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Abstract

Purpose. Studying the process of carbon dioxide injection at the boundary of the initial gas-water contact in order to slow
down the formation water inflow into producing reservoirs and increase the final hydrocarbon recovery factors.

Methods. To assess the influence on gas recovery factor of the duration of carbon dioxide injection period at the initial gas-
water contact, a reservoir development is studied using the main Eclipse and Petrel hydrodynamic modeling tools of the
Schlumberger company on the example of a hypothetical three-dimensional model of a gas-condensate reservoir.

Findings. The dependence of the main technological indicators of reservoir development on the duration of the carbon diox-
ide injection period at the initial gas-water contact has been determined. It has been revealed that an increase in the duration
of the non-hydrocarbon gas injection period leads to a decrease in the formation water cumulative production. It has been
found that when injecting carbon dioxide, an artificial barrier is created due to which the formation water inflow into the
gas-saturated intervals of the productive horizon is partially blocked. The final gas recovery factor when injecting carbon
dioxide is 61.98%, and when developing the reservoir for depletion — 48.04%. The results of the research performed indicate
the technological efficiency of carbon dioxide injection at the boundary of the initial gas-water contact in order to slow
down the formation water inflow into producing reservoirs and increase the final hydrocarbon recovery factors for the con-
ditions of a particular field.

Originality. The optimal value of duration of the carbon dioxide injection period at the initial gas-water contact has been de-
termined, which is 16.32 months based on the statistical processing of calculated data for the conditions of a particular field.

Practical implications. The use of the results makes it possible to improve the existing technologies for the gas condensate
fields development under water drive and to increase the final hydrocarbon recovery factor.
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pressure system, the greater the saturation with the residual gas
and the lower the hydrocarbon recovery factor.

1. Introduction

The results of hydrogeology survey, as well as data on

formation water obtained from prospecting and exploratory
drilling of wells, from which during testing the reservoir water
inflows were obtained, make it possible to characterize the
peculiarities of the hydrogeological system within the field.

Determining the gas-water contact position is an important
task of control, without which rational reservoirs development
is impossible. The choice of optimal control complex over the
gas-water contact should be based on modern scientific-
technical achievements and industrial experience [1].

The factors of hydrocarbons recovery from producing res-
ervoirs, which are characterized by an active water drive of
development, are 70-85% [2]. The more active the water-
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The main methods of controlling the field development
process include plotting the dependence of the reduced reser-
voir pressure on the gas cumulative production from the
field [3]. Using the graphical-analytical dependence, the
mode of field development and the initial/residual drained
gas reserves are determined. It also makes possible to assess
the water-pressure system activity, when the formation water
inflows into producing reservoirs, and the nature of drainage
in the producing reservoirs [4].

There are methods that are used to prevent the formation
water inflow and to resist water-cut in producing wells. They
are aimed at minimizing the negative impact of the water
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drive on the development process and increase in the final
hydrocarbon recovery factor.

As a results of multi-year research, three main methods
for increasing the gas production from water-cut gas-
condensate fields have been proposed.

One of these methods is the production of residual
trapped gas by continuing the water-cut wells operation with
the next extraction of gas from the gas-liquid mixture [5]-[8].
This method has significant disadvantages. The main disad-
vantage is related to the utilization of large volumes of pro-
duced formation water in comparison with the produced
trapped gas volumes.

The second method is the joint gas and water extraction.
According to this method, gas is extracted from wells, which,
in terms of hypsometry, are higher and are operated from the
gas part of the reservoir. Water is produced from wells loca-
ted at the boundary of the gas-water contact [9], [10]. This
method is effective for gas fields with an inactive and active
water-pressure system.

According to the third method, gas is extracted at a sig-
nificantly higher rate compared to the rate of water inflow.
The purpose of this technology is that in a short period of
time, it is necessary to recover as much gas as possible be-
fore the formation water breakthrough and water-cut of pro-
ducing reservoirs and producing wells [11]-[14].

