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Aggrading Palaeozoic Carbonate Massifs. The Main
Consedimentary Megastructures in The Ultra-Deep Intervals
of The Central Asian Sedimentary Basin
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ABSTRACT

Palaeozoic carbonates exposed in the Karatau Ridge of southern Kazakhstan represent
isolated offshore carbonate massifs that developed as shallow- marine carbonate mounts within
the ancient Proto-Tethys Ocean. These massifs aggraded in response to tectonic subsidence, forming
prominent positive relief features on the ocean floor. Repeated sea level oscillations led to periodic
subaerial exposures and associated karstification, while meteoric-marine mixing in their margins led
to dolomitization. Together, these processes generated extensive karst voids and secondary
porosity that later served as hydrocarbon reservoirs. Subsequent fold-and-thrust deformations
and orogenesis, upliffed and exposed giant fragments of carbonate massifs, enabling detailed
stratigraphic and sedimentological investigations, which provide valuable insights for geological
exploration across the sedimentary basins of Central Asia.
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Hayu4HbIn 0630p

Arpagupylouime naneo3onckme KapoboHaTHble MaccuBbl. [NaBHbIe
KOHCeAUMEeHTaLNOHHbIe MeracTpyKTypbl B CBEPXIrily60Kux
MHTepBanax LleHTpanbHO-A3naTCcKoro ocago4Horo 6accenHa

B.T. XKemuyxHukoB', M. ®dyctny?, A. XK. AxmemxaHoB', A.l. Aocan’, C.K. Kyp6aHuszos?
'Kazaxcko-bpumaHcKul mexHu4Yeckul yHusepcumem, e. Anmamsi, KasaxcmaH

2Hasapbaee YHusepcumem, 2. AcmaHa, KasaxcmaH

3MexdyHapoOHbIU Kazaxcko-mypeukul yHusepcumem um. Xodxu Axmeda Scasu, e. TypkecmaH,
KasaxcmaH

AHHOTALMUA

Maneo3solickne kapboHaTtbl, OOHaxkéHHble B xpebTe Kapatay Ha tore KasaxcrtaHa, o6pasytoT
KapboHaTHble MaccuBbl, KOTOpble COPMMPOBANNCL KaK  W30MMPOBaHHbIE  BHYTPUMOPCKUE
MENKOBOAHbIE KapGoHaTHble ropbl ApeBHero okeaHa [pototeTnc. OHM HapacTanu BBepx, obpasysi
NonoXWUTENbHBIA penbed OHa okeaHa. B pesynsrate konebaHwuii ypoBHS MOPsi OKpauHbl MacCuMBOB
nogBeprnMcb  MUHEpanormyeckuMm  KanbuuT-Z4O0NIOMUTOBBLIM — TpaHcdopmaumam. Kak — cnegctsue
o6pa3zoBan1ch KapcToBble NYCTOTbl U BTOPUYHAS NMOPUCTOCTb, KOTOPbIE CTanu TUMOBLIMU KOMeKTopamm
ans  yrnesogopogoB. [locne cknagyato-HagBuroBbiXx AedopMaumii M oporeHe3a COXPaHWUUCh
rmraHTckne doparMeHTbl 3TUX KapOGOoHATHbLIX MacCMBOB, KOTOpble MOFYT ObiTb LenesbiMn o6bekTamu
[Ons reonoropasseiky B ocafoyHbix bacceriHax LieHTpanbHon Asnn.

Knroveewie criosa: ocado4Hbili baccelH, KapboHambl, azspadupyroujue Keepxy CUKBEHChI,
yanesodopookl.
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Fbinbimu wony

Maneo3on pgayipiHaeri arpagauuanbiKk KApO6oOHaTTbLlI MaccUBTEP.
Oprtanbik A3us wWeriHAai 6accenHiHiH aca TepeH KkabaTTapbiHAarbl
Heri3ri KoHceagUMeHTaUuuASbIK Merakypbisibimaap

B.T. XKemuyxHukoB', M. ®yctny?, 9.XK. AxmetmxkaHoB', A.ll. DocaH', C.K. Kyp6aHusasos?
'Kasak-bpumaH mexHukarnbIK yHusepcumemi, Anmamai Kanacel, KazakcmaH

2Hasapbaee YHusepcumemi, AcmaHa Kanacol, KasakcmaH

3Koxa Axmem Slcayu ambiHOafbl Ka3ak-mypik xanbikapasnbik yHusepcumemi, TypkicmaH Kanacel,
KasakcmaH

AHHOTALUMUA

KasakcTaHHbIH OHTYCTiriHAeri KapaTay oTacbiHaa allbinFaH naneo3on kapboHaTTapbl eXenri NpoToTmc
MYXMTbIHbIH, OKLLIAYNaHFaH TeHi3 ilWiHaeri Tan3 kapboHaTTbl Taynapbl peTiHae KanbinTackaH kapboHaTTbl
MaccuBTepai Kypanabl. Onap >kofapbl kapaw ecin, MyxuT TybiHiH OH penbediH KanbinTacTbipabl.
TeHi3 AeHreniHiH aybITKybl HOTWXeciHAe MaccuBTepAiH weTki GenikTepi MUHepanorusnblk KanbuuT-
[onomMuTTik e3srepictepre ywbipagbl. COHbIH, HOTUXECIHAE KapCT KybICTapbl MEH KaWTanama KeyekTinik
nanga 6onein, onap KeMipCyTeKTepAiH X1HanyblHa KoNannbl TUMTIK KONNEKTopnap KbI3MeTiH atkapabl.
Katnapnbl-bifbicnansl gedopmaumanap MeH oporeHesneH KeriH ocbl KapOoHaTTbl MacCUMBTEPAiH, anbin
bparmeHTTEpPI cakTanbin, onap Optanblk A3usaHbIH LWeriHai 6accenHaepiHae reonorvanelk Gapnay
XKYMbICTapbl YLUIH HbicaHasnbl 06bekTinep 6ona anagbl.

Hezizzi ce3dep: weeiHOi bacceliH, kapboHammap, Xofapbl Kapal aspadayusisibiK mypde OambiraH
cukeeHcmep, Kemipcymekmep.
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Introduction

The Karatau mountains (Fig. 1) in the south
of Kazakhstan are presented by multikilometer
thickness of siliciclastic-carbonate strata [1].
The Palaeozoic and Mesozoic-Cenozoic succe-
ssions are  biostratigraphically  constrained,
while Late Proterozoic strata are substantiated
by absolute geochronology. The complete
Palaeozoic stratigraphy is well exposed in Karatau
ridge [2, 3], which elevation rarely exceed 1000 m,
although in the axial part of the ridge reaches 2173 m
(Bessaz Peak). However, the relative elevations
of uplifts above the modern valleys is not exceeding
100-300 m. Modern river valleys intersect
the mountainous part perpendicular to the strike
of the main geological structures, creating favorable
outcrop exposures for examining structures
and stratigraphy and correlating them between
valleys over long distances (tens of kilometres).
The base of Karatau section is presented
by Bessazian Group, composed of crystalline schists,
amphibolites, and serpentinites, which are intersected
by younger plagiogranites. The isotope age dates
vary from 934 Ma to 825 Ma and 775 Ma [2], which
coincide to the tops of Tonian Period.

Two carbonate units were successively formed
during Baikalian and Caledonian tectonic epoch:
Neoproterozoic and Cambrian-Lower Ordovician,
each up to 2-3 km thick, as long as two siliciclastic
units: Neoproterozoic-Ediacaran and Middle-Upper
Ordovician flyshoids, each up to 2.5-4 km thick.
The base of this section is presented by bimodal
basaltic-rhyolite volcanites characterized by thick-
nesses up to 1.5 km and more. Their absolute
age of 725 Ma correlates with the volcano-
sedimentary deposits of the Neoproterozoic
of the Maly Karatau from the Kurgan tuffites,
the absolute age was obtained from zircons
of 820 million years and 779 million years [2].
An age of 570 Ma (corresponding to Ediacaran
of the upper Neoproterozoic) was confirmed using
K/Ar method in glauconitic sandstones of siliciclastic-
carbonate deposits of the Kyrshabakty formation
of Maly Karatau [4].

The contact with the overlying Precambrian
and Lower Palaeozoic successions is marked
by an angular unconformity presented by Baikonur
Cryogenian tilloids, which is widely recognized
as a marker horizon. These tilloids are overlain
by Terraneuvian Epoch of the Lower Cambrian
organic- and silica-rich Kurumsak formation shale

and the phosphate-bearing Chulaktau forma-
tions [1-3].
The Early Palaeozoic succession includes

Cambrian-Lower Ordovician carbonates [5] charac-
terized by a very diverse shallow- and deep-water
facies (Fig. 2) and Ordovician siliciclastic deep-
water turbidites which are dated by the fauna
of trilobites, graptolites, and conodonts [1, 2].
The end of this early Palaeozoic stage is marked
by Caledonian orogeny and associated intrusions

of the Upper Ordovician granitoids in Maly Karatau [2].
The orogeny caused significant deformation
of the Late Proterozoic and early Palaeozoic
siliciclastic-carbonate succession including
the overthrusting and assemblage of tectonic
packages in the form of monoclinal-flexural blocks
and overthrusting [6, 7] (Fig. 1, geological cross-
section C-D [7]). However, the original basin
stratigraphy including basin-wide palaeogeogra-
phical zoning has been well preserved.

The Late Palaeozoic is comprised of multikilometer
terrigenous-carbonate  deposits, predominantly
accumulated during the Hercynian stage [1-3, 8].
Red-colored terrigenous sequences of the Middle-
Late Devonian, as well as Late Carboniferous
and Permian are 2-3 km thickness each [2].
These are separated by 4 km of Famennian-
Carboniferous multifacial shallow and deep-water
carbonates, rich in diverse fossil fauna, foraminifera
and conodont microfauna [9] (Fig. 3).

The end of the deposition at the latest Permian
is caused by transpressive tectonics along
the Main Karatau Fault [10] and associated intrusion
of small granitoids. As a result, the Famennian-Early
Carboniferous carbonate basin was broken apart
into large tectonic blocks (Fig. 1, geological cross-
section A-B in lower insert).

The Mesozoic succession includes, Jurassic lacust-
rine-alluvial deposits accumulated in the Leontinov
graben [2] (Fig. 1) which was formed by the dextral
strike-slip movements along the Main Karatau Fault,
and Cretaceous continental clastics of debatable
origin.

The Karatau region is crossed cut by a giant
lineament (Fig. 1) — the long-lasting Main Karatau
fault , which was active at least since Proterozoic
when continental rift structures were formed [6].
Together with its feathering faults, it was reactivated
multiple times and particularly during the Caledonian
and Hercynian orogenies, contributing to exerting
deformations of the accumulated sedimentary strata
and their divisions into tectonic blocks, including:
North-West  Karatau, Central Karatau, Axial
Karatau, South-Eastern Karatau, Leontinov graben,
Baizhansai, Kokzhot horst and Maly Karatau (Fig. 1,
lower insert; [1]).

Carbonate massif geological model

Palaeozoic carbonates exposed in Karatau
mountains are interpreted as off-shore isolated
platform accumulations formed in two stages:
i) in the Cambrian-Early Ordovician in the Maly
Karatau and, ii) at the end of the Devonian —
beginning of the Carboniferous within the Bolshoi
Karatau [1, 5, 8]. In international geological practice,
offshore carbonate platforms have received
a cumbersome name as ‘“isolated submarine
carbonate mount”, but the closest in meaning
to geology is the term “carbonate massif’ (Fig. 4).
The carbonate massifs are characterized by
significantly higher thicknesses of reef-building
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sediments compared to their coeval deep-water
basin fine grained sediments, and a narrow transi-
tion zone between the two, where sediments shed
of from the platform form steeply dipping wedge-
shaped deposits commonly referred to as carbonate
slopes [5, 8] (Fig. 4).

The carbonate massifs themselves are almost
entirely composed of limestones comprised
of different facies and, to a lesser extent, dolomites
and other commonly light-colored carbonates.

In contrast, the coeval deep-water carbonates
thin-layered clay-rich shale are commonly
dark colored due to the preservation of ocean
derived organics in deep-water sub- and/or ano-
xic conditions. Slope deposits are commonly
characterized by alternating light and dark
colors, which are reflecting shifts between storms
when platform sourced bioclastics are derived
and quite periods when deep water sediments
accumulated from water-column.

Figure 1. Geological map and representative cross-sections of the Karatau Range
(Southern Kazakhstan)
Modified after [1]. For full names of stratotype sections (black circles) see captions in Fig. 2 and 3
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The carbonate massif developed from a flat carbona-
te shelf attached to main-land to an isolated offshore
massif characterized by marginal oolitic sandbanks
comprised of stacked grainstone accumula-
tions and deep-water reef mounds developed
on slopes (Fig. 5). In response to basement
subsidence and associated relative sea-level rise,
the carbonate massif was growing upward,
continuously providing sediment source for slope
and deep-water basin. These sediments were
derived by debris flows and both low- and high-
density turbidites [5, 8].

Reservoir Facies Associations

The shallow-water facies of the carbonate
massifs are documented: i) in the northeast —
the most ancient Cambrian-Ordovician in the Maly
Karatau, in the Ushbas-Tamdy interfluve, and ii)
in the extreme south — in the Ters-Arys inter-
fluve [1]. They are composed of interbedded
thick-layered limestones and dolomites reaching
a thicknessof 2000-4000 m, and characterized
by layers of oolitic limestones along the edges
of Palaeo-massifs [5].

The carbonate massif facies are widespread in Bol-
soi Karatau, while in Maly Karatau they are

replaced by coeval Upper
and feldspar rich red beds.
in Bolshoi Karatau include: i) Zhilandy—Shert
interfluve, and ii) in Baizhansai, between the upper
reaches of the Shayan River and the upper reaches
of the Shert River [8] they form shallow-water strata
up to 4000 m thick.

These carbonate massifs underwent mineralogical
transformations caused by early marine diagenesis
and surface karst, which led to the filling of voids
with marine cement and karst filler, as well as early
dolomitization of carbonate deposits.

ation diagram of Lower Palaeozoic Maly Karatau
area

When submerged to depth, thermal sulfate reduction
was manifested at some horizons and, as a result
of deep diagenesis, the carbonate strata were
subjected to dedolomitization (Fig. 5).

They differ well both in mineralogical composition
and in the values of stable isotopes &0
and 6"C, as well as in the ratio of strontium isotopes
87Sr/%eSr [13]. At the end of the Palaeozoic, Karatau
experienced Hercynian tectogenesis and, as a result
of shear deformations, underwent folding.

Oolite layers of sand shoal facies, sometimes
reaching a thickness of up to 500 m, have been

Devonian quartz-
Specific locations

Figure 2. Stratigraphic correlation diagram of Lower Palaeozoic Maly Karatau area
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Figure 3. Stratigraphic correlation diagram of Famennian and Lower Carboniferous of North-Western
Karatau area (modified after [9])

Figure 4. Geological model of the Karatau carbonate massif (modified after [5, 8])
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Figure 5. Geological model of Karatau mountains Famennian-Early Carboniferous carbonate platform
i) Schematic depositional model of Karatau mountains Famennian-Early Carboniferous carbonate platform
including; ii) typical sedimentary and diagenetic micro-facies (modified after [11, 12])

Note that maximum diagenesis in the Karatau carbonates is confined to the marine oolitic sand shoal facies on the platform

margin and is characterized by dolomitization of the primary limestone sediment

studied in Maidantal Formartion the Zhertansai
and Ushozen sections (Fig. 3), and paleogeographic
reconstructions suggest that they extended for tens
of kilometers [14].

Tectonic fragmentation

The Famennian-Lower Carboniferous carbonate
deposits are tectonically separated along
the Main Karatau Wrench Fault (Fig. 6) over
a distance of up to 200 km as a result of right-lateral
strike-slip deformations during of the Permian-
Mesozoic and Cenozoic periods [9]. In addition,
the carbonate deposits are divided into numerous
isolated giant tectonic blocks with varying sinistral
antithetic and extral synthetic offsets (Fig. 1). Since
the faults are curvilinear, various blocks along
the fault route experienced both uplift and subsi-
ding of the basement, depending on the distribution
of compression or tension forces. Deep fault
tectonics is widely interpreted throughout Central
Asia tectonic basement (Fig. 1, upper inset).
However, these blocks retain vertical facies
continuity, which allows for the analysis of sedi-
mentary and diagenetic facies, including various
porosity types and different karsts [12—14].

Conclusion

In the sedimentary basins of Kazakhstan,
and throughout the Central Asia, in the interval
of the Cambrian and Lower Ordovician, as well
as the Famennian and Lower Carboniferous deep
geological sections the thick carbonate deposits
of various facies are distributed over a large
area [13, 15]. In the North Caspian Depression,
within ~ the  Astrakhan-Aktobe facies zone,
the Northern, Eastern and Southern facies zones
(Fig. 1, upper inset), the giant oil and gas-bearing

DOI: 10.54859/kjogi108940

Figure 6. Palaeogeography and main tectonic
blocks and movements of Karatau Range for Late
Permian to Late Mesozoic time along dextral Main

Karatau Wrench Fault

Tengiz-Kashagan, Zhanazhol and Karachaganak
carbonate platforms have been explored and studied
in detail, forming groups of carbonate massifs
of large area and great thickness to subsurface
depth of 5 km [16-18]. Their structure and carbo-
nate facies zonation are reliably recognized
by seismic lines and borehole geophysics
methods, especially by formation-velocity characte-
ristics, as well as by density, radioactivity
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and magnetic susceptibility of the rocks [16].
There is in the northern edge of Astrakhan-Aqtobe
facial area, in the super-deep well Tasym Yugo-
Vostochnaya 1, at TD 7 km, reservoirs with a porosity
of up to 13% were interpreted and discovered,
and these data are confirmed by both borehole
geophysics and petrophysical study of the core
samples [19].
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OerMHaanoe unccnegosaHue

O npuynHax n mexaHusmMe yxyaLeHUsi CBOMCTB OypoBOro pacrteopa
npu 6ypeHun CKBaXkKMH B MHTepBanax BOAOHAaCbIWEeHHbIX NacToB
IOPCKUX OTIIOXKEHUN Ha MecTopoXaeHusiX Y3eHb u KapamaHabi6ac

10.A. Bynaa, P.B. xxanuwes, PXK. KyatoB, C.A. NMpumbetoB, B.M. Ote6an, O.K. Cap6oneeB
@unuan KMl UrxuHupuHe «KasHUTMmyHatza3», 2. Akmay, KasaxcmaH

AHHOTALMUA

O6ocHoBaHue. [Ins mecTopoxaeHun Y3eHb n KapamaHngpibac tunmdHa npobrnema obpasoBaHust
B CTBOME OypsALMXCA CKBaXMH 3abOMHbIX nadyek GypoBoro pactsopa C yXyALEeHHbIMU BSA3KOCTHbLIMU,
peonornyeckuMn n unbTPauMoHHBIMU XapakTEPUCTUKAMK B MHTEpBanax 3aneraHusi BogoHachILWeH-
HbIX MIAacTOB KOPCKMX OTIIOKEHWI NOCIe HaxoxaeHus paboyero 6ypoBoro pacTBopa B 3TUX MHTEpBanax
B CTATMY4ECKOM COCTOSIHUM OT HECKOMbKMX 4YacoB A0 CyTOK M Gonee. OTo npoucxoanT gaxe 6e3 dukcu-
pyembix Mpu3HakoB BogonposBsneHuns. MpuynHon atoro AenseTcs Bo3feincTesme Ha GypoBon pacTsop
nnacToBbIX Bog C 6ornee BbICOKMMM MUHeEpanu3aumen u KECTKOCTbI, YeM BodHas ¢hasa pacTsopa.
OpHako B criyqasix OTCYTCTBMS BOAOMNPOSIBNEHUIN B CTaTU4ECKOM COCTOSIHUM 3TO BO3OENCTBME MPOMUC-
XOOWT He B pe3ynbTare HenoCcpeacTBEHHOro PM3NYECKOro CMELLIEHUS 3TUX XUOKOCTEN, a B pesynbra-
Te Anddy3MOHHOIO 1 OCMOTUYECKOrO MaccomnepeHoca Mexay nriacTtoBbiMU BOAAMU U ANCMIEPCUOHHOWN
cpegou 6ypoBoro pacreopa.

Uenb. Lenbio nccnegoBaHns ABNSIETCA packpbiTe MexaHu3ma yXyALleHUs TEXHOMNOMMYECKMX CBOWCTB
6ypoBOro pacTeopa, BbI3BAHHOIO CYLLECTBEHHLIM POCTOM MUHEpPanu3aummn 1 obLemn XECTKOCTU BOAHON
a3kl pacTBopa B pe3ynsrare NpoTekaHUs NPoLIeCCOB MacconepeHoca.

Martepumanbl u meToabl. B kauecTee 06pasLoB UCMbITyemMoro 6ypoBoro pactsopa NpuUMEHsININCL ero Ha-
TypHble 06pasubl, OTO6PaHHbIE B LIUPKYNALMOHHbBIX CUCTEMAX BYpPSLLMXCA CKBAXKWH HA MECTOPOXAEHUN
Y3eHb, a Takke mMofgenb NnacToBOW HOPCKOW BOAbI, NMPUrOTOBMEHHAast B N1labopaTopHbIX YCNOBUSAX C UC-
Nnonb30BaHWEM XMOPUCTLIX COMewt HaTpus, Kanbuus n marHusa. OCHOBHbIMW MeTodamu UCCrefoBaHun
SABNSAMUCH 3KCMEPTHO-aHaNUTUYECKUA MeToh M nabopaTopHO-3KCMEPUMEHTANbHOE MOAENMPOBaHUE
B3aVMMOAEWCTBMS HaTypHbIX 06pa3sLoB BypoBOro pacteopa ¢ MoAesbio NacToBon BoAbl 6e3 nx npsMo-
ro KOHTaKTa B CTaTU4YECKOM COCTOSIHUW, C BMU3yanbHbIM U MHCTPYMEHTambHbIM ONpeaeneHneM CBOWCTB
pacTBopa 40 ¥ Nocre ykasaHHOro B3aMMOAENCTBUSA B TEYEHNE CYTOK.

PesynbraTthl. VccrnenoBaHue nokasano, 4YTO yxydlleHue CBOWCTB OGypoBoro pacTtBopa npu ero
B3aUMOLENCTBUM C BbICOKOMUHEPANM30BaHHOM MNi1aCTOBOW BOOOW HOPCKUX OTNOXEHMI 6e3 nx npsimMoro
B3aMMHOrO KOHTakTa oOycnoBneHo npoTekaHneMm Anddy3MOHHO-OCMOTUYECKOrO MaccoobmeHa
Mexay 3TUMU OBYMS XUAKOCTAMU, B3aMMOAEWCTBYIOLLMMUN B CUCTEME «CKBaXMHA — unsTpaLMoHHas
Kopka GypoBoro pacteopa — nnact». PesynbraTtbl nabopaTopHO-aKCNEpPUMEHTarbHbIX UCCREAOBaHWUN,
NpoBeAEHHbIX C MOZENMPOBaHMEM BCEX YKa3aHHbIX 3MEeMEHTOB B3aMMOOEWCTBUS  yKasaHHbIX
XNOKOCTeW, NOATBEPAUNM AaHHOEe 0OBbACHEHWe.

3akntoueHue. B pesynbrate npoBegEHHOTO KOMMSEKCa 3KCMEPTHO-aHanNUTUYECKUX U nabopaTopHo-
3KCNEePUMEHTArNbHbIX UCCNEA0BaHWIM MOMyYeH OTBET O NMPUYMHAX YXYALIEHUS] TEXHONOMMYECKUX CBONCTB
OypOoBbIX PacTBOPOB, HAXOASALUMXCA B CTBOME CKBaXWHbl B CTaTM4ECKOM COCTOSIHUM B MHTEpBanax
3aneraHvsa NnacToB, HaCbIWEHHbIX BbICOKOMUHEPANU30BaHHbIMM MacTOBbIMM BOAaMW C BbICOKOW
XECTKOCTblo. OOBACHEH MEXaHW3M 3TOro SABMEHUS, NMPOUCXOAALLEr0 B CTBOME OypsLEenca CKBaXKUHbI
Aaxe 6e3 NpsiMoro hr3n4ecKoro KOHTaKTa 3TUX ABYX XUAKocTen. MNpakTuieckoe NnpuMeHeHne nonyyeH-
HbIX pe3ynbTaToB MOXET M OOMMKHO HamTn cebs npu paspaboTke, NCCrneaoBaHUM U NPUMEHEHWUWN B Npak-
TUke OypeHust ckBakmH BypoBbIX PacTBOPOB, YCTOMYMBLIX K MOMMMUHEPArnbHON arpeccun NinacToBbIX
BOf, aHanormyHbIX unu GnmnskMx Mo CBOEMY WMOHHO-CONEBOMY COCTaBy TeM, YTO OnucaHbl B AaHHOMN
cTarbe.

Knroveewlie croea: nnacmosas goda, bypeHue, 6ypoeoll pacmeop, MmexHo/o2u4eckue ceolicmea,
aepeccusi, Oughghy3usi, 0CMOC, MaccornepeHoc.
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On the Causes and Mechanism of Deterioration of the Properties
of Drilling Mud when Drilling Wells in the Intervals of Water-Saturated
Layers of Jurassic Sediments at The Uzen and Karamandybas
Fields

Yury A. Bulda, Ruslan V. Dzhalishev, Rustem Zh. Kuatov, Serik A. Primbetov,

Berikbay M. Otebay, Orak K. Sarbopeyev
Branch of KMG Engineering “KazNIPImunaigaz”, Aktau, Kazakhstan

ABSTRACT

Background: This work is devoted to the problem typical for the Uzen and Karamandybas deposits
of the formation of downhole packs of drilling mud in the trunk of drilling wells with degraded viscosity,
rheological and filtration characteristics in the intervals of occurrence of water-saturated layers
of Jurassic sediments after the working drilling mud has been in these intervals in a static state
for several hours to 1 day or more. Moreover, this happens even without fixed signs of water ingress.
It is explained that the reason for this is the effect on the drilling mud of formation waters with higher
mineralization and hardness than the aqueous phase of the mud. However, in the absence of water
manifestations in a static state, this effect does not occur as a result of direct physical mixing
of these liquids, but as a result of diffusion and osmotic mass transfer between formation waters
and the dispersion medium of the drilling mud.

Aim: The article reveals the mechanism of deterioration of the technological properties of the drilling
mud caused by a significant increase in mineralization and the overall hardness of the aqueous phase
of the solution as a result of the above-mentioned mass transfer processes.

Materials and methods: The test drilling mud samples used were actual samples taken
from the circulation systems of drilling wells at the Uzen field, as well as a model of Jurassic formation
water prepared in the laboratory using sodium, calcium, and magnesium chloride salts. The main
research methods were expert analysis and laboratory-experimental modeling of the interaction of field
samples of drilling mud with a model of formation water without direct contact in a static state, with visual
and instrumental determination of the properties of the mud before and after the specified interaction
within 24 hours.

Results: The study showed that the deterioration of drilling mud properties when it interacts with highly
mineralized formation water of Jurassic deposits without direct mutual contact is due to diffusion-osmotic
mass transfer between these two fluids, interacting in the “wellbore — drilling mud filter cake — formation”
system. The results of laboratory and experimental studies conducted with modeling of all the specified
elements of interaction between these fluids confirmed this explanation.

Conclusion: As a result of a series of expert analytical and laboratory experimental studies, an answer
was obtained regarding the causes of the deterioration of the technological properties of drilling muds
located in the wellbore in a static state in intervals of formations saturated with highly mineralized
formation waters with high hardness. The mechanism of this phenomenon, which occurs in the wellbore
even without direct physical contact between these two fluids, has been explained. The practical
application of the results obtained can and should find its place in the development, research,
and practical application of drilling muds that are resistant to the polyminerals aggression of formation
waters similar or close in their ion-salt composition to those described in this article.

Keywords: formation water; drilling; drilling mud; technological properties; aggression; diffusion;
0smosis; mass transfer.
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TynHycka 3epTTey

©3eH xaHe KapamaHabibac keH opbiHAapbiHAaa KOpa weriHginepiHiy
CyFa KaHblKKaH KabaTTtapbl apanblKTapbiHAa YHFbIManapabl
Oypfbinay KesiHae Oypfbinay epiTiHAICIHIH KacueTTepiHiH
Hawapnay cebéentepi MEH MexXaHMU3Mi Typanbl

10.A. bynaa, P.B. xxanuwes, P.X. KyatoB, C.A. lpumbeToB, B5.M. ©Teb6an,

0O.K. Cap6oneeB
KMI™ UnxxuHupuHe «Kasf3)XKWmyHatiza3» ¢punuansi, AKmay kanacbl, KazakcmaH

AHHOTALUA

Herizpey. ©3eH xoHe KapamaHabibac keH opblHAapbl YWiH Bypfbinay yHFbiIManapbiHblH OKMaHbIHAA
XYMbIC iCTenTiH Oypfbinay epiTiHaici GipHewe cafattaH Oip Toynikke AewiH Hemece odaH Aa Ken
cTaTtukanblk Kynae GonFaHHaH KeriH topa LeriHainepiHiH, cyFa kKaHblkkaH kabaTTapblHbliH nanga Gony
apanbikTapblHO4a TYTKbIPMbIFbl, PEONOrMAmbIK XaHe Cy3y cunatTaMmanapbl HawapnafaH Oyprbinay
epiTiHAaiciHIH, keHxap GymanapbiHbliH naaa 6ony npobnemackl TeH. Byn KybObinbiC Cy KepiHiCTEpIHIH
TipkenreH Genrinepi 6onmaraH xafganga ga opbliH anagbl. ATanfad xafgan Oyprbinay epiTiHAICIHIH,
cy (pasacbiHa KapaFaHda MuHepanfaHybl XoHe KaTTblblfbl XOFapbl KabaT cynapbiHblH SCepiHeH
TyblHOanObl. Ananpa, craTukanblk Kyiae cy KepiHictepi 6GonmaraH xafganpga, 6yn acep ocChbl
CYWbIKTbIKTapablH, Tikenen duavkanblk apanacyblHaH emec, kabaTt cynapbl MeH Bypfbinay epiTiHAICIHIH,
ancnepcuanbiK opTackl apacbiHaarbl AN dy3nanbIK )KeHe 0CMOCTbIK Macca anmacyblHaH 6onagabl.
MakcaTtbl. 3epTTeydiH MakcaTbl-Macca anMacy npouecTepiHiH Xypyi HaTWXeciHAe MuHepangaHyAbiH
XK8He epiTiHAIHIH Cynbl da3acblHbIH, Xannbl KATTbINbIFbIHBIH, aiTaprbIKTan ecyiHeH TyblHAaFaH Oypfbinay
epiTiIHAICIHIH TEXHONOrMANbIK KACUETTEPIHIH Halapnay MexaHu3MiH aLy.

Matepuangap MeH agictep. CbliHanaTtblH Oypfbinay epiTiHAICiHIH ynrinepi peTiHoe ©3eH KeH
OpHblHAafbl Oypfbinay YHfblManapbiHbIH alHanbIM XKyWenepiHeH anblHFaH OHblH, TabwufFn ynrinepi,
CcoHAav-aK HaTpuKn, KanbLUM XeHe MarHui xnopua Ty3gapblH navganaHa oTbipbin, 3epTxaHanblk
Xaffanga pavibiHoanFaH kabat topa CyblHbiH Mogeni namganadbingpl. 3epTTeyaid Herisri agictepi
Oip Toynik iWiHOe KepceTinreH e3apa apekeTTecyre AeWiH XaHe oAaH KewiH epiTiHAIHIH KacueTTepiH
BM3yanabl XXeHe acnanTblk aHblKTaW OTbIpbIn, Oypfbinay epiTiHAICIHIK TabuFK yNrinepiHiy, ctaTukanbIk
Kyoe TiKenem »aHacyblHCbl3 KabaT CyblHblH MofeniMeH e3apa opeKeTTecyiH capanTamarnblk-
aHanuTUKanblK a4ic xaHe 3epTxaHarnblK-9KCNnepUMeHTTIK Mogenbaey 6onabl.

HaTtuxenepi. 3eptTey kepceTkeHaen, topa LUeriHAinepiHiH Xofapbl MUHepangaHfaH kabaT cybiMeH
Tikenen e3apa 6GaivnaHbicCbi3 ©3apa opekeTTecyi KesiHoe Oypfbinay epiTiHAICIHIH KacueTTepiHiH
Halaprnaybl OCbl €Ki CyWbIKTbIK apacbiHAarbl ANPAY3nsSNbIK — OCMOCTbIK Macca anmMacyblHbIH
«YHFbIM@ — Oypfblnay epiTiHAICIHIH - Cy3ri  KblpTbICbl-kabaT» XyheciHoe ©3apa opekeTTecyiHe
GavinaHbicTbl. KepceTinreH cyMblKTbIKTapAblH ©3apa apekeTTecyiHiH 6apnblk KepCeTinreH aneMeHTTepiH
MOZEenbAeyapKbifbl  XKYPFi3inreH 3epTxaHanblk-3KCNepUMEHTTIK  3epTTeynepaiH  HaTwxenepi  ochbl
TYCiHiKTEMEHI pacTagbl.

KopbiTbiHgbl.  XKyprisinreH  capanTamanbik-Tangamarnblk  XXeHe  3epTXaHarblK-3KCNEePUMEHTTIK
3epTTeynep KeleHiHiH HaTwxkeciHae CTaTukanblk Xarhaga yHFblMa OKMaHbliHAA OpHanackaH, »XofFapbl
MUHepangaHfaH XaHe KaTTbifbIfbl XOofapbl kabaT cynapbiMeH KaHblkkaH kabatTap uHTepBangapbiHaa
TypFaH Oypfblnay epiTiHAICIHIH TEXHONOrMANbIK KacueTTepiHiH TemeHaeyiHiH cebenTepi aHblKTanabl.
Bypfbinay yHfFbIMacblHbIH, OKNaHbIHAA, TiNTi OCbl €Ki CYMbIKTBIKTbIH Tikenen usmkanblK XaHacyblHCbI3
bonaTtblH Oyn KyObINbICTLIH MeXxaHW3Mi TyCiHAIpINAi. AnblHFAH HaTWXenepai npakTukanblk KongaHy
yHFbiManapgpbl 6yprbinay TexipubeciHge ocbl Makanaga cunatTanFaHgaprFa ykcac Hemece onapgblH
MNOHABIK-TY3Abl KypamblHa yKcac nonMMmuHepanabl kabaT cynapblHbiH, arpeccusicbiHa Tesimai bypreinay
epiTiHginepiH asiprey, 3epTTey xaHe KongaHy kesiHae e3iH Taba anagbl xaHe Tabybl kepek.

Hezizzi cezdep: kabam cybl, byprbinay, byprbinay epimiHdici, mexHonoausinbIK kKacuemmepi, azpeccus,
Oughbgpy3us, ocmoc, xarnnal macbimanoay.
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BBeneHue

3avacTyto Ha MecTopoxaeHusx Y3eHb n Kapa-
MaHAgplbac Npy BOCCTAHOBMEHWUMN LMPKyNsaumum Gypo-
BOro pacTtsopa (nocrie €€ AnuTenbHbIX 0CTaHOBOK
ONs NpoBefeHNst reodU3NYECcKUX UCCNenoBaHuii
CKBa>KWH, CMYCKO-NOABEMHbIX Onepaumn nnm peMoH-
Ta BypoBoro obopynoBaHusi) HabnogaeTcs BbIMbIB
BA3KMX 3aBOMHbIX Nayek pacTBopa Ha NOBEPXHOCTb
U3 WHTEpBaroB 3arneraHusi BOAOHOCHbLIX MracToB
NPOOYKTUBHBIX OPCKUX OTNOXEHWA. JTW Nayku,
Kak npaBuro, obnaaarT BbICOKMMU BS3KOCTHLIMMU,
peonornyeckuMn 1 UNLTPaLMOHHBIMU  Napame-
TPaMu, 3HAYUTENMBHO OTNUYAKLMMUCS OT OcTaslb-
Horo obbéma OypoBOro pacteopa, HaxoAsLierocs
B LMpKynsumm, 4To TpebyeT nnbo nx cobpoca (BbiBoAa
U3 uMpkynsiuum), nubo gononHuTensHom xmMobpa-
60TKV ANst BbIPAaBHWBAHUS CBOMCTB YKa3aHHbIX na-
Yek C oCTarbHbIM LMPKYMPYHOLLIMM PacTBOPOM.

Mo MHeHWo 3KCnepTHOro  GomnbLUMHCTBA,
3TW naykm obpasyloTcsl B pesynbrate BOAOMPOsB-
NEeHWN, COMpOBOXAAILMXCA OTpULATENbHBIM BMK-
SIHUEM MNacToBbIX BOZA HOPbl Ha TexHorornyeckue
cBovicTBa bypoBbix pacTBopoB. OfHaKo B 6OMbLLWH-

CTBe cryyaeB Mpuv ANUTENbHbIX OCTAHOBKAX LIMPKY-
NAUMM B UHTEpBanax PCKUX OTIIOKEHWI ¢ nocre-
ZOyHoLyM BO30GHOBINIEHMEM LIMPKYNALMM U BbIMbIBOM
13 3TUX NHTEPBarnoB BsI3KUX Nayek 6ypoBoro pacTeo-
pa He HabntogaeTcs npupocTa ero o6bEma B LIMPKY-
NALMOHHON cUCTEME, T.e. HEe OTMEYaEeTCA OCHOBHOTO
NepBUYHOrO NpU3HaKka BOAOMNPOSBIEHUN.

Yto e Ha caMoM fene SBNsieTcs MpUYUHON
obpa3oBaHusi 3aboliHbIX nadek BypoBoro pacTeopa
C yxyglweHHbIMXU napamMeTpamMn B HOPCKUX OTIOXe-
HUSIX MPU OTCYTCTBUM pUKCaLMKU BOAONPOSIBNEHMIA
1 KaKOB MeXaHW3M 3TOr0 SIBMNEHMSI, PACCMOTPUM HIXKe.

MaTtepuansi n metoabl

[ns oTBeTa Ha BbllWe3afaHHbI BONPOC HEOO-
XOOQUMO CpaBHUTb NpeacTaBrneHHble B Tabn. 1 du-
3UKO-XUMUYECKNE XapaKTEPUCTUKUN LOPCKUX NiacTo-
BbIX BOA MecTopoxaeHun Y3eHb n KapamaHgbibac
C XapaKTepuCTUKON ANCNEPCUOHHON cpeabl (BOQHON
asbl) TMNOBLIX OYpPOBLIX PacTBOPOB, MPUMEHSse-
MbIX Ha OaHHbIX MECTOPOXOEHUAX U KOHTaAKTUPYHO-
LUMX C YKa3aHHbIMU MracToBbIMU Bogamu npu dype-
HWW CKBaXWH.

Ta6nuua 1. OcCHOBHbIe hU3NKO-XMMUYECKUe CBOMCTBA NNacTOBOWN KOPCKON BOAbI MECTOPOXAEHNN
Y3eHb n Kapamanabi6ac n BogHoun hasbl npuMeHsieMbIX OypoBbIX pacTBOPOB
Table 1. Main physical and chemical properties of Jurassic formation water from the Uzen
and Karamandybas fields and the water phase of drilling muds used

MnoTHoCTL Npn CopepxaHue MOHOB (OCHOBHbIX), O6wasn Tun BoAb!
Bua BoaHoM cpeabl 20°C, rlcm® Mrin RMHEPATVSIL, no CynuHy AKTUBHOCTb
: L o pH lon content (main), mg/L mr/n Water type L
Type of water environment | Density at 20°C, . e ? Activity
Jom?® Total mineralization,| according
9 c | ca* | Mg* | Na*+K* mg/L to Sulin
MnactoBas topckas K);’Lip";g':;
(ycpeaHEHHO) 1,11* 6,7 |90 000* (10 000*| 2 000* | 48 000* 150 000* calliium ~ 0,890
[Jurassic Formation (average) :
chloride
XNOpUAHO-
BopaHas casa byposoro HaTpueBo-
pacTeopa (ycpear&HHo) 1,02 85 |<4000| <300 | <100 | <2500 <7000 Kanbumesas | - 995
\Water phase of drilling mud chloride-
average sodium-
i
calcium

*ons MPOMbIMbIX, 3aB00HEHHBIX ydacmkoe u3Ha4alslbHO Hed)meHaCblU.{eHHle nnacmos 8 ﬂpDameUEHbIX IOPCKUX OMIIOXeHUAX XapakmepHbl
MeHbwue 3Ha4eHus codep)KaHun UOHO8 8 nracmoeol 8ode u eé nnomHocmu, 3asucsAawue om 8uda HazHemaemou 605[::!, cmerneHu ux cMeweHus

mex0dy coboli u MpoMbIMocmu rnaacmos.

*for washed, flooded areas of initially oil-saturated formations in productive Jurassic deposits, lower values of ion content in formation water
and its density are characteristic, depending on the type of injected water, the degree of their mixing with each other, and the degree of formation

washing.

W3 cpaBHeHns BUAHO, 4TO 06Lwas MnuHepanmnsa-
LIMS U MOHHBIN COCTaB 3TUX ABYX XUOKOCTEW 3HAuM-
TENbHO pasnuyaroTcst Mexay coboi. B To e Bpems
U3 TEOPUM PU3NYECKON N KONMONAHOW Xumun [1-6]
M3BECTHO, YTO MPW KOHTAKTE TaKuX XUOKOCTEN Kak He-
nocpeacTBeHHO Mexay cobow, Tak 1 Yepes nonynpo-
HUL@eMylo Meperopogky, MMeKT MecTo MpoLiecchl
onddpyanm 1 ocmoca, B pesynbsrate KOTOpbIX Mexay
XMOKOCTSMU NPOUCXOQNT MacconepeHoc.

Ondbbysunss — 310 NpOHMKHOBEHWE (nepeme-
LeHne) Monekyn BellecTBa U3 BMellalollei ero
cpeabl B cpedy, codepxallyl TO Xe BeLlecTBo,
HO C MeHbLUel KOHLEeHTpaumnen, Ha rpaHvue pasae-

na atunx cpeg. KoadduumneHt anddysnm 3aBucut
OT CBOWCTB M cocTaBa AMPDYHANPYIOLLErO Belle-
cTBa, CBOMCTB OypoBOro pacTtBopa u ero gunsrpa-
LIMOHHOW KOPKW, TeMnepaTypbl, KOHLEHTpaumn and-
(PYHAMPYIOLLErO BELLEeCTBa, AABMEHNUS U T. M.

Ocmoc — ato guddpysuss pacTBopuTens uye-
pes3 nonynpoHuLaeMyo neperopoaky (MembpaHy),
paspensioLLyto ABa pacTBopa OAHOrO U TOro Belue-
CTBa C Pa3HON KOHLUEHTpauueh u MnponycKaoLlyro
TOMbKO Mornekynbl pacteopuTens. CyLHOCTb OCMO-
ca 3aKni4aeTcsi B CamMONpOU3BONbHOM Mepexoae
pacTBopuTEns B pacTBop ¢ GonblUuei KOHUEHTpaLuu-
€l paCTBOPEHHOIO BELLECTBA.



OPUI'MHAJIbHBIE UCCJIEJJOBAHUA

Tom 8, Ne 1 (2026)

BectHuk Hedrera3osoii orpacin Kasaxcrana

[Mpn aTOM AaHHbIE NPoLEeCcChl, NPUMEHUTENIbHO
K Hallemy paccMmatpuBaemMoMy crydat, MoryT
UMeTb creaytoLlee onucaHve:

1) B npouecce guddgysmoHHoro macconepe-
HOCa AMCCOLMMPOBAaHHbIE B AVCNEPCUOHHOW cpeae
BypoBOro pacTeopa 1 B NNacTOBbIX BOAAX MOHbLI CO-
newn, ykasaHHble B Tabn. 1, auddyHanpytoT (nepe-
MeLaTcs) n3 cpeapl ¢ Ux bonbLUen KOHLEeHTpaumen
(13 nnacToBbIX BOA) B cpedy C MeHbluel KOHLEH-
Tpauven (B BogHyw a3y OypoBoro pactsopa).
OT0 NepemeLLeHVe NOHOB NPOAOIHKAETCA BO BpEMe-
HW BNNOTb A0 BbIpaBHMBAHUA (3KBaNM3aLun) KOH-
LIeHTpauMin MOHOB MNacToBOM BOAbI B NMPUCTBOSb-
HOW 30HEe nracTa U MOHOB BoaHOW dha3bl BypoBoro
pacTBopa B CTBOSIE CKBaXWHbI;

2) OCMOTUYECKUIN MacconepeHoc MMeeT Mec-
TO BCNEACTBUE pasHuLbl B aKTUBHOCTW AUCMEPCUOH-
HOW cpefdbl BypoBOro pactBopa M NNacToBbIX BOA,
BefiM4MHa KoToporn obpaTHa CyMmMapHOM KOHLEHTpa-
LM pacTBOPEHHbIX B HWX COeEN, a Takke bnarogaps
Hanuunio Ha BHELLHEN N BHYTPEHHEN NOBEPXHOCTSIX

nnacta UNbLTPaALMOHHON KOPKW, UrpaoLLen porb
nonynpoHNLaeMow Neperopoaku; mexay 6ypoBbiM
pacTBOPOM W NNacTOBbIMW BOAAMW BO3HWUKAET OC-
MOTUYECKUI Nepenag AaBneHus AOMONHUTENbHO
K TOMY, KOTOpbI CyLLEeCTBYeT B BUAE CTATUYECKOrO
1 OMHaMU4YecKoro nNpoTuBoAaBneHus 6ypoBoro pac-
TBOpa Ha nnact. [log OencTBMEM OCMOTUYECKOrO
nepenaga AaBneHus pacTBOpUTENb AUCMEePCUOH-
HoW (hasbl BypoBoro pacTtBopa (npecHas Boga) ne-
pemMellaeTcs M3 pactBopa B MNacT, HaCbIWEHHbIN
MUWHepann3oBaHHOW BOAOW.

BblweonncaHHble npouecchl, npoTekakoLue
B MPOTMBOMOMOXHbIX HanpaBneHusix, OyaoyT npo-
AonmkKatbCAa A0 BblpaBHUBAHUA KOHLleHTpaLl,I/IVI MNOHOB
pPacTBOPEHHbIX B HUX Comnen No 06e CTOPOHbI CTEHKU
CKBaXMHbI.

Ha puc. 1 cxemartnyeckn nokaHasel oba onu-
CaHHbIX Mpouecca MacconepeHoca, NPOUCXOASALLUX
B WHTepBanax 3arneraHusi BOOOHACHILWEHHbIX Mnna-
CTOB lOpbl C COOTBETCTBYIOLEN MUHepanusauuen
nnacToBbIX BOA,.

PucyHok 1. Cxema ancdcpy3MoHHOro 1 0OCMOTUYECKOrO MacconepeHOCOB MeXay ANCNEepPCUOHHOWN cpeaow
TUNoBoro 6ypoBOro pacTBopa, NpPMMeHseMOro Ha MecTopoXxaeHusax Y3eHb u KapamaHgbibac,
M NNacToBbIMM BOAaMM HOPCKUX OTIIOXEHUI 3TUX MECTOPOXAEHUN
Figure 1. Schematic diagram of diffusion and osmotic mass transfer between the dispersion medium
of a typical drilling mud used at the Uzen and Karamandybas fields and the formation waters
of the Jurassic deposits at these fields

OnddysnoHHoMy 1 ocMoTUHECKOMY Maccone-
peHocam B CTBOSE BypsLLMXCA CKBaXXUH NMOCBSLLEHO
[OBOMbHO MHOMO UCCNeAoBaHWUA, onyOnmnKkoBaHHbIX
B psige paboT aBTOpoB ONMXKHEro 1 AarnbHero 3apy-
Gexbs [7—15]. OgHako Bce HaligeHHble U uccneno-
BaHHble UCTOYHUKM pacCcMaTpuBaroT BIUAHUE ITUX
NPOLECCOB NPUMEHMUTENBHO K CTabUNBbHOCTU CTEHOK
CKBaXWHbI, B NepBYK o4vepeab, B MMUHUCTLIX NOPO-
nax, uanyeckoe COCTOSIHME KOTOPbIX U3MEHSIETCSH
B pesyrnbraTte Ux KaTMoHO- U BogoobmeHa ¢ 6ypoBbl-
MW pacTBOpaMu, a Takke yaenstoT BHUMaHue raso-
nposBneHnam, BO3HUKaAKLWMM B pesynbraTte ,Cl,l/l(b-

dy3un rasa M3 rasoHacblLLEHHbIX NacToB B CTBOM
CKBaXWHbI. [JaHHbIX 06 CCrefoBaHWUM BAUSIHUS 3TUX
NpoLeccoB Ha CBOMCTBa caMux BypoBbIX pacTBOPOB
B XOZle NouCKa 1 aHanmaa UCTOYHWUKOB MHGOopMaLum
He BCTPEYEHO.

Bo3moXHO, OT4YacTu 3TO CBH3aHO C TeM,
4YTO B npouecce yrnybneHus unu NPOMbIBKM CTBO-
1a CKBaXMHbl LMPKYnupylowmm GypoBbiIM pacTBO-
pOM BhbILLEONMCAHHBIE NPOLIECCHl MacconepeHoca
npoTekarT ¢ 0O6BbEMHOV CKOPOCTbIO ropasgo MeHb-
Len, Yyem o6 bEMHAs CKOPOCTb ABWXKEHUSI pacTBopa
no 3aTpyGHOMY NpOCTpaHCTBY, @ NokanbHO obpa-
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3ylolecss nopuum pacteopa ¢ U3MEHEHHLIM WOH-
HbIM COCTaBOM ObICTPO CMELUMBAOTCA B LMPKYNu-
pyloLLeM MoToKe CO BCEM OCTarbHbIM pPacTBOPOM.
K ToMy xe Ha npakTuke OypoBOW pacTBOp, Haxo-
OSWMIACa B UMPKYNsSUMKU, No mepe yrnybnexus
CKBaXXMHbl KaKk Nepuoauveckn, Tak U MOCTOSIHHO
noaBepraeTcss KOHOUUMOHMPOBAHUIO NYyTEM ero
XUMobpaboTku, pa3baBneHnst 1 NonosiIHeHUs! CBe-
XUMKU nopumsMM  pactBopa. Bcneactesue 3TOro
BMUSIHWE MpPOLLECCOB AU EY3MOHHOIO U OCMOTU-
YeCKOro MacCOMNepeHOCOB Ha CBOWCTBA Haxoas-
werocs B AMHaMuKe (LMpKynupytoLlero) 6ypoBoro
pacTBopa He Bcerga huKeupyeTcs BU3yarbHO Unn
pe3ynsTaTtaMmu nabopaTopHOro TECTUPOBAHMWS B MO-
NeBbIX YCIOBUSIX.

WHasa kapTnHa Habrniogaetcs, korga OypoBon
pacTBOpP HaxXOAMTCS B MHTepBanax 3aneraHus nna-
CTOB, HacCbILWEHHbIX BbICOKOMUHEPANN30BaHHOWM
BOOOW BBLICOKOW XECTKOCTM (B AaHHOM cryvae,
B IOPCKUX OTIIOXKEHUSAX) B CTATU4YECKOM COCTOSs-
HWUM B Te4YeHWe ANUTENbHOro BpEMEHN — He MeHee
HeCKOmNMbKMX YacoB. B aTux ycnoeusix u 3a ato Bpe-
Msi BCE NpoLecchbl MaccoobmeHa Mexay nnacToBoK
BOOOW M orpaHu4veHHbIM ob6bEémom BypoBoro pac-
TBOpA, CTAaTUYHO HAXOOALMMCS NPOTUB YKa3aHHbIX
nnacToB, yCneBalT 3aBepLUMTbCS 3KBanusauunen
KOHLEHTpaumuM WOHOB BO B3aMMOLENCTBYIOLLMX
XKMOKOCTSIX, B pesynbrate 4Yero MuHepanusauus
1 obLLas XKECTKOCTb AUCTNEPCUOHHON cpeabl Bypo-
BOr0 pacTBopa pe3ko BO3pacTaloT, 0COOEHHO B WH-
TepBanax MpuUcCyTCTBUS BbICOKOMUHEpParM30BaH-
HbIX XXECTKMX NNacToBbIX BOA tOpbl. B TO e Bpems
KaXkabl U3 KIHYEBBLIX KOMMOHEHTOB OYpPOBLIX pac-
TBOPOB, NPUMEHSIBLUMXCA paHee U NPUMEHSIIOLLNX-
€A B HACToOsILLee BPeMs HA MECTOPOXAEHMSAX Y3eHb
n KapamaHgbibac, nmeeT onpegenéHHbIi nopor
cBoel  (PU3MKO-XMMUYECKON COBMECTUMOCTU MO
KOHLIEHTpauwmm ¢ kaTuoHamu kanbuma Ca** n marius
Mg**, bopmumpytoLmm 06LLYHO XKECTKOCTL Ancnep-
CVOHHOW cpefbl. Bbile 3Toro nopora ¢ KOMNoHeHTa-
MW pacTBopa NPOUCXOAAT PasnuyHble HEraTUBHbIE
N3MEHEHUSI B UX CBOMCTBAX BMNIIOTb 40 AECTPYKLUN
1 notepu pyHKLMOHANBHOCTHU.

OcHoBbIBasicb Ha [AaHHbIX Tabmn. 1, MOXHO
OLEHUTb TEOPETUYECKYID Pe3ynbTUPYIOLLY CyM-
MapHyl KOHLUeHTpauuio katuoHoB Ca** u Mg*™
B AMCNepCcUoHHoW cpefe BypoBoro pactsopa, Ha-
XoAsLerocsi B CTaTUY4ECKOM COCTOSIHUM NPOTUB
BOJOHOCHOIO OPCKOro nnacrta, KoTtopas rnocne
MOMTHOTO OKOHYaHus npouecca AMddYy3MOHHO-
ro U OCMOTMYECKOro MaccornepeHoca MOXeT COo-
ctaBuTb oT 6500 go 12 000 mr/n (pocT oT 16 go
30 pa3), a TeopeTuydeckasa pesynbTUpYLasa KOH-
ueHtpauusi conm NaCl B gucnepcuoHHol cpeae
OypoBoro pactBopa nocrie nonHoro Aunddysn-
OHHO-OCMOTUYECKOr0 B3aMMOLEWCTBUSA C HOPCKOW
nnacTtoBOoM BOAOW MOXeET cocTaBuTb OT 64 223
no 122 000 mr/n (Bo3pactu B 10—19 pas).

B Ttabn. 2 npencrtaBneH 6a3oBbli (MO KMHO-
YeBbIM KOMMOHEHTaM) cocTaB WHrMbupytoLlero

BGypoBoro pactesopa, NPMMEHSEMOro B HacTosiLee
BpeMS Ha MECTOPOXAeHUsX Y3eHb n KapamaHgbl-
b6ac gns GypeHus CKBaXWH B MHTepBanax 3anera-
HUS MErOoBbIX U IOPCKUX OTNOXEHUN, C yKa3aHUeMm
nopora o6Len XECTKOCTU OUCTIEPCUOHHOW Cpeabl
pacTBopa, Npu KOTOPOI HauMHatoTCs HeobpaTumMble
HeraTMBHbIE U3MEHEHUS CBOWCTB €ro KOMMOHEHTOB.

ConocTaBneHne MNoporoBbIX 3HAYEHUN COB-
MECTUMOCTU pPasfMNYHbIX KOMMOHEHTOB OypoBo-
ro pacTtBopa, MokasaHHblx B Tabmn. 2, c Bbiwe-
nNpvBEAEHHbIMY  PaCYETHBIMW  PE3ynbTUPYOLWUMM
KOHLIeHTpaumsimu kaTnoHos Ca** n Mg** B ero auc-
NEepCUOHHOW cpefle MokasblBaeT, YTo npu Anddy-
3MOHHO-OCMOTUYECKOM B3auMopencTeum BypoBoro
pacTBopa C KpanHe XECTKOW IpPCKOW MnacToBOn
BOZOW HW OAMH M3 KOMMOHEHTOB pacTBopa u, cne-
JoBaTenbHO, pacTBOp B LENOM He BblAEpPXMBaOT
CTOMb >XECTKOM KanbLMeBO-MarHMeBOW arpeccuu.
K nocnegHeit Heobxoanmo [006aBUTb XOTb U Me-
Hee OeCTPYKTUBHYI0, HO BCE e arpeccuto co CcTo-
poHbl conu NaCl, kotopas ycyrybnsietT npovecchl
reneobpasoBaHus, ONoKynauun, koarynaumm n ge-
CTPYKLMW KOMIMOHEHTOB BHYTPU CUCTEMbI.

HeobxoamMMo Takke yyecTb, YTO B cTatude-
CKOM COCTOSIHMM NoA BO3OENCTBMEM CYMMapHOro
rmgpocTaTn4eckoro 1 OCMOTUYECKOro MpoTuBoAa-
BIIEHMS HA BOAOHAChILLEHHbIE NNacTbl NPOUCXOAUT
MHUNbTpaumsa (0TToK) Bogow asbl U3 BypoBoro
pacTBopa 1 nepemMeLleHne eé B NPUCTBOMbHYH 30HY
3TUX NnacToB, 06e3BOXMBasi TEM cambiM GypoBoOW
pacTBOp U yBenu4yMBasi KOHLUEHTpaUMIO copepxa-
Levnicsa B HEM TBEpAOM dhasbl. Bcé aTo B koMnnekce
NPVBOAUT K YBENNYEHUIO BSI3BKOCTM, PEONOMMYECKUX
M UNbLTPaALMOHHBIX MapamMeTpoB BCEro ob6béma
Tex nopuuii GypoBOro pacTBopa, KOTOpble Haxo-
OSTCS B UHTepBanax 3aneraHvsi nnacTtoB, Hacbl-
LWEHHbIX «4YUCTO» HPCKMMU MNAacToBbIMU BOZAMM
U UX CMecsaMMU ¢ BOAOW, 3akadyvBaemoun B nnact
ONs noaaepkaHus NNacToBOro AaBneHust.

Taknm 06pa3oM, BbILLIEU3NOXEHHBIN aHanu3
no3BoNsieT OOBLACHUTb, YTO yXyAlWweHue napame-
TpoB OypoBOro pacteopa, Haxogsierocss B cTatu-
YECKOM COCTOSIHMM B MHTEpBanax BCKPbITbIX BOOO-
HaCbILWEHHbIX NNacTOB OPbl, AaXe NPy OTCYTCTBUM
BU3yarnbHbIX NPU3HAKOB BOAOMNPOSIBIEHNSI MPOUCXO-
out Bcrneactene AU dY3MOHHBIX U OCMOTUYECKUX
MacCOnepeHoCcoB Mexay nnacToBbiMM BOAAMM
1 6ypoBbIM PacTBOPOM, NPUBOASILLMX K CYLLECTBEH-
HOMY pPOCTYy MUHepanu3aumu un obLien XECTKOCTU
n3HavyasnbHO npecHon unu crnabomMuHepanv3oBaH-
HOW AMCNEPCUOHHON cpedbl (BogHOM dhasbl) Bypo-
BOro pacTBopa, YTO, B CBOK ouyepedb, NpUBOAUT
K CHOXHbIM (PU3NKO-XMMUYECKMM Mpoueccam re-
neo6pa3oBaHus, NOKYNsaLUMN U Koarynsuumn pas-
NINYHBIX KOMMOHEHTOB BypOBOro pacTesopa BMMOTb
00 UX AeCTPYKLUN 1 NoTepU OYyHKLMOHANbHOCTU U
B KOHEYHOM UTOre Kk 06pa3oBaHuI0 B 3TUX MHTEpBA-
nax nayek GypoBoro pacteBopa C pes3ko yXyALleH-
HbIMW BSI3KOCTHbIMW, PEONOrMyeckumMmn n punstpa-
LIMOHHBIMU NapamMeTpamu.
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Tabnuua 2. MoporoBble 3Ha4eHUA coAepxaHus kaTuoHoB Ca** n Mg** B BogHow ¢dase TMnoBoro
6ypoBoro pactBopa Afsi COBMeCTMMOCTM C Hell 6a30BbIX KOMNOHEHTOB pacTBopa
Table 2. Threshold values for Ca** and Mg** cation content in the aqueous phase of a typical drilling
mud for compatibility with the basic components of the mud

OCHOBHbI€ KOMNOHEHTbI TUMOBOIO 6ypOBoro pacTtBopa

XapaktepucTuka Main components of a typical drilling mud
KOMMOHeHTa nonuaHMoHHas KOMMOHEHT rMUHUCTasA cocTaBnsilowWwas
Compor!eqt uennionosa OnTutpon’ WHrnpon B2 | Cta6bunant II*| akpunoBoro psiga TBEépAOW thasbl
characteristics polyionic Optitrol Ingidol B Stabilite Il acrylic series  [clay component of the solid|
cellulose component phase
MoHwxeHne
Crimkenme cbuneTpauun Uhkaneynsuws CTpykTypooGpasoBaHue,
6ypoBOro FMYHU3ALMS CTEHOK
cbunsTpaumm HrnbuposaHue |CTabnunusaums |IMUMHUCTOro .
(BopooTAaun) pactsopa 1 ruaparauumn HeyCTOMUMBBIX |lUnama, YacTuHoe [ofoarAHbl, HACTUHHBIN Habop
dyHKUMOHaNbHOE AooTA cTabunusaums ApaTau 4 ! yAernbHOro Beca, CHIkeHne
pacTBopa aKTUBHBIX [MUH  [cNaHLEB CHIKEHNe
HasHauyeHne CTEHOK unsrpaum cbunsTpavmm
. CKBaXKUHbI - I
" Reduction Inhibition of Stabilization . .
Functional purpose in filtration . . |active clay of unstable Encapsulation of Structure formatpn, clayl'n.g
(water loss) Reducing drilling hydration shales clay sludge. partial of well walls, partial specific
of the solution mud filtration Y red):Jctiongo% fFi’Itration gravity increase, filtration
and stabilizing reduction
wellbore walls
Moporoeas obLwas
PKECTKOCTb BOOHOW
(cbasbl, BbiLLE KOTOPOWA
NponcxoanT notepst .
byHKuMOHaneHoCTU | ety 200-400
Anm AECTPYKLUS OT XapaKTepUCTHK (B 3aBUCMMOCTV OT BUAA
KOMMOHEHTa, Mr/n P P! A
nonumepa) Wi TMWHNCTBLIX MUHEPAroB)
Threshold 400 n/a 400 200
1500-2500 200-400
total hardness ) :
(depending on (depending on the type of
of the aqueous e -
. the characteristics clay minerals)
phase, above which of the polymer)
loss of functionality poly
or destruction
of the component
loccurs, mg/L
CHWKeHVe
3ameHeHne cTabunbHOCTM
COCTOSIHUSI, CBOUCTB U peskoe
M (OYHKLMOHanNb- noBbILLEHNE
HOCTUM KOMMOHEHTa 1 |chunbTpaLum
LienbHoro GypoBoro pacTBopa B Ke o

acTBOpa npu pesynbrate Moteps oarynauns MIOKYTIALNAR 11 KOATYNALA
EOBbILIJeHVIVI o6Leit a3pyLLeHms reneobpa- BomopacTeo- |2 MMepa, rMMHUCTON (hasbl,

. L paspy 30BaHuWe, noteps AOP: o6pasoBaHve NOBbILLIEHNE BA3KOCTM
pRECTKOCTY CPEAE! MOMAMEPHBIX chyHKLMOHanb- pUMOCTY 1 reneu, notepsi CUCTeMbl, MOBbILLEHME
BbILLE NOPOroBOW Lienoyek n cbyHKLMOHarb- : ’

lnecTpykuM HOCTU H/A ocT (byHKLMOHANBHOCTY [cunbTpaLmm pactsopa
. n/a
Cgar;%?ég tg:]edstate, nonvmepa Gel formation, | oss of water Polymer Flocculation and coagulation
?un(r:,tionali{ Decreased loss of solubility and coagulation, gel of the clay phase, increased
Y i functionality ity @ formation, loss of  |viscosity of the system,
of the component stability and sharp functionality f . ! A e
N N N unctionality increased filtration of the mud
land the entire increase in mud
drilling mud when filtration as a
the overall hardness  |result of polymer
of the medium exceeds|chain breakage
the threshold and polymer
degradation

H/@/n/a — Hem OaHHbIX / no data

Pe3ynbrathl n 06cyxpaeHue

C uenblo 3KCNepyMeHTanbLHOro noaTeepxae-
HWS BbILLEN3INIOKEHHOW 3KCMEePTHO-TEOPETUYECKOM
oLeHKM Bbinu nocTaeneHbl cneunanbHble nabopa-
TOPHO-3KCNepUMeHTanbHble paboThl, 3akmoYaBLLIn-
ecsl B crefyioLiem:

1) W3 aByx pasHbIx cksakuH (Ne7557 1 Ne5621),
OypuBLUMXCSI B NPOAYKTMBHOWN 30HE Ha MeCTopoXae-
HUM ¥Y3eHb, npu Tekywen rnybuHe 1280 n 1640 m
COOTBETCTBEHHO Obiny 0TOOpaHbl Npobbl paboumx

BypoBbIX PaCTBOPOB, OCHOBHbIE NapaMeTpbl KOTOPbIX
npvBeaeHbl HWxe B Tabn. 3;

2) B nabopatopun Obina npurotoBrneHa Mo-
Oenb PCKON NNacToBOW BOAbI C UCMOMb30BAHNEM
XUMUYECKN YUCTBIX XNopuaoB HaTpuUA, Kanbuusa
N MarHus, kotopble 6panucb B onpeaenéHHoM Ko-
nmn4yectee MU COOTHOLLEHUWU, COOTBETCTBOBABLUNMU
MOHHO-CONIEBOMY COCTaBy MOAENMPYEMON MnacTo-
BOW BOAbI MO OCHOBHbIM kaTnoHam (Na*, Ca**, Mg**)
1 aHvoHy Cl. CBoiicTBa NpUroTOBIEHHOW MOAENU
NnacToBOW BoAbl NPeACcTaBneHbI B Tabn. 4.

