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OpM rmHanbHoO€ uccriegoBaHue

NnTonoro-ctpaturpacuyeckas Koppensauma Me3o30UCKNX
M KaMHO30MCKUX oTrnoXeHun Banxalwckoro ocago4YHoro
GaccenHa Ans oueHKN yrneBoaopoaHbLIX pecypcoB

B.B. Kopo6kuH, A.E. YaknukoB, X.C. TynemucoBa
KasaxcmaHcko-bpumaHcKkul mexHu4Yeckul yHueepcumem, e. Anmamsl, KazaxcmaH

AHHOTALUMUA

O6ocHoBaHue. Co3gaHve reonormyecko OCHOBbI Afsi 0OOCHOBaHUS U pacyéTa YrneBogopOaHOro
noteHuuana Yyexna banxawickoro ocagoyHoro 6acceHa.

Llenb. Ha kayecTBeHHO HOBOW reoriorM4eckon nU MUTONOro-CcTpaTUrpadUHEcKon OCHOBE BblAeneHue
OCHOBHbIX Pac4€THbIX NapamMeTpoB MOTEHLMANbHO NEPCNeKTUBHbLIX KOMMNIIEKCOB (Mnowaam, TOMWMHbI,
NMTONOrMYEeCKNin CoCTaB) AN pacyéTa yrneBoAopoaHOro noteHumana banxawickoro ocagovHoro 6ac-
cevHa.

Martepuanbl u wmetogbl. Koppenauusa nuTonoro-ctpaturpaduyecknx paspe3oB  Me3030MCKUX
(Tprac-mMenoBbIX) U KaWHO30WCKUX (NarneoreH-HEOreHOBbIX) OTNOXKEHUA B COOTBETCTBUM CO CTpaTturpa-
dpuyeckummn cxemamm daHepo3os KaszaxcrtaHa Ha ocHoBe MexayHapogHowm xpoHocTpaTturpaduyeckomn
wkanbl — 2016—2021.

Pesynbratbl. B pabote paccMoTpeHbl 0COBGEHHOCTH reofIorM4eckoro CTpoeHUst, panoHNpPoBaHus, nnart-
hopMeHHoro Yexna banxalwckoro ocagovHoro 6acceirHa. B cTpoeHun GacceiiHa BblAeneHbl OBe Tek-
TOHMYeckne eauHuLbl — 3anagHo-banxalckas n BoctouHo-banxawwckas (JlencmMHckasn) BnaguHel. Pas-
paboTaHbl M cocTaBneHbl nUTonoro-cTpaturpaduyeckme cxembl Banxaiickoro ocagoyHoro 6accenHa
Kak OCHOBa 111 OLIeHKM ero yrneBogopoaHbIX pecypcoB. BolaeneHsl nepcnekTBHbIE HedTEra3oHOCHbIE
KOMMMEKCbl U onpeaerneHbl 3Ha4eHWs X MOLLHOCTU. Ha ocHoBaHuM aHanusa nutonoro-ctparurpadu-
YeCKUX AaHHbIX YCTAHOBMEHbl 3HAYEHWS TOMLWMH, Nnowanen pacrnpoCTpaHeHWsl KOMMIEKCOB, a Tak-
Xe cogepXaHune B HUX OpraHuM4eckoro yrnepoga. Bce 3T gaHHble SBNAKOTCA BaXHbIMKU NapameTpamu
npu nogcyéTe NPOrHo3HbIX PeCypcoB yrneeroaopoaos. aHHble No Nnowaaam pasBuTusi NepcnekTMBHbIX
KomnnekcoB banxaluckoro ocagoyHoro 6acceriHa B3ATbl N0 pesynsraTtaM NoCTPOEHNs NMTONoro-naneo-
reorpacdmM4ecKknx kapT U pa3pesoB.

3aknryeHue. Ha ocHoBe paspaboTaHHON NUTONoro-crpaturpadyeckon Mogenu NoCTPOEHbI CXEMbI
Banxaluckoro 6acceliHa, NO3BONSALLME OLEHUTb €ro YrneBoAOpOoaHbIM noTeHuman. MNepcnekTuBbl He-
hTErasoHOCHOCTU pervoHa OLEHMBAIOTCA Kak BECbMa HU3Kue, 4To 0bycrnoBneHo 0cobeHHOCTAMM CTPO-
€HUS 0CaoYHOro 4Yexsia, TEeKTOHWYECKOW aKTMBHOCTbIO M TWUMamu BO3MOXHbIX JIOBYLUEK. BbigeneHol
nepcnekTUBHbIE KOMMNEKChl C ONpeaenéHHbIMU MOLLHOCTAMM, NoLWaasMu U coaepxaHmeM opraHuye-
CKOro BelecTsa.

Knroyeewle crioga: ocadoyHblli b6acceliH, fumonoz2o-cmpamuepaghuyeckuli aHanus, cmpykmypHbIU
aHanu3, cmpamuepaghudeckull paspes, OMIoXeHUs1 Me30305 U KalHO30S1.

Kak umtupoBartb:

KopobkuH B.B., Yaknukos A.E., Tynemucosa K.C. Ilutonoro-ctpaturpaduyeckasi koppensumnsi Me3o30MCKnx
1 KaliHO30MCKUX OTNoXeHWi Banxalluckoro ocafo4Horo 6acceiiHa Ansi OLEHKU YrieBoAopoaHbIX pecypcos //
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Lithological and Stratigraphic Correlation of Mesozoic
and Cenozoic Deposits of the Balkhash Sedimentary Basin
for Appraisal of Hydrocarbon Resources

Valeriy V. Korobkin, Akhan Ye. Chaklikov, Zhamal S. Tulemissova
Kazakh-British Technical University, Almaty, Kazakhstan

ABSTRACT

Background: Development of a geological framework to substantiate and quantitatively evaluate
the hydrocarbon potential of the Balkhash sedimentary basin cover.

Aim: Identification of the key estimation parameters for potentially promising hydrocarbon plays (area,
thickness, lithological composition) on a qualitatively new geological lithological and stratigraphic base
for determining the hydrocarbon potential of the Balkhash sedimentary basin.

Materials and methods: Correlation of lithological and stratigraphic sequences of Mesozoic (Triassic-
Cretaceous) and Cenozoic (Paleogene-Neogene) deposits in accordance with the stratigraphic charts
of the Phanerozoic of Kazakhstan based on the International Chronostratigraphic Scale from 2016
to 2021.

Results: The paper investigates the geological structure, zoning, and platform cover of the Balkhash
sedimentary basin (BB). During the study, two tectonic units were identified within the BB structure:
the West Balkhash and East Balkhash (Lepsin) depressions. Lithological and stratigraphic charts
of the Balkhash sedimentary basin have been created and refined to serve as a basis for appraising
its hydrocarbon resources. Additionally, prospective hydrocarbon plays have been identified,
and their thicknesses have been measured. Furthermore, the analysis of lithological and stratigraphic
data has allowed for the determination of the thicknesses, distribution areas of these discoveries,
and the organic carbon content within them. These parameters are critical for calculating predicted
hydrocarbon resources. Data regarding the development areas of promising BB hydrocarbon plays
were obtained from the results of constructing lithological and paleogeographic maps and sections.
Conclusion: Based on the developed lithological and stratigraphic model, charts of the Balkhash
basin have been drawn up allowing for appraisal of the hydrocarbon potential. The oil and gas potential
of the region is estimated to be very low due to the characteristics of the sedimentary cover structure,
tectonic activity, and types of possible traps. However, we have identified prospective gas plays
that exhibit certain capacities, areas, and organic matter content.

Keywords: sedimentary basin; lithological and stratigraphic analysis; structural analysis; stratigraphic
sequence; Mesozoic and Cenozoic deposits.
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TynHycka 3epTTey

KemipcyTek pecypcTapbiH 6aranay ywiH bankaw weriHai
GaccenHiHiH Me30301 XXdHe KaUHO30M LWeriHAinepiHiH
nuTonorusinbiK-cTpaTUrpadmanbik kKoppensumsacbl

B.B. Kopo6kuH, A.E. Yaknukos, X.C. TenemicoBa
KasakcmaH-bpuma+ mexHukanbik yHugepcumemi, Aimamsl Kkanacel, KasakcmaH

AHHOTALUMUA

Herispey. Bankaw weriHai 6acceiH xamblFbICbIHbIH KOMIPCYTEK oneyeTiH Herisgey aHe ecenTey
YLLiH reonorusanbIK HEri3 Kypy.

Makcatbl. Cananbl XaHa reonoruanblK XaHe NUTONOrUSNbIK-cTpaTurpacdumanslk Herisge bankaw
weriHai GaccenHiHiH KeMmipcyTek arneyeTiH ecenTey YLWiH aneyeTTi NepcrnekTuBanbl KeleHAepaiH
(ayAaHHbIH, KanbIHABIKTbIH, TMTONOMMANBLIK KyPaMHbIH) HEri3ri ecenTik napaMeTprepiH TaHaay.
Martepuanpap MeH apictep. Xanbikapanblk XpoHocTpaTturpadusnblk wkana — 2016-2021 xok.
Herizinge KasakcTaHHbIH haHepo30oMbIHbIH, CTpaTurpaduanblk cxemanapbiHa calikec Me3030uM (Tpuac-
6opnap) >xeHe KaWHO30W (ManeoreH-HeoreH) LWeriHAiNepiHiK NUTONOrMANbIK — CcTpaTurpadusbIK
KMManapbIHbIH, KOPPENSILUACHI.

Hoatuxenepi. >Xymbicta Bankaw weriHai 6accenHiHiH reonorusnblk  KypbinbIMbl, ayAaHAacTbIpy,
nnatopmanblk  KaknafblHblH, — epekweniktepi  kapacTelpbinagbl. baccenH  KypbinbiMbiHAA €Ki
TeKTOHWKanbIK Gipnik — bateic Bankaw >xoHe LUbiFbic Bankaw (flenci) onnattapbl 6eniHai. Bankaw
weriHai 6accenHiHiH, NUTONOrMAnbIK-CTpaTUrpacusanbIK Cxemarnapbl OHblH KeMIpCyTek pecypcTapblH
Garanay ywWiH Heri3 peTiHAe a3ipneHai keHe KypacTelpbingbl. MepcrnekTuBanel MyHaii-ra3 KelueHaepi
GeniHin, onapablH KyaTTblbIFbIHbIH MOHAEPI aHblKTanabl. Jiutonorusineik-ctpaturpadmsanbik AepekTepai
Tangay HerisiHge KelweHAepaiH KanbIHAbIFbIHLIH, Tapany ananaapbiHblH MOHAEPI, COHAan-aK onapaarbl
opraHuKarnblk KeMipTeKTiH Merwepi aHblkTanabl. ATanfaH aepektepgid 6apnbifbl KeMipcyTekTepaiH
6omkamabl pecypcTapbiH ecentey KesiHae MaHbi3abl napameTpnepi 6onbin Tabbinagebl. bankaw weriHaj
GaccelHiHiH nepcnekTMBanbl KelleHAepiH AamblTy ananiapbl GoWblHIWA AepekTep NUTONOrMsAnbIK-
naneoreorpaduvsAnbIK KapTanap MeH kuManapgbl cany HaTukenepi 6oMbiHLWA anbiHAbI.

KopbITbiHAbI. O3ipreHreH NUToNnorvsanbIK-cTpaturpaduanblk MogenbaiH HeridiHae OHbIH KeMipcyTek
aneyeTiH Garanayra MyMmkiHOik 6epeTiH Bankaw 6acceiHiHi{ cxemanapbl canbiHAbl. AAMaKTbIH
MyHal-ra3 nepcnektuBanapbl ete TeMeH Aen 6aranaHagbl, Oyn LWeriHai XaMbinFbiCbl KypbibIMAbIK
epekLenikTepiHe, TEKTOHMKanbIK 6enceHainirive xaHe biIKTUMan Ty3akTapAblH, TyprepiHe 6annaHbICTbI.
Benrini 6ip KyaTTbinbIfbl, aygaHbl )XeHe opraHuKkarnblk 3aTTapbl 6ap nepcnekTuearnsl kewenaep 6eniHgi.
Hezizzi ce3dep: weeiHdi baccelHi, numonoausinbiK-cmpamuapachusinibi mandaynap, KypbiibIMObIK
marndayrnap, cmpamueapachusisfibiK KUMachkl, Me3030U XoHe KaliHo30U weeaiHoinepi.

[anekce3 KenTipy yLUiH:

KopobkuH B.B., Yaknukos A.E., Tenemicosa XK.C KemipcyTek pecypctapbiH baranay ywiH bankaw weriHai
bacceliHiHiH Me30301 XeHe KaWHO30W LWeriHAinepiHiH NUToNnorusnbIK-cTpatTurpadmanblk koppenaumsacel //
KasakcTaHHbIH MyHaw-ra3 canacbiHbiH xabapLubicbl. 2025. 7 Tom, Ne3. 8-21 6. DOI: 10.54859/kjoqi108847.

© Kopo6xun B.B., Haknmukos A.E., Texemicosa XK.C., 2025 Junensusacer CC BY-NC-ND 4.0

10


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://doi.org/10.54859/kjogi108847
https://doi.org/10.54859/kjogi108847
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Becrauk Hedrera3oBoit orpaciu Kasaxcrana

BBeneHune

Banxawckun 6GacceiH (gpanee — BB) pac-
nonoxeH toxHee o03. banxaw wu npeacTasnsiet
coboli MpearopHyio BnafuHy, 3anofIHEHHYK oca-
OOYHBIMU  OTNIOXEHUAMU ME3030MCKOro UK Kai-
HO30MCKOro BO3pacTa, BXOASLWMMU B CUCTEMY
CeBepHbIX MpearopHblX CTpykTyp LeHTpanbHo-
Asunartckoro oporeHuyeckoro nosica. bb pacno-
TNOXEH Ha HKHOM oOkpaumHe LleHTpanbHo-Kazax-
cTaHckoro wmTta naneosouna. Ha toro-zanape BB
conpukacaeTtca ¢ Ly-Unwuiickum cBogoBbIM MoA-
HATMeM. HOro-sanagHoe u ceBepHoe kpbinbs Bb
MMeLoT nororve 3aneraHusi. Ha tore nnatopmer-
HbIi ME30301-KalHO30NCKNIA YEXOI BbIKITMHMBAETCS
M conpukacaetcsa C naneosomgamu XoHrapuw.
Ha Boctoke rpanuua BB npoxogut no MmaeBHomMy
>KoHrapckomy pasnomy (puc. 1-4).

dyHgameHT BB crnoxeH gucnounpoBaHHbIMU
NPOTEPO30MCKUMUN 1 Narie030MCKUMM KOMMIiekcamm
nopof, KOTOpblE OTpaXKalT CIOXHYK 3BOJIOLMIO
dopmmpoBaHusa CcTpykTyp LleHTpanbHoro n HOxHo-
ro KasaxctaHa, M3BECTHbIX NoA Ha3BaHuem >KoH-
rapo-banxalickon repumHCKow cknag4aTon cucTe-
Mbl [1-10].

imi

PucyHok 1. OCHOBHbIe TEKTOHMYECKNE eANHULIbI
LleHTpanbHou A3un
Figure 1. Major tectonic units of Central Asia

BernbiM  psiMOy20rbHUKOM — Ha  MeKMOHUYeCcKoU cxeme
0603Ha4eH u3yyaembili o6bekm — banxawckul oca0o4HbIl
bacceliH

The white rectangle on the tectonic map the object under
study — the Balkhash Sedimentary Basin

MKF — aeHbiti Kapamayckuli pasnom / Main Karatau fault;
TFF— Tanacco-®epaaHckulli pasnom / Talas-Fergana fault;
ZhNF — XKanaup-HatimaHckuti pasnom / Zhalair-Naiman fault;
MJF — aeHbil XKoHeapckul pasnom / Main Junggar fault;
MChF — masHbili HYuHeusckul pasnom / Main Chingiz fault;
IRF — Upmbiwckuti pasnom / Irtysh fault
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PucyHok 2. leorpacdmyeckoe nonoxeHune banxauickoro 6acceiHa Ha TeppuTopun KasaxcraHa
Figure 2. Geographical location of the Balkhash Basin on the territory of Kazakhstan
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Figure 3. Tectonic map of the BB
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PucyHok 4. l'eonoro-reocusnyeckui paspes no ceMICMUYECKUM npodunsam
«TypkecTaHckui» n «TanabikopraH — YcTb-KameHoropck»
Figure 4. Geological and geophysical profile along the seismic profiles
“Turkestan” and “Taldykorgan - Ust-Kamenogorsk”
CKF — LleHmpanbHo-KasaxcmaHckuli pasnom / Central Kazakhstan Fault; SF — CapkaHOckuli pasnom / Sarkand Fault;
MJF — asHsbit XKoHeapckul pasnom / Main Junggar Fault; MChF — laeHbit HuHau3ckul pasnom / Main Chingiz Fault

CB - cesepo-8ocmok / northeast; KO3 — t0e2o-3anad / southwest

M — nosepxHocmb pa3dena 3emHol kopbl Moxoposu4uyda / Mohorovicic discontinuity

Yexon BB cnoxeH nnatgopmMeHHbIMU 0cafou-
HbIMW OTNOXEHUSIMU MEe303051 1 KaHO305, KOTopble
rOpM30HTarbHO 3aneratwT Ha nopofax pyHaAameHTa.

Llenbto gaHHOM paboThl sBNAETCA NpoBeaeHne
Ha Ka4yeCTBEHHO HOBOW (hakTypHoW ocHoBe [11-15]
nuTonoro-cTpaturpacmyeckor Koppensumm meso-
30MCKMX W KaWHO3OWCKUX OTIIOXEHWN, BblaeneHune
NepcnekTUBHbIX  YrMeBOAOPOAHbIX  KOMMNEKCOB
ONSi OLEHKN BO3MOXHOIO 3HEPreTM4eckoro MnoTeH-
umana bb.

MaTtepuansi u metoabl

HedTerazoHoCHOCTb HEKOTOpbIX GaccenHoB
KasaxctaHa [0 HacToAWEro BpeMeHWM ocTaéTcs
HegoCcTaTo4HO M3yyeHHou. OcagoyHble BaccenHbl,
XapaKTepu3yLnecs CroXHbIM U pa3HOOOpa3HbIM
reosiorM4eckuM CTPOEHWEM, OXBaTbIBAKOT LUMPOKMIA
CMEKTP MOTEeHUManbHO MepCrnekTUBHBLIX cTpaTurpa-
duyecknx MHTepBasnos Ans hopMnpoBaHusa HedTe-
ra30HOCHbIX KOMMJEKCOB.

Ha ocHoBaHuM nuTonoro-cTparturpauyeckmx,
CTPYKTYPHBbIX U CEWCMUYECKUX LAHHbIX MOCTPOEH
rny6BuHHBIN reornoro-reouanyecknii paspes, npose-
[EHO TEKTOHMYECKOE PaioHMPOBaHME N PEKOHCTPY-
MpOBaHbl reoAnHamnyeckme ycrnoesust hopmMupoBa-
Hus Bb.

Feonornyeckoe cTpoeHue

Ha tepputopun BB pacnonoxeHbl OBe Tek-
TOHMYECKMe BraauHbl 3anagHo-banxauickas
n BoctouHo-banxalwckas (JlencuHckas), kotopble
pasgeneHbl MynanvHCKUM GrOKOM, CIOXEHHbIM
[EBOHCKMMMN MopoAamMu, MpopbiBAEMbIMU - NEPM-
CKAMW  TP@HWUTHBIMW  WHTPY3USMW,  NOAHSTBIMU
no KOxHo-XXoHrapckomy (Congarcavickomy) pasno-
My (puc. 3, 4).

Mesosonckuii KoMnnekc npeactaBneH Ma-
NOMOLLHBIMW  KOHTUHEHTAasNbHBIMW  TEPPUTrEHHbI-
MW OTMOXEHUSIMW, OTHOCALLUMUCS K TPUacoBOMY,
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YrNeHOCHOMY IOpCKOMY 1 MenoBoMy nepuogam. OT-
NOXEeHNsA BEPXHEN 0pbl U HWXKHEro Mena He ycrta-
HOBIeHbl NpeabiayLmMmn nccnegosaHnamn. Crpa-
Turpadpmyeckoe pasgeneHve TpMacoBbIX U IOPCKUX
OTMOXEHUA permoHa Ha CBWUTbl OCYLLECTBIIEHO
no paumanbHbIM MpU3HaKkam, a Koppenauusa no-
KanbHbIX CTpaTUrpadunyeckux eavHWL, OcyLUecT-
BfieHa MO NaneoHTONOrM4yeckum AaHHbIM [11-14].
KarHo3sownckne OTNIOXEHUSA pacnpocTpaHeHbl
no Bcen Tepputopun BB 1 coctaBnsilOT OCHOBHON
nnatopMeHHbIA KoMMrekc yexna baccenHa. Jlo-
KanbHO B BOCTOYHON YacTu BB, B HWxHeM TedeHnn
p. inn pacnonoxeH topckui HwxHennminckmn Gy-
poyronbHbIn 6accenH. MHdopmaumsa o HedpTeraso-
HocHocTh BB oTcyTcTBYeT. Hanunune renesbix rasos
B CeBepHom TsHb-LLlaHe n Ha GopTtax GacceiHa
Mnn cnyxut KoCBEHHbIM MPU3HAKOM BO3MOXHOMN
nepcnektneHocTn Bb Ha yrmesBogopofHoe Cbipbe
(nanee — YBC) [1-9].

Pe3ynkTaTthl uccnegoBaHui. Koppensums

nuronoro-cTtpaturpacduyeckux paspesoB

Me3030MCKUX U KAMHO30MCKNX OTIOXEHUN

TpuacoBble oTnoxeHust Ha Tepputopumn Ka-
3axcTaHa B cTpaTurpadmyeckom oTHoLeHnn cnabo
n3yyeHbl. OHW pacYnEHsIIOTCA Ha CEpuUM U CBUTHI,
BO3pacT KOTOPbIX YycTaHaBnvBaeTcsi C OonbLuow
[Jonei YCNOBHOCTM, UTO 3aTpyAHsieT BHYTpuperu-
oHanbHyto koppensumio [11-13]. B KOxxHom Kasax-
cTaHe Bblgengertcs pag snaguH (KOxHo-XXoHrapckas,
Ununckaa (XapkeHTtckas) n 3anagHo-banxalickas
(Akcyekckas), rae BbISIBNEHbl TPUacoBble OTHOXe-
Hus (puc. 3-5) [15-17]. CTtpaTturpaduyeckoe pas-
AeneHne TpMacoBbIX OTNOXEHWUIA PerMoHa Ha cepum
N CBWTbl OCHOBbIBAETCH Ha paumanbHbIX Mpu3Ha-
Kax, a Koppenauusi nokanbHbIX cTpaTurpacuye-
CKUX edWHUL, OCYLLECTBMSETCA N0 WCKONaemblM
opraHM4ecknm octaTkam. T 3anexu pa3BuBarTCs
NoKanbHO BO BMaauHax, 3aHuMMasa oOrpaHuYeHHble
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nnowiagu, 1, Kak NpaBumno, He MOMHOCTBLIO BCKPbIThI
CKkBaxXUHamu [12].

B paHHem-cpegHem Tpuace B BB cdopmmpo-
Bancsa pensed AeHyAaUMOHHON paBHWHbLI C dpar-
MEHTUPOBAHHOM KOPOW BbIBETPUBAHUS, KOTOpas
C peskMM HecornacuMeM 4acTU4HO MepekpbiBaeT-
KaMeHHOYTonbHO-MNEPMCKUI  BYNKAHWYECKNIA  KOM-
nnekc (puc. 6, a).

Series/
Epoch

Erathem/Era
Numerical age
(Ma)
Stu-Sarysu
Basin
Balkash
Basin
Alakol Basin

¥

Pliocene

Neo-
gene
8
&

Miocene

enozoic
o
8

Oligocene [,

ol

Eocene

Paleocene

Upper

Lower

Cratacsous

145.0

Upper
1615

Middle

Vlesozoic
Jurassic

174.7
Lower
201.4

Upper
Middle

Triassic

47.2

2519
50.51

Lower
Topingian

Permian

3.01
98.9

Cisuralian

3732

Carboniferous

Paleozoic

Upper

Middle

Devonian
w
&
&
w

Lower

Pridoli
Ludiow |35
Wenlock |453.4
Tlandovery|443 8

Silurian

Il MonTBEPXAEHHbIE ra30BbIe KOMMNEKChI
Confirmed gas plays

" MoaTBepxAéHHbIe HedbTerasoBble KOMMNEKChI
Confirmed hydrocarbon plays

o MoTeHuManbHO-NePCnekTUBHbIE HeTEra3oBble KOMMIEKChI
Potentially promising hydrocarbon plays

PucyHok 5. llutonoro-ctpaturpachuyeckue paspe-
3bl pAga ocagoyHbix 6acceriHoB KaszaxcTtaHa
C noaTBepXAEHHbLIMU U NOTeHUManbHO-Nepcnek-
TUBHbLIMU HepTEera3soHOCHbLIMU
komnnekcamu [6, 7, 9]
Figure 5. Lithological and stratigraphic sequences
of several sedimentary basins
in Kazakhstan with confirmed and potentially
promising hydrocarbon
plays [6, 7, 9]

Keadpamamu nokasaHbl cmpamuepaguyeckue yposHU
MPOMBIWIIEHHBIX CKorneHul yaneeodopodos (Oanee — YB),
Kpye2amu rokasaHbl yCcmaHO8/1eHHble cmpamuapad)uquKue
nosuyuu riepcrieKmueHbIX 11uMmosio2u4ecKux KOMI/1eKcos
Ha noucku YB.
The squares show the stratigraphic levels of industrial hy-
drocarbon accumulations, the circles show the established
stratigraphic positions of promising lithological sequences
for hydrocarbon exploration.

HwxHeTprnacoBble OTNOXEHUS YCTaHOBMEHbI
B Wnwuiickon BnaguHe. K nHgckomy sipycy oTHeceHa
ManamncapuHckaa csuTa. Pa3pe3 eé crnoxeH ne-
pecnavBaHMeM TeppuUreHHbIX, ByNKaHOreHHo-oca-

OOYHBbIX M BynkaHumyeckux nopog. OB6ocHoBaHue
BO3pacTta NpOBEAEHO MO MCKOMaeMbiM OTrnevar-
kam cpnopsl. MNpu BypeHnn ckeaxwvH B npegenax
3anapHoro [Mpubanxawes (Akcyek) u Wnuickon
BMaguHbl YCTaAHOBMEH paspe3 ManancapuHCKON
CBUTbI, MPEACTaBMEHHbIN YepegoBaHMEM Mrna-
CTOB arneBpUTOB W MNecYaHUKOB. BbiaeneHHbIn
13 NopoA CropoBO-MbINbLEBOA KOMMMEKC rnokasarn
NX MPUHAANEXHOCTb K ONIEHEKCKOMY SIPYCY HUXHEro
Tpuaca.

B Unuiickom 6accenHe (XKapkeHTckas aenpec-
Cus) BblgeneHa Konbmpkarckasi CBWUTa, AaTUPOBaH-
Hasi KapHWACKUM U HOPUNCKMM Sipycamu BEPXHErO
Tpuaca no AaHHbIM CMOPO-MbIfbLEBOr0 KOMMIEKCa;
no NMTONOMMYecKOMY COCTaBy OHa MoapasgerneHa
Ha ABe NOACBUTbLI: HUXHSIS — 6onee rpybo3epHucTas
N CrioXeHa KOHrmomMepaTtamu, necyaHukamm ¢ npo-
CrnosiMU arneBponvTOB, a BepxHAst — Gornee TOHKO-
3epHUCTasl, COCTosilas M3 nepecranBaroLLNXCst
anesponuToB U aprunnuTtoB. B 3anagHo-banxaw-
ckom BaccenHe (Akcyekckasi Aenpeccusi) Bo3pacT-
HOW AmanasoH CBUTbI COOTBETCTBYET KapHWUACKOMY
SPYCy, KOTOPbIA CIOXEH aprunnutamu ¢ npocnos-
MM FOPIOYMX CNaHLUEB U NEeCYaHWKOB. BblaeneHHbIn
CMOPOBO-MbINbLEBOM KOMMMEKC NO3BOMSAET YCTaHO-
BUTb €€ BO3pacT Kak MO3AHETPUACOBLIN, B 0ObEME
HOPUMICKOro 1 patckoro sipycos [12, 13, 15].

Opckme otnoxeHns B HOxHo-KasaxcTaHckom
pervoHe VMeT foKanbHOE pacnpoCTpPaHeHue.
OHM npuypouveHbl K M30NMPOBaHHBIM BMaguHaMm,
dopMUpOBaHME KOTOPbIX Havanocb B KOHUE Tpu-
acoBOro — Hadarne topckoro Bpemenu [12, 17, 18].
B H¥X HakannuBanucCb KOHTMHEHTalbHblE arsoBu-
anbHo-03épHble ocagku. KOpckue OTnoXeHusi pac-
npocTpaHeHbl Ha nnowaan 3anagHo-banxaluckoro,
Wnuickoro (KapkeHTtckoro) 6acceliHoB (puc. 5, 6).

Onsa Tepputopum BoctoyHoro KasaxctaHa
A.K. ByBankuHbim n gp. [18] 6binu paspaboTaHbl
pervoHarnbHble CTpaTUrpadnyeckme Cxembl pacyne-
HEHMs opCcKUX oTnoxeHun. MNocnepylowme mnccne-
[0BaHNA TEPPUTOPMU NO U3yYeHUo cTpaTurpadumn
IOPCKMX OTMNOXEHWIN PETMOHa HE NPOBOAUNNCH (HWXEe
npuBegeHo onucaHme utocTpaturpadunyeckon pe-
rmoHanbHou wkanel [12, 13, 15-17]). PervoHanbHbI-
MU naneoreorpauyeckummn nccnegosaHusiMu [5-8)
YCTaHOBIEHO, YTO B topckuii nepuod B KOxHom Ka-
3axcTaHe HaMEeTUNUCb 30Hbl MOBbILLEHHOW TEKTO-
HUYECKON aKTMBM3auum 3emHon Kopbl. [pu nepe-
MeLLEeHNAX KPYMHbIX OnokoB 3emHomn Kopbl [5, 19]
B 3TUX 30Hax 060cobunmnce cegumeHTauMoHHbIe 6ac-
celiHbl. Pa3nnuusa naneoreorpadguyeckunx obcraHo-
BOK HaKOMMeHWs 0cadKoB, BOCCTaHaBMMBaeMblX
B rpaHuLax COBPEMEHHbIX Aenpeccuin, SABUMIUCH
NPUYNHON 3HAYMTENbHOW nUTONoro-calmanbHOn
M3MEHUYMBOCTU CUHXPOHHbIX OOpa3oBaHU Jaxe
B nNpepenax opHoro parnoHa. buoctpaturpadu-
YECKOM OCHOBOW KoppensiuMm pasHodaumanbHbIX
Tonw, topbl KOxHoro Kasaxctawa cnyxart pacTtu-
TenbHble MWKPO- M MakpooCTaTku, pexe — day-
HUCTUYECKne ocTaTku (neneumnogbl, OCTpakoAbl,
Hacekomble, pbiObl). Cpeau aTux rpynn BaxHenwee
3HaYeHne MMeeT NarnMHOMNOrM4eckuin MeTog B cuny
MacCOBOCTW, NOBCEMECTHOW BCTPEYAEMOCTU U XO-
poLuein CoXpaHHOCTW MaTepuana.
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PucyHok 6. Jllutonoro-ctpaturpacmyeckuin paspes
oTnoxeHun Banxauwckoro 6acceriHa u npunerar-
LWMX TeppUTOpPUMN
Figure 6. Lithological and stratigraphic sequence
of the deposits of the Balkhash basin and adjacent
territories
a) mpuac / Triassic; 6) topa / Jurassic; 8) men / Cretaceous

nepepLiBbl B
©ocapKoHaKonneHnn

Ha nnowaau 3anagHo-banxauickoro n Nnui-
ckoro GacceliHOB OTMOXEeHWs1 topcKoro Bo3pacTa
npeacTaeBneHbl Tonwamy 06rIOMOYHbIX MOPOA, TakUX
KaK KOHrroMepaTtbl, MecyYaHWkW, aneBponuTbl, ap-
TWAMUTBI, YacTO C BKITOYEHMEM YrOSIbHbIX MacTOB.
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B)

[ManvHokoMnnekcbl NO3BONUNY NPOCNeanTL U COMo-
CTaBWTb B PErMOHE OJHOBO3PACTHbIE CBUTbI Pa3nmny-
Horo nuTonoro-caunansHoro coctasa [12, 13].

CpefHelopckue OTNOXEHUS MpeacTaBneHbl
KampriaraHCKOn CBUTON MOLLHOCTbO A0 383 M. Hux-
HSIS Mayka CroxeHa anesponMTamu, aprunnuramu,
B OCHOBAHWUW TOMLWM 3aneratT rpaBenunTbl, KOHo-
MepaTbl. [1o Haxogkam ocTaTkoB (briopbl BO3pacT
AaTMpoBaH TOApCKNM SpycoM

BepxHas navka — puUTMMYHOE 4YepedoBaHve
rpaBenuToB, aprunnuMToB, aneBpoSIUTOB, Yrnew,
necyaHukoB. BospacT gatnpoBaH no BblaeneHHomy
CNopo-NbINbLEBOMY KOMMNIIEKCY aaneHckum-barnoc-
ckum sipycamu. CpegHetopckas XKapkeHTckas cButa
MolHocTbio o 130 M nmpefcraBneHa nepecnauv-
BalOLMMCH MecyaHukamu, YrnsMu, aprunnuramu,
KoHrnomepatamu. o Haxogkam ocTaTkoB riopbl
1 CNopo-NbiNbLEBOMY KOMMIEKCy AatupoBaHa 6art-
CKVM SipYCOM.

BepxHe-cpegHetopckme OTNOXeHWs Bblaene-
Hbl B CapblO3eKCKylo CBUTY, KOTOpasi CroXeHa mne-
pecrnaviBaloLWMMUCS NecyYaHnkamu, rpaBenuTamu,
KOHrnmomepaTtamu, copepXallyMn peakve npocnouv
anesponuTtoB. CymmapHasi MOLLHOCTb OTIOXEHWIA
He npesbiwaeTr 100 m. Bo3pact nopog cBuThbl ga-
TUPOBAH CMOPO-NbINbLEBLIM KOMMIIEKCOM BEpXHen
tOpbl, KENNOBEWCKO-KUMMEPUAXKCKUM Spycamu.

TpvacoBble W  HWKHEIOPCKUE  OTMOXEHUS
Ha toxHoW okpaunHe CeepHol >KoHrapumn Kutas
ObInn obHapyxeHbl NpW pa3BegKe HECKOMbKUX He-
PTAHBIX MECTOPOXAEHMI, Kak COOOLLAT MHOro-
yncneHHole nccriegosartenu [20-26]. 3tn HedTera-
30HOCHbIE MOPOABI KOPPENUPYIOT C aHanorM4HbIMm
3anexamu, obHapyXeHHbIMK Npy pa3Beake HikHe-
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Ta6nuua 1. llutonoro-caunanbHble YCNOBUSA OCaAKOHAKONEHUA, TEKTOHUYECKUI PEXMUM U NPOrHO3Has

He

c¢rerazoHocHocTb BB

Table 1. Lithofacies conditions of sedimentation, tectonic condition and predicted hydrocarbon

potential of the BB

Aéc.
®aza
i = In y TEKTOHMYECKNX a
Cucrtema Hapotpen, otaen| mnH net ™M nHr o TeKTOHWNYECKNi pexum
9 " ocaaKoHaKonneHus COBbLITUI A ;
System Series Abs. age, | Thickness, q q - . PHP Tectonic regime
s L of Phase of
million m G
tectonic events
years
~~~ CeavMeHTaLMOHHOe
Mnuouex-Tonouex KoHTMHeHTanbHsle, 06MoMOYHbIE HakonneHns
" 53 300 . " ) - MacapeHckas HakonneHve
Pliocene-Holocene Continental, clastic deposits . y
Pasadena Sedimentation
Heorerosas
Neogene HwxHennuitckas nnowags — NPECHOBOAHbIE TNokanbHoe
MwuoueH 03epa, C TEPPUreHHbIM HaKkonneHnem MHI |~~~ KaBkasckas ceaVMeHTaLMOoHHoe
N 23,03 190-500 " N :
Miocene Lower lli area — freshwater lakes with PHP Caucasian Hakonnexne
terrigenous accumulation Local sedimentation
OnuroueH 150
Oligocene YeTbipe CONEHOCHbIE 03EPHbIE 30HbI
HaKOMNEHMS, PA3fIENEHHbIE PABHUHHBIMU ~~~ CeavMeHTaLMOHHOE
ManeoreHoBas QoueH  pasy P o en u
66 200 AeHYAALMOHHBIMU y4acTKamun - TNapamwiickas HakonneHve
Paleogene Eocene . N y N y
Four salt-bearing lake accumulation zones Laramian Sedimentation
Maneouex 175 separated by flat denudation areas
Paleocene
PaBH/Ha HU3MeHHas!, 03&pHO-anmioBuansHas, s TlokaneHoe
BepxHuit 1005 50-120 0BnOMOHbIe HaKonneHws ) _ Ascrpuiickas CeiNMEHTaLMOHHOE
Upper Lowland plain, lacustrine-alluvial, debris Austrian Hakonnexne
Menogas deposits Local sedimentation
Cretaceous PaBH1Ha BO3BbILLEHHAs ACHYAALINOHHAS,
HwxHwit 145 ocafiku He o6HapyKeHbl _
Lower The plain is high-lying denudation, no
0 sediments were found TNokanbHoe nogHATUE
PaBHMHa HU3MEHHas! AHYAALIMOHHAs, OCaaKN . Local uplift
BepxHuit H HapyXeHbl o
ep: 163,5 . e_ oGHapyxe! . " - Apbireickas
Upper The plain is low-lying denudation, no sediments
Adyghe
were found
o 3anap — NPeCHOBOAHbIE 03&Pa, NOKarbHbIE
tOpckas CpepHuin A =P Al pa, MHr
N Ny 1741 [o 200 YIMEHOCHbBIE HaKOoMMeHWst
Jurassic Middle " PHP
West — freshwater lakes, local coal deposits
Ha 3anape — npecHosoaHble 03épa, TlokanbHoe
HukHmit 201.3 180 noKarbHbIE YINEHOCHbIE HAKOMMEHMs! ~~~ [loHewkas CeanMeHTaLMoHHOe
Lower ’ In the west there are freshwater lakes and local Donets HakonneHue. MorpyxeHne
coal deposits. Local sedimentation.
nAr Subsidence
AKcyekckas Aenpeccust — KOHTUHeHTanbHble, | ppp
o MEnKOOGIIOMOYHbIE HAKOMMEHMS C NPOCHOsSIMMU
BepxHwii
Upper 237 200 roprouMx cnaHues
Aksuek depression — continental, fine-grained
Tpuacosast accumulations with layers of oil shale
Triassic
BoaBbileHHbIe, AeHYAAUNOHHbIE PABHUHLI,
o . o MocTkoNNN3NoHHoE
HwxHnin-CpeaHuii ocagku He 0GHapyXeHb!
" 251,9 0 . . " " . MNdanbuckas nogHaTMe
Lower- Middle High-lying, denudation plains, no sediments : . "
Palatinate Post-collisional uplift
found
TonuHckmin 880
Lopingian KOHTUHEHTambHbIE, ByNKaHU4ECKNe rophl,
Mepmcas [—— HaKoMNeH1e KOHTPACTHOM Mo cocTasy ~~~ Vpansokas
" ! 298,9 980 ByIIKGHU4ECKON CEpumn -
Permian Guadalupian " 5 A . Ural
Continental, volcanic mountains, accumulation
Mpuypanbckuii i i i
pyypank 380-1100 of contrasting volcanic series
Cisuralian
Konnwuawus, nogHsitne
Collision, uplift
Mo nepuchepun — BynkaHM4eCKue ropbl,
HaKoMNeH1e KOHTPACTHOM Mo cocTasy
MeHcunbBaHcKas o
N 323,2 po 2500 marmaTu4eckon cepum -
Pennsylvanian : ! .
On the periphery are volcanic mountains,
accumulation of a contrasting magmatic series
KameHHoyronbHas
Carboniferous TeppureHHble, AKTMBHOE MOrpyxeHue.
BynkaHoreHHble kap6oHaTHO- . Cy6ayKkums Ha ceBepHoi
TeppUreHHbIE HaKoNMEeHWs | TeppureHHbie o okpauHe YoHrapo-
o AcTtypuiickas o
Mwuccucunckas npeayrosoii Teppacs! HakonneHns MHr N Banxatuckoro Gacceiita
e 358,9 Ao 1600 N N N Asturian " .
Mississippian Volcanic terrigenous Terrigenous, PHP | ___ Caypckast Active subsidence.
accumulations of the fore- carbonate- Sa)l/ﬁ Subduction on the northern
arc terrace terrigenous margin of the Junggar-
accumulations Balkhash basin
ny6okoBoaHbIE .
7 HaKoMneHus
Bepxnuit 382,7 2000 dpoHTanbHas aKonnenns, Ceanbbapackasi|  AKTUBHOE NOTPYXKeHWe.
Upper MOpCKOro =
ByNKaHOMyTOHMYeckas Gacceita Svalbard KoHrapo-Banxawuckuit
[esoHckasn 30Ha, BYIIKaHN4eckune y MHI | ~~~ Akagckas bacceitH
. TacTayckas 30Ha . " "
Devonian nopogabl PHP Acadian Active subsidence. Junggar-
. Deepwater .
Ie o Frontal volcanoplutonic N ~~~ Balkhash basin
peaHuin 3933 2500 N accumulations,
Middl s 5 zone, volcanic rocks " Tenbbecckas
iddle sea basin. Tastau
Telbes
zone

~~~ — Hecoanacue / unconformity
* kaHoH I LLImunne / canon H. Schtille
THI" / PHP — nepcnekmueHbIl Heghbmeaa3oHOCHbIU Komrnekc / promising hydrocarbon play

coevnsennscnees DOL: 10.54859/Kj0I108847 +vvvvvrsrosseumssvmseussiissssnsiinsinssissssnssinnss

15



ORIGINAL ARTICLES

Vol. 7, Ne 3 (2025)

Kazakhstan journal for oil & gas industry

UNUIACKOro 1N ArNakornbCKOro MEeCTOpoXaeHU Bypbix
yrnen [14-18].

MenoBble  OTMOXEHWS  MPOCTPAHCTBEHHO
3aHMMAlOT BOCTOYHYIO 4YacTb TypaHCKOW NnuThbl,
a Takke npearopHble BnaanHbl CeBepHoro TsHb-La-
HS M CnaralT BEpXHKK YacTb NnaTtgopMeHHOro
yexna [12, 14]. Ha Bcew TeppuTOopun permoHa me-
NoBble OTMNIOXEHWUS1 C pa3MblBOM 3amnerawT Ha top-
CKUX MNU naneosomnckux obpasoBaHusix. C 3anaga
Ha BOCTOK TypaHCKOW NnuUTbl OTMeYyaeTcs Co-
KpalleHve MOLUHOCTeN paspesoB W BbiNageHue
13 pa3pesoB 0CaZKOB HXHEro Mena. B Taknx mectax
Ha nogcTunatoLLme Nopoabl NoXaTcs pa3HOBO3pacT-
Hble ocafdku BMMOTb A0 KamraH-MaaCTPUXTCKUX.
B BOCTOYHOM 4YacTu pervoHa B CTpPOEHUM paspesa
HWDKHEro Mena npuHUMatoT y4acTue KOHTUHEHTarb-
Hble OTNOXeHUsi. MOLHOCTL MEenoBbIX OTNOXEHWUN
B BocTtouHo-Kbi3binkymckom parioHe u Ly-Capebl-
cyvickon BnaguHe pocturaetr 1500 m. B Banxaw-
ckow, Mnwuiickoi n Anakonbckol BnagnHax cymmap-
Has TOMLWMHa MENOBbLIX OTNIOXEHUA YMEHbLUaeTCs
[0 NepBbIX COTEH METPOB.
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PucyHok 7. HuxxHeunuickas rpynna 6ypoyrosnb-
HbIX MecTopoxaeHun 6b
Figure 7. Lower lli group of brown coal deposits
of the BB
a) eeonoauveckue cxema / geological diagram;
6) pa3pes / sequence

OmnoxeHuss (puc. 7, 6): 1 — uyemeepmuuyHble; 2 —
HeoeeHosble; 3 — naneozeHosble; 4 — opckue; 5 — yeornbHble
nnacmel; 6 — epaHuya 6ypoyeonbHo20 bacceliHa, 7 —
pa3eedoyHble CK8aXUHbl, 8 — y20/bHble MEeCmOpPOXOeHUs
(1-4, puc. 7, a)): 1 — HuxHeunutickoe; 2 — banamonapckoe;
3 — Kepmynetckoe; 4 — Opma-bakaHacckoe.

Deposits (Fig. 7, b): 1 — Quaternary; 2 — Neogene; 3 —
Paleogene; 4 — Jurassic; 5 — coal layers; 6 — boundary
of the brown coal basin; 7 — exploratory wells; 8 — coal
deposits (1-4, Fig. 7; a)): 1 — Lower lli; 2 — Balatopars; 3 —
Kertulen; 4 — Orta-Bakanas
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MepekpbiBalOTCA MeNoBble OTMOXEHUA pas-
NWYHBIMKM MO BO3PACTy NaneoreHoBbIMW TOMLLAMM
UNW BbIXOAAT Ha AHEBHYIO MOBEpPXHOCTb. CTpatu-
rpacpmyeckue nogpasfgeneHvss AaTMpoBaHbl CNopo-
BO-MbINbLEBLIM @aHaNM30M U Ha3eMHbIMU OpraHuye-
CKMMU ocTaTkamu (oTneyaTkamm pacTeHUI, KOCTAMU
NO3BOHOYHbIX, OCTPakogamu).

MenoBble oTNOXeHUs pacnpoctpaHeHbl B Cbi-
paapbuHckom,  Ly-CapbicyiickoM, Banxaiickom,
Ununckom, Anakonbckom 6accenHax (puc. 6, B).
MpeobnapaloT annioBuanbHble W NPOMoBUaNbHbIE
OTNOXEHWs, He codepXallme opraHuyeckue ocrar-
ku [12—18]. B banxawckom 1 Anakonbckom baccew-
Hax MenoBble OTIOXKEHUS NpeAcTaBeHbl nopogamu
CacbIKKOMNbCKOW CBWTbI, 4ATUPOBAHHLIMU BEPXHUM
MenoM Mo HaxofdkaMm ocTpakog. B XoHrapckom paii-
OHe nopoabl BEpXHEMEenoBoro Bo3pacTa cnararot
HebonbluMe NO pas3mepy y4acTku, U30NUPOBaHHbIE
apyr oT apyra. OHu BblAgeneHbl B CEBEPO-BOCTOY-
Hov yacTu >KoHrapckoro Anatay B KonnakoBckon
BnagvHe, B Kapowckon BnagnHe K ceBepO-BOCTOKY
oT c. JlencuHck, Ha toXHbIX cknoHax xpebta Tactay
B ypouuLle bokan.

KanHosoickne otnoxeHuss B bb npeacrasne-
Hbl TpEMS cTpaTurpadMyeckumMm eamHiLaMu: nane-
OreHOBOW, HEOreHOBOW N YETBEPTMYHOM cuUcTema-
mu [1-3, 12].

ManeoreHoBble OTNOXEHWA 3anerawT Ha na-
Neo30ncKoM pyHOaMeHTe C YrnoBbIM Hecornacnem
1 NnpeacTaBneHbl BCeMy oThaenaMu — naneoueHoM,
30LIEHOM U onuroleHom (puc. 7, Tabn. 1), B npege-
nax BB obpasyloT ABe CTPYKTypHO-(haumanbHble
30HbI — 3anagHo-banxawckyto u BoctoyHo-ban-
xauwckyto (MpemkoHrapckyto u JlencuHckyto Bnagu-
Hbl) [12, 14].

3anagHo-banxawckasa BnaguHa

HwxHuin naneoueH npegactaBneH KbisbinTa-
FOMCKON CBUTOW, HIDKHSIS TOMLLA KOTOPOMW CIOXEeHa
cepbIMy rpaBenuTamu C rMUHUCTO-KapOoHaTHbIM Lie-
MEHTOM 1 neckamm MoLLHOCcTb0 19 M. BepxHas Ton-
La NpeacTaBneHa pasHoLBETHLIMU FMMHAMN MOLLHO-
CTbi0 22 M.

BepxHun naneoueH — [XamaHTWHCKas CBU-
Ta; HWKHSAS TOMWa CrioXeHa pa3HO3epHUCTbIMMY
KBapL-NMONeBOLLINATOBLIMA NECKaMu C BKIHYEHUSIMU
rpaBUMHOIO MaTepmana MoLLHOCTb0 12 M. BepxHsisa
TOMLWa — KpacHbIMU FMUHaMK ¢ KapBGoHATHLIMU KOH-
KPEeLMSMN 1 OKaTbIaMn M3BECTHSIKOB MOLLHOCTLIO
54 m.

HwxHMI soueH — TyHKypy3cKkasi CBUTa MOLLHO-
cTbto 30 M — COCTOMT U3 NepecnanBatoLLMXCs pas3Ho-
LLBETHbIX MOHTMOPWIIOHUTOBBIX FMUH, CoAEepXKaLLnx
NPOCIION CepbixX KBapLEBO-CIIOANCTbIX MECKOB.

CpegHun-sepxHun aoueH — Kypkynbaekckas
CBUTa, B OCHOBAHUM KOTOPOW 3aneratT KOpU4HeBbIe
IMWHBI C KOHKPELMsIMU U3BECTHSIKOB, BbiLLE — pa3Ho-
LiBETHbIE ANEBPUTUCTBIE FMUHBI, MOLLHOCTb — 84 M.

HWKHUI onuroueH, NpeacTaBneHHbIN TOmLen
KOPUYHEBATO-KPACHbIX KapOOHAaTHLIX [MWH, aprus-
NATOB, COOEPXKUT MNpocnon GenbiX MUH U JNIMH3bI
KBapL-MONeBOLLUNaTOBbIX MECKOB, MOLHOCTb — 74 M.
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BepxHuii onuroueH — AnakonbcKasi CBUTA; HUXKHAS
TOMLa CroxeHa cepbiMU Meckamy C MpPOCHosiMu
IMWH U NUH3 rpaBusi. B ocHoBaHWM 3aneraroT kBap-
LLeBO-KPEMHUCTbIE FpaBeENUTUCTbIE NecHaHukn. Bos-
pacT AaTMpoBaH Mo KOCTHbIM OcTaTkam MIlekonuTa-
towwmx. MowHocTb otnoxeHuii 15 M. BepxHasa Tonwa
CrnoXeHa CBETMbIMM MMHAMKU, coaepXaluMmn npo-
CIOV IMUHUCTOrO Necka, MOLHOCTLI0 20 M.

BocTouHo-Banxauickaa BnaguHa
(MpepxxoHrapckas u IllencuHckas
BMaguHbl)

B HWXHEM naneoueHe, B HWXHEW 4acTu pas-
pe3a HaxoAATCH KpacHble aneBpuUTUCTbIe [MUHbI,
cogepxalume pegkue npocrion cepoBaTo-3enéHbIX
rMyH. B BepxHew yacTu 3aneraloT NecTpoLBeTHbIe
aneBpuTUCTbIE MWHbLI. Bbilwe 3aneratoT cepble rpa-
BENUTbI C MWUHUCTO-KapboHaTHLIM LieMeHToM. Molw-
HOCTb OTNOXEHUIN 55 M.

BepxHui naneoueH NnpeacTaBneH TosLen, co-
CTOSALLEN U3 aneBpPUTUCTBLIX MNH U CBETINO-KOPUYHE-
BbIX PABENUTOB C KAPOOHATHO-KPEMHUCTLIM LieMEH-
TOM. MOLLHOCTb OTHNOXEHUN 46 M.

HWKHUIA 30UEH CNOXeH OTNOXEHUAMU TyH-
KYPY3CKOW CBUTbI — Pa3HOLBETHbIE [MWHbI, B KOTO-
pbiXx OBHapyXeHbl ocTaTkM ocTpakod. MolHoCTb
oTnoxeHun 75 M. CpeHun 30LeH — KornakoBcKasi
cBWTa — NpeacTaBneH NecTpouBETHbIMU TMMHaMuU,
cogepXalummmn kapboHaTHble KOHKpeLun 1 ranbKy
TydoB, aneBponMToB M kBapua. MOLHOCTb CBUTbI
82 m.

BepxHuit soueH — necTpouBeTHble kapboHaT-
Hble MuHbI ¢ BKNoYeHnsamn (go 50%) ranek, ¢ npo-
Crnonkamu U NMMH3aMu1 raneyHnKoB, rpaBus 1 necka,
MOLLIHOCTb — 25 M.

BepxHuin onuroueH — necTpouBeTHble Mu-
Hbl, TMAPOCMIOAUCTBIE, NECYaHUCTbIE C NPOCOoAMU
(8o 1 M) rMMHUCTOro necka u Keapu-nonesoLUnaTo-
BOrO MEMNKo3epHUCTOro necka. B ocHoBaHuu rpasun-
HO-raneyHnK ¢ NecYaHo-rMVHNCTBLIM 3anonHUTENEM.
BospacTt gatupoBaH no BbiAeneHHOMY Cnopo-Mbifb-
uesomy komnnekcy. MoWwHOCTb OTRoXeHun 45 M.

HWKHWN onuroueH — akcyckas cBuTa; OHa
CrnoXeHa cepoBaTo-XENTbIMU aneBpuUTUCTLIMU MK-
HaMK, cofepXalyMn BKIIOYEHUSA rpaBus C Npo-
cnovikamu rpaeenucToro necka (0,1-2 m). Bospact
0aTVpoBaH MO BbIAENEHHOMY CMOPO-MbifbLEBOMY
komnnekcy. CymMmapHasi MOLLHOCTb OTMOXEHWUM
46 m.

B Banxaw-AnakonbckoM panoHe HEOreHOBbIE
OTNOXEHUS1 BCKPbITbl BypeHnem npu nposefeHun
reonorocbEMOYHbIX U3bICKaHWI. o cnopoBo-Nbifb-
LeBbIM AaHHbIM, NO KOMMfeKkcam ocTpakog 1 Mon-
NIOCKOB OHW NoapasaeneHbl Ha crieayoLme CBUThI:
Xoprocckyto, Mnuickyto, Tamapckyto (paHee Ha3sbl-
Banack lNaBnogapckow), AkToranckyto (ApanbcKkyto)
n Anakonbckyto. B pavione CesepHon >KoHrapuu
Anakonbckas cButa (ONUroLeH-MMOLIEHOBOIO BO3-
pacta) npeacTaBneHa KpacHbIMU, KOPUYHEBbLIMU
TMNCOHOCHBIMU MMHAMK C NPOCIOSMN 3eNéHo-ce-
pbIX [MWH, PO30BbIX [NNH, MECKOB, NECYaHUKOB.
MowwHocTb oTnoxeHun gocturaet 80 m. MNMaenogap-
CcKasi cBMTa BCKpbITa CKkBaxmHamun B 3anagHo-ban-
xawckov BnaguHe u [pepxoHrapckoMm nporunbe,

npeacTaBneHa KpacHOBaTO-KOPUYHEBBIMU aneBpu-
TUCTbIMU FMMHaMn. MOLWHOCTb OTNOXEHUIA MEHSAET-
csa ot 18 0o 100 M. nninckas cBmTa B HOXKHOM YacTun
BB cnoxeHa pa3HoLBeTHOM TONLWEN MWH 1 aprun-
nuTamu, cogepKallnumm nNpocnon u NMH3bl NECKOB,
rpaBenuToB, KOHrmomepaToB. B ocHoBaHuu pa3pe-
3a pa3BuUTbl Meprenu, nepexoasaiwine B NennTomMop-
Hble M3BECTHSAKU. MOLLHOCTb TOMWKN MEHSIeTCs
oT 20 go 160 m. Xoprocckas cBuTa coxpaHunach
BO BnaguHax k 3anagy oT p. CapkaHg, crnoxeHa
cepbiMu 1 BypbIMY rpaBenuTaMu, KOHrnomepaTamm
C Xene3ucTo-kapboHaTHbIM LEMEHTOM C NIMH3aMu
1N NpPOCMNOsiMM MEeCYaHUKOB U aprunnuTtoB. Mouwl-
HocTb 12-30 m.

YeTBEPTUYHbIE OTNOXEHUSI PacnpOCTPaHEHbI
LUMPOKO W 3anerarwT Ha OTNOXEHWUSIX XOPrOCCKOM
TOMLWMN, NX MOLWHOCTbL AgocTturaeT 600 m. Mo nuTono-
rMYeCcKOMY COCTaBy BbIAENSAOTCA pas3nuyHble TUMbI
OTNOXEHWUI: annioBuanbHble, 03€pHbIE, 30MOBbIE,
a Takke anoBManbHO-AENOBManNbHbIE U anmnioBu-
anbHO-MNpontoBMarbHbIE.

B HUWXHEYETBEPTUYHBLIX OTIOXEHUAX npeoG-
nagatoT 03EpHble, anmoBuasnbHble 1 NPoBMarb-
Hble OTMOXEHNS, 3anerarLume Ha pasHow rmybuHe,
a B bornee BbICOKMX CMOSIX OHU MEpPEKpPbITbI cpea-
HeYeTBEPTUYHBIMU OTNIOXEHUAMU. B o6pa3oBaHmsax
cpefHe- 1 BepXHEeYeTBEPTUYHOIO Bo3pacTa npeob-
nagawT  annioBuanbHO-NpostoBuarnbHble  necya-
HO-TMIMHUCTbBIE OTIIOXEHUS.

OueHKa NposiBNeHUs yrneBoA0pPOAHbIX

pecypcoB 1 o6cyxaeHue

leonornyeckoe passutue bb cBsizaHO co cTa-
OUNBbHBIMW YCNOBUSIMW MOTPYXXEHUSI HAa MPOTSHKEHUN
BCEro nosgHero naneosos-me3o3os [25-29]. Ctpyk-
Typa BB cdopmupoBanack B pesynbrate akTMBHbIX
NOCTKONIM3NOHHbIX MO34HENane030MCKUX — paHHe-
TPMacoBbIX, MNAaTOPMEHHBLIX Me3030MCKO-KalHO-
30MCKUX (OO NNMoLEHa) TEKTOHWYECKUX COObITUNA.
HaunHas ¢ nnuoueHa, AaHHas TeppuTopus Llew-
TpanbHoi EBpasuy Gbina BOBreYeHa B aKTVBHblE
anunnaTtgopmMeHHble ropoobpasoBaTenbHble  MNpo-
Liecchbl, CBA3aHHble C Konnuanen Eepasawniickon n NH-
pocrtaHckon nnut [27-29]. MiMeHHO B Me3030Mckoe
1 KaiHOo30MCcKoe BpeMsi Ha TeppuTopum KOxHoro Ka-
3axcTaHa (HOPMMUPYIOTCS M aKTMBHO Pa3BMBalOTCS
NPELropHbIE N MEXIOpHbIe BNaauHbl [29].

[o nocnegHero Bpemenn B BB He npowusBo-
OWnucb cneumanuavpoBaHHble paboTbl MO MOMCKY
YBC [3-7]. [NoBepXHOCTb BEpXHEMANE030ACKNX KOM-
NrekcoB 3areraeT Ha rnybuHax 6onee 1 kM. Ocagou-
Hble OTNOXEHUs1 Me303051 U KalHO305 UMetoT crabyto
AedopmaLmio U HeCOrnacHO NepeKpPbIBaOT KOMMIEK-
Cbl Naneo3os. NNoBepXHOCTb Hecornacus yctaHoBmne-
Ha C MOMOLLbI0 CENCMUYECKMX UccrneaoBaHni [4—7].

B HwxHem TeyeHun p. Wnn paspabarbl-
Baetcs HwkHeunwuiickoe OypoyronbHoe MecTo-
poxaeHune [30]. KOpckue yrmeHOCHble OTNOXEHUsI
BKITKOYAIOT YrofbHble MracTbl, MOLWHOCTb KOTOPbIX
[OCTUraeT HEeCKONbKUX [OEeCATKOB MeTpoB. Bbiwe
no paspesy 3anerawT MNecyaHo-rpaBuUiiHble, MNec-
YaHO-MMNHUCTBIE W NecyaHble nopoAbl naneoreHa
1 HeoreHa ¢ cymmapHon motHocTbio 300 M. B Heno-
cpeacTBeHHoW 6rmM3ocTn pacnonoxeHsl banatonap-
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ckuii u OpTta-bakaHacckuin 6ypoyronbHble 06bEKTbI.
CokpalléHHas MOLLHOCTb U NMTONOrMYeckuin cCoctas
ME3030MCKO-KaNHO30MCKOro  4exna  orpaHuymea-
0T MEepcneKkTMBbI OTKPbITUSI MecTopoxaeHui YBC.
B cBfi3n ¢ aTMM BOMpOC O mepcnekTMBax HedTera-
30HOCHOCTM Maneo3oMCKoro KoMmrmnekca ocTaercs
HepeLLEHHbIM.

Ha cerogHsLWHWIA AeHb CyLeCTBEHHbIX NPOsiB-
neHu pecypcos YB B npeaenax Bb He 3adumkcnpo-
BaHO. B paiioHe toxHoro 6epera p. Vinu 6ypoBbiMu
CKBaXKnHamu BCKpbiTa addy3nmBHO-0Cag04Has Tor-
wa nepmckoro Bo3pacta. Komnnekc nopon BKHo-
YaeT BYMKaHWTBI U NEeCYaHWKW, U3 KOTOPbIX B WH-
TepBanax 2992-2997 n 2969-2971 m nony4deHbl
NPUTOKN [Aera3vpoBaHHOW XMNOPUAHO-KanbLMEBON
Boabl C Aebutom 32 M3/cyT M ra3oBbiM aKkToOpoMm
18 m3m3. B apko30BbIX W BYNKaHOMMWKTOBBIX Mec-
YaHMKax HWKHeN nepMu B nHTepanax 2861-2880
n 2842-2770 m obBHapyXeHbl NPUTOKU BOA C pac-
TBOPEHHBLIM ra3oM, cogepxawux 22,7% MeTaHa
[4, 19].

B KanHO30MCKNX OTNOXEHNSAX ra3onposiBNeHns
3amKCnpoBaHbl B HECKOMbKMX CTPyKTypax Huk-
HEeWmnUINCKOM rpynnbl BypoyronbHbIX MecTopoXae-
HuI [4—7, 30]. B a0LEH-OMUroLEeHOBBIX OTMIOXEHUAX
0BHapyXeH ropM30HT NeCYaHNKOB C ra30HOCHOCTbIO,
pocturatowen 9%. CopepxaHue yrneBoAopPOAHbIX
KOMMOHEHTOB B Npobax pacTBOPEHHOIO rasa Bapbu-
poBanock oT 12% go 19% [6, 7].

M3yyeHne opraHnyeckoro BelLLecTsa B NOpoaax
pa3HOro cocTasa 1 Bo3pacTa NpoBOAMIOCH C UCNOSb-
30BaHNEM TEPMUYECKUX W PEHTIeHOCTPYKTYPHbIX
meTogoB [29]. PaHee npoBeaéHHble paboTbl noka-
3anu, YTO NepMckue OTMOXEHUsI XapaKTepuaytoTcs
CPaBHUTESbHO BbICOKON HACHILLEHHOCTLIO OpraHnye-
CKUM BeLlecTBoMm [6, 7]. Tak, B MepMCKuX anesponu-
Tax obHapyxeHo mpucyTcTBMe GuTyma B npegenax
0,19-0,39%, Torga Kak B TPMACOBbIX OTMOXEHWUSX
cogepxaHue butyma He npesbiwarno 0,01%.

Mesosorickas BnaguHa BB npoTsxéHHOCTbLIO
225 km n wnpuHon o 112 kv oxeBaTtbiBaeT nnowaib
25200 km? c OBBLEMHOWM MMOTHOCTBIO PEecypcoB

OONONHUTENbHO

UcTouHuk dpmHaHcupoBaHua. VccnegosaHue Bbl-
nornHeHo B pamkax [lporpamMmbl LeneBoro guHaH-
cupoBaHma NeBR21882301 MwuHuctepcTtBa Haykm
u BbicLwero obpasosaHusa Pecnybnukn KasaxcraH.
KoHdbnukT uHTepecoB. ABTOpbI AeKNapupylT OT-
CYTCTBME $BHbIX W MNOTEHUManbHbIX KOHMNUKTOB
WHTEPECOB, CBSI3aHHbIX C Mybnukaumen HacTosLwen
cTaTbu.

Bknag aBTopoB. Bce aBTopbl moatBepxaaloT co-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
kputepusim ICMJE (Bce aBTOpbl BHECNU CYLLECTBEH-
HbIi BKNag B pa3paboTky KOHUenuuun, npoeedeHune
nuccnenoBaHWs U NMOArOTOBKY CTaTbM, MPOYNW U Of0-
Opunu uHanbHy Bepcuio neped nybnukauven).
HanbonbLumi Bknag, pacnpenenéx cnepyowmm ob-
pasom: KopobkuH B.B., Yaknukos A.E. — HanucaHue
aHHOTaLMW 1 BCeX pas3fernos cTaTbu, pegakTuposa-
HWe cTaTbW, NOArOTOBKA rpadhnyecknx NPUNOXeHUI;
TynemucoBa X.C. — cocTaBneHve KoppensiLuoHHbIX
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12000 1/kMm? (c yuéToM gonyckoB) [7, 9]. PervoHanb-
HblMW chniomaoynopaMmn BbICTynatoT naneoreHoBble
1 MUOLIEHOBbIE MuHbI. B 3anagHon yacTtu 6acceriHa
HedTerasoMaTepUHCKUM KOMMIIEKCOM MOXET ObiTb
yrNeHocHas MnecYaHo-IMUHMUCTasa topckas Tonwa,
cofepxallas Yyepeayrowmecs cnom yms n butymu-
HO3HbIX CrnaHueB. OTa Tonwa HaxoauTcs B TepMo-
OVHaMuyeckn BnaronpusiTHbIX YCNoBWUSX ANs npe-
obpasoBaHusi opraHudeckoro BewecTtsa [6, 7, 9].
Mo paHHbIM Bypenus [4, 7, 30], topckue yrnu, [ocTu-
ratoLme MOLWHOCTM 16 M, NPOLLNM CTafM K0 KaTareHe-
3a. B paccmartpuBaemom pervioHe npu oTCyTCTBUM
NPOMBILLINEHHBIX MeCTOpOXAeHUn YB nporHosHas
OLeHKa nepcneKkTuB HedTerasoHOCHOCTU MEe30301-
CKOro KoMnsiekca MoxeT OblTb NpoBedeHa C y4ETOM
KaTeropum NpPOrHO3HbIX 3anacos.

3aknioyeHue

PaspaboTtaHbl 1 coctaBneHbl Ha Ka4eCTBEHHO
HOBOW (PaKTYpHOW OCHOBE NUTOMOro-cTparurpadu-
yeckue cxeMbl BB Kak OCHOBa Ansi OLIEHKM ero yrre-
BOJOPOAHBIX PECYPCOB.

BeposaTHocTHas nepcnektuBHocTb YB B BB
OLEHMBAETCA KaK KpanHe Hu3kas u onpegensercs
psaoM akTopoB: (@) MOBbILEHHOW MOLLHOCTbIO
TPUACOBBIX W HWKHEIOPCKMX OTMOXEeHUn, obora-
LWUEHHBIX OpraHW4eckM BELLECTBOM, B KOTOpPbIX
BbISIBMIEHbI YrOMbHbIE TOPU30HTHLI; (6) CTyneHvaTbiM
XapakTepom MOrpyXeHus Kpoenu yHaameHTa,
YTO KOHTPONUPYETCA AWHAMWKOW KPYMHbIX pasno-
MOB; (B) NPOrHO3MPYEMbIMU FTOBYLLKaMU PasfInyHOro
TMNa, KOTOpble MOTYT SBMSTbCA pe3epByapamu YB
B MpoLiecce NX pernoHanbHON Murpaumm.

BbigeneHbl  nepcnektuBHble  Ha  HedTb
N ra3 KoOMnnekcbl U yCTaHOBNEHbl UX MOLLHOCTWU.
Ha ocHoBe nuTonoro-ctpaturpaduyeckoro aHanm-
3a onpeferneHbl MOLHOCTM U Mnnowaan KOMMIek-
COB, a TaKke cogepXaHue OpraHM4Yeckoro yrrnepo-
Oa, nony4YeHHoe C UCMOoNb30BaHWEM TEPMUYECKUX,
PEHTIEHOCTPYKTYPHbBIX U MUKPO3OHOOBbLIX METOAOB.
OTU nokasartenu ABnNATCA KNIYeBbIMU npu oueHke
NPOrHo3HbIX pecypcos YB.
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OpVI rmHanbHoO€ uccriegosaHue

OnTuMM3auma 3akavykm rasa B KapOoHaTHbIe NNacTbl C BbICOKUM
OaBrneHueM: noaxosa K KOHTPOso 3ab0MHOro U ycTbLeBoro
OaBlieHUN ANA HeaonylweHUs aBTormapopaspbiBa nnacrta

B.K. XacaHoB, A.M. CtenaHuyk, A.T. XKonabi6aeBa
KawaeaH b.B., e. AcmaHa, KazaxcmaH

AHHOTALUMUA

O6ocHoBaHue. CMeluMBatoLLeecs BbITECHEHNE HedTN ra3oM B KapbOHATHbLIX KOMNMEKTopax ¢ BbICOKUM
NnacToBbIM AaBMNEHNEM UIPaET KIOYEBYIO POrb B YBENUYEHUM HEDTEOTAAYM U NOAAEPKAHUM MacTo-
BOrO [aBneHusi. YnpaereHve 3a60oiHbIM M YCTbEBLIM AaBMNEHMEM NPEACTaBMsSeT coboW 3HAYNTENBbHYO
3ajavy u3-3a HeobXoaMMOCTM Makcumm3auum obbEéma 3akadkum M pucka asTormapopaspbiBa nnacra
MpyU BbICOKMX AaBneHusx 3akadku. CyLlecTByHOLIME CTpaTerMn 4acTto nonaralTcs Ha perynupoBaHue
YCTbEBOIO [AaBMieHns U 06bEMa 3aKavky Kak Ha OCHOBHbIE MHCTPYMEHTbI YNPaBMNEHUS CKBaXKUHOM.
Llenb. AHanu3 onTMMmM3MpoBaHHOW CTpaTerMmn yrnpasneHusa 3akadkomn rasa nyTém TOYHOro perynmposa-
HUA paboTbl CKBaXWHbI ANA NpeaoTBpaLleHus aBTormapopaspbiBa nrnacra, Makcummsaumsa adpdekTue-
HOCTW 3aKa4ku rasa.

