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Hayu4HbIn 0630p

lFeonornyeckoe cTpoeHne N HepTerasoHOCHbIe CUCTEMbI Ka3axCTaHCKOro
cektopa Kacnuickoro mopsi KOxkHo-MaHrbIwmnakckoro ocago4yHoro 6accerHa

H. Hypa6aeB
KMI™ UHxuHupuHe, 2. AcmaHa, KazaxcmaH

AHHOTALUA

B paHHOW cTaTbe paccmaTpuBaloTCsl pesynbraTbl UCCNEAoBaHUS reOnornMYeckoro CTPoeHUst
ME3030MCKUX OTNOXEHMI KalaxcTaHckoro cektopa Kacnuickoro mops HOHO-MaHrbiwnakckoro
ocagoyHoro bGaccenHa. [daHHas paboTa Bkntovana B cebs aHanu3 CyLecTBYHOLWMX reonoro-
reocbmsmqecmx AaHHbIX C UeNnbilo OonnucaHna XapakKTepUucTtuk He¢)TeFa30HOCHbIX AJIEMEHTOB.
MpoaHanu3MpoBaHbl OCHOBHble OCOOEHHOCTM YCMOBUI OCaOKOHAKOMMNEHUs HedTeMaTEPUHCKMX
nopoa, KOmMmekTopoB W nokpbiwek. OnpegeneHbl KNOYeEBblE 30HbI UCTOYHMKOB YINEBOAOPOOOB
Ha TeppuTopuM KasaxcTaHckoro cektopa Kacnuickoro mops. [lpvBegeHa  Koppensuusi
CYLLECTBYIOLLUX CKBAXWH [ANs ONpedeneHnsl permoHarnbHbIX MOKPbILIEK W OCHOBHbLIX TPEHOOB
0CafKOHaKOMMEHNs KONMEKTOPOB.

Knroueesie crioga: kKasaxcmaHckul cekmop Kacnulickoeo Mops, Heghmeza3oHOCHbIE
anemeHmbl, FOxHO-MaHabiwnakckuli  ocado4yHbili  6accelH, OenoyeHmpbl, 2e0/102u4YecKoe
cmpoeHue.

Kak unTtupoBatb:

Hypabaes H. leonorunyeckoe cTpoeHue n HedTerasoHOCHbIE CUCTEMbI KadaxcTaHckoro cektopa Kacnuiickoro
Mopsi KOxxHo-MaHrbiwnakckoro ocagovHoro 6accenHa // BecmHuk Heghbmeeaa3zoeol ompacnu KaszaxcmaHa.
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Review article

Geological structure and petroleum systems of the Kazakhstan sector
of the Caspian Sea South Mangyshlak sedimentary basin

Nurlan D. Nurabayev
KMG Engineering, Astana, Kazakhstan

ABSTRACT

This article discusses the results of a study of the geologic structure of Mesozoic sediments
in the Kazakhstan sector of the Caspian Sea South Mangyshlak sedimentary basin.
This paper includes an analysis of existing geological and geophysical data aimed at describing
the characteristics of petroleum system elements. The main features of the sedimentation conditions
of oil source rocks, reservoirs, and caps have been analyzed. The key hydrocarbon source zones
in the territory of the Kazakhstan sector of the Caspian Sea have been determined. The correlation
of existing wells to determine regional covers and main trends in reservoir sedimentation has been
provided.

Key words: Kazakhstan sector of the Caspian Sea; petroleum system elements; South
Mangyshlak sedimentary basin; depocenters; geological structure.
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FbinbiMu wony

OHTycTik MaHfFbIwnak weriHAi 6accenHiHiK Kacnui TeHi3iHiH Ka3akcTaHObIK
CEKTOPbIHbIH reonorussbiK KYPbbICbl XKdHe MyHaun-ras xymnenepi

H. HypabaeB
KMI™ UHxuHupuHe, AcmaHa Kanacsl, KazakcmaH

AHHOTALUUA

byn makanaga OHTycTik MaHfbiwnak weriHai 6accerHinii, Kacnuin TerisiHiH KasakcTaHabIK
CEKTOPbIHbIH ~ MEe3030M  LWeriHAINepiHiH,  reonormsanblk  KypbibICbIH — 3epTTey  HaTwxenepi
KapacTbipbinaabl. byn XymbiC MyHal-ra3 anemMeHTTepiHiH cMnaTtTamanapbliH cunaTTay MakcatbiHaa
KonpgaHbICTarbl reonornsnbik-reodusmkanblk  Aepektepai Tangayabl kamTbigbl.  MyHa-aHanbIK
XbIHbICTApAbIH, KOMMNEKTopnap MeH XaMmblnfFbliapablH LUeriHAi >XuHany >XafgannapbliHblH, Herisri
epekweniktepi TangaHabl. Kacnuii TeHi3iHiH Ka3akCTaHAbIK CEKTOPbIHbIH ayMafFblHOa KeMipcyTek
KO3AepiHiH, Heri3ri anmakTapbl aHblkTangbl. AMMaKkTbIK XXaMblfFbliap MeH KonnektopnapabliH WweriHai
KWHAnNy Herisri TeHAEHUUSNapblH aHblKTay YLWiH KongaHbICTarbl YHFbIManapablH KOpPensumsicbl
KenTipinreH.

Hezizai cezdep: Kacnull meHi3iHIH Ka3akcmaHOblK CEKmMopbi, MyHal-2a3 anemMeHmmepi,
OHmycmik MaHrbiwnak weeiHOi 6acceliHi, dernoyeHmpriep, 2e0/102UsifbIK KYPbIrbIC.

[anekce3 KenTipy yLiH:

Hypabae H. OHTycTik MaHfbiwnak weriHai 6accerHiHii, Kacnuii TeHisiHiH, KasakCTaHAblK CEKTOPbIHbIH
reonornasblK KypbinbICbl XXaHe MyHal-ra3 xymnenepi // KasakcmaHHbiH MyHali-ea3 canacbiHbiH XxabapuwbicChbl.
2024. 6 Tom, Ne1, 5-17 6. DOI: https://doi.org/10.54859/kjogi108707.
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BBeneHune
CoBpeMeHHoe pasBUTWE [EornorMn xapak-
Tepu3yeTcs aKTUBHbIM  M3yYEeHMEM CTPOEHWUS

MOPCKMX U OKeaHu4eckunx LwenbgoBbIX obnacren,
B T4. OTHOCWUTENbHO HEBONbLUMX BHYTPUKOH-
TUHeHTanbHbIX Mopel. N3yyeHne aTnx BogoémoB
ABNSeTC  HeobxoaMmbiM ANt BbISICHEHUSI
3aKOHOMEPHOCTEN WX CTPOEHUSI U  pasBUTUS
n OGonee rnybokoro MOHMMaHUSA  reonoruun
npunerawwwmx K HAM PErMOHOB C LieNblo nomcka
yrneBogoponos (oanee — YB). Ocoboe mecto
cpean KOHTUHeHTanbHbIX BodoéMoB CpepgHen
Asun 3aHumaeT Kacnuiickoe Mmope, KOTopoe 0 CUX
nop He MOMHOCTbI K3y4eHO, B OCOBEHHOCTU
B OTHOLLEHWUN CTPYKTYPHbIX 3/1IEMEHTOB BOCTOYHON
1 3anagHou YacTen Mops U NOMOXEHNS OTAENbHbIX
CTPYKTYp.

Kacnuiickoe Mope — oauH M3 KpyMHEWLwmx
pPErMoHOB MWpa, W3BECTHbIN CBOEN BbICOKON
HedTerasoHocHOCTbIO. [1o xapaktepy penbeda
W rmaponorm4yecknm OocobeHHOCTAM B npegenax
KasaxcTaHckoro cektopa Kacnuiickoe mope
06blyHO nogpasgenstoT Ha CesepHbii u Llen-
TpanbHbii  (CpegHun) Kacnuin. LeHTpanbHas
yacTb KasaxcTaHckoro cekTopa Kacnuickoro
mops (manee — KCKM) npeacraensetcs
YHVKanNbHbIM PErMOHOM C BoraTbiM NoTeHUManom,
00yCrnOBMEHHbIM TE€M, 4YTO HeTerasoHoCHbIe
anemeHTbl HOXXHO-MaHrbIlNakcKoro ocago4YHoro
baccenHa (manee - HKOMOB) - «kno4yeBoro
ocafovHoro GacceiiHa pernoHa — HaxogsT CBOé
npoJorkeHne Ha MopcKon YacTtu. 3a nocrnegHve
30 net npoBegeHMs reonoropasBefoYHbIX pa-
6ot Ha akBaTopum HOMOB 6bINMM  OTKPLITHI
MecTopoXaeHus HedTu U rasa, Takume kKak Xea-
nbiHckoe, LleHTpanbHoe, PakylwevHoe-mope.

B paHHOMm cTatbe paccMOTpPEHbl reo-
normyeckne  OCOBEHHOCTU  HedTEerasoHOCHbIX
aneMeHToB cpegHen 4vactu Kacnwuiickoro mops
B npegenax HOMOB B KCKM, a Takke AaHHble
W pe3ynbratbl NpeabliayLmx  MCcCrnegoBaHui.
Ha ocHoBe AaHHbIX Hay4YHbIX U3bICKAHWI NPOBeaEH
aHanu3 HedTerasoHocHblx komnnekcoe HOMOB
KOHTMHEHTarbHOM Yactu u wenbga Kacnuiickoro
MOpS.

Mnowaab nccnegosaHus

PaioH wuccneposaHuin oxeatbiBaeT KCKM
1 npwnerawowne Tepputopum Ha cywe (puc. 1).
O6was nnowaab aksatopun KCKM B npepenax
KOMOB cocTaensiet 6onee 55 ThbiC. kKM,

O6e yactn KCKM, CeBepHblii v LieHTpanbHbIn
(CpegHun) Kacnui, obnapatoT CBOMM YHUKarnb-
HbIM XapakTepoM W FMapOnorM4eckMmMm ocobeH-
HOCTAMMW.

My6buHa Bogbl B npepenax LleHTpanbHoro
Kacnnsa Bapbupyetca ot 20 M B paiioHe
mbica CerbiHabl Ao 600 M y HXHON rpaHuLbI
TeppuTopuaneHbix Bog KasaxctaHa. Penbed aHa
MOHOKMMHANbHO MOrpyXaeTcs B HOro-3anagHom

HanpaeneHWn 1 OCMOXHEH MOABOAHLIMW OMOM3-
HSAMM, KAHbOHAMU N PENUKTaMU OPEBHUX PEYHbIX
OONUH.

[o 1990 r. Ha uccnegyemon TeppuTopmn Bbl-
1na u3y4yeHa TofbKO BOCTOYHAs!, CyXonyTHas 4acTb
B pavioHe [lecyaHomblccko-PakylieyHoro noaHs-
TUS, YTO NO3BONWMO ONPeAennTb NPOAYKTUBHOCTb
OTNOXEHWI topbl, Tpuaca u naneososi. bonee
TOro, 3HauuTenbHas  YacTb  NPOAYKTUBHBLIX
OTNOXEHWN Me3030MCKOro KOMMIeKca, BEPOSiTHO,
pacnonoxeHa B akBatopum Kacnuickoro mops [1].

B 1994-1997 rr. B8 KCKM 6binn npoBeaeHbl
cencmopasBefoyHble paboThl, B pesynsrare KoTo-
pbiX ObINMU OBHapyXeHbl NOKanbHbIE CTPYKTYpPbI
HypcyntaH, Pakywe4Hoe-mope, Anb-®apabu,
YnyTay, Ketuk, Akmona, XXenuc n Capebi-Apka. CeTb
npocpunert MOI'T-2D (metoan obuen rnyOuHHOWN
TOYKKM) Oblna yTouHeHa A0 ryctoTbl 16x16, 8x8
1 uHorga 4x4 kM. HaumHas ¢ 1995 r., B 3anagHom
yactn aksatopui CeBepHoro wu CpepgHero
cekTopa poccuickon vactu Kacnuickoro Mo-
psi NPOBOAWMNUCH LUMPOKOMAacLUTabHble CencMo-
pa3BefoyHble paboTbl, B pesynbrate KOTOpbIX
ObINoO 0BGHapyXeHO 15 NepcneKkTUBHBLIX CTPYKTYP,
Takux kak XsanblHckasi, LleHTpanbHas u gp.,
pacnonoXeHHbIX Ha  rpaHuue  TeppuTopun
KasaxcraHa [2].

B Hauane 2000 r. Ha cTpykType XBarbIHCKON
Obina npobypeHa nepBas pasBedoYHas CKBa-
XWHa, B pesynbrate 4ero 6binyM  nonyyYeHbl
NPOMBILUMEHHBIA MPUTOK ra3oKOHAeHcaTa € OT-
TIOXKEHUIA HKHEMENMOBBLIX U BEPXHEIOPCKMX ropu-
30HTOB W HEMPOMBILUNEHHBIN MPUTOK HedTU
¢ okcdhopa-kennoserickon navku. B 2008 r. B npu-
rpaHnyHOM YacTu Tepputopumn KasaxctaHa Gbina
3anoxeHa pasBefoyHast CKBaXWHa Ha CTPYKTYpy
LleHTpanbHas, koTopas oTkpbina 3anexu YB
B HEOKOMCKUX N BEPXHEIOPCKMX OTNOXEHMAX [3].

Mo pesynsratam NpoBeaAeHHbIX
B 2008-2009 rr. nonesblx cencmopasBefoyHbIX
paboT Ha cTpykTypax HypcynTtaH un Pakylle4Hoe-
Mope ObIfo YTOYHEHO CTPOEHME 3TUX CTPYKTYP.
B 2010 r. Ha cTpykType Pakywie4yHoe-mope Gbina
npobypeHa nouckoBo-pasBedoyHas ckB. R-1,
koTopasi gocturna rnybuHel 2600 M 1 BcKpbina
TpuacoBble oTnoxeHusi. [Nocne GypeHus u npo-
BedeHnss reodmn3nM4ecknx uccrnegoBaHuii, onpo-
60BaHMs OTKPLITOrO CTBOMA METOAOM MOAYbLHOMO
OVHaMW4YecKoro WCMbITaHUSA nnacta W B3ATUS
rNyOGUHHBLIX NpPo6 ObinM  OBHapyXeHbl 3anexu
He(TM W rasa B OTNOXKEHUAX anT-Heokoma
1 BEpXHeu topbl [4].

B 2012 r. Ha cTpykType HypcyntaH 6bina
npobypeHa nowuckoBo-pa3sBegoyHas ckB. N-1
C npoekTHow rnybuHon 3300 M OO TpracoBbixX
otnoxeHun. OgHako OypeHne ObiNo nNpepBaHO
Ha rnybuHe 2894 M m3-3a KaTacTpoUYECKOro
nornoweHns GyposBoro pactBopa. B xoge
UCMbITaHWS CKBaXWHbI ObINIv 0BHapYKeHbl NPUTOKN
rasa u3 HUWKHeMenoBbIX OTNOXeHUN [4].
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TekToHO-NUTOCTpPaTUrpacmuyeckas

XapaKTepucTuKa paoHa

dyHaameHT LleHTpanbHonm uactn  Kac-
NUACKOrO  MOpsA  NpefcTaBneH  repuMHCKOn
aKKpeumen, COoCTosAEN u3 pasnunyHbiXx gedop-
MWPOBaHHbIX MOPOA CpPeaHero W nosgHero nane-
0305. [losgHenepmcko-Tpnacosas  pudToBas
cuctemMa nepekpbiBaeT QyHAaMeHT; pudToBas
cuctema  3anofniHeHa  Kak  0BrIoMOYHbIMM,
Tak n kapboHaTHO-ByNKaHU4ecknumn nopogamm [5].
HwxHMe 1 cpegHeopcKne  OTNIOXKEHUS, SB-
NsoLWmMecs OCHOBHOM Tomnwien pudTOBOK CUCTe-
Mbl, MpeAcTaBfeHbl TEePpPUreHHbIMM nopoaaMu
KOHTMHEHTarNbHO-MOPCKOro TuMa, C NPOCMonkamu
yrns, oborawéHHbIMWU OpraHUYeckMM BELLECTBOM.
B HWXHeM 4YacTu OPCKUX OTMOXEHWI MNOPOAbI
ABMNSATCA B  OCHOBHOM  KOHTUMHEHTarbHbIMU
N NOCTENEHHO NepexoasT K NpMBpexHO-MOPCKUM
OTNOXEHNAM B cpedHen tope. Bo Bpems wmnpoko
pacnpoCTpaHeHHON TpaHCrpeccMn B Kennosew-
KMMEepUAKCKoe BpeMs Ha wuccrnegyemon Tep-
PUTOPUKN  aKKyMynMpOBanuCb CnaHubl W Kap-
6oHaTb! [6].

TWUTOHCKUIA MHTepBan npeacTaBfneH Ha Bcen
nnowaamn kapboHaTHbIMK NopogamMu — B OCHOBHOM
AonomMmMTaMuM € NpOCrovkamu aHrugpvaga n us-
BeCTHAKamu. MenoBble OTNOXeHUs, Mpeumy-
LLLECTBEHHO MOPCKME, COCTOSIT M3 HEOKOMCKUX
TeppureHHblX Mopog C npocnovikamum KapboHa-

TOB, MOLLHOrO anT-anbbckoro  TeppureHHo-
06nomMoyHOro martepuana, MOLHON KapOoHaTHoW
naykm BepxHero wmena. [laneoueH-aoueHoBble
nopogbl B BepxXHerW Yactu nnatopMeHHOn
TONWM NpeacTaBneHbl MOLHLIMU MENKOBOAHbLIMU
oTnoxeHnsimm.  OCHOBHOM  NPWYUHON  TaKMX
OTNOXEHUI naneoueH-30LEeHOBbIX nopopn
SBNsieTCA BnusaHMe ObicTpopacTywero bonbLlioro
KaBkasckoro  cknagyatoro nosca. [aHHas
TOoMnwia [AOCTUraeT MakCMMalnbHOM  MOLLHOCTU
4-6 KM B nepegHem yrnyoneHun BOOMb FOPHOrO
¢poHTa (3anagHas 4Yactb CpegHero Kacnus,
nobepexoe [arectaHa wu  AsepbangxaHa).
MocnegoBaTenbHOCTb HAYMHAETCS C MalKOMCKOW
TONWM ONMroLeH-HUKHEMUOLIEHOBOrO BO3pacTa —
MOLLHOrO craHueBoro paspesa. [nybokoBoaHble
YépHble cnaHubl, oborawéHHble KeporeHoM
Il Tuna, SABNSATCA OCHOBHOW MaTepuHCKOM
nopoaov MEeCTOPOXAEHUIA 3anagHoro nobepexbsi
Kacnuiickoro mops. Ha Ttepputopun  KCKM
rnybvHa 3aneraHnsi MamkoNCKUX FMWH AOCTUraet
1 KM, MOLHOCTb NaneoueH-30LEHOBLIX MOPOoA
Bapbupyetcsa ot 200 go 800 m [7].

JlokanbHble AenoueHTpbI

1 UHBEPCUOHHAsA TeKTOHUKA

LleHTpanbHoro Kacnus

Mo paHHbIM pernoHanbHbIX MCCreaoBaHWM
BOCCTAHOBIEHUSA  TEKTOHMYECKOrO  [ABMKEHUS

PucyHok 1. O630pHas kapTa
Figure 1. Overview map
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nnut LeHTpansHoro Kacnusa (pectopauun) B nep-
MoTpuace, HenocpeacTBEHHO K tory oT Makn-
rbILUNAKCKOM  30HbI  AedopmMaunii  cylecTByeT
BTOpasi, MeHbluasg nNo  pasmepy, napan-
nenbHas cuctema pudptoreHesa  Tyapkbip-
KapaaygaHckas (puc. 3). [JaHHbIi pudpToreHes
ob6ycroeneH TyapKblpCKOW 30HOM pasnoma, npo-
cTUpaloLleincs B HanpasneHun ceBepo-3anaj
— Oro-BoCTOK. Ha puc. 4 OKOHTYpEHbl 1 YCIOBHO
0603HaYeHbl 5 NoKanbHbIX A4enOoLEHTPOB Mo KPoB-
e NepMoTpMacoBOM CUCTEMbI, B T.MH. 3anagHbiv
N BocTOuHbIN CereHaplk, Tyapkbip, PakylieyHbin,
lognHa. [OenoueHtpbl loauHa, PakyweyHbin
n Tyapkblp pacrnonoXeHbl Ha OAHOW JUHWM,
W pacnpegeneHve 0CagkoB KOHTpOnupyeTcs
TyapKkblpckor 30HOW pa3nomoB. PacnonoxeHue
nenoueHTpoB CereHablk onpegenserca no kpa-
€BOMY KUMMEPWACKOMY PasfioMy C BOCTOYHbIM
1 3anagHbIM nageHusimm MNecyaHoMbICCKOro broka.
CeBepo-CereHabIKCKUA ~ y4acToK  pacnonoxeH
Ha nexayem GOKy tXXHOro, BeayLlero kpas KoxHo-
MaHrbILnakckoro Hageurosoro nosica (puc. 2).

Bce BbllenepeyncrneHHble y4acTkm ocagko-
HaKonneHuss ucnblTann KoHCeauMeHTaUMoOHHOoe
N nocrneceguMeHTauMoOHHOE COKpalleHne pas-
fNINYHOW CTENeHNn BO BPEMS MHOXECTBEHHbIX
3MN3040B PaHHETPUACOBBLIX COKPALLEHUA U WUH-
BEPCUN, CBA3aAHHbIX C 3akpbiTvem [laneotetuca
n Heotetnca. WmerwTca 3HauuTenbHble pas-
nMynsa  OenoueHTPOB, PacrofioXeHHbIX BAOMNb
TyapKblpCKOM 30HbI Pa3fioMOB, MO OTNOXEHUAM
M Tonwam TPpMacoBbIX OTNOXeHun (puc. 2).
Ha npotsikeHun 6Gomnblien YacTu  OPCKOro,
MEMNOBOTO W HEOreHOBOIO MEepPVMOAOB  [AaHHbIV
PEerMoH UCMbITbIBan KOMMPECCUOHHbIE CXaTus
cnabon wn cpegHen WHTEHcMBHOCTU. Cxartus
ObinM HanpaeneHbl B KpecT MaHrbIWwnakckoro
ocafgo4vHoro HacceiiHa ocu 3anagHOro — ceBepo-
3anagHoro npoctupaxus [8].

HedTerazomatepuHckue nopogabl,

KOJNEeKTOpPbl, permoHanbHbIe

M BHYTpUOPMaLMOHHbIE NOKPbILIKN

HegpmezaszomamepuHckue nopoodbi

CylecTBylOT OBa MWHTepBana HedTeraso-
MaTepUHCKNX NOpof, KOTOpble NPeanonoXUTENbHO
3anonHsAlT  YB  Mes030Kckne  KONMeKTopbl
Ha LUeHTtpaneHom Kacnun. K HuM oTHOCATCS
TPUACOBbLIV KOMMNIIEKC W OTIIOXEHMS Hopbl.

Tpuac

B pabote pervoHanbHbIX UWCCRNeaoBaHWN
LleHTpanbHoro Kacnua npvBogutca 0006WEHHas
cTpaTurpadmyeckas KOMOHKa MO  OTMOXEHUAM
Tpuaca, COCTaBfeHHass Ha OCHOBE [aHHbIX
no ctpaturpadum n buoctpaturpadum cks. XKeTbl-
6art KOxHbIvi 4 1 XKeTbibal 25 [10], pacnonoXeHHbIX
Ha cywe (puc. 5). TpuacoBble OTNOXEHUA
HecornacHo 3anerawT MecTaMn Ha UHTPY3UBHbIX
W BYNKaHWYECKUX MNOpoAdax, MecTaMu Ha Keap-
untax n AecopMMpoBaHHbLIX MOpodax BepxHe-

NMepmMcKOro Bo3pacTa, Mpu 3TOM CrOXeHbl ABYMS
APKO BbIPAXEHHBIMU CTpaTurpaduyeckumy nad-
KaMu MHOCKO-ONIEHEKCKOrO WM aHW3WMNCKO-NaguH-
ckoro Bo3pactoB. O6e 3TW nayky COCTOSAT U3 cne-
OYIOLNX TUNOB OTMOXEHWUIA: B OCHOBaHUM hauum
OT KOHTUHEHTamnbHbIX A0 NPUOPEKHO-MOPCKUX,
B CepeduMHe — OrpaHuM4YeHHO Mopckue dauum,
BbIJENSIOWMECS MO MNOBEPXHOCTU 3aTOMMEHUS,
HaBepxy — KOHTWHEHTamnbHble W NPUOPEXHO-
Mopckue daumn. B Tonwe Tpuaca BblAENSOT
HECKOIbKO Hecornacuii B COOTBETCTBUM CO CTpaTu-
rpacpmyeckumMm n CENMCMNYECKUMU AaHHbIMU.

Mo paHHBIM cencmopasBedkn, Ha Tep-
putopun cpefdHero Kacnus nonHbId - paspes
TPNACOBLIX OTNOXEHWIN CKOHLEHTPUPOBaH B No-
KanbHbIX [AernoueHTpax, TakMX Kak BnaguHa
PakyweyHas wn TlogunHa. [aHHble BRaguHbl
paHee He ObiNnM  BCKPbITbl  CKBaXXWHaMW.
Ha cernicmnyeckom npocbune (puc. 6, a) npea-
CTaBrieHa UHTepnpeTaums oTpaxatoLmnx ropusoH-
TOB BnaguHbl FoguHel. Ha gaHHOM npodhune BUgHoO,
YTO CpedHeTpPMacoBble OTMOXEHUS pPasMbITbl
B lOro-3anagHomn 4acTu, U HeT COOTBETCTBYHOLLMX
OTPaXXeHWN  CpeaHeTpMacoBOro  KOMMMeKca.
Mo paHee npoBypeHHbIM MOUCKOBO-Pa3BEAOY-
HbIM CKBaXXMHaM Ha TeppuUTOpWUM UCNNegoBaHUSA
6bINM NOCTPOEHbI NMTodaunansHele KapTbl cpea-
Hero u BepxHero Tpuaca (puc. 6, 6). B cpegHe-
TpnacoBoe BpeMs Ha TeppUTOpUM COBPEMEHHOTO
lMecyaHombiccko-Pakylle4yHoro nogHAaTUA  OTno-
KEHVs HakannMBanucb B YCnoBusix rny6okoBoa-
HOM 4acTM, K MOMEHTY BepxHero Tpuaca
npousoLusia cCMeHa YCroBWUA OCaAKOHAKOMNEeHUs
Cc kapboHaToB CpegHeTpUacoBoro Bo3pacTa
Ha TeppuUreHHble Nopoabl.

Ha ocHoBe cencMnyecKkon XapakTepucTuku,
B panioHe MOPCKMX MEePMOTPUACOBbLIX OTIOXEHUN
BnaguHel [oguHa (puc. 6) npegnonaraercs
Hanuune HedpTerasomMaTepuHCKMX nopod, WH-
TEPNPeTUPYEMbIX  KaK  WHACKME  OTIOXEHUS.
Hanunyne martepuHCKoM MnopoAbl B ONEHEKCKOM
sApyce npepnonaraetca  Ha  ocHoBe  6uo-
cTpaturpacomm 1 NUTONOMMM HA3EMHbIX CKBaXXWH
lOxHoro Mamnrbiwnaka (Temup-baba 101, Akkap
CeBepHbii 14, XKeTbi6an 25, Y3eHb 1T, LLakbipraH
BocTouHbii 2I1, PakyweyHas 6). MecTopoxaeHue
XKeTtblban HOxHbIM  CnoXxeHo  kapboHaTHbIMK
KOnnekTopamm Tpuaca W TEpPPUreHHbIMU KOr-
fieKTopamu  1opbl, MNUTaeMbIMU U3  ONEHEKCKMX
nopoA, MpeacTaBfeHHbIX OUTYMUHO3HBIMU  K3-
BeCTHAKamMun. JlaguHckne  HedTemaTepuHckue
nopogbl ObinM  BblAeneHbl Ha OCHOBE reo-
XMMUYECKMX [OaHHBIX MO Hanuyunio npubpexHo-
MOPCKMX U  OrpaHWYEHHO MOpPCKUX  haumn
B ckB. Akkap CeBepHbli 14 n Pakywe4vHas 23 [6].

Ha puc. 7 npencraBneH MOPCKON CencMu-
Yeckuii Npodnnb, NPOXoAsLLMIA Yepe3 nonyrpabeH
B pavioHe l[oguHa. MNpegnonaraetcsa, 4TO nepepg
pydpTOoreHe3oM GbInm OTNOXEHbI NEPMOTPUAcoBbIe
peYHble TeppUreHHble Nopoabl MHACKOro Bo3pacTa.
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PucyHok 2. MocTpoeHHbI KOMMNO3UTHBLIN cecMnyeckuin npodunb ceBepo-3anag — ro-BoCToK
Figure 2. Completed northwest-southeast composite seismic reflection profile

PucyHok 4. CxeMa TEKTOHMYECKOro
pafoHMpOBaHUs Ka3axCTaHCKOro cekropa

PucyHok 3. O630pHas KapTa pacnonoxeHun Kacnuitckoro mops [1]
KapaayaaH-Tyapkbipckoi pucToBOM 30HbI [9] Figure 4. Tectonic classification plan
Figure 3. Overview map of the Karaudan-Tuarkyr of the Kazakhstan sector
rift zone locations [9] of the Caspian Sea [1]
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PucyHok 5. Paspe3s ckB. XKeTbi6an
HOxHbIN 4 n XKeTbi6an 25 [10]
Figure 5. Sections of Zhetybai Yuzhny 4
and Zhetybai 25 wells [10]

Mo mepe passutua nonyrpabeHa oTkNa-
OblBannCb 03epHbIE CIIOUCTLIE IMWHbI, @8 PeYHble
ocafku nporpagvpoBany OT KpaeBblX MOAHATUN
K HOro-BOoCTOKY, B CTOpoHy KapabGorasckoro coza.
[Mocne pudtoreHesa (0T KPOBMM UHAA OO KPOBMMU
Tpuaca) nNpomMcxoamno OTIIOXKEHWE OrpaHUYEeHHO
MOPCKMX W TrMybOKOBOAHBIX MOpPCKUX  chaummn
KapbOoHaTHbIX U TEPPUTrEeHHbIX NOPOA, a TakkKe He-
MOPCKUX TEPPUreHHbIX OTMOXEHUN. Bo3moxHO,
BblAEMNEHHbIE B MOPE CMOUCTbIE FMUHbI MHOCKOrO
sipyca, ONEeHEKCKMe MopckvMe kapboHaTbl W rmnu-
Hbl, @ TaKkke NafuHCKMe nepexodHble MOopCcKue
kapboHaTbl W  03epHble  [MUHbI  ABMAIOTCA
MaTEepPUHCKON NMOPOAON.

Opa

HWKHUA tOpCKM OTAeNn B LIENOM COCTOUT
M3 HEMOPCKMX OTMOXEHWW, a B nogoLBe
TOApPCKOro sipyca 3anerawT MNpenMyLLeCcTBEHHO
peyHble OTNOXeHusi. Mo obHaxeHusiM B ropax
KapaTtay BWOHO, YTO Toapckui sipyc otaensieTcs
OT QasieHCKOro fokasnbHbIM YrMOBbIM  HEecor-
nacuemMm. B aaneHckoe BpemMsi JOMUHMPYIOT peyd-
Hble oTnoxeHus. batckue n Garocckoe NopoAabl
COCTOSIT M3 NEepPexodHblX MOPCKUX W OTKPbITO
MOPCKMUX KPEMHUCTBIX TEPPUrEHHBIX OTIIOXKEHWUNA.
OTM OTNOXEHUS 4acTo SABNATCA OEnNbTOBbIMU

U npubpexHo-mopckumu. Kennosewckun  spyc
COCTOUT U3 MEepexofHbIX MOPCKUX WM OTKPbITO

MOPCKMX KPEMHUCTbIX TEPPUrEHHbIX OTIIOXEHWUW,
Hap KOTOpbIMU 3aneraeT MHTepBan OKCOPACKMX
MOPCKMUX  FMIMHNCTO-KapOOHAaTHbIX  OTMNOXEHWUM
OT OKCCOpACKOro A0 TUTOHCKOTO (BOIMKCKOrO)
SIPyCOB, NPEeACTaBMEHHbIX W3BECTHsIKaMK, 4O0Io-
MUTaMW U MeprensiMm MOPCKUX WU OrpaHUyYeHHo
MOPCKMX dhaumni.

Mo reoxummyeckoMy aHanmusy Cyluec-
TBytoMX Ha Tepputopun KCKM mectopoxaeHui
OTMeYaeTCsl BbICOKMN MoTeHunan HedTereHe-
pauun CpeaHElopCKUX aprurnnuTtoB C CcoaepXa-
HWem opraHuyeckoro yrnepoga (Copr.) ao 0,9%

M cregylwuMM  napaMmetTpaMu  nuponwusa:
cymma YB, o06pasoBaBLUMXCS NPU  KPEKWHre,
S2 = 0,61-1,39 wmr/r, BOQOPOAHLIA WHAOEKC

HI = 100-376 mrYB/kr. BepxHelopckune oTnoxeHus
npeacraeneHsl n3BectHakamu ¢ Copr. o 3,10%,
C pe3ko  BoO3pacTalWwumy  nokasaTensmu
nuponm3a: S1 = 0,48-3,72 wmr/r (nokasbiBaeT
OOMNI0  UCXOQHOTO TeHEeTMYecKoro noTeHumana),
S2 = 1,27-16,55 wmr/r. BepxHetopckue nopoabl
COOTBETCTBYHOT IMaBHOW 30He HehTEOOPa30BaHNA
(rpapaums kartareHesa MK2) no npoGypeHHbIM
CKBaXXMHaM MecTopoxaeHus XsanbiHckoe [3].

Ha crpykTtype LleHTpanbHas, no AaHHbIM
reoxnuMmu, HedTemaTepuUHCKMMKM Mnopogamu siB-
NAITCA OTNOXEHUS BEPXHEM W HWXKHEWN topbl
C copgepXxaHueM opraHuyeckoro yrnepoga 7,6%
n 3,83% cooTtBeTCTBEHHO [3].

Konnekmopsbi

Onsa CesepHoro n LleHTpanbHoro Kacnus
NepBMYHBIMU  KOMMEKTopamMn  SBASOTCS  ped-
Hble U AenbToBble Mecku OT Ganocckoro Ao Ker-
TIOBENCKOrO SIPYCOB; K BTOPUYHBLIM KOMNMEKTOpam
OTHOCHATCHA anTcko-anbbckme necyaHukn 6Gepe-
roBon nuHuMKU. K Konmmektopam Takke OTHOCHATCH
BEPXHEIOPCKME W3BECTHSIKM (Hanpumep, MecTo-
poxaeHne XsarblHCKOE W HEOKOMCKME peyHble
AenstoBble necku) [3].

CpepHsisi topa. CpegHetopckue KomnneKkTopbl
Ha cywe HKOMOB cnoxeHbl 6GaT-6anocckumm
peYHbIMU W OEenbTOBbIMK Neckamu. B BoCcTO4HOM
HanpaeneHun TpeH4 OCaAKOHaKOMMEHUs peyHo-
OensToBbIX MecYaHbiX Ten WMeeT TeHAEHLUMIo
CHWXeHWs, MAET npouecc nporpajaumm ocagko-
HaKOMMEHUS N yBENUYEHNS IMIMHNCTOro MaTepuana
B CTOpoHy Kacnuiickoro Mopsi, HO Ycrosue
OCajKOHaKonmneHnss coxpaxsietcs. Hanpumep,
banocckme peyHble neckn cnabo KoppenvpyroT
mMexay cobow B ckBaxmHax Ha nnowaan KCKM,
B TO BpeMsl KaK MEeCYaHUKU OKPaMHHO-MOPCKMUX
N MOpPCKMX hauuii B BepxHen Tonuwe 6atckoro
sipyca koppenupytoT nydiie (puc. 8). Ha nnowaan
KCKM 6ar-6aiiockme KONnekTopbl npeactaBneHbl
TOMLiEeN nepecrnanBaloLLMXCs NeCYaHNKOB U NUH.
OTU MEeCKN WHTEpPnpPeTMPYIOTCS Kak OTNOXEHWS
dpoHTa [OensTbl U pacnpegenuTenbHbIX pycen
pek [11]. Ha ocHoBe u3yuyeHus oOHaxeHun nopog
B ropax Kapartay, B T.4. naneoTe4yeHnit nu CTpykTyp
CO criegamum 0CcagKkoHaKoNneHus, 6b1no BbISIBMEHO,
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PucyHok 6. CericmodhaumanbHbi aHanus Tepputopuin KCKM

Figure 6. Seismic facies analysis of the territories of Kazakhstani Sector of the Caspian Sea

a) celicmuyveckuli npogpunb L95115 yepes snaduHy ModuHa / L95115 seismic line through the Godin Basin;
6) numornozo-hayuarnbHble Kapmsl Mo cpedHemy u eepxHemy mpuacy // lithologic and facies maps

of the middle and upper Triassic
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PucyHok 7. NMpodmnb S96-2127d, unniocTpupyrowmin CEMCMUYECKYHO XapaKTePUCTUKY
MHACKMX baumii NoTeHUManbHbIX MaTePUHCKUX Nnopoa

Figure 7. Profile S96-2127d illustrating seismic characterization of Indus facies

of potential source rocks
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YTO Ha OCagKOHaKomnneHue peyvHbIX AenbT CUib-
HOe BNUsIHWE OKa3bIBaET AeATENbHOCTb OT/IMBHbIX
NpunmBHbIX BoA [8].

Ha ocHoBe pervoHasnbHbIX MCCnegoBaHUi
3Ha4yeHue KoadppmumeHTa Nnec4aHUCToCTn
nameHsietcsa B npegenax 27—70%, 1 OHO B LIENOM
YMeHbLLAeTCs B HanpasneHny OT CyLLUn (C BOCTOKa)
K Mopto (Ha 3anap).

K mecTopoxaeHusiM Ha cylwe, no KOTOpbIM
BedETcA Oob6blMa W3 CpedHEelpCKUX TeppureH-
HbIX KOMMeKTopoB, OTHocATcs TeHre, KeTbibaln
N Y3eHb.

BepxHsisi opa. B TUTOHCKUX Y KUMEPUAXKCKNX
sipycax OTnoxeHus B npegenax LleHTpanbHoro
Kacnusi coctoAaT M3 MOPCKMX OrpaHW4eHHbIX
[ONOMUTOB M M3BECTHSKOB. [JONOMUTOBbLIE OTHO-
XKEHVS UMEIOT XOpOoLLME KOMNINEKTOPCKME CBOWMCTBA
C pa3BUTON BTOPUYHOW MOPUCTOCTLIO. TUTOHCKME
[ONOMUTBLI NIErko NPOCNEXNBAalOTCA BO BCEX CKBa-
xuHax KCKM (puc. 9). Mo pesynsratam wuc-
CrnefoBaHWN  KOMMEKTOPCKNX CBOWCTB  CKBaXMWH
CTPYKTYpbl XBamnblHCKasi, OTKpbITasi MOPUCTOCTb
O0NOMUTOBbIX KONnneKkTopoB BapbupyeTcs
oT 15% po 30%. W3BecTHsKM BepxHew opbl
BbICOKOMMOTHbIE, C  OTKPbITOA  MOPUCTOCTbLIO
00 7%. Ha ctpyktype LieHTpanbHas 4onoMuToBbIe
OTNOXEHUS UMEIOT TaKylo e ANHaAMUKY UnbT-
PaLMOHHO-EMKOCTHBIX CBOWCTB, Kak M Ha Mec-
TOPOXAEHUMN XBanblHCKOE. [onomuTtoBble
OTMOXEHNSs W ero KONMeKTopckue CBoWCTBa
KOHTPOMMPYOTCSA CTEMNEHbI0 NepekpucTannmsauum
N OKPEMHEHWS 3epeH U3BECTHSKA.

HuxHuti men. B antckom 1 anb6ckom sipycax
oTnoxeHns B npegenax LeHTtpanbHoro Kacnus
COCTOAT U3 MENKOBOAHbLIX MOPCKMX MeCHaHWKOB
6eperoBow NIMHUN N MOPCKUX FMKH. STV NecHaHnKu
SIBMSAOTCA MNOTEHUMANbHbIMA BTOPUYHBLIMK  KOM-
nektopamu. ANTCKMe MecHaHuKM nerko npocre-
xmBatoTca B ckBaxuHax KCKM (puc. 9). Mo dop-
Me KapOTaXHbIX KPUBbIX B 3TUX CKBaXKMHax Obl-
nv BblgeneHbl Nporpagvpylolme Neckn U rmuHbl
GeperoBoNt fNIMHWK, aHaNOrM4YHble KacCU4ecKUM
napanocnegoBaTenbHOCTAM 6eperoBov NMUHUK.

B nopowse 3aneraloT TPaHCrPECCUBHblE
IMWHbI, MNPEACTaBMSIOWME pPErnoHanbHyl  Mo-
BEPXHOCTb 3aTOMNMEHUsi, 3aTeM MO HamnpasneHuo
K KpoOBMe yBEenuMYMBaeTCs coAdepxXaHue mnecka.
[nst anTCKnX OTNOXEHWIN 3Ha4YeHUs KoadhumLmeHTa
necyaHUCTOCTU n3MeHsoTcsA B npegenax 14—63%,
YMeHbLUAsACh B HaMpaBfeHnn C BOCTOKa Ha 3anag.

PezuoHarnbHble u 6HympughopmMayuUoHHbIe
MOKPbIWKU

B LieHTpaneHom Kacnuu BbigeneHo HecKonb-
KO pernoHarnbHbIX U BHYTPUEOPMALMOHHBIX MO-
Kpbilek. MIHTepBan BepXHePCKUX NOPOA U HNXKe-
nexawmx  oKkcopa-KennoBenucknx MnH,  Cco-
CTOSALLMI N3 MOPCKNX AL, UMeeT perMoHanbHoe
pacnpocTpaHeHne W SBRASeTCS MOoTeHUManbHou
MOKPLILIKOW AN CPEAHEIPCKUX  KOMMEeKTOpoB
Ha Tepputopun CesepHoro u LleHTpanbHoro

Kacnusa. Takke dBnsloTCA  NOTeHUManbHbI-
MW pervoHanbHbIMW  MOKPbILLKAaMU  HEOKOMCKUE
N anTcKue [MuHbl HwkHero mena. Kpome Toro,
BHYTPM TONWM CpegHen topbl U HUWXKHEro mena
MMEKTCA nnacTbl [NWH, KOTOpble Takke AB-
NATCA  BHYTPUEPOPMALMOHHBIMY  MOKPbILLKaMKU
NS KONmeKTopoB.

BasanbHble HEOKOMCKME MOPCKME TMUHbI,
OTNOXEHHbIEe BO Bpemsi pernoHanbLHoro
3aTOMMeHns, SBRSAOTCA elWé OJHOW MOTeH-
LiManbHOW MOKPLILLIKOW. OTU MMMHbI KOPPEnupyoT
pernoHanbHO B ckBaxuHax LieHTpanbHoro Kacnus.

B LeHTpansHom Kacnvu sipko BbigenstoTcs
BEPXHEMENOBbIE CEHOMAHCKUE [MUHbI, KOTOPbIE XO-
pOLUO OTCREXMBAIOTCA perMoHanbHO MO akBa-
Topun KCKM (puc. 9).

3aknioyeHue
Pestomunpys TEKTOHO-nMTOCTpaTurpadm-
YECKYID  XapaKTepWUCTUKy panioHa, OCHOBHOW

noTeHuman HedTerasoHOCHOrO KoMMiekca Me-
3o3omMckoro yexna LUeHtpanbHoro Kacnusa ka-
3axcTaHckoro nobepexbs  NPeanonoXUTensLHO
CKOHLIEHTPMPOBaH  BO3Me  JIOKasnbHbIX  Aeno-
LeHTPOB, BAOMNb TyapKbIpCKOW pPa3fiOMHOWN 30HHI,
BnaguH MoguHa, Tyapkblp, PakyLievHoe.

AHanuanpys ycrnoBusi OCafKOHAKOMMEHWs!
ME3030MCKUX KOMMMEKCoB Ccywun MaHrbiwnaka
1 akBaTopui Kacnuickoro mopsi, npocnexvBaercsi
eOVHbIA  TPeHA YCMOBMIA  OCaJKOHaKOMIEHHUS.
[aHHbI  TpeHa [JokasaH OTKPbITbIMA — MEeCTO-
poXgeHnsMu Ha cylle 1 Ha wenbde Kacnuiickoro
Mopsi.

DenoueHtpol KCKM He Obinn  BCKpPbITBLI
CKBaXXMHOW, HO CyLleCTBylOWas cencMmyeckas
KapTMHa BMeCTe C aHanoramuv npobypeHHbIX
CKBaXXMH TPWacoOBOro KOMMfekca Ha cywe pAa-
€T OCHOBHblEe NPeAnonoXeHUss 0 CTPOEHUM U 3a-
NonHeHNM AaHHbIX BnaguH. Cencmuyeckast kap-
TuHa nonyrpabeHa l[ogvHa umeeT OBe TONLM,
pasnuyHble NO aHanuay oTpaxarLwmnx aMmnauTya;
no aHamnorum c MectopoxaeHnem Xetbiban
AaHHble TONWW NPOUHTEPNPETUPOBAHBI Kak 03ep-
Hble 1 peyHble TOMLWM UHACKOrO sipyca. OCHOBHOW
KapOboHaTHbIN pernep OTPaxaloLero ropusoHTa
cpedHero Tpuaca nNpOCreXuMBaeTcs B [OaHHbIX
OenoLeHTpax.

Jlntoctpaturpacumyecknin  paspes cpegHe-
IOpCKMX oTnoxeHun LieHtpanbHoro Kacnus nmeet
TEHAEHLMIO K YBEMUYEHMIO IMIMHNCTOCTK, YTO Hera-
TMBHO BMSIET Ha KONMEKTOPCKMe cBoncTaa B LieHT-
pansHom Kacnuu.

[eoxvmus cTpykTyp LieHTpanbHas n XBarnblH-
ckasi JaeT OCHOBaHWe nonaraTtb, YTO OTIOXEHWS
cpegoHer N HWXKHEW opbl  MMEKT  XOPOLUWiA
noteHuman Ha obpasoBaHue YB. [JaHHas Toniwia
ABNAETCA OCHOBHbLIM MUCTOMHWKOM reHepauun YB
MEeCTOPOXAEHWN.

Mo pesynbratam aHanu3a CyLecTBYHOLLMX
MecTopoxgeHun Ha KCKM ueneBbiMW rOpU30H-
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PucyHok 8. PernoHanbHasi Koppensumus CpeaHeopCKUX OTNOXEeHUN
no Tepputopun LieHTpanbHoro Kacnus
Figure 8. Regional correlation of Middle Jurassic sediments across the Central Caspian Sea area

PucyHok 9. PernoHanbHasi koppensiuMoHHasa cxema ckBaxuH KCKM
Figure 9. Regional correlation diagram of Regional correlation diagram of wells
in the Central part of the Kazakhstan sector of the Caspian Sea

Tamn Ha YB saBnsioTca kapboHaTHble nopoabl
BEPXHEN opbl U HWKHEMENOBbLIE TEPPUrEHHbIE
NnopoAbl, HO U HE UCKMOYaeTCs noTeHUmnan Hedpte-
ra3oHOCHOCTU TPMACOBOrO KOMMMekca, No aHa-
JIOrUM ¢ MECTOPOXKAEHUSIMU CyLUM MaHrbiwnaka.

C TOYKM 3peHust [anbHenwWero reono-
rMYecKoro W3y4eHus NepcnekTMBHOW Ans  Wc-
CrefoBaHUst  sIBMSIETCA  NpupasfioMHasl  30Ha

Tyapkblp. OTO CBSI3aHO C Hanmuuuem HedTe-
MaTEePUHCKNX nopoz IopcKOro BO3pacTa
N BO3MOXHbIM Hanuynem HedTemMaTePUHCKNX
nopop Tpuaca B AENOLEHTpaX, a Takke B AaHHON
30HE  KOMMEKTOPCKMEe  CBOWCTBA  TUTOHCKUX
[OONOMUTOB NOPOA, YNy4LLEHbI 38 CHET Pa3foMHbIX
30H.
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Hayu4HbI 0630p

Cneuudumka reonornyeckoro ctpoeHusi Anakonbckoro 6accemHa u BblI6op
KOHCTPYKLMUUN OYPOBbIX CKBaXXWUH

A.E. Yaknukos', B.B. Kopo6kuHn', A.A. Ucmannos', M.M. Bycnos?, X.C. Tynemucona’
'KasaxcmaHcko-bpumarckull TexHudeckul YHusepcumem, . Animamel, KazaxcmaH

2MHcmumym eeonoeuu U MuHepanoauu um. B.C. Cobonesa CO PAH, Hosocubupckutli
HayuoHarsbHbIl uccriedosameribCKull 20cydapcmeeHHbIl yHusepcumem, 2. Hosocubupck, Poccus

AHHOTALUA

Ha ocHoBaHWM reonoro-reoumanyeckux AaHHbIX COCTaBIEH IMTOMNOro-cTpaTturpaduyeckun
paspe3s dyHaameHTa UK 4exna Anakonbckoro GacceiHa C geTanusauueni  AMTONOro-
naneoreorpacuyeckmx 06CTaHOBOK. BbiaeneHbl HedTemMaTepuHCKME KOMIMIEKChI, KOMMEKTOpbI
n nokpbiwkn. OBOCHOBaHa Cxema TEeKTOHWYECKOro PanloHMPOBaHWS, MPUBEAEHbI CTPYKTYPHble
XapaKTepucTKM pasnoMoB U nutonoro-daumansHele 0cobeHHOCTM paspesa. YcTaHoBneHa
CMoXHasi MHOTOCTafMiHas TeKTOHW4YecKas 3BonioumMs. BbigeneHbl NnoTeHumManbHO NepcrneKkTUBHbIE
cTpaturpaguyeckne HedTerasoHOCHbIE KOMMIEKChI: OPCKUA  (Me30301M) M BEPXHUA OEBOH
(dbameH), HWXKHWI kapboH, NepMckui (naneo3oi). MMyBUHHOe CTpOeHWe pervoHa UNMCTPUPYETCS
reonoro-reomsnyeckum paspesomM. [lpoBegeHa koppensumst crpaturpaduyeckoro AuanasoHa
yrneBoAopoAHOro noTteHumana Anakonbckoro 6acceviHa. OB0CHOBaH BEPOATHOCTHBIN MPOrHO3
Ha MouCKu YrneBOJOPOAHOrO ChbipbA. Ha 3Toi reonoro-reodusnyeckoil ocHoBe paspaboTaHa
KOHCTPYKUMS OypoBOW CKBaXWHbl M HamMe4yeHO €€ MOoNnoXeHue AN BCKPbITUS MNOpOoA 4exna
n pyHOameHTa.

Knroueesie criosa: Anakonbckuli  6acceliH, CMPYKmMYypHO-MEKMOHUYeCcKUl  aHanus,
numoroeo-cmpamuezpacghudeckuli  paspes, cmpamuzpaguyeckasi  KOppesnsyus,  [umornoeo-
rnarneoeaeozpagpuyecKue PeKoHCMPYKyUU, yareeo00p0o0HbIU nomeHyuas, KoHcmpykyus 6ypoeol
CKBaXUHbI.

Kak umtupoBarb:

YaknukoB A.E., KopobkmH B.B., Vcmamnos A.A., BbycnoB M.M., Tynemucoa X.C. Cneuwndwmka
reonorn4yeckoro CTpoeHns Anakonbckoro G6acceiHa U BbIGOP KOHCTPYKUMW BypoBbIX CKBaxWH // BecmHuk
Hegbmeeaszoeoli ompacnu KaszaxcmaHa. 2024. Tom 6, Nel. C. 18-34. DOI: https://doi.org/10.54859/
kjogi108695.
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ABSTRACT

Based on geological and geophysical data, a lithological and stratigraphic section
of the basement and sedimentary cover of the Alakol basin was compiled, detailing the lithological
and paleogeographic settings. Oil source rocks, reservoirs and seals are identified. The tectonic
zoning scheme is substantiated, the structural characteristics of the faults and the lithologic-facial
features of the section are given. A complex multi-stage tectonic evolution has been identified.
Potentially promising stratigraphic oil and gas complexes have been identified — Jurassic (Mesozoic)
and Upper Devonian (Famennian) — Lower Carboniferous-Permian (Paleozoic). The deep structure
of the region is illustrated by a geological and geophysical section. The correlation of the stratigraphic
range of hydrocarbon potential of the Alakol basin was carried out. A probabilistic forecast
for the search for crude hydrocarbons is substantiated. On this geological and geophysical basis,
the design of the borehole was developed and its position for opening the cover and basement rocks
was outlined.

Keywords: Alakol basin; structural-tectonic analysis; lithologic-stratigraphic  section;
stratigraphic correlation; lithological and paleogeographic reconstructions; hydrocarbon potential;
borehole design.
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Fbinbimu wony

Anaken anabbiHbIH reoNnoruanbIK KYpbiNbIMbIHbIH epeKLleniri xxaHe 6ypfbipy
YHFfbIManapbiHbIH KYPbINbIMbIH TaHAay

A.E. Yaknukor', B.B. Kopo6kuH', A.A. UIcmaunor', M.M. Bycnog?, XX.C. TynemicoBa'
'Kasak-bpumaH mexHukarnbik yHugepcumemi, AiiMamsl Kanacsl, KazakcmaH
2[eonozus-muHepanoausi uHcmumymsl. B.C. Cobonee PFA CbB, Hoeocibip ynmmbik 3epmmey
Mmemnekemmik yHusepcumemi, Hoeocibip kanacel, Pecel

AHHOTALUA

leonornsinblk-reopmankanbik aepekrep Heri3iHae Anaken anabblHbIH, ipreTacsbl
MEH > KaMbIMFbICbIHbIH ~ NIUTOMNOIMMANBIK  X8He  cTpaTurpadusanblk  KeciHAici  KypacTbipbinbif,
NUTONOrMANbIK XaHe naneoreorpaduanblk KOHAbIPFbINAP TonblK cunatTanFaH. MyHan kesaepiHiH,
KelwleHaepi, kabatTap MeH Tbifbl34afbiluTap aHblKTanfFaH. TeKTOHUKanbIK aygaHaacTbipy CXxemachl
Herizgengi, Oy3blnynapablH KypblnbiMAbIK cunatTaManapbl XeHe y4yackeHiH nMTonorusnbIk-6eTTik
epekwieniktepi kenTipinreH. Kypaeni ken caTbinbl TEKTOHUKANbIK 3BoNtoums 6enrinenai. MoteHumanapl
nepcnektTuBanbl cTpaturpacpusanblk  MyHan-ra3 KeweHgepi adblikTangbl — topa  (Me3030W)
X8He XoFapfbl AEBOH (pameH) — TeMeHri kapboH-nepmb (Naneo3on). AMMaKTbiH, TEPEH KYPbIrbIMbl
reonornanblk-reounsnkanblk KeciHgiMeH cypetTenreH. Anaken anabbiHblH KOMIPCYTEKTIK aeyeTiHiH,
cTpaTurpaduanbiK  Ananas3oHbiHbIH, KOppensauusachl xyprisingi. KemipcyTek LwwkisaTbliH i3geyain
bIKTUManabl 6omkambl HerizgenreH. Ocbl reonorusnblK xaHe reousukanblk Herizae YHFbIMaHbIH
obacbl 83ipreHin, OHbIH KaKnak NeH ipretac XbIHbICTapbIH allyfa apHanfaH opHbl 6enrinexHai.

