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Summary. The fracturing of carbonate rocks of the Kashiro-Verey formation in the Volga-
Urals region is studied using X-ray tomography and electron microscopy methods. The lithological
and structural features of the formation consisting of four lithotypes are described. The lithotypes
differ markedly in the degree of clay material, the nature of the void space, and reservoir proper-
ties. Two lithotypes are weakly permeable. Experimental modeling of the effect of proppant hy-
draulic fracturing technology on core samples is applied.

It is established that loading affects the interlayers differently depending on their structure and
material composition, and the presence of clay and the nature of porosity have the greatest inf-
luence. The microcracks of hydraulic fracturing under loading of samples develop to the maximum
extent in the densest rocks, in which extended cracks with an opening of about 100 pm or more are
formed. In turn, in the permeable part of the lithotypes, extended, usually narrow (thickness less
than 20 um) rectilinear cracks are also formed, oriented in one direction and connecting neighbor-
ing microcaverns and pores. Their strict orientation in space reflects the direction of the load on

the samples, but may also be partly due to the hidden microlayering of the rocks.

The conclusion is made about the possibility of forming through oil migration channels in the
reservoir. The results of the experimental study will lead to increasing of the using efficiency of
the hydraulic fracturing technology in the operation of the Kashiro-Vereya productive reservoirs.

© 2022 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

1. Introduction

In the last decade, one of the most promising in
increasing oil production of operational facilities in
the Volga-Urals oil and gas province are oil deposits
of Kashiro-Verey age. The most active development
of these operational facilities is observed in the terri-
tory of the Perm Region.

The initial recoverable reserves for the Kashiro-
Verey deposits of the Perm Region exceed 130 mil-
lion tons (as of 01.01.2022) with an average reserve
production of about 30%. The actual drilling capaci-
ty of facilities relative to the project fund is on aver-

age 50% with an average water content of 30% of
well production (the range from 5 to 74%). Thus,
Kashiro-Verey objects as a whole are characterized
by high residual oil reserves with the low water con-
tent of well production with the potential to increase
the well stock. The use of modern technologies for
this territory makes it possible to rapidly introduce
Kashiro-Verey deposits of "old" fields into active,
profitable development, up to a 10-fold increase in
oil production (BoeBoakun, AuToHOB, 2021).

The Kashiro-Verey deposits of the Volga-Urals
are an interlayer of mudstones and carbonate rocks,
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and the carbonate stratum is characterized by varying
degrees of clay material. The most clay-free interlayers
are distinguished as collectors, but the total thicknesses
of this type of rocks, as a rule, do not exceed 2-6 m. As
the clay material increases, the reservoir properties of
the layers naturally deteriorate, and significant difficul-
ties accompany the production of reserves from them.
They can be overcome with the use of various techno-
logies. However, the use of standard technologies such
as hydrochloric acid treatment (Novikov, Martyushev,
2020; Novikov, 2021) and radial opening of the reser-
voir (Chi et al., 2015; Galkin et al., 2019) is accompa-
nied by a rapid decline in oil production and is charac-
terized by low profitability.

The most effective technology for the develop-
ment of the above deposits for the territory of the Perm
Region in recent decades is considered to be proppant
hydraulic fracturing (Raspopov et al., 2019; Votinov et
al., 2021; I'anxwH u ap., 2021), as a result of which the
rock breaks along the planes of minimum strength.
This technology has long been used in world practice
in the development of hard-to-recover oil reserves
(Penny et al., 1985; Ycaues, 1986; Kanepckast, 1998).
In many countries of the world, including Russia, sig-
nificant efforts have been made to introduce new de-
velopments in this area (Economides, Nolte, 2006; Sal-
imov et al., 2013). In recent years the technology has
become increasingly widespread due to the depletion
of oil reserves in many oil-producing countries
(SIpkeera, Xasues, 2018; Wright, Muma, 2018). Re-
views of the application of hydraulic fracturing tech-
nology in individual oil fields are given in some works
(3monbHuK U fp., 2016; Toman u ap., 2018).

Hydraulic fracturing cracks are fixed after pres-
sure is removed by proppant and become reliable
and long-term oil conductors. The ability of the layer
to conduct liquid through the created crack and de-
liver it to the wellbore is determined by the concept
of dimensionless crack conductivity (Smith, Shlya-
pobersky, 2000). The geometry of hydraulic fractur-
ing cracks is determined by their half-length, height,
and width (Muther et al., 2020) and significantly
affects the effectiveness of this technology.

