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yepe3 KOHCTPYKTUBHBIC 3JIEMEHTHI 000PYIOBaHUS T10-
3BOJISTIOT YCTaHABIIMBATh 3aKOHOMEPHOCTH B3aMOCBSI -
31 3(PHEKTUBHOCTU TTIEHOOOPA30BaHUS OT MapaMeTPOB
¥ PEXUMOB PabOTHI IEHOTEHEPUPYIOLINUX YCTPOMCTB.

ITpu aTOM:

- ompejesieHa B3aMMOCBSI3b MEXAY KaueCTBOM Iie-
Hbl I KOHCTPYKTUBHBIMUA OCOOEHHOCTSIMU OTIAEIbHBIX
3JIEMEHTOB MEHOTeHEPUPYIOIIETO YCTPOMCTBA;

- DKCIIEpUMEHTAJIEHO 00OCHOBAHBI aHAJTUTUIECKHE
3aBUCHMOCTH JBIDKECHUS ITIOTOKOB XXMIKOCTH, BO3IyXa 1
neHbl 1 3P(OEKTUBHOCTH pabOTHI IIEHOTCHEPUPYIOLINX
YCTPOMCTB OT MX KOHCTPYKTUBHBIX OCOOCHHOCTEIA;

- Hay9HO 000CHOBAH METOI BEIOOpPA OITHMATbHBIX
KOHCTPYKTUBHBIX (DOPM 3JIEMEHTOB IIEHOTCHEPUPYIO-
IIMX YCTPOICTB, BIMUSIONINX HA (pOPMUPOBAHUE TTOTO-
KOB XXUIKOCTH, BO3AyXa U TICHBHI.

IIpakTHueckas 3HauuMocTb. OmpeneaeHbl ONTUMa-
JIbHbIE TeoMeTpuueckure (hopMbl U MapaMeTphl, ycTa-
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Purpose. Evaluation of technological efficiency of a method for increasing final gas recovery from a depleted gas

field with residual natural gas displacement by nitrogen.

Methodology. Computer research on the regularities of residual natural gas displacement by nitrogen from a circu-
lar shaped depleted gas field using licensed computer program CMG (Computer Modelling Group).

In the research is founded change in time of technological development indicators of gas production from the field
for different values of a pressure of early nitrogen injection into the gas field and for duration of injection time.

Findings. According to the results of the computer research on the patterns of residual natural gas displacement by
nitrogen from depleted gas field, there is received change of reservoir pressure by the years, flow rate of production
well of gas and nitrogen, and gas recovery factor depending on the pressure of early nitrogen injection into the gas field

and duration of injection period.

Originality. For the first time regularities of the process of residual natural gas displacement by nitrogen and opti-
mal values of the pressure of early nitrogen injection into the gas field and duration of injection period are obtained

for circular shaped depleted gas field.

Practical value. Injection of nitrogen into depleted gas field for the corresponding values of pressure of early nitro-
gen injection and duration of the period of its injection allows intensifying the process of further development of the
field as well as increasing the current production of gas and gas recovery factor by 5—10 %.
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Introduction. The most part of gas fields of Ukraine
is largely exhausted. Some of them are at the final
phase of gas production. There are still significant re-
sidual gas reserves in the depleted fields. According to
actual data on fields, the development of which is com-
pleted, the final gas recovery factor is 85—90 % on av-
erage under gas mode. Due to limited gas reserves and
insufficient volumes of its production, the involvement
in the development of residual natural gas from deplet-
ed fields may become an additional source of hydro-
carbons.

Effective ways to increase the final gas recovery fac-
tor from gas fields include: minimizing the values of the
final reservoir pressure; creating conditions for the uni-
form production of productive fields according to square
and gas-saturated section in the process of gas field de-
velopment and the same (close) values of the final reser-
voir pressure in different parts of the reservoir; the dis-
placement of residual gas from depleted gas field by ni-
trogen, carbon dioxide, flue gases [1]. The article pre-
sents the results of investigations of the regularities of
residual natural gas displacement by nitrogen from cir-
cular shaped depleted gas field.