T ONTUTPOI — NOMMUMEPHbIN, HA OCHOBE TarnoBOro Nepka, NOHU3UTENb PUINBTPaLMM U cTabunusaTop GypoBbIX PACTBOPOB.

2 WHrupgon B — nonMamuaHbIn MHIMBUTOP ruapaTtaunmn rmuH.

3 Crabunant Il — ctabunusaTtop cnaHUeB Ha OCHOBE Cynb(UPOBaHHbIX acarnbTEHOB.

- DOI: 10.54859/kjogi108764
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Ta6nuua 3. CBoncTBa 6ypoBoro pactesopa B o6pasuax Ao M nocre Ux CyTOYHOro KOHTaKkTa ¢ Mopaenbio
nnacToBoy BoAbl Yepe3 COCTaBHYIO NOMNyNpoHMLaeMyto neperopoaky
Table 3. Properties of drilling mud in samples before and after their daily contact with formation water
model through a composite semi-permeable partition

XapakTepuctuka O6pa3zen Ne1 O6pasen Ne2
Characteristics Sample No. 1 Sample No. 2
MectopoxaeHnue, Ne ckBaxXuHb! Y3eHb, ckB. Ne7557 Y3eHb, ckB. Ne5621
Field, well number Uzen, Well No. 7557 Uzen, Well No. 5621
flata ot6opa npobel 28.06.2022 20.07.2022
Date of sample collection
Tekywas rmy6yHa ckBaXuHbI, NpU KOTOpol oTo6paHa npoba, m 19280 1640
Current depth of the well at which the sample was taken, m
CBoOWCTBa pacTBopa B o6pas3ue A0 U nocre BbIAEPXKU B cpeae Moaenu
nnacToBoit BoAbI: no nocne Ao nocne
Properties of the mud in the sample before and after exposure before after before after
[to the formation water model environment:
flara Tectuposariua oGpas.a 01.07.2022 | 02.07.2022 | 29.07.2022 | 30.07.2022
Sample testing date
daKTYeckuii yaenbHbIi BEC (MNOTHOCTb) pacTeopa, r/cm®
/Actual specific gravity (density) of the mud, g/cm® 27 128 1,89 1,40
YcnosHasi BA3KOCTb, C H/3 H/3
- N 55 55

/Apparent viscosity, s n/a n/a
pH 9,30 8,13 9,06 8,25
MnacTtuyeckas BsizkocTb (PV), cll
Plastic viscosity (PV), cP 19 16 28 28
MpepenbHoe AMHamMUYeckoe HanpsxeHue casura, ¢yHT/100 k8. yT

- y ; 11 78 13 144
Ultimate dynamic shear stress, pounds per square inch
MpepenbHoe cTaTudeckoe HanpsbkeHue casura 3a 10 cek/10 MuH,
coyHT/100 KB. hyT 3/8 20/ 46 4/20 35 /52
Ultimate static shear stress for 10 seconds/10 minutes, pounds per square inch
dunbTpat (Bogootaaya), Mn/30 MUH
Filterate (water loss), ml/30 min 6.2 132 72 a4
O6Lwast xeécTkocTb ounsTpaTa no Ca*™*, mr/n
Total hardness of filtrate by Ca**, mg/L 280 540 180 700
Xnopwvabl, Mr/n
Chiorides. mg/L 3200 12 000 4000 11 000

H/3/n/a — He nodd0aémcs uamepeHuro / cannot be measured

Ta6bnuua 4. CBoncTBa MoAenu nNnacToBoN IOPCKOM BOAbI
Table 4. Properties of the Jurassic formation water model

CopaepxaHue MOHOB, Mr/n
lon content, mg/L O61wasn xécTkocTb no Ca**, mrin pH MnotHocTk, rlcm®
++ 1 3
cr- Ca+* Mg** Na* Total hardness by Ca**, mg/L Density, g/cm
86 720,3 9841,2 2696,1 39 760 14 256 76 1,09

Bbina co3gaHa TpéxcrnonHas mMogenb yyYacTtka
OTKPbITOrO CTBOJIA CKBaXWHbI, NPOBYPEHHOro B Npo-
HMLaemMoM BogoHacklleHHoOM nnacte. Kapkac mo-
Oenu cocTaensas MracTUKOBbIA CTakaH AUaMeTpoMm
85 mm u BeicoTon 110 mm, obpasytowas (bokosas
CTeHka) KoToporo Obina rycto nepdopupoBaHa
CKBO3HbIMW OTBEPCTMAMM SuameTpoM oT 1 4o 3 mm.
HapyxHas 6okoBasi NOBEpPXHOCTb MO BCEMY Mepu-
MeTpy CTakaHa obTarmBanacb MMOTHOM OUNBETPO-
BarnbHoOW Gymaron, a NnoBepx Heé — Menkon metar-
NNYECKon ceTkom pasmepom siyeek 200 mew. 3atem
aTa TPEXCMNOWMHAsA KOHCTPYKUMUSI ONA €€ NpoYHOCTU
W NNOTHOCTM KOHTaKTa Mexay crnosimu Gbina crs-
HyTa B BEPXHEN, CpegHen N HWKHEN yacTax Tpems
MeTanMyYeckumMmn KonbLEeBbIMU XOMyTamu. Topubl
HWKHUX rpaHuL, GOKOBOW CTEHKM CTakaHa, wuib-
TpoBanbHoW Bymaru 1 meTannMyeckon ceTku obinu
repMeTu3vMpoBaHbl CUSIMKOHOM C LIENbID HeponyLe-
HWS NPOTEYEK U NPSIMOro KOHTaKTa Mexzay obpasuom
BypoBoro pactsopa 1 MOAENbIO NIIACTOBOW BOAbI.

UcnbiTyembin obpaser, Oyposoro pactsopa
émkocTbio 500 Mn nomewlancsa B CTakaH-Moaenb
y4yacTka CTBOMa CKBaXuHbl (puc. 2).

CtakaH € HaxogswuMMcs B HEM obpasuom
OGypoBOro pacTBopa BbIAEPXUBANCA Ha [HEBHOW

D e
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nosepxHocTu B TeyeHne 30 MuH Ans obpasoBaHus
PUNBETPALIMOHHOW KOPKM Ha BHYTPEHHEN MOBEPXHO-
CTu unsTpoBanbHon Gymarn. Takum o6pasom gop-
MUpoBanacb TPEXCIOWHasi MoAernb NonynpoHvuae-
MOW LMITMHOPUYECKON NEePEropoaKu.

3atem cTtakaH ¢ obpasuom BypoBoro pactsopa
noMeLlancsa B Yally C MOAEMbI MNacToBOW BoAbl
Tak, 4yTobbl MOBEPXHOCTb BOAblI Oblna NpPUMEpPHO
Ha 1-2 MM HWXe MOBEPXHOCTU UCMbITYEMOro pac-
TBOpa (puc. 3). B Takom Bnae obpaseL, octaBnsAncs
B CTATU4ECKOM COCTOSIHWUW NPY KOMHATHOW Temnepa-
Type B Yalle C MOAENbI0 MIacToBOW BOAbl Ha 24 Y.
[Mpn 3TOM, KaK ObINIO OTMEYEHO BbILLE, MPAMOW KOH-
TakT obpasua 6ypoBoro pactsopa ¢ MOAenblo nna-
CTOBOW BOAbI OblST UCKIMIOYEH.

WHbIMM crnoBamu, ObINO OCYLLUECTBMEHO MO-
OenVpoBaHne HaxoXAeHWUs B CTAaTUYECKOM COCTOSI-
HWUM Nadky BypoBOro pacTBopa B CTBONE CKBaXXKWHbI
co ccopmupoBaBLUENCA UNBTPALMOHHON KOPKOM
NPOTMB NracTa, HaCbILEHHOro MyiacToBOW HPCKON
BOZOW, NMPU YCIIOBUMN UCKITKOYEHNS NMPSIMOTO KOHTaKTa
MeXay 3TUMW OBYMSI XUOKOCTSMU M obecneveHus
X B3aMMOAEWCTBUS TONbKO yepe3 crnov dunbrpa
N pMnbTPaLMOHHON KOPKU.
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a) 6)

PucyHok 2. CtakaH-Mogernb y4yacTka OTKpbITOro
CTBOJIa CKBaXWUHbI C MOMELEHHbIM B Heé
obpa3uom 6ypoBoro pactBopa
Figure 2. A glass model of an open well section
with a sample of drilling mud placed inside it
a) obwuli eHewHuli sud / general appearance; 6) eud
Ha nosepxHocmb obpa3ya b6yposozo pacmeopa / view

of the surface of the drilling mud sample

a 6
PucyHok % CrakaH-mopenb yqacn(; cTBOna
CKBaXWHbI ¢ obpa3uyom 6GypoBoro pacteopa,
noMeLLEHHas B Yally ¢ MoAenbio NacToBoW BoAbI
Figure 3. A glass model of a section of a well with
a sample of drilling mud placed in a bowl with
a model of formation water
a) su0 cboky / side view; 6) sud ceepxy / top view

a 6
PucyHok 4.)Llau.|a C Mmoaenbro nnacTo)Boﬁ BOAbI
M NOTrPYXEHHbIM B HE€ cTakaHOM ¢ o6pa3sLiom
6ypoBoro pacTteBopa nocne 24-4acoBoW BblAepPXKH
obpasua B cpeae MoAenu NnacToBow BoAabl
Figure 4. A bowl with a formation water model
and a glass immersed in it with a sample of drilling
mud after 24 hours of exposure of the sample
to the formation water model environment
a) sud cboky / side view 6) suo ceepxy / top view

PucyHok 5. O6paser 6ypoBoro pacTeopa,
BblAep>XaHHOrO B cpee MoAenv nnacToBoi BoAbl
B TeyeHue 24 4
Figure 5. Sample of drilling mud kept in a model
formation water environment for 24 hours
lMocne nonbimku ebinumb obpasey U3 cmakaHa ebimekna
e20 cepouyesuHHast Yyacme, mosicmell nepugepuliHbilt crol

OKasarsicsi He meKy4um.

After attempting to pour the sample from the glass, its core
part flowed out, while the thick peripheral layer proved
to be non-fluid.

Cnycta 24 4 vawa C MOAenbi MracToBoOn
BOAbl U NMOMELLEHHbIM B HE€ cTakaHOM obcnepoBa-
NUCb BM3yarnbHO, Mocrne Yero ctakaH ¢ obpasuom
OypoBoOro pacTtBopa W3Bnekancsi M3 4vawm, a cam
pacTBop Ans onpeerneHvst ero peoriormyeckux xa-
paKTEPUCTUK MeASIEHHO M OCTOPOXHO NepenvBarcs
B CTaKaH 6-CKOPOCTHOrO BMCKO3MMETPA.

Mpn aToM Habnioganock crnegyoulee:

1) YpoBHu BoAbl B Yalle u 6ypoBoro pacTso-
pa B CTakaHe He M3MEHWMUCh, YTO CBMAETENbCTBYET
06 OTCYTCTBUM HEMOCPEACTBEHHOIO NEPETOKa Xua-
KocTen B 060mx HanpaeneHusix. Tem He meHee Boaa
B Yalle mony4yuna crierka KopuyHeBaTbli OKpac,
CBUAETENbLCTBYOLNIA O YaCTUYHOM AN EY3NOHHOM
mMacconepeHoce TEMHOOKPALLUEHHbIX KOMMOHEHTOB
Byposoro pactBopa (OnTtutpon u Crtabunant Il)
13 pacTtBopa B Bogy (puc. 4);

2) Tlpu nepenuBaHuu pacTBopa B CTakaH
BMCKO3MMETPa CepeanHHas YacTb pacTeBopa (cepa-
LueBunHa obpasua) gnametpom npumepHo 3-3,5 cm
Obina C NOBbILEHHON BA3KOCTbIO, HO MMENa HeKo-
TOPY!O MOABWXHOCTb M CrvBanach NoYTn 4o A0CTuU-
XXEHUs1 AHa cTakaHa-moaenu. NpuUcTeHHbIN e crow
pacTBopa TOSNLMHOM NpuMepHo 2,5 cm umen rene-
06pa3Hyto HENOABWXHYK CTPYKTYPY M He Bblnuearn-
€S U3 ctakaHa-mogenu (puc. 5).

[Mockonbky M3MepuTb peornorvyeckue noka-
3aTeny cepaueBUMHHON U nepudepuinHon 4acTten
obpasua pacTBopa pasaenbHO He NpeacTaBnsanoch
BO3MOXHbIM M3-3a Manoro o6béma nepBovi U3 HUX
N reneobpasHon CTpPyKTypbl BTOpol, obe 4acTu
6bINn NnepemellaHbl Mexay coboi ¢ NoOMOLLbI na-
GopaTopHOli Mellanku. TeM cambiM MOZENMpPOBa-
1N0OCb CMeLLeHne pasHbIX CNOEB 3arycTeBLUEN Nayku
OypoBoro pacteBopa Mpu BOCCTAHOBMEHWUM LIMPKY-
NAUMKM B CTBOME CKBaXWHbl. 3aTemM MNpoBOAWIMMUCH
N3MEpPEHNs pPe3yrnbTUPYIOWUX PEOoriorM4eckmx Mno-

....................................................... 27
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KasaTtenen pactBopa, ero Bogootdayu, pH, obuien
XKECTKOCTU bunbTpaTta U cogepxaHus B HEM Xrop-
MOHOB. [laHHbIE NO 3TUM MoKasaTensam B CPaBHEHUN
C AaHHBbIMU UCXOAHbIX 06pa3sLoB 6ypoBoro pacTeopa
npeacTaeneHsl B Tabn. 3.

W3 tabn. 4 cnegyer, 4To B pe3ynsrate npoLec-
coB AN dY3MOHHOrO M OCMOTUYECKOTO Maccoob-
MEHOB MeXay MOAENbIo NNacToBOW BOAbI U BOAHOW
ha3on OypoBbIX PaCTBOPOB B BbILLIEOMUCAHHbIX
CTaTUYECKMX YCIOBUSIX IKCNEPUMEHTA MHepanm3aa-
umsa (xnopuaHocTb) M oblas xéctkocTb (no Ca**)
BOOHOWN (ha3bl pacTBOPOB Bo3pocnv Ao 3 un Gonee
pa3s, 4To NPUBENO K PE3KOMY POCTY YCIOBHOW BA3-
KOCTW, npedefibHblX 3HAYEeHWN AMHAMUYECKOro
M CTaTU4eCKOro HanpsbKeHwuh casura u dunsrpata
(BopooTaaum). besycnoBHO, ¢ pPOCTOM MMacTOBOW
TemMneparypbl, COCTaBnsolWEeR Ha AaHHbIX MecTo-
poxaeHuax 60-80°C, MHTEHCUBHOCTb 3TUX NpO-
LieccoB, CTeneHn maccoobmeHa 1 ero Bo3AencTBUS
Ha cBouncTBa OypoBbIX PacTBOPOB CyLLECTBEHHO
BO3pacTaloT BCMEACTBME YBENMUYEHUS MOABUXKHO-
CTU M XMMMWYECKOWN aKTUBHOCTW Kak pacTBopuTens
(BOAbI), TaK M AMCCOLMUPOBAHHBIX B HEM MOHOB.

Takum oOpasom, pesynbratbl NpPoBeAEHHbIX
nabopaTopHO-3KCNEePUMEHTarbHBIX UCCresoBaHUM
B MOMHOW Mepe NoATBepXKAalT dKCNepTHO-aHanu-
TUYecKylo oueHKy. OnucaHHble Bbllle npouecchl
AN dPy3MOHHOro 1 OCMOTUYECKOIO MacconepeHoca,
0C0BEeHHO B CTAaTMYECKOM COCTOSIHUM, UMEIOT MECTO
W NpOSIBMSILOTCS BCeraa u Besae, rae ecTb pasHuua
B MUHepanusaumsx BypoBoro pactBopa M nnacTo-
BbIX BOA; HO €CNv MUHepanv3aums pacTBopa Bbille
nnactoBo BOAbl (Cryyaw, MNPOTMBOMNOMOXHbBIN
pPacCMOTPEHHOMY), TO HanpaeBneHus 3TUX Mpo-
ueccoB OyayT obpaTHbl TEM, YTO OMUCaHbl BhbILLE,
a BO3AENCTBME 3TUX MPOLECCOB Ha CBOWCTBA Npu-
MeHsiemoro GypoBoro pacTteBopa 3aBUCUT OT TOrO,
HacKonMbKO ~COCTaBMsIOLME  KOMMOHEHTbI  3TOro
pacTBopa COBMECTVMbI C pesyrnbTupytoLlen obLien
MUHepanusaLumen n xXECTKOCTbIO ero BOOHOWM hasbl.
BapvaHTOB Ha npakTvke MOXeT ObiTb MHOXECTBO,
NO3TOMY HEOBGXOAMMO NMPOBOAUTL aHANOMMYHbBIE UC-
CrnegoBaHUst B KaXXO0M KOHKPETHOM Cryyae.

OOMONMHUTENBLHO

UcTouyHuk dmHaHcMpoBaHusa. ABTOpPbl 3asABns-
0T 00 OTCYTCTBMM BHELUHEro UHaHCUPOBaHUS
npu NpoBeAEHNN UCCREeaOoBaHUS.

KoHdbnukT uHTepecoB. ABTOpbI AeKNapupyT oT-
CYTCTBME $IBHbIX W MOTEHUMAanbHbIX KOHMIUKTOB
WHTEPECOB, CBA3aHHbIX C Mybnukaumnen HacTosLLen
cTaTtbm.

Bknap aBTopoB. Bce aBTOpbl NOATBEPXAAKT CO-
OTBETCTBME CBOEro aBTOPCTBA MeXAyHapOAHbIM
kputepusm ICMJE (Bce aBTOpbl BHECnV Cylle-
CTBEHHbIA BKNag B pa3paboTky KoHUenuuu, npo-
BeJEeHWe WCCredoBaHUs W MOJroTOBKY CTaTbw,
npounu u opobpunu duHanbHyl Bepcuto nepep,
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3akntoyeHue

Takum 06pa3oM, BbINOMHEHHbIN 3KCMEPTHLIN
aHannMa no3BoNin packpbiTb U OUEHUTb MPUYUHBI
N MEXaHW3M CYLUEeCTBEHHOrO YXYALUEHUSI TEXHOMO-
rmyecknx CBOMCTB OypoBOro pacTBopa, Haxopslue-
rocsi B Te4eHue onpeaenéHHoro BpeMeHu B ctatuye-
CKOM COCTOSIHUM B OTKPbITOM CTBOME B MHTEpBanax
€CTECTBEHHO BOAOHACHILLEHHBIX U UCKYCCTBEHHO
06BOZIHEHHbIX MNACTOB lOPCKOrO BO3pacTa Ha Me-
cTopoxaeHunsx Y3eHb n KapamaHpapibac, cogepxa-
LLMX BbICOKOMWHEPanu3oBaHHbIe MnacToBble BOAbI
C BbICOKOW XECTKOCTbI0. Pe3ynbrathl NpoBeAEHHBbIX
nabopaTtopHo-3aKCnepuMeHTasnbHbIX paboT noaTeep-
OWNW NPOMBICINOBbIE HabnioAeHWss 1 9KCNepTHYIo
OLEHKY WX MPUYMH, OAHHYIO aBTOpamMu HacTosALen
cTaTbu.

KapavHanbHbIM NyTEM, MNOMHOCTLIO peLuato-
WM npobnemy oOTpuULATENbHOTO  BO3AEWCTBUS
Ha OypoBON pPacTBOP BbICOKOMMHEPAarM30BaHHbIX.
C BbICOKOW XECTKOCTbIO MMacTOBbIX BOA OPbI W,
KaKk cneacteue, obpa3oBaHus 3aboMHbIX nadvek
pactBopa C  yXyAWEHHbIMU  TEeXHOMOrUYeCcKu-
MW CBOWCTBaMM, SIBMSIETCA MpUMeHeHue Gypo-
BbIX PacTBOPOB, YCTOWYMBBIX MPOTUB COMEBOW
M KanbLMeBO-MarHWeBOW arpeccum B npegenax
N Aaxe C NpeBbILLEHNEM TeX KOHLeHTpauuii arpec-
CUBHbIX MOHOB, KOTOpPble XapaKTepHbl OnA nnac-
ToBbIX BOA (Tabn. 1). OpHako MHOroneTHsisA
npakTMka MNpPUMEHEHWUST PasnUYHbIX cucTem  By-
pOBbIX PAacTBOPOB Ha MECTOPOXAEHUAX Y3eHb
n Kapamangbibac nokasana, 4YTo HU OfHa U3 HUX
He nposiBMNa YCTOWYMBOCTM NPOTUB arpeccuu
nnacToBbIX BOf, M3-3a Yero obpa3oBaHue 3aboMHbIX
navyek OypoBOro pacTtBopa C  YXyALWEHHbIMU
napameTpamu NpomjormkaeT MMeTb mMecTto. Moatomy
ogHou u3 Hanbonee akTyanbHbIX 3agad B OypeHun
CKBaXXWMH Ha Ha3BaHHbIX MECTOPOXAEHUSAX SABMs-
erca paspaboTka cucteMbl OypoBOro pacTtBopa,
obnagatowero He TONMbKO WUCXOOHO  BbICOKOW
MHrMbupytowwer CcnocoBHOCTbIO, HWU3KOM  hUnbT-
pauven, yaoBNeTBOPUTENbHOW peorornen u apy-
MM HeOBXOAMMBIMU TEXHOMOMMYECKUMM CBONCTBA-
MU, HO 1 B MOMHOW Mepe YCTONYMBOIO K OMMCaHHOW
Bblllle KanbLneBO-MarH1eBov 1 COneBow arpeccuu,
COXpaHSAOLLEro CBOW CBOMCTBA MPW €€ NposiBNEeHNN.
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OerMHaanoe unccnegosaHue

KucnoTtHbIn rmgpaBnuyeckumn paspbiB nnacra
B CJTOXKHOMNMOCTPOEHHbIX NepecsioeHHbIX nracrax

A.M. Nlyncanues, A.A. UcmaunoB
Ka3zaxcko-bpumaHckul mexHu4Yeckul yHusepcumem, 2. Animamsl, KazaxcmaH

AHHOTALMUA

O6ocHoBaHue. [lpegoTBpalleHre 3arps3HEeHUs TEXHOTEHHbIX TPeLiMH, 0Opas3oBaHHbLIX pPa3pbiBOM
nnacrta U XMMUYECKUM B3avMOLEVCTBMEM aKTMBHbIX XWOKOCTENW C nopoaamu, SBMSETCS KMHYEBbIM
yCrnoBueM MnoBbilLeHns AebutoB nnactoBbix nongoB. CHMXEHWe pUCKoB 06pasoBaHMs U OCaXAeHUs
B TPeEWWHE W OKOMOTPELUMHHOM MPOCTPaHCTBE HepacTBOPMMbIX MNPOAYKTOB peakumMu AOoCTUraetcst
32 CYET SKCNEPUMEHTANbHONO MWCCreaoBaHUs U MaTeMaTUYecKoro MOAENMPOBaHMSA MPOLIECCoB
B3aUMOLENCTBUSI TEXHOMOIMYECKUX >XUOKOCTEW C nopodaMu nracta M nnactoBbiMu  dnovaamu.
lMpn aTOM BaxHewLwen 3agaqen Npu MOATrOTOBKE K IKCMEPUMEHTY, MOAENMPOBaHWIO U, COBCTBEHHO,
BbINOMHEHUO paboT MOXHO cuMTaTb OnpefderneHne OCHOBHbIX B3aUMOAENCTBYHOLWMX JIEMEHTOB,
BCTYMaLWMX B peakuuto, NpoayKTbl KOTOPbIX MOryT MPUBECTU K CHWKEHUO 3eKTUBHOCTH
CTUMYnNsAUMKM, OCODEHHO B  YCNOBUSIX OFPaHWYEHHOM OOCTYMHOCTM  KEpHOBOro  mMatepuana,
crneunann3poBaHHOro NPorpamMmMHOro obecneyveHns Anst NOMHOLEHHOTO XUMUYECKOTO MOSEKYNSIPHOro
mMoaenuposaHus. CrnegoBaTenbHo, 0C060 BakHOE 3HAYEHWE NPUHUMAET TEOPETUYECKOe UCCIenoBaHne
OCHOBHbIX MPUYMH HEYCMELIHOCTM XUMWUYeckMx oOpaboTok MracToB M rMAPaBMUYECKMX Pa3pbiBOB
nnacta (ganee — IPl) ¢ XMMWYECKN AKTUBHBIMW TEXHOMOTMYECKMMMU XUOKOCTSAMU, OLEHKa PUCKOB
HaCTYNNeHWs1 HeraTUBHbIX COBBLITUIA.

Lenb. NoBbiweHne 3apHEKTUBHOCTU CTUMYNALUUM MeTodamu kncnotHoro Pl 3a cyét ontummsauum
COCTaBa TEXHOMNMOTMYECKUX XMUAKOCTEN U NpeaoTBpaLLeHMs HEraTUBHOMO BMMSIHUA Ha MnacT NPOAYKTOB
peakumm nopog, nnacTa UM nnactoBbIX QrOUAOB C TEXHONOMMYECKUMU XNOKOCTSAMM.

Martepuanbl M Metogbl. [Insi OLEHKM OCHOBHbLIX MNPUYMH OCaXKAEHUS HEPaCTBOPUMbLIX OCaAKOB
M UHbIX MPUYUH CHUXKEHUSI 3PPEKTUBHOCTM CTUMYNSLMN NPOBEAEH AeTanbHbIA NUTEepaTypHbIA 0630p,
onpegeneHbl MexaHu3Mbl, MOBbILIAKLIME W MNOHWXaKLWMe COOTBETCTBYHOLWME pucku. [locTpoeHa
MexaHun4yeckast U nMTonornyeckasi Mogenb B OKPECTHOCTSX psiia CKBaXXUH OOHOIMo U3 CpeaHeasnaTcKnx
MECTOPOXAEHWI, KOTopasi NoKa3sbiBaeT, YTO OfHa M3 OCHOBHLIX peakuuid, NPUBOASALWMX K HEraTUBHLIM
nocrneacTBMsaM, MOXET MpoTekaTb NPy OOHOBPEMEHHOM BbINONHEHUN HECKONMbKMX ycrnoBui. OueHeHa
BO3MOXXHOCTb BbINOMHEHWS NOAO0OHbBIX YCIOBMIN HA2 OCHOBE PAacYETOB U MOAENMPOBAHUS.

PesynbraTbl. AHanu3 reonoro-mexaHu4eckor o6CTaHOBKM Ha OQHOM M3 MECTOPOXAEHMIA U noapobHoe
M3y4YeHne OCHOBHbIX peakuuii C Nopogamu nracta Mo3BONU BbISIBUTb NMPUYMHBLI HESI(EEKTUBHBIX
kncnoTtHelx [P, lMogrotoBneHa nporpamma o06paboTku, HanpaBneHHass Ha npeaoTBpalleHue
B OyayLiem puUCKOB CHUXEHUS apdEKTUBHOCTU KUCNOTHbIX [P,

3aknwouveHune. [IpvMeHEHHbIN NoAXo4 HanpaeneH Ha O0OOCHOBaHHbLIN, «afpecHbI»  nogbop
TexHornornyeckux xuakocten MPl1, NO3BONSAOWMNA CHU3UTb PUCKM UMK NPegoTBpaTUTL KoNbMartaumio
TPELLUH NpoayKTamMun peakumm, He JoMyckaTb MUrpaLuio U HabyxaHue rMnH U MHoe HeraTUBHOE BRMSAHUE
Ha (pMNLTPaLMOHHbIE CBOWCTBA MNilacTa B OKPECTHOCTSAX TEXHOTEHHbIX TpewwmH. Bce atn meponpuatus
HanpaeneHbl Ha NoBbILeHne 3PEKTUBHOCTU CTUMYNALMN METOAOM KucnoTHoro MPr1.

Krnroyeewble crioea: KUcnomwbil 2udpopaspbie nnacma, aHaudpum, 2uric, cynbghamsl, kapboHambl,
CMeKmuUMbl, KaONUHUMBbI, 08YX8a/leHMHOE Xere30, MpEéxeaneHMHOe Xere3o.

Kak untupoBatb:
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nepecroeHHbix nnacrax // BecTHuk HedTera3oBon ortpacnm Kasaxctana. 2026. Tom 8, Ne1. C. 31-42.
DOI: 10.54859/kjogi108923.

© NyiicaneB A.M., McmauioB A.A., 2026 Jlunensus CC BY-NC-ND 4.0

31


https://doi.org/10.54859/kjogi108923
https://doi.org/10.54859/kjogi108923
https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru

Kazakhstan journal for oil & gas industry 2026,8(1):31-42

UDC 622.276.6
CSCSTI 52.47.27

DOI: 10.54859/kjoqi108923

Received: 13.10.2025.
Accepted: 16.02.2026.
Published: 31.03.2026.

Original article

Acid Hydraulic Fracturing in Complex Interbedded Reservoirs

Askhat M. Duisaliyev, Abdulakhat A. Ismailov
Kazakh-British Technical University, Almaty, Kazakhstan

ABSTRACT

Background: Preventing contamination of technogenic fractures formed by hydraulic fracturing
and by chemical interaction of reactive fluids with the rock is a key condition for increasing reservoir
fluid production rates. Reducing the risks of formation and precipitation of insoluble reaction products
within the fracture and the near-fracture zone is achieved through experimental research and mathe-
matical modelling of the interaction processes between technological fluids, reservoir rocks, and for-
mation fluids. At the same time, the most important task in preparation for experiments, modelling,
and the actual execution of operations can be considered the identification of the principal interacting
elements entering into reactions whose products may reduce stimulation efficiency, especially under con-
ditions of limited availability of core material and specialized software for comprehensive chemical mo-
lecular modelling. Consequently, theoretical investigation of the main causes of unsuccessful chemical
treatments of formations and hydraulic fracturing operations with chemically active technological fluids,
as well as assessment of the risks of negative events, becomes particularly important.

Aim: Increasing the efficiency of stimulation by acid hydraulic fracturing methods through optimization
of technological fluid composition and prevention of the negative impact on the reservoir of reaction
products formed by interaction of reservoir rocks or formation fluids with technological fluids.

Materials and methods: To evaluate the main causes of insoluble precipitate formation and other
factors for reduced stimulation efficiency, a detailed literature review was carried out, and mechanisms
increasing and decreasing the corresponding risks were identified. A mechanical and lithological
model was constructed in the vicinity of several wells of one of the Central Asian fields, which shows
that one of the main reactions leading to negative consequences may occur when several conditions
are simultaneously met. The feasibility of such conditions was assessed based on calculations
and modelling.

Results: Analysis of the geological and mechanical environment at one of the fields and a detailed
study of the main reactions with formation rocks made it possible to identify the causes of ineffective
acid hydraulic fracturing treatments. A treatment program was prepared aimed at preventing future risks
of reduced efficiency of acid hydraulic fracturing.

Conclusion: The applied approach is aimed at the justified, targeted selection of hydraulic fracturing
technological fluids, which makes it possible to reduce risks or prevent fracture plugging by reaction
products, avoid clay migration and swelling, and other negative impacts on the filtration properties of the
formation in the vicinity of technogenic fractures. All these measures are aimed at improving the efficiency
of stimulation by acid hydraulic fracturing.

Keywords: acid hydraulic fracturing; anhydrite; gypsum; sulfates; carbonates; smectites; kaolinites;
ferrous iron; ferric iron.
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TynHycka 3epTTey

Kypaeni KypbinbiMmabl KabaTrackaH kabaTtrapaa KblWKbinabl
rmapaBnuKanblk Xapy

A.M. Olyncanues, A.A. Ucmannos
Kasak-bpumaH mexHukarnbiK yHusepcumemi, Afimamsl Kanacbl, KazakcmaH

AHHOTALMUA

Herizpey. KabaTTblH kapbinyblHaH >eHe 6enceHAi CyWbIKTbIKTapAblH Tay KblHbICTapbIMEH
XUMUANbIK 9pekeTTecyiHeH nanga OonfFaH TEXHOreHAiK KapblKTapAblH nacTaHybliH 6ongbipmay kabat
CYWbIKTbIKTapbIHbIH,  AeOWTiH  apTTbipyAblH Herisri wapTel 6onbin Tabbimagel. EpimenTiH  peakums
OHIMAEpIHIH, KapblKTapbl MeEH >apblKk MaHbl KEHICTiriHAe Ty3inyi MeH TyHAbIpy KayniH asanTyra
3KCMEPUMEHTTIK 3epTTey XoHEe TEeXHOMOruAsblK CyMbIKTbIKTapAblH kabaT >XbIHbICTApbIMEH XoHe kabaT
CYMbIKTbIKTApbIMEH ©3apa opeKeTTecy MpouecTepiH MaTemaTukanblk MoZenbAey apKbifbl  Kon
xeTkisineni. CoHbIMEeH KaTap, 9KCMepuMeHTKe [AaWblHAbIK, MOAENbAEY >XOHE >XYMbICTapAbl HaKTbl
opblHAAy KesiHaeri MaHbI3Abl MiHAET eHIMAEep biHTaNaHAbIPy TUIMAINIriHiH TeMeHaeyiHe aKenyi MyMKiH
peakuusiFa TYCETIH Heri3ri e3apa opeKeTTeceTiH aneMeHTTepAiH aHblKTaMachklH KapacTblpyFa 6onagp,
acipece, KepH MaTepuarblHbIH, TOSbIK XUMUSTbIK MOMNeKynanblk Mogernbaey YWiH MaMan4aHablpbinFaH
Oarmapnamanblk KacakTaMaHblH LUEeKTeyni KOon XeTimainiri afgavbiHoa e3ekTi. [emek, XMMUSMbIK
GenceHai TEXHOMOrUSINbIK CyMbIKTbIKTapMeH kabaTTapabl XMMUSINbIK  ©HAEYAiH xaHe KabaTTbl
rmapaenukanbik xapyablH (byaaH api — KIMK) caTcisairiHii Herisri cebentepiH Teopusinblk 3epTTey,
XaFbIMCbI3 OKWUFanapablH, TyblHAAy kayniH 6aranay aca MaHbl3[ibl MOHre ue.

MakcaTbl. TexHonorusnblk CyWbIKTbIKTapAblH KypaMblH OHTaWnaHabIpy XeHe eHiM kabaTbiHa Tepic
acep eTydiH anablH any TexXHONorusanblK CYMbIKTbIKTapMeH KabaT XblHbICTapbiHbIH Hemece kabat
CYMbIKTbIKTapbIHbIH, peakumsachl apkbinbl Kellwkpln KK apictepiMeH biHTanaHablpyablH, TUiMAINIriH
apTTbIpy.

Martepunanpap meH apictep. EpimentiH TyHOGanapablH Heridri cebenTepiH >aHe bIHTanaHabIpy
THIMAINIriHIH TemeHaeyiHiH 6acka cebenTtepiH Garanay yLWiH enken-Tenkenni agedu wony xyprisingi,
TUICTi Toyekenaepai apTTbipaTbiH XoHe TeMeHOETETIH MexaHuamaep aHblktangbl. OpTanblk A3us KeH
opblHAApPbIHbLIH BipiHiH GipkaTap YHFbIManapbiHbIH MaHblHOA MeXaHuKarblK XXaHe NMTONOrMsAnbIK Moaenb
canblHabl, Oyn Tepic cangapra okeneTiH Herisri peakumanapgblH, 6ipi GipHelwe wapTTapabl opbiHAAY
Ke3iHae Xypyi MYMKIH eKeHiH kepceTegi. Ecenteynep MeH mogenbaey HeridiHae ocbliHAawW LwapTTapabl
opblHAAy MYMKiHAr 6aranaHgbl.

HoaTtuxenepi. KeH opbiHAapbIHbIH GipiHAEr reonoruanbik-MexaHukanblK xafganabl Tangay xeHe kabat
XKbIHbICTAPbIMEH XXYPETIH HEri3ri peakumanapabl XaH-akTbl 3epTTey TiMCI3 Kbiwkbin KK cebenTepiH
aHblKTayFa MyMkiHaik 6epgi. bonawakra kpiwkpin KK Trimginirivi4 Temengey kayniH 6ongbipmayra
GarbiTTanFaH eHaey 6argapnamackl favbiHaanapl.

KopbiTbiHgbl. KongadbinFan Tacin KK TexHonornsnblK CyMbIKTbIKTApbIH HerisgenreH, «agpecTiky
TaHOayra OarbiTTaraH, Oyn Teyekengepdi asaWTyFa Hemece peakuusi eHiMAepiMeH >apblkTapablH,
KonbmaTtauusinaHyblH Gongbipmayfa, casgapAblH - Kewi-KOHblHAa kaHe iCiHyiHe on 6epmeyre
KOHEe TexHOreHaik kapbikTap MaHblHAaFbl KabaTTbiH Cy3y KacueTTepiHe Gacka ga Tepic acep eTyre
MYMKIHAIK Oepepgi. AtanfaH ic wapanapablH OapnbiFbl Kbiwkbin KK agiciveH biHTanaHablpyabiH
TvimainiriH apTTbipyFa bafFbITTanfaH.

Hezizzi ce3dep: KblwKbinObl 2udpasnukarblk xapy, aHeudpum, eurc, cynbghammap, kapboHammap,
cMekmummep, KaoluHUMmMmep, eki eareHmmi memip, yw eaneHmmi memip.
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BBeneHune

B kapGoHaTHbIX mnacTtax C HEeBbICOKOW «Mo-
pOBON» MPOHULLEAEMOCTbIO, 0COBEHHO rryboko 3a-
neralowymx, B KayecTBe apdeKkTnBHOrO MeToaa
NoBbILLEHWS HedTe- 1 ra3o00TAauM UNm BoobLLE KIto-
YeBOro anemeHTa paspaboTkn NPUMEHSETCS KUCNOT-
HbI UMW KUCNOTHO-MPOMNaHTHLIM TUAPaBINYECKUI
paspbiB nnacra (ganee — KIPIM, KMNIPM coorset-
CTBEHHO). Bbibop Mexay ABYMS pasHOBUOHOCTAMU
kncnotHoro Pl onpeaensieTca pacTBOPMMOCTbIO
nopog, Aonen B kapboHaTHOM NnacTe TepPpPUreHHbIX
nponnacTkoB, NUTOCTAaTUYECKUMN U TEKTOHUYECKU-
MW HanpsXKeHnAMW. HO B OCHOBE «XMMWUYECKUX»
P nexut B3aumopencTsne pacTBOPUMBLIX TOp-
HbIX MOPOA C PacTBOPSOLMMK peareHTamu ¢ 06-
pa3oBaHMEM CPaBHUTENbHO BbICOKOMPOBOASLLMX
Onst NnacToBbiX (OMNIOVAOB  KaHaNOB-4€PBOTOUMH,
3HAYMTENbHO YBENMUUMBAKOLWMX MNOLWAAb KOHTaKTa
¢ npoayktueHbIM nnactom. Mocne KIPIM (KMNIPI)
BaXHO pelnTb [OBE HEeCKONMbKO MpoTMBOpevallue
Opyr opyry 3agayv: ¢ O4HOW CTOPOHbI, BbICTPO 04K~
CTWUTb TPELUUHbl OT MPOAYKTOB peakuum, ocobeHHO
HepacTBOPUMbIX, A0 UX OCaXAEHUs B TPeLUMHaXx,
ans yero TpebyeTcs OOBONbHO arpecCuBHbIA pe-
XUM paboTbl CKBaXWHbl B MNepBoe Bpems nocrie
CTUMYNSALMK; C APYrov CTOPOHbI, HEOBXOAMMO Npea-
OTBPaTUTL CMbIKaHWE Y3KUX KaHanoB, CO34aHHbIX
pacTBOpeHMeM Mopog KUCroTamu, Ans Yero Tpedy-
etcsl 6epexHbIi BBOA CKBaXWHbl B paboTy. YcTpa-
HWTb MPOTMBOPEYME MpoLle BCEro, ecnv CHU3WUTb
CTeneHb BMWSIHUS OOHOMO W3 MEXaHU3MOB paH-
Henm perpajaumu CUCTeMbl TpPelMH [0 HesHa-
yntenbHon. ocKonbKy MONSA Hanps>KeHWn B Kap-
6OHaTHbIX MnacTax YacTo OYeHb CIOXHbI, PacyéT
U MOAENUpOBaHWE MPOLECCOB CMbIKaHWUA TpeLuH
U3-3a MPUMNOXEHNS K HUM M3ObITOYHBIX BHELUHUX
Harpy3oK npu akTMBHON OTPaboTKe NPOAYKTOB peak-
UMM OYeHb CNOXeH U obnagaer o4eHb HEeBbICOKOM
npefckasaTenbHON CNOCOBHOCTLIO U MPaKTUYeCKowm
NMOBTOPSIEMOCTbIO, YTO AenaeT Takyl OLEHKY MoYTh
GecnonesHon. CrneposaTternbHo, LenecoobpasHee
He ponyckaTb obpa3oBaHWsA HEPacTBOPUMBIX ocad-
KOB W WHbIX TBEPABIX MPOAYKTOB peakuuu, KOTO-
pble NOTeHUManbHO CrocobHbI NPMBECTU K MOMHON
UNn 3Ha4YMTeNbLHONM NoTepe NPOBOAUMOCTH CUCTEMBI
TpewmH. OgHMMN 13 KMHOYEBLIX OCAAKOB, KOTOpble
MoryT obpasoBbIBaTLCA, ABNAIOTCS NPOAYKThI peak-
LMK C TPEXBANEHTHbIM Kene3oM, KOTOpoe YacTo BOC-
CTaHaBMMBalOT OO ABYXBANIEHTHOrO ernesa crneum-
anbHbIMKM peareHTamu. [IByxBaneHTHOe >eneso
B NMPUCYTCTBUM CyNb(AaToB, Hanpumep, aHrnapuToB,
yCKOpsieT NOoTeHUManbHy KpUCTannusaumio runca,
4YTO MOXET CTaTb NpUYMHON eLwé bonbluen aerpaga-
UMM TPELLMH, ecnn B CUCTEME HEQOCTaTOYHO Xena-
TOPOB UMM OHWN OTCYTCTBYIOT, @ TaKXke NpUCyTCTBYIOT
yacTuupbl kopposun [1]. Opyron BaxHou npobrnemon
ans acpdektnsHoctu NPl cnpaBeanveo cuntatoTcs
Murpauus n HabyxaHue rmvH. Passutne TexHonorui
"PI B OCHOBHOM XOPOLLO NPeoAOneBaeT 3TOT PUCK,
HO HabyxaHve HEKOTOPbIX IMWH, TakKUX Kak CMeKTU-
Thl, MOMHOCTBIO NPEAOTBPATUTL B HACTOSILLEE BPEMS
He npeacTaBnseTcs BO3MOXHbIM. Hactoswas cra-

B4 e

TbS1 NOCBsILLEHa OLEeHKe cnocoboB NpeaoTBpaLLeHumst
paHHen gerpagjauun TpewwuH KIMPI u3-3a Bbinage-
HUS U KpUCTannusauum HepacTBOPUMbIX OCafKoOB
B TPELLMHaX U NPOCTPAHCTBE Niiacta OKOMo TPELLUH.

MaTepuansl u MmeToAabI

Obbektamy MccrneqoBaHUst SBNSAIOTCA  Kap-
OoHaTHble HedTerasoBble U HedTeEra3okoHAEHcaT-
Hble nracTbl, pa3paboTka KOTOpbIX npegnonaraeTt
NPUMEHEHNe METOAOB MHTEHcudmKaumm [obblun.
BbinonHeH aHanu3 paboT Mo CTUMynNsuuM MeTo-
nom KI'PT1, kotopble nposoaunuck B KasaxcTaHe,
Y3bekuctaHe M UHbIX CTpaHax pervmoHa. OueHeHa
apekTnBHOCTL KMcnoTHbIX [PI1, Ha ocHoBe 3TMX
OLEHOK cpaenaHbl npeanornoXeHus o6 OCHOBHbIX
TEXHOMNOIMYECKNX, (PUNKO-XUMNYECKNX N Feororu-
YeCKMX NpUYMHaXx, NpUBeALINX K BbICOKON MM NOHW-
xeHHon adpdpektusHocTy KIPT1. K rmaBHbIM Bnnsito-
MM hakTopam OTHECEHbI:

— npobnema ocaxaeHUs HepacTBOPUMbIX
0CafKOB B TEXHOTEHHbIX M €CTECTBEHHbIX TPELUHaX
paHee, YeM ocagku MoryT BbiTb 0OTpaboTaHbl Ha Mno-
BEPXHOCTb BO BPEMS BbIBOAA CKBAXWH Ha PEXUM
N NX OCBOEHUS;

— HabyxaHue ropHbIX NOpPoA W Murpaums
MEMKNX YacTul, n3-3a B3anMOLENCTBUSA NOpos C TeX-
HOMOTrMYECKMMU XUOKOCTSIMU, YTO MPUBOAMUT K yXya-
LLIEHNIO hMNBETPALMOHHBIX CBOMCTB NacTa;

—  HECOBMECTMMOCTb TEXHONOTMYECKMX XNa-
KOCTeN C nnactoBblMu dnongamun, KoTopoe Mo-
XKeT NpuBOAWUTb K OOPa3oBaHWI0 CTOMKUX NPAMbIX
unu obpaTHbIX 3MyNbCUWA, BbINAAEHUIO NPOOYK-
TOB peakuuy B TpeLUHax W OKONMOTPEeLUMHHOM
NPOCTPaHCTBE;

—  CMblKaHWe He3aKpeneHHbIX TEXHOTEHHbIX
TPELUMH U KaHanoB-4epBOTOUMH NPU CPABHUTENBHO
arpeccyBHOM BbIBOAE CKBaXWH Ha PEXUM;

—  CHWXEHWs  OTHOCUTENbHbIX  (Pa30BbIX
NpoHULaemMocTen Ang nnacTtoBoro dronaa, Hanpu-
Mep rasa, u3-3a HarHeTaHus B NNacT CyLleCTBEeH-
HbIX, [IECATKN M COTHU KyBuyeckmx mMeTpoB, obbe-
MOB TEXHONMOrMYECKUX XXUOKOCTEN.

OueHka ahpeKkTUBHOCTH BbIMNOMNHANAach
no CTeneHn YyBenuyeHus OTOOpPOB MNNacToBOro
cdnovaa HenocpeacTBEHHO Nocre BblBOAA CKBaXWUH
Ha pexuM, B psage criy4aeB OTMeYanochb CHDKEHVEe
NPOAYKTMBHOCTU CKBaXWH, YTO O3Ha4aeT oTpuua-
TenbHOEe BMNUSIHWE TeoNoro-TeXHONOrMYeckUx Mepo-
NPUSITUIA, NNAHUPYIOLLMXCH Kak CTUMYNMpYLoLLme.

OcHoBHbIe NPUYMHBI 06pa3oBaHusA

KONbMaTUPYHOLNX OCaAKOB

B paboTte paccMOTpeHbl crefylolme OCHOB-
Hble NPoBneMbl CHMKEHUS 3PEKTUBHOCTU CTUMY-
nauum:

1. Tlepexop aHrmgpwuta B rMNC Npu B3aMmo-
OENCTBUM aHrmaputa C TeXHOMOMUYECKUMU KULKO-
ctamu. MNMpoaHanuanpoBaHbl YCNoBuWS, NPU KOTOPbIX
Takol nepexop CTaHOBUTCS BO3MOXHbIM, U yCUNU-
BalOTCS HEraTMBHbIE MOCNEACTBUS OT Nofo6HoON pe-
akumm.
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2. OtgenbHO paccMOTpeHa ponb TPELUUHBI

P npu npoTtekaHun peakuuMnm nepexoga
aHrMgputa M ocaxgeHun runca. [lokasaHo,
4TO  ©3-3a  HEOAHOPOAHOW  reoMeTpU4eckon

KOHbUrypaLum TpeLUMH 1 TemnepaTtyphbl B TPELLUMHAX
BO3MOXHO MHTEHCUBHOE NepeocaxaeHune runca.

3. OtgenbHO paccMOTpeHbl Npobnembl Kuc-
notHoro Pl rasoBbix 06bEKTOB Kak Hanbonee 4yB-
CTBUTENbHbLIX K KPAaTKOBPEMEHHOMY CHUXEHWIO NPO-
HULAEMOCTU, B T.4. €CTECTBEHHbIX U UCKYCCTBEHHbIX
TPELUMH 13-32 BO3HWKHOBEHWSI BOAHbIX Bnokag.

Mepexoa aHrMgpuTa B TMNC B BOAHOW cpe-
e yCunuBaeTcsl Npu yBENMYEHWW KOHLEHTpauuu
[OBYXBaneHTHOro xenesa. Kak n3BecTHO, Tpéxsa-
NeHTHoe xene3o obpasyeT HepacTBOPUMbIE OCaAKM
npu KUCNOTHOM BO3AEWCTBUM Ha MnacT, U No 3Tou
npuunHe B TEXHOMOrMyeckue Xuakoctn pobasns-
10T areHTbl, BOCCTaHaBnuBalwlMe TpEXBaneHTHoe
Xeneso Oo AByxBaneHTHoro. Kpome Toro, Ha npea-
BapuTENbHOM 3Tane 4epes HaCOCHO-KOMMPEeccop-
Hble Tpy6bl (nanee — HKT) npokauvBatoT Kucnoty
C NOBBLILLEHHOW KOHLIEHTpaumel npeobpasoBaTenen
Xenesa C Lenbl OYUCTUTb MX OT YacTuL, KOPPO3UM
N BOCCTaHOBWTb Keneso A0 pacTBOPUMbIX POpM.
Mpn aToM NpoAyKTbl B3aUMOAEWCTBUS BELLECTB,
HaxogsAWwmMXca Ha BHyTpeHHen nosepxHocTn HKT,
C KWUCNOTOW NpOAaBMMBAlOTCA B NnacT, T.e. nnact
MOXET 0Ka3aTbCH W3HayanbHO (MO OTHOLLEHWIO
KO BpeMeHu Havana, COOCTBEHHO, CTUMYNALUMM)
3arpsisHEH YacTMLaMmn KOppO3uW, U KOHLEHTpauus
[BYXBarIleHTHOrO eresa MOXEeT oKa3aTbCsl MOBbl-
LeHHoW. Ecnn anemeHTOB, CBA3bIBaOWMX ABYXBa-
NEeHTHoe ene3o (xenaTopoB) 1 0CoOBeHHO YacTuubl
KOPPO31K, OKaXeTCsl HEAOCTaTo4HO, TO cBoBoAHOE
Kenes3o MOXET 3Ha4YMTENbHO COKPaTUTb MHAYKLMOH-
HbI Mepuoa 1 yCKopuTb Kpuctannuaauyuto runca [1].
B npucytctBum anektponutoB, Hanpumep, NaCl,
aKTVBHbIA Nepexoq aHruaputa B rMnc npouCXoauT
npu Temneparype ~40°C, npu nosbieHUN Temne-
paTtypbl nepexof 3amepansetca [2-3], HO BO Bpems
kncnoTtHoro NPl npu KOHUEHTpaumMm COnsiHOM Kuc-
notbl ~15-20% pacTtBopeHne kapboHaToB KanbLms
NoBbILLAET B3aMMOOENCTBUE TEXHONOMMYECKNX XKNa-
kocten ¢ cynbdar-moHamu SO,*. MNocne oxnaxage-
HUS CUCTEMbI M HENTPanu3aLmnm KUCNoTbl BO3MOXHA
nepeHacbiweHHocTb no CaSO, 1 ocaxaeHuwe runca,
0cobeHHO B cyrnbcaTHOWM Boae, KoTopasi MCNOMb30-
Banacb Ansi pasbasneHus kucnotbl [4—6]. B tabn. 1
npueeaeHbl pesynsTathl nabopaTopHoro aHanusa
BOAbI, TUNNYHOW ANSA 3anagHon YacTty KasaxcTtaHa.

Kak BMAHO M3 gaHHbIX Tabn. 1, cogepxaHue
cynbaTtoB B 6a30BOV Boae AOBOSbHO 3HAYUTENb-
HOE, YTO MOXET YCUNUTb HeraTuBHbIE NOCNEACTBUS
OT B3aUMOAENCTBUS TEXHONMOMMYECKUX XUAKOCTEN
¢ aHrupputamu. CTUMynvpyemble nnacTbl JOBOSb-
HO 4acTo UMEIT TemnepaTypy 3HaYUTENbHO BbILE
40°C. Camo no cebe obpasoBaHWe rurnca u ero
ocaXfeHne He [OMKHO OblTb CMMULIKOM 3Hauyu-
TenbHbIM, OCOGEHHO MPW YCIOBMU, YTO XEnaTopoB
[BYXBarieHTHOrO xenesa goctatodHo. Ho cnepyet
yunTbIBaTb, YTO B Mpouecce CTUMYMNSUMM B nnact
HarHeTaeTcs CpaBHUTENbHO GomnbLloV OOBbEM Tex-
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HOJMOTMYECKON KMAKOCTM, TemrepaTtypa KOTOpoW
npvMepHo paBHa 15-35°C, Temneparypa B TpeLim-
HaX M NPOCTPaHCTBE HEMOCPEeACTBEHHO Y BHELUHUX
rpaHunL, TPELLMH MOXET NOHM3NTLCSA (B NMpouecce 3a-
Kayku) N ocTaBaTbCst OTHOCUTENBHO HWU3KOW Henpo-
OOMKUTENBbHOE BpEMSI MOCHEe OCTaHOBKM 3aKayku.
Ha puc. 1 nokasaH npocdunb TemnepaTypbl B Tpe-
LMHe.

Tabnuua 1. CoctaB 6a3oBoi BoAbI
Table 1. Base Water Composition

MapameTp 3HaveHue | [lonycTumbie npegenb!
Parameter Value Acceptable Limits
3
Y,qen_bﬂaﬂ nn_omocm, riem 0.9-1,004
Specific gravity, g/cm?
pH 7,65 5-8,5
PKeneso obuee (Fe), mr/n
Total iron (Fe), mg/L 02 <8
Cynbdatbl, Mr/n
Sulfates, mg/L 300 <200
Xnopuabl, mr/n
Chlorides, mg/L 760 <1000
O6LLas XECTKOCTb, Mr/n
Total hardness, mg/L 1180 <500
Bukap6oHaTbl
Bicarbonates, mg/L 144 <500

PucyHok 1. Mpodune TemnepaTtypbl B TpeLmHe
Figure 1. Temperature Profile in the Fracture

M3 paHHbIX, NpuBeaeHHbIX Ha puc. 1, cnegy-
€T, YTO B TpelyuHe MOryT BO3HUKHYTb Tepmobapu-
Yyeckue ycnoeusi, criocobcTtaylolne ob6pa3oBaHuMio
rmnca, ocobeHHo, ecnu B cUCTeEMe MMeeTcs AocTa-
TOYHOE KONMYECTBO HECBSI3aHHOMO ABYXBaNEHTHOIO
Xenesa unu B 6a30BoVi Boge MOBbILWEHA KOHLEH-
Tpauus cynbgatoB. B sape notoka npu Temnepa-
Typax okono 50-70°C BpemMs HaxoXOeHus NOHOB
orpaHu4eHo, ckopee, npeobnagaeT nepeHoc NOHOB
Ca*/SO,> ©6e3 HemeaNleHHOro  OCaXaeHus,
HO Ha MOBEPXHOCTSAX TPEewWH B MOPOBOM Npo-
CTpaHCTBE, OXNaXAEHHbIX OO Temnepatyp MeHee
50°C, BO3MOXHO ocaxaeHue runca mnm beccaHuTa
KaKk metacTabunbHON npepLwecTsyowern (opMbl,
ocobeHHo B npucyTcTBUM Xxenesa [1, 7-9]. Ha puc. 2
rnokasaHa kapTa pucka ocaxgeHus runca B 3aBuUCK-
MOCTMW OT TEeMMNepaTypbl U UOHHOW CUIbl pacTBopa.
BaxHon ocobeHHOCTb0 06paboTKM  BbICOKOTEM-
nepaTypHbIX NMacToB OTHOCUTENBHO XOMOAHLIMU
TEXHOMOrMYECKUMU XKMUOKOCTAMU SBNAETCA BO3HUK-
HOBEHWe OO0BOJ1IbHO 3HAaYUTENbHbIX TENJIOBbLIX HANpsa-
*eHuin. Mpu GbICTPOM M3MEHEHWUM TemnepaTypbl

....................................................... 35
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Ha 70-80°C TennoBble HaMpPsHKEHWS CTaHOBATCSH
COMOCTaBMMbIMW C MPOYHOCTBLIO NMOPOA, Ha paspbiB
(aecsaAtkm MIMa no nopsiaky BenuuuHbl). B Takux yc-
noBMAX MOryT 00pas3oBbIBaTbCSH MUKPOTPELLMHBI,
yBenuuMBarLve yaenbHyl MoBEepXHOCTb B3anMO-
OencTBusa C NOHWXeHHoW TemnepaTypown. Kak cneg-
CTBME, MOBLILLAETCA BEPOATHOCTb MOSABINEHUS re-
TEPOreHHbIX LEHTPOoB Kpuctannusauum CaSO,, u,
COrNacHoO KOHLEeNTyanbHOW KapTe, pUCK OCaxaeHus
rmnca Bo3pacrtaet [10—-12].

PucyHok 2. Kapta pucka ocaxaeHus runca
Figure 2. Gypsum Precipitation Risk Map

KapGoHaTHble mnacTbl M3-3a O4EHb BbICOKUX
3Ha4YeHU Moaynen ynpyroctM Aaxe npu BbICO-
KON TemnepaType SABNSANTCS [OBOMbHO XPYMNKUMM
nopodamu. Mpu uxX Harpy>XeHUn TEKTOHUYECKUMMU
MU INUTOCTATUYECKUMU HAMpPSDKEHUSIMU B TeYeHMe
ONUTENBHOTO BpeMeHn mornu obpas3oBaTbCsi Tpe-
LUMHBI ECTECTBEHHOIO NpoucxoxaeHus. EctecTBeH-
Hble TpeLUHbl B MMOTHbIX kKapboHaTHbIX MnacTax
hOpPMUPYIOT OCHOBHbIE KaHanbl cunbTpauuy nna-
CTOBOrO pritonaa, a nopbl SABMSATCS OCHOBHbLIM
obbéMomM ans ero Hakonnewusi. B npouecce KIPI
KMCMOTa pacnpoCcTpaHAeTCs Mo KaHanam, MMeLm
HavMeHbLLee TrMapaBMYECcKOe  COMPOTUBIIEHME.
[MockonbKy anepTypbl €CTECTBEHHbIX TPELLUH B f1t0-
Gon Touke BOOMb OCU, COBMaaloLleln ¢ Hanpasne-
HMEM X PacnpoCTPaHEHNs, MOTYT ObITb HEMOCTOSIH-
HbIMW, TO BMOMHE BO3MOXHbl JTOKarbHbIE CY>XEHUS
€CTeCTBEHHbIX TPELUUH, 3HAYMT CKOPOCTb MOTOKa
Takke JoMkHa ObITb NepeMeHHon. Kak oTmevanock
BbILLIE, NPV BbICOKOW CKOPOCTM MOTOKA U MOBbILLEH-
HOM TemnepaType nepeocaxaeHuns CcynbgaTos
BEPOSITHO HE MPOWMCXOAUT, HO, MOCKONbKY B €CTeCT-
BEHHbIX TpelnmHax (OPMUPYIOTCS «3aCTOMHbIE»
30HbI, B HUX MPOUCXOAMT OCaXAeHWe W Hakorre-
HME MErKO OUCMEPCUOHHBIX YacTul, YTO NPUBOAUT
K BbIKIIOYEHWNIO HEKOTOPbIX €CTECTBEHHbIX TPELLMH
13 UNETPaUMOHHON CUCTEMbI, CreagcTBUEM Yero
SIBNSIETCS CHWKEHMEe obLier npoHMuaeMocTu nna-
cToBOW cuctembl. Takum obpasom, KIPI He npo-
CTO CTaAHOBUTCA HEI(PMEKTUBHLIM C TOYKM 3pEHUS
yBeNMYeHnss oTbopos, a yxyawaeT unbTpaLmoH-
HO-EMKOCTHble cBovicTBa (ganee — PEC) nnacta
U3-3a 04eHb HU3KOW PacTBOPUMMOCTM rurnca B Cons-
How kucnote [4-6, 9, 13—15]. Ha puc. 3 cxemaTnyHo

3G e

NnoKasaHbl NOTOKN B TpeLIJ,VIHHOVI cpene n o6pa30|3a-
HUe 30H ocaXxaeHua rmnca.

PucyHok 3. Cxema NoTOKOB B TPELYMHHON ceTn
Figure 3. Flow Scheme in the Fracture Network

Momumo cynbdatoB M kapboHaToB, B nnac-
Tax MOryT MpUCYTCTBOBAaTb [MWHblI PasnNUYHOro
NPOVCXOXAEHNS, B3aUMOOENCTBNE KOTOPbIX C Tex-
HOMOrMYECKUMM  XUOKOCTSAMU  MOXET  MpUBECTU
K HeraTMBHbIM NOCMEACTBUSAM M3-3a UX HabyxaHus
1 murpaumm. C Touku 3peHust HabyxaHus, Hanbonee
OnacHbIMK SBASOTCA MOHTMOPWMMOHUTBI U CMe-
LLIAHHO-CMOUCTbIE IMUHBI, HabyXaHne KOTOPbIX B NpU-
CYTCTBMM CTabunnM3aTopoB CHUXAETCH, HO MOSIHO-
CTbl0 He ycTpaHsieTcs. B kucnon cpene HabyxaHue
ITIH CHWXaeTCsa 13-3a arperaumm 4acTuuy, Murpaumus
TaKXKe CHMXaEeTCa U3-3a YaCTUYHOW HeWTpanusaummn
NMOBEPXHOCTU YaCTUL, U UX TEHOEHUMUN K B3aUMHOMY
npununanunio [14-18]. Ho nocne HewTpanu3aumu
KWCMOT W3-3a PacTBOPEHWUSI KUCIOTOW FOPHbIX MO-
poa, HabyxaHue rmuH, 0CO6EHHO CMEKTUTOB, MOXET
BO306HOBUTLCS, MUrPaLmNS YacTuL, OCOBEHHO Kao-
NUHUTOB, BOCCTaHOBUTLCS, NOCKOMbKY N30bITOYHYIO
KWCMOTY, Kak MpaBwio, B MnacT He 3akayuBarloT.
B atom cnyuyae npaktuyecku BCS KMCMOTa AOMKHA
BCTYNUTb B peakumio 1 obpas3oBaTb NpoBoasiive
KaHanbl. YkazaHHble NpobnemMbl XOpoLUO peLakTcst
nobaBneHneM B TEXHONOrMYeCKne XMaKoCTH cTabu-
n1M3aTopoB Ha OCHOBE YETBEPTUYHbLIX aMMOHUEBbIX
conen [9, 13—-15].

Bornee BaxHOMW npobrnemow, BO3HMKALLEN
13-3a B3aMMOOENCTBUSA [MIMH C KUCNoTamu, ABNs-
erca obpa3oBaHMe KOMnnouaoB xenesa u aniomMu-
HMA. B OCHOBHOM WCTOYHWMKOM amnioMUHWA SABNS-
I0TCA UNAUTblI U CMEKTUTBI, a Xenesa — MpoAyKThl
pacTBOpEHUs  IMUHUCTBIX MaTepuanoB. [locne
NOCTYNMEHNs B pacTBOp TPEXBANEHTHOro xenesa
U anioMUHUA 1 NoBblleHns pH TexHonornye-
CKOM XWMAKOCTW obpasyeTcsl rmapokcug xenesa w/
Ny rmapokeua anioMuHus. 'mgpokeuabl cnoco6-
Hbl 06pa3oBaTh KONMMOUAHBIN refb, KOTOPbLIN nocrne
KoarynsiuMm npeBpallaeTcs B MNMAOTHbIA OCafoK,
Gnokupyowmin unsTpauNoHHbIE KaHarbl Kak ecTe-
CTBEHHOrO, TaK W TEXHOrEHHOTO MPOUCXOXAEHUS.
B pesynbrate ahdhekTUBHOCTL CTUMYNSAUUKU 3Ha-
YATENBbHO CHUXAETCS MNWN MPUBOAUT K YXYALUEHWIO
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PucyHok 4. laHHble ramma-KapoTaxa
M raMma-ramma nyioTHOCTHOIO KapoTaxa
Figure 4. Gamma-ray and Gamma-Gamma
Density Log Data

O®EC nnacrta. Kak npaBuno, 4tobbl n3bexatb 06-
pasoBaHWs KONMMOUAHbIX renen, B cuctemy aobas-
NSIOT  UHIMOUTOPbI  OKUCMEHUSI [OBYXBANEHTHOMO
Xenesa [0 TpéxBaneHTHOro uMnu crabunusatopsl

[ABYXBarneHTHOrO >kernesa, NOCKOMbKYy OHO XOPOLUO
pactBopumo. Ho, Kak M3BeCTHO, AByXBarleHTHOe
eneso CUNbHO CoKpallaeT UHAYKLUMOHHbIV nepros
1 Bpemsi ocaxaeHusl rmnca oco6eHHO B OXNaxaeH-
HbIX 30Hax, YTO ycunueaeT npobnemy GrokMpoB-
KM PUNBTPALMOHHBLIX KaHamnoB rurncom. PelueHue
ofHOM npobnembl MNpoBOUMPYET BTOPYHD, €Chu
XenaTopoB enesa HegocTatoyHo. CnepoBartenb-
HO, ANSi CMOXHbIX NIacToB, B KOTOPbIX BO3MOXHO
B3aMMOOENCTBUE  TEXHOMOMMYECKUX  KUAKOCTEN
c kapboHaTamu, cynbgartamu 1 rmuHamu, KpaviHe
BaXeH AeTanbHbIi noabop peuenTtyp B nabopatop-
HbIX YCIOBUSIX C UCMOMb30BaHWEM KEPHOBOTO MaTe-
pvana unu wnama. O6s3aTenbHbIMU ANA COXHbIX
06bEKTOB A0MKHbI ObITb MCCNegoBaHUS Ha Bpalua-
OLLMXCS AMcKax, OUnbTPaLMOHHbIE NCCNEAoBaHNs
1 TeCTbl HA pacTBOPEHME KepHa unu wnama, a Tak-
e KOpPO3WOHHbIe TecTbl, Heobxoaumble Ans 3a-
LWMTbI NOA3EMHOro 060PYAOBaHNSA U YMEHbLUEHNS
3arpsi3HeHUs nmnacra YyacTvuamu kopposuu, dop-
MUPYIOLLMMW LLEHTPbI KPUCTaNNU3aLMn rncoB.

