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Opu rmHanbHoe uccriegoBaHue

daumanbHas UI3BMEHYUBOCTb OTNOXEHUN B FOPCKOU NPOAYKTUBHOMN
Tonuwe mectopoxaeHusa bypmaiwia

B.X. HyrmaHoB, E.B. AnekceeBa
@unuan TOO «KMI" UnxuHupuHey «KasHUlMmyHalea3», 2. Akmay, KazaxcmaH

AHHOTAUMUA

O6ocHoBaHue. OCHOBOW pa3paboTkM MeCcTopoXAeHUs 1 060CHOBaHUS KO3I(ULMEHTOB U3BMEYEHUS
HedpT fABNAeTCA ToyHas reonormyeckas mopenb. [JOCTOBEpPHOCTb reonornyeckom Mopenu 3aBucuT
OT 0COGEHHOCTEN CTPOEHNS 3anexn MecTopoXaeHus. TPyAHOCTV Npy MOCTPOEHUN MOAENMN BO3HUKAKOT
n3-3a BbICOKOW NMTOMNoro-gpaumanbHon M3MEHYMBOCTU nopofd. B ctatbe paccmoTpeHbl 0COGEHHOCTM
cTpoeHusi ropuaoHTa HO-IX Garocckoro sipyca cpenHen topbl HedTAHOrO MectopoxaeHus Bypmaiia
C YY4ETOM HOBbIX AAHHbIX CEWCMUKM MeTogoM oOwmx rnyOouHHbIX Tovek 3D (ganee — MOIT 3D)
W faHHbIX BypeHns CKBaXUWH.

LUenb. [peactaBneHve HOBOW reOriorMYECKOn MoAenu MnpPOAYKTUBHOM 3anexu MeCTOpOXAeHMUs
Bypmawa no gaHHbiM cericmopassegkn MOI'T 3D u gaHHbIM BypeHus, a Takke onpegeneHne ycroBui
ocafKoHaKomMneHust B nepvog hopMmMpoBaHUS 3anexu.

Matepuanbl u metoabl. B HayyHoM paboTe wuCMONb30BaHbl HOBble AaHHble WHTeprnpeTauum
cencmopaseegkn MOIT 3D. Beinn npoaHanuanpoBaHbl cpesbl aTpubyToB eXchroma, cnekTpanbHow
aekomnosuumn, RMS un Vp/Vs B npegenax npogykTMBHOIO rOPM30OHTA, a Takke AaHHble OypeHusi Bcero
doHAa CKBaXMH MECTOPOXAEHMWS.

Pesynbratbl. B pesynsrate npoBegéHHOW paboTbl OblNM  YTOYHEHbI TFpaHWLbl  NaneopycrioBbiX
OTMOXEHWN MNPOAYKTUBHOINO FOPU3OHTa W onpedeneHbl YCNoBUS OCAOKOHAKOMMEHUS MPOAYKTUBHOWM
3anexu. [lonyyeHHble [daHHble MNOKa3biBalOT BaXHOCTb MPUMEHEHUS COBPEMEHHbIX MeTOOOB
reonoropasseiku Ans npeactaBfeHns 4OCTOBEPHON reonornyeckon mogenm.

3akntoyeHue. Pe3ynsraTthl npoBegeHHON paboThl MO3BONAT 6onee TOYHO NPeaCcTaBUTL reonornyeckoe
CTpOeHWe, OUeHWTb 3anachl YrneBOAOPOAHONO Chbipbs, a Takke [[alT BO3MOXHOCTb AanbHenLero
NNaHMPOBaHNSA PaLMOHANbHOW CUCTEMbI Pa3paboTKM MecTOpOXAeHWs. OTO MNO3BOMUT MOBbLICUTH
adpekTBHOCTL A0ObIYN, CHU3UTL PUCK BCKPBLITUS 3arMMHM3MPOBAHHOM YacTu paspe3a, a Takke
pa3mMeLLaTb TOYKM HOBbIX CKBaXXWH B 30HaX C yNyyLEeHHbIMW KOMMEKTOPCKUMM CBOWCTBaMM.

Knroveenle crioea: cmpykmypa, celicMuka, celicMopasgedka, 20pU30HM, 1ecYaHoe «mesio», pasom.
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Facies variability of sediments in the Jurassic productive strata
of the Burmasha oilfield

Bekbolat Kh. Nugmanov, Yekaterina V. Alexeyeva
Branch of KMG Engineering LLP KazNIPImunaigaz, Aktau, Kazakhstan

ABSTRACT

Background: The foundation for field development and the justification of oil recovery factors
relyies on a precise geological model. The reliability of this geological model depends on the specific
characteristics of the deposit structure. Challenges in constructing the model arise from the significant
lithological and facies variability of rocks. This article examines the structural features of the Yu-IX
horizon of the Middle Jurassic Bajocian Stage of the Burmasha oilfield, incorporating new seismic data
using the 3D common depth point (3D CDP) method and well drilling data.

Aim: Presentation of a new geological model of the productive strata of the Burmasha oilfield based
on the 3D CDP and drilling data, and determination of sedimentation conditions during the deposit
formation.

Materials and methods: The study applies new data from the interpretation of the 3D CDP seismic
survey. It analizes cross slices of the eXchroma attributes, spectral decomposition (SD), RMC
and Vp/Vs within the productive horizon, as well as drilling data from the entire well stock of the field.
Results: The study results in the clarification of the boundaries of paleorusic deposits of the productive
horizon and the determination of the sedimentation conditions in the productive strata. The data obtained
show the importance of using modern exploration methods to provide a reliable geological model.
Conclusion: The findings of this study provide a more accurate representation of the geological
structure, estimate the reserves of hydrocarbon raw materials (hereinafter HRM), and enable
further planning of a efficient system for the field development. All this will enhance the efficiency
of hydrocarbon production, mitigate the risk of penetrating the clay-rich sections, and enable strategically
position of new wells in areas with beneficial reservoir properties.

Keywords: structure; seismics; seismic exploration; horizon; sandy “body”; fault.
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TynHycka 3epTTey

Bypmalua KeH OpHbIHbIH OHIMAI KanblHAbIFbIHAAFbI OPanblIK
weriHainepaid daunanbabl ©3reprilTiri

B.X. HyrmaHoB, E.B. AnekceeBa
KMI™ UnxxuHupuHe «KasHUIMMmyHatizas» ¢punuanesl, Akmay kanacbl, KasakcmaH

AHHOTALUMUA

Herizpgey. KeH OpHbIH urepygiH eHe MyHal any koadduuneHTTepiH HerisgeydiH Gactaybl gen
reonormsAnblk mogens 6Gonbin  Tabbinagbl. MeonormsanblK  MoAenbAiH  CeHiMainiri keH OpHbIHbIH
KYPbIbIMbIHbIH  epekwenikTepiHe OGavinaHbicTbl. Mogenbai Kypyaarbl KubIHObIKTap >KblHbICTAPAbIH
nuTonorusinbik-gaumanbabl e3repriwTiriHiH xofapbl 6onybiHa GanaHeiCTbl TybiHAaWAbl. Makanaga 3D
Xannbel TepeHaik HykTenepiHiH agicimeH (byaaHn api — XKTHO 3D) ceicMmKaHbIH XaHa OepPeKTepiH XKaHe
yHFblManapapel Gyprbinay AepekTepiH eckepe oTbipbin, Bypmalua MyHan KeH OpHbIHbIH OpTa lopajarbl
HO-IX Gavioc geHreniHaeri KeKKMeK KypbinbIMbIHbIH epeKLUenikTepi kKapacTblpbiiFaH.

MakcaTtbl. )KTHO 3D celicMukanblk 6apnay aepektepi MeH Oyprbinay gepektepi 6ovbiHWa Bypmalua
KEH OpHbIHbIH ©HIMAI KEH OpHbIHbIH >XaHa reonornanblk MogeniH YCblHY, COHAan-aK KeH OpPHbIH
KanbIiNTacTblpy Ke3eHiHAe LWeriHginepaiH XuHany xaraannapbiH aHbIKTay.

Martepuanpgap MeH apictep. fbibiMu xymbicTa JKTHO 3D celicmukanblk  Gapnayapl
WHTepnpeTauusanayablH, xaHa AepekTepi namganabingbl. ©HiMai ropusoHT werinae eXchroma,
cnekTpnik bigpipay, RMS >xaHe Vp/Vs atpubyTTapbiHblH Genimaepi, coHgan-aK KeH OpHbIHbIH Oykin
YHFbIManap KopblHbIH Bypfbinay agepekTtepi TangaHabl.

Hatuxenepi. XKyprisinreH XymbIC H8TWXeCiHAE 6HiMAi FOPU3OHTTbIH Naneopycnapl LUeriHAinepiHiH,
LWekapanapbl HaKTblNaHdbl X8He 6HIMAI KeH OPHbIHbIH Lery >Xafgannapbl aHbikTangbl. AmnblHFaH
ManiMeTTep CeHiMAi reonorusanblk Mogenbai YCbiHy YLWiH 3amaHayu reonorusinblk 6apnay agictepiH
KongaHyAblH MaHbI3ObNbIFbIH KepceTesi.

KopbITbiHabl. XKyprisinreH XyMbICTbIH HOTUXenepi reonornsanblk KypblnibiMabl Asnipek KepceTyre,
KeMipcyTeK LUMKi3aTbiHbIH KOprapblH Oaranayra MyMkiHAiK Oepepfi, coHAan-ak KeH OpHbIH urepyadiH
yThiMAbl KyWeciH ogaH oapi »ocnapnayra MymkiHaik Oepepi. MyHblH Gopi eHaipicTiH TuimainiriH
apTTbipyFa, KecydiH casgaHfaH GeniriH awy kayniH asanTyfa, CoHOan-aK KOMNekToprblK kacuetTtepi
akcapTblfaH aiMakTapAa XaHa YHFbIManapAblH HYKTENepiH opHanacTblipyFa MyMKIHAIK 6epeni.
Hezizzi ce3dep: KypbiibiM, celcMuKanbiK, celicMukanslK 6apray, 20pu3oHm, KymObl «OeHey,
JKapbIrbIC.
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OPUI'MHAJIbHBIE UCCJIEJJOBAHUA

Tom 7, Ne 1 (2025)

BectHuk Hedrera3osoii orpacin Kasaxcrana

BBeneHune

OphekTnBHOCTL Noncka, pa3Beaku, noacyeTa
unu  nepecyéta  3anacoB  YrneBOO4OPOAHOrO
Cbipbsi, a Tawkke pas3paboTkM MeCcTOpOXAeHMs

BO MHOroM onpefensietcss TOYHOW reoriorm4eckon
MoZernbHo. B CBOIO oyepenb, KayecTBO
NMOCTPOEHHOW reororMyeckon Moaenu 3aBUCUT
OT reOMEeTpUN 3anexum MecTopoxaeHus. TpyaHocTm
npu NOCTPOEHUM MOLENN BO3HUKAIOT U3-3a2 BbICOKON
nuTonoro-caunanbHOM N3MEHUYMBOCTH.

B craTbe npeacTtaBneHbl  OCOGEHHOCTU
CTPOEHUA HedTAHOro mecTtopoxaeHus bypmawa,
pacnonoxeHoro Ha Tepputopum MaHrucrayckon
obnactn KasaxctaHa. bypmalwa sBnsieTcs ogHuM
13 HeBOnbLUMX MECTOPOXAEHWI N0 3anacaMm HedTK.
HedpteHocHoCTb Gbina yctaHoBneHa B 1975 1., koraa
B pa3BedoyHON CkBaxuHe 3 Obln nonyyeH OHTaH
HedTn u3 ropnsoHTa HO-IX.

Bnepeble nnowage bBypmawa BbeisBneHa
B 1965 r. no pesynsratam cencMOpas3BeaKku
Ha nnowaamn HOXHbI Kapacs3b-
Tacnac cnocobom  nnockoro  ¢poHTa  [1],
N OTMEYEeHO €€ CroXHoe cTpoeHue. [lo3gHee
B 1993-1994 .  BbINOMHEHbI  AeTanbHble

cericMopasBefoyHble pabotsl MOI'T Ha nnowaaum
BoctouHbin Xetbibah — tor KapamaHgbibaca,
YTO MO3BOMNO 3HAYUTENbHO YTOYHUTL CTPOEHWe
nnowaan bypmaua.

MNocnegHun nepecyéT 3anacos
C MNPeACTaBneHHOM  reonorM4eckon  MOAenbto
6bin BbiNonHeH B 2009 r. B pekabpe 2019 r.
Ha MecTopoxAeHun Obinn npoBefeHbl MnoneBble
cericMopa3BefodHble paboTtel HoBeliM MOIT 3D
nnowaabto 31,2 km? [2].

C uenbio N3y4yeHUsi reonormyeckoro CTPoeHNs
Mo HOBbIM [aHHbIM CeWCcMUKM U BypeHus 6bin
npocnexeH rOPU30HT HO-1X, SABNSAOLWNIACA
NPOAYKTMBHBIM Ha U3y4aemon nnoLaan.

B npepenax ropHoro otBoga MecTopoXaeHue
BCKpbITO 22 CKBaXXMHamu, n3 KOTOPbIX
3 nouckoBblX, 2 pa3BedodHbIX, 1 oueHo4Has
n 16 akcnnyataumoHHblX. B npegenax koHTypa
HedTEHOCHOCTUN 3anexu NPoAYKTUBHOMO ropusoHTa
(aanee — INMlN) HacuuTbiBaeTCca 19 CKBaXUH.

B 1975-1979 . KEepH oTobpanu
no 5 ckaxvHam (1-3, 6 u 7), a nocne nocnegHero
nofcyéta 3anacoB M3 CkBaxuH 12, 122 n 123.
Pesynbtatbl N0 HOBbIM [aHHbIM KepHa MnokasaHbl
B Tabn. 1.

Mo mateprnanam obpaboTkM U MHTeprpeTaLmm
NonyYeHHbIX CENCMUYECKUX AaHHbIX NPOBOAUNACh
KOppensumsa oTpaxallumMx FOpuM3OHTOB (fanee —
Orl), n 6bIMM NOCTPOEHbl CTPYKTYPHbIE KapTbl
no uenesbim 8 O B OTNOXEHUSAX ME30305
1 naneosos: lla (nogowsa anbGCKMX OTMOXEHWUN),
11 (nopowsa rotepusa), |ll (kpoBns tOpCKMX
OTNOXEHWN), \ (cencmunyeckunin penep
B OTNOXeHusx okcdopaa), FO-1X (kposns batocckui
apyc), V1 (nogolwBa OpckmMx oTnoxeHun) (puc. 1),
V3 (penep B HM3ax ONEHEKCKUX OTNOXEHUN Tpuaca),
VI (npegnonoXxuTensHO pa3mbiTas MOBEPXHOCTb
Nnaneo30MCKMUX OTIOXEHUI).

MpoaykTuBHbIM  sBnsieTcs  ropu3oHT  O-IX.
Ha puc. 1 nepenag rmybuH n3y4yaemoro ropusoHTa

coctasrnsieT ot 1000 M B ceBepo-BOCTOHHOW YacTu
yyactka u go 1790 m B ceBepo-3anagHoOW 4acTu.
[OpWM3OHT uMeeT yHacnedoBaHHOE TEKTOHWYecKoe
CTPOEHME C  MOHOKMNMHaMbHBLIM  MOrpyXeHWem
@HTUKNMUHANBLHOTO  MOAHATMS B HOro-3anagHoMm
HanpaBneHuun ¢ yrnoMm nageHns nopog, B CpeaHem
cocTaBnsawLmum okoro 10°.

Mpw cokpalyeHnn rmybuHbl 3aneraHns nopoa
B CTPYKTYPHOM MrfaHe MNPOUCXOAUT MOCTEMNEHHOE
BbINONaxmeBaHve ropu3oHTa. Ha ceBepe
n3yyeHHoro pabotamm MOI'T 3D yyacTka 4aCTU4HO
HabniogaeTca HafBWHYTas YacTb PErvoHarnbHOro
Beke-bawkynykckoro pasnoma F1. CeBepHee
6biNU BbIAENEHbl TPU ManoamniauTyaHbIX (OKOMo
5 M) TEeKTOHMYECKMX Pas3pbiBHbIX HapyLlleHus
cybwwmpoTtHoro npoctupanus fi, f, n f;, (puc. 1).
Pasnombl npocnexuBaloTcs C NOAOLLBbLI HOPCKUX
OTNOXEHUW, OrpaHNYmnBaoLLMX nogHaTHe
B WCCMEAyeMOM TOPU3OHTE C HOrO-BOCTOYHOIO,
IOKHOTO U CeBEepHOro HanpasneHuin. C toro-
BOCTOKa MOAHSITUE OCMOXHEHO TEeKTOHWYECKUM
HapyLueHuem f;.

MaTepuansbi u meToAbI

Ana u3yyeHnsa aumanbHOW W3MEHYMBOCTU
OTMNOXEHWN  IOPCKOW  MPOAYKTUBHOW  TOJLLMHbI
MECTOPOXAEHUS Bypmawa MCMonb30Banucb
COBpPEMEHHbIe MeToAbl reousnyeckoro aHanusa
N VHTepnpeTauum AaHHbIX, 8 UMEHHO:

1. Cencmopassegka MOIT 3D. [aHHble
6binn cobpaHbl C MOMOLLbI BbICOKOKa4eCTBEHHbIX
CeNncMn4ecknx AaTynKoB, obecnevmnBaroLLmx
AeTanbHyl0  3annCb  OTPAXEHHbIX  CUrHanoB
OT PasfnYHbIX reonormMyecknx Croés.

2. [aHHble BypeHus. BaxHbIM KOMMOHEHTOM
nccnegoBaHnsa ctanu AaHHble OypeHusi CKBaXuH,
marepuansl reoun3nyeckmnx nccnegoBaHum
ckBaxuH (ganee — NMC), uccnegoBaHnsi KEpHOBOTO
martepuana, KoTtopble 6binm cobpaHbl 3a Becb
nepvog pa3paboTkn MeCTOpOXaAeHUS.

3. WHterpauusi ganHbix. [Ons goctukeHus
Honee NONHoOW KapTUHbI haumanbHON M3MEHYNBOCTH
BCE MOfMYyYeHHble AaHHble ObiNu WMHTErpupoBaHbl
B ©4WHYI0  reOMH(OPMALMOHHYD  CUCTEMY.
MocTpoeHbl kapTbl MO KpPOBMe KOnnekropa, KapTbl
3(phEKTUBHBIX TOMNLMH. DTO MO3BOMMIIO MPOBECTU
KOMMMEKCHbIN aHanuM3 M COoMocTaBuTb pe3ynbraThbl
CencMm4ecKon MHTepnpeTauum ¢ AaHHbIM1 BypeHus,
4YTO B CBOK OuYepedb [ano BO3MOXHOCTb BbISIBUTb
3aKOHOMEPHOCTU U TeHAeHUUW B pacnpeneneHun
daumi B FOPCKOWN NPOAYKTUBHON TOMLLE.

4. Cratuctnyeckuin aHanus. ina obpabotku
NonyYeHHbIX AaHHbIX OblN MPUMEHEH cTaTucTU4e-
CKWUIA aHanus, KOTOpbIN BKMOYan KoppensiuMoHHble
nccrneaoBaHnsa M KnacTepHbl aHanu3. beinu no-
CTPOEHbI KOPPEensAUMOHHbIE CXeMbl. JTO MO3BOSMW-
10 BbIAENUTb FPYMMbl CXOXMX MO XapaKTepucTukam
Y4YacCTKOB 1 ONpeaenuTb Knovesble akTopsbl, BAUS-
owme Ha daumanbHyo M3MEHUYMBOCTb.

®PaumanbHana xapakrepuctuka M KO-1X

B nNpepenax yyactka Bypmaiwa

Mnowaab cencmmnyeckon cbEMKM B 4 pasa
Gonblle camMoro ropHoro OTBOAa MECTOPOXAEHMS
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Bypmalua, 4To no3BonsieT 4OCTOBEPHO YCTaHOBUTL
reoniorMyeckoe CTPOEHUE 3anexu W onpeaenvTb
Xapaktep OCafKOHaKonneHns B nepvod eé
hopmMupoBaHusi. B paboTte 6bln npoaHanuanMpoBaH
cpe3s no artpubyty eXchroma cpegHen 4acTu
paccMaTpvMBaeMoro ropusoHTa, MO  KOTOPOMY
06bIYHO onpegensTcs naneopycna [3].

Ypanocb yCTaHOBWTb, YTO HedTEHOCHOCTb
[aHHOTO rOpU30HTa MPEANONOXUTENBHO CBA3aHa
C noBuanbHelM  0OLEKTOM, Tak HasblBaeMbIM
necyaHbiM «Tenom» [4], npoxogdwmm 4Yepes
CBOA  CTPYKTYpbl,  MpocTupalowmumcs  panee
B IOro-BOCTOMHOM HanpasfeHWn n nepexoaaLym
B BO3MOXHYHO YacCTb AeNsTOBOW CUCTEMBI.

Ta6bnuua 1. Tabnuua BblaeneHHbIX haumn
Table 1. Table of identified facies

[
T | S $|3nekTpomerpuyeckas

0383 wone B.C AnekTpomeTpuyeckas

3 Al Er e nene no B.C.

Lz 8lgs XapaKTepucTmka

TG S8 'S MypomueBy

588599 ; Electrometric

e w|Q 5| 6| Electrometric model e
OPZZ| pyV.S. Muromtsev

Jlutonornyeckoe onucaHue nopoa

®doTo KepHa no KepHy
Photo of the core| Lithological description of rocks from
the core

1860
1870
1880

1590

PykaBoo6pa3Hble kaHanbl (CA1)
Channel deposits
OTnoxeHus 3abpolueHHoro kaHana (CA1b)

Deposits of an abandoned channel

CkBaknHa Ne123

my6uHa 1820-1825 M. Kpenkwuit
MEenNKO3epHUCTbLI Nec4aHUK Cceporo LBeTa,
C penKMMU TOHKUMU TIVHUCTBIMU HanéTtamu
Ha NNOCKOCTU HACMOEHMS.

my6uHa 1825-1835 M. MecyaHwk|
CpeAHe3epHUCTBIN, nmMetoTcs peakuel
TOHKME TMUHWCTbIe HanéTbl Ha MIOCKOCTAX|
HacnoeHnss ¢ 3anaxamu YB. OTtmevaetcs
6ypoBaTbIil OTTEHOK. CpeHel KpenocTu.

Well No. 123

z 13G0- Depth 1820—-1825 m. Sturdy fine-grained
Qo 19104 sandstone of grey colour, with rare thin clay|
e deposits on the sheeting plane.
H 1820 Depth 18251835 m.  Sandstone
e c is medium-grained, with rare thin clay deposits
g‘ﬁ on sheeting planes with HC odours. Brownish
o ;' tinge is noted. Medium hardness.
o=
5o
§ % CkBakmHa Ne12
=3 my6uHa 1836—1856 m. MNepecnavBaHue rmuH
§ % VW aneBponuToB. ANEBPONUT NECYaHWUCTLIN,
2 cepblii, C TOHKAMMU CIOWKaMW [MUHUCTOrO
S (58 ’g : . n  yrmuctoro  matepuana.  Cnouctoctb
s z() 'g < : : E: El npepbiBACTas W rOpU3oHTanbHas. [MuHbI
= = Q"E 2100 o | 84327 TEMHO-Cepble, C  MpoOCroiikamn  Ceporo
< 2x|E g I aneBponuTa ¢ BKIKYEHUSIMI 1 pparmeHTamm
S EE| a0l EIE OPO. MecyaHuk MerKo3epHIUCTIN,
'§ 3 ) o il B aneBpUTUCTLINA, MONUMUKTOBLIN, CEPbIN.
2l=s o . b 3
=~ 8| T 5| 2120 ] ]
@© Q) 3 ]
2% % 2| 1863.23 Well No. 12
a%) © 5= 2130 E! E| Depth 1836—1856 m. Clay and siltstone
= = 3 © Zig73.2] interlayering. Siltstone is sandy, of grey color,
<} g I3 3 3 with thin layers of clayey and carbonaceous
E|o material. Layering is discontinuous

and horizontal. Clays are dark grey, with
interlayers of grey siltstone with the inclusions|
and fragments of the PRs. Sandstone is fine-
grained, silty, polymictic, of grey color.

OPO / PRs — ocmamku pacmumeribHbIX op2aHu3mos / plant remains

Ha puc. 2-3 npeacrtaBneHbl comnocTaBrneHne
cpesa no atpubyty eXchroma n kapTbl 3peKTUBHBIX
TOMWMH NPOAYKTMBHOMO T[OPWM3OHTa, a Takke
CKBaXXWHHbIX f@HHbIX B BUAE KOPPENSALMOHHBLIX CXEM
BAOJSb MECYaHOro «Tena» BOCTOYHOIO U 3anagHoro
6optoB cTtpyktypel M. Ha pgaHHOM cpese
atpubyta oTobpaxalTcs  NUHENHO-BbITAHYTbIE
30Hbl, OTHOCALUMECH, BO3MOXHO, K KaHanbHbIM
OTNOXeHusAM hnoBranbHOro reHeanca. CKBaXuHbI
113 n 108, npuBeaeHHble Ha AaHHLIX PUCYHKaX,

12
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npu yCrnoBuM OTHOCUTENbHOW BnmnsocTn ¢ nosunuun
MECTOMONOXeHNs oTobpaxatoT KOMMNMeKCchbl MopoA
pasHoro Tuna. [lockombKy  MeCTOMonoxeHue
ckBaxuHbl 108  obycnosrneHo  nonagaHuem
Ha y4acTOK C Hanuyvem kaHana, CornacHo cpesam
arpubyta eXchroma, TO 1 pa3pe3 AaHHOW CKBaXKWHbI
oTpaxaeT ~40-meTpoBOe BbLICOKONOPUCTOE Mec-
yaHoe «Teno» [4] No OoTHOLEHUO K ckBaxuHe 113,
KOTOpasi B CBOK O4Yepedb He BCKpblNa nopoAbl
nogo6Horo komnnekca B npegenax yposHs M.
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Ha kapte addekTMBHbIX TOMWMH 0603Haye-
Ha obnacTb MOBLILEHHbIX TOMLWMH, OTHOCUMTENBHO
BblAEpXKaHHasi Mo LUMPUHE, KOTOpasi YBEPEHHO CO-
NOCTaBMSAETCS C KaHanoMm, BblJENEHHbIM Ha cpese
aTtpubyTa.

Ha KoppensumMoHHbIX CXxemax BOOMb Mec4aHoro
«Ternay» no nuHMM ckeaxkmH 103-6-121-108-120-114-7-2
BblAENATCA NPOAYKTUBHbIE TOMLWMHbI 0T 20 40 40 M,
B TO BPeMs Kak B ckBaxuHax 112 n 113 novimeHHoN
YyacTu 3anexb NuWb MnacTbl HEGOMbLUNX TOMLWMH.
Ha nepexogHown 30He B ckBaxuHe 122 npoayKTBHbIE
TOMWWUHBI yBenuuusalTca A0 15 M, 1 B CKBaXuHe
120, BCKpbIBalOLWEW MNEec4YaHOe «TEerno», TONLLMHbI
onaATb gocturatoT 37 M.

Ha pwuc. 4 npegcTtaBneHa HoBas reonornyeckas
Modenb 3anexm C YYETOM HOBbIN  AaHHbIX
cevicMnkn MOIT 3D M AaHHbIX OypeHus HOBbIX
5 akcnnyatauuoHHbix (121-125) n ogHo oLeHo4YHON
(12) ckBaXkvH B CpaBHEHWUN C paHee YyTBEePXXAEHHON
mopaenbto 2009 r.

B uenom no mectopoxgenuto bBypmaiua cym-
MapHble reonornyeckme 3anacbl HedTv No NPOMbILL-
TNEHHbI KaTeropun C; YBENUYUNUCH, NO CPABHEHUIO
C paHee yTBepXXOEeHHbIMY 3anacamu, Ha 615 TbiC. T,
nnu Ha +20,6%, a no kateropun C, yMEHbLUMIUCE Ha
403 TbIC. T, N Ha 68,9%. OCHOBHOW NPUYNHON pocTa
3anacoB HedpTn kaTeropun C; ABNAeTCA yBenuyeHne
06BEMOB HedTeHacbILEeHHbIX nopog Ha 5841 Teic. M3
1 yBenuyeHue nnowaam Ha 540 Tbic. M2

MN3meHeHune nrowaau 7 06béMoB
Npou3oLWno B pe3ynbrate YTOYHEHUS CTPOEHUst
3anexu no Mmarepuanam uHTepnpetauun 3D
CENCMUKM, MepeuHTeprnpeTaumn reodusnyeckmx
MCCredoBaHU U 3a CYET YTOYHEHMS rpaHULbI
necyaHoro «Tenay». YBEenuyeHue MpPOMbILLNEHHbIX
3anacoB HedTU MPOU3OLLINIO B CBA3W C NEPEBOAOM
3anacoB u3 kateropuu C, B kateropuio C4, T.K. paHee
kateropms C; npucBamBanacb TOMbKO MO rpaHuue
necyaHoro «Tefa», a BOCTOYHOMY W 3anagHoMy
yyacTky npucBamBanachk kareropus C,.

PucyHok 1. CTpykTypHas kapTa no kpoBne ropu3oHTa l0-IX mectopoxaeHus Bypmalua
Figure 1. Structural map of the Burmasha deposit Yu-IX horizon top

PucyHok 2. ConoctaBneHue eXchroma c kapton acppeKkTMBHbIX TONWMUH
mecTopoxaeHus Bypmawa B ropusonHTe FO-1X
Figure 2 Comparison of eXchroma with the net oil pay map of the Burmasha deposit
in the Yu-IX horizon
a) cpes no ampubymy eXchroma / eXchroma attribute slice; 6) kapma aghchekmueHbix monwuH / net oil pay map
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OnpenenéHHble YCINOBUSI OCaAKOHAKOMNEHUs
npu hopmrpoBaHUm necyaHoro «Tena»
NO3BOMSAIOT OTHECTU €ro K [AenbToBbIM  auusm
pykaBoobpasHoro kaHana. Kak BmgHo u3 Tabn. 1,
OTNOXEHWS AEenbTOBbIX NPOTOKOB 0ObLIYHO CMOXEHBI

nec4yaHMKamm MENKO3EepPHUCTbIMU, Xopouwo
OTCOPTUPOBAHHBLIMM  PAa3HOCTAMMU, YTO HaArMmMAaaHo
npeacraeneHo  pesynbratamMu  JIMTONOrM4eckoro

OnucaHus KEepHOBOro Martepuana CKBadKUHbl 123,
B KOTOPOW npeobnagaet NnecYaHuK.
Onsa ckBaxvHbl 12 CBOWCTBEHHO NepecravBaHue
rH " aneBposnToB, 41O XapaKkTepHo
Ons noviMeHHon daumm [5].

Bbinn  paccMoTpeHbl M apyrne  atpubyTbl
CecMUKU ans yCTaHOBMNEHWs ycrnoBum
ocagKoHakonnewuss B nepuvod  hOPMUPOBaHUS
3anexv. Ha puc. 5 npuBoguTcsi conoctaeneHve
cpe30B Mo atpubyTam cnekTpansbHOM AEKOMMO3NLMM
(aHen. Spectral Decomposition, ganee — SD),
cpefHekBaapaTnyHoe 3HadveHue (aHen. Root Mean
Square, panee — RMS) n OTHOLIEHWE CKOPOCTU
NpPOAOSbHBLIX BOMH K CKOPOCTW MOMEPeYHbIX BOMH
(aHnen. P-wave velocity / S-wave velocity, nanee —
Vp/Vs), uHTepnpeTauus BbINOMHEHA C MOMOLLBIO
HevipoHHow ceTu (aHen. Neural Network, panee —
NN) B npegenax T

PucyHok 3. KoppensiumoHHble cxeMbl MecTopoxaeHusa Bypmalua B ropusonTte H0-1X
Figure 3. Correlation diagrams of the Burmasha oilfield in the Yu-IX horizon

a)

6)

PucyHok 4. Nopu3soHT H0-IX mecTopoxaeHusa Bypmawa
Figure 4. Yu-IX horizon of the Burmasha oilfield
a) cmpykmypHasi Kapma o kpoere / top structure map; 6) kapma aghgpeKmueHbIX HeghmeHachbIEeHHbIX MOUUH /
net oil pay map
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PucyHok 5. Ml FO-IX. ConoctaBneHue cpe3oB no atpubytam SD, RMS n VP/VS (NN)
Figure 5. Pay horizon Yu-IX. Comparison of slices by SD, RMS and VP/VS attributes (NN)

PucyHok 6. Mpumep nHTepnpetauuu cpesa atpubyrta Vp/Vs (NN) B okHe 5-20 mc
Figure 6. Example of interpretation of the Vp/Vs (NN) attribute slice in a 5-20 ms interval
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PucyHok 7. Ml IO-IX. ®aunanbHas cxema
Figure 7. Pay horizon Yu-IX. Facies diagram

Cpes3bl SD n RMS otobpasunu B npegenax
yyactka  paboT  OTHOCUTENbHO  MHTEPECHYIO
KapTuHy. Bo-nepBbIx, oNMpasch Ha reomeTpuyeckune
aTpubyTbl, AONYCTMMO MpocneauTb pasBeTBreHue
CeTU KaHarnos, 4TO MOXET npeacTaBnsaATb cobow
BO3MOXHYIO MPOKCUMarbHYI0 YacTb KOHyca BbIHOCA.
Bo-BTopbIX, cpe3 no artpubyty Vp/Vs oTmevaer
Ha [aHHOM y4yacTke OTHOCUTENIbHO YryulUEeHHbIE,
MO OTHOLUEHMIO K OKpyxatowiemy choHy OCaKoB,
KONMeKTopcKkMe CBOMCTBA.

Puc. 6 npuBoauT wuHTepnpeTauuto cpesa
no artpubyty Vp/Vs no aHanorum c¢ dopmon
penbeda, NnpeacTaBnsaoLyo cobon KOHYC BblHOCA.

Ha copmupoBaHve noBmnanbHbIX KOHYCOB
BbIHOCa MNOPOA BMUSIET CKOPOCTb noToka. Korga
MOTOK AOCTWUraeT NpearopHON paBHWHBI, CKOPOCTb
PE3KO CHWKAETCs, YTO MPUBOAUT K OTIIOXKEHWIO
noToka ocafgkoB B popMe BeepoobpasHOro KoHyca
BbIHOCA, NPV 3TOM BA3Kas Unu Xuakasi cuna noToka,
nonagas Ha paBHUHY, NGO HEMeANeHHO pa3rpyxaeT
maccuB rpybbix OBNMOMKOB B MECHAHWUCTYHO cpepy
(4TO XapakTepHO AN BSA3KMX CeneBblX MOTOKOB),
nnbo pasgensieTcsl Ha nNpsiMble pycrnoBble KaHanbl,
Mo KOTOpbIM Janblue pacnpocTpaHAeTcs marepuan
pa3nMYHOM  KpymHOCTW, npuobpeTas  rpybyto
COpPTMPOBKY Mo nyTn. «Ténmble» uUBETa Ha cpese
no atpubyTy Vp/Vs roBopAT O MOHWKEHHbIX 3HA4YEHWSIX,
4YTO B CBOIO 04epeb CBUAETENLCTBYET O BO3MOXHOM

[ e

VN3MEHEeHWUN YrMeBOAOPOAHOrO HackllweHus nmbo
O BO3MOXHOM W3MEHEHUN KOMNMEKTOPCKUX CBOMCTB
B Npepgernax paccmaTpmBaeMoro Komnsekca nopog.

Puc. 7 npuBognt cxematuyHoe dauunanbHoe
fAeneHve yyacTtka paboT cornacHo onncaHHoW BbiLle
Teopuu [6].

O6cyxaeHue

Pesynbtatel  NpoBefeHHbIX — MccregoBaHui
mMecTopoxaeHuss bBypmawa nossonsioT caenatb
Ba)Hble BbIBOAbl OTHOCWUTENBHO TrEofIorMyYeckoro
CTpoeHusi,  ocobeHHOCTel  OCaJKOHaKOMMeHUs
MW MNepcrnekTUBHOCTU AanbHenwwein paspaboTku.
Wcnonb3oBaHue COBPEMEHHbIX MeTO0B
ceiicmopaseakn MOIT 3D u aHanusa AaHHbIX
OypeHuss  MO3BOMMIIO  YTOMHUTb  CTPYKTYpHOE
N daumansHoe CTpoeHVe NPOAYKTUBHOTO FOPU3OHTa
HO-IX. PaccMOTpMM OCHOBHble acnekTbl U UX
BMUSIHWE Ha MHTepnpeTaLmnio NosyYeHHbIX AaHHbIX.

TeKToOHU4YecKne n ocagouHble

0CcoGeHHOCTH

CTpyKTYpHbI aHanu3 nokasan, 4To 3anexb
MMEeT  CrNOXHoe  CTpoeHue, obycroBneHHoe
Hann4ynem Ha,ElBI/IHyTOCTeVI n TEKTOHUYEeCKUX
HapyweHu. OTO  MoaTBEPXKAAETCA  KapTon
CTPYKTYPHBIX 3NIEMEHTOB 1 Cpe3amu No pasnnyHbIM
cencmuyeckum atpubytam. Ocoboe BHUMaHVE
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npuBneknn mManoamnauTyaHble paspbiBHblE
HapyweHus f;, f, 1 f3, KOTOpble CyLLEeCTBEHHO BNMSIOT
Ha pacnpegeneHne KommnekToOpCKUX CBOWCTB. Mx
Y4€T no3sonsieT 6onee TOMHO ONpPeAEennTb rpaHuLibl
3anexu 1 NnaHnpoBaTtb AanbHenwee bypeHue.
BakHbIM acnekTom cTano yTouYHeHue yCrnoBui
ocafKkoHakonneHusi. AHanv3 cpesoB No aTpubytam
eXchroma, RMS nVp/Vs no3sonunyctaHoBUTb CBSI3b
He(TEHOCHOCTU C AeNbTOBLIMM NecyaHbIMU Tenamu
M KaHanamu  rBUanbHOMO  NMPOUCXOXAEHMUS.
[aHHas wvHTepnpetauusi Oblna noaTBepXxaeHa
conoctaBneHmemM KapT 3dEKTUBHbIX TOMLMH
W JaHHbIX OypeHusi. PeaynbTaTtbl  nokasanw,
41O Hanbonee nepcnekTUBHbIE y4yacTku
pacnonoxeHbl B obnactsx, CBSI3aHHbIX
C MecYaHbIMU KaHanamu, UMELUMN yryyLleHHbIe
bUnbTPaLMOHHO-EMKOCTHbIE CBOMCTBA.

MepeoueHka 3anacoB

MpoBenéHHble paboTbl MO3BOMWMN YTOYHUTH
reornornyeckMe 3anacel HepTM B npegenax
npogyktmeHoro ropusdoHta HO-IX.  YBenuuenve
00bEMOB HedTeHaChILWEHHbIX Nopod W nrowaan
3anexv  CBUAETENbCTBYET O  3HAYUTENbHOM
noTeHumane MecTopOXAEeHUs [Ans  AanbHeunwwen
pa3paboTkn. [epeBop 3anacoB W3 kateropuu
C, B C; noareepxaaer 3(pdEKTUBHOCTb HOBbIX
METOOB WCCNENOBaHNS U UX POfib B MOBLILLEHWN
[OCTOBEPHOCTM OLIEHKN PECYPCOB.

OrpaHu4eHust U NepcrneKTUBbI
HecmoTpsi Ha MonyyeHHble  pesynbrarhl,
ocTaloTcsl  Bompockl, Tpebylowme aanbHeiwero

n3yyeHus. Hanpumep, He [0 KOHUA U3yyeHa
OOMNONHUTENbHO
UcTouHmnk c¢pHaHCUpoBaHuA. ABTOpSbI

3asBNsoT 06 OTCYTCTBUM BHELLHEro hMHaHCUpoBa-
HWSA NPV NPOBEeAEHNN NCCNeaoBaHUS.

KoHdnukr wuHTEepecoB. ABTOpbl Aeknapupylr
OTCYTCTBME SIBHbIX W MOTEHUMAnNbHbIX KOH(IUKTOB
MHTEPECOB, CBSA3AHHLIX C Nybnukauuen HacTosLen
cTaTbu.

BnarogapHocTb. ABTOpbl BblpaxalT 6GonbLUyo
npusHatensHocTb XKynapranuesy H.B. 3a okasaH-
HYIO MOMOLLb U KOHCYNbTaLuMu Npu NpoBeAeHUN Ha-
y4HOI paboThbl.

Bknap aBTopoB. Bce aBTOpbl noaTBEpXAaloT
COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYyHapOQHbLIM
kputepuam  ICMJE  (Bce  aBTOpbl  BHecnu
CYLLECTBEHHbIA BKMNag B pa3paboTky KoHuenuuu,
npoBefeHne UCCNeaoBaHUst U NOAFOTOBKY CTaTbM,
npoyunu n opobpunu uHanbHyl Bepcuio nepeq
nybnukauuvent). Hanbonblumin Bknag pacnpenenéH
cnegywowmm obpasom: HyrmaHoB B.X. — KOHTponb
3a BbINOMHEHMEM paboThbl, pedakumMs pyKonucuy;
AnekceeBa E.B. — wuHTepnpeTaums gaHHbIX
nccnegoBaHus, NpoBepka pesynsraToB, HanMcaHue
pykonucu.

npupoaa HEeKOTOPbIX TEKTOHUYEeCKUX HapyLIJeHVIVI
N nxXBnnsaHne Ha cbaumaanylo N3MEeH4YMBOCTb Nopoa.
[ononHutenbHble CCNeAoBaHNsA C UCMOMNb30BaHNEM

MeToaoB reognHamMmunyeckoro MoaennpoBsaHua
N BbICOKOTOYHOIO KEepHOBOro aHanusa MoryTt
npeaocTaBuUTb bonee nonHoe npeacrtaeneHune

0 napameTpax Kornnektopa. Takke nepcrnekTUBHLIM
HanpaBrneHVeM SIBMSETCS UCMOSb30BaHWE METOA0B
KOMMbIOTEPHOTO BbIYMCIIEHUSI ANsi MHTepnpeTaumm
CMOXHbIX AaHHbIX W MPOrHO3VMPOBAHWS CBOWCTB
KOINMeKTopa B MarnomnoKpbITbIX BypeHneM y4acTkax.

3akntouyeHue

[aHHble BypeHuns CKBaXWH, a Takke KepHOBOIO
maTepuana NonHOCTbI0 NOATBEPXKAAIOT pesynbTaTh
MHTepnpeTaummn cericmMmopasBefoyHbix pador MOIT
3D. Mo pesynsratam paboT BypeHuns u cencmuku
6blM  NpoaHanM3nMpoBaHbl pasnuyHble aTpubyThl,
NpoTpaccMpoBaHbl ManoamniuTyaHble HapyLLueHUsi
B3OPOCOBOrO XapakTepa, paccyuTaHbl pasmepbl
CTPYKTYpbl, YTOYHEHO T[EONIOrMYECKOe CTPOEHUe
3anexu, eé reHesuc v passutue. ITU pesynbraTtbl
npegocTaBunM  BO3MOXHOCTb Gonee  geTanbHO
onpeaennTb KOHTYpP HE(TEHOCHOCTU, YTO SIBNSETCSH
BaXHbIM luaroM Ans  Bblbopa  pauuoHanbHown
[ apdhekTnBHOM cucTeMbl pa3paboTku
MECTOPOXAEHNS, a Takke MWHUMWU3MPOBATb
PUCKM M yBEMUYUTL A00bIMY HedTM. KoMnnekcHbin
nogxog, BKIOYAIOLLMIA bypeHue, aHanu3
KEPHOBOTO maTepuana n MHTepnpeTaumio
OaHHbIX cencmopasBenku, obecneunn nomnyveHve
BbICOKOTOYHON T[EONornYeckon MOAenun, Kotopas
NSHXKET B OCHOBY [AarnbHEWLINX 3TanoB paspaboTku
3anexmu.
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OerMHaanoe unccnegosaHue

MoaenupoBaHue TpewWMHOBaATOCTU KapOboHaTHOro pe3sepByapa
Ha npuMepe MecTopoxaeHusa BocTouyHbIn Ypuxray

A.B. Kepees, A.E. Anpgeb6ek, B.B. BoHpgapyk, A.C. MapaaHoB
Ambipayckut punuan KMI™ UnxuHupuHe, 2. Amsipay, KasaxcmaH

AHHOTALMUA

O6ocHoBaHue. MogenupoBaHne TPELLMHOBATOCTU KapOoHAaTHbIX pe3epByapoB WrpaeT KIO4YeBYHO
ponb B MPOrHO3MPOBaHWM MPOAYKTUBHOCTM CKBaXKMH M ONTMMK3aUUKM pa3paboTky MECTOPOXAEHWNA.
BocTouHbIl  YpuxTay pacnonoxeH B BOCTOYHOM npubopToBOM 30He [puKkacnuickon BrnaguWHbI
N XapakTepusyeTcsi CrOXHbIM TEKTOHWYECKMM CTPOEHWEM C Pas3BUTOM CETbI0 PasfioMOB U TPELLMH.
OTn 0CcOoBEHHOCTU CyLLECTBEHHO BMUSIIOT Ha (UNLTPALMOHHO-EMKOCTHbIE CBOMCTBA KapbOHaTHbIX
KOMNNEeKTopoB, 4TO TpebyeT NpUMMEHEHUSI COBPEMEHHbIX METOAO0B reonornyYeckoro MOAENMPOBaHUS.
CosgaHue getanu3npoBaHHOM MOAENU TPELLMHOBATOCTH NO3BONSIET 6onee TOYHO OLEHUTb CTPYKTYPHbIE
HEOAQHOPOAHOCTU U UX BAWSIHWE Ha MUTpauMio U HakonneHue yrnesoaopoaoB.

Uenb. WccnepoBaHne 6biNO HanpaBrneHO Ha MOCTPOEHWE TPEXMEPHOM MOAENW TPELUMHOBATOCTU
KkapboHaTHOro pesepByapa ANs BbISBMEHUS 30H TMOBbILEHHOW TPELUMHOBATOCTM W KX CBA3U
C NpPOOYKTUBHOCTbK CKBaXWH. [aHHasi mogenb HeobxogMma [Ans  MOBbIWEHUS  TOYHOCTU
NPOrHO3NPOBaHUsi (PUNBETPaALIMOHHO-EMKOCTHBIX CBOWCTB KOMMEKTOPOB M pa3paboTkn 3EKTUBHbBIX
peLueHnin No AanbHenLwen aKkennyaTauum MecTopoXaeHus.

Matepmuanbl M MeToabl. B pabGoTe ucCnonb3oBaHbl COBPEMEHHbIE METOAbl [EONOrM4ecKoro
MOAENUPOBaHMWs, BKIOYasi UHTeprnpeTaumio AaHHbix FMI, aHanu3 kepHa, cericMuyeckue aTpubyTbl
n mopenvposaHue auckpetHon cetu TpewmH (DFN). WcxogHble reonoro-reodusnyeckme AaHHble
ObinM obpaboTaHbl B nporpaMMHoM obecriedeHun Petrel ¢ npumeHeHnem metomoB Ant Tracking
n Distance to Object ans onpegeneHnss HanpaBneHWUA W WHTEHCMBHOCTU TPELLYMHOBaTOCTM.
[MocTpoeHHasa TpeHOoBas Mogenb ferna B OCHOBY AMCKPETHOTO MOAENVMPOBAHUSA TPELUMHOBATOCTMH,
4YTO MO3BOMWIO KOMWYECTBEHHO OLEHUTb CTeneHb TPEeLMHOBATOCT U BblAenuMTb Haubonee
NepcrnekTUBHbIE 30HbI ANS AanbHEeWLeR pa3paboTku.

PesynbraTtbl. Pa3paboraHHas mogenb TpewmHOBATOCTM MNO3BONwUMa AeTanbHO onpedenuTb 30HbI
C NOBbLILIEHHON TPELLYMHOBATOCTbIO U YCTAHOBUTL UX KOPPENALMIO C NPOAYKTUBHOCTBIO CKBaXWH. Bbino
BbISIBMIEHO, 4YTO Haubornee WHTEHCUMBHO TPELUMHOBATbIe 30Hbl pacronaralTcs BOnM3M pasnomos,
4YTO MoATBepxaaeTcs aHanusom aebutoB dnongos. Ucnonb3oBaHue Metogos Ant Tracking u DFN
No3BONUMNO MWHMMU3NPOBATbL HEONPeOEeneHHOCTN B MEXCKBaXXWHHOM MPOCTPaHCTBE W YNyudlunTb
NPOrHo3 hUnNsTPaLMOHHO-eMKOCTHbBIX CBONCTB pe3epByapa.

3aknioueHune. PaspabotaHHas MeToaMKa MO3BONSET OEeTanusupoBaTb [eOnornyeckoe CTpoeHue,
NOBbICUTb TOYHOCTb MPOrHO3MPOBAHUS MPOAYKTUBHOCTU CKBaXWMH U ONTUMW3MPOBATb NIaHMpOBaHUe
pa3paboTku. MNonyyeHHble AaHHble MOryT OblTb MCMOMb30BaHbl NPU NMPOEKTUPOBAHUM HOBbLIX CKBaXWH
N KOPPEKTMPOBKE CTPAaTermm OCBOEHNS MECTOPOXAEHWI C ABOVWHOW NOPMUCTOCTBLIO U MPOHMLIAEMOCTbIO.
Knroyeewle cnosa: 3D eeonozudeckass modenb, FMI, celicmuveckuli ampubym, npodyKmueHoOCmMb
CK8a)XUH, [MPOHUYaemMocmb, KapboHamHble OMIIOXeHuUs, mpeuwuHosamocms, Petrel, obbekmHoe
modenuposarue, DFN.

Kak uumtupoBartb:

Kepeee A.b., Andebexk A.E., BboHdapyk B.B., MapdaHoe A.C. MopgenvpoBaHue TpeLMHOBATOCTU
KapOOHaTHOro pesepByapa Ha NpuUMepe MecTopoXxaeHust BocTouHbii YpuxTay // BecTHuk HedTerasoBow
oTpacnu KasaxctaHna. 2025. Tom 7, Ne1. C. 19-31. DOI: https://doi.org/10.54859/kjogi108799.

© Kepees A.b., Annedex A.E., bonnapyk B.B., Mapnanos A.C., 2025 JIunensus CC BY-NC-ND 4.0


https://doi.org/10.54859/kjogi108799
https://doi.org/10.54859/kjogi108799
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru

Kazakhstan journal for oil & gas industry 2025;7(1):19-31

UDC 550.8.013
CSCSTI 52.47.17

DOI: https://doi.org/10.54859/kjoqi108799

Received: 12.11.2024.
Accepted: 04.03.2025.
Published: 31.03.2025.

Original article

Fracture Modeling of a Carbonate Reservoir: A Case Study
of the East Urikhtau Field

Anuar B. Kereyev, Almira Ye. Aldebek, Vladislav V. Bondaruk, Altynbek S. Mardanov
Atyrau branch of KMG Engineering, Atyrau, Kazakhstan

ABSTRACT

Background: Fracture Modeling of carbonate reservoirs plays a key role in predicting well productivity
and enhancing field development efficiency. The East Urikhtau field, located in the eastern flank zone
of the Pre-Caspian Depression, features a complex tectonic structure with an extensive system of faults
and fractures. These geological features significantly impact the filtration and storage properties
of carbonate reservoirs, making advanced geological modeling techniques necessary. A comprehensive
fracture model allows a more precise evaluation of structural heterogeneities and their effect on
hydrocarbon migration and accumulation.

Aim: A three-dimensional fracture model of a carbonate reservoir was developed to identify highly
fractured zones and evaluate their correlation with well productivity. This model is essential for improving
the accuracy of reservoir filtration-capacity property predictions and designing effective strategies for the
field’s further development.

Materials and methods: Modern geological modeling techniques were applied in this study, including
FMI data interpretation, core analysis, seismic attributes, and Discrete Fracture Network (DFN) modeling.
Initial geological and geophysical data were processed using Petrel software, utilizing Ant Tracking and
Distance to Object methods to determine fracture orientations and intensities. The developed trend
model served as the foundation for discrete fracture modeling, enabling the quantitative assessment
of fracture intensity and the identification of the most promising zones for further development.

Results: The results of this study demonstrate that the developed fracture model facilitated the detailed
identification of highly fractured zones and established their correlation with well productivity. It was
found that the most intensely fractured zones are located near faults, as confirmed by fluid flow rate
analysis. The application of Ant Tracking and DFN methods reduced uncertainties in the inter-well space
and improved predictions of the reservoir’s filtration-capacity properties.

Conclusion: The developed methodology allows for a more detailed characterization of the geological
structure, enhances the accuracy of well productivity forecasting, and optimizes development planning.
The obtained data can be used for designing new wells and adjusting field development strategies
for reservoirs with dual porosity and permeability.

Keywords: 3D geological model;, FMI; seismic attribute; well productivity; permeability; carbonate
deposits; fracturing; Petrel; object modeling; DFN.
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TynHycka 3epTTey

WbiFbic ©OpikTay KeH OpPHbIHbIH MbiCanbiHAa KAPOOHaTTbI
pe3epByapAbiH XapblKWaKTbINbIFbIH MOAenbaey

A.B. Kepees, A.E. 9npaeb6ek, B.B. BoHgapyk, A.C. MapaaHoB
KMI™ UnxuHupuHe AmbipayrnbiK ¢unuansl, Ameipay Kanacsi, Kasakcma

AHHOTALUUA

Herizpey. Kap6oHaTTbl pe3epByapnapablH XapblKWaKTbIMbIFbIH MOAENbAeY YHFbiManapablH, eHiMAInMiriH
Bormkay MeH KeH opblHAapblH Wrepydi OHTannaHabipyda Madbi3gbl pen atkapagbl. LbiFbic Opiktay
Kacnuim maHbl onnaTbiHbIH LWbIFLIC XarFanay anMarbiH4a OpHanackaH XKeHe akaynap MeH XapblKTapAblH
AaMblfaH xenici 6ap Kkypaeni TeKTOHUKanbIK KypbiNbIMMEH cunaTtanagpl. byn epekweniktep kap6oHaTThl
KonnekropnapablH, uUNeTpaunsanbIk - CbiMbIMAbIIBIK KacueTTepiHe awTapnbikTanm acep eTegi, Oyn
reonorvAnblK MoaenbAeydiH 3amaHayun oficTepiH KongaHydbl kaxeT etefi. KapblKLWaKkTbiNbIKTbIH
enken-Tenkenni MoaeniH Kypy KypbinbiMablK BipTekciaaiktepai xeHe onapablH, keMipcyTeKkTepaiH, KeLuyi
MEH XMHaKTanyblHa acepiH Aanipek baranayra MymKiHOik 6epeai.

MakcaTtbl. 3epTTey Xofapbl XapblKWak anMakTapblH XoHe OrnapAblH yHfblManapgblH eHiMAinirimeH
GannaHbICbiH aHblKTay YLWiH KapboHaTTbl pe3epByapAblH YL enweMai Xapblkwak yhriciH KypyfFa
GafbiTTanFaH. ATanfaH Mofenb pesepByapnapablH MNbTPaUUAIbIK XoHe ChlbIMAbINbIK KAaCUeTTEepiH
6ormkay gangiriH apTTbIpy XeHe KeH OpHbIH OfaH api NnanganaHy 6ombiHWa TMiMAi Wwelimaepai a3ipney
YLUIH KaxeT.

Martepnanpap MeH aaictep. XXymbicta FMI pgepektepiH uvHTepnpeTaumanay, Herisri Tangay,
cercMmuKanblk atpubyTTap >xeHe AMCKpeTTi xapbikTap xeniciH (DFN) mopenbaey cusikTel 3amaHayu
reonorvanblk Mofenbaey oaicTepi kondaHbinagbl. bactankel reonornsinbik-reounsnkanblk gepektep
XKapblKWaKTapablH GafblTTapbl MEH KapKblHAbIbIFBIH - aHblkTay ywiH Ant Tracking »eHe Distance
to Object apicTepiH konaaHa oTblpbin, Petrel 6argapnamanslk kacaktamacblHaa eHgengi. CanbiHFaH
TpeH4 Mopgeni XapblKWakTbl AWCKPETTI mopenbaeyre Heriz 6ongbl, Oyn >xapbiKWakTblH O9PEXECIH
caHablk Baranayra xeHe ofaH api AambITy YLWIiH eH nepcrnekTuBanbl aMakTapabl 6enyre MyMKiHAOIK
6epai.

HoaTuxenepi. ©3iprneHreH >apbIKLaKTbIK MOAENi XOfapbl XapblKWaKTbl anMakTapabl TorMblK aHblKTayfFa
XKeHe onapablH YHFbIManapablH eHIMAINiri  apkblnbl KOPPEnsUMSACbIH  OpHaTyFa MYMKiHAIK Gepai.
EH KapKblHObl >XapbinfaH anMakTap akaynapiblH XaHblHOa OpHanackanAblfbl aHblKTangbl, 6yn
CYMbIKTLIKTBIH AebuTiH Tangay apkeinbl pactanagel. Ant Tracking xeHe DFN apgicTepiH kongaHy
YHFbIManap apacbiHAarbl KeHicTikTeri 6enriciagiktepai asanTyra xaHe pesepByapablH MUNLTPaLUSNbIK
XKOHe XMHay KacueTTepiH 6omxkayapl xakcapTyra MyMKiHAIK 6epai.

KopbITbIHAbLI. O3ipneHreH oAiC reonornanblk KypbinbiMAbl TOMbiFbIpaK KepceTyre, YHFbIManapAbiH
eHimainirin Gorkay gengiriH apTTblpyFa XeHe AamyAbl Xocrnapnaydbl OHTaninaHgblpyFa MyMKiHAOIK
Gepeni. AnblHFaH AepeKkTep xaHa YHFbiManapabl xobanayaa xeHe Koc KeyekTiniri MeH eTkisriwTiri 6ap
KEH OpblHAAPbIH Urepy CTpaTernsachbiH Ty3eTyae navganaHbinybl MyMKiH.

Hezizzi cesdep: 3D eeonoeusinblk Modenb, FMI, celicmukanbik ampubym, yHrbiManapOblH eHimOiniei,
emki3aiwmik, kapboHammel weeiHdinep, xapbikwakmbinblK, Petrel, o6bexkminik modenbdey, DFN.

Laiekces KenTipy YLWiH:

Kepees A.b., ©ndebek A.E., boHOapyk B.B., MapdaHos A.C. Lbifbic OpikTay KeH OpHbIHbIH MbicanbiHAa
KapboHaTTbl pe3epByapablH >KapblKWakTbinbiFblH Mogenbaey // KasakcTaHHblH MyHal-ra3 canacblHbIH
xabapubicbl. 2025. 7 Tom, Ne1. 19-31 6. DOI: https://doi.org/10.54859/kjogi108799.

© Kepees A.b., ©Onnebdex O.E., bonnapyk B.B., Mapnanos A.C., 2025 JInnensusacel CC BY-NC-ND 4.0

21


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.54859/kjogi108799
https://doi.org/10.54859/kjogi108799

Vol. 7, Ne 1 (2025)

Kazakhstan journal for oil & gas industry

ORIGINAL ARTICLES

BBeneHune

MecTopoxaeHne BOCTOuYHbIN Ypuxtay
pacrnofnioxxeHo Ha Tepputopun  Myramkapckoro
parioHa AkTbGuHckon obnactu  Pecnybnuku
KasaxcTaH. OcapfoyHbIn yexorn n3yyaemon
TeppuTOopUM  OEnuTCs  Ha  TpUM  OCHOBHbIX
CTPYKTYPHbIX 3Taxa: MOACOMEBON, CONEHOCHbIN

1 HagconeBow. C TOYKM 3peHns HedTerasaoHOCHOCTH,
HanbonbLN NHTepec NpeacTaBnsAlT kKapboHaTHbIe
navkn KT-Il n KT-l, npegcraBneHHble Ha cocegHnx
MeCTOpPOXAEHNSAX B Mpefenax paccmaTpuBaemMoro
pervioHa.

Pa3pes3, npeactaBneHHbIi BEpPXHEBU3ENCKO-
GalKUPCKUMN 1 BEPXHEMOA0NbCKO-NKENbCKUMM
OTMOXEHWSIMW, OXBaTblBA€T HWKHUA W CpeaHun
KapOOoH, dopmMupysi kapboHaTHyo TonLy
KT-Il. B BepxHioto kapboHaTHyto Tonuwy (KT-I)
BXOOAT KapboHaTHble OTMOXEHWUS MNOA0NbCKOro
M  MSYKOBCKOTO FOPU3OHTOB BEPXHEMOCKOBCKOIO
nogbspyca, a Takke KacVMOBCKOTO W MKENbCKOro
sipycoB BepxHero kapboHa. Mo gaHHbIM OypeHus
YCTaHOBIIEHO, YTO MOLLUHOCTb KapGOHaTHbIX mavek
Bapbupyetcs B npegenax 550-750 m gna KT-II
1 400-500 m ansa KT-1 (puc. 1).

TekTOHMYeECKME OCOBEHHOCTU pernoHa

B TeKTOHMYEeCKOM nnaHe MeCTopOXaeHne
npuypounsaetcs K 30He XaHaxon-TopTKOMbCKON
CTyNeHu, KoTopas pacrnonoxeHa mexagy »Kapkambic-
CKMM C€BOJOBbIM nogHsTMem u Cakmapo-Koknek-
TUHCKMM pasnomoM (puc. 2). B 2023-2024 rr.
TOO «PGS Kazakhstan» nposeno nepeobpabotky
1 nepeuHTepnpetaunio 3D cencMmyecKknx AaHHbIX
ans 6onee AeTanbHOMO U3yYeHUst U YTOYHEHWS reo-
NOrNYecKoro CTpoeHus Tepputopun. Mo cencmuye-
CKMM [aHHbIM Ha y4acTKe NpoTPaccuMpoBaHbl TEKTO-
HUMYeckne HapyLleHus. B pervoHe pa3suTbl cUCTEMbI
rnyBuHHBIX Pa3noMOB Kak CybGMepuanOoHarnbHoro,
Tak 1 CybLUMPOTHOTO MPOCTMPaHUS, KOTopble ABNS-
10TCS yHacnegoBaHHbIMU CTPYKTYPHbIMU 3nemMeHTa-
MU, chopMMpOBaBLLMMUCH B Nepuod o6ocobneHns
lMpuKacnUckon CUHEKNU3bl Ha  HOrO-BOCTOYHOW
okpauHe BocToyHo-EBponenckon  nnatdopmel.
B cBoto ouvepedb, 9TV TEKTOHWYECKME MpoLEecChl
CNoco6CTBYIOT PasBUTUIO CETU TPELYMH B JaHHOM
pervoHe, 4YTo BMAMSIET HA PUNBTPALMOHHO-EMKOCT-
Hble cBoncTBa (ganee — ®EC) kapboHaTHbIX Kof-
NEeKTOpOB, yNnyuLluas yCrnoBus AN HAKOMMEHUS U MU-
rpaumm yrneBogopoaoB.

PucyHok 1. CxeMaTu4eckuin permoHanbHbI Npocdunb Yepe3 BOCTOUHYIO GOPTOBYHO 30HY
Figure 1. Schematic regional profile through the eastern flank

AHanu3 ncxogHbIX AaHHbIX

Ha  paccmatpvBaemMomM  MeCTOPOXAEHUU
6bIno NpobypeHo cemb ckBaxuH: B-1-B-6, a Tak-
xe ckBaxuHa [-01, npobypeHHas B 1980-x rT.
Mo Bcem ckBaxuHam Oblnu NpoBedeHbl KOMMNIEeKC-
Hble reodusnyeckme ncenepgosanus (ganee — N’C),
Bkniovass FMI-aHanu3 (ot awen. Formation Micro
Imager — anekTpuyeckuin mukpoumnaxep). No gaH-
HblM nHTepnpetauun FMI, B paspese npogyKTMBHbIX
rOPM3OHTOB HabMNAaTCA TPELUMHblI  Pas3nnM4yHON
pacKpbITOCTU. AHanus KepHa Takke NoaTBepXKaaeT
Hanuyve TpeLuMHOBAaTbIX 30H, OKa3blBalOLMX BNUS-
Hve Ha PEC.

9] e
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Panee E.C. Pomm [2] oTmeuan, 4To Ha rnyou-
Hax 3aneraHvsi NPOAYKTUBHbBIX TPELUMHOBATbIX KOf-
NIEeKTOPOB PACKPbITOCTb TPELUMH B PasnuyHbIX CUC-
TemMax He3HauMTeNnbHO BapbUpYeTCs U B CpeaHeM
coctaBngetr 20-30 mkm. OTOT BbIBOA, cormacyercs
C OaHHbIMKW, MOMYyYEHHbIMU Ha paccMaTpvBaeMoMm
MecTopoxaeHuu, rae nHtepnpetauma FMI nokasbl-
BaeT CXOXWE 3Ha4YeHUs1 pacKpbITOCTU.

Mo AaHHbIM aHanNM30B KepHa, MOPOAbI-KOMNIeK-
TOpbl NpodykTMBHbIX nadek KT-1 u KT-Il (HmxHWRA,
cpeaHun 1 BepxHU kapboH) npeacTaBneHbl kapbo-
HaTHbIMW MOPOAAMW — U3BECTHAKAMM, N3BECTHAKaMM
[0MOMUTU3UPOBAHHBIMU, MaCCUBHBLIMW, KPEMNKUMWU,
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CO CTUMONUTOBLIMU LUBaMK, TPELLMHOBATLIMU (pHC.
3). CpeaHssi MOpPUCTOCTb MOPOA-KOMMEKTOPOB COC-
TaBnsieT 6%, 4To ObINO OnpeaeneHo Ha OCHOBaHWUM
TOYEeK nepeceveHust KyMYNSTUBHbIX KPWBbIX, MO-
CTPOEHHbIX NO Knaccam nopuctocTu (puc. 4). B ka-
4YeCcTBe rPaHNYHOro 3Ha4E€HUs1 MPOHMLLAEMOCTH Npu-
HATO 3HayeHue 0,1 MO no nuTepaTypHbIM AaHHBIM
ons kapboHaTHbIX nopog, [3].