Martepuanbl u metoabl. B pabote ucnonb3ytoTca meToabl cbopa M aHanm3a Npov3BOACTBEHHbIX
N reonormyeckmx gaHHbIX, SIMNUpUYEckne Mogenu NPorHo3MpoBaHus, a Takke METOAbI CTAaTUCTUYECKOTO
aHanu3a Ans NoBbIEHMS TOYHOCTM M HAgEXHOCTWM NPOrHo3oB. [aHHbIN nogxod 3agelcTByeT coBpe-
MEHHbIE anropuTMbl U TeXHoNornn Anst 06paboTkun GonbLIoro o6bEMa AaHHbIX, YTO NO3BONSET HOPMU-
poBatb 6ornee To4Hble 1 060CHOBAHHbIE MPOrHO3bl OCHOBHBLIX MPOM3BOACTBEHHbIX NOoKasaTenen paspa-
BOOTKN MECTOPOXAEHUSI.

Pesynbrathl. Pesynbrathl aHanuaa nokasanu, YTo ONTMMMU3aLIMS 3aKayku rasa BO3MOXHA 3a CYET CHU-
)KEHWS1 NMacToOBOro AaBneHUsl Npu OLHOBPEMEHHOM YBENIMYEHUWN YCTLEBOTO AaBIEHUS, YTO MO3BOSS-
eT nogaepxuBatb cTabunbHoe 3abonHoe AaBneHve n3-3a yBennyeHus NoTepb AaBMneHWust Ha TpeHue
B CTBOJSIE HACOCHO-KOMMPECCOPHbIX TPYD. YNpaBneHue ycTbeBbIM AABNEHWEM W PacXo4oM ra3a no3so-
NAEeT 3KCMMyaTUpoBaTh CKBaXKMHY MPW MOCTOSIHHOM 3aboiHOM AaBreHun. B HacTosiliee Bpemsi mpe-
AenbHoe 3aboiiHoe AaBneHue onpeaeneHo AN CKBaXWH, a A0NyCTUMOE YCTbEBOE AaBEHUE OrpaHu-
YEHO U, COrMacHO paHee NPOBEAEHHBLIM UCTIbITAHUSIM, MOXET ObITb YBEMUYEHO. JTO NO3BONUT NOBLICUTb
06béM 3aKkauMBaemoro rasa, 4Tto, B CBOK oyepedb, OyaeT cnocobcTBOBaTh yBENMYEHWUIO [0ObIUN Hed-
Tn. MNpwn aToM NoATBEPXKAEHO, YTO 3abOHOE AaBNEHWE OCTaHETCS B Npeaenax AOMyCTMMOro 3Ha4YeHust
1 ByaeT CTPOro KOHTPONMPOBATLCSA MPSIMbIMU 3aMepamu ryBMHHBIX MAaHOMETPOB.

3aknuyeHue. B nccneqoBaHum npoaHanuaMpoBaH ONTUMU3UPOBAHHbIM NMOAXOA K YNpaBeHUo 3akay-
KOW rasa, BKMOYaloLWUiA MOHUTOPUHT AABMEHUsI B peXNMe peanbHOro BpeMeHu, Y3roBol aHanm3 ckea-
XWHa-NnacT, AMHaMMYEeCcKoe perynupoBaHWe YCTbEeBOrO [AaBMEHUs U perynvpoBaHus pacxoga rasa.
PesynbraTbl nog4YepkMBalOT BaXXHOCTb yveTa HENMHENHbIX MoTepb AaBneHust npu NpPOEKTUPOBaHWUU
Ge3onacHblX M 3dEKTUBHBIX CTpaTernii 3akayku, YTo MO3BONSET NpeaoTBpaTUTbL aBTOrMApopaspbIB
nnacta un obecnednTb AONTOCPOUYHYHO LIENOCTHOCTL KOMNMeKTopa.

Knroyeenle crioga: kapboHamHbIl KOiekKmop, ebicokoe rnnacmosoe OasneHue, PROSPER, y3nosol
aHanu3, cmamucmuka, ycmseeoe 0asfieHue 3akaqku, 3aboliHoe 0asrieHue, onmumu3ayusl.
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Optimizing Gas Injection in High-Pressure Carbonate Reservoirs:
Controlling Bottomhole and Tubing Head Pressures to Avoid
Formation Fracturing

Bakhytzhan K. Khassanov, Artem M. Stepanchuk, Assel T. Zholdybayeva
Kashagan B.V., Astana, Kazakhstan

ABSTRACT

Background: In high-pressure carbonate reservoirs, miscible gas injection is a key method
for enhancing oil recovery and maintaining reservoir pressure. The main challenge lies in controlling
bottomhole pressure (BHP) and tubing head pressure (THP) while maximizing injection volumes
and preventing formation fracturing. Current strategies typically rely on THP regulation and injection
rates as the primary means of well control.

Aim: This study aims to analyze an optimized gas injection strategy based on precise well control
to prevent formation fracturing and improve injection efficiency.

Materials and methods: The study uses production and geological data analysis, empirical forecasting
models, and statistical techniques to enhance the accuracy and reliability of predictions. Modern
algorithms and data-processing technologies are applied to handle large datasets, allowing for more
accurate and consistent forecasts of key field development indicators.

Results: The results indicate that gas injection can be optimized by lowering reservoir pressure
and increasing tubing head pressure (THP). This stabilizes bottomhole pressure (BHP) because
of increased frictional losses in the tubing string. Controlling THP and gas rates allows stable BHP
operation. Currently, maximum BHP limits have been established for the wells, while allowable THP
is restricted but can be increased based on previous test results. An increase in THP would enable
higher gas injection volumes, leading to improved oil recovery. BHP remained within safe limits and was
monitored directly with downhole pressure gauges.

Conclusion: This study presents an optimized approach to gas injection management, based on real-
time pressure monitoring, well-reservoir nodal analysis, dynamic control of tubing head pressure (THP),
and regulation of gas flow rates. The results emphasize the need to consider nonlinear pressure losses
when designing safe and efficient injection strategies. Considering these effects helps prevent formation
fracturing and ensures long-term reservoir integrity.

Keywords: carbonate reservoir; high-pressure carbonate reservoir; PROSPER; nodal analysis;
statistical analysis; tubing head pressure (THP),; bottomhole pressure (BHP), optimization.
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TynHycka 3epTTey

Xofapbl KbicbiIMAbI KAPOOHaTTbI KabaTTapfa ra3 angayabl
OHTaunaHAbIpy: KabaTTbl aBTOMATTbl TYPAE CYMEH XapyAbl
6onabipmay YLliH KeHXap XXoHe cafanblK KbiCbiMAbI 6aKbinay Tacini

B.K. XacaHoB, A.M. CtenaHuyk, 9.T. XKonabi6aeBa
KawaraH b.B., AcmaHa Kanacbl, KasakcmaH

AHHOTALMUA

Herizgey. »Kofapbl KbicbiMabl KapOoHaTTbl KonnekToprapharbl MyHanablH ra3beH apanacybl MyHan
WbIFapyabl apTTbipyada xaHe kabaT KbiCbiMbIH CakTayda weluyLi pen atkapaabl. KeHxap MeH caranblk
KblcbiMabl Gackapy angay kenemiH yrFamTy KaeTTiniriHe >oeHe >ofapbl ahgay KblCbIMbIHAAFbI
KabaTTbl aBTOMaTTbl TypAe CYMEH Xapy KayniHe GannaHbICTbl MaHbl3abl MiHAET Gonbin Tabbinagpl.
KongaHbicTarbl cTpaterusinap kebiHece yHFbiMaHbl GackapyablH Herisri Kypangapbl peTiHae caranblk
KbICbIM MEH angay kenemMiH peTrteyre cyrheHegi.

MakcaTbl. KabaTTbl aBTOMaTThl TypAe CyMeH >XapyAblH anfblH any YLWiH YHFbIMaHbIH XXYMbICbIH 481
peTTey apkbifbl ras3 amgaydbl 6ackapydblH OHTalnaHAbIpbifiFaH cTpaTervsacbliH Tangay, ras3 angay
TMIMAINIriH apTTbIpy.

Martepuanpap mMeH agicTtep. XKymbICTa eHAIPICTIK )XaHe reonoruanblk AepeKkTepai XuHay xaHe Tangay
apictepi, GormkayablH aMnupuKanbelk MoaenbAepi keHe 6omkamaapblH, gongiri MeH CceHiMainiriH
apTThIpy YLWiH cTaTUCTMKanbIK Tangay agictepi konaaHbeinagel. byn tacin aepektepaiH yNKeH kenemiH
eHOey YLWiH 3aMaHayu anroputMaep MeH TexHonorusnapAbl kongaHagbl, Oyn KeH OpHbIH urepygid
Herisri  eHAIpICTIK KepceTKIlTepiHiH, Aonipek aHe HerizgenreH 6GomkamaapblH KanblinTacTblpyFa
MYMKIHAIK 6epegi.

HoTtuxenepi. Tangay HeTwxenepi ra3 awgaydbl OHTaWnNaHAbIpy carfanblk KbiICbIMAbl XOfapblnarty
KesiHaoe KabaT KbICbIMbIH TOMEHAETY apKblfbl MyMKIH 6onaTbiHbIH KOpPCeTTi, By COpFbl-KOMMNPECCOPbIK
KyOblpnapapblH, OKNaHbIHAAFbl YUKENIC KbICbIMbIHBIH, XXOfanyblHbIH X0fapblnayblHa 6annaHbICTbl TypaKTbl
KeHXap KbICbIMbIH cakTayFa MyMKiHAik 6epegi. Caranblk KbICbIM MEH ra3 LWblfblHbIH 6ackapy YHFbIMaHbl
TYpakTbl KbiCbIMMeH Gackapyra MyMkiHAik G6epeai. Kasipri yakblTTa yHFbIManap yLiH LIeKTi KeHxap
KbICbIMbI @aHbIKTangpl, an pykcar eTinreH caranblk KbiICbIM LUEKTEeYIi )aHe BypbIH XyprisinreH cbiHakTapfa
Calikec yNFanTbinybl MyMKiH. Byn aiganaTblH ra3 kenemid ynranTyra MyMkiHaik 6epeai, 6yn e3 keseriHge
MyHan eHAipydi ynfamtyra blknan etedi. byn peTTe keHxap KbiCbiMbl pyKcaT €TifreH MaH LweriHae
KanaTblHbl XaHe TepeHAiK MaHOMETpPIEPIHiH Tikenen enweynepiMmeH kataH 6akbinaHaTbiHbl pacTangbl.
KopbITbiHAbLI. 3epTTey HaKTbl yakbITTarbl KbiCbiMAbl Gakbinayabl, yHFbIMa-kabat TyWiHiH Tanpayapl,
cafanblK KbICbIMAbl AMHAMUKanblK PeTTeydi XoHe ra3d LWhbifblHbIH peTTeydi KaMTUTbIH ras angayabl
GackapydblH OHTaWnaHablpblFaH TociniH  Tangagbl. HaTuwxenep kayincia >xeHe TuiMai angay
cTpatervsinapbiH xobanay KesiHOe CbI3bIKTbIK €MEC KbICbIMHbIH, JKOFanyblH ecenke anygblH
MaHbI3abINbIFbIH KepceTeai, 6yn aBToMaTTbl TYPAE CYMEH XapyadblH anfblH anyfa aHe KONMNeKTOPAbIH
y3aK Mep3iMAi TyTacTbifblH KAMTaMachI3 eTyre MyMKiHAiK 6epeai.

Hezizzi ce3dep: kapboHammbl Komriekmop, xorfapbl kabam KbicbiMbl, PROSPER, mytiHdi manday,
cmamucmuka, COPfbIHbIH caFarbiK KbICbIMbI, YHFbIMa mybiHiH KbICbIMbI, OHmMaunaHobIpy.
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OPUI'MHAJIBHBIE UCCJIEJJOBAHUSA

Tom 7, Ne 3 (2025)

BectHuk Hedrerazosoii orpacin Kasaxcrana

BBeneHune

CmelumnBaioLieecs BbITeCHEHNE Hed TV rasom
SIBNAETCA 0OHOW 13 Hanbonee apdhEKTUBHbIX TeX-
HOMOrWN yBeNuYeHnsl HedpTeoTAa4M B KapboHaTHbIX
KONMekTopax C BbICOKMM NNacToBbIM AaBlieHUEM.
[aHHbIn MeToa cnocobCcTByEeT NoAAepXKaHuUo AaBne-
Hus B nnacTte (ganee — MNMM[A), ynyyweHuto BbITeCHe-
HUS HeddTU 1 YBENUYEHUIO OXBaTa 3anexwu BbITECHS-
towmm areHTom [1]. OgHako ycneluHoe npuMeHeHve
TeXHONormu TpebyeT TOYHOTO KOHTPONS NapamMeTpoB
3aKayku, MOCKOMbKY Ype3MepHoe AaBreHne MOoXeT
NPUBECTU K aBTOrMApPOPas3pbIBY MracTa, CHUXEHUHO
3(phEKTNBHOCTU BbITECHEHUSA HEPTU U NOTEPE KOH-
Tpons Hap pa3paboTkon mectopoxaeHus [2, 3].

KapboHaTHble  mnacTbl  XapaKTepu3yrTcs
CIIOXHOW reonormyeckon CTPYKTYPOW, BbICOKOW He-
OOHOPOAHOCTBIO, HANMYMEM €CTECTBEHHbIX TPELLMH
N YyBCTBUTENBHOCTBIO MPOHULIAEMOCTU K MU3MEHe-
HUIO AaBneHusi. ATn haKTOpbl YCMOXHSAIOT NpoLecc
ynpaeneHns 3akaqkon rasa v TpebytoT AeTanbHoro
aHanusa B3avMMopeuncTBus 3abowHoro (manee —
BHP, ot anen. Bottom Hole Pressure) n yctbeBoro
(nanee — THP, ot aHen. Tubing Head Pressure) nas-
nexus. TpaguLUMOHHO perynupoBaHue 3akadkv ocy-
LecTBnseTca 3a CYET koHTponsa THP, ogHako 3Ha-
YuTenbHble NOTEPU AaBrieHUsI B CTBOME CKBaXXWHbI
OrpaHNYMBaloT BO3MOXHOCTb TOYHOTO YnpaBneHus
BHP [4].

B paHHOM uccnepgoBaHuu npedcTaBneH nog-
X0f K OMTMMM3auMW 3aKayku rasa, OCHOBaHHbIN
Ha aHanuse noneBblX AaHHbIX, MOLENMPOBaHWUU
C WCnonb3oBaHMEM MNpPOrpammHoro obecneyeHus
(nanee — MNMO) PROSPER wn n3y4yeHnn npoussogu-
TENbHOCTU CKBaXkuH. OCHOBHOE BHUMaHWe yge-
nsieTcs  BbISIBNIEHWIO  ONTUManbHOro  AuanasoHa
OaBrneHun, Kotopbin obecrieunBaeT 3dPeKTUB-
HOoe ynpaBneHue npoueccoM 3akayku 6e3 pucka
HapylieHns  uenocTHocTu nnacta.  [lonyyeH-
Hble pesynbTatel MOryT ObiTb  MCMNONb30BaHbI
Onsa pas3paboTky cTpaTernii MnoBblleHUs HedTe-
oTAauM npu akcnnyataumu kKapboHaTHbIX MecTo-
POXAEHWUI C BbICOKUM MNacToBbIM AaBlIeHUEM.

AHanus noneBbIX AaHHbIX

BaxHocTb koHTpons BHP n THP

KoHTponb BHP wurpaet kputudecku BaxHylo
pornb B MPefoTBpalleHny NpeBbILEHNS AaBMeHUs
aBToryapopaspbiBa nnacra, Yto rnossonser u3be-
XaTb HexenaTenbHOW CTUMYNSAUMKM  KonnekTopa
1 paspyLUeHUs LeNOCTHOCTM MOKPbILLKX KonnekTopa.
PerynuposaHue THP, B cBolO o4epefb, UCnomnb3yeT-
Cs AN ynpasneHus YCrioBUSIMW MOTOKa B CTBOME
ckBaxuHbl. OgHako ero BnusiHve Ha BHP 3avactyto
OrpaHuYeHo u3-3a notepb AaBneHnsi, BO3HUKaIOLLMX
Nno Mepe ABWXEHUs ra3a no CTBOMY CKBaXMWHbI. OTn
notepu MoryT 6bITb BbI3BaHbl rMapaBnUyeckuM Tpe-
HMEeM NOTOKa ra3a B HACOCHO-KOMMPECCHOPHbIX TPY-
6ax (nanee — HKT), koTopbIi HaxoguTCA B CBEPX-
KPUTUYECKOM COCTOSIHUM (OnU3KOM K XKMOKOCTM),
4TO (POPMUPYET HEMUHENHYIO 3aBUCUMOCTb MEXAY
BHP 1 THP. B pesynsrate yBenuyerve THP He Bcer-
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[a npvBOogMT K nponopuuoHansHoMmy pocTty BHP,
41O TpebyeT KOMMNMEKCHOro Noaxoaa K ynpaeneHuo
napameTpamMu 3akayku [5].

Mpeabiaywue nccnegoBaHusa B obnacTtu

perynupoBaHus BHP u THP

B Hay4HOW nuTepaType paccCMOTpeHbI pas3nmy-
Hble acnekTbl ynpaBrieHns 3akaykon rasa B kapbo-
HaTHble KOMMEKTOPbl C aKLEHTOM Ha perynmposaHve
BHP. Tak, Holmes, et al. [6] 6bina npeanoxeHa MHO-
rocerMeHTHasi Mofernb CKBaXWHbI ANs OLEHKN B3an-
mopaencTeus BHP n THP B cnoXHbIX reonormyeckmnx
ycnosusix. MiccnegosaHme nokasano, 4To perynu-
poeaHne THP camo no cebe He Bcerga npuBoauT
K acpdekTBHOMY yBenuuyeHuto BHP u3-3a notepb
[aBleHUs B CTBOIE CKBaXXMWHbI.

WccnepoBaHue Semenoy, et al. [7], nocBALWEH-
HOe MOoZEeNnvMpOBaHMI0 3akadku rasa B kapboHaTHble
KonnekTopbl oPLLOPHBLIX MecTopoxaeHun Aby-[la-
61, BbIABUIIO KPUTUYECKME 3HAYEHUSI AaBMEHUs 3a-
KayKu, NpeBbILLEHME KOTOPbIX NMPMBOAMIIO K MPOPbIBY
rasa B 4o0ObIBalOLLME CKBAXKMHBI.

B pa6ote Peng, et al. [8] ucnonb3oBaHo MHoro-
KOMMOHEHTHOE MOAENUPOBaHNe NOTOKa ANsi OLIEHKM
BnusiHna THP Ha ctabunusaumio BHP. Pesynstathl
nokasanu, 4to ctabunbHocTb BHP 3aBucut ot au-
ameTpa Tpyb, MOHWUTOPWHIA B peanibHOM BpeMeHU
1 opyrux cpaktopos.

B nccneposanum Schreiber, et al. [9] udyyeHa
OVHaMMKa 3aKayku rasa no TeXHONnorum BOJoraso-
BOrO BO34ENCTBMS MPU KOHTPONMPYEMbIX YCIOBUSAX
BHP. ABTOpbl NpeanoXxunn anroputMbl AMHaMu4e-
CKOrO ynpasreHusi, No3BoNnsLLmMe onTUMN3MpoBaTb
CKOPOCTb 3aKayku rasa U noBbICUTb CTabUIbHOCTb
paboTbl CKBaXXMHbI.

B pa6ote Congge, et al. [10] npoaHanuauposa-
Hbl CTpaTErMM 3aKaykum KUCMbIX ra3oB B kapboHaTHbIe
nnacTbl. ViccnegoBaHve nokasano, YTO Mpu BbICO-
KMX CKOPOCTSIX 3akadku perynuposaHue THP cta-
HOBUTCS HeadddeKkTMBHbIM Ans ynpaeneHns BHP
13-3a YBENUYMBAIOLLMXCHA NOTEPb AaBMNEHNS.

OpHako, HecCMOTps Ha CyluecTBylolWme [Ao-
CTWXeHusl, BONbLUIMHCTBO CTpaTernii 3akayku rasa
npoJomKkaeT onupatbCcs Ha perynupoBaHue THP,
He y4uuTbiBas B MOMIHOM Mepe noTepu AaBreHus
Ha TpeHue, rmagpoctatndeckne 3pdeKTbl U conpo-
Tuenexnve HKT. B pamkax gaHHoro vccnenoBaHust
pelualTcs crnegyowme 3agaydu:

— oueHka enuanna THP Ha BHP c ucnonb-
30BaHMEM MOMEeBbIX AaHHbIX W  MOAENUPOBaHWUS
B 10 PROSPER;

— onpegeneHne HerMMHENHbIX 3aKOHOMEpPHO-
CTel NoTepb AaBMeHUs], BNUAKOLMX Ha cTabunmaa-
umto BHP;

— paspaboTka ONTUMU3NPOBAHHOIO Auvana-
30Ha 3aKaudku, KOTOpbIA yuuThiBAeT GanaHc mexay
perynvpoBaHvem THP, o6bémamu 3akadku u mexa-
HU3MaMU KOHTPOSsi MOTEPb AABMEHMSI.

Takum o6pa3om, npeacTaBneHHass paboTa
BHOCUT BkNnaz B pa3paboTky 3pekTUBHLIX CTpa-
TErnn ynpaeneHusi 3akaykon rasa B kapboHaTHbIX
KOMMEeKTopax C BbICOKUM AABIEHMEM, a Takke obe-
crneynBaeT OCHOBY At AalNbHENLUMX UCCNENOBaAHNI
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B obracTtv onTuMm3saumm JKCnyaTauMOHHbIX pexun-
MOB CKBa>XWUH.

0O630p n3yyaeMoro ob6nLekTa

B pamkax uccnegoBaHusa 3asucumoctn BHP
n THP HarHeTaTesnbHbIX CKBaXXMH Obinn cobpaHbl
M npoaHanuavMpoBaHbl MONeBble AaHHble OOHOro
U3 yHUKanbHbIX MecTopoxaeHun KasaxcTaHa, ko-
Topoe sBnseTcss KapboHaTHbIM  TpeLUMHOBaTLIM
KOINEKTOPOM C BbICOKMM MIacTOBbIM [aABIEHUEM.
AHanu3 NpoBOAUIICS Ha yvacTke, rae aKkcniyataums
BeOETcs C NpMMeHeHneM obpaTHON 3akayku fobbl-
Baemoro nonyTHoro rasa B nnact agnsa M.

B aHanuse ncnonb3oBaHbl AaHHblE YETbIPEX
CKBaXWH, rae Obinu ycTaHoBneHbl AaTtynku BHP,
4YTO MO3BOSISIET B peanibHOM BPEMEHU OTCNEXMBaTb
AnHamuky nsmeHenns BHP. Ha puc. 1 npeactaene-
Ha guarpamma OfHOW M3 HarHeTaTerlbHbIX CKBaXKWH
aHanuanpyemoro oobekTa.

411 &

YeThesoe gasnemme
L Tubing Head Pressure

Tny6uHa YCTaHOBKM AaT4MKa AABNeHHA
Permanent Downhole Gauge depth

OnopHas ry6usa
Reference depth

TIuMuT Ha onopHoi rmy6una 820 Gap
Limit at reference depth

PucyHok 1. [luarpamma HarHeTaTesribHOWM
CKBaXWHbI
Figure 1. Injection well diagram

my6uHa yctaHoBku gatumka BHP cocrtaens-
et 3600 mTVD, a onopHasi rny6uHa — 4300 mTVD.
YCTaHOBMNEHHbIV NUMUT OaBMEHUsS Ha OaHHOW rhy-
6uHe coctaBnsiet 820 6ap (795 Gap Ha rnybuHe
yCTaHoBKM MaHomeTpa). [noTHOCTb 3akaynsaemoro
rasa B CBEPXKPUTMYECKOM COCTOSIHM COCTaBrniseT
0,52 ya. Beca, 4TO OKa3bIBaEeT BMUSAHME Ha nepepac-
npegenexHve AaBneHns B CTBOME CKBaxuHbI [11, 12].

Ha puc. 2 npegctaBneHa 3aBUCMMOCTb MeXAy
o6béMom 3akayku rasa u BHP otHocutenbHo THP
3a TPEXNETHMI Nepmog.

OcHoBHble HabnoaeHns:

1. Poct THP npuBoguTt Kk yBenuyeHuio npuve-
MUCTOCTU CKBaXMHbl, YTO MO3BOJISIET HapaliuBaTb
00ObEM 3aKayku rasa.

2. BHP pgocTturaet makcumanbHOro 3HadeHus
820 Gap, nocne 4ero ero pocT npekpawliaeTcs, He-
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PucyHoK 2. 3aBMCMMOCTL 06 bEMa 3aKauku
rasa n BHP ot THP
Figure 2. Gas injection rate and BHP vs. THP

CMOTPSi Ha JdanbHenllee MNOBbILEHNE NPUEMMUCTO-
cTn.

3. KoHctanTta BHP npu makcumanbsHown npue-
MUCTOCTU CBAi3aHa C MOTEPSIMU Ha TPEHWE 1 JoMnor-
HUTENbHBIMU MOTEPSIMU B CTBOIE CKBaXXMHBI.

Takum o06pa3oM, 3heKTUBHOE ynpaBneHne
OaBrneHneM 3akayku B HarHeTaTenbHbIX CKBaXWMHAX
TpebyeT y4yéTta He Tonbko THP, HO 1 AnHamMukK no-
TEpb Ha TpeHue, 0COBEHHO MpK YBENMYEHHbIX CKO-
POCTAX OBWKEHMSA rasa.

MaTepuansl u MmeToAabI

TeopeTuyeckas ocHoBa KoHTpons BHP-

THP

B rasoHarHeTaTenbHbIX CKBaXMHax 3aBUCU-
mocTb mexay BHP n THP onuceiBaetca cnegyto-
Wwmum ypasHeHuem (1) [14, 15]:

Py = BHP —THP = Py = Ronp, ()

roe PTp — NoTepu AaBrieHust Ha TpeHue, Gap;
Py, — ruppocTatuueckoe nasneHune ctonba xuako-
¢, 6ap; Puopp — AONONHUTENBHOE COMPOTUBIEHME,
Gap.

YpaBHeHue (1) nokasbiBaeT, yto BHP 3aBucut
He Tonbko oT THP. Xota THP mMoxeT GbiTb Hanps-
MYI0 OTPEeryniMpoBaHO Ha MOBEPXHOCTU W CRYXWT
OCHOBHbIM MapaMeTpoM yrnpaBreHusl, ero BNusHue
Ha BHP moxeT cHuxaTbcs 13-3a MexaHn3MoB noTe-
PV 3HEeprun, Taknx Kak TpeHue 1 rmgpocTtaTmyeckue
achdekThlI.

Mmapoctatuyeckoe aasnedve (Pp) npeacka-
3yeMO M BapbMpyeTcsi B 3aBUCUMOCTU OT rMyOuHbI
1 MNOTHOCTM XWAKOCTU UK rasa.

MoTepn paBneHWs Ha TpeHue (PTp) TpebytoT
0coboro KOHTporsl, T.K. OHX BO3PaCTaloT C yBenu4e-
HVMeM CKOpPOCTM MOTOKA rasa u MoryT HapyLuuTb nps-
Myto 3aBucMMocTb mexay THP n BHP.

OgHuM u3 Hambonee 3HauuMbIX (HAKTOPOB,
BMSIOWNX Ha 3DEKTUBHOCTL 3aKaykn rasa, siB-
NATCSA NOTEpU OaBMNeHWs Ha TpeHue B cucTeme
CTBOMA CKBaXWHbl. OTW MOTEPU PaCCUUTLIBAIOTCH
cornacHo ypaBHeHuto [Japcu-Belicbaxa ans 3akau-
KV rasa B CBEPXKpUTMYECKOM cocTosHuun (2) [16]:

L v?
PTp ZAEXTpr’
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rge A — KO3h(UUMEHT TPEHUS, KOTOPbIN 3a-
BMCUT OT LLEPOXOBATOCTV NMOBEPXHOCTU TPy M xa-
pakTepa notoka (NTaMUHapPHbIA U TYPOYNEeHTHBbI;
YeM Bhbllle KO3IPPULMEHT TpeHUs, TeM Bonblue no-
Tepn gasneHus B cucteme); L — anuna Tpy6onpo-
BOAa, HanpsAMyto Bnusitollas Ha obliee ConpoTuB-
TieHve NoToKy rasa (4em Gonblue AnnHA CKBaXWHbI,
TeMm Bbllle MoTepyn AasneHus), M; d — SKBMBANEHT-
HbIi AnameTp TpyObl MNW KaHana noTtoka (ysenw-
YeHne amameTpa Tpyd OObLIYHO CHWKaeT noTepu
0aBneHusi, Ho MOXeT OblTb OrPaHUYEHO KOHCTPYK-
TUBHBIMW OCOBEHHOCTAMU CKBaXWHbI), M; U — -
HelHasi CKOpOCTb MOTOKa rasa (Npu yBenuyeHuu
CKOPOCTM NOTEepU AaBEeHNs BO3pacTalT IKCMNOHEH-
unaneHo BBuay TypbyneHTHOCTM), M/C; Pf — nnot-
HOCTb XMOKOCTW, BRusioWas Ha obliee nageHue
naBneHus, T.k. bonee NNOTHbIE XUAKOCTU CO3AA0T
Gonbluee rmapocTaTnyeckoe ConpoTuBIeHNe, Kr/m3.

Takum obpasom, ncxoas 13 ypaBHeHus [ap-
cu-Beiicbaxa (2) cnegyt, 4TO noTepu paBneHus
Ha TpeHuWe 3aBWUCAT OT CKOPOCTM M pacxoda rasa
Unu xupakocTty (3):

~ N2
Prp ~ Q ’
roe () — pacxoq xugkoctu, m*/c.

@)

MoTepn fOaBneHWs Ha TpPeHWE WMEKT HEmu-
HEIHYI0 3aBMCMMOCTb OT CKOPOCTW MOTOKa. OTO

Cke. 1

.+ Qaxr
o Prosper

Saxauka rasa, MAH.MYoyT

a)

Cks. 3

Y

*  @akt
~- Prosper

axauka rasa, wnH.u/cyT

B)

03Ha4aeT, YTo NpuW yBeNMYeHUn pacxopa rasa nore-
pv AaBneHnst BO3pacTyT HENPOMOPLMOHanbHO 601b-
we [11, 17].

Mpy HWU3KMX CKOPOCTSIX 3aKayku BIMSIHWE MO-
Tepb Ha TPeHWe MWHUMarnbHO, 1 yBenuyeHne THP
Hanpsmyto npuBoauT K pocty BHP. MNpu Bbicokmx cko-
pOCTAX MOTEpPW Ha TPeHue AOMMHUPYIOT, co3naBast
adbdpeKT nnaTo, Koraa AansHenee ysenuyeHne THP
MOXET He NPUBECTU K 3HaUMTeNbHOMY pocTy BHP.

Ha npaktuke ans addeKkTMBHOMO ynpasneHus
3aKayKkon rasa Tpebyetcs:

— MoHuTOpuHr BHP B pexume peanbHoro Bpe-
MEHW C UCNONb30BaHVEM rMyBUHHbBIX AATYMKOB 3ame-
pa AaBneHus:;

— apanTvBHoe ynpasneHuwe THP (Bkntoyas
3aMep B pexvme peanbHOro BPeMeHW) Ha OCHOBE
AVHaMMUYeCKoro MOAENMpPOBaHNA YCIOBUN CKBaXW-
Hbl C MCMOMb30BaHWEM CreLMann3npoBaHHbIX Mpo-
rpaMmHbIX kKomnnekcos (Hanpumep, NO PROSPER);

— MPOrHO3HOE MoAenupoBaHve, No3BonsioLlee
npeackasaTh BNUSHNE N3MEHEHUIA CKOPOCTU 3aKadku
rasa Ha pacnpegerneHve AaBneHUst No CTBOSY CKBa-
XUHbI.

[MoHumaHne 1 npuMeHeHnMe 3TUX TeopeTu-
YeCcKMX MpUHUMMOB Mo3BonseT obecneynTb Gonee
CcTabunbHy 1 3MEKTUBHYIO 3aKayKy rasa npu Mu-
HUMM3aLMM pUcka NpeBbILLEHUS npedena AaBneHust
aBTOrMapopaspbiBa B YCNoBUsIX kapboHaTHbIX nna-
CTOB C BbICOKV/M JaBIIEHNEM.

CkB. 2

DakT
*-  Prosper

Saxauka rasa, MnH.MYoyT

6)

Cke. 4

@axr
©  Prosper

05 1 15 2 25 3 35 4
3aKauka raga, MAH.M3/cyT

)

PucyHok 3. MoTtepu AaBneHus Ha TpeHne B 3aBMCMMOCTU OT 3aKayku rasa
Figure 3. Frictional pressure losses vs. gas injection rate
a) cks. 1/ Well No. 1; 6) cks. 2/ Well No. 2; 8) cks. 3/ Well No. 3; ) cks. 4/ Well No. 4
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PaccunTtatb noTepu gaBrneHns MOXHO Kak aHa- Ta6nuua 1. Pesynbrathl MO PROSPER
NIMTUYECKMM METOAOM, Tak U C MOMOLLbIO crieumanu- Ha npy¥Mepe OQHOWM CKBaXMUHbI
3uposaHHoro MO PROSPER. Table 1. PROSPER results for a single well

. to e ]

PesynbTaThl MOgenMpoBaHus rn, | pasnewne s | " emewatB | | samen |

B PROSPER ik M Pressure, bar arp ;t gauge | PP | BHPat [ BHP

B MO PROSPER ans HarHeTaTenbHbIX cKBa- | Gas depth, bar, at | BHP deﬂ;’ggﬁ:ﬂ BHP
XUH ObInNy paccunTaHbl NOTEPU OABIEHUS Ha Tpe- rate, [7Hp [ THP 1P 683 | THP 668 fimit e | e | M
HUe. AHanu3 3aBMCMMOCTM AaBneHust oT obbéma |™™ ool eo | P [ Po | oap | oap ggg ggz
3aKaykM rasa MoKasbiBaeT, 4YTO C YBeNUYeHUeMm 1 21 5 1 21 3 lemsalrmasl a1 51 0l #
06BEMOB 3aKayku HabnogaeTcss POCT NOTEePb AAB- | oo | ess | 605 | o | 1o 705 | ovs7 | o787 | 5207
NEeHNs Ha TPEHWE COrnacHO KBaapaTUYHOM 3aBUCK- | oz | oss | 605 | o | 1e7 705 | 5077 | o777 | o207
MOCTU OT pacxofa 3akadynBaemoro rasa (puc. 3). oas | oos | o5 | 2 | 1e7 705 | 6007 | o767 | 6207

[aHHble, nony4yeHHole B MO PROSPER, 067 | e85 | 665 [ 3 | 187 795 | 8937 | 8737 | 8207
XOpOoLWOo cormacyrTca C (baKTI/NeCKVIMVI n3mepeHu- 089 | 685 | 665 [ -6 | 188 795 | 8927 | 8727 | 8207
sIMU, 0COBEHHO Npnu HU3KNX U CpegHUX 3Ha4YeHUAx 111 | 685 | 665 | -9 | 188 795 | 8887 | 8687 | 820.7
pacxopa rasa. B obnacTtu BbICOKMX pacxodoB rasa 1,34 | 685 | 665 | -13 | 187 795 | 8847 | 8647 | 8207
OTKINOHEHNA yBENUYNBAKOTCA, YTO MOXET ObITb CBSI- 1,56 | 685 | 665 | -18 | 187 795 | 8797 | 8597 | 8207
3aHO C HEeYYTEHHbIMM hakTopamu, TaKUMU KaK Typ- | 178 | ess | ess | -23 | 167 795 | 8747 | 8547 | 8207
OYNEHTHBIN PEXUM TEYEHUS UNW BIUSIHNE JOMOMHM- | 200 | 685 | ees | 20 | 187 795 | aes7 | aas7 | 8207
TEnNbHbIX CONPOTUBMEHNI B cucTemMe. KBagpaTuyHas | 222 | ess | ees | 3 | 185 795 | 8507 | 8397 | 8207
3aBWCUMOCTb MOATBEPXKAAET, YTO OOMUHUPYIOLLMM | 245 | 685 | 665 | 43 | 186 795 | 8537 | 8337 | 8207
MEXaHW3MOM MOTEPb [OABMEHUS SIBMSIETCH TPEHME | 267 | 685 | 665 | 52 | 186 7e5 | 8457 | 8257 | 8207
B HKT 2,89 685 | 665 -60 186 791 795 836,7 | 816,7 | 820,7

Ha ocHoBaHuu MoaenmpoBaHug, I'IpOBe,E[éH- 311 | e85 | 665 | 71 | 184 778 795 | 8237 | 803,7 | 8207
Horo ¢ ucnonb3oBaHnem O PROSPER, paccum- | 335 |68 | 665 | %0 | 184 | 789 769 | 795 [ 84T | 7T | 8207
TaHbl 3HayeHuss BHP B 3aBMCMMOCTM OT pacxoga [ 2% |06 | 2 |63 | w6 | 76 | 75 | 8007|7847 6207
rasa an ,quX 3HayeHusax THP (665 n 685 6ap) 3,78 685 665 | -104 183 764 744 795 789,7 | 769,7 | 8207
Ha MPUMEpe OAHON N3 CKBAXMH N3y4aeMOoro Obbek- | oo | ©9 |9 |7 | W | W1 | W | 7% |7 L 1887 | 07
Ta. MNpeacTaBneHHble JaHHble nokasaHbl B Tabn. 1 L2210 | 0 [ 12| 11 [ 78 ) 78 | 7 |Ter|er] oot
1 Ha puc. 4.

ﬂaag::ue, @
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PucyHok 4. 3aBMcMMOCTbL AaBneHUsi oT 06bEMa 3aKaykm Ha NpUMepe OQHOW CKBaXWUHbI
Figure 4. Bottomhole pressure vs. gas injection rate (single well)
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PucyHok 5. Y3anoBou aHanu3 «CKBaXXvHa — nnact»
Figure 5. Well-reservoir nodal analysis
CninowHasi NIUHUS — Kpueasi NPUIMoKa, MyHKMuUpHasi NIUHUS — Xxapakmepucmuka fugpma
Solid line — inflow curve; dashed line — lift performance curve
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Pe3ynbraTthl nokasbiBaloT, YTO Mpu yBenuye-
HUM pacxofa rasa Habnwopaetca cHwkeHue BHP.
OcobeHHO 3aMeTHO BNUsSIHWE TPEHWUS B MHTepBane
pacxogos oT 2,67 go 3,3 mnH M3, 0603Ha4YeHHOM
Ha rpadukax JIMHUSMN.

[Mpeobpa3oBaB AaHHblE B rMCTOrpaMmy 3aBu-
cumocTtn BHP ot THP ansi pasnuuHbix nokasatenemn
NPYEeMUCTOCTU ra3a, MOJNy4YeH TEXHOMNOrMYEeCKUNn
PEXUM CKBaXMHbI. 104 TEXHOMOrMYEeCKUM pPexu-
MOM HarHeTaTenbHOW CKBaXWHbI CrieayeT NoHuMaThb
COBOKYMHOCTb OCHOBHbIX NapameTpoB €& paboThbl,
obecneunBaLWuUx MoONy4yeHne npeaycMOTPEHHbIX
Ha OaHHbIN nepuoa OOBbEMOB 3akadku u cobnoge-
HUE YCNOBUIA HAAEXHOCTUN 3KCMyaTauum.

Ha puc. 5 nocTtpoeHbl NWHUM 3aBUCUMMOCTU
BHP ot THP ans pasnuyHbiX 3HadYeHun pacxopa
rasa (0-5,3 mnH m3).

Ha ocHoBaHuM 3akoHa npuToKa ANnd rasoHarHe-
TaTenNbHOW CKBaXWHbI 1 ypaBHeHUs (4) BGbina nocTpo-
€Ha naneTka Y3rnoBOro aHanusa, otobpaxaroLiasi
B3aVMOAENCTBME MeXAY CKBaXXMHOM 1 nnacTtom [18]:

Qinj = C(BHPZ - prges)n

rae  qinj - npuemucTocTb rasa, M3/CyT;
C - KO3(hVUMEHT npuemucTocTn, M3cyT/6ap;
Pres — NNACTOBOE AaBneHve, 6ap.

pacdnueckas uWHTeprpeTaumsi pesynbraTos,
npeacTaBrneHHas Ha puc. 5, No3BONSET BU3yanbHO
OLEHWTb OMNTUMaribHble U NpeaenbHble PeXMMbl pa-
00Tbl HarHeTaTenbHOM cucTembl. CnoLHbIE NMUHUK
Ha OguarpaMMme OTpaXKalT XapaKTepUCTUKM NpUTO-
Ka CKBaXkWHbl, TOrAa Kak MyHKTUPHbIE NUHUK Npea-
CTaBMsOT XapaKkTepucTuku nnacra. [NepeceveHne
3TUX NWHWUIA hopmupyeT paboyvee MPOCTPaHCTBO,
B KOTOPOM JOCTUraeTcs yCTOMUMBbLIN BanaHc mexay
NIIacToOM M CKBAXXMHOWM MpU pasfnYHbIX 3HAYEHUSX
pacxofa rasa v AaBrneHun.

KpacHast ropusoHTanbHas nuHus Ha rpaduke
yKa3blBaeT Ha npefernbHO AOMycTUMOEe 3HaveHue
BHP. O6nacTb BbllLIEe 3TON NUHUN cYMTaeTcs Hebes-
onacHowm Ans akcnnyatauuu, T.K. npesbilueHne BHP
MOXET NPMBECTU K HapyLUEHU0 TepMETUYHOCTM,
aBTOrMAapopaspbiBy Mracta wunuv gpyrum Hexena-
TenbHbIM siBNeHnsM. Takke Ha rpadumke BbligeneHa
30Ha CKOPOCTHOW 3p03ui, OrpaHNYMBaloLLas Makcu-
MarnbHO [OMNyCTMMble pacxobl Npy 3afaHHbIX AaB-
NeHnsiX.

Onarpamma [ONOMHUTENBHO Y4UTbIBAET BO3-
MOXHbIE PAaCYETHble OTKITOHEHWSI M MOrPeLLUHOCTH,
YTO MOBbILIAET HAAEXHOCTb OLEeHKW. Takoh noa-
X0f, MO3BOMSIET OMNEpaTUBHO OLIEHWUTb AOMYCTUMbIE
coyeTaHusi NapameTpoB 3akadku, obecneynsatoLne
He TOSbKO BbINOSIHEHWE MPOU3BOACTBEHHbIX 3ajad,
HO 1 cobniofeHne yCcnoBuii HAOEXHOCTM 3KCnyaTa-
umn.

Y3noBo aHanuM3 B OaHHOM KOHTEKCTE Bbl-
CTyMaeT He MpOCTO Kak CpeacTBO BuU3yanusauuu,
a Kak MofHoLUEeHHasi pacyHE€THas Moaenb B3aumoaen-
CTBMS «CKBaXKMHa — NnacT». OTO NO3BOMSET yBA3aThb
noBefeHne CUCTEMbl B €QUHYI0 CTPYKTYpPY M TOYHO
onpenenuTb rpaHnLbl TEXHONOTMYECKU U (ON3NYECKM
OOMYyCTUMBIX PEXUMOB.

DOI: 10.54859/kjogi1 08866

Takum 06pa3om, y3noBOW aHanu3 npeacTas-
nseT cobow yHVBepcarnbHbI MHCTPYMEHT Ans npo-
eKTUPOBaHUsi, ONTUMU3ALIMM U KOHTPOSS MPOLIECCOB
3aKayky rasa B HarHetaTeslbHble CKBaXWHbI, 3Ha4W-
TenbHO MOBbILAA TOYHOCTb WHXEHEPHbIX peLUeHui
1 YCTOMYMBOCTb 3KCMIyaTaLmmn CUCTEMbI B LIEMOM.

O6cyxpeHue

PesynkraThl NpoBeAEHHOMO UCCnenoBaHus ae-
MOHCTPUPYIOT, YTO yrpaBeHne 3akaykon ra3a B kap-
BGOHaTHbIX KOMMEKTOpax C BbICOKMM NIacToBbIM AaB-
neHvem TpebyeT KOMNIEKCHOro Noaxoaa, B KOTOPOM
Ba)KHYH0 porb UrpatoT 3amepbl 3a60MHOro AaBneHust
N OMHaMUYECKOe perynvpoBaHune YCTbeBbIX Mapa-
MeTpoB. TpaAWMUMOHHO KOHTPOSb OCYLLECTBSiETCS
NPENMYLLIECTBEHHO Yepe3 OrpaHNyYeHue YCTbEBOMO
[aBrneHus 1 pacxoda rasa, 4To 3a4acTyi MNpuUBO-
OUT K HeOoMCNonb30oBaHWID MOTeHLMana CKBaXu-
Hbl. B naHHoW paboTe noka3aHo, YTo 3a CYET y4éTa
HemnuHenHbiX notepb AasneHus B HKT Bo3mMoxHO
NoBbILLEHNE YCTLEBOTO AaBneHust 6e3 npeBbliLeHUst
AonycTuMoro 3abGoMHOro AaBneHUs, YTO NO3BONAET
YBEMUYUTL 06U 06HLEM 3aKauKu.

[Mony4eHHble pe3ynbTaTtbl NOAYEPKMBAIOT BaX-
HOCTb MOHUTOPWHIa pexnma paboTbl CKBaXWH B pe-
anbHOM BpeMeHu. B ycrnoBusix BbICOKMX NAACTOBbLIX
[OaBneHuii faxe He3HaYnUTeNbHbIE OTKIOHEeHWs napa-
METPOB MOIYT NMPUBECTU K HEXenaTenbHbIM Nocnea-
CTBUSIM, BKMOYas pUCK aBTormapopaspbiBa nracta
M HapyleHUs LeNoCTHOCTM Komnektopa. Takum
06pa3om, HaAEXHOCTb NMPUMEHSIEMbIX CUCTEM U Obl-
CTpOAENCTBNE anropuTMOB PEryriMpoBaHusl CTaHo-
BATCA onpeaensiiowmmm aktopamn ycnewwHocTn
BHEAPEHUsI NPearioXXeHHOro noaxoaa.

CpaBHeHVe C AaHHbIMW MNpeablayLimMx Uchbl-
TaHWN NOATBEPXKAAeT BO3MOXHOCTb MOBbLILIEHUS
[OMNyCTUMOro YCTbeBOro AaBneHusi 6e3 Bbixoda 3a
npegenbl 6e3onacHoro AvanasoHa 3abowHoro gas-
neHns. 3TO ykasblBaeT Ha TO, YTO MCTOPUYECKM
YCTaHOBMEHHbIE TNMMUTbLI 3a4acTyld MOryT ObITb
nepecMoTpeHbl M aaanTUpoBaHbl ¢ y4€ToM Gonee
[EeTanM3npoBaHHOIO aHanmsa, Yto MMeeT NpsiMoW
npakTuyecknin acpdekT, BblpaXkaloWwuncs B pocTe
0GbEMOB 3aKauMBaeMoro rasa W, Kak CrefcTBue,
B YBENM4YeHUn HedpTeoTaaum.

3akntoyeHue

MpoBenéHHoe wccregoBaHue MOATBEPXKAAET
HeobX0AMMOCTb KOMMMEKCHOro noaxoda K ynpas-
TNIEHMIO 3aKayKoW rasa B HarHeTaTenbHble CKBaXKUHBbI
B YCMOBUSAX BbICOKMX MNracTtoBbix AasneHun. Oc-
HOBHOE BHUMaHue ygeneHo B3aumopencTeunio BHP
1 THP ¢ y4éTom rugpaBnuyeckux notepb Ha TpeHve
B CTBOJIE CKBaXMWHbI, YTO SIBMSETCS KMOYEBLIM (hak-
TOPOM Mpu pacy€Te 1 perynupoBaHn TeXHOMNornye-
CKUX PEXMNMOB.

PesynbraTel  MogenupoBaHWs  nokasanu,
4YTO MOTEPV OAaBMEHUSl Ha TpPeHWe He TOMbKO Cy-
LiecTBeHHO BnusAT Ha BHP, HO n HocAT spko
BbIP@XEHHbI HEMNWHEWHbI Xapaktep. 3OTO CBS-
3aHO C BO3pacTaHWeM COMPOTUBMNEHUS MOTOKY
B TpybonpoBoge, oOnucbiBaeMbIM  KBagpaTuy-
HOW  3aBWCMMOCTbIO, aHanoOrMyHON YypaBHEHUIO
Hapcu-Bencbaxa (2). B Takmx ycnosusix pery-

....................................................... 29



ORIGINAL ARTICLES

Vol. 7, Ne 3 (2025)

Kazakhstan journal for oil & gas industry

nvpoBaHMe 3aKayku TOMbKO 3a CYET WM3MEHEHUsI
THP okasbiBaeTca HedoCTaTOYHbIM, OCODOEHHO
Npu BbICOKMX pacxogax.

Ha ocHoBe 3aBMCMMOCTEN, MOCTPOEHHBIX MEX-
gy BHP, THP n pacxogom rasa, cdopmynuposaHa
TEXHOMOIMYeckass KapTa pPexXvMMOB 3KCrryarauuu,
nossorsilolas noadbupartb onTUMarnbHble napame-
Tpbl 3aKaykuM B 3aBUCMMOCTM OT TEXHWUYECKMX Orpa-
HUYEHUN, TakuX Kak npegenbHo gonyctumoe BHP,
orpaHuyeHve uK3-3a ckopocTu 3apo3uun. Mogenupo-
BaHVWe MOATBEPAUIIO BO3MOXHOCTb MOAAEpXaHWA
BHP B GesonacHbix npegenax gaxe npu yBenuye-
HuM THP npu ycnoBuM €ro KOPpPEKTHOrO KOHTPOIs
1 UCMONb30BaHMWS rMyOUHHBIX MAHOMETPOB.

OONONHUTENBLHO

UcTouyHuK durHaHCMpoBaHUsA. ABTOpPbl 3asBns-
0T 00 OTCYTCTBMM BHELUHEro UHAHCUPOBaHUSA
npu nposeaeHUN nccrnegoBaHuA.

KoHcbnukT wuHTepecoB. ABTOpbl AeknapupyloT
OTCYTCTBME ABHbIX N NOTEHUMaNbHbIX KOHCbJ'II/IKTOB
WHTEPECOB, CBSI3aHHbIX C Mybnukaumnen HacTosLwen
cTatbu.

Bknap aBTopoB. Bce aBTOpbl nopTBepxgaroT
COOTBETCTBME CBOEro aBTOPCTBA MEXAYHAPOAHbIM
kputepusim ICMJE (Bce aBTOpbI BHECIN CYyLLECTBEH-
HbI BKMag B pa3paboTKy KOHLUenuuu, npoBedeHue
nccnegoBaHWs U MOArOTOBKY CTaTbM, MPOYNU U Of0-
Opvnu drHanbHY0 Bepcuto nepen nybnukauven).
Hanbonbwmin BkNag pacnpefenéH cregyowmm
obpasom: XacaHoB bB.K. — paspabotka KoHuen-
UMW UccrnefoBaHWs, noctaHoBka 3agauu; CrenaH-
uyk A.M. — cbopmumpoBaHue metogonoruu; XKonabl-
b6aeBa A.T. — cbop M aHanu3 NPOU3BOACTBEHHbIX
N reonornyecknx AaHHbIX, NOCTpOoeHne sMnupuye-
CKMUX MOZenen 1 BbIMOMHEHME Y3NOoBOro aHanmaa.

CMUCOK NCMNOSNIb3OBAHHOM NIUTEPATYPbI

KntoyeBbIM BbIBOAOM CTano noHUMaHue Toro,
yTO ynpaeneHue BHP TpebyeT cbanaHcupoBaHHOro
nogxopa: HeobXxoAUMO OAHOBPEMEHHO YYMTbIBaTb
pacxod, OaBneHue U KOHUIypaumio CKBaXUHHOIO
obopyaoBaHus, a Takke AMHaMUYeckoe nosefeHne
cuctembl. BoamoxHocTb yaepxanus BHP Ha 3agaH-
HOM YpOBHe JoCTUraeTcs 3a cyYéT ynpasnexHusa THP
1 06bEMOM 3akadvkmn 6e3 Bbixoga 3a npegens! gony-
CTUMbIX 3KCMIyaTaLUMOHHbLIX NapaMeTpoB.

Takum 06pa3om, NonyyYeHHble pesyrnbTaTbl CO3-
[atoT MPOYHYIO OCHOBY A1 ONTUMM3ALIMKN TEXHOSO-
TMYECKUX PEXMMOB 3KCNIyaTauum HarHeTaTenbHbIX
CKBaXXWH B YCIOBMSIX CNOXHbIX XapaKTepPUCTUK Me-
CTOPOXAEHNS.
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Review article

A Review on the Production Natural Gas Using
Energy-Efficient and Environmentally Safe and Sound
Technologies

Kurmet G. Satenov', Yerlan M. Suleimen’?, Zholaman A. Tashenov'
'KMG Engineering, Astana, Kazakhstan
2K. Kulazhanov Kazakh University of Technology and Business, Astana, Kazakhstan

ABSTRACT

With the rapid development of green energy and its transition to renewable sources, countries
and multinational oil and gas companies are increasingly focusing on forecasting global scenarios
of the world economy’s demand for hydrocarbon resources. These predictions serve as a key reference
point for determining future development strategies. Gas produced from natural sources plays
a key role in the global energy industry and in the international balance of fuels. The main objective
of the Gas Processing Plants construction is to provide Kazakhstan consumers with high-quality sales gas
and increase the stability of gas delivery at the expense of the country’s own resources.

In order to meet the technical requirements for finished products, the processing trains of the plant
should be equipped with inlet separators, gas dehydration units, gas sweetening unit and sour (raw) gas
injection system.

This article presents an overview of new gas treatment technologies used in the processes of sales gas
production. The classification and brief characteristics of gas sweetening systems, including absorption,
adsorption and membrane methods, are described. The different types of zeolites used in dehydration
systems are also presented. Special attention is given to gas injection processes.

Keywords: sales gas;, gas dehydration process; gas sweetening unit; sour (raw) gas injection;
hydrocarbons; Non-Turnaround Vessel Inspection.
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Hayu4HbIn 0630p

CoBpeMeHHble 3HeproagppeKTUBHLIE U IKONMOrMYecku 6esonacHble
TeXHOSIOrMM B ra3oBOM NPOMbILLNIEHHOCTH

K.I. CateHoB', E.M. Cynenmen'?, )X.A. TaweHoB'
KMI™ UnxxuHupuHe, 2. Acmara, KasaxcmaH
2Kasaxckuli yHugepcumem mexHonoauu u busHeca, 2. Acmara, KazaxcmaH

AHHOTALMUA

B cBeTe CTpeMuTenbHOro pasBUTMS «3eNEHOM» SHEpreTMkn C e€ MnepexogoM Ha BO30OHOBNSeMble
MNCTOYHMKN 3HEPTNM CTPaHbl U KPyMNHble TpaHCHaUMoHanbHble HedyTerasoBble Koprnopaummn Bcé bonbLue
OKyCHpYIOTCA Ha NPOrHO3MPOBaHUKM nobarnbHbIX CLUeHapueB MNOTPEOHOCTN MMPOBOW IKOHOMMWKM
B YIMeBOAOPOAHbIX pecypcax. OTU NPOrHO3bl ClyXaT OCHOBHLIM OPUEHTMPOM AN OonpeaeneHus
[anbHenwWwux crpaternin pas3sutus. a3, gobbiBaeMbll U3 NPUPOAHbLIX UCTOYHUKOB, UIPaET KIYEeBYHO
ponb B MMPOBOW 3HEpreTvke U MeXayHapogHOM TOMNUBHOM GanaHce. [MaBHas 3agadva cTpouTensCcTBa
rasonepepabatbiBatollero 3aBoga — obecrieyeHue KasaxCTaHCKMX noTpebuTenen KavyecTBeHHbIM
TOBapPHbIM ra3oM W MOBbILWEHWe CTabuNbHOCTM ra3ocHabXeHns 3a CYET COOCTBEHHbIX PEeCcypCcoB.
[na cooTBeTCTBUS TEXHUYECKMM CTaHdapTaM rOTOBOW MPOAYKUMW TEeXHOMOrmyeckne LenoyKu
rasonepepabaTbiBaloLLMX 3aBOAOB AOMKHbI BKMOYaTb B ce0A BXOAHbIE cenapaTopbl, OCyLUIUTENN rasa,
yCTaHOBKM obeccepuBaHUst U NOMyYeHUs cepbl, CUCTEMbI ra3oPakLMOHNPOBaHKSA, a Takke cuctemy
3aKaykun kucnoro (cblporo) rasa. B gaHHoOW cTaTbe npeacTaBneH 0630p HOBbIX TEXHOMOMMIA NOArOTOBKM
rasa, wucnonb3yemblx B npoLeccax Mpou3BoAcTBa ToBapHoro ras3a. OnucaHbl knaccudumkauus
N KpaTKne XapakTepucTuKM CUCTeM obeccepuBaHns rasa, Bkroyas abcopOLMOHHbIE, aacopOUMOHHbIE
1 MembpaHHble MeTogbl. Takke NpeacTaBneHbl pasfnnyHble TUMbl LLeoNUTOB, UCMOoNb3yeMble B CUCTEMAaX
ocyuwkun. Ocoboe BHMMaHWe yaerneHo npoueccamM 3akayky rasa.

Knroveenble criosa: mosapHbIl 2a3, MPpouecc OCYWKU 2a3a, yCrmaHOo8Ka OYUCIKU 28308 Om KUC/bIX
KOMIMOHEeHMO8, 3aKkayka Cbipo2o 2a3a, yereso0opolbl, UHCMEeKUYUsi cocyda 8He paMOK KanumarbHO20
peMoHma.

Kak umtupoBatb:
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Fbinbimu wony

a3 eHepkacibiHAeri 3aMaHayu aHeprusa XxafblHaH TUiMAi
XX9He 3KOonoruanbIK Kayincis tTexHonorusanap

K.F. CateHoB', E.M. Cynenmen'?, )K.9. ToweHoB'
"KMI™ UHxxuHupuHe, AcmaHa Kanacel, KazakcmaH
2Kasak mexHoroausi xoHe 6usHec yHusepcumemi, AcmaHa Kanacbl, KazakcmaH

AHHOTALUMA

«Xacbln» aHepreTUKaHblH KapKbIHAbI AaMybIH eCKepe OTbIPbIM, OHbIH XXaHapTblNaTbiH SHEPrUs ke3aepiHe
KelyiHe GannaHbICTbl, 6apnblK engep MeH ipi TPaHCYNTTbIK MyHaw-ra3 Koprnopauusnapbl HerisiHeH,
anempaik 9KOHOMUKaHbIH KOMIpCyTEK pecypcTapblHa AereH KaXeTTiniriHiH ahaHablk cueHapuinepiH
bomkayra kebipek keHin Genyge. byn Gomkampap ogaH api gamy crpartervsnapbiH aHblKTanTbiH
Herisri Hyckaynblk 6onbin Tabbinagel. Tabwfn ke3gepdeH anbiHaTbiH ras, anemaik aHepreTvkaga
XOHe OTbIHHbIH Xanblkapanblk GanaHcbliHAa LWelywi pen atkapadbl. [as3apl kaWTa eHaey 3ayblTbiH
canyablH 6acTbl MiHAETI-KasakcTaHAblK TYTbIHYLWbINApAbl cananbl Tayaprnblk ra3beH kamMTamachi3
eTy XaHe e3 pecypcTapbl ecebiHeH rasbeH >xabablkTayablH, TYPaKTbiMbIFbIH apTTbipy. [daibiH eHiMHIH
TexHWKarnblKk cTaHaapTTapbiHa cavikec 6ony yuiH rasapl KanTa eHaey 3ayblTTapblHbIH TEXHOMOMUAMbIK
Ti3bekTepi Kipic cenapatopriapblH, ra3 KenTipriwuTepai, KYKIpTTi KyKipTCi3geHAipy >XaHe KyKipT any
KOHAbIPFbINapbIH, ra3 dppakuusinay xymenepid, CoHaan-ak Kpllkbin (LUMKI) ra3gbl angay xXymeciH kKamTybl
Tvic. ATanfaH Makanaaa Tayapsblk rasgbl eHAipy npouecTepiHae KonaaHbinaTthbliH rasabl AaibliHOayablH,
XaHa TexHororusinapbliHa wWwosy xacanfaH. AGcopbumsanbik, agacopbuusnbik xaHe MemGpaHanblk
aficTepai koca anfaHga, rasfbl KyKipTCi3geHAaipy XyMenepiHiH XKikTenyi MeH Kbickalla cunatramanapbl
GepinreH. KenTipy xynenepinae KkongaHblnaTtbiH LeonuTTepAaiH apTypni Typnepi e ycbiHbinFaH. Epexiwe
Hasap, LWuKi ra3 angay npouecTepiHe ayaapbinagbl.

Hezizzi ce3dep: mayaprnblk ea3, 2a30bl kenmipy yodepici, 2a30apibl KbiWKbl1 KOMIOHEHMMePOeH
masapmy KOHOBIPFbIChI, WUKi 2a30bl alday, Kemipcymekmep, Kypleri xeHOey weHbepiHeH mbIC
bIObICMbI MEKCePY.

[anekce3 KenTipy yLiH:

CameHos K.f., CynelimeH E.M., TeweHos )K.O. a3 eHepkacibiHaeri 3amMaHayyn 3Heprus xafblHaH TUimai
KOHe 3KOMorusinbIK kayincia texHonorusinap // KasakcTaHHbIH MyHal-ra3 canacblHblH xabapuubicel. 2025.
7 ToM, Ne3, 3242 6. DOI: 10.54859/kjogi108801.
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Introduction

One of the characteristic features of gas production
in Kazakhstan is that at most large fields gas
is extracted as a by-product from the oil-gas mixture.
This leads to dependence of gas production volumes
on oil recovery rates.

More than 95% of all explored gas reserves
are concentrated in the western regions
of the country, with over 85% of these reserves
located in large oil and gas fields such as Kashagan,
Tengiz, Korolevskoye and Zhanazhol, as well
as in the Karachaganak and Imashevskoye oil
and gas condensate fields. The reserves
of the largest fields are as follows: Kashagan —
1,353 billion m3, Karachaganak — 741 billion m3,
Tengiz — 510 billion m3".

Design project of gas processing units strongly
depends on gas production compositions, product
specifications and environmental considerations.
The crude feed from Field to Gas Plant contains
solids, hydrocarbons (HC) and H,S, water.

During gas treatment, the raw gas is subject
to purification and drying.

The facilities of the gas treatment processing system
can be conditionally divided into 3 components [1]:
— Field and Gathering System;

— Onplots and Utilities;

— Offplots and Export Systems.

The gas treatment process flow diagram may
include the following equipment:

— Separation Unit;

— Desalination Unit;

— Stabilization Unit;

— Gas compression Unit.

— Blending and distribution of the High-Pressure
(HP) sour gas (SG) stream (which is the product
stream from Separation and Stabilization Units)
between the gas sweetening system and SG
Injection (SGI) facility;

— Sulfur recovery unit (Claus process);

— Tail gas cleanup unit, including SCOT (Claus Off-
Gas Treating Process)/Sulfren/Beavon/Superclaus
and etc. processes [2-3];

— HC liquids recovery unit;

— Sour (Formation) water treatment unit.

On flowcharts for gas treatment is shown in Fig. 1.
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Figure 1. General process flow diagram of the Gas Processing Plants
CPC —Pipeline; DE — Design Engineering; COS — Carbonyl! sulfide; RSH — Mercaptans

At the gas treatment unit, crude oil undergoes
separation, desalting and oil stabilization. Gas
is separated from oil in three consecutive separators
(high, medium and low pressure).

The high-pressure crude gas separated from
the oil is sent to acidic components (H,S and CO,)
gas removal with amine and amine regeneration.
The hydrogen sulfide-saturated amine solution
from the amine treatment unit is regenerated
to release hydrogen sulfide (by stripping)
andrecycletherecoveredamine.SGwithhighhydrogen
sulfide content coming out of the amine regenerator
is sent to the sulfur recovery unit. The sweet high-
pressure gas from the amine treatment unit is sent

to a fractionation unit to produce liquefied petroleum
gas (LPG) and sales gas, which is sent to the gas
pipeline.

Inlet separation

Inlet separation units perform several important
functions:

— Stabilization of crude and gas feeds from
the Field;

— Separation of crude into gas and liquid, which
are recombined in the HP Separator;

— Solids from the Slugcatcher will be removed
before Non-Turnaround Vessel Inspection.

The slugcatchers can be of two types [5]:

' On approval of the General scheme of gasification of the Republic of Kazakhstan for 2023-2030”. Order of the Minister
of Energy of the Republic of Kazakhstan dated September 29. 2023. N 350.

DOI: 10.54859/kjogi1 08801



HAVUYHBIE OB30PhbI Vol. 7, Ne 3

(2025) Kazakhstan journal for oil & gas industry

— Vessel type;

— Finger type.

The Slugcatcher operates at 68 barg and 50-70 °C
under normal operating conditions.

Vessel type slugcatcher are simple vessel
for separation of two phases. Although
the separation efficiency of the vessel is not critical
for the slugcatcher, the vessel volume is important.
At the gas treatment unit, crude oil undergoes
separation, desalting and oil stabilization. Gas
is separated from oil in three.

The vessel must be large enough to accommodate
large liquid slugs that form in the pipeline, especially
when the pipeline pigging.

Gravity
Section

Coalesiong
Section

Inlet baffle o

Mist
- extractor
Oilfgas/water

inlet

Overflow baffle Vortex bresker

Sump

Water

Figure 2. Vessel type slug catcher [6]

Since oil and gas pipelines typically have very high
pressures, a large vessel must be designed for high
design pressures (Fig. 2).

Finger type slugcatchers solve the economic
problem of having to design a large buffer volume
for high design pressures. To create a buffer volume,

ey gas risers

Dry gas outlet

Figure 3. Finger type slugcatcher [7]

multi-pipe slugcatchers use large diameter pipe
pieces instead of a conventional vessel. Since
a pipe is easier to design to withstand high pres-
sures than a vessel, this design offers advantages
in terms of pressure resistance. However, a large
number of pipes are required to provide sufficient
volume, which increases the footprint of the finger
pipe slugcatchers (Fig. 3).

The natural gas after the slugcatchers moves
to separation to remove free water, next gas goes
to gas sweetening unit.

Gas dehydration

Produced natural gas contains moisture, which
adversely affects the processing and transportation
processes, in particular, some hydrocarbons
in the presence of water can form hydrate deposition,
which leads to a reduction in the cross-sectional
area of pipelines and valves, which can, in the case
of complete blockage of the cross-section, cause
an emergency situation [4].
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Figure 4. Process flow diagram of gas production units with combined gas drying processes
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Water from gas may be removal through physical
methods such as adsorption, absorption, memb-
ranes, condensation with using cold, also chemical
methods (CaCl,, etc.) and their different combinations.
Following methods, ordered by popular appeal
in this list, can be used for commercial purposes:

— Absorption — glycol dehydration [8—11];

— Adsorption — zeolites, silicagels [12];

— Condensation — process with injection of hydrate
inhibitors [4];

— Membranes — based on polymers or glassy
polymers [13];

Process flow diagram of gas production units with
combined gas drying processes using molecular
sieves is shown in Fig. 5.

The adsorption method of drying is based
on the use of solid adsorbents. The role of solid
adsorbents can be used zeolites, silica gels.
The selectionof adsorbents depends on the gas
compositions, as it may contain substances
that have a negative effect on the adsorbent, such
as a higher hydrocarbon.

Tab. 1 summarizes the main brands of zeolites
adsorbed by them [15-16].

— Chemical method — using hygroscopic rea- There are chemical agents that ensure almost
gents [14]. Most units worldwide are based complete gas drying [16]. These agents are very
on the first two methods (Fig. 4). difficult or even impossible to regenerate [17].
Sales gas
Propane
>
Dewpoint control Distillation Butane
Ca+
P Acid gas Sulphur
Gas injection Gas Treatment Sulphur
Gas
dehydration unit Recompression
Field plant | ]
; Raw oil
: Gathering system !
Production well > . ol Inlet Separator Crude -
eine vl P Stabilization

Figure 5. Process flow diagram of gas p

roduction units with combined gas drying

processes using molecular sieves

Table 1. Basic brands of industrial zeolites

# Zeolites I_’ore Sorbates
grades | size, A
1 3A 3 small molecules — H,O, NH;
small molecules — H,0, NH;, H.S, CO,,
2| 4 4 CaHs, CaHa, CaHe
small molecules — H,0, NHs, H,S, CO,,
3 5A 5 C;Ha, CoHe, C3Hg, Cs........ Cz,, CClF,
C,HsOH
small molecules — H,O, NH3, H,S, CO,,
4 13X 10 C;H,, C;He, C3Hg, Cs......... C32, CCl,F,
C,HsOH, ethanol homologues

Gas sweetening process

For gas sweetening usually, next technologies

are used:

— Regenerative absorption;

— Regenerative adsorption;

— Separation of sour gas on membranes;

— Non-generative approaches.

The select of the Best Available Technique depends
on a number of factors:

— Concentration of sour gas components in the feed-
stock;

— Feedstock flowrate;

— Process pressure;

— Environmental requirements and others.

To achieve sales gas specifications, a combination
of several methods is used in some cases [18].
Absorption processes for gas sweetening remain
the most cost-effective for large-capacity sales gas
production. There are many variations processes,
organized into three groups [19-20]:

— Chemical absorption processes;

— Physical absorption processes;

— Processes with physical-chemical absorbents.

In chemical absorption processes, sour gases dissolve
in the absorbent and then react chemically with it.
Absorbents interact with hydrogen sulfide, carbon
dioxide and, to some extent, with carbon disulfide
(CS,) to form water-soluble salt and water.

The best-known amines are used following gas
sweetening processes:

— Monoethanolamine;

Diethanolamine;

Triethanolamine;

Diglycolamine;

Diisopropanolamine;
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— Methyldiethanolamine.

Mono- and diethanolamine have the maximum
practical application.

The most common physical solvents for gas
sweetening processes are Polyethylene Glycol
Dimethyl Ether, methanol, N-methyl-2-pyrrolidone
and propylene carbonate [21-22].

As noted in articles [23—24], physical absorbents
have a lower specific flow rate in relation
to the gas flow rate compared to amine solutions.
Fine gas cleaning by physical solvents will require
the addition of additional treatment steps.
Absorption processes for the gas treatment
are described in more detail in articles [25-27].

The main sweetening processes of natural gas
are shown in Tab. 2.

In the production sales gas as fuel, the gas
from sweetening unit must be subjected to fine gas
cleaning by additional processes [28].