B T1abn. 2 npuBegeHbl OCHOBHbIE NapaMeTpbl,
KOTOpblE MOTYT NPUBECTU K YBESIMYEHNIO NN YMEHb-
LLIEHWIO PUCKOB OCaXAEHUS TMNCOB.

TepmogmHamumka o6pa3oBaHMs U OCaxaeHust
rinca B rasoBbIX Nfiactax CoxpaHseT obliue 3ako-
HOMEPHOCTU, HO ra3bl 06naaaroT HaMHOTO MeHbLUEN
TENNOEMKOCTBIO M HU3KOW CTENEeHbl KOHBEKLIMOH-
Horo TennoobmeHa, cnegoBaTenbHO, OXNaXaEHHbIN
CNOW nocrne KOHTaKkTa C OTHOCWTENIbHO XONI0OHOW
TEXHOMOrMYECKON KMOKOCTbIO hopmupyeTcs 3Ha-
yYnTenbHO ObICTpee, HU3KMe TemmnepaTypbl coxpa-
HSIIOTCS Jornblue, YTo ycyrybnseTr BoccTaHOBNeHue
1 ocaxaeHue runca.

Tabnuua 2. YyBcTBMTENBHOCTb PUCKa ocagkoo6pasoBaHus CaSO, k napameTpam
(kayecTBEHHas oOLieHKa)
Table 2. Sensitivity of CaSO, Precipitation Risk
to Parameters (Qualitative Assessment)

MapameTp WUameHeHue (—) AdbcheKT Ha puck KommeHTapun
Parameter Change (—) Effect on Risk Comments
Temnepatypa y CTEHKU | no 30-45°C Bxop, B o6nactb ctabunbHocTu runca
\Wall Temperature | to 30-45°C T Entry into the gypsum stability region
| aKTMBHOCTb BOAbI (CMeLaeT T cTabuibHOCTM), HO BNMSIET HAa CMeLLeHNe
loHHasi cuna ABOSIKO
lonic Strength T (NaCIiKel) mixed effect [OTOKOB
| water activity (shifts stability temperature) but affects flow mixing
[Fe**] B cucteme CokpallaeT MHAYKLMOHHOE Bpems Hykneauuu runca
[Fe?*] in the System T T Reduces gypsum nucleation induction time
Cynbdat B BOAE 1 (Mopckas Boga) 1 MepechbilleHne Npu HelTpanusauum KUCNoThb!
Sulfate in Water 1 (seawater) Supersaturation upon acid neutralization
CKOpOCTb TeYeHUs | nokanbHo 3acTolHble 30HbI — pocT 6e3 cHoca
Flow Rate | locally T Stagnant zones — growth without removal
LLlepoxoBaTOCTb CTEHKM leTeporeHHbIe LEHTPbI KPUCTANNMM3aLmmn
\Wall Roughness ! T Heterogeneous crystallization centers

Pe3ynkTaThbl M 06cyxaeHue

[Mocne BbINOMHEHNs PaGoT MO  KUCIOTHOM
CTUMynAaAuUMn Ha OOHOM U3 ra3oBbiX MeCTopoXie-
HWI, pacnonoxeHHblx B CpegHewt Asuun, okasa-
110Cb, YTO Mocne CTUMynAuMKM AebuThbl rasa CHU3W-
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JIUCb MO CPaBHEHMIO C TAKOBbIMU [0 BO3AENCTBUS.
Ha puc. 4 npuBegeHa OCHOBHasi reogusnyeckas
MHopMauma o nnacrte. [NoTHOCTbL NopoA, 3Hadve-
HMe ecTeCTBEHHOW paaMoakTUBHOCTU BapbUpylOTCs
B BECbMa BbICOKMX Npeaenax, YTo MOXeT yka3blBaTb
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Kap6oHaTbl
Carbonates
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6)

PucyHok 5. CTpoeHue nnacrta
Figure 5. Reservoir Structure
a) OaHHble 2amMMa-kapomaxka / gamma-ray log data; 6) numonoaudeckoe cmpoeHue nnacma / lithological structure
of the reservoir

Ha JOBOJSIbHO CMOXHOE CTpoeHMe nnacra. Ha puc. 5
NpeacTaBneHo  pacyéTHoe CTpoeHWe  nnacTa.
M3 pacuéta BMAHO, YTO nnacT npeacraensieT co-
601 [OBOMBLHO CNOXHOE YepedoBaHne kapboHaToB
N cynbgaToB, YTO OCMOXHSIET BbINOMHEHWE yCneLl-
HOW CTUMYMSILMMN N3-3a OCAXAEHUSI OCafKoB B ecTe-
CTBEHHBIX W TEXHOTeHHbIX TpeLumHax. [locKonbKy
NnacT HacbIWeH ra3om, To, KpoMe nNpobrem ¢ ocax-
OeHvem cynbgaToB, MOryT BO3HUKHYTb OCMOXHEHUS
n3-3a BofHOW 6riokafbl, NPUBOASILLNE K CHUDKEHMIO
¢ha3oBOV NPOHMLAEMOCTU ra3a, ecfiv He NPUMeHsI-
l0TCA TexHonornyeckne nonapl C MNOBbILEHHOW
aHepruen (3a cYéT JobaBneHust ra3oB) UM SMyIb-
TMPOBaHHbIX cuctem. He mcknoyeHo, 4YTo B nnacte
pa3BuTa ecTecTBeHHas TpeLymHoBaTocTb. Ha puc. 6
NpYBEAEHbl  PacCYETHblE  3HAYEHWUs  Hanpsbke-
HWIA, CBOWCTBEHHbIE paccMaTpvMBaemMoMmy MnacTy,
Ha puc. 7 n 8 — pacy€THble 3HaYeHUs KoadppuLneH-
ToB lMyaccoHoB n mogynen KOHra. M3 pacyéta cne-
[yeT, YTo B nnacTe BblAENSOTCH MOLLHble 6apbepbl

FQ e
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0N TEXHOrEeHHbIX TPELLUMH B BEPTUKANbHOM Hanpas-
nexuu, T.e. TpewmHbl Pl1, ckopee Bcero, dopmu-
pytoTcs B LeneBon 30He nnacta. CrnegoBaTenbHO,
npobnema npopbiBa TPELMH B HELENEBble 30HbI
HEe MOXET OObSACHUTb CyLLIECTBEHHOE CHWKEHME Oe-
owuToB nocnie KIPri.

OCHOBHOW MNPUYUHOM HEraTUBHOIO OTKIMKA
Ha 06paboTKy MOXHO CuMTaTb yMeHblueHne aso-
BOM MPOHMLL@EMOCTUN NnacTa Ans rasa, BbinageHue
HEpacTBOPMMbIX OCa[KOB, CHWXalLWMX NpoBoau-
MOCTb TEXHOreHHbIX TpewwuH. Ha puc. 9 nokasaHbl
pacuyéTHble 3HayYeHus 3anyckHbix AebuToB CckBa-
XWH nocne ycnewHon 1 HeycneLwwHbIX CTUMYNALNUNA.
M3 pacyéTa BUAHO, Y4TO NOTEHUMANbHO, NPU KOPPEK-
THO cnpoekTupoBaHHom KI'PI1, nebutbl rasa gonx-
Hbl MHOTOKPATHO YBEMWUYUTBCS, HO €CINU NPOUCXOANT
OoCaXaeHne 0CagKOB B TEXHOTEHHbIX W €CTeCTBEH-
HbIX TpelmHax, To AebuTsl rasa cHuxkatorcs B ~1,5
pasa. Ecnu xe npowucxoguTt, Kpome Toro, BogHas
6nokaga, 10 AebuTbl rasa Moryt cHusuTbcs 6o-
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PucyHok 6. MMHUManbHble ropusoHTanbHble HaNnPsXXeHUs U AaBneHus paspbiBa
Figure 6. Minimum Horizontal Stresses and Fracture Pressures

nee yem B ABa pasa. Ecnu ocagkn He oTpabotarb
OYeHb ObICTPO, TO NOBPEXAEHUSI TPELLUMH OKaXyTCs
HeyCTpPaHUMbIMU, HO TMpWU arpecCMBHOM OCBOEHWU
MOXET NPOM30WTY Aerpadaumns TPELLUMH, YTO YpeBa-
TO noteper 3PPEKTOB OT CTUMYNALNN.

3akntoyeHue

KucnotHein PI1, HecmoTps Ha KaxyLiykcs
onepaLuoHHy0 NErkocTb, SIBMSIETCA KpanHe CroX-
HON WHXeHepHoW 3agadeil. To obycrnoBneHo me-
XaHU3MaMM XUMUYECKUX peakuuili U TepmoauHa-
MUYeckol 0BCTaHOBKOW: U3MEHEHWE TeMnepaTyphbl
nrnacta B OKPECTHOCTSIX 30H HarHeTaHWsi TEXHOMNo-

rmyeckmnx )KI/I,EI,KOCTeI‘/'I npuBOAUT K TOMY, 4YTO Temne-
paTypbl U OaBrieHUsi CTaHOBSITCA GnaronpusiTHbIMU
ANs NIPOTEKaHWs peakuuii C HeraTMBHbLIM ANst CTUMY-
NAUMKM UCXOOOM, TaKUX Kak OCaXaeHue cynbgaros,
HabyxaHne n mwurpauma muH. Kak 6bino ykasaHo
BblLlE, MOCMe CTUMYNSAUMU [OIHKHbI OAHOBPEMEH-
HO pellaTbCA ABe TPYAHO cornacyemble 3agauu:
ObicTpas oTpaboTka ocagkoB C Haubonbluen cKo-
poCTblO M NpeaoTBpalleHue B npouecce A06bIUU
N OCBOEHWSI CMbIKAHWUSI TEXHOTEHHbIX TPELLMH-
YepBOTOYMH, YTO MpeprnonaraeT KpavHe Lagswue
YCNoBWS BbIBOAA CKBaXWHbl Ha pexum. Cneposa-
TenbHO, MPobnemy ocaxaeHust cnegyeT KynuposaTb
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PucyHok 7. Mpodcdunb koaddpuumerToB NyaccoHa
Figure 7. Poisson’s Ratio Profile

PucyHok 8. NMpocdunb moaynewn lOHra
Figure 8. Young’s Modulus Profile

PucyHok 9. PacuéTHble nokasaTenu Ao6biun Npu pasnuyHbiX 3¢pheKTUBHOCTAX CTUMYTISILIUK
Figure 9. Calculated Production Rates at Different Stimulation Efficiencies

3a CYET noabopa peLenTyp TEXHOMNMOTMYECKNX XUA-
KOCTeN U yMeHbLUEHNs A0NV BOAbI B HUX.

[ina ra3oBbIX NNacToB OTAEMbHO CTOAT MPO6-
nemMbl 0b6pa3oBaHNsi BOAHbIX Briokag v KpUTUYECKM
CUMBHOTO  CHWXEHUS (asoBoW  MPOHULAEMOCTMN
Ons rasa, KoTopble NpeodoneBaloTcs UCMoNb30Ba-
HWEM BbICOKO3IHEPreTU4eCKUX WNN 3MYNbrupoBaH-
HbIX TEXHONOrMYECKUX XUAKOCTEN, NPUYEM Ha OCHO-
BE KMCMOTbI N HETN.

CTouT OTMETUTb, YTO KpaWHe  BaXHO
ONSA yCTPaHeHUs PUCKOB CHUXEHNS 3PdPEKTUBHOCTH
06paboTku kak MOXHO BbiCTpee NPUCTYNUTb K OCBO-
€HWI0 CKBaXWHbI. MNpouecc ocBoeHus nocne KUCnoT-

QO e
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HOW CTUMYNsiuuKM cam no cebe AOBOMbHO CIOXEH,
MOCKOINbKY KOHKYPUPYIOT MO MeHbluel Mepe [ABa
npouecca. Heobxogmma arpeccuHas nporpamma
OCBOEHWsi (C BBICOKMMMW AenpeccusiMu) Ans TOoro,
YTOObI OCagKn N OCTaTKMN TEXHOSTIOMMYECKUX XXMNOKo-
CTel Kak MOXHO ObICTpee BbIBECTV U3 NnacTa, ogHa-
KO MpW 3TOM AENPECCUM OOMKHbI ObiTb YMEpPEHHbI-
MU, 4TOObI HE OOMYCTUTb 3aKPbITUS Y3KUX TPELLMWH,
obpa3oBaHHbIX 3a CYET peakuun Nopof C aKTUBHbI-
MM TEXHOSOMMYECKMMU XKXNOKOCTAMU. AP PEKTUBHbIE
crnocobbl OCBOEHUsI SIBNSOTCA OTAENbHOW TeMOM
ONsS UccrnefoBaHWUiA, BbIXOASLLEA 3a paMku npen-
CTaBMEHHON cTaTbu.
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OONMONHUTENbHO

UcTouyHuk dumHaHCcMpoBaHus. ABTOpbl 3asABns-
10T 006 OTCYTCTBMM BHELUHEr0 (OUHAHCUMPOBAHUS
npu NpPoBeAEeHNN NCCNESOBAHUS.

KoHcnukt nHtepecoB. ABTOPLI AeKNapupyoT OT-
CYyTCTBME SIBHbIX W MOTEHUMAmNbHbIX KOHMPIIMKTOB
MHTEPECOB, CBsI3aHHbIX C Nybnukauuen HacTosiLLen
craTby.

Bknap aBTopoB. Bce aBTOpbl NoaTBepxaalT co-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHApPOAHbIM
kputepusam ICMJE (Bce aBTOpbI BHECIUN CYLLECTBEH-
HbI BKMag B pa3paboTky KOHUenuuu, NpoBeaeHve
nccrneaoBaHus U NoaroToBKy CTaTby, MPOYnu 1 0go-
O6punu cuHanbHyl0 Bepcuio nepeq nybnvkauven).
HanbonbLumin Bknag pacnpenenén cnegyowmm ob-
pasom: [lycanveB A.M. — NOCTpoOeHNe reomexaHu-
4YeCKOW MOAENM, pacyéTbl U OLeHKa, NMTepaTypHbI
0630p, HanucaHue pykonucu; icmaunos A.A. — npo-
BepKa pacyéToB, pe4aKTUpOBaHUe CTaTbMy.
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OerMHaanoe nccrnieaooBaHue
MeToaunyeckue noaxoabl K aHanuly 3apeKTMBHOCTHU
rmgpopaspbiBa nrfacrta Ha npumepe mectopoxageHmna M

H.H. Carbivranu', E.T. Bacnaes’, A.A. bawes’, T.C. [IxakcbinbikoB', A.C. MappgaHosB’,
X.A. MykaToB?

"Ambipayckul punuan KMI™ ixuHupuHe, 2. Ameipay, KasaxcmaH

2KasMyHadllas, 2. AcmaHa, KazaxcmaH

AHHOTALMUA

O6ocHoBaHue. PaboTa HanpaeneHa Ha pelueHne NpobnemMbl NeCKONPOSBIEHNS U HA3KOTO MEXPEMOHT-
HOro nepvoga CKBaXXvH Ha MecTopoxaeHnn M Yyepes aganTauuio TEXHONOrMU rngpopaspbiB nnacTa (aa-
nee — 'PMN) ans cnabocueMeHTMPOBaHHbIX NnacTtoB. HayyHasi HOBM3Ha 3akntodaeTcst B 060CHOBaHUN
npuMeHenust NPl kak MeToga co3gaHns KOHCONMAMPOBAHHOIO 3KpaHa, BbIMOMHSOLWEro posib 3abonHo-
ro counbTpa. [NpegnoxeHHbI NOAX0A NO3BOMSIET AOCTUYb OTPULLATENBHOIO CKMH-hakTopa nNpy ogHOBpe-
MeHHoW cTabunmsaumm ckeneta nnacra.

Llenb. NpogemoHcTpupoBaTth nepBbit B KazaxctaHe npaktudeckun onbiT peanusauuun Pl B HeTpa-
OVLUMOHHOM KOMJekTope — cnabocueMeHTMPOBaHHOW, BbICOKONMPOHMLAEMOWN 3arNeXun C BbICOKOBSI3KOMN
HedTbI0 NpW Manow rnybéuHe 3aneraHus.

MaTtepuanbl n metoabl. B kayecTBe MCXOOHbLIX MaTepuanoB UCMONb30BaHbl AaHHblE MPOMbICIIOBbLIX
HabniogeHnn 1 OTY4ETHAA AOKyMeHTauus no npoBedéHHbIM onepauusim P Ha mecTopoxaeHun M.
B cneunanusmpoBaHHOM nporpammHom obecneveHun FracPro BbINOMHEHO MOAENMPOBAaHUE reoMmexa-
HUYECKMX M (PUNBTPALMOHHBIX CBOWCTB MacTa, a Takke CUMMYnsAuMs TpewmH no dakTuyeckMM napa-
MeTpaMm 3akadku. [1ocTpoeHHble Moaenu ConocTaBNsANUCh C pesynsratamm npoBedéHHblx MPI1, yto no-
3BOMWIMO OLEHUTb COOTBETCTBUE MPOEKTHBIX PELIEHUA (haKTUYECKMM AaHHbIM UM MpOaHanu3npoBaTb
3P PEKTUBHOCTb peann3oBaHHbIX MEPONPUATUNA.

PesynbraTtbl. [lpoBeAéH KOMMMEKCHBIM aHanmM3 reonoro-TEXHUYECKMX YCrnoBuK, OCoBeHHoCTeln
CTPOEHUS KOMmeKTopa W WUCXOAHbIX (UIBTPaLMOHHO-EMKOCTHBLIX CBOWCTB nopoa (panee — PEC),
a Takke aHanu3 gaktudeckmx onepauui P, BbINOMHEHHbIX Ha CKBaXnHax mectopoxaeHus M. Mo-
OenvpoBaHMe napameTpoB TPELLMHbI, NpoBeaéHHoe B FracPro ¢ mMcnonb3oBaHUEM pearibHbIX 3Have-
HUI 3aKadku, COMOCTaBIIEHNE PACYETHBIX U PAKTUYECKMX NoKa3aTenen nokasano apeKTMBHOCTb Npo-
BeOEHHbIX MEPONPUATUIA U COOTBETCTBME AOCTUrHYTbIX AEOUTOB NMPOEKTHBIM OXuAaHUSAM. BbisiBneHb!
KntoyeBble (hakTopbl, MOBMAMSIBLUME HA pe3ynbTaT: BbIOOp ONTUMarnbHON KOHLEHTpauMn afre3voHHOro
cocTaBa Ang KOHCONMuAauuMu MponnaHTa, a Takke KOHTPOMb YMCTOrO AABMEHUS B MPOLIECCE 3aKayku.
BbipaboTaHbl MpakTuyeckMe pekoMeHdauum no onTUMM3auMu MpOoeKTMpoBaHus U nposegeHus Pl
B Konnekropax ¢ rnyouxHon Hmke 500 m.

3aknrouveHue. [NonyyeHHble pesynbraTbl NOATBEPXAAT HeobXxoAMMOCTb AanbHelen onTuMmsaumm
npoekTupoBaHus u nposegexus NPl Ha MecTopoxaeHnn M, B T.4. C Y4ETOM YTOUYHEHMS NMapameTpoB
3akadku n koppektnposku ®EC. KomnnekcHbIi noaxon K aHanuay NpoBeAEHHbLIX onepaumin No3Bons-
€T He TOmMbKO NOBbICUTb 3PPEKTUBHOCTL YXKE peann3oBaHHbIX MEePONpPUATUIN, HO MU CNY>XUT OCHOBOW
ans Bblbopa onTMManbHbIX KAHAMAATOB U yryylweHnsa gusavHa Pl B nocneayowmx npoekTax.
Knroyeeble crioga: eulpaenuyeckuli paspble nnacma, reckonposierieHue, ¢uabmp, 4acmo
pemMoHmupyembIl hoHO, MEXPEMOHMHbIU nepuod, aHanu3 0aHHbIX, achgpekmusHocmb [Pl
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Methodological Approaches to Analyzing the Effectiveness
of Hydraulic Fracturing: A Case Study of the M Field

Nurtas N. Sagyngali’, Yerlan T. Baspayev', Adilbek A. Bashev’, Talgat S. Jaxylykov',
Altynbek S. Mardanov', Zhassulan A. Mukatov?

"Atyrau Branch of KMG Engineering, Atyrau, Kazakhstan

2KazMunayGas, Astana, Kazakhstan

ABSTRACT

Background: The work aims to address sand production issues and low mean time between failures
(MTBF) of wells at Field M by adapting hydraulic fracturing technology for poorly consolidated
formations. The scientific novelty lies in the justification of using hydraulic fracturing as a method
for creating a consolidated screen that functions as a downhole filter. The proposed approach achieves
a negative skin factor while simultaneously stabilizing the formation skeleton. The practical significance
is confirmed by the complete elimination of sand production and improved well operation efficiency
in shallow depth conditions.

Aim: To demonstrate the first practical experience in Kazakhstan of implementing hydraulic fracturing
in an unconventional reservoir — a poorly consolidated, highly permeable formation with high-viscosity
oil at shallow reservoir depth.

Materials and methods: This study is based on field data and operational reports from hydraulic
fracturing (HF) activities at Field M. Geomechanical and filtration properties of the formation were
simulated, and fracture propagation was modeled in the FracPro software using actual injection
parameters. The resulting models were compared with the outcomes of the implemented HF treatments,
allowing evaluation of the correspondence between design solutions and field performance, as well
as analysis of the effectiveness of the conducted interventions. This work represents Kazakhstan’s
first practical experience of implementing HF in an unconventional reservoir: a poorly cemented, highly
permeable formation containing high-viscosity oil at shallow depth.

Results: The study analyzed the actual HF operations performed on wells at the M field. Modeling
of fracture parameters was conducted in FracPro using real-world injection data. Comparing
the calculated and actual performance indicators allowed for the evaluation of treatment efficacy,
validation of achieved production rates against design expectations, and identification of key result-
influencing factors. A comprehensive analysis was also performed of the geological and technical
conditions, reservoir structure, and initial filtration-capacitance properties (FCP) of the formation.
Key factors affecting the results included the selection of the optimal concentration of the adhesive
composition for proppant consolidation and the control of net pressure during the injection process.
Practical recommendations were developed for optimizing the design and execution of HF in reservoirs
at depths below 500 m.

Conclusion: The findings confirm the necessity of further optimization in HF design and execution
at the M field, particularly regarding the refinement of injection parameters and correction of the model’s
filtration-storage characteristics. This comprehensive analytical approach not only improves the efficacy
of already performed treatments but also forms the basis for selecting optimal candidates and enhancing
HF design in future projects.

Keywords: hydraulic fracturing; sand production; filter; frequently repaired well stock; workover interval;
data analysis; HF efficiency.
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TynHycka 3epTTey

M KeH OopHbI MbicanbiHAa KabaTTbl rMApaBAUKanbIK XXapyablH
TUiMAiniriH TanaayabiH agicTemenik Tacinaepi

H.H. Carbivranun', E.T. BacnaeB', ©.A. bawes’, T.C. XakcbinbikoB', A.C. MapaaHoB®,
X.A. MykaToB?

KMI™ ixxuHupuHe Ambipaynbik chunuarnbsl, Ambipay Kanackl, KazakcmaH

2KasMyHalla3, AcmaHa Kanacsl, KazakcmaH

AHHOTALUUA

Herizaey. XKymbic anci3 uemeHTTenreH kabartrap ywiH rugpasnukanblk xapy (byaaH api — KIXK) texHo-
norusicelH G6enimaey apkbinbl M KeH OpHbIHAAFbl YHFbIManapaarbl KYMHbIH Nanga 6onybl xaHe xeHaey
apanblk keseHiHiH TeMeH npobremacblH wewyre GarbiTTanfaH. FoinbiMy xaHanblk-KIMK keHxap cys-
TiCiHiH peniH aTkapaTblH LOFbIpNaHabIpbIIFaH aKkpaHabl Kypy a4ici peTiHae KongaHyabl Herisgey 6onbin
Tabblnagbl. ¥CblHbINFaH Tacin KabaTTblH KaHKacblH Bip yakbiTTa TypakTaHAbIpy kesiHae Tepic CkuH-dak-
TOPbIHA KO XeTKidyre MyMkKiHAiK 6epegi.

Makcatbl. KazakctaHga anfal peT AacTypili eMec TUNTeri Konnekropaa — onci3 LeMeHTTeNreH, Xofapbl
OTKI3riLWTIKTI, TYTKbIp MYHaMEH KaHbIKKaH »XoHe TeMeH TepeHaikTe opHanackaH kabatta KK TexHono-
TMSICbIH eHri3yaiH NpakTukanblk TaxipubeciH kepceTy.

Martepuangap meH agictep. bactankbl Matepuangap petiHae M keH opHbiHaa KK xxyprisreH onepa-
umsinap GowblHWA Kacinwinik G6ankaynapablH, AepekTepi XoHe ecenTik KyaTTamachl nanganaHbingbl.
FracPro mamaHngaHabipbinFaH Gargapnamansik acaktamachl KabaTTblH reoMexaHuKarnblk XaHe Ccy3y
KacueTTepiH Modenbaeyai, CoHaan-aK HakTbl angay napameTprepi 6obIHLA XapblKWwakTapabl Moaerb-
Aeyai xysere acbipagbl. CanbiHFaH Mogenbaep xobanblK WeLliMaepaiH, HakTbl AepeKTepre CoNKECTIriH
Oaranayfa »oHe icke acblpblfiFaH ic-LuapanapgblH, TMiMAiniriH Tangayra MymkiHgik 6epetid KIMK HaTuxe-
nepiMeH canbICTbIpbINAb.

HoaTtuxenepi. eonorvanbik-TEXHUKanNbIK Xafgannapra, KONMEKTop KypbifbICbiHbIH, epeKLuenikTepiHe
XOHe XblHbICTapablH 6acTankbl cy3y-CbiibiMAbINbIK kKacueTTepiHe (byaaH api — CCK) keweHai Tangay,
coHpan-ak M KeH OpHbIHbIH, YHFbIManapbiHaa opbiHaanFaH KIMK HakTbl onepauusinapbiHa Tangay xyp-
risingi. Haktel angay MaHaepiH navganaHa otbipbin, FracPro-ga xyprisinreH xapblkliak napaMmeTprepiH
Mogenbaey, eCenTik XoHe HaKTbl KepceTKiTepai canbICTbIpy XYPrisinreH ic-wapanapablH, TUiMAiniriH
XK8He KON XeTkidinreH ebuTtTepain )obanblk KyTynepre CONKeCTIiriH KepceTTi. HaTuxere acep eTkeH He-
risri hakTopnap aHblKTangbl: NPONMaHTThl WOFbIPNAHABIPY YLWiH aare3ns KypamblHblH OHTaubl KOHLEH-
TpaumscbiH TaHaay, CoHaan-akK angay npoueciHae Tasa KbicbiMabl 6akbinay. Teperairi 500 m aeH TemeH
konnektoprapaa KK >xobanayabl xaHe Xypridygi oHTannaHablpy 6oviblHWA NpaKTUKanbIK YCbiHbICTap
asipneHai.

KopbITbIHAbI. AnbiHFaH HaTwkenep M keH opHbliHAa KIMK xxobanayapl eHe Xypridyai ogaH api oHTan-
naHapipy KaxeTTiniriH, oHblH iwiHge CCK anpay xeHe Ty3eTy napameTpriepiH HakTbinaydbl eckepe
OTbIpbIN, pacTanabl. XKypridinreH onepauvanapgbl TangayablH KeweHAi Tacini Kasipain esiHae xysere
acblpbiffaH ic-lapanapdblH TMiMAININH apTThipyFa faHa emMec, COHbIMEH KaTap OHTaunbl yMiTkepnepai
TaHaayFra xaHe KeuiHri xxobanapaa KIMK avsariHbeiH xakcapTyFa Heriz 6onagbl.

Hezizzi ce30ep: kabammbl 2udpasnukarnbiK xapy, KyMHbIH natida 6omybi, cy3ei, Xui xeHOenemid Kop,
XXeHOey aparbiK ke3eH, 0epekmepdi manday, KI2K muimdiniei.
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BBeneHune

OpHo 13 KNtoYeBbIX Npobrem paspaboTku Me-
CTOPOXAEHNA CO CnabocLeMeHTUPOBaHHbIMK Nec-
YaHUKOBLIMU KOMMEKTOpaMM, K KOTOPbIM OTHOCUTCS
MecTopoxaeHue M, SBMsieTC MHTEHCMBHOE MNEeCcKo-
NposiIBNIEHME B MpOLECCe IKCnnyaTauunm CKBaXKWH.
BbIHOC MexaHM4ecKMx npumecen NpuBOOUT K Mpex-
OEeBPEMEHHOMY WM3HOCY MOrpyXHOro obopyaoBaHus,
3aCOPEHWI0 CTBOMA CKBaXMHbI U, KaK CNEACTBUE, POCTY
yncna noaseMHbIX pemoHToB (ganee — MNPC) u cHn-
XXEHWI0 MEXPEMOHTHOro nepvoaa (aanee — MPIT).

TpagnumoHHble MeToabl 60pbbbl ¢ Neckonpo-
SIBMEHNEM, TaKkMe Kak YCTaHOBKa MeXaHU4eCKMX
OUNETPOB MU NPOTUBOMECOYHBIX 3KPaHOB, 3aya-
CTYI0 COMPOBOXAAKTCS CO34aHWEM [OMNOMHUTENb-
HOro CKMH-3ppeKTa, YTO CyLLECTBEHHO OrpaHuyn-
BaeT NPUTOK NPOAYKLUMMN U CHUXKAET 3PDEKTUBHOCTb
pa3paboTku. B aTol CBA3W aKTyarnbHbIM CTAHOBUTCS
MOMCK TEXHOMOIUI, codeTarLmxX B cebe kak UHTEH-
cudmKaumio NpuToka, Tak N HagexHyl ctabunusa-
umto npm3aboriHon 3oHbI NnacTta (ganee — M3M1).

Pl TpagnumMoHHO paccmaTpuBaeTcs Kak Me-
TO4 yBenuyeHus nposogumocTu nnacta [1]. OgHa-
KO Mpu onpenenéHHbIX TEXHOMOMMYECKUX PeXuMax
W UCMONb30BaHUN Creunanu3upoBaHHbIX MaTepua-
nos Pl moxeT BbICTynatb B kKayecTBe apdeKTnB-
HOro MeTofia KOHTPOS NEeCKONPOSABEeHNs. HayuHbIn
N NpPaKTUYECKUI MHTEpPEC NpeacTaBnsieT UCMob30-
BaHWE MPOMMNaHTOB C aAre3voHHbIM MOKPbITUEM,
cnocobHbIX hopmMmnpoBaTh B TPELLUHE YCTOWYMBLIN
BbICOKOMNPOBOAALLUMIA KapKac, BbIMOMHAOWUA DyHK-
uuto rmybokoro cpunsrpa.

HecMoTpsi Ha Hanuune MMPOBOIO OMbiTa NPO-
BeAeHUs NogobHbIX onepauuii, Anst yCnoBuii MecTo-

poxaeHunss M ¢ rmybuHamu 3aneraHusi NpogyKTuB-
HbIX ropu3oHToB MeHee 500 M 1 cneunduyeckumMmn
reomexaHu4eckuMmn CBOWCTBamMu nopos noabop
ONTUMarnbHbIX NApaMeTPOB 3aKaykm OCTaETCS CIOX-
HOW 3afaden, TpebytoLlen JONONMHUTENBHOMO Hay4-
HOro 060CHOBaHUS.

Llenbto gaHHoM paboThl ABMsieTCH TeopeTnye-
ckoe 060CHOBaHVEe 1 aHanm3 npakTuyeckon addek-
TMBHOCTU NpuMeHenust TPl ¢ ncnonb3oBaHnem aa-
re3voHHbIX COCTaBOB Af1st UHTEHCUUKaLMKN JOObIYK
N OAQHOBPEMEHHOr0 OrpaHWyeHusi BbIHOCa Mecka
B yCNoBusiX MectopoxaeHus M. B ctatbe npeacras-
neHbl pesynbratbl BEpUdUKaLum NpoekTHbIX napa-
MEeTpOB B NporpaMMHomM komnnekce FracPro u gaHa
OLeHKa BMUSIHUA TEXHOMOMMW Ha AMHAMUKY A06blun
1 MPTT ckBaXuH.

[na paccmaTpvBaeMoro MeCTOPOXAEHUS [0-
NOMHUTENBbHON OCOBEHHOCTBIO SBMSAETCS BbICOKas
BSI3KOCTb HedTn, KoTopas B codeTaHum co cnabon
LeMeHTaumen KOMnmnekTopoB OKa3blBaeT HeraTtue-
HOe BMUSHWE Ha NPOAYKTUBHOCTb CKBaXWH. AHarno-
rMYyHble BbI30Bbl OTMEYEHbI 1 Ha ApyrMx obbekTax,
rae nposegeHue Pl B ycnoBusix BbICOKOMPOHU-
LaeMbIX U HeCTabunbHbIX KOMMeKTopoB TpeboBano
bornee TOYHOrO NPOrHO3MPOBaHWS MOTEPb XKMAKO-
CTU 1 ONTMMU3ALUN TEXHONMOTMYECKNX NapaMeTPOB.
B tabn. 1 npeacraesneHa MHgopmaums No MMPOBO-
MY OMbITY MPUMEHEHUS TEXHONOTUW.

MposeneHne wn nocnegywowmn adanua Pl
B YCIOBMUSIX BbICOKOMPOHNULIAEMBIX KOMMEKTOPOB
paccmaTpuBaeMoro MeCTOPOXAEHWUs MpeacTaBns-
I0TCS BaXXHbIM MHCTPYMEHTOM TMOBbILLEHNS NPOJYyK-
TMBHOCTU CKBaXXWH W CHWDKEHWS HEeraTMBHOIO BNus-
HWUSI NECKOMPOSIBNEHNN.

Ta6nuua 1. OnbIT npoBeaeHusi MPI Ha MecTopoXxAaeHUAX-aHanorax
Table 1. Field experience with hydraulic fracturing in similar fields

HaumeHoBaHue nokasatenss | M, Il o6bekT Aypw, UHpoHesus Meckun Punay, Oypu
Parameter name M, Il object Duri, Indonesia [2] Rindu Sands, Duri [2]
I'ny6|AHaA 3aneranus, m 285 214 153
Reservoir depth, m
HedTeHacbIweHHOCTb, %
Oil saturation, % 4 55
MopwucTocTb, %
Porosity, % 35 32 30-35
Mporuuaemocts, wli 547 1500 1300-3000
Permeability, mD
MnacToBas Temnepatypa, °C
. o 23 34
Reservoir temperature, °C
I'Inacms_oe [aBneHue, atm 24 12.25 10
Reservoir pressure, atm
BsskocTs Hedty, ol 246,6 400 160
Oil viscosity, cP
MccneposaHo noBeaeHne punbTpaLmm XXUAKOCTY B YBENuYeHne NnpoayKTMBHOCTY C
Pesynbrat BbICOKOMPOHULI@EMbIX KOMneKTopax 28% po 162%
Result 'The behavior of liquid filtration in highly permeable Productivity increased from 28%
reservoirs is investigated to 162%

MaTepuansl u MmeToabl

OGbEeKTOM HacTOSALLEero KOMMIIEKCHOTO Uccre-
[OBaHWs U NOCINeaYyoLEro onbITHO-MPOMbILLNEHHO-
ro BHeJpeHna TexHonorun asmnacb 3KCI'II'IyaTaLlI/IOH-
Has CKkBaXwuHa, koTopas bbina BbibpaHa B kayecTBe

NUNOTHOTO KaHAuAaTa Ans KapAuHanbHOro ymy4-
LIEHUS1 MPUTOYHBIX XapaKTepucTuk. MpoayKTUBHbII
FOPU3OHT 3arneraeT Ha OTHOCUTENbHO HE3HaYUTENb-
HoW ry6buHe, cocTaensiowen Bcero 250 M, 4To 06y-
CnaBnnBaeT HU3KMe nrnactoBble AaBrneHnda n MUHU-



OPUI'MHAJIbHBIE UCCJIEJJOBAHUA

Tom 8, Ne 1 (2026)

Ka3akcTaHHBIH MyHali-ra3 caiachbIHbIH Xa0apIbIChI

MarnbHoe ropHoe pgasrieHve. [pyu 3TOM KonnekTop
XapakTepuayeTcsl aHOMarbHO BbICOKOW €CTeCTBEH-
HOWM NPOHMLIAEMOCTbIO, CpeaHee 3HadYeHne KOTOpPOoWn
pocturaet 1000 mA.

KntoueBbIM NMUMUTUPYIOLLMM (DAKTOPOM, CAEp-
XMBAKOLMM NPOAYKTUBHOCTb CKBaXWHbI A0 WHTEH-
cudukaunm, SIBNsnach WUCKMHYUTENbHas BSI3KOCTb
nnacTtoBon HedTn, coctaensowas 246 cl13. Nmen-
HO 9TOT T[MAPOOUHAMWYECKUA NapameTp, Haps-
Oy C HanuyMem Kputudeckow konbmataumm M3,
00ObsiCHAN napajokcanbHO HU3kuA [ebut ckea-

XWHBI, KOTOPbIA Obin 3adUKCMPOBaH Ha YpPOBHE
2 T/cyT, HECMOTPS Ha MpeBOCXoAHble dunbTpauu-
OHHble XapaKTepuCTMKM Konnektopa. Kpome Toro,
CKBaXWHa cucTemaTuyeckn [JeMOHcTpupoBana
NecKonposiBMeHWs, YTO yKa3blBano Ha OCTPYHo Npo-
6remMy MexaHu4eckoi HecTabunbHOCTWM CTBOMA.
B cBs3u ¢ atum onepauwns Pl 6bina yTBepxae-
Ha Kak HeobxoAMMOe KOMMIEKCHOe MeponpusiTue,
HanpasneHHoe Ha 06xo4 KonbMaTUPOBaHHOW 30HbI
n obecneyeHne [ONTOBPEMEHHON cTabunusaymun
npuToka.

Tabnuua 2. PeuenTtypa Xuakoctu
Table 2. Fluid composition

KomnoHeHT xuakoctu MPI HaumeHoBaHue | En. nam. KoHueHTpauus / Concentration
Fracturing fluid component Name Units A/ Well A B /Well B| ckBax C/WellC
FeneobpasyoLmin areHT UPFWG -7 Kr/m® 240 240 240
Gelling agent kg/m? ’ ’ ’
CluvBaTtens nim®
Crosslinker UpHT-7 m? 2-2 2,2-2.2 2,2-2,2
Ctabunuaatop rmuH / fleamyneratop nim®
Clay stabilizer / Demulsifier UpECS ime 15 5 5
Bvoung . Kkr/m®
Biocide UpE-7bio ka/m? 0,06 0,06 0,06
/AkTuBaTop RCP nim®
RCP activator UpLK-11 I/m® 0-30 0-30 0-30
DKupakuin 6peitkep niv®
Liquid breaker UpBLT(B) m? 4,545 4,545 4,5-4,5
Y] 3
AKTUBaTOp Gpeiikepa UpBRP-A(0) e 4,545 4545 45-45
Breaker activator I/m
PKusoit bperkep Kr/m®
Enzyme breaker UpAP-1 kg/m® 0,4-0,5 0,4-0,5 0,4-0,5
Ta6nuua 3. Npaduk 3akaukm NP Ha ckBaxuHe A
Table 3. Pump schedule for Well A
06bém |KoHueHTpauus | KoHueHTpauus | MponaHT e Pacxon
T XKuakocTu,| nponnaHTa 1, | nponnaxTa 2, | cTaguu, A | cmecn 2,
mn 3 0 5 cmecu 1, 3 Tun
Crapus Twun ctagum AL oL %) Kr/m Kr/m Kr vl | M IMUH nponnaxTa
Stage Stage type Fluid type Fluid Proppan.t Proppan_t Stage Slurry rate Slurry Proppant type
volume, | concentration | concentration |proppant, 1. m3min rate 2,
m? 1, kg/m* 2, kg/m* kg ’ m*/min
KugkocTb B cCkBaXuHe
Wellbore fluid Hz0 2,008
3akayka Boab! UPFWG
! \Water injection LG24 1,800 23 23
2 OcTaHoBKa 3aKkauku
Pumping shut-down
Mwunn-rPIM UPFWG
3 Mini hydraulic fracturing XL24 4,000 23 23
MponnaHTHasa nayka UPFWG
4 Proppant pad XL 2.4 5,000 100 300 999 2,3 2,3 ForeProp 16/20|
Munn-TPI UPFWG
5 Mini hydraulic fracturing XL24 4,000 23 23
Munn-rPIM UPFWG
6 Mini hydraulic fracturing LG 24 2,800 23 23
7 OcTaHoBKa 3aKkauku
Pumping shut-down
Bydep ocHoBHoro P
8 Main hydraulic fracturing U;LF\sz 8,000 2,3 2,3
buffer .
Cmecb ocHoBHoro PN UPFWG
9  |Main hydraulic fracturing XL 2.4 3,800 100 300 759 23 2,3 |ForeProp 16/20
slurry i
Cmecbk ocHosHoro PI1 UPFWG
10  |Main hydraulic fracturing XL 2.4 3,600 300 500 1439 2,3 2,3 ForeProp 12/18|
slurry :
Cmecb ocHoHoro MPI1 UPFWG
11 Main hydraulic fracturing XL 2.4 3,600 500 700 2158 2,3 2,3 ForeProp 12/18
slurry .

- DOI: 10.54859/kjogi108930
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06bém |KoHueHTpauus | KoHueHTpauus | MponaHT P Pacxon
XKuakocTw,| nponnaHTa 1, | nponnaHTa 2, | cTagum, A | cmecn 2,
Tun 3 5 0 cmecu 1, 3 Tun
Crapusa Tun ctagum T ALCTY ™M Kr/m Kr/m Kr v | M IMUH nponnaxta
Stage Stage type Fluid type Fluid Proppan_t Proppan_t Stage Slurry rate Slurry Proppant type
volume, | concentration | concentration |proppant, 1. m3min rate 2,
m? 1, kg/m® 2, kg/m? kg ’ m3*min
Cmecb ocHoBHoro P UPFWG
12 |Main hydraulic fracturing XL 2.4 3,600 700 900 2877 2,3 2,3 ForeProp 12/18
slurry :
Cmecb ocHoBHoro P UPFWG
13 |Main hydraulic fracturing XL 2.4 3,600 900 1100 3596 2,3 2,3 ForeProp 12/18
slurry :
Cwmecbk ocHosHoro MPI UPFWG
14 [Main hydraulic fracturing XL 2.4 1,800 1100 1200 2068 2,3 2,3 WellProp RCP
slurry .
Cmecb ocHoBHoro P UPFWG
15 |Main hydraulic fracturing XL 2.4 1,000 1200 1200 1199 2,3 2,3 WellProp RCP
slurry .
MponaBka OCHOBHOTO
ren UPFWG
16 Main hydraulic fracturing LG 24 1,600 23 23
displacement
17 (OcTaHoBKa 3aKauku
Pumping shut-down

'PM npoeenéH Ha ckBaxuHax A, B n C.
Mpu I'PIM 661Ny Mcnonb3oBaHbl XMMUYECKWUE peareH-
Tbl koMnaHum OO0 «YpannnacT», B YaCTHOCTU, ak-
TuBatop RCP-nponnaHta UpLK-11" (cokp. om aHer.
Resin Coated Proppant — nponnaHT ¢ nonumepHbIM
NOKpbITUEM).

B ycnoBusix cnabocuemMeHTUpPOBaHHbIX Kor-
NeKTopoB MecTopoxaeHns M, CKMOHHbIX K UHTEH-
CMBHOMY MECKOMPOSIBIIEHWIO, KIIOYEBOW 3agadyen
Pl sBngetca He TONbKO CO3faHVe TPELUMHbI Bbl-
COKOW MpOBOAMMOCTU, HO 1 obecneveHvne eé aon-
rOBPEMEHHOW YCTOMYMBOCTU K BbIHOCY YacTuu, nna-
CTOBOro necka [3].

HayyHoe obGocHoBaHve BbiOOpa akTvBaTOopa
nponnaHta 6asupyeTcs Ha TepMoAMHAMUYEeCKOoW
Teopun agreavn. MexaHuam [EenNcTBUS XKMOKOTO
afresvBa 3aKMOYAETCS B CHWXEHWM CBOOOAHOW
NMOBEPXHOCTHOW 3HEprumn Ha rpanHuue pasgena das
«KBapL, — nonmmep — nnacTtosbin dnonay. Mpu 3a-
Kauke akTmBaTopa Ha NoBepXHOCTU nponnaHTa dop-
MUpyeTCcs ycTon4MBas aacopbumoHHas nnéxHka, ob-
napaoLas BbICOKOWN KOre3voHHOM NMPOYHOCTbLIO.

Mpouecc koHconuaauum npoTekaer B ABe CTa-
anm:

1. ®opmupoBaHMe afre3voHHOro KOHTakK-
Ta 3a cyéT cwun BaH-gep-Baanbca n obpasoBa-
HUS BOOOPOAHbLIX CBA3eN Mexay yHKUMOHarmnb-
HbIMW TpynnamMu akTMeatopa W rMOPOKCUIbHbIMU
rpynnamy Ha noBepxHOCTM 3epeH necka (Si-OH).

2. CrtpykTypHasa koHconupaums. pu cmbl-
KaHUW TpeLLnHbl NoA AEeNCTBUEM FOPHOrO AaBneHus
npoucxoauT nepepacnpeneneHne aaresvsa B TOUKN
KOHTaKTa 3épeH, rae obpasyoTcs «MonMMepHbIe Mo-
CTUKUY.

370 co30aéT ahPEKT 3MaCTUYHOrO apMUpoBa-
HWSA, NPV KOTOPOM NPOMMNaHTHas nayka npe.palla-
eTcsl B NMOPUCTBIN (OUNBTP, CNOCOOHBIN yaAepXnBaTh
MernKoaMcnepcHble Y4acTuupbl Mracta, He CHWxXas
npu 3ToM bas3oByld NPOHMLAEMOCTb AN YrNeBo-
nopoaos [4]. Vicnonb3oBaHWe AaHHOW TEXHONornm
nossonser TpaHcopmupoBaTb reometputo [Pl
B 3(pheKTUBHLIN 3ab0NHbIA hUnbTp, yBENMYMBas
MPT1 paboTbl CKBaXWH.

PucyHok 1. XpoHorpamma TexHomnorv4yeckux napamerpos npouecca Pl (paBnexHue, pacxoa,
KOHLIeHTpaLuus NponmnaHTa)
Figure 1. Chronogram of hydraulic fracturing treatment parameters (pressure, flow rate,
proppant concentration)

1 https://tduralplast.org/produktsiya/aktivator-rcp-proppanta/1-aktivator-rcp-proppanta-uplk-11.
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Ha ckBaxuHe A TPl npoBedéH B LeneBom
MEMNOBOM FOPU3OHTE, Ha MHTepBanax nepdopauum
251-259 m. Peuentypa >XuAKOCTW MO TpeM CKBa-

XWHam npvBedeHa B Tabn. 2, rpaduk 3akaykm —
B Tabn. 3 u Ha puc. 1. Npodune TpewuHbl B CUMY-
nATope NpyBEAEH Ha puc. 2.

PucyHok 2. PesynbraThl YACIIEHHOro MoAeNMpPOBaHUS reOMeTpum TpeLwmuHbl B cpeae FracPro
Figure 2. Results of numerical simulation of fracture geometry using FracPro

Pe3ynkTaTbl

[nsa ycnewHonm peanusaumMm MHorouene-
BOW 3adauu Obin OCyLLECTBMNEH TWaTenbHbIA noa-
BGop TEexHonorM4yeckux Mmarepuanos, crneumnanbHO
afanTMPOBaHHbIX MOA  YCNOBUS  HU3KOHaMOPHOIO
N BbICOKOBA3KOro Konnektopa. B kavectse pac-
KNUHMBAKOLWWEro areHTa Aans (OpMUMPOBaHUSA Bbl-
COKOMPOBOAMMOIO W MEXaHUYeCKM YCTONYMBO-
ro kaHana Obln BblbpaH KOHCONMMAMPYOLLMINCS

RCP-nponnaHT (puc. 3). MNpumeHeHnne RCP-npon-
naHTa 6b110 0BycroBneHo HeobXxoAMMOCTbIO Yac-
TUYHOW KOHCOMMAAUMM Naykn Nocne 3akayku.

3710 TexHonormyeckoe TpeboBaHWe SABMAETCH
KPUTUHECKUM B YCINOBUSAX HU3KOTO FOPHOTO AaBreHust
Ha 250 M, rge RCP-nponnaHT rapaHTuMpyeT mexa-
HUYECKYI0 YCTOMYMBOCTb Maykn U CO30aéT MPOYHbLIN
UNLTPYIOLWLMIA KapKac, KOTOPbIN ahdeKTMBHO npea-
oTBpaLLaeT BbIHOC Necka 1 CTabunusunpyer CTBOf.
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KoHconuaumpytowmincs RCP-nponnaHT cTtaH-
[apTHO MCNONb3yeT MeXaHn3M TEPMUYECKON aKTu-
BaLWW, NPY KOTOPOM CMOMSHOW CBHA3YHOLLMIA Crion
«crnekaeTca» nof BO3OENCTBMEM BbICOKMUX MIacTo-
BbIX TemnepaTyp, 4To obecneynBaeT MexaHN4ecKyo
cTtabunbHOCTb nponnaHTHon nadvku [5]. OpHako
Ha A4aHHOM MEeCTOPOXAEHWN, rae NPOAYKTUBHBIN ro-
PW30OHT 3aneraeT Ha MUHUManbHoW rmybuHe 250 m,
NnacToBble TeMNepaTypbl 3HAYUTEMBHO HIDKE KpU-
TUYECKOro Nnopora, HeobxoaAMMOro ANst UHULMMPOBa-
HUSA TepmoakTuMBaumun. B aTMx ycrnoBusix npumeHe-
Hne RCP-nponnaHTa notpeboBano mogudukaumn
TexHomnornyeckoro npouecca. [na obecnevyeHus
HaAéXHOro crekaHns pesMHOBOro CMOSISIHOTO Cros
1 opMMpOBaHMSA YCTOMYMBOrO MPOTUBOMECOYHOIrO
Gapbepa B yCNoBUSAX HU3KUX TemnepaTtyp Obin npu-
MeHEH xumudeckuii aktmeatop UpLK-11. OtoT ak-
TMBaTop, [A00aBnsemMbil B KWAKOCTb-HOCUTEb,
XMMUYECKN WHULMMPYET MNpoLecc KOHconuaaumu
NPOMMaHTHOW naykn, 3PPEKTUBHO 3aMeHss Ter-
nosyto 3Hepruto. Kcnomb3oBaHue XvMUYecKkomn
aKTMBauuy MO3BOMMIIO MOMHOCTBIO peann3oBaTb
noteHunan RCP-nponnaHTta no co3gaHuio Mnpoud-
HOro Kapkaca, 4YTo SIBNSIETCA KPUTUYECKN BaXKHbIM
ONs JONroBpeMeHHON cTabunusauuy nputoka.

B kavyecTtBe xunakocTn paspeiBa bbina npume-
HeHa HW3KOBA3Kas MonMMepHas renesas cuctema
Ha BogHoOW ocHoBe. CocTaB XuakocTu Obin cneuu-
anbHO ONTMMU3MPOBaH ANA MWUHUMM3AUMKU KO-
duvumeHTa GUNLTPALMOHHBLIX NOTEPb B aHOMarbHO
npoHuuaembln nnact [3], a Takke Ans obecneyeHus
adpdekTnBHOro  TpaHcnoptupoBaHus RCP-npon-
MaHTa 1 CHWXEHWA NOTepb Ha TPeHWe Npu 3akadke.
[MpumeHeHne OoNTUMU3NPOBAHHOW XMOKOCTU Cro-
cobCcTBOBaANO CO34aHUK  MakcUMarnbHO  LUMPOKOW
TPELUMHBI, 4YTO ABNSEeTCS HeoOXOAMMbIM YCIOBMEM
onsa obreryeHuss npuUTOKa BbICOKOBSI3KOM HedTn
(246 cflla).

Onepauus Pl 6bina peanv3oBaHa ¢ 06si3a-
TenbHON aganTaunent TEXHONOrMYECKoro pernameH-
Ta K ycrnoBusim manon rny6uHsl [6]. MNpoekTupoBa-
HVWe reomeTpun TpelmHbl OblNno CdOoKyCMpOoBaHO
Ha co3gaHuM ONTUMAaribHOW, KOPOTKOW, HO Npeaenk-
HO LUMPOKON TPELMHbI C BbICOYaMWMM MoKasaTte-
nieM MPOBOAMMOCTU. [JaHHbI Au3aiiH G6bin BblGpaH

ONS OOCTWXKEHUs AByX Uenen — addeKTMBHOro 06-
Xo4a 30Hbl KoMbMartauuMum U MUHMMU3auuu noTepb
[aBneHusa npu unsTpaumnm BbICOKOBA3KON HedTh
B TpeLymnHy [7].

PucyHok 3. «Cnékwuicsa» RCP-nponnaHT
Figure 3. Sintered Resin-Coated Proppant

Mocne WHUUMUPOBAHUS U pPasBUTUA TpeLUn-
Hbl Mpou3BoAMnack 3akadka npornnaHtTa no Tex-
HONOrmn nnaBHONO MNOBbIWLEHUA  KOHUEeHTpauun
ans obecneyeHnss MakCMMarnbHOW NIIOTHOCTM NaYKK.
Mocne 3aBepLUeHNs 3aKadky ckBaxuHa Gbina nepe-
BeeHa Ha TEXHONMOrMYecKylo BbIAEPXKKY B pexume
«3aKpbITbIVi 3ab0M» Ha pac4E€THOe BpeMs. JTOT aTan
obecrne4nn nOMHyl MNOMMMEPU3aLmMio  MOKPbLITUS
RCP-nponnaHTa, 4TO 3aKpenuno nayky u rapaHtu-
poBano eé ycToM4YnBOCTb B Ka4eCTBE JOMTOCPOYHO-
ro NpoTnBoneco4Horo bapbepa.

Ta6nuua 4. NokasaTtenu pa6oTbl ckBaxuH A, B C
Table 4. Operational performance of wells A, B and C

Oe6but o 'MM Oe6but nocne 'MM
o Production rate before well intervention Production rate after well intervention
Ha
Ne Well Qx, m*/cyT o68.. % QH, T/cyT Qx, m*/cyT o68.. % QH, T/cyT
Liquid production w 0 o, |Oil production rate,| Liquid production o 20 0 Oil production
9 ater cut, % g Water cut, %

rate, m*day t/day rate, m*day rate, t/day
1 A 0,84 34,6 0,5 14,6 38,8 8,1
2 B 0,5 22,8 0,35 4,4 18,1 3,3
3 C 0,55 35,1 0,33 6,8 37 3,9

Qx — 0ebum xudkocmu, M*/cym; QH — 0ebum Hegpmu, m/cym
I'TM — 2eonozo-mexHuyeckue Meponpusimusi
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PucyHok 4. Npadmk AO6bIYN CKBaXUHbI A
Figure 4. Production profile for Well A

PucyHok 5. Npacdmk fo6blum ckBaxuHbl B
Figure 5. Production profile for Well B

PucyHok 6. Npacduk obblum ckBaxuHbl C
Figure 6. Production profile for Well C
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OpdheKTNBHOCTL  MPUMEHEHUST  TEXHOMOTNK
PN ¢ koHconuaumpytowmmes RCP-nponnaHTom
6blna NoaTBEPXAEHa Ha OCHOBaHMM aHanusa npo-
MbICNOBbIX AaHHbIX [0 W MOCrne NpoBeAEeHUst WH-
TeHcudukaumn. AHanua pesynsTaToB MPOBOAMIICH
Mo KIYeBbIM 3IKCMNyaTauMOHHBIM NoKasaTensm,
BKMOYasi CpaBHEHMe HavanbHbIX AebuToB HedTm
W OUHaMUKM 0o6bIun, 3apMKCPOBaAHHOW B TeYEHMe
nocnepywowlero nepuoga akcnnyartauun. CeogHble
pe3ynbTaTthl nNpeactaBneHbl B Tabn. 4. o npose-
aeHuna Pl cksaxuHa A dyHKUMOHWpoOBana ¢ ae-
6utom, coctaensiBwmmM 0,5 T/cyT. MNocne ycnelwHomn
peanu3auuy onepawuum 1 BbIXOAa CKBaXWUHbI Ha CTa-
OUNbHBIN peXxuM akcnnyataumu, Aebut no HedTn
yBenuyuncsa o 8,1 t/cyt. No Tpém ckBaxunHam npu-
pocT Aobblun HedTn cocTasun ot 3 Ao 7,6 T/cyT.

[N oueHKn yCTOMYMBOCTU AOCTUMHYTOrO ad-
ekTa Obln NpoBegéH aHanu3 AMHaAMUKU [0ObIYM
no TPEM CKBaXKMHaM, NPOLUEALUMM WHTeHcuduka-
uuio (puc. 4—6). [aHHbIn rpadpyk UnmCcTpupyeT av-
HaMWKy CYTOYHOMN O06bIYM HedTH 3a LecTUMecsy-
HbI nepwog nocne Pl Ha Bcex Tpéx ckBaxuHax
3aUKCUPOBAHO pe3Koe CTyneH4aToe yBenuyeHue
[o6blun cpasy nocne BBoAa B AKCMyaTaumio.

BaxHbiM HabniogeHnem sBNSiETCA  yCTOW-
YMBOCTb AOCTUrHYTOro gebuta. B otnuumne ot He-
YCTOMYMBOrO POCTa, XapaKTepHOro ANs KWCMOT-
HOTO BO3[EWCTBMS, CKBaXWHbl, 0BpaboTaHHbIe
RCP-nponnaHTom, AeMOHCTPUPYIOT OTHOCUTENbHO
MOSIoryl0  KPUBYKO CHWKEHUs [obblun. OTo noa-
TBEPXAAET, YTO CO3AaHHbIA KOHCONWAMPOBAHHBLIN
MPONMNAaHTHbIV Kapkac (YHKLUMOHUPYET Kak [ONro-
CPOYHbIN BbICOKOMPOBOAUMbIA KaHasn, He MoaBep-
XEHHbIN BGbICTPOMY CMbIKAHUIO UMW paspyLUEHWIo,
YTO ABMNSIETCS NPAMbIM CIEACTBUMEM YCNELLHOIO pe-
LeHust Npobnembl NeckonposiBNeHnn 1 crabununsa-
umm N3,

TexHonornyeckuii ycnex onepauun 6bin nog-
TBEPXAEH NOMHbLIM NPeKpaLleHnem BbIHOCa MeXaHu-
Yeckux npumMecei Ha cksaxxuHax A n C. OTcyTcTBUE
necKonposiBNeHu Npu paboTte CkBaXMHbI Ha 3HaYU-
TenbHO yBenu4yeHHoM AebuTe JoKa3biBaET, YTO KOH-
connpaumsa RCP-nponnaHta Ha rmy6uHe 250 m
npoLuna ycnewHo, Co3AaB HaAEXHbIN 1 MexaH4ec-
KW CTabunbHbIn dunbTpyowmin 6apbep. Takum 06-
pa3oM, OOCTUrHyTble pe3ynbTaTbl AeMOHCTPUPYHOT
BblcOkyto acbdpekTmBHoCcTb PN ¢ RCP-nponnaHTom
Kak B 06nactu MHTeHcudukauum (yBenuveHve ae-
6uTa), Tak 1 B 06nacTu ynpasreH1st OCNOXHEHUSIMMN
(koHTpOnb necka).

OPheEKTMBHOCTL MPOBEAEHHOW onepauun
6blna noaTeepXkaeHa Ha OCHOBAHUM KONUYECTBEH-
HbIX M Ka4yeCTBEHHbIX KpUTEepueB Mocne BBoAa
CKBaXWHbl B akcnnyaTtaumto. OCHOBHbIM KpUTepuem
SABWIOCb KapAuHanbHoe yBenuyeHve aebuta Hed-
1 ¢ 0,5 go 8 T/cyT, 4TO NOATBEPAUNO YCMELHOCTb
obxofa BA3KOCTHOMO W KonbMaTauMOHHOMO COomnpo-
TUBNEHUN. TexHonornmyeckuin ycnex Obin Takke
noaTBepPXAEH MOMHLIM MNpekpalleHMeM BblHOCA
MexaHW4ecknx npumecer npu paboTe CKBaXWHbI
Ha HoBOM fgebuTe.

O6cyxaeHune

AHanus pesynbTaToB  OMbITHO-NPOMbILLIEH-
HOro npumMmeHeHus Pl Ha NWNOTHOW CKBaXuHe
OEeMOHCTPUpPYeET, YTo hakTnyecknn adchekT oT one-
paumMm 3HauuTenbHO MNPEeB30WEN  M3HavanbHble
uenu, dpokycmnpoBaBLumMecs Ha ctabunusauum M3M1.
OcHoBHasi AMCKyCCUSI CTPOUTCS BOKPYr MHTeprpe-
TauMM 3HauYuUTenbHOro yBenuyeHns nebuta Hed-
™ — ¢ 0,5 go 8,1 1/cyT. BTOT pocT noaTeepxaaer
yCrneLwHoe npeogoneHne AByX KIHOYeBbIX B3anMO-
CBSI3aHHbIX (PaKTOPOB, OrpaHUYMBAOLLMX NPOOYK-
TMBHOCTb KOMnekTopa.

Ta6nuua 5. AaHHble no MPC Ha ckBaxuHe A
Table 5. Wellbore intervention data for Well A

Aarta
fata Hayana
OKOHYaHus BuAa peMOHTHbLIX paGoT
Ne pa6oThbi A q
pa6oThbi Type of intervention
Start date
End date
1| 11.07.2025 | 14.07.2025 |[O¥CTka ¥ npombiska sabon
\Wellbore cleaning and washing
2 | 30.11.2024 | 06.12.2024 |O3MOTKa U NPOMbIBKa 33607
\Wellbore cleaning and washing
3 | 09.10.2021 | 12.10.2021 |IPOMbIBKE NECHaHOT MPOGKM
Sand plug washing
4 | 24122020 | 27.12.2000 |(IPOMbIBKE NECHAHOT NPOGKM
Sand plug washing
5 | 19.11.2020 | 21.11.2020 MpombiBKa necyaHor npobku
Sand plug washing
6 | 13.10.2020 | 16.10.2020 MpombiBka necyaHor npobku
Sand plug washing
7 | 16.09.2020 | 19.09.2020 MpombiBka necyaHor npo6ku
Sand plug washing
8 | 31.08.2020 | 02.09.2020 |IPOMBIEKA necuaroi npobkn
Sand plug washing
9 | 13.05.2020 | 16.05.2020 |IPOMBIBKA necuaroi npoGkn
Sand plug washing
10 | 05.01.2020 | 07.01.2020 [23VeHa BUHTOBOM napei
Screw pair replacement
11| 17.11.2019 | 21.11.201g [[IPOMbIBKE CKBRXMHe!
\Wellbore washing
12| 07.11.2019 | 10.11.2019 [OMCTKa U NPoMbiska 3360
\Wellbore cleaning and washing
MoaroToBka ckBaxuHbl kK TMC
13 07.09.2019 | 12.09.2019 \Well preparation for FMI
14| 22.01.2019 | 23.01.2019 [OMCTKa 1 NPoMbiBKa 3360
Wellbore cleaning and washing
15 | 21.09.2018 | 24.09.2018 |1eBM3/7 Hacoca
Pump inspection
16 | 12.00.2018 | 18.09.2018 [OMCTK 1 NPoMbiBKa saGos
\Wellbore cleaning and washing

I'NC — 2eogpusuyeckue uccnedosaHusi

Bo-nepBbIx, onepauus ycnewHo pelunna
npoGnemMy KpuUTUYECKOro BSISBKOCTHOTO COMPOTUBIE-
HUsi. O4eHb BbicOKasi BSI3KOCTb NIACTOBON HedTu
(246 cl13) B ycnoBusix Hernybokoro 3aneraHus caep-
XuBana eCTeCTBEHHbIN NPUTOK, HECMOTPS Ha MPOHU-
waemocTb nnacrta (1000 m). Co3gaHne KOpOTKOM,
HO MpefernbHO LUMPOKOW TPEeLUMHbI C MPOMNaHTHON
HabVBKOW CTano peLuaoLwnm rnapaBnmyeckum Bme-
waTenbctBoM. [Pl cosgan BbICOKONPOBOAUMBI
KaHarn, KoTopbii obecrneuun npsiMoe coobLieHne
CTBOIa C HEeMoBpEXAEHHOW YacTbio Nnacra, YTo no-
3BONNIO PE3KO CHU3NUTL rPaaNEHT AaBMneHus, Heob-
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XoOuMbIN Ans punbTpauuyM CToMb BbICOKOBSA3KOM
HedTn. Pl cpaboTtan kak MOLLHbIA MEXaHU3M WH-
TeHcUdUKaLMW, 3HAYNTENBHO YyNyYLmMB KoadduLum-
€HT NPOAYKTUBHOCTU CKBAXWHBI.