Ona panbHeWlwero npoekTMpoBaHUS U aHa-
nM3a  AMHaMWKU  3KCMyaTauun  MecTOpOXOeHUs
B CkBaxkMHax B-1-B-4 1 B-6 6b1n npoBeaeH komnnekc
rMapoauHaMmMyeckmx mccnegosanui (nanee — M)
C UEenblo YTOYHEHUS TMAPOAMHAMUYECKUX CBOMWCTB
3KCMyaTauMOHHbIX  OOBEKTOB,  MPOAYKTUBHOCTU
nnacToB U XxapaKTepUCTUK chntonaa.

PucyHok 2. Cxema TeKTOHMYECKOro panoHmpoBaHus BoctouyHon yactu Mpukacnuitckon BnaguHbl [1]
Figure 2. Tectonic zoning scheme of the Eastern part of the Pre-Caspian Depression [1]

Ha ocHoBaHMW pe3ynbTaToB KpUBOW NafeHus
naeneHus (ganee — KB[) HabniopaeTcs xapak-
TEPHOE W3MEHEHME HaKMoHa KPUBbLIX AaBMeHus,
4YTO YyKa3blBaeT Ha Hanuyve TpeLmHOBaTOCTH
B KonnekTope (puc. 5).

Ha HavanbHOM cTagum BuOHa pes3kas
3aBMCUMMOCTb, CBSiI3aHHasi C OTKIMKOM  OGnm3ko
pacnonoXxeHHbIX TPELWH, B TO BPEMS kak Ha Gonee

no3gHMX aTanax rpaduk MnaBHO W3MEHsIeTCs,
4YTO MOXET CBMWAETeNbCTBOBaTb O  [MyBMHHOM
pacnpocTpaHeHUn TpewmMHoBaTbiX 30H. Takoe
noBefeHVe KpUBbIX MOATBEPXAAET TPELLMHOBATYIO
Npupoay KOMMeKTOpa, OKa3bIBaKLLYH 3HAUYUTENBHOE
BnuvsiHMe Ha ero ®EC 1 ykasbiBaloLLyo Ha Hanu4ve
BbICOKOMPOHULI@EMbIX MyTer Ansg  dunstpaumu
dnomaoB.
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PucyHok 3. MectopoxaeHue BocTouHbin Ypuxray, ckBaxuHa BY-2. ConoctaBneHue N'MC u kepHa
Figure 3. East Urikhtau field. Well B-2. Comparison of geophysical well logging and core
Cmpenkamu Ha pUCYHKe [OKa3aHbl pe3ynbmambl MakpOCKOMUYECKO20 U  MUKPOCKOMUYECKOo20 — uccredosaHull

KepHa KapboHamHbIX rnopoo.
The arrows in the figure show the results of macroscopic and microscopic studies of carbonate rock cores.

a) 6)

PucyHok 4. l'paHn4YHbIe 3HaYeHUsA NOPUCTOCTU U NPOHULLAEMOCTHU
Figure 4. Limit values for porosity and permeability
a) koaghgpuyueHm nopucmocmu / porosity coefficient ; 6) koagbgpuyueHm npoHuyaemocmu / permeability coefficient
Kn —koaghgpuyueHm nopucmocmu / porosity coefficient; Kn nnacmosoe — nnacmosbiti KoaghgpuyueHm rnopucmocmu / reservoir
porosity coefficient; Knp_ap — epaHuyHbIl KoaghgpuyueHm npoHuyaemocmu / limiting permeability coefficient; Knu_OouH. —
AuHamuyeckul koaghgpuyueHm npoHuyaemocmu /dynamic permeability coefficient

94 e DOL: 10.54859/Kj0gi108799 wwrsevssrvssrussmussmmssssmssisssimsississsississsssssissssnnes
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PucyHok 5. KB[l-3amep 1 npou3BoaHas B 6unorpadmMmyeckmx koopamHatax. CkBaxuHa B-1
Figure 5. PWF measurement and derivative in semi-logarithmic coordinates. Well B-1

OCO06GeHHOCTU U pUCKM pa3paboTku

Kap6oHaTHOro MecToOpPOXAEHUA

Paccmatpmsaemoe MeCTOPOXAEeHNe
HaxoaMTCa Ha MepBON cTaguu paspaboTku, Takke
M3BECTHOM KaK CTagus OCBOEHWs, ANl KOTOpOW
XapaKTepeH pocT rofoBo A006bI4M 6e3 3HaUYMTENbHbLIX
TEXHUYECKMX W reonorumyecknx npobnem. OpgHako,
OonMpasich Ha onbIT Brinsnexallero MecTopoXaeHus,
PacnornoXeHHOro B TOM e TEeKTOHUYECKOW CTYMNeHu
n akcnnyatupyemoro 6oree 20 neT, MOXHO
NpeanonoXuTb, YTO CO BPEMEHEM MOTYT BO3HUKHYTb
CMOXHOCTW, CBfI3aHHble C  TPEeLMHOBATOCTbHIO
N NIMTONOrNYECKNMMN 0COBEHHOCTAMMU.

MpakTrka paspaboTkn MeCTOPOXAEHUA C Tpe-
LLMHOBATLIMM KOMMEKTopaMu MokasblBaeT, 4YTo Tpe-
LMHBI MOTYT CyLLECTBEHHO MOBbIATb NPOHMLAe-
MOCTb NOPOA W co3AasaTb AOMNOMHUTENbHbIE MYTU
dunstpaumn drrongos. Wccnegosanma M.X. By-
nava [4] n K.WN. BarpuHueson [5] noarteepxaator,
4YTO pa3BUTble TPEeLUHHblE CUCTEMbI UrpaloT 3Ha-
YMYIO pOnb B (HOPMMPOBaHMMN NPOAYKTUBHBIX 30H,
obecneunBasa 3aPEKTUBHYID MUTPaLMIO U aKKymy-
naumio yrnesogopofos. OAHako BbiCOKasi TpeLum-
HOBaTOCTb MOXET TakKe NPUBECTN K OCIIOXHEHUSM,
CBSI3aHHbIM C MPOPbLIBOM ra3a Wnu BoAbl, YTO Tpe-
OyeT yuyéta 3TMX (DaKTOPOB MpU MPOEKTUPOBAHUU
pa3paboTku.

Ha wmectopoxgeHun-aHanore Habniopaet-
CS CYyLEeCTBEHHbIN POCT rasoBoro dakrtopa (Aa-
nee — I'®d) B kapboOHATHbIX KoMnekTopax. JTO
MOXET ObITb BbI3BAHO MOBbILEHHLIM [AaBrneHneM
B TPELUMHHbIX 30Hax, NPUBOAALMM K akTuBa-
LMW rasoBOW LLAMKM WNvM BTOPUYHOWM [Aerasauuv

npy MOHWXEHWM NNacToBOro AaeneHus. [onon-
HUTENbHO  HabniogaeTcss  HedocTaToudHas  agh-
(PEKTMBHOCTb  CUCTEMbl MOAAepXaHus  nnacTo-
BOrO AaBMEHWS B TPELUMHOBATHLIX KOMfekTopax,
YTO CBSI3aHO C BO3MOXHBLIM MepepacnpenenieHnem
3aKa4yMBaeMon XWUOKOCTU MO KPYMHbIM TpeLyuHam,
13-3a2 Yero OCHOBHAas YacTb 3aKayku MUHYET marno-
NpoHMLaeMble 30Hbl, OCTaBMSIA UX He3anUTaHHbIMU
1 He YYTEHHbIMU B paspaboTke.

C y4éTOM BbLILLEN3NOXEHHOMO ANs NpPenoT-
BpaLLEHNs1 BO3MOXHBIX aHarorMyHbIXx npobnem
Ha paccmaTpvBaeMOM MeCTOPOXAeHun Obina pas-
paboraHa Moaenb TPeLMHOBaTOCTH, YTO NO3BONUT
yNyYLWmnTb NPOrHO3MPOBaHWE NPOAYKTUBHOCTMW CKBa-
XWH 1 ONTUMU3MPOBAaTL NMaHWpOBaHWe nocreayo-
Lmx aTanoB pa3paboTku, obecneumBas 6onee pas-
HOMepHOoe 1 3PPEeKTMBHOE W3BIIEYEHME 3amnacoB
yrneBoaopoaoB.

Mpouecc co3paHna moaenu

TpewmHoOBaTOCTN

Kap6oHaTHble KONnekTopbl N0 CBOEN CIOXHON
NopUCTO-KaBEPHO3HOWN CTPyKType TpebytoT ocoboro
nogxoga B MOAENWPOBaHWM U MPOrHO3MPOBAHWU
OEC. Hanunune TpewuwH © KaBepH ycunvBaeT
HEOAHOPOAHOCTb TaKUX KOMNEKTOPOB, YTO MOXET
OCNOXHSITb MNpefAckasaHve noBeaeHus ouaos,
B OCOBEHHOCTM Ha CTaanAX akTUBHOIO U3BMEYEHUS.

C y4yétom uenun wuccnegoBaHuss n obbema
OOCTYMHbIX  AaHHbIX  Afs  paccMaTpuBaemoro
MecTtopoxaeHunss Obin BbibpaH wmetogq DFN
(aHen. Discrete Fracture Network — mogenupoBaHue
OVCKPETHBbIX TpelmH). OcHOBOW Ans cosgaHus

....................................................... 25
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mogenn NoCny>Xxunn pesynbratbl erC, B LleNTOM aHanorn4eH MmogenmpoBaHMIo TePPUTreHHbIX
B YaCTHOCTH, AaHHble FMl, I'IpOBeAéHHbIe OTJ'IO)KeHI/IVI, aBTOpPbI HE yAenAT OONONTHUTENbHOIo

koMmnaHuen Schlumberger, a Takke cencmmyeckme

OaHHble, faHHble kepHa, AW wn pesynerathbl
NCMNbITAHNI CKBAXWH.
CnegyeT OTMETUTb, YTO MOAENMPOBaHVE

TPELMHOBATOCT SIBMSIETCS BTOPUYHBLIM  3TaNom
CO3[aHusi reonornyeckori Mogenu, T.e. OCHOBHas
CTPYKTYpHasi, nuTonornyeckas u netpopuanyeckas
moZenu 6binu yxke NocTpoeHs!. MoCKoNbKY Npouece
MoZEenupoBaHus KapGoHaTHBIX  KOMIEeKTOpoB

BHUMaHUs AaHHOW TeMe.

Mpouecc NocTpoeHWst MoAenu TpeLuHoBaTo-
CTW BKIOMAET HECKOMbKO KIOYEBbIX 3TanoB: WUM-
MopT M aHanu3 UCXOAHbIX Feororo-reodU3nyeckmx
[OaHHbIX, NOCTPOEHNE TPEHAO0BOW MOAENM C UCMONb-
30BaHMEM celicMMYeckux aTpmbyToB, onpeaeneHne
HanpaBneHWn TpeLynH, MOoAeNMpoBaHNe UX UHTEH-
CMBHOCTW M Ha huHanbHOM 3Tane, co3faHue auc-
KpeTHon mogenu TpewwmH (DFN) (puc.6).

PucyHok 6. Cxema co3paaHusi MoAenu TpelymHOBaToOCTH
Figure 6. Fracture modeling workflow

B xome aHanusa BbISIBNSOTCS KIHOYEBbLIE
napameTpbl TPEeLMH, TakMe Kak 30Ha pasButus,
HanpaBneHve, aneptypa. WHTepnpeTupoBaHHbIe
OaHHble OblNM MMMNOPTMPOBaHbI B NPOrpaMMHOE
obecnevyeHve Petrel, 4to no3Bonuno npoBecTn
panbHenwun aHanu3. OCHOBHble HanpaBneHus
npocTUpaHus TPeLumH Obinun onpenerneHsbl
kak NE-SW (aHern. North-East — South-West — ceBepo-
BOCTOK — lOro-3anag), 4To B LeflOM COOTBETCTBYET

OpUEeHTaUMM OCHOBHbLIX pasnomoB. PesynbraThl
UHTeprpeTaumm  MUKPOMMWZXEPOB  MOKa3aHbl
Ha puc. 7.

BaxHo OTMETUTb, 41O nonyyYeHHble

XapakTepUCTUKN TpeLUH OCHOBaHbl Ha TOYeYHbIX
AaHHbIX MO CKBaXXWHaM, KOTOpble He OXBaTbIiBaloT

D e

MEXCKBaXWHHOE MNPOCTPAHCTBO W MpPeAcTaBnsaoT
3Ty 30HY Kak 0brnacTb HeonpeaeneHHOCTH.
KoHTponb HeonpedenéHHocTen B MeXCKBa-
XWHHOM MPOCTPaHCTBE OCYLIECTBMEH C WCMOMb-
30BaHMeM cencmuyeckoro kyba. B gaHHoOm uc-
cnegoBaHUM npumeHsanca  atpubyt Ant-Tracking
(oTcnexmBaHne pasnomoB), MO3BOMSALWNA NOMy-
4nTb Oornee [JeTanusnpoBaHHOE MNpeAcTaBneHne
0 reornormyeckux CTPyKTypax u 3oHax ocrabneHus,
a Takke ynyywmTb BU3yanv3aumio pasnomoB 1 Tpe-
LLIMHOBATbIX 30H (pUC. 8). ATOT UHCTPYMEHT NO3BONSI-
€T 9KCTpanonupoBaTb pasfioMbl A4S NOcneayoLwero
onpeaeneHns X OCHOBHbIX HanpaeneHuin, KoTopble
3aTeM COMOCTaBMATCA C HANPaBNEeHUSIMUN TPELLWH,
Bbl€NEHHbIMWU HA OCHOBaHWUW AaHHbIX CKBaXWH.
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PucyHok 7. Busyanusaumsa ncxogHbsix gaHHbix FMI no ckBaxkuHam n ctepeorpammam
Figure 7. Visualization of initial FMI data by wells and stereograms
Cmpernkamu Ha pUCyHKe noka3aHbl MmpeuUHbl, Hanuyue Komopbix nodmeepxdaemcsi 06pas3yomM KepHa u3 CK8axuHbl B-4
Arrows in the figure indicate fractures, the presence of which is confirmed by the core sample from well B-4

a)

0)

PucyHok 8. Busyanusauusa cenncmmuyeckoro atpubyta Ant Tracking
Figure 8. Visualization of the seismic attribute Ant Tracking
a) cnalic ant-tracking e d8yxmepHom npocmpaHcmee / ant-tracking slice in two-dimensional space;
6) npocbuns o Kyby ant-tracking e paspese / profile through the ant-tracking cube in section

[ononHuTenbHO ANs MUHMMWU3ALMU  PUCKOB
HeonpefeneHHocT Gbin 3agaH TPeHA Ha OCHoBe
paccTtosHua ot pasnomoB (Distance to object),
NMocKONbKy  TpelWHbl B paccMaTtpuBaemoMm
MeCTOpOXAeHUn obpasyloTcs nog BO3AencTBreM
TEKTOHNYECKMX HapyLeHuin " OBVXEHUN
6nokoB (puc. 9). OTo nogTBEPXKAAETCA TaKke

DOI: 10.54859/kjogi108799

pesynstataMy UCMbITAHUA CKBaXWH, FOe NpUTOK
ronaoB B CKBaXKMHAX, PaCMONOXEHHbIX PSOAoM
C pasnomMamMu, CyLLeCTBEHHO BbILLE.

MocTpoeHHble TpeHaoBble Kybbl Ant Tracking
n Distance to Object ucnonb3syioTcs B KavecTse
BXOAHbIX AaHHbIX AN nocneayoLlero NocTpoeHust
Ky6a UHTEHCUBHOCTU TPELLMHOBATOCTH.
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OueHka NNoTHOCTU TPELUH (MHTEHCUBHOCTH),
oTpaalwLias KOMMYeCTBO TPELUMH Ha efuHuLy
nnowaan wunn  obbéma, urpaeT  KIoYeByio
pornb B onpegenedun ®EC nnacra. [noTHocTb
TPELUMH Mnoka3blBaeT 4acToTy WX BCTPe4yaemocTu
B KOHKPETHOW 30He, a e€ pacnpeaerneHve Hanpsimyto
BNMSIET Ha NPOHMLAEMOCTb MOpoA U OWHAMUKY
OBWXeHWs chnonaos.

PacyeT nnoTHOCTM TpeLMH BOCMpPOW3BeAeH
Ha OCHOBE [aHHbIX MWKPOCKaHepoB, B pesynsrate

PucyHok 9. TpeHpoBbin Ky6 Distance to object
Figure 9. Trend cube: Distance to object
QH — debum Hegpmu, m/cym / oil production rate, t/day; Q° —
0ebum ea3a Ha wmyuepe 5 dm, mbic. m¥cym / gas flow rate
at the 5 cm choke, thousand m¥day; Q°H — debum Hegpmu
Ha wmyuepe 5 dm, m/cym / oil flow rate at the 5 cm choke

PucyHok 11. Ky6 nHTeHCcMBHOCTU
Figure 11. Intensity cube

yero  dopmupoBanacb  KapoTaxHas
no cksaxwHe (Intensity Log) (puc. 10).

B  pesynstate  6bin nocTpoeH  ky6
WHTEHCUBHOCTWM, MO  KOTOPOMY  BbIrpyXasnucb
KapTbl WMHTEHCMBHOCTU TPELUMHOBATOCTWM AN 30H
KT-1 u KT-Il (puc. 11-12). OHn ykasbiBalOT 30HbI
C MOBLILWEHHOW TPELMHOBATOCTbIO, Ha KOTopble
MOXHO  OpPWEHTMpOBAaTbCH MpWU  NNAHUPOBaHUK
pa3MeLLeHNst HOBbIX CKBaXKMH.

KpvBas

PucyHok 10. NMpumep TpewmHOBaTOCTU
¢ onpefeneHneM MHTEHCUBHOCTU
Figure 10. Example of fracturing with intensity
measurement

3aknounTenbHbIM 3TanoM ABNAETCa co3gaHue
OMUCKPETHOM CETU TPELLIMH METOA0M CTOXaCTUYECKOro
pacnpegeneHus (puc.13). Ha ocHoBe 6a3bl AaHHbIX
0 TpewwmHax, copMMPOBaHHOW Ha npeablayLwem
aTane, 3afaloTCA  OCHOBHble  reoMeTpuyeckue
1 NPOCTPaHCTBEHHbIE NapaMeTpbl TPELLMHOBATOCTH,
BKIMIOYAsA Yron HakfoHa, asMMyT W CTeneHb
pPacKpbITUS TPELLMH.

31n napameTpbl no3BonsT rnyGxe
MOHATL AMHAMUKY TpelmHoobpa3oBaHus U KX
pacnpegeneHve.

Pe3ynkTaThbl M 0bcyxaeHue

B pamkax nccnenosaHuns npogeMoHCTpupoBa-
Ha 3h(PEKTUBHOCTb MCNONb30BaHNA METOLOB Moae-
NMPOBaHWS TPELLMHOBATOCTM Ha MpYMepe OZHOro
MECTOPOXAEHNS, YTO MO3BONWUMO AETanu3npoBaTb
npoueccel TpelmHoobpas3oBaHMs U CBHA3aTb WX
C rmyOuHHbIMK pa3nomamu. PaspabotaHHasa mogenb
TPELMHOBATOCTN, OCHOBaHHas Ha CENCMUYECKMX
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a) 6)

PucyHok 12. KapTbl UHTEHCMBHOCTH TpeLuH no 3oHam KT-I u KTl
Figure 12. Fracture intensity maps for KT-l and KT-Il zones
a) KT-I; 6) KT-II

PucyHok 13. Ky6 TpewmHoBaTocTu (DFN)
Figure 13. Discrete Fracture Network (DFN)
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W CKBaXWHHbIX [AaHHbIX, NPefoCTaBnsieT BO3MOX-
HOCTb NPOrHO3UPOBATh 30HbI C BLICOKMM MOTEHLMA-
nom ans 6ypeHna n nsberatb y4acTkoB C Ype3mep-
HOM TPEWNHOBATOCTbIO, KOTOpble MOryT BbI3BaTb
HexenaTeribHble BOO4OMPUTOKU U OCMOXHEHUS B pas-
paboTke. [laHHas MeToauka No3BonsieT co3aasaTb
MPOrHo3Hble MOAENMU TPELUMHOBATLIX KOJSIEKTOPOB
Oaxe Npu OrpaHW4YeHHOM KONMUYECTBE MWCXOAHBIX
[OaHHbIX, YTO aKTyanbHO AJ151 YCNOBUIA C HeJoCTaTo -
HOW reonoro-reom3anyeckon N3y4eHHOCTbIO.

OONONHUTENBLHO

UcTouyHuK huHaHCupoBaHuA. ABTOpbLl 3asBns-
loT 06 OTCYTCTBMM BHELUHEro (UHAHCMPOBaHWS
npu NPoOBEAEHNN UCCNefoBaHus.

KoHcbnukT wuHTepecoB. ABTOpbl AeknapupyloT
OTCYTCTBME SIBHbIX W MOTEHUMAmNbHbIX KOH(IUKTOB
WHTEPECOB, CBA3aHHbIX C Mybnukaumnen HacTosLen
cTaTbu.

Bknap aBTopoB. Bce aBTOpbl nopTBepxparoT
COOTBETCTBME CBOEr0 aBTOPCTBA MeXOyHapoAHbIM
kputepusm  ICMJE  (Bce  aBTOpbl  BHecnu
CYLLUeCTBEHHbIM Bknag B pa3paboTky KoHuenuuw,
npoBeAeHNe UCCnegoBaHna M MOArOTOBKY CTaTbM,
npounv u ojobpunu duHanbHyl Bepcuio nepes
nybnukauuen). Hambonblumiz Bknag pacnpenenéx
cnenytowmm obpasom: Kepees A.B. — cbop n aHanus
reonoro-reounsnyecknx mMatepuanos, NOCTPOeHne
MOAENU TPELLUMHOBATOCTKN, COCTaBMNeHne TEeKCTOBOMN
yacTu, pegakTupoBaHue pykonucu; Angebek A.E. —
cbop " aHanu3 reonoro-reopuanyecknx
maTtepuanoB, NMOCTPOEHWE reosiorM4eckon Moaenu,
cocTaBneHue Tabnuu u rpacukos; BoHgapyk B.B. —
aHanu3  reonoro-reousmyeckoro  martepuana;
MapgaHoB A.C. — o6LLiee pyKOBOACTBO.

CMUCOK UCMONb30BAHHOM NIUTEPATYPbI

Takum o06pasom, npeanoxeHHas MeToauka
€cnocobCTBYET MOBLILLEHNIO TOYHOCTU MoZenewn Tpe-
LLIMHOBATOCTW, MUHNMM3ALIMN PUCKOB N JOCTUKEHWIO
3HAYMTENBHOrO 3KOHOMUYECKOro addpekTa nNpu pas-
paboTke MecTopoXAeHWUA C OBONHON MOPUCTOCTLIO
1 MPOHMLAEMOCTBI0. OTO AenaeT METOANKY BaXKHbIM
VMHCTPYMEHTOM Ans 3pdEKTUBHOIO NNaHNpOBaHWSA
1 YCMELLHOW peanv3aummn npoLeccoB pa3paboTku.
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TynHycKa 3epTTey
AmaHrengi ra3 KOHAeHCaTTbl KEH OPHbIH NanganaHy KesiHgeri
LuMeneHicTepAi Xor wapanapbl

M.XK. CekceHb6an, 10.9. [lapubaeB
Kasak ynimmblIK Cy wapyauwblinbifbl XeHe uppuaayust yHueepcumemi, Tapa3 kanacsl, KazakcmaH

AHHOTALUMUA

Herizpey. AmaHrengi ras koHgeHcaTTbl KeH OpHbIH namganaHyfa OepinreHHeH 6epi KOHOEHCaTTbIH
KypamblHOafFbl binFanabl TofbliFbiIMeH 6Genin any MyMmkiH ©Gonman kenegi. @3 koHAEHCATbIHbIH
KypamblHAAFbI biFanabl TOnblK 6enin any TeXHONOrMANbIK YPAICTI XXeHinaeTin, wueneHictepain anabiH-
anyfa CenTiriH Turisedi, coHablKTaH Byn ra3 KOHOEeHCaTTbl KeH OpblHAapbIHAAFbl ©3eKTi Macenenepaix
Oipi. Ocbl makcaTTa Kasipri yakblTTa KenTereH ras xaHe ra3 KOHAEeHCaTThbl KeH OpblHAApPbIHAAFbI LUK
Kecinwinik ra3 TacbiMangay KyOblpnapblHoa rmapar Ty3iny TemnepatypacblH TeMeHAeTy kesgenin
oTbIp. @3 KoHAEeHCaTTbl KEH OpblHAApbIHAA ra3abl AalblHAAy KesiHAe wnendTepae, Konnektopnapaa,
XabablKkTapaa ruapartka kapcbl MHIMOUTopnap (MeTaHon XaHe AUSTUNEHTTIMKONb) KEHIHEH KONMAaHbINbIN
keneni. Erep myHanm, myHam eHiMAepiH x8He rasgbl YHfFblapaaH eHAipy XeHe AdaunbliHaay KesiHge
rmagpatka kapcbl Lwwapanap (MHrMbutopnap) kongaHbinmaca Kacinwinikte 6ipkatap KublHAbIKTAP
TyblHAaNObl, ce6ebi eHiM eHaipy KesiHAe yFbinbinapaaH KeweHai ra3 AanbiHAay KOHAIPFbIChIHA AENiHTi
apanblKTa, SFHU WnendTe rmgpar Tysiny cangapbiHaH OHbIH LUK AnaMeTpi Kilipenin, eHiM TonbIfbIMEH
eTnen, Ken xafgawnapga myngem OGekiTinin kanagbl. byn e3 keseriHge eHAIPINETIH ©HIM MerLIepiHiH,
asaloblHa anbIn Kenepgi, Hemece YHfbliHbl Mynaem TokTaTbinagbl. CoHAbIKTaH, eHAIpINreH eHiMHiH (ras,
KoHAaeHcaT) Gip Geniri xaHbIN TypraH anayfa Hemece TyTaHabIpy GinTeciHe ypneHeai. ATanfaH eHaipicTik
LUMeneHicTep KeH OpHbIHbIH OHAIPY KepCeTKiLUTepiHe Kepi 9cepiH Turisesi.

MakcaTbl. AMaHreni KoHaeHcaTTbl ra3 KeH OpHbIHAA YHFbl OHIMAEPIH eHAIPIN XMHay XaHe AanbiHaay
KesiHAe, eHiMAl YHFbIOAH KeleHai ra3 ganbliHhay KOHAObIPFbICbIHA OeWiH TackiManganTbiH Kybblpnapaa
X8He KOHAbIPFbl abapikTapblHAa rMapaTTbiH nanga 6GonybiHbIH angblH-anbin, LUMeneHicTepre o
Oepmey Wapanapbl KapacTbIpbiSiFaH.

Matepuangap MeH Tacingep. MmopatTeliH nanga GonybiHbIH anablH-anbin wuenexictepai 6onasipmay
YLWiH YHFblNapaaH KelweHai ra3 gavbiHaay koHablprbicbiHa aeniH (YKIT) nHrubutopnapasl Menwepnen
Oepy copanTapblMeH ra3 afblHblHa MeTaHON (METUN CNUPTi, TEXHUKanbIK ), an KeweHAi ras3 ganbiHaay
KOHObBIPFbICLIHAAFE! XabablKTap apkblibl OTETIH ra3 afblHblHA TymaH TypiHae Oypkin GepineTiH
OVSTUMEHTTIMKOIb KOCY Ke3adernreH.

Hatuxenepi. YXorapblga KenTipinreH HaTWXenepai KOpbITbIHAbINAW Kene, MeTaHos
MEH AMSTUNEHrnuKonai kongaHbam yHFbiManapgaH raskoHgeHcaT eHiMiH eHAipeTiH 6Goncak, oHaa
hakenre xoHe yprney cBevacblHa ypneHeTiH rasgpiH, kenemi 4,95 mnH m* T, an 6yn rasgpiH, Xkannbl KyHbl
128,7 MNH TeHreHi Kypanael, an ruapartka Kkapcbl MHIMOUTOpnapAbl kKongaHaTelH 6oncak, MHrMbuTopabl
KepekTi kenemge catbin any ywiH 180 T meTaHon xoHe 10 T AMSTUNEHINMKOMbL KaxeT Gonagpl.
OnapgablH xannbl catbin any 6aracbl 28 MnH TeHre. Eki HyckaHbl canbiCTblpa OTbIpbIN, rMapaTka Kapchbl
uHrMbuTopnapabl konganraH keage 100,7 MH TeHreHiH eHiMi yHemaeneTiHi 6enrini 6onael. Con cebenTi
rMapaTtTbiH Ty3inyiHe Kapcbl MHIMOUTOPNapabl KonaaHy e3ekTi bonkbin ecenteneqi.

KopbiTbiHabl. Ocbl yakblTka AeriH AmaHrengi ra3 KOHAEHCATTbl KeH OPHbIH MnanganaHy KesiHae
rasgblH KypamblHAafbl biFangbl Tonblk 6enin any wapanapsl icke acnanm kengi. CoHbIH cangapbiHaH
KblCKbl Me3ringe keH opHbiHOa Oipkatap LwueneHictep OpbIH anyaa, siFHW apTblK  biFan  Keic
mMesriniHae wnendTepae rmapaTt ToiFbIHAAPbBIH Ty3in, ra3koHAeHcaTbIHbIH ©TyiHe Kedepri kenTtipegi.
CongpiktaH, N'KOK nHrnbuTtopnapael Menwepnen 6epy copanTapbiMeH ra3 afblHblHa MeTaHon (MeTun
CnUpTi, TEXHUKAnbIK), an KelweHdi ra3 AanblHoay KOHAObIPFbIChIHAAFLI KabablKTap apKblnbl ©TeTiH ras
afblHblHA TyMaH TypiHAe 6ypkin 6epineTiH AMSTUNEHITIMKONb KOCY apKbirbl atarnfaH LUMENeHICTEPAI Kot
Wwapanapbl yCbiHbiNaabl. AtanfaH wapanapabl 6acka Aa ra3 koHAeHcaTThl KEH OpblHAAPbIHAA KEHIHEH
KkongaHyra 6onagbl. ¥CbIHbIMbIN OTbIPFAH LUApanapabl KongaHy apkbifbl TEK LUMEneHicTepdiH anabiH-
anbin KaHa KoviMaw, anayra xibepinetiH raskoHaeHcaTbliH YHeMaeyre 6onaabl.

Hezizzi ce3dep: 2a3, KoOHOeHcam, binFarn, wielg, 2udpammbiH mMy3inyi, Memaxosn, OUu3musIeHaIuKorb,
uHeubumop.

[anekce3 KenTipy yLiH:

CekceHbal M.)K., Jepibaes FO.O. AMaHrenaj ra3 KoHAeHcaTTbl KEH OPHbIH NaiaanaHy KesiHaeri wueneHictepai
oK Wapanapbl // KasakcTaHHblH MyHal-ra3 canacblHbliH xabapubicel. 2025. 7 Ttom, Ne 1. 32-41 6.
DOI: https://doi.org/10.54859/kjogi108808.

© Cekcenbaii M.XK., [lopibaes 10.9., 2025 JIunensusicel CC BY-NC-ND 4.0

32


https://doi.org/10.54859/kjogi108808
https://doi.org/10.54859/kjogi108808
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru

Kazakhstan journal for oil & gas industry 2025;7(1):32—41

UDC 621.8; 622.69
CSCSTI 67.53.27

DOI: https://doi.org/10.54859/kjoqi108808

Received: 19.12.2025.
Accepted: 12.03.2025.
Published: 31.03.2025.

Original article

Measures for Mitigating Operational Complications
at the Amangeldy Gas Condensate Field

Mukhamedzhan Zh. Seksenbay, Yuldashbay A. Daribayev
Kazakh National University of Water Management and Irrigation, Taraz, Kazakhstan

ABSTRACT

Background: Since commencement of the operations at the Amangeldy gas condensate field, fully
separating the moisture from the condensate has proven challenging. Achieving complete moisture
separation in gas condensate is essential for enhancing the technological process and preventing
potential complications. To address this issue, current methods involve lowering the hydrate formation
temperature in the internal gas transport pipes across various gas and gas condensate fields.
In gas treatment, antihydrate inhibitors such as methanol and diethylene glycol are commonly used
in flowlines, reservoirs, and various equipment. If precautions are not taken to prevent hydrate formation
(inhibitors) during the production and treatment of oil, several challenges may occur. For instance,
during production, the internal diameter of the flowline can diminish due to the of hydrate buildup,
and in some cases, gas condensate may not flow properly due to the hydrate blockages. This can result
in a reduction in the amount of products produced, or may lead to a complete shutdown of the well.
Consequently, a portion of the produced products, such as gas and condensate, is sent to a flare. These
production complications negatively affect the overall performance of the field.

Aim: To develop measures to prevent hydrate formation and address complications at the Amangeldy
gas condensate field that may arise during production and treatment of well effluents
and the transportation of these products through pipelines and plant equipment to the integrated gas
treatment unit.

Materials and methods: To prevent the formation of hydrate from wells to the Central Processing
Facility (CPF), it is proposed to introduce methanol (technical grade) into the gas stream using inhibitor
dosing pumps. Additionally, diethylene glycol will be sprayed as a mist into the gas stream as it passes
through the CPF equipment.

Results: When producing gas condensate from wells without the use of methanol and diethylene glycol,
the volume of gas directed to the flare and vent stack amounts to 4.95 million m3, with a total cost
of 128.7 million tenge. In contrast, if hydrate inhibitors are employed, it will be necessary to procure
180 tons and 10 tonnes of diethylene glycol, resulting total expenditure of 28 million tenge. Utilizing
these hydration inhibitors has led to an estimated product savings of 100.7 million tonnes.

Conclusion: To date, the operation at the Amangely gas condensate field have not fully addressed
the separation of moisture from the gas. As a result, several issues arise during the winter month:
excess moisture leads to the formation of hydrate blockage in the piplines, obstructing the flow
of gas and condensate. To mitigate this issue, we propose implementing measures that involve adding
methanol (methanol technical grade) to the gas stream with metering pumps of inhibitors, and diethylene
glycol sprayed as a mist into the gas stream passing through the CPF equipment. These measures
could also be widely applied to other gas condensate fields. By adopting these measures, it is possible
not only to alleviate operational challenges but also to reduce the volume gas and condensate that
is wasted and flared.

Keywords: gas; condensate; moisture; flowline; hydrate formation; methanol; diethylene glycol;
inhibitor.
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OpVI rmHanbHoe uccriegoBaHue

Mepbl No ycTpaHeHUIO OCIIOXXHEHUI NPU 3KCnyaTauum
AMaHrenbAMHCKOro ra30KOHAEHCaTHOro MecTopoXaeHuUs

M.X. CekceHban, 0.A. lapubaeB

Kazaxckul HayuoHarnbHbIlU yHU8epcumem 800HO20 xo3slicmea u uppuaayuu, e. Tapas, Kazaxcma

AHHOTALMUA

O6ocHoBaHne. C MOMeHTa BBOZa B 3KcnnyaTauumio AMaHrenbAMHCKOro ra3oKOHAEHCATHOro
MECTOPOXAEHNS He npeacTaBnseTcs BO3MOXHbIM MOSIHOCTHIO OTAENWTL BRary, COAep)Kallytocst
B KoHAeHcaTe. [onHoe BblAeneHve Bnarv B COCTaBe ra3oBoro KoHaeHcata obneryaeT TEeXHONOrM4Yeckui
npoLecc U crnocoBCTBYeT NpenynpexaeHnto ocrnoxHeHun. C STOM uenbilo B HacTosiee BpeMms
npegycmaTpuBaeTCsi CHKeHMEe TemnepaTypbl 06pa3oBaHMs rmapata BO BHYTPEHHWUX MPOMbICIIOBbIX
ra3oTpaHCropTHbIX Tpybax Ha MHOMMX ra3oBblX W  Fa30KOHAEHCATHbIX  MECTOPOXOEHUSIX.
Mpy noarotoBke rasa  LUMPOKO  MPUMEHSIIOTCH  aHTUrMApaTHble  UHTMOGUTOpbI  (MeTaHon
W OM3TUNEHINWKOMbL) B Lunewdax, konnekropax, obopynoBaHun. Ecnn npu pobblde M NOArotoBke
HedTH, HedTEeNnpPoaAyKTOB M rasa He MNPUMEHSIIOTCA Mepbl Mo  npegynpexaeHnto  obpasoBaHust
rmapaTa, TO MOXET BO3HWKHYTb psf TPYAHOCTEN: npu fobblbe NpoucxoauT YyMeHbLUEHUE BHYTPEHHEro
Onametpa wnenda mns-3a obpasoBaHus ruaparta, MHoraa us-3a rugpaTHon NpobKu ra3oBbi KOHAEeHcaT
MONMHOCTbLI HEe NPOXoANT. ATO, B CBOK OYepenb, NMPUBOAUT K YMEHbLUEHWUIO KONMYECTBA NPON3BOAUMON
npoaykumMn nnbo Jaxe K MOSIHOW OCTAHOBKE CKBaXKMHbI. [103TOMY 4YacTb MpoM3BE4EHHOW NpoAyKLUUM
(ra3, koHAeHcaT) HanpaBnseTca Ha daken unu ceedy. YKasaHHble NPOW3BOACTBEHHbIE OCIOXHEHUS
HeraTMBHO CKa3bIBAlOTCS HA NoKa3aTensax Ao0Obl4M MECTOPOXKAEHUS.

Lenb. PaspaboTka meponpuaTuii Mo npegoTBpalleHutio obpa3oBaHus rvgpata U HedonyLeHuo
OCNOXHEHUA Ha AMaHrenbOUHCKOM ra3oKOHAEHCAaTHOM MEeCTOPOXAeHWW npu Jobblue M NoarotoBke
NpoAyKTOB CKBaXMH, B TpybonpoBogax M 06OpyAoOBaHWM YCTAHOBKM, TPAHCMOPTUPYHOLLMX MPOAYKLUMIO
OT CKBaXXWHbI O YCTAHOBKW KOMIMIIEKCHOW NOAFOTOBKM rasa.

Martepuanbl un metoabl. [Insa npenoTrBpalieHns obpa3oBaHusi rmapata OT CKBaXWH O YCTaHOBKM
KOMMIEKCHOW MOArOTOBKM rasa npegycMmaTtpuBaeTcs fobaBrneHue MeTaHona (MeTuMrioBOro CnupTa,
TEXHMYECKOTO) B rasoBbll MOTOK [JO3VPYHLUMMW HAcocamMuM WHIMOUTOPOB W AMSTUIEHTNUKONS,
pacrnbinsemMoro B Buae TymaHa B ra3oBbli MOTOK, MpoXogswwui 4vepe3 0OOpyLOBaHWE YCTaHOBKM
KOMIMJIEKCHOW NOATrOTOBKM rasa.

PesynbraTtbl. Ecnv npov3BoguTb ra3oKOHAEHCATHYHO MNPOAYKUMIO U3 CKBaXWH 6e3 npumeHeHus
MeTaHona W AUSTWUMEHINUKONSA, TO OObEM BblgyBaemMoro rasa B daken W NpoayBOYHYIO CBevy
cocTaBnseT 4,95 MnH M3, a obLasa CTOUMOCTb 3TOro rasa coctasnsaeT 128,7 mnH Tr. Ecnu ucnonb3oBaTb
npoTuBOrnapaTHbIe MHIMBUTOPBLI, TO NOTPeByeTcs 3akynuTb MHIMOUTOP B 06bEMe: meTaHon — 180 T,
anatunedrmukons — 10 T, obwasa 3akynoyHast ueHa coctaBnser 28 mnH Tr. [lpu mcnonb3oBaHum
WHIIMOUTOPOB rmapaTaLum cTano U3BECTHO, YTO SKOHOMUS npogykummn coctasuT 100,7 MnH Tr.
3akntoyeHue. [Jo HacToOAWEro BPEMEHU MpU 3KChnyaTauum AMaHreNnbAVHCKOro ra3oKOHAEHCaTHOro
MECTOPOXAEHNA Mepbl MO MOMHOMY OTAENEHWIO BNarv B cocTaBe ra3a He bbinu peannsoBaHbl B NOMHON
mepe. Bcneacreve aToro B 3UMHUI NepUog, Ha MeCTOPOXAEHUN NMPOUCXOQAT psf 060CTPeHUIA: N3BbITOK
Bnaru B 3UMHWI nepuog, obpasys Ha Lnerndax ruapartHble NPo6KM, NPenATCTBYET NPOXOXKAEHUIO rasa
N KoHaeHcaTa. B aTon cBsisu npepgnaratoTcA Mepbl MO YCTPaHEHUI0 yKa3aHHbIX 0B60CTpeHun nyTém
nobasrneHns MetaHona (MeTWN-TEXHUYECKOro ChupTa) B rasoBbli MOTOK AO3MPYIOLLUMKU Hacocamu
WHIMBUTOPOB, a AU3TUNEHITIMKONS, pacnblnsemMoro B Buae TymaHa, — B ra3oBblii NOTOK, MNPOXOASALLMNA
Yepe3 o6OpyZOBaHWE YCTAHOBKM KOMMIEKCHOW MNOAFOTOBKM rasa. [laHHble Mepbl MOXHO LUMPOKO
NPUMEHATL M Ha APYrMX rasoKOHAEHCATHbIX MecTopoxaeHusx. [MpeanaraeMble Mepbl MOTyT He
TONbKO MPEefoTBPaTUTb OBOCTPEHUS, HO U CIKOHOMMUTbL KOMWYECTBO TEPSIEMOrO rasa WM KoHAeHcaTa,
Hanpaensiemoro Ha chaken.
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Kipicne

[a3 xeHe ra3 KoHOEeHCaTTbl KeH OpblHAapPbIH
urepy keseHiHge Oenrini 6ip Tepmobapanbik
Xarganaa, eHimai kabatTtarbl Taburn rasgap cymeH
GavinaHbICbIn KaTTbl KPUCTaNAbl 3aTTap — SFHNU ra3abl
rmapartTap Ty3eai.

[a3 KypambiHa KipeTiH MeTaH, 3TaH, nponaH,
OyTaH KeMip KbILWKbI1 ra3 Heri3ri rmapart Ty3yLi
KOMMNeHeHTTep Gonbin caHanagbl. KemipcyTekTiH
CyMeH Typakcbl3 GainaHbicTa (kocnacbl) 6onybiHa
KapamactaH ruapatTap YHfFbl OKNaHblHAA, rasabl
XuHay, TacbiMangay XyvenepiHge Ty3inin, onapablH,
rasgbl ©TKi3y MYMKIHAINH TemeHaeTin, onapgbiH
Xeninepae XypyiH TOMbIFbIMEH TOKTaTybl MYMKIH,
SFHW  YHFbINapablH  OHIMAINIMIHIH -~ TeMenaeyiHe
anbin  kenedi. AwmaHreni  KeH  OpHblHAAfbl
OHOIpYy YHFbIManapblHbIH XyMbIC iCTeyiH Tangay

2015-2019 HOK. apanbifblHAaFbI eHAipicTik
XoeHe aBTopnblk Oakbimay ManiMeTTepi HerisiHge
KYPprisingi.

KoHgeHcaTTbl ras yHfFbiMacbiHaH KelleHgi
JanblHOay  KOHAObIPFbICbIHA — AeniH  wnendneH
(BblKMOHAA nUHWA) TacbiMangaHagbl. LUnendrTiy

y3blHAbIFBI 1 KM-AeH 4,5 KM-re AeliH xaHe rasabiH
KypambiHga 6oc  binfangpiH 6onybl,  rasgblH
Temneparypachl Tene-TEeHAK TemnepaTypacbiHaH
TeMeH GonFaH xargavaa wnendTepae rmapartTbiH
Ty3inyiHe komawmnbl >xafgan >xacanbliHagbl. Kpic
Mep3iMiHae wnendtepae rugpatTap  Ty3inmeyi
YLUiH, SFHW WwnendTeri ra3gpliH Temneparypach Tene
TeHAiK TemnepaTypacbliHaH TeMeH GonfaH xargavaa,
nNnyHXepni copanneH wnendTeri ras afbiMbiHA
MEeTaHomM, SFHW rapaTt  Ty3inyiHiH - MHIMGUTOpLI
vetun cnupti  (metaHon CH3;OH, wHrmbutop
rmgpatoobpa3oBaHust)  xibepinegi. CoHAaplKTaH
rmapatTbiH  Ty3inyiHe Kapcbl  MHrMGuTOopnapabl
KorgaHy e3ekTi 6bonbin ecenTenesi.

3epTTeynepai Xyprisy agicTepi xxaHe

wapTrapbl

Amanrengi, Kapkym, AnpakTbl KeH
opblHOApbIHAAFbI ra3gbl XuHay TisberiHae, eHaipic
iwiHOe TacbiMangay aHe KypraTbiiMaraH rasabl
JaviblHOay KesiHge ruapat TysinyiHiH anabliH - any
MakcaTbiHAa:

—  YHFbl WNendinaeri rasgbl anayra Hemece
LWblpakka ypriey, sifHW rasgbl XuHay XyweciHaeri
KblCbIMAbI FMApaT Ty3inyiHiH Tene-TeHaik KbIcbIMbIHaH
TOMEHOETY;

— wrend (Kybblp) ouameTpiHiH KilipenreH,

yrFanFaH,  OypbinbICTapblH  XoHe  XOFapblifa
KeTepinreH eprepiH  xaHe  OekiTy-peTTeriw
apmartypanapbiH  MeTaHonAbl  pereHepauuanay

KOHAbIPFbICbIHLIH E-1,0-0,9I" kazaHAbIFbIHbIH, bICTbIK
BybIMEH Kbl3abIpY;

—  MaHOMETP MEH TEPMOMETPAIH YLU XKOenekKTi
KyOblpLuanapblH bICTbIK KaHafaH CyMeH Kbi3ablpy
HEMeCe MaHOMETP MeH TEPMOMETPAIH YLU >KenekTi
KyOblpLIanapbIH fanara yprey;

— ra3gbl E-704 xbiny anMacTbipfbillbl
apKbinbl Xblly  TacbiMarn-

«TepmuHon-57»

OarbllbIMEH Kbi3ablpbin, Kbi3ablpblniFaH ra3abl xar-
nbl KornnekTopra bepy;

—  KblCbIMHbIH GipAeH Tycin KeTyiHiH angblH
any (TemnepaTtypaHblH{ TeMeH Tycin rupgpart
Ty3inyiHe anbin Kenepgi), SAfHU  GekiTy-peTTeriw
apmarypanapblHblH CaHplnaynapbl apkbinbl ra3abiH
CbIpTKa LUbIKNAyblH KAMTamMachi3 eTy;

— rmgpar Ty3inyiHiH, Tene-TeHaik
TemnepartypacbiH TOMEHAETY YLiH rmapat Ty3inreH
Xepriepre meTaHon 6epy KapacTblpbiriFaH.

AmaHrengi, Kapkym, AnpakTbl KEeH
opblHOApbIHAAFbl ra3gbl xuHay TisberiHae, eHAipic
iwiHOe TacbiMangay »aHe KypraTbifiMaraH rasabl

OaviblHOay KesiHOe Ty3inreH ruapartTapgbl KO
MakcaTbliHAa:
— wrnendTeri rasgbl  CBevara  Hemece

dakenre ypren KbiCbiMAbl
TOMEHAEHTY apKbinbl,
rmapaTtTbl XOH;

— wnendTeri rasgbl  cBeyaFa  Hemece
dakenre ypnen KbicbiMabl OGipaeH ekixakTtama
TOMEHAEHTY XXoHe KyObipabl KopLuaraH ToMbIpakTbIH
Kbl3ybl apkbinbl (0 aTM gemiH) TysinreH rugpatThl
XKOH XX8He rasfbl Ty3inreH rmgpatTbl XKOKFa KaXeT
yakbITKa ToKTaTy;

—  Ty3inreH rmgpaTtTbl KedenaeTin Kok
MakcaTbliHAa rMApaT TY3ifreH )xepre MeTaHorn eHgipy
apKbInbl TMAPATTbI KO Ke3ae TyTbIfFaH.

GipoeH GipxxakTtama
(0 atm. pewiH) Ty3inreH

3epTTeynep HaTUXeCi

Tabwfn rasgpl  Xep  KOWHayblHaH  YHFbI
OKnaHblHa eHaipy KesiHAe, VYHFbl caracblHAaFfbI
Kyparn-xabablKTapaa XaHe eHZIpIiCTiH eHimMai XuHay
XKYWeECiHIH Ke3 kenreH GeniriHae, rasabl AanbiHoay
XoHe KyOblpnap apkbinbl TacbiMangay kesiHae
rmapaTTbiH nanga 6onybl MyMKiH.

Mvapat Ty3inyiHiH angblH any MakcaTtbiHAa
MeTaHonabl  XKyWere  eHrisy  kesiHOe  kep
KOWHaybIHaH Kenin TYCKeH cynapmeH GainaHbicbirn,
cy OynapbiHblH KbICbIMbIH 8He rasgblH  LbIK
TYCY HYKTEeCiH TemeHpeTeai. [lwmapat TysinyiHiH
AopexeciH TeMeHAeTy cy epiTiHAiciHaeri peareHT
KOHLIeHTpauuscbiHa 6annaHbICTbl aHbIKTanagbl.

TysinreH rugpaTt TbiFbIHOAPbBIH KO Ke3iHae
MeTaHon Bybl ra3 PpPakUMACHIH KaHbIKTbIpaabl XoHe
rMapaTTbiH napuvanbibl  KbiICbIMbIH - TOMEHAETIMN,
OHbIH Te3 apaja blablpayblHa anbin kenegi.

wapaT TysinyimeH Kypecy YLWiH MeTaHonAabl
KeH Typoe konmpgaHa OacTtagel, on  rugpat
Ty3iny TemnepaTtypacblH Ofapfbl  Aapexene
TemeHaeTeqi. XXoHe TysinreH ruapaT ThifbIHbIH TE3
apapa blgbipaTtagbl, KaTy TemnepaTtypacblH >XoHe
TYTKbIPMbIFbIH TOMeHAeTei

MertaHonabl rupat  Ty3inyiHiH  MHIMOMTOPBI
ecebiHae kongaHy ruapat Tysiny LWapTTapbiHbIH
e3repyiHe HerisgenreH, SFHN OHbIH CYMEeH TOoMbIKTawn
apanacbin ruapaTTbiH  Ty3ifly TemnepaTypacbiH
anTapnblktan  TemeHgeteni. CoHbiMeH  Gipre
GepinreH Tepmobapansblk WwapTTa ruapat Ty3inyiHiH
angblH anagepl.
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OHiIMAi X1Hay XaHe AanbiHaay

TEeXHOJIOMMACHI

Kasipri yakblTTa AmaHrengi KeH OpHblHAA
YHFbINapabl navpganady kopbl 38 OGipnik YHFbIHbI
Kypamabl.  ¥Hfblnapgbl — namganady  YHFbinap
XKYMBbICbIHbIH BGeKiTinreH TEXHOMNOrUANbIK PeXumiHe
coaikec xy3ere acbipbinagbl [1].

Amanrengi, »apkym >xaHe AlpakTbl KeH
opblHAapbl 6ovbiHWa 2023 x. «AmaHrenai las»
XKLWC GonbiHwa 319 930,201 MbiH M® KenemiHae
ra3 xaHe 15 056,315 T ra3 koHOeHcaTbiH 6HAIpY
ocnapnaHfaH 6onaTbiH.

«AmaHrenai as» XWC Tabwurn ras xsHe
KOHAEHCaTTbl eHAIPYAIH >Kocnapnbl >XaHe HakTbl
Kkenemi 1-kectee KenTipinreH.

«Amanrenai as» XIWC 6GonbiHWa TabufFK
ra3 >xaHe KoHAeHcaTTbl eHAipy kememi 2023 x. —
278 182,062 MblH M* xoaHe — 14 152,758 TOHHaHBbI
Kypadbl, TWICiHLWIE, ra3 XaHe KOHAEHcaT eHaipy
xocnapbl 86,95 xaHe 93,99% opblHAanapl.

Kecte 1. «<Amanrengi Mas» XLIC G6onbiHwa
2023 x. TabuFu ras xxaHe KOHAEHCATTbl OHAIPY
AeHreniHiy KepceTKiwTepi
Table 1. Natural gas and condensate production
level indicators for 2023 for Amangeldy Gas

a3  xeHe eHaipy
cebebi

XeHaey

ra3  KoHOEeHcaTbIH
KepCeTKiluTepiH OpblHAaMayAblH  Heri3ri
MarucTpanbgblk  ra3  KyOblpblHAaFbI
XKyMbICcTapbl 6onapi.

YHFbiMap  y3aK  Mep3iMre  ToKTaTbinAabl,
HOTMXECIHAE CepIiKTECTIK Tambl3 arbliHOa OapriblK
YHFbINapabl XXocnapgaH TbiC TOKTaTy Typarnbl WeLliM
Kabbingaapl.

2023 . AMaHrengi ra3 KoHaeHcaTTbl KEH OpHbI
OoblHWA TabuFn ras xeHe KOHAEHCATTbl eHAipy
OeHreniHiH kepceTkilTepi

2023 x. AmaHrengi KeH opHbl GolbliHLWaA ras
XoHe ra3 KOHAeHCcaTbIH eHAipy Kenemi:

- ras eHgipy — 244 660,649 mbiH M,

- KoHAeHcart eHgipy — 13 859,606 T.

AmaHrengi ra3 KOHAEHCTTbl KEH OPHbI OOMbIHLLIA
Tabufn ra3 xaHe KOHAEHCAT eHAipy KepceTkiwTepi
2-kecTefe xaHe 1, 2-cypeTTepaeri Avarpammanap
TypiHge kenTipinreH [2].

KecTte 2. 2023 x. eHAipy XocnapbiH opbiHAAaYy
(AMaHrenpgi ra3 KoHAeHcaTTbl KEHOPHbI)
Table 2. Fulfilment of the production plan for

LLP 2023 (Amangeldy gas condensate field)
2023 x. xocnapaklH opbiHAanybI AybITKY 2023 x. xocnapablH opbiHAaNybI AybITKy
Fulfilment of the plan for 2023 Deviation Fulfilment of the plan for 2023 Deviation
ATaybl xKocnap HaKTbl - o ATaybl xocnap HaKTbl - o
Name planned Actual ° Name planned Actual °
319930,2 278182,1 -41748,1 284 057,891 | 244 660,649 -39 397,242
Taburu ras MbIH M3 MbIH M3 MbIH M3 Tabufu ras 3 3 MbIH M3
Natural gas (thousand | (thousand | (thousand 87,0 Natural gas MBIH M MelH M (thousand 86,1
me m m> (thousand | (thousand m
) ) ) ) ) )
[a3 koHgeHcaTbl | 15056,3 T 141528 T -903,6 T 940 [a3 koHgeHcaThl |14 684,472 1|13 859,606 T| -824,866 T 04 4
Gas condensate | (tonnes) (tonnes) (tonnes) ! Gas condensate | (tonnes) (tonnes) (tonnes) !

CyperT 1. 2023 x. ra3 eHaipy xocnapbl
(AMaHrenpi ra3 KOHAeHCaTTbl KEHOPHbI)
Figure 1. Gas production plan for 2023
(Amangeldy gas condensate field)
2023 x. Amareendi keH OpHbl 60UbIHWAa 2a3 XoHe 2a3
KOHOeHcambIH 6HOipy Kepcemkiwmepi muiciHwe 86,1%
xoHe 94,4% opbiHOandbl.
Gas and gas condensate production indicators
for the Amangeldy field for 2023 were achieved by 86.1%
and 94.4%, respectively.

3G e

CyperT 2. 2023 k. KOHAeHcaT eHAipy Xocnapbl
(AMaHrenpi ra3 KOHAeHCaTTbl KEHOPHbI)
Figure 2. Condensate production plan for 2023
(Amangeldy gas condensate field)

2023 x. 2a3 XaHe KoHOeHcamblH eHOipin macbkiManoay

KesiHOeeai wueneHicmepdi xoro.
2023 Elimination of tension in gas and condensate
transportation.
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CyperT 3. ¥Hfbinap 60MbIHILIA MeTaHONAbIH Xannbl
WbIFbIHbI, 2023 X.
Figure 3. Total methanol consumption by wells,
2023
YKII — ycmaHoeka kommnnekcHol nod2omosku 2a3a (opbic.)
/ Central Processing Facility

¥HFbINapabl KbIC KesiHAe nanpanaHy Taburn
rasabl  KeHe  KOHOEHCATTbl  KWHAY  YHFbIHbIH
cafacblHaH rasgpl KeleHai AanblHAay KOHObIPFbICHI
(bynaH api — NKOK) peniH Tackimangay xyneciHge
rmapatTbiH - Ty3inyi  HaTWxeciHQe TacbiMangay
npouecci egayip KypgoeneHe Tycedi. [upgpar
ThIfbIHAAPbIHbLIH aniblH any XoHe X0 YLUIH XuHay
Xywvecige ras eHAipy onepatopnapbl MeH xefen
MalLMHanapablH XXYpridyLwinepiHiH TYHri Ke3eKLwiniriH
yvbimaacTeipabl. LWnendrepae rvapar TysinyiHiH

XeHe YHFbiMapAblH cafacblHaH ra3 KybbipbiHa
MeTaHongbl Menuweprien 6Gepy copanTapbiMeH
METaHOI eHri3y apKbinbl xxonbingpl [3].

KbingblH  cyblk  MesriniHae,  yHfblnapaaH
OHAIpINreH ras3 XaHe KOHAeHcaTTbl KelleHni
navibiHoay KOHAObIPFbICbIHA TacbiMangay
KesiHge LwWrendTep XaHe OHOafFbl OpHaTbiFaH
apmatypanapga rugpattap naviga 6onmaybl yLliH,
YHFbIOAH eHaipinreH eHimMre 450 n-nik meTaHon
KYWFbILL apKblflbl CXxeMaga KepcCeTinreHaen YHFbl
cafacblHa xanfaHfaH guameTpi 20 MM KyOblpmeH
VHFbIAAH LWbIKKAH a3 MeTaHomn  KYWFbILTbIH
YCTiHr xafbiHa Oepinedi. MeTaHon KyWFbILWTbIH
cubIMabinbiFbl 450 1. MeTaHoN KYMFbILITLIH, aCThIHFbI
XarblHa XanfanraH 20 MM KyObIpMEeH MeTaHonM YHFbl
winevidiHe 6epineai. MeTaHon KyWfbILLKa KNMHKepni
OeHren enLieriw opHaTtblfiFaH. MeTaHonN KYWFbILTbIH,
Herisri kemwinikrepi [4]:

1) wmeTaHongbl MeTaHon KYWFbILLTaH
Menweprien 6epy MyMmKiH emec, cebebi yHfbl
cafacblHOafbl KbiICbIM MeH LnendTeri KblCbIMHbIH
anblpMacbiHaH XeHe METaHOM KyWFbILUTaFbl METaHOI
OeHreniHiH acepiHeH BeHTUNbAEepai allbin XankaHLwa
MeTaHon an-caTTe LWnendke KeTin kanaabl;

2) MeTaHON KyWFbIWTbI KyHire MeTaHONIMeH
TONTHIPLIN  TYypy kepek, cebebi meTaHONAbIH
LWbIFbIHBI ©TE YNKEH, MeTaHonAbl YHeMaey MyMKiH
eMec, COHAbIKTaH Kasipri yakbITTa METAHON KYMWFbILLI
pe3epBTik xeni ecebiHae KapacTbipbinaabl;

3) MeTaHonN KyWfbILTbl METAHOIMEH TOMTLIPY

angblH any XsHe JXXOKW rasfbl anayfa ypney, MeTaHOs TacbiManaayLlbl aBTOMOOUNBbMEH ic )KV3iHe

ra3 TacbliMangay K¥6bl phapbiHOafbl KbiICbiIMAbl acblpbliaibl.

TemeHgetry  (rMAapaTtTTbl  XKOH MakcaTbliHAa)

KecTe 3. ¥Hfbinap 60MbIHILIA MeTaHONAbIH, Xannbl WbifbIHbI 2023 X., Kr
Table 3. Total methanol consumption by wells for 2023, kg
¥Hrbl Ne | Kantap | Aknad | Haypbis Cayi'p Mambip | Mayceim | Winge (Tambiz| Kelpkyitek | Kasan Kapawa |XenTokcan ng;;::" %
Well No. |January|February| March April May June July |August| September | October |[November| December TOTAL, 2023

102 1226 | 1305 1326 662 0 0 0 0 0 0 492 2066 7075 8,3
107 1325 | 1227 1254 1005 0 0 0 0 0 0 0 956 5767 6,7
LA 598 647 832 208 0 0 0 0 0 0 0 0 2285 2,7
112 1612 | 1222 1014 806 156 0 0 0 0 0 0 1248 6058 7,0
114 222 479 0 0 0 0 0 0 0 0 0 0 701 0,8
116 1126 | 1251 1450 1104 196 0 0 0 0 0 0 1697 6824 8,0
122 564 958 1251 345 0 0 0 0 0 0 0 494 3612 42
123 858 985 1354 394 148 0 0 0 0 0 0 900 4639 54
126 962 883 364 170 | 1487 0 0 0 0 0 0 25 4891 57
127 170 | 1014 1300 1144 209 0 0 0 0 0 0 572 5409 6,3
128 1092 884 1456 2054 156 0 0 0 0 0 104 1534 7280 85
129 884 806 1092 754 0 0 0 0 0 0 520 2158 6214 72
130 390 728 1274 1794 418 0 0 0 0 0 104 1742 6540 7,5
131 0 0 0 1515 | 1785 0 0 0 0 0 0 0 3300 3,9
133 0 0 ] 1145 | 1445 0 0 2590 3,0
KoK 3873 | 1862 1674 914 591 0 0 0 0 0 1444 2120 12478 14,7

$g?r';\‘i'“" 15902 | 14251 | 15641 | 15014 | 6591 0 0 0 0 0 2664 15512 85575 100
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KeiH meTaHON KyWfbILWTbI OEMOHTaX >acan
anbin Tactagbl.

Con cebenTi KewiHri  yakplTTa  yHfbiMa
cafacblHa MeTaHon Oepy VywWiH peareHTTepAi
menwepnen 6epy 6norbl HO-1,0P-25/250 (Pecen)

copabbiMeH opHaTbIfnFaH. Byn copanTblH
pe3vHarbl HbIFbl3AarblLTapbl MeTaHonablH
ocepiHeH Te3 iCTeH LWbIfaTblH GonFaHAbIKTaH,
HO-1,0P-25/250 copanTapbl pesepBke
kombinbin, HO-1,0P-25/250 copabbl MeTaHonAabl
mMernLepnen 6epeTiH MA-15M (Pecew)

copabblHa aybICTbIpbIinabl. Byn copanTbiH Heriari
KeMLiniri copan Kopnycbl LUOWbIHHAH >XacarnfaH
6onatbiH. XKyMbIC iCTey Ke3iHAe LOWbIH Kopnyc
rmopaenukanblk CoKkbllaprFa LWwbigac GepmecTeH
xapbina 6epai. MA-15M copabbliHblH Aa pe3unHansl
HbIFbI3AafbllUTapbl  MeTaHonAblH ~ 9cepiHeH Te3
iCTeH LWbIFaTblH, 3aBogka OonaTtTaH xacanfaH
kopnycka Tanceipma 6epinin, MA-15M copabbl ga
pe3sepBke Kouvbinabl. Menwepnen 6epy bnorbigarb
HO-1,0P-25/250 copabblH  OeMOHTax  »kacan
XenigeH anbin TacTtagbl, OpHbIHA Heri3ri MeTaHon
6epeTiH xynenepre Novados H3 (Fepmanus), Milton
Roy (PpaHums) nnyHxepni copantapbl OpHaTbIbIN
con copanTap apkbifbl rMapaT Ty3inyiHe Kkapcel
uHrmbutopnap (metaHon) eHrisingi. PeareHTTepai
menepnen 6epy 6rnoreiHAa kenemi4 M3 cubIMabIsbIK
6ap. CvbIMAbINbLIKTEI METAHONMEH TONTbIPY KoMaaa
OpHaTbIfFaH copan apKbifbl iC Xy3iHe ackipblngbl.
CuvbIMABINBIKTA, OHbIH  TONFaHAbIFbIH - KePCETETIH
AeHrev CMrHannMa3aTopbl OpPHATbLINFaH.

Novados H3, Milton Roy copantapbliHbIH
eHimginiri cafateiHa 20 n. Ocbl copanTap
OpHaTbIfIFAaH COH, KOfapblgafbl KeMLUINiKTepaiH
6apnbifbl xoMbinabl. Byn KapacTbipbinbIn OTbipFaH
ic-lwapanap TemeHgeri cxema GoMbIHLLIA iC Xy3iHe
acbipbinagbl (cyp. 4) [5].

KbingelH,  cyblk  MesriniHae  (KeKTeMHiH
GacTankbl, KbiC aHe Ky3[iH COHfbl annapbiHAaa)
TeXHonorvanelk  Topantapaa, acipece  Kipy
MaHudonbapiHaa  (yHFbl  ©HIMAEepiH  KyObipmeH
TacbiMangay eniciHe xaHe Kipy MaHUonbAbIHbIH
Xanmnbl KONNeKTopblHAA) XoHe Kipy aibIpfblLLbiHbIH
TopanTapblHAa  rmapatTelH  nadpga  GonybiHa
GavinaHbICTbl rasgbl AavibiHoay npovecci
anTapnbiKkTan kubiHaanabl [5].

