuanbl M Metoabl. [lpu npoBegeHun uWCCrefoBaHUs ObiMM MPUMEHeHbl Takve MeToabl,
KaKk BXOAHOW KOHTPOMb KayecTBa KOMMepYeckux o0O6pasuoB MOBEPXHOCTHO-AKTUBHLIX BELLECTB,
UCMbITAHUSI HA COBMECTMMOCTb NpW OnNpeaenéHHON MNacToBoW TemnepaType B TeYeHWe 3agaHHOro
BPEMEHW, CKPUHUHT ha3oBOro noBegeHns cuctem naypuncynb@ar / rmapokcua HaTpus ¢ HedpTbio ABYX
rOPU30HTOB, hUNBTPALMOHHBIE SKCNEPUMEHTLI Ha NabopaTtopHon ycTaHoBke PLS-200.

PesynbraTtbl. ASP-3aBogHeHue ¢ peuentypon 0,02% naypuncynbdarta Hatpusa + 0,6-0,8% NaOH +
2500-3000 ppm rMgponM3oBaHHOIO MNonuMakpunammuga obecnevmBaeT nNPUPOCT  KoadpuumeHTa
n3eneveHusa Hedptn 19,0-19,2% pna menoBoro ropmsoHTa (MTOroBbIM kKO3adbpuumeHT 68,5-68,9%)
n 17,7% [Ana topckoro ropu3oHTa Mpu KOHLEHTpauuuM rMaponu3oBaHHoro nonvakpunamvga 3000
ppm. KoHuUeHTpaums sBAseTcs pelualolmm napameTpom: eé HeCOOTBETCTBME YCIOBUIO COOTHOLLEHUS
MobunbHocTel (< 1,0) cHkaeT NPUPOCT ko3 ULIMEHTa NOYTH BABOE.

3aknioueHne. ASP-3aBogHeHME MOKa3ano BbICOKYH 3EEKTUBHOCTb Ans 000MX TOPU3OHTOB
npu npaeunbHO nogobpaHHbIX napametpax. OnTumanbHas peuenTypa obocHOBaHa Kak Haunydwee
COOTHOLLIEHME NpupocTa kKoadpdurumeHTa n3BneveHns HedTn 1 CTOUMOCTU peareHToB.

Knro4veeble  crioea:  M08epXHOCMHO-aKmMuUeHble — eeujecmea,  ysenu4yeHue  Heghmeomaoayu,
ASP-3ag800HeHUe, Mexcha3HOe HamsKeHue, KoaghhuyueHm u3erneqyeHuUss Hegmu, 6bICOKOB8S3Kasi
Hegbmb, 2udponu308aHHbIU rnonuakpunamud, huibmpayUoOHHbIE UCC/Ie008aHUS.

Kak uumtupoBatb:

Paxvem bB.I[T AHanu3 3d{EeKTUBHOCTU NPUMEHEHMS MNOBEPXHOCTHO-aKTMBHbBIX BELeCTB B MeTodax
yBenuyeHns HedTeoTAaum HedTAHbIX NnacToB // BecTHuk HedTerazosol otpacnu KasaxcraHa. 2026. Tom 8,
Ne2. C. 27-35. DOI: 10.54859/kjogi108999.

© Paxmer B.I",, 2026 Jlunensus CC BY-NC-ND 4.0

27


https://doi.org/10.54859/kjogi108999
https://doi.org/10.54859/kjogi108999
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru

Kazakhstan journal for oil & gas industry 2026,8(2):27-35

UDC 622.276.6
CSCSTI 38.57.29

DOI: 10.54859/kjogi108999

Received: 15.05.2026.
Accepted: 08.06.2026.
Published: 30.06.2026.

Original article

Analysis of the Effectiveness of Surfactant Application in Enhanced
Oil Recovery Methods

Birzhan G. Rakhmet
Kazakh-British Technical University, Almaty, Kazakhstan

ABSTRACT

Background: Conventional waterflooding typically achieves an oil recovery factor of no more
than 35-40%, leaving a significant portion of the oil in place within the pore space of the reservoir rock,
where it is retained by capillary forces. The application of chemical enhanced oil recovery methods,
particularly Alkaline—Surfactant—Polymer (ASP) flooding, is a promising approach for high-viscosity oil
reservoirs, where conventional waterflooding is characterized by a highly unfavorable mobility ratio
between the displacing fluid and the oil.

Aim: Systematic laboratory evaluation of ASP flooding effectiveness for the productive horizons of Field
X (Western Kazakhstan),, based on real core samples from borehole K-2524, with the development
development of recommendations for optimising the chemical slug formulation.

Materials and Methods: The study employed methods such as incoming quality control of commercial
surfactant samples, compatibility testing at a specified reservoir temperature over a defined period,
phase behaviour screening of lauryl sulfate / sodium hydroxide systems with crude oil from two horizons,
and filtration experiments conducted using the PLS-200 petrophysical laboratory setup.

Results: ASP flooding with 0.02% sodium dodecyl sulfate (SDS) + 0.6-0.8% NaOH + 2,500-3,000 ppm
hydrolyzed polyacrylamide (HPAM) achieved an incremental oil recovery factor of 19.0-19.2%
for the Cretaceous chalk horizon (total RF of 68.5-68.9%) and 17.7% for the Jurassic horizon
at 3,000 ppm HPAM. The HPAM concentration is a critical design parameter: deviation from the required
mobility ratio condition (M < 1.0) reduces the incremental oil recovery by nearly half.

Conclusion: ASP flooding demonstrated high efficiency for both horizons when the formulation para-
meters were properly optimized. The optimal formulation (0.02% SDS + 0.8% NaOH + 2,500 ppm HPAM)
is recommended as providing the best balance between incremental oil recovery factor and reagent cost.
Keywords: surfactants; increased oil recovery; ASP flooding; interfacial tension; oil recovery factor; high-
viscosity oil; hydrolyzed polyacrylamide; core flooding studies.
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TynHycka 3epTTey

MyHan kabGaTtTapbiH MyHau 6epyai ynfanty agictepiHae 6eTTik
O6ernceHpi 3aTTapabl KonaaHy TUiMAInNiriH Tangay

B.Il. PakmeT
KasakcmaH-bpuma+ mexHukanbik yHugepcumemi, Arimamel kanacel, KasakcmaH

AHOATNA

Herizaey. MyHali keH opblHAa@pbIH ASCTYPNi Cy akfay aAaicimeH nrepy kesiHae MyHanabl any KoadduumneHTi
35-40%-gaH acnamgbl, an MyHal KOpblHbIH egdyip ©Geniri KONNekTopAblH KeyeKTi KeHicTirinae
KanunnsiprblK - KyLWTepaiH ocepiHeH ycTanbin kanbin Kosiabl. MyHalh KaiTapbiMblH - apTTbipyablH
XUMUANbIK 8AicTepiH, atan anTkaHga ASP-cy arigay TEXHOMOrMACHIH KONgaHy XKOfFapbl TYTKbIp MyHaw
KEeHiLWTepi yWiH nepcnekTuBanbl 6arblT 6onbin Tabbinagel, eWTKEHI MyHaaw obbekTinepae 4acTypni cy
alijay bIFbICTbIPYLbI areHT NeH MyHaWablH KO3FanfbllUThIKTApbiHbIH apakaTblHACbIHbIH, ©6Te KOMnamnchl3
6onybIMeH cunatTanagbl.

MakcaTbl. XUMUANbIK XXUEKTIH, peLenTypacbiH OHTannaHabIpy 60MbiHWA YCbiHBIMAAP 83ipren oTbIpbi,
HaKTbl KepH ynrinepiHiH Herisinge X KeH OpHblHbIH (BaTbic KasakcTaH) eHiMAi ropm3oHTTapbIHbIH
XargannapblHa katbicTbl ASP-cy agay TviMainirid xyreni aeptxaHanblk 6aranay.

Martepunanpap MeH apictep. 3eptrey OapbicbiHaa 0eTTik GenceHai 3atTapgblH KOMMEPLUSAMbIK
ynrinepiHiH, canacblH Kipic 6akbinay, Genrini 6ip kabat TemnepartypacbiHAa GepinreH yakbIT iwiHAe
yinecimainik cblHaKkTapbl, €Ki KeKKUEKTIH MyHalhbIMEH HaTpuin naypun cynbgatbl / rmapokcugi
XyrenepiHiv,  dasanblk  MiHe3-KynkblH  CKpuHWHL,  PLS-200 neTpodmankanblk — 3epTxaHanbik
KOHABIPFbICbIHAA CY3Yy SKCMEePUMEHTTEPI CUSIKTbI 9AiCTEep KONAaHbINabl.

Hoatuxenepi. KypambiHaa 0,02% Hatpuin naypuncynedatbl, 0,6-0,8% NaOH xsHe 2500-3000 ppm
rmaponusgeHreH nonuakpunamug 6ap ASP-cy angay TexHonorusicel 60prbl ropu3oHT YLWiH MyHan any
koappumumeHTiHiH, 19,0-19,2%-Fa apTyblH KamTamachbI3 etefi (KopbITbIHAbI MyHaw any KoadULMEHTI —
68,5-68,9%), an rmgponusgeHreH nonuakpunamug kKoHueHtpauusicel 3000 ppm 6onfaH xarganga
topa ropu3oHTbl YLiH 6yn kepceTkiw 17,7%-Abl Kypanabl. KoHueHTpaums wewywi napametp 6onbin
Tabbinagbl: OHbIH YTKbIPbIK KO3 MULMEHTIHIH WwapTbiHa cankec kenmeyi (£1,0) k0ahDULIMEHTTIH, eCyiH
€Ki ecere asanTtagpl.

KopbITbiHAbI. ASP-cy angay TexHONMOrusicbl eki ropuM3oHT YLiH Ae napameTpriepi AypbiC TaHaanfaH
Xarganaa xoFapbl TMIMAINIK kepceTTi. OHTannbl peuentypa MyHan any KoaddULUMEHTIHIH, apTybl MeH
peareHTTep KyHbl apacblHAafbl €H TMiMAI apakaTbiHaC peTiHae Herisgenrex.

Hezizzi ce3dep: 6emmik 6enceH0i 3ammap, myHal 6epydi apmmbipy, ASP-cy aliday, ¢hazaaparibik
Kepiny, MyHal any KoaghghuyueHmi, mymekbipribifbl XOFapbl MyHal, 2u0ponu3deHeeH rnonuakpunamuo,
cysy sepmmeynepi.

Manekco3 KenTipy yLWiH:

Pakmem b.I. MyHaw kabattapbiH MyHan Gepydi ynFanty agictepinae 6etTik 6encengi 3attapabl KongaHy
TviMainirin Tangay // KasakcTaHHblH MyHai-ra3 canacbliHblH, xabapuwbicbl. 2026. 8 Tom, Ne2. 27-35 6.
DOI: 10.54859/kjogi108999.
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BBeneHune

CHmKeHWe HedpTeoTAauM Ha NO3AHMX CTaaMsX
pa3paboTkn HedTAHbIX MECTOPOXAEHU SBMSETCH
opfHov u3 Hanbornee ocTpbix NpobnemM HedTerasoBom
oTpacnu. KoadduumeHT unsBneveHns Hedtn (aa-
nee — K/VH) npu TpaguunoHHOM BOA403aBOOHEHUN,
Kak npasuno, He npesbiwaet 35-40% OT HayYanbHbIX
reonorm4ecknx 3anacos [1-5], 4To o3Ha4aeT 3Hauu-
TenbHbIN 06BEM OCTATOMHON HEQDTU, YOEPKMBaEMOW
KanunnspHeIMW cUnamn B NOPOBOM MPOCTPaHCTBE
konnektopa. [pumeHeHMe NOBEPXHOCTHO-aKTWB-
HbIX BellecTB (aanee — [MAB) B pamKax XMUYeCKnxX
METOAOB yBenuyeHus Hedteotaaumn, unm Chemical
EOR (anen. Enhanced Oil Recovery) nossonser
CHWXaTb MexdasHoe HaTskeHue (ganee — MOH)
Ha rpaHvue pasgena HedpTb—BoAa A0 YNbTPaHU3-
KX 3HAYEHUIA 1 U3MEHATb CMaynBaeMoCTb Nopoabl,
Tem cambiM MOBMMM3yst OCTaToOuHYyH0 HedTh [6, 7].

Ocobylo akTyanbHOCTb [JdaHHasd npobnema
npuobpeTtaer Ana mectopoxgeHu 3anagHoro Ka-
3axcTaHa C BbICOKOBA3KUMU HedTAMM, roe Tpaau-
LIMOHHOE BOL,03aBOAHEHWE XapaKTepuayeTcs KpanHe
HebnaronpusaTHLIM COOTHOLLUEHMEM MOBUNbLHOCTEN
M (M = Ap / Ao, rae Ap — MOBUINBHOCTb BbITECHSIIOLLE-
ro areHta, Ao — MobunbHocTb HedTU). B nogobHbIX
ycnosusx  wernoyHo-NAB-nonumepHoe, wnnu ASP
(aHven. Alkaline-Surfactant-Polymer), 3aBogHeHve
npeacraensger cobor Hambonee nepCrneKTUBHBIN
BapuaHT Chemical EOR [8, 9]: wéno4yb reHepupyet
npupogHbIv ko-MNMAB 13 opraHnyeckux KUCnoT HedTn
1 nogaensieT agcopbuuto cuHtetndeckoro MNAB; MNAB
cHwkaeT MOH g0 ynbTpaHM3kux 3Ha4YeHuIn; nonuvep
obecneunBaer 6GnaronpusTHOE COOTHOLUEHWE MO-
OunbHOCTEN U BbipaBHMBaHWE (PpPOHTa 3aKayku.

Llenb HacToswen pabotbl — cuctematu-
yeckas nabopatopHas oueHka 3dPEKTUBHOCTU
ASP-3aBogHEHUs NPUMEHNTENBHO K YCOBUAM Nina-
cTtoB MecTopoxaeHuns X (3anagHein KasaxcraH),
BKMIOYaloLLAsi BXOAHOW KOHTPOMb peareHToB, WC-
NbITAHUS COBMECTUMOCTW MpW MIacToBOW Temne-
paTtype, TecTbl (0a30BOro NoBeAeHNs 1 punbTpaLm-
OHHblE 3KCMEPUMEHTbI Ha KEPHOBBIX MOAENSIX ABYX
NPOOYKTUBHbIX TOPU3OHTOB.

MaTtepuansi u metoabl

MecTtopoxaeHne X pacrionoxeHo B 3anag-
HoMm KaszaxctaHe u BKMo4aer OBa NMPOAYKTUBHbIX
rOPU3OHTa, WCCREeAoBaHHbIX B HacToslen pabo-
Te. MenoBoW ropusoHT M-Il 3aneraet Ha rny6uHe
258-261 m npu nnactosol Temnepatype 19,7°C;

BSI3KOCTb HedTn coctasnset 407,4 mlla-c, 4yto co-
OTBETCTBYET KaTeropmm BbICOKOBSA3KOW HedTu. HOp-
ckuii ropnsoHT J-1V 3aneraet Ha rmy6uHe 496—498 m
npy nnactoBon Temnepatype 29,3°C; BA3KOCTb
HedTM — 66,1 MlMa-c.

Bce naGopatopHble wuccnegoBaHus  Bbl-
norHeHbl Ha obpasuax kepHa W  cnonaos
13 ckBaxwuHbl K-2524 mectopoxgeHua X. Ons me-
nosoro ropmsoHta M-Il ucnonb3oBaHbl HackIn-
Hble (PEKOMOWHMPOBAHHbIE) KEpPHOBbIE MOAEMNU
13 paspyLleHHOro KepHa, oTobpaHHoro c rry6uH
258,75-260,65 ™M; ons topckoro ropusoHta J-IV —
BbIGYpEHHbIE LMMUMHOPUYECKME Mnary AuameTpoMm
38 MM, oTo6paHHble ¢ rmy6uH 496,8—497,25 m.

CKpPWHWMHIOBOE  MCCMEAoBaHWEe  OXBaTblBa-
no wectb obpasuoB [MAB koMMepYecKnx Mapok,
o6o3HaveHHbIX kak C-7, C-10, C-13, C-14, C-16 n
C-18. Llenb CKpyvHUHra — Ha OCHOBaHUW BXOAHOMO
KOHTPONS Ka4yecTBa U WCMbITaHWA COBMECTUMOCTU
npyv NnacToBbIX YCNOBUSX OTOGpaTh peareHThl,
npurogHble Ans NPUMEHEHUs] Ha MECTOPOXAEHWUU
X, a Takke onpegenuTb onTuUmarnbHbi knacc NAB
Ans nocneayrowmx uUnsTpaunoHHbIX 3KCNEpPUMEH-
TOB.

B kayecTBe OCHOBHOIO peareHTa Ansi unsTpa-
LIMOHHbIX 3KCMEPUMEHTOB Ha OCHOBAHWW PE3YnbTaToB
CKPVHUMHra ucnonb3oBarncs naypuncynbsdar HaTpus,
unn SDS (aHen. Sodium Dodecyl Sulphate), — aHu-
oHHbI [AB knacca ankuncynbdatoB. Beibop SDS
KaK MoAenbHOro CcoeauHeHust 0BOCHOBaH TeM,
4YTO MMEHHO peareHTbl JaHHOro Knacca (ankuncyrnb-
haTbl) NPOAEMOHCTPUPOBANU HaWUMYYLLYHO COBMECTU-
MOCTb C MnacToBbIMM (roMaaMn MeCTOPOXAEHUS
X npu nnactoson Temnepatype 71,3°C. B kayectBe
LLleNoYHOro areHTa npumeHsncs egkui Hatp (NaOH
TexHu4eckun, 96%); NoNMMeEpHLIN peareHT — rmMapo-
nM30BaHHbIN nonuakpunamug FloPaam 5205 VHM'
npu koHueHTpaumax 2000, 2500 n 3000 ppm.

Bce 06pa3Lbl NpoLLv 3KCTpaKUMIo Ha annapare
Cokcneta? (cMecb cnpTobGeH3ona v Toryona), CyLUKy
npu 60-90°C, onpegeneHne nopuctoctu (renveBbin
noposumeTtp ULTRA-PORE 300°) 1 razonpoHuLaemo-
cTun (asor, npubop ULTRA-PERM 600%). dunamyeckue
XapaKTepUCTUKN Moaenen NnpueBeaeHs! B Tabn. 1.

BxofHoM KOHTponb MpoBoAwricst Mo criegyto-
WMMm nokasartensm: BHelwHuin Bug (FOCT 25336%);
nnotHoctb npu 20°C (FTOCT 3900-85°); knHematu-
Yyeckas BsiskocTb npu 20°C (FOCT 31391-20097);
Temnepartypa 3acTbiBaHus (FTOCT 20287-918, metop
B); kncnotHoe yncno, mr KOH/r; pH 10%-ro BogHoro

" FloPaam 5205 VHM — 370 BbICOKOMOMNEKYMSPHbIA CUHTETUYECKUIA NoNMMep (MOPOLLIOK U FpaHyrbl) Ha OCHOBE comnonMmepa
akpunamuga u akpunammao-TpeTbyTnnoBom cynbOoKUCIOThI, BbiMyckaeMbli dpaHLy3ckon komnannen SNF, dpaHuums.

2 Qkctpaktop Cokcneta (annapat Cokcneta) — npu6op ANst HENpepbIBHOW 3KCTPaKUMM TPYAHOPaCTBOPUMbLIX TBEPAbIX
BeLLEeCTB 13 TBEPAbIX MaTepuanos. Bnepsble npeanoxeH B 1879 r. Hemeukum arpoxvmukom PpaHuem ¢oH Cokcnetom.

3 Tenvesbin nopoaumeTp ULTRA-PORE 300 — ato cneumanuaupoBaHHasi nabopaTopHasi ycTaHoBKa, npedHasHadYeHHast
NSt BBICOKOTOYHOTO M3MepeHnst 06bEéma nop, 3epéH 1 onpeaerneHns oTKPbLITON NOPUCTOCTU 06pa3sLIOB KepHa ropHbIX Nopoa
rasoBosnomMeTpuyeckum Metogom. Mpomnssogutens Core Lab, CLUA.

4 ULTRA-PERM 600 — 3TO BbICOKOTOYHbIA CTaLUMOHapHbLIA ra3oBbli nepmeametp UltraPerm Gas Permeameter,
npefHasHa4YeHHbIV AN aBTOMaTUYeCKOro n3MepeHunst KoaduLMeHTa rasonpoHnLaeMocT 06pasLIoB KepHa ropHbIX Nopog.
Mpounssogutens Core Lab, CLA.

5 TOCT 25336-82 «[Mocyna n obopynoBaHue nabopaTopHble CTEKNSHHbIE. TUMbl, OCHOBHbIE NapaMeTpbl U pa3MepbI»

8 FOCT 3900-85 «HedTb 1 HedTenpoaykTbl. MeToab! onpeneneHust NIoTHOCTU»

7 TOCT 31391-2009 «HedbtenpoaykTbl. Npo3payHble M Henpo3padHble XuakocTu. MeToad onpeneneHust KMHemMaTU4Yeckom
BSI3KOCTU U pacyeT AMHaMUYECKON BA3KOCTUY

8OCT 20287-91 «HedTenpoaykTbl. MeToabl onpeaeneHns Temnepatyp TEKYy4eCTU U 3acTbIBaHUS»
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Tom 8, Ne 2 (2026)

BectHuk Hedrera3osoii orpacin Kasaxcrana

pactBopa. [lonyyeHHble 3Ha4yeHuUs cpaBHUBANUCb
C MacnopTHbIMK AaHHbIMKU npousBoguTens. Obpas-
Libl, H& COOTBETCTBYIOLLME NAcNOPTHbLIM AAHHbIM, UC-
KNoYanueb 13 ganbHenwmnx NcrblTaHni, NOCKONbKY
npPUMEHeHMe peareHToB C HENOATBEPXAEHHBLIMU
XapaKTepUCTUKaMU HEe NO3BONSET KOPPEKTHO UHTEP-
npeTupoBaTtb pe3ynsTaTtbhl NabopaTopHbIX 3KCnepwu-
MEHTOB.

Tabnuua 1. CtaHgapTHble hu3nyeckme cBomcTBa
KepPHOBbIX MoAernen, ckBaxxnHa K-2524,
mecTopoxaeHue X
Table 1. Standard Physical Properties
of Core Models, Well K-2524, Field X

Moa.1 | Moa. 2 Moa. 3 Moga. 4
NapameTp (Men) (Men) (lOpa) (FOpa)
Parameter Model 1 [ Model 2 | Model 3 Model 4
(Chalk) | (Chalk) | (Jurassic) | (Jurassic)
ropy3oHT (VAT (VAT Jv Jv
Horizon
[nyGuka, 25875 | 26065 | 4968 497,25
Depth, m
na, om 5,85 573 5,86 5,98
Length, cm
= = S
Moposeiit o6wém, cv® | 54 69 | 2407 | 21,52 21,52
Pore volume, cm?
g

Mopucrocte, % 36,76 | 36,85 32,26 33,68
Porosity, %
FasonpoH1uaemMocTb
no asory, wil 1460 | 1300 92,3 127,7
Nitrogen gas
lpermeability, mD

CoBmecTMocTb obpasuos MNAB, npoweaLmx
BXOAHOW KOHTPOMb, C MNNacTtoBOW BOAOW MeCTO-
poxaeHuns X oueHunBanach Npu AByx Temnepartypax:
25°C (komHaTHas) u 71,3°C (nnactoBasi). Pabouve
BoaHble pacTBopbl [MAB cmewmBanvcb ¢ npobamu
NPOMBICIIOBBIX BOA U BblAEPXMBANUCL 72 4 C BU3Y-
anbHOM oLeHKon n dotodukcaumen yepes 0, 2, 5,
20, 24,48 n 72 u.

PactBopbl SDS/NaOH pasnuyHbiX KOHLEH-
TpauuMn cmelumBanucb ¢ HedTbio ropn3oHToB M-I|
n J-1V B cooTHOLWweHnM 1:1 (no 06bEMY) B 3anasiHHbIX
npobupkax 1 BbliAepXUBanNucb 24 4 ¢ BU3yanbHON
OLeHKoW ha3oBOro paccrioeHusi, ocagkoobpasoBa-
HUS 1 xapakTtepa mexdasHou NnéHkn. [na meno-
BOrO FOPM30HTA UCTbITLIBANUCH YeTbIpe peLenTypbl,
NS lOPCKOro — TpU peLenTypbl.

OKCnepyMeHTbl  NPOBOAUNNCL Ha cucTeme
PLS-200° ¢ 4eTbipbMsl rMAPOCTaTUYECKUMU KEPHO-
Aepxatenamuv npy nnactoBon TeMnepaType Kaxaoro
ropu3oHTa B criegytoLlei nocnegosartensHoctu: (1)
HacblLLeHe Bogon — onpegenexne abcomntoTHOM Bo-
[ONPOHMLLAEMOCTH; (2) BbITeCHEHNE HedTbio A0 Ha-
YanbHON BoAoOHAacChIWEHHOCTY; (3) Bogo3aBOAHEHNE
0o o6BogHEHHOCTN 95-99%; (4) 3akauka wenoum /
MAB-oTtopouku (1,0-1,5 noposoin 06bEM); (5) 3a-

Kayka MONMMMEpPHOro pacTBopa MMApPONM30BaHHOIO

nonvakpunamuga (ganee — [MTIAA); (6) pnosogHe-

Hue fo ctabunusaunn. KoaddpurumeHT BbITECHEHUS
Hed TV paccumTaH no dopmyne (1):

B =Vu/Vuaun x 100% (1)

rae B — Ko3dMUUNEHT BbITECHEHUS HedTH,

%; VH — 0ObEM M3BMEYEHHOWU HeTU, CM>; VHau.H —
HavanbHbIi 06BEM HedTU B 06pasLe, cm>.

dakTop conpotuBneHuns Rf, a Takke ocTa-
TOYHBIN aKTOp CONPOTUBNEHUS Rrf paccyuTaHbl
no cnepytowmm popmynam (2-3):

Rf=AB/An
Rrf= s, no/As, nocne

)
(©)

roe As, 1o — MOBMNBHOCTb BOAbl A0 3aKauku
nonumepa, mA/(mMa-c); As, mocie — MOBUNBHOCTb
BOAbl Mocrne 3akauyku nonumepa, mA/(mMa-c); An —
MOBUNBHOCTL NonMMepHoro pacteopa, mA/(mMa-c).

Pe3ynbTaTbl

AHanus nnactoBbIX Boa MecTopoxaeHna X

Mpo6bl NnacToBow BoAbl oTOUpanuce ¢ bnoy-
HOW KYCTOBOW HacocHoW cTaHuum (ganee — BKHC)
MecTopoXaeHust X B TPEX KaMnaHusX (anpenb-mioHb
2019 r.) u aHanM3MpoBanucb MO KaTUMOHHO-aHWOH-
HoMy cocTaBy, pH, cogepxaHuio xenesa cornacHo
FOCT 26449.1-85" n MOCT 23268.11-78". OcHos-
Hble pe3ynbTaTbl NpUBEAEHbI B Tabn. 2.

Ta6nuua 2. PU3nko-xuMmmyeckne CBoMCTea
nnacToBoi BoAbl MecTopoxaeHus X,
anpenb-uoHb 2019 1.

Table 2. Physicochemical Properties
of Formation Water, Field X, April-June 2019

Mokasartenb Anpenb Maw UoHb
Indicator April May June

MnotHocTe npu 20°C, r/cm®
Density at 20°C, glem? 1,0008 1,0009 1,0009
Oﬁmaﬂ_MMHe_panmaaum, mr/n 1992 2197 2088
Total mineralization, mg/L
HCO;~, mr/n/ mg/l 98 183 171
SO,*, mr/n / mg/l 625 651 579
CI~, mr/n / mg/l 662 713 713
Ca?*, mr/n / mg/l 200 281 261
Mg?*, mr/n / mg/l 146 170 158
O6LLas KECTKOCTb, Mr-3KB/n
Total hardness, meq/L 22 28 2%
Fe3*, mr/n / mg/l 0,98 2,24 1,4
pH 6,95 7,52 7,38
Tvun BoAk! (Mo Cynuy)™2 X " "
\Water type (Sulin classification) Cl-Mg Cl-Mg Cl-Mg

9 MeTpodunanyeckasi nabopatopHasi cuctema PLS-200 —cneunanmanmpoBaHHbIi nabopaTopHbIA KOMNIEKE ANns pusnyeckoro
MOJENVPOBaHUSA NPOLIECCOB, NMPOUCXOASALMX B NacTe, U NPOBEAEHUS CIIOXHbLIX WCCNenoBaHWUi 06pasLOB ropHbIX NOPOA,.

Mpoussogutens Petrolabs Tech Limited, Core Lab, CLUA.

0 TOCT 26449.1-85 «YCTaHOBKM AUCTUMNSLMOHHbLIE OMNPECcHUTENbHbIe CTauMoHapHble. MeTodbl XMMMWYEecKoro aHanusa
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MnacToBble Boabl MECTOPOXAEHUSI X OTHOCAT-
CS1 K XNTOpMOHO-MarH1eBoMy Tny no knaccudukauum
CynuHa, ¢ MuHepanusauuen 1992—2197 mr/n v Hen-
TpanbHon peakuuen cpeabl (pH 6,95-7,52). Cym-
mapHoe cogepxaHue Ca?* u Mg?* (346—-451 mr/n)
He npeBblaeT KPUTUYECKOro nopora ocagkoobpa-
30BaHusa Ans aHuoHHbIX MAB (~500 mr/n), 4to uc-
KntoyaeT HeobXoAMMOCTb NpPenBaPUTENIbHOMO YMST-
YeHWs 3akayMBaemon Boabl M OGnaronpusATCTByeT
nNpUMEHeHMIo naypuncynedara HaTpus.

BxoaHoW KOHTpPOMb KayecTBa peareHToB
U3 wecTn ncnbitaHHbIX 06pasuos NAB veTbipe —
C-7,C-10, C-14 n C-16 — cooTBeTCTBOBaNM NacnopT-

HbIM JaHHbIM NPOV3BOAMTENS MO BCEM KOHTPONUPY-
eMbIM nokasartensM. [lsa obpasua He NpoLunv BXoa-
HOWM KOHTPOSb:

1) O6pasen, C-13: kMCNOTHOE 4MCNO coCTa-
Buno 1,77 mr KOH/r npu Hopme 90—120 mr KOH/r —
hakTMYeckuii cocTaB peareHTa He COOTBETCTBYET
3asiBMEHHOMY;

2) O6paszey C-18: puHamunuyeckass Bs3-
kocTb npu 25°C coctaBuna 2,54 mlla-c npn Hopme
2100 mMa-c, BHEWHWA BUAL — nopoLlukoobpasHas
CMeCb BMECTO MacIsIHUCTOM XUAKOCTU.

O6pasupl C-13 u C-18 ObINMM UCKMHOYEHBI
13 BCex nocrneayowmx UCnblTaHuin.

Ta6nuua 3. Pe3ynbTaThl BXOAHOIO KOHTPONA KayecTBa obpasuos MAB, npoueawnx KOHTponb
Table 3. Results of Incoming Quality Control of Surfactant (SAA) Samples Passed Control

KucnotHoe uucno, H 10%-ro CootBeTcTBME
O6pasey BHewHwuit Bug MnotHocTk, r/lcm® | BAskocTb, mlMa-c mr KOH/r P © nacnopty
N . i . pacTBopa ! .
Sample Appearance Density, g/cm?® Viscosity, mPa-s | Acid number, mg 5 . Compliance with
pH of 10% solution e
KOH/g specification
c.7 OpHopoaHast KNAKOCTH 0.875 185 052 6.8 cooTseTcTayet
Homogeneous liquid compliant
c-10 Becuaemqﬂ KABKOCTL 0.965 22.1 048 7 cooTseTcTayeT
Colorless liquid compliant
Benble xnonbs COOTBETCTBYET
C-14 White flakes 1,03 - 039 8.2 compliant
c-16 C_BeTno-menT_aﬂ_mmnkocrb 0,939 158 0,44 475 cooteeTCTByeT
Light yellow liquid compliant
Ta6nuua 4. Pe3ynbraTthl UCNbITaHUA Ha cOBMeCTMMOCTb npu 71,3°C (72 v)
Table 4. Compatibility Test Results at 71.3°C (72 h)
O6pasel 25°C / nnacTtoBas Boaa 71,3°C | nnactoBas BoAa 71,3°C / BKHC WToroBas oueHka
Sample 25°C / Formation water 71.3°C / Formation water 71.3°C/ BCPS Final assessment
c7 MyTHocTe 0-5 4, 3aTem npo3payHblii [[TnéHka xénTas, yctonumeas [[néHka dpuonetosas (HenpurogeH npu nnacToBon Temnepartype
Turbidity for 0-5 h, then transparent |Yellow film, stable Purple film Not suitable at reservoir temperature
Mpo3payHbin Mpo3payHbin Mpo3payHbin COBMECTUM, PEKOMEHO0BaH K MPUMEHEHWIO
C-10 .
Transparent Transparent Transparent Compatible, recommended for use
c-14 MpospayHsbiii (k 20 4) Mpo3payHbilii Mpo3payHbii COBMECTUM, PEKOMEHOBaH K MPUMEHEHWIO
Transparent (20 h) Transparent Transparent Compatible, recommended for use
Mpo3payHbin Mpo3payHbin Mpo3payHbin COBMECTUM, PEKOMEHIOBAH K MPUMEHEHWIO
C-16 L
 Transparent Transparent Transparent Compatible, recommended for use

Pe3synkTaTthl MCNbITaHWUA

Ha COBMeCTUMOCTb

UcnbitaHusa npu 25°C 1 npu nnactoBow Temne-
patype 71,3°C BbISBUNM NpUHUMNNANbLHOE pasnu-
yne B nosegeHun obpasuos. O6pasubl C-10, C-14
n C-16 octaBanuck Npo3pavHbiMu 6e3 0caaKoB B Te-
YeHWe Bcero 72-4acoBoro nepuopa HabniogeHus
npu obenx Temnepatypax Kak Cc NnacTtoBoW BOAOWM,
Tak u ¢ Bogon BKHC.

O6pasel C-7 npu 25°C B TeueHne NepsbixX 5 4
“Men MOMOYHBIA LBET, O4HAKO cTaHoBuncs Gonee
npo3payHbiM k 20-my yvacy. MNpu 71,3°C obpasey C-7
obpa3oBbiBan YCTOMYMBYIO XEMNTYH MMEHKY Ha Mo-
BEPXHOCTW pacTBOpa B KOHTaKTe C MiacToBOW BOAON
1 UorneToBYyIO MMEHKY B KOHTaKTe ¢ Bogon BKHC.

lMnactoBas Temnepartypa (71,3°C) saBng-
ertca pewanowmum  avddepeHumpyowmm  dakto-
pom npu otb6ope MAB no creayowym npuynHam.
Bo-nepBbIX, ¢ pocToM TemnepaTypbl MPOUCXOAUT
CMeLLEeHNe KPUTUYECKOW KOHLEHTpauun muuen-
noo6bpasoBaHusa (ganee — KKM) aHuoHHbIX [AB

3D e
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B CTOPOHY 606nbLIMX 3Ha4YeHun. Ecnn paboyas KoH-
LueHTpaumsa peareHta npu 25°C npesbiwaer KKM
(obecneumBasi  muUennsipHylo  conobunusaumio
HedTn), To Npu 71,3°C Ta xe KOHLEHTpaLus MOXeT
okasatbca Hwke KKM — muuennspHble CTPyKTypbl
paspywatorcsa, Monekynsl [MAB TepsAlT nosepx-
HOCTHYIO aKTUBHOCTb 1 06pa3yoT BUAMMbIE NNEHKN
1 ocagku. Bo-BTopbiX, Mpy MNOBbLILLEHHON Temnepa-
Type yckopsieTcs rmgponua nabunbHbIX yHKUKM-
oHanbHbIX rpynn monekyn MAB c obpasoBaHnem
NMOBEPXHOCTHO-HEAKTMBHBLIX MNPOAYKTOB Aerpaja-
umn. O6pasew, C-7 npeteprneBaeT UMEHHO Takoe U3-
MeHeHue: cTabunbHbIn Npu 25°C, OH NposiBNSET He-
obpatumyto hasoByo HecTabunbHocTb npu 71,3°C.
OueHka COBMECTMMOCTM MPU KOMHaTHON Temnepa-
Type SIBMSAETCA HeJoCTaTOMHON ANA KBanudukaummn
MAB-peareHTOB npu paspaboTke HePTSAHbIX MECTO-
poXaeHwr ¢ nnacToBow TemnepaTypon Bbiwe 60°C.

Takum obpasom, Ans NPUMEHeHUs Ha MecTo-
poxaeHun X npurogHel obpasubl C-10, C-14 n C-16
Knacca aHnoHHbIx MNAB (ankuncynedatel 1 6nmskme
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Nno CTPYKType coeduHeHus). VIMEHHO npuHagnex-
HOCTb K JaHHOMY KIlaccy 1 ycTon4mBocTb npu 71,3°C
nocnyxwnm obocHosaHvwem Bbibopa SDS — Lumpoko
NPUMEHSIEMOrO MOAENbLHOrO NPeACTaBUTENS ankun-
cynbatoB — AN nNpoBeaeHust OUbLTPaLMOHHbIX
3KCMEPVMMEHTOB. TeM caMbIM pe3yrnbTaTbl CKPUHWH-
ra wecrtu obpasuoB HeENOCpeaCTBEHHO ONpeaenunu
BblGOp peareHTa ana ASP-cuctem: CKpUHWMHT ycTa-
HoBW npurogHei knacc MAB, a SDS B kayecTBe
ero CTaHAapTHOro npeacTtasuTens Obin MCNonb3o-
BaH ANS KONMMYECTBEHHOW OLEeHKN 3hpeKkTUBHOCTU
ASP-3aBoHEHS.

TecT cha3oBoOro noBeaeHusi pacteopa

weénoub/MAB-HedTb

CHWXeHMe KOHUeHTpauuu naypuncynbda-
Ta ¢ 0,1% po 0,02% 3HauYnTEeNbHO YMEHbLUAET
ocagkoobpa3oBaHMe MpU KOHTaKTe C HegTbio
06ouX ropu3oHTOB. [lns MernoBOro ropusoHTa
Haunydwue rnokasatenM — MWHUMarbHbIA Oca-
[0OK, BbIpaXXEHHOEe MWKPO3MYJSIbCUOHHOE ToBe-
[EeHVe Ha rpaHuue pasgena — npPOAEMOHCTPU-
poBanu coctaBbl 0,02% SDS + 0,8% NaOH
n 0,02% SDS + 0,6% NaOH. [Onsa topckoro ro-
pU3oHTa ONTUManbHOW MpuW3HaHa peuenTypa
0,02% SDS + 0,6% NaOH. Huskas koHueHTpaums
cuHTeTndeckoro [MAB obGocHoBaHa crnepyrowum:
NaOH pearvpyeT ¢ opraHuM4eckMMu Kucnota-
MU HeddTU MecTopoxaeHus X (KMCNOTHOE YUCHO
~0,5-1,0 mr KOH/r) no peakuun (4), reHepvpys
npvpoaHoe MbIno in situ, kKOTopoe BbICTynaeT Ao-
nonHuTenbHblM KO-NAB n cyllecTBeHHO cHuxaeT
HeobXoaUMY0 KOHLEHTPaUu CUHTETUYECKOTO pe-
areHTa.:

RCOONa = RCOOH + NaOH (4)
Pe3ynbTaTbl huMnbTpaunoHHbIX
3KCNepuMeHTOB
PUNLTPALMOHHBIE  3KCMEPUMEHTbI  NPOBOAM-

NNCb Ha l-IETI:IpéX KepPHOBbIX MoAenax no cxeme BO-

nosaBogHeHne — ASP-BosfevicTBue. Pesynbrathl

npeacTaeneHsl B Tabn. 5.

Pe3ynbTaThbl M 0bcyxaeHue

[MonyyeHHble [OaHHble noATBEpPXAAT npe-
BOCXOACTBO koMnnekcHoro ASP-so3aelicteus. NAB
Mobununayetr HedpTb, cHxkas MOH go ynbrpaHus-
KMX 3HA4YeHW; MONMMEpP YCTPAHSIET BSI3KOCTHYHO
HecTabunbHoCTb MNpu MobunbHoctu [10-12] (M)
M >> 1(3HauuTenbHo Gonblue eanHULbl), XapakTep-
HYI0 Ansi BbICOKOBA3KMX HedTen mectopoxaeHus X;
WENoYb JONONHAET AencTBUE CUHTETMYeckoro NAB
NPVPOAHBLIM MbIFIOM U CHUXKaET ero afcopOLNOHHbIE
notepu.

[na  topckoro  ropus3oHTa  ycTaHOBMEHa
npvHuMnuanbHas 3aBucumoctb AKWH oT  koH-
ueHtpauuun MAA: npu 2000 ppm AKUH = 9,3%,
npu 3000 ppm — 17,7% (yBenu4eHvne noyTu BOBOE).
3710 0b6bACHAETCA BbiNONHeHneM ycnosus M < 1,0.
MuvHUManbHO Heobxogumas BA3KOCTb NOSIMMEPHOIO

DOI: 10.54859/kjogi108999

pacTBopa, paccuutaHHas no gopmyne (5), coctaBu-
na13,2 mlMa-c.

®)

roe pun,min — MUHUMarbHas BSA3KOCTb NOMU-
MepHoro pacteopa, Mlla-c; krw — oTHocuTenbHas
hasoBasi NpoHULL@eMOCTb Mo Boae, 4. en.; kro —oT-
HocuTenbHasi ha3oBasi MPOHULLAEMOCTb MO HedTy,
0. eq.; Ho — BS3KOCTb HedTV Npu NnacToBbIX ycro-
Busx, mla-c.

un,min = (krw/kro)-uo

Tabnuua 5. Pe3ynbrathbl (hvnbTPaLMOHHbIX
akcnepumeHToB (ASP-3aBoaHeHuMe,
mecTtopoxaeHue X)
Table 5. Filtration Test Results
(ASP Flooding, Field X)
Mog. 1 Mog. 2 Mog. 3
(Men) (Men) (HOpa) (HOpa)
Model 1 | Model 2 | Model 3 | Model 4
(Chalk) (Chalk) [(Jurassic)|(Jurassic)

Mog. 4
MapameTp
Parameter

PeuenTtypa SDS/
NaOH, %
SDS/NaOH
formulation, %

0,02/0,8 | 0,02/0,6 | 0,02/0,6 | 0,02/0,8

KoHueHTpaums IMAA,
ppm

HPAM concentration,
ppm

BsiskocTb HedpTH,
mlMa-c
Qil viscosity, mPa-s

KNH —
BOfl03aBOAHEHME, %
Oil recovery factor
(water flooding), %

KWH — ASP (utor), %
Oil recovery factor
(ASP, total), %
Mpupoct KNH (AKUH),
%

Incremental oil
recovery factor
(AORF), %

dakTop
COMPOTUBNEHUS
Resistance factor
OcTaTouHbIn hakTop
COMPOTUBNEHUS
Residual resistance
factor

2500 3000 2000 3000

407,4 407,4 66,1 66,1

49,9 49,3 51,2 50,7

68,9 68,5 60,5 68,4

19,0 19,2 9,3 17,7

50,6 128,4 96,9 53,97

8,7 13,15 21,72 10,15

Mpn 2000 ppm IMAA un = 12-15 mla-c ycno-
Bve M < 1 BbIMOMHsIETCA NULWb Ha npegene, PoHT
HecTabuneH. Mpu 3000 ppm un = 25-28 mlla-c yc-
nosve M < 1 ¢ 3anacom, chopmupyetca cTaburb-
Hbli (PPOHT BbITECHEHWHA. JOTOT pesynbraT UMeeT
NpYHUMNYanbHOe 3Ha4YeHne [Ans MPOeKTUPOBaHUS
ASP-3aBoAHEHNS Ha BbICOKOBA3KMX OObEKTax: KOH-
LieHTpaumio nonvmepa HeobxoaMmo paccuuThIBaTh,
nexoas s ycnosmust M < 1,0 npy nNacToBbIX YCNOBUAX.

Mepapxnsi haktopoB MO CTEneHn BAUSHUA
Ha AKWH B ycroBusx mectopoxgeHus X cneayrowas:

1) KoHueHTpauus  nonumepa  (ycnosue
M < 1,0) — Hanbonee KPUTUYHBIA NapameTp Ans Bbl-
COKOBSI3KUX HedpTen;

2) Tepmunyeckas CcTabunbHOCTb MAB
npu NNacToBovi TemnepaTtype onpeaenser npurog-
HOCTb peareHTa Ans NPOMbILLIIEHHOTO MPUMEHEHUS;

....................................................... 33
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3) apcopbumoHHble notepy SDS Ha noBepx-
HOCTV NopoAbl — He U3MEpPeHHbIe B faHHON paboTe,
HO KPUTUYECKW BaXKHbIe A NONeBoro AnsanHa;

4) cooTtHoweHne NaOH/SDS BnusieT Ha WH-
TEHCUBHOCTb reHepauuu npupogHoro Ko-MNMAB 13 op-
raHU4eCcKnMX KUCNOT HedTH.

3aknioyeHue

lMnacTtoBble BOAbl MecTopoxaeHus X (xno-
pvAHO-MarHuWeBbIi  TwM, MuHepanu3aunsa 1992—
2197 wmr/n, pH 6,95-7,52) cospatoT GnaronpusiT-
Hble YCrNoBUS ANs MNPUMEHEHWUs aHWOoHHbIX [1AB
6e3 npenBapuTENbLHON BOAOMOATOTOBKM: codepXa-
Hue Ca®* + Mg?* (346451 mr/n) He npesbiaer
KpUTMYECKOro nopora Ans ankuncynbdatHbIX pea-
reHTOB.

M3 wectn obpasuos MNAB BXOAHOW KOHTPOMb
npownu Yyetebipe (C-7, C-10, C-14, C-16). Obpasubl
C-13 n C-18 He COOTBETCTBYIOT MacnoOpTHbIM AaH-
HbIM M UCKITKOYEHbI U3 AanbHENLLINX UCCnegoBaHnin.
Mcnbitanma coBmectumocTn npu 71,3°C nokasanm,
4yTo 0bpasey, C-7 obpasyeT HeobpaTUMble NNEHKU
npu nnactoBon TemnepaTtype. Ons npumeHeHus
Ha mecTopoxaeHun X npurogHsl C-10, C-14 n C-16
Knacca aHWOHHBIX ankuncynbdgartos. [lnacrtosas
Temneparypa sBnseTcs pelwatrowmmM guddepeHum-
pyoLmMM hakTopoM, 4TO 0BYCroBEHO CMELLEHNEM

OONONHUTENbLHO

UcTouyHuK cpuHaHcupoBaHUA. ABTOp 3asBnsieT
06 OTCYTCTBMM  BHELUHEro  (hMHaHCUPOBaHUS
npv NPOBEAEHNMN UCCIedoBaHus.

KoHcdnukr wuHTEpecoB. ABTOp Aeknapupyet
OTCYTCTBME SIBHbIX W MOTEHUMAmNbHbIX KOH(IUKTOB
WHTEPECOB, CBSI3aHHbIX C Mybnukaumen HacTosLwen
cTatbu.

CMUCOK NCNOSIb3OBAHHOM NIUTEPATYPbI

KKM 1 TepMuyeckrmM ruaponm3om pyHKLMOHamNbHbIX
rpynn npu T > 60°C.
PesynbraTbl CKpUHWHFA onpegenunu BblIGop
SDS kak MoAenbHOro npeacTtaBuTenst ankurncysb-
daTHoro knacca Ans UNLTPALMOHHBIX 3KCMepu-
MeHTOB. TecT ha3oBOro nmoBefeHUst MoaTeepaun,
yTo peuentypbl 0,02% SDS + 0,6-0,8% NaOH obe-
CrneyvBaloT MUHMManbHoe ocagkoobpasoBaHve npu
KOHTaKTe ¢ HedTbio 060MX FOPU3OHTOB.
ASP-3aBogHeHne obecrneyvBaeT  nNpUpoCT
KMH 19,0-19,2% Ansa mMenoBoro ropusoHTa (UTo-
roebii KMH 68,5-68,9%) n oo 17,7% ans topckoro
ropusoHTa npu 3000 ppm IMAA. Beicokune 3HavyeHus
ocTaToyHoro dakrtopa conpotueneHuns (8,7-21,72)
NOATBEPXAAT YCTOMYMBOE CHWXeHue a3oBon
NPOHMLL@EMOCTH M0 BOAE NOCNe 3akayku nonmmepa.
[na topcKoro ropusoHTa KOHLUEHTpauus no-
nuMepa ABRsETCs onpefensiiowyMM napaMmeTpoM:
npv koHueHTpauun 3000 ppm npupoct KNH coctae-
nsaet 17,7%, npn 2000 ppm — Tonbko 9,3%. Obsasa-
TenbHoe ycnosue npoektmposanHua — M < 1,0.
PekomeHgyeTcs npoBefeHue  OMbITHO-MPO-
MbILLMEHHOTO McnbITaHns ASP-3aBogHeHWs npuy pas-
paboTke MENoBOro ropuM3oHTa MecTopoxaeHus X
C napannenbHblM MpPOBEAEHNEM afcopOLUMOHHBIX
ucnbiTaHuin SDS Ha kepHe Ona noneeoro AusanHa
OTOPOYKM.
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OpM rMHanbHoe nccnegoBaHue

MpakTuyeckas peanusaumsa UHTErPUPOBAHHON CUCTEMbI
KOPPO3UOHHOINO MOHUTOPMHIa Ha MEeCTOPOXAEHUAX
OxxHo-Typranckoro HedpTera3oHOCHOro 6accenHa

C NPUMEHEeHMeM TPEX He3aBUCUMbIX METOAOB U3MEpPEHUA

MN.A. KanbimoBa, C.E. TypmaraH6er, H0.B. YeuuHa, C.E. banmeHoB, A.X. Bepabies,

T.C. OxakcbinbikoB, A.C. MapgaHoB
Ambipayckutl punuan KMI™ UHxuHupuHe, 2. Amsipay, KasaxcmaH

AHHOTALMA

O6ocHoBaHue. Npobrnema BHYTPEHHEN KOppo3un TpybGonpoBoaoB HedTerasoBoi OTpacnm ocTaéTcst
OfHOW M3 KNioYeBbIX Npy obecnevyeHnn NpoMbILLIEHHOW 6e30NacHOCTU M HAaAEXHOCTU aKCnyaTaumu.
TpaguUMOHHbIE MeTOAbl KOHTPOMS, Takue Kak rpaBUMETPUYECKUA U SMEKTPOXMMUYECKUIA, NO3BONSIOT
OUEHNBaTb YyCPEAHEHHbIE NoKa3aTenu, HO He YYUTBIBAKT NIOKarnbHbIE O4arM YCKOPEHHOro U3Hoca 1 BNn-
SiHMe 3PO3MOHHOro chakTopa. B aTol cBA3M akTyanbHbIM HanpasBneHneMm SBMSETCS BHeOpeHWEe KOM-
MMAEKCHbIX CUCTEM KOPPO3MOHHOTO MOHUTOPUHIA C UCMOfIb30BAHNMEM HECKOMbKUX HE3aBUCUMbIX METO-
00B.

Lenb. Llenbio nccnegosaHna senserca anpobaumsa TexHonorun «Cucrtema KOpPO3MOHHOTO MOHWUTO-
pyvHra» B MPOMbICNOBbIX ycnoBusax HOxHo-Typranckoro HedTerasaoHOCHOro 6accenHa ¢ O4HOBPEMEH-
HbIM MPUMEHEeHVeM TPEX METOAOB: 3MEKTPUYECKOro conpotueneHuns (ganee — JC), ynsTpa3ByKoBOMW
(oanee — Y3) TONWMHOMETPUN 1 rpaBUMeTpuYdeckoro koHTpons (ganee — OCK).

Matepuanbl n metoAbl. VcnbiTaHWa NPOBOAMMNCL Ha KOMMEKTOpax Lexa MOArOTOBKA U Mepekayku
HedTn (ganee — LIMH) mecTtopoxaeHns A n ycTaHoBKu nogrotoBkn HedTn (ganee — YIH) mecto-
poxaeHus b, akcnnyaTnpyemMbix B YCNOBUAX TPaHCMOpTa ra3oxnaKOCTHON CMecu € abpasvnBHbLIMU BKITHO-
yeHusaAMU. [INg MOHUTOPUHra NPUMEHANNCE CTauuoHapHble cucteMmbl OC 1 Y3, a Takke obpasLbl-CBU-
aetenu. Pernctpaumsi curHanoB OCHOBaHa Ha M3MEHEeHUU (hU3MYECKUX NapameTpoB YyBCTBUTENbHBLIX
3NeMeHTOB (CONPOTUBIIEHNE CEHCOopa, BPeEMSs MPoxXoXxaeHnsa Y3-BoSHbI i macca obpasua), 4To no3so-
naet duKeupoBaTb AMHaMWUKY NOTEPU MeTanna B peanbHOM BPpEMEHMU.

Pesynbratbl. Ha LIMMH «A» ckopoctu kopposumn coctaeunu 6onbie 0,5 MM/, Ha YIH «Bb» — 0,2 mm/r.
CxopumocTtb 3C n OCK pocturana 8,73% 1 0,68%, 4TO COOTBETCTBYET AManasoHy BOCNPOM3BOAMMOCTH
(£10%). AHanu3 Y3-metoaa, YyBCTBMTENBHOIO K NTOKanbHbIM 30HaM, HEAOCTYMHbLIM AN YCPeAHEHHbIX
MeTOAOB, BbISIBUIT HEPAaBHOMEPHOCTb M3HOCA MO CeveHuto TpyObl: MakcMmarnbHasi noteps Habnoganach
B HWXKHEN 30He («6 4Y»), roe HakannmBanuck Boaa u abpasvBHble YacTuLbl, TOr4a Kak B GOKOBbIX YaCTsIX
CKOPOCTb U3HOca Bbina HuXe.

3akntoyeHune. CoBMECTHOE MCNONb30BaHME TPEX METOAOB 0becneymBaeT KOMMIEKCHYHO OLEHKY COCTO-
AAHMSA TPyBONPOBOAOB — OT CPeAHUX CKOPOCTEN KOPPO3nM A0 ANArHOCTUKWN NIOKanbHbIX O4aroB 9PO3VOH-
HO-KOPPO3MOHHOIO M3Hoca. lMpakTuyeckas 3HaYMMOCTb PaboThl 3aKO4YaeTCs B BO3MOXHOCT ONTUMMU-
3auUmMKn O3MPOBOK MHIMBUTOPOB, CHUXKEHMWS! pUCKa aBapuii U NOBbILLIEHUST HAAEXHOCTH KCMTyaTauuu.
Knrodeeble crioga: KOppO3Usi, MOHUMOPUHE, 3/1eKMPUYEeCcKoe COrMpomusrieHue, yrnbmpaseykoeas
monwuHoMempusi, epaguMempuyeckuli KOHmMpPOsb, MPy6onpPoeoo.

Kak umtupoBartb:

Kanbivosa [1.A., TypmaraH6em C.E., Yeyurna FO.B., u Op. lNpakTuyeckas peanusauns UHTErpvpoBaHHOW
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bacceliHa C NMPUMEHEHWEM TPEX HEe3aBUCUMMbIX METOAOB u3mepeHus // BecTHuk HedpTeraszoBow otpacnu
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Practical Implementation of An Integrated Corrosion Monitoring
System at The Fields of The South Torgay Turgay Oil and Gas
Fields Three Independent Measurement Methods

Perizat A. Kalymova, Sagat Ye. Turmaganbet, Yuliya V. Chechina,

Sanzhar Ye. Baimenov, Arslanbek Zh. Berdyeyv, Talgat S. Jaxylykov,

Altynbek S. Mardanov
Atyrau Branch of KMG Engineering, Atyrau, Kazakhstan

ABSTRACT

Background: The problem of internal corrosion in oil and gas pipelines remains one of the key
challenges in ensuring industrial safety and reliable operation. Conventional monitoring methods, such
as gravimetric and electrochemical techniques, provide only average corrosion rates and do not account
for localized areas of accelerated metal loss or the influence of erosion. Therefore, the implementation
of integrated corrosion monitoring systems combining several independent measurement techniques
is an important and timely direction.

Aim: The aim of this study is to evaluatethe “Corrosion Monitoring System” technology
under field conditions in the South Turgay Oil and Gas Basinemploying three complementary methods
simultaneously — Electrical Resistance (ER), Ultrasonic Thickness Measurement (UT), and Gravimetric
Control (Coupon Testing).

Materials and methods: The trials were conducted on the collectors of the Oil Processing and Pumping
Shop (OPPS) “A” and the Oil Treatment Plant (OTP) “B”), operating under gas-liquid multiphase flow
conditions with abrasive inclusions. Monitoring was carried out using stationary electrical resistance
(ER) and ultrasonic thickness (UT) systems, as well as witness coupons. Signal acquisitionwas based
on changes in the physical parameters of the sensors (electrical resistance, ultrasonic wave travel time,
or mass loss), allowing real-time assessment of metal loss dynamics.

Results: Corrosion rates were greater than0.5 mm/year at CPPN “A” and reached 0.2 mm/year at UPN
“B”. The agreement between ER and coupon testing reached8.73% and 0.68%, respectively, which falls
within the reproducibility range (£10%). Ultrasonic analysis revealed non-uniform wear across the pipe
cross-section: the highest metal loss occurred in the lower section (“6 o’clock” position), where water
and solid particles accumulated, while the side sections exhibited lower corrosion rates. This confirmed
the sensitivity of the UT method to localized erosion—corrosion zones sensitive to localized areas not
captured by averaged methods.

Conclusion: The combined use of three methods enables a comprehensive assessment of pipeline
integrity — from overall corrosion rates to identification of local erosion—corrosion areas. The practical
significance of this work lies in the potential to optimize inhibitor dosages, reduce the risk of pipeline
failures, and improve operational reliability.

Keywords: corrosion;, monitoring; electrical resistance; ultrasonic thickness measurement; gravimetric
control; pipeline integrity.
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TynHycka 3epTTey

Yw Tayencis enwey aAiciH KonagaHa otbipbin, OHTYCTiK Topran
MyHaun-ra3 6accenHiHiH KeH opbliHAapbIHAA KOPPO3UANDbIK
MOHUTOPUHITIH UHTErpaunsanaHfaH XXyMneciH npakTukanbIiK Typfblaa
icKe acbIpy

MN.A. KanbimoBa, C.E. TypmaraH6erT, H0.B. YeuuHa, C.E. BanmeHoB, A.XX. Bepabies,
T.C. XakcbinbikoB, A.C. MappaHoB
KMI™ UnxxuHupuHe Ambipayrnbik ¢ounuanst, Amsipay Kanacbl, Kasakcma

AHOATNA

Herizgey. MyHal ras canacbl KyGblpnapblHbIH, iLLKi KOppo3usi NpobnemMachl eHepKkacinTik kayinciagik neH
namganaHy ceHiMainiriH kamTamachli3 etygeri 6actel Macenenepgid, 6ipi 6onbin kana 6epegi. NpaBume-
TPUANBIK XXaHe 3NeKTpi XMMUANbIK CUSIKTbI A3CTYpri 6akbinay aaictepi opTalla kepceTkiwTepai 6arana-
yFa MyMKiHAiK 6epeai, 6ipak xegenaeTinreH To3yAblH XKePrinikTi owakTapblH aHe 3p03usa haKTOPbIHbIH,
acepiH eckepmengi. OcblraH bannaHbICTbl OipHelle Tayenci3 aaicTepai navaanaHa oTbIpbin, KOPPO3u-
ANbIK MOHUTOPWHITIH KeLUEHAi XyenepiH eHridy e3ekTi 6arbiT 6onbin Tabbinagbl.

MakcaTtbl. 3epTTeyaiH MakcaTel OHTYCTik TopFal MyHain-ra3 GaccerHiHiH eHAIPICTIK XaFaannapbiHaa
«Koppo3usanbik MOHUTOPUHT >XYMECi» TEXHONOMMSACHIH CbiHAaKTaH eTkidy 6onbin Tabbinaakl, on 6ip me3arin-
[e YL aaicTi kongaHaabl: anekTp keaeprici (byaaH api — 3K), ynbTpaabibbicThik (ByaaH api — YI) kanbiH-
OblK erLeriLl XaHe rpaBuMeTpusanblk 6akpinay (byaaH api — OCK).

Martepuanpap meH apictep. CbiHakTap A KeH OpHbIHbIH, MyHanabl AanbiHAay XeHe angay LeXblHbIH
(6ymaH api — MOAL) konnekTopnapbiHaa xaHe abpasuBTi KocblHAbINApbl 6ap ra3 — CyiblK KocnaHbl
TacblMangay >xaffanblHaa nanganaHbinatelH b keH OpHbIHBIH MyHandbl AalblHAAy KOHAOBIPFbICBIHAA
(6yaan api — MOK) xyprisingi. MoHUTOPWHT ywiH cTaumoHapnbik OK xaHe Y[ xynenepi, coHaan-ak kya-
rep-ynrinep Kkongaxoinabl. CurHangapgpl Tipkey cesimTan aneMmeHTTepAiH dusnkansik napameTpnepiHiH
e3repyiHe HerizgenreH (ceHcopablH keaeprici, Y[ TONKbIHbIHbIH, ©TY YaKbITbl HEMECe YNriHiH Maccachl),
Oyn MeTangbl XoFanTy AMHAMMKACbIH HAKTbl yakblTTa Tycipyre MyMKiHAIK 6epegi.

HaTtuxenepi. MOAL-aa A-HblH Koppo3ust xbingamaplbl 0,5 mm/IT-aeH xorapbl, MOK-ga «B» 0,2 mm/r
kypagbl. 3K xeHe OCK agicTepiHiH, cankecTiri 8,73% xaHe 0,68%-fFa xeTTi, Oyn KanTanaHfbILTbIK
ananasoHbiHa (£10%) cavikec keneai. OpTawa aaicTep YLWiH KON XeTiMAi eMec XeprinikTi anMakrapra
cesiMTan yneTpadblbbICTLIK 8AicTi Tangay KyOblpablH KenaeHeH Kumacbl GovbiHLa To3yablH, Gipkenki
€MECTIriH aHbIKTabl: €H XOFapbl XOFany TeMeHri anmakTa («6 caraT»), oHaa cy MeH abpasuBTi benLek-
Tep XuHanfaH, an Gywip 6eniktepae To3y XbinaaMmablfbl TOMeH 6onabl.

KopbITbiHAbI. Yw aaicTi Bipnecin kongaHy KybbipnapablH Xan-KyriH KelweHai 6aranayabl kKamTamachi3
€Tefi-koppo3nsHbIH OpTalla XbiMgamabifblHaH Gactan 3po3usnbIK-KOPPO3UANbIK TO3YAbIH XKeprinik-
Ti owakTapblH AnarHocTukanayFa AeniH. YKyMbICTbIH NpakTukanblk MaHbI3ablblfbl MHIMBUTOpRnapabiH
[os3anapblH OHTannaHaplpy, anartap KayniH asanTy XaHe navpanaHy CeHiMAINIriH apTTelpy MYMKIHAIri
6onbin Tabbinaabl.

Hezizai ce30ep: KOppo3usi, MOHUMOPUHE, 3neKkmprik kedepai, yrnbmpadbibbICMbIK KarbiHObIK ewey,
epasumempusinbik bakbinay, Kybbip.
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OPUI'MHAJIbHBIE UCCJIEJJOBAHUA

Tom 8, Ne 2 (2026)

Ka3akcTaHHBIH MyHali-ra3 caiachbIHbIH Xa0apIbIChI

BBeneHune

Kopposusi TpybGonpoBodoB u oGopyaoBaHus
HegTerasoBon MPOMBbILLNIEHHOCTM OCTAETCHA OLHON
M3 Haubonee 3HauMMbIX nNpPoOGReMm, BRUAIOLLUX
Ha HaAEXHOCTb 1 6e30MacHOCTb NPOU3BOACTBEHHbIX
06bekToB. M0 oueHkaMm, exerogHble noTepu Me-
Tanna BCNeacTBMe KOPPO3MOHHOMO M3HOCa AOCTM-
ratot 10% oT mupoBsoro npoussogcTea cranm [1].
[na KasaxctaHa ata npobnema oco6eHHO akTyarb-
Ha, T.K. HA TeppuTOpWMM CTpaHbl 3KCMNyaTMpyeTcs
6onee 15000 km rasonpoBogoB K okorno 8000 km
HedTenpoBogoB. MacwTabHble  KOPPO3UOHHbIE
NOBPEXAEHUS HECYT HE TOMbKO 3KOHOMMUYECKME,
HO 1 3KOMOTrMYeCK1e PUCKU, MPOSIBNSIOLLMECS B yTeu-
Kax YrneBodOPOAOB W 3arpsisHEHWU OKpYy’KatoLLem
cpeabl. HecmoTpsa Ha ocTpoTy npo6nemsl, uccre-
[OBaHMsl B 06nacTy MOHWTOPWMHIa KOppo3un B pe-
anbHbIX YCIOBUSIX OTEYECTBEHHbLIX MECTOPOXAEHUI
OCTalTCH OrpaHNYEHHbIMM.

KoHTponb BHYTPEHHEN KOpPO3WM OCIOXHEH
HeOOCTYNHOCTBLIO BHYTPEHHUX NOBEepXHOCTen Tpybo-
NpPOBOAOB NPU MIaHOBOM OGCNyxuBaHUU. C TouYKM
3peHusi TepMoaMHaMUMKKM, NPOLECCHI KOPPO3UM HEU3-
GeXHbI, OIHAKO NX Pa3BUTNE MOXKET ObITb 3aMeaneHo
NMOCPEACTBOM XMMWYECKUX WM TEXHUYECKUX METoOoB
3awmTbl. [Ins 3TOoro B MUPOBOM MPaKTUKE LUMPOKO
NPUMEHSIIOTCA pasfMyHble MeTodbl U AaTUYMKKW, perv-
CTpUpytoLLuMe Kak (DOHOBbIE MPOLIECCHI, TaK W YCKO-
peHHble hopMbl paspyLueHus metanna [2]. Hanbonee
pacnpoCcTpaHEHHbIM U TPaAULMOHHO MUCMONb3yeMbIM
SIBMSETCH TPaBUMETPUYECKUA METOA, OCHOBaHHbIN
Ha npuMeHeHun obpasuoB-cBuaeTenen. Ero npe-
MMyLLIeCTBa — MPOCTOTA N HAOEXHOCTb, YTO NOATBEPX-
[EHO MpaKTMKON BHEAPEHUst Ha obbekTax [Aobblun
1 noaroToBku rasa [2]. OgHako Meton chukcupyeT
NVWb ycpeaHéHHble nokasaTenu 3a AnuTenbHbIN
nepvog, 4To OrpaHNYnBaET ero MHPOPMATUBHOCTb.

B nocnegHve pecatunetus nonyy4snu  pas-
ButMe metodbl OC M NMHENHOWN MNONsApU3auMOHHON
conportuensemoctn (ganee — LPR, awen. Linear
Polarization Resistance), nossonsiowe B pexu-
Me peanbHOro BpeMeHW OTCNeXuBaTb U3MeHeHue
XapaKTepuCTUK METanIM4eckoro aneMeHTa npu Bos-
OencTum arpeccuBHon cpefpl [3]. NprmeHeHne KoM-
OuHaumMn pa3nuuHbIX MeTodoB obecneynBaeTt bonee
nosiHoe npeacTaBneHne 0 AUHAMUKE KOPPO3UOHHOTO
n3Hoca. MypoBas npakTuka 4eMOHCTpUpYeT achdek-
TUBHOCTb KOMMMEKCHbIX peLleHnid. Tak, Ha obbekTax
YpeHronckoro  HedTerasokoHAEHCaTHOr0o  MecTo-
poxaeHusi Obina BHegpeHa cuctema, BKoYatoLLas
rpaBumeTputo, OC-gatumkm, Y3 n pumsnko-xmmmyec-
KM aHanu3 cromaos. PesynbraTbl nokasanu CHu-
)XEHWE CKOPOCTW YINEKUCIIOTHOM KOppo3uu mnocre
nogayv mHrmbuTopa, 4YTo NoaTBEpaunno 3ddEKTUB-
HOCTb MHTErpaLum MOHUTOPWHIA U METOOOB XMMUYe-
ckow 3awwmThl [4]. OgHako nccnefoBaHUs yKkasbiBaroT,
4YTO OTAENbHbIE METOABI HE YUMUTHIBAIOT 3PO3NOHHbIN
haKkTop, MCKaxas pearibHytl0 KapTvHY MpPOLEeCCOB
pa3pyLueHus meTtanna. Ocoboe BHUMaHUE yaenseT-
€A1 KOPPO3MW NPU BLICOKMX MapuUmanbHbIX AaBNeHUsX
CO,. B auMmoBCKMX OTNOXEHMSAX 3adMKCMPOBaHbI
CKOPOCTW paspyLleHusi, NpeBblllatoLlime NpoeKTHbIe

3HaveHus (0,1 MM/T), MpU KOTOPbIX MHIMOUTOPHbIE
TeXHOsorMn obecneymBaloT NnLlb YacTUYHOE CHIDKe-
HWe arpeccvBHOCTM cpefbl [5]. 3To nogTeepxaaeT
HeobXoAMMOCTb BHEAPEHWUS CUCTEM HENpPepbIBHOO
MOHUTOPWHra, CMOCOOHBIX BbISBMATL MOKanbHbIE
ovary yCKOpeHHOWM Koppo3uu.

CoBpeMeHHble TeHOEHUMU CBA3aHbl C nepe-
XOAOM OT MEePUOANYECKUX WHCMEKUUIA K HENnpepbIs-
HOMY KOHTPOMIO COCTOsIHUSi obopyaoBaHus. Ecnu
paHee npeobnaganv pyyHble MeTodbl Y3-KOHTpOns
1 paguorpaduyeckme UccrnefoBaHUsl, TO CErofgHs
aKTUBHO BHeAPSATCA LNMPOBLIE CEHCOPHbIE CUCTe-
Mbl, obecneunBaloLne BbICOKOYACTOTHbIE U CTaTu-
CTUYECKN [OCTOBEpPHblE AaHHble [6].

[MOCTOSIHHO yCTaHOBMEHHble Y3-AaTuuku no-
3BONAOT (HUKCUPOBATL TOMLLMHY CTEHOK Tpybonpo-
BOJOB B pearlbHOM BPEMeHU, UCKIoYas CyObekTvB-
HbI hakTop onepaTtopa W yBenuynBas TOYHOCTb
MOHUTOpUHra [7].

MccnenosaHus nogTBepXaatoT BbICOKYHO YyB-
ctBuTenbHoctb OC- n Y3-gatumkoB npu pabote
B ra3oXWAKOCTHbIX MOTOKaX, OAHAKO KOMMMEKCHbIX
anpobaumin  3TUX MeTOAOB MMEHHO B YCMOBMSIX
FOxHo-Typranckoro HedpTerasoHocHoro 6acceinHa
NPaKTUYECKN HET, YTO N OMpeAensieT Hay4Hyl Ho-
BM3HY JaHHOr0 NccneaoBaHus.

Takum obpa3om, pas3BuTME TEXHOMOrUA Mo-
HUTOPWHra KOPPO3WMKN XapaKTepusyetcs UMdpoBu-
3aumen, nHterpaumen metogos AC mn Y3, a Takke
MX CBSI3bI0 C CUCTEMaMM NPEAUKTUBHOTO yrpaBneHuns.
B ycnoeusix Kasaxctana nogo6Hble paboTtbl eamHuy-
Hbl. HacTosiLee nccrnegosaHne BOCMONMHAET AaHHbIN
npoben 1 HanpaBneHo Ha OUEeHKY 3hdeKTUBHOCTM
KOMIMIIEKCHOW TEXHOMormmn «Cuctema Koppo3noHHOMo
MOHWUTOPUHra» B MPOMBICIIOBbLIX YCMOBUAX MECTO-
poxaeHun A n b ¢ ogHOBPEMEHHBLIM MPYMEHEHVEM
OByX He3aBucuMbIX MeTtofoB — OC n Y3.

MaTtepuanbi n metoabl

B kayecTBe OGLEKTOB OMbITHO-MPOMbICIOBbLIX
ncnblTaHui TexHonorum «Cuctema KOppO3MOHHOIO
MOHUTOPUWHray ObInn BbIGpaHbl y4acTkU NPOMbICIIO-
BbIX TpybonpoBogos mectopoxaenuin A u b:

* KOMMEKTOp aBTOMAaTM3NPOBaAHHOW 3aMepHON
ycTaHoBku (aanee — AIr3Y-3) Ha LIMNMH «Av;

* KOMMEKTOp AOXUMHOW HAaCOCHOW CTaHUMu
«Cesep» YIMH «b».

O6a TpybonpoBoga aKkcnnyaTupyrTcs B yCro-
BUSIX TPAHCNOPTa ra3oXnAKOCTHOW CMecu, coaepa-
e KOPPO3NOHHO-aKTUBHBIE KOMMOHEHTbI 1 abpa-
3MBHbIE YacTULbl, YTO MOBLILIAET PUCK Pa3BUTUS
3PO3NOHHO-KOPPO3UOHHbBIX MPOLIECCOB.