Bo-BTopbIX, ycnewHocTts Pl nogTeepxaaer,
4YTO NepBOHaYanbHO HU3KUIA AEOUT Obin BbI3BaH rNy-
6okon n cTorkon konbmataumen M3I1. MpoHuuae-
mocTb B 1000 ML SiBNAETCS CNULLIKOM BbICOKOW, YTO-
6bl 8ebuT B 0,5 T/CyT ObIN 0BYCNOBNEH TONBKO NULLbL
BA3KoCTblo. CnegoeatenbHo, PN BbicTynun B ponu
3(phEKTUBHOIO «LUYHTa», KOTOpbIA 0OOLIEN 3Ty 3a-
rPsI3HEHHYIO 30HY, 0Opa3oBaBLUYOCS B pesynbrate
NPOHUKHOBEHUS OypOBbIX PacTBOPOB UMM HecTa-
BunbHOCTM camoro konnekTtopa. Beibop koHconuam-
pytoweroca RCP-nponnaHTa okasanca TeXHU4Yecku
ONTUMarnbHbIM, MOCKOMbKY OH HE TOMIbKO YCTpaHun
KONMbMaTaLmio, HO U peLLnn BTopyo oyHaaMeHTarnb-
Hyl0 npobnemy — neckonposieneHue. MonumepHoe
NOKPbITUE MO3BOMNWUMO CO34aTb YCTOMUYUBLIA (PUIb-
TPYHOLLUIA Kapkac gaxe npyv MUHUMarbHOM FOPHOM
naeneHun Ha rmybuHe 250 M, 4TO rapaHTUpyeT me-
XaHM4ecKyto cTabunbHOCTb Mayky U NpegoTBpalla-
€T nocrnenyrLmMin BIHOC NOPoAbI, TeM cambiM 0be-
cneynBasi 4ONrOBEYHOCTb AOCTUrHYTOro adpdpexTa.

C y4€TOM Nony4YeHHbIX pe3ynsTaTtoB CTaHOBUT-
cs1 o4eBUAHBIM, YTO TexHororus Pl ¢ ucnonb3oBa-
Huem RCP-nponnaHTa JormkHa paccMmaTpuBaTtbhbCs
He Kak MeTof, peMoHTa unn 6opbObl C OCNOXHEHM-
SIMW, @ Kak CTaHOapTHbIA U 3KOHOMWYECKU OnpaB-
OaHHbIN MEeToA 3aKaHYMBaHWsi CKBaXWH B JaHHOM
ropusoHte. MacwTabupoBaHue 3TOM TEXHOMOrMu
SIBMAETCA KIOYOM K pas3bnokmpoBaHuio un adpdek-
TUBHOW BbIpaboTKe 3anacos, rae BbICOKas BSA3KOCTb
HedTN SBNSETCA AOMUHUPYOLWUM NMUMUTUPYIOLLMM
haKTopoM.

B T1abn. 5 ykasaHbl gaHHble no MNPC Ha ckea-
xmHe A. B 2021 r. ckBaxuHa nepeBefeHa
B KOHCepBauuto. Vicxoasa 13 gaHHbIX NO OCTaHOBKaM
paboTbl CKBaXXWHbI MO MPUYMHE MECKOMNPOSsIBNEHUI
[0 nepeBoda B KOHCEPBaUMIO, CKBaXMHa ocTa-
HaBnueanacb Ha MNMPC 7 pa3 Tonbko 3a 2020 r.

AONONHUTENBbHO

UcTouyHuK chuHaHCcupoBaHUA. ABTOPbI 3aABMSOT
06 OTCYTCTBMM  BHELUHEro  (hUHaHCMPOBaHMWS
npu NpPoBeAeHNN NCCNEefoBaHUs.

KoHcdnukt wuHTepecoB. ABTOpbl AeknapupylT
OTCYTCTBME SIBHbIX W MOTEHUMAnbHbIX KOH(IUKTOB
MHTEPEeCOoB, CBSA3aHHbIX C Nybnukauuen HacTosLen
cTartbu.

Bknap aBTopoB. Bce aBTOpbl nogTBEpXaaroT
COOTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
kputepusam  ICMJE  (Bce  aBTOpbl  BHecnu
CYLLECTBEHHbIA BKMNag B pa3paboTky KoHuenumu,
npoBefeHne UCCNefoBaHNs U NOAroTOBKY CTaTbw,
npounu 1 opobpunu duHanbHylo Bepcutlo nepes
nybnukaumven). Hanbonblumin Bknag pacnpenenéH
cnegyowmm obpasom: CarbiHrann H.H. — moge-
nupoavve [PI wn Bwirpy3ka pfaHHbix B 1O

3aknioyeHue

O6ocHoBaHa KoHUenums NpUMeHeHns
FPM kak MHOroyHKUMOHANbHOro MeTtoga WH-
TeHcUMKaumm  gobblum AN MEecTOpPOXAEeHWUN
co cnabocLueMeHTMPOBaHHbIM KOMNeKTopoM. YcTa-
HOBINEHO, YTO MPW UCMONb30BaHMKN ChELMAnNn3nMpo-
BaHHbIX are3noHHbIX COCTABOB (aKTUBaTOPOB MPOM-
naHTa) [Pl BbInonHsAeT ponb rnybokoro 3aboriHoro
dunsTpa, nNpefoTBpaLLaloWero MUrpaumio  Menko-
AVcnepcHbIX dpakuMin NNacToBOro necka.

OKCrnepuMeHTanbHO MOATBEPXAEHa rvnoTesa
0 (hOpPMMPOBAHUM KOHCONMAUPOBAHHOIO MPONMaHT-
HOro nakepa, obnagaroLlero BbLICOKON ¢a3oBoW npo-
HULAeMOCTbI0. Pe3ynsraThbl OnbITHO-NMPOMBILLIIEHHBIX
paboT Ha MecTopoxaeHun M nokasanu, 4To cosga-
HMe NCKyCCTBEHHOM NposoammocTy B MN311 no3eonser
CHU3UTb AENpPeccuto Ha MracT Npu COXpaHEHUW Bbl-
COKMX TEMMOB OTOOPA XXMOKOCTU, YTO MUHUMU3NPYET
PUCKN pa3pyLUEHNS CKeneTa NopoAbl.

Ha ocHoBe aHanu3a aKkTU4YecKkMx AaHHbIX 3a-
Ka4Kn 1 CONOCTaBNeHus ¢ pesynsrataMm MOgenmpo-
BaHWs B NporpaMMHoM komnnekce FracPro Bepudu-
LMpoBaHbl OCHOBHbIE reoMeTpuyeckne napamertpbl
TPELUH. YCTaHOBMEHO, YTO AOCTMXEHME OTpuua-
TENbHbIX 3HA4YEeHW CKUH-hakTopa Koppenupyet
C pac4&€THOW MOMyANMHON TPeLUMHbl U 3apdeKkTnB-
HOW KOHUEHTpauuen nponnaHTa, YTo NoaTeepxaaeT
BbICOKY TOYHOCTb MPOrHO3HbIX MOAENEN.

KonuuectBeHHO oOueHeHa 3 dEeKTUBHOCTL
npeanaraemMoro MeToguyeckoro noaxoga: BHeape-
HWEe TEXHONOrMW MO3BOMNWMO HE TOMbKO YBENMUYUTb
cpefHuin OebuT ckBaXkMH Mo HedTM, HO K cylle-
CTBEHHO yBenununtb MPI paboTbl CKBaXWH 3a CHET
NUKBMAAUMM MECKOMNPOSIBNEHMS, 4YTO NEepeBoauT
[aHHble CKBaXMHbl U3 KaTEropumn 4acto pEMOHTUPY-
eMoro poHAa B cTabunbHo paboTatowwmn oHA.

MpepnoxeHHas meToauka nogbopa napame-
TpoB [Pl (Temn 3akayku, BbIOOp cOCTaBa-aKTUBa-
TOopa WM Au3aiiH NPONMNaHTHOW Mayku) MOXET ObITb
peKkoMeHAoBaHa AN TUPaXMpoBaHUsl Ha aHanormy-
HbIX MecTopoXaeHusx KasaxctaHa CO CNOXHbIMU
reonoro-TEXHUYECKMMU YCIOBUSIMU U CKITOHHOCTbBIO
K BbIHOCY Mecka.
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Evaluating Integrity of Storage Tank Bottoms based on Advanced
MFL/ET Scanning: Use Case in Kazakhstan

Daniyar A. Ualiyev', Abdugaffor Mirzoev?
'Kazakh-British Technical University, Almaty, Kazakhstan
2ROSEN Europe B.V., Almaty, Kazakhstan

ABSTRACT

Background: Ensuring the structural integrity of aboveground storage tanks (ASTs), especially
their bottoms, is critical for the safe and efficient operation of oil and gas facilities. Traditional inspection
methods often fail to detect early-stage corrosion and defects.

Aim: This study aims to evaluate the effectiveness of advanced Magnetic Flux Leakage (MFL)
and Eddy Current Testing (ET) techniques for assessing AST bottom integrity and optimizing predictive
maintenance strategies in Kazakhstan.

Materials and methods: A dataset of 27 ASTs across different regions of Kazakhstan was analyzed
using ROSEN TBIT Ultra technology and ROSOFT for Tanks software. Over 97000 anomalies were
detected and categorized by type, location, and corrosion depth. Analytical comparisons were made
across tank sizes, regions, service life, and presence of galvanic protection systems.

Results: The results indicate a strong correlation between anomaly density and tank service life,
volume, and environmental conditions. MFL/ET scanning proved more effective than traditional
ultrasonic methods in detecting internal and external corrosion. The application of galvanic protection
showed only partial reduction in corrosion rates. Systematic scanning significantly enhanced defect
localization and maintenance planning.

Conclusion: The integration of MFL and ET into RBI strategies allows for early detection of defects,
optimized maintenance, reduced downtime, and enhanced safety. This approach is especially beneficial
for aging infrastructure in Kazakhstan’s oil and gas industry.

Keywords: Storage tanks; MFL; Eddy Current Testing; non-destructive testing; ROSEN TBIT Ultra;
corrosion detection; predictive maintenance; risk-based inspection; tank integrity.
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Opu rmHanbHoe uccriegoBaHue

OueHKa LLleNnoCTHOCTU AHULY, pe3epByapoB Ha OCHOBe
npoaBuUHyTOro ckaHnposaHma MFL/ET: npumep npumeHeHus
B KasaxctaHe

O.A. YanueB', A. Mup3soeB?
'Kasaxcko-bpumaHckuli mexHu4yeckul yHusepcumem, Animamsi, KazaxcmaH
2ROSEN Europe B.V., Anmamei, KazaxcmaH

AHHOTALUMUA

O6ocHoBaHue. ObecneveHne CTPYKTYPHOM LEMOCTHOCTU BepTUKamnbHbIX pesepByapoB, OCOGeH-
HO MX OHWL, MMEET KNoYeBOoe 3HadeHue Ansa G6esonacHon M apEKTUBHOM IKCnnyaTaumm o6beKkToB
HedpTera3oBow oTpacnu. TpaaMUMOHHbIE METOAbI KOHTPONS 3a4acTylo He 0becneunBaloT CBOEBPEMEH-
HOrO BbISIBNIEHNS KOPPO3UM 1 AedEeKTOB HULL, pe3epByapoB Ha HavarbHbIX 3Tanax ux passuTus.

Lenb. OueHuTb 3(PPEKTUBHOCTL MPUMEHEHUSI NEepPefoBbIX TEXHOMOMMA MarHUTHOTO pacCesiHus
notoka (MFL) n BuxpetokoBoro koHTponsi (ET) Ansa AMarHOCTUKM COCTOSIHWMS OHWLL, pe3epByapoB
n ONTMMM3aLMKM CTpaTernini MPOrHo3Horo obcnyxmsaHus B KasaxcraHe.

Matepmanbl U meToabl. Bbin npoBenéH aHanu3 gaHHbIX ob6cnenoBaHns 27 pe3epByapoB M3 pasHbiX
permoHoB KasaxctaHa c ucnonb3oBaHuem ob6opynoBaHus ROSEN TBIT Ultra u nporpammHoro
obecneveHns ROSOFT for Tanks. O6HapyxeHo 6onee 97 000 aHomanui, KnaccuduumpoBaHHbIX
no Tuny, MeCTOMOMIOXKEeHUIo u rnybruHe koppo3uu. poBedéH CpaBHUTENbHBIN aHanM3 no ObbLEMY,
BO3PacCTy, PEMMOHY W1 HanNUunio ranibBaHUYECKOM 3aLLMnThI.

Pe3ynbraTbl. YcTaHOBMNEHa YéTKas 3aBMCUMOCTb MIIOTHOCTU aHOMarnui oT cpoka crybbl pesepsyapa,
obbéma u ycrnosun akcnnyaTtaumn. CkaHmpoBaHue ¢ npumeHeHnem MFL/ET okasanocb 3HauMTenbHO
adppekTnBHEE TPAAMLMOHHBIX METOAOB YNLTPa3BYKOBOrO KOHTpONs. ManbBaHnyeckas 3awuTa nokasana
MWWb YaCTUYHOE CHWKEHWe YPOBHSA Koppo3un. KommnnekcHoe CKaHMpoBaHWE MOBLICUMIIO TOYHOCTb
nokanusaumu AeeKToB 1 NNaHNPOBaHUS PEMOHTA.

3aknwyeHune. WHterpauusi TexHonormn MFL/ET B ctpaterm RBI (MHCNeKuMM Ha OCHOBE OLIEHKM
pucKa) No3BOnseT Ha paHHeM JTane BbiSBAATb AedeKTbl, ONTUMM3NPoBaTb OBCNYXWBaHWE, CHWKATb
BpeEMs MpOCTOs M noBbiwaTte 6e3onacHOCTb. [daHHbI noaxod OCOBEHHO akTyaneH Ans cTapeloLen
WHppacTpyKkTypbl HedpTerasoson otpacnu KasaxcraHa.

Krnroueewie crioea: pesepsyapbl, MFL, euxpemokosbill KOHMPOsb, Hepaspywarouwul KOHMPO’b,
ROSEN TBIT Ultra, koppo3usi, npo2Ho3Hoe obcryx)usaHue, UHCMeKUUs o puckam, UerocmHOCMb
pesepayapa.

Kak umtupoBaTth:

Yanues [].A., Mup3soes A. OueHKa LLenoCTHOCTY OHWLL, pe3epByapoB Ha OCHOBE MPOABUHYTOrO CKaHMpPOBaHWSA
MFL/ET: npumep npumeHenns B KasaxctaHe // BecTHuk HedbTerasoson otpacnu KasaxcraHa. 2026. Tom 8,
Ne1. C. 55-65. DOI: 10.54859/kjoqi108864.

© Yamnes [I.A., Mup3oes A., 2026 Jlunensus CC BY-NC-ND 4.0

56


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.54859/kjogi108864
https://doi.org/10.54859/kjogi108864

Kazaxcmannvly mynai-eas canraceinviy xabapuvicel. 2026, 8 mom, Nel, 55-65 6.

90X 62-791.2
FTAXP 81.81.07

DOI: 10.54859/kjogi108864

KabbinpaHabl: 22.04.2025.
MakynpaHgbl: 17.02.2026.
YKapusanangbl: 31.03.2026.

TynHycka 3epTTey

MFL/ET xeTingipinreH ckaHeprney TexHonorusinapbiHbIH HerisiHae
pe3epByap TyOiHiH TyTacTbifblH 6aranay: KasakctaHpga KkongaHy
Mblicanbl

O.A. Yonuen', A. Mup3soen?
'Kasak-bpumaH mexHukarnbIK yHueepcumemi, Anmamal Kanacel, KazakcmaH
2ROSEN Europe B.V., Anmame! kanacbl, KazakcmaH

AHHOTALMUA

Herizpey. Tik pe3sepByapnapablH, acipece onapablH TYOiHIH KypbinbiMObIK TYTacTbifblH KamTaMachI3
eTy MyHawn-ra3 canacblHblH OOBLEKTINepiH Kayincia >keHe TuimMAi nanvpanaHy ywiH maHbi3gbl 6onbin
Tabbnaabl. Ooctypni Gakbinay agictepi wui 6akbinayablH O9CTYpni o4icTepiH aHblkTayfa MyMKIHAIK
bepmengi kebiHece onapblH AaMyblHblH OacTankbl Ke3eHaepiHae pesepsyaprapabld  TybiHaeri
KOppO3usi MEH akayrnapabl yakTbifbl aHbIKTayAbl KaMTamachl3 eTnengi.

MakcaTtbl. PesepByapnap TybiHiH >kali-kyliHe OmarHOCTUKa >Xypridy eHe KasakctaHga Gomkamabl
KbI3BMET KepceTy cTpaTtervsnapbiH OHTaMNaHablpy YLWiH afblHHbIH, MarHUTTIK LWwalwbipaybliHblH (MFL)
XoHe KyMblHAbI TOKTbIK 6akbinayabiH (ET) o3blk TexHonorusanapbiH kongaHyabiH TUiMAInNiriH 6aranay.
Martepuanpap meH apictep. ROSEN TBIT Ultra xababirbl MeH ROSOFT for Tanks Gargapnamanbik
KaMTamachbl3 eTyiH naviganaHa oTbipbin, KasakcTaHHbIH 8pTypri eHipnepiHeH 27 pe3epByapabl 3epTTey
AepekTepiHe Tanpay Xyprisingi. KopposusiHbiH Typi, opHanacybl xaHe TepeHairi GonbIHLWa XiKTenreH
97000-HaH acTam aybiTKynap aHblkTangbl. Kenemi, xachbl, aiMarbl XeHe ranbBaHuKarnblk KOpFaHbICTbIH
6onybl 6oMbIHLWA canbiCTbipMarnbl Tangay Xyprisingi.

Hatuxenepi. AHOManus TbifbI3abIFbIHBIH pe3epByapablH KbI3MET eTy Mep3iMiHe, KeneMiHe XaHe XyMbIC
XarganblHa HakTbl Teyenginiri aHbiktangbl. MFL/ET kemeriMeH ckaHepriey OaCTypni ynbTpaablObICTbIK
bakbinay opicTepiHe kapafaHga amnTapnblkTak TuiMai 6ongbl. [anbBaHWKanblK KOpPFaHbIC KOPPO3Us
OeHreniHiy, iwiHapa TemeHAeyiH faHa kepceTTi. TonblK CkaHepney akaynapgbl oM aHblKTan, XeHaey
XKYMbICTapbIH TUiMAI )Kocnaprayfa MyMKiHAiK 6epegi.

KopbiTbiHabl. MFL/ET TexHonorusinapblH RBI cTpaternsiceiHa GipikTipy (Teyekengi 6Garanayra
HerisgenreH UMHCMEeKuMsnap) akaynapabl epTe  aHblKTayFa, TexHMKanblK Kbl3MeT  KepceTtyai
OHTannaHablpyra, 60C yakbITTbl a3anTyFa XoHe Kayinci3aikTi »kakcapTyFa MyMKiHOik Oepegi. Byn
Tocin KasakcTaHHbIH MyHaW ra3 canacbiHblH, eCKipreH MHMpakypbibiMbl YLWiH epeklle e3ekTi 6onbin
Tabbinagpl.

Hezizzi ce3zdep: pesepsyapnap, MFL, KylbiHObI mokmblK 6akbinay, 6y3balmsiH 6akbinay, ROSEN
TBIT Ultra, koppo3sus, 6omkamObl KbismMem Kepcemy, moayekernae HeziddenzeH UHcrneKkyus, myo6iHiH
mymacmeifbl.

Loaiiekces KenTipy YLWiH:

Yanuee [.A., Mup3oes A. MFL/ET xeTingipinreH ckaHeprey TexHoMnorusnapblHbIH HerisiHge pesepByap
TYGiHiH TyTacTbifblH Garanay: KasakctaHga kongaHy Mbicanbl // KasakcTaHHbIH MyHal-ra3 canacbiHbiH
xabapubicbl. 2026. 8 Tom, Ne1, 55-65 6. DOI: 10.54859/kjogi108864.
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Introduction

Aboveground storage tanks (ASTs) are indispen-
sable in industries such as oil and gas, chemicals,
and agriculture. These tanks store essential resourc-
es and play a crucial role in supporting industrial
processes and economic development. However,
maintaining their structural integrity, particularly
the condition of their bottoms, which support the full
weight of thousands of tons of stored products (e.g.,
oil, chemicals, water), is a significant challenge.
The tank bottom is constructed from multiple steel
plates arranged in a structured layout. It consists
of bottom plates and annular plates as in Fig. 1,
with the latter forming a reinforced ring along the
perimeter. Annular plates are typically thicker
than the central plates to handle increased stress
near the shell-to-bottom joint.

To maintain structural integrity and prevent leaks,
the plates are welded together using lap joints
or butt joints. The welds follow a staggered pattern
to distribute stress more evenly across the bot-
tom. Additionally, corrosion protection measures,
such as cathodic protection systems or protective
coatings, are often incorporated to enhance du-
rability and extend the service life of the tank.
These design considerations ensure that the tank
bottom can withstand operational loads while main-
taining leak-tight performance and long-term reliabi-
lity.

Corrosion, mechanical stress, and sediment accu-
mulation contribute to material degradation, increa-
sing the risk of leaks and failures. Such incidents
can lead to catastrophic environmental contami-
nation, safety hazards, and substantial financial
losses, underscoring the importance of regular
and thorough inspections. A strong reminder
of the consequences of inadequate storage tank

a)

Figure 1. Tank bottom visualization in ROSOFT
for Tanks 5.1.2 software

integrity management is the Norilsk disaster
of May 2020. As shown on Fig. 2 a fuel storage
tank at a power plant collapsed, releasing over
21000 tonnes of diesel into nearby rivers, ultimately
reaching the Arctic Ocean. The incident, attributed
to structural failure caused by permafrost, resulted
in severe environmental damage and costly reme-
diation efforts. The cleanup efforts were extensive,
and Nornickel, the company responsible, was fined
approximately $2 billion by the Russian govern-
ment [1, 2]. This disaster highlighted the critical need
for proactive inspection, predictive maintenance,
and adaptation to evolving environmental risks
to prevent similar failures.

6)

Figure 2. Environmental Impact of the Storage Tank Failure at the Norilsk Power Plant
a) Collapsed Storage Tank at Norilsk Power Plant; b) Aerial View of the Contaminated River

Materials and methods

Advanced scanning technologies play a key role
in assessing the integrity of AST bottoms. Magnetic
Flux Leakage (MFL) has proven more effective than
localized ultrasonic testing for detecting corrosion
and metal loss across large areas.

§Q e

In Kazakhstan, regulatory requirements mandate
periodic diagnostics and corrosion control. The ap-
plication of MFL/ET technologies improves inspec-
tion reliability, supports compliance, and enhances
maintenance planning.
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Types of Storage Tanks

The study considers fixed-roof, external floating roof,
and internal floating roof tanks. Fixed-roof tanks
are the most common and cost-effective design.
Floating roof tanks reduce vapor losses by moving
with the liquid level. Internal floating roof tanks
combine both designs, improving emission control
and storage efficiency.

Tank Bottom Inspection

In accordance with Industrial Safety Regulation
in Kazakhstan', storage tanks that are in operation
are subject to periodic inspection and non-
destructive testing to determine their actual techni-
cal condition and to assess the potential duration
of their continued safe operation. Based
on the inspection results, the timeline for the next
scheduled inspection must be established.
As per Paragraph 2 of the Rules tank inspections
are categorized into full (offstream) and partial
(onstream) inspections.

A partial inspection is performed without taking the
tank out of service and focuses on external evalu-
ations. It includes visual assessments, geometric
checks, and localized thickness measurements
to monitor structural integrity. Partial inspections
are typically conducted every 5 years or in response
to specific concerns, such as signs of corrosion
or deformation detected during routine monitoring.
A full inspection requires the tank to be taken
out of service, emptied, degassed, and cleaned
to allow comprehensive access. This process
includes visual inspection, geometric assessments,
and NDT methods such as ultrasonic thickness
measurements (UT), radiographic, and eddy-cur-
rent testing to evaluate metal integrity and detect
corrosion, cracks, and structural deformations.
Full inspections are conducted at least once every
10 years, or more frequently based on regulatory re-
quirements, operational history,

As part of full inspection, the Regulation on Industri-
al Safety Requirements for the Operation and Main-
tenance of Qil and Oil Product Storage Tanks?
mandates tank bottom thickness measurements
at a minimum of two points per sheet in two mutu-
ally perpendicular directions (refer to section 370).
However, such spot UT measurements often
fail to provide a comprehensive assessment
of tank bottoms, leaving critical defects undetected.
To address these limitations, advanced technolo-
gies like MFL in combination with ET have been in-
creasingly adopted to enhance inspection accuracy
and reliability. MFL technology enables a more
thorough evaluation of metal loss patterns, offering
valuable insights for predictive maintenance and risk
mitigation. Meanwhile, ET is used to distinguish

features on the internal (product side) and external
(soil side) surfaces of the bottom.

Studies on MFL have demonstrated its effective-
ness in detecting metal loss features like corrosion.
According to the sources [3-5], MFL technology
(Fig. 3) provides several advantages: it enables
rapid coverage of large areas, is non-intrusive
with minimal surface preparation, and is highly
effective in detecting corrosion and pitting.

Figure 3. MFL Principle in Tank Bottom
Inspection [6]

The benefits of comprehensive scanning of tank
bottoms are well-recognized across the global oil
and gas industry and are witnessing increasing
demand in Kazakhstan. For instance, full MFL
scanning is mandated by the corporate standard
of KazTransOil [4] and is also adopted
by internationally operated companies such as TCO,
NCOC, and KPO, all of which align with API best
practices.

Table 1. LolE Example for Tank Bottoms

Inspection | Inspection Effectiveness Soil Side
Category Category
A Highly Effective Floor scan >90%
B Usually Effective Floor scan >50%
0y
c Fairly Effective Floor scan 5 to 10+%
plates
Possible testing:
D Poorly Effective — Spot UT
— Flood test
E \neffective Ineffe_ctive inspection B
technique/plan was utilized
Tab. 1 illustrates the effectiveness of various

bottom scanning methods, as outlined in the API
580 guidelines. Notably, full MFL scanning is rated
as providing the highest level of effectiveness,
whereas spot ultrasonic testing (UT) measurements
are categorized as poorly effective

Case Study

Scope and Data Inputs

In this study, a unique long-term MFL/ET tank bottom
inspection dataset of 27 ASTs from various regions
of Kazakhstan (Fig. 4) was analyzed. These tanks,
primarily used for crude oil storage, have capacities

1 GOST P 52630-2012. Steel welded vessels and apparatus. General specifications. online.zakon.kz/Document/?doc_

id=37870566.

2 Tpvka3 MwuHucTpa Mo upesBblyalHbIM cuTyauusm Pecnybnukn KaszaxctaH ot 15 wuoHs 2021

ropa Ne 286

«O6 yTtBepxaeHun lMNpaBun obecnevyeHus NpPOMbILLIIEHHOW Ge30nacHOCTW MpuU 3KCMiyaTauum U peMOHTe pesepByapoB
ans Hedptn n HedTenpoaykTosy. adilet.zan kz/rus/docs/V2100023068.
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ranging from 5000 to 20000 m® and service lives
varying from 10 to 39 years. Inspection data revealed
a total of 97,467 anomalies, with 39,546 external
corrosion anomalies and 57,921 internal corrosion
anomalies. The depth of metal loss features ranged
from 19% to 100%, highlighting the urgent need
for effective monitoring and maintenance strategies.
Tab. 2 below provides an overview of the 27 tank
parameters along with the number of anomalies
detected during the inspections.

The objective of this study is to provide comprehen-
sive analytical review of AST bottom integrity based
on representative selection of MFL/ET inspection
data in Kazakhstan. The study aims to:

» Assess the advantages of MFL/ET technologies
over traditional inspection methods.

* Identify common trends in metal loss at AST
bottoms.

Table 2. Overview of the tank parameters
and anomalies

Item T Absolute [Percentage from
No. Value Total
1 |Number of tanks 27|
2 [Tank capacity 5000, 10000 and 20000 m*
3 |Average service life, years 20|
4 [Total number of anomalies 97,467
5 |Bottom plates anomalies 93,79 96%)
6 |Annular plates anomalies 3,677 4%)
7 |External anomalies 39,546 41%
8 |Internal anomalies 57,921 59%

Figure 4. Geographical location of the storage tanks examined in this study

Figure 5. ROSEN Tank Bottom Inspection Tool
(TBIT Ultra) [7]

Data Analysis and Interpretation (TBIT Ultra tool
and ROSOFT for Tanks)

1. This study utilizes the results of tank bottom
scanning performed with the ROSEN TBIT Ultra
tool (Fig. 5). First introduced to the market in 1996,
this tool is known for its exceptional data reliability
and consistency.

2. The tank bottom inspection by ROSEN follows
astructured approach to ensure accurate defect
detection and assessment:

3. Pre-Inspection Activity — The technician
assigns a numbering system to the tank bottom
plates, marking them with unique reference points
and a coordinate system. System setup and sensor
functionality are tested before starting the inspection.
4. Tank Bottom Scanning — The process involves
MFL/EC scanning with the ROSEN TBIT tool, UT
for thickness verification, and visual inspection
for blind zones. Safety measures, including proper
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ventilation and intrinsically safe equipment, are strict-
ly followed.

5. Data Evaluation and Reporting — Initial data
is reviewed in real time, followed by a more de-
tailed offline analysis using specialized software.
The final report includes MFL and UT results, defect
documentation, and repair recommendations.

The ROSOFT for Tanks software was utilized to vi-
sualize inspection results, providing detailed insights
into defect locations, depths, damage categorization,
and repair tracking. Designed for TBIT, the software
enables precise identification of tank bottom defects,
accurate metal loss measurement, damage type
classification, and monitoring of previously repaired
areas. As shown on Fig. 6 ROSOFT also offers a ran-
ge of flexible visualization tools — including scan line
views, wall thickness mapping, and coordinate-based
displays — to support comprehensive condition as-
sessments and effective maintenance planning.

a)

<)

Results

In Fig. 7, the analysis reveals patterns in the relation-
ship between tank volume, service life, and anomaly
density. Smaller tanks (5000 m®) exhibit a signifi-
cant variation in service life, reaching over 30 years
in some cases, and are often characterized by high
anomaly density, which may indicate material deg-
radation or accumulated operational stress. Tanks
with a volume of 10000 m? have relatively low anom-
aly density, suggesting better structural integrity
at the time of inspection. However, the overall trend
indicates that anomaly density increases with ser-
vice life, confirming the cumulative effects of wear
and aging. Larger tanks (20000 m?3®) demonstrate
extended service lives, sometimes reaching
up to 40 years, but also show the highest anomaly
densities, emphasizing the correlation between
longevity and structural degradation. These findings
highlight the need for systematic monitoring and pre-

b)

d)

Figure 6. Scanned bottom of the tank in the ROSOFT software
a) general scan visualization; b) identified corrosion defects; c) visualization of bottom plate repair/replacement;
d) scanned bottom plates with detected anomalies

DOI: 10.54859/kjogi1 08864
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ventive measures, as an increase in operational
time is accompanied by a rise in anomaly density,
which may elevate the risk of failures and require
additional safety measures.

The chart in the Fig. 8 shows the service life and cor-
rosion rate of tanks with capacities of 5000 m?3,
10000 m?3, and 20000 m3. The orange bars represent
service life, while the blue and purple dots indicate
the average internal and external corrosion rates,
respectively.

In the 5000 m?® group, the service life ranges from 10
to 25 years, and the corrosion rate is distributed cha-
otically. In the 10000 m?* category, the service life
is generally lower, while the corrosion rate remains
high regardless of the tank's age. The 20000 m?
group shows a wider range of service life values,
but young tanks often experience high corrosion rates.
This data supports the conclusion that tank capacity
directly influences corrosion behavior and mainte-
nance strategies. Smaller tanks, such as those with

Figure 7. Analysis of service life and anomaly density in storage tanks of different capacities

Figure 8. Service life and corrosion rate of tanks
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5000 m*® capacity, experience more rapid and lo-
calized corrosion, indicating the need for frequent
maintenance and more effective protective coatings.
In contrast, larger tanks (10000 and 20000 m?®) tend
to accumulate damage more gradually over time,
which makes long-term monitoring and cathodic pro-
tection systems essential. The correlation between
anomaly density and the effectiveness of protective
measures, particularly galvanic protection, highlights
the importance of tailored maintenance strategies
based on tank size and operational conditions [8, 9].
In addition, Fig. 9 shows the average service life
and anomaly density across four regions: West,
South, North, and Center. Higher anomaly density,
as seen in the South, may contribute to faster wear.
In contrast, the North region has the longest service
life and the lowest anomaly density, which may
indicate better operating conditions or higher-quality
materials.

In addition, Fig. 10 presents a comparative analysis
of tanks with and without galvanic protection, show-
ing the number of internal anomalies and the cor-
responding service life. The tanks on the left side,
shaded in blue, represent those without galvanic
protection, while those on the right side, shaded
in red, are equipped with galvanic protection.

From the visual distribution of the data, there does
not appear to be a strong direct correlation between
the presence of galvanic protection and the number
of internal anomalies. Both groups exhibit varying
levels of anomalies, and the mere presence of pro-
tection does not consistently result in lower anomaly
counts across all tanks.

However, a general trend can be observed in both
groups: the number of internal anomalies tends
to increase with the age of the tank. Especially
among tanks with galvanic protection, older tanks
(with longer service life) tend to show higher anom-

aly counts, suggesting that time and operational
wear still contribute to internal degradation, even
in the presence of protective systems. In tanks with-
out galvanic protection, the number of anomalies
is already quite high across all ages, and while the re-
lationship with age is less clearly defined, it is evi-
dent that the lack of protection contributes to consis-
tently higher anomaly levels overall.

Figure 9. Average service life and anomaly density
by region

This indicates that while galvanic protection may
mitigate corrosion or degradation to some extent,
it does not eliminate the long-term effects of aging,
and the accumulation of anomalies over time is still
significant factor regardless of protection status.

Conclusion

The study demonstrated the high efficiency of TBIT
findings in assessing the integrity of storage tank
bottoms. These techniques provided a detailed
and accurate evaluation of corrosion and structural
defects, surpassing the capabilities of traditional
inspection methods.

The research confirmed that MFL and ET techno-
logies enable the early detection of critical de-
fects, allowing for timely maintenance interven-

Figure 10. Assessment of Internal Corrosion in Tanks Based on Protection Status and Operational Time

tions and reducing the risk of unexpected failures.
The case study showed that the application of these
advanced scanning methods significantly improved
the accuracy of defect localization and classification.
As a result, maintenance teams were able to prior-

itize repairs more effectively, optimizing resources
and minimizing the downtime of storage facilities.

A comprehensive analysis of all factors reveals
a complex interrelation between tank age, volume,
geographic location, protective measures, and ove-
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rall technical condition. The key takeaways can be
summarized as follows:

1. The risk of damage increases by 45% with both
age and volume of the tanks.

2. Coating quality and the presence of galvanic
protection are critical in reducing the rate of deg-
radation (the case study shows 32% in corrosion
rate reduction).

3. Smaller tanks exhibit a high susceptibility to cor-
rosion (25% higher than average) even at an early
stage of their operational life, highlighting the need
for further investigation and analysis.

4. Regional operating conditions significantly
impact on the service life and structural integrity
of the tanks.

5. Systematic monitoring and preventive mainte-
nance are essential, particularly for bottom plates
and tanks without protective systems.
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OpM rmHanbHoO€ uccriegoBaHue

UccnepoBaHue pagnauMoOHHOWN CLUMBKM NONU3TUIIEHOB
B pa3fiMyHbIX cpepax ans npMMeHeHUs B CTPOUTENbHOMN
M HedpTerazoBomn oTpacnm

XK. CenteHoBa’, A.l. Cbizabik?, P.M. OiocoBa®, X.A. BanrasnHos*, A.K. HypkacumoB®,
M.T. KacbimxaHoB*

'Accoyuayus npouseodumernel u nompebumernel Heghmeeaazoxumudeckol npodykyuu, e. Acmana,
KaszaxcmaH

2Espasulickull HayuoHarnbHbIl yHusepcumem um. J1.H. l'ymunesa, 2. AcmaHa, KazaxcmaH
STopatiebipos YHUsepcumem, 2. [lasnodap, KazaxcmaH

“Mapk s0epHbIx mexHonoaud, e. Kypyamos, KazaxcmaH

AHHOTALUA

O6ocHoBaHMe. BcneHeHHbI NONUaTUNEH LUMPOKO MCMONb3yeTcs B CTPOUTENbLCTBE M HedbTerazoBom
oTpacnu B kayecTBe TEMNo- 1 3BYKOU3ONSALMOHHOIO MaTtepuana bnarogaps CoOYeTaHWo HU3KOW Tenno-
NPOBOAHOCTU, BMAroCTOMKOCTU Y XUMUYECKOWN yCcTOoMYMBOCTM. OQHAKo AN NOBLILEHUS AONTOBEYHOCTH
1 3KCNIyaTauMOHHbIX XapakTepucTuk Tpebyetca ero mogndmkaums. OgHuM 3 adEKTUBHBIX METOL0B
SABMNAETCA paavaunoHHas CLUMBKa, No3sonsowas GopMMpoBaTb TPEXMEPHYHO MPOCTPAHCTBEHHYO CeT-
Ky B NONMMepe 1 NoBbilaTh YCTONYMBOCTb K A€CTPYKTUBHBIM BO3AENCTBUSIM.

Lenb. Onpenenutb BnusiHNME [03bl 3NEKTPOHHOTO 0BnyyYeHust 1 ra3oBoi cpeabl (BO34yX, aproH, a3oT)
Ha CTeneHb CLUMBKW NOMMITUNEHOB, MPUMEHSAEMbIX B CTPOUTENBHOW U HedpTerasoBon n3onaumm.
Matepuanbl u mMetoabl. B uccnegoBaHuu uvcnonb3oBaHbl 06pasubl MOMUITUIIEHOB, Mpollelune
3NeKTPOHHOe obnyyeHune npu gosax 75, 125 n 175 kp. OkcnepMMeEHTbI NPOBOAUMNNUCL B Pa3nUYHbIX
rasoBblx cpefax: BO3ayxe, aproHe u asore. [ns KONMYeCTBEHHOW OLEHKM CTENeHW CLUMBKU MPUMEHSANCS
MeTof, onpeaeneHns cogepxaHus renb-gppakuumn B cooreetcteum ¢ FOCT P 59112-2020. Anga aHanusa
CTPYKTYPHBIX WM3MEHEHU B MONeEKynspHoOW pewéTtke wucnonb3osBanacbk WK-®ypbe cnekTpockonus
Ha npubopax MHdpantom ®T-08 (Poccus) n Shimadzu IR Spirit (AnoHus).

PesynbraTbl. YCTaHOBMEHO, YTO OMTUMAarnbHOW [030M obnyveHus siensietca 125 klp, npu KoTopon
JocThraeTcs MakcuMmanbHasi CTeneHb CLUMBKW. B MHepTHbIX cpepax (aproH, asoT) Habniogaetcs
Gonee BbICOKOE copepXaHue renb-opakuuyM nNo CPaBHEHWUIO C BO3AYLUHOW aTMocdepoi, rae ¢uKcu-
pyeTcs ycuneHwe npoueccoB AecTpykuuu. [lonyyeHHble [aHHble MOoATBEPXAAIOT Koppensaumto
Mexay yCnoBusSIMU 06nyYeHnst U CTPYKTYPHOW CTabMnbHOCTBIO NONUaTUNEHA.

3akntoyeHue. PagnaumnoHHas cluvMBka NonuaTnneHoB obecnevmBaet yry4dlleHne ux aKkenyaTaumoHHbIX
XapaKTepUCTUK,  BKMNOYAs TEPMOCTOMKOCTb, XUMWYECKYD W MEXaHWYeCKyld  YCTOMYMBOCTb.
OTO no3BONSAeT peKoOMeHOOoBaTb TEXHOMOrMI ANS CO34aHWs [OMNrOBEYHbIX TEennon3oNnsaLUOHHbIX
1 3alMUTHBIX MaTepuanoB, BOCTPEOOBaHHbIX Kak B CTPOUTENLHOW, Tak U B HE(TEra30BOW OTpacsv.
Knroyeenle crioga: 6umyMHO-MonuMepHbIl Komnozum, VIK-criekmpocKonusi, MonunponusieH, mskénsie
HegmsiHble ocmamku, (hyHKUUOHaIrbHbIe 2pyrrbl, CMPYyKmMypHbie npeobpa3osaHusi.

Kak umtupoBartb:

CelimeHosa I )K., Cbi30bik A.I-., docosa PM., u dp. ccnegoBaHve pagnalMoHHOW CLUMBKU MOSIMSTUINIEHOB
B pasnuyHbIX cpegax Ans NpuMeHeHNs B CTpouTeribHoM U HedoTerasoBol oTpacnu // BecTHuk HedbTerasoBom
oTpacnu KasaxcTtaHa. 2026. Tom 8, Ne1. C. 66—78. DOI: 10.54859/kjogi108888.
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Radiation-Induced Crosslinking of Polyethylenes under Different
Media for Construction and Oil & Gas Applications

Gaini Seitenova', Ayazhan Syzdyk?, Rizagul Dyussova?®, Zhanat Baygazinov*,
Azat Nurkassimov*, Marat Kassymzhanov*

'Association of Producers and Consumers of Petrogaschemical Products (Petrogaschemical
Association), Astana, Kazakhstan

2Eurasian National University, Astana, Kazakhstan

3Toraighyrov University, Pavilodar, Kazakhstan

“Park of Nuclear Technologies, Kurchatov, Kazakhstan

ABSTRACT

Background: Foamed polyethylene is widely used in construction and in the oil and gas industry
as a thermal and acoustic insulation material. Its popularity stems from low thermal conductivity,
moisture resistance, and chemical stability. However, its durability and long-term performance remain
limited. Radiation crosslinking provides an effective modification method by creating a three-dimensional
polymer network and improving resistance to degradation.

Aim: This study examines the effects of electron beam dose and gas atmosphere (air, argon, nitrogen)
on the crosslinking degree of polyethylenes used in construction and oil and gas insulation.

Materials and methods: Polyethylene samples irradiated with electron beams at doses of 75, 125,
and 175 kGy in three atmospheres: air, argon, and nitrogen. Crosslinking was evaluated through gel
fraction analysis following GOST R 59112-2020. Structural changes were characterized by FTIR
spectroscopy using Infralum FT-08 (Russia) and Shimadzu IR Spirit (Japan).

Results: Maximum crosslinking was observed at 125 kGy. Irradiation in inert atmospheres (argon
and nitrogen) yielded higher gel fractions than in air, where degradation processes predominated.
findings confirm a direct correlation between irradiation conditions and the structural stability
of polyethylene.

Conclusion: Radiation crosslinking significantly improves the performance of polyethylene
by enhancing its thermal, chemical, and mechanical resistance. This approach can be recommended
for producing long-lasting insulation and protective materials in both construction and oil and gas
applications.

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

KypbInbic XXaHe MyHaun-ra3 canacbiHaa KongaHy YLiH ap Typni
opTagarbl NONMU3ITUNEHAEPAIH paanauuanbiK e3apa 6annaHbICbIH
3epTTey

XK. CenteHoBa’, A.F. Coi3abik?, P.M. OiocoBa?, X.A. BanrasuHos*, A.K. Hypkacumos?*,
M.T. KacbimxaHoB*

"MyHau-2a3-xumusi eHiMOepiH eHOIpywinep MeH mymbiHywhbinap Kaybimoacmsirbi (MyHali-ea3-xumusi
KaybiMOacmblifbl), AcmaHa Kanacbl, KasakcmaH

2[1.H. N'ymunee ambiHOarbl Eypasusi ynmmblK yHUeepcumemi, Acmaxa kKanacel, KazakcmaH
3Topaltirbipos YHusepcumemi, [asnodap kanacskl, KazakcmaH

“A1dpornbiKk mexHonozusinap napki, Kypyamoe kanacel, KasakcmaH

AHHOTALUA

Herizgey. KebikTenreH nonuaTuneH KypbinbIC XaHe MyHal-ra3 canacbliHAa Xbiny ©TKi3riLlTiri, biiFansa
TO3IMAINIM XeHe XMMUANbIK TYPaKTbIMbIFbIHBIH YANECiMi apkacbiHAA Xbly XoHe AblObIC OKLiaynaFbIL
maTtepuan peTtiHae KeHiHeH KondaHbinagbl. Ananga oHblH GepikTiri MeH maganaHy cunatTamanapbiH
apTTbIPY YLUiH OHbI XETINQIpyAi kaxeT eTeqi. TuiMai sapictepaiH Gipi-nonumepae yw enwempi KEHiCTIKTIK
Topabl KanbINTacTblpyFa eHe AeCTPYKTUBTI acepriepre TO3IMAIMIKTI apTTbipyFa MyMKiHAK GepeTiH
paguaumanblk akacnans! 6anaHbic.

Makcatbl. KypbinbiC >xaHe MyHaW-ra3 okwaynaybliH4a KonAaHblnaTbliH NOnMaTWneHAepaiH esapa
GavinaHbICTbIPY ASpexXeciHe aMeKTPOHAbIK CoyneneHy A03acbiHblH, XX8He ra3 opTacblHblH, (aya, aproH,
a30T) acepiH aHbIKTay.

MaTtepuanpap meH agictep. 3eptTey HbicaHaapbl 75, 125 xaHe 175 k[p gosanapbiHAa 9NeKkTpoHAb!
cayneneHymeH eHAenreH NonuaTuneH ynrinepi nanganadeingbl. Taxipubenep apTypni ra3 optanapbeiHaa
XKYPrisingi: aya, aproH >aHe as30T. bawnaHbiCTbipy AspexeciH caHablk 6Garanay ywiH MEMCT
P 59112-2020 crtaHgapTbiHa Ccalkec refnb (OPaKUMACHIHbIH KypamblH aHblKTay SAiCi KonmaaHbingpl.
Monekynanblk Topaafbl KypbinbiMAblK e3repictepai Tangay yuwiH WHdpaniom &ST-08 (Poccus)
n Shimadzu IR Spirit (AnoHus) acnantapeiHga NK-Pypbe cnekTpockonuachl KonaaHbnagpl.
HoaTtuxenepi. CoayneneHyaiH oHTamnel gosacbl 125 klp ekeHpiri aHblKTandbl, 49N OCbl Xafganaa
ankacnanbl 6annaHbICTbIH MakcMManabl As9pexeciHe Kon xeTkisineai. iHeptTi optaga (aproH, a3or) aya
aTMocdepacbIMeH canbICTbipFaHaa reflb PpakuMsChIHbIH MernLwepi xofapbl 6onagbl, MyHAa AeCTpyKUumMs
npouecTepiHiH Kywetoi Tipkenedi. AnblHFaH OepekTep CayneneHy Xafgawnapbl MeH MNONMUITUMEHHIH
KYpbINbIMAbIK TYPaKTbIMbIFbl apacbiHAarbl KOPPENAUUsaHbI pactangpi.

KopbITbiHAbl. [lonuatunengepaiH pagvaumanblk  avikacnansl GavinaHbiCbl onapAblH  navganaHy
cvnatTaManapbiH, COHbIH, ilWiHAE bICTbIKKA TO3IMAINIMH, XUMUAMbIK )XOHEe MeXaHWKanblK TYPaKTbIMbIfbIH
akcapTyabl kamTamachi3 eTefi. ArblHFaH HOTUXKENEepP KypbINbIC XXoHe MyHal-ras canacbiHaa cypaHbicka
ne y3ak Mep3iMAi XKblNy OKLIaynarblLL XaHe KOpFaHbIC MaTepuangapbiH Xacay TEXHOMOMMACHIH YCbiHyFa
MYMKiHZiIK Oepegi.

Hezizai ce3dep: 6umymObik-nonumepni komrnosum, UK-criekmpockonusi, nonunponumeH, aybip MyHal
KandbiKkmapsbl, hyHKUUOHanObI monmap, KypblibiMObIK mypreHdipynep.

[oanekces KenTipy yLWiH:

CetimeHosa XK., Cbi30bik A.f., diocosa PM., xoHe 6. KypbinbIC XaHe MyHali-ra3 canacbiHaa KongaHy YLUiH
ap Typni opTafarbl NONUaTUNEHAEPAiH paanauusnblk e3apa bavnaHbicbiH 3epTTey // KaszakcTaHHbIH MyHal-
ras canacblHblH xabapLubicbl. 2026. 8 ToM, Ne1. 66-78 6. DOI: 10.54859/kjoqi108888.
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OPUI'MHAJIbHBIE UCCJIEJJOBAHUA

Tom 8, Ne 1 (2026)

BectHuk Hedrera3osoii orpacin Kasaxcrana

BBeneHune

OpHnM 13 3PEKTUBHBIX METOAOB YymMyuLle-
HWUS CBOWCTB nonuaTuneHa (nanee — M3) aensietcs
pagnauuoHHas cluMBKa, Npy KOTOPOW Mnog Bo3den-
CTBMEM WOHM3VPYIOLLEro MU3My4YeHuss B CTPYKType
nonvmepa GOPMMUPYIOTCA MOMNepeyHble CBA3M, MNO-
BblLLAIOLLNE €r0 TEPMOCTOMKOCTb Y MEXaHUYeCKyHo
NPOYHOCTb. Takow MoAXOo4 MMEET MPeumMyLLecTBO
MO CPaBHEHMIO C XUMUYECKUMI METOA4aMU, NMOCKOSb-
Ky nossonsieT n3bexarb BBOAA MOCTOPOHHWUX pea-
rEHTOB M nyylle KOHTPONMpOBaTb CTENeHb CLUMB-
kn [1, 2].

OononHutenbHoe nopTBepxaeHne addek-
TMBHOCTWM MOMEPEYHOr0 CLUMBAHUA Kak MeToda
MOBBILIEHNS1  AKCMIyaTaAUMOHHBIX  XapaKTePUCTMK
TEpMONNacToB AEMOHCTPUPYETCA M Ha APYTrnX Knac-
cax nonumepoB. Hanpumep, B pabote [1] nokasa-
Ha BO3MOXHOCTb (POPMMPOBAHMSA AMHAMUYECKUX
nornepeyHbiX CBsI3el B MonuaTuneHTepedranare
npv nomowm Zn(ll)-koopanHaUMOHHBIX B3anmoaemn-
CTBWUW, YTO MPUBOAUT K YBENUYEHUIO TEPMUYECKOMN
cTabunbHOCTV U MoaMMLMpyeMoCTU MaTepurana.

0O630p [2] Nnoa4EPKMBAET 3HAYMMOCTb CLUMBKM
M3 ana TaknMx NpUMEHEHW, Kak ynakoBka, Tpybbl,
cTpouTenbHast TENNOU3oNAUMs U TEXHUYECKMEe Mo-
KpbITUS,, @ TaKkKe aHanuaupyeT pasfnuyHble MeTo-
Obl — MEepOKCMAOHbIA, CUMaHOBbIA, 3NEKTPOHHO-MY-
YEBOW — C TOUKM 3PEHUST UX BIUSIHUS HA CTPYKTYPY,
nepepaboTKy 1 NOBTOPHOE UCMONb30BaHWE Monmve-
pos.

PagvaunonHas cwuvska 13 nossonsier cy-
LLIECTBEHHO MOBLICUTbL €70 TEePMUYECKYHD CTabusb-
HOCTb, )XECTKOCTb Y XMMWYECKYH CTOMKOCTb, YTO Ae-
naeT [aHHbIi MeTod OCOBGEHHO NepCrneKTUBHBLIM
ONS NONyYeHNst AONTOBEYHbIX CTPOUTENbHbIX U30Msi-
LIMOHHBIX MaTepuanoB. B otnuume oT xmmuueckon
Moandukauum, pagmaumoHHbin cnocob obecneun-
BaeT Oonee paBHOMEpHOE pacnpefeneHve none-
PeYHbIX CBSI3EN U CHKAET PUCK BBOAA NOCTOPOHHUX
npumecen [1, 2].

B pabotax [3, 4] nokasaHoO, 4YTO 3MEKTPOH-
Hoe oOny4yeHne BbI3bIBAET HE TOMbKO CLUUBKY,
HO W CTPYKTYpHble MEPECTPONKA B MOMMMEPHbIX
mMartepuarnax, Bknodasi obpasoBaHue gedekToB, ns-
MEHEHWE OUINEKTPUYECKNX CBOWCTB U NOBbILLIEHUE
KpucTanmnmMyHoctTn. 3Tn adpdpekTbl 3aBUCAT OT TuNa
nonvmMepa, [03bl U3Ny4YeHUs U YCNOBWUIA BHELUHEW
cpeabl. Tak, B pabote [3] paccmoTpeHbl ocobeH-
HOCTM pafvauMOHHON MOAMMMKALMN HECKONbKUX
NnonuMepoB MNoA [OEWCTBUEM MyyKa 3NeKTPOHOB,
a B paboTe [4] NpoAEeMOHCTPUPOBAHO U3MEHEHWE Au-
3MEKTPUYECKUX CBOWCTB B 3aBUCMMOCTU OT JHEPTM
VNOHU3VPYIOLLIETO U3MNYyYeHUsI.

[ns OuUEHKM CTeneHu CLUMBKW B MonvMepax
LUMPOKO MCMOMb3yeTcs onpeferneHve copepxaHus
renb-opakumMm — HepacTBOPMMON 4acTu NonMMepa,
obpagsytoLerics B pesynsrate NonepeyHoro cluvea-
Husi. MNoBbIWEHWE OOMNU renb-pakumum CBUOETENb-
cTByeT 06 adhheKTMBHON MoAMMUKaLMN U CTPYKTYP-
HOW nepecTpolike Mmatepuana. ViccnegoBanus [5, 6]
NOATBEPXKAaloT, YTo rerneobpas3oBaHnNe U MITOTHOCTb

CLUMTBIX CEeTeW HampsiMylo BIUSIOT Ha KpucTanuy-
HOCTb, MeXaHW4eCcKyto MPOYHOCTL U NepepabaTbiBa-
emMocTb M3, B T.4. ynNbTpaBbICOKOMOMNEKYMSAPHOTO.

Takum  0Opa3oM, KOMUMYECTBEHHbIN  aHa-
nmM3 renb-pakuMn U CTPYKTYpHble UccnenoBa-
HUa (MHdpakpacHas (aanee — WK) cnektpockonus
c npeobpasoBaHnem dypbe, TEpMUYECKME METOAbI)
npeacTaBnsitoT CoboW HagEXHYI OCHOBY A OLIEHKU
3hPEKTUBHOCTM pagmaLmoHHon mogudmkaumm Ma.

[ononHutenbHble uUccrneaoBaHWs MoOKa3sbiBa-
10T, YTO NPV BO3OENCTBUM Temna, UOHU3NPYIOLLEro
n YO®-uznyyeHusa Ha 13, npoucxogat npouecchl
OKUCNEHUR, pa3pyLUeHUs aHTUOKCUAAHTHbIX Aoba-
BOK W AE€CTPYKLMN MOMNEKYNAPHOW CTPYKTypbI [7—10].
OTO NPUBOAMT K CHKEHWUIO ONANEKTPUYECKON NPOY-
HOCTW, XPYNKOCTK 1 NOTEPE MEXaHUYECKMNX XapakTe-
PUCTUK, OCOBEHHO B ANMTENbHbIX JKCMyaTaLoH-
HbIX YCIOBUSIX.

[ns noBbIWeHNs cTabunbHOCTK Tenso- u 3By-
KOM3OMSALMOHHBIX MaTepuanoB Ha ocHoee 13 npu-
MEHSIOTCS  paguauyoHHO  MOAUMULIMPOBAHHbIE
KOMMO3ULMK,  AEMOHCTPUPYHOLLME  MOBbILLEHHYIO
YCTOMYMBOCTb K BHELUHWM Bo3aencTBusM. OpHa-
KO faxe Takve maTtepuansl TpeGyloT onTuMusaumm
coctaBa u ycnosui obpabotku. B psage vccneno-
BaHun [7—10] nog4épkmMBaeTcsd, 4YTO COBMECTHOE
BO3JENCTBUE TEMMNepaTypbl U M3Ny4YeHUst yCKOpsieT
npoLecchbl AeCTPYKLMK, U TONbKO MpaBUIIbHO MOJo-
OpaHHbIi pexum mogudukaummn cnocobeH adpdek-
TUBHO 3aMeANUTb CTapEHNE NONIMMEPHOW CTPYKTYPbI.

MaTepuanbi u meToabl

Metogq WK-®ypbe cnektpockonuu  (Oa-
nee — FTIR, awen. Fourier Transform Infrared
Spectroscopy) LMPOKO MCMOMb3yeTcs ANS OLEHKU
CTENEHN CTPYKTYPHbIX M3MeHeHunn B M3 noa aew-
ctBuem paguaumun. FTIR nossonseTr oTcnexusaTb
Kak obpasoBaHMEe MOnepeyHbiX CBSA3eRn, Tak U Mno-
SIBMEeHNe NpOoAyKTOB AECTPYKUMU — HEHACILLEHHbIX
N OKMCreHHbIX dparmeHToB [11-14]. CornacHo nc-
cnepoBaHuio [12], gaxe nocne 3aBeplueHus obny-
YeHus B N3 npogomkaerca MeaneHHoe OKUCneHue,
0cobeHHO B K1CNopoaHow cpefe. ATo Nog4epkmBa-
€T BaXHOCTb NPUMEHEHMNS MHEPTHbIX ra30B A11s CTa-
bununsaunm matepmana. Pabora [11] gemoHcTpupyeT
BbICOKYI0 YyBCTBUTENbHOCTL FTIR Ansa anarHocTuku
[030BbIX 3(OEKTOB MPU 3NEKTPOHHOM U Y-06ny-
yeHun, a uccnegosaHusa [13, 14] nogTeBepxgatoT
YHMBEpCanbHOCTb MeToAa ANs OLEHKM MpoLeccoB
cTapeHusi u gectpykuum M. Takum obpasom, pagu-
auunoHHasi cwmeka N3 ¢ nocnegyoWMM KOHTponem
CTPYKTYpbI 1 CTeneHn moamduKaumm npegcraBnser
coboli nepcneKkTUBHOE HanpaBneHWe MNOBbILIEHUS
HafEXHOCTU U OONTOBEYHOCTU CTPOUTEMbHbBIX Ten-
1N0- 1 3BYKOM3OMALMOHHBIX MaTepuanoB Ha nonu-
MepHOW OCHOBeE.

BcneneHHbIv 13, npolweawnii paguaumoHHyo
CLUMBKY, HaxoguT LUMPOKOE MpPUMEHEHNe B HedTe-
ra3oBoi oTpacnv Gnarogapsi CBOMM Tenyiou3ons-
LIMOHHBIM, XMMUYECKN CTOMKUM U BOAOOTTasIKUBato-
UMM CBOMCTBaM. Takve Matepuarbl UCMOMb3YTCs
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Anst U3onsumMmn Tpy6onpoBoaos, B T.4. MarucTparnb-
HbIX W NMOA3EMHbIX, YTO MO3BOISIET CHKaTb TEMMo-
noTepu, 3alumLLiaTh OT KOPPO3UU Y MUHUMU3UPOBATb
BNMsiHUE arpeccuBHbIX cped. Kpome Toro, Bcre-
HEHHble MOMUITUNEHOBbIE 0GOMOYKU NPUMEHSIHOTCS
B COCTaBe MNpeau3onvMpoBaHHbIX Tpy6 npu cTpou-
TEnbCTBE TEXHONMOTMYECKUX CUCTEM Ha HedTene-
pepabaTbiBalOlMX 3aBogax MW rasopacnpeeni-
TenbHbIX CTaHuusiX. Mcnonb3oBaHue aToro Metoaa
moamndmkaumum obecneymsaeTt NoBbILLEHHYO AOMMO-
BEYHOCTb, YCTOMYMBOCTb K TemnepaTypHbIM nepe-
nafam ¥ MexaHW4eckuM Harpyskam, YTo AenaeT ero
3(ppeKTUBHBIM peLLeHUeM B YCIOBUSIX SKCTpeMarb-
HbIX KIIMMaTUYECKUX 1 3KCTNyaTaLyOHHbIX (hakTopoB.

KkcnepuMeHTanbHasa YacTb

Llenb nccnepoBaHus — onpegenuTb BAUsiHUE
[03bl 3NEKTPOHHOTO OBMyYeHUst 1 rasoBol cpedbl
(Bo3gyx, aproH, a3oT) Ha cTeneHb cmsku M3, nc-
Nonb3yemMoro B CTPOUTENbHOM TENMO- U 3ByKOU30Ms-
umu.

[ns [oCTUXeHWA NOCTaBNEeHHOW uenu 6binu
copMynmpoBaHbI criegytoLlume 3agadu:

1) npoBectn obnyyeHne obpasuos [13
(M3 153-10K, M3-1, M3-2, M3-3) B pasnuyHbIX ra-
30BbIX cpegax npw gosax 75, 125 n 175 klp;

2) OueHWTb CTeneHb CLUMBKM MaTepua-
NOB MO COAEPXaHUK renb-ppakumm CcornacHo
[OCT P 59112-2020%;

3) wuccnenoBaTb U3MEHEHUs B CTPYKType no-
numepos ¢ nomolbio FTIR;

4) ycTaHOBWTb ONTMManbHbIE YCroBus obrny-
YeHus, obecneymBaloLle MaKCUMarnbHy CTeneHb
CLUMBKM NPU MUHUManbHOW AECTPYKLMN.

B kauecTBe 06BEKTOB MCCNEeaoBaHUA UCMOSb-
3oBanuck obpasubl 13, npumeHsemble B Npon3Boa-
CTBE CTPOWTENbHbBIX TEMMo- U 3BYKOU3OMSLIMOHHbBIX
matepuanos: M3 153-10K, M3-1, M3-2 n M3-3. O6-
pa3ubl MMenu opMy NOSIOCOK C pa3mMepamu He Me-
Hee 25%70, 25x90 1 40x130 MM, no 9 ak3emMnnspoB
kaxgoro Tuna. [lepen obnyyeHvem matepuans
6bIny oTo6paHbl B COOTBETCTBUM C UX MapPKUPOBKOM
1 nNpegHa3Ha4YeHneM, Nocne Yero NPoMapKMpoBaHsbl.

OO6ny4eHne npoBOAWMOCL Ha YycKkopuTene
anekTpoHoB 3J1B-42 (AO «[Mapk agepHbIX TEXHOMO-
iy, . KypyaTos, KazaxctaH) npu Tpéx pasnmnyHbIxX
posax: 75, 125 n 175 kl'p. O6ny4yeHue ocyLliecTBns-
nocb B TPEX cpefax — BO3AyX, a3oT U aproH. [insi cos-
OaHNa VMHEpPTHbIX ycrnoBuii obpasubl repMeTUYHO
yNakoBbIBANMCh B NakeTbl, KOTOPble NpeaBapuTenb-
HO MpoAyBanvCcb COOTBETCTBYIOLLMM ra3oM 1 3atem
3anavBanucb. JTO MO3BOMUMIO UCKIOYUTL KOHTaKT
C KMCNOpOAOM ¥ TEM CaMblM MUHUMU3UPOBATL OKWC-
nuTenbHble NPOLECCh BO BpeMsi 0b6ny4eHust.

Mocne 06nyyeHns NpoBoAuNack OLeHKa cTene-
HW CLUMBKWN, OCHOBAHHasA Ha onpeaeneHun cogepxa-
HMs renb-cppakuyum cormacHo NMOCT P 59112-2020.
MoarotoBka BKMoYana wusmernsyeHne o6pasLoB
0o pasmepoB He Gonee 0,5 MM C TOMWMHOM OKO-
no 0,2 mm. O6pasubl N3BELIMBANNCL C TOYHOCTHIO
0o 0,1 mr n norpyxanuce B 100 mn kcunona (cmecb
n30MepoB C 4ucToTon =98%, Temnepartypa kune-
Hus 137—144°C), cogepxauiero 1% aHTMOKcMaaHTa
(2,2-meTuneH-6uc(4-metnn-6-Tpet-byTnndeHon)).
OKCTpakumMa nNpoBoaunacb B KPYrmoAoHHOW konbe
¢ 0bpaTHbIM XOoNoAWbHUKOM B TedeHue 8 4, nocne
Yero 06pasLibl BbICYLLMBANMCH B CYLUNMBLHOM LUKady
npu Temnepatype 140+2°C B Te4eHne He meHee 3 u.