Analysis of the recent research and publications. The
laboratory and theoretical research studies are complet-
ed to the effectiveness of displacement of residual gas
from depleted gas field on non-hydrocarbon gases. Re-
sults of the experiments with displacement of methane
by non-hydrocarbon gases from models of reservoir in-
dicate high technological efficiency of this method for
raising the gas recovery factor. Among the studied non-
hydrocarbon gases carbon dioxide features the most dis-
placing capacity [2]. Displacement ratio of methane
with carbon dioxide in experiments reached 81—-97.4 %.
Flue gases and nitrogen have less displacing abilities.

According to the simulation results it is defined that
high rates and early stages of injection have a higher gas
recovery, but economically this will contaminate the pro-
duction due to early breakthrough of carbon dioxide [3].

According to the results of theoretical studies of dis-
placement of residual gas from depleted gas field by car-
bon dioxide gas recovery factor increases with the de-
crease in the pressure of early carbon dioxide gas injec-
tion into the layer [4]. However, the displacement of
residual gas from depleted gas field with non-hydrocar-
bon gas at the minimum pressure “backing up” may be
uneconomical due to low flow rates of wells.

The paper [5] presents the results of theoretical stud-
ies on displacement of natural gas by nitrogen from a
hypothetical gas field in the form of a square with four
production wells in the corners of the square and a cen-
tral injection well for different values of pressure of early
nitrogen injection into the gas field and for duration of
injection time. The results of the performed studies in-
dicate that the degree of gas recovery from depleted gas
field can be regulated by the choice of pressure of early
nitrogen injection into the gas field and for duration of
injection time. However, because of the hypothetical
(square) form of the field, which differs from real fields,
the results of the performed research cannot be fully
used in practice. Therefore, in order to assess the effect
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of pressure of early nitrogen injection into depleted gas
field and the duration of injection time on the degree of
gas recovery factor, a complex of theoretical studies.

Unsolved aspects of the problem. In known publica-
tions of the considered problem no data is present about
the impact of the pressure of early nitrogen injection
and duration of injection period into the circular shaped
depleted gas field on gas recovery factor. This served as
the basis for surveying the fields of circular form.

Objectives of article are as follows: according to the
results of computer research studies on residual natural
gas displacement by nitrogen from the circular shaped de-
pleted gas field to obtain patterns in change of reservoir
pressure, flow rate of production well of gas and nitrogen,
nitrogen content in extracting production and gas recov-
ery factor by years for different values of the pressure of
early nitrogen injection and duration of injection period,
and to find optimal values for parameters of the process of
nitrogen injection into the depleted gas field.

Presentation of the main research. Non-hydrocarbon
gases are increasingly used in oil and gas industry. They
are used on an industrial scale to maintain reservoir
pressure in oil fields in order to increase the oil recovery
factor and as a substitute cushion gas in underground
storage facilities. Among the non-hydrocarbon gases
(carbon dioxide, flue gases, nitrogen) the highest dis-
placement capacity as for oil, gas condensate and natu-
ral gas is featured by carbon dioxide. The main amount
of carbon dioxide is contained in flue gases. In most
cases, enterprises producing flue gases are located at a
considerable distance from the produced gas fields.
Therefore, considerable expenses are required for trans-
porting flue gases from their place of receipt to gas fields.
Use of nitrogen as a non-hydrocarbon gas is more ra-
tional. There are known simple and worked out tech-
nologies for obtaining nitrogen from the air and indus-
try plants for their implementation, which can be con-
structed directly on the field. Therefore, nitrogen is used
in the research in the role of a working agent to displace
residual natural gas from depleted gas field.