Xvmuueckuii coctaB nnacTtoBbix Bog LIMMH
«A» 1 YMNH «b» 6bin onpeaenéH Ha ocHOBe pe3yrb-
TaToB nabopaTopHbIX aHanu3oB K XapakTepusyercs
3Ha4MTENbHOM MUHepanu3auuen u npeobnagaHnem
xnopuvg-noHos. ns UMNMH «A» 3HaveHns pH Bapbu-
poBanucbk B guanasoHe 5,1-8,7, npu 3TOM OCHOB-
HbIM TUMOM BOAb! SIBMSNCA XNOPUOHO-KanbLUMEBbIN,
B OTAENbHbLIX Npobax 3aduKcnpoBaHbl rmgpokapbo-
HaTHO-HaTpueBble BOAbl. KoHUeHTpaumsa xnopua-
MoHoB pocturana 120-145 r/gm®, obwasi MuHepa-

....................................................... 39
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nusaums nameHsinacbk ot 215 go 235 r/gm3, a obuwas
XécTkocTb — oT 550 po 700 mr-aks/gm?, 4TO yKa3biBa-
€T Ha BbICOKYH MOHHYIO HaCbILLEEHHOCTb Cpefb!.

Ona YMNH «Bb» xapakTepHbl cxoxue rmgpo-
XUMUYECKME YCnoBUsi: 3HadveHust pH Haxoaunuck
npeMMyLLecTBEHHO B AvanasoHe 6,4-7,5 npu go-
MWHUPOBAHUM XNOPUAHO-KanbLUMeBoro Tuna BopAbl
no knaccudukauum CynuHa. KoHueHTpauus xno-
pUa-MOHOB COCTaBMANa, kak npasuno, 35-55 r/gm3,
npu obLien MuUHepanusaumm nopsiaka 58-88 rigm?
n xéctkoctn 260-390 wmr-ake/om®. Hanuuve Bbl-
COKOMMHEpParv30BaHHbIX XMOPUAHbIX BOA C MOBbI-
LWEHHbIM cofepXXaHWemM WMOHOB KamnbLusi U MarHus
hopmMuMpyeT NoTeHUMaNbHO KOPPO3NOHHO-AKTUBHYIO
cpepy, 4To ObINO YyYTEHO MPW UHTepnpeTauuu pe-
3ynbTaToB KOPPO3UOHHOTO MOHWUTOPUHIA U aHanuse
CKOPOCTU YTOHEHUSI MeTanna TpybonpoBoaoB.

doHoBasi CKOPOCTb KOPPO3WM [0 HaYana ucnbi-
TaHui coctaBuna 6onbwe 0,1 MM/I., YTO NpeBbILLIA-
€T HopMaTUBHbIE 3HaYeHUst Ans NofobHbIX O6beK-
TOB Y NOATBEPXKAAET HEOOXOAMMOCTb KOMMMEKCHOIo
KOHTponsi. Bbi6op MMeHHO konnekTopoB «A» 1 «b»
00yCroBMEH pas3nMuMaMN B UX rMAPOaUHAMUYECKMX
pexuMax, YTo MO3BONMIIO He TONbKO MCCneaoBaTh
NMPUMEHMMOCTb Pa3fMYHbIX METOAOB MOHWUTOPWH-
ra, HO U OLEHWUTb BNUSIHWE 3PO3UOHHOMO hakTopa
Ha CKOpOCTb Aerpagaumu metanna.

Ha oboux obbekTax Obinmn yCTaHOBMEHbI CU-
ctembl 3C u Y3, a Takke obpasubl-cBuaeTENU
ans OCK. NporpaMMa MOHUTOpUHra BKMYana:

* perucTpaumto (OHOBOI CKOPOCTU KOPPO3UMK;

* OLeHKY 3h(EKTUBHOCTU MOCTOSHHOTO [03U-
pPOBaHUS MHIMOUTOPA;

* CEepvo UCMbITaHWU C BapbMpoOBaHUEM 403U-
POBOK peareHTa;

* COMOCTaBreHNe pe3ynbTaTtoB TPEX HesaBu-
CUMbIX METOZ0B KOHTPOSS.

MpvMeHeHWe [OaHHOW METOAUKU MO3BOSINIO
BbIMOMHWUTE KOMMMEKCHYIO OLIEHKY OMHAMMUKM KOPpPO-
3MOHHOMO M3HOCa U OMPEAEeNnUTb BO3MOXHOCTU WH-

Terpauun 3C 1 Y3 MeTogoB Ans ONTMMU3auUMu aH-
TUKOPPO3NOHHOW 3aLLnTbl TPYOONPOBOAHBIX CUCTEM.

C uanyeckom TOYKM 3peHMs, MpoLEecc Kop-
PO3NOHHOrO M3HOoca TPybonpoBOoaoOB MOXET ObiTb
onvcaH Yepe3 M3MeHeHue TOMWMHbLI cTeHku (h(t))
BO BPEMEHM B COOTBETCTBUM C BblpaxeHnem (1):

(1)

rae hy, — HavanbHas TOMWMHA CTEHKM, MM;
Veorr — CKOPOCTb KOPPO3uK, onpegensiemasi MeTtoaa-
mu 3C, Y3 n OCK, MM/T.; T — nepemeHHas uHTerpu-
poBaHu4A, roa, t— BpeMa aKcnnyatauuu, r.

Mpy ycnoBuu KBasUCTaLMOHAPHOIO pexuma
[aHHoe BbIpaXeHue yrnpoLluaeTcs A0 NMHeRHoN 3a-
BUCUMOCTH (2):

2)
TakMum o6pasom, HenpepbiBHas perucrpauusi
CKOPOCTU KOPPO3MK NO3BONSAET KONMYECTBEHHO ONu-
CblBaTb AMHAMMKY YTOHEHUSA MeTanna n opmupyet
duanyeckn o6oCHOBaHHYO OCHOBY Ans nocneayto-
LLIel OLIEHKM OCTaTOMHOrO pecypca TpybGonpoBoaoB.
B pamkax HacTosien paboTbl yKasaHHbIA NOaxon
paccmaTtpuBaeTcsl Kak npeanockinka Ans passutus
NPeaVKTUBHBIX METOAOB YNpaBneHnsi KOPPO3UOHHbI-
MU prckamu 6e3 peanmsaumm NoNHOLEHHbIX NMPOrHO-
3HbIX anNrOpMTMOB.

Pe3ynbrathl n o6cyxpeHune
LUMMNH «A»

MoHuTopuHr metogom 3C

CornacHo AaHHbIM cuctembl JC, cpeaHss
ckopocCTb kKoppo3un konnektopa Alr3Y-3 LIMNMH «Ax»
coctaBuna 0,6677 mm/r. MMpu 3aTOM HenpepbIBHas
peructpaums (puc. 1) BeisBuna konebaHuns ckopoc-
T W3HOCa, OOYCMOBMEHHble BMUSHUEM 3PO3WNOH-

PucyHok 1. TpeHa notepu metanna 3C-cuctemsbl Ha LIMTMH «A»
Figure 1. Metal Loss Trend of the ER System at OPPS “A”

DOI: 10.54859/kjogi1 08935
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Ta6bnuua 1. [laHHbIe NO noTepe MeTanna B MecTe yctaHoBku Y3-gatumkoB Ha LIMMH «A»
Table 1. Metal loss data at the UT sensor installation locations at OPPS “A”

UT-1 (No. 2632), “7 o’clock”

Ne patumka HauyanbHas TonwuHa (19.12.2024 r.), mm | KoHeuHas TonwmHa (18.01.2025 r.), Mm | YTOHeHue meTanna, MM
Sensor No. Initial Thickness (19.12.2024), mm Final Thickness (18.01.2025), mm Metal Loss, mm
Y3-1 (Ne2632), «5 4»
UT-1 (No. 2632), “5 o'clock” 9,091 9,086 0,005
Y3-2 (Ne2515), «6 u»
UT-1 (No. 2632), “6 o'clock” 9,085 9,055 0,01
Y3-3 (Ne2509), «7 u» 0,373 0,369 0,004

HOro (oakTopa B ra3oXuakoCTHOM noTtoke. CurHan
dopMMpyeTCa 3a CHET UBMEHEHUSA 3MNEKTPUYECKO-
ro COMPOTUBIEHMSI YYBCTBUTENBLHOIO 3rieMeHTa:
npv notepe MeTanna ero CeYeHUe yMeHbLUAeTCs,
4YTO (hMKCUpYETCA CUCTEMOW B BUAE TpeHAa CKOpOo-
CTM KOppo3un. OTU AaHHble AEMOHCTPUPYIOT KITHo-
yeBoe npeunmyllectBo 3C-meToga — BO3MOXHOCTb
dukcMpoBaTb AUHaMUKY KOPPO3MOHHOTO mpoLecca
B peanbHOM BPEMEHW, YTO HEQOCTYMHO Npu Tpaau-
LIMOHHBIX NEPUOAMYECKMX cnocobax KOHTPOnNS.

MoHuTOpMHr MeTogom Y3

[ns 4ONONHUTENBHOMO KOHTPOMS NPUMEHSINAach
cuctemMa Y3 ¢ Tpems cTaumoHapHbiMn Y3-gatynkamu,

PucyHok 2. TpeHa notepu metanna no

YCTaHOBIEHHbIMMN B MO3ULMAX «5 U», «6 U» 1 «7 4»,
C YacToTon u3MepeHu 4 pasa B cyTku. Pesynbra-
Tbl NOKa3anu CyLWeCTBEHHbIE Pa3NUyns B CKOPOCTH
noTepu metanna no 3oHam Tpy6el (Tabn. 1). Ha no-
3uumMm  «6 4» 3aduKkcMpoBaHbl MakCMMarnbHble
CKOPOCTU KOPPO3UW, YTO CBSA3AHO C HamnpasreHu-
€M MOTOKa W 3PO3NOHHBIM U3HOCOM HUXHEWN YacTu
TpyObl, rAe KOHUEHTpUpYTCa TBEpAble YacTuubl
1 BogHas dasa. TpeHabl U3MEHEHMWS CKOPOCTH KOp-
PO3UN MO KaXXA0MY AaTUYUKY NMpUBEAEHbl Ha puc. 2—4.

Figure 2. Metal Loss Trend Based on UT-1 Sensor Data at OPPS “A”

PucyHok 3. TpeHA noTepu MeTanna no AaHHbIM gatymka Y3-2 Ha LINMH «A»
Figure 3. Metal Loss Trend Based on UT-2 Sensor Data at OPPS “A”

DOI: 10.54859/kjogil1 08935

Y3-cucrtema npogemMoHcTpupoBana BbICOKYO

YYBCTBUTENBHOCTb K  JIOKanbHbIM  YCIOBUAM

aKcnnyatauuu.

AaHHbIM aaTtyuka Y3-1 Ha UMNMH «A»
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PucyHok 4. TpeHa noTepu MeTanna no AaHHbIM gatumka ¥Y3-3 Ha LIMNMH «A»
Figure 4. Metal Loss Trend Based on UT-3 Sensor Data at OPPS “A”

MoHuTopuHr metogom OCK

OCK npoBoguncst ¢ ucnornb3oBaHWeM 006-
pa3uUoB-CBUAETENEN, 3KCMOHWPOBAHHLIX B Teye-
Hue 32 cyT. AHanu3 noTepu macchl nokasan cpega-
HIOI0 cKopocTb koppo3un 0,7260 mm/r. (Tabn. 2).
OTO 3HayeHMe COMoCcTaBUMO C pesynsratamu

a)

OC-cucrembl (0,6677 MM/I.); pacxoxaeHvwe mexay
OCK u 3C-metogamu coctaBuno 8,73%, 4to ykna-
OpiBaeTcs B gnana3oH Bocnpounssogumoctu (£10%).
BHewHun Bng obpasuoB OO M nocrie 3KCno3numm
npeacTasneH Ha puc. 5.

6)

PucyHok 5. BHewHui Bug OCK go v nocne ycraHoBku Ha LIMIMH «A»
Figure 5. Appearance of corrosion coupons before and after installation at OPPS “A”
a) 0o ucribimanusi / before testing; 6) nocne ucnsimarus / after testing

Tabnuua 2. PacyéTHasa ckopocTb (hOHOBOM KOoppo3um, 3achukcupoBaHHas Ha OCK Ha LIMMH «A»
Table 2. Calculated baseline corrosion rate determined by coupon testing at OPPS “A”

Homep o6pasua OCK / Corrosion Coupon No.

MapameTp

Parameter Ne 171 Ne 172
HavanbHasi macca, r / Initial mass, g 10,9910 10,9317
Macca o6pa3sua nocne akcnoavumu, r / Mass after exposure, g 9,8466 9,9777
Moteps maccel, r/ Mass loss, g 1,1444 0,9540
Mnowaab o6pasua, mm? / Sample area, mm? 2097,1 2097,1
Bpewmsi akcnosuuum, aHeli / Exposure time, days 32 32
MnotHocTb maTepuana obpasua, r/cm® / Sample material density, g/cm? 7,86 7,86
CpefHssa ckopocTb koppoauun, MM/T. / Average corrosion rate, mm/g 0,7260

4D e DOL: 10.54859/Kj0gi108935 wwseeussevssrusseusssmssssmsissssisississssississsassssssssnnes
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Mo pesynsratam mMoHuTOpuHra Ha LIMNMH «Ax»
CpeaHsisi CKOPOCTb KOPPO3uW, OonpefenéHHas MeTo-
nom 3C, cocrasuna 0,6677 mm/T., Torga Kak no gaH-
HbiM OCK — 0,7260 mm/r. PacxoxaeHve mexay ABymsi
meTodamu gocturno 8,73%, 4To cooTBETCTBYET ANa-
nasoHy Bocnpoussogumocti (£10%) v noaTeepxaa-
€T BOCMPOU3BOAMMOCTb Pe3yrbTaToB. Y3-KOHTPOrb
NO3BONWN AOMOMHUTENBHO OLEHWUTL JoKanbHoe Co-
CTOsIHMe CTeHKM TpybonpoBoaa: u3mMepeHHas Tor-
WwmHa coctasuna 9,086 mm, Toraa Kak npu pyyHOM
KOHTpOsie nomnyyeHo 3HaveHue 9,34 mm.

YMNH «Bb»

Ha konnektope YIMH «b» cpeaHsis ckopocTb
Koppo3un no pAaHHbiM - OC-meToja cocTaBuna
0,2607 mm/r. (puc. 6). MNomny4yeHHble pesynbTaTtbl
CBMOETENBbCTBYIOT O 3HAYMTENIBHOM BIIMSIHUM 3KC-
nnyaTauMoHHbIX MapaMeTpoB Ha WHTEHCUMBHOCTb
KOPPO3VOHHbIX NPOLECCOB M NoaTBepXKaakT Heob-
XOAMMOCTb MX y4é€Ta Npun pa3paboTke nporpamMmm aH-
TMKOPPO3NOHHOM 3aLUUThI.

PucyHok 6. TpeHp notepu metanna 3C-cuctembl Ha YIH «B»
Figure 6. Metal Loss Trend of the ER System at OTP “B”

Mo paHHbIM Y3-cucTtemsl (Tabn. 3) yctaHosne-
Ha Bblpa)keHHasi HEOOQHOPOOHOCTb KOPPO3VMOHHOIO
n3Hoca no ceveHuto Tpybonposoaa, Npu 3TOM Hau-
fonbluMe 3Ha4YeHNs HabnoAAalTCs B HWKHEN 30He
(«6 4»). B BepxHel n 6okoBon yacTsix Tpybbl («3 4»
1 «9 Y») KOPPO3NS pa3BMBanachk 3Ha4YUTENbLHO Med-
neHHee. TpeHAbl N0 Kaxaomy Aartumky (puc. 7-9)

NOATBEPXAAIOT NOKasbHbIA XapakTep 3PO3VMOHHO-
KOPPO3WMOHHOMO M3Hoca. B oTtnuumne ot metoaos
3C un OCK, Y3-MOHUTOPMHI No3BOnsieT BbISABNATb
KPUTMYECKNE 30HbI YCKOPEHHOTO pa3pylUeHusi Me-
Tanna, YTo MeeT NpaKTU4YecKoe 3HaYeHue npuv pas-
paboTke NnporpamMmm aHTUKOPPO3MOHHONM 3aLUMUTbI.

Ta6bnuua 3. laHHble No noTepe MeTasnna B MecTe ycTaHOBKM Y3-gaTymkoB Ha YIMH «B»
Table 3. Metal loss data at the UT sensor installation locations at OTP “B”

UT-3 (No. 2509), “9 o’clock”

Ne paTumnka HayanbHas TonwuHa (21.01.2025 r.), mm | KoHeyHas TonwumHa (18.03.2025 r.), mm | YToHeHue MeTanna, MM
Sensor No. Initial thickness (21.01.2025), mm Final thickness (18.03.2025), mm Metal thinning, mm
Y3-1 (Ne2632), «3 u»
UT-1 (No. 2632), “3 o’clock” 6.723 6.671 0,052
Y3-2 (Ne2515), «6 u»
UT-2 (No. 2515), “6 o’clock” 6,704 6,651 0,053
Y3-3 (Ne2509), «9 u» 6,418 6,401 0,017

Tabnuua 4. Pac4yéTHas ckopocTb (pOHOBOW KOoppo3uu, 3acdpmkcupoBaHHasa Ha OCK Ha YIMH «B»
Table 4. Calculated baseline corrosion rate determined by coupon testing at OTP “B”

Mapametp Homep o6pa3ua OCK / ...Corrosion Coupon No.

Parameter Ne 164 Ne 169
HauanbHasi macca, r / Initial mass, g 11,0764 10,9769
Macca obpasua nocne akcrnoauuuu, r / Mass after exposure, g 10,4661 10,2591
Motepsa maccel, r/ Mass loss, g 0,6103 0,7178
Mnowapgp obpasua, mm? / Coupon area, mm? 20971 2097,1
Bpewms akcnosuuuu, aHen / Exposure time, days 56 56
MnotHocTb maTepuana obpasua, r/cm® / Coupon material density, g/cm?® 7,86 7,86

CpefHssa ckopocTb koppoauu, MM/T. / Average corrosion rate, mm/year
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PucyHok 7. TpeHA noTepu MeTanna no AaHHbIM agatymka ¥3-1 Ha YIH «b»
Figure 7. Metal Loss Trend Based on UT-1 Sensor Data at OTP “B”

PucyHok 8. TpeHa noTepy meTtanna no AaHHbIM gatuuka ¥3-2 Ha YIH «B»
Figure 8. Metal Loss Trend Based on UT-2 Sensor Data at OTP “B”

PucyHok 9. TpeHa noTtepu meTtanna no AaHHbIM gatymka ¥Y3-3 Ha YIH «B»
Figure 9. Metal Loss Trend Based on UT-3 Sensor Data at OTP “B”
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OCK-meTtoq nopTBepaun  OaHHble  3rek-
TPUYECKOTO COMPOTMBIIEHUS: CPELHSI  CKOPOCTb
KOppo3uMn Mo ob6pasuam-cBuaeTensiM coctaBuna

a)

0,2626 mm/r. (Tabn. 4). BudyanbHoe cocTosiHue Ky-
MOHOB A0 U NOCIIe 3KCMO3MLMM OTpaxeHo Ha puc. 10
1 AEMOHCTPUPYET XapaKTep NOBEPXHOCTHOrO M3HOCa.

0)

PucyHok 10. BHewHui Bug OCK o u nocne yctaHoBku Ha YIH «B»
Figure 10. Corrosion coupons before and after installation at OTP “B”
a) 0o ucribimaHusi / before testing; 6) nocne ucnsimaxus / after testing

Ha YINH «b» 3adwmkcnpoBaHa BbiCOKasi CXO-
OMMOCTb pes3ynbTaToB: CPeAHsAst CKOPOCTb KOpPOo3um
no AaHHbIM MeToda 3EeKTPUYECKOro COMpoTUBIE-
Husi coctasuna 0,2607 Mmm/r., MO rpaBUMETPUYECKO-
My metogy — 0,2626 mm/r. PasHuua mexagy Humu
He npesbicuna 0,68% (tabn. 5). Y3-cuctema nosso-
nvna BbISIBUTb HEPaBHOMEPHbIV XapakTep M3Hoca:
MakcuMarnbHaa noTepa Metanna 3adukcmpoBaHa
B HWXHEW yactu Tpybbl («6 4»), rae npoucxoaut
HaKoMnneHne BoAHOW hasbl U abpasmnBHbIX YacTul,
Toraa Kak B OOKOBbIX 30HaX («3 U» 1 «9 Yy») ToNwMHa
CTEHKUN CHMXanacb MEHee MHTEHCUBHO. Y3-MOHUTO-

puHr obecneunBaeT bonee getanbHyl AMArHOCTU-
Ky 3@ CYET BO3MOXHOCTWU HEMPEpPLIBHOIO KOHTPOIS
pacnpegeneHus u3Hoca no cevyeHuo Tpyobl U Bbl-
SIBMEHNSA JOKanbHbIX 30H YCKOPEHHOW KOppO3uu,
HEAOCTYNHbIX ycpeaHEHHbIM meTodam (3C n OCK).
Takum obpasom, cosBmeweHne OC u Y3-meTogos
obecneumBaeT KOMMIEKCHY OLEHKY COCTOSIHUS
TpybonpoBoaa: OT YCPEAHEHHbIX 3HAYEHUA CKOPO-
CTU KOpPpPO3UW OO0 BbIABNEHUA JOKallbHbIX O4aros
n3Hoca. OTO CO30aET OCHOBY AN KOPPEKTUPOBKM
[03MPOBOK WHIMOUTOPOB U CHUXEHUSI pucka aBa-
PUNHBIX OTKA30B.

Ta6bnuua 5. Pesynsratbl OMU Ha LINMH «A» n YIH «Bb»
Table 5. Results of pilot industrial trials at OPTF “A” and OTP “B”

LNMH «A» | OPPS “A” YIMH «B» /| OTP “B”
MeToa npoeeaeHust CKOpPOCTb KOpp K 1a mexay POCTb KOpp F 1a mexay
ucnbiTaHus MM/T. nokasaHusamu,% MM/T. nokasaHuamu,%
Test method corrosion rate, mm/ difference between corrosion rate, mm/ difference between
year readings, % year readings, %
9C cucrema 0,6677 0,2607
ER system
o - 8,73 0,68
paBUMeTpUYECKUint MeToz,
Gravimetric method 0.7260 0,2626

3aknioyeHue

Bnepsble B ycnosuax HOxHo-Typranckoro
HedTerasoHocHoro GacceriHa npoBedeHbl OMbIT-
HO-MPOMBICIOBbIE UCMbITaHWUA TexHonorun «Cucrte-
Ma KOPPO3MOHHOMO MOHWUTOPWHra» C OOHOBPEMEH-
HbIM NpuMeHennem metogos OC, Y3 n OCK.

Ha UMNMH «A» 3adukcmpoBaHbl CKOPOCTU
koppo3sun 0,6677-0,7260 mm/r., Toraa kak Ha YIH
«B» — Bcero 0,2607-0,2625 MM/T.

Pasnnua pesynsratoB 3C u OCK coctasu-
na 8,73% wHa UIMMH «A» n 0,68% Ha YIMH «b»,

YTO yKragblBaeTcs B AuanasoH BOCNPON3BOAUMOCTH
(£10%) » noaTeepxpaeT AOCTOBEPHOCTb M3Mepe-
HU. BmecTe ¢ Tem AaHHble Y3-KOHTpOns nokasanu,
4yTO MeToA obnagaet 6onbluen YyBCTBUTENbHOCTbIO
K FTOKanbHbIM 30HaM: HanpvMep, Ha No3uLun «6 Y»
dukcMpoBanacb MakcuMarbHas noTeps MeTanna
13-3a HaKonseHms BoAHOM basbl U TBEPAbIX YacTul,
TOoraa Kak B /:lpyrmx 30Hax TOnNwnHa CTEeHKU CHuXa-
nacb 3HauMTeNbHO MeAneHHee. Y3-MOHUTOPUHT MNo-
3BONSIET AeTanbHO OTCNEXUBaTb HEPaBHOMEPHOCTb
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M3HOCa MO CeYeHMo TPYGbl U BbISBNATL O4ary ycko-
PEHHON KOpPO3Un.

MonyyeHHble  pesynbTaTtbl  MOATBEPXKAAIOT,
YTO TOSILKO UX COBMECTHOE 1Crosib3oBaHmue obecne-
4YMBAET BCECTOPOHHIOI OLEHKY — OT YCPEAHEHHbIX
3HAYEHWU CKOPOCTU KOPPO3WUU [0 NMOKamnbHbIX Mpo-
AIBMEHWI 9PO3VOHHOTO U3HOCA.

MwupoBasi npakTuka BHeApeHUsi CUCTEM Herpe-
PLIBHOFO KOPPO3VWOHHOTO MOHUTOPMHIA MOKa3bliBa-
€T, YTO MUX OCHOBHOE HasHayeHue CBA3aHO npexae
BCEro C MOBbILEHWEM MPOMbILLIIEHHON U 3KOMOru-
Yeckol 6e30MacHOCTY 3a CYET paHHEro BbiSBIIEHUS
noKarnbHbIX 30H YCKOPEHHOTO KOPPO3MOHHOIO U 3PO-
31IOHHO-KOPPO3MOHHOMO M3HOCa W MpefoTBpaLle-
HUSI aBapUNHBLIX OTKa30B TPYGOMPOBOAHBLIX CUCTEM.
OQHOBpPEMEHHO TakMe CUCTeMbl LEMOHCTPUPYIOT
3KOHOMUYECKYD 3(PPEKTUBHOCTL: Nepexos OT ne-

OONONHUTENBbHO
UcTouHuK chuHaHCcupoBaHUA. ABTOPLI 3asBMASOT
06 OTCyTCTBUM  BHELUHEro  MHaHCUpPOBaHUSA

npv NpoBeAEHUN UCCNEeA0BaHUS.
KoHdnukr wuHTepecoB. ABTOpblI AeknapupyloT
OTCYTCTBME SIBHbIX U MOTEHLMAaNbHbIX KOH(IMKTOB
WHTEPECOB, CBA3aHHbIX C Mybnukaumnen HacTosLLen
cTaTtbm.

Bknap aBTopoB. Bce aBTOpbl nogTBepxgaroT
COOTBETCTBUE CBOEr0 aBTOPCTBA MEXAYHApPOOHbLIM
kputepusim ICMJE (Bce aBTOpbl BHECNU CYLLECTBEH-
HbI BKnag B pa3paboTKy KOHUEeNuuu, npoBeaeHne
uccrneaoBaHNsi U MOArOTOBKY CTaTbM, MPOYNN U 080~
Opvnun uHanbHY0 Bepcuto nepen nybnukaumen).
Hanbonbwmin Bknag pacnpefenéH  cregyolmm
obpasom: Kanbimosa N.A. — cbop 1 aHanu3 gaHHbIX,
npoBedeHNEe WCCNENOBaHWS, HanucaHue cTaTby;
TypmaraHbetr C.E., BepgbieB AXK. — koHuenuus
paboTbl, KOpPPEKTMpPOBKa HamnpaeBneHus npu npo-
BeAeHun uccneposanus; YedmHa HO.B. — ananus
MoMyYeHHbIX pesynbTaTtoB, y4yactue B obcyxae-
HUM 1 dopmynupoBke BbiBogoB; balimeHoB C.E. —
peoaKkTMpOBaHME  pykonucu,  npefocTaBlieHue
KoHcynbTaumii; [xakcbineikoB T.C. — dopmupo-
BaHMe MeToOuKM, NpoBepka pesynbratoB; Mapaa-
HoB A.C. — KOHTPOJIb 3a BbINONIHEHNEM PabOThI.

CMUCOK UCMNONb30BAHHOM NIUTEPATYPBI

pYOANYECKUX MHCNEKUUIA K HENPEPbIBHOMY KOHTPO-
M0 NO3BOMSET CHU3WUTL BHEMMAHOBbLIE NPOCTOU
W 3aTpaTbl Ha aBapUHbIE PEMOHTbI, YBEMUYUTL
MEXPEMOHTHbIE WHTepBanbl W MNPOANUTL pecypc
Tpy6onpoBoaos. Taknm 06pa3om, MHTErpupoOBaHHbIN
KOPPO3MOHHBIN MOHUTOPUHF CriedyeT paccmaTpu-
BaTb Kak anemMeHT obecneyeHnss HagExHoM 1 ycTom-
UMBOW 3KCMNyaTauuu HedTerasoBbix OOBEKTOB,
rae SKoOHoOMMYeckunii adhdpekT ABnseTca CnegcTBUEM
NOBbILLEHNS YPOBHS 6e30MacHOCTU.

BHegpeHMe KOMMNMEKCHOrO MOHWUTOPWHra no-
3BOSIUT OMNTUMU3NPOBATL [O3UPOBKU UHIMOUTOPOB,
YUYUTBIBATb 3PO3UOHHBIN haKTop, CHU3UTL BEpOsiT-
HOCTb aBapWiHbIX OTKA30B M MPOASUTL CPOK CryX-
Obl TPyOONPOBOAHBLIX CUCTEM, YTO MMEET BaXHOe
3Ha4YeHue AN yCTOMYMBOrO pasBUTUS HedpTeraso-
BOW OTpacnu CTpaHsbl.
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Review article

Using Big Data and Analytics for Forecasting and Productivity
Enhancement in the Oil and Gas Industry

Aigerim B. Seitimbetova, Alevtina S. Shulgina-Tarashchuk, Aizhan S. Smailova
Karaganda Buketov University, Karaganda, Kazakhstan

ABSTRACT

Amid the digital transformation of the global economy, Big Data analytics and advanced analytics
technologies are becoming key tools for enhancing business efficiency and sustainability.
Their application is particularly relevant in the capital-intensive and high-risk oil and gas industry, where
data-driven decision-making offers significant competitive advantages.

This study examines the opportunities and benefits of implementing Big Data and analytical solutions
across various stages of the oil and gas production cycle — from geological exploration and drilling
to processing and transportation. The study presents the main data sources and types characteristic
of the industry, as well as modern analytical methods, including descriptive, predictive, prescriptive,
and real-time analytics. Special attention is given to machine learning and artificial intelligence
algorithms used for predicting equipment failures, optimizing drilling parameters, and modeling reservoir
behavior.

Based on the analysis of case studies from leading international companies such as BP, Equinor,
Gazprom Neft, and others, it is shown how digital tools can improve decision-making accuracy, reduce
operational costs, and minimize technological risks. The study also examines the key challenges
hindering the widespread adoption of Big Data in the sector, including a shortage of qualified personnel,
integration difficulties between legacy and modern systems, cybersecurity concerns, and the high cost
of digital transformation.

The analysis leads to the conclusion that data and analytics constitute strategic assets for the future
development of the oil and gas industry. Digital technologies open up new horizons in forecasting,
management, and sustainable production, paving the way for next-generation intelligent oil and gas
enterprises.

Keywords: Big Data; analytics; oil and gas industry; forecasting; productivity; digitalization.
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Hayu4HbIn 0630p

Ucnonb3oBaHue Big Data n aHanuTuku gna nporHo3MpoBaHus
M NOBbILWEHUSA NPOU3BOAUTENBLHOCTU B HepTerasoBou oTpacnm

A.B. CentumbeTtoBa, A.C. LLlynbruHa-Tapauuyk, A.C. CmaunoBa
KapacaHOuHckuli yHusepcumem um. akademuka E.A. Bykemosa, 2. KapazaHOa, KazaxcmaH

AHHOTALUUA

B ycnosusix umMgpoBon TpaHchopmMaLmMm MUPOBOK 9KOHOMUKM TEXHONOrMK aHanvaa 6onblumnx gaHHbIX
(Big Data) 1 nHtennektyanbHOM aHanMTUKN CTAHOBSTCA KMOYEBLIMW UHCTPYMEHTaMMU A5si MOBbILLEHUS
achbdekTBHOCTM U ycTOMuMBOCTM Oum3Heca. OCOBEHHO akTyamnbHbIM WX NPUMEHeHue SBNSeTcs
B KanuTarnoE&MKOWN 1 BbICOKOPMCKOBOM HedTEra3oBoW OTpacnu, rae peLleHnsl, OCHOBaHHbIE Ha OaHHbIX,
CNocobHbl 06ecneyYnTb 3HAUNTENbHbIE KOHKYPEHTHbIE MpenMyLLecTBa.

HacToswasa ctatba nocesiLeHa UCCreaoBaHnio BO3MOXHOCTEN U npeuMyLlecTB BHeapeHus Big Data
N aHanUTUYECKUX pEeLUeHWIA Ha pasfu4HbIX 3Tanax HedTerasoBOro MNPOM3BOACTBEHHOMO UMKNa —
OT reonoropa3segkn u OypeHus 0o nepepaboTknm M TpaHcnopTupoBkw. [peactaBneHbl OCHOBHbIE
VCTOYHUKM U TUMbl JaHHbIX, XapakTepHble AMs OTpaciu, a TakkKe COBPEMEHHbIE METOAbl aHaNUTUKK:
onucaTenbHbIiA, NPOrHOCTUYECKWIA, NPeanuCbIBaoLLMiA U onepaTuBHbIA. OTAeNbHOE BHUMaHWE yaerneHo
anroputTMamMm MalUUHHOTO OOYYEHUsI U UCKYCCTBEHHOTO MHTEMNMEKTa, NPYMEHsieMbIM A8 NpeackasaHus
0TKa30B 060pyA0OBaHUS, ONTUMM3ALIMN NapaMeTPoB BypeHUst 1 MOAENMPOBaHUS NOBEAEHUS 3anexen.
Ha ocHoBe aHanusa kencoB BeadyLUMX MeXAyHapoOHbIX KOMMaHwh, Takux kak BP, Equinor, Masnpom
HedTb W Ap., NOKasaHo, Kak LMAPOBble WHCTPYMEHTbI MO3BOMSAKT MOBLICUTb TOYHOCTb MPUHATUSA
PELUEHUI, COKPaTUTb W3OEPXKKA M MUHUMU3NPOBATb TEXHOrEHHbIE PUCKU. TakKe paccMaTpuBaloTCs
KIntoyeBble BbI3OBbI, CAepXuBawlwme MacwTabHoe BHegpeHve Big Data B oTpacnu: Hexeatka
KBanMMUUNPOBAHHbLIX KadpoB, CIIOXHOCTM MHTErpauuMm CcTapblX W HOBbIX CUCTEM, BOMPOCHI
Knb6epbe3onacHOCTM 1 BbiCOKasi CTOMMOCTb LiMdpoBm3aLmm.

B pesynbrate aHanu3a copmupyeTcs BblBO4 O CTpaTErnyecko 3HAYMMOCTM AaHHbIX U aHANUTUKK
Kak 006 OCHOBHOM pecypce Oyayliero pa3BuTus HedTerasoBov NPOMbILLNEHHOCTU. Lindposblie
TEXHOMOMMN OTKPbLIBAOT HOBbLIE FOPU3OHTbLI B 0BnacTy NPOrHo3MpoBaHUS, yrnpaBfeHnst U YCTOMYMBOIO
NPOU3BOACTBA, POPMUPYSA MHTENNEKTYarbHble HedTerazoBble NPeanpUsTUSE HOBOTO NOKOSNEHUS.
Knroueewle cnoea: Big Data, aHanumuka, Heghmeza3oeasi MpoMbIWIEHHOCMb, MPO2HO3UposaHue,
npou3eodumeribHoCMb, Yughposu3dayusi.

Kak umtupoBaTb:

Celimumbemosa A.b., llynpeuHa-Tapawyk A.C., Cmaunosa A.C. Wcnonb3oaHue Big Data n aHanutuku
ONA  NPOrHO3NPOBaHMS W MOBbILEHUS MPOU3BOAWUTENLHOCTM B HedTerasoBol oTtpacnu /[ BecTHuk
HedTerasoBow oTpacnu KasaxcraHa. 2026. Tom 8, Ne2. C. 48-58. DOI: 10.54859/kjogi108887.
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Fbinbimu wony

MyHan-ra3 canacbliHAafbl OHIMAINIKTI 6orkay XaHe XakcapTy
ywiH Big Data neH aHanuTukaHbl nanganaHy

A.B. Centim6eToBa, A.C. LUynbruHa-Tapauwyk, A.C. CManbinoBa
Akademuk E.A. Bekemoe ambiHOarbl KaparaHOb! yHusepcumemi, KaparaHOb! Kanacekl, Kasakcmat

AHOATOA

OneMaik 9KOHOMMKaHbIH UMdpnblK TpaHchOpMaUMAChl KaFdarbiHOA YIKEH OepekTepdi Tanpay
(Big Data) »xeHe MHTennekTyanabl aHanmMTuka TexHonorusanapbl GU3HeCTiH TUiIMAINIri MeH TypakTbINbIFbIH
apTThIpyAblH HEri3ri KypanaapblHa anHanyaa. byn acipece kanutanapbl ken KaxeT eTeTiH aHe Tayekeni
XKOFapbl MyHan-ra3 canacbiHOa ©3€eKTi, ®NTKEHI AepeKTepre HerisgenreH LwWewiMaep antapnbikram
OacekenecTik apTbIKWbINbIKTapabl KaMTaMachI3 eTe anagpl.

Byn makana reonorusanblk G6apnay MeH OypfbinaygaH 6actan eHgey MeH TacbiMangayfFa OewiHri
MyHan — ra3 eHZipicTik UMKMiHIH apTypni ke3eHaepiHae Big Data xsHe aHanutukanblK wwellimaepai
eHri3yaiH MyMKiHOIKTEPi MEH apTbIKLWbINbIKTApbIH 3epTTeyre apHanfaH. Canara ToH AepekTepaiH Herisri
Ke3gepi MeH Typriepi, CoOHAawm-aK aHanuTWKaHblH 3amaHayw aaicTepi YCbIHbIFaH: cunaTTamansblk,
bomkamMablK, Hyckamarblk xaHe xenen. >KababIKTbiH iCTEH LWbIFybIH Bomkay, Oypfblnay napameTprepiH
OHTannaHAbIpy XaHe KeH OpblHAAPbIHbIH MiHE3-KYIIKbIH MoAenbaey YLiH KongaHbinaTtblH MallnHanblk
OKBITY XXOHe XacaHAbl MHTENMEKT anropuTMaepiHe epekLle Hasap ayaapbinagpl.

BP, Equinor, «lasnpoM HedpTb» xoHe T. 0. CUSAKTblI >XeTeKwWi Xanblkapanblk KOMNaHWUsinapabiH
XafgavnapblH Tangay HerisiHge umdpnblk KypangapgblH wewiMm kabbingay OongairiH sxkakcapTyra,
WhIFbIHOAPAbI a3alTyFa >KeHe TexXHOreHAik Toyekengepai asalTyra kanan MyMKiHAIK GepeTiHi
kepceTinreH. CoHpawi-ak, canaga Big Data-HblH aykbiMabl eHrisinyiH TeXeWTiH Herisri cbiH-kaTepnep
KapacTblpblnyaa: 6inikTi kagpnapgblH XeTicneywwiniri, ecki xxaHe XaHa >Xynenepai uHterpaumanaynbiH
Kypaeniniri, knbepkayincisgik Macenenepi xxsHe UndbpnaHabipyablH KbIMOaTTbIbIFbI.

Tanpgay HaTwxXeciHOe MyHal ra3 eHepkaciOiHiH 6onawak AamyblHblH Heriri pecypcbl peTiHae
JepeKkTep MeH TangayablH CcTpaTervsnbik MaHbl3ablbifbl Typanbl KOpbITbIHALI Xacanagsl. Lindpnbik
TexHonorusnap 6omkay, 6ackapy eHe TypakTbl HAIPIC canackiHa XaHa ropu3oHTTapabl alla oTbIpbir,
aHa OybIHHbIH, MHTENNeKTyanabl MyHan-ra3 KacinopbiHAapbIH KanbINTacTbIpyFa KON awagbl.

Hezizzi ce3dep: Big Data, manday, myHali-ea3 eHepkacibi, 6ommxay, eHiMOinik, yugbpraHobipy.
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Introduction

In the context of the modern global economy,
the oil and gas industry continues to play a key role
in meeting the energy needs of industry,
transportation, and the population. At the same time,
it faces a number of serious challenges: the depletion
of easily accessible hydrocarbon reserves, growing
demands for environmental sustainability, the need
to reduce operational costs, and the increasing
pressure to improve extraction efficiency. To remain
competitive and ensure sustainable development,
oil and gas companies must seek new approaches
to managing production processes, resources,
and risks.

One of the most promising areas of industry
transformation is the adoption of Big Data and data
analytics technologies.

These tools enable companies to collect, process,
and analyze massive volumes of information
coming from various sources-drilling rigs, wells,
sensors, satellites, production systems, and more.
The data may include both structured information
(e.g., sensor readings) and unstructured data
(e.g., video footage, text-based reports, geophysical
maps).

The use of advanced analytics, including machine
learning and artificial intelligence (Al), allows
companies not only to retrospectively analyze
production processes but also to forecast reservoir
behavior, determine optimal driling parameters,
detect equipment failure risks, and improve
the accuracy of managerial decision-making.
The implementation of Big Data in the oil and gas
sector contributes to more precise reservoir
modeling, reduced downtime, process automation,
and improved technical and economic performance
indicators.

Moreover, the development of the Industrial Internet
of Things (lloT), cloud computing, and digital twins
is shaping a new digital environment in which data
becomes a strategic asset. These technologies
enable companies to shift from reactive to predictive
and prescriptive management strategies, thereby
achieving high productivity while reducing costs
and environmental impact.

Thus, the use of Big Data and analytical technologies
represents an integral component of the digital
transformation of the oil and gas industry.

The aim of this article is to explore current capabilities
and future prospects for applying Big Data and ana-
lytics to enhance forecasting and boost productivity.
It will also analyze concrete examples of successful
technology integration in practice.

The specific objective of this article is to examine
the theoretical foundations and practical applications
of Big Data and analytics in the oil and gas industry,
with a focus on forecasting and productivity
improvement tasks. In addition, a small-scale case
study using data analysis and machine learning
methods will be conducted to illustrate practical
implementation [1].

Literature review

The application of Big Data and analytics in the oil
and gas industry is increasingly being explored both
internationally and within Kazakhstan’s scientific
community. A number of publications in the Bulletin
of the Oil and Gas Industry of Kazakhstan
demonstrate progress in integrating digital solutions,
machine learning algorithms, and intelligent
analytics into key stages of extraction, monitoring,
and geological exploration.

In the study by Zhenis, et al. [2], the authors
examine the architecture of modern bottomhole
pressure monitoring systems using machine
learning algorithms. Particular attention is paid
to real-time streaming processing of telemetry data
from wells, the use of predictive analytics models,
and the integration of Big Data infrastructures
(Lambda and Kappa architectures). This research
highlights the potential of intelligent well operation
management in real time.

The article “Analysis of the well productivity
decline in the Kashagan field” by Khassanov B.K.
and Serniyazov Z.M. [3] analyzes the causes
of declining well productivity, particularly scale
formation. The authors link pressure and tempera-
ture data to model production dynamics, which
aligns with the principles of predictive analytics.
Kolbikova E.S. [4] presents the application
of machine learning methods in seismic and geo-
physical data analysis. Clustering of lithofacies types
helps to model geological structures more accurately
and predict reservoir properties more reliably.

The study by Bisikenov, et al. [5], demonstrates
how tools for analyzing and interpreting PVT data
and geochemical-geophysical measurements
improve reserve estimation, which is essential
for developing accurate mathematical models
for production forecasting.

These studies show that Big Data analytics is used
not only for monitoring extraction processes but
also plays a critical role in exploration, planning,
maintenance, and the development of digital models.
Despite the diversity of topics, all these publications
share a common idea: managing processes
not after problems occur, but proactively, based
on data. This approach helps reduce equipment

downtime, increase production volumes, utilize
resources more efficiently, and operate more
sustainably.

Materials and methods

Big Data refers to a set of technologies
and methodologies for processing and analyzing
extremely large, diverse, and rapidly growing data-
sets that traditional systems cannot efficiently hand-
le. The key characteristics of Big Data are Volume,
Velocity, Variety, Veracity, and Value.

Data analytics encompasses methods and tools
used to extract meaningful insights from data,
enabling informed and data-driven decision-making.
In the oil and gas industry, analytics involves
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statistical analysis, modeling, machine learning,
and artificial intelligence (Al).

Core technologies include: Hadoop and Spark:
frameworks for distributed processing of large-
scale data, SQL and NoSQL database management
systems: for storing and accessing data, Internet
of Things (loT): sensors and devices that collect
real-time operational data, cloud platforms (AWS,
Azure, Google Cloud): for scalable data infrastruc-
ture, machine Learning (ML) and Atrtificial Intelli-
gence (Al): for forecasting, automation, and optimi-
zation.

Data Collection and Integration. In the oil
and gas sector, data is gathered from a wide range
of sources, including sensors on drilling rigs, wells,
and pipelines, geolocation data, climate vari-
ables, operational records, and maintenance logs.
loT devices and SCADA systems enable real-time
data acquisition, forming the foundation for timely
analytics and operational control.

Production Analysis and Forecasting. The pro-
cessing and analysis of Big Data enable the iden-
tification of patterns in extraction processes,
optimization of equipment usage, forecasting of pro-
duction output, and prediction of potential failures
or accidents.

Process Optimization. Analytics contributes to cost
reduction by forecasting equipment condition, opti-
mizing maintenance schedules, improving planning
quality, and minimizing downtime. The implemen-
tation of intelligent control systems enhances both
productivity and safety.

Data Description. To illustrate practical applications,
a simulated dataset representing oil production met-
rics from multiple wells over several years is used.
The dataset includes parameters such as date, pro-
duction volume, pressure, and temperature.

Data Analysis Methods in the Oil and Gas Industry.
To leverage Big Data effectively, the oil and gas
industry applies a wide array of analytical methods.
These can be categorized based on their objectives
and the types of data being analyzed, ranging
from descriptive and diagnostic analytics to pre-
dictive and prescriptive approaches [6].

Time Series Analysis

Oil and gas data often exhibit a temporal structure —
parameters such as production volume, pressure,
and temperature are measured periodically over
time. Time series analysis allows companies to:

— ldentify trends, such as increases or decreases
in oil production over time;

— Detect seasonal fluctuations and cycles, for exam-
ple, the impact of climatic conditions on production;
— Assess the effects of events, such as equipment
maintenance or failures, on production metrics.

— Examples of time series methods include:

moving Average — used to smooth data and reveal
underlying trends;

— autocorrelation — evaluates the relationship be-
tween data points at different time intervals;

— Arima models (AutoRegressive Integrated Moving
Average) — a statistical method for modeling
and forecasting time series data.

Figure 1. Program

DOI: 10.54859/kjogi1 08887
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Correlation Analysis. Correlation analysis helps
identify relationships between various production
and operational parameters, such as:

— the relationship between pressure and production
volume;

— the impact of temperature on raw material quality;
the link between equipment condition and the fre-
quency of unplanned shutdowns.

Common methods include:

— Pearson correlation coefficient — measures linear
relationships between two variables;

— spearman’s rank correlation coefficient — assesses
monotonic relationships that may not be linear.

Results

The results of correlation analysis help determine
which factors most significantly affect productivity
and operational efficiency [7].

Next, we consider a Python-based example for cal-
culating the Pearson correlation coefficient in the oil
production industry. The program analyzes the re-

lationship between the volume of water injection
and oil production at a field (Fig. 1):

This program loads monthly data, calculates
the Pearson correlation coefficient (using Pearson
from scipy.stats module), displays the result
(correlation value and p-value), and also generates
a dependency plot (Fig. 2):

Figure 2. Plot

Figure 3. Multiple Linear Regression in Python

DOI: 10.54859/kjogil 08887
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The graph presents a scatter plot where the hori-
zontal axis (X) represents the volume of water injec-
tion, and the vertical axis (Y) represents the volume
of oil production. Each point on the chart corresponds
to a specific month from the dataset. The points
lie very close to a straight line that slopes upward
as water injection increases. This provides a visual
confirmation of a strong positive linear correlation,
as indicated by the Pearson correlation coefficient.
The chart title, “Correlation between Water Injection
and Oil Production”, along with the axis labels, helps
to clearly interpret what is being displayed.

Thus, the output of the code demonstrates a very
strong and statistically significant positive linear rela-
tionship between water injection volume and oil pro-
duction volume in the provided data, which is clearly
illustrated in the scatter plot.

Regression Analysis

Regression is a method used to model the relation-
ship between a dependent variable and one or more
independent variables. In the oil and gas sector,
regression analysis is often used to:

— forecast production volumes based on technical
and operational parameters;

— evaluate the impact of drilling process changes
on oil quality.

Types of regression include:

— linear regression — for modeling simple linear
relationships;

— multiple regression — incorporates several influ-
encing factors simultaneously;

— polynomial regression — used to capture more
complex, nonlinear relationships.

Here is a Python program for regression analysis
in the oil and gas industry. In this case, the model
captures the relationship between oil production
volume and two factors: water injection volume
and reservoir pressure. The program demonstrates
the use of multiple linear regression (Fig. 3).

The program also generates a 3D plot showing both
the actual data points and the predicted values,
and prints the regression coefficients, which help
evaluate the contribution of each parameter (Fig. 4):

Figure 4. Plot of Multiple Linear Regression

DOI: 10.54859/kjogi1 08887

Machine Learning. Machine learning methods are
widely used for analyzing large datasets and uncov-
ering complex patterns. These algorithms can be
trained on historical data to make predictions or per-
form classifications.

Key approaches include:

— supervised learning: linear models, decision
trees, random forests, and gradient boosting algo-
rithms-used for both regression and classification
tasks;

— neural networks: applied for modeling complex re-
lationships and time series data;

— unsupervised learning: clustering methods (e.g.,
k-means) for grouping wells or processes with simi-
lar characteristics;

— principal Component Analysis (PCA) is used
for dimensionality reduction, enabling data visualiza-
tion and the identification of key influencing factors.

Machine learning enables the automatic detection
of patterns, prediction of equipment failures, optimi-
zation of operational modes, and overall cost reduc-
tion [8].

Failure Analysis and Predictive Maintenance
By leveraging operational data such as vibra-
tion, temperature, and pressure, data analytics
and machine learning models can identify early
indicators of potential equipment failures. This allows
for proactive maintenance planning, preventing un-
planned downtime and accidents.

Data Visualization

Visualization is an essential component of Big Data
analysis. Tools such as graphs, heat maps,
and interactive dashboards support the following:

— intuitive understanding of complex data;

— quick identification of anomalies and trends;
— decision-making support across all
of management [9].

Application Example. The following section (Fig. 5)
presents a program that uses a linear regression
model to analyze production dynamics and fore-
cast oil output for the coming months. The program
visualizes both the original data and the generated
forecast. This solution can be adapted to real-world
datasets from oil companies, such as daily/monthly
production volumes, well parameters, and more.
The program outputs the forecasted production
volumes for each of the upcoming months
to the console, with a precision of two decimal
places.

Thus, the program builds a simple linear regres-
sion model that captures the relationship between
monthly oil production volume and time, and uses
this model to forecast future values.

— Blue dots: These represent the actual oil pro-
duction volumes for each of the 12 months. They
illustrate how production levels varied from month
to month;

— Green line: This is the fitted linear regression
model. It represents the best-fit line that describes
the relationship between production volume

levels
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Figure 5. Oil production forecasting program

and month based on the given data. The line clearly
reflects an overall upward trend in the dataset;

— Red dashed line with circles: This line displays
the forecasted oil production volumes for the next
three months (the 13th, 14th, and 15th months).
The red circles mark the predicted values for each
of these months, and the dashed line connects them,
showing the projected trend in production according
to the model;

— Title: “Oil Production Forecast”
the subject of the graph;

— Axis labels: “Month” and “Production Volume
(thousand tons)” — Clarify the content of the horizontal
and vertical axes, respectively. The horizontal axis
represents the month number, while the vertical axis
shows the production volume in thousands of tons;
— Legend - Explains the visual elements
on the graph, specifying which components
correspond to “Actual Data”, “Model”, and “Forecast”;

Indicates

— Grid — Added to enhance readability and make
it easier to interpret values along the axes (Fig. 6).

Figure 6. Oil production forecast
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This 3D plot visualizes data based on month
and production volume. To create a three-
dimensional representation, the Z-axis corresponds
to the index of each data point.

It is important to note that the Z-axis in this context
does not represent any physical or statistically
meaningful variable related to production or time.
The plot illustrates the spatial distribution of the data
points in a three-dimensional space; however,
the relationship between month and production
volume is still best observed on the XY-plane (Fig. 7).

Figure 7. 3D data visualization
(Month, Production, Index)

Overall, the chart clearly demonstrates how linear
regression is used to model trends in the data
and extrapolate them to generate forecasts for future
periods.

Conclusion
In the context of increasingly complex extraction
processes, stricter environmental regulations,

and the growing need for cost optimization, the oil
and gas industry is undergoing a large-scale digital
transformation. One of its key components is the im-
plementation of Big Data and analytics technologies,
which enable the extraction of valuable insights
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from massive volumes of heterogeneous and high-
frequency data.

An analysis of existing scientific and practical devel-
opments reveals that the use of intelligent analytics
in the oil and gas sector covers several critically
important areas:

— Forecasting oil and gas production using machine
learning models and time series analysis;

— Optimization of equipment performance
and predictive maintenance, aimed at reducing
the risk of failures and unplanned downtime;

— Interpretation of geophysical and seismic data
through clustering methods, neural networks,
and regression analysis;

— Enhancing field development efficiency through
EOR (Enhanced Oil Recovery) technology screen-
ing, supported by databases and proxy models;

— Digital modeling and the creation of digital twins,
enabling more accurate simulation of development
scenarios and more informed decision-making [10].
Research by Kazakhstani scientists highlights
the active development of solutions tailored
to the local characteristics of oil fields. For example,
the application of Lambda and Kappa architectures
for bottomhole pressure monitoring, neural network
methods for core sample analysis, and the deploy-

ment of platforms such as ABAI demonstrate
the intellectual potential of national science
and industry.

It is important to emphasize that the successful
implementation of Big Data analytics requires not
only technical solutions but also a cultural shift
in decision-making practices within oil and gas com-
panies. This includes building competencies in data
analysis, fostering integration between IT and opera-
tional departments, and ensuring a reliable digital
infrastructure.

In conclusion, Big Data and analytics are becoming
indispensable tools for improving efficiency, safe-
ty, and sustainable development in the oil and gas
industry. Companies that invest today in intelligent
systems and digital platforms will gain a strate-
gic advantage tomorrow—through cost reduction,
increased productivity, and more agile business mo-
dels. In the long term, such approaches contribute not
only to commercial success but also to the creation
of a smarter, greener, and more adaptive energy future.

AONONHUTENBbHO

UcTouyHuK chmHaHCcupoBaHuUA. ABTOPbI 3asBNSOT
06 OTCYTCTBMM  BHELUHEro  (hUMHaHCMPOBaHMWS
npu NpoBeAeHVN NCCNefoBaHus.

KoHcdnukr wuHTepecoB. ABTOpbl [eknapupylT
OTCYTCTBME SIBHbIX W MOTEHUMAnbHbIX KOH(IUKTOB
MHTEPEeCOoB, CBSA3aHHbIX C Nybnukauuen HacTosLen
cTaTbu.

Bknap aBTopoB. Bce aBTOpbl nogTBeEpxaaroT
COOTBETCTBME CBOEro aBTOPCTBA MeEXAyHapOOHbIM
kputepusam ICMJE (Bce aBTOpbl BHECNM CyLLECTBEH-
Hbll BKnag B pa3paboTKy KoHuenuuu, nposede-
HWe uccrnefoBaHWUs W MOATOTOBKY CTaTbW, NPOYNv
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OpI/II'I/IHaﬂbHoe unccnegoBsaHue

NMpumeHeHNe NCKYCCTBEHHOrO UHTENMeKTa B HedpTerazoBou
oTpacnu: TpeHa nnm Heo6xoAMMOCTbL?

A.N. AsraHoBa', A.XK. Kypmanranuen?, A.LLU. Abunrasuesa’, H.K. QykecoBa?
"Ambipayckull yHugepcumem Hegbmu u 2asa um. Caghu Ymebaesa, 2. Ameipay, KazaxcmaH
2KMI” UnxxuHupuHe, 2. AcmaHa, KasaxcmaH

AHHOTALMUA

O6ocHoBaHue. B nocnegHue gecatunetus TEXHOMOMMU UCKYCCTBEHHOrO MHTennekta (ganee — UN)
CTPEMUTENBHO BHEOPSIOTCA B HE(DTErA30BYy OTPaCHb, OXBaTbIBas KIOYEBbIE 3Tarbl reonoropasBeiku,
MHTEepnpeTaumMmn reousn4ecknx OaHHbIX, MOAENMPOBaHMA NNacToB U pas3paboTkM MeCTOPOXAEHWNA.
CoBpeMeHHble MeToAbl aHanu3a OoMblWKX AaHHbIX, MAaLWMWHHOTO ODyYeHWs U MHTennekTyanbHble
CUCTEMbI YMpaBreHUst MO3BOMSAIOT MOBLICUTb TOYHOCTb MHTEPMPETALUUM  Teonoro-reopusnyecknx
N KapOTaXHbIX AaHHbIX, CHU3UTb YPOBEHb HEONPeaEenEHHOCTUN NPU NPUHSATUN UHXEHEPHbIX PELLEeHWUN,
MWHUMMW3NPOBATb MPOU3BOACTBEHHbIE PUCKM W ONTUMM3MPOBATb MpoLEcChl pa3Bedku U Ao6blumn
yrneBoaopoaoB.

Lenb. B cratbe paccMOTpeHbl COBpPEMEHHble HanpaBneHuss npumeHenuss MW B HedTerasosoi
WHOYCTPUN C aKLEHTOM Ha 3aJayvM aBTOMaTU3UPOBAHHOW WHTepnpeTauum AaHHbIX reodu3nyeckmx
uccrnegoBaHui  ckBaxuH (ganee — [UC), knaccudumkaumm nUTONOMMYECKOro cocTaeBa nopog,
PEKOHCTPYKLUMM KapOTaXHbIX KPUBBIX U LMdPOBMU3aLIMM FreornoropasBefoyHbIX npoueccoB. [poBenéH
aHanvs MMpoBOIo OnblTa BHeApeHUs TexHonoruii W B obnactu kapoTtaxa, 06paboTku n MHTeprnpeTaumm
reonoro-reopuanyeckoin  MHopmMauum, a Takke PacCMOTPEHbl WHTErPUPOBAHHbIE MPOrpaMMHbIe
peweHusa n undposble NNaToOpMbl BeOyLUMX MeEXAYHApOOHbIX HedTeCepBUCHbIX U HedTerasoBbiX
KOMMaHWN.

Matepmanbl u Metogbl. Ocob6oe BHMMaHWE yaeneHo NPaKTUYECKOMY OMbITY MPUMEHEHWUS METOO0B
mMawnHHoro obyyeHus B TOO «KMI UHXWHMPWMHrY Onsi aBTOMaTU3UMPOBaHHOM Krnaccudukaumm
nuTonoruv no aaHHbM MNC. B pamkax uccnenoBaHus Gbiny NpoTECTUPOBaHbI PasnnyHbIE anropuTMbl
MalunHHOro obyyeHus, Bkntovasi Logistic Regression, Random Forest, XGBoost un gpyrve anropuTtmel
MaLUUHHOro 00y4eHus, Ha ocHoBe AaHHbIX 6onee 100 ckBaxuH. PaccmoTpeHbl 0CO6EHHOCTU NOATOTOBKM
M OYMCTKM AaHHbIX, DOPMMpPOBaHMS 0ByYatoLLMX U TECTOBLIX BbIGOPOK, a Takke NpobrnemMbl, CBA3aHHbIE
C HEMNOMHOTOW, HEOAHOPOAHOCTbLIO U HU3KUM KayeCTBOM MCTOPUYECKUX reororo-reonanyecknx JaHHbIX.
PesynbraTtbl. PesynbtaTbl WCCRNEAoOBaHUS MOKas3anu, 4YTO MNPUMEHEHWE aHcaMbneBbIX METOAO0B
WU anropMTMOB TpagveHTHOro OyCTMHra MO3BONSET AOCTUraTb BbLICOKOW TOYHOCTWU Knaccudukauum
NIMTONOMMYECKNX TUMOB M 3(PHEKTUBHO aBTOMAaTM3NPOBaTb MPOLECCHI MHTEPMPETALUM KapOTaKHbIX
AaHHbIX. Haunyuywme pesynbraTbl Obinn nony4veHsl Npu ucnonb3oBaHuy anroputmMa Random Forest,
NpPOAEMOHCTPMPOBABLLENO BbICOKYH YCTONYMBOCTb Y KAYECTBO NMPOrHO3MPOBaHUSA B YCNOBUAX pearnbHbIX
NPOWU3BOACTBEHHbIX AaHHbIX. OTAENbHO PacCMOTPEHbl BOMPOCHI MHTErpaumm oBy4YeHHbIX Moaenen
B KOprnopaTuBHble WHMOPMALMOHHbIE CUCTEMbI AfS OMNepaTtMBHOrO MPOrHO3VMPOBAHUSI NUTONOMUK
1 NOAAEPKKN NPUHSITUS FE0NOrO-TEXHUYECKUX PELLEHUIA.

3akntoueHue. CaenaH BbIBOA O TOM, YTO BHEAPEHNE TEXHOIOMMI MCKYCCTBEHHOMO MHTENNEKTa ABNSeTcs
O[HUM M3 KIOYEBbIX HanpaeneHun umndpoBor TpaHcdopMaumm HedTerazoBon otpacnu Kasaxcrana.
Wcnonb3oBaHne WU nossonsieT noBbiCUTb 3(EEKTUBHOCTL reOnoropasBefoyHbIX paboT, YCKOpUTb
06paboTky U MHTepNpeTaumto AaHHbIX, MOBLICUTb KO3(PMULIMEHT N3BNEYEHUS YINEBOAOPOLOB N CHU3NUTL
3aTpaTbl Ha pa3paboTKy MEeCTOPOXAEHWN B YCMOBMUSIX BO3pacTaloLLel CIOXHOCTU Feonormyeckoro
CTPOEHUS U YXyALLEHUs Ka4ecTBa pecypcHow 6asbl.

Krnroyeeble crioea: UCKYCCMBEHHbIU UHMeENekm, mMawuHHoe obydyeHue, Hegbmeaazoeass ompacsib,
eeoghusudeckue uccrnedosaHUsi CKeaxUH, eeoghu3udeckue uccrie0o8aHusi CK8aXUH, Kapomax,
numonoeusi, Random Forest, XGBoost, asmomamu3uposaHHasi uHmeprnpemauus, yugposusayusi,
eeorozopassedka, HelipOHHbIe cemu, aHanu3 0aHHbIX, Knaccughukayusi mopoo.
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Application of Artificial Intelligence in the Oil and Gas Industry:
Trend or Necessity?

Anar |. Ayaganova', Darkhan Zh. Kurmangaliyev?, Aliya Sh. Abilgaziyeva’,
Nadezhda K. Dukessova?

'Atyrau Oil and Gas University, Atyrau, Kazakhstan

2KMG Engineering, Astana, Kazakhstan

ABSTRACT

Background: In recent decades, artificial intelligence technologies (hereinafter — Al) have been rapidly
integrated into the oil and gas industry, covering key stages of geological exploration, geophysical data
interpretation, reservoir modeling, and field development. Modern methods of big data analysis, machine
learning, and intelligent control systems make it possible to improve the accuracy of interpreting
geological, geophysical, and well logging data, reduce uncertainty in engineering decision-making,
minimize operational risks, and optimize hydrocarbon exploration and production processes.

Aim: This article examines contemporary areas of Al application in the oil and gas industry,
with a particular focus on the tasks of automated interpretation of well logging data (hereinafter —
WL), classification of lithological rock composition, reconstruction of logging curves, and digitalization
of geological exploration processes. An analysis of global experience in implementing Al technologies
in the field of well logging, processing and interpretation of geological and geophysical information
is conducted, and integrated software solutions and digital platforms of leading international oilfield
service and oil and gas companies are also reviewed.

Materials and Methods: Particular attention is given to the practical experience of applying machine
learning methods at KMG Engineering LLP for automated lithology classification based on well logging
data. Within the framework of the study, various machine learning algorithms, including Logistic
Regression, Random Forest, XGBoost, and other machine learning algorithms, were tested using data
from more than 100 wells. The study also considers the specifics of data preparation and cleaning,
the formation of training and test datasets, as well as issues related to incompleteness, heterogeneity,
and the low quality of historical geological and geophysical data.

Results: The results of the study demonstrated that the application of ensemble methods and gradient
boosting algorithms makes it possible to achieve high accuracy in lithological type classification
and effectively automate the interpretation of well logging data. The best results were obtained using
the Random Forest algorithm, which demonstrated high robustness and predictive performance under
real production data conditions. Particular attention is also given to the integration of trained models
into corporate information systems for operational lithology prediction and support of geological
and technical decision-making.

Conclusion: It is concluded that the implementation of artificial intelligence technologies represents
one of the key directions of digital transformation in the oil and gas industry of Kazakhstan. The use
of Al makes it possible to improve the efficiency of geological exploration activities, accelerate data
processing and interpretation, increase hydrocarbon recovery factors, and reduce field development
costs under conditions of increasing geological complexity and declining resource base quality.
Keywords: artificial intelligence; machine learning; oil and gas industry; well logging; well logging;
logging; lithology; Random Forest; XGBoost; automated interpretation; digitalization; geological
exploration; neural networks; data analysis; rock classification.

To cite this article:

Ayaganova Al, Kurmangaliyev DZ, Abilgaziyeva AS, Dukessova NK. Application of Artificial Intelligence
in the Oil and Gas Industry: Trend or Necessity? Kazakhstan journal for oil & gas industry.
2026;8(2):59-73. DOI: 10.54859/kjogi108909.

© 2026 Ayaganova A L., Kurmangaliyev D.Zh., License CC BY-NC-ND 4.0
Abilgaziyeva A.Sh., Dukessova N.K.



https://doi.org/10.54859/kjogi108909
https://doi.org/10.54859/kjogi108909

Kazakcmannoly mynai-eas canraceinviy xabapuvicel. 2026, 8 mom, Ne2, 59-73 6.

90X 004.8:550.8:622.24
FTAXP 52.47.15

DOI: 10.54859/kjogi108909

KabbinpaHabl: 28.03.2025.
MakynpaHgbl: 15.05.2026.
YKapusanangbl: 30.06.2026.

TynHycka 3epTTey

MyHai-ra3 canacbiHAa XXacaHAbl MHTENNEeKTTi KonaaHy:
TPeHA ne, anae KaxeTtTinik ne?

A.l. AsraHoBa', [.)K. KypmanranueB?, d.L. ©96infasueBa’, H.K. flykecoBa?
'Capu ©mebaes ambiHOarbl Ambipay MyHal xoHe 2a3 yHusepcumemi, Ambipay Kanacel, KazakcmaH
2KMI” UnxxuHupuHe, AcmaHa Kanacbkl, KazakcmaH

AHOATNA

Herizgey. CoHfbl OHXbINAbIKTapAa acaHObl WHTennekT (6ymaH opi — XW) TexHonorusinapsbl
reonoruanblk  GapnayablH, reodu3vkanblk OepekTepai  MHTeprnpeTauusinayablid,  kabatTtapapl
MoaenbAeyaiH JkoHe KeH OpblHAApblH WrepyAiH Heri3ri ke3eHAepiH KamTu OTbIpbin, MyHan-ras
canacblHa Te3 eHrisinyae. YrnkeH aepektepai TanfgayablH 3amMaHayw a4icTepi, MallunHanblK OKbITY >XoHe
nHTennekTyanabl 6ackapy >xyienepi reonormsanbik-reounsukanblk xoHe KapoTaxablk AepekTepai
TYCiHAIpyaiH AdenairiH - apTThipyFa, WHXeHeprik wewimaep kabbingayaarbl Genricisgik - AeHreni
TemeHgeTyre, eHAIpiCTik Toyekenaepdi asalTyra eHe keMmipcyTekTepdi Oapnay »eHe eHaipy
npoLecTepiH oHTannaxabIpyra MyMKiHAIK 6epegi.

Makcatbl. Makanaga yHfbiManapabl reoduaukanblk 3epTTey [gepektepiH (6ygaH opi — ¥I3)
aBTOMaTTaHAbIpbIfFaH  TYCIHAIPY, >KblHbICTApAblH NUTONOMUANbLIK  KypaMbliH  KiKTeY, KapoTaxAablk
KMCbIKTapAbl KanTa Kypy >aHe reonorvsnblk Oaprnay npouecTepiH uudpnaHabipy MiHAeTTepiHe
6aca Hasap aygapa OTbIpbin, MyHaW-ra3 uHgyctpusceiHoa AW kKonpgaHyoblH 3amaHayn OafbiTTapbl
KapacTtblpbinFaH. [eonornanbik-reopuankanblk aknapatTbl KapoTaxpay, ©HOeYy XaHe TYCiHAipy
canacbiHga XKW TexHonorusinapblH €HridyaiH anemaik ToxipnbeciHe Tangay >Kyprisingi, coHpaii-ak
XKETEKLWi Xanblkaparnblk MyHall CEepBUCTIK XOHEe MyHal-ra3 KoOMNaHWAnapblHbIH MHTErpauusnaHFaH
bargapnamansik Wwewlimaepi MeH umdpnblk nnatdopManapbl kapanipl.

Martepunanpap meH oapictep. ¥I3 pepektepi OoWblHWA NUTONOMUSIHBI  @aBTOMATTaHAbIPbINFaH
Xiktey ywiH «KMI UnxuHupuHry XKLWC-ge mMawwmnHanblk OKbITY 94iCTepiH KonpaHyablH Taxipubenik
ToxipnbeciHe epeklwe Hasap aygapbingbl. 3eptTey 6OapbicbiHaa 100-g4eH acTam  yHFbiManapablH
JepeKkTepi HeriziHae apTypni MaluMHanbIK OKbITY anropuTMaepi, COHbIH iwiHae Logistic Regression,
Random Forest, XGBoost xaHe 6Gacka MmawwuHanblk OKbITy anroputmaepi cbiHanabl. [epekTtepgi
[aniblHOay >kKoHe Ta3apTy, OKbITY X8He TecTiney yirinepiH KanbinTacTbipy epekleniktepi, coHpaw-
aK Tapuxu reonorusanbik-reopusnkanslk OepekTepaiH TonblK MOArOTOBKUCTIM, reteporeHainiri >xaHe
canacblHblH, TOMeHAirimeH 6annaHbICTbl Npobremanap kapacTbipbinagbl.

HaTtuxenepi. 3eptTey HoTwxenepi aHcaMbOnbAik o4icTep MeH rpagueHTTi KyLlenTy anropuTmaepiH
KONMAaHy NUTONOrMANbIK TUNTEPAI XKIKTEYAiH XOofapbl ASNAIrIHE KON XeTKidyre XoHe KapoTax AepeKTepiH
TYCiHAIpY nNpouecTepiH TMiMAi aBToMaTTaHAbIpyFa MyMKiHAIK ©epeTiHiH kepceTTi. EH xakcbl HaTuxenep
HaKTbl OHAIPIC AepeKTepi xarFaanbiHaa XoFapbl TYpaKTbiNbIK NeH 6ormkay canackiH kepceteTiH Random
Forest anropuTmiH namnganaHy apkbiibl anbiHAbl. JIuTonormsHsl xegen Gomkay >XoHe reonorusnbik-
TEXHMKanNbIK LWewimaepdi kabbingayabl Kongay YLWiH - OKbITbUIFaH  Mogenbaepai  KoprnopaTtusTik
aknapartTbIK Xyhenepre UHTerpaumsnay macenenepi xeke kapangabl.

KopbITbiHAbI. XacaHabl MHTENNEeKT TeXHONOorusnapbiH eHridy KasakcTaHHblH MyHal-ra3 canacbiH
undppnblk TpaHchopmauusanayablH, Herisri 6arbiTTapbiHbiH 6ipi 6onbin Tabblnagbl AereH KopbITbIHAbI
xacangpl. XK/ nanganany reonorusnblk 6apnay XymblCTapblHbIH TUIMAINIrIH apTTeipyFa, AepekTepai
eHAeyai XaHe TycCiHAipyai xegengeTtyre, KemipcyTekTepdi any Ko3(MUUMEHTIH apTTbipyFa >XoHe
reonornsanblK  KypbinbIMHbIH KypAeneHe Tycyi MeH pecypcTblk 6asaHblH canacbiHblH Hallapnaybl
XarfganblHAa KeH OpbIHAAPbLIH Urepy LWbiFbIHAAPbLIH asanTyFa MyMKiHAK 6epeai.

Hezizzi ce3dep: xacaHObl UHMENIEKM, MawuHasblK OKbimy, MyHal-2a3 canackbl, YHfbiManapObl
2eoqpusukanblk  3epmmey,  ¥I3, kapomax, numonozus, Random  Forest, XGBoost,
asmomammaHObIpbiiFraH UHmMepnpemauus, yugpraHobipy, 2eonoausinbik bapnay, HelpoHObIK xerinep,
Oepekmepdi manday, xbIHbIcmapObl Xikmey.