The effectiveness of propant hydraulic fractur-
ing technology largely depends on the characteristics
of cracks (the number of cracks, their extent, shape,
orientation in the rock, the degree of disclosure,
etc.). In turn, these parameters depend on the mate-
rial composition and structure of the rock. Of partic-
ular importance is the real idea of the natural fractu-
ring of rocks (HaceiOymma u ap., 2010). In addi-
tion, it is necessary to take into account the peculiar-
ities of the structure of the oil reservoir (Aliyeva,
Mustafayev, 2021; Gurbanov et al., 2019, 2021a,b).

However, methods for predicting hydraulic frac-
turing using the developed algorithms and computer
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programs have not yet been developed. Neverthe-
less, at this stage, such a problem can be solved with
the use of appropriate laboratory and field experi-
ments with core samples. Examples of such studies
are given in a number of papers (Laubach et al.,
2004; Fjaer, 2008; Ibatullin et al., 2009).

2. Object and methods of research

Fracturing, both natural and after hydraulic frac-
turing, can be primarily studied at the macrolevel.
Averaged data on the fracturing of the working per-
foration intervals (thickness — the first tens of me-
ters) can be obtained from the pressure recovery
curve (KVD). According to the Warren-Root model,
the presence of two parallel lines on the KVD and a
characteristic inflection between them are interpret-
ed as a manifestation of fracturing (Cherepanov,
2015; Martyushev et al., 2019; Martyushev, Yu-
rikov, 2021). In the paper (Votinov et al., 2021),
based on the processing of KVD for the Kashiro-
Verey object of the Moskudyinsky field, a scheme of
natural fracturing was constructed, while the crack
opening was estimated as low (less than 10 um).

Fracturing at the level of individual interlayers
(thickness from 0.2 to 3 m) can be studied according
to the data of geophysical studies of wells. The
complex of natural gamma (GC) and neutron-
neutron logging (NNA-t) is the main one for
Kashiro-Verey deposits in determining reservoir
properties. The GC method is characterized by the
clogging of layers with a clear separation of lime-
stone interlayers (Alg<0.3 d.e.) and mudstones
(Al>0.5 d.e.). The minimum values of NNA-t are
fixed on the most porous limestones, the maximum —
the densest ones in the carbonate section.

The analysis of the core material made it pos-
sible to identify four lithotypes of rocks for Kashira-
Verey limestones that differ in structural features
(Galkin et al., 2021). The intervals of limestone
without clay (Alg<0,03; Al <0,17) are treated to
porous-cavernous lithotype 1. Lithotype 2 is repre-
sented by alternating 2-10 cm porous and dense dif-
ferences of the rocks in the ratio 76% to 24% (Alg
from 0.07 to 0.08; Al from 0.24 to 0.26). The
dense layers are dominated (86%) in lithotype 3
(Alge from 0.07 to 0.19; Al from 0.30 to 0.37). Po-
rous areas in these rocks are represented as inclu-
sions, and the presence of fracturing has been estab-
lished for them. The increased Alg figures (0.17-
0.31) indicate the predominant clayey composition
of limestones for lithotype 4, and the range of Alnnk
(0.45-0.49) indicates their strong compaction. At the
same time, even for the densest lithotype 4, non-zero
porosity (Kp = 6%) is established according to the
core data, which shows the proximity of the intervals
without no signs of oil to the collectors.
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Fracturing at the microlevel can be assessed
based on the results of core studies. To solve this
problem, both standard core research methods and
special ones can be used. The objective of this work
is a detailed study of the processes of hydraulic frac-
turing using scanning electron microscopy methods
(Quattro-C, ThermoScientific, USA). The operating
regime for the microscope is the following: voltage
20 kV, the working distance is 10 mm, the current is
1 nA. At the same time, the entire surface of the
samples is scanned at magnifications from 100 to
30,000 times (the resolution of the microscope at the
last magnification is 0.1 um).

The electron microscopy results are supplement-
ed with data from X-ray tomography of the core,
which allow visualizing large pores and cracks with
relatively high disclosure in the sample volume
(Efimov et al., 2015; Pakzad et al., 2018). For this
task, a Nikon Metrology 125x180 XT scanning unit is
used, which makes it possible to visualize cracks with
an opening of 20-30 um or more on a standard core.