Mocrne cywku obpasubl oxnaxganu A0 KOM-
HaTHOW TemnepaTtypbl U MOBTOPHO B3BELUMBANM.
CTteneHb CLUMBKU PaccyMTbiBanM Kak OTHOLLUEHWE
Maccbl HepacTBOPMMOrO ocTaTtka (renb-copakumm)
K MepBoHavanbHOW Macce obpasua. [Mapannens-
HO MpOBOAWMNCA aHanu3 pacTBOPUMON YactTn —
30nb-opakumm, Kotopasa npeacrasnsger cobon Hus-
KOMOMeKynsipHble NPOAYKThI AECTPYKLUN.

[na  cnekTpocKOMMYeckoro aHanusa  Wuc-
nonb3oBanca Metoa FTIR. O6pasubl aHanu-
3MpoBanMcb Ha AByx npubopax: WHdpaniom
®dT-08 (Poccus) ¢ anmasHon npuctaskon GladiATR
(PIKE Technologies, CLWA) n Shimadzu IR Spirit
(AnoHus). CnekTpbl perMcTpypoBanuch B ananasoHe
4000—400 cm™ npwu paspeLueHun 2,0 cm™, ¢ 20 cka-
HVMpOBaHWAMK Ans kaxgoro obpasua. VMccneposa-
HUS MPOBOAMNUCL Kak C MOBEPXHOCTEN («BepX»
W «HW3»), TaK U CO CPe30B, B Cly4Yae, ecnu matepuan

Ta6bnuua 1. lo3bl 06ny4yeHusi, Macca U pasmepbl 06pa3L0B NONUITUINEHA B Pa3nUYHbIX ra3oBbIX cpeAax
Table 1. Irradiation doses, mass, and dimensions of polyethylene samples in different gaseous media

B asote B aproHe Be3 3awuTHOM cpeabl
Haumerrllaosauue INo3b1 o6nyuenus, kIp In nitrogen In argon Without protective atmosphere
PE grade Irradiation dose, kGy |  macca, r AnuHa, MM macca, r AnvHa, MM macca, r AnvHa, MM
mass, g length, mm mass, g length, mm mass, g length, mm
75 12,3 70 12,8 70 12,5 70
22:11 125 15,5 90 16,1 90 14,8 90
175 12,2 130 12,7 130 13 130
75 9,5 70 10 70 9,8 70
Eg__g 125 12,4 90 13,4 90 12,8 90
175 28 130 28,3 130 27,7 130
75 5,05 70 5,35 70 4,95 70
nos 125 6,86 % 7.75 90 72 90
175 17,9 130 17,5 130 17 130

' TOCT P 59112-2020 (MCO 10147:2011) Tpy6bl 1 putHr 13 cumtoro nonuatuneHa (PE-X). OueHka CTeneHun CLUMBKU

no coep>KaHuio renb-gpakumnm
2 QNB - yckopuTenb 311eKTPOHOB NNHENHBbI BaKyyMHbIN.

FO e
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75 8 70 9,65 70 9,30 70
M3 153-10K
PE 153-10K 125 1,2 90 9,3 90 1,2 90
175 26,75 130 22,7 130 19,75 130

Bcezo 108 obpasuos: no 3 ak3emnnsapa 0ns kaxdol KombuHayuu mamepuarna, 003bl U cpedsbl (36 eapuaHmos x 3 noemopHocmu = 108).
A total of 108 samples were prepared: three replicates for each combination of material, irradiation dose, and atmosphere (36 variants x

3 replicates = 108).

Ta6nuua 2. Macca 06pasLoB, cogepxkaHue refib- U 30Mb-ppakLmii NONMITUIIEeHa Nocrne 3NeKTPOHHOro
06nyYeHUs1 B pasnunyHbIX ra3oBbIX cpeaax

Table 2. Sample mass, gel and sol fraction content

of polyethylene after electron irradiation in different

gaseous media

e . [No3a obnyyeHus,| Macca o6paszua Macca renb- Macca 3onb- HOons renb- [Aons 3onb-
na chqn?vm _ K_rp u_c?(o.quaﬂ, r (*)paKlellfl, r quaKLI.VIIfI, r q)pakuv_m q)paxuv_m
PE grade Conditions| Irradiation dose, | Initial sample Gel fraction Sol fraction Gel fraction Sol fraction
kGy mass, g mass, g mass, g content content
0 05722 0,3475 0,2247 0,6073 0,3927
BO3AYX 75 0,5454 0,3694 0,176 0,6773 0,3227
air 125 0,5023 0,364 0,1383 0,7247 0,2753
175 0,5064 0,2965 0,2099 0,5855 0,4145
M3 153-10K 75 0,5101 0,3251 0,185 0,6373 0,3627
PE 153-10K ﬁ;‘r’;gen 125 0,501 0,3264 0,1746 0,6514 0,3486
175 0,5048 0,3102 0,1946 0,6145 0,3855
75 0,5024 0,3473 0,1551 0,6912 0,3088
:fg;g: 125 05111 0,3028 0,2083 0,5924 0,4076
175 05 0,3106 0,1894 0,6213 0,3787
0 0,5003 0,2119 0,2884 0,4235 0,5765
BO3AyX 75 0,5014 0,25 0,2514 0,4987 0,5013
air 125 0,5047 0,29 0,2147 0,5745 0,4255
175 0,5012 0,2007 0,3005 0,4005 0,5995
na-1 75 0,5006 0,2961 0,2045 0,5914 0,4086
PE-1 ﬁft‘:; on 125 0,5019 0,2702 0,2317 0,5384 0,4616
9 175 0,5003 0,2129 0,2874 0,4256 0,5744
75 0,5091 0,2 0,3091 0,3929 0,6071
gfgrgz 125 0,5007 0,2379 0,2628 04752 0,5248
175 0,5027 0,1986 0,3041 0,3951 0,6049
0 0,5006 0,2771 0,2235 0,5535 0,4465
Bo3AyX 75 0,5008 0,3211 0,1797 0,6412 0,3588
air 125 0,5012 0,3503 0,1509 0,6989 0,3011
175 0,5009 0,2361 0,2648 04714 0,5286
na-2 75 0,5003 0,3502 0,1501 0,6999 0,3001
PE-2 ﬁft‘r’;gen 125 0,5017 0,3588 0,1429 0,7151 0,2849
175 0,5008 0,3016 0,1992 0,6022 0,3978
75 0,5005 0,3666 0,1339 0,7325 0,2675
:fgrg: 125 0,5002 0,3224 01778 0,6445 0,3555
175 0,5001 0,3167 0,1834 0,6332 0,3668
0 0,5013 0,198 0,3033 0,3949 0,6051
B03yX 75 0,5006 0,2486 0,252 0,4967 0,5033
air 125 0,5009 0,2538 0,2471 0,5067 0,4933
175 0,5001 0,213 0,2871 0,4259 0,5741
-3 75 0,501 0,2698 0,2312 0,5386 0,4614
PE-3 2§‘r’;gen 125 0,5002 0,2767 0,2235 0,5532 0,4468
175 0,5006 0,2414 0,2592 0,4823 0,5177
75 0,5008 0,176 0,3248 0,3514 0,6486
:fg‘;: 125 0,5007 0,2503 0,2504 0,4999 0,5001
175 0,5003 0,231 0,2693 0,4617 0,5383
Qo owwin Canation ?SMSFIIW) 0 0,5014 0,2068 0,2946 0,4125 0,5875
i 13 nepoKcaR 0 0,552 0,1862 0,3658 0,3374 0,6626

CUI/ SSIW — camoHecywuli usonuposaHHbil npoeod / self-supporting insulated wire

Obin cnuwkom TBEPAbIM. AHanNM3 Npoeoauscs B na-
H6opaTopusix EBpasminckoro HaLumoHanbsHoro yHuBep-
cuteta uMm. J1.H. F'ymunésa (r. ActaHa, Kasaxcran).
OononHutenbHo 6binMu  cHATLI  VIK-cnekTpbl
30Mnb-hpakumm 1 pacTeopuTenen (KCunor, ataHon)

- DOI: 10.54859/kjogi108888

ONs UCKIYeHUst X BnusiHMA. CnekTparnbHble Xa-
PaKTepUCTVKA MO3BONWMAW ONPEeaenuTb Hanmuuue
OBoWHbIX cBszert (C=C), rugpokcunbHbIx rpynn (OH)
1 Apyrnx parMeHToB, ykasblBaloLWyX Ha NpoLecchl
AECTPYKLMW UM CLUUBKM.
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Pe3ynbTathl u 06CcyxaeHue

B xome npoBedéHHbIX UCCnenoBaHWi ycTa-
HOBIIEHO, YTO B NPOLIECCE 3NEKTPOHHOTO 00MNyYeHWs
3 ogHOBpPEMEHHO NpPoTeKaloT ABa KOHKYPUPYIOLLIMX
MexaHu3mMa — CLUMBKa Makpomornekyn (obpa3oBaHue
nonepeYHbIX CBSI3ei) U A4ecTpyKuUs (paspbiB OCHOB-
HbIX Lenen). banaHc mexay HUMK 3aBUCUT OT O03bl
0ob6ny4yeHusl, cocTaBa ra3oBoW cpedbl U CTPYKTYpbl
MCXOOHOro Nnonumepa.

BnusiHue no3bl 06ny4eHUst Ha cTeneHb

CLUNBKMN

Onsa Bcex wuccnegyembix 13 npu yBenuuye-
HuM gosbl ot 0 go 125 klp HabropaeTca pocT co-
AepxaHnsa renb-ppakumm, 4TO CBUAETENbCTBYET
0 JOMMWHMPOBaHUM NPOLIECCOB CLUMBKM. Hanpumep,
y N3 153-10K, ob6ny4éHHoro B asoTe, [ons
renb-ppakummn yeenuumsaetrca ¢ 60,7% (0 «kIp)
0o 72,5% (125 kI'p). OgHako npu ganbHenwem no-
BbILLEHMN A03bl A0 175 kIp cTeneHb CLUMBKU YMEHb-
waeTtcH (8o 61,4%), 4To yKa3blBaeT Ha Hayano npe-
obnagaHna [ecTpykTVBHBIX npoueccoB. MNogobHas
U-o6pasHas 3aBMCUMMOCTb TUNWYHa ANS ankaHoBbIX
NONMUMEpPOB, T.K. HA BbICOKUX A03axX paspyLualoTcs
yXe CLUMTbIE Y4acTKM MakpoMornekyn, obpasysi pac-

a)

B)

TBOpUMbIE cbparmeHTbl. PocT gonu renb-dpakumm
cyBenuyeHnem fo3bl o1 0 oo 125 kl'p, a Takke eé noc-
nepytolee cHwxkeHve npu 175 k'p AgemMoHCTpupyoT
U-06pasHyto 3aBNCMMOCTb (Tabn. 2).

BnusiHue rasoBo#u cpeabl

Ha 3P PEeKTUBHOCTb CLUMBKMU

Hannuune kucnopoga B Bo3ayLLUHOW cpeae npu-
BOAWT K MHTEHCUMMKALMN NPOLECCOB OKUCUTENb-
HOW AeCTPyKLMKN, 0COBEHHO NPU BbICOKMX A03axX. Tak,
B Bo3ayxe npu 175 k[p copepxaHue renb-pakumm
y M3 153-10K cocTaenset 58,5%, Toraa kak npu Tex
e ycrnoBusix B aproHe — 62,1%, a B azote — 61,4%.
OTO NOATBEPXKAAET, YTO MHEPTHble cpedbl (aproH,
a30T) NO3BONSAIT NOBbLICUTL APPEKTUBHOCTL paana-
LIMOHHOW CLUMBKM M 3aMeannTb pa3pyLueHue Lenen.
CBogHbIi rpadomk 3aBUCUMOCTM CTEMEHU CLUMBKU
OT [03bl 06nyyYeHns aAns Bcex obpasuoB B pasnuy-
HbIX cpedax npeacTasneH Ha puc. 1.

Pasnuuus mexgy aproHomM v asoToM MWHU-
MarbHbl, O4HAKO B OTAEMbHbLIX Cryyvasx (Hanpumep,
y M3-2) aproH obecneunBaet 4yTb Gonee BbICOKNE
3HaYeHus renb-ppakunm, YTO MOXET ObITb CBA3AHO
c Gonbluer NNoTHOCTbIO M Bonee adpekTUBHBLIM
BbITECHEHMEM Kucropoaa 13 obpasua.

6)

)

PucyHok 1. UK- 3aBucumocTb Aonu renb-pakumm ot [o3bl 06Ny4YeHUs B pas3nuyHbIX cpeaax
Figure 1. FTIR dependence of gel fraction content on irradiation dose in different media
a) 13 153-10K/ PE 153-10K ; 6) [13-1/ PE-1; 8) [13-2/ PE-2; 2) [13-3/ PE-3

Bce o6pasubl nokasanu pasnuyHyio CTeneHb
BOCMPUMMYMBOCTU K paamaLMoHHon obpaboTke:

1) N3 153-10K npogemoHcTprpoBan ycTon-
4YMBYIO M BbICOKYI cCTeneHb clmBku. [Mpu gose

FD e

125 kIp B aproHe pocTturHyto 59,2-69,1% renb-
pakuum. ATo CBUAETENBCTBYET O BbICOKOW NPUroa-
HOCTWU [aHHOro Matepuana Ansi 3NeKTPOHHO-Ny4Ye-
BOM MoaudmKaumu;
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2) M3-1 nokasan Gonee HU3KNE 3HAYEHUS:
B Bo3gyxe npu 175 klp renb-chpakumsa cocTaBu-
na scero 40,0%, a B aproHe — 39,5%. 310 MoxeT
roBOpWTb O MPUCYTCTBMM B MaTepuane [o06aBok
UNW CTPYKTYPHbIX AedeKTOB, NPEenaTCTBYOLWMX 3d-
heKTBHOMY 06pasoBaHUI0 NONEPeYHbIX CBSI3e;

3) M3-2 nposiBMN Hauny4ywwue nokasatenu
cpeam Bcex obpasuos: npu 125 klp B aproHe cre-
neHb CLUMBKM cocTaBuna 73,2% v gaxe npu 175 kl'p
ocTanachb Bbile 63%, 4TO yka3blBaeT Ha TepMocTa-
OUNBLHOCTb N XMMUYECKYHD YCTOMYMBOCTb AAHHOIO
nonimMmepa K MOHU3UPYIOLLEMY U3MYYEHUIO;

4) T13-3, HeCMOTpS Ha 3NaCTUYHYH CTPYKTY-
py, Takke NoaAaéTcs paanaLMoHHON CLUMBKE: B a30-
Te npu 125 kI'p pocturHyto 55,3% renb-cpakuuu,
npu 3TOM VICXOAHbIA YPOBEHb CLUMBKM Y HEro Obin
HU3kUM (MeHee 40%), 4To 0ObSICHAET ero rMbKocTb
1 pe3VHOBUAHbIE CBONCTBA.

FTIR kak noaTBepxaeHUe npoueccoB
WK-cnekTpbl renb-pakuum Bcex o6pasuoB co-
[AepxaT xapakTepHble nonockl nornowyexHns Ma:

— BaneHTHole konebaHma C-H: 2920
n 2850 cm

— pecdopmauuoHHble  konebanusa: 1470,
1377, 729 cm™.

Ha puc. 2-5 npeacraBneHbl WK-cnekTpbl

renb-cppakuuii - MaTepuarnoB Mocre 3KCTpaKuumu.
K coxxaneHuto, NnacTUYHbIN MaTepuan npakTnyeckn
He noadaéTcs pacTMpaHuIo U MIoX0 CMeLUMBaEeTCs
C OpOMMAOM Kanusi, YTO 3HAYUTENBHO YXYALUMIIO Ka-
YECTBO CMEKTPOB, OAHAKO Ha HUX BUAHbI OCHOBHbIE
XapaKkTepHble NnHUK nornoLueHns ang Mo.

Kak BMOHO M3 CMEKTpoB, MPUCYTCTBYHOT Xa-
pakTepHble NMHUKM nornowenusa anga M3 B guana-
30Hax BasneHTHbIX konebaHui C-H 2920 n 2850
n 1470-1435 cm™, a Takke [AedOpMaLMOHHBLIX
konebaHun C-H B pamanasoHe 720-729 cm™.
UK-cnekTp M3-1 (apron, 175 kI'p, 10/6) otnnyaetca
TeM, 4YTO NPOSIBUINCH JIMHUU NOTTIOLLEHNS, XapakTep-

Hble ons cnupta, — «rop6» B obnactn 3600-3200 cm™
KoreGaHu rmgpokcunbHon rpynnel n 1430 cvm™".

Ha cnektpax 3onb-cpakumii Habniogarotes
MOoChl, XapakTepHble Af151 HEHACBILWEHHbIX CBA3EN
(C=C) B gnana3soHax 985, 931, 2885 cm™, ykasbiBa-
toLwme Ha ob6pasoBaHue NpoayKTOB AECTPYKLUMM — KO-
poTKoLienoYeyHbIx parmMeHToB. OTO NOATBEPXAA-
€T, 4yTo npu go3e 175 klp nponcxoauT paspyLueHune
OCHOBHOIO CKerneTa nonumMepa.

Ha puc. 6-9 npeacrtaeneHbl VIK-cnekTpbl pac-
TBOPOB 30Mb-hpaKkLmm.

Kak BnaHo 13 NK-cnekTpoB akcTpakTa nonvme-
pOB, OCHOBHbl€ NUHUW MOFMOLLEHUS] CBONCTBEHHbI
Ons pacteBoputenst keuron, a umenHo: 3107, 3066,
3017, 2923, 2875, 1120, 1053, 1021, 741, 433 cm™.
[aHHble NMHUM NPUCYTCTBYIOT Ha BCEX CheKTpax
BCex 0b6pasLoB.

B cnektpax [13-1 (aproH, 175 «kIp, 10/6),
M3 153-10K (aproH, 175 kIp, 5/6) n M3 153-10K
(175 kp, 5/9) NpMCYTCTBYIOT NMUHUM MOITOLLEHNS,
XapakTepHble AnA STWUIOBOrO CnupTa, a WMeH-
Ho: 3356, 2973, 2884, 1051 cm™'. CnupT, BUAMMO,
coxpaHwurcs nocrne NpomblBky obpasua.

B obpasue O 153-10K  (KOHTpOrb,
5/10) npucyTCTBYHOT NOMoOChl MOFTOLLEHNS Keurona
6e3 cnupTa.

Monocel nornowwenus M3 (ankaHoB) coBnaga-
10T KaK C KCUOMOoM, Tak 1 CO CNMPTOM, a UMeHHo C-H
n C-C cBssn. Takue konebaHus HabnogatoT-
ca B obnactu 2800-3000, 1463 u 1377 cm™.
OpHako B cnekTpax [13-1 (apron, 175 klp, 10/6),
M3 153-10K (aproH, 175 kIp, 5/6), N3 153-10K
(175 «I'p, 5/9) n N3 153-10K (koHTponb, 5/10) duk-
CMPYIOTCA MOSIOCHI MOFMOLLEHNs, He coBnajarLume
co cnuptoM n kcunonom: 2980-2885, 659, 2579,
8801 670-505, 2864, 2762, 2731, 2576, 2346, 2277,
1943, 1496, 1466, 1383 cm™. 310 CBMAETENLCTBYET
0 HanuM4uK B pacTeope 30rb-pakuuii, NpeacTasns-
towmnx cobon kopoTkue Lenu M. CneayeT oTMETUTL
nosiBNeHne Takmx Nofoc nornoLeHns, kak 985, 931,

PucyHok 2. UK-cnektp M3 153-10K 175kIp. 5/10
Figure 2. FTIR spectrum of PE 153-10K, 175 kGy, 5/10

DOI: 10.54859/kjogil1 08888
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PucyHok 3. UK-cnekTp M3 153-10K 175 kIp. 5/9
Figure 3. FTIR spectrum of PE 153-10K, 175 kGy, 5/9

PucyHok 4. UK-cnekTp N3 153-10K AproH. 175 kI'p. 5/6
Figure 4. FTIR spectrum of PE 153-10K, argon, 175 kGy, 5/6

PucyHok 5. UK-cnektp M3-1. AproH. 175 kI'p. 10/6
Figure 5. FTIR spectrum of PE-1, argon, 175 kGy, 10/6
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a Takke 2885 cm™', cooTBETCTBYIOLWMX KonebaHu-
SIM HeHacblweHHoW cBs3n C=C. 310 0bycnosneHo
pa3pbIBOM koBarieHTHom cBsid3n C—C ocHOBHOW Lenu
nonvmMepa nof BO3enNCTBUEM U3NYydYeHns n obpaso-
BaHWeM 3onb-ppakumn. B cnyyae gectpykumm uenu
OCKOJKM NonuMepa pacTBOPSIIOTCSH B pacTBopuUTene
(akcTparvpytoTtcs) B BUAE 30Mnb-Ppakumm.

[ononHuTenbHO, Ha HEKOTOpbIX CreKkTpax
3adukcupoBaHbl nonocel OH-rpynn (B AvanasoHe
3200-3500 cm™), 4TO MOXET BbITb CBA3AHO C OCTaT-
KaMu 3TaHona, MCrosib30BaHHOIO MpU NPOMbIBKE,
unu ¢ obpasoBaHWeM MMAPOKCUNbHBIX paauKkanos
B NPOLIECCE OKUCIEHUS.

3aknioyeHune

Takvm 06pa3om, yCTaHOBMNEHO, YTO NpU paau-
aumoHHon obpaboTke 3 ogHOBpeMEHHO npoTeka-
10T NMPOLIECChI CLUMBKM U AECTPYKLIMN MaKpOMOIEKy-.
BanaHc mexay HMMK onpegenseTcs 4030 0bnyye-
HWS 1 COCTaBOM OKpYXXatoLLen cpeabl:

—  OMTUManbHOW [J030W 3MNEKTPOHHOro 06-
NnyYyeHns Ans OOCTWXKEHUS MakCMmarnbHOW CTe-
neHn cwmekn sensetrca 125 klp. MNpu aton pose
renb-gopakuma 4ocTuraeT MakcMMarbHbIX 3Ha4YeHUN
(no 73,2%), Toraa kak npu gose 175 kMp HabntopaeT-
CSsl CHWXEHWe u3-3a npeobrnagaHust 4eCTPYKTUBHbIX
npoLEeCCOB;

— Haubonee 3(MEKTUBHBIM  YCIIOBUEM
ONa pagvaumMoHHOW CLUMBKM ABNSIETCH 00nyveHue
B MHEPTHOWN cpefe (aproH unu as3oT), Npyu KOTOpPOM
MUHUMU3UPYETCS  OKUCIUTENbHAs  OECTPYKUUS.
B BO3agyLLHOWM cpeae cTeneHb CLUMBKU 3HAYUTENBHO
HWXe U3-3a BO3AENCTBUS KNCMOPOAa;

— pasHble mapku 1O gemMoHCTpupyloT pas-
TNINYHYIO0 YCTOMYMBOCTb K MOHM3MPYIOLLEMY K3ny4e-
Huto. M3-2 n M3 153-10K nokasanu Haubonblune
3Ha4YeHUs renb-Ppakunm U HaMMeHbLLY YyBCTBU-
TENbHOCTb K AecTpykuun, Toraa kak M3-1 nposiun
MEHbLLY0 YCTONYMBOCTb;

PucyHok 6. UK-cnektp M3 153-10K 175 kIp. 5/10
Figure 6. FTIR spectrum of PE 153-10K, kGy, 5/10

PucyHok 7. UK-cnektp N3 153-10K. 175 klp. 5/9
Figure 7. FTIR spectrum of PE 153-10K, 175 kGy, 5/9
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PucyHok 8. UK-cnektp M3 153-10K. AproH. 175 kI'p. 5/6
Figure 8. FTIR spectrum of PE 153-10K, argon, 175 kGy, 5/6

PucyHok 9. UK-cnektp M3-1. AproH. 175 kl'p. 10/6
Figure 9. FTIR spectrum of PE-1, argon, 175 kGy, 10/6

— pesyneratel FTIR noagrBepaunu obpaso-
BaHWe MOMepeYHbIX CBA3EW (XapakTepHble Norochl
C-H) n Hannumne npogyKToB AeCTpyKuuu (nosiBne-
Hue nonoc, cootseTcTBytOWmMX C=C n OH-rpynnam),
YTO cornacyetcsi ¢ pesynbrataMmu rpaBUMeTpuYe-
CKOro aHanmsa.

OONONHUTENBbHO

UcTouyHuk duHaHcupoBaHusa. [laHHoe wuccreno-
BaHWe (hMHaHCMpyeTcs B pamMkax nporpaMMHO-Lie-
nesoro uHaHcupoBaHust KomuTeTom Mo Hayke
MuHMCTEpCcTBa HaykM M Bbicllero obpasoBaHus
Pecnybnukn KasaxctaH (MpaHT Ne «BR24992883
Co3pgaHue Hay4HO-TEXHOMOMMYecKoro napka Hegpte-
XVMUW U NONMMEPHbLIX MaTepuaroB Ans NpeaocTas-

Takum obpasom, npoBedEHHOE WccnedoBa-
HUE [OEMOHCTPMPYET BO3MOXHOCTb 3(PEKTUBHON
pagvauuoHHon Mogudmkauum M3, ncnonb3yembix
B CTPOWTENbHON TENSIO- U 3BYKOU3OMNSLWU, 1 MO3BO-
nsieT 060CHOBaHHO PeKOMeHOOBaTb OMNTUMaribHble
ycnoBusi 06paboTku Ans NOBbILIEHWS 3KCnyaTaum-
OHHOW YCTOWYMBOCTU WM JOMNrOBEYHOCTW 3TUX MaTe-
pvanos.
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Study of the sulfidogenic bacteria activity in the formation
microflora of an oil field (Kazakhstan) and their potential
contribution to corrosion processes

Miua A. Bissenova', Salimat Kh. Bidzhiyeva?

'Branch of KMG Engineering “KazNIPImunaigaz”, Aktau, Kazakhstan

2S.N. Vinogradsky Institute of Microbiology, FRC of Biotechnology, Russian Academy of Sciences,
Moscow, Russia

ABSTRACT

Background: Today at the oil field «N» there is an intensification of corrosion complications. Repeated
monitoring of corrosion factors at all sites of the field has shown the localization of aggressive gases
at site B, where thermal oil displacement technology is used, which could have triggered an increase
in corrosion processes. In addition, large-scale studies of the microbial community of formation waters
were conducted at field N, revealing the presence of sulfate-reducing and fermentative sulfidogenic
bacteria, which could also contribute to the development of an aggressive environment. In this regard,
the issue of the influence of the microbial community on corrosion processes remains a pressing
task, and studies were conducted to identify the contribution of sulfidogenic bacteria to the formation
of a corrosion-aggressive environment at this field.

Aim: To study the contribution of sulfidogenic bacteria of production waters to the formation
of aggressive environments and corrosion at the N field.

Materials and methods: The objects of the study were samples of water extracted from group
installations, wastewater from block cluster pumping stations, and vertical steel tanks. The studies were
conducted using classical microbiological methods: anaerobic cultivation of bacteria, sowing using
the tenfold dilution method, obtaining biofouling of the object under study in a natural environment,
etc. A titrimetric method was used to determine the content of hydrogen sulfide and carbon dioxide.
The dissolved oxygen content was determined by an express method using a Fibox 4 PreSens
(Germany) fiber optic oxygen analyzer. The amount of mechanical impurities was determined by filtration
followed by gravimetric analysis. The corrosion rate of steel coupons was determined gravimetrically
by the loss of sample mass during their exposure at field facilities.

Results: All studied objects showed high content of planktonic (10°-10® cells/ml) and adherent
(10%-108 cells/ml) sulfidogenic bacteria. The productivity of different physiological groups
of sulfidogenic bacteria was determined: sulfate-reducing bacteria contribute most to hydrogen sulfide
formation (125.6-762.5 mg/L), while sulfur-reducing bacteria contribute least (59.6-298.2 mg/L).
Site B of the field, where development is carried out using thermal technology, is characterized
by the highest corrosion potential. At the same time, the number of sulfidogenic bacteria at site B
is comparable to their number at other sites of the field.

Conclusion: The microflora of the production waters of the N deposit has a high corrosion potential,
but the greatest contribution to the formation of an aggressive environment is due to the use of thermal
oil recovery technology at the deposit.

Keywords: hydrogen sulfide; carbon dioxide; sulfate-reducing bacteria; sulfidogenic bacteria; corrosion
rate; aggressive gases.
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Opu rmHanbHoe uccriegoBaHue

UccnepoBaHne akTUBHOCTU Cynb(uUaoreHHbIX 6aKkTepumn
nnacroBon Mukpodnopbl HepTAHOro mectopoxaeHus (KasaxcraH)
M UX NOTEHLMaNnbHOro BKNnaaa B KOPPO3MOHHbIe npoLuecchbl

M.A. BuceHoBa', C.X. BuoxueBa?

'"®unuan KMI UnxuHupuHe «KasHUTMmyHatzas», e. Akmay, KasaxcmaH

2MHcmumym mukpobuonoauu um. C.H. BuHozpadckozo, ®UL| Buomex+Honoeuu PAH, . Mockaa,
Poccusi

AHHOTALUMUA

O6GocHoBaHue. Ha cerogHAwHWA feHb Ha HedTsHOM MecTopoxaeHun N Habntogaetcs
WUHTEHCUMKALNS  KOPPO3MOHHBLIX  OCIOXHEeHWN. [poBedeHWe  HEOQHOKPaTHOro  MOHWUTOPWHIra
KOPPO3MOHHBIX (PaKTOPOB Ha BCEX MIoLlagKkax MECTOPOXAEHUS NoKa3ano fMoKanmusaumio arpeCcCuMBHbIX
rasoB Ha nnowagke B, roe npumeHsieTcs Tepmuyeckas TeXHONOorns HedpTeBbITECHEHUS,, YTO MOFMO
CNpPOBOLIMPOBATL YCUIEHUE KOPPO3MOHHBLIX MNpoueccoB. Kpome Toro, Ha mectopoxaeHun N 6binu
npoBegeHbl MacliTabHble McCnegoBaHWs MWKPOGHOrO CcoobLiecTBa NNacToBbiX BOA, BbiSBMBLUME
Hanuyve cynbdaTBOCCTaHABMMBAIOLWMX, a Takke BGpPoAnNbHBLIX CynbguAOreHHbIX 6akTepuii, KoTopble
TaKKe MOMMM cnocobCTBOBaTb Pa3BUTUIO arpeccuBHOW cpedbl. B cBA3M ¢ 3aTum BONpOC BRUSIHWSA
MWKPOBHOro coobLLecTBa Ha MPOLECChl Pa3BUTUS KOPPO3WUM OCTAETCS aKTyarbHOW 3ajadvei, B CBA3M
C 4em Obinu nNpoBefeHbl UCCNEeNOoBaHWs, HamnpaBreHHbIE Ha BbISIBNIEHWE BKNada CynbguaoreHHbIX
GakTepuin B hopmMmnpoBaHme KOPPO3NOHHO-arpeccrBHON cpeabl Ha JaHHOM MECTOPOXAEHWN.

Llenb. ViccnepoBatb Bknag cynbhuaoreHHbIX 6akTepuii MpOMbICIIOBbIX BOZ, B NPOLLECCHl (hOPMUPOBaHUS
arpeccuBHOM cpeapbl U KOppo3un Ha mectopoxaeHum N.

Martepuanbl n Mmetoabl. Ob6bekTamu uccnegoBaHus Obinv Npobbl  NOMYTHO-4OObLIBAEMbIX BOA
rPyMnnoBbIX YCTAaHOBOK, CTOYHBIX BOA, GrOYHbIX KYCTOBbLIX HACOCHBIX CTaHLMIA U BePTUKambHbIX CTanbHbIX
pe3epByapoB. VccnegoBaHus nNpoBedeHbl C NPUMEHEHWEM KNacCuyeckMx MEeTOA0B MUKpOoGuonornu:
aHaspo6HOE KynbTUBMPOBaHWE GakTepuii, NOCEBbI METOAOM MPEAENbHLIX AECATUKPATHLIX Pa3BEAEHUN,
nony4eHne GruoobpacTaHuii nuccnegyemoro obbekTa B eCTeCTBEHHOW cpefe u np. Ons onpegeneHus
cofepxaHusa cepoBOAOpOAa M YrMeKUcnoro rasa npuMeHsanu TutpumeTtpudeckuin meton. CopgepxaHune
pacTBOPEHHOrO KWUCropoda Onpeaensnum 3KCNPecc-MeTOAOM Ha ONTOBOSIOKOHHOM —aHanusatope
kncnopoga Fibox 4 PreSens (FepmaHus). KonuuectBo MexaHU4eCKUX nNpuMecen onpegensnv
mMeToaoM unbTpaLum ¢ NOCneayoWUM rpaBUMETPUYECKMM aHann3oM. CKOPOCTb KOPPO3WKM CTarnbHbIX
KYyNoOHOB onpeaensny rpaBUMETpUYEcKMM NO MoTepe Macchbl 06pa3uoB 3a Nepuog UX 3KCMO3MLMK
Ha NPOMbICIOBbLIX OOBbEKTaX.

PesynbraTtbl. Bo Bcex uccnegoBaHHbIXx OObekTax BbISIBNEHO BbLICOKOE COAEpPXKaHWe MraHKTOHHbIX
(10°-10® kn/mn) wn agresampoBaHHbix (10°-108 kn/mn) cynbdwugoreHHblx 6GakTepuin. OnpepeneHa
NPOAYKTUBHOCTb pasHbIX (HU3UOMOTMYECKMX Fpynn cynbuaoreHHbIx GakTepuii: HavbonbluMii BKNag,
B obpasoBaHue cepoBogopoda BHOCUT cynbdaTrBoccTaHaBnueatowme baktepumn (125,6-762,5 mr/n),
HaMMeHbLUUIA — cepoBoCCTaHaBnuBatowme 6akrepun (59,6—298,2 mr/n). MNnowagka B mectopoxaeHus,
roe paspabotka BeOETCA C NPUMEHEHMEM TEpMUYECKON TEXHOMOrnu, Xxapaktepusyercs Haubonee
BbICOKAM KOPPO3MOHHBLIM MoTeHumanoM. [py 9TOM YUCREHHOCTb CynbMUAOreHHbIX GakTepui
Ha nrowaake B conoctaBrMa € UX YNCMEHHOCTBIO Ha APYrMX NOLWaaKax MECTOPOXAEHUSI.
3akntoyeHune. Mukpodropa npoMbICIOBbIX BoA MecTopoxaeHns N obnagaer BbICOKMM KOPPO3MOHHBLIM
noTeHUManom, ofHako Haubonblwnii BKkNag B (HOPMMPOBaHWE arpeccuBHOW cpedbl MpoucxoauT
No MPUYMHE NPUMEHEHNS Ha MECTOPOXAEHUN TEPMUYECKON TEXHONOrMN HedbTeoTaauu.

Krnroueewie crnioea: cepogodopod, yanekucnbili 2a3, CcynbghameoccmaHaenuearuwue bakmepuu,
cyrnbghudozeHHble bakmepuu, CKOPOCMb KOPPO3UU, a2peccusHble 2a3bl.

Kak untupoBarthb:

buceHosa M.A., bBudxuesa C.X. WccnegoBaHue — akTMBHOCTU  CynbUAOreHHbIX  GakTepuii
nnacTtoBo MuUKpodnopbl HedTaHOro MectopoxgeHus (KaszaxctaH) M WX MOTEHUManbHOro BKNaga
B KOPPO3WOHHbIE npouecchl // BecTHUK HedTerasoBomn orpacnu KasaxctaHa. 2026. Tom 8, Ne1. C. 79-88.
DOI: 10.54859/kjogi108900.
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TynHycka 3epTTey

Ka3zaxcTtaH MyHaWn KeH OpHbIHbIH KabaT MUKpodrnopacbIHbIH
cynbdumaoreHaik 6akrepusanapbiHbiH 6enceHainirid

X9He onapablH KOPPO3UANbIK npouecTepre

aneyeTTi yneciH 3epTtrey

M.A. BucenoBa', C.X. BuoxueBa?

KMI™ nxurupuHe «Kasf 3XKWmyHatieaz» cpunuansi, Akmay Kanacel, KazakcmaH

2C.H. BuHoezpadckuli ambiHOarbl MUKpobuosioeust uHecmumymsi, buomexHonozusinap 6olbiHwa
gedeparndbiK FbinibiMU opmarnbik, Pecel fbinbiM akademusicbl, Mackey kanacbl, Pecel

AHHOTALMUA

Herizpey. ByriHri Tanga N mMyHam keH OpHbIHAA KOPPO3WANbIK ackbiHynapdblH, KapkblHbl Gankanagbl.
KeH opHbIHbIH Gapnblk anandapbliHaa Koppo3usnblk dakTtoprapra GipHelle peT MOHUTOPWIHT XKYpPrisy
KOPPO3MAMbIK NpoLecTepaiH KyLuetoiHe TypTKi 60mybl MyMKIH MyHaW bIfFbICTbIPYAbIH TEPMUSATbIK TEXHOMO-
rMscel KongaHbinaTblH B anaHbiHAa arpeccuBTi rasgapablH okWwaynaHybiH kepceTTi. ByaaH 6acka N keH
OpHbIHAA CynbdaTThl KannblHa KeNTipeTiH, CoHAan-aK arpeccuBTi OpTaHblH AaMyblHa biknan eTyi MyMKiH
awbITy cynbcuaoreHai baktepmsanapabiH, 60nybiH aHbIKTanTbIH kabaTt cynapbiHbIH MUKPOOTLIK KaybiMaa-
CTbIfblHA aykbiMAbl 3epTTeynep xyprisingi. OcbifaH 6ainaHbICTbl MUKPOOTBIK KaybiMOACTbIKTbIH, KOPPO-
31sHbIH Aamy npouecTepiHe acepi Maceneci e3ekTi Macene 6onbin kana 6epeai, CoOHAbIKTaH cynbdhuao-
reHgik 6aktepusinapdblH OCbl KEH OPHbIHAA KOPPO3USINbIK-arpeCcCUBTi OpTaHbl KanbinTacTbipyFa KOCKaH
yNneciH aHblKTayFa bafbITTanfaH 3epTTeynep Xyprisingi.

MakcaTbl. ©HepkacinTik cynapapiH cynbduaoreHaik 6aktepusnapbiHblf N keH OpHblHAA arpecCcuBTi
opTa MeH KOppo3usi KanbINTacTblpy NpoLecTepiHe KOCKaH yreciH 3epTTey.

Martepuanpap MeH agictep. 3epTTey 0ObeKTINepi TONTbIK KOHABIPFBINAPAbIH iNecne eHAipineTiH cy-
napbiHbIH, BnokTbl ByTanbl Copfbl CTaHUMSANAapbIHbIH afbiHAbl CynapbliHbIH XoHe Tik 6onat pesepsyap-
napblHbIH, CblHamanapbl 6onfbl. 3epTTeynep MUKPOOWMOMNOIMAHBLIH KNaccukanblk a4icTepiH kongaHa
OTbIpbIN Xypridingi: 6akTepusinapgbl aHaspobThbl Bcipy, LWEKTI OH ece CyMbINTy apiciveH ceby, Taburm
opTaga 3epTTeneTiH 06bekTiHiH Bronornanbik nactaHybiH any xoHe T. 6. KykipTcyTek neH KeMipKbILLKbIN
rasblHblH KypamblH aHbIKTay YLiH TUTPUMETPUANbIK SAIC KonaaHbinabl. EpireH otTeriHiH Kypambl Fibox
4 PreSens (fepmaHusi) TanwbIKTbI-ONTMKasbIK OTTEr aHanM3aTopbiHAa Xegen aicneH aHblktanasl. Me-
XaHuKanblK kocnanapablH caHbl cy3y aiCiMeH, cofaH KeWiH rpaBUMETPUSNbIK TangayMeH aHblKTanabl.
Bonat kynoHaapabliH KOPPO3Us Xblngamablfbl KOMMEPUMSANbIK OObEKTINepae aKCno3numns KeseHiHae yn-
rinepAiH MaccacblH XOfanTy apKblnbl rPaBUMETPUANBIK TYPAE aHbIKTanabl.

HaTtuxenepi. bapnbik 3epTTenreH obbekTinepai nnaHktoHabl (105—108 kn/mn) keHe agresusinaHfaH
(10°-108 kn/mn) cynbcuporenai GaktepusnapgblH KoFapbl Menwepi aHbliktangsl. CynbdwugoreHai
GakTepusanapablH, apTypni OU3MONOrUAnbIK TONTapbIHbIH OHIMAINIM aHbIKTanAbl: KyKipTCyTeKTiH nanga
BonybliHa eH ynkeH ynec cynbdaTTbl KannbiHa kenTipeTiH 6aktepusanap (125,6—-762,5 mr/n), eH kiwici
KYKIPTTi kannblHa KenTipeTiH 6akTepusanap (59,6—-298,2 mr/n). Vrepy TepMUsAnbIK TEXHONMOMMSAHbI Konaa-
Ha OTbIPbIN XYPri3ineTiH keH opblHAapPbIHAAFLI B anaHpl eH ofapbl KOPPO3USANbIK SNeyeTneH cunatra-
nagel. byn pette B anaHbiHAarb! cynbduaoreHaik 6akrepmsanapgbiH CaHbl KEH OpHbIHBIH 6acka ananaa-
pblHAAFbl OnapablH CaHbIMEH CanbICTbIpblNaabl.

KopbITbiHAbI. N KEH OpHbIHbIH KSCINLWIiNik cyrnapblHbiH MUKpPOMropach! Xofapbl KOPPO3UASbIK NOTEH-
umnanfa ue, anaiga arpeccuBTi OpTaHblH KanbinTacyblHa €H YNKEeH YNnec KeH OpHblHAa MyHai GepyaiH
TEPMUASbIK TEXHOMNOIMSICBIH KonaaHy cebebiHeH Gonaaebi.

Hezizzi ce3dep: KyKipmcymek, KeMipKbIWKbII 2a3bl, Cyrbghammal KanbiHa Kenmipywi 6akmepusinap,
cynbghudozeHdi bakmepusinap, KOppo3us xblndamObifbl, agpeccusmi 2a3dap.

[anekce3 KenTipy YLWiH:
buceHosa M.A., bBudxueea C.X. KasaxctaH MyHall KeH OpHblHbIH KabaT MMKpodriopachiHbIH
cynbduaoreHaik HaktepusinapbiHblH GenceHainiriv xaHe onapablH KOppO3usisblK NpoLecTepre aneyerTi
yneciH 3epttey // KasakcTaHHblH MyHaii-ra3 canacbliHbiH Xabapbicbl. 2026. 8 Tom, Nel. 79-88 6.
DOI: 10.54859/kjogi108900.
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KasakcTaHHBIH MyHaii-ra3 canachbIHbIH Xa0apIbIChI

Introduction

Currently, the field N (Kazakhstan) is under com-
mercial development. The viscous and resinous oil
of this field is characterized by a significant sulfur
content and a high concentration of high-molecu-
lar-weight compounds.

At the initial stage of field development, a low content
of aggressive gases in the composition of reservoir
fluids was observed: hydrogen sulfide was absent,
while carbon dioxide was detected in small concen-
trations. Currently, the field is being operated using
thermal recovery technology in combination with pro-
duced water injection. The application of thermal
methods has ensured high rates of oil reserves recov-
ery. During the long-term operation of the field using
various technologies, a positive trend in the content
of corrosive gases — hydrogen sulfide and carbon
dioxide — has been observed, which has contributed
to the intensification of corrosion processes.

Another reason for the increase in the content
of hydrogen sulfide and carbon dioxide may be
the metabolic activity of reservoir microflora [1],
which in the system “reservoir — well — equipment”
provokes, both directly and indirectly, a number
of problems during oil production: corrosion cracking
of metal equipment, reduction in well injectivity, dete-
rioration of filtration properties, changes in oil quality,
a decrease in oil recovery due to reservoir plugging
by the accumulation of bacterial biofilms, as well
as a decrease in the pH of the produced fluids.
Using high-throughput sequencing of the V3-V4 re-
gion of the 16S rRNA gene, sulfate-reducing bac-
teria such as Desulfovibrio, Desulfomicrobium,
Thermodesulforhabdus, Thermodesulfobacterium,
Desulfotomaculum, and other genera were detect-
ed in oil fields. Fermentative bacteria included rep-
resentatives of the thermotogales genera Thermo-
sipho, Kosmotoga, Petrotoga, Deltaproteobacteria
of the genus Pelobacter, and bacteria of the genus
Thermicanus from the order Bacillales. Syntrophic
bacteria were represented by anaerobic bacteria
of the genus Thermovirga. Sulfur-cycle bacteria also
included representatives of the genera Sulfurospiril-
lum, Sulfurimonas, Brockia, and others [2].
Sulfidogenic bacteria include fermentative bacteria
and sulfate-reducing bacteria (hereinafter — SRB),
which utilize oxidized sulfur compounds (S°, SO,
S05%7, S,03%, etc.) and produce hydrogen sulfide,
as well as carbon dioxide, as the end products
of their metabolism.

Fermentative bacteria possess a highly flexible me-
tabolism and can inhabit various ecological niches,
predominantly anaerobic, although they may also
occur in microaerophilic and aerobic environments.
Their habitats can be characterized by a wide
range of temperatures (20-105°C) and pH values
from 4.0 to 8.5.

Sulfidogenic bacteria — SRB, thiosulfates (here-
inafter — TSB), and elemental sulfur (hereinafter —
S°RB) — play a key role in the oil production industry,
as they are a potential source of various complica-
tions, one of which is corrosion.

Q) e

In direct corrosive interactions with metals, bacte-
ria utilize iron for their energy metabolism, thereby
contributing to the gradual degradation of the met-
al. In indirect corrosive interactions, metal is deg-
raded by the metabolic products of bacteria (H.S,
CO,, acids, enzymes, etc.), which are released both
into the surrounding environment (produced waters)
by all members of the sulfidogenic community and di-
rectly onto the metal surface by adherent cells [3].

To date, the microflora of the produced waters
of the field and its contribution to the development
of complications have been insufficiently studied
and remain a relevant issue. The present work
is aimed at investigating the potential contribution
of the microbial community to corrosion processes
at the facilities of the studied field.

Materials and Methods

It is known that the microflora of produced waters
comprises both planktonic and adherent bacte-
ria, and the dominance of either form depends
on various factors. In the present study, the bacte-
rial community density at the facilities of the inves-
tigated field, microbial activity, and the contribution
of bacteria to the accumulation of corrosive agents
at the studied sites were examined.

Planktonic sulfidogenic bacteria were determined
using the method of serial tenfold dilutions fol-
lowed by inoculation onto selective nutrient me-
dia. The amount of hydrogen sulfide produced
by the bacteria was assessed titrimetrically through
the precipitation of sulfide ions as cadmium sulfide,
followed by titration.

Adherent bacteria were studied using coupons
installed at the field facilities; biofilm was scraped
from the surface of the coupons, and the cells
were enumerated by the serial dilution method.

The corrosion rate was assessed on the same
coupons after removal of corrosion deposits, using
the gravimetric method based on mass loss.

The chemical analysis of the water included:

e determination of CO, by the titrimetric meth-
od using sodium hydroxide until a pH of 8.4 was
reached,;

e determination of dissolved oxygen using a rapid
method with a Fibox 4 fiber-optic analyzer (PreSens,
Germany);

e determination of mechanical impurities by filtra-
tion followed by weighing the residue;

e determination of the six-component water com-
position, as well as iron content, using standard titri-
metric methods.

Experimental Section

Abundance and Activity of Planktonic Sul-
fidogenic Bacteria at the Field Facilities

For the microbiological studies, samples of produced
water from the field’s group installations (hereinaf-
ter — Gls) were collected.

For the cultivation of SRB, Postgate’s medi-
um with the following composition was used:
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KH,PO, — 0.5 g/L, NH,CI - 1 g/L, Na,SO, —
4 g/L, CaCl, — 0.06 g/L, MgSO,-7H,0 — 0.06 g/L,
FeSO,7H,O — 1 g/L, C3HsOsNa (60% solution) —
6 g/L, CcHsO,Na3z-5.5H,0 — 0.3 g/L, yeast extract —
0.1 g/L, microelement solution according to Kevbrin
and Zavarzin [4] — 1 mL/L, and 0.04% resazurin
solution (1 mL/L).

For the cultivation of TSB and S°RB, Widdel's me-
dium [5] with the following composition was used:
MgCl,-6H,O — 4.0 g/L, CaCl,-2H,0 - 0.1 g/L,
NH,CI - 0.25 g/L, KH,PO, — 0.2 g/L, KCI - 0.5 g/L,
NaHCO; — 0.2 g/L, glucose — 5.0 g/L, peptone —
2.0 g/L, yeast extract — 1.0 g/L, microelement solu-
tion according to Kevbrin and Zavarzin [4] — 1 mL/L,
and 0.04% resazurin solution (1 mL/L). As an elec-
tron acceptor, 2 g/L of thiosulfate (Na,S,03) was
added to the medium for TSB, and elemental sulfur
(S°) for S°RB.

NaCl was added to the media according to the ex-
perimental conditions, in amounts ranging from 22
to 32 g/L, in accordance with the total salinity
of the waters from the studied sites. The media were
boiled to remove oxygen, after which ascorbic acid
(0.3 g/L) was added as a reducing agent. The pH
of the media was adjusted to 7.0—7.2 using 5% HCI
or 5% NaHCOj; solutions. The media were prepared
anaerobically under a nitrogen atmosphere.
Inoculations were carried out using the serial dilution
method while maintaining anaerobic conditions. Cul-
tivation was performed at the temperatures recorded
during sample collection at the field facilities, ranging
from 25 °C to 36 °C, for 15 days. Bacterial growth
was monitored by the appearance of a black precip-
itate in the culture medium. Tab. 1 presents the re-
sults of the studies for all three types of sulfidogens:
SRB, TSB, and S°RB.

A high abundance of SRB was detected at two Gls
at sites B and G: 10° cells/mL at GI-5 and 10° cells/
mL at GI-7. At the remaining Gls, SRB levels ranged
from 103 to 10* cells/mL.

A high degree of contamination by TSB was ob-
served at three sites (platforms A, C, and B):
Gl-1 - 10° cells/mL, GI-7 — 107 cells/mL, and GI-8 —
10¢ cells/mL. At the other sites, their abundance
ranged from 10° to 10* cells/mL.

The abundance of S°RB was significant at five
sites, with the highest values observed at GlI-1 (A)
and GI-2 (B) — 10°cells/mL, and at GI-7 (G) -
107 cells/mL.

The study of the microbiological contamination
of the field showed that the investigated sites ex-
hibited high abundances not only of SRB but also
of other sulfidogenic microorganisms, including thio-
sulfate- and sulfur-reducing bacteria.

Table 1. Content of planktonic sulfidogenic
bacteria, cells/ml

Samplin . Bacterial content
location | Obiect SPB TSB S°RB
HU-1 A 10° 10° 10°
HU-2 B 104 10* 10°
HU-3 B 10* 10* 10°
HU-4 B 104 10° 10°
HU-5 B 108 10* 10*
HU-6 B 10* 10° 10°
HU-7 r 10° 107 107
HU-8 b 10* 108 10°

The metabolic activity of the studied bacterial
groups — SRB, TSB, and S°RB — was assessed
based on the amount of hydrogen sulfide produced.
After 15 days of cultivation, the hydrogen sulfide
content in the culture media of the first dilutions was
determined by the titrimetric method.

According to the procedure, sulfide ions were precip-
itated as cadmium sulfide, then oxidized with iodine,
and the excess was titrated with a sodium thiosulfate
solution.

The concentration of hydrogen sulfide was calculat-
ed using formula (1):

X =, —V,)-0,852-1000/V 1)

where V, is the volume of the iodine solution
added to the test solution, cm?; V, is the volume
of sodium thiosulfate solution used for titration,
cm?; 0.852 is the mass of hydrogen sulfide equiv-
alent to the mass of sodium thiosulfate in 1 cm?®
of a solution with an equivalent molar concentration
of 0.05 mol/dm?, mg; and V is the volume of the test
solution taken for analysis, cm?3.

The results of hydrogen sulfide produced bythe sul-
fidogens are presented in Tab. 2.

Table 2. Hydrogen sulfide content formed by bacteria, mg/L

Slzcr:::il:)"ng Object Hyde:';gen sulfidg cont;a;; producediby bas(;::;a Total hydrogen sulfide production
Gl-1 A 762,5 434,5 127,8 1324,8
Gl-2 ) 553,8 85,2 59,6 698,6
GI-3 B 660,3 426,0 76,7 1163,0
Gl-4 B 153,4 328,0 106,5 587,9
GI-5 B 125,6 196,0 85,2 406,8
Gl-6 B 656,0 281,2 98,0 1035,2
Gl-7 r 673,1 579,4 242,8 1495,3
GI-8 ) 170,4 391,9 298,2 860,5

According to the results obtained, SRB produced
the highest amount of hydrogen sulfide, while S°RB
produced the lowest. This outcome reflects the met-
abolic characteristics of these microbial groups:

SRB largely depend on the presence of oxidized
sulfur compounds in the medium, as they carry out
sulfate respiration necessary to sustain their viabil-
ity, whereas S°RB, due to their metabolic flexibility,

....................................................... 83
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can utilize sulfur compounds facultatively. Overall,
sulfidogens can contribute significantly to the for-
mation of biogenic hydrogen sulfide. Site G of the N
field was found to be the most heavily contaminated
with sulfidogenic microorganisms exhibiting high
hydrogen sulfide productivity.

The results obtained allow us to conclude that there
is a biogenic component in the formation of hydro-
gen sulfide at the field. To determine the contribution
of sulfidogenic bacteria to carbon dioxide produc-
tion, additional research methods are required.
Abundance and Corrosive Activity of Planktonic
and Adherent Sulfidogenic Bacteria in the BCPS
(Block Custer Pumping Station) and VST (Vertical
Steel Tank) of the Field

At four modular horizontal pumping systems (here-
inafter — BCPS) — BCPS-1, BCPS-2, BCPS-3,
BCPS-4 — and at VST-3 (vertical steel tank) of N
field, steel coupons of grade “Steel 20" were
installed, with two coupons at each facility. Produced
water samples were collected at the same facili-
ties to determine the abundance of planktonic sul-
fidogenic bacteria and to study the corrosive agents
in the waters of the investigated sites.

On the 4th day after the coupons were installed, wa-
ter circulation in VST-3 was stopped due to techni-
cal reasons. Consequently, the coupons remained
in VST-3 under stagnant water conditions until
their removal. The exposure period of the coupons
at the field facilities was 13 days.

The abundance of planktonic sulfidogenic bacte-
ria was determined according to the methodology
described above. Bacterial cultivation was carried
out under conditions approximating those of the in-
vestigated field facilities (temperature and salinity).
After the exposure period (13 days), the coupons
were removed from the corrosion monitoring units
of the facilities and carefully transported to the labo-
ratory in a sterile buffer solution. The same nutrient
media used for planktonic bacteria were employed
for the study of adherent sulfidogenic bacteria.

The abundance of bacteria adherent to the coupons
was determined by inoculating a scrape from a 1 cm?
area of the coupon surface using the serial tenfold
dilution method. For parallel repeat experiments,
biofilm was collected from several areas of the cou-
pon. The inoculations were cultivated for 15 days.
The results of the study of planktonic and adherent
sulfidogenic bacteria are presented in Tab 3.

Table 3. The content of planktonic and adherent
sulfidogenic bacteria at the field facilities

Planktonic bacteria, |Adhered bacteria, cells/

Sampling cells/ml cm?

location  ['spp [ spB, TSB, S'RB | SPB | SPB, TSB, S°RB
BCPS-1 104 10° 107 107
BCPS-2 10° 107 10° 10°
BCPS-3 10° 10° 10° 107
BCPS-4 104 10° 10° 10°
VST-3
(background) 10° 10° 10° 10°

BCPS — Block Cluster Pumping Station; VST — Vertical Steel Tank

The highest abundance of planktonic sulfidogen-
ic bacteria (SRB, TSB, and S°RB) was observed
at BCPS-2, BCPS-3, and VST-3. The highest abun-
dance of adherent sulfidogenic bacteria was ob-
served at BCPS-2, BCPS-4, and VST-3.

The corrosion rate, as one of the indicators of sul-
fidogenic bacterial activity, was investigated on cou-
pons installed at BCPS-1, BCPS-2, BCPS-4,
and VST-3 (background). Coupons, cleaned of cor-
rosion deposits, washed, and thoroughly dried, were
analyzed using the gravimetric method to determine
the corrosion rate based on mass loss. The calcula-
tion was performed according to formula (2):

X = (my —my) - 1000-24-365/S-T-p-1000 (2)
where m; is the weight of the control sample (cou-
pon) before testing, g; M. is the weight of the control
sample (coupon) after testing, g; S is the surface
area of the control sample (coupon), m? (the surface
area of a flat sample is 22.05 x 107* m?); T is the du-
ration of the test, h; 24-365 is the conversion factor
from hours to years; p is the density of the coupon
(7820 kg/m?3); and 1000 is the conversion factor for
converting meters to millimeters and grams to kilo-
grams.

The results of the corrosion studies are presented
in Tab. 4.

Table 4. Corrosion rate of coupons, mm/year

Sampling location|  Corrosion rate Result (average)
0,66

BCPS-1 0,66
5,664
0,53

BCPS-1 0,49
0,44
0,33

BCPS-4 0,31
0,29

\VST-3 9.63

(background) 9,92 78

Upon retrieval of the coupons from the facili-
ties, it was found that part of one coupon from
BCPS-1 was missing (Fig. 1); therefore, the cor-
rosion rate at this facility was calculated based
on the remaining intact coupon.

Fig. 1 shows photographs of the coupons removed
from the investigated field facilities.

Visual inspection of the coupons installed
at BCPS-1 and BCPS-2 revealed pitting damage,
which may result from adherent sulfidogenic bacte-
ria and their metabolic products.

The coupons installed in VST-3 (background), which
is not treated with a corrosion inhibitor, exhibited se-
vere corrosion damage. Pitting depressions and pro-
nounced maze corrosion were observed on the cou-
pons.

Corrosive Agents in the BCPS and VST of the Field
Within the framework of this study, the water param-
eters contributing to corrosion were analyzed, name-
ly the contents of hydrogen sulfide, carbon dioxide,
oxygen, and mechanical impurities.
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a) b)

c) d)
Figure 1. Appearance of the coupons removed
from the field facilities
a) BCPS-1; b) BCPS-2; ¢) BCPS-4, d) VST-3 (background)
Exposure time at field facilities: 13 days.

The hydrogen sulfide content was analyzed accord-
ing to the methodology described above. The CO,
content in the water was determined using a method
based on the chemical reaction of CO, with sodium
hydroxide to form sodium carbonate, followed by ti-
tration to a pH of 8.4.

The mass fraction of free CO, was calculated using
formula (3):

X =V, 44-1000/V 3)

where V; is the volume of sodium hydroxide solu-
tion used for titration, cm®; 4.4 is the mass of CO,
equivalent to the mass of sodium hydroxide in 1 cm?
of a solution with an equivalent molar concentration
of 0.01 mol/dm3, mg; and V is the capacity of the ves-
sel, cm?®.

The determination of mechanical impurities was
carried out according to a method based on the sep-
aration of water-insoluble substances by filtration
of the test solution. The residue was then washed
with distilled water and weighed.

The mass concentration of insoluble substances

was determined using formula (4):
X = (my —my) - 1000/V (4)

where m; is the mass of the filter crucible with the in-
soluble substance, mg; m; is the mass of the empty

filter crucible, mg; and V is the volume of the test
solution taken for analysis, cm?.

The dissolved oxygen content was determined im-
mediately during sample collection, without expo-
sure to atmospheric air, using a Fibox 4 PreSens
fiber-optic oxygen analyzer (Germany). The results
of the study of corrosive agents are presented
in Tab. 5.

Table 5. Content of corrosion-aggressive agents,

mg/l
Content in water
Sampling location COZ st 01 T;;Z?::::I
BCPS-1 78,0 | not more than 0.8 | 0,05 14,4
BCPS-2 87,0 | not more than 0.8 | 0,05 15,6
BCPS-3 80,0 | not more than 0.8 | 0,05 55
BCPS-4 82,5 | not more than 0.8 | 0,05 443
VST-3 (background) | 102,5 2,8 - 37,3

All investigated facilities exhibited significant lev-
els of CO,, with the highest concentration ob-
served at the control site, VST-3. Hydrogen sul-
fide was detected at all sites at concentrations
not exceeding 0.8 mg/L, except at VST-3, where
it reached 2.8 mg/L. The content of mechanical im-
purities at VST-3 was also considerable, amounting
to 37.3 mg/L.

Mechanical impurities were found in the highest con-
centration at BCPS-4 (44.3 mg/L) and in the lowest
at BCPS-3 (5.5 mg/L).

Since the habitat of the microbial commu-
nity is the aqueous environment, an analysis
of the chemical composition of the waters
from the investigated field facilities was conducted
(Tab. 6).

The pH of the investigated waters corresponds
to a slightly acidic environment, carbonates
were not detected, bicarbonates were present
in the range of 439.2-658.8 mg/L. Total dissolved
solids varied from 27,937.5 to 38,627.9 mg/L. Sul-
fate ions were not detected in BCPS-1, in the other
facilities their content was insignificant — in the range
of 23-35.4 mg/L. All samples contained iron
in the 2- and 3-valent forms, at 6.3—-20.3 mg/L
and 0.7-1.4 mg/L, respectively.

The composition of the investigated waters con-
tains the necessary elements for the growth
and development of sulfidogenic bacteria. The min-
eralization of the formation pressure maintenance
system provides favorable conditions for bacteri-
al growth and development. The absence or low
content of sulfur compounds in the medium did
not limit the growth of the studied microorganisms,
since, due to their flexible metabolism, sulfidogen-
ic bacteria can utilize oxidized sulfur compounds
from the oil, developing at the oil-water phase
boundary, including SRB.
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Table 6. Chemical composition of water from field facilities

Results

[RETEITE S REHE BCPS-1 BCPS-2 BCPS-3 BCPS-4 VST-3 (background)
pH 6,4 6,4 6,4 6,4 6,5
Calcium (Ca?"), mg/dm? 1102,2 1102,2 1002,0 1302,6 1302,6
Magnesium (Mg?*), mg/dm? 425,6 364,8 668,8 851,2 547,2
Potassium and Sodium (Na* + K*), mg/dm? 8963,3 9198,6 8959,8 12205,7 11685,1
Chlorides (CI~), mg/dm? 17007,1 17175,5 17512,3 23574,3 21890,4
Sulfates (SO,>7), mg/dm?® not detected 23,0 28,8 35,4 28,8
Carbonates (CO5*), mg/dm?® not detected not detected not detected not detected not detected
Bicarbonates (HCO;"), mg/dm? 439,2 463,6 451,4 658,8 610,0
Ferrous iron (Fe**), mg/dm? 20,3 18,9 19,6 6,3
Ferric iron (Fe**), mg/dm® 0,7 0,7 0,7 1,4 -
Total dissolved solids, mg/dm?® 27937,5 28327,8 28623,1 38627,9 36064,1
Total water hardness, mg-eq./dm? 90,0 85,0 10°,0 135,0 110,0
\Water type according to Sulin Cl-Ca Cl-Ca Cl-Ca Cl-Ca Cl-Ca

Results and Discussion

The study of the abundance of all sulfidogenic bac-
teria revealed a high level of contamination by fer-
mentative bacteria (TSB, S°RB), with the highest
level observed for S°RB at most facilities. This may
be due to the significant sulfur content of the oil
at the field and the flexible metabolic capabilities
of the bacteria.

It should be noted that a high abundance of sul-
fidogenic bacteria was observed at site G (GI-7),
where waterflooding is being conducted.

Data analysis showed that there is no direct cor-
relation between the method of field development
and bacterial abundance. The study of the metabolic
activity of sulfidogenic bacteria revealed that SRB
contribute the most to hydrogen sulfide formation,
while S°RB contribute the least. However, fermenta-
tive bacteria, due to their high abundance under fa-
vorable conditions, can produce a significant amount
of hydrogen sulfide, and the combined contribution
of all sulfidogens makes a substantial contribution
to the sulfide generation process at the field (Fig. 2).
Therefore, during microbiological monitoring of pro-
duced waters, both SRB and fermentative bacteria
should be studied.

Figure 2. Amount of hydrogen sulfide formed
by different physiological groups of bacteria
from various field facilities, individually
and collectively, mg/l

To analyze the causes of corrosion processes
at the field facilities, the spectrum of investigated
corrosive factors was compared with the metal cor-
rosion rate (Tab. 7).

At the investigated field, a corrosion inhibitor
is used for protection: at BCPS-1 and BCPS-2,
it is applied at a dosage of 7.5-8 g/t, and at BCPS-3
and BCPS-4, at a dosage of 20-25 g/t, which allows
controlling the corrosion rate at BCPS-1, BCPS-2,
and BCPS-4.

All facilities exhibit high levels of planktonic
(10°-108 cells/mL) and adherent (10°-108 cells/mL)
sulfidogenic bacteria.

The water in VST-3 was characterized by a high
abundance of sulfidogenic bacteria and a high cor-
rosion rate, which results from the simultaneous
combination of several factors: the formation of a fa-
vorable environment for microbial growth in stagnant
conditions, prolonged water stagnation (10 days),
high concentrations of carbon dioxide and hydrogen
sulfide, and, most importantly, the absence of cor-
rosion inhibitor protection. The factors listed above
indicate that stagnant conditions promote the inten-
sification of corrosion processes compared to envi-
ronments with a continuous flow of produced fluids.
According to the process flow scheme, produced
water from GI-7 (G), GMU-1 (A), and GI-8 (B) is di-
rected to the oil preliminary treatment unit, and then
to BCPS-1, 2, and 3. Produced water from GI-3, 4,
5, 6 at site B and GI-2 at the adjacent site B flows
into VST-3, and subsequently to BCPS-4.

