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Abstract

Purpose. The research purpose is to increase the efficiency of development of gas condensate fields with a high condensate
yield in the reservoir gas and to develop optimal ways of increasing their hydrocarbon recovery.

Methods. The effectiveness of the implementation of reservoir pressure maintenance technologies using dry gas for the de-
velopment of gas condensate fields with a high condensate yield in the reservoir gas is studied on the basis of a heterogeneous
3D model using the Schlumberger Eclipse and Petrel software packages. The technological indicators of the development of
gas-condensate reservoir are studied for different pressure values at the beginning of the dry gas injection. Calculations were
made for pressures at the beginning of injection at the level of: 1.0 Pinit; 0.8 Pinit; 0.6 Pinit; 0.4 Pinit; 0.2 Pinit.

Findings. It has been determined that when the dry gas is injected into a gas-condensate reservoir, reservoir pressure is
maintained at a significantly higher level than it is in the case of depletion. This ensures stable operation of production wells
over a longer period of the reservoir development. According to the research results, it should be noted that in the case of im-
plementation of the reservoir pressure maintenance technology, a part of the precipitated condensate is transferred to the gas
phase, which makes it necessary to extract it together with the reservoir gas. Based on the modeling results, the ultimate conden-
sate recovery factor have been calculated. The calculation results indicate that in the case of the cycling process implementation,
the ultimate condensate recovery factor of the gas-condensate reservoir increases by 7.26% compared to depletion development.

Originality. Based on the calculation data analysis, the optimal pressure value at the beginning of dry gas injection into a
gas-condensate reservoir has been determined, which is 0.842 Piit.

Practical implications. The use of the conducted research results will optimize the development system of gas-condensate
fields with high initial condensate yield in the reservoir gas and increase the efficiency of development the explored hydrocar-
bon reserves in the conditions of a significant shortage of hydrocarbon raw materials in Ukraine. The conducted research re-
sults indicate the high technological efficiency of the reservoir pressure maintenance technology using dry gas.
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1. Introduction ment, not high ultimate hydrocarbon recovery are usually

The oil and gas industry of Ukraine plays an important role ~ achieved. Gas recovery factors are on average 70-85 %,
in the energy sector of the country. Currently, the main hydro- ~ While condensate recovery factors are 13-40% [3]-[5].
carbon production in Ukraine to meet the needs of the popula- To increase the hydrocarbon recovery from depleted oil-
tion and industry is provided from gas-condensate fields.  9@s fields, it becomes necessary to implement modern
However, most of such fields are mined based on natural re- ~ Secondary and tertiary development technologies. The feasi-
gimes of reservoir energy depletion and are characterized by ~ DPility of implementing such technologies is determined by
low extraction efficiency of explored hydrocarbon reserves. the complexity of the field geological structure, the produc-

The complexity of hydrocarbons production under such  tive reservoir depths, the residual hydrocarbon reserves and a
conditions is caused by the fact that when the reservoir pres-  Payback period for additional capital investments [6], [7].
sure drops below the pressure at the beginning of condensa- A promising direction for increasing the hydrocarbon re-
tion, condensate precipitates in the reservoir. This leads to its ~ COvery from gas-condensate fields with a high condensate
accumulation in the bottomhole zone and a decrease in gas ~ content in the reservoir gas may be to displace them with
phase permeability and, consequently, the productivity of hydr_ocarbon and non—h_ydrocarbon gases (nitrogen, carbon
wells. Thus, there are complications in the operation of pro-  dioxide, flue gases, a mixture of various gases, etc.), as well
duction wells due to the condensate accumulation at the face, ~ @S the implementation of water-gas repression technologies
when the gas-liquid flow rate is below the critical one [1], [2].  (Successive injection of liquid and gaseous agents) [8]-[10].

The results of industrial experience in the development of ~ The most common technology for the development of gas-
gas-condensate fields indicate that under depletion develop- ~ condensate fields, which provides high ultimate condensate
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recovery factors compared to depletion development, is the
cycling process [11].