As shown above, Kashiro-Verey formations are
characterized by the presence of weakly fractured
zones, which in their natural state do not significantly
affect the processes of fluid filtration. At the same
time, when implementing hydraulic fracturing tech-
nology, microcrack systems can be significantly acti-
vated. To assess the scale of this process, cubic core
samples with a side of 40 mm are made for all four
lithotypes of rocks, and experiments on their multiax-
ial loading are carried out (Karev et al., 2016, 2017).

At the beginning of each experiment cycle, the
same pressure on the sample was created from all
sides. Compression in experiments for lithotypes 1,
2, and 3 was ranged from 10 to 20 MPa, and did not
exceed 10 MPa for lithotype 4. Taking into account
the assessment of the effective pressure in the for-
mation conditions of Kashiro-Verey deposits of the
order of 12 MPa, the pressure of extremely rigid

compression created in experiments is comparable to
real reservoir conditions. Then, with the support of
constant pressure along two axes (on four faces of
the cubic sample), loading along the third axis (on
the two remaining faces) was created up to the va-
lues of the maximum axial load.

The maximum values of the axial load on the sam-
ples in the experiments were, respectively, 40 MPa — for
lithotype 1; 80 MPa — for lithotype 2; 100 MPa — for
lithotype 3; 140 MPa — for lithotype 4. At the same time,
the limit of elastic deformation in the experiments was
not exceeded, but the samples could be re-compacted
relative to their natural state. In general, the experiments
carried out on the cores could be compared with the
conditions of hydraulic fracturing in the formation.

The analysis of the impact of the load on the
formation of fracturing are carried out by comparing
the state of the cores before and after exposure. In
this case, first of all, X-ray tomography data are
used. The method of X-ray tomography, in addition
to studying the pore space, allows you to visualize
the presence of relatively open cracks in the sample
volume. At the same time, the capacitive space on
the tomograms is highlighted in black, areas with
increased X-ray density are white.

X-ray tomography shows that as a result of ex-
periments in lithotypes 2, 3, and 4, intensive for-
mation of hydraulic fracturing cracks occur. Figures
1 and 2 show tomograms of cores for the most prob-
lematic lithotype 3 (before and after multiaxial loa-
ding). The tomogram of the sample before the multi-
axial loading shows a clear difference between the
dense and porous parts of the rock, while no exten-
ded cracks have been established. Only short non-
communicating cracks are visible on the cut in the
porous part of the sample (Fig. 1). Existing cracks
develop in the porous part, and intensive formation
of extended cracks with an opening of about 100 um
occurs in the dense part after loading (Fig. 2).

Fig. 1. Results of X-ray tomography in volume (a) and in section (b) before experiments on multiaxial loading of a lithotype 3 sample
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Fig. 2. Results of X-ray tomography in volume (a) and in section (b) after experiments on multiaxial loading of a lithotype 3 sample

3. Results of electron microscopy studies

Microcrackage in the initial samples, recorded
on electron microscopic images, is poorly developed
in lithotypes 1 and 2. Only short microcracks are
present between some microcaverns and pores in

them. Microcracks in lithotype 3 are more developed
and more diverse. However, these microcracks are
usually short (up to 5 um), and the thickness does
not exceed 0.5 pm. As to dense clayey lithotype 4
microcracking is practically absent (Fig. 3).

829 ym 500 x 20.00 kV 1.0 4.0 pA

Fig. 3. Typical microcracks in samples before loading: a, b — lithotypes 1 and 2 (respectively); c, d — lithotype 3
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After conducting experiments with samples of
lithotypes, electron microscopy shows the intensive
formation and a wide variety of hydraulic fracturing
microcracks. At the same time, the hydraulic fractur-
ing in lithotype 1 is mainly represented by three
types of microcracks:

1) a system of microcracks of few, relatively short
(length up to 0.3 mm), sometimes strictly parallel and
rectilinear, with a thickness of about 3-5 um;

2) a system of numerous extended microcracks,
about 10-20 pm microns thick, weakly branched,
connecting microcaverns and pores (Fig. 4);

3) single short (up to 0.2 um) cracks up to 50 um thick.

Each of the above systems is confined to certain
areas of the sample with a special structure of the
hollow-porous space. Thus, pairs of close parallel
microcracks are confined to zones of increased po-
rosity. They are usually located in the areas between
the converging microcaverns.

