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One of the effective methods of combating the increase in the concentration of carbon dioxide
in the atmosphere is its sequestration in porous media in the solid gas hydrate form. The unique
properties of gas hydrates, such as their high gas capacity, low permeability and natural stability,
make them an attractive option for long-term disposal of carbon dioxide. In the context of considering
the problem of organizing geological gas hydrate storages of carbon dioxide, a mathematical model
is written down that allows a theoretical study of the process of carbon dioxide hydrate formation
during its injection into a reservoir whose pores are initially saturated with methane and water.
The proposed mathematical model takes into account zonal heterogeneity of a porous reservoir,
the flow in it in the presence of phase transformations (hydrate formation and solubility of carbon
dioxide in water) of the gas (CH, and/or CO,) and liquid (water and dissolved CO,) phases, heat
transfer from the considered region of a reservoir to the surrounding rocks; the hydrate formation
process is considered as an equilibrium phase transition. Calculation equations for the studied
process are presented and numerical solutions of the problem are constructed, describing the
distribution of parameters (temperature, pressure, phase saturations) in a reservoir. It has been
shown by calculations that when CO, is injected into a reservoir, several characteristic zones can
form in it, differing in the composition of the fluids saturating them. It has been demonstrated
that it is necessary to take into account such factors as heat released during phase transitions, the
Joule-Thomson effect, and heat exchange between the porous reservoir and its surrounding rocks
when describing the temperature field in the reservoir formed when carbon dioxide is injected into
it. The results of computational experiments are presented and analyzed when placing an injection
well in a high- or low-permeability zone of a porous reservoir. The conducted numerical study
showed that for the organization of effective gas hydrate storage of carbon dioxide, porous media
with sufficiently high permeability values are required.
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Introduction one of the best options for large-scale reduction of

With the growth of global industrialization and the
overexploitation of non-renewable energy sources, a
large amount of greenhouse gases, primarily carbon
dioxide, has been released (Xu et al., 2020). The works
of a number of researchers have shown that currently
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these emissions is geological storage of CO, (Kim,
Santamarina, 2014; Lu et al., 2021). According to the
definition given in the article (Korzun et al., 2023), a
natural geological object is a geological system that can
keep a greenhouse gas in stable state for a sufficiently
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long period of time, without the risk of emergency
situations associated with the release of utilized
emissions from collectors to the surface. Measures
for the utilization and storage of carbon dioxide in
porous collectors include the capture of CO, emitted by
industrial or energy manufacturers and its subsequent
underground storage (Cao et al., 2022). Long-term
storage of carbon dioxide in a gaseous state can lead
to gas breakthrough to the surface and, accordingly, to
unpredictable environmental problems (Mac Dowell
et al., 2017). Therefore, the most acceptable option is
geological storage of carbon dioxide in solid gas hydrate
form (Kim, Santamarina, 2014; Hassanpouryouzband
et al., 2019; Zhou et al., 2024). The efficiency of such
CO, storage can be due to the fact that, under the same
thermodynamic conditions, a unit volume of gas hydrate
can contain several times more gas than in gaseous state
(Istomin, Yakushev, 1992; Chuvilin, Guryeva, 2009;
Makogon, 2010). Underground gas hydrate storage
of carbon dioxide meets the main characteristics of a
possible option for organizing such a storage facility,
namely: large storage capacity, long-term CO, isolation
(at least several hundred years), reasonable cost, minimal
impact on the environment (Aminu et al., 2017). As
indirect evidence of the above theses, one can cite the
fact that, for example, in the northern Russian regions
there are natural accumulations of methane hydrates, the
estimated age of which reaches hundreds of thousands of
years. It is important to note that the range of pressures
and temperatures at which CO, hydrate can stably exist
is much wider than that for CH, hydrate, which indicates
the possibility of similar long-term storage of carbon
dioxide in gas hydrate state.

Currently, large corporations in a number of countries
are interested in geological storage projects for carbon
dioxide. When organizing a CO, storage facility, an
important issue is the selection of reservoirs suitable for
underground gas hydrate storage of carbon dioxide (Lu et
al.,2021). Such reservoirs can be depleted hydrocarbon
deposits (Korzun et al., 2023; Zhou et al., 2024) located
in relative proximity to manufacturers that are sources of
CO2 emissions, such as electricity and heat producers.