Kipy MaHUdOnbAiHiH TEXHONOMUANBIK
TopanTapbiHaa (bekiTy apmatypachl, KyOblp Geniri),
Xannbl  KOMMeKkTopha, ernwey  anbipfblllbiHbIH
TopanTapbiHAaa (acnanbl xabablkTap, GekiTy-peTtey
apmatypacbl, Tabwufu rasgbl KeHe KOHAeHCaTThbl
XKETKi3y xaHe Oypy xeninepi) rugpart Ty3inyiHix
angblH any MakcaTblHAa KOCbIMLIA@ OpHaTbifFaH

MA-15M  copfbiCblHAaH MeTaHOrn  Me3rin-mMesrin
eHrisinin  oTblpAbl, COHAaW-aKk rmgpar navga
bonFaH ydackenepgi MeTaHongbl KawWTa  TikTey

KazaHAblfbIHbIH, OybIMeH Kbi3abipabl. Menwepnen
Oepyre apHanfaH MeTaHon LWbifblHEI 12,478 T
Kypaabl. EcenTi keseHaoe Tayaprbl rasfblH LUbIK
HYKTECiHIH Temnepatypacbl 5,7°C wamacbiHOa
6ongbl. PernameHTTik AepekTepre CoWKeC KeneTiH

-6,0°C, coHpgam-aK TypakTbl birifan enweriwTiH
KOPCETKILUTEPIHIH ~ AYPbICTbIfbI anTa caviblH
Tayapnblk ra3gplH WblK HYKTECIHIH TeMnepaTypachiH
nopTatMeTi  binfan  enweriw  KepceTKilliMeH
canbICTbIpy Kyprisingi, binFan  enweriwTepai
KepceTkilTepi cankec kenedi. byn kepceTkiwTep
TOCT TamantapbliHa >kayan 6epMeunTiHAIKTeH
NpONaH-TOHa3bITKbIL KOHALIPFLICHIH OpHATY Typarnbl
Wwewim kabbinaaHap! [6].

AmaHreni KeH OpHbIHbIH, [a3blH KelleHzi
JaviblHOay — KOHAbIpFbICbIHAA — rasfbl  KenTipydiH
KaXXeTTi O9pEeXeciH kamMTamacbi3 eTy MakcaTbliHAa
arbiMgarbl XkeingblH 10 wingecinge «MasCepsuc»
XKWC mamaHgapbl icke Kocy-6antay XyMbICTapblH
XYPri3reHHeH KeniH npornaH-TOHAa3bITKbILLI
KOHABIPFbICHI NanaanaHyra bepingi [7].

27.07.2023 x. H6actan eHgipicTik dununangbiH
Gapnblk  YHFbINapbl  KbiCbIMAbl  TypakTaHablpy
KWUCbIFbIH any YLWiH (opbIC. KpuBas BOCCTAHOBMEHWS
naeneHusi, OygaH  epi — KB[) xabbingpl.
21.08.2023 x. OGactan 01.09.2023 x. [geniH
KBO-fa xabbinFaH yHrbinap Giptingen [KOK-fa
(FKOK) kocbingbl, Kipy KbicbiMbl 43 krc/cm?. Tayapnbl
rasgplH, WbIK HYKTECiIHIH TemnepaTypacsl -3,0°C-aeH
-10,7°C-re peniH Gongbl, 6yn Tayaprblk rasgpl
JaviblHOay YWiH KaXeTTi KyofaTyy [O9pexeciH
KaMmTamachbI3 eTTi.

lasgbl KeweHAi AambiHOay KOHAbIPFbICbIHAA
274403,458 mblH M® Tayapnbl ra3 ganbiHganasi.

KopLuaraH opTaHbiH TemnepaTypacsl -15-18°C
XeHe ofaH TemeH Oonca, oHaa MaHUONbATbIH,
TEXHOMNOrMANbIK TopanTapbliHAa rmapar Ty3inegi.

YKorapblga oTKisinreH ic-lapanapra
KapamacTaH, rasgbl KeweHaj pavibiHpay
KOHAbIPFbICBIHAAFLI Kipy MaHudonbaiHae Kyobipnap
OMaMeTpiHiH  KilipenreH,  ynfFamnfaH, KyObIp
OypbInbICTapsbl, XXOFapblfa KOTEPINreH Xepnepi xaHe
GekiTy-peTTerilu apmatypanapbl, Kepi Kaknakrap
meTaHongbl pereHepauumsanay KOHOBIPFbICHI
E-1,0-0,9I KasaHOblfbIHbIH bICTbIK OybIMeH
Kbl3ablpblnagb.

Amadrengi, Kapkym, AlipakTbl KeH
opblHOApblHAA  eHAdipic  iwiHgeri  TacbimMangay
XeHe KypraTbinMaraH rasgbl danbiHOay KesiHae
rasgbl xuHay TisberiHge, rmapar Ty3inyiHiH angbiH
any aHe Ty3inreH rmapaTtTapAbl 0K MakcaTbliHAa
MeTaHoNAbl TiKTeY KOHAbIPFbIChl Oy KasaHAbIFbIHbIH
OybIMeH Kbi3abipbinagbl. KapacTbipbinbin OTbipFaH
TEXHOINOIMANbIK CXEMa XOFapblaa KenTipinreH.

Byn KymbicTap OCbl  yakbiTka  AeMniH
XblKbIMansl  yHMBepcan Oy  arperatbiMeH
MMYA-100  (opsic. nepeaBwXHOM  napoBou

yHUBepCcanbHbI arperat) atkapbinbin kenreH. byn
arperatTbiH, 100 KM apakallblKTbiKka >aHap-xafap
Mawi WwheiFbiHbl 50 11, )XyMbic icten TypraHaa 30-35 n,
an XKyprisywiHiH annbifbl abiHa 250 000 TeHre.
MetaHonabl pereHepauuanay KOHALIPFbICbIHAH Kipy
MaHudonbabliHa AeliH Xep acTbiHAarbl KyObipabiH
y3blHAbIFbI 55 M, Xep ycTiHaeri y3blHAbIFbl 60 M,
anametpi 63 Mm.
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CyperT 4. ¥Hfbl caFracbiHa peareHTTi Meniwiepnen
6epy cxemachl
Figure 4. Wellhead chemical injection diagram

Cyper 6. E-704 TepmnHOn-ra3 Kbi3AbIpfbilbIHbIH,
cbi3bachbl
Figure 6. Diagram of the E-704 terminol gas
burner

Cypert 5. TKAK-HbIH Kipy MaHudonbabiHa
peareHTTi Menweprnen 6epy cxemachbl
Figure 5. CPF inlet manifold chemical injection
diagram

CypeT 7. E-1.0-0.9I" Ka3aHAbIFbIHbIH bICTbIK
6ybIMEH KbI3AbIpy CXemachbl
Figure 7. Hot steam heating diagram for E-1.0-0.9
G boiler

KecTe 4. TKOK BOP-garbl MeTaHON WbIFbIHbI, KI
Table 4. Methanol consumption at the CIS CPF, kg

. . KaHTap AxnaH Haypbi3 Coayip Mambip Maycbim
ML= T LR EEen January February March April May June
Menwwepi, n 0 0 0 0 0 0
Menwepi, % 31,0 14,9 13,4 71 5,0 0
KECMEHIH Xarfachbl
table (cont’d)
. . Winpe | Tambi3 | Kbipkyriek | Kasan | Kapawa [XKentokcaH|Bapnbifbi, 2023 x.
L8 il R LT S22 July [ August |September|October | November| December TOTAL, 2023
Menwepi, n 0 0 0 0 1444 2120 12478
Menwepi, % 0 0 0 0 11,6 17,0 100,0

BAP / CIS — peazeHmmepdi menwepney broebl (opbic. 6510k do3uposaHusi peazeHmos) / chemical injection skid

KoHablpfblaaH man Kyto cTaHcacblHa
Gapbin  keny apa KawbIkTbifbl 15  WaKbipbim
MMYA-100 TayniriHe Gip peT aHap-Xarap Man Kysabl.
CoHpa 16 kasaHHaH 16 cayipre geniH 182 Taynikte
MMYA-100 182*15 = 2730 km >xon xypegi. 2730 kv
xonfa (2730/100)*50 = 1365 nuTp xaHap-xafap
Manm  xkymcanagbl. KymcanfaH = >xaHap-xarap
ManabiH KyHbl 1365*230 = 313 950 TeHre. TayniriHe

20 caraTTaH Xymbic icTeiqi, conga 182 Toynikte
182*20 = 3640 caraT xymbic icTengi. 3640 caratTa
XymcanaTtblH  XaHap-xafap MangblH  KyHbI
3640*35*230 =29 302 000 TeHre XKyprizywire 6 anga
TeneHetiH akwa 2500006 1 500 000 TeHre.
KbinbiHa XymcanaTbiH weiFbiH 313 950 + 29 302 000
+ 1 500 000 = 31 115 950 TeHre. [lemek, XblfbiHa
31 115 950 TeHre yHempaeneai [9].
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Kasipri yakblTTa rugpat Ty3inyiHiH angbiH any
XoHe Ty3inreH ruapatTapAbl KO  MakcaTbliHAa
MeTaHonAbl TiKTeY KOHAObIPFbIChl Oy KasaHAblfbl-
HblH Oybl KongaHbinaabl. Byabl  napanaHy
YLLiH KyObIpAbIH Xep 6eTiHae opHanackaH GeniriHae
onametpi 20 MM-nik 6 WTyuep opHaTbinFaH. byn
wTyuepnepre gnametpi 20 MM-nik pesuHa wnaurinep
kurizinreH. Ocbl WNaHrinepmeH kipy maHudonbegiHge
opHanackaH rasgpl KelweHai AanblHOay KOHAbIP-
FbiCbiHOAfFbl  Kipy  MaHudonbAiHae  Kes-KenreH
KyOblpriap AnaMeTpiHiH KillipenreH, ynFanraH, Kyobip
OypbinbICTapbl, JKOFapblifa KeTepinreH xeprepi
XeHe  OekiTy-peTTeriu  apmartypanapbl,  Kepi
KaknakTapblH mMeTaHongpl pereHepauusinay
KoHapipfeicbl  E-1,0-0,9  Ka3aHAObIFbIHBIH - bICTbIK
OybiMeH  Kbi3gblpbinagbl.  Keiagblpy — npouecciH
CONM KOHAbIPFbIgA JXKYMbIC iCTENTIH onepaTtoprap
aTkapagpl.

AmaHrengi, YKapkym, AnpakTbl KeH
opblHOApblHAA  eHaipic  iwiHgeri  Tackimangay
XaHe KypfaTbinNMaFaH rasgpl ganblHAay KesiHae
rasgbl XvHay TisberiHge, rugpart Ty3inyiHiH angbiH
any makcatbiHaa [10] :

—  YHFbI WnendiHaeri ra3abl anayfa Hemece
Wblpakka yprey, SifHW rasfbl XXuHay XywneciHgeri
KblCbIMAbI rMApaT Ty3inyiHiH Tene-TeHaik KbICbIMbIHaH
TOMeHOeTy;

—  wnend (Kybbip) AMaMeTpiHIH KillipenreH,
yIFaiiFaH, GypbInblCTapbIHXXOHE KOFapbiFakeTepinreH
XeprepiH xaHe OekiTy-peTTerill apmaTtypanapbiH
MeTaHondbl  pereHepauusanay  KOHAbIPFbICHIHbIH
E-1,0-0,9I" ka3aHAbIFbIHbIH bICTbIK OybIMEH KbI3AbIPY;

—  MaHOMETp MeH TEPMOMETPAIH, YLU XXOneKTi
KyOblplianapbiH bICTbIK KalHafaH CyMeH Kbi3ablpy

KOCbIMLLUA

KapxbinaHgbipy ke3i. ABTopriap 3epTTeyre CbIpTKbl
Kap>XblraHAbIpy XOK eKeHiH Manimaena.
Mypaenep KakTbiFbICbl. ABTOprap OCbl MakanaHbl
Xapusinayfa GannaHbICTbl avikblH XKOHe bIKTUMan
Myadenep KakTbIFbICbIHbIH, XOKTbIFbIH Xapusnangpl.
ABTopnapablH KockaH yneci. bapnbik asTopnap
e3gepiHi{ aBTopnblfbiHbiH  ICMJE  xanbikapanblk
KpuTepuiinepiHe CeaWKecTiriH pactavabl  (6aprbik
aBToOpriap TyXblpbIMAamaHbl a3ipreyre, 3epTTey
Xyprisyre XoHe MakanaHbl favibiHoayra
anTaprnblKTan ynec KOCTbl, >XapwusinaHfaHFa OeniH
COHfbl HYCKacblH OKbIn, Makyngagbl). EH ynkeH
ynec kenecigen 6eniHgi: Oepibaes H0.9. — 3epTTey
TYKblpbIMA@Machl, OHbl XYPridy XeHe Komka3baHbl

pepakumsinay; CekceHban M.JOK. — komkasbaHbl
pefakuusinay — 3epTTey  AEpeKkTepiH  Tangay,
TyCiHAIpY.

OJEBUETTEP TI3IMI

HemMece MaHOMETP MEeH TEPMOMETPAIH YLU >KOnekKTi
KyObIpLIanapbIH ganara yprey,

— rasgbl E-704 ey anmacTtbipfbilbl
apKblinbl «TepmuHon-57» XKblny TacbiMarn-
OafblWbIMEH KbI3ablpbin, Kbl3AbIpbIfiFaH ra3abl »xan-
nbl KonnekTopra 6epy;

—  KblCbIMHbIH GipAeH Tycin KeTyiHiH angblH
any (TemnepaTypaHblH TemeH Tycyi rugpart
Ty3inyiHe anbin Kenepgi), SAfHN  GekiTy-peTTeriw
apmartypanapbiHblH CaHplnaynapbl apKbinbl ra3fbiH
CbIpTKa LUbIKNAaybIH KAMTaMachI3 eTy;

- rugpat TY3inyiHiH Tene-TeHaik
TemneparypacbiH TOMeHAETY YLiH ruapar Ty3ineTiH
xeprnepre meTtaHon 6epy KapacTbIpblriFaH.

Amanrengi, XKapkym, AvipakTbl KEH-
opblHAApbIHAAFbl rasgpbl XuHay TidberiHae, eHaipic
iwiHaQe TacbiMangay aHe KypraTbiniMaraH rasgbl

JavblHOay KesiHOe Ty3inreH ruapatTapgbl Ko
MakcaTtblHAa:
— wnewndTeri rasgbl  cBeyara  Hemece

dakenre ypnen KbicbiMabl GipaeH OGipxakTama
ToemeHaeHTy apkbibl (0 aTm  gewiH) TysinreH
rMapaTTbl XOHo;

— wnendreri rasabl cBevara xoHe cakenre
ypnen keicbimapl GipaeH ekikaktama TeMeHOEHTY
(0 aT™ peiiiH) xaHe KyOblpabl KopLuaFaH TonbIpaKTbIH
KbI3Ybl apKbinbl Ty3ireH ruapaTtThbl KO0 XaHe rasapl
TY3iNreH ruapaTThl XKOKFa KaXeT yakblTka TOKTaTy;

—  Ty3inreH rmgpatTbl KedengeTin Kok
MakcaTblHAa rmapaT Ty3inreH xxepre MeTaHon eHaipy
apKbInbl TMApaTTbl X0 Ke3ae TyTbinFaH [11].
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Opu rmHanbHoe uccriegoBaHue

Pa3paboTka nHTerpMpoBaHHOro noaxoaa no oueHke nokanusauum
OCTaTOYHbIX U3BJEKaeMbIX 3anacoB HeddTU AN NOBbILWEHUSs

3¢ heKTUBHOCTU reosioro-TeXHN4eCKnx MeponpusaTMn Ha
MeCTOpPOXAEHUMN Y3eHb

M.O. Tagxunbaes’, P.Y. BaamupoBa?, A.P. ToraweBa?
'Dunga Operating, 2. Akmay, KasaxcmaH
2Kacnutickuli yHusepcumem mexHosio2uli U UHXUHUpUHaa um. L. EceHosa, e. Akmay, KasaxcmaH

AHHOTALUMUA

O6GocHoBaHue. Ha no3gHux cragusix paspaboTku HegTAHbIX MECTOPOXAEHUA C NPUMEHEHUEM
TEXHOMOrMN NOAAEPKAaHNA NNAcTOBOro AaBNEHNs OCTATOYHblE U3BMeKaemble 3anachl YrineBogopPOAHOIO
CbipbS MOOBEPraloTCHd W3MEHEHWM, NepexoAs W3 MOABWKHOIO COCTOSIHUS B MaronoABMXKHOE
W, B KOHEYHOM WTOre, B HemoAaBWMxHoe. Jlokanusaums Takmx 3anacoB NPeuMyLLeCTBEHHO OrpaHuveHa
30HaMV C HU3KOW CTENeHbld OXBaTa 3aBOAHEHWEM, YTO 00ycnoBnMBaeT HeobxoaMMOCTb pa3paboTku
3PPEKTUBHbIX METOAOMOIMYECKMX MOAXOA0B K WX BbISBMEHUIO W danbHEMWeMy BOBEYEHMIO
B aKTMBHY0 pa3paboTky. B aToi cBA3n 0cobyto akTyanbHOCTb NPeACTaBnsAeT n3yyeHne gaHHoro Bornpoca
NPUMEHNTENBHO K MECTOPOXAEHUIO Y3eHb, XapaKTepusyoLLeMycs BbICOKON CTENEHbIO BbipaboTaHHOCTM
3aMacoB, a Takke 3HaYMTenbHONW OBGBOAHEHHOCTbIO A0OLIBAEMON MPOAYKUMM, YTO B COBOKYMHOCTU
npegonpegenset HeobXoANMOCTb ONTUMM3ALMM METOLOB reofIoro-TEXHNYECKUX MEPONPUATUN.

Lenb. Hactosiwee uccnegoBaHvWe HanpasneHo Ha pas3paboTky M 0BGOCHOBaHWE WHTErpypoBaHHOMO
nogxoda K OLEHKe nokanu3auuyM OCTaTOYHbIX 3anacoB HedTU Ha MO3AHEeN CcTaguu dKcnnyaTaumm
MECTOPOXAEHUS.

Matepmanbl n metoabl. B pamkax gaHHoro nogxoga peanv3oBaHa MeTOAOSIOMMS NOCTPOEHUS KapT
BbIpabOTKM NNacToB, OCHOBaHHAs Ha aHanMTUYeCKOM MOAEeNMpOoBaHWM paguycoB APEHUPOBaHUA
[O6ObIBaOLWMX CKBaXMH W 30H BMAUSIHUA HarHeTaTemnbHbIX CKBaXKMH, @ TakkKe aHanu3e M3MeHeHWN
MWHepanu3auumM nnacToBbix nionMgoB Ha ocHoBe nabopaTopHbIX 3amMepoB CcOCTaBa MOMyTHO
[o0blBaemMol 1 3aka4ymMBaeMol Boabl.

Pesynbratbl. Pesynbstatel  nNpoBegéHHOrO  MccregoBaHWS  CBUAETENbCTBYWOT O BbICOKOW
WHopMaTNBHOCTH paspaboTaHHoro noaxopa, KOTOpbIN obecneunBaeTr  chopmupoBaHve
OeTann3npoBaHHON KapTUHbI pacrnpeaeneHns oCTaTouHbIX 3anacoB HedpTW, NO3BONSAET KONUYECTBEHHO
OLEHWUTb CTeneHb BOBMEYEHHOCTM OTAENbHbIX 30H B paspaboTKy M CnocoGCTBYET MOBLILIEHWIO
3P (PEeKTUBHOCTN CUCTEMbI 3aBOAHEHUSA. BbisiBNEHHbIE 30HbI OCTATOYHOW HeTeHaChIWEHHOCTU MOryT
ObITb UCMOMb30BaHbl A1 LeneHanpaBneHHoro MniaHMPOBaHUS Teonoro-TEXHUYECKUX MepOnpUATUNA,
TakuX Kak Bblbop nokauui Ans OypeHns OOMOMHUTENbHbLIX CKBaXWMH, ONTMMU3auUMs HanpasreHHOW
3aKaykn paboyero areHTa U CoBepLUEHCTBOBaHME TEXHOMNOIIA BO34ENCTBNSA Ha NNacT.

3aknroueHue. MpeanoxeHHbI MeTogUYeCKUin nogxoa npeacTaensieT cobon aphekTUBHBIA MHCTPYMEHT
Ons NoBblLEHNS HedpTeoTAaum Ha 3penbiXx MECTOPOXAEHUSX, obecnedmBas paumoHanbHoe ynpasneHue
OCTaTOuYHbIMM 3anacamMu HedpTM M No3BOMnsAs Ha CUCTEMHOW OCHOBE peanu3oBbiBaTb MeponpusaTus
No MHTeHcMMKaumm 4o6bI4M B yCNOBUSAX BbICOKON BbIPabOTaHHOCTM MECTOPOXAEHUS.

Knroveeble croea: fiokanusayusi, 0CmamoyHble u3eriekaemble 3anachl, kapma ebipabomku, Kapma
MUHeparnu3ayuu, mekywas HegpmeHachlUeHHOCMb, MecmopoxoeHue Y3eHb.
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Development of an Integrated Approach to Assessing

the Localization of the Residual Remaining Recoverable
Oil Reserves to Enchance the Effectiveness of Geological
and Technical Measures at the Uzen Field

Maxat O. Tadzhibayev', Ryskul U. Bayamirova? Aliya R. Togasheva?
'Dunga Operating, Aktau, Kazakhstan
2Yessenov University, Aktau, Kazakhstan

ABSTRACT

Background: At later development stages of oil fields using reservoir pressure maintenance
technology, residual recoverable reserves undergo significant transformation, evolving from a mobile
to a low-mobile and, eventually, to an immobile state. These reserves are primarily concentrated
in formations and reservoir zones that are not affected by water flooding. Identifying, localising,
and developing such reserves are critical for maximizing the ultimate oil recovery factor in mature fields.
This issue is particularly relevant for the Uzen field, which is characterized by a high depletion level
and significant water cut. When combined, these factors necessitate the optimization of geological
and technical measures.

Aim: To develop and justify an integrated approach to assessing the localisation of residual oil reserves
at the late stage of field development.

Materials and methods: This approach implements methodology for the construction of depletion maps
based on the analytical modelling of drainage radii of production wells, as well as analysis of changes
in reservoir fluid mineralization based on laboratory measurement of the composition of produced
and injected water. .

Results: The results of this study demonstrate that the developed approach is highly informative.
It provides a detailed picture of distribution of residual oil reserves, allows for a quantitative assessment
of how different zones are involved in development, and helps improve the efficiency of the waterflooding
system.

Conclusion: The proposed integrated methodological approach is an effective tool for enhanced oil
recovery in mature fields, which facilitate rational management of residual oil reserves and allows
for systematic implementation of production stimulation measures in conditions of high field depletion.
Keywords: localization; residual recoverable reserves; depletion map; mineralization map; current oil
saturation; the Uzen field.
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TynHycka 3epTTey

©3€eH KeH OpHbIHAA reonorusnbIK-TeXHUKanbIK ic-luapanapabiy
TUiIMAINIriH apTTbIpy YWiH KanAblK anblHaTbIH MyHan KopnapbiH
oKwayrnayabl 6aranay 60MbIHIIA MHTErpauusanaHfaH Tacinai
asipney

M.O. Toxib6aesB’, P.Y. BaamupoBa?, A.P. ToraweBa?

'Dunga Operating, AKmay Kanacsl, KazakcmaH

2lll. EceHoe ambiHOarbl Kacriuli mexHonoausinap XeHe UHXUHUPUHE yHusepcumemi, AKmay Kanachbl,
KasakcmaH

AHHOTALMUA

Herizpey. KabaTTblK KbiCbIMAbl YCTan Typy TEXHOMOMUSICBIH KonaaHa OTbIpbin, MyHal KeH OpblHAAPbIH
urepyaiH COHFbl Ke3eHAepiHOEe KOMIpCyTeK LUMKi3aTbiHbIH, anbiHaTbiH Kangablk Kopnapbl easrepicke
ylblpanabl, KO3fanbiCTbl KYWOEH a3 KO3FamnbICTbl 8He akblpblHAa Ko3FanMaWTbliH Kyire aybicagbl.
MyHaan koprapAbl OKlwaynay HeridiHeH cynaHablpyMeH KaMTy AeHreii ToMeH anmakTapMmeH LuekTenegi,
Oyn onapabl aHblKTaydblH, TMIMAI 84icHamanbIK TacingepiH a3ipney >xoHe GenceHai fgamyra ogaH api
TapTy KaxeTTiniriH Tyapipagbl. OcbifaH 6avnaHbICTbl Byn MaceneHi Kop eHAIpyaiH Xofapbl AeHrenliMeH,
CoHAaw-aK eHAaipineTiH eHiMHIH eaayip cynaHybIMeH cunaTtTanaTtbiH ©3eH KeH OpHbIHA KaTbICTbl 3epTTey
epekwe e3ekTi 6onbin Tabbinagbl, OyN XUbIHTbIKTA FEONOrUSANbIK-TEXHUKANbIK ic-luapanap aaicTepiH
OHTannNaHAbIpy KaXeTTiniriH aHbIKTanabl.

MakcaTbl. Ocbl 3epTTey keH OPHbIH MaganaHyAblH COHFbl CaTbICbiHAA MyHaWAbIH KanablKk KoprapbiH
okwaynayabl 6baranayablH UHTErpaumanaHfaH TaCiniH a3iprneyre xaHe Herisgeyre barblTTanfaH.
MaTtepuanpap MeH apictep. AtanfaH TacingiH weHbepiHAe eHAaipywi yHFbIManapablH OpeHaxablK
paguycTapbiH XoHe aifay YHfbiManapbliHblH 9cep €Ty aliMakTapblH aHanuTUKanblk Moaernbaeyre,
coHfan-aK eHAIpineTiH >xaHe amganaTblH CydblH KypaMblH 3epTxaHanblk enwey HerisiHge kabat
CYMbIKTBIKTAPbIHbIH, MWUHEepan[aHybiHblH, ©3repicTepiH Tanpayfa HerisgenreH kabaTtTtapabl eHaipy
KapTanapblH Kypy 84iCcTeMeci icke acbipbingpbl.

HaTtuxenepi. XKyprisinreH 3epTTey HaTuxXenepi MyHanablH, kanablk KopnapbiH 6enygiH, enken-Tenkenni
KepiHiCiH KanbinTacTblpyAbl KAMTaMacbl3 eTeTiH, XeKenereH anmakrapablH urepyre KaTbiCy AopexeciH
caHAblk baranayra MyMKiHAIK 6epeTiH XoHe CcynaHAbIpy XXYWECiHiH, TMIMAINIrIH apTTeipyFa biknan eTeTiH
a3ipneHreH TacingiH Xofapbl aknapaTTbifbifblH KepceTedi. AHbIKTanFaH Kangblk MyHavMeH KaHbIFy
anmakTapbl KOCbIMLLA YHFbIManapapbl 6yprbinay ywiH opbliHAAPAbI TAHAAY, XKYMbIC areHTiHiH 6afbiTTanfaH
angayblH OHTannaHabIpy XoHe kabaTka acep eTy TeXHONOornsinapbiH XeTiNgipy CUSKTbl reonornsnblk-
TeXHVKanbIK Lapanapabl MakcaTTbl )xocnapnay YLWiH nanganaHblinybl MyMKiH.

KopbITbIHAbI. YCbiHbINFAH dAicTeMenik Tacin MyHawablH Kangblk KopnapbiH yTeiMAbl Hackapyabl
KaMTamacbl3 eTe OTbIpbif, XETIMreH KeH opblHAapbiHAA MyHawn Oepydi apTTbipyAblH TUiMAI Kypanbl
6onbin Tabbinaabl )XaHe KeH OPHbIHbIH, XOFapbl OHAIPINYI XaraanbiHaAa eHAipyAi KapKblHAATY XeHiHaeri
ic-Luapanapabl Xyneni Herisae icke acblpyFa MyMKiHAiIK 6epeai.

Hezizzi ce3dep: opHanacysbl, Kandblk aribiHambIH Kopsiap, eHOipic kapmackl, MuHepandaHy Kapmacsl,
Kagzipai MyHal KaHbIKMbIbifbl, ©3€H KEH OPHAbI.
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OPUI'MHAJIbHBIE UCCJIEJJOBAHUA

Tom 7, Ne 1 (2025)

BectHuk Hedrera3osoii orpacin Kasaxcrana

BBeneHune

Paspabotka MecTopoxaeHusi Y3eHb Begétcs
c 1965 r. c nogaepxaHMeM NNacToBOro AaBMEHUsI
(nanee — MMA) c wcnonb3oBaHUEM Pa3NYHBLIX
WCTOYHMKOB BOAbl (MOpCKasi, BOMKCKas, CTOYHast),
3HaYMTENbHO  OTNMYaLWMXCs Apyr OT  apyra
BENUYUHON MUHepanu3auum [1-3]. Ha cerogHAWwWHWN
OeHb OOHOM U3 BaXHbIX Npobnem pa3paboTku
MECTOPOXAEHUS ABNAETCA 06BOAHEHNE CKBAXKMHHOM
npoaykummn. Kak BMaHO U3 npuBedEHHOro rpadguka
(puc. 1), No OCHOBHbIM OOBbekTam pa3paboTku
(1 n 2 0o6bekTbl OCHOBHOMO CBOAA) OTMEYaeTcs
npeBbllleHne O0OBOAHEHHOCTM Hapg BbIpaboOTKON
3anacos.

UpesBblYalHO BaXXHOW W CMOXHOW 3agaden
Ha Tekywewm 3Tane paspaboTkm  sBnsieTcs
onpefeneHne WUCTOYHMKA MOCTYNNEHUs  BoAbl,
nosgornsioLliee CBOEBPEMEHHO NpOu3BOAUTL
COOTBETCTBYIOLME BOAOU3ONALNOHHbIE PaboThbI.
Kpome TOro, cylecTtByeT HeonpegenéHHoCcTb
OLEHKM TekyLuewn HedTeHaCbILEHHOCTH,
paccuMTaHHO MO  MeToAaM  COMPOTUBREHUS
reon3n4eckmx uccnenoBaHui CKBaXXWH
(nanee - 'IC) Ha MECTOPOXAEHUN.
Ms3-3a  otcyTcTBUS cBedeHWn O  TeKyLlew
MUHepanusauuMM nnactoBoV BOAbl BCReAcTBue
HanMuns  PasnNMYHbIX UCTOYHUKOB  3aBOAHEHWS
3aTpyaHsIETCS NNaHMPOBaHUE reoNoro-TEXHUYECKMX
mMeponpuaTun  (ganee — [TM) Ha ocHoBe
HACbILLEHHOCTN MO PErMoHanbHOM MHGPOPMaLMOHHON
reonornyeckomn VMH(OPMaLNOHHOM cnucteme
(nanee — PUTUC). Kak npaBuno, HacbILLEHHOCTb
no PUTMC He nogTBepxpaeTcsa BBUAY TOrO,
yTO npu WHTEpnpeTaumm HachbILLEHHOCTH
no MNMC wncnonb3yetca HavanbHas MUHepanusaums
nnactoBon Bogbl. OTCyTCTBME  3aBUCUMOCTU
HacCbILWEHHOCTH no PUTNMC ot  Tekywen
06BOHEHHOCTMN 3aTpyaHseT nnaHvpoBaHue
N CHWXaeT 3dEPEKTUBHOCTb BbIOOpa LENEBbIX

PucyHok 1. Tekywiasn BbipaboTka N0 OCHOBHbIM
o6beKkTam pa3paboTKn MecToOpoXAeHUA Y3eHb
Figure 1. Current production at the main facilities
of the Uzen field development

MHTepBarnoB Ans nepdopaunn B HOBbIX CKBaXUHaX
13 bypeHus.

MaTtepuansi n metoabl

B naHHOMn cTatbe
MNHTErPMPOBaHHLIN noaxon, BKITHOYAIOLLNIA
NocTpoeHne  KapT  BblpaboTkKM Ha  OCHOBe
aHanMTU4YecKkoro pacdéta paguycoB BbipaboTkM
M 3aKadykm W KapT TeKylen MuHepanusauuu
NnacToBO BOAbl, NO3BONALWMNA OLEHUTb 0OBLEMBI
M nokanuM3oBaTb OCTaTOYHble 3anacbl HedTU
(aanee —OWN3)Ha MHOroNNacToBOM MECTOPOXAEHUM
Y3eHb B KOMIMIEKCe C aHanu3oM WccneaoBaHui
nnactoBbix dnovaoB. Vcnonb3oBaHne [[aHHOMO

paccMoTpeH

nogxoda MO3BONWT  MOMYYUTb  MpeacTasneHve
06 N3MeHeHnn HacCbILLEeHHOCTHU KONNeKTopoB
3a nepvog pa3paboTku, UHOpMaLMIO

no BAVSHUIO U 3MEKTUBHOCTM 3akaynmBaemomn
BOAbI C OnpederieHMeM MpopbiBa HarHeTaTenbHbIX
BOA, 4TO  3HAYMTENbHO  COKPATUT  PYyYHOM
Tpya cneuuanucToB Ha 006paboTky — AaHHbIX
N BpeMs MPUHATUA PELUeHWA, a Takke YBenuuuT
acpdbekTnBHOCTL nogbopa onTumanbHbix  [TM
1 perynupoBaHusi 0O6bEMOB 3aKauku.

MocTpoeHune kapT paanycos BbIpaboTKn

Mpu paspaboTke MECTOpPOXAEHUI
Ha Mo3gHMX CTagusXx B YCMNOBUSX OTCYTCTBUS
[OCTOBEpPHOM rmopoanHaMmyeckomn moaenmu
3 PEeKTUBHOCTb TEXHONOMMYECKNX peLlueHun
1 'TM Hanpsimyio 3aBUCUT OT HanUuus MHopmaumm
o nokanu3auun ON3 [4]. B otnnume OT M3BECTHbIX
nogxogos [5], Hamu npegnaraeTcs NOCTpOeHue
KapT paauycoB BblpaboTkn no  AobbiBaloLwyM
W HarHeTaTenbHbIM CKBaXWMHaM, MO3BOMSIOLLUX
BbISIBUTb MEPCMNEKTUBHBbIE 30HbI, HE BOBMEYEHHbIE
B paspaboTky W He 3aTpoHyTble 3aBOAHEHUEM,
ONns  JanbHemwero aHamm3a u 3 deKkTUBHOrO
NnaHupoBaHUsi MeponpuaTun [6].

Creamuna

1
ot e

-

#5055,

PucyHok 2. MNapameTpbl, Heobxoaumbie
Ans pacyéta paguyca BbipaboTku 3anacoB
Figure 2. Parameters required to calculate
the radius of reservoir drainage

h — cpedHsas aghgpekmusHass monwuHa, M / mean effective
depth, m; @ — nopucmocms, O. ed. / porosity, unit fraction;
S, CPedHssi eo0oHacblweHHocms, 0. ed. / average water
saturation, unit fraction; S~ CcpedHss HegmeHachieH-
Hocme, 0. ed. / average oil saturation, unit fraction; R — padu-
yc ebipabomku, M/ radius of reservoir drainage, m
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MeTtoguka nocTpoeHuss KapT — paguycoB
BblpaboTkn 0GasvpyeTca Ha pacdé€Te nnowagun
CeYeHNs LMNMHOpa BOKPYr KaXOow CKBaXKWHbI
(puc. 2) TakMum obpasom, 4TOObI 3Ta nnowagb
cooTBeTCTBOBana 00bLEMY HaKOMMeHHON [06blun
dnounga [7]. Mpu 3ToM UCNoNb3YTCA cneayoLme
ypaBHeHus (1-4):

1. Ons pobbiBaloWnx CKBaXWMH paguyc
BbIpaboTKku paccumTbiBaeTcs Yyepes oToopsbl (1-2):

T[*Rz*heff*d)*sﬂ*po*KBbIT

B (1)
Q+B
R= ° @)
”*heff*¢’*50 *pO*KBbIT
rae Q@ — HakonneHHas nobblya HedTH

(ana pobblBalOWMX CKBaXMH) UMM 3akadky BOAbI
(Ans HarHeTaTenbHbIX CKBaXWH), T unu m*; R—paguyc
BbIPAbOTKM MO HedTU M 3aKayknm AN MOCTPOEHWS
KapTbl BblpaboTkM 3amnacoB, M; @ — MOPUCTOCTb,
4. en.; S, — CcpeaHss HedTeHaCkIWeHHOCTb, 4. ea.;

p, — TNNOTHOCTb HedTH, T/M% B, — OGbEMHbIN
KoadpuUMEHT  HedTH; ij —  KoadpdULMEHT
BbITECHEHMA HedTM BOOOW; h, — cpenHss

adhpekTnBHAA HedhTeHaCbILLEeHHas MOLLHOCTb, M.

2. [Ons HarHeTaTenbHbIX CKBaXVH paguyc
BbIpaboTKM paccunTbiBaeTcs Yepes 3akaudky (3—4):

Q:Rz*h*d’*So*Po*Ksm* (3)

Q
ﬂ*h*d)*so*pO*KBblT

R=1..07 4)

rae h— cpedHsa apdeKTUBHAA MOLLHOCTb, M.

[Ons  HarHeTaTenbHbIX CKBaXWH Gepétcs
obLasi MOLIHOCTb NEeCYaHWKOB, T.K. LIEMEHTHbIN
KaMeHb 4acTO OKa3blBaeTCH paspyLUeHHbIM, 1 Boda
NPOHMKAET He TONbKO BO BCKPbITHIN Nepdopaumen
nHTepsan. [1eCCUMUCTUYHBIM CcUYMTaeTCa  crnyyan
npyv paguyce BbIPaboTKM [ANA  HarHeTaTenbHOW

CKBaXWHbI, YMHOXEHHOM Ha KoadduumneHt 0,7,
ONTUMUCTUYHBLIM — Ha KO3 pMLMEHT 1.

Onsa pacyéTta pagunycoB BbIpaboTkm Mo HedTH
N 3akadyke Mo BCEM CKBaXWHaM [Ans KaXdoro
3KCnnyaTaunoHHOro obbekTa Heobxoguma
cnepytoLlas nHpopmaums:

— KapTbl HayanbHbIX HedTEeHaCbILLEHHbIX
TOMWMUH MO Tropu3oHTam (cpedHsas addeKkTuBHas
HedTeHacblLLEeHHas MOLLHOCTb MO CKBaXuHaMm);

—  MECHlYHbIA  3KCMnyaTaumoHHbIA - panopT
no Bcemy (QOHAY 3a BCKO WCTOPUIO (HaKOMMeHHas
pobbida HedpTM no  A06GbIBAKOWMM  CKBaXuHaM,
HaKOMMEHHas 3akayka BOAbl MO HarHeTaTenbHbIM
CKBaXXUHaM);

— PVT panHble (aHen. Pressure, Volume,
Temperature — paBneHve, ob6béM, TemnepaTtypa)
no aKcnnyaTauuoHHbIM  0ObekTam  (NMOTHOCTb
HedTM / Boabl, 0OOBLEMHBIN KO3 UUMEHT HedTn /
BOAbI);

—  rmapodunbHble XapaKTepUCTUKN
no 3KcnnyaTtauuMoHHbIM 06bekTam  (MOpPUCTOCTb,
cpeaHss  HedTeHacbIWEHHOCTb, KO3 MOULMEHT
BbITECHEHNS HE TV BOAON).

[anee BbINONHSETCA pPacyeT Mo Kaxaow
CKBa)XWHE C  HaKOMIMEHHbIMX  MOKasaTensaMu
006bI4M HeddTM ANa KaX4oro ropusoHTa, B eQuHYHo
Tabnuuy opMUpyOTCA  AaHHble, MO  KOTOPbIM
BbIMOMHSAETCA MOCTPOEHUE «Ny3blPbKOBOW KapTbi»
(bubble map, aHen. bubble — nysbipb, map -
KapTa) B nporpamMMHoM komnnekce NGT Smart.
B pesynbrate nomyyaetcs KapTa BblpaboTtku,
NOCTPOEHHasi Ha OCHOBE paAuycoB Mo oTbopam,
rAe BOKPYr Ka[dOW CKBaXWHbl OTODpaxaercs Kpyr
C paguycoMm, COOTBETCTBYIOLLMM pacCyYMTaHHOMY.

}J,anee BbIMNONHAETCA aHanornyHbIn pacqéT
no Kaxgomn CKBaXXUHe C HaKOMJMeHHbIMU
nokasarendamMm 3akadku BOAbl  AOAnNA Kaxxgoro

ropu3oHTa 1 CTPOWTCA KapTa BblpaboTkn Ha ocHoBe
NOCTPOEHNs paduycoB BblpaboTkM MO 3akauke.
3atem pobaBnsieTcs kpyroeasi kapTa BblpaboTku
Ha OCHOBE 3aKauyky K kapTe BbIpabGoTKu, NOCTPOEHHOM
Ha OCHOBe paguycoB BbipaboTkM Mo oTGopam,
B pesynbTaTe Yero nony4aercs COBMeLLEeHHas kapTa
(puc. 3).

PucyHok 3. Kapra Bbipa6oTku. [ocTpoeHne pagvycoB BbIpaboTKM MO 3aKayke
Figure 3. Depletion map. Construction of drainage radii by injection
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PucyHok 4. Kapta kogoB BblpaGoTku no oTéopam 1 3akayke
Figure 4. Depletion and Injection Code Depletion Map
0 — coomeemcmeyem HeabipabomaHHbIM 30Ham / corresponds to undepleted zones; 1 — 8bipabomaHHbIe 30HbI 10 ombopam
Heghbmu (Oobbisarowue) / depleted zones based on oil off-take (producing wells); 2 — ebipabomaHHbie 30HbI M0 3aKayke 800kl
(HazHemamenbHble) / depleted zones based on water injection (injection wells); 3 — ebipabomarHble 30HbI 10 om6opam
u 3akayke (nepeceqyeHue 0obbigarouiux U HaeHemamerbHbix) / depleted zones based on both oil off-take and injection (over-

lapping of producing and injection wells)

Mocne  coBmelieHuss  kapT  BbIpaboOTKM
3anacoB, MOCTPOEHHbIX MO pagunycy BblpaboTku
no HedTM K 3akadyke BOAbl, MOXHO ONpeaenuTb
MECTOMONOXeHne 30H, He BOBNEYEHHbIX
B pa3paboTky M He 3aTpPOHYTbIX 3aBOAHEHUEM
(B AaHHOM cryvae 3710 6enble 30Hbl BHE OPaHXEBbIX
N CUHWUX KpyroB). [laHHble 30HbI  ABNSIOTCH
NepcrneKkTyBHLIMU  ANa  JanbHenwero aHanusa
1 NNaHNPOBaHUS MEPONPUATUN.

Mytém  copmmpoBaHms  6asbl  AaHHbIX
Ans AanbHenLWwero Ncnonb3oBaHns Npy NOCTPOEHNUM
KapT BbIpabOTKM W 3arpy3ku B MNporpaMMHOM
obecnevyeHumn (ganee — MO) Petrel npeobpasytotcs
paguycel BblpaboTtkn (bubble maps) B dopmat
«grid» (mep. ¢ aHen. cetka) AN ouUdPOBKM
1 BO3MOXHOCTU paboTbl. [Mpn nocTpoeHnn paguyca
6epyTca B pac4€T KoopaMHaThl nnactonepeceveHunii
n yron cektopa. [lanee nyTém 3arpysku paguycos

BblpaboTtkn B MO Petrel B opmate KOHTypoB
BbIMOMHSAETCA NOCTPOEHME KapT C 3a4aHHbIM KOOAOM
BHYTPU  KaXOOro0 KOHTypa, COOTBETCTBYHOLLErO
paguvycy BblpaboTkv 1 Koy CKBaxuHbl. B pesynsrate
NOCTPOEHUSI  MONyYalTCa  AWUCKPETHblE  rpvabl
CO 3Ha4yeHuWeM CeTKW, COOTBETCTBYIOLUMM KOAY
BblpaboTkn (puc. 4). [danee AuckpeTHble KapTbl
B MO Petrel nytém crnaxveaHusa npeobpasytoTcs
B HenpepbiBHble KapTbl (rpugbl) CO 3HaYeHUEeM
BblpaboTku ot 0% Ao 100% (puc. 5).

Ha TekyLuii MOMEHT BbIMOMHEHO NOCTPOEHWE
KapT BblpaboOTKM B ABYX BapuaHTax Mo BCEM
ropu3oHTamMm MeCTOPOXAEHUS Y3eHb B 3aBUCUMOCTMU
OT MCMOMb3YEeMOro NCTOYHMKA AaHHbIX:

— KapTbl ko#oB BblpaboTkM (AMCKpeTHas
0-1-2-3);

—  KapTbl BblpaboTkn (HenpepbiBHas oT 0%
0o 100%).

PucyHok 5. Kapta Bblpa60Tku HayanbHbIX U3BJIEKaeMbIX 3anacoB
Figure 5. Depletion Map of Initial Recoverable Reserves
HU3 / IRR — HayanbHble u3enekaemble 3anachsi / initial recoverable reserves
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MocTpoeHune KapT MUHEpanu3auun

Ons  oueHkM  TekyleWh  HacCbILEHHOCTU
kornektopoB B 30Hax OU3 HedT n noBbieHMA
KayecTBa NPOrHO3NpPOBaHUsi HacbILEHHOCTH
no MeTodam COMpPOTMBIIEHUs,, Hapsidy C KapTamu
pagamnycoB BbIpaboTku, OCYLLECTBMASETCS TOCTPOEHNE
KapT Tekylle MuHepanusauuu BoAbl Ha OCHOBE
nabopaTopHbIX 3aMepoB MonyTHO AobbiBaemon
M 3aKkausBaeMON BOAbl C LEMbl0 AanbHenLero
ucnonb3oBaHusA KapT npu uHTepnpetaummn MC [5].
B pamkax wuccnegoBaHusi npoBeAéH  aHanus
XMMWYECKOTO  coCTaBa MonyTHO  AobbiBaeMol
M 3akausBaeMoW BoAbl C PasnUYHbIX Y4acTKoB
mMecTopoxaeHuss. OCHOBHOE BHUMaHue yaensinochb
obLen MmruHepanusauumu.

Mpaktuka paspaboTkm HedTAHbIX MeCcTo-
pOXAEHWIN noKasana, 4YTo rMaBHOW OCOBEHHOCTbIO
TpagunumoHHoro cnocoba [N nyTém 3akauku
B NnacT BoAbl SBNSAETCS HepaBHOMEPHOCTb pacrnpe-
[eneHus BoApbl B NnacTte, Npy KOTOpo 06BOAHAOTCS
nnacTbl C NyYWwWrMy UnsTPaLMOHHBIMK XapaKkTepu-
cTvkamu. MNpu 3ToM HeBblpaboTaHHBIMK OCTaloTCA
MeHee MpoHMLuaeMble NnacTbl U NponnacTku [8, 9].

AHanus N3MeHeHust MUHepanu3aumm
NnacToBbIX BOA ABMNAETCH BaXHbIM WHCTPYMEHTOM
NS OLEHKM NPOLIECCOB 3aBOAHEHWS 1 NoKanuaaumm
OCTaTOYHbIX 3anacos HedTh. OuHammka
MUHepanu3aumn [obbiBaeMblX W 3aKaymBaeMbIX
BOA, NO3BOSSIET BbISIBMSATE 30HbI C HEPABHOMEPHbLIM
OpPEHaXeM KOMMeKTopa, YTO Hanpsimyilo Bhusiet
Ha adpdekTnBHOCTL cuctemsbl MMNO. B yacTHoCcTy,
NOBbILLEHMNE KOHLEHTPALMWN XNOPUAOB M CynbdaTtos
MOXeT yKasblBaTb Ha BbITECHEHME OCTaTOYHOW
HeddTM M3 Mano ApeHupyemblX 30H, Toraa
KaK CHWXeHWe MWHepanu3auumu cBuOeTeNnbCTByeT
O BOBIeYeHWU B paspaboTKy HOBLIX Y4aCTKOB
3anexu. lMcnonb3oBaHue KkapT MWHepanusauuu,
NOCTPOEHHbIX HA OCHOBE AaHHbIX MMAPOXUMUYECKOTO
MOHMWTOPUHra, MO3BOMSIET YTOYHWUTL rPaHuLpbl 30H
OCTaTOYHOW He(TEeHAaCHILEHHOCTU U MOBLICUTH
TOYHOCTb NporHo3a acpdekTnBHocTU TM.

MpevmyLecTsom [AaHHoro meTona
SIBNAETCA €ero OTHOCUTENbHasi [OCTYMHOCTb, T.K.
MHPOPMaLMS O XMMUYECKOM COCTaBe NNacToBOW
W 3akadyvMBaemoll BOAbl MMeeTCs B AOCTaTOY4HOM
0b6bEMe 1 NOCTOSIHHO 0BHOBNSIETCA NO Mepe oTbopa

1 nccnegoBaHusa npo6. JaHHbIn noaxoq NpUMeHUM
ONs UCMoNb30BaHUA creuuanucTaMmy no reonoruu,
netpocuanke u paspabotke B paMkax BbINOSHEHUS
paboT No OLeHKe TEeKYLLLero HacbILeHWs o MeToaam
COMPOTUBNEHMS C YH4ETOM TEKYLLIeN MUHepanMsauum
Ha ocHoBe [VIC, nnaHupoBaHuiO BypeHusi HOBbIX
CKBaXXWH,  MOWCKY  MEPCMNeKTUBHbIX  y4acTKoB
ans 6ypeHusi, BbISIBNEHUIO MEpPCNeKTUBHbIX 30H,
OLEHKe MpoaBMXKEHWUs  (DPOHTA  HarHeTaemoW
BOAbl WM CTEMEHU BRUSIHUS 3aBOAHEHWS C Y4ETOM
NnepcrneKkTUBHbIX 30H, He BOBNEYEHHbIX B pa3paboTky
W He 3aTPOHYTbIX 3aBOAHEHMEM, ANs AanbHenwero

aHanM3a M NNaHUPOBaHUS  MEPONPUSTUIA.
MonyyeHHble pesynsTaThbl NO3BONSAIOT:

- ynyywuTb nporHo3 TekyLuen
HedTeHaCbILEHHOCTM MO  HOBbIM  CKBaXKUHaMm

n3  OypeHus, onpegenéHHonm no  meTodam
conpoTuenenusi TMC Ha mecTopoXaeHun 3a CYET
YTOYHEHUS] TeKyllel MuHepanu3auum nnacToBoWn
BOAb! B pavioHe BypeHus;

—  MCMonb3oBaTb KapTbl MUHepanusauun
npu aHanuse pa3paboTkv MeCTOPOXAEHUS, NnaHu-
pPOBaHUM OPraHN3aLMOHHO-TEXHUYECKUX MepPOonpusi-
TWUIA 1 yNpaBrieHn 3aBOAHEHUEM.

HavanbHas MuMHepanuaauusi NNacToBoi BoAbl
Ha MEeCTOPOXAEHUU Y3eHb COCTaBMsIET B CPEAHEM
140 r/n, ogHako 6onee YeM 3a LecTUAECATUIETHIOW
ncTopuio paspaboTku MeCTOPOXOEHUS B KayecTse
areHTa 3akaukm gna [N Ha pasHbiXx 3Tanax
MCNONb30Banuchb Takne UCTOYHUKY BOAbI, Kak:

- Mopckas BoJa no BOAOBOAY
13 Kacnuickoro mopsi (cpegHsia MUHepanusauus
=13 r/n);

—  BOFKCKasi — MpecHasi Boda no BoJoBogy
13 p. Bonru (cpeaHsst MuHepanusaums = 0,4 r/n);

— anbb-ceHoMaHckasi — nnactoBasi Boa
13 Bblllenexalux BoAOHOCHbIX arnb6-CeHOMaHCKNX
rOPV30OHTOB M3 BOA03aBOPHLIX CKBAXWH (CpedHsis
MuHepanu3aums = 10 r/n).

[JaHHble TUNbl BOA 3HAYUTENbHO OTNMYaoTCA
Opyr OT Apyra Kak no obuei MuHepanusauuu
(6onee yem B 10 pas), Tak 1 NO COCTaBY OTAEMbHbIX
KOMMOHEHTOB (Tabn. 1). Ha akcnnyaTaumoHHbIX
obbekTax npu 3akadke, 4OGbIYE U MOATOTOBKE HETH
M 3aKkayMBaemoil BOAbl MPOUCXOAUT MNOCTOSIHHOE
CMeLLeHNe pasHbIX TUMOB BOA.

Ta6nuua 1. Pe3ynbraTthl LLECTUKOMMNOHEHTHONO aHanu3a pasnuyHbIX TUNOB BoAbl, Mr/am®
Table 1. Results of a six-component analysis of various types of water

HaumeHoBaHue nokasatens Llpeen | hEGSEED Anb6-ceHoMaHcKasa Bomkckad BKHC HoCICKelio859)
Sea Reservoir i Volga Producing well
Name of parameter Alb-Cenomanian water MCPS
water water water 9859

Conepxanue kansums (Ca*") 401 9638 240 40 | 2006 866
Calcium content (Ca?*)
CopepxaHue marnus (Mg**)
Magnesium content (Mg®") 730 1694 61 24 912 1120
CopepxaHue cymmbl kanusi n Hatpus (Na* + K*¥)
Potassium and sodium sum content (Na* + K*) 3284 41855 3347 32 15646 19323
CopepxaHue xnopugos (CI7)
Chioride content (CI-) 5530 86139 4240 34 31976 32550
CopepxaHue cynbatos (SO,*7)
Sulphate content (S0,%) 2970 130 1898 55 31 1120
CopnepxaHve ruppokapboratos (HCO3™)
Hydrocarbonate content (HCO3") 244 131 207 203 354 2033
CymmapHas Murepanusauus 13183 139586 9993 389 | 51824 57033
Total miner 1

BHKC / MCPS — briouHasi Kycmosasi HacocHasi cmaHuyusi / Modular cluster pumping station
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PucyHok 6. PacnpeaeneHue cpegHUx 3Ha4eHUN
3aMepoB TeKylle MUHepanu3auum niacToBoun
BOAbI NO ropusoHTam 13-24
Figure 6. Distribution of Average Measured Values
of Current Formation Water Mineralization
by Horizons 13-24

Mcxogss M3 CcTaTMCTUKM  3aMepoB  MUHe-
panusauumn, BbINOMHEHHBIX B TeYeHWe nocnea-
HUXx naTv net (3965 3amepoB), cpegHee 3Have-
HUE MWHEepanusauuyM CyLIeCTBEHHO OTnuYaeTcs
OT HayanbHoro (puc. 6), 4YTo CBMAOETENbCTBYET
O BECOMOM MW3MEHEHWU B npouecce AnUTENbHON
pa3paboTkyn MeCTOPOXAEHUS W UCMOMb30BaHWA
B KavecTBe areHta 3akadkum B cucteme [N pas-
NWYHBIX BOA, OT/IMYHBIX OT HayarbHOW NacToBOW
BOAbl MO COCTaBy (MOPCKOM U BOImKCKOMW). [aHHble
haKThbl ykasblBalOT Ha HeobXxoaMMOCTb NPUMEHEHUs
TEKYLUX (aKTyarnbHbIX) 3Ha4YeHW MUHepanusauum
NnacToBoV BoAbl MpW WHTEpNpeTauun HacbIeHNs
no meTogam conpoTuenexus. Micnonb3oBaHue nps-

MbIX 3aMepOB MWHepanu3auuy BO3MOXHO TOJbKO
rocre BCKPbITUS Nnacra, No3ToMy B KayecTBe arb-
TepHaTVBbI MPEeANnoXeHO BbINOMHATL MOCTPOeHne
KapT MVHepanu3auumu nnacToBOW BOAbI MO Cylue-
CTBYIOLMM 3aMepam (OaHHbIM) W WCNOnb3oBaHWe
3Ha4YeHwUi ¢ kapT Ans uHTepnpetauumn MNC.

KanubpoBka pe3ynsTaToB NOCTPOEHUsA

KapT BbIpaboOTKN U MUHepanusaumm

Cc 06BOAHEHHOCTLIO AeACTBYIOLEro

c¢oHpa

Mo pe3ynbrataM NOCTPOEHUsI KapT BbIPaboTKM
1 MUHepanusauum BbINONHeHa kanubposka no BceM
ckBaXkmHam genctaytoLerodonaa (3711 cks.) (puc. 7,
Tabn. 2). CkBaXuHbl C MMHUMAIbHBIM N3MEHEHNEM
HayvanbHon MUHepanusaumm (80-140 r/n)
XapaKkTepu3ayoTcsa HU3KMMN 06BOAHEHHOCTLIO (57 %)
1 BbIpaboTKon (67%). CkBaXWHbI CO 3HAYMTENbHBLIM
M3MEHEHVEeM HayanbHou muHepanuaauuu (<40 r/n)
XapaKkTepu3yloTcs  BbICOKMMU  OBBOAHEHHOCTbLIO
(73%) v BbipaboTkoi (83%).

BbinonHeHHas kanubpoeka ykasblBaeT
Ha 3aBUCUMOCTb  TeKyLlen 06BOAHEHHOCTHU
OT BEMWYUHBI TEKYLLEN MUHepanusaummn niacToBown
BObI.

KapTbl BbIpaboTkKM M MWHEpanuM3auum peko-
MEHAYIOTCS AN UCMONb30BaHMS Kak AONONMHUTESNb-
HbIi MHCTPYMEHT, KOTOPbIA MNO3BOMSET HaxoauTb
30HbI, HE OXBayeHHble 3aBogHeHVeM. B HacToswen
ctatbe 06HOBMEHbI AaHHbIe 3a nocregHue NsTb et
N npegnaratTcsl AOMNOMHUTENbHbIE MEeToAUYeckue
noaxoap! ¥ NOCTPOEHUS.

Tabnuua 2. Kanu6poBka Nno 06BOAHEHHOCTN U BbipaboTke
Table 2. Calibration for watercut and oil production

MwuHepanu3auus, rin
Mineralization, g/l

CpepaHsiA BbipaboTka, %
Average Depletion, %

CpepHaa MuHepanusaums, rin
Average Mineralization, g/l

KonuyectBo
CKBaXWuH en.
Quantity, units

CpeaHss 06BOAHEHHOCTB, %
Average Water Cut, %

<40 73 27 80 697
40-60 71 51 80 1283
60-80 70 68 77 810
>80 57 117 67 839

KanubpoBka ¢ 06BOAHEHHOCTbLIO HOBbIX

CKBaXXUH

BbinonHeHa kanMbpoBka kapT MUHepansaumm
MO HOBbLIM CKBaXXMHaM, BBep,éHHbIM n3 6ypeHv|9|
B [J00blMy, Ha oOcHoBe pacyéta MpOrHO3HoMn
00OBOAHEHHOCTY:

— conocTaeneHne pakTM4eckomn n NPOrHO3HOM

obBoaHéHHocTen no PUMMC npu HavanbHom
MuHepanusauum (puc. 8);

— conocTtaeneHne hakTM4eckon M MPOrHo3-
Hol o6BoaHEHHOCTEN no PUTNC npu cpenHein Teky-
e MuHepanusauum no obbekTy (puc. 9);

— KPOCC-MMOT COMOCTaBfeHns gakTU4ecKomn
N MpOrHo3Hon obBogHEHHocTen no PUITNC
npu TekyLleh MuHepanusauum ¢ kapt (puc. 10).

Mcnonb3oBaHne 3HaYeHust MUHepannsaummn
C KapT yny4laeT TOYHOCTb NPOrHo3a 06BOAHEHHO-

CTu (HacblweHHocTn) no AaHHbiM MC B cpegHem
Ha 7% B CpaBHEHMM C UCMOSIb30BAHNEM HaYanbHON
MUHepanusauum n cpegHei Tekyllen no obbek-
Ty (Tabn. 3).

Mo pesynstatam npoOBEeAEHHONO aHanusa
daKkTMyeckn nornyyYeHHoro nputoka nocne MM
oTMevaeTcs YETKas Koppensuusi, a UMEHHO C yBe-
NNYEeHUst NpoueHTa BblIpaboTKkM NNacToB C POCTOM
06BOAHEHHOCTM M CHWXEHVWeM MuHepanusa-
uum (puc. 11).

Ha puc. 12 Ha npumepe ckBaxuHbl 8116
npenctaenedsl PUMMC, koTopble MnoKasbiBatorT,
YTO NO pesyrnbrataM nepecyéra C y4eToMm TeKyLuen
MUHepanusaummn 3HadeHne koaddumumeHta Hedte-
HacbIWweHHOoCTV nnacTta (KHr_rp) crano Hmke Hayanb-
HOro, 4YTO CBUAETENbLCTBYET 00 yBenuMueHun [onu
BOAbI.
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PucyHok 7. KanubpoBka Ha 06BOAHEHHOCTb
1 BbIpaboTKy No AvMana3oHy MUHepanusaumm
Figure 7. Calibration for watercut and oil
production by mineralization range

PucyHok 9. ConocTaBneHue thakTu4eckom
M NPOrHo3Hon o6BoaHéHHOCcTen no PUTUC npu
cpeAHen TeKylien MUHepanv3aumum No oo bLeKTy
Figure 9. Comparison of Actual and Predicted
Water Cut at Average Current Mineralization for
the Facility

Mpn aTom dhbakTnyeckne pesynsraTbl MpoBe-
[OEHHbIX MPOCTPENIoYHO-B3PbIBHLIX paboT ¢ rmapo-
paspbiBoM mnracta (ganee — [PI1) nokasbiBaloT
HWU3KMIA NpUPOCT No HedTn (1,5 T/CyT) N BBICOKYIO
06BOAHEHHOCTL (96%), YTO NOATBEPXKAAET CHUXE-
HMe koadurumneHTa HedpTEHACBILLEHHOCTU OTHOCU-
TEenbHO HaYanbHOTO 3HaYEeHMS.

KomnnekcHbIn  aHanu3 reonoro-reousnye-
CKUX U TMOPOXUMUYECKUX OaHHbIX SBMSETCA KIHo-
4YeBbIM WHCTPYMEHTOM A1 OLEHKM OCTaTOYHOM
HedTEeHaCbILLEHHOCTU U 3PEKTUBHOCTN 3aBOOHE-

PucyHok 8. ConoctaBneHue caktuyeckomn
M NporHo3Houn o6BoAHEHHOCTeN no PUTUC
Nnpu Ha4anbHON MUHepanusaunmn
Figure 8. Comparison of Actual and Predicted
Water Cut at Initial Mineralization

PucyHok 10. Kpocc-nnot conocraBneHus
chakTM4YeCKOM U NPOrHo3HOM 06BOAHEHHOCTEN
no PUTUC npwm TeKyLien MMHepanu3sauum ¢ Kapt
Figure 10. Cross-Plot of Actual and Predicted
Water Cut at Current Mineralization with Maps

Husi. CornacHo uccnegoBaHusaM [10], koppensums
MeXxay U3MEHEHWeM cocTaBa MacToBbIX BOA W re-
ohuanyeckumy napameTpamm Konnektopa Mo3Bo-
NAET YTOYHATb FpaHULbl 30H OCTaTOYHbIX 3aMacos.
B yacTHoOCTW, BbIsIBNIEHME Y4acTKOB C aHOMarlbHOM
MUHepanu3auven AobbiBaeMon BoAbl B COYETAHUN
¢ AaHHbiMK TMIC paéTt BO3MOXHOCTL NOKanM3oBaTb
Mano ApeHvpyemble obrnacTy nnacta u onTumMmnau-
poBaTb MepONpUSATUSI MO YBENUYEHUIO HedTeoTaa-
4n. Micnonb3oBaHne faHHOTO NoAXo4a Ha MecTopo-
XOEHUN Y3eHb NMoATBepAnno ero 3pdEKTUBHOCTb

Tabnuua 3. ConoctaBneHue ¢akTM4eckon M NpPorHo3Hon o6BoAHEHHOCTeN no PUTUC npu pa3nuyHbIx

BapuaHTax M

WHepanusauumn

Table 3. Comparison of Actual and Predicted Water Cut based on well log interpretation data
Under Different Mineralization Scenarios

MporHo3Hasn o6BoaHEéHHOCTL no PUTUC, %
E Predicted Water Cut based on well log interpretation data, %
MapameTtp VIS':‘I; Npy HavyanbLHoW npw cpegHei 3HauyeHue c KapT
Parameter UoNi MUHepanusaumm MUHepanusaumm MUWHepanusaummn
at initial at average value from
mineralization mineralization mineralization maps
cTapToBasi 06BOAHEHHOCTb r/n/gl 26 21 26
g’a"“".“.'e“‘a“ Initial Water Cut % 65% 53% 65%
o BOAH;HHOCT':‘ cpefHsisi 06BOAHEHHOCTb r/n /gl 28 26 31
Actual Water Average Water C}Jt % 71% 65% 78%
Cut. % TekyLas 06BOAHEHHOCTb r/n /gl 26 23 30
| Current Water Cut % 65% 58% 75%
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PucyHok 11. Koppensuus BbipaboTku, MMHepanusaLum K hakTuyecko 06BOAHEHHOCTH
Figure 11. Correlation of Production and Mineralization with Actual Water Cut

PucyHok 12. UameHeHue TeKylen HedpTeHaChbILWEeHHOCTH
Figure 12. Change in current oil saturation
KHe_2p — koaghgpuyueHm HegpmeHacbiueHHocmu nnacma / reservoir saturation factor; Kve_mek — koaghgpuyueHm Hegpbme-
HacbklweHHocmu riacma / reservoir saturation factor; KHe_mek_muHepan — koaghghuyueHm HeghmeHacblueHHocmu nnacma
/ reservoir saturation factor; QH — 0obbi4a Hegpmu, m/cym / oil production, ton per day
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MpW NOCTPOEHUM KapT BbIpaboTkM 1 NPOrHO3MpPOBa-
HUM OCTaTOYHbIX 3aMacoB.

PesynbraTthbl

B xoge npoBedéHHOro
nomny4eHbl 3Ha4YMMble pesynbTarthl,
OLIEHKM TeKyLero COCTOSIHUSA pa3paboTku
MECTOPOXAEHUs  Y3eHb, nokanusauum  OU3
" NOBbILLEHUS TOYHOCTU MHTepnpeTaumm
HedTeHacbILWEeHHOCTU Mo AaHHbiM TUC. AHanu3
OaHHbIX U MOCTPOEHWEe KapT MO3BONWUMW BbISBUTb
Krno4eBble 3aKOHOMEPHOCTHM MPOLIECCOB pa3paboTku
W onpedennuTb MEpCrneKTMBHbIE  HanpaBneHus
Ona fanbHenwWwen akennyaTaumm.

1. MocTpoeHue kapT BbipaboTku. MeToaumka
pacyéta paguycoB  BbIpaboTKM, OCHOBaHHas
Ha [OaHHblX [0OblBalOWMX W HarHeTaTernbHbIX
CKBaXXVH, nossonuna NnocTpouTb KapThbl
pacnpefeneHusi BblpaboTaHHbIX 3amnacoB. JTu
KapTbl MPOAEMOHCTPUPOBANM 30Hbl  AKTUBHOIO
OpeHaxa, a Takke Mmarno [ApeHVpyeMble y4yacTku,
noTeHumnansHo cogepxatime 3HauUTENbHbIE
006BbEMbI OCTAaTOYHOW HETH.