Systems of narrow extended microcracks with a
thickness of several tens of micrometers appear un-
der the influence of load in areas of reduced porosity
and function as connecting channels between mic-
ropores. They are oriented in space in a certain di-
rection sub-parallel to each other. Some of them
cross the entire experimental sample.

=

Single short cracks differ from the previous
ones with increased thickness (up to 50 pum) with
extensions in some areas. They existed in the sample
before loading, but were noticeably expanded and
somewhat deformed.

Thus, the result of the impact of the load on the
lithotype 1 rocks is mainly the formation of connec-
ting channels between microcaverns and thereby an
increase in the volume of contacting voids.

The result of the experiment for lithotype 2 is
the formation of several systems of hydraulic frac-
turing microcracks in zones with different permea-
bility. In particular, two systems of microcracks are
characteristic of dense impermeable interlayers: 1)
microcracks extended in space with a thickness of
up to 10-20 um, 2) deep wide (up to 50 um or more)
cracks with branches.

Microcracks of the first type in the sample
have a certain orientation (perpendicular to the
direction of the load). Cracks can branch in some
areas (Fig. 5). At the same time, cases have been
noted when a certain section of the microcrack is
healed by a newly formed carbonate substance.
This fact can be interpreted as follows: previously
existing microcracks were expanded and extended
under the influence of load.

Fig. 5. Extended microcracks in the lithotype 2
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Deep cracks with branching and local inflations
up to 0.5 mm thick are less frequent and probably fix
the areas of the most severely disturbed structure of
the sample under the influence of load (Fig. 6).

Porous permeable interlayers are characterized
by short or extended microcracks up to 10 pm wide,
which usually connect microcaverns and large pores
(as in lithotype 1). They have a certain orientation in
the sample, coinciding with the general direction of
cracks in dense interlayers, and probably reflect the
direction of the load (Fig. 7).

Lithotype 3 is characterized by a wide variety of
microcracks of different lengths, shapes and depths.
Scanning of the sample surface after loading shows
the presence of zones of increased cracking and the
existence of several generations of microcracks, of
which the subsequent ones intersect the earlier ones
in the time of formation.

The appearance of deep extended microcracks
with inflations up to 250 pum thick of different orien-
tations is noted in dense impermeable interlayers
(Fig. 8). The presence of three systems of hydraulic

Y mag HV pot curr
) PM 4.14 mm 100 x 20.00 kV 5.0 1.0 nA

fracturing microcracks is noted for porous zones: 1)
parallel narrow extended, 2) intersecting (Fig. 9),
and 3) short connecting "channels" between micro-
caverns and pores.

The load had the most significant impact on the
void space of the rock on lithotype 4, represented by
dense limestone. Extended microcracks (through the
entire experimental sample) were formed in them
after loading with a thickness of up to 100 um in
places, which are often grouped into parallel sys-
tems. An attention is drawn to the same orientation
in space of all microcracks in the sample of this
lithotype (perpendicular to the pressure) (Fig. 10).

4. Discussion of the results and conclusions

Experiments on multiaxial loading of samples,
simulating the conditions of the technology of prop-
pant hydraulic fracturing, have shown that complex
fracturing microcracks are intensively formed in
Kashiro-Verey rocks that are weakly fractured in
their natural state during loading.

O det 1/19/2022 HFW g0 H pot curr
&g’ ETD 2:58:17 PM 4.14 mm 100 x 20.00kV 5.0 1.0nA

Fig. 7. Extended microcracks in areas of reduced porosity
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Fig. 10. Typical microcracks in lithotype 4

Combining the methods of X-ray tomography
and scanning electron microscopy of the core allows
us to establish the appearance of numerous systems
of hydraulic fracturing microcracks of various types
and lengths. At the same time, electron microscopy
makes it possible to study in detail the morphology,
orientation in the sample, thickness, frequency of
occurrence, and other characteristic parameters of
microcracks. The choice facilitates this for experi-
mental studies of various lithotypes of rocks of the

studied formation (from permeable to impermeable,
and intermediate variants with a different ratio of
those and other layers).