Manekce3 KenTipy YLiH:

AsiraHosa A.l., Kypmarranuee [J.)K., ©binfasuesa ©.Lll., [Jykecosea H.K. MyHaii-ra3 canacbliHaa xacaHabl
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BBeneHune

HedpterasoBas oTpacnb B COBpPEMEHHbIX YC-
NOBUAX CTarikmBaeTcda C uenbiM psaaom CepbéSHbIX
BbI30BOB: MCTOLLEHMEM  TPaOULMOHHBIX MEeCTo-
POXAEHWI, HeobXoaMMOCTbIO paspaboTkn TpyOHO-
n3BrekaemblX ¥ TPYAHOAOCTYMHbIX 3anexen, a Tak-
e BbICOKOW Heonpeaen&HHOCTbI0 Teonormyeckux
OaHHbIX. B 3TMX ycnoBusix NpYMeHeHne TeXHOMNOTUi
MW nepecTtaét ObiTb NpPOCTO OTPacreBbiM TPEH-
OOM U CTaHOBUTCS OOBEKTUBHOW HEOBXOAUMOCTHIO,
NO3BONSIOLLEN NOBbIWATL 3PPEKTUBHOCTb U pPEeHTa-
6enbHOCTb Kak pa3BefoudHbIX, Tak U AOBbIYHbIX pa-
6oT.

3a nocnegHue OecsTb NET pacnpoCcTpaHEH-
Hoctb UMW B HedbTerasoBoi coepe, 0COGEHHO
B obnactu reonormm u reousnkn, 3HayUTENbHO
Bo3pocra. JATo oOycrnoBrneHO Tem, 4YTO OOBbEMBI
MoCTynatLWmMX AaHHbIX — Feonoro-reouanyeckmx,
[OaHHbIX Mo pa3paboTke 1 f4oObIYe, TEXHONOMMYECKUX
napameTpoB — €XerogHo pacTyT B reOMeTpUYeckon
nporpeccun. OBpaboTka cTonb MaclTabHbIX Mac-
CMBOB WMHOpMaLUMN TPagaULMOHHLIMU  MeToAamu
TpebyeT 3HauYMTeNbHbLIX BpEMEHHbIX 1 KagpOoBbIX pe-
CYPCOB, YTO CAEpPXXMBAET ONepaTUBHOCTb NMPUHATUS
peLeHnin U yBenuumBaeT usgepxkn. IMeHHo mno-
3TOMY BO BCEM MUPE aKTUBHO BHEAPSAIOTCS peLLEeHUs
Ha 6ase MW 1 rmyboknx HEMPOHHBIX CeTeln, cnocob-
Hble aBTOMaTU3MpOBaTb aHanu3 U MHTepnpeTauuio
[OaHHbIX, COKpaLLaTb CPOKM NONyYeHUsi pesyrnsTaTos,
MoBbILWAaTh TOYHOCTb NPOrHO30B U CHUXaTb YPOBEHb
HeonpeaenéHHOCTU NpU MPUHATUKU FE0NOro-TEXHU-
YECKUX peLLEHNI.

Takum oGpasom, uHTerpaums TexHonorui N
B KIi0YeBble NPON3BOACTBEHHbIE NpoLecchl HedTe-
ra3oBoVi OTpacnu yxe CEerofHsi BbICTynaeT OAHWM
N3 BaXKHEWNLUUX WHCTPYMEHTOB MOBLILEHUS yrpaB-
nsemoctM n 3PEKTUBHOCTM pa3paboTku MecTo-
POXOEHWI B YCMOBUSIX BO3PACTAOLMUX TEXHOMOrU-
YEeCKMUX U IKOHOMUYECKMX TPeOOoBaHMIA.

MU B kapoTaxe

B npouecce reonoropassegku n paspaboTku
MECTOPOXAEHUA HakannMeaeTCcs  KonoccanbHbIN
06bEM UHGOpMauun, Bkmovasa pesynsratel [UC,
3a4acTyl0 Mo Bcen rMybuHe WHTepBanoB wuccre-
AoBaHuA ¢ warom 10 CM 1 N0 MHOXECTBY KPUBLIX:
ramma-kapotax (ganee — 'K vnu GR, anen. Gamma
Ray), noteHumnan camonpon3BonbHON nonspusaumm
(nanee — lNC), HEWTPOHHBIN KapoTax, HEUTPOH-HEN-
TPOHHbIV KapoTax, raMma-raMmma KapoTtax, 6okoBom
kapoTtax (ganee — bK) n gpyrue metogpl. MNMepeg U
CTaBWUTCS OfHa U3 KMOYEBbLIX 3a4a4 — NPOrHO3Mpo-
BaHWe NUTONOIMYECKOro cocTasa nopog no AaHHbIM
KapoTaxa.

Ona peanu3auunm fgaHHoW 3apjayn B obyda-
owme BblIbopkM cuctem UMW BkniovaroTcs AaHHble
0 CBOWCTBAxX MOPOA M UX KNaccMukaLmMoHHble Npu-
3HaKW (NUTONOrMYECKNe Ha3BaHUSA U XapaKTepucTu-
Ku). Ha cerogHsWHWA OeHb CywecTByeT LUMPOKUIA

cnektp anroputmoB WU, npumeHsiembix B crieum-
anunsnpoBaHHOM reonornyeckom aHanuse. Heob-
XOAUMbIe UCXOAHble AaHHble Ans 0by4YeHust Takux
mogenew Nnbo yxe NMetTCst B PacropsiKeHnn Kom-
naHui, Nnbo MoryT BbITb NOMy4YeHbl B paMKax Teky-
LLMX MCCreaoBaHNN.

OTgmenbHoe HanpaeneHve npumeHeHus WA
CBA3aHO C BOCMOMHEHVWEM HEeOOCTaloWMUX AaHHbIX
no crapbiM CkBaxuHaMm. Kak n3BecTHO, uctopuye-
CKM YaCTb CKBaXWH MCCreaoBanacb orpaHUyYeHHbIM
KOMMMEKCOM METOAOB, YTO He MO3BOMSET B MOSMHOM
Mepe oOxapaKkTepu3oBaTb [eonorMvecknini paspes.
B nogo6HbIx cnyyasx TexHonorun MW ucnonb3ytotcs
AN BOCCTAHOBIIEHNSA W NPOTHO3MPOBAHUS OTCYTCTBY-
IOLLMX KApOTaXHbIX KPMBbIX U NapameTpoB Ha OCHO-
BE VMELUMXCA [AaHHbIX, YTO MO3BOMSET MOBbICUTH
MHPOPMATUBHOCTb CyLLECTBYHOLLETO (hOHAA CKBaXKMH.

OOHUM 13 HOBbIX M MEpPCNeKTUBHbBIX Hanpas-
neHun BHeapeHus I B reonorum siBnsieTcst aBTo-
MaTU3MpPOBAHHOE OMMCaHWe KEepHOBOro Marepuva-
na. C nNpMMEHEeHWEM TEXHOMOrMi KOMMbIOTEPHOrO
3peHns 1 rnybokoro obyyeHus cTano BO3MOXHbLIM
npoBOAUTb NEPBUYHBLIN aHanu3 doTorpadui kepHa
C Lenblo OnepaTVBHOMO Momny4yeHus MHdopmauum
0 TEKCType, LuBeTe, TPeLMHOBaTOCTN U ApYyrnx napa-
mMeTpax nopof. ATO NO3BONSAET CYLUECTBEHHO YCKO-
puTb npouecc obpaboTkM KepHOBOro Matepuana
1 NOBLICUTb €ro0 OOBEKTUBHOCTb 3a CHET MUHMMM3a-
Lun BNUSHWS YenoBeyeckoro daktopa.

N3-3a HeOOHOPOAHOCTM NNAacTOB, CHOXHOCTU
0ObeKTOB pasBedkM W pasHoOOpasHbIX YCrNOBWUMA
nposegeHus paboT HeobxoauMmo paspabaTbiBaTh
HOBbIE METOAbI M3MepeHUI 1 cbopa AaHHbIX, B YacT-
HOCTW, METOAbl Nepefayn napameTpoB U3 CKBaXM-
Hbl. BHegpeHue N no3sonseT NoBbICUTL TOYHOCTb,
acpbdhekTnBHOCTL 1M Ge3onacHOCTb paboT.

JIlutepaTypHbIi 0630p

OOHUM M3 KNIOYEBbIX HamnpasfieHWn MCMoMb-
30BaHMa WU daBnsieTca MHTepnpeTauns LaHHbIX
KapoTaxa u cencmopassefku. CormacHo wuccne-
noBaHusiM [1], rnybGokMe HempoceTu, B 4acTHOCTH,
ceéptoyHble (CNN, anen. Convolutional Neural
Network — cBépTouyHass HeMpoHHas ceTb) U pe-
KyppeHTHble cetn (RNN, awen. Recurrent Neural
Network — pekyppeHTHasi HeipoHHas ceTb), ycneLl-
HO MpPUMEHSIIOTCS ANns aBTOMaTUYeCKOM Knaccu-
dukaumm reoU3NYECcKUX aHoManui u UAEHTU-
duKaumm pasnioMoB B CEACMUYECKMX AaHHbIX [2].
OTmevaercs, 4TO MOAENU MAaLUMHHOTO OBy4veHus
NO3BOMAT MOBbILWATL TOYHOCTb aHanmsa reornoru-
YeCKNX XapaKTepUCTUK, Cokpallas Bpemsi obpaboT-
Kv MHcpopmaLmn.

MNpvMeHeHMe  anropuTMOB  CermMeHTauuu
n3obpaxeHuin, Takmx kak U-Net!, nossonsier aB-
TOMaTM4eCKn BbIAENATb rPaHWLbl Feonormyecknx
obbekToB [3]. OgHako, KaK yKasblBaloT aBTOpbl, OT-
CYTCTBME Pa3MeYeHHbIX AaHHbIX OCTaeTcs Knoye-

" U-Net — ato CNN, cospaHHas Ans cemMaHTU4eckol cermeHTaummn usobpaxeHunin. OHa knaccudumumpyeT usobpaxeHne

nonukcenbHO, co3aaBasi TOYHY0 Macky 06BbEKTOB.
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BOM npobnemon, orpaHvyMBaloLlen AanbHenlee
pasBuTME AAHHON TEXHOMOTUMN.

NN Takke akTMBHO MPUMEHSIETCA B MPOrHO-
3MpOBaHUM MapameTpoB NacToB, TakUX Kak Mno-
PUCTOCTb, MPOHULAEMOCTb W HaCbIWEHHOCTb [2].
B paHHMX paboTax ncnonb3oBanvcb TpaauLMOHHbIE
MEeTOAbl MalUMHHOrO oOy4eHus, BKMOYas MeTon
onopHbix BekTtopoB (SVM, anen. Support Vector
Machine) n nuHeriHyto perpeccuto. B coBpemMeHHbIX
nccnegoBaHnaxX oTMeYaeTcs pocT NPUMEHEHNS rny-
H6uHHBIX HenpoceTen (BP (aHen. Backpropagation —
obpatHoe pacnpocTpaHeHue owwunbku), LSTM
(aHen. Long Short-Term Memory — ponras kpa-
TKOCpOYHasi NamsiTb), crnyyanHbix necos (Random
Forest) wu rpagueHTHoro ©6yctuHra (GBDT,
aren. Gradient Boosting Decision Tree), 4To 3Haun-
TenbHO MOBbILLIAET TOYHOCTb MPOrHO30B [4].

MaTepuansl u MmeToabl

B pamkax HacTosiwero uccriefoBaHusi pac-
CMOTpEHbl MeToAdbl NMPUMEHEHWUS TEXHOMOTUA UC-
KYCCTBEHHOIO MHTEMneKTa n MallvHHOro obyyeHus
Ons aBTOMaTU3MpPOBaHHON MHTEpPNpeTaLunn AaHHbIX
'MC un knaccudmkaumm NUTONOrM4eckoro coctasa
nopoa. ViccnegoBaHue ocHOBaHO Ha aHanuae gak-
TUYECKUX AaHHbIX N0 HedTerasoBblM MeCTOpoXae-
HMAM KasaxcTaHa M BKIOYAET Kak TeopeTuveckui
0630p coBpeMeHHbIX NOAXOA0B, TaK U MpaKTUyeckoe
TECTUPOBAHWE anropuTMOB MALLUMHHOMO 0By4eHust
Ha pearnbHbIX NPON3BOACTBEHHbIX AaHHbIX.

B kauyectBe McxogHbIX AaHHbLIX WCMOMb30Ba-
nucb  pesynbTatbl reoU3nN4eckmx KUccnesoBaHumn
CKBaXXWH, npeacTaBneHHble B popmate LAS-dan-
nos (aHen. Log ASCII? Standard)®. B uccnepoea-
HWe 6binu BKMoYeHbl AaHHble 6onee 100 ckBaXuH,
cogepxalume CTaHOapTHble KapoTaxHble napame-
Tpbl: K (GR), noTeHuman cobcTBeHHOW nonsapu-
3aumn (SP, awHen. Spontaneous / Self-Potential),
kaBepHomeTputo (CALI, cokp. om aHen. Caliper
Logging), yaenbHoe conpotueneHve nopop (LLS,
aHen. Lateral Logging Sonde), a Takke rmybuHHble
npuesiskm (DEPT, om aHen. Depth — rny6uHa) ¢ wa-
rom guckpetusauum 10 cm. JoNONHUTENBHO UCNONMb-
30BanMCb pe3ynbTaThl KEPHOBBLIX WCCReaoBaHWUN
no 20 ckBavHaMm, NPUMEHEHHbIE AN comnocTasne-
HWS 1 BanuaaLummn NUTONOMMYECKNX KIaccos.

Ha atane noarotoBkM AaHHbIX BbINOMHANMUCH
npoueaypbl npeasapuTensHo obpaboTtku, BKMO-
Yawme ob6beauHeHWe paspO3HEHHbIX WCTOYHU-
KOB WHOpMaLmMK, O4YMCTKY AaHHbIX OT MPOMYCKOB
N aHOMarnbHbIX 3HAYEHU, CTaHO4APTU3ALMIO CTPYK-
Typbl AaHHbIX U hopMMpoBaHNe eanHOro maccuea
Ons nocnegyowero aHanmsa. 3HauyuTenbHoe BHU-
MaHue yOensnocb KOHTPOMO KavyecTBa WMCXOOHOW
MHOPMaLMK, NOCKOSbKY HanM4nue HemornHbIX U He-
OOHOPOAHbIX AaHHBIX SBMSETCS OOQHOMW N3 OCHOBHbIX
npobnem npw BHegpeHun W B 3agaum reonoropas-

Beaku. B npouecce o6paboTku M3 MCXoOQHOro mMac-
cvBa 6binNM NCKNIOYEHbI CTPOKM C OTCYTCTBYIOLLMMM
3HaYeHMSAMM MO KNYeBbIM NapameTpam, Heobxoau-
MbIM 41151 0By4eHusi mogenen.

[ns nosblweHns 3pPEKTUBHOCTN Krnaccugm-
Kauuy MCnonb30BanuChb Kak UCXOOHbIE KapOTaXHble
KpuBble, Tak MU NPOW3BOAHbIE NPU3HAKW, BKIOYas
nepByto U BTOPYIO NPOU3BOAHbIE OTAESNbHbLIX napa-
METPOB, a TaKKe CUHTETUYECKWe NpusHaku, cdop-
MUpOBaHHblE NYTEM MaTemaTuyeckux npeobpa-
30BaHUN UCXOAHbIX AaHHbIX. B kavecTBe ueneson
nepeMeHHOn  MCronb3oBanMcb  NUTONornveckue
Knacchl, ChOPMMPOBaHHbIE NO pesynsTatam UHTep-
npetauun NMC v aHanu3sa kepHa.

B nccneposaHum 6binn paccMoTpeHbl ABa Ba-
pvaHTa knaccudukaummn nopoa;: AetanvM3vpoBaHHas
10-knaccoBast Moaenb U YKpynHEHHas 5-knaccosasi
cxema, BKMoYaloLasi OCHOBHbIE TWMbl NUTONOMMK —
necyaHuKn, aneBponuTbl WU [MUHUCTBIE MNOPOAbI.
dopmupoBaHne obyvatowern M TecToBOW BbIbO-
POK OCYLLECTBMANOCL C COXPaHeHWem nponopuun
KnaccoB. [ns npegoTBpalleHnst CTaTUCTUYECKUX
NnepekocoB pasgerneHne [aHHblX  BbIMOMHANOCH
He MO OTAEenbHbIM 3anucsaMm, a Mo CKBaXWHaM,
4YTO MO3BOMWIO WCKMIOYUTL MonajaHvue AaHHbIX
O[OHOW U TON Xe CKBaXWHbl OOQHOBPEMEHHO B 0byya-
IOLLYI0 U TecToByt BblIGopku. CooTHOLLIEHME oby4a-
towien n TectoBoi Bbibopok coctasuno 70% 1 30%
COOTBETCTBEHHO.

[na nocTpoeHns u oueHkn mopenen Obinu
NpOTECTUPOBAHbI PasNMyHbIe anropuTMbl MalUWH-
Horo obyyeHus, Bknovas Logistic Regression
(noructnyeckasa peerpeccus), Decision Tree (ge-
peBo peleHuit), Random Forest, XGBoost (rpagu-
eHTHbIN BycTuHr), LightGBM (meTon rpagveHTHOWM
OycTnHroBon cbopku) u Apyrme MeTOAbl Knaccu-
duvkaumn. B kayecTBe OCHOBHOIO KpUTEpPUS OLIEH-
KA KayecTBa WCMOMb30BanuCb MeTpukn Accuracy
Score (meTpuka npasunbHocTu), F1 Macro Score
n F1 Weighted Score (meTpuku kadectsa knac-
cudukaumm). [JononHutenbHo aHanuaupoBa-
nMcb  Matpuubl  OWKMBOK, nokasaTenu TOYHOCTU
no OTAEnNbHbIM Krnaccam W yCTOMYMBOCTb MoAaenemn
K BapvaTUBHOCTY BXOAHbIX AAHHbIX.

O6yyeHne n TecTMpoBaHue Moaenen npoBo-
OWnucb C MpPUMEHEeHWEM METOAOB NepeKpECTHON
NpPOBEPKM, MO3BOMSAIOLMX CHU3UTb PUCK Nepeod-
YYEHMSI U MNOBLICUTL 0OOGLLAKLY CMNOCOBHOCTB
anropuTmoB. Hawvny4wme pesynsrartel 6binm nony-
YeHbl NpU MCNoNbL30BaHMN aHcambneBbiX METOAOB,
B 4acTHocTu, anroputma Random Forest, npoge-
MOHCTPUPOBABLLENO BbICOKYH TOYHOCTb Knaccudu-
Kauum u yCTOMYMBOCTb Mpu pabote C HenomnHbIMU
1N HEOOHOPOAHbLIMU reonoro-reonanyeckumM aH-
HbIMW.

[MpakTnyeckas peanu3aumns uMcCnefoBaHNA
BKIOYana uHTerpaumio oby4yeHHON modenu B WH-

2 LAS — aTo chopmart haiina ans xpaHeHust MHhopMaLm O CKBaXXKMHHOM KapoTaxe.

3 ASCIl (aHen. American Standard Code for Information Interchange — amepwvkaHckuii ctaHgapT KogoB Ans
MHOpMaLmnen) — craHgapT KoaupoBaHusi OykB mnaTuHcKoro andasuTa, uudp,
M ynpaBnsioWmMX CUMBOSMOB, NPUHATBIM B 1963 . AmepukaHcKkol accoumauueli CTaHaapToB Kak OCHOBHOW

obmeHa
3HaKoB
cnocob

HEKOTOpbLIX cneunanbHbIX

npeactaBfieHna TEKCTOBbIX AaHHbIX B 3JIEKTPOHHbIX BbIYUCIIUTESIbHbLIX MaLlUNHaX.
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dopmaumoHHyto cuctemy TOO «KMI™ HXUHUPUH»
ONs  onepaTUBHOMO MPOrHO3VMPOBAHWSA JIMTOMOMMK
no AdaHHbIM KapoTaxa. PaspaboraHHoe pelueHue
obecneymBaeTr aBTOMATUYECKY Knaccuukaumio
NMTONOTNYECKNX WHTEPBanoB W BWU3yanu3auumio
pesynbTaTtoB B BUAE LBETOKOAMPOBAHHbIX KOIO-
HOK, COMOCTaBKMbIX C 9KCMEPTHON MHTepnpeTauueit
crneumanucToB.

C6op n o6paboTka AaHHbIX

3apy6exHble KOMMNaHUN yxe KOMMepLManuau-
poBanu pelueHus anst céopa AaHHbIX U yaanéHHo-
ro kapotaxa. Hanpumep, komnanus Schlumberger
paspabotana LleHTp yganéHHoro  kapoTtaxa
(Remote Logging Center), wHTennekTyanbHbIN
Tectep dopmauum (Intelligent Formation Tester)
n nporpammHoe obecneveHue (ganee — NO) Techlog
ONS UHTEennekTyanbHon obpaboTkM n uHTEpnpeTa-
umm panHbIx [5]. Mnartdopma iStar* ot Halliburton®
WHTErpMpyeT aBToMaTn3aumio, MalmHHoe obyyeHne
n MW onsa oueHkn 3anacos, 4To cnocobeTeyet 6o-
nee 6bicTpomy BypeHuto 1 nocnefoBaTenbHON pas-
paboTtke mecTopoxaeHun [6]. B Kutae HedTAHbIE
KOMMaHWN M Hay4YHO-UCCNEAoBaTENbCKUE WHCTUTY-
Tbl BedyT pa3paboTkv B 06nacTu CeTeBbIX Ha3eMHbIX
0ObEeKTOB, MHTeNNeKTyanbHblX Nebenok, yaanéHHo-
ro KapoTaxa W Havanu NpPMMeHsATb nepBsble pesyrb-
TaTbl Ha NpakTuke. Takxe BeQyTCcA uccnegosaHuA
MO CO30aHUK  UHTENMEKTYanbHbIX CKBaXXUHHbIX
po6otos [7].

B Mupe akTvBHO pasBuBaloTCst yAanéHHble
KapoTaxHble LEHTPbl, MNO3BONSIOLME MNPOBOAUTL
OVCTaHLUMOHHbIE OMnepaunn WU 3KCMEepTHbIR aHanms
reonoro-reousnyeckmx AaHHbIx [5].

ABTOMaTM3UpOBaHHaA MHTepnpeTauus

AaHHbIX

KapoTaxHble AaHHble oTnnyatoTcs Honblunm
0OBEMOM U Pa3HOPOAHOCTLIO, YTO 3aTPYAHSET WH-
TepnpeTauuio U NpPMBOAUT K MHOXECTBEHHOCTU pe-
LIEeHUA 1 HeonpedenéHHoCcTM. JTO AenaeT npoLecc
BblAeNeHns NPOAYKTUBHbLIX 30H Gonee CrnoXHbIM.
B cBSA3n ¢ 3TUM OCTPO CTOUT HEOBXOAMMOCTL MpU-
MeHeHust TexHornorui W gnsa nosbiweHuns addek-
TUBHOCTW U TOYHOCTU MHTEpNpeTaLun.

MpumeneHve UM B nHTepnpeTauumn kapotaxa
OXBaTbIBAET aBTOMATUYECKYH KOPPEKLMIO rnyOuHbI,
aBTOMaTnyeckoe hOpMMpOBaHME OTHETOB, WHTEN-
NeKTyarnbHyl0  CTPaTUdUKaLMIO, PEKOHCTPYKLMIO
KpUBbIX, NOASHTUMMKALMIO NTUTONOMMN, UHTepnpeTa-
LMo M306pakeHWi kapoTaxa, OLeHKY napameTpos
nnacToB, MPOrHO3MpOBaHWE MnoTeHumana HedTm
W rasa, npegckasaHue CKOPOCTW MOMepeyvHon Bon-
Hbl, MOEHTUMKaLMIO TPELLUMH W NX 3anonHuTenen.

PEKOHCTPYKUMA  KapOTaXKHbIX KPUBbIX  OC-
HOBaHa Ha MeTogax rnybokoro obyuyeHus, Kop-
pPensiuMoHHOro aHanuM3a W Apyrux anroputmax,

4YTO MO3BOMSIET BOCCTAHaBNMBATb HEKOPPEKTHbIE
UM NponyLueHHble AaHHble. [MpumeHsioTca Takve
anropuTMBbl, Kak HeMpoceTun, anropuTMbl aHcambne-
BOro obyyeHus u knactepmsaumn. Hanpumep, metop
PEKOHCTPYKLMM KapOTaXHbIX KPUBbIX C UCNOMNb30Ba-
HueMm RNN n cetn LSTM okasancs 6onee TO4YHbIM,
YyeM TpaauLUMOHHbIE MeToAbI [7].

Jlutonornyeckasi uHTepnpeTaums BO3MOXHa
OByms cnocobamu:

1) AHanu3 obpasuoB KepHa, Bkno4vasi oOTo
wnudos, CT (aHen. Computed Tomography — kom-
nbtoTepHass Tomorpadusi) 1 SEM (aHen. Scanning
Electron Microscope — ckaHVpYOLLUIA 3NEKTPOHHBI
MUKpockon) wun3obpaxeHus. CoBpeMeHHble npo-
rpamMmHble NakeTbl, Hanpumep, Avizo®, mMoryT aBTo-
mMaTuyecku onpegensTb NUTONOrMo, Ho TpebyioT
3HaYMTENbHbIX B3aMMOAENCTBUIA C OnepaTopoM;

2) OnpeneneHve NUTOMNOMMN Ha OCHOBE Kapo-
TaXHbIX KPUBbLIX C WCMOMb30BaHMEM METOAOB Ma-
LMHHOTrO 0b6y4yeHusi. Hanpumep, mopenb, nocTpo-
€eHHas ¢ ucnonb3oBaHuem Boosting Tree, Decision
Tree n Support Vector Machine, gocturna To4HocTH
6onee 80% npu cpaBHeHWM C pesynbratamu Lina-
MOBOIO aHanusa.

Mpu uHTEepnpeTauun n3obpaxkeHUn KapoTaxa
AaHHble npeobpasyloTcs B Bu3yalibHble M306pa-
XEHWUS C UCMONb30BaHWEM LIBETOBON KarnubpoBKu.
CoBpeMeHHble MCCrnefoBaHUsl coyveTaloT rrybokoe
oby4eHne ¢ obpaboTkon u3obpaxeHun Ons ae-
TOMaTU4ECKOro  pacrno3HaBaHWsl  FeONIorM4eCcKmX
cTpykTyp. Hanpumep, anroputmbl U-Net nossonsitor
aBTOMaTUYECKN BbIAENSATb FPaHnLbl reonormMyeckmx
0OBEKTOB, YTO 3HAYUTENbHO YMpOLLaeT npoLecc
nHTepnpeTauun. OgHako HeJoCTaToOK pa3aMeyeHHbIX
OaHHbIX OrpaHMYnBaET AanbHellee pasBuTue aTux
TexHonorun [8].

NN yxe npumeHsieTcs ANs OUEHKU napame-
TPOB NNacToB, TakMxX Kak MOPWUCTOCTb, MPOHWLae-
MOCTb W HacbIWeHHOCTb. lepBble McCnenoBaHWs
MCNomnb30Banu TpaauUMOHHbIE anropuTMbl MaLUMH-
Horo oby4deHusi, Takne kak Support Vector Machine
1 NuHenHyto perpeccuto. CeroaHs Bce 6onblue yyé-
HbIx npumeHsitoT BP, LSTM, Random Forest u GBDT
[ONS NOBbILEHNSI TOYHOCTM pacyéToB [9)].

B pamkax npaktuyeckorn gestenbHOCT! B 06-
nacTM MWHTepnpeTauum CKBaXMHHbIX AaHHbIX aB-
TOpamu HacTosiLLel CTaTbu NPOBOAUNMUCH PaboThbl
no npumeHeHuo metogos MW ans peleHuns 3agaq,
CBSI3aHHbIX C aHanNn3oM U1 knaccudukaumen AaHHbIX
MMC. Ha ocHOBaHWM HAKOMMEHHOrO OMbITa MOXHO
BbIAENWUTb PAA KIMIOYEBbIX MOMOXEHUA U NpakTuye-
CKMX 0COBEHHOCTEN.

JTloboe nocTpoeHne KOPPEKTHOW npenckasa-
TenbHOW Moaenu ¢ ucnornb3oeaHnem N HaunHaeTcs
C TLWATeNbHOWN OLEHKM Ka4ecTBa 1 CTPYKTYpbl UCX0a-
HbIX JaHHbIX. B nepBylo oyepenb, Kak nokasbiBaeT
NpakTuKa, OCHOBHbLIM NPENATCTBMEM A1 YCNEeLIHO-

4 iStar — uHTENnekTyanbHas nnatcopma Ans BypeHust n kapoTaxa CKBaXKWH

5 Halliburton — amepuvkaHckast TpaHcHaUMoHanbHas HedbTecepBMCHas KOMMaHus

6 Avizo — 3TO nporpammHbliAi nakeT ana 3D-Busyanusaumu, o6paboTkM U aHanM3a HayuHbIX W MPOMBILMEHHBIX AaHHbIX.
OH no3BonsieT npeBpaLLaTh COXHbIE MHOrOMePHble 306paXeHUst (0T MUKPOCKOMUK A0 KOMMbIOTEPHOW TOMOrpadoumn) B KOnu-
YeCTBeHHble pe3ynbTaThbl U HarnsaHble Moaenu. Mpoussoautens Thermo Fisher Scientific, CLUA.
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ro BHegpeHus M B 3agayun nporHo3npoBaHns nmMTo-
FIOrM4ecKoro coctaBsa MOPOA MO AaHHbIM KapoTaxa
ABNSAETCA OTCYTCTBME €AMHOWM akTyanbHon 6asbl
OaHHbIX, @ TakKe HEeCTPYKTYPMPOBaHHbLIN XapakTep
XpaHeHusi 6onblioro obbéma maTepuanos ¢ Hanm-
YMeM OLLUMBOYHBIX Y HEMOMHbIX AaHHbIX.

[aHHble XpaHATCA pa3pO3HEHHO: pesynbraThbl
nccreaoBaHUi 3a4acTyto NpeacTaBneHbl B OTAENMb-
HbIX Tabnuuax ¢ pasfnM4Hon CTPYKTYpOK, ochopmrie-
HUem 1 bopmMaToM 3anofiHeHus. PeanbHasi npakTu-
Ka rnokasana, YTo Ansi NOfIHOLEHHOro MpPUMEHEHMUS
anroputmoB M HeobxoamMMo NpuBECTM BCE AaHHbIE
K eguHoMmy dopmaTty U oO6beguHUTb UX B €AMHbIN
MaccuB, NPUroAHbIN Anst nocnegyowent obpaboTku.

OcHoBHon 3apadven TMC saBnsaetcs Bbloene-
HWe NPOAYKTMBHBLIX 30H B reonorM4eckom paspese,
B YacCTHOCTMW, oOnpedeneHue Takux napameTpos,
KaK MOPUCTOCTb, MPOHULAEMOCTb, HedTeHachI-
LLIEHHOCTb, Fra30HaChILLEHHOCTb U cocTaB novaa.
Ocoboe 3Ha4yeHne UMeLoT 3agayun, CBS3aHHbIE C MO-
OenupoBaHueM, MOCKOMbKY FfUTONOMMS HanpsaMyto
BMMSIET HA MOCTPOEHME MMOPOAMHAMMYECKNX MOoae-
nen n onpepensieT rpaHvubl rMapoaNHAMUYECKMX
OnoKkoB, KpUTUYECKU BaXHbIX AN 3cpdeKTUBHON
pa3paboTKn MECTOPOXOEHMS.

Ha npaktuke aHanu3 kepHa ons onpegernexHvs
coctaBa nopofbl TpebyeT 3HauMTenbHbIX 3aTpart
BPEMEHN M pecypcoB, OCOBEHHO C Yy4ETOM Heob-
xogumocTn BypeHusi BOnblUIOro KONMM4YecTBa CKBa-
XWH. B 3TON CBSI3n 6bINM peanun3oBaHbl NPOEKTbI
no paspabotke n obyveHuto mogenen WU, cnocob-
HbIX OonpefensATb COCTaB NopoAbl No AaHHbiM UC,
6e3 HeobxoauMoCTM 0TOopa KepHa.

XapakTepucTukn HedTAHbIX CKBaXWH U3Meps-
H0TCS pa3nmyHbIMU NETPOU3NYECKUMU NPpUBOpaMm.
B pamkax paboTbl akTMBHO MPUMEHSINUCL Takue
napameTtpsbl, kak SP, CALI, GR, LLS n DEPT B ka-
YecTBe BXOAHbIX AAHHbIX Asi MOCTPOEeHNs Moaenemn
Kraccmgukaumm.

PucyHok 1. Mpumep 10-knaccoBoi oGyu4aroLein
BbIGOPKMU
Figure 1. Example of a 10-class training dataset

B 2020 r. B pamMKkax COBMECTHOro npoekTta
cneunanuctoB TOO «KMIT VIHXUHUPUHTY BnepBble
Ha npakTuke ObINn NPOTECTUPOBaHbI 1 ONPObOoBaHbI
anropMTMbl MaLUMHHOTO OByyYeHust Ans knaccudu-
Kauuu coctasa nopoA No AaHHbIM MEeCTOPOXAEHUN
AO HK «KasMyHawila3». Ha ocHoBaHun aT0ro onbita
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ObINO YCTAaHOBMEHO, YTO Knaccuyeckne HerpoHHbIe
ceTn He obecneuvBaloT [OCTaTOMHOIO KayecTsa
Knaccudunkaummn 1 He NOAXoAAT ANS NPaKTUYECKOro
NPUMEHEHNs B 3ajadvax reornoropasBedky B Teky-
LUMX YCIOBUSAX.

Ha arane TecTMpoBaHWS BbISBUNUCH KIHO-
YyeBble OCOBEHHOCTU pasbueHus AaHHbIX: B Mep-
BOHayarnbHbIX 3KCNepuMeHTax pasbueHne ocy-
LLeCTBMAANOCL MO 3anNnCAM, @ He MO CKBaXWHaM,
4YTO NPMBOAMIIO K CTATUCTUYECKUM MepeKkocam.
Hanpvmep, OaHHble N0 OOHOW CKBaXWHE MOrmu
OOHOBPEMEHHO HaxoAuUTbCA Kak B obydaioLien,
TaKk U B TECTOBOW BblBOpPKE, YTO MCKaxano WToro-
Bble MeTpukn KavecTBa. B pesynbrate TO4HOCTB
MOZienun Ha TecToBOM Bblbopke onyckanack Ao 30%.
B panbHeliweM Obiflo NPUHATO peLUeHne O pas-
OUeHNN JaHHbIX CTPOro MO CKBaXXMHaM, HECMOTPSI
Ha yMeHblUeHNe 06bEMa TECTOBOW BbIGOPKU.

B pamkax aToro e npoekta 6bina paspabora-
Ha n obyyeHa mopgenb knaccudukaropa Ha 10 no-
poa. [ins NnocTpoeHns MoOAENu NCMNonbL3oBanuch Asa
Habopa AaHHbIX:

— AaHHble No kepHy (20 ckBaxuH ¢ 9 nopogamu);

— paHHble no uHTepnpetaumm MNMC (100 ckea-
XuH ¢ 10 nopogamum).

[Mocne npenBapuTENbHOM OYMCTKM OT NpOMy-
CKOB MO LUECTN OCHOBHbIM npusHakam (SP, CALI,
GR, LLS, DEPT) B BbIGopKe ocTanocb 98 CkBa)uH.
Ouuctka AaHHbIX Npegnonarana norHoe WUckoye-
HVe 3anuncewn ¢ OTCYTCTBYIOLLMMM KpUBBLIMU NO Nto6o-
My 13 napametpos. lWar anckpetnsaumn no rnybuHe
coctaenan 10 cm. B pesynerare 6bino ccopmumpo-
BaHO okomo 450 Tbicay cTpok no MC, ns kotopbIx
115 TbICSY CTPOK cogepXanvt MeTKU NUTONOrnn 1 nc-
nonb3oBanuck Ans obyyeHus n Banuaauum Mogenu.

M3 onbita cnepgyert, yto CALI, GR, LLS, SP
1 DEPT BbICTynatoT knto4eBbIMU NepeEMEHHbIMU AN
noctpoeHus paboden mogenu krnaccudukaummn nm-
Tonoruun. MNpu 3TOM Haunyywure pesynsraTbl Obinu
OOCTUTHYTBI NPU NPUMEHEHUN METOAOB rPagueHT-
Horo BycTvHra u aHcambneBbix MoAenew, a Takxe
C uMcnonb3oBaHMeM 6onee CMOXHbIX apXUTEKTyp
rnyBokux HeWpoHHbIX ceTen ans obpaboTtku Gorb-
LLIMX MacCUBOB AaHHbIX.

[Mony4eHHbIV onbIT NOATBEPAMIT, YTO HECMOTPS
Ha CyLLEeCTBYHOLLME OrPaHNYEHUNS U CIIOKHOCTM, NpU-
MeHeHue TexHonorun W B uHTepnpeTaummn ckea-
XMHHbIX AaHHbIX [UC B peanbHbix ycnosusix Kasax-
CcTaHa fBMNAETCA NEepCrneKTUBHBLIM HarnpasleHueMm,
TpebyoWwmnm AanbHenwero passuTna U TUpaxupo-
BaHWSA Ha YPOBHE NPON3BOACTBEHHbIX CTPYKTYP.

Mo pesynstatam aHanusa AaHHbix no 20 ckea-
XMHaM, Ans KOTOPbIX OCYLLECTBNANCA oTOop KepHa,
Obina BbINONHEHa NonbITka BblAENEeHNS NMToNnornum
1 nocneayoLLero NCnofb3oBaHUS MNOMyYeHHbIX AaH-
HbIX B KadecTBe oby4aroLlen BoIboOpKM Ana NocTpo-
eHust mogenu M. B pamkax gaHHoro atana paboTbl
no KepHOBOMY MaTtepuany bbino knaccuduumposa-
HO 9 nopop, oTpaxalwLmx pasnuyms B NUTONormye-
CKOM coCTaBe Nnopoa.

OpHako npakTuka nokasana, 4To obyyeHue
MOZENN UCKMIOYNTENBHO Ha AaHHbIX KepHa He obe-
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crneyvBaeT Heo6X0AMMOWM TOYHOCTU U YCTONYNBOCTU
pe3ynsTaToB M3-3a OorpaHu4eHHoro obbéma BbiGop-
KN 1 HEQOCTaTOYHOrO KONMYeCcTBa NPeAcTaBneHHbIX
06pas3LoB No KaXaoMy M3 knaccos. B cBa3n ¢ atum
Ons fanbHenwero obyyYeHns 1 MNOBbILEHNUS Kaye-

a)

cTBa mMogenu 6bifo NPUHATO peLleHne WCMOoSb3o-
BaTb PaCLUMPEHHYI0 BbIBOPKY, OCHOBAHHY Ha OaH-
HbIXx TIC, kKOTOpbIe BKIOYanu Te e MHTepBarbHble
XapaKTepUCTUKN, YTO U KEPH.

6)

PucyHok 2. 5- n 10-knaccoBble mogenu
Figure 2. 5-class and 10-class models
a) 5-knaccoenlili eapuaHm / 5-class version; 6) 10-knaccosbili eapuaHm / 10-class version

B pesynbrate 6bina chopmupoBaHa 10-knac-
coBasl obyyatowas Bbibopka no gaHHelm TNUC, oT-
paxatoLias BblgeneHHble paHee nopodbl. Ha puc. 1
NPOAEMOHCTPUPOBAH MpuMep Takon BbIGOPKK,
rAe BM3yanbHO BUAOHO, YTO 4acTb MOPOA XOPOLLO
pasgenserca no NUTONOrMYeckUM npuaHakam, Tor-
0a Kak ans apyrux Knaccos HabniopaeTcst YacTuy-
HOoe nepecevyeHne xapakTepucTuk. ATo ykasblBaeT
Ha HeobXoAMMOCTb AanbHENWEero yTOYHEHUss me-
TogooB npepobpaboTkn M nogbopa onNTUManbHbIX
anropuTMOB AN NOBbLILEHNS TOYHOCTKN Knaccudum-
Kauun.

O6beanHeHne BblgeneHHbix no MMC nopopg
B MOpoAbl NO KepHy npeacTaensieT cobon camocTos-
TenbHyto 3aAaqvy, 06yCNoBNEHHY0 TeM, YTO Kaxaas
nopofa Mo KepHOBbIM AAHHLIM ABMASETCA CIOXHON
CTPYKTYpOW, COCTOSILLEN 13 psada B3aumornepeceka-
IOLLIMXCA NOpof, PacrnonoXeHHbIX B onpeaenéHHom
nocrnegoBaTenbHOCTY.

B kayectBe npumepa npuBegeHo npeobpa-
3oBaHMe 10-knaccoBow knaccudukaumm nopoa
B 5-knaccoByto knaccudmKaLumio nopoa;:

1. Knacc 1 (necyaHuk KpynHO3epHUCTbIN) COOT-
BETCTBYET 1-My Kraccy nopog.

2. Knacc 2 (necyaHvK Mefniko3epHUCTbIN) obbe-
OVHSET 2-1, 3-1 1 4-1 KNaccbl NOPOA.

3. Knacc 3 (aneBponuT) npencrtaBneH 5-m
Knaccom nopog.

4. Knacc 4 (rMWHWCTBIV aneBponuT) BKIKOYaeT
6-1, 7-n n 8- kNaccbl NOPOA.

5. Knacc 5 (rmuHa) obbeguHsier 9-n u 10-1
Knaccel nopoa.

B oboux BapuaHTax knaccudukauum pasge-
neHve ncxogHoro Habopa AaHHbIX Ha 0bBy4vatoLLyio
1 BanMAaALMOHHYIO BbIOOPKM COXPaHSANO UCXOAHbIE
NPONopLMM KNaccoB U He BbISBMIIO 3HA4YMMOro AMUC-
6anaHca AaHHbIX, B CBSI3W C YeM MpYMEHeHne Me-
ToA0B GanaHcUpoBKM BbIGOPOK (Takmx Kak upscaling
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nnn downscaling) He npegnonaraerca. CooTHoLue-
HUE TPEHUPOBOYHOW M TECTOBOW BbIGOPOK MPUHSATO
paBHbIM 70% 1 30% COOTBETCTBEHHO.

mctorpammbl ans 5-knaccosoro u 10-knac-
COBOrO BapvaHTOB MpeACTaBrieHbl Ha puc. 2. Takon
copmat rpacmyeckoro npeacraBneHnss NO3BoOnseT
nerko cpaBHUTb pacnpefeneHne aHHbIX No Knac-
caM Ansl TPEHMPOBOYHOW M TECTOBOW BbIGOPOK.

[ns pelleHus 3agayn aBTOMaTUYeECKON Knac-
cvdmKaumm NUTONorMmM Ha OCHOBE reodr3nyecknx
OaHHbIX UCMONb30BaHbl ABa Habopa AaHHbIX, Npea-
CTaBneHHbIX B opmate LAS-gannos:

1. Ha6op 1: 20 ckBaxuH, AaHHblE OCHOBaHbI
Ha pesynbratax MWCCrneaoBaHU KepHa (LeneBoMn
npusHak — 9 knaccos).

2. Habop 2: 100 ckBaxwH, gaHHble OCHOBa-
Hbl Ha uHTepnpetauun NC, ueneBon npu3Hak —
10 knaccos.

B kayecTBe Npu3HaKoB NCMOSb30BaNMCh CTaH-
napTtHble napametpbl TUC: SP, LLS, GR, CALI,
DEPT (rny6uHa c warom 10 cm).

[nsi NOBbILLEHWS YCTOWYNBOCTM MOAENMN U YUE-
Ta reonorMyeckon cneundukm Obino BbIMOMHEHO
yKpynHeHue ucxogHbix 10 knaccoB 4o 5 0606WwER-
HbIX KI1ACCOB, paHEE OMMUCaHHbIX BbILLE.

MpoBenéHHble npeaBapuTENbHbIE — 3KCMe-
PUMEHTBLI Mokasanu, 4To obyyeHve Mmopenen Ha
Habope 1 (no gaHHbIM KepHa) He obecneynBaeT
npuemMnemMmoro KayecrtBa knaccudvkaumu, Bbl-
pakeHHOro 4epe3 MEeTPUKY «CXOQUMOCTb» (Mak-
cumarnbHoe 3HadeHue B AmanasoHe 0,55-0,60).
B cBsA3n ¢ 9TUM B JanbHENLLIMX pacyéTax UCnonb-
30Barncst UCKMNYUTENbHO Habop 2, OCHOBaHHbIN
Ha JaHHbIX MHTepnpeTaumi MIC, nossonswoLwmn
nony4nTb 6onee ctabunbHble N BOCNPOU3BOANMbIE
pesynbrarhbl.

KntoyeBass 3agaya npoekTa 3aknioyanacb
B pa3paboTke Moaenen UMEHHO ANs AaHHbIX, OCHO-
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BaHHbIX Ha UC, 4yTo nosBonsieT macwrabupoBatb
MEeToAMKY Ha MOIHbIA oHA ckBaxkuH. [ing obecne-
YeHUs KayecTBa MTOrOBbIX Mogenen Heobxoammo
npegycMoTpeTb AO0CTYN K AOCTaTOuMHOMY OOBbEMY
[aHHbIX KEPHOBbLIX MCCNELoBaHWIA Anst Banuaauum
1 KOHTponsi 0by4yeHHbIX Mogenew (puc. 3).

B npouecce noarotoBkM UCXOQHbIX AaH-
HbIX Ans MOCTPOeHUsI Mofenen Gbino 3arpyXeHo
100 ckBaXWH, YTO COOTBETCTBYeT 06OLLieMy 0ObEMY
B 1900000 cTpok. Mpn aToM 3HauuTenbHas 4YacTb
[aHHbIX coepkana nponyckn pa3nmM4HoOn NpUpoabI.
Mo pesynbTatam aHanusa ycTaHOBMNEHO, YTO:

— TMOMHOCTbI0 MNYCTbIMM OKa3anucb OKOIO
452 Tbicsumn cTpok (~25% oT obLero obbéma);

— B 925 ThicsYax CTPOK ObINN HeMosHble AaH-
Hble no MMC-kpuBbIM;

— OCTaToK Mocre yaaneHus nycTblX CTPOK CO-
CTaBuI OKONO 452 TbICAYM CTPOK.

N3 ocTtaBwMXxcA AaHHbIX Tonbko 115 Thicay
cTpok (npumepHo 8% OT ucxopgHoro obbéma) co-
OepxaTt MnomnHbli Habop HeobXxoaMMbIX MPU3HAKOB
N MOryT GblTb UCMONb30BaHbl ANs 0by4eHuss 1 Ba-
nupauun mogenein. OctanbHble 337 ThICAY CTPOK
OOMNyCTUMO MCNoNnb30BaTh NUWb A NMPOrHO3HbIX
pacuéToB 6e3 nocneaytoLel NPOBEPKN KayecTBa.

Cratuctuka no npusHakam nokasana cregyto-
Line cpefHUe NPOLEHTLI NPOMYCKOB:

. Lenesasi nepeMeHHas — okorno 94%;

. CALI - okono 33%;

. GR — okono 26%;

. SP — okono 75%;

. LLS — okono 43%.

PucyHok 3. MpynnupoBKa knaccoB
Figure 3. Class grouping

TakuMm obpasomM, n3HayanbHo 6onbLiol 06bEM
CbIpbIX [AaHHbIX 3HAYUTENbHO COKpallaeTcsi Mo-
cne obpaboTkM 1 yaaneHunsi IponycKkoB, YTO Heobxo-
OVMO YYUTbIBaTb MU NOCTPOEHUM U TECTUPOBAHUM
mMoperen MaLuMHHOro obyyeHus.

OaHHble Oblnu pasgeneHbl Ha obyyaroLyto
1 TeCTOBY1O BblIbOpkU. TecToBasi BbIGOpKa MCNONb30-
Banacb Ansi NPOBEAEHUSI NEePEKPECTHON MPOBEPKM
C uenbto nogGopa onTUMarbHbIX TapamMeTpoB Moae-
. MNpun 3TOM AaHHble TecTa NPUMEHSINUCE UCKITHO-
YnUTENbHO ANS OUEeHKM obobLiatoen cnocobHoCTH
MOZENV U He UCMonb3oBanuch B npouecce oby4e-
HUS.

B 3agavax koHTponupyemMoro npotecca obyye-
HWSA YacTO BO3HMKAOT NPOGMEeMbl CMELLEeHUs U AnC-
nepcun mogenu. MNepekpéctHas NpoBepka No3Boss-
eT cbanaHcMpoBaTb 3TW XapaKTEPUCTUKKU, CHUXas
nepeobyyeHne ¥ NoBbIllas yCTOAYMBOCTbL MoAenu
K OCOBEHHOCTSIM KOHKPETHOro Habopa AaHHbIX.

B pamkax uccnegoBaHusi GbinyM NpoTecTMpo-
BaHbl cregytolye anroputMbl MallMHHOTO oby4e-
Hus (Tabn. 1-2):

— Logistic Regression — wncnonb3oBanacb
B kayectBe 6asoeow (vanilla) mogenu gns uenen
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CpaBHeHMs1. ABnsieTcst NPoCTbIM U BbICTPLIM anro-
pUTMOM, 3(PPEKTUBHO BLISBASIOWNM  FIMHENHbIE
3aBUCUMOCTY;

— Random Forest — MouWHbIN aHcambneBbIi
MeTOof, XOPOLIO paboTalLwWwuii Ha pasnUYHbIX TUnax
OaHHbIX. OgHako oby4YeHHble Mogenu MOoryT 3aHu-
MaTb 3HAYUTENbHbIN 06BLEM NaMaTH;

— XGBoost — aganTvBHbIN FpagneHTHbIA Oy-
CTUHI, OeMOHCTPUPYIOLUIA  BbICOKYIO 3(PdEKTMB-
HOCTb U CKOpPOCTb Cpeau MOAernern CBOero Kracca.
OTnnyaetcs xopowmnm 6anaHcom Mexay TOYHOCTbHO
1 BbIYUCINTENBHOM CMOXHOCTbLIO.

CornacHo pesynsrataM 3KCNepuMEHTOB, Hau-
nyyliMe nokasaTenu kadecTsa NPOAEMOHCTPUPOBa-
nm mogenn Random Forest u XGBoost. Mpu atom
XGBoost oby4aeTcsa CyLleCTBEHHO AOSblUe, HO re-
HepupyeT Oornee KOMNaKTHyHO MoOAernb: Hanpumep,
mopenb Random Forest 3aHumana okono 18 I'b
namsTu.

Ons 3agaun paHXMpoBaHUS CKBaXkWMH Obina
BblOpaHa obyyeHHast mofenb Ha ocHoBe Random
Forest ¢ napameTpamu:umcno pgepeBbeB —
250 en.;

* MakcumanbHas rnybuHa aepesbeB — 45 en.;
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Tabnuua 1. CpaBHUTeNbHasa Tabnuua
paccmaTtpuBaeMbix anroputmos (10-knaccoBasi)
Table 1. Comparative table of the considered
algorithms (10-class)

Tabnuua 2. CpaBHUTeNnbHasa Tabnuua
paccmaTpuBaeMbIX anropuTmoB (5-knaccoBas)
Table 2. Comparative table of the considered
algorithms (5-class)

Mokasatenu / Metrics Log's“.c Rajdor XG-Boost Mokasatenu / Metrics Log's".c REMEEm XG-Boost
Regression Forest Regression Forest

TourocTe 023 0,81 0,81 TourocTs 0,49 0.90 0,90
Accuracy Score Accuracy Score
CpepnHee CpepHee
F1 Macro Score 0.17 0,81 0,81 F1 Macro Score 0,34 0,88 0,88
Cpe[J,HeBC!BeLLIeHHOe CpEﬂHeBSBELLIEHHOe
F1 Weighted Score 0.19 0.81 0.81 F1 Weighted Score 046 0,90 0,90
Pa3vep mogenu Pa3mvep mogenun
Model Size 0,02 mb 2321 mb 609 mb Model Size 0,02 mb 619 mb 134 mb
CKopoCTb CKOpOCTb
Predict Speed (s) 0.01 43 1207 Predict Speed (s) 0,01 17 40,0

* pasmep mogenu — 619 M6 pgns BbIGOpkM
¢ 5 knaccamu 1 2321 M6 ans Bbibopku ¢ 10 knac-
camu;

* TOYHOCTb Mogenu (MeTpuKka KadecTBa
Ha TecToBou Bbibopke) coctasuna 0,9 n 0,8 coot-
BETCTBEHHO.

B kavectBe nNpK3HaAKOB UCMOMb30BanUChb
KaK MCXOAHble reodumanyeckme KpuBble, Tak 1 npo-
W3BOAHbIE MPU3HaKW, TakMe Kak nepsasi U BTopas
npousBoAHble kpuBon SP, a Takke CUHTETUYECKME
Npu3HaKku, NoMy4yeHHbIe C MOMOLLbK apudmeTmye-
CKUX onepauui Hag UCXOOHbIMW AaHHbLIMU.

B pononHenne k Random Forest 1 XGBoost
ObiMM  NPOTECTUPOBaHbI  Takke  anropuTMbl
LightGBM, Decision Tree, Linear Regression u gp.
Mo utoram cpaBHeHUs1 Hauny4ywne pesynsraTbl No-
kasan anroputm Random Forest, gocTurHys 3Haude-
HUSA MeTpukmn kadecTsa 0,9.

B pamkax AaHHOro uccnegoBaHus B KadecTee
ONTUManbHOro peLleHns Ans NocTaBneHHoW 3aja-
un 6bIn BbIOpaH anroputm Random Forest, npoge-
MOHCTPUPOBAaBLUMNIA Hauryyllee COOTHOLUEHUE TOY-
HOCTU W BblYMCIMTENBHOW 3ddeKkTMBHOCTU. XOTA
anroputm XGBoost nokasan aHanornyHble METpuKn
KadecTBa, npeanoyTeHne 6bino otgaHo Random
Forest ¢ y4éTOM BbILLEONMCAHHOIO.

C y4YyéToM MUWHMMarnbHOro LEeneBoro nopora
TOYHOCTU (TOYHOCTL > 0,85), Gbina BeibpaHa Mogenb
Knaccudvkaumm ¢ pasgeneHnemM Ha 5 kraccos. Ta-
Kol nogxop obecneuun Tpebyemblii ypoBeHb 0606-
LiatoLLe cnocobHOCTU NpY COXPaHEHUW MHTeprpe-
TUPYEMOCTW pe3ynbTaToB.

CnepnyeT noayvepkHyTb, YTO MPeACTaBEHHbIE
pelweHuss nNo BbIGOpY KOMMYeCcTBa KraccoB, anro-
puTMa 1 ero napameTpoB He criegyer paccmarpu-
BaTb Kak yHMBepcanbHble Ans 6onee mactabHbix
Unn pa3HopoaHbIX HAOOPOB AaHHbIX. NPoBEeAEHHbIN
aHanu3 OpuMeHTUPOBaH UCKMIOYMTENbHO Ha AEeMOH-
CTpaumio NpeackasaTenbHON cnocobHoCTU Moaenen
B pamMKax AaHHOro NpoeKTa, orpaHU4eHHOro Bblibop-
kor n3 100 ckBaXxwuH.

OueHka NpON3BOAMTENBHOCTH mogenun
Random Forest Ha TecToBoW BbIGOpKe Nokasana Bbl-
COKMI ypoBeHb TovHocTH (0,9) npu Mcnonb3oBaHUK
5-knaccoBon cxeMbl Krnaccudukauum, 41O noa-

TBEpXAaeT eé NPUMEHNMOCTb ANA paHXUpOoBaHUS
00BbEKTOB B pacCMaTprMBaeMOM KOHTEKCTE.

Ons Gonee peTanbHOro aHanu3a kadectsa
Knaccudukaumm Bbinyu  paccyMTaHbl  MokasaTenu
TOYHOCTM MO KaxAoMy Kraccy Kak Ans mogdenu
Random Forest, Tak 1 gna normctunyeckon perpec-
cun (Tabn. 3). CpeaHas TouHocTb Mogenu Random
Forest coctasuna 0,90, 4TO 3HAYUTENBLHO NpeBbILLIA-
€T COOTBETCTBYHOLUMIA MoKa3aTenb NOrmMcTUYECKoM
perpeccun — 0,63.

Ta6nuua 3. CpaBHeHUe ABYyX Mogenemn
Table 3. Comparison of two models

TouHocTk / Accuracy
MapameTpbI cp: =
Comparison Parameters Random Logystic
Forest Regression
CpepHss 0.90 0.63
Average
'TouHocTb no knaccy Net 0.92 0,55
Accuracy class No. 1
TouHoCTb no knaccy Ne2 0.92 0.78
Accuracy class No. 2
TouHocTb no knaccy Ne3 0.75 0.61
Accuracy class No. 3
TouHocTb no knaccy Ned 0,89 0.66
Accuracy class No. 4
TouyHoCTb no knaccy Ne5 0,93 0,57
Accuracy class No. 5

Pa3buBka no knaccam nokasana, 4to Mogesnb
Random Forest gemoHcTpypyeT ycToW4MBO BbICO-
Kyt0 TOYHOCTb Ans OOMbLUMHCTBA KaTteropun. Tak,
ons knaccoB Ne1, Ne2 n Ne5 ToyHoCcTb cocTaBuna
0,92, 0,92 n 0,93 cooTBETCTBEHHO. HECKOMBKO HIKE
TOYHOCTb Habnogaetcs ans knacca Ne3 (0,75),
4YTO, BEPOSITHO, CBSI3aHO C €ro BHYTPEHHEW HEOAHO-
POAHOCTBIO MU OrpaHUYEHHbIM YUCIIOM OOBLEKTOB
B Bblbopke. TeM He MeHee u B 3ToM crnydae Random
Forest mpeBocXxoaMT NOMMCTUYECKYHO perpeccuio,
TOYHOCTb KOTOPOW MO AAHHOMY Kraccy CocTaensier
0,61.

Mo BceM naATM knaccam Mmogens Random
Forest obecneunBaet ctabuibHOE U BbICOKOE Ka-
YeCcTBO KnaccuduKkaumm, Torga Kak rnormcrmyeckas
perpeccusi AeMOHCTpUpyeT ©Gonee BbIpaXeHHYo
BapvaTUBHOCTb U MeHee YOOBMNeTBOPUTENbHbIE pe-
3yneratbl — ot 0,55 o 0,78.
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Takum  o6pa3om, CpaBHEHME  TOYHOCTM
no Knaccam nogTBepXaaeT NpevMMyLecTBO anro-
putMa Random Forest B paccmatpuBaemon 3a-
faye knaccudukaumMm CKBaXKUH MO BblAENEHHbIM
KaTeropusim.

Ha puc. 4 npeactaBneHbl pacnpegeneHus
ToyHocTu ans mopene Random Forest n nornctu-
yeckon perpeccun. padpmk OemoHCTpupyeT pac-
npegeneHne TovHocTM mopene Random Forest
1 NTOTMCTUYECKON perpeccum.

CuHsis kpuBas u ctonbubl — Random Forest:
TOYHOCTb  CKOHLEHTpPMpOBaHa B  [JuanasoHe
0,93-0,99, yTo CBMAOETENMLCTBYET O BLICOKOW CTa-
6unbHocTM M KayvecTBe mopenu. OpaHxeBasd Kpu-
Bas M crtonbupl — Logistic Regression: To4yHOCTbL
pacnpefeneHa wmpe U cMmelleHa Kk Gornee HU3KUM

3HayeHusM (okoro 0,49), 4To ykasbiBaeT Ha XyALUYHO
npeackasaTesibHylo CnoCoBHOCTb.

AHanua matpuy, owmnboKk NokasblBaeT, YTO Ka-
XOasi M3 pacCMOTPEHHbIX Moaenew AeMOHCTpupyeT
pa3nuyHoe noBeaeHve Npu knaccudukaumm oTaens-
HbIX FMTOMNOIMYEeCcKUX knaccos. B uenom, HanGonb-
Luasi TO4HOCTb AOCTUraeTCsl Npy pacrno3HaBaHnm nec-
YaHuKa, aneBponnTa 1 IMuH, B TO BpeMs Kak gpyrue
Krnacchl ONPeaensioTcs MeHee YBEpPEeHHO.

OcobBeHHO CTOUT OTMETUTb, YTO MWHBI CTa-
H6UNbLHO NoKa3blBalOT HaMBbICLUME 3HaYeHns F1-me-
TPUKU MPU UCMONb30BaHUM KaK KOHTPOMMPYEMbIX,
Tak U HEKOHTPONMPYEMbIX anroputmoB. 3TO npe-
MMYLLECTBO OObsACHSeTCs Oonee LMPOKOW npea-
CTaBMNEHHOCTbLIO MMUH B pa3pes3e, 4To obecneymsaeT
nydilee obyyeHne Moaene Ha aTom knacce.

PucyHok 4. CpaBHeHue ABYX mofeneun
Figure 4. Comparison of two models

Ha pwuc. 5 npeacrtaBneHa Bu3dyanu3auus pe-
3ynbraTtoB kraccudpmkaummn dpaumii, nonyyYeHHbIX
B pe3ynbrate npuMeHeHusi obyveHHoW Mogenu
MaLLMHHOIO 00y4eHusi. KormoHkM ¢ mepBoi no nsi-
TYK0 OTpaxatloT BXOAHbIE KapOTaXHble napamMeTpsbl,
ucnonb3yemble npu obydeHnn mogenu: K, BK, ko-
acpdmumeHT BogoHackiweHHoctu, NC n Hopmanu-
30BaHHbI 1C COOTBETCTBEHHO. JTU NapamMeTpbl
NpeacTaensaloT  coboW  OCHOBHYI  MHGOpMaLMio
O NUTOMOIMYECKOM paspe3e CKBaXUHbI U CryxaT
BXOAHbIMU MPU3HaKaMu Anst anropuTma knaccugm-
Kauum.

LLlecTast KOroHKa COAEPXUT MPOrHO3HbIE AaH-
Hble No auusm, MoryvYeHHble C MOMOLLbI OBy-
YeHHoW mopgenu. B ceabmon KONoOHKe npuBeaeHbl
3TaNoHHbIE AaHHbIe, MOMyYeHHble MO pe3ynbratam
MHTEepnpeTaumMm  npodunbHbIMKM  crleuuanucTa-
Mu. BocbMas konoHka otobpaxaet cdaumm B BUAE
uBeToBON WKanbl (0T 1 go 5), rae kaxgomy knaccy
COOTBETCTBYET ONpedenéHHbI LBET, YTo obnerya-
€T BM3yanbHoe COMocTaBneHne Mexagy nporHo3oM
1 3KCMEepPTHOW UHTepnpeTaumnen.

CpaBHUTENbHBIN aHanM3 MokasblBaeT BbICO-
Kyl CTeneHb CXOAMMOCTW MexXAay pesynbratamu,
NonyYeHHbIMU MOAEMNbIO, N IKCMIEPTHOW MHTEpnpe-
Taumen, BKroYas kak TOHKOcrnoucTele, Tak 1 Gonee
NPOTSPKEHHbIE NMTONorMdeckme uHTepBansl. Ko-
AP PULMEHT CXOQUMOCTU MEXAY MOAENbHOW Knac-
cudunkaumnern 1 SKCNepTHOW pasMeTKoW Ha AaHHOM

CKBaXMHe npubnmkaercs K 1, 4To CBMAETENLCTBYET
O BbICOKOW TOYHOCTU U HAZEXHOCTU NPUMEHEHHOTO
noagxoaa.

Takum obpa3om, ncnonb3oBaHWe anropuTMoB
MaLUMHHOTO OOYy4YeHMs [OEeMOHCTPUPYET BbICOKYIO
3(pheKTUBHOCTb B aBTOMaTU3NPOBaAHHON MHTEpPNpe-
Tauum daumin Ha OCHOBE CTaHAAPTHbBIX KAapOTaXHbIX
OaHHbIX Y MOXET CNyXWUTb HafAéXHbIM MHCTPYMEH-
TOM B reorioropa3sefoyHoO NpakTyuKe.

Ha Tekywuii MOMEHT AaHHasi Mogenb BHe-
apeHa B MHGOPMALMOHHYIO cucTemy (panee —
NC) TOO «KMI' NHXMHUPUHI», NpeaHa3HaYeHHYo
Ans  OonepaTMBHOIO MPOrHO3MPOBaHWA FUTOMOMMN
Nno KapoTaXHbIM AaHHbIM (Mcronb3yeTcs 4 u 6 kpu-
BbIX). CkBaXXMHHble AaHHble 3arpyxatotcsi B C. [a-
nee obyyeHHasi Mogernb KnaccuduumpyeT Kaxabli
MeTp paspesa, NpuUcBanBas emy OAMH U3 3apaHee
onpeaenéHHbIX NMTonornyecknx Tunos. Pesynerathbl
BbIBOAATCA B BMAE LIBETOKOAMPOBAHHbLIX KOMOHOK,
COMOCTaBMMbIX C PYyYHOW WHTepnpeTauven cneuu-
anuncToB, YTO MO3BOSISIET ONEPaATUBHO KOPPEKTUPO-
BaTb cTpaTurpaduyeckne MoAenu n yTOYHATb rpa-
HUUbI NnacToB (puc. 6).

NC obecneumBaeT Bu3yanu3auuio BCeX 3Ta-
MOB — OT MCXOAHbIX KAPOTaXHbIX KPMBbIX 40 MNPOrHO-
3UpyeMbIX NUTONOMUA — B €AMHOM OKHe. 3TO NO3BO-
nsieT ObICTPO OUEHUBATbL M3MEHeHUs haumnanbHON
06CTaHOBKM.
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PucyHok 5. Ucnonb3oBaHue o6y4eHHOW MoAeny no cpaBHEHUIO C YerIOBEKOM
Figure 5. Application of the trained model in comparison with human interpretation

MopnobHble noaxodbl yxe peanuayloTcs B WH-
TerpmpoBaHHoM [10 B pasHbix komnaHusix (Dream
Cloud” n CIFLog®).

Takum obBpa3om, ucnonb3oBaHWe MaLLMHHOIO
0by4yeHnss B Co4eTaHUN C COBPEMEHHBbIMU MHAOP-
MaLMOHHBIMWM CUCTEMaMK MO3BOMSET MOBbLICUTH
TOYHOCTb M CKOPOCTb MHTEepnpeTaumn KapoTaxHbIX
OaHHbIX, CHU3UTb 3aBUCMMOCTb OT CYObEKTUBHOMO
daktopa M obecneynTb MOCTOSHHOE YnyulleHue
MPOrHOCTUYECKMNX MOAENEN 3a CHET HAKOMNEHNS HO-
BOW MHOpMaumK.

WHTerpupoBaHHbIe NporpaMMHbIe peLleHus

KpynHevilume MupoBble KOMNaHwW, Takue
kak Schlumberger, paspabatbiBaloT UHTErpMpo-
BaHHbIE NpOrpaMMHble KOMMMeKcbl. Hanpumep,
DELFI — ato nnatdopmMa Ans KOrHATUBHOW pasBea-
KM 1M pa3paboTkm MeCTOpPOXAEHWN, BKoYaoLlas
06paboTKy M UHTepnpeTaumio AaHHbIX, CTaHAAPTK-
3aumio, o4mcTKky u aHanus. MO Techlog nossonsiet
aHanu3npoBaTb KapoTaXHble AaHHble C MOMOLLBIO
WHTENNeKTyanbHbIX anropuTMoB.

7 Dream Cloud Collaboration Platform — npombiuneHHasi obnayHasi nnatgopma CNPC ans undposori TpaHchopmaumm

1 COBMECTHOW paboTbl HedTerazoBbix NPEANPUATHN.

8 CIFLog — aTo nporpammMHasi nnatdopma ans obpaboTkv n nHTepnpetaumm gaHHbix M'MC, paspabotaHHas CNPC.
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PucyHok 6. Ucnonb3oBaHue BHegpeHHbIX Mogenen B UC
Figure 6. Application of implemented models in information systems

B Kutae paspabatbiBaloTcs COOGCTBEHHbIE
nnatdgopmsl, Takme kak Dream Cloud Collaboration
Platform ot CNPC®, LEAD™ un CIFlog. PassuBatoT-
cs TexHorormn VMW pns mopenupoBaHust NnacTos,
WHTEpNpEeTaUUM  KapoTaxa W  reoHaBurauum
npu 6ypeHnn ropu3oHTanbHbIX CKBaXWH [6].

O6GopyaoBaHue ans reounsmyeckon

pa3Benku

WccneposaHusa B obnactn UMW n reodpumanye-
CKOW pa3Befky CTPeMUTENbHO pasBUBatoTCS Mo BCe-
My Mmupy. [eodusmyeckas pasBegka UCTOPUYECKM
SABNSAETCA OOHOW M3 NepBbIX OTpacnewn, rae UCnorb-
30Banucb LMPOBbIE TEXHOMOMMM, BKIOYAsH BbICO-
KONpOW3BOAMTENbHbIE BbIYUCIIEHUS, TPEXMEPHYIO
BU3yanu3auuio U KOMMNbOTEPHbIE CETU.

MW npumensieTcs B obopygoBaHun ans reo-
cmsmyeckon passegkn, BKIovasi BUBpocencmo-
pa3seaky, 6ecnunoTHUKM M CeiicMUYeckylo anna-
parypy.

MHTennekTyanbHas BMbpocencmopasses-
Ka no3BonsieT aganTupoBaTb NapameTpbl paboTbl
(MOLLHOCTb, AManasoH 4acToT, BpeMS CKaHMPOBaHWSA
1 hasy) B 3aBMCMMOCTM OT YCITOBUI Ha MOBEPXHOCTU
N rMyBMHHBIX reonornvecknx XxapakTepucTyk, NoBbl-
was 6e30nacHOCTb U CHMXKas Harpysky Ha OKpyxa-
foLlyto cpeny.

BecnunoTHukn ncnonb3ytotes Ans cbopa reo-
PU3NYECKNX AaHHbIX, AeTarnbHoW Tonorpadguyeckomn
CbEMKM, OLIEHKN PUCKOB, MOHUTOPMHIA Y3MOBbIX TO-
YeK, BOCCTaHOBIIEHUSI AaHHbIX, J4OCTaBku obopyno-
BaHWS 1 cnacaTerbHbIX onepauui.

CoBpeMeHHble CENCMUYECKME CUCTEMbI BKITHO-
yatoT nposogHble (G3i') n GecnposogHble (OBN
(aHen. Ocean Bottom Node — goHHbIN cevicMuyec-

kuin ysen), Hawk', eSeis®) pelwenus. TexHonorum
OBN nossonsoT npeofonesaTb OrpaHNYeHus, CBs-
3aHHbIE C LyMaMM, NI0XON NPOXOAUMOCTBIO MECT-
HOCTW 1 Y3KUM JMana3oHOM HabnogeHui.

3aknoyeHue

Ons KasaxcraHa, obnagatowero KpynHbi-
MU HedTerasoBbiMU MECTOPOXAEHUAMWU, TaKUMU
kak TeHrns, KawaraHn v Kapavaranak, sBreaperve A
B pa3BedKy W pa3paboTky — 3TO He MPOCTO TPeHA,
a peanbHas HeobxogumocTb. Mbl cTankuBaemcsi
C CEpPbE3HBIMU BbI30BaMU: CIIOXHbIE reornormyeckne
yCrnoBwusi, BbICOKasi HEOQHOPOAHOCTb MMacToB, BO3-
pacTatolme 3atpaTbl Ha JoOblNy U HEOBXOAMMOCTb
Hornee paumoHanbHOro NCMNoNb30BaHWUSA PECYPCOB.

N yxe nomoraeT Halwein HedTerasoBow OT-
pacnu pelwartb 3TV 3agayn. ABTOMaTU3MPOBAHHBIN
aHanu3 reonoropasBefoyHbIX AaHHbIX, MPOrHO3u-
poBaHMe NpPOJYKTMBHOCTU CKBaXWH W MOZENMPO-
BaHMEe MMacToB Ha OCHOBE MALUMHHOIO OBy4YeHusi
NoO3BOSST HaM MoBbIWaTbh 3 deKTMBHOCTL pabo-
Tbl. KazaxcTaHckne koMnaHuWM HauMHalT akTUBHO
MCMNOmnb30BaTb TEXHONMOMMU LIMGPPOBbLIX OBONHMKOB,
VHTENNEeKTyanbHOro ynpaeneHus Aobblyer u aBTo-
MaTU3NPOBAHHON WHTEpnpeTaumm CencMmUYeCcKnx
OaHHbIX [10-12].

Hawa ctpaHa yBepeHHO [OBWXETCA B CTO-
pPOHY uMcpoBM3aLMN  HedTerasoBon OTpacnu.
B ycnoBusix rnobanbHoW KOHKypeHuuu u Tpebo-
BaHU YCTOMYMBOIO pasBUTUA HaM HeobxoauMmo
akTuBHee BHeapaTb MW, 4ToObl nmoBbiwaTtb KO-
(OULUMEHT M3BMEYEHUA HedTU, CHWXKATb M3OEPXKKM
N MUHUMU3MPOBATb 3JKOMOrMYECKoe BO3AEWCTBUE.
MW — 3TO He NpPOCTO MHCTPYMEHT, @ OAMH U3 KItoven
K OyayLueMy Hallen SHepreTuku.

9 CNPC (aHen. China National Petroleum Corporation) — Kutaiickasi HaunoHanbHasi HedbTerazoBasi Kopriopawusi.
©LEAD (aHen. Log Evaluation & Application Desktop) — uHTerpuposaHHoe MO ans kapotaxHoi 06paboTkv 1 MHTEpnpeTaumm,

pa3paboTtaHHoe CNPC.