To implement the cycling process, it is necessary to pro-
ject an optimal system for placing production and injection
wells in the gas-bearing area. In the case of the development
of anticlinal-type gas-condensate reservoirs, it is recom-
mended to place the injection wells in the central part, and
the production wells — on the periphery. The results of nu-
merous studies indicate the technological efficiency of the
cycling process technology implementation. By maintaining
reservoir pressure using dry gas, the ultimate condensate
recovery factors are at the level of 70-90% [12].

The main cycling process disadvantages are significant
capital investments, a long period of development, and con-
servation of hydrocarbon gas reserves during the period of
maintaining reservoir pressure. The flooding of gas-
condensate reservoirs is usually an ineffective way to increase
hydrocarbon recovery, since it leads to blocking of significant
natural gas volumes in a porous medium with water, its
breakthrough to the well faces and complications during their
operation. However, in the case of depleted gas-condensate
reservoirs, the implementation of combined technologies with
successive injection of liquid agents with their subsequent
displacement by gaseous agents (liquid-gas repression) can
ensure high efficiency of their additional development [13].

Reservoir pressure maintenance by water injection during
the development of gas-condensate reservoirs with a high
condensate content in the reservoir gas can be used only at
the initial stage of field development with a subsequent transi-
tion to the depletion development [14]-[16]. Research results
indicate that alternate injection of solutions of surface-active
substances (surfactants) and gas is a more effective method
for increasing the ultimate condensate recovery factors from
gas-condensate fields compared to injection of water or wa-
ter-gas mixtures. When injecting solutions of surfactant and
gas, foam is formed in the porous medium, which makes it
possible to more efficiently displace condensate that has
precipitated in the bottomhole zone of the reservoir [17].

The implementation of technologies using non-
hydrocarbon gases is a rather effective method for increasing
the ultimate hydrocarbon recovery. Nitrogen, carbon dioxide,
air, flue gases or exhaust gases, as well as their mixtures, are
widely used as injection agents. The specificity of the use of
a certain type is associated with the reactions occurring when
they interact with a hydrocarbon mixture [18]-[20].

When using nitrogen as an injection agent, pressure in-
creases at the beginning of condensation, and at the points of
the first contact with the reservoir gas, a small amount of
condensate precipitates, which then moves ahead of the dis-
placement front [21].

The use of carbon dioxide to maintain reservoir pressure,
on the contrary, helps to reduce pressure at the beginning of
condensation, therefore, its injection must be conducted
uniformly over the entire gas-bearing area. The carbon dio-
xide injection into productive reservoirs also leads to a de-
crease in the interfacial tension at the hydrocarbon-fluid-
water interface, an improvement in rock wettability when
dissolved in hydrocarbon fluid and water, and ensuring the
transition of oil from a film state to a droplet state [22]-[24].

The high efficiency of carbon dioxide injection technolo-
gy is conditioned by its high solubility in reservoir fluids
compared to other gases. When carbon dioxide is dissolved
in the condensate, its volume increases, which in turn causes
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the displacement of the remaining immobile condensate to
the production wells [25].

The carbon dioxide injection technology is simple and
widely used in the world. However, due to the high com-
pressibility and solubility in water, larger volumes must be
injected to maintain pressure compared to nitrogen.

Air is the most available and cheapest non-hydrocarbon
agent, but its mixing with natural gas leads to the reservoir of
an explosive mixture. Under standard conditions, the ignition
of a gas-air mixture is possible at a methane concentration in
the air in the range of values from 6.0 to 13.3%. This phe-
nomenon can be avoided by adding an antioxidant to the air,
in the field this can be flue or exhaust gases [26].

There are also a number of combined methods based on
the sequential or simultaneous supply of displacing agents to
increase the hydrocarbon recovery. The expediency of using
each of the methods depends on the conditions of develop-
ment of a particular field [27]-[29].

The effectiveness of technologies for increasing hydrocar-
bon recovery, when the development of gas-condensate fields
with high condensate content, mainly depends on the displacing
properties of injection agents. However, the research results
indicate that the thermobaric conditions under which techno-
logical processes are conducted are also important.