Carbon dioxide storage in depleted oil and gas
reservoirs is considered as one of the most effective
storage options due to several reasons: 1) these reservoirs
have been thoroughly studied before and during
hydrocarbon production; 2) surface and underground
infrastructure such as injection wells and pipelines are
available and can be used for the storage process either
directly or with minor modifications; 3) carbon dioxide
injection into oil-saturated reservoir as an enhanced oil
recovery method has already been applied in the oil and
gas industry and hence such experience can be used for
CO, storage process (Aminu et al., 2017; Ibragimov et
al., 2024).
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Rational formation of underground carbon dioxide
gas hydrate storage dictates the need for an in-depth
preliminary study of the aspects of non-isothermal
gas-liquid flow in saturated porous reservoirs in the
presence of phase transitions, as well as an analysis of the
factors determining the efficiency of such CO, storage
technology. For example, one of such factors is the
heterogeneity in the reservoir permeability (Barenblatt
etal.,2016; Huetal., 2021). In this regard, mathematical
modeling and numerical study of the processes occurring
during non-isothermal flow of carbon dioxide in porous
media with heterogeneous permeability, taking into
account the formation of gas hydrates, seem important.

Methods

In this paper, mathematical modeling methods are
used to study the features of non-isothermal filtration of
a gas-liquid mixture, taking into account the gas hydrate
formation when carbon dioxide is injected into a porous
reservoir, the pores of which are initially filled with
methane and water. First, let us consider the problem
formulation.

Problem of the process of CO, injection into a porous
layer of height A and radius R will be considered in
a two-dimensional (radial axis » and vertical axis z)
axisymmetric approximation (Figure 1).

Let gas be injected through a well of radius r, , which
penetrates the reservoir to its full height. The outer
boundaries of the reservoir are impermeable to the gas
and liquid, but heat exchange with the surrounding rocks
can occur due to thermal conductivity. Let the porous
medium initially consist of three phases, namely: a
solid skeleton that does not participate in physical and
chemical transformations, methane, and water with
known saturations. We assume that the porous medium
skeleton is immobile and incompressible. At the initial
time moment the temperature in the reservoir and
surrounding rocks is equal to 7. Filtration is possible
only in the porous reservoir, and the initial pressure in it

}l R R r

Figure 1. Schematic representation of the problem. z and r
are the vertical and radial coordinates; /, r , R, and R are the
reservoir height, well radius, radius of the first reservoir zone
and radius of the whole reservoir, respectively; k, and k, are
the permeability of the first and second zones; 7 and p  are
the temperature and pressure of the injected carbon dioxide
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is p,. The reservoir consists of two zones with different
permeability values k, and k,. The injection of carbon
dioxide occurs at a constant pressure p, and temperature
T , which is less than the equilibrium temperature of CO,
hydrate formation for pressure p (Figure 1).

In mathematical modeling of two-phase filtration
taking into account the formation of CO, hydrate, we
will make the following main assumptions: gas hydrate
is considered as a system consisting of water and gas,
and the mass concentration of gas in the gas hydrate G
is constant; methane does not dissolve in water; water
evaporation is neglected; a single-temperature model is
considered (the temperatures of all phases in a certain
small volume are equal); the reservoir porosities for both
zones are the same and constant; the density of water and
the specific heats of phase transitions are constant values;
capillary effects are not taken into account (Basniev et
al., 1993; Bondarev et al., 2018). When studying the
process of CO, injection into a reservoir, in contrast
to the works (Tsypkin, 2014; Khasanov et al., 2019;
Khasanov et al., 2020), the solubility of CO, in water,
the filtration of water and gas, and the heat exchange of
the porous reservoir with surrounding rocks are taken
into account.

The equations for studied processes can be written
on the basis of the mass conservation equations, Darcy’s
law, and the energy conservation equation (Nigmatulin,
1987; Basniev et al., 1993; Borodin, Belskikh,
2020; Musakaev, Borodin, 2023). In this case, the
piezoconductivity equation and the energy equation, on
the basis of which the change in pressure and temperature
is calculated, respectively, unlike the work (Musakaev,
Borodin, 2023), contain terms that take into account the
intensity of carbon dioxide solubility in water Iy The
ratio for finding this value can be written as follows:

ol = PPwar aa ( ® o ] 2 @iy =1
I(wat) j=d,wat

Here and after, the indices j = sk, g, [, h, d, m and wat
refer to the parameters of the porous medium skeleton,
gas phase, liquid phase, gas hydrate, carbon dioxide,
methane and water, respectively; the subscripts in
brackets denote the corresponding phase components.
Jy is the intensity of CO, solubility in water, kg/(m*-s);
S ( j=g 1, h)is the saturatlon of pores with the j-th
phase ¢ is the reservoir porosity; p is the density of
water, kg/m?; @ @ and o Jovary AT€ the mass concentrations
of carbon dioxide and water in the liquid phase,
respectively.