Table 2. Absorption treatment of gases from sour

compounds
Name
of the Processes Advantages Disadvantages
process
Absorption Low efficiency '
. " Low degree  |of mercaptan extraction.
Chemical | by amines, ) )
X o of equipment Formation of heat
absorption |  Flexorb®, . N
e corrosion stable salts with carbon
Benfield oy
dioxide
Selective gas
Selexol®, treatment Heavy energy
Physical Fluor from hydrogen consumption
absorption |  Solvent®, sulfide and for absorbent
Purisol® other sour gas regeneration
components
Absorbents Heavy ener
. Sulfinol®, treatment Y energy
Hybrid © consumption
- Ucarsol®, of gases
absorption o for absorbent
Ecosorb' from hydrogen .
sulfide regeneration

Gas injection

Main process flows of the gas injection unit:

— HPraw gas to the inlet of the injection compressor;
— Compressed HP raw gas for injection;

— Sales gas to feed the turbine and seal gas
COmpressors;

— Hydrocarbon condensate
stations.

Since 2004, Kazakhstan has been implementing
gas injection programs using associated petroleum
gas to maintain reservoir pressure [29-31].
The projected volumes of sour gas injection will
be 31.7 billion m® in 2025 and 41 billion m* in 2030".
The associated raw gas intended for injection
is dried to remove all water and heated
so that the gas temperature at the compressor
inlet is above the hydrocarbon dew point. During
normal operation, this prevents the formation

to field metering

of hydrocarbon liquid in the pipeline and deposits
in the sludge trap on the compressor station
raw gas line. However, condensation cannot
be avoided during start-up, shutdown and other
cases where the pipeline temperature drops.
Therefore, in such cases, provision is made
to remove the sulfur-containing liquid if necessary.
Liquid condensate accumulated at the compressor
station is returned back to processing through
the central field manifold. Injection compressor
including the three-stage turbine-driven injection
compressor, the interstage knockout drums
and air-cooled heat exchangers, seal gas comp-
ressor system and fuel gas conditioning skid.

The gas injection process is shown in Fig. 6.
Injection of gas back into the oil reservoir allows
increasing oil recovery. Operation of the SGI
at the Tengiz field provides about 25% of the total
Tengizchevroil oil production [32].

Gas injection also ensures maintenance of reser-
voir pressure, while the need for associated
gas utilization (processing, storage and sale
of by-products, sulfur recovery from hydrogen
sulfide) disappears?.

Conclusion

This scientific article analyzes modern gas
treatment and dehydration technologies used
in natural gas production process. The paper
classifies and briefly reviews the characteristics
of purification systems, such as absorption,
adsorption and membrane systems, and considers
different types of zeolites used in dehydration
plants. A special place in the study is given to gas
injection technologies.

It is shown that energy efficiency of natural gas
purification and dehydration processes depends
on the use of a particular type of adsorbent,
and also depends on the conditions of the process,
primarily on the water content of the gas entering
the plant and the thermal regime of the dehydration
process.

The kinetics of the process is affected by adsorbent
granule sizes, also resistance of the adsorbent layer
increases. Small adsorbent particle size improves
the kinetics process, but at the same time upgrades
the layer resistance.

The most important parameter determining
the absorption capacity of the desiccant layer
is the relative gas humidity. The higher

the relative humidity, the higher the adsorbent
activity. At longer contact time “gas-adsorbent”,
and, consequently, lower gas velocity, the depth
of drying and the duration of the layer operation up
to the moment of slip increase.

For the achievement of the very low dew point
of the dehydrated gas, deeper adsorbent
regeneration is required, which is realized by using
desorption process of the dry gas.

' On Approval of the General Scheme of Gasification of the Republic of Kazakhstan for 2023 — 2030. Order from the Minister
of Energy of the Republic of Kazakhstan dated September 29. 2023. N 350.

2 Handbook of Best Available Techniques “Oil and Gas Production”. 5.9.2 Gas injection into the reservoir. Government decree
of the Republic of Kazakhstan dated December 27. 2023. N. 1202.

3G e DOI: 10.54859/kjogi108801



REVIEW ARTICLES Tom 7, Ne 3 (2025) Becrauk Hedrera3oBoit orpaciu Kasaxcrana
fuel gas fuel gas
X Gas compressor
#  Sulphur = Staton
*  Propane
Gas Plant Butane Heating and
= dehydration
4 = Sales gas
» Stabilized oil ~ Sour gas
Sulphur
gEaJ;ihsetirji-lr?g Oil gathering Qil Gas / Sulphur Sales gas Lnlzfe[:-;m
system system processing processng Propane y
Butane
Qil-gas mixtures
Qil-gas mixtures -
Reservoir

Figure 6. General block diagram of gas injection process
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Review article

Oil and Algorithms: How Artificial Intelligence Turns Data
into Energy

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

ABSTRACT

The article explores howartificial intelligence is applied in the oil industry, with a focus on transforming
data into new energy sources. Al is used to optimize oil extraction and refining processes, leading
to higher productivity, lower costs, and improved safety. The use of advanced algorithms -
such as machine learning and the Internet of Things - significantly enhances forecasting accuracy,
reveals hidden patterns, and enables automation. These technologies support effective risk
management, cost reduction, and faster operations, while also improving environmental sustainability.
Al encourages the efficient use of natural resources and helps reduce environmental impact, improving
both the economic and environmental performance of oil companies. Overall, the use of Al in the oil
industry creates new opportunities for cleaner, more efficient production, making operations more
sustainable over the long term.

Keywords: artificial intelligence; oil industry; forecasting; automation.
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Hayu4HbI 0630p

HedhTb n anropntmbl: Kak UCKYCCTBEHHbIN MHTENJIEKT NpeBpaLlaeT
OaHHble B 3Hepruro

A.B. CentumbeToBa, A.C. lUynbruHa-Tapauwyk, A.C. CmannoBa
KapazaHOuHckuli yHusepcumem umeHu akademuka E.A. Bykemosa, 2. KapazaHOa, KazaxcmaH

AHHOTALUUA

B ctatbe paccmaTpuBaeTcsl NpUMeHeHMe UCKYCCTBEHHOTO MHTENSeKTa B HEITAHOM NPOMBILLNIEHHOCTH,
ocoboe BHUMaHve yaensietcst TpaHcopMaLumMn AaHHbIX B HOBbIE UCTOYHUKM 3HEPrun. VICKyCCTBEHHbIN
WHTENMeKT Uucnonb3yeTcsa [Ans  OnTUMM3auuM MnpoueccoB [o6bluM M nepepaboTkm  HedTH,
YTO CMOCOBCTBYET NOBLILLEHWIO NPOW3BOAMTENBHOCTU, CHKEHUIO 3aTpaT U yBenuyYeHnio 6e30nacHoCTy.
BHegpeHue WHHOBALMOHHBLIX anropuTMOB, TakMX Kak MallMHHOe obyyeHue U WHTEpHEeT Bellew,
NO3BOMSAET 3HAYUTENBHO YMyyllaTb TOYHOCTb MPOrHO3MPOBAHUS, BbISIBNATL CKPbITbIE 3aKOHOMEPHOCTH
M aBTOMaTM3MpOBaTb MPOLIECChl. DTU TEXHOMOrMM MomoralT 3MMEKTUBHO YNPaBNATb puUcKamMu,
MWHMMW3MPOBATL 3aTpaThl U YCKOPSATL Onepauuu, a Takke MOBbILIAKT 3KOMOMUYECKYI YCTOWYMBOCTb.
WCKYCCTBEHHBI WMHTENNEKT CcrnocoGCTBYET pauMOHanbHOMY MCMONb30BaHWIO MPUPOOHBLIX PECYPCOB
N CHIDKEHMIO BO3OENCTBUS Ha OKpYXKaloLLyto cpedly, ynydllas Kak 3KOHOMUYEeCKue, Tak U 9KONormieckme
nokasaTenim HedTsHbIX KOMMNaHuiA. B Lenom ncnonb3oBaHWe UCKYCCTBEHHOMO UHTEMNEKTa B HETSIHOW
OTpacnu OTKPbIBAET HOBblE BO3MOXHOCTU Ansi 6onee 3pdeKTMBHOTO U 3KOMormyeckn GesonacHoro
NPOU3BOACTBA, Aenas npouecchl 6ornee yCToMYnBLIMU B [ONTOCPOYHON NepcnekTuBe.

Knroyeeble crioea: UCKYCCMBEHHbIU UHMenneKkm, HehmsiHasi poOMbIUIIEHHOCMb, MPO2HO3UpPOo8aHUe,
asmomamu3ayusi.
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FbinbiMu wony

MyHan xxaHe anropuTmMmaep: XacaHAbl UHTENNEKT AepeKkTepai
3Heprusafa Kanam amHanablipagbl

A.B. Centimb6eToBa, A.C. LlynbruHa-Tapaiuyk, A.C. CmanbinoBa
Akademuk E.A. Bekemoe ambiHOarbl KaparaHOb! yHugepcumemi, KaparaHOb! Kanacbl, KasakcmaH

AHHOTALMA

Makanaga nepektepai kaHa aHeprus kesaepiHe anMHangblpyra 6aca Hasap aygapa OTbipbin, MyHan
eHepkacibinae acaHabl MHTENNEKTTIH KONAaHbINYbl kapacTblpblnagbl. XKacaHabl UHTENNEKT eHIMAINIKT
apTTbipyfa, LWhbIfbIHAAPAbI a3anTyFa >XKaHe KayincCi3aikTi apTTblpyFa blKnan eTeTiH MyHanW eHaipy
)XoHe eHAeYy NpoLecTepiH OHTannaHabIpy YLWiH kongaHbinaabl. MawmHanbik okbITy oHe 3atTap MHTepHeTi
CUAKTbl MHHOBAUMANbIK anropuTtMaepai eHridy Gorkay [AenairiH, XacblpblH yirinepai aHblKTayabl
XeHe  mnpouecTepdi  aBTOMaTTaHAblpydbl  anTaprnblKTan  KakcapTagbl. byn  TexHonorusnap
Toyekengdepdi Tuimai OGackapyfa, LWbiFbIHOAPAblI as3aniTyFa >XoHe onepauusinapabl xepengertyre,
CoHOam-aK SKOMOTUAMNbIK TYPaKTbINbIKTbI apTTbipyfa kemekTeceni. XXacaHObl WHTENnekT Tabwu
pecypcTapabl YTbiIMAbl NavaanaHyfa blknan eTefi XeHe KopluaFaH opTafa acephi asamtagbl, MyHaun
KOMMNaHWANapbiHbIH  9KOHOMMKArmbIK 8HEe 9KOMOrusanblK KepCeTKIWTepiH xakcaptagbl. TyTactan
anfaHga, MyHan eHepkacibiHae >xacaHgbl MHTENNeKTTi nanganaHy TMiMAIpeK xaHe 3KONOrusnbIK Tasa
OHAIpIC YLiH )XaHa MyMKIHAIKTEp alagbl.

Hezizzi ce3dep: xacaHObl UHmMeriekm, MyHal eHepkacibi, bomkay, asmomammaHOobipy.
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Introduction

Today’s oil and gas industry faces numerous
challenges, including the need to improve production
efficiency, reduce environmental risks, and lower
costs across all stages of the production cycle.
Amid global climate change, rising energy demand,
and growing operational costs, finding innovative
solutions to improve efficiency has become a top
priority for the industry. One of the most promising
tools for addressing these challenges is artificial
intelligence (Al), which can convert large volumes
of data into valuable insights and practical
solutions [1].

In recent years, Al has been actively introduced
into various aspects of the oil and gas industry,
from equipment monitoring and fault prediction
to drilling optimization and logistics management.
Machine learning algorithms and big data analysis
can significantly enhance forecasting accuracy,
accelerate decision-making, and strengthen process
control — ultimately reducing costs and improving
operational safety.

This article aims to explore how Al, through
data integration, serves as new “energy driver’
for the oil and gas industry, supporting both
economic growth and environmental sustainability.
The paper examines key areas of Al application
in this oil and gas sector, outlines its advantages
and challenges, and discusses potential directions
for future technological development and optimization.

Literature review

In the oil and gas industry, Al not only boosts
efficiency, but also helps reduce costs, enhance
safety, and support environmental sustainability.
Modern data processing technologies and Al
algorithms enable the industry to address a wide
range of challenges — from improving production
efficiency to predicting equipment failures [2].
Practical Applications of Al in Kazakhstan. In recent
years, a number of Al-driven projects have been
launched in Kazakhstan’s oil and gas sector.
A study by E.S. Kolbikova demonstrates the use
of machine learning algorithms (including clustering
and the nearest neighbor method) for lithofacies
classification and forecasting reservoir properties
using geophysical data [3]. Zhetruov Zh.T,
et al. demonstrated improved transparency
and explainability of predictive models of neural
network-based predictive models for managing oil
field development [4].

Big Data Analysis in The Oil and Gas. Today, oil
companies generate massive volumes of data —
from seismic surveys to equipment performance.
Al enables efficient processing of this data,
accelerating decision-making and enhancing
forecasting accuracy. For example, machine learning
algorithms are applied to sensor data to accurately
identify hydrocarbon reservoirs and optimize drilling
strategies.

Failure Prediction
Enhancement. Al is
to monitor
potential

and Operational Safety
increasingly being used
equipment conditions and predict
failures. Neural networks and other
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algorithms analyze sensor data and help prevent
costly failures, reduce downtime, and enhance
operational safety. Al systems provide timely
warnings of possible failures, helping to ensure more
stable operations.

Automation and Enhanced Oil Recovery (EOR)
Methods. Al supports the implementation
of advanced oil production techniques, including
EOR. Algorithms analyze geophysical data
to identify the most effective strategies
for injecting water or carbon dioxide into reservoirs.
This approach increases oil recovery rates while
reducing the chemical costs.

Environmental Monitoring and Emission Control.
The oil and gas sector increasingly relies on Al
to monitor emissions and mitigate environmental
risks. Algorithms can detect gas or oil leaks
in real time, enabling rapid emergency response
and minimizing environmental damage.
Optimization of Logistics and Inventory Management.
Al is also used to streamline logistics, enhance
inventory management, and forecast resource
needs. Data-driven algorithms enable accurate
route planning and reduce logistics costs.

Materials and methods

The oil and gas sector has long been one
of the most dynamic and capital-intensive
industries. In recent years, Al and data processing
algorithms have become key drivers of process
optimization across all stages, from production
and transportation to hydrocarbon processing.
However, several important aspects remain underex-
plored in the literature, despite their potential
significance for the industry’s future.

Integrating Diverse Data Sources in Geologically
Complex Reservoirs. One of the key challenges
in the oil and gas sector is managing the wide
range of data types originating from different
sources — such as drilling rigs, pressure
and temperature sensors, equipment monitoring
systems, geological reservoir data, satellite
images, and aerial photographs. This data is often
non-standardized, and highly variable in format.
Al can play a crucial role in harmonizing
this heterogeneous data into unified systems,
enabling more accurate modeling of well dynamics
and equipment performance. A major limitation
is that current algorithms often struggle to efficiently
process such heterogeneous data. This highlights
the need for new machine learning techniques
capable of handling multimodal data (text, numeric,
images, etc.), which would enable real-time
forecasting and data-driven decision-making [5].
Al-Driven Development of Advanced Oil Recovery
Methods. Enhanced Oil Recovery (EOR) techniques
include injecting carbon dioxide, water-based
fluids, or chemicals to increase reservoir output.
Despite advances in these technologies, many
reservoirs around the world remain underutilized,
and conventional extraction methods fail to recover
a significant portion of the oil. In this context, Al
can support the development of more effective
tools for predicting the fluid behavior in reservoirs
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and optimizing EOR strategies tailored to specific
geological conditions.

By analyzing historical data and seismic data, Al can
identify the most effective injection method for each
stage of field development, helping to avoid the cost
of deploying inefficient technologies.

Al-Based Approaches to Forecasting Equipment
Failures and Industrial Accident. In the oil and gas
industry, equipment-related accidents often occur
during periods of peak production, when operational
systems are under maximum stress. However,
beyond traditional forecasting methods based
on statistical data, Al can analyze the equipment
behavior in real time, detect subtle patterns,
and anticipate breakdowns by identifying early-stage
anomalies in system performance [6].

Modern machine learning algorithms, such as neural
networks, can not only assess the current condition
of equipment, but also detect subtle data anomalies

that often go unnoticed by human operators. Such
early-stage anomalies may appear weeks or even
months before a failure and allow for proactive
maintenance planning, helping to prevent critical
incidents [7].

Autonomous Oil Production Systems Powered by Al.
A particularly promising direction is the development
of autonomous oil rigs capable of operating in remote
and inaccessible environments. By integrating Al
with robotics and Internet of Things technologies,
it becomes possibile to develop rigs that not only
perform routine operations autonomously, but also
adapt to changing external conditions, predict
maintenance needs, and determine optimal operating
modes without human intervention [8].

For example, driling rigs can be designed
to automatically adjust their operational parameters
in real time based on sensor data received at specific
depths. Additionally, these rigs may be equipped

Online Python Compiler

numpy as np
pandas as pd

sklearn.model_selection

sklearn.linear_model

train_test_split
LinearRegression

sklearn.metrics mean_absolute_error

np.random.seed(42)

data = {
“Pressure (bar)": np.random.uniform(10@, 3ee, 16e),
“Temperature (°C)": np.random.uniform(5@, 150, 100),
"Permeability (mD)": np.random.uniform(10, 1000, 160),

Input 53 Output =

Mean Absolute Error of the model:
Predicted oil output: 568.08 barrels,

"0il Output (barrels/day)": np.random.uniform(20@, 100e, 1e@)

}
df = pd.DataFrame(data)

X = df.drop(columns=["0il Output (barrels/day)"])
y = df["0il Output (barrels/day)"]

X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_statez42

model = LinearRegression()
model.fit(X_train, y_train)

y_pred = model.predict(X_test)

error = mean_absolute_error(y_test, y_pred)

(f"Mean Absolute Error of the model: {error:.2f} barrels/day")

Figure 1. Program

with self-diagnostics and self-healing systems
to minimize human error and lower maintenance
costs [9].

Digital Transformation in the Oil and Gas Industry.
Despite rapid progress, most oil companies
still rely on conventional methods of production
management and oil extraction. Shifting to digital
and more sustainable technologies requires
not only the adoption of advanced digital
solutions, but also a cultural transformation within
the organizations. Al plays a critical role
in accelerating this transition by enabling companies
to leverage new data sources, generate more
accurate forecasts and streamline operations.
An often-overlooked factor is the role of digital
infrastructure in shaping the broader oil and gas
ecosystem. Effective Al integration demands high-
speed, secure communication channels, and new
models of collaboration with data and equipment
providers. Seamless Al-enabled collaboration across

DOI: 10.54859/kjogil1 08819

the supply chains lays the foundation for developing
digital twins of fields and production systems [10].

Al and Environmental Sustainability in Oil and Gas.
Al enhances not only operational efficiency but
also environmental sustainability. This is achieved
through accurate carbon emission forecasting,
more efficient resource utilization, and reduced
atmospheric pollution. For instance, Al can minimize
methane emissions by predicting leak locations and
associated risks in real time during oil production
and refining [11].

Fig 1 llustrates a Python-based simulation
that generates synthetic data on pressure,
temperature, permeability, and oil output, and trains
a linear regression model. This program uses
historical data to train the model, evaluate its accuracy,
and forecast oil output on new input parameters [12].
This program performs the following tasks:
— Generates synthetic datasets for
temperature, permeability, and oil output.

pressure,
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— Builds a linear regression model to estimate
oil output from input features.

— Trains and validates the model on historical data.
— Generates oil output predictions for new input
values.

Fig. 2 presents a scatter plot comparing actual
and predicted oil output values. The red dashed line
indicates perfect prediction alignment. Fig. 3 shows
a 3D scatter plot of pressure, temperature, and oil
output, visualizing the relationships among these
key parameters [13].

The figures illustrate the effectiveness of machine
learning models in predicting oil output using
key parameters such as pressure, temperature,
and permeability. The linear regression model
presented in Fig. 1 offers a basic framework for
analyzing historical data and generating accurate
predictions [14]. The scatter plot in Fig. 2 highlights

Actual vs. Predicted Oil Output
1000

900
800
700

600 2

Predicted Oil Output (barrels/day)

200 300 400 500 600 700 800 900 1000
Actual Oil Output (barrels/day)

Figure 2. Actual vs. Predicted Oil Output

the correlation between actual and predicted
values, offering insights into the model’s accuracy.
Additionally, the 3D visualization in Fig. 3 helps reveal
the complex interdependencies among variables,
demonstrating how Al can enhance decision-making
in oil production.

These visualizations highlight the value of Al-driven
data analysis in optimizing oil production, reducing
operational risks, and enhancing efficiency. Future
developments may include more sophisticated
machine learning models, deeper feature analysis,
and real-time predictive analytics to further refine
accuracy and adaptability in oil and gas systems [15].

Results and Further Research Prospects

Al integration in the oil and gas industry already
demonstrates strong potential to enhance
operational efficiency and safety across all stages
— from exploration and production to hydrocarbon
processing and transportation. Al supports process
optimization, cost reduction, enhanced operational
monitoring, and improved safety at production
facilities. However, unlocking the full potential
of Al in this domain requires addressing several
key challenges. First, new methods are needed
to effectively process heterogeneous, unstructured
data from diverse sources. Second, more advanced
algorithms are required to handle large-scale data
processing in real time, enhancing both predictive
accuracy and decision-making speed.

Future research should focus on developing
next-generation enhanced oil recovery systems,

QY e

advancing failure prediction techniques, and further
automating production and refining processes.
A key driver of future progress will be the integration
of Al with other advanced technologies, including
the Internet of Things and robotics — enabling
the development of autonomous and highly efficient
oil production systems.

Another  critical aspect is  environmental
sustainability, achievable through precise emission
forecasting and optimized resource utilization.
Through the adoption of Al, the oil and gas
industry can significantly improve environmental
performance, operational safety, and cost efficiency.
The continued evolution of this field relies
on advancing technologies that integrate Al,
robotics and data analysis — paving the way
for more intelligent and adaptive systems capable
of addressing the challenges of the future [16].

3D Visualization of Pressure, Temperature, and Oil Output

Figure 3. Visualization of Pressure,
Temperature and Oil Output

Conclusion
In recent years, Al has become an integral
component of the oil and gas industry, offering
new solutions to both long-standing and emerging
challenges — including improving production
efficiency, optimizing equipment management,
reducing costs, and mitigating environmental risks.
Al applications in this field significantly enhance
data processing and analysis, enabling more
accurate prediction of reservoir behavior and early
detection of equipment anomalies.
Applying machine learning to data from sensors,
geophysical logs, and seismic surveys enhances
decision-making accuracy in drilling and exploration.
This not only accelerates operations but also reduces
the risks associated with inaccurate forecasts.
At the same time, Al algorithms also enable
early prediction of equipment failures, minimizing
unplanned downtime and repair costs.
The integration of Al with real-time monitoring
and process automation systems helps oil and gas
companies enhance safety and mitigate negative
environmental impact.
Al-powered enhanced oil recovery enables more
efficient resource utilization in mature and depleted
fields. This approach helps reduce costs and increase
production, and minimize environmental risks [17].
In the context of environmental sustainability, Al is
actively used to monitor emissions of carbon dioxide,
methane, and other pollutants. This helps prevent
environmental incidents, and ensures compliance
with increasingly stringent regulations.
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Al also plays an important role in optimizing
logistics and inventory management, helping
to reduce hydrocarbon transportation costs
and improve supply chain efficiency. Through
Al-based demand forecasting and route optimization,
companies can streamline logistics operations
and further lower distribution costs. However, fully
realizing Al's potential in the oil and gas sector
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OerMHaanoe unccnegosaHue

AHanus cCTpyKTypbl OBUTYMHO-NONMMMEPHbLIX KOMMO3UTOB
no aaHHbIM UK-cnekTpockonuu

XK. CenteHoBa', A.l. Cbizabik?, A.E. xekcembaeBa?, P.M. AiocoBa®

'Accoyuayus npouszsodumerneli u nompebumenelt Heghmezaazoxumudeckol npodykyuu, . Acmana,
KazaxcmaH

2Egpasultickull HayuoHasbHbIl yHusepcumem um. J1.H. Nymuneesa, e. AcmaHa, KazaxcmaH
STopaliebipos YHusepcumem, 2. lMaenodap, KasaxcmaH

AHHOTALMUA

O6ocHoBaHue. Vicnonb3oBaHWe  OUTYMHO-NONMMMEPHbIX  KOMMO3UTOB  SBMASIETCS  aKTyanbHbIM
HanpaeneHnem Ans  YNyylWeHUs 3KCMMyaTauMOHHbIX —XapakKTEePUCTUK OUTYMHbIX MaTepuanos
B [JOPOXHOM CTPOUTENbCTBE. V3ydeHue CTPYKTypbl U MEXaHW3MOB B3aWMMOAEWCTBUS KOMMOHEHTOB
B TaKMX KOMNO3ULIMAX NO3BOMSET ONTUMU3NPOBATL COCTaBbl M NOBLICUTL KAYECTBO KOHEYHOTO NPOAYKTa.
Lenb. Lienbto paboTbl ABNSETCA MCCnegoBaHue CTPYKTYpbl 1 XapakTepa B3anMoaenCcTBMUS KOMMOHEHTOB
BUTYMHO-NONMUMEPHBIX KOMMO3WUTOB Ha OCHOBE OWTymMa, nonunponuneHa W TSXENbIX HedTSAHbIX
OCTaTKOB C MCMOMb30BaHNEM MeToaa uHdpakpacHow (aanee — MIK) cnektpockonuu.

MaTtepuanbl n metoabl. B nccnegosaHum mcnone3doBanu metopn WK-cnektpockonuu ans aHanusa
CTPYKTYPHbIX W3MEHEHWI B KOMMO3uTax. M3yyanucb CREKTPbl WCXOOHbIX KOMMOHEHTOB (6uTyma,
nonunponuneHa, TEXENbIX HeMTAHbIX OCTaTkoB) M moauduumpoBaHHoro 6utyma. [lposBogunu
CpaBHUTENbHbBIN aHanu3 MONOXEHNSA M MHTEHCUBHOCTM XapakTepUCTUYECKUX MOroc MOrMOLEHNUs,
COOTBETCTBYHOLLMX OCHOBHbIM (DYHKLMOHAMbHBLIM rpynnam.

PesynbraTtbl. YCTaHOBMEHO, YTO NPV BBEOAEHUWN MONUMNPONMIIEHa NPOUCXOOSAT M3MEHEHMS B CnekTpax
nornowleHms 6utyma, ocobeHHO B 0bnactu BaneHTHbIX konebaHuii yrnepoa-BoaoOpPOAHbIX W yriepoa-
KMCMOPOAHbIX CBsi3e. OTO CBMAETENLCTBYET O CTPYKTYPHbIX Npeobpa3oBaHusx 1 nepepacnpegeneHnm
MOMEeKYNspHbIX B3avMOZEWCTBMN B cucTeme. [lononHuTenbHoe BBEAEHWE TAXKENbIX HeMTAHbIX
OCTaTKOB ycunuBaeT 3TN apdekTbl, MPUBOAA K U3MEHEHMIO (DU3NYECKNX XapaKTEPUCTUK KOMMO3uUTa,
B YacCTHOCTW, YyBEMUYEHWIO TemnepaTypbl pasMArdYeHUs W CHMKEHUIO neHeTpauun. [lokasaHo,
YTO CTeneHb B3aVMOQEWNCTBMA KOMMOHEHTOB 3aBUCUT OT KOHLEHTpauuu nonmumepa M YCroBun
mMogudmkauun.

3aknioyeHue. [lonyyeHHble pesynbTaTbl  PacKpbIBAOT  MeEXaHu3Mbl  CTPYKTypooGpa3oBaHust
1 B3aMMOAENCTBUSI KOMMOHEHTOB B BUTYMHO-NONMMEPHbBIX KOMNO3nUTax, obecneunsas Hay4Hyt0 OCHOBY
Ans onTyMU3aummn peuentyp moauduLmpoBaHHbix 6utymoB. Pabota cnocobcTByeT pa3Butuio METO40B
MCCNeaoBaHNs U paclUMPEHNO NPUMEHEHUst BUTYMHbIX MaTepuanoB B CTPOUTENbHON U OOPOXHOMN
VHOYCTPUN.

Knroveenie croea: bumymHo-nonuMepHsil komno3um, VMIK-criekmpockonusi, nonunponuieH, msxénbie
HegbmsiHble ocmamku, hyHKUUOHarbHbIe 2pyrinbl, CMPYKMYypHbIe npeobpa3osaHusi.
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Analysis of the Structure of Bitumen-Polymer Composites based
on IR Spectroscopy Data
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ABSTRACT

Background: The use of bitumen-polymer composites is a relevant and promising approach
to improving the performance characteristics of bituminous materials in road construction. Studying
the structure and interaction mechanisms of components in such composites enables the optimization
of formulations and enhancement of the final product’s quality.

Aim: The aim of this research is to investigate the structure and the nature of interactions between
the components of bitumen-polymer composites based on bitumen, polypropylene, and heavy petroleum
residues using infrared (IR) spectroscopy.

Materials and methods: The IR spectroscopy method was used to analyze structural changes
in the composites. The spectra of the initial components (bitumen, polypropylene, heavy petroleum
residues) and the modified bitumen were studied. A comparative analysis of the position and intensity
of characteristic absorption bands corresponding to the main functional groups was carried out.
Results: It was found that the introduction of polypropylene causes changes in the bitumen absorption
spectra, particularly in the region of the stretching vibrations of carbon-hydrogen and carbon-oxygen
bonds. This indicates structural transformations and redistribution of molecular interactions within
the system. The additional incorporation of heavy petroleum residues amplifies these effects, resulting
in changes in the physical properties of the composite, — notably, increasing the softening temperature
and decreasing penetration. It was shown that the degree of interaction between components depends
on polymer concentration and modification conditions.

Conclusion: The obtained results reveal the mechanisms of structure formation and component
interaction in bitumen-polymer composites, providing a scientific foundation for optimizing modified
bitumen formulations. The work contributes to the development of research methodologies and expands
the application of bituminous materials in construction and road industries.

Keywords: bitumen-polymer composite; IR spectroscopy; polypropylene; heavy petroleum residues;
functional groups; structural transformations.
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TynHycka 3epTTey

UK-cnekTpockonusa aepekTepi 6oMbiHWA GUTYM-Nnonumeprni
KOMNO3UTTEpPAiH KYPbINbIMbIH Tangay

XK. CenteHoBa', A.F. Cbizabik?, A.E. [)xekcemb6aeBa?, P.M. OiocoBa®
"MyHau-2a3-xumusi eHiMOepiH eHOipywinep MeH mymbiHywbinap Kaybimoacmsirbi (MyHal-eaz-xumusi
KaybiMOacmblifbl), AcmaHa Kanacel, KazakcmaH

2[1.H. N'ymunee ambiHOarbl Eypasusi ynmmbIK yHUgepcumemi, Acmaxa Kanacel, KazakcmaH
3Topalirbipos YHusepcumemi, [asnodap kanacei, Kasakcmat

AHHOTALUUA

Herizgey. Butym-nonumepni kKoMno3uTTepai NanaanaHy Xon KypbinbiCbiHAa BUTyM matepvangapbiHbIH
navganady cunatramanapbiH  JKakcapTygblH — e3ekTi  GafbiTel  Gonbin  Tabbimagel.  MyHaaw
KOMMo3uuusinapaarbl KOMMNOHEHTTEPAIH e3apa 9peKeTTEeCYiHiH KypblnbiMbl MEH MeXaHU3MAEepiH 3epTTey
KOMMO3nuusinapAbl OHTannaHabIpyFa )XeHe COHfbl OHIMHIH canacblH apTTblpyFa MyMKIHAIK 6epeai.
MakcaTtbl. 2KyMbICTbIH MakcaTbl MHpakbi3bin (byaaH api — WIK) cnekTpockonusa aficiH nawpganaHa
OTbIpbIN, OUTYM, MNONMUMPOMMIEH >OHe ayblp MyHan KangplkTapbl HeridiHaeri GuTym-nonumepni
KOMMO3UTTEP KOMMOHEHTTEPIHIH KypbIibiMbl MEH ©3apa 9peKeTTecy cunaTtbiH 3epTTey 6onbin Tabbinagbl.
Martepunanpap meH apgictep. 3eptrey OapbiCbiHOa KOMMO3UTTEpAEri KypbinbiMAblK e3repictepgi
Tangay ywid WK cnektpockonusa agici kongaHabl. bactanksl KOMNoHeHTTepaiH, (buTyM, monunponuneH,
ayblp MyHan kangblKTapbl) aHe MoauduKaumanaHFaH OWUTYMHbIH cnekTpriepi 3epTtengi. Heriari
dyHKUMOHanabpl TOoMTapfFa CaWKec KeneTiH cunatTamanblk  CiHipy >KOnakTapblHbIH - Xafgawibl
MEH KapKblHAbINbIFbIHA CanbICTbIpManb! Tangay Xyprisingi.

HoaTtuxenepi. MNonunponuneHai eHrizy kesiHge OuTymabl CiHipy cnekTpnepiHge, acipece kewipreri-
cyTeri >xeHe KeMipTeri-oTTeri OanaHbiCTapbiHbIH BaneHTTik Tepbenici anmarbiHoa e3repicTepAiH
B6onaTbiHbl aHblKTandbl. byn >xynegeri Monekynanblk e3apa apekeTTecynepaiH KypbinbIMAbIK TYpneHyi
MeH kanta GeniHyiH kepceTtei. Ayblp MyHaW KanablkTapbliH KOCbiMLLA eHridy Byn acepnepai kywenTegi,
KOMMO3UTTIH hm3unKarnblk cunatTamanapblHblH ©3repyiHe, atan anTkaHaa )XyMcapTy TeMmnepaTypachbIiHbIH
XOfFapbifnayblHa XaHe eHyfiH (neHeTpauusiHbiH) TemeHaeyiHe okenepi. KomnoHeHTTepaiH e3apa
9peKeTTecy Adpexeci MoNMMep KOHLEHTpauMsaChiHa aHe Moaudmkaums xaraannapbiHa 6annaHbiCTb
eKkeHAjri kepceTingi.

KopbITbiHAbI.  AnblHFaH — HaTwxxenep  MogudukauusnanFaH OuTymaapabliH - peuentypanapbiH
OHTannNaHAbIpyablH, FbilbIMW HEFi3iH KamTaMacbl3 eTe OTbIpbin, OMTym-nonumepni KOMNo3uTTepaeri
KOMMOHEHTTEPAIH KypbiNbiMbl MEH ©3apa 9peKkeTTecy MexaHW3MAepiH awagbl. byn XymbiCc 3epTTey
9AiCTepiH AaMbITyFa XaHe KypbIMbIC XX8HE 0N MHAYCTpusacbiHAa OUTYyM MaTepuangapbiH KongaHyabl
KEeHenTyre biknan etegi.

Hezizzi cezdep: 6umym-nonumepni komno3um, UK-criekmpockonusi, rnosunponusieH, aybip MyHau
Kandbikmapbl, PyHKUUOHan0bI mornmap, KypbirbiMOblK e32epicmep.
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BBeneHune

BuTyMHO-NonuMepHble  KOMMNO3UTbl  Mpea-
CTaBnsAT coOON MepcrneKkTMBHbIE MaTepuansl, 06-
nagawmowme  yrnyylweHHbIMM  3KCNlyaTauMoHHbIMU
XapaKTepuUcTUKamMun Mo CpaBHEHUIO C HemMoandULm-
poBaHHbIM 6uTymom [1]. JobaBneHve nonvmepoB
NMo3BONSIET MOBBLICUTb TEPMOCTOMKOCTb, MNNacTu4-
HOCTb U YCTOMYMBOCTb K CTApEeHU0, YTO OCOBEHHO
BaXXHO AN MX UCMOMb30BaHUsI B JOPOXHOM CTpO-
utenbctee U ruapounsonsauun [2]. B nocnegHee
Bpemsi 0cobbIl MHTEPEC BbI3bIBAOT UCCIEA0BaHMS,
HanpaeBneHHble Ha U3yYyeHne CTPYKTYPHbIX N3MeHe-
HUA BUTYMHBIX KOMNO3MTOB C nomolibio UK-cnek-
TPOCKOMNWMK, KOTOpas NO3BONSET NAEHTUDULMPOBATD
(PyHKUMOHAmbHbIE TPYNMbl U OLEHUTb XMMUYECKMe
npeobpasoBaHus B MaTepuarne [3, 4].

MonunponuneH sBnsieTcs ogHWM U3 Hanbo-
riee WMpOKO NPYMEHSAEeMbIX NONMMepoB B Moaudu-
Kauumu 6uTyma, MOCKONbKy OH obnagaer BbICOKOW
CTOMKOCTbIO K TEPMOOKUCIMTENBHOMY CTapeHuto
W ynyylwaeT MeXaHU4YecKue CBOWCTBA KOHEYHOro
npogykta [5]. OpgHako B3aumopencTBne OuTyma
C MONUNPONWUIIEHOM 3aBUCUT OT psida (hakTopoB,
BKITHOYAsi KOHLEHTpaUMIo nonmmepa, yCcroBusi cMme-
LUMBaHWUA U Hanu4yme OOMOMHUTENbHbIX Moguduka-

TopoB [6, 7].

Tsxénble HepTAHbIE OCTaTKN UrPatoT BaXHYHO
ponb B  perynMpoBaHWM  CBOWCTB  OUTYMHbIX
KOMMO3WTOB, BMUSIA Ha WX  peoniornyeckune

N TepMMYECKMNe xapakTepucTtukm [8]. MiccnegoBaHus
MoKasblBalT, YTO WUX COBMECTHOE MpUMEHEHMe
C nonvMepamy MOXEeT NpUBECTU K 0Opas3oBaHUio
KOMMO3MUMA € YNYYWEHHOW  3NacTUYHOCTbIO
N KOT€3MOHHOW MPOYHOCTLIO [9].

WMK-cnekTpockonus 3apekomengoBana cebs
Kak 3apheKTUBHLIA MeToq aHanusa CTPyKTypbl 6u-
TyMHO-nonmmepHbix Matepuanos [10]. CnekTpanb-
HbIi aHanM3 AaéT BO3MOXHOCTb OTCMeXuBaTb MNpo-
LieCCbl OKMUCNEHUs, MONMMepU3aumMn 1 AecTpyKuum,
4YTO 0COGEHHO BaXXHO NPUW U3Y4eHWUU J0NTOBEYHOCTH
matepuanos [11-15].

HacToswas paborta nocesileHa uccrnenosa-
HUIO CTPYKTYPbl BUTYMHO-NONMMEPHBIX KOMMO3UTOB
Ha ocHoBe OWTymMa, MONMNpoOMUIIeHa W TAXKENbIX
HedTAHBbIX ocTaTkoB metodoM WMK-cnekTpockonuu.
OcHoBHas Lenb nccnefoBaHus — OLEHUTb BNUsSHUE
Pa3nUyHbIX KOHLEHTpaLMiA NoNMNponuiieHa Ha cnek-
TpanbHble XapakTepucTKM 06pasLoB 1 BbISBUTL 3a-
KOHOMEPHOCTM UX CTPYKTYPHbIX U3MeHeHnn [16, 17].
B xoge 9KkcnepvMeHTOB  npoaHanv3vpoBaHbl
ocHoBHble Mukn  MK-cnekTpoBs, oTHocsLWmecs K xa-
PaKkTEPUCTMHECKUM  (DYHKUMOHASbHLIM  Fpynnam
6utyma 1 nonumepa, a Takke UX U3MEHEHUs Mo-
cne okucnenus [18—20]. AHann3 CTpyKTypbl BUTyMm-
HO-NONMUMEPHbIX KOMMO3NTOB Ha OcHoBe 6MTyma,
nonunponuieHa n THKEMbIX HEeMTAHbIX OCTaTKOB
C npumeHeHvem WK-crnekTpockonuu no3BonuT
BbISIBUTb XapakTep B3avMOAEWCTBMIA B cuUCTEME
1 onpeaenuTb BNUsHWE NONIMMEPHON MoanduKaumum
Ha MOMeEKYNsAPHYI0 CTPYKTYpy Butyma.

MaTepuanbl n meTogbl

Ons naeHTudpukaumm YHKLMOHAMNbHBbIX
rpynn B cocTaBe uccrnegyembix obpasuoB npume-

G4 e

HAnacb MK ®ypbe-cnektpockonus (ganee — FTIR,
aHen. Fourier transform infrared spectroscopy).
CnekTpbl ObiNMM 3aperncTpupoBaHbl C MCMOMNb30-
BaHveMm cnekTpometpa IRTracer-100 SHIMADZU
B AuanaszoHe 4000-400 cm' c paspelLueHnem
4 cm'. AHanu3 nonvMepHbIX 06pa3uoB (BTOPWY-
HbI MONMNPONWUAEH, NOMUMPOMNUMEHOBLIN MELLIOK,
nynelpyatas nnéHka) npoBogwnca B BWAE TOH-
KOW NNEHKU C ULEenbl BbISBNEHUS XapakTepHbIX
nonoc nornoweHnsi. OCHOBHOE BHWMaHve yae-
nsnocb umaeHtudukaummn konedanun C-H, C=0
N Apyrmx yHKUMOHAmMbHbIX TPYMM, YyKasbiBaOLLMX
Ha BO3MOXHbIE€ CTPYKTYPHbIE U3MEHEHUs maTtepwua-
na nocne moaudukaumum utyma.

B xope wuccneposaHus
crnegylowme matepuansi:

1. butym mapkn BHI 100/130 oteyecTtBeH-
Horo npowussoguTenda TOO «[MaBnogapckum He-
drexummnyeckuin 3ason». aHHbIi 6uTym obnagaet
BbICOKOM BSA3KOCTbHIO M LUMPOKO NPUMEHSAETCA B J0-
POXHOM CTpouTenbcTBe Bnarogaps CBOMM 3KCMny-
aTauMOoHHBIM XapakTepucTukam, obecneunsaoLmnm
ero aPPEKTNBHOCTb B Pa3NUYHbIX KIIMMAaTUYECKUX
YCMOBUSIX.

2. BTOpWYHBIA MONMNPONWUMEH, MOMNyYeHHbIN
oT TOO «Komnanusi Hedptexum LTD», npencras-
nset cobon nepepaboTaHHbIA TEPMONMAaCTUYHBbIN
maTtepuan Ha ocHoBe nponuneHa. Ero cnektp ge-
MOHCTPUPYET XapaKkTepHble MOMoChl MOMMOLLEHUs,
COOTBETCTBYIOLME PA3NUYHBIM TUMaAM NONUMEpPOB,
BKINIOYasA U30TAKTUYECKUIA MONUNPOMUIIEH, COMonu-
Mepbl MOMMITMIIEHa U NponuieHa v Apyrue nomnu-
MepHble CTPYKTYpbl.

3. Taxénbin HedTAHOM ocTaTok Mapkn H603.
OH uncnonb3oBancs AN perynupoBaHns BA3KOCTU
N yNyYyLeHNs TEXHONOrMYECKNX XapaKTepUCTUK Mno-
nuMepHo-moguduumpoBaHHoro butyma. BeeneHne
HedTAHOro ocTaTka MoBbILIAET TEKyYeCTb MaTepu-
ana n obecneyvBaeT paBHOMEPHOE pacrnpeaeneHve
KOMMOHEHTOB B CMeCU, CNocobCTBYS MOMYyYEHUHO on-
TUManbHoro 6anaHca Mexay NNacTUYHOCTbLIO U BA3-
KOCTbI0. OTO yny4yllaeT AOMrOBEYHOCTb N yCTONYM-
BOCTb JAOPOXHbIX NOKPbITUN.

Ha puc. 1 npeacraBneHsl MIK-cnekTpbl ucnonb-
30BaHHbIX MatepuanoB. VK-cnekTpbl nccnegyembix
06pasLoB [AEMOHCTPUPYIOT XapaKkTepHble Monochl
NOrMOLLEHNs, COOTBETCTBYIOLLUME OCHOBHBLIM (PYHK-
LMoHanbHbIM rpynnamM. BaneHtHble konebanusa C-H
B CH,- v CH,- rpynnax nabmiogatotcs B obnactu
2956 n 2854 cm™ gns Bcex 06pa3uoB C pasnuyHom
WHTEHCUBHOCTbIO. [lonoca nornoweHns  kapbo-
HUNbHbIX rpynn C=0 (okono 1700 cm™) BbipaxeHa
B OUTYyME M TsXKENOM HedTSHOM ocTaTke, 4TO
CBMAETENbCTBYET O HanMyuMm  KUcrnopoacopep-
Xalmx coeaMHEHUW, Takux Kak acdanbsTeHbl
N KeToHbl. B cnekTpe nonunponuneHa gaHHas no-
noca oTCyTCTBYeT unu nposBnsietcs cnabo. [e-
opmaumorHble konebanna CH,- n CH,- douken-
pytotca npu 1460 n 1375 cm' ¢ makcumanbHOM
WHTEHCUBHOCTbIO B nonunponuneHe. KonebaHus
-(CH,)n- rpynn (okono 720 cm™), xapakTepHble
ONns  ANMHHOLENOYEYHbIX YreBoAopodoB, OTYHET-
NVBO BbIpaXeHbl B BUTyMe U THXKENOM HedTAHOM
octatke. KonebaHnus C—-C n C—H B kpuctannuye-

ncnonb3oBanucb
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— GUTYM TANENBIT HediTAHOM ocTaToK AN BTOPHUHKI
PucyHok 1. UK-cnekTpbl 6UTYMa, TAXENOrO
HecTAHOrO ocTaTka U BTOPUYHOTO
nonunponuneHa
Figure 1. IR spectra of bitumen, heavy oil residue,

and secondary polypropylene

CKOW CTPYKType NonunponuneHa nposiBrsoTcs
B obnactn 993-918 cm'. VIK-cnekTpanbHbIn aHa-
13 nokasar, 4YTo NONWNPONUIEH XapakTepuayertcs
WHTEHCUBHbIMW NUKaMW, COOTBETCTBYHOLWMUMU KO-
nebanuam CH,, CH, n C-C, 4to cBugetenscray-
€T O ero HacblWEeHHON YrneBoAOPOAHOW Mpupoae
N OTCYTCTBUM KUCIIOPOACOAEPXKALUMX COEAUHEHWIA.
B cnekTpax 6utyma u Tsxxénoro HedpTsiIHOro octaTka
HabnogalTCs BblpaXeHHble MOMoChl MOrMOoLEHUs
KapboHunbHbIX rpynn (=1700 cm™), a Takke koneba-
HWSA, XapakTepHble ANS HaCbIWEHHBIX YrNeBOAOPO-
0oB (2956 n 2854 cm™).

OTO noaTBepXAaeT WX CrOXHbIA COCTaB,
BKIIOYaKOLWMIA acanbTeHbl, CMONUCTbIE U NONsip-
Hble KOMMOHEHTbI. AHanM3 WHTEHCUBHOCTU Crek-
TpanbHbIX NMNONOC NO3BOMNAET OLEHUTb CTENeHb B3a-
MMOLENCTBMS KOMMOHEHTOB B MOANMMLIMPOBAHHOM
martepuare, 4To MoXeT OblTb NMONesHo npu uccre-
[OBaHWUN CTPYKTYpbl GUTYMHO-NONMMEPHbLIX KOMMO-
3UTOB.

Pe3ynbTaThbl M 06cyxaeHue

Ha npeacraBneHHbix WK-cnektpax (puc. 2)
Ansi cmeceit GuTyma M nonunponuneHa B nponop-
umsx 94% : 6% n 95% : 5% cooTBETCTBEHHO Ha-
6nopaloTcs OCHOBHble konebaHusl, xapaKTepHble
AN UCXOAHBIX KOMMOHEHTOB.

B obnactn 2956 n 2854 cm™' oTmevatoTca UH-
TEHCMBHbIE MOMOCHI, COOTBETCTBYHOLLME BaSleHTHbIM
konebanuam C-H B CH,- n CH,- rpynnax, 4o noa-
TBEPXAAeT Hannumne HacblLLEeHHbIX YrNeBOAOPOAHbIX
parMeHTOB, XapakTepHbIX Ans 6Gutyma u nonunpo-
nunexa. B paitoHe 1700 cm™, oTBeyvatoLLemM 3a kapbo-
HUnbHble rpynnbl C=0, UHTEHCUBHOCTb MOMOCHI CHU-
)KeHa Mo CPaBHEHMIO C YUCTbIM BUTYMOM, HYTO MOXET
CBMAOETENBLCTBOBATL O YAaCTUYHOM 3KpPaHWPOBAHWUM
KucrnopoacogepxXallumx CoeMHeHNn 3a CYET B3au-
mMogewncTeus Gutyma ¢ nonumepom. JedopmarmoH-
Hble konebaHus CH,- n CH_-rpynn B obnactu 1460
n 1375 cm™ coxpaHsitoTCs, YTO NoaTBePXKAAeT npu-
cyTcTBME monunponuneHa B cmecu. lonoca okono
720 cm”, xapaktepHas ans -(CH,)n- rpynn (anux-
HoLenoyeyHble YrmeBOAOPOAbl), TakkKe XOpOLUO
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PucyHok 2. UK-cnekTpbl 6UTYMHO-NONUMEPHbIX
KOMMO3WUTOB C Pa3HbIMW MacCoBbIMMN
COOTHOLLEHMAMM BUTymMa U nonumepa

Figure 2. IR spectra of bitumen—polymer

composites with different mass ratios
of bitumen and polymer

BblpaXKeHa, YTO yKa3blBaeT Ha Hanmmuue CTPYKTyp-
HbIX YrMeBOAOPOAHbIX CoeauHeHun. B auanasoHe
993-918 cM™' NpUCYTCTBYIOT MOMOCHI, XapaKTepHbIe
ana C-C n C-H konebaHuii B KpUCTannnyeckon
CTPYKType nonunponuneHa, 4To noatsepxaaeTt
ero pacnpegeneHune B GutymHon martpuue 6e3 3Ha-
YUTENbHBIX U3MEHEHWI CTPYKTYPbI.

Takum obGpasom, pobaBneHve nonunpo-
nuneHa B OWTYM He NpMBOAWUT K WCHE3HOBEHWIO
ero XapakTepHblX MOMOC MOFMOLLEHNs, OAHAKO Ha-
6niogaeTcs M3MeHeHWe WHTEHCMBHOCTU  kapbo-
HUNbHOro nuka B obnactu 1700 cm™, 4yTO yKasbiBaeT
Ha BO3MOXHble B3aUMOQENCTBUA Mexay OuTy-
MOM W nonumepoM. CHWXeHNe WHTEHCUBHOCTU
nuKoB nonunponuneHa B obnactn 993-918 cm™
npu yMeHbLLEHWUN ero coaepxaHus ¢ 6% o 5% cau-
AeTenbCTBYeT O [0303aBMCUMOM pacnpeseneHum
nonvmepa B GUTYMHOW MaTtpuLe.

Tenepb Ha npepacTtaBneHHbix WK-cnekTpax
nokasaHbl CMeCu, copepxaline He TOnbko BuTym
1 nonunponuneH, Ho u 1% Tskénoro HedTAHOro
octatka. Mepebii coctaB (93% Gutyma + 6% no-
nunponuneHa + 1% Tsxénoro HepTAHOro ocTaTtka)
npefAcTasneH Ha puc. 3.
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PucyHok 3. UK-cnekTpbl 6UTYMHO-NONMMEPHbIX
KOMMNO3UTOB C pa3fiMiHbIM cogepXxXaHuem 6uTyma,
nonumepa u TAXENoro HedPTAHOro ocraTka
Figure 3. IR spectra of bitumen—polymer
composites with varying contents of bitumen,
polymer, and heavy oil residue
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OCHOBHblE MOSIOCHI  MOFMOLWEHNA  OCTaloTCA
aHanorMyHbIMM NpeablayLwmMmM cnekTpam, OfHako
nobaBneHne TSXENOro HeTAHOro ocratka Mo-
XKET NOBMUSITb HA MHTEHCUBHOCTbL U (POPMY MUKOB.
B obnactn 2956 n 2854 cM' coxpaHsitoTcs Xapak-
TepHble konebanus C-H B CH,- n CH,- rpynnax.
Monoca npu 1700 cm™, cooTBeTcTBYlOLAsA kapbo-
HUMbHBLIM coeanHeHusaM (C=0), MOXET U3MEHATLCSA
n3-3a B3aMMOOENCTBUS KOMIMOHEHTOB, B YAaCTHOCTM,
BO3MOXHOTO [OMNOMHUTENbHOrO BKMaja Kucrnopop-
COAEPKaLLNX COEANHEHUN TSHKENOro ocTaTka.

DedopmaunoHHbie konebanmsa CH,- n CH,-
rpynn (1460 n 1375 cm™) ocTaloTcs BblpaXeHHbIMU,
4YTO MOATBEPXKAAET MPUCYTCTBME MOMMMPONUMeHa.
Takke coxpaHsitoTcs nonockl okono 720 cm™, yka-
3blBalOWMe Ha AOMMHHOLLENOYeYHble YrneBoaopoa-
Hble CTPyKTypbl. B ananasoHe 993-918 cm™ Habnto-
parotca korebaHus, xapaktepHble ana C-C n C-H
B KpUCTannuyeckon peLéTke nonmnponuneHa,
HO MX UHTEHCUBHOCTb MOXET YMeHbLUATbCS C MOHU-
XeHneM coaepxxanus nonumepa (c 6% 8o 4%).

[obaBneHve TSHKENOro HedTAHOrO ocTaTtka
B konuyecTBe 1% He NPUBOAUT K NOSIBIIEHWIO HOBbIX
BbIpa)KeHHbIX MOS0C, HO MOXET BMUSITE HA UHTEHCUB-
HOCTb YXe umMmerowmxcs, ocobeHHo B obnactu kap-
BGOHUIBHbIX COEANHEHWUIA U YINEBOAOPOAHbLIX FpymM.
CpaBHeHvie ABYX CNEKTPOB MOKa3bIBaET, YTO YMEHb-
lWeHne copepXaHus nonunponuneHa u Gutyma
Npy HEN3MEHHOM KOSIMYECTBE TSHKENOro ocTaTka Mo-
XKET NpUBOAUTL K HEBONbLINM U3MEHEHUSIM UHTEH-
CMBHOCTW XapaKTepHbIX NOoc.

OOMNONHUTENBHO

UcTtouHuK cpuHaHCcMpoBaHuA. ViccrnegoBaHue
BbIMOMHEHO Mpu  puHaHcoBon nopaepxke Ko-
mMuteTa Haykm MwuHUCTepcTBa HaykM M BbiCLUE-
ro obpasoBaHua Pecnybnukn KasaxctaH (rpaHT
NeBR21882278 «Co3faHune CTpoUTENbHO-TEXHUYE-
CKOFO MHXWHUPWHIOBOIO LIeHTpa NO OKasaHuio Mor-
HOrO LMKIa akKpeaWTOBaHHbIX YCIyr CTPOUTENbHO-
ro, OOPOXHO-CTPOUTENBLHOrO cekTtopa Pecnybnukn
KazaxcTtaHy).

KoHcnukT wuHTepecoB. ABTOpbl Aeknapupyrot
OTCYTCTBME SIBHbIX W MOTEHUMAmNbHbIX KOHMIUKTOB
WHTEPECOB, CBSI3aHHbIX C Mybnukaumnen HacTtosLwen
cTaTtbm.

BnaropgapHocTb. ABTOpbI Bbipaxato brnarogapHocTb
Tonkumbaey M@abuty AxxgapoBudy — leHepanbHOMY
avpektopy OROJ1 «Accoumaumss npoussoguTenen
1 noTpebuTenen HedTerasoxXMMM4ECKon NpoayKLnm
(Hedprerasoxnmmnyeckas Accoumnanms)».

Bknap aBTOpoB. Bce aBTOpbl NOATBEPXKAAKT CO-
OTBETCTBME CBOEr0 aBTOPCTBa MeXAYyHapOAHbIM
kputepusim ICMJE (Bce aBTOpbI BHECIUN CYyLLECTBEH-
HbIA BKNag B pa3paboTky KOHUenuuu, npoBedeHune
nuccneaoBaHWs U NMOArOTOBKY CTaTbM, MPOYNU U Of0-
Opvnu uHanbHY0 Bepcuto nepen nybnukauven).
Haunbonbwnii Bknag pacnpenenéH criegyowmm
obpasom: CenteHoBa K. — koHuenuusi nccnego-
BaHus; Cbizablk A.lL — cbop n obpaboTka AaHHbIX,
HanucaHue TekcTa; [xekcembaeBa A.E. — cbop
1 obpaboTka AaHHbIX, unncTpauuy; diocoa PM. —
aHanm3 Nony4YeHHbIX AaHHbIX.

3akntoyeHue

Heobxogumo oOTMeTWTb, 4TO Ha npeacTaB-
neHHbix WK-cnektpax GUTYMHO-NONUMEPHbIX KOM-
Nno3nToB, MOAMMULMPOBAHHBIX MNONUNPONUIIEHOM
N TSXKENbIM HedTsAHbIM OocTaTkoM, HabnopatTcs
XapaKkTepHble MOoMockl MOMMOLEHNS, COOTBETCTBY-
lOLMEe OCHOBHbIM (PyHKLUMOHAMbHBIM Tpynnam 6u-
TymMa, nonMmepa W YrneBOOOPOAHBLIX COeduHe-
Hu. CpaBHWTENbHBLIA aHanuM3 CnekTpoB nokasar,
4YTO MPU U3MEHEHUWN CoAdepXaHus nonunponuneHa
Cc 6% 00 4% CcOXpaHSTCs OCHOBHblE KorebaHus
C-H B CH,- n CH,- rpynnax (2956 1 2854 cm™), no-
nocbl KApOOHUIbHBIX coeanHeHu (okoro 1700 cm™)
n  pgedopMaumoHHble KonebaHWus  MeTUNEeHOBbIX
N MeTUnbHbIX rpynn (1460 n 1375 cm™). OgHako
WNHTEHCUBHOCTb HEKOTOPbIX MOSIOC, 0COOGEHHO B 06-
nactn 993-918 cm™, cOOTBETCTBYIOLLEN CTPYKTYype
NONMMPONUIIEHA, CHWKAETCA NpY YMEHbLUEHUN €ro
KOHLEHTpaLuuu.

[OobGaBneHue Tsxé€noro HedTAHOro ocrtaT-
ka B konuyectBe 1% He NpuMBENO K MOSIBMEHUIO
HOBbIX (PYHKUMOHAMNbHbLIX FPYynn, OAHAKO MOrMo
NOBNUSATb HA WHTEHCMBHOCTb OTAENbHbLIX MOMOC
3a CYET B3aMMOJencTBnsa ¢ GUTymHonm matpuuen.
B uenom, nonyyeHHble AaHHble NOATBEPXAAIOT,
4YTO CTPYKTypa BUTYMHO-NONMMEPHbBIX KOMMO3UTOB
COXPaHSIET KIYEBbIE XapakTEPUCTUKM UCXOOHBIX
KOMMOHEHTOB, NPV 3TOM U3MEHEHWEe KOHLEeHTpa-
uMn nonumepa u OGUTyma okasbiBaeT BUsIHUE
Ha cTeneHb MoaudMKaUMM U  B3aNMOCBA3b
NX CTPYKTYPHbIX 91IEMEHTOB.
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OerMHaanoe unccnegosaHue

UccnepoBaHue npouecca cuumBaemMoCcTu
nofinMepHbIX MaTepuanoB ANA NOoBbILeHUsA 3(*)(*)6KTVIBHOCTVI
BOAOU3ONIALNOHHbLIX COCTaBOB

C.E. A6gbikanbikoB, B.B. Cabangatu
@unuan KMl UrxuHupuHe «KasHUTMmyHatza3», 2. Akmay, KasaxcmaH

AHHOTALUUA

O6ocHoBaHMe. B HacTosilee Bpemsi 3HauMTenbHas 4YacTb HedTAHbIX MecTopoxaeHun Kasaxctana
HaxoaMTCA Ha No3gHew cTaaum pas3paboTku, YTO COMPOBOXAAETCS YCTOMUMBBIM CHVDKEHMEM AebuTOB
HedTM U NPOrpeccupyolLMM pPOCTOM OOBOOHEHHOCTU NpOAYKUMU. ITU MNpoLecChl CyLEeCTBEHHO
yXyawarT 3apdPEeKTUBHOCTb IKCMyaTaLuun NnacToB U YCIOXHAIOT yrpasBrneHne CUCTEMOW BbITECHEHUS
yrneesogopoaoB. B CnoXuBLUMXCS YCNOBMAX OCOBYK aKTyanbHOCTb MNpuoBpeTalT  TEXHOMOoruu,
HanpaBfeHHble Ha OrpaHW4yeHne U M3oMALMI0 BOAOMPUTOKOB, KaK KIMOYEBOW 3MeMEHT MOBbIEHUS
achbhekTBHOCTU paspaboTkM MecTopoxaeHuin. OgHMM U3 NEepPCneKTUBHLIX HanpaBrneHWi B AaHHON
obnactu aBnsieTcs NpuMeHeHne renenonMMepPHbIX cucTeM, obnagarolmx CnocoOHOCTBIO CENeKTUBHO
6nokMpoBaTb BbICOKOMPOHULIAEMbIE BOAOHACHILLEHHbIE 30HbI U NepepacnpenenaTb UNLTPaLMOHHbIE
NOTOKM B CTOPOHY HedTEeHaCbIWEHHbIX WHTEpBanoB. J3TO MO3BOMSET 3HAYNTENbHO MOBbLICUTL
HedTeoTAauy M YNydLNTb TEXHUKO-9KOHOMUYECKNE NnokasaTenu aKkCnnyaraumm 3anexen.

Llenb. NccnepoBaHne HanpaBneHO Ha u3yyeHue npouecca CLUMBaHWS MOMMMEPHBIX renen U OLeHKY
KNIOYEBbIX NapameTpoOB 3TOrO NpoLiecca C UCMONb30BaHMEM Pa3NMYHbIX METOLOB.

Matepuanbl U metoabl. Ocoboe BHMMaHWE yaeneHo pa3paboTke W BHEAPEHWUIO PEONOrM4eCcKOro
mMeToda Ans TOYHOTO KOMWYECTBEHHOrO OnpederneHvus BpeMeHW CLUMBaHuS rens, 4To Mo3BonseT
CYLLECTBEHHO MOBbLICUTb OOBEKTMBHOCTb W BOCMNPOM3BOAMMOCTb PE3YNbLTAaTOB MO  CPABHEHUIO
C TpaguUMOHHOW BW3yanbHOW OLEHKOW, KOTOpas Ha [AaHHbI MOMEHT $SBMNSETCA €AVMHCTBEHHbIM
06LLENPUHATEIM METOLOM.

PesynbraTbl. YCTaHOBMEHO, 4TO BuU3yanbHO TMONMHas ClivMBKa HabnogaeTcs B uHTepBane
1,5-2 4 nocne nNpurotToBneHUs pacTBOpoB. B TO e Bpems C NOMOLLbI0O PEOMETPUYECKUX U3MEPEHUN
BpEMSs CLUMBaHUSI GbINo 3adhMKCMPOBAHO CYLLECTBEHHO paHblue. OTO noaTeepxaaeT 6onee BbICOKYHO
TOYHOCTb W YYBCTBUTENBbHOCTb MHCTPYMEHTAaNbHOro Metoaa.

3akntoyeHue. [poBenéHHbIe KccnenoBaHWA MOATBEPAUNN, YTO WCMNOMb30BaHWE PEOMETPUYECKUX
MEeTOAOB MO3BOMSET C BbICOKOW TOYHOCTLIO ONpeAensTs BpeMs U CTeneHb CLUMBaeMOCTM NONMMMEpOB,
4YTO HEBO3MOXHO NPV BU3yanbHOW oueHke. OTo obecneumBaeT onepatopoB 6onee [OCTOBEPHOW
MHopMaLumern o npouecce OPMUPOBAHWUS TreneBoN CTPYKTYpbl M MNO3BOMNSAET KOHTPONMPOBaTb
KInoYeBble napameTpbl reneobpasoBaHns Ha paHHWX cTagusix. lNonyyeHHble AaHHble MoAYepKUBalOT
BaXHOCTb MNPUMEHEHUS] PEOMETPUM KaK HaAEXHOrO WHCTPyMEHTa [Ansi OObEeKTUBHOW  OLEHKU
CLUMBAEMOCTN MONMMepoB. Takas oOueHKa WurpaeT pelianLwyld porb Mpu  MPOEKTUPOBaHUU
1 BHEAPEHUW renenonMMepHbIX CUCTEM B TEXHOMOMMMU NOBbILLEHUST HePTeOTAauN, OCOBEHHO B YCMOBUSIX
OCMNOXHEHHOW reoriorMmn 1 BbICOKON 0GBOAHEHHOCTH.

Krnroyeenble crioga: cwueaeMocmb [r1osiuMepa, rofumMepHasl cucmema, peosioz2usi, eblpasHUs8aHUe
npocghbuniss npuemMucmocmu, 2eflb, peomemp.
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Investigation of the Crosslinking Process of Polymer Materials
to Enchance the Efficiency of Waterproofing Compounds

Sultangali Ye. Abdykalykov, Valentina V. Sabaldash
Branch of KMG Engineering “KazNIPImunaigaz”, Aktau, Kazakhstan

ABSTRACT

Background: Currently, a significant portion of the oil fields in Kazakhstan are at the final stages
of development, characterised by a steady decline in oil production and a progressive increase in water cut.
These processes greatly diminish the efficiency of reservoir operation and make managing hydrocarbon
displacement systems more complex. Under current conditions, technologies aimed at limiting
and isolating water inflows are becoming increasingly relevant as a key elementin enhancing the efficiency
of field development. One promising approach in this area is the use of gel-polymer systems capable
of selectively blocking highly permeable, water-saturated zones and redirecting filtration flows toward
oil-saturated intervals. This allows for a significant increase in oil recovery and improves the technical
and economic performance of reservoir development.

Aim: The study aims to investigate the cross-linking process of polymer gels and to evaluate the key
parameters of this process using various methods.

Materials and methods: Special attention has been paid to the development and implementation
of a rheological method for accurate quantitative determination of gel cross-linking time,
which significantly enhances the objectivity and reproducibility of results compared to traditional visual
assessment, which is currently the only generally accepted method.

Results: It has been established that visually complete crosslinking occurs in 1.5-2 hours
after the preparation of solutions. At the same time, rheometric measurements showed that crosslinking
occurred significantly earlier. This confirms the higher accuracy and sensitivity of the instrumental
method.

Conclusion: The studies confirmed that rheometric methods allow high-precision determination
of the time and degree of polymer crosslinking, which is impossible with visual assessment.
This provides operators with more reliable information about the gel structure formation process
and allows them to control the key parameters of gel formation at early stages. The data obtained
emphasise the importance of rheometry as a reliable tool for objective evaluation of polymer crosslinking.
Such evaluation plays a crucial role in the design and implementation of gel-polymer systems
in oil recovery enhancement technology, especially in conditions of complicated geology and high water
cut.

Keywords: polymer crosslinkability; polymer system; rheology; intake profile alignment; gel; rheometer.
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TynHycka 3epTTey

Cy oKwaynafbilw KypamMmaapablH THiMAINiriH apTTbipy
YLWiH nonumepni matepuanaapAablH 63apa 6annaHbICTbIpy
npoueciH 3epTrey

C.E. ©6gikanbikoB, B.B. Cabangaw
KMI™ UnxuHupuHe «Kasf3)XKWmyHatizas» ¢punuansi, AKmay kanacel, KazakcmaH

AHHOTALMUA

Herizpey. Kasipri yakbiTTa KasakcTaHHbIH MyHal KeH OpblHAApbIHbIH, eaayip Geniri urepydiH keww
caTbicbliHAa Typ, Oyn MyHaw OebuTTepiHiH TypakTbl TOMEHAEYIMEH XX8He OHIM CynaHyblHbIH yaemeni
ecyimeH katap xypeai. byn npouectep kabaTTapabl nanganaHy TMiMAINIriH aiTapneikTan TemeHaeTeai
X8He KeMipCcyTeKTepAi bIfbICTbIpy XyWeciH Gackapyabl kKvblHOaTagbl. KanbintackaH »kafgavga Ked
OopblHAAPbIH  WUrepy TWIMAINIriH  apTTblpyAblH  HEri3ri 3neMeHTi peTiHae Cy afblHOApbIH - LIekTeyre
XOHe okKwaynayra OafbiTTanfaH TeXHOMorusinap epekwe e3ekTinikke ve Gonagbl. Byn canapafbl
nepcnekTneTi GarblTTapablH Gipi Cy OTKI3riwTiri KoFapbl avMakTapabl ipikTen Onokray »aHe cysy
afblHOApblH MyHaWFa KaHblkkaH WHTepBangapfa kapaw kanTa Geny MymkiHairi 6ap renb-nonvmepni
Xyrenepgi nanganady 6onbin Tabbinagel. byn myHan eHgipyai eqayip apTTbipyFa XeHe KeH opbliHAapPbIH
navganaHyablH TEXHUKaNbIK-9KOHOMUKarbIK KOPCETKILLTEPIH KakcapTyFa MyMKIHAIK 6epeni.

Makcatbl. 3epTTey nonumepni renbaepai e3apa GannaHbICTbIpy NPOLUECIH 3epTTeyre XaHe apTypni
aficTepai KongaHa oTbIpbIn OCkbl NPOLECTIH Heri3ri napameTpnepiH 6aranayra barbiTTanfaH.
Martepunanpap MeH aaictep. lenbai e3 apa GalnaHbICTbIpy YaKbITbiH 097 CaHAblK aHblKTay
YLWiH peonoruanblk d4iCTi a3iprneyre XoHe eHrisyre epekwe Hasap aygapbinagbl, byn kasipri yakbitta
Xanfbl3 kKabbinganraH apic Gonbin TabbinatelH A9CTypni Bu3yanabl GaranmaymeH canbiCTbipFaHaa
HaTMXXenepaiH 06 bEKTUBTINIM MEH KanTanaHyblH anTapnblKTa apTTbipyFa MyMKIHAIK 6epegi.
HaTtuxenepi. EpiTiHainepai favibiHgaraHHaH KeniH ke30eH Gakbinay apkbinbl renb epiTiHAICiHIH e3 apa
6avinaHbicbl 1,5-2 cararT iwinge 6ankanatbiHbl aHblkTanabl. CoOHbIMEH KaTap, PEOMETPUANbIK enieynep
apkbinbl ©3 apa GarnaHbICy yakbiTbl anTaprnbikTak epTepek Tipkengi. byn acnanTtblk a4icTiH »Xofapbl
[anairi MeH cesiMTanablfblH pactanpl.