In the waters of VST-3 and BCPS-4, where the wa-
ter is primarily from site B, high concentrations of
carbon dioxide, hydrogen sulfide, and mechanical
impurities were observed. These components may
cause hydrogen sulfide corrosion, CO, corrosion,
and abrasive wear of the lower sections of metal
pipes, respectively.
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Table 7. Range of corrosion factors and corrosion rate at field facilities

Parameter name Sampling location
BCPS-1 BCPS-2 BCPS-3 BCPS-4 VST-3 (background)

Corrosion rate, mm/g 0,66 0,49 - 0,31 9,78
Number of planktonic sulphidogens, cells/ml 10° 107 108 108 108
Number of adhered sulfides, cells/cm? 107 108 107 108 10
pH 6,4 6,4 6,4 6,4 6,5
Total dissolved solids, mg/dm? 27937,5 28327,8 28623,1 38627,9 36064,1
Chlorides (CI7), mg/dm? 170071 17175,5 17512,3 23574,3 21890,4
Sulfates (SO427), mg/dm? not detected 23,0 28,8 35,4 28,8
Bicarbonates (HCO;~), mg/dm? 439,2 463,6 4514 658,8 610,0
CO, in water, mg/dm? 78,0 87,0 80,0 82,5 102,5
H.S in water, mg/dm?® not more than 0.8 | not more than 0.8 [ not more than 0.8 | not more than 0.8 2,8
O, in water, mg/dm? 0,05 0,05 0,05 0,05 -
Mechanical impurities, mg/dm? 14,4 15,6 55 44,3 37,3
Temperature, °C 36 38 35 34 34
Ferrous iron (Fe?*), mg/dm? 20,3 18,9 19,6 6,3 -
Ferric iron (Fe**), mg/dm? 0,7 0,7 0,7 1,4 -

Conclusion

The analysis of the results of the study of corrosive
factors showed that site B of the field has the high-
est corrosion potential. It is known that thermal
recovery technology is applied at site B. At sites A
and B, production is carried out using alternating
thermal recovery and waterflooding with produced
water. At site G, production is carried out solely
by waterflooding with prouced water. At all sites,
particularly at site B, viable mesophilic bacte-
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OerMHaanoe unccnegosaHue

Pe3ynbraTtbl onTumunsauum yctaHoBku JJ1OY-ABT ATtbipayckoro
HedTenepepabaTbiBaloLero saBoaa

H.A. KapabacoBa', ®.6. Kanpnuea', K. Llam6unoea?, P.P. LUnpusaszgaHos?
"Ambipayckull yHugepcumem Heghmu u 2asa umeHu Cagu Ymebaesa, 2. Ambipay, KasaxcmaH
2ygbumckull 2ocy0apcmeeHHbIl HegbmsiHOU mexHu4Yeckull yHusepcumem, 2. Y¢ha, bawkopmocmaH

AHHOTALUUA

O6ocHoBaHue. [MoBbiweHne rMybuHbl nepepaboTku HedTM U KadyecTBa TOBApPHbIX HeTenpoayKToB
HanpsiMyto CBA3aHO C APHEKTUBHOCTBLIO NEPBUYHBIX NMPOLIECCOB U, B YACTHOCTU, C aTMOC(eEPHON nepe-
roHKon HedTW. OTa Npobnema KpanHe akTyanbHa AN COBPeMEeHHOW HedTerasoBon oTpacnu, NOCKosb-
Ky B KazaxctaHe ncnonb3yloTcs yCTaHOBKN NepBUYHOW NnepepaboTkn HedpTn, NOCTPOEHHbIE B COBETCKOE
Bpems 1 TpebytoLne B CBA3N C 3TUM MOAEPHM3aLMN.

Llenb. PazpaboTka u akcnepMmeHTanbHas oLeHKa TEXHONOrMYeCcKnx NpuEMOB UHTEHCUMKALMM aTMOC-
depHO-BaKyyMHOIN neperoHkn HedTn Ha yctaHoBke JJIOY-ABT Atbipayckoro HedTenepepabarbiBato-
Lero 3aBofa, HamnpaBreHHbIX Ha CHWDKEHWE COoOepXaHus CBETMbIX (pakuMin B MasyTe U MNOBbILLIEHWE
BbIX0Aa LEHHbIX AUCTUMMATHBIX NPOAYKTOB.

Matepuanbl u metoabl. [1na uccnenoBaHuii opakuMoOHHOIO coctaBa Ma3dyTa bbina ncnonb3oBaHa na-
H6opaTtopHasa yctaHoBka APH. lNMpuBeaeHbl AaHHbIE aHanUTUYECKOro KOHTPOMS MPOAYKTOB YCTaHOBKM
ONOY-ABT-3 n pacyéTbl MaTepuanbHbix 6anaHcos. [1Ing HarNs4HOro NnpeacTaBneHns nomnyyYeHHbIX pe-
3ynbTaTtoB GbINM NOCTPOEHb! AnarpaMMbl, OTpaXKatoLmMe BbIXOA CBETMbIX HETENPOAYKTOB.
PesynbraTtbl. 1o pesynstatam nabopaTopHbIX MccnefoBaHWn OblNO YCTAHOBMEHO, YTO codepXa-
HWe cBeTnbIX HedTeNpoAyKTOB B Ma3yTe npeBbiwaeT HopMmy. C Lenbio yBennyeHus BbIXOAa BakyyM-
HOro rasowvinsi, NOBbLILEHUS KOKCYeMOCTU rygpoHa W CHWXKEHUS BbIpaboTku masyTa Ha yCTaHOBKe
ONOY-ABT-3 Obinv NpeanpuHATbI TEXHOMOMMYeCcKMe peLleHus no yBEnMYeHWo noaadnm ocTporo napa
B Ky6 aTMocchepHON KONMOHHbI 1 CHDKEHUWIO ero pacxofa B BaKyyMHOW KonoHHe. B nepuog nposegeHus
ONbITHO-KOHCTPYKTOPCKNX MEPOMNPUATUIA BbINIO CHUXKEHO COAEpXaHne CBEeTMbIX HedTenpoayKkToB B Ma-
3yte ¢ 7 0o 5,5%. KokcyemocTtb rygpoHa yesenuuunacb ¢ 10,199 go 10,619%. 3acukcrposaHo yBenu-
YeHue BbIxoga HedTenpoayKkToB: O6EeH3MHa, peakTMBHOIO TOMMNMBA, BaKyyMHOro ra3onns U BakyyMHOro
An3enbHOro Tonnuaea.

3aknoyeHue. Mocne npoBeaeHMsa Hay4YHbIX MCCNegoBaHUIM BbiNv NpPeanoXeHbl TEXHONOrMYeckme yco-
BEPLUEHCTBOBAHUS Ha OEWCTBYIOLIEN yCTaHOBKe nepBuyHOM nepepaboTkn HedTn. Bo Bpems npowus-
BOACTBEHHbLIX MEPONPUATUI CHU3WMOCh codepXaHue NErknx pakumi B MasyTe, yBenuuuncs obbem
BblNyCKaeMbIX CBETNbIX HedpTenpoayKkToB. AT Mepbl obecneunnu noBbilLeHe cTeneHn nepepaboTku
MasyTa B BaKyyMHOW KOMOHHe, YTO B CBOK Ovepeb CnocobCcTByeT yBenuyeHmio obuer rmybuHbl nepe-
paboTkn HedTH.

Knroyeenle cnoea: masym, ammMocghepHo-8aKyyMHasi nepeaoHka, nodadya napa, ceemrsibie Heghmernpo-
Oykmbi, 2nybuHa rnepepabomku Heghmu.

Kak uutupoBatb:

Kapabacosa H.A., Kalpnuesa @.b., lllambunosa [K., LupusszdaHoe PP. PesynbraTbl ontumusauuu
yctaHoBku JJTIOY-ABT ATblpayckoro HedpTenepepabaTbiBatoLLero 3asoga // BecTHUk HedTerazoBomn otpacnu
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Optimization Results of the ELOU-AVT Unit at the Atyrau Oil
Refinery
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Rishat R. Shiriyazdanov?
'Atyrau Oil and Gas University named after Safi Utebaev, Atyrau, Kazakhstan
2Ufa State Petroleum Technological University, Ufa, Bashkortostan

ABSTRACT

Background: Increasing the depth of oil refining and improving the quality of commercial petroleum
products are directly related to the efficiency of primary processing, particularly atmospheric oil
distillation. This problem is extremely relevant for the modern oil and gas industradoy, since primary
crude oil processing units operating in Kazakhstan were constructed during the Soviet period
and therefore require modernization.

Aim: Development and experimental evaluation of technological methods for intensifying atmospheric
and vacuum crude oil distillation at the ELOU-AVT unit of the Atyrau Refinery, aimed at reducing
the content of light fractions in fuel oil and increasing the yield of valuable distillate products.

Materials and methods: To study the fractional composition of fuel oil, the ARN laboratory setup
was used. Data from analytical control of ELOU-AVT products and material balance calculations
are presented. Diagrams illustrating the yield of light petroleum products were constructed to visualize
the obtained results.

Results: Based on laboratory research, it was found that the content of light petroleum products
in fuel oil exceeded the norm. To increase the yield of vacuum gas oil, raise the coke residue of the tar,
and reduce the output of fuel oil at the ELOU-AVT unit, technological measures were implemented
to increase the supply of live steam to the bottom of the atmospheric column and reduce its consumption
in the vacuum column. During the experimental and design phase, the content of light petroleum
products in fuel oil was reduced from 7% to 5.5%. The coke residue of tar increased from 10.199%
to 10.619%. An increase in the yield of gasoline, jet fuel, vacuum gas oil, and vacuum diesel fuel was
recorded.

Conclusion: The calculations and analysis carried out confirm the feasibility of investing in the deve-
lopment of a modernized autonomous oil platform that has improved ice resistance and meets all safety
requirements for operation in the North Caspian Sea.

Keywords: fuel oil; atmospheric-vacuum distillation; steam supply; light petroleum products; oil refining
depth.
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TynHycka 3epTTey

ATbipay KanacbliHAafbl MyHanabl KanTa eHaey 3ayblITbIHbIH
ANOY-ABT KOHAbIPFbICLIH OHTaWUNMaHAbIPY HaTUXenepi

H.A. Kapab6acoga', ®.b. Kanbipnuesa', K. LLlam6unoBa?, P.P. LLinpuasgaHoB?
'Capu ©mebaes ambiHOarbl Ambipay MyHal xoHe 2a3 yHusepcumemi, Ambipay Kanacel, KazakcmaH
2ycha memnekemmik MyHal mexHuKarsnbIiK yHusepcumemi, Yca kanacol, bawkypmcmaH

AHHOTALMA

Herispey. MyHangbl kanTa eHaey TepeHAiri MeH Tayapnblk MyHan eHiMAepiHiH canacblH apTTbipy
Gacrtankbl npouecTepaid TvimainiriMeH, atan anTkaHga MyHanabl atMocdeparnslk angay npouecimeH
Tikenen GannaHbiCTbl. Byn npobnema kasipri 3amaHfbl MyHaW-ra3 canacbl YLWiH eTe ©3eKTi, eNTKeHi
KasakctaHga keHec 3amaHblHOA carnblHFaH XXaHe OCbifaH GalnaHbICTbl XaHFbIPTYAbl Tanan eTeTiH
MyHanabl 6acTankbl eHaey KOHAbIpFbINapbl NanganaHbinagbl.

MakcaTtbl. ATbipay kanacbl MyHanabl kanTa eHaey 3aybiTbiHbiH, AJTOY-ABT KoHAbIpFbICHIHAA MyHanabl
aTmocdepanblk-BakyyMablK angayabl kapkblHAATYAblH MasyTTarbl XeHin dpakumsanapablH, KypambiH
TemMeHgeTyre >xaHe OafFanbl OUCTUNNATTbIK OHIMAEPAiH LWbIFbIMAbINbIFBIH apTThipyFa OarbiTTanfaH
TEXHONOIMANbIK TOCINAEPiH a3iprey XoHe 3KcnepuMeHTTiK baranay.

Martepuangap MeH apictep. MasyTTbiH pakumanblk KypambiH 3epTTey ywiH APH 3epTxaHanbik
KOHAbIpFbICH Navgananbingbl. AJIOY-ABT-3 KOHAOBIPFLICHIHLIH OHIMAEPIH aHanuTukanblk Gakbinay
XoHe maTtepuangblk GanaHcTapgbl ecenTey AepekTepi KenTipinreH. AnblHFAH HaTwxenepdi KepHeki
TYPAE KepCeTy YLUIH XeHin MyHan eHiMAEpPiHiH WhbIFbIMAbINbIFbIH KOPCETETIH AnarpaMmmanap xacangbi.
HoTuxenepi. 3epTxaHanblk 3epTTeynepaiH HaTwxenepi OoWblHWA Ma3yTTafbl JKEHiNn  MyHan
OHiMAepiHiH MenLwepi HopmadaH acbin TYCETiHIi aHblkTangbl. BakyymabiK rasovn LWbIFbIMObINbIFbIH
apTTbipy, TYOPOHHbIH KOKCTINiriH apTTeipy >xaHe JJIOY-ABT-3 KoHAbIpFbiCbiIHAA MasyT ©eHAIpICiH
asanTy MakcaTblHaa atmocdepanblk 6araHHbIH TeKweciHe eTkip OyablH OepinyiH ynFanTy koHe OHbIH,
Bakyymablk OafaHAarbl LWbIFbIHBIH ¢ @3alTy OoWblHWA TexHonornanblk Lwewimaep kabblngaHgbl.
ToxXipnbenik-kOHCTPYKTOPIbIK ic-luapanapibl 6TKidy Ke3eHiHAe Ma3syTTafbl XeHin MyHal eHiMAepiHiH
menwepi 7-aeH 5,5%-fa aeniH TemenaeTingi. NyapoHHbIH kokeTiniri 10,199-aaH 10,619%-Fa gewiH ecTi.
MyHan eHimaepiHiH: 6eH3VH, peakTUBTI OTbIH, BakyyMAblK ra3oib XoHe BaKyymablk AN3enb OTbIHbIHbIH
WbIFbIMABINbIFbIHBIH YIFatobl Tipkenai.

KopbITbIHABI. FbinbiMu 3epTTeynep Xypri3inreHHeH KewiH MyHanabl 6actanksl eRaeyaiH KongaHbicTarbl
KOHObIPFBICBIHAA TEXHONMOMMANbIK XeTingipynepai eHridy ycbiHbINAbl. ©HAIpICTIK ic-wapanap KesiHae
MasyTTafbl XeHin dpakuuanapablH Menwepi TemMeHgen, LblfapbinaTblH XeHin MyHanh eHiMAepiHiH
Kenemi aptTbl. Byn wapanap BakyymablKk KOMOHHaZa MasyTTbl ©HOeY [AS9PEXeCiH apTTbipyabl
KaMTamachbl3 eTTi, Oyn e3 keseriHge MyHanabl eHAeyaiH Kannbl TepeHairiH apTTeipyFa biknan eTeqi.
Hezizzi ce3dep: ma3ym, ammocgheparibik-8akyymobiK atiday, by 6epy, XeHin myHal eHimoepi, myHal
©6HOey mepeHdiai.

Laiiekces KenTipy YLWiH:

Kapabacosa H.A., Kalibipriuesa @.b., Lllamburnosa K., LupusisdaHos P.P. ATbipay kanacbiHAarbl MyHanapl
KanTa eHaey 3aybiTbiHbIH OJIOY-ABT KOHAbIPFbICHIH OHTaNNaHabIpy HaTwxenepi // KasakcTaHHbIH MyHaii-ra3
canacblHblH xabapLubickl. 2026. 8 Tom, Ne1, 89-97 6. DOI: 10.54859/kjogi108933.
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BBeneHune

MHTeHcudmkaumsa npsmMon neperoHkn Hedtn
HanpaBfieHa Ha NoBblleHne oTbopa ANCTUNNATHBIX
hpakumi, a Takke Ha obecrnevyeHne YETKOCTU pek-
TUUKaLmn, T.e. yMeHbLLEHNE HaMNOXeHNs Temnepa-
TYp KOHL@ KUNeHus npegplayLien u Havana KuneHus
nocneaytoLen dpakymm, 4To No3eBonseT NoBbICUTbL
3KOHOMUYECKylo 3dpeKTMBHOCTL HedTenepepa-
60TkM [1]. U3BECTHBLI cnocobbl NoBbiLeHUsT adpdek-
TUBHOCTW Ornoka aTMoctepHON NeperoHkn HedTu
C NMOMOLLbIO MOAEPHU3ALMM CXEMbI PeKTUdUKaLmu,
3aMeHbl KOHTAKTHbIX YCTPOWCTB PeKTUUKALIMOH-
HbIX KOMOHH, NPUMEHEHUs pas3HOOBpasHbIX CXem
OpoLUeHMs, MofepHM3aLmMn Broka pekynepaTnBHOro
TennooobmeHa [2—4].

CopepxaHve cBetnbix dpakuuii B MasyTte sB-
NSETCA BaXHOW XapaKTepuCTUKON 3pheKTUBHOIO
pasgeneHus HedTu Ha dpakumn. B npaktuke nep-
BMYHOTO pasgereHvs HedTu Ha ycTaHoBkax ABT
(aTmocepHo-BakyymMHast Tpybyartka) ontumanb-
HbIM CYMTaEeTCA COAEepXaHuWe CBEeTNbIX dpakumn
B Ma3yTe Ha ypoBHe 5-7%06. [NoBbIEeHHOEe KOmnu-
4YeCTBO CBETIbIX pakUuii B aTMOCEPHOM OCTaTKe
obycnaBnuBaeT AONONHMTENbHbIE TEMNOBbLIE 3aTpa-
Tbl Ha HarpeB CbIpbsA BaKYYMHbIX KOMOHH, MOBbILLEH-
HYI0 Harpysky Ha BaKyymco3fatoLlyto annaparypy,
CHWXasi TEXHWMKO-3KOHOMUYECKMe nokasartenu pabo-
Tbl. K TOMy e CHWXeHue KOHLUEeHTpaLuuu pakumm,
BblkMnatowmx go 350-360°C, B ma3syTe noBbILLIAET
oT6opbI pakuuii TONMMBHOTO psSiAa Ha NepBoW cTa-
Oun pasgeneHns Hedtu [5].

B cBsi3n ¢ 3TUM NpeacTaBnseTca BaXHbIM Op-
raHM3oBaTb paboTy aTMOCepHOl YyCTaHOBKM B pe-
XUMax, NMpu KOTOpbIX OTOOPbLI CBETIMbLIX NPOOYKTOB
obecneynBanu 6bl cogepxaHne NocnegHnx B masy-
Te Ha ypoBHe, He npesbiwatoem 7%06. Cyectsy-
€T psa BO3MOXHOCTEN KakK TEXHUYECKOro, Tak U Tex-
HOMOrMYecKoro xapakrepa, MO3BOMSALWMNX pelnTb
OaHHyto npobnemy [3].

YcTaHoBKka aTMocgepHoi nepepaboTkm HedpTn
N BaKyyMHOW NeperoHkn masyta ATblpayCcKoro He-
prenepepabaTbiBatoLiero 3asoga (ganee — AHIM3)
BBedeHa B akcnnyatauuo B 1969 r. YcraHoBka
npegHasHadeHa ANs MOATOTOBKA WM nepepaboTku
3,3 MIH T/r. CbIpOW MaHrbILWIakckon HedpTn. YcTa-
HOBKa BbINyckaeT cnegyowuve Buabl HedTenpo-
OYKTOB: aBTOKOMMOHEHT, YalT-CNupuT, peakTuBHoe
TOMNWBO, AM3eflbHOe TOMMMBO, MasyT, BaKyyMHbIN
rasonnb, ryapoH’.

Marepuanbl u meToAbl

B pamkax gaHHon paboTtbl Obin nccnegoBaH
mMa3yT ¢ ycraHoeku OJJIOY-ABT (anektpoobecco-
nvMBaHus 1 06e3BOXMBaHNA HedTH, aTMOCEPHON
1 BaKyyMHoOW neperoHkn Hedptn) AHIM3, ocHOBHbIE
nokasaTenu KOToporo npeacrasneHsbl B Tabn. 1.

MasyT xapakTepu3yeTcs yMepeHHOW MMOTHO-
CTblO, HW3KUM COAEPXaHMEM Cepbl U YMEPEHHOW
KOKCYeMOCTbIO, NMpnu 3TOM XUMUYECKNIA COCTaB Noka-

3blBaET NPenMYLLECTBEHHOE codepxaHne napadgu-
Ho-HadTeHoBbIX YB.

Tabnuua 1. MNokasaTtenu kayecTBa MasyTa
Table 1. Fuel oil quality indicators

Ne HaumeHoBaHue nokasartens 3HaueHue
- Name of indicator Value
MnotHocTb npu 20°C, kr/m?®
1 Density at 20 °C, kg/m?® 897.3
CopepxaHue cepsl, %Macc.
2 Sulfur content, wt.% 0,408
3 KokcyemocTb, %Macc. 57
Coking tendency, wt.% !
4 pynnoBoii xumMuyeckuin coctae, %macc.:
Group chemical composition, wt.%:
—  napaduHo-HadTeHoBblE YB 643
—  paraffinic-naphthenic hydrocarbons ’
—  nérkve apomatuueckue YB 8.0
—  light aromatic hydrocarbons ’
- cpepHue apomatuyeckue YB 39
-~ medium aromatic hydrocarbons ”
- Taxenble apomatuyeckue YB
- 10,7
-~ heavy aromatic hydrocarbons
- Cmonbl 10,0
- resins
- acdansreHbl
3.8
asphaltenes

YB/HC — yeneeo0opoodsi / hydrocarbons

B Tabn. 2 oTpaxeHbl MaccoBble OONN OCHOB-
HbIX MPOAYKTOB, BbIAEMNEHHbIX B NpoLecce Bakyym-
HOW NeperoHkn masyTa Ha nabopaTopHON yCTaHOBKe
APH (annapart ans pasroHku HedTh)?, a Takke TeM-
nepaTtypHble npeaenbl UX KUNEHUsI.

Ta6nuua 2. Bbixogbl NPoAYyKTOB
cbpaKkLuMoHMpPOBaHUsA MasyTa
Table 2. Yields of fractionation products of fuel oil

Bbixoa,
HaumeHoBaHue nokasarens
b3 Name of indicator omace
Yield, wt.%

1 [AnsenbHas dpakums (225-360°C) 13
Diesel fraction (225-360 °C) !

2 BakyymHbIi rasonns | (360—420°C) 147
'Vacuum gas oil | (360-420 °C) !

3 BakyymHbIi rasoiins |l (420-480°C) 216
Vacuum gas oil Il (420-480 °C) !
'yapoH (>480°C)

4 Tar (>480 °C) 524

M3 Tabn. 2 cnenyert, 4to pakUMOHNpOBaHue
mMasyTa AaeT bonblue Nérknx dpakummn, NpUrogHbIX
AN fanbHelwen nepepaboTkun Unm NCNonb3oBaHNs
B Ka4yecTBe Cbipbs AN BTOPUYHbIX NPOLIECCOB.

[na cpaBHeHWs C NPOW3BOACTBEHHBLIMWU [aH-
HbIMM ObINM U3yYeHbl AaHHble MaTepuanbHoro 6a-
naHca AencTBytoLlelnt yCTaHOBKM, NpeacTaBrneHHble
B Tabn. 3.

C uenbio yBenuyeHns Bbixoda BaKyyMHOro ra-
301N$1, NOBBILLEHNS KOKCYEMOCTW ryApoHa N CHUXe-
HVSA BbIpabOTKM Ma3dyTa HENOCPEACTBEHHO Ha ycTa-
HoBke JJIOY-ABT-3 6binv npoBefeHbl crneayoume
MeponpuaTUA:

' CornacHo TexHONorn4eckomy pernameHTy yctaHoskn 3JTOY-ABT-3 AHM3.

2
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yBenuyeHne pacxoga napa B kybe atmoc-
bepHOM KONOHHBI K-2;

CHWXeHWe pacxofa napa B BaKyyMHYiO
KOMOHHY K-5.

AHanornyHble TeXHU4Yeckue Mnpuémbl Obinn
Mcnonb3oBaHbl Ha ycTaHoBke AT-2 (aTMocdepHas
Tpybuatka) AHIM3 u onucaHbl B pabote [7]. ABTOp
npu NOMOLLM MOAENMPOBaHNa B nporpamme Aspen
Hysys® n B xoge onbiTHoro npobera Henocpesn-
CTBEHHO Ha YCTaHOBKE BbISIBUM, YTO MOBbILIEHWE

pacxofa napa B OCHOBHOW KOINOHHE aTMocdepHon
neperoHkn HedT CnocobCTBYET CHUXKEHWIO coadep-
XaHus CBETNbIX hpakuuii B NPAMOroHHOM MmasyTe,
npu STOM YyBenuMuuBaeTcs BbIXoAbl OeH3VMHOBOW
N KEpPOCWHO-rasovneson pakuuin. [na CHKeHus
CBEeTMbIX HeTeNnpoAyKTOB B Ma3dyTe Obin yBenuyeH
pacxoq napa B Kybe konoHHbl K-2 ¢ warom 0,5 T/4
C nocnegyowmmMn Bbigepxkamu. Bo Bpems TexHo-
TIOrMYeCcKNX MepornpuaTUn JOCTUTHYTO YBeNnu4eHue
pacxofa napa B konoHHy K-2 ¢ 4,4 0o 8,0 T/4 (puc. 1).

Ta6nuua 3. MatepuanbHbii 6anaHc yctaHoBku 3J10Y-ABT-3, T/4
Table 3. Material balance of the ELOU-AVT-3 unit, t/h

fata 3arpy3l~\|<;T3n0Y- BeH:H'dH AK::::'::*.'I.T:"_T Kro n;:Z?(:::” Masy'l: BakyyMHbI raao_ﬁnb l'yapoH | a3

pate ELOU-AVT feed Casoline Aviation kerosene TS-1 KCoh Diesel fraction| UCIol[avacuueasicl Ly Cas
27.01.2025 405 10,9 2,1 245 52 4,6 21,3 30,8 | 0,30
28.01.2025 406 10,9 1,9 24,0 51 54 21,0 30,9 0,22
29.01.2025 412 11,0 21 23,7 5,9 4,7 21,5 30,4 0,25
30.01.2025 396 11,3 1,9 237 43 3,9 234 30,7 | 0,26
31.01.2025 400 11,3 2,2 24,0 4,6 4,6 22,5 30,1 0,21
01.02.2025 422 10,9 2,2 24,2 4,7 55 21,2 30,6 0,28
02.02.2025 427 11,1 2,2 23,8 4,7 5,6 21,8 30,0 0,27
03.02.2025 426 11,0 2,5 24,5 4,6 4,8 21,6 30,3 0,26
04.02.2025 422 10,7 2,6 244 3,9 51 221 30,5 0,25
05.02.2025 426 10,9 2,8 249 3,9 4,2 22,0 30,7 | 0,26
06.02.2025 428 10,9 2,5 24,7 3,9 4,7 21,7 31,0 0,26
07.02.2025 423 11,0 24 25,0 3,9 4,2 21,8 30,7 0,36
08.02.2025 420 11,0 2,6 247 3,9 4,4 21,8 30,7 | 0,37
09.02.2025 432 11,2 2,5 24,8 3,8 5,1 21,5 30,3 0,30

TC-1/TS-1 — monnuso camonémHoe / aviation fuel; KI'® / KGOF — kepocuHo-ea3olinesas ¢hpakyusi / kerosene-gas oil fraction

PucyHok 1. QuarpaMmma nogaum napa B KONMOHHy K-2
Figure 1. Steam feed diagram for column K-2

PucyHok 2. [lnarpamma cHuUXeHus napa B KONMOHHy K-5
Figure 2. Steam reduction diagram in column K-5

C uenblo yBenuyeHusi BbIxoda BaKyyMHOro
rasonnst W MOBbILEHNS KOKCYEeMOCTU TyapoHa
NPOBEAEHO CHMXKEHME pacxofa napa B BaKyyMHYO
konoHHy K-5 ¢ warom 0,1 7/4. Bo Bpemsi npoBefeHus
OMbITHBIX MEPONPUATUIA BbINO AOCTUTHYTO CHUXKEHME

3

pacxoja napa B BakyyMHylo KonoHHy K-5 ¢ 0,43
0o 0,15 1/u (puc. 2).

Pesynbratel  MpoBedéHHbIX  nabopaTopHbIX
aHanusoB npuBeaeHbl B Tabn. 4 u 5.

Aspen Hysys — cUMynsiTop XMMU4ecK1x npoLieccoB, padpaboTaHHbliin AspenTech n ucnonb3yemMblii Ans MaTemaTnyeckoro

MoAennpoBaHnA TakoBbIX, OT EAUHUYHbIX peaKLLI/Iﬁ A0 NOMHOro Lukna npoLeccoB Ha XUMUYECKNX 1 Hed)TenepepaﬁaTblaarou.mx

3aBogax.
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Ta6nuua 4. Pe3ynbraTbl aHann3oB No onpeaeneHuio NIIOTHOCTU U coAepXKaHUI0 CBETNbIX
HecdbTenpoaykToB B Ma3yTe
Table 4. Results of analyses for determining density and light petroleum product content in fuel oil

[ata aHanusa | CpegHsisi nnoTHocTb npu 20°C, kr/m® | Havano kunexus, °C | CopepxaHue cBeTnbiX Hed)TenpoayKToB B MasyTe, %
Analysis date Average density at 20 °C, kg/m?® Initial boiling point, °C Light petroleum product content in fuel oil, %
19.01.2025 898,7 256 7,0
20.01.2025 899,6 267 6,5
21.01.2025 899,2 270 6,0
22.01.2025 898,7 255 7,0
23.01.2025 898,2 258 7,0
24.01.2025 899,6 258 6,5
25.01.2025 899,6 256 6,5
26.01.2025 899,2 261 6,4
27.01.2025 897,7 265 6,0
28.01.2025 899,6 270 55
29.01.2025 899,6 268 55
30.01.2025 898,2 266 6,0
31.01.2025 898,7 268 6,0
01.02.2025 898,7 262 6,5
02.02.2025 898,7 264 6,5
03.02.2025 897,7 266 6,0
04.02.2025 899,6 278 5,0
05.02.2025 899,6 276 5,0
06.02.2025 899,6 252 6,0
07.02.2025 899,6 270 55
08.02.2025 899,6 253 6,0
09.02.2025 898,7 274 55
10.02.2025 899,6 267 55
11.02.2025 899,2 272 55
12.02.2025 899,6 271 55
13.02.2025 899,2 270 55
14.02.2025 899,6 268 55

Ta6nuua 5. PesynbraThl aHanusos
no onpeaerneHuto NIIOTHOCTU U CoAepXKaHUIo
cBeTnbIX HedpTeNpPoAYKTOB B MasyTe
Table 5. Results of analyses for determining
density and light petroleum product content

in fuel oil
CpepHss Data CpepHss
[Mata aHanu3a| K:;:g:::i};b aHanusa K:;;gzr:c;:
2oalvsisidate Average cc;king Anda;)t/:is Average cc’>king
tendency of tar, % tendency of tar, %
19.01.2025 10,199 02.02.2025 10,279
20.01.2025 10,319 03.02.2025 10,223
21.01.2025 10,273 04.02.2025 10,351
22.01.2025 10,187 05.02.2025 10,296
23.01.2025 10,206 06.02.2025 10,226
24.01.2025 10,371 07.02.2025 10,263
25.01.2025 10,245 08.02.2025 10,305
26.01.2025 10,093 09.02.2025 10,347
27.01.2025 10,166 10.02.2025 10,534
28.01.2025 10,215 11.02.2025 10,251
29.01.2025 10,306 12.02.2025 10,231
30.01.2025 10,348 13.02.2025 10,521
31.01.2025 10,416 14.02.2025 10,619
01.02.2025 10,328

B nepvopa nposegeHns onbITHO-KOHCTPYKTOP-
CKMUX MEpPOnpuSaTUA codepkaHune CBETIbIX HedTe-

nNpoaykToB B MasyTe CHu3unocb ¢ 7% p[o 5,5%.
KokcyeMocTb ryapoHa nokasana TeHAEHLMIo K Mo-
BbiweHuto ¢ 10,199% no 10,619%.

Ha HwxenprBeaéHHbIX guarpammax (puc. 3-5)
nokasaHa TeHAEHUMS YBENMUYEHUS BbIXOAa CBETMbIX
HedTENPOaYKTOB.

B nepvioa npoBeaeHns onbITHLIX MEPONPUSATUN
3auKCUpPOBaHO YyBenuMYeHue npounsBoacTBa OeH-
3uHa ¢ 10,3% po 11,1%, ogHako Npu yBENUYEeHUU
3arpysku yCTaHOBKM Habnoganocb CHWDKEHWe npo-
n3BoacTBa 6eH3mnHa.

Ha puc. 4 nokasaHa guarpaMma Bbixoga Ke-
POCUHO-Ta30MneBbIX PPaKkumi, OTMEYEHO MOBbILLE-
Hue ¢ 24,4% no 24,8%.

Ha puc. 5 nokasaHa puwarpamma BbIXoAa
peakTuBHOro tonnuea Mapku TC-1, Habnoganocb
yBenuyerue ¢ 2,0% 1o 2,5%.

Tawke BbISIBNEHO MOBbILEHNE
Npou3BOACTBA BaKYyYMHOrO  rasomnns
0o 21,8% (puc. 6).

Ha puc. 7 rpadumyeckm nokasaHO CHWXeHue
BbIXxoAa masyTa, nonyvaemoro Ha bnoke AT, ¢ 62%
0o 61%. Ecnu nepecunTtatb Ha LEMyl yCTaHOBKY,
TO 3apMKCMpOBaHO CHWKEHWE BblXxoAa Ma3syTa
¢ 5,5 0o 4,9%. Boeixog ryapoHa cHuauncs ¢ 30,54%
0o 30,51% (puc. 8).

ob6bEMOB
c 21,3%




OPUI'MHAJIbHBIE UCCJIEJJOBAHUS

Tom 8, Ne 1 (2026)

BectHuk Hedrera3osoii orpacin Kasaxcrana

PucyHok 3. Bbixog 6eH3uHa yctaHoBku JJNI0Y-ABT
Figure 3. Gasoline yield of the ELOU-AVT unit

PucyHok 5. Bbixoa peakTMBHOro Tonnuea
ycTaHoBKku JJ10Y-ABT
Figure 5. Jet fuel yield of the ELOU-AVT unit

PucyHok 7. Bbixog ma3yTta yctaHoBku JJ10Y-ABT
Figure 7. Fuel oil yield of the ELOU-AVT unit

Pe3ynbrathl n o6cyxpaeHune

B nepuvop npoBegeHunst OnbITHO-KOHCTPYKTOP-
Cckux paboTt HabnogaeTcs U3MeHeHME BbIXOOOB He-
TENnpPOaYKTOB:

— BbIxog 6eH3avHa yBennuuncs ¢ 10,3%
0o 11,1% (+0,8%);

— Bbixog KI® ysenuuunca ¢
0o 24,8%, (+0,4%);

—  npousBoacTBa MasyTa Ha brioke AT cHU3u-
nock ¢ 62% 1o 61% (-1,0%);

— BbIXO4 KOMMOHEHTa TOBapHOro MasyTta
C yCTaHOBKM cHu3uncsa ¢ 5,5% po 4,9% (-0,6%);

—  BbIXOA, BaKyyMHOrO rasonns yBenuyuncs
¢ 21,3% po 21,8% (+0,5%);

— BbiIXxog rygpoHa cHusunca ¢ 30,54%
0o 30,51%, (-0,3%);

—  BbIXoA peakTuBHoro Tonnuea TC-1 yBenu-
yuncs ¢ 2,0% ao 2,5% (+0,5%);

—  copgepxXaHue CBETMbIX HedTENPOOYKTOB
B Ma3yTe CHuU3unocs ¢ 6,5% Ao 5,5% (-1,0%).

OnTumunsaumsa nogaym napa B o6e KOMOHHbI
npvBena K YynydlweHno ¢pakLMOHHOIo cocTaBa
nony4aembix NpogykToB. [10 NonyyYeHHbIM OaHHbBIM
MOXHO CAenaTtb BbIBOAbI O CHUKEHUN COAEpKaHus
nérknx pakuuin B octatke aTMocepHON KOSOH-
Hbl U MOBbILEHUN BbIXOAa rasonnen B BaKyyMHON

24,4%

PucyHok 4. Bbixoa kepocuHo-rasomnnesomn
¢pakuymm yctaHoBku JJ10Y-ABT
Figure 4. Kerosene-gas oil fraction yield
of the ELOU-AVT unit

PucyHok 6. Bbixoa BakyyMHOro rasomns
yctaHoBKku JJ10Y-ABT
Figure 6. Vacuum gas oil yield
of the ELOU-AVT unit

PucyHok 8. Bbixoa ryapoHa 3J10Y-ABT
Figure 8. Tar yield of the ELOU-AVT unit

KOnoHHe. Takum obpas3om, AaHHas onTuMmM3auus
paboTaioLlelri yCcTaHOBKM MO3BOMSIET YBENUYUTL
rnyouHy nepepaboTku MasyTa B BaKyyMHOW KOMOH-
He, YTO NMPUBOAMT K YBENUYEHMIO BbIXOAA LEHHbIX
OUCTUNNATOB, M yrmybuTb nepepaboTky HedTn
B LieNoM.

3akntouyeHune

[Mo pesynsratam BbINOMHEHHOMO WCCrefoBa-
HUA pekoMmeHayeTcda npuMeHeHne onTUMMU3npoBaH-
HOro pexumMa nopadv BOAAHOro napa B atmocdep-
HYI0 1 BaKyyMHYIO KOMOHHbI ycTaHoBok JJ10Y-ABT.

Peannsauma ykasaHHbIX PEXUMOB [OMMKHA
OCYLLECTBMATBCA C Y4ETOM CBOWCTB nepepabarbl-
BaeMoro HedTAHOMO Cbipbs U napameTpoB pabo-
Tbl 0bopyaoBaHus. MNpu akcnnyaTaumMm ycTaHOBOK
B ONTMMW3MPOBAHHbBIX pexumax TpebyeTcs KOH-
Tponb MokasaTenew KavyecTBa BakyyMHOro ocTaTtka,
B T.4. KOKCYeMOCTU ryapoHa, MoBbILLEHWE KOTOPOW
oKasblBaeT BMMsiHME Ha 3hEKTUBHOCTb Nocrnenyo-
LLMX NpoLLEeccoB nepepaboTkm TAKEMbIX

B ycnosusix HeobxognMocTV NoBbIlLeHUst ad-
PEKTUBHOCTN AEMCTBYIOLMX YCTAHOBOK YKa3aHHbI
nogxop SIBMSIETCA HanpaBneHWeM COBEpLUEHCTBO-
BaHWSA TEXHOMOrMYECKNX pexunmMoB 6e3 nsmeHeHus
annapaTtypHoro hopomMrneHus npowecca.
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Opu rmHanbHoe uccriegoBaHue

PacuyéTbl negocToMkon catennuTHon nnatdopmbl
ANA KazaxctaHckoro cekropa Kacnuickoro mops

H.K. AnbxaHoB, M.T. TneweB
KMI™ UnxuHupuHe, AcmaHa, KasaxcmaH

AHHOTALUMUA

O6ocHoBaHue. B kazaxctaHckom cektope Kacnuickoro Mopsi BO3HUKaOT Npo6rnembl SKOHOMUYECKOM
3(pheKTUBHOCTI, IKOMOrMYECKONM YCTOMYMBOCTM M Ge3onacHOCTM onepauuin. B cBsian ¢ atum BcTaeT
HeobxoauMocTb pa3paboTku MHHOBaUMOHHON HedhTegobbIBatowen nnatgopmbl. B pamkax atoro npea-
naraeTtcsi cosgatb 6ecnunoTHyo nNnaropMy C MUHUMArbHbIM TEXHOMOrMYeckum obopyaoBaHueMm,
npeaHa3HayYeHHyo AN UCNONb30BaHUA B KayecTBe caTennMTHOW nnatdopMbl B NpoekTax Ha wwenbdge
ceBepHon 4actu Kacnunckoro mops. PaspaboTka negocToMkoM nnatgopmbl SBMASIETCS KITHOYEBOM
3apadent gns ycnewHomn Jobblun Hed T B NEAOBbIX YCIOBUSIX.

Lenb. Lenbio uccnegosaHusa sensetca paspabotka MoOepHWU3MPOBaHHOW aBTOHOMHON HedTSHON
nnaTopmMbl, MPUrOAHON ANS WUCMOMb30BaHUS B CEBEpPHOM 4acTu Kacnumckoro mopsi, CrocobHoun
BblEPXMBaTb CTAaTUYECKNE CTOSIKHOBEHUS C NesHbIMU rMbibamu.

Matepuanbl u metoabl. [TpoaHannanpoBaHbl CyLECTBYIOLME MOPCKMe nefocTolkne nnatdopmel,
Takve kak Bapangevickuin TepmuHan (Poccus), boxan Cu (Kutan), dunaHosckuii (Poceus) n bydapt Cu
(KaHapga). OcywecTtBneH pac4éT 1nedoBbiX Harpy3ok B COOTBETCTBUM C MeXAYHapOAHbIM CTaHAapTOM
ISO 19906. NpoBenéH aHann3, 4eMOHCTPUPYHOLLMIA CNIOCOBHOCTb KECOHHOW KOHCTPYKLUW BblAepXXMBaTh
CTaTUYeCKMe Harpysku OT neasiHbIX rMblb.

Pe3ynbratbl. MogepHU3npoBaHHas KOHCTPYKLMSA nNnatgopmbl U MeTo4 eé duKkcaumm K NOBEPXHOCTU
C NOMOLLbIO BCaCbIBAKOLLMX KOMOHH W CBAWHOrO KpenmeHus nokasanu CnocobHOCTb K YCTONYMBOMY
COMPOTUBNEHMIO PA3NMYHbIM HarpyskamM ¢ CObnMoaeHNeEM MexayHapoaHbIX CTaHaapToB 6e3onacHocTw,
BKIOYasi cTaTM4eckne Harpy3ku ot neasHbIX rmblo.

3akntoyeHue. [MpoBeaEHHbIE pacyETbl 1 aHanu3 NoATBEPXKAANT LienecoobpasHOCTb MHBECTMPOBaAHUSA
B pa3paboTky MOAEPHU3UPOBAHHON aBTOHOMHOW HedTSHOM nnaTtdopmbl, obnagatoLlen yny4weHHONn
NedoCTOMKOCTbIO W COOTBETCTBYHOWE Bcem TpeboBaHMAM 6e3onacHOCTM Ans  JKCnfyaTaumu
B YCNOBUWAX ceBepHon Yactn Kacnuickoro mopsi.

Knroyeewle cniosa: becriuniomHasi niamghopma, rnedocmolikasi niameopma, camessiumHble
nnamagopmsi, dechopmayusi, UHMezpupos8aHHbIl MoOyrib, 8cackligarowee OCHo8aHuUe.

Kak uutupoBatb:

AnbxaHoe H.K., Tnewee M.T. Pacyé€Tbl nefocTOMKOW caTennUTHOW nnatgopmbl Ans Ka3axCTaHCKOro
cekTopa Kacnwuiickoro mopsi // BecTHuk HedbTerazoBow otpacnu Kasaxcrtana. 2026. Tom 8, Ne1. C. 98-112.
DOI: 10.54859/kjogi108583.
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Original article

Structural Calculations of an Ice-Resistant Satellite Platform for the
Kazakh Sector of the Caspian Sea

Nursultan K. Alzhanov, Maxat T. Tleshev
KMG Engineering, Astana, Kazakhstan

ABSTRACT

Background: The Kazakh sector of the Caspian Sea faces problems of economic efficiency,
environmental sustainability, and operational safety. This necessitates the development
of an innovative oil production platform. Within this framework, it is proposed to create an unmanned
platform with minimal technological equipment, designed for use as a satellite platform in projects
on the northern Caspian Sea shelf. The development of an ice-resistant platform is a key task
for successful oil production in ice conditions.

Aim: The research is aimed at developing an ice-resistant platform design capable of withstanding
static collisions with ice floes. The objective of the research is to develop a modernized autonomous oil
platform suitable for use in the northern part of the Caspian Sea.

Materials and methods: Existing offshore ice-resistant platforms were analyzed, including
the Varandey terminal (Russia), Bohai Sea (China), Filanovsky (Russia), and Bufart Sea (Canada).
Ice loads were calculated in accordance with the international standard 1ISO 19906. An analysis was
conducted demonstrating the ability of the caisson structure to withstand static loads from ice floes.
Results: The modernized platform design and the method of fixing it to the surface using suction
columns and pile fastenings demonstrated the ability to withstand various loads in compliance
with international safety standards, including static loads from ice floes.

Conclusion: The calculations and analysis confirm the feasibility of investing in the development
of a modernized autonomous oil platform with improved ice resistance and meeting all safety
requirements for operation in the northern part of the Caspian Sea.

Keywords: unmanned platform; ice-resistant platform; satellite platforms; deformation; integrated
module; suction base.
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TynHycka 3epTTey

KasakcTtaHHbIH Kacnui TeHi3i cekTopbl YLWiH My3fa Te3imMai
caTtennuTTiK nnaTtdgopmaHbiH ecenteynepi

H.K. ©nxaHoB, M.T. Tnewes
KMI™ UnxuHupuHe, AcmaHa Kanacel, KasakcmaH

AHHOTALUMUA

Herispgey. Kacnui TeHisiHiH KasakCcTaHOblK CEKTOpblHAA SKOHOMMKAnNbIK TUIMAINIK, 3KOMOrMsnbiK
OPHBLIKTBINbIK  X8He onepauuanap kayincisgiri macenenepi  TybiHAangbl. OcbifaH  GaninaHbICTbI
WHHOBaUMANbIK MyHan eHAipy nnatdopMackiH a3ipriey KaxeTTiniri e3ekti 6onbin otblp. Ocbl MakcatTa
Kacnui TeHjsiHiH conTycTik OeniriHiH wenbdiHaeri xobanapga catennuTik nnatopma  peTiHae
nanganaHyra apHasnfaH MUHUManabl TEXHONOMUANBIK XabablkneH xabablKTanfaH nunoTcei3 nnatdopma
KYpy YCbiHbINaabl. Mysfa Tesimai nnatdopmaHbl a3ipney My3 xafganbiHaa TabbiCTel MyHaW eHAipyAiH
Heriari MiHaeTi 6onbin Tabbinagwl.

MakcaTtbl. 3epTTeyaiH, makcatel Kacnui TeHisiHiH conTycTik Genirinae nanganaHyFa kapamgbl, My3
MaccanapblMeH CTaTUKarnblK COKTbIfbiCyFa TeTen OGepe anaTtbiH >KETiNAipinreH aBTOHOMAbI MyHan
nnatdgopMackiH a3ipney 6onbin Tabbinagbl.

Martepuanpap meH agictep. BapaHaen tepmuHansl (Peceir), Boxan Cu (KeiTan), PunaHosckui (Peceint)
*oHe Bydapt Cu (KaHapa) cusikTbl TeHisge Mysfa TesiMAi KongaHbiCTarbl nnatdopmanap TangaHgbl.
ISO 19906 xanbikapanblk CTaHO4ApPTbIHA CAKEC MY3 XXyKTEMenepiH ecentey »y3ere acblpbingbl. KecoH
KYPbINbIMbIHLIH My3 MaccanapbiHbIH CTaTUKarnbIk Xyktemenepre Teten 6epy kabineTiH kepceTeTiH Tangay
Xyprisingi.

HaTtuxenepi. MnatcopmaHbiH KaHapTbiiFaH KOHCTPYKUMACHI XOHe OHbl COpfbl GaraHaapbl MeH Ka-
nanapabl 6ekiTy apkpinbl 6eTiHe GekiTy a4ici xanblkapanblk Kayinci3fik ctTaHgapTTapblH, COHbIH, iWiHAe
My3 BriokTapblHaH CTaTuKasblK XyKTEMenepai cakTal OTbIpbIn, SpTypri XyKTemenepre TypakTbl Kapchbl
Typa anarblHbIH KBPCETTi.

KopbiTbiHAbl. XKyprisinreH ecenteynep MeH Tangay My3fa TesimMainiri xakcapTbiiFaH xaHe Kacnui
TeHi3iHiH conTycTik OGenirinae navganaHy ywiH Gapnblk Kayincisgik TananTapblHa CaWKec KeneTiH
XaHfFblpTbinFaH gepbec MyHan nnatdopmacsiH a3ipreyre MHBeCTULMANayabIH OPbIHABINbIFEIH pacTanabl.
Hezizei ce3dep: numomcbl3 nnamgopma, My3Fa mesimOi  nnamgpopma,  camennaummik
nnamegopmarnap, dechopmayusi, uHmezpayusinaHraH Mooysib, COPFbilu mabaH.
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BBepeHue

B kasaxcraHckom cekTtope Kacnuickoro
Mopsi (aanee — KCKM) nmeetcst HeckonbKko 3agad,
0BycnoBneHHbIX  APdEKTUBHOCTBIO  UHBECTULNIN
M puckamm B obnactu 6e3onacHocTV XusHepes-
TenbHOCTU. [lpyMeHseMble cendvac TexHOMoruu,
TakMe Kak KECCOHHble W KapKacCHble COOpPYXeHWs,
He B MOMHON Mepe COOTBETCTBYIOT WMHBECTULIMOH-
HblM TpeboBaHuAM. [Npeanaraemas cuctema AOMK-
Ha peLmnTb KNioyeBble 3a4a4M, OCHOBaHHbIE Ha 3KO-
HomuK, akonornnm u BesonacHoctTn. B aTon cBA3M
npeacrtaensietca becnunoTtHas nnatgopma ¢ Mu-
HUManbHbLIM TEXHONMOrMYECKUM OCHaLLEeHNEM, KOTO-
pasi MOXeT NPUMEHATBCA B KayecTBe caTennmMTHOM
nnaTtopmbl B CEBEPO-KACMUACKMX MPOEKTaX.

PasBegka HedTV Ha wenbde B NegsHbIX pe-
rMoHax npeacTaBnseT coboN yHMKanbHylo 3adauvy,
Tpebytowyo pa3paboTku NefoCcTOMKUX NnatdopMm.
CyulecTBytowasn nutepaTtypa AaéT npeacraBneHue
O pasnMyHbIX acnektax NpPOEKTUPOBaHWSA, CTPOM-
TenbCTBa W 3KCMnyaTauuv NegocTonknx nnatdopm,
0 YEM CBMAETENbCTBYIOT KIO4EBbIE WUCCreaoBa-
Hua [1, 2]. Tak, BapaHgenckun TepmmnHan B Poc-
CUKU SIBNSIETCS NPUMEPOM YCTOMYMBOCTU K 3KCTpe-
MarnbHbIM XOMoAaM: €ero yHuUKanbHas KOHCTPYKLUS
C onopHow 6a3oi 1 BpaLLaloLLMMCS NpUYanbHo-rpy-
30BbIM YCTPOWCTBOM 0GecnevmBaeT aKcnnyaTaLmoH-
HyI0 yHMBepcanbHocTb. B Boxanckom mope B Kutae
nccnegoBaHna CocpefoTodeHbl Ha 3KOHOMUYECKU
appekTNBHBLIX nnatdopmax, CnocobHbIX NpPOTK-
BOCTOSITb YCTanocTu, BbI3BaHHOW NbAOM, YTO NoA-
YEPKMBAET BaXXHOCTb Y4ETa (paKTOPOB OKpYy>KatoLLemn
cpegbl Npy NPOEKTUPOBAHUM KOHCTPYKUMA [3-5].
MoaTtanHbIn nogxop K pa3paboTke MeCcTopoXOEHUS
nm. ®unaHosckoro B Poccun unniocTpupyer Bax-
HOCTb KOMIMJIEKCHOTO NIIaHMPOBaHWsA WHPacTpykK-
TYpbl B apKkTU4eckmx ycrnosusx [6]. Tem BpemeHem
MOOBUIBHBIN apkTU4ecknin keccoH «Monuknak» B Ka-
Haje AeMOHCTPUPYET WHHOBALMOHHbIE KOHCTPYK-
TUBHbIE pEeLUeHUs Ans SKCTpeMalnbHbIX NefoBbIX
ycnoswui [7, 8].

HekoTopble npuknagHble pelueHust onuca-
Hbl B psife 3apyOexHbIX aBTOPCKUX MCCNegoBaHUi.
Li G., et al, [9] npegnaratoT 3KOHOMUYeCKU adek-
TUBHYIO Mofenb MPOEKTUPOBaHWA  1edO0CTONKUX
nnatdopM Ha MPOTSXKEHUN BCErO >XM3HEHHOTO LUK-
na, AemMOHCTpUpYys eé npeBOCXOACTBO Hap Tpaau-
LIMOHHBbIMK KOHCTpYKUmsamMK. Zhang D. & Yue Q. [10]
06CyaalT OCHOBHblE MPOGNEeMbl MPOEKTUPOBaHUS
nnatgopM AN MEnNKoOBOAHBLIX HedTAHbIX MeCTo-
POXAEHWI B YMEPEHHBIX NEAO0BbLIX YCNOBUSIX, aKLEeH-
TUPYS Ha HeobXxOAMMOCTW CO3AaHWUA 3KOHOMWYHbIX
1 6esonacHbix kOHCTpyKUMiA. Boiko A.Y. [11] paccma-
TPVBaeT KOHKpeTHble Npobnembl pas3paboTkn nego-
CcToMKNX nnartdgopm Ans [JonrmHCKoro Mectopoxae-
HUs1, BbICTYNasi 3a ucrnonb3oBaHne GBS-KoHCTpyKUmMi
(aHen. Gravity-Based Structures — rpaBuTauUMoHHbIE
KOHCTPYKLMK) B CYpPOBbIX NEeAOBbIX YCIIOBUSIX.

Bychkov D.A. [12] npeacTtasnseT npumep nnat-
dopmbl «[pupasnomHas», urpatoLen YHUKanbHyo
pornb B f00blYe yrneBoAOPOAOB B CYPOBbIX NEAOBbLIX
ycnoBusix. Sharapov D. [13] npeacraensieT o63op
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nefoBbIX (PaKTOPOB, BIMSIOWMX HA apKTUYecKue
nnargopmbl, Nog4y€pkuBas HeobXoAMMOCTb B ne-
penoBbIX MHXeHepHbiX metogax. Du X., et al, [14]
COCpeaoToOdMINCL Ha NEefOCTOMKUX TEXHOMOrmsiX
B Boxanckom mope, pekomeHays pacqé€THble napa-
MeTpbl Mopckoro nbaa. Korneeva Ya.A. [15] uccne-
ayeT haKTopbl pycka Ans paboTHUKOB NEAOCTONKNX
nnartdgopm, ygensas ocoboe BHMMaHue GesonacHo-
CTU 1 3PPEKTUBHOMY yNpaBneHno Ype3BblHanHbl-
MU CUTyaUUsaMK.

B uenom Bce uccnegoBaHus noavépkuBaoT
MEXAMCUMMINMHAPHBIA XapakTep pa3paboTku nego-
cTonkux nnatdgopm, obecneunBatownx 6esonacHyo
pa3BeaKy B CIOXHbIX YCMOBUSX.

Orsted, npusHaHHbI Nuaep B obnactu Tex-
Honorui suction bucket jacket (BcacbiBatowwuii kec-
COHHbIN hyHaaMeHT, aanee — SBJ), Bowén B nUcTo-
puto, pa3BepHyB nepBbii B Mupe SBJ Ha Borkum
Riffgrund 1 B 2014 r., 1 ¢ Tex Nnop NpogomxaeT npo-
asurate pewenus SBJ Ans MOpckux BETPO3Hepre-
TUYECKUX NPOeKTOoB. Mpn ycTaHOBKe BCaCbIBaOLLMX
KOINOHH yCTpaHsieTcsl HeobXoaMMOCTb B MexaHu4e-
CKOW cune, HO Co30aéTCcs CINOXHOCTb U3-3a OrpaHu-
YEeHHOro onbiTa B oTpacnu. XoTs TexHomnormsa SBJ
MMeeT onpedenéHHble OrpaHUyeHusl, KoMMaHus
Orsted ncnonb3yer €€ WHHOBALMOHHOE NpPUMEHe-
HWe ANS NoBbIWeHUst TMBKOCTU PyHAAMEHTanNbHbIX
peLUeHWn Npu CTPOUTENbCTBE MOPCKMX BETPSIHbIX
anekTpocTaHuui [16].

BecnunoTtHble HedTAHbIE NNATOPMbl CTaHO-
BSITCHA BCE Gonee nonynspHbIMY cpean HedTeaobbl-
BaloOLWMX KOMNaHuin bnarogapsi cBoew aBTOHOMHOWN
paboTocnocobHOCTU, IKOHOMUYHOCTU W 3KOMOrnY-
HocTh. OHM MCNonb3yTCS B Takmx HedpTegobbiBa-
IOWNX cTpaHax, kak Hopserus, BenukobputaHus,
OAD3 1 gp. B HekoTopbIx cTpaHax Ha aBTOHOMHbIE
nnarcgopmbl NpuxoanTca 6ornee MonoBuHbI OT 06-
wero ymcna nnardgopm [17, 18]. PakTuyeckn 6ornb-
LUIMHCTBO 3TUX CTpaH A06bIBaloT HedpTb B He3amep-
3al0LLUMX MOPCKUX YCMOBUSIX, F4e nefoBas Harpyska
He y4YMTblBaeTCs, B TO BPEMS Kak B CEBEPHOM YacTu
Kacnuickoro mopsi Habntogaetcst ce3oHHoe obpaso-
BaHWe NnbAa Ha noBepxHocTn Mopsi. CniegosaTenb-
HO, [0 peanu3aumun ngen HeobxoarMo NPEANoXnTb
HOBYO NeOCTOVKY0 6eCNUNOTHY0 HETAHYIO NnaTt-
opMy, KOTOpasi CMOXET BblAEepPXXUBATb BO3MOXHblE
neposble Harpysku B CeBepHom Kacnuu.

HoBu3Ha npeanoXeHHON TEXHOMOrMWU 3akno-
YaeTcs B HECKOMbKMX acnekTax:

1. [lNpumeHeHue ecacbigarowux ceal Ha-
psidy ¢ 0bbIYHBIMU. OTO WHHOBALMOHHOE peLleHue
cnocobeTByeT obecneveHuto bonee Kpenkow ycTou-
4YMBOCTW NNaTdOpMbl K Pa3nuyHbIM Harpyskam, Ta-
KMM KaK cTaTu4eckue Harpysku OT NeasHbIX rmblb,
AVMHaMUYeckve nefoBble BO3AEWCTBUS, BOINHOBbIE
Harpysku v apyrme Bo3nencTBus.

2. KoHuenuusi nnamgopmbi. Npegnaraerca
nepgocTomnkas MoHoballeHHas (KeCOHHas) KOHCTPYK-
LM C UHTErPUPOBaHHBLIM MOAYIIEM M BCacbIBaOLLMM
OCHOBaHMeM. JTO HOBaTOPCKOE pelleHue obecne-
YMBaeT OOMOSHUTENbHYI YCTOWYMBOCTb UM HaOEx-
HOCTb NMaTdopMbl B YCIIOBUSIX MOPCKUX NbAOB.



ORIGINAL ARTICLES

Vol. 8, Ne 1 (2026)

Kazakhstan journal for oil & gas industry

3. [lemanu koHcmpykyuu. BcacbiBawollee
OCHOBaHME W CBau SBMNAKTCS OCHOBOW nNpeAana-
raemoi cuctembl. OTU 3reMeHTbl obecreynBalT
YHUKanbHblE XapakTepucTukn nnatgopmbl U eé
cnocobHoCTb 3hPEKTUBHO CMPaBNSITLCA C BO3AEN-
CTBMEM NEASHbIX YCIOBUNA.

B coBokynHOCTM paHHble acnekTbl AenakoT
TEXHOJOMNI0 UHHOBALIMOHHOWM U BaXKHOW B obnactu
co3daHus nefocTorkux nnatgopm ans pabothbl
B YCINOBUSX CYPOBbIX MOPCKUX KNMMaTUYECKMX YC-
NoBUIA.

MaTepuanbl n meTogbl

Ons pacyéta nefoBbiX Harpy3ok Ha KOHW4Ye-
CKMEe MOPCKME KOHCTPYKUMM CyLLecTByeT cTaHaapT
1ISO 19906:2019 «Mopckue KOHCTpyKuun B ApKTU-
Ke B HePTSAHOWN M ra3oBON MPOMbILLIEHHOCTU» [19].
OueHka nefoBoW Harpy3ku Ha KOHCTPYKLMIO mnar-
hopMbl NONMHOCTBLI0O OCHOBaHa Ha [AaHHOM CTaH-
JapTe, COrfacHO KOTOPOMY TaKuMe KOHWYECKUE KOH-
CTPYKLMW OOIMKHBI BblAEPXKMBaTb NEOOBYIO Harpy3sky
B FOPU3OHTANIbHOM M BEPTUKaNbHOM HanpaBneHnsax
C HEKOTOPbIM 3aMnacoM NPOYHOCTHU.

MpocTasa cxema B3aMMOAENCTBUS NMbAa U KOH-
CTPYKUMU Mexady MOPCKAM NbAOM W KOHCTPYKLM-
el C HaKMOHHOW MOBEPXHOCTbID MpeacTaBreHa
Ha puc. 1.

N
A

uN,

PucyHok 1. KOMNOHEHTLI N1efo0BOro BO3AeNCcTBuUsA
Ha HaKITOHHOM KOHCTPYKLUMU ANA ABYMEPHOro
ycnoBwus [19]

Figure 1. Components of ice action on an inclined
structure for a two-dimensional condition [19]

A — HakioHHasi epaHb KoHcmpykuyuu / inclined face
of the structure; a — yeon HakfOHa epaHu KOH-
cmpykyuu om  2opu3doHmanu, paduaH / inclination
angle of the structure face from horizontal, a radian;
B — Hacmynarowut nedsHol bnok / approaching ice block;
F,, — eopusoHmarnbHas cocmaensouas 1ed06020 603-
deticmeusi, H / horizontal component of ice load, N;
N — HopmanbHasi cocmaensoowas peakyuu Ha e030el-
cmeue nbda Ha KoHcmpykuuto, H / normal component
of the reaction to ice action on the structure, N;
F,,— eepmukansHasi cocmaensitoujasi 6030eticmeusi nsda, H/
vertical component of ice action, N; u — koaghgpuyueHm mpe-
Hus nedsiHoU koHcmpykyuu / coefficient of friction of the ice—

structure interface

Ha puc. 1 n3obpaxeHbl KOMNOHEHTbI 4ENCTBUSA
pOBHOrO nbAa ANS [BYMEPHOro B3auMOAeWCTBUS
C BOCXOAsLWeN CTPyKTypoi. [opusoHTanbHas (F,)
1 BepTuKanbHas (F,) cocTaBnsiolme BO3aencTams
nbAa onpeaensioTcst ypaBHeHUamu (1-2):

Fy = Nsina + uNcosa (1)
)

rae N — cocTtaBnawollasd, HopmanbHasa K ro-
BEPXHOCTU KOHCTPYKUUW, H; a — yron HaknoHa no-
BEPXHOCTU KOHCTPYKLMW OT ropu3oHTanu, pagua;
[ — KOI(PPULMEHT KMHETUYECKOTO TPEHUs Mexay
NbAOM U NMOBEPXHOCTbLIO KOHCTPYKLINN.

Fy = Ncosa — pNsina

OTHoleHve Mexay BepTukanbHom (F,) u ropu-
30HTanbHOl (F,) cocTaBnsalowmMmn 3aaaérca cregy-
IoWwnm ypaBHeHuem (3):

Fv="— @)

rae & — napameTtp, OTHOCSILLUMIACS K FOPU3OH-
TanbHbIM U BepTMKalbHbIM KOMMOHEHTaM BO3Aen-
CTBUS NbAa, paccyMTaHHbIN No copmyne (4):

sina + pcosa

(4)

lopusoHTanbHas coctasnsowas (F,) obuiei
CUMbl 3aBUCUT OT Pa3nuYHbIX NepemeHHbIX (5):

" cosa — psina

_ Hg+Hp+Hg+H, +Hy

F,
” s (5)
O'flch
rae HB - pa3pbiBHaA Harpyska, H;
HP — COCTaBnaLWaa Harpysku, HeOGXOﬂMMaﬂ

ONs NpoTankMBaHWUsi IMCTOBOTO fibAa CKBO3b 06MOM-
K1 nbaa, H; H, — Harpyska, kotopas Tonkaet neas-
Hble Mblbbl BBEPX MO CKMOHY Yepes neasiHon obno-
MOK, H; H, — Harpyska, Heobxogumas Ans nogbéma
ob6nomMKoB NbAa Ha HaaBuUraloWMACca NeasiHon no-
KpOB nepep ero paspywenuem, H; H, — Harpyska ans
noBopoTa NeAsiHON MblObl Ha BepLUMHE CkioHa, H;
0, — NPOYHOCTL NEeAsHOTO MOKPOBa Ha n3rn6, MMa;
[ — obwas anvHa OKpY>KHOM TPewmHbl, M; h — Ton-
LLMHa NeasHOro NoKpoBa, M.