Research methodology and output. To assess the im-
pact of characteristics of the process of injection of ni-
trogen to circular shaped depleted gas field, computer
research was conducted using licensed computer soft-
ware CMG (Computer Modelling Group). The research
was performed using a circular hypothetical gas field
with the following parameters: the radius of gas content
contour — 3000 m, an area of the field — 28.26-10° m?,
the thickness of the reservoir — 12 meters, open porosity
ratio — 0.14, the rate of initial gas saturation — 0.78, the
coefficient of permeability of the reservoir — 0.2 mkm?,
the depth of the reservoir (average depth of wells) —
3200 m, initial reservoir pressure — 33 MPa, reservoir
temperature — 340 K, the relative density of the gas —
0.6, compressibility factor at initial reservoir pressure
and temperature — 0.979 initial gas reserves calculated
by CMG program — 11.713 billion m?.

Depleted field is developed by 12 production wells
located at a distance of 1500 meters from the centre of
the circular layer. The distance between the wells is 785
meters. Exploitation of wells is done in a mode of con-
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stant depression on layer — 0.02 MPa. The initial flow
rate of one gas well at the beginning of the development
of the field amounted to 125 m?/day.

After reducing the reservoir pressure on a certain
amount from the initial pressure, injection of nitrogen
into the reservoir is started through 12 injection wells,
which are located on the contour of gas content layer
with the distance of 1570 meters between the wells.

During the injection of nitrogen into the reservoir
through injection wells operation of production wells
was continued. The rate of injection of nitrogen in the
field is assumed to be equal to the rate of sampling gas
from the reservoir, taking into account the gas com-
pressibility factor. As a result, the continuity of reservoir
pressure during the period of the nitrogen injection into
the layer is maintained.

The research was conducted for variants of injection
of nitrogen in the field after reduction of reservoir pres-
sure to0 0.5; 0.4; 0.3; 0.2; 0.1 from the initial pressure. In
each variant, the injection of nitrogen into the reservoir
was carried out at different time periods: 6, 12, 18, 24, 30
and 36 months.

Research results. The gas field is put into develop-
ment on the 1! of January, 2016. The technological pa-
rameters of the field development were calculated after
1 year. For each time point there was found reservoir
pressure, flow rate of gas and nitrogen production well,
nitrogen content in downhole production and gas re-
covery factor. The calculations of field development in-
dices of attrition without nitrogen injection into the res-
ervoir were performed for additional comparison.
Graphical dependencies of changes during the years in
technical indicators of developed gas field depending on
the pressure of early nitrogen injection into the layer and
duration of injection period were built according to cal-
culation results. In the work, graphical dependencies are
presented for individual process parameters only for the
period from 2021 for better visibility. In the version with
a decrease in reservoir pressure to 0.5 from the initial
pressure the injection of nitrogen in the field was initi-
ated on 01.12.2023 and in other versions — later.
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Fig. 1. Dynamics of reservoir pressure for different values
of early nitrogen injection pressure into field for the
duration of the period of injection equal to 36 months:
1 — depletion; 2— 0.1 P,y 3 — 0.2 Pyy 4 — 0.3 Py 5—
0.4P,; 6—05P,,
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Fig. 1 shows dependencies of changes in time of res-
ervoir pressure in the gas field for different values of the
pressure of early nitrogen injection into the reservoir for
the duration of injection period equal to 36 months.
These graphic dependencies have horizontal platforms
for each pressure of early nitrogen injection into the field
throughout the period of the injection. Earlier injection
of nitrogen into the field and the increase in the duration
of the injection period allows maintaining the bigger
reservoir pressure in the future development of gas field.
Dependencies of reservoir pressure presented in Fig. 1
do not overlap each other and the difference between
reservoir pressure values decreases over time.

During the injection of nitrogen into gas field pro-
duction rate is maintained constant and is higher than in
the development of attrition, and then decreases. Fig. 2,
for example, shows the corresponding dependencies for
the duration period of nitrogen injection into gas field
equal to 36 months. After nitrogen break into gas pro-
duction wells, flow rate decreases sharply and becomes
smaller than in the development of attrition, and the ni-
trogen flow rate increases. Fig. 2 shows the intersection
between the respective dependencies.
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Fig. 2. Dynamics of gas flow rate for different values
ofearly nitrogen injection pressure into field for the
duration of the period of injection equal to 36 months:
1 — depletion; 2 — 0.1 P,y 3 — 0.2 Py 4 — 0.3 Py 5 —
0.4P,.;6—05P,,

During injection of nitrogen in gas field reservoir
pressure is maintained greater than in the development.
As a result, the gas flow rate pressure at the wellhead in-
creases, which allows intensifying gas production and
reducing the costs of gas preparation and transportation.