KopbITbiHAbI. XKyprisinreH 3epTreynep peoMeTpusinblk aaicTepdi kKongaHy nonumepnepgid, esapa
BavinaHbICy yakbITbl MEH O9PEXeCiH Xofapbl A9NAIKNeH aHblkTayFa MyMKiHAIK 6epeTiHiH pacTaabl, byn
BM3yanapl 6aranay kesiHae MyMkiH emec. Byn onepatopnapra renb KypbinbiMbIH KanbinTacTbipy npoueci
Typanel ceHimai aknapaT Gepefi xoHe renbfiH Herisri napameTpnepiH epTe keseHaepae Oakbinayra
MYMKiHAIK 6epeai. AnblHFaH AepekTep nonvMepnepaid e3apa GavinaHbiCbiH 00bLEKTUBTI GaranayabiH
CeHiMai Kypanbl peTiHoe peoMeTpUsiHbl KONMAaHyAblH MaHbl3obinbiFbiH kepceteqi. MyHaanm Garanay
renb-nonuMepnik >xynenepai xxobanay MeH eHridyge, acipece Kypaeni reonornsi MeH >Xofapbl CynaHy
XafganblHAa MyHaln eHAipyai apTTbipy TEXHOMNOMMACKIHAA LWeLlyLi pen atkapagabl.

Hezizzi ce3dep: nonumepdid o3 apa 6alnaHbiCbl, Monumep Xyueci, peonoausi, kabbinday npogusiiH
mypanay, eernb, peomemp.
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BBeneHune

Bbicokasi 06BOAHEHHOCTE O0ObIBAEMON MpO-
OyKUMM SIBNSIETCA OAHOM W3 MPUYWH, NPUBOASLLUX
K BbIBOZY CKBaXXWH M3 3KCMyaTauun, B CBSI3N C YeM
paboTbl N0 OrpaHNYEHNIO 1 N3OMALIMM BOJONPUTOKOB
ABNAOTCSA HEOTHEMIEMOM HaCTb0 NPOBOAUMBIX F€0-
NOro-TEXHUYECKUX MEpOMNPUSTUN Ha MecTopoXae-
HuAX [1]. Ona ckBaXuH HETSAHBIX MECTOPOXAEHWN
npobnema noBbIWeHWs 3PPEKTUBHOCTU COCTAaBOB
W TEXHOMOrMA BOAOM3ONSAUMM  CTOMT  BecbMa
ocTpo [2].

PasBuTne TEXHOMNOMWI U 3HAYUTENBHOE MHOIO-
obpasue reonoro-u3nNYeckMx XxapakTepucTuk pas-
pabaTbiBaeMbiX MECTOPOXAEHUIA OKasano BnUsHUE
Ha cosgaHue OOMbLIOro KonmMuyecTea PasfmyHbIX
maTtepuanoB, YTO NPUBENO K CyLeCTBEHHOMY pac-
LUMPEHMIO TEXHUYECKUX PEeLUEHWUA, NPUMEHSEMbIX
npyv NpoBedeHUM MEpPONpPUATUA MO OrpaHUYEHMIo
BogonpuToka [1, 2].

OfHOM M3 OCHOBHBIX Lereit uccrnegoBaHus
SIBNSETCS onpeaeneHve peoMexaHn4eckmx CBONCTB
XMIMUYECKOrO peareHTa, MpUMEHSIEMOro C Lenbio
BblpaBHMBaHWS npodunsa npuemucToctn (ganee —
BIM). Pesynsratom npumeHeHns TexHornoruv BIT
ABNSETCA yBenuyeHne o6BbEMHOro oxeata npo-
OYKTUBHBIX NNAacToB 3a CYET nepepacnpeneneHns
bMNBTPaALMOHHbBIX MOTOKOB, CHUXEHWe unn ctabu-
nuM3aums ob6BOAHEHHOCTW, COKpalleHne OobbEMa
nonyTHO Ao6biBaeMoi BoAbl, NOMy4YeHne [OMNOoMHU-
TenbHOM Jobblun HedTH.

BaxHOM xapakTepucTuKoW STUX peareHToB
SIBMAETCS CLUMBAEMOCTb B TEYEHWE OnpeaenéH-
HOro BpemeHu (co3gaHve CLIWUTON MOoNMMEPHON
CTPYKTYpbl MOCPEACTBOM 0Opa3oBaHWs MeEXMaKpo-
MOMEKYNSPHbIX CBA3EW), YTO MO3BONSET KOHTPOMMU-
poBaTb MOMEHT 3aKayku NMOABWKHOTIO rensi B nnacT.
OTO KpUTMYECKU BaxHO Ans Toro, 4tobbl obecne-
YATb €ro MakcMmarnbHO AarnbHIOK MPOHMLAEMOCTb
B MnacTbl, ynydywas Takum obpa3oM addekTus-
HOCTb  BOZOM3OMAUMM U NepepacnpeneneHns
UNbLTPaLMOHHBIX NOTOKOB. CluMBaemble nonvme-
pbl No3BONSAT Gonee 3dEKTUBHO KOHTPONUPO-
BaTb (OPOHT BbITANKMBaHWUSA HedpTH, YTO Momoraer
nsdexaTe HeaddeKTUBHbLIX 3akadek, korga Boaa
UNu Opyrue XuakocTu MPOXOAAT Yepe3 MOpUcTyto
cpeny 6e3 nssneyeHns HedTu.

K xumuueckum peareHTam, MpUMeEHSIEMbIM
ONs BOOOHOCHBIX MMacToB, OTHOCATCA reneobpa-
3yloLLMe COCTaBbl, CLUATbIE MONMMMEPHBIE CUCTEMBI
1 Habyxatowme komnosuumn. Makpomonekynbl no-
nMmepa CLUMBAIOTCS MOHAMU MHOMOBamNeHTHbIX Me-
Tannos. MonyyeHHasi Npu CLUMBKE renesasi KOMMo-
3Uuma obnagaet BbICOKOW BSA3KOCTbIO U yNpyrumm
CBOMWCTBaMMU, 4YTO cnocobcTByeT ahdHEKTUBHON U30-
NAUUM BOAOHACHILLEHHBIX MOP B 30HAX C BbICOKOM
NPOHULI@EMOCTbIO Nnacra.

Hacrosiwwas pabota HanpaBneHa Ha onpe-
OeneHne TOYHOTO BPEMEHM CLUMBAEMOCTW MOnu-
MEPHOI CUCTEeMbl Yepe3 COMocTaBrneHne ero ¢ ob-
LLEMNPUHSTON BU3yarbHOW OLEHKOW WU U3MepeHune
C WCMNonb30BaHWEM aBTOMAaTM4ECKOTO peoMeTpa.
HoBusHa wuccnepoBaHus 3aknoyaerca B pas-
paboTke W BHeOpPEeHUW PeonorMyeckoro meroga
ONsi TOYHOTO KONMMYECTBEHHOIO OnpeaerneHust Bpe-
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MEHW CLUMBAHWSA rens, 4To No3BoMsAeT CyLLEeCTBEHHO
NoOBbICUTb OOBLEKTUBHOCTL M BOCMPON3BOAUMOCTb
pes3ynLTaToB Mo CPaBHEHWUIO C TPAAULMOHHOW BU3Y-
anbHOM OLIEHKOWN, KOTopas Ha AaHHbI MOMEHT SAB-
NAeTcs eAMHCTBEHHbIM OBLLENPUHATEIM METOLOM.
MpeanoxeHHbIV Noaxon MOXeT OblTb MHTErpUPOBaH
B perynsipHble aHanutuyeckne npoueaypsbl, 4YTo OT-
KpbIBaETHOBbIE BO3MOXHOCTUANSKOHTPONSKa4ecTBa
M ONTUMU3ALIUM TEXHONOMMYECKUX MPOLIECCOB.

MaTepuanbl n MmetoAbl

O6bekTamn nccnegoBaHun Gbinu  0bpasubl
nonnuMmepos U1 clumsaiowero areHta. ClumaHue
NnonnMMepoB MOXET CYLLUECTBEHHO MOBMNUATb Ha WX
HU3NKO-XMMUYECKNE CBOWCTBA, Takne Kak BA3KOCTb,
NPOYHOCTb U YCTOMYMBOCTb, YTO HEMOCPEACTBEHHO
CKa3blBAETCH Ha WX NMPUMEHEHWUN B PasfNYHbIX Me-
ToAax NoBbllLeHUst HedpTeoTaaun.

CwwuBaHne MONMMMEpPOB MNPUBOAUT K yBenu-
YEHUIO WX MOINEKYNsAPHOM MacCbl W YMy4yLUEeHWIo
MX CnocobHOCTM Kk 0Bpa3oBaHMO CeTyaTbIX CTPYK-
Typ. OTO cnocobCTBYET MOBLILLEHUIO BA3KOCTU BOA-
HbIX pPacTBOPOB, YTO AernaeT ux Gonee addekTme-
HbIMW NPU 3aKayke B MacT.

Monumep 1 npegcraBnsieT cobon HU3KOMONe-
KynsipHein nonvakpunamug (MM =4 [la) ¢ Hu3kow
cTeneHblo rmaponusa (~2%). OH roToBUNCs C KOH-
ueHtpauven 1,5% c pgobasnexnvem 0,5% auetata
XpOMa B KayecTBe cluMBaTens. Takas KOMMo3nums
dopmupyeT XECTKYIO U MMOTHYI CETKY, MOCKOMbKY
KOpOTKME Lenu pacrnonaralotca KOMMakTHO U noa-
BepralTcs ObICTPOMY Y UHTEHCUBHOMY CLUMBAHMIO.
Bbicokasi Temnepatypa (~62 °C) [ononHuTensHo
ynyyLlaeT KMHETMKY peakumm, YTo NpuBoOanT K Obic-
TPOMy (POPMUPOBaHMIO MPOYHOIO TPEXMEPHOro
rensi.

Monumep 2 — 3TO BbLICOKOMOMEKYNSAPHbIN
nonunakpunamug (MM =10 [a) ¢ Gonee BblCOKOW
cTeneHblo rnaponusa (~7%). OH roTOBUICA C KOH-
ueHtpaumen 0,5% c pnobaeneHnem 0,05% auetata
Xpoma B KadecTBe clumBatens. bnarogaps 6onee
ONVHHBIM LensM M MeHbLUen CTeneHu CLUMBaHWS
obpasyroLmMnca renb XxapakTepuayeTcst MArkow, ae-
opMMpyEMOI CTPYKTYPOW, YTO CBSI3aHO C GonbLuen
NOABWXHOCTbLIO 1 cBOGOAO0N KonebaHuii makpomorne-
kyn. CeTka chopmupyeTcsi 6onee pbIXnown, YTO CHU-
XaeT MoAynb YNpPYrocTu 1 BA3KOCTb MO CPaABHEHMIO
C BapuaHTom 1.

Takvum obpa3som, renb nonvmepa 1 oTHOCUTCS
K KaTeropum }ECTKUX, CUMNbHO CLUMTBIX renew c Bbl-
COKOW MeXaHW4eCcKon NPOYHOCTbLIO, a refb nonumve-
pa 2 — K MSIrkum, cnabocCLUMTbIM rensm, NPUroaHbIM
ANs NPYUMEHEeHWN, r4e BaxHa 3nacTUYHOCTb.

MeToa BU3yanbHOro KOHTpons

BusyanbHasi oueHka 3akniovaetcs B crnegy-
IOLWEM:  CBEXEMNPUrOTOBINEHHbIE  renenonuMepHble
CUCTEMbl HanuBalT B KOMObl, 3aKpbIBalOT MNpo6-
KaMn repMeTMyHO W TepMOCTaTUpPYOT B TeyeHue
72 4 0O NOMHOWM CLUMBAEMOCTU MPU MIIacTOBOW TeEM-
neparype 62°C. Kaxgble 20 MUH NpoBOAST OLIEHKY
OAHOPOAHOCTU M NPOYHOCTY rensi CornacHo cneayto-
wum kputepmsam (puc. 1) [3]:

— A — BuauMbIN renb He obpasyeTcs. enesbIn
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pacTBOp MMEET Ty Xe BA3KOCTb, YTO N UCXOAHbBIV NO-
NMMEpPHbIN pacTBop;

— B — renb c BbiCOKOW TekyyecTbio. Busyanb-
HO refb kaxeTtcs nuwb Gornee nUMNKMM (HEMHOTO),
YeM UCXOAHbIN MOMMMEPHbIV pacTBop;

— C — Tekyunii renb. Bonbluas YacTb rens cre-
KaeT B roprbILLIKO cocyaa u obpaTHo;

— D — ymepeHHO Tekyumii renb. Hebonbluas
YyacTb (NpumepHo 5-15%) rensa ctekaer B y3Koe rop-
NbILWKO cocyaa n obpatHo. OBbIYMHO 3TO XapakTepu-
3yeTcs KaK «s13bIKooBpasHbIi» renb;

— E — noutun He Tekyuuii renb. [enb He 3aTeka-
€T B roprbILLKO COCYAa;

=
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— F — nerkopgedopmupyemsbii renb. [lenb
He nepeTekaeT B KpbIWKy OyTbINKM Npu nepesopa-
YMBaHWUK;

— G — ymepeHHo gecdopmMrpyemeblil, HO He Te-
Ky4ui renb;

— H — cnerka gedopMupyemMbiii, HO He Teky-
4 renb. lNpu nepeBopauMBaHWM cocyda BBepX
[AHOM MOBEPXHOCTb U3rnbaeTcs;

— | — xéctkui renb. [MOBEPXHOCTHBIN M3rnb
He BUAEH;

— J — 3BeHALWMI renb. 3BOH MOXHO MOYYBCTBO-
BaTb Mocne TOoro, Kak nocTy4aTtb Mo cocyay.

FPPARD

D E F G H |

PVICyHOK 1. Mpumep BI/I3yaJ1bHOI7I OLEeHKU COCTOAHUA rensa

]
Figure 1. Example of a visual evaluation of the gel condition

A — sudumblli eenb He obpasyemcsi / no visible gel forms; B — 2enb ¢ ebicokol meky4yecmsto / highly fluid gel; C — meky4uli
eernb / fluid gel; D — ymepeHHo meky4uli 2enb / moderately fluid gel; E — noumu He meky4ulii 2enb / almost non-fluid gel;
F — nezkodeghopmupyemnili eenb / easily deformable gel; G — ymepeHHo degpopmupyembill, HO He meKy4ul eenb / moder-
ately deformable but non-fluid gel; H — cneeka deghopmupyemniti, Ho He meky4duli 2enb / slightly deformable but not fluid gel;
| — xécmkul 2enb / hard gel; J — 3eeHswull 2enb / ringing gel

Peonoruyeckuit metopq

OnpepenexHne TOYHOTO BPEMEHU CLUMBAEMO-
CTn nonmmepHoﬁ CUCTeMbl nmpoBOAMITUCb Ha aB-
TomaTuyeckom peometpe MCR 702, Anton Paar.
KoHCTpykuua peomeTpa BKNOYaET BCTPOEHHbIV
TepMoCcTaT Ha OCHOBe 3rieMeHToB [lenbTbe, Ko-
TOpbI NOAAEpXMBaEeT CTabunbHylo Temnepatypy
MCNbITYEMOro NMONMMEpPHOro coctaea u obecneyn-
BaeT TOYHYO HAaCTPONKy TpebyeMoi Temneparypsi.
PeomeTp B pexume konebartenbHbix gedopmaunii
No3BOMSET UCCIe[0BaTb PEONOrMyeckne CBoNCTea
mMaTtepuvana, He pa3pyLuas ero CTpykTypy, YTO OCO-
GEHHO BaXXHO MPU U3YYEeHWUN CTPYKTYPHO YyBCTBU-
TenbHbIX cuctem. OcUMNNAUMOHHbBIE CCNeaoBaHWs
0aloT BO3MOXHOCTb ONpeaenuTb NUHEeNHO-BSI3KO-
ynpyrvin auanasoH, B KOTOPOM MaTtepuan coxpa-
HSET CBOI BHYTPEHHIOI CTPYKTYpY npu Aedopma-
uun. B pamkax aTMx n3aMepeHui MOXHO NOmyyuTb
Takne napameTpbl, Kak Mogynb ynpyroctn (G’)
n moaynb notepb (G”), xapakTepusytoLime, cooT-
BETCTBEHHO, yrnpyrue un Baskue CBOWCTBA CUCTEMBbI.
Kak pa3 aTn napameTpbl CNONb30Banunchb AN OLeH-
KW CTEMEHN CLUMBAEMOCTU N BPEMEHW CLUMBKW MOMK-
Mepa 6e3 paspyLleHuss ero CTpykTypbl. B otnnuve

1

OT TPaAMNLIMOHHOIO pexunma, npyu KOTOpom NnonnMep
noABepraeTcs paspyLnTensHon gedopmavum, oc-
UMNNALUMOHHBIE UCMbITAHWS NO3BOMSIOT MPOBOAUTH
aHanu3 B ycrnoBuaX Manblx konebatenbHbIX Ae-
dopmauuii, Npy KOTOpbIX 0bpaseL, COXpaHSET CBOIO
LENoCTHOCTb U He paspyliaetcsi. OT0 0COBEHHO
BaXHO ANS COXpaHEHUs1 eCTECTBEHHOW CTPYKTYpbI
maTtepuana u nony4yeHus JOCTOBEPHbIX AaHHbIX
0 MexaHu3Me U KMHeTKKe clumBaHus. Takum obpa-
30M, MOXHO OOBLEKTMBHO OLEHUTb npouecc dop-
MUPOBaHWs CETKM B pearlbHOM BPEMEHMU, He Hapy-
LWas BHYTPEHHIOK OpraHn3auuio CUCTEMBI.

lenenonumepHasi cuctema cpasy nocne npu-
rOTOBMEHNSI NOMeLlanacb B peoOMeTp, Ha KOTOPOM
3ajaBanucb crnegyoLwme napamerpbl:

— yacToTa konebaHus — 1 'u;

— pecdopmauns — 1%;

— paccTosiHMe mexay nnactuHamy — 1 Mm
(puc. 2);

— Temnepartypa — 62°C.

[aHHble napameTpbl MO3BONSAT (PUKCUPO-
BaTb COMPOTUBIIEHNE Ge3 pa3pyLUeHUsi CUCTEMBI,
a TakKe paBHOMEPHO MogaepXvBaTb Temnepary-

py.

BbICOKOTEXHONMOMMYHBI aBTOMaTUYECKUIA peomeTp, I'Ipe,El,Ha3Ha‘-IeHHbll7l ANA TOYHbIX M3MepeHVIVI peonorn4eckux CBOWCTB

XUOKocTen 1 NonyTBEPABIX Matepuanos, BXOAUT B NMHeliky peomeTpoB MCR (Modular Compact Rheometer), nssectHbix

CBOEW YHNBEPCANbHOCTBIO Y BbICOKON TOYHOCTbIO.
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PucyHok 2. BHeluHWi BuA nnacTvH aBTomaTtumye-
CKOro peomeTpa C UHTepBanoM Mexay HuUmm 1 mm
Figure 2. Appearance of automatic rheometer
plates with 1 mm gap

a)

Pe3ynkTaThbl U o6cyxaeHue

Pe3ynbraTthl BU3yanbHOW OLEHKU Bpeme-

HM o6pa3oBaHWUA CLUUTOW MONIMMEpPHOWM

CTPYKTYpbI

Mpu TepmocTaTMpoBaHun Habnioganocb Mo-
CTeneHHoe CLUMBAHWE MOMUMEPHOW CTPYKTYpbl MO-
NMMepOoB.

OKOHYaHWe CLUMBaHWS MONMUMEPHOW CUCTEMBI
13 nonumepa 1 6bIno 3achmkcMpoBaHo cnycta 2 4
C MOMeHTa NpUroToBneHns pacteopa (puc. 3).

Mo pesynbratam Bu3yarnbHOM OLEHKU 06paso-
Barncs 3BeHALWWN renb.

MonHas clumBka pacTBOpa Ha OCHOBE MoNMMe-
pa 2 6bina 3acdukcmupoBaHa Yepes 1 4 40 muH nocne
NPUroToBneHus (puc. 4).

B cBsi3n ¢ Tem, 4TO KOHLEHTpaums nonvmMepa
W cluMBaTensi B AaHHOW renenonvMepHor cucteme
3HaYMTENbHO HWXE, YeM B pacTBOpe Ha OCHOBE
nonuMepa 1, CLUMTBLIA renb — BU3yanbHO MSITKUWA,
C 6onbLuen NoABMKHOCTLIO.

n)

PucyHok 3. Mpouecc clumBaHUsi NONIMMEPHON CUCTEMbI HA OCHOBe nonumMepa 1 B TevyeHue 2 4
Figure 3. The process of crosslinking a polymer system based on polymer 1 for 2 hours
a) sudumbili 2enb He obpasyemcs / no visible gel forms; 6) mekyyuli 2enb / fluid gel; 8) neckodegpopmupyemsiti 2enb / easily
deformable gel; e) cneeka dechopmupyembill, HO He meky4ul 2enb / slightly deformable but not fluid gel; d) 3seHawul 2enb /
ringing gel

a) . 6)

PucyHok 4. lNMpouecc cluMBaHUA NONMMepPHOM CUCTEMbl Ha OCHOBe nonumepa 2 B TedeHue 1 4 40 MuH
Figure 4. Process of crosslinking a polymer system based on Polymer 2 for 1 h 40 min
a) sudumbili eenb He obpasyemcsi / no visible gel forms; 6) 2enb ¢ ebicokol mekyyecmsto / highly fluid gel;
8) mekyyut eenb / fluid gel; 2) ymepeHHo mekyyuti eenb / moderately fluid gel
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PesynbTaThl MCCneaoBaHUsl Ha aBTOMaTy-
4YeckoM peomeTpe

UccnedosaHusi pacmeopa Ha 0cHoge nosume-

pa 1

OKCNepyMeHT NPOBOAMICS B OCUMMMALMOH-
HOM pexume time sweep («N0 BpEMEHW») C LEMbHo
OTCNEXMBAHUS U3MEHEHUA MEXaHW4YeCKMX CBONCTB
mMartepuarna Bo BpeMeHu. MNpu 3ToM ncnonb3oBanach
ukcMpoBaHHasi YacTtoTa konebGaHuin U NocTosiHHas
nedopmauus okono 1%, cooTBeTCTByOLWAs NMMHEN-
HON 06nacTn BSI3KOYMPYrocTU MCCNEeAyeMoro rens.
Ota obnacTtb 6bina nNpegBapuTENbLHO OnpeaeneHa
C MOMOLLbIO aMMANTYAHOMO TECTa, YTOObI NCKIMOYUTD
HemnnHenHble ahdexTbl.

[Mpn nccneposaHun pacTBopa Ha OCHOBE MO-
numepa 1 mogynb ynpyroctu G’ 3HaunTensHo yBenu-
ynBaeTcs co BpemeHeM — ot ~2000 go 6,3 mnH mlMa
(6,3 klMa). Takon pesknit pocT ykasbiBaeT Ha npoTe-
KaloLLyto rerneobpasytoLLyto peakuumto, XxapakTepHyto
ana cuctem, cogepxawmx xpom (lll) n amuaHble
rpynmeil.

Mogynb notepb G" Takke yBenuyuMBaercs,
Ho Gonee meaneHHo. C camoro Havana Moaynb
ynpyroctu G' Bbilwe G", Y4TO ykasblBaeT Ha Hamnu-
yne ynpyro-AOMWHAHTHbIX CBOWCTB MaTtepuana
(renb), ogHaKo Mpouecc CLUMBKM BCE eLé npodon-
xaetcs. OTO MOXHO HabniodaTb B KOHLEe JKCnepu-
MEHTa, Korga NpPOVCXOAUT PEe3KU CKaukoobpasHbIv
pocT (puc. 5).

Monumep Ne1
10000000
000000
; 100000
10000
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100
10

1
o 1000 2000

HassaHue ocu

b, Mla

Moayns ynpyrocTi/

Mogyne noTep

3000

-] Mogyne ynpyrocti, mlla Mogyne noTepk, mla

PucyHok 5. Pesynbrathl UcnbiTaHWi pactBopa
Ha ocHoBe nonumepa 1, Nony4YeHHbIE C UCMONb30-
BaHMeM aBTOMaTU4eCKOro peomeTpa
Figure 5. Test results of the Polymer 1 solution
obtained using an automatic rheometer

HauvHaa npumepHO C TpeTben MUHYTbl, Ha-
6niopaetca 4étkuii nepexon: G' nepecekaet G”
N CTaHOBUTCA AOMWHUPYHOLWMM, YTO COOTBETCTBYET
nepexogy cuctembl B TBEponoaobHoe CocTosiHMe.
370 cBsA3aHO C hopMMpOBaHNEM TPEXMEPHOMN CETKU
B pacTBope W Havanom reneobpasosaHusa. C aToro
MomeHTa G' npofomkaeTt pacTu, CTabunbHO NpeBbI-
was G", 4To NnoaTBepXKAaeT pasBuTME U cTabunuaa-
LMI0 CTPYKTYPbI 3M1acTUYHOro rens (puc. 6).

Okono 57- MUHYTbI hMKCHMpPYeTCa pe3kuii cka-
YOK KaK mogyns yrnpyrocTtu, Tak U mogyns norepb.
Takol pocT cBuaeTenbCTByeT O (PUHANbLHOW CTa-
OVMN CLUMBAEeMOCTW, B XO4e KOTOPOW MNpoMCXoauT
3HaYMTENbHOE YNIIOTHEHWE W YKpenneHne renesow
CTPYKTYpbl. OTO MOXeT ObITb cBA3aHO nMbo C 3a-

Tot chakt, yto G' > G" ¢ camoro Havana, ro-
BOPUT O HanNWyMn HavanbHOW CETKM WU YaCTUYHO
CchOpPMMPOBaHHOTO rens eweé [0 Hayana TecTa.
OpHako panbHenwwuin poct G' n G" ykasbiBaer
Ha NPOJOIMKaLWMNIACA NPOLIECC CLUMBAHUS MOMEKYn
nonuakpunamvga ¢ auetatom Xpoma, BeposiTHO,
VNHNLMMPOBAHHBIN NN YCKOPEHHbIN YCITOBUSIMU 3KC-
nepuMeHTa (Hanpumep, TemnepaTtypon).

OcobeHHO BaXHbIM SBMSETCS Pe3kun Ccka-
4ok G' B KOHLle 9KCMEepUMEHTa, KOTOPbIA MOXHO
VHTEPNpPEeTUPOBaTb Kak AOCTUKEHWE KPUTUHECKOW
CTeneHn CLUMBKM WNW 3aBeplueHne obpas3oBaHus
NPOCTPaHCTBEHHOW CTPYKTYpbl, obecneyvBatoLLen
MaKpPOCKOMUYECKYHO YMPYroCcTb CUCTEMbI.

Bpems nonHon ClUMBKU renenonnMMepHon cu-
CTeMbl Ha OocHOBe nonmmepa 1, 3aduKcMpoBaHHoe
Ha aBTOMAaTM4eCKOM peomeTpe, CocTaBuno 37 MUH
rocrne NpUrotToBNeHns pacTeopa, Y4To noytn Ha 1,5 4
ObICcTpee, Yem Npuv BM3yarnbHOW OLEHKe.

UccnenoBaHua pactBopa Ha ocHoBe Mo-

numepa 2

B TeyeHne nepBsbIX ABYX MUHYT pacTBOp Ha OC-
HoBe MonumMepa 2 AeMOHCTpUpYyeT xuakononobHoe
noesefeHve: mMogdynb ynpyroctu (G') 3HauuTensHO
HWwke moaynsa notepb (G"), 4TO cBMAETENLCTBYET
0 npeobnagaHny BA3KOro KOMMOHEHTa B CUCTEMBI.
370 yka3bIBaeT Ha TO, YTO CTPYKTypa eLué He ccop-
MMpOBaHa, N peakLmst MEXLIEMHOW CLUMBKN HAXoauT-
Csl B HayanbHoM dhase.

Monumep Ne2
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@~ Monynb ynpyrocti, mMa Mogyns noTeps, mila

Moayne ynpyrocTu/
Mopaynes noTeps, mla

PucyHok 6. Pesynbrathl ucnbiTaHWi pacTBopa
Ha OCHOBe nonuMepa 2, nony4eHHble
C Ucnonb3oBaHWEM aBTOMaTU4eCKOro peomeTpa
Figure 6. Test results for a polymer-based solution
obtained using an automatic rheometer

BepLUEHNEM XMMUYECKOro CLUMBaHWs, Moo ¢ usmn-
YeCKMMU npoLeccaMu, TakuMu Kak arpermpoBaHue
UK CTPYKTYPHas nepecTpoika cetu. B aToT MOMeEHT
mMaTtepwvan AoCTUraeT MakcumarnbHON MeXaHN4eCKon
NPOYHOCTU, AEMOHCTPUPYS 3Penyio n cTabnnusnpo-
BaHHYO renesyto daay.

Bpemsa clumBku pactBopa Ha OCHOBE MOMU-
Mepa 2 6bino 3admKCMPOBaHO Ha aBTOMAaTU4ECKOM
peomeTpe Yepe3 57 MWH MOcCne MNPUroTOBMEHWS,
410 Ha 30 MMH paHbLLIE, YeM MPY BU3YyarbHON OLEHKE.

3aknyeHune

B paHHon pabote nccnegoBaHbl 06pasLbl Mo-
NUMEpPOB C PasfUYHON MEXaHW4EeCKOW NPOYHOCTbLIO
N BpeMEHeM CluuBaHus. PacTBopbl nonvMepos

....................................................... 65
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rOTOBUNUCb C  PasfnUYHbIMKA  KOHLIEHTpaumnsimu
Kak nmonumepa, Tak u clumBarowlero areHTta. B xoge
NpoBeAEHHOro uccrnenoBaHWs Gbinu Nony4YeHbl cne-
[ytoLme KroyeBble pesynbraThbl:

— BW3yanbHOe HabniogeHue: nofHas cluMBka
NOrMMEpPHOW CUCTEMbI Ha OcHoBe nonvmepa 1 6bina
3acpmkcmnpoBaHa Yepes 2 4, Ansi NoNMMepHON cucTe-
Mbl Ha ocHoBe nonumMepa 2 — yepes3 1 4 40 mMuH;

— WCMbITAHWS Ha aBTOMaTU4EeCKOM peoMeTpe:
BpeMs MOSHOW CLUMBKM AN nonumepa 1 coctaBuno
37 MuH, onsa nonumepa 2 — 53 MuH.

[Mony4eHHble C MOMOLLLIO peomeTpa 3Haye-
HWUSI CYLLLECTBEHHO OTNINYAOTCA OT pesynbTaTtoB BU-
3yanbHOro Metroga. OTO CBMOETENbLCTBYET O TOM,
4YTO BM3YyarbHbI METOA MOXET 3aHMXKaTb TOYHOCTb
onpefeneHMss MOMEHTa 3aBeplleHusi npouecca
CLUMBaAHUS.

PeomeTp nossonsieT 3adukcupoBaTb MOMEHT
3aBepleHns (OpMMpPOBaHMS  MPOCTPaAHCTBEHHOMN
CTPYKTYpbI Tensi 3Ha4YMTENbHO paHblUe, YTO MOXET
ObITb KPUTUYECKM BaXKHO AJ151 KOPPEKTHOrO yrnpasne-
HUS TEXHONOrMYECKUM NPOLIECCOM.

MacLuTabHbIi hakTop B YCIOBUSX OCIIOXKHEH-
HOW reonorMnm M BbICOKON OBGBOOHEHHOCTU 3HAYW-
TenbHO BNUSIET HA PaBHOMEPHOCTb pacnpeaeneHus
NonMMMEPHOro pacTBopa M CluMBaTens B nnacre.
Mpu cwmBaHWM Nonuakpunamuaa npowecc obpaso-
BaHMWS CLUMBOK HE NMPOWMCXOAMT paBHOMEPHO Mo BCe-
My 0B6bEMy nnacta B TeYEHWe YCIOBHOIO Bpeme-
HW, YKa3aHHOTO B TEXHUYECKON [AOKyMeHTauumu.
370 06BACHAETCA TEM, YTO MPU 3aKayKe NONMMEPHO-
ro pacTBopa CoCTaBbl MONafakoT B PasfnyHble 30HbI
CKBaXXMHbI, KOTOpbIE XapakTepu3ylTcsl HeoAMHaKo-
BbIMW TepMoauHaMuM4eckumu ycrnosusimu. B yacTt-
HOCTW, B Npu3abonHOW 30He TemnepaTtypa MOXeT
ObITb HUXKE, TOrAa Kak Npu NPOABWKEHUN pacTBopa
Brny6b nnacra Habnpaetcs e€ nosbiweHne. Kpo-
Me TOro, B 30HaX C MENKOMOPUCTON CTPYKTYpOWn Te-
nnoobmMeH NPOUCXOANUT NHTEHCMBHEE, YTO NPUBOAUT

OONONTHUTENBHO

UcTouHuk cbuHaHcupoBaHuA. ABTOpbl 3asaBNs-
10T 06 OTCYTCTBMM BHELUHErO (UHAHCUPOBAHUS
npw NPoOBELEHUN NCCIE0BAHNS.

KoHdnukT mHTepecoB. ABTOpbI AeKNnapupyoT OT-
CyTCTBME SBHbIX W MOTEHUMarnbHbIX KOHMIIMKTOB
MHTEPECOB, CBsI3aHHbIX C Mybnukauuen HacTosLen
cTaTtbu.

Bknap aBTopoB. Bce aBTOpbl noateepxaalT co-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOOHbIM
kputepusm ICMJE (Bce aBTOpbI BHECNU CYLLECTBEH-
HbI BKNag B pa3paboTky KoHUenuuu, npoBegeHue
ncecrneaoBaHns U NOArOTOBKY CTaTby, MPOYNN 1 040-
Opunu duHanbHyl0 Bepcuio neped nybnukauuen).
Haunbonblinin Bknag pacnpegenéH cnegyowmm ob-
pasom: AbgpbikaneikoB C.E. — koHUenuus n gmsanH
nUccrnefoBaHusi, NpoBedeHVE WCCNENOBaHWUMN, WH-
TepnpeTtauus pesynsrato; Cabangaw B.B. — npo-
BedeHue uccrnenoBaHuin, obpaboTka aKkcnepumeH-
TanbHbIX AaHHbIX, HanucaHue W pefaKkTMpOBaHue
pyKonucu.

K YCKOpPEHWIO MpoLecca CLUMBAHUSI MO CPaBHEHWUIO
c oxuaaembiM. B pesyneraTe reneobpasoBaHue mMo-
XKET MHULMUPOBATLCS paHblue 3annaHupoBaHHOIO
BpeMeHU, 4YTO OKasblBaeT CylleCTBEeHHOe BIuaHue
Ha paavyc NPOHUKHOBEHUS renst N 3dEKTUBHOCTb
N30MALMOHHBLIX MEPOMNPUSATUIA.

Mpepnaraembii B gaHHown paboTte meTtoa no-
3BonsieT Goree TOYHO MNPOrHO3MPOBATH AMHAMUKY
ClUMBaHMS Monuakpunamvaga ¢ y4éTom TensoBo-
ro rpaguMeHTa M reoMeTpuyeckux ocobeHHocTeln
nnacta. BHegpeHune aTtoro nogxoga cnocobeTByeT
NOBbILLEHNID 3(PPEKTUBHOCTA MNPUMEHEHUSA rene-
06pasyloLwmnx CUCTeM B YCIOBUSIX HEOOHOPOAHbLIX
KONMeKToOpoB.

3HaHMe TOYHOr0 BPEMEHM CLUMBAHUS MO3BO-
NSieT CBOEBPEMEHHO KOPPEKTUPOBaTb MapaMeTpbl
npouecca, Takme Kak CKOpoCTb 3aKayku, KOHLEHTpa-
LMo NofiMMepa 1 CLUMBAOLLETO areHTa, YTo, B CBOKO
ouyepesb, MOXET MOBbICUTb CTOUKOCTb NONMMEPHbIX
pacTBOPOB K arpeCcCUBHbLIM YCIOBUSIM MNacToB (Bbl-
COKMM TemnepaTtypaM, AaBreHUsIM U XUMMUYECKOMY
BO37€eVCTBMI0). DTO NO3BOMSAET U3bexarb npexaes-
PEMEHHOMN WM CAWLLKOM NO3OHEN CLUMBKK, YTO MO-
XKET NPMBECTU K HE3(hEKTUBHOMY MCMONb30BaHMIO
pecypca Wnn NOBPEXAEHWI0 MOPUCTON CTPYKTYpbI
konnektopa. Kpome TOro, TouHble AaHHble O Bpe-
MEHM CLUMBAEMOCTM cnocobCTByOT Bonee TOUHOMY
NPOrHo3npoBaHUD noBedeHUA NOoNMUMMEpPHbIX pac-
TBOPOB B MNpoLiecce 3KcnnyaTauum MecTopoXaeHus,
4YTO BaXHO AN pa3paboTkum adhdeKTUBHBIX cTpaTe-
TMA MO MOBLIWEHUID HedTEOTAAYN U YBEMUYEHUIO
CpoKa aKcniyaTauum MeCTOPOXKAEHWIA.

Takum 06pas3oM, MOfyYeHHble pesynbTaThl
noaTeepXxaarT 3HA4YUMMOCTb NCNOJb30BaHNA peoMe-
TPUYECKNX METOAOB AN 06BEKTUBHON OLIEHKMN CLUM-
BaeMoCTM nonumepos, 4YTo obecneynBaeT Gonee
TOYHbIA KOHTPOSIb NapamMeTpoB rerieobpasoBaHus
npu peanu3aumm TeXHONOrUi MoBbILEeHUsT HedTe-
otaauu.
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OpVI rmHanbHoe uccriegoBaHue

MeToAabl U3onALUN 30H NOIMOLWEHUA U orpaHnyeHusA
BOOONPUTOKa B HerTHHbIX M ra3oBbiX CKBaXXUHaX

C.X. Pankynos’, C.B. MapbsH?, T.X. fAAmarynoB®
"Petro-Unit, e. Akcali, KazaxcmaH
2NDF KAZAKHSTAN, e. Ypanbck, KasaxcmaH

AHHOTALMUA

O6GocHoBaHue. Bonpoc coBepLUEHCTBOBaHWSI TEXHOMOMMIA npeaynpexaeHnst nornoweHns 6ypoBoro
pacTtBopa MW OrpaHuWYeHWss BOOOMNPUTOKA SIBASIETCA OOHMM U3 KMtodeBblX B obrnactn OypeHusi
HedTAHBbIX U ra3oBbix ckBaXuH. B 3anagHo-KasaxcTtaHckon obnacTtu, obnapatowiernt 3HauYMTenbHbIMU
3anacamu yrneBogopoAoB, aKkTUBHO MPUMEHSIIOTCA PasfinyHble TEXHOMOrMYEecKne Mnoaxodbl, BKIoYas
MCMONb30BaHNE TaMMOHAXHbIX LEMEHTHbIX PacTBOPOB, KOMbMAaTUPYHLLMX MaTepuanoB pasfinyHOro
rpaHysIOMETPUYECKOr0 COCTaBa, a Takke BbICOKOBSI3KMX W MOMMMEpHbIX cucteM. Hecmotps
Ha CyLWEeCTBEHHbIE OOCTWKEHMA B 0ONacTu TaMmoOHaXHbIX TEXHOIOMMM, KONMUYECTBO YHMBEpPCANbHbIX
peLleHuii, cnocobHbIX OAHOBPEMEHHO BbINOMHATL (DYHKLUN M30MALNM 30H MOTMOLLEHNSt U OrpaHnYeHnst
BOAOMPUTOKA, OCTAETCH OrpaHMYeHHbIM, a X 3PPEKTUBHOCTL BO MHOMOM OMNpenensieTcs reosoro-
TEXHUYECKMMU  YCITOBUSIMW  KOHKPETHOTO  MecTopoxaeHusi.  [lepCnekTMBHbIM  HanpasneHuem
uccnefoBaHui  aBnsieTcsl paspaboTka MaTepuanoB C  BbICOKOW CENeKTUBHOCTbIO, obnagatolimx
CMocobHOCTBI0  adanTUpoBaTbCsl K pPasfUYHbIM - MPOHULAEMbIM  30HaM MPOAYKTUBHOMO nnacta
n obecneumBaTb HAOEXHYH repMeTu3aLmio.

Lenb. O606LieHne onbiTa NPUMEHEHUS] TEXHOMOMMIM M30MAUMM 30H MOITIOLLEHUSI U OrpaHUYeHNs
BOOOMPUTOKA Ha Mpumepe NPOOYpPeHHbIX CKBaXWH B ycrnoBusx 3anagHo-KasaxctaHckow obnacty,
a Takke MpoBedeHWE aHanu3a CyLLEeCTBYHOLUMX U30MALMOHHBIX MaTepuanoB U CUCTEM C TOUKU 3pEHUsI
nx 3¢pPEKTUBHOCTU, OrPaHNYEHUI 1 NEPCNEKTUB NPUMEHEHWS.

Martepuanbl u Metoabl. B paboTte ucnonb3oBaHbl AaHHblE NO NPOOYPEHHbIM CKBakMHaM 3anagHo-
KazaxcTaHcKoro pernoHa, pesynstaTbl NPOMbICIIOBbIX UCCReAOoBaHU, a Takke naTeHTHas U Hay4Ho-
TEXHMYECKas nuTepaTypa, OTpaxailolas COBPEMEHHble MoAxodbl K pas3paboTke TaMMOHAKHbLIX
N N30MALMOHHBLIX MaTepuarnos.

Pesynbrathl. B gaHHoi paboTe npoBenéH aHanu3a CywecTBYHOLMX CUCTEM, PACCMOTPEHbI MEXaHNU3MbI
WX OeNCTBUS W OrpaHuWYeHusl, npeacTaBneHbl MnpuMepbl NPODBYpeHHbIX CKBaXMH, a Takke 0630p
COBPEMEHHbIX 3anaTeHTOBaHHbIX TexHonorni. Ocoboe BHUMaHWe yaeneHo KOHLENUMN YHUBEPCarnbHOro
maTtepuana, crnocobHOro KOMMMEKCHO pellaTb 3adaqn U3onsuuyM 30H MOMMOLLEHUS U OrpaHUYeHus
BOAOMPUTOKA, YTO B NEPCMNEKTUBE MO3BOMUT NOBLICUTE 3PEPEKTUBHOCTL M3OMSALMOHHBLIX MEPONPUSATUIA,
CHUW3UTb 3KCMIyaTaLMoHHble 3aTpaThl U MUHUMU3NPOBATbL TEXHOTEHHbLIE PUCKU.

3aknoyeHune. OPGHEKTUBHOCTb U3ONSALNOHHBIX MEPOMNPUATUIA BO MHOTOM OMpeaensieTcs NpaBuibHbIM
BbIGOPOM COCTaBa M TEXHOOMMM €ro NPUMEHeHUs. AHanNu3 CyLLeCTBYHLUMX U30NSALMOHHBIX MaTepranos
rnokasasn, 4To, HeCMOTps Ha pa3Hoobpasve pelleHui, He Bce M3 HUX obecnevnBaroT CTAOUIbHbLIN
pe3ynstaT MNpu  CIOXHbIX TE0NOro-TEXHUYECKMX YCNOoBUSX. JTO NoavEpkMBaeT HeobxoanmocTb
OanbHENWnX UCCrneaoBaHUA, HanpaBfieHHbIX Ha ONTUMM3AUMIO peuenTyp M aganTauuio TeXHOMOrmn
K KOHKPETHbIM YCIIOBUSIM MECTOPOXAEHWI pernoHa.

Knroveeble crioea: U30MsyUsi 30H MO2MOWEHUS, CeleKmusHble Mamepuarsbl, MaMroHaXHble pac-
meopkl, 0epaHuUYeHuUe 8000rMpuMoKa, 8000U30NAUUOHHBIU Mamepuar, 6yposol pacmeop, He(hmsiHble
U 2a308bl€ CKBAXUHbI.
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Methods for Lost Circulation Control and Water Shutoff
in Oil and Gas Wells

Sayat Zh. Raikulov', Sergey V. Maryan?, Tolegen Kh. Yamagulov'
'Petro-Unit, Aksai, Kazakhstan
2NDF KAZAKHSTAN, Oral, Kazakhstan

ABSTRACT

Background: Improving technologies for lost circulation control and water shutoff remains a key priority
in drilling oil and gas wells. In West Kazakhstan, which holds significant hydrocarbon reserves, various
methods are applied, including cement slurries, lost circulation materials (LCM) of different particle sizes,
and high-viscosity or polymer systems. Despite notable progress in cementing technologies, universal
solutions that combine lost circulation control with water shutoff are still scarce. Their effectiveness
is highly dependent on the geological and technical conditions of each field. Current research focuses
on selective materials that adapt to reservoir heterogeneity and deliver reliable sealing.

Aim: This study summarizes field experience with lost circulation and water shutoff technologies in wells
drilled in West Kazakhstan. It also analyzes existing isolation materials and systems in terms of their
effectiveness, limitations, and future potential.

Materials and methods: The study used data from wells drilled in West Kazakhstan, results of field tests,
and patent and technical literature on modern cementing and isolation materials.

Results: This study reviews existing isolation systems, their mechanisms, and limitations, supported
by field examples and patented technologies. A key focus is the concept of a universal sealing material
able to address both lost circulation and water shutoff. This approach could enhance the efficiency
of isolation treatments, lower operating costs, and reduce environmental risks.

Conclusion: The effectiveness of isolation treatments depends on both the proper selection
of materials and the technology of their application. The analysis of existing solutions indicates
that, despite a variety of options, consistent performance is not always achieved under complex geological
conditions. Therefore, further research is required to optimize formulations and adapt technologies
to the specific characteristics of regional fields.

Keywords: lost circulation control; selective materials; cement slurries; water shutoff; sealing material;
drilling fluid; oil and gas wells.
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TynHycka 3epTTey

MyHa# xaHe ra3 yHfbiManapbliHAafbl CiHipy anmMakTapbiH
oKLuayray XaHe Cy afblHbIH LWeKTey aficTepi

C.X. Pankynos’, C.B. MapbsH?, T.X. fimarynoB®
"Petro-Unit, Akcali kanacsl, KasakcmaH
2NDF KAZAKHSTAN, Opan kanacsbi, Kasakcmat

AHHOTALUMUA

Herizgey. Byprbinay epiTiHAICiHIH, CiHiN keTyiH 6onabipMay eHe Cy afblHblH LUeKTey TeXHonoruanapbiH
XKeTiNaipy Maceneci MyHau XoHe ras yHfbiManapblH Oypfbinay canacblHaafbl Herisri macenenepaid bipi
6onbin Tabbinagbl. KemipcyTtektepain enayip kopbl 6ap batbic KasakcTaH obrbicblHAA TamMMnoHaXabl
LEeMeHT epiTiHAINepiH, apTypni rpaHynomMeTpuanblk Kypamaarbl KonMmaTtauusanbslk marepvangapgbl,
COoHAaKr-aK >Xofapbl TYTKbIPbIKTEI X8HE Monumepni Xynenepgi nanganadydbl Koca anfaHga, apTypni
TEXHONorvAnblK Tacingep OenceHai konaaHbinagbl. TammnoHaX TEeXHOMOMMSCHIHbIH, aiTapnblKTan
XKETICTIKTepiHe KapamacTaH, CiHipy ariMakTapblH OKLlaynay X8He Cy afblHblH LueKkTey (PyHKUMAnapbiH
Oip yakbITTa opblHAal anaTtblH aM6eban weLlimaepain caHbl LwekTeyni 6onbin Kanagbl XeHe onapablH
THiMAiniri kebiHece Genrini Gip KeH OPHbLIHLIH, FEONOrNANbIK-TEXHUKANbIK LUapTTapbiMEeH aHblKTanagbl.
3epTTeyniH nepcnekTuBanblk GafblTbl ©HIMAI kabaTTblH SPTYpri OTKisril armMakTapbiHa 6Gewimaeny
XKeHe ceHiMai ThiFbl3agayabl KamTamachl3 eTy kabineTi 6ap >xorapbl CENeKTUBTI MaTepuangapabl a3iprney
6onbin Tabbinaasbl.

Makcatbl. Batbic KasakctaH ob6nbicbl kafgavibliHga OypfblnaHFaH yHFbiManap MbicanbliHaa CiHipy
anmakTapbliH OKLaynay XeHe Cy afblHblH LUEKTeY TeXHONMOrusinapbiH KongaHy TaxipubeciH XuHakray,
coHAaKr-aK KongaHbICTafbl OKLLaynarblLl MaTtepuangap MeH Xynenepre onapgblH TMiMAiniri, wekreynepi
XKeHe KongaHy nepcrneKkTuBanapbl TYpPFbICbIHAH Tanaay ypriay.

Matepnangap mMeH apictep. XXymbicta batbic KasakcTtaH 6HipiHiH OypfbinaHfaH yHFbiIManapbl
OoMblHWAa  aepekTep, Kocinwinik  3epTTeynepaiH  HaTWXenepi, CcoHpaw-ak  TaMMOHaXAbIK
XoHe oKlaynafbil MaTepuangapabl 93ipneydiH 3amaHayu TocingepiH KepceTeTiH MaTeHTTIK XoHe
FbINbIMU-TEXHUKANbIK 84e0MeTTep NanganaHbingb.

HoaTuxenepi. AtanfaH XymbiCTa KONMAaHbICTafbl Xynenepre tangay Xyprisingi, onapablH apekeT eTy
MexaHu3Maepi MeH LIekTeynepi kapacTblpbingbl, OypfblnaHFaH yHFbiManapgblH Mblcangapbl, coHgan-
aK 3amMaHayu naTeHTTeNnreH TexHonorusnapfsa Loy xacangbl. bonalwakra okwaynay wapanapbiHbiH
TUIMAINITIH apTTeipyFa, NanganaHy LWblfbIHAAPbLIH a3aniTyFa XoHe TeXHOreHAik Toyekenaepai asanTyra
MYMKiHAIK ©epeTiH CiHipy aliMaKkTapblH OKLlaynay X8He Cy afblHblH LUEeKTey MIHAETTEepiH KelleHai
wetluyre kabinetti esmbeban maTtepman TyXblpbiMaamMachkiHa epeklle Hasap ayaapbingbl.

KopbiTbiHabl. Okwaynay LapanapblHblH TuiMainiri kebGiHece KOMMNO3ULMSIHbI X8He OHbl KonaaHy
TEXHOMOIMACHIH AYPbIC TaH4AayMeH aHblkTanaabl. KongaHbiCTarbl OKLWaynafFbill Matepuangapabl Tangay
WwewiMaepdin anyaH TypniniriHe kapamacTaH, onapgblH, Gapnbifbl Kypaerni reonornsinbik-TeXHUKanbIK
Xafjamnapgoa TypakTel HaTke OepMenTiHiH kepceTTi. Bbyn peuenTypanapibl OHTannaHgblpyfa
XoHe TeXHonornsnapabl anmakTarbl KeH OpblHAAPbIHLIH HAKTbI XXaFaannapbiHa benimaeyre 6arbiTTanfaH
KOCbIMLLA 3epTTeynepaiH, KaXeTTiniriH kepceTeai.

Hezizzi ce3dep: ciHipy almakmapbiH oKwaynay, cenekmusmi mamepuandap, mamroHaXobIK
epimiHdinep, cy afbiHbIH WeKmMey, Cy oKwaynarbiu Mamepuar, bypfrbinay epimiHoici, MyHal XoHe 2a3
YHFbIManapsl.

[anekce3 KenTipy yLiH:
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BectHuk Hedrera3osoii orpacin Kasaxcrana

BBepeHue

MoTeps umpkynsuum npeacTaBnseT cobon
oAHy 13 Haubonee 3HAYMMbIX TEXHONOrMYECKUX
npobnem npu OypeHun HedTAHLIX U ra3oBbIX
CKBaXXMH, OKa3blBaloLLYyO CYLUECTBEHHOE BMNUsSHWE
Ha TeMMbl U 3KOHOMMYECKYI0 3PDEKTUBHOCTbL CTPO-
UTENbCTBA CKBaXWH. [aHHbIA npouecc xapakTe-
pU3yeTcsl HEKOHTPONMPYeMbIM OTTOKOM OGypoBoro
pacTBOpa B MPOHULI@EMbIE 30HbI MNAcTa, YTO MOXET
NpoucxoanTb B LUMPOKOM [AuanasoHe reornoruye-
ckux ycnosuii. [MoTtepu umpkynsauum Habnogatotcs
B BbICOKOMPOHULL@EMbIX CNaboynnoTHEHHbBIX OTMO-
XEHUSIX (Necku, pakoBMHHbIE 06pa3oBaHus, rpaBui,
pucoBble CTPYKTYpbl), B KaBEPHO3HbIX W TpeLu-
HOBaTbIX Nopofax (M3BECTHSAKW, Mern, AOMOMUTHI,
pucdoBble 0bpa3oBaHWs), a Takke B FOpPU30OHTax
C €CTEeCTBEHHOW UNn NHOYLMPOBaHHOM TpeLLMHOBa-
TOCTbIO Ha Pas3nuuHbIX rnybuHax. VIHTEeHCUBHOCTb
notepb onpegensietcs  pU3nMKo-MexaHU4ecKumm
CBOMCTBaMW MNOrMoLLAoLLEro nnacra, ero reomexa-
HUYECKMMW XapaKTepucTMKaMu, a Takke yCrnoBusamm
6ypeHusi u napametpamu dyposoro pacTteopa [1].

MoTepn GypoBoro pacTBopa knaccuduumpy-
10TCS MO TPEM YPOBHSAM TSKECTU: YaCTUYHbIE, MNon-
Hble U KpuTuYeckne. YactnyHble nNoTepu ConpoBo-
XKOAKTCA CHWDKEHMEM LMpKynsummn 6e3 eé nomnHoro
npekpatleHus. MNonHble noTepn o3HavalT MofHoe
NCYE3HOBEHWE LIMPKYNSALUUM NPy COXpaHEeHUN CTon-
6a bypoBOro pacTBopa Ha ycTbe CkBaXuWHbl. Kputu-
yeckne noTepu XapaKTepu3yTCs 3HaYUTENbHbIM
CHWXEeHWEM YpOBHS GypoBOro pacTtBopa, KOTOpblii
MOXET ONYCTUTLCH HUXE YCTbSA CKBaXKUHbI [2].

TawKe HYXHO y4yeCTb, YTO HEKOHTponupye-
Mbl€ MOrMOLLEHNs LLIEMEHTHOro pacTeopa NpuBOAAT
K CHUXXEHMWIO PaCYETHOW BbICOTbI €ro NogbEMa B 3a-
KOMOHHOM npocTpaHcTBe [3-5], 4To TpebyeT npose-
OeHNA OONOSTHUTENMBHBIX PEMOHTHO-U30MSALIMOHHBLIX
MeponpusTuin. B npouecce OCBOEHUSA CKBaXXWH
(kak mocne NepBUYHOrO, TaK W NOCMe KanutanbHO-
ro peMoHTa) OaHHbIA hakTop crocobCcTByeT yxya-
LUEHWIO  KOMMEKTOPCKUX CBOWCTB NPOAYKTMBHbIX
NNacToB, CHWXEHUIO MX NPOHML@AEMOCTU W, COOT-
BETCTBEHHO, OCINOXHEHUIO AanbHenLen 3sKcnnya-
Tauum [6].

[MpuBognTCa  nNpumep,  UNNOCTPUPYIOLLNNA,
KaK MexaHu3M noTepb MOXeT OblTb O0OycrnoeneH
BCKPbITUEM MPOHUL@EMbIX UMK cnabo LemMeHTUpo-
BaHHbIX NUTONOrMYecknx copmauuii. B pesynsrate
TaKOro BCKPbITUS GYpOBOW MW LLEMEHTHbIW pacTBOP
noa BO3LEWCTBMEM W3OBLITOYHOMO rugpocTaTuye-
CKOro UNnn rMapoOANHAMUYECKOrO AaBMEHUss MOXET
MUrpUpoBaTb M3 CTBOMAa CKBaXWHbI B Mract. JToT
npoLecc xapaKTepusyeTcsi COXHbIMU rMapomMexa-
HUYECKMMWN B3aMMOQENCTBUAMU, KOTOpble 3aBUCAT
KaK OT (PU3UKO-MEXaHUYECKNX CBOWCTB BCKPbITbIX
FOPHbIX NOPOA, TaK N OT PEONornYecknx n punsrpa-
LIMOHHbIX XapaKTepuCTHK 3aKka4mBaemMoro pacTeopa.

[lononHnTenbHO, NHTEHCMBHOCTL U XapakTep
NOrMOLUEHNI ONpeaensoTca NPUMEHAEMbIMN Tex-
Honormsimu BypeHus. B 4acTHOCTM, MexaHuyeckoe
Bo3gelcTBMe BypuIIbHOrO MHCTPyMeHTa (yaapHble
Harpysku, BuMOpauuoHHble 3ddEKTbI) U BbICOKUE
rpagveHTbl [aBneHns CrnocobHbl MHULMMPOBATH
HapyLleHne yCTOWYMBOCTM paHee W30NMPOBaHHbIX

WHTEPBanoB, YTO NPMBOAMT K HEKOHTPONMpPyeMOoMy
nornoLieHuto Byposoro pactBopa. CnegosaTensHo,
OOHUM M3 MPUOPUTETHLIX HaMpPaBfeHU MNoBbILLEe-
HMSA 3DEKTUBHOCTN CTPOUTENBCTBA CKBAXWUH SB-
nsieTca paspaboTka unu noabop nepenoBbiX METo-
OVIK U TEXHOMOMMYECKNX peLleHni, HanpaBneHHbIX
Ha npeaynpexaeHue n NMKBUAALMIO MOrMOLLEHUI
6ypOoBOro pacTBopa M UHbIX TEXHONOTMYECKUX Xna-
KocTen.

B xopge npvMeHeHWs TaMnoHaXHbIX PacTBO-
POB B HEMTAHBIX N ra30BbIX CKBAXWHaX LIeMEHTHbIE
pacTBOpbl 3anofHAT KOMbLEBOE MPOCTPaHCTBO
mexay obcagHOW KOMMOHHOM M OKpYyXatoLnMMmn reo-
nornyeckumn nopogamu. OCHOBHasA Lenb AaHHOW
TEXHOMOrMKN 3akniovaeTcsi B obecneyeHnn Haaex-
HOW 30HanbHOW U30MAUUKN, NPeaoTBPaLLEHMM Mpo-
HWKHOBEHMA (nioMao0B U3 OKPYXXaloLWmX MracTos,
a Takke 3awmute ob6CcagHOM KOMOHHbI OT KOPPO3u-
OHHOrO BO34ENCTBMA Ha MPOTSXKEHWN BCEro 3KC-
nnyaTaLMoHHOro nepuoaa CKBaxuHsbl [7, 8]. Takum
06pa3om, TouHast aeHTUMKALMS 30H NOTOLLEHMS
1 NPYMEHEeHNe COBPEMEHHbIX TEXHONOTUIA NX N30Mns-
UMM NO3BONSET 3HAYNTENBHO CHU3NTbL (DUHAHCOBbLIE
N BPeMeHHble 3aTpaTtbl Npu CTPOUTENLCTBE CKBa-
XVWH, a Takke NoBbICUTb 3PPEKTUBHOCTL pa3paba-
TbiBaeMbIX MecTopoxaeHun. Puc. 1 unnioctpupyet
KnaccuduKaumio TaMMNOHaXHbIX COCTaBOB, UCMOMb-
3yeMblIX A1 30MNALMMU NOrNOLLALWMNX 30H.

AHanus cyuecTByOLWMUX TEXHONOMUA

LLinpokoe npuUMEHeHWe LEeMEHTHbIX pacTBO-
POB AN U30NSALMKU 30H MOTMOLLEHNs 06yCnoBneHo
NX CNOCOBHOCTLIO NEepPexoanTb U3 KONMONAHO-ANC-
MEepCHOro COCTOSIHUSI B MOHOMUTHYIO CTPYKTYpY
C 3apaHHbIMK (PM3MKO-MEXaHNYECKMMN N Peonoru-
Yyeckumu caovicTBamu. lMNpouecc cTpykTypoobpaso-
BaHMS LLEMEHTHOro pacTBopa npeacrasnsietT cobon
CMOXHOE [OMHaMU4eckoe sBreHue, BKMYaLlee
HENUHeNHoe B3aMMOOENCTBUE KOMNOUOHO-XUMU-
YeCcKMX, TEPMOANHAMNYECKUX, TMOPOANHAMNYECKNX
N MexaHu4eckux cakTopoB. T npouecchl obe-
CneYnBaloT Nepexos CUCTEMbI OT NNACTUYHOTO rens
K nonukpucrtannnyeckomy LEeMeHTHOMY KaMHIO
C aHM30TPOMHOW NMPOYHOCTHOW CTPYKTYypou [9].

MoMMMO TaMNOHaXHBIX CMecen, Takke npu-
MeHsII0TCA MaTepuansl no 6opbbe ¢ nornolieHu-
eMm, umeHyemble lost control material. B 1890 r.
M.T. YanwmaH Brnepsble Npeanoxun BBOAUTL rpaHynu-
poBaHHble MaTepuarnsl B coctaB BypoBoro pacteopa
ANa NpeaoTBpaLLeHns UNn CHWKEHNSA NoTepb B CKBa-
XUHe. JTO HOBOBBEAEHME MOMy4uro LWMPoKoe pac-
NpocTpaHeHue, N NPaKTyKa NCNOoMb30BaHNS TaKUX Ma-
Tepuanos ctana adeKTUBHLIM METOAOM KOHTPOMSA
N ymeHblUeHVs noTepb Oyposoro pactBopa [10].
Bbibop MmaTepuanoB Ans nuKBMZAUMKU MNOrfoLLle-
HWN  OMpeAensieTcs COBOKYMHOCTbIO  (DaKTOPOB,
BKMIOYAA XapakTep W WHTEHCUBHOCTb MOrfoLLe-
HuM, atan OypeHusi, TMn OypoBOro pacTBopa,
a TawkKke (U3MKO-MexaHu4eckne wu dunsTpaum-
OHHble CBOWCTBa nnacta. HemanoBaxHylo pornb
urpaloT BpemMa NpPUMEHeHWs martepuana u ero
3KOHOMMYeckasi LenecoobpasHoctb [11].  Cne-
OyeT OTMETWUTb, YTO MNpuCyTCTBUME TUAPOPOBHBLIX
yactTuy B [OBYXdasHOMW 3MYINIbCUMOHHOW CuUCTe-
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Me MOXET OKasblBaTb CYLIECTBEHHOE BIUSHWNE
Ha €€ CTPYKTYPHYIO YyCTOMYMBOCTb BHE 3aBUCMMO-
CTW OT rmgpoauHammnyeckux ycrnosun. flecrabunu-
3auma aMynbCMM B AaHHOM criydae obycnoeneHa
KOHLIeHTpaumen aucnepcHon asbl, BKIoYaoLLen
Kak >Xuakve, Tak uU TBépAble KOMMOHEHTbl [12].
Mcxoas 13 gaHHOro yTBepXAeHUA MOXHO Mpeano-
TNOXUTb, YTO MHTEHCKBHOE pa3basneHue BypoBoro
pacTtBopa TBEPAbIMW YacTULAMWU W NNACTOBLIMU
dnongaMmm MoXeT MHULMMPOBATb €r0 MTHOBEHHYIO
OEeCTPYKTypu3aumio, ConpoBOXAatoLLyoCs N3MeHe-
HUEM PEONOrMYECKUX UXNMUNYECKNX XapaKTePUCTUK.
B T0 e Bpems cnefyeT yunTbiBaTh, YTO NpeacTas-
NeHHble pe3ynbTaThl HE Y4MTbIBAIOT BAMSHME TEM-
nepaTtypHbIX U3MEHEHWUI W akTyarnbHbl AN ycrno-

BWIA, COOTBETCTBYHOLLMX TEMNepaType OKpyXatoLLen
cpenbl 9KCNePUMEHTArIbHOW YCTaHOBKM.

[nHamunyeckasa [OecTpykTypusaumsi pacTBo-
pa 1 nocnepyoLme OCrnoXHeHUst Oblnn 3aMeyeHbl
npu BypeHunn ckBaxwvH B 3anapgHo-KasaxcTtaHckomn
obnactu, 4To UNMCTPUpPyeTCcst NpUMepamMun Ckea-
XuH A n b. B gaHHOM aHanuTnke paccMmaTpuBaloTCst
UCKIMIOYUTENBHO acnekTbl, CBA3aHHblE C MOrnoLLe-
Hvem GypoBOro pacTtBopa W MPUTOKOM MNacToBbIX
dnongos B npouecce CTPOMTENbCTBA CKBaXWH
B 3anapHo-KasaxcraHckoM pernoHe. Ocoboe BHU-
MaHue yaendetca npuynHam BO3HUKHOBEHUA OaH-
HbIX OCIIOXHEHWI, WX BNUSHUIO Ha Xop OypeHus,
a Takke aHanusnpyeTcsl BUSIHWE NUTONOMMYECKUX
aKkTopoB.

Crparurpagma Mnomocis pacteopa [r/cm3]
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PucyHok 2. [laHHble no ckBaxuHe A
Figure 2. Well A data

OK — obcadHasi konoHHa / casing string

CKBaXWHa-NpeTeHOeHT A

McTopuyeckne gaHHble, oxBaTblBaloLiMe OC-
HOBHble 3Tanbl 6ypoBoro npolecca, NpeacTaBneHb
Ha puc. 2. padmyeckasa nHTepnpeTaumst MHGop-
Maumu No3BOSISIET NPOCNeanTb B3aMMOCBA3b MeEX-
Oy NIUTONOrMYeckUMM XapakTepucTukamy paspesa,
napametpamu GypoBOro pacTtBopa M AMHaMWUKOMN
npoBefeHuss pabot. MNepBasi konoHka Auarpammbl
(cneBa) oToGpaxaeT cTpaTurpaduyeckoe cTpoe-
HWe paspesa, XapakTepusytloLleecsi W3MeHeHUeM
BO3pacTa W cocTaBa ropHbIX Mopod Mo rnybuxHe —

DOI: 10.54859/kjogil1 08854

OT YCTbsi CKBaXWHbl A0 3a60s. [JaHHbIN napameTp
UrpaeT Kr4eByld ponb B BblibOpe TexHOMoruu
OypeHuss 1 onpegeneHnn ycrnoswui CTabunbHOCTU
cTBona. Bo BTOpon KomoHke (NNOTHOCTb pacTBO-
pa [r/cm®] — 3enéHas NMHWS) NpeacTaBreHa nroT-
HOCTb BYpOBOro pacTBoOpa, U3MEHSIIOLLAsACS Kak B ro-
pu3oHTanbHoM HanpasneHu (ot 1,10 go 1,60 r/cm®),
TaK 1 no rnybuHe B COOTBETCTBUM C re0Norm4ecknmm
yCrnoBusMM 1 TpeBOBaHMSMU K YCTONYMBOCTM CTEHOK
CKBaXWHbI. [JMHaMuka nNnoTHOCTM OGypoBOro pac-
TBOpa ABMAETCA BaXHbIM WMHAMKATOPOM KOHTPOs
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rMAPOCTaTUYECKOr0 AABMNEHUs U NpeaoTBpaLleHust
OCINOXHEHWUN, CBA3AHHbIX C MpUTOKaMu dnionaos
1 nornoLueHvem pactsopa [14]. TpeTbsi KonoHka co-
OepXuUT nHdopMaumio o Tunax GypoBoro pacTteopa,
ncnonb3yemblX Ha pasnuyHbiX uHTepsanax. x co-
cTaB nogbupancsa ¢ y4€TOM NUTOMOINYECKUX OCO-
6eHHOCTEN 1 HeobxoauMocTn obecneyeHms ycTom-
UYMBOCTU CKBaXWHbl. 3aKnouuTenbHas KOMoHKa
npeacTaBnseT cpaBHUTENbHbIA aHanu3 nnaHoBbIX
N hakTnyecknx cpokoB BypeHusi. B naHHom cekuum
TaKke OTOOpaXeHbl KMHYeBble OCMOXHEHWS, BO3-
HVKaBLUME Ha pasnuyHbIX rMybuHax, 4To No3sonseT
NpOBECTU AeTanbHbIN aHanu3 NPUYMH NX BO3HWUKHO-
BeHWS 1 apPEeKTUBHOCTM NPEANpPUHATLIX Mep.

Ha wHTepBane rmmy6uH cBbie 1600 ™
Nnpy MCNOSb30BaHUM COMNEHACHILEHHOro nonumep-
Horo pactBopa 6binM 3adMKCMPOBaHbI OCIOXHe-
HWSA, NPOSIBMBLUMECA B BUAE NPUTOKa MNacToBbIX
nomMaoB, YaCTUYHOTO MOFMOLLEHNA W MOMHOW
yTpaThl uMpKynsauuu. MepBoe ocrnoxHeHue Bblipa-
3US10Cb B MpUTOKe HacblweHHoro paccona CacCl,
ob6bémom 21 M3, 4TOo noTpeboBano onepaTuBHOWN
06paboTku 1 yTskeneHus pacteopa Ans ctabunu-
3auMn ckBaXuHbl. [locrne NpoxoxaeHns [OMnoMnHW-
TenbHbiX 80-90 M Obino 3aduKcpoBaHO BTOPOE
OCIOXHEHNe — MoTeps LUMPKYNsumMm, npyu KOTOpPOW
OypoBoW pacTBop He AocTuran ycTbsl. [laHHbIN cny-

Yan notpeboBan NPUHATUS KOPPEKTUPYIOLLMX Mep
[Ons BOCCTAHOBMEHWUSA LMPKYNSLMU 1 NpeaoTepalle-
HVS QanbHenLWero pa3BuTUS OCNOXHEHUN.

[ns petanbHOro aHanmusa 3TUX OCIOXHEHWUN
BO3HUWKNA HEOOXOANMOCTb B Y4éTe NIMTONOro-cTpa-
TUrpadnHecKMX 1 rmMaporeoXMMUYEcKnX 0COBEHHO-
cTen pa3spesa. B npegenax rmy6uHHoro ananasoHa
1615-2600 M BCckpbITa MOLLHas ocagoyHasi Tonuia,
cTpaturpadunyeckn OTHOCALAACH K NepMCKOMY
nepviody naneo3osl, 8 MMEeHHO K KYHIypCKOMY sipy-
CYy, MPeAcTaBlNeHHOMY WPEHBLCKAM T[OPU3OHTOM.
[aHHbIn MHTEepBan xapaktepu3yeTcs npeobnapa-
HVWEeM ranoreHHo-cynbdaTHbIX OTNOXEHWN, rae Ao-
MUHUPYIOLLEA  NIUTONOrMYECKOW  COCTaBnstoLLen
SIBMNSAETCA ranoreHMT C MpOCMosiMU  aHrugpura.
CoBOKyNHasi MOLLHOCTb YKa3aHHOro KOMMeKca co-
ctasnsieT 1005 m, npu 3TOM OH obraaeT BblpaxxeH-
HOW LMKMUYHOW CTpaTurpadyeckon CTPyKTypown,
YTO CBMAETENLCTBYET O ero hOpM1POBAHNM B YCIO-
BMSIX UCMAPUTENBHOTO (3BanopuUTOBOro) 6accemnHa.