Based on the research [15], it has been revealed that an
increase in the rate of gas extraction does not always lead to
an increase in the hydrocarbon recovery factor and depends
on the reservoir porosity and permeability, as well as on the
zonal heterogeneity of producing reservoirs.

Currently, a significant number of theoretical and expe-
rimental studies have been performed related to the hydro-
carbon fields development under water drive regime. Based
on the results of domestic and foreign studies, the mecha-
nism of behaviour of the gas trapped by water in a porous
medium has been revealed. On the basis of fundamental
research results, a large number of methods and technologies
have been developed, however, the vast majority of them are
characterized by significant disadvantages and are ineffec-
tive. Therefore, there is a need for improvement of existing
and development of new technologies that provide maximum
hydrocarbon recovery factors at the lowest cost.

Today, the tendency of increasing the hydrocarbon produc-
tion from gas and gas condensate fields by injecting non-
hydrocarbon gases (nitrogen, carbon dioxide, flue and eshaust
gases, mixtures of various gases) remains promising [16]-[20].

One of the successful technologies in the field of secondary
gas extraction is the technology of injecting the carbon dioxide
into the producing reservoir. Theoretical and experimental
research on the process of carbon dioxide injection with the aim
of displacing the residual gas and increasing the hydrocarbon
recovery factor confirm its effectiveness [21]-[23].

Based on the previous research results, it has been deter-
mined that due to the carbon dioxide injection, it is possible
to additionally recover a significantly larger volume of gas
compared to the options of the field development for deple-
tion and to provide significantly higher final gas recovery
factors [24]-[26].

Numerous studies have confirmed that carbon dioxide
dissolves well in water with increasing pressure, but sharply
decreases with increasing temperature and salinity of water.
Given the above, it can be argued that carbon dioxide will
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expand and partially dissolve in water, while slowing down
the formation water inflow into producing reservoirs [27].

According to the experimental research [28], it has been
determined that in most cases, to ensure a more complete
coverage of the gas-saturated zone of the reservoir, it would
be desirable to completely prevent the formation water in-
flow into producing reservoir. However, a practical solution
to this problem has not yet been found.

Theoretical and experimental research on the process of
injecting non-hydrocarbon gases with the aim to displace
residual gas and increasing the hydrocarbon recovery factor
confirm its effectiveness. However, the problem of choosing
the injection agent that will provide the greatest effect has
not yet been studied.

The research purpose is to study the influence on the natu-
ral gas recovery factor of the period duration of carbon dioxide
injection into a producing reservoir using numerical modeling.

To achieve this purpose, the following objectives are set:

1. Study the influence of varying durations of the carbon
dioxide injection period at the boundary of the initial gas-
water contact on the main technological indicators of the
producing reservoir development.

2. Determine the optimal duration of the carbon dioxide
injection period at the boundary of the initial gas-water con-
tact for the conditions of a particular reservoir.

3. Substantiate the efficiency of the technology for inject-
ing the carbon dioxide into a producing reservoir for its in-
jection period optimal duration.

2. Research methods

Research is performed using the main Eclipse and Petrel
hydrodynamic modeling tools of the Schlumberger company
(USA) on the example of a hypothetical homogeneous three-
dimensional model of a gas condensate reservoir.

A producing reservoir is represented by a circular-shaped
model. The gas-bearing area of the formation is
17.63-10° m?, reservoir thickness — 15.4 m, coefficient of
porosity — 0.18, initial gas saturation coefficient — 0.8, reser-
voir absolute permeability coefficient — 8.65-10-3 mcm, av-
erage depth of producing reservoir— 3300 m, initial reservoir
pressure — 35 MPa, reservoir temperature — 358 K. Gas re-
serves amount to 800.97 min m2,

A conceptual digital 3D model of a gas condensate reser-
voir is shown in Figure 1.
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Figure 1. Conceptual digital 3D model of a gas condensate reservoir
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A producing reservoir is being developed for depletion
using 5 producing wells. The gas flow rate of the producing
well is 50 thous. m¥day. Along the perimeter of initial gas-
water contact, 12 injection wells are placed. Carbon dioxide
is injected at a rate of 50 thous. m¥day in a single well. The
research is conducted for various values of the period duration
of carbon dioxide injection into the producing reservoir (12,
14, 16, 18, 21, 24 months). Upon reaching the predetermined
duration of the carbon dioxide injection period, the injection is
stopped, and further operation of the producing wells contin-
ues until the injection agent breaks into the producing wells.