The following equations of state are used for the
liquid and gas phases (Shagapov et al., 2012; Borodin,
Belskikh, 2020):
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where p is the pressure, Pa; T is the temperature, K;
p; (j =sk, g, 1, h) is the density of the j-th phase, kg/m?;
Rg is the specific gas “constant” (this parameter may vary
depending on the gas phase composition), J/(kg'K); R  is
the universal gas constant, J/(mol-K); M and M are the
molar masses of carbon dioxide and methane, kg/mol;

' and oy ATC the mass concentrations of CO, and
CH, in the gas phase; T and p  are the critical values
of temperature (K) and pressure (Pa) for the gas phase;
T, and T,,,are the critical values of temperature for
carbon dioxide and methane, K; P and Py ATC the
critical values of pressure for CO, and CH,, Pa; Lo and
Lo ATC the mole concentrations of carbon dioxide and
methane in the gas phase.

The reservoir permeability can be found from the
relation (Zhang et al., 2022):

k=Kk(1-S,),
where K is the porous medium permeability tensor in the
absence of gas hydrate, m?; n is the exponent depending
on the type of the pore space filling with gas hydrate. In
the calculations, 7 = 3 is assumed.

The work assumes that the formation of CO, hydrate
occurs in equilibrium mode (Borodin et al., 2022). To
find the mass concentration of carbon dioxide in water,
depending on its partial pressure in the gas phase, and
common temperature, empirical relations from the work
(Voronov et al., 2011) are used.

Results

The next step in studying the process of carbon dioxide
storage in geological reservoirs in solid gas hydrate form
is to conduct computational experiments to study the
features of CO, hydrate formation when injecting carbon
dioxide into a reservoir initially saturated with a water-
methane mixture. These calculations were performed
using the author’s computer code that numerically
implements the mathematical model. The methodology
of calculations was presented by the authors at the First
Russian Gas Hydrate Conference — 2024 (Borodin,
Musakaev, 2024) and it is similar to the methodology
described in (Musakaev et al., 2020). The parameters
values used in the calculations (unless otherwise
specified) are given in Table 1 (Istomin, Yakushev, 1992;
Borodin, Belskikh, 2020; Misyura et al., 2023).

Figure 2 shows the distributions of pressure,
temperature, CO, hydrate saturation, mass concentration
of CO, in the gas phase and mass concentration of
dissolved CO, in the liquid phase for three cases:
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Parameter, unit of measurement Symbol Value
Calculation time, days t 7
Radius of the whole reservoir, m R 100
Radius of the first zone (in which the injection well is located), m Ry 50
Reservoir height, m H 10
Well radius, m T 0.1
Initial reservoir pressure, MPa Po 1
Initial reservoir temperature, °C To 5
Carbon dioxide injection pressure, MPa Duw 3
Temperature of injected carbon dioxide, °C T, 5
Reservoir porosity ® 0.2
Initial gas saturation (only methane) S0 0.8
Initial saturation with liquid (only water, without dissolved CO,) Sh 0.2
Latent heat of formation/decomposition of CO, hydrate, kl/kg Lyg 390
Latent heat of dissolution of CO, in water / evaporation of CO, from water, kJ/kg Ly 480
Mass concentration of CO, in gas hydrate G 0.28

Table 1. Main calculations parameters

Case 1 Case 3

b)

d)

2 2

0

0 0,

0,1 20 40 60 0,1 20 40 60 80 0,1 20 40 60

100 F,m

Figure 2. Distributions in the reservoir of pressure p (a), temperature 7'(b), hydrate saturation S, , (), mass concentration of CO, in the gas phase
Dy (d) and mass concentration of dissolved CO, in the liquid phase ®, , (¢). The parameters distributions are plotted on the 7th day after the

: R . 1)
start of carbon dioxide injection into the reservoir
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Case 1. The injection well through which carbon
dioxide is injected into a reservoir is located in a
low-permeability zone, with the permeability value
k, = 10" m’, the permeability value for the second high-
permeability zone k, = 10" m* (Figure 1);

Case 2. The injection well is located in a high-
permeability zone, and k, = 10" m?*, k, = 10" m*.

Case 3. The injection well is located in a high-
permeability zone, and k, = 10> m?*, k, = 10" m*.