Hezizzi ce3dep: Anaken anabbl, KypblibiMObIK-MEKMOHUKalbIK masnday, fiumonoaussbikK-
cmpamueapausisbIK KecCiHOi, cmpamuzapaghusinibiK Koppensayus, JSIUMO0_USAbIK
JKoHe naneozeoepausnbiK Kalima Kypynap, Kemipcymek nomeHuyuarnbsi, 6ypfbiiay YHFbIMachbIHbIH
KYPbIbIMBI.

[anekces KenTipy yLWiH:

Yaknukos A.E., Kopobkux B.B., Wcmamnos A.A., bBycnoB M.M., TynemicoBa >X.C. Anaken
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HAYYHBIE OB30PbI

Tom 6, Ne 1 (2024)

BecTHuk HedTerazosol oTpacnu KasaxctaHa

BBeneHune

Anakonbckuin  HacceriH (nanee — AB)
pacrnonoXeH Ha ro-BOCTOKE Ka3axCTaHCKOro
cermMeHTa repuuHckon [hkyHrapo-banxaiuckow
cknagyaton cuctembl [1-5]. Mo nepudpepun Ab
orpaHunyeH MMmasHbIMu [xyHrapckum (aanee — [AP)
n YuHrnsckmm (ganee — M4YP) pervoHanbHbIMU
pasnomamu (puc. 1,2). Ab sBnsieTca ceepo-
3anagHbIM OKOHYaHveM [hXyHrapckoro HedTe-
rasoHocHoro 6GacceriHa Kutaa [3, 6-8]. ABb
CO BCEX CTOPOH OrpaHW4eH TropHbIMK Xpeb-
Tamy, CROXEHHbIMUW NPEeUMyLLECTBEHHO naneo-
30MCKMMM  (OT KemMOpUMCKMX OO0 NEPMCKMX),
OOMONMTOBLIMW,  OCTPOBOAYXKHBIMA U aKKpe-
LUMOHHBIMKM  KOMMNNekcamy nopod. [naBHbIMK
TEKTOHNYECKUMU anemeHTamu repLmMHCKOWn
[xyHrapo-banxalickor  cknag4yaton  CUCTEMBI
ABNSATCA TEKTOHWYecKne OnoKW, orpaHuyveHHble
pasnomamu. OHM cocToAT wu3  parmMeHToB
NPOTEPO30MCKON KOHTUHEHTarNbHON KOpbl U Heo-
NPOTEPO30MCKO-NANeo3onckux CyoayKLMOHHO-aK-
KPELUMOHHbIX  KOMMIIEKCOB, 3ayacTyl  nepe-
KPbITbIX ME3030MCKMMU OCagoYHbiMK 0bpa3oBa-
Husmu (puc. 1-3) [3—24].

Llensmun nccnepoBaHusa sBnsoTcsa 060CHO-
BaHWe M BbIOOP KOHCTPYKUMM BypOBOW CKBaXKMHbI
B AB. [na poctmkeHus uUenu npoBegeHa
Koppensuusi  ctpaturpadmuyeckoro  guanasoHa
yrnesogopogHoro noteHuvana AB u  [xyH-
rapckoro 6acceriHa Kwutasa. [lepcnekTMBHOCTb
Ha HedpTb M ras3 AB B 30Hax norpyxeHus
dyHaameHTa obycnoeneHa psagom hakTopos:

— yBENnu4YeHHas  TOMNWMHa  OTIIOXKEHWUN
kapboHa, nepmu, Tpuaca, HWKHER  topbl,
oboraléHHbIX OpraHM4ecKkMM BeLLLEeCTBOM, B pas-
pese KOTOpbIX UMEIOTCA FOPU3OHTLI YIS,

— NOrpyxeHue  KpoBnuM  byHOamMeHTa
MMeeT CTyneHYaTbln XxapakTep U KOHTponupyeTcs
avHamukon AP n M4P;

—  MpOrHo3upyemble FOBYLUKA Pas3fnM4yHOro
TMna OyaoyT KOHUEHTpWpoBaTb YrnesBoaopodbl
(oanee — YB) Ha nyTaX perMoHanbHON Murpauumn.

JlnTonoro-ctpaturpacduyeckue

0CcOBEeHHOCTH pa3pe3a M NPOrHo3Has

HepTerasoHOoCHOCTb

Jlutonoro-ctpaturpaguyeckne 0o6CTaHOBKM
AB npencraBneHbl NocneaoBaTenbHOCTLIO B COOT-
BETCTBUM C puc. 3-5.

B nosgHem opgoBuke CEBEPO-BOCTOYHBIN
cermeHT  [IxyHrapo-banxalwickoro  MOpPCKOro
GacceilHa npeacTasneH LWwenbgoBLIMA  Nepe-
XOOSLUMMM, CKIOHOBbIMWM U FNyH6OKOBOAHBIMU
HakonneHusmMu TonwmHon Gonee 1500 .
Cunypunckne OTMNOXEHUs1 Takke NpeacTaBneHbl
MOPCKMMM LIENb(OBLIMA U CKIOHOBbLIMW HaKOrM-
neHvamn TonwmHon donee 1400 m [24-26].

B paHHem peBoHe no ceepHon nepude-
puM OOPMUPYHOTCA BYNKaHWYeckne ropbl ¢ 0O-
pas3oBaHMEM KOHTPACTHOM MO COCTaBy BYriKa-

PucyHok 1. Mo3uuuna Anakonbckoro ocago4yHoro
b6acceiHa Ha TeppuTtopumn KasaxcraHa
Figure 1. Position of the Alakol sedimentary
basin on the territory of Kazakhstan

Hu4yeckon cepvien [24, 27, 28]. B ueHTpanbHOn
YactTu — rnyboKoOBOAHbIE HAKOMMEHUS MOPCKOro
facceriHa  OKpaMHHO-KOHTUHEHTANbHOro  Tuna,
MoLHocTblo 2500 m. B cpegHem geBoHe Ha ce-
Bepe AB npoxoauT poHTanbHasa ByrnkaHn4yeckas
30Ha, KOHTpacTHble TeppUreHHO-BYNKaHOreHHbIE
HakonneHna — 2000 m. B nosgHem [OeBOHe
dopmupytotca  rnyboKoBOAHbIE  TMUHUCTO-KPEM-
HUCTble Hakonnewus Mopckoro 6GaccenHa Tac-
Tayckown 3oHbl 1800 m [26, 29].

Bbiwe no paspesy 3anerarT KOHrnomeparhbl,
necyaHvku, anesponuTbl MOLLHOCTLIO A0 750 M,
OTHOCSILLMECS K HEPACHIIEHEHHBLIM OTMOXEHUAM
TIONWHCKOTO 1 rBagenynckoro otaenos. [lanu-
HOMorn4yeckne KOMMIeKChl, HaXOOSLWMECS B HUX-
HEW W BEpXHeMW uvacTax paspesa, yKasbiBaloT
MMEHHO Ha 3TOT BO3pacTHOW AuanasoH. Beiwe
no paspesdy 3aneraet MawnacapuHckas CBuTa
C pa3MblBOM, NepeKpbiBaloLlasi Bblenexalume
OTIOXEHWS U CNOXEHHasi BHU3Y KOHrnomepaTtamu,
necyaHvkamu, anesponuMTamu, BBepxy — Tycdamu
M naBaMu LUEMNOYHbIX PUOMUTOB  TOSMLLMHOW
no 550 m. Haxogkum chnopbl ykasbiBaloT Kak
Ha nosgHenepmckun  (rBagenynckuin — otgen),
Tak WM paHHETPUACOBbIA BO3PACT OTMOXEHUN,
NaneokoMMNMeKC M3 aneBpoNMTOB HUXHEWN TomMLwm
XapakTepeH Ansa paHHero Tpuaca 6e3 anemeHToB
nepMckux mukpodurtodoccunuin [24, 30].

Meso30MCcKMiA KOMMeKC npeacTaBneH KOH-
TUHEHTaNbHbIMN TEPPUTEHHLIMU ManoMOLLHbLIMU
OTIIOXXEHWUAMM TprUaca 1 yrneHoCHowM opoii (puc. 5).
BepxHelopckne © HWKHEMENOBble OTIOXKEHUS
He yCTaHOBIEHbI. PacyneHeHne TprMacoBbixX U top-
CKUX OTNOXEHUIN pernoHa Ha CBWUTbI MPOBEAEHO
no dauunansLHOMy NPU3HaKy, Koppensaunm MeCTHbIX
cTpaTurpacnyecknx nogpasfeneHnii NpoBeaeHbI
no naneoHTtonornyecknum octatkam [30]. Ha nno-
waan Ab BblgeneHa kayTckas cBuUTa, CroXeHHas
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PucyHok 2. CxeMbl rnmaBHbIX TEKTOHUYECKUX eAUHUL,
Figure 2. Diagrams of the main tectonic units
|. O630pHasi cxema 3anadHo20 ceameHma LleHmpanbHO-A3uamckoao ckiiad4amoeo rosica. [1agHble pasfiombl:
MKF — asHbil Kapamayckuli u TFF- Tanaco-®epeaHckul; ZhNF — [xanaup-Hatima+ckud;, MJF — TagHbIl
LxyHeapckuli; MChF — aeHbit Yuneusckud, IRF — Upmeiwckud. Mpsmoy20rbHUKOM noKa3aHbl KOHMypbl Ana-
KonbKoeo 6acceliHa u npunezatowux meppumopud; Il. TekmoHuyeckasi cxema 80CMOYHOU Yacmu KazaxcmaHCKUX
raneo3oud ¢ yka3aHueM ronoxeHUsi 2i1a8HbIX MeKmMoHUYeckux eOuHuy. Cknadyamsle cucmembl: KanedoHcKue
(ka3axcmaHckuli cocmasHol koHmuHeHm): 1 — Kokwemay-Cesepo-TsiHb-LllaHbckas, 2 — YuHaus-Tapbazamalickasi;
eepyuHckue: 3 — [IxxyHeapo-banxawckas, 4 — Obb-3alicaHckas
I. Review diagram of the western segment of the Central Asian fold belt. Main faults: MKF — Main Karatau
and TFF — Talas-Fergana; ZhNF — Jalair-Naimansky; MJF — Main Dzungarian; MChF — Main Chingiz; IRF — Irtysh.
The rectangle shows the contours of the Alakol basin and adjacent territories; Il. Tectonic diagram of the eastern
part of the Kazakhstan paleozoids indicating the position of the main tectonic units. Fold systems: Caledonian
(Kazakh composite continent): 1 — Kokshetau-North Tien Shan, 2 — Chingiz-Tarbagatai; Hercynian:
3 — Dzungaro-Balkhash, 4 — Ob-Zaisan

nec4aHvkamm u anesponutamu. M3 nopop Bbl-
OerneH CropoBO-NbINbLEBOM  KOMMMEKC, OTBe-
YaloLlMN  P3ITCKOMY SIpycy BEpXHero Tpuaca.
PaHee oHa gaTtvpoBanacb HwxHewn topon. B ot-
NOXEHUsIX TpuUaca W HWXKHEW tOpbl YCTaHOB-
neHHble Mpu passBegke W IKchnyatauun Hed-
TAHbIX MecTopoxaeHun Kutas [29] nposBsne-
Hua YB B CeBepHow XoHrapum oTMevanucb
MHOrMMK nccnegosatenamun [28, 29]. 3tu Hed-
TerasoHOCHble MOpPOAdbl XOPOLLO KOPPEenupyTcs
C OJHOBO3PAaCTHbIMW MOPOAAMM pasBedaHHOro
AnakonbCKoro yronbHOro mectopoxaeHus. B pan-

HEM W cpegHeM Tpuace BO3HUK penbed
OeHyAaLVOHHOW paBHMHLI C hparMeHTMPOBaHHON
Kopon BbIBETPMBAHUSA. MosgHeTpracoskle

OTIOXEHWUS1 CMOXEHbl Nec4YaHuKkamu, aneBponu-
Tamu, aprunnutaMmm MoLLHocTelo Ao 60 m [29, 31].

PaHHetopckve nopofbl BbIsiBNEHbl B YuH-
rm3ckon 3oHe. lepBbIn aTan ocagKkOHAKOMMEHUs
0XBaTWIN 34eCb reTTaHrckoe, CUHEMIOPCKOE U NAWH-
cbaxckoe Bpemsi. OcapKkoHakonneHve B peru-
OHe B lOpPCKOEe BpeMsi Mpoucxogauno B npefe-
nax pgenpeccun, UMeKLWMX pasHble pasMmepbl
MW UCMbITaBLUMX pasnuyHble amnnuTygbl U WH-
TEHCMBHOCTM  npornbaHusa, 4Yto  0BycrnoBuno
pasnuyne B IIMTONOrMYECKOM COCTaBe, MOLL-
HOCTAX W MonHoTe paspes3oB. Ha nnowapax
Anakonbckoro  GaccerHa  topckue  nopopgbl
BKIMIOYEHbl B COCTaB Yy3yHOYNMakCKOW CBUTHI.
OHa paspeneHa Ha ABe MOACBMUTbI, U3 KOTOPbIX
HIDKHAS  (TETTaHrCKUA — CUHEMIOPCKUI  Beka)
Takke Oonee rpybosepHucTas M npegcraeneHa
KOHroMepaTtamu, rpaBenMtaMmm u necHaHukamu.
BospacTt e€ onpenmeneH no ortneyatkam nopsbl
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PucyHok 3. leonornyeckoe ctpoeHne Anakonbckoro 6accenHa
Figure 3. Geological structure of the Alakol basin
|. Cxema eeornozu4eckoeo cmpoeHusi Arakorbckoeo bacceliHa ¢ ucrornb3oe8aHuem 0aHHbIX [4, 5];
1l. leonoeauyeckul paspes no nuHuu A—-B. lNoka3aHo nonoxeHue npoekmupyemoli 6yposoli CK8axXUHbI
. Scheme of the geological structure of the Alakol basin using data from [4, 5]; Il. Geological section
along A-B line. The position of the designed borehole is shown

PucyHok 4. CTpykTypHas cxema Anakonbckoro 6acceiHa
Figure 4. Structural diagram of the Alakol basin
PezuoHarbHble pasnombl: MJF — MasHbit [xyHeapckuli, MChF — aeHbit YuHau3ckul
Regional faults: MJF — Main Dzungarian, MChF — Main Chingiz
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M CrnopoBO-MNblNbLEBLIM KOMMNekcaM. BepxHas
(nnuHcGaxckuii  Bek) CroxeHa anesponvTamu,
aprunnutamMm C MpoOCMosIMA  KOHINOMepaToB
M necyaHukoB. [latmpoBaHa OHa MO HaWAeHHbIM
pakoBuHam dunnonog u ropucTUYECKMM OC-
TatkaM. B nepBbix Tpéx aenpeccusax (Kbinbin-
ckon, Eptbiickon, LUunHpayckon) ocagku Bepx-
HeW noacBuTbl OTCYTCTBYHOT [24]. Btopow atan
0CaKOHaKOMNMeHNss NposIBUIICA BO BCEX 30HaX,
OXBaTU Mepuoa C TOApCKOro HwxkHewn Ao Gan-
OCCKOro Beka cpegHen twpbl. Ha Tepputopum
CeBepHoro cknoHa BocTtoyHo-KasaxctaHckoro
CBOAOBOMO NOAHATUS 3TOMY CTpaTurpadmnyecko-
My YPOBHIO OTBEYAET KOWTacckas CBWTa, koTopast
no NUTOMNOrMYecKoMy COCTaBy pasgeneHa Ha aBe
naukn. B nepuoa c Gartckoro Beka cpeaHeit topbl
Nno TWUTOHCKUA Bek B OOnbLUMHCTBE Aenpeccuii
ocafKoHakonneHns He 6bino.

HwkHemenoBble OTNOXEHUS He YyCTaHoBIe-
Hbl, BEpXHEMENOoBble (hOPMUPOBASMCH B YCNOBUSAX
HU3MEHHOW paBHWHLI W NpeacTaBneHbl O3epHo-
annioBuanbHbIMU, 06ITOMOYHBIMU HAKOMMEHWSIMMU,
MoLHocTbio Ao 120 m. B Anakonbckon BnaguHe
OTNMOXEeHNs Mena npeacTasfneHbl  ocagkamu
CacCbIKKONbCKOW CBWTbLI, KOTOpasi MO OCTpakoAam
patnposaHa BepxHuM Menom. B BocTtouHo-
[Mpnbanxawickon BnagnHe CKBaXMHAMW BCKPbIThI
dUoNeToBblE  MUHbLI, @HaNornyHble  FUHaMm
CacCbIKKOSIbCKOW CBUTLI [24].

ManeoreHoBble OTNOXEHUS NpPeAcTaBreHb
COMNEHOCHBIMW 03EPHBLIMY HAKOMMEHUSMU U CIO-
XeHbl IMUHamK, anesponMTaMm, neckamm TOnLimn-
How go 400 m. Anakonbckasi BnaguHa npuypoude-
Ha K Me3030MCKOMYy nporuby, yHacneaoBaHHO
passuBaBlleMycs B naneoreHe [24, 31]. B na-
neoueHe BbIAENATCH ABa CeAMMEHTALMOHHBLIX
putMa (27 n 24 ™M) o03epHO-annioBManbHbIX
rpy603epHUCTBLIX KBapLEBbIX W  MOMMMMKTOBbIX
MEecKOB C rpaBenuTamMmmn 1 rafnevyHmKkaMm pycnosbixX
dauni, nNepekpbITbIX B HWKHEM naneoueHe
cepbIMy NATHUCTLIMKU MHamm (8 m). Bbiwe nexar
MOHTMOPWIMOHNTOBBIE  FMUHBLI  TYHKYPY3CKOW
CBUTblI HWXKHero 3soueHa. OOWas MOLIHOCTb
cButbl 100 M. Bblwe pasBuTbl 03€pHbIE [MUHbI
KONMaKoOBCKOW CBUTbl MOLLHOCTBIO OO0 88 M.
AneBpuTbl C NPOCNOAMU MOMMMUKTOBbBIX MECKOB
B OTNOXEHMAX 06enx CBUT CBUAETENbLCTBYIOT
0 6nnsocTn GeperoBon NuHUK. Pa3pe3 BepxHero
J0LeHa 3aKaH4MBaeTCs KypKyNbAEKCKOW CBUTOMN
MOHTMOPWUIMOHNTOBLIX MuUH. [locnegHue, Bu-
OMMO, SABNSATCA NEPEOTIIOKEHHBIMU  KOpamu
BbIBETPMBaAHNA  AKTOramckoro  megHo-nopcu-
poBOro MecTtopoxaeHus. Beiwe 3aneraloT run-
COHOCHBbI€ IMUWHBbI KbicKaLlckor cBuTbl (50 m). Bos-
pacT OTNOXEHWIN onpegenéH No cnopam 1 nbinbue.

[epeKkpbITbl OHM HepacuUNEeHEHHbIMW  FHaMU
onuroueH-muoueHa [24].
B MUoLeHe npeobnagatot 03epHo-

annoBuarnbHble MMUHUCTbIE HakonneHus Ao 50 m,
B NSNOLIEH-ronoLeHe — 06IOMOYHbIE HaKOMMEeHNUs!

(cynecwu, CyrnuvHKW, rpaBUAHO-TanievHble) TONLu-
How go 220 m [5, 24].

Mo wvmeloWMMCS [OaHHBIM, CTPYKTYpHbIE
eouHnubl AB, wumetowme rnybokoe 3aneraHue
KPOBNN hbyHOAMEHTA, HYXXOAKTCA B U3YyYeHUU
OypeHunem [31-33]. B cBsian ¢ atum npegnona-
raeTca OTHOCUTENbHO 3HaYuTenbHas TomnwMHa
0CaJloMHOro 3anorHeHWs B npegenax ux ony-
LWEeHHbIX OMnoKOB BEPXHEAEBOHCKMX — HWDKHe-
KaMeHHOYTOfbHbIX U MEePMCKUX (NOTeHuManbHble
KOINNEKTOpPbI), TPUACOBbLIX, HPCKUX U YACTUYHO
MenoBbIX oTnoxeHun [5]. CocTaB HOPCKMX OTNO-
XKEHUM un3yyeH B KXkHOM obpamnenun AB, rge
OHM 06nagalT MPOMbILLIIEHHON YIIEHOCHOCTBIO
B AnakonbCKOM MecTopoxaeHun [29] n B ue-
nom oboralleHbl pacCcesHHbIMU U KOHLEHT-
pvpoBaHHbIMX  (hOPMaMu  OpraHUYecKkoro Be-
wecTsa. KOpckme oTnoXeHus, pa3BuTble B OCEBbIX
3oHax AB, paccmaTpuBaloTCi Hamu B KayecTse
HedTerasomatepuHckux. B 6opTtoBbix Yactax Ab
rny6uHbl MX 3aneraHna He npesbiwatoT GonbLuen
Yyactbio 1,5-2 kM. B cBA3n ¢ 4eM topckune oTrnoxe-
HWS HE MO AOCTUYb YPOBHS 3pEMNOCTU aKTUBHOW
reHepaumm YB (30HbI «HETSHOrO OKHa).
BenuunHa reHepaumnoHHOro noTeHumana npu aTom
He Morna ObiTb 3HaYMTENbHOW, MOCKOMNbKY Aons
OopraHM4ecKkMx OCTaTKoOB NPeAcTaBneHa octatkamu
dnopsbl [24]. B oceBbIx YacTax rnyOuHbI 3aneraHus
FOPCKUX YITIEHOCHBIX OTIOXEHWUIN AOCTUraeT 3 KM
n bonee, rge oHM CNOcoOHbI reHepupoBaTtb YB.
CoOBCTBEHHO YIMEHOCHas HWXHetpckas Tonuwa
Ha MecTopoXAeHun Anakonb WUMeeT TOMNLUHY
120 M u cocTtouT M3 BOCbMW NNAcToB YIS,
YyeTblpe U3 KOTOPbIX UMEKT pabo4yrd MOLLHOCTb
W MpoMblfIeHHoe 3HayeHne. Bce nnactbl
XapaKkTepusyloTcd  M3MEHYMBOM  MOLLHOCTbIO
N CNOXHbIM HEMOCTOSHHbIM CTpoeHueM. CpegHas
TonwmnHa nnactoB MeHsietcs ot 1,0 4o 5,7 M. Yrnu
no cocTaBy rymycoBble, nepexogsiume oT Oy-
pblX K KaMeHHbIM, HW3KO30mbHble (B CpeaHeM
no nnactam 6-10%), oTHocATCS K rpynne mano-
CepHUCTbIX N ManodocdopucTeiX. TennoTa cro-
paHusi roptode MacCbl COCTaBMsiET B CpPeaHEM
7,3-7,4 Tbic. kkan/kr. Mpu nonykokcoBaHUW yr-
N [aloT BbICOKUA BbIXOA NEPBUYHOW CMOSbI
(9,3-10,5% B nepecyéte Ha cyxoe TOMNMMBO)
n o 72% HusKosonbHOro nonykokca. Npu pas-
rOHKE CMOfbl OTMeYaeTcs GOonblUON BbIXOA Ke-
pPOCWMHOBO-AM3enbHon dpakumm (49,6%). Bbixoa
6uTymoB Hu3ku (2,6—2,8%), ryMUHOBLIX KUCNOT
1,8%. O6wue pasBegaHHble 3anacbl Mec-
TOPOXAEHUSI COCTaBNAT 47 MIH T, U3 HUX Npu-
rogHole Ana Aobblun  OTKPbITHIM - Cnocobom —
okorno 8 mMnH T. B uenom yrnu mectopoxaeHus
NpeacTaBnsalT  HU3KO30MbHOE  BbICOKOKanopuii-
HOe 3HepreTnyeckoe TOMMMBO, NPUrOAHOE TaKkKe
Ans TeXHonorm4eckmx uenen. Heobxognmo yyectb
W HanM4mne B YrMsX HEKOTOPbIX LEHHbIX 311IEMEHTOB
— npumecen. [lo npegBapuTeEnbHOW OLEHKE,
B HuX copepxutcs nopsgka 80 T repmaHus,
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PucyHok 5. Jlutonoro-ctpaturpacduyeckuin paspes Anakosnibckoro 6accenHa
c geTanusauuen nutonoro-naneoreorpadunyecknx o6cTaHOBOK
Figure 5. Lithological-stratigraphic section of the Alakol basin with detailing
of lithological-paleogeographical settings
lMokasaHbl HeghmemamepuHCKUe OMIIOXEHUS], KOIIeKMOopb! U MOKPbIWKU. /
Oil source deposits, reservoirs and seals are shown
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180 T ckaHaMA U OpyrMx pegKko3emerbHbIX Mpu-
mecen [29, 33, 34].

KoHCTpyKTUBHbIE 0COGeHHOCTU

OypOBOW CKBaXUHbI

Llenbto BypeHusa ABNSIOTCA MOUCKM U OLEH-
Ka 3anexen yrneBo4OPOOHOrO Cbipbsi. Mcxoos
n3  ocobeHHOCTeM  reornorMyeckoro  CTpoe-
Hus AB nnaHupyetcsi onpedenéHHbIi  TeXHO-
NOTrNYECKUA pernameHT CTPOUTENbCTBA CKBaXKWH.
Mpegnaraembli  pabounMii NpPOEKT Ha CTpou-
TENbCTBO BEPTUKaNbHOW pasBedovHON CKBaXMWHbI
coctaBnseT 4200 M NPOEKTHON rNyOuHbI.

BbI60Op KOHCTPYKLUMM CKBaXXMHbI — OCHOBHOWN
aTan eé NpoeKkTUpPOBaHWUsA — JoMmkeH obecneunTb
BbICOKOE KayeCTBO CTPOMTENbCTBA CKBaXWHbI
KaK OOnroBpeMEHHOro aKCnnyaTnpyemoro obbek-
Ta, npegoTBpalleHMe aBapui U OCITOXHEHWUW
B npouecce OypeHus U co3gaHue ycnoBui
ONS CHWXEHWS 3aTpaTt BpeMeHW U MatepuarnbHo-
TEXHUYECKUX CpeacTB Ha bypeHue [36-38].

BbiGOp KOHCTPYKUMM CKBaXKWHbI  3aBUCUT
OT uenoro psaga  akTopoB,  OCHOBHbIMU
N3 KOTOPbIX SABMSAIOTCS:

—  Ha3HayeHue CKBaXMHbl;

—  rmybuHa CKBaXXWHbI;

—  0COBGEHHOCTM reorornYeckoro CTPoeHus
MEeCTOPOXAEHNS N CTENEHb €70 N3Y4EeHHOCTH;

— reornoro-gu3nyeckasi  xapakTepucTuka
nopoa: YCTOWYMBOCTb, BEMUYMHBLI  NNACTOBbLIX
OaBnexHumn (ko3 prLMEHTDI aHoMarlbHOCTH

nNacToBbIX AABMEHWI) U AaBNEHWN NOMMOLWEHUS
(MHOekchl 4aBneHnii NOrMoLLeHN);

— cocTaB nnacToBbIX
(kanenbHas XWOKOCTb, ras,
CMecb);

—  Npodusb CKBaXWHBbI;

— cnocob GypeHuss U ypoBeHb pa3BUTUSA
TexHonornv 6ypeHus B JaHHOM panoHe;

—  MeTop BCKpbITUSI MEepPCNEKTUBHOIO MpPO-
OYKTUBHOrO NnacTa;

—  9KOHOMMYeckne pakTopbl.

KOHCTpyKUMST CKBaXXMHbI dormkHa obecne-
ymBaTh:

—  [OoBefeHue 40 NPOEKTHOM ry6uHbI;

— NpenoTBpaLLleHne aBapuii U OCIOXKHEHWN
B npouecce bypeHus;

—  OCYLLECTBNEHWe 3aaHHbIX NapaMeTpoB,
CcnocoboB BCKPLITUS M METOAOB 3KChnyartauuu
NPOAYKTUBHbIX TOPU3OHTOB;

—  MWHUMarnbHble 3aTpaTbl HA CTPOUTENb-
CTBO CKBa)WHbl Kak 3aKkOHYEHHOro 06bekTa B Lie-
nom.

KUAKOCTEN
ra3oXunakocTHas

KonnyectBo obcagHblX  KOMOHH, Heob-
XOOMMbIX Ansi  oBGecneyeHus nepevmcrieHHbIX
TpeboBaHW, MPOEKTUPYeTCs Ucxoad U3 HecoB-
MECTUMbIX YCNOBUIN OypeHuss OTAEenbHbIX WH-
TEepBanoB CKBaXMWHbI.

Moa HecoBmecCTMMOCTBIO ycnoBui Oype-
HUS MOHMMAKT Takoe WX co4yeTaHue, Korga 3a-

26

OaHHble napameTpbl  TEXHOMOrMYecKUx  Mnpo-
ueccoB OypeHus Hwxenexaiiero WHTepBana
CKBaXVHbl BbI30BYT OCIIOXHEHWUSI B MPOOYPEHHOM
BbllUenexaluem uHTepBane, ecnu nocnegHuin
He 3akpennéH obcagHOM KOMOHHOW, a npo-
BedeHNe  OOMNONHUTENbHbIX  TEXHOMOMMYECKUX
MEepOonpuUATUA MO NPEedoTBpaLLEHUI0 3TUX  OcC-
TNIOXXHEHUA  HEBO3MOXHO WM 3KOHOMMUYECKM
HeuenecoobpasHo.

[na npoekTMpoBaHWA KOHCTPYKUUW CKBa-
XMHbl PEKOMEHAYETCs WCMonb3oBaHMe MeToaa
NOCTPOEHMS COBMELLEHHOTO rpaduka n3mMeHeHus
KoadppuumeHtTa  aHOManbHOCTK nnacToBbIX
OaBneHnmn (Ka), MHOEKCa AaBneHus nornoweHust
(K,) n OTHOCUTENLHOM MAOTHOCTU MPOMbIBOYHOM
XUOKOCTK (0,) B 3aBUCUMOCTM OT rNyGUHBI (Z).

Mon KoahpuumeHTom aHoMarbHOCTHU
MOHVMAIOT OTHOLUEHWE MacToBOrO AaBreHust
K rugpoctaTnyeckoMmy pAasfeHuo ctonba xXua-
KOCTW (MpecHOW BOAbl) BbICOTOK OT YCTbS CKBa-
XMHbI 4O paccMaTpuBaeMon Todku nnacta (1):

Ka = rm/PI‘CT = PHJl/pBgZ (1)

rae P, — nnactoBoe dasneHve Ha rnybuHe

OT YyCTbSl CKBaXWHbl, [a; Ppcr — YCnoBHOe

rmgpocratuyeckoe gaeneHue, Ma; Py — NNOTHOCTL

npecHon Boabl, Ps = 1000 kr/m3; g — yckopeHue

3emHoro nputskennsa 9,81 m/c?, B AanbHeEMLWmX

pacyéTtax MOXHO npuHumatb 10 m/c?; z — rmybuHa
nogoLBbl NnacTa, m.

Moa vHOEKCOM  [OaBneHust  MOHMMaloT
OTHOLLEHWE [ABMEHUsi, MPU KOTOPOM BO3HMUKaET
MornoLieHne MNPOMbIBOYHOW XMAKOCTU B MNacT,
K rugpaBnuMyeckoMy [JasrneHuto cronba npec-
HOW BOAbl BbICOTOK OT YCTbSI CKBaXMHbI 4O pac-
cMaTprBaeMol TOUKY MornoLatowero nnacra (2):

Kn=Pn/PFCT=Pn/pegZ (2)

rne P, — [OaBneHve  nornowieHus
NMPOMbIBOYHOM >XXWOKOCTUK B NnacT Ha rmybuHe, Ma.

Ecnn  OTCyTCTBYIOT 3Ha4eHus [aBreHus
normoLeHns, TO €ero MOXHO onpeaenuTb
no amnupuyeckum cdopmynam (3—4):

P, = (0,75 < 0,95)Prp (3)
Prp = 0,0083z + 0,66P,, 4)

roe Prp— paBneHve rugpopaspbiBa Mopof
Ha rnybuHe, MNa.

Moa OTHOCWUTEMBLHOW NIIOTHOCTBI BYpPOBOro
pacTeopa (0,) MOHUMAIOT OTHOLUEHWE MMOTHOCTU
NPOMbIBOYHOW XWUAKOCTU (Ppx) K MIOTHOCTM
npecHon sogbl (p;) (5):
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Po = Pux/Ps (5)
Monctasnas 3Havenws B, P, Prp yepes
K, K, wn p, B HepaseHcTBO (cobniogaemoe
BO u3bexaHue rasoHedTenposiBNeHUn MU Mnormno-
wenwnn B npouecce Oypenns) P <P <P
nocne npeobpa3oBaHUsi MOMy4YUM HEPaBEHCTBO
6e3pasmepHbIX BEMUYKH (6):
Ko <po <Kn (6)
MuHumManeHO  HeobxoauMylo  BENUYMHY
Po AnNA nNpepoTBpALLEHUS NPUTOKA NNAacTOBbIX
XnOKOCTeN 1 ra3os onpeaensem no gopmyne (7):

(7

roe Kp — Ko3hpMUNEHT pe3epBa, U3me-
HSIIOLLMICSI B 32BMCUMOCTY OT FNYyOUHbI CKBaXXUHbI.

po = K, + K,

CornacHo BblLIEeNepeyncrieHHbIM  opMmy-
nam Obin  Npou3BedeH PacyET  U3MEHeHWs
MMAPOCTaTUYECKOrO,  MPOFHO3HOMO  NacTOBOro
[aBneHuin, AaBneHnn NormnoLweHUs NPOMbIBOYHON
XMOKOCTM B nnact u rmgpopaspbiBa Nopof
Ha onpegenéHHblx  rybuHax.  PesynbraTbl
npegctaeneHel B Tabn. 1. lpu onpegeneHun
NnacToBbIX AaBMeHN HeobxoaMMO y4ecTb M3me-
HeHve TemnepaTypbl No paspesy, KoTopoe BNUsET
Ha W3MeHeHVWe [aBneHu’ B  OMNpeaenéHHbIX
3aMKHYTbIX WHTEpBanax B 3aBMCUMMOCTU OT YC-
NOBUSI  3aneraHusi  ropHbix nopogd. Pacuér
M3MEHEHNs TemnepaTyp paccuuTbiBancs no op-
myne (8):

=ty + (o) +3 ®)

100

rae t, — TemnepaTypa Ha onpeaeneHHOM
rmy6une, °C; t,. — TemnepaTypa B He/TpanbHOM
cnoe, °C (6bma B3sTa 18°C), z — rnybuHa
3aneraHus, M; Zyc rmybuHa HeWTpanbHOro
cnosi, M (6bino B3sTO 3HaueHne 40 m).

Mo coBmelEHHOMY rpadmky (puc. 6, 7)
BbIENSTCA 30HbI HECOBMECTUMLIX YCMOBUWA
OypeHusi, KOTopble [OMKHbI ObiTb NEepeKkpbIThI
obcagHow konoHHown (Tabn. 2). 3ateM KonMyecTBo
o6cafHbIX KOMOHH W MMybuHbl KX cnycka
YTOYHSIIOTCS| UCXOAs U3 OXMUAAEMbIX OCMOXHEHUIN,
onbiTa OypeHuss U  TEXHUKO-TEXHOMOTMYECKNX
BO3MOXHOCTeN (puc. 8, 9).

O6cyxaeHue

AB, o6pa3oBaHHbIN BCreacTBne OMnycKaHus
B no3gHeM naneo3oe — Me3o030e (puc. 3-5)
6rnoka 3eMHOM KOpbl MO KPYNHOAMNIUTYAHbLIM
cbpoco-cauram masHoro [kyHrapckoro un Yums-
rM3CKOro pasnomoB, XxapakTtepuayetcsi cnabon

BEPTUKANbHOM KMHETMKOW C HernybokuMm 3ane-
raHvem cdyHaameHTa. Hanbonee rnybokue KOxHO-
n CeBepo-Anakosnbckne nporvbbl  3anorHeHbl
BEpPXHENaneo3oNCkKUMAU TEPPUTEHHBIMU  OTIOXe-
Huamu (puc. 3, 5).

[mybokoe OypeHune B LeHTpanbHbIX 4acTax
AB N reoxumuyeckme uccnegoBaHusi C LEnNblo
nporHo3a HedTerasoHOCHOCTY HE NPOU3BOAUIUC.
BepxHegeBOHCKO-HUXXHEKAMEHHOYTOMbHbIE MepM-
ckue nopogb! Ab 3aneratoT Ha rny6uHe ot 2,5 km
(kpoBns ropusoHTa) Ao 4 kM u rnybxe (8o 4,2 km
nogowwsa). COOTBETCTBEHHO, OHU MOFMN AOCTWYb
YPOBHSI 3pENoCcTU aKTMBHOW reHepaumm Y (30HbI
«rasoBOro OKHa») M SIBASIOTCA MOTEHUManbHO
nepcnekTMBHbIMK. [laneosoinckue BOOOHOCHbIE
OTNOXEHNS cogepxar NnpenMyLLEeCTBEHHO
NpecHble UHMUINBTPALUOHHbIE BOAbI C MWHe-
panusauuenn 1-2 wmr/n. Takoro e YpOBHsI
MUHEpanu3auns  xapakTepHa Ans  OPCKUX,
MEnNoBbIX " naneoreHoBbIX OTIIOXEHUN,
OofHaKo C YyBEnuYyeHWeMm rnybuHbl 3aneraHus
MUHepanu3aumsa Bo3pactaet go 20 r/n [5, 31-35].
Bce 3T 0cobeHHOCTM Obinu yuTeHbl Npy Npoek-
TUPOBaHMUN KOHCTPYKLMU BYPOBOI CKBAXUHBI.

3aknyeHue
1. W3yyeHne nosgHenaneo3onckon — me-
3030MCKOV TekToHu4deckon asomnouun AB  [35]

CBWAETENbCTBYET, 4YTO MOPOAbl  KOMMEKTOPOB
BEpPXHEro [eBOHa, KapBoHa, nepmu, iopbl
M naneoreHa MOMM  akKymynuposatb YB.

BeposaTHO, yrmeBogopoaHbin noteHunan AbB saB-
NnseTca crneacteMem BTOpUYMHOM murpauun YB
13 NOACTUNAIOLLNX TEPPUrEHHBIX OTIIOXKEHUNA.

2. BosmoOxHble nepcnektuebl AB Ha yr-
NeBOOOPOAHOE Cbipbe B 30HaX MOrpy>XeHusi
dyHOaMeHTa CBA3aHbl C:

—  yBENnMYEHUWEeM MOLLHOCTEN OTMNOXEHWUN
kapboHa, nepmu, Tpmaca, HWxHew topbl, obora-
LLIEHHbIX OPraHUYeCKMM BELLECTBOM;

— norpyxeHuem kposnu cdyHaameHTta Ab,
MMeloLLe CTyneHYaTbii XapakTep NOBEPXHOCTH
N KOHTponupyemon pauvHamukon [OP un 4P
N COMPSKEHHbIX C HUMMK OMEPSIIOLLMX PasnoMoB
Ha KONMM3NOHHOM W MOCTKOMSIM3NOHHOM 3Tanax,
4YTO B CBOK OYepenb NpUBOAUT K (DOPMUPOBaHUIO
cTpaTurpadnyecknx, NUTOMNOMMYECKUX U CTPYK-
TYPHO-3KPaHNPOBAHHbIX NOBYLLEK.

3. YuutbiBas ocobeHHOCTU  rnyBUHHOro
CTpOeHVs 1 cneunduky nUTonoro-cTpaturpa-
duyeckoro paspesa Ab, npegnaraetca KOH-
CTPYKLUSI MPOEKTHOW CKBaXMUHbI. [N aT0ro 6binu
npounssedeHbl pacyéTbl MPOrHO3HbIX MACTOBbIX
OaBneHvin, AaBneHnn nornoweHns NPoOMbIBOYHON
XKMAKOCTWU, rnapopaspbiBa, rpagueHta Tewne-
paTypbl U U3MEHEHWI AaBMNeHUn ¢ rmyoGuHoN, Ko-
adpmumeHTa aHoManbHOCTW, WHAEKCA [aBne-
HWA,  OTHOCUTENbHOW  MNOTHOCTUM  BypoBoro
pacTBopa 1 NNOTHOCTU NPOMbIBOYHOM XUAKOCTHU.
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Ta6bnuua 1. PesynbTatbl pac4yéTa NPOrHo3HbIX AaBNEeHU U TeMnepaTypbl ¢ rnyouHon 6ypeHus
Table 1. Results of calculating predicted pressures and temperatures with drilling depth

zm (P ,MRa|P__ .MMa| P,MMa | P ,MMa | t,Co K, P, K, ..o KI/M®

10 0,1 0,101 0,142 0,149 18 1,01 [ 1,111-1,161 | 1,421 1111-1161
20 0,2 0,204 0,285 0,300 18 1,02 [1,122-1,173 | 1,428 | 1122-1173
30 0,3 0,306 0,428 0,450 18 1,02 [1,122-1,173 | 1,428 | 1122-1173
40 0,4 0,408 0,571 0,601 18 1,02 [1,122-1,173 | 1,428 | 1122-1173
50 0,5 0,51 0,714 0,751 18,3 1,02 |1,122-1,173 | 1,428 | 1122-1173
60 0,6 0,618 0,860 0,905 18,6 1,03 [1,133-1,845| 1,434 | 1133-1845
70 0,7 0,721 1,004 1,056 18,9 1,03 [1,133-1,845| 1,434 | 1133-1845
80 0,8 0,824 1,147 1,207 19,2 1,03 [1,133-1,845| 1,434 | 1133-1845
90 0,9 0,927 1,290 1,358 19,5 1,03 [1,133-1,845| 1,434 | 1133-1845
100 1 1,03 1,434 1,509 19,8 1,03 |1,133-1,845| 1,434 | 1133-1845
200 2 2,06 2,868 3,019 22,8 1,03 |1,133-1,845| 1,434 | 1133-1845
300 3 3,09 4,302 4,529 25,8 1,03 [1,133-1,845| 1,434 | 1133-1845
400 4 4,12 5,737 6,039 28,8 1,03 [1,133-1,845| 1,434 | 1133-1845
500 5 52 7,202 7,582 31,8 1,04 [1,144-1,196 | 1,440 | 1144-1196
600 6 6,24 8,643 9,098 34,8 1,04 | 1,144-1,196 | 1,440 | 1144-1196
700 7 7,28 10,084 10,614 37,8 1,04 | 1,144-1,196 | 1,440 | 1144-1196
800 8 8,32 11,524 12,131 40,8 1,04 |1,144-1,196| 1,440 | 1144-1196
900 9 9,36 12,965 13,647 43,8 1,04 |1,144-1,196 | 1,440 | 1144-1196
1000 10 10,4 14,405 15,164 46,8 1,04 |1,144-1,196| 1,440 | 1144-1196
1100 11 11,44 15,846 16,680 49,8 1,04 |1,144-1,196| 1,440 | 1144-1196
1200 12 12,48 17,286 18,196 52,8 1,04 |1,144-1,196 | 1,440 | 1144-1196
1300 13 13,52 18,727 19,713 55,8 1,04 |1,092-1,144 | 1,440 | 1092-1144
1400 14 14,56 20,168 21,229 58,8 1,04 |1,092-1,144| 1,440 | 1092-1144
1500 15 15,6 21,608 22,746 61,8 1,04 |1,092-1,144| 1,440 | 1092-1144
1600 16 16,64 23,049 24,262 64,8 1,04 |1,092-1,144| 1,440 | 1092-1144
1700 17 17,68 24,489 25,778 67,8 1,04 |1,092-1,144 | 1,440 | 1092-1144
1800 18 18,9 26,043 27,414 70,8 1,05 |1,102-1,155| 1,446 | 1102-1155
1900 19 19,95 27,490 28,937 73,8 1,05 | 1,102-1,155| 1,446 | 1102-1155
2000 20 21 28,937 30,46 76,8 1,05 | 1,102-1,155| 1,446 | 1102-1155
2100 21 22,05 30,383 31,983 79,8 1,05 | 1,102-1,155| 1,446 | 1102-1155
2200 22 23,1 31,830 33,506 82,8 1,05 |1,102-1,155| 1,446 | 1102-1155
2300 23 24,15 33,277 35,029 85,8 1,05 | 1,102-1,155| 1,446 | 1102-1155
2400 24 25,2 34,724 36,552 88,8 1,05 | 1,102-1,155| 1,446 | 1102-1155
2500 25 26,25 36,171 38,075 91,8 1,05 | 1,102-1,155| 1,446 | 1102-1155
2600 26 27,3 37,618 39,598 94,8 1,05 | 1,092-1,123| 1,446 | 1092-1123
2700 27 28,35 39,064 41,121 97,8 1,05 | 1,092-1,123| 1,446 | 1092-1123
2800 28 29,4 40,511 42,644 100,8 | 1,05 [1,092-1,123| 1,446 | 1092-1123
2900 29 30,74 42,140 44,358 | 103,8 | 1,06 |1,102-1,134 | 1,453 | 1102-1134
3000 30 31,8 43,593 45,888 | 106,8 | 1,06 |1,102-1,134| 1,453 | 1102-1134
3100 31 32,86 45,046 47,417 109,8 | 1,06 |1,102-1,134| 1,453 | 1102-1134
3200 32 33,92 46,499 48,947 112,8 | 1,06 [1,102-1,134 | 1,453 | 1102-1134
3300 33 34,98 47,952 50,476 115,8 | 1,06 [1,102-1,134 | 1,453 | 1102-1134
3400 34 36,04 49,406 52,006 118,8 | 1,06 [1,102-1,134 | 1,453 | 1102-1134
3500 35 37,1 50,859 53,536 121,8 | 1,06 |1,102-1,134 | 1,453 | 1102-1134
3600 36 38,16 52,312 55,065 124,8 | 1,06 |1,102-1,134| 1,453 | 1102-1134
3700 37 39,22 53,765 56,595 127,8 | 1,06 |1,102-1,134| 1,453 | 1102-1134
3800 38 40,28 55,218 58,124 130,8 | 1,06 |1,102-1,134 | 1,453 | 1102-1134
3900 39 41,34 56,671 59,654 133,8 | 1,06 |1,102-1,134 | 1,453 | 1102-1134
4000 40 42,4 58,124 61,184 136,8 | 1,06 |1,102-1,134| 1,453 | 1102-1134
4100 41 43,46 59,577 62,713 139,8 | 1,06 |1,102-1,134| 1,453 | 1102-1134
4200 42 44,52 61,031 64,243 142,8 | 1,06 |1,102-1,134| 1,453 | 1102-1134
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PucyHok 6. U3meHeHUne rpaaueHTa AaBneHumn
c rmybuHomn 6ypeHus
Figure 6. Change in pressure gradient
with drilling depth

Ta6nuua 2. O6wme cBefeHUs1 O KOHCTPYKLMM CKBaXMWHbI
Table 2. General information about well design

PucyHok 7. U3aMeHeHue TemnepaTtypbl
c rnybuHoun 6ypeHus
Figure 7. Temperature change with drilling depth

OunameTtp, MM
Diameter, mm Fny6uHa cnycka BbicoTa noabema 5
Ne HanmeHoBaHWe KOMOHHbI = KOJIOHHbI, M LeMeHTa 3a KONIOHHOWN
n/n Name of column CLLEELCLIE o6capHoit Casing setting | Cement lifting height
(Ronora) (eIl =] depth, m behind the column
well (bit) casing column
HanpasneHnve [0 yCTbs
! Direction 6604 508,0 50 until mouth of the well
KoHnayktop [0 yCTbs
2 Conductor 490 406,4 450 until mouth of the well
MepBasi npomexyToyHas [0 yCTbst
8 Surface casing 444,5 3397 1700 until mouth of the well
4 Bropast MPOMEXyTOuHast 2953 2445 2800 _ RoyctbAa
Intermediate casing until mouth of the well
JkennyaTtaumoHHas [0 yCTbst
5 Production casing 212.7 168,3 4200 until mouth of the well

PucyHok 8. PekomeHayemas KOHCTPYKUMA CKBaXWHbI ANns AnakonbCKOro ocafo4Horo 6acceiHa,
CMpoeKTUpoBaHHasA B NporpaMmmHom obecneyenuun «BypcocdTnpoekT»
Figure 8. Recommended well design for the Alakol sedimentary basin, designed
in the Bursoftproject software
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PucyHok 9. lporHo3Has nnoTHOCTb
NMPOMbIBOYHOMN XXUOKOCTU Ans 6ypeHus
CKBaXXWHbI ANakonbCKOro ocago4yHoro 6accenHa
Figure 9. Predicted density of the drilling fluid
for drilling a well in the Alakol sedimentary basin

4. BbisiBneHHble  ocobeHHOCTM  perno-
HamnbHOro, INOKanbHOro CTPOEHWs, NMTONOro-na-
neoreorpaduyecknx  ycrnoswun, nutonoro-ca-
UManbHOro W BELUEeCTBEHHONO CcocTaBa MNopoA
AB nosBonstoT B onpeaenéHHon mMepe onTuMMUC-
TUYECKN OLeHUBAaTb MEePCMneKTUBbI ero yrneBoao-
pogHoro noteHumana. [porHosvpyemble 30Hbl
C NOBYLUKaMW NPUYpOYEHbI K ONYLLEHHBIM YacTaM
rpabeHoB. Bce 3T 0CO6EHHOCTY NO BO3MOXHOCTU
[OOIMKHO NOATBEPAUTL NMPOEKTUPYEMOE BypeHme.

OONONMHUTEJNIbHO

UcTouyHuk cpuHaHCcupoBaHuA. ABTOpPbI 3a-
SBMSAT 06 OTCYTCTBUM BHELUHEro hmHaHcupoBa-
HWSI NpY NPOBEAEHNW NCCNEefOBaHNS.

KoHdnukTt wuHTepecoB. ABTOpbl  Oek-
NapupyloT OTCYTCTBME SIBHbIX M MOTEHUManbHbIX
KOH(IMKTOB WMHTEPECOB, CBA3aHHbIX C nyb6-
nuKaumen HacTosILLEN cTaTbu.

Bknap aBTopoB. Bce aBTopbl nogTBEpXAa-
10T COOTBETCTBME CBOETO aBTOPCTBa MeXAyHapoa-
HbIM KpuTtepuam ICMJE (Bce aBTOpbl BHECNM Cy-
LEeCTBEHHbIA BKNag B paspaboTky KoHuenuuw,
npoBefAeHne uccnefoBaHUs U NOArOTOBKY CTaTbW,
npounn n ogobpunu rHanbHY0 Bepcuio nepeq
nybnvkauuen). HanbonbLumnii Bknag pacnpenenéx
crnegywowmm obpasom: YaknmkoB A.E. — Ha-
nucaHve cTaTbW, MOAroToBKa  rpadmnyecknx
NPUINOXEHWI, CKBaXMHHbIV pacyeT 1 ero npoBepka,
cbop martepmanos, KopobkuH B.B. — HanucaHue
N pedakTMpoBaHWe cTaTbW, COCTaBrfieHue rpa-
duyecknx  NpunoxeHun, cbop mMaTepuanos,
Mcmaunnos A.A. — HanucaHue 1 pegakTupoBaHune
rmaBbl  KOHCTPYKUMM  CKBaXWHbI,  MpoBepka
CKBaXMHHOrO  pacdyeta, cbop MaTepuanos,
Bycnos M.M., Tynemwucosa X.C. — HanucaHue
N pedakTMpOBaHWE reonorM4yeckoro pasgena,
penakTMpOBHUE rpaddUHECKMX MPUITOKEHUN.
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Hayu4HbIn 0630p

Pac4yéTt xapakTepucTuk o6pa3sLioB ropHbIX NOPOA Ha OCHOBE UX U300paKeHUn
C MPUMEHEHNEM anropuTMoB rIy60KOro MalMHHOIO 00yYeHus

B.K. Acun6ekoB'?, H.E. KamxaHoB?*, B.E. Bekbay?, [1.A. Bonbic6ek'#

"MHemumym mexaHuku u MmawuHosedeHus1 um. Y.A. [xondacbekosa, e. Anmamel, KazaxcmaH
2Cambaee YHusepcumem, e. Anmamel, KasaxcmaH

SKBTU BIGSoft, e. Anmamei, KazaxcmaH

‘Kasaxckull HayuoHanbHbIl yHUsepcumem um. anb-®Papabu, e. Anmamel, KazaxcmaH

AHHOTALUA

MopucTocTb, abcontoTHast MPOHULAEMOCTb M KO3 MDUUMEHT ANdDY3UN ABNSIOTCH BaXKHbLIMU
XapaKTepucTUKaMn TEYEHWUsI XUOKOCTEN B MOPOBOM MPOCTPAHCTBE TOPHbIX NMOPOA, onpeaeneHve
KOTOPbIX SIBMSIETCH PECYPCOEMKMM W TpebyeT [OCTaTOMHO MHOro BpemeHW. C  pasBUTMEM
MeToaoB rny6okoro MalumHHoro obyyeHuns 3a nocnegHue 3—4 roga akTMBHO CTanu NPUMEHATLCS
MCKYCCTBEHHbIE HEWPOHHbIE CETU NpU OnpedernieHny TPaHCMOPTHBIX CBOWCTB CUCTEMbI KUAKOCTb
— nopuctasi cpeda» W TFeOMETPUYECKUX XapaKTepUCTUK MOPOBOrO MpPOCTpaHCcTBa obpasLoB
Ha OCHOBE WX M300paxeHuii. ATOT cnocob NO3BONSET ONepaTMBHO ONpeensTh HyXHble CBOMCTBA
C npuemMrnemon ToyHocTbio. CnegoBaTtenbHO, BO3HUKAET BONPOC 06 3h(PEeKTUBHOCTY U aAeKBaTHOCTH
MeToA0B rMyboKoro MaLMHHOIO 0By4YeHUs 4N 3TUX Lenen.