CoBmelleHue KkapT paavycoB BblpaboTkm
He T 1 3aKa4Ky BOA bl MO3BOMMII0 BU3yanm3npoBaThb:

— 30Hbl BbICOKOW CTeneHu BblpaboTku,
roe creneHb M3BneveHus 3anacoB gocturaet 80%
n bonee;

— obrnacTu ¢ HegoCTaTOYHbIM 3aBOAHEHMEM,
e COXPaHSTCsi NEPCNEKTUBHbIE pecypchbl HETU.

Mcnonb3oBaHne cneumanbHbiX NporpaMmMHbIX
KOMMeKcoB obecneuyuno aBToMaTusaumio
006paboTkM [aHHbIX, YTO MO3BOMMIO MOBLICUTL
TOYHOCTb PAcYETOB M COKpPaTUTb BPEMS aHanu3a.

2. TlocTtpoeHue KapT MUHepanusauum
nnacToBbIX BOQ. AHanus MUHepanusauum
NNacToBbIX BOA BbISIBUI 3HAYUTENbHBLIE U3MEHEHMS
XUMUYECKOro COCTaBa 3a nepuoa akcnnyaTaumm
MEeCTOpPOXAEeHMS. YCTaHOBMEHO, YTO W3HaYanbHO
MWHepanu3auuss coctaBnsna okono 140 r/m,
OQHako B npouecce 3aBOOHEHUS pasnUyHbIMU

ncecnenoBsaHmA
Kacawumeca

AOOMNONMHUTENBHO

UcTouyHuk cbMHaHcMpoBaHUs. ABTOpPbI 3asBNSAT
06 OTCYTCTBMM  BHELUHEro  (hMHaHCUPOBaHUs
npv NPOBEAEHNMN UCCIedoBaHus.

KoHdnukr wuHTepecoB. ABTOpbl AeKknapupylT
OTCYTCTBME SIBHbIX M MOTEHLUMasbHbIX KOHMIUKTOB
WHTEPeCOoB, CBSA3aHHbIX C Mybnukaumnen HacTosLwen
cTatbu.

Bknag aBTopoB. Bce aBTOpbl noaTeepxaatoT
COOTBETCTBME CBOEro aBTOPCTBA MEXAYHAPOAHbIM
kputepusm  ICMJE  (Bce  aBTOpbl  BHEcnu
CYLLECTBEHHbIN BKMap B paspaboTky KoHuenuuu,
npoBeAEeHNe WCCneaoBaHNs W MOArOTOBKY CTaTb,
npounu u ojobpwunu duHanbHy Bepcuio nepen
nybnvkaumen). Hambonblumi Bknag pacnpenenéH
cnegywowum  obpasom: Tagpkubaes M.O. -
KoHuenuusi, obpaboTka u o0600LWeHne [aHHbIX,
BHepeHWe TexHonorun, cbop M aHamua AaHHbIX,
npoBepka pesynbTatoB, HamnucaHue  PYKOMWUCY;
Basmuposa PY., Torawesa A.P. — pegaktupoBaHue
pyKOMucu, NpoBeEpKa pe3ynsTaTos.

§) e

BOAHbIMU UCTOYHUKaMK (MOpcKasi, BOIKCKasi, anbb-
CeHoMaHcKas Boa) OHa BapbMpoBanach B LLMPOKOM
OmnanasoHe.

MocTpoeHHble
no3BoNuUnn:

—  BbISIBUTb Y4aCTKN aKTMBHOIO BbITECHEHMS
Hed TN 3akayBaemMon BOAOW;

— onpegenuTb 30HbI C  aHOManbHbIMU
3HAYEHUSIMM  MUHepanusauuu,  noTeHuuanbHO
cofepxallme ocTaTo4Hble 3anacbl HedpTu.

Habniopgaetcss 4éTkasi Koppensuusi mexay
CTeneHblo BbIpaboTKM 3anacoB, MUHepanusauuen
nnacTtoBblX BOA4 WU YPOBHEM OOBOOAHEHHOCTU
CKBaXuWH. Tak, Hu3kas MuHepanu3auusi (<40 r/n)
COOTBETCTBYET  BbICOKOW CTEMEHU  BbIpaboTKM
(oo 83%) n obBOgHEHHOCTM npoaykummn (8o 73%),
B TO Bpems Kak Bbicokas MuHepanusauusi (>80 r/n)
HabniogaeTca B MeHee BbipaboTaHHbIX 30HaXx.

3. ConocTaBneHue KapT BbIpaboTku
M MVHepanuaauum ¢ akTu4eckon 06BOAHEHHOCTBIO.
MpoBenéHHas Kanubposka [aHHbIX
no 3711 ckBaxuHaMm Mokasana, 4YTO 3HayeHus
MUHepanu3aumMm MoryT  ObiTb  UCMONb30BaHbI
B KayecTBe WHAMKaTopa CTeneHu BbipaboTku
1 06BogHEHHOCTM NpoayKuun. B yacTHocTu:

— 30Hbl C BbICOKOW MWHepanu3auuvewn
(80-140 r/n) XapaKTepuayTcs MeHbLLEWN
BblpaboTkou (67%) n o6BoaHEHHOCTBIO (57%);

—  BKIIIOYEHUE [aHHbIX MO MUHepanusauum
B pacyéTbl KoadduumneHTa HedpTeHaChILEHHOCTU
no MNMC no3Bonuno noBbICUTb TOYHOCTb NMPOrHO30B
Ha 7% no cpaBHEHUIO C TPAAWNLMOHHBIM METOAOM.

4. Banvpauusi pe3ynstaTtoB Ha HOBbIX CKBa-
XnHax. AHanM3 OaHHbIX HOBbIX CKBaXWH MOATBEp-
onn  3aPEKTUBHOCTb MPEANIoKEeHHOro noaxoaa.
B cnyuasx, korga nepecyét HedTeHachILLEeHHOCTH
npoBOAMICHA C YY4ETOM TeKyLleh MuHepanusaumu
NnacToBbIX BOfA, MOMyYEHHbIE 3HAYEeHWs! COOTBET-
CTBOBanu (akTM4YeCcKuMm OaHHbIM MO OOBOAHEHHO-
CTU 1 BenuyMHe npupocTa HedTu nocne npoesege-
Husa TTM.
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Opu rmHanbHoe uccriegoBaHue

AnropuTm onpeaeneHUs MaccoBOro pacxoda U CyxocTu
TENfIOBOro areHTa Ha ycTbe NapoHarHeTaTeNnbHbIX CKBaXXWUH
B crneumManusnpoBaHHOM NporpamMmMHOM obecneyeHun

M.Y. Epnenecos, A.A. Epmekos, C.K. AMupoB
Q@unuan KMI MixuHupuHe «KasHUTMmyHatza3», 2. Akmay, KasaxcmaH

AHHOTALMUA

O6ocHoBaHue. OnpegeneHne MaccoBOroO pacxoga W CyXOCTM TEMMOBOrO areHta Ha YCTbe
napoHarHeTaTeNnbHbIX CKBaXWH SBMASETCA KPUTUYECKN BaXHbIM MNPOLECCOM B 9Kchnyatauuu,
onTMMm3daumn 1 3QEKTMBHOM KOHTpONe perynupoBaHWs ero HarHetaHus. Bsugy Toro,
4YTO COBpPEMEHHbIE NPUBOPLI onpedeneHns pacxoga napa, OCHOBaHHbIE Ha 3aMepe NepeMeHHOro NoToka
nByxcasHon cpeapl (nap 1 Boga), MMest MeToamnyeckyto norpelHoctb 6onee 10%, He moryT obecneunTb
HeobXoauMyK0 TOYHOCTb M [JOCTOBEPHOCTb W3MEPEHWI, BO3HWMKNA MOTPebGHOCTb B paspaboTke
pac4éTHOro BapuaHTa C NPMMEHEHUEM CMeLnann3npoBaHHOrO NporpaMMHoro obecneyeHns, KoTopbIn
no3Bonsin 6bl KOPPEKTHO PeLIMTb NPOBNeMy onpeaeneHns CTeneHy CyxocTu napa.

Lenb. Pa3spabotka anroputma pacyéTa mMaccoBOro pacxoda W CyxOCTU TEMMOBOrO areHTa Ha ycTbe
napoHarHeTaTenbHbIX CKBaXXWH MecTopoxaeHus K ¢ noMOLLbio cneuuanM3npoBaHHOro NporpamMmmHOro
obecneveHus.

Martepuanbl 1 metoabl. [1ByxdasHbli NOTOK napa W BOAbl B CKBaXMHAxX SBNSAETCA CIOXHbIM
npoueccoM, rae BaXHO yuuTbiBaTb, Kak uanyeckue cCBOMCTBa cpefbl (TemnepaTypa, AaBreHue,
BA3KOCTb), TaK W TMAPaBMUYECKME XapaKTEPUCTUKUM CUCTEMbl (COMPOTMBREHME TpPybONpoOBOAOB,
notepu AaeneHust). MatemaTndeckass cumynsums ABYxcha3HOro notoka «map — Boga» BbIMOSHEHa
B CreuuanusaMpoBaHHOM MPOrpaMMHOM  KOMMMEeKce MyTéM MOCTPOEHUS Ha3eMHOW Mopenu
W NpoBedeHus rMapaBnuyYeckux pacy€ToB. [laHHbIM CrneumannavpoBaHHbIA MPOrpamMMHBIA KOMMNEKC
No3BONWM MOCTPOUTb MaTEMAaTUYECKYD MOAEfb, YYMTbIBAOLLY 3TWM napameTpbl, YTo obecneunBaeT
BbICOKYI TOYHOCTb W HAAEXHOCTb PAcHETOB.

PesynbraTtbl. Pa3pabotaH anroputm pacyéTta MaccoBOrO pacxofda M CyxXOCTU TEMNroBOro areHta
Ha yCTbe MmapoHarHeTaTernbHbIX CKBaXWH MecTopoxaeHus K Ha ocHOBe Mofenv HaseMHOW CUCTeMbl
napoHarHeTaHuss nocpeacTBOM MPUMEHEHUS CrneunanM3npoBaHHOrO NPOrpaMMHOrO  KOMMmeKca.
Cumynsiuma no3BonsieT npeackasatb 1 ONTUMM3NMPOBaTh paboTy napoHarHeTaTenbHbIX CKBaXUH. MyTéM
N3MEHEHUs nNapameTpoB MoAenu (Hanpumep, pexuma Jobblun, napameTpoB TEMIIOHOCUTENST) MOXHO
OLEHUTb BMUSHUE Ha NPOM3BOANTENBHOCTbL CKBaXMH N 3D(EeKTMBHOCTb BCEN CUCTEMBI.

3aknyeHue. Ha cerogHsWHWA OeHb He NPeAcTaBMIIOCh BO3MOXHbIM ModobpaTtb obGopynoBaHue,
NMo3BOMSIOLLEE KOPPEKTHO perncTpupoBaTtb AByXdasHbl MOTOK 3aKayMBaemoro B  CKBaXWHbI
NMapoTenfoBOro areHTa, XxapakTepHOro Ansi ycroBuii MectopoxaeHus K. PaspaboTaHHbIi C NOMOLLbO
crneumann3MpoBaHHOrO MPOrpaMMHOrO  KOMMMeKca anroputM  MpuMeHum  npu  QOpMMPOBaHUM
TEXHUYECKNX PEeLUeHV C Lenbio NoBbleHns 3(EeKTMBHOCTU KOHTPOMSA perynupoBaHus MpoLLEeCcCoB
napoHarHeTaHus.

Knroueewle crnoea: nap, Maccoseblli pacxol, cyxocmb, apoHazHemameribHas CK8aXuHa,
audpasenuyeckuli pac4ém rnaporpoeooa.
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Original article

Algorithm for determining the mass flow rate and dryness
of the thermal agent at the wellhead of steam injection wells
in specialized software

Murat U. Yerlepessov, Abay A. Yermekov, Sain K. Amirov
Branch of KMG Engineering LLP KazNIPImunaigaz, Aktau, Kazakhstan

ABSTRACT

Background: Determining the mass flow rate and dryness of thermal agent at the wellhead
of steam injection wells is a critical process in the operation, optimization and effective control of its
injection regulation. In view of the fact that modern steam flow rate determination instruments based
on measurement of variable flow of two-phase medium (steam and water), having a methodological
error of more than 10%, cannot provide the necessary accuracy and reliability of measurements,
there was a need to develop a calculation variant with the use of specialized software that would allow
to correctly solve the problem of determining the degree of steam dryness.

Aim: Development of an algorithm for calculation of mass flow rate and dryness of thermal agent
at the wellhead of steam injection wells of the K field using specialized software.

Materials and methods: Two-phase flow of steam and water in wells is a complex process, where it is
important to take into account both physical properties of the medium (temperature, pressure, viscosity)
and hydraulic characteristics of the system (resistance of pipelines, pressure losses). Mathematical
simulation of two-phase flow “steam — water” was performed in a specialized software package
by building a ground model and conducting hydraulic calculations. This specialized software complex
allowed to build a mathematical model taking into account these parameters, which provides high
accuracy and reliability of calculations.

Results: An algorithm for calculating the mass flow rate and dryness of the thermal agent
at the wellhead of steam injection wells of the K field based on the model of the onshore steam
injection system through the use of a specialized software package has been developed. Simulation
allows predicting and optimizing the operation of steam injection wells. By changing model parameters
(e.g., production mode, coolant parameters), the impact on well performance and system efficiency can
be evaluated.

Conclusion: To date, it has not been possible to select equipment that allows correct registration
of the two-phase flow of steam-heat agent injected into wells, which is typical for the conditions
of the K field. The algorithm developed with the help of a specialized software package is applicable
in the formation of technical solutions to improve the efficiency of control of steam injection process
regulation.

Keywords: steam; mass flow rate; dryness,; steam injection well; hydraulic calculation of steam pipeline.
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KMI™ UnxuHupuHe «KasmyHatzasf 3XKW» cpunuansi, AKmay Kanacel, KazakcmaH

AHHOTALUA
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Gakblnaygarbl MaHbi3gbl npouecc 6onbin Tabbinagel. Eki dasansl opTaHblH (By xaHe cy) alHbiManbl
afblHbIH enwieyre HerigenreH Oy LWbIFbIHBIH aHbIKTaWTbIH 3amaHayu acnantap 10% — gaH actam
apicTemenik katenikke ne GonFaHAbIKTaH, KaXeTTi Aangik NeH enweynepaiH AypbICTbIFbIH KaMTamachI3
eTe anmangpl, 6yablH KypFakTblK A9pexXeciH aHblkTay MaCeneciH OypbiC Lwelyre MyMKiHAik 6epeTiH
MaMaHOaHablpbinFaH Gargapnamanblk KacakTamaHbl KonmgaHa OTbIpbin, €CcenTey HyCKacblH xacay
KaXKeTTiniri TyblHOaOb!.

MakcaTbl. MamaHgaHablpbiiFaH Gafgapnamarnblk kaMTamachi3 eTyaiH kemeriMeH K keH OpHblHbIH By
angay yHfbiIManapblHblH CafacblHOAFbl XblNy areHTiHiH KypFaKTbiFbl MEH Maccanblk LWbIFbIHBIH ecenTey
anroputMiH asiprey.

Matepuangap MeH aaictep. YHfbimanapaarbl Oy MeH cyapblH eki dasanbl afblHbl Kypaeni npouecc
6onbin Tabbinagbl, MyHAa opTaHbliH U3UKanbIK KacueTTepiH (Temnepartypa, KbICbiM, TYTKbIPbIK)
XOHe >XyWeHiH rmapaBnukanblk cunattamanapbiH (KyOblpriapgblH Keaeprici, KbICbIMHbIH, KOFarybl)
eckepy kaxeT. «by — cy» eki casanbl afblHbIHbIH, MaTeMaTuKanblk Mogernbaeyi xep YCTi MogerniH Kypy
X8He rMapaBnukanblk ecenteynep Xyprisy apkbinbl MamaHgaHablpbiFaH 6argapnamansik xacakrama
KelleHiHOe Ky3ere acbipbinafbl. ATanfaH MamaHAaHAbipbinFaH OGafgapnamarnblk kacakTama ocChbl
napameTprniepdi eckepeTiH MaTemaTukanblk MOAenb KypyFa MyMKiHAik Gepgi, ©yn ecenteynepaiH
XKOFapbl Aangdiri MeH CeHiMAiniriH kKamTamachI3 eTesi.

HaTtuxenepi. MamaHgaHablpbinFaH Gargapnamanblk KelweHdi KongaHly apkbinbl xepycTi Oy angay
XyYMeciHiH mogeni HerisiHge K keH oOpHbHbIH Oy anpgay yHFbIManapblHbIH —CcaFacblHAAFbl Kby
areHTiHiH KYpFaKTbifblH X8HE MaccarnblK LbIFbIHBIH ecenTey anroputMi a3ipnengi. Mogenbaey 6y
avpay yHFbiManapblHbIH JKyMbICbIH GorkayFa >XeHe OHTavnaHaplipyFa MyMKiHAIK Gepeni. Mopenb
napameTpriepiH e3repTy apkbinbl (MbiCanbl, ©HAIPY PeXuMi, CcankblHAATKbIW napameTprepi)
YHFbIManapablH, eHimMainiri MeH Gykin xyieHiH TviMainiriie acepiH 6aranayra 6onaapi.

KopbITbiHAbI. ByriHri kyHi yHfbiManapfa avpganatblH K keH OpHbIHbIH KafdanbiHa ToH Oy-Xbiny
areHTiHiH eki (ha3anbl afbiHbIH AypbIC TipKkeyre MyMKiHAik 6epeTiH xabablKTel TaHaay MyMKIH 6onmagbl.
MamangaHablpbinFaH 6araapnamanblk KELeHHIH keMeriMeH xacanfaH anroputm 6y angay npouecTtepi
petTeyai GakbinayablH TUIMAINIriIH apTTbipy MakcaTblHAa TEXHWKanbIK LuewiMmaepai kanbintactbipyaa
KongaHbinagbl.

Hezizai ce3dep: 6y, maccarnblK WhbifbiH, Kyprakmbik, 6y aliday yHrbiMachl, 6y KybbipbiH 2udpasukarbIK
ecernme.
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BBeneHune

Ha  mecTopoxaeHun K npumeHsietcs
TENnoBON MeToA BO3AENCTBUSA Ha MnacT — 3akayka
HacblWeHHOro  BogsiHOro napa. OTnuyMTensHown
0COBGEHHOCTBIO MPOWM3BOAMMOrO TEMMOBOrO areHTa
ABNSAETCHA HaNM4ne Kak NnapoobpasHon, Tak 1 XUAKON
asbl B 00LLEM NOTOKE.

C Havyana peanusauuu TEXHomnormm
napoTenyioBoro BO3AEWCTBMS M OO0 HACTOSILLEro
BpEMEHHU onpegenexHue pacxoga napa
B MapoHarHeTaTenbHbIX CKBaXuHax (ganee —
MHC) npoBoauTca pacy€THbIM nNyTéM: 0bLwui
06BLEM BblpabaTbiBaemMoro napoTennoBoro
areHTa pacnpenensiercs Mexay MHC
nponopuuoHanbHO  NokasaTenio  NpOBOAUMOCTU
nnactoB B COOTBETCTBYIOLUMX  CKBaXKWHaX,
4YTO NPUBOAMT K CYLUECTBEHHLIM MOrPELLUHOCTSIM,
MOCKOMbKY ~HE  YYMTbIBAlOTCS  MMapaBnvyeckue
notepy B MaponpoBodax, a TaKKe W3MeHeHus,
06yCrnoBneHHble  MOCTOSIHHBIM  PEerynupoBaHueMm
pacxodoB areHTa nyTéMm LUTYLMPOBaHWS.

HekoppekTHbIi y4é€T 3akaykm napa B [MHC
NpuBOAMT K HEMpaBWUIIbHOW OLEHKE TEeXHWKO-
3KOHOMMYECKOW  3(PHEKTUBHOCTU  pearnpyroLmx
siveek, 4TO B CBOKO ovepeb CHUXKaeT 3 HEKTUBHOCTb
NPOBOAMMBIX MEPOMPUSTUIA MO  PErynMpoBaHuio
napo3sakayku " 3aTpyaHsieT NpuHATUE
CBOEBPEMEHHbIX pELUEHUA O LenecoobpasHoCTu
ajpecHoro nepexoaa Ha ansTepHaTuBHbIE, MeHee
3aTpaTHble TEXHOMOMMW BO3AENCTBUS.

[ns adheKTMBHOrO KOHTPONS perynMpoBaHus

naposaka4ykM Ha  MECTOPOXIAEHWU  BO3HWKNA
HeobXxoaMMOoCTb  0GEeCneveHnst  MOCKBAXKMHHOMO
yuéTa pacxoga napa. Ha  mecTopoxaeHwuu

npeanpuHMManmcb NonbITKA NMOUCKa oGopyp,oaava

ons  3amepa napotennoBoro areHta B [1HC
C MpOBEOEHWEM  COOTBETCTBYHOLUMX  OMbITHO-
NPOMBILLNEHHBIX UcMbITaHu  (ganee — OlN).

Tak, ¢ 2020 no 2024 rr. NPOBEAEHO HECKOIMbKO
atanoB Ol  pacxogomepoB napa  pasHblX
npousBoauTenen, oaHaKo NonyyYeHHble pesynbTaThbl
HEe  COOTBETCTBOBAanNM  MPUHSATBIM  KPUTEPUSIM
ycnewHoctn OlA, a Takke He cormacoBbliBanuch
C [OaHHbIMM pacyéTa no TennoBomy OGanaHcy,
T.K. TPaHCMOPTMPYEMbIA [ANs 3aKaydku BRaXHbIN
HaCbILLEHHbIA Nap npeacTaBnsieT cobOoW CNOXHYHO
CMECb CYXOrO HacCbILEHHOMo napa CO B3BELUEHHOMN

MeJ'IKO,CI,I/ICI'lepCHOVI XNOKOCTbHO, HaxogsLencs
C napoMm B TepMoAMHaAMUYECKOM U KMHETUYECKOM
paBHOBECUN.

M3mepeHue pacxoaa napoBoAsiHON CUCTEMbI —
BecbMa 3aTpyaHWUTenbHas 3agava.

CoBpemMeHHble Npubopbl onpeaeneHns pac-
Xofa napa, OCHOBaHHble Ha 3amepe MnepeMeHHO-
ro notoka AsyxdasHon cpepl (Nap u Boda), nves
MeToauyeckyto norpewHoctb 6onee 10%, He wmo-
ryT obecneuntb HeoGXOAWMYK TOYHOCTb WM [OCTO-
BEPHOCTb M3MEpPEeHUii B CBA3N C TeM, YTO Brax-
HbIi Map XapaKTepu3yeTcsl NpPOCTPaHCTBEHHOM,
TENNOBON W3MEHYMBOCTBIO U, COOTBETCTBEHHO,
MN3MEHEHWEM COOTHOLLUEHUSI copepxalumxcst a3
B MOTOKE NPU TPaHCMOPTUPOBKE, T.€. HE Y4nTblBa-

I0TCA  AMHAMWYecKue MOrpeLUHOCTH, CBS3aHHbIe
C V3MEHEeHNeM cTeneHu cyxocTtu napa [1, 2].

Kak BUOHO, MHOrOMEpPHOCTb 3a4a4v KOHTPONS
roToka BfiaXHOrO napa, KoTopas He peluaeTcs

M3BECTHbIMWU  CPEACTBAMM  KOHTPOMs, CBsi3aHa
co cnepyowymmu npobnemamu [3]:
1. CnoxHocTb  onpegeneHuss  cTeneHu

CYXOCTM BNAXXHOIO HaCbILLEHHOro napa B NMoToKe.
2. TInoTtHoCTb napa Bo3pacTaeT MNo Mepe
pocTta ero BRa@XHOCTW, MpU 3TOM 3aBMCUMMOCTb
NMOTHOCTM  BMAXHOTO napa OT  [aBreHus
npwv pasnuyHoOl CTENEHM CYXOCTU HEOQHO3HAYHA.
3. [omepe pocTa BNaxHOCTV Napa yaernbHasi
3HTanbMNMs HaCbIWEHHOTO Napa CHUXaeTcs.

4, TasoBass W xugkas asbl BRNaAXHOro
HacCbILWEeHHOro napa ,D,BVI)KyTCﬂ C pasnquon
CKOPOCTbIO " 3aHMMatoT nepemMeHHyH

3KBMUBANEHTHYIO MNnowaab MOMNEPEYHOrO CeYEeHUsI
TpybonpoBoaa.

B cBsi3u C BbiweyKaszaHHbIMU CITOXXHOCTSIMU
pabota no cosgaHuio 3PDEKTUBHOW CUCTEMDI
N3MepeHuWsl CTeNeHU CyxoCTu Napa B onpeaeneHHoM
pexume BpPEMEHU WMeeT KpalHe akTyanbHbI
XapakTep, U MOWUCK peLleHust 9TOW 3adayu OO0 CuX
paccmaTtpuBaeTCcsl B paMKax MCCreaoBaTernbCKux
n3blckaHum [4-7].

Takum 06pasom, C y4ETOM TOro, YTO Ha TEKYLLIUIA
MOMEHT OAHO3HA4YHOro npakTU4yecKkoro pelleHna
3ajaum yyérta Tenna v Macchl MOTOKOB BRaXHOro
napanpou3BoAMTENSAMU He NPpeACTaBNeHO, BO3HUKIA
HeobxogMMoCTb  pa3paboTkM  anbTepHaTUBHOMO
BapuaHTa, KOTopbli no3Bonun Obl  KOPPEKTHO
pewwunTb Npobrnemy onpeaeneHusi CTENeHn CyxocTu
napa pacyé€THbIM NyTEM.

C uenbilo  BbINOMHEHWA  MaTemMaTU4eckux
OLEHOK Y4€Ta 3akaymBaemoro B nnacT napa —
nopcyéTa Ha ycTbe otaensHou NMHC noctynatowero
no naponpoBoAdy BMaXHOro napa W3 OAHOro
UCTOYHUKA — naporeHepatopa (ganee — [N —
npeanaraercs anropuTm no NMOCTPOEHUIO
MOAENnn CUMynaumMm AByxdgasHoro notoka «nap —
Boda» B ChneuuanM3vpoBaHHOM MpPorpaMMHOM
obecneuenun (ganee — creuylloO) [8].

MNpegnaraemoe pelleHne Oaé€T BO3MOXHOCTb
pacyéTa CTerneHW CyxOCTM BMaXHOro napa,
4YTO  NO3BONMUT  obecneunTb  ansTepHaTMBHBIN
BapvaHT [OCTOBEPHOro OnpeaeneHnus MaccoBOro
pacxofa 1 CyxOoCTU BMaXHOro napa Ha yCTbe Kaxaon
CKBa)XWHbI C LIENb0 KOHTPONs y4é€Ta n obecnedeHnsi
bornee  TOYHOrO  perynMpoBaHUsi  NPOLECCOB
napoTensioBOro Bo3nencTaus.

MaTtepuansi n metoabl

[ns oueHkM yyéTta 3akayvBaemoro B nnact
napa npegnaraetcs anroput™M MO MOCTPOEHMIO
MaTemMaTU4yecKo Mogenu cumynsumMm aByxdasHoro
noTtoka «nap — soga» B cneul10.

Mopgc4éT pacxoga M cyxocTu  napa,
nocTynatLLero no naponpoBoAdy 3 naporeHeparopa,
npoBogMncs And  YCcTbs MapoHarHeTaTenbHbIX
ckBaxknH 2057, 4930, 4921.
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Ucnonb3oBaHHoe cneullO sBnsieTcs cumynsi-
TOPOM  MOAENUPOBAHUS  CETU  MapONpOBOAOB
M HarHetaTesNbHbIX CKBaXkKMH Al 3akadyku napa
B nnacr.

Mpun onpegeneHun pacxoga  TEMNsIOBOro
areHTa NMHC pacxoxaeHne OTKIOHEHWUsT pacYETHOrO
3HaYeHWs1 CyXOCTW, OMpPEeAeneHHOro C MNOMOLLBHO
cneulO, B cpaBHeHMM C TennoBbiM 6GanaHcom
Bapbupyetcs B AnanasoHe ot 1 o 3%, 4to aensetcH
[0NyCTUMBIM.

Oco6eHHOCTM Ha3eMHOW CUCTEMBI

rnaposaka4ku Ha mecTtopoxaeHuu K

C 2009 r. Ha mecTopoxaeHun K npumeHsitoTcs
naporeHepaTopHble YCTaHOBKU (manee -
Mry) tuna MICY (mobunbHaa TMIY) wu CHIY
(cTaunoHapHas nry) NPOU3BOANTENbHOCTbLIO
11, 18 u 23 T1/M. HomwuHanbHble paboyne
napameTpbl napa AaHHbIX YCTAHOBOK konebntorcs
B criegyowmx npegenax: [naBneHune -
6—17,2 Mla, Temneparypa — 276-353°C.

MpepHasHavyeHnem MICY u CIIY saensertcs
BblpaboTka BMaXXHOMO0  HacCbIWEHHOro  napa
ONs NapoTeNnOBOro BO3AENCTBUSI HA MPOAYKTUBHbIE

He(TAHblE  nracTbl  C  Uenbilo  MOBbILWEHUS
KoapduLUMEHTA WU3BMEYEHUA W MHTEHCMMKaLMN
[obblunm  HehTM Ha MecTopoxaeHun. Bbipaba-
TbiBAEMbI TENMOBOW areHT TpaHCnopTMpyeTCcs
Ha [HC 4yepe3 naponpoBodbl MOGUMBHOMO
W cTauMoHapHoro Tmna.

Bce TI'Y npowussogutenbHoctblo 11 T/
(MIMrY-111) n yacte MIY npovsBoanTENLHOCTHIO
18 1/u4 (CII'Y-181) nogkntoyensl k MHC Hanpsmyto
yepe3 MOOWIbHbIE  CUCTEMbI  MAPONPOBOAOB,
cocTaBnsis TakMm 00pas3om  MHAMBUAyanbHble
ans OaHHbIX naporeHepaTopoB cuUcTeMbl
HarHeTaHuss c  npusaAskon no 3-5 [MHC.
B uvHOMBMAOyanbHbIX CUCTEMax Ha  TeKyLui
MOMEHT 3agencTBoBaHo 5 ea. MIMTY-11 n 13 en.
Crry-18, Bcero nogkniodeHo 101 MHC (29%
oT genctaytowiero coHaa MHC).

OcHoBHas 3akayka TennoBoro areHTa Ha NMHC
Npou3BOAMTCA Yepe3 eAuHYyl  CTauMOHapHYo
CcUCTEeMYy MaponpoBOAOB, B KOTOPYK MOAKIHOYEHbI
Bce 16 ea. MY npousBogutenbHOCTbiO 23 T/M
(MNry-23t) n 6 eg. Crry-18t, Bcero Kk AaHHOW
cucteme nogknodeHo 71% pencTeytollero doHaa
MHC (248 eqn.).

PucyHok 1. TeopeTuuyeckme oCHOBbI OLlEHKM KayecTBa napa [9]
Figure 1. Theoretical basis for steam quality assessment [9]

TeopeTuyeckme ocHOBbI onpeaeneHus

KayecTBa napa

OnpegeneHne kadecTBa napa  CBS3aHO
C (ha3oBbIMM nepexogamu BOAbl NPU U3MEHEHUU
Temneparypbl, AaBneHusi " QHTanbNuu.
Ha puc. 1 ycnoBHO npegctaBneH  NyTb
n3MeHeHust a3 BoAbl OT pe3epByapa A0 CTBona
CKBaXWHbI MO COOTHOLWeHNAM «paasnexdve (P) —
aHTanbnua (H)» (panee — PH) u «paeneHune
(P) — temneparypa (T)» (nanee — PT). 3a npe-
AenaMmu  ycrnoBui  KUNEHWst npu  onpegeneHHoMm
[OaBNeHUN U3MEHEHWE 3HTanbNMU BOAbI NPUBOAMT
K M3MEHEeHMI0 TemnepaTtypbl (MuHUK a, b). OgHako,
Oyaoyum npuBeOEHHOW K  YCIOBUSAM  KUMEHWs
(nHuK b, ¢ Ha PH guarpamme), npy NOCTOSHHbIX
AaBrneHun n Temnepatype Boga notpebnser Tenno

§Q e
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Ha NocTeneHHoe MUcnapeHne XUAKOCTU B nap — HeT
peskoro nepexofa OT ofHou asbl kK Apyron. Tonbko
nocne 3aBepLueHus (ha3oBOro nepexoga aHTanbLNus
O6yner okasbiBaTb BMSHWE HA  MOBbILEHWE
Temnepatypbl (MuHum ¢, d). [anee no nyTu
crnepfoBaHUsa Napa OT UCTOYHUKA K CTOKY C MEHbLUMM
fAaBrneHvweM BoAa TepsieT Tenmno 1 BHOBb NepexoanTt
B AByXdasHyt obnactb (nuHum d, e, f, g) [9].

OcHoBHasi Uenb NpuW 3akayke napa -—
[0CTaBWTb B NIACT Kak MOXHO 6onbLuyto 4onto napa,
a He XWAKOCTW, unn Gonee BbLICOKUIA NO Ka4yecTBy
nap. KayectBo mapa — 3TO OTHOLUEHWE Macchbl
[onu napa Kk cymme Macc Aonen napa u XuakocTu
unm Kk oblwei Macce Boabl B OnpeaeneHHOM
obbéme (1).
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m (nap)

KauectBo napa =

p(nap) + S(nap)

m (nap + XHAKOCTb)

(1)

= p(nap) * S(nap) + p(KUAKOCTB) * S (KUAKOCTD)

rae m — Macca, Kr; p — MroTHOCTb, Kr/M3; S — HacbILWeHHOCTb drtonaa, m3.

OnucaHue onpepeneHus pacxona u
CYyXOCTM TensyioBoro areHTta Ha yctoe NMHC
¢ npumeHeHuem cneulo

Ons onpegeneHnsi pacxoga W CyxoCTu
TennoBoro areHTa Ha yctbe [MHC ncnonb3oBanock
crneuylO, «KoTopoe  HABMNSETCA  CUMYNATOPOM
no MogenupoBaHuio MHorodpasHoro notoka [10].
Onsa pacy€ToB wucnonb3oBanachb koppensiuus
«Hagedorn & Brown» gnsi BepTUKanbHOro notoka
n «Beggs&Birill revised» ons ropM3oHTanbLHoOro.

[ns mogenupoBaHus 3akadvku napa B cneul10
BbINOSHAETCS 3 OCHOBHbIX 3Tana:

1) nponuceiBatoTCH COOTBETCTBYOLLME
Knoyesble crnosa B Engine keywords guanorosoro
okHa HOME — Simulation settings — Advanced:

a) ecnu aHanuaupyeTtcsi TONMbKO CKBaXuHa,
TO nponucbiBaeTca Steam B 6noke Single branch
keywords. [lleperpeTbin nap 3agaetcs TOMbKO
npu AaHHOM KroyeBoMm crnose. Ecnn Ha ycTbe
M3BECTHO KayecTBO Mapa, TO OHO YKa3blBaeTCs
yepes «Inlet Quality» = 0.9, Hanpumep. 3agaBaemas
ronb3oBaTenem Temrnepartypa B 3ToM crnyyae 6yaet
UrHOpMpOBAaTbCS;

0) ecnu aHanu3npyeTcs CeTb, BKIOYaA CTOKM
WINK CKBaXKMHbI, TO NponuceiBaeTcd setup comp = steam

B 6noke Network keywords (bottom). MNeperpeTbin
nap 3agaertcs TOMNbKO NP AaHHOM KITH0YEBOM CIlOBe.
Ecnun Ha nCToYHMKE N3BECTHO KavecTBO Napa, TO OHO
ykasblBaeTcsi Yepe3 source name = ‘Source’ quality
= 0.9, Hanpumep, rae ‘Source’ — MMSI UCTOYHUKA.
3apaBaemas nonb3oBaTenem TeMmnepaTtypa B Takom
cnyyae byaeTt UrHopupoBaTbCs;

2) 3apaeTca uucTaa Boda depe3 mopernb
«Black oil»;

3) ecnm B rPaHNYHbIX YCrnoBMsIX
onpegensieTcs  pacxod, TO OH [JOMmkeH ObiTb
MaccoBbIM (mass rate BMecTo liquid rate).

MHOekc  npogyKTMBHOCTM — HarHetaTenbHON
CKBaXWHbl 3apaetca Ansa  xugkoctn.  OueHka
Ka4yecTBa rasa nmocfie pacyétoB MPOBOAUTCSH
yepe3 napameTp «Flowing gas mass fraction»
(Maccoeass pgonsi notoka ras3a) BO BKNagke
«Profile results» (puc. 2). AHanu3 3akadku napa
B cucTemy otobpaxaetrca B OTyeTe Ha BKnagke
«Output summary» (puc. 3). KayectBo napa
paccyMTbiBAETCA C MWCMNOMb30BAHMEM OTAENbHOIO
naketa  mMogenupoBaHus  kugkoctm  ASTEM
Ha OCHOBE MeXAyHapoAHblX Tabnuu CBOWCTB napa
IAPWS-IF97.

PucyHok 2. OueHka kayecTBa rasa no napametpy «Flowing gas mass fraction»
Figure 2. Gas quality assessment by “Flowing gas mass fraction” parameter

DOI: 10.54859/kjogi108736
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PucyHok 3. OT4yeT no 3aka4yke napa Ha Bknagke Output summary
Figure 3. Steam injection report on the Output summary tab

ApanTauus cetu naponpoBoAoB

Ona apantaummn cetn naponposogoB B 1O
MOXET MCNONb30BaTbCA HECKOMbKO (PYHKLNA.

Bo-nepBbIX, CTOMT OTMETUTL MeHemXepbl
OaHHbIX, Takme kak HOME - Flowline manager
n HOME - Simulation settings — Heat transfer
(onums «Use local», pabota c nepemerHom «U value
multiplier»). Bo-BTOpbIX, BHUMaHWS 3acnyxwuBaeT
nogxod MO aBTOMaTWU3VPOBAHHOMY HaXOXOEHWIO
AvameTpa YCTbeBOro LTyuepa Mpy 3agaHHOM

orpaHudeHuM  Ha  pacxog.  Ons  3anycka
ONMTUMU3ALMOHHOTO pacuéTta BbINOMHsIETCA
cregyioLiee:

1) Heobxoammo [eaKTnB/MpoBaTb
BCE WITYyLEepsbl nepen HarHeTaternbHbIMU

ckBaxkuHamu (puc. 4);

2) B3aMeH yCTaHOBUTb LUTYLEepbl B 06bekTax
CKBaXWH Ha ypOBHe YCTbsl C AvameTpom Oonblue
avnametpa HKT (puc. 5);

3) ycraHaBnuBsatoTcH orpaHu4eHns
Nno MaccoBOMy pacxofy Anst TpebyeMbiX CKBaXWH
B Network simulation Ha Bknagke «Rate constraints».
Ona [faHHbIX CKBaXWH YKasbiBaeMbIM TPaHWYHbIM
ycnosvem Ans pacyérta byaert AasneHue;

4) ycTaHOBMB BCE [paHWYHble YCIOBWS,
3anyckaetcad Network simulation Ha pacuér.

GO e
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MopobpaHHble AMaMeTpbl LWTYLEpPOB MOKa3aHbl
Ha Bknaake Output summary (puc. 6).

B-Tpetbux, ecnu HabnogatoTcs npobnemsl
cxogumoctn  pacyéta [11], m Mo Hemy ecTb
pacyéTHble [aHHble, MOXHO BW3yanMaupoBaTb
BekTopbl Ha kapTe GIS map. Ha Bknagke « FORMAT »
akTuBupyeTca «Results gradients» n BbiGupaetcs
aHanuampyembli napametp, Hanpumep, «Pressure
gradient» (puc. 7). No pa3bpocy 3HaYEeHUI MOXHO
naeHTudunumMpoBaTb NPOBNEMHbIV YYaCTOK.

YcnoBusa u gonylieHnUsi Npyu BbINONHEHUN

pacyétoB

Ha norpeluHOCTb pe3ynsTaToB MOTyT NOBNUATL
crnepyoLmne akTopbl:

—  CONeoTNOXEeHUsI B 3MeeBUKe naporeHepa-
TOpa, a Takke B NapornpoBoAax;

—  KOPPEKTHOCTb 3aMEpPEHHOro  YCTbEeBOro
[AaBrneHus, TemnepaTypbl U AnameTpa NpUMeHsemo-
ro wryepa;

—  pasHoe COCTOsIHME y4acTKOB NaponpoBoaa
W, Kak CneacTsue, pasnuyHas LLepOXOoBaTOCTb,
a Takke  BHYTPEHHWA  YCMOBHbIA  NPOXOA.
Mpu pacyéte ucnonb3ylTCA CpPeoHWU MoKasaTernb
LLIepoXxoBaToCTM U HOPMATUBHOE  3HayeHue
YCNOBHOrO npoxoaa.
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PucyHok 4. leakTuBauus o6bekra Choke B Network schematic
Figure 4. Deactivation of Choke object in Network schematic

PucyHok 5. YcTtaHoBKa ycTbeBOro wityuepa Ha Bknagke Downhole equipment
Figure 5. Installation of the wellhead choke on the Downhole equipment tab
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PucyHok 6. BbiBoa onTumanbHOro gnameTtpa wryuepa B oT4eT Ha Bknagke Output summary
Figure 6. Output of the optimum choke diameter in the report on the Output summary tab

PucyHok 7. Pe3ynbTaTbl pac4éToB No rpagueHTy AaBneHus B GIS map
Figure 7. Calculation results of the pressure gradient on the GIS map

Pe3ynbTaTthl ruapaBnnyeckux pacyéToB

B MO

B Tabn. 1 npuBeaeHbl CpaBHUTENbHbIE
rokasaTesiv NPOMbICNOBbIX AAHHBIX C pe3ynbTataMm
rmapaenuyecknx pacyétoB B cneullO n cyxocTu,
paccyMTaHHOM No TENNOBOMY GanaHcy.

Kak BUOHO 13 NnpyvBeaeHHOM Tabnuubl, CyXocTb
napa Ha BbIxode naporeHepatopa Mo pesynsratam
rmapaenuyeckmx pacvértoB B creuyllO coctaBuna
33%, 4TO 4BNSIETCA COMOCTaBUMbIM C AaHHbIMUW
TennoBoro GanaHca (34%), B TO Bpewms
KaKk no MnpOMbICIIOBbIM [aHHbIM CyXOCTb napa
(71%) 3HauMTENbHO NpEeBbILAET 3TU  3HAYeHUs.
Takum obpasom, pesynbraTtbl pacyéra CorfacHo
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paspaboTtaHHomy anroputmy B cneul1O nossonsot
OLUEHUTb TeKkylwmuii obbEM 3akaukv napa Ha ycTbe
MHC.

O6cyxaeHue

OnpepeneHne MaccoBOro pacxofa W CyxoCTu
TEMMOBOrO areHTa Ha YCTbe napoHarHeTaTerbHbIX
CKBaXXWH MpeacTaBnsieT coboin KhyeByto 3agaqvy
5151 OLLeHKM TEeNNonpon3BOaANTENBHOCTY U TEMNNOBON
3(hPEKTUBHOCTN MPUMEHSIEMbIX MaporeHepaTopoB.

B paHHOM HayyHOW cTaTbe paccMmaTpuBaeTcH
pa3spaboTka " peanusaums anroputma
ONs  [OOCTOBEPHOro  OMNpedeneHnst  ykasaHHbIX

napamMeTpoB C UCNOJ1b30OBaHNEM cneuo.
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Ta6nuua 1. CpaBHUTENbHbIE NOKa3aTeny NPOMbICIIOBbIX AaHHbIX € pe3ynbTaTamu ruapaBnuvyeckux
pacuyétoB B cneullO 1 TennoBbIM 6anaHcom

Table 1. Comparative indicators of field data with

the results of hydraulic calculations in specialized

software and thermal balance

OunameTp YcTbeBoe YcTbeBas [aBneHue Ha BbIxoae Temnepartypa Ha
Ne ckB. | wryuepa, Mmm | Q, T/cyT | npaBneHwue, aT™M Temnepartypa, °C Mr, atm BbiXoge KoTna, °C
Well No. Choke Q, t/day | Wellhead pressure, Wellhead Gas separator outlet Boiler outlet
diameter, mm atm temperature, °C pressure, atm temperature, °C
Mpombicnoeble aaHHble / Field data
2057 18 76 19 202
4930 16 179 16 208 48 263
4921 - 12 19,5 213
npodomkeHue mabnuubl!
table (cont'd)
YcTtbeBas CyxocTb CyxocTb napa Ha Bbixoge M, %
YcTbeBoe OHTanbnua 0
Temneparypa, napa Ha Steam dryness at gas separator outlet, %
Q, T/cyT| paBneHwue, °C yeTbe, % cnionpa Ha
Necks. | Qt/ ar Wellhead ST yetbe, KIK/KT | npombicn no no Tennosomy GanaHcy
day revzzlllxl::a:tm temperature, | dryness at fl:llélltl‘hzr;?allg%(at panmbie (o o | according to the heat
p g °c wellhead, % g 9 |field data balance
CneuwnanuauposaHHoe MO / Specialized software
2057 126 19 202 40 1670
4930 79 16 208 41 1671 71 33 34
4921 60 19,5 213 37 1622

Llenbto gaHHoro nccnenoBaHus 6bino co3naHve
METOAMKN, KOTOpasi NMO3BONUT HEAPONONb30BaTENO
onepaTMBHO W TOYHO oOMNpedenaTb MacCOBOW
pacxof TEMNOHOCUTENS U ero CyxoCTb Ha YCTbe
napoHarHeTaTeNbHbIX CKBaXWH. Pa3paboTaHHbIN
anropmMTM OCHOBBIBAETCS Ha KOMMIIEKCHOM Noaxoae
K aHanunsy AaHHbIX, BKM4YaLwem matematundeckoe
MOJEnNupoBaHne TENNOBLIX NPOLECCOB, aganTaumio

K W3MEHSIIOWMMCS  YCMOBUSIM  3Kchnyatauum
N YYET TEXHNYECKUX OCOOEHHOCTEN KOHKPETHOro
obopyaoBaHus.

OpHum n3 3HAYUMbIX pe3ynsTaToB

ncecnegoBaHna ABndeTcqa TOMHOCTb U yCTOVI‘-WIBOCTb
anropuTMa B pasfU4HbIX YCIMOBUSIX 3KCMnyatauum
CKBaXWH. 310 nocTuraercs 6narogaps
MCNOSb30BaHUIO COBPEMEHHBIX MeTofoB 06paboTku
OaHHbIX 1 anroputmoB B cneul1O, no3BOnsAOLWMX

KOMMeHcHpoBaTb BO3MOXHbIE haKTopbl

HeonpeaenéHHoCT,  TakMe  Kak  M3MEHeHus

Temneparypbl U AaBneHUs TENMNOBOro areHTa.
JanbHelwee pa3BuTue nccrnenoBaHns

MOXET BKIOYaTb paclumMpeHne yHKUMOHANbHBIX
BO3MOXHOCTE  MporpamMMHoro  obecneyeHus,
npuMeHeHve COBPEMEHHBIX [aTuYnKoB
1 NPpMBOPOB Ans MOBLILLEHNUA TOYHOCTM U3MEPEHNN,
a TakKe WHTerpauuMio C CMCTEMaMu MOHWUTOPUHra
W ynpaBrieHuss AN aBTOMaTU3auMu MnpoLeccoB
noaAepXKaHusi oNTMMarnbHbIX NapameTpoB paGoTbl
CKBaXWH.

OpHako criefyeT OTMETUTb, YTO peanuaaumsi
anroputma TpebyeT cobGniogeHus psina
TEXHUYECKUX U OPraHM3aLMOHHBLIX MEepPOMnpPUATUI

ons obecneveHnss HagexHocTM u 6HesonacHocTu
aKcnnyataummM CUCTEMbl Napo3akayku. BaxHbiM
acnekToMm Takke sBnsieTca obyyeHve nepcoHana
N perynspHoe OGHOBMEHME MeTOOMK Ha OCHOBE
HaKOMIEHHOro OnbiTa M HOBbIX TEXHONMOTMYECKNX
peLueHun.

Takum o6pa3oM, paspaboTaHHbIi B pamkax
uccrneaoBaHus  anropuTMm  npeacTaensieT  cobon
3HaYMMbIN LIar B HaNpaBlieHN COBEPLLEHCTBOBAHUS
MOCKBaXXUHHOIO Y4€Ta pacxofa napa n obecneveHus
3 PeKTUBHOIO KOHTpONs n BO3MOXXHOCTHU
perynvpoBaHvus 3akayku napa B pasfnnyHbIX
YCINOBUSIX  3KCMnyaTauum  napoHarHeTaTesbHbIX
CKBaXXWH.

[Ons cpaBHEHMS MOMyYeHHbIX pPe3ynbTaToB
c MOAEnNbHo cnenyet NpoJoOMmK1Tb onn
ONS CTauMOHapHbIX NaporeHepaTopHbIX YCTaHOBOK
C YYETOM KOnuyecTBa CKBaXvH Ha eguHuuy [,
NPOTSPKEHHOCTU BbIKUAHbBIX MUHWUIA, TOYHOCTU 3amMepa
[aBneHusi, Temnepartypbl U opyrux hakTopos.

3aknoyeHue

1. Ha cerogHslWHWIM AeHb He NpeaCcTaBUIoCh
BO3MOXXHbIM nogo6patb o6opynosaHue,
nossonsiollee KOPPEKTHO PEerMcTpmpoBaThb

OByxdasHbll MOTOK 3aKayMBaeMoro B CKBaXWHbI
NapoTennoBOro areHTa, XxapakTepHoro Ans ycrnosuin
mecTopoxaeHus K.

2. C uenbilo MOBBIWEHMS TOYHOCTU Y4éTa
paspaboTtaH anropuTm pacyéta obbEMa 3akauyku
Ha ycTbe MHC ¢ nomowbo cneunanuaMpoBaHHOMo
Mno.
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3. PaspabotaHHbin anroputm B cneullO
NO3BOSSET OLEHUTb TEKYLLMA 06bEM 3aKaykm napa
Ha yctbe MHC u opobpeH Heapononb3oBaTenem

OONMONHUTENbHO

UcTouyHuK hpuHaHCUpoBaHuUA. ABTOpbLI 3asaBns-
toT 00 OTCYTCTBMM BHELUHEro UHaHCUPOBaHUS
npu nposeaeHUn nccrnegoBaHuA.

KoHdnukr wuHTepecoB. ABTOpbl AeknapupyloT
OTCYTCTBME SIBHbIX U MOTEHLMAanNbHbIX KOH(IMKTOB
WHTEPECOB, CBA3aHHbIX C Mybnukaumnen HacTosLen
cTaTtbm.

Bknap aBTOpoB. Bce aBTOpbl NOATBEPXKAAKT CO-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
kputepusim ICMJE (Bce aBTOpbl BHECNU CYLLECTBEH-
HbI BKnag B pa3paboTKy KOHLEeNuuu, npoBeaeHne
uccnefoBaHust U MOArOTOBKY CTaTbM, MPOYNN U 080~
Opunu duHanbHyl0 Bepcuio neped nybnukauven).
Hanbonbwmin BkNag pacnpefdenéH cregyomm
obpasom: EpnenecoB M.Y. — paspaboTka OCHOB
M KOHTPOMb 3a XOO4OM NPOBEAEHMSI uccrenoBa-
HWS, BbINONMHEHME pacyETHOW YacTu B crneuuwanu-
3MpOBaHHOM MporpaMMHOM obecneyeHun, aHanus
W nocnepgyoLias UHTepnpeTaums gaHHbIX uccreno-
BaHus; EpmekoB A.A. — obLias pegakums pykonucu
ctatbu; Amupoe C.K. — cuctematnsaumus n obpabor-
Ka AaHHbIX UCCreaoBaHus.

CMUCOK UCMONb30BAHHOM NIUTEPATYPBI

ana npuMeHeHua Ha MeCcTopoXxXxgeHumn B Lenax yLIéTa
MacCOBOIro pacxoga napa rno CKBaXvuHam.
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Opu rmHanbHoe uccriegoBaHue

AHanus npumeHeHuns nponnaHTHoro NPl npu ocBoeHuun
ra3okOHAEeHCaTHbIX MeCTOPOXAEeHUN co cnabdo NnpoHuLaeMbiMU
KONJIeKTOpaMn HUXKHEBU3ENCKUX U CepPryXOBCKUX OTIIOXEHUIN

P.A. Ocyb6anues, B.P. TyneH6aeBa, A.B. KoHbic
KasHUIPU, 2. Ameipay, KazaxcmaH

AHHOTALMUA

O6GocHoBaHMe. B ycnoBusix HapacTawlolen HexBaTkM rasa B CTpaHe, pocTa BHYTPEHHEro
noTpebneHnss rasa U HeobGXOAUMOCTM YBenUYeHust ero [obbluM, OCOOEHHO Ha MeCTOpPOXAEHUsIX
C HW3KOMPOHWULAeMbIMK  KOMsfekTopamu, MoBbllleHne 3gEeKTMBHOCTM  pa3paboTky  ra3oBbixX
MECTOPOXAEHUI CTaHOBUTCSA BCE Bornee akTyarnbHbIM.

Uenb. Ontummsaumss OobbluM  MECTOPOXOEHUA  C  HU3KOMPOHMLAEMBIMU  KOSfeKkTopamu
C WCMonb30BaHMEM MPOMMAHTHOrO rmapopaspbiBa nnacta (ganee — [PI1), HanpaBneHHas
Ha MOBbILLIEHNE NPOHNLAEMOCTI MacToB U yry4ylleHne NPoM3BOANTENBHOCTU CKBaXKWMH.

Martepuanbl 1 metoabl. O6bLEKTOM MCCrenoBaHus SIBNSIETCS ra3o0KOHAEHCATHOE MecTopoxaeHue X,
pacnonoxeHHoe B MoiibiHkymckoMm npormbe Ly-Capbicyiickoii BnaamHbl B >Kamb6binckon obnactu.
B xome wccnepoBaHus npoBedéH OeTanbHbI  aHanM3 3dPEKTMBHOCTM MOBTOPHbIX OMepauun
PI c y4éTom TOHHaXHOCTM nponnaHTa. Ha ocHoBe 3TOro npeanoXxeHa MeToAMKa OMTUMM3aLUK
napameTpoB noetopHoro P, 3akntovatowasicss B KOPPeKTMpoBke o6bEMa 3akaymMBaeMoro nponnaHTa
ONA M3MEHEHWs reoOMeTpUM TPewmH W MOBbIWEHUS MNPOAYKTUBHOCTU CKBaXKMH. [OMONHWUTENbLHO
paspaboTtaH HOBbLIM noaxon K apantaumum Metoauku [Pl ans ycrnoBuid, XapakTepusyoLmxcs
BbICOKMM PWCKOM HaKOMIIEHUsI XUOKOCTM B CTBOME CKBaXWHbl. B oTnnume OT TpaguUMOHHBIX
peLleHuid, npeanioXeHa KOMMMEKCHast cTpaterms crabunusaumm gobbluv, BKMOYatowas WMHTerpauuto
MEXaHU3MPOBAHHOIO yAaneHUst XUAKOCTU (KOMTIOOUHN, MEeHHO-UHrMOUpYyoLWasn Lwallka, niyHXepHbIN
nmoT).

PesynbraTtbl. BbiSIBNIEHO, 4TO COXpaHeHWe MepBoHa4yanbHOro ob6béma 3akadku Npu MOBTOPHbIX
onepauusix PM He npuBOAUT K 3HaAYUTENbBHOMY YBenuYeHWo nebuta rasa. AHanM3 OaHHbIX
nocne nposegeHus Pl noaTtBepann apeKkTBHOCTL MPUMEHEHHOW CTpaTernn, YTo BblpaXkaeTcst
B M3MEHEHMU ra3oKoHAeHcaTHoro dpaktopa M crabunusaumm nebuta. Kpome TOro, B HEKOTOPbIX
CKBaXXMHaX BrepBbl€ MCMONb30BaHbl PacTBOpMMbIE BOIOKHa B npouecce [Pl. AHanu3 nokasan,
YTO WX MPUMEHEHWE MPUBENO K MOMNOXUTENbHLIM pesynbratam — YNy4ylweHuto MNpoBOAUMOCTU
TPEWUH 1N yBENUYEHUIO NPOAYKTUBHOCTN CKBaXKWH, YTO Aenaer AaHHYK TEXHOMOrni nepcrekTUBHON
O51s fanbHEeNLWero BHeApEeHs.

3aknyeHune. Mtorn wuccnegoBaHus MokasbiBatoT, 4To nepBuyHble [Pl obecneuvBator Gonee
3HaAYMTENbHBIM NPUPOCT AebuTa rasa no CpaBHEHMIO C MOBTOPHbLIMU OMepaunsiMu, YTO NOAYEPKMBAET
Ba)XHOCTb TLLATENbHOIO BbibOpa BpemMeHu M 0ObEMa nponnaHTa Ans MakcuMm3auumn 3eKkTUBHOCTU
noeTopHbIX [Pl1. Ha mectopoxgeHun X Pl ocTaetca kn4veBbIM MeponpusatMeM Ans yBenuyeHus
NPOU3BOANTENBHOCTM HOBbIX CKBaXKWH, MPU 3TOM PEKOMEHAYeTCs NMpoBOAWTL MCCNedoBaHUSA KPWBbIX
BOCCTaHOBMEHUS AaBfeHMs OO0 M MOcre onepauun Ans MOHUTOpPMHra 3(dEKTOB U KOPPEKTMPOBKU
TEXHOMOMMU. YunTbiBasi OCOOEHHOCTM KOMnekTopa W WHTepdepeHumo aaBreHus, Heobxoammo
TwatenbsHO noabupatb AM3alH onepauun M ob6bLEM MponnaHTa Ans OOCTMXKEHUS ONTUMarbHbIX
pe3ynbTaTos.

Knroyeesie crnoea: eulpaenuyeckull paspbi8 rjacma, 2a30KOHOeHCamHOe MeCcmopoXOeHUe,
HU3KOMPOHUUaeMble KOJIIeKmMOopbl, 08MOPHbIe ornepayuu, onmumu3dayus 000bi4u, ysernudeHue
npumoka, nnaduposaHue [Pr1.

Kak uutupoBatb:

fOcybanues PA., TyneHbaesa B.P, KoHbic A.5. AHanua npumeHeHusi nponnaHTHoro Pl npu ocBoeHun
ra3oKOHAEHCaTHbIX MEecTOpOoXAeHWn co crnabo npoHMUAemMbiMU  KOMSEKTOpaMuM  HUXKHEBU3ENCKUX
N CEPMNYXOBCKUX OTNOXEHWUIA // BecTHWk HedTeraszoBon otpacnu KasaxcraHa. 2025. Tom 7, Ne1. C. 66-78.
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Analysis of the Application of Proppant Hydraulic Fracturing in
the Development of Gas Condensate Fields with Low Permeable
Reservoirs of the C,v,; and C;sr Deposits

Renat A. Yussubaliyev, Bayan R. Tulenbayeva, Akbayan B. Konys
KazNIGRI, Atyrau, Kazakhstan

ABSTRACT

Background: The ongoing shortage of natural gas in the country necessitates enhanced efficiency
in gas field development. Alongside domestic gas consumption, the demand for higher production
volumes, particularly from low-permeability reservoirs, further emphasizes the relevance of this study.
Aim: To optimize the production in fields with low-permeability reservoirs through proppant hydraulic
fracturing (HF) to increase the permeability of formations and improve well productivity.

Materials and methods: The study’s object is the gas condensate field X, located in the Moyynkum
trough of the Shu-Sarysu depression in the Zhambyl region. During the study, a comprehensive
analysis was conducted on the efficiency of refracturing operations, with a specific focus on proppant
tonnage. As a result, a methodology for optimizing the parameters of refracturing was proposed.
This methodology involves adjusting the volume of injected proppant to alter the geometry of fractures
and enhance well productivity. Furthermore, a novel approach to adapting hydraulic fracturing
techniques for conditions with a high risk of fluid accumulation in the wellbore has been developed.
Unlike conventional solutions, this approach introduces a comprehensive production stabilization
strategy that incorporates mechanized fluid removal methods, such as coiled tubing, foam-inhibiting
check valves, and plunger elevators.

Results: It was determined that maintaining the initial injection volume during repeated HF operations
does not significantly enhance the gas flow rate. An analysis of the post-fracturing data confirmed
the effectiveness of the applied strategy, as evidenced by changes in the gas-condensate factor
and the stabilization of flow rates. Additionally, soluble fibers were utilized for the first time in some wells
during the HF process. The analysis indicated that their application yielded positive outcomes, including
improved fracture conductivity and increased well productivity, suggesting that this technology holds
promise for future implementation.

Conclusion: The findings of the study indicate that it yields higher gas production gains compared
to refracturing. This highlights the significance of precise timing and careful selection of proppant volume
to optimize the effectiveness of refracturing. In the X field, HF continues to be a crucial intervention
for enhancing the productivity of new wells. It is advisable to conduct pre- and post-operation pressure
recovery curve analyses to monitor impacts and refine the technology used. Considering the reservoir
characteristics and potential pressure interferences, the operation’s design and the proppant volume
must be meticulously planned to achieve the best possible outcomes.

Keywords: hydraulic fracturing (HF), gas condensate field; low-permeability reservoirs; refracturing;
production optimization; inflow enhancement; HF planning.
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TynHycka 3epTTey

TeMeHri BU3MANDbIK XXoHe ceprnyXoB LeriHAainepiHiH oTKi3riwTiri
TOMEH KonneKkropriapbl 6ap ras KOHAeHCaTTbl KEH OpbliHAAPbIH
urepy kesiHge nponnaHTThl KIMNK KongaHyabsl Tanpay

P.A. lOcy6anueB, B.P. TyneH6aeBa, A.B. KoHbic
Kasf3fbU, Ambipay Kanacel, KasakcmaH

AHHOTALUA

Herizpey. Enimisge ra3 tanwbinbifbiHbIH 6CYi, rasapbl iWKi TYTbIHYAbIH ©CYi )X9He OHbl eHAIPYAI ynFanTy
KaXXeTTiniri »arganbliHOa, acipece eTKi3riwTiri TeMeH konnekTopnapbl 6ap keH opblHAapbliHAA ra3 KeH
OpbIHAAPLIH Urepy THimMainiriH apTTbipy 6apfaH cabliH ©3ekTi 6ona Tycyae.

Makcatbl. KaGaTtTtapablH ©TKI3riTiriH apTTbipyfa >8He yHFblManapablH eHIMAINiriH  xakcapTyFa
GarbiTTanfaH kabaTTbliH NPONaHTTLI rMAPaBnUKanbIK xapyblH (6yaaH api — KIK) napganaHa otbipbin,
OTKI3riTiri ToMeH konnekTopnapbl 6ap KeH opbliHAAPbLIH HAIPYAi OHTanNaHabIpy.

Matepuangap MeH agictep. 3epTTey HbicaHbl XKambbin obnbicbiHaarbl LLy-Capbicy ovinaTbiHbIH
MotblHKyM oMnnatbiH4a opHanackaH X ra3 KOHAeHCaTTbl KeH OpHbl 6Gonbin Tabbinagbl. 3epTTey
GapbiCcblHAa MPONMaHTTbIH TOHHACLIH eckepe OTbipbin, KK kaiTanama onepauusinapbiHbIH
TvimMAainiriHe enken-Tenkenni Tangay kyprisingi. OcCblHbIH HeridiHae apbiKTapAblH reoMeTpUSACHIH
e3repTy XoHe YHFbIManapAblH eHIMAINIMH apTTbipy YWiH anganaTbiH NPONaHTTbIH KenemiH Ty3eTyaeH
TypaTtbiH kanTanama KIMNK napametpnepiH oHTannaHnablpy S4icTeMeci YCbiHbINAbl. YHFbIMa OKNaHbiHAA
CYMBIKTBIKTBIH XWHaMybIHbIH XOfapbl KaymiMeH cunatTanartblH >xargannap yuwid KK spictemeciH
GerimaeyniH xxaHa Tacini KocbiMLwa a3ipneHai. JacTypni wewwimaepaeH aibipMallbibifbl, CYyNbIKTIKTbI
MeXaHVKanaHabIpbIFaH KoAbl (KONTYOUHr, kebikTi TexenTiH Aonbbl, nopleHbai nudT) GipikTipyai
KaMTUTbIH ©HAIPICTI TypaKTaHAbIPYAbIH KEeLleHAi CTpaTernschbl YCbiHbINAbI.

Hatuxenepi. KK kantanama onepaumsanapbl kesiHge 6acTtanksl angay kenemiH cakray ra3 gebuTiHiv
anTapnblKkTanl yrfalobliHa aKkenvenTiHi aHblikTanabl. KK KyprisreHHeH KeniHri gepektepai Tangay
KOnAaHbiFaH cTpaTerusiHbld, TUIMAINIriH pactagbl, O6yn ra3 koHAeHcaT (aKkTOpbIHbIH, ©3repyiHeH
XaHe [OebWTTiH TypakTaHyblHaH KepiHedi. CoHbIMeEH kaTtap, keibip yHfbiManapga KK npoueciHae
epwvTiH TanwblKTap anfaw peT KongaHbinFaH. Tangay kepceTkeHaen, onapabl KongaHy OH HaTwxkenepre
aKenai — xapblkTapablH OTKI3riLWTIriH XaKcapTy >XoHe YHFbIManapAblH ©eHiMAiniriH apTTbipy, 6yn
TEXHOMNOrMSAHbI OfaH dpi eHri3dy YLUiH NepcnekTuBansl eTesi.