Figure 3 shows the distributions of parameters along
the radial coordinate » for the average reservoir height
(atz = H/2).

Figure 4 shows the change over time in the mass of
CO, in the whole reservoir.

Discussion of the results

From the data presented in Figures 2 and 3, it is
evident that carbon dioxide, injected into a porous
medium, displaces methane deep into the reservoir. In
the reservoir, the pores of which are saturated by methane
and water before CO, injection, carbon dioxide is present
in three states: as a part of gas hydrate, dissolved in water,
and in gaseous state. Hydrate formation occurs mainly
in the zone adjacent to the injection well; in this zone,
carbon dioxide and its hydrate are present in the pores.
Further (along the r coordinate), the pore space is filled
with CO,, CO, hydrate, and water; then with carbon
dioxide and water; then with gas phase (CO, + CH,) and
water; and finally, with a water-methane mixture. In the

p, MPa T,°C 7 Case 3 Shd 7
Case 3 \ ©)
a) 6.8 0.25 -
2.5 4 Case 3
6.3 0.2
Case 2
2 1 5.8 0.15 S~ Case 2
53 0.1 -
1.5 4
Case 1 48 0.05 1 Cabe 1
I U r ] 43 ; ‘ 0 \ : .
0.1 1 10 r,m 0.1 10 r, m 0.1 1 10 r,m
wg(d) wld 7 Case 3
d) ° Case 2F
0.8 -
0.06 + Case 1 {\\
0.6 - -
Case 3 004 |
04 1 Case 2 — T
0.2 1 Case 1 0.02 1
0 T \ 0 T
0.1 1 10 r,m 0.1 10 r,m

Figure 3. Distributions by the radial coordinate r at the average reservoir height z = H/2 of pressure p (a), temperature T (b),

hydrate saturation S,  (c), mass concentration of CO, in the gas phase ®

liquid phase Oy
Ma, tons a)
2500 - Case 3
2000 -
1500 - Case 2
1000 -
500 - Case 1
0 T T T T T T 1
0 1 2 3 4 5 tdays
Mai, tons o)
Case 3
500 -
Case 2
250 -
Case 1
0 T T T T T T 1
0 1 2 3 4 5 tdays

o) (d) and mass concentration of dissolved CO, in the

(e) on the 7th day after the start of carbon dioxide injection into the reservoir.

Mag, tons 1
2500 - b)
2000 -
1500
1000 -

500 -
0 T T
0O 1 2 3 4 5

Man, tons d)

50 Case 3
40 +
30 -
20 +

10 - Case 2 Case 1

O\\\\\\\
0 1 2 3 4 5 tdays

Case 3

Case 2

Case 1

t, days

Figure 4. Change over time in the mass of carbon dioxide in the whole reservoir: a) total CO, mass; b) CO, in gaseous state; c)

CO, dissolved in water; d) CO, as a part of gas hydrate.
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first two noted zones, the reservoir properties deteriorate
due to gas hydrate deposits, which lead to a decrease in
the filtration rate from the well into the reservoir and a
large pressure gradient in the zone with the presence of
gas hydrate. For the case of the injection well located
in a highly permeable zone (Cases 2 and 3), the above-
described factor has a lesser effect, and the pressure in
the entire reservoir increases significantly (even in the
low-permeability zone remote from the well), which
indicates better penetration of carbon dioxide into the
reservoir. It is also evident from Figures 2 and 3 that the
temperature in the reservoir is non-monotonous. This is
due to the influence of the following factors: the Joule-
Thomson effect (in the area of high pressure gradients,
the temperature during filtration of real gas decreases
significantly); heat release during the formation of CO,
hydrate; heat release during the dissolution of carbon
dioxide in water. It is evident that near the well the
temperature decreases below the initial one, since the
greatest pressure difference is observed in this area,
which leads to the most intensive cooling due to the
Joule-Thomson effect. Then the temperature increases
above the initial one due to phase transitions. In the
entire reservoir, where carbon dioxide and water are
simultaneously present, the temperature increases
above the initial one due to the release of heat during
the dissolution of this gas in water. Moreover, near
the upper and lower boundaries of the reservoir the
temperatures are lower, and the amount of CO, dissolved
in water is higher, which is explained by heat transfer
to the impermeable surrounding rocks due to thermal
conductivity. In the zone adjacent to the injection
well, all the water passes into the gas hydrate, which
is associated, first of all, with a significant decrease in
temperature in this part of the reservoir due to the Joule-
Thomson effect. Thus, for an adequate description of the
temperature field in a reservoir, it is necessary to take
into account such factors as the heat released during
phase transitions, the Joule-Thomson effect, and the heat
exchange of the porous reservoir with the surrounding
impermeable rocks. Figures 2 and 3 also show that the
displacement of methane by carbon dioxide occurs
practically in a piston mode. The region length in which
CO, and CH, are simultaneously in the gas phase are
small compared to the reservoir length; the piston nature
of the displacement is due to the fact that the viscosity
of CO, is one and a half times higher than the viscosity
of CH, (Tsypkin, 2014).