It is established that loading affects the interla-
yers differently depending on their structure and ma-
terial composition, and the presence of clay and the
nature of porosity have the greatest influence. The
microcracks of hydraulic fracturing under loading of
samples develop to the maximum extent in the den-
sest rocks, in which extended cracks with an opening
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of about 100 um or more are formed. In turn, in the
permeable part of the lithotypes, extended, usually
narrow (thickness less than 20 pm) rectilinear cracks
are also formed, oriented in one direction and con-
necting neighboring microcaverns and pores. Their
strict orientation in space reflects the direction of the
load on the samples, but may also be partly due to
the hidden microlayering of the rock.

The experiments have confirmed that hydraulic
fracturing technology contributes to the interconnec-
tion of permeable oil-saturated layers, thereby ensur-
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JETAJIBHOE U3YUEHHUE TPENIMHOBATOCTH T'HAPOPA3PHIBA KAIIIMPO-BEPEMCKNX IMTOPOJ]
METO/IOM JIEKTPOHHOW MUKPOCKOIIAH

I'ankun C.B.1, Capuuxkuii 10.B.1, Ocopenxnii 5.M.2, Kaszpivos K.I1.2,
I'yp6anos B.111.3, I'acanos A.B.%, A66acosa I'.I'.%, KaszpimoB P.P.°
Uepmcxuii Hayuonanvnoiii uccredosamenvckuii Honumexnuveckuti Ynusepcumem, Ilepms, Poccust
614990, ITepmb, Komcomonvckuii np-m, 0. 29
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Pestome. MetonaMu peHTTEHOBCKOH TOMOrpauu KepHa M CKaHHUPYIOIIEH 3JIeKTPOHHOW MUKPOCKOIIMH H3y4eHa TPeIlInHOBa-
TOCTh KapOOHATHBIX MTOPOJ KaIIMpo-Bepeiickoi cBUTH Bonro-Ypanbsckoil HedTerazoHocHO# npoBrHIMY. B nipenenax HegTeHOCHOM
TOJIIM OIMCAHBI JINTOJIOTHYECKHE M CTPYKTYpPHbIE OCOOEHHOCTH TOPHBIX MOPOJ. BEIJeneHbl YeThpe TUTOTHIIA, KOTOPhIE pasiinya-
FOTCS 110 CTENEHH INIMHUCTOCTH MaTepuana, XapakTepy IIyCTOTHOTO IIPOCTPAHCTBA U KOJUIEKTOPCKUM cBoiicTBaM. [IpumeHeHo 3xcme-
PUMEHTaIbHOE MOJEIHPOBAHIE BO3AEHCTBHS TEXHOIOTHH MPOIIAHTHOTO THIPOPa3phIBa IUTacTa Ha 00pasisl KepHa. JleTansHo n3y-
YEHO W3MEHEHNE TPEIMHOBATOCTH TOPHBIX ITOPOJ MO ASHCTBHEM HArpy3KH Ha 00pa3Iibl, yCTAHOBIICHBI PA3ININs JaHHBIX ITPOIEC-
COB JUTS KaXK/IOTO M3 PACCMOTPEHHBIX JINTOTHUIIOB. Y CTAHOBIICHO, YTO HAarpy3Kka MO-pPa3HOMY BIHSET HA IMPOCIOHKH B 3aBUCHMOCTH OT
UX CTPYKTYpPHI M BEIIECTBEHHOTO COCTaBa, IPUIEM HaHOOIIbIIIee BIUSHNAE OKAa3bIBAaeT HAJWYUE TIIMHBI H XapaKTep MOPUCTOCTH. MUK-
POTPELIMHBI THAPOPa3phIBa NIPHU HArpyXeHHH 00pa3oB MaKCHMAJILHO Pa3BHBAIOTCS B HanOoJee IUIOTHBIX HOPOJax, B KOTOPBIX 00-
pa3yroTcsl POTSHKEHHBIE TPELIMHBI ¢ packpbiTHeM okono 100 MxM n Gonee. B cBoo ouepenp, B MPOHMIIAEMOH YacTH JUTOTUIIOB
TaKoke 00pa3yroTCsl MPOTSHKEHHBIE, OOBIYHO y3KHe (TONIMHON MeHee 20 MKM) NpsIMOJIMHENHbIE TPEIMHBI, OPUEHTHPOBAHHBIE B O
HOM HAIpaBJICHUU U COEAMHSIOIIUE COCeHUE MUKPOKaBEepHBI U Mophl. WX cTporast opueHTaIys B IPOCTPAHCTBE OTPaXkaeT HaIllpaBs-
JIEHUE Harpy3Ku Ha 00pasIbl, HO OTYACTH MOXKET OBITH OOYCIIOBIEHA M CKPBITOH MHKPOCIONCTOCTBIO OPOJIBL. B pesynsrare caeman
BBIBOJ] O (POPMHPOBAHHH B IIPOIIECCE THAPOPA3PHIBA JOTONHUTEIBHBIX CKBO3HBIX KaHAIOB (HIbTpanuy (GIronaoB B miacte. [Tomy-
YEeHHBIE PEe3yNITAaThl HKCIIEPIMEHTAILHOTO HCCIECOBAHMUS MO3BOJSIOT MOBBICHTH (P ()EKTHBHOCTH IIPUMEHEHHUS] TEXHOJIOTUH THAPO-
pa3pbIBa IIACTA TPH SKCILTyaTaI[MN KAMINPO-BEPEHCKHUX KCILTYaTAI[OHHBIX OOBEKTOB.