KopbITbiHALI. 3epTTey HaTwxenepi kepceTkeHpew, GacTankpl KK kanWTanaHaTblH onepauusnapra
KapafaHaa ra3 nebuTiHiH aiTapnbikTai ecyiH kKamTamachl3 eteqi, 6yn kantanaHateliH KK Tuimainiriv
apTThipy YLWiH NPOMNMaHTTbIH YaKbiTbl MEH KenemiH MyKWAT TaHAayAablH MaHbi3dblNblfbiH KepceTeai.
X keH opHblHAa KK >xaHa yHfFbiManapablH eHIMAINIriH apTTbipy YLWIiH Heri3ri ic-wapa 6onbin kana
Gepepni, 6yn peTTe acepnepdi MOHUTOPWHI Xacay »XeHe TEeXHOMOrMsiHbl Ty3eTy YLiH onepauusinapra
OeiH xaHe opaH KeWiH KbiCbiMAbl KanmnblHa KeNnTipy KUCbIKTapblH 3epTTey >XYpridy YCblHbINagbl.
KonnekTopablH epekLwenikTepi MeH KbICbiIM MHTepdepeHUUSICbIH eckepe OTbIPbIN, OHTannbl HaTUXere
KON XeTKi3y YLUiH onepaumsaHbIH An3aliHbl MEH NPOMMaHT KeremiH MyKUAT TaHaay Kepek.

Hezizai ce3dep: kabammbl eudpaenukasblK xapy, 2a3 KoHOeHcammbl KeH OpHbI, emki3aiweiwmiai
memMeH Kosiiekmop, KalmanaHambiH onepayusinap, eHOipydi oHmaulnaHObIpy, afbiHHbIH apmybl,
KK xocnapnay.

[anekce3 KenTipy yLiH:
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OTKI3riwTiri TeMeH Konnekropnapbl 6ap ras KoHAEHCaTTbl KeH OpblHAAPbIH WUrepy KesiHge MponmaHTThl
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OPUI'MHAJIbHBIE UCCJIEJJOBAHUA

Tom 7, Ne 1 (2025)

BectHuk Hedrera3osoii orpacin Kasaxcrana

BBeneHune

a3 ABnseTcs BaXXHbIM NCTOYHMKOM
3HEPruM U UrpaeT KIYEBYID POfib B 3KOHOMMKE
KazaxctaHa. B nocnegHue rogel B CcTpaHe
HabntogaeTca 3HaYMTENbHBLIA POCT  BHYTPEHHEro
noTpebneHns rasa, YTo NPUBOAUT K HEXBATKE 3TOrO
pecypca u akTyanuavpyeT HeobxogMmocTb B €ro
onTUMM3ALMN U yBenuyeHun [obblun. Pelenve
aTOM Npobnembl TpebyeT ahPEKTUBHBIX TEXHOOMMI
ana  pa3paboTku  ras’oBblX  MECTOPOXOEHWN,
0COBEHHO TeX, KOTOpbIE XapaKTepPU3YTCH HU3KOM
NPOHNLLAEMOCTBIO KONNEKTOPOB.

MecTtopoxaeHve X, pacnonoxeHHoe
B MonbiHkymckom nporube  Ly-Capbicynckon
BnaguHbl B XXamObinckon obnactu, npeacrtaBnsieT
cobon BaXHbIA 3MEeMEHT B CTpaTerum NoBbILIEHUS]
rasogobbium  KasaxctaHa. 310  MecTopoxaeHve
OTHOCUTCSl K HWKHEBU3EWUCKUM U  CEPryXOBCKUM
OTNOXeHusiIM 1 obnagaer  3HaYUTENbHbIMU
3anacamu rasa, koTopble TpebyloT cneuuanbHoOro
nogxoga  Ana 9 EKTUBHOTO  M3BMEYEHUS.
Mpobnema ¢ HU3KOW MPOHMLIAEMOCTbLIO KOMNMEKTOPOB
aenaet ero ocobeHHO CMoXHbIM Ans pas3paboTku,
yTo TpebyeT NpUMeHeHUs1 NepeaoBbIX TexHonorun [1].

OpgHOM M3  TaKMx TEXHOMOrnm SBnsieTcs
Pr, «kotopbin npeacraBnseTr cobon MeTon
yBENWYEHNUST  MPOHMLAEMOCTM  nnacta  nytem

CO3AaHVs TPELLUMH B FOpHbIX NMopoaax. OToT MeToa
NO3BONSET 3HAYNTENIbHO MOBLICUTL MPUTOK rasa
K CKBaXkMHe, yryyllasi TeM caMbiM NPOAYKTUBHOCTb
N 3PEKTUBHOCTb pa3paboTKM MeCTOPOXAEHUS.
BaxHocte Pl Bo3pacTaeT B  ycnoBusiX
HMU3KOMPOHWULAEMbIX  KOMNIIEKTOPOB, TakUX  Kak
Ha MecTopoXxaeHun X, roe TpaguuMOHHbIE MeToAbI
pobbluM He Bcerga A[aloT  yOOBMETBOPUTENbHbIE
pesynerartsl [2].

Mectopoxgenve X npegcTtaensieT cobon
MHOrOMNMacToBY CTPYKTYPY C ABYMSI OCHOBHbIMU
ropmsoHTamm. CepryxoBCKUA TOPU3OHT sIBMsieTCs
ra3oKoHAEHCaTHbLIM Y COCTOUT U3 MESTKO-AETPUTOBbIX
N3BECTHAKOB. TOMLWMHA NacToB B 9TOM FOPU3OHTE
BapbupyeTtcs ot 1,2 go 12,6 M C MOPUCTOCTbIO
oT 10 po 14%. JTOT rOpM3OHT UMEET NNacToBO-
CBOZOBLIN TUN 3anexu. HWKHeBU3ENCKNIA rOPU3OHT
COCTOUT U3  MEmNKO-AETPUTOBbLIX  WU3BECTHSIKOB,
MecyaHVKoB M aneBponuToB. ToNWWMHAa NnacToB
B HWKHEBU3ENCKOM Tropu3oHTe konebnercst ot 3,6
o 36,4 M, a cpegHsia MOPUCTOCTb COCTaBnsIET
13,6%. OTOT ropM30HT Takke OTHOCUTCS K MNacToBO-
CBOZOBOMY TUMY 3aNeXWu.

Paspabotka MecTopoxaeHuss X Havanacb
B 2003 r., 1 Ha HayanbHoM aTane (2004—-2009 rr.)
Habntogancst pocT roaoBbIX 0TGOPOB rasa, YTo 6bino
CBAI3aHO C yBenuyeHveM ¢oHaa ckBaxkuH. OpHako
B JaribHeNLWeM NPOU30LLNO CHKEHWE A00bIYM rasa,
obycnoBneHHoe yMeHblueHVeM Aebuta CkBaXuH
M3-3a  €CTECTBEHHOrO  MNadeHuss  NnacToBOro
paeneHusa (puc. 1). B HacTosiwee Bpems coHa
CKBaXWH pacnpegeneH cnegywowumm obpasom:
71% coCTaBnsAT SKCMyaTaUNOHHbIE CKBaXXWHbI,
3% — HabntopgatenbHble, 26% — NMUKBUAMPOBAHHbIE,
3aBepLUMBLUME CBOE reosiorn4yeckoe HasHayeHue.
AHanus 3anacoB rasa W KoHZeHcaTa NoKasbIBaeT,

4YTO OCHOBHasi YacTb 3anacoB COCpefoToYeHa
B HWXHEBU3ENCKOM ropu3oHTe, rae Haxoautcs 98%
oT obuwero o6bema 3anacoB. Ha cerogHALWHUA AeHb
oTbop rasa cocraBnseT 36,7% OT yTBepXAeHHbIX
HavyanbHbIX U3BMNEeKaeMbIX 3amnacos.

MaTepuansbl u meToAbI

TexHonorns [Pl urpaeT Kknio4veBy porb
B ynyyweHun aobbium YB 13 mectopoxaeHus X.
P npeacraBnsieT cobol nepenoBytd METOAMKY,
KOTOpas 3Ha4YMTENbHO YBENMYMBaET NPOHMLI@EMOCTb
M NPOOYKTMBHOCTb ra30BbIX CKBaXWH. OCHOBHOMN
npvHumn pabotel [Pl 3akniovaetcs B co3gaHuu
N pacnpocTpaHeHUn TpeLwmH B TOPHbIX Mopodax
C MOMOLLbIO BMpbICKA >WUOKOCTM NOA,  BbICOKUM
AaeneHneM. 3TOT NPOLIECC CYLLECTBEHHO ynyyluaeT
NPUTOK rasa M3 nnacta K CKBaXxuHe, TeM caMbiM
obecneunBass Gonee adekTMBHYIO  A06bIbY
yrnesogopoaos (aanee — YB) [3]. Pl BnusieT Ha
NpoHMLaeMocTb Npu3abonHOM 30HbI Mnacta vyepes
HEeCKOJIbKO KIHo4YeBbIX MeXaHU3MOB. BO-I'IepBbIX,
TexHonormsa no3BondeTr 06pa3OBbIBaTb CeTb
TPELWMH, 4To cnocobcTByeT Gonee adhheKTUBHOMY
OBWXXEHWMIO rasa B nnacrte. Bo-BTopbIX, paclumpeHne

CYLLECTBYIOLMX TPELWH yBENUYMBAET OGbLEM
[OCTYMHOW MOPUCTOCTU, YTO Takke CrnocobCTByeT
ynyylleHuio rasoBbixoda. B-TpeTbux, CcHuxeHue

naBneHnss Ha 3aboe CcKBaXKWHbI obnerdyaeT BbIXOA
rasa u3 nnacta, 4To ewe 6Gonblue MOoBbLILAET €ro
nNpoayKTUBHOCTL [4].

B npouecce TPl Ha MecTOpOXOEHUU
B [OBYX CKBaXWHax nepsBble Mncnonb3oBalinCb
pacTBOpUMble BOJ1OKHa, KOTOpble BbINONMHAKT
YHKLMIO BpPEMEHHOro kapkaca, npegoTBpallas
CNJIOLWHOE YNNOTHEHWE MponnaHTa u obecneynBas
ero Oonee  paBHOMepHOe  pacnpeneneHve
B TpelwuHe. lNMocne 3aBepLueHus onepauuv n npu
OOCTMXEHUWN OnpeaenéHHon TeMnepaTypbl BOMOKHA
pacTBOPSATCH, OCTaBNAS 3a30pbl 4118 MPOXOXAEHMSA
rasa, Yto cnocoOCTBYyeET yBENNYEHNIO NPOBOANMOCTH
TPELUMHDI.

OcHoBHas YacTb

PesynbraTbl rupoguMHaMuyeckux wuccnegosa-
HuA (ganee — FONC) ykasbiBalOT Ha yxygleHve
PUNBETPALMOHHO-EMKOCTHBIX CBOWCTB (ganee -—
OEC) NnpoayKTUBHbIX NIIACTOB, YTO CBSA3AHO C HN3KOW
NPOHNLLAEMOCTbIO nnacTtos MECTOPOXAEHNS.
310 TpebyeT npuUMeHeHUs cneuunanMaMpoBaHHbIX
TEeXHonormn ansa adpdgekTnBHoro mnssneveHvs YB.
OpHom n3 Takmnx TexHonorun sensetca [Pl [5].

B npouecce Pl Ha ckBaxuHe X-1 6binu
BbINOSHEHbl CrefylolmMe onepauun: Ha cTaguu
3aMeLleHns B CKBaXuHy Obino 3akadaHo 7,38 m?
TIMHEHOTO rens XuakocTtu, 3ateMm 12,2 M® cLunTomn
xungkoctu ¢ gobasneHvem 0,591 T kepamuyeckoro
nponnaHTa dpakumm 20/40; Ha cnepylowem aTtane
Obino 3akavaHo 7,08 mM® nuHeENHoOro rens npu cko-
poctu 3,11 wm3muH. Tlo 3aBepweHun paboThbl
NpoBeaéH aHanM3 MOHWKEHUS OaBleHusl, KOTOpPbIN
MO3BOMUI PaccYnTaTb YNCTOE AaBreHve, AaBneHne
CMbIKaHWS1 TPeLuHbl, 3(PMEKTUBHOCTb XUOKOCTU
N TpeHve B npu3aboriHOW 30He M B WHTepBane
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nepdopaumn. Pesynstatbl aHanusa nokasanu,
4yTo 3apdeKTUBHOCTL XmakocTn coctasuna 46%,
YTO Bblle nepBoHayanbHoro nnaHa B 40%.
[aBneHue TpeHust Ha nepdpopaumio u Npu3aborHyo
30HY COCTaBUSIO 2 aTM.

OcHogHou P 6bin npoBenéH 14.05.2021 r.
B npouecce paboTbl 3akadanu CLUMTYIO MNOAYLUKY
obbemom 90 M® C KOHUEHTpaUMeWn peareHToB
HGA-48 n HGA-37 8 n/m® npu cpegHen ckopocTu
nogaun 4,2 m3*muH. B nnactbl Obino 3akayaHo 110 T
nponnaHta dpakumn 20/40 npoussoactea Well
Prop, n3 artoro o6vema 109,8 T 6bINO 3akadaHo
B nract C,v;. KoHeYHas KoHLUeHTpauua nponnaHTa
B GneHpepe coctaBuna 971 kr/m3, a B nHTepBane
nepdopaumu — 1005 kr/m®. Bce 3annaHupoBaHHbIE
0ObEMBI MponnaHTa U XUAKOCTU Obinu  ycneLHo
3aKayaHbl.

PesynbraTthbl

Mo pesynsratam nposenéHHoro [Pl Bbinon-
HEeH aHanua CoCTOSIHUSI MPU3aboNHON 30HbLI A0 W MO-
cne onepauun [Pl ¢ ucnonb3oBaHMEM AaHHbIX
FONC, Bknmo4vas MHTEpnpeTaumio KpuBbIX BOCCTa-
HoBneHusi aaeneHuns (aanee — KB[). Mony4eHHble
pe3ynbTaTbl CBUWAETENbCTBYOT O 3HAYUTENbHOM
ynyyweHun OEC npu3abonHOM 30HbI, YTO noa-
TBEPXAAETCA CHUXKEHVWEM CKuMH-hakTopa, KOTOpbIN
00 1 nocne onepauuv UMeeT oTpuuaTenbHble 3Ha-
yeHus (Tabn. 1), ykasbiBasi Ha NOMOXUTENbHbIE W3-
MEHEHUs1 B COCTOSIHUM npu3abonHon 3oHbl. MeTop
KB vrpaeT kno4veBylo ponb B oLeHke 3hdeKTUB-
Hoctn [PI1, nockonbKy no3BonsieT onpeaenvTb
cTeneHb W3MEHEHUs MPOHULLAEMOCTM, BbISBUTb
BO3MOXHblE€ MOBPEXAEHUA WNWU YnyylleHus npo-
BOAMMOCTM NNacTa, a Takke OLUeHUTb paauyc ape-
HMPOBaHWA nocne ruapopaspbiBa. AHanM3 KpuBbIX
BOCCTa@HOBIEHNS [OaBMeHus nokasan, 4YTo nocne
nposefdeHus Pl npousowno ysenuyeHne Koad-
dvumeHTa NpoayKTUBHOCTM, YTO CBMAETENLCTBYET

O CHWXEHWUU TMaPOANHAMMUYECKOro COMpPOTUBIEHUS
B Npu3abonHON 30He M pacLumpeHun obractn ag-
PEKTUBHOIO PUNLTPALMOHHOIO MoToka. [lony4yeH-
Hble pe3ynbTaTbl 4EMOHCTpUpYHT, YTo nocne P
NpOoHNL@eMOCTb Npr3abonNHOM 30HbI YBENUYMnachb,
YTO MOATBEPXKAAETCA U3MEHEHMEM XapaKTepUCTUK
NnacToBOro AaBrneHust U CTabunbHOCTBIO MOKas3a-
Tenen pebuta ckBaxwuHbl. [anbHenwee coBep-
weHcTBoBaHue metogonorun KB[, Bknwouvas wH-
Terpaumnilo ¢ reoMexaHU4yeckMM MOAENUPOBaHUEM,
no3BonuT 6ornee TOYHO MPOrHO3MPOBaTh NOBEAEHME
npv3abonHOM 30HbI 1 ONTUMU3MPOBATL NapameTphbl
npoBegexus Pl ona MakcumarnbHOro yBenuyeHus
NpOAYKTUBHOCTU CKBaXWHbI [6].

Takke npoBegeH  MOHWUTOPWHT  OebuTa
ckBaxuHbl X-1, koTopbin Ao npoBegeHus [Pl
nocne 6ypeHus coctaBnan 2,3 Tbic. M3/cyT, Torga
KaK MpOEKTHbIA Mokasatenb Obin  paccyuTaH
Ha 25 Tbic. M*/cyT. [Nocne nposegexus Pl oebut
rasa ckBaxuHbl X-1 npubnusmncs K MPOEKTHbIM
3HaYEHUSAM. 31n AaHHble nogTBepXaarT
acpdpekTnBHOCTL  npoBegéHHoro [Pl u  ero
NONOXWUTENBHOE BMUSIHUE HA MPOU3BOAUTENBHOCTb
CKBaXWHBbI.

B 2021-2022 rT. Ha LLeCTM HOBbIX 00bIBaOLLINX
CKBaXuHax MectopoxaeHusi X 6bin ocyLlecTBneH
"'PI1 ¢ uenbto NoBbILEHUSI NPOAYKTUBHOCTM (Tabn. 2).
PesynbTraThl nokasbiBatoT, YTO B NSITU U3 HUX YAanocb
[obUTbCA  MONoXuTEenbHOro 3ddekTa, KOTOpPbIN
BblpaXaeTcsd B 3Ha4YMTENbHOM npupocte aebuta
rasa — ot 6,9 go 59,9 Tbic. M*cyT. OgHako B oHOW
M3 CKBaXWH OXMOAEMOro pesynbrata He Obino
pocturHyto. Kak BMOHO Ha puc. 2, CKBaxuHa
Haxogunacb B 30HE C MOHWXEHHbIM MNacToBbIM
OaBneHneM, 4YTO  OTpMUATENbHO  MNOBMAUSNO
Ha 3 @dEeKTMBHOCTL MNPOBEAEHHON  ornepauun
PrM. YuntbiBas cnabble PEC konnekTopoB u,
BCMNEACTBUE 3TOr0, WHTepdEepeHUMto AaBneHus,
BaXHOCTb y4éTa 9OHEpPreTM4yeckoro COCTOSHUS

PucyHok 1. luHaMnKa OCHOBHbIX Noka3aTenen pa3paboTku
Figure 1. Dynamics of the primary development indicators
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Ta6nuua 1. PesynbTatbl uccnefoBaHnin NprM3abonHON 30HbI CKBaXUHbI X-1
Table 1. Research results of the Bottomhole Zone of Well X-1

Do 'PN / before HF MNocne I'PN / after HF
r:g:c;g:'r ﬂ:;aD:’: npoHuuaemoctb, 1073MKM? | CKUH-cbakTOp npo:giﬁxﬁcm, CKUH-hakTop
permeability, 10~*mkm? skin factor . = A skin factor
permeability, 10~*mkm:
Civy 26.01.2021 0,02 -2,3 0,7 -3,2
Tabnuua 2. Peaynsrathl Pl B HOBbIX A06bIBaOLLMX CKBaXXMHaX
Table 2. HF results in new production wells
[e6ut rasa, Tbic. M*/cyT A dhekTUBHOCTL
Gas flow rate, thousand m® per day yBenuueHus febura rasa, AnuTenbHOCTb
Ne cBk. Oata PN Thic. M*/cyT achdekTa, mec.
Well No. HF date Gas Flow Rate Increase Effect Duration,
Ao PN / before HF nocne P/ after HF Efficiency, thousand months
m3/day
X-11 06.05.2021 0,2 7.1 6,9 3
X-12 14.05.2021 18,8 3,8 15 HeT agpcpexta
no effect
X-13 23.08.2021 23 26,7 26,7 4
X-14 13.08.2021 0,1 59,9 59,9 7
X-15 21.12.2022 11,5 46,1 34,6 3
X-16 17.12.2022 0,5 27,6 27,1 6

3anexu npu BblbOpe CKBaXWH Ans NpoBedeHUs
PM  ocraetca akTyanbHOW. [Ona pocTukeHus
MakcuManbHoro adpgekta ot [Pl Heobxogumo
TWaTenbHO noAbupaTtb KaHAMAATOB, OCHOBbLIBasiCh
Ha AaHHbIX O AaBMNEHUN U APYrUX XapakTepucTmkax
nnacTa. QHepreTM4yeckoe COCTOsIHWE 3anexu urpaet
KPUTMYECKYID PpOnb B YCMELWHOCTX onepauuu,
1 HECOOTBETCTBUE NapaMeETPOB MOXET CyLLLECTBEHHO
CHU3UTb 3dppekTmBHOCTb PT.

Ha ckBaxuHax X-15 u X-16 [PI1 BnepBble
Obin BLIMNOSMIHEH C MCMNOSIb30BAHWMEM PACTBOPUMbIX
BOSMIOKOH.  [laHHasi  TexHomnoruss  HanpasreHa
Ha ynydyleHWe npoBOAMMOCTM TPELMH 3a CYET
NpefoTBpaLLeHNss MNPEXAEeBPEMEHHOTO OceaaHust
nponnaHta u obpasoBaHWs 30H C  HU3KOW
UNBETPALIMOHHOW CMOCOOHOCTBIO.

[ononHuTensHO npoBenéH aHanus
BOCCTaHOBMeHWss  Temnepatypbl nocne [P,
T.K. PaCTBOPUMbIE BOTOKHa TEPSIKOT CBOK CTPYKTYpY
nog BO3OEUCTBMEM TEPMOXMMUYECKUX MPOLECCOB.
Bpemsi nonHoro pacTBopeHust BONMOKOH paccynMTaHo
C Y4YE€TOM nnacToBbiX YCNOBWW, W pe3ynbTaThbl
nokasanu, 4YTO WX pasnOXeHWe MPOUNCXOAUIIO
B TeyeHMe 2-3 MecC. nocre 3akadku. JTo
NO3BOMUIIO MUHUMU3MPOBATb 3aKynopky TpeLyuH
W noAadepxuBate WX MNPOBOAMMOCTb B TeyeHue
6onee ANUTENBHOTO BPEMEHM.

CpaBHUTENbHBIN  aHanuM3  ckBaxuH X-15,
X-16, rge mcnonb3oBanucb pacTBOPMMbIE BOJIOKHA,
W CKBaXWH, rae npUMeHancs TpagauLMOHHbBIN
metogq [Pll, nokasan, 4TOo cpegHun npupocT
nebuta rasa nocne TpaguumoHHoro Pl coctasun
25,04 TtbIC. M3/CyT, B TO BPEMS KaK Npuv UCMNOmnb30Ba-
HUM PaCTBOPUMbIX BOJIOKOH MPUPOCT COCTaBUI
30,85 Tbic. m¥cyT, uyTOo Ha 23% Bblwe. CpegHss
OnMTenbHOCTE  adhdbekTa nocne  TpaguLMOHHOMO
Pl coctaBuna 4,2 mec., Torga kak B CKBaXkMHax
C BOSIOKHAMM 3TOT nokasaTenb yBENUYUncs
oo 6 mec. BoccraHoBneHue —Temnepartypbl
nocne [Pl B ckBaxuHax C PacTBOPUMbIMU
BONIOKHaMy npoucxoguno B cpegHeM Ha 15%

- DOI: 10.54859/kjogi108780

BbicTpee, 4TO yKkasbiBaeT Ha Gonee crabunbHoe

TepMoguHamMmuyeckoe noeegeHve CUCTEMbI.
maBHoe oTnnyne TPagWLMOHHOIO rPM
OT TEXHONorMM C PacTBOPUMbIMU  BOJIOKHAMM

3aKslo4aeTca B MexaHu3Me yaepxaHus nponnaHTa
W noggepXaHuM  NPOBOAMMOCTV  TPEeLUMHBI.
B TpaguumoHHON MeToaMKe OCHOBHbIM (PakTOpoM
COXpaHeHVWs  MPOBOAMMOCTU  SBMSETCS  Mexa-
HMYeckasi YCTOMYMBOCTb MpOMMNaHTa K 3aKpbITUIO
TPewwHbl, OAHAaKO Aaxe Mpu  NPUMEHEHWUU
BbICOKOMPOYHbIX Kepamm4eckmx nponnaHToB
HabntogaeTcs nocreneHHoe yxyaLeHue
MX pacnpeeneHns u CHWKeHue UNsTPaLnoHHON
crnocobHocTn  TpewwuHbl  [7].  Wcnonb3oBaHue
pacTBOPMMBIX  BOJIOKOH no3sonsieT  u3bexarb
acpdhekTa M3OLITOYHOM KOHLUEHTpauun nponnaHTa
Ha onpeaenéHHbIX yYacTKax TPELUMHbI, YTO CHKaeT
BEPOSATHOCTb 3aKymopku KaHanos. Kpowme Toro,
pacTBOpMMbIE BOSIOKHA CO3AAT AOMNOSHUTESNbHbIE

nyTm (hVIJ'IpraLI,I/IVI, 4YTO no3BOnAeT [onblue
COXpPaHATb BbICOKMI AEOUT CKBaXWHbI.
Pe3yanaTb| ncenenoBaHuA NOKa3bIBaHOT,

4YTO TEXHOMOrUsi PacTBOPMMbIX BOIOKOH siBRsieTCsl
NepcrneKkTVBHOW ANs  [anbHEWero BHeApeHUst
B HW3KOMPOHUL@EMbIX a30KOHAEHCATHbIX MEeCTO-
poXOEHUAX. OCHOBHbIMM npevmMyLiecTsaMmm
[aHHOW METOAUKN SIBMSIOTCA: YBeNudeHue npo-
pormkutensHoctn adcpekta ot Pl, 3amennenuve
3aKPbITUS TPELUMHBI, CHUXEHWE pucKa 3aKyrnopku

PUNBTPALMOHHbBIX KaHanos, rNoBbIlLIEeHNe
CcTabunbHOCTU no06biun. B nanbHenwem
peKkoMeHayeTcss  NpoBedeHWe  AOMOSTHUTENbHbIX

nccrnenoBaHuii Ans onTMMM3aummn coctaBa pacTBo-
PUMbIX BOJIOKOH, OMpPEeAEeneHnsi ONTUMarnbHOro
BPEMEHW WX Pa3NOXEHUsI U MHTErpaumm TEXHONOrMu
C OpYrMMy MeToaaMu YBENUYEHUs ra3o0Taauqm.
WccnepoBaHns  [8] nokasanu, 4to B
rmy6okmx M yneTparnybokux  pesepByapax
OCHOBHbIMW MpobrnemMamu npu  TpagULMOHHOM
PM  aBnsiioTca: ObICTPOE  3aKpbITUE  TPELLMH,
CHWXEHVME NPOBOAMMOCTM MpoMnaHTa wu3-3a ero
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YNroTHeHusi, a Takke obpasoBaHWe ocagkoB OT
XXUOKOCTMW paspbliBa. B gaHHOM akcnepyMeHTansHoM
uccregoBaHuM,  BKMOYaKOWEM  MOAENUpoBaHue
npouecca 3akayku B nabopaTopHbIX YCMNOBUSX,
ObINI0  YCTaHOBMEHO, YTO MpPW  MCMONb30BaHWUK
pacTBOPUMbIX BOMOKOH CpefdHsisi MpPOBOAMMOCTb
TPELUUHBI yBernm4mBaeTcs Ha 15-20%
Nno CpaBHEHUIO C TpaaWULMOHHbIMU MeTogamu PT1.
3710 06bSICHAETCA TEM, 4YTO BOSIOKHA BPEMEHHO
YOEPXKUBAKT KaHanbl OTKPbITbIMWU, MpefoTBpaLlas
npexaeBpeMeHHoe ocefaHue MponnaHTa U ero
U3BbITOYHYHO KOHLIEHTPaLMIO B ONpeaenéHHbIX 30HaX.
B npouecce pacTBopeHVsi BOMOKHa BbICBOGOXAAOT
[OMNONHUTENbHbIE NYTY UILTPALMKU, YTO OCOBEHHO
3a(pheKTNBHO Mpu pa3paboTke rasoKkoHAEHCATHbIX

MECTOpPOXAEHUA, TAe WHTepdepeHuuss AaBneHus
M asoBble nepexofgbl  MOryT  3HAYUTEMbLHO
CHWXaTb MPOAYKTUBHOCTb. Kpome ToOro, aBTOpbI
OTMEYalT, YTO CPOK CnyxObl TpeLMHbl nocne
Pl ¢ wucnonb3oBaHWEM pPacTBOPUMbIX BOJTOKOH
yBENMYMBaEeTCA B  cpegHeMm Ha  25-30%,
4yTo npuBOoAMT K Gonee crTabunbHou Oo6GbliMe YB
B TEYEHME NPOAOIMKUTENBHOIO BpEMEHH [8].

B ncenegosaHumn [9] pasnuyHbIX
cuctem  cnonaos, npumeHsemblx  ana P,
Takke obOpawalwT BHMMaHWe Ha npobnemy
OCTaTOYHbIX MOBPEXAEHWW nracTta, CBsA3aHHbIX

CVICI'IOJ'Ib3OBaHI/IeMTpa,EWILI,I/IOHHbIXFeﬂeoﬁpa3leLLlVIX
xuakocten. OHM OTMeYartoT, YTo nonucaxapuaHole
renn, Takue KakK ryap, LWUPOKO nNpumMeHAemMble

PucyHok 2. Kapra nso6ap
Figure 2. Isobar map
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B MMapopaspbiBe, OCTaBMASAT Ha CTEHKAX TPeLUMH
OCTaToOYHblE OCafKW, KOTOpPble MOFYT CHUXaTb
mx npoBoguMmocTe Ha 10-40% B 3aBucUMOCTU
OT TemnepaTtypbl W MPOHMLAEMOCTM MracTa.
B kayecTBe anbTepHaTVBbI paccMaTpuBaeTcs npu-
MEHEeHUe pacTBOPMMbIX BOJIOKOH, KOTOpblE MOryT
BpeMeHHO obecnevvBaTb HeOOXOAUMYH BSI3KOCTb
XWAKOCTU, a 3aTeM pacTBopsiTbcs 6e3 06pasoBaHus
ocTaToyHbIX npodyktoB. B xoge nabGopatop-
HbIX TECTOB  aBTOPbl  MPOAEMOHCTPUPOBANM,
4yTO fobaBnNeHNe pacTBOPUMbIX BOMOKOH B XXUOKOCTb
PM nosbiwaeT ko03HULNEHT BOCCTAHOBMNEHMUS
NPOBOAMMOCTW TpeLMHbl nocne paspbiBa ¢ 60%
0o 85%, 4To cHwxaeT notepu gebuta Ha 20-25%
Nno CpaBHEHW C TPaaWLUUOHHBIMKM MeTodaMMu.
OTO 0COBGEHHO BaXHO ANs HU3KOMPOHMLAEMbIX
ra3okOHAEHCATHbIX  KOMMEKTOPOB, roe  Aaxe
HebonbluMe U3MEHEHWS B NPOBOAUMOCTU TPELLUHBI
MOryT CYLUECTBEHHO MOBMUSATbL Ha CyMMapHYHO
[obbivy.

Takum obpasom, oba nccneaoBaHus
NOATBEPXKAAlT, YTO WHTErpauusi pacTBOPUMbIX
BONokoH B npouecc Pl senaetca acpdekTnsHOM
cTpaterven AOnsi  MOBbIWEHUS  NPOAYKTUBHOCTM
CKBa&XWH, YNy4ylleHUss MNpOBOAMMOCTU  TPELUMH
M npoaneHuss nepvoda  BbICOKOM  [o6blum.
Pesynbratbl MokasbiBalOT, 4YTO UCMONb30BaHWE
OaHHOW  TEXHONMOrMM MOXET CTaTb  BaXHbIM
3M1EMEHTOM onTuMmnsauumn P, 0Cco6eHHO
B CMOXHbIX HU3KOMPOHNLIAEMbIX Fa30KOHAEHCATHbIX
nnacrax.

CoBpeMeHHble noaxoabl K aganTauum

ren

OpfHo M3 OCHOBHbIX NPUYNUH  CHUXEHUA
NPOAYKTUBHOCTU ra3oBblX W Tra30KOHAEHCAaTHbIX
CKBaXXMH ABNAeTCA HakonneHune XNOKOCTU

B CTBOME CKBaXMWHbl. JTO npoucxoauT Bcrneacrtene
N3MEHEeHNA dpa3030ro COCTOAHUA yrneBo,uopop,Hon
CMecCH, 4To NpmBOOUT K 06pa30BaHVI}O XNOKOCTHOro
ctonba, cosparoLiero npoTneoAaBnieHne Ha nnacrt.
B pesynbrate CHMXaeTcd yCTbeBO€e AaBlieHune, 4To,
B CBOK o4epenb, yMeHbLUaeT Nnpon3BognTeribHOCTb

CKBaXXUHbI. Ons cTabunusauum [06bI4m
1 npepoTBpaleHusi nogobHbIX cuTyauui nocne
nposeferHnss [Pl Heobxogumo  nepuognyecku

OCYLLECTBNATL cneymnanbHble meponpusatus [10].
[JononHutensHo pa3paboTaH HOBbIN MOAXOA
K apjantaumm Metoaukm [P ang ycnosun,
XapaKTepU3yoLLNXCS BbICOKUM PUCKOM HaKOMMNEHNs
XWOKOCTU B CTBOME CKBaXWHbl. B otnuuue
OT  TPaAMLMOHHbIX  PeLleHu,  npeanoxeHa
KOMMMeKcHas cTpaterus crabwnusaumm [obblun,
BKMOYaOLWAas MHTErpauuio  MexaHW3npOBaHHbIX
MEeTOAOB  yAaneHWs  XWAKOCTM  C  Yy4eToMm
rMapoaNHaMUYECKUX  XapaKTepUCTUK nnacra.
B YacTHOCTH, npeanoxeHa apanTtaums
napametpos [PIT ¢ y4yétom nocneaytoLen
HeobXoAMMOCTN yaaneHus xuakoctu. [Ons atoun
uenM  paccMaTpuBaloTCA  Takme  TeXHOMoruu,
KaK KONTIOOWHI, NEeHHO-MHrMbupylowas Lwalluka
(nanee — MWL) n nnyHxepHbin nudT. Kak BugHo
Ha npeacTaBneHHbIX Anarpammax (puc. 3), nocne
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npoBeAeHUss 3TUX MeponpuATuiA  HabniogaeTcs
NONMOXWUTENbHBLIN  APMEKT, KOTOPLIN OTpaxaeTcs
B W3MEHEeHWM ra3oKoHAeHcaTHoro  chakTopa,
4YTO NOATBEPXKAAET YCMELWHbIA BbIHOC >KUAKOCTU
13 npu3abonHon 30Hbl. CpaBHUTEMbHBIN aHanu3
CKBaXXMH C TPaAMUMOHHOW W KOMMIEKCHOW CTpa-
Termen nokasan, YTo BO BTOPOM Cryvae CpeaHsisi
CcTabunbHOCTL A06bIYM yBenuymBaeTcs Ha 18—-25%,
a CHwxeHune pebuta 3ameansietca. Ha ocHoBe
NoNyYeHHbIX pesynbTaToB MOXHO cAenatb BblBOA,
0 HeobXOAUMOCTY NPOAOIMKEHUSI peanu3auum 3Tux
MeponpuaTU Ha MecTopoxaeHun. [anbHenlee
npuMeHeHne COOTBETCTBYHOLLNX TEXHOMOrnN
No3BoNnT noadepXxuearb 3P PEKTUBHDBIN
npouecc yaaneHus XWAKOCTM C 3abosi CKBaXUH,
4YTO NocnocobCTByeT CTabunuaaunm 1 yBenm4eHuio
no6bium [11].

Ha wmectopoxgeHun X B 2014-2021 T
6bino npoBefeHo 14 noeTopHbix Pl Ha gecsatn
ckBaxuHax (puc. 4). CpegHuin uHTepBan Mexay
NepBUYHBLIMU 1 MOBTOPHBLIMU ONepaLUsMy COCTaBuI
5—6 ner. Mo pesynsratam nosTopHbIX 'PI npupocT
nebuTa rasa Bapbupyetcs ot 1 4o 51,2 Tbic. M3/cyT.
OTO  3HAYMTENbHO MeHblle N0  CPaBHEHMIO
C NepBUYHbLIMY onepaumsaMu, rae NpupocT gocturan
ot 1 go 197 Tbic. M*/cyT.

3T AaHHbIE YKa3bIBaKOT Ha TO, YTO NEPBUYHbIE
PM  wumetor ©Gonee 3HaunTENbHbLIM  APdEKT
MO CpaBHEHWIO C MOBTOPHLIMW  OMepaLusaMu.
Mpupoct pebuta rasa npu nosTopHbix [Pl
3HaYUTENbHO HIXe, 41O nogyepkmeaeT
HeobxoAMMOCTb  TWATeNbHOro  MIaHUpOBaHUS
N OLUEHKU NpU NpoBedeHWU Takux onepaunin Ans
OOCTMXXEHMSI  ONTMMarnbHbIX  pesynsratoB  [12].
Takke NnpoaHanuavMpoBaHa pa3HuLa B TOHHaXHOCTH
nponnaHta npu noBTopHbiX [Pl1, roe BbisBNEHO,
4yTo npu npoBedeHuM noBTopHbIX [Pl vacto
coxpaHsieTcss  TOT e OObEM 3akauymBaemoro
nponnaHTa, YTO MCMNOMb3oBancs B MEepBUYHON
onepauuu (puc. 5). CoxpaHeHne nepeoHaYanbLHOro
o6bemMa nponnaHTa He MPUBOAUT K 3HAYMTENBHOMY
yBenuyeHnto aebuta rasa. [Ons  nosblweHWSA
agppekTnBHOCTN MNOBTOPHLIX Pl pekomeHayeTtcs
nepecMoTpeTb AM3alH onepauuyM U paccMOTpeTb
BO3MOXHOCTb YBenuyeHus obbEma 3akaunBaemoro
nponnaHTa. YsenunyeHne obbéma MOXeT NOBMUATb
Ha reoMeTpuio TpeLUWH, YTO, B CBOK OYepenp,
MOXeT crnocobcTBoBaTh yBenuueHuio aebuta rasa
npwv noBTopHbIX PI.

Ha wmectopoxgeHun X paccuvTaHbl ABa
BapvaHTa pa3paboTku C TeXHWUKO-3KOHOMMWYECKUMU
nokasatensiMu [AOnsi OUEHKU ux 3EeKTUBHOCTY.
MepBbIi BapuaHT pa3paboTku npedycMaTpuBaEeT:
(1) BBOA B 3kcnnyaTauuto ogHon GesgencTeytoLen
CKBaXWHbI; (2) BypeHve ogHOWM HOBOWM A00biBatoLLE
ckBaXuHbl Cc npoBedeHvem [PM; (3) nepeeoa
NSATW  CKBaXWH Ha BO3BPaTHbIN OObEKT. JTOT
BapvaHT MO3BONSET MNOAAEPXMBATb MPOEKTHbIN
ypoBeHb O00bluM raza Ha ypoBHe 249,2 mMnH M3/r.
1 koHaeHcara 10,69 Thic. T/T.

Btopoit  BapuaHT pas3paboTkum  OCHOBaH
Ha MPOEKTHbIX pPeLIeHUsX MepBOro BapuaHTa,
HO [OMONHUTENBLHO BKMoYaeT: (1) BypeHne BocbMU
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PucyHok 4. [luHaMuka BbinonHeHusi onepauun NPl no rogam
Figure 4. Dynamics of HF operations by years

a)

B)

)

PucyHok 5. UameHeHne ae6utoB nocne noBTopHbIX NP B 3aBMCMMOCTH OT TOHHAXXHOCTU 3aKa4aHHOro
nponnaHTa
Figure 5. Change in flow rates after refracturing depending on the tonnage of injected proppant
a) X-5; 6) X-7; 8) X-8; 2) X-9

HOBbIX [00bIBAlOLWMX CKBaXWH C NpoBeAeHUEM
I'PI; (2) nosTopHbIi TPl B BOCbMM CKBaXmMHax
13 nepexogswero goHaa; (3) 3apesky 6HokoBoro
cTBONa; (4) OYMUCTKY CTBOMOB CKBaXWH W BbIHOC

XMAKOCTM ¢ 3aboeB Ans obecneyeHuss ctabunbHowm
[o6blun. B pesynbraTte NpoeKTHbIN YPOBEHb A00bIYM
rasa BospactaeT 4o 259,9 mnH M3r., a kKoHaeHcaTa —
0o 10,7 Teic. T/r.
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TexHUKO-3KOHOMUYECKoe CpaBHeHue

BapuaHTOB

Btopoii BapuaHT paspaboTku, HecmoTps
Ha ©Gonee BbiCOKME KanuTanbHble  3aTpaThbl
(13557,3 w™mnH 1. npotmB 684,5 wMnH Tr),

obecneymBaeT 3HaUUTENbHLIA POCT U3BIIEKaeMbIX
3anacos:

—  KoadpuUneHT n3BnevyeHns rasa
yBenu4ymBaetcs ¢ 39,8% 0o 66,39%, a koHgeHcaTa —
¢ 25,4% po 35,71%;

— COBOKynHasi pobblda rasa Bo3pacTaeT
€ 9612,8 go 16 021,0 mnH m* (+66,6%);

—  COBOKYyMHas nobblya KoHAeHcaTa
yBenuumBaetcs ¢ 534,8 no 754,3 toic. T (+41%);

—  YuCTble AUCKOHTUPOBAHHbIE MOCTYMMEHNS
npn 10% ctaBke Bbiwe Ha 53,3% (24697,5 mnH Tr.
npotue 16119,4 MnH Tr.).

Kpome Toro, rocynapcTBEHHble MOCTYMMEeHNs
Takke BO3pacTaloT:

— CyMMapHble HarnoroBble
¢ 13779,3 no 82 731,4 MnH Tr.;

—  YuCTble AUCKOHTUPOBAHHbIE MOCTYMMEHNS
rocygapctsy ¢ 6 961,4 no 13 889,2 mnH Tr. (+99,6%).

nnartexmn -—

O6cyxneHue

MpumeHenne [Pl Ha ra3okoHgeHcaTHOM
MecTopoxaeHun X  npoaorkaeT  ocTaBaTbCA
aKkTyanbHbiM 1 BOCTpebOBaHHbLIM  MEeTOOOM
noBbILweHns adhdekTMBHOCTU A06bIuN YB. Co3naHne
6a3bl ckBaxuH-kaHaugatoB ans PM asnsetcs
BaXHbIM LUAroM B MnaHupoBaHuW, No3sonss bonee
3ahbdheKTNBHO pacnpenensaTb pecypchl U JocTuratb
BbICOKMX pe3yrnbTaTos.

Pesyneratel nosTopHbix [Pl nokasbisator,
4yto UX SPPEKT YacTto YCTynaeT nepBUYHBIM
onepaumsiM, 4TO CBSI3aHO C W3MEHEHVWEeM CBOWCTB
nnacTa nocrne nepBoro BO3AENCTBUS, U COXpaHEHWe
nepeoHayanbHoro obbémMa 3akayku nponnaHTa
He Bcerga obecneyvBaeT 3HauUTENbHbIA NPUPOCT
nebuta. B cBs3n c 3TMM npegnoxeHa MeToauka
onTuMmMsaumm  napameTpoB  nostopHoro  [PI1,
BKIIOYaKoLWLas KOppeKkTUpoBky obbéma nponnaHTa
M ero KOHUeHTpauun, a TaKke perynupoBaHue
BA3KOCTW XKMOKOCTM paspbiBa ANA  YNyylleHus
reoMeTpum TpewmH. Takom noaxoq no3Bonsaer
NoBbICUTb  3PEEKTUBHOCTL MOBTOPHBLIX Onepaumni
1 NPOANUTL CPOK BbICOKOW NPOAYKTUBHOCTU CKBaXMH.

Ha ocHoBe onbiTa npumeHeHuns Pl Ha me-
CTOPOXAEHUN X MOXHO NPEANOXNUTL peKoMeHAaLMN
Ons ero adPEKTUBHOIO UCNOMb30BaHWUA Ha APYrnx

OOMNONMHUTENBHO

UcTouyHuk dumHaHCcMpoBaHus. ABTOpbl 3asABns-
10T 06 OTCYTCTBMM BHeLHero UHaAHCMPOBaHMWSA
npv NpoBeAeHnN NCCreaoBaHus.

KoHdonukT nHtepecos. ABTOPbI AeKnapupyoT OTCyT-
CTBUE SIBHbIX M NMOTEHUMATIBHBIX KOH(PIIMKTOB MHTEPE-
COB, CBSI3aHHbIX C NyGnMKaumen HacTosLLEN CTaTbu.
Bknap aBTopoB. Bce aBTOpbl noatBepxagaroT co-
OTBETCTBME CBOEro aBTOPCTBa MeXAyHapOAHbIM
kputepusam ICMJE (Bce aBTOpbI BHECNN CYLLECTBEH-

MECTOPOXAEHNUSX C aHaNorMyHbIMKU reonoro-pusu-
YecKMMM ycrnosusiMu. B yacTHocTu, ncnonb3oBaHue
pacTBOpMMbIX BONOKOH B npouecce PN npoaemMoH-
cTpupoBano cBol 3deKTUBHOCTb, obecneynBas
Bonee paBHOMepHOe pacnpefenieHue nponnaHTa,
npegoTBpaLleHne NPEeXaeBPEMEHHOMO  3aKpbITUS
TPeWwmH 1 yBenuyeHWe Cpoka WX MPOBOAWMOCTW.
MoneBble AdaHHble MecTopoXAeHust X nokasanw,
4YTO CKBaXWHbl, 06paboTaHHble C MpPUMEHEHUEM
pacTBOPMMBIX BOIOKOH, AEeMOHCTpupoBanu Gonee
BbICOKYI0 CTabunbHocTb Aebuta no cpaBHEHUIO
C TpPaaVuUMOHHbIMKM MeTogamu [PI1.

3akntoyeHue

AHann3 gaHHbIX No noBTopHbiM Pl Ha me-
cTopoXaeHun X MnokasbiBaeT, YTO AN YCMeLUHOro
noeTopHoro NPl Heo6xoaMMO yunTbIBaTb reoMexa-
HUYeckne napameTpbl nnacra, U3MeHeHne CBONCTB
nopoA nocne nNepBUYHOrO paspbiBa, a Takke B3au-
MOAENCTBUE MeXay Ye CYLUEeCTBYIOLWMMA N BHOBb
cosfasaembiMu TpewmHamu. OnTummsaums napa-
meTpos [P, Bkntoyasi KOPPEKTUPOBKY TOHHAXHOCTH
nponnaHTa u KOHLUEHTPauuu XWOKOCTW pas3pbiBa,
Nno3BonUT A0BUTLCS yBENMUYEHUsI MPOAYKTUBHOCTU
CKBaXXWH 1 NPOANEHNs Cpoka Ux peHTabenbHom aKc-
nnyaraumm.

MonyyeHHble pesynsTatbl U NPEANoXeHHble
MeToaMKM MOryT OblTb NPUMEHEHBI HA APYrMX raso-
KOHAEHCAaTHBLIX MECTOPOXAEHUAX C HU3KOMpPOHMLA-
eMbIMU  KONMeKTopaMu, 4TO MO3BOMUT YBEMUYUTL
acppekTnBHOCTL [P, MUHMMM3NPOBATL TEXHWUKO-
3KOHOMUYECKNE PUCKM M MOBLICUTL PeHTabenbLHOCTb
[o6biumn YB. [lanbHenwmne ncenegosanvs 6yoyT Ha-
npaeneHbl Ha COBEPLUEHCTBOBaHWE METOAONOrMM
nporHoanposaHns adpdekta ot Pl1, nHTerpaumio
rmapoanHaMUYecKoro MoAenupoBaHusa ¢ reomexa-
HWYECKMM aHann3om v pa3paboTKy HOBbIX MOAXOA0B
K NOAAEPXKaHMIO BbICOKOW NMPOAYKTUBHOCTUN CKBaXXUH
B YCMOBUSIX CIIOXHbIX KOMNEKTOPOB.

HecmoTpsi Ha Gonee BbICOKME KanuTanbHble
N 3KcnnyaTauumoHHble 3aTpaTbl, BTOPOW BapuaHT
pa3paboTkn noKasblBaeT 3HAYUTENbHO Nyyline
nokasarenu Kak no gobblye, Tak ¥ No 3KOHOMUYECKOM
acpdekTnBHOCTU.  [poarneHve  peHTabenbHOro
nepuoga mectopoxgeHusa ¢ 2047 r. po 2073 r,
yBenuyeHne koadduumMeHTa U3BreyYeHus rasa
N POCT YUCTbIX ANCKOHTMPOBAaHHbIX JOXOA0B Aenatot
3TOT BapmaHT NpeanoYTUTENbHBLIM.

Hbll Bknag B pa3paboTky KoHuenuuu, nposene-
HWEe uccrefoBaHWs M MOATOTOBKY CTaTbW, NpPoOYnu
1 opgobpunu uHanbHy Bepcuio nepeg nybnuvka-
umen). Hanbonblumn Bknag pacnpenenéH cnegy-
towmm obpasom: KOcybanues PA. — pegakTtupoBa-
HWEe PpyKomnucW, npeaocTaBNeHne KOHCYNbTauui;
TyneH6aeBa b.P. — npegocTtaBneHne KoOHCynbTauumin,
npoBepKa pesynsTaToB, peAakTMpoBaHue pyKonuem;
KoHbic A.B. — aHanus 1 npoBepka pe3ynbTaTos, Ha-
nucaHne pyKonucu.
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OerMHaanoe unccnegosaHue

OueHka gaHHbIX PVT n reoxummyeckum hMHrepnpuUHTUHI: noaxoabl
W pe3ynbraThbl

H.K. OykecoBa, K.M. KyHxapukoBa, J1.M. BucukeHoBa, XK. BekTtac
KMI™ UHxuHupuHe, AcmaHa, KasaxcmaH

AHHOTALMUA

O6ocHoBaHue. B gaHHONM cTaTbe paccMaTpuBaEeTCsl BaXKHOCTb HanMyvs OCTOBEPHbIX AaHHbIX 0 PVT
CBOMCTBAax NracToBbiX (prioMaoB AnNs NOACYETa 3anacoB HeTSHbIX U rasoBbiX 3anexen, a Takke
NPUHATUSA 060CHOBaHHbIX PELLEHWIA MPU NPOEKTMPOBaHUN pa3paboTkn 1 3KCnyaTalmMm MecTopoXaeHWUi
Ha NpuMepe HaACONeBOro KOMMMeKca CTPYKTypbl Ya3, pasgerneHHON TEKTOHUYECKUMMU HapyLUeHUsMU
Ha TPW Kpbiria — Kro-3anagHoe, KXHoOe U CeBepo-BOCTOYHOE. HKOXXHOE KpbINo OnepslLwuM pa3fioMoM
pasgeneHo Ha gBa nonsd — 3anagHoe (Yas OcHoBHoOW) n BocTovHOe (Ya3 BoctouHbil). Ha cesepo-
BOCTOYHOM KpbIfie pacronoXeHo MecTopoxaeHue Ya3 CesepHbli. B pasHble rogbl B 3Tux Tpex
MecTopoxaeHuax nposogunuce PVT wnccrnegoBaHusl, a TakkKe TrEeOXMMUYECKUE UCCNeaoBaHUst
(bUHrepnNPUHTWHI) ANSA NOATBEPXAEHUS AAHHbIX.

Uenb. Uenbio paboTbl $BRAseTCA oOueHKa pAaHHbIX no pesynstatam  PVT  uccnegosaHui
M FEOXMMMNYECKOT0 OUHIEPNPUHTUHTA, BbIABIIEHNE PA3NNYUA N CXOXECTN CBONCTB MNacToBbiX nionaos
no Tpem MectopoxaeHusm: Yas OcHoBHou, Ya3 BocTouHbi 1 Ya3 CeBepHbIi.

Martepuanbl u meToabl. B nccnegosaHum ncnonb3oBanuck gaHHele PVT nccnegoBanuii, npoBeaeHHbIX
B pasHble rofibl Ha TPEX MECTOPOXAEHUSX, a TaKKe reOXMMUYECKNE UCCMNEN0BaHMSA AN NOATBEPXKAEHNS
NOMyYEHHbIX [aHHbIX, BKMYas MeTon (UHrepnpuHTMHra. Bce paHHble 6blnM MCNONb3oBaHbI
OIS aHanu3a pasnuyni U CXOXECTU XapakTePUCTUK priomaoB.

Pe3ynbraTtbl. Pe3ynsratbl aHanvMsa no3BOnvnv BbISIBUTb PasnuMynMst U CXOXECTb CBOWCTB MIacTOBbIX
dnonagoBs, 4YTo cnocobecTByeT Gonee TOHMHOM MHTEpNpeTaumMn OaHHbLIX U NOBbILLEHND 3PEHEKTUBHOCTH
ynpasneHusi pa3paboTKon MECTOPOXKAEHUI.

3akntoyeHue. lNMonyyeHHble AaHHble 0 PVT cBoncTBax u pesynbraTbl reOXMMMYECKMX McCrneqoBaHun
CMOCOOCTBYIOT YIyYLLEHUIO TOYHOCTM B OLIEHKE 3anacoB M MOBbIWEHNIO 3PEKTUBHOCTU yNpaBneHus
pa3paboTkon MeECTOPOXAEHUI HA NpUMepe CTPYKTYpbl Yas.

Knrodeenie crioga: gu3uko-xumudyeckue ceoticmea Hegpmu, PVT ceolicmea rnnacmosbix ¢hrioudos,
puHaeprnpuHmMuHa Hegpmu.
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PVT Data Evaluation and Geochemical Fingerprinting: Approaches
and Results

Nadezhda K. Dukessova, Klara M. Kunzharikova, Laura M. Bissikenova,
Gaukhar Zh. Bektas
KMG Engineering, Astana, Kazakhstan

ABSTRACT

Background: This article examines the importance of reliable PVT data on reservoir fluid properties
for calculating oil and gas reserves, as well as for making informed decisions during the design
and operation of fields, using the example of the suprasalt complex of the Uaz structure. This structure
is divided by tectonic faults into three flanks: southwestern, southern, and northeastern. The southern
flank is separated by a feathering fault into two fields — western (Uaz Main) and eastern (Uaz East).
The northeastern flank contains the Uaz North field. Over different years, PVT studies and geochemical
studies (fingerprinting) have been conducted at these three fields to confirm the data.

Aim: The purpose of this work is to evaluate data from PVT studies and geochemical fingerprinting,
to identify differences and similarities in reservoir fluid properties for three fields: Uaz Main, Uaz East
and Uaz North.

Materials and methods: The study used data from PVT surveys conducted in different years
at the three fields, as well as geochemical studies to confirm the data obtained, including
the fingerprinting method. All data were used to analyze differences and similarities in fluid
characteristics.

Results: The results of the analysis allowed us to identify differences and similarities in reservoir fluid
properties, which contributes to more accurate data interpretation and improved field development
management.

Conclusion: The obtained PVT property data and geochemical study results contribute to improving
the accuracy of reserve estimation and enhancing the efficiency of field development management
using the example of the Uaz structure.

Keywords: physicochemical properties of oil; PVT properties of reservoir fluids; oil fingerprinting.
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TynHycka 3epTTey

PVT pepekTepiH Garanay xaHe reoXMMUsAnbIK (OPMHFepPNPUHTUHT:
Tacinaep MeH HaTuXxenep

H.K. OykecoBa, K.M. KyHxapbikoBa, J1.M. BucukeHosa, XK. Bekrac
KMI™ UnxuHupuHe, AcmaHa Kanacskl, KasakcmaH

AHHOTALUUA

Herizpgey. byn makanaga MyHan X8He ra3 KeH OpblHAapbiHbIH KOpnapblH ecenTtey, CoHAanm — ak
TEKTOHVKanbIK Oy3binynapMeH Yyl KaHaTKa-OHTYCTiK-6aTbIC, OHTYCTIK >X8He CONTYCTiK-LbIFbiCKa
GeniHreH Yas KypbinbiMbIHbIH Ty3 YCTi KELUeHi MbicanbiHAa KEH OpblHAAPbIH Urepy MeH nanpanaHyapl
xobanay kesiHae HerisgenreH welimaep kabbingay ywiH kabaTt cymblkTbikTapblHblH PVT kacuettepi
Typanbl ceHimai aepekTepaiH 60nybIHbIH MaHbI3AbINbIFLI KapacTbipbinagbl. OHTYCTIK KaHaT XapbliFaH
Xepre CyiieHreH eki epicke 6eniHeni — baTbic (Herisri Yas) oHe wWbifbIC (WbiFbIC Ya3). ConTycTik-
LWeifbic kKaHaTbiHAa Ya3 CeBepHbI KEH OPHbI OpHanackaH. ©p Xbifgapbl OCbl YW KeH OpHbiHAa PVT
3epTTeynepi, coHAan-ak AdepekTepai pactay YLWiH reoxumMusanblK 3eptreynep (UMHreprnpuHTUHN)
Xyprisingi.

Makcatbl. 2KymbICTbIH, MakcaTel — PVT 3epTTeynepi MeH reoXvmMusanblK UHIEPnpUHTUHT HaTWKeNnepi
bomblHWa aepektepdi Garanay, Herisri Yas, LWbiFbic Ya3 xeHe ContycTik Ya3 ocbl YL KEeH OpHbl
BolblHLa KabaT CyMbIKTbIKTAPbIHbIH, alibipMaLUblbIKTapbl MEH YKCACTbIKTapbIH aHbIKTay.

Martepnanpap meH oapictep. 3epTTeyde YW KeH OpHbHAA SPTYPMi XKblngapbl KyprisinreH
3eptTeynepaid PVT aepekTepi, coHaan-ak anbiHFaH AepekTepai pacTtay YLiH reoxumMusnbIk 3eptreynep,
COHbIH iWiHAe UHIEepnpUHTUHI 8Aici KongaHbinabl. bapnbik AepekTep CyMbIKTbIK cunaTtTamanapbiHbiH,
anbipMaLLbINbIKTapbl MEH YKCaCTbIKTapbIH Tanaay YLiH naiganaHbingbl

Hatuxenepi. Tangay HeTwkenepi kabaT CyMbIKTbIKTApbIHbIH, KAacUETTEPIHIH alibipMallbifbIKTaphbl
MEH YKCaCTbIKTapblH aHblkTayFa MyMKiHAK Oepgi, O6yn gepektepgi Aanipek TyciHOipyre XeHe KeH
opblHAApbIH Urepyai 6ackapyablH TMIMAINIriH apTTbIpyFa biknan eTeqi.

KopbiTbiHgbl. PVT kacuetTepi Typanbl anblHFaH MOMIMETTEP XOHE TeOXUMUSNbIK 3epTTeyrnepaiH,
HaTuxenepi kKopnapabl Oafanaynarbl O8NAiKTI XakcapTyFa XoHe Ya3 KypbifbiMbl MbiCanblHOA KeH
opblHAApbIH Urepydi 6ackapyablH TMIMAINIriH apTTbIpyFa biknan eTea,.

Hezizzi ce3dep: MyHaliOblH @bu3UKanbIK-xumMusinblk kacuemmepi, PVT kabam cylblKMbifbiHbIH
Kacuemmepi, MyHaloblH ¢huH2eprpuHMuUHai.

Manekce3 KenTipy YLWiH:

Hykecosa H.K., Kymxapbikosa K.M., bucukenoea JI.M., Bekmac [2K. PVT pepektepiH 6aranay
XKOHEe reoXMMUANbIK (PUHrepnpUHTUHT: Tacingep MeH HaTwkenep // KasakcTaHHbIH MyHal-ra3 canacbiHbIH
xabapuwbicbl. 2025. 7 Tom, Ne1. 79-89 6. DOI: https://doi.org/10.54859/kjogi108768.
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BBeneHune

Hanuuue poctoBepHbIX AaHHbIX 0 PVT cBoi-
ctBax (aHen. Pressure, Volume, Temperature — naB-
neHve, o6bEM, TeMnepaTypa) NrnacToBbix hnonaos
urpaet BaXHENMLWy pofb Mpu noacyéTe 3anacoB
3anexen yrnesogopoaos (aanee — YB) n nossonser
NpUHUMaTb 060CHOBaHHbIE PEeLLEHNs MPU NPOeKTU-
poBaHun pa3paboTku 1 0B6ycTponcTBa MecTopoxae-
HW. OpgHako monyyeHue 3TUX AaHHbIX COMPSKEHO
C psgoM npobrem, TakMx Kak OTCYTCTBUE WNN He-
[OCTaTOMHOCTb  UCCMeAOBaHWM  MpY  HavanbHbIX
Tepmobapuyecknx yCroBusix Ha atane reonoropas-
BEAOYHbIX paboT, nonyyYeHne HEKOHAULIMOHHBIX pe-
3yNnbTaToOB BbINOMHEHHbIX MPOMBICIOBLIX, Nabopa-
TOPHbIX W 3KCMEepUMEHTanbHbIX UccnegosaHui [1].
Ha npakTtuke atn npobnembl npeoponesaloTcs 3a
CYET NpoBefeHMs1 KOMMNIIEKCHbIX paboT no nccneno-
BaHWIO NNACTOBOW CUCTEMBI, BKIOYAIOLWMX B cebs:

— nposefeHne nabopaTopHbIX Uccrneaosa-
HWIA MO MHOTMM HanpaeneHusm (PVT, onsmko-xumum-
Yyeckne, reoXMMmM4eckne u Hble aHanuabl);

- COBMECTHbIV aHanus reonorn4yeckux,
NPOMBbICIIOBbIX U J'I360paTOprIX AaHHbIX;
- npuMmeHeHne COBpPEMEHHbIX MeToaoB

MaTeMaTU4eckoro MoaenmMpoBaHus.
Mpv aHanuae AaHHbBIX CNeLnanmncTbl CTPEMATCA
NOBbLICUTb [OCTOBEPHOCTb MOMyYaeMblX AaHHbIX
W ynyywuTb MeToadpl UX uHTepnpertaumun. CBoncTea
NnacToBbIX PNOMA0B 3aBUCAT OT TEPMOBapUYEecKmx
YCNOBWI, KOTOpblE BKIOYAKOT B cebs Temnepartypy
W AaBreHne B NnacTe, M U3MEHSITCA B npolecce
paspabotku. [loaTomy aHanmM3 M oueHka npob
nnacToBbIX (rIOMAOB akTyanbHbl Ha BCEX CTaamnsax
XWU3HEHHOTO LMKNa MeCTOPOXAEHUN [2].

MaTtepuansi u metoabl
Ons oueHkn PVT paHHbIX Obln NpUMEHEH
CpaBHUTENNbHbIN MeTo[, aHanusa CBOWCTB

nnacTtoBoro crironaa, OCHOBaHHbIA Ha pesynbrarax
3KCMEPMMEHTAalNbHbIX UCCMNEeAOBaHUA U BbISBEHUS]
3aKOHOMEPHOCTEN  U3MEHEHWsT 3TUX  CBOWCTB.
3HayeHns1 CBOWCTB MnacTtoBoW HedT 3aBucAT
OT MeToAMKM pasra3upoBaHus Npob B nabopaTop-

HbIX YCNOBMSIX, T.e. OT BuWAa 9SKCMepuMeHTa
(ctanpgapTHaa cenapauusi, guddepeHunansHoe
pasrasvpoBaHue, cTyneHyaTas cenapauus).

CraHgapTHas cenapaums NPOBOAUTCS NPaKTUYeCcKn
BO BCeX Npobax NnacToBon HedTK, 1 UCMOSb3YyeTCs
eOVHbI  NoAxod K  MEeToauke  npoBefdeHus
3KCMepVMEeHTa — OAHa CTyMeHb pasra3vpoBaHWA
npmn CTaHAapTHbIX YCMOBUSIX. Moatomy
Ons  BbiSIBMIEHWS  B3avMOCBHA3W  NapameTpoB
nnactoBo  HepTM  peKkomeHOyeTcs  CTpOUTb
rpacpmkn 3aBMCUMOCTEN CBOMCTB NacToBON HedpTu
B CTaHAapTHbIX ycnosusx [3, 4].

O6bekTOM MCCredoBaHWsA  ABMAKTCA  TPU
mMecTopoxaeHuss — Ya3 OcHoBHOW, Ya3 Boctoy-
Hbll 1 Ya3 CeBepHblil, NpUYpOYEHHble K Haaco-
neBOMY KOMMMeEKCY CTPyKTypbl Ya3 (puc. 2). PVT
nUccnegoBaHWs Hayanucb Ha CTaguv  pas3Beqku
B 1999 r. no mectopoxgeHunto Yas OcHoBHOW,
rae 6binn otobpaHbl 57 Npob HedTM N3 MENoBbIX
N IOPCKMX NPOAYKTUBHbBIX FOPU3OHTOB. 10 MecTopox-
AeHnto Yas BocTouHbIi uccnegoBaHvs Hav4anuch B
2013 r., 6binn n3yyeHsl 53 npobbl HedTH, XapakTe-
puaytowme menosble (K), topckue (J) n TpuacoBble
(T) NpoayKTUBHbIE TOPU30HTLI. [10 MeCTOpoXAEHMIO
Ya3 CeBepHbIl uccnegoBaHusa Havanucb B 2017 .,
N3yYeH TONbKO TP1acoBbIN NPOAYKTUBHbIN FOPU3OHT,
KOTOpbI 0XxapakTepu3oBaH 29 rnyOuHHbIMKU npoba-
MU HedTW. [INs onpeaeneHns U aHanusa CBOWCTB
HedTU B NNAcToBbIX YCMNOBMSIX ObINM NOCTPOEHbI
rpapmkn  3aBUCMMOCTU  [a@BMEHUS  HacCblLEeHUs
OT rasocofdepxaHus W NIOTHOCTM CcenapupoBaH-
HOM HedTM OT Ko3dUUMEHTa PaCcTBOPUMOCTU
rasa (puc. 3-4) [5].