B HacTosilen cTaTbe nNpMBOAWUTCS Hay4HbIi 0630p OTKPbITbIX MCTOMHWKOB NUTEpaTypbl
no onpegeneHnio abCoMTHOM NPOHULAEMOCTH, KoadbduumeHTa Auddy3un M NOPUCTOCTU
No CHMMKaM, nosty4eHHbIM pas3HbIMn crnocobamu CKaHMpoBaHUA. Takke ncnonb3oBaHbl COOCTBEHHbIE
OaHHble, a MMeHHO u3obpaxeHus no 4 kapboHaTHbiM obpasuam, U NpuBEAEeHbl pe3ynbraTbl
NMPOrHO3MPOBaHMS OTKPbITOW MOPUCTOCTU AaHHbIX 0OPa3LOB HA OCHOBE MX PEHTTEHOBCKUX CHUMKOB
C NMOMOLLbIO MOCTPOEHHON HaMWN MOAENN CBEPTOYHbIX HENPOHHbBIX CETEN.

MpoBeneHHbIN 0630p Nokasar, YTO CHUMKU 06pas3LOB rOPHbIX MNOPOA, NOMYyYeHHbIE C MOMOLLbLIO
TEX WM WUHbIX METOOOB CKaHMPOBAaHMWSA, MO3BOMSIOT pacCUMTaTb WX TPaHCMOPTHblE CBOWCTBA
C BbICOKOM [OOCTOBEPHOCTbIO 3a CYLUECTBEHHO KOPOTKOE BpemMsi. OTO O3HayaeT, 4To rnybokoe
MalUMHHOe obydeHne MOXET SIBMATbCS XOPOLUMM ansTepPHATMBHBIM MHCTPYMEHTOM AN pacyéTa
CBOWNCTB 06pasLoB ropHbIX NOPOA Ha OCHOBE MX CHUMKOB. [lOoCTpoeHHast HamMy Mofenb nokasana
NPOrHO3MPYOLLYD CMOCOBHOCTL MNopuctocTM 3 KapboHaTHbIXx 0OpasuoB C  KoadhduLMeHTOM
poctoBepHocTtn 0,936-0,976.

Knroueesie crioea: CHUMKU 0b6pasyos, abcomomHas npoHuyaemMocms, KoaghghuyueHm
Oughbgby3uu, mopucmocms, C8EPMOYHbIE HEUPOHHbIE cemu, MauwuHHoe 0byyeHue, NpPogHo3.
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Review article

Calculation of the characteristics of rock samples based on their images using
deep machine learning algorithms

Bakytzhan K. Assilbekov'?, Nurlykhan Ye. Kalzhanov?*#, Bakbergen Bekbau?,
Darezhat A. Bolysbek'*

U.A. Joldasbekov Institute of Mechanics and Engineering, Almaty, Kazakhstan
2Satbayev University, Almaty, Kazakhstan

*KBTU BIGSoft, Almaty, Kazakhstan

“Al-Farabi Kazakh National University, Almaty, Kazakhstan

ABSTRACT

Porosity, absolute permeability and diffusion coefficient are important characteristics
of the flow of fluids in the pore space of rocks, the determination of which is resource-intensive
and time-consuming. With the development of deep machine learning methods over the past
3—4 years, artificial neural networks have begun to be actively used in determining the transport
properties of the “liquid-porous medium” system and the geometric characteristics of the pore
space of samples based on their images. This method allows you to quickly determine the desired
properties with acceptable accuracy. Therefore, the question arises about the effectiveness
and adequacy of deep machine learning methods for these purposes.

This article provides a scientific review of open literature sources on the determination
of absolute permeability, diffusion coefficient and porosity from images obtained by different scanning
methods. We also used our own data, namely images for 4 carbonate samples, and presented
the results of predicting the connected porosity of these samples based on their X-ray images using
the convolutional neural network model we built.

The review showed that images of rock samples obtained using various scanning methods
make it possible to calculate their transport properties with high reliability in a significantly
short time. This means that deep machine learning can be a good alternative tool for calculating
the properties of rock samples based on their images. The model we built showed the predictive ability
of the porosity of 3 carbonate samples with a reliability coefficient of 0.936-0.976.

Keywords: sample images; absolute permeability; diffusion coefficient; porosity; convolutional
neural networks; machine learning; prediction.
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FbinbiMu wony

TepeH mMalUMHanbIK OKbITY anropuTMaepiH KongaHa oTbIpbin, onapabiH,
KecKiHaepi HerisiHAe Tay XbIHbICTapbI YArinepiHiH cMunaTtramanapbIiH ecenteyre
aaebu wony

B.K. Acbin6ekoB'?, H.E. KamkaHoB?®**, B.E. Bekbay?, [1.9. Bonbicbek'?
"Akademuk ©.A. XKondacbekos ambiHOarbl MEXaHUKa XeHe MalluHa xacay UHCmumymai,
Anmamsl Kanacel, KasakcmaH

2Cembaee YHusepcumemi, Anmamsl Kanacel, Kazakcma

SKBTU BIGSoft, Anmambi Kanacel, KasakcmaH

‘On-®apabu ameiHOarbl Kazak ¥immabik YHusepcumemi, AniMamsi Kanacel, KazakcmaH

AHHOTALMUA

KeyekTinik, abcontoTTi ©TKi3riwTik oHe ANddY3nanblK KOIMMULUMEHT Tay >XblHbICTapbIHbIH
KeyeKTi KeHiCTiriHgeri CymblKTap afblHbiHbIH MaHbI34bl cunarTamanapbl 6onbin Tabbinagbl, OHbl
aHblKTay pecypCThbl KON KaXXET ETETIH XoHe YaKbITTbl KaXeT eTeTiH npouecc 6onbin Tabbinagel. Teper
MaLUMHanblK OKbITY 8A4ICTEPIHIH AaMybIMEH COHFbl 3—4 Xblnaa XacaH4bl HEMPOHAbIK Xeninep Cymblk-
KeyekTi opTa XXyWecCiHiH TacbiMangay KacueTTepiH XaHe onapAblH KeckiHaepi HerisiHge ynrinepaid
KeYeKTi KEHICTiriHiH, reoMeTpusinblK cunatTaManapbiH aHblkTay YLWiH 6enceHai Typae KonaaHbinabl.
byn sepic komamnbl OengikneH KaxeTTi KacuMeTTepai >Kbingam aHblkTayFa MyMKiHAiK 6epegi.
CoHAablKTaH OCbl MakcaTTapfa TepeH MaluMHanblK OKbITY SA4ICTEpiHiH, TWiMAINiri MeH CaWKecTiri
Typanbl cypak TyblHAanabl.

Byn MakanaHblH MakcaTbl opTypfi CkaHepney aficTepiMeH anblHFaH onapAblH, KeCKiHAEpPiHiH,
abcontoTTi eTKI3riWTiriH, Anddy3nsa KoaPULMNEHTIH XaHe KeyekTiniriH aHblkTay GoMbiHWAa allblk
Jepekke3aepaeH anbiHraH agebueTtTepre fbinbiMuY Wony xacay 6onbin Tabbinagel. 94ebu wony yLwiH
OepekTep peTiHae apTypni alwblK AepeKke3aepaeH anblHFaH fbiNbIMY Makananap nanganaHbingb.
CoHbIMeH kaTap Oyn makanaga 6i3fiH xeke aepekTep, atan antkaHga, 4 kapboHaT ynrinepiHid
KeckiHaepi nanganaHbinagbl. ©4ic peTiHAe KOHBONMIOUMANbIK HEMPOHALIK XXeninep KkapacTbipbingbl.

Byn XyMbICTbIH HOTVXKENepi yNri KeckiHAepiHe HerisaenreH TepeH MalumHarnblK OKbITY aaicTepiH
nanganaHa OTbIpbIn, KeyekTi opTanapAblH MaHbl3abl cunaTtTaMmanapbliH aHblKTay SAiCiHiH, TMiMAiniri
MEH KOMNAaHbINybIHbIH, OpTalla TepeHAiriH feinbiMy wony 6onbin Tabbinagbl. byn makanaga 6i3
KypacTblpfaH KOHBOMOLUNOHALI HEVMPOHAbIK >Xeni MogeniH nanganaHa oTbipbin, onapablH PeHTreHaik
KeckiHaepi HerisiHge 4 kapGoHaT ynriciHiH awblk keyekTiniriH 6ormkay HaTwxenepi GepinreH.
Opebn wony opTypni CkaHepney oficTepiH KonmAaaHy apkbifbl anblHFAH Tay >KblHbICTapbIHbIH
ynrinepiHiH cypetTepi (keckiHaepi) anTapnblKTan KbiCka Mep3iMAe XOfapbl CeHiMAINKNeH Teper
MalUMHarnblK OKbITY anroputMaepiH KongaHa oTbipbin, onapAbiH TacbiMangay KacueTTepiH ecenteyre
MYMKiHAiIK GepeTiHiH kepceTTi. byn TepeH MawwuHanblK OKbITY onapablH KeckiHaepi HerisiHge Tay
XbIHbICTAPbIHbIH, YArNEpiHiH KacueTTepiH ecenTeyain Xakcbl 6anama Kypansl 6onybl MyMKiH AereHgi
Gingipeni. bis KypacTbipfaH KOHBOMWOUMSMNbIK HeWpoHablk >xeni mogeni 0,936-0,976 cerimainik
koathduumenTi 6ap 3 kapboHaT ynriCiHiH KeyekTiniriHiH, 6ormkamablk KabineTiH kepceTTi.

Hezizzi ces3dep: ynei keckiHOepi, abcormommi emkizaiwmik, Ouggy3us KoaghgpuyueHmi,
KeyeKmirik, KOH80MIOUUOHObI HEUPOHObIK Xefiriep, MawuHarblk OKbimy, 60mkam.
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anebu wony // KazakcmaHHbiH MyHal-2a3 canacbiHbiH xabapwbicsl. 2024. 6 Tom, Nel, 35-49 6.
DOI: https://doi.org/10.54859/kjogi108674.

2957-806X © 2024 KMI™ HXUHMPWHT Jinuensusicel CC BY-NC-ND 4.0 37



REVIEW ARTICLES

Vol. 6, Ne 1 (2024)

Kazakhstan journal for oil & gas industry

BBeneHune

TpaHcnopTHble CBOMCTBA MOPOA, Takue
Kak abcontoTHas NpoHML@eMoCTb, KO3hPUUNEHT
anddy3nm M NOPUCTOCTb, HABASIOTCH WX BaX-
HbIMW  MaKPOCKOMUYECKUMU  XapaKTepUCTUKaMu,
OT KOTOpbIX 3aBUCAT [A06bl4a yrneBoaopoaoB
npu paspaboTtke HedTerazoBbiXx MECTOPOXKAEHWMN,
OLEHKa BO3MOXHOCTW 3akayku u xpaHeHua CO,
B KapboHaTHble nnacTbl, OLEHKa W MOHUTOPUHI
KayecTBa noa3eMHbIX Bog M T.4. OTW CBOMCTBA
06bI4HO onpeaensTcsa B nabopaTopHbIX ycrno-
BMSAX 3KCMNEpPUMEHTamnbHbIM NYTEM C MOMOLLbLIO
cneunanbHoro obopyaoBaHus nnbéo B xoAae
YUCMEHHOro  MogenupoBaHus. JlabopaTopHble
n3MepeHns obbIYHO ANATCA HEMano U ABMAOTCH
[0POrocToSALWLMMM, U YUCNIEHHOE MoAenupoBaHue
TaKkKe 3aHMMaeT  [O0CTaTOMHOE  KOMNUYEeCTBO
BpemMeHW, B TM. Ha o06paboTky MHOXecTBa
BXOAHbIX NapameTpoB, MO3TOMY onpeaenexHne
YyKa3aHHbIX CBOWCTB anbTepHaTUBHbIMU MyTAMU
Ha  OCHoBe nMetoLLMxcs aHanuTU4ecKmx
N 3KCMepUMEeHTarbHbIX AaHHbIX O MOPUCTON cpeae
SIBMSIETCA aKTyarnbHOW 3aaden.

MawwunHHoe obyyeHue cTano LIMPOKO Mpu-
MEHATLCA MNpU  aHanuM3e [OaHHbIX W NPOrHo-
3MPOBaHNM BaXHbIX XapakKTEPUCTUK BO MHOIMMX
cdepax, Takmx kak meguumHa [1], akoHomuka [2, 3],
reocusmka [4—6] n np.

Ha cerogHsWwHWN JeHb MMeeTcs Hemano
paboT, MOCBALEHHBbIX W3YYEHWIO TeYEeHUs Xua-
KoCcTelh B MOPUCTbIX cpegax B MacwTabe
nop [7-11] n NPOrHO3MpPOBaHMIO XapaKTEPUCTUK
nopucTon cpefbl [12—18] Ha ocHOBe ABYXMEPHbIX
n306paxXeHni B COBMELLEHUM C PELUETOYHBIM
meTtogom bonbumaHa.

Hactoswas cratbss npegcraensieT cobow
Hay4Hbln 0030p nuTepaTypbl W3  OTKPbITbIX
WUCTOYHMKOB MO  ONpedeneHuio  YNOMSHYTbIX
BbllLle OCHOBHbIX CBOWNCTB MOPUCTLIX MaTepuanos
Ha OCHOBE WX CHWMKOB, MOMYyYEHHbIX Pa3HbIMU
cnocobamu ckaHupoBaHus. Kpome aTtoro, npu-
BOAATCS pe3ynbrarbl COBCTBEHHbIX NCCeaoBaHuni
Nno pacyé€Ty OTKPbITON nopuctoctn 4 kapboHart-
HblX 00pa3uoB MO WX ABYXMEPHbIM CHUMKaM,
NONyYEHHbIM C MOMOLLBIO PEHTFEHOBCKOIO MUKPO-
KOMMbIOTEPHOro Tomorpada.

PacuéT koadpcbmumneHta gudcysum

Pabota [18] nocBseHa NPOrHO3NpPOBaHWUIO
KoacbmumeHTa acpdekTmHon anddy3nn OByx-
MEpPHbIX MOPUCTBIX Cped C  WCMOMb30BaHUEM
rnyboKOro MalUMHHOIO O0y4YeHUs — CBEPTOYHbIX
HelpoHHbIX ceTen (ganee — CNN, anen. Con-
volutional Neural Network) Ha ocHoBe ux uso-
OpaxeHun. OTM OBYXMepHble MopucTble cpeabl
ObINM CreHepupoBaHbl C UCMONb30BaHNEM METO-
[a PEeKOHCTPYKLUMM NOPOBOW CTPYKTYpbl — Habopa
OnA reHepaumn CTpykTypbl kBapTteta. Koaddu-
uneHTbl adpdekTuBHONn Audpdysnm  BbluMUCHe-
Hbl C MOMOLLBIO pelueToyHoro Metoga bBonbu-

maHa (ganee — LBM, awen. Lattice Boltzmann
Method), koTopble ABAANUCH WMCXOAHBIMW OaH-
HeiMun ans obyyeHnss mogenu CNN. ABTOpbI
CreHepMpoBannm MHOXeCTBO cpef, NOpUCTOCTb
N KoachdpuumeHT  anddysmn  KOTOpbIX  Me-
Hanucb B uHTepBanax 0,28-0,98 wn 0,11
cooTBeTCTBEHHO (puc. 1). Kak BugHoO n3 puc. 1,
HU3KMe 3HaveHuss koadduumeHta auddysum
pacnpegeneHbl ¢ 6onbwnM pasdbpocom. ABTOpbI
cnporHo3vpoBanu  koadhduuneHt  auddyaum
¢ ucnonb3oBaHneM CNN, koTopbI KOoppenupyet
C paccyuTaHHbIM KoadduumneHToMm Anddysnn
no LBM c poctoeepHocTbio 0,99 (puc. 2, a),
Torga Kak LUMPOKO MCMONb3yeMoe 3MMMpUYecKoe
ypaBHeHne bplorremaHa no3BonsieT paccunTbl-
BaTb KO3(huUMEHT anddy3nm co CpaBHUTENBHO
HW3KON [OOCTOBEPHOCTLIO (puc. 2, 6), 0cobeHHO
ONS HU3KMX 3HavYeHun KoadbduumeHTa. ABTOPbI
pabotbl [18] Takke nNPMBOAAT HECKOMbKO CMo-
coboB  yny4lleHWss [OCTOBEPHOCTM MpOrHosa
koacpduumenTa auddysmm ¢ nomowpto CNN
N OCOBEHHO €ro HU3kux 3HadeHun (<0,1), Takmx
KaK UCMONb30BaHWE OTHOCUTENbHOW  OLINOKK
BMECTO abCOnTHON NpyY MUHMMU3aLNK PYHKLMK
noTepb U UCKNIOYEHNE TYMUKOBBLIX MOP M3 obLein
ceTu nop.

B pabote [16] paccmartpuBaeTcs NpPOrHo-
3upoBaHue koaddurumneHta anddysnum TpExmep-
HbIX FpaHynNMpPOBaHHbIX MOPUCTLIX cped C npu-
meHeHvem CNN c¢ camoycuneHmem uHdpopma-
uun o nopoBon cTpykType. KoadbdumumneHt aud-
dy3Mm paccumTaH Ha OCHOBE pEeLLUETOYHOro
metoga bonbumana, a rpaHynMpoBaHHbIe Mo-
pucTble cpedbl ObiMM  PEKOHCTPYMPOBaHbI CTO-
XaCTU4EeCKOM  reHepauven  WapoB  pasHoro
anametpa c¢ nopwuctoctelo 0,39-0,79 (puc. 3).
ABTOpbI MoKasanu, 4YTO npu oBy4YeHun MoryT
ncnonb3oBaTbCst  U300paxkeHuss ¢ nobon  no-
PUCTOCTLIO MPW OAMHAKOBOW CTPYKType Ccpeabl:
ecnu ans oby4eHus Mcnonb3oBaTb N3o0bpaxkeHus
cped C HU3KOW MOPUCTOCTbIO M NPOrHO3MPOBaTb
KoapuumeHT anddysnm cpen C BbICOKOW Mo-
pUCTOCTLIO U, HaobopoT, Mcrnonb3oBaTb cpegy
C BbICOKOW MOPUCTOCTLIO AN 00y4eHus npuw npor-
Ho3e koadpdpumumeHTa aAnddysmn € HU3KOM no-
PUCTOCTbIO, TO OTKITOHEHMWS! MPOrHO3HOMO 3HaYEHMWS
KoachduumeHTa anddysmm ot ICTUHHOTO B 060MX
cnyyasx 6yaoyT conoctaBumbl (puc. 4). ABTOpbI
Takke nokasanu, 4Yto Gnarogaps NPUMEHEHUIo
rnybGoKOro MalUMHHOrO obyyeHus Bpems pacuyéta
KoadpuumeHta amddysmn cokpatunocb ¢ 17 4
Ao 1 ¢, n ownbka mexay pesynsratamm CNN
1 LBM He npesbiwaet 9%.

[NporHo3upoBaHue koachdumumeHTa and-
dy3Mm NOpuCTbIX Cped MecyaHoro M Tpewm-
HOBAaTOro TUMOB NpuBedeHo B pabote [19] ¢ wuc-
nonb3oBaHneM CNN Ha OCHOBE KX M30BPaxXeHUNA.
OTMeTMM, 4YTO pacCMOTPEHHbIE NOpUCTbIe cpedbl
OblNN  PEKOHCTPYMPOBaHbl  MYTEM  CriydaniHoWm
reHepaumMm OObLEKTOB B [BYMeEpHOM obnactu,
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n nx koacpdpuumneHT auddysum Gbin paccumTaH
C MOMOLLbIO peLleToYHoro metoda bonbumana.

Ha puc. 5 nokasaHbl HeKoTOpble U3 Takux
cped: nepeble ABe KapTUHKA COOTBETCTBYIOT
NopuUCTbLIM CpefaM NecyaHoro Tuna, a nocrnegHue
OBe — TpelimHoBaToMy Tuny. [MaBHbIM 3aKmo-
yeHneM 3Ton paboTbl ABNSETCA TO, 4YTO MO-
penb CNN, ofyyeHHass Ha [aHHbIX MOPUCTbLIX
cped MecyaHoro Tuna, nyywe nporHo3upyet
KoacbhuumeHT  anddysmm  nopucTeix  cpepn
3TOro Xe Tuna. JTO O3HAa4aeT, 4TO BOMPOC
0 paspaboTtke yHuBepcanbHon mopgenu CNN,
KOoTOpasi MpOrHoO3vpyeT  KoahduuMeHT  and-
dy3mmn nopucTelx cpeg nwboro Tuna, ocraercs
OTKPbITbIM.

PacuéT abconoTHON NPpOHMLLIAeMOCTH

ABTOpbl  paboTbl  [17] nporHosupoBanu
abCcomnioTHylI0  MPOHMLAeMOCTb  KapboHaTHbIX
1 necyaHbix 06pa3LioB Ha OCHOBE UX U306paXeHui
C UCMOMNb30BaHWEM PErpecCcUoHHbIX MeTodoB
MaLUMHHOro o0yyeHus (Hernybokoe MalUuMHHOe
obyyeHne) n CNN. B kayecTBe WUCXOOHbIX
OaHHbIX  OblNM  MCNONb30BaHbl  M300paXKeHUst
kapboHaTHoro obpasua (puc. 6), nomnyyYeHHble
C MOMOLLbIO PEHTFEHOBCKOM MUKPOKOMMBIOTEPHOM
ToMorpaguu.

Pesyneratbl nokasann, 4to CNN nydywe
npeackasbiBaeT NPOHMLLAEMOCTb Mopoa No cpas-
HEHUIO C pPerpeccuoHHbIMM METOAAMM MaLLMHHOIO
obydeHus. lMeTpodmanyeckne napameTpbl pac-

PucyHok 1. CreHepupoBaHHble NopucTblie cpeabl U ux koaddurumneHTsl auddysum [18]
Figure 1. Generated porous media and their diffusion coefficient [18]
a) ebibopoyHble nopucmele cpedbl / selected porous media; 6) pacripedeneHue koaghghuyueHma Oughgpyuu
o nopucmocmu / diffusion coefficient distribution by porosity

PucyHok 2. KoacdhdmumeHTtbl andcpysum, nonyyeHHble pasHbiMu metopamm [18]
Figure 2. Diffusion coefficients obtained by different methods [18]
a) cnpoeHo3uposarHbil no CNN u paccqyumarHbil no LBM koaghebuyuenmsr dughgbysuu / CNN-predicted vs.
LBM-calculated diffusion coefficients; 6) paccqumaHHbit no LBM u ypasHeHuto bproeeemaHa koaghgpuyueHmsi
oughbgpysuu / diffusion coefficients calculated using LBM and Bruggeman equation

39
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PucyHok 3. CreHepupoBaHHbIe NOPUCTbIE cpeAbl C pa3nU4HOWU NopucTocTbio [16]
Figure 3. Generated porous media with different porosity [16]
a) ¢ nopucmocmeto 0,219 / with a porosity of 0.219; 6) ¢ nopucmocmato 0,3 / with a porosity of 0.3;
8) ¢ nopucmocmeio 0,4 / with a porosity of 0.4; 2) ¢ nopucmocmeto 0,5 / with a porosity of 0.5

PucyHok 4. KoadhcpmumeHT andpdy3nu, paccumtaHHbIN pasnuiHbiMu cnocobamm [16]
Figure 4. Diffusion coefficient calculated by different methods [16]

a) 6)

B) r

PucyHok 5. CreHepupoBaHHble NOpPUCTbIe cpeabl C Pa3fIMYHOM NOPUCTOCTLIO [19]
Figure 5. Generated porous media with different porosity [19]

a) necyaHbIl mur ¢ 8bicokol nopucmocmaio / sandstone type with high porosity; 6) necyaHbiti mun
€ HU3Kou rnopucmocmato / sandstone type with low porosity; 8) mpeujuHogsampIl mur ¢ 8bICOKOU
nopucmocmeto / fractured type with high porosity; ) mpeuwuHogampIli mun ¢ HU3KOU nopucmocmaio /
fractured type with low porosity

CMOTpeHHbIX 0bpasLoB 6biny paccynTaHbl € No-
MOLLIbIO MOPOCETEBOrO0 MOAENupoBaHus (Janee
— PNM, anen. Pore Network Modeling), LBM
W nonHoro ypaBHeHus Hasbe-Ctokca. PNM
SIBMSIETC camMbiM ObICTPbIM MeTOAOM pacyéta
neTpodusnyeckux napameTpos, Torga kak LBM

M norHoe ypaBHeHue Habbe-CTokca siBNsOTCA
Hambonee ToyHbIMM. Kak nokasanu aBTOpbI,
BCe TpM MeToda oOKasanucb  CMOCOGHbIMU
NporHo3vpoBaTb MNPOHUL@EMOCTb C  XOpoLUeW
TOYHOCTbI. OCHOBHbIMU BbIBO4AMY 3TON paboThbl
ABNSIOTCA:
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a) CNN nosBonser  cnporHo3npoBaTb
npoHuuaemMoctb obpasua B 1000 pa3 GbicTpee,
yem LBM;

6) pocToBepHOCTb nporHosa NPOHU-
LLlaeMoCTun necyaHbix obpasuos (puc. 7, 6) Bbilwe
[OCTOBEPHOCTU nporHosa npoHuLaemMocTu
kapboHaTHoro obpasua (puc. 7, a) u3-3a CrioXHoOn
NOpPOBOW CTPYKTYpPbI NOCMEAHErO.

HekoTopble paboTtbl HanpasrneHbl Ha npor-
HO3VMpOBaHME MPOHWLAEMOCT Ha OCHOBE W30-
OpaxeHun 06pa3uoB, MOMY4YEHHbIX C  MO-
MOLLbLI Pa3nUyHbIX CMOCOGOB CKaAHMPOBAHWS,
TakMx Kak MWKPOKOMMbIOTEpHas Tomorpadus
WU 3NEKTPOHHAs MWKPOCKOMNUs,, C YYETOM neT-
pocmanyeckmnx csorcte nopog [15, 20]. B pa-
6ote [20] npeanoxeHa HoBasi apxUTeEKTypa
rnybokoro MalumHHoro oby4veHus (puc. 8, 0)
ans  6Gornee TOYHOro nporHoavpoBaHusi abco-
MIOTHOW  MPOHML@EMOCTM  CUMHTETMYECKUX MO-
pod, yuuTbiBawwas WX MNOPUCTOCTb U W3BU-
nMcToCTb. ABTOPbI U3y4MnM  BRAUSIHUE pPasHbIX
KOHTPONMUPYIOLLUMX MNapamMeTpoB, TaKuMX Kak Ko-
NMYeCTBO NIOTHbLIX CIMOEB U CTerneHn obyyeHus,
Ha MPOrHO3MpYHLLYI0 CMOCOBHOCTb MOCTPOEHHOW
apxuTekTypbl. OHM NOKa3anu, YTo y4eT MOPUCTOCTH
W UW3BUMUCTOCTU TMpU NpOrHosvpoBaHuu abco-
MIOTHOM MPOHULIAEMOCTU Ha OCHOBe Mn3o6paxe-
HWN nopoAdbl MOXET YNy4lMTb Ka4yecTBO Mpor-
Ho3a. Wx pe3ynbratbl nokasanu MoBbILIEHWE
JocTtoBepHocTu nporHo3a ot 0,985 pgo 0,994
npu MCNOnNb30BaHUM NOPUCTOCTU U U3BUMUCTOCTU
B KayecTBe [OMOSHUTENbHbIX BXOAHbIX AaHHbIX
ansa obydyenna mogenn CNN (puc. 9), npyu atom
BpeMsi pacyéTa MPOHULAEMOCTU  CHU3WUMOCh
B 1000 pa3 no cpaBHEHWIO CO BpeMeHeM pacyéTta
no LBM.

PucyHok 6. TpexmepHoe uso6paxeHue
kap6oHaTHoro o6pasua [17]
Figure 6. 3D image of a carbonate sample [17]

OueBMOHO, YTO Ka4yecTBO W300OpakeHun
o0pa3uoB BNUSIET Ha TOYHOCTb  MpOrHo3a
TPaAHCMOPTHLIX CBOWCTB TOPHbLIX MOPOA, WM OHO
He Bcerga $BMSIETCA [OCTATOMHO  XOPOLLUM.
KayecTBO M300paKeHun 3aBUCMT OT paspeluato-
Liert cnocoBHOCTM CkaHUpytoLLero 060pyaoBaHus,
HanpvMep, PEHTFEHOBCKOr0 MUKPOKOMMbIOTEPHOIO
Tomorpada Mnu CKaHUPYHOLLEro 3neKTPOHHOro
Mukpockona. B pabote [21] npuBeneHa metoamka
NPOrHO3MpoOBaHNs abCoMNOTHOM MPOHULAEMOCTH
nopucton cpegbl rMybokMM MawwWHHBIM - 0DY-
YEeHMEM Ha OCHOBE €€ M300paxeHuss C MNIoXum
paspelueHnem. OHa OCHOBaHa Ha COBMECTHOM
ncnonb3oBaHunm CNN 1 aBTOKOOMPOBLUMKA —
crneumanbHON  apXMTEKTYpbl  UCKYCCTBEHHbIX
HENPOHHbIX CeTeln, MNO3BONALLEN MNPUMEHATb
obyyeHne 6e3 yuuTens npuv  MCNONb30BaHWM
MeToga 06paTHOro pacnpoCTpaHEHUS OLUNOKW.
Kak nokasanu pesyneratbl, 3TO MO3BONWUIO
He TOMbKO MCMoNnb3oBaTb M3006paXKeHUss C HU3-
KM paspelleHneM Arfsi MporHo3a, HO W ynyud-

WNTb TOYHOCTb NpoOrHo3a abcontoTHOW npo-
HuuaemocTn (puc. 10).

Pac4yéTt nopucroctun

MopuctocTs  ONUCLIBAET BMECTUTEMbHYHO

cnocobHOCTb MOPUCTBIX cped, KoTopasi SBMseT-
CA OCHOBoOMonarawwmnMm ¢(akTopoM Mpu  OLEH-
KE MNPOHULAEMOCTN, W3BUIUCTOCTM U KO-
duumnenta auddyaum no  pasnuyHbIM - IMMU-
pUYECKUM YpaBHEHUSIM, TaKUM KakK YpaBHEHUWe
KoseHnun-KapmaHa. OHa 00blMHO oOnpegensieTcs
METOAOM  MAKOCTeHachlleHuss B  nabopa-
TOPHbIX YCINOBUSIX, KOTOPbIA 3aHUMaeT Hema-
no BpemMeHW. MalunHHoe OByyeHne MOXET siB-
NATLCA WHCTPYMEHTOM GbICTPOro onpegeneHus
NnopucTocTM cpefbl C MPUEMMEMON TOYHOCTHLHO.
B pabotre [22] npuBedeHbl  pesynbraThl
NpPOrHo3vpoBaHUsi CBOWCTB MOPWUCTON  cpedbl,
B T.4. MOPUCTOCTU, C MPUMEHEHMEM T[NyBOKOro
MalUMHHOTO 00Yy4YeHUsi Ha OCHOBE [OBYXMEPHbIX
TOMOrpachMyecknx CHUMKOB TPEX MecqaHbiX
obpasuoB. Kak nokasbiBalT  pesynsrarthl,
CNN cnocobHbl nporHo3vpoBaTb MOPUCTOCTb
necyaHblx 06pas3LOB C BbICOKOW AOCTOBEPHOCTHLIO
Ha OT(PUNLTPOBAHHLIX W OTCErMEHTUPOBAHHbIX
n3obpaxenuax (puc. 11, a), Torga Kak npor-

HO3 Ha  CbIpblX U300paXeHWsx NpPUBOAMT
K pesynbTataM C  OTHOCWUTENIbHO  HW3KOWM
poctoBepHocThblo (puc. 11, 6). 3710 o03Havaer,

4YTO Ka4yecTBO CHMMKOB OOpas3LOB FOpHbIX MOpof,
SIBNSIETCA BaXXHbIM MPU MOCTPOEHMU (0ByyeHum)
MOZENnn HEMPOHHbIX CETEN.

B HacTosilwen cratbe Takke NpUBOAATCSA
COOCTBEHHbIE pe3ynbTatbl MO NPOrHO3MpoBa-
HUIO  OTKPBITOW  MOPUCTOCTM  KapBOHaTHbIX
obpasyoe ¢ npumeHeHnem CNN Ha ocHoBe
MX ABYXMEPHbIX N300paXKeHni, NoNyYeHHbIX C Mo-
MOLLIbIO  PEHTFEHOBCKOr0  MWKPOKOMMbIOTEPHOIO
Tomorpacha. B kayecTBe BXOOHbIX [AaHHbIX
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PucyHok 7. ConocTtaBneHue cnporHo3mpoBaHHON NPOHMLIAaeMOCTH KapGoOHaTHOro U nec4yaHoro
06pa3LoB C NPOHULIAeMOCTbI0, BbIYMCIIeHHOM ¢ nomoubio LBM [17]
Figure 7. Comparison of predicted permeability of carbonate and sandstone samples
with permeability calculated using LBM [17]
a) kapboHamHbIl obpasey, / carbonate sample; 6) necyaHbili obpasey, / sandstone sample

PucyHok 8. Apxutektypa mopenu CNN [20]
Figure 8. CNN model architecture [20]
a) obbi4Has / conventional; 6) npednoxeHHasi / proposed

ana OGy‘-IeHVIFl M nporHosa ObiM  MCnonb3oBa-

Hbl  NpsSIMOyronbHble 06pasubl, Bblpe3aHHble
U3  YETLIPEX  LUMIIMHAPUYECKUX  KapBOHAaTHbLIX
06pasLoB. W3BneyeHve NPSAIMOYrOfbHOro

obpasua ¢ KBagpaTHbIM MOMepeYHbIM CeYeHUeMm
CcXemaTu4yeckn NpounmiCTpUpoBaHo Ha puc. 12.
Ha oaToM pucyHke MoOpoBoe MNPOCTPAHCTBO
0603HaYEHO TEMHO-CUHUM LIBETOM, OKPYXHOCTb
n keagpar o0603Ha4aloT MonepevHoe ceveHue

UMMMHAPUYECKOTO M MPSIMOYronbHOrO 06pasuoB
cootBeTCTBEHHO  (puc. 12, a). [lopoeoe
NMPOCTPAHCTBO  BbIAEMNEHHbIX  MPSIMOYrOfbHbIX
obpa3uyoB nokasaHo Ha puc. 13. lNocTpoeHHast
mogenb CNN 6bina obyyeHa u npotecTupoBaHa
Ha n3obpaxeHnax obpasua 1, 3aTem NOpuCToCTb
ocTanbHbix 00pa3uoB Obina CcnporHo3mpoBsa-
Ha. TpéxmepHas mogenb obpasua 1 coctout
13 2490 nsobpaxxeHun.

4D e DOI: 10.54859/Kj0gi108674 wrvrseevssrersserssssssnsssrssssrssssssssusssssnsssssssssnssssnss
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PucyHok 9. CnporHo3upoBaHHbIe€ MPOHULAEMOCTU N0 OGLIYHOW U NPeAsIoKEHHOW apXUTeKTypam
mogenu CNN B conocTtaBneHuu ¢ NnpoHMLaeMocTbio, paccuMTtaHHon no LBM [21]
Figure 9. Predicted permeabilities by conventional and proposed CNN model architecture vs.
LBM calculated permeability [21]
a) obbiyHas / conventional; 6) npednoxeHHasi / proposed

PucyHok 10. CnporHo3mpoBaHHble NPOHULIAEMOCTU NO OOLIYHOM M NPeanoXeHHON MeToauke
B COMOCTaBMEHUN C UCTUHHOW NPOHULAeMOCTbIo [21]
Figure 10. Predicted permeabilities using the conventional and proposed methodologies
compared with the true permeability [21]
a) obbivHas / conventional; 6) npednoxeHHasi / proposed

PucyHok 11. CnporHo3npoBaHHbIe NOPUCTOCTU NO 06paboTaHHbIM U HeO6paboTaHHbIM
M306paxeHUsIM B COMOCTaBNEHUN C UCTUHHOW NopucTocTamM [22]
Figure 11. Predicted porosities from processed and unprocessed images compared
with true porosities [22]
a) obbi4yHas / conventional; 6) npednoxeHHasi / proposed
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PucyHok 12. CxemaTtuyeckoe usobpaxeHue npouecca BbigeneHus npsimoyrofibHoro obpasua
Figure 12. Schematic representation of the extraction process of rectangular sample
a) yunuHopudeckul obpasey / cylindrical sample; 6) nonepeyHoe ceyeHue obpa3syos / cross-section of the samples;
8) 8bidenieHHbIU NpsIMOy20ribHbIt 0bpa3el, / extracted rectangular sample

PucyHok 13. NopoBoe npocTpaHCTBO BblAeNeHHbIX MPAMOYrofnbHbIX 06pa3LuoB
Figure 13. Pore space of extracted rectangular samples
a) obpasey, 1/ sample No. 1; 6) obpasey 2/ sample No. 2; 8) obpasey 3/ sample No. 3; ) obpa3zey, 4 / sample No. 4

Ha puc. 13 MOXHO yBMAETb CUNbHO HEOA-
HOPOAHYIO MOPOBYK CTPYKTYPY PacCMOTPEHHbIX
obpa3uoB, kKoTopas MoATBepxdaeTca  pac-
npegeneHneM OCpefHEHHOW Mo nonepevyHomy
ceyeHuo nopuctocTn obpasuyos nNo uX Anu-
He (puc. 14). Kak nokasaHo Ha puc. 14, obpasLpl
oTnuMyatTcs pasHon HEOAHOPOAHOCThIO.
O6pasey, 4 wMeeT OTHOCUTENBbHO  HU3KYHO
NMOPUCTOCTb MO CPABHEHWIO C APYrMM obpasLamu.
M3 pacnpegeneHnss nOpUCToCTU MOXHO YBUAETH
obnacT C HW3KOM W BbLICOKOW MOPUCTOCTAMM,
KOTOpbIE€ YKa3blBalOT Ha Hanuune YNIOTHEHHbLIX
CNOEB MOPOAbI 1 KaBEePHbI B CTPYKTYpe 0bpasLoB.

C uenbo aHanusa wu3obpaxeHun 06-
pasuoB 6bina BbibpaHa CNN c aByxXmepHbIMU
nzobpaxeHnsamMn Ha BXOOEe W PerpecCOoHHbIM
CrnoeM Ha Bbixoge AN NPOrHo3MpoBaHWSA
nopuctoctu. Apxutektypa CNN npeacrtaenser
cobon acpHEKTUBHBIN UHCTPYMEHT 4115 06paboTkM
N306paXeHUn U MOXET MNPUMEHATbCA B pas-
NWYHBIX 3ajadax, BKI4Yas Knaccudukaumio,
obHapyxeHue oObekToB 1 perpeccuio. B gaHHOM
cnydae Oblnl MCMOMb30BaH PErpecCUOHHbBINA CroW

Ha Bbixode Mogenu. ATOT Cror 0ObIYHO COCTOUT
M3 OOHOTO WM  HECKOSNbKMX  MOSTHOCBSI3HbIX
CcrnoeB, KOTOpble npeobpasyloT U3BNEYEHHbIE
CBEPTOYHBLIMM  CIOSIMW  MPU3HAKW B  YUCIOBbIE
npeackasaHus.

Mpouecc aHannsa n3obpaxeHuin u NporHosa
nopuctoctn ¢ ucnosnb3oBaHmem CNN Bkntovaet
crnegytwowiue aTanbl:

1. MNoprotoBka paHHbIX. BaxHo npa-
BWSIbHO MOArOTOBUTL AaHHble nepen obyyeHvem
HEWpPOHHON CeTu, BKMoYas MX maclutabrvpoBaHue
[0 OAMHAKOBOrO pasMepa W  HopManusauuto

3HayeHMn nukcenen. B pgaHHOM  cnyyae
n306paxeHusi 6binn HOpManu3oBaHbl 40 pa3mepa
120x120 nwukcenen (puc. 15), n 3Ha4YeHus

nukcenen Obinn macwTabuposarnbl Ao 1 unn 0
ONst ynyylweHms obyyeHus.

2. Apxutektypa CNN. CNN coctout
M3 pasnU4HbIX CIOEB, TaKMX Kak CBEPTOYHbIE,
cnov noaBbIGOPKKU, MONHOCBSA3HbLIE CNOW U Crowu
akTMBaumm.  ApxuTekTypa CceTu onpegensert
KOSIMYECTBO W MOCHEAOBATENIbHOCTL 3TUX CIOEB.
Hanpumep, B gaHHoOM mogenwu Obinn mMcrnonb3o-
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PucyHok 14. PacnpeaeneHne ocpeaHEHHON NO Nonepe4yHOMy Ce4eHUI0 MOPUCTOCTU
paccMOTpeHHbIX 06pas3LoB Mo UX ANnHe
Figure 14. Distribution of porosity averaged over the cross section of the considered
samples along their length

BaHbl [Ba CBEPTOYHbIX CMOA C  yHKUMen
akTmBaumm Relu, cnou noggbibopku, ABa nos-

HOCBSA3HbIX CMOSi W PErpeccUOHHbI  Criow
Ha BbIxoge (puc. 15).
3. O6byyeHme cetn. OOyueHne CNN

BKItoYaeT B cebs nepenady obydalomx AaHHbIX
B CETb U KOPPEKLIMIO BECOB HEMPOHOB B NpoLiecce
obpaTtHoro pacnpocTpaHeHusi owubkn. Mogenb
obyyanacb Ha o6pa3ue 1 w TecTupoBanacb
Ha Opyrux Ans oueHKu e€ Npou3BoAMTENbHOCTY.

4. OnTUMM3aUMA apxXUTEKTypbl M na-
pameTpoB ynpaBneHusi (runepnapameTpbl).
Bbinn npoBefeHbl 9KCMNEPUMEHTbI C  pasHbIMU
apxuTekTypaMu W runepnapameTpaMmu C LEMbHo
onTMMM3aLMM  NPOU3BOAUTENBHOCTU  MOAENM.
OTO BKMNOYano B cebs M3MeHeHne yucna Croés,
pasmepoB  (punbTpoB, (PyHKUMA  akTMBaLUWMW,
napameTpoB NoABbIOOPKU 1 APYrMX XapaKTEPUCTUK
cetu.

5. Perynspuzauus 7] ynpaeneHue
nepeobyyeHnem. [na npepoTBpalleHns nepe-
obyyeHns mogenu ObinM MNPUMEHEHbI MeToAbl
perynspusauun, Takme kak Dropout wn L2
perynspusaums. 3TM MeTOAbl NOMOIMMN YIyyLIUTb

cnocobHocTe  Mogenu  obobuwatb  gaHHble
Ha oby4yatoLlem Habope.

6. OnTummsaumsa  QyHKUMM  NOTepb.
Bbinn BblOpaHbI noaxoasLme byHKUUN
notepb, Hanpumep, cpegHekBagpaTuyHas
owunbka, MU onTuMM3aTopbl, Takue kak Adam,

ansa acbdekTMBHOro obyyeHus mogenu.

7. OueHKa M cpaBHeHMe pe3ynbLTaToB.
BaxHO oueHWTb MoAenb C WUCMOMb30BaAHWEM
pasnNMyHbIX  METPUK, TaKkMx Kak CcpegHss
abcontoTHas owwnbka u KO3(PUUMEHT [OCTO-
BEPHOCTW MPOrHO3a, U CPaBHUTbL €€ pe3ynbraThbl
C Opyrummn mMogensamu unv metogamu Ans onpe-
nenenHnst eé apeKTUBHOCTU.

PucyHok 15. ApxutekTypa noctpoeHHou moaenu CNN
Figure 15. CNN architecture
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Mcnonb3oBaHHaa apxutektypa CNN no-
KasaHa Ha puc. 15. Kog HanucaH Ha si3bike Python
¢ wucnonb3oBaHueMm 6ubnuotekn Keras. Obliee
KONMM4ecTBO anox (utepaumu) oby4veHus cocTa-
BWNO 25, 3a KOTOpoe PyHKLUM NOTePb CyLLECTBEH-
HO cHumsunucb (puc. 16). B kayvectBe yHKUUM
notepb Gbina B3siTa cpefHeKBagpaTUyHas owmo-
Ka Mexay NpPOrHo3HOM Y UCTUHHOW NOPUCTOCTAMM,
KoTopasi B mpouecce UTepauuv AOMKHA YMeEHb-
watbca (puc. 16). Kak nokasbiBaeT puc. 16,
cpefHekBagpaTMyHasi owmnbka CyLecTBeHHO 6o-
nee HU3Kas BO BpPeMsi Banupauuu, Y4eM BO BpeMS
TecTa, T.K. nmoctpoeHHass mogenb CNN cHavana
BCECTOPOHHE TECTMPYETCS, 3aTEM AOMNOMHUTENBHO
npoBepsieTCs BO BpeMsi Banuaaumm.

Ha puc. 17 nokasaHbl pesynsraTbl npor-
HO3MPOBaHUS OTKPbLITOA MOPUCTOCTU 06pasLoB
2—4 ¢ nomolbio nocTtpoeHHon mogenu CNN
B CPaBHEHWW C WCTUHHBIMWU MOPUCTOCTSIMM.
Kak nokasbiBaeT puc. 17, CNN nporHosvpoBsan
nopucToctb 06pa3uoB 2—4 ¢ BbICOKOW TOYHOCTbIO,
HEeCMOTPS Ha TO, 4YTO MOCTPOEHHasi Mopenb
CNN Obina ofyyeHa M TecTupoBaHa TOMbKO
no wunsobpaxeHnsim obpasua 1, koaduuneHT
[OCTOBEPHOCTU  AnA KOTOpbIX ~ COCTaBun
0,936-0,976. U3 gaHHOro pucyHka Takke MOXHO
3aMeTUTb, YTO MaluHHoe obyveHue crnocobHo
pa3nuyaTb HEOOHOPOAHYK CTPYKTypy 06pasuoB,
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4YTO CNPOrHO3MpPOBaHHas MOPUCTOCTb B TOYHOCTU
NOBTOPSIET UCTUHHYKO MOPUCTOCTb MO ANUHE
paccMOTpeHHbIX  06pasuoB. 3To  O3Hayaer,
yto rnybokoe MalMHHOEe O0by4yeHue MOXET
ABMNSITbCSI XOPOLUMM MHCTPYMEHTOM Ans BbICTpOro
pacyéTa CBOWCTB 0OpasUoOB TOpHbIX MOPOA
C NMPUEMIEMON TOYHOCTbLIO Ha OCHOBE NX CHYMKOB,
NOny4YeHHbIX OAHWM W3 METOAOB CKaHUPOBaHWS
maTepuanos.
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Figure 16. Changing the loss function
during test and validation
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PucyHok 17. CnporHo3vpoBaHHasA U UICTUHHAaA NOPUCTOCTU 0Opa3LioB
Figure 17. Predicted and true porosity of samples
a) obpasey, 2/ sample No. 2; 6) obpasubl 3 u 4/ samples No. 3,4
CeemnbIMU UHUSIMU MOKa3aHa CrpPOeHO3UPO8aHHast Mopucmocms, MeMHbIMU — UCMUHHas1 (MeMHbIe fIUHUU).
Light lines show predicted porosity, dark lines show true porosity (dark lines)

3akntouyeHue

Ha OCHOoBe NpOBEeAEHHOro ob3opa
nuTepaTtypbl MOXeEM 3aKf4nTb, YTO M300paxe-
HMA 06pa3uoB TOPHLIX MOPOA, MOMyYEHHble
C NOMOLLbIO TEX UNN MHbIX METOOO0B CKaHWpOBa-
HUS, MO3BONSAIOT BbIYUCNATL WX TPaHCMOPTHbIE
CBOWCTBa C NMpUMEHeHneM rnybokoro MallMHHOro
00y4YeHUsi C BbICOKOW OOCTOBEPHOCTbIO, MPUYEM
3a CyLeCTBEHHO KOPOTKOe BpeMs. OTO O3HaYaeT,
yto rnybokoe MalMHHOe O0byyYeHue MOXeT
SABNATLCS XOPOLUMM WHCTPYMEHTOM Afis pacyéta
CBONCTB 0OpasLoB FOPHbIX MOPOA Ha OCHOBE
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MX CHUMKOB, MOMYyYEHHbIX OAHUM W3 METOLOB
ckaHupoBaHua matepuanoB. CNN aBnsiotcs
OCHOBHbIM anropuTMOM NYyGOKOro MaLUMHHOTO
obyyeHuss OAnst AaHHOW 3ajadn. Tem He MeHee,
OTMETMM TaKxe W criegytoLime BbiBOAb!:

1) Tny6okoe MaLlVHHOe oby4yeHune
MOXET OblTb MPUMEHEHO Afsi MPOrHo3a CBOWCTB
obpasyoB C pasnM4yHOM MOPOBOM CTPYKTYpOW
(TpewmHoBaTble, HEOAHOPOAHbIE U KaBEPHO3HbIE
KapboHaTHble U NecHaHble NopoAbl);

2) TIny6okoe MaLUVHHOEe oby4eHue
MO3BOMSET CYLLECTBEHHO (C HECKOSbKNX AECATKOB



HAYYHbIE OB30PbI

Tom 6, Ne 1 (2024)

BecTHuk HedpTeraszoBon otpacnu KasaxcraHa

4YacoB [0 HECKOMNbKUX CEKYHA) COKpaTWTb Bpe-
Ms pacuyéTa TPaHCMOPTHbIX CBOWCTB 06pa3uoB
FOPHbIX MOPOL4 MO CPaBHEHWI C PEeLUETOYHbIM
metogom bBonbumaHna (LBM);

3) Mogenun rny6okoro MaluMHHOrO O6y-
YeHUs1 C OOMONHUTENBHBIMW OMNLMSIMUA MO3BONSIOT
nporHo3mpoBaTb CBOWCTBa 06pa3LoB Ha OCHOBE
MX N3006paXkeHNn HU3KOro Ka4ecTBa;

4) CNN ny4ywe npepckasbiBaeT npo-
HMLAeMOCTb Mopod MO CpaBHEHUID C  pe-

AONONHUTENBbHO

UctouHuk cuHaHcupoBaHusa. [aHHoe
ncecnegoBaHme 6bino npodmHaHcMpoBaHo Komu-
TeToMm Haykn MwuHUCTepcTBa Haykum W BbICLLETO
obpasoBaHus Pecnybnukn KasaxctaH B pamkax
npoekta BR18574136 «Passutne metogoB
rnybokoro  oby4eHuss U MHTENneKTyanbHoro
aHanu3a ons peLleHns CNoXHbIX 3a4a4 MexaHUKu
N pOBOTOTEXHUKNY.

KoHdnukT unHTepecoB. ABTOpbl  [ek-
NapupyroT OTCYTCTBUE SIBHbIX UM MOTEHLUMAmNbHbIX
KOH(PNMKTOB  MHTEPEecOoB, CBSA3aHHbIX C Myb-
nukawumen HacTosILLEN cTaTbu.

Bknap aBTopoB. Bce aBTOpbl NnoaTBEpXKAa-
0T COOTBETCTBME CBOEro aBTopcTBa MeEX-
ayHapogHeiM  kputepusim ICMJE  (Bce aBTopbl
BHECNW CYyLLECTBEHHbIA BKNag B pa3paboTky
KoHUenumu, nposeaeHve nccnegosaHus
W NOAroTOoBKY CTaTbW, Mpoynu u ogobpunu
dvHaneHylo  Bepcuio  neped  nybnukauuen).
Bknag pacnpegenéH cneaywowuin  obpasom:
AcunbekoB B.K. — 0630p mMeTO4OB MALLMHHOIO
obyuyeHuss, paspaboTka mogenu  rny6okoro
MaluHHOrO obyyeHusi, aHanu3 pe3ynLTaToB
ob3opa ¥ pacyéToB, HanucaHue pyKoOMUCH,
KamxaHoB H.E. — paspaboTtka mogenu rny6okoro
MaLUNHHOTO 0byyeHus, nporHo3mpoBaHue
nopucrtoctn obpasuos, bekbay B.E. — 0630p
METOAOB MaLUMHHOIO OBy4eHMs No onpeaeneHunio
abCcomnoTHOM  NPOHMLAEMOCTM W MOPUCTOCTH,
HanucaHwue pykonucu, bonbicbek [.A. — o6paboTka
OaHHbIX C MWUKPOKOMMNbIOTEPHOW TOMOrpadguu,

rPECCUOHHBIMU
YeHus;

5) B obwem cnydyae CNN nyywe npea-
ckasblBaeT CBOWCTBA necyaHblx 06pa3uos,
yem CBOWCTBa KapOOHaTHbIX obpasLoB,
13-3a CIOXHOW NOPOBOWA CTPYKTYpbl NOCNEAHUX;

6) CNN cnocobeH pacnosHatb MpocT-
PaHCTBEHHYO  HEOOHOPOAHOCTb  MOPUCTOCTU
obpasuoB npu obyyeHWM, koTopasi yunTbiBaeTCs
npy NPOrHO3VPOBaHUN.

mMeTogamMn  MallUHHOIo o6y-

NOCTPOEHNE TPEXMEPHOM LMAPOBOM MOZENN
LmnuHapuyecknx obpasuos.
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Review article

Alternative Methods of thermal Oil Recovery: A Review

Leya K. Kairgeldina, Bauyrzhan Sarsenbekuly
Kazakh-British Technical University, Almaty, Kazakhstan

ABSTRACT

Oil production from fields with hard-to-recover reserves always remains a challenge
for the oil and gas industry, mainly due to one special factor — the high viscosity of oil, which implies
low mobility of oil in a porous medium. Over time, traditional methods of increasing oil recovery
become less effective due to a decrease in readily available oil reserves and the complexity
of geological conditions for field development. In this regard, the need to use innovative methods
to increase oil recovery is becoming more urgent. In recent decades, research in this area
has shown significant progress, various methods have been introduced to reduce the viscosity
of oil. One of the most effective and actively developing approaches in this area is thermal methods
of enhanced oil recovery. They are based on the injection of thermal energy into the reservoir
in order to reduce the viscosity of oil and, consequently, increase mobility, which in turn will greatly
facilitate the displacement of oil from the rock to the surface.

Despite certain successes achieved in the use of various methods of increasing oil recovery
in the production of heavy oil, the problem of finding alternative methods remains relevant.

This article presents the review of alternative methods of enhanced oil recovery, including
principle of operation of electromagnetic heating of the reservoir, the influence and effectiveness
of radio waves and microwave frequencies on the reservoir and the properties of oil, ultrasonic
exposure, advantages and disadvantages of alternative methods, comparing them with traditional
methods, analyzing the productivity of fields where alternative methods of enhanced oil recovery
were used.