The problem of increasing the efficiency of development
of explored hydrocarbon reserves of depleted fields in Ukraine
acquires greater urgency in conditions of an acute shortage of
hydrocarbon raw materials and requires a careful approach to
the design process of oil-gas field development systems.

The research purpose is to increase the efficiency of the
development of gas-condensate fields with high initial conden-
sate yield and to increase the ultimate hydrocarbon recovery.

To achieve the purpose set, it is necessary to perform the
following tasks:

—analysis of the developed methods for increasing the
hydrocarbon recovery from gas-condensate fields with high
initial condensate yield in the reservoir gas;

— improvement of existing technologies for the develop-
ment of gas-condensate field using digital modeling.

2. Research methods

The Eclipse and Petrel software packages of the Schlum-
berger Company are used to conduct research on increasing
the hydrocarbon recovery from gas-condensate fields with
high initial condensate yield in the reservoir gas.

Calculations are made on the basis of a digital 3D model
of one of the Ukrainian fields. The hydrocarbon reservoirs of
this field occur in the depth range of 1150-5000 m, forming
productivity levels over 3000 m high. The Moscow, Bashkir,
Serpukhov, and Visey oil and gas-bearing complexes are
identified within the productivity level.

The productivity of the reservoirs has been determined by
the results of well log interpretation and is confirmed by an
open-hole test, the results of well testing and development plan.

For calculations, a hydrocarbon reservoir has been selected,
which is characterized by the high initial condensate yield in the
reservoir gas with the following parameters: depth of the pro-
ducing reservoir is 4500 m, initial reservoir pressure is 45 MPa,
reservoir temperature is 393 K, reservoir thickness is 15 m,
average porosity is 0.11, initial gas saturation is 0.8, absolute
reservoir permeability is 7.2mbD. Initial gas reserves are
2291 million m? and initial condensate reserves are 863 ths. m?.



S. Matkivskyi. (2023). Mining of Mineral Deposits, 17(1), 101-107

A conceptual 3D model of the gas-condensate reservoir is
shown in Figure 1.
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Figure 1. A conceptual 3D model of the gas-condensate reservoir

The gas-condensate reservoir characteristic is studied
using both industrial separators of vertical and horizontal
types, and a small thermostatic separation unit, which is
included in the mobile gas condensate laboratory. The whole
research complex is performed in accordance with the re-
quirements of existing methodologies.

To characterize reservoir hydrocarbon systems, standard
samples are used, taken in the initial reservoir conditions and
corresponding to the reservoir geophysical characteristics.

The composition of reservoir gas-condensate systems is
determined from the study of separation, degassing and
debutanization gases, as well as the calculation of the poten-
tial content of Cs + nigher, based on the condensate-gas factors
(CGR) values obtained during the study of wells from which
industrial gas surges have been obtained.

The potential yield of the Cs. fraction in the reservoir gas
of the gas-condensate reservoir is taken at the level of
340 g/m3. Change of the potential yield of the Cs. fraction in
the reservoir gas is shown in Figure 2.
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Figure 2. Potential yield of the Cs.+ fraction in the reservoir gas
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In order to account for the physical processes that occur
during the dry gas injection into a gas-condensate reservoir, a
compositional PVT model has been developed and subse-
quently used [30], [31].

The placement of the wells in the gas-bearing area of the
reservoir during the research and their number does not cor-
respond to the actual data. To conduct research, taking into
account the peculiarities of the distribution of reservoir rock
filtration-capacity properties, a uniform grid of wells is
adopted in the 3D model.
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Thus, the reservoir is development using 7 wells. The gas
flow rate of one well is 80 ths. m3/day. In the central part of
the structure, 3 injection wells are placed. The gas injection
rate of injection wells is 186 ths. m3/day. The ratio of the hy-
drocarbon production rate to the dry gas injection rate is 1:1.

Calculations are made for different pressure values at the
beginning of the dry gas injection into a gas-condensate
reservoir (Pinj/ Pinit is: 1; 0.8; 0.6; 0.4; 0.2). Dry gas is injec-
ted into the reservoir within 24 months. After the specified
duration of the dry gas injection period is reached, the injec-
tion wells are stopped, and the production wells continue to
operate until the technological limitations are reached.