Kaxgpin 13 OeBATM NUTOreHeTUYECKUX Ln-
KNOB HauuHaeTcsi C KapboHaTHO-CyrnbdaTHOro
ropuM3oHTa MoLLHOCTbIO 8—60 M, 3aBepLuasicb Cro-
AMW ranoreHnTa C MpPUMEChI0 NerkopacTBOPUMbIX
cornewn, Bkno4vas buwodut u kapHannut. B psige
Ccry4yaeB OTMeYalTCs W30MMPOBaHHbIE MPOCHOn
BbICOKOrMAPOMUIbHBIX COMEeNn MOLLHOCTBIO 2—6 M

THn
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nMBo yCTOMYMBBIE FOPU3OHTBI rannTa MOLLHOCTbLIO
4-60 m.

leHeTnyeckas mopenb AaHHOW nocnefosa-
TENbHOCTN OByCrnoBneHa 3BanopuTOBON CEeAUMEH-
Taumen B yCroBMUAX NepUOANYECcKy NepechIixatoLlero
3MUKOHTUHEHTanbHoro 6accenHa, NOABEPXXEHHOro
konebaHusiM ConéHocTn n ncnapsiemoctu. AnHamm-
Ka ocagkoHakonneHus obycnoenueana 3akoHOMep-
HY0 CMeHY ha3 ceauMeHTaumn: oTNnoxeHust kapbo-
HaTHo-cynbdaTHbIX hauni Ha HavanbHOM 3Tane
LMKMOB C nocrieaytoLlen ocagodHon anddepeHum-
aumen n Kpuctannuaaumen ranoreHHbIX MYMHepanos
B TepMuHanbHou dase.

[anbHevwee  nNOsIBNEHNE  OCINOXHEHWUW
npu OypeHun, BKMOYas HapyLleHUs LUpKynauum
N nnacToBble MPUTOKK, OOBACHSETCA BbICOKOMN
pacTBOPUMOCTbLIO rarioreHMToB B LIMPKYNupYoLLen
BypoBOM XMOKOCTWU, YTO NPMBOAUT K POPMUPO-
BaHWIO NOMOCTEeN M notepe YCTOMYMBOCTU CTEHOK
CKBaXuHbl. [lononHuTtenbHo, AMddY3MOHHO-0C-
MOTUYECKME MPOLIECChl, BO3HMKAOLLME MPU KOH-
TakTe BypoBOro pacteopa ¢ MMHepanvM3oBaHHbIMU
NnacToBbIMW BOAAMU, UHULIMMPYIOT OCMOTUYECKUIA
rPafmneHT, KOTOpbI CNOCOBCTBYET HAPYLUEHWIO M-
ApOCTaTUYECKOro paBHOBECUS B pa3pese N MOXeT
NpvBOANTL K aHOManbHbIM hrioMAHBIM NposBre-
HUSIM.

CkBaXuHa-npeteHaeHT b

Ha puc. 3 npeacraeneHbl hakTnyeckne gaH-
Hble, OTpaxarlowue KnoveBble 3Tanbl npouecca
BypeHus ckBaxuHbl b. B pamkax aHanm3a paccmo-
TPeHbl NUTONOrMYECKME XapaKTEPUCTUKN pa3pesa,
OVHaMuKka u3MeHeHu nnoTHoctu BypoBoro pac-
TBOPa, @ Takke COMoCcTaBfieHVe MnaHoBbIX U dak-
TUYECKNX CPOKOB BbIMOMHEHUs paboT.

OcCnoXHeHusl, CBSA3aHHble C MOrMoLeHneM
6ypoBOro pacTtBopa M MNPOSIBIEHWEM NNacTOBbIX
cnomaoB, 3adMKCMPOBaHbl B MHTepBane rmnyouH
3900-4925 M. NepBble NpuU3HaKK NoTepb LMPKYNs-
LUuM oTMeYeHbl npu OypeHun Ha rnybuHe 3976 M,
rAae CKOpoCTb MornolieHns Byposoro pactsopa
BapbhpoBanacb B gnanasoHe 0,8-1,1 m3*4. B ue-
nax crabunusauny rmapoavHaMUYecknx ycroBui
B CTBOME CKBaXMWHbl W NpefoTBpalleHusl Aanb-
HeMwero pasBuTWSA MornoweHnn Gbina nposede-
Ha KonbMaTtauusi NPOHULLAEMbIX 30H NMOCPEeACTBOM
3aKadku kapboHarta kanbuus (CaCO,). B panbHen-
wemM OypeHune OCYLUECTBMANOCL BCOOTBETCTBUM
C NPOEKTHbIMW NapameTpamy C Mnepuoan4eckon
npokaukorn CaCO, pasHbIX rpaHynoMeTpUHecKnx
dpakuui Ans npegoTBpalLeHVs noTepb pacTBopa
B CTBOME CKBaXMHbI.

Ha MomeHT cnycka obcaHOW KOMOHHbI CKBa-
MHa coXpaHsna yCTOMYMBOE COCTOSIHWE, @ CyM-
MapHble notepu GypoBOro pacTBopa COCTaBWUU
206 m*. OgHako B npolecce NpoOMbIBKM Nepen Le-
MEHTUPOBaHMeM 3adMKCUPOBAHO  MOCTYMneHne
nnacToBoro drnouaa B CTBOM CKBaXWHbI, YTO MO-
TpeboBano NPUHATUA OOMOMHUTENbHBIX Mep Mo
crabunusaumm ycrnosui BHyTpu cTBona. B xoge
KOPPEKTUPYIOLLMX MEPOMNPUATUIA 3aperncTpmpoBa-
HO MOBTOpHOE nornolweHve GypoBoro pacTeopa,
ycTpaHéHHoe nocrepoaresibHo 3akadkon CaCo,.

LlemeHTMpoBaHne npoBoaunock B ABa aTana.
Ha nepBom atane npokayka LEMEeHTHOro pacteopa
ocyluecTBnanack 6e3 npusHakos nornowleHus. Oa-
HaKo Npu BbIMblBE M3ObITOYHOTO LEMEHTHOrO pac-
TBOpa OTMEYeHO NosiHoe normnolleHne 6es Bbixoda
Ha MoBepxHOCTb, 4TO noTpebosano nposeAeHus
obpaTHON NPOMBbIBKM AN BOCCTAHOBMEHWS LIMPKY-
naumu. Ha BTOpOM 3Tane uemMeHTMpOoBaHWA Obinu
3aduKCUpoBaHbl MOTEPU LIEMEHTHOro pacTBopa
B 06béMe 16 M3 OTW AaHHble yKasblBaloT Ha Mpu-
CYTCTBME 30H C BbICOKOW MPOHWULAEMOCTbIO, Tpe-
OytoLLMX AONONHUTENBHOTO U3YyYeHUs AN NOMHOro
NMOHMMaHWUs BCEN CUTYaLMN OCMOXHEHHOTrO y4acTka.

Pa3bepém, u3 4ero COCTOAT OCMOXHEHHbIE
ropu3oHTbl. Buserickun sipyc (C1v) B uHTepBane
rmy6uH 3929-4289 M npeacTaBneH OTNOXEHUSMU
MENKOBOAHOW MOPCKOW KapOGoHaTHOW ceauMeHTa-
LMK, copMUPOBABLLUMMUCHA B YCIOBUAX 3MUKOH-
TMHEHTanbHOro LWenbgoBoro 6HacceriHa. HwxHAs
YacTb cTpaTurpaduyeckoro paspesa BKMYaeT
MWXalnoBCKO-BEHEBCKUE TFOPU3OHTbI MOLLHOCTbIO
190-220 m, xapakTepusytolumecs npeobnagaHvem
KapbOHaTHbIX MOPOA, CIOXEHHbIX MWUKPUTOBLIMU
N3BECTHAKaMK, [ONOMUTU3NPOBAHHLIMA  Pa3HO-
CTSMU U1 00NUTOOGPa3HBIMU CTPYKTypamu, yKasbl-
BalOLMMN Ha MNEepUOANYECKYI0 BOMHONPUOONHYIO
nepepaboTKy ocagkoB. B coctaBe nopogoobpasyto-
LMX MUHEPanoB AOMWHUPYIOT KanbuMT U AONOMUT
C MNpUMEeChIo KBapua, apruniocununkaTos (UNmuT,
KaonMWHWT) M AUCMEPCHbIX CyNbgUAHBLIX BKIHOYe-
HWR, B T.4. NupuTa. OTMeYaeTca Hanuyme penukTo-
BbIX OMOCTPYKTYP, TakmMx Kak OCTaTKu KOpanmnoBbIX
KONMOHWA W BOAOPOCHEBbLIX MaToB, CBUAETENb-
CTBYIOLUMX O (POPMMPOBAHUN PUDOreHHbIX aumn
B YCMNOBMSX POTUYECKON 30HbI. 3aneratoLme Bbille
aNeKCUHCKMA N TYNbCKUN TOPU3OHTblI MOLLHOCTbLIO
60-90 n 60—75 M COOTBETCTBEHHO; OHW NpeacTaB-
neHbl MUHUCTBIMKM  KapboHaTamn € npocnosimm
aprunnuToB, YTO YKa3biBAET Ha MOCTENEeHHOe YyCu-
neHve TeppureHHon nocTaBku maTtepuana B bac-
CeliH 0CafKOHaKOMMeHWsl, BeposATHO, BCNEeACTBue
perpeccuBHbIX a3 pas3BuTMA Mopckoro baccerHa.
B BepxHem uyactu paspesa npocrnexusaeTca ne-
pexos B OOOPMKOBCKMA TOPU3OHT MOLLHOCTbIO
20-30 m, npeacTaBneHHbIN aprunnutamu, obnaga-
IOLLMMM HU3KOMPOHULL@EMbIMW CBOWCTBaAMM, YTO MO-
3BOSISIET paccMaTpmBaTh €ro B Ka4ecTse yaepxusa-
e nopoppl, cnocobeTeytoLert OpPMMPOBaHUIO
nmTonornyeckn obycrnoBneHHbIX 3KPaHOB ANs Xua-
KoCTen.

Bopobbesckuit  ropusoHT (D2g-vr) B WH-
Tepeane rnybuH 4927-4973 M [OeMOHCTpupyet
nonudaumanbHylo 30HaNbLHOCTb, O0BYCNOBNEHHYIO
N3MEHEeHNEeM CeAMMEHTaLMOHHbIX YCNOBUN B XOA4e
ero oopmMmnpoBaHus. HmkH1e ropusoHTbl NpeacTas-
NeHbl KBapLeBbIMU NecyYaHWkaMm U anesponuTamm
C uemeHTUpyloLen kapOboHaTHO-IMUHUCTON Ma-
TPULEN, YTO yKasblBaeT Ha BbICOKOIHEPTETUYHYIO
06CTaHOBKY CeAMMEHTauun C akTUBHOW TMAPOAU-
HaMuKon. MnHeparnbHbI COCTaB 3TUX NMOPOA BKHO-
yaet kBapy (60-80%), nonesble wnaTbl (ansLobuT,
Kanui-HaTpueBble pPasHOCTW), MYCKOBWT, OMOTUT
n kapboHaTbl (NpeumyLecTBeHHO kanbuuT). Cpea-
XapaKkTepu3yoTcs MocTeneHHbIM

HMe TOPU3OHTLI
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NnepexofoM OT FMUHUCTBIX CNaHUEB K N3BECTHSIKO-
BbIM Pa3HOCTAM, YTO CBUAETENbLCTBYET O 3aMepn-
NEeHMN CKOPOCTU OCaAKOHAKOMNMEHUS U U3MEHEHUN
XMMUYECKOro COCTaBa BOAHbIX MacC B CTOPOHY Ha-
cbileHns kapboHaTamn. BepxHue YacTv ropusoHTa
COCTOSIT NPENMYLLECTBEHHO M3 aprunnnTM3NpoBaH-
HbIX hauuii, JOCTUraloLWmMX ABYX TpeTen oT obLien
MOLLIHOCTM rOpn3oHTa, YTo 0OyCnoBnMBaeT ero HW3-
KOMPOHUL@eMble CBOWCTBA. XUMMUYECKUM aHanu3
NnoKkasblBaeT BbICOKOE COAepXaHne OpraHnyeckoro
BellecTBa (0o 2,2%), 4TO, Hapsiay C BbICOKUM CO-
OEePXXaHWEM TMUHUCTBIX MUHEpPanoB (CMEKTUT, WIl-
NnnT), yKa3biBaeT Ha ycroBusi obegHEHHOW KuCro-
pPOAOM cpedbl OCaAKOHaKOMMEeHUs, XapaKTepHble
[ONs naryHHbIX Uy 3aCTOMHBIX MOPCKUX 6acCenHOB.

AdoHuHCcKkMI ropu3oHT (D3af) B nHTepsane
rmnybuH 4973-4989 M CTPYKTYPHO BKIOYaET Yep-
HOSIPCKYI0O U KITMHLIOBCKO-MOCOMOBCKYK  CBUTHI,
npeacTaBneHHble NMPEUMYLLECTBEHHO MMUHUCTBIMMW
nopogaMu € MOAYMHEHHBIMW MNPOCIOAMU U3BECT-
HSAKOB U Mapnen. B npegenax 4epHOSPCKON CBUTHI
npeobnagalT TEMHOLUBETHbIE MUHUCTbIE NOPOAbI,
cofepxallme TOHKOAUCTNEPCHbIE BKITHOYEHNS NUpK-
Ta (FeS,) n opraHuyeckoro Beuectsa (Ao 3,5%),

Kick
Failure/ Breakout
VD &L

4YTO CBMAETENLCTBYET O (POPMUPOBAHUM OCaaKOB
B YCINOBUSIX aHaspobHoro mopckoro 6GacceriHa
C OrpaHuvyeHHoW uupkynsuuen Bogbl. CoBoKyn-
Has MOLUHOCTb [AaHHOW nUTOCTpaTurpadmnyeckomn
eqnHnubl Bapbupyetca B AmanasoHe 10-30 wm,
YTO CBUAETENbLCTBYET O CIOXKHbIX NpOLEeccax ceau-
MeHTOreHesa, CBsA3aHHbIX ¢ AnddepeHLNPOBaHHO
cybakBanbHOW MOPCKOW cpedon, uepenoBaHUEM
nepvoaoB aKTUBHOIO OCaAKOHAKOMMEHUS 1 3acTon-
HbIX ycnoBuii. M3BecTKOBble NPOCNOW BKMHOYaOT
ocTaTku chayHbl — ocTpakog, 6paxuonog n dopa-
MUHUMED, YTO YKa3bIBAaET Ha NEPUOOUNYECKYID MU-
rpaumio MOPCKMX SKOCUCTEM B [AaHHOM PErvOHE.
Bbicokasi KOHUEHTpauus FMUHUCTbIX MWHEpPanos,
B T.4. CMEKTUTa, KaofiMHWUTa 1 rMapOCHoA, roBOpUT
O 3HaYUTENbHON TEPPUreHHON MocTaBke mMarepuva-
na, cBs3aHHOM C 3po3neit 6eperoBbIX IMHWIA U Bbl-
HOCOM B3BELUEHHbIX 4YacTWUL, C KOHTUHEHTarnbHOM
cywm.

3admkcupoBaHHble noTepu GypoBoro pacTeo-
pa v NposiBNeHVs NnacToBbix dnougos obycnos-
NeHbl HanU4YMeMm 30H C BbICOKOW NPOHMLLAEMOCTbIO,
yTo TpebyeT NpuMeHeHnss 3PEKTUBHBLIX TEXHOMO-
MM KonMbMaTauunm U U30NALMU 30H MOMOLLEHUS.
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KapboHaTtHble nopogbl hameHCKoro, TypHENCKOro
N BU3EICKOTO SApPYCOB [AEMOHCTPUPYIOT pasnuny-
Hble CTeneHyn TPeLHOBATOCTN 1 AONOMUTU3aLUK,
4YTO BMAMSET Ha WX PUNBETPALMOHHO-EMKOCTHbIE
ceonctea. [Ans npenoTBpalleHnss aHanormyHbIX
OCINOXHEHWN Ha Oyaywmx CKBaXKMHaX BO3HWKNA
3aMHTEpPECOBaHHOCTbL B MPOBEAEHUW AeTanbHOro
N3y4YeHWs1 reoMexaHn4eckux v rmapoanHamMmmnyecKkmx
XapaKkTepucTMK paspesa, a Takke nabopaTopHbIX
TECTOB MO oueHke 3PMEKTUBHOCTN NMPUMEHSEMbIX
N30MALMOHHBIX COCTaBOB.

Puc. 4 npencraBnsieT BbIXO4HblEe OaHHbIE re-
OMEXaHUYeCKOro aHanmaa CKBaXWHbI-NPeTeHAeHTa
b. JaHHaa vnniocTpauusi oxsaTblBaeT 30HY, Npea-
CTaBMALLY HanbOoMbLUMIN MHTEPEC B KOHTEKCTe
paccMaTpvBaeMoll TEMaTUKW, a TakkKe COAEPXWUT
AaHHble, HenocpeacTBEHHO OTHOCALLMECH K Mpea-
MeTy HacTosLwero uccnegosanus. WccneposaHne
npencTaBnsieT cobov KOMMMEKCHBIN aHanna3 Hanps-
XEHHO-AedOPMaLMOHHOIO COCTOSIHUSA FOPHbIX MO-
poa B paspe3e CKBaXWHbI, NMO3BONSAOWMIA onpeae-
NWTb rPaHnLbl YCTOMYMBOCTU CTBOMNA, BEPOSITHOCTb
BO3HUKHOBEHUSI OCIIOXXHEHWI U onTUMarnbHbIe na-
pameTpbl 6ypoBoro pacteopa.

lpadhnueckoe npeacraBneHve pesynsLTaTtoB
reomMexaHn4eckoro uccrneaoBaHus BKMOYaeT napa-
METPbI, XapaKTepusylLne mexaHU4eckoe COCTO-
SIHWE TOPHbIX NMOPOA B 3aBUMCUMOCTM OT UCTUHHOW
BepTukanbHow rmy6uHel (TVD, anen. True Vertical
Depth). B nepBoii konoHKke npvBegeHbl 3HaYeHus
NpeaenbHOro  HanpshkeHust paspyLleHus nopogel
(Breakdown), notepb 6ypoBoro pacteopa (Losses),
nposiBrneHu nnacrosoro cpntomaa (Kick), 30H mexa-
HUYECKOM OeCTpyKUMW CTEHOK ckBaxwuHbl (Failure/
Breakout), akBMBaneHTHOW LMPKYNALUMOHHOW NNoT-
Hoctu (ECD, anen. Equivalent Circulating Density)
n paktuyeckorr nnotHoctu 6GypoBoro pactBopa
(MW (anen. Mud Weight) Actual). 3t napame-
TPpbl UBMEHSAKTCA C rMyOuMHOM U MOryT 6biTb Npea-
CTaBneHbl B BUAE KPUBbLIX WU OTAENbHbIX 30H.
Breakdown onpegenser Kputudeckue MHTepBanbl
paspyLUeHnss MopoAbl Mo4 AEeNCTBUEM MPUMOXKEH-
HbIX HaNpPsHXKeHWI, B TO BpeMsi Kak notepu 6yposoro
pacTtBopa uKcupytloTcst B obnacTsx, rae AaBneHune
B CKBaXWHe npeBblliaeT pakTypHY MNPOYHOCTb
NMopoaHOro Maccuea, 4YTO NPUBOAMT K bunbrpa-
LMK pacTtBopa B nfact. VIHTepBanbl NposiBIEHWUN
(Kick) ykasbiBalOT Ha 30HbI HEKOHTPONMPYyeMOoro
npuToKa MracToBoro drovaa BeneacTeve npesbl-
LUEeHNs1 NNacToBOro AaBreHust Hag rugpocTatuye-
CKUM faBneHvem OypoBoro pacTBopa. Paspylue-
HMe cTeHoK ckBaxuHbl (Failure/Breakout) ceszaHo
C M3MeHeHveM hopMbl CTBOMA MoA, BAUSHWEM Ha-
NPsHKEHUA B Mopofe, 4YTO MpOsBASETcs B Buae
KaBepHOOOpa3oBaHWs U BO3MOXHbIX O0OpYLUEHUNA.
Mpu aTom opueHTnpoBKka 30H Breakout ykasbiBaeT
Ha HanpaBneHWe MWHUMAanbHOrO rOpPU30HTarb-
Horo HarpsikeHus ( g, ), Torga Kak HarpasreHue,
neprneHanKynspHoe STMM 30HaM, COOTBETCTBYET
MaKCUMarnbHOMY FOPU3OHTaNIbHOMY HaMpPsHKEHNIO
(o) [15]. ECD 1 MW Actual sBRsoTca Kto4eBssIMi
napameTpamu, BRAUSIOWWMU Ha rMapoavHaMuye-
CKoe paBHOBeCHE B CKBaXuHe. Bo BTOpON KOMOHke
npeacTaBneHbl AaHHbIE O LUMPUHE 30H pa3pyLUeHust

cTeHok ckBaxxuHbl (Wide Breakout). 31oT napametp
BU3yanuaupyeTcsl B Buae paclumpsiolimxcs obna-
CTel, XapaKTepusyloLux CTeneHb MexaHU4eckomn
aerpagauuyM NOpofaHOro Maccusa. YBenu4yeHHble
3HayeHnsa Wide Breakout cBnpgetenscTByloT O 3Ha-
YNTENBHBIX HaMPSKEHUAX U NOTepe YCTOMYMBOCTU
CTBONa CKBaXMWHbl Ha OTAENbHbIX WHTepBanax.
HanpasneHvie MakcmarnsHoro (g, ) U MUHUManbHO-
ro ropuM3oHTanbLHOro HanpsixeHus (a,) onpegensieT
KOHpUrypaumio paspyLleHnst CTEHOK CKBaXXWHBb,
roe Hambonee LMpokue 30HbI Breakout chopmumpy-
t0TCS B NMOCKOCTY 0y, .

TpeTbsi KOMOHKA BKMOYAET MapameTpbl, Xa-
paKTepusyloLmMe M3MEHEHWUST MOMNEPEYHOro ceye-
HUSA CKBaXWHbl: kaBepHoobpasoaHue (Washout),
OaHHble kaBepHomeTpun (Cal) n guameTtp gonota
(Bit), BblpaxeHHble B Aronmax. HomuHanbHbI An-
ameTp ponota (Bit) npencrtaBneH dukcupoBaH-
HOW BENUYMHOW, COOTBETCTBYIOLLEN MPOEKTHOMY
pa3Mepy CKBaXWHbl. [laHHble KaBepHOMEeTpuu
(Cal) cbukeupytoT hakTnyeckuin auameTp CTBONa,
YTO MO3BONSET BbISBUTL OTKMOHEHUs, 0OycnoB-
NeHHble MeXaHW4eckvM paspylueHuem nopogebl
WM HepaBHOMEPHBIM M3HOCOM CTEHOK. 30Hbl Ka-
BepHoobpa3oBaHus (Washout) ykasbiBaloT Ha WH-
TepBarnbl, B KOTOPbIX AMAMETP CKBaXMHblI NPEBbI-
LaeT HOMUHanbHbIA BCNeacTBUe pa3MbiBa CTEHOK
OypoBbIM PAacTBOPOM WM MEeXaHU4YeCKoW OEeCTpPykK-
uun nopogbl. B rpacduyeckom npeacraBneHnn atm
OaHHble 0TobpaXaloTcs B BUAE OTKITOHEHWUI KpUBOW
Cal oTHocuTenbHoO Bit, 4TO No3BONSAET ONEpaTUBHO
naeHTMdKLMpoBaTh NPoBremMHble 30HbI U OLEHUTL
CTeneHb YCTOWYMBOCTM CTBONA CKBAXUHBDI.

Takum 06pasom, npeacTaBrieHHble [OaHHble
NO3BOMAOT NPOBECTU KOMMNMEKCHbIN aHan13 Hanps-
XEHHO-AeOPMaLMOHHOTO COCTOSIHUS Mopog, oLe-
HUTb YCTOWYMBOCTb CTEHOK CKBaXXMHbl U BbISIBUTb
KpUTUYECKME WHTEpBanbl, Tpebylolinme KOppeKTu-
POBKM NapameTpoB GypoBoro npotecca.

Wcxomsa us pesynstatoB aHanusa, npeacraB-
NEHHOro Ha puc. 4, MOXHO OTMETUTb, YTO MHTEPBan
c 4806 no 4823 m saBnseTca Hauboree ya3BnMON
30HON CKBaXWHbl C TOYKM 3PEHUSI YCTOWYMBOCTM
cTBona. B paHHOM nHTepBane HabniopatoTcs Kpu-
TUYECKN BbICOKME 3HAYeHWs1 MpeaenbHOoro Hanps-
XeHusi paspylleHus nopogbl (Breakdown), notepb
6ypoBoro pacteopa (Losses), nposiBneHui nna-
ctoBoro cnionga (Kick) n 30H MexaHuuyeckon ge-
cTpykuumn cteHok ctBona (Failure/Breakout), npwu
3TOM yKasaHHble napaMeTpbl HaknaabIBaTCs ApYr
Ha apyra, 4To CBUAETENbCTBYET O KOMMIEKCHOM Xa-
pakTepe reoMexaHU4eCcKUX pUCKoB.

MoBbllweHHble 3HaveHWss Breakdown yka-
3bIBAlOT Ha TO, YTO MOpofa B AAHHOM MHTepBarne
JocTuraeT CBOEro npefena NpoYHOCTM nop Aew-
CTBMEM TMPUMOXEHHBLIX HaMPSKEHUNA, YTO MOXET
NpuBOAUTL K MUKPOTpEeLnHoobpa3oBaHMio U no-
Tepe YCTOMYMBOCTM cTBONa. 3aduKCUpoBaHHbIE
notepu BypoBoro pacteopa (Losses) ykasbiBaloT
Ha MpeBbILLEHNE rPaHnLbl PPaKTYPHOrO AABMEHUS,
4YTO NPMBOAWUT K MPOHWKHOBEHMIO GypoBOro pac-
TBOpa B MNacT ¥ NOTEHUManbHOMY YXYALIEHWUIO ero
KonnekTopckmx ceoncts. OfHOBpPEMEHHOE NpUCYT-
CTBWE UHTEPBANOB NPOSIBNEHNS MNACTOBOro chnoun-
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na (Kick) cBupetenbcTByeT 0 HeOCTaTOMHOM yaep-
XuBatolLem aasneHumn ctonba Gyposoro pacTtsopa,
YTO CO34aET NPeanoCkIIKU ANsi HEKOHTPONUPyeMo-
ro NpuMTOKa NnacToBbIX prnonaos. [lononHMTEeNsLHO,
Hanuyve passuTbIX 30H paspyLUEeHNs CTEHOK CKBa-
*uHbl (Failure/Breakout) yka3blBaeT Ha 3HaunTENb-
HOe BMUSHNE HanpPsHKEHHOrO COCTOSIHUA TOPHbIX
nopop, 4TO COMpOBOXAAEeTCs kaBepHOObpasoBaHN-
€M 1 BO3MOXHbIMW 0OPYLLUEHUAMW CTEHOK.

AHanM3 XMMWKO-MMHEpParornyeckoro cocra-
Ba, a TaKKe U3y4YeHWe reoMexaHu4eckux CBONCTB
OCIOXHEHHbIX FOPU3OHTOB MO3BOSISIET YCTAHOBUTb,
YTO 30HblI MOrMMOLWEHNA W MPOSBNEHUSA NnacTo-
BbIX (PrONO0B NPENMYLLECTBEHHO TOKann3oBaHbl
B BbICOKOMPOHML@EMbIX auunsix, npeacTaBneH-
HbIX aneBponuMTamMu, necyaHvkamu u TpelmHoBa-
TbiMM kapboHaTamu, NOABEPrIMMUCA BTOPUYHON
aonomuTudauun. B 1o e Bpems Hanuume mano-
MOLLHbIX, HO TMPOTSHKEHHBIX [MMHUCTBIX NPOCHO-
€B M aprunnuMTuanpoBaHHbIX caumn dopmupyet
Gapbepbl, NpenaTcTBylOLWNe BepTUKaNbHOMY ABU-
XeHuto conongos. Cneundmka ceaMeHTaLNOHHbIX
YyCrnoBUWiA ONpeaenseT NpocTpaHCTBEHHOe pacnpe-
AeneHne nOpUCTO-NPOHMLIAEMbIX CBOWCTB MOPOA,
a TawkKe WX CMOCOBHOCTb K B3aMMOAENCTBUIO
C 3aKayvBaeMbIMV TaMMOHAXHLIMU U WU3OMALMNOH-
HbIMW MaTepuanamu. 3T0 HeobXoAUMO y4uTbLIBaTb
npu BbIOOPE TEXHOMOrMA U30MALMN 30H MOTMoLLe-
HUSA 1 OrpaHNYeHns BOSOMNPUTOKA, a Takke Npu npo-
€KTUPOBaHNWN MEPOMNPUSATUI NO YNpaBNeHWio pa3pa-
BOTKOV MECTOpPOXAEHUN.

Pe3ynbTathl u 06CcyxaeHue

B KasaxctaHe npeanoxeHbl yHUBepcanbHble
TaMMOHaXHbIE W CeneKkTUBHble Komnosuummn [16,
17], OpUEHTMPOBAHHbIE HA PEMOHT CKBaXXMH W Mpe-
[OTBpalleHne notepb pactBopa. B Poccum pas-
paboTtaHbl BsA3koynpyrve coctaBbl [18], kucnoTo-
pacTBOpUMbIE TaMmnoHaxHble Martepuansl [19],
a Takke MeToabl OypeHus B nornowarLmx ropu-
30HTax C NpUMeHeHnem adpoHHbIX cuctem [20].
OTgenbHOe BHUMaHne yaensaeTca TEXHONOrMaM Ha
OCHOBE TMNCOBbIX cycneH3uin [21], obecneynBato-
LLMX HAOEXHYI repMeTm3aunio NpobrneMHbIX 30H.

Ha mexayHapogHOM ypOBHE aKTMBHO NaTeH-
TyloTCA MoanduuMpoBaHHble OypoBble CUCTEMBI
n nobaBkn Ans perynvpoBaHWs NoTepb pacTeopa.
K HMM oTHocsiTCS reneobpasHble komnosuumm [22],
nonuMepHble UM 3racToMepHble CMecu Ans cra-
6unusauun umpkynsuum [23], kancynupoBaHHble
nobaBku Ans BOAHbIX PacTBOPOB [24], a Takke no-
NMMepHbIe CUCTEMbl Ha OCHOBE LIeNnmtono3ebl U nonu-
caxapuaoB [25]. OTu pa3paboTkv AeMOHCTPUPYIT
CTpPEMIeHne K CO3[aHWNI0 MHOTOYHKLMOHAMbHbIX
N TEPMOCTabMIbHbBIX MaTepuanos, CNOCOOHbLIX pa-
6oTaTb B LUMPOKOM AManas3oHe reonoro-texHuye-
CKUX YCIOBWIA.

AHanus npencTaBneHHbIX naTteHToB [15-25]
OEMOHCTPUPYET, YTO COBPEMEHHbIE TEXHONorum
N30MAUMU 30H MOTTOLUEHUIA U OrpaHUYeHUst BOAO-
npuToka 6asmpyloTca Ha pasnuyHbIX PU3NYECKNX
U XUMMYECKMX NpuHUMnax. Vicnonb3oBaHne Bsi3KO-
ynpyrux renew, adpoHHbIX CTPYKTYp, KMcrnoTopac-
TBOPMMbIX KOMMO3WLUMIA U MUKPOMHKaNCynMpoBaH-
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HbIX NPMCaOK MO3BONSET BbIOMpaTh ONTUManbHoe
pelleHne B 3aBWCMMOCTU OT KOHKPETHbIX YCIOBUI
CKBaXXMHbI.

CenekTuBHas KOMMNO3UUMS Ans U30NsuUn 30H
NOrnoLEeHN 1 OrpaHNYeHNs BOOONPUTOKA B HEITS-
HbIX W rasoBbIX CKBaXMHaX MOXeT paccMaTpuBaTb-
€S KaK OHO M3 BO3MOXHbIX PELUEHNI OCNOXHEHWUN,
3ahMKCUPOBaHHbIX B CkBaxuHax A n b. YuntbiBas
CMOXHOCTU, CBSI3aHHbIE C NOTepen uMpKynsauum oy-
POBOro pacTBopa, NMPUTOKOM MNNAacToBbIX hroMA0B
N CHWKEHVEeM YCTOMYMBOCTW CTBONA, NPUMEHEHWe
[aHHOro cocTaBa MOXeT cnocobcTeoBaTb cTabu-
nu3auum Byposoro npouecca. OgHako ero ncnonb-
30BaHuWe TpebyeT TWaTenbHOro aHanuaa ¢ y4éTom
NpevMyLLEeCTB, BO3MOXHbIX OrpaHU4eHmnin n Heobxo-
OMMOCTM Moaudukaumm coctaBa nog KOHKPETHble
reonornyeckne ycrosus.

Komnosuuusa BknoyaeTt auetat xpoma (llI),
nonuvakpunamvg, CrnMpT W HEWOHOTeHHble Mo-
BEPXHOCTHO-aKTVBHblE BellecTBa (aanee — MAB),
YTO onpeaensieT eé KOMNIEKCHbIA XapakTep Bo3aen-
cteus. Auetat xpoma (I11) BINOMHAET hyHKLUMIO CLum-
BatoLLero areHta, oopMUpYIOLLEro NPOYHYIO rere-
06pasHyto CTPYKTYpyY Npv B3auMoAenCcTBUM C BOAOM,
4yTo cnocobeTByeT 3PEKTMBHOW repMeTm3aumm
30H nornoueHus. bnarogapsa ceBoMM BOAOyAEPXKM-
BalOLLMM CBOWCTBaM nonuakpunamug perynupyet
BA3KOCTb U obecneymBaeT NPONIOHIMPOBaHHOE Bpe-
Msi reneobpasoBaHuns, YTO AAET BO3MOXHOCTb TTy-
60OKOro NPOHUKHOBEHWSA COCTaBa B NOPUCTYIO Cpeay.
CnupTtoBas cocTaBnstoLyas cnocobctsyeT gernapa-
TauMm NOpoBOro NPOCTPaHCTBA, YTO NOTEHLMANbHO
CHWXaeT BOAOMPUTOK, a HenoHoreHHble MNAB ynyu-
LUaT CMa4YMBaEMOCTb NOp 1 06ecneymBatoT paBHO-
MepHoe pacrnpeferneHne KoMnosvuum B TpeLymHax
1 MUKponopax.

lMpvMeHeHne [aHHOM KOMNO3WLUW B YCIO-
BMSAX CKBaXuHbl B, B 4acTHocTu, B wuHTepBane
4806—4823 M, rge OoTMeveHa BbICOKas reomexa-
HMyeckasi HecTabunbHOCTb Mopogd, MOXeT Crho-
cobCTBOBaTb  YKPEMMEHWI0 CTEHOK  CKBaXWHbI.
3anonHeHve TpewmH reneobpasyolwen cucTe-
MOM NOTEHUManbHO OrpaHUYUT [EeCTPYKTUBHbIE
npouecchl, CBfi3aHHble C kaBepHoobOpasoBaHuem
N nokanbHbIMM 00pyLleHusMU. B ckBaxuHe A,
roe 3advKcMpoBaHbl 3HaYuTenNbHblEe NoTepu Gypo-
BOrO pacTBopa W MPUTOKM HAaCbILLEHHOro paccona
CaCl,, ncnonb3oBaHne CEneKTUBHOW KOMMO3nLum
TpebyeT [OMONHUTENBHOW OLIEHKN YCTONYMBOCTY €€
CTPYKTYpbl B YCMOBUSAX MWHEPanM3oBaHHbIX Mna-
CTOBbIX (OMONAOB.

HecmoTpsi Ha TexHomorMyeckue npeumyle-
CTBa, HEOOXOAMMO YYMTbIBaTb BO3MOXHbIE Orpa-
Hu4yeHus. B nepsylo oyepepp, CyllecTByeT Bepo-
SATHOCTb BPEMEHHOIO CHWKEHWUSI MPOAYKTUBHOCTU
nnacrta Ha nepvoa Aerpagaumm repmeTuanpyoLLero
rensi, 4To obycnoBreHo ero NPOHNKHOBEHMEM B MO-
PUCTYIO Cpeay U CHUXKEHneM eé uUnsTPaLUMOHHbIX
ceoncte. OgHaKo C TEYEHWEM BpEeMEHW 3a CYHET
paspyLUeHnst MONMMEPHON MaTpuLibl BO3MOXHO MO-
CTeneHHoe BOCCTaHOBMEHWE MPOHULAEMOCTN Mpo-
OYKTUBHBIX 30H. [ins yckopeHus aToro npoiecca
BO3MOXHO WCMNONb30BaHWE TEPMOYYBCTBUTENbHbLIX
nobaBok unu GuoperpaampyembiX KOMMOHEHTOB,
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obecnevnBaloLLMX KOHTPONMUPYEMYIO [eCTPYKLMIO
cocTaBa B 3afjaHHbIi Nepuoa.

C 3aKonorm4eckow TOYKM 3peHusi NpUMeHeHve
[aHHOW KOMMo3uuMu obnagaetr psiAoM npevmy-
wects. B otnuune OT TPagULMOHHBLIX LEMEHTHbIX
cocTaBoB, obpasytlolmnx TpyaHopasnaraemble 6a-
pbepbl, reneobpasHas CTpykTypa CenekTMBHOro ma-
Tepuana co BpeMeHeM noaaaétcs eCTEeCTBEHHON
Aerpagauuu, Y4To CHKaeT A0NroCPOYHOE TEXHOrEH-
Hoe BO3fencTBue Ha nnact. Kpome Toro, ucnorb-
30BaHVe HeWoHoreHHbIX NMAB MUHUMU3MPYET puck
3arpsi3HeHUst NNacToBbIX BOA TOKCUYHBIMW KOMMO-
HEeHTaMW, 4YTO OCOBEHHO aKTyaslbHO B YCMOBUSX
3KOMNOIMMYECKN YyBCTBUTENbHBIX PaioHOB. [JononHu-
TenbHbIM NPENMYLLECTBOM SIBMSIETCA BO3MOXHOCTb
MoamdukaumMm coctaBa C NpuMeHeHuem 6Guopas-
naraembix CTabunmnsaTopoB, YTO NO3BOMUT CHU3UTL
HarpysKky Ha OKpyXaloLLyo cpedy npu yTunusaumm
6ypoBoro pacTeopa v NpoAyKTOB Aerpagaumu rensi.

CenekTBHasi KOMMO3WULUSI SIBRSIETCS Mep-
CMEKTUBHBbIM  MHCTPYMEHTOM ANs  NuKBuAauum
OCMOXHEHWI, 0ByCnoBnNeHHbIX NoTepsimu GypoBo-
ro pactBopa v HexenaTernbHbIMWU BOLOMPUTOKaMMU.
E€ ocHOBHble mnpeumyLlecTBa  3aKyarTcs
LB CnocoBHOCTU CeNneKTUBHO B3aMMOAENCTBOBATb
C BbICOKOMPOHULAEMbIMA 30HaMW MPOOYKTUBHO-
ro nnacta, ctabunmavpoBaTb CTEHKM CKBaXWHbI
1 orpaHnymBaTb NPOHUKHOBEHME NNACTOBbLIX CbI'II'O-
naos.

OpHako Ans yCnewHoro BHeAPEHUs AaHHOW
TexHonorun Heobxoaumbl AeTanbHble nabopa-
TOpPHblE W MOMEBbIE UCMbITAHWUSA, HanpaBreHHbIe
Ha M3yyeHue YCTOMYMBOCTM KOMMO3ULMU B KOH-
KPETHbIX reosioro-TexHn4ecknx ycrnoeusax, ontTumm-

AONONHUTENBbHO

UcTouyHuk cpuHaHCcupoBaHUA. ABTOpbI 3a8BNSAIOT
06 OTCYTCTBUM BHELUHEro (UHAHCUMPOBaHWUSA NpU
NpoBeAeHUN UCCneoBaHus.

KoHdbnukT nHTepecoB. ABTOpbI AeKnapupyoT OT-
CYTCTBME S$IBHbIX WM MOTEHUManbHbIX KOHM(NUKTOB
MHTEPECOB, CBAI3aHHbIX C Nybnukaumen HacTosLwen
crartbu.

Bknap aBTOpOB. BCe aBTOpLI NOATBEPXAAKOT COOT-
BETCTBUE CBOEro aBTOPCTBa MeXAYHapOAHbIM Kpu-
Tepusam ICMJE (Bce aBTOpbl BHECNN CYLLECTBEH-
HbIVi BKNag B pa3paboTKy KOHUenuun, npoBeaeHve
nccnenoBaHusi M NoAroToBKY CTaTby, MPOYNN U o[-
6pvnun chuHanbHylo Bepcuio neped nybnukauunen).
HanbonbLimn Bknaa pacnpenenéH cneayowmm ob-
pa3om: Parikynos C. K. — c6op 1 aHanu3 AaHHbIX,
cocTtasrneHve matepuana; MapbsaH C.B. — koHcynb-
Tauus, peaakTMpoBaHue rMas U CTPYKTypupoBaHue
MaTtepwuana; fimarynos T.X. — KypupoBaHue 1 corna-
coBaHve hvHanbHON BEPCUM NpPoeKTa.

CMUCOK UCNONb30OBAHHOM NIUTEPATYPbI

3auuto napameTpoB rerneobpasoBaHusl U KOHTPOIb
3a npoueccamy ferpagauuy repMeTusupyroLero
cnosi, obecneunBas nNpy 3TOM COXpaHeHne NpoaykK-
TMBHOCTM nnacra.

[anbHenwee pasBuMTUE [AHHOrMO Hanpaene-
HUSI MOXET OblTb CBSI3aHO C COBEPLLEHCTBOBAHNEM
peuenTyp repmMeTM3npyoLLMX COCTaBOB, CO34aHNeM
afanTUBHbLIX CUCTEM YrpaBreHusi TaMMNOHAKHbIMU
matepvanamm, a Takke BHeOpeHMEM LUpoBbIX
TEXHOMOrMN AN MOHUTOPWHIa W MPOrHO3MpOBa-
HUSA KX 3PEKTUBHOCTU B peanbHOM BpPEMEHW.
KomnnekcHbIi nogxod K peleHuto npobnemsl
MOrMOLLEHNA MO3BOSIUT CYLLECTBEHHO MOBbLICUTH
3(pheKTNBHOCTL OypeHUst 1 3KCnyaTauMoHHOIO
o0CnyXmMBaHWs CKBaXuH, obecne4ynBasi yCTONYU-
BOCTb HedpTerasoBblx OOGLEKTOB B [ONTOCPOYHON
nepcnekTmee.

3aknyeHue

B paHHoW paboTte Obinu paccMOTpeHbl Me-
XaHu3Mbl MormnoleHus GypoBoro pacteopa, MeTo-
Obl foKanusaumyM 30H MOTMOLLEHNUs, TeXHomnorum
NMPUMEHEHNSI TaMMOHaXHbIX MaTepuanoB, aHanus
OCNOXHEHMN MpPU CTPOUTENBLCTBE CKBaXUH A 1 b,
a Takke NpoBeféH 0630p COBPEMEHHbLIX 3anaTeH-
TOBaHHbIX pelleHuin. BHeapeHne WMHHOBaLMOHHbIX
TEXHOMNorum n metofos 60pbOLI ¢ NornoLeHnem 6y-
POBOro pacTBopa v NPOsiIBIIEHNEM MNIACTOBbIX rto-
1a0B CNOCOBCTBYET HE TONBKO CHMKEHWIO 3aTpaT Ha
CTPOUTENLCTBO M PEMOHT CKBaXKWH, HO M MOBbILLE-
HUIO MX 3KCMIyaTauMOHHOW HaOEXHOCTU, a Takke
MUHMMU3ALMN IKOIOTMYECKUX PUCKOB, CBA3AHHbIX
C yTedkamu OypoBOro pacteopa v HEKOHTpONMpye-
MbIMV BOOOMPUTOKAMM.
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Opurm-lan bHO€ UccrnegoBsaHune

MNMepcnekTuBbI Nony4YeHnUsa 6a3oBbIX Macen U3 He(pTeOUTYMUHO3HbIX
nopoa MecTopoXaeHus
Kapacsasb-Tacnac

E.O. Aan6epreHoB’, B.X. TypkneH6aeBa? A.®. AxmeToB?

'"®unuan KMI" Unxunupure «KasHUTMWmyRatiza3», 2. Akmay, KasaxcmaH

2KMI™ UnxuHupuHe, e. AcmaHa, KasaxcmaH

3Yebumckull eocydapcmeeHHbIl HeghmsHOU mexHu4Yeckul yHueepcumem, 2. Y¢ba, Poccusi

AHHOTALMUA

O6ocHoBaHue. B ycnoBusix NCTOLLEHMSA 3anacoB NErkon HepTn 1 ycTondMBOro pocta cnpoca Ha cMma-
304Hble MaTepuarnbl akTyanbHOW 3aJavell CTaHOBWUTCH OCBOEHME anbTepHaTUMBHBLIX WCTOYHMKOB yrre-
BOOOPOAHOrO cbipbs. MpupogHble BGUTYMbl, HECMOTPSI HA TEXHOMOMMYECKMe CMOXHOCTU nepepaboTku,
npencTaBnaioT cobov NepCcnekTUBHOE CbipbE AN nonyveHns 6a3oBbix Macen, ocobeHHo B Pecnybnvke
KasaxcTaH, rge Ha cerogHsWHWA AeHb OTCYTCTBYET COOCTBEHHOE MPOMBILLNIEHHOE NPOU3BOACTBO CMa-
304HbIX MaTepunarnos.

Llenb. OueHka BO3MOXHOCTU NonyyYeHns 6a3oBbIX UHAYCTPUANbHbIX U MOTOPHBIX Macen 13 MacnsHbIX
dpakumi, BbiAeNeHHbIX 3 Ma3dyTa npupogHoro butyma mectopoxaeHus Kapacasb-Tacnac.
MaTepuansbi U metoabl. OGLEKTOM UCCNEAOBaHUS ABMANCS MasyT, NOMyYEeHHbIA B pe3ynbrate aTtMo-
chepHO NeperoHkn npupoaHoro 6utyma. Metogom BakyyMHOW NEPEroHkn Bbinv BbiaeneHbl MacnsiHble
dpakumm ¢ TemnepatypHbiMu MHTepBanamu kuneHns 350—-400°C n 400—460°C. OuuncTka ocyLlecTens-
nacb C NpUMeHeHeM oTbenvBatoLen rMuHbl. PUINKO-XMMUYECKNE XapaKTEPUCTUKN ppakumMii 4O U no-
Cre OYUCTKKN onpeaensnnce No ctaHaapTHeIM metoaukam ASTM un FOCT.

Pesynbratbl. [MonyyeHHble MacnsHble gpakumMnm xapaKTepusyloTCs BbICOKOW KMHEMAaTU4YeCKon BSI3KO-
CTblo, MHAEKCOM BA3kocTU A0 110,7 1 HM3KkMM copepxaHueM cepbl (< 0,45%). Mo cBouM U3UKO-XUMK-
YECKUM CBOWCTBAM OHWU COOTBETCTBYHOT TpeboBaHMAM, NpeabsBnsieMbiM K 6azoBbiM Macnam | v Il rpynn
cornacHo knaccudukaumm American Petroleum Institute, a Takke conoctaBMMbl C MHAYCTPUANbHBIMU
macnamu mapok U-40A n N-50A. YctaHoBneHa HeoBXo4MMOCTb NpoBeaeHus agenapauHmsanymmn n go-
6aBneHnsa NpMcagoK C Lenbio YiyylleHns HU3KoTeMnepaTypHbIX XapakTepuUCTUK.

3akntouveHue. lNMpupogHein 6utym mectopoxaeHus Kapacasb-Tacnac npeacrasnsieT cobow nepcnek-
TMBHOE CbIpbE A1 NPOM3BOACTBA BbICOKOKaYeCTBEHHbIX 6a30BbIX Macen. [1poBeaéHHble nccnegoBaHus
NOATBEPXKAAKT LienecoobpasHOCTb KOMMNIEKCHOW nepepaboTku MasyTa nNpupogHoro 6utyma c uenbto
nonyyYeHnst MHOYCTpranbHbIX U MOTOPHBIX Macer, YTO CNocOBCTBYET peLleHnio CTpaTernyeckn BaxHbIX
3ajad, CBA3aHHbIX C BOCMONHEHNEM CbipbeBOM 6a3bl, yCTOMYMBLIM pa3BuTneM HedpTeaobbiBatoLLEN OT-
pacnu n obecnevyeHnem aHepreTnyeckon 6€30nacHoOCTM CTpaHbl.

Knroyeenble crosa: npupoldHbill 6umym, Kapacsisb-Tacnac, masym, macrisiHble ¢hpakyuu, 6a3oeble
uHOycmpuarbHble macina, UHOeKC 8sa3Kocmul.

Kak untupoBaTthb:
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Prospects for Obtaining Base Oils from Bitumen-Bearing Rocks
of the Karasyaz-Taspas Deposit
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'Branch of KMG Engineering “KazNIPImunaigaz”, Aktau, Kazakhstan

2KMG Engineering, Astana, Kazakhstan

3Ufa State Oil Technical University, Ufa, Russia

ABSTRACT

Background: With light oil reserves depleting and the demand for lubricants steadily increasing,
the development of alternative sources of hydrocarbon feedstock has become a pressing issue. Despite
the technological complexity of processing, natural bitumens represent a promising raw material
for the production of base oils, particularly in the Republic of Kazakhstan, where domestic industrial
lubricant production is currently absent.

Aim: To assess the possibility of obtaining base industrial and motor oils from oil fractions derived
from the fuel oil of natural bitumen at the Karasaz-Taspas deposit.

Materials and methods: on the study object was fuel oil obtained by atmospheric distillation of natural
bitumen. Oil fractions with boiling temperature ranges of 350-400 °C and 400-460 °C were separated
using vacuum distillation. Purification was carried out using bleaching clay. The physical and chemical
characteristics of the fractions were determined before and after purification according to standard
ASTM and GOST methods.

Results: The obtained oil fractions are characterized by a high kinematic viscosity, a viscosity index
of up to 110.7, and low sulfur content (<0.45 wt.%). Their physical and chemical properties meet
the requirements for base oils of groups | and Il according to the American Petroleum Institute
classification and are comparable to industrial oils of grades I-40A and I-50A. Dewaxing and the addition
of additives are necessary to improve low-temperature performance.

Conclusion: Natural bitumen from the Karasyaz-Taspas deposit is a promising raw material for producing
high-quality base oils. The study confirms the feasibility of comprehensive processing of natural bitumen
fuel oil to produce industrial and motor oils, contributing to the replenishment of the raw material base,
the sustainable development of the oil industry, and the enhancement of the country’s energy security.
Keywords: natural bitumen; Karasaz-Taspas, fuel oil; oil fractions; base industrial oils; viscosity index.
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TynHycka 3epTTey

Kapaca3s-Tacnac KkeH OpHbIHbIH OUTYMUHO3AbI MyHau
XbIHbICTapblHaH 6a3anbiK MannapAabl any nepcnektusanapbl

E.O. Aan6epreHoB', B.)XK. TypkneH6aeBa? A.®. AxmeToB?®

'KMI™ UnxurupuHe «Kasf 3XKWmyHateas» ¢unuansi, Akmay Kanacel, KazakcmaH
2KMI™ UnxxuHupuHe, AcmaHa Kanacbl, KasakcmaH

3Ycha memnekemmik MyHal mexHuKarsnbiK yHusepcumemi, Y¢a kanacol, Pecel

AHHOTALMUA

Herizpgey. XeHin myHali KoprapblHbIH, CapKblifybl X8He »afapMan MatepuanfapblHa CypaHbICTbIH
TYpaKTbl 6cyi XafgavblHaa KemipcyTek LKKi3aTbIHbIH 6anama ke3gepiH urepy e3ekTi MiHOeTKe aHanyaa.
Taburn Gutymaap, kanta eHaeyaiH TEXHONOrMANbIK KypAeniniriie kapamacrtaH, 6asansik Mmanapabl any
YLWiH nepcnekTMBanbl WukidaT 6onbin Tabbinaabl, acipece Kasakctan PecnybnukacbiHga OyriHri KyHi
XaHapMan maTepuangapbiHblH, ©3iH4IK OHEPKSCINTIK OHAIPIC KOK.

MakcaTtbl. Kapacas-Tacnac KeH OpHbIHbIH Tabufn GUTYM MasyTbiHaH GeniHreH man dpakuusinapbiHaH
6a3arnblk 6HEPKaCINTIK XxaHe MOTOP MainapbiH any MyMkiHAiriH 6aranay.

Martepuanpap MeH agictep. 3epTTey oObekTici-Taburn GutTymabl atMmocdepanslk angay HaTUXKeciHae
anbiHFaH masyT 6ongbl. Bakyympablk anpay opici apkbinbl kKalHay TemnepaTtypa WHTepBangapbl
350-400°C xaHe 400-460°C GonaTbiH Man hpakumanapbl axblpaTbingbl. TazapTy arapTkbill casgbl
KonaaHy apkbinbl >Xy3ere acblpblingbl. TasapTyra OeniHri xaHe KeuiHri ppakumsnapgbiH usmkanbIk-
xumuanblk cunattamanapbl ASTM xxeHe MEMCT ctaHgapTThl 94icTepiHe ColKkec aHblKTanabl.
Hatuxenepi. AnbiHFaH Maii dpakuusainapbl Xofapbl KMHEMaTUKanbIK TYTKbipnbikneH, 110,7-re gewiHri
TYTKbIPMbIK MHOEKCIMEH X8He TemeH KykipT menwepimeH (< 0,45%) cunattranagbl. ®usmkanbik-
XMMuANblK kacuetTepi GorbiHWwa onap American Petroleum Institute knaccudwukauusicelHa cevikec
| xxaHe |l TonTapabiH 6a3anblk MannapbliHa KovblnaTblH TanantapFa Cenkec kenepgi, coHpavi-ak M-40A
xaHe W-50A mapkanbl eHepkacinTik mannapmeH canbiCTblpyFa Gonagbl. TemeH Temnepartypanbik
cunatTamanapgpbl akcapTy MmakcaTbliHAa kocnanapgbl AenapaduHusaumsanay XeHe KOCy KaxeTTiniri
aHblKTanabl.

KopbITbiHAbI. Kapacas-Tacnac keH OpHblHbIH Tabwufn BUTyMbl xofFapbl canansl 6asansik Mannapgbl
eHipy YLWiH nepcnekTuBarnbl WKkKi3aT 6onbin Tabbinaabl. XKyprisinreH 3epTTeynep eHepKacinTik >xaHe
MOTOp MawnapblH any makcaTblHAa TabuFn GUTYM Ma3yTbiH KelleHAi KahWTa eHAaeydiH OpblHAbIMbIFbIH
pacTangbl, Oyn wwwukisaT 6GasacbiH TOMbIKTLIPYMEH, MyHal eHZipy canacbiH TypakTbl [aMbITyMeEH
XaHe engiH sHepreTukanblk KayincisgiriH kamTamacbl3 eTymMeH GaiinaHbICTbl CTpaTernanblK MaHbl3abl
MiHOETTepi WweLlyre biknan eTeqi.

Hezizzi ce3dep: maburu 6umym, Kapacas-Tacnac, ma3ym, mali chpakyusinapbl, 6asasnbiK eHepKacinmik
madnap, mymkbipsibiK UHOEKCI.
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MyHal XblHbICTapbiHaH Ga3anbik Mannapabl any nepcnekrmeanapsbl // KasakctaHHbIH MyHaii-ra3 canacblHbIH
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BBeneHune

B HacTosilee Bpemsi Habniogaetcs ycTou-
umBasi TEHOEHUMSI K pPasBUTUIO U BHEOPEHUIO
OTEYECTBEHHbIX TEXHOMOTnHI, HanpaBneHHbIX
Ha NPOU3BOACTBO BbICOKOKAYECTBEHHbLIX CMa304HbIX
matepuanoB. B Pecnybnuke KasaxctaH Ha cerog-
HALWHWUA OeHb OTCYTCTBYET COOGCTBEHHOE MPOMBbILL-
NleHHOEe NMPOUW3BOACTBO CMa304YHbIX Macer, B CBA3M
C 4yem BeCb 0ObEM MOTpebnsemon npoaykuun no-
KpbIBAeTCS 3a CYET MMMOpPTa, COMPOBOXAAEMOro
3HaYUTENbHBLIMK 3aTpaTaMy Ha NpuobpeTeHne n no-
rmctuky. CornacHo oueHkaMm, rogoBasi noTpebHoCTb
CTpaHbl B CMa304HbIX MaTtepuanax cocTaBnseT no-
psaka 600 ThiCc. T, NpM 3TOM AaHHbIN MokasaTtenb
[OEMOHCTPUPYET CTabUIbHBIA POCT Ha hoHe pa3Bu-
TUSI TPAHCMOPTHOW MHAPACTPYKTYPbI, pacLUMpEHUs]
NPOMBILLIIEHHOTO KOMIMJIEKCa U yBENMYeHus vucna
3HEpreTM4yecknx o6bLekToB [1].

B ycnoBusx nocTeneHHOro WUcToweHus 3a-
nacoB nérkux HedpTen Bce OGonee akTyanbHbIM
CTaHOBUTCA BOMpPOC pa3paboTkym MecTopoxae-
HUI TSXXENOro yrneBOJOPOAHOro Chipbs (ganee —
YBC), TaKkoro kak Tskénble HedTU U NpUpOAHble
6utymbl (aanee — MNB). NBb npeacrasnsAT cobon
HekoHauuuoHHoe YBC, 4TO CyLLeCTBEHHO OCMOX-
HAeT ux nepepaboTky u TpebyeT uHAMBMAOyanb-
HOro TexHoslormyeckoro noaxoga. B 3aBucumocTu
OT XMMMUYeckomn npupoabl u coctasa b pasnuyHbIX
MEeCTOPOXAEHU Heobxoanmo nogbupaTe cooTBET-
CTBYHOLLMI KOMMNIEKC TEXHONMOMMYECKNX NpoLLeccoB
N XUMUYECKMX MeToAoB nepepaboTku, Hanpas-
NeHHbIX Ha 3(dEKTUBHOE W3BMNEYEHME LENeBbiX
KOMMOHEHTOB U MOMyYeHNe BbICOKOKAaYeCTBEHHbIX
HedpTenpoaykToB. OAHUM M3 NPUOPUTETHBLIX Ha-
npaenexHuin paseBuTus HedpTenepepabaTbiBatoLLen
NPOMBILLIIEHHOCTN CTpaHbl SiBNsSieTcs paspaboTtka
1 BHeApEHWE MHHOBAUWOHHbIX TexHonorui rny6o-
KOW nepepaboTku, aganTUpOBaHHbLIX K CBOWCTBaM
Tskénoro YBC [2].

B Hactoswee Bpemsi B KasaxctaHe HedTe-
6uTymMnHO3HbIEe Mopoapl (ganee — HBI) npaktn-
YECKM He WCMOonb3ylTCs, 4YTO OOYCroBMEHO UX
HEOCTaTOYHOW W3Yy4YEeHHOCTbIO, OTCYTCTBUEM 3dh-
(PEKTUBHBIX TEXHOINOTMMI U3BMEYEHUS U NepepaboTku,
a Tawkke OorpaHuW4eHHOn WHOopMaLMen O BO3MOX-
HbIX HanpaeneHnsaX NPUMEHEHUs Nony4yaemblx Npo-
ayktoB. OcBoeHne mectopoxaeHun HBIMN nossonut
obecneunTb Uenbii psa oTpacren 3KOHOMUKN cTpa-
Hbl LIEHHbIM OTEYECTBEHHbIM CbIpbEM. [pakTunye-
ckoe pelueHue 3agad no ocsoeHuto HBIM npeacTas-
nsiet cobol OfHO M3 NPUOPUTETHLIX HanpaBneHWin
Pa3BUTUA SHEPreTUKM U HedTEXMMUYECKON Npo-
MbILLNIEHHOCTM B bnnxanwem 6yaywem [3]. Cneay-
€T OTMETUTb, YTO Ha Tepputopum 3anagHoro Kasax-
CTaHa CoCpefoTOoYEHbI 3HaUYMUTENbHbIE 3anackl HBIM,
MMetoLne MNpOMbILLIIEHHOE 3HadveHue. Mo Hawum
oueHkam [4], nporHosHble pecypcbl TaxEnbix YB
cocTasnstoT 6onee 125-350 mnH T MB 1 nopsigka
20-25 mnpg T HBI.

C y4éTtom pocTta noTpebHOCTM B MOTOPHbIX
1 CMa304HbIX MaTepuanax, a Takke Hanm4ms Ha Tep-
putopum KasaxctaHa yHUKarbHbIX MECTOPOXOEHMWN
HBIM BoO3HWKaeT o0ObEKTMBHaAs HeoGXOQUMOCTb
pa3BUTUS TexXHOMornn mx rnybokor nepepaboTku.

B coBpemeHHbIX YCroBMsIX NPUOPUTETHBIM HamnpaBs-
NeHveM Ansi yCTOWYMBOrO pocTa TOMMUBHO-IHEP-
reTM4ecKoro M HedTEXNMUYECKOro CEKTOPOB 3KO-
HOMUWKM siBNsieTcs pas3paboTka W MpOMbILLIEHHOe
BHEJpEHNEe TEXHOMOrMYECKNX peLleHnid, aganTupo-
BaHHbIX K nepepaboTke XapakTepHbIX AN peroHa
TSHKENMbIX, BbICOKOBSA3KUX M CEPHUCTbIX HedTel ¢ no-
ny4yeHneM He TONbKO MOTOPHbIX TOMMMB, HO U MUHE-
panbHbIX Macern, COOTBETCTBYIOLLNX COBPEMEHHbLIM
TpeboBaHMAM K Ka4yecTBy.

MaTepuanbl n metoabl

O6GBLEKTOM MccneoBaHnsa ABNANCS MasyT, Nno-
TNyYeHHbIV B pesyrnbrate aTMOCHEepHON MeperoHku
MB mectopoxaeHus Kapacsasb-Tacnac.

PU3NKO-XMMMYECKME XapaKTepUCTVKM MasyTa
1 BblAENeHHbIX MacnsHbiX pakumin onpeaensanmcs
no cTaHoapTHbIM HOpMaTtuBHbIM MeTodam ASTM
(aHen. American Society for Testing and Materials —
AmMepurKaHckoe OOLLEeCTBO MCMbITaHUA U MaTepu-
anoB) u [OCT. fonomnHuTenbHO Obin npoBeaéH
aHanu3 yrneBogopoAHOro cocrasa (napaduHoBble,
HadTeHOBblE W apoMaTuyeckne COeauHEHUS)
N PacyéT NHAeKca BA3KOCTY.

OcHOBHbIe TpeboBaHUsA K 6a30BbIM

macnam

CerogHs MasyT BbICTynaeT OCHOBHbIM Cbipbe-
BbIM WCTOMHWMKOM Ans  npousBofcTsa  6aso-
BbIX MWHepanbHbix Macen. Ero nonyvator
B pesynsrate artMocdepHO-BakyyMHOW MNeperoH-
KM TSXKENONM HedTU C coaepXaHuem MacnsHbIX
dpakumii He meHee 38%. Mo npoucxoxaeHuto
6a3oBble Macna [AensaT Ha TpU OCHOBHble Tpyn-
nbl: HeMTAHbIE, CUHTETUYECKME U CMellaHHble
Ha OCHOBe CnoXHbIx 3cupoB. Hanbonee wmpokoe
pacnpocTpaHeHue nony4unu HedTaHbIE Macna, Ko-
TOpble B 3aBUCMMOCTM OT TEXHOMOrUW Momy4YeHus
nogpasaensioTca Ha AUCTUMNSATHbIE, OCTaTOYHble
N KOoMMayHaupoBaHHble. B nocnegHue  rogpl
pacTéT uHTepec K CMHTeTUYeckuM Mmacnam, obna-
OaloWNM BbICOKMMMN 3HAYEHUAMWN KMHEMaTUYeCKON
BA3KOCTU M MHAEKCA BA3KOCTWU, YTO obecneumsaet
ynyYlleHHble 3KCMyaTaluMOHHbIE XapakTepucTu-
kn. MyTém cmelweHns 6a3oBbIX Macen ¢ pasnuy-
HOW BS3KOCTbIO W BBEAEHWS MHOroyHKLUMOHarb-
HbIX MNPUCadoK MOMy4yalT TOBapHblE MOTOPHbIE
N vHAycTpuaneHble Macna, yAoBneTBopsiolmne
COBpPEMEeHHbIM TPeBOBaHMAM K Ka4eCTBY CMa30YHbIX
MatepuanoB [5]. Ha puc. 1 npeactaBneHbl Tumbl
1 MeToAbl nonyyeHnst 6a3oBbIx Macen.

JKomnornyeckme XapakTepuCTUKN  HedpTAHbIX
mMacern, B T.4. OCTaTO4HbIX, B 3HAYNTENbHOW CTENEeHU
onpefensioTca CoAepXaHWeM cepbl U rpynnoBbIM
coctaBoM YB. TexHuuyeckve CBOMCTBA OCTaTOYHbIX
mMacen BO MHOMOM 3aBUCAT OT UX BA3KOCTHO-TEMMe-
paTypHbIX XapaKTepuCTUK, KMNoYeBbIM Nnokasatenem
KOTOpbIX SABASETCA WHAEKC BA3KOCTW. OCHOBHbIE
TpeboBaHusa, npeabsBnsemble Kk 6a3oBbIM HedTS-
HbIM Macrnam B COOTBETCTBMWM C Knaccuduvkauven
API|, npuBegeHbl B Tabn. 1. YkasaHHasa knaccudu-
Kauusi obecneyvBaeT CTaHOAPTU3MPOBAHHBIA Noa-
Xxo4 K BbIOOpYy Macen Ans pasfnuuHbIX oTpacrnew
3KOHOMUKM [7, 8].
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Mo eBponenckon knaccudumkaumm  SAE
(aHen. Society of Automotive Engineers — O6uie-
CTBO aBTOMOGWIbHBLIX UHXEHEePOB) MOTOPHbIE Mac-
na noapasfensitoTcs Ha 3MMHUe, NeTHUe u Bcece-
30HHble. 3MMHME Macna (0bo3Ha4Yaemble MHOEKCOM

«W») xapaKkTepusylTcs MOHWKEHHOW BSI3KOCTbIO
npu oTpuuaTenbHbIX TeMnepatypax, 4to obecneym-
BaeT NErkui 3anyck ABuraTens B XONogHoe BpeMs
roga. JleTHMe macna, HanmpoOTMB, COXPaHSOT CTa-
6UnNbHbIE CMAa304HblE CBOMCTBA NpU 3KCnnyaTaumm

‘ HE®TH ’ ‘ TIPHPOTHBIN I'A3
MasyT AKHIKHE YI1eB0OZ0POILI ITHIEH
I MacasHble Qp |
CeJJeKTHBHas . e BCe Macja, He
Ce"lel\'l'HB'Haﬁ oI : I'H,'I%Dl\pel\lﬂﬂ' OJTHTOMepH3alHA H Bomexmue B
L 04HCTKA + rugpoosmersa | L (HC-cunTe3) rHIpHpOBaHHe ) Dy LIV
v " v v ” v I_l
Irpynma ‘ ‘ II rpynna III rpynna ‘ ‘ IV rpynma V rpynna
MHHEPATHHBIE CHHTETHYECKHE GHORHKE SOAE L
TOMTHATKH/INIHKOIH H

JpyTHE MacIa

PucyHok 1. Tunbl 6a3oBbix Macen U meToAbl UX Nony4veHus [5]
Figure 1. Types of base oils and methods of their production [5]

Ta6bnuua 1. Knaccudukaumsa 6a3oBbix Macen B COOTBETCTBUM ¢ TpeboBaHusamu API
Table 1. Classification of base oils in accordance with APl requirements

Ipynna CopepxaHue cepbl, %Mmacc. Onepartop CopepxaHue HacblWeHHbIX YB, % WHAEKC BA3KOCTM
Group Sulfur content, wt.% Operator Saturated hydrocarbon content, % Viscosity index
/
| >0,03 i <00 80-119
or/and
/and
I <0,03 wran 290 80-119
n <0,03 w/and 290 >120
[\ PAO (nonuanscaoneduHbi)
v Bce ocTtanbHoe, He BKMioYeHHble B rpynnbl -1V (HadbTeHoBble 6asoBble Macna u He PAO cuHTeTUYeckue macna)
All others not included in -1V (naphthenic base oils and non-PAO synthetic oils)
\Y| MonunankmnHadTanuHbl

APl — American Petroleum Institute (AmepukaHcKkull uHCmumym Heghmu). api.org

PAO - Poly-Alpha-Olefin; ¥YB — y2neeo0opodsi

Ta6nuua 2. EBponeiickan knaccudukauma macen SAE ans MmotopHbix macen [7]
Table 2. European SAE classification of motor oils [7]

K [nana3oH KMHemaTu4eckon BaskocTy npu 100°C, mm?/c TemnepaTypHbI AuanasoH, °C
naccu_q_mx?uuu Kinematic viscosity range at 100 °C, mm?/s Temperature range, °C
Classification - -
min max min max
[ 3,8 - -35 +20
5W 3.8 = -30 +20
31MHe 1ow 4.1 - -25 +45
winter 15W 5,6 - -20 +45
20W 5,6 - -15 +45
25W 9,3 - -10 +20
20 5,6 9,3 - —
30 9.3 12,5 - _
fierHme 40 125 16,3 - -
summer
50 16,3 21,9 - _
60 21,9 26,1 - _
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B YCNOBMSIX BbICOKMX Temnepatyp. HawGonbliee
pacnpocTpaHeHWe Mony4unu BCeCe30HHbIe Macna,
obecneuuBalolme HaaéxHyro paboTy asurarens
B LUMPOKOM TEMrepaTypHOM AuanasoHe Gnaroaa-
ps onTuManbHOMY noAGopy BS3KOCTHBIX Xapak-
TEPUCTVK W MPUMEHEHMIO MOAUMVKATOPOB BSA3-
KoCTu (Tabn. 2).

CornacHo MOCT 17479.1-2015" yctaHaBnu-
BatoTCA Knaccudukaums n cuctema 0603HaqeHuin
MOTOpPHbLIX Macesl B 3aBUCUMOCTU OT UX Temne-
paTypHOM MPWUrogHOCTM M 0BnacTu NPUMEHEHWS.
B cooTBeTCTBMM C AaHHbIM CTaHA4apTOM Mo-
TOpHble Macna MnoapasfensiioTcs Ha neTHue
(mapku 10, 12, 14, 16, 20, 24), 3umHne (Mapku 33,
43, 53, 63, 6, 8) n Bcece3oHHble (Mapku 33/8,
43/6, 43/8).

Takoe feneHune yunTbiBaeT AManasoH paboymx
Temnepatyp n obecneumBaer 06OCHOBAHHbLIV Bbl-
60op Macna ¢ y4eToM KNMMaTu4ecKux yCroBUin aKc-
nnyataumu n TpeboBaHUi K HAAEXHOCTUN (PyHKLMO-
HVpOBaHWA AsuraTens.