Keywords: oil reservoir; thermal methods of enhanced oil recovery; electromagnetic heating;
ultrasonic exposure; microwave radiation; radio waves; heavy oil.
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Hayu4HbIn 0630p

AnbTepHaTUBHbIE MeToAbl TENSIOBOro NoBbiWeHUA HehTeoTaauun: 063op

N.K. KauprenbauHa, 6. CapceH6eKkynbl
KaszaxcmaHcko-bpumaHckuli TexHudeckul YHusepcumem, 2. AniMamel, KasaxcmaH

AHHOTALMUA

Jobblva HedpTM M3 MeCTOpOXOEHU C TPyAHOM3BIEKAaeMbIMM 3anacamu Bcerga ocTaercs
BbI3OBOM A1 HedpTerasoBon OTpaciM B OCHOBHOM M3-3a OAHOrO 0coboro daktopa — BbICOKON
BA3KOCTU HEdTH, YTO NoApasymMeBaeT HU3KY0 MOBUNBbHOCTbL HedTM B nopucTon cpege. C TedeHnem
BPEMEHWN TPaAULMOHHbIE METOAbI MOBbILWEHUS HedTeoTaauynm CTaHOBATCS MeHee 3(deKTUBHBIMMU
M3-3a YMEHbLUEHUS 3anacoB JIErkO4OCTYNHOW HeMTU M YCINOXHEHWUSI TeOonorMYyecknx YcroBumn
pa3paboTkn MecTopoxaeHuin. B cBA3M ¢ 3TUM NpUMEHeHUe MHHOBALIMOHHBLIX METOAOB MOBbILLIEHNUS
HedTeOTAaUM CTaHOBUTCSA Gonee akTyanbHOM 3ajadveit. B nocnegHve gecatTuneTvs uccnenoBaHus
B 3TOW 06NacTh nokasanu 3Ha4YnTENbHbIA NPOrPecc, BHEAPSANUCH Pa3fnnyHble METOAbI ANS CHUKEHNSI
BsA3KOCTM HedpTn. OgHMM 13 Hanbonee ahPEKTUBHBIX U aKTUBHO pa3BMBaOLLUXCA NOAXOA0B B 3TON
obnactu SBNSTCA TepMUYeckne MeToabl MoBbleHUs HedTeoTaaun. OHM OCHOBaHbl Ha 3akauke
TENSIOBOM SHEPTMU B NNACT C LENb CHWXEHUSI BA3KOCTU HETU U, cnegoBaTefibHO, MOBbILEHUSA
MOOWMBHOCTK, YTO, B CBOK O4Yepedb, 3HAYMTENbHO OOMnerdymTt BbiTECHEHWE HedTM U3 nopodbl
Ha NOBEPXHOCTb.

HecmoTps Ha onpefeneHHble ycrnexu, AOCTUIHYThIE B MCMNOMb30BaHUN pasnmyHbIX Cnoco6oB
noBbILLEHNsT HedTeoTAaun npu Aobblde TsxKenow HedTn, npobrnema noucka ansTepHaTUBHbLIX
METOL0B OCTAETCsl aKTyarnbHOW.

B paHHoM cTaTbe npeacTaBneH 0630p anbTepPHaTUBHBIX METOAOB MOBbLILEHUS HedTeOTAAUM,
K KOTOpPbIM OTHOCATCS MPUHUMN AENCTBUSA SNEKTPOMAarHUTHOIO HarpesBaHusi nnacra, BAvsHWE
N 3dEKTUBHOCTL PaaMOBONIH U MUKPOBOSHOBLIX YacTOT Ha nnacT UM CBOWCTBA HedTH,
yNbTPa3ByKOBOE BO3AENCTBME, MPENMYLLECTBA U HEAOCTATKN anbTEPHATMBHBLIX METOAOB, CPAaBHEHUE
MX C TPaguUMOHHbIMWM METOAaMMu, aHanu3 npou3BOAUTENBHOCTM MECTOPOXAEHUN, Ha KOTOPbIX
MCNONb30BaNMCh anbTepHaTUBHbIE METOAbI NOBbLILLEHWS HedhTeoTAAuN.

Knroueesie crioga: HegpmsHOU rniacm, mennosbie Memoodb! MO8bIEeHUSs Heghmeomdayu,
afleKmpoMagHUMHoe HazpesaHue, yrbmpasgykogoe go3delicmeue, MUKDPOSOIHO80E U3/lyHeHUue,
paduoeoriHbI, msikesnas Hegome.

Kak untupoBartb:

KanprenbguHa J1.K., CapceHbekynbl b. AnbTepHaTMBHblE METOAbI TEMMOBOrO MOBbILEHUS HedTeoTAaun:
0630p // BecmHuk Hegbmeeza3oeoli ompacnu Kasaxcmara. 2024. Tom 6, Ne1. C. 50-63. DOI: https://doi.
org/10.54859/kjogi108692
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Fbinbimu wony

MyHan eHAipyai KbinyMeH apTTbipyAblH 6anama agicTepi: wony

N.K. Kanbiprenguna, 6. CapceH6ekynbl
KasakcmaH-bpumaH TexHukarnbik YHusepcumemi, Anvamai Kanacsl, KasakcmaH

AHHOTALUA

OHgipinyi KMblH Koprnapbl 6ap KeH opblHAAPbIHAH MyHaW eHAipy apkallaH MyHaii-ra3 canachl
YLWiH KubIHObIK Gonbin kana 6epegi, HerisiHeH Oip epekwe hakTopFa GalnaHbICTbl — MyHaWablH
XOfapbl TYTKbIPNbIFbl, OyN KeyekTi opTaga MyHawablH TOMEH KO3fanfbllTblfblH Gingipeai. YakbiT
eTe Kene MyHawn eHAipyai apTTbipydblH ASCTYpri a4icTepi OHam Kon XeTiMai MyHan KopnapbiHbIH
asaloblHa XeHe KeH OpblHAAPbIH UrepyaiH reonornanblK XargannapbiHbiH KypaeneHyiHe 6annaHbICTbl
THiMci3 6onbin keneai. OcbiFaH GanaHbICTbl MyHaW eHAiIpyai apTTbipyablH MHHOBAUMANbIK 84iCTEPIH
KongaHy kaxetTiniri e3ekTi 6ona Tycyoe. COHfFbl OHXbINAbIKTAapAa OCbl canajarbl 3epTTeyrnep
anTapnblkTak nNporpecke Kom »eTki3di, MyHanablH, TYTKbIPMbIFbIH TOMEHAETYAIH apTypni ajictepi
eHrigingi. byn canapafbl eH Tuimai xaHe OenceHai Oambin Kene xaTtkaH Tacingepaid 6ipi -
MyHaln eHaipyai apTTbipyAblH TepMusnblk agicTepi. Onap MyHawablH TYTKbIPMbIFblH TOMEHOETY
KOHe ocbinanwa YTKbIPMbIKTEl  apTTbipy MakcaTblHAa Kblly 3HEPrusicblH kabatka anpayra
HerisgenreH, 6yn e3 keseriHae MyHavAbl Tay XblHbICTapblHaH Xep OeTiHe LibiFapyAbl arTapnbikTam
XeHingeTeai.

Ayblp MyHaw eHAipyae MyHau eHAipydi apTTbipydblH OpTypni 84icTepiH KongaHyga Kon
XeTkisinreH Genrini 6ip xeTicTikTepre kapamacTtaH, 6anama agicTepai isgey Maceneci e3ekTi 6onbIn
kana 6epegi.

Byn Makanaga MmyHanabl SNeKTPOMarHUTTIK XKbINbITYAbIH 8Cep €Ty NPUHLMNI, paanoTonKbiHAap
MEH MWKPOTONKbIHALI XMWiNikTepaiH kabaTka XaHe MyHaW KacueTTepiHe acepi MeH Tuimainiri,
ynbTpadblObICThIK acep eTy, 6anama aaicTepAiH apTbiKWbINbIKTapbl MEH KeMLiniktepi, onapgbl
[aCTypri aficTepMeH carnbICTbIpy, MyHal eHAipyai apTTeipyablH 6anama agicTepi KongaHbinFaH KeH
OpblHAAPbIHLIH, OHIMAINIMH Tangay KipeTiH MyHal eHAipyai apTTbipyAbiH 6anama sgictepiHe Lwony
Xacanagpl.

Hezizzi cesdep: MmyHali kabambi, myHal eHOIpydi apmmbipydbiH mepMusinbiK adicmepi,
anekmpomagHummik  Kbi30bipy,  ynbmpadblbbicmblK — ocep,  MUKPOMOMKbIHObI  CoynerneHy,
paduomornkbiHOap, ayblp MyHau.

[anekceos KenTipy YLWiH :
Kanbiprengura J1.K., CapceHbekynbl b. MyHali eHAaipyai XblnymeH apTTeipyAblH Ganama agictepi: wony
Il KaszakcmaHHbIH MyHau-2a3 canacbiHbiH xabapuwbicbl. 2024. 6 Tom, Ne1, 50-63 6. DOI: hitps:/doi.
org/10.54859/kjogi108692.
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Introduction

Heavy oil is characterized by its high viscosity
and density, rendering it unsuitable for extraction
using conventional techniques due to its unique
physical features. However, the depletion of light
oil reserves and the rising global energy demand
have led to a heightened interest in heavy oil
reserves [1]. Given the depletion of conventional
and readily accessible reserves, heavy oil
is emerging as a crucial resource in addressing
the global energy demands. Nevertheless,
the acquisition, manipulation, and conveyance
of viscous petroleum need the utilization
of specialist methodologies and advancements.
Several studies have been undertaken to elucidate
the impact of these approaches on the global
growth in oil output.

Thermal approaches rely on the provision
of heat to the reservoir. The primary factor
contributing to the enhanced oil recovery
is the reduction in oil viscosity, which subsequently
leads to an elevation in the mobility coefficient [2].
The reservoir can receive heat through two
methods: steam or water injection, or the initiation
of a combustion front within the reservoir. Thermal
methods are widely employed in the extraction
of heavy oil, with steam-based techniques being
the primary procedures utilized. These include
cyclic steam stimulation (CSS), steam flooding
(SF), and gravity drainage by steam (SAGD),
alongside in-situ combustion (ISC) and hot
water flooding [3]. Nonetheless, a diverse range
of techniques exists, encompassing joint injection
of steam, solvents, and other gases. Currently,
thermal approaches for enhancing oil recovery,
alongside flooding techniques, are widely
regarded as the sole alternative being adopted
on an industrial scale [4].

The study investigated alternative approaches
to boost oil recovery by addressing the reduction
of oil viscosity, augmentation of its mobility,
and facilitation of its extraction to the surface.
Currently, a diverse array of methodologies
exists, with certain approaches demonstrating
successful validation, while others exhibit inherent
limitations. The existing techniques encompass
induction heating and microwave irradiation
with the purpose of decreasing oil viscosity,
as well as electric heating and radiofrequency
heating. Among the several approaches currently
accessible, radio wave and microwave methods
have been extensively studied and have already
been implemented in the USA.

The exploration and production of oil and gas
fields encounter various obstacles, one of which
is to the imperative of maintaining a consistent
flow rate from the well. The flow rate is influenced
by various factors, including the hydrodyna-
mic properties of the formation, the extent
of the drained area, and the effectiveness

of the well-formation connection [5]. The efficacy
of the connection between the well and the for-
mation is frequently compromised as a result
of the early and subsequent stages of opening,
rendering numerous wells inefficient [6].
As the production process advances, it is com-
mon for the permeability levels and hydraulic con-
ductivity of the bottomhole formation zone to see
a decline [7].

A decrease in temperature results in a rise
in the viscosity of oil, leading to a decrease
in its mobility and exacerbating the productivity
of the well. Hence, inquiries regarding the most
efficient functioning of the field and the formulation
of approaches to sustain a consistent flow rate are
now being investigated [8].

The exploration of alternate approaches
for enhancing oil recovery has led to the consi-
deration of electromagnetic (EM) heating
techniques employing radio frequencies or mic-
rowaves for heavy hydrocarbon resources.
This subject has been examined by multiple
scholars, such as Abernathy in 1976 [9],
Kasevich [10], Islam in 1991 [11], Ferry
in2001[12], Sahniin2001[13], Fanchiin 1990[14],
Das in 2008 [15], Carrizales in 2008 [16], Ovalles
in 2002 [17], and others. The authors conducted
a study to analyze the impact of a radio frequency
(RF) / microwave (MW) signal on the reservoir,
specifically examining its ability to enhance
the extraction process of heavy crude oil
by reducing its viscosity through considerable
heating. One primary limitation of this approach
is the insufficient dielectric properties exhibited
by porous medium, which hinders the attainment
of a substantial temperature rise within
a tolerable timeframe, hence resulting
in elevated energy consumption. The essay
provides a comprehensive analysis of this par-
ticular procedure. Various methods of heating
the formation, including as microwaves, radio
waves, induction heating, and electric heating, are
also taken into consideration. The article provides
a comparative analysis of these strategies
and offers concise descriptions for each.

Thermal Enhanced Oil Recovery Methods
In the context of any thermal enhanced
oil recovery (EOR) technique, heat is pro-
duced either at the surface or within the reser-
voir. The thermal EOR methods, such as hot

water and steam injection techniques, are
widely utilised in many applications due
to their high level of dependability [18].

Furthermore, the utilisation of various injection
and production well orientations in steam injection
techniques enhances their efficacy in the retrieval
of low API gravity crude oils encompassing a wide
variety of viscosities [19]. For example, in various
EOR techniques such as steam flooding, CSS,
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and SAGD, steam is utilised as the injected fluid.
However, the distinct well configurations employed
in each process enhance their effectiveness
in extracting heavy oil, extra-heavy oil, and bitumen,
respectively [20]. Nevertheless, the utilisation
of steam in industrial processes presents signifi-
cant environmental problems due to the subs-
tantial amount of fresh water required for injection
and the subsequent heating of water to produce
steam through fuel combustion, resulting
in the emission of greenhouse gases (GHG).
Solvent-steam procedures have been suggested
as a means to reduce the environmental impacts
associated with steam injection methods [21, 22].
Solvent-steam processes have a reduced steam
consumption in comparison to steam processes
in isolation.

In addition, the introduction of solvents
into a steam stream is anticipated to enhance
oil output by further reducing viscosity through
the miscibility of solvents with oil. Nevertheless,
it should be noted that not all oil fractions exhibit
miscibility with every type of solvent. The fraction
of asphaltenes in crude oils is notably intractable
in commonly employed solvents such as CO,,
CH,, and conventional alkanes. Moreover,
the solvents that may dissolve asphaltenes,

namely aromatics, are mostly recognised
for their hazardous properties. Therefore,
the careful choice of solvent of utmost

importance in ensuring the efficacy of solvent-
steam processes [23].

In addition to conventional steam injection
techniques, in-situ heat production systems
have demonstrated potential for the extraction
of highly viscous oils. The approaches under
consideration are specifically ISC and electrical
and electromagnetic stimulation technologies.
The implementation of the Improved Oil
Recovery (IOR) technique known as the ISC
process has demonstrated the potential
to produce oil displacement rates of up to 95%.
Due to the inherent challenges associated
with controlling the propagation of the combustion
front, the successful implementation of ISC in its
entirety has been limited to a select number of field
applications [24]. The primary factor contributing
to the limited efficacy of ISC is primarily attributed
to the intricate dynamics of combustion, oxidation,
and cracking reactions, as well as the markedly
diverse characteristics of oil reservoirs [25].

Alternative Methods of thermal Oil

Recovery

The current technologies for enhanced
oil recovery are associated with several restrictions,
such as elevated expenses, increased greenhouse
gas emissions, and operational intricacies [26].
In order to address the aforementioned economic,
environmental, and technological limitations,

extensive research is currently being conducted
to explore alternate methodologies.

An additional technique that can be
used in conjunction with or as an alternative
to conventional EOR methods is known
as Electrical-based EOR. Therefore, by employing
various electrical techniques such as sound waves,
RF waves, inductive heating, DC heating, etc., it
is possible to extract oil from reservoirs at a much
reduced expense and with improved efficiency
as compared to the standard methods of enhanced
oil recovery discussed earlier. The primary
objective of the EOR method is to enhance
the oil's mobility by reducing its viscosity, hence
facilitating its movement towards the producing

well [27]. The aforementioned phenomenon
occurs due to the introduction of electrical
energy into the reservoir, which can result

in two outcomes: an increase in the temperature
of the oil or the generation of vibrations within
the hydrocarbon molecules.

The categorization of electric heating
methods can be based on the frequency at which
electrical current is utilised, resulting in three
primary classifications. Ohmic or resistive heating
is most effectively achieved through the utilisation
of low-frequency electric current, whereas high-
frequency electric current is commonly employed
for microwave heating techniques. In contrast, it
has been observed that inductive heating can
employ a variety of low- and medium-frequency
electric currents, with the specific choice depending
on the level of energy accessibility [28].

Radiofrequency/microwave radiation

RF/MW heating refers to a thermal process
wherein the dielectric constituents of a substance
experience an increase in temperature.
The rotation of molecules, particularly those
with polar characteristics, is induced by the impact
of an electromagnetic field on the substance.
Polar molecules exhibit a propensity to align
themselves with electromagnetic fields, hence
engendering intermolecular interactions that give
rise to the production of heat energy.

One of the primary objectives of the proposed
methodology is the exploration for substances that
had the ability to engage in beneficial interactions
with  RF/MW radiation. The examination
of the high-frequency/microwave techniques
employed in the technological process of ceramic
material processing for heating applications has
yielded valuable insights. Indeed, throughout this
particular process, the RF energy that is received
undergoes a conversion into thermal energy
within the substance, resulting in a subsequent
elevation in temperature. Sutton's article
demonstrates the capability of radio frequency /
microwave radiation to induce high temperatures
in ceramics, above the threshold of 1400°C,
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while also facilitating the removal of water from
the material [29].

The utilization of silicon carbide (SiC)
as a heat exchanger in the suggested approach
is justified by its notable thermal conductivity,
which facilitates the efficient transfer of heat
into the reservoir. In isolation, SiC is capable
of addressing a portion of the issue due to its limited
power penetration depth, which amounts to a few
centimeters (specifically 10 cm at a frequency
of 2.45 GHz) [30]. Furthermore, it has been
observed that the temperature increase can
surpass 1000°C when thermal emission is taken
into account [31]. In order to mitigate any potential
adverse consequences arising from the elevated
temperature within the reservoir, it is advisable
to incorporate SiC in conjunction with an additional
substance possessing enough transparency
to RF and MW radiation. Leiser observed
that the proportion of microwave-absorbing
material to materials that are transparent
to microwaves has the ability to self-regulate
the heating process and, furthermore, enhance
the extent of energy penetration [32]. Aluminum
oxide (ALO,) is a material that exhibits
transparency in the RF/MW range, possessing
the following noteworthy attributes: remarkable
dielectric properties spanning a wide frequency
spectrum; demonstrates commendable resistance
to potent acids and alkalis when subjected
to elevated temperatures; exhibits favorable
thermal conductivity; possesses high levels
of strength and rigidity.

At a frequency of 2.45 GHz, the power
exhibits a penetration depth of around 10 meters.
In the current phase, it has been shown
thatthe inclusion of a composite material comprising
SiC and Al,O, can enhance the depth of energy
penetration while concurrently generating elevated
temperatures. This is attributed to the material's
capacity to convert electromagnetic energy into
thermal energy.

The study conducted by Peraser et al. [33]
utilized numerical simulations to compare
the effectiveness of RF and MW technologies,
operating within the frequency range of 140
to 2450 MHz and with input power ranging
from 10 to 100 kW, with CSS in the context
of a heavy oil field located in Alaska. The findings
of the study indicated that RF and MW
technologies outperformed CSS in this particular
scenario [33]. The researchers demonstrated that
the effectiveness of steam injection in heavy oil
reservoirs in Alaska is constrained by the poor
permeability of the geological formation. However,
it was observed that the formation has the potential
to absorb radio frequency heating (RFH)
and microwave heating (MWH) energy. As a result,
the permeability of the formation is not as crucial
in the context of MWH and RFH. Furthermore,

Figure 1. Temperature (°F) profile after 1 year
of EM heating

Figure 2. Viscosity (Pa*s, 1Pa*s = 1000 cp)
Profile After 1 Year of EM Heating

Figure 3. Oil Production Rate After 1 Year

the authors proposed the potential feasibility
of restricting the use of MWH and RFH to certain
regions of interest. This targeted approach could
enhance the management of these technologies,
thereby rendering both HF and MW potentially
viable options for the extraction of heavy oil
reserves in Alaska.

According to their research findings,
following a year of EM heating, the temperature
in the vicinity of the borehole experiences a rise
of 120°F in comparison to the starting temperature

of the reservoir. This increase corresponds
to a 76% augmentation in the reservoir
temperature. The  temperature  observed

at a distance of 10 meters from the wellbore
exhibits a significant jump to 141°F, indicating
a notable 17% increase in reservoir temperature,
as depicted in Fig. 1.

As the temperature in the vicinity
of the borehole rises, there is a corresponding
drop in the viscosity of the fluids in contact.
The oil's viscosity undergoes a reduction from
an initial value of 3062 centipoise (equivalent
to 3.062 Pascal-seconds) to 98.9 centipoise
(0.0989 Pascal-seconds), resulting in a decrease
in viscosity of 97%. Fig. 2 illustrates the observed
reduction in the viscosity of oil.

Fig. 3 depicts the production profile
of the reservoir subsequent to one year of EM
heating, along with a comparative analysis
of production outcomes with and without
the implementation of EM heating. The initial
production level, in the absence of any heating,
is recorded at 19 barrels per day. However, after
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implementing continuous electromagnetic heating,
the output significantly rises to 71 barrels per day
by the conclusion of the first year. This represents
a notable increase of 273% in productivity.

According to the findings of Peraser et
al. [33], the utilization of electromagnetic heating
at moderate power levels in the megawatt range
might result in a significant enhancement in heavy
oil extraction rates, with an increase of up to 200%
seen [33]. Nevertheless, despite the outstanding
potential for heavy oil resources in Alaska, no pilot
sites were established subsequent to this study.

The impact of microwave heating
on the bottom-hole zone of a well is contingent
upon the absorption of electromagnetic energy
within the hydrocarbon-saturated rock. Ultrahigh
frequency oscillations (UHF) refer to oscillations
characterized by a frequency (f) above 300 MHz
or a wavelength (A) shorter than 1 m. The current
electromagnetic impact technique enables
microwave fields to penetrate to a significant depth
verticallyalongthe bottom ofthe well. The interaction
between matter at the atomic and molecular
scale influences the behavior of electrons,
resulting in the conversion of microwave energy
into thermal energy. Microwave energy is a highly
convenient heat source that possesses undeniable
advantages over alternative sources across
several applications. When subjected to heat,
it exhibits no pollution and does not produce
any combustion byproducts [34]. Furthermore,
the efficient conversion of microwave energy
into heat enables the attainment of exceptionally
rapid heating rates, without subjecting the material
to detrimental thermo-mechanical strains [35].

Low frequency heating

The electric heater, operating at a frequency
of 60 Hz, is a technique in which the electrical
conductor functions as the primary heat
source [36]. The passage of electric current is
restricted to the conductor, resulting in ohmic
heating. This implies that the conductor serves as
the primary origin of thermal energy. In practical
terms, it is possible for this to function as a heated
pipe, such as when it is subjected to steam or hot
water, without being discharged into the reservoir.
Consequently, the efficacy of the heating
process is contingent upon the quality of thermal
contact established between the heater
and the reservoir, in addition to the thermal
conductivity exhibited by the reservoir. An increase
in the thermal conductivity of the reservoir leads
to a corresponding increase in the temperature
difference  between the heater  source
and the distant drain point.

In order to maintain a constant thermal power
provided to the reservoir, it is necessary to ensure
a constant temperature difference between
the source and receiver sites. One benefit is

the potential to utilize direct energy derived
from the grid in a downward direction. Devices
with power outputs in the region of several hundred
kilowatts are technically conceivable, considering
the necessary power density. One drawback of this
approach is the constrained drilling area, which is
a consequence of its reliance on heat conductivity.
Furthermore, the heaters serve the purpose
of generating the elevated temperatures necessary
for the operation of the temperature difference
mechanisms. The elevated temperature can give
rise to thermal contact issues as a result of surface
drying in close proximity to the heater.

Ultrasonic exposure

The impact of ultrasound on viscosity
reduction in superheavy oil was investigated
by Wang et al. [37]. The initial viscosity
of the superheavy oil was measured to be
1250 MPa*s. The wave frequency range examined
was found to be between 18 kHz and 25 kHz,
while the output power ranged from 100 W
to 1000 W. The use of ultrasound at frequencies
of 18, 20, and 25 kHz resulted in a decrease
in the viscosity of oil to 480, 890, and 920 MPa*s,
respectively. However, it should be noted
that the duration of radiation had an impact
on these alterations. The findings of their study
additionally demonstrated that ultrasonic radiation-
induced cavitation has the capability to fragment
sizable, weighty molecules of superheavy oil
into lighter hydrocarbon compounds. Furthermore,
it has been determined that the primary influential
factors in decreasing the viscosity of heavy oil are
the ultrasonic frequency, power level, and duration
of radiation.

Hamidi et al. conducted research
that yielded comparable findings, wherein they
extensively examined the impact of ultrasound
on both the pressure drop and viscosity alteration
of the oleic phase within a porous medium [38].
The researchers conducted experiments
to investigate the impact of ultrasonic frequencies
and power on different types of oil. Their
findings indicate that heat generation, cavitation,
and viscosity reduction are the primary factors
to be considered when employing ultrasound
techniques to maximize oil recovery. Based
on the findings of Palayev's research [39],
it is possible to derive the following conclusions:
the application of ultrasonic waves to oil exhibits
amore pronounced reduction in viscosity compared
to thermal heating alone or a combination
of heating and ultrasonic treatment.

The present study examines the utilization
of ultrasonic technologies in the oil fields
of Kazakhstan. a limited number of scholarly
publications and articles discuss the utilization
of ultrasonic technologies in many domains,
as indicated by publicly accessible research.
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In the study conducted by Ershov M.A.
and Mullakaev M.S. [40], the authors employed
the ultrasonic approach in conjunction with the use
of chemical reagents to achieve a reduction in oil
viscosity. Laboratory experiments were conducted
using oils with the qualities outlined in Table 1.

The reagents included in the studies included
xylene, toluene, butyl acetate, hexane, and gas
condensate. The most significant decrease in oil
viscosity can be attained through the synergistic
impact of ultrasonic treatment and the utilization
of chemical reagents at:

In the case of the Eastern Zhetybai field,
the application of an intensity of 12 W/cm?
for a duration of 1 minute, along with the addition
of 2% xylene, resulted in a significant reduction
of dynamic viscosity by 44%. Similarly,
the introduction of 2% butyl acetate led
to a viscosity reduction of 38%. For the Aschisay
oil, subjecting it to the same intensity for a shorter
duration of 15 seconds, combined with the addition
of 2% butyl acetate, resulted in a viscosity
reduction of 42%. Furthermore, the introduction
of 2% toluene led to a viscosity reduction of 35%.
It is worth noting that the application of ultrasonic
treatment on the oil of the Kyrykmyltyk field
exhibited lower efficiency compared to the other
oils under investigation.

The conditions in which ultrasonic exposure
can be used in field conditions. Mullakaev et
al. established a set of fundamental criteria
that outline the necessary correspondence
between the key parameters of reservoir oil,
geological and physical features of the well,
and the utilization of ultrasonic exposure
equipment and technology [41]. The reservoir
conditions encompass certain parameters, such
as a permeability over 0.25 microns, a porosity
exceeding 20%, a rock composition primarily
consisting of sandstone, and a temperature range
of 10-135°C at the lowermost point. Additionally,
the pressure at the bottom of the reservoir ranges
from 40-400 atm. The reservoir fluid conditions
should align with a dynamic viscosity of less
than 25 MPa*s under reservoir conditions, while
the temperature at which paraffin crystallization
initiates should be lower than both the bottom-hole
and reservoir temperatures.

To get an optimal resolution for the problem
of enhancing oil fluidity and decreasing viscosity,
an analysis was performed on an experiment
conducted under controlled laboratory settings,
with a frequency of 42.8 kHz. In the course of this
experiment, the oil sample, whose properties are
outlined in Table 2, was subjected to ultrasonic
irradiation using a magnetostrictive transducer.

The phenomenon of lowering the viscosity
of oil by the application of ultrasonic therapy
can be attributed to the occurrence of cavitation
processes during this treatment. These processes

Table 1. Group composition of the studied oil

samples
Dynamic Content, % by mass
I viscosity,
Oil field ’
e at 20°C, |paraffin| resins CEPIED
MPa*s Des
Eatern 575 283 | 193 | 38
Zhetybai ’ ’ ’
Kyrykmyltyk 8159 15,5 25,9 6,6
Aschisay 360 18,9 15,2 4
Table 2. Key indicators
Parameter Value
Qil viscosity, at 20°C 853 kg/m?®
Kinematic viscosity 1,348*10°° m?%/s
Water content 0,06%

Table 3. Results of the experiment

Parameter Results Results Results
after 30 s| after45s | after60s
Temperature, °C 25 30 32
Kinematic viscosity,
10 m2/s 1,147 1,078 1,008

entail the localized concentration of acoustic field
energy in the form of cavitation bubbles, which are
of relatively modest magnitude. The emergence
of high energy densities is a consequence
of the collapse of these bubbles [42]. Moreover,
in the process of cavitation, there is a disruption
of elongated and complex hydrocarbon molecules,
accompanied by the liberation of thermal energy,
commonly referred to as exothermy.

This study provides empirical evidence
supporting the efficacy of ultrasonic treatment
in altering the viscosity of oil. During the conducted
studies, the oil was subjected to heating.
The specimen was subjected to ultrasound
at a frequency of 42.8 kHz, with an acoustic
output of 1000 watts for durations of 30 seconds,
45 seconds, and 1 minute.

During the experimental procedure,
a specific volume of oil was introduced into a tank.
Subsequently, an ultrasonic emitter waveguide
was immersed into the tank, initiating the process
of ultrasonic therapy on the oil. Following
the completion of the processing procedure,
the temperature of the oil was assessed
and subsequently transferred into a receptacle
of a viscometer for the purpose of viscosity
measurement. Subsequently, the experiment
was replicated using a fresh volume of oil
sample, along with a modified length of ultrasonic
treatment. Table 3 displays the outcomes
of an experimental investigation pertaining
to the alteration of oil viscosity by the use
of ultrasound. The experiment was conducted
on oil samples with a temperature of 20°C,
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Figure 4. Results of the experiment

and the ultrasonic treatment durations were set
at 30 seconds, 45 seconds, and 1 minute.

Graphs illustrating the variations in oil
viscosity are generated based on the acquired
data. The graphs depicted in Fig. 4 are presented.

The viscosity of oil is reduced by 14.91% after
being exposed to ultrasonic waves for 30 seconds.
This reduction increases to 20.03% when
the exposure time is extended to 45 seconds.
Finally, a 25.22% drop in viscosity is observed
when the oil is exposed to ultrasound for 1 minute.

Therefore, the use of ultrasonic waves
to oil exhibits a notable efficacy in decreasing
viscosity. The utilization of this feature is applicable
in the transfer of viscous fluids through oil
pipelines, contingent upon the economic viability
of incorporating ultrasonic equipment.

Conclusion
The findings from multiple research
investigating the effects of  alternate

approaches on the structural and mechanical
properties of oil systems exhibit significant
inconsistencies. Nevertheless, it may be argued
that the aforementioned approaches
to manipulating oil result in the disruption
of intermolecular connections, hence enhancing
its viscosity-temperature characteristics
and facilitating their viable application in industrial
settings. Based on the analysis of the reviewed
literature, it can be inferred that the efficacy
of ultrasound as a standalone approach
for influencing the bottom-hole zone may
belimitedintheseparticularcircumstances.However,
when employed in conjunction with chemical,
thermal, and hydrodynamic techniques,
the utilization of ultrasound shows considerable
promise [43]. The aforementioned substance can
be classified as a very effective supplementary
catalyst that facilitates the reduction of viscosity
in heavy oils, hence leading to a subsequent
enhancement in oil recovery.

This article demonstrates the efficacy
of electromagnetic heating as a viable technique
for extracting heavy oil reserves. The empirical
findings indicate that the implementation
of electromagnetic heating techniques yields

a substantial enhancement in oil extraction
rates, surpassing a 200% rise. The primary issue
encountered in all the proposed electromagnetic
heating (EMH) methods is the inadequate dielectric
and thermal properties exhibited by the reservoir
rock. These properties hinder the efficient heating
of the collector, hence limiting the extent to which
its temperature may be raised within a reasonable
timeframe and with a reasonable consumption
of power and energy.

In  recent times, there has been
a resurgence of interest in the application
of ultrasound for improved oil recovery.

This renewed attention is primarily driven by its
significant potential for augmenting production
levels, its cost-effectiveness, minimal energy
requirements, versatile applicability, capacity
to selectively target certain zones, and absence
of environmental damage. The technology
is predicated on the principle of inductive heating.
The electrical power can be modulated within
a spectrum spanning from 0% to 100%, hence
enabling operation with variable temperature
and/or pressure. The objective is to raise
the temperature of the entire volume to a level
that allows for effective movement, taking
into consideration the viscosity of the bitumen,
which is anticipated to be less than 150°C.
The utilization of an advanced electromagnetic
processing technique, specifically employing
ultrasonic stimulation on wells characterized
by high oil viscosity levels and significant disparities
in viscosity between the generated and injected
fluids, is advised for the purpose of stimulating
the bottom-hole zone [44].

The development of oil production
in contemporary Kazakhstan is seen as a crucial
aspect in the establishment of a sustainable
economy for the Republic. The rise in production
rates has resulted in a decline in the quantity
of oil fields characterized by high-flow rates.
The low values of reservoir oil fluidity in existing
fields can be attributed to the observed increase
in this parameter. Therefore, it is imperative
to address the challenges associated with
the exploration of economically viable methods
for mitigating viscosity in natural environments.
The next factors delineate the primary elements
that render electromagnetic heating systems
the optimal selection: the reduction of water
consumption is among the added advantages
of this approach; the applicability of this techni-
que extends beyond heterogeneous and low-
permeability layers; depth and lithology do
not impose limitations on the implementation
of this method; this technique can be employed
in scenarios where low-power productive zones
necessitate the extraction of thermal energy
to non-oil-bearing adjacent layers [45].



HAYYHBIE OB30PbI

Tom 6, Ne 1 (2024)

BecTHuk HedTerasoson oTpacnu KasaxcraHa

ADDITIONAL INFORMATION

Funding source. This study was not
supported by any external sources of funding.

Competing interests. The authors declare
that they have no competing interests.

Authors’ contribution. All authors made
a substantial contribution to the conception
of the work, acquisition, analysis, interpretation
of data for the work, drafting and revising
the work, final approval of the version to be publi-
shed and agree to be accountable for all aspects
of the work. The greatest contribution is distributed
as follows: Leya K. Kairgeldina — collection
and processing of materials, analysis of the recei-
ved data, literary review, data visualization, writing
the text of the article; Bauyrzhan Sarsenbekuly —
problem statement, conceptualization and design
of the study, project administration, data curation,
visualization and structuring of the material.

AONONHUTENBbHO
UcTouHuk ¢duHaHCMpoBaHusA. ABTO-
pbl  3agBnsloT 06  OTCYTCTBUM  BHELLHEro

dvHaHCMpoBaHNA MpW  NPOBEAEHUM  Uccrie-
[OOBaHus.
KOHdnMKT uHTepecoB. ABTOpbl  [Oek-

NapupyloT OTCYTCTBME SIBHbIX M MOTEHLMANbHbIX
KOH(NMKTOB WHTEPECOB, CBHA3aHHbIX C ny6-
nukaumen HacTosILLEen cTaTbu.

Bknag aBTOpoOB. Bce aBTOpLI NoaTBepxaa-
I0T COOTBETCTBME CBOEro0 aBTOPCTBA MeEXAy-
HapogHbiM kpuTepusam ICMJE (Bce aBTOpbI BHEC-
N1 CyLLECTBEHHBIA BKNaa B pa3paboTKy KoHuen-
LMW, NpoBEfEeHWEe WCCNenoBaHUs UM MOATOTOBKY
CTaTby, NPOYNN U 0ACGPUNM dUHANBHYO BEPCUIO
nepeg nybnukauven). Hawbonbwwii  Bknag
pacnpedenéH cnepywowui  obpasom:  Kaup-
renbavHa J1.K. — cbop n obpabotka matepuanos,
aHanu3 MoMyYeHHbIX [aHHbIX, JNUTepaTypHbIN
0630p, BM3yanu3auus AaHHbIX, HanucaHue TekcTa
ctatbn; CapceHbekynbl Bb. — noctaHoBKa 3apauu,
KOHUenTyanusaums W Au3aliH  UCCNeaoBaHus,
aAMUHUCTPUPOBaHWE  MPOEKTa,  KypupoBaHue
OaHHbIX, BU3yanu3auusi U CTPYKTypupoBaHue
martepuana.
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Review article

Development the self-healing concept for well cement support integrity
maintenance. Theory and practice

Elvira R. Ismagilova
Research and Design Institute of the Ufa State Petroleum Technological University, Ufa, Russia

ABSTRACT

Oftentimes oil and gas wells can be affected to various technological as well as chemical
and natural stresses. Perforations, fracturing, side tracking from under the casings shoe, formation
integrity testings all these lead to the cement sheath fragility and the annulus integrity deterioration
causing the emergence of net of cracks in the cement sheath, which contribute to nascence
of behind-the-casing flows.

World statistics say that the issues of casing string-borehole annulus unsealing prevention,
as well as the effective restoration of the cement sheath integrity in the presence of a wide range
of water-shutoff materials and technologies for inflows bounding, do still remain open and require
non-standard solutions. In this connection, the development of “self-healing” plugging material, which
allows the cement stone to independently regenerate its integrity, thereby excluding technological
shutdowns and the intervention of repair equipment, is one of the highest priority tasks and promising
methods for eliminating behind-the-casing flows, accompanied by restoring the integrity of the well
cement sheath. An advanced alternative to the traditional plugging material is elaboration of "self-
healing" cements, which is hopeful in the line of the above-mentioned peculiarities.

Keywords: "self-healing” cement; cement sheath; modifying additives; plugging material;
behind-the-casing flows; well support durability; water influx.
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Hayu4HbIn 0630p

Pa3paboTka koHUenuuu camo3saneymBaHus Ansi NoAAepXKaHUsA LLeNOoCTHOCTH
LeMeHTHOW Kpenu CKBaXXuH. Teopus 1 npakTuka

3.P. Ucmarnnosa
HayyHo-uccnedosamenbckuli U MNPOEKMHbIU  uHCmumym  YbuMckoeo  eocydapcmeeHH020
HegpmsAHO20 MexHU4YecKkoao yHugepcumema, e. Y¢a, Poccus

AHHOTALUMUA

B HedTerazoBom pene CKBaxWHbl BCerga MNOABEPraltoTCsl pasnuMyYHbIM  TEXHOMNOrMYECKUM,
XUMUYECKUM W €CTECTBEHHbIM Harpyskam, BO3HMKaloWMM npu nepdopaumnn, bypeHnn O0KOBbIX
cTBONOB u3-nog 6Gawmaka o6cagHON KOMOHHBI, FMOPOAMHAMUYECKMX WCMbITAHUSX MNNacTos,
rmapopaspbiBa nracrta, yrnybneHun u T.4. Takue onepauum HapyLllawT LenoCTHOCTb LEMEHTHOro
KonbL@a M BedyT K MoTepe repMeTMYHOCTM CKBaXKMHbI, NPy 3TOM B LIEMEHTHOW kpenu obpasyertcs
cucTeMa TpeLuH, cnocobeTByoLLas BO3HUKHOBEHWNIO 3aKONOHHOW LMPKYNALMM BOAbI.

MuvpoBas npakTvka CBUAETENbCTBYET O TOM, YTO BONPOCHI NpeAoTBpaLleHns pasrepMeTusaumnm
3aTpyOHOro NpoCTpaHCcTBa, a Takke 3(PPEKTUBHOIO BOCCTAHOBMEHMS LIENIOCTHOCTU LEMEHTHOrO
KonbLa MpU HanmMuuM LIMPOKOrO CMekTpa BOAOM3OMNSALUMOHHBIX MaTepuarioB U  TeXHOMNOoruw
orpaHVyeHnst BOOOMPUTOKOB A0 CUX MOP OCTaTCH OTKPbITEIMU U TPEBYIOT HeCTaHAAPTHBIX PELLEHUIA.
B cBA3u ¢ aTum pasdpaboTka «camosaneunBaroLLerocs» TaMnoHaXXHOro MaTepuana, no3sonsioLLero
LlEMEHTHOMY KaMHI0 CaMOCTOSITENbHO BOCCTaHABMMBATb CBOK LIENIOCTHOCTb, UCKMOYasi TEM CaMbIM
TEXHOMOrMYeckne OCTaHOBKM W BMeLIaTeNbCTBO PEMOHTHOrO OOOpYyAOBaHUS, SABNSETCA OQHON
13 nepsoo4yepegHblX 3aga4vy M NepcnekTMBHbIM MeToaAOM nukBMaaunu 3aKONOHHOMN LnpKynauumm
BOObl, COMPOBOXOAKLENCH BOCCTAHOBMEHMEM LEMNOCTHOCTU LEMEHTHOro KofbLa CKBaXXWUHbI.
PaspaboTka «camo3aneymBalroLLEerocs» LUEeMeHTa SBSIETCA NPOrPECCUBHON  anbTepHaTUMBON
TPaguUMOHHOMY TaMMOHaXHOMY MaTtepuany, Yto obHadexuBaeT B CBETE BbllLENepeyYnCreHHbIX
ocobeHHocTeN.

Knrovessie crioea: camo3anequsarouulicss UeMeHm, UeEMEeHMHoe Korbuyo, Moduguyupyroujue
0obasku, mamroHaxHbIll Mamepuarsi, 3aKO/IOHHas UupKynsayusi 600bl, O0S1208e4HOCMb Kpenu
CK8aXKUHbI, 8000MPUMOK.
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Fbinbimu wony

¥HfbIManapAablH LLeMeHT GeKiTKiluTepiHiH TyTacTbIFbIH caKTay YLiH ©3iH-e3i
emaey TyYXblpbiMAamMachIiH a3ipney. Teopus xaHe npakTuka

3.P. Ucmarunosa
Ypa memnekemmik MyHal mexHUKasblK yHUBepCUMEMIHIH fbibiIMU-3epmmey XoHe xobarnay
uHcmumymel, Yeha Kanacel, Pecel

AHHOTALUA

MyHai-ra3 canacblHga yHfbiManap spaanbiM nepdopauuns kesiHge nanga bonatbiH apTypni
TEXHOMOMUANbIK, XUMUANbIK XaHe TabwuFn >xykTemenepre ywblpangpbl, wwereHaey 6araHacbiHbIH
Tocnmackl acTblHaH Oywipnik oknaHgapabl Oyprbinay, kabatTapdbl TMAPOAVMHAMUKAIbIK ChlHAY,
oMbikTap x8He T.6. MyHga onepauusinap LEMEHT CaKMHACbIHbIH TyTacTbifblH  Gy3aabl
KoHe YHFbIMaHbIH, ThIfbI3AbIFbIH KOFANTYyFa okeneni, an uemeHT OekiTKiliHAe >KapblKTap Xyheci
nanga 6onagel, cy anHanbiMbIHbIH Naiaa 6onybiHa biknan eTei.

onemaik Texipnbe kepceTkeHaen, KyOblp CbipTbl KEHICTIrHIH albNybIHbIH angbiH any, congan-
aK cy eTki3belTiH mMaTepuangap MeH Cy afblHAapblH LUEKTeY TeXHOMorMsnapbiHblH KeH ChekTpi
GonfaH Kesde LEMEHT CakMHaCbIHbIH TyTacTbifblH TUMIMAI KannblHa KENTipy Macenenepi ani ge
albIK XXeHe CTaHOapTTbl eMec Wewimaepai kaxet eteqi. OcbifaH 6annaHbICTbl LEMEHT TaCbIHbIH,
03 TyTacTbifblH Aepbec kannbiHa KenTipyre MyMKIHAIK 6epeTiH «e3iH-e3i eMAeNTiH» TaMnoHaXAbIK
mMaTepuanabl a3ipriey, ocbinaiila TEeXHOMNOrusNblK asnjamanap MeH XeHpey XabablKTapblHbIH
apanacyblH Kocnafanga, OipiHwi kesekteri MiHOeTTepaiH Oipi X8He YHfbIMaHbIH,  LIEMEHT
CaKMHaCbIHbIH, TYTACTbIfbIH KannblHa KENTipyMeH KaTtap XXypeTiH GaFaHanbl Cy aiHanbIMbIH >KOOAbIH,
nepcnekTuBanblK agici 6onbin Tabbinagel. «O3iH-63i eMOenTiH» LeMeHTTiH Aamybl ASCTYpri TaMMoH
mMatepuanbiHa nporpeccuBTi 6anama Gonbin Tabbinagpl, Oyn Xofapblaa atanfaH epekwenikrepre
BannaHbICTbI XirepneHaipeai.

Heezizzi ce30ep: e3iH-63i emOelmiH yeMeHm, UeMeHm cakuHacbl, e32epmemiH Kocranap,
mamrioHax mMamepuarbl, 6araHa CbipMbIHbIH Cy aliHanbIMbl, YHfbIMaHbl bekimyOdiH bepikmizi, cy
arbIHbI.

Danekces KenTipy yLWiH:

Wcmarunosa 3.P. ¥HfbiManapablH UeMeHT OekiTKilTepiHiH TyTacTblfblH CakTay YLWiH e3iH-e3i emaey
TYXblpbiMAamMachlH a3ipney. Teopusi xaHe npakTuka /| KasakcmaHHbIH MyHali-ea3 canacbiHbiH xabapuwbiChbl.
2024. 6 Tom, Ne1, 64-73 6. DOI: https://doi.org/10.54859/kjogi108662.
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Introduction

The cement sheath of a well is the main barrier
protection of the casing string from an aggressive
environment influence and the prevention
of reservoir fluids migration. However, under
the influence of regular technological loads,
the integrity of the cement stone is oftentimes lost,
which leads to flooding of the well due to the behind-
the-casing flows. At the same time, statistics
depict that in most cases cement stone, prepared
according to non-additive formulation, is not able
to withstand significant operational loads and thus
does not meet expectations for maintaining
the integrity of the cement sheath. Moreover,
there are many modern water-shutoff materials
and technologies aimed at limiting water influx.
However, all of them have low duration of process
effect, and are also rarely aimed at restoring
the well support integrity [1].

Many Russian and foreign scientists
focus on improving the quality of cement stone
capability to effectively (reliably and continuously)
seal the space between the wall of the well
and the casing string, as well as eliminating
channeling until the system of cracks and behind-
the-casing flows occur. Nowadays, an advanced
alternative direction in the field of improving
plugging material and one of the promising
solutions to these problems are the development
and application of "self-healing" cements, which
in general are ‘"intelligent" cement systems
with controlled properties [2].

The theory of self-healing in relation
to polymeric materials has been revealed since
the 1980s. It outlines the opportunities for healing
micro-cracks in various set of materials for much
more sustainability and safety of the polymeric
components [3].

As it is known, self-healing ability may occur
in autogenous and autonomous way. Autogenous
healing of a cement stone is primarily achieved
by further hydration and carbonation [4], besides
it contributes to the closure of cracks with certain
limited sizes. The autonomous healing of a cement
stone can be achieved by initial incorporation
of healers, which are some specific components
meant to subsequently recover the cement sheath
integrity and maintain well support durability
efficiently.

The author has extensively investigated a wi-
de variety of autonomous healers, thus in the next
proposes a "self-healing" concept of the affected
cements, which consists in sealing the water
supply channels with chemically inert modifying
additives previously introduced into the cement
powder, meant to be activated and acquire
the ability to block cracks in the cement stone
only after interaction with reservoir water [5, 6].
The principle of the "self-healing" cement operation
is to start the water-absorbing mechanism

of the additives integrated into regular cement
powder. The additive consists of an active water-
swelling core covered with a solid water-soluble
shell (fig. 1), which temporarily prevents a contact
of the water-swelling core with water. Besides,
the shell must prevent premature hydration within
a cementing time — a time after injecting cement
slurry into the well and its setting [7].

Materials and Methods

The recommended formulation of the "self-
healing" cement technology is as following: plug-
ging material including a binder (99.0-99.5%)
and modifying additives (0.5-1.0%) [8].
Portland plugging cement CEM-I (Class G,
sulfate-resistant) is used as a binder. Granules
of water-swellable polymer material based
on anionic polyacrylamide, so-called super-
absorbent, (active core) coated with a water-
soluble film of a polymer complex (preventive
sheath) [91, made from components
of carboxymethyl cellulose and polyvinyl alcohol,
are used as modifying additives [8].

Figure 1. A model of the modifying additive [7]

After justifying the composition and im-
plementing the "self-healing" cement slurry basic
studies, an experimental batch of modifying ad-
ditives was produced. The method of the modi-
fying additive test samples manufacturing inclu-
ded preliminary mechanical activation of the acti-
ve water-swellable core and its coating,
i.e. the application of a film shell by structural
granulation in fluidized bed apparatuses.
The viscosity of the polymer complex solution
was close to the atomization limit and empirically
selected to ensure a uniform layer during
dispersion of the solution. The thickness
of the applied shell was verified in accordance
with the rate and degree of its solubility depending
on temperature, mineralization of reservoir water
as well as the contact time. Thus, all the trigger
factors of the "self-healing” mechanism which
are vital in order to exclude premature swelling
of the modifying additive and ensure its chemical
inertia to the liquid phase during the entire cycle
of preparation and injection of cement slurry
into the well, are taken into account.

A number of laboratory studies of slurry
and stone made of "self-healing" cement, which
included the study in accordance with the regulatory
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Figure 2. The bench equipment [10]

documentation for plugging materials of the main
indicators of rheological, strength and filtration
properties, demonstrated a complete absence
of the swelling additives influence on the rheo-
logical properties of cement slurry during mixing,
thickening and setting of slurry. The tests also
showed that the swelling additives did not worsen
the mechanical properties of the cement stone.

To test the validity of the concept
and the proposed "self-healing" cement for-
mulation, a technique was developed using
specially manufactured test-bench equipment [10].
The stand was mounted on the testing site
of NIPIUSPTU LLC, which provided an opportunity
to observe the behavior of the hydraulic system,
toinvestigate the filtration properties of the modified
cement stone, as well as to study the effect
of the modifying additives on the technological
properties of the cement slurry and the cement
stone over time, observing them in conditions
close to the ones of a well (fig. 2).

The method of conducting the bench
experiment was as follows: the working agent
(water) was pumped through a flexible hose into
a working cylinder containing a stone made of "self-
healing" cement. The agent was released from
a hermetically sealed pressure vessel under a set
pressure from the compressor, while the volume
of the liquid entered and filtered through the stone
was fixed [10].

In order to physically simulate the process
of cracking in cement stone, the operating cylinder
with the cement stone inside was subjected
to mechanical stress, loading up to the formation
of a system of cracks using a pneumatic hammer.
After creating artificial cracks in the cement
stone, the operating cylinder was piped
with the circulation system. The circulation system
was started by turning on the compressor with
a gradual increase in the water injection pressure
up to 4 atm, according to the calculations and taking
into account the design features of the operating
cylinder, this figure corresponds to the pressure
of the water break through the cement stone.

The study of the throughput of the cement
stone modified with the additives was carried out
by passing different types of associated water

produced from the deposits of the Republic
of Bashkortostan. Thus, three types of water
were used: fresh water, bicarbonate-type water
and chlorocalcium-type water.

The bicarbonate-type water had a degree
of mineralization up to 1g/l, was produced
from a well with a depth of 2173 m and located
on Uzybashevskaya site, which uncovered Namur-
Serpukhov deposits. The chlorocalcium-type water
had a degree of mineralization up to 262.33 gl/l,
was produced from a well with a depth of 1420 m
and located at the Shelkanovskoye field, which
uncovered the Tournaisian deposits.

In order to test the "self-healing" cement
on a real site, a small-scale field experiment
was modeled and conducted shortly afterwards,
what made it possible to thoroughly investigate
the functional activity of an unconventional cement
system and observe its behavior in real reservoir
conditions.

Results

Onwards, a comparative analysis
of the water-carrying capacity of three cement
stone samples was carried out, the first of which,
being modified with the "self-healing" additives,
filtered bicarbonate-type water; the second, being
modified with the "self-healing" additives, filtered
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Figure 3. Study of reservoir water filtration
through the cement stone samples
at a temperature of 60°C and the minimum
degree of mineralization
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Figure 4. Study of reservoir water filtration
through the cement stone samples
at a temperature of 20°C and the maximum
degree of mineralization
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chlorocalcium-type water; the third one from non-
additive neat cement filtered fresh water.

When filtering reservoir water at a tem-
perature of 60°C, the most rapid dissolution
of the preventive sheath and the maximum
activation of the water-swelling core occurred.
The filtration mode was established in 6 hours,
and after another 9hours there was a complete
cessation of liquid filtration (fig. 3).

When filtering reservoir water at a temperature
of 20°C through a sample of the "self-healing"
cement, the dissolution of the preventive sheath
occurred at a minimum rate. It took 10 hours
to establish the liquid filtration mode. Complete
termination of filtration occurred after another
12 hours (fig. 4). In the third sample, made of non-
additive neat cement, no change in the nature
of filtration going under the steady filtration mode
observed.

In the cement stone modified with the ad-
ditives, 75% of the passing through water was
bound within 8 hours of the steady filtration
(12 hours at 1t mineralization and | temperature),
while 25% of the water has been passed through
the stone for the next 7 hours (10 hours at 1
mineralization and | temperature) until the water
passing complete cessation. The total time
from the start of the stone hydration to the comp-
lete stop of the water filtration was equal to 15 hours
(22 hours at 1t mineralization and | temperature).
In the stone made of non-additive neat cement,
the cracks fusion did not occur even after several
days, while after the specified time, 92.5% of water
turned out to be in free circulation, and only 7.5%
of the water was bound by previously non-hydrated
cement.

The studies of the solution temperature
and the mineralization degree effect on the ac-
tivator mechanisms of the modifying additive
revealed, that the fastest possible water absorption
with an increase in the granules by 550%
from the initial volume within 1 hour is observed
in hot (from 60°C) fresh water. In hot (from 60°C)
mineralized water the maximum water absorption
with an increase in the granule by 490%
of the original volume is also observed within
1 hour.

At the same time, an attempt to estimate
the size of the pore channel was made, thus
the filtration of the reservoir water with a constant
flow through a conditional capillary and pores
of the intergranular porosity of the cement matrix
were taken into account.