In order to take into account the physical processes that
occur during gas filtration in the reservoir during the carbon
dioxide injection under water drive, a compositional model
for a gas condensate reservoir has been created and
used [29], [30].

In the course of research, for the option with the non-
hydrocarbon gas injection into the producing reservoirs, the
moment of carbon dioxide breakthrough into each of the
producing wells is recorded. In this case, the producing wells
are stopped at the moment of carbon dioxide breakthrough.
To assess the value of the effect obtained from the studied
technology introduction in the case of development for de-
pletion, the producing wells are stopped at the same moment
as it is during the development of reservoir with the carbon
dioxide injection.

The different duration of period of the carbon dioxide in-
jection into the producing reservoir specifies the different
duration of the period of producing wells operation until the
moment of its breakthrough. Given the above, for each option
of a reservoir development with carbon dioxide injection, an
option of development for depletion is calculated in accor-
dance with the duration of the producing wells operation period.

Based on the research performed, the main technologi-
cal indicators of a producing reservoir development at the
moment of carbon dioxide breakthrough into one of the
producing wells are calculated according to the amount of
formation water produced at the moment of its break-
through. The research results are processed in the form of
dependency diagrams of the studied parameters at the mo-
ment of carbon dioxide breakthrough into producing wells
on its injection period duration.

3. Results and discussion

When analyzing the calculation data, it has been determined
that the carbon dioxide injection into the reservoir leads to a
decrease in the volume of formation water production com-
pared to the development of a producing reservoir for deple-
tion. The dynamics of hydrocarbon cumulative production
during the reservoir development for depletion and with a car-
bon dioxide injection period of 14 months is shown in Figure 2.

The results of modeling the process of producing reser-
voir development indicate that the carbon dioxide injection at
the boundary of the initial gas-water contact ensures the
maintenance of reservoir pressure at the high level in com-
parison with the reservoirs development for depletion.

The dynamics of reservoir pressure during the reservoir
development for depletion and during the carbon dioxide
injection for 14 and 24 months is shown in Figure 3.

When analyzing the calculation data, it is necessary to
pay attention to the type of dependences of the reservoir
pressure dynamics over time.
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Figure 2. Dynamics of hydrocarbon cumulative production during
the reservoir development for depletion and with a car-
bon dioxide injection period of 14 months
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Figure 3. Dynamics of reservoir pressure during the reservoir
development for depletion and during the carbon dio-
xide injection for 14 months (@) and 24 months (b)

Such nature of the change in reservoir pressure over time
is conditioned by shutting-in of producing wells caused by
the breakthrough of carbon dioxide, or flooding. Also, the
activity of water-pressure system has a significant influence
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on the nature of the reservoir pressure change. Due to the
formation water inflow into producing reservoirs, there is a
partial compensation of natural gas offtake.

Based on the calculations, it has been determined that an
increase in the duration of the dioxide injection period leads
to a decrease in the duration of the reservoir additional de-
velopment. For an injection period duration of 12 months,
the carbon dioxide breakthrough into the first producing well
occurs after 45 months of producing reservoir development,
and for an injection period duration of 24 months, the break-
through time is reduced to 37 months.

Thus, an increase in the injection period duration leads to
a decrease in the hydrocarbon cumulative production due to
the rapid carbon dioxide breakthrough into the producing
wells. The longer the injection period duration, the faster
carbon dioxide breaks through into the producing wells and
the faster they shut down.

The dynamics of gas cumulative production depending
on the duration of the carbon dioxide injection period is
shown in Figure 4.
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Figure 4. Dynamics of gas cumulative production depending on
the duration of the carbon dioxide injection period

When analyzing the effectiveness of introducing the
technology for carbon dioxide injection, it should be noted
the cumulative production of formation water at the moment
of carbon dioxide breakthrough into the producing wells and
during the reservoir development for depletion.