FOCT 20799-20222 yctaHaBnvBaeT Tpebo-
BaHMA K Knaccudukaumm, MapKkMpoBKe, a Takke
DU3NKO-XMMUYECKUM MOKa3aTensm Kavectsa UHAY-
cTpuanbHbIX Macen. Hactosiwmn ctaHaapt obecne-
ymBaeT YHUPMUNPOBaHHBIA NOAXOA K OLEHKe 3KC-
nnyaTaumMoHHbIX CBOMCTB M KadyecTBa MNPOAYKLMW,
yTo cnocobCcTByeT CcTaHgapTu3auuM npoLeccoB
nogbopa v NpPMMEHEHUs] MHAYCTpUarnbHbIX Macen
B Pa3nnyHbIX OTPacnsax NpombiluneHHocTn. OcHoB-
Hble (PU3NKO-XUMUYECKNE XapaKTePUCTUKU WUHOY-
cTpuarnbHbIX Macen npueeaeHsl B Tabn. 4.

Ta6nuua 3. Knaccbl BA3KOCTU MOTOpPHbLIX Macen cornacHo FOCT 17479.1-2015
Table 3. Motor oil viscosity grades according to GOST 17479.1-2015

KuHemaTtunuyeckas BAa3kocTb, MM?/c (cCT), npu TeMnepatype
KnaccmIEasRocTn Kinematic viscosity, mm?/s (cSt), at a temperature of
Viscosity grades +00°C ) 8;:: ?cr?c;tH :i :ﬁ:f:han
33 >38 1250
43 >4, 2600
53 >56 6000
63 >5,6 10400

8 5,6-7,0 -

8 7,0-9,3 -
10 9,3-11,5 _
12 11,5-12,5 _
14 12,5-14,5 -
16 14,5-16,3 -
20 16,3-21,9 -
24 21,9-26,1 _

33/8 7,0-9,3 1250
43/6 5,6-7,0 2600
53/10 9,3-11,5 6000
53/12 11,5-12,5 6000
53/14 12,5-14,5 6000
63/10 9,3-11,5 10400
63/14 12,5-14,5 10400
63/16 14,5-16,3 10400

Tabnuua 4. PU3nkKo-xMuMmU4ecKme nokasarTenu UHAYCTpUanbHbIX mMacen

B cooTrBeTCcTBUM ¢ TOCT 20799-2022
Table 4. Physical and chemical properties of industrial oils according to GOST 20799-2022

Mapka BsizkocTb KMHemaTuyeckas MaccoBas pons n q g q
o 5 0 InoTHocTb npu 20°C, rlcm® | Temnepatypa 3acTbiBaHusA, °C

macna . pw o .c’ DIHE CepEnyaMace Density at 20°C, g/lcm?® Pour point, °C

Oil grade |Kinematic viscosity at 40°C, mm?/s Sulfur content, wt. % ’ ’

N-5A 6,00-8,00 >1,0 <0,870 <-18

N-8A 9,00-11,00 >1,0 <0,880 <-15

N-12A 13,00-17,00 >1,0 < 0,880 <-15

N-12A; 13,00-17,00 >1,0 <0,880 <-30

WN-20A 29,00-35,00 >1,0 < 0,890 <-15

N-30A 41,00-51,00 >1,0 < 0,890 <-15

WN-40A 61,00-75,00 >1,1 < 0,900 <-15

N-50A 90,00-110,00 >1,1 <0,910 <-15

"TOCT 17479.1-2015. Macna MoTopHble. Knaccudpmkaumsi u o6osHadeHue.
2 TOCT 20799-2022. Macna nHaycTpuanbHble. TeXHUYeckne yCroBusi.
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Pe3ynbTathl u 06CcyxaeHue

O6beKkToM wuccrnefoBaHust sBnsnacb dpak-
uMs  MasyTa, nonyyeHHas npu atmocdepHoi
pasroHke 1B wmecTopoxaeHus Kapacsisb-Tacnac
Ha ycrtaHoBke APH (atmocdepHo-BakyymHas
pasroHka HedTW) B COOTBETCTBMM CO CTaHAap-
Tamn ASTM: ASTM D 2892° n ASTM D 5236*
B T1abn. 5 npeactaBneHbl (HOU3MKO-XUMUYECKNE
XapakTtepucTukm  Masyta (dpakuma >350°C).

Meperoxka NB mecTtopoxaeHus Kapacsisb-Ta-
cnac nposogunacb nog BakyyMOM Ha aBToMa-
TM3npoBaHHOW nabopatopHon ycTaHoBke APH.
MockonbKy npu BbiCOKMX TemnepaTtypax ans YBC
XapakTepHO TepMUYecKoe pasfiokeHue, MnpoLecc
Obin 3aBeplwéH Ha cTaguu oTbopa MacnsHbIX
pakumin 0o Temnepartypbl koHua kuneHus 460°C.
B pesynsrate neperoHku gpakumm Masyta Obino
nonyyeHo okono 33%macc. LUMPOKON MacnsHOn

Ta6nuua 5. XapaktepucTtuka cppakuuit masyta b mectopoxaeHusa Kapacssb-Tacnac
Table 5. Characteristics of fuel oil fractions of natural bitumen from the Karasyaz-Taspas deposit

HopMaTuBHbIV AOKYMEHT Ha MeToAb!
HaumeHoBaHue nokasatens Pesynetar CXE=ELLE]
Ne Indicator name Result Regulatory document on testing methods
MnotHocTb npu 20°C, kr/m?® 5
1 Density at 20 °C, kg/m® 963,1 CT PKASTM D 4052-2013
Maccosas pgons cepsbl, %macc. s
2 Sulfur content, wt.% 0,453 CT PKASTM D 4294-2011
3 Temnep_aTyea 3acTbiBaHus, °C 20 FOCT 20287-917
Pour point, °C
4 TeMnepajryp::l noMyTHeHus, °C 17 rOCT 20287-91
Cloud point, °C
KuHemaTtuyeckasi BS3KOCTb, MM?/C, Npu:
Kinematic viscosity, mm?/s,
40°C 20,93
5 50°C 14,90 CT PKASTM D 7042-20158
80°C 6,65
100°C 4,42
g |onerocte, %macc. 0,26 FOCT 1461-75°
Ash content, wt.% !
7 TeMﬂequyPa BCbILLUKN B :jaKprTOM Tvrne, °C 142 rOCT 6356-75'
Flash point in closed cup, °C

ppakumm 350-460°C. ObLas noTepst Npy NeperoH-
ke b He npeBbicuna 2,1% macc.

WccnenoBaHue nomy4veHHbIX pakuui B Ka-
YyecTBe MoTeHuMarnbHbIX 6a30BbIX Macen ocyLecT-
BNSAMOCb NO TPaAMLMOHHOM CXeme, BKIoYaloLwen
nocrnegoBaTesibHble dTanbl 04UCTKU. OuncTka mac-
NsiHBIX hpakLuii NpoBoaMnnacL METoAoM aacopouu-
OHHOWN 00paboTkN C NPUMEHEHMEM OTOennBatoLLEn
rmuHbl Npu Temnepatype 170-200°C B TeyeHue
25-30 muH. B pesynbrate aTtmocgepHO-BaKyyMm-
HOM neperoHkn MasyTa Obinu BblaeneHbl nérkve
(350—400°C) u cpegHue (400-460°C) macnsiHble
cdpakummn, npegcraBnsoWne UHTepec AN Aanb-
Henlwero M3yyeHusi kak noteHumanbHble 6a3oBble
KOMMOHEHTbI UHAYCTPUAnbHbIX 1 MOTOPHBLIX Macen.

OcHoBHble (PU3MKO-XUMUYECKUE CBOMCTBA Oa-
30BbIX Macen, nonyyeHHolx u3 N mMecTopoxaeHuns
Kapacsasb-Tacnac, npegcraeneHbl B Tabn. 6.

MHaekc BA3KOCTM MacnsHbIX hpakuuin ¢ uH-
TepBanamuM TemnepaTtyp kunenums 350—400°C
1 400—-460°C coctasnset 106 n 112 cooTBeTCTBEH-
HO, YTO CBMAETENLCTBYET 00 MX BbICOKUX JKCMMya-
TauMoHHbIX cBoWcTBax. ba3osble macna, nomnyyes-
Hble B pe3ynbraTe OYUCTKM hpakuuii BaKyyMHON
NMeperoHku, XxapakTepuayoTcsl NOBbILLEHHbIM UHOEK-
COM BSI3KOCTW MO CPaBHEHWIO C UCXOAHBIMU HEeouu-
LLIEHHBIMW MacnsHbIMU PaKLMAMU, YTO yKasblBaeT
Ha ynydyleHne WX 3SKCNyaTauMOHHbIX CBOWCTB.
C yBenuueHnem Temnepatypbl KMNEHWS MacnsHbIX
pakuymii HabnogaeTcs 3aKOHOMEPHBIN POCT NIOT-

3 ASTM D 2892. Standard Test Method for Distillation of Crude Petroleum(15-Theoretical Plate Column). astm.org.

4 ASTM D 5236. Standard Test Method for Distillation of Heavy Hydrocarbon Mixtures (Vacuum Potstill Method). astm.org.
5 CT PKASTM D 4052-2013 «CTaHgapTHbI MeToq onpeaeneHust NIoTHOCTM, OTHOCUTENbHOM NIIOTHOCTM M nnoTHocTu API
(B rpapycax amepuKaHCKoro HedhTSIHOrO MHCTUTYTA) XKUAKOCTE C MOMOLLbIO LIMGPPOBOro apeomeTpan.

6 CTPKACTM [14294-2011 «CTaHAapTHbLIN METOA onNpefeneHunst cepbl B HedTH M HedpTeNPOAYKTax METOAOM PEHTIeHOMy-
OPECLIEHTHO CMEKTPOMETPUM Ha OCHOBE 3HEPTUW ANCNEPCUOHHOTO B3aWMOLENCTBUS».

7 TOCT 20287-91 «HedTenpopykTbl. MeToabl onpeaeneHns Temnepatyp TeKy4eCTu 1 3acTbIBaHUSA».

8 CT PK ASTM D 7042-2015 «CtaHaapTHbIi MeToA onpefeneHnst AMHaMMUYeckon BSI3KOCTUM W MAOTHOCTU XKUAKOCTEW
C nomoLLbto BrckoaumeTpa LLiTabuHrepa u pacyeT KMHeMaTU4eCcKol BA3KOCTUY.

9 TOCT 1461-75 «HedTb 1 HedbTenpoaykTel. MeToa onpeaeneHus 30IbHOCTU»

0 TOCT 6356-75 (CT COB 1495-79) «HedTenpoayktbl. MeToa onpeneneHus TemnepaTypbl BCMbILWKA B 3aKPLITOM TUTTIEY.
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Ta6nuua 6. XapakTtepuctuka MacnsiHbix cppakuum NB mectopoxaeHusa Kapacsasb-Tacnac
Table 6. Characteristics of oil fractions of natural bitumen from the Karasyaz-Taspas deposit

350-400°C 400-460°C
HopmaTuBHbI AOKYMEHT Ha
Ne HaumeHoBaHue nokasatens 10 OYUCTKMN 10 OUUCTKM MeToAbl UCTIbITaHUA
Indicator name before "f‘: e o_:_ut:'tr_l(u before "f': G o_lfl_uc;r_m Regulatory document on
purification after purification purification lafter purification testing methods
o 3
1 BZﬁl{I‘y";ﬂ"z?ffczig?r’nf” M 924,2 920,51 951,4 947,5 CT PKASTM D 4052-2013
BsizkocTb, MM?/C, Npu:
/iscosity, mm?/s
2 40°C 54,34 61,22 94,88 103,25
CT PKASTM D 7042-2015
100°C 6,91 8,36 10,24 12,29
3 naske BAskoctu, BY 76,3 106,2 87,0 110,7 CT PKASTM D 7042-2015
iscosity index (V1)
4 C'OOTHL.)LLIEHI'/Ie BA3KOCTEN N, /N, 786 732 927 8.40 _
/iscosity ratio n,i/n, ! ’ ’ ’
20
5 [oxasarens oghiiniis (n*%) 1,5084 1,5080 1,5289 1,5137 -
)
6 ;i’ﬂ:ig?r;y’ig:’a”‘"“””“' c -10 -10 -10 12 rOCT 20287-91
i o
7 %ifsm?lﬂmceoﬂ?eﬂfmwﬁf o % 0,44 0,39 0,46 0,43 CT PKASTM D 4294-2011
y . /0
ConepxaHue YB, %, 3 Hux: o o o o
Hydrocarbon composition, %, incl.: 100% 100% 100% 100% -
apomaTn4ecknx o, o, o o, -
8 Aromatic hydrocarbons, % 17% 10% 22% 5%
HabTeHOBbIX o, o, o o
Naphthenic hydrocarbons, % 47% 59% 44% 69%
napactuHOBbIX o o o o -
Paraffinic hydrocarbons, % 36% 31% 34% 25%

BY / CU - easkocme ycnosHasi / Conditional viscosity

120

110
100
20
80
70
60
50
40
30
20
10
0
Il

Viscosity index (VI)

WHaeke Baskoctu, B
CopepxaHvie HacbiWeHHbIX YB, %
Saturated hydrocarbon content, %

0,4
0,35
0,3
0,25
0,2
0,15
0,1
0,05
0

0,5

0,45

CopaepxaHue cepbl, %
Sulfur content, wt.%

11 ®p. 350-400°C ®p. 400-460°C

pynna macen
Oil group

B Cofiep)XaHue HacblILLEHHbIX YrNeBoaopoaoB, %
Saturated hydrocarbon content, %

B /Hpekc BA3KOCTN
Viscosity index

B CopaepxaHue cepbl, %macc.
Sulfur content, wt.%

PucyHok 2. CpaBHeHue chpakuum macen ¢ knaccudukaumen API
Figure 2. Comparison of oil fractions with API classification

HOCTW, NnokasaTens NPenoMMeHnss U NHOeKca BA3KO-
ctu. MNonyyeHHble MacnsHble pakumMn OTAMYaTCS
HU3KMM CoAepPXaHUeM Cepbl, YTO MOBbILLIAET UX KO-
TIOrMYECKYH U TEXHOMNOTNYECKYHO LIEHHOCTb.

OcHoBy 6a30Boro macna COCTaBMsieT CMeCb
napacguHoBbIX, HAMTEHOBbLIX U apoMaTUYECKUX
YB. [pynnoBon YyrneBoAoOpOAHbIA COCTaB Macrs-

-+ DOI: 10.54859/kjogi108891

HbIX dpakumi, nonyyveHHbIX u3 MNMb MecTopoxaeHus
Kapacsisb-Tacnac, MoxeT OblTb OLEHEH NO BbIXOAY
OTAENbHbIX YrNEeBOOAOPOAHbIX pakumMi Ha OCHOBE
nokasarernsi IpenoMIIeHusl.

TexHnyeckue TpeboOBaHWA K pasnUyHbIM BU-
[aMm Macen 1M COOTBETCTBYHLUMM UM MO CBOWCTBaM
MacnsiHbiM dpakumam B mectopoxaeHus Kapa-

89
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ca3b-Tacnac npuBegeHsbl Ha puc. 2—4. AHanus npea-
CTaBIeHHbIX AaHHbIX NOKa3bIBAET, YTO UCCMNEAOBaH-
Hble MacnsiHble dpakuuu, NomnyyYeHHble U3 MasyTta
MB, coorBeTcTBYlOT TpeboBaHWSAM M MOTyT ObITb
“cnonb3oBaHbl 415 Npov3BoacTBa 6a30BbIX Macern.

CornacHo knaccudukaumm API, 6a3oBble mac-
na | rpynnbl xapakTepusylTcs cogepXaHuem cepel
cBbiwe 0,03% w gonen HacbiWeHHbIX YB He meHee

w

0

90%. VX nHOekc BA3KOCTM HaxoguTcs B AnanasoHe
80-119. MacnsHble dpakumn ¢ TemnepaTypHbiMU
MHTepBanamu kunexuss 350—400°C n 400-460°C,
nonyyeHHble U3 dpakunii masyta N6, no ceoum du-
3UKO-XMMWUYECKMM XapaKTepPUCTMKaM COOTBETCTBY-
10T Tpe6oBaHMsM, NpeabABIsemMbIM K 6a30BbIM Mac-
nam | rpynnbl B COOTBETCTBUM C Kraccudukauuemn
API (puc. 2). NMocne npoBeaeHNsi COOTBETCTBYIOLLINX

0
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PucyHok 3. CpaBHeHue chpakuum macen ¢ knaccudukaumen SAE
Figure 3. Comparison of oil fractions with SAE classification
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PucyHok 4. CpaBHeHue cppakuui macen ¢ MapkaMyu MHAYCTpuanbHbix Macen no FOCT 20799-2022
Figure 4. Comparison of oil fractions with industrial oil grades according to GOST 20799-2022
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NpoLEeccoB TMAPOOYUCTKM YyKa3aHHble MachsiHble
pakumy COOTBETCTBYHOT TpeboBaHUAM, YCTaHOB-
neHHbIM ang 6asoBbix macen |l rpynnel API.

®dpakuus ¢ nHtepanom kunexHus 350-400°C
XapaKkTepusyeTcsl  KMHEeMaTU4eckol  BSI3KOCTbIO
M TemnepaTypHbiM AWanasoHOM 3KChfyaTauuu,
cornocTaBuMbIMKM C Macnamu kraccoB SAE 40-50,
Torga kak dppakuusi 400—460°C no aHanormyHbiM
rokasaTenisiM COOTBETCTBYET MOTOPHLIM Macrnam
knaccoB SAE 30 n 25W (puc. 3). OgHako Temnepa-
TYpHble CBOWCTBa yKa3aHHbIX (Ppakuui, B YaCTHO-
CTW, TeMnepaTypa 3acTbiBaHUs!, OCTaOTCS HedocTa-
TOYHBIMU AN UX HEMOCPEACTBEHHOTO NPUMEHEHUs
B Ka4yecTBe 3MMHWX MOTOPHbIX Macen. JTO yKasbl-
BaeT Ha HeobXoAMMOCTb MNpPOBEAEHUst AOMOSHU-
TenbHbIX NPOLEeCccoB AenapadyHm3aummn u mogudgu-
KauuMn ¢ NpUMeHeHueM MNpucagok Ans yny4lieHus
HU3KOTEeMMepaTypHbIX U 3KCNIyaTaUMOHHbIX Xapak-
TEPUCTUK.

Wccnegyemas dpakumsa 350-400°C no BAs-
KOCTHbIM XapakTepucTukaM COMOCTaBuMMa C WUHAY-
cTpuanbHblM MacnoM mapku U-40A, a dpakuyus
400-460°C — c macrnom mapku WN-50A. Vccnepye-
Mble hpakuMM AEMOHCTPUPYIOT MNOTEHLMANbHYHO
npurogHocTb B kadyecTBe 6a30BbIX KOMMOHEHTOB
ONs MHOYCTpuanbHbIX Macen B COOTBETCTBUM
c TpeboBaHuamn MOCT 20799-2022. OgHako Tem-
nepaTtypHble CBOWCTBA, B YaCTHOCTM, TeMneparypa
3acTblBaHWs ANSt yKasaHHbIX hpakumMin cocTasns-
eT okono -10°C, YTO CyLEeCTBEHHO BbIlLE aHaro-
TMYHbIX MOKasaTenew craHdapTHbIXx macen W-40A

AONONHUTENBbHO

UcTouyHuK puHaHCupoBaHMA. ABTOpbI 3asBns-
10T 06 OTCyTCTBMM BHeLWHero uHaHcMpoBaHus
npu NpoBeAeHUN UCCeaoBaHNs.

KoHdbnukT nHTepecoB. ABTOpbI AeKNapupylT oT-
CYTCTBME $IBHbIX W TMOTEHUMamnbHbIX KOHMIUKTOB
WHTEPECOB, CBA3aHHbIX C Nybnukaunen HacTosLuen
crartbu.

Bknag aBTopoB. Bce aBTOpbl MoATBEpPXAAOT CO-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
kputepusim ICMJE (Bce aBTOpbI BHECNUN CYLLECTBEH-
HbI BKMag B pa3paboTky KoHuenuuu, NpoBefeHve
MCCrnenoBaHus U NOAroTOBKY CTaTbW, MPOYNM U OA0-
Opunu cmHanbHy0 Bepcuio nepen nybnvkauven).
Hanbonblimn Bknaa pacnpenenéx cnepyowmm ob-
pa3om: AsanbepreHoB E.O. — nHTepnperaums un cu-
cTemMaTm3aums pesynbTaToB, HamnvMcaHue pyKomnucy;
TypkneHbaesa b.)XK. — reHepauns ngen nceneposa-
HUSi UNnocTaHoBKa 3agay; AxmeToB A.®. — doopmmpo-
BaHWe MAEen U peaakTMpoBaHue pyKonucy.

CMUCOK UCMONb30BAHHOM NIUTEPATYPbI

n N-50A (puc. 4). 310 orpaHnymMBaEeT ux Henocpea-
CTBEHHOE MPUMEHEHME B 3UMHUX YCNOBUSIX U yKa-
3blBaeT Ha Heo6GXOOMMOCTb NpoBedeHWst Aonon-
HUTENbHBIX MPOLECCOB O4YMCTKM, HanpaBlieHHbIX
Ha ynyyleHWe HU3KOTEMMNEpPaTypHbIX XapakTepu-
CTUK.

3aknioyeHue

Pesynerathl NPOBEAEHHBIX  Hay4YHO-NpU-
KnagHbIX VICCJ'IeD,OBaHVIVI BHOCAT 3HA4YUMbIN BKNnag
B pa3paboTKy TEOpPEeTUYECKMX WU TEXHONOMMYEeCKUX
NOAXOAOB K NonyyYeHuto 6a3oBbIX Macern BbICOKOrO
Ka4yecTBa M3 TSXKENbIX YrNeBOAOPOAHbLIX PecypCos,
Bkntoyas Mb. AHanua coctaBa 1 CBONCTB MachsiHbIX
dpakumi, nonyyeHHbIx 13 masyTa Nb mectopoxae-
Hua Kapacssb-Tacnac, nogTBepann BO3MOXHOCTb
MX WCMOMb30BaHWsi B KA4YeCTBE Cbipbsi Ansi Mpo-
M3BOACTBA WHAYCTPUAnbHBIX U MOTOPHbLIX Macen.

Moka3aHa UenecoobpasHOCTb KOMMMEKCHON
nepepabotku Mb B ycnosusx KasaxctaHa ans no-
TNIy4EeHUs1 BbICOKOKAYECTBEHHbIX WHAOYCTPUANbHBLIX
N MOTOPHbLIX Macen. 3OTO NO3BOMUT CHU3UTL 3aBU-
CMMOCTb OT MMMOPTHBLIX CMa304HbIX MaTepuasos,
TEM caMblM obecrneunT OpPMMPOBaHME OTeYe-
CTBEHHOW ChbIpbeBOW 6a3bl U NMOBLICUT 3HEpreTuye-
ckyto 6e3onacHocTb cTpaHbl. MonyyeHHble pesynb-
TaTbl NpeacTaBnAaAlT Hay4YHO-NMPaKTU4YEeCKyt0 OCHOBY
ONna  ganbHenwnx MccrneqoBaHui, HanpasneHHbIX
Ha ONTUMM3AUMIO MPOLIECCOB AenapaduHm3saumm
N TMOPOOYMCTKM, a TakkKe Ha MOBbILLEHWE 3KC-
nryaTauMoHHbIX XapakTepucTUK Gas3oBbIX Macern.
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Hydrogen Conversion of Existing Pipelines: Integrity Solutions

lidar Akhmetov', Abdugaffor Mirzoev?
'Kazakh-British Technical University, Almaty, Kazakhstan
2ROSEN Europe B.V., Almaty, Kazakhstan

ABSTRACT

Background: In the global transition to low-carbon energy, hydrogen is becoming an important energy
carrier. Adapting existing pipelines for hydrogen transportation can reduce costs and accelerate
the development of hydrogen infrastructure. However, the use of pipelines in a hydrogen environment
is associated with risks such as hydrogen embrittlement and metal cracking. Kazakhstan still lacks
practical experience in the operation of hydrogen pipelines, which makes the task of assessing
the technical condition of existing pipelines and their adaptation for operation with hydrogen urgen.
Aim: To conduct a comprehensive analysis of the integrity of the pipeline operated in an aggressive
hydrogen sulfide environment and to assess the possibility of its repurposing for hydrogen transportation
taking into account international standards and methods of strength calculation.

Materials and methods: The data of in-line inspection (ILI) including ultrasonic testing of wall thickness
were used in the work. APl 579 standards were used for defects assessment. Calculations were
performed using NIMA software, which allows analyzing data on laminations and cracks in metal.
Results: The analysis identified six sections with laminations, of which five were found to be acceptable
for service at the current operating pressure of 75 bar. One defect (#6) was classified as unacceptable,
requiring either immediate repair or a reduction in operating pressure to 52 bar.

Conclusion: The study confirmed that conversion of existing gas pipelines for hydrogen transportation
is feasible provided thorough diagnostics and compliance with international standards for strength
assessment. Implementation of regular pipeline condition monitoring and development of a phased
repair strategy to improve infrastructure reliability in hydrogen environment is recommended.
Keywords: hydrogen transportation; pipeline conversion; hydrogen embrittlement; strength assessment;
pipeline defects; laminations; cracks; integrity.
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Opu rmHanbHoe uccriegoBaHue

KoHBepcus cywecTByOLWMUX TpyOOonpoBoaAoB Ans Bogopoaa:
pewweHnsa No o6ecnevyeHuo LermioCTHOCTH
N. AxmeTtoB', A. Munp3oes?

'KasaxcmaHcko-bpumaHckuli mexHu4eckul yHusepcumem, 2. Anmamai, KasaxcmaH
2ROSEN Europe B.V., 2. Anmamei, KasaxcmaH

AHHOTALUMUA
O6ocHoBaHue. B ycnoeusix rnobanbHOro nepexoga K HWU3KOYINEepOOHOW 3JHepreTMke BOAOPOA
CTaHOBUTCS BaXXHbIM 3HEeproHocuTenem. ApanTtauus cywiecTByowmMx  TpyGonposonos

Ons  TPaHCNOPTUPOBKM BOAOPOAA MOXET CHWM3UTb 3aTpaTtbl W YCKOPWUTb pa3BUTME BOLOPOAHON
nHdpacTpykTypbl. OgHaKko ncnonb3oBaHe TPyOoONpOBOAOB B BOAOPOAHON Cpeae CBA3aHO C puckamu,
TakMMK KaK BOOOPOAHOE OXpynyMBaHME U pacTpeckuBaHue meTanna. B KasaxctaHe noka otcytcTByeT
NpakTUYeCKMn OMbIT 3JKChnyaTauuv BOAOPOLONPOBOAOB, YTO Aenaer akTyanbHOW 3agady OLEHKM
TEXHNYECKOro COCTOSHMSA CyLLeCTBYOLMX TPyOONpoBOAOB 1 MX aganTtauum ans pabotbl ¢ BOAOPOAOM.
Llenb. MNpoBecTn KOMMMEKCHbIM aHanu3 LenocTHoCT Tpybonposoaa, 3KCMyaTMpyemMoro B arpeccuBHOM
CepoBOAOPOAHOW cpefe, U OLEeHWUTb BO3MOXHOCTb ero nepenpodunupoBaHus Ans TPaHCMNOPTUPOBKU
BOAOPOAA C y4ETOM MeXAyHapoAHbIX CTaHAapTOB M METOAOB pacyeTa NPOYHOCTY.

Matepmanbl u metoabl. B paboTe mcnonb3oBaHbl AaHHble BHYTPUTPYOHON AMarHOCTMKKM, BKIoYas
YNbETPa3BYKOBOW KOHTPOSb TOMLWMHbI CTEHOK. [INs OLueHKM AedeKkToB NpuMeHsanuch ctangaptsl APl 579.
Pac4yeTbl npoBogunuce ¢ Mcnonb3oBaHueM nporpammHoro obecneveHnss NIMA, koTopoe nossonsiet
aHanu3npoBaTb AaHHbIe O PACCNOEHUSAX U TPeLUMHAxX B MeTansne.

Pe3synbraTbl. B xoge aHanu3a BbISIBNEHO LWECTb Y4acTKOB C PacCMOEHUsIMW, U3 KOTOPbIX NSATb
Npu3HaHbl AOMYCTUMBIMU AN 3KCNyataumMu npu Tekywem pabovem paenedumn 75 6Gap. OgwH
nedekt (Ne6) knaccudpuumpoBaH Kak HegonyCTUMbINA, 4TO TpebyeT nNMbo HemMeaneHHOro PeMOHTa,
nmbo cHmkeHnsa paboyero gaenenusa o 52 6ap.

3akntoyeHue. ViccnegosaHve NogTBEPAMIIO, YTO NepenpodmnnpoBaHne CyLLECTBYIOLLMX ra30npoOBOAOB
ONns TpaHCMOPTUPOBKM BOAOPOAa BO3MOXHO MPWU YCMOBUW TLLATENbHON AMArHOCTUKM M cobnogeHns
MeXOyHapoAHbIX CTaHOapTOB  OLEHKA MPOYHOCTU. PekomeHOoBaHO BHeApeHWe  perynsipHoro
MOHWUTOPUHIa COCTOSAHMA Tpybonposoaa 1 paspaboTka cTpaTerym NosTanHoro PeMoHTa Ans NoBbILEeHNs
HaaeXHOCTVN UHAPACTPYKTYPbl B YCIOBUSIX BOAOPOAHOM cpeabl.

Krnroyeewle crnoea: 8000pO0OHbIU mpaHcriopm, nepeobopydosaHue mpybornposodos, 8000podHoe
oxpyrnqueaHue, OueHKa rnpo4YHocmu, Oeghekmbl  mpyborposoda, pPaccroeHusi,  MpewuHsbl,
UenocmHocmeo.

Kak umtupoBarth:

Axmemos W., Mup3zoee A. KoHBepcusi cyliecTBylowux TpybonpoBoaoB Ans BOAOpoAa: peLleHus
no obecnevyeHuto uUenocTHocTn // BecTHuk HedpTerasoBon otpacnu KasaxctaHa. 2025. Tom 7, Ne3.
C. 93-104. DOI: 10.54859/kjogi108838.
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TynHycka 3epTTey

CyrTeri yWiH KonaaHbIcTarbl KyOblpnapabl KOHBepcUusnay:
TYTacTbIKTbl KAMTaMachbI3 eTy weLimaepi

U. AxmeToB’, A. Mup3oeB?
'KasakcmaH-bpumaH mexHukarbiK yHueepcumemi, Anvamel Kanacel, KazakcmaH
2ROSEN Europe B.V., Anmambi Kanacbl, KazakcmaH

AHHOTALMUA

Herizpgey. TemeH kemipTekTi aHepruaFa ahaHablk Kelly >XaffawblHAa@ CyTeri MaHbl3fbl JHeprusi
TacbiMangaylwbicbiHa avHanagbl. KonpaHbicTafbl KyOblpnapabl CyTekTi Tacbimangayra Oewnimgey
WhIFbIHAAPAL!I  @3alTbin, CyTeri MHPaKypbinbIMbIHBIH, AaMyblH Te3geTyi MyMKiH. Ananga cyTeri
opTacbiHAa KyOblpnapabl navpanaHy OapbiCblHOA@ CYTEKTIH CblHYbl X8He MeTangblH, Kapbinybl
CcuaKTbl Toyekengepi Ae 6ap. KasakctanHga cytek kyObipnapblH naviganaHyra Toxipube asiplue ok,
Oyn KonaaHbICTafbl KyOblprapablH TexHuKanblK Xan-kyniH Gafanay >XeHe onapfbl CyTeriMeH >XYMbIC
icTeyre Gerimaey MiHOETIH ©3€KTi eTe Tyceni.

MakcaTtbl. ArpeccuBTi KYKIpTCYTEKTi opTaga nanganaHbinatbiH KyOblpAblH TyTacTbifblHA KelleHai
Tangay Xypridy xeHe xanblkapanblk cTaHOapTTap MeH OepiKTikTi ecenTey aaicTepiH eckepe OTbIpbIn,
OHbl CYTEKTi TacbiMangay YLiH kanTa 6eviHgey mymkiHairiH 6aranay.

Martepuanpap MeH agictep. XXymbicTa KabbipFa KamnblHAbIFbIH YNbTPaablObICTbIK Gakbinayapl koca
anfaHga, KyObIpiwinik guarHocTMka pfepektepi navWpanadbingbl. Akaynapabl Oaranay ywiH API
579 craHpgaptTapsl kongaHbingel. Ecenteyne NIMA 6argapnamanslk XacaktamachliH KongaHa oTbIpbin
Xyprisingi, 6yn metangarbl kabatTap MeH XapblKTap Typanbl AepekTepai Tangayra MyMKiHAik 6epegi.
HaTtuxenepi. Tangay 6apeicbiHAa kaTnapnaHybl 6ap anTbl y4acke aHblKTanabl, onapablH 6eceyi kasipri
XYMbIC KbICbIMbl 75 Bap kesiHae navpganaHyfFa pykcat eTinreH gen TaHbingbl. bip akay (Ne6) konavcbi3
Oen xikteneni, on xxegen xeHaeyai HemMece XXyMbIC KbICbIMbIH 52 GapFa AeniH ToMeHAETYAi kaxeT eTeqi.
KopbITbiHAbI. 3epTTey CcyTekTi TacbiMangay YWiH KonmAaHblCTafbl ra3 KyOblpnapblHblH MakcaTbiH
e3repTy MYKUAT AMarHocTukanay >oHe Xanblkapanblk OepikTikTi GaFanay cTaHgapTTapbiH cakray
apKbinbl MYMKIH eKkeHiH pacTagbl. CyTeri oprtacbl >xardambiH4a WHEPaAKypbINbIMHBIH CEHIMAINIriH
apTTbipy YLWiH KyObIpAbIH Xan-KyniHe TypakTbl MOHUTOPWHITI XXYPri3aipy, eHridy XoHe Ke3eH-ke3eHMeH
XeHJey cTpaTermsicblH a3iprey yCbiHbiNnaabl.

Hezizzi cesdep: cymekmi macbimanday, KybbipnapObl kalima xab0biKmay, cymeKmiH CbIHFbILUMbIFbI,
bepikmieiH baranay, Kybbip akaynapbl, KamnapnaHy, XapbiKmap, mymacmaik.

Moawekces KenTipy YLWiH:

Axmemos Y., Mupsoes A. Cyreri ywWiH KongaHbiCTarbl KyOblprnapabl KOHBepcusiay: TyTacTbIKTbl KaMTaMachl3
ery wewimaepi // KasakcTaHHbIH MyHai-ra3 canacbiHbiH xabapwbicbl. 2025. 7 Tom, Ne3, 93-104 6.
DOI: 10.54859/kjogi108838.
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Introduction

In the context of the global transition toward low-
carbon energy systems, hydrogen has emerged
as a key energy carrier with the potential
to significantly reduce greenhouse gas emissions.
Its application spans across various sectors, including
transportation, industry, and power generation,
offering a sustainable alternative to fossil fuels. One
of the critical challenges in scaling up hydrogen
infrastructure lies in the development of efficient
and safe transportation methods. Among these,
the repurposing of existing natural gas pipelines
for hydrogen transport presents a cost-effective
and timely solution.

However, the adaptation of pipelines for hydrogen
service introduces complex technical challenges,
particularly related to material degradation phenomena
such as hydrogen embrittlement and cracking.
These issues are exacerbated in environments
containing aggressive agents like hydrogen sulfide
(H,S), which can further compromise pipeline
integrity. In Kazakhstan, where practical experience
with hydrogen pipelines is still limited, the need
for rigorous assessment methodologies
and international standard compliance becomes
especially urgent.

This diploma project aims to evaluate the feasibility
of repurposing an existing gas pipeline in Kazakhstan
for hydrogen transportation. The study focuses
on assessing the structural integrity of the pipeline
under hydrogen service conditions, using data
from in-line inspections and applying recognized
standards such as APl 579 and ASME FFS-1.
By leveraging advanced diagnostic tools
and simulation software, the project provides

a comprehensive analysis of lamination defects
and their impact on pipeline safety and performance.

Materials and methods

This study was based on data obtained
from the in-line inspection (ILI) of a 20-inch, 12 km
long seamless X60 steel gas pipeline in Kazakhstan,
originally constructed in 2003 and currently operated
at 75 bar in sour gas service. The inspection was
carried out using a magnetic flux leakage (MFL) tool,
which identified multiple lamination-type anomalies.
To verify the findings, excavation of selected sites
was performed, and conventional ultrasonic testing
(UT) was conducted in-field to accurately measure
defect dimensions, wall thickness, and depth
characteristics.

Six lamination anomalies were confirmed through
UT, classified by location (internal or external
surface breaking) and geometric properties such
as length, width, and remaining wall thickness
(T1 and T2). The anomalies were further analyzed
using NIMA - integrity management software
developed by ROSEN, which supports evaluation
of in-line inspection data and assessment
of remaining strength and serviceability.

The structural integrity of each anomaly
was assessed using the APl 579 Level 2
methodology, modeling laminations conservatively
as planar defects (crack-like). The assessment
accounted for parameters including original
wall thickness (11.1 mm), material properties
(Charpy impact toughness of 38 J), and local defect
geometry. As hydrogen pipeline operation could
not be tested directly, a sour service environment
(with high H,S content) was used as a proxy
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Figure 1. Expected consumption of various energy types based on company

statements from industrial sectors [1]
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to simulate degradation mechanisms similar

to hydrogen embrittlement.

Relevance of hydrogen as an energy carriery

Hydrogen energy is increasingly recognized
as a vital component in achieving global
decarbonization and net-zero emissions

by 2050. Its versatility allows for applications across
various sectors, including transportation, industry,
and power generation, offering a clean alternative
to traditional fossil fuels. Moreover, hydrogen serves
as an energy carrier and storage medium, facilitating
the integration of renewable energy sources
int the grid [2, 3].

The use of hydrogen H, is considered harmless
and green for the earth’s atmosphereand essential
under the Paris Agreement, which define the path
to reduce greenhouse gas emissions. This is suppor-
ted by Fig. 3, which shows the expected future share
of energy sources based on industrial company
statements (TWh On Y-Axes, Years on X-Axes).
To remind, the use of hydrogen as an energy carrier
has many drivers, including zero emissions from
the combustion process (1):

Transporting energy
can be...

using new or repurposed
hydrogen pipelines instead of
overhead power connections

Alternatively, burning the same methane produces
CO, (2):

In addition to above, China Hydrogen Alliance
suggested that by 2030, hydrogen energy will reach
production of 35 million tons, which is 5% of China’s
energy supply, and by 2050, it will reach production
of 60 million tons, which will be equal to 10%
of China’s energy supply. At present, China is one
of the leaders in the production of Fuel cell electric
vehicles (FCEV), vehicles powered by hydrogen,
which is one of the facts that this type of energy
storage & usage has a future [4].

Overview of regional H, projects and focus

on pipeline repurposing

In Central Asia, the development of the hydrogen
energy sector is growing. In Mangistau Oblast
of Kazakhstan it is planned to create a project
on green hydrogen production with capacity
of 2 milion m, by 2032 [5]. In the Republic
of Uzbekistan based on the existing ammonia
production plant, the company ACWA Power,

An underground hydrogen
pipeline can transport...

e

of a large overhead
power connection

Figure 2. European Backbone efficiency estimate [7]

Table 1. Comparison of Hydrogen Transportation

Methods
Trar::z::‘r;ztlon Advantages Disadvantages
Cost-effective for large- High initial capital
Gaseous scale, continuous supply expenditure
hydrogen Compatible with g qires advanced R&D
(pipeline)  |—underaround storage | o hineline materials
Environmentally safe and system design
Zero hydrogen losses |Economically viable only
Containers during transport for small-scale supply
(trucking) No need for on-site High per-unit

storage infrastructure transportation costs
High energy and storage| Liquefaction is energy-

density intensive and expensive
Requires complex
cryogenic infrastructure

Liquid hydrogen

(cryo-tanks) |Economical for medium-

range distribution Complex technique

Potentially low-cost over
long distances

Complex hydrogen
release process

Bonded Utilizes existing Risk of contamination
hydrogen infrastructure from impurities
(carriers) Operates under

Often requires return of
moderate temperature

spent carrier material
and pressure

to build a facility for the production of green ammonia,
it is planned in the first phase of work to produce
3000 tons of green ammonia, and in the second
phase of already produce 500,000 tons per year [6].
Given the expected amount of hydrogen production
it is important to define the most effective means
of transportation. Pipelines as one of the most
efficient and safe option will play an important role
in delivering hydrogen to consumers. As shown
on Fig. 2 transportation of energy by pipelines
according to [7] will be 2-4 times cheaper
than by overhead power connections.

Hydrogen can be transported in different ways
and in different aggregate states. The paper [8]
provides a comparison of these methods.

Gaseous hydrogen: is transported through pipelines,
both special and existing pipelines for natural gas.
The method is efficient for large volumes
and continuous deliveries but requires significant
capital investment and complex R&D on pipe
materials.
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Liquefied hydrogen: is transported in cryogenic
tanks. This is convenient for medium distances
and volumes, provides high storage density,
but requires energy-intensive liquefaction
and is accompanied by evaporation losses.
Containerized transportation of gaseous hydrogen
is convenient for small volumes and lack
of infrastructure but has high cost and limited
capacity.

Transportation in bound form: such as ammonia
or metal hydrides, is promising due to the use
of existing infrastructure and high storage
density but requires additional transformation

and development of safe technologies.
A comparison is presented in Tab.1.

However, as shown on Fig. 3, in accordance
with [7], the construction of new pipelines will take
about 7 years based on the following industry
standards:

— ASME B31.12 — Hydrogen Piping and Pipelines;
— ASME Boiler and Pressure Vessel Code — Section
VIII Division 3;

— API 579/ASME FFS-1;

— ANSI/CSA CHMC 1 — Test Methods for Evaluating
Material Compatibility in Compressed Hydrogen
Applications — Metals.

Implementing a hydrogen transmission project takes 7 years

So urgent
action is
needed

FID

Commissioning

Yo

Pre-
feasibility

Y1 y2 Y3
Feasibility

Y4 Y5 —— Y6 —» 7

Contracting
workforce
Contracting of
long lead items

Time reguired for internal validotion of
results, defining scope of the next phase
and contracting takes 36 months

Figure 3. European Backbone Implementing a hydrogen transmission project [7]

Therefore, to achieve climate goals, the industry
requires immediate solutions like existing pipeline
repurposing. In  accordance with European
Backbone [9] by 2040 more than 60% of the future
H, pipeline network will be repurposed from
existing natural gas pipelines. The Fig. 4 below
shows the vision of the European Backbone taking
intoaccounthydrogen pipelinesmapof2040.Although
pipeline repurposing is not yet being considered
in Kazakhstan, this study will focus on the integrity
assessment of the pipeline in an H, environment
to demonstrate the proposed approach.

Pipeline operation in a hydrogen environment
The pipeline fitness-for-service assessments
are based on degradation mechanisms, steel grade
of the pipe, pipe wall thickness, and the condition
of the pipe material. Hydrogen environment
creates a specific mechanism of degradation due
to the absorption and diffusion of atomic hydrogen
(H,) within the microstructure of pipeline steel, which
canlead to hydrogen embrittiement (HE) and potential
cracking [10]. Hydrogen embrittlement occurs due
to the penetration and diffusion of atomic hydrogen
into the metal, reducing the strength and ductility
of the metal, thereby exposing the metal to the risk
of cracking. This phenomenon has been described

in [9] and illustrated on Fig. 5. The mechanisms
of HE in repurposed natural gas (NG) pipelines
remain a topic of debate, with two prevailing theories:
hydrogen-enhanced localized plasticity (HELP)
and hydrogen-enhanced decohesion (HEDE).
However, there is growing consensus that hydrogen-
induced cracking typically occurs only in the presence
of pre-existing flaws or cracks. This phenomenon
is often explained by Hydrogen-Environment
Assisted Cracking (HEAC), where hydrogen
dissociates and absorbs at crack tips, embrittling
the crack front and facilitating its propagation under
stress.

While some studies suggest that gaseous hydrogen
could also induce cracking away from the bulk
material, this is generally considered possible only
under exceptional conditions over time, particularly
in susceptible microstructures such as hard spots
or at stress risers like deformations. A common
problem will be hydrogen cracking and embrittlement
of the metal.

The presence of hydrogen in the mixture of the trans-
ported product resulted in a 20-80% reduction
in the ductility of the metal, in some studies areduction
of 85% was observed at a hydrogen concentration
of 1%. Consequently, even insignificant hydrogen
content contributes to the acceleration of fatigue
crack growth [10].



OPUT'MHAJIBHBIE NCCIIEJJOBAHUSA Tom 7, Ne 3 (2025) Bectauk Hedrerasopoii orpacnu Kazaxcrana

P
= Hepumassd
= MNEw
= [mpoi/ Expo
= (K
T
S0 e
& Sal Caver
- Agaife
Dogootwdd Fand
- Riscs Canrn
i
- t
s Erery Isang
T Ge-rsport Teminsds

i

Figure 4. European Backbone vision to the map of Hydrogen pipelines by 2040 [9]

DOI: 10.54859/kjogil1 08838 . 99




ORIGINAL ARTICLES Vol. 7, Ne 3 (2025) Kazakhstan journal for oil & gas industry
(H)
) . T 7T} Hydrogen atoms in
Hydrogen assisted :‘11 o s - A\ the pipeline material
cracking and fracture . —

¥ (H)

o 3 Lo Hydrogen as
Yy ; \HJ "\ transporting medium

)

Fars T

Figure 5. H, atoms diffused in the pipeline material, and its interaction causing cracking [10]

ABLISHMENT OF RISK F

Progect Terms
of Reference

COMVERSION
FEAGIBLITY <

=3
ki Y D
Establsh Comersion CONVERSION ¥
> weine Bl Engnecerng B L (-
M Assessments, ASIESIMENT STATUS

Figure 6. Pipeline H, Repurposing Framework [10]

Pipeline H2 Repurposing — Case study
in Kazakhstan

General Approach and Assumptions

In [10] a phased approach to H, repurposing
was proposed. It is summarized in the figure below.
Within the scope of this study, the authors will focus
on Phase 2 of the framework related to calculation
of laminations under H, conditions using API
and ASME standards.

Lamination is the separation of metal into layers
characterized by a concentration of non-metallic
elements such as oxides and other impurities.
The sources of these defects are usually inclusions
and porosity. Laminations can be classified
as follows:

— Internal;

— Surface breaking (external or internal).

Following assumptions are applied for the API
579 (Level 2) assessment:

1.Lamination will be modeled as a crack in the pipe.
2.Calculations will consider a gas medium with high
H,S content, as hydrogen modeling is technically
unfeasible within this project because have some
software restrictions but as mentioned in the works
[10, 11] we can apply this assumption and this
assumption is justified.

3.Blistering does not affect the load bearing capacity
of the pipe wall.

4.Geometric irregularities and additional bending
stress were not considered.

As part of this study, the NIMA software, developed
by ROSEN, was utilized. NIMA is a cloud-based
Software-as-a-Service (SaaS) solution designed
for the comprehensive analysis of inspection
data, including in-line inspection (ILI) and non-
destructive testing (NDT) results. This platform
enables a detailed defect assessment, remaining
life evaluation, and the development of data-driven
maintenance strategies.

By leveraging NIMA SaaS, operators can enhance
pipeline integrity management, streamline decision-
making processes, and reduce the risk of failures and
unplanned downtime. Its cloud-based architecture
ensures scalability, real-time data accessibility, and
seamless integration with existing pipeline integrity
workflows, ultimately improving the efficiency and
reliability of pipeline operations [12].

Input Data Review

As demonstrated earlier, there is currently
no operational experience with pipelines trans-
porting pure hydrogen in Kazakhstan. Therefore,
the authors suggest considering a pipeline operating
in a sour environment (containing hydrogen
sulfide, ~5% wt.) as the most comparable in terms
of degradation mechanisms. Tab. 1 presents
the technical characteristics of Pipeline X.

For an accurate strength calculation in NIMA,
it is essential to define the parameters utilized
provide a detailed explanation of the key lamination
parameters considered in the assessment.
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Pipeline was inspected with UT-WM ILI technology.
The anomalies have been verified further by
conventional UT. The findings of the inspections are
summarized in Tab. 4.

Results of Lamination Assessment

The above data sets have been integrated and
assessed against industry standards in the NIMA
Integrity Management platform.

As shown in Fig. 8 and 10, the acceptability
of an anomaly depends on its position relative
to the criticality curves, which determine its severity
and required action.

In Fig. 9, four # (1, 2, 3, and 4) are identified
with values below the permissible limits, confirming
their suitability for continued operation. #5 remains
operational at pressures up to 75 bar but is unsuitable
at 97 bar, while #6 is classified as unacceptable.
The results of the API 579 (Level 2) [13] assessment
summarized in the Tab. 5. The analysis of lamination
calculations in axial cracks revealed that #6 does
not meet permissible standards. Based on the two
evaluation charts, either immediate reconstruction
or a reduction of operating pressure to 52 bar
is required. #5, classified as unacceptable based
on axial dimensions, is deemed acceptable
according to circumferential dimensions. However,
the assessment at 65 bar confirms that #6 remains
unacceptable for further operation for both options.
As a result, two possible approaches for maintaining
pipeline integrity to be considered:

— Immediate repair without waiting for the scheduled
shutdown;

Figure 7. Layout of para

Minimum thickness

— Reduce operating pressure to an acceptable level
and defer repairs until the scheduled shutdown.

Table 2. Pipeline characteristics

Parameter Value
Pipe diameter 20 inches
Length 12 km
Product Sour Gas
Steel Grade X60 (SMYS 420 MPa, SUTS 520 MPa)
Pipe Type Seamless
Construction Date 2003
'Wall Thickness 11,1 mm
Original MAOP 97 bar
Current MOP 75 bar

Charpy Toughness 38 Joules full size (minimum specified)

Table 3. Anomaly parameters

Anomaly Parameter Definition

Classification of lamination (e.g.,

Lamination class parallel, inclined — with exit to inner

surface)
Length Length of delamination in longitudinal

9 direction

T Minimum thickness between lamination
1 and the inner pipe wall surface

T Maximum thickness between lamination
2 and inner pipe wall surface

TC Pipe wall thickness in the delamination

area (unbroken section)

Depth used for
the assessment lamination

Depth used for the assessment
evaluation

External Surface

Maximum thickness

Wall Thickness
[Te]

1
1
1
]
]
]
2|
¥

Length Internal Surface

meters on the pipe wall

Table 4. The findings of the ILI and in-field verification

Infield UT Reported Dimensions,
mm
Wall . Lamination Assessment Assessment
Ne Thickness n T2 Length Ll Classification Depth, mm Length, mm
1 11.1 6.72 | 2.30 310 50 | External Surface 6.52 325
Breaking
2 1.1 6.25 | 1.50 365 100 | External Surface 6.05 365
Breaking
3 1.1 655 | 167 400 105 | Bxternal Surface 6.35 400
Breaking
4 1.1 6.10 | 2.50 575 g5 | EXternal Surface 5.9 575
Breaking
5 1.1 7.05 | 2.00 670 gs | External Surface 6.85 670
Breaking
6 1.1 9.70 | 255 850 240 | Imtemal Surface 95 850
Breaking

Assessment Depth is calculated according to below formula: Assessment Depth = Wall Thickness — (Wall Thickness — T1)
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Figure 8. Acceptable axial crack zones
on the pipe body
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Figure 9. Axial cracks on the pipe body
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Figure 11. Circumferential cracks on the pipe body

Table 5. Final results of lamination assessment (assessment pressure 65 Bar) in sour service against
API 579 (Level 2)

A A

Wall

t ent

API 579 (Level 2)

[ Thickness, ﬂ Depth, mmI Length, mm CEEE LeraiEiEn CEesieaien Assessment Result

1 1.1 6.52 325 50 External Surface Breaking Acceptable

2 11.1 6.05 365 100 External Surface Breaking Acceptable

3 111 6.35 400 105 External Surface Breaking Acceptable

4 1.1 5.9 575 65 External Surface Breaking Acceptable

5 11.1 6.85 670 85 External Surface Breaking Acceptable

6 11.1 9.5 850 240 Internal Surface Breaking Unacceptable

Conclusion or operational pressure reduction. Furthermore,

This study provides a comprehensive evaluation
of the feasibility of repurposing an existing natural
gas pipeline in Kazakhstan for hydrogen
transportation, addressing critical challenges such
as hydrogen embrittlement and material degradation.
Given the nascent state of hydrogen infrastructure
in Kazakhstan, this research represents a pivotal
step in understanding the structural implications
of pipeline conversion for hydrogen service.

The integrity of the pipeline was rigorously assessed
through the analysis of lamination defects under
sour service conditions. Ultilizing ultrasonic wall
thickness measurements and in-line inspection data,
six pipeline sections were examined for structural
vulnerabilities. The evaluation, conducted using
NIMA software and guided by APl 579 Level 2
and ASME standards, identified one critical defect
(#6) that surpassed safety limits, necessitating
immediate remedial actions such as repair

102
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the study investigated hydrogen embrittlement
mechanisms, including hydrogen-enhanced locali-
zed plasticity (HELP) and hydrogen-enhanced
decohesion (HEDE), to assess the long-term risks
associated with hydrogen exposure.

A significant contribution of this research liesin
its methodological approach to evaluating pipeline
integrity under hydrogen conditions. By drawing
parallels with pipelines exposed to sour service
environments, which exhibit analogous degradation
patterns, the study offers valuable insights
into hydrogen-induced material risks. The applicatio
of industry-standard fitness-for-service methodo-
logies establishes a replicable frame work
for assessing hydrogen conversion feasibility
in other regions.

The findings highlight the necessity of proactive
integrity management strategies when adapting
existing infrastructure for hydrogen transportation.
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Future research should prioritize real-world hydrogen
testing, the effects of varying hydrogen concentrations
on pipeline integrityy, and the advancement
of enhanced monitoring techniques to ensure long-
term pipeline safety. As Kazakhstan progresses
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toward a hydrogen economy, the methodologiesand
outcomes of this study will serve as a critical
foundationfor the safe and efficient transformation
of pipeline networks to support hydrogen energy
initiatives.

OOMNONMHUTENbHO

UcTouyHuK uHaAHCMpoBaHusA. ABTOp 3asBMs-
er o6 OTCyTCTBUM BHELUHEro UHaHCMPOBaHWSA
npu NpoBeAeHNN NCCNEeRoBaHNS.

KoHdonukT uHTepecoB. ABTOp AeknapupyeT OT-
CYTCTBME SIBHBIX W MOTEHUMAsnbHbIX KOHIUKTOB
WHTEepecoB, CBA3aHHbIX C Nybnukauuen HacTosLen
crartbu.

Bknan aBTopoB. Bce aBTopbl nmoaTBepxAaaloT co-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbLIM
kputepusam ICMJE (Bce aBTOpbI BHECHUN CYLLECTBEH-
HbI BKNag B pa3paboTky KoHuenuuu, npoBeaeHue
nccnegoBaHnsa U NOAroTOBKY CTaTby, MPOYNN U Of0-
6punun duHanbHy0 Bepcuo nepen nybnuvkauuen).
Haubonbwnii Bknag pacnpegenéH crnegylowmm
obpasom: AxmeToB U. — cbop, obpaboTtka n aHanuns
9KCMepUMeEHTanbHbIX AaHHbIX, NPOBeAeHVe uccrne-

[oBaHuA, AeTanbHbIl aHanuM3 U uHTepnpeTauus
pesynsratoB, HanucaHue pykonucu; Mupsoes A. —
pefakTMpoBaHWe PYKOMUCK, BblYUTKA W NpoBepka
BbIMOMHEHHOrO aHanuaa.
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OerMHa.ﬂbHoe unccnegosaHue

Co3paHue PVT-mogenu mectopoXXaeHus npu Hanm4ium
He[OCTOBEPHbIX AAaHHbIX

H.K. OykecoBa, K.M. KyHxapukoBa, XK. 96ekew, XK. Bekrac,
J1.M. BucukeHoBa, I'l. EnTan
KMI™ UHxuHupuHe, AcmaHa, KasaxcmaH

AHHOTALMUA

O6ocHoBaHue. Co3gaHve PVT-mogenun sBRsieTCA KMOYEBbIM dTarnom AN foAacdyéta  3anacoB
1 reonoro -rMapoANHaMMYECKOro MOLENNPOBaHNA MeCTopoXaeHn HedTn 1 rasa. KoppektHoe Bocnpo-
n3BedeHvne CBOWCTB NnacToBoro dnounaa B pasfnnyHbix Tepmobapnyeckmx ycnosusx obecnevmsaeTt [o-
CTOBEPHOCTb PacyeToB WM MOBbILAET TOYHOCTb MPOrHO3MPOBAHUS AWHaMUKWM padpaboTku. [pu atom
Ka4yeCcTBO M AOCTOBEPHOCTb NabopaTopHbIX MCCNeAoBaHWn NNacToBbIX (OIOMAOB BAMSAIOT HA TOYHOCTb
noctpoeHus PVT-mogenen, a BO3HMKAOLWME PACXOXAEHUS U MOTPELUHOCTM B 3KCMEPUMEHTanbHbIX
AaHHbIX 1 MOAENN MOTYyT CHUXaTb HAAEXHOCTb PaCYETHBLIX MapaMeTpoB.

Lenb. OueHnTb kKa4yecTBO 1 AOCTOBEPHOCTb AaHHbIX TabopaToOpHbIX MCCNeqoBaHWU NNAacToBbIX dron-
OB MEeroBbIX FOPU3OHTOB MECTOPOXAEHNS U BbIAENUTL 060CHOBaHHbIE PV T-pernoHs! s nocTpoeHus
Moaenen.

Matepmanbl U meToabl. [Ns OUEHKM KayecTBa W [OCTOBEPHOCTM nabopaTopHbIX MCCregoBaHui
ucnonb3oBasnock nporpammHoe obecrneveHne PVTsim n meToguueckue ykasaHusi no O0OOCHOBaHWMIO
CBOWNCTB NNacToBbIX (hroMA0B, B KOTOPOM aHanu3 coctaBa M CBOMCTB NIacToBoro cromaa nposogun-
Cs1 HA OCHOBE ypaBHEHWI COCTOSIHUS.

Pe3ynbraTbl. AHanu3 napameTpoB rMYOUHHBIX U PEKOMOWHMPOBAHHLIX MPO6 MO3BONWUA BbISBUTL
B3aMMOCBSI3b MeXdy CBOWCTBaMW NnactoBoro dronga, OCHOBaHHYO Ha huanveckux 3aKOHOMEPHO-
cTaxX. BolgeneHsl otaensHble PVT-pervoHsbl, oTnnyatowmecs no cBomm ceovictesam. CpaBHeHVe pacyéT-
HbIX 3HAYeHWI, MOMYYEHHbIX B CUMYMATOPE, C AKCNepUMEeHTanbHbIMU AaHHbIMW MO3BONWUMO BbISABUTL
HEeCOOTBETCTBMA B NabopaTopHbIX UCCMefoBaHUSX, B YaCTHOCTW, NPU ONpeAeneHnn NnoTHOCTUN Hed-
™M anbbckoro ropnsoHTa. lNpoBedeHa KoppekuMs napameTpoB NacToBOW HedpTM Ha OCHOBE AaHHbIX
PVT-mopenn.

3akntoyeHue. NpUMEHEHHBI NOAX0 NO3BOMMUIT UCKMIOYUTL HEAOCTOBEPHbIE 3KCNIEPUMEHTANbHbIE AaH-
Hble, NOBBLICUTb TOYHOCTb ONUCAHWUSA CBOMCTB MNACTOBbIX (hrHOMA0B U NEPECMOTPETL NOACHETHbIE Napa-
METPbI NS YTOYHEHUSI PECYPCOB MECTOPOXAEHUSI.

Knroyeenle crnioga: anybuHHble rnpobbl, pekoMbuHUpo8aHHbIe npobbi, ceolicmea nnacmosol Heghmu,
PVT-mo0enb nnacmosbix ¢hritoudos, ypagHeHUe COCMOSIHUS.

Kak umtupoBathb:

Hykecosa H.K., KyHxapukosa K.M., ©bexkew [XK., u Jp. Cospganune PVT-mogenn MecTopoXaeHus
npy HanuuumM HegoCTOBEPHbIX AaHHbIX // BecTHUK HedpTerazoson otpacnu Kasaxcrana. 2025. Tom 7, Ne3.
C. 105-115. DOI: 10.54859/kjogi108824.
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Creation of a PVT Model for a Reservoir under Data Uncertainty

Nadezhda K. Dukessova, Klara M. Kunzharikova, Gulbakyt Zh. Abekesh,

Gaukhar Zh. Bektas, Laura M. Bissikenova, Gyuzel G. Yeltay
KMG Engineering, Astana, Kazakhstan

ABSTRACT

Background: PVT modeling is a critical step in reserve estimation and reservoir simulation of oil
and gas fields. Accurate reproduction of fluid properties under different pressure—temperature conditions
increases confidence in calculations and improves production forecasts. The accuracy of a PVT model
largely depends on the quality of laboratory fluid data, while inconsistencies or errors in experimental
results can reduce the reliability of calculated parameters.

Aim: To evaluate the quality and reliability of laboratory data on reservoir fluids from the Cretaceous
horizons and to validate consistent PVT regions for model development.

Materials and methods: The quality and reliability of laboratory studies were evaluated using PVTsim
software and methodological guidelines for validating reservoir fluid properties, where fluid composition
and properties were analyzed based on equations of state.

Results: Analysis of bottomhole and recombined samples showed clear relationships between
reservoir fluid properties. Several PVT regions with distinct characteristics were identified. Comparison
of simulation results with laboratory data revealed discrepancies, particularly in the measured density
of Albian horizon oil. Reservoir oil parameters were adjusted using the PVT model.

Conclusion: This approach removed unreliable laboratory data, provided a more accurate description
of reservoir fluid properties, and updated calculation parameters to refine resource estimates.
Keywords: bottomhole samples; recombined samples; reservoir oil properties; PVT model of reservoir
fluids; equation of state.
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TynHycka 3epTTey

Oypbic eMmec aepekTep 6onfaH Ke3ae KeH OPHbIHbIH
PVT-mopeniH Kypy

H.K. OykecoBa, K.M. KyHxapbikoBa, K. 86ekew, XK. Bekrac,
J1.M. BucukeHoBa, I.f. Entan
KMI™ UnxuHupuHe, AcmaHa Kanacbl, Kasakcmat

AHHOTALUUA

Herispey. PVT-mogeniH kypy MyHamn-ra3 KeH opblHAAPbIHbIH KOPrapblH eCenTey >XaHe reonorussbIk-
rmapogvHamukanblk MoaenbAeyaiH Herisri keseHi Oonbin Tabbinagbl. ©p Typni Tepmobapukanbik
Xargamnapga kabaT CyMbIKTbIFbIHBIH - KAcueTTepiH aypbic kebewTy ecenteynepgiH AypbICTbIFbIH
KamTamacbl3 eTedi oHe Aamy [AuMHamukacbiH Gormkay Aenairii apTTeipagbl. CoHbIMEH KaTap,
kabaT CyMbIKTbIKTApbIHbIH, 3epTXaHanblk 3epTTeyrnepiHiH canacbl MeH ceHimginiri PVT mogenbaepiH
KypyablH OangiriHe acep etefi, an 3KCNepUMEHTTIK ManiMeTTep MeH Moaenbaepaeri Conkeccisgikrep
MEH KaTenikTep ecenTik napamMeTprepaiH, CeHiMAiniriH TemeHaeTyi MyMKiH.

Makcatbl. KeH OpHbIHbIH 60p rOpu3oHTTapbIHbIH KabaTTblK CYMbIKTBIKTApbiH 3epTxaHanblK 3epTTey
[JepeKTepiHiH canacbl MeH OypbiCTbifblH GarFanay >xeHe MogenbAepai Kypy YWiH HerisgenreH PVT
anmakTapbiH Geny.

Matepuangap MeH apicTtep. 3epTxaHanblk 3epTTeynepgiH canacbl MeH ceHiMainiriH Garanay
ywiH PVTsim 6argapnamanblk KamTamachl3 €Ty XoHe kabaT CyMbIKTbIKTapblHbIH KacCMeTTepiH Herisgey
GoMblHIWa aaicTeMenik Hyckaynap kongaHbingbl, oHaa kabaT CyMbIKTbIFbIHBIH KypaMbl MEH KacueTTepiH
Tangay Kyn TeHaeynepiHiH Herisinge Xyprisingi.

HaTtuxenepi. TepeH xaHe pekombuHauMANaHFaH cbiHamanapablH napamMmeTprepiH Tangay usmkanbik
3aHAbINbIKTapFa HerisgenreH Kkabat CyMbIKTbIFbIHBIH, kKacueTTepi apacbiHaarbl 6annaHbICTbl aHbIKTaabl.
KacvetTepi 6ovibiHWa epeklieneHeTiH xeke PVT anmakrapbl 6eniHreH. CumynaTtopaa anbiHFaH ecenTik
M3HOEepAi SKCNEepPUMEHTTIK ManiMETTEPMEH CanbICTbIPy 3epTXaHarblk 3epTTeynepaeri cankeccisgikrepai
aHblKTagbl, atan anTkaHAa anbba ropusoHTbIHAAFbI MyHaWAbIH ThiFbI3ObIFbIH aHbIKTay KesiHae 6onabl.
PVT -mogenb gepekTepiHiH HerisiHge kabaT mMalbiHbIH NapameTprepiH Ty3eTy Xyprisingi.

KopbiTbiHabl. KongaHbinFaH Tacin  Oypbic €MeC 3KCMEPUMEHTTIK OEepekTepAdi otofa, kabar
CYMbIKTbIKTAPbIHbIH, KACUETTEPiH cunaTtTaydblH, ASMAirIH apTThipyFa XeHe KeH OPHbIHbIH pecypcTapblH
HaKTbInay yLiH ecenTey napameTpriepiH kanTa kapayfa MyMKiHAIK 6epai.

Hezizzi ce3zdep: mepeHOiK cbiHamanapbl, pekombuHauusinaHraH cbiHamanap, kabam MyHalbIHbIH
Kacuemmepi, kabam ¢prroudmepiriH PV T-moderi, Kyt meHOeyi.
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BBeneHune

CospanHue PVT-mopmenn (aHen. Pressure,
Volume, Temperature — gaBneHve, ob6bEM, Tewm-
nepartypa) siBNsieTCA KIo4YeBbIM dTanoMm Ansd nog-
CYéTa 3anacoB W reororo-ruapoaMHaMMUYECcKOro
MOZENNPOBaHNS MeCTOpOXAEeHUA HedTu u rasa.
KoppekTHoe Bocnpou3BegeHMe CBOWCTB Mnacto-
BOro gnovaa B pasnuyHbIX Tepmobapuyeckux yc-
nosusix obecreynBaeT OOCTOBEPHOCTb PaCYETOB
1 NOBbILIAET TOYHOCTb NMPOrHO3NPOBaHNS AVHAMUKN
pa3paboTtku 1 nogcyéta 3anacos [1]. OgHako nabo-
paTopHble uccnegoBaHusa otobpaHHbIX Npob conpsi-
XKEHbI C psgoM Npobnem, CBA3aHHbIX C PasnuunaMm
B MEeToAMKax aHanv3a U BO3MOXHbIMW MOrpeLuHo-
CTAMW B MOMYYEHHbIX OAHHbIX. OTO MOXET NpPUBO-
OUTb K HECOOTBETCTBMSIM B XapakTepucTukax nna-
cToBOro cnouga, YTo B AanbHeWweM OTpasnTcs
Ha TOYHOCTW pacyETOB M MPOrHO30B NPW MOACYETE
3anacoB, NPOEKTMPOBaHMKN pa3paboTkM u akcnnya-
Tauum MecTopoXxaeHun [2].

B paHHOM cTaTbe paccMaTpuBaloTCs METOAbI
aHanM3a W KOPPEKTUPOBKM 3SKCMEPUMEHTamNbHbIX
OaHHbIX npu noctpoeHun PVT-mogenw, Hanpas-
NEHHble Ha MUHUMM3ALMIO OLLIMGOK, BO3HUKAIOLLMX
BCNEACTBME HELOCTOBEPHOCTUN BXOOHOW MHGOpMa-
unn. B pamkax nccnenoBaHus npoBegeHa oueHKa
KadyecTBa NabopaTopHbIX AaHHbIX, padpaboTaH noa-
X0[, K MOAENUPOBaHUO ha3oBOro COCTOSIHUS chrito-
naa, a Takke BbIMOSIHEHA HACTPOKa MOAENW Ha OC-
HOBe ypaBHeHuii cocTosHNS. [Mpu 6onbLuom o6bEme
MccrnegoBaHUMM MO MEeroBbiIM FOPU3OHTaM, NpoBe-
OEHHbIX pasHbiMu 3apybexHbiMu nabopatopuamu,
nony4umncs 6onbLion Anana3oH pa3bpoca OCHOBHbIX
PVT-3HaveHun. lMpumeHeHne KOMMNEKCHOro noa-
Xo4a MO3BOSIUMO MCKIIOUUTL HEOOCTOBEPHbIE AaH-
Hble, BbliAENUTb OTAeNbHble PVT-pernoHsl, a Takke
obecneuntb Gonee TOYHOE COOTBETCTBME MoZenNu
pearnbHbIM (PU3NKO-XMMUYECKMM CBOWCTBaM nna-
ctoBoro cntonaa. MNonyyeHHble pesynsraTthl CMo-
COOCTBYHOT MOBBILLIEHNK TOYHOCTU MPOrHO3MpPOBa-
HWUSI MOBEAEHUS MECTOPOXAEHUI, 0OOCHOBaHHOMY
NPUHSATUIO peLleHnid Npu paspaboTke u aKcnnyara-
LUK 3anexen, a Takke CHMKEHUIO PUCKOB, CBA3aH-
HbIX C HEOMNpPeaenéHHOCTbI0 NCXOOHbIX AaHHbIX.

MaTepuansl u meToabl

Mpu noctpoeHnn PVT-monenen npumeHsitoTcs
pasnuyHble MeToabl, BkNtoyaroLwwme [3]:

— aHanus3 fdaHHbIX (MHTepnpeTauusi pesynb-
TatoB nabopaTopHbIX UCCMENOBaHWA TMYyGUHHBIX
N peKOMOUHMPOBaHHbIX NPOD);

— OLEHKa KayecTBa AaHHbIX C UCMOMb30BaHW-
eM crneumanusnpoBaHHOro nporpaMmmHoro obecne-
yeHus (ganee — N0);

— MaTemaTuyeckoe MOAENMpoBaHUe Ha oc-
HoBe ypaBHeHu cocTosHua (CoaBe-Peanuxa-
KeoHra', MeHr-PobuHcoHa?).