H, 3aBMCUT OT AMameTpa BaTeprMHUM MHEN-
HO, W, €cnn Takue nepeMeHHble, Kak MMOTHOCTb
BOAbI M TOMLMHA NeasHoro nokpoea, dyayT ysenu-
4YnBaTbCsl, pa3pblBHAsi Harpy3ska OyaeT yBenmuneaTb-
csl HenuHelHo. C yBenuyeHnem ToSLWMHbI NeasHoro
MOKPOBa, KOTOPbLI SBMAETCA YacTbi0 3HadYeHus L,
[JaHHbIii MokasaTenb Toxe OyaeT yBenuuuBaThbCs
(7). 310 03HaYaeT, YTO pa3pblBHAsi HAarpy3ka CUNbHO
3aBUCUT OT TONLUMHBI NeasHoro nokposa (6):

h5\*?® n2L
HB=0£8&y<ﬁ%?—> Qy+ 4C>

(6)
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Eh? s
12pyg(1 — vz)] )

L= [
rae w — AnamMeTp KOoHyca Nno BaTepnvHUN Unu
LIMPUHA HAaKMOHHOW KOHCTPYKUMWU, M; h — Tonwu-
Ha NeAsAHOro MOKPOoBa, M; L. — XapaktepHasa AnvHa
neasHoro Nokposa, M; p,, — NIIOTHOCTb BOAbI, KI/M?,
g — yckopeHue cBobogHoro nagexusi, m/c?; E — mo-
aynb ynpyroctu, MlMa; v — koadduumeHT lNMyaccoHa
ans neaa, obbivHO paBHbil 0,3.

H, — 370 cocTaBnsowas Harpysku, Heobxoam-
Masi Ans npoTankMBaHWs NUCTOBOrO fbAa CKBO3b
o6nomku nbaa. 3aBMCUMOCTb H, OT NepeMeHHbIX,
KOTOpble BXOOSAT B ypaBHeHue (8), HenuHelHas,
3a UCKIOYEHWEM MOPUCTOCTU NeasiHbiX 0BrnomkoB
1 OTHOLLEHWS YIIOB MX KacaTernbHbIX 3HAYEHWI:

tan tana) ' (
sina + pcosa

1 1
P =0,5u;(1; + 1)p;g(1 — e)hZsina - (—
hyhp;
+hehpg sina
KoMnoHeHT Harpyaku H, onpeaensietca crefy-
WM ypaBHEHNEM!

1 1

) ( tanf
tanf tana

tan

Hy = 0.5whipig(1 - )¢ -

e ¢ — 3TO CMNOYEHHOCTb NeasHbIX 0BNOMKOB;
¢ — yron TpeHus nedsHbIX OGNOMKOB, paguad;
h_— BbicoTa 06MOMKOB, M.

BenuuyuHa Harpysku, Heobxoammas Ans noso-
poTa 6rioka B BepxHew YacTu brioka (H,, onpeaens-
eTcs ypaBHeHnem (12):

cosa

Hy = 1,5wh?pig (12)

sina — pcosa

M3 ypaBHeHW (9—11) MOXHO yBMAETb, YTO Cy-
LecTByeT NMHeHas 3aBUCMMOCTb MeXay pacyéTt-
HbIMW 3HAYEHUAMU U AMaMETPOM BaTepnuHuM (w),
KOTOpbIN ABNSIETCH OOHWM W3 Haubornee BaXHbIX
napameTpoB KOHCTPYKLMK, @ TakkKe YCKOpeHue CBO-
6oaHoro nageHus (g) v NNOTHOCTU Nbaa (p,). YTobbI
Yy4YeCTb CXMMaloLLee HanpsiKeHne BHYTPWU NeasiHon
mMblObl, BbI3BAHHOE TOPU3OHTANbHOW CWUMOWN, Bbl-
yuCreHHoe 3HayYeHUe MOACTaBIAETCS B ypaBHEHUE
(13), koTopoe OGHOBMASIET pe3ynbTaTbl MPOYHOCTU
Ha n3rno:

lch+af

o (13)
rae o, — HadanbHas MPO4YHOCTb Ha W3rub,
MMa (14):

o = 1.76e(~588%")

(14)

rae v, — 06bEMHan [oNs ConeBoro pacTeopa,
%, paccuntaHHas no gopmyne (15):

1
2tanf

tan6 )2
tana

rae h — BblcoTa O6MIOMKOB fbAa, M;
U, — KOSMMULIMEHT TPEHUA Nbaa o néa; p, — nrot-
HOCTb NbAa, Kr/M*; e — NOPUCTOCTb NEASHON KPOLLKK;
6 — yron mexay obrioMkaMu nbaa v ropu3oHTanbHoOM
NVHWEWN, pagnaH.

Hp = whiupig(1 —€) (1 (8)

H,, B CBOK o4epedb, onpeaensietcs cnegyto-
MM ypaBHeHunem (9):

Hpg 9)
rae P — conpotuBneHue neasHoMy MOKpOBY,
paccuutbiBaemoe no gopmyne (10):

cosa — psina

tanG) 050 + Wpig (L e cosa (1 tanG)
tana U T PG &N ana tana (10)
tanf\? tanf
2. — . — —
) + 0.5wh2p;g(1 — e)¢ - tang (1 tana) + &cwh, (1 tana) (11)

49,18
IT]
roe T — Temnepartypa, °C; S— conéHocTb nbaa,

v, = S( +0,53) (15)

r/n.

Kpome Toro, I paccuuTbiBaeTcs no cregyto-
wen cpopmyne (16):
7.".2

. (16)

le=w+—1L,

YuutbiBas, 4TO [ ABNAETCA MOCTOAHHbLIM,
13 ypaBHeHusa (13) oyeBMgHO, 4YTO OAWMH M3 napa-
METPOB, Onpeaensowmnx AnMHY neasHbIX Orokos,
KOTOpble 00Opa3ylTcs B pe3ynbrate CTONKHOBEHMWS
ApevidyoLero MOpcKoro nbAaa U KOHCTPYKUuUK nnat-
OopMbI, OKPYXXHas TpeLuuHa, MPonopLMoHansHoO 3a-
BMCUT OT AMameTpa BaTepnnHum (w) KOHCTPYKLIMK.

OcHoBHas Lenb AaHHOro MeToga — paspabo-
TaTb MHCTPYMEHT ANA pacyéra NefoBON Harpysku
Ha OCHOBE 3KOMNOrMYecknx napameTpoB CEBEPHOW
Yactn Kacnuiickoro mMopsi B 3aBUCMMOCTM OT AOBYX
OCHOBHbIX MPOEKTHbIX NapameTpoB nNnaTdopmbl: a
YKIIOHA NOBEPXHOCTN KOHCTPYKLIMM OT rOPU30OHTanu,
1 W, KOTOpbIV NpeacTaenseT cobol guamerp Batep-
JIMHUN KOHYC 1N LUUPUHY HaKNoHHOM KOHCTPYKLUW.

[nsi pa3paboTkM MHCTpYMeHTa pacyéTta nefio-
BOW Harpysku 6bin paspabotaH kog MATLAB' Ha oc-

1 MATLAB (cokp. om aHan. Matrix Laboratory) — nnatdopma Ans nporpaMmM1MpoBaHust 1 nakeT NpuknagHbIX nporpamMmm

Ansa peweHnsa 3agady TexHU4eCcKux BbIYMCIIEHWN.


https://matlab.mathworks.com/
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HOBe MHdOpMaLUMK, NpeacTaBieHHON B cTaHaapTe
1ISO 19906:2019 [19]. Ona npobHoro 3anycka ABa
pasnuUyYHbIX NPOEKTHbIX NapameTpa, Yron HaknoHa
(a) v anametp BaTepnuHUK (w), GbINK 3aAaHbI B cre-
ayolmx ananasoHax (tabn. 1):

Ta6bnuua 1. NMpoekTHble NapamMeTpbI
Table 1. Design parameters

I'IJ'IaT(bOprI, HO co3pgaér npu 3TOM OONONMHUTENb-
Hbl€ Hanpsa>XXeHUA B KOHCTPYKLUNN.

Tabnuua 2. Pusnyeckme xapakTepucTUKK nNbaa
1 MOpCKOM BoAbl
Table 2. Physical properties of ice and seawater

MapameTp
Parameter

MuHumym
Minimum

Makcumym
Maximum

Yron HaknoHa CTPYKTYpbl NOBEPXHOCTH OT
ropuaoHTanm (a), °

Inclination angle of the structure surface
from the horizontal (a), °

11° 85°

inameTp KoHyca no BaTEPNUHUN UNn
LUIMPWHA HAKMOHHOW KOHCTPYKLUMK (w, M
Cone diameter at the waterline or width of
the inclined structure (w), m

5m 20m

[na 3agaHHbIX MPOEKTHLIX MapameTpoB KoA
MATLAB gan muHimarnsHoe 3HaveHue ans F, non-
HoW cunbl, H:

Fp= /FHZ + Fy? = 4,5485 x 10°

[aHHbIn pe3ynbraT Obin paccuuTaH npu 3Ha-
yeHusx 48,3737° n 5 m. [NockonbKy CyLlecTByeT nu-
HelrHasi 3aBMCMMOCTb MEXAY CUIOW U AnaMeTpoMm
BaTepPNMHUN, OYEBWOHO, YTO MUHUMAmbHbIA Auna-
MeTp BaTEPIVHUM NPUBOAUT K MUHUMArbHOW cune.

(17)

Bepudukauus

MpoBepka TOYHOCTU pacyéTa nefoBbIX Harpy-
30K TpebyeT BbINONHEHUs Bepudukauum ¢ Ncnorsb-
30BaHNEM MaKCUMarbHbIX 3Ha4YEHN Ccunbl, onucaH-
HblX B Tabmn. 2, 4Tobbl 06ecneunTb MPaBUIIBHOCTb
pe3yneTaTos.

JNlegokonbHoOe cTpoeHue B Buge

yceuyéHHoOM nupamuabl (KoHyca)

Ha puc. 2 nokasaH BHelwHWi Bug nnatgop-
Mbl, KOTOPbIV BbINOSIHEH B BUAE YCEYEHHOTO KOHYyCa
ONst NPUMEHEHUs1 Ha pasHbIX MyOuHax MerkoBo-
Obsi — ot 0 0010 M. 3TO MO3BOMSIET UCMONbL30BaTh
nnatgopMy B pasnUyHbIX MPOEKTax C PpasHbiMK
rmybuHamu, a Takke B crydyae obmeneHus mops
nepoKonbHas KOHCTPYKLUMSA COXpaHSeT CBOW (PyHK-
LyoHan.

YceyéHHasi koHycoobpasHasi doopma no3Bons-
eT ApelicyroLemy nbdy o6TeKaTb U CHKAET PUCKM,
CBSI3aHHbIE C HarpoMoxgeHveMm nbaa. Beicokue
rOpu3oHTanbHble Harpyskv oT ApendytoLliero neaa
YAEPXKMBAKOTCA 3a CYET NEeAoKONbHOro Kopnyca
nnatdopMbl, CLENIEHHOro C AHOM MOPS Yepes Bca-
CbIBaloLLMe KOMOHHbI 1 cBau (puc. 3). Heobxoammo
yuYMTbIBaTb BIUSIHUE Harpy3ky BEPXHErO CTPOEHUst
(Toncanpg), KOTOpoe yBenuyMBaeT CTabunbHOCTb

NapameTp 3HaveHune
Parameter Value
Yron mexay obrnomkamu nbaa 1 ropu3oHTanbHoN NMHUEN|
(6), ° (a-10)°
IAngle between ice fragments and the horizontal line (6), °|
Tpe_HMe neaa 06 nea (u,) 0,035
Ice-ice friction (u,)
MnoTHocTb nbaa (p,), krim* 920
Ice density (p,), kg/m®
Temnepatypa nbaa (T) (pa3 B 100 ner), °C 42°C
Ice temperature (T) (once in 100 years), °C
Mopynb tOHra nbaa (E), Ma 6
'Young’s modulus of ice (E), GPa
Yron TpeHusa negsHoro 6noka (¢), © 40°
Friction angle of ice block (¢), °
CnnoyéHHocTb nbaa (c), kMa 7
Ice cohesion (c), kPa
ConéHocTb (S), r/n
Salinity (5), g/L 0,002
TonwwmHa nega (h), m 12
Ice thickness (h), m :
Bricota 06r1omkos (h,), M 20
Fragment height (h,), m
MnoTHocTb BoAbl (p, ), KriM® 1000
\Water density (p, ), kg/m®
YckopeHue, m/c? 981
Acceleration, m/s? !
KoadpcpuumeHT Myaccona (v)
. f : 0,3
Poisson’s ratio (v)
TpeHve mexay cTanbio 1 Nbaom (i)
) o 0,03
Steel—ice friction (u)
MopucTocTb LWebHs (e)
p 0,4
/Aggregate porosity (e)

PucyHok 2. 3D mogenb neaocTonkon 6ecnmMnoTHomn
caTtennuTHou nnaTtdgopmbl
Figure 2. 3D model of an ice-resistant unmanned
satellite platform
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6)

PucyHok 3. Pebpa xécTkocTn
Figure 3. Stiffening ribs
a) sud cboky / side view; 6) 8 pa3pese / cross-sectional view

PucyHok 4. YcTaHOBKa NefoCTOMKOM 6eCnMnoTHomn
caTennuTHon nnartdopma Ha Mope
Figure 4. Installation of an ice-resistant unmanned
satellite platform at sea

BcacbiBatowwme KONOHHbI B OCHOBaHUMU

nnatdopmbl

MpuHUMN BcacbiBaloLWen TEXHONOrMKU 3aKmio-
YyaeTcsl B TOM, YTO KOMOHHA CO34aéT BakyyMHOe Npu-
COCaHMWe K FpyHTY NoJ BO3AencTBMEM COBCTBEHHOIO
Beca nnatopMbl M MOSIHOMO OTKaYMBaHWSA BOAbI
13 BHYTPEHHEN NonocTn. ATo NPUBOAUT K NOrpyxe-
HUIO KOMOHHbI B FPYHT 3@ CYET pasHuLbl A4aBMNEHUNA.
CxemaTnyeckoe m3obpaxeHue npuHUMna pacnono-
)KEHUs1 BCacbIBaOWMX KOMOHH B OCHOBaHWM nnat-
OopMbl MPEACTaBEHO Ha puc. 4.

KoHuenumsa, onncaHHasa B nateHTte CLUA [20],
Hanbonee 6nuska K npegnaraemMon, OAHaKo eé
OCHOBHbIM HE[OCTaTKOM SIBMsSieTcsl HeadhhekTUB-

HOe LEeHTpMpOoBaHWe NIaTdopMbl MNpY YCTaHOBKe
Ha MopckoM aHe. CyLLecTByeT pUCK HepaBHOMEPHO-
ro pacrnpegerneHuvsi Hanopa BoAbl Mo NnoLwaan ceve-
HUS NNaTgOPMbI, YTO MOXKET MPUBECTU K MOKarbHO-
My MoAMbIBaHMIO rpyHTa. Boree npeanoyTUTEnsbHLIM
peLleHneM SIBISETCS YCTaHOBKAa OTAESbHbLIX BCAChI-
BalOLLMX KOSIOHH B OCHOBaHWUM NnatdopMsbl, rae Ha-
nop Ans HarHeTaHusi Boabl By4eT MeHee BbICOKUM,
a ynpaeneHue Kaxaoi KomoHHoi 6yaeT npolue,
YTO MO3BOMUT BblpaBHMBATL NNAT(OPMY B LIETIOM.

Pe3ynbTaTthl M 06CcyxaeHus

Bbiny yyTeHbl NpupoaHble M KnMMatuyeckue
YyCNoBUSI pernoHa B aHanuae, BKYas fenosble
1 BETPOBbIE Harpy3ku B ceBepHon Yactu Kacnumcko-
ro MOpsi PerroHe C IKCTPeMarbHbIMU 3HAYEHUAMY,
4YTO COOTBETCTBYET BEPOATHOCTW NMOBTOPEHNS COObI-
TUI odWH pa3 B CTO neT. Pac4éT nenoBbix Harpy3ok
NpoBOAUICS AN NbAa TomnwmHon 1,5 m, yunTbiBas
yron HaknoHa (a) n agMameTp BaTepnuHun (w).

VicxogHbl NpOeKT BKNOYaeT Tpu BapuaHTa
aBTOHOMHbIX HETSAHBIX NNAaTOPM Pa3nNUYHbIX pas-
MepoB AN pa3HoOOpasHbiX HedTAHbIX Y4acTKOB
B CeBepHou 4Yactun Kacnuiickoro mopsi:

e Manas (C guaMeTpom roprioBuHbl 9 m);

e  cpenHsia (C QUaMeTpoMm roprioBuHbl 12 m);

e Gonbluas (c auameTpom roprnosuHbl 15 m).

Bce mopenu obnapatoT ogMHaKoBbIM YITIOM
HaknoHa 60°. MNMockonbKy 3T KOHCTPYKUMW UMELOT
pasHbIi AvameTp BaTeprnuHWW, Npexge 4Yem ne-
penTn K aHanusy MeToAOM KOHEYHbIX 3f1eMEHTOB,
COOTBETCTBYIOLUME Nef0Bble HArpy3ku AnA Kaxaon
nnatopmbl  BbIMM  paccynTaHbl MO  CTaHAapTy
1ISO 19906:2019 [13]. 3aBMCUMOCTb Harpysku nbaa
OT BaTepnnHUM NokasaHa Ha pwc. 5.
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Normal force, N
\

20 30 40 50 60 70 80 90 100

Waterline diameter, m

PucyHok 5. 3aBucMmocTb Harpysku nbaa
OT BaTeprIMHUM
Figure 5. Ice load versus waterline

BbinonHeH BepxHeypoOBHEBbIN aHanus, co-
rMacHo KOTOPOMY ObIinMM paccMOTPeHbl Tpu BuAa
nnaTopmM ¢ pasnnYHbLIMU AUameTpamMm roprioBUHbI.
[aHHas paboTta HaueneHa Ha usy4yeHue BO3MOXHO-
CTWU MHTErpauum AByX TEXHONOIIA — CBali U BcacblBa-
IOLLIMX KOSIOHH ANSi MOPCKMX HETSAHbIX NnaTtdopMm.
[ns aToro 6bina paspabotaHa MaTeMaTnyeckasi Mo-
nenb Ha ocHoBe pekomMeHaauuii APl RP 2A2 [21], ko-
TOpasi NO3BOMSIET MMUTUPOBATbL pearsibHble YCIoBUS
B cumynsiumsix. MockorbKy Hala uenb — co3gaHue
naeanvavpoBaHHOW MOAENW, XapaKTEPUCTUKWN TPYH-
Ta ObINM UCKNIOYeHbl M3 paccMoTpeHus. OgHako
015 NpoBepkn peanbHou 3EKTUBHOCTM MOAENU
Heobxoaumo ByaeT NpoBeCTV NEfOBbLIE UCTIbITAHUS,
BKIHOYAsi TECTUPOBAHME Pa3fUYHOMO KOonu4ecTBa
cBal 1 ux rmybuHy 3abuBkn B NnegoBom HaccenHe.
Tonbko Mocne Takux WCMbITaHW MOXHO caenatb
BbIBOAbl O paboTocnocobHOCTM Mopenu B pearib-
HbIX YCMOBUSIX.

Manas nnatcdopma (c aMameTpom

roprnoBuHbI 9 M)

[ns nnatdgopmbl Manoro pasmepa pesynsra-
Tbl, MOMNyYeHHbIe C Ucnonb3oBaHnem MATLAB-koaa,
npeacTaeneHbl crnegylowmMm obpas3om: ropu3oH-
TanbHasa cuna (F,) coctasnset 2,84x107 H, Bep-
TukanbHas cuna (F,) — 1,53x10” H. Pacuér Beca
nokasbiBaeT 3HadeHne 902 T ¢ y4éToM cBa U Jo-
nonHuTensHoro Beca B pasmepe 30%. Kpome TOTro,
BeC BepxHel Yactu oueHnBancs B 1000 1. Cornac-
HO YMCMEeHHOMY MOAENVMpoBaHUI0 B Mporpamve
ANSYS FEAS®, npu 3apaHHbIX Harpyskax gaHHas
nnatopmMa UCMbITbIBAET MakcMmarbHOe Hanps-
XeHue 241 MlMa v gecdpopmauuto 34 mm (puc. 6-7).

PacuéT cean gns manorabaputHon nnartgop-
Mbl MOKa3an cregytolme pesynbsraThbl:

2

Ta6nuua 3. Hecywasa cnoco6HocTb cBaun
Ana Manow nnatgopmbl

Table 3. Load-bearing capacity of piles
for small-sized platform

Homepa cBai Cuna peakuum, H
Pile number Reaction force, N
Pile 1 1,69E+06
Pile 2 3,28E+06
Pile 3 5,18E+06
Pile 4 5,19E+06
Pile 5 3,28E+06
Pile 6 1,64E+06

CornacHo API RP 2A [21], cBau ¢ xapakTtepu-
CTUKaMK, NMPUBEAEHHLIMN HUXE, MOryT noaaepXu-
BaTb nnatgopmy Hebonblioro pasvepa WU UMeT
MaKcMMarbHYH NPOMyCKHY cnocobHocTb 6,37 MH.

Mpu pacyétax KOHCTPYKLMU CBaun Npeanaratot-
Csl cBau crnegyroLmx pasmepos (Tabn. 4):

Ta6bnuua 4. MapameTpbl cBan AnNs manoun
nnatdopmbi
Table 4. Pile parameters for a small platform

BHewHuit guameTp, MM
Outer diameter, mm

TonwmHa CTeHKH, MM
Wall thickness, mm

OnuHa cBan, M
Pile length, m

914

16

15

CpepnHsasa nnatdopma (c anameTpom

ropnoBuHbl 12 m)

[Ons nnatdopmMbl cpegHero pasmepa nefosble
HarpyakvM COCTaBWUMU Criegytoline 3HayeHus: ropu-
3oHTanbHas cuna (F,) paeHa 3,8869x107 H, BepTu-
KanbHasa cuna (F,) — 2,0913x107 H. MakcumarnbHbIi
BeC 3TON KOHCTpyKuuu coctasun 1326 71, Bkntoyas
cBau U OOMNOMNHUTENbHBIA 3anac Maccel B pasmepe
30%. Kpome TOro, onsi 4aHHOro NpoekTa BeC BEpX-
Hero cTpoeHus coctaBun 2500 1. Pesynbrathl aHa-
nn3a MeTOAOM KOHEYHbIX 3reMEeHTOB NpeacTakne-
Hbl Ha puc. 8-9.

Pacuétel Ha nnatdopme cpegHero pas-
Mepa nokasanu cnegylowime Harpyski peakuuu
cBau (Tabn. 5):

Ta6nuua 5. Hecywas cnoco6HocTb cBaun
ANs cpeaHen nnatdopmbl
Table 5. Load-bearing capacity of the pile
for the medium-sized platform

Homepa cBait Cuna peakuuu, H
Pile number Reaction force, N
Pile 1 3,565E+06
Pile 2 7,52E+05
Pile 3 6,50E+06
Pile 4 3,92E+06
Pile 5 6,07E+06

API RP (aHen. American Petroleum Institute Recommended Practice — ) — 310 Habop pyKkoBOACTB U NepeAoBbIX METOAOB

ana HerTF'IHOVI 1 ra3oBow NPOMBbILLITIEHHOCTH, yCTaHaBl'IVIBaIOLLI,VIﬁ TEeXHU4eCcKue Tpe6OBaHVIﬂ K o6opy,qosaHmo, npoueccam
n 6esonacHocTH, LUMPOKO ncnonb3yemble 454 NOBbILLEeHNA HaaeXXHOCTU U rapMOHU3aUun B OTpachu.

3

ANSYS FEA (aHen. Analysis System Finite Element Analysis — MeTon KOHeYHbIX 31EMEHTOB) — 3TO KOMMIEKCHOe

MHXXEHEepHOe nporpammHoe obecriedeHve oT komnaHum ANSYS, ucrnonb3ylollee MeTo[ KOHEYHbIX JMEMEHTOB Afs Bup-
TyanbHOro MOAENUPOBAHWS U aHanu3a noBeaeHust U3nMyYecknx 0GbEKTOB, NMO3BOIAS PacCUNTLIBATL NMPOYHOCTL, TENMOBbIE
NoTOKK, BUGpaLmm, rmapoanHaMuKy U Apyrve ranyeckme SBNEHNs B CIIOXKHBIX KOHCTPYKUMSX 40 UX (DU3MHECKOro CO3aaHus.
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a) 6)
PucyHok 6. PacnpegeneHve MexaHU4eCKOro HanpsikeHus Ans nnatgopmbl Manon pasmepa
(MakcumanbHoe HanpsbkeHue 241 MIMa)
Figure 6. Mechanical stress distribution for a small-sized platform (maximum stress 241 MPa)
a) sud cboky / side view; 6) usomempudeckuti 8ud / isometric view

a) 6)
PucyHok 7. [lechopmaums nnatdopMbl MMHMManbHOro pa3Mmepa (MakcumanbHas gecdopmauus 34 Mm)

Figure 7. Small-sized platform deformation (maximum deformation 34 mm)
a) sud cboky / side view; 6) usomempudeckuti 8ud / isometric view

a) 6)

PucyHok 8. PacnpeaeneHve MexaHU4eCKOro HanpskeHus Ans nnatopmbl cpeaHero pasmepa
(MakcumanbHoe HanpsbkeHue 314 MIMa)
Figure 8. Mechanical stress distribution for a medium-sized platform (maximum stress 314 MPa)
a) sud cboky / side view; 6) usomempuydeckuli 8ud e paspe3se / isometric cross-sectional view
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a)

6)

PucyHok 9. lehopmauus nnatcdopMbl cpegHero pasmepa (MakcumanbHas gecdopmaums 28 mm)
Figure 9. Medium-sized platform deformation (maximum deformation 28 mm)
a) sud cboky / side view; 6) usomempuyeckuti 8ud e paspe3e / isometric cross-sectional view

[Onsa pac4y€ToB KOHCTPYKLUUW CBall PEKOMEH-
[yeTCcs MCMonb30BaTb CBau yKasaHHbIX pa3mMepoB
(tabn. 6):

Ta6nuua 6. MapameTpbl cBau Ansi cpeaHen
nnatopMbl
Table 6. Pile design parameters for a medium-
sized platform

TonwuHa CTeHKn, Mm
Wall thickness, mm

OnuHa ceail, M
Pile length, m

BHewHui guametp, MM
Outer diameter, mm

1067 17 16

CBau Takux pasmepoB CMNOCOGHbI BbIAEPKM-
BaTb cuny 7,95 MH, 4yto siBHO Gonblue makcumanb-
HOW CUIbl peakumm.

a)

Bonblwasn HedTAHaA nnaTtcdopma

(c amameTpom ropnoBuHbI 15 M)

[ns nnatcdopmbl C roprioBMHOM OUaMETpoOM
15 m B nporpamme SolidWorks* 1 nocneayroLimx
MoamurKkaumax obLMA BeC KOHCTPYKLMU COCTaBWIT
1576 T, BKNoYas ceav 1M SOMOSMHUTENbHBLIN BEC B pas-
mepe 30%. Kpome Toro, BeCc BEpXHEN YacTu OLEeHM-
Banca B 7500 T. JlegoBble Harpysku, OeCTByOLLME
Ha HaKMOHHYI MOBEPXHOCTb, ObINM CredyrLLMMU:
ropusoHTaneHas cuna (F,) coctasuna 4,3188x10” H,
a BepTuKanbHasa cuna (F,) — 2,3237x107 H. Pesynsra-
Tbl @Hanu3a MeTOAOM KOHEYHbIX 3NIEMEHTOB MOof-
TBEPAUINM CMOCOBHOCTb KOHCTPYKLMWU BbiAEpXXMBaTb
nefoBble Harpyskm B AaHHbIX YCIOBUSX, NPU 3TOM
MakcumarnbHoe HanpsbkeHne coctaBuno 317 Mlla
npu makcumansHon gegopmauim 32 mm (puc. 10—11).

6)

PucyHok 10. PacnpeaeneHne mexaHM4ecKoro HanpsikeHus ans nnatgopMbl MakCMManbHOro pasmMepa
(makcumanbHoe HanpspkeHue 317 MIa)
Figure 10. Mechanical stress distribution for the maximum-sized platform (maximum stress 317 MPa)
a) sud cboky / side view; 6) usomempuyeckuti 8ud & paspe3e / isometric cross-sectional view

4 SolidWorks (ot aHrn. solid — TBépaoe Teno, works — paboTaeT) — NporpaMmHbI KOMMNEKC AN aBTomMaTtu3auum pabot
NPOMBILLIIEHHOTO NPeAnpUSTUSA Ha aTanax KOHCTPYKTOPCKOW M TEXHOMOrMYeckol noarotoBku npoussoactea. ObecneynsaeT
pa3paboTKy n3aenuii Ntobon CTeneHn COXHOCTM U HasHaYeHus.
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a)

6)

PucyHok 11. Jlehopmauusa makcumanbHon nnatdopmbl (MakcumanbHas gecdopmaums 32 Mm)
Figure 11. Maximum-sized platform deformation (maximum deformation 32 mm)
a) sud cboky / side view; 6) usomempuydeckuli 8ud e paspe3se / isometric cross-sectional view

Cunbl peakunn anst 6onblion nnargopmbl
cnepytowme (tabn. 7). CnegoBatenbHO, COrmacHo
ctaHgapTHomy pacyéty APl RP 2A [21], ans 6onb-
Lo nnatopMbl cBau Takoro paamepa CriocobHbl
obecneunTb JOCTaTOYHYIO YCTOMYMBOCTb M CMOCO6-
HOCTb BblAEpXMBaTb BHeLLHWEe Harpy3ku. [nsa pac-
YETOB KOHCTPYKLUMM CBan peKoMeHAyeTcs uc-
nonb3oBaTb CBaW yKa3aHHbIX pa3mepoB (Tabn. 5).
Takne cBaM UMEIOT HECYyLLYyK CMOCOBHOCTL CUMOoW
7,46 MH, 4tOo npeBblWaeT MakcUMarnbHyl cuny
peakuuu, UCnblTbiIBAEMYIO CBasiMu.

Ta6nuua 7. Hecywas cnoco6HocTb cBau
AnA cpegHen nnaTtcgopMbl
Table 7. Load-bearing capacity of the pile
for the medium-sized platform

Homepa cBait Cuna peakuuu, H
Pile number Reaction force, N
Pile 1 7,34E+06
Pile 2 3,26E+06
Pile 3 1,87E+06
Pile 4 6,54E+06
Pile 5 5,44E+06
Pile 6 2,15E+06

Ta6nuua 8. MapameTpbl cBan Ansa 6onbwon
nnatgopMbl
Table 8. Pile design parameters
for the maximume-sized platform

BHewHui guametp, MM
Outer diameter, mm

TonwmHa CTeHKU, MM
Wall thickness, mm

1067 17 15

OnuHa ceail, M
Pile length, m

JlepokonbHas 4YacTb BCEX KOHCTpyKuuiA 6onb-
LUe BCEro NoABep)KeHa BbICOKMM Harpyskam, Bapbu-
pylowmmesa B avanadoHe 200-315 Mla, kotopble
3HAYUTENbHO MpPEBbLIWAT  AOMNYCTUMbIE  3HaJe-
Husa 230 MlMa. Xotenocb 6bl OTMETUTL, YTO BbICO-
KM€ Harpysku HOCAT NoKasbHbI XapakTep, noaTo-

My ANS UCKMIOYEHWs nnacTuyeckon pedopmauuv
B JOKaNnbHbIX MecTax AOMyCTUMOE HanpsbkeHue
NPUHUMAETCA paBHbIM Mpefeny Teky4yecTn mare-
pvnana 345 Mla (tonwwHa cTeHkn 40 Mm). Takum
06pa3om, KOHCTPYKLMSI OMOPHOrO OCHOBaHWUSI Nnat-
opMbl cunTaetcsa npuemnemont. lNonoe npoctpax-
CTBO 1e0KOMNbHbIX KOHCTPYKLUMI 3anonHsaeTcsa ne-
CKOM AnS YNPOYHEHWNS KOHCTPYKUMIN U yBENUYeHWs
CTabuUbHOCTU Ha MOPCKOM AHe. DPEKT BNUSHUS
necka Ha MPOYHOCTb He Obin BKIIOYEH B AaHHbIN
pacyéT, noaTomy npu 6onee AeTanbHOM paccmoTpe-
HWUM MPOYHOCTb KOHCTPYKLUMI ByAeT HaMHOro Bbille
ponyctumoro 3HaveHus 345 MlMa. MNogo6Ho makcu-
MarnbHbIM Harpyskam, gedopmaumsa Bo BCex mnar-
cdopmMax HOCUT NOKanbHbIN XapakTep, U HUKaKUX
HapyLeHui cTabunbHOCTU NnaTtdopmbl He 0bHapy-
XeHo. JlokanbHble Aedopmaummn 34 MM (MUHUManb-
HbI pa3mep), 28 MM (cpegHuin pasmep) U 32 MM
(MakcumaneHbI pasMep) HEKPUTUYHbIE U MOTYT
ObITb HUBENMPOBAHbI 3@ CYET YyNPOYHEeHUs pébpamu
XECTKOCTW B 3TUX MECTax N NECOYHON CMECHIO BHY-
TPV NegoKONbHON KOHCTPYKLMK.

3akntoyeHue

B xopge paHHOro wuccnegoBaHust Obina usy-
YeHa HoBasl KOHLEeNuUMsi aBTOHOMHbIX HeTSHbIX
nnargopm pasnuyHbIX pasmepoB — manbix (C Au-
aMeTpoM roprnoBuHbl 9 M), cpegHux (C AuameTpom
roprnoBuHbl 12 M) 1 6onbluMX (C AMamMeTPOM ropro-
BUHbI 15 M), NpeaHa3HaYeHHbIX A4S UCNOMb30BaHMS
Ha CeBepHom Kacnuu. HecmoTpsi Ha TO, YTO KOH-
Lenuusa aBTOHOMHBIX HEDTSHbIX MaTopM LUMPOKO
nM3BecTHa B HedTerasoBor MPOMbILLIIEHHOCTH, OHa
elé He MpuMeHAnacb B Ka3axCTaHCKOM CeKTope
Kacnuiickoro mopsi. Takve nnatdopmbl MOryT GbiTh
nonesHbl Ans A4oObluM TPyQHOM3BIEKAEMbIX 3ana-
coB B Cesepo-KacnuickoMm pernoHe B yCrnoBusix
nbaa. OgHol U3 KNo4YeBbIX 0COOEHHOCTEN HOBOW
KOHLENUUN SBMNSETCA MPUMEHEHME BCacbiBalo-
LLUMX OCHOBaHWIN B AOMOSIHEHME K OObIYHBIM CBasim,
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4YTO MOXET MOBBLICUTb YCTOWYMBOCTb MNaTOpPMbl.
B pamkax uccnepoBaHusa 6bin npoBegeH pacyér
Beca nnatgopm M nefoBblX HAarpy3oK C MCMOMb-
3oBaHunem ISO 19906:2019 [19]. AHanu3 mMeToaoMm
KOHEYHbIX 91eMEeHTOB Nnokasar, YTo Takme KOHCTPYK-
LMK CNocoBHbI BbIAEPXKMBATL Harpy3ku, BbI3BaHHbIE
nefoBbIMK MblGaMK, 3a UCKIIOYEHUEM HEKOTOPbIX
3KCTpPeMarnbHbIX NTOKanbHbIX BO3AENCTBUIA, KOTOPbIe

AONONHUTENbHO

UcTouyHMK hpuHaHCcupoBaHuUA. ABTOpbl 3asaBns-
0T 00 OTCYTCTBMM BHELUHEro UHAHCUPOBaHUS
npu NPoBEAEHUN UCCnegoBaHus.

KoHdbnukT uHTepecoB. ABTOpbI AeKNapupyT oT-
CYTCTBME SBHbIX W MNOTEHUManbHbIX KOH(NUKTOB
WHTEPEeCOoB, CBA3aHHbIX C Mybnukaumnen HacTosLLen
cTaTtbu.

Bknap aBTopoB. Bce aBTOpbl NOATBEpPXAAKT CO-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
kputepusim ICMJE (Bce aBTOpbI BHECINUN CYLLECTBEH-
HbIi BKMag B pa3paboTky KOHUenuun, npoeedeHune
nccneaoBaHWA M MOArOTOBKY CTaTby, MPOYNN U OA0-
Opvnu  cuHanbHylo Bepcutio nepen  nybnukaum-
e). Hanbonblunin Bknag pacnpenenéH cneayowmm
obpasom: AnbxaHoB H.K. — cbop, aHanus, npose-
OeHvne uccnenoBaHWs, HamucaHwe PYKOMUCU, WH-
TepnpeTauusi AaHHbIX CCNeaoBaHus, NpoBepka pe-
3ynbratoB; Trnewes M.T. — HTepnpeTaums gaHHbIX,
npoBepka pe3ynsTaTos; KOHLENLUWA UCCNEefoBaHNs.

CMUCOK UCMNONIb30BAHHOM NIUTEPATYPBI

MOTyT ObITb NErKO CKOppeKTupoBaHbl. JedopmMaumm
TaKWX KOHCTPYKLMI TaKke HaxoasaTcsa B npeaenax Jo-
nycTMMbIX 3HaYeHu. Kpome Toro, Ang Kaxaow nnat-
dopMbl  ObINM NpoBefeHbl PacyETbl KOHCTPYKLMIA
cBai. [Npegnaraemasi HOBasi KOHLENUWSA aBTOHOMHbIX
HedTAHbIX NnaTtopM MOXET npeacTaBnsATe cobon
WHHOBALIMOHHOE pelleHve Ans paboTtbl B NnefoBbiX
ycnosusix CeBepo-Kacnumckoro pervoHa.
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OerMHaanoe unccnegosaHue

Co3gaHue aBTOMaTU3MPOBAHHOIO MOAYIIS MO OLeHKe
ynpaBneH4YecKoro pesepBa Ha HenpeaBUAEHHbIe pacxoAabl
npu NIaHUPOBaAHUN CTPOUTENbLCTBA HepTerasoBbiX OO HLEKTOB

C.B. YuxkukoB, E.A. ly6oBuukas, P.H. AxmetoB, C.A1. KagbipoBa
Ingenix Group, e. Mockea, Poccus

AHHOTALMUA

O6ocHoBaHMe. CyulecTBylOWME POCCUINCKME W MexXAyHapoaHble NpUHLUMNbl  (DOPMUPOBaHUS
ynpaBrneH4Yeckoro pesepBa Ha HenpeaBuaeHHble pacxogbl (ganee — PHP) npu nnaHvupoBaHun
KanuTanbHOTO CTPOMTENbCTBA B HeTErasoBOW OTpacniM WMMEKT CYLUECTBEHHblE pasnuuus. ABTOpbI
npegnaralT CcoOCTBEHHYO MeToauKy oueHkn PHP » onucbiBaloT anroput™ pacyétoB Ha 6Gase
aBTOMaTU3NPOBaHHOIO MoOAynsA ynpaeneHus puckamu, paspabotaHHoro OOO «UMHaxeHuke [pyn»
Ha OCHOBE 3TOW METOAMKMN.

Lenb. Llenbto paboThbl sBnsieTcs 6ornee KOPPEKTHbIA YY4ET PUCKOB NPU OLEHKE HedTerasoBbiX NPOEKTOB
B 3aBMCVMMOCTW OT CTagun peanu3aunm HedTerasoBbIX MPOEKTOB U CAOXHOCTN OOLEKTOB KanuTanbHOro
CTpoUTENbLCTBA.

Matepmanbl U MeToAbl. B OCHOBY MeTOAMKM MOMOXEH CUMHTE3 MEXAYHapPOAHbIX MPaKTUK, BKIOYas
knaccucpmkaumio  MexayHapooHoM — accoumaumyM  pasBUTUSE  CTOMMOCTHOTO  UHXUHUMpuHra AACE
International (ganee — AACEI) n pekomeHgaumn OenaptameHta aHepretukn CLUA (nanee — DoE),
a TakKke POCCUMCKMX HOpMaTMBOB. ABTOpbI MpeanaratloT agantupoBatb Auanas3oHbl PHP ot DoE
K knaccam TouHocTM AACEl v npyMeHuTb X Ha NOOOBLEKTHOM YPOBHE, COOTHECH C POCCUACKUMU
CTagusaMy NPOEKTUPOBaHWUsS. ABTOMAaTU3UPOBaHHbLIM Moaynb oueHkn PHP peanusoBaH B coctase
aBTOPCKOro MPOrpaMMHOrO KOMMMeKca Mo OueHKe 3aTpar HedpTeraszoBbix npoektoB Ingenix Cost
Manager®.

PesynbraTbl. B cratbe npeactaBneHa AeTanusvpoBaHHas WHgopMauusi €  pekoMeHAauMsiMu
no senuunHe PHP B 3aBuncMocTy oT ctagum npoekta (TOO, npoekTHas AOKyMeHTaums 1 np.) n knacca
CNOXHOCTU o6bekTa. MeToamka NpoTecTMpoBaHa Ha peanbHOM MPOEKTE, NokasaB BO3MOXHOCTL pacyéTa
060CHOBaHHOIO COBOKYMHOTO pe3epBa Mo MpOekKTY.

3akntoyeHue. lMpeanoxeHHas MeToAuka MO3BOMSET KOMMYEeCTBEHHO oueHWTb PHP Ha pasnnuHbix
cTagusax, yunTbiBasi crneundmrKy U CrOXHOCTb KaXaoro o6bekTa, YTO CMOCOGCTBYET CHWDKEHWIO PUCKOB
HegohMHaHCMPOBaHUST U MOBbLILLEHUID BEPOSITHOCTU cobnoaeHns GrooKeTa M LeneBblX nokasatenemn
peHTabenbHOCTN npoekTa. ABTOMaTU3MPOBAHHLIA MOAYMb OLIEHKM MO3BOMSET B PeXume 3Kcnpecc-
OLEHKN NPOWU3BOAUTL PaCYETbl C YY4ETOM BCEW AOCTYMHOW MO MPOEKTY WHGOPMaUMU U KOPPEKTHO
yunTtbiBaTtb pasamep PHP npu oueHke cToMmMocT cTpomTenscTBa OGLEKTOB.

Knroyeewle crioga: HenpedsuldeHHble pacxoldbl, pe3eps, obycmpolicmeo Heghmeaa3o8020
MecmopoXxOeHUs, MPedrnpoeKmMHasi oOueHKa 3ampam, KarnumarsbHble 8/10KeHUsl, CmouMocmHasi Mooerb,
6a3bl OaHHbIX 10 3ampamam, yrpasneHue puckamu, yrpasrieH4yeckul pe3eps.
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Development of an Automated Module for Assessing the
Management Reserve for Contingencies in Oil and Gas
Construction Planning

Sergey V. Chizhikov, Yekaterina A. Dubovitskaya, Rustem N. Akhmetov, Satya Dzh.

Kadyrova
Ingenix Group, Moscow, Russia

ABSTRACT

Background: Existing Russian and international principles for establishing management reserves
for contingencies (hereinafter — MRC) in capital construction planning within the oil and gas sector
differ significantly. The authors propose their own methodology for assessing the MRC and describe
a calculation algorithm based on an automated risk management module developed by Ingenix Group
LLC using this methodology.

Aim: The aim of this work is to provide a more accurate accounting of risks in the evaluation of oil
and gas projects, taking into account the project implementation stage and the complexity of capital
construction facilities.

Materials and methods: The methodology is based on a synthesis of international practices, including
the classification of the Association for the Advancement of Cost Engineering International (hereinafter —
AACEI) and the recommendations of the U.S. Department of Energy (hereinafter — DoE), as well
as Russian regulations. The authors propose adapting the DoE contingency reserve ranges
to the AACEI accuracy classes and applying them at the individual project level, aligning them
with Russian design stages. The automated MRC assessment module is implemented as part
of the proprietary Ingenix Cost Manager® software suite for evaluating costs of oil and gas projects.
Results: The article provides detailed information and recommendations on the size of the MRC
depending on the project stage (feasibility study, design documentation, etc.) and the complexity
class of the facility. The methodology has been tested on a real project, demonstrating the feasibility
of calculating a justified total contingency reserve for the project.

Conclusion: The proposed methodology facilitates a quantitative assessment of the MRC at different
project stages, considering the specific characteristics and complexity of each facility. This approach
helps mitigate the risk of underfunding and enhances the likelihood of compliance with the budget
and achievement of the project’s targeted profitability. The automated assessment module enables rapid
calculations using all available project data and ensures accurate incorporation of the MRC in evaluating
the construction costs of facilities.

Keywords: contingency; reserve; development of an oil and gas field; pre-project cost estimate; capital
investments; cost model; cost databases; risk management; management reserve.
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TynHycka 3epTTey

MyHai-ra3 o6beKkTinepiHiH KypbibICbIH XXocnapnay 6apbicbiHAa
KyTnereH WhbifbIHAapFa apHanfaH 6ackapywbifbIK pe3epBTi
Oaranay 6oMblHLIA aBTOMATTaHAbIPbLIIFaH MoAYyNbAI KYpYy

C.B. YuxkukoB, E.A. ly6oBuukas, P.H. AxmetoB, C.A1. KagbipoBa
Ingenix Group, Mackey Kanacsi, Pecel

AHHOTALMUA

Herizgey. MyHan — ras canacblHaarbl KypAeni KypbinbICTbl XKocnaprnay KesiHae KyTnereH LbifblHAapFa
apHanfaH OGackapywbinblk pe3epsTi (OyaaH opi-KLWP) kanbinTacTelpyablH KongaHbICTarbl pecensik
XoHe Xxanblkapanblk KaFugatTapbiHAa anTaprbikTan ambipmalwbinbiktap 6ap. Astopnap  KLWP
GaranayablH ©3iHAik aaicTeMeciH yCbiHaabl xaHe ocbl agictemeHiH Heridinae «HmpkeHuke Mpyny» XKLLK
asipnereH Toyekengepai 6ackapyablH aBTOMaTTaHAbIPbIIFAH MOAYMiHIH HerisiHge ecenTey anropuTMiH
cunaTTanasl.

MakcaTtbl. XKyMbICTbIH MakcaTbl MyHal ras »obanapblH iCKe acblpy caTbICblHA XaHe Kypaeri Kypblbic
obbekTinepiHiH Kypaeninirive GannaHbICTbl MyHaw ra3 >xobanapbliH OGaranay kesiHoe Tayekengepai
HeFyprbiM AypbIc ecenke any 6onbin Tabbnagbl.

Martepunanpap MeH agictep. Dgicteme AACE International xanbikapanblk KyHObIK WHXUHUPWHITI
OaMbITy KaybiMaacTbiFbiHbIH (OyaaH api — AACEI) xiktenyiH xaHe AKLL aHepreTuka genapTaMeHTiHiH
(6ynaH epi — DOE) ycbiHbICTapbIH, COHAaW-aK peceunnik HopMaTMBTEPAI Koca anfaHaa, Xanblkapanbik
Toxipnbenepain cuHTesiHe HerizgenreH. AsTopnap DoE-pgeH KWP guanasongapbiH AACEI panpik
KnactapblHa Oewvimaeyai xaHe onapgbl pecewnik Ou3anH keseHaepimeH OannaHbiCTbipa OTbIpbIN,
obbekTinik AeHrerae konaaHyabl ycbiHadbl. KLUIP 6aranayablH aBToMatTaHabIpbinFaH mogyni Ingenix
Cost Manager® myHai-ras »xxobanapblHblH LWbIFbIHAAPbLIH OaFanay XeHiHaeri aBToprbik 6argaprnamanbik
KeLleH KypamblHAa icke acbipbingbl.

HaTtuxenepi. Makanaga »o6aHbiH caTbicbiHa (TOH, xobanblk KyxatTama xeHe T.6.) eHe OBbeKTiHiH
Kyp4eninik knaceiHa 6arnanbicTel KLWP wamackl 6onbiHWwa yCbIHbICTapbl 6ap enken-Tenkenni aknapat
GepinreH. Opicteme xoba OoWblHLWA Heri3aenreH XWbIHTbIK Pe3epBTi ecenTey MYMKiHAIrMH KepceTe
OTbIpbIN, HaKTbI )x00aaa cbiHangbl.

KopbITbIHABI. YCbIHbIFaH 94ic 8p OObEeKTiHIH epekweniri MeH Kypaeninirii eckepe oTbIpbIn, ap Typni
keseHaepae KLWP caHablk Garanayra myMmkiHAiK 6epegi, 6yn XKeTKinikcia KapXblinaHablpy ToyekenaepiH
asanTyra >xoHe OLMKETTIH cakTany bIKTUMangblfblH XaHe >obaHblH peHTabenbainiriHii MakcaTTbl
KepceTKilUTepiH apTTbipyFa kemekTecedi. ABTomaTTaHablpbinFaH Garanay mogyni akcnpecc-bGaranay
pexumiHge xoba OombiHWa Kon xeTimai 6apnblk aknapaTTbl eckepe OTbIpbIN, ecenTeynep Xyprisyre
XXoHe OOBLeKTINep KypbinbiCbiHbIH KyHbIH Oaranay kesiHge PHP mernwepiH aypbic eckepyre MyMKiHAIK
Gepeni.

Hezizzi ce3dep: KymnezeH wWhlifbicmap, pe3eps, MyHali-ea3 KeH OPHbIH Xalinacmbipy, WhlfbIHOapOb!
)xobanay andbiHOarbl baranay, Kypoeni canbiMdap, KyH moderni, wbifbiHOap 6olbiHwa depekmep
ba3sacbl, mayekendepdi backapy, backapy pesepsi.

[anekce3 KenTipy yLiH:

YHuxukos C.B., [ybosuukas E.A., Axmemos PH., Kadbiposa C.[. MyHain-ra3 o6bekTinepiHiH KypbinbICblH
ocnapray OapbiCbiHOA KyTnereH LWbiFbIHAApFa apHanfFaH Gackapylbinblk pe3epBTi Oaranay 6GowblHLWA
aBTOMaTTaHAbIpbifiFaH MoaynbAi Kypy // KasakcTaHHbIH MyHaw-ras canacbliHbiH xabapibicbl. 2026. 8 ToMm,
Ne1. 113-122 6. DOI: 10.54859/kjogi108947.
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BBeneHune

B npouecce peanusauum HedTerazosbix Npo-
€KTOB KOMMaHWW CTankvBalTCH C GOnbLUMM KOMu-
YeCTBOM HeonpeaenéHHoCcTen, KOoTopble BAMSAIOT
Ha KOHeYHbI pesynbrat. MeHsoTCa Kak reonoru-
Yeckne U TeXHUYEeCcKne OLEHKM, Tak U COOTBETCTBY-
owpe UM BroKeTbl HA CTPOUTENBCTBO W 3KCMMya-
Taumo obbekToB. B Teopum oueHka Grogkerta yxe
[JOMKHa BKINtoYaTh onpeaenénHbii PHP, ogHako na-
paMeTpbl, OT KOTOPbIX 3aBUCUT 3TOT pe3eps, U cama
ero BenunyvHa ABNaloTCs npegmeTamMmmn UCKYCCUNA.

ABTOpbI CTaTby pa3paboTanu CBOK METOAUKY
oueHkn PHP gnsa npoektoB obycTponcTBa HedTe-
rasosblx MecTopoxaeHun [1]. Ha gaHHbIN MOMEHT
aTa MeTodMKa NpPUMEHSeTcs KomnaHuen Ingenix
Group B paboTe No oueHKe pearbHbIX HedTeraso-
BbIX NPOEKTOB.

[na npumeHeHns AaHHOW MeTOAMKW Mpu pe-
LWEeHUN NpaKTUYecknx 3agad Obino MnpuHATO pe-
leHne o paspaboTke COOTBETCTBYIOLLEr0 aBTOMa-
TU3MPOBaAHHOIO MOAYnsA B cocTaBe COOCTBEHHOro
nporpaMMHOro KoMnneKkca fno oLueHke 3aTpaT 1 aHa-
nm3y apPEKTUBHOCTU MHBECTULIMIA B HE(pTErasoBble
npoekTbl Ingenix Cost Manager®'.

MexxayHapoaHbI onbIT U oTpacneBbie

NpaKkTuKn

B pa3paboTke aBTOpPCKOW METOAMKM MO OLIEHKe
ynpaBneH4yeckoro pesepsa akcneptbl Ingenix Group
YUUTBIBaANu yXe CyLlecTBylOLLUME NpakTuku. B kave-
CTBE MEPBOOYEPENHOrO Wara ObINo U3y4eHo npak-
Tuyeckoe npumeHeHune wmetogonorun AACEI, wuc-
nonb3yemou Npu NPOEKTUPOBAHNM U NITAHMPOBAHUN
CTPOUTENbHbIX 0OLEKTOB B pasHbIx oTpacnsx. [aH-
Hasi MeToAoNorNst yCTaHaBMMBaET MHTEPBanbl BO3-
MOXHbIX OTKITOHEHWUI B OLleHKe CTOMMOCTH, KOTOpble
KOppPEenupyrT C YPOBHEM AeTanv3aumn MpOeKTHOW
OOKyMeHTauun / ctaguert peanusaumu npoekTaZz.
Ha ocHoBe aTux MHTepBanoB BBOAATCA NSATb rpaga-
LUA TOYHOCTU OLIEHKM, e NepBOM NpucBavBaeTCs
BbICLLAsA CTENEeHb HAgEXHOCTN, a NATON — HAaUMEHb-
Las, COOTBETCTBYHOLLASA HavyanbHbIM, KOHLENTyanb-
HbIM CTaausIM NPOEeKTa.

OpHako B pamkax metogonorun AACEI otcyT-
CTBYIOT YETKME HOPMATUBHbIE YKa3aHus N0 pa3Mmepy
PHP gnsa kaxgon 3 rpagaumii To4HOCTU. PelueHne
O HOpMaTMBHOM MPOLIEHTE TaKoro pes3epBa Mnpu-
HMMaeTCs MHXEHEePOM-CMETYMKOM Ha OCHOBE €ero
NPOeCcCMOoHanbHOMO CYy>XKOEHUA U HOCUT XapakTep
9KCNEPTHOW OLIEHKM.

Pexomengaunmm no BenunumHe PHP copep-
xaTcs B PykoBoacTee no oueHke ctommocTtu (Cost
Estimating Guide) [lenaptameHTa aHepretuku CLUA
(DoE)® n Takke CTpyKTYpMpOBaHblI B COOTBETCTBUU
¢ knaccamu ToyHocTu AACEI. Ha atane koHuen-
Ta npeanaraeTcs 3anoXuTb pe3epB B pasmepe

oT 20% 1o 30% OoT BENWYMHbI KanuTanbHbIX 3aTpaTt
(Bo3mOXHO A0 50% Ans yHUKanbHbIX OOBLEKTOB),
Ha aTane KoHTpakTtoBaHus — oT 5% 8o 15%. Peko-
MEH0BaHHbIA HOPMATUBHbLINA NPOLEHT NMPUMEHSIET-
CS1 KO BCEMY MPOEKTY.

Poccwuiickuii onbIT oueHku PHP

Bonpoc onpegenenns PHP pernameHTtupy-
eTca Ha JTane MOAroTOBKM NPOEKTHOW M pabouyen
AOKyMEHTaLun, B YaCTHOCTU, NPU COCTaBNEHNN CBO-
[HOro CMETHOro pac4éTa. OTOT NopPsAOK 3aKpennéH
B «MeToamke onpegeneHuss CMETHOW CTOMMOCTU
cTpouTenbeTBa...», yTBepxaéHHon B 2020 r.4 (na-
nee — MeToguika).

Kak ykasaHo B gaHHou Metoauke, Heobxoaum-
MOCTb (popmupoBaHus PHP cBa3aHa ¢ BO3MOXHbI-
MW KOPPEKTUPOBKaMU, KOTOPble MOTYT BO3HWUKHYTb
Ha nocreayroLwmx atanax NPoeKTMPOBaHWA: Npu ae-
Tanusauum paboyer JOKyMEHTauMu Unu B npouec-
Cce caMoro CTpouTEenbCTBa BCIEACTBME YTOYHEHUS
nepBoHaYarnbHbIX NPOEKTHbIX pelleHnin nubo nave-
HEHWI ycnoBu peanusaumu npoekta. Hopmatus
pe3epBa BblpaxaeTcsi B MPOUEHTax OT MTOroBOW
CTOMMOCTW CTPOUTENLCTBA NO CBOAHOMY CMETHOMY
pacyéTy (nanee — CCP) n coctasnset ot 2% (06b-
€KTbl HEenpou3BOACTBEHHOrO HasHayeHus) o 10%
(yHVKanbHble  00beKkTbl). AHanM3  MOKasblBaEeT,
yTo Aewicteylowme B PP HopmaTuBHble Tpebosa-
HMA No (POPMUPOBAHNIO pesepBa Ha HenpeaBuaeH-
Hble paboTbl M 3aTpaTbl OPUEHTUPOBaHblI Ha CTa-
OVI0 MpoeKTa C BbICOKOW CTEMeHbl AeTanu3aumm
1 He obecnevnBaloT NOMHOLIEHHOW OCHOBbI A5 CO3-
OaHnsa yHuBepcanbHOW MeTOAWKW, KOTopasi Mo3Bo-
nana 6bl nocnegoBaTenbHO OLEHMBATb CTOMMOCTb
o6bekTa KanuTanbHOro CTPOUTENBLCTBA Ha NPOTSXKe-
HWUN BCEro €ro XM3HEHHOro LMKNa — OT KOoHuenuuu
[0 peanusauun.

HeobxoanMo Takke OTMETUTb, YTO E€AMHbIX
oTpacneBbIX CTaHOapToB HopmupoBaHus PHP,
pa3paboTaHHbIX KakuM-nmbo HerocyaapCTBEHHbIM
npodeccroHanbHbIM 0BLLIECTBOM 3KCNEPTOB U Npu-
HATBIX OOMBLIMHCTBOM YYaCTHUKOB pbiHKa (aHanor
AACEIl), He cyuwectByeT. Kaxaas HedTerasosas
KOMMNaHusa padpabaTtbiBaeT 1 NpUMeHsieT Ans 3agaq
BHYTPEHHEro nnaHnpoBaHUsi COBCTBEHHbIE MOAXO-
bl K pac4éty PHP, koTopble, Kak NpaBumno, SBnsT-
Cs1 KOMMEPYECKOWN TanHOWN.

MaTepuanbl n Mmetoabl

Ha ocHoBe aKkcnepTu3bl B cdhepe OLEHKM NPOoek-
TOB HedTerazoBow oTpacnu komnaHus Ingenix Group
cosfjana aBToOpcKyl Metogonoruto pacyéta PHP
ans o6bekToB 0OYCTPOMCTBa MecTopoxaeHui [1].

AHanu3 cunbHbIX U cnabblX CTOPOH CIOXWUB-
Lencs MexayHapoaHOM U POCCUMCKOW NPaKTUKK
nossonun cneuuanuctam Ingenix Group cdopmu-

MporpammHoe o6ecneveHune ans oueHkn 3atpar Ingenix Cost Manager
ISO 9000:2015 Quality management systems — Fundamentals and vocabulary.

1
2
3 Cost Estimating Guide DOE G 413.3-21A
4

Mpuka3 MyHWUCTepCTBa CTPOUTENBLCTBA U XUMMLLHO-KOMMYHanbHOro xo3anctea Poccuiickon ®epepauum ot 04.08.2020 N
421/np (pea. ot 23.01.2025 .) «O6 yTBep>XAeHUN MeToaMKu onpeaeneHns CMETHOM CTOMMOCTM CTPOUTENBLCTBA, PEKOHCTPYKLMK,
KanuTanbHOro PeMoHTa, cHoca OObEKTOB KanmuTasibHOTO CTPOMTENbCTBa, PaboT MO COXpaHeHU OOBEKTOB KyrbTYPHOTO
Hacneaus (NaMsTHUKOB UCTOPUK U KyNbTypbl) HapofoB Poccuiickoin deaepaumm Ha TeppuTopumn Poccuiickon deanepaumm»
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poBaTb nogxon, B kotopom pa3mep PHP onpegnens-
eTcs ABYMS KMo4eBbIMU hakTopamu:

CTeneHblo TOTOBHOCTU MPOEKTHOW AOKY-
MeHTauun Ans OTAEenbHOro obbekTa KanuTanbHOro
CTPOUTENbLCTBA;

YPOBHEM  TEXHOMOMMYECKOW CIOXHOCTU

obbekTa.

[ns BbIMUCNEHUS KOHKPETHBIX 3HAYEeHUW pe-
3epBa OblNM y4YTEHbI, B YACTHOCTY, yKa3aHus us Py-
koBoacTea DoE, cooTHEeC&HHbIe € Knaccamm TOYHOC-
™1 metogonorun AACEI, HO cKOppekTUpOBaHHbIE
C Y4Y4E€TOM poccuiickor cneuudukm. Kpome Toro, onu-
pasicb Ha NPaKTUYECKUIA OMbIT, AKCMEPTbl KOMMaHWUK
yCTaHOBWUIMM COOTBETCTBUE MexXAy Knaccamu TOYHO-
ctn AACEI n ctagnsimm npoekTMpoBaHUs, NPUHATbI-
mu B Poccum (Tabn. 1).

Momumo aToro, cneumanuctbl Ingenix Group,
onupasicb Ha BHYTPEHHOO 6a3y AaHHbLIX MO CTOU-
MOCTW aHanornyHblX NPOEKTOB U MPUHSITYIO B Hed-

TerasoBoM CTPOMTENbCTBE Knaccudukaumio, npo-
Benn Karteropusaumio 06beKToB 0OycTpomncTBa
MECTOPOXAEHWUM MO YPOBHIO CrIOXHOCTN. OCHOBHON
NPUHLMN 3aKNovaeTcsl B TOM, YTO POCT KONMYecTBa
TEXHOMOrMYECKMX MOAYNen U CBA3EN MEXZY HUMM
HanpsiMyto MOBLILIAET CMOXHOCTb NMPOEKTUPOBaHNS
1 Bo3BefeHNs obbekTa.

[ns onpepeneHvs BenuYMHbLI pesepsa Ha He-
npeaBuaeHHble pacxoabl Bce 00bekThbl ObinM Knac-
cndUUMpoBaHbl 3KCnepTamMy Ha Tpu rpynnbl: npo-
CTble, CPEAHEN CMOXHOCTMN U CIIOXHbIE.

K npocTbiM OTHOCSTCA MPOEKTbl, B OCHO-
BE KOTOPbIX NexaT TUMOBblE PelleHUs U KOoTopble
BKIHOYAIOT OrPaHNYEHHOE YWCINO TEXHOMOrMYECKUX
KOMTMOHEHTOB (brokoB). CTeneHb CIOXHOCTU BO3-
pacTaeT NponopLMOoHanbHO YHUKanbHOCTU OObEKTa,
yBENUYEHNIO COCTaBa TEXHOMOrMYECKUX INeMeH-
TOB U YCNOXHEHWUIO CUCTEMbI B3aUMOCBSI3E MEX-
ay HuMK (Tabn. 2).