" G3i — 370 cucTeMbl cbopa U perucTpaummn aaHHbIxX, paspaboTaHHas INOVA.
2 Hawk — 3T0 MynbTUMYHKLMOHABbHBIA MHCTPYMEHT Ha3eMHOi CeicCMUKY, aBTOHOMHas HodanbHasi cuctema.
'3 eSeis — 6ecnpoBofHas celcMopa3BeoyHasi cucteMa, paspabotaHHas fodepHen cTpykTypoint CNPC.
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Opu rmHanbHoe uccriegoBaHue

KomnnekcHasa uHTepnpeTauusa reoxXuMm4eckux,
¢unsnko-xummnyecknx nccnegosaHmm u PVT-napametpoB
ana sepudukaumm pa3zoBon 30HaNIbHOCTU 3anexeun

(Ha npumepe mecTopoxaeHusa BocTouyHbIn Ypuxrtay)

E.W. CenTtxa3uen’, T.C. xxapacoBa’', A.E. Ange6ek’, H.K. bixnacos’, P. Paxbim6epaun?
"Ambipayckul punuan KMI™ xuHupuHe, 2. Ameipay, KasaxcmaH
2ypuxmay OnepelimuHe, 2. Akmobe, KasaxcmaH

AHHOTALUMUA

O6ocHoBaHue. KoppekTHaa naeHTudukaums asoBoro CocTosiHMUA (riongoB (HedTb UMM ra3oKOH-
[eHcaT) MecTopoXaeHnsi BoCTOUHbIN YpuxTay KpUTUYECKM BaxkHa A1 AJOCTOBEPHOW OLEHKW 3anacoB
1 BblbOpa cuctembl pa3paboTki. AHOMarbHbIE 3HAYeHWs ra3oBoro haktopa B ckBaxuHax BY-6 n BY-7
(oo 1000 mM*/m3) 1 pacxoxaeHue rMncoMeTpUYeckUx OTMETOK NpeanosiaraeMoro ra3oHedTAHOrO KOHTakK-
Ta C perMoHanbHbIMU AaHHBIMW CO3Aal0T HeonpeaenéHHOCTb, TPebyIOLLYI0 paspeLleHns C NPUMEHeHN-
€M KOMMNIIEKCHbIX METOAOB.

Llenb. YcTaHOBNEeHMe reHeTnyeckon 1 ha3oBov NPUHAANEXHOCTU NNACTOBbIX YINeBOAOPOAHbIX CUCTEM
MeCTOpOXAeHUst BOCTOYHBIN YpuxTay no cemu CKBaXMHam Ha OCHOBE MYNbTUANCLMNIMHAPHOMO NOAXO-
na.

Martepuanbl u metoabl. OObLEKTOM WCCNEOOBAHWUA MOCHYXUNN CeMb MyOUHHbIX Npo6 dnonga
n3 cksaxuH BY-1-BY-4, BY-6-BY-8. Komnnekc nccnegoBaHuii BkMkoyan rasoByto xpomarorpaduio,
rasoByl0 XpPOMaTO-MacC-CneKkTPOMETPUto, OUHIEPNPUHTUHT, BMOMapKepHbIN aHanu3 (ctepaHbl, Tepna-
Hbl, apoMaTU4ecKkne yrineBoaopoabl), a Takke uanko-xummuyeckme n PVT-nccnegoBaHus Ha ycTaHOBKe
FLUID EVAL™ c Bu3yanbHbIM KOHTPONeM ¢pasoBOro COCTOSHUS.

Pe3ynbrartbl. BiomapkepHbIi aHann3 NoaTBEpAMI reHeTUYeckoe eanHCTBO Bcex Npob: cntonabl cgop-
MUPOBaHbl B €aNHON HedhTeMaTePUHCKON CUCTEME MOPCKOro KapboHaTHOro reHeanca. Ha ocHoBe kom-
nnekca kputepues (MnotHocTb >780 kr/m3, MonekynspHasa macca >150 r/monb, cogepxaHnue C,,. >85%,
cooTHoweHmne Z(C1—Cy)/Z(C1p4) <1) BCe 0bpasLbl knaccuduumpoBaHbl kak HedTb. Obpasel, 13 CKBaXu-
Hbl BY-7 noeHtndmumpoBaH kak netyyast Hedtb. PVT-uccnenosanns v BusyarsbHble HabnogeHus uc-
KMIOYUIN Hannyne ra3okoHAeHCcaTHbIX CUCTEM. YCTaHoBMNeHHas da3oBasi Mofdenb npeacTaBnset cobon
HeTAHYI0 3anexb C rpaBUTaLMOHHON cerperaumen u nepexoaHon 30HON NeTyyen HedTU B KPOBENbHON
yacTn, 6e3 KNaccM4eckow rasoBow LLAMKK.

3akntoyeHue. [pMMEHEHHbIN MyNbTUANCLMNIMHAPHBIA NoAX04 NO3BONWI BepnduumpoBaTth (hasoByio
30HanbHOCTL hritongoB BoctouHoro Ypuxtay. O6ocHoBaHHasi Mofernb 3anexu (HedTsHas OTopoY-
ka 6e3 BblAeneHHoM ra3oBow Lwanku) TpebyeT ncnosnb3oBaHnst 06LEMHOINO MeToga noacyéta 3anacos
N y4yéTa BbiSBIEHHOW (ha3oBON HEOAHOPOAHOCTU MPWU NMPOEKTUPOBAHUM CUCTEMbI pa3paboTkvu Ans Mu-
HMMM3aLIMN FreoNorMyYecknx PUCKOB N KOPPEKTHOM OLIEHKM pecypcHol 6asbl.

Knroyeesie crioga: ¢hazoeasi 30HanbHOCMb ¢hriroudos, buomMapKepHbIl aHanu3, 2a3oebil ¢hakmop,
PVT, BocmoyHbil Ypuxmay, lNpukacnutickasi enaduHa.
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Cetumxasues E.LlI., [xapacosa T.C., Andebek A.E., u dp. KomnnekcHas nHTepnpetaums reoXmMmmnyeckumx,
hu13nKo-XMMUYECKNX nccrnenosaHnii u PVT-napameTtpoB Ans Bepudmkaumm ha3oBoi 30HaNbHOCTN 3anexem
(Ha npumepe mMecTopoxaeHus BoctouHbii Ypuxtay) // BecTHuk HedTerasoBon oTpacnu Kasaxcrana. 2026.
Tom 8, Ne2. C. 74-92. DOI: 10.54859/kjogi108969.
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Comprehensive Interpretation of Geochemical, Physicochemical
Studies and PVT Parameters for Verification of Phase Zonation
of Reservoirs (A Case Study of the Eastern Urikhtau Field)

Yessimkhan S. Seitkhaziyev', Tolganay S. Jarassova', Almira Ye. Aldebek’,
Nauryzbay K. Ykhlassov', Rauan Rakhymberdi?

'Atyrau Branch of KMG Engineering, Atyrau, Kazakhstan

2Urikhtau Operating, Aktobe, Kazakhstan

ABSTRACT

Background: Correct identification of the fluid phase state (oil or gas condensate) at the Eastern
Urikhtau field is critically important for reliable reserve estimation and the selection of an appropriate
development strategy. Anomalously highgas-oil ratio values in wells EU-6 and EU-7 (up to 1000 m3*m3)
as well asdiscrepancies between the hypsometric levels of the presumed gas-oil contact and regional
data, create uncertainty that requires resolution using an integrated approach.

Aim: To determine the genetic origin and phase state of reservoir hydrocarbon systems at the Eastern
Urikhtau field based on data from seven wells using a multidisciplinary approach.

Materials and methods: The study was based on seven bottomhole fluid samples collected
from wells EU-1-EU-4 and EU-6—-EU-8. The analytical program included gas chromatography (GC), gas
chromatography—mass spectrometry (GC-MS), fingerprinting, biomarker analysis (steranes, terpanes,
aromatic hydrocarbons), as well as physicochemical and PVT analyses using the FLUID EVAL ™system
with visual phase-statemonitoring.

Results: Biomarker analysis confirmed the genetic uniformity of all samples. indicating that the fluids
were generated within a single marine carbonate petroleum system. Based on a set of criteria (density
>780 kg/m?, molecular weight >150 g/mol, C,, content >85%, Z(C;—Cy)/Z(C,0.) ratio <1), all samples
were classified as oil. The sample from well EU-7 was identified as volatile oil. PVT analyses and visual
observations ruled out the presence of gas-condensate systems. The established phase model
corresponds to an oil reservoir characterized by gravitational segregation and a volatile-oil transition
zone in the crestal part of the structure, without a conventional gas cap.

Conclusion: The multidisciplinary approach applied in this study enabled verification of the fluid
phase zonation at the Eastern Urikhtau field. The proposed reservoir model, representing an oil rim
without a distinct gas cap, requires the application of the volumetric method for reserve estimation
and consideration of the identified phase heterogeneity during field development planning in order
to minimize geological risks and ensure accurate resource assessment.

Keywords: fluid phase zonation; biomarker analysis; gas-oil ratio; PVT,; Eastern Urikhtau; Precaspian
Basin.
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TynHycka 3epTTey

KeH opblHAapbIHbIH pa3anblk auMakTbiNbIFbIH Bepudpukauusanay
YLWiH reoxuMusanbIK, PuUsMKanbIK-XUMUANDbIK 3epTTeyrnep meH PVT
napameTpnepiH keweHAai TyciHaipy (lWbiFbic ©pikTay KEH OPHbIHbIH
MbIcanbiHAA)

E.LU. Centkasuen', T.C. [IxxapacoBa', ©.E. Ongebek', H.K. blkbinacos', P. Pakbimbepgi?
KMI™ rxxuHupuHe Ambipaynbik chunuarnbsl, Ambipay Kanackl, KazakcmaH
2Bpikmay OnepelimuHe, Akmebe Kanacbl, KazakcmaH

AHOATNA

Herizpey. LUbifbic OpikTay KeH OpHbIHOAFbl CYMbIKTbIKTapablH, (MyHam Hemece ras KoHgeHcaTbl) dasa-
NbIK Xan-KyniH AypbIC CoNKecTeHaipy Kopnapabl ceHimai baranay eHe urepy XywmeciH TaHaay YLWiH eTe
MaHbI3abl. BY-6 xaHe BY-7 yHfbiManapbiHgarbl ra3 akTopbliHbIH KanbinTaH Teic MaHAaepi (1000 m3/m3
eliH) xaHe 6omkamabl ra3-myHav 6annaHbICbIHbIH, TMNCOMETPUSANBIK BenrinepiHii anMakTblk AepeKkTep-
MEH Calikec Kenmeyi kellenzi agictepai kongaHa oTblpbin Wwewyai Tanan eTeTiH 6enriciaaik Tyabipaabl.
MakcaTbl. MynbTaMCUMNIMHapIbIK TaCin Heridinae XeTi yHFbima 6omblHwa LUbiFbic ©pikTay KeH OpHbI-
HbIH KabaTTbIK KOMipCYTEeK XyienepiHiH reHeTUKanblK XaHe dasanblk TUECINiriH aHbIKTay.

Martepuanpap MeH agictep. 3epTrey obbekTinepi petiHae BY-1-BY-4, BY-6-BY-8 yHfbiManapbiHaH
anblHFaH XeTi TepeHaik dnova cbiHaMmachl KapacTbipbingbl. 3epTTeynep KelleHiHe ra3 xpomarorpadu-
AICbl, ra3 XpoOMaTo-Macc-CNekTPOMETPUSACHI, caycak i3i, brnomapkepnik Tanaay (ctepaHgap, TepnaHaap,
XowWw wmicTi kemipcyTektep), coHgan-ak FLUID EVAL™ koHablprbiCbiHAafbl basanblk Kynai Bu3yanabl
GakblnayMeH XyprisinetiH pusmkanbik-xuMusinblk xaHe PVT-3epTTeynepi Kipai.

HoaTtuxenepi. buomapkepnik Tangay 6apnblk cblHaMmanapablH reHeTukanslk GipTyTacTbifblH pacTagbl:
TeHizaeri kapboHaTTbl reHe3unCTiH BipbIHFal MyHal-aHanblK XXyneciHae CcymblKTbikTap nanaa 6ongpl. Kpu-
Tepuinep KelleHiHe HerisaenreH (TeiFbl3ablifbl > 780 kr/m3, monekynanbik canmarbl >150 r/Monb, masmy-
Hbl C;, >85%, kaTblHackl £(C,—Cg)/Z(C1o.) <1) Gapnblk ynrinep MyHan peTiHae xikTenegi. BY-7 yHrbima-
CblHaH anblHFaH ynri ywna myHawn peTiHae aHblktangbl. PVT 3epTTeynepi meH Bu3dyanabl 6akbinaynap
ra3 KoHgeHcatbl XynenepiHiH 6onyblH Xokka WbiFapabl. benrineHreH asanblk Modenb Knaccukanblk
rasabl TeNnekcis, rpaBUTaLMANbIK Cerperaumschbl xaHe xofaprbl beniriHae ywna MyHanablH etneni an-
Mafbl 6ap MyHal keHilliH cunaTTanabl.

KopbiTbiHabl. KongaHbinFaH kencananbl Tacin LUbiFbic ©pikTtay CyMbIKTbIKTapbIHbIH, dasanblk an-
MaKTbINbIFbIH TEKcepyre MyMKiHAIK 6epai. KeH opHbIHbIH HerizgenreH mogeni (beniHreH ra3 kannakwacsol
XKOK MyHaw Xueri) Koprnapabl ecenTteyaiH keneMaik agiciH KonaaHyabl XXaHe reonornsnblk Tayekenaepai
a3anTy XeHe pecypcTblk 6a3aHbl Aypbic 6aFranay yLiH urepy ymneciH xobanay KesiHae aHblkTanfaH da-
3anblK GipTeKTinikTi eckepyai Tanan etegi.

Hezizzi ce3dep: chriroudmepdiH chasanbik aliMakmbinbifsl, bBUuoMapkepnik manday, a3 gpakmopsbi, PVT,
UbiFbic ©pikmay, Kacriuld maHb! olnamei.

[anekce3 KenTipy yLiH:

Ceumkasues E.LI., [xapacosa T.C., ©ndebek O.E., xoaHe 6. KeH opblHAAPbIHBIH ha3anbik aiMakTbinbIFbIH
Bepudukaumanay yLiH reoxXuMusanbik, Ousnkanbik-XMMUSnbIK 3eptteynep meH PVT napameTpnepiH kewleHai
TyciHgipy (LWbifbic ©pikTay KeH OpHbIHBLIH MbicanbiHAa) // KasakcTaHHbIH MyHal-ra3 canacblHbliH xabapLubiChbl.
2026. 8 Tom, Ne2. 74-92 6. DOI: 10.54859/kjogi108969.
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BBeneHune

PezauoHanbHbili  0630p U eeoroc2uyeckoe
cmpoeHue. Tlpukacnunckass BraguHa SABNSIETCA
ofHOW M3 Hambonee rnyboKMX W MEPCrneKTUBHbIX
HedTerasoHoCHbIX npoBuHUMIA KasaxctaHa. Cy6-
OKEaHUYEeCKUI reHe3nc eé naneocTpykTyp obycro-
BUN (POPMMPOBAHME MOLLHOTO OCaA0YHOro 4Yexna
C YHUKarnbHbIM PecypcHbIM noTeHumanom. MNpoayk-
TUBHOCTb PErMoHa 0xBaTbIBaeT LUMPOKUIA CTpaTurpa-
bmyeckmn gnanasoH — OT cpegHero AeBoHa 40 He-
OreHa, OfHaKO OCHOBHble 3anacbl COCPeaOTOMEHbI
B MO34HENaneo3oncknx noaconeBbix kapboHaTHbIX
komnnekcax [1]. B BocToyHOM cekTope BnaguHbI
KnoyeBbiM 0ObekTOM sBnsieTca  XaHaxonbckas
cuctema kapboHaTHbIX nnatgopM, opMmnpoBaHne
KOTOPOW B BU3ENCKO-NKENbCKUIA BEK 06ECnevmnno Ha-
KOMNJIeHNe MOLLHbIX MENKOBOAHO-LLIENb(OBbLIX 0caj-
KOB, BMeELLAILMX Takme MecTopoxaeHus, kak XKa-
Haxon, Ypuxtay, Koxacan n Anmbekmona [2].

leHemuyeckass munu3ayusi Hegpmel Boc-
moyHo20 [lpukacrius. CoBpeMeHHble WccrnenoBa-
HMS GroMapkepHoro coctasa (hrloMaoB yKasblBaOT
Ha Hanuyme MHOXECTBEHHbIX aBTOHOMHbIX LIEHTPOB
reHepauuu yrneeogopoaos (ganee — YB). YctaHos-
NEeHo, YTO HedOTU NOACONEBLIX OTNOXeHMN (Koxacaw,
Anunbekmona, Ypuxrtay) creHepupoBaHbl NpevmyLLe-
CTBEHHO KapOOHaTHOW HedTeMaTePUHCKOM NOpPoaoM
(nanee — HMI) mopckoro reHe3nca. B To e Bpems
Hed TV HaaconeBblx komnnekcoB (Kapatobe, KOxHoe
Kapatobe) cBsidaHbl C MOPCKUM [FIMHWUCTLIM OpraHu-
Yyecknm BellecTBoM (ganee — OB) [5, 6].

Oco0bIvi MHTEpEC NpeAcTaBnsaeT TepMmyeckas
3penocTb: Nnoaconesble HedTN kKapboHaTHOro reHe-
31Ca XapakTepuayTCa OTHOCUTENbHO HU3KUMU MO-
KasaTensmMu KatareHe3a no CpaBHEHWUIO C HaAcone-
BbIMU aHanoramu (MNakteibai, Awkap BocTouHbIN).
Ha ocHoBe aHanusa 130 o6pasuoB 6bin cdopmu-
pOBaH reoxXMmmn4ecKknin atnac, B KOTOPOM BbiAeNeHo
7 rpynn HedTen, oTpaxawwmx daumnanbHyo N3MeH-
ynoctb HMI 1 nyTn Murpauum ¢pronaos B BOCTOM-
HOM YacTu GaccelHa.

lNpobnema ¢ha308020 COCMOSHUA MECmo-
poxdeHusi BocmouHbili Ypuxmay. MectopoxaeHue
BoctouHbin Ypuxrtay, otkpbitoe B 2015 r, aBns-
eTca NpodoIKeHWeM pasBUTUS pecypcHon 6asbl
Ypuxtayckow rpynnbl nogHAaTUA. [poAyKTUBHOCTb
30echb ycTaHoBrneHa B kapboHaTtHbix Tonwax KT-|
n KT-Il. OgHako B xoge ocBoeHusi n BypeHusi ckea-
XuH BY-6 n BY-7 Bo3HMKNa octpas Hay4YHO-NpakTu-
yeckas HeonpedenéHHoCTb, CBA3aHHas ¢ da3oBou
NPUHAANEXHOCTbLIO hnonaoB.

Mpn cpegHem ypoBHe rasoBoro dakTopa
(nanee — I'®) no MecTopoxaeHuto B npegenax
300-500 m3*m*® B ykasaHHbIX CKBaXuHax 3aduKcu-
poBaHbl aHOMarsbHble 3HayeHus [P, gocTuraowme
1000 m3*/m3. OTO CO3maéT AuUNeMMy: MeeM N Mbl
[eno ¢ HeddTSHOM 3aneXblo C BbICOKMM COAEPXaHMeM
PacTBOPEHHOTO rasa (netyvast HedTb) UK Xe C PeTpo-
rpagHoN ra3okoHAEHCATHOM CUCTEMON?

[Mpn mncnbITaHMM NOUCKOBOM CKBaxMWHbI BY-1
13 otnoxenu KT-lI Gbin nonyyeH npuTOK rasa
nebutom 10 480 m*/cyT 1 HedpTn 1,5 m3/cyT. Onepa-

TUBHbIN noac4yéT 3anacos ansa KT-1 n KT-Il 6bin BbI-
nonHeH B 2016 r., a nocrnegHu nepecyET 3anacos
6bIn ycnewHo 3awuieH B 2023 1.

Mo pesynsratam wHTEpnpeTaumm rryouHHBIX
npo6 cnongoB BO3HMKAET HeonpeaenéHHOCTb
B BOMPOCE Hanuyus ra3oBOM LUAMKM Ha MeCTOpO-
XpeHun BocTouHbin Ypuxtay. ConocraeneHue run-
COMETPUYECKNX OTMETOK ra3oHedTAHbIX KOHTaKTOB
(nanee — 'HK) no cocegHum mecTopoxaeHusm XKa-
Haxon (-3385 m) n Ypuxtay LieHtpanbHbin (-3470 m)
CcBMAETENBLCTBYET 00 MX BN3KOM CTPYKTYPHOM noro-
XeHun B npefenax pervioHa (puc. 2). B 1o xe Bpems
anst BoctoyHoro Ypuxtay no AaHHbIM NyOUHHBIX
npo6 npepnonaraembii MHK cmkcupyetcs Ha 3Ha-
ynTenbHo Oonee Hu3kow oTmetke (-3792,6 m),
4YTO HEe COrnacyetcsi C permoHanbHOW CTPYKTYpHOW
MOAENbI0 U YCTAHOBMEHHBIMW  3aKOHOMEPHOCTAMM
pacnpegenexHus nionaos.

YkasaHHOe pacxoxaeHue Mo3BofsieT npeano-
TNOXWUTb OTCYTCTBME KIMacCUYECKOW ra3oBoM LUAMKu
Ha MecTopoxaeHun BocTouHbin Ypuxtay. 3adwuk-
CUPOBaHHbIE NOBbILLEHHbIE 3HaYeHnst [P n npusHa-
KW ra3oKOHOEHCATHOCTWN, BEPOSITHO, 00YyCrnoBneHbl
a3oBbIM MOBEAEHUEM YINEBOAOPOAHON CUCTEMbI
(pasrasvpoBaHue HedTW, nepexodHble dnovabl),
a TakkKe MoBbILLIEHHON TepMUyeckon 3penoctbio OB.

AxkmyarnbHocmb u 3aladyu uccriedosaHusi. Kop-
pekTHas maeHTUdmMKauma tuna donovaa («HedTb»
NN «ra3oKoHAEHcaT») Ha JTane Aopa3Bedkn ume-
€T KpUTUYecKoe 3HaveHne ANs Hegpomnornb30BaHMS.
Owwnbka B TUNM3aummn BedeT K HeBepHOMY Bblbopy
0OGBEMHBIX KO3(PULUMEHTOB, YTO BIEYET MOrpeLl-
HOCTb B OLIEHKE M3Brekaemblx 3anacoB xuakux YB
B Anana3oHe 20—40%. Bbicokas neTy4ecTb KOMMo-
HEHTOB B MOACOSEBbIX FOPU30OHTax MOXET ObITb crea-
CTBMEM KaK rpaBMTaLMOHHON cerperaumm B eOuHON
cucTemMe, Tak 1 BbICOKOM Tepmuyeckor 3penoctn OB
B rmMyGOKOMNOrpy>XEHHbIX 30Hax reHepauum.

Llenbto gaHHoM paboThbl ABNSETCA YyCTaHOBINEHNE
reHeTu4eckon 1 Ha3oBor MPUHAANEXHOCTN NNacTo-
BbIX cucteM BocTouHoro Ypuxtay Ha npumepe 7 cka-
XUH. NS pelueHns nocTaBneHHbIX 3aday NPUMEHEH
MYNBTUANCUMNIMHAPHBIA MOAX0A, BKMOYaOWWA ra-
30Byl0 xpomartorpacduio (ganee — X), geTtanbHbI
BromapkepHbIn aHanma u komnnekcHole PVT-uccne-
noBaHus (ot aHen. Pressure, Volume, Temperature —
naerneHue, obbém, Temneparypa) rnybokux npob.

MaTepuanbl u metoabl

OOGBLEKTOM  FEOXUMMMUYECKUX  UCCrefoBaHuUi
nocnyxwnu cemb npo6 dnonga (BY-1-BY-4,
BY-6-BY-8) mectopoxaeHusi BocTouHbIn Ypuxray
(puc. 3). AHanuTuyeckas YyacTb paboTbl, BKMOYato-
Llas getanbHbll aHanm3 coctaea YB, 6bina peanu-
30BaHa B npodunbHoOn nabopatopun ATbipayckoro
dununana TOO «KMI™ HXUHUPUHI».

Ona reoxvmuyeckoro uccrnenoBaHns HedTU
npumensinuce metogbl X, MX ¢ macc-cnektpome-
Tpuen (nanee — NX-MC) n cHrepnpuHTUHI HedTw,
KOTOpbI€ NO3BOMSAOT ONPEAENUTL €€ COCTaB U NPOMUC-
XOXAEHWe, OLeHNTb YCroBusa (hOPMMPOBaHKA 1 Npe-
0obpas3oBaHust, a TaKkke reHeTUHEeCKy TUNU3aumio.
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PucyHok 1. leHeTu4eckaa Tunmusauma Hecpren BoctouHoro Mpukacnusa
Figure 1. Genetic Typing of Oils of the Eastern Caspian Region

PZ — naneo3oti / Paleozoic

BocTouHbl Ypuxtay

LleHTpanbHbIi
Ypuxtay

/

XKanaxon

)

PucyHok 2. CTpyKTypHas KkapTa no otpaxatowemy ropusoHTy KT-II
Figure 2. Structural Map of the KT-ll Reflecting Horizon

Pe3ynbraTthbl

MepBUYHBIMKM MHAMKaTOPaMK, NO3BONSOLLMMU
A depeHUMpoBaTb HETSIHLIE CUCTEMbI OT Fa30KOH-
[JeHcaTHbIX Ha 3Tane noneBbIX UCCreaoBaHUN, ABMs-
IOTCS MX ONTUYECKUE CBOWCTBA, B YaCTHOCTY, KONOpW-
MeTpuYeckme XxapaktepucTuki. Bce uccnegosaHHble
obpa3ubl MecTopoXxaeHusi BocTouHbIn YpuxTay Xa-
PaKTepU3yloTCA BbIPaXEHHbIM KOPUYHEBLIM LIBETOM
(puc. 3, A). JaHHbIN ONTUYECKUA NPU3HAK KOCBEHHO
NOATBEPXOAET 3HaYMTENIbHOE comepXaHve cpegHe-
M BbICOKOMOMEKYSSIPHBIX KOMMOHEHTOB  (BKIOYast
H-ankaHbl U cMonucTo-acdansTeHoBble BellecTsa),
YTO TUMUYHO AN CTabunbHbIX HETSAHBIX has.

B npoTMBONONOXHOCTb 3TOMY TUMWYHbIE ra-
30KOHAEHCATHbIE CUCTEMbl XapaKTEPU3YITCsl CBET-

JQ e
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NO-KENTON WNN COMOMEHHOW OKpackom, obycrnos-
NeHHOM npeobnagaHnem NErknux  AUCTURNSATHBIX
pakuui M OTCYTCTBUMEM TSDKEMbLIX MONMUMKIINYE-
CKux CTpyKTyp. MoaobHble LBETOBLIE XapaKTEPUCTU-
Kn B npobax BocTouHoro Ypuxray 3admKCUpOBaHbI
He Gbinun.

[na geTanbHOW MHTEpnpeTauum ux reHesu-
Ca Ha MOMEKYNsipHOM YpOBHE Obln NPUMEHEH psia
aHanuTUYecknx MeTOAOB, BKIIOYAIOLMA ra3oxua-
KOCTHYIO Xpomatorpacuio, onpeaeneHve Guomap-
KEpHbIX MapamMeTpoB W aHanu3 pacnpegeneHus
apomaTnyecknx YB.

Ha ocHoBe aaHHbIx MX-MC 6binmn paccuynTaHbl
napamMeTpbl, ykasaHHble B Tabn. 1.
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Ta6nuua 1. Pesynsratbl X n MX-MC
Table 1. Results of GC and GC-MS
O6pasubl BY-1 BY-2 BY-3 BY-4 BY-6 | BY-7 BY-8
Samples EU-1 EU-2 EU-3 EU-4 EU-6 EU-7 EU-8

L‘;‘?‘i"zfn” KT-I1/ KT-II

g::f;ﬁ%“is:eﬁs;‘f | 3981.7-4081,0 | 4015040540 | 4012041320 | 3976,0-4121,0 | 4015040950 | 41438 4068,0
Pr/Ph 1,539 1,535 1,182 1,135 - 1,329 1,457
PI/Cy, 0,643 0,632 0,638 1,712 - 0,613 0,605
Ph/Css 0,501 0,487 0,620 1,521 - 0,511 0,479
C.,/Car 4,386 3,623 2,984 1,524 - 4,048 3,820
CPI-1 1,009 0,975 1,166 1,083 - 0,792 0,034
C,,st SIR 1,169 1,129 1,052 1,060 1,512 0,984 0,832
Cuost IR 1,528 1,505 1,482 1,461 1,391 1,282 1,244
C,0St/30 H 0,778 0,886 0,668 0,750 - 0,567 0,544
19 TT/23 TT 0,125 0,117 0,130 0,122 - 0,139 0,122
20 TT/21 TT 0,752 0,774 0,778 0,781 - 0,786 0,709
/T 0,423 0,443 0,418 0,444 - 0,407 0,476
29H 0,791 0,759 0,606 0,681 - 0,597 0,512
30H 0,476 0,449 0,451 0,462 - 0,541 0,680
31H 0,309 0,349 0,453 0,386 - 0,379 0,345
29 T/29T_ 0,166 0,154 0,140 0,169 0,519 0,170 0,207
4/1 MDBT 3,085 3,036 2,969 3,054 3,131 3,030 3,050
3+2/1 MDBT 2,991 2,983 2,822 3,018 3,096 3,002 3,118
DBT/Phen 1,698 1,561 1,888 1,489 2,631 1,790 1,547

Pr— npucmat / pristane; Ph — gpumatn / phytane; CPI-1— uHOekc npeobnadaHus yanepoda / Carbon Preference Index; st— cmepaH / sterane; S/R —
coomHoweHue S u R cmepeou3omepos / ratio of S and R stereoisomers; I/R — omHoweHue u3o- u peaynspHbix cmepaHos / ratio of iso- and regular
steranes; TT — mpuyuknudeckuli mepnaH / tricyclic terpane; Ts — mpucHopHeozonaH / trisnorneohopane; Tm — mpucHopeonaH / trisnorhopane;
MDBT — memundubeHsonmuogheH / methyldibenzothiophene; DBT- dubeHzonmuocgpeH / dibenzothiophene; Phen — coeHaHmpeH / phenanthrene

PucyHok 4. XpomaTorpammbl 06pa3uoB HedhTn MecTopoxaeHUsi BocTouHbIn Ypuxray
Figure 4. Chromatograms of Oil Samples from the Eastern Urikhtau Field

AHanu3 rasoBbIX XpoMaTtorpamm v Macc-gpar-

MEHTOrpamm Mo xapakTepHoMy MOoHy m/z 57 (puc. 4)
BbISIBUIT NPUCYTCTBME FOMOSIOTMYECKOrO psiia H-arka-
HoB B Anana3soHe oT Cg Ao Cs5. Hannume Bbicokomo-

80
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NeKynspHbIX KOMMNOHEHTOB (>C,q) cBUAETENLCTBYET
O 3HAYNUTENBHOM COAEPXKaHUW TSHKEMbIX (PPaKUUiA,
4YTO ABMNSIETCA TUMUYHBIM NPU3HAKOM HETSHbIX Cu-
cTem. B otnunume ot uccnegyemsix obpasuos, yrie-
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BOAOPOAHBIV NPOdMIb TUNUYHBIX Fa30KOHAEHCATOB
06bI4HO OrpaHnyeH komnoHeHTamu go Cyo, @ NpucyT-
cTBMe coeauHeHun coctasa Ao Cso B HUX UKCUpYeET-
CA NULWb B BUAE CreaoBbIX KONMYECTB Npuy cneundm-
YeCcKMx TepmMmobapuyeckmx yCrnoBusX.

[ns cblpon HedpTn XxapakTepeH NomnHbl Habop
TepnaHoB oT C;9 go Css (puc. 5). 310 Monekynsip-
HbI «KapKac», KOTOPbIA CBUAETENbCTBYET O TOM,
41O hritoma He NoABeprancs aKcTpeManbHOMY Tep-
MWUYECKOMY BO3[EWCTBUIO UNu hasoBon dpakumm,
KoTOpas oTcekna Obl Tsénble yrneBoaopoabl. [a-

30KOHAEHCAThI, KaK NPaBuno, CUNbHO 06eAHEHbI TS-
XeénbiMy Buomapkepamn. B «4ncTbix» (BTOPUYHBIX)
KOHAeHcaTax TepnaHbl Bbiwe Cjo (ronaHbl) Yacto
OTCYTCTBYIOT WU HAaXOAATCS HUXe npeaena obHapy-
KEHUs1 Macc-cnekTpomeTpa. ToT hakT, YTo BO BCEX
npobax (kpome BY-6) npucyTcTByeT Becb psag
(C19—Cs3s), roBOpUT 0 TOM, YTO, CKOPEE BCEro, nccrne-
OoBaHHble 0bpasupl BY sBnstotca nérkon HedTbio,
a He KOHOEHCAaTOM B KMaCCUYEeCKOM MOHWMAaHWK.
dniona CoxpaHun NPU3HaKW XUOKON asbl, xapak-
TepHble A5 He(PTSAHbIX cucTeM (puc. 5).

PucyHok 5. Macc-cpparmeHTorpamma
Figure 5. Mass Fragmentogram
a) mepnaHbl Ha m/z 191/ terpanes at m/z 191; 6) cmepaHbl Ha m/z 217 / steranes at m/z 217
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PucyHok 6. Macc-bparmeHTorpammel gubeHsornodeHoB (m/z 184), cheHaHTpeHOB (M/z 178),
meTunanéeHsoTnodeHoB (m/z 198) u meTundeHaHTpeHoB (M/z 192) B uccnegoBaHHbIX HedTAX
Figure 6. Mass Fragmentograms of Dibenzothiophenes (m/z 184), Phenanthrenes (m/z 178),
Methyldibenzothiophenes (m/z 198) and Methylphenanthrenes (m/z 192) in the Studied Oils

Ha wmacc-cbparmeHTOorpammax apomatuye-
CKOM hpaKuum Bcex MccnepoBaHHbiX Npob mecTo-
poxaeHus BocTouHbI Ypuxtay naeHTuduumposa-
Hbl MOMMUMKNNYECKME apeHbl U cepocopepxaline
reTepouMKIMYeckne COeaMHEHUsi, B YacCTHOCTM,
deHaHTpeHbl (C14H10) M MX MeTUNMpOBaHHbIE MpPO-
n3BogHble — meTundeHaHTpeHbl (CisH;), AMbeH-
3otnodpeHbl  (DBT, Ci,HgS) Metungubensotmo-
deHbl (C13H10S) (puc. 6). MpucytcTBue AaHHbIX
BbICOKOKMMALLMX KOMMOHEHTOB B cocTase hriiovnaoB
CBMAETENbCTBYET O CMELUaHHON Mpupoae Yrneso-
aopoaHbix  cucteMm. PacnpepgeneHve  yKkasaHHbIX
NOEHTUMUKATOPOB YKa3bIBAET Ha T[EeHETUYECKyo
CBA3b Kak C HeTAHbIMKU 3anexamu, Tak U C raso-
KOHZEHCaTHOM COCTaBnAoLLEN, YTO XapakTepHo Ans
CMOXHbIX MHOrohasHbIX pes3epByapoB.

BbicOkasti WMHTEHCMBHOCTb MUKOB YKa3aHHbIX
coedvHEHMN Ha Macc-parmeHTorpammax (ocb
OopAuMHaT) 0aéT OCHOBaHWe npeanonarate Nnpesanu-
poBaHWe HedTAHOW COCTaBNSAlLWeEn Hag rasoKoH-
AeHcaTHow. [laHHbIN BbIBOA Ha3vpyeTcs Ha 3aKoHO-

Q) e
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MEpPHOCTAX TepMI/ILIeCKOVI AEeCTpyKUunn: B yCnoBmax
XECTKOro Tepmobapuyeckoro pexumMa (BbICOKME
TemMneparypbl U AaBneHus), XapakTepHbIX Ans rny-
6OKOMNOrpyXEHHbIX ra30KOHAEHCATHBIX CUCTEM, KOH-
LeHTpaums NonMUUMKNNYECKNX apomaTtudeckux YB
N reTepoLMKIINYECKNX COEAMHEHUA 3aKOHOMEPHO
CHMXaeTcs BCeacTBME NPOLECCOB TEPMUYECKOro
KPEKUHra.

O6cyxaeHue

Feoxumunyeckmne aHanm3sbl

[ns petanbHOro comnocTaBfeHust uccnegye-
MbIX cprirongoB Obi NPOBeAEH NMPELM3NOHHBIN aHa-
nm3 metogom LTM-MD-GC (ot aHen. Low Thermal
Mass — Multi-Dimensional — Gas Chromatography)
HU3KOTepMUYecKasi MHOTOMepHasi rasoBasi Xpo-
matorpacms). OcHOBHOM 3agayert AaHHOro 3ata-
na sIBNSANOCh MOCTPOEHUE «OTMEYaTKOB ManbLeB»
(fingerprinting) Ha ocHoBe pacnpegenexHnsa 12 pe-
NnepHbIX apomMaTUyecknx KOMMOHeHTOB. HecmoTtpsi
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Ha TO, 4YTO BblOpaHHblE apomaTuyeckue WAEHTU- Monb30BaHWe Anst pasoBow AnddepeHLmaumm), nx
duKaTopbl NPUCYTCTBYIOT B COCTaBe Kak HedTel, KOMMYEeCTBEHHbIE COOTHOLLIEHMWS CRyXaT HagEXHbIM
TaK W ra3okoHAEeHCcaToB (YTO OrpaHUYMBaET UX UC- KpUTEpPWUEM AN Koppensuum dnonaos.

Ta6nuua 2. Pe3ynbraThl FreOXUMUYECKUX, PU3UKO-XUMMYeckux u PVT-aHanusoB
Table 2. Results of Geochemical, Physicochemical and PVT analyses

MapameTpbl Fa3okoHaeHcaT Hed1b BY-1 BY-2 BY-3 BY-4 BY-6 BY-7 BY-8

Parameters Gas condensate Qil EU-1 EU-2 EU-3 EU-4 EU-6 EU-7 EU-8
Mny6uria otGopa, m 3981,7-4081|4015-4054 | 4063,1 |3976-4121(4169,89| 4143,8 |4019,95
Sampling depth, m
Feoxumuyeckue AaHHble
Geochemical data
H-ankaHoBbIV paf,

n-alkane range A0 Czs-30 A0 Cs7-40 <Css <Css <Cs3 <Css - <Css | <Css
Hannyne Guomapkepos

06bI4HO npucyT- npucyT- | npucyT- npucyT- npucyT- | npucyT-
CiCss oTcyTcTeyer | MPYCYTCTBYET cTByet cTByeT cTByet cTeyet - cTeyeT | cTByeT
Presence of C1o—Css yTCTBY present Y Y Y Y 4 4

usually absent present present present present present | present

biomarkers

%(C1—Co)/Z(C1o4) >1 <1 0,68 0,60 0,48 0,34 0,33 0,38
Ddusmnko-xummyeckve napametpbl / Physicochemical parameters

Liset KENTHIN KOPWUYHEBbLIN | KOPUYHEBbLIN |  KOPUY- KopWY- KOpWY- KOpWY- | KOpWY- | KOpWY-

Color yellow brown brown HeBbIN HeBbIN HeBbIN HeBbl | HEBbIN | HEBbIN

MNoTHOCTb, Kr/m®
Density, kg/m?
MonekynsipHas macca, r/
Monb <150 >150 179 201 217 212 204 219 201
Molecular weight, g/mol
AcchansteHsl, %Macc.
Asphaltenes, wt.%
CopepxaHue napaduna,
Y%Macc. 0,58 0,51 1,97 0,56 1,46 1,86
Paraffin content, wt.%

700-800 >800 829,9 834,3 845,3 842 838,9 | 8434 | 8373

0,12 0,15 - 0,20 0,10 0,16

PVT-gaHHble / PVT data
AaBreHne Ha4ana
KOHAeHcauun
(Touka pocebl)
dew point
MapkepHblii nokasartensb, pressure (gas
Mna condensate)
Saturation pressure, MPa AasneHve
HacbllWeHns
HedTH rasom 32,43 41,09 37,31 38,05 32,89 | 27,50 | 34,80
bubble point
pressure (oil)
s
Fasoconepxarme, m*/m 1000-10000 300-500 376,34 49809 | 39240 | 24804 |360,51 | 219,49 | 162,90
Gas-oil ratio, m*m?
MnoTHocTb rasa npu
3
N1acToBoM AasneHuv, rcm <05 0,6-0,7< 0,604 0,562 0,616 0657 | 0,639 | 06829 | 0,598
Gas density at reservoir
pressure, g/lcm*
BsizkocTb, MMa*c OYeHb Hu3kas OTHOCUTENEHO
. . BbICOKast 0,30 0,27 0,17 0,90 0,25 0,61 0,290
Viscosity, mPa-s very low p h
relatively high
KoMnoHeHTHbIN cocTas
(Cr.), %mace. BIELE) EHEEER) 85,35 91,47 98,29 98,64 | 96,20 90,54
C,* fraction composition, low high
wt.%
Ta6nuua 3. CoctaB YB no cemu o6pasuam HedpTn MecTopoxaeHusi BocTouHbIn Ypuxrtay
Table 3. Hydrocarbon Composition of Seven Oil Samples from the Eastern Urikhtau Field
Ne ckB. fons YB, % | Hydrocarbon content, % Tun xugKocT
Well No. C, C, Cs C. Cs Ce Cye Csos Liquid Type
BY-1 57,14 7,199 4,397 2,17 1,059 1,154 17,569 0,875
BY-2 63,192 6,565 4,191 1,866 0,808 0,723 14,828 0,726
BY-3 61,211 5,814 3,705 1,585 0,805 0,648 21,029 1,383 "
BY-4 51,338 5,691 2,874 1,484 0,612 0,75 30,007 3,613 %di’l“’
BY-6 56,2 4,838 5,835 2,424 1,147 1,689 22,443 1,226
BY-7 55,72 5,643 4,816 2,559 1,342 0,751 23,972 1,493
BY-8 60,209 6,895 4,915 2,411 1,208 1,189 16,443 1,055

MpakTnyeckn MOaeHTUYHbIN Npodunb pacnpe- YyyacTka U O eQMHOM reHesuce: hopMupoBaHue 3a-
AeneHust aTux 12 MUKOB BO BCEX WCCIEOOBaHHbIX FEXEN NMPOUCXOAUNO B MAEHTUYHBIX reONorm4eckmx
npobax (puc. 7) cBUOETENbCTBYET O BbICOKOM M'MAPO-  YCINOBUSIX U3 06LLIEero HedhTeMaTeEPUHCKOrO UCTOYHU-
OMHaMUYECKON CBA3HOCTU MEXAY NPOAYKTMBHBIMW  Ka (€4MHOWN 04aroBou 30HbI). Takum obpa3om, BbisB-
nnactamu 1 KonmneKkTopamu B npegenax U3y4eHHOro fIeHHas BblCOKas CTemneHb KOHBEPreHuMn reoxmmm-

- DOI: 10.54859/kjogi108969

83



ORIGINAL ARTICLES

2026. 8 Tom, Ne 2

KasakcTaHHBIH MyHaii-ra3 canachbIHbIH Xa0apIbIChI

YecKMX napameTpoB MO3BOMSAET JKCTPanonmMposarb
BbIBOAbI, MOMYyYEHHblE AN OTAENbHbIX CKBaXWH,
Ha BCI COBOKYMHOCTb (NOUA0B MECTOPOXAEHUS
BocTouHbI YpuxTay.

Mo AaHHbIM OUHrepnpuUHTMHIa yCTaHOBMEHO,
4YTO HePTb BCEX CKBaKMH [EMOHCTPUPYET CXOXUe
Xpomarorpauyeckme oTnedaTku, YTo CBUAeTerb-
CTBYET O XOpOLLEeN rMapoaNHaMUYECKON CBA3N MeX-
Ay Konnektopamu. 3TO MO3BONAET MPEANOoNoXunTb,
YTO 3arexXu B U3y4YeHHbIX CKBaXuHax dopmmuposa-
NUCb B CXO[HbIX rEOMOTrNYECcKUX YCroBUsX W, Be-
POATHO, OTHOCATCA K €OUHOWN HedTeMaTepuHCKoM
cucteme.

[ns Bepudmkaumm reHeTu4eckoro Tuna dnou-
Oa Obin npoBefeH AeTanbHbI GUOMapKepHbIn aHa-
nm3. NoeHTndukaums CTepaHoB M TepnaHOB METO-
aom MX-MC sBnsieTca pyHOAameHTanbHbIM 3Tanom
reoXMMUYEeCKUX 1ccrnenoBaHWn, NO3BONSIOWMUM MO-
NyYnTb McYepnbiBatoLyo MHGOpMaLUo O npouc-
XOXOEHUU 1 3Bontounn HedTu (puc. 11-13).

KoacpdmumeHT nérkoctn ana HedTM 06bIYHO
MeHee 1, ONsi KOHAeHcaTa — OYeHb BbICOKUIA (60-
nee 1-2). B gaHHoM cnyyae koadpdumuneHT nérko-
ctn Bapbupyetca ot 0,77 go 0,85, 4to ykasbiBaeT
Ha HedTb.

PucyHok 7. ®uHrepnpuHTUHr o6pasuoB
Figure 7. Fingerprinting of Samples

Pesynbrathl Kpocc-nnoTta B kKoopaMHaTax OTHO-
weHusi npuctaH / putan ot C4,/C,, NnoaTBEpXKAALoT,
4YTO BCE MCCreaoBaHHble Mpobbl MEeCTOPOXAeHUS
BocTouHbIl  Ypuxtay nokanusyrtcsa B obnactu
HegerpagupoBaHHbIX  («HOpMarbHbIX»)  HedTen
(puc. 8). [laHHas 3aKOHOMEPHOCTb MOSTHOCTBIO CO-
rnmacyetcsa ¢ pesynsratamu 'X-MC apomaTtuyeckunx
KOMMOHEHTOB W pacnpeieneHnemM BbICOKOMOSIEKY-
NAPHBIX H-ankaHoB. Ha ocHOBaHUM MMetoLMXCs pe-
rMOHanNbHbIX AaHHBIX TUMWYHbIE ra30KOHAEHCaTHbIe
cuUCTEMbI (HA NMpuMepe MecTopoXAeHuh ANpakThl,
XKapkym, AmaHrenbabl) XxapakTepusylTcsi WHbI-
MW FEOXMMUYECKUMN MEeTKaMu 1 NonagaiT B 30HY
ucnaputenbHoro dpakumoHupoBanusi. OTcyTCTBUE
nodo6HbIX Npu3HakoB B nNpobax BoctouHoro Ypux-
Tay AOMNOMNHUTENbLHO NOATBEPXAAET UX NPUHAANEeX-
HOCTb K XUOKUM HedpTaHbIM dhasam.

[ononHutenbHbIM NOATBEPXAEHUEM HedTs-
HOW npupoabl uccriegyembix niovgoB cnyxar
napameTpbl M3oMepu3aunn perynsipHbix CTepaHoB

Q4 e
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C,9. Ha rpaduke 3aBucMMocTv koadhduumeHTa
KOH(UrypaLUMoOHHOM n3oMepusaumMm B MOMoxe-
HUM C,9 (S/S+R) Ansi aaa-u3omMepoB OT CTEMNEHU
anMmepu3aumm B nonoxeHusax C-14 n C-15 C,o afff
(S+R)/aBB(S+R)+aaa(S+R) uccnegoBaHHble obpas-
Libl MOKanu3yloTcs B Nnorne, xapaktepHoM Ans 6onb-
LUMHCTBA reHepaLMOHHbIX CUCTeM HedTAHOro psaa
(puc. 9). XoTsa cTepaHbl NPUCYTCTBYIOT B COCTaBe Kak
HedTeNn, Tak U ra30KOHAEHCATOB, UX UCMOMNb30BaHVe
[ONS XapaKTepUCTUKM MNOCNEAHNX YACTO OrpaHNYeHo.
[a3okoHOEeHCaTHbIe CMCTEMbI, KaK MpaBuio, Xapak-
TEPU3YIOTCH BbLICOKOW TEPMUYECKON 3penocTblo,
NpuW KOTOPOW CTEPaHOBbIE CTPYKTYpPbI NMoABEPraoTcs
OEeCTPYKUMU UNn JOCTUralT COCTOSIHUS paBHOBECHS
(nnaTto usomepusaumu), YTO AenaeT AaHHble napa-
MeTpbl ManouHdopMaTMBHbIMU. HaxoxaeHne npob
BocToyHoro Ypuxtay B «<He(pTAHOM OKHE» Ha AAHHOM
rpadvke cBUAETENLCTBYET B NOMb3y MX HETAHOTO
reHesnca u yMepeHHOM TepMUYECKO Npeobpas3oBaH-
HocTn OB (puc. 9).
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®dusnko-xummyeckune n PVT-aHanusbl

B ocHose knaccudmkaumm dnomaos MoryT
nexaTtb TaKkkKe Takme Kputepuu, Kak Tun ,q06bl-
BaeMOW MpogyKuuW, KOMMYecTBO YrneBoAopoa-
HbIX ba3 B MMacToBbiX YCMOBUSX W TUMN AaBReHUs
HacbIlWeHna (Havyano rasoBbIAENeHNs Unu Touka
pocel) [17]. B pabote Mejia Martinez N.D. [18], oc-
HOBaHHOW Ha aHanuse 138 PVT-oT4éToB no dntoun-
AaM U3 HeTpaaULMOHHBLIX KOMMEKTOPOB, KM4YeBbIM
PVT-napameTpom Ans oTNn4mns KOHAeHcara oT Hed-
TN ABNSIETCS TO, YTO PETPOrpaaHbIi ra3okoHAeHcaT
XapakTepusyeTcs 3HauMTenbHo 6onee BbicOkMM [P
(4acto npesbiwatowmm 4000-7000 scf/STB') n 6o-
nee Bbicokum API (vacto >50-60°API?) no cpaBHe-
HUIO C YEPHOW U NeTyven HedTbIo.

Ha ocHoBaHuM KOMMMeKCHoro aHanusa du-
3UKO-XMMWUYECKUX  MapamMeTpoB, MpeaCTaBneHHbIX
B Tabn. 2, Bce uccnenoBaHHble obpasubl (BY-1-BY-4,
BY-6-BY-8) cnenyeTt knaccuduumpoBaTb kKak HedTb.
HecmoTpsi Ha BapuaTMBHOCTb OTAENbHbLIX NoKa3aTe-
nen, HM ogHa M3 Npob He AEeMOHCTPUPYET COBOKYI-
HOCTM CBOWCTB, XapaKTepHbIX A5t ra30BOr0 KOHAEH-
cata. OnpepensiowymMmn Kputepusmm Ans AaHHOW
Knaccudukaumm ctanmn 3HauyeHust NioTHOCTH, More-
KyNsSIpHOW Macchbl ¥ KOMMNOHEHTHOTO COCTaBa.

MnoTHOCTb Bcex 06pa3uoB cTabunbHO NpeBbI-
waet 780 kr/m3, npocturaa 845 kr/m3, 4TO UCKNoYa-
€T NPVHaANeXHOCTb K KoHAeHcaTaM, Ans KOTopbIX
TUNUYHBbI 3HaveHuss Hmke 750-800 «kr/m®. Mone-
KynsipHas macca npo6 HaxoauTcs B Auanas3oHe

PucyHok 8. 3aBucumoctsb Pr/Ph n C,,/C,,
Figure 8. Relationship between Pr/Ph and C,,/C,;

PucyHok 9. 3aBucumocTb n3omepos cTepaHa C,qa0a (S/S+R) ot C,4 affff (S+R)/aBB(S+R)+
aaa(S+R) B HechTHn
Figure 9. Relationship between C., aaa (S/(S+R)) sterane isomers and C, af|f/(aff + aaa) ratios in oils

" scf/STB (aHan. Standard Cubic Feet per Stock Tank Barrel) — eauHuua nsmepeHuns rasosoro ¢gaktopa, nokasbiBatoLlas
KONMYECTBO CTaHAapTHbIX Kybuueckmx cyToB rasa (scf), pacTBOpEHHbIX B 0ogHOM cTaHAapTHoM Bappene HedTu (STB).
2 °API (aHen. American Petroleum Institute — AMepUKaHCKU MHCTUTYT HedTW) — B AHHOM Cryyae eauHvua U3MepeHust

NAoTHOCTU  HedTH,

paspaboTtaHHas AMEpVKaHCKUM WHCTUTYTOM HedTn (rpagyc API),

nossondwwasa onpenenutb

OTHOCMUTENbHYHO MIIOTHOCTb HEPTY MO OTHOLLEHUIO K NAOTHOCTY BOAbI MPU TOW Xe TeMneparype.

DOI: 10.54859/kjogi108969
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179-217 r/monb, Torga Kak Ansi KOHOEeHcaToB 3TOT
nokasartenb npakTuyecku Bcerga Hwke 150 r/monb.
Hanbonee ybGeauTenbHbIM [OKA3aTENLCTBOM SB-
nsieTcs copgepxkaHue Tsxkénbix YB (dppakumsa C,.),
KoTopoe Bapbupyetcst oT 85% po 98,6% ot 06-
wero coctaea. CTonb BbICOKasi KOHUEHTpauus
TSDKEMNBIX  KOMMOHEHTOB  MOMHOCTBIO  MCKIOYaeT
BO3MOXHOCTb OTHECeHUsi 06pa3uUoB K ra3oKOHAEH-
caTaM, B KOTOpbIX npeobriagalT nérkve dpak-
umm (Cs—Cyo). OTOT BbIBOA OOMOMHUTENBHO MoA-
TBEPXOAEeTCA COOTHOLLUEHNEM NErkux 1 TsHxkénbix YB
(Z(C1—Cy)/Z(C10+)), MOMy4YEHHBLIX MO pesynsratam
['X: Bo Bcex npobax OHO COCTaBNsSeT MeHee eau-
Huubl (0,34-0,68), 4TO SABNAETCS KNacCcM4ecknm

VHOMKATOPOM HedTw, rae nérkme dgpakumm He Oo-
MUHUPYIOT Hap Tsxkénbivmu. Obpasubl BY-6 n BY-7
KnaccnuumpyroTca Kak HedTb, OOHAKo OHW npea-
CTaBMsAT ABa Pas3nUyHbIX TUNA HETAHbIX CUCTEM.
OGpasey, BY-6 xapaktepu3yeTcs MMOTHOCTbIO
838,9 kr/mM3, 4TO COOTBETCTBYET CpedHen unu Ts-
XENon HedTU C yMEpEeHHbIM rasocoAepXaHuem
360 m3/mM® 1 aKCTpemanbHO BbICOKMM COAEpKaHu-
eM Tskénomn dpakumm C,, Ha ypoBHe 96,20%macc.
Takoe coyeTaHue NapameTpoOB yKa3biBaeT Ha Knac-
CUYEeCKYt0 HedTb C HE3HAUUTENMbHBIM KONMMYECTBOM
pacTBOPEHHOrO rasa ¥ npeobnagaHnem BbICOKOMO-
NEeKynspHbIX COEANHEHWI.

PucyHok 10. Ainarpamma KaHHoHa-Kaccoy
Figure 10. Cannon-Cassou Diagram

PucyHok 11. 3aBucumocTtb Pr/Ph ot DBT/ Phen
Figure 11. Relationship between Pr/Ph and DBT/Phen ratios
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PucyHok 12. 3aBucumoctb C,49cTepaHn/C;, ronaH ot NMpucrtax/cpuraH B uccnenoBaHHbIX Npo6ax
Figure 12. Relationship between C,,Sterane/C;, Hopane and Pristane/Phytane Ratios
in the Studied Samples

PucyHok 13. 3aBucumocTb TepnaHoB C,;Ts/Tm ot C,oTs/Tm B npobe
Figure 13. Relationship between C,, Ts/Tm and C,, Ts/Tm ratios in the sample

Ha puc. 14 MOXXHO 3amMeTUTb, YTO cogepKaHne KOMMNOHEHTHbIN  COCTaB  pas3rasaMpoBaHHOM
acansteHoB Csp, B Npobax, 0ToOOpaHHbIX CO CKBa- HedTU OnpedenéH Ha rasoxuaKOCTHOM Xpoma-
XUH BY-1 n BY-2, coctaenseT 0,875 n 0,725%mon., Torpacde «Xpomatak-Kpuctann 5000»° cornacHo
4YTO 3HAUUTEMBHO HWXe, YeM B apyrux obpasuax [OCT P 54291-2010%

(tabn. 3). Takoe HM3KOe cogepkaHue O0BbIYHO Xa-
paKkTepHo Ans ra3okoHAeHcaTa.

3 lasoBblit XxpomaTorpad «Xpomatak-Kpuctann 5000» — 3To yHMBEpcanbHbI naGopaTopHbii Npubop, npeaHasHaueHHbIN
ANs pasaeneHnst, naeHTUgUKaLmMm N KoIMYeCTBEHHOrO aHanmnsa CrNoXHbIX MHOTOKOMMOHEHTHBIX CMecel (ra3oB, XUAKOCTEeN).
Mpoussoautca 3A0 CKE «Xpomatak» (Molukap-Ona, Poccns).

4 TOCT P 54291-2010 «HedTb cbipas. Mazoxpomatorpacduyeckuii MeTod onpenenieHus pacnpeneneHusi KOMMOHEHTOB
no AnanasoHy TemnepaTyp KUneHus»
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PucyHok 14. CoctaB yrnesogopogoB no C,, n Cso,
Figure 14. Composition of Hydrocarbons by C,, and C;,.

MeToaunka nccnenoBaHus npm

nocrosiHHoi macce CME®

UccriedosaHue rpu  MocmosiHHOU  macce
6e3 abinycka nnacmosoul cmecu unu PV-coomHo-
weHus. ViccnepoBaHus HaueneHbl Ha onpeaenexHue
KoadbhuLMeHTa CKMMaeMoCTU U TemnepaTypHOro
pacLumpeHns HedpTy B pesynbsTaTe yBenuyeHns oon-
éma (V) nnacToBor HedTu Npu CHKEHWUN AaBMNeHNs
(P) (npu nocTtosiHHOM TemnepaTtype) Win MoBbILLe-
HUM TemnepaTtypbl (MPU MOCTOSIHHOM AaBreHuwn).
Onpepenenve unsotepMuyecknx PV-cooTHOLEHMI
npu NNacToBon TemnepaType No3BOMSIET BbINOMHUTL
pacyéTbl U3MEHEHUSI BENMUYMH 0O6BEMHOIO Koadpdu-
LUMeHTa 1 NNOTHOCTU MIacToBOW HedTV Npu usme-
HEeHWW AaBneHns OT AaBfieHNs HacbIWeHns 4o nna-
CTOBOTO [jaBfIeHNs COrMacHO MeTOAMKE BbINONIHEHUS
nsmepeHuii (ganee — MBU) 2 Ne02-2017, (meToabl
nuccnegoBaHWs NNacToBbIX OrOMAOB M cenapupo-
BaHHbIX HedTeln, paspaboTaHHble ATbipayckum u-
nuanom TOO «KMI™ UnxuHupuHry, KazaxcrtaH).

WcecnegoBanuns npu NocTOSHHOM macce AatoT
BO3MOXHOCTb OLIEHKW [aBfEHUsi HacbIeHns Ha
OCHOBe rpadmyeckoro nsobpaxeHus pesynsraToB
N3MEpPEHUn COOTHOLLEHWUA MeXady AaBleHVem u
06bEMOM MacToBOr HedTU B MpoLiecce e€ n3oTep-
MWYECKOro pacLLUMpPeHus.

JlabopaTopHble MccnegoBaHWs  NNacToBOW
Hed TV nNpoBoAMnMCb Ha yctaHoske FLUID EVAL™
(PpaHumA)® B cooTBETCTBUM C cyliecTBytowmum MBU
2 Ne02-2017. YctaHoBka obopyaoBaHa CUCTEMOM
BMAeoHabnogeHnsl, koTopasi No3BonseT B pearnb-
HOM BpEMeHW OTCNnexuBaTb COCTOsiHWE dnounaa.
BusyanbHble HabnogeHusa u pesynbratel PVT-uc-
crnegoBaHui NoATBEPANM, YTO BCe 7 Npob sBnstoT-
¢ HedpTaHbIMYK (pyC. 15).

3aknioyeHune

Mo pesynstatam KOMMMEKCHBIX TeoxXnMuye-
CKuX, dusmko-xummyeckux un PVT-uccneposaHui
ceMu rmybrHHbIX NPo6 nioMaoB MeCTOpPOXAEHUS
BoctouHbin Ypuxtay (cks. BY-1-BY-4, BY-6-BY-8)
yCTaHOBIEeHa reHeTnyeckas n ha3oBasi NpUHaaex-
HOCTb YrneBOAOPOAHBIX CUCTEM, a Takxke onpeaene-
Hbl 3aKOHOMEPHOCTU WMX pacnpefeneHvs B npege-
nax kapboHaTHoro pesepByapa.

BrvomapkepHbii aHanun3 (MX-MC) u rasoxpo-
MaTtorpadnyeckuin - UHrEpPNPUHTUHT  NOATBEPAU-
NN TeHeTUYeckoe EeAMHCTBO BCEX UCCIegoBaHHbIX
npo6. ®niounabl copmMupoBaHbl B €4WHON He-
(pTemaTtepmuHCKon cucteme, CBS3AHHOW C MOPCKU-
MU KapOoHaTHbIMKM  OTMoOXeHuAMK. OTcyTCTBUE
cnepoB Guogerpagaumm  (MOMHas COXPaHHOCTb
H-arnkaHoB, OTCYTCTBME «HadTeHOBOro ropba»)
N MOEHTUYHOCTb BrMOMapkepHbIX Npodmnen canae-
TENbCTBYIOT O BLICOKOW MMAPOANHAMWUYECKOW CBSA3-
HOCTW KONMNEKTOPOB 1 NEPBUYHON COXpaHHOCTU YB.
MapameTpbl nsomepusauun CTepaHOB U TepnaHoB
yKasblBaloT Ha HaxoxgeHne OB B rmaBHon dase He-
TeobpazoBaHus («HETAHOE OKHO») NPU YMEpPEH-
HOW TEPMUYECKON 3PENOCTU.

Ha ocHoBaHWM  KoMMNnekca  KpUTepues
(nnotHocTe >780 kr/mM3, MonekynsipHas Macca
> 150 r/mornb, cogepxaHue dpakuum C,, >85%, cooT-
HoweHune X(C1—Co)/Z(C1o4) <1) BCE McCNEnOBaHHbIE
ob6pasupl KnaccupuumpoBaHbl kak HedpTb. Hu ogHa
13 Npob He AEeMOHCTPUPYET COBOKYNHOCTW CBOWCTB,
XapaKkTepHbIX AN ra3oKOHAEHCATHbIX  CUCTEM.
O6paseu BY-7, obnagatoLuii NoBbILLEHHbLIM ra3oco-
AepxaHveMm, naeHTMULMPOBaH Kak neTyyas HedTb,
YTO NOATBEPXAAETCH BbICOKUM COAEPXKAHNEM TAXKE-
nbix komnoHeHToB (C,, = 87,88%Macc.) n otcyTcTBU-

5 CME (aHnrn. Constant Mass Expansion) — akcneprMmeHT No pacluMpeHunto Npu NOCTOSIHHOWM mMacce.

8 YcraHoBka FLUID EVAL™ — 3TO BbICOKOTEXHOMOMMYHbIA NabopaTopHbI KOMMNNEKC NPOM3BOACTBA KoMmnaHuu \/inci
Technologies (PpaHumst), npeagHas3HavYeHHbIR AN U3MepeHnin AaBneHusi, obbema, TemnepaTtypbl, MOTHOCTU U BA3KOCTW Npu
nccnenoBaHny hasoBOro COCTOSIHNUS YTIeBOAOPOAHbIX (OMIOMA0B U M3MEHEHMI NX (a30BbIX COCTOSIHUIA NPV MOAENMPOBAHHbBIX

NnacToBbIX TEPMOBAPUHECKUX YCTIOBUSIX.
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eM [JaBneHus Hadana koHgeHcauum npu PVT-uc- PVT-uccnepgoBanun Ha yctaHoBke FLUID EVAL™
nblTaHusix. BusyanbHble HabnogeHus B npouecce NOATBEPAMNU HETSAHYIO Npupoay Bcex npob.

a) 6)

*)

PucyHok 15. CooTHoLleHMe AaBneHusi K OTHOCUTENIbHOMY 06BLEMY
Figure 15. Pressure—Relative Volume Relationship
a) BY-7/EU-7; 6) BY-8 / EU-8; 8) BY-6 / EU-6; 2) BY-4 / EU-4; 0) BY-3/ EU-3; ) BY-2 / EU-2; x) BY-1/ EU-1
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CpaBHeHve runcometpuyeckmx otmeTtok MHK
C pervoHanbHbiMM penepamu (XKanaxon, LleH-
TpanbHbIN YpuxTay) BbISBUIO aHOMarbHOe 3are-
raHne npegnonaraemoro MHK BoctoyHoro Ypuxray
Ha 300400 M HwxKe permoHanbHoro TpeHAaa.
OTO CTaBWUT NOA COMHEHWE CyLecTBOBaHWE Knac-
CMYECKOW ra3oBOW LLUAMKN U NO3BONSET NHTEPNPETU-
poBaTb BbICOKOE ra3ocofdepxaHve B BEpXHen 4acTm
pa3pesa Kak pesynsraT rpaBuTaLMOHHON cerpera-
UMM 1 BTOPWUYHOTO ra3oobpa3oBaHUsi B YCNOBUSIX
BbICOKOW KaTareHeTu4yeckon 3penoctn nionaos
B €4MHOW rMapoAMHaMNYECKON cucTeme.

YctaHoBneHHas caszoBast mogenb (HedpTaHas
3anexb C rpaBUTaLMOHHON cerperaument n nepexoa-
HOW 30HON neTyyer HedTU B KPOBENbHOW YacTu)
TpebyeT npumeHeHusi 06bEMHOrO MeToda noacyéTa
3anacoB ANnsi HeTAHOW OTOPOYKM Ge3 BbiaeneHus
CaMOCTOATENbHOM ra3oBon warnku. Micnons3oBaHue
KO3 DULMEHTOB, XapakTepHbIX ANSA ra3oKOHAEH-
CaTHbIX CMCTEeM, MpU NOACYETE 3anacoB Xuakmux YB
npuBeaET K 3aHMKEHNIO pecypcHol 6asbl. Pekomer-

OONONHUTENBbHO
UcTouHuK chuHaHcupoBaHuUA. ABTOPbI 3asBNSOT
06 OTCyTCTBUM  BHELIHEro  MHaHCUPOBaHUSA

npuv NPoBEAEHNN UCCNefoBaHus.
KoHdnukr wuHTepecoB. ABTOpbl AeknapupylT
OTCYTCTBME SIBHbIX WM MOTEHLUMasbHbIX KOHMIUKTOB
WHTEPEeCOoB, CBA3aHHbIX C Mybnukaumnen HacTosLen
cTatbu.

Bknap aBTopoB. Bce aBTOpbl NOATBEpPXAAKT CO-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
kputepusim ICMJE (Bce aBTOpbI BHECIUN CYLLECTBEH-
HbI BKMag B pa3paboTky KOHLUenuuu, npoedeHue
nccnepgoBaHus v MOATOTOBKY CTaTbW, NPOYNM U 0J0-
Opvnu uHanbHY0 Bepcuto nepen nybnukauven).
Hanbonbwmin Bknag pacnpefenéH  cregyomm
obpasom: Cewitxasnes E.LU. — paspabotka metono-
norun, HTepnpeTauus pesynsTaToB, peaakTuposa-
HWe TekcTa, (PopMynMpOBaHME OCHOBHbIX BbIBOAOB;
[xapacoea T.C. — cbop wHdopmauun, obobLue-
HWe [aHHbIX, NuUTepaTypHbIi 0630p, HanucaHwe
ctatbu; Anpgebek A.E. — cbop 1 aHanu3 reororo-
reounsnyecknx MatepuanoB, MNOCTPOEHWe rpa-
uyeckux matepuanos; blxnacos H.K. — yuyactue
B 0bpabotke PVT-gaHHbIX U obcyxaeHun pesynb-
TaToB; PaxbiMbepan P. — koHUenumsa nccnegoBaHus.

CMUCOK NCMNOSIb3OBAHHOM NIUTEPATYPbI

OYeTCH yunTbiBaTh BbISBNIEHHYIO (DA30BYO 30Halb-
HOCTb NPV MPOEKTUPOBAHUN CUCTEMbI pa3paboTku,
BKMNtoyas oOOCHOBaHWE pexuma 3JKchnyatauum
CKBaXXWH 1 BbIOOP TEXHOMOrM4eckow cxembl cbopa u
noarotosku YB.

Takum o06pasom, MynsTUAUCUMNIMHAPHbIN
noagxof, oObeauHsALWNA reoxumuyeckmne, uan-
Ko-xumnyeckme un PVT-meTogbl, nossonun Bepu-
cuumpoBath hasoBoe cocTosiHue dnongos Boc-
TOYHOrO YpuxTay M nNpeanoxuTb 0BOCHOBaHHYHO
MOZENb 3anexu, MMEKLLYo KIYEBOE 3Ha4YeHue
ONs fanbHENLEero 0CBOEHUSI MECTOPOXAEHUS U MU~
HUMM3ALMM TEONOTNYECKUX pUCKoB. OQHAKO HYXXHO
OTMETUTb, YTO OTCYTCTBME AaHHbIX MO COCEeAHVUM
ropu3oHTaMm He MO3BOMSET pPacnpoCcTpaHUTb OT-
MeuYeHHble BbIBOAbI O TuMe yrneeoaopoda Ha BCo
McecrneaoBaHHy CTPYKTYPY, Y MO Mepe HakoMneHus
HOBOro MaTtepuana M3 COCELHWUX CTPYKTYp U ropwu-
30HTOB OyaQyT BHECEHbl COOTBETCTBYHOLLME KOPPEK-
TUPOBKM M YTOYHEHUS, AeTanuaupylowme Tunsl YB
W HanpaefneHne nx BTOPUYHON MUrpaLmn.
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Development of a Laboratory Methodology for Core Flooding
Experiments to Evaluate Gravity Segregation in Oil-Water
Saturated Porous Media

Marat Sagyndikov'?, Iskander Gussenov'?, Yerzhan Melis', Zhanabay Matkir’
'Institute of Polymer Materials and Technology, Almaty, Kazakhstan

2Researching and Development, Aktau, Kazakhstan

sSatbayev University, Almaty, Kazakhstan

ABSTRACT

Background: High water cut increases operating costs and reduces oil recovery. Gravity-driven
redistribution of oil and water during well shut-in periods has been proposed for reducing water cut;
however, laboratory methodologies for investigating this phenomenon in core samples remain limited.
Aim: To develop a laboratory methodology for evaluating gravity segregation in oil-water saturated
cores under controlled conditions.

Materials and methods: The methodology is based on epoxy-sealed cores fixed inside a sleeve,
providing a practical and cost-effective core holder capable of accommodating pressure ports. Two
experimental scenarios are considered: early water breakthrough caused by an unfavorable mobility
ratio, and breakthrough induced by a high-permeability channel. After water breakthrough, flooding is
suspended, the core is aged in a vertical position, and water injection is subsequently resumed. Effluent
analysis is performed using a gravimetric oil-water separation technique based on the adhesion of oil
to polyethylene. The methodology enables qualitative and quantitative assessment of fluid redistribution
caused by gravity.

Results: Fractional flow analysis demonstrates that, when viscous oils are used, a significant fraction
of mobile oil remains in the core after water breakthrough, whereas artificial high-permeability channels
can be used to preserve low-viscosity mobile oil within the matrix for subsequent redistribution by gravity
segregation.

Conclusion: The developed methodology provides a reliable and inexpensive platform for investigating
gravity segregation in cores and may support the development of field technologies aimed at reducing
water cut and improving oil recovery.

Keywords: gravity segregation; water cut; flow rate; core sample; core holder.
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OpurmHanbHoe uccrnegoBaHue

MeTtoguka npoBeaeHUA PUNbLTPALUOHHBLIX IKCMEPUMEHTOB
Ha KepHax Ans OueHKN rpaBMTaLlUOHHOrO pasgeneHus Boabl
M HedhbTU B NOPUCTOM cpene

M. CarbiHaukoB'?, U. N'yceHoB'?, E. Menuc', X. Matkup'

"MHCcmumym rionumepHbIX Mamepuasnos u mexHonoaut, e. Anmamsl, KasaxcmaH
2Researching and Development, 2. Akmay, KazaxcmaH

3KasHUTY um. K.N. Camnaesa, 2. Anmamsi, KazaxcmaH

AHHOTALMUA

O6ocHoBaHue. Bbicokas 06BOOHEHHOCTb CKBaXXMH MPUBOAMT K MOBLILUEHHbIM 3aTpaTtam W CHUXEHUIO
[obblun  Hedptn. [paBMTaUMOHHOE pasgeneHne Boabl M HedTU B nfacte Mocrne BpPeMEHHON
OCTaHOBKM CKBaXXWMHbl paccMaTpuBaeTcd KaK OaWH W3 METOOOB CHMXKEeHWs 0BBOOHEHHOCTU.
[nsa oueHkn 3hHEKTUBHOCTU AaHHOIO MeToAa B NEPBYI0 odepedb Heobxoammo pa3paboTaTb METOAMKY
nabopaTopHbIX IKCMEPUMEHTOB Ha KEPHOBOM MaTepuarne.