Ons aHanusa naGopaTopHbIX UCCrefoBaHWi
MCNonb30Bascs CPaBHUTEMbHBLIA METOA WU3y4YeHusi

CBOWCTB NnactoBoro dnovaa, HanpaBeHHbIN
Ha BblBMEHWE 3aKOHOMEPHOCTEN WX W3MeHe-
HMUsi. 3HayeHuss napameTpoB MracToBov HedTH
3aBUCAT Kak OT MeToda pasrasupoBaHus npob
B nabopartopuun, Tak U OT Tuna oTtobpaHHbIX Npob
(rny6uHHbIE NN peKoMOUHMpOBaHHbIe) [4, 5]. Pas-
rasvpoBaHWe MOXeT BbIMOMHATLCA PasNNYHbIMM
cnocobamu, BKMOYMas CTaHOapTHYHO cenapauuio,
anddepeHumansHoe 1 CTyneH4YaToe pasrasnposa-
Hve. CTaHaapTHas cenapaums asnseTca Hambonee
pacnpoCcTpaHEHHON W MPUMEHSETCA MpaKTUYECKM
Ko BceM npobam nnactoBon HedTu. B gaHHOM cry-
Yae UCMonb3yeTcs eAuHbI NoAXoA pasrasvpoBa-
HUSA — odHa CTyMeHb cenapaumun nNpu cTaHAapTHbIX
ycnosusix. [nsi BbISIBNEHUS B3aMMOCBS3N Mexay
napameTpamyu nnactoBon HedTM pekomeHayeTcs
CTPOUTb TpaduKN 3aBMCUMMOCTEN CBOWCTB HedTU
B CTaHAapTHbIX YCrnoBusXx [6].

Tun npo6 okasbiBaeT 3HaUMTENbHOE BUAHUE
Ha pesynbraTtbl MccnegoBaHus. [My6uHHblIE Npobbl
oTbupaloTca HenocpeacTBEHHO U3 nracta ¢ NomMo-
Wbl NPOBOTOOPHMKA, YTO MO3BOMSAET COXPaHWUTb
UX NepBOHaYarnbHbIN cocTaB. PekoMBrHMPOBaHHbIE
npobbl OTOUPAlOTCA Ha MOBEPXHOCTU NMYTEM pas-
AenbHoro otbopa HedTV ¥ rasa ¢ nocrneayowmum
BOCCTaHOBIIEHMEM WUCXOQHOro coctasa B nabopa-
TOPHBIX YCMOBUSIX C YYETOM 3a4aHHOrO rasoBOro
akTopa.

[na oueHkn KavyecTBa M [OCTOBEPHOCTU
nabopaTopHbIX WCCRefoBaHUA  MCMOMb30BaNnoch
MO PVTsim, rge aHanu3 coctaBa M CBOWCTB Nna-
CTOBOro ¢ritomMaa NPOBOAMIICA HA OCHOBE YpaBHe-
HWUIA cocTosiHMs. PacyéTbl npoBoamnuck 6e3 npea-
BapUTENbHOW HACTPOWKN NapaMeTpoB YpaBHEHUS,
KOTOpble onpeaensanncb Ha OCHOBE MaTepuasibHOro
6anaHca.

[na onucaHns cBoncTB 060CHOBaHHbBIX NPOO,
KOTOpble SBNSOTCA BXOAHbIMW AaHHbIMU ANS CO3-
naHus crtongansHblx mogenen no PVT-pernoHam,
npou3Boauncs nogbop ypaBHEHUSt COCTOSHUSA, KO-
Topoe obecnevmBaeT BOCNPOU3BeAeHNe PacYETHbIX
CBOWCTB NNacTtoBol HedTW, MakCMMarnbHO cornacy-
rowmxesa ¢ pesynsratamm PVT-uccnegosanui. Mo-
cne AOCTMXKEHWUS CXOAMMOCTM AKCNePUMEHTanbHbIX
W pacyETHbIX AaHHbIX MOAEMb 3KCMOPTUpOBanach
B TpebyeMom chopmate Ans BbIrpy3kuM NOACHETHBLIX
napamMeTpoB W ANS AanbHENLero UCrnonb3oBaHNs
B reonoro-ruapoanHamMmnyeckoM MogennpoBaHnm.

Pe3ynkTaTthbl

[ns 06oCHOBaHWsSi CBOWCTB HavaribHOW Mna-
CTOBOM HedpTn ObiM NOCTPOEHbI 3aBUCUMOCTU
OaBreHNs HacbIWEHUss U MMAOTHOCTU OT ra3oco-
OepxaHus no anTtckoMy W anbbCKoOMy Topu3oH-
Tam (puc. 1-4). MybuHHble nNpobbl 0603HaYeHbI
KpYrnbIMX 3Ha4YKamu, peKOMOMHMPOBaHHbIE — Tpe-
YronibHMUKamu.

Kak nokasaHo Ha puc. 1-2, peKoMGUHMpOBaH-
Hble Npobbl MOKa3biBAKT XaoTUYHOE MOBedEeHME,

' YpaBHeHue cocTosiHusi CoaBe-Peanuxa-KBoHra — KyGuyeckoe ypaBHEHWE COCTOSIHWS, MPUMEHSIEMOE ANsi OnuUcaHus

noBeeHua pearnbHbIX ra3oB N UX cmecen

2 YpaBHeHWe cocTosiHWsA MeHH-PobuHCoHa — KyGuyeckoe ypaBHeHe COCTOSHUSA, Co3haHHoe Ans 6osiee TOYHOro onucaHns

XUOKOCTHbIX 1 NAapOXNOKOCTHbIX paBHOBeCVII;I.
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PucyHok 1. 3aBMCMMOCTb AaBfeHUA HaCbILWEHUA OT ra3oCcoAepKaHUA anTCKOro ropu3oHTa
Figure 1. Saturation pressure vs. gas—oil ratio for the Aptian horizon
peK. — pekombuHuposaHHble npobsi / recombined samples; akcnep. — aKkcrepuMeHmarbHble
/ experimental samples
K1a — anmckuti 2opu3oHm / Aptian horizon
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PucyHok 2. 3aBMCMMOCTbL NNIOTHOCTM NNIacTOBOW HEPTU OT ra3ocoAepXaHus anTCKOro ropu3oHTa
Figure 2. Reservoir oil density vs. gas—oil ratio for the Aptian horizon

opMUpyst BTOPYIO NUHWIO, YTO MPUBOAUT K UCKYC-
CTBEHHOMY 3aBbILLEHWIO NapamMeTpoB MNIacTOBOW
HedTn. BbisBNeHMe B3aUMOCBSI3M MNapamMeTpoB
No3BOMUIIO YCTaHOBUTb, YTO PEKOMOWHUPOBAHHbIE
npobbl OTKMOHSTCA OT OCHOBHOTO TpeHpa rny-
OUHHBIX NPOG, NO NPUYMHE YEero OHW ObINK UCKIHo-
YeHbl. 3TO 0BOYyCNOBNEHO TeM, YTO OHW MOMy4YeHbI
Ha ocHoBe (OU3NYECKON PEKOMOMHALIMN, BbIMOMHEH-
HOV NPV NPOMbLICNOBOW CTYNeH4YaTon cenapauumm,
4YTO M3MEHSIET UX CBOWCTBA. [JONONMHUTENbHO Oblnn
oTOpakoBaHbl ABe rnybuHHble Npobbl HedTn (060-

3HayeHbl MYHKTUPOM), KOTOpble Noka3bliBany 3aBbl-
LEHHbIE 3HAaYeHWsI AaBMEHUsI HACbILLEHWS!, paBHble
nnacToBomy. OTO CBA3aHO C TeM, Y4TO Npobbl Obinn
oTobpaHbl B TpéxpazHOM COCTOsiHUM (HedpTb, ras,
BOJa), YTO NOBMMSNO Ha COCTaB U CBOWCTBA NNacTo-
BOro dnounaa.

Mo pesynbTatam NpOBEAEHHOrO aHanusa
ans 060CHOBaHMsi CBOMCTB NNacToBon HedpTu Bbinun
BblOpaHbl rmy6uHHbIE NPOObI, KOTOPbIE XOPOLLO CO-
rnacytoTcsi Mexay cobor 1 TOYHO OTpaxarT UCTUH-
HYIO MIIACTOBYIO CUCTEMY.
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AnbOCKMI TOPU3OHT UMEET CcrnoxHoe dauu-
anbHO-TEKTOHNYECKOe CTpoeHue, obycrnosuBLLee
pasgenieHMe ero Ha OTAenbHble M30MMPOBaHHbIE
3anexu. AHanu3 B3auMMOCBS3W NapameTpoB nna-
CTOBOW HedTV no3sonun BblgenuTb asa PVT-peru-
OHa, KOTOpblE CYLLECTBEHHO Pa3nnyakoTCcsl Mo CBOUM
xapaktepucTtukam (puc. 3—4). B 3anexax 1 n 4 Ha-
6nogaeTcst HeOHAChILWEHHOCTb HE(TU: AaBneHVe
HachbllLeHns B cpegHem cocTtasnset 0,8 Mla, a ra-
3ocogepxaHne — 3,5 M3/Mm3, 4TO CBMAOETENbLCTBYET
O KparHe HU3KUX CBOWCTBaxX MNnactoBow HedTw,
B TO Bpems Kak B 3anexu 2 (cks. 68, kpacHbI KBa-

HasneHwe HackiweHwe, MMa
Saturation pressure, MPa
W

0 5 10 15 20 25

Opat) HedTb Gonee HacbILEHHas!, YTO NPOSIBNSETCA
B BbICOKMX 3HAYEHWsIX: JaBMeHUe HacbILeHUs Ao-
cturaet 7,8 Mla, a raszocogepxaHue — 57 m3/m3.

B xopme Oonee petanbHOro aHanusa ckB. 68
6bINO0  BbISIBIIEHO HECKOMNbKO MHTEPECHbIX Habmno-
[OEHWIA: BO-NepBbIX, CKBaXMWHA pacronoXxeHa Ha 3Ha-
YUTENBHOM PAacCTOSIHAW OT ApYruX 3anexei B ceBe-
po-3anagHoOM 4acTu MEeCTOPOXAEHWSl, BO-BTOPbIX,
rnybuHa otbopa Npo6 HaxoOMTCs TMNCOMETPUYECKU
HWXe, rae COOTBETCTBYET rnybuHe anTckoro ropusoH-
Ta (1632 m), n cBoMCTBa HedTM COBMNagaloT C Xapak-
TEpUCTUKaMM HETM anTCKOro ropU3oHTa.

30 35 40 45 50 55 60

['asocogepxanne, m*m?
Gas content, m*m?

@Kial-1, ryb

AK1al-1, pek

B K1al-2, ckB.68 AKal-4, pek

PucyHok 3. 3aBMcMMOCTb AaBNeHUsi HaCcbILWEeHUsA OT ra3ocoAepXXaHusA anbO6CKOro ropu3oHTa
Figure 3. Saturation pressure vs. gas—oil ratio for the Albian horizon
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PucyHok 4. 3aBMCUMOCTb NNIOTHOCTU NNacToBON HehTH OT razocogepxaHus
anb6CcKoro ropusoHTa
Figure 4. Reservoir oil density vs. gas—oil ratio for the Albian horizon
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Figure 5. Saturation pressure vs. depth
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PucyHok 6. U3meHeHue razocogepxaHusi ¢ rnyouHoun
Figure 6. Gas—oil ratio vs. depth

Ona HarnagHoCTU GblNM MOCTPOEHbI rpaduku
3aBMCMMOCTM CBOWCTB MIIacTOBON HedTU OT ry-
OuHbl (puc. 5-6). AHanu3 nokasan, Yto Bce Npobbl
YETKO COOTBETCTBYIOT CBOMM rOPU3OHTaM, 3a UCKIto-
YeHMeM CKB. 68, 0TobpaHHOM U3 anbOCKOro ropu3oH-
Ta, HO NO PacnonoOXeHWI0 HaXoAsALWeENCs Ha YPOBHe
anTCcKOro ropmM3oHTa.

Tawke Ha puc. 5-6 4YETKO BblgensawTca ABa
PVT-pernona:

— nepBbii PVT-pernoH BknoYyaeT anTcKun
FOPU3OHT U YacTb anbbCKOro ropusoHTa B panioHe
CKB. 68;

— BTopow PVT-permoH — ato anbbckuii ropu-
30HT And 3anexen 1 u 4.

Ona  npoBepks  COOTBETCTBMSA  COCTaBsa
1 cBOWCTB Npob AaHHbIM PVT-uccnenosaHuii 6bina
npoBefeHa oLeHKa AOCTOBEPHOCTW nabopaTopHbIX
ncecrnegosaHuin. KavyecTtsa «cocTaB — CBOMCTBA» aHa-
NM3NPOBanuUCb C NOMOLLBIO YPaBHEHUS COCTOSHUSA
B MO PVTsim. MNyTéM cpaBHeHWSA pacy€THbIX 3Ha-

YeHWU CBOWCTB NNacToBoro drovaa B cumynaTope
C 3KCNepUMEHTaNbHbIMU AaHHbIMU ObInn BbISIBIEHbI
pacxoxgeHusi. PacyéTbl BbinonHsnucb 6e3 npea-
BapuTeNnbHOM HacTPOWKWA MapaMeTpoB YypaBHEHWS,
KOTOpble OLEHMBaNNCb Ha OCHOBE MaTepwuarb-
Horo GanaHca. B pesynbrate OcHOBHasi Macca
rmMyBbuHHbIX NPOG He MpoLuna KOHTPOSb KavecTBa
n3-3a 3arpsisHeHns GypoBbiM PacTBOPOM. Tomnbko
HeKkoTopble rNybuHHbIE NpoGbl COOTBETCTBOBANM
BCEM KpPUTEPUSIM KOHTPOISA, YTO MO3BOMUIIO WX UC-
nonb3oBaTb Ansi noctpoeHns PVT-mopenu.

Mopgenu nnacroBoro cdpnonaa

OcHoBHas Lenb oTbopa npob n ux nccnegosa-
Hus B PVT-nabopatopuu 3aknto4aeTcs B CO30aHMM
MaTeMaTu4eckon Mogenu nNnacTtoBoro dgnonga, no-
3BOSIAOLLEN JOCTOBEPHO OLIEHUTL 3anachbl ¥ MPOrHO-
3upoBaTtb [A06bl4y MecTopoxaeHusi. [ocTpoeHHas
MoZernb AOMMKHAa MaKCMMarnbHO TOYHO BOCMPOWU3BO-
OUTb pesynbTaThl 3KCNepUMEHTasbHbIX UCCneaoBa-
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HUIN, OTpaxawwux peanbHble Tepmobapuyeckue
ycnosust 1 cBoictea nnactosoro cniounga. MNpo-
LilecC MOAENUPOBAHUS BbINOMHEH C UCMOMb30BaHU-
em MO Calsep PVTsim Nova.

[na noctpoeHnss mogenu nepsoro PVT-peru-
OHa ncnonb3oBanack 9-KOMMNOHEeHTHasA dnongans-
Has Mmofernb, OCHOBaHHAsA Ha TPEXNapaMeTpU4ECKOM
ypaBHeHun coctosiHusa  CoaBe-Peanuxa-KeoHra
B moaudukauum MeHeny (SRK Peneloux®), «ko-
TOpOe [OEMOHCTPMPYET Xopollee corflacoBaHue
C 9KCMepuMeHTanbHbIMU AaHHbIMW. [ns BTOpOro
PVT-pernoHa, xapakTepusylowerocs  HU3KUMMU
CBOWCTBaMU NNacTtoBon HedTn, ObINo BbIGpaHO
ypaBHeHve cocTosiHus [NeHr-PobuHcoHa B moau-
dukaumm Mexeny (PR Peneloux*) ¢ nomnHelM kom-

- -
- N

LaeneHue HackiweHme, MMa
Saturation pressure, MPa

oy
O = N W AR DD N RO O

0 5 10

MOHEHTHBIM COCTaBoM donomaansHOW  Moaenu,
yto obecneunno Gonee TOYHOE COOTBETCTBUE
KCNeprMeHTanbHbIM AaHHbIM. BsAskocTb  dhniom-
[OB paccuuTbiBanacb C WCMOMb30BaHWEM YypaB-
HeHusa JlopeHua-bpes-Knapka (pmanee — LBC,
aHen. Lohrenz-Bray-Clark). [MapameTpbl ypaBHeHus
COCTOsIHUA BbINK HacTpoeHbl Ans Hanbonee TOYHO-
ro BOCNPOM3BEAEHUsI SKCNEPUMEHTANbHBIX AaHHbIX
no o60CcHOBaHHbLIM Npobam.

A.qanTame Modenn K 3KCnepuMeHTalbHbIM
AaHHbIM BKIoYana:

— onpegeneHne GUHapPHbIX KO3IMEDPULNEHTOB
B3aUMOAENCTBUS KOMMOHEHTOB NNAcToBbIX (Oroun-
008,

— KOppeKuuio

KpUTUYeCKoW  TemnepaTypsl
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lMaszocogepxanne, M3
Gas content, m*m?

o Kia, 1972-73

o Kia, 2003-2012

B K1lal-2, ckB.68 = Mopens Kla

PucyHok 7. 3aBMCMMOCTb AaBfeHUA HaCbILWEHUA OT rasocoAepkaHus, nepBbin PVT-pernoH
Figure 7. Saturation pressure vs. gas—oil ratio, 1st PVT-region
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B Kial-2, ck.G8 = Mogens Kia

PucyHok 8. 3aBMCMMOCTbL NNOTHOCTU NNacToBOM HedTH OT rasocofepxaHus, nepsbiin PVT-pernoH
Figure 8. Reservoir oil density vs. gas—oil ratio, 1st PVT region

3 SRK Peneloux — moguduumpoBaHHoe ypaBHeHUe cocTosiHusi CoaBe-Peanuxa-KBoHra, B KOTOpOe BHECEHA KOpPEKLMUs
MeHeny ons yny4leHns onucaHusi MonsipHbIX 06bEMOB XMaKoN asbl U NNOTHOCTEN.
4 PR Peneloux — mMoaucuuMpoBaHHOe ypaBHeHWE COCTOsiHUSI MeHra-PoBUHCOHa C NPUMEHEHWEM TON Xe KOoppeKuuu

MeHeny.
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PucyHok 9. 3aBucuMOCTb AaBrneHUsi HacbllWeHUs OT rasocoAepxaHus, BTopon PVT-pernoH
Figure 9. Saturation pressure vs. gas—oil ratio, 2nd PVT-region
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PucyHok 10. 3aBMCUMMOCTb NMIIOTHOCTU NiacToBOoW HedhTH OT razocopepxaHus, BTopon PVT-pervoH
Figure 10. Reservoir oil density vs. gas—oil ratio, 2nd PVT region

(Tkp), kpuTudeckoro paenexus (Pkp), aueHTpuye-
CKMX pakTOpOB U KOHCTaHT Peneloux ans dppakumm
7o

— HacTpoiiky napameTpa Baskoctn  (Vc)
n koadpduumneHtoB nonuHoma LBC pgna pacdéta
BSA3KOCTW.

B pesynbrate apantauuu Mogenu nep-
Boro PVT-permoHa yganocb [JOCTUYb BbICOKOM
CXOOMMOCTM pacyéToB C 3KCNepuMeHTanbHbIMU
AaHHbIMU. CpaBHeHMe pe3ynbTaToB MOAEnupoBa-
HUsA ¢ nabopaTopHbIMK KCCregoBaHUAMU Npea-
CTaBneHo Ha puc. 7-8, roe BMAHO, YTO MoAenb
XOpOLIO  BOCMPOU3BOAUT  3KCMEPUMEHTarbHbIE
3Ha4YeHus.

MNpn apantaumm mogenu BTOporo PVT-peru-
OHa BbISBMEHO HECOOTBETCTBUE MexXdy pacyéT-
HbIMW W 3KCNEPUMEHTaNbHbIMU [AaHHbIMWU, OCO-
6EeHHO B 3HaYeHMsAX MNIOTHOCTU CenapupoBaHHON
HedTW. DKCnepvMeHTanbHoe 3Ha4YeHne COCTaBuUITO

DOI: 10.54859/kjogi108824

812,8 kr/m®, 4TO COOTBETCTBYET Mokasarensim anT-
ckoro ropmsoHTa. CornacHo usn4YecknuM 3aKoHO-
MEPHOCTSAIM, AN HedTU C HU3KAMU 3HAYEHUAMU
[aBMNeHUsi HacblWeHWs U ra3ocofepaHusi nnot-
HOCTb cenapupoBaHHON HeOTM JOIMKHa ObIThb BhILLE,
4YeM ronyyeHHasa B dKcnepuMmeHTe. JTO pacxoxie-
HVe yKa3blBaeT Ha HM3KOe Ka4ecTBO flabopaTopHbIX
nccnegosaHuin. CpaBHeHWe 3aBMCUMOCTeN Nnapame-
TPOB OT ra3oCcoAepXaHus, NonyyYeHHbIX N0 MoAenu,
C 3KCMepuMeHTanbHbIMU AaHHLIMU MPEeACTaBleHO
Ha puc. 9-10. Kak nokasaHo Ha pwuc. 10, mogenb
npeackasbiBaeT 6ornee BbICOKME 3HAYEHWSA NIOTHO-
CTW MO CpaBHEHWIO ¢ nabopaTopHbIMK pesynbraTa-
MU, YTO YKa3blBaeT Ha BO3MOXHble MOrpeLIHOCTU
B 9KCNepuMeHTanbHbIX WccrnefoBaHusix. B cBsau
C 3TUM Ans fJanbHenwmnx pac4é€ToB U NPOrHO3Npo-
BaHWSA UCMOMb3YIOTCHA AaHHbIE, MOMyYeHHbIe U3 MO-
Aenwv, kak 6onee [ocToBepHble W cornacyroLmecs
¢ PM3NYECKMMMN 3aKOHOMEPHOCTAMM.
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3akntoyeHue

B xope wccnepoBaHusi MENOBOTO FOpM3OHTa
6bIny BbigeneHsbl ABa PVT-pervoHa, pasnuyarLmx-
Csl MO CBOWCTBaM nnactoBow HedTu. MpumeHeHve
pas3nuyHblX ypaBHeHun coctoaHus (SRK Peneloux
n PR Peneloux) B 3aBUCMOCTU OT XapakTepUCTUK
HedTM obGecneuynno 6Goree TOYHOE COOTBETCTBME
pacy€THbIX NapamMeTpoB AKCNEPUMEHTamNbHbIM AaH-
HbIM.

lMpoBenéHHaa agantaums mMoaenen nokasana
BbICOKYIO CTEMEHb CXOAUMOCTU PaCYE€THbIX U na-
6opaTopHbIX AaHHbIX Ans nepsoro PVT-pervona,
NoATBEPXAAs KOPPEKTHOCTb BbIGpaHHbIX METO4oB
mogenupoBaHus. OfHaKo MpW HacTpoWke Moaenwu

OONONHUTENBLHO

UcTouHMK hpuHaHCcupoBaHuUA. ABTOpbl 3aaBns-
10T 06 OTCYTCTBMM BHELUHEro (UHAHCUPOBAaHUSA
npu NpoBeAEHNN NCCNefoBaHus.

KoHdbnukT uHTepecoB. ABTOpbI AeKNapupylT oT-
CYTCTBME SBHbIX W MNOTEHUManbHbIX KOH(NUKTOB
WHTEPeCOoB, CBSI3aHHbIX C Mybnukaumnen HacTosLwen
cTaTbu.

Bknag aBTopoB. Bce aBTOpbl moaTBepxaaloT Co-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
kputepusim ICMJE (Bce aBTOpbl BHECnu Ccylle-
CTBEHHbI BKNaj B pa3paboTKy KOHLenuuu, npo-
BEeeHWe WuccneaoBaHWs W MOATOTOBKY CTaTbM,
npoynu n opobpunu duHanbHylo Bepcuo nepeq
nybnukaumen). Hauwbonbwnii Bknag pacnpege-
néH cneaytowmm obpasom: OykecoBa H.K. — koH-
uenums paboTbl, aHanM3 MNOmnyYeHHbIX [AaHHbIX,
obGoCHOBaHME CBOWCTB  cpritonga, HanucaHue
Tekcta; KywxapukoBa K.M. — pepaktupoBaHune
TeKCTa, pyKOBOACTBO U HanpaseHve NccrnefoBaHus;
O6ekew MK, — nogroToBka 6a3bl 4aHHbIX, NOCTPOe-
Hue PVT-mopenun; bBekrtac NXK., bucukeHosa J1.M.,
Entan IT. — cbop u cuctemaTtunsaums 6asbl 4aHHbIX.

CMUCOK UCMNOSNIb3OBAHHOM NIUTEPATYPbI

BTOporo PVT-pernoHa BbISIBNEHbI HECOOTBETCTBUS,
0CcoBeHHO B pacyé€Tax NioTHOCTU cenapupoBaHHOM
HedTU. AHann3 pr3nNYeckMx 3aKOHOMEPHOCTEN No-
Kasan, YTo aKcrnepuMeHTanbHble AaHHble codepxar
MOrpeLLUHOCTU, CBA3aHHbIE C HU3KMM KayecTBOM na-
6opaTopHbIX UCCneaoBaHNN.

PaspaboTtaHHbIi nogxod OcHOBaH Ha dyHAaa-
MEHTarnbHbIX MOMOXEHUAX TePMOAUHAMUKMA MHOTO-
KOMMOHEHTHBIX CUCTEM U MOXET CIy>XWTb HaAeXHOM
TEOPETUYECKOW OCHOBOM HE TOMbKO ANsi MpOekK-
TUPOBaHUSI U MOHWUTOPMWHIa pa3paboTku 3anexew,
HO W onpefeneHns NOACYETHLIX NapaMeTpoB nna-
CTOBbIX YrnMeBOAOPOAHBIX hNoUAOB MPU HEJOCTo-
BEPHOW UCXOAHOW UHGOPMaLUK.
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Opu rmHanbHoe uccriegoBaHue

PacwuvpeHune ropusoHTOB UCcrneaoBaHUA KEPHOBOro matepuvana.
NMaHopaMHble n3obpaxeHnsa wnudos

3.M. foeea, T.C. xxapacoBa, P.K. Cayna6aeB, P.6. Mep6aeB, H.A. MpoHuH
Ameipayckut punuan KMI™ UnxuHupuHe, 2. Amsipay, KasaxcmaH

AHHOTALUA

O6ocHoBaHue. KepH 1 ero aHanus npeacTaBnsoT COOON KMYEBON METo NPSIMOTro U3yYEHUsi CBOWCTB
noTeHUManbHbIX WNN  CYLLECTBYIOLUMX KONMNEeKTopoB. [laHHble KepHOBOro marepuana no3BonsioT
onpenenuTb CEAMMEHTOMNOMMYECKNe U AuareHeTM4eckne XxapakTepmucTUK NOposa, YTO KPUTUYECKN BaXHO
AN OueHKN MX UNsTPaLMOHHO-EMKOCTHBIX CBOMCTB. B AaHHOW cTaTbe npeacTasneHbl pesynbraTthl
npoekTa no uugpoBu3aLnn KepHa, BKMOYas NPUMEHEHWe nepedoBblX TEXHONorvnm AN aHanusa
BbICOKOpa3peLlaLMx naHopaMHbIX 300paxeHui LWnndos.

Lenb. Paspabotka 1 BHeApeHWe UndpPOBbIX TEXHONOMUIA AN aBTOMaTU3MPOBAHHOIO aHanM3a KepHa,
BKIOYas onpegerneHve MnopuctocT W rpaHynOMETPUYECKOro cocTaBa Ha OCHOBE MaHOpPaMHbIX
n3obpaxeHun WNMgoB, C UEMb MNOBbIWEHNS TOYHOCTU U 3PGPEKTUBHOCTM UCCNeqoBaHUN
Mo CpaBHEHWIO C TPAAMLMOHHBIMU METOAAMM.

Martepuanbl un metoabl. OnucaHbl MeTOOUKW aBTOMAaTM3MPOBAHHOIO oOnpedeneHns MopUCToCTU
1 rpaHynomMeTPUYEeCcKoro CocTaBa, a Takke X MHTerpauns ¢ TpaauuMoHHbIMM MeTOAaMN UCCIea0BaHUN.
PesynbraTtbl. Pe3dynsraTel AE@MOHCTPUPYIOT 3HAYMTENbHOE MOBbLILIEHNE TOYHOCTU U 3PEKTUBHOCTMU
aHanu3a no CPaBHEHWIO C PYYHbIMM MEeTodaMu, YTO MOATBEPXKAAETCH CTAaTUCTUYECKUMWU AaHHbIMU
no 147 wnudam.

3aknroyeHue. [lpoBegéHHoe wuccnemoBanve 147 wnnoB U3 BOCbMU CKBaXMH NoATBEPAWIO
3(pheKTNBHOCTL LMPOBLIX METOAOB aHanusa, MO3BOMMBLUMX 3HAYUTENMBHO MOBbLICUTL TOYHOCTb
onpegeneHns MOpuUCTOCTU W FpaHyNOMETPUYeckoro coctasa nopod. [lonyyeHHble AaHHble
CTanu OCHOBOW AMfA CO34aHWs AeTarnbHbIX NeTpodU3NYeCcKMX MOoAenen, KpUTUYECKU BaXKHbIX
Onsi reonormyeckoro U rmapoaMHammnyeckoro mogenupoBaHus. [lepcrnekTvBbl paboTbl  BKIOHAOT
AanbHelwee pa3BuTue LN@POBbIX 6a3 AaHHbIX KEPHa U BHEAPEHUE anropuTMOB MALLMHHOMO 06yYeHus
AN NPOrHO3MPOBaHNS CBOWCTB KOMNMEKTOPOB.

Krnroueenie criosa: yughposusayusi KepHa, naHopaMHbIe U300paxeHusi, 2paHyioMempuyecKuli aHanus,
ropucmocms, nempogusuyeckue Mooeru.

Kak uutupoBatb:
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maTtepuana. NaHopamHble n3obpaxeHns wnudos // BecTHuk HedTerazoBow oTpacnu Kasaxcrtana. 2025.
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Original article

Expanding the Horizons of Core Analysis. Panoramic Images
of Thin Rock Sections

Zarema M. Doyeva, Tolganay S. Jarassova, Renat K. Saudabayev, Rinat B. Merbayev,
Nikita A. Pronin
Atyrau branch of KMG Engineering, Atyrau, Kazakhstan

ABSTRACT

Background: Core analysis is a key method for directly evaluating the properties of promising or existing
reservoirs. Core data can be used to determine the sedimentological and diagenetic characteristics
of rocks, which are critical for assessing their filtration and storage properties. This article presents
the findings of a core digitization project, including the application of advanced technologies
for analysing high-resolution panoramic images of thin rock sections.

Aim: Development and implementation of digital technologies for automated core analysis, including
determining porosity and grain size composition from panoramic images of thin rock sections, aim
to enhance research accuracy and efficiency over traditional methods, aligning with academic standards.
Materials and methods: The study describes methods for automated determination of porosity
and grain size distribution, as well as their integration with conventional research techniques.

Results: The results demonstrate a significant improvement in analysis accuracy and efficiency
compared to manual methods, as supported by statistical data from 147 thin rock sections.
Conclusion: The analysis of 147 thin rock sections from eight wells confirmed the effectiveness
of digital analysis techniques, which significantly enhanced the accuracy of determining porosity
and grain size composition of rocks. The data obtained served as the basis for developing detailed
petrophysical models. This is critical for geological and hydrodynamic modelling. Future work includes
the further expansion of digital core databases and the implementation of machine learning algorithms
to predict reservoir properties.

Keywords: core digitalization; panoramic images; grain size analysis; porosity; petrophysical models.
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TynHycKa 3epTTey
KepH maTtepuanbiH 3epTTey ropus3oHTTapbiH KeHenTy. TiniMTacTbIH
naHopamarnbIK KecKiHaepi

3.M. floeBa, T.C. xapacoBa, P.K. Cayaa6aes, P.5. Mep6aeB, H.A. lMpoHuH
KMI™ UnxxuHupuHe Ambipaynbik ¢ounuanst, Ameipay Kanacsl, Kasakcma

AHHOTALMUA

Herispey. KepH xoHe OHbIH Tangaybl noTeHumandbl Hemece 6ap konnekToprnapabliH KacueTTepiH
Tikenen 3epTTeyain Heriri aaici 6onbin Tabbinaabl. KepH matepuanbiHblH 4epeKTepi Tay XbIHbICTaPbIHbIH,
CeQMMEHTONOrMANbIK  XaHe AMareHeTuKanblk cunaTramanapbiH  aHblkTayFa MyMKiHZIK  ©epeqi,
O6yn onapgblH Cy3y-ChiibIMAbINbIK KacueTTepiH Gafanay ywiH eTe wmaHbi3gbl. Bbyn makanaga
TiniMTacTapgplH, XOfapbl axblpaTbiMObINbIKTaFbl NaHopamarnblk KeckiHAepiH Tangay YWiH 03blK
TexHonorvanapabl KongaHyobl Koca anfaHga, e3eKTi  uudppnaHablpy  kobacblHblH - HaTUXKenepi
KenTipinrex.

Makcatbl. [lacTypni opicTepMeH canbICTbipFaHAa  3epTTeynepgiH  Aangiri  MeH  TuimginiriH
apTTblpy MakcaTbiHAa TiniMTactactapgblH nNaHopamanblK KeckiHOepiHe HerisgenreH KeyekTinik
NneH rpaHynoMeTpusanbIK Kypamabl aHblKTayAbl KOca anfaHga, ©3ekTi aBTomaTTaHAblpbinFaH Tangay
YLWiH umdpnblk TeXHonoruanapabl a3iprey XeHe eHrisy.

Martepuangap MeH apictep. KeyekTinik neH rpaHynomeTpusanblk Kypamabl aBTOMaTTaHAbIpbIfFaH
aHbIKTay aficTepi, coHAan-aK onapabl ASCTypni 3epTTey agicTepimeH BipikTipy cunatTanfaH.
HaTtwxenepi. HaTwxenep KonMeH opblHOanaTblH S4iCTEpMeEH canbiCTbipfaHAa TangayablH Aangiri
MEH TWIMAINIriHIH anTapnblKTak XofapbinaraHbliH - kepcetedi, Oyn 147 TiniMtactap OolblHWwa
cTaTucTUKanblk AepeKkTepMeH pacTanagpl.

KopbiTbiHabl.  Ceria  yHfbiMaHblH 147  wnudiH - 3epTTey  Tay  KbIHbICTAPbIHbIH,  KEYeKTiniri
MEH TpaHyNoMETPUANbIK KypaMblH aHblkTay O9N4iriH egayip apTTbipyfa MyMKiHAIK ©epeTiH caHablK
Tangay oficTepiHiH TMiMAainiriH pactagel. AnblHFaH AepekTep reonornanblk XaHe rMapoavHaMuKanbik
mMoZenbaey YLWiH eTe MaHbi3abl 6onbin TabblnatblH HaKTbl NETPOMU3MKanNbIK Mogenbaepai KypyabliH
Herizi 6ongpbl. XXymbic nepcnekTMBanapbl CaHAblK Heridri manimeTTep 6asacblH ogaH api AambITyabl
X8He KOonmnekTopnapapblH kacueTTepiH 6ormkay yWiH MawuvHanblK OKbITY anroputMaepiH eHrisyai
KaMTuabl.

Hezizzi ce3dep: kepHOi uucbpnaHObIpy, naHopamarblk KeCcKiHOep, epaHynoMempusiibik manday,
Keyekmirik, nempogbu3ukarbik Mooenboep.
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BBeneHune

MccnepoBaHnss kepHOBOro MaTtepuana siB-
NAOTCA  OCHOBHBIM ~ UCTOYHWKOM  MHEpopMaLum
O CBOWCTBax ropHbIX nopod. Hapsgy co crtae-
0apTHbIMWU UCCNEeAOoBaHUAMW KEPHOBOTO MaTtepu-
ana npoBOAATCA M cneuuanbHble UCCNefoBaHus
C Lenblo NONyYeHns JOCTOBEPHbIX AaHHbIX O hu-
3MYECKMX, ONEKTPUYECKX u  UNLTPaLMOHHO-
EMKOCTHbIX cBoncTBax (panee — PEC) ropHbix
nopog And co3gaHusi neTpou3nyeckon OCHO-
Bbl MHTEpNpeTauun maTepuanoB reouanyeckmx
nccnegosaHun (ganee — [UC), onpepenexus
rpaHuyHbiX 3HadeHun ®EC konnektopos, yTou-
HEHUS OCTaTOYHOM BOAO- W HedTeHacCblLeHHO-
CTU, KoapdULMEHTa BbITECHEHUS HedTU pasnuy-
HbIMU peareHTamu [1, 2]. ATbipayckun cunman
TOO «KMIN WHXWHMPUHI» NPOBOAWUT  MOSHbIN
KOMMNMNEKC WCCrefoBaHWn KepHa — OT AeTanb-
HbIX OMUCaHWM [0 MOCTPOeHUs neTpodunsnye-
ckux mopenen. KepHoBbIi MaTepuan, nocTyna-
owmnn B nabopatopuio, NPOXOAMT KOMMIEKCHYIO
06paboTky nepen HavanoM OCHOBHBIX UcCcre-
noBaHui. [letTanbHoe nuTOnoOrnyeckoe onuca-
HWe MOpPOAbl HayMHaeTcs nocne nomnyyeHus do-
Torpaduin KepHa B ynbTPadUONETOBOM LBETE
AN OUEHKN  HedTeHacbIWeHHOCTN  nopoabl
Nno WHTEHCMBHOCTM cBeYeHus yrnesopgopogos. Oa-
HaKo TpaAWLMOHHbIE METOAbI aHanM3a ConpsiXeHbl
C OrpaHu4yeHuUs MM, TakMMU Kak CyObeKTUBHOCTb
MHTEepnpeTaumm 1 TpygoeMKOCTb npoueccos [3, 4].
Lindposunsauus kepHa, Bkroyas cosgaHue BbICO-
KopaspeLuaLLmMx NaHOPaMHbIX U300PaXKEeHUN LUMKn-
¢oB, npeanaraeT HOBble BO3MOXHOCTW AN MOBbI-
LEHNs1 TOYHOCTU N CKOPOCTU aHanuaa [5].

Llenb faHHom paboTbl — BHeApeHue LM poBbIxX
TEXHONOrnii B nabopaTopHble NCCneaoBaHNs KepHa,
BKIOYas aBTOMaTU3NPOBAHHbIN aHanM3 nopucTocTu
N rpaHynoMeTpuyecKoro coctaBa W MWHTerpauuio
NonyyYeHHbIX AaHHbIX B NeTpodusnyeckne mogenm,
ans  aBTOMaTM3auMM MNpoLeccoB MpU  OMUCaHWUM
WNNOB N UCKIIOYEHUS YenoBeyeckoro dgakropa
N0 CPaBHEHWUIO C TPAANLIMOHHBIMU METOAAMM.

MaTepuanbl n MmetoAbl

MeTog naHopamHol umdpoBmsaumn WNngoB
coveTaeT BbICOKYIO TOYHOCTb aHanmaa (MorpeLuHoCTb
<5%) c BO3MOXHOCTbIO yAanéHHoro Joctyna K AaH-
HbIM, 4TO OCODEHHO LIeHHO ONsi KOMMeKTUBHOW pa-
60Tl uccneposatene. OCHOBHblE MpeumyLlecTsa
BKITHOYAIOT MOMyYeHNe Ka4yeCTBEHHbIX M306paxeHui
ANa aBTOMaTU3MPOBAHHOIO pacyérta rpaHyrnomeTpu-
YecKoro coctaBa M MOPUCTOCTU, KOMMMEKCHYIO CTa-
TUCTUYeCKyto 06paboTKy AaHHbIX (aHanu3 pacnpege-
NeHust YacTuu, MopdOMETPUID), a Takke co3daHue
LUMPOBOro apxueBa ANsi MOCMeayloLero aHanvsa
[6, 7]. OgHako meTond MMeeT CylleCTBEHHble orpa-
HUYEHUS:: MPOLECC CKaHWPOBaHUS OJHOro Lwnunda
cTaHgapTHoro pasmepa (5%5 cM) B BbICOKOM paspe-
LEHUMN MOXET 3aHUMaTb OT OAHOrO AHSI A0 HeAenw,
a 00bEM UCXOAHbIX AaHHbIX gocturaet 5-10 b
Ha oguH obpa3sel, 4TO TPebyeT 3HaYUTENbHbIX Bbl-
YucnuTernbHLIX pecypcos. Ha npakTvke oTmevaroTcs
CINOXHOCTW C apTedaktamn unsobpaxeHuns (MUKpO-
LapanuvHbl, 3arpsasHeHust) n owwwmbkamy asToMaTy-

YecKoW cerMeHTauuuM B reTeporeHHbIx obpasuax,
yto TpebyeT [OMOMHWTENBHOW PYYHON KOppekK-
umn. Ocoboe 3HaueHne WMeeT perynsipHas Ka-
nubpoBKa OMNTUYECKOW CUCTEeMbl: [axe MWUHWU-
MarnbHble OTKMOHEHWS B HACTPOWKax OCBeLLeHus
MOTyT CyLIEeCTBEHHO BMUATb Ha pesynbrartbl [8].
Tem He MeHee MeToA OoKa3an CBOH 3APEKTUB-
HOCTb MpU MaclTabHbIX WCCReaoBaHUAX, Kak,
Hanpumep, B Hallem npoekTe no aHanudy 147 o6-
pa3uoB. Bce uccnegoBaHWs BbINOMHANUCL C UC-
nonb3oBaHvem Mukpockona Olympus BX53 c npo-
rpamMMHbIM 06ecneveHnem «KepH C7 naHopama»
(komnaHus SIAMS).

BusyanbHas oueHKa NnopucTocTn

[eomeTpuyeckne xapaKkTepuCTUKN MNpencTa.-
nsT cobor 06LWme faHHble 0 MOPUCTOCTU Wnnda,
BKIIOYasA KloveBble napameTpbl (AnameTp, mnno-
waab 1 06bém). Ha nepeom atane Gbinu nomnyye-
Hbl FEOMETPUYECKME XapaKTepPUCTMKK nop (Tabn. 1).
[aHHble eMOHCTPUPYIOT HEOAHOPOAHOCTb MaTepu-
ana ¢ npeobnagaHvem Mernkux 4acTuuy, u Bapuaumsi-
MU POPM OT ChHeprIECcKMX A0 BbITAHYTbIX.

Ta6nuua 1. Mopsbl. FeomeTpuyeckue
XapaKTepucTUKu
Table 1. Pores. Geometric characteristics

MapameTpbl MWH CPEOH | MAKC CKO

Parameters MIN AVE MAX RMSD
Avamerp, uu 0,00832 | 00330 | 0514 | 004356
Diameter, mm
Cpeausia npoekus, MM | o noa05 | 00501 | 1,24 | 0,08762
Average projection, mm
MakcumansHas
npoeKuns, um 0,0106 | 00631 | 1,70 | 0,111
Maximum projection,
mm

2
Z”°“‘a’1"' MM 543x10"5| 0,00234 | 0,208 | 0,009335
rea, mm
s

Obbem, um 4,00x107| 3,88x107* | 0,0947 | 0,002964
Volume, mm
PaKTOp KOMMAaKTHOCTU | 44 0,667 | 0949 | 0,1810
Compactability factor
PaKTOp yanvHeHus 0,095 0,670 | 1,000 | 0,1908
Lineation factor
PaKTOp M3PE3AHHOCTU | g 0,910 | 1,000 | 0,1232
Fracture factor

MWH / MIN — muHumaneHbit / minimum; MAKC / MAX

— MakcuManbHbilt / maximum; CPE[] / AVE — cpedHull /
average

CKO / RMSD — cpedHeksadpamuyveckoe omKioHeHue / root-
mean-square deviation

Janee O6binn nonyyeHbl pe3ynbTaTtbl  pac-
npeaeneHns nop no pasMepHbIM Krnaccam OT Mu-
HAMyMa OO MaKCUMyma, BKIOYasi OTHOLLEHWE
KonMyecTBa YacTuy, K nNnowagu  u3y4aemoro
wnucpa (B npoueHTax). [aHHble npeacTaBneHbl
B Tabn. 2. OcHoBHas macca vactuy (68,61%) ot-
HoCcUTCA K Menkomy knaccy guametpom 0,01-0,05
MM, Torga kak Gonee KpyrnHble Yactuubl gvame-
Tpom 0,1-0,5 mm, coctaBnas nuwb 6,24% ot
obuiero konuyecTBa, GopmupytoT 69,8% 06-
wer nnowaan. [lo NOnyyYeHHbIM  KMNIOYEBbLIM
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OaHHbIM MO KONMU4YecTBy, nnowanu n obbeémy bbina
MOCTpOEeHa rMcTorpaMMa pacrnpefeneHus nopuc-
TocTn (puc. 1). CornacHo AaHHOW rucTorpamme,
no KonuyecTBy npeobnagatoT YacTuLbl pa3mMepom
0,01-0,05 mm, Torga kak no nnowaam n obbeEmy ao-

MUHMPYIOT YacTuubl pa3amepom 0,1-0,5 mm.

Mocne nonyyYeHUsi OKOHYaTENbHbIX Pe3yrb-
TaToOB MPOSIBMSIETCS MpoaHanusnpoBaHHOe MNaHo-
pamMHoe wn3obpaxeHue wnuda B UCXOOQHOM Buae
1N C Mapkepamu onpefenéHHoro LseTta (C 3enéHou
OKaHTOBKOW), FAe MoKasaHa onpegernéHHas nopu-

CTOCTb MO AaHHbIM aHanm3atopa (puc. 2).

Ta6bnuua 2. PacnpegeneHue no pasMepHbIM Knaccam
Table 2. Distribution by size classes

Mpanuubl knaccos, | Kon-Bo yactuu, ea. CPELH, mm MUH, Mm MAKC. MM [ons B obwem Kon- 0% GO R "
MM Number of particles, 4 ’ ’ Be, % . wan
o AVE, mm MIN, mm MAX, mm A 0 % of area

Class limits, mm pcs Share in total, %
<0,01 1182 0,009 0,008 0,01 15,47 0,41
0,01-0,05 5242 0,021 0,01 0,05 68,61 12,18
0,05-0,1 738 0,07 0,05 0,1 9,66 16,46
0,1-0,5 477 0,169 0,1 0,488 6,24 69,8
0,5-1 1 0,514 0,514 0,514 0,01 1,16
>1 0 - - - 0 0
BCEro/ TOTAL 7640 0,033 0,008 0,514 100 100
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B
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PucyHok 1. PacnpegeneHue 4acTul No KONu4ecTBy, Nrowaamn u o6bLEmy
Figure 1. Distribution of particles by quantity, area and volume
a) konudecmso / quantity; 6) nnowads / area; 8) 06vém / volume
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PucyHok 2. OnpepeneHue NnopucToro NpocTpaHCcTBa C Mapkepamu u 6e3 HUX
Figure 2. Determination of a porous space without and with markers
a) 6e3 mapkepos / without markers; 6) ¢ mapkepamu / with markers

Ta6nuua 3. OcHOBHble NapamMeTpbl rpaHyn
Table 3. Main parameters of granules

MapameTpbl 3épeH* CpeaHee CKO MoBepuTensHbIv uHTepBan p = 0,95 OTHOCUTENbHaA TOYHOCTb, %
Grain parameter Average RMSR Confidence interval p = 0.95 Relative accuracy, %
a z
fnowane 3Epex, mim 125021 | 851920,05 201646,18 681,42
Grain area, ym
Cpennwit anametp, Mk 228 467,35 110,62 48,61
Average diameter, um ! ’ ’
MakcumarnbHsblii AMameTp, MKM 270 52277 19374 45.91
Maximum diameter, um ! ’ !
OpToroHarnbHbIN AUameTp, MKM 190 433.84 102.69 54.01
Orthogonal diameter, pm ’ ! !
OKBMBaNEHTHbI AUaMeTp, MKM 176 360.52 85.33 48.44
Equivalent diameter, pm ! ’ ’
daKTop yanuHeHns 0,69 0,16 0,037 5,35
Lineation factor ’ ’ : ’
Kpyrneit dhaktop 0,71 0,15 0,036 5,09
Roundness factor ’ ! ’ ’
®daKTop KOMMNAKTHOCTN
Compactability factor 066 013 0,030 451
dakTop n3pe3aHHOCTU 0.86 013 0.031 362
Fracture factor ’ ! ’ !
*konuyecmeo 3épeH 451 wm. / The number of grains is 451 pcs.
FpaHynomeTpuyeckum coctaB pasmepbl, W3MepeHHble B MeprneHanKynsapHOM

Mocne aHanu3a nopucTocTu GbINo NPoBeaEHO
onpefeneHve  rpaHyrnoMeTpuyeckoro  coctasa
nopodbl no Bcew nnowaan wnuda. B Tabn. 3
npeacTaBneHbl OCHOBHbIE MapameTpbl U3yYeHHbIX
3épeH, BKMYas nnowadb, AvameTp, (akTopbl
KOMMAaKTHOCTM U u3pe3aHHOCTU. MccnepgoBaHue
0XBaTbIBaNoO BCE CTPYKTYPHble 3MeMeHTbl wnuda,

4YTO MO3BONWUMO  MOMYyYUTb  perpeseHTaTMBHblE
[aHHble O pacnpefeneHun Yactuy B 00bEMe
obpasua.

[anee 6bin NpoBeaéH aHanu3 nNo aeTanbHOMYy
rpaHyrioMeTpU4eCKOMy COCTaBy, A€ KaKgoe 3epHO
6bIN0  MAEHTUUUMPOBAHO M KnaccuguLMpoBaHO
no pauanasoHy pasmepoB ot 0,032 go 1 wmm
n bonee 1 mm (Tabn. 4). PacnpeneneHue yactuy,
no Auanas3oHam pa3MepoB TaKOBO: MakcvMarbHble
avameTpbl — Hanbonbluve U3MepeHHble pasmepbl
Yactuy; cpegHue AuaMeTpbl — YCPedHEHHble
3HaYeHWs pasmMepoB; OPTOroHasnbHbIE AVaMETPbl —

HanpaeneHuu (Hanpumep, nNpu aHanuse opMbl
YacTuu); 9KBMBAmNEHTHble AnameTpbl — AMameTpsbl
YacTul,  paccyMTaHHble No  uX  nnowaau
unu obbéMmy (ecnm YacTuubl Hecdepuyeckue).
OcHoBHas mMacca  4YacTuy  cocpegoTodeHa
B pAauanasoHe 0,050-0,316 wmm. [lpeobGnapatoT
yactuupl ¢ makcumanbHbeiMu  (0,100-0,126 wMm)
n cpegHumn  (0,079-0,100 mm) guameTpamu.
OKBMBanNeHTHbIe avnameTpsbl noaTeepxaatoT
o6y TeHAEHUMIO, HO C HEGOMbLWMM CMELLEHUEM
B CTOpPOHYy 6Gornee KpymHbIX 4acTul B Auanas3oHe
0,158-0,200 mm (12,7%) (Tabn. 4).

MHTepnpetaums Mony4YeHHbIX OaHHbIX
no rpaHynoMeTpuyeckoMy aHanusy nossonuna
NnocTpouTb ructorpammy (puc. 3), rae OT4ETNMNBO
nposienseTcs pacnpegenexvne cpeaHux,
MakcuMmarbHbIX W OPTOrOHanbHbIX OWaAMETPOB.
Hanbonbluee KkonuyecTtBO 4YacTuy B KaTeropum
MakcuMmarnbHbIX AMaMeTpoB nonagaeT B AnanasoH
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Ta6nuua 4. [letanbHbIA rpaHyNIOMeTPUYECKUI COCTaB
Table 4. Breakdown of granulometric composition

CpegHue
[Anana3oHbl pa3mepos, MakcumanbHble OKBUBanNeHTHbIE
AnameTpbl OpToroHanbHble AUaMeTpbi
MM AnameTpbl A AnameTpbl
" A 5 Average Orthogonal diameters . 5
Size ranges, mm Maximum diameters A Equivalent diameters
diameters
0,032-0,040 - - 1(1,4%) -
0,040-0,050 - 1(1,4%) 6 (8,5%) 5(7,0%)
0,050-0,063 3 (4,2%) 7 (9,9%) 7 (9,9%) 8 (11,3%)
0,063-0,079 7 (9,9%) 7(9,9%) 12 (16,9%) 12 (16,9%)
0,079-0,100 5(7,0%) 11 (15,5%) 9 (12,7%) 10 (14,1%)
0,100-0,126 2 (16,9%) 10 (14,1%) 10 (14,1%) 9 (12,7%)
0,126-0,158 0(14,1%) 9 (12,7%) 8 (11,3%) 7 (9,9%)
0,158-0,200 8 (11,3%) 7 (9,9%) 6 (8,5%) 9 (12,7%)
0,200-0,251 8 (11,3%) 8(11,3%) 4 (5,6%) 4 (5,6%)
0,251-0,316 7 (9,9%) 3(4,2%) 3 (4,2%) 3 (4,2%)
0,316-0,398 2(2,8%) 2(2,8%) - -
0,398-0,501 4 (5,6%) 1(1,4%) 2(2,8%) -
0,501-0,631 - 1(1,4%) - 2(2,8%)
0,631-0,794 1(1,4%) 2(2,8%) 1(1,4%) 1(1,4%)
0,794-1,000 1(1,4%) 1(1,4%) 1(1,4%) -
>1,000 3 (4,2%) 1(1,4%) 1(1,4%) 1(1,4%)
Ta6bnuua 5. KoadhcpuumeHTbI COPTUPOBKU
Table 5. Sorting coefficients
AvnameTp / Diameter
MapameTpbl
Parameters OPTOroHanbHbIN MaKCUMMarnbHbIV cpeaHun
Orthogonal Maximum Average
Koat_quumem_ COpPTUPOBKMN 246 235 233
Sorting coefficients
Koaq)gmumgm COPTUPOBKM MO Tpacky 1,57 153 1,53
Trask’s sorting coefficient
Koacp,cbmumeHT acummeTpum no Tpacky 110 1,24 1,20
Trask’s asymmetry coefficient
Koada(blfluweHT acumMmeTpum no Kpymbenny 1,05 1,11 1,00
Krumbein asymmetry coefficient
npOLLeH.TI/IJ'IVI 0,25 0,5 0,75
Percentiles
CpenHui AMAMETD, MKM 2 125 209
Average diameter, ym
MaKfSMMaJ‘IbleII/I [AvameTp, MKM 107 147 252
Maximum diameter, pm
OpToroHanbHbli AuameTp, MKM
Orthogonal diameter, pm 69 103 170

0,100-0,126 mm (16,9%). Onsi cpegHux OnameTpoB
Hanbonee npeactaeneH gvana3oH 0,079-0,100 mm
(15,5%). Ons OPTOroHarnbHbIX  AVaMeTPOB
npeobnapatoT Yactuubl pasmepom 0,063-0,079 mm
(16,9%). KpynHbie yactuupl (>1 MM) BCTpeyaroTcs
penko (4,2% ans makcumarnbHbIX anameTtpos, 1,4%
ONsi cpegHUX W opToroHanbHbIX). Menkue Yactuupl
(<0,050 mm) cocTaenstoT HeGonbLUyo Aonto (<8,5%).

MonyyeHHble AaHHble MO AeTanbHOMY rpaHy-
NIOMETpUYEeCcKOMy COCTaBy MO3BOMMIM paccuuTaTb
KO3(PPULIMEHT COPTMPOBKUN 3EPEH, NPEACTaBINEHHbI
B Tabn. 5. KoadpdmumneHTbl COpTUPOBKM AOMOMHU-
TEnbHO ObINM NpoaHanMavMpoBaHbl Mo obLLEen3BecT-

HbIM Krnaccudukaumsam Tpacka u KpymbeiHa' . Mpe-
obnapatoT TOHKO- 1 Menko3epHUCTble chpakumm (80%
yactuy, anametpom 0,05-0,25 mm). KoacbdmumeHT
coptupoBku no Tpacky — 1,53—1,57, 4Tto ykasbiBaeT
Ha yMepEeHHy OTCOPTUPOBAHHOCTL (Tabn. 5).

CTaTucTUYEeCKMe 3aBUCUMOCTHU

Ona o6obLeHna pe3ynstaTtoB NPOBEAEHHOIO
nccrnenoBaHus M hOpMUPOBaHUS OBLUMX CTaTu-
CTUYECKMX AaHHbIX OblNO MPUHATO pelleHvne o6b-
€OVHUTb fOaHHble MO Kaxgomy cTpaTturpaduye-
CKOMY FOPU3OHTY C LieNbio aHanusa B3aMmOoCBs3ei

' Knaccudukauus Tpacka u KpymbeiiHa — aTo cuctema rpaHynoMeTpu4eckoro aHanusa ocafouHbIX Nopog, OCHOBaHHast
Ha norapudmunyeckoi wkane (wkana KpymbenHa) u ctatuctnyeckmx napamerpax (koadduumeHT copTupoBku Tpacka),
No3BONSIOLLAs KONMYECTBEHHO OMUCbIBaTb pacnpedenexHne Yyactul, no pasmepam.
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PucyHok 3. PacnpegeneHue cpegHUx, MakcMMarb-
HbIX 1 OPTOroHanbHbIX AUaMeTPOB
Figure 3. Distribution of average, maximum
and orthogonal diameters
a) cpedHue / average; 6) makcumaribHble / maximum;
8) opmozoHarbHsble / orthogonal

Mexay MOPUCTOCTbI0 M FPaHyNOMETPUYECKUM COC-
TaBOM MOPOA.

CornacHo npegBapuvTenbHOWM MHopmaLmm ae-
TanbHOW MMacTOBOW KOppensuuni ¢ npueredeHmem
OaHHbIX onNpoboBaHMA U MHTEpNpeTauumn MpoMmbic-
NoBO-reoun3NYecKknUx NUccnefoBaHni, Ha mccneay-

DOI: 10.54859/kjogi1 08803

€MOM MeCTopOXAeHUn yctaHoBreHo 11 HedTera-
30BbIX MPOAYKTUBHBLIX TOPU3OHTOB, OTHOCHALLMXCS
K TPEéM cTpaTturpaduyeckum cuctemam — Tpuaco-
Bou (T — Triassic), topckow (J — Jurassic) 1 menoson
(K — Cretaceous):

— K1v — BanamxuHckuii HePTSHOM rOPU3OHT;

— HO-I-V — topckuii HedpTerasoBblIi FOPU3OHT;

— T-I-IV — TpnacoBbit HePTAHOW FOPU3OHT;

— T-V — HedpTerasoBbIVi TOPUSOHT.

K BbISiBNEHHLIM NPOAYKTUBHBLIM TOPU3OHTaM
NpUypoYeHbl NNacToBble, CBOAOBbIE, TEKTOHNYECKU
N JINTONOrMYECKN 3KPAHWPOBAHHLIE TUMbI 3aNexu.
lpaHMUaMn HedTEHOCHOCTM ANS BCEX FOPWU3OHTOB
ABNSAOTCA KOHTYPHbIE BOAblI U TEKTOHUYECKMEe Ha-
pyweHus. JlinTonormyeckn npoayKTUBHbIE MNACThbI
npeacTaeneHbl YepegoBaHWeM NEeCcYaHWKOB, MMUHK-
CTbIX anesponuToB n aprunnutos. Konnekropamwu
ABNSAOTCA TOHKO- WM MENKO3EPHUCTbIE MUHUCTbIE
necYaHuKm.

Ha puc. 4 npeacTasneHbl AaHHbIE MO BO3pacTy
1 rmy6vHe nopoakbl, KONNMYECTBEHHOMY COAEPXaHUIo
dpakumii 3€peH U NX NPOLEHTHOMY COOTHOLLEHUIO
no nnowaau wnudga. Mo nony4yeHHbIM rmcTorpam-
MaM MOXHO onpefenuTb CBs3b MEXAy cTpaturpa-
duen, rmy6buHon 3aneraHns U CBONCTBaMW MOPOA.
Bo Bcex obpasuax npeobnagalT Menko3epHUCTble
dppakumm  (0,01-0,05 mm), KoTOpblE YyKasbiBakOT
Ha yCrnoBusl U3MeNbYeHNs N NpUpPoaHble 0COGEH-
HOCTU hOPMMPOBAHMSA OTNOXEHUA. Hannune yactuy,
<0,01 MM cBMAETENBLCTBYET O TOHKOAWUCNEPCHOW CO-
CTaBMAOLLEN, YTO BaXHO AN OLEHKM aacopOLMoH-
HbIX UMW BA3KOCTHBLIX CBONCTB MaTepuana. Hannune
rpy60o3epHUCTLIX hpakuuii (>1 MM) MOXeET cBuae-
TENbCTBOBATbL O HW3KOW CKOPOCTU KpUCTannusauum
NN TEKTOHUYECKMX NpoLieccax.

Mo nony4yeHHbIM AdaHHbIM Obina nocTpoeHa
3aBUCMMOCTb MaKCMManbHOMo ¥ MUHMManbHOo Au-
ameTpoB 3EpeH 1 NOPUCTOCTU MOPOALI OT MMy6UHbI
otbopa (puc. 5). pacduk nossonseT nNpocrneauTb,
KaK W3MEeHSieTCa pa3Mep YacTuL, FOPHbIX MOPOA
C yBenuyeHvem rnybuHbl, 4YTO BaXKHO ANS MOHW-
MaHUsi YCrOBUIA OCaAKOHAKOMMEHUst W AuareHesa.
Ha rny6buHe 2500-3000 m BCTpevaloTcs Kak nec-
YaHWKM (KpynHble 3épHa), Tak U MuHbl (Menkue).
Ha rny6une 3500—4000 M BEpOSATHO YNOTHEHUE
1 yMeHbLUEeHVe pa3Mepa 3épeH.

uctorpamma (puc. 5, B) nossonsetr npo-
cneavTb, Kak YMEHbLUaeTCsl UMW yBenuuuBaetcst
NOPUCTOCTb C TYOMHON, YTO KPUTUYECKM BaXHO
0N OLEHKM KOMIEKTOPCKUX cBoMcTB nopog. [lo-
pUCTOCTb BapbMpyeTCcs B TPUACOBbLIX OTHOXe-
Huax B npepenax 15%, B IOPCKMX OTNOXEHUSX —
B uHTepBane 15-30% Ha rnybuHax 1000-2500 m,
B MEMOBbIX OTNOXeHWsX npeobnapalT Menkosep-
HUCTbIE NOPOAbI C HU3KOW NOPUCTOCTLIO (5—15%).

3akntoyeHue

Matepranom ana uccnegoBaHusa NOCIYXUK
147 wnudoB, OTOOPaHHBIX U3 BOCBMWU CKBaXMWH
OfHOr0 MECTOPOXAEHUS, YTO MO3BOMMUMO MONYYUTb
PacCLUMPEHHYI0  CTaTUCTUYECKYl  MHdOopMaLuio
0 NPOAYKTUBHbLIX FOPU3OHTaX N3y4aemoro obbekTa.
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PucyHok 4. PacnpeaeneHuve 3epeH No pa3mMepHbIM U KONMYeCTBEHHbIM Krnaccam
Figure 4. Distribution by d
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PucyHok 5. CooTHoleHWe AnamMeTpoB

3EpeH 1 NopuCToCTU C rnybuHomn oTtéopa

Figure 5. The ratio of grain diameters and porosity to sampling depth
a) MakcumarsbHble Ouamemps! / maximum diameters; 6) MuHUManbHble Ouamempsi / minimum diameters;
8) nopucmocms / porosity

MpoekT no uucppoBM3aLMM NO3BOMAUI MPO-
BECTW JeTanbHblii aHanu3 nopucTocT! U rpaHyno-
METPUYECKOro cocTaBa TrOpHbIX nopog. Paspabo-
TaHHble MEeToAWKM aBTOMAaTM3MPOBaHHOMO aHanusa
n 0bpaboTkn AaHHbIX [OKa3anu CBOK 3ddeKTmB-
HOCTb B YCIOBMSIX NabopaTopHbIX MccrneaoBaHuUi,
4YTO NOATBEPXKAAETCA CTaTUCTUYECKUMI pesynTaTa-
MU, NpeacTaBneHHbIMU B AaHHOM paboTe.

[aHHble N0 pacnpedeneHuio  MopucTocTu
N XapakTepuctukam 3épeH cnocobcTBoBany cosaa-
HUIO TOYHbIX NETPOU3NYECKNX Mopernen, Heobxo-

OOMNONHUTENbHO

UcTOYHUK cbuHaAHCHMpoOBaHUA. ABTOpbI 3asaBns-
10T 06 OTCYTCTBMW BHELUHEro (UHaAHCMPOBAHUS
npu NpoBeAeHN NCCNefoBaHNs.

KoHdnukT nHTepecoB. ABTOpPbI AeKknapvpyoT OT-
CYTCTBME $IBHbIX W MOTEHUManbHbIX KOHMIUKTOB
MHTEepPecoB, CBA3AHHbIX C Nybnvkaumen HacTosLen
crartbu.

Bknap aBTopoB. Bce aBTopbl noaTBepxaatoT
COOTBETCTBME CBOEro aBTOPCTBA MEXAYHapOAHbLIM
kputepusam ICMJE (Bce aBTOpbl BHECTM CYLLECTBEH-
HbI BKNag B pa3paboTKy KoHuenuuw, npoBeaeHue
nccnegoBaHnsa U NOArOTOBKY CTaTbU, NPOYY U 0f0-
Opvnu drHanbHy Bepcuto nepes nybnukaumen).
Haubonbwnii Bknag pacnpedenéH  crnegylowmym
obpasom: [loeBa 3.M. — aHanu3 n nHTepnperauusi
OaHHbIX, cocTaBneHne cratby; [hxapacosa T.C. —
MHTEpnpeTaumns AaHHbIX, COCTaBMNeHne 1 UTorosast
nepepaboTka cTaTby, OKOHYaTENbHOE YTBEPXAEHNE
Bepcuu ans nyénukaumun; Caynabaes PK. — nonyye-
Hue, obpaboTka 1 HTepnpeTaumsa aaHHblx; Mepba-
eB Pb. — pa3paboTka MeToaoB 1 NOAXOAO0B K Uccrie-
[0BaHWI0, NNaHMpoBaHWe 3KCNepuMeHTOB; MNPOHMH
H.A. — bopmynupoBaHue naen, NocTaHoOBKa Lienen
1 3aay nuccnefoBaHus.

OVMBbIX A5 Fe0NorMYeckoro U ruapoauHaM1Yeckoro
MozenupoBaHus. LindpoBunsaums kepHoBbIX nccne-
[oBaHUI fokasana CBOK 3deKTMBHOCTb ANA MNo-
BbILUEHWNS1 TOYHOCTU MOCTPOEHMS NETPOPUINYECKUX
mMogenen. BHeapeHve TexHomorui umdpoBM3aumu
Nno3BONUIO YNpOCTUTb AOCTYN K AaHHBIM O KEpHe,
YMAYYLWUTb UX XPaHEHWE M OpraHmsauuio. OTu pe-
LWEeHUs (hOPMUPYIOT OCHOBY AN CO34aHus YHUK-
LUMpOBaHHbIX 0a3 [AaHHbIX, KOTOpble MOryT ObiTb
Mcnonb3oBaHbl B AanbHeulem Ans uccrnegoBaHus
MECTOPOXAEHUI N CPaBHUTENBHOIO aHanumaa.
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KpaTkoe coobueHue

AdheKTUBHbIE TEXHONOrMN BOCCTAaHOBIEHUA
MCTOPUYECKUX HEPTAHbLIX OTXOAO0B

3.K. Uppucoa, M.X. Canumrepees, E.K. Oran, I'T. AtemoBa
KMI™ UnxuHupuHe, 2. AcmaHa, KasaxcmaH

AHHOTALIUA

B HacTosiLeln cTaTbe pacCMOTPEHbI TEXHOMOMMN U METOA bl BOCCTAHOBIEHNSI HE(PTSAHBLIX OTXOA40B, O4YUCT-
KN HedTesarpasHEHHbIX TeppuTopui. MpuBegeHsl pedynsTaThl paboT MO BOCCTAHOBMEHWIO UCTOpUYe-
CKUX HedTe3arpsi3HEHHbIX TPYHTOB UM OYUCTKM HedpTe3arpsa3HEHHbIX 3emenb HedTeaoObIBaloWmX KOM-
naHui ¢ NPUMEHEeHNEeM TEXHOMOMMN KaBUTaLMOHHOW NpoMbIBKM rpyHTa EGX, meToga Gruopemeanauum
BioBox, TpaguumoHHOro MeToda bvopemeamaumm, a Takke TEXHONOMMN C UCMOSb30BaHNEM 3HEProak-
Kymynupytowen nobaBku Ha OCHOBE rymartcodepalimx KOMMO3MUMOHHBIX MaTepuanoB. [puBegeHsl
pesynbTaTbl aHanu3a cogepxaHvus HedpTu B 3arps3HEHHbIX rpyHTax HedTenobbiBaroWMX KOMMAHWUIA
(cTeneHb 3arpsi3HeHNs), OCTATOYMHOrO coAepXaHus HedTENPOAYKTOB B BOCCTAHOBIEHHbIX TPYHTaXx,
a Takke 06bEMbI BOCCTAaHOBIIEHHbBIX UCTOPUYECKNX HedTE3arpA3HEHHbBIX TPYHTOB, OYMLLEHHbIX Y4aCTKOB
N NNKBMANPOBAHHBLIX OBGBHEKTOB.

Knroyeeble crioea: Heghme3aspsa3HEHHLIU epyHm, UCMOPUYECKOe 3agpsi3HEHUEe, MmexHo1o2uu
80ccmaHo8eHUs HeghmsiHbix omxodos, buopemeduayusi, o4ucmka Heghme3saepsa3HEHHbBIX 3eMellb.

Kak umtupoBathb:

Udpucosa 3.K., Canumzepees M.)K., Ozali E.K., Amemosa I.'T. 9deKkTUBHbIE TEXHONOMMN BOCCTAHOBMNEHUS
MUCTOpUYECKUX HedTAHbIX oTxodoB // BecTHuk HedpTerasoBo otpacnu KasaxctaHa. 2025. Tom 7,
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Short report

Remediation Technologies for Historical Oil Waste

Elmira K. Idrissova, Malik Zh. Salimgereyev, Yevgeniy K. Ogay, Gulshira T. Atemova
KMG Engineering, Astana, Kazakhstan

ABSTRACT

This paper reviews current technologies for oil waste treatment and the remediation of oil-contaminated
sites. Case studies include the cleanup of historically polluted soils at petroleum companies using
EGX cavitation soil washing, BioBox bioremediation, conventional bioremediation, and humate-based
composite additives with energy-accumulating properties. Results cover oil content in contaminated
soils, residual hydrocarbons in remediated soils, and the volumes of restored soils, reclaimed areas,
and decommissioned sludge pits.