Statistical analysis is used for processing graphical de-
pendences in order to determine the optimal points of the
studied parameters [32].

According to the statistical analysis, the function
f (X) = ap + a1x parameter values are chosen in such a way

that the deviation of the studied points (x;; yi) i=1..N from
the selected curve is minimal. The parameters ao, a: should
be such that the sum of squared deviations of the observed
values of y; from those calculated by the function
f(x) =ao +aix is minimal. After certain transreservoirs, a
system of two linear equations for unknown regression
parameters is obtained:

min | , 1 N2 A A
V'av{o-av_nv_rv El[f\l(a\“x') d }j{v’a\l} )
min 1 N An)
ol T[]
fv(é\v,x*]—fg[zfg,x*J:O:x* @)

where:

c%av, 0% — estimation of efficiency variances f, and f;;

rv, I- —the number of estimated model parameters f, (av, i)
and f; (a., xi)

Parameters ag, ai, ay,..., an are determined by solving this
system of equations. The found parameters are substituted into
the equation y = f (x) and thus the linear equations are obtained
that best describe the calculated data. After that, dependences
are constructed for specific calculated data and each of them is
approximated by two straight lines, the intersection point of
which corresponds to the optimal studied value.

3. Results and discussion

Based on the conducted research results, it has been de-
termined that the dry gas injection into a gas-condensate
reservoir ensures that the reservoir pressure is maintained at
a higher level compared to depletion development.

Reservoir pressure dynamics during the dry gas injection
into a gas-condensate reservoir, depending on the pressure at
the beginning of its injection, and during depletion develop-
ment, is shown in Figure 3. Based on the modeling results, it
has been determined that in the case of implementation of
reservoir pressure maintenance technology, significantly
higher technical-economic indicators of the development of
gas-condensate reservoir are provided compared to depletion
development. It should be noted that the dry gas injection
into a reservoir ensures stable operation of the wells for a
longer development period at a constant flow rate mode.
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Figure 3. Reservoir pressure dynamics during the dry gas injec-
tion into a gas-condensate reservoir, depending on the
pressure at the beginning of its injection, and during
depletion development

Dynamics of the gas flow rate during depletion develop-
ment and with the pressure at the beginning of dry gas injec-
tion at the level of the initial reservoir pressure (1.0 Pinit) is
shown in Figure 4.
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Figure 4. Dynamics of the gas flow rate during depletion develop-
ment and with the pressure at the beginning of dry gas in-
jection at the level of the initial reservoir pressure (1.0 Pinit)

Analyzing the results of the main technological indica-
tors of the development of gas-condensate reservoir, it has
been determined that in the case of dry gas injection, an
increased cumulative condensate production is achieved. It
should be noted that the faster the reservoir pressure
maintenance technology is implemented, the greater the
cumulative condensate production.

The cumulative condensate production dynamics during
depletion development and during the dry gas injection,
depending on the pressure at the beginning of its injection
into a gas-condensate reservoir, is shown in Figure 5.

Based on the modeling results, the cumulative condensate
production depending on the pressure at the beginning
of the dry gas injection into a gas-condensate reservoir is:
1.0 Pinit — 398.25 ths. m3; 0.8 Pinit — 384.73 ths. m3; 0.6 Pinit —
371.46 ths. m?; 0.4 Pyt — 360.69 ths. m3; 0.2 Pinit— 345.22 ths. m?.
In case of depletion, the cumulative condensate production is
324.89 ths. m?.
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Figure 5. Cumulative condensate production dynamics during
depletion development and during the dry gas injection,
depending on the pressure at the beginning of its injec-
tion into a gas-condensate reservoir

Based on the conducted research, an increase in the cu-
mulative condensate production is observed due to the im-
plemented reservoir pressure maintenance technology for
different pressures at the beginning of the dry gas injection
into a reservoir compared to depletion development. Thus,
according to the calculation results, an increase in cumulative
condensate production is: 1.0 Pinit — 73.35 ths. m?; 0,8 Pinit —
59.83 ths. m3; 0.6 Pinit — 46.56 ths. m®; 0.4 Pinit — 35.79 ths.
m?; 0.2 Pinir— 20.31 ths. mS.