The permeability of the cement stone
during the liquid filtration through the capillary
is estimated from the ratio of the Darcy
and Poiseuille equations:

Q

_ kxFxAp
uxL

1

_ RZxFxAp
Q= 8uxL &)
from
RZ
=— 3
k o (3)

Where k is the permeability of the rock, m?;
F — filtration area, m?;

Ap — pressure drop, Pa;

U - viscosity, Pa-s;

L —length, m;

R — radius of the capillary, m.

After converting the permeability coefficient
and the capillary radius to one dimension,
an empirical equation for estimating the per-
meability coefficient when filtering a liquid through
a capillary is obtained:

k=0,125x R? (4)

®)

Before substituting the known values of all
parameters into the Darcy equation and expres-
sing the capillary radius from it, it is necessary
to convert them into the [SI] system.

F=m X R?,

Ap
T° 2 MPa/m = 2x10° Pa/m;

=1.55x10° m?/s = 1.8x10° Pa-s;

IJ reservw
Q = 150 ml/min = 2500%10° m?/s;

_ 0,125RZxmR2ZxAp

Q ) (6)

uxL

0,125RZxmR%x400

2500-10°= i
1,8:107°x0,2

) @)

R*=5.7326x10"5;
R =0.000275 m = 0.275 mm;
D =0.55 mm.

Having calculated the maximum diameter
of the capillary (or the total size of the capillaries)
involved in the filtration, it follows that the pore
channel belongs to the supercapillary sizes, so
that the fluid is free to move as there is no influence
of capillary forces.

The volume of the water supply channel
having the shape of a regular cylinder can
be calculated using the following formula
by substituting the known values:

V=Fxh=m X R? X h, (8)

V =47.5 mmé3.
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Thereby, the modifying additive in the pro-
cess of its hydration is able to block conducting
channels with a cross-sectional area of up
to 0.237 mm? and a diameter of up to 0.55 mm
al this under the conditions of a high degree solu-
tion mineralization and a moderate temperature
of the liquid. Thus, it can be argued that the ela-
borated modifying additive with a size in the range
of clinker grain particle size has the necessary
potential to block channels of 500 microns
in conditions of moderate temperatures and a high
degree of reservoir water mineralization.

At the beginning of 2021, a water-supply
well was drilled to a depth of 300 m on a land
plot allocated for a test site with a location
in KhMAO-Yugra to exploit the waters of the At-
lymsky aquifer complex. The design of the well
and the procedure during its construction inclu-
ded drilling for a surface casing string, drilling
for a flow string and the aquifer exposing, which
were carried out according to the Certificate of Act
No. 1 "Completed works on drilling a water-supply
well" [11]. The surface casing string and the flow
string were cemented in one-step using direct
cementing technology with the rise of cement
slurry with a density of 1.83 g/cm? based on CEM-I
(State Standard 1581-96 for PCT1-50 cement)
up to the wellhead. According to the technical
specification, the exposed interval of the water-
bearing horizon was cemented with the "self-
healing" cement [8] overlapping the roof
of the aquifer by 6 m.

After WOC of the screen pipe, the well was
deepened with the help of a chute by a churn-
line method for the construction of a settling pit.
To create a filtering part, an AP-6M hydroperforator
equipped with hydromonitor nozzles was lowered
on a stand of pipes into the production hole located
opposite the aquifer. Perforation of the well walls
was carried out by pumping a pressurized abrasive
liquid with a pumping unit through a stand of pipes
and hydromonitor nozzles of a hydroperforator.
The well was tested after the completion
of the perforation work. A running airlift was in-
stalled to trigger the influx of reservoir water
and to flush filters from washed out and settled
sludge. Drilling rods were used as water lifting
pipes. Clean water was continuously poured
into the well simultaneously with air being supplied
to the airlift. After the water level in the well had
been raised, the running airlift was removed,
the water in the well was pumped out. Further,
the opened aquifer hole was covered by a packer
for 7 days.

The geophysical studies were carried
out immediately after the cleaning and flushing
of the exploratory borehole and cavernometry.
The purpose of the geophysical research was
a detailed dissection of the geological section,
and the choice of the installation interval

for the better screen operating part. This included
a set of standard logging methods and radio-
active logging.

To conduct geophysical research, a geo-
physical laboratory with an electric winch LG-500
with a logging single-core or three-core cable
KGL 1-3 was used. To identify water interlayers,
a standard electrical circuit was performed
by the resistivity log method.

According to the technical assignment,
the opened section of the aquifer +50 m were
investigated using a small-sized deep flow
meter (MGR-2) in order to detect the behind-
the-casing flows, leakages and places of casing
string violation, as well as cross-feeds. Thus,
thermometry of the well was performed in a ca-
sed non-perforated well, then on the 1st day,
on the 3rd day and on the 7th day after
the perforation work (fig. 5).

Figure 5. Thermogram of the water intake well

During the thermometric studies in the cased
hole, a regular temperature increase of up
to 15°C was observed at the bottom hole
mark. After the perforation, a deviation
of the thermogram was recorded on the 1st day
in the zone of the opened aquifer, which reflected
the thermal disturbance caused by the influx
of water from the horizon. Carrying out a thermal
logging on the 3rd day and obtaining a tortuous
curve reflected the presence and intensity
of water circulation in the bore hole annulus, which
apparently found a breach appeared in the wall
as a result of the settling pit construction.
On the 7th day, thermometry demonstrated
a significant decrease in intensity, and then
a flattening of the values of thermal fluctuations,
which was due to the absence of water influx
at a fixed measurement distance from the initial
thermogram taken as zero. These features
of the thermographic analysis curves behavior
are associated with the use of "self-healing"
cement used as a plugging material for the interval
of the aquifer bed overlapping.
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Discussion

The full-scale experiment with the use
of the bench equipment, as well as the modeled
field experiment demonstrated the actual
elimination of water cross-flows and indicated
the cement stone integrity restoration during
the studied time.

Eco-orientation of the applied technology
is in the use of environmentally friendly
materials, as well as in ensuring a technological
process that excludes any negative impact
on the environment. Thus, the elimination of heavy
repair equipment from the repair process prevents
the release of pollutants into the atmosphere
- combustion products during the combustion
of fuel and lubricants. The absence of a working
crew, the exclusion of equipment transportation
and materials do not allow the risk of spontaneous
harmful effects on the local area with characteristic
plant and animal species. It also includes
the prevention of noise and vibration pollution
during downhole operations that carry the risk
of negative effects on biota.

The environmental safety of the used
materials, and in particular the additive, which
is a synthetic flocculant obtained as a result
of the synthesis of nitrile acrylic acid saponified
in the presence of sulfuric acid, is mainly
confirmed by its time-regulated chemical inertia
due to confinement in a preventive inactive sheath
that excludes the corrosive activity of the additive.

The experimental work was carried out
to identify destructive reactions of the polymers,
factors leading to undesirable changes
in the structure of the polymers during their
operation in downhole conditions were considered.
Thus, the effects of elevated temperatures,
pressure, mechanical load, humidity, salinity,
as well as possible ionic reactions were studied.

Regarding temperature limitations, the gra-
dual destruction of the polymer core granules
occurs at temperatures of more than 100°C,
as well as with direct and prolonged exposure
to sunlight, which is not provided by the conditions
of its operation.

Discussing the topic of all-round compres-
sion acting on the additive, so it can be assumed
that the pressure will be minimal, since during
the hardening of the cement stone, the hydrostatic
pressure on the formation will decrease due
to the suspension of the solution and contraction
of the volume of actively hydrating cement material.

Experiments to determine the kinetics
of the polymer swelling included preliminary
immersion of the additive in a mineralized
medium using a paddle mechanical agitator
operating at maximum speeds. This demonstrated
the additive coated with a multilayer shell has
a high mechanical strength, which is sufficient
to withstand the mechanical load that occurs

during mixing and pumping cement slurry
into the well.
The deterioration of the absorbent

properties of the additive is facilitated by high
water mineralization, which makes it impossible
toachieve the maximum possible size ofthe granule,
but this does not affect the service life of the ma-
terial. Speaking of syneresis, the drying and water
loss of the selected water-swellable polymer
is possible under the condition of an increase
in temperature, an increase in the electrolyte
concentration in the system, the introduction
of desolvating agents into the system,
and an increase in the mobility of the elements
of the coagulation structure. Due to the fact,
that the cement stone works in a closed system,
while maintaining the conditions of hygrometric
equilibrium, the phenomenon of syneresis
with the subsequent resumption of water flow
is excluded.

Further, it is necessary to mention
the presence of salt ions present in natural waters.
Thus, CI- is a corrosion activator anion of concern
in this case. However, the selected flocculant does
not enter into a corrosive reaction when in contact
with calcium chloride water, moreover, it perfectly
absorbs organic impurities, in particular humic
substances, while the polymer does not affect
the pH of the water.

Based on the field test of the presented
technology of "self-healing" cement, an attempt
was made to conduct an elementary comparative
analysis of the economic efficiency of the most
popular technologies for restricting water influx
to the well [11]. For comparison, water-proofing
activity and the cost of repair and insulation works
were analyzed, data on the most successful
technologies were used [1]. The main idea of cost
reduction was to thin the number of interventions,
the number of which, under the combination
of fortunate circumstances, reaches at least
five during the depreciation period of an oil well.
It should be noted that during the operation
of the water supply well, which participated
in the model field experiment, there was no need
to carry out water shut-off works due to the non-
detection of behind-the-casing flows.

Speaking about the economic costs,
in order to minimize the expenses for the "self-
healing" cement manufacturing and the usage
it is proposed to take a rational approach by using
the “self-healing” cement only for bandaging
intervals overlapping the contact area of oil-bearing
and water-bearing formations [12]. In addition,
the use of the "self-healing" cements will increase
profits by eliminating well downtime during
workovers and insure additional oil production
by limiting water cut due to behind-the-casing
flows elimination. All these will eventually reduce
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the cost of oil produced and achieve a significant
economic effect [13].

Conclusion

The results of physical experiments
and auxiliary methods show the viability
of the approach in achieving the goal of restoring
the integrity of the well support using the "self-
healing cement".

In the present research, the intrinsic
autogenous healing of cement matrix is realised
by embedding superabsorbent polymer at bat-
ching, thus appearing one of the most pro-
mising sustainable material in cracks repair
mechanisms [14].

The elaborated plugging material for im-
proving the quality of well casing based on Por-
tland cement and modifying additives introduced
into its composition is promising as "self-healing”
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OOMONHUTENBHO

UcTouHuk ¢uHaHCupoBaHus. ABTOp

technology aimed at selective cementing
of the most dangerous well support sections,
which may overlap the contact intervals
of oil-bearing formation and aquifer. Providing
local placement of the "self-healing" cement
in the areas of probable existence of through-open
cracks, leading to behind-the-casing circulation,
the cement sheath is being strengthened
with a special plugging material, which is ready
to begin autonomous restoration of the well sup-
port integrity when free water appears.

Thus, it can be argued that "self-healing"
cement is not only restoration but also prophy-
lactic technology aimed at well cement support
self-maintenance, what was confirmed by
the results of the research, including the test bench
experiment and modeled field test, which proved
the ability of the devised technique to prevent loss
of the cement sheath [15].

3asBnseT 06 OTCYTCTBUM BHELLHEro
(PUHaHCUpOBaHUA  MpW  MpPOBEAEeHUM  u1ccre-
[0BaHus.

KoHdnukT nHTEepecoB. ABTOp Aeknapupyet
OTCYTCTBUE SIBHBIX M MOTEHLMANbHbBIX KOH(IMKTOB
WHTEpPEeCOB, CBSI3@aHHbIX  C nybnukaumen
HacTosiLLe cTaTby.
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Opu rmHanbHoe uccriegoBaHue

ABTOMaTM4YECKMI NOAGOP 30H ANA OypeHUs HarHeTaTernbHbIX
CKBaXWH-KaHAMAATOB

A.A. BekeH, A.E. U6paeg, X.T. XKetpyos, A.C. Enemecos, A.T. )kongbi6aeBa
KMI™ UHxuHupuHe, 2. AcmaHa, KazaxcmaH

AHHOTALUA

O6ocHoBaHue. BospacTawllas CroxHOCTb B MOUCKe Touek Ans GypeHusi HarHeTaTernbHbIX
CKBaXXMH Ha No3faHuUx atanax pa3pabotkm mectopoxaeHnii AO HK «KasMyHaiila3», obycnoBneHHas
YMNOTHEHNEM CETKM AENCTBYIOLMX CKBaXMH M HEPABHOMEPHOCTLIO BbIPAbOTKM 3anacoB, sIBMsIETCA
Ha CerogHsilHUA OeHb akTyanbHoW npobnemoi. Paspabotku B obnacTu reonpoCTpaHCTBEHHOrO
aHanu3a W WCKYCCTBEHHOrO WHTeNneKra MoCryXunM CTUMYIIOM K MOWUCKY HOBbIX MOAXOAOB
ONS pelleHnst aTon 3agaun.

Uenb. VccnegoBaHne — HampaBneHo Ha — pa3paboTky  MHHOBAUMOHHOMO  noaxopa
K aBTOMaTU4eCcKoMy OnpeferieHnto Hanbonee nepcrneKkTUBHBIX 30H Anst BypeHus HarHeTaTemnbHbIX
CKBa>XMH, OCHOBAHHOIO Ha KOMMJIEKCHOM aHannse Oonblnx obbemoB AaHHbIX C nNpuMeHeHunem
NPOABUHYTLIX anropuTMOB.

MaTtepnanbl u Metopabl. B pabote wucnonb3yiotca MeTtogbl cbopa u  aHanusa
NPOV3BOACTBEHHbLIX W EOMOrMYECKUX AaHHbIX, MNPUMEHSIOTCS MNPOCTPaHCTBEHHbLIE anropUTMbl
Onst MynsTUaKTOPHOro aHanm3a U MeToAbl HOpManu3aunn AaHHbIX, BKIHYas CKOPPEKTUPOBAHHbIN
MEXKBaPTUIbHBIN AManasoH Ans onpeaerneHnst BbIopocos.

Pesynbratbl. OnucbiBalTCA  pesynbrathl, AEMOHCTPUPYOLLME  paHXuWpoBaHUe s4veek
no noTeHumany anst 6ypeHns Ha OCHOBE KOMMIEKCHOIO aHanun3a, a Takke NpUCBOEHME YHUKamNbHbIX
KOZAOB KaXKOon sA4vernke Ans yryylweHns TOYHOCTU NMPUHATUS peLleHuni.

3aknrouveHue. 3aknynTenbHas YacTb noaBoaAuUT UTOrK, nNogvYepkmBasd BaXXHOCTb UHTErpauum
pasnuuHbIX MeTodoB U noaxonoB. OTMevalTCsi HanpaeneHust ANnst AanbHEWLIUX UcCcregoBaHui,
BKIIOYAA aHanmM3 HETOYHOCTEN [aHHbIX, Y4eT [OMOSIHUTENbHbIX MapaMeTpoB, BbISIBNEHUE
3PPeKTUBHbIX NPOMMacTkoB, NPUMEHEHWe METOAOB MalUMHHOMO OOy4eHuMs U paclumpeHue
TECTUPOBaHMSA Nnoaxoda Ha ApYrmx MECTOPOXOEHUSX.

Knroueesie crioga: HaeHemamesibHble CK8aXKUHbI, Mo0bop CcKeaxuH-kaHOUdamos, cemka
paspabomku, syeliku, nepsbili paduyc CK8axuH, 2uOpoOUHaMuUYecKue uccrie0o8aHUs CKBaXUH.
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Automatic selection of sites for drilling candidate injection wells

Aidana A. Beken, Aktan Ye. Ibrayev, Zhassulan T. Zhetruov, Azamat S. Yelemessov,

Assel T. Zholdybayeva
KMG Engineering, Astana, Kazakhstan

ABSTRACT

Background: The increasing difficulty in finding sites for drilling injection wells at the later
stages of field development by NC “KazMunayGas” JSC, due to infill drilling of the grid of existing
wells and uneven reserve production, is a pressing problem today. Developments in geospatial
analysis and artificial intelligence have stimulated the search for new approaches to solve
this problem.

Aim: The research is aimed at developing an innovative approach to automatically identifying
the most promising sites for drilling injection wells, based on comprehensive analysis of large
volumes of data using advanced algorithms.

Materials and methods: The work uses methods for collecting and analyzing production
and geological data, uses spatial algorithms for multivariate analysis and data normalization
methods, including the adjusted interquartile range to determine outliers.

Results: Results are described showing the ranking of cells by driling potential based
on comprehensive analysis, as well as the assignment of unique codes to each cell to improve
decision-making accuracy.

Conclusion: Directions for further research are noted, including analysis of data inaccuracies,
consideration of additional parameters, identification of effective interlayers, application of machine
learning methods, and expansion of testing of the approach in other fields.

Keywords: injection wells; selection of candidate wells; well spacing; cells; first radius of wells;
hydrodynamic studies of wells.
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TynHycka 3epTTey

Anpay yHfbiManap-KaHauaaTTapblH OypfbliiayFa apHanfaH auMakrapabl
aBTOMaTThbl TypAe TaHaay

A.A. BekeH, A.E. U6paeg, X.T. XKetpyos, A.C. Enemecos, A.T. )kongbi6aeBa
KMI™ UHxuHupuHe, AcmaHa Kanacsl, KasakcmaH

AHHOTALMUA

Herizpney. «KasMyHaila3» ¥K AK keH opblHAapblH urepydiH COHfbl Ke3deHaepiHae awgay
YHFbIManapbiH Oypfbinay YLiH HyKTenepai isgeyneri KypAeninikTii apTybl, XyMbIC icTen TypfaH
YHFbIManap TOpbIHbIH Thifbl3AanyblHa >oHe kopnapablH Gipkenki eHAipinmeyiHe 6annaHbICTbI
OyriHri TaHaa e3ekTi macene Gonbin Tabbinagbl. [EOKEHICTIKTIK Tangay XoHe XacaHAbl UHTENNEeKT
canacblHaarbl a3ipriemenep Oyn MaceneHi WeLyain )aHa Tacingepid isgeyre TypTki 6onabl.

Makcatbl. 3epTTey 03blk anropuTMaepai KongaHa oTbIpbif, YNKeH kenemperi gepekrtepgi
KelleHAi Tanpayra HerisgenreH anpgay yHfbiManapbiH OypfbinayFa apHanfFaH eH nepcnekTvBanbl
alimakTapabl aBTOMaTTbl TYpAe aHblKTayablH MHHOBaUMAMbIK TACIMiH xacayFa 6arbiTTanfaH.

Martepuangap meH aaictep. XKymbicTa eHAIPICTIK XoHe reonornsnblKk AepeKkTepai >XuHay
XoHe Tangay agictepi kongaHbinagbl, MynbTUaKTopnblK Tangay YLWiH KeHIiCTIKTIK anroputmaep
XoHe LWblfapynapabl aHblkTay YLWiH Ty3eTinreH KBapTuibapanblk Avanas3oHdbl Koca anfaHaa,
JepekTepi Kanbinka KenTipy aaictepi KongaHbinags.

HaTtumxenepi. KeweHai tangay Herizinge Oyprbinay noteHumansl GoMbIHIIA YALWIBbIKTAPAbIH
PEVTUHIIH KOPCETETIH HATWXKENEp, COHAaN-ak WeLliM Kabbingay AangiriH XKakcapTy YLiH ap ysaLwbikka
Oiperen KogTap TaFranmblH4ay cunaTTanfaH.

KopbITbiHAbI. KopbIThiHAbI 6eniM apTypni agicTep MeH Tacinaepai 6ipikTipyaiH MaHbI3AbIMNbIFbIH
artan eTin, KopbITbiHAbINAWAbl. [epekTepaiH Aonci3niktepiH Tangayabl, KocbiMwa napamMeTpnepai,
TMiMZi nponnacTTapabl aHblKTaydbl, MallMHanblK OKbITY 8A4iCTepiH KongaHvyabl eHe 6acka
KeH opblHAapbliHOA Tocingi TecTineyai keHenTyai koca anfaHga, odaH api 3epTTeynepre apHanfaH
OarblTTap benrineHeqi.

Hezizzi ces3dep: aliday yHfFbiManapbl, YHFbiMa-kaHOUOammapObl ipikmey, u2epy mopbl,
yAwbIKmMap, yHrbiManapOobiH 6ipiHwi paduychl, yHFbiManapobl 2u0poOuUHaMUKarblK 3epmmey.

[anekces KenTipy YLiH:

BekeH A.A., WbpaeB A.E., Xetpyos X.T., Enemeco A.C., XongbibaeBa A.T. Aigay yHfFbimanap-
KaHgouaaTTapblH OypfFbinayra apHanfaH aviMakTapabl aBToMaTtTel Typae Tanaay // KazakcmaHHbIH MyHal-2a3
canacbliHblH xabapwbicbkl. 2024. 6 Tom, Ne1, 74-86 6. DOI: https://doi.org/10.54859/kjogi108677.
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Tom 6, Ne 1 (2024)

BecTHuk HedTerazosom oTpacnu KasaxcraHa

BBeneHune

B pamkax QaHHOW cTaTbW akLeHTUMpYeTcs
BHUMaHWE Ha aKTyarnbHOCTW YCOBEpLUEHCTBOBA-
HUS npouecca nogbdopa HarHeTaTemNbHbIX CKBaXWUH
ana mectopoxgeHnn AO HK «KasMyHanlas».
Ocobbliit NHTEpecC Bbl3blBaeT cuTyauus,
Korga MecTopoXaeHue pocturaet Gonee nosg-
HUX cTagui pa3paboTkM. B 3TOM KOHTEkcTe
OCyLUeCTBMEHME TOYHOrO U 3PAEKTUBHOIO
nogbopa npuobpeTaeT NOBbILEHHOE 3HaYeHue.
HepoctaToyHO  ONTMMUW3MPOBaHHbLIE — CTpaTernu
MOTyT HEeraTMBHO MOBMMATL HA [AONTOCPOYHYHO
CTabunbHOCTE M MPOAYKTUBHOCTb  A0OBIYHbLIX

onepauun.
B nocnegHue rogbl Hayka reonpoct-
pPaHCTBEHHOTO  aHanmM3a W WUCKYCCTBEHHbIN

WHTEMNEKT OOCTUMMWN  3HAYMTENbHbIX YCMNEXOB.
OTO OTKpLINO NyTb K MeTodaMm asToMatu3auuu
anroputMOB MPUHATUSA PELUEHWI, KOTOpble MO-
ryT KapguvHanbHO W3MEHUTb MNpoLecc onpe-
AeneHus nepcnekTMBHbIX MecT ana  Oype-
HMs HarHeTaTesnbHbIX CKBaXMH. HoBble
noaxodbl C MCMOMb30BaHUEM OOrnbLUIMX 00b-
€MOB  [OaHHbIX W CINOXHbIX  anropMTMOB
NPefocTaBnsOT  YHUKamNbHYH  BO3MOXHOCTb
ans  onTUMM3auMu  pasMeLLeHUst  CKBaXWH
N packpbliTUS HEWUCNonb30BaHHOIO MoTeHuMana
KONNEKTOPOB. YYEHbIe-Teofniorm Uu  UHXEHepbl-
pa3paboTuMkn aKTUMBHO M3y4alT MpUMeHeHue
anropuMTMOB  reOMPOCTPAHCTBEHHOrO  aHanusa
W MalWHHOrO O0Oy4YeHuss AN MNOBbILEHUS
CKOpPOCTU M 3PPEKTUBHOCTU MPUHATUSA peLLEeHUi
O pa3meLLEeHNN CKBaXUH.

WccnepoBaHns  nokasanu  YCMELUHOCTb
NPUMEHEHNS  reonpOCTPaHCTBEHHbIX  METOAOB
B OfnpedeneHnn 30H C BbICOKMMMU 3HAYEHUAMMU
(PUNLTPALMOHHO-EMKOCTHBIX CBOWCTB U GnM3KMx
K CyWeCTBYIOLWMM CKBaXWHaM, 4YTO MOMoraet
B NepBoHa4asnibHOM 0T6ope NoTeHUUanbHbIX Mect
ans 6ypexus [1, 2].

AnroputMbl MawuHHOTO 06yyeHus npoge-
MOHCTPMpOBanM CBOK  CMNOCOBGHOCTb  MPOrHO-
3upoBaTb NOBEAEHWE  KOMMeKTopa, OnTUMWU-
3MpoBaTb BapuaHTbl 3akadkm W aganTupo-
BaTbCA K MW3MEHSIOWMMCS YCIOBUAM  nrac-
Ta. WccnepoBatenu uMcnonb3oBanu  Mogenu
oby4yeHus C y4yuTenem, Takue KakK OrMopHble
BEKTOPbl W HEWPOHHbIE CETWU, ANSA BbISIBMEHWS
3aKOHOMEPHOCTE B WUCTOPUYECKUX  OaHHbIX
3aKayku 1 NPOrHO3MPOBaHUS NPOU3BOAUTENBHOCTU
HarHeTaTenbHbIX CKBaXWH B PasfinyHbIX CLEHa-
pusix nnacTa [3, 4].

B nwutepatype [5, 6] noayepkuBaetcs
Ba)XHOCTb YCBOEHWS f@aHHbIX B PEXMME pearnbHoro
BpeMeHn  gns  aeToMartuM3auum  mpouecca
pasmelleHnss CckBaxuH. HenpepbiBHbIA  MOHU-
TOPUHr W WHTErpauus QAaHHblX B  rugpoau-
HaMuMyeckMe MOAEenu KomrnekTopa Mo3BOMsAT
CBOEBPEMEHHO BHOCWUTb KOPPEKTMBbI WU oOnepa-
TMBHO pearvpoBaTb Ha WU3MEHEHWUs B NOBeAEHWUU

nrnacTa, 4YTo NoBblWaeT 3PPEKTUBHOCTb CUCTEM
3aBOOHEHMUS.

TeM He MeHee, HECMOTPS Ha 3HAYUTENbHbIN
nporpecc, ocTatTcsi BONpockl, Tpebytowwme gonon-
HUTENbHOrO M3yyeHusi. OBHapyXeHWe HETOYHbIX
1 3aLUyMIEHHbIX AaHHbIX, MHTErpaums MHOXecTBa
KpuTepveB W LUenel, a Tawkke paspaboTtka
HafeXHbIX W WHTEPNpETUPYEMbIX  Mopgenew
MalUMHHOrO 0BYyYeHWst OCTalTCA aKTyalbHbIMU
obnactamu nccnegoBaHun.

Mpobnembl, onucaHHble Bble, a WUMEHHO
HETOYHOCTb, Marioe KOfiM4YecTBO M 3aLLyMIEHHOCTb
OaHHbIX, He NO3BOMSAIOT PACCUNTLIBATL HAAEXHbIE
NPOrHO3Hble Nokas3aTenu C NOMOLLLI KOMMIeKC-
HbIX MoZeren, No3ToMy OblNo NPUHATO peLueHue
BOCMONb30BaTbCH  METOAOM  PaHXUPOBAHMSL.
KputeprneMm paHxvpoBaHuUs KaHAMOATOB ABMSETCA
npoussefeHne  GespasMepHbIX  MapamMeTpoB,
XapaKkTepu3yloLnx TeKyllee COCTOsiHMe pas-
paboTks nnactoB B MpeanonaraeMom panoHe
3anoXeHUs HarHeTaTenbHON CKBaXXWHBbI.

STanbl uccnepoBaHuA

MpoBeneHHOe wWcCneaoBaHWe MOXHO pas-
OennTb Ha TPM OCHOBHbIX 3Tana:

1. C6op pmaHHbIX. [lepBoHavanbHbIV
aTan Bkno4vaer B cebs cbop u cunsTpayuto
HeobxoAMMbIX AaHHbIX. KavecTBo u nomHoTa
BXOAHbIX  [aHHbIX  SABMASIOTCA  YpesBblYaliHO
BaXHbIMW ONs1 0becneyeHnss TOYHOCTU U HaOExX-
HOCTW NocneayLnx aHanm3os.

2. Pa3buBKa MeCTOPOXAEHUS Ha AYENKHU.
Btopow atan 3akniovaercs B pasgeneHvum Bcen
NroLwaan MeCcTopoXaeHNs Ha y4acTkn 3agaHHOro
pasmepa. Ha paHHOM 23Tane onpegenserca
ONnTUManbHOE pa3MeLleHNe MPOEKTHbIX TOYeK
C Y4ETOM TekyLlero poHaa CKBaXuH.

3. OueHka sveWku. TpeTuin atan npen-
nonaraet getanbHyto OLEHKY iYeekK, BblAeMNeHHbIX
Ha npeAblayLieM atane, U CpaBHUTENbHbIA aHanu3
NMPOEKTHbIX TOYEK Ha OCHOBE pPaCCYUTAHHOIO
KOMMNIIEKCHOTO MapamMeTpa, XapakTepuayioLero
NPUOPUTETHOCTb BypeHus.

C6o0p paHHbIX

B pamkax gaHHomn ctatbu paccmaTpusanocb
mMecTtopoxaeHne X, KoTtopoe 6Oblno BBeAEHO
B MPOMbILLUNEHHYI pa3paboTky B 1965 r.

B KOHTekcTe 1OpCKO-MeNoBOro paspesa
Ha MeCTOPOXAeHUW BblAeneHo 25 ropu3OHTOB,

XapakTepusyLwWwmuxcs NPeMMyLLecTBEHHO nec-
YaHo-anesponMTOBbIMK  Mopodamu.  Penbed
MECTHOCTM  CMOKOWHbIN, PaBHWHHbIA.  Mccne-

[OBaHMA MOKasblBalT, YTO [OaBreHue Hachbllle-
HUA Ha MECTOPOXOEHUW BapbupyeTcs B Aua-
nasoHe ot 4 go 11,2 Mla, a rasocogepxaHue
konebnetca mexay 32,05 n 84,36 m*1. O6beMm-
HbI KO3buumeHT gonu mameHsetcs ot 1,078
0o 1,264. MNMnactoBas HehTb MECTOPOXAEHUS 06-
nagaetr pasHoobpa3HbIMU  XapaKTepUCTUKaMW:
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NAOTHOCTb BapbupyeTcs oT 0,7601
0o 0,8352 r/cm?, a BA3KOCTb HaxoguTcs B npeae-
nax 2,41-15,47 MMMa-c.

Bbinn cobpaHbl Takve nokasatenu MecTo-
pOXOEHUS], Kak CyToYHasi 4oOblYa HedTU, CyTOYHAs
3aKayka BOAbl M 3aKMOYEHMs rMapoAvHaMUYec-
KMX unccnegoBaHui ckBaxuH (ganee — [ONC)
3a 3 Mec., NpewecTByLUMX [aTe aHanusa.
Mcnonb3oBaB cobpaHHble AaHHble, ObinuM npo-
n3BedeHbl BbIYMCMEHUS MO cpegHemy Oebuty
HedTU 1 XNOKOCTU, 3aKayky BOAbl, U onpeaeneHsbi
ycnoBus paboTbl CKBaXXMHbI C HU3KUM 3a00MHbIM
[aBrNeHNEM.

Ona noaTBepXaeHuss paboTbl  CKBaXMHbI
C HM3KMM 3a0ONHbIM AaBfEeHMEM WUCMOMNb3yeTcs
OuHapHbIM  nokasatenb. Ecnv  oTHOWeHMWe
KonuyectBa 3akntoveHnn TOUC ¢ HU3KMMKM
OUHaMUYECKUMK YPOBHAMMU K 0BLLEEMY KONMYECTBY
uccrnegoBaHvi NpeBbILLAET NOPOroBOe 3HaYeHve,
TO CKBaXXMHA cyMTaeTca paboTatowen C HU3KUM

[aBrneHveM, W en npucBavMBaeTcsi 3HayeHue
KpuTepus, paBHOE eguHuue, Kak Mnokas3aHo
Ha puc. 1. B npoTuBHOM cny4yae cKBaxuHa

XapaKkTepusyetcsi yOooBMEeTBOpUTENbHbIM 3abon-
HbIM daBneHvem UK nofy4vaeT nokasaTtesb
CO 3HayeHueM, paBHbIM Hyni. B gaHHol pabote
NMOpOroBoe 3HayeHWe [Ansg [onv  3akniyeHun
C HU3KMM OUHAMUYECKUM YPOBHEM MPUHATO
paBHbIM 75% (1-3):

rae t — KonmuyectBO OTpaboTaHHbIX AHEen
Ha TeKyLLeM ropm3oHTe 3a 3 Mec., CyT; g — Ao6blya
HedTH, T; i — 3aKadyka Bogbl, M3; oy — cpeaHun
nebut HedTn, T/CyT; iavg — cpegHee 3HayeHue
npuemmuctoct,  m*/cyT;, ¢, KONM4eCTBO
3aknodeHnn [ONUC ¢ HU3KMUMKU  3HAYEHMSIMU
3abonHbIX  daBneHun, ed.; c,, obLiee
konuyectBo nposegdeHHbix TANC, en.; lowpbh —
KpuTEepuin paboTbl CKBaXUHbI C HU3KMM 3aB0NHBLIM
OaBrneHneM.

well horizon rvg_gdis otk_gdis sum_gdis low_pbh
0 A 12 1] 93 o]

1 E 14 1] a5 o]

2 F 0 1] 94 0

3 F 0 0 92 0

4 L a2 11 93 1
3809 [ o] 28 a3 o
3810 E 0 o 95 0
3811 E 94 0 a4 1
3812 E 0 o 94 0

PucyHok 1. Pacuet kputepusi paboTbl CKBaXWH
C HU3KUM 3a60NHbIM AaBreHMeM
Figure 1. Calculation of the operating criterion
for wells with low bottomhole pressure
well — ckeaxuHa, horizon — 2opu3oHm; rvg_gdis — Ko-
nuyecmeo NC c 3akmodeHuem «PBlM», ed. / number
of gdis (well tests) with a “rvg” conclusion, units;

t X 3

Qavg = Zj=14j ( 1) otk_gdis — konuyecmeo IAUNC c 3akmouyeHuem «OTK»,

t ed. / number of gdis (well tests) with an’otk” conclusion,
. units; sum_gdis — obwee konuvyecmso INC, ed. / sum
- Yi=1lj ) gdis, units; low_pbh — kpumepuli pabombl CKea)XUHbI

we Tt C Hu3kum 3aboliHbiM OaeneHueMm / operating criterion

for a well with low bottomhole pressure.

1 if Clow 0,75 PBI" / WWGI — paboma c enusiHuem easa / working

lowpbh = Catt (3) with gas influence; OTK / PO — omkadxa / pumping out.

0, otherwise

well horizon  liquid oil injection work_time_prod work_time_in] days_prod days_in] liquid_rate oil_rate low_pbh
0 C 36947 1068 0.0 2133.1 0.0 88.9 0.0 416 12 0.0

1 A 8547 4532 0.0 1962.8 0.0 81.8 0.0 105 55 0.0

2 B 30047 2172 0.0 2061.1 0.0 85.9 0.0 36.0 25 0.0

3 E 30089 1503 0.0 23126 0.0 96.4 0.0 32 16 0.0

4 B 15157 21186 0.0 2204.3 0.0 919 0.0 16.5 23 0.0
4942 D 48335 2075 0.0 21553 0.0 89.8 0.0 53.8 23 0.0
4943 A 00 00 130875 0.0 1655.0 0.0 69.0 NaMN RE NalN
4944 5116.3 539.4 0.0 2180.1 0.0 90.8 0.0 56.3 59 0.0
4945 A 21300 98756 0.0 22732 0.0 247 0.0 225 10.4 0.0
4945 F 2840 5100 0.0 20832 0.0 85.2 0.0 10.2 59 0.0

PucyHok 2. PacuyeT npou3sBoACcTBEHHbIX Noka3aTeneun 3a 3 Mec. Ans AencTBylowWwero ooHaa CKBaXuH
Figure 2. Calculation of production indicators for 3 months for the existing well stock
liquid — 0o6bi4a xudkocmu, M oil — 0obbida Hegpmu, m; injection — 3akayka 800bl, M> work_time_prod — epemsi pa-
6ombi 006b14u, 4 / production work time, hours; work_time_inj — epemsi pabomsi HaeHemaHus, Y / injection work time,
hours; days_prod — konudecmeo dHel dobbivu, cym / number of days of production, days; days_inj — konu4ecmeo
OHell HaeHemaHus, cym / number of days of injection, days; liquate_rate — debum xudkocmu, m¥cym; oil_rate — de-

6um Hegbmu, m

TG e DOI: 10.54859/Kj0gi108B77 wwreseevssressserssssssnsssrsssssssssssssssnsssssssssssssssssssess
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Pa3buBka MecTopoXaeHUA Ha AYENKN

C uenbo yHudUKauMM noTeHUManbHbIX
30H Ana  OypeHWs HarHeTaTenbHbIX CKBaXWH
paccmaTtpuBaemMoe MeCTopoxaeHue 6bino  no-
JeneHo Ha paBHble Yy4yacTku. [na  gaHHoro
MecTopoXaeHus Obin  BblOpaH onTuMarbHbIN
pasmep fA4venku, coctasnsowmin 200200 ™
NPV NPOEKTHOW NNOTHOCTM ceTkn 20 ra/ckB..

[MpoekTHble TOYKM BHYTPUM sYeek pas-
MeLlanucb CornacHo AByM BapuaHTam. B nepsom
BapuaHTe Y4YWUTbLIBANOCb IUWb COOTBETCTBUE
TeKyLen MIOTHOCTUM CEeTKU CKBaXWH. Bo BTOpom
BapuaHTe TOYKM pa3meLLanunch ¢ y4€TOM TekyLlen
Ha3eMHOW MHPaCTPYKTYpbI.

C uenblo onpegeneHnss  oNTUManbHOro
C TOYKM 3peHUs MMAOTHOCTM CETKN CKBaXKWUH
BapuaHTa pasMeLLeHus] SYerikn paBHOMEPHO
3anonHsanuce Todkamu ¢ warom B 10 M. 3aTtem
ONA KaKOOW TOYKM Onpegenssniocb paccTosiHue
[0 OeNCTBYOLWMX CKBaXMH. [Tocne 3Toro 3HayeHus
pacCcTostHUA ~ HOPMWPOBANMUCb  OTHOCUTENbHO
3TaNlOHHOM  AWUCTaHUMM  MEXAY  CKBaXKMHaMu
1 BblOMpanacb Touka C MakCuMMarnbHbIM 3Haye-
HUEM HOPMUPOBAHHOIO PacCTOSHMSA B AYeWKe.

PasmelueHne ¢ y4étom HasemHOM wHdpa-
CTPYKTYpbl Onpegensnocb C MoMolbo 6ub-
nnotekn Geopandas M NporpaMMHOrO  A3blka
Python. OaHHble no nHdpacTpykType B hbopmarte
Shapely ©ObinM  MMMNOPTMPOBaHbI B MPOEKT
1 npeobpasoBaHbl B NonuroHsl. 1o ymonuyaHuio
aons kaxgoro obbekta  Obina  gobaeneHa
OydepHas 30Ha, paBHasa 20 M, koTopasi B byayLuem
MOXET W3MEHATbCA B 3aBMCMMOCTM OT Tuna
obbekTa. [Ins Kaxaon TOYKM Takke gobasnsietcs

OydpepHasi 30Ha B 25 M, ycrnoBHO 0603HavatoLas
pasmelleHne OypoBon ycTaHoBku. [lpoBepka
COOTBETCTBUSA TOYEK Ha3eMHOW MHAPacTPyKType
BbIMOMHAETC MYTEM  HANOXEHUS  MOMUIOHOB
BOKpPYr TOYeK n 0bbekToB. B cnyyae nepeceveHuns
MONNIOHOB TOYKAa WMCKMIOYAeTCs M3 AarnbHenLero
paccMoTpeHusi. [lockonbky B OOHOW A4enke
MOXeT OblTb MHOXECTBO TOuYeK, MOoAXOAALMX
Nno WHPaCTPyKType, B Ka4ecTBE WTOroOBOroO
pesynsTata NpUMHMMAaeETCs Todka, SABnsAloLwascs
Hanbonee 6OnM3KOM K paHee BbIIBNEHHOMN
ONTUManbHOW TOYKE, COrNacHoO ceTke pa3paboTku
B paccMaTpuBaeMou syerke.

Takum o6pas3omM, BO3MOXHbI TPW BapuaHTa
pa3meLLeHMs TOYEK B AYElKe:

*  HaWgeHa onTMMarnbHas Todka NO ceTke
pa3paboTkM, HO OTCYTCTBYET TOYKa MO HA3EMHOW
MH(PPaCTPYKTYpe;

* HageHa onTumanbHas  Todka Mo
ceTke pa3paboTkM M Toyka NO Ha3EeMHON WH-
dpacTpykType, npu 3TOM 3TV TOUKM He coBna-
Aator;

* HaWgeHa onTMMmanbHas TO4Yka Mo ceT-
Ke pas3paboTkm K Todyka MO HA3EMHOW WH-
dpacTpyKkType, Npy 3TOM 3TW TOYKM COBMaAaloT.

Ha puc. 3 npeacrtaeneHa kapta, Ha KOTO-
por noKa3aHbl MOSUMOHbI, CO3[AaHHbIE BOKPYTr
0ObEeKTOB Ha3eMHOM WHGPACTPYKTypbl, a Tak-
XKe TOYKM pasMELLEHUSs MPOEKTHbLIX CKBaXWH
B sAdverkax. KpacHbiM UBETOM BblaeneHbl
ONTUMarnbHbIe TOYKM MO CeTKe pa3paboTke, CUHUM
LBETOM — ONTUMAarbHbIE TOYKA MO HA3EMHOW

MHpACTPYKType.

PucyHok 3. Kapta HazeMHOW uHhpacTpyKTypbl 1 i4eeK ¢ NoTeHUNanbHbIMM To4YKaMu GypeHust
Figure 3. Map of surface infrastructure and cells with potential drilling sites
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PucyHok 4. OnpeneneHne CKBaXXuH NepBOro paauyca OKpyXeHus
Figure 4. Determination of wells of the first radius of the surrounding
P / FR — nepsbili paduyc okpyxeHus / first radius of the surrounding.

OueHKa fiYerKu

[Onsa oueHkn siveek HeobxoaMMO paccunTaTb
Habop napameTpoB W MPOBECTU WX HOpManu3sa-
umto. MapameTpbl s;yeek paccuMTbIBanucb Ha oc-
HOBE [aHHbIX CKBaXXWH NEPBOrO OKPYXEHUSI.

OnpepeneHve CKBaXwH nNepBoro paguyca
OKPYXXEHUSI  Onsl MPOEKTHbIX TOYEK COCTOSNO
M3 HECKOMbKMX LaroB. B obLwmi cnucok ckBaXuH
OKPYXXEHUS nonanu Bce AeWCTBYIOLME CKBaXWHbI
B paguyce 500 M BOKpyr NnpoekTHon Touku. [danee
NMpPOBOAMIOCL CPaBHEHWE NapaMeTpoB KaXOow
CKBaXXMHbI C OCTanbHbIMW CKBaXXMHaMK U3 obLLero
cnucka. PaccmatprBaemasi ckBaxuHa oTHocMnach
K NepBOMY paguycy B ABYX Cry4asix:
€CrnM  OTPEe3oK OT MPOEKTHOW TOYKU
[0 paccMaTpvBaeMOl CKBaXWHbl HE nepecekaeT
OTPE30K [0 CpaBHMBaEMOW CKBaXWHbl, TO pac-
cMaTpuBaemasi CKBaXKMHa OTHOCMNAch K NepBoMy
paanycy;

B Cry4ae nepecevyeHuss OTPEe3KOB,
€Cnn OTpe3oK OT MPOEKTHOM TOYKM [0 pac-
CMaTpvBaeMOln CKBaXWHbl MEHbLLE, YeM OTPe30K
0O CpaBHMBaeMoW CKBaXWHbl, TO paccmar-
pvBaemMasi CKBaXXMHa OTHOCWUMacb K MNepBOMY
paawnycy.

Ha pwc. 4 MOXHO OTMETUTb, 4YTO MO-
kasatenb «MP» y ckBaxuH c umHaekcamu 11124
n 9619 6Gonbwe 1, cnegoBaTtenbHo, B nNep-
Bbli pagMyC OKPYXEHWsi [aHHble CKBaXKWHbI
He BOMAOYT.

Mo p[aHHBIM CKBaXMH MNEPBOro paauyca
BbIYMCNAKTCA CPegHWe W UWHTerpanbHble napa-
METPbI A4eeK:

KOnM4ecTBO A00bIBAIOLLNX CKBAXWH;
KOMNNYECTBO HarHeTaTerbHbIX CKBaXUH;
KONMMYeCTBO NPOEKTHbIX CKBaXWH;

OONsi CKBaXKWH, paboTalowMX C HU3KUM
3ab0liHbIM JaBneHneM;

CyMMa [06bIYM CKBAXWH;

CyMMa 3aKayku CKBaXXWH;

cymma [ebuToB XUOKOCTM U HedTU

CKBaXWH;
*  cymMa aHeWn paboTbl CKBaXWH;

cpenHui 0ebut xuakoctu, HedpTu (4);

cpegHui Temn 3akadku (5);

cpenHsis 06BoaHEHHOCTb (6);

KomneHcauus (7).

My,
o = T )
avg TMwell
Swei tw
MNwe
lang = T 5)
Twell
Ywsi tw
"l Qoitw
p
Weang = | 1 — =iz * 100 6
ZW=,‘”Qliqw ( )
c _ :/M:i“ Ly (7)
avg = Shwe
Z:,:i“ Qiqw

rae n,,, — KONMYECTBO CKBaXuH MepBOro
OKpYyXeHusi, en.; t — KonuyectBo oTpaboTan-
HbIX OHEN Ha TeKyLWEeM TOpPU3OHTE CKBaXWHbI
3a 3 Mec., CyT; w — CKBaxuHa; Q — gobblya HedTK
CKBaXWHbl 3a 3 Mec., T, q — cpegHun pebur
HedTW, T/cyT; | — 3akayka Bogbl 3a 3 mec., M3
i — cpeqHsas NpueMucTocTb, M3/CyT; p — NNOTHOCTb
HedTH, T/M3 wec — cpefHss 06BOgHEHHOCTb, %;
C — KoMneHcauusi.
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sector horizon date liquid oil injection days_prod

days_inj

sum_liquid_rate sum_oil_rate count_prod_wells count_inj_wells

2022 415634 1135.43 0.00 85.82
06-0

2022-

06-01 4126 34 113543 0.00 8582

OheZ 412634 113543 1692515 8582

2022 293597 150308 1692515 17765
06-0

2022 371063 367.64 1692515 91.82
06-0

2022-

nnq 296817 141890 504500 90.54
05-0

count_inj_wells count_proj_wells count_low_pbh_wells

0.00

0.00

85.55

5555

85.55

91

fraction_well_low_pbh

48.08 13.23 0.0

4808 0o

48.08 13.23

5848 1723

40.41 4.00

0o 32.78 15.67

avg_liquid_rate avg_wc avg_oil_rate avg_injection_rate compensation

0.0 0.0 00

0.0 0.0 0.0

0.0 00
0.0 0.0

0.0 0.0

0.0

0.0

0.0

0.0

4808 67.20 NaN 0.00

48.08 67.20 NaM 0.00

4808 67.20 197.84 410

0.0 4411 7714 197.84 2.16

0.0 4041 83.19 197.84

3278 43.02 15.67 8341

PucyHok 5. MapameTpbl Aueek
Figure 5. Cell parameters
sector — cekmop; date — dama pacyema; sum_liquate_rate — cymma debuma xudkocmu, m¥cym (m3¥day); sum_oil_
rate — cymma 0ebuma Hegpmu, m (tonnes); count_prod_wells — korudecmeo 0obbigarouux ckeaxuH, ed. / number of
production wells, units; count_inj_wells — konu4yecmeo HazHemamersnbHbIX Ck8axuH, ed. / number of injection wells,
units; count_proj_wells — koruyecmeo npoekmHbIx ckeaxuH, ed. / number of project wells, units; count_low_pbh_
wells — konu4ecmeo cksaxxuH pabomarouux ¢ HU3KUM 3abolHbiM dasreHuem, ed. / number of wells operating with low
bottomhole pressure, units; fraction_well_low_pbh — coomHoweHue Konu4yecmea cKk8axkuH, pabomarowjux ¢ HU3KUM
OasrieHueM, U Koru4yecmea CKeaxuH oKpyxeHus / ratio of the number of wells operating at low pressure to the number
of surrounding wells; avg_liquid_rate — cpedHutl debum xudkocmu, m%cym / average liquid flow rate, m¥day; avg_wc

— cpedHssi 06800HeHHOCMb, % / average water cut, %, a

vg_oil_rate — cpedHull debum Hegpbmu, m/cym / average oil

flow rate, t/day; avg_injection_rate — cpedHsis npuemucmocms, M* /cym / average injectivity, m%day; compensation

— KomMmrieHcauyus

Mpn npoBegeHMM HopManusauun OaHHbIX,
BKMOYaa Takne napameTpbl, Kak cpegHui
neburt, obwasa cymma aebutoB u KoappuumneHT
00BOAHEHHOCTWN, OObIMHO  BO3HWMKAKOT  pac-
npocTpaHeHHble  npobnembl € BbiOpocamuy,
KOTOpble NPeacTaBnsaloT coboi aHoMarnbHbIe 3Ha-
YeHus, BbIxogslme 3a npedenbl OCHOBHbIX AaH-
HbIX. OTO MOXET CyLLECTBEHHO UCKa3UTb cpeaHee
apudMeTnyYecKoe 1 pasMax, YTo B CBOK ovepeab
MOXET MOBMWATb Ha aHanuM3 W pesynbraThbl.
Ona peweHns aTon npobnembl npegnaraertcs
3aMeHUTb pa3Max Ha UHTepBars, B KOTOPOM OyayT
HaxoaMTbCs OCHOBHbIE AaHHbIe, 1 3aTEM NPOBECTU
MaclwTabupoBaHNe AaHHbIX OTHOCUTENMbHO 3TOro
WHTepBana. Takol nogxod NO3BONMT uM3bexaTb
WCKaXXeHU, BbI3BaHHLIX BblOpocamu, M Gonee
TOYHO NpPeAcTaBMTb AaHHble AN nocrnenyoLlero
aHanusa u nHTepnpeTaymu.

Hanbonee pacnpocTpaHeHHbIM METoAO0M
aBTOMaTU4eCcKoro onpepenexHus BbIGpOCOB
SIBMNSIETCA MEXKBapPTUNbHbIA MeToq. Ero npuHumn
3aKto4aeTcs B TOM, YTO 3HAYEHUs, KOTOpble Ha-

xogatcss 3a npegenamu 1,5 MeXKBapTWUIbHbIX
AvnanasoHoB (ganee — IQR) ot nepeoro kBapTUns
WU TPETLEro KBapTWMsl, cuMTatoTCcs Bblopocamu.

OpHako, korga y pacnpegeneHus LaHHbIX
eCTb [AfNVHHbIE  «XBOCTbI», CIIMLIKOM  MHOrIO
MHpopMaLMM  MOXET nonactb B KaTeropwuio
«BbIOpOCOB» — 00 7% OT 06LLero Yncna gaHHbIX.
OTO MOXET MOBMMATb Ha TOYHOCTb aHanusa
" NnpvBECTU K HEBEPHbIM BblBOAAM.
CUMMETPUYHOCTb  MEXKBapTUMbLHOIO  MeToaa
SABMSIETCA ewé OgHOMN CyLLEeCTBEHHONM Npobrnemon.
[MonyyeHHbIN «O0BEpUTENbHbIN WHTepBan»
(1,5*IQR) oguHakoB Anst kak Ang  manbix,
Tak U Onsg GonbluMX 3HaYeHUA npusHaka. ITo
03HayaeT, YTO MHOTMe aHOMasriMM C «KOPOTKOW»
CTOPOHbI pacnpegeneHns MoryT ObiTb CKpbITbI
3TMM MHTEPBAasoOM.

Mo npuyvMHe TOro, YTO AaHHble He pacn-
pegeneHbl HOpmarnbHO, MCMONb30OBaHWE MeToAa
IQR pgna wux Hopmanusauum MOXeT ObiTb
HEKOPPEKTHbIM. B cBs3n ¢ 3TMM Obln NpUMEHEH
Opyron meTtoa ANS BblMUCNEHUS JOBEPUTENBHOIO

81
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WHTEepBana — CKOPPEKTUPOBaHHAas guarpamma
pasMaxa Ans aCUMMETPUYHbIX pacnpeaeneHun.
[aHHbI MeTod ucnonb3yeT MeauaHHoe OTHO-
weHune (medcouple MC), koTopoe n3mepsieT acum-
METPUI0 0OgHOMepHOro pacnpegenenus [7] (8—12):

MC = median {h(xi,xj)}.xi <Q2<x (8)
(xj - Qz) —(Q2—x)
) = (2= (@)
[min, max]
_ ([Q1— 1.5e™*MCIQR; Qs + 1.5¢3CIQR],  if MC (10)
N {[01 —1.5¢73MCIQR; Q3 + 1.5e*MCIQR],  if MC
IQR=Q3 -0y (11)
1, if x; > max
Xni = ﬁ if max < x; < max (12)
0, if x; <min

rae Q — kBapTuib; min / max — MUHUManbHoe
/ MakcuMarnbHoe JonyCTUMOe 3Ha4YeHUe BbIGOPKMY;
X, — 3HaYeHue BbIGOPKM, X — HOPMMPOBaHHOE
3HaveHue.

a)

8)

Ha puc. 6 (r) HarnagHoO BMAHO, YTO rpaHuLbl

[OBepUTENbHbLIX WMHTEpBarnioB [ABYX MeTOAOB
coenapatoT. OfHako B cryyae 3KCMoHeHuuarnb-
HbIX ~ pacnpefeneHvin  unuM  pacnpeneneHuii
C BbIPaXeHHbIMM XBOCTaMMW, Kak MoKasaHo

Ha puc. 6 (a—B), HabniogaeTcs pasnuyune mexay
MaKCUManbHbIMU U MUHUMATbHBIMU 3HAYEHUSIMU.
MeTtoa IQR pencTBeHHO cokpallaeT AfMHHbIe
«XBOCTbl». Hanpumep, no aToMy MeToay
MakcumanbHbIin 0ebut coctaenan 6l 15 T/cyr,
B TO BPEMSI KaK N0 CKOPPEKTUPOBAHHOMY METOAY
3HayeHune coctaBuno 6bl 20 T/cyT.