PucyHok 1. ®parMeHT CTPYKTYPHOM KapTbl NO OTpaxarLlemy ropusoHTy VI
Figure 1. Fragment of the structural map by reflective horizon Vi
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PucyHokK 2. ®parMeHT CTPYKTYPHOM KapTbl
Nno oTpaxaroLemy ropusoHty V
Figure 2. Fragment of the structural map
by reflective horizon V

C uenbio  BbISIBNEHUS reHeTU4eCcKoro
CXOACTBA M pasnuuuin 6bin Npon3BeaEH AeTarnbHbIN
reoXMMUYECKUI aHanu3 (PUHrepNPUHTHHT).
ODUHrepnpuHTUHr  HepTU MNO3BONSIET  MPOBECTMU
KOppEensaLUM COCTaBOB HedTVM MO OnpeaeneHHbIM
napameTpaMm C pasHbiX FOPU3OHTOB, pe3epByapoB
1 MECTOPOXAEHUN, BbISIBUTb UX CXOXECTb U pa3nuuns
npu MOMOLM YHMKanbHbIX 12 apomaTnyeckux
KOMMOHEHTOB B UX COCTaBe, KOTOPbIE ANOUPYIOTCS
mMexay H-ankaHamu Cg—Ciq [6]. Mo KoHuUeHTpauun
NUKOB  CTPOATCA T.H. 3BE3[Hble AuarpaMmmbl,
HarnsgHo UNMIOCTPUPYIOLLIME CXOACTBA U pasnuyums.
3BE3aHble AnarpaMMbl OTOOpaXxaroT OTHOCUTENbHOE
cogepXaHue  Kaxgoro KOMMOHeHTa B BUAE
NenecTkoB, OTXOAALMX OT LEeHTpa, WNMCTpupys
OTHOLLUEHUS  KOHLUEHTpauuih pasnuyHbiX apoma-
TUYecknx coeduHeHnn. Ero cyTb 3aknovaercs
B OnpefeneHun WHOMBMAYamnbHbIX XapaKTepUCTUK
dnonga, T.H. «OTNeYaTkoB nanbLeB» pesepsyapa.
Kaxabin  conomaoamMHamMmmyeckn  coobLuaroLmmnest
pesepByap (nnact nubo rpynna nnacTtoB) MMeeT
CBON YyHUKanbHbI Habop coegnHeHw B onpege-
NEHHbIX  KOHLEHTpauusXx, OTpaxalolmx CocTaB
1 CBOMNCTBa (bnomaoB B pesepByape (nnacre).

[azoxmnakocTHas xpomartorpacmsi no3BonsieT
M3yunTb COCTaB W XapakTep pacnpegeneHus
H-ankaHoB " M30MNpeHOMAHOro CTPOEHUsI
Ha MOneKynsipHOM YPOBHe, Mo pe3ynbraTaM KOTopbIX
MO>HO OLIEHUTb Ka4eCTBO 0Opa3Lia v ero npUroaHoCTb
ONs  pganbHEeWWMX aHanusoB (UHreprnpuUHTUHTA.
Hanuuue H-ankaHoB 1 oTcyTcTBME Buoagerpagauum
SIBMAIOTCA  KMOYEBbIMW  MoKasaTensiMu, KoTopble
Nno3BONSAKT OLEHUTb KadecTBO obpasua HedTu
N ero npurogHoCTb ANS AanbHEWLUMX aHanu3oB
OUHrepNPUHTUHTA:

—  H-ankaHbl SIBNSAIOTCA HOpManbHbIMU YB,
npucyTcTBylOWMMU B HedTW. WX KOHUeHTpauus
N pacnpefeneHve [aloT BaxHylo MHGOpMaLuio
0 NepBNYHOM COCTaBe HedTN N €€ reoXMMUYECKNX
XapakTepucTukax;

DOI: 10.54859/kjogil1 08768

— BbiCOKasi  KOHLEHTpauusi  H-asikaHoB
yKa3blBaeT Ha TO, 4YTO HedTb coxpaHuna
CBOWM MCXOOHble CBOWCTBA M He nopBepriacb
3HAYUTENbHOMY Pa3pyLUEHWIO WU U3MEHEHMUIO.
OTO BaxXHO Ans  NpoBedeHVs  JarbHenwmx
reOXMMUYECKMX aHanmu3oB W  pUHrepnpuHTUHra,
T.K. CTabunbHbll cocTaB obecrneumBaeT TOYHOCTb
N HAaAEXHOCTb Pe3ynbLTaTos;

—  Ons UHrepnpuHTKHIa, KOTOPbIN OCHOBAH
Ha WMOEHTUMMKALUMM  YHUKANbHBIX  XUMUYECKUX
XapakTepucTuk HedTu, OTCyTCTBUE Buoaerpagaumm
0COBGEHHO BaXHO. OTO MO3BOMSAET MNony4nuTb bonee
TOYHble U HapExHble OaHHble O MPOUCXOXAEHWUM
N XapakTepuctukax HedTu.

OTN  KpUTEpUM YKa3blBalOT Ha BbICOKOE
KayecTBO 06pasLoB K OTCYyTCTBME Guoaerpagaumm.
Mo wuccnegyembim  aBym  npobam  HedTn
u3 CKBaXWH MECTOPOXAEHNS npoeefeHa
MHOroMepHasi rasosasi XxpomaTtorpacusi
(LTM-MDGC), nossonuBLLas onpeaenutb pasnmyms
B vccnegyembix npobax HedTu [7].

Pe3ynbTaTbl

Pesynerathl nccnenoBaHus nokasanu,
47O BCE 06pasLbl HeddTU MOXHO KnaccuduLMpoBaTh
Ha TpM rpynnbl B 3aBUCUMOCTM  OT  UX
Ko3hpmumMeHTa pPacTBOPMMOCTM rasa, Kaxpas
M3 KOTOpbIX AEMOHCTPUPYET CBOK COBCTBEHHYIO
Koppensauumio (puc. 3).

| rpynna Hed TV MenoBbIX U FOPCKMX FTOPU3OHTOB
mecTopoxaeHunin Yas OcHoBHOM 1 Ya3 BocTouHbIN
SABMAETCA TSHKENOW, C MIOTHOCTBIO B npegenax
oT 868,3 pgo 923,7 kr/m®, obnagaetr MeHblUen
CrnocobHOCTBIO pacTBOPSAThL ra3 (puc. 4).

Il rpynna HedTM MecTOpOXAeHMs Yas
CeBepHbIi B paioHe CKBaXXWHbl Y-23 cO cpepHen
NIOTHOCTLIO B npegenax 828-843 «kr/m® nmeer
CpeaHIo0 pacTBOPMMOCTb ra3a (puc. 4).

Il rpynna — Goree nérkasi, C MIOTHOCTbLIO
oT 786 po 803 «kr/m®, umeer 0Oonee BbICOKUI
KoapuLeHT pacTBopMMoCcTu rasa (puc. 4). O1o
CBSI3@aHO C TE€M, YTO He(Tb C MEHbLUEN NIOTHOCTLIO
nmeeT Gonee BbICOKYD CMOCOBHOCTb PacTBOPSATb
ras, Onarogaps 4emy MoOrnekynbl rasa MoOryT
aphekTBHEE pacnpepensTbCa U ocTaBaTbCs
B HedpTn B pactBopeHHOM coctosHuu. |l rpynna
npeactaBneHa HedTbl TPUACOBbLIX TOPU3OHTOB
MecTopoxaeHui Yas CeBepHbii 1 Ya3 BoCcTouHbIN.
3pecb Xo4veTcst OTMETUTb, YTO NO pe3ynbratam
nccnenoBaHus reonoro-cecMmyecknux  pabdor
Takke ObINO BbLISBMNEHO, YTO HA MECTOPOXAEHMSIX
Ya3 CeBepHbli 1 BOCTOYHBIA MMEKT Of4MHAKOBOE
NPOVUCXOXAEHNE  CTPYKTYPHO-CeAUMEHTaLMOHHbIE
TIOBYLLKW, YTO MOATBEPXXAAETCA aHann3oM CBOWCTB
nnacToBbIX OMAO0B.

CxogctBo  Hedptv | rpynmbl  MenoBbiX
" FOPCKMX rOpMU30OHTOB MECTOPOXAEHUN
Ya3 OcHoBHOM © BocTouHbIl  0GBACHSETCA
TEM, UYTO OHWM TEONOrMYeckn  PacnonoXeHbI

B OA4HOM (tO>KHOM) Kpbinie (puc. 1), U, BO3MOXHO,
NPOAYKTMBHbIE TOPWU3OHTbI MMEKT Mexay cobon
rMApPOANHAMUYECKYHO CBSA3b.
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PucyHok 3. 3aBMCMMOCTb AaBnNeHUA HaCbILWEHUA OT rasocoAepKaHusa
Figure 3. Saturation pressure dependence on gas content

PucyHok 4. 3aBMCUMOCTb NMOTHOCTU HedhTn OT Ko3achdhuLmeHTa pacTBOPUMOCTH rasa
Figure 4. Dependence of oil density on gas solubility coefficient

Pasnuunsa B ceoicteax cniovaa Bo |l rpynne
HepTV Ha ckBaxuHe Y-23 MecTopoxaeHus Yas
CeBepHbIt MOTyT 6bITb 06YCNOBNEHLI HECKOMNBKMMM
aktopamu (puc. 5). NepBbiM hakTopoMm ABNSeTCS
rny6uHa otbopa npob (MHTepBan otbopa Ha rpaHuLe
BOAOHedTAHOro KoHTakTa (ganee — BHK) (puc. 6),
a TakKe MPOAYKTUBHBIA TOPU3OHT, MPUMbIKAIOLLIA
K KpOBfie COMEHOCHbLIX OTnoXeHun (puc. 7),
KOTOPbI MOXeT MNOoBMUSATL Ha cocTas dnonaa
n3-3a CMOXMBLUMXCS MAaCTOBbIX YCIOBUM Ha 3TOM
yyactke. BTopbiM acnektom SBRSETCA BbLICOKOE
cofepXaHue asota B rase HedTW, YTO MOXET
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NPMBECTU K MOBLILIEHWIO [OABMEHUS HacblLEeHUs
3a CYET NNOXOro pacTBOPEHWS a3oTa B HeddTU.
3pecb TaKke X04eTCs OTMETUTb, YTO OfHa
npoba HedTM M3 ckBaxuHbl YC-10 n gBe npobbl
HedTM M3 ckBaXuHbl YC-3 HaxogsaTcsa Ha NWHUK
TPeHAa CKBaXWHbI Y-23, 4TO YKa3blBaeT Ha CXOXECTb
napaMmeTpoB HedTM HWxkHero Tpumaca (puc. 5).
Ha puc. 6 MoXHO 3amMeTuTb, YTO ckBaXuHbl YC-10
1 YC-3 pacnonoxeHbl pSaoM CO CKBaXuMHOW Y-23.
Ha puc. 7 BugHo, 4To Npobbl U3 3TUX CKBaXXWH Oblnn
oTobpaHbl N3 HWXKHero Tpuaca. YuuTbiBas Bce 3Tu
OaHHble, CXOXecTb HedpTM MoxeT ObiTb cBf3aHa
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PucyHok 5. 3aBUCMMOCTbL AaBneHnsi HacbILWEHUs1 OT ra3ocoZepXaHus
Figure 5. Saturation pressure dependence on gas content

C MX reonormyecknuM pacriofiokeHnemM 1 BepOSITHON
BepTMKanbHon murpaumen YB vyepes TekToHuveckme
HapyLleHus, 4TO CNocobCTBYET CMELLMBaHWIO HedpTn
MEXAY CKBaXKXWHaAMM.

[na  noatBepXOeHMs  CXOXecTu  HedTum
Il rpynnbl 66N BLINOMHEH OTOOP MOBEPXHOCTHbIX
npo6 ans reoXMMUYECKNX nccnenoBaHui
(dbrHrepnpuUHTUHT HedTH) M3 ckBaxuH ¥Y-23 n Y-10.
M3 kaxpgow ckBaxuHbl 6blno oTobpaHo Mo Tpwu
napannenbHbIX Npobsbl.

[Mo pesynsratam conocTasfeHns apomartu-
YeCKMX KOMMOHEHTOB B HedTW B BUAE NenecTko-
BbIX Auarpamm B COCTaBe UCCregoBaHHbIX obpas-
LoB B CKBaxuHax Y-23 u Y-10 mecTopoxaeHus
Ya3 CeBepHblii, HehTb 0bnagaer CxoXvMMu cocTa-
BaMM apoMaTn4ecKux KOMMOHEHTOB, HabnogaeTcs
WHAEHTUYHOCTb 3BE3AHbIX Anarpamm, YTo ykasbiBa-
€T Ha xopoLuyto dnongocoobLLaemMocTb Nopoa-Kon-
nekTopos (puc. 8).

Mo xpomaTorpammam (puc. 9) MOXHO CyauTb,
YTO BCE U3y4eHHble HedTn He BrnoaerpaampoBaHHble
W TrodHbl ANS [anbHeWlero aHanusa MeToAoM
duHrepnpuHTUHra. Tak, Npy NpoBeAeHnn AeTanbHbIX
reoXMMUYECKNX UCCIe0BaHNIN N0 (PUHIEPNPUHTUHTY
HedTH ckBaxuH Y-23 1 Y-10 obHapyxeHa cXoxecTb
no cocTaBy, Y4TO noaTBepxpaeT cooblaemocTb
CKBaXMH W OAOMHAKOBble pe3epByapHble YCroBuA
(puc. 10-11). Takum ob6pa3om, cCylLlecTBOBaHWE
B paspese, OnM3KoM nNo  UNKO-XMMUYECKUM
CBOWCTBaM W YrNeBOAOPOAHOMY cocTaBy HedTh
MecTopoXaeHnss Yas, CBUAETENbCTBYET O €QUHON
reHeTU4ecKon OCHOBE.

O6cyxaeHue

Mcxoasa u3 COBOKYNHOrO aHanmM3a M OLeH-
KM OaHHbIX no pesyneratam PVT wnccnegoBaHui
N (PUHrEepnpuvHTMHrA Ham y[anocb BbISIBUTL pas-
nMYns N CXOXEeCTb CBOWCTB MNacToBbiX Onon-

PucyHok 6. CTpyKTypHas KapTa MeCTOpPOXAeHUs
Ya3 CeBepHbIn
Figure 6. Structural map of the Uaz North field

[OB B pamKax Tpex MecTtopoxzaeHui: Ya3z OcHoB-
How, Ya3 BocTouHbii 1 Ya3 CeBepHbld. Paznuuusa
B cBOMCTBax HedTu BO Il rpynne MoryT BbITh CBs3a-
Hbl ¢ ry6uHon otbopa nNpob, 6rM3kMM pacnornoxe-
HMEeM CONEHOCHOro Kyrnona u copepxaHuem asoTa,
YTO BaXHO YYMTbIBaTb NPW MHTEPNpPETaLUn AaHHbIX
N nnaHupoBaHuM paspaboTku. lMonyyeHHble OaH-
Hble No3BoNMnu Gornee TOYHO ONPEAENUTL PEFMOHbI
c obwumn ceoncteammn PVT, 4yto B CBOKWO Oyepenpb
crnocobcTByeT 6onee rnybokoMy aHanu3y u BNusieT
Ha NPUHATUE peLLeHnn Npy 3PdPEeKTUBHOM yrpasne-
HUW pa3paboTKON MECTOPOXAEHWIA.
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PucyHok 7. Cxema o6ocHoBaHusi BHK no mectopoxaeHuto Yas CeBepHbin
Figure 7. Justification scheme of the OWC for the Uaz North field

PucyHok 8. PesynbraT chuHrepnpuHTHHra oo6pasuos HedpT MecTopoxaeHus Yas
Figure 8. Result of oil sample fingerprinting from the Uaz field
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PucyHok 9. XpomaTtorpamma o6Lero KOMNOHEHTHOro cocTaBa HOpMaNbHbIX U U30NPEHOUAHbIX
YB HedTn ckBaxuH Y-10 n Y-23
Figure 9. Chromatogram of the total component composition of normal and isoprenoid hydrocarbons
of oil from wells U-10 and U-23

PucyHok 10. XpomaTtorpamma apoMaTM4eCKUX KOMMNOHEHTOB HedpTU CKBaXuHbl Y-10 mecTopoxaeHUs
Ya3 CeBepHbIi
Figure 10. Chromatogram of aromatic components of oil from well U-10 of the Uaz North field
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PucyHok 11. XpomaTtorpammMa apoMaTM4yeckux KOMMNOHEHTOB HedhTH CKBaXUHbI Y-23 MecTopoXaeHUs
Ya3 CeBepHbIi
Figure 11. Chromatogram of aromatic components of oil from well U-23
of the Uaz North field

AOOMONHUTENBHO

UcTouHumk cpHaHCUpOBaHUA. ABTOpBbI
3asBMsAT 06 OTCYTCTBMM BHELLHErO hMHaHCKMpOBa-
HWSI MPW NPOBEAEHNN NCCNEA0BaHUS.

KoHdnukr wuHTepecoB. ABTOpbl AeKknapupylT
OTCYTCTBME SIBHbIX WM MOTEHUMarbHbIX KOH(IUKTOB
WHTEPECOB, CBSI3aHHbIX C Mybnukaumen HacTosLwen
cTaTtbu.

Bknap aBTopoB. Bce aBTOpbl nopTBepxgaroT
COOTBETCTBME CBOEro aBTOPCTBA MEXAYHAPOAHbIM
kputepusm  ICMJE  (Bce  aBTOpbl  BHecnu
CyLLeCTBEHHbIA Bknag B pa3paboTky KoHuenuuw,
npoBeAeHNe WUCCneaoBaHNS W MOArOTOBKY CTaTb,
npounu u ojobpunu duHanbHy Bepcuio nepen
nybnukauuen). Hambonblumii Bknag pacnpegenét

crnegyowmm obpasom: [OykecoBa HK,
Kynxapukosa K.M. — reHepauus ngew, noctaHoBKa
3aja4y, aHanuM3 M MpoBepka  pe3ynbraToB

ncecnenoBaHuda, UHTepnpertauna u cuctematmsaund;
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UccrnefoBaHu, HanucaHne W pedakTMpoBaHue
PYKOMMCM.
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Original article

The role of Capillary Hysteresis in Enhancing CO, Trapping
Efficiency and Storage Stability

Reza Khoramian, Peyman Pourafshary, Masoud Riazi
School of Mining and Geosciences, Nazarbayev University, Astana, Kazakhstan

ABSTRACT

Background: The intensifying impact of climate change demands innovative approaches to reduce
atmospheric CO, levels. Carbon Capture and Storage (CCS) offers a viable solution by sequestering
CO. in geological reservoirs. However, understanding the role of capillary hysteresis in CO, trapping is
critical for optimizing CCS performance.

Aim: This study aims to investigate the influence of capillary hysteresis on CO, trapping efficiency
in saline aquifers using detailed simulation models and varying hysteresis values.

Materials and methods: Advanced CMG simulation software was utilized to model CO, injection
and migration in saline aquifers spanning depths of 1200—1300 meters. The model, initially saturated
with brine, applied water-alternating-gas (WAG) injection at hysteresis values of 0.2, 0.3, 0.4, and 0.5
to evaluate their effect on CO, trapping efficiency.

Results: The simulations demonstrated a direct positive correlation between hysteresis values and CO,
trapping efficiency. At a hysteresis value of 0.5, nearly 100% CO, trapping was achieved. This increased
efficiency was attributed to stronger capillary forces immobilizing CO, more effectively and reducing
mobility towards caprock, thereby minimizing leakage risks.

Conclusion: The study highlights the key role of capillary hysteresis in enhancing CO, sequestration.
Higher hysteresis values improve long-term storage stability, emphasizing the need for optimized WAG
injection strategies in CCS applications.

Keywords: CO, storage; capillary hysteresis; saline aquifers; WAG injection; climate change mitigation.
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OerMHaanoe unccnegosaHue

Ponb kanunnsapHoro rucrtepesuca B NoBbIlWeHUN 3pheKTUBHOCTU
yrnaBnuBaHuA U ctabunbHocTn xpaHeHus CO,

P. Xopamuan, . NMypacwapu, M. Puasu
Lllkona eopHo2o Oena u Hayk o 3emne, Hazapbaee YHusepcumem, 2. AcmaHa, KazaxcmaH

AHHOTALMUA

O6GocHoBaHMe. YcureHve BO3OEWCTBUS WM3MEHeHUst krnvumata TpebyeT WMHHOBAaUMOHHBLIX MOOXOAOB
K CHwxeHuto ypoBHss CO, B aTtmocdepe. YnaeBnvBaHuMe W XpaHeHue yrnepopa obecnevvBaet
OelcTBeHHoe pelueHve nyTém cekBecTtpaumm CO, B reonormyeckux konnektopax. [MoHvmaHue ponu
KanunnsapHoro ructepeanca B ynaenueaHum CO, vMeeT peluatollee 3HayYeHWe aAnst onTumusauum
3(hbdheKTUBHOCTN yNaBNMBaHNA N XpaHeHUs yrnepoaa.

Uenb. Llenb gaHHOro wuccrnegoBaHus SBMNSIETCS WU3yYeHUE BMUSIHAS KanWMMspHOro ructepesnca
Ha adpekTmBHOCTE ynaenmeaHns CO, B COMNEHbIX BOOAOHOCHBLIX FOPU3OHTaX C MOMOLLLIO AeTanbHbIX
MMUTaLMOHHBIX MOAENen U NepeMeHHbIX 3Ha4eHUn rnctepesunca.

Matepuanbl 1 metogbl. [ns mogenupoBaHust 3akadkm n murpaumm CO, B COMEHble BOOOHOCHBLIE
ropu3oHThl rmy6buHon 1200-1300 M 6bINO MCNONbL30BAaHO COBPEMEHHOE MporpammHoe obecneyeHue
CMG. B mopgenu, nepBoHayanbHO HaCbILEHHOM PaccornoMm, MpUMeHsANacb noodepeaHas 3akadka
BOAbl M rasa npu 3HadyeHusx ructepesuca 0,2, 0,3, 0,4 n 0,5 AnA OUEHKN BNUSHWUS 3TUX 3HAYEHWUW
Ha acbdekTnBHOCTL ynasnueaHus CO,.

PesynbraTbl. MogenvpoBaHue nokasano NpsMYyo MOMOXWUTENbHYK KOPPENsUU0 MeXay BenMuuHon
rmctepesunca u aekTBHOCTbI0 ynaenuaaHns CO,. MNpu 3HavyeHuu ructepesuca 0,5 6610 AOCTUTHYTO
noyTn cronpoueHTHoe ynaenueaHue CO,. Takoe noBbiweHne 3PEKTUBHOCTM OOBACHAETCS TEM, YTO
bonee cunbHble KanunnapHble cunbl addekTeHee nMmooumnuaytoT CO, 1 CHMXKAKT ero NoaBMKHOCTb
B CTOPOHY MOKPOBa MPOAYKTUBHOTO Mracta, TeM CaMbiM MUHUMU3UPYST PUCKN YTEYKU.

3aknwuyeHune. lccrnegoBaHue nogyepkMBaeT  KMKOYEBYH  POMnb  KanwummnspHoOro  rmucrepesuca
B MNoBblWeHnn addpekTnBHOCTU cekBecTpauumn CO,. bonee BbiCOKMe 3Ha4YeHNs rMcTepesunca ynyyiiawT
[OONTOCPOYHY CTaBUNBHOCTL XpaHunuLia, rnogyvepkMBasi HeobXxoaMMOCTb OMTUMM3auuu CTpaTerui
nooyvepenHo 3aKkaykm BoAbl U ra3a B CUCTEMAX YraBnnBaHWs U XpaHeHus yrnepoaa.

Krnroueewle crioga: xpaHeHue CO,, KanunnispHbIU aucmepesuc, ConeHble 8000HOCHbIE 20PU30HMbI,
riooyepeOHas 3akayka 800bl U 2a3a, cMsigdeHue rnocredcmeauli USMeHeHUs Knumama.

Kak uumtupoBatb:

XopamuaH P, lypagpwapu I1., Puasu M. Ponb kanunnspHoOro ructepesnca B noBbllLeHUN 3PDEKTUBHOCTU
ynaBnuBaHus n ctabuneHocTn xpaHeHusi CO, // BecTHuk HedbTerasoBow oTpacnu KasaxcraHa. 2025. Tom 7,
Ne1. C. 90-99. DOI: https://doi.org/10.54859/kjoqi108781.
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TynHycka 3epTTey

Kanunnsapnbik ructepesuctiyq CO, TyTy TMimMAiniri MeH cakray
TYPaKTbINbIFbIH apTTblpyAarbl peni

P. Xopamuan, M. Nypacwapu, M. Puasu
Tay-KkeH ici xoaHe XKep myparnbl fbiibiMOap mekmebi, Hasapbaee YHusepcumemi, AcmaHa Kanacel,
KasakcmaH

AHHOTALMUA

Herizpgey. KnumatTbiH e3repyiHiH acepiH kywenTy atmocdepagarbl CO, OeHreriH TemeHaeTyaiH
WHHOBaUWMANbIK TOCINAepiH kaxeT eteni. KemipTekTi ycTay xaHe cakray reonorvsnblk konnekropnapaa
CO, cekBecTprney apkbinbl THiMAI wewimai kamTamacbid etepi. Kanunnapnblk ructepesuctii CO,
TYTyAarbl peniH TYCiHY KeMIpTEeKTi yCTay XaHe cakTay TMIMAINIriH OHTannaHabIpy YWiH eTe MaHbI3abl.
MakcaTtbl. Byn 3epTTeydiH MakcaTbl — KanunnsiprblK rMCTEPE3NCTIH TOMbIK MMUTaLUAIbIK Modensaep
MEH TUCTEPE3NC MSHAEPIHIH aliHbIManbinapbl apkbiibl Ty3gbl Cynbl ropusoHTTapgarbl CO, TyTy
THiMAiniriHe acepiH 3epTTey.

Martepuanpap meH aaictep. TepeHnairi 1200-1300 m Ty3gbl cynbl ropu3doHTTapra CO, angay xaHe
Ke3yiH Mogenbgey yuwiH 3amaHaym CMG Gargapnamanblk xacaktamachl kongaHbingel. bactankbiga
Ty30bl epiTiHAIMEH KaHblkkaH mMogenbae 6yn maHaepain CO, TyTy TuiMAiniriHe acepiH Garanay yLiH
ructepesuc 0,2, 0,3, 0,4 xaHe 0,5 MaHAepiHAe Ke3eKTecin Cy MeH ras angay KongaHbingbl.
HaTtuxenepi. Mogenbaey ructepesuc menwepi meH CO, TyTy TuiMainiri apacbliHAafFbl Tikenen
OH KoppensauusiHbl kepceTTi. [uctepeanc MmaHi 0,5 GonrFaH ke3ge CO,-Hbl XKy3 nambi3fa XKyblk
TYTyFa Kon xeTkidingi. Bbyn TuimainikTiH apTybl kywTi kanunnapnblk kywTtep CO,-Hbl  TUiMAI
NMMOBMNU3aUMANanTEIHOBIFBIMEH XOHE OHbIH ©eHiMAI KabaTTbliH KaknafbiHa Kapan KO3fFanfbILUTbIFbIH
TemeHaeTeTiHAIrIMeH TyciHaipineai, ocbinanilia afbin KeTy kayniH azantagpl.

KopbiTbiHAbl. 3epTTey kanunnapnblk ructepesnctii CO, cekBeCTpiHiH TMIMAINITIH apTThipyaarbl Herisri
peniH kepcetedi. MMCTepe3ncTin, Xofapbl MBHAEPI KOMIPTEKTI TYTY XOHE cakTay XymenepiHae cy MeH
rasgbl Kesek-ke3ek avigay cTpaTernsinapbiH OHTannaHAbIpy KaxeTTiniriH kepceTe OTbIpbIn, y3aK Mep3imai
caKTay TYpaKTbIbIFbIH XakcapTaabl.

Hezizzi ce3dep: CO, cakmay, Kanunnsap/blK aucmepesuc, my30bl Cyilbl 20pU30HMMap, Ke3eKkmecin cy
MeH 2a3 aliday, KnumammbiH e32epyiH asalmy.

[anekces KenTipy yLiH:

XopamuaH P, lNypacgwapu [1., Puasu M. Kanunnspnelk ructepeanctii CO, TyTy Tuimainiri meH cakray
TYPaKTbINbIFbIH apTThipyAarbl peni // KasakcTaHHbIH MyHan-ra3 canacbiHbiH, xabapubicel. 2025. 7 Tom, Ne1.
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Introduction

Industrialization, urban growth, and migration
to cities significantly drive up carbon dioxide (CO,)
emissions [1]. CO, absorbs heat from the sun
and traps it in the atmosphere, leading to ozone
layer depletion and alterations in atmospheric
circulation patterns [2]. CO, geological storage
has emerged as an effective approach to reducing
carbon footprints and addressing environmental
concerns, providing a solution for managing future
emissions as part of a comprehensive strategy
to combat climate change [3]. Carbon emissions
are captured from power plants and permanently
stored underground in saline aquifers or abandoned

hydrocarbon reservoirs, known for securely
storing gases [4]. Four main mechanisms -
structural trapping, capillary trapping, solubility

trapping, and mineral trapping—hydrodynamically
or geochemically immobilize CO,.

Structural and stratigraphic trapping, prominent
in the initial stages of a CO, storage project, relies
on an overlying caprock to prevent capillary leakage
of CO, [5]. Capillary trapping occurs when CO,
becomes immobile, forming isolated ganglia within
pore spaces, enclosed by brine in storage aquifer
formations [6]. Solubility trapping is considered
a secure storage method, where CO, bubbles
dissolve in the aqueous phase, creating carbonic
acid [7]. This acid interacts with metal ions (Ca?',
Fe?*, Mg?*) within the geological structure through
geochemical reactions, producing durable solid
carbonate minerals known as mineral trapping [8].
However, structural and stratigraphic trapping,
which relies on the presence of an overlying
caprock, may encounter geological complexities
and may not be feasible in all geological formations.
Similarly, dissolution trapping requires time
for significant storage, and mineral trapping,
involving the formation of solid carbonate minerals,
is a slow process, further delaying effective
CO, storage. In contrast, capillary trapping,
a rapid process, occurs early in storage, offering
an immediate solution and serving as a key element
for successful CO, storage. This mechanism
involves water entering pore spaces, displacing
CO, and leaving isolated pockets or droplets
behind. Residual trapping is crucial for securely
storing CO, underground over time, significantly
enhancing storage efficiency and encapsulation
within geological formations.

Previous studies have employed two methods
to examine residual trapping behavior. The first
method involves utilizing different ratios of vertical
to horizontal permeability [9], as well as varying
injection rates, temperatures, and pressures
for a specific set of relative permeability curves [10].
The second method isolates the impact of changes
in relative permeability curves by measuring
the variations in trapped gas saturations. This is done
by altering endpoint values such as residual gas
saturation, critical gas saturation, irreducible water
saturation, and wetting conditions, while maintaining
other factors constant [11]. This research employs
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the second method by using different hysteresis values
in relative permeability curves to investigate CO,
capillary trapping. The commercial CMG simulator
is utilized to monitor the distribution of CO, after
injection into an aquifer, followed by alternating water
injections. The influence of four different hysteresis
values (0.2, 0.3, 0.4, and 0.5), which reflect differences
between drainage and imbibition relative permeability
curves, is systematically studied to assess the CO,
plume shape and trapping efficiency underground.

Model Characteristics

A The aquifer model comprised 2000 blocks:
100 in the i-direction, 1 in the j-direction, and 20
in the k-direction, each block measuring 10 meters
inlength and widthand 5 metersinthickness. Stratified
between 1200 and 1300 meters depth, the model
had an initial pressure of 1800 psi at 1200 meters
(Fig. 1) and maintained a constant temperature
of 55°C, characteristic of deep saline aquifers.
The aquifer was initially saturated with 6% salinity
brine, with water compressibility at 3.102x107 psi™*
and rock compressibility at 3.793x107® psi~™.

A uniform porosity of 0.13 was applied across
all layers to accurately simulate fluid flow, while
permeability was set at 60 millidarcies in all
directions to model CO, plume movement.
To represent an infinite reservoir, boundary cell
pore volumes were exponentially increased using
a volume modifier of 1000, allowing unrestricted
fluid flow. Using the CMG-GEM simulator, CO,
was injected at a rate of 10,000 m®*day to a depth
of 1285-1300 meters for one year, followed
by a year of water injection at 50 m®*day to 1220—
1235 meters after a one-year pause. A 10-year
observation period tracked CO, migration, focusing
on structural and capillary trapping. The simulation
revealed that CO, displaces water initially but is
later trapped as water re-injection lowers CO,
permeability, achieving residual water saturation.
The effectiveness of structural and residual trapping
depends on CO,’s mobility through the rock
relative to water, controlled by relative permeability
curves hysteresis, which is critical for predicting
and optimizing CO, storage strategies.

Wetting relative permeability (krw) and non-
wetting relative permeability (krg) were derived
from the experimental study conducted by Edimann
et al. [12]. They injected water into strongly water-
wet sandstone cores until reaching steady-state
flow, marking the primary imbibition phase, followed
by CO; injection representing the primary drainage
phase. This alternating injection process was
repeated for five cycles, each revealing a progressive
hysteresis effect on the relative permeability curves
They employed a critical CO, saturation (S )
and irreducible water saturation (S, ) of 0.05and 0.2,
respectively, to determine drainage relative
permeability. Initially, S was fixed at 0.2 for the first
imbibition relative permeability curve and then
shifted by 0.1 for the next five cycles of imbibition
for the sandstone cores. The relationship between
water saturation (Sw) and relative permeability
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Figure 1. 2D aquifer model with perforations at a depth of 1220-1235 meters for water injection
and 1285-1300 meters for CO, injection. An infinite boundary was also established by applying
a volume modifier of 1000 to the right boundary
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Figure 2. The utilized relative permeability curves for both water and CO, in highly water-wet sandstone
cores through the primary drainage and imbibition phases, as inferred from the experimental study
by Edimann et al. [12] and mathematically represented using the Brooks-Corey-Moalem model [13]

for both the wetting (water) and non-wetting
(CO;) phases in water-wet sandstone is visually
summarized in Fig. 2. This figure includes
the observed hysteresis effect, evident throughout
successive experimental cycles, which is the shift
from drainage to imbibition relative permeability.
The relative permeability curves are used in this
study to examine the role of hysteresis in the efficacy
of CO, capillary trapping within geological formations.

Results and Discussions

The study meticulously examines the role
of hysteresis in the efficacy of CO, trapping within
geological formations, an integral component

Q4 e
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of carbon capture and storage (CCS) initiatives.
Using CMG simulation software, a comparative
analysis is conducted, contrasting four scenarios
with hysteresis values of 0.2, 0.3, 0.4, and 0.5, which
mimic drainage and imbibition processes through
WAG injection.

Saturation Profiles

Fig. 3 illustrates saturation profiles for the first
drainage process in a strongly water-wet aquifer,
initially saturated with water and subjected to CO,
injection. The hysteresis value in this process
is assumed to be 0.2, as established in the lab study
by Edimann et al. [1]. Injected CO, from the bottom
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left corner displaced the water and moved upward
due to buoyancy, eventually reaching beneath
the caprock, which acts as a no-flow boundary. This
upward movement is clearly shown in the total gas
saturation profile (Fig. 3a), where the highest gas
saturation values are near the bottom left corner.
The no-flow boundary at the caprock forces the CO,
to spread horizontally, resulting in a broad distribution
of gas saturation. As the system is strongly water-
wet, the displaced water tends to return to pore
spaces invaded by CO,. The returning water
moves back from lower layers with lower gas
saturation, effectively snapping off and trapping
CO, in isolated phases. The trapped gas saturation
profile (Fig. 3b) shows a high concentration
of trapped gas near the injection point and lower
layers where the returning water has immobilized
the CO; in the pore spaces due to capillary forces.

The results of water injection following the first
drainage process are illustrated in Fig. 4.

This injection, simulating the imbibition phase
with a hysteresis of 0.3, pushes CO, into areas
with high saturation, leading to more gas being
trapped within the aquifer. The injected water
displaces the CO,, causing it to become trapped
inisolated pockets. This processis driven by capillary
forces, which are stronger during the imbibition
phase due to hysteresis. During alternating drainage
and imbibition cycles, the relative permeability
curves shift, reflecting changes in the wetting
and non-wetting phase saturations. This shift,
known as hysteresis, results in a different saturation
path during imbibition compared to drainage.
Specifically, the non-wetting phase (CO,) becomes
trapped in the pore spaces during imbibition
as the wetting phase (water) re-enters the pores
and isolates the CO,. The presence of this
hysteresis-induced trapping reduces the mobility
of the CO,, preventing further migration due
to buoyancy.

Figure 3. (a) Total gas saturation profile showing CO, injected from the bottom left corner spreading
upward and horizontally beneath the caprock. (b) Trapped gas saturation profile showing CO,
immobilized by returning water in lower layers

Figure 4. (a) Total gas saturation profile after water injection, showing reduced gas saturation at the
top; (b) Trapped gas saturation profile, illustrating the hysteresis effect enhancing CO, immobilization
during the imbibition phase with a hysteresis of 0.3

Fig. 5 presents the results of a subsequent drainage
process where CO, is injected again, visualized
in the saturation profiles. This time, the hysteresis
value was increased to 0.4, up from the previous
0.3, reflecting an additional 0.1 increment. The total
gas saturation (Fig. 5a) and trapped gas saturation
(Fig. 5b) indicate significant changes compared
to the previous drainage cycle. In Fig. 5a, the total
gas saturation profile reveals that less CO, has
moved to the top layers, with only a small section
in the top layer exhibiting a light orange color,
indicating a gas saturation of around 45%, whereas
it was 60% and more extensive in the previous
cycle. This reduction in gas saturation at the top
layer suggests that CO, mobility has decreased
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due to the increased trapping from the prior cycles.
Fig. 5b highlights the trapped gas saturation,
showing a significant increase in the amount of CO,
immobilized by capillary forces. This enhanced
trapping results from the hysteresis effect observed
during the alternating drainage and imbibition cycles.
As the relative permeability curves shift, the wetting
phase (water) re-enters the pores, further isolating
and trapping the CO,. The increased trapping
efficiency ensures more CO, remains securely
immobilized within the aquifer, reducing the risk
of CO, migration and enhancing long-term storage

stability.
In the final simulation, water was injected
again to simulate the imbibition process,
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with the hysteresis in relative permeability set to 0.5.
The resulting saturation profiles are shown in Fig. 6,
with Fig. 6a representing the total gas saturation
profile and Fig. 6b depicting the hysteresis-trapped
gas profile. The profiles indicate that all the injected
CO, has been effectively trapped, leaving
no free gas in the system. This complete trapping
is due to the increased hysteresis effect, which
enhances the capillary forces during the imbibition
phase, ensuring that the returning water isolates

and immobilizes the CO, more effectively.
The increased hysteresis value contributes
to a stronger trapping mechanism, resulting

in the complete immobilization of the CO, within
the pore spaces. In conclusion, water-alternating-gas

injection progressively traps more gas, eventually
leading to the absence of mobile gas.

Capillary Trapped Gas Efficiency

Fig. 7 presents the capillary trapped gas percentage
as a function of dimensionless time (tD) for varying
hysteresis values, with the main plot on the left
and an enlarged view on the right to accentuate
the initial trapping phase. The data elucidates
a positive correlation between hysteresis and CO,
trapping efficiency, indicating that an increase
in hysteresis enhances capillary forces, thereby
augmenting CO, entrapment within the reservoir’s
pore network and subsequently reducing post-
injection mobility.

Figure 5. (a) Total gas saturation profile from the drainage process showing less CO, movement
to the top layers, with a smaller section exhibiting a gas saturation of around 45%; (b) Trapped gas
saturation profile indicating increased CO, immobilization due to the hysteresis effect during
the drainage process

Figure 6. (a) Total gas saturation profile showing complete trapping of injected CO, with no free gas
remaining; (b) Hysteresis trapped gas profile illustrating the enhanced capillary trapping due
to a hysteresis value of 0.5 during the imbibition process

Figure 7. Capillary trapped gas percentage as a function of dimensionless time for different hysteresis
values
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In the primary plot, the capillary trapped gas
percentage is depicted for hysteresis values of 0.2,
0.3, 0.4, and 0.5. A hysteresis value of 0.2 reflects
the drainage process, wherein CO, displaces water
from the pore spaces. The trapping efficiency for this
value initiates at a low level and increases gradually,
achieving a maximum trapped gas percentage
of approximately 30% by the end of the simulation
period. This gradual increase suggests that
lower hysteresis results in less efficient trapping
over time. In contrast, the trapping efficiency
for a hysteresis value of 0.3, simulating imbibition
through the post-injection of water, escalates more
rapidly with a plateau around 75%. This indicates
improved trapping efficacy through the snap-off
of CO, by water in pore spaces.

For a hysteresis value of 0.4, the trapped gas
percentage increases swiftly, reaching roughly
80%, demonstrating that a higher hysteresis value
significantly enhances capillary forces, resulting
in more efficient gas trapping. The highest hysteresis
value tested, 0.5, exhibits the steepestrise in trapping
efficiency, nearly achieving 100%. The rapid
increase and elevated plateau imply that the highest
hysteresis value results in the most efficient
trapping. The zoomed-in plot on the right highlights
the initial phase of the trapping process. All curves
commence at zero, reflecting the absence of initial
trapped gas. The green line (hysteresis 0.5) shows
the most rapid increase in trapped gas percentage,
followed sequentially by the blue (hysteresis 0.4),
red (hysteresis 0.3), and black (hysteresis 0.2) lines.
The fluctuations observed in the zoomed-in plot
for higher hysteresis values (0.4 and 0.5) can be
attributed to the dynamic interplay between capillary
and viscous forces during the trapping process.
Higher hysteresis engenders stronger capillary
forces that effectively trap CO, in the pore spaces.
However, as CO, injection proceeds, the viscous
forces associated with the injection can momentarily
reconnect trapped CO, clusters, causing them
to form a stream and be released from the pore
spaces, resulting in the observed fluctuations.
These fluctuations are absent for lower hysteresis
values (0.2 and 0.3) due to weaker capillary forces,
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AONONHUTENBLHO

UcTo4uHuK ¢pmHaHCHMpoBaHus. HaHHoe
nccrnegoBaHve 6biNo NpoBeAeHO NpU NoAAEpKKe
HazapbaeB YHuBepcuTeTa B pamkax nporpamMmbl
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(Ne rpaHTa: 201223FD2608).

KoHdnukt wuHTEepecoB. ABTOpbl Aeknapupylot
OTCYTCTBME SIBHbIX W MOTEHLMAmNbHBIX KOHIUKTOB
MHTEPEeCOB, CBSA3aHHbIX C Nybnukauuen HacTosLen
craTtbu.

Bknap aBTopoB. Bce aBTOpbl noartBepxaaroT
COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOOHbLIM
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kputepusm  ICMJE  (Bce  aBTOopbl  BHecnu ctatbu; [lypacdwapu [1. — KoHuenTyanusauwms,
CYLLEeCTBEHHbIA Bknag B pa3paboTky KOHUenuuwW, MeTomosiorus, Banupauusi, HanucaHue paboThbl
npoeeneHue nccrefoBaHus " NnoaroToBKy  (peueH3upoBaHWe W peaakTUpoBaHWe), KOHTPOIb,
cTaTtby, Npounu 1 opobpunun duHanbHyl BEPCUID  aaMUHUCTPUPOBaHWE npoekTa, npueneyYeHne
nepea  nybnukauven). HanbonbLuunin BKrag uHaHcupoBaHus; Pruasm M. — koHuenTyanusaums,
pacnpefenéH cnegytlowyMm ob6pa3om: XopamuaH METOAONOorvsl, Banuaauusi, HanucaHve paboTbl
P. — koHuenuusi, meTogororusi, MogenupoBaHue, (peueH3upoBaHME W peaakTMpoBaHWE), Haa3op
MoOAroTOBKa MepBOHAYanbHOrO MNpoeKkTa Hay4yHOW —3a NpoBeAeHUEM.
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OpVI rmHanbHoe uccriegoBaHue

LUuncdposon nomowHuk (LWAHI). NMporpammHbin moaynb
nHcpopmMaumoHHon cuctembl ABAI

C.A. OcbMuHuUH, 3.H. PaxmaHkynoBa, K.A. UcuH
@unuan KMI MHxuHupuHe «Ka3sHUTMmyHatza3», 2. Akmay, KasaxcmaH

AHHOTALUMUA

O6ocHoBaHue. Pesyneratel uccnepgosanuini TOO «KMIT UkxuHupuHry (nanee — KMI'M) B obnactu
opraHusauuMm 1 BefeHus paboT no obcnyxuBaHWIO HedTENPOMBLICIIOBOrO obopyaoBaHus (Oanee —
HIMO) uexoB [obblun HedTH 1 rasa (ganee — LWAHI) nokasanu Hannyve cywecTBEHHbIX BO3MOXHOCTEN
B MOBbILEHUN YPOBHA HagEXHOCTU OOOpYyAOBaHMS, AOCTMXKEHWE KOTOPOro BO3MOXHO obecneyvTb
3a CYET OpraHN3aLMOHHbIX YMyYLLIEHU.

Lenb. Lensio nporpaMMHOro mogyns sIBMSIETCH CHWXKeHWe 3aTpaTr Ha Oo6bldy HedpTv n yBenuyeHune
KoaghhmumeHTa akcnnyataumm obopyaoBaHUst 3a CYET COKpaLLeHUsi NoTepb HedTU M3-3a MpOCTOS
HMO UAOHI, cokpaweHnss 3atpaT Ha BoccTaHoBWUTENbHbIM peMoHT HMO UOHIM u ontMmanbHoro
pacnpefeneHust Harpysku Ha pabotHukos LIOHT.

Matepmanbl u metogbl. B xoge uccnegosaHusa 6biny NpoaHanuavMpoBaHbl CTAaTUCTUYECKUE AaHHbIe
3a onpedenéHHbIi nepuod, BKMNOYAas KNioYeBble MokasaTenu, CBA3aHHble C  TpydosaTpaTtamu,
NPOM3BOAUTENBHOCTBLIO TPyAa U APYrMMU acnektamu. Ons aHanusa WCnonb3oBanncb COBPEMEHHbIE
MeTodbl pacyéTa HOPM BpPEMEHU, a Takke nporpaMmHoe obecnedyeHne Ans obpaboTkM [AaHHbIX.
MccnepoBaHve onmpanocb Ha AencTBylOWMe OTpacneBble CTaHA4apTbl U pekoMeHAauuu, BKroYast
HopmaTmBbl Mo 6esonacHocTM Tpyaa, TpeboBaHusi K 0OGCNyXMBaHWIO  HeTENPOMbICIIOBOrO
obopynoBaHUS U METOAMYECKME YKa3aHUs MO  YNpaBMeHWo MNPOWU3BOACTBEHHLIMK MpoLeccamMu.
Vcnonb3oBaHHble noaxodbl ob6ecneunmBaloT OOGLEKTMBHOCTb U PEnpe3eHTaTUBHOCTb MONyYeHHbIX
pe3ynsTaTos.

PesynbraTbl. Pa3paboTaHbl YeK-NUCTbl, CTaHAAPTHbIE OnepaumMoHHble KapTbl. Co3aaHbl MHCTPYKTUBHbBIE
BMOEOPOSMKM Ha OCHOBHble paboTbl pabotHukoB LOHI. PaspaGoTaHbl cneuuanbHoe nporpaMMHoe
obecneveHne Ans MOOWMbHBIX YCTPOWCTB (CMapTcoH, NnaHweT) u BebG-Bepcusi NPOrpamMmMHOro
obecnevyeHuns, MHTErpupoOBaHHOIO C MHpopMaLMOHHON cucTemoi ABAL.

3akntoyeHue. BregpeHve wmopyna «Uudposon nomownuk (LAHM)» B HedTerasoBow oTpacnu
npeacTaBnsieT cobon 3HauMTenbHbIM War K uudpoBmMsaumm npoueccoB obcenyxusanuna HIMO,
4YTO MO3BOMSIET 3HAYUTENBHO MOBLICUTL 3PPeKTUBHOCTL M GesonacHocTb paboTbl. CTaHaapTUsaums
N yHUMKaUMA npoueccoB Yepe3 MobunbHble U Beb-NpunoxeHuss obecrnedmBaloT OMepaTUBHOCTb
W TOYHOCTb B nNepegade MHMOPMALMM, YTO CHUXAET OLWMOKM W YCKOPSIET MNPUHATME pELUEHUN.
OnTMMM3aumsa Harpyskv Ha NepcoHarn 1 noBbllLeHe KayecTBa cbopa AaHHbIX COCOBCTBYIOT HE TOMNbKO
COKpaLLeHWIo 3aTpart, HO M yrny4lueHuio pabovmx ycnosuid. B nepcnekTvBe NpoekT UMeeT noteHuman
Ans mMacwtabuposaHua U BHeApeHUs B Apyrue nogpasfaeneHns JOYEepHUX U 3aBUCMMbIX OpraHu3aumn
AO HK «KasMyHanla@s», 41O OTKPOET HOBble BO3MOXHOCTM AN MOBbILWEHNSA OnepauyoHHON
3hheKTUBHOCTH B OTpacnu.

Knroveewble crioea: MObBUMbHOE [PUMIOXEHUe, 8eb-npunoxeHue, UHMOPMaUUOHHas cucmema,
rnoddep>xaHuUe KOMMyHUKayud, onepamusHasi uHgpopmayus, yex 006b14u Heghmu u 2a3a, obcryxusaHue
HegbmenpombICi108020 060pyO08aHUS.

Kak umtnpoBatb:

OcbmuHuH C.A., PaxmaHkynosa 3.H., UcuH K.A. LUundposon nomownuk (LUOHI). MporpammHbin Mogynb
MHdopmaumoHHoi cuctembl ABAI // BecTHuk HedpTeraszoBon oTtpacnm Kasaxcrtana. 2025. Tom 7, Nei.
C. 100-113. DOI: https://doi.org/10.54859/kjogi108702.
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Original article

Digital Assistant (OGPU). Software module of the ABAI information
system

Sergey A. Osminin, Zauresh N. Rakhmankulova, Kairat A. Issin
Branch of KMG Engineering LLP KazNIPImunaigaz, Aktau, Kazakhstan

ABSTRACT

Background: Research conducted by KMG Engineering LLP on the organization and mainenance
of oilfield equipment (OFE) in the oil and gas production units (hereinafter referred to as OGPU) has
revealed substantial opportunities to enhance equipment reliability through organizational improvements.
Aim: The software module is aimed to reduce oil production costs and increase the on-stream factor
by minimizing oil losses caused by downtime of OGPU oilfield equipment and reducing costs of its repair
as well as optimally distributing the workload among OGPU employees.

Materials and methods: The study analyzes statistical data over a specific period, focusing on key
indicators related to labor costs, labor productivity, and other aspects. For the analysis, modern methods
to calculate time standards and data processing software were applied. The study adhered to current
industry standards and guidelines, including labor safety regulations, requirements for maintaining
oilfield equipment, and best practices for managing production processes. The approaches used in this
study ensure the objectivity and representativeness of the results obtained.

Results: Checklists and standard operating sheets have been developed. Instructional videos have
been created on the basic tasks of the OGPU employees. Additionally, special software for mobile
devices (smartphone, tablet) and a web version of software integrated with the ABAI Information System
have been developed.

Conclusion: The implementation of the Digital Assistant (OGPU) module in the oil and gas industry
marks a significant milestone towards digitalization of OFE maintenance process, greatly enhancing
both efficiency and safety. Standardizating and unifying processes through mobile and web applications
enhance efficiency and accuracy in information transfer, reduces errors and speeds up decision-making.
Optimizing staff workload and increasing the quality of data collection not only leads to cost reduction,
but also improves working environment. The project can be potentially scaled up and implemented
in other divisions of the subsidiaries and affiliates of NC KazMunayGas JSC. This expamsion could
open up new opportunities to increase operational efficiency in the industry.

Keywords: mobile application; web application; information system; communication support; operational
information; oil and gas production workshop; oilfield equipment maintenance.
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TynHycka 3epTTey

CaHnpbik kemekwi (MIOL). ABAI aknapaTtTbIK XXYWUeCiHiH
G6araapnamanblik moay i

C.A. OcbMuHMH, 3.H. PaxmaHkynoBa, K.A. UcuH
KMI™ UnxuHupuHe «KasHUTMmyHatea3» ¢punuansi, Akmay Kanacskl, KazakcmaH

AHHOTALUA

Herizgey. «<KMI™ UrxnHunpuHry XKILLC myHan xaHe ras eHgipy uextapbiHbiH (byaaH api — MITOL) myHai
kacinwliniri >xababikTapbiHa (byaaH api — MKXK) KbiameT kepceTy XeHiHAeri XXyMbICTapabl ybIMAacTbIpy
X8He Xyprisy canacblHAarbl 3epTTeynepiHiH HaTuxkenepi xabablKTblH, CeHiMAINIK AeHreniH apTTbipyaa
avTapnbIKTan MyMKiHAKTepaiH 6ap ekeHAiriH KepceTTi, oFaH KON XeTkKidyai ybIMAACTbIPY XXYMbICTapbIH
XakcapTy ecebiHeH KamTamacbI3 eTyre 6onaabl.

Makcatbl. Bargapnamansik MogynbaiH Makcatsl MTOLL MKXK TokTan kanybliHa GannaHbICTbl MyHau
WwheiFbiHAapbliH azanty, MIFOL MKX kannbiHa kenTipy XeHAey LWbIFbIHAAPbIH KbICKAPTYy >XKoHe MyHaw
X8He ra3 eHipy LexTapbiHblH KbI3MeTKeprepiHe XyKTeMeHi oHTainbl 6eny ecebiHeH MyHaln eHaipyre
apHanfaH LWbIfbiHAAPAbl as3aiTy XeHe >XabablkTapabl navganaHy Ko3gMUUMEHTIH yrFanTy 6Gonbin
Tabbinagbl.

Matepuangap meH agictep. 3eptrey benrini Gip Ke3eHaeri ctaTUCTUKaHbI, COHbIH iWiHAe eHbek
WhIFbiHAApbIHA, eHbek eHiMainiriHe aHe Gacka acnekTinepre GannaHbICTbl HeEri3ri kepceTkiTepai
Tangagbl. Tangay YLWiH yakblT HOpManapbiH ecenTeyAiH 3amaHayw aicTepi, coHAav-ak AepekTepai
eHaeyre apHanfaH 6afaapnamarnbik kKaMTamachi3 eTy konaaHbinael. 3epTrey eHbek Kayinciaairi xxeHiHaeri
HOpMaTMBTEPAi, MyHal Kacinwiniri »kabablkTapblHa KbI3MET KepceTyre KoWMbiNaTbliH Tanantapabl XeHe
eHgipicTik npouectepai 6ackapy >eHiHaeri agicTeMenik Hyckaynapabl Koca anfaHga, KongaHblCTaFbl
cananblk CTaHAapTTap MeH YCblHbiCTapFa cymeHai. KonpgaHbinfFaH Tacingep anblHFaH HaTWxenepaid,
0bOBLEKTUBTINIr MeH ekingiriH kKamTamachbi3 eTeqi.

HoaTtuxenepi. Yek napakrapbl, CTaH4ApPTTbl onepaumsanbik kaptanap xacanasl. MIOL, keisameTkepnepiHiH
Heri3ri XyMmbICTapblHa Hyckaynblk OGelHeponukTep xacanabl. Mobunbai KypbinfFbinapFa apHanfFaH
apHaiibl Gargapnamanblk kacaktama (cMapTdOoH, nnaHwert) xoHe ABAI aknapatTblk XynecimeH
GipikTipinreH 6argapnamanblk xacakTamaHblH Beb-Hyckachbl xxacangbl.

KopbiTbiHabl. MyHali-ra3 canacbiHga «Uundpneik kemekuwici (MIOL)» mogyniH eHrisy MKX kbiamet
KepceTy npouecTepiH uudpnaHabipyra eneyni kagam 6onbin Tabbinagbl, Gyn >XyMbICTbIH TUiIMAIMIr
MeH KayincisgiriH egayip apTTbipyFa MyMKiHAIK 6epeni. Mobunbai xeHe Beb-kochiMLIanapbl apkbinbl
npouecTtepai ctaHaapTTay xeHe bipiageHaipy aknapatTbl XibepyaiH xxeaenairi MeH ganairiH kamTamachI3
eteqni, 6yn katenepgi asavtagbl xeHe wWeliM kabbingayabl Te3geTeni. KbiameTkepnepre >KyKTeMeHi
OHTaMnNaHAbIpy >oHe [AepeKkTepdi XWMHaAy canacbliH apTTbipy LWbIfbIHOAPAbLI asanTyFa faHa eMec,
COHbIMEH KaTap >KyMbIC >XarAannapblH XakcapTyFa Aa biknan etegi. bonawakra xoba «KasMyHanlas»
¥K AK eHuwinec yrbimaapbiH 6acka GeniMmwenepre eHridy xoHe macwTabray yLWiH aneyetke ue, 6yn
canafarbl onepaumanbik TMIMAINIKTI apTTeIpy YLUiH XaHa MyMKiHAIKTepai awagabl.

Hezizai ce3dep: mobunbldi KocbiMwa, 6eb-KocbiMwa, akrmapammblk Xyle, KOMMYyHUKauyusinapObl
konoday, xeden aknapam, MyHal XoHe 2a3 eHOipy uexbl, MyHal Kacinwiniai xabobikmapbiHa Kbi3mMem
Kepcemy .

[anekces KenTipy yLWiH:

OcbmuHuH C.A., Paxmankynosa 3.H., McuH K.A. Cangblk kemekwi (MIOL]). ABAI aknapatTblK >KyWECiHiH
6argapnamansik moayni // KasakctaHHbIH MyHali-ra3 canacbiHblH xabapubicel. 2025. 7 Tom, Ne1. 100-113 6.
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OPUI'MHAJIbHBIE UCCJIEJJOBAHUA

Tom 7, Ne 1 (2025)

BectHuk Hedrera3osoii orpacin Kasaxcrana

BBeneHune

Lindposunsaumss — npouecc, MNO3BONSALLUIA
coeguHuTb LmndpoByto TpaHcdopmaumio ¢ obLuen
cTpaterve  npeanpusATMs, —  pasBuBaeTCs

C HeBeposATHOW CKOpOCTbl. HecmoTpsi Ha 3To,
€€ BO3MOXHOCTM U MNpPEeuMyLLecTBa PacKpbITbl
He [0 KoHua.

B otnuune ot Takux oTpacnew, kak meaua
N PO3HWUYHAs TOProBns, rae LUMpoBble TEXHOMOrn
MrpatoT BECOMYIO POSib, NMPOMbILLIIEHHAS MHAYCTPUS
rnoka He ocBowna UMGPOBM3ALMIO B MOMHOW
Mepe. [lepcnekTBbl BHeApeHWs LUudpoBu3aLmm
Ha npeanpuaTUAX HedTerasoBon cdepbl TECHO
cBA3aHbl C  MOBbIWEHUEM  3EKTUBHOCTU
6usHec-npoueccoB. CormacHo  CTaTUCTUYECKUM
[OaHHbIM, WHTErPUPOBaHHLIMU MH(OPMALMOHHLIMU
TEXHOMOTMSIMA Ha CErOAHSHWIA AEHb OCHALLEHO
Tonbko  3-5%  HedpTerazoBoro  obopyAaoBaHMA
B Mupe, U MeHee 1% p[AaHHbIX WCNOMb3yOT
ONS NPUHATUSE PEeLUeHWid, YTO packpblBaeT nepes
HebTerasoBbIMY KOMMNAHUSMU OFPOMHbIN NOTEHLMAnN
ans ontummnsauum paboumx npoueccos [1].

B ncenegoBaHnumn aHannTUKoB Pry
HedpTM u rasa uMm. U.M. TybkuHa oTmevaeTcs,
4YTO OCHOBHbIE MPEeVMYLLECTBA OT UCMOMNb30BaHUS
LmMppoBbIX NNaTtopm B HedTEra3oBbIX KOMMAHUSIX
3aKIH04aKTCA B 3KOHOMUYECKUX NOKa3aTensix: pocTt
n3Bnekaembix 3anacoB HedTn M rasa Ha 35%,
CHWXeHne cebectommocTn pecypcoB Ha 25%
1 yBenmyeHve pbiHka HedpTerasoBoro NporpamMmmMHoro
obecneveHuns (ganee — NO) Ha 50% [2].

Wcecneposanna cneumnanuctos TOO  «KMIM
UHXUHUPKHrY B 06nactu opraHusaumm n obcnyxm-
BaHus HedTenpombicnoBoro obopygosanus (HMO)
uexoB Ao6blun HedTU 1 rasa BbISBUNM 3HAYUTENb-
Hble BO3MOXHOCTW A1l MOBbIWEHNS HaOeXHOCTH
o6opyaoBaHus, YTO MOXHO AOCTUYb NyTEM OpraHu-
3aLMOHHBIX YNYYLIEHWUNA.

OfHUM 13 MHCTPYMEHTOB NOBbILEHNST 3 deK-
TMBHOCTM npouecca obcnyxuBanns HIMO sensetca
cTaHZapTM3aumsa gercTeuin obcnyxuBatowlero nep-
coHana, korga paboTHWKW BbINOMHSAOT onepauuu
no Haubornee Ge3onacHbiM 1 3PEKTUBHBLIM anro-
puTMam.

HemanoBaxHbiMy acnektamu 3 eKTMBHO-
ro obcnyxuBaHuss HIMO siBnsieTca [OCTOBEPHOCTb
NepBNYHON MHOPMaUMK, Mony4yaemoln Henocpen-
CTBEHHO Ha obbekTax oBCMyX1BaHUs, 1 onepaTms-
HOCTb MepeAaqn 3Tol MHpopmaumn yyacTHUKaM
npouecca.

Cneuunanuctamm KMI'M 6bino npennoxeHo
npoBecTn paboTbl N0 CTaHAApPTU3aUMM U yHUUKa-
LMK npoLecca exegHeBHOro (exxecMeHHoro) obeny-
xuBaHusa HIMO, npegycmatpuBatowme paspaboTtky
cneumanbHbIX YEK-NUCTOB M CTaHAAPTHbIX onepaum-
OHHbIX KapT (ganee — COK), a Takke BM3yanu3auuio
npoueccoB obcnyxusanHua HMO.

[ns obecneyeHnsa ynobHoro goctyna K cTaH-
AapTam 1 NoBbILLEHNS ONepaTUBHOCTU U JOCTOBEP-
HOCTM WHpOpMaumMK, nepegaBaemMoi C OObeKToB
obecnyxumBaHns HIMO, npepnoxeHo pa3paboTtatb
cneumnanbHble MobunbHoe 1 Beb-npunoxexus. Mpu-
HATO peLLeHne O BKITOYEHWUWN AaHHOM paboTbl B YMC-
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no moaynew MHopMaLMOHHOW cucTembl (oanee —
UC) ABAI ¢ HaumeHoBaHvem mogynsa «Lndpposon
nomoLuHuk (LAH)».

MC ABAI npencraBnsieT cobow KOMMMEKCHbIN
NPOEKT, HanpaBMneHHbIN Ha UMdPOBYD TpaHcdop-
Mauuo B obnactu gobblum HedTU U rasa (ganee —
OHT). OcHoBHbIE LEny CUCTEMbI BKIOYAKT POCT
onepaumoHHOn  3phEeKTUBHOCTHN,  COKpalleHune
BPEMEHW Ha MPUHATUE YNPaBIIEHYECKUX PeLUeHuni
1 ONTMMM3aLMIO NPOLECCOB B HedpTerasoBoi oTpac-
nm [3].

Llenbto  BHegpeHus wmoaynsa  «Ludposon
nomowHuk (LAHM)» sBnsieTcs cHwkeHwe 3atpar
Ha Jobbivy HedTn M yBenuyeHne koaduumeHTa
aKcnnyatauum o6opyaoBaHns 3a CHET:

—  COKpaLleHUsi noTepb He(TH U3-3a NPOCTOS
HMNO LAHT;

—  COKpalleHusi 3aTpaT Ha BOCCTaHOBUTEMb-
HbIn peMoHT HMNO UAOHT;

—  ONTUMAarbHOrO pacnpefeneHns Harpysku
Ha paboTHukos LIAHT.

Monb3oBatenu moayns «Lindposori nomoLu-
Huk (LOHM)» — pabotHukm LUOHT, 3agencTBoBaHHbIe
B NPOM3BOACTBEHHbIX MNpoueccax Aobblun HedTU
n obcnyxuarnumn HMO (onepatopel no OHI, cneca-
PU-PEMOHTHMKM, MacTepa, MexaHuKu, reonoru, Tex-
Honoru, pykosogutenu LIOHT).

INutepatypHbI 0630p

3HaunTeNbHbI PbIBOK B MPUMEHEHUUA MO-
BunbHbIX ycTponcTB B pabote nepcoHana LIOHI
caenanu poccuinckme HedTsiHble komnaHum. OgHomn
13 nepsbix cTana «TaTHedTby», KOTOpasi BHeapseT
npoekT «MobunbHbI LIAHM, no3sonstowuii ynpas-
NSTb NPOU3BOACTBEHHBIM MpoLeccoM 6e3 NpuBs3ku
K paboyemy mMecTy B pexume 24/7. Kak coobwiatot
pa3paboTymKkn, KOHEYHbIM pe3ynbTaToM NpoekTa
cTaHeT nosbllleHne adpdekTnBHocTM paboTtbl LIAHT,
a TaKKe 3HauMTeNnbHas 9KOHOMWSI AKCMIyaTauMoH-
HbIX 3aTpar.

MpoekTy npeaLwecTBoBano BHEApeHne
aBTOMaTU3MpoBaHHOro paboyero mecta (ganee —
APM) onepatopa UOHI B 2015 r. PaHbwe Bce
OaHHble C 00bLEKTOB MepedaBanvcb AMcneTyepy,
N Yepes Hero e onepartopbl Hanpasnsnu 3asBku
cepBUCHbIM cnyxbam. Ha 3to yxoguno MHoro
BPEMEHW, Tepsinacb ONepaTUBHOCTb, BO3HWKar
puck owmnbku Npu nepegaye nHgopmaummn. Tenepb
onepaTop CaMOCTOATENBHO B peXUMe pearnbHoro
BpEMEHN nonyyaetr MHOpMauulo Ha cMapTdoH
C Kaxgoro wu3 obcnyxuBaembiXx WM OOBEKTOB,
nepegaet eé B APM MHXeHepHO-TEXHOMOMM4YeCcKon
cnyx6bl 1 Npu HeobxoaMmMocTn hopMUpyeT 3asiBKY
B CEpBUCHYIO opraHusauuio. [ucneryepusauus
ocTanacb B MpOLWMOM, a onepaTtopbl Momyymnu
BO3MOXHOCTb BbIMOMHATb cBOM DyHKLUN
6e3 NpuBA3KM K CTaLMOHaApHOMY paboyemMy MecTy.