The time of nitrogen breakthrough in production wells
depends on the pressure of early injection in the field and
duration of the injection period. The earlier start of nitro-
gen injection in the field and the greater duration of its in-
jection period lead to faster breakthrough in production
wells (Table). During changes in pressure of early nitrogen
injection in the field from 0.3 to 0.5 P;,; duration of nitro-
gen breakthrough in production wells for individual values
of duration of injection period is constant. For values of
0.3, 0.4 and 0.5 P,,;, of pressure of early nitrogen injection
in the field and duration of injection period equal 24
months or more, nitrogen breakthrough in production
wells for the same time is 3.33 years.
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Table
Duration of the period from the beginning of nitrogen injection into field to its breakthrough in production wells

The duration of Duration of the period from the beginning of nitrogen injection into field to its

nitrogen injection breakthrough in production wells for various pressures of early nitrogen injection, years

in the field, months 0.1 Py 0.2 Py 0.3 Py 0.4 Py 0.5 Py
6 5.67 4.59 4.25 4.25 4.25
12 4.84 3.92 3.67 3.67 3.67
18 4.42 3.67 3.42 3.42 3.42
24 4.25 3.59 3.33 3.33 3.33
30 4.25 3.59 3.33 3.33 3.33
36 4.25 3.59 3.33 3.33 3.33

With increasing pressure of early nitrogen injection
in the field and the duration of the period of its injec-
tion, the flow rate of nitrogen and its quantity in pro-
duction gas increase. Fig. 3 shows the corresponding
graphic dependencies at the end of the settlement pe-

35

w

ol
th

%

Na

Nitrogen flow rate, th.m¥day

%?\
A )
N"\‘u
\

-

o

\
\
N

s
I\
%

i
B

30 33 36

o
7]
=N
©
-
%)
-
th
o
ce
N
[
~
S
~
~1

Duration of the period of nitrogen injection into field, months

a

riod (01.01.2065). According to the calculation results
increasing pressure of early nitrogen injection in the
field leads to decrease of its impact on nitrogen flow
rate and its quantity in downhole products.
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Fig. 3. Dependence of nitrogen flow rate (a) and nitrogen content in extracting gas (b) on the duration of the nitrogen
injection period into the field for different pressures of early nitrogen injection (01.01.2065):
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With pressure of early nitrogen injection in the fields
equal 0.1 P,,; nitrogen flow rate and its contents in the well
products for different duration of nitrogen injection period
into the reservoir are equal to: under 6 months —
0th.m?/day and 0.04 %; 12 months — 0.02 thou-
sand m?/day and 0.23 %; 18 months — 0.05 thou-
sand m?/day and 0.64 %; 24 months — 0.1 thousand m?/day
and 1.26 %; 30 months — 0.18 thousand m?/day and
2.16 %; 36 months — 0.28 thousand m®/day and 3.25%.

With pressure of early nitrogen injection in the fields
equal to 0.3 P, nitrogen flow rate and its contents in the
well products for different duration of nitrogen injection
period into the reservoir are equal to: under 6 months —
0.24 thousand m?/day and 3.24 %; 12 months — 0.62 thou-
sand m’/day and 8.4 %; 18 months — 1.07 thousand m®/day
and 14.36 %; 24 months — 1.55 thousand m®/day and
20.54 %; 30 months — 2.03 thousand m?/ day and 26.44 %;
36 months — 2.52 thousand m3/day and 32 %.
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According to calculation results volume of 5 % of ni-
trogen in the well products is achieved with such values
of pressure of early nitrogen injection and the duration
of the injection period: 0.2 P,,;, — 13.866 months;
0.3 P,,; — 8.047 months; 0.4 P,,;, — 6.117 months;
0.5 P;,;;, — 4.918 months. For 20 % volume of nitrogen in
the well products the following values were received:
0.2 P,;, — 34.833 months; 0.3 P,,;, — 23.476 months;
0.4 P,,;,— 19.253 months; 0.5 P,,;, — 17.267 months.