Llenb. Pa3paboTka MeToankn npoBegeHns unbTpaLmoHHbIX 9KCNEPVMEHTOB Ha KepHax Ans U3yyYeHus
NpOLIECCOB rPaBUTaLMOHHOIO pasdeneHns Boabl U HedTU B NOPUCTON cpeae.

Martepuanbl u metoabl. B gaHHo pabote Mcnonb3yeTcs NpakTUYHbBIA U NPOCTON B U3rOTOBMEHWUU
3MOKCUAHBIN KepHodepXaTenb C MPOMEXYTOYHbIMU AaTyukamu AaeneHus. Paccmartpusatotcs gBa
CLUEeHapus: paHHUI NPOpbIB BOAbI, BbI3BaHHbIA BbICOKMM KO3(MULMEHTOM MNOABMXHOCTU, N MPOPbLIB
BOAbl 4epe3 BbICOKOMPOHMUAeMbI KaHan. [locne npopbiBa BoAbl uNbTpauus OCTaHaBMBaETCS,
KEpH BbIOEPXMBAETCA B BEPTMKANbHOM TMOMOXEHUW, 3aTeM 3akauyka BoAbl Bo306HoBnsAetcs. AHanus
cdmnbTpata OCyLLECTBNSETCA C MCMNOMb30BAHUMEM TPaBUMETPUYECKOTO MeToda pasgeneHus HedpTu
1 BOAbI, OCHOBAHHOTO Ha afre3vnn HedT K MOBEPXHOCTM NonmaTuneHa. Metoauka no3Bonser oueHnBaTb
BNUsIHWE BbIAEPXKKN KEPHA B BEPTUKAINbHOM MOMOXEHUN Ha AUHAMWKY 06BOAHEHHOCTU, 0OYCMNOBINEHHYO
nepepacnpegeneHvem HedTU U BoAbl B NOpax KepHa nod AENUCTBUEM CUMbl TSHKECTH.

PesynbraTtbl. PacyéTtbl NoKkasbiBaloT, YTO B 3KCNEpPUMEHTAx C BA3KMMU HeddTAMMU 3HauuTenbHas AoNs
NOABWKHOM HEYTU OCTAETCA B KepHe Mocrie NpopbiBa BOAbI, TOrAa Kak Npyu UCNOMb30BaHNM MaroBs3KuX
HedpTen HeobXoOWMbl UCKYCCTBEHHbIE BbLICOKOMPOHMUAEMblEe KaHamnbl, T.K. OHW CnocobCTByHOT
COXpPaHeHWIo NOABMXKXHON HedTU B MaTpuLie AN AanbHEWLero pacnpeaeneHns 3a CHET CUNbl THKECTU.
3aknryeHue. PaspaboTaHHasi MeToamka npeacTtaensieT cobor HagéxHbIi cnocob Anst nccnegoBaHus
rpaBUTaLMOHHON cerperauuyM B KepHax U MOXET CNyXWUTb OCHOBOW ANA CO3[AaHWA MPOMbICIOBbIX
TEXHOIMOTMI, HanpaBMeHHbIX HA CHKEHNE 0OBOAHEHHOCTU M MOBbILLIEHWE A0ObIYY HEDTH.

Knroyeenle croea: epasumayuoHHas cezspeaayusi, 06800HEHHOCMb, pacxod ¢hunbmpayuu, obpasey,
KepHa, KepHoOepxamerlb.
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9KCMEePVIMEHTOB Ha KepHax Ansl OLEHKM rpaBUMTaLMOHHOIO pa3gaeneHusl Boabl U HedTu B nopucton cpege //
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TynHycka 3epTTey

KeyekTi opTagafbl Cy MeH MyHanablH rpaBUTauuanbIK 6eniHyiH
Oaranay yLWiH KepH ynrinepiHae cy3sriney (pbunbrpaumanbik)
3KCnepuMEHTTEepiH Xyprisy agictemeci

M. CarbiHaukoB'?, U. N'yceHoB"?, E. Menuc', X. Matkup'

"MMonumepriik Mamepuarndap xaHe mexHornoausinap UHcmumymsl, AfiMamsl Kanacsl, Kasakcma
2Researching and Development, Akmay kanacsbi, KasakcmaH

3K.N. Combaee ambiHOarbl Ka3¥T3Y, Anmamsi Kanacsl, KazakcmaH

AHOATNA

Herizgey. ¥HrbiManapapblH, Kofapbl CynaHybl LWbIFbIHAAPALIH, KOFapblnayblHa XeHe MyHal eHAipyAiH
TemeHaeyiHe okenepfi. YHfFbIMaHbl YakblTLla TOKTaTKaHHaH KemniH kabaTTafbl Cy MeH MyHanablH,
rpaBuTaumanblk GeniHyi cynaHyabl asamTy aicTepiHiH Oipi peTiHae kapacTeipbinagel. byn apicTiH
TMiMainiriH Gafanay ywWwiH eH angbiMeH Herisri KepH maTtepuanbliHaa 3epTxaHanblk 9KCMepuMeHTTep
9iCiH Xacay Kaxer.

Makcatbl. KeyekTi opTagafbl Cy MeH MyHanablH rpaButaumanblk 6eniHy npouecTepiH 3epTTey YLliH
KepH ynrinepiHae cysriney (ounsTpaumnsanbik) aKCNepUMEHTTEPIH XYPridy aaicTeMeciH a3iprey.
Martepuanpgap MeH ogicTtep. Byn XymbicTa apanblk KbiCbiIM AaTyukTepi Gap npakTukanblk
)XeHe KapanalbiM 3MOKCUATI KepH yCTafblll KonaaHbinagbl. Exi cueHapuii kapacTbipblnagbl: Xofapbl
KOSFanfFbILTBIK KO3(MULMEHTIHEH TyblHAAFaH CyAblH €pTe Kapbifybl XOHEe >XOFapbl OTKI3ril KaHan
apKbinbl cyablH xapbinybl. Cy xapblfiFaHHaH KeWiH cy3y TokTaTbinaabl, KepH Tik Kyiiae yctanagbl, coaaH
KewiH cy anpay kawTta >xanfacagpl. PuneTpaTtThl Tangay MyHangblH nonuatuneH GeTiHe agresvsicbiHa
HerisaenreH MyHa MeH cyabl 6enyaiH rpaBUMeETPUsNbIK 84iCIH KonaaHy apKbinbl Xy3ere acbipbiniagpl.
Byn apgicteme ayblpnblk Kylli 8cepiHeH KepH KeyekTepiHAeri MyHam MeH cyablH kanTa GeniHyiHeH
TYbIHAANTBIH CynaHy AMHaMuKacbiHa KepHAi TiK KanbinTa ycTan TypyablH acepiH Garanayra MyMKiHAIK
Oepegi.

HaTtuxenepi. Ecenteynep kepcetkeHaen, TyTKblp MyHaw TaxipubenepiHae >XblmKbIManbl MyHaWablH
epnayip beniri cyablH, Oy3binybiHaH KeliH ©3eKTe kanagpl, an TYTKbIPAbIFbl TOMEH MyHaWabl NanganaHFaH
Kesge >KacaHObl KOfFapbl OTKI3rill apHanap KaxeT, eMTKeHi onap ayblprblK Kyl apkbinbl api kapaw
TapaTy YLWiH MaTpuuagarbl XblhKbiManel MyHanabIH cakTanyblHa biknan eTeqi.

KopbITbIHAbLI. O3ipneHreH aficTeme KepHAepAeri rpaBUTauUsnbIK cerperauusiiel 3epTTeyaid ceHimai
Kypanbl 6onbin Tabbinagbl XeHe cynaHyabl TOMeHOETYre api MyHaw eHAipyai apTTbipyFa GarbiTTanfaH
KaCinwinik TexHonorusanapael a3ipneyre Heris 6ona anagpl.

Hezizzi ce3dep: epasumayusifibik ceepeaayusi, cynaHy, Cy3y WhblfbiHbl, KEPH Yeici, KEpHyCmMarbIl.

Laiiekces KenTipy YLWiH:

CaebiHOukos M., lyceHos U., Menuc E., Mamkup K. KeyekTi opTagafbl Cy MeH MyHanablH rpaBuTaumsinbIK
HeniHyiH Garanay yLiH KepH ynrinepiHae cyariney (vnbTpaumanbiK) 3KCNePUMEHTTEPIH Xypridy agictemeci //
KasakcTaHHbIH MyHali-ra3 canacbiHblH xabapubicbl. 2026. 8 ToM, Ne2, 93—-104 6. DOI: 10.54859/kjogi108985.
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Introduction

The low oil recovery and high water cut in the pe-
troleum industry presents a significant challenge,
impacting both operational efficiency and economic
viability [1]. Many studies have explored various
aspects of this problem and potential mitigation
approaches [2—4].

The high water cut observed in production wells
is primarily attributed to a combination of geolog-
ical and operational factors. One significant geo-
logical factor is the presence of complex reservoir
structures, such as fractures and vugs, which facil-
itate water ingress and contribute to increased wa-
ter production. For example, Zhao M., et al., high-
lighted that in fracture-vuggy carbonate reservoirs,
the mechanisms leading to high water cut include
the connectivity of fractures and vugs, which enab-
les water to bypass oil zones and consequently
increases water production levels [5].

Polymer gels are among the most well-known tech-
nologies widely applied for fracture plugging and wa-
ter cut reduction [6-8]. However, this technology has
several significant disadvantages, including ther-
mal and salinity degradation, possible formation
damage, high chemical cost, and environmental
concerns [9-11].

At the same time, the literature has reported
that in cases where aggressive production rates
cause severe water or gas coning, temporarily shut-
ting in the well or reducing the production rate may
help stabilize fluid contacts [12]. This stabilization
process is expected to involve the effect of gravi-
ty on the redistribution of oil and water saturations
within porous media.

Gravity segregation is commonly considered during
gas injection processes. For instance, in-situ visual-
ization studies of CO, flooding revealed pronounced
gravity segregation and viscous fingering caused
by the significant differences in density and viscosity
between CO, and oil [13]. However, a similar phe-
nomenon also occurs between water and oil phases
in porous media, despite the much smaller densi-
ty difference between these fluids. For example,
the authors of [14] demonstrated that the balance
between viscous forces and gravitational segrega-
tion strongly affects the vertical sweep efficiency
during water flooding (Fig. 1). In low-permeability
models (e.g., 500 mD), higher viscous resistance
suppresses gravity segregation, allowing the injec-
ted water to more effectively sweep oil from the up-
per parts of the reservoir and resulting in lower
residual oil saturation. In contrast, in high-perme-
ability models (e.g., 2800 mD), reduced viscous
resistance enhances gravity segregation, causing
injected water to preferentially flow through the lower
part of the model while leaving a significant amount
of unswept oil in the upper zones near the produc-
tion well [14].

If this phenomenon occurs in porous media,
as demonstrated by the above-mentioned laboratory
studies and the previous work by the authors [15],

Figure 1. Visualization of the effect of gravity
on the distribution of water and oil in 2D
laboratory models with varying permeability
(500-2800 mD) [14]

it may theoretically be exploited to achieve oil-water
segregation in the vicinity of a production well during
temporary shut-in periods. Such shut-ins may pro-
mote restoration of the pressure profile and redis-
tribution of fluid saturations near the wellbore due
to gravitational forces. However, before practical
application, comprehensive core flooding experi-
ments must be conducted to demonstrate the effect
of gravity-driven oil-water segregation in core sam-
ples of varying length and permeability.
This article presents a methodology for construct-
ing cost-effective epoxy core holders and describes
a core flooding experimental methodology using
both low- and high-viscosity oils.

Materials and methods

Preparation of core samples

Both sandstone and limestone core samples can
be used. The cores may be either cut along the axis
to simulate a fracture or drilled internally to a cer-
tain depth to represent a high-permeability anom-
aly. At this stage, an important factor to consider
during core preparation is that, when using cores
from real reservoirs (as opposed to outcrop cores
such as Berea sandstone or artificial cores), drill-
ing perpendicular to the bedding planes is strongly
recommended (Fig. 2). This approach is more rel-
evant to the objectives of the study, particularly
for investigating vertical gravity segregation of fluids
in porous media.

Figure 2. Drilling the core plug perpendicular
to the bedding
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After drilling, the sides of the core should be ma-
chined to be flat and parallel to each other using
a standard stone cutting saw or a lathe (Fig. 3).

Figure 3. Sandstone core plugs after being
machined using a standard lathe

Before placing the core sample inside a metal sleeve
for casting with an epoxy—clay material, the samples
must be coated with a 4-minute epoxy adhesive
to encapsulate the core and prevent the casting
material from penetrating into the porous medium.
Fig. 4 shows the composite core sample before
and after coating with the 4-minute epoxy. ABRO
4 Minute KWIK-SET epoxy was used for this pur-
pose (Fig. 4).

a) b)

Figure 4. Composite core sample before and after
coating with ABRO 4 Minute KWIK-SET epoxy
a) before coating; b) after coating

Casting the core

Fig. 5 illustrates the casting holder: (1) long threaded
bolts (minimum length), (2) base holder, (3) sleeve
casting base, (4) sleeve, (5) spacer, and (6) stabi-
lizer. The stabilizer, shown separately in Fig. 5 (b),
consists of a large metal disk with two pour holes,
a threaded bolt, two washers, three nuts, a wing nut,
and a spring. The screw—spring assembly maintains
the core in a centered position and applies sufficient
downward force to prevent flotation during casting.

DOI: 10.54859/kjogil1 08985

The system is adjustable and can accommodate
cores of varying heights.

a) b)

Figure 5. Casting holder
a) setup for casting; b) stabilizer

After pouring the casting material into the annular
space and waiting for 24 hours which is necessary
for the epoxy-clay composite to cure the casting
holder can be disassembled and the core can be
taken to a machine shop for facing off (Fig.6).

a)

b)

Figure 6. Core before and after facing off by using
a standard lathe in the machine shop
a) before; b) after
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Assembling the core

After drilling the pressure ports, if required, and in-
stalling the adapters for the pressure measurement
lines, the core can be assembled using end caps
with O-rings, along with bolts, washers, and nuts
(Fig. 7). The threads of the adapters may be coat-
ed with a thick layer of ABRO 4 Minute KWIK-SET
epoxy, which acts as a sealant. Fig. 8 presents
a technical drawing according to which the end caps
can be fabricated in a machine shop using a stan-
dard lathe.

Figure 7. Assembling parts of the core holder

1/4” NPT

Figure 8. Technical drawing of a lid used
to assemble the core

Experimental procedure

The core flooding experiment was conducted
according to the following protocol:

1. The core was vacuumed to remove trapped air
and check for leaks.

2. The core was saturated with brine to determine
pore volume and porosity.

3. Brine was displaced with crude oil to establish
initial oil saturation, create connate water satura-
tion, and measure oil permeability at connate water
conditions.

4. Brine was injected at a constant rate until the wa-
ter cut at the outlet reached 50-90%.

5. The core was aged for at least one week to allow
gravity segregation, leading to increased oil satura-
tion in the upper part of the model.

6. Brine injection at a constant rate was then repeat-
ed.

Steps 3-6 were performed at the target reservoir
temperature.

Effluent samples were collected in plastic containers
and analyzed using a gravimetric method. Depend-
ing on oil properties and experimental conditions,
several oil-water separation techniques may be ap-
plied, including: (1) gravity separation in an overflow
glass column, (2) centrifugation, and (3) adhesion
of oil to polyethylene surfaces (Fig. 9).

QF e
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In this study, separation was carried out using
the polyethylene adhesion method as follows:

1. An empty polyethylene test tube (with cap) was
accurately weighed.

2. The effluent sample was collected in the tube.

3. The tube containing the sample was weighed.

4. The tube was gently rotated to maximize adhesion
of oil to the polyethylene surface.

5. Water was carefully decanted without disturbing
the adhered oil.

6. The tube containing only oil was weighed again.
At this stage, the remaining fluid consisted exclu-
sively of oil. The masses of oil, water, and total pro-
duced fluid were determined by difference.

If any oil was observed to be removed together
with the water during decanting, the drained lig-
uid was collected in a second polyethylene tube
and the procedure was repeated to ensure complete
separation. If residual water was suspected to re-
main in the original tube, the tube was heated (open)
at 40-60°C to evaporate the remaining water, leaving
only oil, after which the final weight was recorded.

Figure 9. Polyethylene test bottles used to collect
effluent from the core

Results and discussion

As shown in Fig. 10, during one hour after vacu-
uming, the pressure inside the core remained
at an average level of -0.9 atm, indicating good
integrity of the constructed model.

Further saturation was performed using a high-pres-
sure syringe pump. Depending on the permeability
of the sample, different flow rates may be applied
at this stage. For very low-permeability cores,
it is recommended to install an additional pres-
sure transducer at the outlet of the core holder,
as a fast increase in inlet pressure may be mis-
leading and suggest complete saturation, where-
as the saturating fluid may not yet have reached
the outlet of the core.

Fig. 11 shows that the measurement of pressure
at the center of the porous medium provides insight
into saturation dynamics that cannot be obtained
from inlet pressure alone. While inlet pressure
increases gradually, reflecting overall flow resis-
tance, the central pressure remains nearly constant
at the initial stage, indicating that the fluid has not yet
reached the core center and much of the medium re-
mains unsaturated. A sharp rise in central pressure
at approximately 8 minutes corresponds to the ar-
rival of the saturation front. After this point, central
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pressure increases alongside inlet pressure, indicat-
ing internal pressurization and continued front prop-
agation. Thus, central pressure serves as a reliable

Figure 10. Pressure inside of the core versus
time after vacuuming the core holder at room
temperature

Measuring water permeability after core saturation
can be challenging and may produce misleading
results if certain factors are not properly accounted
for. One important issue is the use of small-diam-
eter tubing combined with pressure measurement
devices positioned at a considerable distance
from the core or sand pack. This limitation is particu-
larly relevant in sand pack and fractured core expe-
riments, where relatively high flow rates are required
for pressure transducers to detect subtle pressure
variations.

indicator of front arrival and saturation progression
within the porous medium.

Figure 11. Pressure versus time during
the injection of brine at the flow rate
of 1 cm3/min into a 2.5 mD sandstone core
sample after vacuuming

As demonstrated in Table 1, even a short outlet
line (8 cm in length and 1.5 mm in diameter) intro-
duced a noticeable increase in the measured pres-
sure during brine injection at elevated flow rates
(100-220 cm?®/min). The growing discrepancy
with increasing flow rate can be explained
by the nonlinear rise in frictional pressure losses
within the narrow outlet tube. At higher flow rates,
inertial effects become significant, leading
to a disproportionate increase in pressure drop along
the outlet line and, consequently, a larger deviation
between the two measurement configurations.

Table 1. Effect of a narrow outlet line on measured pressure at different flow rates

Pump rate 1-With outlet tube (L = 8 cm; D = 1.5 mm) 2-Without outlet tube
’ Mass of brine Time, | Measured flow rate, Mass of brine Time, | Measured flow rate,
rpm P, MPa - P, MPa :
produced, g sec cm®/min produced, g sec cm®/min
50 0.011 35.79 20 107.5 0.008 25.37 15 101.6
100 0.029 59.19 25 142.24 0.018 56.56 24 141.6
200 0.1 190.13 51 224 0.054 123.1 34 217.51
To minimize such errors, it is recommended taining the original in-situ oil and water saturation

to use tubing and fittings with larger diameters
so that they do not act as the primary flow restric-
tion. In addition, positioning pressure taps as close
as possible to the inlet and outlet of the core can
significantly improve the accuracy of pressure mea-
surements.

The injection of oil to establish initial oil and connate
water saturation should be continued until the pres-
sure stabilizes, indicating equilibrium conditions
within the core (Fig. 12). This step should be con-
ducted at reservoir temperature using native reser-
voir fluids and rock material to ensure representative
wettability and fluid—rock interactions. While some
methodologies recommend preliminary cleaning
of core samples via Soxhlet extraction with organ-
ic solvents, this approach may alter the native state
oftherock. Theauthorsofthisworkadvocatefortheuse
of the core material in its preserved state, main-

without prior cleaning.

Figure 12. Injection pressure profile during oil
injection into a brine-saturated Berea sandstone core
Q=0.15 cm¥min, y =64 cP; D=297cm, L=3.8cm,

PV =4.56 cm®
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This approach offers several advantages. First,
it preserves the native wettability of the rock, which
is often irreversibly altered by solvent extraction.
Second, it maintains the original distribution of flu-
ids and surface-active components, including as-
phaltenes and polar compounds, which play a critical
role in fluid—rock interactions. Third, it avoids poten-
tial structural and chemical alterations of the pore
surface caused by aggressive solvents. As a result,
the experimental conditions more closely represent
actual reservoir behavior, improving the reliability
of permeability and displacement measurements
for field applications.

A proper pressure versus time (or injected volume)
curve during oil injection should resemble that
shown in Fig. 12. The example illustrates the injec-
tion of 64 cP oil into a short (3.8 cm) Berea sand-
stone core sample. The stabilized injection pressure
should be used to calculate the permeability to oil
at connate water saturation. This value is subse-
quently used to determine the oil mobility ahead
of the displacement front and, ultimately, to evaluate
the mobility ratio.

Prior to injection into the core sample, crude oil
should be filtered to remove particulate solids
and prevent plugging at the core inlet face. Omitting
this step may prevent pressure stabilization during

Figure 13. Relative permeability curves generated
by equations (1-2)

Figure 15. Results of fractional flow calculations
used to assess the water cut dynamics
for different oil viscosities

DOI: 10.54859/kjogi1 08985

injection, as suspended particles can accumulate
at the core entrance and progressively reduce per-
meability.

Water flooding is subsequently performed to dis-
place a portion of the mobile oil until water break-
through occurs. If the objective of the experiment
is to evaluate the extent to which gravity segrega-
tion can reduce water cut through the accumulation
of mobile oil in the upper part of the core, the inject-
ed water volume during this stage must be selected
carefully. Depending on the oil viscosity, different
relationships between the percentage of produced
mobile oil, water cut, and injected water volume may
be observed.

Fractional flow calculations based on the relative
permeability model (Fig. 13) described by Equations
(1) and (2) were used to demonstrate this behavior:

(1)
)
@)

when k., — relative permeability to water; ky, —
relative permeability to oil; S, — water saturation;
Swr — irreducible water saturation; S, — residual oil
saturation.

Figure 14. Results of fractional flow calculations
used to assess the oil displacement dynamics
for different oil viscosities

In fact, when highly viscous oils are used (i.e., un-
der unfavorable mobility ratio conditions), water
breakthrough may occur at an early stage of wa-
ter flooding. Fractional flow calculations (Fig. 14)
demonstrate that, for 500 cP oil, only approximately
40% of the mobile oil is displaced after the injec-
tion of 1 PV of water, while the water cut already
reaches about 95%. This indicates that a substantial
fraction of mobile oil (approximately 60%) remains
in the model and may subsequently be redistributed
by gravity during the shut-in period following water
breakthrough.

In contrast, when low- or moderate viscosity oils
(1-10 cP) are used, the injection of large water
volumes (>1 PV) is generally not recommended,
as it may result in the displacement of most
of the mobile oil from the core. As shown by the frac-
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tional flow calculations (Fig. 14 and 15), the injection
of 1 PV of water produces approximately 80-95%
of the mobile oil, while the water cut increases
to 95-97%. Under such conditions, the remaining
oil saturation may become too low to be reliably
quantified when displaced from the core using con-
ventional laboratory methods. Small residual oil
volumes may be lost due to spreading along the sur-
faces of the outlet tubing or may remain undetected
because of experimental uncertainties associated
with gravimetric measurements.

In general, the performed analysis indicates
that the injected water volume prior to shut-in must
be selected according to oil viscosity. For highly vis-
cous oils (500 cP), early water breakthrough at ~95%
water cut still leaves approximately 60% of the mo-
bile oil within the model, creating favorable conditions
for  gravity-driven  oil  redistribution  during
shut-in. In contrast, for low- and moderate-viscosity
oils (1-10 cP), the injection of only 1 PV of water
already displaces ~80—95% of the mobile oil, leaving
too little remaining oil saturation for reliable evalua-
tion of gravity segregation effects.

When dealing with low- or moderate-viscosity oils
(1-10 cP), a more appropriate laboratory approach
should ensure that a considerable amount of mobile
oil remains in the core after water flooding reach-
es high water cut values. If the core does not con-
tain any macroscale heterogeneity (e.g., a partially
penetrating fracture), the favorable mobility ratio will
result in a close to piston-like displacement, produc-
ing a steep relationship between oil displacement,
water cut, and injected water volume. In contrast,
if a high-permeability channel is artificially drilled
halfway into the core from the injection side
(Fig. 16), the injected water will preferentially flow
through this channel and bypass a significant
portion of the oil in the adjacent matrix (Fig. 17).
As a result, high water cut values may be reached
at the outlet while a substantial amount of oil still re-
mains in the first half of the core. During the subse-
quent shut-in and aging period, gravity segregation
may result in the redistribution of fluid saturations
within the core, with oil migrating upward and water
moving downward.

Figure 16. Core sample with a 3 mm diameter
channel drilled halfway into the core

Figure 17. Visualization of water bypassing oil
retained in the matrix adjacent to the channel

The developed laboratory methodology demon-
strated that gravity segregation in vertically aged
oil-water saturated cores strongly depends
on oil viscosity and flow heterogeneity. Frac-
tional flow analysis showed that for 500 cP oil,
water breakthrough at ~95% water cut still leaves
approximately 60% of the mobile oil inside the po-
rous medium after 1 PV of injected water, creating
favorable conditions for gravity-driven redistribu-
tion during shut-in. In contrast, for low-viscosity
oils (1-10 cP), injection of 1 PV displaced ~80-95%
of the mobile oil, leaving insufficient remaining satura-
tion for reliable segregation analysis unless artificial
high-permeability channels were introduced.
The proposed epoxy-sealed core assembly provides
a practical and low-cost platform for investigating
these processes and may serve as a laboratory
basis for field technologies aimed at reducing water
cut in highly watered wells.

Conclusion

* A low-cost epoxy-sealed core holder
methodology was developed for gravity segregation
studies;

+ For 500 cP oil, ~60% of the mobile oil
remained in the core after 1 PV injection at ~95%
water cut;

*» For 1-10 cP oils, 1 PV injection displaced
~80-95% of the mobile oil;

+ Artificial 3 mm channels promoted early water
breakthrough while preserving oil in the adjacent
matrix;

* During vertical aging, oil migrated upward
while water moved downward due to gravity
segregation;

* The methodology may support development
of shut-in technologies for reducing water cut
and improving oil recovery.
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Hayu4HbIn 0630p

AHanuns BNUAHUN TeXHONOIrM4YecKNX napameTpoB
Ha chopMMpoBaHMe XKUOKUX NPOJAYKTOB Npu nuponuse
NOSNINCTUPOSIbHbIX OTXOA0B

E.M. Kuzartos, P.M. [ltocoBa, 3.E. Konnwes, O.E. Kanvnes
Espasutickuli HayuoHarsnbHbIlU yHugepcumem um. J1.H. l'ymunesa, e. Acmara, KazaxcmaH

AHHOTALUUA

B paHHOMm paboTe wuccnegyetrcsa npouecc TepMMYeckon nepepaboTku OTXO4OB  nonmuctupona
Kak acpdpeKTnBHasA ansrepHaTMBa TPaAULIMOHHON MEeXaHUYeCcKon yTunusauun. YumTelasi pocT 06bEémoB
NNacTMKOBbIX OTXOAOB U CMOXHOCTb nepepaboTkyn BCNEHEHHbIX MaTtepuanos, Obin NpoBeAéH aHanus
COBpPEMEHHbIX Nybnukaumi, MNOCBAWEHHBIX BIMSHUIO TEXHOMOMMYECKUX MNapaMeTpoB npouecca
Ha BbIXOA W COCTaB XWAKUX NpoaykToB nuponusa. Ocoboe BHWMaHWe yOeneHo BO3AEWCTBUIO
TemnepaTypbl, NPOAOIMKUTENbHOCTM Npouecca B peakuMoHHOM 30He. Ha ocHoBaHwu aHanu3a 6bino
yCTaHOBMEHO, 4YTO Haubonee pauMOHamnbHbIM TeMNepaTypHbIM PEXUMOM SIBMSETCA AManasoH
400-500°C. MMeHHO B 3TMX YCMNOBMAX [OCTUraeTCsi MaKCUMarnbHbIA BbIXO4 KMUAKOW dpakumu,
OOOralé€HHON LEeHHbIMW  apoOMaTUYECKUMW  COEAMHEHMAMU: CTUporioM, GeH30rom, TOonyornom
n atunbeHsonomMm. B pesynbrate BbiSIBNEHO, YTO OTKMOHEHME OT ONTUManbHbIX Temnepatyp BeaéT
nMbo K HenomHoOM A[ecTpykuuu nonumepa, nubo K M3BbITOMHOMY rasoobpasoBaHuio. OTMeYeHbI
npeumyllectea nuponusa npu nepepabotke 3arpsi3HEHHbIX W BCMEHEHHbIX MNOMUCTUPOSbHBIX
maTtepvanoB. [ONONHWTENbHO MNOAYEPKHYTA BaXHOCTb MOBbILWEHUA 3PMEKTUBHOCTM TEXHOMOrMM
nepepaboTkM MNONMUMEPHbIX OTXOAOB B YCMOBUSAX pOCTa 3KOMOrMveckon Harpysku. CaenaH BbiBOA
O BbICOKOW NEPCNEKTUBHOCTN TEXHONOMMU ANS MOMYyYeHUS XMMUYECKOrO CbipbSt U PasBUTUS 3KOHOMMUKU
3aMKHYTOrO LMKIa npu YCroBUM COBEPLUEHCTBOBAHWUSA CUCTEM COPTMPOBKWU, OYUCTKM U NOCMEayoLEero
dpaKkLMOHNPOBaHMSA NPOAYKTOB NMPONM3a.

Knroueewle  cnoea:  nepepabomka,  nuponu3,  oAUCMUPOn, — memnepamypa  npouecca,
npodomkumensHOCMb fpouyecca.
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Kusamoe E.M., [iocosa PM., Konuwee 3.E., Kanuee O.E. AHann3 BNUSIHUIA TEXHONOMMYECKMX NapamMeTpoB
Ha (hOPMMPOBaHME XUOKUX NPOAYKTOB NPY MMPONuU3e MONMUCTUPONbHbIX OTX0AO0B // BecTHuk HedTerazosom
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© Kuzaros E.M., ltocoBa P.M., Kornmies 3.E., Kanues O.E, 2026 JInuensus CC BY-NC-ND 4.0

105


https://doi.org/10.54859/kjogi108982
https://doi.org/10.54859/kjogi108982
https://creativecommons.org/licenses/by-nc-nd/4.0/

Kazakhstan journal for oil & gas industry 2026,8(2):105-118

UDC 628.4: 678.746.22: 66.092-977: 665.71
CSCSTI 61.61.91

DOI: 10.54859/kjoi108982

Received: 06.05.2026.
Accepted: 22.05.2026.
Published: 30.06.2026.

Review article

Analysis of the Influence of Process Parameters
on the Formation of Liquid Products During the Pyrolysis
of Polystyrene Waste

Yessmagambet M. Kizatov, Rizagul M. Dyussova, Eldar Ye. Kopishev,

Olzhas Ye. Kaliyev
Eurasian National University, Astana, Kazakhstan

ABSTRACT

This study examines the thermal treatment of polystyrene waste as an effective alternative
to conventional mechanical recycling. Given the growing volume of plastic waste and the complexity
of processing foamed materials, an analysis was conducted of recent publications on the influence
of process parameters on the yield and composition of liquid pyrolysis products. Particular attention
was paid to the effects of temperature and residence time in the reaction zone. Based on the analysis,
it was established that the most optimal temperature range is 400-500°C. It is under these conditions
that the maximum yield of the liquid fraction, enriched with valuable aromatic compounds, including
styrene, benzene, toluene, and ethylbenzene is achieved. As a result, it was found that deviations
from the optimal temperatures lead either to incomplete polymer degradation or to excessive gas
formation. The advantages of pyrolysis in the processing of contaminated and expanded polystyrene
materials were highlighted. Additionally, the importance of improving the efficiency of polymer waste
processing technologies in the context of increasing environmental pressure is emphasized. Itis concluded
that the technology has significant potentialfor the production of chemical feedstocks
and the development of a circular economy, provided that systems for sorting, purifying, and subsequent
fractionation of pyrolysis products are improved.

Keywords: recycling; pyrolysis; polystyrene; process temperature; residence time.
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FbinbiMu wony

MonucTtupon KanAablKTapbiH NUponu3aey KesiHae Cymbik
eHiMAaepAiH nanaa 6onybiHa TEXHONOIMANbIK NapamMeTpnepAaiH
acepiH Tanaay

E.M. Kuzartos, P.M. [ltocoBa, 3.E. Konnwes, O.E. Kannes
J1.H. l'ymunee amsiHOarbl Eypa3us ynmmeik yHugepcumemi, AcmaHa Kanacsl, KazakcmaH

AHOATNA

Byn Makanaga nonuctupon kangbiKTapblH TEPMUSAIbIK KaWTa eHaey OSCTypri MexaHuKarnblkK >KOwfFa
TMimMai 6anama petiHge kapacTbipbinagpl. MnacTukanblk kanabliKTapablH, keneMiHii apTybl xaHe KeOiKTi
Matepvangapgbl Kanta eHaeyaiH Kypaeniniri eckepine oTbIpbin, CyWblK NMMPONM3 ©HIMAEPIHIH, WbIFbiM-
ObINblFbl MEH KypaMblHa Mpouecc napameTpriepiHiH acepi Typanbl afbiMaarbl Gacbinbivaapra Tangay
Xyprisingi. Peakuns avimarbliHOaFbl TeMnepatypa MeH Mpouecc Y3akTbifblHbIH 8CepiHe epekle Hasap
aypapbingbl. Tangay HerisiHge eH oHTannbl Temnepatypa avanasoHbl 400-500°C ekeHi aHbiKTangbl.
byn xarpainap 6afanbl Xow WICTi KOCbISbICTapMeH: CTUpor, GeH30m, Tonyosn eHe 3TMNOeH30nMeH
GarbITbiNFaH CyMblK PpakUMUsiHbIH, MakCUManipbl LWbIFbIMObINbIFbIH KaMTaMackl3 eteqi. OHTannbl Temne-
paTypagaH aybiTKy NonMMepaiH TonblKk emMec biablpayblHa HEMeCe rasgpblH, WaMagaH TbiC Ty3inyiHe ake-
neTiHi aHblKTanabl. JlactaHnraH »xoHe kebikTi nonucTMpon maTtepuangapbiH KanTa eHaeyaeri nMponuaain
apTbIKWhbINbIKTapbl atan eTinedi. KopwaraH opTta KblCbIMbIHbIH apTybl XafganbiH4a nonuMep Kangblkra-
pblH KarTa eHaey TeXHONorManapbiHbiH, TUIMAINIFH apTTbipyablH, MaHbI3AbIMbIFLI KOCbIMLLA artan eTineai.
Mnuponus eHimaepiH cypbinTay, Tasanay XoHe KeliHHeH pakumsanay xxynenepi )xeTinaipinreH xarnanaa,
XUMUSANbIK LUWKI3aTTbl any xaHe TyMblK LMKN4i 9KOHOMMKaHbI 4aMbITy TEXHOMOMMSCIHbIH XKOFapbl aneyeTi
Typarnbl KOpbITbIHAbI XXacanabl.

Hezizzi ce3dep: Kalima eHOey, nuponu3, MoaAUCMUPOS, MPOUECC memMrepamypachl, MPOYecc
Y3aKmblifbl.
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BBeneHune

Pa3paboTka acheKTMBHBIX METOAOB yTUNN3a-
LM NNacTUKOBbIX OTXOA0B [0 CUX MOp SABMSIETCH Of-
HOW U3 Hanbornee 3HaYUMbIX IKONOFMYECKUX U TeX-
HOMOrMYecknx 3agay MUPOBOW MPOMBILLIEHHOCTH.
CornacHo ot4ety Plastic Overshoot Day 2025 [1],
B mMupe B 2025 r. gocTurmo OTMETKM nopsiaka
225 MINH T NNacTUKOBbIX OTXOA0B B CBSA3W UCMOMb30-
BaHWEM OOHOPAa30BOW yNakoBKW, ObITOBLIX U3nenui
n Tekctunsa. B cpegHem aT1o cooTtBeTCcTBYET 28,6 KI
OTXOAO0B Ha OAHOTO Yenoseka B rog. MNpv aTom okono
72 MnH T, nn 31,9%, mMoryT BbITb HEeNpaBWIbHO yTK-
N3NPOBaHbI, T.€. MONAcTb Ha HEKOHTPONUPYyeMble
CBarku, B OKpY>XaloLlyr cpefy unun ObiTb coxoke-
Hbl BHE COBPEMEHHbLIX CUCTEM OYMCTKM BbIGPOCOB.
OTM nokasaTenu OEeMOHCTPUPYHOT paspbiB Mexay
06bEMOM 06pa3oBaHMs MMACTUKOBbIX OTXOAO0B
MU MUPOBOW cUCTEMOW cbopa, COPTUPOBKU U Mepe-
paboTku.

Mo gaHHbIM MuHUCTEpPCTBa 3KOMOMMN U NpU-
poaHbIX pecypcoB Pecnybnukn KasaxcraH, exeroa-
HO B CTpaHe obpasyeTcs Gonee 4,5 MNH T TBEPAbIX
6bIToBbIX 0TX0A0B (Aanee — TBO), 13 koTopbIX ne-
pepabotaHo ¥ yTunuavposaHo okono 28,6% [2].
3a aT0T rog B cTpaHe dyHKUMOHMpoBano 2755 no-
nuroHoB TBO, u3 kotopbix 19,6% cooTBeTCTBO-
Bann 3KOMOrMYECKMM W CaHWTapHbIM Hopmam [3].
MpencraBneHHas — cTaTUCTMKA  NOATBEPXKOAET,
4YTO MPU COXPaHEHWUM TEKYLLMX TEMMOB pecanknuHra
yactb TBO BbIBOAMTCSI N3 pecypcHoro obopoTa u ae-
noHupyeTcs Ha nonuroHax. Ocolylt akTyanbHOCTb
npuoGpeTaeT Nomck apdeKTUBHbLIX PeLLEHWUI Ans ne-
pepaboTkn NPoBneMHbIX MOMMCTUPONbHBIX OTXOA0B.

MonucTMpon 1 BCNEHEHHbLIA MOMUCTUPON LUK-
POKO MPUMEHSIIOTCA NPU NPOM3BOACTBE OAHOPA30-
BOW Nocyabl, NULLEBbIX KOHTEMHEPOB, YNaKOBOYHbIX
mMartepuanos, TENOU3OMAUMOHHBIX MIUT U 3awuT-
HOW TPaHCMOPTHOW YNakoBKW. 3HaunTenbHas YacTb
TaKUX U3OEenuiA OTHOCUTCS K MPOAYKLUMUM KpaTKoBpe-
MEHHOTO WCMONb30BaHMWsl, NO3TOMY MOCIE 3KChMy-
atauun nepexoguT B notok TBO. MexaHuueckas
nepepaboTka BCNEHEHHOMO U 0ObLIYHOIO MNONUCTUPO-
na OCINOXHSETCS €ero HWM3KOW MIOTHOCTbIO, 3arpsi3-
HEHHOCTbIO, OonbLIMM 06BLEMOM NpK Marnon Macce
N CPaBHUTENBHO HU3KON SKOHOMWUYECKOW NpuBreKa-
TenbHOCTLIO cbopa.

BospacTtaet 3Ha4eHu TEXHONOMin, NO3BOMSIHO-
LWMX MONYyYMTb LeHHble npodykTbl. OgHUM 13 nep-
CMEKTUBHbIX METOAOB MnepepaboTkM MONMMCTUPONb-
HbIX OTXOAOB SBMSIETCA MUPONU3 — TepMUYeckoe
pasnoxeHve nonumepa B GeckucropogHon cpege.
Muponun3 HanpaBneH Ha NonyyYeHUe XWOKOW, ras3o-
obpasHon 1 TBEpAON dpakuui. XKnakue npoaykTbl
nMponu3a nonuMcTupona O4YeHb BaXHbl, T.K. cogep-
aT 3Ha4yMTenbHOE KONMMYECTBO apoOMaTUYECKmX COo-
eOvHEeHWn, BKIYas CTupon, aTunbeHson, Tonyon
N a-MEeTUNCTUPON.

OdpekTMBHOCTL  Nuponusa  nonucTvpona
onpenensieTcs TemnepaTypon M NpOJOIKUTENb-

HOCTBIO npouecca. HepoctatouHas Temnepartypa
MOXET MPVMBOANTL K HEMOMHOMY Pa3foXeHWIo Nonu-
Mepa, a Ype3MepHO BbICOKasa TemnepaTtypa — K BTO-
PUYHOMY KPEKUHTY W YBENUYEHWIO Jonu razoobpas-
HbIX NPOAYKTOB. W3yyeHus BNUSHUS TEPMUYECKUX
napaMeTpoB W NPOAOIHKUTENBLHOCTM  Mpolecca
Ha hopMUPOBaHNE XMUAKOW PpakLum UMEET BaKHOE
3HayeHue ans pas3paboTkm 3 PEKTUBHBIX TEXHOIO-
i nepepaboTkn NONUCTUPOSBbHBIX OTXOAOB.

Llenbto gaHHOM 0G30pHON CTaTbu SIBNSIETCS
cucTemaTnsaumsi COBPEMEHHbIX HayYHbIX AaHHbIX
O BNUAHUM TeMmnepaTypbl, MNPOAOIHKUTENBHOCTU
npoLiecca u CBA3aHHbIX TEXHOMOTMYeCKMX hakTopoB
Ha hOpPMUPOBAHWNE XUOKUX MPOJYKTOB MpWU MUpO-
nn3e MonUCTUPOSbHBIX OTXOAOB. [NA AOCTUXEHUA
Lenu paccMmaTpuBaloTcsl aHanuTUKo-cTaTucTude-
CKMe AaHHble No MracTukoBbIM oTxodam 3a 2025 r.,
OCHOBHble MeToAbl NepepaboTku nnacTuka, nx npe-
MMyLLECTBa U HedoCTaTkn, 0COBEHHOCTN Tepmuye-
CKOrO pasnoXeHus nonvcTupona, BAUSHWE Temne-
paTypbl 1 BpeMeHM npoLecca Ha BbIXO4 W COCTaB
XNOKUX NPOOYKTOB.

MaTepuansbl u MmeToAabI

Hacrtosiwas ob3opHasi ctaTbsi MOAroTOBnEHa
Ha OCHOBe aHanu3a Hay4Hblx ny6rnvkaumii, nocss-
WEHHBIX NepepaboTke NNacTUKOBBLIX OTXOAOB U NU-
ponu3y nonuctupona. [ing cdopmupoBaHusa Teope-
Tuyeckor 6asbl MCCRefoBaHUSI MCMONb30BaNMCh
cTaTbW, MHAEKCUPYEMble B MEXOyHapoaHbiX Gasax
AaHHbIx Scopus, Web of Science, ScienceDirect
n MDPI', onybnukoBaHHble NPEeUMyLLECTBEHHO
B 2020-2026 rr., MmaTepuanbl NPodUnbHbIX OpraHu-
3auMiA, a TaKkKe CTaTUCTUYECKVe AaHHble, oTpaxa-
IOLLMEe COBPEMEHHOE COCTOsIHME ObpalleHus ¢ no-
nUMepHbIMK oTxodamu. Mouck u oT6op UCTOUHMKOB
OCYLLECTBASNCS MO TEMATUYECKMM KITOHYEBbIM CHO-
BaM: nuponua, nepepaboTtka, MNONMMepbl, MONu-
CTWPOS, BCMEHEHHbIN MOIUCTUPOS, BMUSIHUE TEeM-
nepaTypbl, NPOAOIKMTENBHOCTL NpoLecca, BbIXOa
npoaykTa, Xumuyeckas nepepaboTka, CXuraHue,
MexaHuueckasi nepepaboTka, rasmdukauus.

Ob6paboTka 1 0606LeHe nuTepaTypHbIX AaH-
HbIX MPOBOAMIIUCE C NMPUMEHEHWEM METOAOB CpaB-
HWUTENBHOrO W KOHTEeHT-aHanu3a. B xoge paboTbl
BbINK  conocTasneHbl pesynbTaTbl MCCNefoBaHUM,
I'IOCBHLLLéHHbIX BITUAHNIO TeMnepaTypHbIX napamMme-
TPOB, BPEMEHM BbIAEPXKKM, CKOPOCTU Harpesa, Bpe-
MeHU npebbiBaHUA NapoBoW hasbl, a Takke XapakTe-
PUCTUK CbIpbsl Ha BbIXOA ¥ COCTaB XWAKMX NMPOOYKTOB
nuponusa nonuctupona. [JononHUTENsHO yuuTbiBa-
NCb 0COBEHHOCTM MCMOIb3YeMbIX PEaKTOPOB 1 pe-
XMMOB NpoBeaeHust npoLiecca. MonyveHHble pesyrb-
TaTbl GbiNM CUCTEMATU3UPOBAHbI S BbISIBIIEHUS
obLWmx 3akoHOMepHOCTEW (DOPMMPOBAHMSA KUAKON
pakuum, onpefeneHns OnNTUMarnbHbIX YCIOBUNA
NPOBEAEHNS NMMPONN3a U OLEHKU NEPCNEKTUB Mpak-
TUYECKOrO MCMONb30BaHUsi NPOAYKTOB TEPMUYECKON
nepepaboTkM NONMCTUPOSIBHBLIX OTXOA0B.

"MDPI (aHen. Multidisciplinary Digital Publishing Institute — MHoronpocunbHbI MHCTUTYT LMdPOBBIX NybnmKaumit) — nspatens

Hay4HbIX XXyPHANOB OTKPLITOrO JOCTYNa.
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CraTucTMyYeckue AaHHble

B 2025 r. notpebneHune nnactmacc 6bino 3Ha-
YUTENbHBLIM M3-32 BbICOKOTO CMpOCa Ha YnakoBOMY-
Hble MaTepwanbl, OfHOpa30Bble W3OeNus, CUHTe-
TUYECKUA TEKCTUMb, CTPOUTENbHbIE MNONUMEPHI,
MeauuMHCKue maTepuansl U ObiTOBble TOBapbl.
Mo oueHke Plastic Overshoot Day 2025 [1], Hanbonb-
lWwui BkNag B obpas3oBaHMe NMacTUKOBbLIX OTXOAOB
BHOCUT ynakoBka — okono 33%, TeKCTUNb — OKOMo
17%, a Takke ObITOBbIE U OAHOPA30Bble N3denus —
okono 5%. C 2024 no 2025 rr. 4ucno nnacTUKoBbIX
YBENMUUUNOCb Ha 5 MIH T, YTO ykasblBaeT Ha npo-
Jomxawowmin  pocT obpasoBaHusi Npu  pasBUTUK
oTAenbHbIX Nporpamm nepepabotkm M 3Komoru-
4YeCcKOro peryrnimpoBaHus.

OcHoBHasi akonoruyeckasi Harpyska CBsi3aHa
C XapaKTepoM WX MCMOMb30BaHUsl. YNakoBOYHblE
N OfHOpa30Bble MONMMEpPHbIE U3OeNUst SIBSOTCA
npobnemMHow rpynmnow ¢ TOYKU 3pEHUS YCTONYMBOIO
obpaleHus ¢ otxogamu. [Monmctupon OTHOCUTCS
K npobrnemHou rpynne, a nepepabotka BCNEHEHHO-

Ta6bnuua 1. MokasaTenu NNacTUKOBbLIX OTXOA0B
3a 2025 r. B mupe [1]
Table 1. Indicators of Plastic Waste in the World
for 2025 [1]

ro MonucTUpona SIBMsIETCS CrOXHOW M3-3a HU3KOW
NIOTHOCTM U Bonblioro 06bEMa, YTO MOBbIWAET
CTOMMOCTb FIOTUCTUKM U COPTUPOBKM, CHMXKas 3KO-
HOMMYECKYIO MPUBMEKaTeNbHOCTb MeXaHU4eCcKon
nepepaboTku.

Kak nokasaHo B Tabn. 1, OCHOBHOW UCTOYHUK
NrnacTUKOBbIX OTXOAOB — CEKTOP KPaTKOCPOYHOro
notpebnenns. MoaTomMy OaHHYK KaTeropui OTXO-
[OB crnefyeT paccMaTpvBaTb Kak BaXKHbI OObEKT
ONs pasBUTUS anbTepHATUBHBLIX METOAOB nepepa-
60TKK, BKIOYas NMPONu3.

B KasaxcraHe Ha 2025 r. cuTyaumss octasa-
nacb crnoxHon. Mo gaHHbIM MuHucTepcTBa 3Komno-
M 1 NpMpoaHbIX pecypcoB Pecny6nvkn Kaszaxcra,
okono Agyx Tpeten TBO Bce ewé He nogsepranuce
yTUnM3aummM, 4To Havano cosgasaTb Oonbluyio
Harpysky Ha MONUIroHbl U OKpY>KatoLLyto cpedy. 3Ha-
yuTenbHas 4YacTb 0OBLEKTOB pasMeLLeHUsi OTXOAOB
TpebyeT ModepHM3aLUMm, pekynsTUBaLumM Unn same-
Hbl COBPEMEHHbLIMU MHPPACTPYKTYPHLIMU 0ObeKTa-
MU B chepe obpalleHust C oTXoaamu.

Tabnuua 2. NMokasaTenu o6palueHus ¢ TBEpAbIMU
6bITOBbIMM OTX0AaMu B KasaxcTaHe 3a 2025 .
Table 2. Indicators of Municipal Solid Waste
Management in Kazakhstan for 2025

MokaszaTtens 3HayeHune KommeHTapun Mokasartensb 3HauyeHue KommeHTapui
Indicator Value Comment Indicator Value Comment
Onopasosan (O6pasosaHune TBO B KasaxcTaHe,
(OBpasoBaHue NNacTUKOBbLIX lynakoBka, GbiToBbIE
MINH T Gonee 4,5 " "
(OTXOA0B B MMpe, MITH T OKOmno 225  |M34enust U TEKCTUIb O6wwmin 06BEM TBEO
Global plastic waste generation, |about 225 |Single-use packaging, Mun|C|plaI S.OHd waste (MSW). . more than 'Total MSW volume
L generation in Kazakhstan, million |4.5
million tons household products,
" tons
and textiles
(ObpasoBaHne NNacTUKOBbIX N
CpenHemmpoBast [Jons nepepaboTku 1 yTUnu3auum CpenHuin nokasarernb
0TXO[I0B Ha AyLUy HaceneHus, Kr/ o
e B ro oLeHka TBO, % Mo cTpaHe
A 28,6 28,6%
. . Global average Share of MSW recycling and National average
Plastic waste generation per . o -
y estimate recovery, % indicator
capita, kg/person/year
OTx0Abl, KOTOpble
HenpasunbHo ynpasnsiembie
MOryT nonactb B
NNacTUKOBbLIE OTXOAbI, MIH T lokorno 72 Konv4ecTBo NonvroHoB, ea. Mo ntoram 2025 1.
oKpy>KatoLLyto cpeay 5755
Mismanaged plastic waste, about 72 Number of landfills, units As of the end of 2025
million tons \Waste that may enter
the environment
MonuroHsl, COOTBETCTBYIOLLME
Moytn TpeTb oT 9KONMOTMYECKUM 1 CaHUTapHbIM 19,6% ot obLero
\dons HenpasBuIbHO A
MPABNAEMBIX OTXON0B, % o6Lero obbema HopMaMm, efl. ymucna
4 ' 31,9 540
. o Nearly one-third of the Landfills compliant with 19.6% of the total
Share of mismanaged waste, % X .
total volume lenvironmental and sanitary number
standards, units
HecaHKUMOHVpPOBaHHbIe CBarku,
\dons ynakoBku B 06pasoBaHun
U BbISIBIIEHHbIE KOCMUYECKUM
NNacTUKOBbIX OTXOA0B, % okono 33  [KpynHemwmin MCTOYHUK 3a 2025 .
MOHWUTOPUHIOM, €. 3827
Share of pack_aglng0 in plastic about 33  |The largest source lllegal dumpsites identified During 2025
waste generation, % N - .
through satellite monitoring, units
N _ TMKBUAMPOBaHHbIE
Bropoit skauumeiii HeCaHKLMOHMPOBaHHbIe CBanku
\donsa TekcTuns, % okorno 17 [MCTOYHMK ’ 91% OT BbISIBNEHHbIX
en.
3464
Share of textiles, % about 17 'The second most L . . 91% of identified sites
L Elliminated illegal dumpsites.
significant source "
units
Bkniouaet yacTb .
HacenéHHble NyHKTbI ¢
\donsi GbITOBbLIX M 0AHOPA30BbIX NpoayKunn . 13 211 ropogos n
Z o BHEAPEHHBLIM pa3fernbHbIM .
snenuii, % okorno 5 KPaTKOCPOYHOTO palioHoB
c6opom TEBO, en.
Mcnonb3osaHna 123
IShare of household and single-  [about 5 L Out of 211 cities and
o Settlements with implemented S
use products, % Includes some short- ! . districts
N separate MSW collection, units
life products
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Mpobnembl yTMnusaunmn nnacTMKoBbIX

oTX0A0B

OcHoBHble npobnembl yTunNu3auum nnactu-
KOBbIX OTXOAOB Pa3fensioTcsi Ha YeTblpe rpynmnbl:
3KOMOrMyeckune, TEXHOMOrMYeckue, IKOHOMMYECKUe
N opraHusaumoHHble. K 3Konornyeckum OTHOCKTCS
nonagaHne MnacTUKOBbIX OTXOAOB B OKPY>KatoLLlyto
cpeny, YTO BbI3bIBAET 3arpsi3HeHMe NoyB, pek, 03ép,
mopen n okeaHoB. Co BpeMeHeM OHW NpeobpaszoBbI-
BalOTCH B MUKPOMNACTVK, KOTOPbIN NonagaeT B nuLue-
Bble LIENV 1 HaKanuBaeTCsi B XMBbIX OpraHuamax [4].

B uccnepoBaHum [5] ynomuHaertcsi, 4to Tex-
Honmormyeckme npobrnemMbl CBS3aHbl C HEBO3MOX-
HOCTbO OAMHAKOBO MNPOU3BOAUTb MeXaHUYeCKyto
nepepaboTky Bcex BMAOB nnactuka. Hambonee
apekTBHO NepepabaTbiBAlOTCA YNCTbIE U OTCO-
pPTMPOBaHHbIE MOTOKM MOMUaTUNEHTepedTanara,
NONMU3TUNEHA HU3KOTO AABMEHWS U NONUMPONUNEHa.
CmMeluaHHble, 3arpsi3HEHHbIE, MHOTOCIOMHbIE, OKpa-
LUEHHblEe W BCMEHeHHble maTepuansl nepepabartbl-
BaloTCcs npobnematnyHo. Monuctupon, ocobeHHo
BCMEHEHHbIN, OTHOCUTCS K UX YKCTy.

MepepaboTka oTAENbHBLIX NNACTUKOBBLIX hpak-
LUMIA B YaCTHbIX Cnyyasix HepeHTabenbHa, 4TO siB-
nsieTca 3KoHOMUYeckor npobnemoii. Mo AaHHbIM
uccnenosaHus [6], AnNs BCMEHEHHOro nonvctupona

TpaHcnopTupoBka 6e3 npeccoBaHUs 3JKOHOMUYe-
CKWN HeBbIroAHa, MOCKOMNbKY OH 3aHMMaeT 6onbLuon
06béMm npu manow macce. OpraHunsaunoHHble ba-
pbepbl B yMNpaBreHWM MNnacTUKOBbIMUM OTXOA4aMu
06ycnoBneHbl (hparMeHTapHOCTbIO LIeNoYKM co3aa-
HUsA ctommocTu. Kak nokasbiBaeT nccnegosaxue [6],
OTCYTCTBME WH(POPMALIMOHHOW CBA3HOCTU MEXAY
npou3BoAMTENSIMM YNaKoBKM U onepaTtopamu nepe-
paboTkM, a TaKkke MHCTUTYyLMOHanbHasi crnabocTb
MeXaHM3MOB pacCLUMPEHHOW OTBETCTBEHHOCTU MpPO-
M3BOAMTENEN NPENATCTBYHOT CO3AaHWMI0 3aMKHYTbIX
LIMKINOB, HECMOTPSl HAa HanuM4Me TEeOPEeTUYECKU BO3-
MOXHbIX TEXHOIOTMYECKUX PELLEHUA.

lMpeononeHne 3komnorM4yeckoro kpusuca, Bbl-
3BaHHOrO HakomnneHvem nnactuka, Tpebyer ne-
pexoga K CUCTEMHOM ONTUMM3aLMM BCEN LEMOYKU
obpalleHuss ¢ oTxogamu. Y4uuTbiBasi Hanuume du-
3MKO-XMMUYECKUX OrpaHUYEeHnA Npyu MexaHU4ecKkomn
nepepaboTke W BbICOKYID CTOMMOCTb FOTUCTUKM
NEerkoBeCHbIX OTXOAOB, NUPONWN3 SIBNSIETCS ONTU-
MarnbHOW ansTepHaTMBOM ANS YTUNU3auun AaHHbIX
Matepwuarnos. MNuponus No3BonseT nonyyarb LeHHoe
CbIpb€& — MOHOMEP U MMPOSIU3HOE Macro, YTo op-
raHuM3aLuoHHO U 3KOHOMMYecku Oonee onpasaa-
HO ANns nepepaboTku HEKOHAMLUMOHHBIX (hpakumi
B pamMKax 3KOHOMMWKM 3aMKHYTOrO LMKna.

Ta6bnuua 3. cpaBHMTeanaH XapaKTepucTuka oCHOBHbIX MeTOA0B nepepa60TKV| NacTUKOBbLIX OTXO0A40B

Table 3. Comparative Characteristics of the Main Plastic Waste Recycling Methods

Complete oxidation of waste

Incineration with with heat generation

gases
energy recovery

Heat, electricity, ash, flue

Rapidly reduces waste
volume and allows energy
production

MeTop CyuwHocTb npouecca OCHOBHbIE NPOAYKTHI Mpeumywectea OrpaHuyeHus
Method Process Description Main products Advantages Limitations
TpebyeT 4nCTOro M OAHOPOAHOTO
BTOpUYHbIE rpaHymbl Cbipbsi. MexaHuyeckue
o MpocToTa, CpaBHUTENbHO .
CopTupoBka, Moiika, n3nenus M aKCnNyaTaLnoHHble CBOWCTBA
MexaHuueckast HU3Kast CTOUMOCTb, ~
M3merbieHne, nnasneHne 13 nepepaGoTaHHOro yXyALWaloTCa Npy NOBTOPHOMN
nepepabotka coxpaHeHve maTepuana
M rpaHynupoBaHue nnacTtuka nepepabotke
Mechanical . . . Simplicity, relativel .
- Sorting, washing, shredding,  [Recycled pellets, plctty y Requires clean and homogeneous
recycling N - low cost, preservation X
melting, and pelletizing products made of material feedstock. Mechanical and performance|
from recycled plastic properties deteriorate after repeated
recycling
MossonsieT nonyyartb
Gonee kayecTBeHHOE
Pa3pyLueHie NonMMepHbIX -
4 CbIpbE, NoaxoanT BbICOKasi CTOUMOCTb, CIOXHOCTb
Xnumunyeckas Lieneit 4O MOHOMepOB MoHoMepel, onuromepsI,
- AN HEKOTOPbIX CMOXHBIX  [06OPYAOBaHMS, HEOBXOAUMOCTL
nepepabotka Mnn XUMUYECKVX NpoayKTOB XMMUYECKOe CbipbE 8
oTX0A0B KOHTpONSi Npumecei
Chemical Breakdown of polymer chains  [Monomers, oligomers, . " . N
. X ! X Enables production High cost, equipment complexity,
recycling into monomers or chemical chemical feedstock ) ) . .
of higher-quality raw need for impurity control
products ) "
materials, suitable for some
complex waste streams
Couramve BbICTPO yMeHbLIaeT 06bEM
o SHEDIETMUECKOT MonHoe okucneHne oTxofoB  (Tenno, aNeKTPo3aHeprus, (0TX0A0B, No3BoNseT MoTepst XMMUYECKO LIEHHOCTM
P o C BblaeneHnem Ternna 30na, AbIMOBbIe rasbl nony4atb 3HEPruio nonumepa, puck BbIGPOCOB
yTunusaumnen

Loss of the polymer’s chemical value,
risk of emissions

BhicokoTemmneparypHoe

npeBpaLleHne B orpaHnyeHHon |CuHTes-ras, Teépabin

Mony4yeHne razoobpasHoro
Cbipbsi AN BHEpruu

Bbicokasi Temneparypa, CrioxHas

in the absence of oxygen solid residue

Production of liquid
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lasudukaums oKVCnUTEnbHON cpefe ocTaToK, CMOIbI 1 XMMUYECKOro CUHTe3a  [ouncTka rasa, TpeboBaHue K Chipbio
Gasification High-temperature conversion  |Syngas, solid residue,  [Production of gaseous High temperatures, complex gas
in a limited oxidizing tars feedstock for energy cleaning, feedstock requirements
lenvironment and chemical synthesis
MonyyeHwne xuoknx YB,
noAxoauT Anst TPYAHO OHeproémkocTb, Heo6XoAMMOCTb
Tepmuyeckoe pasnoxeHune PKnakas dpakuus, ras, AXOMAT ANA TRYA P A
A . nepepabartbiBaembIx KOHTpONS TemnepaTypbl ¥ BpEMEHU
Muponua 6e3 nocTyna kucnopoaa TBEPABIN OCTATOK .
cbpakumit
. " - . High energy consumption, need
Pyrolysis 'Thermal decomposition Liquid fraction, gas, 9 9y P

for temperature and residence

hydrocarbons, suitable time control
for hard-to-recycle fractions|
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OcHoOBHblIe MeToAbl NepepaboTkn

nnacTuka

CoBpeMeHHasi cuctema yTunusaumm u nepe-
paboTKM MNacTMKOBbLIX OTXOAOB BKIOYaeT: Mexa-
HUYECKYH0, XMMWUYECKYIO, CXUIaHUe C MonyvyeHuem
3Hepruu, rasvdumkaumio n nuponuns. Beilbop metona
3aBMCUT OT XMMUYECKOW NPUpOoAbl NonvMmepa, cre-

NeHu 3arpsi3HEHUs1 OTXO4OB, COCTaBa MNacTUKOBOM
CcMecK, SKOHOMUYECKOW LiernecoobpasHocTu U fo-
CTYMHOCTM  TEXHOMOMMYECKON  UH(PACTPYKTYPbI.
Hu oanH MeTon nepepaboTkM OTXOA0B He sIBMSIETCS
yHUBepcanbHbIM, NO3TOMY HEOH6X0AMMO paccMaTpu-
BaTb C Y4ETOM COCTaBa OTXoAa Y KOHEYHOW Lenu ne-
pepabotku [7-12].

Tabnuua 4. CpaBHUTENbHas oLeHKa MeTOA0B NepepaboTku NONMUCTUPOSbHbIX OTXOA0B
Table 4. Comparative Assessment of Polystyrene Waste Recycling Methods

MexaHunyeckas Xumuyeckas
KpuTtepuit cpaBHeHus nepepabotka nepepaboTka CxwuraHue Fasudmkaums Muponus
Comparison criterion Mechanical Chemical Incineration Gasification Pyrolysis
recycling recycling
- |Bbicokoe, ecnun
CoxpaHeHWe MaTepuanbHoi . YacTuuHoe, yepes Bbicokoe, Yepes xuakue
CbipbE YncToe CpenHee / Bbicokoe  [OTcyTCTBYET
LiIeHHOCTN CUHTe3-ra3 NpoayKTbI
Material value retention gf:n if feedstockiis ~ |Medium / high None Partial, via syngas High, via liquid products
MpurogHocTb Anst
3arpsi3HEHHbLIX OTXOA0B Huskas CpenHsas Bbicokast CpepHssa CpepHsis unu Bbicokast
Suitability for contaminated |Low Medium High Medium Medium to high
waste
MpuroaHocTb Ans BoamoxHa, Ho
Haunbonee
BCreHeHHoro nonuctupona |OrpaHuyeHHas MepcnekTuBHas HexenarensHa BoamoxHa
nepcrnexkTMBHas
Suitability for expanded Limited Promising Possible, but Possible .
X Most promising
polystyrene undesirable
MoHomepsl,
(OCHOBHOW NPOAYKT BTopuuHas rpaHyna  [xumuyeckue npoayKTbl Tenno, CvHTe3-ra3 PKunpakas dopakums, ras
areKTpoaHeprust ’
Main product Secondary pellets Monomers, chemical Heat, electricity Syngas Liquid fraction, gas
products
Bbicokas Ans
[BO3MOXHOCTb MonyveHus Bbicokasi npu
[nenonumepusaummn
cTupona Huskas Het Het ONTUMAnbHBIX YCNOBUAX
nonucTupona
Possibility of styrene Low High for polystyrene None None High Aulnder optimal
recovery o conditions
depolymerization
Bbicokas
BbiGpockl 1 noTeps TpebyeT onTuMmUsaumm
TpebyeT uncroro CNOXHOCTb 1 o Temnepatypa n
XMMUYecKom Temnepatypbl ¥ BpeMeHu
(OCHOBHble OrpaHn4eHns Cbipbst CTOoMMOCTb npoLecca ouncTka rasa
LieHHOCTN
Main limitations Requires clean Process complexity . High temperature Requires optimization
) Emissions and loss N of temperature and
feedstock and high cost . and gas cleaning ) .
of chemical value > residence time
requirements
Vcnonb3oBaTtb Haunbonee
MeHee N
Tonbko Anst l060CHOBaHHbI MeToz,
MonxoanT LienecooGpasHa Anst o
O6Las oLeHka MepcnekTvBHast loCTaTOuUHBIX \ans NoNyYeHNst XXNAKoi
orpaHn4eHHo _ DKMOKUX NPOAYKTOB
[bpakumii [cbpakumm
Overall assessment . A Promising . -
Limited applicability Suitable only for Less suitable for liquid Most justified method for
. . product recovery P N
residual fractions producing liquid fractions

OcHoOBHbIe MeToAbl NepepaboTku

nnacTuka

CoBpemMeHHasi cuctema yTunusaumm unepe-
paboTkM MNacTUKOBbLIX OTXOAOB BKIHOYAET: Mexa-
HUYECKYI0, XMMWUYECKYIO, CXUIaHue C MonyvyeHnem
3Hepruu, rasvdumkaumio n nuponuns. Beilbop metona
3aBUCUT OT XMMUYECKOW NPUpoAbl nonvmepa, cre-
NeHu 3arpsi3HEHUsI OTXO4OB, COCTaBa MIacTUKOBOM
cMecH, 3KOHOMMYECKOW LenecoobpasHocTu u Jo-
CTYMHOCTM  TEXHOMOMMYECKOW  WMH(PACTPYKTYpbI.
Hu oonH meTon nepepaboTku OTXOAOB He SBNSeTCs
YHVBepcanbHbIM, NO3TOMY HEOBX0ANMO paccMaTpu-
BaTb C Y4ETOM COCTaBa OTX0Aa Y KOHEYHOW Lenu ne-
pepabotku [7—12].

MexaHunyeckas nepepaboTka ocHoBaHa Ha u-
3n4yeckoMm npeobpasoBaHuM MonumepoB 6e3 pas-
PYLUEHUS] UX XUMUYECKOW CTPYKTYpbl U BKIOYaET
CTaann COPTUPOBKU, MOWKW, N3MENBYEHNS U rpaHy-
nauum [8]. NpenmylecTsa meToga — TEXHONornye-

- DOI: 10.54859/kjogi108982

cKkasi IPOCTOTa U HMU3Kasi CTOMMOCTb, YTO AenaeT ero
ONTUManbHbLIM ANS TEPMOMMACTUYHBIX MOMMEPOB,
TaKUX Kak nonuaTuneHTepedTanart, NONU3ITUNEH
1 nonunponuneH. BeneHeHHbIn NonucTMpon v nonu-
CTUPON, 3arpsA3HEHHBIV NULLEBLIMW OTX04amu, Tpe-
OyI0T NOArOTOBKY.

Xumnyeckas nepepabotka npeacTasnser
cobon npouecc pAenonvMepusaumm — paspylue-
HVe MakpoMOreKyn nonMMepos A0 MOHOMEpPOB,
KOTOpble MOryT ObITb MCMOMb30BaHbl B KavyecTBe
BTOPUYHOTO HEMTEXUMUYECKOTO Cbipbs. [daHHbIN
MeToq nepepaboTku adcpekTmBeH Ans nepepabot-
KN 3arpsA3HEHHBIX M MHOFOCNOMHBIX MNONUMEPHbIX
oTtxopoB [9]. KntoyeBbiM npenMyLLecTBoM AaHHOIO
MeTofa SABMAETCA NofyYyeHne NpoaykTos, N0 CBOUM
XapakTepucTukam Onu3Knx K NepBUYHOMY CbIpbHO.
OpHako CyLIeCTBEHHbIM HEeAOCTaTKOM XMMUYEeCKON
nepepaboTku BbICTynaeT HeobXxoAMMOCTb MCMOoSb-
30BaHNA CIOXHOrO TexHorormyeckoro obopyaosa-
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HWS 1 JOPOrOCTOSILLMX KaTanMTuyeckmx cucrem [13].
Xumunyeckass nepepaboTka KPUTUYECKM BaxHa
AN peanu3aunmn 3aMKHYTOrO LMKa, AONOMNHAS Me-
XaHW4ecKnin MeTof, nepepaboTku.

CxuraHve — TepMUYecKuin MeTog yTunusauum
NOMUMEPHBIX OTXOAOB, MPW KOTOPOM MNPOUCXOAUT
WX MOSIHOE OKUCIIeHWE C BblAereHWeM TenmnoBoW
aHeprun. ATOT Noaxoa akTyarneH Ans NonvMepHbIX
OTXOAO0B, HENPUIOAHBIX AN MEXaHUYECKOW NN XKn-
MuU4eckon nepepaboTkn. Skonornyeckas Gesonac-
HOCTb Mpouecca KpUTUYECKU 3aBUCUT OT CUCTEM
OUNCTKMN OTXOASILUMX ra3oB. B coBpemeHHON cucte-
Me obpalleHns ¢ 0TXo4amu CXWUraHue paccmartpu-
BaeTCs NPeMMyLLECTBEHHO Kak MeTog nepepaboTku
ocTaToyHbIX dpakuumii [8]. B cnyvae nuponusa nonu-
cTUpona 370 — crnocob NonyvyeHuss apoMaTUyHeckmnx
COEAVHEHWNN, KOTopble MHaye Bbiny Obl BbIOPOLLEHBI
B aTMocdepy Npu CKUraHUM B Ka4eCTBE Yrnekmcro-
ro rasa v Bogpl [14].

lasudurkauma — TEPMOXUMMYECKUIA MNpoLecc
npeobpasoBaHVs NMACTUKOBbLIX OTXOAOB B CUHTE3-ra3
npy BbICOKMX TemnepaTypax B YCNOBUSX OrpaHUyeH-
Horo goctyna okvcnutens. o AaHHbIM UccnegoBa-
Hui [15], MeToZ NO3BONSIET NOMNy4YaTh YHUBEPCANbHOE
Cbipb€ ANA CUHTE3a BOAOPOAA, MeTaHoma M Xuakux
Tonnue, obecneunBasi nepexon OT MPOCTOW 3Hepre-
TUYECKOWN YTUMU3ALMN K XUMUYECKOMY PELMKITNHTY.
TexHonorusa addekTuBHa Ans nepepaboTky Crox-
HbIX CMeLLlaHHbIX MOTOKOB, OJHAKO €€ peanusaums
TpebyeT  BbICOKOTEXHOMOMMYHOTO  OGOpyAOBaHMS
Y MHOTOCTaAMMHON OYUCTKU ra3a OT CMOM 1 KOppo3u-
OHHO-aKTUBHbIX COEANHEHUN. [TpUMeHUTENBHO K No-
nucTypony rasmdukaumns npu3HaeTca MeHee paum-

OHanbHOW, YeM nNuponu3, T.K. rMybokoe pasnoxeHve
mMartepvana Ao ras3oBol ¢asbl NuLIaeT NpoLecc ero
rMaBHOMO NPenMYyLLECTBa — BO3SMOXXHOCTW NMOMyYeHUst
LIEHHbIX XUAKUX apoOMaTUYECKNX DpaKLmii.

Muponua — 3To TepMu4yeckoe pasfnoxeHue
nonumepoB B GeckMcnopodHon cpefe, B pesyrb-
Tate KoToporo obpasyloTca xuakas, rasoobpas-
Hag u TBEppas dpakumm. CormacHo COBpEMEH-
HbIM MCCNeAoBaHNAM, npouecc obblYHO NPOBOAST
npu Temnepartypax 455-700°C, npu 3TOM Bbl-
X0 MPOAYKTOB HamnpsiMylo 3aBWCUT OT COCTaBa
CbIpbsi, BpeMeHu nNpebbiBaHNS NapoB U TMNa peak-
Topa [10]. [MaBHas LEHHOCTb MeTOAA 3aKn4aeTcst
B MONMyYeHW XUAKNX yrnesogoponos (ganee — YB),
KOTOpble MOTyT CrYXWTb ansTepHaTUBHbLIM TOnM-
NMBOM WNKN Cbipb€M Ans HedTexumun. B Tabn. 3
npeAcTaBneHa CpaBHUTENbHAas XxapakTepucTuka
pasnuyHbIX METOA0B NepepaboTKu.