Mo3gHee Takke ObiNM co3gaHbl MOBUMbHBIE
APM ansi reonoros 1 TEXHOMOIOB C BO3MOXHOCTbIO
yoanéHHoro goctyna. B pesynsrate 60nblUMHCTBO
Y4YaCTHMKOB NpOV3BOACTBEHHOIO npouecca
nepeLuno Ha MobuNbHbIN pexum paboTbl. C y4éToM
MMeloLLerocs onbiTa co3gaHust MobunbHbix APM
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pasHbIX CneuManucToB 6GblNO MPUHATO peLueHue
co34aTb CMCTEMY yrpaBneHusl LuexoM 6e3 npuBsiaku
Kk paboumm mectam [4].

Takke ycnewHo ncnonb3yeT B cBoen pabote
noxoxee npunoxeHve «MobunbHbI 06x0OUNK»
koMmnaHus «Jlykovin». CyTb npoekTa 3aknioyaer-
Csl B U3MeHeHun nogxomdoB Kk cbopy uHopmaumu:
TO, YTO paHee HedTeAOOLITYMKM BO BpeMs 0OX0A0B
CKBaXWH (bMKCUpoBanu Ha ByMaxHbIX HOCUTENsX,
Tenepb 3aHOCAT B NpuroxeHue pabodyero cmapt-
doHa B pexume peanbHoro BpemeHu. Kpome Toro,
NPUNOXeHNe Takke WCMonb3yeTcs ANst ukcaumm
MapLipyTa onepartopa no obbektam, otbopa npob
Bo3ayxa, obcnyxuBaHus o6opyaoBaHNUs, KOHTPOIS
noapsaYMKoB. Ha nocTosiHHOM OCHOBE aBTOpbI Npu-
NOXEHUs1 aHanM3npylT ero UCMNonb3oBaHWe U pac-
LUMPSIFOT BO3MOXHOCTM [5].

B AO «PsasaHckas HedTenepepabaTtbiBa-
towasa komnaHusay (MAO «PocHedTb») C uenblo
KOHTPOMS  COCTOSIHWSI  TEXHWYECKUX YCTPOWCTB,
uKcaumMm OTKIIOHEHNI B UX paboTe U MOHUTOPWH-
ra NPOXOXAEeHWsl MapLUpyToB 06X040B npoBedeHa
anpobauunsi NpUMEHeEHNs1 B3PbIBO3aLLMLLEHHBIX MO-
6unbHbIX ycTponcTs [7]. Takke B PocHedTn ncnonb-
3yeTcs KoprnopaTuBHOe MOGUNbHOE MpUIoXKeHue
Ons B3auMogencTBusi ¢ paboTHMKaMU B pamkax
HR-npoueccoB n 06y4eHunsi nepcoHana.

3anagHble komnaHun, Takue Kak British
Petroleum wunu Exxonmobil, npumeHsitoT mMoburnb-
Hble pelUeHNst ANs MOBLILEHUS CKOPOCTU pearu-

Shell nposena nornesble UCnbITaHUst
Android-rapHuTypbl  JOMOMHEHHOW  peanbHOCTH,
KOTOpblE MOXHO MCMoMnb30oBaTh Ans yAanéHHOro
BMOEOBbI30OBA,  HaBurauuM Mo JOKYMEHTam,
KOHTpons pabodvero npouecca W Bu3yanusauuu
NPOMBILLNEHHBIX AaHHbIX B pamkax loT' [6].

OcHOBHas 4yacTb

Ona peanusaumm uenen mogynsa «Uwndpo-
BoW nomouHuK (LAHT)» Heobxoammo pewmnTb pag
3ajad, CBA3aHHbIX CO CTaHAapTu3aumen u yHupu-
Kaumen npouecca exegHeBHOro (eXeCMEeHHOro)
obenyxuBaHua HIMO. ns pelweHns gaHHbIX 3agad
B pamMKax npoekta npegycmatpusaeTcs pa3pabortka
yek-nuctos, COK.

OcHOBHOE npefHasHayeHue 4ek-nucta —
obecneveHne paboTHMKaHopMaLmer BAOCTYMHON
cdopme, Heobxogumonm  gns  6e30WwMBOYHOro
BbIMOMHEHWNS1 BCEX KOHTPOSbHbIX Y 0OCMYXMNBAOLLMUX
onepauui, BbISIBMEHWS Ha paHHelW cTaguu
OTKIIOHEHUsT  OT  HOPManbHOrO  TEXHWYECKOro
cocTosiHus HIMO.

KntoueBble ANEeMEHTbI YyeKk-nucra
no exegHeBHOMY TexXHU4YeCKoMy OGCJ‘Iy)KI/IBaHI/IIO
(tabn. 1):

- nowaroBasi
C unncTpaunammn n onncaHuem
HOpMarnbHOro coctosiHms yanos HIMO;

- yKasaHue onTtumasnbHOro BpeMeHU
Ha BbINONHEHWEe onepaunu,

WHCTPYKUMSI
Kputepues

poBaHna nonesbiX cny>|<6 Ha I1p061'leMbI, C KOTO- - cBegeHusa o6 OTBETCTBEHHOM
pbIMU OHU CTarikuBakwTCA Ha MeCTe BbLINOMTHEHUA  UCNONHUTENE;
paGOT, c6opa OaHHbIX B peXunme pearibHOro Bpe- - none ana noareepXxaeHuna
MEHW, MNOBbILEHNA ©6e30nacHoCTH, MOHUTOPUHra BbIMNOSIHEHUA KOHTPOSbHON onepaunn
OaHHbIx [8-9]. n cootBetcTBUsi HIMO HOpManbHOMY COCTOSIHMIO.
WL
5, 83| %2
Sw 28 T2 c MoaTteepxaeHue
®doTtorpacusa Ne Bua nposepku KpuTepuit o | I ERNR 3 | (mara, noanuce)
Photo Type of check Criteria :2E| 8¢5 6 8 & | Acknowledgment
l.%'_ ?,"‘t § 5 2| (date, signature)
= (o]
YpoBeHb Macna fgomkeH 6biTb He MeHee
HWXHEW oTMeTkM Ha wyne. [pu =} c
MPoBEpKa YpoBHS Heo6xoanMocTH [onutb macro :,E'g > 3 3
macna B kaptepe o= g2
1 Checking ol level TPaHCMUCCHOHHOE 75Ww90 60 T8 E
in the crankcase The oil level should not be less than the 2 58
lower mark on the dip rod. w =
If necessary, top up with 75w90 gear oil
Mposepka He pomkHO 6bITb ocnabneHHbIX raek u Q
Kpennexus KOHTpraek KpernneHusi kK ocHoBaHuto. Mpun 2 > g__@
K OCHOBaHwo HeobX0aNMOCTU NPOTSHYTh. 300 2% g2
Checking All nuts and lock nuts on the base must not [ g 25
fastening to the be loose. 2 oQ
base Tighten if necessary w
BusyanbHbiit TeKCTporHble pemMHU He [OIKHbl UMETb °
ocMoTp TpelWnH 1 HagpbiBoB. LUKMB He pomkeH I s €
TEKCTPOMHbIX MMeTb  CKOMOB W TpewwuH.  [pun 52 %:g
peMHel 1 WkrBa | He06X0AMMOCTN 3aMEHUTD. 300 g3 SE
Visual inspection | V-belts must be free of cracks and tears. 5= 5 3
of M-belts and The pulley must not be chipped or cracked. Lﬁ =
pulley Replace if necessary.

Ta6nuua 1. Yek-nucT exxegHeBHOro o6cnyxuBaHusa 6yposoro Hacoca RS-F1300
Table 1. RS-F1300 Drilling Pump Daily Maintenance Checklist

" 10T (aHen. Internet of Things — VIHTEpHET BelLen) — KOHLENUMS Nepeaadun aHHbIX Mexay hu3nyeckumm obbektamm («ee-
wamu»), OCHaLLEHHBbIMW BCTPOEHHBIMI CPEACTBAMMU U TEXHONOMMAMMU ANS B3aUMOAENCTBUS APYT C APYrOM UNW C BHELIHeN

cpenow.

104

DOI: 10.54859/kjogi1 08702




OPUI'MHAJIbHBIE UCCJIEJJOBAHUA

Tom 7, Ne 1 (2025)

BectHuk Hedrera3osoii orpacin Kasaxcrana

Moabem TexHONornyecknx Tpys (HAaCOCHO-KOMMPECCOPHbIX U CTarnbHbIX GYPUILHBLIX TPY6) NPU KanUTanbHOM U NOA3EMHOM
PeMOHTe CKBaXWUH
Withdrawal process pipes (tubing and steel drill pipes) during workover and underground workover operations
PaGouas nowaroBasi nocrnefoBaTenbHOCTb ql?-pwfm-ﬂéc MpumeHeHHbIE KnioyeBble ykasaHus
Ne Working sequencing 'i'ime., WHCTPYMEHTbI Key Instructions
HH:MM-SS Tools used
MpoBepwuTb UCpaBHOCTL 060PYyAOBaHUS 3anpellaeTcs NPOBOANTL paboThl
1 Make sure the equipment is in good working Ha HeucnpaBHOM 06opyAoBaHUM
condition Do not work on faulty equipment!
Mo curHany nepsBoro NoMoLLHMKa BypUnbLLnK
onyckaeT KprokoGIIoK € aneBaTopom Ans 3axeata TT Be3 curiana MepBoro NOMOLLHMKA
5 |Mom MycpTON ) ) ] 00:00:10 E::] 6ypunbLmka paboTaTs sanpetiaetcs!
At the signal of the first assistant, the driller lowers R Do not proceed without a signal from
the hook block with the PP lifting bail for gripping the first assistant driller!
the tubing under the coupling
MepBbIii noMoLHKUK Bypunblumka, Npuaepxusas 3a
PYuKy, noaBoauT anesaTop k Teny TT 1 3akpennset
€ro Huwxe MydTbl 3aMKOM KBEPXY, NpoBepsieT
3aKkpbITe aneBaTopa, AaeT 3Hak BypunbLLMKy OneBaTop 3aKpennseTcs 3aMKoM
3 |Ha noabém kpiokobnoka 00:00:20 [:::] kBepxy!
The first assistant driller, holding the handle, brings e The lifting bail is secured with the lock
the lifting bail to the PP body and fixes it below the upwards!
coupling with the lock upwards, checks the gripping
of the lifting bail, gives a sign to the driller to lift the
hook block
MepB.bIit 1 BTopoit nomoLHuku Gypunblumka
4 0TX0AAT Ha Ge3onacHoe paccTosiHue OT KOMOHHbI TT 00:00:05 I::::l BesonacHoe paccTosiHue He MeHee 1 M
First and Second Assistant Drillers move to a safe e Safety distance of at least 1 m
distance from the tubing strings
BypurnbLUMK OTKpbIBaeT NHEBMOCMaiaep npu
nomoLum nynbTa. MnaBHO NPOU3BOANT NOABEM n .
KOMoHHbl TT A0 BbixoAa MydThl criefytoLen TT. v pu noaLeme Cneﬂomb 38 NoKasaHnem
Mocne Bbixoaa MydThl crnepytowen TT E:LI‘SMI? aropa eca. JTKIoHeHme Beca
3aTopmaxuBaet bapabaH rpysoBon ne6énku, OT MOCNEAHEro Nokasais
3aKkpblBaeT NHeBMoOCNanaep, ycraHasnmeaeT o He OMKHO NpeBblwarb 41
KonoHHy TT Ha CTon poTopa M 0cEOGOXAAET I'IHesmocnalflnep When Ilﬁlng, check the welght indicator.
5 o o Pneumatic The deviation of the BHA weight from
BeaylLLyto Tpyby OT pacTsrvBatoLLeit Harpy3ku 00:01:00 id the last reading must not exceed 4
The driller opens the pneumatic spider using the spider © 1as 9
" " N " tonnes
remote control. Slowly lifts the tubing string until the
coupling of the next tubing string is released. After Bes uHaMKkaTopa seca paboTats
the coupling of the next process pipe is released, the [:::l sanpewaeTcal
driller slows down the winch drum, closes the D P -
. . X R o not work without the weight indicator!
pneumatic spider, places the tubing string on the
turntable and rel the kelly from the tensile load
MepBbIit NOMOLLHUK BypunbluvKa 3aBOAUT
ruapoknioy (ganee — MK) Ha Tpy6y mexay
coeauHeHusmu mydT TT, 3akpbiBaeT asepuy K, Ha
MOHWKXEHHOI CKOPOCTU NPON3BOAUT paccnabneHue Fuapoknioy
pesb6bl, fanee Ha NOBbILLEHHON CKOPOCTU P
6 | npoussoauT nonHoe packpyuvsanue TT 00:00:17 Hng:S:Iic
The first assistant driller sets the hydraulic wrench wrench
(HW) onto the pipe between the coupling joints,
closes the jaw door, loosens the thread at a reduced
speed, and then at an increased speed unscrews the
process pipe completely
Mocne packpyymBaHus TT nepBbii MOMOLLHUK
6ypunbLumka oTkpbiBaeT asepuy MK, BbiBoaut MK
B CTOPOHY OT paboyeli 30HbI poTopa u dukcupyet MK
cneumanbHbIM TPOCOM, AaeT CUrHan GypUnbLLVKY
7 |na nogbém TT 00:00:05 [:::] 3acpukcuposartb K!
After the PP is unscrewed, the first assistant driller e Secure the HW!
opens the jaw door, moves the PP away from the
turntable working zone and fixes the PP with a
special cable, gives a signal to the driller to lift the
PP
BypurnbLUmK Mo curHany nnaeHo, 6e3 pbiBkoB
nogHumaet TT Jo Bbixofa pe3b6oBor YacTu Be3s curHana MNepsoro nomoLuHuKa
g |13 MycTE! ) ) ) ) 00:00:05 [:::l 6ypunbLLyka pa69TaTb aanpeuaercs!
At the signal, the driller smoothly, without pulling, lifts Do not proceed without a signal from
the PP until the threaded part comes out of the the first assistant driller!
coupling
BTopoit NOMOLLHMK GypurnbLLyKa C MOMOLLbIO
#_[;_K)KOBOI’O 3axBaTa yCTaHaBIMBAET HIKHUI KOHeL| 3 Bes cvrHana BToporo NoMowHMka
B HanpaBnsioLLMi xenob 1 nogaét curHan KptokoBoim l::::] p
an. ypunblvka pabotaTs 3anpetuaetcs!
9 | 6ypunbLumKy Ha cnyck Kptokobnoka 00:00:10 3axBaT Do not proceed without a signal from
At the signal, the driller smoothly, without pulling, lifts Crampon the second assistant driller!
the PP until the threaded part comes out of the :
coupling
BypunbLumk nnaeHo ckatbiBaeT TT 4o nonHoro 3
o anpeLyaeTcs Haxogutesa nogd TT
10 |YKnaAbiBanms TT & Hanpasnsiouwi )Kenqﬁl . 00:00:05 [:::] B MOMEHT cKaTbiBaHua TT
The driller carefully rolls down the PP until it is fully B HaNPaBNSIOLLMIA Xenob
seated in the runway
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Do not stand under the PP when the PP
is rolling down in the runway
BTopoit noMoLLHMK Bypuribliyka CHUMAET aneBaTop
1 C NMOMOLLbIO KPIOKOBOTO 3axBaTa oTkaTbiBaeT TT KptokoBoii Besonactoe paccrosHue TpeTsero
an. NoMoLLHUKa BypunibLumMKka He MeHee 2 M
11 | Ha cTennax npMemHoro MocTka 00:00:08 3axeaT X . .
. . " . Safety distance of the Third Assistant
The second assistant driller removes the lift bail and Crampon ;
. Driller at least 2 m
rolls the PP to the catwalk with a crampon
TT yknagblBatoTCA psaamuy BNAOTHYO
Apyr k apyry. Mexay psagamu noxatcs
[epeBsiHHbIE MPOKNaAKN UMK LWTaHM
He MeHee TPEX nonepék AnuHbl TT
Ansi npefoTBpaLLeHus npornda
T . 1 conpukacanusa ¢ TT npeabioyLyero
PeTUii MOMOLLHMK BypUrbLLMKa, UCTIONb3Yst K .
- PIOKOBOVA psina. BeicoTa wrabenvpoBaHus —
4o |KploKOBOW 3axBaT, yknaabisaet TT Ha cTennaxe 3axsat He Goree 4-X psnoe
;I;]r;e’;r;rgnatshs;st?n; (:anc"lf r. using the crampon, stacks Crampon The PPs are laid in rows close to each
Pip other. Between the rows, wooden
spacers or rods at least three across the
length of the PPs shall be placed to
prevent deflection and contact with the
PPs of the previous row. The height of
stacking is not more than 4 rows
YcnoBHble 0603Ha4YeHMs1 KNoUYeBbIX
?g?;? 00:02:31 yKasaHui
Symbols of key instructions
CKn3 Creu,. BawutHas BawutHas .
PPE 3awmnTHble obyst onexaa | Mepuatin «acka BesonacHocTs KoHTponb Kputnueckuit TpebyeTca
Goggles Safety Safety | Gloves | Protective Safety Quality Control | Critial point | Skills required
99 shoes clothing hat Y P a
BusyanbHas n wb / Visual i 1ce

Mpyn BO3HUKHOBEHUU aBapPUMINHOWN CUTYyaLMKN, HECYACTHOM cny4yae paGoOTHMK AOMKEH AeMCTBOBaTb COMMAcHO NiaHy NMKBMAALUUU
BO3MOXHbIX aBapuii TOO «OSC»
In the event of an emergency or accident, the employee shall act in accordance with the OSC LLP emergency response plan

o]

Tabnuua 2. CTaHgapTHas onepaunoHHas KapTa
Table 2. Standard operating sheet

OcHoBHoe npegHasHadeHue COK -
obecnevyeHve OOCTYrMHOW UHdopMaunen
no Haubonee 6GesonacHOMy U pauuoHanbHOMY
nopsaKy BbINOMHEHWUS onepauuii B Heobxoaumom
0bbEMe N HaanexallemMm KayecTse.

KntouyeBble anemeHTbl COK (Tabn. 2):

—  6e3onacHblIi U paunoHarnbHbI NoLLaroBbIv

NOPSIAOK BbIMONHEHUS onepauuii;

- WHdopmaumsi o npyMeHeHUN
HeobXoOUMbIX ~ MHCTPYMEHTOB, MPUCNOCOONEeHUN
W CPeacTB HAVBMAYaNbHOW 3alUTbl;

—  VHdoOpMauMsi O  MPOJOIKUTENBHOCTU
BbINOSTHSIEMbIX ONepaLmii;

—  unnocTpaumm Haubonee BaXXHbIX

MOMEHTOB B OMNepauusix W KOHTPONeE COCTOSHWS
HMNO.
B  kayectBe  [OOMOMHUTEMbHBLIX  ONUWA
Ha Hauboree 4acTo BbINOMHAEMblE OMNepauuu
pa3pabaTtbiBaloTCH WHCTPYKTVMBHbIE  BUOEOPONMKM
C 3aKafpoBbIMV KOMMEHTapUAMU 1 CyOTUTpamu.
Cnenylowent 3agadvert npoekta sBnseTcs

npepocTaBneHne paGoTHUkam yaoGHoro focTyna
K paspaboTaHHbIM CTaHgapTam o6CnyXuBaHWUs

Onsa

o6opynoBaHusi. aToOro  cTaHaapThl  (Yek-
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nuctbl, COK) gomkHbl 6bITb MHTerpupoBaHsl B MIC
ABAI, a goctyn k crtaHgaptam obecnedeH 4epes
cneumanbHble  MOGUNbHOE U BeG-NPUNOXEHUs
«Undposoii nomorHuk (LIAH)».

Hwxe npeacTaBneHo KOHUenTyanbHoe
onuncaHue yHkumMoHansHoro mMoayns «Lindposon
nomowHvk (LAHT)», KoTopbI pellaeT u TpeTbio
3agjadyy — onepaTtuMBHbIA  OOMEH [OOCTOBEPHOM
nHopmaumen o coctosHumn HIMO.

1.  ®yHkumoHanbHocTb MO Ans MOGUNBHBIX

YCTPOWCTB  (CMapTdOH, NMaHLET) Mo3BOMseT
paboTtHuky LIOHT™:
—  nmony4atb BCHO MHopMaLmo,

HeoOXoAMMYK NSl BbIMOSHEHUST MOBCEOHEBHbIX
paboumx onepaumii, Bkovas napaMeTpbl 06bLEKTOB
obcnyXmBaHus, HeobxoguMble WHCTPYKLMM
W OOKYMEHTbI;

— nepedaBaTb 3aMepsieMble Ha oOObekTax
napameTpbl HenocpeacTeeHHo B UC;

— nepepjaBaTb MWHdopmauuto o6 OTKMo-
HEHUSIX, BbISIBNEHHbIX B xoAe obcnyxwusaHusa HIMO,
HernocpeacTeeHHo B UC.

2. ®yHkumoHanbHocTb  Beb-Bepcun O
COCTOWUT M3: NaHenu agMuHWUCTpaTtopa, pawbopaa
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(Dashboard, naHenb ynpaeneHusi) cneuuanucra
LEHTPanbHON  MHXEHEPHO-TEXHUYECKON  CMyXObl
(nanee — LUWTC) w pawboppa pykoBoguTens.
[aHHbIn  yHKUMOHAN MO3BOMSET PYKOBOACTBY
LUOHI n HedTerasopobbiBatoliemMy yrnpaBneHuto
(nanee — HIFAOY):

—  OoTcrnexwvBarb cratyc
3agaHun no obcnyxmeanuio HMO;

—  OCYyLLEeCTBNATb MOHWTOPUHI MokasaTenew
0eATeNnbHOCTU NOAPa3AeneHus:;

—  OCYyLEeCTBMATb KOHTpomnb 6Ge3onacHocTu
npoBegeHus pabot no obcnyxumeaHuo HMO.

CraTyc 3agayM U3MEHSAETCs aBTOMaTU4eCcKu
npv NOCTYNNeHUn UHAOPMaLUM OT MCMONHUTENEN
HenocpeacTBEHHO B cucteme nNnbo cneunanuctoMm
LUNTC BpyyHyto. [lpu Haxatum Ha 3agaHve
oToOpakaeTcs kapTodka 3afdaHusi (puc. 4), kotopasi
COLEPXNT:

—  YHVKanbHbIN naeHTUdMKaTOP 3adaHus;

— HauMMeHOBaHuWe, TUM M HoMmep ObObekTa
obcnyxmBaHusi;

BbINOJTHEHUA

a) 6)

—  HaMMeHOBaHWe BbISIBIIEHHOMO OTKIOHEHWS;
—  KOMMeHTapuu n/unu poTo/BMae00THYETI;
—  nHdOopMauuo 06 MHMLmaTope
(nonb3oBaTtene, pasmecTuBLLEM 3a4a4u B CUCTEME);
—  cTaTyc BbINOSIHEHUS 3a4aHUs;
—  [aTy 1 Bpemsi nogauun 3asBKu;
—  noTepu HedTW, HAKOMMEHHbIE HA MOMEHT

npocMoTpa KapTO4KM C MOMEHTa OCTaHOBKU
obopynoBaHusi;

—  WHGopMmaumss o6  wucnonHuTene - —
nogpasgenedne  unu  cnyxba, oTBevawoLlee
(-as1) 3a BbINONHEHWe 3afaHWs, — MOXET ObITb
onpedenédH aBTOMaTU4eCkn, nMbO WHMLMATOPOM
npyv pasMelleHnM 3agaym B cucteme, nmbo

cneunanuctom LIMTC (nepeyeHb ucnonHutenen
AOMKeH OblTb CUHXPOHWU3MPOBAH C MCMOMb3yeMbIM
Ha npeanpusaTum MO no opraHN3aumMmn TEXHNYECKOro
obcnyxuBaHusa 1 pemoHTa obopygoBaHus);

—  BbINOMHeHHble paboTbl — 3anonHsieTcs
UCMOMHUTENEM;

—  Mone ANs TeKCTOBOTO KOMMEHTapus.

Ne  Howieroane

L D

pauasae

Exegpeshoe

Bunonkero
e

Exearestoe.

Bunonero
chenpuacine

Exepestios

Haa v .
i ocnpuecie

cxeakena Nol 528

coenn
pepyeiopa

Sy
n Exenenice

e

Bunonkero

Exepestios
e

B)

PucyHok 1. Pa6oune naHenu exegHeBHoro o6cnyxusaHusa HMO
Figure 1. Daily maintenance dashboards for oilfield equipment
a) pucyHok ¢ nocredosamerbHOCMbIO OCMOMpPa cmaHKa-kayarnku / figure showing the sequence of inspection
of the of the pumping unit; 6) epachuqeckue daHHble 3amepsieMbix napamempos / graphic data of measured parameters;
8) kapma Mapwipyma / route map; &) Criucok 8bInonHeHHbIX 3adaHull / list of completed tasks

MaHenb aAMMHUCTpPaTOpa — WHCTPYMEHT
ans  pobaBrneHus HOBbIX W yAaneHusi CcrapbixX
CNPaBOYHUKOB U pEAAKTUPOBAHNSA KOHTEHTa MOAYNS.
MaHenb apgmMuHucTpatopa (puc. 3) cogepxut
creaytoLLme CnpaBoOYHUKK:

—  CNWUCOK nonb3osatenew;

—  CMUCOK rpynm;

—  cnucok Yek-nuctoB obcnyxusanust HIMO;

— CNWCOK  CTaHAapTHbIX  OMNepauMOHHbIX

—  CMMCOK MapLUpyToB 06X0A0B;

—  CMKWCOK
3aWnThl;

—  CMWCOK MHCTPYMEHTOB M MaTepuarnos.

Kaxapbin "3 CMpPaBOYHMKOB MOXXHO
akcnopTtuposatk B dannel pdf, Excel, Word. Takke
B CUCTEME MMEETCH BO3MOXHOCTb KOHTEKCTHOMO
noucka.

Oaw6opa cneumanucta UATC — nHcTpymeHT
BM3yanusauum n ynpaBneHus npoLeccom
BbIMOMHEHNst 3afjady no obcnyxueaHuio HIMO.

cpencTs MHOVMBMAOYanbLHOM
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PucyHok 2. NaHenb agMuMHUcTpaTopa
Figure 2. Admin Dashboard

PucyHok 3. Jaw6opa cneunanucta LUTC
Figure 3. Dashboard of the CITS specialist

Haw6opa cneumanucta LNTC (puc. 3) coctouT
13 Habopa HacTpanBaeMbixX BULXKETOB:

—  BbIMOMHEHWEe 3asBOK — BW3yanuaupyet
CTaTyC BbIMOMHEHUS 3asBOK Ha obcnyxuBaHue
obopynoBaHusl, nocTynawwmx ot pabounx npu
BbISIBIIEHNM OTKIMTOHEHWI OT HOPMarbHOrO COCTOSHUSA
B €XXECMEHHOM OGCHYXV1BaHUW;

— noTtepu HedTM — BU3yanuanpyetr obbEM
notepb HedTU, BO3HMKAKOLLMX BCIeACTBUE NPOCTOS
ckBaxkuH 1 HMNO B oxmaaHuy obenyxunBaHus;

— [ocka 3ajavy — BW3yanuavpyeT 3agayu
B BMOE [OCKM kaHbaH c pa3buBkoM Ha 3agauu
B  cTaTycax: «OXuaaHue»,  «BbINOMHAETCA»,
«BbIMNONHEHO». [JoCKy 3aay BO3MOXHO oToBpaxaTtb
obwylo wnnm ¢ pas3dbuBkOW MO HanpaeneHUsM
ob6enyxumanus HMO (ucnonHutensam).

Jawbopn reHepupyetca B 3aBUCMMOCTU
oT  BblbpaHHON nonb3oBarteneM  CTeneHbio
Aetanusauun: ovepHas v 3aBucuMasi opraHmsaums
(aanee — 30) / npon3BoacTBEHHOE ynpasneHue /
HIAY / rpynnoBasi ycTaHoBKa.

Aawbopa pykoBoAUTENs — WHCTPYMEHT BU-
3yanusauum npouecca BbINOMHEHWNA CMEHHOTO 3aja-
HWSA AN HaYanbHUKOB LieXoB 1 ynpaeneHui. Coctout
13 Habopa HacTpavMBaeMbIX BUMKETOB (puC. 5):

—  BbINOfIHEHWE CMEHHOro  3ajaHua —
dopMuMpyeTCca Ha OCHOBaHWW MHopMaL K, NocTy-
natowiern oT nonb3oBaTtenew, WUCNOnb3yLWmX Mo-
B6UnbLHOE NPUNOXeHNe;

— notepy HedTM — BU3yanuanpyetr OObEM
notepb Hed TV, BO3HMKAIOLLMX BCNEACTBME NPOCTOs
ckBaxkuH 1 HMO B oxupgaHum obcnyxusanus;
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—  yBegoMmIeHusi - oTobpaxaeT
cobbITUSA, BO3HMKalOLWMEe B XO4e WCMOMb30BaHUs
nonb3oBarensamu Mo6unbHoro NpUNoXeHns
(BbISIBNEHHbIE OTKIIOHEHWS!, 3aBeEpPLUEHHblE PaboThbl
n np.). Buoxer pomkeH uMeTb BO3MOXHOCTb
unsTpaLmmn otobpaxaembix COObITUI;

—  WHTepakTuMBHasi kapta — oTobpaxaeT
06beKTbl 06CNYXUBaHUSA Y X COCTOSIHME.

Mpn HaBegeHun Kypcopa Ha  0O6bekT
obcnyxuBaHus  OoTOOpaXkaloTCs  ero  OCHOBHble
napamMeTpbl.

OnucaHHbIn  DYHKUMOHAN He  ABnsieTcst

OKOHYaTesbHbIM M ByAeT U3MEHATLCA U AOMNONHATLCA
B Xode peanusauuMu MpoekTa, noACTpauBasCh
noa Hyabl KOHEYHOrO MOSIb30BaTENS.

ApXUTEKTypa CUCTEMbI

Bsaumopgenicteue C nonb3oBaTtenamu
mMoaynsa ocyulecTBndaeTca nocpeacTeom
crneumnanbHoOro  MobunbHOro npunoxeHna ana

onepaumoHHon cuctembl Android, a Takke BebG-
NPUMOXEHUS, UCMONb30BaHNE KOTOPOro BO3MOXHO
yepe3 WHTepHeT-Opaysep. [Ons  onTuManbHoOM
paboTbl BEeG-NpUNoXeHUs pekomeHayeTcs
ucnonb3oBaTb 6paysep Google Chrome.

XpaHeHue wuHcopMaumn  npegnonaraertcs
B mogyne «basa paHHbix» WC ABAI — eguHoro
LeHTPanM3oBaHHOro XpaHunuwia [OaHHbIX
ans pobbiBalolmMx akTMBOB Ha ocHoBe Big Data,

yto  obecrneuynBaeTr  HeobXxoOAWMBIA  YPOBEHb
MHOPMaLMOHHOM GesonacHoOCTH.

Pe3ynbTaTthl M 0bcyxpeHue

OcHoBHast 3apaya mogyns  «Lindposon

nomowHuk (LIAHM)» — obneruntb Tpya paboTHMKOB
LOHI, ero paspaboTka u BHegpeHue Bedetcs
B TECHOM COTpyAHMYecTBE C MOTeHuManbHbIMU
nonbL30BaTensMm CUCTEMBI.

Mpn paspabotke mogynsa  HeobxooMMo
yunTbiBaTh: Kakas uHdopmaums  Heobxoguma
B pabote, rge dopmupyetca ata MHopmaums,
B KakoM BuOe OHa HeobxoaMma KOHEYHOMY
notpeburtento.

lMpoaHanusuposas BCe WHMOPMALMOHHbIE
MOTOKW, BO3HMKaKLWMe B xode obcnyxuBaHus
HMO UAOHT, Bo3amoxHO OyaeT Mx onTMMu3npoBaTb
C NOMOLLBIO NpeanaraeMoro Mogynsi.

MprvmeHeHue moaynsa «LindpoBon NOMOLLHUK
(LUOHM» nossonsieT nony4mTb crneayoLine BbIroabl,
KOTOpble MOXHO peanu3oBbiBaTb W AN APYryx
6u3Hec-npoLieccax NPOn3BOACTBA.

1. ToBblweHne KayecTBa cbopa
onepatuBHOW WHdopMauun. B HacTosiwee Bpems
noKasaHusi KOHTPOMbHO-U3MepPUTENbHBIX NpNbopoB
CHUMaIOTCSl OMepaTopoM, MOCMe Yero, 3a4yacTyio
no MNamsaTy, 3aHOCATCA B >XypHan OnepaTMBHOrO
y4yéTta u nepeparTca no TenedoHy Aucnetyepy
uexa, KOTOpbIA, B CBOKW oO4epedb, 3aHOCUT

PucyHok 4. KapTouka 3agaHusa
Figure 4. Task card

DOI: 10.54859/kjogi1 08702
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PucyHok 5. law6opa pykoBoauTens
Figure 5. Manager's Dashboard

PucyHok 6. OcHOBHbIe NapaMeTpbl 06 beKTa 06CNyKMBaHUA
Figure 6. Basic parameters of the object to be maintained

OaHHble B XypHanbl yy4éta u Tabnuubl Excel,
a Takke B 6asy AaHHbIX. AHanorM4yHbiM obpasom
cobupaetca wuHdopmaums o coctosHum  HIMO.
Mpn 3TOM BbICOKA BEPOSITHOCTb OLWWMOOK Npu
BHECEHMU UMHOpPMaLUW  UK3-32  YEernoBEe4ecKoro
akTopa.

Kpome Toro, B HEKOTOpPbIX Cryyasx ans obme-
Ha NpoM3BOACTBEHHOW WHOpMauuen mexgy pa-
GOTHMKaMK npumeHsieTcs MecceHaxkep WhatsApp,

YTO SIBMAETCS HeraTMBHbIM acrnekToM C TOYKM 3pe-
HUSE HOPMaLMOHHON 6e30NacHOCTN KOMMaHWK.
Mpn wncnonb3oBaHun Moaynsa MHdopmaums
HenocpeacTBeHHO OT onepatopa [OHI Hanpsmyto
nornagaer B LEHTPanM30BaHHY0 KOPMOpaTUBHYHO
6a3y AaHHbIX. [Mpu4ém, NOMMMO MNOKa3aHWA KOH-
TPONbHO-M3MepPUTENbHBIX  NPUOOPOB,  NOABNSET-
CA BO3MOXHOCTb Nepefayy pasnuuHbiX AaHHbIX
HenocpeacTBEHHO C MecTa BbIMOSHEHUSI onepa-
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Cxema mopyns LIMN — apxutektypa
CPU module schematic - architecture

MoGunbHoe
npunoxeH1e
TexHonoruun:

Android application,
6ubnnoteka
KapTOMOCTPOEHMS.
Mobile application
Technologies:
Android application,
map building library.

Web-npuiioskenne. TEXHONOMMU: A3bIK
paspabotku JavaScript, dopeiimBopk
Vue js, ynpaeneHue coctosHuem Vuex,
nHTepdeiic Ha HTML/CSS,
6ubnuoTteka kKapTONOCTPOEHUS.

Web-application.
Technologies: JavaScript development
language, Vue js framework, Vuex state
control, HTML/CSS interface, mapping

library.
REST API REST API

CpeaHwii NporpamMmMHbIi Croi

TexHonoruu: s3blk paspabotkn PHP, dpeiimBopk Laravel,
VHTErpauus C ApyrMmMn cepBucamu.
Middle software layer
Technologies: PHP development language, Laravel framework, integration

with other services.

Database Driver MiniO Driver

Basa aaHHbix UC ABAI Crce e
ABAI IS database
CVB/] PostgreSQL

DBMS

JIOKYMEHTOB

1 meaapecypeos MiniO
MiniO document and
media storage system

PucyHok 7. NMpuHuunuanbHasa cxema
UT-apxuTekTypbl CUCTEMbBI
Figure 7. Schematic diagram of the IT architecture
of the system

Lun, BkNovas dotorpacum, ayamo u BUAEO3anm1cH,
unnioctpupytowme coctosHne HMO. 3T1o nosso-
NsieT cepBUCHbIM Gpuragam Gonee TOYHO onpepe-
NATb XapakTep HeUCrNpPaBHOCTEW U COKPaTUT BPEMS
Ha UX ycTpaHeHue.

2. TloBbllWeHWe NPON3BOANUTENBHOCTY Tpyda.
Y wmactepa wu pykoBoactBa LAHI nosBnsercs
WHCTPYMEHT AN MOHWUTOPUHra paboTbl onepaTopos
C Lenblo aHanuaa paboyero BpemMeHu, BbISBNEHNS 1
yCTpaHeHus1 noTepb (HENPOM3BOAMTENbHBIX 3aTpaTt
paboyero BpeMeHm, Takux Kak, Hanpumep, nanuHue
nepemelleHnsi M TPaHCMOPTMPOBKA, OXWAAHWS).
AHanus nonyvyaembix NpU UCMOMNb30BAHWUN MOZYNs

OaHHbIX nossondert BbIABUTb nepenoBukos
npon3BOACTBa, 4yTO ABndaeTcAa OCHOBaHMem
ons  Gonee I'IO,ElpO6HOFO n3yyeHma ux nopxopga

K paboTe 1 TMpaXnpoBaHUS NyYLLMX NPaKTUK.

Mepepava wHdopmaumn ¢ HedTenpombicna
HernocpencteeHHo B MIC no3BonuT BbicBOGOAUTH
BpEMSI AUCMETHEPOB N UHXEHEPOB, MPUHUMAIOLLUX
MHOPMaLMIO OT ONepaTopoB.

3. Obecne4yeHne ontTumanbHOro pacnpege-
NeHnsa Harpyskun Ha nepcoHan. B HacToswee Bpems
OTCYTCTBYIOT HOPMbI YUCreHHOCTH onepaTopos [HT,
BCMEACTBME YEro perynsipHo BCTAET BOMPOC O He-
obxoammon uncneHHoctn 6purag no AHI. Mowmu-
MO 3TOro, BO3HMKaET coumanbHas HanpsxEéHHOCTb
B KOMNMNeKTUBax rno npuynHe HepaBHOMEPHOW 3arpy-
XXEeHHOCTU 1 AedumunTa nepcoHana.

AHnanus 3arpyeHHoCTH paboTHMKOB
Nno  NpOTSHXXEHHOCTM  0OXoAoB,  TPYOOEMKOCTM
BbIMOMHSAEeMbIX paboT, ygenbHon nnotHoctn HIMO
nossonsier 060CHOBaHHO onpedensiTe NOTpebHyto
YMCNEHHOCTb PabOTHUKOB ANsi KaXdoW rpynmnoBou
YCTAHOBKM C Lenblo obecneyeHns paBHOMEPHOW
3arpy3ku paboTHUKOB.

4. MosblweHne ypobctBa M obecneyeHve
MOOMNBHOCTM Npu  BbINonHeHun pabot. Moaynb
nossonser obecneynTb BO3MOXHOCTb OBy4YeHus
Ha paboyeM MecTe C NOMOLLbIO BU3Yanu3npoBaHHbIX
CTaHA4apTOB U BUAEOUHCTPYKLMIN — BCA MHDOPMaLUS,
Heobxogumaa pAans  obecrnedyeHust GesonacHoro
N KayeCTBEHHOro BbINOMIHEHUS paboT, AoCTynHa
paboTHUKy B ntoboe Bpemsi B tobom mMecTe.

Bo3amoxHOCTb onepaTyBHOIO pocTyna
K uHdopmaumm 06 obcnyxnBaeMbix OObeKTax,
TakOW Kak napameTpbl OOBEKTOB, WHCTPYKLUK
no aKcnnyataumm n obcnyxmeaHmio obopyaoBaHus,
[AaHHble 0 NPOBeAEHHbIX PEMOHTax U Mp., NO3BONUT
paboTHMKaM NpVHMMaTbL OOOCHOBAHHbIE PeLLeHUst
B KpaTyaniime CpoKu.

5. ToBblleHMe  ypoBHA  GesonacHocTu
Tpyaa. Kpome nepegauM  NpoW3BOACTBEHHbBIX
JaHHbIX, B CUCTEMYy nepeaaeTcs WHdopmaums

0 CaMOYyBCTBMM paboTHUKA: MynbC, apTepuanbHoe
OaBneHue, kucnopogHas catypaumsi. 3TM AaHHble
B COBOKYMHOCTM C MWH(opmaumen O CKOpOCTU
nepemeLLeHns No3BONSAOT ONepaTUBHO pearnpoBaTb
Ha BO3HVKHOBEHWE HeLLTaTHOM CUTyaLunn, CBA3aHHON
C PUCKOM A5 XKU3HW 1 300POBbsi paboTHUKA.

Takke nOBbILEHUO YpPOBHSA 6esonacHocTu
Tpyda crnocobCTBYeT MOBLILEHWE AWMCLUMMMHBI
B YaCTV NPMMEHEHUs1 CPEACTB MHAUBMAYanbHON 3a-
LWKTbI, @ Takke obyyeHne paboTHUKOB HGe3onacHbIM
npvémam Tpyda MoCpeacTBOM OOyyarolmx BuMOEOo-
POSMKOB 1 CTaHAAPTHbLIX ONEPaLMOHHBIX KapT.

BbIUJeyKBSEHHbIe BbIrogbl NO3BONAKT
NOBbICUTb 3(pheKTUBHOCTL npotiecca
obenyxuBaHua HMNO UAOHI, 4To, COOTBETCTBEHHO,
NpYBOOAT K CHWKEHWUKO 3aTtpaT Ha gobbidy HedTu
N yBENUYEHMIO KO3dUUMeHTa 3IKCnnyaTaumu
o6opynoBaHusi. KayecTBeHHbIE U KONMUYECTBEHHbIE
OUeHKN 3dh(PeKTUBHOCTN BHEOPEHUST CUCTEMbI
MOryT ObiTb  MOMy4YeHbl MNOCMNe  3aBepLUEHMS
pa3paboTku 1 NPOBEAEHNS OMbITHO-MPOMBbILLNEHHON
aKcnnyatauum Mogynsi.

B nepcnektmBe B pamMkax  UudpoBoOM
TpaHcopmaumm HIOY npegnaraetca  LaHHbIN
NPOEKT TUpaXxunposaTb U Ha Apyrne noapasfeneHms
030 AO HK «KasMyHaiila3».
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OOMNONHUTENBHO

UcTouyHMK hpuHaHCUpoBaHuUA. ABTOpbl 3asaBns-
0T 00 OTCYTCTBMM BHeELUHEro WHaHCUPOBaHUS
npu NPoBEAEHUN UCCNefoBaHus.

KoHdbnukT wuHTepecoB. ABTOpbl AeknapupyroT
OTCYTCTBME SIBHbIX U MOTEHLMAaNbHbIX KOH(IMKTOB
WHTEPECOB, CBA3aHHbIX C Mybnukaumnen HacTosLen
cTaTtbm.

Bknap aBTopoB. Bce aBTopbl nogTBepxgaroT
COOTBETCTBME CBOEr0 aBTOPCTBA MeEXAyHapOAHbIM
kputepusm  ICMJE  (Bce  aBTOpbl  BHecnu
CYLLECTBEHHbIN BKNag B pa3paboTky KOHLenuuu,
npoBedeHne WMCCnefoBaHWs U MOATOTOBKY CTaTbw,
npounu u opobpunu duHanbHyl Bepcuto nepep,
nybnukauunen). Hambonblumiz Bknag pacnpenenéx
cnegyrowmm o6pasom: OcbMUHMH C.A. — KOHLENUUs
pabotbl, paspaboTka MoAynsi,  TEXHWYEeCcKoe
COMPOBOXAEHME CMeLnanM3npoBaHHOro nporpam-
MHOrO obecrneyeHus, HanucaHue cratby;
PaxmaHkynosa 3.H. — pepgakTupoBaHue cTaTby,
KOPPEKTUpOBKa HanpaeneHna npun nposegeHun
uccnegoBaHusl, Noabop TEKCTOBbIX M300paeHuin
n pucyHkoB; WMcuH KA. — cbop u obpabotka
mMaTtepuarnos, aHanm3 nofyyYeHHbIX aHHbIX, Hanuca-
HMe cTaTbMu.
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Review article

Opportunities and Challenges for Joint Ventures in the SHIVA
World: Applicability to Kazakhstan

Assylbek M. Jakiyev', Kairzhan A. Abdykhalykov?
'Association of Legal Entities “Oil and Gas Council of Kazakhstan “PetroCouncil”, Atyrau, Kazakhstan
2Kazakh-British Technical University, Almaty, Kazakhstan

ABSTRACT

The purpose of the article is to analyze the opportunities and challenges faced by Joint Ventures
(JVs) in the context of the SHIVA world and to assess their relevance and applicability to Kazakhstan.
The study aims to identify key factors for JV success in the context of modern global challenges
and uncertainties.

The following research methods were used in the article: literature review — analysis of existing
studies and theoretical models of JVs and the SHIVA concept; comparative analysis — study of global
and regional JV practices to identify common patterns and differences; case study — analysis
of successful JVs in various industries and their applicability to Kazakhstan. The study reveals that
JVs offer significant strategic benefits, including access to novel technologies, resource optimization,
and market expansion. Nevertheless, challenges such as cultural disparities, governance intricacies,
and knowledge safeguarding persist as critical obstacles. An analysis of global JV instances, including
Tesla’s partnerships and collaborations in China’s automotive industry, underscores the significance
of trust, strategic coherence, and flexible governance structures. Furthermore, in the energy industry,
particularly the oil and gas sector, JVs contribute significantly to risk-sharing, technological advancement,
and regulatory conformity. The integration of Al and big data analytics into energy JVs enhances
predictive maintenance, reservoir modeling, supply chain visibility, and contract administration. JVs
continue to be a crucial strategy for promoting global business expansion, but their success hinges
on meticulous planning, effective management, and the capacity to adapt to swiftly evolving market
circumstances. Digital transformation, especially through the use of artificial intelligence (Al) and big
data analytics, is revolutionizing JV operations by improving efficiency and mitigating risks. Future JV
models must focus on strategic adaptability, sustainable governance mechanisms, and digital integration
in order to remain competitive in the hyper-connected global economy. In particular, the energy sector
is undergoing a transformation through digitalization and Al-powered solutions, enabling companies
to navigate operational intricacies, enhance decision-making processes, and achieve long-term
sustainability in their JVs.

Keywords: joint ventures; strategic partnerships; globalization;, knowledge exchange; digital
transformation; risk management,; governance; innovation; emerging markets; oil and gas industry.
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Hayu4HbIn 0630p

Bo3MOXHOCTM U NpobnemMbl ANA COBMECTHbIX NpeaAnpuUaTUn B MUpe
SHIVA: npumeHnmocTb K KaszaxctaHy

A.M. OxakueB', K.A. AOabixanbIKOB?
"Hegpmezasosnbili Coeem KazaxcmaHa «PetroCouncil», e. Ambipay, KasaxcmaH
2KaszaxcmaHcko-bpumaHckuli mexHudeckul yHueepcumem, 2. Anmamsl, Kazaxcmat

AHHOTALUA

Llenb cTtaTbn — npoaHan1anpoBaTb BO3MOXHOCTU U NPoBneMbl, C KOTOPbIMU CTanKkMBalOTCS COBMECTHbIE
npegonpusaTMa B KoHTekcTe mupa SHIVA, a Takke OUeHWTb WX akTyanbHOCTb WM MPUMEHUMOCTb
B KasaxctaHe. Lienblo nccnegoBaHns ABNSETCS BbISIBNIEHWE KIOYEBbIX (DAKTOPOB yCrnexa COBMECTHbIX
nNpeanpuATUA B KOHTEKCTE COBPEMEHHbIX rNobanbHbiX BbI3OBOB U HEONpeaeneHHOCTEN.

B cratbe ucnonb3oBaHbl Criegylowmne MeTodbl WMCCrefoBaHus: 0630p nuTepaTypbl — aHanua
CyLLEeCTBYIOLIMX  WUCCMedOBaHWM M TEOPETUYECKUX  MOAene  COBMECTHbIX  MpeanpuaTui
M KoHuenuun SHIVA; cpaBHUTENbHBLIA aHanM3 — W3y4YeHne MUPOBOM W PerMoHanbHOW NPaKTUKM
CO3[aHMA COBMECTHbIX NpeanpuATUiA ONsS BbISBNEHWS OOWMX 3aKOHOMEPHOCTEW W pasnuyuim;
NPaKkTUYeCKUn MNpuMep — aHanu3 YCMellHbIX COBMECTHbIX NPeanpusTUiA B PasfnyHbIX OTpacnsx
N nx npumeHnmocTb B KasaxctaHe. VccniegoBaHve nokasbiBaeT, YTO COBMECTHble NpeanpusTust
npeanaratT 3HauUUTENbHbIE CTpaTernyeckme NpenmMyLlecTsa, BKYas JOCTYMN K HOBbIM TEXHOMOMMSAM,
ONTUMM3aLMI0 PECYPCOB M pacluMpeHne pbiHka. TeM He MeHee Takue npobnembl, Kak KynbTypHoe
HepaBeHCTBO, CIOXHOCTU YMpaBneHWUs W 3awmta 3HaHWWA, MO-MPEeXHeMy OCTaloTCH CepbEe3HbIMU
npenaTcTBUAMW. AHanu3 NpUMeEpPoOB CO34aHWA COBMECTHbIX NPeanpusaTUiA No BCEMY MUpY, BKIOYas
napTHepcTBa M COTpygHWYecTBO Tesla B aBTOMOOUNBbHOM NpoMbIwneHHocTM Kutas, nogyepkvBaet
Ba)KHOCTb [0BEpUsi, CTpaTerMyeckom COrnacoBaHHOCTM W TMOKMX CTPYKTyp ynpaeneHus. Kpowme
TOro, B 3HEpreTM4ecKom oTpacnu, ocOoBEeHHO B HedTerasoBOM CeKTOpe, COBMECTHble MpeanpuaTus
BHOCSIT 3HauMTENbHbIN BKNaa B pacnpefeneHve puckos, TEXHONOrMYeckun nporpecc u cobniogeHve
HOPMaTMBHbIX TPeboBaHWN. NHTerpaumns UCKYCCTBEHHOIO WHTENEeKTa U aHanuTuku 6onblnx AaHHbIX
B COBMECTHblE SHepreTMyeckne NpeanpusTus ynydlaeT NporHo3Hoe obcnyxuBaHue, MOAENUpoBaHue
pe3epByapoB, MPO3PayHOCTb LENOYKM MOCTABOK W aAMUHUCTPUPOBAHME KOHTpakToB. CoOBMeCTHble
npeanpusaTMa  NPOdOIKAT  OCTaBaTbCA  BaXKHEMWWeW cTpaTerMen cogencTeust  rnobanbHomy
pacwmpeHnio Bu3Heca, HO WX YcCnex 3aBUCWT OT TLATENbHOrO MNNaHWpoBaHWA, 3ddEKTUBHOIO
ynpaeneHusi U1 cnocobHOCTM aganTMpoBaTbCA K ObICTPO MEHSOWMMCH PbIHOYHBIM 0BCTOATENLCTBAM.
LincbpoBas TpaHcdopmaumsi, OCOOEHHO 3a CYET UCMONb30BaHMSA WCKYCCTBEHHOMO MWHTENseKTa
N aHanuTUKN OOnblUMX AAHHbIX, KapAWHaNbHO MEHSIET AeSTeNbHOCTb COBMECTHbIX NpeanpusiTUi,
noBbIWas apdeKTUBHOCTb U CHUXasA puckn. Ytobbl ocTaBaTbCA KOHKYPEHTOCMNOCOOHLIMU B YCMOBUSIX
rmnepcesa3aHHomn rnobanbHOM SKOHOMMKKM, OyayLune Modenu COBMECTHbIX NPeanpuaTUi OMKHbI ObiTb
OPVEHTUPOBaHbI Ha CTPaTernyecKyo aganTUBHOCTb, YCTOWYMBBLIE MEXaHN3Mbl yNpaBneHus u LmdpoByo
MHTerpaumio. B yacTHOCTW, SHepreTuyeckuii CeKTop npeTeprnesBaeT TpaHcopmauumio NocpeacTsoM
uMdpoBM3aLMn U pelleHuii Ha 6ase MCKYCCTBEHHOrO MHTENNeKTa, YTo MO3BOMSIET KOMMNaHUAM fydlle
pa3bupaTbCsi B TOHKOCTSIX OMEpauMOHHON [OeATEeNbHOCTWU, COBEPLUEHCTBOBATb MPOLECCHl MPUHATUS
peLueHun n [obrneaTbca AONTOCPOYHON YCTOMYMBOCTU CBOMX COBMECTHbIX NPeanpUsATUiA.

Knroveewble criosa: coeMecmHbie npednpusmus, cmpameauyeckoe rnapmHyepcmeo, enobanusayus,
0bMeH 3HaHUAMU, yughposass mpaHcpopMmayus, ynpasreHue puckamu, yrnpasneHue, UHHO8auyuu,
pa3ssuearowyuecsi pbIHKU, Heghmeaaso8asi MPOMbILUIEHHOCMb.
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Fbinbimu wony

SHIVA anemiHpgeri 6ipneckeH KacinopbiHAap YwWiH MyMKiHAIKTEp
MeH npobnemanap: KasakctaHfa KongaHbinybl

A.M. XakueB', K.A. 96aikanbikoB?
"«PetroCouncil» KazakcmaH myHal »aHe 2a3 KeHeci, Ambipay Kanackl, KasakcmaH
2KasakcmaH-bpumaH mexHuKkanbik yHuUgepcumemi, AriMamsl Kanacbl, Kasakcma

AHHOTALUMUA

MakanaHblH ~ MakcaTbl-bipneckeH kacinopbliHaapablH SHIVA  enemi  KOHTekcTiHOe  Ke3aeceTiH
MYMKIHZIKTEPi MeH npobnemanapblH Tangay, coHgan-ak onapablH KasakcTanaarbl e3ekTiniri meH
KkongaHbinybelH Garanay. 3epTTeydiH MakcaTbl Kasipri »kahaHgblk CbiH kaTepnep MeH OGenricisgik
XafgavbliHga OipneckeH KacinopblHAapAblH TaObICbiHbIH,  Heri3ri  dpakTopnapbliH  aHblkTay 6onbin
Tabblinagpl.

Makanaga 3epTTeyaiH keneci apficTepi  KonpaHbinFaH: apebuettepre wony —  GipneckeH
KocinopblHAapaAblH ~ KONMAaHbICTarbl  3epTTeynepi MeH Teopusinblk MogenbaepiH >xaHe SHIVA
TYXblpbIMAAMacbIH Tanaay; canbiCTbipMarb! Tangay — Xannbl 3aH4blNbIKTap MeH aiblipMallbibiKTapabl
aHblKTay YLWiH OipneckeH kacinopbiHAAP KypyablH anemaik xaHe aMakTblk TaxipubeciH 3epTtTey;
npakTuKanblk Mbican-apTypri cananapgarbl TabbiCTbl biprneckeH KocinopblHAapabl Tangay XaHe
onapablH  KasakctaHga kongaHbinybl. 3epTTey KepceTkeHaen, OipneckeH KocimopbliHAap Xana
TeXHonoruanapfFa Kon >XeTKidydi, pecypcrapgbl OHTannaHablpygbl XeHe HapblKTbl KeHeWTydi Koca
anfanga, avWTapnblKTan cTpaTernsanblk apTbiKWbIbIKTapabl yCbiHaAbl. [ereHMeH, MafeHu TeHCI3AiK,
backapy KublHObIKTApbl XoHe Oinimai Kopray cusiKTbl Macenenep oni e ynkeH kegeprinep 6onbin
Tabbinagbl. Tesla komnaHusicbiHbiH, - KbiTakgblH  aBTOMOOMNbL  ©HepkacibiHaeri cepikTecTiri  MeH
bIHTbIMAKTACTbIFbIH KOCa anfaHaa, Oykin anem 6onbiHwa GipneckeH kacinopbiHAapAb! Kypy MbicanaapbiH
Tangay CeHiMHiH, CTpaTerusinblk  YANeciMainiktii  koHe ukemai 6Gackapy KypblibiIMAAPbIHbIH,
MaHbI3AbINbIFbIH kepceTeni. CoOHbIMEH KaTap, SHepreTka canacbiHha, acipece MyHal-ra3 cektopbliHAa
OipneckeH kacinopblHoap Tayekengepdi 6enyre, TEXHONOrMAMbIK MNPOrpecke >oHe HOPMAaTUBTIK
Tanantapgbl caKTayfa avTaprnblKTan yrec kocagpl.

BipneckeH aHepreTukanblK KacinopblHAApFa >XacaHAbl VHTENMEKT MeH YrKeH AepekTepai Tangaydbl
OipikTipy 6omkamabl KbI3MET KkepceTyai, pe3epByapnapabl Mogenbaeyai, XeTkidy Ti30eriHiH albIKTbIFbIH
XoHe kenicimwapTTbl Gackapyabl xakcaptagbl. bipneckeH kacinopblHaap Ow3sHecTiH >kahaHablk
KeHetoiHe biknan eTyaiH MaHbl3gbl cTpateruscel 6onbin kana 6epepi, 6ipak onapablH TabbiCbl MyKUAT
xocnapnayfa, Tvimai 6ackapyra xaHe Te3 e3repeTiH HapbIKTblK Xafgavnapra benimaeny kabineTiHe
GavinaHbicTbl. Lindpnblk TpaHcdhopmauusi, acipece >xacaHObl WHTENNeKT NeH YrKeH [fAepektepai
Tangayabl KongaHy apkbinbl on GipneckeH kacinopblHAAPAbIH KbI3METiIH Tybereni esreptei, TMiMAINIKT
apTTbipadbl XeHe Toyekenaepadi asantagpl. MMnep GarnaHbickaH xahaHablk 3KOHOMMKA >kaFdanbiHaa
Gacekere kabineTTi 6onbin kany ywiH 6ipneckeH kacinopbiHaapabiH 6onallak mogensaepi ctpaTernsanbIk
Gevimaenyre, TypakTbl 6ackapy MexaHn3MaepiHe xaHe Lndprblk MHTerpaumsra 6arbiTTanybl kepek.
ATtan anTkaHaa, aHepreTrka cekTopbl UdpnaHabIpy XeHe KacaHAbl UHTENNEeKT HeridiHgeri wewlimaep
apKbifbl TpaHchopMaunusifaH etyae, byn KoMnaHuanapra onepaumsasblk KbI3METTIH KblpP-CbIPbIH YKaKCbl
TyCiHyre, wewim kabbingay npouecTepiH XeTingipyre >oHe OipneckeH KocinopblHAAPbIHbIH Y3akK
Mep3iMAi TypaKTbINbIFbIHA KO XKeTKidyre MyMKiHAiK 6epeai.

Hezizzi ce3dep: bipneckeH KacinopbiHOap, cmpameausinibiKk cepikmecmikmep, xahaHOaHy, 6inim
anMacy, yugpnblk mpaHcgopmayusi, moayekendepdi 6ackapy, backapy, uHHogauusi, Oamyuwnbl
HapbiKkmap, MyHal-2a3 eHepKacibi.
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HAVYHBIE OB30PbI

Tom 7, Ne 1 (2025)

BectHuk Hedrera3osoii orpacin Kasaxcrana

Introduction

The SHIVA world concept describes
the transformational period that humanity is currently
experiencing, characterized by the collapse
of traditional systems and the emergence of a new
world order. SHIVA, introduced by Mark Rozin [1],
builds on previous concepts such as VUCAand BANI,
which described the volatile, uncertain, complex
and ambiguous nature of the world. The SHIVA
model develops these ideas by defining the current
reality as Split, Terrible, Incomprehensible, Merciless
and Resurgent. This model reflects the fragmented
and often harsh conditions of modern society,
and also emphasizes the potential for renewal
and future-oriented opportunities.

In this context, the SHIVA world presents both
significant challenges of a profound nature
and unique opportunities for JVs. The characteristic
of “Splitting” refers to the disconnection of markets
and societies, often requiring JVs to understand
and maneuver accordingly in  geopolitical
and cultural specificities. “Terrible” reflects the harsh
realities of economic crises, conflicts, and global
instability, which require businesses to be resilient
and adaptive. “Inconceivable” and “Vicious” illustrate
the unpredictability and intensity of challenges,
pushing JVs to innovate and rethink traditional
strategies. Finally, “Arising” reflects the potential
for new beginnings, providing JVs with opportunities
to pioneer transformative initiatives and reimagine
success in a fragmented world.

For Kazakhstan, which occupies a strategic
geographic location and is investing heavily
in promoting economic growth and innovation,
the SHIVA framework is particularly relevant.
As the country seeks to attract foreign investment
and expand and strengthen its position in global
markets, JVs must address the specific challenges
of SHIVA while taking advantage of the opportunities
it presents. This is especially important for sectors
such as energy, infrastructure, and technology, where
Kazakhstan seeks to balance traditional industries
with aspirations for modernization and sustainability.
Today’s global business environmentis characterized
by increasing complexity and interconnectedness
due to globalization [2]. National boundaries are
becoming less meaningful as businesses operate
“acrossborders,” requiring managers toadoptaglobal
perspective [2, 3]. Information and communication
technologies play a critical role in facilitating global
business interactions [2]. The business environment
is influenced by various factors, including economic
systems, cultural diversity, political forces, and legal
frameworks [3]. Companies must adapt to changing
market conditions and competition on a global
scale [4]. In addition to these complexities,
the SHIVA (Split, Horrible, Inconceivable, Vicious,
and Arising) world has become a defining paradigm
for understanding the current state of global
trends and business. This concept emphasizes
the fragmented and volatile nature of today’s

world, characterized by geopolitical divisions,
economic instability, and unpredictable challenges.
At the same time, the “emerging” aspect of SHIVA
highlights the potential for renewal and innovation,
pushing companies to rethink traditional approaches
and adopt adaptive strategies [1]. In this dynamic
environment, companies must prioritize flexibility,
quick decision-making, and resilience to navigate
the profound upheavals of the SHIVA world.
Successful global business requires effective
management, leadership, and the ability toimplement
new strategies for long-term sustainability [5].
To thrive in this environment, organizations need
to continually gather and analyze information
on global trends, evaluate business parameters,
and develop innovative approaches to remain
competitive in the international marketplace [4, 5].
Understanding the implications of the SHIVA world
can be a critical factor for businesses seeking
to develop resilient and adaptable strategies
in the face of global uncertainty and opportunities.
Understanding and adapting to the dynamics
of the SHIVA world can help businesses
in Kazakhstan and around the world overcome
uncertainty, seize new opportunities, and build
sustainable partnerships for the future.

Purpose of the article

The purpose of this article is to analyze
the opportunities and challenges that JVs face
in the context of the SHIVA world and assess
their relevance and applicability to Kazakhstan.
The author hopes that after reading this article,
readers will have a broader understanding of how
JVs can navigate the complexities of the SHIVA
world, creating pathways for sustainable growth
and collaboration, especially in emerging markets
such as Kazakhstan.

Materials and Methods

Literature review: an analysis of existing research
and theoretical frameworks on JVs and the SHIVA
world.

Comparative analysis: a comparison of global
and regional JV practices to identify common
patterns and differences.

Case studies of contemporary JVs.

Results

The analysis of opportunities and challenges for JVs
in the context of the SHIVA world revealed key trends
and patterns that can be applied to Kazakhstan.
The main findings of the study are presented below.

1. Adaptation to the SHIVA world.

The SHIVA model proposed by Rozin provides
a unique framework for analyzing contemporary
challenges and opportunities. In a “fragmented” world
characterized by geopolitical instability and market
fragmentation, JVs face the need for flexibility
and adaptability. Kazakhstan, with its strategic
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geographic location and rich natural resources,
can use JVs to diversify its economy and reduce
dependence on raw material exports. In particular,
the energy, infrastructure and technology sectors
represent  significant  potential for creating
sustainable partnerships.

2. The Role of JVs in Innovation.

JVs have proven their effectiveness as a tool
for technology transfer and innovation, especially
in developing countries. Research shows that
JVs facilitate knowledge transfer between local
and global companies, which is especially important
for Kazakhstan, which is striving for economic
modernization. However, the success of such
partnerships depends on the degree of involvement
of intermediate management and the effectiveness
of the HR strategy. In addition, micro-geographical
proximity within clusters plays a key role
in the exchange of knowledge and technology.

3. Benefits of hyperconnectivity.

In the context of globalization, JVs are becoming
an important tool for integrating markets
and overcoming geographical and cultural barriers.
Kazakhstan, as a country with an emerging
economy, can use JVs to strengthen its position
in the international arena. Examples of successful
JVs, such as Tesla’s partnerships with Daimler
and Panasonic, demonstrate how companies can
use external resources for strategic growth. These
cases emphasize the importance of strategic
management and mutual trust between partners.

4. Challenges and Risks.

Despite significant opportunities, JVs face a number
of challenges, including political instability, economic
volatility, and cultural differences between partners.
For Kazakhstan, where the legal framework
has not always kept pace with rapid changes
in the global arena, these risks are particularly
relevant.  Successful ~management of JVs
requires the development of comprehensive risk
management strategies, including diversification
of project portfolios and thorough due diligence.

5. Conflicts of Interest.

Conflicts between partners caused by power
imbalances and differences in interests are one
of the main problems of JVs. To resolve them, it
is recommended to use cooperative strategies
that promote trust and long-term cooperation [36].
In Kazakhstan, where cultural and institutional
differences can exacerbate conflicts, it is important
to develop clear contractual mechanisms
and arbitration procedures.

6. Potential for Green Energy.

Kazakhstan has significant potential for developing
green energy, which is in line with the global
ESG agenda. JVs with international partners can
help introduce new technologies in solar, wind
and hydropower, which will lead to the creation
of a sustainable energy infrastructure and a reduction
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in carbon emissions. This will also contribute
to the diversification of the economy and strengthen
Kazakhstan'’s position on the global stage.

7. Digitalization and Human Resources.

Despite efforts within the Digital Kazakhstan program,
many companies face difficulties in implementing
digital technologies. Developing human resources
and investing in training specialists are key factors
for the successful implementation of innovative
projects and the creation of competitive JVs.