From the data presented in Figure 4, it is evident that
the higher the permeability of the well bottomhole zone,
the higher the mass of buried carbon dioxide, therefore,
when organizing this method of CO, utilization, it
is necessary to inject this gas into highly permeable
zones, i.e., for the burial of carbon dioxide with greater
intensity, it is desirable to locate the injection well in the
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reservoir area with the highest permeability. Analysis
of Figures 2 and 3 allows us to conclude that for the
parameters adopted in the work, for the organization of
effective gas hydrate storage of carbon dioxide, porous
media with sufficiently high permeability values are
necessary. Otherwise, firstly, due to low permeability,
the time for injecting the required volume of CO,
will increase significantly and, secondly, the resulting
gas hydrate will further reduce the porous medium
permeability, which can lead to an almost complete stop
of further CO, filtration.

For the considered set of parameters, when placing the
injection well in a low-permeability zone (k, = 10""*m?),
the carbon dioxide in gas hydrate at the final point in time
(7 days) is about 300 kg. If the injection well is located
in a highly permeable zone (k, = 10-"> m?), this indicator
is about 2,300 kg. With a further increase in permeability
(Case 3), the accumulated mass of carbon dioxide in gas
hydrate is already about 56,000 kg. However, as can be
seen from Figure 4, for all the considered cases, the mass
of CO, in the gas hydrate is less than its mass in free and
dissolved state. This is due to the fact that the process
of gas hydrate formation in a reservoir is significantly
affected (in addition to the reservoir properties) by the
initial thermodynamic parameters of the underground
CO, storage facility. That is, additional studies are
needed to determine reservoirs with the most favorable
initial thermodynamic conditions for hydrate formation,
as well as to identify the most effective parameters
for carbon dioxide injection. And a comprehensive
consideration of all these factors will ensure the most
effective underground gas hydrate disposal of CO,.

Conclusion

The article is devoted to studying the features of
the process of carbon dioxide storage in geological
reservoirs in the solid gas hydrate form. A mathematical
model of non-isothermal filtration of a gas-liquid
mixture is proposed in a two-dimensional axisymmetric
approximation, in which, unlike previous works,
additional consideration is given to such factors as the
presence of zones with different permeability, two-
phase filtration, CO, solubility in water, heat transfer
(due to conductive heat exchange) from the considered
area of the porous medium to the surrounding rocks,
non-isothermal effects at filtration. It is shown by
calculations that when carbon dioxide is injected into
a porous reservoir, the temperature distribution along
the reservoir length has a non-monotonic character,
caused by the Joule-Thomson effect, heat release during
the formation of CO, hydrate and the dissolution of
this gas in water. Near the upper and lower reservoir
boundaries, the temperatures are lower, and the amount
of dissolved CO, in water is higher, which is explained
by heat transfer to the impermeable surrounding rocks
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due to thermal conductivity. It is shown that for more
efficient organization of gas hydrate storage of carbon
dioxide in a zonally heterogeneous porous reservoir, it
is necessary to locate the injection well in a zone with
high permeability values.
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Onenka mapamMeTpoB 3aKa4Ki JUOKCHIA YIJIEpoaa B HACBHINEHHbINI HOpI/ICTLIﬁ
ILJIacT € HGOI[HOpOI[HOﬁ MPOHUIAEMOCTHIO ITPA HAJIUYIHUHA FHI[pﬂTOOﬁpaIiOBaHl/IH

H.I Mycaxaes, C.JI. Bopooun”

Tromenckuil punuan Hnemumyma meopemuyeckoii u npuxiaorou mexanuxu um. C.A. Xpucmuanosuua CO PAH, Tiomens, Poccus