With the carbon dioxide injection at the boundary of the
initial gas-water contact for 12 months, the cumulative pro-
duction of formation water at the moment of the carbon diox-
ide breakthrough into the producing wells is 19.838 thous. m?
of water. While during the development of a producing res-
ervoir for depletion under these conditions, water production
is 303.796 thous. m®. An increase in the duration of the
non-hydrocarbon gas injection period up to 24 months leads
to a decrease in the cumulative production of formation
water to 0.037 thous. m® in the option with injection and to
0.08 thous. m® in the development of a producing reservoir for
depletion.

Based on the research results, the dependence of the main
technological indicators of producing reservoir development
on the duration of the carbon dioxide injection period has
been determined. The results of modeling the producing
reservoir development process evidence that an increase in
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the duration of the carbon dioxide injection period leads to a
decrease in the cumulative production of hydrocarbons and a
sharp decrease in the production of formation water.

The dynamics of water cumulative production depending
on the duration of the carbon dioxide injection period is
shown in Figure 5.
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Figure 5. Dynamics of water cumulative production depending on
the duration of the carbon dioxide injection period

The results obtained indicate the effectiveness of the
technology for injecting carbon dioxide at the initial gas-
water contact in order to slow down the formation water
inflow into producing reservoirs.

The water cumulative production depending on the dura-
tion of the carbon dioxide injection period is: 12 months —
131.89 thous. m?; 14 months — 47.95 thous. m?; 16 months —
17.81 thous. m®; 18 months — 7.44 thous. m®; 21 months —
2.55 thous. m%; 24 months — 0.032 thous. m®.

Given that the densities of carbon dioxide and water dif-
fer significantly, the process of its injection at the gas-water
contact boundary partially prevents the formation water in-
flow into producing reservoirs by creating an artificial barrier
between water and natural gas. This barrier partially blocks
the selective inflow of formation water and thereby ensures
stable waterless operation of producing wells.

When analyzing the state of producing reservoir water-
cut at the moment of carbon dioxide breakthrough into the
producing wells with an injection period of 14 months and
during development for depletion, it has been determined
that in the case with carbon dioxide injection at the mo-
ment of its breakthrough into the producing wells, the
current gas-water contact is significantly lower in the
producing reservoir structure in comparison with the
development for depletion.

The change in the gas-water contact position during the
producing reservoir development is shown in Figure 6.

Based on the calculation data, the dependence of the gas
recovery factor on the duration of the carbon dioxide injec-
tion period at the moment of its breakthrough into the pro-
ducing wells has been determined. According to the analysis,
an increase in the injection period duration from 12 to
24 months significantly influences on the gas recovery factor
and amounts to: 12 months — 42.54%; 14 months — 39.44%;
16 months — 37.63%; 18 months — 36.61%; 21 months —
35.64%; 24 months — 34.96%.
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Figure 6. Position of the gas-water contact before the beginning
of development (a), during development for depletion (b)
and during the carbon dioxide injection (c) for
14 months at the moment of its breakthrough into the
producing well

The dependences of the gas recovery factor on the dura-
tion of the carbon dioxide injection period at the moment of
its breakthrough into producing wells and during the reser-
voir development for depletion are shown in Figure 7.

Based on the results of statistical processing the calcula-
ted data, the optimal value of duration of the carbon dioxide
injection period into the reservoir, beyond which the gas
recovery factor does not change significantly. At the moment
of the carbon dioxide breakthrough into the producing well,
the optimal value of the period duration of its injection into
the reservoir is 16.32 months.