Kaxabii meToq MMeeT cBoto obnacTb npume-
HeHus. B Tabn. 4 npegcrtaBneHa cpaBHUTENbHas
oLeHKa MeTodoB nepepaboTku MONMMUCTUPOSbHBIX
OTXO[O0B.

Muponuns kak meton nepepaboTku

NonuMepHbIX 0TXOA0B

Muponns — TepmMoXMMWYECKUA MeTod ne-
pepaboTkM NNacTUKOBLIX OTXOQOB, OCHOBAHHbIN
Ha pasfnoXeHUW MNONMMEepoB NpPU MOBbILLEHHOW
Temnepatype B GeckucrnopogHon cpege. Mpu pas-
PYLUEHUM MaKpOMOMEKYMSPHbIX Lener obpasytoTcs
Xuakue, razoobpasHble U TBEpAble NpogyKTbl. [Mn-
ponv3 no3eonsieT npeepallatb NnacTUKoBbIE OTXO-
Abl B NPOAYKTLI C 4O6ABNEHHOW CTOMMOCTbIO, BKIHO-

Ta6nuua 5. Oco6eHHOCTU NUPONIN3a OCHOBHBLIX BUAOB NIAaCTUKOBbIX OTXOAOB
Table 5. Characteristics of Pyrolysis of Major Plastic Waste Types

Bua nnactuka OCHOBHble 0COGEHHOCTU NMponu3a

Plastic Type Main pyrolysis characteristics
PaznoxeHne ANUHHLIX YrNeBoaopoaHbIX
Monuatunex Lenei

Polyethylene (PE) |Decomposition of long hydrocarbon

MpeoGnapatowme NPoAyKTbI
Predominant products
IAnKaHbl, ankeHbl, BOCKM, Xuakue YB

IAlkanes, alkenes, waxes, liquid

OCHOBHbIe orpaHu4yeHus

Main limitations
LLInpokwii cocTaB NPoAyKTOB, HEOBXOAMMOCTH)|
AONOSNTHUTENbBHOIO KPEeKUHra

\Wide product distribution; requires additional

chains

hydrocarbons

cracking/upgrading

TepMqum(oe pacwenneHve

IAnKaHbl, ankeHsbl, Xugkas n rasosas

ICroXHbI cocTaB Macna, 3aBUCUMOCTb

Polyvinyl chloride
(PVC)

Dehydrochlorination with HCI release

Hydrogen chloride, hydrocarbons,
chlorinated organic compounds

Monunponunex o
pa3BeTBMNEHHbIX Lienei hbpakumm OT TemnepaTypbl U KaTanusatopa
F;}I:);propylene Thermal scission of branched polymer  |Alkanes, alkenes, liquid and gaseous [Complex oil composition; strong dependence
chains fractions on temperature and catalyst
Monuatunex- PasnoxeHune kucnopogcoaepxatiero Kucnopoacoaepxatune KnucnoTHble NpoayKThl, yXyALleHne kavecTsa
TepedTanat nonuacvpa M apomaTuyeckune coeauHeHus PKMaKon dpakummn
Polyethylene Decomposition of oxygen-containing Oxygenated compounds Formation of acidic products; deterioration
terephthalate (PET)|polyester and aromatic compounds of liquid fraction quality
[T X noposonopor, VB, Koppoauisi 060pyAoBaHUsi, TOKCUYHbIE
NpoAyKTbl, HeOBX0AMMOCTb yAaneHus
xrnopua [NexnopupoBaHue ¢ BblaeneHmem HCl  [xnopopraHuyeckue coennHeHust

nonuBMHUNXNopuaa

Equipment corrosion, toxic emissions;

MonuypetaH

Polyurethane (PU)

Pa3snoxeHve YpeTaHoBbIX rpynn

Breakdown of urethane groups

/AsoTcoaepallme CoeauHeHus,
rasbl, Xuakas dpakums

Nitrogen-containing compounds,
gases, liquid fraction

'TOKCUYHbIE NPOAYKTbI, CITOXHas O4MCTKa
rasos

Toxic products; complex gas purification
required

MonucTtupon

Polystyrene (PS)

ﬂenonMMepwsauMﬂ CTUPONbHbIX 3BEHBbEB]

Depolymerization of styrene units

Ctupon, atunGexaon, Tonyon,
[a-MeTUnCcTpon, gumMepbl

Styrene, ethylbenzene, toluene,
a-methylstyrene, dimers

Heo6xoanM KOHTPOIb TeMnepaTypbl
1 BPEMEHU A1 CHUKEHUSI BTOPUYHOTO
KpekuHra

Requires strict control of temperature
and residence time to reduce secondary

cracking
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Yas TOMMMBO, XMMWYECKOE CblPb€ N KOMMOHEHTbI
ONS panbHenwen HedTexnMmuyeckon nepepaboT-
kn [10, 16, 17].

Kngkasa dpakuma — cmecb YB pasnuyHoro
COCTaBa, UCMOoNb3yeTcst Kak ansTepHaTMBHOE TOMNMK-
BO WIK Kak Cblpb€ ANa AanbHenwen nepepabotku.
[a3oBasA dpakums: Bogopod, MeTaH, aTaH, 3TUMeH,
nponaH, nponuneH, byTaHbl, ByTeHbl, OKCUA N ANOK-
cuA yrnepoaa; UCcnonb3yeTcs Ans YaCTUYHOIo SHep-
reTmyeckoro obecrneveHms camoro npouecca. TBép-
OblA OCTaTOK, UMW KOKC, COAEPXWUT YrnepoaucTble
BellecTBa, MUHeparnbHble NPUMECH, HanomnmHWTenu
N HeopraHuyeckune Jobasku.

CornacHo AdaHHbiM Tabn. 5, nuponus adpdek-
TUBEH Ansa nnactukos Grnarogaps Mx yrnesopopoa-
HOW NpVpoAE U BbICOKOMY TEMNSIOTBOPHOMY MOTEH-
Lpany, KoTopblil NpeBbILLaeT nokasarenu Guomaccsl
n3-3a HU3KOrO copepxaHus kucrnopoga. B o63o-
pe [17] yka3biBaeTcs, YTO BbIXOA XMAKOW hpakumm
06bI4HO cocTaenset 60—-80%, a B ycrnioBusix 6uICTpo-
ro nuponusa (450-600°C) moxet gocturatb 85%.
OdeKTMBHOCTL Mpouecca Hampsimylo  3aBUCUT
OT cocTaBa Cblpbsi: nonuoneduHbl U NONUCTUPON
npusHaHbl Hambonee GrnaronpuUATHBIMU MaTepuana-
MU, MpU 3TOM NONMUCTUPON 06nagaeT yHWKanbHbIM
nNpevMyLLecTBOM, NO3BOMAS M3BMNeKaTb He TOMNbKO
TOMMNMBHbIE KOMMOHEHTbI, HO U XMMUYECKN LIeHHble
apomMaTtuyeckue coeuHeHus.

A hekTMBHOCTL M 0OCOBEHHOCTHU

nuponusa nonucTtupona

B omnnune or pgpyrvx BMOOB  NnacTvika,
nonmcTmpon coaepxuT B CBOEM 3BEHe
(-CH, — CH(C¢Hs)-), denunbHyto rpynmy, cno-
COOCTBYIOLLYIO MpY  TEPMUYECKOM  BO3AEWCTBUM

CEeNneKTMBHOMY paspbiBy CBsi3eli B OCHOBHOW Lienu,
YTO NO3BOMSET C BLICOKON 3(PPEKTUBHOCTLIO BOCCTa-
HaBnMBaTb MOHOMEPHbLIN CTUPON W PSf, CONYTCTBYIO-
LNX apoMmaTunyecknx coeguvHeHun. bnarogaps aTo-
My MonucTMpon obecneyvBaeT MornyyYeHe >XWUAKON
paKLuM C BbICOKOW TOMMMBHON N XUMUYECKOW LIEH-
HOCTbIO MPU MUHUMArIbHOM COAEPXaHUM Kucropoga
B npogykrtax [18, 19].

MexaHn3M npeBpaLLeHnii Npy NMPOoNN3e BKITHO-
YyaeT B cebs Lenoyky nocrneaoBaTenbHbIX peakumi:
pa3pbiB Lienu, obpa3oBaHWe akTUBHbIX paguKkanos,
BHYTPUMONEKYNAPHbIE NeperpynmnMpoBKA U BTOPUY-
HbI KPEKWHT. Ha HavanbHOW ctagum Harpesa npo-
ncxoauT ocnabneHve cBa3en, YTo NpUBoAUT K dop-
MWPOBaHUIO  PEaKLMOHHOCMOCOBHbIX —paaunkanos,
KOTOpble NMPU ONTUMAaInbHbIX TEXHOMOrMYECKUX YCro-
BMSIX MpeBpallatoTcs B cTupon. [Mpu HeonTumManbs-
HbIX YCNOBMAX HA4YMHAIOTCS BTOPUYHBbIE NPOLIECChI:
obpasoBaHue razoobpasHbix YB n TBEpAOro yrne-
POANCTOrO0 OCTaTKa, YTO CHUXAET BbIXOA LieneBoun
Xuakon chasbl 1 3arpsasHaeT obopynosanue [18, 20].

[ns oueHkn addeKkTMBHOCTU npouecca n Ka-
YecTBa MoMy4yaemblXx MPOAYKTOB WCMONb3yeTcs
Knaccudukaumsa OCHOBHbIX dpakumin, npuBeaeHHas
B Tabn. 6.

OCHOBHbIM LiENeBbIM KOMMOHEHTOM SABMSET-
CA CTUPOS, HO B Mpouecce Takke opmMmupytotcs
Tonyon, aTunbeH3on, kcunonel, 6eH3on u Gonee
TSKENblEe ONUroMepsbl, Takne Kak AMMmepbl U Tpume-
pbl ctupona [20, 21]. Ux dounsmko-xummnyeckue coi-
CTBa — MMOTHOCTb M BA3KOCTb — 3aMETHO BblILLE, YEM
y Macen, noryyaembix 13 nonvonedwuHos. B Tabn. 7
npeacTaeneHbl AaHHble MO KOMMOHEHTaM >XUAKOW
bpakumm nuponusa nonuctupona.

Tabnuua 6. Ppakunm U OCHOBHbIE NPOAYKTbI MMPONN3a NONIMCTUPOSIbHbLIX OTXOA0B
Table 6. Fractions and Main Products of Polystyrene Waste Pyrolysis

®pakuus OCHOBHbI€ KOMMNOHEHTbI 3HavyeHune OcobeHHOCTH

Fraction Main components Significance Characteristics
PKuakas Ctupon, atun6exaon, Tonyon, 6eHs3on, aumepbl  |Cbipb€ Ans HedbTeEXMUK TpebyeT TLWaTenbHOM O4UCTKU
Liquid Styrene, ethylbenzene, toluene, benzene, dimers |Feedstock for petrochemical industry |Requires thorough purification
asoBas OHepreTuyeckuii pecypc (CHWXaET BbIXOA, XULOKOCTU

HZ: CH41 CZHsv CZH41 C3H8! CXHS
Gas Energy resource Reduces liquid yield
TBéppas Kokc, yrnepoamucTble npuMmeciu OrpaHun4eHHoe NpUMeHeHne Yxynwaet paboty peaktopa
Solid Coke, carbonaceous impurities Limited applicability Negatively affects reactor operation
Ta6nuua 7. OCHOBHblE KOMMOHEHTbI XUAKOW pakLn NMponu3sa nonmcTupona
Table 7. Main Components of the Liquid Fraction of Polystyrene Pyrolysis
KomnoHeHT MyTb o6pa3oBaHus 3HaueHune OcoGeHHOCTH

Fraction Main components Significance Characteristics
CTupon [[lenonumepusaums Boaspat B Npon3BOACTBO PeakunoHHocnocobeH
Styrene Depolymerization Reuse in production cycle Highly reactive compound
Tonyon BTopUyHbIE peakummn PactBopuTenb PacTeT npu riy6okom KpekuHre
Toluene Secondary reactions Solvent Increases under deep cracking conditions
OTunbeHson MepeHoc Bogopoaa IXMMmnyeckoe cbipbé CROXHOCTb pasfeneHnsi co CTMPONoM
Ethylbenzene Hydrogen transfer reactions Chemical feedstock Difficult to separate from styrene
BeHson my6okoe pacluennexve IXMMmnyeckoe cbipbé ' TOKCUYHOCTB
Benzene Deep cracking reactions Chemical feedstock Toxic compound
umepbl / TpuMepbl|PekoMBuHaums pagukanos Tspkenas dpakums MoBbILIAOT BA3KOCTL Macna
Dimers / trimers Radical recombination Heavy fraction Increases oil viscosity

- DOI: 10.54859/kjogi108982
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OkoHoMuyeckast 3PeKTUBHOCTb NUponM3a
nonucTMpona 3aBWCUT OT PasdeneHnst CIOXHbIX
NPOAYKTOB Ha hpakLmmn KOMMepYecKon YicToTel. Co-
BPEMEHHbIE UCCneaoBaHnsa B obnactu nepepaboTkm

LUMOHHas neperoHka sBnseTca 06sA3aTenbHbIM
N OMNpeaensiowmm 3Tarnom, Mo3BOMSOLWMM TpaHC-
(HOpPMUPOBaTb CMECh OTXOLOB B LIEHHbIE XMMU4Ye-
CKME KOMMOHEHTbI, NpUroaHbIe AM1s NOBTOPHOMO MC-

nNpoAyKTOB nNuponmn3a noateepXxaarT, 4TO q)paK-

nonb30BaHNsA B NMPOMbILLNIEHHOM NPOU3BOACTBE [22].

PucyHok 1. Bnusinne Temnepartypbl Ha NTUPONU3 NONINCTUPOSIbHbLIX OTXOAOB MO OTAENbHLIM UCTOYHUKAM
Figure 1. Effect of Temperature on the Pyrolysis of Polystyrene Waste According to Different Sources

Tabnuua 8. BnuaHue BpeMeHHbIX NapaMeTPOB Ha NUPOSIN3 NOSIMCTUPOSbHbIX OTXOA0B
Table 8. Influence of Time Parameters on the Pyrolysis of Polystyrene Waste

MapameTp
Parameter

XapakTepucTuka napamerpa
Parameter characteristics

Bnusinue Ha npouecc
Effect on the process

B0O3MOXHbI pucK npu
HeaAoCTaTOYHOM 3Ha4YeHUU
Risk of insufficient value

B0O3MOXHbLIN pucK Npu
Ype3MepPHOM 3HaYeHUn
Risk of excessive value

Bpemsi BbiaepxKku
'TBEPAOI hasbl

Solid-phase
residence time

BpeMﬂ HaxoxgeHus nonuMmepa
B 30HE Harpesa

Time the polymer remains
in the heating zone

OnpefensieT nonHoTy
pasnoXeHus Cblpbsi

Determines the completeness
of polymer decomposition

HenonHoe pasnoxeHvne
nonucTupona, yeennyeHne
jocTaTtka

Incomplete polystyrene
[decomposition, increased
residue formation

BTopuyHble peakumm, pocT
rasza u kokca

Secondary reactions,
increased gas and coke
formation

Bpewms
npebbiBaHWs napos

\Vapour residence
time

Bpems HaxoxaeHUs neTyymx
NPOAYKTOB B ropsiyeit 3oHe

'Time volatile products remain
in the hot zone

OnpenensieT coxpaHHOCTb
CTMpONa 1 NePBUYHbLIX
npoayKToB

Determines preservation
of styrene and primary
products

HenoctatoyHas KoHBepcus
TAXENBIX (hparMeHToB

Insufficient conversion
of heavy fragments

KpekuHr cTupona, poct
rasoson cpakuum

Styrene cracking, increased
gas fraction

CkopocTb Harpesa

Heating rate

CKOPOCTb [OCTUKEHUS
3agaHHoON Temnepatypbl

Rate of reaching the target
temperature

Britsiet Ha MexaHuam
[nenonumepusaummn n
o6pasoBaHue napos

Influences depolymerization
mechanism and vapour
formation

\dnuTenbHoe npebbiBaHve
B MPOMEXYTOYHOM 30HE,
HernonHbI NMponua

Prolonged residence in
intermediate temperature zone,
incomplete pyrolysis

CIIMLLKOM MHTEHCUBHOE
BblfeneHne napos
npu cnaboi koHaeHcauum

Excessively rapid
\vapour release with poor
icondensation efficiency

Bpewms
KoHZeHcaLum

Condensation time

Db heKTUBHOCTbL OXNnaxaeHns
1 cbopa napos

Efficiency of vapour cooling
land collection

BnunsieT Ha BbIXOA, KUAKOW
bpakumm

Affects liquid fraction yield

MoTepu NeTyumx NPoayKToB

Loss of volatile products

Bo3MOXHOe 3arpsisHeHne
1 cMeLLeHne dpakuuin

Contamination and mixing
of fractions

O6Lee Bpemsi
peakuun

Total reaction time

MonHas NPOAOIMKUTENBbHOCTb
nuponusa

Overall duration of pyrolysis
process

XapakTepusyet
TEXHONOMMYECKUIN PEXUM
B LieNom

Characterizes overall process

regime

Hu3kas cTeneHb npespawieHusa

Low conversion degree

YBenuuyeHune no6oYHbIX
NpoAyKTOB W 3HeprosaTpat

Increased by-products
land energy consumption

114

-+ DOI: 10.54859/kjogil 08982




HAVYHBIE OB30PbI

Tom 8, Ne 2 (2026)

BectHuk Hedrera3osoii orpacin Kasaxcrana

BrnunsiHne TexHonormyeckux napameTpoB

OdhekTMBHOCTL  NMMponu3a  nonucTupona
N ero BCMeHeHHon (hopMbl OonpeaensieTca COBOKYM-
HbIM BIUSIHUEM TemnepaTtypbl U MPOAOIKUTENb-
HocTW npouecca. Puc. 1 gemoHCTpupyeT BnvsiHue
Temneparypbl npouecca Ha rnyouHy pasnoXeHusi
MaKpOMOMeKynl W HarpaBrfieHue BTOPUYHbIX pe-
akuun.  MpogomknTenbHOCTL  Mpouecca  BhvseT
Ha NONHOTY npeBpaLleHna Cblpbsd U CTeneHb nocne-
[OytoLLero KpekMHra obpasoBaBLUMXCSA NapoB.

BbiGop  KOHKpeTHOro  pexuma npouecca
onpenensieTcd TeMm, Kakow pesynbrat Heobxo-
OUM:  MONyYeHWe MakcumarnbHOro  KonuyecTsa
KnOKon  dpakuum  MnmM - JOCTUXKEHME  BbICOKOW
unctoTbl ctupona. Temnepatypbl Bbiwe 500°C
Hea(phEKTUBHBI, MOCKOMNbKY MPUBOAST K YCUMEH-
HOMY ra3o00bpasoBaHMI0 M HAKOMMEHWUID TSHKEMbIX
NonuUUKNMYecknx apomarudecknx YB. [lpogyk-
Tbl BbICOKOTO KavecTBa 006pasyloTcs B guanasoHe
400-450°C. [na BCMEHEHHOro nonmMcTuporna Bax-
Ha CKOpOCTb nogBofa Tenna, Toraa Kak Ans nonu-
CTMPOMbHbLIX OTXOAOB BaXXHO BPEMS HaxOXAeHWUsi
cblpbsi B peakTope. CnenoBatenbHO, ONTUMarbHble
YCNoBUsi NUPONN3a AOMKHbI NoabupaTtbesi ¢ y4ETOM
CTPYKTYpPbI Cbipbsi 1 OCOGEHHOCTEN UCMONb3yEMOro
obopynoBaHusi.

MpopomkutenbHOCTL Npolecca onpeaensiet
KONMWUYECTBEHHbIA BbIXOA, M KOMMOHEHTHBIA COCTaB
XUOKUX  MPOAYKTOB MMpONM3a  MOMMUCTUPOIbHBIX
oTxogoB. TemnepaTtypa o6ycnaBnvMBaeT WHTEH-
CMBHOCTb AECTPYKUMU MONMUMEpPHbIX uenen. Bpewms
peakumm NMMUTUPYET MOMHOTY Pa3nOXEHUS Cbipbsi.
[aHHbIN NnapameTp perynupyeT cTeneHb BTOPUYHbIX
npeBpaLLeHnin 06pasyroLLNXCA COEANHEHNN.

AHanus npouecca TpebyeT auddepeHuma-
LN BPEMEHHBIX XapakTepucTuk. K HUM oTHocsATcA
obLaa NpoAomKNTENBHOCTb peakuum U BpeMsi Bbl-
nepxkn TBépgon dasbl. OTAENbHO y4uTbiBaOTCH
Bpemsi npebbiBaHUsi NapoB B BbiCOKOTEMMepaTyp-
HOW 30HE M ANUTENBHOCTL KOHAEHCALMM NPOAYKTOB.

CouyeTaHne  Temnepatypbl M BPEMEHMU
B Tabn. 8 obecneynBaeT ncyepnbIBaKOLLYO OECTPYK-
L0 MOJNTUCTUPONBHOTO Chipbsl. YKasaHHbIe pPeXuMbl
MaKCMMU3UPYIOT reHepaumio Xuakon dpakumm. Mu-
HUMU3NPYIOTCA NOTEepU NepBUYHbIX apoMaTU4eCcKknx
npoaykToB. AdEeKTMBHOCTL MpoLecca 3aBUCUT
oT obLen NpoAoMKUTENBHOCTM 1 BpEMEHW Nnpebbl-
BaHUsl NApOB. YUMTbIBAETCS rpagneHT CKOPOCTM Ha-
rpeBa. TEXHONMOrMYeCKy 3HAaYNMOCTb UMEET UHTEH-
CMBHOCTb NocreayroLLen KoHaeHcaumm.

3aknioyeHue

MpoBeaéHHbIN 0630p MoKasbiBaeT, 4TO Mpo-
6nema nepepaboTkM MNOMUCTUPONbHBIX OTXOAOB
OCTaéTCs aKTyanbHOW B CBA3M C POCTOM OOBEMOB
NMacTUKOBbIX OTXOAOB, OrPaHUYEHUAMU MEXaHu-
yeckon nepepaboTKM U BbLICOKOW AONew uagenui
KpaTKOBPEMEHHOIO MCMonb3oBaHus. [Monuctupon
LUMPOKO MPUMEHSIETCA B YNakoBKe, OOHOPa30BOW
nocyae, TENNOU3ONAUMOHHBIX MaTepuanax u Bcne-
HEHHbIX 3aLLMTHBLIX U3O0ENUSAX, MO3TOMY 3HAYUTEMb-

Has 4yacTb TakMx MatepuanoB GbICTPO nepexoauTt
B NOTOK 0TX0[0B. OcobeHHO NpobnemMHbIM ABNSETCA
BCMEHEHHbIN NOMMUCTUPON, KOTOPbIA UMEET HU3KYH
NMOTHOCTb, 3aHMMaeT GonbLuoi 06BLEM NpU TpaHC-
NopTUPOBKE U TPEOYET NPeaBapUTENbHOIO YNOTHE-
HWA nepef nepepaboTKoN.

CpaBHeH/e OCHOBHbIX MeTooB nepepaboTku
nrnacTvka nokasarno, 4To MexaHu4eckas nepepaboT-
Ka adpeKTUBHA TOMBKO OS5 YUCTbIX Y OOHOPOAHbIX
NOTOKOB NONMMepOoB. [N 3arpsa3HEHHbIX, CMeLlaH-
HbIX U BCMEHEHHbIX OTXOAOB €€ MpPUMEHEHME orpa-
HU4eHo. CxuraHue MnO3BOMSIET YMEHbLUUTL OOBLEM
OTXOZOB W MOMYyYUTb 3HEPrut0, OJHAKO MPUBOAUT
K MOMHON NoTepe XMMMUYECKOW LEHHOCTW Mnonume-
pa u TpebyeT cTpororo KOHTpossi BbI6pocoB. [a3u-
dukaums obecneynBaeT MofyyYeHWe CuHTes-rasa,
HO HE OpPVEHTUPOBAHa Ha MOMyYeHUE XUOKMUX apo-
MaTu4yecknx npoayktoB. Ha atom ¢oHe nuponus
aBnseTcs Hanbornee nNepcnekTMBHbBIM  METOAOM
nepepaboTkM MONMUCTUPOSIbHBLIX OTXOAOB, KOTOPbIV
NO3BOMNSIET MOMYYUTb XUAKYI (Ppakumio, coaepxa-
LUYIO LieHHble apoMaTuyeckne coeauHeHus.

OcobeHHOCTb NMponu3a nonucTMpona 3aknto-
YyaeTcsl B CKIIOHHOCTM 4aHHOro nonMmepa K aenosnu-
Mepusaumm ¢ obpasoBaHuem ctupona. bnarogaps
CTPOEHMWI0 MaKpPOMOMeKyrnbl NONMCTUpona Xuakue
NPOAyKTbl €ro NMpPonu3a OT/IMYAKTCSt BbICOKUM CO-
AepXaHWeM apoMaTUYeCKNX COeaUHEeHWIA: cTupona,
Tonyona, atunbeHsona, 6eH3ona, AMMEPOB U Tpu-
MepoB ctupona. lMuponua nonucTupona w Bcne-
HEHHOro MonmMcTUpona npeacTaensieT cobon meton
XMMUYecKoro peumknuHra. Npouecc obecneunsaet
BO3BpaT CTMPOSIbHOrO MOHOMEpPA B NPOMBILLIIEHHbIN
obGopoT.

Temnepatypa onpefensieT Bbixo4 W KOMMO-
HEHTHbIN COCTaB XUAKUX NpodykToB. OnTUMasnbHbI
Onanas3oH pgecTpykumm coctaensiet 400-500°C.
CHWxeHWe TemrepaTypbl HWXKEe YKa3aHHOro YpoB-
HSl Bbl3blBAET HEMOSHOE pasfoXeHUe Monmmepa.
3710 cokpallaeT BbIXOA XuAkon chpakumm. Mpesbl-
LIeHNe TeMnepaTypHOro MakCMMyMa WHULUMPYET
BTOpPUYHbIE peakuuun. MpoucxoauT KpPEeKMHr CTUpO-
na. PacTtér reHepaumsi razoobpasHbiXx NpoayKTOB
N TSOKENbIX apOMaTUYECKUX COEAUHEHUI.

MpopomkuTensHOCTL npotwecca BnusieT
Ha 3 EKTUBHOCTbL NpeBpaLLeHns cbipbs. HegocTa-
TOYHas 3KCMO3MUUst BEAET K HEMOMHOW AECTPYKLUM
nonuctupona. YpeamepHasi Bolaepxka cnocobcTay-
€T BTOPUYHBLIM MpeBpaLLEHUsIM MEePBUYHbIX MpPO-
aykToB. KnioyeBbiM napameTpoM SIBMSIETCS BPeEMS
npebblBaHUS NapoB B ropsiyeit 3oHe. CoxpaHeHne
cTupona TpebyeT ObICTPo 3BaKyaLMmn NETYHUX KOM-
NOHEHTOB U3 peakTopa. Heobxogmma nx Hemeanex-
Has KoHAeHcauus.

XKugkve npoaykTbl nuponusa TpebytoT fonon-
HUTEMNBbHOM O4MCTKM, cTabunm3aumn n pakuMoHN-
poBaHus. MNPYOPUTETHLIM HanpaeneHnem SBASIETCS
BblAeneHne cTMpona Ansi NOBTOPHOIO CUHTE3a Mo-
nuvepoB. MeTog No3BonsieT nonyyaTs apomMaTtuye-
ckue ppakumm u cbipb€ ans Hedtexvmun. Vicnonb-
30BaHMe NMPONU3HOro Macna B KadyecTBe TOMnuBa
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orpaHuyeHo. [NpenaTtcTBueM [Ans UCMONb30BaHUS
NMMPONM3HOro Macra B Ka4ecTBe MOTOPHOrO ToNvBa
SIBNSIETCS CINOXHbI COCTaB U BbICOKOE COAepKaHune
cTuponoB, 6eH30M0B, TONYonoB 1 3TUNGEH300B.

TexHonorus conpsbkeHa ¢ puckamu obpaso-
BaHUS NETYUYNX OpPraHUYEeCcKUX COeaAMHEHUI U Nonu-
UMKNM4ecknx apomaruyeckmx YB. Mpumecn B coc-
TaBe OTXOOOB WHULUMUPYHOT CUHTE3 TOKCUYHbIX
coefuHeHun. TpebyeTcst CTPOruii KOHTPONb cocTaBa
cbipbsi. Heobxoamma npegBaputenbHasi COpTUPOBKa
M O4MCTKA OTXOASLIMX ra3oB.

PeHTabenbHOCTL MeTOAA 3aBUCUT OT CTabuIb-
HOCTW CbIpbE€BOro MOTOKa WM NMOTUCTUYECKMX 3aTpar.
BHenpeHue TexHonorum TpebyeT co3gaHusi cucte-
Mbl cbopa 1 NoaroToBkM O0TX0A0B. LieneBbiM opueH-
TUPOM SABNSIETCS MONYyYEHNE BbICOKOUUCTBIX XUMM-
YECKNX KOMMOHEHTOB.

OONONHUTENBbHO

UcTouyHuk cuHaHcupoBaHusa. [laHHoe wuccneno-
BaHWe MpoBeAeHO B paMKax NporpamMmMHO-LieNIeBoro
uHaHcupoBaHus Komutetom no Hayke MuHnctep-
CTBa Hayku u Bbicwero obpasosaHusa Pecnybnukn
KasaxctaH (FpaHT NeBR24992883 «Co3naHne Hay4-
HO-TEXHOMOrMYeckoro napka HedprexuMum n nonu-
MepHbIX MaTepvanoB AN NpefocTaBneHust ycnyr,
1 BHeApeHus npuknagHbix pesynsratoB HAP B npu-
OPUTETHBIE CEKTOPA 3KOHOMMKM CTPaHbI»).
KoHdnukt wuHTEpecoB. ABTOpbl AeknapupylT
OTCYTCTBME SIBHbIX W MOTEHUMAmNbHbIX KOHMIUKTOB
WHTEPECOB, CBSI3aHHbIX C Mybnukaumnen HacToswen
cTaTbu.

BnaropapHocTb. ABTOpbI BblpaxatT 6narogap-
HOCTb KaHA. XWM. Hayk, npodeccopy CenteHo-
Bon K. 3a copgencrtBue B NOAroTOBKE Hay4HOW
cTaTtbu.

Bknap aBTopoB. Bce aBTOpbl nogTtBepxgaroT
COOTBETCTBME CBOEr0 aBTOPCTBA MeEXAyHapOAHbIM
kputepusim ICMJE (Bce aBTOpbI BHECIUN CYyLLECTBEH-
HbIi BKNag B pa3paboTky KOHUenuuu, npoeedeHune
nccneaoBaHVA U NMOArOTOBKY CTaTby, MPOYNN U OA0-
Opvnu uHanbHY0 Bepcuto nepen nybnukauven).
HanbonbLumin Bknag pacnpenenéx cnepyowmm ob-
pa3om: Kusatos E.M. — cbop u obpaboTtka AaHHbIX,
opMupoBaHue, HanmcaHue TekcTa; Aiocosa PM. —
nposeaeHune nccnepgosanus; Konnwes 3.E. — opra-
Hu3auusa uccneposanus; Kanves O.E. — nogrotoeka
BU3yasbHbIX MaTepuarnos.

CMUCOK UCMONIb30OBAHHOM NIUTEPATYPbI

Heobxoanm nepexon ot nabopaTopHbIX Moae-
nen K NPOMBbILLNEHHbIM TEXHOMOMMYECKUM CXEMaM.
MacwTabupoBaHne peakTopoB TpebyeT yrny6nex-
HOTO M3YYEHUSI KUHETUKU PasnoXeHusi. AKTyanbHbl
nccnegoBaHnsa Ha pearbHbIX CMeLLaHHbIX OTXo4ax.
OcHoBHOW 3apadeit ABNSeTCs MHTerpauns nNUponu-
3a B CUCTEMY S3KOHOMMKMN 3aMKHYTOrO Linkna (LMpKy-
napHas akoHomuka). Llenbto cTaHoBUTCA co3paHue
3aMKHYTOrO LiMKna Npou3BoACTBa NONUCTMpona.

Muponn3 NONMCTUPONbHBIX OTXOAOB SIBNSAETCH
WHCTPYMEHTOM CHWKEHUSI aHTPOMOreHHOW Harpys-
kM. ONTUMU3ALMS TEXHOMOrMYEecKkUX napameTpoB
Nno3BonisieT TpaHcopMMpPOBaTb OTXOAbl B LEHHOE
XMMUYeckoe cbipb€. Metog coctaBnseT yHAaMeHT
CUCTEMbl YCTOWYMBOrO YNpPaBneHUsi NosiMMepHbIMU
oTxo4amu.
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Review article

Catalytic Isomerization of Light Alkanes: Thermodynamic,
Kinetic, and Technological Aspects

Nurkhan S. Orazbayev, Gaini Zh. Seitenova
Eurasian National University, Astana, Kazakhstan

ABSTRACT

The gradual tightening of environmental standards, combined with growing global demand
for environmentally friendly fuels, has significantly increased the importance of advanced technologies
in oil refining. In this context, the catalytic isomerization of light alkanes (C,—C, fraction) is one
of the most strategic processes for improving gasoline quality without increasing the concentration
of aromatic hydrocarbons or adding hazardous additives. From a chemical standpoint, this process
promotes the structural rearrangement of linear paraffins into corresponding branched isomers,
which possess a higher octane numbers. This results in a significant improvement in the fuel’s combustion
characteristics, while reducing the formation of environmentally harmful emissions.

This review systematically examines the fundamental principles underlying the isomerization of alkanes.
Particular attention is given to the reaction mechanism, which proceeds via carbocationic intermediates
at acidic catalytic sites, reflecting the well-established mechanism of acid-catalyzed hydrocarbon
transformations. Furthermore, the thermodynamic constraints governing the equilibrium distribution
of isomers, as well as the kinetic factors influencingreaction rate, product selectivity, and overall process
efficiency, are critically analyzed. Special emphasis is placed on bifunctional catalytic systems combining
metal and acid functions, enabling the simultaneous hydrogenation—dehydrogenation and skeletal
isomerization steps. The role of competing side reactions, notably hydrocracking and aromatization,
is also addressed due to their influence on product yield and catalyst stability.

Beyond theoretical considerations, this review examines the complexities inherent in real industrial
systems. In practice, the attainment of thermodynamic equilibrium is often limited by kinetic constraints,
resistance to mass transfer within particles and between phases, as well as by the gradual deactivation
of the catalyst due to coke formation or poisoning. These factors require a more detailed understanding
of process behavior under industrial operating condition.

Keywords: catalytic isomerization; light alkanes; hydroisomerization; bifunctional catalysts; carbocation
mechanism; thermodynamic equilibrium; reaction kinetics; zeolite catalysts; catalyst deactivation;
octane number enhancement.
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Hayu4HbI 0630p

KaTtanntuyeckas n3omMepusauua NErkux ankaHoB:
TepMmoganHamMmun4ieckmne, KHHeTu4eCkmne n TexHomnorn4yeckme acneKkTbl

H.C. Opasb6aeB, I')K. CeniTeHOBa
Espasutickuli HayuoHarsnbHbIlU yHugepcumem um. J1.H. l'ymunéea, 2. Acmana, KazaxcmaH

AHHOTALUMUA

[MocTeneHHoe YXeCTOYeHME IKOMOrMYECKMX HOPM B COYETaHWM C pacTylMmM MUPOBLIM CMNPOCOM
Ha 9KONMOMMYEeCKN YNCTblE BUAbI TOMMUBA 3HAYUTENBHO MOBbLICUIO 3HAYUMOCTb NEPESOBbLIX TEXHOMOMIA
B HedTenepepaboTke. B 3TOM KOHTEKCTE KaTanuTuyeckas M3omepusauust Nérkux ankaHoB (pakums
C,—C¢) aBnsieTcss ogHUM M3 Hauboriee cTpaTerMvyeckM BaXKHbIX MPOLIECCOB, MO3BOMSOWMX YNy4YLlIUTb
kayecTBO OeH3nHa 6e3 yBenuyeHus KOHLEeHTpaunm apoMaTuyeckux yrneBogopoaoB Unu AobaeneHust
onacHblx npucagok. C XMMMYECKOW TOYKM 3pEHUst ITOT MpPOLEeCC CMOCOBGCTBYET CTPYKTYPHOM
neperpynnupoBKe NIMHEeNHbIX NapatHOB B COOTBETCTBYOLLME pa3BETBIIEHHbIE N30MEpPDI, ObnagatoLne
0Oonee BbICOKMM OKTAHOBBLIM YMUCIIOM. OTO MPUMBOAUT K 3HAYMTESIbHOMY YNYYLLEHUIO XapaKTepUCTUK
cropaHusi Tonnvea npu O4HOBPEMEHHOM CHMXEHUM 0BpasoBaHus BpeaHbIX ANS OKpyXKatowen cpeapbl
BbIOPOCOB.

B paHHom 0630pe paccmatpuBatoTcs yHAaMeHTanbHble MPUHLUMNGI, Nexaline B OCHOBE WM30OMepu-
3aumun ankaHoB. Oco6oe BHWMaHWE YOENsSeTC MexaHUu3My peakuuu, npoTtekarollemy uvepes kap6o-
KaTUOHHbIE MPOMEXYTOYHbIE COEAMHEHUSI Ha KUCMOTHbIX KaTarMTUYeCcKUX LIeHTpax, YTo oTpaxaeT
KInaccuyeckyro CXeMy KUCNOTHO-KaTannampyeMbIx NpeBpaLleHnii yrneeogopodos. Kpome Toro, aHannau-
pyloTCS TEPMOAMHAMUYECKUE OrpaHUYeHUs], onpeaensiole paBHOBECHOE pacnpeaerneHne n3oMepos,
a Takke KMHETUYECKME NapaMeTpbl, onpeaenstowme CKOpoCTb peakuun, CeNnekTUBHOCTL NpoaykTa n 06-
wyto adhdpekTnBHOCTL Npouecca. Ocoboe BHUMaHWe yaensercs OMdyHKUMOHANbHbIM KaTanuTU4eckum
cucTemMaM, KOTopble COYETalT MEeTannUyYeckne 1 KUCNOTHbIE PYHKUMOHAaNbHbIE rPymmbl, YTO MNO3BOSS-
€T OHOBPEMEHHO OCYLLECTBNATL 3Tanbl MMAPUPOBaHNA-AEMVAPUPOBAHUS U N30MEpPU3aLmmn OCHOBHOW
uenu. Takke paccMaTpuBaeTCsl Poslb KOHKYPUPYOLNX NOBOYHBIX peakumi, B YaCTHOCTU FMOPOKPEKUHIa
1 apomatusaumn, BBUAY UX BAUSIHUS HAa BbIXOA NPoAyKTa U cTabunbHOCTL katanuaatopa.

[MoMumo TeopeTuyeckmx coobpaxeHuit, B JaHHOM 0030pe paccmMaTpuBaloTCs CHOXHOCTWU, NpucyLine
pearnbHbIM NMPOMBILLIEHHBIM cucTemMaM. Ha npakTuke OOCTMXKEHME TePMOAUHAMMUYECKOro paBHOBECUSI
4acTO OrpaHWM4MBAETCS KUHETUYECKMMMU OFpaHUYEHUsIMU, COMPOTUBMEHWEM MacCOMEPEHOCY BHYTPU
yactuy n mexay dasamu, a Takke MOoCTENEHHOW Ae3akTMBaUMeln katanusatopa us-3a obpasoBaHus
KOKca unu otpasrneHus. 3Tn dakTopbl TpebytoT bonee getanbHOro NOHMMaHWUsi NOBEAEHMA npouecca
B NMPOMBILUIIEHHbIX YCIOBUAX 3KCMNIyaTaumu.

Knroyeewle crioea: kamanumuyeckass U3oMepusayusi, néskue arnkaHbl, audpou3omepusayus,
bucbyHKYUOHarnbHble  Kamanu3amopbl,  KapbOKamuoOHHbIU ~ MexaHu3M,  mepMOOUHaMU4Yeckoe
pasHosecue, KuHemuKka peakuyuu, UeoslumHble Kamanusamopbl, 0e3akmueayusi Kamarnu3amopa,
rosbIleHUe 0KMaHo8020 Yucsa.

Kak umtupoBaTth:

Opasbaes H.C., CelimeHosa )K. Katanutnyeckas nsomepusaumns nNérkvx arnkaHoB: TepMoAMHaMUYeckue,
KMHETUYECKNE M TexXHomorndeckne acnektbl // BecTHUK HedbTerazoBon otpacnu KasaxcraHa. 2026. Tom 8,
Ne2. C. 119-132. DOI: 10.54859/kjogi108984.

© Opasodaes H.C., Ceiirenona I.)K., 2026 Junensus CC BY-NC-ND 4.0

120


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.54859/kjogi108984
https://doi.org/10.54859/kjogi108984

Kazaxcmannviy mynaii-eas canaceinviy xabapuvicel. 2026, 8 mom, Ne2, 119-132 6.

90X 665.656.2
FTAXP 61.51.17

DOI: 10.54859/kjogi108984

KabbinpaHabl: 06.05.2026.
MakynpaHgbl: 25.05.2026.
YKapusanangbl: 30.06.2026.

FbinbiMu wony

XeHin ankaHaapbIHbIH KaTanuTUKanbik U3oMepu3aumsachbl:
TepMoguHaMUKanbIK, KHHEeTUKalbIK XX9He TeXHONOrMAnNbIK
acnekTinep

H.C. Opasb6aeB, I')K. CeriTeHOBa
J1.H. l'ymunée amsiHOarbl Eypa3us ynmmeik yHugepcumemi, AcmaHa Kanacbl, KazakcmaH

AHOATNA

Okonorusnblk HopmanapablH GipTiHAen KyLletoi 3KoNorusnblK Tasa OTblHFA AereH anemaik CypaHbICTbIH,
apTybiMeH Oipre MyHawabl KawTa eHaeyderi 03blK TeXHONMOorvsinapAblH  MaHbI3AbIIbIFEIH - eaayip
apTTbipabl. Byn Typrbiaa xeHin ankaHaapablH katanutukanbslk ndomepneryi (C,—Cs dpakumsacel) xow
MICTi keMipcyTeKkTepaiH KOHLUEeHTpauMsaCbIH apTTbipMali Hemece kayinTi kocnanapabl kocnamn-ak 6eH3vH
canacblH akcapTyablH eH cTpaTervanblk MaHbi3gbl nNpouecTepiHiH, bipi 6onbin Tabbinagbl. XUMmUsnbIK
TypfFblAaH anfaHaa, 6yn npouecc Cbi3bIKTbiK NapaduHAepain KypbinbiMablK KanTa Ty3inyiHe biknan erTim,
onapabl OKTaH CaHbl XXofapbl Calikec TapMmakTarnFaH n3omepnepre avHangablpaabl. byn koplwaraH opTtara
3UsHAbI WbiFapblHAbINAPAbIH TY3iNyiH asanTa oTbIpbIM, XaHapManablH, XaHy eHiMAINiriHiH anTapnbikTan
XakcapyblHa akenegi.

Bbyn wonyna ankaHgapAblH WM30MEpReHyiHiH - Herisri  npuHuunTepi  kapacTtbipbinagbl.  KplWKbin
KaTanuTuKanblk opTanblikTapaarbl Kapbokauusinblk aparsnblk KOCbINbiCTap apKblbl XKYPETiH peakuums
MexaHuW3MiHe epeklwe Hasap aygdapbinagbl, Oyn  kemipCcyTekTepaiH  KblLKbln-KaTanuageHeTiH
TYpPeHynepiHiH Knaccukanblk cxemacbliH kepceTedi. COHbIMEH kaTap, u3omeprepdiH Tene-TeHaik
TapanyblH aHbIKTaWTblH TepMOAMHAMUKanblK LUeKTeynep, COHAan-aK peakuusi >KbiNaaMabiFbiH,
OHIMHIH, CEeNneKTUBTIMIMNH XaHe MPOLECTiH Xannbl TUIMAINIriH aHbIKTaWTbIH KMHETUKANbIK NapamMerpriep
TangaHagbl. Metann xaHe KblWKbINAbIK PyHKUMOHanAbl TonTapgdbl OipikTipeTiH KOc yHKUMOHaNabI
KaTanuTuKanblk JKynenepre epekwe Hasap aygapbinagel, Oyn rugpney-gernapney keHe Herisri
Ti3bekTi nsomepney kagamgapbiH 6ip yakbiTTa Xy3ere acblpyFa MyMkiHAiK 6epeai. CoHaan-aKk eHim
WbIFbIMbIHA >XaHEe KaTanu3aTopablH TYpPaKTbiNbiFbiHA 9cep eTeTiH 6acekenec xaHaMma peakumsanapabiH,
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Introduction
Over the past few decades, the global oil refining
industry has undergone profound changes,
driven by increasingly stringent environmental
regulations and growing demand for high-quality,
high-performance fuels. One of the primary
missions of modern refineries is to produce high-
octane gasoline while minimizing the concentration
of environmentally harmful components, particularly
aromatic  hydrocarbons,  sulfur  compounds,
and leaded additives [1].

In this context, the catalytic isomerization of light
paraffins has become a process of -crucial
technological importance. This process converts low-
octane normal alkanes into their branched structural
isomers, which exhibit better anti-knock properties
and thus help improve engine performance and fuel
efficiency. Unlike catalytic reforming, isomerization
does not lead to the intensive formation of benzene
or other toxic aromatic compounds, making it a more
environmentally friendly method for improving
gasoline quality [2].

Light naphtha fractions, particularly those containing
C,—C¢s hydrocarbons, are the optimal feedstock
for isomerization processes. These fractions
are abundant in crude oil and can be effectively
upgraded through intramolecular rearrangement
without altering their general molecular formula.
Consequently, isomerization plays a key role
in increasing the yield of high-octane components
intended for blending in modern refining concepts [3].
From a fundamental perspective, the isomerization
of alkanes constitutes a complex catalytic
system, determined by the interaction between
thermodynamic constraints, reaction Kkinetics,
and catalyst functionality. The reaction mechanism
generally involves carbocationic intermedia-
tes formed at active acid sites and comprises
a sequence of elementary steps, including hydri-
de shifts, skeletal rearrangements, and rever-
sible hydrogenation-dehydrogenation reactions.
At the same time, competing side reactions
such as hydrocracking and aromatization may occur,
which impairs selectivity and complicates process
optimization [4].

Another important factor is the discrepancy between
theoretical and practical process values. Although
thermodynamic analysis determines the upper
limit of the isomer yield that can be achieved,
actual industrial results are often limited by kinetic
constraints, diffusion and mass transfer resistances,
as well as catalyst deactivation phenomena
due to coke deposits or poisoning. To achieve
optimal operating conditions, it is therefore neces-
sary to carefully and systematically harmonize
the reaction parameters, catalyst design, and reactor
configuration [5].

In recent years,
and in industrial

both in scientific research
practice, there has been

an increasing use of advanced mathema-
tical modeling and simulation methods to gain
a deeper understanding of isomerization systems.
These tools facilitate the prediction of equilibrium
compositions, the elucidation of reaction pathways,
and the accurate modeling of industrial plant
performance under various operating conditions.
For this reason, this review aims to provide
a comprehensive analysis of the thermodynamic,
kinetic, and catalytic properties of light alkane
isomerization, as well as a critical evaluation
of modern technological approaches and the key
challenges associated with their large-scale
industrial implementation [6].

Consequently, studies devoted to the systematic
optimization of industrial isomerization plants remain
relatively rare in the available scientific literature.
This is primarily due to the difficulty of developing
rigorous kinetic models, which are a fundamental
component of any reliable optimization scheme
for isomerization reactors. Creating such models
requires a detailed consideration of extensive
reaction networks, as well as the inclusion of catalytic
and transport phenomena, which significantly
complicates their practical implementation [7].

Literature review

A number of previous studies have approached
this problem from various methodological perspec-
tives. The influence of metal-acid balance
in Ni/fSAPO-11 catalysts for n-hexane hydroisome-
rization was also considered by Lyu, et al. [8].
For example, Besl, et al., presented a brief
assessment of the optimization of the Penex
isomerization process at a German refinery, thereby
offering one of the first practical insights into process
improvement on an industrial scale. However,
their work was primarily focused on applied aspects
and did not include a detailed mechanistic inter-
pretation of the underlying reaction pathways [9].

In contrast, simplified kinetic model that accounts
only for the main reaction pathways, namely
isomerization and cracking. This model was
applied to optimize the process using a liquid
aluminum chloride (AICI;)-based catalytic system
and demonstrated that reduced-order kinetic
models can still serve as effective tools in process
development and optimization [9].

Akhari, et al., investigated the effect of feed
composition, specifically the presence of methyl-
cyclopentane, on isomerization yield using process
simulation in HYSYS". In addition, they conducted
experimental studies on the effect of hydrogen
partial pressure on the activity of Pt-mordenite
zeolite-based catalysts and on the conversion
of n-paraffins. Based on these results, kinetic
equations were proposed for the conversion of Cs
and C¢ hydrocarbons [10].

"Aspen HYSYS (or simply HYSYS) is a chemical process simulator currently developed by AspenTech used to mathematically
model chemical processes, from unit operations to full chemical plants and refineries.
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Further experimental work by Brito, et al., focused
on Pt-Ni / mordenite catalysts with various metal
ratios. Their results showed that the composition
of the metal phase has a significant effect on catalytic
activity and selectivity. In addition, a kinetic model
was developed to describe the catalyst's behavior
during deactivation, which is crucial for assessing
the catalyst’s long-term stability [11].

Koncsag, et al, developed a kinetic model
of Cs—Cs isomerization on Pt / zeolite H catalysts
under conditions typical of industrial production,
which improved the reliability of process modeling
when applied at the refinery scale [12].

Surla, et al., proposed an event-driven approach
to kinetic modeling to describe Cs—C,4 isomerization
on chlorinated aluminum oxide-based -catalysts.
This methodology provides a more detailed
mechanistic description of the elementary reaction
steps and allows for a deeper understanding
of complex networks of catalytic reactions [13].
Most recently, Chekantsev, et al., proposed
a comprehensive kinetic model applicable
to the three main classes of isomerization cata-
lysts. Their reaction network includes 36 elementary
steps, providing a highly detailed view of the system.
The study showed that, although the overall reaction
rates are comparable for different types of cata-
lysts, there are significant differences at the level
of individual isomerization pathways. It is important
to note that the model agrees well with experimen-
tal data for all the catalytic systems studied,
which confirmed its validity and reliability [14].

Materials and methods

This review article is based on an analysis
of recent scientific literature on the isomerization
of light paraffinic hydrocarbons and the develop-
ment of industrial hydroisomerization catalysts.
The theoretical basis of the study was determi-
ned using peer-reviewed publications indexed
in major scientific databases, including Scopus,
Web of Science, ScienceDirect, MDPI?, ACS
Publications®, and Chemical Society Reviews,
with a focus on articles published between 2019
and 2025. Other sources were studies of industrial
isomerization technologies and the thermodynamic
foundations of catalytic processes.

The bibliography was selected and prepared using
a number of key terms such as hydroisomerization,
isomerization of light naphtha, bifunctional catalysts,
Pt / CI-AlL,O5, zeolites, SAPO-11, sulfated zirco-
nium oxide, equilibrium constant, thermodynamics,
metal acid equilibrium, hydrocracking, catalyst
deactivation, formation, coke isomerization, paraffin
isomerization, branched isomers, catalytic acid,
and hydrogenation—dehydration function.

The collected data was processed using com-
parative, thermodynamic, and content analysis

approaches. The studies were evaluated in terms
of how temperature, acid content in the catalyst,
metal-acid site ratio, pore structure, and carrier
type affect the activity, selectivity, and stability
of hydroisomerization catalysts. Particular attention
was paid to how the reaction temperature affects
the thermodynamic equilibrium, the equilibrium
constant (Keq), the distribution of the product
between different isomers, and the degree of side
reactions such as hydrocracking and coke formation.
In addition, the literature on the modification
of catalysts with metals such as Pt, Ni, and Pd
was reviewed, as well as comparisons of catalytic
systems based on chlorinated aluminum oxide,
zeolite, SAPO-11, and sulfated zirconium oxide.
Important performance indicators were taken
into account, including n-alkane conversion,
selectivity to isoparaffins, operating temperature
ranges, resistance to sulfur-containing and water-
containing impurities, and catalyst deactivation rates
associated with coke separation.

In general, the information collected was sum-
marized to clarify the relationship between thermo-
dynamic constraints and catalytic behavior in various
systems, determine optimal conditions for modern
hydroisomerization processes, and evaluate
the industrial potential of modern bifunctional
catalysts to improve the octane number of light
petroleum fractions.

Results

A review of the literature shows that the catalytic
isomerization of light alkanes is affected not
by a single factor, but by the complex effect
of catalyst acidity, metal function, reaction
temperature and pore structure. In most studies,
bifunctional catalysts are considered the most
effective systems for isomerizing C—C alkanes.
This is because metal centers are responsible
for  hydrogenation-dehydrogenation  reactions,
while acid centers contribute to the formation
and rearrangement of intermediate carbenium ions.
Comparison of different catalytic systems showed
that chlorinated alumina-based catalysts have very
high activity at relatively low temperatures, usually
in the range of 120-180°C Zeolite-based catalysts,
such as Pt/mordenite and Pt/HBEA, generally
require higher operating temperatures, but are more
stable, more resistant to contamination, and have
a longer service life. Molecular sieves of SAPO-11
and other silicoalumophosphates are also important,
since their porous structure allows form selectivity
and promotes the formation of monoramidal isomers.
The literature also confirms that temperature plays
a dual role in the isomerization process. At lower
temperatures, the formation of branched isomers
is thermodynamically favorable, but the reaction
rate is still limited because the formation of active

2 MDPI (Multidisciplinary Digital Publishing Institute) is a publisher of peer-reviewed, open access journals since

its establishment in 1996.

3 ACS (The American Chemical Society) is a scientific society based in the United States that supports scientific inquiry

in the field of chemistry.
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intermediates is slow. At higher temperatures,
the reaction is faster, but selectivity may decrease
due to stronger hydrocracking, aromatization
and coke formation. For this reason, the optimal
temperature range should be selected according
to the type of catalyst and the required balance
between the conversion, selectivity and stability
of the catalyst.

Coke formation has also been identified as a major
cause of catalyst decontamination. In some cases,
a small amount of coke can have a positive effect,
since it blocks non-selective external acid centers
and increases selectivity. However, excessive coke
build-up blocks micropores, reduces the number
of available active sites, and hinders the diffusion
of reagents and products. Hierarchical catalysts
with additional mesoporous channels have better
diffusion properties and slower deactivation
than conventional microporous catalysts.

Fundamentals of Alkane Isomerization

Alkane isomerization is a fundamental class
of transformations in hydrocarbon chemistry,
which involves the rearrangement of the carbon
skeleton while maintaining the molecular formula.
In the context of petroleum refining, this process
predominantly refers to the conversion of linear
(conventional) alkanes into their branched
counterparts. Despiteitsapparentstructural simplicity,
this transformation is determined by the complex
interaction of molecular structure, energy factors
and catalytic effects. Conventional alkanes have
a relatively low chemical reactivity, which can be
explained by the presence of strong ¢ bonds (C-C
and C-H) and the absence of functional groups
or T-systems. In terms of molecular orbitals,
their highest occupied molecular orbitals are
characterized by low energy levels, while the lowest
unoccupied molecular orbitals remain energetically
inaccessible under mild conditions. This electro-
nic configuration explains its inherent inertia,
which requires the use of highly active catalytic
systems capable of generating reactive inter-
mediates to initiate the isomerization process [15].
The thermodynamic driving force of alkane
isomerization is due to the difference in the stability
of the linear and branched isomers. Branched
alkanes tend to be thermodynamically more stable
due to the combined effect of hyperconjuga-
tion and the electron-donating inductive effect
of the alkyl substituents. This higher stability
is directly related to a higher compression ignition
resistance, which leads to a higher octane number
and better fuel efficiency. From a constructive point
of view, the degree of branching plays a decisive role
in determining the quality of fuel. Single-stranded
isomers, such as methylpentanes, generally have
a moderate octane number, while more bran-
ched structures, including dimethylbutanes, have
significantly higher anti-knock properties. Therefore,
industrial isomerization processes are designed

not only to facilitate the conversion of n-alkanes,
but also to selectively promote the formation
of highly branched isomers [16].

Isomerization is particularly relevant for light
hydrocarbons in the C,—C, range, which make
up a significant part of the light naphtha fluxes.
Due to their relatively simple molecular structure,
these compounds undergo efficient structural
adaptation under catalytic conditions, which makes
them an ideal raw material for increasing the octane
number. In addition, light alkanes, in contrast
to heavier hydrocarbons, are able to approach
thermodynamic equilibrium under correspondingly
optimized process conditions. An additional feature
of alkane isomerization is its reversible nature.
The reaction takes place in a thermodynamic
equilibrium state, the final distribution of the isomers
being determined mainly by temperature and,
to a lesser extent, by pressure. As a result, the com-
position of the product is determined not only by ki-
netic factors, but also by equilibrium constraints [17].
In industry, isomerization is usually integrated
with other refining processes such as hydrogen
treatment and fractionation to improve the overall
efficiency of the process. Before isomerization,
the raw materials are usually subjected to purification
steps to remove catalytic chemical agents, including
sulfur- and nitrogen-containing compounds, as well
as moisture, which can negatively affect the catalytic
activity and stability. Therefore, alkane isomeriza-
tion is a key to improving modern petroleum refining
by combining the basic principles of physical chem-
istry with advanced technological processes that en-
able cleaner fuels with a higher octane number [18].

Mechanism of Catalytic Isomerization

The catalytic isomerization of alkanes is a me-
chanically complex multiphase process that occurs
due to the formation of highly reactive intermedi-
ates and involves the synergistic contribution of ac-
id-catalyzed and metal-catalyzed transformations.
The reaction mechanism is most often interpreted
within the framework of carbocation chemistry (car-
bene ion chemistry), which provides a consistent
theoretical basis for describing not only the desired
skeletal rearrangements, but also the formation
of undesirable by-products [19].

In industrial conditions, alkane isomerization is usu-
ally carried out in bifunctional catalytic systems
containing both metallic and acidic active centers.
These functions perform complementary and inter-
dependent functions across the entire reaction net-
work. In particular, the metal component promotes
reversible hydrogenation-dehydrogenation steps,
which allow the formation of reactive olefin or car-
bocation precursors, while acidic centers contribute
to structural restructuring through the formation
and transformation of carbocation intermediates. Ef-
fective cooperation between these two types of active
centers is a critical factor for the catalytic activity,
selectivity, and overall efficiency of the process [20].
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Formation of Reactive Intermediates

The initial stage of the isomerization mechanism
involves the activation of a relatively inert alkane
molecule, which is an important kinetic barrier
in the overall process. In bifunctional catalytic
systems, this stage usually begins with the active
metal centers, where the alkane is dehydrogenated
to form alkenes or intermediates bound
to the surface. The formation of this unsaturated
intermediate is important because it significantly
increases the reactivity of the molecule and ensures
its subsequent participation in acid-catalyzed
transformations [21].

After the formation of the alkaline intermediate,
it moves to the acidic active center, where it is
protonated, resulting in the formation of a carbenium
ion. This positively charged intermediate plays
a central role in the isomerization mechanism
because it provides the electronic and structural
flexibility needed to rearrange carbon-carbon bonds.
In systems characterized by an exceptionally high
acid content, such as superacid media, an alternative
activation pathway may be used.

In such cases, carbocations can be formed
directly by separating the hydride from the alkane,
avoiding the intermediate stage of alkene formation.
Regardless of the specific pathway, the formation
of carbenium ions is a critical mechanical step,
since it provides a subsequent restructuring
of the skeleton, which leads to the formation
of branched isomers [22].

Skeletal Rearrangement

Once generated, the carbenium ion undergoes
a sequence of structural rearrangements through
a series of elementary transformations. The most sig-
nificant among these are 1,2-hydride shifts and alkyl
shifts, involving the migration of methyl or larger al-
kyl groups along the carbon framework. These intra-
molecular rearrangements result in the progressive
stabilization of the carbocation, generally following
the well-established stability order: primary < sec-
ondary < tertiary [23].

From a mechanistic standpoint, two principal types
of rearrangements are typically distinguished. Type
A rearrangements involve relatively straightforward
hydride or alkyl shifts and proceed at comparative-
ly high rates due to their lower activation barriers.
In contrast, Type B rearrangements are associated
with the formation of more highly branched struc-
tures and often proceed via non-classical intermedi-
ates, such as protonated cyclopropane-like species.
These pathways are usually more complex but are
essential for generating isomers with superior struc-
tural branching.

The intrinsic tendency of carbocation intermediates
to evolve toward more thermodynamically stable
configurations serves as the primary driving force
for skeletal rearrangement. As a result, the reaction
network ultimately favors the formation of highly
branched isomers, which are both energetically pre-

ferred and technologically desirable due to their en-
hanced fuel properties [24].

Chain Propagation and Product Formation
After rearrangement, the carbocation undergoes
a hydride transfer from another alkane molecule.
This step produces the final branched alkane and si-
multaneously generates a new carbocation, allowing
the reaction to proceed as a chain process.

In bifunctional catalysts, the final step involves hy-
drogenation of the intermediate species on metal
sites, ensuring the formation of stable saturated hy-
drocarbons and preventing excessive accumulation
of olefins [25].

Side Reactions

Following skeletal rearrangement, the carbenium ion
undergoes a hydride transfer reaction with a neigh-
boring alkane molecule. This step results in the for-
mation of the final branched alkane product while si-
multaneously generating a new carbocation species,
thereby sustaining the reaction through a chain-type
propagation mechanism.

In bifunctional catalytic systems, the final step
involves hydrogenation of intermediate species
on metal sites, ensuring the formation of stable satu-
rated hydrocarbons and preventing excessive accu-
mulation of olefinic compounds, which could other-
wise lead to catalyst deactivation [26].

Role of Catalyst Structure

The mechanism of alkane isomerization is strong-
ly governed by the physicochemical properties
of the catalyst, which determine both activity and se-
lectivity of the process. In particular, the most influen-
tial parameters include: (i) the strength and density
of acid sites responsible for carbocation formation
and rearrangement, (ii) the dispersion and intrin-
sic activity of metallic sites involved in hydroge-
nation—dehydrogenation steps, and (iii) the pore
architecture of the catalyst, which imposes diffusion
constraints and shape-selective effects on reactant
and intermediate species.

Industrial isomerization of light alkanes is usually
carried out using bifunctional catalysts containing
both metallic and acid-active centers. The overall
performance of these catalyst systems depends
on several important factors, including the acidity
of the catalyst, the distribution of metal components,
the structure of the auxiliary material, the resistance
of the catalyst to attenuation, and the selected op-
erating conditions. The most used catalysts in mod-
ern purification practice include chlorinated alumina
catalysts, zeolite-based systems, and silicoalumino-
phosphate molecular sieves, particularly SAPO-11,
each of which has its own advantages and limitations
specific to industrial use [27]. The main industrial
catalytic systems used for the isomerization of light
alkanes and their comparative characteristics
are given in Tab. 1 [25-29].
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Table 1. Comparative analysis of the major industrial catalysts used for light alkane
isomerization [25-29]

Catalyst system Typical operat:ng Activity SEIECtIV.'ty 0 Sulfl{r jateyficobsjformation Main advantages | Main limitations
temperature, °C branched isomers| resistance tendency
High octane Sensitive to
Pt/ CI-Al,O3 120-180°C \Very high [Very high Very low Moderate enhancement at low |moisture and
temperature sulfur compounds
Pt / Zeolite Lower than Higher thermal Requires higher
" 220-280°C High High Good chlorinated stability and longer |operating
(mordenite, HBEA) .
catalysts catalyst life temperature
High for mono- Excellent shape Lower overall
Pt/ SAPO-11 250-320°C Moderate | ' ] Good Low selectivity and N
branched isomers o conversion
stability
Improved metal More complex
Pt-Ni / Mordenite 220-300°C High High Moderate Moderate dispersion and catalyst
hydrogenation ability |preparation
Sulfated zirconia- Strong acidity and  |Rapid
150-220°C \Very high |Moderate Low High high low-temperature|deactivation due
based catalysts - N
activity to coking

The isomerization of light naphtha is an impor-
tant purification process for improving the quality
of gasoline by increasing the octane number.
This is achieved by converting straight-chain
paraffins into their valuable branched isomers.
For this purpose, different catalyst systems are
used in industry, which behave differently depend-
ing on the balance of activity, selectivity and stabi-
lity. One of the most active types of catalysts is PT /
CI-Al, O3, which operates at relatively low tempera-
tures (120-180°C). It has a high activity and high
selectivity to branched products, which means
that it is very efficient in processing raw materials
under mild conditions. But its main disadvantage
is the sensitivity to impurities such as sulfur and wa-
ter. Even small amounts of these impurities can
quickly disable the catalyst, which makes it difficult
to work in less purified energy systems [26-27].

On the other hand, Pt / zeolite-based catalysts
(for example, mordenite, ZSM-5 (Zeolite Socony
Mobil-5, an MFI-type zeolite) and B-zeolite) oper-
ate at high temperatures (220-280°C). Although
they are somewhat inactive at low temperatures,
they are much more stable and resistant to contam-
ination. This makes them convenient for industrial
use, especially in real refinery conditions, where per-
fect purification of raw materials is not always possi-
ble. Catalysts based on SAPO-11 generally operate
at 250-320°C. and are known for their high form
selectivity. Due to their one-dimensional porous
structure, they contribute to the formation of sin-
gle-branched isomers [28].

However, their total conversion is lower com-
pared to zeolite-based catalysts, which limits their
use in large-scale industrial applications that re-
quire high performance. Pt-Ni / mordenite-based
catalysts have improved performance by in-
creasing the dispersion of metals and improv-
ing hydrogenation-dehydrogenation  processes,
which helps to improve the efficiency of isomeri-
zation. The downside is that they are more difficult
to cook and tend to be more expensive. Another
important class of catalysts are sulfonated zir-
conium-based catalysts, which can have a very

high acidity and high activity at low temperatures
(150-220°C) [29].

However, they quickly fail due to long-term intensive
coking and low temperature resistance. In general,
isomerization does not have a single “ideal” catalyst.
Systems based on chlorinated alumina offer very
low temperature properties but are very sensitive.
Zeolite-based catalysts are an industrially balanced
and reliable solution. SAPO-11 materials have high
selectivity, but low conversion rate, and sulfonated
zirconium systems have high activity, but are un-
stable over time. As a result, the choice of catalyst
always involves an interaction between activity, se-
lectivity, resistance to poisoning and long service life
under the conditions of use [27-28].

Isomerization Catalysts and Coke Formation
The isomerization of n-alkanes in bifunctional
Pt / H-beta catalysts is strongly influenced by sev-
eral key factors, including catalytic acid, pore
structure, reaction temperature, hydrogen pressure
and coke formation during the reaction. The high
catalytic activityof Pt / H-beta systems is mainly due
to the synergistic interaction between the platinum
centers, which promote hydrogenation-dehydro-
genation reactions, and the Brgnsted acid centers,
which are responsible for the formation of carboca-
tions and the structural rearrangement of hydrocar-
bon molecules.

For the isomerization of n-pentane, the most
favorable catalytic performance is generally obser-
ved at temperatures between 250°C and 300°C.
In this temperature range, a balance between con-
version and selectivity with respect to isopentane
can be achieved. At lower temperatures, the reac-
tion rate decreases, since the formation of reactive
carbocation intermediates is kinetically restricted.
On the contrary, temperatures above 300°C favor
secondary hydrocracking reactions and accelerate
the formation of coke, which has a negative effect
on the stability of the catalyst. Under optimal con-
ditions, the selectivity with respect to the branched
Cs isomers can exceed 80%, while the formation
of crack products remains relatively limited.
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The formation of coke plays a complex role
in the functioning of the catalyst. Thermogravimet-
ric analysis shows that the coke content gradually
increases over time, reaching about 3—-7 wt.-% can
reach.% depends on the intensity of the reaction
and the composition of the raw material. A small
amount of coke can partially block the non-selective
external acid centers, which improves the selectivity
of the form and promotes the formation of monorami-
dal isomers. However, the continuous accumulation
of coke eventually blocks the microporous channels
and reduces the activity of the catalyst.
Temperature-programmable oxidation and UV-Ra-
man spectroscopy show that carbon deposits are
gradually converted from low-condensed hydrocar-
bon forms to more condensed aromatics and graph-
ite structures during long-term operation. These
highly condensed coke particles significantly reduce
the availability of active centers and limit the diffu-
sion of hydrocarbon molecules within the zeolite
structure.

Stronger diffusion restrictions are observed
in the isomerization of heavier hydrocarbons such
as n-hexadecane. At temperatures close to 300°C
and hydrogen pressures up to 50 bar, the Pt/ h beta
catalysts are gradually deactivated due to the inten-
sive coke deposition within the microporous struc-
ture. Under such conditions, the hydrocracking re-
actions become more dominant, while the selectivity
to the branched C,¢ isomers decreases with increas-
ing reaction time. The introduction of mesoporos-
ity by desalination significantly improves the per-
formance of the catalyst. Hierarchical pt / H-beta
catalysts containing additional mesoporous chan-
nels allow better molecular diffusion and less coke
accumulation compared to conventional microp-
orous zeolites. As a result, these catalysts exhibit
a higher sealing activity, a better selectivity with res-
pect to branched hydrocarbons and lower decon-
tamination rates in long-term operation.

The importance of the Brgnsted external acid cen-
ters was further confirmed by selective poisoning ex-
periments with 2,6-di-tert-butylpyridine. The blocking
of the external acid centers suppresses the second-
ary cracking reactions and improves the selectivity
of the impregnation, which indicates that the reac-
tions occurring within the closed zeolite channels
are more favorable for selective skeletal rearrange-
ment. The pre-coking treatment with n-pentane
and toluene as coke precursors also influences
the catalytic properties. In particular, coke derived
from toluene forms more condensed aromatic
deposits which suppress the cracking reactions
and stabilize the selectivity with respect to the de-
sired branched products. However, the excess
of pre-coke eventually leads to a strong clogging
of the pores and a significant decontamination
of the catalyst [16, 29].

Equilibrium Limitations in Real Systems
In the catalytic isomerization of light alkanes, ther-
modynamic equilibrium plays a fundamental role

DOI: 10.54859/kjogi108984

in determining the theoretical upper yield limit
of the branched isomer. However, in real industri-
al systems, the observed product distribution often
differs significantly from the equilibrium composition
due to a combination of kinetic constraints, transport
phenomena, and catalytic constraints. Therefore,
thermodynamic equilibrium should be considered
as an idealized reference state, and not as a condi-
tion achievable during operation [23].

From a thermodynamic point of view, the isomeri-
zation of n-alkanes into iso-alkanes is a reversible
and moderately exothermic process. At relatively low
temperatures, the equilibrium position shifts towards
the formation of highly branched isomers, which ex-
hibit greater thermodynamic stability as a result
of increased molecular compactness and lower
Gibbs free energy. On the contrary, with increasing
temperature, the equilibrium composition gradually
shifts towards less branched or even linear species,
which is consistent with the Le Chatelier principle.
This internal thermodynamic behavior determines
the optimal temperature regime for industrial oper-
ation.

The relationship between reaction tempera-
ture and isomerization conversion is illustrated
in Fig. 1 [16]. As can be seen, at lower temperatures
the process is predominantly limited by reaction ki-
netics, whereas at higher temperatures thermody-
namic equilibrium becomes the main limiting factor.
The optimal operating temperature corresponds
to the maximum achievable actual conversion under
industrial conditions. As shown in Fig. 2, at lower
temperatures the process is predominantly limited
by reaction kinetics, whereas at higher temperatures
thermodynamic equilibrium becomes the main limit-
ing factor [23].

Despite the favorable equilibrium position at low
temperatures, industrial operation in such condi-
tions is impossible due to serious kinetic limitations.
Sufficient activation energy is required for the for-
mation of carbenium ion intermediates, and at low
temperatures, the rate of their formation is signifi-
cantly reduced. As a result, the system may remain
far from equilibrium, even when thermodynamic
conditions favor the formation of branched isomers.
This discrepancy between the thermodynamic driv-
ing force and kinetic availability is a key limitation
in practical isomerization reactors [13—14].

The limitations of mass transfer are another critical
factor contributing to the deviation from equilibrium.
In heterogeneous catalytic systems, especially those
based on zeolite or microporous materials, the rate
of diffusion of reagents and products within the partic-
les can become decisive. The pronounced difference
in diffusion rates between linear and branched iso-
mers can lead to the appearance of internal concent-
ration gradients inside the catalyst particles [6, 15].
Consequently, the observed distribution of products
reflects patterns of reaction kinetics and transfer re-
sistance rather than true thermodynamic equilibrium.
Deactivation of the catalyst further exacerbates
deviations from equilibrium in industrial systems.
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Figure 1. Conversion of n-pentane and selectivity to iso-pentane of the catalytic isomerisation
of n-pentane over 0.5 g Pt / H-Beta catalyst at WHSV of 1.5 h-1, H, / pentane mole ratio of 3.12,
and at 200, 250, 300, and 350°C reaction temperatures [16]

Figure 2. Effect of reaction temperature
on actual and theoretical conversion in light
alkane isomerization [23]

Over time, the active centers may gradually become
blocked due to the deposition of coke, highly adsorbed
reaction intermediates, or impurities in the raw
materials. This leads to a decrease in the number
of available acid and metal centers, thereby re-
ducing the overall catalytic activity and changing
the balance between isomerization and competing
side reactions. In addition, spatially uneven deacti-
vation along the catalyst layer can cause axial fluc-
tuations in activity, which further deviates the system
from the equilibrium state. The presence of paral-
lel side reactions, including cracking, hydrogenoly-
sis, and aromatization, also plays an important role
in limiting the achievement of equilibrium. These re-
actions compete directly with the isomerization pro-
cess for the presence of reagents and intermediates
and, as a rule, intensify at elevated temperatures
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and longer holding times. Under such conditions,
the system can approach a steady state that differs
significantly from the thermodynamically equilibrium
composition [16, 24].