Knrouesvie cnosa: mpewunvt 2udpopaspuiéa, KapOOHAMHGLI KOIIEKMOP, KePH, PEeHM2eHOBCKAL MOMOSPApUs, dNeKMpPOHHAS
MUKPOCKORUS, NPONAHMHBII 2U0POPA3PLIE NIACMA

ELEKTRON MIiKROSKOP USULU iL9 KASIiR-VEREYA SUXURLARININ
HIiDRAVLIK PARCALANMASININ 9TRAFLI TODQIQi

Qalkin S.V.%, Savitskiy Y.V.%, Osovetski B.M.2, Kazimov K.P.?,
Qurbanov V.S.3, Hasanov 9.B.%, Abbasova Q.Q.%, Kazimov R.R.°
1 Perm Milli Tadgigat Politexnik Universiteti, Perm, Rusiya
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Xiilasa. Volga-Ural neft-gaz vilayotinin Kasir-Vereya lay dostssinin karbonath siixurlarim qirilmalari kernlorin rentgen tomog-
rafiyasi va skaner elektron mikroskopiya tisullari ilo todqiq edilmigdir. Siixurlarin litoloji v struktur xiisusiyyotlori neftli laylar daxi-
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linda tosvir edilmisdir. Dérd litotip miioyyan edilmisdir ki, bunlar niimunalorin gilliliyin daracasine, mosamalarin tobistine vo kollek-
torlarin xtisusiyyatlorina gora forglonir. Proppant hidravlik par¢alanmanin se¢ilmis niimunalors tosirinin eksperimental modellosdiril-
mosi totbiq edilmisdir. Nimunolards yiikiin tosiri noticasinds qirilmalarin forgi strafli Gyronilmis, nazardon kegirilon litotiplorin hor
biri Tiglin bu proseslords xiisusiyyotlor miioyyan edilmigdir. Miioyyan edilmisdir ki, yiiklonmo ara gatlarinin strukturundan vo maddo
torkibindon asili olaraq miixtolif tasirlor gostarir, gilin olmas1 vo masamoliliyin xarakteri iso olavo tosir gostorir. Niimunslorin yiiklon-
moasi naticasinds hidravlik qirilma mikrogatlari, toxminon 100 mkm vo ya daha ¢ox agiligi olan uzanan ¢atlarin omalo goldiyi yiiksok
sixl1 siixurlarda maksimum inkisaf edir. Oz ndvbasinda, litotiplorin kegirici hissosinds davamli, adaton dar (qalinligi 20 mkm-don az)
diizxotli qirilmalar da amslo galir, onlar bir istigamate yonaldilir vo daxildoki mikrokavernalar: vo masamalari birlasdirirlor. Qirilma-
larin istigamatlonmis oriyentasiyasi tasir edon yiikiin istigamatini oks etdirir, lakin bu gisman stixurun gizli mikrotsbagoalonmasi ilo
olagodar ola bilor. Naticado belo gonasta gslindi ki, hidravlik par¢alanma zamani layda slave maye siiziilmo kanallari amola galir.
Eksperimental todgigatin sldo edilmis noticalori Kashiro-Vereya sonaye obyektlorinin istismarinda hidravlik par¢alanma texnologi-
yasinin tatbiginin somarsliliyini artirmaga imkan verir.

Acar sozlav: hidraviik parcalanma, karbonath kollektor, kern, rentgen tomoqrafiyasi, elektron mikroskopiya, proppant hidravlik
parcalanma
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