The final gas recovery factor for the given optimal value
of injection period duration is 61.98%. When developing a
producing reservoir for depletion, the final gas recovery
factor is 48.04%

The research results evidence the technological efficiency
of carbon dioxide injection into producing reservoirs at the
boundary of the gas-water contact in order to slow down the
formation water inflow into producing reservoirs and in-
crease the final hydrocarbon recovery factor for the condi-
tions of a particular field.
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Figure 7. Dependences of the gas recovery factor on the duration
of the carbon dioxide injection period at the moment of
its breakthrough into producing wells and during the
reservoir development for depletion

4. Conclusions

Modeling the hydrocarbon fields development, which are
being developed under water drive pressure regime, makes it
possible to gain certain experience in the implementation of
complex methods for predicting hydrocarbon recovery from
such fields. Through the use of numerical modeling, it is
possible to determine what exactly needs to be done to stabi-
lize the hydrocarbon recovery under various conditions.

Using Eclipse and Petrel, the main tools of hydrodynamic
modeling based on a digital three-dimensional model, the
influence of the duration of carbon dioxide injection period
at the initial gas-water contact on the final gas recovery fac-
tor has been studied.

Based on the modeling results, the optimal value of the
duration of carbon dioxide injection period at the initial
gas-water contact has been calculated, which is
16.32 months. For the obtained optimal value of the dura-
tion of the carbon dioxide injection period, the final gas
recovery factor can be 61.98%. When developing a produc-
ing reservoir for depletion, the predicted gas recovery fac-
tor under such conditions is 48.04%.

The final decision for implementing the carbon dioxide
injection technology and optimal technological parameters
for the producing and injection wells operation should be
made on the basis of a comprehensive technical-and-
economic analysis.
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hanced gas recovery and CO, sequestration by injection of exhaust

JocaigxeHHs1 BIVIMBY TPUBAJIOCTI Mepiogy HArHITAHHA AiOKCUAY BYIJIeLI0 HA Koe(pilieHT
BUJIYYEeHHSI ra3y Npu po3poodui ra30KOHAeHCATHUX POIOBHUIL 32 BOJAOHAINIIPHOIO PesKUMY

C. MarkiBebkuit, O. Kormgpar

Merta. [lociipKeHHsI Tpoliecy HATrHITaHHS JIOKCHIY BYTJICLIO HAa MEXi IMOYaTKOBOT'O T'a30BOJSHOTO KOHTAKTY 3 METOIO CIIOBIJIbHEHHS
MPOCYBaHHSI IUIACTOBOI BOJM B MPOYKTHUBHI MOKJIAAN Ta MiABUICHHS KiHIIEBUX KOC(III€HTIB BYTJIEBOAHEBUITYYCHHS.

Metoauka. [[jisi OLiHKK BIUTHBY Ha KOE(IIi€HT ra30BUITyYEHHS TPUBAIOCTI MEPiofy HArHITaHHS MIOKCHUAY BYTJICIIO HA TOYaTKOBOMY
ra30BOJISHOMY KOHTaKTi BHKOHAHO TOCTI/PKEHHS PO3POOKH IOKJIaay i3 BUKOPHCTAHHSIM OCHOBHHX IHCTPYMEHTIB TiJpOAMHAMIYHOTO MOJe-
moBaHHs Eclipse Ta Petrel kommanii Schlumberger Ha nmpukiazi rimoTeTHYHOI TPUBUMIPHOT MOJIEN Ta30KOH/ICHCATHOTO MOKIIAMy.