OnunM n3 3 PeKTUBHBIX METOJ0B OOPHEOBI ¢ POCTOM
KOHIIEHTpAIMU JTUOKCHIA yIiieposa B arMocgepe sBIseTCs
€ro CEKBECTpalys B MOPHCTHIX Cpelax B TBEPIOH Ira3oru-
JpaTHOW (opMe. YHHKAIbHBIC CBOMCTBA I'a30BBIX THIPATOB,
TaKHe KaK NX BBICOKAsI FA30€MKOCTh, HU3Kast IPOHUIIAEMOCTh
1 €CTECTBEHHAS CTAOMIbHOCTb, JIETIAI0T NX PUBJIEKATEIbHBIM
BapHaHTOM JUIs JT0JIToBpeMenHoro 3axoponenns CO,. B cra-
ThE B paMKaX PacCMOTPEHHUS NPOOJIEMaTHKN OpTaHU3alnuu
Te0JIOTUYECKOTO Ta30THPATHOTO XPAaHMIHUINA JTHOKCUIA
yIJIeposia 3arnncaHa MareMarndeckasl MOJIEIb, IT03BOJISIO-
Imasi OCYIIECTBUTh TEOPETHUECKOE N3yUYEeHHUE Mporecca 00-
pasosanus rujpara CO, Npu ero 3aKadyke B IUTACT, MOPHI
KOTOPOTO B MICXOZIHOM COCTOSTHUH 3aHSITHI METAaHOM U BOJIOH.
B mpetoskeHHONW MareMaTHYecKOH MOJIEIH OCYIIECTBIICH
yUYeT 30HaJIBHON HEOAHOPOAHOCTH TOPUCTOTO KOJIJIEKTOPA,
TEUCHUSI B HEM TIPH HAINYNH (Pa30BBIX NMpPEBpAIICHUH (TH-
JiparooOpa3oBaHUe W pacTBOPUMOCTh AMOKCH/IA yIVIeposia B
Boze) razooit (CH, w/mm CO,) m sxujKoii (Boga u pacTBo-
pernbiii CO,) das, mepenoca TemIa W3 paccMaTpUBAEMON
o0nacTy TIacTa B OKpY’KaloIllie TOPHbIEC TTOPObI; MPOIECC
THIpaTO00Pa30BaHUsI PACCMATPUBACTCS KaK PAaBHOBECHBIN
(hazoBbrit mepexon. IlpencraBneHsl pacueTHBIE YpaBHEHHS
JUISL 13y4aeMoro B paboTe mporiecca 1 MOCTPOSHBI YHCIICHHBIC
PpelIeHus 3a/1a9H, ONMCHIBAIOIIIE PacTipe/IeIeHHs ITapaMeTPOB
(TemmepaTypsl, TaBICHUs, HACHIIICHHOCTEH (a3) B Tuiacre.

PacyeTHbIM IyTeM mokasaHo, uTo npu 3akauke CO, B mact
B HEM BO3MOXHO (DOPMHUPOBAHUE HECKOJIBKUX XapaKTEPHBIX
30H, OTIMYAIOIINXCS MO0 COCTAaBy HACKHIMAIOIIUX UX (IIIO-
unoB. [IpogeMoHCTprpOBaHa HEOOXOAMMOCTh y4eTa NpH
OTMCAHUH TEMIIEPaTyPHOTO IOJIS B IUTACTE TAKUX (PaKTOPOB,
Kak TeIuIoTa, BbliessiemMast mpu (a3oBbIX nepexonax, apdexr
Jxoynst-ToMcoHa, TEII0OOOMEH MOPHCTOTO KOJUIEKTOpA C
OKPY’KaIOIINMH TOpPHBIME 1Topoaamu. [IpruBenens! u npoana-
JIM3UPOBAHBI PE3YJIBTAThl BBIYNCIUTEIBHBIX SKCIIEPUMEHTOB
P pa3MEIleHUH HarHeTaTeIbHON CKBAXHHBI B BHICOKO-
UM HU3KOMPOHUIIAEMOM YYacTKe MOPHCTOrO KOJIIEKTOPA.
[IpoBeneHHOE YNCIEHHOE UCCIIEN0BAHNE TI0KA3aJI0, YTO AJIS
opranu3aiy 3G(HEKTUBHOTO Ta30THIPATHOTO XPAaHEHHSI 11~
OKCH/Ia yIiIepojia HEOOXOANMBI TOPUCTBIE CPEIIBI C JOCTATOUHO
BBICOKUMU 3HAYEHUSIMH ITPOHUIIAEMOCTH.

KiroueBbie cioBa: QuibTpanus, AMOKCHI yIiieposa,
00pa3oBaHKe Ia30BOTO T'HApaTa, 30HAIbHAS IIPOHUIIAEMOCTH,
MareMarudeckas MoAeib
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