Keywords: oil-contaminated soil; historical pollution; oil waste remediation; bioremediation; land
cleanup.
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Kbickawa xabapnama

Tapuxmn myHan KanablKTapblH KanmnbiHa KenTipyAaiH Tmimai
TexXHonoruanapbl

3.K. UgpucoBa, M.X. Canimrepees, E.K. Oran, I'T. AtemoBa
KMI™ UHxuHupuHe, AcmaHa Kanacsl, KazakcmaH

AHHOTALUA

Ocbl Makanaga MyHan KangblkTapblH kanmblHa KenTipy, MyHalMeH nacTaHFaH aymaktapfbl Tasanay
TexHonormsanapbl MeH afictepi kapacTtbipbinagbl. EGX TonbipakTbl KaBUTaLMAMBIK XYY TEXHOMOMMACHIH,
BioBox Guopemegmnaumsa apgiciH, gactypni ©vopemeamaums aiciH, coHAaw-ak KypamblHAa@ rymaTtbl
Gap KOMMO3MUMAMBLIK MaTepuangapablH HeridiHge 3Heprus >KuHakTayllbl KOchmaHbl navaanaHaTbiH
TEXHOMOrMSAHbI KongaHa OTbIpbIf, MyHalMMeH nacTaHfaH Tapuxu TOMbIpakTbl kanmbliHa KenTipy >XeHe
MyHaW eHAipyLWi KOMNaHusnapabliH MyHalMeH nacTaHFaH XeprepiH Ta3apTy KeHiHAEr XyMbICTapAblH
HaTMXenepi KenTipinreH. Makanaga myHan eHaipyLi KoMmnaHuanapablH, nactaHfFaH TonblpakTapbliHAafb!
MyHal KypamblH (nacTtaHy [Oopexeci), KannblHa KenTipinreH TonblpakTapAarbl MyHan eHIiMAEepiHiH
Kangblk KypamblH, COHAAW-aK KanmblHa KenTipinreH Tapuxu MyHaWMeH nacTaHfaH TonblpakTapdblH,
TasapTbifiFaH yyackenep MeH XowbliFaH 0ObekTinepain kenemid Tangay HaTwkenepi 6epinreH.

Hezizzi ce3dep: myHaliMeH nacmaxfaH morbipaK, mapuxu nacmaty, MyHal KanOblKmapblH KanrblHa
Kesimipy mexHosnoeausinapbl, buopemeduayusi, MyHaliMeH flacmaxraH xepnepdi masanay.
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Udpucosa 3.K., Ceanimeepees M.)K., Oeali E.K., Amemosa I'T. Tapuxu MyHan KanabiKTapblH KanmnbiHa
KenTipyaiH Tvimai TexHonormsanapsl // KasakctaHHbIH MyHan-ra3 canacbiHblH xabapiubickl. 2025. 7 Tom, Ne3,
127-134 6. DOI: 10.54859/kjoqi108894.
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BBeneHue

3arpssHeHve no4uBbl HedTbO U HedTenpo-
OyKTamMy Ha Bcex 3tanax Aobblyu, TpaHcnopTu-
pPOBKM U nepepaboTkM YrneBoAopodoOB, a Takke
aBapuviHble cuTyauumu, OOYyCroBnEHHble Kak He-
COBEPLUEHCTBOM TEXHUKW, TEXHOMOrMKU, Tak u 4ye-
roBeyeckuM pakTopom, NPUBOASAT K CHWDKEHUIO
KayecTBa OKpyarowen cpefbl. B aton csasu Bo-
NpoCbl BOCCTAHOBMEHUS W yAaneHus OTXOA40B —
HedTAHbIX M OypoBbIX LINAMOB, 3arps3HEHHbIX
HedTbIO FPYHTOB, OYUCTKM 3arpsa3HEHHbIX Teppu-
TOPUI SBNSIIOTCA aKTyanbHbIMW ANst  KOMMaHWR
B HedpTerasoBow oTpacnu.

B HacTosee Bpems CyLUEeCTBYIOT MexaHu-
yeckue, U3nKo-xMmuyeckue, Guonoruyeckne me-
TOAbI NUKBUAAUMU HETSHbIX 3arpsi3HEeHuUi NoYBbl,
KOTOpble B pearbHbIX YCHOBUSX HE Aal0T AOMMKHOIo
adppekTa, NPpUMEHEHME KOTOPbIX CBA3AHO Kak C TeX-
HUYECKUMM, Tak 1 C 3KOHOMUYECKMMU CIIOXKHOCTAMM.

Hanbonee CnoxHblM $SIBNSIETCS BOCCTAHOB-
fieHve TPyHTOB C UCTOPUYECKUMU HedTAHbIMU 3a-
rPA3HEHUSMK,  XapaKTEPUSYIOLWNUMUCA  U3MEHEHU-
eM BOAHO-PM3NYECKNX CBOWCTB MOYB BCreAcTBue
«3aneyaTbiBaHMsA» MOP MOYBEHHOrO MOKPOBa CMO-
nucTo-acdansTeHOBbIMU - KOMMOHEHTaMN  HedTw,
YTO NPUBOANUT K HapyLLEHWIO BNaroobMeHa, AblxaHus
M B KOHEYHOM cyeTe K NonHow gerpagaumm Guoue-
Ho3a.

[na BOCCTAHOBNEHMS WUCTOPUYECKUX HedTe-
3arpsA3HEHHbIX TPYHTOB M OYUCTKM HedTe3arps3HEH-
HbIX 3emernb Obinu paccMOTPEeHbI criegytolume Tex-
HOMOrMM 1 BO3MOXHOCTb UX NPUMEHEHUS:

1. Tepmuyeckuin mMeton (TepmoaecopbuMoH-
Has ycTaHoBKa) NMyTéM cxuraHus. [laHHas TexHo-
norusi MoxeT 06ecneynTb CTeNeHb OYUCTKU 3arpsis-
HEHHbIX rpyHTOB A0 0,5%. 3TOT MeTon sBnsercs
Hambornee 4acTo UCMONb3yeMbIM, HO HE3IKONOorny-
HbIM, T.K. CWraHue OTXOAOB NPWBOAMT K BblAene-
Huto B aTMocdepy 60MbLIOro KonM4ecTBa BPeAHbIX
BEeLLEeCTB, U B Ka4eCTBe KOHEYHOro npoaykta obpa-
3yeTcs «MEPTBbIA» MPYHT.

2. Ounctka MOYB W TPYHTOB METOAOM MK-
ponu3a unuM 3KCTpakuMy napom. OKOHOMUYECKM
HeadbpekTMBHA [Ansi BOCCTaHOBMEHUS OGomnbLUMX
06bEMOB 3arpsi3HEHHOrO rpyHTa. Bblemka 3arpsis-
HEHHOrO rpyHTa NPUBOAUT K HapyLUeHno naHawad-
Ta MECTHOCTU.

3. TexHonorua TpukaHTep (Tricanter®) npep-
ycmaTtpuBaeT npuMeHeHne roKynsHToB W fe-
3MynbratopoB 1 pasgeneHue pasorpetoro go 90°C
Lrama Ha TeXHUYecKyto Body, TBEpAble BellecTBa
N HedTaHyo asdy. [laHHas TexHOnornss Moxer
obecneunTb cTeneHb OYUCTKU 3arpsi3HEHHbIX TPYH-
ToB o 7-10%. OpgHako aaHHas TexHonorust bonee
appekTBHA ANsS nepepaboTkn Xuaknx Hedte-
LUIIAaMOB C BbICOKMM COAepXaHWemM HedTU 1 BoAbl.
TBEPAbI 0CafoKk, obpa3yemblil nocne pasaeneHus
dpakumi, TpebyeT AanbHENLWEero BOCCTaHOBMNEHUS
n (unwn) yoganexus [1].

4. Meton  Guopemeguaumu. HanpagneH
Ha OYMCTKY 3arpsi3HEHHOTO rpyHTa W (MNK) yyacTka
TeppuTOpUM Ha cneuunanbHo obopyaoBaHHOW Nno-
LaaKke unv HemnocpeacTBEHHO Ha MecTe pasnuea
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HedTU. MeTog Bropemennaumn npegycMatpuBaeT
0bpaboTKy 3arpsi3HEHHOro rpyHTa GuonpenapaTom
Ha OCHOBe YrneBOAOPOAOKUCIISIOWMNX MUKpOOpra-
Hu3MoB. JdpdekT bropemegunauumn ycunmeaertcs
npu NPUMEHEHUN arpoTEXHUYECKUX MEPONPUATUIA,
KOTOpble Yyry4llaoT BOAHO-BO3AYLLHYIO Cpeay, CTu-
MYNMpPYOT abopuUreHHy MUKPONopy 1 ynyyiiaoT
npoLiecc CaMOOKWUCNEHUs NonsTaHToB. Ans 6uo-
pemMmeanaunmn TpeﬁyIOTCFl 3Ha4vuUTenbHbIEe nnowaan
WU OrpaHUYeHHbI Nepuon, BO3MOXHOCTb nepepa-
60TkM — 9 MmecsaueB B rogy. TeM He MeHee Guopeme-
Avaumst Nno3BornsieT BOCCTAHOBUTL MPOAYKTUBHOCTb
N XO3AWCTBEHHYIO LEHHOCTb 3eMEnb, YTEepPsIHHYIO
B pe3ynbraTte 3arpsi3HeHusl.

5. TexHonormss  GUOpeaKTOpHOW  pemeau-
aumn. OcHoBaHa Ha o6paboTke 3arpsi3HEHHOro
rpyHTa ropsidyen sogon ¢ temneparypown 80-100°C,
BHECEHWA Ouonpenapata C nuTaTenbHbIMK 3re-
MeHTaMM ANs aKkTUBaUWMW  YrreBOAOPOAOKUCIISHO-
LWMX MWUKPOOPraHW3MOB MOCMEe OCTYXXEeHWUs cpenbl
no 37-40°C. KoHe4HbIM MpOAYyKTOM BOCCTaHOBMe-
HWA OTXOAa METOAOM GMopeakTopHOW pemeanauum
SBMNAETCH OYULLEHHBIN FPYHT C coaepXXaHnem HedTun
meHee 1000 mr/kr (8o 99,9%).

6. TexHonorus BoccTtaHoBneHus noysbl EGX.
OcHoBaHa Ha NPOMbIBKE MOYBbI C UCMOSb30BaHNEM
cunbl kaButaumu. Cuna kaBuTaLmm NPUBOAUT K pas-
pbIBY XMMWYECKMX CBSI3e Mexay atomamu 6onb-
LUMX MOTIEKYN YIMEeBOAOPOAHbIX COEANHEHUN, Takux
KaKk napacduvHbl U HagMOMEKYNsipHble CTPYKTYpbI
HedTW, NpucyTCTBylOWME B HedTe3arpsa3HEHHOM
rpyHTe. [laHHasi TEXHONOrMsi NPUMEHsIETCSt ANsi BOC-
CTaHOBMEHUS1 TPYHTOB, 3arpsA3HEHHbIX TSHXKENLIMU
HedTAMU C BbICOKMM COAEPKAHNEM NapadhMHUCTbIX
bpakumi.

7. TexHonorus aBTomMaTuyeckon Guopemeau-
aumm HedpTesarpsisHéHHOM nouBbl BioBox. [Mpea-
ycMaTpuBaeT ppe3epoBaHMe U CMELLUMBAHUE MOYBbI
C nuTaTenbHbIMK BellecTBamu (as3oT, docdop, Ka-
nun) n popmupoBaHue Groka «Muna» onpenenén-
HOW BbICOTbI, ANMUHbI U WKXPUHBLI. C NOMOLLbIO CeTn
TpybonpoBogoB B «Munuy» nopjaéTtcs Bopa, CMme-
WwaHHasa ¢ GuonpenapaToM M YpPOBHEM Kucropoaa
90-200 mr/n, HarHeTaeTcsa cxaTbli BO3AYX, YTO CO3-
[aeT onTuMarbHble YCnoBusa ANnst PyHKLUMOHANbHOM
aKTUBHOCTWN MUKPOOPraHN3MOB, BXOASLLMX B COCTaB
6uonpenapatoB. [JaHHas TEXHOMNOrNsa NPUMEHSIETCS
B TEMMbIN Nepuog roga.

8. TexHonorusa yTunusaunm 3amasy4eHHOro
rPyHTa C WCMOMb30BaHWEM 3HEProakkymynvpyo-
wev gobaBkM Ha OCHOBE ryMaTcoAepXalux KoM-
NO3WNLMOHHBLIX MaTepuanoB OCHOBaHa Ha CBOMCTBAx
OKCWAOB LLENOYHO3EMESbHBIX MEeTansoB, KoTopble
npu B3aMMOAEVNCTBUM C BOAOW 06pasyroT rmapokeus.
Hedrenpoayktel  agcopbupyloTcst  rMapoKCuaom
C MOry4YeHMeM Cyxoro MopoLIKooBpasHoro Belle-
CTBa, COCTOALLEro u3 rpaHyn (pasmepamun 2—15 mm).
TexHonorus paboTaeT NpeMmyLLECTBEHHO B Tennoe
Bpems roga [2—4].

Pe3ynkrathl n o6cyxaeHue
Mockonbky GOMbLUMHCTBO TEXHOMOIMN  3dh-
EKTMBHBI  TONBKO MpW  ONPEeAenéHHOM YpOBHe



KPATKHUE COOBIIEHMSA

Tom 7, Ne 3 (2025)

BectHuk Hedrera3osoii orpacin Kasaxcrana

3arpsisHeHus;, Ans  nogbopa COOTBETCTBYHOLLEN
TEXHOMOrMKN MPOBEAEH aHanu3 copdepxaHus Hed-
TM B 3arps3HéHHbIX rpyHTax AO «MaHrucraymy-
Haura3» (ganee — MMIM), AO «KapaxaHbacmyHan»
(nanee—KBM), AO «OmbamyHairas» (aanee—3Mr).
B pesynbrate npoBeA&HHbIX M3bICKaHWW nnowagm
3aMasyyeHHbIX Y4acTKOB MO CTemneHu 3arpssHeHus
BbIsiBNEeHO, YyTo no MMI™ 6onee 85% 3arps3HEHHOO
rpyHTa, noanexaiiero nepepaboTke, uMeer cped-
Htoto (0T 5 80 10%) m Bbicokyto (0T 10 8o 20% 1 Gonee)
KOHUeHTpauuo HedrenpogyktoB. Ha KBEM 6Gonee
90% nnowann Bce HedTesarpsA3HEHHOW TeppuTo-
pun mecTopoxaeHns KapaxaHbac nmeert creneHb
3arpssHerns go 35%. Ha tepputopum AO «Oser-
MyHanras» (ganee — OMI) cBblwe 49% HedTesa-
rPSI3HEHHON NnoLlaan MMeeT CTeNneHb 3arps3HeHus

[ ‘;‘~ -l -

v —

0o 20%, 50% nnowaan UMeeT CTeNeHb 3arpsidHe-
Husa 6onee 20%.

YunutblBass CTeMeHb 3arpsi3HeHUst TPYHTOB
ANS OYNCTKN MCTOPUYECKUX 3arpsi3BHEHUI, SKOHOMM-
YECKYH U 3KOMNOrnyeckyro apeKTMBHOCTb, Ha MMIT
npvMeHeHbl TexHornorns BioBox anst HedpTerpyHta
CO CTeneHblo 3arpsAsHeHus Ao 5% n kombuHupoBsa-
HWe TEeXHONorMm NpomMbIBkK rpyHTa EGX ¢ metogom
6uopemeanauumn BioBox onsa HedTerpyHTa co crte-
neHbto 3arpasHeHns ot 5% u BbiLe.

TexHomnorns npombiBku rpyHTa EGX nosso-
NIMT NepBOHayanbHO AOBECTW OYUCTKY FpyHTa OT
HedTN N HedpTenpoayKTOB A0 KOHUEHTpauun 6-8%
n ganee metogom 6Guopemeavauumy BioBox KkoH-
LeHTpauust HepTM U HeddTENPOAYKTOB AOBOAMTCS
no 1000 mr/kr (0,1%). Mockonbky meTtop Guopeme-

PucyHok 1. Buopemeaunaums ncropnyecknx HecresarpsisHEHHbIX 3eMenb
Figure1. Bioremediation of historically oil-contaminated lands
a) 0o oqucmku / before cleanup; 6) nocne oducmku / after cleanup
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onauun BioBox npumeHsieTca B Tennbld nepuog
roga, B 3UMHUA nepuog NyTEM KaBUTALMOHHOW
NPOMbIBKM MOArOTaBNMBAETCS 3anac rpyHTa Ans
OanbHenwen uopemeanaunm B BECEHHE-OCEHHUIA
nepuog B TedeHne 9 mec.

Ha KbM, OMI, SMI' n1 TOO «KasaxTypkmy-
Hal» (ganee — KTM) B cBA3u co cpegHe rnybuHom
NPOHNKHOBEHUST HePTENPOAYKTOB B rpyHT 8—30 cMm,
a TakKe HanMuuMem 3HauYUTEeNbHbIX TeppUTOpWUi
npYMeHeHa TpaguuMOHHas TexHomnorns Guopeme-
avauum Ha mecTe 6e3 BblBO3a Ha cheumasnbHYto
nrowagky ¢ npumeHeHnem GuonpenapaTtoB «Mwu-
ko-Owvnx», «bakonn-KZ» n gp. Ha OMI" Takxe npu-
MEHEH MeToA nepepaboTky HedTecoaepKaLLmx OT-
XO[0B C UCMONb30BAHNEM SHEProakKyMynupytoLLen
[06aBKM Ha OCHOBE rymaTcofepallnx KOMNo3nLm-
OHHbIX MaTepuarnos. [JaHHbIM METOAOM BOCCTaHOB-
neHo 316 TbIC. T 3arpsi3HEHHOTO rpyHTa.

1200 1.145.0

10999
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800 693;

558.4 540,5
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400 +

200

O6béM 0TXO0A0B, ThiC. T
Waste volume, thousand tons

2019r. 2020r. 2021r. 2022r. 2023 . 2024r.

roa
Year

PucyHok 2. O61€M BOCCTaHOBEHHbIX
FPYHTOB, ThIC. T
Figure2. Volume of remediated soils,
thousand tons

Ha ocHoBe nogoGpaHHbIX — TEXHoMorui
¢ 2019 . Ha KOHTpaKTHbIX Tepputopusx IMI
n ¢ 2020 r. Ha MMI, OMTI, KBEM 1 KTM npoBegeHb!
paboTbl MO BOCCTAHOBMNEHMIO UCTOPUYECKUX HedhTe-
3arpsA3HEHHbIX IPYHTOB U 04YNCTKE HedTe3arpsa3HEH-
HbIX 3emernb (puc. 1).

AHanu3 nokasan, 4TO OCTaTO4YHOe CcoAaep-
XaHne HedTENnpoAyKTOB B BOCCTAHOBMEHHbIX

AONONHUTENbHO

UcTouyHuk duHaHCcuMpoBaHus. ABTOpbl 3asBMs-
IoT 06 OTCyTCTBMM BHELWIHEro uUHaHCMpPOBaHKs
npu NpoBeAEHUN UCCIeA0BaHWS.

KoHdbnukT uHTepecoB. ABTOpbI AeKNapupyloT oOT-
CYTCTBME $IBHbIX W MOTEHUMamNbHbIX KOH(MIUKTOB
MHTEPECOB, CBA3aHHbIX C Nybnukauuen HacTosLen
crartbu.

Bknap aBTOpoB. Bce aBTOpbl noATBepxaatT Co-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHAPOOHbLIM
kpuTepuam ICMJE (Bce aBTOpbl BHECNM CyLLIECTBEH-
HbIi BKNag B pa3paboTKy KOHUenuuu, npoBeaeHve
1CCrnenoBaHust U NOArOTOBKY CTaTbW, MPOYSIM U OAO0-
Opunu duHanbHyl0 Bepcuio nepen nyonukaumen).
Hanbonbwuin Bknag pacnpenenéH crnegyowmm
o6pasom: Vagpucosa 3.K. — onpegeneHve Hay4How
npo6nembl, hOPMyNMPOBKa N HanNMcaHWe KNioveBbIX
Lienew, 3agay, BbIBOAOB UccnegoBaHns; Canumrepe-
eB M.K. — doopmupoBaHue naeun, npegocTaBneHne

rpyHTax COOTBETCTBYET YCTaHOBMIEHHbIM Tpebo-
BaHusiM (He Gomee 1000 wmr/kr') n cocraBnseT
oT 204,9 no 981,2 mr/kr. O6wmit 06bEM BOCCTAHOB-
NeHHbIX rpyHTOB 3a nepuogd 2019-2024 rr. coctaBun
4 362,2 TbiC. T (puc. 2) [5-9].

OMI" 1 KTM B 2022 r. 3aBepwunu paboThbl
MO O4UCTKE NCTOPUYECKMX HedTe3arps3HEHHbIX 3e-
menb. Ha OMI™ BocctaHoBneHo 6onee 900 Thic. T
NCTOPUYECKNM 3arpsi3HEHHOTO rpyHTa U ouunLLEeHo 6o-
nee 130 ra B npegenax KOHTPAKTHbIX TEPPUTOPUNA,
npogomnxaercs pabota no NuWKBMAALMW 3arpsizHe-
HWIA 3a npefenamMu KOHTPaKTHbIX Tepputopuii [9].
KTO nomHocTblo peKkynsTUBUPOBAN WCTOPUYECKN
3arpsi3HEHHbIE 3eMnM Ha yyacTkax 984-985 km
MarucTpanbHoro Hedptenposoga Y3eHb — ATbipay —
Camapa.

B 2024 r. Ha koHTpakTHOW TeppuTopun KBM
TaKKe MOMHOCTBIO NWKBUAMPOBAN UCTOPUYECKUE
3arpsisHeHns. Ha KBM 3a nepuopg 2021-2024 rr.
yTUNM3NpoBaHo cBblle 518 Thic. T HedTEeOoTXO-
0OB, NUKBMAMPOBaH ambap C HedTeoTxodamu
B npubpexHon 3oHe Kacnuickoro mops, 3 en.
HaseMHbIX ambapa u ouneHbl 246 HedpTesarpss-
HEHHbIX Y4acTKOB Ha KOHTPaKTHOW TeppuTOpum
KBM. Ha OMI" n MMI" paboTbl npogomnxkatotcs.

3aknoyeHune

TexHonorns KaBUTaLMOHHOW MPOMbIBKU FPYH-
Ta EGX B cuHeprum ¢ metogom Guopemeavauunm
BioBox, TpaguuuoHHbIi MeTon Guopemegmaumu,
a TakkKe TEXHOMOrWsl C UCNONb30BaHWEM 3HEProak-
Kymynupytowen gobaBku Ha OCHOBE rymatcomep-
Xalmx KOMMO3MLUMOHHBIX MaTepuanoB sIBMSAOTCA
AhPEKTUBHBIMU NPU BOCCTAHOBIIEHUN UCTOpPUYE-
CKUX HedTe3arpsa3HEHHbIX TPYHTOB U OYUCTKM He-
dTe3arpsa3HEHHbIX 3eMerb.

OctatoyHoe copepXaHne HedTenpoayKToB
B OYMLUEHHbIX FPyHTax COOTBETCTBYET YCTaHOB-
neHHbIM TpeboBaHUsIM K cocTaBnsieT He Gonee
1000 mr/kr.
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MamaTu
MU6paweBa KeHxebeka HuasoBuua

C rmy6okum npuckopbuem coobliaeMm o 6e3BpeMEHHON KOHYMHE YYEHOro, OMbITHOrO NPOW3BOA-
CTBEHHMKaA, KaHAuaaTa TEXHUYECKUX HayK, CepTMULMpOBaHHOIo AMpekTopa bputaHckoro MHCTUTYTa AMpek-
TOpPOB B cdhepe MeHeQKMeHTa reornioropassefku U HedTeobbIuM, YneHa peaakUMOHHOM KOMNMEerMm xypHana
«BecTHuk HedpTerazoBow otpacnu KazaxcraHa» UbpalweBa KeHxxebeka HusizoBuua.

KeHxebek HuA30BMY MOCBATAM BCIO CBOK MPOGECCUOHANBHYI0 XXWM3Hb PasBUTUIO TOMMMBHO-
3HepreTMyeckoro komnnekca KasaxcraHa. ABnsisicb NPU3HaHHLIM CrieuuanmMcTom B 06rnactu HedpTerasoBowm
NOMUTUKN N YCTONYMBOTO PasBUTUSA IHEPreTUKM, OH BHEC 3HAYUTENbHLIM BKNag B dopmupoBaHue
CcTpaTernyeckMx HanpaBneHu pas3BUTUSI OTpaciuv, YKpenneHue MeXOyHapoOHOro COTpyAHWYecTBa
1 NOArOTOBKY HOBOIO MOKOMNEHUS CneumnanucTos.

HauaB TpygoByl [eATenbHOCTb Au3enucT-moTopuctoM [lpukacnuinckon HedTepasBegoyHON
akcneavuun, B MOCMNeOyllWeM OH 3aHuman BbICOKME MPOU3BOACTBEHHbIE W FOCY4apCTBEHHbIE
[OOIMKHOCTU: [NaBHOTO WMHXEeHepa U HavanbHuka banbikwumHckoro Ynpasnenus OypoBbix paboT
«3OmbaHedTb», npe3vaeHTa «KasaxctaH Kacnui Llenbd», perMoHanbHOro aupektopa MO HOBbIM
npoektam komnanun Agip KCO, reHepanbHoro avpektopa AO «Passegka u [Job6biva «KasMyHailasy,
rmaebl  kBasurocygapctBeHHoro TOO  «Production Sharing Agreement (PSA)», npe3ungeHta
KasaxcTtaHcko-BpuTtaHckoro TexHuuyeckoro yHuBepcuTeTa. B nocnegHue rogpl XW3HM OH BO3rMaBmnsn
Accounauuio opugnyeckux nuy «KAZENERGY», roe nposiBun cebsi kak AanbHOBMOHbBIN PyKOBOAUTENb
1 aBTOPUTETHbIN OBOLLECTBEHHbLIN aeaTenb.

Ha Bcex atanax gesiTenbHOCTM 3apekoMeHAoBan cebsi npuHumMnuanbHbIM 1 6eCKOMNPOMUCCHBIM
3aLMTHUKOM  9KOHOMWMYECKUX W  3KOMOrMyeckMx uHTepecoB KasaxctaHa, nocnegoBaTefibHbIM
1 ybexaeHHbIM CTOPOHHUKOM peddOpMMUPOBaHUS Ka3axXxCTAHCKONW CUCTEMbl MOATOTOBKWU CreLManucToB
B obracTtu reonoropasBefkn U 0OCBOEHNS HeddTerasoBbiX MECTOPOXAEHUN.

Csetnas namstb 0 Kenxebeke HuszoBuue MbGpalueBe HaBcerga OCTaHETCA B cepAuax POAHbIX,
OpYy3eWn, Y4EHUKOB 1 KOnner.

Pedakyusi «BecmHuka Hegbmeeaa3oeoli ompacnu KazaxcmaHa»

135



TpeboBaHMA K cTaTbAM Hay4YHO-NPaKTUYECKOro XXypHana
«BecTHuK HecpTerazoBomn oTpacnu KazaxcraHa»

1. MpaBuna ny6nukauum craten

B KypHane ny6numkytoTes Hay4Hble
cTaTbl  pe3ynbTatoB  WCCMedoBaHWi,  onbiTa
BHedpeHus  obopydoBaHMsl,  HOBOW  TEXHUKU

M TEXHOMNOrM Ha MPOW3BOACTBEHHbLIX OOBEKTax B
pa3nuyHblX obrnacTtsax HedTerasoBon oTpacnv B
cooTBeTCTBUM C pybpukamu XypHana (reonorusi,
OypeHune, paspaboTka M akcnnyatauus HedTAHbIX
W ra3oBblX MECTOPOXAEHUWA, TexHWKa W Tex-

Honmorust  go6blum  HedbTM M rasa, noAaro-
ToBKA HedpTM M ra3a,  NpoOeKTUpoBaHue
1 0ByCTPONCTBO, 3KOHOMMKA, IKOMOrns).

Pepakuus npuHuMaeT Ha  paccMOTpeHue
PYKOMUCKM Ha Ka3axCKOM, PYCCKOM W  aHrmun-
CKOM  fA3blkaX, MpuUcnaHHble B  pedakuuio
yepe3 nNWYHbIN KabWHET Ha canTe XypHana
vestnik-ngo.kz, paHee He  onybnukoBaHHbIE

W He npedHa3HayeHHble K nybnukauum B Opyrux
usgaHuax. Pykonuce pomkHa cogepxatb pann
C MOMHbIM TEKCTOM, rpadmyeckum u TabnuyHbIM
maTtepuanom. Pykonucb conpoBoxaaeTcsi NMCbMOM
Ha WMs [NaBHOTO pefakTopa O BO3MOXHOCTU
ony6nukoBaHuM  CTaTbW, MOANUCAHHOE BCEMM
yYneHamMn aBTOpPCKOro KonnekTtusa. [pu nopjaye
PYKOMMCK aBTOPbI MOAMUCHIBAIOT aBTOPCKWIA [OrOBOP
(ocbepThl).

ABTOpbl HeCyT OTBETCTBEHHOCTb 3a [JocC-
TOBEPHOCTb W 3HAYMMOCTb HayYHO-MPaKTUHECKMX
pes3ynbTaToB W aKkTyarnbHOCTb Hay4YHOTO CoaepKaHWs
pykonucen. He gonyckaeTcs nnarmart — He3akoOHHOe

UCMonb3oBaHWe MatepuanoB  OnyGnMKOBaHHbIX
pabot: cTatel, MoHorpacpuii, naTteHToB W Ap.,
SABNAOWUXCA NpegMeTOM  YyXXOro  TBOPYECKOro
TPyAa.

PelwieHne o nybnukaumv npyHMMalOT rMaBHbIN
penakTop v pefakUMOoHHas KONMerus xxypHana nocne
pPaccMOTPEHVS PYKOMWCK, NPOBEPKM Ha nnarvart
W Cnenoro peLeH3MpoBaHUs, YUYUTbIBAsS HayyHyo
W NpaKkTU4Yeckyld 3HaAYMMOCTb W  aKTyanbHOCTb
npedcTaBneHHbIX MaTepuanoB. Pegakums xypHana
ocTaBnseT 3a cobov npaBo Bbibopa peueH3eHTa,
a Tawkke ero 3ameHbl npu  HeobXoAMMOCTM.
Pykonuch, nonyyvBluas HEAOCTaTOMHO BbICOKYHO
OLEHKY MO MWTOraM pacCMOTPEHUS, OTKIOHSIEeTCH

Kak He  COOTBETCTByIOLlAsi  YPOBHO UMW
Tematuke nybnukaumii KypHana. OTKINOHEHHble
pykonucu NOBTOPHO He NpUHUMAaOTCSt
1 He paccmaTpuBaloTCs.

Ecnn  pykonuce otobpaHa Kk onybnu-
KOBaHUIO B onpeaeneHHoM BbINycke
XypHana,  pedakuusi  MpOM3BOAUT  BbIYUTKY
matepuana, nuTepaTypHOe  pedakTMpoBaHue,
a Takke npoBepseT O0dOpMNEHNe  PyKOMUcK
Ha COOTBETCTBME  HAaCTOSAWMM  TpeboBaHUAM
kK crateam.  OTpedaKkTupoBaHHasi  PyKOMUCb

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

N

HanpaenseTcs aBTOpam Ha
B COOTBETCTBUM C KOMMEHTapUsiMM pedaKuum
nocpeacTBOM cailTa ypHana. [opa6oTtaHHas
aBTOpaMMn PYKOMUCb AOMKHA OblTb HampasneHa B
3afaHHble pedakumell CPOKM Ha calTe XypHana.
Pykonuch cuMTaeTcs NPUHATON Mocre ycTpaHeHus
aBTOpaMu BCEX 3aMeYaHnii pefakumum n peLieHseHTa.

[opaboTky

2. Tpe6oBaHuA K cTaTbAM

PyKOI'II/ICb AOImKHa ObITb B TEKCTOBOM
penaktope (MS Word, OpenOffice, LibreOffice),
davin JormkeH MMeTb paclimpeHue *.doc, *.docx,
*.rtf.

CTpyKkTypa pyKOMMCU [OSbkHa BKMYaTb B
cebs:

1. YOK', MPHTW?, Tun  nybnukauwmm,
Ha3BaHue, PO aBTOpOB, MecTa paboTbl aBTOPOB
(HaumeHoBaHVA opraHusauu 6e3 ykasaHus op.
dopmM, ropog, CTpaHy), aHHOTauul, KhoveBble
CrioBa — B OHY KOJTOHKY Ha Tpex A3blkax (PyCCKui,
aHIMUNCKUIN, Ka3axCKWUi) Ha OTAENbHOW CTpaHuLe Ha
KaXX[OM si3blKe.

2. TekcT cTaTb¥ — B [IBE KOINOHKM Ha A3blke
opurmHana. TekcT fomkeH OblTb  NOrMYecku
CTPYKTYPUPOBaHHLIM. PekoMeHayeTCANCnonb30BaTh
cnegyloliMe noas3arofioBKU: BBeAEHWE, OCHOBHas

yacTb, pacyeTHasi u4acTb, 3KCMepuMeHTanbHas
YacTb, pesynbTatel U OOCyXAeHwWe, BbIBOAbI
1 3aKroyeHme.

3. PucyHku, Tabnuupl — B OgHYy MM

OBe KOMOHKM B 3aBMCMMOCTM OT pa3mepa, C
Ha3BaHUSAMK, OBO3HAYEHUSAMU, MOAPUCYHOYHBLIMU/
noaTabnuyHbIMKM  HagAMUCAMKU, NPUBEOEHHBIMU Ha
A13bIKe OpUrMHana c nepeBoAOM Ha aHTTMNCKUIA A3bIKS.
Kaxabli pucyHOK crnepyeT pasMellatb Ha cante
B BMAE OTAENbHOro AOMnonHWTenbHoro darna B
opurMHaneHoM Buge B dopmarte jpg, gif, jpeg, tiff,
anarpammbl — B popmate excel.

4. [ononHuTenbHble cBedeHuss 06 uc-
TOYHVKE  (PUHAHCUMPOBAHUSA, KOHMMUKTE  UHTe-
pecoB W BKnage aBTOPOB — B [BE KOMOHKX
Ha A3blKe OpUrMHana u Ha aHrnMUNCKOM S3blKe.

5. Cnucok MCNOmNb30BaHHOWN niTe-
patypbl  (epgebuertep  Tisimi, references) —
B OZHY KOJIOHKY.

6. MogpobHylo  WHdbopmauuwo 06  aB-
Topax (yyYeHble 3BaHWSl, Y4YeHble  CTeneHwu,
ORCID, Scopus SPIN-kog, email u np.
npu HeobxogMMocTM) — B  [Be  KOMOHKU
Ha A3blke OpUrMHana u Ha aHrnUNCKOM SA3blKe.

7. YkasaHue aBTopa, OTBETCTBEHHOIO
3a nepenucky (corresponding author),

Mof, 3HAKOM «*» — B OfHY KOMOHKY.

3 3pecb v panee B cny4vae, €Cnu A3bLIKOM OpUriHana sIBNSeTCs aHMUACKUI, NepeBos Ha Apyrve a3biku He TpebyeTcs.
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CTpYKTypHble 3MeMeHTbl pyKonucu crnegyet
odopMIATb cregyroLmm obpasom:
1. YAK (UDC, 90X), MPHTU (CSCSTI,

FTAXP) 3agatoTcs NPOMUCHbLIMUN OykBamu,
wpudTtom Arial, pasmep 14, HadepTaHve —
nonyxupHoe, BblpaBHMBaHUE - cnesa,
6e3 oTCcTyna, MEXOYCTPOYHbIA WHTEepBan —
MHOXUTEnNb, 1,15.

2. Tvn ny6nukaumMm 3ajaeTcss nocrne
YOK, MPHTW, wpudtom Arial, pasmep 12,
HayepTaHne — MONYXWUPHOE, BblpaBHMBaHNE —

cnesa, 6e3 OTCTyna, MeXAyCTPOYHbIA WHTepBan —
MHOXUTenNb, 1,15.

3. 3aronoBOK pyKonucu [OImKeH ObITb
KOPOTKUM M UHGOpMaTMBHbIM, 6e3 abbpesumatyp,
3agaH wpudTom Arial, pasavep 14, HayepTaHue —

nonyxupHoe, BblpaBHMBaHUE - cnesa,
6e3 oTcTyna, MeXOYCTPOYHbIA  WHTepBanm —
MHOXUTEnNb, 1,15.

4. ®UNO aBTOpOB npvBogATcA nog,

3aronoBkom, WpudT Arial, pasmep 14, HauepTaHue —
nonyxvpHoe, BbipaBHMBaHWE — crieea, 6e3 oTcTyna,

MEXAYCTPOYHbIN UHTEpBan — MHoxutenb, 1,15.
MHuumansl nuwytcsa 4epe3d Todyky 6e3 npobena
BHYTpMW.

5. Mecta paboTbl aBTOPOB (HaMMEHOBaHUS
opraHusaumin 6e3 ykasaHusi top. copm, ropog,
cTpaHa) npusoasATcs nog VO aBTopos, WpudTArial,
pa3mep 11, HauepTaHne — KypcuB, BblpaBHUBaHNE —
cnesa, 6e3 OTCTyna, MeXAyCTPOYHbIA WHTepBan —
MHOXUTEnNb, 1,15.

6. AHHOTauum pykonucen TMna
«OpUrMHanbHbIE WUCCNEefoBaHUS» [OMKHbI UMETb
cregytoLylo  CTpyKTypy: obocHoBaHue, uenb,

Matepuanbl U MeToAbl, pe3ynbTaThbl, 3akn4veHue.
O6beM aHHoTauMm — He 6Gonee 300 cnos..
Mepen TEKCTOM aHHOTaAUMW 3adaéTcsl 3aronoBOK

«AHHOTALUNA» («ABSTRACT»), wpwudT Arial,
pasmep 11, otctyn 0,75 cM, MEXCTPOYHbIN
vHTepBan — 1,15, [Ons Tekcta aHHoTauuu

mcnonb3yetcs WpudT Arial, paamep 10, otctyn 0,75,
MEXCTPOYHbIN nHTepBan — 1,15.

7. KnwoueBble cnoBa nuwytcs  nof
aHHoTauuewn, Yyepes gBoeto4ne, He bonee 10 cnos
WM cnoBocoyeTaHum, wpudgtom Arial, pasamep 10,
KypcuB, oTcTyn 0,25, MeXCTPOYHbIN WHTepBan —
1,15. O6o6uwatowee cnosocodetaHne «KnoueBble
cnosa:» («Keywords», «TyniH cesnep») cnegyet
BblAENUTb CUHMM LiBETOM, aKLUeHT 1.

8. TeKcT pyKONWCM [OMKEH HayMHaTbCH
C HOBOW CTpaHuubl, wpudT Arial, pasmep 11,
BblpaBHMBaHne — cneea, otctyna 0,75 c¢wm,

MEeXOYCTPOYHbIN MHTepBan — MHoXuTenb, 1,15.

9. 3aronoBku Tekcta pykonucu («Bee-
neHne», «OcCHOBHast 4acTb», «3akroveHue»
W ap.) 3apatotca wpudtom Arial, pasmep 11,
BblpaBHMBaHne — cnesa, ortctyn 0,75 cwm,
MEXAYCTPOYHbIN NHTEpBan — MHOXuUTENb, 1,15.

10. Hymepaumsa pucyHkoB wu Tabnuy
pomkHa ObiTb  nocnepoatenbHon (1, 2, 3
1 1.4.). Tabnuupbl N pUCYHKN He AOIMKHbI ObITh B3ATHI
13 Opyrux marepuanoB 0e3 yKasaHus UCTOYHMKA.

Moanucu puUCYHKOB UM Tabnuuy [JOMmkHbl ObITb
norHeiMu, 6e3 cokpatleHun («PucyHok 1», « Tabnuua
2», «Figure 3», «Table 4»), 3agaHbl C NPOMUCHOW
OykBbl. HazaBaHUA PUCYHKOB M TaGnuL [OMKHbI
ObITb KpaTKMMWU, HO MHMOPMATUBHBLIMMW, OTAENEHbI
OT MOANWUCK TOYKOM ¢ Npobenom, nepeoe CroBo — C
nponuncHon BykBbl, 3aaaHbl WwWpudTom Arial, pasmep
11, MONyXWpHbIN, BblpaBHMBaHNE — MOCEpPeauHe,
6e3 oOTCTyna, MEXCTPOYHbIW WHTepBan — 1.
Moagnucb M HasBaHWe Tabnuubl NULWETCH CBepXy
Tabnuupl, NOANWCbL W Has3BaHWE pUCYHKaA —
nog pucyHkoMm. [locne HasBaHMA Touka He
cTaBuTcs. Ecnun pucyHoK cogepXuT nepevncrnenme,
oTMe4deHHoe BykBamu nnu umdpamu (a), 6), B)...; 1),
2), 3)...; @), b), ¢)...), Takne o6o3HaYeHUs NULYyTCA
NnoA HasBaHWeM pucyHKa, 3agatoTcs wpndTom Arial,
pa3mep 10, Ha4yepTaHne — KypcuB, BblpaBHNBaHNE —
nocepeavHe, 6es  otcTyna, MEXCTPOYHbI
nHTepBan — 1.

11. MNoppucyHOYHbIE n noaTabnuy-
Hble  Hagnucu  cogepxat  pacwundpoBKy
obo3HayeHun, 3agatoTca  wpudtom  Arial,

pa3vep 10, BblpaBHMBaHWE — crneea, 6e3 oTcTyna,
MEXCTPOYHbIN MHTepBan — 1.

12. TekcT Ha puUCyHKax M B Tabnuuax
3apjaértca wpudtom  Arial, pasvep ot 8
no 12. TekcT OOMmKeH MMEeTb NepeBoA C A3blka
opurMHana Ha aHImMUACKUIA  A3blK, UCKIYeHne
COCTaBnsAT CKPVHLUOTbI, maTtepwuansl,
BbIFPY>XEHHbIE U3 NPOrpaMMHbIX MPOAYKTOB, U UHbIE
BMAbl rpaduyeckoro n TabnuyHoro matepvana B
HepepakTupyemom gopmare.

13. YnomMMHaHuA B TEKCTe PUCYHKOB W
Tabnuy cnegyet oopMNSATE Tak Xe, Kak U TEKCT,
MCMonb3ys Npu 3TOM KpaTkylo OpMYy MOCTOSIHHOM
4yacTu Ha3BaHusA («puc. 1», «Tabn. 2»).

14. Cnucok MCnonb30BaHHOWN nure-
patypbl  (opebuertep  Tidimi, references)
JOMKEeH cofepaTb TOMbKo Te  nybnukaumw,
Ha KOTOpble €CTb CCbIIKW B TeKCTe. CcblInku
3agatotcs  nocneposatensHo  ([1], [2], [3]
W T.A.), B COOTBETCTBUM C [AaHHbIM MOPSAKOM
WCTOYHUKN  OOMKHbI  pacrnonarateCid B CNWCKe
MCMonb30BaHHOW nutepatypbl. CNUCOK He AOMmKeH

npesblwate 30 MNYHKTOB ANS  OpUrMHasbHbIX
uccneposaHuii, He 6Gonee 60 — ANA  Hay4HbIX
0630poB, npeanovTUTENLHO COBPEMEHHbIX

nsgaHui. Kaxabli UCTOMHWK YNOMWHAETCA B CrMC-
Ke 1 pas, BHE 3aBMCMMOCTM OT TOrO, Kak 4acTo
Ha Hero AenaeTcs ccbinka B TekcTe paboTbl. Cebinku
Ha HOMEep MCTOMHMKa B CMUCKe B TeKCTe cnegyet
nNpuBOAUTL B KBagapaTHbIX ckobkax. OdopmneHue
CMNNCKOB MCMOMb30BaHHON nuTepaTypbl Ha pyc-
CKOM U KasaxckoM s3blkax nposoauTca no FOCT
P 7.0.5-2008, Ha aHrmMCKOM $3blKE — CTUNEM
AMA (Vancouver). lMogpobHee o03HaKOMUTLCA C
npasunamn oopMIIEHNS CCbISNIOK Ha onpeaeneHHbIe
BUAbI nyénukavuui MOXHO no CChblIfKe:
journals.eco-vector.com/index/pages/view/
references_split.

15. UHdpopmaumsa o6 aBTOpax [JOMmkHa
cogepxate ®NO aBTOPOB MOMHOCTBI, YyYeHble
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3BaHus, y4yeHble cTeneHu, ORCID, Scopus
SPIN-kog, email u wvHble cBegeHus  npu
HeobxoauMocCTHy. Ocbopmnsaetca wpndToM
Arial, pasvep 12, BblpaBHMBaHMe — crnesa,
6e3 oTcTyna, MEXCTPOYHbIA  WHTepBan  —
MHoxuTens 1,15. 3aronoBok «NHPOPMALIUA
Ob ABTOPAX (-E)» («ABTOP(-NAP) TYPAIbI
AKMAPAT», «AUTHORS'(-'S) INFO») 3apaértcs
NpPONUCHbLIMU ByKBamMM U BbIAENSETCS MOMYXUPHbIM
HavepTaHvem. ®NO aBTOpOB Takke BbIAENAOTCS
MONYXWPHbIM ~ HavyepTaHveM. 3Be3fo4Kon  («*»)
cnesa ot ®MO oTmevaeTcs aBTOp, OTBETCTBEHHbIN
3a nepenucky (xabap anmacyra xayanTbl

aBTop, corresponding author). [MoscHsowas
CTpoka «*ABTOp, OTBETCTBEHHbIN 3a nepenucky/
Corresponding author» («*Xabap anmacyfa xayanTbl
aBTop/Corresponding author») npusogutcs nocne
pasgena «MHdopmaumsa 06 aBTopax».

MNons CTpaHULbI DOIKHbI nmeTb
cregylolne napameTpbl: BEpXHEe U HukHee —
2 cm, neBoe — 3 cm, npaBoe — 1,5 cm. Pa3mep
ctatbM — He Gonee 10 cTp. ANS OpUrMHarbHbIX
nccnenosaHuii, He Gonee 20 cTp. ANA HayYHbIX
0630pOB U MHbIX TUMOB pykonucen. Ans Habopa
CNOXHbIX MaTeMaTuyeckux hopMyr MCMonb3yeTcs
cTaHgapTHbIn pegaktop Equation Editor doopmyn B
nporpamme Word.

Requirements for submitting articles for the publication
in the “Kazakhstan journal for oil & gas industry”
Journal of Research and Practice

1. Rules for publishing articles

The Journal publishes scientific articles on the
research results, experience in the implementation
of new equipment and technologies at the production
facilities in various areas of the oil and gas industry
in accordance with the Journal sections (geology,
drilling, development and operation of the oil and
gas fields, equipment and technology for the oil and
gas production, oil and gas treatment, design and
development, economics, ecology).

The editorial board accepts for consideration
the manuscripts in Kazakh, Russian and English,
sent to the editorial office through a personal
account on the Journal website vestnik-ngo.kz,
previously not published and not intended for the
publication in other editions. The manuscript should
contain a file with full text, graphics and Tables.
A letter addressed to the editor-in-chief on a
possibility of publishing the article, signed by all
members of the authors’ team, should be attached
to the manuscript. When submitting a manuscript,
the authors sign an Authorship Agreement (offers).

The authors are responsible for the reliability
and significance of the scientific and practical results
and the relevance of the scientific content of the
manuscripts. Plagiarism is not allowed, i.e. illegal
use of the materials of the published works: articles,
monographs, patents, etc., which are the subject of
someone else's creative work.

The decision to publish is made by the editor-
in-chief and the editorial board of the Journal after
reviewing the manuscript, checking for plagiarism
and blind peer review, taking into account the
scientific and practical significance and relevance
of the submitted materials. The editorial board of
the Journal reserves the right to choose a reviewer,
as well as to replace the latter, if necessary. The
manuscript, which has received an insufficiently high
rating on the basis of the reviewing results, is rejected

' https://classinform.ru/udk.html
2 https://grnti.ru/
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as not corresponding to the level or subject of the
Journal's publications. The rejected manuscripts are
not re-accepted and will not be considered.

If the manuscript is selected for the pub-
lication in a particular issue of the Journal, the
editorial board makes proofreading of the material,
literary editing, and also checks the design of the
manuscript for the compliance with the present
requirements for the articles. The edited manuscript
is sent to the authors for the revision in accordance
with the editorial comments via the Journal's
website. The manuscript, finalized by the authors,
should be sent within the deadlines set by the
editors on the Journal's website. The manuscript is
considered accepted after the authors eliminate all
the comments of the editors and the reviewer.

2. Requirements to the articles

The manuscript should be in a text editor (MS
Word, OpenOffice, LibreOffice), the file should have
*.doc, *.docx, *.rtf extensions.

The structure of the manuscript should include:

1. UDC', CSCSTI?, type of publication,
title, full name of the authors, places of work of
the authors (names of the organizations without
specifying the legal forms, city, country), annotation,
keywords — in one column in the three languages
(Russian, English, Kazakh) on a separate page in
each language.

2. Text of the article — in two columns in
the original language. The text should be logically
structured. It is recommended to use the following
subheadings: introduction, main part, calculation part,
experimental part, results and discussion, summary
and conclusions.

3. Figures, Tables — in one or two columns,
depending on the size, with titles, symbols, figure
and table captions, provided in the original language



with the translation into English. Each Figure should
be posted on the site as a separate additional
file in its original form in jpg, gif, jpeg, tiff format,
diagrams — in excel format?.

4. Additional information on the source
of funding, conflict of interests and the con-
tribution of the authors — in two columns
in the original language and in English.

5. References (cnucok Mcnonb30BaHHON
nuTepatypbl, 9aebneTTep Tisimi) — in one column.

6. Detailed information about the au-
thors (academic titles, academic degrees,
ORCID, ScopusSPIN code, email, etc.,
if necessary) — in two columns in the original
language and in English.

7. Indication of the author, responsible for the
correspondence (corresponding author), under the
sign “*”.

The structural elements of the manuscript
should be formatted as follows:

1. UDC (YAK, 90X), CSCSTI (MPHTW,
FTAXP) are set in capital letters, Arial font, size
14, style — bold, alignment — left, no indent, line
spacing — multiplier, 1.15.

2. The type of publication is set after
UDC, CSCSTI, Arial font, size 12, style — bold,
alignment — left, no indent, line spacing -
multiplier, 1.15.

3. The title of the manuscript should
be short and informative, without abbreviations,
set in Arial font, size 14, style — bold, alignment —
to the left, no indent, line spacing — multiplier, 1.15.

4. The full names of the authors are given
under the heading, font Arial, size 14, style — bold,
alignment — left, no indent, line spacing — multiplier,
1.15. the initials are written with a dot, without a
space inside.

5. The places of work of the authors
(names of the organizations without specifying the
legal forms, city, country) are given under the full
names of the authors, font Arial, size 11, style — italic,
alignment — left, no indent, line spacing — multiplier,
1.15.

6. The abstracts of the manuscripts
of the “original research” type should have the
following structure: rationale, purpose, materials
and methods, results, conclusion. The volume of the
abstract is no more than 300 words. The text of the
abstract is preceded by the heading “ABSTRACT”,
Arial font, size 11, indent 0.75 cm, line spacing —
1.15. The abstract text is set in Arial font, size 10,
indent 0.75, line spacing 1.15.

7. The key words are written under
the abstract, separated by a colon, no more
than 10 words or phrases, in Arial font, size
10, italic, indent 0.25, line spacing - 1.15.
The generalizing phrase “Keywords” (“KntoueBble
cnosa”, “TymiHce3gep”) 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, line spacing -
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 1", “Table 2", “Figure 3", “Table 47),
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), c) ...; 1), 2), 3)...; @), b), ¢)...), 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 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 27).

14. References (cnucok ucnonb3oBaHHOW
nuTepaTtypbl, agebueTtTep Tidimi) should contain
only those publications, which are referenced in
the text. The references are given sequentially
([11, [2], [3], etc.), in accordance with this order, the
sources should be placed in the list of references.
The list should not exceed 30 items for the original
research, no more than 60 for the scientific reviews,
preferably modern publications. Each source is
mentioned in the list 1 time, regardless of how often
it is referred to in the text of the work. The references
to the source number in the list in the text should
be given in square brackets. Drawing-up of the lists
of the used literature in the Russian and Kazakh

3 Hereinafter, if the original language is English, the translation into other languages is not required.

139



languages is carried out in accordance with GOST
R 7.0.5-2008, in English — in the AMA (Vancouver)
style. You can learn more about the rules for
formatting refernces to certain types of publications
at the link: 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” (‘H®OPMALINA OB ABTOPAX’,
ABTOP(-NTAP) TYPAIlbl AKMAPAT” 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, OTBETCTBEHHbLIA 3a nepenucky, xabap
anmacyfa »ayantbl aBTop). The explanatory line
“*Corresponding author” ("*Corresponding author/
ABTOp, OTBETCTBEHHBIN 3a nepenucky”) is provided
after the “Information about authors” section.

The page margins should have the following
parameters: top and bottom —2 cm, left— 3 cm, right —
1.5 cm. The article size — no more than 10 pages for
the original research, no more than 20 pages for the
scientific reviews and other types of manuscripts.
For a set of complex mathematical formulas, the
standard editor EquationEditor of formulas in the
Word format is used.

«KasakcTaHHbIH MyHaWn-ra3s canacbiHblH XabapLbICbI»
FbINbIMU-NPAKTUKATNbIK XXYpPHanbIHbIH MakKananapbiHa
KOWbINaTbIH TananTap

1. Makananapabl xapusanay epexenepi

KypHanga YKypHangbiH, angapnapblHa
cankec (reomorusi, Oypfbinay, urepy xXeHe My-
Han »oHe Tra3 KeH OpblHAAPbIH nNanganawy,
MyHa# MeH ra3 eHfipydiH TexHuKacbl MeH Tex-
HoMnorusicbl, MyHav MeH rasabl ganbiHaay, xobanay
XaHe >annacTblpy, 9KOHOMMKA, 3KOMNOrusi) MyHam-
ra3 eHepkacibiHiH apTypni cananapbiHaarbl eHAipic
HblCaHAapblHAA 3epTTeynepain HaTwxenepi,
xabaplKkTapabl, XKaHa TEXHWKa MeH TeXHoNornanapabl
eHridy Toxipubeci Typanbl fbibIMM Makananap

XapusinaHagbl.

Pepakuns vestnik-ngo.kz KypHanbiH-
hafbl  xeke  kabuHeT  apkbinbl  pedakuusiFa
xibepinreH, OypbIH XapusinaHbaraH

XoHe Oacka 6GacbinbiMaapga xapusnayFa apHan-
MaFaH Kasak, OpbIC >X8He afblfWbIH TiNgepiH-
peri komkasbanapabl  kapayFa  kabblnpanapl.
Komkasbaga Tonmblk MaTiHi, rpadukacbl keHe
kectenepi 6ap dann Gonybl Tuic. Komxkasbara
aBTopnap \XKbIMblHbIH Oaprnblk  MyLlenepi  Kon
KOWFaH MakanaHbl xxapuvsanay MyMKiHgiri Typansl 6ac
penakTopAblH aTblHa asbllfaH xaT Koca bGepineai.
KomkasbaHbl Tanceblpy kesiHge aBTopnap aBTOpSbIK
kenicimre (odepTanapra) Kon kosabl.

ABTOpnap FbINbIMU-NPaKTUKANbIK HaTU-
XenepgiH  ceHiMainiri  MeH  MaHbI3ObINbIFbIHA
XeHe KomkasbanapgblH FbiibIMA  Ma3MYHbIHbIH,
e3ekTinirive xayan 6epeai. [lMnarvatka pykcat

Gepinmengi — 6Gacka OGipeygiH LblFapMaLlbIbIK
XKYMbICbIHbIH,  HblcaHacbl ~ 6omnbin  TabbinaTbiH
XapusnaHfFaH — KyMbICTapablH:  MakananapgblH,

MOHorpadusnapabiH, NaTeHTTepAiH xaHe T.6. maTe-
pviangapblH 3aHCbI3 nanganaHy.

Xapusnay Typanbl WwewiMAai  KypHangblii
Gac  penakTopbl MeH pedakuusi  ankachbl
KomkasbaHbl KapacTblpfaHHaH, nnaruar neH CokbIp

1 classinform.ru/udk.html
2 grnti.ru/
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peueH3uanayabl TeKCepreHHeH KewiH, YCbIHbInFaH
MatepuvangapablH  fblNibIMUM - XK8HE  MpaKTUKanbIK
MaHbI3abINbIFbl MEH ©3€eKTiMirNiH eckepe OTbIpbIn
Kabblnganapl. KypHangpbiH penakumscol
peLeH3eHT TaHdayFa, XoeHe e kaxeT OonFaH
Xafganpga OHbl aybICTbipyFa KyKblbl. Kapactbipy
HeTWxenepi OoWblHWA KEeTKiNikci3 >xofapbl 6Gara
anfaH Komxkasba >KypHan >apusinaHbiMOapblHbIH,
[OeHreliiHe HeMece TaKblpblOblHa Calikec eMec aen
kabbinganbangpl. KabbinpaHbaraH komkasbanap
KanTa kabblngaHbangbl xxeHe kapacTblpbliManabl.
Erep komkasba >xypHangblH Genrini  Gip
HeMipiHAe >kapuanaHy YLWiH TaHganca, pegakums
Matepuvangbl okuabl, 8aebw  pepakuusnaygbl
XKy3ere acblpafbl, COHbIMEH KaTap KormkasbaHbiH,
pecimaenyiHiH Makananapfa KoWblnaTblH — OCbl
TananTapFra CONKecTiriH Tekcepeai. PegakunsinanraH
Kormkasba XypHanablH CanTbl apKbinbl peaakunsnbIK
TYCiHiKTEMenepre ceVikec aBToprapfa Ty3eTyre
xibepinegi. ABTopnap AanblHAaraH KomxasbaHbl
XypHangplH ~canWTbiHOA@ pepakums  GenrinereH
Mep3imae xibepy Tuic. ABTOpnap pepakums MeH
peLeH3eHTTIH Gapnblk ecKepTynepiH >XOWFaHHaH
KeniH kormkasba kabblnaaHabl aen ecentenen,.

2. Makanafa KonbInaTbiH Tanantap

Komkasba maTiHaik pepaktopga Gonybl Tuic
(MS Word, OpenOffice, LibreOffice), cbannpa *.doc,
*.docx, *.rtf 6onybl THic.

KomxasbaHbiH
Kypanybl TMic:

1. 90X, FTAXP?, 6acbinbiM Typi, TaKbIpbIObl,
aBTOpnapablH,  TOMblK  aTbl-XeHi, aBTopnapablH
XKYMbIC OpblHAAPbI (3aHAbl HblcaHAapbIH KepceTnei
yibiMaapablH ataynapsbl, kanachbl, en), aHHoTaums,

KypbIbIMbl  KenecinepaeH



Herisri cesgep — yw Tinge 6ip GarfaHga (opbic,
arbINwblH, KasakLwa) ap Tinge 6enek betre.

2. Makana WMaTiHi TynHycka Tinge  exi
b6afaHga. MaTiH norukanblk KypblibiMabl 6onybl
Tvic. Kenmeci  Takblpbinwanapabl — navpganady
yCbIHbINaAbl: Kipicne, Herisri 6enim, ecentey Genimi,
3KCMEepPUMEHTTIK Benim, HaTuXenep MeH Tarnkbinay,
KOPbITbIHABINAP.

3. CypertTep, Kectenep —  KenemiHe
Kkapan Oip Hemece eki OafaHga, ataynapblMeH,
GenrineynepimMeH, afbifWbIH TiNiHe® ayaapmacbiMeH

TynHycka Tinge ©OepinreH cypeT acTbl/kecTte
acTbl xasbanap. Opbip cyperTi jpg, gif, jpeg, tiff
dopmatTapbiHga, Avarpammanapabl  — - excel

cdopmaTblHAa TynHycka TypiHae OGenek KocbiMiia
havin peTiHae canTka opHaNacTbIpy KaXeT.

4.  Kapxbinangsipy Kesi, myanenep
KaKTbIFbICbl X@HE aBTOpnapAblH KOCKaH Yreci
Typanbl KOCbIMLLA aknapar — TynHycKa Tinge sHe
afbIfWbIH TiNiHOE eki baraHaa.

5. TlapanaHbinFaH apebuettep
(enebuetTep Tisimi, references) — 6ip 6araHaa.

Tigimi

6. AsTopnap Typanbl  TOnblK  aknapat
(FoINBIMK  @TakTap, fbinbiMKn Aapexenep, ORCID,
Scopus SPIN-kog, email xsHe T.6. Kaxer

Xafgavga) — TYNHYCKa Tinae XaHe afbinwblH TiniHae
eki baraHaa.
7. XaT anmMacyfa xayanTbl aBTopabl Kepcety

(corresponding author), «*» Genriciven — 6ip
baraHpa.
KomkasbaHblH, ~ KypbINbIMAbIK — 3NeMeHTTepi

Kenecigen pecimaenyi Kaxer:

1. 90X (UDC, 90X), FTAXP (CSCSTI,
FTAXP) 6ac opinTepmeH 6enrineHeai, Arial
WwpndrTi, enwemi 14, keckiHi — kapanay, Typanay —
COmnfa, LUEriHicci3, »KomapanblK WHTepBanm —
kebentkiw, 1,15.

2. XapusnanbiMm TYpi O0X, FTAXP
KeniH, Arial wpudTtneH, enwemi 12, KeckiHi —
Kapanay, Typanay — Confa, LUeriHicCi3, xonapanblK
WHTepBan — kebewnTkiww, 1,15 opHaTbinags.

3. KomxasbaHbIH TaKbIpbIObl KbiCKa XaHe
Ma3MyHAabl, KbicKapTynapcbi3, Arial wpudTimMeH,
enwemMi 14, keckiHi — kapanay, Typanay — corfa,
LeriHiccis, xonapanblk MHTepBan — kebenTkiw, 1,15
Honybl THiC.

4. AstopnapabiH ATbI-XXOHI Takbipbin ac-
TbiHAa, Arial wpndrTi, enwemi 14, keckiHi — Kapa-
nay, Typanay — cornfa, LUEriHiCCi3, )onaparnblK WH-
TepBan — kebentkiw, 1,15 xasbimagel. bactaybiw
apinTep iWwiHae 60C OpPbIHCLI3 HYKTEMEH xa3blnaabl.

5. ABTOpnapablH KYMbIC OpbliHAAPbI
(yMbiMaapablH — ataynapbl  3aHAbl  HblCaHOapbIH,
Kanacbl, eniH kepcetnen) asTopnapabiH ATbl-
YKOHI actbiHga, Arial wpudTi, enwemi 11, KeckiHi —
Kapanay, Typanay — Confa, LUEriHiCCi3, xonapanblK
MHTepBan — kebeuTkiww, 1,15 xasbinagbl.

6. «TynHycka 3epTTeynep» ynrigeri
Kormkasbanap aHHoTauMACHI Kerneci KypbinbiMaa
fbonybl Tuic: Herisgeme, Makcat, matepuangap

MEH aficTep, HoTUXenep, KOpbITbIHAbLI. AHHOTaL WA
kenemi 300 ce3geH acnamabl. AHHOTaUUS
MoTiHiHIH angbiHaa «AHHOTALIMA» TakbipbiObl
Kombinaabl, WwpudT Arial, enwemi 11, weridic 0,75
cMm, xomapanblk uHTepsan — 1,15. AHHOTauwus
MaTiHiHAe Arial WwpudTi Nnaganadbnagbl, enwemMi
10, werinic 0,75, xxonapanbik uHTepsan — 1,15.

7. Heri3ri ce3gep aHHOTauus acTblHa KOC
HyKTe apkbinbl, 10 ce3geH Hemece Ce3 TipKeCiHeH
acnawTblH, Arial WwpudTimeH, enwemi 10, KypcusneH,
0,25 weridicneH, 1,15 xonapanblk WMHTEpBaNMeH
Xasbinagbl. «Herisri  ce3gep:»  kannbinayLubl
Tipkeci («Keywords», «Heri3ri ce3gep») kek TycneH
Benrinenyi KaxeT, ekniH 1.

8. KomkasbaHblH MOTiHI  xaHa ©GeTTeH
H6acTanybl Tuic, wpudT Arial, enwemi 11, Typanay —
con xakTa, weriHic 0,75 cm, xonaparnblk UHTepBan —
kebenTkiw, 1,15.

9. Komkasba MaTiHIHIH TakblpbinTapbl
(«Kipicne»,  «Heriari  6enim»,  «KopbITbIHObBI»
xaHe T.6.) Arial wpudTimeH, enwemi 11, Typanay —
con xakTa, weriHic 0,75 cm, xxonaparblk MHTepBan —
kebenTkiw, 1,15 xasblnagpl.

10. CypeTTep MeH KecTenepgiH HeMiprneHyi
noviekTi 6onybl Tnic (1, 2, 3 xaHe T.6.). Kectenep
MeH cypeTTepai [Aepekkesni kepcetnen 6acka
MaTepuvangapaaH anyfa 6onvangel. Cyperrep MeH
KecTe TakbIpbINTapbl Tonblk, abbpeBuaTypachi3
(«1 Cypet», «2 Kecte», «Figure 3», «Table 4»),
bac opinneH xasbinybl THic. CypeTrTep MeH
KecTenepaiH ataynapbl Kbicka, Gipak MasMyHAbl,
TakblpbinTaH 60C OpbIHMEH HYKTEMeH GeniHreH,
GipiHWi ce3 — 6Gac opinneH, Arial wpudTiMeH
GenrineHreH, enwemi 11, kapanay, Typanay -
opTacblHAa, WeriHicci3, xonapanblk nHrepsan — 1
6onybl Tuic. KecTeHiH xa3banapbl xxaHe aTtaybl on
KECTEHIH >XOfapfbl >XafblHOa, CYpeTTiH xasbachbl
MeH TakblpblObl — CypeTTiH acTblHOa a3blnagbl.
TakblpbINTaH KeWiH HykTe Koublnmangbl. Erep
cypette  apinTepmeH Hemece  caHpapMeH
GenrineHreH Tidim bonca (a), 6), B)...; 1), 2), 3)...;
a), b), c)...), myHaan 6enrineynep Arial wpudgTimeH
benrineHreH cypeTtTiH acTeiHga, enwemi 10,
CTWUMb — KypcuB, Typanay — opTacblHAa, LUETiHICCi3,
»)onapanblk uHTepsan — 1 xasbinagsbl.

11. CypeT neH KecTeHiH acTbIHAAFbI
)asbanapbiHAaa 6enrineyai TONbIK  Xasy
KamTbinagbl, Arial wpudTiHae, enwemi 10,
Typanay — COM >akKTa, LUEriHicci3, >XonapanblK
MHTepBan — 1 6onagpl.

12. CypetTtep MeH KecTenepperi MaTiH Arial
wpudTiHae, enwemi 8-aeH 12-re pewiiH Gonagbl.
MaTiH TynHycKa TinAeH afbinLwbIH TiNiHe ayaapbinybl
THic, CKpUHLLOTTapabl, 6argapnamansik eHimaepaeH
XKYKTENreH MmaTtepuangapgbl XaHe eHOEeNnMenTiH
cdopmaTtTarbl rpadmkanblk  KoHe KecTenik Ma-
TepuangplH 6acka TypnepiH kocnaraHaa.

13. Cypettep  MeH Kectenep  MoTi-
HiHgeri eckepTnenep aTayapiH, TYpaKThbl
GeniriHiH ~ Kbickalla TypiH KonmgaHa OTbIpbin,

3 BypaH api TynHycka Tini afbinwwbiH Tini 6onca, 6acka Tinaepre aynapma tanan etinvenai.
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mMaTiHOerigen  pecimgenyi  kaxeT («1  cyp.»,
«2 KecTe»).

14. NavpanaHbinFaH aaebuerTep Tisimi
(omebuertep  Ti3iMi, references) MaTiHaE

cinTeme xacanfaH GacbinbiMgapabl faHa KamTybl
Tvic. CinTemenep namnganaHbinFaH apebuettep
TisimiHae Oepekke3gep peTiHe cavikec ([1], [2], [3]
XoHe T.6.) xxacanagpl. Ti3im TymHycka 3epTTeynep
ywiH 30 TapmakTaH, fbinbiMU LIOAYyNap YLUiH
60-TaH acnaybl Tuvic, 3amaHayu 6acbinbiMgap
6onFaHbl Xakcbl. Opbip AepeKKe3 XyMbIC MaTiHiHAe
KaHWanblKTbl  XWi  alTbiNfaHblHA  KapamacTaH
Tisimge 1 per atanmagbl. MaTiHgeri Tisimaeri
bactankbl Hemipre cintemernep TepTOypbIWTHI
Xakwapna 6epinyi kaxet. KonaaHbinfFaH agebverTtep
TisimaepiH pecimaey opbIC XoHe Kasak TinaepiHae
MEMCT P 7.0.5-2008 cavikec, afblnWblH TifiHAe —
AMA (Vancouver) ctuniHge >xy3ere acbipbinabl.
XKapusanaubivgapgeiH,  Genrini 6ip  TypriepiHe
cintemenepai pecimaey epexenepiMeH Tomnblfblpak
MblHa cinTeme 6onblHLWa Bine anackl3: journals.eco-
vector.com/index/pages/view/references_split .

15. ABTopnap Typanbl aKnapaTtTa
aBTopnapgblH,  Tonblk  ATbI->KOHI, FbINbIMKN
ataktapbl, fbinbiMu gapexenepi, ORCID, Scopus
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SPIN kogpbl, email xeHe KkaxeT OonfaH xarganoa
6acka na manimetTtep 6onybl Tuic. Arial wpudTiMeH
pecimaenegi, enwemi 12, Typanay — con Xakra,
LieriHiccis, »konapanblk WHTepBan — KkebenTkiLy
1,15. «<ABTOPJIAP TYPAJIbl AKIMAPAT» («ABTOP

(-NNAP)  TYPANbI  AKMAPAT», «AUTHORS’
(-'S) INFO») Takpipbibbl Gac spinneH xasbinagbl
XoHe Kapanay WwpndTneH 6enrineHeai,
astopriapabiH,  ATbI-KOHOEPI pge  kapanay

wpudTneH GenrineHegi. XaT anmacyra >xayanTbl
asTopabl ATbI-XKOHIHIH con xafbiHaa Xynabi3wa
(«*») apkbinbl 6enrinenai (aBTop, OTBETCTBEHHBIN 32
nepenucky, corresponding author). TyciHaipme >onbl
«*Xabap anmacyra >xayanTtbl aBTop/Corresponding
author» («*ABTOp, OTBETCTBEHHbIM 3a nepenuncky/
Corresponding author») «ABTOp Typanbl aknapar»
GenimMiHeH KewiH kepceTinegi.

BeT Xuektepi keneci napamertpnepre uve
Bonybl TWIC: YCTIHFi XXeHe TOMEHTI Xafbl — 2 CM, COn
Xafbl — 3 cM, OH Xafbl — 1,5 cM. Makana kenemi —
TyMNHyckanblk 3epTTeynep ywiH 10 6eTTeH ken emec,
FbIMbIMK  LLIOMYNAp XoHe KomkasbanapdbiH backa
Typrepi ywiH 20 GeTTeH acnaybl kaxeT. Kypgeni
MatemaTtukanblk opmynanap O KuMbIHTbIFbl  YLUIH
Word GargapnamacbeiHgarbl ctaHgapTTbl Equation
Editor pegakTopbl kongaHbinagbl.
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