Pe3yabTaTu. BcTaHOBIIGHO 3aI€)KHICTh OCHOBHUX TEXHOJIOTIYHHX MMOKA3HHUKIB PO3POOKH MOKIAIY BiJ TPUBAJIOCTI MEPiOgy HATHITAHHS
JIOKCHIY BYTJICIIO Ha MOYaTKOBOMY I'a30BOJTHOMY KOHTAaKTi. BusHaueHo, 10 301IbLICHHS] TPUBAIOCTI Hepioly HarHiTaHHS HEBYTJICBOIHE-
BOTO Ta3y MPHU3BOAUTH J0 3MEHIICHHS HAaKOIHMYEHOTO BHUAOOYTKY IIACTOBOI BOJAW. BCTaHOBIEHO, 11O NMPH HATHITaHHI TIOKCHIY BYIJIELIO
3a0e3MeuyeThCsl CTBOPEHHSI LITYYHOTO 0ap’epy, 3aBIsSKH SKOMY YaCTKOBO OJIOKY€ETHCS TIPOCYBAHHSI IUIACTOBOI BOJM B Ta30HACHYCHI iHTepBa-
JIM TIPOJYKTHBHOTO ropu3oHTy. KiHIeBuii koedilieHT ra3oBuIydeHHs IpH HarHiTaHHI AIOKCHIY ByrJienio craHoBuTh 61.98%, a mpu pospo-
6ui moknaxy Ha BucHakeHHS — 48.04%. Pe3ynmbraTi MpoBeAeHNX IOCIHIIKEHb CBITYaTh MPO TEXHOJIOTIUHY e(heKTHBHICTh HAarHITaHHS JiOK-
CHly BYTJICLIO Ha MEXi MOYaTKOBOTO I'a30BOJSIHOIO KOHTAKTy 3 METOI0 CIIOBIIBHEHHS MPOCYBaHHS IJIACTOBOI BOJY B MPOJIYKTHBHI MTOKJIaaN
Ta 30UIBIICHHS KIHIIEBOTO KOe(iliEHTY BYTJICBOAHEBIITYYSHHS ISl yMOB KOHKPETHOTO MOKIIALy.

HaykoBa HoBu3HA. Bi3HaYeHO onTHMasbHE 3HAYCHHS TPUBAIOCTI MEPio/ly HATHITAHHS JIOKCHIY BYTJICIFO HAa MOYaTKOBOMY Ia30BOJs-
HOMY KOHTaKTi, III0 CTAHOBUTH 16.32 MicsIli Ha OCHOBI CTaTUCTUYHOT 0OPOOKH PO3PaxXyHKOBHX JaHHX ISl yMOB KOHKPETHOTO MOKJIAy.

ITpakTH4Ha 3HaYUMicTb. BUKOpUCTaHHS pe3ybTaTiB NPOBEIEHUX JOCIIDKEHb O3BOJISIE BIOCKOHAINTH iICHYIOHi TEXHOJIOTT pO3pOOKU
NPOAYKTUBHHX MOKJIAAIB IPY BOAOHAMIPHOMY PEKHMI Ta MiJABUIIUTH KiHIEBHH KOS]IillieHT ByTJICBOIHEBUITY ICHHSI.

Kniouogi cnosa: 3D modens, podosuuge 8yenes00mis, 2a30K0HOeHCAmMHULL NOKAAO0, 6000HANIPHULL PEXCUM, HACHIMAHHSL OIOKCUOY y2leyio
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HccaenoBanue BIUSTHUS MPOAOIKUTECJIBbHOCTH NEPUOAA HAHETAHUA TUOKCHU/IA YIJIEPOda HA K03(l)(1)l/l].[l/leHT
HU3BJICUYCHHUSA Ia3a nmpu paspaﬁoTKe ra3oKOHACHCATHBIX MeCTOPO)KIleHl/lﬁ B YCJIO0BUAX BOAOHAIIOPHOI0 peKUMa

C. Markusckuii, A. Korgpat

Heas. MccnenoBanue mpoluecca HarHETaHUs JUOKCUAA YIIIepoia Ha TPaHUIe HAYadbHOTO Ta30BOASHOIO KOHTAKTA C LEJbI0 3aMEIICHHS
TIPOJIBIKEHHS IIACTOBOI BOJIBI B IPOAYKTHUBHEIE 3aJI€)K1 U TIOBBIIICHHS KOHEYHBIX KOY(QHUIINEHTOB U3BJICUCHHS YTIIEBOJOPOIOB.

MeToauka. /1715 OCHKN BIMSHUS Ha KOA(Q(UIMEHT M3BIEUEHHUS ra3a NpoJoJDKUTENFHOCTH IIepHoia HarHeTaH!sI TUOKCH I yTiiepo/ia Ha
HavyaJbHOM TI'a30BO/SHOM KOHTAaKTE€ BBIONHEHO HMCCIEIOBAaHHE Iponecca pa3pabdoTKU 3aleXH C MCIOJIB30BaHNEM OCHOBHBIX HHCTPYMEHTOB
rugpoarHaMudeckoro Moaenuposanus Eclipse u Petrel kommannn Schlumberger Ha mpuMepe rHIIOTETHYECKON TPEXMEPHOH MOJEINH Ta3o-
KOHJICHCATHOM 3aJIeXKH.