In order to reduce the amount of nitrogen extracted,
it is expedient to stop the production wells earlier, for
example, by volume content of nitrogen in well prod-
ucts of 5 %. As results of the calculations show, the gas
recovery factor does not increase at higher nitrogen
content in well products. You can also use special
equipment to separate nitrogen from well products, and
then throw it into the air or return to the layer through
the injection wells.
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Gas recovery factor increases with raising pressure of
early nitrogen injection in the field and its duration of
the injection period (Figs. 4 and 5). On 01.01.2065 for
values of the period duration of the nitrogen injection in
field from 6 to 36 months and different pressure values
for beginning its pumping, the gas recovery factor
changes in the following ranges: 0.1 P;,; — 91.86—93.09 %;
0.2 Py, — 92.24—94.54 %; 0.3 P, — 92.47—94.96 %,;
0.4 P,;; — 92.59-95.07 %; 0.5 P,,;, — 92.65—-95.18 %.
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Fig. 4. Dependence of gas recovery factor from the pres-
sure of early nitrogen injection in the field for various
values of the duration of nitrogen injection period (on
01.01.2065 year):

1 — 6 months; 2 — 12 months; 3 — 18 months; 4 — 24
months; 5 — 30 months; 6 — 36 months
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Fig. 5. Dependence of the gas recovery factor on the du-
ration of the period of nitrogen injection in field for
different values of the pressure of early nitrogen injec-
tion (01.01.2065):
1—01P,,;; 2—02P,,;; 3— 03Py 4— 04 Py 5 —
0.5 P,
The rate of growth of the gas recovery factor decreas-

es with increasing of the pressure of early nitrogen injec-

tion in the field and the duration of its injection period,
influence on the gas recovery factor gradually decreases
and related graphics dependencies in Figs. 4 and 5 be-
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came aligned. As a result of statistical processing of nu-
merical data determined “critical” (optimal) values of
the studied parameters above which gas recovery factor
is changed little.

Critical value of the pressure of early nitrogen injec-
tion in the field for different duration period of its injec-
tion is: 6 months — 0.293 P,,;; 12 months —0.292 P,,;; 18
months —0.29 P,,;; 24 months — 0.28 P,,;; 30 months —
0.286 P,;; 36 months — 0.284 P,,,; average value for
6—36 months — 0.29 P,,;,.

Critical value for the duration of the period of nitro-
gen injection in the field at different pressure of early
nitrogen injection is: 0.1 P,,;, — 20.826 months; 0.2 P,,;, —
20.323 months; 0.3 P,,;; — 20.04 months; 0.4 P,; —
19.737 months; 0.5 P,,;; — 19.596 months. Average value
within changes from 0.1 to 0.5 P,,; of the pressure of
early nitrogen injection in the field is about 20 months.

For pressure of early nitrogen injection in the field
equal to 0.29 P,,;and duration of injection period equal
to 20 months the gas recovery factor is 94.02 % on
01.01.2065.

While developing a gas field on depletion with reser-
voir pressure reduced to 0.1 P,,;, which is often taken
researches as an economic limit of profitable field de-
velopment, gas recovery factor amounted to 81.79 %.
During development of the fields using nitrogen injec-
tion with critical parameters gas recovery factor for the
current reservoir pressure of 0.1 P,;, is 85.95 %, which is
4.16 % more than in the developing field on attrition
without nitrogen injection.