Onsa KOMMeHcaumm Obino peLueHo
YyCTaHOBUTb MaKCMMarbHO A0NYyCTMMOE 3HaYEHNE,
npuHsaToe Ha ypoBHe 120%, MuHMManbHoe
3HadeHne — 0%. JTo pelleHne obyCcrnoBneHO TEM,
4yTO0, ecnu Obl MCNONb30BaNUCb MakCUMaribHble
3HayeHus, Takme kak 4000 nnm 6,1 (no rpanuue),
B 9TOT WHTepBan nonano 6bl MHOro BbIGPOCOB.
Yto KacaeTcsi KOnMYecTBa  HarHetaTerbHbIX
CKBaXWH, MaKCMMarbHO [OMYCTUMOE  YUCHOo
ObINo onpegeneHo kak Havbonbluee 3HayeHue
B BblOOpKE, @ MWHMManbHOe 3HayeHue Obino
yctaHoBneHo paBHbiM 0. 3To  nossonseT
y4ecTb pasHooOpa3sne 3HadyeHun u obecnevnTb
KOPPEKTHOE onpeaeneHne nHTepeana ans AaHHowm
XapaKTepUCTUKM.

6)

2)

PucyHok 6. PacnpeperneHue ¢ rpaHMuamMmm AoBepuUTeNbHOro UHTepBana AByX MeToAoB
Figure 6. Distribution with confidence interval limits of two methods
a) cpedHuli 0ebum Hegpbmu / average oil flow rate; 6) cymma 0ebumos Hegpmu / sum of oil flow rates;
8) cpedHsisi 06800HeHHOCMb / average water cut; 2) cpedHuli debum xudkocmu / average liquid flow rate
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a)

6)

PucyHok 7. PacnpepeneHvne komneHcauum
Figure 7. Compensation distribution
a) cxo0Hoe, sKrovyaroujee sce 3HavyeHus / initial including all values; 6) ckoppekmuposaHHoOe, 02paHUYEHHOE 2paHu-
uyamu dosepumernibHO20 uHmepsana / adjusted, limited by confidence interval limits

O6BOOHEHHOCTb W KONMYECTBO  HarHe-
TaTeNbHbIX CKBAXWH ABMAKOTCA  obOpaTHbIMK
BENMVYMHAMKN: 4YeM Oonblle 3Ha4YeHUs OaHHbIX
napameTpoB, TEM XyXe OLEeHKa si4Yenku.
CnepoBatenbHo, Obina npuMeHeHa cnegyoliasi
¢opmyna (13):

Xpi =1 — Xy (13)

[Onsa Toro, 4ToObl NOCTPOUTL PEWTUHT 30H,
noaxodswWmx nopg HarHetaHue, Gbina Ucnonb3o-
BaHa pe3ynbTupylollas NnepemMeHHas, No KOTopou
paHxupoBanucb 30Hbl. [aHHaa nepemeHHas —
3TO Mpou3BeAeHne HOPMUPOBAHHBIX NPU3HAKOB:
CyMMbl 0ebuToB, KOMMEHcauuu, KonumyecTsa
HarHeTaTenbHbIX CKBaXXWH W [OONW  CKBaXWH,
paboTaroLmux ¢ HU3KMM 3ab60MHbIM AaBNEHNEM.

Kaxkgon siyenke npucBavBaeTcs crneumanb-
HbIV KOA, KOTOPbIN yKa3biBaeT Ha €€ NpUrogHoCTb
C TOYKM 3peHust pa3paboTku Nnm NHGPaCTPyKTypbI.
Bcero cyLuecTByeT 7 pa3nmyHbix KOOOB, U3 KOTOPbIX
4 cBsizaHbl C YPOBHEM CpegHel KomneHcauum

B OydepHon 30He. lMpu 3TOM NPUOPUTETHOCTL
KOOOB  yBENMUMBAETCS MO Mepe ybbiBaHuMs
3Ha4yeHus kopa:

¢ 1 —komneHcauus meHee 80%;

e 2 —komneHcauus meHee 120%;

¢ 3 - komneHcauus 6onee 120%;

e 4 —oTcyTCcTBYET A0OLIYA;

« 5 — B g4elike BO3MOXHbl BO3BpaTbl
C APYrnXx ropu30HTOB;
e 6 — B s4Yelke  NPUCYTCTBYIOT

OENCTBYIOLLNE CKBAXUHDI;

* 7 — B s4eNKe MNPUCYTCTBYIOT NPOEKTHbIE
CKBaXMHbI.

OTn kogbl OyoyT OOMOMHUTEMBHO CIYXWUTb
ONs  paHXUpPOBaHUSA OKOHYaTENbHON MNepemeH-
HowW. B Havane cnucka OyayT pacnonarartbecsi
30HbI C Kogamu oT 1 OO0 4, OTCOPTUPOBAHHbIE
Nno 3aKniyuTenbHOMY napameTpy. 3ateM ugyT
30HbI C KOAaMn 5 n 6, a B KOHUe cnucka 6yayT
30HbI C KOAOM 7.

Puc. 10 wnniocTpupyeT KkapTy CEKTOpOB,
KoTopas 6bina ynopsgoveHa Mo PEenTUHTY,

PucyHok 8. 50 Hanbonee noaxoAsLMNX CEKTOPOB NO TOUYKE CETKM pa3paboTku
Figure 8. 50 most suitable sectors by well spacing point
normal_count_inj_well — HopmuposaHHasi U ObpamHasi eenuyuHa Konu4yecmea HagHemamerlbHbIX CK8aXUH /
normalized and reciprocal values of the number of injection wells; normal_compensation — HopMupoeaHHasi KOMIeH-
cayusi / normalized compensation; rating —mozoebili nokasamesb paHxuposaHus / summary ranking indicator
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sector horizen normal_count_inj_wells code_inj normal_sum_oil_rate normal_avg_wc normal_compensation fraction_well_low_pbh rating

4762 E 1.0 1.0 0.348517 0.210898 1.0 1.000000 0.349

5001 E 10 10 0.348517 0.210898 10 1.000000 0349

7374 F 1.0 1.0 0.600674 0.720493 1.0 0.400000 0.240
19252 L 10 10 0.315385 0724863 10 0750000 0237
19492 L 10 10 0.315385 0724863 10 0750000 0237
14005 H 10 1.0 0.326159 0.744240 1.0 0.666667 0.217
13765 H 10 10 0.216249 0.776156 10 1.000000 0216
12403 < 10 1.0 0.287168 0.6456142 1.0 0.750000 0.215
16642 B 10 10 0.286520 0.319728 10 0666667 0.191
15445 H 10 1.0 0.244514 0.696063 1.0 0.750000 0.183
18767 L 10 10 0.355890 0.430330 10 0500000 0178

5723 < 10 1.0 0.827396 0.672050 1.0 0.200000 0.165
12371 K 10 10 0.811503 0.555104 10 0200000 0162

65442 < 10 10 0.322870 0527395 10 0500000 0161
18768 L 1.0 1.0 0.397337 0.449755 1.0 0.400000 0.159
23536 1 10 10 0.152847 0.752765 10 1.000000 0153
23773 1.0 1.0 0.152847 0.752765 1.0 1.000000 0.153
23774 1 10 10 0.152847 0.752765 10 1.000000 0.153
23775 1 1.0 1.0 0.152847 0.752765 1.0 1.000000 0.153

5365 [+ 10 10 0.450227 0.864142 10 0333333 0150

PucyHok 9. 20 HanGonee noaxoAsALMX CEKTOPOB NO TO4YKe ceTKe pa3paboTku
Figure 9. 20 most suitable sectors by well spacing point
code_inj — kod siveliku / cell code; normal_sum_oil_rate — HopmuposaHHasi cymma debumos / normalized sum
of flow rates; normal_avg_wc — HopmupogaHHasi cpedHsisi 06800HeHHOcmb / normalized average water cut

—

KpaeBble cekTopbl
Marginal sectors

Komnencauts menee 80%
Compensation less than 80%
Komnencas wewee 120%
Compensation less than 120%

Cextop nmeeT Komnercalmio Gonee 80%
W pacronoxeH Mexay sueiikamn C

Aeict
CKBAKMHAMY M BOBMOXHBIMY BO3BpATAMI
C [ApYriX rOpU3OHTOB

The sector has compensation of more
than 80% and is located between cells
with existing operating wells and possible
returns from other horizons

Komnencaus Gonee 120%

Compensation more than 120%
OrcyTcTayer Aobbiua

Lack of production

BO3MOXHbI BO3BPATbI B IPYrX FOPUIOHTOB
Returns from other horizons are possible
VIMeIoTCS AGHCTBYHOWLME CKBAKUHbI

There are operating wells

VIMeIOTCS! NPOEKTHBIE CKBAXMHBI

There are project wells

PucyHok 10. CekTtopbl Ha X rOpu3oHTe

Figure 10. Sectors

rge 4mcna BHYTPU AYenKn YKa3blBalOT Ha paHr
CeKTopa Ha AaHHOM ropu3oHTE. BaXHO 0TMeTUTb,
4YTO CWHME sYelku, NpeacTaBnsiolime obnactu
6e3 0obblun, CoBNagatoT C KpaeBbIMU CEKTOPaMMU.

BbiBoAbl U AanbHelwmne nepcnekTuBbl

nccneaoBaHusA

B paHHOM uccnenoBaHuu Gbin pacCcMOTPEH
nogxod OUEHKM 30H OypeHus HarHeTaTenbHbIX
CKBaXXMH Ha OCHOBe Mokasatenen paboTbl
pencteytowero ¢oHaa. BuumaHue 6bino yae-
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on the X horizon

NIeHO U3y4eHuo anropuTMoB Ans cbopa u 06-
paboTkn  AaHHbIX, NpPOBEdEHWI0  aHanuaa,
a TaKkke pa3paboTke MeTOAOB AnsA onpepeneHus
ONTUMArbHbIX 30H AN BypeHus.

TexHVWKM HOpManu3auun [daHHbIX U onpe-
AeneHuss BbIOPOCOB  WrpaloT  BaXHYH  porb
B obecneyeHnn TOHHOCTM aHanmnsa, a MeTog CKop-
PEKTUPOBAHHOMO  MEXKBAPTUIILHOMO AuanasoHa
npeacrasnseTcy Hanbonee 3 PEKTMBHBIM
Ans onpefdeneHus BbIOPOCOB B AaHHbIX C pas-
TINYHBIMU XapaKTepUCcTUKaMmn pacnpeaeneHus.
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MpuceoeHne KOOOB  KaxOon  s4enke
Nno3Bonuo [OMONHUTENBHO paHXunpoBaTb
pesynesraThbl. 3710 caenano brHanbHyo

nepemMeHHyto 6onee uWHpoOpmMaTMBHON U cro-
cobcTBoBarno 6ornee TOYHOMY NMPOLIECCY NMPUHATHSA
peLueHun.

HecmoTps Ha noTeHuUman aBTOMaTU4eCKOro
nogbopa 30H [ANs  HarHeTaHusi, CyLecTByIOT
onpepeneHHble  npobnembl.  [pegnonaraercs
BbINOMHUTb CreaytoLMe AONONHUTENbHbIE 3Tanbl:

*  paHXupoBaHVe sYeeKk B paspe3e BCEro
MECTOPOXAEHWS, @ HE TOMbKO OHOTO FOPU3OHTA;

e BKMIOYEHVWE  [OMOMHUTENbHbIX  Napa-
METPOB SYeeK M YYET UX BaXKHOCTW MpU paH-
YKMPOBAHWUM: OLEHKa HEOHOPOAHOCTU KOMNeKTopa
1 ApYrux reonoro-reon3nyecknx napaMmeTpos;

AOMNONHUTENBHO

UcTouHuk c¢puHaHCUpOBaHUA. ABTO-
pbl  3asBnaloT 06  OTCYTCTBMM  BHELLUHEro
hrHaHCcMpoBaHNs npu nposeAeHnu uec-
crnefoBaHus.

KoHdnukr WHTEepecoB. ABTOpbI
AEKNapupyloT  OTCYTCTBME  SBHbIX W MOTEH-

LUmManbHbIX KOHMMMKTOB WHTEPEeCcOoB, CBA3aHHbIX
C nybnukaumnen HacTosiLLen cTaTbu.

Bknag aBTopoB. Bce aBTtopbl nog-
TBEPXOaloT COOTBETCTBME CBOEro aBTOPCTBA
MexayHapoaHbiM kputepusim ICMJE (Bce aBTopbI
BHECNW CYyLLECTBEHHbIA BKNag B pa3paboTky
KOHLeNnumun, nposeAeHne uccrnefoBaHua U noa-
rOTOBKY CTaTbW, MPOYnM 1 ogobpunu uHanbHyo

Bepcuio nepeq nybnukauuen). Hambonblimi
BKNag pacnpefenéH  cnepylolwmm  obpasom:
bekeH A.A. — cbop, obpaboTtka W aHanu3

3KCNEpPUMEHTAanNbHLIX OaHHbIX, HamnucaHue pyKo-
nucn, Nopaes A.E. — geTanbHbin aHanM3 1 UH-
Tepnpetauus pesynsbratoB, NpOBEAEHVE WUC-
cnegoBaHus, penakTupoBaHue pykonucu,
Ketpyos XK.T. — aHanu3 n npoBepka pe3ynLTaTos,
npefocTaBneHne  KOHCyneTauui, paspaboTtka
meToaonorndyeckux nogxodos, Enemecos A.T. —
aHanu3 1 npoBepka pe3ynbTaToB, OpraHu3auus

*  BbIfiBNeHne adpdeKTUBHbIX NPONIacTKoB
B COCedHMX [O00bIBAOLWMX CKBaXWHAX C LENbio
onpefeneHns, KakMe WMEeHHO nayku cregyet
BbIAENUTb NP NPOBEAEHNMN B3PbIBHbIX paboT;

*  TecTMpoBaHue OaHHOro nogxoga
nogbopa 30H pAna OypeHuss HarHeTaTenb-
HbIX CKBaXWH Ha [ApYyrMux MeCTOpOXAEHUAX
AO HK «KasMyHaiila3y;

*  UCMOMb30BaHMEe MeTOAOB  MaluMHHO-
ro obyyeHuns OnNs BbISIBNEHUS HOBbIX 3aKOHO-
MEpPHOCTEN U TEHAEHUWA, BNUSIOWNX Ha BbiIGOp
30H Ansi bypeHus.

Takum 06pa3oM, [daHHas wccrnegoBaTerb-
ckasi paboTa npegocTaBuia HOBblE MHCTPYMEHTHI
W MeToAbl ANs aBTOMaTuU4ecKoro Bblbopa Toyek
OypeHns HarHeTaTemnbHbIX CKBaXXMWH.

nccnepoBaHusa, XXongblbaesa A.T. — aHanus
pe3ynLTaToB, NPeAOoCTaBNEeHNE KOHCYMbTaLUNA.
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AHHOTALUA

O6ocHoBaHue. [OpHO-reonorMyeckMin paspes MeCcTOpOXAeHus Ypuxtay npegcrasnsaer
coboi CrOXHYH TreonorMyeckyo CUCTeMy, BKMOYaloLy B cebsi MHOroo6pasve ropHbIX MOpOA
pasHbiX MNOTHOCTEW M yrna WX 3aneraHusl, a Takke [AM3bIOHKTUBHbIE HapyLUEHWsl, YTO B CBOIO
oyepedb YCINOXHSIET MPOLECC NPOEKTUPOBAHUS U CTPOUTENbCTBA CKBaXWMH. B AaHHOM cTatbe
paccmaTpuBaeTCsl OMbIT reonoro-reOMeXaHUYeCckoro MogenMpoBaHust Ha JaHHOM MECTOPOXAEHUN.

Lenb. Uenbio paHHon paboTbl SBASETCH PacCMOTPEHWE  reornoro-reoMexaHu4eckoro
MOLENUPOBaHNS Ha MECTOpPOXAeHUU Ypuxtay kak crnocoba Anst AanbHewero npuMeHeHUust
npy NPOEKTUPOBaHUWM CTPOUTENBLCTBA CKBAXWH, C YYETOM CIIOXHOCTU FE€ONOrMYecko CTPYKTypbl
MECTOPOXAEHUSI.

MaTtepuanbl u metogbl. [Ins noctpoeHuss 3D Mogenu 6biMM UCMOMNb30BaHbl AaHHbIE
M3 CENCMUYECKUX U reodU3NYECKUX UCCIEdOBaHWUN, a TakKe WCTOPUYECKME OaHHble Anst Kop-
pensiuuMmn pacyeTos.

Pe3ynkrathl. Pe3ynstatom MoaenupoBaHusi siBNsieTcs pa3paboTka pekomeHaauuin no npo-
YN0 CKBaXKWHbI, €€ KOHCTPYKLMM U ONTUMArbHbIX 3HAYEHW MNOTHOCTM BypoBoro pacrtsopa,
YTO NO3BONUT co3aaTh 6e3onacHoe «OkHO ByPUMOCTUY AN CTPOUTENbCTBA CKBAXWH.

3akntoueHue. [eonoro-reoMexaHnyeckoe MoaenMpoBaHne No3Bonmno Bblpabotatb KnoyeBble
pekoMeHJauMu Ansi NPOEeKTUPOBaHUS CKBaXKWHbI, BKMKOYas OMNTUMMU3aUMIO MIOTHOCTM GypoBOro
pacTtBopa 1 obecneyeHme cTabuUnbHOCTU CTBOMA CKBaXMHbI.

Knroyesnie crnosa: 2eornoeo-zeomexaHudyeckoe MoodernuposaHue, 6e30MacHoe  «OKHO
6ypumocmuy, KOHCMPYKUUS CK8aXXUHbI, Byposble pacmeopsl, niomHocmbs 6ypogoeo pacmeopa.
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An Integrated Approach to Geomechanical Modeling of the Urikhtau Oil
and Gas Condensate Field to Optimize Well Design

Aibolat G. Gabdullin', Ramed Z. Tauashev? Sarsenbay A. Gubashev’,
Assylbek Ye. Kairzhanov' L Amir B. Izmukhanbetov?, Rafail N. Blgaliyev*

'Atyrau branch of KMG Engineering, Atyrau, Kazakhstan
Embamunaigas, Atyrau, Kazakhstan
SKMG Engineering, Astana, Kazakhstan

ABSTRACT

Background: The rock and geological section of the Urikhtau oil and gas condensate field
is a complex geological system, including a variety of rocks of different densities and angles
of occurrence, as well as disjunctive faults, which in turn complicates the process of designing
and constructing wells. This article discusses the experience of geological and geomechanical
modeling at this field.

Aim: The purpose of this work is to consider geological and geomechanical modeling
at the Urikhtau oil and gas condensate field as a method for further application in the design of well
construction, taking into account the complexity of the geological structure of the field.

Materials and methods: To build a 3D model, data from seismic and geophysical surveys
were used, as well as historical data to correlate calculations.

Results: The result of the modeling is the development of recommendations for the well profile,
its design and optimal values of drilling fluid density, which will create a safe “drillability window”
for well construction.

Conclusion: Geological and geomechanical modeling allowed us to develop key
recommendations for well design, including optimizing drilling fluid density and ensuring wellbore
stability.

Keywords: geological and geomechanical modeling; safe "drillability window"; well design;
drilling fluids; drilling fluid density.

To cite this article:

Gabdullin AG, Tauashev RZ, Gubashev SA, [Kairzhanov AY], Izmukhanbetov AB, Blgaliev RN. An Integrated
Approach to Geomechanical Modeling of the Urikhtau Oil and Gas Condensate Field to Optimize Well Design.
Kazakhstan journal for oil & gas industry. 2024;6(1):87—98. DOI: https://doi.org/10.54859/kjogi108664.

88 2957-806X© 2024 KMG Engineering License CC BY-NC-ND 4.0



KasakcTaHHbIH MyHai-ra3 canacblHblH xabapLubicel. 2024, 6 Tom, Ne1, 87-98 6.

90X 622.276:550.8.072
FTAXP 52.47.17
DOI: https://doi.org/10.54859/kjogi108664

KabbingaHgbl: 11.08.2023.
MakyngaHgbi: 13.02.2024.
YKapusinangbl: 31.03.2024.

TynHycka 3epTTey

¥HFbiManappabl xxobanayabl OHTannaHAbIpy YiiH ©OpiKTay KeH OPHbIHbIH
reomexaHukanbiK Moaenbaeyaeri MHTerpauusnaHfaH Tacin

A.T. Fabgynnun', P.3. Tayawen?, C.9. lNy6awes', \A.E. KanbipxxaHoB' \,
A.B. IamyxaH6eToB?, P.H. Bnfanues'’
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2Emb6imyHalieas, Ambipay Kanacbkl, KasakcmaH

SKMI™ MHxuHupuHe, AcmaHa Kanachl, KasakcmaH

AHHOTALUA

Herizpgey. ©piktay KeH OpHbIHbIH Tay-kKeH reonoruanblk 6enimi - 6yn ap Typni TbifbI3AbIKTarbI
XoHe onapgpblH nanga 6ony OypbllbiHAAFb Tay >KbIHBICTAPbIHBIH, anyaH TypniniriH, coHgan-ak
OV3bIOHKTMBTI By3binynapabl KaMTUTbIH Kypaeni reonorusnbIK xyve, Oyn e3 ke3eriHae yHrbiManapapl
xobanay MeH cany npoueciH kublHAatagbl. Byn makanaga ocbl KeH OpHbIHAAfbl reonornsnbIK-
reomexaHukarnblk Mogenbaey Taxipubeci kapacTblpbinagbl.

MakcaTtbl. byn XyMbICTbIH MakcaTbl OpikTay KeH OpHbIHAAfbl reonorMsnbIK-reoMexaHuKanbik
Moaenbaeyai KeH OpHbIHbIH FeONOrUaAnbIK KypblinbIMbIHbIH KYpAEniniriH eckepe oTbIpbIn, YHFbIManap
KypbINbICbIH xo0banay kesiHae ofaH api KonfaaHy Tacini peTiHae kapacTelpy 6onbin Tabbinagbl.

Matepuangap mMeH apictep. 3D mMogenb Kypy YLWiH CeACMUKanblK XaHe reodmsmkanblk
3epTTeynepaeH anblHFaH AepekTep, COoHOaw-aK ecenTteynepgi Koppensuusanay yWiH Tapuxu
AepekTep navganaHbingbl.

Hatuxenepi. MogenbaeyaiH HaTwxeci yHFbiMa Npoduni, OHbIH KypbinbiMbl XaHe Oyprbinay
epiTiHAICIHIH onTMManbai TbiFbI3ablK MaHAepi BoNbiHWA YCbiHbICTapabl a3ipney 6onbin Tabbinagesl,
Oyn yHfbiManap KypbinbICbiH XKYPridy VLWiH Kayincia «Byprbinay TepeseciH» acayfa MyMKiHAIK
Oepepi.

KopbITbiHALIL. [eonorusnbik-reoMexaHukanblk Mogenbaey YHFblManapabl xobanay  yLiH
Herisri yCbIHbICTapAbl a3ipneyre MyMKiHOIK Gepgi, onapra Oyprbinay epiTiHOICIHIH TbIFbI3AbIFbIH
OHTaNaHAbIPYyabl XKeHEe YHFbIMa OKMaHbIHbIH TYPaKTbINbIFbIH KAMTaMachI3 eTy Kipeai.

Hezizzi ce3dep: eeonoausinbiK-2eomexaHukarnblk MoOernboey, Kayincis «byprbinay mepesecin,
YHFbIMa Kypblnbicbl, 6yprbliay epimiHOinepi, yprbinay epimiHOiCiHiH mbifbi30bifbl.
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BecTHuk HedpTerasoson otpacnu KasaxctaHa

BBeneHune

[eonornyeckoe CTpOeHWE MeCcTOpOXAeHUs
Ypuxtay OCMOXHEHO MHOIOYUCIIEHHBIMU  TeK-
TOHWYECKMMW  HapyLUeHWSMW U pasnomamu,
YCTaHOBIMEHHbIMW B pesynbrate WHTepnpeTa-
UMM MaTtepuanoB cerlcMopasBegodHbIX pabor,
Takke MoATBepXAeHHbIMM B xode OypeHus
NMOUCKOBBIX Y OLLEHOYHbIX CKBaXMH.

M3-3a CNOXHOCTU [eOonornyeckoro crpoe-
HUS  MECTOPOXAEHWUS, Pa3HOCTW  HanpsHKEHUN,
OaBneHnin 1 Temnepartyp, Hanmuuus pasnmyHbIX
TMNOB MnacToBoro drunga B npouecce CTpou-
TenbCcTBa NPobypeHHbIX paHee CKBaXWH UMENUCh
TpygHOpaspeLlMMble OCMOXHEHMWS: MNOrnoLleHne
OypoBoro pactsopa npv NoaaepXaHUn pacHeTHbIX
3Ha4YeHWn peonornm 1 NNOTHOCTU pacTeBopa, BO3-
HUKHOBEHMWE OCbINU U CYXXEeHUE CTBOMAa CKBaXKWHbI
Npu TEX Xe 3HaYEeHNAX Peonornm 1 NAOTHOCTW.

CnoxHocTb BypeHusi ckBakmH obycrioBneHa
cnepyowmMy hakTopamm:

*  reororuyeckoe CTpOeHue MecTo-
poxaeHusi, Tpebylowee NPOBEAEHUs YacTbiX
npopabGoTok CcTBOnMa W, Kak Crneacreue,

npuxsatoB OypurbHOW KOMOHHbLI, 3aHWMatoLLMX
OOMOMHUTENBHOE  BPEMSI  HA  BHEMMAHOBblE
KOHTPOMbHbIE  CNYCKO-NOAbEMHbIE  onepauuu
Ans  wabnoHMpoBaHWa CTBONa CKBaXWHbl, €ro
npombIBKM M 06paboTky BypoBoro pacTeopa;

*  HanuMuMe nepeMblykM Mexay MpoaykK-
TMBHbIMU nnactamu KT-1 n KT-2, cnoxeHHbIMu
HEeyCTONYMBBLIMW NOPOAAMM.

BhblLeyka3aHHbIe OCNOXHEHWS, KOTopble NPo-
ABMSAIOTCA B BWAE BbIMyYMBaHWA MOPOA, OCbIMK
W CY)XEHUSI CTBONAa CKBaXXWHbl B BEPXHEN 4acTu
WHTepBana u MOrMOLEHNA pacTBOpa B HWXHeW
4yacTu, MPOUCXOANAT Npu BbiIGope NnoTHocTU Bypo-
BOrO pacTBopa, He COOTBETCTBYIOLLEN YCIOBUSM
COXpaHeHUs paBHOBECUS B cCUCTeMe «nnacT —
ckBaxuHa» [1].

Ha atane nnaHvpoBaHUsi ObINO MNPUHATO
peleHve  paspaboTtatb  reonoro-reomexaHu-
yeckylo mogenb (manee — [TM), ¢ nomouybto
KOTOpOM MOXHO OyaeT [eTanu3vpoBaHHO npo-
rHO3MpPOBaTb TFOPHO-reonornyeckue ycrnosust [2]
n nogbupatb Heobxogumble napameTpbl Tex-
HOMNOMMYECKMX XNOKOCTEN N TPAEKTOPUIO NPOEKT-
HbIX CKBaXWH, MWHUMU3NPOBAB BEPOATHOCTb
BO3HUKHOBEHWS OCMOXHEHUN.

Llenbto MpoeKkTMPOBaHWA CKBaXWHbl SBNS-
€TCs YTOYHEHWNE reonorMyeckoro CTPOeHus 1 Npo-
CrnexvBaHne NpOAYKTUBHbLIX FOPU3OHTOB, BCKPbI-
TbIX B paHee NpobypeHHbIX CKBaXMHAX.

MM npepncrtaBnsieT cobori NpoCTpaHCTBEH-
Hyl0 Mopgenb, koTopas dopmupyetca mn3 1D
MoZenen OKONOCKBaXKMHHOIO NPOCTpaHCTBa:

1. Mopgenb MexaHu4ecknx CBOWCTB MOPOL
paspesa — Npodunn ynpyro-npo4HOCTHLIX U Nnac-
TUYECKNX KOHCTaHT FOPHbIX NMOPOA.

2. Mogenb ecTeCTBEHHOrO HanpsiKeHHo-
0edopMUPOBAHHOIO COCTOSIHUSA — pacnpegene-

HMe BeKTopa BEepTUKanbHOrO  HamnpshXeHus,
MaKCMMarnbHOrO U MWUHUManbHOTO  FOPW30OH-
TanbHOrO HamnpsPkeHUs, a TakkKe asuMyT Makcu-
MarnbHOro HamnpsXXeHWs B Maccuse ropHbIX NOpos
1 MOPOBOE [aBreHMe.

3arem cpegHee HopMmanbHoe OaBrneHue
N KacaTefbHble  HanpsXXeHus  nepegaroTcs
B MoZeNnb MPOYHOCTM TopHbiX nopog (Mopa-
KynoHa, Moru-KynoHna, llage, Xyka-bpayHa n 1.4.),
B pesynbrate 4ero npefckasbliBaeTcsi NoBefeHue
CTEHKM  CKBaXMHbl: CTabunbHOE  COCTOsiHWE
WNN  Xe paspylleHne OnpeaeneHHoro poaa
(pa3pbiBHOE HapylleHne LEernOoCTHOCTU CTEHKH,
COBWIOBOE  HapylleHue — BbiBan  CTEHKM,
nnacTtnyeckoe BblgasnueaHue u np.) [3]. Oanee
onpegensieTca onTumarnbHas NIoTHOCTb BypoBOro
pacteBopa. B pesynbrate cocTaBnsieTcs «OKHO
Oyp1MMOCTM» NO MHTEpBanam CTBOMA CKBaXMWHbI.

OnpeaeneHne CTPECCOBOro pexuma

B nepBylo ouvepeab Obina npoBegeHa
aHanuTMyeckas pabota no  onpegeneHuto
CTPEeCCOBbIX PEXNMOB, AEWCTBYIOLLUX HA MeECTO-
poxaeHun. Ha ocHoBe aHanu3a CeNCMUYECKUX
OaHHbIX  OblNMnM  OBHapyXeHbl cuUcTeMbl pas-
NIOMOB CO  CheumduUyeckMMn  CTPYKTYPHbIMU
opueHTaumsamMm (puc. 1).

Mpu nposBegeHnn aHanu3a copmMMpoBaHKA
pasnomMoB (puc. 2) 6bIno BbISBMEHO, YTO Npouec-
Cbl, NpOTEKalLLme B paccMaTpuBaemMon obnacru,
eOvHbl AN BCeW nnowagu Ha aT1ane ¢opmupo-
BaHusA obnactn 1 1 xapakTepusylTcsl akTUBHOMN
TEKTOHMYECKOW [eATENbHOCTbIO, a8 WUMEHHO ro-
PWU3OHTAmNbHLIM  MOCMIONHBIM  MepeMeLLeHneM
BHYTPM OCafO4HOrO 4exna B YCMOBUAX TaHreH-
LManbHOro CxXaTusi, YTO MOCMYXWIO MNPUYUHOWN
dopMupoBaHMA nokanbHOro nogHATuA. OTyer-
NIMBO BbLIOENSIETCA CUMCTEMA pPa3foOMOB, KoTopasi
CBOEW  CTPYKTypoW B paspese YyKkasblBaeT
Ha Hanu4ve cABWUroBoOW cocTaBnsolen. Ha atane

PucyHok 1. Cuctema pasnomMoB B paMKax Ky6a
ceMCMUYECKUX UccresoBaHUmn
Figure 1. Fault system within the seismic
research cube
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dopMmnpoBaHUSA CTPYKTypbl 2 Mbl Habnogaem
CMEHY TEKTOHUYECKOWN AeATENbHOCTUM C aKTUBHON
dasbl Ha NACCUBHYIO, YTO CBMOETENbCTBYET O He-
cornacHom 3aneraHun obnactu 2 Ha obnactb 1.
B pesynbrate npoucxogut OCagKOHaKomnseHue

M OopMUPOBaHME KPUTMYECKOW MacChbl rop-
HOrO  [aBfeHusi, TMocfie Yero MnpoucxoauT
BHeOQpeHWe coneBor Tonwm B obnactb 1

1 3anonHeHne obnactu 3. [aHHbIA npouecc
conpoBoxaancs  OopMMPOBaHMEM  MOAHSATUS,
KOTOpOe B nocrnegyouwem 6bino 3poanpoBaHo.
O6nacTb 4 3aneraet ropM3oHTanbHO Ha obnacTtu 2
N XapakTepusyeTcsi CMOKOMHOW TEeKTOHUYEeCKOn
obcTaHOBKOW C npeobnapatollert BepTUKanbHON
coctaBnsaowen kyba HanpskeHun. OTaenbHO
paccMoTpeHa KuHemaTtuka ABuxeHust obnactu 1,
BbleneHa cucTeMa MNpPaBOCTOPOHHEro caBwra,
KOTOpasi XxapakTepuayeTcsl Hanu4YneMm 30H CxaTust
N pacTsbkeHusl. 30HblI CXaTus PacnonoXeHbl

B KpaeBblX 4acTsX, XxapakTepusylTcs ¢op-
MMpOBaHWEM cucteM «B36pocoB — rpabe-
HOB». LleHTpanbHasi 4acTb XapakTepusyetcs

(OPMMPOBAHNEM 30HbI PaCTSKEHUS, @ MMEHHO
NoAaHATON 3axaTton 4Yactu. [pu npocnexuBaHum
M aHanuse pasnomoB Mo paspe3y Habniogaetcst
dopMmMpoBaHNe CTPYKTYpbl NanbMOBON BETBWU,
XapaKTepHOWN A1 COBUMOBbIX CUCTEM PACTSXKEHMS.

CyMMUMpyst MOMyYeHHbIA pesynsTaT  OTHO-

CUTEMbHO NpUpoAbl  Pa3pbIBHLIX  HapyLUEHWI
KMHemMaTu4yecko  MOAenu  OBWXeHus  06-
nactei, MOXHO  MPeanonoXuTb  Hanuyve

OByX uvacTell. BepxHsis 4acTb paspesa MoxeT
XapakTepn3oBaTbCs COPOCOBLIM TEKTOHUYECKUM
pexumom (obnactu 1 1 2), HUXKHSSt YacTb paspesa
(obnactm 3 u 4) xapakTtepusyetrcsi CABUrOBbIM
TEKTOHUYECKAM PEXUMOM.

®dopmupoBaHue 1D moaenen ynpyrux
CBOMNCTB M OCHOBHbIX KapOTaXHbIX

avarpamm

C uenbio onpegeneHuss  ONTUMarnbHbIX
napametpoB 6ypeHust HeoBXoaMMO  U3Y4UTb
ynpyro-aecopMaLmoHHble  CBOMUCTBA  FOPHbIX

NnopoA, PacrioNOXeHHbIX OKOSI0 MPOEKTUPYEMOW
CKBaXMHbI.

Onsa onpepenexnus ynpyro-gedopmaLmoH-
HbIX CBOWCTB ObIMM  MCNOMb30BaHbl AaHHble
CKBaXXMHHON cencmopa3Benkn (TPEXKOMMOHEHT-
HOe BepTUKanbHoe cercMmyeckoe npounnmposa-
HWe), B pesynbrate 4ero OblnyM paccuynTaHbl
1 NpuBSA3aHbl K rMyOuHe cpegHne uHTepBanbHble
CKOPOCTW MPOXOXAEHWUS MNpPOJONbHOM UM none-
peYyHon BOSH Yepes nopoabl.

Bcneactene abcontoTHO TecHOW B3aumo-
CBS13U MOSyYEHHbIX Pe3ynsTaToB ¢ ynpyro-aedop-
MaUMOHHbIMWU CBOWCTBaMM, a Takke u3-3a OT-
CYTCTBUSI  CreumanbHblX  KEepHOBbIX —Mccreno-
BaHWI Ha MPOYHOCTHbIE XapakKTEPUCTUKM MO Mec-
TOPOXAEHWIO B LeNoM OblNo MpUHATO peLueHue
O npoBeAeHNN KOoppensuMn B3aMMOAENCTBUA
MHTEpPBarbHbIX CKOPOCTEW MNPOAONBHOW W nore-
peyHon BonmH. [anee 6Obina npou3BegeHa
yBsi3ka MOMYyYEeHHOro pesynsrata C MNpocT-
paHCTBEHHbIM CEWCMUYECKMM KyOOM C Lenbio
Nnony4eHnst ynpyro-npoYHOCTHLIX XapaKTepUCTUK
B MPOCTPAHCTBEHHOM OTHOLLUEHUN (puc. 3—4).

OOHOM M3 OCHOBHbIX  XapaKTepUCTUK,
y4yacTBYIOLWMX B MOCTPOEHUM NOfHOMacLLTabHON
TM, saBnsaetca koadpduumeHT [lyaccoHa —
nokasarenb, OTpaXxawLun cTeneHb BO3MOXHON
ynpyroi  gedopMauum  ropHO-reofiorm4eckom
cpedbl [0 BO3HWKHOBEHWSI XPYMKOro paspy-
weHusa [4]. PaccuntaB uHTEpBarnbHble CKOPOCTU

PucyHok 2. CxeMa CTpPeCCOBbIX PeXUMOB
Figure 2. Stress regime diagram
Lugppamu 1-4 Ha pucyHke 0603Ha4eHbl obracmu ¢ coomeemcemeyroweli Hymepauyueu
The numbers 1-4 in the figure indicate the areas with the corresponding numbering
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PucyHok 3. CuHTe3aupoBaHHbI 3D Ky6
Nno nonepevyHomn BomnHe
Figure 3. Synthesized 3D cube
using shear wave

Mo MPOAJOSbHOW W MNOMEpeYHo BorHam, 6bin
BblYMCMEH AUHaMuyeckuin koadpdpuumeHTt [lyac-
COHa [Ans pasnuMyHbIX JNUTOTUMOB C MOMOLLBHO
cnepytowen cpopmynbl (1):

Vp? — 2Vs?
ddyn = ST = Ve M
roe 19dy” aVHamMu4ecknii  KoadpuumMeHT

lMyaccoHa; V, — cpenHsis HTepBarnbHas ckopocTb
MPOAOSILHOW BOSHLI, V — cpeaHsas nHTepsanbHas
CKOPOCTb NOMEpPeYHON BOSHbI.

[danee nonyyeHHble AaHHble ObINM NpU-
MEeHeHbl B pamMKax MpOCTPaHCTBEHHO-MacLuTa-
GuposaHHoro kyba (puc. 5).

Hanee nogobHbIM e obpasom Obina pac-
cuMTaHa XapakTepucTvMka COMpPOTUBMSIEMOCTU
PaCTSHXKEHMIO UMK CXaTUI0, HasbiBaeMasi MogynemM
HOHra. OuHamunyeckuii mogynb KOHra paccumtaH
C nomoLLblo hopMynbl (2):

pVs?(3Vp? — 4Vs?)
(Vp? = Vs?)

)

Edyn =

rae p — NIoTHOCTbL nopogbl (3).

OpHako B aHHOM BbIpaXXeHn HeobxoauMmbl
3Ha4yeHNss 06bEMHOW MMOTHOCTU FOPHbIX MOPOA.
Mo aTo npuumHe ObINM NPUMEHEHbI Npe-
obpasoBaHus MapgHepa, koTopble obecnevnBaroT
cnocob pacyeTa NNOTHOCTU MOPOAbl U3 AaHHbIX
CEeNCMUYECKUX WHTepBanbHbIX CcKopocTen [5].
[MpeobpasoBaHusa MapgHepa YacTo NCMONb3yHTCS,
Korga npsiMble 3amepbl MAOTHOCTM  MOPOAbI
HeJoCTynHbI (3):

p = cVpe (3)

rae C — KOHCTaHTa, obblyHO paBHas 0,23;
€ — KOHCTaHTa, 06bl4HO paBHas 0,25.

PucyHok 4. CuHTe3aupoBaHHbI 3D Ky6
no NpoAonbLHON BosHe
Figure 4. Synthesized 3D
cube using longitudinal wave

[aHHoe BblpaxeHne Takke ObINo 3agaHo
B cheunannsmMpoBaHHOM nporpammHoMm obecne-
YeHun, 1 Gbina noryveHa NPoOCTPaHCTBEHHO-Mac-
WwtabnpoBaHHas NOTHOCTHasA Mogenb (puc. 6).

CnHTE3 OCHOBHbIX KapOTaXHbIX AuWarpamm
Npoucxoann MyTéM HamnorHEeHUsi OCHOBHOWM 6as3bl
[OaHHbIX NpoeKTa Bcew nMetoLLenca nHopmaumen
Mo CKBaXMHaM, pacnofioKEHHbIM B npeaenax
ceicmnyeckoro kyba. [anee C noMOLbHO
crneumanbHblX  MHCTPYMEHTOB  NPOM3BOAUIIOCH
cosgaHve OOBLEMHbLIX Moaenen pacrnpeneneHus
COOTBETCTBYIOLUMX 3HAYEHUI raMMma-usnyyeHus,
YAENbHOTo COMPOTUBIEHWS, aKyCTU4YeCcKoro
KapoTaxa W HEWTPOHHOW MOPUCTOCTU FOPHbIX
nopog B COOTBETCTBMU C FMyOMHOM UX 3aneraHus.
MMonyyeHHble pesynbraTbl npencTaBneHbl
Ha puc. 7.

Koppensuusa aaHHbIX

C uenblo NOBLIWEHUS KavyecTBa Moaenen
ObIn NpoBedeH COOTBETCTBYIOLUMIA aHanu3 ¢ uc-
nonb3oBaHMEM  UMEKLWMXCA  AaHHbIX, Nony-
YeHHbIX B Mpouecce CTpouTenbCTBa paHee
NPoBypeHHbIX CKBaXXWH B  HenocpeaCTBEHHOW
6rnM30CcTU OT NPOEKTUPYEMOMN CKBaXWHbl. Bcero
npoaHanu3poBaHbl AaHHble NO 9 CKBaXWHaM.
[aHHbIV noaxof No3BoOMNAEeT NPOBECTU KOPPENSALMIO
Nomny4eHHbIX Mogenewn, Heobxoaumyl Ans Mu-
HAMM3aUUN  PUCKOB, CBHA3AHHbIX C  Heomnpe-
AeneHHOCTAMU 1 AOoNYLEeHUAMU, BO3HUKaOLWNUMU
Ha cTagum MOAEenVpoBaHus.

Mmetowasacs  ckBaXmHHas  MHdopmaums
No OAHOW W3 paHee MpOBYpPEHHbIX CKBaXWH
(ckB. 7) npeactaBneHa Ha puc. 8. Kak BugHo
Ha PWCYHKe, aKyCTUYECKUN KapoTax W KapoTax
HENPOHHOW NMOPUCTOCTN BbINKU NPOMNMUCaHbI TONBKO
B uHTepBane 2600-3000 m, Torga kak Ans Bbl-
Lenexalumx uHTepsanoB OypeHuWs AaHHas WH-
¢dopmaumsa OTCyTCTBYET.

C nomowpblo 3KcnopTa AaHHbIX W3 pa-

Hee NOCTPOEHHbIX NPOCTPaHCTBEHHO-MacLUTa-
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PucyHok 5. Ky6 koadpcpuumenTa lNyaccoHa
Figure 5. Poisson's ratio cube

OMpoBaHHbLIX KYyOOB  OCHOBHbIX  KapOTaXKHbIX
avarpamm B COOTBETCTBYIOLLYIO KOOPAWMHATHYIO
TOYKY OTCYTCTByOLlaa WHopmauusi Gbina Boc-
nonHeHa wu oTkanMbpoBaHa Ha akTU4Yeckn
nponucaHHbIX uHTepeanax (puc. 9). Ha puc. 10
npueeaeH rpaduk rpagmeHToB gaeneHuns (1D mo-
Aenb) paHee NpoOypeHHOW CKB. 7, MOMNyYeHHbIX
nyTem nsBnedyeHns gaHHbix 3 3D mogenu.

N3BnevyeHue gaHHbIX ans

NPOEKTUPYEMOMN CKBaXWUHbI

Monb3yscb Bbile ONWCaHHOW METOAUKOWN
n3BrneYeHns CUHTETUYECKUX KapoTaXHbIX
anarpamm 13 HanonHeHHon 3D [TM  wmecTto-
poXaeHusi, 3agaB  HeobXogouMble  KOOPAUHATbI
N TPaeKTOPUIO MPOEKTHOWM CKBaXMWHbl, Obin M3B-
nevyeH Habop  CUMHTETUYECKUX  KapOTaXHbIX
AaHHbIX (puc. 11).

Mcnonb3yst  BbILIEONMUCAHHYKD — METOAMKY,
6bina npousBeaeHa BbIrpyska AaHHbIX NO ynpyro-
nedopmMaLMoHHbIM  CBOMCTBaM M3  COOTBET-
CTBYHOLMX  MNPOCTPaAHCTBEHHO-MacLLTabnpoBaH-
HbIXx Kyb6oB. 3ateM Obi1 OCyLEeCTBNEH nUTO-
normyeckuii pasgen M nogbop  SMNUPUYECKMX
3aBUCUMOCTEN AN NpoBedeHns pacyera npoud-
HOCTHbIX CBOWCTB FOPHbIX NOPOA, YTO MO3BONUIIO
nonyuutb [aHHble HeobXoAMMbIX rpagueHToB
OaBneHVn W BbISBUTb HECOBMECTUMbIE 30Hbl
OypeHus. IToroebivi rpadvik rpagMeHToB AaBNeHUn
BOOMb  BCEN  TpaekTopuv  MPOEKTUpyeMon
CKBaXXMHbI MOKa3aH Ha puc. 12.

Vcnonb3ysa gaHHbI rpadomk, cneumnanmctamm
cnyx6bl NpoekTnpoBaHusa GypeHns ATbipayCckoro
dununana TOO «KMI™ UHXMHMPUHI» BbINo NocT-
poeHo «6e3onacHoe OKHO BypUMOCTUY, @ UMEHHO
Obinn  nopobpaHbl  Haubonee  onTUMarnbHble
3Ha4yeHWs  MAOTHOCTM  BypoBoro  pacTtBopa
anst obecneyeHnss cTabunbHOCTU CTEHOK CTBONA
NPOEKTUPYEMOW CKBaXKWHbI.

OcHoBoWn MpuHUMNa BblboOpa ONTUMarbHbIX
3Ha4YeHWn nnoTHocTM OypoBOro pacteopa $iB-
ngeTca npoxoxaeHuve rpadmka no  KpawmHeun
npaBoun rpaHuue rpagneHTa o6eanoobpasoBaHms
ONst HEeOMYLLEHUsI OCbINaHUSI CTEHOK CKBaXWHbI

PucyHok 6. Ky6 06-bEMHOM NMIOTHOCTU FOPHbIX
nopop
Figure 6. Volumetric density cube of rocks

B NpoOypeHHbI CTBOM W, COOTBETCTBEHHO,
MUHUMMU3ALMN  BEPOSITHOCTU  MEeXaHW4eckKomn
3aKNNHKN BypUnbHON KONOHHbI. OfHAaKo Npu aToM
npecnegyeTcs NpUHUMN  yaepXaHus rpaduka
nnoTHocTM OypoBOro pacTeopa MakcuMarnbHO
faneko  OT  neBOW  rpaHuubl  rpagueHTa
MWHUMAnbHOTO FOPM3OHTaNbHOIO  HaMPSPKEHUSI
ONs HegonylwleHus  nornolleHun  BypoBoro
pacTtBopa.

AHanuanpya rpadwuk rpagueHToB [faBrie-
HWI, ObINW BbISBNEHbl 30HbI C HECOBMECTUMbIMU
ycrnosuammu obecneyeHns cTabunbHoCcTH
CTEHOK cTBona CKBaXWHblI (vHTEpBan
2300-2400 m no BepTtukanu). B gaHHon cutyauum
peKkoMeHAyeTCs yaepXaHue nroTHocTn BypoBoro
pacTBopa HWXe KpavWHew npaBon rpaHuLb
rpagueHta obsanoobpasoBaHns W gonylieHue
HeCTabUNbHOCTN  CTEHOK CTBOMA  CKBaXWHbI.
WtoroBas uHGopmauma no pekoMeHayemomn
NnoTHOCTM OypoBOro pacTtBopa AN MPOEKTHOW
CKBaXXMHbI cBefleHa B Tabn. 1.

Ctout OTMeTUTb, 4YTO Ha rpaduke rpa-
OVEHTOB [aBfeHuin CyLIecTBYIOT WHTepBanbl
KpuTMyeckon 6nM3ocTn rpagueHTa [aBrneHust
obBanoobpa3oBaHNsa M pekomeHOyemon nnoT-
HoCcTM BypoBoro pacTtBopa (MHTepBanbl BGNM3K
1250, 2060, 2390 1 2960 m Mo BepTUKanu).

B aTMx Toykax ObIn npou3BegeH aHanus
ONTUMarnbHOCTU aGCONOTHBIX 3HAYEHWI OCHOBHBIX
napaMeTpoB TPaeKTOpMU MNPOEKTUPYEMOMN CKBa-
XVHbl (3€HUTHBIN U asuMyTanbHbIA yron). B pe-
3ynbrate Obin caenaH BbIBOA, YTO 3HAYeHWs
3€HWUTHOTO W asuMyTanbHOro YrroB He npoTu-
BOpeYyaT YCMOBMAM CO34aHWS  ONTUManbHOM
nrnoTHocTM OypoBOro pacTBopa Ans yaepXaHus
CTEHOK CKBaXXWHbI B CTAOMUIIbHOM COCTOSIHUM.

OOyt KapTUHY B3aMMOOEWCTBUSI OCHOB-
HbIX MapaMeTPOB TPAEKTOPMMU CTBOMA CKBaXKWHbI
M NnoTHocTn GypoBoro pacTtBopa Ans obecneye-
HUA CTABMNBHOCTU CTBOMA CKBaXWH MOXHO YBU-
OeTb  Ha  MOCTPOEHHOMW B NpOrpaMMHOM
obecrneyeHnn cTepeorpaMme aHanusa CTa-
OMNBHOCTN CTEHOK CTBOMA CKBaXMH (puc. 13).
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Gamma ray logging / Famma-kapoTax

Resistivity / YaenbHoe conpoTuBnexue

Acoustic logging (longitudinal wave) /
AkycTuyeckuin kapoTax (npoaonbHasa BonHa)

Neutron porosity / HeiTpoHHas nopuctocTb

PucyHok 7. CuHTe3MpoBaHHbIe KyObl OCHOBHbIX KapOTaXHbIX Avnarpamm
Figure 7. Synthesized cubes of main logs

PucyHok 8. CkBaxxuHHasa uHcgopmaums
no paHee NpoGypeHHOM CKB. 7
Figure 8. Well information
for a previously drilled well 7

Takke Obin npoBegeH MOMHbIA  aHanu3
OCHOBHbIX MapaMeTpoB  TPAEKTOpUM  MPOEkK-
TUPYEMOW CKBaXWHbl. B CBA3WM C NpUHATLIMK
CTpPEeccoBbIMU pexvmamm MOXXHO cmeno

KOHCTaTMpOBaTb, 4YTO MPOEKTMPYEMas CKBaXuHa
OOIMKHa WMETb  TPAeKTOpMWI, 3€HUTHbIE  YIIbl
KoTopoW npeBbiwatoT 0°.

HanpaeneHne penctBus  rMaBHbIX  O-
PU3OHTarnbHbIX HanpsKeHUw, noKasaHHbIX
Ha puc. 14, onpegensieTca HanMuneM UMWUOXen
(maHHbIe ofHOM 13 paHee NPOBYPEHHBIX CKBAXWH)
B MWHTepBanax 2874-2878 wn 3576-3580 m,
a TaKKe COMPOBOXAAKLWMM WX aHanu3oM aHu-
30TPONUM  PacnpoCTPaHEHUS [MaBHbIX TFOPU30H-

PucyHok 9. CkBaxuHHas nHcopmaums
C KOMMNO3UTHbIMM KPUBbIMU
Figure 9. Well information
with composite curves

TanbHbIX HaNpsbkeHun [6]. B cooTBeTCTBUM C 3TNM
obLee HanpaBneHue OEWCTBMS MaKCUMarnbHOro
FOPU30OHTAmNbHOIO HAMPSHKEHUS1 BAOMb CKBAXUHbI
npuHumaetca kak C3 (ceepo-3anag) — HOB
(oro-Boctok) (asumyt 120-130° m 300-310°).
HanpaBneHve [enucTBus MWHUMArbHOMO ropu-
30HTaNbHOTO  HanpPsPKEHWst  BAOMb  CKBaXMHbI
npuHmumaetcs kak CB (ceBepo-BocTok) — KO3 (toro-
3anag) (asmmyT 30-40° 1 200-210°).

Ons  BbIMOSMIHEHUA  BCEX  HEOGXOAMMBIX
TpeGoBaHUA  rEOMEeXaHW4eckoro  COCTOSIHUS
rOpHO-reonorMyeckon  cpegbl B COYETaHWU

c obecneyeHnem 6e3aBapUNHOCTY BbINONHEHNS

Q4 e DOI: 10.54859/Kj0gi108664 w-rvrwrrrserrssersssssrssssrssssrsssssssssssssnssssnsssssssssess
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Tabnuua 1. PekomeHayemas nnoTHocTb 6ypoBoro
pacTBopa A5 NPOEKTUPYEeMON CKBaXWHbI
Table 1. Recommended drilling fluid density
for the designed well

Fny6uHa no BepTukanu, m |MnoTHocTkL GypoBoro pacTBopa, Kr/m*
Vertical depth, m Drilling fluid density, kg/m?
275 1230
1459 1230
1718 1230
1942 1230
1942 1340
1998 1340
2305 1330
2434 1330
2574 1330
2663 1330
2749 1330
2849 1330
2948 1370 PucyHok 11. CuHTeTU4EeCKMNE KapoTaXHble
3195 1370 AaHHble ANA NPOEeKTUPYEMON CKBaXMUHbI
3804 1370 Figure 11. Synthetic logging data
3195 1370 for the designed well
3804 1370
PucyHok 10. Mpacdmk rpagneHTOB faBNeHUN cKB. 7 PucyHok 12. Npacdmk rpagneHToB AaBneHnn
Figure 10. Graph of well 7 pressure gradients NPOEKTUPYEMOMN CKBaXWUHbI

Figure 12. Graph of pressure gradients
of the designed well

PucyHok 13. CTepeorpaMmmbl aHanusa cTabunbHOCTU CTEHOK CTBOSIA MPOEKTUPYEMOW CKBaXXUHbI
Figure 13. Stereograms of the analysis of the stability of the wellbore walls of the designed well

95
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PucyHok 14. [leicTBME rMaBHbIX
rOPU30OHTalbHbIX HanpPsXXeHUi
BONU3N MecTOpOXAEHUA
Figure 14. Action of main horizontal
stresses near the field

TEXHOMNOrMYeckMx onepauuii 6oy NpeasoXeHsb
crnegyoLime peLleHus:

* npousBecTM OGypeHue BepTUKANbLHOIO
yyacTka go rmy6buHbl 2550 wm;

* nocne GypeHus BepTUKaNbHOIO y4acTKu
npou3BecTy Habop W yaepxaHue 3eHUTHOro yrna
6onee 30°.