The partial pressure of hydrogen indirectly affects
the approach to equilibrium, although it does not
directly participate in the stoichiometry of isom-
erization. Hydrogen plays a crucial role in stabiliz-
ing the metal sections responsible for the stages
of hydrogenation and dehydrogenation, and in sup-
pressing the formation of coke. Insufficient availa-
bility of hydrogen can contribute to the accumulation
of olefins, thereby accelerating secondary reac-
tions and increasing the deviation from equilibrium
conditions. Finally, the hydrodynamics of the reac-
tor and factors related to the design introduce
additional imperfections [10, 12].

In fixed-bed reactors, phenomena such as channel
formation, axial dispersion, and radial temperature
gradients can lead to local deviations from optimal
operating conditions. These spatial inhomogeneities
lead to the fact that sections of the catalyst layer
operate in suboptimal modes, thereby preventing
the achievement of general equilibrium in the sys-
tem. In general, equilibrium constraints in alkane
isomerization systems arise from a complex inter-
action of thermodynamic constraints, finite reac-
tion kinetics, mass transfer resistances, catalyst
deactivation, and competing reaction pathways.
A comprehensive understanding of these deviations
is necessary to develop accurate reactor models
and optimize industrial processes aimed at maximi-
zing the yield of high-octane branched
isomers [10, 13—-14].
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Discussion

The catalytic isomerization of light alkanes (C,—Cs)
remains one of the most technologically significant
processes in modern oil refining, playing a central
role in the production of components for mixing
high-octane gasoline. This process makes it pos-
sible to convert linear paraffinic hydrocarbons
into their branched isomers, which have significantly
improved anti-knock properties, while minimizing
the formation of highly toxic aromatic compounds
commonly associated with alternative enrichment
methods such as catalytic reforming. This review
shows that the process of alkane isomerization
is regulated by a complex and interdependent
combination of thermodynamic, kinetic, and catalytic
factors. From a thermodynamic point of view,
branched isomers are preferable to use at lower
temperatures due to their higher internal stability
and lower Gibbs free energy. On the contrary,
an increase in temperature shifts the equilibrium
composition towards less branched structures
and at the same time increases the likelihood
of undesirable secondary reactions.

However, the practical implementation is significantly
limited by the kinetics of the reaction, since sufficient
activation energy is required for the formation
of intermediate compounds of carbenium ions
and subsequent structural rearrangements,
which limits the possibility of carrying out a low-
temperature process. The mechanistic analysis
highlights the critical importance of bifunctional
catalytic systems in which metallic regions contribute
to the hydrogenation-dehydrogenation stages,
while acidic regions contribute to the restructuring
of the skeleton with the help of intermediate
carbenium ions. The synergistic interaction between
these two types of active centers determines both
the catalytic activity and the selectivity of the product.
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However, the effectiveness of the catalyst
is constantly affected by competing side reactions,
including hydrocracking, aromatization and coking,
which contribute to a decrease in selectivity
and gradual deactivation of the catalyst.

Conclusion

The key conclusion of this study is that real industrial
systems rarely achieve true thermodynamic
equilibrium.  Significant deviations occur as
a result of internal kinetic constraints, resistance
to intra- and interparticle mass transfer in porous
catalysts, imperfect reactor hydrodynamics,
and gradual deactivation of the catalyst. Together,
these factors determine the actual distribution
of the product and, therefore, must be carefully
considered when designing the reactor, expanding
production and optimizing the technological process.
In general, the efficient operation of isomerization
plants requires an integrated approach combining
thermodynamic analysis, detailed kinetic modeling,
and advanced catalyst development technologies.
Recent developments in the field of catalytic
materials, reactor configurations, and computer
modeling techniques have significantly improved
the productivity and selectivity of the process.
However, further research is still needed
to achieve a more complete understanding of reac-
tion systems at the molecular level and to deve-
lop catalysts with increased stability, activity,
and selectivity in industrial environments. In conclu-
sion, it should be noted that alkane isomerization
is a mature but constantly evolving field of oil re-
fining, in which continuous progress is mainly due
to global demand for environmentally friend-
ly fuels, increased energy efficiency and more
environmentally friendly refining technologies.

OONOJIHUTEJIbHO

UcTouHuk hmHaHcupoBaHua. [laHHoe nccnenosa-
HWe BbINo NPoBEAEHO B pamKax NporpammHo-Liene-
BOro omHaHcmpoBaHus Komuteta Hayku MuHucTep-
CTBa Hayku U BbicLlero obpasoBaHus Pecnybnuvkm
KasaxctaH (MpaHT NeBR24992883 "Co3gaHue Hayuy-
HO-TEXHOMOIMMYECKOro napka HedTEXUMUA U MONU-
MEpHbIX MaTepuanoB AN NPefoCTaBMneHns YCnyr,
N BHeApeHus npuknagHbix pesynsratos HAP B npu-
OpUTETHbIE CEKTOpPa 3KOHOMMKM CTpaHbI").
KoHdnukt wuHTepecoB. ABTOpbl [eknapupylot
OTCYTCTBME SIBHbIX W MOTEHLMANbHbIX KOH(PIMKTOB
MHTEPECOoB, CBSI3aHHbIX C Nybnukauuen HacTosiLLen
cTaTtby.

BnaropapHocTb. ABTOpbl BblpaxalT 6rarogap-
HOCTb Hay4yHOMY PYKOBOAMTENO W npenogaBaTe-
nsM pakynsTeTa eCTeCTBEHHbIX Hayk EBpasumiickoro
HaumMoHanbHoro yHusepcuteta um. J1.H. 'ymunésa
3a UEeHHble KOHCYmNbTauuv U HayuyHylo NOAAEPXKKY
B MpoLecce NoaroToBKy AaHHOro ob3opa.

Bknap aBTopoB. Bce aBTOpbl noateBepxaaroT
COOTBETCTBME CBOEIO aBTOPCTBA MEXAYHAPOAHbLIM
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Thermal Destruction of Composite Raw Materials Based
on Combustible Shale and Heavy Petroleum Products

Zhaksyntay K. Kairbekov’, Raushan G. Sarmurzina? Manshuk Z. Esenalieva’,
Alizhan A. Kairbekov', Saltanat M. Suimbaeva', Indira M. Dzheldybaeva’

'Al-Farabi Kazakh National University, Almaty, Kazakhstan

?Kazakhstan Association of Organizations of the oil and Gas and Energy complex “KAZENERGY”,
Astana, Kazakhstan

ABSTRACT

Background: The significance of this study stems from the necessity to broaden the hydrocarbon
resource base as conventional oil reserves are steadily declining. Consequently, alternative sources
like oil shale, which boast global reserves far exceeding those of traditional oil, have become a focal
point of interest. Furthermore, incorporating fuel oil into composite feedstock’s addresses the challenge
of efficiently processing heavy oil residues, converting them into high-value motor fuel components.
Aim: Determining the effect of composite feedstock composition (shale/fuel oil) on thermal degradation
parameters and investigating the physicochemical properties of the resulting products for their further
application as motor fuel components.

Materials and Methods: The study objects included oil shale from the Kenderlyk deposit (East
Kazakhstan Region, JSC “Quartz”) and petroleum fuel oil from the Pavlodar refinery (Northeastern
Kazakhstan). The hydrogenation process was studied using two types of equipment: in a rotating 2-liter
autoclave and on a bench-scale flow-through unit (reactor volume 0.8 L). For the disposal of sludge (solid
liquefaction residue), the pyrolysis method was used in a flow-through apparatus with a descending layer
of solid heat carrier.

Results: Analysis of experimental data showed that increasing the hydrogenation temperature of oil
shale from 410 to 440°C (at P = 8 MPa) intensifies gas formation from 10.2 to 12.2 wt.% and almost
doubles hydrogen consumption to 1.6 wt.%, contributing to an increase in the yield of gasoline
and diesel fractions. It was found that increasing the hydrogen pressure within the range of 4.0-8.0 MPa
has a positive effect on the performance: the organic mass of shale (OMS) increases by 20%, while
the yields of liquid products, gas, and water rise to 50.4, 10.5, and 7.7 wt.%, respectively. A further
increase in pressure beyond 8.0 MPa is impractical, as it does not significantly affect the process.
Optimization of the parameters of thermocatalytic processing of a mixture of fuel oil and shale made
it possible to identify the best conditions: temperature 420°C, time 60 min, and concentration of shale
as an activating additive 12 wt.%. In this mode, the total distillate yield reaches 59.2% by mass.
Conclusion: The fundamental feasibility and high efficiency of the co-processing of oil shale and heavy
petroleum residues have been proven. The resulting liquid degradation products possess optimal
physicochemical properties for the subsequent compounded processing of solid fossil fuels. They serve
as a direct alternative to the scarce components of highly marketable motor fuels.

Keywords: oil shale; fuel oil; thermal processing; liquid fuel; motor fuels.
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OpVI rmHanbHoe uccriegoBaHue

TepMuyeckasa AeCTPYKLUA KOMMNO3ULUOHHOIO Cbipbsl HA OCHOBE
roproYMX CriaHUeB U TAXENbIX HedhTenpoayKToB

X.K. Kaup6ekonr’, P.I. Capmyp3uHa?, M.3. EceHanueBa’,

A.A. Kanp6ekos’', C.M. CynmbaeBa', U.M. )xenabi6aeBa’

'Kasaxckuli HayuoHarnbHbIlU yHugepcumem um. anb-®Papabu, 2. Anmamsi, Kasaxcma
2KasaxcmaHckas accoyuayusi opeaHu3ayuli Heghmeaa3oe020 U IHEP2emMUYEeCK020 KOMIIeKca
«KAZENERGYp», 2. AcmaHa, KasaxcmaH

AHHOTALUMUA

O6ocHoBaHue. AKTyarnbHOCTb UCCreaoBaHUst 0bycrnoBneHa HeOOXOAMMOCTLIO PaCLLUMPEHUSI PECYPCHOW
6a3bl yrneBOAOPOAHOrO Chipbsi HA (POHE MOCTEMEHHOro WCTOLLEeHWUS 3anacoB Nnerko fobbiBaemont
HepTn. B cBA3M € 3TUM 0co60e BHUMaHWE MPUBMEKAIOT anbTepPHAaTUBHbIE WCTOYHWKW, Takue
Kak roptoyve cnaHubl, MMPOBbIE 3anacbl KOTOPbIX MHOTOKPaTHO MpeBbILLAT 3anackl TPagULMOHHON
HedTW. Vcnonb3oBaHWe MasyTa B KavyecTBe KOMMOHEHTa KOMMO3WLUMOHHOIMO Chipbsi peluaeT 3agjady
KBannuUUMpPOBaHHON YTUMN3aLUMMN TEHKENbIX HETSAHBIX OCTATKOB, MPeBpaLlasi MX B BbICOKONUKBUOHBIE
KOMMOHEHTbI MOTOPHbIX TONNVB.

Llenb. YcTaHOBRNEHWE BRUSIHAS COCTaBa KOMMO3WLMOHHOIO Cbipbs (CraHel / masyT) Ha nokasaTenu
npowecca TepMUYECKON OECTPYKLUN U N3yHeHUe (DU3NKO-XMMUYECKUX CBOMCTB NOMyYEHHbIX NPOAYKTOB
AN UX ganbHeunLero Ncrnosb30BaHNS B Ka4eCTBE KOMMOHEHTOB MOTOPHbIX TOMMMB.

Matepmanbl U Metoabl. O6bekTamMy MUCCNEnoBaHUA MOCNYXXUMN TOPOYUA CMaHeL, MeCTOPOXAEHUS
KeHgepnblk (BocTtouHo-KasaxctaHckast obnactb, KasaxctaH, AO «KBapu») u HedTsHOM MasyT
Maenogapckoro HedTenepepabatbiBaowero 3asoga (Ceepo-BoctouHbii KasaxctaH). [Mpouecc
rMaporeHn3aLmnm usydancst Ha AByx Tmnax obopynoBaHus: BO BpalLaloLeMcsl ABYXITMTPOBOM aBTOKIaBe
W Ha CTeHOOBOM MPOTOYHOM ycTaHoBKe (0O0bEM peaktopa 0,8 n). Ans ytunusauum wnama (TBEPAOro
ocTaTka OXWKEHWs) MPUMEHANCS MeTo4 NuMponmusa B NPOTOMHOM annaparte C HUCXOASLWMM CroeMm
TBEPAOro TENIOHOCUTENS.

PesynbraTbl. AHanM3 9SKCNepuMMeEHTanbHbIX AaHHbIX MNOKasarn, 4TO MOBbIEHWEe TemnepaTypbl
rmaporeHnsaumm roptodero cnadua ¢ 410°C go 440°C (npw pasnedun 8 MMa) wnHTeHcudmumnpyet
razoobpasosaHve c¢ 10,2 go 12,2%Macc. u yBenuyMBaeT pacxod Bogopoda MNOYTU BOBOE —
no 1,6%macc., cnocobcTByst pocTy Bbixoda OEH3MHOBLIX M AM3enbHbIX pakuuii. YCTaHOBMEHO,
4YTO POCT AaBneHns Bogopoaa B nHTepsane 4-8 MlNa nonoxutensHO BAWUSIET Ha NokasaTenu: cTeneHb
npeBpaLLeHUsi OpraHM4eckon Macchl criaHua Bo3pacTtaet Ha 20%, a BbIXoa XUOKUX NPOAYKTOB, rasa u
Boabl yBenuuneaetcst oo 50,4, 10,5 n 7,7%macc. cooTBETCTBEHHO. [lanbHelilee NoBbILLEHVE AaBeHNUs!
cebilwe 8 MlMa oka3biBaeTcs HelenecoobpasHbiM, T.K. He OKasbiBaeT CyLLECTBEHHOIO BANSHWSA Ha XOA
npouecca. OnTMMM3auMs napameTpoB TEPMOKaTanMTU4YEeCcKon nepepaboTkM cMecu MasyTa M crnaHua
no3sonuna BbIIBUTb Haunydwme ycriosusi: TemnepaTtypa 420°C, npogormkutenbHocTb — 60 MuH,
KOHLUEeHTpaLuus craHua Kak akTusupytowlen aobaeku — 12%macc. B gaHHOM pexvme cymmapHbIv BbIXOA,
auctunnaToB gocturaet 59,2%macc.

3akntoyeHune. B pabote pfokasaHa npuHUMNManbHas BO3MOXHOCTb M Bblcokas 3ddEeKTUBHOCTb
COBMECTHOMN NepepaboTku roprounx CrMaHUEB M TSXKENbIX HEMTAHLIX OCcTaTKoB. [MonyyeHHble Xuakue
NPOAYKTbI AECTPYKLUMM 06nagaroT onTumManbHbIMU (U3NKO-XMMUYECKUMM CBOWCTBaAMM ANS AarnbHenLwen
KOMMayHOMPOBaHHON nepepaboTkM  TBepAblX roproumx uckonaemblix. OHW  cnyxaT  npsmon
ansTepHaTUBOM AedUUUTHBIM KOMMNOHEHTaM BbICOKONMKBUAHLIX MOTOPHbIX.

Knroyeeble crioea: cnaHeuy, Malym, mepmuyeckas repepabomka, Xudkoe moriugo, MOMOPHbIe
monnuea.
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TynHycka 3epTTey

XaHfbilWw TaKkTaTactap MeH ayblp MyHau eHiMmaepiHe HerizgenreH
KOMMNO3ULMUASbIK LWUUKI3aTTbIH TePMUATbIK XKOUbINYbI

K.X. Kanbip6ekoB’, P.I. Capmyp3uHa?, M.3. EceHanueBa’,

9.A. Kanbipb6ekos', C.M. CynmbaeBa’, U.M. I xenagbibaeBa’

'On-®apabu ameiHOarbl Kasak ynmmbiK yHusepcumemi, Anmamesl Kanacsl, KazakcmaH
2KAZENERGY KasakcmaHObiK MyHali-ea3 XoHe 3HepeemuKa KeweHi ylibIMOapbiHbIH KaybiMOacmbifbl,
Acmana Kanacel, KasakcmaH

AHOATNA

Herispey. 3epTTeyaiH e3ekTiniri oHaw eHAipineTiH MyHaln KopnapbiHbIH OipTiHAEn capkbinybl asicbiHAa
KOMIpCYTeK LUMKi3aTbIHbIH PecypcTblk 6a3acblH KEHEWTy KaxeTTiniriHe ©6amnaHbICTbl TyblHAAN OTbIP.
OcebifaH GaiinaHbICTbl anemaik Koprapbl A8CTypni MyHan kopnapbliHaH GipHelle ece acbkin TYCeETiH
XKaHFbILW TakKTaTacTap cuskTbl banama kesgepre epekile Hasap aygapbinagbl. MadyTTbl KOMNO3ULNSANbIK
LUMKI3aTTbIH Kypamaac Geniri peTinge nanganady ayblp MyHan kanablKTapblH MOTOP OTbIHbIHbIH XXOfapbl
eTimai KOMMNOHEHTTEPIHE aHaNAbIPy apKbinbl GiNiKTi Typae Keaere xapaTty MaCeneciH welLlesi.
Makcatbl. KoMno3numsanelk LWWKi3aT KypamblHbIH (Taktatac / MasyT) TEpMUSASbIK biablpay NpoLeciHiH
KepceTKiluTepiHe acepiH Genriney xaHe onapAbl MOTOP OTbIHAAPbIHLIH KOMNOHEHTTEPI peTiHAe oAaH api
nanganady yLiH anblHFaH eHiMaepaiH prsnKanblk-XMMUSNbIK KACUETTEPIH 3epTTey.

Martepuanpap MmeH agictep. 3epTTey HbicaHaapbl KeHaipnik KeH OpHbIHbIH, XXaHfbIL TakTaTachl (LbiFbic
KasakctaH obnbickl, KasakctaH, «Kapu» AK) xaHe [aBnogap MyHanabl kavta eHAey 3aybITbIHbIH
myHan masyTbl (ConTycTik-LUbiFbic KasakcTaH) 6onabl. MaporeHmnsaums npoueci xabablKTbiH eki TypiHae
3epTTengi: avHanmanbl eki NUTPMiK aBTOKNaBTa XoHe CTEeHATIK afFblHAbl KOHAbIpFblAa (peakTopabiH,
kenemi 0,8 n). LUnamabl (CyMbINTyAbIH KaTTbl KaNAbIFbl) K84ere xapaTy YLWiH KaTTbl CankblHAATKbILTbIH,
TeMeHri kabaTbl 6ap afblHAbl annapaTtTa NMPoNu3 aici KonaaHbinabl.

HaTuxenepi. OKcnepuMeHTTIK AepekTepdi Tanfgay JKaHfbll  TakTaTacTblH  rMaporeHmsauuns
TemneparypacbiHblH,  410°C-TaH  440°C-ka pewiiH  keTepinyi (8 MIla kbicbiMga) ra3 TysinyiH
10,2-geH 12,2%macc.-Fa gewiH KyLLeUTETiHIH KOPCETTi, XKoHe CyTeri WbIFbIHbIH €Ki ece Aeprik apTTblipaabl —
1,6%macc. feniH, 6eH3VH MeH ausenb pakumanapbiHbiH WbIFbLIMABLIILIFBIHBIH, ©CYiHe biKNan eTepi.
4-8 MTlMa apanblfblHAafbl CyTeri KbICbIMbIHBIH, XXOFapblnaybl KOPCETKILLUTEPre OH 8cep eTeTiHi aHbIKTanapl:
TaKTaTacTblH OpraHukanblk MaccacblHblH e3repy gapexeci 20%-fa aptafbl, an CyWblK ©HIMAEpAiH,
rasgplH XoHe CcyablH LWbIfbiMbl carikeciHwe 50,4, 10,5 xoHe 7,7%Macc.-fa geviH aptagbl. 8 MIMa-gaH
)KOFapbl KbICbIMHBIH, OjaH api KeTepinyi MyMKiH eMec, eTKeHi Oyn npouecTiH 6apbicbiHa avTapnbikTan
acep ertnenai. MasyT neH wwudep KocrnacblH TepMmokaTanuTuKanblK kaWTa eHdey napameTprepiH
OHTalNaHAbIPY €H XaKCbl Xargavnapabl aHblkTayFa MyMKiHAIK 6epai: Temnepatypa 420°C, y3akTbifbl —
60 MUWH, WKdep KOHUEHTpaUMSCbl aKTUBTEHAIPETiH kocna peTiHae — 12%macc. byn pexumage
OUCTUNNATTapAbIH Xannsl WeiFbiMbl 59,2%Macc.-fFa xetegi.

KopbITbIHABI. XKyMbICTa aHfbIL TaKkTaTacTap MeH ayblp MyHal kangblkTapblH Giprnecin kanta eHaeyaid
NPVHUMNTI MYMKIHAIMN MeH XoFapbl TMIMAINIT AanenaeHai. AnblHFaH CynblK 4ECTPYKUMSA eHIMOepi KaTTbl
XaHfbllW Kkasbanapabl ogaH api kKoMnayHATanfFaH kahTa enAey YLWiH OHTannbl hU3nKanbiK-XMMUSbIK
kacuetTepre ne. Onap ofapbl 6TiMAi MOTOp OTbIHAAPbIHbIH TanLbl KOMNOHEHTTEPIHe Tikenen 6anama
6onbin Tabbinagbl.

Hezizzi ceadep: makmamac, mazym, mepMusifibiK kalima eHOey, cyliblK OMbiHbI, MOMOP OMbIHOaPbI.

[anekce3 KenTipy yLiH:
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oHiMaepiHe HerizgenreH KOMMO3MUUAMbIK LUMKI3aTTbiH TepMUSANbIK Xovbinybl // KasakcTaHHbIH, MyHan-ras
canacbiHbIH xabapLubicbl. 2026. 8 Tom, Ne2, 133-141 6. DOI: 10.54859/kjoqi108955.
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Introduction

The current state of the global energy sector is char-
acterized by a decline in traditional oil reserves
(not exceeding 90 billion tons) against the backdrop
of the enormous resource potential of combustible
shale concentrated in Russia, Kazakhstan, and Es-
tonia. In these conditions, the search for effective
methods of chemical processing of solid caustic
biolites is of strategic importance for replenishing
the deficit of hydrocarbon raw materials [1-3].
Previous studies (in particular, on the processing
of Gdov and Volga shales) were based on the use
of ultra-high pressures (up to 30 MPa). This tech-
nology is associated with critical wear and intensive
erosion of equipment, and high cost of end pro-
ducts [3-4].

There is an urgent need to develop processes
that operate under milder conditions. The transition
to the use of moderate pressure while maintaining
a high degree of conversion of organic mass of shale
(OMS) is a priority task.

Joint processing of high-ash shale with oil residues
not only expands the raw material base, but also sig-
nificantly improves economic performance by reduc-
ing capital costs for high-pressure equipment.
Interest in combustible shale as a component of raw
material mixtures for the production of motor fuels
is due to its unique physical and chemical properties,
which distinguish it favorably from traditional solid
fuels (coal). The relevance of research in this area
is based on the following key aspects:

Features of molecular structure: Organic mass
of shale (OMS) is considered a self-associated mul-
timer stabilized by weak electron donor-acceptor
(EDA) interactions. Unlike highly metamorphosed
coals, this structure allows up to 80% of OMS
to be converted into low-molecular-weight
liquid products under moderate thermal exposure
(350-380°C), which opens up opportunities for
the creation of energy-efficient technologies [5-6].
High reactivity: The predominance of naphthenic cy-
cles and aliphatic chains, as well as the presence
of labile oxygen-containing bonds, ensure high rates
of OMS destruction. This enables the hydrogenation
process to proceed under more moderate conditions
than those required by traditional heavy oil process-
ing techniques.

Resource efficiency and economics: The high hydro-
gen content in OMS (over 9%) significantly reduces
its external consumption during the hydrogenation
process. This key advantage makes shale process-
ing more economically attractive compared to coal
chemical processes [7-9].

Innovative potential of mixed raw materials: Using
OMS as an activating additive (10-20%) to heavy
oil residues (HOR) or coal allows the destruction
of the latter to be initiated due to the high reactivity
of shale. This approach is in line with global trends in
petrochemistry, which are being actively developed
in leading scientific and technological centers (Rus-
sia, Germany, USA, Japan) [10-12].

Thus, the scientific rationale for the joint processing
of shale and fuel oil not only expands the resource
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base, but also significantly reduces the technologi-
cal barriers (pressure, temperature, hydrogen con-
sumption) that exist in modern oil refining.

Materials and methods

This paper presents the results of research
on the hydrogenation of Kenderlyk oil shale, as well
as its blends with fuel oil, aimed at producing motor
fuel components; it also evaluates the current state
and prospects of using low-pressure hydrogenation
to address this challenge.

The raw material employed in the hydrogenation
process consisted of combustible shale specimens
sourced from the Kenderlyk deposit.

The shale concentrates had a particle size of less
than 0.1-0.2 mm and contained (wt.%): Wa — 1.2—
1.3; Ad — 18-22 (including carbon dioxide 2.4-2.5);
Sd —1.7-1.8. The elemental analysis of the samples
yielded the following results (%daf): C — 74.2-74.7;
H - 8990, S - 12-14;, N - 04-0.5;
and O — 14.5-15.0. The gross calorific value (Qdaf)
of the oil shale ranged from 31.5 to 33.4 MJ/kg.
The composition of the mineral part, %: SiO, — 58.2;
Al,03+TiO, — 17.2; Fe, O3 — 7.3; CaO — 2.3; MgO —
1.0; SO; — 3.4; Na,O+K,0 — 10.3 [13-14].

The composition of the hydrogenation off-gases
was determined using a CHROM-5 chromatograph
(a 3.5 m stainless steel column with a 3 mm internal
diameter packed with CHN). The carrier gas (helium)
flow rate was 5 L/h. The catharometer cells operat-
ed at 430 K with a current of 125 mA. The analysis
of the gasoline fraction of synthetic oil was per-
formed on a CHROM-5 chromatograph equipped
with a capillary column and a flame ionization de-
tector. Squalane, an individual triterpene hydrocar-
bon, was used as the stationary phase. The column
length was 100 m. Argon was used as the carrier
gas, while hydrogen served as an auxiliary carrier
gas.

An oil shale paste was prepared by mixing
40 wt.% oil shale with 60 wt.% liquid oil shale
products with a boiling point above 400-440°C
obtained from the process itself and from py-
rolysis of the liquefaction residue, was sub-
jected to hydrogenation. The paste was added
with 0.5-3.0 wt.% of catalysts, represented
by appropriate polymetallic ores containing Fe.

The hydrogenation process was studied using two
types of equipment: in a rotating 2-liter autoclave
and on a bench-scale flow-through unit (reactor
volume 0.8 L). For the disposal of sludge (solid lig-
uefaction residue), the pyrolysis method was used
in a flow-through apparatus with a descending layer
of solid heat carrier.

Results and Discussion

1. Shale Hydrogenation

Autoclave testing demonstrated that an 82-84%
conversion of the organic matter of shale (OMS)
into liquid and gaseous products is achievable
at 420°C and 8 MPa over a 60-minute period using
iron-based catalysts. Temperature serves as a crit-
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ical factor influencing both the liquefaction degree
of the OMS and the overall product yields (Tab. 1).
Elevating the temperature from 410°C to 440°C leads
to a rise in gas formation (from 10.2 to 12.2 wt.%)
and hydrogen consumption (from 0.9 to 1.6 wt.%),
stemming from the cracking of fractions boiling
above 320°C. Consequently, the concentration
of these heavy fractions in the hydrogenate drops
from 22.6 to 16.9 wt.%, whereas the yield of gasoline
and diesel fractions significantly improves. Extend-
ing the reaction time to 30—45 min exerts a compa-
rable influence on the process dynamics.

Table 1. The effect of temperature on
the hydrogenation outcomes of Kenderlyk oil
shale

taining compounds, 35-38% unsaturated, 15-17%
aromatic, and 43-46% paraffin-naphthenic hydro-
carbons. —Additionally, the mixture contains organic
acid and pyridine base impurities, with a total sulfur
content ranging from 0.5% to 0.7% (Tab. 3).

Diesel fuel fractions boiling between 180 and 320°C
contain up to 8% C¢—Cg phenols, with approximately
3% consisting of phenol, cresols, and xylenols.
Additionally, they comprise 9% neutral oxygenates,
20-26% aromatic, and 30-33% unsaturated hy-
drocarbons, along with minor impurities (<1.3%)
of organic acids and pyridine bases. These dis-
tillates serve as viable feedstocks for chemical
production or, following hydrotreatment, as mo-
tor fuel components. The process water, enriched
with water-soluble phenols (including dihydric

Ne Indicator 41076""”9;:;“'9 °°440 and trihydric types), is also suitable for subsequent

1 |Degree of OMS transformation, wt.%| 83.3 84.6 82.3 phenol extraction (Tab. 3).

2 |Hydrogen for reaction, wt.% 0.9 1.3 1.6 L. L.

3 |Vield of liquid products, wi.%: Table 3. Characteristics of distillate products
TOTAL 49.6 50.4 46.3 ) [ Fractions with boiling point, °C
\with boiling point up to 320°C 270 | 286 | 294 e [ upto180°c | 180-320°C
with boiling point above 320°C 22.6 21.8 16.9 Content, vol.%:

4 [Gas, wt.% 10.2 10.5 122 phenols 1.0-1.6 up to 8

5 |Water, wt.% 7.7 7.7 8.1 neutral oxygen compounds 34-38 9

6 |Coke on mineral part of oil shale,| 2.6 238 35 pyridine compounds 0.5-0.7 less than 1.3
wt.% — - Hydrocarbon group composition, wt.%:

Process conq/tlons: ratio of §hale to pastg formgr — 1:1.5; pressure — unsaturated 3538 30-33

8 MPa; duration of the experiment — 60 min; a mixture of water-soluble -

salts of divalent and trivalent iron was used as a catalyst aromatic 1517 20-26

paraffinonaphthenic 43-46 -

Table 2. Characteristics of Kenderlyk oil shale
hydrogenolysis as a function of process pressure

Hydrogen pressure in

Process parameters the reactor volume, MPa

4.0 [ 6.0 | 8.0 | 9.0 [ 10.0
Degree of OMOS transformation, wt.%| 64.2 | 76.2 | 84.6 | 84.2 | 83.2
Hydrogen for reaction, wt.% 05|07 (13|12 11
Yield of liquid products, wt.% 40.1]46.9 [ 50.4 | 50.0 | 49.6
\With boiling point up to 320°¢ 18.2119.0[28.6 [27.0 [ 26.5
Residue with boiling point above 320°¢| 21.9 | 27.9 | 21.8 | 23.0 | 23.1
Gas, wt.% 6.7 | 88 [10.5]| 11.1[10.6
\Water, wt.% 55|69 |77 |77 |77
Coke on mineral part, wt.% 19122 |28 | 24| 26

Conditions: 1:1.5 shale-to-slurry oil ratio; temperature: 420°C; reaction
time: 60 min; catalyst: a mixture of water-soluble Fe(ll) and Fe(lll) salts

The influence of pressure on the process of hydrog-
enolysis of oil shale was studied at temperature
of 420°C and pressure within the interval from 4.0
to 10.0 MPa (Tab. 2).

Elevating the hydrogen pressure from 4.0 to 8.0 MPa
results in an approximately 20% increase
in the organic matter conversion of the shale,
while the amount of hydrogen consumed in the reac-
tion doubles. Concurrently, the yield of liquid pro-
ducts rises from 40.1 to 50.4 wt.%, while gas
and water yields increase from 6.7 to 10.5 wt.%
and 5.5 to 7.7 wt.%, respectively.

These trends demonstrate an intensification of Ken-
derlyk shale hydrogenolysis and an enhanced pro-
portion of gasoline and diesel fractions. Notably,
no significant improvements in process performance
are observed at pressures exceeding 8 MPa.

The gasoline fractions (IBP — 180°C) are composed
of 1.0-1.6% phenols, 34-38% neutral oxygen-con-

DOI: 10.54859/kjogil1 08955

Conditions: ratio of oil shale: paste-former 1:1.5; pressure — 8 MPa;
temperature — 420°C; experiment duration — 60 min; catalyst-mixture
of water-soluble salts of two and trivalent Fe

Since the shale liquefaction products contain mine-
ral ash and catalyst components, the residue remai-
ning after partial liquid separation via centrifugation
was subjected to pyrolysis at 440°C using a moving
solid heat carrier. The generated coke was subse-
quently utilized to heat the heat carrier.

2. Thermocatalytic destruction of Kenderlyk oil
shale and fuel oil

In recent years, the world market of raw materials
has seen relatively high prices for major energy car-
riers and, above all, for oil. In this regard, the task
of improving existing and creating new promising
technologies for deep oil processing remains rele-
vant for the domestic oil industry.

Improving deep oil refining processes is import-
ant for the environment and resources. Despite
the availability of foreign solutions from companies
such as Shell and Axens, their high capital intensity
limits their implementation at domestic enterprises.
This creates an urgent need to develop affordable
domestic technologies that can compete with global
engineering solutions [15-16].

A thermochemical process has been developed
for the treatment of heavy oil residues of both native
and destructive origin (such as fuel oil, tar, and heavy
pyrolysis resins) in the presence of Kenderlyk shale
as an activating additive. This unique technology,
which has no foreign counterparts, is implement-
ed without external hydrogen at temperatures
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of 400-430°C and pressures ranging from 0.5
to 8 MPa [13—-14, 17-20].

It was demonstrated that both the organic and min-
eral constituents of oil shales exert an activating ef-
fect on the thermal conversion of heavy petroleum
fractions. Within the 370—-420°C temperature range,
the decomposition of the shale organic matter (ker-
ogen) yields compounds that exhibit strong hydro-
gen-donor properties. They intensify the hydrogena-
tion reactions of unsaturated compounds that occur
during the cracking of petroleum residues (fuel oil)
and at the same time reduce the system’s tendency
to form coke intensively.

The shale’s mineral fraction, rich in aluminosilicates
and transition metal oxides (Fe, Mo, Co), also pro-
motes cracking and hydrogenation. Incorporating
5-25% oil shale as an activator allows for precise
control over the thermal cracking of heavy residues
at 390-450°C, yielding up to 70% light products
with minimal carbonaceous deposits (under 5%).
This process operates via a carbon-ion mechanism,
with the mineral phase facilitating coke removal
and providing auxiliary catalytic activity. In this re-
gard, it was decided to enhance the process with
zeolites, which act as Bronsted strong acids.

Table 4. Physical and chemical properties of fuel oils

Density Fractional composition, vol.% Conditional Content, wt.%
Fuel oil type K Im’y Initial boiling | Initial boiling | boils out before | viscosity at " - Iphur | Mechanical
9 point, °C point, 360°C | reaching 450°C | 80°C,°E | Waters |asp! SulphUr i purities
Straight fuel oil
from Pavlodar| 938 251 12.5 459 10.4 0 1.8 23 0
refinery

Table 5. Dependence of product yields from thermocatalytic processing of fuel oil and shale mixtures
on process parameters: temperature, time, and additive concentration

Amount of oil shale, wt.% Temperature, °C Thermolysis time, min

Thermolysis product 420°C, 60 min 12% oil shale, 60 min) 420°C, 12% oil shale
0 3 5 8 10 12 300 | 400 | 420 | 430 | 440 10 20 30 45 Q60
Gas 8.2 4.7 5.3 5.5 5.9 8.7 3.3 4.6 8.7 7.5 9.1 2.1 2.7 3.6 5.3 8.7
Fraction <180°C 15.3 | 6.8 76 | 115|141 | 17.3 | 8.1 122 | 173 |1 16.7 | 16.0 | 7.6 8.8 | 10.6 | 134 | 17.3
Fraction 180-360°C 144 | 281 | 29.8 | 364 | 42.2 | 419 | 37.0 | 388 [ 41.9 | 384 | 38.9 [ 22.7 | 284 | 33.2 [ 36.8 | 41.9
Fraction > 360°C 62.1 | 604 | 57.3 | 46.6 | 37.8 | 321 [ 51.6 [ 444 | 321 | 374 | 36.0 | 67.6 | 60.1 | 52.6 | 44.5 | 32.1
ICoke on solid phase 8.2 4.8 5.3 5.5 5.9 6.7 3.2 4.4 6.7 7.1 9.1 2.3 2.9 3.8 5.3 6.7
fotal yield of ight 207 | 349 | 374 | 479 | 563 | 592 | 451 | 510 | 502 | 551 | 54.9 | 303 | 37.3 | 43.8 | 50.2 | 59.2

No formation of pellets was observed

Straight-run fuel oil from the Pavlodar refinery was
used as the starting raw material.

Natural zeolite of clinoptilolite structure of Shanka-
nai deposit of Kazakhstan (W2 — 4.3%, Ad — 81.2%,
SiO,/Al,05 = 7,5, density — 2500 kg/m?, clinoptilolite
content 65%, SiO; — 67.5%, Al,O0; — 15.8%, Fe,0; —
4.6%) was studied as a catalyst [17—-18].

To find the optimal conditions for fuel oil thermol-
ysis, the use of ordinary shale from the Kender-
lyk field as an activating additive was considered.
The dependence of the yield of processing products
on temperature, process duration, and shale content
in the mixture was analyzed (Tab. 5).

To find the optimal conditions for fuel oil thermol-
ysis, the use of ordinary shale from the Kender-
lyk field as an activating additive was considered.
The dependence of the yield of processing products
on temperature, process duration, and shale content
in the mixture was analyzed (Tab. 5).

An evaluation of the shale additive’s impact on fuel
oil thermal cracking demonstrated a clear correla-
tion: higher shale concentrations lead to increased
yields of gasoline (from 6.8% to 17.3%) and diesel
(from 28.1% to 41.9%) fractions, while concurrent-
ly decreasing the proportion of middle distillates
from 60.4% to 32.1%. The total yield of light pe-
troleum products increases from 34.9% to 59.2%.
It is important to emphasize that the use of shale
in optimal proportions reduces coking compared
to pure fuel oil.
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From the data of Tab. 5 it follows that depen-
dence of fuel oil the yield of light distillate frac-
tions on the temperature of thermal cracking
is 45.1-59.2 wt.%. In this case, the yield of the gas-
oline fraction (IBP — 180°C) rises from 8.1 wt.%
at 300°C to 17.3 wt.% at 420°C, while the diesel
fraction(180-320°C)  yield ranges  between
37.0 and 41.9 wt.%. At the temperature above
320°C, the coke formation is 3.1-6.7 wt.%.

Data from Tab. 5 indicate that increasing the resi-
dence time from 10 to 60 min enhances the output
of gasoline and diesel distillates, reaching 17.3%
and 41.9%, respectively. At the same time, there
is a regular decrease in the share of middle distil-
lates — from 67.6% to 32.1%.

The optimal process parameters ensuring maximum
yield of distillate fractions (59.2 wt.%) are as follows:
temperature 420°C, reaction time 60 min, and shale
additive content in the range of 12 wt.%.

Conclusion

Thus, the paper shows the possibility of obtaining
synthetic oil from oil shale by means of hydrogena-
tion processing. In this case it is possible to extract
more than 90% of the organic matter of oil shale.
According to the obtained results, increas-
ing the temperature of oil shale hydrogenation
from 410°C to 440°C at a pressure of 8.0 MPa leads
to increase in gas formation from 10.2 to 12.2 wt.%
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and hydrogen consumption from 0.9 to 1.6 wt.%,
and connection of gasoline and diesel fuel fractions.
As the hydrogen pressure increaseswithin
the 4.0-8.0 MPa range, the conversion degree
of the shale’s organic mass grows by 20%. Con-
currently, the yields of liquid fractions, gas, and wa-
ter reach 50.4, 10.5, and 7.7 wt.%, respectively,
up from their initial values. Hydrogen pressure above
8.0 MPa has no effect on the process parameters.

Experimental data confirm that single-stage pro-
cessing under moderate conditions (8 MPa,
425 °C, 1.0 h™) ensures deep feedstock conver-
sion, yielding 17.2% of the gasoline fraction, 41.8%
of diesel distillates, and 51.7% of the fraction heavier
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Hayu4HbI 0630p

PerynupoBaHue MeTaHa: OTYETHOCTb NO BbliOpocam

A.Jl. LWana6ekoBa, 3.K. Ugpucosa, IT. AtemoBa
KMI™ UHxuHupuHe, e. AcmaHa, KasaxcmaH

AHHOTALMUA

MpuHsiB B 2023 1. 0653aT€NbLCTBO COKPaTUTL BbIGpOCHl MeTaHa k 2030 r. Ha 30%, KasaxctaH nnaHupy-
eT 06HOBUTL 3aKOHOAATENbCTBO B OTHOLUEHUM AAHHOIMO MapHWKOBOrO rasa, coKycMpoBaB BHMMaHWe
Ha ynyyleHWn CUCTEM MOHMTOPWUHra, OTYETHOCTU WM BepudmKauum ero BbIGPOCOB Ha npumepe Ao-
YepHUx n 3aBucumblx opraHmsaumn AO HK «KasMyHailas». B ycnosusix ctpeMmnenns K ycTondnsomy
pas3BUTUIO U CMATYEHWS MOCNEACTBUMA M3MEHEHWS KMMmaTa TOYHOE M3MepeHWe W npospadHasi OTYET-
HOCTb MO BbIOpOCaM MeTaHa CTaHOBATCS KMNIOYEBBIMWM 3neMeHTamn 3PEHEKTUBHON IKONMOrMYECKOn
MONUTUKK.

B cratbe paétca o630p MoaxodoB K pacyéTaMm BbIOPOCOB MeTaHa MO HauMOHanbHOW MeToAuke
n B cootBeTcTBUM C TpeboBaHnsmn OGMP 2.0. BHegpeHue paHHOM npakTUkM Heobxogumo
He TONMbKO Ans BbINOMHEHUS CTPaHOBbIX 00s3aTenbCcTB U 00513aTenbCTB KOMMNaHUM Ha npumMepe
AO HK «KasMyHailas», Ho 1 B CBS3U C BCTYMNMEHWEM B CUITy HOBOIO pernameHTa EBponerickoro Coto3a
B 4aCTW COKpaLleHns BbIOPOCOB MeTaHa.

MpuBeneHbl faHHble No o6bémam BbIOpocoB MeTaHa no rpynne komnanun AO HK «KasMyHawla3»
3a 2023-2024 rr., paccuvMTaHHble MO HauuoHanbHou metoamke M no OGMP 2.0. lNpwBeneHsbl
Mepbl, Heobxogoumble ONS BbINOMHEHUS MeEXAyHapoAHbIX 0053aTenbCTB U MOBBIWEHWUS TOYHOCTM
y4yéTa MeTaHOBbiIX BbIOPOCOB B HedTerasoBon oTpacnv. BbisBneHbl KroyeBble HanpaBneHus
NS COBepLUEHCTBOBaHUS HaLMOHAaNbHOro perynnpoBaHuns BbiIbpocoB MeTaHa B HedTerazoBom oTpaciu.
Knroueewsle crnosa: memaH, GMP, OGMP 2.0, omyém+Hocmb 1o ebibpocaM mMemaHa, yCcpeOHEHHbIe
KoaghghuyueHmbl, uaMepumernbHasi KamnaHus, MemaHOEMKOCMb, 3Kcriopm Hegmu, memodosoausi
MIOUK, uHeeHmapusayusi UCMOYHUKO8 8bI6p0oCo8.

Kak untupoBarthb:
lllanabekosa A.Jl., Udpucosa 3.K., Amemosa I.T. PerynupoBaHne meTaHa: OTYETHOCTb MO BbiGpocam //
BecTHuk HedTerasoBou oTpacnu KasaxctaHa. 2026. Tom 8, Ne2. C. 142-151. DOI: 10.54859/kjogi108915.
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Review article

Methane Regulation: Emissions Reporting

Aliya L. Shalabekova, Elmira K. Idrissova, Gulshira T. Atemova
KMG Engineering, Astana, Kazakhstan

ABSTRACT

Having committed in 2023 to reducing methane emissions by 30% by 2030, Kazakhstan plans
to update its legislation on this greenhouse gas, focusing on improving its emission monitoring,
reporting, and verification systems for emissions, using the example of subsidiaries and affiliates of NC
KazMunayGas JSC. In the context of sustainable development and climate change mitigation, accurate
measurement and transparent reporting of methane emissions are becoming key elements of effective
environmental policy.

The article provides an overview of approaches to calculating methane emissions based
on the national methodology and in accordance with the requirements of OGMP 2.0, organized
by UNEP. The implementation of this article is necessary not only to meet national and corporate
commitments, as exemplified by NC KazMunayGas JSC , but also in connection with the entry into force
of the new European Union regulation on methane emission reduction.

The data on methane emissions for the KMG group of companies for 2023 and 2024 are presented,
calculated using the national methodology and OGMP 2.0. The measures required to fulfill international
commitments and improve the accuracy of methane emissions accounting in the oil and gas industry are
outlined. Key areas for improving national regulation of methane emissions in the oil and gas industry
have been identified.

Keywords: methane; GMP; OGMP 2.0; methane emissions reporting; average emission factors;
measurement campaign; methane intensity; oil export; IPCC methodology; emission source inventory.
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Fbinbimu wony

MeTaHAabl peTTey: WbiFapbIHAbINapbl 60MbIHLWIA ecen 6epy

9.J1. lWana6ekoBa, 3.K. Ugpucosa, I'T. ATemoBa
KMI™ UnxuHupuHe, AcmaHa Kanacsl, KasakcmaH

AHOATOA

KasakctaH 2023 >xbinbl MeTaH weiFapbiHabinapbiH 2030 xbinFa kapan 30%-fa KbickapTy MiHOAETTEMECIH
kabbingan, «KasMyHanlas» ¥K AK eHwinec aHe Tayengi yMbiMAapbliHblH MbicanbiH4a OHbIH
LWbIFapbliHAbINapbiHA MOHUTOPUHI Kacay, ecen Gepy eHe BepuduKauuanay XymenepiH xakcapTyra
Hasap aygapa OTbIpbiM, OCbl MAaPHWKTIK rasfa KaTbiCTbl 3aHHaMaHbl XaHapTydbl Xocrnapnan oTbip.
TypakTbl gamyfa YMTbINy >XOHe KNMMaTTbiH ©3repyiHiH cangapblH as3aWTy afgablHaa MeTaH
WbIFapbiHAbINAPbIH 48N eney xaHe alwblk ecen 6epy TuiMAi SKONOrMSNbIK cascaTTblH HEri3ri
anemeHTTepiHe avHanyaa.

Makanaga yntTbik agicteme 6onbiHwa xaHe OGMP 2.0 TananTapblHa Colikec MeTaH LWblFapblHAbINApbIH
ecenTey TacinaepiHe wony xacanaabl. byn TexipnbeHi eHrizy Tek enaik MiHAeTTeMenepai xaHe Mbican
petiHae «KasMyHainla3» YK AK-HblH KoprnopaTuBTiK MiHOETTEMEnepiH opblHOAy YLWiH faHa eMmec,
COoHAan-aK MeTaH LublfapblHObINAPbIH KbiCKapTyFa KaTbicTbl Eyponanbik OgakTbiH, XaHa pernaMmeHTiHiH
KYLLiHe eHyiHe GainaHbICTbl 4a KaXeT.

¥nTTblK 9gicteme meH OGMP 2.0 kemeri apkbinbl ecentenreH «KasMyHailas» ¥K AK komnanusinap
TOObl GOMbIHWA MeTaH LWblFapbiHAbINAPbIHBIH - kenemi 6onbiHwa 2023-2024 xok.apanbifblHAafb
AepekTepi kenTipinreH. Xanblkaparnblk MiHAeTTeMenepai opblHAAY XaHe MyHaw-ra3 canacblHaarbl MeTaH
WblfapblHAbINAPbLIH ecenke anyablH, ASNAIriH apTThipy YLWiH KaXeTTi wapanap ycbiHbinFaH. MyHan-ras
canacblHOafbl MeTaH LblFapblHAbINAPbIH YATThIK PETTEYAI XETINAIPY YLWiH Herisri 6arbiTTap aHbIKTanabl.
Hezizzi ce3dep: memaH, GMP, OGMP 2.0, memaH wbifapbIHObINapbl myparsbl ecer, opmauwanaHraH
KoaghghpuyueHmmep, enuwiey HayKaHbl, MemaH KapKbIHObIIbIFbl, MyHal akcriopmbl, IPCC adicmemeci,
whblrapbiHObIIap Ke30epiH myaeHdoey.

[anekces KenTipy yLiH:

lllanabekosa ©.J1, Wdpucosa O.K., Amemosa [.T. MeTaHabl peTTey: LWbIFapblHAbINapbl GoMbIHWA
ecen 6Gepy // KasakcTaHHblH MyHan-ra3 canacbiHbiH xabapwbicbl. 2026. 8 Tom, Ne2, 142-151 6.
DOI: 10.54859/kjogi108915.
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BBeneHune

B npekabpe 2023 r Ha COP28'
(aHen. Conference of the Parties — KoHdpepeHuus
ctopoH) KasaxctaH npucoegmHunca k MmobanbHomn
MHULMATMBE MO COKpaLLeHW0 BbIGPOCOB MeTaHa
(aHen. Global Methane Pledge, nanee — GMP) [1],
00653yacb cokpatuTb BbiGpockl MeTaHa Ha 30%
k 2030 r. [2]. Mpwn 3TOM KOYEBBLIM CEKTOPOM MO CHU-
KEHU0 BbIBPOCOB MeTaHa onpegeneHa Hedte-
rasoBass oTpacnb, COOTBETCTBEHHO, BbIMOMHEHUE
CcTpaHoBbIX 06si3aTenbcTB GMP Bo MHOrOM 3aBUCUT
OT aKTUBHbIX OEVCTBUIN OnepaTtopoB HedTerasoao-
6blun. Ha COP28 AO HK «KasMyHaiila3»? (nanee —
KMI) ctan nepBOn Ka3axCTaHCKOW KOMMaHuen,
npvcoeauHuBLiencs k nHuumnatmee OGMP 2.0 [3]
(aHen. Oil & Gas Methane Partnership — MaptHep-
CTBO MO MeTaHy B HedpTera3osoi oTpacnu) [4].

Mporpamma OGMP 2.0, peanusyemas [lpo-
rpammon  OpraHusaumm O6beanHEHHbIX Hauwmn
(aanee — OOH) no okpyxatowien cpege [5], npea-
cTaBnsieT cobow BeayLLyto MeXayHapoaHy UHULIM-
aTuBy, HanNpPaBMeHHYIo Ha yny4lleHne kayecTBa AaH-
HbIX O BbIOpOCax MeTaHa B HedpTerasoBow oTpacnu.

OTO eouHCTBEHHast B CBOEM poAde cCuUcTeMa OTYET-
HOCTW, OCHOBaHHasi Ha (DaKTUYECKUX WU3MEpEHUsIX,
KOTOpasi N03BOMSIET KOMNAHUSIM NPEOOCTaBNATL AaH-
Hble C BbICOKOW CTEMEHbI0 AeTanusauum — oT YpoB-
Hsi CTpaHbl [0 KOHKPETHbIX OObekToB. [MpuHUMN
OGMP 2.0 npocT: «Ecnu He MoXelb U3MepuTb —
He MoXellb McrpaBuTb». Brarogaps atomy nogxo-
[y CTaHOBWTCSI BO3MOXHbIM OTCIIeXMBaTbL NPOrpecc,
cpaBHMBaTb 3(EKTUBHOCTL PasNNYHbIX KOMMaHWUN
N NpyHMMaTe OBOCHOBAHHLIE PEeLUEHUsT MO CHUXKe-
Huo BblbpocoB. MexayHapogHasi obcepsaTopusi
no BbiGpocam meTaHa® (aHer. International Methane
Emissions Observatory, ganee — IMEO) BbinonHsieT
BakHYI0 (DYHKLMIO B YacTu BegeHusi cBoeli 6asbl faH-
HbIX [6], 4TO NO3BONSIET NPABUTENLCTBAM U KOMMAHU-
AM pa3pabaTbiBaTb Hay4HO 060CHOBaHHbIE MOMUTUKA
1 NPUOPUTETHBLIE MEPbI MO CHUXEHNIO BbIBPOCOB.

Takum obpaszom, OGMP 2.0 n IMEO chopmupy-
0T OCHOBY AJ151 CUCTEMHOIO U NMPO3paYHOro noaxoaa
K pEeLUeHN0 OOHOWM M3 CaMblX OCTPbIX Knumatude-
CKUX Npobrem — BbIGPOCHI MeTaHa, YTO NoAAEePKU-
BaeT rnobanbHble WHULMATUBBI MO  AOCTWKEHUIO
KnmMMaTuyecknx uenen.

Ta6nuua 1. PerynupoBaHue BbIGpocoB meTaHa B EC
Table 1. Regulation of Methane Emissions in the EU

CornacHo PernamenTy EC
According to the EU Regulation

MpaBonprumeHeHne
Enforcement

Cpoku / Timelines

= C01.01.2027 r. uMnopTépbl AOMKHbI MHOPMUPOBaTL
KOMMETEeHTHble OpraHbl rocyaapcTBa-yreHa, B KOTOPOM OHU
3aperncTpmpoBaHbl, 0 pesynbsTaTtax NpoBeAeHHbIX Mep no
MOHUTOPUHTY, OTYETHOCTU U Bepudpmkaumm (monitoring, reporting,
and verification) Ha ypoBHe npoussoauTens (cT. 28);
MpoBeneHne namepeHuin BLIGPOCOB (Ha ypoBHe 06bekTa 1
WCTOYHUKA), YCTPaHEHMNE BbISIBNIEHHbIX yTEYeK.

= From January 01, 2027, importers must inform the competent
authorities of the Member State in which they are registered about
the results of the monitoring, reporting, and verification (MRV)
measures carried out at the producer level (Article 28)...
Measurement of emissions (at facility and source level)

and elimination of detected leaks.

®dakTnyeckoe npuMeHeHne WTpadoB OXMAAETCS He paHee Mast
2028 r.;

TpeboBaHWsi K UMNOPTY PACMPOCTPAHSIOTCS Ha SHEProHOCUTENb —
TONNMBO, Npon3seaéHHoe ¢ 2027 r.;

MepBble He3aBUCKMbIE MPOBEPEHHBIE OTHETHI AOMKHBI BbIThb
npeacraeneHsbl B 2028 r. (ao 31.05. cornacHo n. 1 cT. 27);

= PernameHT He 3anpeLuaeTt UMnopT;

MHorue aKCnopTEpbI YXKe y4acTByoT B MHALMATMBAX NO
NpO3paYHOCTV METAHOBLIX BbIGPOCOB, Takunx kak OGMP 2.0.

The actual enforcement of penalties is expected no earlier

than May 2028;

Import requirements apply to energy carriers — fuels produced
from 2027;

The first independently verified reports must be submitted in 2028
(by May 31, according to Article 27(1));

The Regulation does not prohibit imports;

Many exporters are already participating in methane emissions
transparency initiatives such as OGMP 2.0.

YpoBeHb wrpadHbIX caHkuui / Level of penalties

YpoBeHb WTpacoB MoxeT AocTurats Ao 20% rofosoro obopoTa
(annual turnover) umnoptépa (ct. 33)

Fines may reach up to 20% of the importer’s annual turnover (Art. 33).

= daKTU4eckne W3OAEPKKU Ha BHEAPEHWE Mep MO MOHWUTOPWHIY|
M COKpalleHuio BbIBPOCOB MeTaHa OBbIMHO He mnpeBbilwalT ~2%
CTOMMOCTU MPOAYKLMY;

WTpadbl  [OMKHBI  pa3pabotartb  TakuM

He noapbiBaTh 6€30NacHOCTb SHEProcHabXeHNs.

] obpasom,  YTOGbI

= The actual costs of implementing methane monitoring and
emissions reduction measures typically do not exceed ~2% of product
value;

Penalties should be designed in such a way as not to undermine

energy supply security.

Mexanuam /

Mechanism

CaHkuun ByayT NPUMEHSTLCS K MMMOPTEPaM Npy BBO3E NPOAYKLMM
B EC, a He HanpsiMylo K TPOM3BOAUTENSIM
Sanctions will be applied to importers at the point of entry into the EU,

MMMopTEpbl MOryT nepeknafblBaTb CBS3aHHbIE WU3AEPXKKU U LWTpadsbl
Ha NOCTaBLUMKOB Yepes KOHTPaKTHbIE YCIIOBUS.
Importers may pass related costs and penalties on to suppliers through

rather than directly to producers

contractual arrangements

" KoHdepeHuns OOH no mameHeHwto knumata 2023 r., 28-9 KOHepeHumust yyacTHukoB PamouHon koHeeHuun OOH

Nno USMEHEHUI0 Knumarta.

2 AO HK «KasMyHaiil[a3» — HaumoHasbHbIn onepaTop HedTerasoBoi oTpacnu KaszaxcraHa.

3 International Methane Emissions Observatory

- DOI: 10.54859/kjogi108915
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Hapsigy ¢ npuHATBIMKM CTpaHOBbIMM 006si3a-
TenbCcTBamMyn M HoBbiMu 3agadamu KM no cHuxe-
HMIO BbIBPOCOB MeTaHa (HanpaBreHue no cokpa-
LLEeHNI0 BbIOPOCOB MeTaHa BOLUMO B OOHOBMNEHHYO
[Mporpammy HW3KOYrnMepoaHOro pasBuTWSA rpynnbl
komnanuin KM go 2060 r.#), EBponeiickuin Coto3
(nanee — EC) B aBrycte 2024 r. BBEN HOBOE perynu-
poBaHve BbIGPOCOB MeTaHa B OTHOLLEHWUW UMMOPTU-
pyemoro cbipbsl (HedTu 1 rasa)®.

B coOTBETCTBMM C HOBBIMW MOAXOAAMU K UM-
MOPTY NOCTABLUMKN CbIPbsi AOMKHbI 06eCneynTb CHU-
XEeHMEe MeTaHOEMKOCT, NpeaAcTaBnsAs OTYEThI O NPo-
BOAMMbIX paboTax B 9TOM HanpasneHuu. CornacHo
aHanm3dy S&P Global [7], HedTb, npou3BeaEHHas
MEeCTHbIMW onepaTopamu u akcnopTupyemas B EC
nog 6peHgom KEBCO (awen. Kazakhstan Export
Blend Crude Oil — akcnopTHas HedTsiHas CMecb
n3 KasaxctaHa), ¢ MeTaHOBOW WHTEHCUBHOCTbIO
Bblle HauMoHanbHbIX BGeHumapkoB — «Bonblias
Tpomnkax»® — coctaenseT ot 8 fo 14 krCO,-3kB./6.H.3.
lMpy 3STOM WHTEHCMBHOCTL BbLIOPOCOB MeTaHa
MecTopoxaeHun «bonblion Tponkuy» cocTaBnseT
0,17-1,5 krCO,-3kB./6.H.3. OcHoBHble TpeboBaHus
W NNaHvpyeMble CaHKuMW npeacTasneHsbl B Taon. 1.

Ha npaktuke onepaTophbl CTankuBarTcs C pas-
FIMYHBIMW NOAX04aMU B OTYETHOCTU MO BbIGpOCam
mMeTaHa. Tak, HauMoHanbHas MeToauKa Nno pacyéTty
BbIOPOCOB W MOrMOLLEHNS NAPHUKOBbLIX ra3oB npesa-
Ha3HayeHa Ons pacyETOB BbIOPOCOB MapPHWMKOBBLIX
ra3oB OT CXKUraHusl rOplOYMX rasoB M He yduTblBa-
€T HeopraHu3oBaHHble BbIGPOCHI MeTaHa (YTeuku).
Co0TBETCTBEHHO, JaHHbIE, MONYyYeHHbIe PaCYETHLIM
nyTéM, HAMHOTO MeHbLUE, YeM (hakTuyeckne obbeé-
Mbl BblbpocoB CH,, nonyyeHHble n3MepuTenibHbIMU
npubopamu.

O6bEM BbLIOPOCOB MeTaHa paccyMTbIBAETCS
Mo MPOU3BOACTBEHHBLIM MpoueccaM (CxuraHue To-
nnuBa c BbIpabOTKOW 3SHEpPrumn, NeTyyMe 3MUCcuu,
chakenbl U WHble MPOU3BOACTBEHHbIE MPOLECCHI) .
BmecTe ¢ Tem nogxopael, kotopble npeanaraet OGMP,
OTNNYaOTCA OT HaUMOHanbHOM METOAMKM pacyéTta
BbIGPOCOB NapHUKoBbIX razos?. Metoamka OGMP 2.0
npegnonaraeT pacy€Thbl BbIGPOCOB MeTaHa OCyLLEeCT-
BMATb Ha OCHOBaHUM u3MepeHus BbibpocoB CH,
no obopynoBaHuto. C 3TOW Lienbio onpeaeneHbl co-
OTBETCTBYIOLME KOIPPULNEHTLI, KOTOPblE B LIENIOM
NPUMEHSIIOTCS K aHanorm4yHomy obopyaoBaHuIo.

B T1abn. 2 npeactaBneHbl AaHHble BbIOPO-
COB MeTaHa no rpynne komnauun KMI 3a nepwopg
2022-2025 rr,, paccyvMTaHHble MO HauuoHanbHOW

MeToauke pacyéta BblOPOCOB MAapHWMKOBLIX ra3oB
n no metogmke OGMP 2.0.

Tak, pac4éTbl BbiGpocoB 3a 2023 r. no Hauu-
OHamnbHOM MeToAMKe NOoYTN B 2 pa3a MeHblue pac-
YETHbIX AaHHbIX OGMP 2.0; 3a 2024 r. npeBblLlIeHne
o6béMa Bblbpoca meTaHa MIST® no cpaBHeHWIO
C pacyY€THbIMW AaHHBIMU AN YNONHOMOYEHHOrOo op-
raHa cocraensieT noyTtu 2,5 pasa.

M3 Tabnuubl BUMOHO, YTO pasHble METOAMKM
pacyéToB 1 BbINOMHEHWE U3MEPUTENBHBLIX KAMMaHWI
MOryT NPUBECTYU K pa3HbIM nokasaTtensim. Tak, B pam-
kax OGMP 2.0 06bém BbIOpOCOB MeTaHa no rpynne
koMmnaHu KMI™ coctasun B 2025 1. 126 Thic. T CH,,
B TO BpeMs kak 06bEM BbIBpOCOB MeTaHa no Hauuo-
HanbHOW MeToauke cocTaBun 48 TbiC. T.

Mo mepe npoBeaeHNs U3MepUTENbHbIX kKamna-
HUI No oBHapYyXXeHUo yTeuek MeTaHa pa3mep obb-
éMoB BbIOpOCOB 3TOro rasa B oTt4éTHoctu OGMP
OOMKeH NpnbnuxaTbes K PakTUYECKUM 3HAYEHMSAM.
Hanpumep, n3mepeHusi, npoBegE€HHbIE Ha OAHOM
13 OOYEepHUX U 3aBMCUMMbIX OpraHusauui (ganee —
030) KMI' B pamkax LDAR-kamnanum), BbiSIBUNK
CYLLECTBEHHbIN 06BbEM BblOpocoB 73 Thic. T CH,.
Mpu aToM pacyéTHble gaHHble no atomy xe O30
6binM B npegenax 13 Ttoic. T CH,. 370 HarmsgHo
NOATBEPXAAET, YTO pearnbHasa CMTyaums 3Ha4YUTeENb-
HO OTNMYaeTCs OT PACYETHbLIX AaHHbIX.

OcHoBHasi Uenb BCex pac4yéToB M U3Mepwu-
TENbHbIX KaMMaHWA COCTOUT, C OAHOW CTOPOHBI,
B MOHUMaHUKN KOHKPETHbIX MokasaTenen BblIGpocoB
MeTaHa Ans UX COKPALleHUs U, COOTBETCTBEHHO,
onpeneneHns, CKomnbKo MnoTpebyeTcs WHBECTULUA
ans mogepHusauum obopynoBaHusi BO m3bexaHue
BbIOPOCOB MeTaHa, Bkntoyas yTeykn. C apyron cro-
POHbI, A5 YNOMHOMOYEHHOrO opraHa HeobxoaMMo
onpeneneHne 06a3o0BON NUHUU (PAKTUYECKUX Bbl-
OpocoB MeTaHa Ans MocrieayoLwero perynvposa-
HUS, B T.4. BHEAPEHUSA KBOT ANsi CUCTEMbl TOProBMU
Bblbpocamu (nanee — CTB). bes onpenenexns nopo-
ra, kKak 310 cAenaHo B perynMpoBaHUM NapHUKOBbIX
raso., BeegeHne CTB Ha meTaH MOXeT ObiTb M30bI-
TOYHBIM [N ONepaTopoB ¢ ManbiMy 06 bEMamu Npo-
M3BOACTBA U CKYAHbIM AN KPYMHbIX NPeanpuUsTUiA.

[ns peleHns BTOpon 3agadm onepatopbl Mo-
ryT CyLEeCTBEHHO MOMOYb YMONIHOMOYEHHOMY opra-
Hy. [Ina aToro um cnegyet NPoOBECTU AMMMPUYECKUE
3amepbl U BbIBECTW COOTBETCTBYHOLUME KOIDDULM-
€HTbl, KOTOpblE B NocrneayoLlemM MoryT 6biTb OCHO-
BaHueM Ans pa3paboTku (CoBEpLUEHCTBOBAHWSA) Ha-
LMoOHanbHOW MeTOAUKM pacyéTa BblBpOCOB MeTaHa.

4 Mporpamma HuakoyrnepogHoro pas3sutust AO HK «KazMyHaiilas» go 2060 r.

5 MoctaHoBneHve 2024/1787 Esponelickoro naprnameHTta u coeTa 13.06.2024 r. «O cokpalleHnn BbIGPOCOB MeTaHa
B 9HEPreTMYeckoM CEKTOpe U BHeceHun nameHeHuii B PernameHT (EC) 2019/942».

5 Mog TepmuHom «Bonbluas Tpoiika» 4Yalle BCero noapasyMeBalT TpU KPYMHEWWUX HedTerasoBbiX MECTOPOXOEHUS
KasaxctaHa (TeHrus, KapauaraHnak n KawaraH), kotopble gatot 6onee 70% Bcen fobbiumn HedpTn B CTpaHe.

7 Mpuka3 MwuHUCTpa 3KOmoruu, reonormm W NpUpPOAHbIX pecypcoB Pecnybnuku KasaxctaH ot 28.03.2022 r.

Ne91

«O6 yTBepxaeHun Mpasun rocyaapCTBEHHOrO perynnupoBaHns B cchepe BbIGPOCOB M NOrMOLLEHUA NapHUKOBbLIX ra3oBy.

8 Mpuka3 MuHUCTpa 3KOMOrMKM U NPUPOAHLIX pecypcoB Pecnybrnuku KasaxctaH ot 17.01.2023 . Ne9 «O6 yTBepxaeHuu
MeTtoaunk no pac4éty BbIGPOCOB 1 MOrMOLLEHNS NAPHUKOBBIX ra3oBy.

¢ MIST (aHen. Methane Inventory Systematic Tool — cucTeMaTU3MpPOBaHHbLIN MHCTPYMEHT WMHBEHTapu3auuyM MeTaHa) —

3TO cneunannusnpoBaHHoOe nporpaMmmMmHoe obecneveHne ans Hed)TeFaBOBbIX KOMMNaHum,

paspaboTaHHOe KkoMnaHuen

Carbon Limits (npu nopaepxke pspa knuMaTtudeckux poHAOB), MpedHa3Ha4YeHHoe AN Co3daHust U BedeHus kajactpa

(MHBeHTapu3aumum) BbIGPOCOB MeTaHa.
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OPUI'MHAJIbHBIE UCCJIEJJOBAHUS

2026. 8 Tom, Ne2

BectHuk Hedrera3osoii orpacin Kasaxcrana

[anee 6yaoyT npencTaBneHbl Mnoaxodbl, KOTOpble

MCMonb3yTCs B MUPOBOW NPaKTUKE OTYETHOCTU Bbl-
6pocoB meTaHa.

Ta6nuua 2. O6EM BbIGpOCOB MeTaHa B rpynne komnaHui KMIL, T CH,
Table 2. Methane Emissions Volume in the KMG Group of Companies, t CH,

Kateropwms amuccuin 2023 2024 2025

Emission Category 2019 | 2020 | 2021 | 2022 | .o | 2023 | e | 2024 | o | 2025
OHEpreTUIECkoe CKurakme 1701 | 1821 | 1332 | 310 472 100 1378 | 7364 | 579 | 2919
Energy combustion
Courakue Ha dpakenax 176 | 189 | 482 | 128 432 0 622 1 512 1
Flaring
'YaaneHue rasoB (BEHTUHI-pe3epByapbl U Ap.
lo6opyaoBaHue ¢ BEHTUHroM'™®) 219 | 63994 | 68171 0 0 200 43561 0 97000 0
Gas venting (tanks and other venting equipment)
fleryuue BuiGpoCe! 42320 | 48970 | 46024 | 14252 | 69837 | 36000 | 72968 |40538 | 18561 | 44990
Fugitive emissions
Texnonorvmgcgme BbIGpOCHI 7009 0 5 0 0 0 0 0 0
Process emissions
Lpyroe
Other 2729 0 0,6 0 300 0 0 0 0
MTOro
TOTAL 54154 |114974(116008| 14696 | 70741 | 36431 | 118529 |47904 | 116652 | 47910

Marepuanbl n MmeToabl

OueHka BbIOpoOCOB MeTaHa B HedyTerasoBou
oTpacnn OCHOBbLIBAETCA Ha Noaxodax napTHepcTsa
OGMP 2.0. Metoponorna OGMP 2.0 Bknovaet
5 ypoBHel npeactaBneHust OTYETHOCTM NO BbIOPO-
cam meTaHa [8]:

YpoBeHb 1 ABnseTca cambiM 6a30BbIM U OC-
HOBbIBAETCA Ha OOLUMX OLEeHKax BbIGPOCOB, YacTo
6e3 KOHKPETHbIX AaHHBIX MO MCTOYHUKAM.

YpoBeHb 2 — ypOBEHb, HA KOTOPOM HaYMHaETCH
NOEHTUUKaALNA KOHKPETHbIX MCTOYHWKOB BbIOPO-
COB, HO OLIEHKM BCe eLlie MOryT ObiTb 06LWUMK.

OTYETHOCTb YPOBHA 3 paccuMTbIBAETCS Ha OC-
HoBe o0OWwux kKoaddpuUMeHTOB BbIOBPOCOB MeTa-
Ha K ucnonb3yemomy obopygoBaHuto. [pu aTom
K WCTOYHMKaM MeTaHa OTHOCHATCS CTauuoHapHoe
ropeHune, cxuraHve (HenomHoe cropaHue), MHeB-
mMatuyeckoe obopynoBaHWe Ha MpUPOAHOM rase,
YNNOTHEeHWe BanoB LEHTPOOEXHbIX KOMNPEeCccopos,
YNNOTHEHME LUTOKOB MOPLUHEBLIX KOMMPECCOpPOoB,
rNMKONeBble OCYLUMTENW, pesepsyapbl, pasrpys-
Ka XWOKOCTEW M3 CKBaXMH, BEHTUNAUWS YCTbeB
CKBaXWH, 3aBepLUEHUS rMOpPaBNMYecKoro paspbliBa
nnacTa.

YpoBeHb 4 (OTYETHOCTb «CHWU3Y BBEPX», Bbl-
Bpockl ONpeaenslTCa Ha YPOBHE MCTOYHMKA) AOn-
XeH nokasaTb pesynbrathl MPAMbIX WM3MEepPeHUn
BbIODPOCOB MeTaHa Ha YPOBHE KaXJOro KOHKPET-
HOro uctoyHuka. Mpu aTOM onepaTopbl Ha OCHO-
BE WCMomnb3yeMoro obopyaoBaHUS U pesynsTaToB
n3MepuTernbHbIX KamnaHui moryT paspabaTbiBaTb
crneunduyeckme KoadduuueHTbl BbIGPOCOB, MNpu-
MeHVMble K cBOeMy 060pyaoBaHuIo.

OTUYETHOCTb YPOBHSA 5 (OTHYETHOCTb Ha YPOBHE
0o0beKTa, «CBepXy BHWU3») NPeACTaBnseTcs Ha OCHO-
BE pe3ynbTaTtoB M3MepUTerbHbIX KamnaHuii, NPoBO-
OVMbIX C UCMOMNb30BaHNEM a3pOCUCTEM (CamorneThl,
B6ecnunoTHble neTaTenbHble annapartsl). Mpn aTom
N3MepsIoTCs BbIOPOCHI BCEro oGbekta 1 conocras-

NATCSA A@HHbIE, NOMYYEHHbIe NPU U3MEPEHUN Bbl-
6pocoB MeTaHa Ha UCTOYHUKaX BbIBPOCOB.

CornacHo nogxogam naptHepctea OGMP 2.0,
KOMMaHun-uneHsl  obecneyvBaloT  [OCTWXEHWE
«30M10TOro» CTaHAapTa OTYETHOCTU B TEYEHUN TPEX
1neT Ha CBOMX OMEepaLMOHHbIX akTUBax M NATK neT —
Ha HeonepupyembIx''.