Conclusion. According to the results of the computer
research on residual natural gas displacement by nitro-
gen from depleted gas field for the first time there are
established patterns of change in time (by years) of tech-
nological indicators of development (reservoir pressure,
flow rate of producing wells for gas and nitrogen, and gas
recovery factor) for different values of the pressure of
early nitrogen injection and the duration of its injection
period. Optimal values of the pressure of early nitrogen
injection (0.29 from initial pressure) and the duration of
injection period (20 months) are defined. With these
critical parameters values, higher values of gas recovery
factor are achieved compared to the development on
depletion. As a result of maintaining on the higher level
of current reservoir pressure during the injection of ni-
trogen into the field, gas flow rate and pressure at the
wellhead increase. This allows increasing current gas
production and efficiency of the system of gas collection
and preparation.
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MeTta. O1iHKa TeXHOJIOTIYHOI e(heKTUBHOCTI METO-
Iy TIOBUINEHHS CTYIIeHs BUJIYYSHHS ra3y 3 BUpoOOIIe-
HOT0 ra30BOI0 POJOBHIIIA IIJISIXOM BUTICHEHHS HeBii-
OpaHOro MPUPOIHOTO ra3y a30TOM.

Metomuka. KoMm’roTepHe IOCHTIIKEHHS 3aKOHO-
MipHOCTeli BUTICHEHHSI HEBimiOpaHOIro MNPUPOIHOTO
rasy a3oToM 3 BUPOOJIEHOTO ra30BOro POJOBUILIA KPY-
roBoi (hopMM 3a JOMOMOTOIO JilleH30BaHOI KOMIT 10-
tepHoi nporpamu CMG (Computer Modelling Group).
VY nocriimxeHHsIX 3HaXOAWIU 3MiHY B Yaci TEXHOJIOTiY-
HUX TOKa3HWKIB BUIOOYBaHHS Ta3y 3 POJOBUINA TSI
PI3HMX BEJIMYMH TUCKY ITOYATKy HaTrHITaHHS a30Ty B
POIOBUILIE I TPUBAJIOCTI IePioAy HAarHiTaHHSI.

PesymbTaTn. 3a pe3yabTaTaMy KOMIT IOTEPHOTO JI0-
CJIIIKEHHSI 3aKOHOMIPHOCTEN BUTICHEHHSI HeBiaiOpa-
HOTO MMPUPOTHOTO ra3y a30TOM 3 BUPOOJICHOIO Ta30BO-
rO POJOBUIIA OTPMMAHO 3MiHY 32 POKaMU TJ1aCTOBOTO
TUCKY, Ne0iTy BMIOOYBHOI CBEpPIUVIOBMHM IO Ta3y Ta
a30Ty, i KoeillieHTa BUIyYeHHS ra3y 3aJIe>KHO Bil TUC-
Ky IMOYaTKy HarHiTaHHSI a30Ty B POJOBMIIE il TpUBa-
JIOCTi mepioy HarHiTaHHS.

HaykoBa HoBU3HA. YTiepilie 111 BUPOOJIEHOTO ra3o-
BOTO POAOBUINA KPYroBoi (POpMU OTpUMAaHi 3aKOHO-
MipHOCTi BUTICHEHHSI HEBiIiOpaHOTO MPUPOAHOTO razy
a30TOM Ta ONTUMAJIbHI BEJIMIMHM THCKY TTOYATKy Ha-
THITaHHS a30Ty B POAOBUILE W TPUBAIOCTI Mepioay Ha-
THiTaHHSI.
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IIpakTuyna 3HaumMmicTb. HarnitanHs azoty y BUpo-
GJieHe pOIOBULIE ra3y 3a BiIMOBIIHUX BEIUYUH TUCKY
MoYyaTKy HarHITaHHS a30Ty i TPUBAJIOCTI Iepiony Ha-
THITAHHSI JO3BOJISIE IHTEHCU(IKYBaTU MPOILIEC AOPO3-
pOOKM pOMOBUINA, IMiABUIIUTHA MOTOYHUN BUIOOYTOK
rasy i CTyITiHb BUJydeHHs ra3y Ha 5—10 %.