Analyzing the calculation results, it should be noted that
in the case of the dry gas injection technology implementa-
tion with a pressure equal to the initial reservoir pressure
(1.0 Pinir), the highest cumulative condensate production is
ensured. The greater the gas-condensate reservoir depletion,
the smaller the effect of the implementated reservoir pressure
maintenance technology, and, accordingly, the ultimate con-
densate recovery factor.

Analyzing the modeling results, it should be noted that
the lower the reservoir pressure in the gas-condensate reser-
voir, the higher the pore space saturation with the precipitat-
ed condensate. In the case of the implementation of reservoir
pressure maintenance technology using dry gas, the process
of converting the precipitated condensate into the gas phase
occurs and, accordingly, its extraction from the gas-
condensate reservoir.

The gas-condensate reservoir saturation with condensed
hydrocarbons at the moment of stopping the dry gas injection
process for different pressures at the beginning of injection is
given in Figure 6.

Based on the conducted research results, the ultimate
condensate recovery factors are calculated depending on the
pressure at the beginning of the dry gas injection and during
depletion. The calculation results are given in Table 1.

Table 1. Results of calculating the condensate recovery factors
depending on the pressure at the beginning of the dry gas
injection and during depletion development

Pressure at the beginning Condensate recovery factor, %

of injection (Pinj/ Pinit) Depletion  Injection A
1 37.64 46.14 8.50
0.8 37.64 44 57 6.93
0.6 37.64 43.03 5.39
0.4 37.64 41.79 4.15
0.2 37.64 39.99 2.35
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Figure 6. Gas-condensate reservoir saturation with condensed
hydrocarbons for pressures at the beginning of injection
1.0 Pinit (@); 0.6 Pinit (b); 0.2 Pinit () at the moment of
stopping the dry gas injection process

Based on the modeling results, the ultimate condensate
recovery factors, while maintaining reservoir pressure, is:
1.0 Pinit — 46.14%; 0.8 Pinit—44.57%; 0.6 Pinit — 43.03%;
0.4 Pinit — 41.79%; 0.2 Pinit — 39.99%. In the case of deple-
tion, the ultimate condensate recovery factor is 37.64%.

Based on the conducted research results, an increase in
the ultimate condensate recovery factors, depending on the
pressure at the beginning of the dry gas injection, is: 1.0 Pinit —
8.50%; 0.8 Pinit — 6.93%; 0.6 Pinit — 5.39%; 0.4 Pinit — 4.15%;
0.2 Pinit — 2.35%.

The dependences of the condensate recovery factors on
the pressure at the beginning of the dry gas injection and
during depletion are shown in Figure 7. Based on the statisti-
cal processing of calculated data, the optimal pressure value
at the beginning of the dry gas injection into a gas-condensate
reservoir has been determined, beyond which the condensate
recovery factor does not change significantly. The optimal
pressure value at the beginning of injection is 0.842 Pinit. The
ultimate condensate recovery factor for the given optimal
value of the dry gas injection period duration is 44.9%.

The conducted research results correlate well with the al-
ready known research published both in domestic and foreign
sources. The researchers have revealed that the reservoir pres-
sure maintenance technology, in the development of gas-
condensate reservoirs with high initial condensate yield in the
reservoir gas, should be implemented at a reservoir pressure
higher or close to the pressure at the beginning of condensation.
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Based on the modeling results using a digital 3D model,
it has been determined that the optimal reservoir pressure
value is 0.842 Piyit.