HonyleHus u HeonpeaeneHHOCTU

B NpoLecce reosioro-reomexaHn4eckoro

MoaenupoBaHus

CtouT OTMETUTb, 4YTO B Mpouecce Mo-
OenvpoBaHusi  AoMyckanucb — Criegylolme  He-
onpeaeneHHocTH:

1. Wcnomnb3yembii  ky®  cericMUYECKMX
cKopocTen, ABnsAeTcs «TOFICTOCIIOUCTON»
WHTEpNonNupoBaHHOW  Mofenblo,  BcneacTeue
Yero  nponnacTkM  HeGOonbLIOW  MOLLHOCTH,
HO CO 3Ha4YeHUsIMM aHOMarbHO  BbICOKOIO
UMM aHOMarnbHO HU3KOrO MNacTOBOrO AABreHUs
MOTyT CrraXuBaTbCsl C 06LMMMN MHTEpPBaNamu.

2. CuHTEe3NpoBaHHble NPOCTPaHCTBEHHO-
MaclwTabupoBaHHble KyObl  OCHOBHbIX  Kapo-
TaXHbIX [AuarpaMMm TEeCHO NpUBSA3aHbl K KOH-
KPETHbIM  CKBaXXMHHbIM U3MEPEHUSM, NO3TOMY
MoryT cogepxatb B cebe owubku KOHKpPETHbIX
n3mMepuTenbHbIX NPUMOOPOB, KOTOPble B KOHEY-
HOM Cc4yéTe OyayT BnMATL Ha  pe3ynbraTt
MOOENVPOBaHUS Ha MPOEKTHbIX  CKBaXWHaX.
OpHako nogobHoe MoXeT OblTb CBEAEHO K MU-
HUMYMY NpU MNOCTOSIHHOM KOHTpone OypeHus
CKBaXWHbl B pexuMe pearnibHOro BpEMEHU U Co-

OTBETCTBYHOLLUEN  KOPPEKTUPOBKE  MOMY4YEHHON
mMopenu.

3. B npovecce MOAENMPOBaHMUS
MCMONb30Banuncb  3MMUMPUYECKME  3aBUCMMOCTU
No pacyéTy OCHOBHbIX MapameTpoB, KOTOpble
BrocrneacTBum HeobxoanmMo KanubposaTb
Ha pe3ynbratbl  (PAKTUYECKUX  CKBAXKUHHbIX

M3MEpEHNA U CMELMann3npoBaHHbIX KepHOBbIX
uccnegoBaHni. o npuunHe  OTCYTCTBUS

nogo6HbIX [AaHHbIX COOTBETCTBYHOLWASA Kanvb-
poBka He mnpousBoaunacb, W Bblbupanuch
Takve aMnMpuYeckue 3aBUCUMOCTW, KOTOpble
Hauny4wmum o6pa3om, N0 MHEHWUIO CNEeLUanncToB,
onucbiBany ropHO-reonorM4eckyo cpegy Mec-
TopoxXaeHwus [7].

4. Hanwuuve pasnoMHOM YacTu u pe-
3ynbTaThl €€ MOOENVPOBAHNA U MHTEpnpeTauuu,
B OTBJIEYEHUN OT [AHHOIO Treosloro-reoMexa-
HUYECKOro MOAENUPOBaHUS, Takke MOryT BHOCUTb
CYyLLeCTBEHHbIE NOMNPAaBKN B UTOTOBbIE CKBAXWNHHbIE
mozenu. TexHomnorudeckuin nogxopg K OypeHuto
OAHHbIX CKBaXWH, OCHOBaHHbIA Ha reonoro-
reoMexaHn4eckoM  MOAENUPOBaHUK,  [OSMKEH
npeaBapuTernbHO YTOMHATLCA U MPOEKTUPOBATHLCS
MHAMBUAYanNbHO.

3aknioyeHue

B pesynsrate noctpoeHus [TM mecTo-
poxgeHusa Ypuxtay Obinu  BblpaboTaHbl cne-
AytoLive BbIBOAbI U peKkoMeHAaUMN:

1. OnucaHa W nNpuHATa KOHLUENTyanbHasi
Cxema CTPeCcCOBOro pexuma MeCTOPOXOEHUS —
cbpoc co casurom.

2. TlonyyeHbl NPOCTPAHCTBEHHO-MacLUTa-
OupoBaHHbIE 3aBUCUMOCTU CENCMUYECKNX UHTEP-
BaNbHbIX CKOPOCTEN NO MPOAOSIbHON M nonepeyd-
HOW BOIHe.

3. MonyyeHbl 3D Mogenu  OCHOBHbIX
YMPYro-NpoYHOCTHLIX U (PU3MKO-MEeXaHNYECKNX
CBOWICTB MECTOPOXAEHUS.

4. Tlony4yeHbl cuHTe3upoBaHHble 3D KyObl
OCHOBHbIX CBOMNCTB FOPHbIX MOPOA U3 OAHOMEPHbIX
CKBaXXMHHbIX JaHHbIX.

5. Tlpou3BegeHO MOCTPOEHWE W aHanu3
1D  reomexaHu4ecknx  MoAenewv  CKBaKWUH,
pervoHanbHO MacTabMpoBaHHbIX OTHOCUTENBHO
NPOEKTHOWN CKBaXWMHBI.

6. [lony4yeHbl 1D reomexaHuyeckune
mMogenmu BOOSb TpaekTopumn NPOEKTHON
CKBaXWHbI, BblAaHbl OCHOBHble pPeKkoMmeHAauun
no NNOTHOCTK 6ypoBoro pacteopa

1 no 6e3aBapuiHoMy OypeHuto B JaHHOM paWioHe.
7. CdopmynupoBaHbl  OCHOBHble  Bbl-

BOAbl MO MOBLILWEHUK Ka4vecCcTBa reosioro-reo-
MexXaH1n4YeCcKoro moaennpoBaHua B JanbHenwem:

— npoBecTu KepHoBbIe nccnenoBsaHnAa
ana nony4vyeHmna MPOYHOCTHbIX CBOWCTB,

Takux Kak yron BHYTPEHHEro TPEHWsl, MPOYHOCTb
Ha OHOOCHOE CXaTue;

— MpOBECTM [OMOSMHUTENBHOE CEeNcMo-
nNpoUnNMpoBaHMe B CEBEPO-BOCTOYHON U CEBEPO-
3anagHon YacTsX MeCTOPOXAEHUS AN YTOHYHEHNS
3D I'\M;

— NpOBOAUTb  CKBAXWHHble U3MEPEHUS
LOT (leak-off test, formation integrity test);

—  OCYLWEeCTBMATb reOMexaHn4Yeckoe n Tex-
Homnornyeckoe conpoBoxaeHne OGypeHust ckBa-
XMHbl B PEXUME pearnibHOro BpEMEHW.
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Takum obpasom, pesynbraTbl BbIMOMHEHHbIX
pabotr no noctpoeHuto MM moryt 6GbITb nO-
nesHbl MpU MPOEKTUPOBAHUN CKBAXWH Ha [AaH-
HOM MECTOpPOXAEHWM B Lensax onpeaeneHus

AONONHUTENBbHO

UcTouHuk c¢puHaHCUpoOBaHusA. ABTO-
pbl  3aaBnsAlT 06  OTCYTCTBMM  BHELLHErO
(dUHAHCMPOBaHNA NpUM  MPOBEAEHUU  uccre-
[oBaHus.

KoHdnukT uHTepecoB. ABTOpbl Aekna-

pUpYIOT OTCYTCTBME S$BHbIX W MOTEeHUManbHbIX
KOH(PNMKTOB MHTEpPecoB, CBSA3aHHbLIX C Myb-
TNMKaumen HacTosiLen cTaTbu.

Bknap aBTopoB. Bce aBTOpbI NOATBEpXAAOT
COOTBETCTBME CBOETO aBTOPCTBA MEXAYHapPOAHbIM
kputepuam ICMJE (Bce aBTOpbl  BHecnu
CyLLeCTBeHHbIN BKNag B paspaboTky KoHuenuwmu,
npoBefeHe uccnefoBaHns U NOATOTOBKY CTaTbi,
npounu n ogobpunu rHanbHy Bepcuo nepes
ny6nukauunen). HanbonbLwni Bknag pacnpenenéx
cnegytowmm obpasom: MabgynnuH Al — obiee
PYKOBOACTBO MUCCNegoBaHMEM U koopauHauums
pabotbl KomaHgbl, TayaweB P.3 — TexHuuyeckune
3HaHWsi O reosiorMM MEeCTOPOXKAEHUA U acnekTax
nobblum HedbT 1 rasa, peanuam mogenu, MNyba-
wes C.A. — npoBepka TOYHOCTU N HaAEXHOCTU
OaHHbIX, UCMONb3yeMbIX Ans MOAENUPOBaHUS,
1 pesynsTaToB MOJenMpoBaHus,
— TMpoBedeHMEe pacyeToB C WCMOMb30BaHUEM
cneunanuanpoBaHHOro nporpamMmmHoro obecne-
YeHust Ana mogenuposaHusi, MamyxaHbetoB A.B.
— obpaboTka 1 aHanu3 AaHHbIX, NONy4YeHHbIX B pe-
3ynstate MOAENVMPOBaHWUS, CTaTUCTUYECKOM aHa-
nv3e v BU3yanusauuv pesynesraros, brnranves P.H.
— paspaboTka W peanusaumsi KOMMbHOTEPHOrO

Ge3onacHoro AmanasoHa MMoTHOCTU GypoBoro
pacTBopa 1 obecneyeHunst cTabunbHOro COCTOSIHUS
CTBOMa CKBaXWH MpW TMPOBOAKE MNaHUpyeMbIxX
CKBaXXWH.

MOAENUPOBaHNA MeCTOPOXAeHUs, BbLIGOP noaxo-
OALWMX MoAenen 1 anropuTMoB.
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Hayu4HbIn 0630p

Mpouecchl pereHepauuy MeTaHoNa M3 BOAOMETAHOSbHbLIX PAaCTBOPOB
B HepTerazoBou NPOMbILINIEHHOCTH

K.I. CateHoB, C.M. TkeH6aeB, XX.A. TaweHoB, X.E. AxmeToB, C.P. KagbipoB
KMI™ UHxuHupuHe, 2. AcmaHa, KazaxcmaH

AHHOTALUA

B TexHomnorusx gobblum, MOAroTOBKM M TpaHcmopTa HedTu M rasa rasormgpartbl Bbi3biBAlOT
cepbésHble npobrnembl, CBA3aHHbIE C HapyLUEHWEM YKa3aHHbIX TEeXHOMOrMYecKMX MpoLeccoB.
TpagnumoHHblM 1 Hambonee pacnpoCTpaHeHHbIM MeTodoM Gopbbbl € rasormgparamu
B HedTerasoBol MPOMbILUNIEHHOCTU SIBMSIETCA UCMOMNb30BaHWE MEeTaHoMa B KayecTBe MHrnMbutopa
rmopatoobpasoBaHus. YaenbHble pacxogHble nokasatenu noTpebrneHuss MeTaHona B KayecTBe
MHrMbuTopa 06pasoBaHWst ras3oBblX MAPATOB HanpsiMyld 3aBUCAT OT cocTaBa A0ObiBaemon
NpoayKuuu1, a Takke OT TEXHONOrMN NOATrOTOBKMN A06bIBAEMON NPOAYKLMN K TPAHCTIOPTUPOBKE.

[a3oBble rugpaTtbl NPEACTaBnstOT COOOM OOHY W3 CEePbE3HBLIX SKOHOMMUYECKUX Mpobnem
1N npobnem 6e30nMacHOCTU B HedTAHOW W ra3oBOM MPOMBILIIEHHOCTM Mpu passegke, Oobbive,
nepepaboTke 1 TpaHCMOPTUPOBKE rasa 1 yrneBogopOaOoB.

B paHHOW cTaTbe npoBedeH aHanu3 COBPEMEHHbIX METOAOB pereHepaumMu MeTaHona
Ha npeanpuaTusax HedTerasoBon oTpacnu, noapobHO WK3NOXeHbl MeTodbl M MapameTpbl
TEXHOMOTMYECKNX YCTaHOBOK, KOTOpble MNPUMEHSOTCS Ans pereHepauuy BOAOMETAHOMbHbIX
pactBopoB. OnucaHbl [OOCTOMHCTBA W HEAOCTaTkM COBPEMEHHbIX MeTOdOB pereHepauun
BOAOMETaHOMbHbLIX PacTBOpPOB. B pesynbrate npoBeaéHHOro ob3opa CyLeCTBYHOLIMX TEXHONOrUN
Havbonee npeanoyTUTENbHBIM OnpedenéH MeTod pekTudukauum kak Haubonee oTpabOTaHHbBIN
1 LUMPOKO MPUMEHSIEMbI METOA Ha CeroaHSLUHWUA AeHb.

Knroyeenie croea: 8000MemaHoO bHbIU pacmeop, pezeHepauyusi MemaHona,
audpamoobpa3sosaHue.

Kak uumtupoBartb:

CareHoB K.I, TkeHbaeB C.M., TaweHoB X.A., AxmetoB X.E., KagbipoB C.P. lNMpouecchbl pereHepauum
MeTaHora U3 BOAOMETAHOSbHbIX PaCTBOPOB B He(hTerasoBow NpombILLNeHHOCTH // BecmHuk Heghmeeaa3oeol
ompacnu KasaxcmaHa. 2024. Tom 6, Ne1. C. 99-109. DOI: https://doi.org/10.54859/kjogi108691.
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Review article

Processes of methanol regeneration from water-methanol solutions
in the oil and gas industry

Kurmet G. Satenov, Sultan M. Tkenbayev, Zholaman A. Tashenov,

Zhanibek Ye. Akhmetov, Sultan R. Kadyrov
KMG Engineering, Astana, Kazakhstan

ABSTRACT

In oil and gas production, treatment and transportation technologies, gas hydrates cause
serious problems associated with disruption of these technological processes. The traditional
and most common method of combating gas hydrates in the oil and gas industry is the use
of methanol as a hydrate inhibitor. The specific consumption indicators of methanol consumption
as an inhibitor of the formation of gas hydrates directly depend on the composition of the extracted
products, as well as on the technology for preparing the extracted products for transportation.

Gas hydrates represent one of the major economic and safety problems in the oil and gas
industry in the exploration, production, processing and transportation of gas and hydrocarbons.

This article analyzes modern methods for methanol regeneration at oil and gas industry
enterprises, and describes in detail the methods and parameters of processing plants that are used
for the regeneration of water-methanol solutions. The advantages and disadvantages of advanced
methods of water-methanol solutions regeneration are described. As a result of the review of existing
technologies, the distillation method was determined to be the most preferable, as the most proven
and widely used method today.

Keywords: water-methanol solution; methanol regeneration; hydrate formation.
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FbinbiMu wony

MyHai-ra3 eHepkacibiHaeri cy MeTaHonAabl epiTiHAinepaeH metaHonabl
pereHepauusanay npouecrepi

K.F. CateHoB, C.M. TkeH6aeB, X.9. TaweHoB, X.E. AxmeTtoB, C.P. KagbipoB
KMI™ UHxuHupuHe, AcmaHa Kanacsl, KazakcmaH

AHHOTALUMUA

MyHalt xeHe ras eHipy, eHdey XoHe TacbiMangay TexHororusnapbiHga ras rugpartTapbl
OCbl TeXHOMNorusAnbIK npouectepaid, 6y3binybiHa ceben 6onaTbliH Kypaeni Macenenepai Tyabipadbl.
MyHaw xaHe ra3 eHepkacibiHae ras ruapaTTapbiMeH KypecydiH ASCTYpri XeHe KeH TapanfaH afici
rmapat UHMbuTopbl peTiHae MeTaHonabl nanganaHy 6onbin Tabbinagel. a3 rmaparTTapbiHbIH TY3iny
WHrMOUTOPbI PeTiHAE MeTaHoNAbl TYTbIHYAbIH YNECTiK TYTbIHY KOPCETKILUTEPI OHAIPINETIH eHiMaepaiH,
KypaMmblHa, COHOaw-aK eHAipinreH eHiMai TacbiMangayfa [AdanblHaay TexHormorusicblHa Tikenemn
GaiinaHbICThbI.

a3 rmgpaTtTapbl MyHal xaHe ras eHepkacibiHaeri ra3 6eH kemipcyTekTtepai Gapnay, eHaipy,
eHey XoeHe Tacbimangay KesiHaeri Herisri aKOHOMUKanblK XeHe Kayincisgik macenenepiHid 6Gipi
6onbin Tabbinagbl.

Byn makanaga myHaw-ra3 eHepkacibi KecinopblHOapblHAA METaHONAbl pereHepauusnaynbiH
3amMaHayu 9pficTepi TangaHadbl JK8He Cy-MeTaHon  epiTiHAIMepiH pereHepauusnay  YLiH
KongaHblnaTblH TEXHOMOMMANbIK KOHABIPFbINAPAbIH 84icTepi MEH NapamMeTprepi Tonblk cunaTTanabl.
Cy-meTaHoOn  epiTiHAINepiH  pereHepauusacbiHblH,  3aMaHayn  9AICTEPIHIH  apTbIKLWbINbIKTapPbI
MeH KeMLinikTepi cunatTanfaH. ByriHri TaHga >KyprisinreH wWony HaTwxeciHAe KonaaHblCTafbl
TEeXHonorusinapgaH €eH Konawnbl , €H [aMblfaH >XoHe KeHiHeH KongaHbinatbiH afic 6orbin
pekTudmrKkauus caHanaabl.

Hezizzi ce3dep: cy-memaHon epimiHdici, mMemaHonObiH peseHepayusichbl, audpammabiH
mya3inyi.

Manekco3 KenTipy YLWiH:

CarteHoB K.F., TkeHbaeB C.M., TaweHoB XK.8., AxmeToB X.E., KagbipoB C.P. MyHain-ra3 eHepkacibiHaeri
Cy MeTaHongbl epiTiHainepaeH meTaHonabl pereHepauusnay npouectepi // KasakcmaHHbiH MyHal-2a3
canacbliHblH xabapuwbicbkl. 2024. 6 Tom, Ne1, 99-109 6. DOI: https://doi.org/10.54859/kjogi108691.
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BBeneHune

TpybonpoBoabl W TexHomnoruveckoe o060-
pyooBaHue MoOXeT ObiTb 3abnokupoBaHo ¢op-
MUpOBaHMEM Pasnn4HbIX rasoBbix rugpatos. O6-
pa3oBaHue ra3ornapaToB BO3MOXHO Kak BO BpeMs
paboTbl, Tak 1 B nepuofbl npoctos. O6bI4HO X Npo-
SBMEHWe MPOMCXOAWUT MOA BbLICOKMM AaBfieHnem
W MNpU HU3KOM TemnepatypHoMm pexume [1-5].
Bopbba ¢ rmgpatoobpasoBaHusiMM No Gosbluen
Mepe HanpaBsfieHa Ha npegynpexaeHve u nuk-
BMOALMIO ra3oBbIX rmaparos (puc. 1).

C pasutMem MacwtaboB [A00ObMM Hed-
TM W rasa W BBOAOM HOBbIX HedpTerasoBbix
MECTOPOXAEHWUIA BO3pacTaeT Takke M noTpeb-
neHve MeTaHona, kak Haubornee 4yacto npwu-
MEHSeMOro peareHTa ANs nogasneHus rmaparto-
obpa3soBaHus [6].

MepBble HayyHble paboTbl NO NPUMEHEHWIO
MeTaHona Ana  nopasneHuss  obpasoBaHus
rmgpatoB HanucaHvbl B 30-e . XX B. ABTOp
Xammepwmuar [7, 8] Hanucan pgee Hawbonee
Ba)kHble cTaTbn B 1934 u 1939 rr., kacawouwumecs
obpa3oBaHna rMapatoB M COOTBETCTBYHOLLMX
npoLeayp no peLueHnto AaHHOW Npobnemsi.

Kak nokasaHo Ha pwuc. 2, 3a nocnegHue
0ecATUNETUss yYeHbIMW W UCCNeLoBaTeNnbCKUMU

rpynnamu no Bcemy Mupy Obinv npoBeneHbl
oOLWKMpHbIE UccreaoBaHWs METOAOB WMHIMOUpo-
BaHWs ra3ornapaTos.

PereHepauunsa metaHona

C Ucnonb30BaHMeM NpoLeccoB

pekTucdukaummn

Ha pwuc. 3 npencrtaBneH TpaauLMOHHbIN
npouecc pekTudukaumm — pereHepaums BOLHOro
pacTBopa meTaHorna (aqanee — BMP). HacbiweHHbI
BMP uepes TennoobmeHHuk (1) n cenapatop (2)
nogaeTcs  Ha  YyCTAHOBKY MO M3BIEYEHMIO
MeTaHona. B cenapatope npovcxoauT yganeHue
HU3KOKMNAWMX yrneBogopodoB (aanee — YB)
N npumecu koHaeHcata. W3 cenapatopa (2)
BMP noctynaet B TennoobmenHuk (5), panee —
B PEKTUMUKALNOHHYIO KONMOHHY (6). HasHauveHne
TennoobmeHHuKa — HarpeB BMP 3a c4é€T HarpeTon
BoAbl 13 pebonnepa (7). na koHgeHcaumMm napos
B KOMOHHE MPUMEHSIETCH annapaTt BO34YLUHOro
oxnaxgeHus (nanee — ABO) (8). ins obecneyeHuns
OpOLLUEHNS  MCMONb3YyTCS Hacocbl COOpHUKa
opowatowen dpakuun (10). N3 BepxHenm yacTm
KOIMOHHbI OTBOAUTCSA BbIAENMBLUUIACA B MpoLecce
cenapauuu ras [9].

MeTogs DopeObl C rasorngparama
Methods of gas hydrate control

Xumnyecrne
Chemical

TexHonorHyeckne DH3HUSCKHE

Technological

HrMBKUTOpL! TMAPaTOOTNoNEHHA
Hydrate scale inhibitors

WHmBuTopsl ruapaToodpasosaHua
Hydrate growth inhibitors

Moaaep#anue GearnapaTHe:

Physical
Mexanuueckne Tennoasie
Mechanical Thermal

PEKMMOE JKCTINYATaLMN

ining hydrate-free operating
modes

DUzUeCKAE

TeproauHamuieckue
Thermodynamic

KuHeTnueckue
Kinetic

Physical

PucyHok 1. Metoabl 60pb6bI € ruapaToo6pasoBaHuem
Figure 1. Methods of gas hydration control

Pl'lcyHOK 3. Cxema npouecca no u3Brie4eHnr0 meTaHona

PucyHok 2. KonuyecTBO Hay4HbIX
ny6nvkaumn, cBsa3aHHbIX
C MHrMBGUpPOBaAHUEM rMAPaTOB,
3a2011-2022 rr.

(no aaHHbIM Google Scholar)
Figure 2. Number of scientific publications
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C NpUuMeHeHunem gucTunnauum

Figure 3. Process flow diagram for methanol recovery

using distillation

1—mennoobmeHHuk / heat exchanger 2— cenapamop / separator;
5 — mennoobmeHHuk / heat exchanger; 6 — pekmucbukayuoHHasi
KoroHHa / distillation column; 7 — pebolnep / reboiler; 8 — anna-
pam e030ywHo20 oxnaxdeHusi / air cooling device; 9 — emkocmb
pegpritokca / reflux capacity; 10 — Hacoc cbopHuka opowaroujel
pakyuu / reflux fraction collector pump; 11, 13 — Hacoc / pump;

12 — nodoepesamers / heater
LC — Level Controller / koHmpornnep yposHs
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Yyenbimm OOO «HayyHo-uccnegosarenb-
CKMA WMHCTUTYT MPUPOAHbIX ra3oB M ra3oBbIX
TexHonormih — BHWWUIA3» 6binv  nony4yeHsbl
nateHTbl Ha cnocob® pereHepauunm BOAHOrO
pacTtBopa MeTaHona M YCTaHOBKY pereHepauuu
BMP [10, 11]. OJaHHble M3006peTeHnss No3BOnsOT
3HaYMTENbHO YBENUYMTbL MNPOU3BOAUTENBHOCTL
«TPaAVLMOHHOTO» npouecca pereHepauum
MHrMbuTopa rugpatoobpas3oBaHus (MeTaHona)
He TONbKO 3a CYET CHWXEeHWs 3HepronoTpebne-
HWSI TEXHOIOrMYECKOro npouecca, HO U 3a cyeT
yBENUYEHUSI CENEeKTUBHOCTU €ero  W3BrevYeHus
NnocpeacTBOM MPUMEHEHUS MHEPTHOW naporaso-
BOW CMeCW, OTBOAMMOW C peKTUMKaLMOHHON
KOFOHHbI pereHepauun MetaHona. [lony4yeHHyto
naporasoByt0 CMECh OXaXaatoT U KOMIPUMUPYIOT,
BCNeACTBME 4Yero MNpOMCXOOWT  KOHAeHcauust
MeTaHona.

PereHepauus metaHona
C UCNosib30BaHWeM YCTaHOBOK
BbICOKOW rpaBuUTaumm

Mpea wucnonb3oBaHWsi MoOnen  BbICOKOWN
rpaButTauMn  Ans  UHTEHCUdUKaLMM  ras3oxua-
KOCTHOrO MacconepeHoca nonyyuna passutue

B Te4eHue nocrnegHux YeTbipéx AeCATUNETUNn,
nocne Toro kak Pamwoy u MannuHcoH
B 1981 r. nonyuunu naTeHT Ha npouecc
mMacconepeHoca [12]. B 3apybexHon nutepatype
LEHTPOOEXHbIE PEKTUDUKALMOHHBIE YCTaHOBKMU,
OCHOBaHHble Ha npouecce MacconepeHoca,
nonyuunu HassBaHue Higee unit — ycTaHOBKM
BbICOKOW rpaBuTauun (nanee — YBIN).

B pabotax[13—19] onMcaHbl HOBbIE NPUHLUMMBI
pereHepauuu mMeTaHona, peanunsoBaHHble
¢ wucnonb3oBaHvem YBI. B annapat BbiCOKOW
rpaBuMTauun B BMAE KanerbHOW CTpyu nogaetcd
BMP (puc. 4). Annapat coctouT 13 kopnyca (9),
potopa (1) wn cratopa (5) C nNOABWXHLIMU
N HEenogBwXHbIMW neperopogkamun (4) n psga

PucyHok 4. Cxema YBI'

ANsl pereHepauun MeTaHona
Figure 4. Higee unit scheme for methanol
regeneration
1, 2— pomop / rotor; 3, 6-8, 10 — wmyuyepsbl / connecting
pipes; 4 — HernodsuxHble nepeeopodku /fixed weirs;
5 — cmamop / stator; 9 — kopnyc / casing; 11 — npueod
/ drive

wryuepoB (3, 6, 7, 8, 10) gna copmuposa-
HUS  ueneBoW pakuuu, KoTopasi BbIBOAUTCS
Yyepes wTtyuep (6).

B nateHTe [20] npeacTaBneHbl TeXHUYeckme
pesynbraTthl pereHepauun MetaHona u3 BMP
C BbICOKMM COAEpXXaHWeM pacTBOPWMMbIX CONEN.
Mpw pereHepaumu mMeTaHona npobnema conesoro
ocTaTka pellaetcs nyTeM npegBapuUTenbHON
ounctkm BMP ¢ npumeHeHuem memOGpaHHON
TexHomnorun (puc. 5).

BMP c BbicOkum copepxaHvem pacTBO-
pVMBIX COMen nporyckaeTcs Yepes KOMoHHy (1),
Kyaa npu MOBbIWEHHOW TemnepaTtype nogaertcs
HarpeTbin ra3z (11). Janee c nomoLliblo raso-
ayBkum (2) cmech, cocToswast u3 napos BMP
1 rasa, nogaetcsa B membpaHy (3). MoTok xngkoctn
Ha BbIxofe M3 MeMbpaHbl, NPOXoasa Yepes Tenno-
obmeHHuK (5), nocTynaeT B KoHAeHcop (4) n fanee
yepe3 Hacoc (12) B KkOHTeWHep (6) uenesBoro
npoaykta. Cuctema pabotaeT B pexvume peumkna,
Korga OTBOASALLMIA ra3 Npu Bbixoae 13 membpaH (3)
noctynaet o6paTHO B KOMOHHY (1).

PereHepauus metaHona

C UCMOSIb30BaHMEM TEXHONOrMM OTAYBKN

BnepBble BapuaHT TEXHOMOMMM  OTAYBKU
Obln NpeacTtaBneH oOLWECTBOM C OrpaHWYeHHOW
oTBeTcTBEHHOCThO OO0  «lasnpom  gobblya
YpeHron». TexHonorns pereHepauum MeTaHona
OCYLLECTBNSETCA B KOMOHHE OTAYBKWM MeTaHona
3a CYET NPOTMBOTOYHONO  MaccoobMeHHOoro
npovecca mexay rasoson gasovi 1 BMP (puc. 6).

OTOT MeToA CXOX C AUCTUNNALUER, TONbKO
BMeCTO pebovinepa ucrnonb3yercsa Tenno rasa.
YctaHoBKa BkMoYaeT B cebs nocnegosaTterb-
HO coeAuHEHHble TPybGonNpPOBOAOM KOMMPECCcop,
PEKTUMKALIMOHHYIO KOMIOHHY W oxnaxgatollee
yCcTponcTBO. Ha Bbixode M3 oxnaxparoLlero ycr-
poNCTBa YCTaHOBMEH BHYTPUTPYOHbIN cenapa-
Top. OQMH M3 BbIXOOOB cenapaTtopa CcoeauHeH

PucyHok 5. YcTaHOBKa Ans pereHepauum
MeTaHona ¢ UCNoNb30BaHUEM
BOAOCENEKTUBHLIX MeMbpaH
Figure 5. Methanol regeneration plant using

water-selective membranes

1 — KonoHHa / column; 2 — 2a3o0yeka / gas blower; 3 —

membpaHa / membrane; 4 — koHOeHcop / condenser; 5,

10 — mennoobmerHuk / heat exchanger:: 6 — koHmelHep

/ container:7, 8 — émxkocmu ¢ BMP / containers with WMS;

9, 12 — Hacoc / pump; 11 — HaepembIll 2a3 / heated gas
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PucyHok 6. Cxema npouecca no u3BneyeH1o MeTaHona ¢ NpuMeHeHneM MeToaa OTAYBKM razomMm
Figure 6. Process flow diagram for methanol recovery using gas stripping method
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PucyHok 7. Cxema n3BneyeHus MeTaHorna ¢ npMMeHeH1MeM NpoLeccoB BbiNapuBaHUA U AUCTUNNALUN
Figure 7. Scheme for methanol recovery using evaporation and distillation processes

C 9KEKTOPOM, YCTAHOBIEHHbIM Ha NUHUKU NoAauu
BMP B konoHHy (puc. 6) [22].

PereHepauusa metaHona

C Ucnonb3oBaHMeM NpPoLeccoB

BbiNapuBaHUA U QUCTUNNALUN

OgHMM 13 MeTodoB, MPUMEHSEMbIX B MpPO-
ueccax pereHepauuuM MeTaHona, SBMSiETCH
METOA, BblNapuvBaHUs W OUCTUMNALUKU, KOTOPbIV
YUUTLIBAET CIIOXHBIN COCTaB U COAepxaHue conen
8 BMP.

Mpouecc BbiNnapueBaHus npeanonaraeT wuc-
nonb3oBaHWe 3HayuTenbHoro obbema Heob-
XOOMMOW  SHeprMvM Ans  UCMapeHus  BoApbl,
4YTO NO3BOMSIET paccmaTpvBaTb BblNapuBaHue
KaK aHeproemkyto TexHomnoruto. Tak, B pabote [23]
paccMaTpuBaeTcsl NPoLEeCcC MHOTOKPaTHOrO Bbina-
pvBaHMA, a Takke MpeacTaBfieHbl pesynbraTbl
nuccnegoBaHus, KOTopble  MO3BOMSKOT  CHU3WUTL
notpebneHne  napa, COKpaTUTb  3aTparbl
Ha MpPOWM3BOACTBO W MOBBLICUTL 3KOHOMMUYECKYHO
peHTabenbHocTb. Mo AaHHOM TEXHOMNOrM4Yeckowm
cxeme noporpetein  BMP  nopaetca B wuc-
naputenb, a CMELWaHHbIn nap, COCTOALWMIA
M3 BOAbl W MeTaHomna, HanpsiMyl nodaetcs

B OUCTUNNSLMOHHYK KOMOHHY (puc. 7). MMapbl
MeTaHona MOAHUMAOTCA B BEPXHIOW 4YacTb
KOMOHHbI, OXNaX4alTCsa W  KOHAEHCUPYTCS
B xonogunbHuKke-koHaeHcatope.  XKnakocTb,
BbIXOOSALWAA M3  HWKHEW 4acTW  KOMOHHbI,
yTUNU3NPYETCs B KayecTBe OTXOOOB Kak oTpa-
OOTaHHbIN KOHUEHTpAT.

B paHHOW cTaTbe 0606LieHbl pesynbraThl
uccnefoBaHui B obnact  MeTogoB  pere-
HepauMu MeTaHona, a Takke nogpobHo
onucaHbl WX [OOCTOMHCTBA W  HeJoCTaTKu.
B Tabn. 1 npepctaBneHa cpaBHUTENbHAas
XapaKkTepucTka  CyLUeCTBYIOLUMX  [OCTYMHbIX
TEXHOMOMNIA NO U3BMEYEHUIO METaHOMA.

MeTtoa pekTudMKauuy SBMSIETCS  XOPOLUO
0TpaboTaHHON TEXHOMOrne W LUMPOKO NpuUMe-
HSIETCH B NPOMBbILUMIEHHBIX MacLuTabax.

MeTtogpl  BbinapvBaHWs U MPOAYBKM
XapaKTepuayoTcs NpoCTOTOW TexHomnoruu,
HO B TO Xe Bpemsi TpebytoTcs Bonblume aHepro-
3aTpartbl.

B omnnuve oOT BblleykasaHHbIX METO-
0OoB, MeTog —MmacconepeHoca He  Tpebyer
OonosnHUTEnNbHbIX 3HeprosaTtpat. K Hepoctatkam
MOXHO OTHECTM MOBbILUEHHbIE BUOPALMOHHbIE
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Tabnuua 1. CpaBHeHMe CyLLECTBYOLMNX JOCTYMHbLIX TEXHONOIUMN
Nno M3Bre4YeHU0 MeTaHona
Table 1. Comparison of existing available methanol recovery technologies

Evaporation

The evaporation process involves using a significant
amount of required energy to evaporate water. The
WMS and steam are supplied to the evaporator,
where the salts are evaporated from it. Next, the
mixture of methanol and steam is cooled in a cooler,
or the mixture is then fed into a distillation column to
increase the concentration of methanol.

MeTon OnucaHue Mpeumywectea Henocrarku
Method Description Advantages Disadvantages
XOpOLLO OTpaboTaHHas TEXHONOTUS; MOXET HCTIONb3OBATHCS TONbKO
[I0CTaTO4HO BbICOKas CTENeHb pasae-
. Nocne OYULLEHUS CbIPbEBOTO MPO-
TIEHUSA KOMMOHEHTOB; »
NPUMEHVMA B MPOMbILLNEHHbIX AyKTa OT conen 1 ip. Hexenarene-
MACLITaBax: HbIX KOMNOHEHTOB;
- yp‘oaeHb aBTOMaTUIALMM: BbICOKWE 3HEpPro3aTparhbl, CBA3aH-
’ Hble C Nepexofamu Ha 3UMHWIA 1
Bblcokasi 9h(PEeKTUBHOCTb C nepcrnek- nepexon
TMBOH SHEprOOMTAMMIALIN NETHUI pexumbl paboTbl, a Takke
Ha HarpeB BMP B peGoiinepe;
Pa3sHoBUAHOCTbL NpoLiecca AUCTUNNALMN C HUSKMMA NOTEPAMI TENNa, Benl/l\?eHMe paSMgpa KOJ‘IOZHI:I
KOTOpasi OCHOBaHa Ha NMPOTUBOTO4HOM aéammonem- venone3yemoe 0GopyosaHue vveet ﬁpm CIULLKOM HUW3KOI KOHLieHTpa-
Pektudpmka- | ctBue napooii v xuakux das (pnermo) AocTyn K GbICTPOiA 1 OnepaTMBHOM umu meTtaHona B BMP.
wns ’ 3aMeHe KOMMNIEKTYIoLWWX. :
Distillation A type of distillation process that is based . can be used only after the raw
on the countercurrent interaction of vapor well-developed technology; product has been purified
N a fairly high degree of separation .
and liquid phases (reflux). of components: from salts and other undesirable
N - . X components;
applicable on an industrial scale; ) . .
high level of automation: high energy costs associated with
high efficiency with the ;;rospect transitions to winter and summer
R . operating modes, as well as for
of energy optimization with low heat perating N .
losses: heating the WMS in the reboiler;
- increasing the column size when
the equipment used has access S
to quick and prompt replacement the methanol concentration in the
WMS is too low.
of components.
OcyLLecTBrsieTcs B KONIOHHE OTAYBKU MeTaHorna
3a cYeT NPOTMBOTOYHOMO MaccooBMeHHOro npoLecca
Mexay rasosoii hasoit 1 BMP. BMP nopaetcs
B BEPXHIOI0 4aCTb KOMOHHbI, @ ra3 NnocTynaeT B HU3
KOMOHHBI. B pe3ynsraTe NpoTMBOTOKA MPOUCXOAUT HDOCTOTA TEXHONOMN:
cenapauust BMP ropsiuum rasom. a3oxuakocTHas P ! TpebyeTcsi 6ecnepeboiiHas nogava
¢hasa ¢ Bepxa KOMOHHbI, NPOXOAs Yepes KoHAeHCa MIPMMEHIME B IPOMBILLINEHHEIX rasa B npoLecc;
! macuutabax; .
TOP-XONOANUIbHUK, Pa3AensieTcs Ha ra3oByo Gonblune aHeprosaTparthbl Ha
M KnaKyo (MetaHon) dasbl ras 13 BEPXa KOMOHHL! MOXHO PELAP- Harpes OTAYBOYHOrO rasa;
Mpoays- Yactb pel’eHepMpOEaHHOI’OIMeTaHOJ'Ia MOXeT BO3- kynuposark 0GpaTHO B MpoLiece HeobXoauMbI peLLeHNst l:lJllFl yTunm-
ANs CHWKEHWs ero pacxopa;
Ka (mecopb- | BpaLaThCs B KONOHHY Ha OpOLLEHME. 3aLun OTAYBOYHOTO rasa.
) MOXET UCMOMb30BaTLCS MPU BLICOKNX
. . . . A aBneHusx BMP. .
Purging It is carried out in the methanol stripping column gim licity of technology: an uninterrupted supply of gas to
(desorbtion). |due to a countercurrent mass exchanging process plctty 1ology: the process is required;
between the gas phase and the WMS. The WMS applicable on an industrial scale; high energy consumption for
is supplied togthe top of the column aﬁd as gas from the top of the column can hgatin thgeystrippin as;
enters the bottom of the column Aé a resgult of the be recycled back into the process solutio?\s are needegds;for}he
N : to reduce its consumption; ) e
counterflow, the WMS is separated by hot gas. The can be used at high WMS pressures disposal of stripping gas.
gas-liquid phase from the top of the column, passing 9 P .
through the condenser-refrigerator, is separated
into gas and liquid (methanol) phases. Part of the
regenerated methanol can be returned to the column
for reflux.
MPOCTOTA TEXHONOMM; IMaBHbI HEJOCTATOK — 3HAYUTENb:
MOXET UCMOMb30BaTbCA s O4UCTKMN 'q
BMP o7 coneil 1 Apyrix Hexena- HO€ KONMYECTBO dHEepruu 1 Tenna
° 151 MOMHOTO
TenbHbIX NMpUMeceit; gbll‘la ABakns BMP:
NPU UCMOMb30BaHUM JOCTYMHbIX HeBbIEOKaﬂ «OH EHT’ AL MeTa
lMpoLecc BbinapuBaHsi NpeanonaraeT UCMosb3oBa: BCMOMOTATENLHLIX CACTEM 1t Hona B I'IpO[J,yKTL;' P
HMe 3HauyuTenbHOro ob6bema HeobxoaMMon aHeprn MynbTUO(DEKTUBHOMO BbinapuBa:- Ges p,aaneVlLueV; pekTudmkaumm
nsi ucnapeHust Boabl. BMP 1 nap nopatotcsi B HUst GHEPTOGMKOCTL MOXET GeiTh NPaKTUYECKN Ha BbIXOAE MoMyYaeT
ﬁcna meﬁb rae M?Héro BbINa| m‘:aanoﬂc;l conm ONTMMIASMPOBANa; cfu NonynpoaykKT; . Y
J:l,anei CMe(;b f‘neTaHona nna e'a) oxrna aeTC‘iI- BOSMOXHOCTb MCTIONL30BAHNA Tenma enecgog ::inO’ 11 UCMONb30Ba
B oxnagutene nuéo cmecb apnee I'IO)K:‘ETCH B Ha Apyrux yCTaHosKax; I:mq npu qgcmq:c‘»m BO3BpaTe Anst
eKTI/Id’):lVIKa VIOHHYIO Kcmomfl st I'IO’quILLIeHVIﬂ MPOLIECC MOXET GbiTe HGMOMNL30- MHrVIGpVI 0BaHUs! MeTaHOnz Hmsﬂom
Beinapusa- EOH eHT| aumm MeyTaHona va BaH B COMETaHUM C TPAALIAOHHOV KOH| eHg auum (40-60% macc.).
Hue ueHTpay . pekTudukaumei Ans oumctkn BMP HeHTpau ° o

oT coneit.

simplicity of technology;

can be used to clean WMS from salts
and other undesirable impurities;

by using available auxiliary systems
and multi-efficiency evaporation,
energy intensity can be optimized;
possibility of using heat in other
plants;

the process can be used in
combination with traditional
rectification to purify WMS from salts.

the main disadvantage is a
significant amount of energy and
heat for complete evaporation of
WMS;

low concentration of methanol in
the product;

without further rectification, the
final product is practically a semi-
product;

suitable for use with partial

return to inhibit low concentration
methanol (40-60% mass).

s DOIL 10.54859/Kj0gI108697 +rrvvrrrserrsserrsssrssnisnsisssissiasiaines
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MeTon OnucaHue MpeumyliecTea HepocTaTtku
Method Description Advantages Disadvantages
i HeAoCTaToOMHO NpoBEPEHHas
KOMMaKTHble pa3Mepbl YCTaHOBKY; i
TexHornorusi;
He TpebyeT AONOMHUTENbHBIX
. . MNOBbILLIEHHOE NMOTpebneHve anek-
MpoLecc ocyLlecTBRsieTcs 3a CHET MHTEHCUMKaLMK | TennosaTpar; X
Macconepe- z TPO3HeprumM ABuUrateniemM npuBoaa;
rasoXMAKOCTHOrO MacconepeHoca nog AeicTBreM | He TpebyeT NPUMEHEHUs BbICOKO-
Hoc (HIGEE o NOBbILLEHHbIE BUGPALIMOHHBIE
) LieHTPOGeXHOIA CUTbI. KUMSALLWX peareHToB.
unit) Harpysku potopa.
Mass . . . . . . . .
The process is carried out due to the intensification | compact dimensions of the plant; . - .
transfer o . . o insufficiently proven technology;
..\ | of gas-liquid mass transfer under the influence of does not require additional heat . .
(HIGEE unit) N T increased power consumption by
centrifugal force. consumption; R )
. . the drive motor;
does not require the use of high- X o
. increased vibration loads of the
boiling reagents. rotor

Harpysku potopa M HeOoCTaTOYHO MpOBepeHHast
TexXHonorus.

BbiBoAbI
B naHHo paboTte paccMOTpeHbl XMMUYeckue
meToabl  60pbbbl ¢ rugpaToobpasoBaHMEM,

npegcTaeneH 0630p NpMMeHeHWs B HedbTerazoBomn
NPOMBILLNIEHHOCTU  MPOLIECCOB  pereHepauuu
MeTaHona W3 BOOOMETaHONbHbIX PacTBOPOB,
a Tawkke CTaTyC CaMux TEeXHOMOruW Ha OaHHbIN
MOMEHT.

M3ydeH  MUpoOBOWM  OMbIT  MPUMEHEeHUs
XMMUYecknx meTtogoB 6opbbbl € rmaparo-
obpa3oBaHneM, BKMOYas MPOEKTbl Ha MECTo-

OONONHUTENbHO

UcTouHnk duHaHcupoBaHusa. ABTOpbI
3a8BMAOT 006 OTCYTCTBMM BHELUHEro (PUHaH-
CMPOBaHWsA Npu NPoBeAEHNN UCCcnegoBaHus.

KoHdnuKT uHTepecoB. ABTOpbl [Aekna-
pYPYIOT OTCYTCTBME SIBHbIX W MOTEHLMAmNbHbIX
KOH(NNKTOB WHTEpPEecOoB, CBHA3aHHbIX C ny6-
nuKaumen HacTosILLEeNn cTaTbu.

Bknap aBTopoB. Bce aBTOpbI NOATBEPXKAAOT
COOTBETCTBME CBOEro aBTOPCTBa MeXAyHapoaHbIM
kputepusam  ICMJE  (Bce aBTOopbl  BHEecnu
CYLLECTBEHHbIN BKMag B pa3paboTKy KoHuenuuu,
npoBedeHVe  uccnegoBaHMs UM MOArOTOBKY
cTaTtby, Npoynu 1 ogobpunu uHansHyo BEPCUIO
nepeg nybnukauven). Hawbonbwwuii  Bknag
pacnpegenéH cnegytowmm obpasom: CateHos K.I.
- WHTepnpeTaums OaHHbIX, HanncaHve
W pepakTupoBaHue pykonucu, TkeHbaeB C.M.
— TMpoBepka pesynsratoB, pegakTupoBaHue
pykonvcu, TaweHoB XK.A. — KoHUenuust paboTbl,
WHTeprnpeTaumss [aHHblX, KOHTpPONb 3a Bbl-
nonHexHvem pabotbl, AxmeToB XK.E., Kagbipos C.P.
— c6op, aHanu3, UHTepnpeTaLust 4aHHbIX.

poxaeHusix Poccumn, CLUA, Hurepum u gpyrux
cTpaH. HecmoTpsi Ha akTWMBHOE WCMOoSb30BaHWE

MHOIrMMu ncenenoBaTeribCKUMn rpynnamm
pa3nnyHbIX NoaxoaoB K COBepLUEeHCTBOBAHUIO
MeToa0B pereHepauunn MeTaHona, aHanms

NUTepaTypHbIX AaHHbIX NOKa3bIBaET, YTO Hanbonee

4yacTo W YCMNEWHO MpPUMEHSIEMbIM  METOAOM
pereHepauun metaHona u3 BMP aensetca metoq
pekTudmkaumm.

[aHHbIN meToa HaxoauTt LUMpoKoe
NPUMEHEHNE NPY OCBOEHUW TPYOHOU3BIIEKAEMbIX
3anacoB  YIrNeBOAOPOAHOrO  Chipbs,  BKIOYast
yBenunyeHve oHOoa CKBaXxvH B npouecce

pa3paboTku LenbgOoBbIX MECTOPOXAEHWIA.
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OpVI rmHanbHoe uccriegoBaHue

MpueMbl KOHCEpBaLUKU NepPCneKTUBHbLIX B HE(PTAHOW NPOMbILLIIEHHOCTU
OakTepumn ons coxpaHeHusi bUONOrMYeckMx CBOMCTB

K. KanbipmaHoBa, A.E. Acbin6ek, A.P. UIcnamoBa, A.K. EpHa3apoBa,

A.Y. Abnt6ekoBa, Y.T. LlanmepaeHoBa
Kasaxckuli HayuoHarnbHbIU yHUsepcumem um. anb-®Papabu, e. Anmamel, KazaxcmaH

AHHOTALMA

O6ocHoBaHMe. CoOxpaHeHMEe LEHHbIX LWTaMMOB OakTepui MMeeT pellatoliee 3HadeHue
ONsi pasnuYHOro Hay4yHoro, NPOMBbILLIEHHOIO U 3KOMOTMYEeCKoro NpuMeHeHus. HegteamynbsrupytoLimne
N  HedTEBLITECHSOWME CBONCTBA MWUKPOOPraHM3MOB SIBMISIOTCA MOTEHUMANbHO  3HAYMMbIMU
Ans GUOTEXHONOMMIA, NPUMEHSIIOLLMXCA B HEPTSHOW OTPACnK, B YaCTHOCTU, B TaKUX HanpaBneHusx,
Kak buopemeamnaumns, TPETUYHOE NOBbILLEHNE HedTeoTAauun. [ns cHabXeHUs NpeanpuaTUil YUCTbIMU
KynbTypamy MUKpPOOPraHW3mMOB HEOOXOAMMO MOCTOSIHHO MoaAepXuBaTh UX B YCIOBUSIX KOMMEKUun
B aKTMBHOM COCTOSIHUW, OTCNEXMBAS COXPAHHOCTb OWOTEXHOMOIMYECKMX CBOWCTB, B CBS3U
C YeM noAdepKaHue LWTaMMOB MUKPOOPraHN3MOB B paboyemM COCTOSIHUM U COXPaHEHME MX LIEHHbIX
CBOWCTB SIBMSIIOTCA BaXHbIMW YCMOBUSIMW NpakTMyeckn nwboi paboTbl C MMUKpoopraHuaMamu
OT NEPBUYHOIO U3y4YeHMs 0 MCNOMb30BaHUSA UX B MPOU3BOACTBE pasnuyHbIX GuonpenapaTos.

LUenb. CTtaTbss nocBsiLleHa W3y4eHWIO MpUeMa KOHCepBaLMW MEePCreKTUBHbIX B HedTAHOM
npomblneHHocTn  Gaktepuin  —  moaudpukauum  MeToda  MMKPOKancynmMpoBaHUsl  KIETOK
MUKPOOPraHW3MOB B arnblMHATHbIA renb ¢ A0OaBNeHWEM MULEpUHa, rae rmuuepuH UCNomnb3oBaH
B KayecTBe BelllecTBa ¢ GUoCTaTUYECKMM AEeNCTBUEM.

MaTtepuanbl M Metoabl. B kayectBe 0OLEKTOB  MCCregoBaHWsi  UCMONb30BaHbI
8 yrneBoOOOPOOOKUCTISIOLMX KYNBTYP MUKPOOPraHUM3MOB U3 KOmnnekumn kadenpbl GUOTEXHONOrnm
Kasaxckoro HaunoHanbHoro YHusepcuteta um. anb-Papabu: 4 cnopoHocHbIe N 4 HECMOPOHOCHbIE
KynbTypbl 6akTepuii. B pabote mcnonb3oBaHbl MUKpobuonornyeckne MeToAbl KynbsTUBMPOBAHUS
N XpPaHEHUs1 MWUKPOOPraHu3moB (B TBeEpAbIX, XMOKUX cpedax B adpOOHbIX YCNoBusX), PU3MKO-
xumudeckun metop Kynepa (onpegeneHue wmHOekca HedTE3MYNbIMPOBAHUS), CTaTUCTUYECKME
MeToabl.

Pe3ynbratbl. YcTaHOBMEHO, 4YTO fobaBneHve B kavectBe BuocTtatuka rnuuepuHa (15% 06.)
B reneobpasymollyo mMaTpuuly anbruHata Hatpusi obecneuvMBaeT Ansi MccrnenoBaHHbIX GakTepuii
[OrOCPOYHYIO (B TEYEHME 6 MEeC.) XKM3HeCnoCoBHOCTb KieTok B npeaenax 88—96% ¢ coxpaHeHMeMm
PYHKLMOHANBHOCTN  MMMOOMNN30BAHHbIX KNETOK. 3HayeHns wHaekca HedpTeaMynbrupoBaHus
GakTepuii COXpaHUNMCb Ha YPOBHE 3HAYEeHWI [0 KOHCEPBALUKW, TOra Kak Npu Knaccuyecknux Metoaax
XpaHeHNs1 B TedeHMe 6 MecC. KONMMYECTBO XXM3HECTOCOOHbIX KNeTok Hwxke. CrnegyeTr OTMETUTb,
YTO NOCME LWECTUMECAYHOIO XpPaHEHUS! B KancyMpoOBaHHOM BUAE C MMULLEPUHOM >XU3HECNOCOBHOCTb
HECMOPOHOCHbIX KynbTyp — nceBgomoHan — Huxke (88-91%), 4em cnopoobpasytowmx Gauunn
(95-98%), 1 Takasn koppensaumsa HabnogaeTcs U Ans Knaccuyecknx METOAOB.

3akntoyeHue. [peanoxeHHbI MOANMULMPOBaHHBIN  METO4 KOHCepBauMM Ha OCHOBE
MUKPOKaNCynMpoBaHUsl KMETOK B anblfMHATHBIM refnb € AoGaBrneHnem rmuuepuHa Mo3BONwM
obecneunTb OONrocpodHoe XxpaHeHve OakTepun, nopgaoepxuBasi UX  (PYHKUMOHANBHOCTb
N KN3HECTNOCOBHOCTb.

Knroueenie cnoea: MUKPOOpeaHU3Mbl, KOHcepsayus, MUKpOKarcynuposaHue,
cybkynbmuguposaHue, buocypghakmaHmsi, Guocmamux.
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Conservation techniques for promising bacteria in the oil industry
to preserve biological properties

Gulzhan K. Kaiyrmanova, Alisher Ye. Asylbek, Aida R. Islamova,

Aliya K. Yernazarova, Aelina U. Abitbekova, Ulzhan T. Shaimerdenova
Al-Farabi Kazakh National University, Almaty, Kazakhstan

ABSTRACT

Background: The conservation of valuable bacterial strains is crucial for various scientific,
industrial, and environmental applications. Microorganisms with oil-emulsifying and oil-displacing
properties are potentially significant for biotechnologies applied in the oil industry, particularly
in such areas as bioremediation and tertiary enhanced oil recovery. To supply enterprises
with pure cultures of microorganisms, they should be constantly maintained in the collection
conditions in an active state while monitoring the preservation of their biotechnological properties.
Therefore, keeping microorganism strains in working conditions and preserving their valuable
properties are important for almost any work with microorganisms, ranging from primary research
to their use in the production of various biopreparations.

Aim: The article focuses on studying a method for preserving bacteria that are useful in the oil
industry. This method involves modifying the technique of microencapsulating microorganism cells
in alginate gel by adding glycerin, which is used as an agent with biostatic action.