KmouoBi cioBa: podosuue, céeporosuna, 2as, azom,
HA2HIMAHHA, UAYYEHHS a3y, MUCK, 0ebim

Hean. OrieHka TexHONMOrnYeCcKon 3(pHeKTUBHOCTU
METOoa MOBBIIICHNS CTCTICHU U3BJICUCHUS Ta3a U3 BbI-
pabOTaHHOTO ra30BOTO MECTOPOXKICHUS ITyTEM BBITEC-
HEHUSI HEOTOOPAHHOTO TIPUPOITHOTO Ta3a a30TOM.

Metomuka. KommpoTepHOEe MCClIeIOBaHUE 3aKO-
HOMEPHOCTEI BBITECHCHMSI HEOTOOPAHHOTO IIPUPOI-
HOTO ra3za a30TOM M3 BbIpaOOTaHHOTO ra30BOTO MECTO-
pPOXIEeHUs KpyroBoii (hOpMbI ¢ TIOMOIIBIO JTUIIEH3UPO-
BaHHOI KoMmITbloTepHoii mporpamMmbl CMG (Computer
Modelling Group). B uccienoBaHusix HaXOUIN U3MeE-
HEHME BO BpeMEHU TEXHOJIOTMYECKUX MoKa3aTeseit 1o-
OBIYM Ta3a MECTOPOXKICHMUS IS PA3TAYHBIX BEJIMINH
TTABJICHUS Hauajla HaTHETaHWsI a30Ta B MECTOPOKICHIE
1 TIPOJOJKUTETbHOCTY TTIepUoaa HarHETAHMSI.

PesynbTatel. [1o pe3yiabTaTaM KOMITBIOTEPHOTO HUC-
CJICIOBaHMUSI 3aKOHOMEPHOCTEIl BBITCCHCHMSI HEOTO-
OpaHHOTO TIPUPOTHOTO Ta3a a30TOM M3 BEIPAOOTaHHO-
IO Ta30BOT0 MECTOPOKICHUSI IOIy4eHO U3MEHEHME I10
rogaM ILJIaCTOBOTO JaBJieHMs, AeOuTa noObIBarolIeii
CKBaXXMHBI 110 Ta3y 1 a30Ta, U Kod(dduiimeHTa u3nie-
YeHMs Ta3a B 3aBUCHMMOCTHU OT JaBJCHMSI Hayajaa Ha-
THETaHUsI a30Ta B MECTOPOXICHME U MPOAOTIKUTEIb-
HOCTH TeprOIa HarHETaH WS,

Hayuynas HoBu3Ha. BriepBble 111 BbIpaOOTaHHOTO
ra30BOT0 MECTOPOKICHUS KPYTOBOU (hOPMEI TTOJTyIe-
HBI 3aKOHOMEPHOCTH BHITECHEHUSI HEOTOOPAHHOTO TTPH-
POIHOTO Ta3a a30TOM M ONTUMAaJIbHBIC BETMUUHEI TaB-
JICHUs Hadajla HarHEeTaHMS a30Ta B MECTOPOXICHUE 1
MIPONOJIKUTEILHOCTH TIepHOIa HATHETAHUS.

IIpakTnyeckass 3Haynmoctb. Harneranue aszora B
BBIPA0OOTAHHOE MECTOPOXICHHWE Ta3a IIPU COOTBET-
CTBYIOIIMX 3HAYCHMSIX NABJICHUs Hauyaja HarHETaHMS
a3oTa U MPOJOJIKUTEIbHOCTU IepuojJa HarHeTaHMsI
MO3BOJISIET MHTEHCUMULIMPOBATh Mpolecc aopas3pa-
OOTKHM MECTOPOXICHMSI, TTOBBICUTh TEKYIIYIO TOOBIYY
rasa ¥ cTelieHb U3BjedeHus raza Ha 5—10 %.

KioueBble ciioBa: mecmoposcoenue, cKeax)cuna, 2as,
asom, HaeHeMAaHUsl, U3BAeuenUs 2asa, dagaenue, d0eobum

Pexomendosano 0o nybaikayii dokm. mexH. HayK
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ISSN 2071-2227, HaykoBui BicHuk HI'Y, 2017, N2 5