Pe3ynbTaThl. YcTaHOBIEHA 3aBUCHMOCTh OCHOBHBIX TEXHOJOTHUECKUX IOKa3aTelel pa3pabOTKH 3aleXu OT NMPOAODKHTEIBHOCTH Me-
pHoJla HaTHETaHUs AUOKCHA YTIIepoa Ha Ha4albHOM Ta30BOASHOM KOHTakTe. OmpeseneHo, 4To yBeIUdeHHe MPOJOKUTEIBHOCTH MEPHO-
Jla HarHEeTaHHs HEeYTJIEBOAOPOAHOTO ra3a NPHUBOIUT K YMEHBIICHUIO HAKOTIEHHOH JOOBIYM IIaCTOBOM BOABL Y CTaHOBJIEHO, YTO MPH HarHe-
TaHWH AUOKCHJA YIIIeposa co3/aeTcsl HCKYCCTBEHHBII Oapbep, Oilaroaaps KOTOpOMY YaCTHYHO OJIOKHPYETCs IPOJIBIKEHHE ITAaCTOBOM BOIBI
B Ia30HACHIIIEHHBIE HHTEPBAIBI IPOJYKTHBHOTO ropn3oHTa. KoHeuHbIH K03 GHIeHT U3BJICUeHNS Ia3a IPH HarHeTaHNH JUOKCHIA yTiIepo-
na coctaBisieT 61.98%, a npu paszpabotke 3anexu Ha ucromenne — 48.04%. Pe3ynabTaTsl MPOBEACHHBIX HCCIIENO0BAHUN CBHIETEIBCTBYIOT O
TEXHOJIOTHIECKOH 3()()eKTUBHOCTH HATHETaHUs TUOKCHIA YIIIepo/ia Ha TPaHHIe HAYAILHOTO Ia30BO/STHOTO KOHTAKTa C LEJbI0 3aMeICHHS
HPOJIBIKEHHUS TIIACTOBOM BOJBI B IMIPOTYKTHBHBIC 3QJI)KU M YBEIHYCHHUS KOHEYHOTO KO3(dHUIMeHTa U3BICUEHHS YTIIEBOAOPOIOB VIS YCIIO-
BHUM KOHKPETHOM 3a/IeXH.

Hayunast HoBu3Ha. OnpesieNIeH0 ONTHMAIbHOE 3HAYEHHE MPOAOIDKUTEIPHOCTH MEePHoJia HarHeTaH!UsI JUOKCHAA YIJIepoja Ha Hadallb-
HOM Ta30BOJSHOM KOHTaKTe, KOTopoe cocTaBisieT 16.32 mecsna Ha OCHOBE CTATHCTHYECKOH 0OpabOTKU pacueTHBIX NAHHBIX U yCIOBUH
KOHKPETHOM 3aJIeXH.

IIpakTHyeckasi 3HAYMMOCTB. VICrIoIb30BaHNE PE3yNBTATOB MPOBEICHHBIX HCCIECAOBAHHUN MO3BOJISIET YCOBEPIICHCTBOBATH CYIIECTBY-
IOIME TEXHOJOTUH Pa3pabOTKU MPOIYKTHBHBIX 3ajeXKel IPU BOIOHAIIOPHOM PEKHME U YBEIHMYHTh KOHEUHBIH KOI(M(OUIIMEHT M3BICYCHHS
YIJIEBOIOPOIOB.

Knruesvie crosa: 3D moodenv, mecmopodicoeHnue yeneeo0opooos, 2a30KOHOCHCAMHAS 341eXHCb, 6000HANOPHBIU PEXNCUM, HASHEemAaHue
ouoxcuoa yanepooa
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