However, it should be noted that the gas-condensate
reservoir characteristic significantly affects the efficiency of
the reservoir pressure maintenance technologies, namely, the
intensity of specific condensate losses with a pressure
decrease by 1 MPa. As an example, the gas-condensate res-
ervoir systems of the B-20 level at the Rudivsko-
Chervonozavodske field and the B-22 level at the Sakha-
linske field are characterized by “precipitous” liquid hydro-
carbon condensation in the area of the pressure of the begin-
ning condensation at the level of 100-120 g/m3-MPa with
initial condensate yield in the reservoir gas of 900 g/mq.
Other fields with initial specific condensate yield of 300-
500 g/m® are characterized by lower specific condensate
losses of 8-10 g/m® MPa.

For reservoirs with gas-condensate systems characterized
by precipitous condensation, the pore space saturation can
reach 30-40%, which exceeds the critical saturation and
creates conditions for its mobility. For gas-condensate fields
with an initial condensate yield less than 500 g/m?, such
conditions occur in the limited bottomhole zone of the reser-
voir, which is confirmed by modeling.

The heterogeneity of productive reservoirs, both in terms
of area and thickness, also has a significant impact on the
efficiency of reservoir pressure maintenance technologies in
the development of gas-condensate fields. An important task
in the development of heterogeneous reservoirs is to provide
an optimal grid of wells that can ensure uniform drainage of
productive reservoirs without creating deep depression fun-
nels and, accordingly, condensate losses during its mass
transfer in the case of planar reservoir gas overflows.

In view of the above, it is promising to study the heter-
ogeneity of productive reservoirs, as well as the peculiari-
ties of gas condensate characteristics and their impact on
the development of gas-condensate fields with high initial
condensate yield in the reservoir gas. The issue of increas-
ing hydrocarbon recovery from depleted oil-gas fields of
Ukraine is currently quite acute, especially against the
background of an acute shortage of hydrocarbon raw mate-
rials in Ukraine and the need to reduce dependence on im-
ported energy carriers.
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4, Conclusions

Using the main tools of hydrodynamic modeling, the in-
fluence of the pressure at the beginning of dry gas injection
on the ultimate condensate recovery factor has been studied.
Based on the modeling results, it has been determined that
the faster the reservoir pressure maintenance technology is
implemented, the higher the ultimate condensate recovery
factors compared to depletion development.

Based on the conducted research results, it has been de-
termined that the optimal pressure value at the beginning of
dry gas injection into a gas-condensate reservoir is
0.842 Pinir. The ultimate condensate recovery factor for the
given optimal value of the dry gas injection period duration
increases by 7.26% compared to depletion development.

The conducted research results indicate the high techno-
logical efficiency of the implementation of reservoir pressure
maintenance technology using dry gas in the development of
gas-condensate deposits with high initial condensate yield in
the reservoir gas.

The use of digital modeling in accordance with the world
practice of designing the developming of hydrocarbon fields
will optimize the existing system the developming of gas-
condensate fields with significant condensate reserves and,
accordingly, increase their hydrocarbon production.
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OnTumizanisi caifkJIiHr-npouecy Npu po3podili ra30KOHJIEeHCATHUX POTOBHUIIL
C. MarkiBchbKuit

Mera. [ligBuiieHHs eeKTHBHOCTI pO3pOOKH ra30KOHAEHCATHUX POJOBHIL 3 BHCOKHM BMICTOM KOHJICHCATy B IJIACTOBOMY rasi Ta Ha-
HPaIfOBaHHS ONTHUMAJIbHUX IULIXIB MiABUIIEHHS KiHIIEBOTO X BYIJICBOIHEBHITYYCHHS.

Metoauka. J[ocimipkeHHsT epEeKTUBHOCTI BIPOBAIKEHHS TEXHOJOTIH MiITPUMAaHHS IJIACTOBOTO THCKY 3 BUKOPHCTAHHSM CyXOTO rasy
U PO3POOKH Ta30KOHICHCATHUX POJOBHUIN 3 BUCOKHMM BMICTOM KOHJEHCATy IPOBEICHO HAa OCHOBI HEOJHOPIAHOI TPUBHMIPHOI MOAEMi 3
BHUKOPHCTaHHAM NporpamMHux komiurekciB Eclipse Ta Petrel xommanii Schlumberger. JlocmimKkeHHS TEXHOJIOTIYHUX MMOKAa3HHUKIB PO3POOKH
Ta30KOH/ICHCATHOTO IMOKJIAMy 3[IHCHEHO JUIS Pi3HMX 3HAa4eHb THCKY IOYaTKy HarHiTaHHS CyXOro rasy. Po3paXyHKH IpoBejieHi A THCKIiB
MMOYATKy HarHiTaHHA Ha PiBHI: 1 Puoy; 0.8 Puou; 0.6 Prou; 0.4 Prou; 0.2 Prou.