Ta6bnuua 1. CooTBeTCTBME 3TanoB peanusaumm npoekroB AACEI n poccuickux atanos
NnaHUPOBaHUSA CTPOUTENbCTBA
Table 1. Correspondence Between AACEI Project Execution Stages and Russian Construction

Planning Stages
Poccuiickue ctagum NnpoekTUpoBaHus Knaccbl TouHocTtu AACEI Oxunpaembin gmanasoH ToyHoctu AACEI
Russian Design Stage AACEI Accuracy Class Expected AACEI Accuracy Range

TSO. OCHOBHbIE TEXHUYECKNE PELLIEHUS Knacc 5 BepxHsisi rpanuua: +30% ao +100%
Feasibility Study. Key Technical Solutions Class 5 Upper bound: +30% to +100%

HwxkHas rpanuua: -15% ao -30%
MpoekTHas AoKyMeHTauust Knacc 4 BepxHss rpanuua: +20% no +50%
Design Documentation Class 4 Lower bound: -15% to -30%

Upper bound: +20% to +50%

HwxkHsas rpanuua: -10% ao -20%
PaGOﬁaﬂ HOKyMEHTaLWS 1 ccp . . Knacc 3 BepxHss rpanumua: +10%a00 +30%
Working Documentation and Construction & Installation  Ano, o
Works (CIW) Class 3 Lower bound: -10% to -20%

Upper bound: +10% to +30%

HwxHas rpanuua: -5% no -15%
MpoBefeHne TEHAEPOB U 3aKMioYEHNE OrOBOPOB Knacc 2 BepxHss rpanmua: +5% no +20%
Tendering and Contracting Class 2 Lower bound: -5% to -15%

Upper bound: +5% to +20%

HwxHas rpanuua: -3% no -10%
IAHanu3 nnax-gakTa NoCTPOEHHbIX 06BLEKTOB Knacc 1 BepxHss rpanuua: +3% no +15%
Post-construction Plan vs. Actual Analysis Class 1 Lower bound: -3% to -10%

Upper bound: +3% to +15%

TOO / FS — mexHuko-akoHomu4eckas oyeHka / Feasibility Study

Tabnuua 2. Knaccbl CNOXHOCTU 06BHEKTOB HedpTerasoBoro cTpouTenbcTBa [4]
Table 2. Complexity Classes of Oil and Gas Construction Facilities [4]

Knacc cnoxHocTtu Konuuectso
. MeToavka oLleHKH
cornacHo Ingenix Tun o6bekTa TeXHOmNormyeckmx 6rokos v
Group obycTpourcTBa Knaccudukatop (anemeHTOB cucTeMbl), ea.
3 s cTpouTenbCcTBa
Complexity Class Type of Development Classifier Number of Process .
. . i Construction Cost
according to Ingenix Facility Blocks (System . -
. Estimation Method
Group Elements), units
MKC HedTsHbIX ckBaxkuH, MKC
nKC
GGs ra3oBblX CKBaXKUH 8-10
Oil well GGS, Gas well GGS
HedrecbopHble, rasoc6opHble,
' Tpy6onposoab! BHELLHEro TpaHcnopTa, BOA0BOAb! 24
Pipelines Oil gathering, Gas gathering, External
transport, Water pipelines
MpocTble CTtoumocTHasi Mofenb
BN B, KN
Simple OHL OHL. CL 8-10 Cost model
/ABTOAOPOrY
Roads 513
O6bexTbI
Henpon3BoACTBEHHOro BXK, BMNMO 20-30
Ha3HaveHus IAC, PCB
Non-production Facilities

-+ DOI: 10.54859/kjogi108947
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Knacc cnoxHoctu

cornacHo Ingenix Tun o6bekTa

Group

Group obycTpoiicTea Knaccudmkatop (anemeHTOB cucTemsl), ea. T
Complexity Class Type of Development Classifier Number of Process c°npstruction Cost
according to Ingenix Facility Blocks (System Estimation Method

KonuyectBo

MeToauka oueHKu
TEXHOMNOrm4eckux 6rokos

CTOMMOCTH

Elements), units

(O6beKTbl OCHOBHOTO
Npou3BOACTBA (YaCTUYHO,
B OCHOBHOM BriouHoe

MCI, HMC, M®HC, BKHC

(partially)

. CTPOWUTENbLCTBO) 20-30

Cpenreit cnoxHocTy Main Production Faciliies [~CT OPS: MFPS, BCPS MepecuéT no

Medium (partially, mostly block CTPYKTYPUPOBaHHbIM
construction) o6bekTam-aHanoram
OHEproLeHTPbI rMac, rtac, A3C Recalculation
Power Centers GPES, GTES, DES 20-30 pased on structured

analogous facilities

(O6bEeKTbl OCHOBHOMO LINC, YIMH, YKAT, KC, AKC, YT, YCK,

CrnoxHble npousBoacTea (4actuyHo) [AHC c YINCB 6onee 30

Complex Main Production Facilities |[CPC, OPU, GPU, CS, BCS, GTU, more than 30

CCU, BPS with WFTU

[KC / GGS — nnowadku Kycmoe ckeaxuH / Gathering and Gas Station; BJ1/ OHL — eo30ywHas nuHus anekmponepedaqu / Overhead Power Line;
KJ1/ CL — kabenbHas nuHus / Cable Line; BXXK / AC — eaxmosbiti xusnoti komrnnexc / Accomodation Camp; b0 / PCB — 6a3sa npou380dcmeeHH020
obcnyxuearusi / Production Service Base; 1CI1/ UCP — npuemo-cdamoyHaiti nyHkm / Underground Collection Point; HI1C / OPS — Hegbmenepe-
kaquearoujasi cmaHyus / Oil Pumping Station; MOHC / MFPS — mynbmucgbasHas HacocHasi cmaHyusi / Multiphase Pump Station; BKHC / BCPS —
broyHasi Kycmoeasi HacocHasi cmaHuyusi / Block-Compressing Pump Station; I'TI9C / GPES — 2a3onopwHesas anekmpocmanyusi / Gas Piston
Electric Station; 'TOC / GTES — 2azomypbu+Has anekmpocmaryusi / Gas Turbine Electric Station; JOC / DES — dusenbHas anekmpocmaHyusi /
Diesel Electric Station; UINC / CPC — yeHmpanbHsbii nyHkm cbopa / Central Processing Station; YITH / OPU — ycmaHoeka nod2omosku Heghmu
/ Oil Preparation Unit; YKIII" / GPU — ycmaroska komnnekcHol nodzomosku 2asa / Gas Processing Unit; KC / CS — komnpeccopHasi cmaHyusi /
Compressor Station; JKC / BCS — doxumHasi komnpeccopHasi cmaryusi / Booster Compressor Station; YI1I"/ GTU — ycmaHosgka no020moeku 2a3a
/ Gas Treatment Unit; YCK / CCU — ycmaHoeka cmabunu3sayuu koHOeHcama / Condensate Collection Unit; JHC / BPS — doxumHasi HacocHasi
cmanuyusi / Booster Pumping Station; YINCB / WFTU — ycmaHoska npedsapumernbHozo cbpoca 8o0bi / Well Fluid Treatment Unit.

Tabnuua 3. OueHka pe3epBa Ha HenpeABUAEHHbIE pacxoAbl MO 06 bEKTaM KanuTanbHOro
cTpouTenbCcTBa cornacHo metoauke Ingenix Group, %
Table 3. Assessment of the Management Reserve for Contingencies by Capital Construction Facilities
According to the Ingenix Group Methodology, %

Crtaaus peanusauuun T30 MpoekTHas AokymeHTauus | PaGouyast AOKyMeHTauusa TeHnpep / porosop
Project Stage FS Design Documentation Detailed Design Tender / Contract
Knacc oueHku cornacio AACEI 5 4 3 2
IAACEI Accuracy Class
Knacc cnoxHocTu cornacHo Ingenix Group:
Complexity Class according to Ingenix Group:
Mpocreie 25 12 10 5
Simple
Cpe.gHeM CNOXHOCTH 30 15 12 10
Medium
Croxuble 40 20 15 10
Complex

B Tabn. 3 npeacrtaBneH avanasoH BenUYMHbI
pekomeHayemoro PHP ans kaxgoro Tvna obbek-
Ta [1], KOTOpLIN 3aBUCUT OT CTaauMu peanusauuu
N CMOXHOCTN 0ObeKTa.

Pe3ynkraTthkl u o6cyxaeHune

Ona cokpaleHuss BpeMEeHW Ha  OLEHKY
PHP w»n yHudukauum npuMeHsiemMblXx MOAXOO0B
ONs BCeX OLeHVMBaeMbIX MPOeKToB Obin pa3pabo-
TaH aBTOMAaTU3MpOBaHHbIA Mogynb pacuyéta PHP
Ha 6a3e nporpammHoro komnnekca Ingenix Cost
Manager® [2, 3], Bkmovalowuii cnegyowme ane-
MEHTbI:

—  knaccudukatopbl TUMNOB OObEKTOB 0OY-
CTponcTBa HedTerasoBbix MeECTOPOXAeHu. Ha oc-
HOBe 9TMX KnaccndrKaTopoB aBTOMaTUYeCKn onpe-
[enseTcs ypoBeHb CIIOXHOCTN 0OBLEKTOB;
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— MHoroypoBHeBas 6asa pgaHHbIX 3aTpar
06bekToB 00yCcTpoMCTBa C pa3buBkoM MO Buaam
3aTpat (CTPoUTENbHO-MOHTaXHbIe paboTbl (aanee —
CMP), obopynoBaHue, npouyve 3atpartbl). [1pu atom
obecrneymBaeTcs MonHOTa 3aTpar Mo WX COCTaBy
B pamKax KaXKaoro n3 o6bLeKkToB.

HopmaTuBHbIV NpoueHT anga pacyéta PHP, Ta-
KM 0BpasoM, NPUMEHSIETCH K MOMHOW CTOMMOCTU
cTpouTenbcTBa obbekTa (puc. 1), Bknoyas:

— CMP (B T.4. npoune 3aTtpaTbl nogpsigyn-
Ka, BKIoYas HenpeasuaeHHble 3aTpaTbl B pa3mepe
okono 3% cornacHo MeToguke);

— obopynoBaHue (B T.4. Cknaackve pacxogbl
1 pacxogbl Ha TPAHCMOPTUPOBKY),

—  npouwue 3aTparsl, He Bxoasue B CMP (3a-
TpaTbl 3aka3yuka, BKMovas 3aTpaTbl HA NPOEKTHO-
n3sbickatenbckue paboTsl, cogepxaHune cnyx6bl 3a-
Ka34mKa-3acTpouLLMKa 1 aBTOPCKUIA HAA30p).
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HopmaTtus pacuyeTta

MonHas cToMmMocTb
cTpouTenbcTea obbekTa

obycTpoincTtea
Full Construction Cost of
the Facility

pesepBa Ha
HenpeaBuaEHHble
3arpartbl, %
Standard Calculation of
Contingency Reserve, %

CTOMMOCTb CTPOUTENbLCTBA C
y4yeToM pe3epBa Ha
HenpeaBuaeHHble 3aTpaThbl
Construction Cost Including
Contingency Reserve

PucyHok 1. Bnok-cxema pacyéta PHP
Figure 1. Flowchart for Calculating the MRC

PucyHok 2. Mpumep knaccuukaTtopoB 06bLEKTOB B NPOrpaMMHOM KOMMfieKkce
Figure 2. Example of Facility Classifiers in the Software Suite

MowaroBo npuHUMN paboTbl aBTOMaTU3MPO-
BaHHOMO MoAynsi MOXHO MPEACTaBUTb CrieayoLwmmM
obpasom:

1. LWar 1. OnpepeneHne crnoXxHocTu o6b-
ekTa.

B nepsylo ouepeab, nNpoucxoauT onpepene-
HMEe CNOXHOCTN ObbekTa CTpoMTEnbCTBa MO Khac-
cudukatopy obbektoB  0bycTpoincTtBa  Ingenix
Group (puc. 2).

2. LlWar 2. OnpegeneHve ctagun NpoeKkTU-
poBaHusa / nnaHMpoBaHUA o6bekTa.

CTtagnss npoekTnpoBaHus / nnaHMpoBaHMS
obbekta obycTpoiicTBa 3a4aéTcsl BPYYHYK MOMb-
30BaTefnieM B COOTBETCTBMU C METOAOMOrMen, onu-
caHHou B Tabn. 1. MNMonb3oBaTenb JomkeH BbIOpaTh
akTyasnbHbIA 3Tan OLEHKW, Ha KOTOPOM HaxoauTcs
NPOEKT 13 CriedyoLLero BeinagaroLero cnucka:

— T30 unu ocHoBHbIE TEXHOMNOrMYeckue pe-
LUEHUS;

—  roTOBa NPOEKTHasi AOKYMeHTaLus;

— roToBa paboyasi JOKyMeHTauus;

—  3akniyéH / cormacoBaH AOroBop:

* Ha CMP;

*  Ha nocTaBKy 060pyAoBaHUA ANUTENbHOTO
Lu1kna usrotoenexus (qanee — OQLN).

DOI: 10.54859/kjogil1 08947

3. LWar 3. PacuéTt PHP.

3.1. Pacuér pe3epBa No o6beKTy

MpoueHt pans pacyéta PHP npumeHser-
Cs K MOMHON CTOMMOCTW CTpOUTENbCTBA OObLEK-
Ta (tabn. 5). Mpu aTom B 04HOM NpoeKTe MOryT 6bITb
00BbEKTbI, KOTOpPbIe HaxoAATCA Ha pasHblX aTanax
npoeKTMpoBaHnsa. Hanpumep, MOXeT CRoXuTbCs
CUTyaums, Npu KOTOPON Ha HedpTenpoBoa yxe ecTb
paboyas gokymeHTaums, a Ha YIH nogrotoBneHa
NPOEKTHas AOKYMEHTaLus.

Oaxe B paMmkax ogHOro oGbekTa Ha MNO3OHUX
cTagunsax peanu3auun Ans pasHelX BUAOB 3aTpar
cTtaguv MOryT oTnuuatbes, Hanpumep, Ans obo-
pynoBaHusi 1 CMP, korga gorosop Ha OO yxe
3akntoyeH, a gorosop nogpsiga Ha CMP ewle Het.
B atom cnyyae cHmxaetca PHP umeHnHo ans cro-
nmocTtu obopygoBaHusa. bonee nogpobHo 0 meTo-
OVKe MOXHO npouuTaTtb B CTaTbe, NOCBSLLEHHON
PHP [1].

3.2. PacuéT pe3sepBa No NpoeKkTy

06w PHP no npoekTy nony4aetcs nyTém cym-
MUpoBaHus pekomeHayembix PHP no Bcem obbekTam.

YnpaBneHyeckuii pesepB [JOMmkeH oTobpa-
KaTbCA B CTOMUMOCTU OTAENbHOW CTPOKOW ANS KaXK-
noro oobekTa.
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[anee, paHHble NO CTOMMOCTM OOBEKTOB
c y4étom PHP noctynaiot B mogynb kaneHpap-
HO-CEeTeBOro NMaHWpoBaHWA ANA pacnpeneneHns
3aTpaT BO BpemMeHu u hopMupoBaHusa npodunen
3aTpaT Ha CTPOUTENBLCTBO MO rogam.

Mpumep oueHku Benn4uHbl PHP

Ha peanibHOM NpPOEKTe C NOMOLbIO

aBTOMaTM3UPOBAHHOIo MOAYJA pacyéTa

PHP

Paccmotpum npumep pacyéta PHP gns He-
6onbLuoro HedpTaHOro npoekta «H» ¢ obwummn kanu-
TanbHbIMK 3aTpatamu 32,5 mnpa py6. (puc. 3).

Onga cragun T3O (puc. 4) obwuin HopmaTtue-
HbIi npoueHT PHP, cornacHo metoguke Ingenix
Group, coctaBnsieT 29%, npu 3TOM AN CHOXHbIX
obbektoB (Hanpumep, OHC) HopmaTtuBHbIN pe-
3epB coctaenset 40%, a ansa npocTbix (Hanpumep,

BXK) — 25%. O6was cToMmocTb CTpoUTENnbLCTBa
C y4éToM pesepBa cocTasnsieT 42,1 mnpg py6.

Korga yactb 0GLEKTOB NMepexoauT Ha CTaauio
«MpoekTHas gokyMeHTauusi» unu «Pabovasi Ooky-
MeHTauusa» (puc. 5) oBLUMIA HOPMATMBHBIN NPOLIEHT
ona PHP no metoguke Ingenix Group cHuauncs
80 9%, Npn 3TOM ANS CMOXHbIX 0OBbEKTOB (Hanpw-
mep, IHC) HopmaTtuBHbIN pe3eps cocTasnseT 15%,
a ansa npoctbix (Hanpumep, BXK) — 6% c yyetom
Hanuuma pgoroeopa Ha CMP. O6was cToMmocTb
cTpouTenbCcTBa C Y4Y4ETOM pesepBa COCTaBnsieT
35,6 mnpa py®.

OpHako cnefyeT 3aMeTUTb, YTO B KaXaoMm
KOHKPETHOM Cryyae OKOH4aTenbHas BenuyvHa Hop-
MaTMBHOro npoueHTa anga pac4éta PHP Gyger 3a-
BUCETb OT COOTHOLLEHUSI CITOXKHbIX U MPOCTbIX 06b-
€KTOB BHYTPY NpoeKTa.

PucyHok 3. Ha6op 06bekToB 06ycTpoicTBa Ans npoekrta «H»
Figure 3. Set of Development Facilities for Project «N»

PucyHok 4. OueHka PHP gnsa npoekta «H» ana ctagum «T90»
Figure 4. Assessment of the MRC for Project «N» at the FS Stage

DOI: 10.54859/kjogi1 08947
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PucyHok 5. OueHka PHP ans npoekra «H» pnsa ctagumn «Paboyas AOKyMeHTaLusa»
Figure 5. Assessment of the MRC for Project «N» at the Detailed Design Stage

3aknioyeHue

MNpeanoxeHHas asTopamu B 2022 . MmeToauka
no oueHke Benn4ymHbl PHP Ha noob6bekTHOW OCHO-
Be C YY4ETOM CTafum NPOEKTUPOBAHNSA U CIIOXHOCTU
obbeKkTa Xopowo nokasana cebs B peanusoBaH-
HbIX NPOEeKTax Mo OLeHKe HedTerasoBbIX akTUBOB,
B CBfI3W C Yem ObinNo MpUHATO pelleHne co3aaTb
UT-nHCcTpymeHT Ansa aBToMaTu3aumu pacyétos PHP.

B coctaBe cobCcTBEHHOrO NPOrpaMMHOro KOM-
nrekca no oueHke 3aTpaTt u aHanuay apdeKTUBHO-
cTn nHeectnumi Ingenix Cost Manager® 6bin pas-
paboTaH aBTOMATM3MPOBAHHLIN MOAYNb pacyéTa
PHP (mogynb ynpaBneHus puckamu), noaaepxu-
BawoWuin padpaboTtaHHyto B Ingenix Group meto-

OOMONMHUTENbHO

UcTouyHuK puHaHcupoBaHuUA. ABTOpbI 3asBns-
10T 006 OTCYTCTBMM BHELUHEro (UHAHCUMPOBAHUS
npu NpPoBeAeHNN NCCNEfOBaHNS.

KoHcdbnukT nHTtepecoB. ABTOpbI AeKNapupylT oT-
CyTCTBME SBHbIX W MOTEHUMArbHbIX KOHMIIMKTOB
MHTEPEeCOB, CBSA3aHHbIX C Nybnukauuen HacTosLen
cTaTby.

Bknap aBTopoB. Bce aBTOpbl NoATBeEpXAalT CO-
OTBETCTBME CBOEr0 aBTOPCTBA MEXAYHapOAHbIM
kputepusam ICMJE (Bce aBTOpbl BHECNM CYLLECTBEH-
HbI BKMag B pa3paboTky KoHUenuuu, NnpoBegeHve
nccrneaoBaHus U NogroToBKy CTaTbu, MPOYNU 1 04o-
Opvnun uHanbHy0 Bepcuto nepen nybnukauven).
Hanbonbwumn Bknag pacnpefenéH cregyowmm
obpaszom: Ymxkukos C.B. — popmmpoBaHme KoHuen-
umn metoaukum; flybosuukasi E.A. — pa3paboTtka me-
Toankn; AxmetoB P.H. — aHann3 ncxoaHbix AaHHbIX;
KageipoBa C.[l. — nutepaTtypHbIn 0630p, hopmMupo-
BaHWe 1 pegakTMpoBaHne pyKomnucu.

avky. Moagynb ynpaBneHuss puckamu no3BonsieT
YHUUUMPOBATL NoAXoAbl Anst BCeX OLEHUBaEMbIX
0OBbEKTOB / NPOEKTOB M COKPATUTb BPEMS Ha OLEH-
Ky PHP.

B pamkax coBepLUeHCTBOBaHUS MNPEAnoXeH-
HOro nogxoda NMaHWpYeTCsa: MHTerpauusi Moaynsi
PHP c cuctemamm kaneHgapHo-CeETEBOrO NaHMpo-
BaHUs U (PUHAHCOBOrO MOHUTOpUHra ansi obecne-
YeHMs CKBO3HOMO KOHTPONS 3aTpaTt Ha BCex atanax
)KM3HEHHOTO LyKNa npoekTa.

MonyyeHHble  pe3ynbTaTbl  pekoMeHayeTcs
NPVYMEHSITb KOHCaHITUHIOBbLIM, (DUHAHCOBLIM U He-
bTerasoBbIM KOMNaHusaM s oueHkn PHP Ha Bcex
cTagusix pasBuUTUSI MPOEKTa.
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TpeboBaHMA K CTaTbAM Hay4HO-NPaKTUYECKOro XXypHana
«BecTHuK HecpTerazosom oTrpacnu KazaxcraHa»

1. MpaBuna ny6nukauum ctaten

B XKypHane ny6nukytoTcs Hay4Hble
cTaTtbl  pesynbTatoB  UCCredoBaHWW,  OMnbiTa
BHeApeHns  obopydoBaHWsl,  HOBOM  TEXHUKU

N TEXHOMNOIMN Ha MPOU3BOACTBEHHbIX OOBLEKTax B
pasnuuHbix obracTax HedTerasoBow oTpacnu B
cooTBeTcTBUM C pybpukamun XKypHana (reonorus,
OypeHune, paspaboTka W aKkcnnyatauusi HedTAHbIX
N Tra3oBblX MECTOPOXAEHUA, TexXHMKa W Tex-

Honornst  gobblum  HedTM M rasa, nogro-
ToBKA HedTM M ra3a, NpoeKTupoBaHue
1 0ByCTPONCTBO, 9KOHOMMKA, IKOMNOrs).

Pepakumst npuHuMaeTr Ha  paccMoTpeHue
PYKOMUCKU Ha Ka3axCKOM, PYCCKOM W aHrmui-
CKOM  63blkaX, NpUCNaHHble B  pedakuumio
yepe3 nNWYHbIN KabWHET Ha calTe XypHana
vestnik-ngo.kz, paHee He  onybnukoBaHHbIE

M He npegHasHayeHHble K nybnukauuu B Apyrux
n3gaHunsx. Pykonuck pormkHa copepxatb dann
C MOMHbIM TEKCTOM, rpaduyeckum n TabnuyHbIM
martepuanom. Pykonucb conpoBoxaaeTcsi TMCbMOM
Ha WMs [NaBHOTO pefdakTopa O BO3MOXHOCTU
ony6nukoBaHUM  CTaTbW, MNOAMNWCAHHOE  BCEMM
yYneHamu aBTopcKkoro konnektusa. [lpu nopade
pYyKOMNMCY aBTOPbI NOANMCHIBAIOT aBTOPCKWIA AOTOBOP
(obepThl).

ABTOpbl HecyT OTBETCTBEHHOCTb 3a [J0cC-
TOBEPHOCTb W 3HAYMMOCTb Hay4YHO-NPaKTUHECKMX
pe3ynsTaToB U akTyarnbHOCTb HAayYHOro CoAepXaHus
pykonucei. He gonyckaetcs nnarvat — He3aKoHHoe

MCNoMb30oBaHNE  MaTepuanoB  OnybnMKoBaHHbIX
paboT: cTateil, MoHorpachuii, NaTeHToB W Ap.,
SABNSAWUXCA NpegMeTOM  YyXXOro  TBOPYECKOro

Tpyaa.

PelieHne o nybnukauum npuHMMAaIOT rMaBHbIN
penakTop 1 pefakLMOHHas KONIerus xypHana nocne
paccMOTpeHnst pykonmucy, NPOBEpKW Ha nnarvat
N Crenoro peLeH3VpOBaHWs, YYUTbIBasi Hay4Hyto
N MPaKTUYECKYD 3HAYUMMOCTb W aKTyarnbHOCTb
npeacTaeneHHbIX Matepuanos. Pegakums xypHana
ocTaBnser 3a coboy npaBo Bbibopa peueH3eHTa,
a TakKe e€ro 3aMeHbl npu HeobxoguMOCTW.

Pykonuch, nonyyvBluas HEAOCTaTOMHO BbICOKYHO
OLEHKY MO MWTOraM pPacCMOTPEHUS, OTKIOHSETCSH
KaKk  He  COOTBETCTBYIOLIAA  YPOBHIO  UNu
Tematuke nybnukaumii xypHana. OTKINOHEHHbIe
pykonucu NOBTOPHO He npuHUMatoTCS
1 He paccMaTpuBaloTCs.

Ecnn  pykonuck otobpaHa Kk onybnu-
KOBaHWIO B onpeaeneHHoM BbIMycKe
XypHana,  pegakuusi  NpOM3BOAUT  BbIYUTKY
maTtepuana, NmTepaTypHoe  pedakTupoBaHwue,
a Takke npoBepsieT OdOpMIIEHME  PYKOMUCK
Ha COOTBETCTBME  HacTosAWMM  TpeboBaHUAM
K cratbsMm.  OTpegakTMpoBaHHas  PyKOMUCb

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

HanpaenseTcs aBTOpam Ha [opaboTky
B COOTBETCTBUM C KOMMEHTapusaMU pedakuum
nocpeacTBoM caiTa kypHana. [opa6oTaHHas
aBTOpaMM PYKOMUCb AOMKHa OblTb HanpasneHa B
3afaHHble pefakuMell CPOKM Ha calTe XypHana.
Pykonucb cuMTaeTcs NPUHATON Mocre ycTpaHeHust
aBTOpaMM BCEX 3aMeYaHunii peaakLumm u peLieHseHTa.

2. Tpe6oBaHuA K cTaTbAM

PyKOI'IVICb AOoImKHa ObITb B TEKCTOBOM
penaktope (MS Word, OpenOffice, LibreOffice),
davin gormkeH MMeTb pacwimpeHue *.doc, *.docx,
*.rtf.

CTpyKTypa pyKONWCU [OMKHA BKIOYaTb B
cebs:

1. YOK', MPHTW?,  tun  ny6nukauum,
Ha3BaHne, PO aBTOpOB, MecTa paboTbl aBTOPOB
(HaumeHoBaHMsA opraHusauui 6e3 ykasaHus top.
dopM, ropod, CTpaHy), aHHOTauuio, KrtoveBble
CrnoBa — B OJHY KOJOHKY Ha Tpex s3blkax (PpyCCKuUi,
aHIMUNCKUI, Ka3axCKWUI) Ha OTAENbHOW CTpaHuLe Ha
KaXX[OM Ssi3blKe.

2. TekcT cTatby — B ABE KOJOHKW Ha Si3blke
opurmHana. TekcT pormxeH ObiTb  norvvecku
CTPYKTYpUpPOBaHHbIM. PeKOMeHAyeTCANCNONb30BaTh
criepytolime Moas3aronoBku: BBeAEHWEe, OCHOBHast

YyacTb, pacyeTHasi u4acTb, 3KCMepuMeHTarnbHas
yactb, pesynstatel U obcyxaeHwe, BbIBOAbI
1 3aKrnodeHmne.

3. PucyHku, Tabnuubl — B OgHYy uMmu

OBe KOMOHKM B 3aBMCMMOCTM OT pa3mepa, C
Ha3BaHUSAMK, OBO3HaYEHUSAMU, MOAPUCYHOYHBLIMU/
noaTabnuyHbIMKM  HaAMUCAMKU, NPUBEOEHHbIMM  Ha
A3bIKe OpUrMHana c nepeBoAOM Ha aHTTMACKUIA A3bIKS,
Kaxablhn pucyHOK criegyeT pasmMellaTtb Ha cante
B BMAE OTAENbHOro AOnonHuTenbHoro danna B
opurMHansHoM Buge B dopmarte jpg, gif, jpeg, tiff,
anarpammbl — B dopmate excel.

4, [ononHuTenbHble cBedeHuss 06  uc-
TOYHVKE  (PUHAHCMPOBAHUSA, KOHMMUKTE  UHTe-
pecoB W BKnage aBTOpPOB — B [BE KOMOHKK
Ha A3blKe OpUrMHana n Ha aHrmMUINCKOM Si3blKe.

5. Cnucok MCMoNb30BaHHOM nure-
patypbl  (spgebuietrtep  Tisimi, references) —
B OZHY KOMOHKY.

6. MogpobHyw  WHpopmauuo 06  aB-
Topax (y4eHble 3BaHUSl, Y4YeHble  CTEneHw,
ORCID, Scopus SPIN-kog, email u np.
npu  HeobxogMMOCTM) — B [Be  KOMOHKU

Ha s13blke OpUrMHana n Ha aHrMNCKOM A3bIKe.

7. YkasaHue aBTopa, OTBETCTBEHHOIO
3a nepenucky (corresponding author),
nop 3HakoM «*» — B Of{HY KOSTOHKY.

CTpYKTYpHblE 3MEMEHTbI pyKOMuCK crepyeT
odopMnATb cregyroLLmMm obpasom:

3 3pecb n panee B crnyyae, ecnv A3bIKOM opuUrMHana sBNsAeTCs aHrMUINCKUIA, NepeBoA Ha Apyrue A3blkn He TpeﬁyeTc;L
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1. YOK (UDC, 90X), MPHTU (CSCSTI,

FTAXP) 3apatotca  nponucHelMu  BykBamu,
wpudptom Arial, pasmep 14, HauyepTaHue -—
NONy>XMpHOE, BblpaBHVBaHWE - cnesa,
6e3 oTCTyna, MeXOYCTPOYHbIA  WHTepBan —
MHOXUTENb, 1,15.

2. Tun nyb6nukauum 3agaetcs nocne
YOK, MPHTW, wpudtom Arial, pasmep 12,
HayepTaHWe — MOMyXWpHOoe, BbIpaBHNBaHWE —

cneBa, 6e3 oTCTyna, MeXayCTpOYHbIA MHTEpBan —
MHOXUTEnNb, 1,15.

3. 3aronoBok pykonucu [JormkeH ObiTb
KOpPOTKMM U MHGOpMaTuBHBIM, 6e3 abbpeBuatyp,
3agaH wpudTtom Arial, paavep 14, HauepTaHue —

NOYy>XMPHOE, BblpaBHMBaHWE - cnesa,
6e3 oTCTyna, MeXOYCTPOuHbIA  WHTepBan —
MHOXUTEnNb, 1,15.

4. ®UO aBTOpOB npvBogsATcs nog,

3aronoBKomM, WpndT Arial, pasmep 14, HauepTaHne —
nony>vpHoe, BbipaBHNBaHWe — crnesa, 6e3 oTcTyna,
MEXOYCTPOYHbIN WHTepBan — MHoxwutenb, 1,15.
WHnumansl nuwytca 4depe3 Touky 6e3 npobena
BHYTPM.

5. MecTta paboTbl aBTOPOB (HaUMEHOBaHUS
opraHusauui 6e3 ykasaHus top. ¢opm, ropoa,
ctpaHa) npusogsTca nog PO asTopos, wpudTArial,
pasmep 11, HauyepTaHue — KypcuB, BblpaBHUBaHNE —
cneBa, 6e3 oTCTyna, MeXayCTpPOYHbIA MHTEpBan —
MHOXuTEnNb, 1,15.

6. AHHOTauum pykonucen TMna
«OpUrMHanbHble WCCNeaoBaHWUs» [OMKHbI MMETb
criepylolylo  CTpyKTypy: OBOCHOBaHWe,  Lenb,

matepuansl U MeToabl, pe3ynbTaTbl, 3aKIoYeHue.
O6bem aHHOTauMm — He OGonee 300 cnos.
Meped TEKCTOM aHHOTaUMM 3a4aéTcsl 3aronoBOK

«AHHOTALMA» («ABSTRACT»), wpudt Atrial,
pasmep 11, otctyn 0,75 cM, MEXCTPOYHbIN
uHtepean - 1,15, [Ona Tekcta aHHOTauum

ucnone3yetca wpndT Arial, pasmep 10, otctyn 0,75,
MEXCTPOYHBIN MHTepBan — 1,15.

7. KnwoueBble cnoBa nuwytca  noj
aHHOTauuen, Yepes oBoeToune, He bonee 10 cnos
unu cnosocoyeTaHun, wpudTtom Arial, pasmep 10,
KypcuB, otctyn 0,25, MEeXCTPOYHbIi WHTEepBan —
1,15. Obobuwatowee cnoeocoyeTaHve «Knoueble
cnoa:» («Keywords», «TyiiH cesgep») cnegyet
BbIAENUTb CUHUM LIBETOM, aKLeHT 1.

8. TekcT pykonucu [OMKEH HayYMHaTbCH
C HOBOM cTpaHuubl, wpudT Arial, pa3vep 11,
BblpaBHMBaHWe - cnesa, otctyna 0,75 c¢wm,

MEXAYCTPOYHBIN MHTEpBan — MHoXuTenb, 1,15.

9. 3aronoBku TekcTa pykonucu («Bse-
neHve», «OcHOBHass 4acTb», «3aKrouyeHue»
w ap.) 3apatotca wpudptom Arial, pasmep 11,
BblpaBHMBaHMe — cneea, otctyn 0,75 cwm,
MEXAYCTPOYHBIN MHTEpBan — MHOXuTenb, 1,15.

10. Hymepauua pucyHkoB 1 Tabnuu
JomkHa ObiTb  nocnepoBatenbHon (1, 2, 3
1 1.4.). Tabnuubl U PUCYHKM HE AOIMKHBI ObITh B3SATHI
u3 Opyrux matepuanoB 6e3 yka3aHusi MCTOYHMKA.
Moanucn pUCYHKOB M Tabnuy [JOMKHbl ObITb
nornHeiMu, 6e3 cokpatyeHun («PucyHok 1», « Tabnmua
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2», «Figure 3», «Table 4»), 3agaHbl ¢ nMponucHon
OykBbl. HasBaHusA pUCYHKOB M Tabnuy OOMXKHbI
ObITb KPaTKMMKU, HO MHADOPMATUBHBLIMW, OTAENEHbI
OT MoANuUCK TOYKOW ¢ Npobenom, nepeoe CroBo — C
nponucHown BykBbl, 3agaHbl WwWpudTom Arial, pasmep
11, nonyxvpHbIN, BblpaBHWBaHWE — MOcCepeauHe,
6e3 oTcTyna, MeXCTpOuYHbln uHTepBan — 1.
Moanucb n HaseaHve Tabnuubl NULIETCA CBEpXy
Tabnuubl, noANMMCb W HasBaHWe pUCYHKa —
nog pucyHkoMm. [locne HasBaHus Touka He
craButcs. Ecnu pucyHok cogepxuT nepevncreHve,
OoTMeuYeHHoe BykBamu unu ungpamu (a), 6), B)...; 1),
2), 3)...; a), b), c)...), Takne obo3HayYeHUs NULLYTCS
nof Ha3BaHWeM pucyHKa, 3agarTcs wpudTom Arial,
pasmep 10, HayepTaHue — KypcuB, BblpaBHUBaHUE —
nocepeavHe, Ges oTcTyna, MEXCTPOYHbIV
nHTepBan — 1.

11. NoapucyHouYHbIe n noarabnuuy-
Hble Hagnucu  cogepxaTr  pacludpoBKy
obo3HayeHun, 3agawTcs  wpudptom  Arial,

pa3mep 10, BblpaBHWBaHWe — crnesa, 6e3 oTcTyna,
MEXCTPOYHbIN MHTepsan — 1.

12. TekcT Ha pucyHkax M B Tabnuuax
3apgaétca  wpudtom  Arial, pasmep or 8
0o 12. TekcT pomkeH MMeTb nepeBoq C s3blka
opurMHana Ha aHImMUACKUIA  A3blK, UCKITIOYEeHne
cocTaBnsaT CKPVHLLIOTbI, maTtepuvansl,
BbIPY>EHHbIE U3 NPOrpaMMHbIX NPOAYKTOB, U UHbIE
BMAblI rpacuyeckoro n TabnuyHoro matepuana B
HepegakTpyemom gopmare.

13. YNnoMuHaHMsE B TeKCTe PUCYHKOB U
Tabnuy crnegyeTt opopMNATb Tak Xe, Kak U TeKCT,
MCNonb3ys Npu 3TOM KpaTkyto OpMy MOCTOSIHHON
4YacTu Has3BaHus («puc. 1», «Tabn. 2»).

14. Cnucok ncnonb3oBaHHOMN nure-
patypbl  (apebuerrep  Tidimi, references)
OOMKeH cofepxaTb ToMbko Te nybnukauunm,
Ha KoTopble eCTb CCbinkn B TekcTe. CCbinku
3agaoTca  nocnegosatensHo  ([1],  [2], [3]
M T.A.), B COOTBETCTBUM C [AaHHbIM MOPSAKOM
WUCTOYHUKM  [OOSDKHbI  pacrnonarateCid B CNUCKe
Mcnonb3oBaHHOW nutepatypbl. CNMCOK He AOMKEH

npesblwatb 30 MNYHKTOB AN OpUrMHanbHbIX
uccriegoBaHun, He 6Goree 60 — Ang  HayYHbIX
00630poB, npeanoYTUTENbHO COBPEMEHHbIX

n3gaHni. Kaxabli UICTOYHWK YNOMWHAETCH B CnUC-
ke 1 pas, BHe 3aBMCMMOCTM OT TOrO, Kak 4acTo
Ha Hero genaercs ccbinka B TekcTe paboTbl. Cebinku
Ha HOMep MCTOYHMKA B CMUCKe B TeKCTe cnegyet
npvBOAUTbL B KBagpaTHbIX ckobkax. OdopmreHve
CMNCKOB UCMOSMb30BAHHON nNWUTepaTtypbl Ha pyc-
CKOM U KasaxckoM sisblkax nposoautcs no NOCT
P 7.0.5-2008, Ha aHrmMNCKOM A3blke — CTUNEM
AMA (Vancouver). lMogpobHee o03HaKOMUTLCSH C
npasunamu oopMIEHNS CCbINIOK Ha onpeaeneHHbIe
BUAbI ny6nukaumn MOYXHO no CChbINKe:
https://journals.eco-vector.com/index/pages/view/
references_split.

15. UHdopmaumsa 06 aBTOpax [OMKHa
cogepxate ®NO aBTOPOB MOMHOCTBI, YYeEHbIE
3BaHusl, y4yeHble cTenenu, ORCID, Scopus
SPIN-kog, email u wvHble cBegeHus npu



HeobxoaMmocCTy. OdopmnisieTcs wpudpTom
Arial, pa3wvep 12, BblpaBHMBaHWE — CIeBa,
6e3 oOTCTyna, MEXCTPOYHbIN  MHTepBan  —
MHoxuTenb 1,15, Baronosok «MHO®OPMALMA
OB ABTOPAX (-E)» («ABTOP(-NAP) TYPAIbI
AKMAPAT», «AUTHORS'(-'S) INFO») 3apaétcs
nponucHbIMU BykBamu 1 BblOENSETCS NOMY>XMUPHbBIM
HayepTaHnem. ®VO aBTOpOB TakkKe BbIOENSHOTCA
NOMYXVPHBbIM  HadyepTaHneM. 3Be3godkon  («*»)
cneea ot PO oTMme4vaeTcs aBTOpP, OTBETCTBEHHbIN
3a nepenucky (xabap anmacyfa xayanTbl
aBTop, corresponding author). [MosicHstowas
CTpoKka «*ABTOp, OTBETCTBEHHbIN 3a Mepenuncky/

Corresponding author» («*Xabap anmacyfa>xayanTbl
aBTop/Corresponding author») npuBoguTcs nocne
pasgena «MHdbopmaLuus o6 aBTopax».

Mons CcTpaHULbI OOIKHbI nMeTb
cnegylolime napameTpbl: BepxHee W HukHee —
2 cm, neBoe — 3 cm, npaBoe — 1,5 cm. Pa3amep
ctatb — He 6onee 10 cTp. ONA opurMHanbHbIX
nccriegoBaHun, He 6onee 20 cTp. ANA HayYHbIX
0630pOB U WHBLIX TUMOB pykonucen. Onsi Habopa
CNOXHbIX MaTemMaTnyeckux opmyn ucnonbayercs
cTaHdapTHbIM pegakTtop Equation Editor dpopmyn B
nporpamme Word.

Requirements for submitting articles for the publication
in the “Kazakhstan journal for oil & gas industry”
Journal of Research and Practice

1. Rules for publishing articles

The Journal publishes scientific articles on the
research results, experience in the implementation
of new equipment and technologies at the production
facilities in various areas of the oil and gas industry
in accordance with the Journal sections (geology,
drilling, development and operation of the oil and
gas fields, equipment and technology for the oil and
gas production, oil and gas treatment, design and
development, economics, ecology).

The editorial board accepts for consideration
the manuscripts in Kazakh, Russian and English,
sent to the editorial office through a personal
account on the Journal website vestnik-ngo.kz,
previously not published and not intended for the
publication in other editions. The manuscript should
contain a file with full text, graphics and Tables.
A letter addressed to the editor-in-chief on a
possibility of publishing the article, signed by all
members of the authors’ team, should be attached
to the manuscript. When submitting a manuscript,
the authors sign an Authorship Agreement (offers).

The authors are responsible for the reliability
and significance of the scientific and practical results
and the relevance of the scientific content of the
manuscripts. Plagiarism is not allowed, i.e. illegal
use of the materials of the published works: articles,
monographs, patents, etc., which are the subject of
someone else's creative work.

The decision to publish is made by the editor-
in-chief and the editorial board of the Journal after
reviewing the manuscript, checking for plagiarism
and blind peer review, taking into account the
scientific and practical significance and relevance
of the submitted materials. The editorial board of
the Journal reserves the right to choose a reviewer,
as well as to replace the latter, if necessary. The
manuscript, which has received an insufficiently high
rating on the basis of the reviewing results, is rejected

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

as not corresponding to the level or subject of the
Journal's publications. The rejected manuscripts are
not re-accepted and will not be considered.

If the manuscript is selected for the pub-
lication in a particular issue of the Journal, the
editorial board makes proofreading of the material,
literary editing, and also checks the design of the
manuscript for the compliance with the present
requirements for the articles. The edited manuscript
is sent to the authors for the revision in accordance
with the editorial comments via the Journal's
website. The manuscript, finalized by the authors,
should be sent within the deadlines set by the
editors on the Journal's website. The manuscript is
considered accepted after the authors eliminate all
the comments of the editors and the reviewer.

2. Requirements to the articles

The manuscript should be in a text editor (MS
Word, OpenOffice, LibreOffice), the file should have
*.doc, *.docx, *.rtf extensions.

The structure of the manuscript should include:

1. UDC', CSCSTI?, type of publication,
title, full name of the authors, places of work of
the authors (names of the organizations without
specifying the legal forms, city, country), annotation,
keywords — in one column in the three languages
(Russian, English, Kazakh) on a separate page in
each language.

2. Text of the article — in two columns in
the original language. The text should be logically
structured. It is recommended to use the following
subheadings: introduction, main part, calculation part,
experimental part, results and discussion, summary
and conclusions.

3. Figures, Tables — in one or two columns,
depending on the size, with titles, symbols, figure
and table captions, provided in the original language
with the translation into English. Each Figure should
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be posted on the site as a separate additional
file in its original form in jpg, gif, jpeg, tiff format,
diagrams — in excel format?.

4. Additional information on the source
of funding, conflict of interests and the con-
tribution of the authors — in two columns
in the original language and in English.

5. References (cnucok unCnonb3oBaHHOW
nuTepatypbl, aaebueTTep Tisimi) — in one column.

6. Detailed information about the au-
thors (academic titles, academic degrees,
ORCID, ScopusSPIN code, email, etc.,
if necessary) — in two columns in the original
language and in English.

7. Indication of the author, responsible for the
correspondence (corresponding author), under the
sign “*”.

The structural elements of the manuscript
should be formatted as follows:

1. UDC (YAK, 80X), CSCSTI (MPHTW,
FTAXP) are set in capital letters, Arial font, size
14, style — bold, alignment — left, no indent, line
spacing — multiplier, 1.15.

2. The type of publication is set after
UDC, CSCSTI, Arial font, size 12, style — bold,
alignment — left, no indent, line spacing -
multiplier, 1.15.

3. The title of the manuscript should
be short and informative, without abbreviations,
set in Arial font, size 14, style — bold, alignment —
to the left, no indent, line spacing — multiplier, 1.15.

4. The full names of the authors are given
under the heading, font Arial, size 14, style — bold,
alignment — left, no indent, line spacing — multiplier,
1.15. the initials are written with a dot, without a
space inside.

5. The places of work of the authors
(names of the organizations without specifying the
legal forms, city, country) are given under the full
names of the authors, font Arial, size 11, style — italic,
alignment — left, no indent, line spacing — multiplier,
1.15.

6. The abstracts of the manuscripts
of the “original research” type should have the
following structure: rationale, purpose, materials
and methods, results, conclusion. The volume of the
abstract is no more than 300 words. The text of the
abstract is preceded by the heading “ABSTRACT”,
Arial font, size 11, indent 0.75 cm, line spacing —
1.15. The abstract text is set in Arial font, size 10,
indent 0.75, line spacing 1.15.

7. The key words are written under
the abstract, separated by a colon, no more
than 10 words or phrases, in Arial font, size
10, italic, indent 0.25, line spacing - 1.15.
The generalizing phrase “Keywords” (“KntoyeBble
cnoea”, “TywiHce3sgep”’) should be highlighted
in blue, accent 1.

8. The text of the manuscript should start
on a new page, font Arial, size 11, alignment —

on the left, indent 0.75 cm,
multiplier, 1.15.

9. The headings of the text of the
manuscript (“Introduction”, “Main Part”,
“Conclusion”, etc.) are set in Arial font, size
11, alignment — on the left, indent 0.75 cm,
line spacing — multiplier, 1.15.

10. The numbering of the Figures and
Tables should be consecutive (1, 2, 3, etc.).
The Tables and Figures should not be taken
from the other materials without indicating the
source. The captions of Figures and Tables
should be complete, without abbreviations
(“Figure 17, “Table 27, “Figure 3”7, “Table 4”),
set with a capital letter. The names of Figures
and Tables should be short, but informative,
separated from the caption by a dot with a space,
the first word should be capitalized, set in Arial
font, size 11, bold, alignment — in the middle, no
indent, line spacing — 1. The caption and the name
of the Table are written above the Table, the caption
and name of the Figure should be below the Figure.
There is no dot after the name. If the Figure contains
an enumeration marked with letters or numbers (a),
b), ) ...; 1), 2), 3)...; a), b), c)...), such designations
are written under the name of the Figure,
set in Arial font, size 10, style — italic, alignment —
in the middle, no indent, line spacing — 1.

11. The sub-Figure and sub-Table
inscriptions contain deciphering of designations,
set in Arial font, size 10, alignment — to the left,
no indent, line spacing — 1.

12. The text in Figures and Tables is set
in Arial font, size from 8 to 12. The text should be
translated from the original language into English,
with the exception of screenshots, materials
downloaded from the software products, and other
types of graphic and tabular material in a non-
editable format.

13. References

line spacing —

in the text of the Fi-
gures and Tables should be formatted
in the same way as the text, using the
short form of the constant part of the name
(“Fig. 17, “Table 2”).

14. References (cnucok mcnonb3oBaHHOM
nutepatypbl, apebuetTep Tisimi) should contain
only those publications, which are referenced in
the text. The references are given sequentially
([11, [2], [3], etc.), in accordance with this order, the
sources should be placed in the list of references.
The list should not exceed 30 items for the original
research, no more than 60 for the scientific reviews,
preferably modern publications. Each source is
mentioned in the list 1 time, regardless of how often
itis referred to in the text of the work. The references
to the source number in the list in the text should
be given in square brackets. Drawing-up of the lists
of the used literature in the Russian and Kazakh
languages is carried out in accordance with GOST
R 7.0.5-2008, in English — in the AMA (Vancouver)

3 Hereinafter, if the original language is English, the translation into other languages is not required.
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style. You can learn more about the rules for
formatting refernces to certain types of publications
at the link: https://journals.eco-vector.com/index/
pages/view/references_split.

15. Information about the authors should
contain the full name of the authors, academic
tittes, academic degrees, ORCID, Scopus SPIN
code, e-mail and other information, if necessary.
Set in Arial font, size 12, alignment — on the
left, no indent, line spacing — multiplier 1.15.
The heading “INFORMATION ABOUT THE
AUTHORS” (“‘M’H®OOPMALIMA OB ABTOPAX’,
ABTOP(-NNAP) TYPANbI AKMNAPAT” is written
in capital letters and highlighted in bold.
The authors' names are also highlighted in bold.

(]

An asterisk (“*”) to the left of the full name marks
the author responsible for the correspondence
(aBTOp, OTBETCTBEHHbLI 3a nepenucky, xabap
anmacyra xayanTtbl aBTop). The explanatory line
“*Corresponding author” ("*Corresponding author/
ABTOp, OTBETCTBEHHELIN 3a nepenucky”’) is provided
after the “Information about authors” section.

The page margins should have the following
parameters: top and bottom —2 cm, left— 3 cm, right—
1.5 cm. The article size — no more than 10 pages for
the original research, no more than 20 pages for the
scientific reviews and other types of manuscripts.
For a set of complex mathematical formulas, the
standard editor EquationEditor of formulas in the
Word format is used.

«KasakcTaHHbIH MyHal-ra3 canacbiHbIH XabapLlbICbI»
FbINbIMU-NPAKTUKATbIK XXYPHanbIHbIH MaKananapbiHa
KOMbINaTbIH TananTtap

1. Makananappabl xapusnay epexenepi

KypHanga XKypHangbiH, argapnapbiHa
celrikec (reonorus, Oypfbinay, urepy >XoeHe My-
Hal »>koHe ra3 KeH OpblHAapbiH nanganaxy,

MyHa MeH ra3 eHAipyAiH TexXHuWKacbl MeH Tex-
HOMOrMSChI, MyHaW MeH rasgbl favibiHaay, xobanay
XKOHe >XannacTblpy, 3KOHOMMKA, IKOMOrus) MyHawi-
ra3 eHepkacibiHiH apTypni cananapbiHAaFbl eHAipic
HblcaHAapbiHAa 3epTTeynepain HaTUXenepi,
XabablkTapApl, >kaHa TEXHUKa MeH TexHonorusnapaebl
eHrizy Texipubeci Typanbl fblbIMM Makananap

XapvsinaHagsbl.

Pepakuus vestnik-ngo.kz KypHanbliH-
Oafbl  Xeke  kabuHeT  apkeinbl  pedakuusra
XibepinreH, OypbIH XapusnaHbaraH

xoHe backa GacbinbiMaapga XapusinayFa apHarn-
MafaH KasaK, OpbIC XOHe afblllWbIH TingepiH-
peri komkasbanapabl  kapayFa  kabblngangpl.
Komkaszbaga Tomblk MaTiHI, rpadukacbl XeHe
kectenepi 6ap dann 6onybl Tuic. Komkasbara
aBTopriap YXKbIMblHbIH,  Gapnblk  MyLuenepi Ko
KOWFaH MakanaHbl xapusnay MyMKiHAir Typanbl 6ac
penakTopAblH aTbiHa KasblfFaH xaT Koca Gepinegi.
KomxasbaHbl Tancblpy kesiHge aBTopnap aBTOprbIK
Kenicimre (odepTanapra) Kon kosabl.

ABTopnap FbINbIMU-MPaKTUKanbIK HaTU-
XernepaiH ~ ceHiMAainiri  MeH  MaHbI3AbiNblFbiHA
XeHe KomkasbanapgpblH fblIbIMM  Ma3MYHbIHbIH
e3ekTiniriHe >xayan 6epepi. [lMnarvatka pykcat

Gepinmengi — 6Gacka OGipeyaiH LblFapMallbibIK
XKYMbICbIHBIH ~ HbICaHackl ~ 6onbin  TabbinaTtbiH
XapusinaHFaH — KymbICTapAblH:  MakananapapiH,

MOHorpadusinapablH, NaTeHTTEpPAIH xaHe T.6. maTe-
pvangapblH 3aHCbI3 nanganaHy.

XKapusnay Typanbl wWwewimMai KypHangbliH
bac  pepakTopbl MeH pedakumsi  ankachbl
KorpkasbaHbl KapacTbipFaHHaH, nnarvart neH Cokbip

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

peLeH3usnayabl TeKCEpreHHeH KewiH, YCbIHbIFaH
MatepvangapablH  fblIbIMU - XK8HE  MpaKTUKanbIK
MaHbI3AbINbIFBl  MEH ©3EKTiMiriH eckepe OTbIpbIM
Kabblnganapl. XKypHangbiH penakumschbl
peLeH3eHT TaHOdayFa, XeHe [fe kaxeT bonfaH
Xafdanaa OHbl aybICTbipyFa Kykbinbl. KapacTbipy
HaTWxenepi OoWbIHLWIA XKETKINIKCi3 >Kofapbl 6Gara
anfaH Komkasba >KypHan apusinaHbiMOapblHbIH,
[OeHreliiHe HeMece TakblpblOblHa CallKkec eMec aen
KkabbingaHbangpl. KabbinpaHbaraH komkasbanap
KanTa kabbingaHbanabl xxeHe KapacTblpbliMaiabl.
Erep «komkasba xypHanablH Genrini  6ip
HeMipiHAe >XapusnaHy YLWiH TaHganca, pegakums
Matepuangbl okuabl, 8aebwn  pepakuusanaybl
Xy3ere acblpafbl, COHbIMEH KaTap Kormka3baHbiH,
pecimgenyiHiH Makananapfa KoWbINnaTblH — OCbl
TanantapFra CoNKecTiriH Tekcepeai. PegakunsinanraH
Kormkasba XypHanablH CalnTbl apKbinbl peaakuusnbik
TYCiHiKTEMenepre cevikec aBToprapfa Ty3eTyre
xibepinegi. ABTopnap pfaWblHOaraH KomxkastaHbl
XypHangplH, canWTblHOAa pepakumsa  GenrinereH
Mep3imae xibepy Tuic. ABTOpnap pepakums MeH
peLEeH3eHTTIH 6apnblk ecKepTynepiH >XOWFaHHaH
KeniH kormkasba kabblnaaHabl Aen ecenTeneni.

2. Makanafa KonbInaTbliH Tanantap

Komka3ba maTiHAik pepaktopga 6Gonybl Tuic
(MS Word, OpenOffice, LibreOffice), channpa *.doc,
*.docx, *.rtf 6onysl THic.

KomxasbaHblH
Kypanybl TMic:

1. B0X', FTAXP?, 6acbinbiM Typi, TakblpbIObl,
aBTOprapablH,  TOMblK — aTbl-XeHi, aBToprnapabliH
XYMbIC OpblHAaPbI (3aHAbl HbiCAaHAAPbIH KepceTnen
yibIMaapablH ataynapel, kanachbl, en), aHHoTauus,
Herisri cesgep — yw Tinge 6ip GafaHga (opbic,
afbINwblH, KasakLwa) ap Tinge 6enek betre.

KypbinbIMbl  KenecinepaeH
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2. Makana MaTiHi TynHycka Tinge exi
baraHga. MaeTiH norukanbelK KypbinbiMAbl  6onybl
Tvic. Keneci Takblpbinwanapabl — nawganaHy
yCbIHbINaAb!: Kipicne, Herisri 6enim, ecentey Genimi,
3KCMEPUMEHTTIK Genim, HaTuXenep MeH Tankeinay,
KOpbITbIHABINAP.

3. CypeTtep, kKecTernep —  KemnemiHe
kapai Oip Hemece eki GaraHga, ataynapbiMeH,
GenrineynepimeH, arbinwbiH TiniHe® aygapmacbiMeH

TynHycka Tinge OepinreH cypeT  acTbl/kecte
acTbl xa3banap. Opbip cypetTi jpg, gif, jpeg, tiff
dopmaTTapbiHaa, Avarpammanapgbl  — - excel

dopmMaTbiHAa TynHycka TypiHOe 6enek KocbiMLia
hanin peTiHae canTka OpHanacTbipy KaXeT.

4. KapxbinaHgpipy Ke3si, Myaaenep
KaKTbIfbICbl XoHe aBToprapAblH KOCkaH yYIneci
Typanbl KOCbIMLLA aknapar — TynHycka Tinge »eHe
aFbINWbIH TiNiHOe eki baraHaa.

5. TManpanaHbinFaH apebuetTtep
(epebuetTep Tizimi, references) — 6ip baraHaa.

6. AsTOpnap Typanbl TOMbIK  aknapat
(FoINbIMK a@TakTap, foinbiMu gapexenep, ORCID,
Scopus SPIN-kog, email xsHe T.6. Kaxer
Xafganga) — TYMHYCKa TiNAe XaHe afbinblH TiniHae
eki baraHpa.

7. Xat anmacyra xayanTbl aBTopabl KepceTy

Tizimi

(corresponding author), «*» ©GenriciveH — 6ip
baraHaa.
KomkasbaHblH  KypbIbIMABIK  3NeMeHTTEpI

Kenecigewn pecimaenyi Kaxer:

1. 90X (UDC, 90X), FTAXP (CSCSTI,
FTAXP) 6ac opintepmeH GenrineHeni, Arial
wpndTi, enwemi 14, keckiHi — kapanay, Typanay —
confa, LWeriHicci3, konapanblk UHTepBan —
kebenTkiw, 1,15.

2. Xapusnanbim TYpi O0X, FTAXP
KemiH, Arial wpwudTneH, enwemi 12, KeckiHi —
Kapanay, Typanay — Corfa, LeriHicci3, )onaparblk
WHTepBan — kebenTkiw, 1,15 opHaTbINaabl.

3. KomkasbaHbIH TaKbIpbIObl KbiCka >XoHe
Ma3MyHAbl, KbiCKapTynapcbl3, Arial wpudTimeH,
enweMi 14, keckiHi — Kapanay, Typanay — cornfa,
LeriHiccis, )onaparnblk MHTepBarn — kebentkiw, 1,15
6onysbl THiC.

4. ABTtopnapabiH ATbI-)KOHI Takbipbin ac-
TbiHAa, Arial wpndTi, enwemi 14, KeckiHi — Kapa-
nay, Typanay — confa, LUEriHiCCi3, onapanblk WH-
TepBan — kebentkiw, 1,15 xasbinagbl. bacraybiw
apinTep iwiHae 60C OPbLIHCI3 HYKTEMEH Xa3blnaabl.

5. ABTOpnapAablH XYMbIC OpbIHAApPbI
(yMbimaapablH - ataynapbl  3aHAbl  HbiCaHOApPbIH,
Kanacbl, eniH kepceTnew) asTopnapgblH ATbl-
YKOHI actbiHaa, Arial wpndTi, enwemi 11, keckiHi —
Kapanay, Typanay — Corfa, LUeriHicci3, )onaparblk
uHTepBan — kebenTkiw, 1,15 xasbnagbl.

6. «TynHycka 3epTTeynep» ynrigeri
Komkasbanap aHHOTaUMACHI Keneci KypblnbiMaa
6onybl TWic: Heriageme, makcat, matepuangap MeH
aficTep, HaTwxenep, KOpbITbIHABI. AHHOTaUMA
kenemi 300 ces3meH acnanabl. AHHOTaUMSA

MaTiHiHIH angbiHga «AHHOTAUWA» TakblpbiObl
Konbinaabl, wpndt Arial, enwemi 11, werinic 0,75
cM, onapanblk uHTepBan — 1,15. AHHOTauus
MaTiHiHAe Arial WpundTi nargananbinagbl, enwemi
10, werinic 0,75, xxonapansblk nHTepsan — 1,15.

7. Heri3ri cesgep aHHOTauusi acTbliHa KOC
HyKTe apkbinbl, 10 ce3aeH Hemece €e3 TipKeCiHeH
acnawiTblH, Arial WwpudTimeH, enwemi 10, KypcuBneH,
0,25 werinicneH, 1,15 >xonapanblk WMHTEpBanIMEH
xasbinagel.  «Herisri  cesgep:»  xannbnaylubl
Tipkeci («Keywords», «Heri3ri ceagep») kek TycneH
GenrineHyi Kaxer, ekniH 1.

8. KomkasbaHblH MOTiHi xaHa ©OeTTeH
6acranybl Tvic, wpudrT Arial, enwewmi 11, Typanay —
con akTa, werinic 0,75 cm, xonaparnblk MHTEpBan —
kebenTkiw, 1,15.

9. Komkasba MaTiHIHIH TakbipbinTapbl
(«Kipicne»,  «Herisri  6enim»,  «KopbITbIHObBI»
xoHe T.6.) Arial wpudrTimeH, enwemi 11, Typanay —
con xakra, wwerinic 0,75 cMm, xonapanblk UHTepBan —
kebenTkiw, 1,15 xasbinagpl.

10. CypeTtTep MeH kecTenepaiH HomipneHyi
nanekTi 6onybl Tnic (1, 2, 3 xaHe T.6.). Kectenep
MeH cypeTTepai nOepekkesdi kepceTnen 6Hacka
MaTepuangapaaH anyra 6onmangel. CypeTrep MeH
KecTe TakblpbinTapbl Tonblk, abbpesuaTypachi3
(«1 Cypet», «2 Kecte», «Figure 3», «Table 4»),
b6ac opinneH xa3binybl THic. CypeTTep MeH
KecTenepaiH aTaynapbl kbicka, 6ipak MasMyHAbl,
TakblpbinTaH 00C OpbIHMEH HYKTEMEH OGeniHreH,
OipiHWi ce3 — 6Gac eopinneH, Arial wpudTiMeH
GenrineHreH, enwemi 11, kapanay, Typanay -—
opTacbiHAa, LIeriHicci3, xonapanblk nHrepsan — 1
6onybl THic. KecTeHiH xa3banapbl xaHe artaybl on
KeCTeHiH >Ofapfbl XafblHOa, CypeTTiH »asbackl
MeH TakblpblObl — CypeTTiH acTbiHAa >Xasbinagbl.
TakplpbINTaH KewiH HykTe KowblmMangpl. Erep
cypetTe  opinTepMeH Hemece  caHpapMeH
GenrineHreH Ti3im 6onca (a), 6), B)...; 1), 2), 3)...;
a), b), c)...), myHaan 6enrineynep Arial wpudTiMeH
GenrineHreH cypeTTiH acTbiHga, enwemi 10,
CTUIb — KypCUB, Typanay — opTacbiHAa, LLETiHiCCi3,
xonapanelk HTepsan — 1 xasblnagbl.

11. CypeT neH KeCTeHiH acTbiHAAFbI
Xas6anapbiHaa Genrineyai  TonbiK  kasy
KamTbinagbl, Arial wpudTiHae, enwemi 10,
Typanay — COM XakTa, LeriHicci3, »onaparnblK
nHTepBan — 1 6onagabl.

12. CypeTtTep MeH Kecteneppgeri MaTiH Arial
wpudTiHae, enwemi 8-geH 12-re geniH Gonagbl.
MaTiH TynHycKa TinAeH afbinLwbIH TiNniHe aygapbinybl
TUic, CKpUMHWOTTapabl, 6araapnamanblk eHimaepaeH
XKYKTenreH Martepuangapibl XeHe eHAeNMeWnTiH
dopmaTTarbl rpadukanblk XaHe KecTenik Ma-
TepuanapiH 6acka TypnepiH kocnaraHaa.

13. CypetTtep MeH KecTtenep MOTi-
HiHAgeri eckepTnenep artayablH, TypakTbl
OeniriHiH ~ Kbickalla TypiH KomJdaHa  OTbIpbiM,
maTiHgerinen  pecimgenyi  kaxeT  («1  cyp.»,

«2 KecTey).

3 BypaaH api TynHycka Tini aFbinwbIH Tini 6onca, 6acka Tinaepre aynapma Tanan eTinmengi.
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14. NanpanaHbinFaH apebuertep Tisimi
(opmebuertep  Ti3iMmi, references) MoaTiHae
cinTeme >acanfaH 6GacbinbiMaapabl faHa KamTybl
Tvic. Cintemenep navpanaHbiiFaH aaebuetTep
TisimiHae aepekkesnep peTiHe cavikec ([1], [2], [3]
xoHe T.6.) xacanagbl. Ti3iM TymHycka 3epTTeyrnep
ywiH 30 TapmakTaH, fbifbiIMU LIOMYNap  YLUiH
60-TaH acnaybl Tuic, 3amaHayu 6GacbinbiMaap
GornFaHbl )akcbl. Opbip Aepekkes XKyMbIC MaTiHIHAe

KaHWanbIKTbl  XWi  anWTblIifaHblHA ~ KapamacTaH
Tisimge 1 per aranagbl. MaTiHgeri Tisimaeri
Gactankbl HeMipre cintemenep TepTOYpLILTHI

Xakwapa 6epinyi kaxet. KongaHbeinfaH agebunettep
TisimaepiH pecimaey opbIC XeHe Kasak TingepiHae
MEMCT P 7.0.5-2008 coiikec, afbiflbIH TiniHae —
AMA (Vancouver) cTuniHge »ysere acblpbinagpl.
XapusinanbimpapgblH ~ Genrini 6ip  TypnepiHe
cinTemenepgi pecimaey epexernepiMeH Tonblfbipak
MblHa cinteme 6oWbiHWa 6ine anacwi3: hitps:/
journals.eco-vector.com/index/pages/view/
references_split .

15. ABTopnap Typanbl aKnapartTa
aBTopnapabiH TONbIK ATbI->XXOHI, FbINbIMKU
aTakTapsbl, fbinbiMu aspexenepi, ORCID, Scopus
SPIN kogpbl, email xaHe KkaxeT OonfaH xargamoa

backa ga manimertep 6onybl Tvic. Arial wpndTtiMeH
pecimgenegi, enwemi 12, Typanay — con XakTa,
LieriHiccis, xonapanblk WHTEpBan — kebenTKiw
1,15. «<ABTOPJIAP TYPAJbl AKMAPAT» («ABTOP
(-TAP)  TYPANbI  AKMAPAT», «AUTHORS’
(-'S) INFO») Takpipbibbl Hac epinneH xasbinagbl
XoHe Kapanay wpudpTneH 6enrineHeni,
astopriapabiH  ATbI->KOHOEPI pe  kapanay
WwpncTneH GenrineHegi. Xat anmacyfa xayanTbl
aBTopabl ATbI-KOHIHIH con xafbiHaa »)ynabi3wa
(«*») apkbinbl 6enrinenai (aBTop, OTBETCTBEHHBIV 33
nepenucky, corresponding author). TyciHaipme >xonbl
«*Xabap anmacyra xayantbl aBTop/Corresponding
author» («*ABTOp, OTBETCTBEHHbIA 3a nepenucky/
Corresponding author») «ABTOp Typanbl aknapar»
GenimMiHeH KeliH kepceTinesi.

Bet XuekTepi keneci napametprnepre wue
Bonybl TUIC: YCTiHFi XXeHe TeMEHT i Xafbl — 2 CM, COn
Xafbl — 3 cM, OH Xafbl — 1,5 cm. Makana kenemi —
TYNHycKanblk 3epTTeyrnep ywiH 10 6eTTeH ken emec,
FbINbIMK  LLIOMYNap XaHe KormkasbanapablH 6acka
Typriepi ywiH 20 GeTTeH acnaybl kaxeT. Kypgeni
mMareMaTtukanblk opMynanap KMbIHTbIFbI  YLUiH
Word GargapnamacbkliHgarbl ctanHgaptTbl Equation
Editor pegakTopbl KongaHbinaabl.
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