Materials and methods: The subject of research are eight hydrocarbon-oxidizing cultures
of microorganisms that were sourced from the Department of Biotechnology of the al-Farabi
Kazakh National University. Of these, four cultures were spore-bearing, while the other four were
non-spore-bearing. The research employed microbiological methods of cultivation and storage
of microorganisms in both solid and liquid media under aerobic conditions. In addition, Cooper's
method was used to determine oil emulsification index and statistical methods for data analysis.

Results: It has been found that adding glycerin (15% vol.) as a biostatic to the gel-forming
matrix of sodium alginate can ensure long-term (up to 6 months) cell viability for the studied
bacteria in the range of 88-96% while maintaining functionality of immobilized cells. The values
of the bacteria’s oil emulsification remained at the pre-conservation levels, whereas traditional
storage methods result in a lower number of viable cells after six months. It should be noted that
after six months of being stored in encapsulated form with glycerin, the viability of non-spore-forming
Pseudomonas cultures is lower (88-91%) than spore-forming Bacillus (95-98%). This correlation
is also is observed for traditional methods.

Conclusion: The modern method of preserving bacteria allows for their long-term storage
while maintaining functionality and viability.

Keywords: microorganisms; conservation, microencapsulation; subcultivation; biosurfactants;
biostatics.
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TynHycka 3epTTey

Buonorusanbik KacueTTepiH cakray ywWwiH MyHan eHepkacibiHae
nepcneKkTuBanbl bakTepusnapabl cakKray agicrepi

K. KanbipmaHoBa, ©.E. Acbin6ek, A.P. UcnamoBa, ©.K. EpHa3apoBa,
A¥. O6iT6ekoBa, ¥.T. LUanmepaeHoBa
an-®apabu amsiHOarbl Kazak ¥nmmebiKk YHueepcumemi, Animamsi Kanacsl, Kazakcma

AHHOTALUA

Herizpey. bBaktepuanapgblH KyHObl LWTaMaapblH caktay opTypri  fblNbIMKW, ©HAIPICTIK
XoHe aKkonormsanblk kongaHbanap yWwiH eTe MaHbi3gbl. MukpoopraHuamaepaiH MyHangbl
aMyrnbCcUsnay XXeHe bIFbICTbIPY KacuMeTTepi MyHal canacbliHga, atan awTkaHga, 6uopemegmauums,
MyHaW LiblFapydbl JKOfapblnaTygblH  YWIiHWINIK  aaici  cuakTbl  OafbiTTapda  KonAdaHblnaTbiH
OuoTexHonornsnap  yWiH  aneyeTTi MaHbi3abl  6onbin  Tabbinagpl. KacinopbliHgapabl
MUKpOOpraHMaMaepAiH Tasa [akbiNgapblMeH kaMTamacbi3 eTy  YWiH - OMOTEXHOMOrusnbIK
KacuMeTTepaiH cakTanyblH Kagafanan OTbIpbin, onapAbl KONMekuus xafgavbiHaa yHemi 6enceHgi
Kynge yctay kaxeT. OcbifaH GavinaHbICTbl, MUKPOOPraHu3MAepAaiH LwTamMaapbiH XXYMbIC KyWiHAe
ycTay, onapablH KyHObl KacueTTepiH caktay 6acTtankbl 3epTTeygeH Oactan onapgbl opTypri
Ouonorusanblk eHiMaep eHaipiciHae KongaHyFa AeniH MUKPOOPraHN3MAEPMEH KEe3-KENreH XXYMbICTbIH
MaHbI3abl LWapTTapbl 60nbin Tabbnagb.

Makcartbl. Makana MyHan eHepkacibiHaeri nepcnekTuanbl GakTepusinapgblH, cakTanyblH
kabblngayabl 3epTTeyre apHarsfaH - IMULEpUH KOCbINFaH anbrmHaTTbl renbre MUKpoopraHM3maepaid
)acylanapblH MUKpoKancynsumsanay aficiH moaudukaumanay, MyHaa rmuuepuH buocTaTmkanblk
acep eTeTiH 3aT peTiHae KonaaHbinaabl.

Martepuanaap MeH apictep. 3epTTey HbicaHAapbl peTiHoe an-®apabu atbiHoarsl Kasak
¥NTTblK YHMBEPCUTETIHIH BrnotexHonorusa kadenpacbiHbiH, KONMNEKUNSICbIHAH MUKPOOPraHn3Maepain,
8 KONnekunsanblk KeMipCyTekTi TOTbIKTbIPFbIL Aakbingapbl navgananbingbl:  6aktepusinapabliH
4 cnopa Ty3eTiH xaHe 4 cnopa Ty36enTiH gakbingapbl. KyMbicTa MUKpOOPraHM3mMaepAi ecipy MeH
cakTtaygblH Mukpobuonornsnelk agictepi (a3pobTbl xaFganga kaTTbl, CyMblK opTaga); dusuka-
xumMusanblK agic — Kynep agici (MyHangbl amynbcusinay UHAEKCIH aHbiKTay), CTaTUCTUKanbIK agictep
KongaHbinabl.

HoeTuxenepi. MMuuepuH Guoctaturi petiHge kKocy (15% K-nem.) HaTpuii anbrMHaTbiHbIH
renb Ty3eTiH MaTpuuacblHaa 3epTTenreH OakTepusinap yuwiH y3ak mepsimgi (6 aw iwiHge.)
nmMmobunusaumsinanFaH xacywanapablH (YyHKUMOHaNAbIFbIH cakTak oTbipbin, 88-96% wweriHge
XacywanapgblH emipwenairi. MyHai uHAekciHiH - MaHaepi  GakTepusinapgblH  3MyMbCUSACHI
KOHCepBaLusaFa OeNiHr MaHOep AeHreniHae caktangbl, an Knaccukanblk caktay agictepiHae 6 an
Oonbl emipLUeH Xacyllanap caHbl a3. AiTa KeTy Kepek, rmuuepvHMEH KarncynanaHfaH antbl ainblk
cakTayaaH KeliH cnopa Ty3eTiH 6aumnnanapra (95-98%) kaparaHga crnopanbl eMec Aakblingapabi,
— NCeBOOMOHACTTapablH eMipLueHairi TomeH (88-91%) xaHe Oyn koppensums Knaccukanblk agictep
ywiH ge 6ankanagpl.

KopbITbIHAbI. [MULEPUH KOCbINFaH anbrMHaTThbl renbre xacyllanapabl MUKpokancynsumsinay
HerisiHOe YCbIHbINFAH e3repTinreH KOHCepBiney agici GakTtepusinapablH (OYHKUMOHANAbIFbl MEH
eMipLUeHAIriH cakTan OTbIpbIn, onapablH, y3aKk Mep3iMai cakTanyblH KaMTamachl3 eTTi.

Hezizzi ce3dep: MukpoopzaHusmMOep, cakmay, MUKpOKarcynayusi, cybKynbmueauyusi,
buocypghakmaHmmap, buocmamuk.
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BecTHuk HedTerazosol oTpacnu KasaxctaHa

BBeneHune

CoxpaHeHMe LeHHbIX LWTammoB OGakTepun
MMEET pellatollee 3HaYeHue Ans pasnnyHbIX
HayYHbIX, TMPOMBILMEHHbIX W  3KOMOMMYECKUX
npuMmeHeHun. Hedpreamynbrupyowme n Hedre-
BbITECHSIIOLLME CBOWCTBA MMWKPOOPraHW3MoB SiB-
NAITCA NOTeHUManbHO 3Ha4YMmbiMuM And  6uo-
TEXHONMOMNA, MNPUMEHSILWNXCA B HedTSHOW
oTpacnu, B 4acTHOCTW, B TakUX HanpasieHusX,
Kak Ouopemeavaums, TPETUYHOE MOBbILLEHWE
HedTeoTAaun, npoussoacTso 6uoamsenst [1-3].
OTW CBOWCTBA OCHOBaHbl Ha CMOCOBHOCTU
MUWKPOOPraHW3mMOB MPOAYyLMpPOBaTb  pPasfuyHble
buocypdakTaHTbl, KOTOpble CnocobCTBYOT AMC-
nepryupoBaHnio MU BbITECHEHWNIO HedTU. B vact-
HOCTU,  HedTeaMynbrupyloLwas  CrnocobHOCTb
MUKPOOPraHM3MOB OCHOBbLIBAeTCS Ha Bblaene-
HUM  BbICOKOMOMEKYNSAPHbIX BuocypdaktaHToB,
KOTOpble 06pa3ytoT Menbyaniune HedpTeamynbcum,
4YTO noBblWaeT 3MPEKTUBHOCTL KOHTakTa bak-
Tepwuii ¢ HedpTblo [4-5].

BuocypdakTtaHTbl, obpasyemble  MWUKPO-
opraHuamamu, no aP@EKTUBHOCTM K IMYnbrmpo-
BaHWIO HE YCTynalT CUHTETMYECKUM cypdpaKTaH-
Tam. OpHako B OTAMYME OT CUHTETUMYECKUX
cypdakTaHToB, OHW OBnagatT Takumu npenmy-
LecTtBamu, kak 6uogerpagabenbHOCTb U OTCYT-
CTBME TOKCWYHOCTW, a TaKke MNorydYeHune u3 Bo-
300HOBNSIEMbIX ~ MCTOYHUKOB,  YTO  Aenaer
MX NepcrneKkTUBHbIMW Ans  pas3paboTku HOBbIX
aKonornyeckn 6esonacHbIX TeXHonoruni [6).

Ona pasnMyHoro wucCnonb3oBaHWSA  nep-
CMNEKTUBHBIX LUTAMMOB MWKPOOPraHM3MoB Heob-
XOOMMO MOCTOSIHHO MOAAEPXMBaTb WX B YC-
TNOBUAX KOMMEKUMN B aKTUBHOM COCTOSIHUW, OT-
CnexuBasi COXpaHHOCTb LieHHbIX CBOMCTB, B CBSA3M
C YeM noaaepxaHve LWTaMMOB MUKPOOPraHN3mMoB
B paboyeM COCTOSIHUM, COXPaHEHUe WX LEeHHbIX
CBOWCTB SIBMAIOTCH BaXHbIMW ycnosuammn nobon
paboTbl C MUKPOOPraHM3mMamMu — OT NEPBUYHOIO
N3y4YeHUst 4O MUCMONb30BaHNSA UX B NPOU3BOACTBE
pasnu4yHbIX BronpenapaTos.

TpaaMuUMOHHO UCMONb3yeMble MEeToAbl Xpa-
HeHWs1, Takne Kak CybKynsTMBMPOBaHME, XpaHeHune
nog MuvHepanbHbIM MacrioM UMEKT orpaHuYeHuns
C TOYKM 3peHUst CTabWUNbHOCTM MNPOMbILLIEHHO
BaXHbIX CBOWCTB W XM3HECMOCOBHOCTM KNeToK
MUKpPOOpraHm3mos [7—8].

CoBpeMeHHble MeTodbl XpaHeHust  Gak-
Tepun, TakMe  Kak  MUKpoKancynvMpoBaHue
B renun, KpMOKOHcepBaumsa 1 nuodunusaums, ad-
(PEKTMBHbI, OHAKO YaCTO BO3HMKAKT Npobnemsbl
n3-3a YyBCTBUTENbHOCTM GakTepuit K KonebaHu-
AM  TemnepaTtypbl, BO3OENCTBUIO  Kucrnopoga
n ctpeccy 06e3BOXMBAHMA. OTW OrpaHUy4eHus
MOTYT NPUBECTU K CHUXXEHWIO KN3HECNOCOBHOCTH,
N3MeHeHNo MeTabonnyeckon akTMBHOCTU WU Mo-
Tepe cneunguyecknx CBOMCTB, KOTOPbIE AenarT
6akTepun LeHHbIMK [8—10].

MIMMObBMnM3aumsi MUKpOOPraHM3mMoB B Ha-
TyparnbHbIA anbrMHaTHbIN NonMMep UMeeT psf

NPeuMyLecTs Mpu  MUKpoKancynsuum:  6uo-
COBMECTUMOCTb, HETOKCUYHOCTb U CMOCOBHOCTb
06pa3oBbIBaTh CTabWIbHLIE FENEBLIE CTPYKTYPLI.
HeCMOTpﬂ Ha nepedvucrieHHble npeunmMylliecTsa,
Kpa|7|He Ba>XHO Yy4nTbiBaTb noTeHuyunarnbHble
HeOOoCTaTkn, KOTOopble MOryT OrpaHudnTb ero
NPYMEHUMOCTb B OMPEAENEHHbIX Cryyasix, Takux
Kak BO3MOXHOCTb MeXaHU4YeCKOro MoBpeXaeHus!
W orpaHuWyeHHas  audpdysus  nuTaTenbHbIX
BelecTB, YyBCTBUTEIIbHOCTb KOHKPETHOro
wrtamma [10-12]. B cBsA3n c aTMm paspaboTka
bonee HadeXHbIX W YyHUBeEpCalibHbIX MeTOoOO0B
XpaHeHusi,  0GecrneuMBaloLMX  MOBbLILLEHHYO
CTabuIbHOCTb,  XM3HECNocoGHoCTb U apan-
TUpyemocTb k Gonee LIMpokoMy cnekTpy 6ak-
TepuanbHbIX LLUTAMMOB, aKTyallbHa.

MaTepuanbl u MmeToabl UCCrie[OBaHUSA

B pabGote wucnonb3oBaHbl 8 yrmeBogopo-
AOKNCASOLLNX KyneTyp MWKPOOPraH1M3moB
n3 Konnekumm kadpegpbl GuotexHonorumn Kaszax-
CKOro HaLMOHarnbHOrO yHMBEpcUTETa WM. arnb-
dapabn, obnagatowmne BGUOTEXHONOTMYECKUM
noteHumManom B HedTsHOW oTpacnu: 4 wTam-
mMa — Pseudomonas aeruginosa (D4, T1, T2,
T4), 2 wrtamma — B.licheniformis (A3, PW2)
1 No ogHoMy WTammy B.safensis ssp. safensis A2,
B.paralicheniformis R4.

Baktepun nepuoauveckM nepeceBanucb
N aKkTMBMpoBanucb (pa3 B 2—-3 MecC.) Ha MSCO-
nentoHHom arape (ganee — MIA), 3atem
nepeHoCUnNCbL B MSACONENTOHHbLIV OyNboH (aanee
— MIB) n kyneTMBMpoBanuck npu 40°C B TeueHne
24-48 v.

B pabote wcnonb3oBaHbl nNMTaTenbHbIE
cpeabl: MMA, MMB, MSS (aven. Mineral Salt
Solution) [13]. MIMA n MINB — ocHoBHblE cpeabl
ANs  MOAAEPXaHWUS XKU3HEAeATENbHOCTH, Xpa-
HEeHWs, akTuBauuu, NPOBEPKN YMCTOTbI M MNOny-
YeHns 6Buomaccbl KynsTyp MWKPOOPraHW3MmoB;
MUHepanbHaa cpega (MSS) — cuHTeTMyeckas
nuTaTenbHaa cpena, roe B Ka4ecTBe €UMHCTBEH-
HOrO  WCTOMHMKA  yrnepoga  UCMofb3oBanu
rMUUEpUH ANs  onpegeneHus  amynbrupyowwmnx
cBovcTB GakTepuin. CUHTETUYECKUA ULEepUH
— MHOroaTOMHbIA CNWPT, MPOAYKT nepepaboTku
HedTU Npu NponssoacTee Guotonnmea [14].

[Mpn onpepenenun HedTEIMYNBIUPYIOLLNX
CBOWCTB MUKPOOPraHW3MOB MCMOMb30Basnu Chipyto
HedTb MecTopoXxaeHnsa ApbICKYM CO CrieayoLwmmm
CBOWCTBaMU: Nerkasi — ¢ nioTHOCTbIO A0 854 kr/m3,
manocepHuctaa — o 0,46%, napaduHuctas —
9,7-27,2% [15].

B paboTte wcnonb3oBaHbl TpagUUMOHHbIE
MUKpPOGMONornyeckne Metogbl KynsTUBUMPOBAHUSA
MUKPOOPraHn3MoB, MMMobunusauus Gaktepui
B anbrMHaTHbIV renb, meTog Kynepa (onpegeneHve
nHaekca HedTeamynbruposaHusl), metogq Mopu-
KaBbl (onpegeneHne HeTeBbITECHEHUS).

Ons  onpegeneHuss  uHOekca  HedoTe-
3MynbrMpoBaHna BakTepuii, UCNONb30BaHbl TPEX-
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CYTOYHble KynbTypbl, BblPallEeHHbIE Ha XWOKOW
MUHepanbHon cpege MSS ¢ pobaeneHvem
2% 06. rmuuepvHa. [anee KynbTyparnbHyO
cpeny ¢ GakTepuanbHbIMU KIETKaMu CMeLuMBanu
C HeTb0 B COOTHOLWEHUN 3 : 2 N UHTEHCUBHO
nepemMelunBany Ha nabopaTtopHOM BCTpsixvBaTe-
ne npu 1000 o6/mMuH B TeyeHne 1 MuH gns no-
nyyeHusi ctabunbHom amynecuu. MNMocne atoro npo-
OGUPKM OCTaBMSAMU B BepPTMKANbHOM MOMOXEHUN
npy KOMHaTHoOW Temnepatype. Yepes 24 4 name-
PSIOT BbICOTY CTABUINBbHOIO CNosi aMyrnbCum, 1 pac-
CYATBLIBAIOT  UHAEKC aMynbrupoBaHus (E24),
KaK OTHOLLEHWe BbICOTbI CNOsi AMYyrbCumn K obLLen
BbICOTE >XnaKocTtu (1):
E24(%)=(Ve/Vn)*100 1)
rae V,—o6bem amynbeum, V. —nonHbin o6bem
XKMOKOCTW, BKIoYawowmii B cedbst obbem BOAHbLIN
asbl (CycneHsusi KreTtok MUKPOOPraHU3MoB)
c pobaeneHnem obbema  yrneBogoOpOOHOM
asbl — HedpTn — M obbema obGpasoBaBLUENCS
amynbcum [16].

CnocobHocTe  BGakTepuit K BbITECHEHUIO
HedTn npoeogmnu no MopukaBa (oil spreading
assay). B uvawky [Metpu nomewator 50 mn
ANCTUNNMPOBAHHON BOAb!, NMOBEPXHOCTb KOTOPOW
MOKpbIBAOT crnoeM rmapodobHoro BellecTBa
(10 mn ceipon HedTn). [Ona  obHapyxeHus
6uocypdpaktaHToB HaHocaT 10 Mkn obpasua
OakTepuarnbHON CycneH3um B LLEHTP ruapodobHoro
cnos. Mpun Hanuuum GuocypdakTaHToB HedTb
BbITECHAETCH, U 06pasyercs ouyuvlieHHas 30Ha,
AnameTp KOTOPOW KOPpenupyeTr C akTUBHOCTbIO
6uocypakTaHTOB, Takke Ha3blBaeMOW aKTuB-
HOCTbIO BbITeCHeHMs HedTu [17].

Onsa  ontummsaumm  cnocoboB  xpaHe-
HUS  MUKPOOHbIX KynbTyp npoBedeHa Moau-
dukauma metoga XpaHeHust GakTepum — MUKpPO-
KancynupoBaHWe KNEeToK B anbfMHaTHbIN renb
C [JOonorHeHuMeM B KadvecTBe OwocTtatvka mmu-
uepuHa. WM3BecTtHo, 4TO nNpu  XpaHeHuu
MWKPOOPraHM3mMOB B  pacTBope  MnuuepuHa
X metabonuyeckas akTMBHOCTb 3HAYUTENbHO 3a-
mMeansercs unu npekpawaetca [18, 19].

Ona wmukpokancynmpoBaHus B 3% anb-
rMMHaTHbIN  reflb  UCMOMNb30Banu  ABYXCYTOYHblE
KynbTypbl  GakTepuii.  AnbruHaTHble  rpaHynbl
C BKIIIOMEHHbIMM BaKkTepuanbHbIMK  KNeTKamu
ctabunusmposarimce B 0,2 M (monspHas
KOHLEHTpaums) pacTBope Xxnopuaa Kanbuus.
XpaHeHue npoBoaunock npu temnepatype +4°C.
OnpegeneHne >XM3HECNOCOBHOCTN U LIEHHbIX
CBOWCTB MMWKPOOPraHM3MoB MNPOBOAWMN  4Yepes3
6 MecC. XpaHeHUsI B WHKanCynMpoBaHHOM BWAE;
B KayecTBe KOHTPOMs MCMonb3oBanu Krnaccu-
Yyeckne MeToAbl XpaHeHWs — CyOKynbTMBMPOBaHMEe
N VHKanCynsums KreTtok B anbrMHaTHbIA renb
6e3 rmuuepuHa.

[na xpaHeHnsa ncnonb3oBaHbl KynsTypbl 6ak-
Tepwi, BblpaweHHble Ha MINB ¢ pH 7 npu 40°C
B CTaLMOHApPHOM PEXUME, B TEYEHWNE CYTOK — MCEB-
JomoHaapbl  (ku3HecrnocobHocTb -108 KOE/mn),
OBYXCYTOYHble (ANA nepeBoda B MOKosLLeecs
cocTosiHue) — Gauunnel (106-107 KOE/mn).

Pe3ynbrathbl uccnegoBaHus

n obcyxaeHue

[MaBHbIM KpUTEPUEM MPU  NOAAEPXKAHUU
LUTaMMOB MWKPOOPraHn3MoB B pabovem cocTos-
HUN ABNSETCSH COXPaHEHWE UX LEHHbIX CBOWCTB,
B CBSI3N C YeM K LieHHbIM CBOMNCTBaM MUKpoopra-
HU3MOB OTHOCATCHA HedTeamynbrupytowas (E,,)
1 HedoTesbITecHAOWan (O,) aKTUBHOCTU MMKPO-
opraHuamos [8-10].

B Tabn. 1 npeactaBneHbl pesynsraThl
U3yyeHns HedPTeaIMyNbrvpylowen un HedTeBbI-
TECHSIIOLMX CBOWCTB  KOMMEKUMOHHbIX MUKPO-
OpraHuM3moB, KynbTUBUPYEMbIX Ha cpedax MSS,
rAe B KayecTBe €OMHCTBEHHOINO WCTOYHMKA
yrnepoga 1cnonb3oBanu rMuuepuH A0 3aknagku
Ha XxpaHeHue. N3BeCTHO, YTO KynbTypbl, UMeloLLne
MHAEKC aMynbrupoBaHus Bbie 50%, cuutatotcs
nepcrneKkTUBHbIMW NpoayLeHTaMn GuocypdakTaH-
TOB ANs pa3paboTku BUOTEXHONOMMI, UCnonb3ye-
MbIX B HedTAHOM npombiwneHHocTn  [20].
Kak BugHO, BCe 8 KynmbTyp MWKPOOPraHU3MoB
SIBMSAOTCA aKTUBHbIMU BMO3MynbratopaMmn HedTu:
E24 Bbiwe 50%, makcumanbHas cnocobHoCTb
K BbITecHeHuto HedTun (Os Gonee 3 cm).

Ta6nuua 1. U3yyeHne HePTE3IMYNLCUOHHLIX, HePTEBLITECHAKLINX CBONCTB MUKPOOPraHM3MOB
Table 1. The study of oil-emulsion and oil-displacing properties of microorganisms

Ne MukpoopraHusmbl WHpekc amynbruposanus (E24),% BbiTecHeHus HedTH (Os), cm
- Microorganisms Emulsification index (E24), % Oil displacement (Os), sm
1 P.aeruginosa D4 51+2,3 4,6+0,3
2 P.aeruginosa T1 73,1+3,2 5,3+0,3
3 P.aeruginosa T4 64+3,2 4,3+0,3
4 P.aeruginosa T2 54,2425 4,4+0,3
5 B.safensis subsp.safensis A2 60,9+3,3 4,2+0,3
6 B.licheniformis PW2 51,6+3,3 3,7+0,2
7 B.licheniformis A3 68,5+1,8 4,2+0,3
8 B.paralicheniformis R4 62,1+2,9 4,5+0,2
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Ona makcumanbHOro coxpaHeHust ©6uo-
TEXHONMOMMYECKNX  CBOWCTB  MMKPOOPraHn3MoB
nposegeHa mogudukaumsa MeToda  XpaHeHust
OakTepuii B anbrMHaTHLIA renb C AOMNOMHeHWeM
rmuuepuHa (15% 006.), B KavecTBe KOHTpons
Mcnonb3oBanu Knaccuyeckne metombl — CyoKynb-
TMBMPOBaHWE W MWKPOKaNCynMpoBaHue B arb-
rMHaT HaTpus.

Ha pwc. 1 npeactaBneHbl MUKpOKancyrbl,
nonyyeHHble MMMobUNM3aumeln knetok  Gak-
Tepuii B anblMHaTHbIM renb c gobaeneHnem
15% rmuuepuHa. Mwukpokancynbl npeacTas-
nsawT  cobon  cdepuyeckme  yactuubl - Oe-
noro uBeta C  [Magkon  MOBEPXHOCTbIO.
Mo BHewHemy BMAy kancynbl 6e3 rnuuepuHa
W C MULEPUHOM He OTNMYanuch apyr oT gpyra.

B Tabn. 2 npeactaBneHbl pesynsrathl
onpegeneHnst KM3HecnocobHOCTM KNeTok Oak-
Tepuii Mocne Mx LecTUMECSYHON KOoHcepBauum
B MUKpoKarncynax c rnuuepuHoMm. B kauvecTtBe
KOHTPOMNS UCMONb30Banu BapuaHTbl XpaHeHus
CyOKynsTUBMPOBAHMEM U MUKpPOKancynMpoBa-
Huem 6e3 buocTaTuka.

BbisiBneHo, 4TO nocne LeCcTUMMECAYHOro
XpaHeHus 8 cnopo- 1 HeCMOPOHOCHbLIX BakTepuii
MUKpOKarncynmpoBaHvemMm ¢ gobasneHvem rnuvue-
pvHa  XM3HECNOCOBHOCTb  KMETOK  BbICOKasi
(88-98%), Torma kak 6e3 poGaBneHus GuocTa-
TMKa 9TOT nokasatenb cocTaBnsetr 76—94%;
npu cyoOKynsTUBMPOBaHMM 3TOT MoKasaTtefb CoC-
TaBun 74-93%. CnegyeT OTMETUTb, YTO XKU3He-
CMOCOBHOCTb HECMOPOHOCHBIX KYNbTyp — MCEB-

AOMOHa — Mocre  LeCTUMECSIHHOTO  Xpa-
HeHusi  Haxoautcss B npegenax  88-91%,
Torda kKak Aans  cnopoobpasylowmx  Haumnn

3TOT nokasaTenb cocTaBnser 95-98%. Takas
Koppensauusa Habniogaetrcs u Ana Knaccuyeckux
METOAOB  XpaHeHus —  CyOKynbTUBMPOBAHMS
N MWKPOKancynupoBaHus B anbrmHaTHbIN renb.

B kayecTBe LEHHbIX CBOWCTB  MWKPO-
OpraHM3MoB, WUCMOMNb3yemblXx kak B 6uope-
a)

Megnaumn, Tak U AN MNoBbILEHUS MUKPOOHOM
HeTeoTdaun «CTapbiX» MECTOPOXAEHWUN, AB-
nsietcs cnocobHOCTb MUKPOOPraHN3MOoB K HedTe-
AMynbrupoBaHuio [21-22].

B Tabn. 3 npeactaBneHbl pesynsrathl
onpegenexHnss  HedTEdIMYNbrMpoOBaHUS  MMMO-
6unu3oBaHHbIX B renb ¢ gobasneHnemMm rmuvue-
puvHa KNEeToK MUKPOOPraHM3MOB MOCIe WX LUeCTU-
MecsiuHOro xpaHenus npu +40°C, B kayecTBe
KOHTPONs — KNeTkun 6akTepui, KOHCEPBUPOBAHHbIE
CyOKynsTUBMPOBAHMEM U MWKpPOKancynMpoBa-
HVWEeM B anbrMHaTHbIN refb.

YCTaHOBMNEHO, YTO CMOCOBHOCTbL MUKPOOP-
raHM3moB K HedpTeamynbruposaHuio (ucx. E24 —
51-76%) nocne  LWIECTUMECHAYHOrO  XpaHe-
HUSI MUKPOKancynMpoBaHMEM KNETOK B anbru-
HaTHbI renb 6e3 rnuuepvHa U C MULEPUHOM
ocTtanacb 6e3 n3ameHeHu u coctasuna 51-75%
n 51-78%, coorBeTcTBEHHO. Crnegyetr OTMETUTD,
npu XpaHeHun MeTOAOM CyOKynsTUBMPOBAHMWSA
ncenegoBaHHblx  GakTepuii  HabniogaeTcs  TeH-
OeHUMs B CTOPOHY YMEHbLUEHUS CMOCOBHOCTM
K HedpTeamynbruposanuio (44—68 %).

BbisiBneHo, 4to u3 8 kynbTyp 6GakTepuin,
obnagawwmx  BMOTEXHONOIMYECKNM noTeH-
unanom B HedTaHOM oTpacnu, nocne LecTu-
MECSHYHOW  KOHCepBauuu  Tpems  MeTojamu
(cybkynbTMBMpOBaHME,  MUKPOKArCynupoBaHue
KNEeToK B anblMHAaTHbIM Tenb WM MUKpOKarcy-
NpoBaHue B anbrMHaTHbIN renb ¢ gobaBneHnem
rmuuepuHa  (15%)) cnepyowme 3 KynbTypbl
MUWKPOOPraHW3moB obnagatot WHOEKCOM
HedTeamynbruposaHus Boiwe 60%: P.aeruginosa
T1, P.aeruginosa T4, B.licheniformis A3.

3aknyeHue

Pesynerathl, nonyyeHHble B faHHOW cTaTbe
[atoT BO3MOXHOCTb caenaThb CcreaylLine BbiBOAbI:

[obGaBneHne B kKavecTBe OuocTaTuka
rnvuepuHa  (15% 06.) npu  MuKkpokancynmpo-
BaHUM CMNOPO- W HECMNOPOHOCHbLIX OGakTepuii

6)

PucyHok 1. BHelwwHUIn BUg MMKpOKarncyn Ha OCHOBe anbruHara
Figure 1. Appearance of alginate microcapsules
a) 6es ysenuyeHrusi / without magnification; 6) npu ysenudeHuu x400 / at magnification x400
1 — anbeuHamHble epaHynbl 6e3 dobasneHus anuuyepuHa / alginate granules without added glycerin; 2 — anbauHam-
Hble epaHynbl ¢ dobasneHuem anuyepuHa / alginate granules with added glycerin
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Tabnuua 2. OnpegeneHune )XU3HeCNOCOBHOCTM MUKPOOPraHU3MOB NOCIIe LWeCTUMECAYHOIO XpaHeHUsA
MUKPOKancynupoBaHHbIX C FMULEPUHOM KNeToK 6akTepui
Table 2. Determination of the viability of microorganisms after 6 months of storage of of bacterial cells
microencapsulated with glycerin

XusHecnocobHocTbL ove . Mukpokancynu- MMKP:K:"C:HW'
nepea yoKynsTMBnpo- poBaHMe KneTok poBaun
M KOHCepBauuen, BaHue Cell C MuuepuHoOM
Ne M"_Kp°°pra"_"3"'"" KOE/mn Subculturing microencapsulation Microencapsulation
pCIOOTI2NISIS Viability before with glycerin
conservation, KOE/mn % KOE/mn b KOE/mn %
CFU/mlI CFU/mlI ° CFU/ml ° CFU/mlI °
1 |Paeruginosa D4 (2,3£0,1)x 108 | (1,740,1) x 108 | 74 | (1,7£0,2) x 108 | 80 | (2,120,2) x 108 | 91
2 |Paeruginosa T1 (2,1#0,1)x 108 | (1,640,2) x 108 | 76 | (1,7+0,1) x 108 | 76 | (1,90,1) x 108 | 91
3 |Paeruginosa T2 (4,740,2) x 108 | (3,4£0,3) x 108 | 72| (4,0£0,2) x 108 | 85 | (4,3£0,2) x 108 | 91
4 |Paeruginosa T4 (3,3t0,2) x 108 | (2,4+0,2) x 108 | 73| (2,5¢0,2) x 108 | 76 | (2,90,2) x 108 | 88
5 |B-safensis subsp. (4,6£0,2) x 107 | (3,4+0,2) x 107 | 74 | (4,2¢0,3) x 107 | 96 | (4,5+0,3) x 107 |98
safensis A2
6 |B.licheniformis PW2| (2,2¢0,1)x 107 | (1,8¢0,2) x 107 | 82| (1,9+0,1)x 107 | 86 | (2,1£0,1)x 107 | 96
7 gfa’a”"he”’form’s (8,1:0.3)x 106 | (7,5:0,3) x 106 | 93 | (7,7:0.4) x 106 | 94 | (7,80,4) x 106 | 96
8 |B.licheniformis A3 (9,5£0,5)x 106 | (7,5+0,5) x 106 | 79| (8,8+0,4) x 106 | 92 | (9,020,4) x 106 | 95

Tabnuua 3. OnpeneneHune HeTeaMynbrMpoBaHUsA MUKPOOPraHU3MOB MoCIe LWeCTUMECAYHOTO
XpaHeHUs1 B MMKpoOKancynax ¢ rmuuepmHom
Table 3. Determination of petroleum emulsification of microorganisms after six months of storage
in microcapsules with glycerin

Mocne wectumecsyHoro xpaHeHus, (E24), %
After six months storage (E24), %
HedTeamynbrupoBaHue
Mukpoopranusmel | fo koHcepsauum (E24), % | nepuoanueckuii | MuKpokancynu- MuKpokancynu-
Ne s N . P poBaHue
Microorganisms Oil emulsification before nepeces poBaHMe KneTok
conservation (E24), % periodic cell microencap- € rnuuepuHom
. . ! microencapsulation
reinoculation sulation i .
with glycerin
1 |Paeruginosa D4 51+2,3 44+2 .3 51+2,3 51+2,3
2 |Paeruginosa T1 73,1£3,2 68+3,0 75%3,2 78+3,2
3 |Paeruginosa T2 54,2425 54,2425 54125 53+2,5
4 |Paeruginosa T4 64+3,2 66+3,2 62+3,1 61+3,1
5 |Bsafensis subsp. 60,943,3 55+3,3 61,5¢3,3 60,5¢3,3
safensis A2
6 | B.licheniformis PW2 51,6+2,3 50,5+2,3 51+3,3 51,1£2,3
7 | 2 paralicheniformis 62,142,9 54,4+2.9 58,942, 58+2,9
8 |B.licheniformis A3 68,5+1,8 65+1,7 67+1,8 69+1,8

nocre nx LWeCcTUMECAYHOro xpaHeHus npu +40°C
obecneynBaeT  BbICOKYH)  XKM3HECNOCOGHOCTb
knetok (88-98%) c coxpaHeHneM yHKUWO-
HanbHOCTM UMMOOUNN3OBaHHBLIX KNeToK. MHaekc
HedpTeamynbrupoBaHus GakTepuin  coxpaHuncs
Ha YpPOBHE 3HaYeHWW [0  KOHCepBauuw,
Torga Kak Mpuy Knaccuyeckux MeTodax XpaHeHust
B TeYeHne 6 MecC. KONMMYECTBO XKM3HECTMOCOBHbLIX
KNeToK Hwxke. Tak, npu CcybKynsTMBMPOBaHUK
3TOT nokasaTenb ANA NCEeBAOMOHAA COCTaBuIl
72-76%, pna Gaumnn — 79-93%, npu MUKpo-
KancynupoBaHWM B anbryuHaTHbIA renb 6e3 rmu-
uepvHa [Ans NCceBAOMOHAA >KM3HEeCnoCoGHOCTb
KneTok paBHa 76-85%, OGauunn - 86-96%.
CnegyeT OTMETUTb, YTO MOCIE LUECTUMECSHHOIO
XpaHeHWs B KarcynupoBaHHOM BMAe C rmuuepu-

HOM XM3HECNOCOBHOCTb HECMOPOHOCHbIX KYNbTYp
— MNCEeBOOMOHa — HaxoguTcs B npeaenax
88-91%, Torga kak gns cnopoobpasytowmx 6a-
LMnn aToT nokasatenb cocTaBnseT 95-98%. Takas
Koppensuusa HabnogaeTca u Anst Knaccuyeckmx
MEeTOAO0B  XpaHeHWss —  CyOKynbTMBMPOBAHUS
1N MUKPOKancynmpoBaHus B anbrMHaTHbIN refb.

BbisiBNEHO, 4TO U3 nccneaoBaHHbIX 8 KynbTyp
GakTepuii nocne LWecTUMECSYHON KOHcepBauun
Tpems meTogamu (CybKynbsTMBMpOBaHWE, MUKPO-
KancyrnMpoBaHWe KIeTok W  MMKpOKancynmpo-
BaHWe C rMuuepuHoM) criegywowime 3 KynbTypbl
npv BCeX MeToAax XpaHeHns o6nagaroT MHAEKCOM
HedpTeamynbruposaHus Bbiwe 60%: P.aeruginosa
T1, P.aeruginosa T4, B. licheniformis A3.
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TpeboBaHMA K cTaTbAM Hay4YHO-NPAKTUYECKOro XXypHana
«BecTHuK HecpTerazosomn oTrpacnu KazaxcraHa»

1. MpaBuna ny6nukauum ctaten

B  JKypHane  nybnukyioTcsa  HayuyHble
CcTaTbuM  pe3ynsTaToB  WCCMEAOBaHWi,  OnbiTa
BHeApeHuss obopynoBaHUsl, HOBOW  TEXHUKK

N TEXHOMOMMIA Ha NPOU3BOACTBEHHbLIX OObEKTaX B
pa3nuyHbIX obnactax HedTeras3oBow oTpacnv B
cooTtBeTcTBUN ¢ pybpukamn XKypHana (reonorus,
OypeHue, paspaboTka 1 aKkcnnyaTauus HedTAHbIX
W rasoBblX MECTOPOXOEHWW, TeXHWKa Mu Tex-
Honorma  gobbluM  Hedp™M M ras3a, nogro-
ToBKa HedpTM M rasa, MpoOeKTMpOBaHWe
1 0OyCTPOMCTBO, 9KOHOMWMKA, KONOruns).

Pepakumsa npuHUMaeT Ha paccMmoTpeHue
PYKOMMUCU Ha Ka3axCKOM, PYCCKOM W aHIMui-
CKOM  f3blkax, MpUCNaHHble B  pefakuumio
yepe3 nNUWYHbIA KabUHET Ha caWTe >XypHana
vestnik-ngo.kz, paHee He onyGnNUKoBaHHbIE
W He npedHasHayeHHble K nybnukaumn B ApYrux
nsgaHusix. Pykonuce formkHa copepxatb chann
C MOMHBLIM TEKCTOM, rpadnyecknMm 1 TabnuyHbIM
martepuanom. PykonncsconpoBoxaaeTcanMcbMomM
Ha WMS [NaBHOMO pedakTopa O BO3MOXHOCTU
onybrnvMkoBaHMM CTaTbW, nNoAnMUCaHHOe BCEMMU
yneHamu aBTopckoro komnektuea. [pu nopa-
Ye PyKOMMCU aBTOPbl MOAMUCHIBAIOT aBTOPCKUM
aorosop (odepTbl).

ABTOpbI HeCyT OTBETCTBEHHOCTb 3a [J0C-
TOBEPHOCTb U 3HAYUMMOCTb  Hay4HO-MpaKTU-
YeCKMX pesynbTaTtoB W aKkTyanbHOCTb  Hayu-
HOro cogepXaHus pykonucew. He ponyckaetcs
nnarvat = — He3akoHHoe ncnonb3oBaHne
maTepuanoB onybnukoBaHHbIX paboT: crTaTen,
MOHOrpacduii, NaTeHToB W Ap., SBNSIOLWMUXCS
NPeAMETOM Yy>KOro TBOPYECKOro Tpyaa.

PeweHne o nybnukaumm  NpuHMMalOT
rMaBHbIN penakTop n penakunoHHas
Konnermss  xypHana nocne  pacCMOTpeHUsi
pykonucu, NpOBEpKM Ha nnarmar u crenoro
peLeH3npoBaHus, yunTbiBas Hayu4Hyo
N NPaKTU4eCcKyld 3HaYMMOCTb W aKkTyanbHOCTb
npeacTasneHHbIXx MaTepuanos. PegakuusxypHana
ocTaBnsieT 3a coboi nNpaBo BbIGOpa peLeH3eHTa,
a Takke €ro 3ameHbl NpuM HeobXoaAMMOCTM.
Pykonucb, nonyymBluas HELOCTATOYHO BbICOKYHO
OLIEHKY MO UTOram PacCMOTPEHWS, OTKIIOHSIETCA

Kak He  COOTBETCTByKOLLAs  YPOBHIO  MNn
Tematuke nyonukauun xypHana. OTKNOHEeHHble
pykonucu NOBTOPHO He npuHUMatoTCs
W He paccmaTpuBaloTCs.

Ecnn pykonuce otobpaHa k  onybnu-
KOBaHMI0 B onpegeneHHom BbINycke
XypHana, pefakuusi  Npov3BOAWUT  BbIYUTKY
maTepwana, nuTepaTypHoe pefdaKTUpoBaHue,

a Takke npoBepsieT OMOPMIEHNE PYKOMUCK

" https://classinform.ru/udk.html
2 https://grnti.ru/

Ha CcoOTBeTCTBME HacToAwmM TpeboBaHuAM
K cratbsM. OTpedakTMpoBaHHas  PyKonucb
HanpasnsaeTcs asTopam Ha nopaboTky
B COOTBETCTBUMW C KOMMEHTapUSAMW peaakumn
nocpeacTBOM caWiTa xypHana. [lopaboTtaHHas
aBTOpaMu PyKOMUCb [AOMKHa ObiTb HanmpaeneHa
B 3aJaHHble pefakuMen Cpoku Ha caWTe
XypHana. Pykonuchb cuuTaetcs npuHATOW nocne
yCTpaHeHUs aBTopamu BCEX 3aMeYaHunin peaakLumm
1 peLeHseHTa.

2. Tpeb6oBaHuUs K CTaTbsIM

Pykonuce pomkHa OblTb B TEKCTOBOM
penaktope (MS Word, OpenOffice, LibreOffice),
cdanin gormkeH MmeTb paclumpeHue *.doc, *.docx,
*.rtf.

CTpyKTypa pyKOMUCWU [OIMKHa BKM4YaTb B
cebsi:

1. YOK', MPHTW?2, Ttun ny6nukaumwm,
HasBaHue, PUNO aBTOpOB, MecTa paboTbl aBTOPOB
(HaMmeHoBaHWs opraHu3aumin 6e3 ykasaHusi op.
dopmMm, ropog, CTpaHy), aHHOTaUMIO, KMoYeBble
CrnoBa — B OHY KOSIOHKY Ha Tpex A3blkax (pycckun,
aHIMUACKUIA, Ka3axCKuii) Ha OTAENbHOW CTpaHuue
Ha KaxgoMm S3blke.

2. Tekct cratbu — B
Ha  A3blke  opuruHana.
ObITb riornyecku
PekomeHpayetcsa
no43aronoBKu:
pacyeTHas
YacTb, pesyneratbl
N 3aKmoYeHne.

3. PucyHku, Tabnuupl - B OfHY
WNM [OBe KOMOHKM B 3aBUCUMOCTM OT pas-
mepa, c Ha3BaHUSMMU, 0603Ha4YeHnaMH,
NogpVCYHOYHbIMW/MOATABNNYHBIMK Hagnu-
CAMW, nNpUBEOEHHbIMW Ha H3blke OpurMHana
C NepeBOOOM Ha aHmuickui a3bik®. Kaxabin
pUCYHOK  criegyeT pasmewars Ha caunTe
B BWAe OTAENbHOro AOMOfIHUTENbHOro danna B
opurMHaneHom Buge B copmare jpg, gif, jpeg, tiff,
aunarpammbl — B doopmarte excel.

4. [ononHuTenbHble cBeaeHns o006 wuc-
TOYHWKE (PUHAHCUPOBAHUSA, KOHMIUKTE WUHTe-
pecoB W BKNage aBTOPOB — B ABE KOMOHKK
Ha A13blke OpuUrMHana u Ha aHrMMNCKOM si3blKe.

0Be  KOMNOHKMU
Teket [OIMKEH
CTPYKTYPUPOBAHHLIM.

ucronb3oBatb  criegytolime
BBEEHMEe, OCHOBHaA 4acTb,
4yacTb, 3KCnepuMeHTanbHas
n obcyxaeHve, BbIBOAObI

5. Cnucok NCMNorb30BaHHOM nite-
patypbl (9gebuettep Tisimi, references) -—
B OZHY KOJOHKY.

6. [lMogpobHyto wuHdpopmaumio 06 aB-
Topax (yyeHble 3BaHWUsi, Y4YeHble CTEMEeHM,
ORCID, Scopus SPIN-kog, email w»n np.

3 3pecb v fanee B cny4vae, €Cnn S3bLIKOM OpUriHana sIBNSETCs aHMUACKUI, NepeBos Ha Apyrve A3biku He TpebyeTcs.
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npu HeobxogumoctTn) — B [Be  KOMOHKU
Ha A3blKe OpUrMHana u Ha aHrMACKOM SA3bIKe.

7. YkaszaHue aBTOpa, OTBETCTBEHHOro
3a nepenucky (corresponding author),
nof 3HaKOM «*» — B OfiHY KOFOHKY.

CTpYKTYpHbIE 3NIEeMEeHTbI pykonucu criegyet
0hopMAsThL CregyroLmmMm obpasom:

1. yOK (UDC, 90X), MPHTU (CSCSTI,

FTAXP) 3apatotca  nponucHeiMKM  OykBamu,
wpudtom Arial, pasmep 14, HauyepTaHvue -—
NOny>XupHoe, BbIpaBHMBaHWe — cnesa, 6e3

OTCTyNa, MeXAYCTPOYHbIA MHTEPBAN — MHOXUTENb,
1,15.

2. Twn nybnukauuu 3agaetca nocne
YOK, MPHTW, wpudtom Arial, pasmep 12,
HayepTaHue — MOMYXWpHOe, BblpaBHWBaHUE —
cnesa, 6e3 oTCTyna, MeXayCTPOYHbIA MHTEpBan —
MHOXUTEnNb, 1,15.

3. 3aronoBok pykonucu pJormkeH ObiTb
KOPOTKMM U MHpopMaTMBHbIM, 6e3 abbpesunatyp,
3apaH wpudtom Arial, pasmep 14, HayepTaHue —
Nony>XupHoe, BbIpaBHMBaHWME — cnesa, 6e3
0TCTYyNa, MEXAYCTPOYHbIA MHTEPBAN — MHOXMWTENb,
1,15.

4., ®UAO aBTOpPOB nMNPUBOOATCA  NOA
3aronoBkoM,  wpudTt  Arial, pasvep 14,
HayepTaHWe — MONYXUPHOE, BblpaBHMBAHUE —

cnesa, 6e3 oTCTyna, MeXayCTPOYHbIA MHTEpBan —
MHOXuTenb, 1,15. WHuumanbl nuwytca 4vepes
Touky 6e3 npobena BHyTpW.

5. Mecta pa6oThbl aBTOpOB
(HanmeHoBaHWA opraHusaumn 6e3 ykasaHus top.
¢opm, ropog, ctpaHa) npusogsaTca nog PUO
aBTopos., WwWpudT Arial, pasmep 11, HayepTaHue —
KypcuB, BblpaBHMBaHWe — crieBa, 6e3 oTcTyna,
MEeXOYCTPOYHbIN MHTepBan — MHOXMWTeNb, 1,15.

6. AHHOTauuu pykonucen Tvna
«OpUrMHanbHbIE UCCNefoBaHUS» OOMKHbI UMETb
CreqyloLylo  CTPYKTypy: o0BOCHOBaHue, Lenb,
mMaTtepuarnbl U METOAbI, pe3ynbTaThl, 3aKM4eHue.
O6bem aHHOTauum — He ©Oonee 300 cnos.
Mepen TEKCTOM aHHOTaUMK 3aOaéTcsi 3aronoBOK
«AHHOTALWA» («<ABSTRACT»), wpndt Arial,
pasamep 11, otctyn 0,75 CM, MEXCTPOYHbIN
mHTepBan - 1,15, [na Tekcta aHHOTauuu
ucnonb3yetcsa wpudT Arial, pasmep 10, otctyn
0,75, MEXCTPOYHbIN nHTepBan — 1,15.

7. KnroueBble cnoBa nuwyTca  NoA
aHHoTauwmen, Yepes aABoeToune, He 6onee 10 cros
UK cnoBocoYeTanni, wpudTom Arial, pasmep 10,
Kypcu, otctyn 0,25, MEeXCTPOYHbIN MHTepBan —
1,15. O6o6LwatoLlee crioBocodeTaHne «KnoveBble
cnosa:» («Keywords», «TyiiH ce3gep») cnepyet
BbIENUTb CUHUM LIBETOM, aKLEHT 1.

8. TeKkcT pyKOMMCU [OIMKEH HaunmHaTbCs
C HOBOW CTpaHuubl, wpndT Arial, pasmep 11,
BblpaBHMBaHWe — cnesa, oTctyna 0,75 cwm,
MEeXOYCTPOYHbIA MHTepBan — MHOXWTeNb, 1,15.

9. 3aronoBku Tekcta pykonucu («Bee-
neHne», «OcHOBHas 4acTb», «3aKroyeHne»

n ap.) 3agattca wpudgTtom Arial, pasvep 11,
BblpaBHMBaHWe — cnesa, otctyn 0,75 cwm,
MEeXOYCTPOYHbIA MHTepBan — MHOXuTenb, 1,15.

10. Hymepauma pucyHkoB u Tabnuy
JomkHa 6bITe nocnegosatenbHonm (1, 2, 3
n 1.4.). Tabnuubl M PUCYHKN HE AOMKHbI ObITb
B3ATbl W3 ApyrMx MaTepuanoB 6e3 ykasaHus
uctoyHuka. Mognucu pUCYHKOB M Tabnuy
OOMKHbl  ObITb  MOMHbIMKM, ©6e3  cokpalleHun
(«PucyHok 1», «Tabnuua 2», «Figure 3», «Table
4»), 3apgaHbl ¢ nponucHon OykBbl. HasBaHus
PUCYHKOB W Tabnuy JOmMkHblI OblTb KpaTKumu,
HO MWHMOPMAaTUBHLIMKU, OTAENEHbl OT MoAnucHK
TOYKOW ¢ Npo6enom, nepeoe CNoBo — C NPOMNUCHON
OykBbl, 3agaHbl wpudToMm Arial, pasmep 11,
MONY>XWPHbIN, BbipaBHMBaHWE — MocepeaviHe,
6e3 oTCcTyna, MEXCTPOYHbIA uHTepBan — 1.
Moanucek 1 HasBaHue Tabnuubl NULIETCA CBEpXY
Tabnuupl, MNOAMMCb W Ha3BaHME pUCYHKa —
nog pwucyHkoM. [locrne Ha3BaHMA ToO4yKa He
cTaBuTtcs. Ecnv pucyHok cogepXxuT nepedncrnenue,
oTMeyveHHoe BykBamunnu umdgppamu (a), 6), B)...; 1),
2), 3)...; a), b), ¢)...), Takme 0603Ha4YEeHNs NULLYTCA
nog HasBaHMEM pPUCYHKa, 3adalTcs LWpudToM
Arial, paswep 10, HayepTaHue — KypcuB,
BblpaBHMBaHWe — mnocepeauHe, 6e3 oTcTyna,
MEXCTPOUHbIA MHTepBan — 1.

11. NoapucyHouHbIe n noaraénuuy-
Hble Hapnucu copgepxat paclndpoBKy
obo3HayeHun, 3apatotca  wpudtom  Arial,

pa3mep 10, BblpaBHUBaHUe — cnesa, 6e3 oTcTyna,
MEXCTPOYHbIN MHTepBan — 1.

12. TekcT Ha puUCYHKax M B Tabnuuax
3apgaétca  wpudtom  Arial, pasmep ot 8
0o 12. TekcT gormkeH MMETb NepeBof C A3blka
opurMHana Ha aHrmMNUCKUIA A3bIK, UCKIoYeHue
cocTaBnsioT CKPUHLLOTHI, marepuansl,
BbIFPY>XE€HHblE M3  NPOrpamMMHbIX  MPOAYKTOB,
W WHble BUAbl rpaduyeckoro ¥ TabnuyHoro
mMaTtepuana B HepefakTupyemom copmare.

13. YNOMUHaHMA B TEKCTe PUCYHKOB U
Tabnuy cnegyet ohOpPMIISTL Tak ke, Kak U TEKCT,
MCNOMnb3ys NPy 3TOM KpaTKyto opMy NOCTOSHHOMN
YyacTu HasBaHus («puc. 1», «Tabn. 2»).

14. CNUCOK  UCNONb30OBaHHOW  nuTe-
patypbl (opebuetrtep Tisimi, references)
OOIKEeH cofepxaTb TOMbKO Te  nybnukauuu,
Ha KoTopble €eCTb CCbikM B TekcTe. CCbinku
3apatotca  nocneposatenbHo  ([1], [2], [3]
W TA.), B COOTBETCTBUM C AaHHBLIM MNOPSAKOM
WCTOYHMKM [OXHbl pacnonaratbCs B CMNWCKe
ncnonb3oBaHHoOW NuTepaTtypbl. CIMCOK He AOMKEeH
npesbiwate 30 NYyHKTOB ANS  OPUTMHAmNbHbIX
uccnenosaHunii, He 6Goree 60 — Ana HayyHbIX
0630p0B, npeanoYTUTEeNsHO COBpPEMEHHbIX
nsgaHnin. Kaxabli ICTOYHMK YNOMUHAETCS B CMMUC-
Ke 1 pas, BHe 3aBUCMMOCTM OT TOro, Kak 4acTo
Ha Hero fAenaeTcs CCbllka B TeKkcTe paboThbl.
CcbiNnkM  Ha HOMEpP WCTOYHMKA B CNUCKE B
TEeKCTe crnegyeT npuBOAMTL B KBadpaTHbIX
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ckobkax.  OdoopmneHve  CMUCKOB  MCMOfb-
30BaHHOW NUTEpaTypbl Ha PYCCKOM U Ka3aXCKOM
a3blkax nposogutca no NOCT P 7.0.5-2008, Ha
aHrnumnckom a3bike — ctunem AMA (Vancouver).

MogpoGHee  O3HAKOMUTLCA € MpaBunamu
O(DOPMIEHNST  CCHINIOK  Ha  OnpedeneHHble
BUAbl  MNyGnuKauMin  MOXHO MO CCbIMKe:

https://journals.eco-vector.com/index/pages