8. JVs in the Energy Sector.

Joint ventures in the oil and gas industry play
a significant role in sharing risks, accessing
technology, complying with regulations,
and expanding markets. In the context of Kazakhstan,
JVs drive foreign investment in projects such
as Tengiz, Kashagan, and Karachaganak, albeit
facing regulatory and environmental challenges.
However, the shift towards green energy is shaping
new strategies for these ventures.

9. Digital Transformation in JVs .

Artificial intelligence (Al) and digitalization are
enhancing efficiency through predictive maintenance,
Al-driven reservoir modeling, blockchain-secured
supply chains, and automated contracts. The Digital
Kazakhstan initiative in Kazakhstan supports these
innovations to promote sustainability and cost-
efficiency.

The results of the study show that JVs can
be an important tool for Kazakhstan to adapt
to the SHIVA world. However, to successfully
implement such partnerships, it is necessary
to consider both opportunities and challenges,
including political risks, cultural differences
and the need for digitalization. Developing strategies
to build trust between partners, manage risks
and introduce innovation will enable Kazakhstan
to use JVs to achieve sustainable growth
and integration into the global economy.

Discussion

The Role of JVs

International JVs (IJVs) and strategic alliances
are common strategies for entering global
markets, offering benefits such as risk mitigation
and knowledge acquisition [6, 7]. In the era
of globalization, when companies are forced
to respond quickly to market fluctuations
and technological innovations, the importance
of such partnerships is increasing. However, there
may be challenges to success, including a high failure
rate due to changing organizational compatibility [8].
Structure and cultural differences between partners
can be a serious barrier to effective collaboration
and the implementation of joint goals. Successful
IJVs require sustainable comparative advantages
between partners [8] and effective coordination
to manage complexity [9]. It is necessary for partners
not only to share resources and information, but
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also to define specific joint working procedures
and control mechanisms. Strategic learning is critical
to the competitiveness of 1JVs, including alternative
learning through the acquisition of know-how
and creative learning through experimentation [10].
This learning enables partners to quickly adapt
to change and apply innovations to achieve
sustainable growth. The difference in returns
between partners may be due to resource allocation
and private benefits, with the partner with less
valuable resources potentially earning higher returns
due to the greater potential for private benefits. This
phenomenon highlights the importance of optimizing
resource allocation and bargaining power to create
fair and beneficial conditions for both parties.
Bargaining power, absorptive capacity, and JV
capabilities influence the extraction and protection
of private benefits in these partnerships [11].

Joint Venture Opportunities in the SHIVA
World

Joint ventures are a key tool for facilitating
innovation and technology transfer, especially
in emerging economies. They act as bridges,
facilitating the transfer of knowledge between local
and global companies [12]. This collaboration
helps local enterprises adapt to international norms
and stimulates the development of innovative
technologies. A local organization’s innovation
activities are more effective if its partners are not
closely connected, and less effective if there are
too many connections or excessive concentration
of resources on managing the partner network [13].
This points to the need to maintain a harmonious
balance in partnerships and effectively manage
resources in the network, which will avoid overloads
and minimize potential risks. At the same time,
research JVs (RJVs) face such problems as delays
and difficulties in commercialization and competition
in the markets [14]. Successful commercial use
of RJV developments requires partners not only
to provide innovative solutions, but also to have
effective  business processes. The success
of a JV in knowledge transfer is determined
by the degree of involvement of intermediate
management and the effectiveness of the HR
strategy [15]. Intermediate management plays
a key role in creating and supporting an innovative
culture within the partnership. In addition, micro-
geographical proximity within clusters is important
for concluding venture capital deals and agreements
on the transfer of intellectual property [16]. This type
of proximity contributes to better information
exchange and rapid response to changes. JVs
make a significant contribution to sustainable
development in international markets [17]. Their role
in strengthening the sustainability of the economy
and the environment in the long term is undeniable.
In addition, corporate venture capital investments
can complement other ways of finding technologies
to increase innovation efficiency [18]. This tool

allows companies to develop new technologies
and seek out innovative solutions in the context
of global changes.

Cases of Successful JVs Around the World
Joint ventures and strategic alliances have
proven successful in various industries, especially
in the automotive sector. Tesla’s partnerships
with Daimler, Toyota, and Panasonic demonstrate
how companies can leverage external resources
and knowledge for strategic growth [19, 20]. These
partnerships have been key to Tesla’s successful
adaptation to rapidly changing market realities,
allowing the company to take a leading position
in the electric vehicle space, stimulating innovation
in the automotive industry. Such collaborations
have helped Tesla overcome entry barriers
into the established automotive industry, leading
to its success as a pioneer in the electric vehicle
space [21, 22]. This confirms that JVs can make
a significant contribution to accelerating innovation
and minimizing risks when entering new market
spaces. JVs can act as a tool for technology
transfer and learning, as illustrated by the example
of the Chinese automotive industry and Hero
MotoCorp’s cooperation with Honda [23, 24].
These partnerships play a key role in stimulating
technological progress and developing local
markets, especially in emerging economies.
However, the success of a JV depends on a number
of factors, including strategic management, mutual
trust, and the development of technological
capabilities [24]. Establishing trust between
partners and the ability to effectively coordinate
joint projects are key ingredients for achieving long-
term prosperity. In the service sector, international
JVs such as Starbucks Korea have demonstrated
that developing competitive strategies is critical
to success in global markets [25]. A strategy
focused on the specific needs of local markets has
enabled these companies to compete successfully
in the international arena and adapt their products
to diverse cultural contexts.

Leveraging hyperconnectivity: benefits of JVs
in integrating global markets

JVs are a common strategy for business
growth and internationalization, providing firms
with an efficient way to navigate the complexities
of global markets. In an era characterized
by increased hyperconnectivity, JVs serve
as powerful tools for integrating global markets
by facilitating collaboration across borders
and allowing firms to leverage new networks,
resources, and capabilities. Through these
partnerships, companies can share information
and best practices, creating value for parent firms
by leveraging the diversity and expertise of their
global partners. However, while the benefits
of heterogeneity in market orientation in such
arrangements can be significant, they can also be
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nuanced and context-specific, requiring careful
alignment of objectives to maximize synergies [26].

Announcements of JVs often signal
the growth opportunities and resource quality
of the collaborating firms, giving investors
confidence in the potential for sustainable

competitive advantage. These signals, which go
beyond traditional expectations of synergy, highlight
the strategic role of JVs in connecting firms to larger
ecosystems and facilitating their participation
in the global economy [27]. As global markets
become increasingly interconnected, the ability
of JVs to bridge geographic and cultural gaps is
enhanced, allowing firms to expand their presence
and integrate into critical international networks.
The configuration of governance structures,
competitive strategies, and firm size in JVs
further influence their effectiveness, highlighting
the importance of designing partnerships that
adapt to the demands of hyper-connected global
environments [28].

For multinational enterprises engaging
in international JVs, the balance between knowledge
transfer and protection is becoming increasingly
important as the complexity of global operations
increases. The hyper-connectedness of today’s
markets creates both opportunities for rapid
knowledge dissemination and risks associated
with intellectual property disclosure. Firms must
navigate external factors such as competitive
pressures and internal dynamics, including
corporate culture and resource alignment, to ensure
that knowledge flows facilitate innovation while
preserving ownership advantages [29]. Furthermore,
JVs can play a critical role in helping firms overcome
internal biases in innovation, particularly in high-
tech industries. By adopting external knowledge
acquisition strategies, firms can use the enhanced
connectivity provided by JVs to influence the nature
and extent of product innovation, ensuring that they
remain competitive in a rapidly changing global
landscape [30].

With their ability to integrate global markets,
facilitate collaboration, and enhance innovation,
JVs have become indispensable for firms seeking
to succeed in an increasingly hyper-connected
world. By aligning strategic objectives and carefully
managing the complexities of international
collaboration, JVs enable firms to harness the full
potential of global integration and create sustainable
value for all stakeholders

Challenges for JVs in a SHIVA World

International  JVs  (IJVs), such as those
in the construction industry, face numerous
challenges and risks, especially in developing
countries. Political instability, economic fluctuations,
and exchange rate volatility are among the most
critical risks [31, 32]. These factors not only affect
the financial performance of projects but also
complicate long-term planning and resource

allocation. Other important factors include inter-
organizational differences, lack of experience,
and management difficulties [33]. These problems
can lead to delays, cost overruns, and reduced
project quality, further complicating collaboration
between partners.

The formation of SMEs is influenced by host country
political institutions, and good governance attracts
more mergers and acquisitions [34]. Transparent
regulatory frameworks and a stable political
environment can facilitate smoother operations
and better alignment among stakeholders.
Conversely, unstable political institutions can create
uncertainty, which can lead to a higher cost of risk
capital and cautious investment behavior among
international companies.

To cope with uncertainty, companies should
develop strategic flexibility and a focus on market
entrepreneurship  [35]. This implies taking
proactive approaches to risk management, such
as diversifying project portfolios and conducting
thorough due diligence before entering into JV
commitments. While SMEs with foreign governments
show positive short-term returns, long-term results
may be negative due to factors such as political
instability, corruption risks, level of democratization,
etc. [36]. These challenges highlight the importance
of establishing robust contractual agreements
and clear governance structures within a JV.

Successful SME management requires
understanding and sharing risks between
partners [31, 37]. Developing comprehensive

decision-making frameworks and scenario analyses
can help firms navigate the complexities of SME
formation in emerging markets [38]. Furthermore,
promoting strong communication and trust
between partners can mitigate conflicts and create
a foundation for long-term cooperation and mutual
benefit

Challenges of JVs’ adaptation to rapidly
changing market conditions

Joint ventures face a number of significant challenges
in their operations related to the need to adapt
to dynamic changes in market conditions. Key
challenges include difficulties with commercialization,
loss of intellectual property, and rivalry in the market
for goods and services. These challenges can slow
down the growth of the venture and reduce its
ability to compete in an unstable market. Strategic
flexibility, which includes strategic responsiveness,
unity of management, and resource mobility, is
a key factor in achieving success in JVs [39].
Flexibility allows partners to effectively respond
to changes in the external environment, as well
as quickly adapt business models and processes.
Learning and customer focus have a beneficial
effect on the innovativeness of JVs, especially
when they work closely with parent companies [40].
This approach not only improves the product but also
increases customer satisfaction, which contributes
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to the long-term success of the partnership.
Collaboration between partners can improve
the performance of JVs in certain environments,
such as high foreign ownership and technological
turbulence [41]. In such environments, partners
can share risks and resources, which allows them
to adapt to changes and overcome difficulties faster.
To successfully overcome market challenges,
companies must actively develop their dynamic
capabilities aimed at identifying, exploiting,
and transforming opportunities [42]. Developing
these capabilites helps companies predict
and respond to market changes, ensuring their
competitiveness. Scenario research and expert
assessments within the Delphi method can help
develop strategic decisions for JVs in markets
with high uncertainty [38]. These tools help predict
possible changes in the market environment
and develop strategies that will help partners remain
successful. Co-ownership can act as a catalyst
for both anticipated investment and subsequent
adaptation in conditions of high uncertainty [43].
In conditions where uncertainty is high, co-ownership
of assets can be a powerful tool for spreading risks
and ensuring stability in the long term

Conflicts of Interest between Partners

Joint ventures often face conflicts caused
by power imbalances, differences in interests,
and cultural differences between partners.

Such conflicts can negatively impact value creation
and reduce productivity [44, 45]. At the same time,
successful conflict resolution not only stabilizes
the relationships between partners, but also
contributes to the creation of additional value,
which is especially important in a globalized market.
Partners can use various strategies to manage
conflicts, among which cooperative approaches
are considered more effective than competitive
ones [46]. Cooperative strategies promote long-term
partnerships and strengthen trust, while competitive
methods can lead to the destruction of relationships
and a decrease in shared value. Contractual
provisions and arbitration mechanisms help
prevent and resolve disputes, especially in cases
of institutional differences between partners [47, 48].
These tools create a clear framework for resolving
disagreements and prevent protracted conflicts.
The distribution of voting rights and representation
on the board of directors also plays an important
role in monitoring and improving the performance
of JVs [49, 50]. Equal participation in decision-making
helps balance the interests of the parties and ensures
that strategic decisions take into account the needs
of both partners. Cooperation and compromise
tactics are recommended for informal conflict
resolution, while alternative dispute resolution
and litigation are formal methods [51]. It is important
for partners to understand that compromise
and cooperation often lead to more sustainable
results than confrontation. In general, effective

conflict management in JVs requires an integrated
approach that includes contractual, relational,
and institutional factors to promote cooperation
and improve performance. Such an approach helps
minimize risks and maximize the potential of JVs.

The current global situation has a significant impact
on competition within JVs, pushing their participants
to adapt and innovate. Economic downturn,
increased protectionist sentiment, and geopolitical
challenges contribute to the creation of demands
for strategic change. For example, the transition
to more sustainable management practices
anddiversificationofthe partnernetworkare becoming
necessary components of a strategy for survival
in a period of global turbulence. This is confirmed
by studies that emphasize the need for innovative
approaches and flexibility in  management.
In addition, the rapid development of technologies
and the accelerating pace of digitalization are
increasing competitive sentiments within JVs,
contributing to dependence on data and know-
how. The use of new digital platforms improves
interaction between partners, thus allowing them
to adapt to changes in the markets faster and more
efficiently. At the same time, the risk of conflicts due
to issues of intellectual property and data protection
is growing, requiring the establishment of clear
agreements and clearly structured cooperation
models. Thus, innovation and effective knowledge
management are becoming key factors for success
in the modern world.

The Role of JVs in the Energy Sector

The energy industry, particularly the oil and gas
sector, is a highly capital-intensive and risky industry.
In today’s rapidly changing world characterized
by geopolitical uncertainties, economic volatility,
and technological advancements, JVs have become
an essential tool for ensuring sustainable growth
and resilience in this sector.

Joint ventures in the energy industry offer several
strategic advantages, such as:

- Risk-sharing arrangements that allow
companies to mitigate their financial exposure
in high-risk projects;

- Access to new technologies, especially
in areas like offshore drilling, enhanced oil recovery,
and carbon capture and storage;

- Compliance with regulatory requirements
and local content regulations, which helps
international companies navigate the complex legal
landscape;

- Market expansion opportunities, allowing
companies to enter new markets and leverage local
expertise.

For Kazakhstan, JVs have played a crucial role

in attracting foreign investment, particularly
in the context of the Tengiz, Kashagan,
and Karachaganak projects. Nevertheless,

challenges such as regulatory uncertainty, fluctuating
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fiscal policies, and environmental considerations
necessitate the development of adaptive JV models.
The shift towards green energy is also influencing
the future direction of JVs, forcing companies
to strike a balance between traditional fossil fuel
investments and renewable energy initiatives.

Digitalization and Artificial Intelligence-Driven
Transformation in Oil and Gas JVs

The oil and gas industry is undergoing
a digital transformation, driven by the adoption
of artificial intelligence and other technologies.
This transformation is enabling significant
improvements in efficiency, productivity,
and operational excellence. The use of Al, big data
analytics, and blockchain technologies in oil and gas
JVs is leading to numerous benefits, including:

1. Predictive maintenance: Al-powered systems can
help minimize downtime and prevent operational
disruptions by predicting equipment failures
and scheduling maintenance activities proactively.
2. Enhanced reservoir modeling: Al algorithms can
optimize extraction techniques by creating more
accurate models of reservoirs, leading to improved
production rates and reduced costs.

3. Supply chain transparency: Blockchain
technology can provide a transparent and secure
record of transactions, reducing the risk of fraud
and ensuring supply chain integrity.

4. Automated contract management: Al tools can
automate contract review and approval processes,
improving governance and compliance in JVs.

The Digital Kazakhstan initiative is aligned with
these transformations by promoting the adoption
of digital twin technology, Al-powered drilling
optimization, and advanced pipeline monitoring
systems. Partnerships focused on digital innovation
will provide a competitive advantage, ensuring
sustainability, cost savings, and regulatory
adherence in a rapidly evolving energy environment.

Conclusions

Joint ventures are becoming an increasingly
important part of international business strategies,
providing companies with a means to expand
into new markets, share risks, and benefit from each
other’s complementary expertise. In today’s rapidly
changing global environment, JVs enable firms
to navigate complex regulatory landscapes, utilize
local knowledge, and access critical resources.
However, the success of these JVs depends
on several factors, such as strategic alignment,
effective governance structures, and flexibility
in adapting to technological advancements.

The SHIVA environment presents unique challenges
that require agility and resilience from JV partners.
Market fluctuations, geopolitical uncertainties,
and rapid technological developments necessitate
firms involved in JVs to implement flexible business
strategies that can promptly respond to external
influences. Strategic foresight and the capacity
to foster long-term trust among partners are
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essential components in determining the viability
of JVs. Organizations that fail to adapt to such
dynamic circumstances risk falling behind in a highly
competitive global market.

One of the main conclusions from this analysis is
the increasing significance of digital transformation
for JVs, particularly in capital-intensive sectors such
as energy and technology. Through the integration
of artificial intelligence (Al), blockchain, and big
data analytics, JVs have been able to enhance
operational efficiency, decrease costs, and enhance
decision-making processes.

In the oil and gas industry, for instance, predictive
maintenance techniques and Al-driven reservoir
modeling have transformed traditional approaches
to risk management and resource optimization.
This  highlights the need for companies
to continuously invest in digital infrastructure in order
to remain competitive in today’s hyperconnected
economic landscape.

Furthermore, governance mechanisms and dispute
resolution strategies play a crucial role in the success
of JVs. Disputes related to intellectual property
rights, control structures, and profit sharing have
historically led to the failure of many JVs. Establishing
clear contractual arrangements, defining transparent
operating procedures, and promoting open
communication between partners are essential
in preventing potential conflicts.

A well-structured JV prioritizes both flexibility
and stability, enabling partners to collaborate
effectively while protecting their strategic interests.
The role of JVs in sustainable development is
becoming increasingly significant. With companies
facing increasing pressure to comply with
environmental, social, and governance (ESG)
standards, JVs represent a platform for businesses
to collaborate and pool resources in pursuit
of innovative and sustainable solutions.

In particular, JVs in the energy sector focused
on renewable energy sources, carbon capture
technologies, and climate-friendly infrastructure
development are playing a crucial role in driving
global sustainability efforts. Governments
and regulatory bodies are imposing stricter
environmental regulations, and firms that incorporate
sustainability considerations into their JV strategies
are better positioned for long-term success in this
evolving landscape.

Looking ahead, the future of JVs will be influenced
by several significant trends. The continued
growth of digital ecosystems, the emergence
of cross-industry partnerships, and the increased
significance of knowledge transfer mechanisms

will shape the way companies engage
in international collaboration. Companies that
adopt digital transformation, foster strategic

flexibility, and prioritize building trust within their
partnerships will be best positioned to benefit
fromthe opportunities presented by JVs. Conversely,
companies that fail to adapt to changing global
dynamics run the risk of inefficient operations,
financial losses, and ultimately, dissolution.
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Ultimately, JVs continue to be one of the most
efficient methods for promoting innovation,
accelerating market entry, and improving business
resilience. Nevertheless, success is not assured —
it requires careful planning, robust leadership,
and unwavering dedication to strategic alignment.
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TpeboBaHMA K CTaTbAM Hay4HO-NPaKTUYECKOro XXypHana
«BecTHuK HecpTerazosom oTrpacnu KazaxcraHa»

1. MpaBuna ny6nukauum ctaten

B XKypHane ny6nukytoTcs Hay4Hble
cTaTtbl  pesynbTatoB  UCCredoBaHWW,  OMnbiTa
BHeApeHns  obopydoBaHWsl,  HOBOM  TEXHUKU

N TEXHOMNOIMN Ha MPOU3BOACTBEHHbIX OOBLEKTax B
pasnuuHbix obracTax HedTerasoBow oTpacnu B
cooTBeTcTBUM C pybpukamun XKypHana (reonorus,
OypeHune, paspaboTka W aKkcnnyatauusi HedTAHbIX
N Tra3oBblX MECTOPOXAEHUA, TexXHMKa W Tex-

Honornst  gobblum  HedTM M rasa, nogro-
ToBKA HedTM M ra3a, NpoeKTupoBaHue
1 0ByCTPONCTBO, 9KOHOMMKA, IKOMNOrs).

Pepakumst npuHuMaeTr Ha  paccMoTpeHue
PYKOMUCKU Ha Ka3axCKOM, PYCCKOM W aHrmui-
CKOM  63blkaX, NpUCNaHHble B  pedakuumio
yepe3 nNWYHbIN KabWHET Ha calTe XypHana
vestnik-ngo.kz, paHee He  onybnukoBaHHbIE

M He npegHasHayeHHble K nybnukauuu B Apyrux
n3gaHunsx. Pykonuck pormkHa copepxatb dann
C MOMHbIM TEKCTOM, rpaduyeckum n TabnuyHbIM
martepuanom. Pykonucb conpoBoxaaeTcsi TMCbMOM
Ha WMs [NaBHOTO pefdakTopa O BO3MOXHOCTU
ony6nukoBaHUM  CTaTbW, MNOAMNWCAHHOE  BCEMM
yYneHamu aBTopcKkoro konnektusa. [lpu nopade
pYyKOMNMCY aBTOPbI NOANMCHIBAIOT aBTOPCKWIA AOTOBOP
(obepThl).

ABTOpbl HecyT OTBETCTBEHHOCTb 3a [J0cC-
TOBEPHOCTb W 3HAYMMOCTb Hay4YHO-NPaKTUHECKMX
pe3ynsTaToB U akTyarnbHOCTb HAayYHOro CoAepXaHus
pykonucei. He gonyckaetcs nnarvat — He3aKoHHoe

MCNoMb30oBaHNE  MaTepuanoB  OnybnMKoBaHHbIX
paboT: cTateil, MoHorpachuii, NaTeHToB W Ap.,
SABNSAWUXCA NpegMeTOM  YyXXOro  TBOPYECKOro

Tpyaa.

PelieHne o nybnukauum npuHMMAaIOT rMaBHbIN
penakTop 1 pefakLMOHHas KONIerus xypHana nocne
paccMOTpeHnst pykonmucy, NPOBEpKW Ha nnarvat
N Crenoro peLeH3VpOBaHWs, YYUTbIBasi Hay4Hyto
N MPaKTUYECKYD 3HAYUMMOCTb W aKTyarnbHOCTb
npeacTaeneHHbIX Matepuanos. Pegakums xypHana
ocTaBnser 3a coboy npaBo Bbibopa peueH3eHTa,
a TakKe e€ro 3aMeHbl npu HeobxoguMOCTW.

Pykonuch, nonyyvBluas HEAOCTaTOMHO BbICOKYHO
OLEHKY MO MWTOraM pPacCMOTPEHUS, OTKIOHSETCSH
KaKk  He  COOTBETCTBYIOLIAA  YPOBHIO  UNu
Tematuke nybnukaumii xypHana. OTKINOHEHHbIe
pykonucu NOBTOPHO He npuHUMatoTCS
1 He paccMaTpuBaloTCs.

Ecnn  pykonuck otobpaHa Kk onybnu-
KOBaHWIO B onpeaeneHHoM BbIMycKe
XypHana,  pegakuusi  NpOM3BOAUT  BbIYUTKY
maTtepuana, NmTepaTypHoe  pedakTupoBaHwue,
a Takke npoBepsieT OdOpMIIEHME  PYKOMUCK
Ha COOTBETCTBME  HacTosAWMM  TpeboBaHUAM
K cratbsMm.  OTpegakTMpoBaHHas  PyKOMUCb

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

HanpaenseTcs aBTOpam Ha [opaboTky
B COOTBETCTBUM C KOMMEHTapusaMU pedakuum
nocpeacTBoM caiTa kypHana. [opa6oTaHHas
aBTOpaMM PYKOMUCb AOMKHa OblTb HanpasneHa B
3afaHHble pefakuMell CPOKM Ha calTe XypHana.
Pykonucb cuMTaeTcs NPUHATON Mocre ycTpaHeHust
aBTOpaMM BCEX 3aMeYaHunii peaakLumm u peLieHseHTa.

2. Tpe6oBaHuA K cTaTbAM

PyKOI'IVICb AOoImKHa ObITb B TEKCTOBOM
penaktope (MS Word, OpenOffice, LibreOffice),
davin gormkeH MMeTb pacwimpeHue *.doc, *.docx,
*.rtf.

CTpyKTypa pyKONWCU [OMKHA BKIOYaTb B
cebs:

1. YOK', MPHTW?,  tun  ny6nukauum,
Ha3BaHne, PO aBTOpOB, MecTa paboTbl aBTOPOB
(HaumeHoBaHMsA opraHusauui 6e3 ykasaHus top.
dopM, ropod, CTpaHy), aHHOTauuio, KrtoveBble
CrnoBa — B OJHY KOJOHKY Ha Tpex s3blkax (PpyCCKuUi,
aHIMUNCKUI, Ka3axCKWUI) Ha OTAENbHOW CTpaHuLe Ha
KaXX[OM Ssi3blKe.

2. TekcT cTatby — B ABE KOJOHKW Ha Si3blke
opurmHana. TekcT pormxeH ObiTb  norvvecku
CTPYKTYpUpPOBaHHbIM. PeKOMeHAyeTCANCNONb30BaTh
criepytolime Moas3aronoBku: BBeAEHWEe, OCHOBHast

YyacTb, pacyeTHasi u4acTb, 3KCMepuMeHTarnbHas
yactb, pesynstatel U obcyxaeHwe, BbIBOAbI
1 3aKrnodeHmne.

3. PucyHku, Tabnuubl — B OgHYy uMmu

OBe KOMOHKM B 3aBMCMMOCTM OT pa3mepa, C
Ha3BaHUSAMK, OBO3HaYEHUSAMU, MOAPUCYHOYHBLIMU/
noaTabnuyHbIMKM  HaAMUCAMKU, NPUBEOEHHbIMM  Ha
A3bIKe OpUrMHana c nepeBoAOM Ha aHTTMACKUIA A3bIKS,
Kaxablhn pucyHOK criegyeT pasmMellaTtb Ha cante
B BMAE OTAENbHOro AOnonHuTenbHoro danna B
opurMHansHoM Buge B dopmarte jpg, gif, jpeg, tiff,
anarpammbl — B dopmate excel.

4, [ononHuTenbHble cBedeHuss 06  uc-
TOYHVKE  (PUHAHCMPOBAHUSA, KOHMMUKTE  UHTe-
pecoB W BKnage aBTOpPOB — B [BE KOMOHKK
Ha A3blKe OpUrMHana n Ha aHrmMUINCKOM Si3blKe.

5. Cnucok MCMoNb30BaHHOM nure-
patypbl  (spgebuietrtep  Tisimi, references) —
B OZHY KOMOHKY.

6. MogpobHyw  WHpopmauuo 06  aB-
Topax (y4eHble 3BaHUSl, Y4YeHble  CTEneHw,
ORCID, Scopus SPIN-kog, email u np.
npu  HeobxogMMOCTM) — B [Be  KOMOHKU

Ha s13blke OpUrMHana n Ha aHrMNCKOM A3bIKe.

7. YkasaHue aBTopa, OTBETCTBEHHOIO
3a nepenucky (corresponding author),
nop 3HakoM «*» — B Of{HY KOSTOHKY.

CTpYKTYpHblE 3MEMEHTbI pyKOMuCK crepyeT
odopMnATb cregyroLLmMm obpasom:

3 3pecb n panee B cryyae, ecnu A3bIKOM opuUrMHana sBNAeTCs aHIMUINCKUIA, NepeBoA Ha ApYyrue A3blkn He TpeﬁyeTcn.
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1. YOK (UDC, 90X), MPHTU (CSCSTI,

FTAXP) 3apatotca  nponucHelMu  BykBamu,
wpudptom Arial, pasmep 14, HauyepTaHue -—
NONy>XMpHOE, BblpaBHVBaHWE - cnesa,
6e3 oTCTyna, MeXOYCTPOYHbIA  WHTepBan —
MHOXUTENb, 1,15.

2. Tun nyb6nukauum 3agaetcs nocne
YOK, MPHTW, wpudtom Arial, pasmep 12,
HayepTaHWe — MOMyXWpHOoe, BbIpaBHNBaHWE —

cneBa, 6e3 oTCTyna, MeXayCTpOYHbIA MHTEpBan —
MHOXUTEnNb, 1,15.

3. 3aronoBok pykonucu [JormkeH ObiTb
KOpPOTKMM U MHGOpMaTuBHBIM, 6e3 abbpeBuatyp,
3agaH wpudTtom Arial, paavep 14, HauepTaHue —

NOYy>XMPHOE, BblpaBHMBaHWE - cnesa,
6e3 oTCTyna, MeXOYCTPOuHbIA  WHTepBan —
MHOXUTEnNb, 1,15.

4. ®UO aBTOpOB npvBogsATcs nog,

3aronoBKomM, WpndT Arial, pasmep 14, HauepTaHne —
nony>vpHoe, BbipaBHNBaHWe — crnesa, 6e3 oTcTyna,
MEXOYCTPOYHbIN WHTepBan — MHoxwutenb, 1,15.
WHnumansl nuwytca 4depe3 Touky 6e3 npobena
BHYTPM.

5. MecTta paboTbl aBTOPOB (HaUMEHOBaHUS
opraHusauui 6e3 ykasaHus top. ¢opm, ropoa,
ctpaHa) npusogsTca nog PO asTopos, wpudTArial,
pasmep 11, HauyepTaHue — KypcuB, BblpaBHUBaHNE —
cneBa, 6e3 oTCTyna, MeXayCTpPOYHbIA MHTEpBan —
MHOXuTEnNb, 1,15.

6. AHHOTauum pykonucen TMna
«OpUrMHanbHble WCCNeaoBaHWUs» [OMKHbI MMETb
criepylolylo  CTpyKTypy: OBOCHOBaHWe,  Lenb,

matepuansl U MeToabl, pe3ynbTaTbl, 3aKIoYeHue.
O6bem aHHOTauMm — He OGonee 300 cnos.
Meped TEKCTOM aHHOTaUMM 3a4aéTcsl 3aronoBOK

«AHHOTALMA» («ABSTRACT»), wpudt Atrial,
pasmep 11, otctyn 0,75 cM, MEXCTPOYHbIN
uHtepean - 1,15, [Ona Tekcta aHHOTauum

ucnone3yetca wpndT Arial, pasmep 10, otctyn 0,75,
MEXCTPOYHBIN MHTepBan — 1,15.

7. KnwoueBble cnoBa nuwytca  noj
aHHOTauuen, Yepes oBoeToune, He bonee 10 cnos
unu cnosocoyeTaHun, wpudTtom Arial, pasmep 10,
KypcuB, otctyn 0,25, MEeXCTPOYHbIi WHTEepBan —
1,15. Obobuwatowee cnoeocoyeTaHve «Knoueble
cnoa:» («Keywords», «TyiiH cesgep») cnegyet
BbIAENUTb CUHUM LIBETOM, aKLeHT 1.

8. TekcT pykonucu [OMKEH HayYMHaTbCH
C HOBOM cTpaHuubl, wpudT Arial, pa3vep 11,
BblpaBHMBaHWe - cnesa, otctyna 0,75 c¢wm,

MEXAYCTPOYHBIN MHTEpBan — MHoXuTenb, 1,15.

9. 3aronoBku TekcTa pykonucu («Bse-
neHve», «OcHOBHass 4acTb», «3aKrouyeHue»
w ap.) 3apatotca wpudptom Arial, pasmep 11,
BblpaBHMBaHMe — cneea, otctyn 0,75 cwm,
MEXAYCTPOYHBIN MHTEpBan — MHOXuTenb, 1,15.

10. Hymepauua pucyHkoB 1 Tabnuu
JomkHa ObiTb  nocnepoBatenbHon (1, 2, 3
1 1.4.). Tabnuubl U PUCYHKM HE AOIMKHBI ObITh B3SATHI
u3 Opyrux matepuanoB 6e3 yka3aHusi MCTOYHMKA.
Moanucn pUCYHKOB M Tabnuy [JOMKHbl ObITb
nornHeiMu, 6e3 cokpatyeHun («PucyHok 1», « Tabnmua
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2», «Figure 3», «Table 4»), 3agaHbl ¢ nMponucHon
OykBbl. HasBaHusA pUCYHKOB M Tabnuy OOMXKHbI
ObITb KPaTKMMKU, HO MHADOPMATUBHBLIMW, OTAENEHbI
OT MoANuUCK TOYKOW ¢ Npobenom, nepeoe CroBo — C
nponucHown BykBbl, 3agaHbl WwWpudTom Arial, pasmep
11, nonyxvpHbIN, BblpaBHWBaHWE — MOcCepeauHe,
6e3 oTcTyna, MeXCTpOuYHbln uHTepBan — 1.
Moanucb n HaseaHve Tabnuubl NULIETCA CBEpXy
Tabnuubl, noANMMCb W HasBaHWe pUCYHKa —
nog pucyHkoMm. [locne HasBaHus Touka He
craButcs. Ecnu pucyHok cogepxuT nepevncreHve,
OoTMeuYeHHoe BykBamu unu ungpamu (a), 6), B)...; 1),
2), 3)...; a), b), c)...), Takne obo3HayYeHUs NULLYTCS
nof Ha3BaHWeM pucyHKa, 3agarTcs wpudTom Arial,
pasmep 10, HayepTaHue — KypcuB, BblpaBHUBaHUE —
nocepeavHe, Ges oTcTyna, MEXCTPOYHbIV
nHTepBan — 1.

11. NoapucyHouYHbIe n noarabnuuy-
Hble Hagnucu  cogepxaTr  pacludpoBKy
obo3HayeHun, 3agawTcs  wpudptom  Arial,

pa3mep 10, BblpaBHWBaHWe — crnesa, 6e3 oTcTyna,
MEXCTPOYHbIN MHTepsan — 1.

12. TekcT Ha pucyHkax M B Tabnuuax
3apgaétca  wpudtom  Arial, pasmep or 8
0o 12. TekcT pomkeH MMeTb nepeBoq C s3blka
opurMHana Ha aHImMUACKUIA  A3blK, UCKITIOYEeHne
cocTaBnsaT CKPVHLLIOTbI, maTtepuvansl,
BbIPY>EHHbIE U3 NPOrpaMMHbIX NPOAYKTOB, U UHbIE
BMAblI rpacuyeckoro n TabnuyHoro matepuana B
HepegakTpyemom gopmare.

13. YNnoMuHaHMsE B TeKCTe PUCYHKOB U
Tabnuy crnegyeTt opopMNATb Tak Xe, Kak U TeKCT,
MCNonb3ys Npu 3TOM KpaTkyto OpMy MOCTOSIHHON
4YacTu Has3BaHus («puc. 1», «Tabn. 2»).

14. Cnucok ncnonb3oBaHHOMN nure-
patypbl  (apebuerrep  Tidimi, references)
OOMKeH cofepxaTb ToMbko Te nybnukauunm,
Ha KoTopble eCTb CCbinkn B TekcTe. CCbinku
3agaoTca  nocnegosatensHo  ([1],  [2], [3]
M T.A.), B COOTBETCTBUM C [AaHHbIM MOPSAKOM
WUCTOYHUKM  [OOSDKHbI  pacrnonarateCid B CNUCKe
Mcnonb3oBaHHOW nutepatypbl. CNMCOK He AOMKEH

npesblwatb 30 MNYHKTOB AN OpUrMHanbHbIX
uccriegoBaHun, He 6Goree 60 — Ang  HayYHbIX
00630poB, npeanoYTUTENbHO COBPEMEHHbIX

n3gaHni. Kaxabli UICTOYHWK YNOMWHAETCH B CnUC-
ke 1 pas, BHe 3aBMCMMOCTM OT TOrO, Kak 4acTo
Ha Hero genaercs ccbinka B TekcTe paboTbl. Cebinku
Ha HOMep MCTOYHMKA B CMUCKe B TeKCTe cnegyet
npvBOAUTbL B KBagpaTHbIX ckobkax. OdopmreHve
CMNCKOB UCMOSMb30BAHHON nNWUTepaTtypbl Ha pyc-
CKOM U KasaxckoM sisblkax nposoautcs no NOCT
P 7.0.5-2008, Ha aHrmMNCKOM A3blke — CTUNEM
AMA (Vancouver). lMogpobHee o03HaKOMUTLCSH C
npasunamu oopMIEHNS CCbINIOK Ha onpeaeneHHbIe
BUAbI ny6nukaumn MOYXHO no CChbINKe:
https://journals.eco-vector.com/index/pages/view/
references_split.

15. UHdopmaumsa 06 aBTOpax [OMKHa
cogepxate ®NO aBTOPOB MOMHOCTBI, YYeEHbIE
3BaHusl, y4yeHble cTenenu, ORCID, Scopus
SPIN-kog, email u wvHble cBegeHus npu



HeobxoaMmocCTy. OdopmnisieTcs wpudpTom
Arial, pa3wvep 12, BblpaBHMBaHWE — CIeBa,
6e3 oOTCTyna, MEXCTPOYHbIN  MHTepBan  —
MHoxuTenb 1,15, Baronosok «MHO®OPMALMA
OB ABTOPAX (-E)» («ABTOP(-NAP) TYPAIbI
AKMAPAT», «AUTHORS'(-'S) INFO») 3apaétcs
nponucHbIMU BykBamu 1 BblOENSETCS NOMY>XMUPHbBIM
HayepTaHnem. ®VO aBTOpOB TakkKe BbIOENSHOTCA
NOMYXVPHBbIM  HadyepTaHneM. 3Be3godkon  («*»)
cneea ot PO oTMme4vaeTcs aBTOpP, OTBETCTBEHHbIN
3a nepenucky (xabap anmacyfa xayanTbl
aBTop, corresponding author). [MosicHstowas
CTpoKka «*ABTOp, OTBETCTBEHHbIN 3a Mepenuncky/

Corresponding author» («*Xabap anmacyfa>xayanTbl
aBTop/Corresponding author») npuBoguTcs nocne
pasgena «MHdbopmaLuus o6 aBTopax».

Mons CcTpaHULbI OOIKHbI nMeTb
cnegylolime napameTpbl: BepxHee W HukHee —
2 cm, neBoe — 3 cm, npaBoe — 1,5 cm. Pa3amep
ctatb — He 6onee 10 cTp. ONA opurMHanbHbIX
nccriegoBaHun, He 6onee 20 cTp. ANA HayYHbIX
0630pOB U WHBLIX TUMOB pykonucen. Onsi Habopa
CNOXHbIX MaTemMaTnyeckux opmyn ucnonbayercs
cTaHdapTHbIM pegakTtop Equation Editor dpopmyn B
nporpamme Word.

Requirements for submitting articles for the publication
in the “Kazakhstan journal for oil & gas industry”
Journal of Research and Practice

1. Rules for publishing articles

The Journal publishes scientific articles on the
research results, experience in the implementation
of new equipment and technologies at the production
facilities in various areas of the oil and gas industry
in accordance with the Journal sections (geology,
drilling, development and operation of the oil and
gas fields, equipment and technology for the oil and
gas production, oil and gas treatment, design and
development, economics, ecology).

The editorial board accepts for consideration
the manuscripts in Kazakh, Russian and English,
sent to the editorial office through a personal
account on the Journal website vestnik-ngo.kz,
previously not published and not intended for the
publication in other editions. The manuscript should
contain a file with full text, graphics and Tables.
A letter addressed to the editor-in-chief on a
possibility of publishing the article, signed by all
members of the authors’ team, should be attached
to the manuscript. When submitting a manuscript,
the authors sign an Authorship Agreement (offers).

The authors are responsible for the reliability
and significance of the scientific and practical results
and the relevance of the scientific content of the
manuscripts. Plagiarism is not allowed, i.e. illegal
use of the materials of the published works: articles,
monographs, patents, etc., which are the subject of
someone else's creative work.

The decision to publish is made by the editor-
in-chief and the editorial board of the Journal after
reviewing the manuscript, checking for plagiarism
and blind peer review, taking into account the
scientific and practical significance and relevance
of the submitted materials. The editorial board of
the Journal reserves the right to choose a reviewer,
as well as to replace the latter, if necessary. The
manuscript, which has received an insufficiently high
rating on the basis of the reviewing results, is rejected

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

as not corresponding to the level or subject of the
Journal's publications. The rejected manuscripts are
not re-accepted and will not be considered.

If the manuscript is selected for the pub-
lication in a particular issue of the Journal, the
editorial board makes proofreading of the material,
literary editing, and also checks the design of the
manuscript for the compliance with the present
requirements for the articles. The edited manuscript
is sent to the authors for the revision in accordance
with the editorial comments via the Journal's
website. The manuscript, finalized by the authors,
should be sent within the deadlines set by the
editors on the Journal's website. The manuscript is
considered accepted after the authors eliminate all
the comments of the editors and the reviewer.

2. Requirements to the articles

The manuscript should be in a text editor (MS
Word, OpenOffice, LibreOffice), the file should have
*.doc, *.docx, *.rtf extensions.

The structure of the manuscript should include:

1. UDC', CSCSTI?, type of publication,
title, full name of the authors, places of work of
the authors (names of the organizations without
specifying the legal forms, city, country), annotation,
keywords — in one column in the three languages
(Russian, English, Kazakh) on a separate page in
each language.

2. Text of the article — in two columns in
the original language. The text should be logically
structured. It is recommended to use the following
subheadings: introduction, main part, calculation part,
experimental part, results and discussion, summary
and conclusions.

3. Figures, Tables — in one or two columns,
depending on the size, with titles, symbols, figure
and table captions, provided in the original language
with the translation into English. Each Figure should
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be posted on the site as a separate additional
file in its original form in jpg, gif, jpeg, tiff format,
diagrams — in excel format?.

4. Additional information on the source
of funding, conflict of interests and the con-
tribution of the authors — in two columns
in the original language and in English.

5. References (cnucok unCnonb3oBaHHOW
nuTepatypbl, aaebueTTep Tisimi) — in one column.

6. Detailed information about the au-
thors (academic titles, academic degrees,
ORCID, ScopusSPIN code, email, etc.,
if necessary) — in two columns in the original
language and in English.

7. Indication of the author, responsible for the
correspondence (corresponding author), under the
sign “*”.

The structural elements of the manuscript
should be formatted as follows:

1. UDC (YAK, 80X), CSCSTI (MPHTW,
FTAXP) are set in capital letters, Arial font, size
14, style — bold, alignment — left, no indent, line
spacing — multiplier, 1.15.

2. The type of publication is set after
UDC, CSCSTI, Arial font, size 12, style — bold,
alignment — left, no indent, line spacing -
multiplier, 1.15.

3. The title of the manuscript should
be short and informative, without abbreviations,
set in Arial font, size 14, style — bold, alignment —
to the left, no indent, line spacing — multiplier, 1.15.

4. The full names of the authors are given
under the heading, font Arial, size 14, style — bold,
alignment — left, no indent, line spacing — multiplier,
1.15. the initials are written with a dot, without a
space inside.

5. The places of work of the authors
(names of the organizations without specifying the
legal forms, city, country) are given under the full
names of the authors, font Arial, size 11, style — italic,
alignment — left, no indent, line spacing — multiplier,
1.15.

6. The abstracts of the manuscripts
of the “original research” type should have the
following structure: rationale, purpose, materials
and methods, results, conclusion. The volume of the
abstract is no more than 300 words. The text of the
abstract is preceded by the heading “ABSTRACT”,
Arial font, size 11, indent 0.75 cm, line spacing —
1.15. The abstract text is set in Arial font, size 10,
indent 0.75, line spacing 1.15.

7. The key words are written under
the abstract, separated by a colon, no more
than 10 words or phrases, in Arial font, size
10, italic, indent 0.25, line spacing - 1.15.
The generalizing phrase “Keywords” (“KntoyeBble
cnoea”, “TywiHce3sgep”’) should be highlighted
in blue, accent 1.

8. The text of the manuscript should start
on a new page, font Arial, size 11, alignment —

on the left, indent 0.75 cm,
multiplier, 1.15.

9. The headings of the text of the
manuscript (“Introduction”, “Main Part”,
“Conclusion”, etc.) are set in Arial font, size
11, alignment — on the left, indent 0.75 cm,
line spacing — multiplier, 1.15.

10. The numbering of the Figures and
Tables should be consecutive (1, 2, 3, etc.).
The Tables and Figures should not be taken
from the other materials without indicating the
source. The captions of Figures and Tables
should be complete, without abbreviations
(“Figure 17, “Table 27, “Figure 3”7, “Table 4”),
set with a capital letter. The names of Figures
and Tables should be short, but informative,
separated from the caption by a dot with a space,
the first word should be capitalized, set in Arial
font, size 11, bold, alignment — in the middle, no
indent, line spacing — 1. The caption and the name
of the Table are written above the Table, the caption
and name of the Figure should be below the Figure.
There is no dot after the name. If the Figure contains
an enumeration marked with letters or numbers (a),
b), ) ...; 1), 2), 3)...; a), b), c)...), such designations
are written under the name of the Figure,
set in Arial font, size 10, style — italic, alignment —
in the middle, no indent, line spacing — 1.

11. The sub-Figure and sub-Table
inscriptions contain deciphering of designations,
set in Arial font, size 10, alignment — to the left,
no indent, line spacing — 1.

12. The text in Figures and Tables is set
in Arial font, size from 8 to 12. The text should be
translated from the original language into English,
with the exception of screenshots, materials
downloaded from the software products, and other
types of graphic and tabular material in a non-
editable format.

13. References

line spacing —

in the text of the Fi-
gures and Tables should be formatted
in the same way as the text, using the
short form of the constant part of the name
(“Fig. 17, “Table 2”).

14. References (cnucok mcnonb3oBaHHOM
nutepatypbl, apebuetTep Tisimi) should contain
only those publications, which are referenced in
the text. The references are given sequentially
([11, [2], [3], etc.), in accordance with this order, the
sources should be placed in the list of references.
The list should not exceed 30 items for the original
research, no more than 60 for the scientific reviews,
preferably modern publications. Each source is
mentioned in the list 1 time, regardless of how often
itis referred to in the text of the work. The references
to the source number in the list in the text should
be given in square brackets. Drawing-up of the lists
of the used literature in the Russian and Kazakh
languages is carried out in accordance with GOST
R 7.0.5-2008, in English — in the AMA (Vancouver)

3 Hereinafter, if the original language is English, the translation into other languages is not required.
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style. You can learn more about the rules for
formatting refernces to certain types of publications
at the link: https://journals.eco-vector.com/index/
pages/view/references_split.

15. Information about the authors should
contain the full name of the authors, academic
tittes, academic degrees, ORCID, Scopus SPIN
code, e-mail and other information, if necessary.
Set in Arial font, size 12, alignment — on the
left, no indent, line spacing — multiplier 1.15.
The heading “INFORMATION ABOUT THE
AUTHORS” (“‘M’H®OOPMALIMA OB ABTOPAX’,
ABTOP(-NNAP) TYPANbI AKMNAPAT” is written
in capital letters and highlighted in bold.
The authors' names are also highlighted in bold.

An asterisk (“*”) to the left of the full name marks
the author responsible for the correspondence
(aBTOp, OTBETCTBEHHbLI 3a nepenucky, xabap
anmacyra xayanTtbl aBTop). The explanatory line
“*Corresponding author” ("*Corresponding author/
ABTOp, OTBETCTBEHHELIN 3a nepenucky”’) is provided
after the “Information about authors” section.

The page margins should have the following
parameters: top and bottom —2 cm, left— 3 cm, right—
1.5 cm. The article size — no more than 10 pages for
the original research, no more than 20 pages for the
scientific reviews and other types of manuscripts.
For a set of complex mathematical formulas, the
standard editor EquationEditor of formulas in the
Word format is used.

«KasakcTaHHbIH MyHal-ra3 canacbiHbIH XabapLlbICbI»
FbINbIMU-NPAKTUKATbIK XXYPHanbIHbIH MaKananapbiHa
KOMbINaTbIH TananTtap

1. Makananappabl xapusnay epexenepi

KypHanga XKypHangbiH, argapnapbiHa
celrikec (reonorus, Oypfbinay, urepy >XoeHe My-
Hal »>koHe ra3 KeH OpblHAapbiH nanganaxy,

MyHa MeH ra3 eHAipyAiH TexXHuWKacbl MeH Tex-
HOMOrMSChI, MyHaW MeH rasgbl favibiHaay, xobanay
XKOHe >XannacTblpy, 3KOHOMMKA, IKOMOrus) MyHawi-
ra3 eHepkacibiHiH apTypni cananapbiHAaFbl eHAipic
HblcaHAapbiHAa 3epTTeynepain HaTUXenepi,
XabablkTapApl, >kaHa TEXHUKa MeH TexHonorusnapaebl
eHrizy Texipubeci Typanbl fblbIMM Makananap

XapvsinaHagsbl.

Pepakuus vestnik-ngo.kz KypHanbliH-
Oafbl  Xeke  kabuHeT  apkeinbl  pedakuusra
XibepinreH, OypbIH XapusnaHbaraH

xoHe backa GacbinbiMaapga XapusinayFa apHarn-
MafaH KasaK, OpbIC XOHe afblllWbIH TingepiH-
peri komkasbanapabl  kapayFa  kabblngangpl.
Komkaszbaga Tomblk MaTiHI, rpadukacbl XeHe
kectenepi 6ap dann 6onybl Tuic. Komkasbara
aBTopriap YXKbIMblHbIH,  Gapnblk  MyLuenepi Ko
KOWFaH MakanaHbl xapusnay MyMKiHAir Typanbl 6ac
penakTopAblH aTbiHa KasblfFaH xaT Koca Gepinegi.
KomxasbaHbl Tancblpy kesiHge aBTopnap aBTOprbIK
Kenicimre (odepTanapra) Kon kosabl.

ABTopnap FbINbIMU-MPaKTUKanbIK HaTU-
XernepaiH ~ ceHiMAainiri  MeH  MaHbI3AbiNblFbiHA
XeHe KomkasbanapgpblH fblIbIMM  Ma3MYHbIHbIH
e3ekTiniriHe >xayan 6epepi. [lMnarvatka pykcat

Gepinmengi — 6Gacka OGipeyaiH LblFapMallbibIK
XKYMbICbIHBIH ~ HbICaHackl ~ 6onbin  TabbinaTtbiH
XapusinaHFaH — KymbICTapAblH:  MakananapapiH,

MOHorpadusinapablH, NaTeHTTEpPAIH xaHe T.6. maTe-
pvangapblH 3aHCbI3 nanganaHy.

XKapusnay Typanbl wWwewimMai KypHangbliH
bac  pepakTopbl MeH pedakumsi  ankachbl
KorpkasbaHbl KapacTbipFaHHaH, nnarvart neH Cokbip

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

peLeH3usnayabl TeKCEpreHHeH KewiH, YCbIHbIFaH
MatepvangapablH  fblIbIMU - XK8HE  MpaKTUKanbIK
MaHbI3AbINbIFBl  MEH ©3EKTiMiriH eckepe OTbIpbIM
Kabblnganapl. XKypHangbiH penakumschbl
peLeH3eHT TaHOdayFa, XeHe [fe kaxeT bonfaH
Xafdanaa OHbl aybICTbipyFa Kykbinbl. KapacTbipy
HaTWxenepi OoWbIHLWIA XKETKINIKCi3 >Kofapbl 6Gara
anfaH Komkasba >KypHan apusinaHbiMOapblHbIH,
[OeHreliiHe HeMece TakblpblOblHa CallKkec eMec aen
KkabbingaHbangpl. KabbinpaHbaraH komkasbanap
KanTa kabbingaHbanabl xxeHe KapacTblpbliMaiabl.
Erep «komkasba xypHanablH Genrini  6ip
HeMipiHAe >XapusnaHy YLWiH TaHganca, pegakums
Matepuangbl okuabl, 8aebwn  pepakuusanaybl
Xy3ere acblpafbl, COHbIMEH KaTap Kormka3baHbiH,
pecimgenyiHiH Makananapfa KoWbINnaTblH — OCbl
TanantapFra CoNKecTiriH Tekcepeai. PegakunsinanraH
Kormkasba XypHanablH CalnTbl apKbinbl peaakuusnbik
TYCiHiKTEMenepre cevikec aBToprapfa Ty3eTyre
xibepinegi. ABTopnap pfaWblHOaraH KomxkastaHbl
XypHangplH, canWTblHOAa pepakumsa  GenrinereH
Mep3imae xibepy Tuic. ABTOpnap pepakums MeH
peLEeH3eHTTIH 6apnblk ecKepTynepiH >XOWFaHHaH
KeniH kormkasba kabblnaaHabl Aen ecenTeneni.

2. Makanafa KonbInaTbliH Tanantap

Komka3ba maTiHAik pepaktopga 6Gonybl Tuic
(MS Word, OpenOffice, LibreOffice), channpa *.doc,
*.docx, *.rtf 6onysl THic.

KomxasbaHblH
Kypanybl TMic:

1. B0X', FTAXP?, 6acbinbiM Typi, TakblpbIObl,
aBTOprapablH,  TOMblK — aTbl-XeHi, aBToprnapabliH
XYMbIC OpblHAaPbI (3aHAbl HbiCAaHAAPbIH KepceTnen
yibIMaapablH ataynapel, kanachbl, en), aHHoTauus,
Herisri cesgep — yw Tinge 6ip GafaHga (opbic,
afbINwblH, KasakLwa) ap Tinge 6enek betre.

KypbinbIMbl  KenecinepaeH
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2. Makana MaTiHi TynHycka Tinge exi
baraHga. MaeTiH norukanbelK KypbinbiMAbl  6onybl
Tvic. Keneci Takblpbinwanapabl — nawganaHy
yCbIHbINaAb!: Kipicne, Herisri 6enim, ecentey Genimi,
3KCMEPUMEHTTIK Genim, HaTuXenep MeH Tankeinay,
KOpbITbIHABINAP.

3. CypeTtep, kKecTernep —  KemnemiHe
kapai Oip Hemece eki GaraHga, ataynapbiMeH,
GenrineynepimeH, arbinwbiH TiniHe® aygapmacbiMeH

TynHycka Tinge OepinreH cypeT  acTbl/kecte
acTbl xa3banap. Opbip cypetTi jpg, gif, jpeg, tiff
dopmaTTapbiHaa, Avarpammanapgbl  — - excel

dopmMaTbiHAa TynHycka TypiHOe 6enek KocbiMLia
hanin peTiHae canTka OpHanacTbipy KaXeT.

4. KapxbinaHgpipy Ke3si, Myaaenep
KaKTbIfbICbl XoHe aBToprapAblH KOCkaH yYIneci
Typanbl KOCbIMLLA aknapar — TynHycka Tinge »eHe
aFbINWbIH TiNiHOe eki baraHaa.

5. TManpanaHbinFaH apebuetTtep
(epebuetTep Tizimi, references) — 6ip baraHaa.

6. AsTOpnap Typanbl TOMbIK  aknapat
(FoINbIMK a@TakTap, foinbiMu gapexenep, ORCID,
Scopus SPIN-kog, email xsHe T.6. Kaxer
Xafganga) — TYMHYCKa TiNAe XaHe afbinblH TiniHae
eki baraHpa.

7. Xat anmacyra xayanTbl aBTopabl KepceTy

Tizimi

(corresponding author), «*» ©GenriciveH — 6ip
baraHaa.
KomkasbaHblH  KypbIbIMABIK  3NeMeHTTEpI

Kenecigewn pecimaenyi Kaxer:

1. 90X (UDC, 90X), FTAXP (CSCSTI,
FTAXP) 6ac opintepmeH GenrineHeni, Arial
wpndTi, enwemi 14, keckiHi — kapanay, Typanay —
confa, LWeriHicci3, konapanblk UHTepBan —
kebenTkiw, 1,15.

2. Xapusnanbim TYpi O0X, FTAXP
KemiH, Arial wpwudTneH, enwemi 12, KeckiHi —
Kapanay, Typanay — Corfa, LeriHicci3, )onaparblk
WHTepBan — kebenTkiw, 1,15 opHaTbINaabl.

3. KomkasbaHbIH TaKbIpbIObl KbiCka >XoHe
Ma3MyHAbl, KbiCKapTynapcbl3, Arial wpudTimeH,
enweMi 14, keckiHi — Kapanay, Typanay — cornfa,
LeriHiccis, )onaparnblk MHTepBarn — kebentkiw, 1,15
6onysbl THiC.

4. ABTtopnapabiH ATbI-)KOHI Takbipbin ac-
TbiHAa, Arial wpndTi, enwemi 14, KeckiHi — Kapa-
nay, Typanay — confa, LUEriHiCCi3, onapanblk WH-
TepBan — kebentkiw, 1,15 xasbinagbl. bacraybiw
apinTep iwiHae 60C OPbLIHCI3 HYKTEMEH Xa3blnaabl.

5. ABTOpnapAablH XYMbIC OpbIHAApPbI
(yMbimaapablH - ataynapbl  3aHAbl  HbiCaHOApPbIH,
Kanacbl, eniH kepceTnew) asTopnapgblH ATbl-
YKOHI actbiHaa, Arial wpndTi, enwemi 11, keckiHi —
Kapanay, Typanay — Corfa, LUeriHicci3, )onaparblk
uHTepBan — kebenTkiw, 1,15 xasbnagbl.

6. «TynHycka 3epTTeynep» ynrigeri
Komkasbanap aHHOTaUMACHI Keneci KypblnbiMaa
6onybl TWic: Heriageme, makcat, matepuangap MeH
aficTep, HaTwxenep, KOpbITbIHABI. AHHOTaUMA
kenemi 300 ces3meH acnanabl. AHHOTaUMSA

MaTiHiHIH angbiHga «AHHOTAUWA» TakblpbiObl
Konbinaabl, wpndt Arial, enwemi 11, werinic 0,75
cM, onapanblk uHTepBan — 1,15. AHHOTauus
MaTiHiHAe Arial WpundTi nargananbinagbl, enwemi
10, werinic 0,75, xxonapansblk nHTepsan — 1,15.

7. Heri3ri cesgep aHHOTauusi acTbliHa KOC
HyKTe apkbinbl, 10 ce3aeH Hemece €e3 TipKeCiHeH
acnawiTblH, Arial WwpudTimeH, enwemi 10, KypcuBneH,
0,25 werinicneH, 1,15 >xonapanblk WMHTEpBanIMEH
xasbinagel.  «Herisri  cesgep:»  xannbnaylubl
Tipkeci («Keywords», «Heri3ri ceagep») kek TycneH
GenrineHyi Kaxer, ekniH 1.

8. KomkasbaHblH MOTiHi xaHa ©OeTTeH
6acranybl Tvic, wpudrT Arial, enwewmi 11, Typanay —
con akTa, werinic 0,75 cm, xonaparnblk MHTEpBan —
kebenTkiw, 1,15.

9. Komkasba MaTiHIHIH TakbipbinTapbl
(«Kipicne»,  «Herisri  6enim»,  «KopbITbIHObBI»
xoHe T.6.) Arial wpudrTimeH, enwemi 11, Typanay —
con xakra, wwerinic 0,75 cMm, xonapanblk UHTepBan —
kebenTkiw, 1,15 xasbinagpl.

10. CypeTtTep MeH kecTenepaiH HomipneHyi
nanekTi 6onybl Tnic (1, 2, 3 xaHe T.6.). Kectenep
MeH cypeTTepai nOepekkesdi kepceTnen 6Hacka
MaTepuangapaaH anyra 6onmangel. CypeTrep MeH
KecTe TakblpbinTapbl Tonblk, abbpesuaTypachi3
(«1 Cypet», «2 Kecte», «Figure 3», «Table 4»),
b6ac opinneH xa3binybl THic. CypeTTep MeH
KecTenepaiH aTaynapbl kbicka, 6ipak MasMyHAbl,
TakblpbinTaH 00C OpbIHMEH HYKTEMEH OGeniHreH,
OipiHWi ce3 — 6Gac eopinneH, Arial wpudTiMeH
GenrineHreH, enwemi 11, kapanay, Typanay -—
opTacbiHAa, LIeriHicci3, xonapanblk nHrepsan — 1
6onybl THic. KecTeHiH xa3banapbl xaHe artaybl on
KeCTeHiH >Ofapfbl XafblHOa, CypeTTiH »asbackl
MeH TakblpblObl — CypeTTiH acTbiHAa >Xasbinagbl.
TakplpbINTaH KewiH HykTe KowblmMangpl. Erep
cypetTe  opinTepMeH Hemece  caHpapMeH
GenrineHreH Ti3im 6onca (a), 6), B)...; 1), 2), 3)...;
a), b), c)...), myHaan 6enrineynep Arial wpudTiMeH
GenrineHreH cypeTTiH acTbiHga, enwemi 10,
CTUIb — KypCUB, Typanay — opTacbiHAa, LLETiHiCCi3,
xonapanelk HTepsan — 1 xasblnagbl.

11. CypeT neH KeCTeHiH acTbiHAAFbI
Xas6anapbiHaa Genrineyai  TonbiK  kasy
KamTbinagbl, Arial wpudTiHae, enwemi 10,
Typanay — COM XakTa, LeriHicci3, »onaparnblK
nHTepBan — 1 6onagabl.

12. CypeTtTep MeH Kecteneppgeri MaTiH Arial
wpudTiHae, enwemi 8-geH 12-re geniH Gonagbl.
MaTiH TynHycKa TinAeH afbinLwbIH TiNniHe aygapbinybl
TUic, CKpUMHWOTTapabl, 6araapnamanblk eHimaepaeH
XKYKTenreH Martepuangapibl XeHe eHAeNMeWnTiH
dopmaTTarbl rpadukanblk XaHe KecTenik Ma-
TepuanapiH 6acka TypnepiH kocnaraHaa.

13. CypetTtep MeH KecTtenep MOTi-
HiHAgeri eckepTnenep artayablH, TypakTbl
OeniriHiH ~ Kbickalla TypiH KomJdaHa  OTbIpbiM,
maTiHgerinen  pecimgenyi  kaxeT  («1  cyp.»,

«2 KecTey).

3 BypaaH api TynHycka Tini aFbinwbIH Tini 6onca, 6acka Tinaepre aynapma Tanan eTinmengi.
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14. NanpanaHbinFaH apebuertep Tisimi
(opmebuertep  Ti3iMmi, references) MoaTiHae
cinTeme >acanfaH 6GacbinbiMaapabl faHa KamTybl
Tvic. Cintemenep navpanaHbiiFaH aaebuetTep
TisimiHae aepekkesnep peTiHe cavikec ([1], [2], [3]
xoHe T.6.) xacanagbl. Ti3iM TymHycka 3epTTeyrnep
ywiH 30 TapmakTaH, fbifbiIMU LIOMYNap  YLUiH
60-TaH acnaybl Tuic, 3amaHayu 6GacbinbiMaap
GornFaHbl )akcbl. Opbip Aepekkes XKyMbIC MaTiHIHAe

KaHWanbIKTbl  XWi  anWTblIifaHblHA ~ KapamacTaH
Tisimge 1 per aranagbl. MaTiHgeri Tisimaeri
Gactankbl HeMipre cintemenep TepTOYpLILTHI

Xakwapa 6epinyi kaxet. KongaHbeinfaH agebunettep
TisimaepiH pecimaey opbIC XeHe Kasak TingepiHae
MEMCT P 7.0.5-2008 coiikec, afbiflbIH TiniHae —
AMA (Vancouver) cTuniHge »ysere acblpbinagpl.
XapusinanbimpapgblH ~ Genrini 6ip  TypnepiHe
cinTemenepgi pecimaey epexernepiMeH Tonblfbipak
MblHa cinteme 6oWbiHWa 6ine anacwi3: hitps:/
journals.eco-vector.com/index/pages/view/
references_split .

15. ABTopnap Typanbl aKnapartTa
aBTopnapabiH TONbIK ATbI->XXOHI, FbINbIMKU
aTakTapsbl, fbinbiMu aspexenepi, ORCID, Scopus
SPIN kogpbl, email xaHe KkaxeT OonfaH xargamoa

backa ga manimertep 6onybl Tvic. Arial wpndTtiMeH
pecimgenegi, enwemi 12, Typanay — con XakTa,
LieriHiccis, xonapanblk WHTEpBan — kebenTKiw
1,15. «<ABTOPJIAP TYPAJbl AKMAPAT» («ABTOP
(-TAP)  TYPANbI  AKMAPAT», «AUTHORS’
(-'S) INFO») Takpipbibbl Hac epinneH xasbinagbl
XoHe Kapanay wpudpTneH 6enrineHeni,
astopriapabiH  ATbI->KOHOEPI pe  kapanay
WwpncTneH GenrineHegi. Xat anmacyfa xayanTbl
aBTopabl ATbI-KOHIHIH con xafbiHaa »)ynabi3wa
(«*») apkbinbl 6enrinenai (aBTop, OTBETCTBEHHBIV 33
nepenucky, corresponding author). TyciHaipme >xonbl
«*Xabap anmacyra xayantbl aBTop/Corresponding
author» («*ABTOp, OTBETCTBEHHbIA 3a nepenucky/
Corresponding author») «ABTOp Typanbl aknapar»
GenimMiHeH KeliH kepceTinesi.

Bet XuekTepi keneci napametprnepre wue
Bonybl TUIC: YCTiHFi XXeHe TeMEHT i Xafbl — 2 CM, COn
Xafbl — 3 cM, OH Xafbl — 1,5 cm. Makana kenemi —
TYNHycKanblk 3epTTeyrnep ywiH 10 6eTTeH ken emec,
FbINbIMK  LLIOMYNap XaHe KormkasbanapablH 6acka
Typriepi ywiH 20 GeTTeH acnaybl kaxeT. Kypgeni
mMareMaTtukanblk opMynanap KMbIHTbIFbI  YLUiH
Word GargapnamacbkliHgarbl ctanHgaptTbl Equation
Editor pegakTopbl KongaHbinaabl.
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MognucaHo B neyatb 31.03.2025 .
dopmat 72x104. MapHutypa Arial.
Meyvatb odpceTHasn. Tupax 300 aka.

HaneuyataHo B Tunorpagum TOO «Muyena-PV»
140000, r. Akcy, yn. MNywkuHa a.4. Ten.: +7 708 001 84 06. p4ela_pvi@mail.ru



Pecny6nuka KasaxcraH,
Z05HOBA4, r. AcTaHa,
BL| U3ympyaHbIn kBapTan,
yn. [1. KyHaeBa 8, Bnok «Bb»
Ten.: 8(7172) 60-90-26
e-mail: vestnik@kmge.kz
site: vestnik-ngo.kz
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