PesyabTaTn. BecranoBneHo, 1o Ipy HarHITaHHI CyXOro ra3dy B Ia30KOHIEGHCATHUH IMOKJIAl 3a0e3NedyeThesl MATPUMAHHS IUIACTOBOTO
THCKY Ha 3HAYHO BHIIIOMY PiBHI MOPIBHSIHO 3 PO3pOOKOIO HA BUCHAKEHHS. 3aBASKU IbOMY 3a0€311euy€eThCs CTablIbHA eKCIIyaTalis BUI00y-
BHUX CBEPUIOBHH IPOTATOM TPUBAIIIIOrO MEpioly po3poOKu Moknaay. 3TiIHO Pe3yNbTaTiB AOCHIKEHb CIiJ Bil-3HAUYUTH, IO y BUMAIKY
peaizanii TeXHOJIOTI] MATPUMAHHS IJIACTOBOTO THCKY 3a0€3Me4yeThCs EPEBEICHHS] YUCTUHH BUIIABLIOIO KOHJIEHCATY B Ta30BY (asy, II0
00yMOBITIOE HOTO BHITyYEHHS pa3oM 3 IUIACTOBHM Ir'a3oM. Ha OCHOBI pe3ynbTaTiB MOJCITIOBaHHS 31IHCHEHO pO3PaxXyHOK KiHIIEBUX KoedilieH-
TiB KOH/ICHCATOBUITy4YeHHs. Pe3ynpTaT po3paxyHKiB CBi4aTh Mpo Te, IO Y BUIIAAKY BIPOBAMKECHHS CAHKITiHT-TIPOIeCY KiHIEeBHN Koedilli-
€HT KOHJICHCATOBIJIYYCHHS ra30KOH/ICHCATHOTO NOKIALy 301IbIIyeThes Ha 7.26% MOPiBHSIHO 3 pO3pOOKOIO TTOKJIA Y Ha BUCHAKCHHS.

HayxoBa HoBu3Ha. Ha 0CHOBI aHaNi3y po3paxyHKOBHX JaHHX BCTAHOBJIEHO ONTHMAaJbHE 3HAYCHHS THCKY MOYATKy HAarHITAHHS CyXOTO
ra3y B ra30KOH/ICHCATHUH MOKIIAJI, sIKe CTAaHOBUTH 0.842 Proy.

IIpakTnyHa 3HaYMMicTh. BUKOpHCTaHHS pe3ynbTaTiB MPOBEACHNX JOCIIKEHb JO3BOJATH ONTHMI3YBaTH CHCTEMY PO3POOKH Ta30KOH-
JICHCATHUX POJOBHII 3 BUCOKUM ITOYATKOBUM BMICTOM KOHAEHCATY Ta MiABHUIIUTH €PEKTUBHICTH BUAOOYTKY PO3BiaHHUX 3aIaciB BYIJICBOJ-
HIB B yMOBaX 3HA4HOTO Ae(ilUTy BYTJIEBOJHEBOI CHPOBHHH B YKpaiHi. Pe3ypTaTi MpoBeAeHUX NOCTIKEHb CBIIYaTh PO BUCOKY TEXHOJIO-
riuHy e(eKTUBHICTh TEXHOJIOTI] MATPHUMAaHHA [UIACTOBOTO THCKY 3 BUKOPHCTAHHSIM CyXOTO Ta3y.

Knwouosi cnosa: 3D mooeniosanis, nokiao, pempozpaona KOHOeHCayisl, KOHOeHCaAMOGUILYYeHH s, MeXHOL02IL, Callkiine-npoyec
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