Pacuét BbIOpOCOB MeTaHa B COOTBETCTBUM
c wMetogonornen MexnpaBuUTENbCTBEHHON Tpyn-
Mbl 9KCMEPTOB MO W3MEHEHWIO knumarta (ganee —
MIOUK) TpebyeT ncnonb3oBaHus AaHHbIX 0 40ObIYe,
nepepaboTke M TPaHCNOPTUPOBKE YrNeBOAOPOAOB
(nanee — YB), a Takke NpUMeHeHUs KoapuLIMeH-
TOB BbIGPOCOB AJ151 K&XA0ro aTana Xn3HEHHOTO LNK-
na npoaykta [9]. OCHOBHOWM NPUHLUMN — CyMMUPOBa-
HVe BbIBPOCOB MeTaHa, BO3HUKAIOLLMX B pe3ynbsrate
yTeyek, CXKUraHusl rasa u Apyrux npoLeccos, C yyé-
TOM Mx 06LLEero noTeHumana noTenneHns knuvara.

OcHoBHbIe aTanbl pacyéra:

1. C6op AaHHbIX:

— nony4eHne AaHHbIX 0 hakTN4ecknx obbémax
nobblun, nepepaboTkM, TPaAHCMOPTUPOBKU HedTn
1 rasa;

— naeHTUdUKaLMa MWCTOYHMKOB BblIOPOCOB:
YTEYKUN Ha 0BbeKTax, CXMraHne NonyTHOro rasa, Bbl-
6pockl NpU PEMOHTHBIX paboTax u T.A4.

2. TlpvmeHeHne Ko3a(pPULMEHTOB BbIOPO-
COB — MCMOMNb30BaHNe CTaHAAPTHBIX UMK CTPaHOBbIX
K03(hpULMEHTOB BbLIOPOCOB MeTaHa, NpenocTas-
neHHbix MIOUIK, koTopble MOKa3bIBalT, CKOMbKO
MeTaHa BblGpacbliBaeTcsl Ha eauHuly Ao6bITOro
Unu nepepaboTaHHOro Cbipbs. AT KOIDULNEHTHI
MOryT BapbMpoBaTbCs B 3aBUCUMOCTM OT Tuna o6o-
pyaoBaHUs, TEXHOMOrMn u reorpaduyeckoro nono-
KEHus1.

3. PacyéT o6bEMa BbIOPOCOB:

— YMHOX€HMe OaHHbIX O (PaKTU4eCKUX OObE-
Max YB Ha cooTBeTcTByHOLLME KOIPDULNEHTbI Bbl-
6pOCOB ANs KAXAOro aTana v UCTOYHUKA;

0 BeHTUHr — 31O yﬂpaBﬂﬂeMblVl Bbl6p00 NMLHEero rasa B aTMOCCbepy Ana npenoTepalleHnsa B3pbiBa M3-3a N36bITOYHOrO

[aBrieHns B cucteme, Tpybornposoae unu EMKOCTH.
" 030 c yyactnuem KMI™ meHbLue 50%.
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— CYMMMpOBaHWe BbIOPOCOB OT BCEX WUCTOY-
HWKOB ONS norydeHusi obwero o6béma BbIOpOCOB
MeTaHa.

4. Y4éT noteHumana rnobanbHoro notense-
HMA — nepeBog O0OBLEMOB BbIOPOCOB MeTaHa B K-
BuBaneHT CO,, ¢ ucnomnb3oBaHWeM Ko3adpuLMEH-
TOB, pa3pabotaHHbix MIOUIK, yuntbiBas GonbLuni
noteHuman rnobanbHOro noTensneHus MeTaHa
no cpaeHeHuto ¢ CO,.

Metoponorua MIMOUK npepoctasnsiet oblme
NPUHUMNLI U pekoMeHAaummn, KOTopble MOryT ObiTb
afanTUpoBaHbl K KOHKPETHBIM HaLMOHANbHbIM YCIo-
BMSIM 1 OTpacrneBbiM 0COBEHHOCTAM.

[ns To4HOro pacyéta pekoMeHayeTCca UCnosnb-
30BaTb crnegywliMe noaxodbl K pacyéraMm MeTaHa
ypoBsHen 1-3.

YpoBeHb 1 (Tier 1)

Wcnonb3ayloTca HauMoHarnbHble AaHHble O O0-
Oblie HedTN 1 rasa M COBOKYMHblE KOI(PULMEH-
Tbl BbIOPOCOB, NpeAcTaBneHHble B PykoBoacTse
MI3UK 2006 r. [10] OueHka BbIGPOCOB OCyLLECT-
BNSETCA Yepe3 YMHOXEeHWe KomnmyecTBa Mnpousse-
OéHHOM HedTN M rasa unum KonuyectTsa akKTUBHbIX
YCTaHOBOK Ha TUMOBOM KO3(hULUMEHT BbIOpOCOB
MeTaHa, NpvBeaEHHbIN B 6a3e AaHHbIX 0 Ko3addu-
uneHTax BoibpocoB EFDB — Basic Search [11] (1-2):

M

)

rae Egas, ind — rogoBoW BeIbpoc, I'T; Aind — faH-
Hble no geAtenbHOCcTN (06bEM); Egas — 06Lmin rogo-
BOW BblOpoC MeTaHa, I't; EFgas,ind — koadhmumneHT
BbIOpOCOB, [T Ha eauHULY OESTENBHOCTY.

YpoBeHb 2 (Tier 2)

Wcnonb3ylotcs bonee getanbHble kK0Oaduum-
€HTbI Bbl6pOCOB, afanTnpoBaHHble NoA pernoHarnb-
Hble U TexHonoruyeckne ocobeHHocTu (Tabn. 3),
B COOTBETCTBUM C METOAMKOW MO pacyETy BbIGPOCOB
1 NOTMOLLEHNS NAaPHUKOBBIX ra3oB. [JaHHas MeToan-
Ka BKIHOYaeT pasferbHbld y4éT BbIOpocoB M3 pas-
NWYHBIX CTaAUiA NMPOU3BOACTBA M TPAHCMOPTUPOBKM
(nobblva, nepepaboTka, TpaHCNOPTMPOBKA, pacnpe-
aenexwve).

AnbTepHaTMBHbIA MeTod OUEHKM BblIGPOCOB
npu akenbHOM CXUraHUM U BEHTUNALMK B HedbTe-
rasoBOM CEKTOPE — METOA, 2-T0 YPOBHS!, OCHOBAHHbIN
Ha GanaHce Maccbl C y4éToM 0b6béMOB A06bIuM,
COOTHOLLIEHUsI Ta3 — HedTb (aHesr. Gas-to-0il Ratio,
panee — GOR), cocTaBe rasa 1 KoHcepBaLuWK rasa.
AnbTepHaTVBHbI METOA UCNONb3yeTcs, Koraa npsi-
Mble JaHHble HeJOCTYMHbl, HO OXWAAKTCS AOMUHU-
pytowme Bbibpocsl, T.K. GOR cunbHO 3aBUCKT OT reo-
norum n TemMnoB Ao6blun. TOT Noaxon apPeKTUBEH
Ons cuTyauuii, rae TOYHble AaHHble O Bbibpocax
OTCYTCTBYIOT, HO €CTb HaaéXHble AaHHble no GOR,
N UMEHHO (haKenbHOE CXUraHUe U BeHTUNSUUS SB-
NSIOTCH OCHOBHBIMW UCTOYHUKAMU NETYYNX BbIGPO-
COB Bapbupysicb OT 0 40 OYEHb BbICOKMX 3HAYEHUI.

Ons peanusauuv ansTepHaTUBHOIO MeToAa
YypOBHA 2 Ha ocHoBe DGanaHca macc HeobxoamMmo
npoaHanu3nMpoBaTb pacrnpenerieHMe BCeX W3Bre-
KaeMbIX rasoB W mnapoB. JTOT MpoLEeCcC CTPoUTCH
Ha credyroLwmx NpuHUMnax:

1. KoadpduumeHt addektmHocTn  (CE).
[na pac4&ToB MCnonb3yeTcs nokasaternb COXPaHeH s
adpdpextvBHOCTM CE (B AnanasoHe ot 0 go 1). Cytb
[JaHHOro Mokasatens — onpefjenuTb Ty YacTb rasa,
KoTOpas ynaBnuBaeTCsl ANs NOCNEnyLLEro UCMorb-
30BaHMs B Ka4ecTBe TOMMMBA, HaNpPaBMnsieTcsl B rasoc-
6opHbIe CeTy Unn 3akadumBaeTcst 0bpaTHO B MNacT.

Ta6nuua 3. KoadhcpmumeHTbl BLIGPOCOB MO BMAAM AeATENbHOCTU AN CYy6BHEeKTOB aAMUHUCTPUPOBAHUA
Table 3. Emission Factors by Activity Type for Regulated Entities

CH
Kareropus WUcTo4HuK BbIGpocoB sen ': =~
Categol Emission source : e
gory Value Uncertainty
BylpfeHme CKBaXWH C)Kv!raHme B cbalfenax v yaaneHve 3 30E-05 4100%
Drilling of wells Flaring and venting
V|CI'IbITaH.VIe CKBaXXUH C)Kv!raHme B cbalfenax v yfanexve 5 10E-05 450%
\Well testing Flaring and venting
O6Cl1y)KVI.Bé.3HI/Ie CKBaXWH C)Kv!raHme B (balfenax v yaaneHve 1,10E-04 +50%
\Well servicing Flaring and venting
BbiGpoChl Npy CXUraHum B hakenax NpUpOLHOro rasa 1 oTXoAsLLero
raza/vcnapeHuii Ha rasoBbIix 06beKTax 7,60E-07 +25%

Flaring of natural gas and vented/emitted gases at gas facilities

NeTyune BbIGPOCHI
Fugitive emissions

3,8E-04 0o 2,3E-03  [+100%

NeTyune (cywa)

o6blya rasa ! A
A Fugitive emissions (onshore)

Gas production

1,5E-06 no 3,6E-03 [+100%

NeTyune (Mope)

& o
Fugitive emissions (offshore) 5.90E-07 £100%
yAanerue 7,20E-04 +50%
Venting

C)KV!I'aHI/Ie B ¢hakenax 2 50E-05 +50%
Flaring

2. I'paHuyHble 3HaveHus. Ecnun nokasatens CE
paBeH eanH1LEe, 9TO 03HAYaET NOSHYI YTUNM3aumio
Unn pemHxekumio rasa. Ecnu CE paseH Hynio, 310
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CBUAETENBLCTBYET O TOM, YTO BeCcb 0O6bEM rasa Bbl-
bpacbiBaeTcsl B aTMOcepy nnm cxuraeTtcs Ha da-
KenbHbIX yCTaHOBKaXx.
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3. TvnuyHbIn gnana3oH. Ha npakTuke 3Ha-
yeHus koadpdmumeHta CE 0OBbIMHO BapbUpyOTCSH
ot 0,1 pno 0,95:

— MUHMManbHble 3HadeHus (0,1) xapakTepHbl
Ons o6bEKTOB, rae ras3 oTbupaeTcs ToNbKO AN Co6-
CTBEHHbIX TEXHOMOMMYECKUX HYXA, @ U3MULIKA CXKU-
ratoTcs unu cbpaceliBatorcs;

— MakcumanbHble 3HaveHus (0,95) poctura-
10TCA Mpy pa3BUTON MHMpPacTpykType cbopa rasa
N CTPOrOM 3KOJOrMYeCcKOM KOHTPOSe, HanpasneH-
HOM Ha MWHUMU3aLUMIo akenbHOro CXUraHus.

Bbi6pochk! Npu yaaneHuu raza paccyuTbIBakoT-
cs1 no dpopmyrne (3):

®3)
BbiGpockl npu cxuraHun B hakenax rasa pac-
cuuTbiBatoTCs No goopmyne (4):

4)
roe:
— npsiMble BbIGpoOCklI nap-
HWMKOBBIX ra3oB NpW onepauusx no yaaneHuo rasa
B HedpTenobbive, T/r;
— npsimble BbIOpoCbl MeTa-
Ha OT CXWraHus rasa Ha @akernbHbIX YCTaHOBKax
npv gobbiye HedTw, IT/T;

GOR — cpegHui rasoBbli hakTop, NPUBELAEH-
HbI kK Temnepatype 15°C n gaenenuto 101,325 kMMa,
M3/m3;

Q — obuwee rogoBoe MNpou3BOACTBO HedTU
(103 m3/r);

M — MONeKynsApHbIN BEC UHTEPECYIOLLIEero rasa
(Hanpumep, 16,043 gna CH, 1 44,011 ana CO,);

y — Mofb unun obbEmHas 4ons NonyTHOro rasa,
cocrosiero u3 Beulectea | (Hanpumep, CH,4, CO,
UNU neTydMe HEMETaHOBble OpraHudeckue coegwu-
HeHus);

X — nonsi cOpOCHOro rasa, COXCKEHHOTO B hake-
nax, a He BbINYLLEHHOrO (3a UCKMIYeHeM NepBuY-
HbIX CKBaXXMH TsbKernown HedTu, kak npasuno, 6onb-
Lwas YacTb COPOCHOro rasa cxuraetcs B dhakenax);

FE — KoapduuMeHT aPdEKTUBHOCTU CXU-
raHus, oTpaxawwWwui [ONno rasa, CroparwLlero
B dhakenbHOM cucteMe HenornHocTblo. O6bIYHO
ons HedpTenepepabaTtbiBaloWMX 3aBOAOB AaHHbIN
nokasarternb npuvHumMaetcs paBHbiM 0,995, B TO Bpe-
Ms1 KaK ansi 06bekToB A06bIMM U nepepaboTku mc-
nonb3yetcs 3HadeHue 0,98.

YpoBeHb 3 (Tier 3)

Mcnonb3yloTcs Mogenu U U3MepeHusi, KoTo-
pble AatoT Hanboree TOUHYO oueHKy. MoryT npume-
HATbCA AWHaMU4YecKue moaenn, MHBeHTapusauuna
C UCNOMb30BaHWEM CMYTHUKOBbLIX AaHHbIX, MOHUTO-
PVHT BEIGPOCOB C NOMOLLbIO KaMep 1 AaTuMkoB. Tpe-
GyeT cepbe3HbIX PECYPCOB, CMELMUanu3vpoBaHHOM
o6opynoBaHusi 1 ryGoKoro aHanmsa.

Pe3ynkTaThl M 06cyxaeHue

MpoBeaeHne  M3MepPUTENbHbLIX  KaMnaHui
no BbIGpOCaM MeTaHa 3akOHOAATENbHO 3aKPENIEHO

B CLWA n ctpaHax EC. MuH1uMym oguH pas B rog Bce
onepaTopbl 06513aHbl NMPOBECTW 3amepbl Ha BCEM
ncnonb3yemMom obopynoBaHUM AnNs onpeaeneHust
hakTU4ecKMx BbIOPOCOB MeTaHa Ha OObeKTe U co-
BOKYMHO BO BCEW OTpacnu.

HecmoTpst Ha To, Y4TO 3TO HOBOE HamnpasreHve
ans rpynnel komnanun KMI™ n noka HaumoHansHoe
perynvpoBaHvue B 3TOM BOMPOCE OTCYTCTBYET, Mpu
nogaepXke MexayHapoAHbIX MapTHEPOB YXXe OCy-
LecTBNEH psig 3amepoB Ha 430 KM

Tak, B 2024-2025 rr. gna dopmupoBaHus
6a30BOM NUHWKM NPU COAEUCTBUM MEXOYHAPOOHbIX
KOMMaHWI, creunanusnpyoLmxcs Ha npegocTaene-
HWUW yCNyr N0 MOHUTOPWHIY BbIGPOCOB NMapHUKOBbLIX
rasoB 1 NOAOEPXKKE UX COKpaLLeHNs!, NPOBEAEHO TpU
KPYMHble N3MepUTENbHbIE KaMNaHWK:

1) Ha AO «OseHmyHarras» n TOO «Kasax-
CKUI rasonepepabaTbiBatoLnii 3aBog» C KOMNaHuemn
Tetra Tech B 2024 r. npoBeAeHbl KOMMIEKCHbIE W3-
MepeHUsi BbIBPOCOB 1 yTeYEK METAHA;

2) Ha mecTopoxaeHumn XKetbibah AO «MaHru-
craymyHanras» n TOO «Kasaxckuin rasonepepaba-
ThIBaOLLMIA 3aBOA» COBMECTHO C koMnaHuer Carbon
Limits B 2024 r. npoBeAeHbl U3MEPEHUSA U AEMOH-
cTpaunoHHble LDAR-paboThl Anst cneumanncTos;

3) Ha MeCTOpOXAeHNN Axwabynak
TOO «CIM «KasrepmyHaii» npu cogencTeum komna-
Hum Carbon Limits & Intero B 2025 r. npoBeaeHbl pa-
60TbI MO BLISIBNEHMWIO Y YCTPAHEHMWIO YTEYEK METAHA.

Monaraem, 4yto B Gnwxavwem Oyayuwiem us-
MepUTENbHLIMU KaMnaHuamu ByayT oxsayeHbl Bce
O30 KM, 4yTo No3BONUT BLINTM Ha YpOBEHb 4 MeTO-
ponorun OGMP 2.0 1 cooTBeTCcTBOBaTH TpeboBaHm-
am EC B YacTu ynpaBneHust METaHOM.

Mepexog Ha CTB no metaHy 6e3 cbopa WH-
dopmauum no BbiGpocam No UTOram U3Mepu-
TEMbHbIX KamnaHui Gyaer npexaeBpeMEHHbIM.
Ona onpeneneHvsi nopora BbIGPOCOB Ans pery-
nupoBanua (CTB) pomkHa ObiTb cobpaHa [fo-
ctaToyHass 0asa [aHHblX, KOoTopasi Mo3BONUT
onpenenuTb METaHOEMKOCTb obopynoBaHusi.
B ycnoBuax Hawei cTpaHbl Nepuos MWHUMYM
B TPU-NATb NeT JormkeH ObiTb oTBeAEH Ha cbop
[aHHbIX OT OrnepaTopoB B pa3pese WMCMornb3yemMoro
obopynoBaHusi U fanee pacyét koapduUUEHTOB,
nocrie 4Yero BO3MOXEH MNeEpPexof Ha KBOTUpOBaHWE
YCTaHOBOK.

3akno4yeHune

BbinonHeHne kak CTpaHOBbIX 06SA3aTenbCTB,
TaKk U NpuHATbIX obsizatenscte KMIT B pamkax
naptHepctBa OGMP2.0 TpebyeT He TOnbKoO 3Ha-
HUN 06 oBbEMax A0ObITbIX, TPAHCMOPTUPOBaHHbIX
unu nepepaboTtaHHbIX YB, HO 1 BnageHe AaHHbIMU
0 ko3adppuUMeHTax, COOTBETCTBYIOLIMX MPUMEHsIE-
MoMy obopyaoBaHuio. MonyyeHne TOYHbIX AaHHbIX
Ons pacyéToB BbIBPOCOB MeTaHa BO MHoOroM byaet
3aBUCETb OT MHBEHTapM3aLuUM BCEX UCTOYHUKOB Bbl-
6poCoB C MCMONb30BaHNEM CheLManbHOro U3Mepu-
TenbHoro o6opyAoBaHUsi, YTO AACT BO3MOXHOCTb
paspaboTtaTe k03hPULMEHTBI BbLIOPOCOB MeTaHa
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ONSA KOHKPETHbIX YCTAHOBOK, UCMONb3yeMbIX HA Me-
CTOPOXOEHUSX.

MpoBoammasi pabota no onpegeneHnto 6aso-
BOW NUHUM BbIODPOCOB MeTaHa NO3BOMUT HE TOMbKO
naeHTUOULMPOBaTL MCTOYHMKM BbIOPOCOB, HO U UC-
nonb3oBatb B OyayLleM COXpaHEHHBLIN B cUCTEME
ras ong reHepauum anekTpo3Heprumn, NpoM3BoacTBa
TOBapOB (MeTaHona 1 ammmnaka).

Ona BbINOMHEHUs MexXAyHapoaHbIX 0bs3a-
TENbCTB W MOBbLILEHUS TOYHOCTM YYETA METAHOBbIX
BbIOPOCOB HEOOXOAMMO COCPedoTOMUTLCA Ha cre-
OyLWmnx Mepax:

1) CospgaHue 6a3oBoro ypoBHS BbIGPOCOB
meTaHa. PerynapHoe wucnonb3oBaHve MeToda
LDAR nosBonsieT cokpatuTb BblGpockl Ha 40—-70%
n obecneunTb NPO3payHOCTb MOHWUTOpUHra. lMpak-
Tnka CLUA n EC nokasblBaeT, YTO exerogHble unu
OBYXNETHME KamnaHum obecneynBalT BbICOKUIA
YPOBEHb OTBETCTBEHHOCTU ONEPaTOPOB;

2) NIHBeHTapu3auus BCeX UCTOYHWKOB BbIOPO-
COB MeTaHa (B TOM YuCrie HEOPraHN30BaHHbIX);

3) BHegpeHnune addeKTUBHBLIX TEXHOMOMUNA.
[Ons cokpalweHuss BbIBpOCOB MeTaHa Tpebyetcs
aganTaums HaunyyLwnx 4OCTYMNHbIX TexHonorun. KM
yXXe NnaHnpyeT YyCTaHOBUTb CUCTEMbI peKynepauunm
napoB Ha pe3epByapax xpaHeHus YB v ynasnusaHus
rasa Ha ckBaxkvHax. MIx acpcpeKkTMBHOCTb gocTuraet
80-95% no mexayHapoaHbIM cTaHAapTaMm;

4) YcuneHvne KopnopaTWBHbIX CTaHAapTOB.
BBegeHue cTporux Hopm ynpaBrneHus yTeukamu me-
TaHa Ha NPOU3BOACTBEHHBLIX OObEKTax No Npumepy
MeXOYHapOAHbIX KOMMaHui Mno3BoNuUT J06uTbCH
3HAYUTENBHOIO CHUXEHUSI BbIGPOCOB;

5) Pa3Butue odpceTHbIx npoektoB. Peanusa-
LS NPOEKTOB, HanpaBrieHHbIX Ha KOMMNEeHcaLUuo Bbl-
6pOCOB MeTaHa, He TOMbKO YMYYLLUT 3KONOTMYECKYHO

OONONHUTENbHO

UcTouyHuK cbMHaHcMpoBaHUsA. ABTOpbI 3asBNSAT
06 OTCYTCTBMM  BHELIHEro  MHaHCMpPOBaHWSA
npuv NPoOBEAEHNN UCCcnefoBaHus.

KoHcdbnukr wuHTepecoB. ABTOpbl AeknapupyoT
OTCYTCTBME SIBHbIX W MOTEHUMAnbHbIX KOH(IUKTOB
WHTEPeCOoB, CBSI3aHHbIX C Mybnukaumnen HacTosLwen
cTaTbu.

Bknap aBtopoB. Bce aBTopbl noateepxgawT
COOTBETCTBME CBOEro aBTOPCTBA MeXAyHapoAHbIM
kputepusim ICMJE (Bce aBTOpbl BHECNU CYLLECTBEH-
HbIA BKNag B pa3paboTky KOHUenuuu, npoBedeHune
nccnenoBaHWs U MOArOTOBKY CTaTbM, MPOYNN U OA0-
Opunu duHanbHy Bepcuio neped nybnukauven).
Haunbonbwnii Bknag pacnpegenéH cnegyowmm ob-
pasom: LLlanaGekosa A.J1. — cbopmupoBaHue naen,
onpegeneHve HayyHol npobnembl, HanucaHue
TeKCTa CTaTbM, KMOYEBbIX Lienew, 3aaad, BblBOAOB
uccnepoBaHus; Mapucosa 3.K. — cbop n aHanus
matepuanoB, obpaboTka gaHHbix; Atemosa ILT. —
obpabotka M odopmIeHMM AaHHbIX, OTpaboTka
KOMMEHTapUEB N 3aMeYaHUN.

CUTYyauuto, HO 1N CO34acT HOBble BO3MOXHOCTU ANs
MOHETU3aLMN YCUINA.;

6) CospgaHue pblHKa ycryr no ynpasneHuto
MeTaHoM. KasaxctaH MOXeT pa3BuTb PbIHOK Tex-
HOMOrMIM 1 ycnyr Ansi obHapy>XeHust N ycTpaHeHus
yTeyek meTaHa. ATo co3pacT HoBble paboune mecTta
N YCKOPUT BHeApPEHWE COBPEMEHHbIX TeXHOMoruu
yepes TpaHcdep.

OnbiT yyactns 8 OGMP 2.0 nossonun Bbis-
BUTb KIHOYEBbIE HaMNpaBfieHNs Ans COBEpLUEHCTBO-
BaHWS HaUMOHANbLHOrO perynupoBaHus B HedTera-
30BOW OTpacnu:

1) MapmoHusaumsa metoamk. CruHXpoHM3auus
HaUMOHamnbHbIX NOAXOA0B C  MEeXAyHapOAHbIMU
CTaHAapTaMu MOBLICUT TOYHOCTb PACHETOB U YNpo-
CTUT nHTerpaumio KaszaxcraHa B rnobanbHble cucte-
Mbl MOHUTOPUHTa;

2) KomnnekcHbIi MOHUTOPUHE. COop AaHHbIX
no BbIGPOCaM B TeYeHWe HecKonbkux net obecne-
4T Heobxoammyto 6a3y Ans pa3paboTky MOPOroBbIX
3HaYeHUw;

3) MepexoaHbi nepuog Ans onepaTtopos. Bee-
[eHne BPEMEHHOro MopaTopusi Ha NPOBEPKM B Ne-
pvoa cbopa AaHHbIX CHU3WUT AaBneHne Ha GusHec
1 NO3BOMUT KOMMNaHUAM aAanTMpoBaTbCA K HOBbIM
TpeboBaHusM;

4) lNoaxoa K aAMUHUCTPUPYEMbIM YCTaHOBKaM.
Mcnonb3oBaHne npuHUMNA, MPUMEHSEMOro K Bbl-
6pocam CO, (nopor 10—20 TbIC. T), NTOMOXET CTUMY-
nvpoBaTb peanu3auunio oCeTHbIX MPOEKTOB.

Oxwnpaetcs, 4To B bnukanwume rogbl KasaxcraH
YCUINNT perynnpoBaHne MeTaHoBbIX BbIBPOCOoB, ycTa-
HOBMB KOHKPETHbIE LIENV ANS pasnnyHbIX CEKTOPOB.
OnbIT Taknx komnanwn, kak KMI, MoXeT cTaTb OCHO-
BON ANs popMMpOoBaHNS 3PMEKTUBHON MONUTUKM
1 [ONTOCPOYHON CTpaTerm ynpasneHus MeTaHoM.
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TpeboBaHMA K cTaTbAM Hay4YHO-NPaKTUYECKOro XXypHana
«BecTHuK HecpTerazoBomn oTpacnu KazaxcraHa»

1. MpaBuna ny6nukauum craten

B KypHane ny6numkytoTes Hay4Hble
cTaTbl  pe3ynbTatoB  WCCMedoBaHWi,  onbiTa
BHedpeHus  obopydoBaHMsl,  HOBOW  TEXHUKU

M TEXHOMNOrM Ha MPOW3BOACTBEHHbLIX OOBEKTax B
pa3nuyHblX obrnacTtsax HedTerasoBon oTpacnv B
cooTBeTCTBUM C pybpukamu XypHana (reonorusi,
OypeHune, paspaboTka M akcnnyatauus HedTAHbIX
W ra3oBblX MECTOPOXAEHUWA, TexHWKa W Tex-

Honmorust  go6blum  HedbTM M rasa, noAaro-
ToBKA HedpTM M ra3a,  NpoOeKTUpoBaHue
1 0ByCTPONCTBO, 3KOHOMMKA, IKOMOrns).

Pepakuus npuHuMaeT Ha  paccMOTpeHue
PYKOMUCKM Ha Ka3axCKOM, PYCCKOM W  aHrmun-
CKOM  fA3blkaX, MpuUcnaHHble B  pedakuuio
yepe3 nNWYHbIN KabWHET Ha canTe XypHana
vestnik-ngo.kz, paHee He  onybnukoBaHHbIE

W He npedHa3HayeHHble K nybnukauum B Opyrux
usgaHuax. Pykonuce pomkHa cogepxatb pann
C MOMHbIM TEKCTOM, rpadmyeckum u TabnuyHbIM
maTtepuanom. Pykonucb conpoBoxaaeTcsi NMCbMOM
Ha WMs [NaBHOTO pefakTopa O BO3MOXHOCTU
ony6nukoBaHuM  CTaTbW, MOANUCAHHOE BCEMM
yYneHamMn aBTOpPCKOro KonnekTtusa. [pu nopjaye
PYKOMMCK aBTOPbI MOAMUCHIBAIOT aBTOPCKWIA [OrOBOP
(ocbepThl).

ABTOpbl HeCyT OTBETCTBEHHOCTb 3a [JocC-
TOBEPHOCTb W 3HAYMMOCTb HayYHO-MPaKTUHECKMX
pes3ynbTaToB W aKkTyarnbHOCTb Hay4YHOTO CoaepKaHWs
pykonucen. He gonyckaeTcs nnarmart — He3akoOHHOe

UCMonb3oBaHWe MatepuanoB  OnyGnMKOBaHHbIX
pabot: cTatel, MoHorpacpuii, naTteHToB W Ap.,
SABNAOWUXCA NpegMeTOM  YyXXOro  TBOPYECKOro
TPyAa.

PelwieHne o nybnukaumv npyHMMalOT rMaBHbIN
penakTop v pefakUMOoHHas KONMerus xxypHana nocne
pPaccMOTPEHVS PYKOMWCK, NPOBEPKM Ha nnarvart
W Cnenoro peLeH3MpoBaHUs, YUYUTbIBAsS HayyHyo
W NpaKkTU4Yeckyld 3HaAYMMOCTb W  aKTyanbHOCTb
npedcTaBneHHbIX MaTepuanoB. Pegakums xypHana
ocTaBnseT 3a cobov npaBo Bbibopa peueH3eHTa,
a Tawkke ero 3ameHbl npu  HeobXoAMMOCTM.
Pykonuch, nonyyvBluas HEAOCTaTOMHO BbICOKYHO
OLEHKY MO MWTOraM pacCMOTPEHUS, OTKIOHSIEeTCH

Kak He  COOTBETCTByIOLlAsi  YPOBHO UMW
Tematuke nybnukaumii KypHana. OTKINOHEHHble
pykonucu NOBTOPHO He NpUHUMAaOTCSt
1 He paccmaTpuBaloTCs.

Ecnn  pykonuce otobpaHa Kk onybnu-
KOBaHUIO B onpeaeneHHoM BbINycke
XypHana,  pedakuusi  MpOM3BOAUT  BbIYUTKY
matepuana, nuTepaTypHOe  pedakTMpoBaHue,
a Takke npoBepseT O0dOpMNEHNe  PyKOMUcK
Ha COOTBETCTBME  HAaCTOSAWMM  TpeboBaHUAM
kK crateam.  OTpedaKkTupoBaHHasi  PyKOMUCb

https://classinform.ru/udk.html
https://grnti.ru/
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HanpaenseTcs aBTOpam Ha AopaboTky
B COOTBETCTBUM C KOMMEHTapUsiMM pedaKuum
nocpeacTBOM cailTa ypHana. [opa6oTtaHHas
aBTOpaMMn PYKOMUCb AOMKHA OblTb HampasneHa B
3afaHHble pedakumell CPOKM Ha calTe XypHana.
Pykonuch cuMTaeTcs NPUHATON Mocre ycTpaHeHus
aBTOpaMu BCEX 3aMeYaHnii pefakumum n peLieHseHTa.

2. Tpe6oBaHuA K cTaTbAM

PyKOI'II/ICb AOImKHa ObITb B TEKCTOBOM
penaktope (MS Word, OpenOffice, LibreOffice),
davin JormkeH MMeTb paclimpeHue *.doc, *.docx,
*.rtf.

CTpyKkTypa pyKOMMCU [OSbkHa BKMYaTb B
cebs:

1. YOK', MPHTW?, Tun  nybnukauwmm,
Ha3BaHue, PO aBTOpOB, MecTa paboTbl aBTOPOB
(HaumeHoBaHVA opraHusauu 6e3 ykasaHus op.
dopmM, ropog, CTpaHy), aHHOTauul, KhoveBble
CrioBa — B OHY KOJTOHKY Ha Tpex A3blkax (PyCCKui,
aHIMUNCKUIN, Ka3axCKWUi) Ha OTAENbHOW CTpaHuLe Ha
KaXX[OM si3blKe.

2. TekcT cTaTb¥ — B [IBE KOINOHKM Ha A3blke
opurmHana. TekcT fomkeH OblTb  NOrMYecku
CTPYKTYPUPOBaHHLIM. PekoMeHayeTCANCnonb30BaTh
cnegyloliMe noas3arofioBKU: BBeAEHWE, OCHOBHas

yacTb, pacyeTHasi u4acTb, 3KCMepuMeHTanbHas
YacTb, pesynbTatel U OOCyXAeHwWe, BbIBOAbI
1 3aKroyeHme.

3. PucyHku, Tabnuupl — B OgHYy MM

OBe KOMOHKM B 3aBMCMMOCTM OT pa3mepa, C
Ha3BaHUSAMK, OBO3HAYEHUSAMU, MOAPUCYHOYHBLIMU/
noaTabnuyHbIMKM  HagAMUCAMKU, NPUBEOEHHBIMU Ha
A13bIKe OpUrMHana c nepeBoAOM Ha aHTTMNCKUIA A3bIKS.
Kaxabli pucyHOK crnepyeT pasMellatb Ha cante
B BMAE OTAENbHOro AOMnonHWTenbHoro darna B
opurMHaneHoM Buge B dopmarte jpg, gif, jpeg, tiff,
anarpammbl — B popmate excel.

4. [ononHuTenbHble cBedeHuss 06 uc-
TOYHVKE  (PUHAHCUMPOBAHUSA, KOHMMUKTE  UHTe-
pecoB W BKnage aBTOPOB — B [BE KOMOHKX
Ha A3blKe OpUrMHana u Ha aHrnMUNCKOM S3blKe.

5. Cnucok MCNOmNb30BaHHOWN niTe-
patypbl  (epgebuertep  Tisimi, references) —
B OZHY KOJIOHKY.

6. MogpobHylo  WHdbopmauuwo 06  aB-
Topax (yyYeHble 3BaHWSl, Y4YeHble  CTeneHwu,
ORCID, Scopus SPIN-kog, email u np.
npu HeobxogMMocTM) — B  [Be  KOMOHKU
Ha A3blke OpUrMHana u Ha aHrnUNCKOM SA3blKe.

7. YkasaHue aBTopa, OTBETCTBEHHOIO
3a nepenucky (corresponding author),

nof 3HaKOM «*» — B OfJHY KOOHKY.
CTpYKTypHbIe 3neMeHTbl pyKoOnucK crieayet
odopMIATb cregyroLmm obpasom:

3pecb v panee B crnyyae, ecnu A3bIKOM OpuUrMHana sBMSeTCs aHIMUINCKUIA, NepeBoA Ha Apyrue A3blku He TpeﬁyeTca.



1. YOK (UDC, 90X), MPHTU (CSCSTI,

FTAXP) 3apatotca  nponucHelMn  BykBamu,
wpudTtom Arial, pasmep 14, HadepTaHve -—
nonyxvpHoe, BblpaBHVBaHWE - cnesa,
6e3 oTcTyna, MeXOYCTPOYHbIA  WHTepBan —
MHoOXuTenb, 1,15.

2. Tun nybnukauuu 3agaetcs  nocne
YOK, MPHTW, wpwudtom Arial, pasmep 12,
HayepTaHne — MOMYXUPHOe, BblpaBHWBaHWE —

cnesa, 6e3 OTCTyna, MeXOyCTPOYHbIA MHTEepBan —
MHOXuUTenb, 1,15.

3. 3aronoBOK pyKonucu [OMKeH ObiTb
KOPOTKUM W MHpopmaTuBHbIM, 6e3 abbpesumatyp,
3agaH wpudTom Arial, pa3avep 14, HayepTaHue —

nonyxvupHoe, BblpaBHMBaHNE - cnesa,
6e3 oTcTyna, MeXOYCTPOYHbIA  WHTepBan —
MHOXuTenb, 1,15.

4. ®UNO aBTOpPOB npvBogATcs non,

3aronoBkomM, WpudT Arial, pasmep 14, HauepTaHne —
NonyxupHoe, BolpaBHUBaHWe — cneea, 6e3 oTcTyna,
MEeXOYCTPOYHbIN WMHTepBan — MHoxuTenb, 1,15.
WHnumanel nuwytca 4depe3 Touky 6e3 npobena
BHYTPU.

5. MecTa pa6oTbl aBTOpPOB (HaMMeHOBaHUsI
opraHmsaumi 6e3 ykasaHus top. ¢opm, ropog,
ctpaHa) npusogatcs nog PO asTopos, wpudTArial,
pasmep 11, HauepTaHne — KypcuB, BblpaBHUBaHNE —
cnesa, 6e3 OTCTyna, MeXOyCTPOYHbIA MHTEepBan —
MHOXuTenb, 1,15.

6. AHHOTauum pykonucen TMna
«OpUrMHarnbHble UCCNeaoBaHWs» [OMKHbI UMETb
criepytolyo  CTpykTypy: oBocHoBaHue, uernb,

maTtepuansl U MeToAbl, pe3ynbraThbl, 3aKnioveHue.
O6bem aHHOTaumm — He 6Gonee 300 cnos.
Mepen TEKCTOM aHHOTaAUMWM 3adaéTcsl 3arofoBOK

«AHHOTALUMA» («ABSTRACT»), wpudt Arial,
pasmep 11, otctyn 0,75 cM, MEXCTPOYHbIN
vHTepBan — 1,15, [ns Tekcta aHHoTauuu

ncnonb3yetcs wpudT Arial, pasmep 10, otctyn 0,75,
MEXCTPOYHbIN nHTepsan — 1,15.

7. KnroueBble cnoBa nuwyTcs  MoA
aHHoTauumewn, Yyepes gBoetoune, He bonee 10 cnos
Unu criosocoyeTaHun, wpudtom Arial, pasamep 10,
KypcuB, otctyn 0,25, MeXCTpOYHbI MHTepBan —
1,15. O6obuwatowee crnosocoyeTaHne «Knoueble
cnoea:» («Keywords», «TyiiH ce3nep») cnegyet
BblAENUTH CUHMM LIBETOM, aKLEHT 1.

8. TekcT pykonucu [OMKEH Ha4YMHaTbCS
C HOBOW CTpaHuubl, wpudTt Arial, pasmep 11,
BblpaBHMBaHune — cneea, otctyna 0,75 cwm,

MEeXOYCTPOYHbIN MHTepBan — MHoXuTensb, 1,15.

9. 3aronoBku TekcTa pykonucu («Bee-
neHne», «OcHOBHasi 4YacTb», «3aknoveHue»
n ap.) 3apgatotca wpudgTom Arial, paswep 11,
BblpaBHMBaHune — cnesa, otcryn 0,75 cwm,
MeXOYCTPOYHbIN MHTepBan — MHoXuTensb, 1,15.

10. Hymepauus pucyHkoB M  Tabnuy
nomkHa ObiTb  nocnegoatensHon (1, 2, 3
1 1.4.). Tabnuupbl U pUCYHKN HE AOMKHbI ObITh B3ATHI
13 Opyrux martepuanoB 06e3 ykasaHusi UCTOYHUKA.
Moanucn puUCYHKOB M Tabnuy [JOMKHbl ObITb
nornHeiMu, 6e3 cokpatleHui («PucyHok 1», « Tabnuua

2», «Figure 3», «Table 4»), 3agaHbl ¢ MponUCcHOn
OykBbl. HasBaHMA PUCYHKOB M TabnuL, [OMKHbI
ObITb KPaTKUMKW, HO MHPOPMATMBHBLIMU, OTAENEHbI
OT MOANWUCK TOYKOM € Npobenom, nepeoe CroBo — C
nponucHon BykBbl, 3agaHbl WpudTom Arial, pasmep
11, NonNyXvpHbIN, BbipaBHWBaHWE — MOCEpeauHe,
6e3 oOTCTyna, MEXCTPOYHbIA uHTepBan — 1.
Moanucb n HaseaHWe Tabnuubl NULLIETCA CBEpXy
Tabnuubl, nNoANMCbL W Has3BaHWe pUCYyHKa —
nog pucyHkoM. T[locne HasBaHus Touka He
ctaBuTcs. Ecnu pucyHok cogepXuT nepeuncnexmve,
oTMeuYeHHoe BykBamu unu umcpamu (a), 6), B)...; 1),
2), 3)...; a), b), c)...), Takne obo3HaYeHMSA NULLYTCS
noA Ha3BaHWeM pucyHKa, 3agatTcs wpnudTom Arial,
pasmep 10, HauyepTaHue — KypcuB, BblpaBHUBaHNE —
nocepeavHe, Ge3 oTCcTYNa, MEXCTPOYHbIN
nHTepsan — 1.

11. MNoppucyHOYHbIE n noarabnuy-
Hble Hagnucu  cogepxaT  pacudpoBKy
obo3HayeHun,  3agalTcs wpudptom  Arial,

pa3vep 10, BblpaBHMBaHWE — crneBa, 6e3 oTcTyna,
MEXCTPOYHbIN nHTepsan — 1.

12. TeKCT Ha puUCYHKax M B Tabnuuax
3apgaétca  wpudtom  Arial, pasmep ot 8
0o 12. TekcT OOmkeH MMEeTb nepeBof C A3blka
opvrMHana Ha aHIMUNCKUA  A3bIK, WCKIoYeHne
cocTaBnsAlT CKPUHLLOTbI, martepwuansl,
BbIFPY>EHHbIE U3 NPOrpaMMHbIX MPOAYKTOB, U UHblE
BMAbl rpacduyeckoro n tabnuyHoro matepvana B
HepeaakTupyemom dgopmare.

13. YNnoMMHaHUA B TEKCTe PUCYHKOB W
Tabnuuy cnegyeTt odoOpMNATE Tak Xe, Kak U TeKCT,
MCMOonb3ys Npu 3TOM KpaTkyto OpMy MOCTOSHHOM
YacTu Ha3BaHus («puc. 1», «Tabn. 2»).

14. Cnucok ucnonb3oBaHHON nure-
patypbl  (apebuertep  Tisimi, references)
OOMKeH cogepxaTb TOMbKO Te  nybnukauum,
Ha KoTopble eCTb CCbinkn B TekcTe. Ccbinku
3agaTca  nocnegosatenbHo  ([1],  [2], [3]
M T.A.), B COOTBETCTBUM C [AaHHbIM MOPSAKOM
WCTOYHUKM  OOSKHbI  pacrnonaratbCs B CNMCKe
MCMonb30BaHHOW nuTepatypbl. CNUCOK He AoMmKeH

npesblwatb 30 NyHKTOB AN OPUIMHanbHbIX
nccriegoBaHun, He 6Gonee 60 — Ondg  HayYHbIX
0630poB., npeanoYTUTENbHO COBPEMEHHbIX

nagaHnni. Kaxabli UCTOYHWK YNOMWHAETCHA B CMUC-
ke 1 pas, BHEe 3aBMCMMOCTM OT TOrO, Kak 4acTo
Ha Hero genaercs ccbinka B TekcTe paboTbl. Cebinku
Ha HOMep MCTOYHMKa B CMUCKe B TeKCTe cneayet
npvBOOUTbL B KBagpaTHbIX ckobkax. OdopmneHve
CMNCKOB MCMOSMb30BAHHON nUTepaTtypbl Ha pyc-
CKOM U KasaxckoM siblkax nposogutcs no MOCT
P 7.0.5-2008, Ha aHrmMNCKOM A3blke — CTUNEM
AMA (Vancouver). lMogpobHee o03HaKOMUTbLCA C
npasunamun oopMIEHNS CCbINIOK Ha onpeaeneHHbIe
BUAbI ny6nvkaumn MOXXHO no CChbISIKE:
https://journals.eco-vector.com/index/pages/view/
references_split.

15. UHdpopmaumsa o6 aBTOopax [JomkHa
cogepxatb ®NO aBTOPOB MNOMHOCTbI, YYeEHbIE
3BaHusi, yuyeHble cTenenu, ORCID, Scopus
SPIN-kog, email u uvHble cBedeHus npu
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HeobxogumocTHy. OdopmnisieTca wpudTom
Arial, pa3svep 12, BblpaBHMBaHME — CreBa,
6e3 oOTCTyna, MEXCTPOYHbIA  MHTepBan  —
MHOxuTens 1,15, 3aronosok «NHOOPMALINA
OB ABTOPAX (-E)» («ABTOP(-NNAP) TYPANbI
AKMAPAT», «AUTHORS'(-'S) INFO») 3apaétcs
nponucHbiMKu BykBammn 1 BblAENSETCS NONYXUPHbIM
HauepTaHnem. ®NO aBTOpOB TaKkke BbIOEMSAOTCA
MOMYXXUPHbIM  HavyepTaHveMm. 3Be3goukon  («*»)
cnesa ot ®MO oTmevaeTcs aBTOp, OTBETCTBEHHbIN
3a nepenucky (xabap anmacyfa xayanTbl
aBTop, corresponding author). [losicHsioLasn
CTpoKa «*ABTOp, OTBETCTBEHHBIN 3a nepenucky/

Corresponding author» («*Xabap anmacyra>xayanThbl
asTop/Corresponding author») npuBoguTcs nocne
pasgena «MHdopmaLums 06 aBTopax».

Mons CTpaHuLbI OOIKHbI nmeTb
cnegylowime napameTpbl: BepXHee W HWKHee —
2 cm, neBoe — 3 cm, npaBoe — 1,5 cm. Pa3amep
ctatbM — He 6onee 10 cTp. ANs OpUrMHanbHbIX
nccriegoBaHun, He Gonee 20 cTp. AnA HayYHbIX
0630pOB U MHbIX TUMOB pykonucen. Ons Habopa
CMOXHbIX MaTeMaTuyecknx Hopmyrn UCMosb3yeTcs
cTaHgapTHeln pepaktop Equation Editor coopmyn B
nporpamme Word.

Requirements for submitting articles for the publication
in the “Kazakhstan journal for oil & gas industry”
Journal of Research and Practice

1. Rules for publishing articles

The Journal publishes scientific articles on the
research results, experience in the implementation
of new equipment and technologies at the production
facilities in various areas of the oil and gas industry
in accordance with the Journal sections (geology,
drilling, development and operation of the oil and
gas fields, equipment and technology for the oil and
gas production, oil and gas treatment, design and
development, economics, ecology).

The editorial board accepts for consideration
the manuscripts in Kazakh, Russian and English,
sent to the editorial office through a personal
account on the Journal website vestnik-ngo.kz,
previously not published and not intended for the
publication in other editions. The manuscript should
contain a file with full text, graphics and Tables.
A letter addressed to the editor-in-chief on a
possibility of publishing the article, signed by all
members of the authors’ team, should be attached
to the manuscript. When submitting a manuscript,
the authors sign an Authorship Agreement (offers).

The authors are responsible for the reliability
and significance of the scientific and practical results
and the relevance of the scientific content of the
manuscripts. Plagiarism is not allowed, i.e. illegal
use of the materials of the published works: articles,
monographs, patents, etc., which are the subject of
someone else's creative work.

The decision to publish is made by the editor-
in-chief and the editorial board of the Journal after
reviewing the manuscript, checking for plagiarism
and blind peer review, taking into account the
scientific and practical significance and relevance
of the submitted materials. The editorial board of
the Journal reserves the right to choose a reviewer,
as well as to replace the latter, if necessary. The
manuscript, which has received an insufficiently high
rating on the basis of the reviewing results, is rejected

" https://classinform.ru/udk.html
2 https://grnti.ru/
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as not corresponding to the level or subject of the
Journal's publications. The rejected manuscripts are
not re-accepted and will not be considered.

If the manuscript is selected for the pub-
lication in a particular issue of the Journal, the
editorial board makes proofreading of the material,
literary editing, and also checks the design of the
manuscript for the compliance with the present
requirements for the articles. The edited manuscript
is sent to the authors for the revision in accordance
with the editorial comments via the Journal's
website. The manuscript, finalized by the authors,
should be sent within the deadlines set by the
editors on the Journal's website. The manuscript is
considered accepted after the authors eliminate all
the comments of the editors and the reviewer.

2. Requirements to the articles

The manuscript should be in a text editor (MS
Word, OpenOffice, LibreOffice), the file should have
*.doc, *.docx, *.rtf extensions.

The structure of the manuscript should include:

1. UDC', CSCSTI?, type of publication,
title, full name of the authors, places of work of
the authors (names of the organizations without
specifying the legal forms, city, country), annotation,
keywords — in one column in the three languages
(Russian, English, Kazakh) on a separate page in
each language.

2. Text of the article — in two columns in
the original language. The text should be logically
structured. It is recommended to use the following
subheadings: introduction, main part, calculation part,
experimental part, results and discussion, summary
and conclusions.

3. Figures, Tables — in one or two columns,
depending on the size, with titles, symbols, figure
and table captions, provided in the original language
with the translation into English. Each Figure should



be posted on the site as a separate additional
file in its original form in jpg, gif, jpeg, tiff format,
diagrams — in excel format?.

4. Additional information on the source
of funding, conflict of interests and the con-
tribution of the authors — in two columns
in the original language and in English.

5. References (cnucok MCnonb30BaHHON
nuTepatypbl, 9aebueTTep Tisimi) — in one column.

6. Detailed information about the au-
thors (academic titles, academic degrees,
ORCID, ScopusSPIN code, email, etc.,
if necessary) — in two columns in the original
language and in English.

7. Indication of the author, responsible for the
correspondence (corresponding author), under the
sign “*”.

The structural elements of the manuscript
should be formatted as follows:

1. UDC (YAK, 90X), CSCSTI (MPHTW,
FTAXP) are set in capital letters, Arial font, size
14, style — bold, alignment — left, no indent, line
spacing — multiplier, 1.15.

2. The type of publication is set after
UDC, CSCSTI, Arial font, size 12, style — bold,
alignment — left, no indent, line spacing -
multiplier, 1.15.

3. The title of the manuscript should
be short and informative, without abbreviations,
set in Arial font, size 14, style — bold, alignment —
to the left, no indent, line spacing — multiplier, 1.15.

4. The full names of the authors are given
under the heading, font Arial, size 14, style — bold,
alignment — left, no indent, line spacing — multiplier,
1.15. the initials are written with a dot, without a
space inside.

5. The places of work of the authors
(names of the organizations without specifying the
legal forms, city, country) are given under the full
names of the authors, font Arial, size 11, style — italic,
alignment — left, no indent, line spacing — multiplier,
1.15.

6. The abstracts of the manuscripts
of the “original research” type should have the
following structure: rationale, purpose, materials
and methods, results, conclusion. The volume of the
abstract is no more than 300 words. The text of the
abstract is preceded by the heading “ABSTRACT”,
Arial font, size 11, indent 0.75 cm, line spacing —
1.15. The abstract text is set in Arial font, size 10,
indent 0.75, line spacing 1.15.

7. The key words are written under
the abstract, separated by a colon, no more
than 10 words or phrases, in Arial font, size
10, italic, indent 0.25, line spacing - 1.15.
The generalizing phrase “Keywords” (“KntoueBble
cnoea’, “TymiHcesgep”) should be highlighted
in blue, accent 1.

8. The text of the manuscript should start
on a new page, font Arial, size 11, alignment —

on the left, indent 0.75 cm,
multiplier, 1.15.

9. The headings of the text of the
manuscript (“Introduction”, “Main Part”,
“Conclusion”, etc.) are set in Arial font, size
11, alignment — on the left, indent 0.75 cm,
line spacing — multiplier, 1.15.

10. The numbering of the Figures and
Tables should be consecutive (1, 2, 3, etc.).
The Tables and Figures should not be taken
from the other materials without indicating the
source. The captions of Figures and Tables
should be complete, without abbreviations
(“Figure 17, “Table 2", “Figure 37, “Table 4”),
set with a capital letter. The names of Figures
and Tables should be short, but informative,
separated from the caption by a dot with a space,
the first word should be capitalized, set in Arial
font, size 11, bold, alignment — in the middle, no
indent, line spacing — 1. The caption and the name
of the Table are written above the Table, the caption
and name of the Figure should be below the Figure.
There is no dot after the name. If the Figure contains
an enumeration marked with letters or numbers (a),
b), ) ...; 1), 2), 3)...; @), b), c)...), such designations
are written under the name of the Figure,
set in Arial font, size 10, style — italic, alignment —
in the middle, no indent, line spacing — 1.

11. The sub-Figure and sub-Table
inscriptions contain deciphering of designations,
set in Arial font, size 10, alignment — to the left,
no indent, line spacing — 1.

12. The text in Figures and Tables is set
in Arial font, size from 8 to 12. The text should be
translated from the original language into English,
with the exception of screenshots, materials
downloaded from the software products, and other
types of graphic and tabular material in a non-
editable format.

13. References

line spacing -

in the text of the Fi-
gures and Tables should be formatted
in the same way as the text, using the
short form of the constant part of the name
(“Fig. 17, “Table 2).

14. References (cnucok ncnonb3oBaHHOWM
nuTepaTtypbl, apebuertep Tisimi) should contain
only those publications, which are referenced in
the text. The references are given sequentially
([11, [2], [3], etc.), in accordance with this order, the
sources should be placed in the list of references.
The list should not exceed 30 items for the original
research, no more than 60 for the scientific reviews,
preferably modern publications. Each source is
mentioned in the list 1 time, regardless of how often
it is referred to in the text of the work. The references
to the source number in the list in the text should
be given in square brackets. Drawing-up of the lists
of the used literature in the Russian and Kazakh
languages is carried out in accordance with GOST
R 7.0.5-2008, in English — in the AMA (Vancouver)

3 Hereinafter, if the original language is English, the translation into other languages is not required.
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style. You can learn more about the rules for
formatting refernces to certain types of publications
at the link: https://journals.eco-vector.com/index/
pages/view/references_split.

15. Information about the authors should
contain the full name of the authors, academic
titles, academic degrees, ORCID, Scopus SPIN
code, e-mail and other information, if necessary.
Set in Arial font, size 12, alignment — on the
left, no indent, line spacing — multiplier 1.15.
The heading “INFORMATION ABOUT THE
AUTHORS” (‘’H®OPMALMA OB ABTOPAX’,
ABTOP(-NIAP) TYPAIblI AKMAPAT” is written
in capital letters and highlighted in bold.
The authors' names are also highlighted in bold.

(2]

An asterisk (“*”) to the left of the full name marks
the author responsible for the correspondence
(aBTOp, OTBETCTBEHHbLIA 32 nepenucky, xabap
anmacyra xayantbl aBTop). The explanatory line
“*Corresponding author” ("*Corresponding author/
ABTOp, OTBETCTBEHHELIN 3a nepenucky”) is provided
after the “Information about authors” section.

The page margins should have the following
parameters: top and bottom —2 cm, left— 3 cm, right —
1.5 cm. The article size — no more than 10 pages for
the original research, no more than 20 pages for the
scientific reviews and other types of manuscripts.
For a set of complex mathematical formulas, the
standard editor EquationEditor of formulas in the
Word format is used.

«KasakcTaHHbIH MyHaWn-ra3s canacbiHblH XabapLbICbI»
FbINbIMU-NPAKTUKATNbIK XXYpPHanbIHbIH MakKananapbiHa
KOWbINaTbIH TananTap

1. Makananapabl xapusanay epexenepi

KypHanga YKypHangbiH, angapnapblHa
cankec (reomorusi, Oypfbinay, urepy xXeHe My-
Han »oHe Tra3 KeH OpblHAAPbIH nNanganawy,

MyHa# MeH ra3 eHfipydiH TexHuKacbl MeH Tex-
HoMnorusicbl, MyHav MeH rasabl ganbiHaay, xobanay
XaHe >annacTblpy, 9KOHOMMKA, 3KOMNOrusi) MyHam-
ra3 eHepkacibiHiH apTypni cananapbiHaarbl eHAipic
HblcaHAapblHAA 3epTTeynepaiH HaTwXenepi,
abablKTapAbl, )KaHa TEXHVKa MeH TeXHonoruanapgbl
eHridy Toxipubeci Typanbl fbibIMM Makananap

XapusinaHagbl.

Pepakuns vestnik-ngo.kz KypHanbiH-
hafbl  xeke  kabuHeT  apkbinbl  pedakuusiFa
xibepinreH, OypbIH XapusinaHbaraH

XoHe Oacka 6GacbinbiMaapga xapusnayFa apHan-
MaFaH Kasak, OpbIC >X8He afblfWbIH TiNgepiH-
peri komkasbanapabl  kapayFa  kabblnpanapl.
Komkasbaga Tonmblk MaTiHi, rpadukacbl keHe
kectenepi 6ap dann Gonybl Tuic. Komxkasbara
aBTopnap \XKbIMblHbIH Oaprnblk  MyLlenepi  Kon
KOWFaH MakanaHbl xxapuvsanay MyMKiHgiri Typansl 6ac
penakTopAblH aTblHa asbllfaH xaT Koca bGepineai.
KomkasbaHbl Tanceblpy kesiHge aBTopnap aBTOpSbIK
kenicimre (odepTanapra) Kon kosabl.

ABTOpnap FbINbIMU-NPaKTUKANbIK HaTU-
XenepgiH  ceHiMainiri  MeH  MaHbI3ObINbIFbIHA
XeHe KomkasbanapgblH FbiibIMA  Ma3MYHbIHbIH,
e3ekTinirive xayan 6epeai. [lMnarvatka pykcat

Gepinmengi — 6Gacka OGipeygiH LblFapMaLlbIbIK
XKYMbICbIHbIH,  HblcaHacbl ~ 6omnbin  TabbinaTbiH
XapusnaHfFaH — KyMbICTapablH:  MakananapgblH,

MOHorpadusnapabiH, NaTeHTTepAiH xaHe T.6. maTe-
pviangapblH 3aHCbI3 nanganaHy.

Xapusnay Typanbl WwewiMAai  KypHangblii
Gac  penakTopbl MeH pedakuusi  ankachbl
KomkasbaHbl KapacTblpfaHHaH, nnaruar neH CokbIp

" https://classinform.ru/udk.html
2 https://grnti.ru/
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peueH3uanayabl TeKCepreHHeH KewiH, YCbIHbInFaH
MatepuvangapablH  fblNibIMUM - XK8HE  MpaKTUKanbIK
MaHbI3abINbIFbl MEH ©3€eKTiMirNiH eckepe OTbIpbIn
Kabblnganapl. KypHangpbiH penakumscol
peLeH3eHT TaHdayFa, XoeHe e kaxeT OonFaH
Xafganpga OHbl aybICTbipyFa KyKblbl. Kapactbipy
HeTWxenepi OoWblHWA KEeTKiNikci3 >xofapbl 6Gara
anfaH Komxkasba >KypHan >apusinaHbiMOapblHbIH,
[OeHreliiHe HeMece TaKblpblOblHa Calikec eMec aen
kabbinganbangpl. KabbinpaHbaraH komkasbanap
KanTa kabblngaHbangbl xxeHe kapacTblpbliManabl.
Erep komkasba >xypHangblH Genrini  Gip
HeMipiHAe >kapuanaHy YLWiH TaHganca, pegakums
Matepuvangbl okuabl, 8aebw  pepakuusnaygbl
XKy3ere acblpafbl, COHbIMEH KaTap KormkasbaHbiH,
pecimaenyiHiH Makananapfa KoWblnaTblH — OCbl
TananTapFra CONKecTiriH Tekcepeai. PegakunsinanraH
Kormkasba XypHanablH CanTbl apKbinbl peaakunsnbIK
TYCiHiKTEMenepre ceVikec aBToprapfa Ty3eTyre
xibepinegi. ABTopnap AanblHAaraH KomxasbaHbl
XypHangplH ~canWTbiHOA@ pepakums  GenrinereH
Mep3imae xibepy Tuic. ABTOpnap pepakums MeH
peLeH3eHTTIH Gapnblk ecKepTynepiH >XOWFaHHaH
KeniH kormkasba kabblnaaHabl aen ecentenen,.

2. Makanafa KonbInaTbiH Tanantap

Komkasba maTiHaik pepaktopga Gonybl Tuic
(MS Word, OpenOffice, LibreOffice), cbannpa *.doc,
*.docx, *.rtf 6onybl THic.

KomxasbaHbiH
Kypanybl TMic:

1. 90X, FTAXP?, 6acbinbiM Typi, TaKbIpbIObl,
aBTOpnapablH,  TOMblK  aTbl-XeHi, aBTopnapablH
XYMbIC OpblHAapb! (3aHAblI HbiICAHAAPbIH KepceTnen
yibiMaapablH ataynapsbl, kanachbl, en), aHHoTaums,
Herisri cesgep — yw Tinge 6ip GarfaHga (opbic,
arbINwblH, KasakLwa) ap Tinge 6enek betre.

KypbIbIMbl  KenecinepaeH



2. Makana MaTiHi TynHycka Tinge exi
baraHga. MaTiH norukanblK KypblnbiMAbl 6onybl
Tmic. Kenmeci Takblpbinwanapabl — navpganaHy
yCbIHbINaAbI: Kipicne, Herisri 6enim, ecentey Genimi,
3KCMNEPUMEHTTIK Genim, HaTWXenep MeH Tarnksinay,
KOpbITbIHABINAP.

3. Cypertep, KecTenep —  KernemiHe
kapan 6ip Hemece eki GafaHga, aTaynapbiMeEH,
GenrineynepimeH, afbinwbiH TiniHe® aygapmacbiMeH

TynHycka Tinge OepinreH cypeT  acTbl/kecTe
acTbl xasbanap. Opbip cypetTi jpg, gif, jpeg, tiff
dopmaTTapbiHaa, AuarpaMmmanapabl  — - excel

dopmaTbiHAa TynHycka TypiHge 6Genek KocbiMLia
davin peTiHge canTKa OpHaNacTbIpy KaXeT.

4. Kapxbinangpipy Ke3i, mypgenep
KaKTbIFbICbl  XX8He aBToprapablH  KOckaH yneci
Typanbl KOCbIMLUA aknapaTt — TYMHyCcKa Tinae xaHe
afbINwWbIH TiNiHAe eki baraHaa.

5. ManpanaHbinfaH apebvetTtep
(epebuetTep Tisimi, references) — 6ip baraHaa.

Tigimi

6. AsTOprnap Typanbl TOMbIK  aknapat
(FoINbIMK - aTakTap, foinbiMu aapexenep, ORCID,
Scopus SPIN-kog, email xsHe T.6. Kaxer

Xarfganaa) — TynHycka Tinge eHe afbinLUbIH TiniHAe
eki baraHaa.
7. XaT anmacyfa ayanTbl aBTopabl Kepcety

(corresponding author), «*» ©GenriciveH — 6ip
baraHaa.
KomxasbaHblH ~ KypbINbIMABIK — 3NeMeHTTEpI

Kenecigen peciMaenyi Kaxer:

1. 90X (UDC, 90X), FTAXP (CSCSTI,
FTAXP) 6ac opinTepmeH GenrineHeni, Arial
wpundTi, enwemi 14, keckiHi — kapanay, Typanay —
Coffa, LWEriHicci3, »>Komapanblk WHTepBan —
kebenTkiw, 1,15.

2. Xapusnanbim TYpi ©O0X, FTAXP
KewiH, Arial wpudTneH, enwemi 12, KeckiHi —
Kapanay, Typanay — Confa, LUEriHiCCi3, xonapanblK
WHTepBan — kebewTkiw, 1,15 opHaTbinagp.

3. Komxka36aHbIH TaKbIpbIObl KbiCka >XaHe
Ma3MyHabl, KbickapTynapcbi3, Arial wpudTimMeH,
enwemMi 14, keckiHi — kapanay, Typanay — corfa,
LUeriHicci3, )xonapanblk uHTepsan — kebenTkiw, 1,15
6onybl THic.

4. ATtopnapabiH ATbI-)KOHI Takbipbin ac-
TbiHAa, Arial wpndTi, enwemi 14, KeckiHi — Kapa-
nay, Typanay — corfa, LUEriHicCi3, )onaparnblK WH-
TepBan — kebentkiw, 1,15 xasbinagbl. bacraybiw
apinTep iwiHAe 60C OPbIHCLI3 HYKTEMEH Xa3blnaabl.

5. ABTOpnappblH XYMbIC OpblHAAPbI
(yMbimgapablH - ataynapbl  3aHAbl  HbiCaHOApPbIH,
Kanacbl, eniH kepceTnen) asTopnapabliH ATbl-
YKOHI actbiHaa, Arial wpudTi, enwemi 11, KeckiHi —
Kapanay, Typanay — Confa, LUEriHiCCi3, )xonapanblk
MHTepBan — kebewTkiw, 1,15 xa3bnagbl.

6. «TynHycka 3epTTeynep» ynrigeri
Komkasbanap aHHOTaLMACHI Keneci KypbinbiMaa
Honybl TWiC: Heriageme, makcaT, matepuangap MeH
aficTtep, HaTwxenep, KOpbITbIHAbI. AHHOTaLMSA
kenemi 300 cesgeH acnanmabl. AHHOTaUUSA

MaTiHiHiH angbiHoa «AHHOTALIMA» TakbipbiObl
Kowbinaabl, wpndT Arial, enwemi 11, werinic 0,75
CcM, >xomnapanblk uHTepBan — 1,15. AHHOTauus
MaTiHiHAe Arial wpudTi nanganadHeinagel, enwemi
10, werinic 0,75, »xonapansblk nHTepsan — 1,15.

7. Herisri cesgep aHHOTauusi acTbiHa KOC
HyKTe apkbinbl, 10 ce3geH Hemece Ce3 TipKeCiHeH
acnawTblH, Arial WwpudTimeH, enwemi 10, KypcusneH,
0,25 weriHicneH, 1,15 >xonapanblk WHTEpPBarMeH
Xasbinagel.  «Herisri  cesgep:»  xannbinaywbl
Tipkeci («Keywords», «Herisri ceagep») kek TycneH
Benrinenyi Kaxer, ekniH 1.

8. KomkasbaHblH MOTiHi  xaHa 0eTTeH
6acranybl Tvic, wpudT Arial, enwemi 11, Typanay —
Con xakTa, weriHic 0,75 cm, xxonaparnblk MHTepBan —
kebenTkiw, 1,15.

9. Komka3ba MaTiHiHIH TakbipbinTapbl
(«Kipicne»,  «Herisri  6enim»,  «KopbITbIHObI»
xoHe T.6.) Arial wpudTimeH, enwemi 11, Typanay —
cor xakra, weriHic 0,75 cm, xonapanblk nHTepsan —
kebenTkiw, 1,15 xasbinagpl.

10. CypeTTep MeH kecTenepAaiH HomipneHyi
nanekTi 6onybl THic (1, 2, 3 xaHe T.6.). Kectenep
MeH cypeTTepai [nOepekkesni kepceTnen 6acka
MaTepuangapaaH anyra 6onmangel. CypeTtep meH
KecTe TakblpbinTapbl Tonblk, abbpesnaTypachi3
(«1 CypeT», «2 Kecte», «Figure 3», «Table 4»),
b6ac opinneH xa3binybl THic. CypeTTep MeH
KecTenepaiH ataynapbl Kbicka, bipak MasMyHAbl,
TakblpbinTaH 00C OpbIHMEH HYKTEMEH OeniHreH,
GipiHWi ce3 — 6Gac eopinneH, Arial wpudTiMeH
6enrinexreH, enwewmi 11, kapanay, Typanay —
opTacblHAa, LeriHicci3, xonapanblk nHrepean — 1
6onybl Tuic. KecTeHiH xa3banapbl xaHe artaybl on
KeCTeHiH >KOofapfbl XafblHOa, CypeTTiH »asbackl
MeH TakpblpblObl — CypeTTiH acTbiHAa >kasbinagpl.
TakplpbiNTaH KeWiH HykTe KowbinMangbl. Erep
cypette  opinTepmeH Hemece  caHpapMeH
GenrineHreH Tisim 6onca (a), 6), B)...; 1), 2), 3)...;
a), b), c)...), myHgan 6enrineynep Arial wpudTiMeH
GenrineHreH cypeTTiH acTblHga, enwemi 10,
CTWUMb — KypCcuB, Typanay — opTacblHAa, LUETiHICCI3,
xonapanblk MHTepsan — 1 xasblnagbl.

11. CypeT neH KecCTeHiH acTbiHOaFbl
xasbanapblHoa  Genrineyai Tonblk  Ka3ly
kamTbinaabl, Arial wpudTiHae, enwemi 10,
Typanay — COM XakTa, LWeriHicci3, XonapanblK
MHTepBan — 1 bonagabl.

12. CypeTtTtep MeH KecTeneppgeri MaTiH Arial
wpudTiHae, enwemi 8-aeH 12-re peiiH Gonagabl.
MaTiH TynHyCKa TinAeH afbinLUbIH TiNiHe ayaapbinybl
Tuic, CKpMHLWOTTapabl, 6argapnamanbik eHimaepaeH
XKYKTeNreH Marepuangapibl XeHe eHAeNMewTiH
dopmaTTarbl rpadukanblk XKaHe KecTenik Ma-
TepuanapiH 6acka TypnepiH kocnaraHaa.

13. Cypettep MeH KecTtenep MaTi-
HiHgeri eckeprtnenep artayablH, TypakTbl
GeniriHiH ~ Kbickalla TypiH KonmgaHa  OTbIpbin,
MaTiHaerigen pecimgenyi  kaxeT («1  cyp.»,

«2 kecTey).

3 ByAaH api TynHycka Tini aFbinwbiH Tini 6onca, 6acka Tinaepre aynapma Tanan eTinmengi.
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14. NanpanaHbinFaH apebuertep Tisimi
(opebuerrep  Ti3imi, references) MaTiHOe
cinTeme >acarnfaH GacbinbiMaapabl faHa KamTybl
Tvic. Cintemenep naviganaHbiFaH aaebverTtep
TisimiHae Aepekkesnep peTiHe cavikec ([1], [2], [3]
xoeHe T.6.) xxacanagpl. Ti3iM TymHycka 3epTTeynep
ywiH 30 TapmakTaH, fbinbiMU LIOMAYNap YLUiH
60-TaH acmaybl Tuic, 3amaHaym 6GacbinbiMaap
GornFaHbl Xakcbl. Opbip Aepekkes KyMbIC MaTiHIHAE
KaHWanblKTbl ~ XWi  anWTbififaHblHA  KapamacTaH
Tisimge 1 per aranagbl. MaTiHgeri Tisimgeri
bGactankbl HeMmipre cintemernep TepTOypbILWTHI
Xakwapna 6epinyi kaxeT. KongaHbinFaH agebuettep
TisimaepiH pecimaey opbIC XeHe Kasak TingepiHae
MEMCT P 7.0.5-2008 coWikec, afbifbIH TiniHae —
AMA (Vancouver) ctuniHge y3ere acbipbinagbl.
XKapusananbivaapgeiy,  Genrini 6ip  TypriepiHe
cintemenepai pecimaey epexenepiMeH Tonblfblpak
MblHa cinteme 6ombiHWa 6ine anacki3: https:/
journals.eco-vector.com/index/pages/view/
references_split .

15. ABTopnap Typanbl aKnapartTa
asTopnapablH TONbIK ATbI-XK6HI, FbINbIMK
atakTapsbl, feinbiMu gapexenepi, ORCID, Scopus
SPIN kogpbl, email xeHe kaxeT OonfaH xargamoa
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backa ga manimetTtep 6onysl Tuic. Arial wpudTiMeH
pecimaenegi, enwemi 12, Typanay — con Xakra,
weriHiccis, >xonapanbelk WHTepBan — kebenTkiw
1,15. «<ABTOPIIAP TYPAIbl AKMAPAT» («ABTOP
(-NNAP)  TYPANbI  AKMAPAT», «AUTHORS
(-'S) INFO») Takpipbibbl Gac apinneH xasblnagbl
XoHe kapanay WpndTneH 6enrineHeni,
astopriapabiH,  ATbI-KOHOEPI pe  kapanay
wpudTneH GenrineHegi. XaT anmacyra >xayanTbl
aeTopabl ATbI-XKOHIHIH con xafbiHaa Xynabi3wa
(«*») apkbInbl 6enrinenai (aBTop, OTBETCTBEHHBIV 3a
nepenucky, corresponding author). TyciHaipme >xonbl
«*Xabap anmacyra xayantbl aBTop/Corresponding
author» («*ABTOp, OTBETCTBEHHbIVM 3a nepenucky/
Corresponding author») «ABTOp Typanbl aknapar»
GeniMiHeH KewiH kepceTinegi.

Bet uekTepi Kerneci napametpnepre wue
Gonybl TWIC: YCTiHFi X8He TeMEHT i Xafbl — 2 CM, COn
Xafbl — 3 cM, OH Xafbl — 1,5 cm. Makana kenemi —
TYNHycKanblk 3epTTeynep ywiH 10 6eTTeH ken emec,
FbINbIMK  LIONYNap xaHe KormkasbanapablH 6acka
Typrepi ywiH 20 GeTTeH acnaybl kaxeT. Kypgeni
matemaTtukanblk dopmMynanap KUbIHTbIFbI  YLLUIH
Word GarpapnamacbkiHgasbl ctaHgapTTbl Equation
Editor pegakTopbl KongaHbinaabl.
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