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Abstract

Numerical modeling of water alternating-gas proessgquires adequate representation of dependefaielsitive phas
permeability for oil, gas and water upon saturatiérine reservoir. On the basis thfe agreement of the results of hume
modeling with laboratory experiments parameteriratdf Korea functions for phase permeability of &we sandstone fanil,
gas and water at pressure below the saturatiorsymedas been carried out. Correlation betwewters of memberst
functions with initial gas saturation, formed a®sault of the allocation of oil dissolved gas, basn established.

Key words:Eocene sandstone, numerical modeling, phase peititgadaturation pressure, water alternating-gasopesses.

Introduction (menilite suite) of deep-seated fold of Bytkov—
Babchensk oil and gas condensate field which isafne
Modern tendencies in application of oil recoventhe largest in Ukraine. Development of oil deposits
enhancement methods define significant interesteep-seated oil deposits was started in 1951 on
towards water-alternating-gas methods which areedodissolved gas regime. To maintain formation pressur
to be classified as water-alternating-gas proce&ash with the help of waterflooding, in 1958-61 water
methods are considered to be able to raise firlal anjection into formation was researched but duéote
recovery up to 5-10 % [1]. In domestic literatuteets  water intake rate and high pressures these opesatio
processes are usually called gas-water or water-gasre terminated.
repression. Thanks to discovery of significant gas condensate
Due to broad range of conditions and diversity ofleposits with high formation pressure in deep-lalrie
technologies, WAG methods depending on the pha&mcene sediments, gas injection technology aimeil at
state of hydrocarbons after mixing of injected gath recovery enhancement in menilite oil deposits
formation oil are divided into miscible and immisig  (Bytkovskyy, Pasichnyanskyy and Lyubizhnyanskyy
displacement (correspondingly MWAG, IWAG). blocks) has been implemented. On the first sta§632
Depending on gas injection sequence, simultaneo@869) the development was accomplished by downhole
injection, simultaneous WAG injection and hybridoverflow of high-pressure gas into oil depositshwiit
WAG injection [1, 2] are defined. The latter pregsm its preliminary treatment at condensate factor of
consequent injection of large portions of gas witl60 g/nf.
subsequent insignificant amount of water and gas On the second stage (1971-1985) 169-301 min
portions. (Jackson et al., 1985; Magruder et #1901 m’year of gas was injected with the help of high-
Hustad et al., 2002). pressure compressors. Besides, almost simultaryeousl
Natural gas injection for oil recovery enhancemenfl971-1988) water was injected with gradual buiddin
has been applied on oil fields of oligocene degosiup from 10 thousand Hrup to 912 thousand inGas
injection was terminated in 1995. Later on sinc86LR
has been developed with formation pressure maintin
and water injection (200 thousand °/year) in a
combined mode under the conditions of slow fornmatio
pressure reduction [4].

* Corresponding author:
info@cogr.com.ua

© 2015, lvano-Frankivsk National Technical Altogether during development of deep-seated fold
University of Oil and Gas. oil deposits more than 8.2 min of tonnes of oil and
All rights reserved. 10.65 bilion ni of gas have been produced. Oil

6 ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2015, Vol. 2, Issue 1



Parameterization permeability curves for the simulat ion of oil displacement with gas and water at press ure...

recovery coefficient being attained with the help o 1-s, - S. - S Nog
WAG injection at the beginning of 2015 is evalua&td Kog (Sg) = Kogcg|: 9 g con } ’

11.6%. 1= Sen™ Qg™ Seon
Positive  experience, obtained in complex Ng ©
geological and hydrodynamic conditions of oil defsos Kk (Sg) =k Sy = St .
of deep-seated fold, let us consider the perspeaiv 9 1=~ Se— S|
WAG application on the other deposits of oligocene Nw
(menilite) oil and gas bearing complex, within timaits K (Sw) =k, Sv = St
of which approximately 80% of geological oil defssi w I T Son '
of Karpaty region have been found. )

course of planning of water and gas methods of 1- Sy = S

influence upon the deposit is in many ways stigadat _ oo - _

by the quality of numerical simulation of techndtj ~Wherek,, is the relative water permeabiliti,,, is the
processes. Difficulty and complexity of physicalrelative oil permeability in case of collaboratifiering
chemical and hydrodynamic phenomena, accompanyingth water; k,, is the relative oil permeability in case
joint filtration of oil and gas, make high demanals
numerical model parameterization quality.

In most programs for numerical hydrodynami(permeabi"ty; k.o IS the relative water permeability at
simulation of formation systems to close system afsidual oil saturation; k , is the relative oil
filtration equations, integrated Darcy’s law is dises an
equation of motion:

The validity of technological decisions made in the ‘ (s ) K { $-S. Now
Tow ocw §Con 1

of collaborative filtering with gask,, is the relative gas

permeability at connate water saturatidg,,., is the

K(Sq') relative oil permeability at critical gas saturatiealue;

Wi = —-grad p; , @ kg is the relative gas permeability at critical valfe

| o . _
where w; is thei-phase filtration velocity:k (s ) is the !lquid saturation - §,, + §;); s,. 5, § are the water

relative porous medium permeability coefficient forSaturation, oil saturation and gas saturation ey,
i-phase; 4 is the dynamic viscosity ofi-phase; S S are the residual oil saturation in case of water

grad p; is the pressure gradient for i-phase. and respectively gas displacemels;, is the critical

Dependencies of phase permeability coefficient@il saturation in case of oil displacement with evat
for phases, participating in motion, upon saturatid ~ S,.; IS the critical water saturation in case of oil

porous medium of one of the phases are usuallgdtalldisplacement with watersS,., is the connate water

phase permeability curves. In hydrodynamic simuato . . - . .
these curves must be preset as input data in the dé saturation; S, isa the critical gas saturatioi§,,, is

tables or analytic dependencies. It is commothe residual gas saturatiory,,N,,, N, N, are the
knowledge that phase permeability curves signitigan power exponents.
determine simulation results and their updatingsed Attention should be paid to the difference between
to match the model with the field development igto  connate fluid saturation and critical saturationuea.
For macro-homogenous model of porous mediumy critical saturation value is meant saturationvatch
phase permeability curves are the only instrumeat t filtering of the given fluid is terminated if it fictions as
let us match the results of numerical and fU”-SCB.'a disp|acement agent (the process is going on en th
simulation. In other words phase permeability carvegirection of rise of its saturation). Residual sation is
must be specified in such a way that numericalnderstood as saturation at which fluid displacenien
simulation is adequate besides in the widest plessiterminated by its displacement by the other flutine(
range of boundary and initial conditions. process is going on in the direction of decreasésof
Dependencies of phase permeability UPOBaturation) (Tarek 200]).
saturation are Qﬂep obtained using the. res.ults of  correctness of use of phase permeability values
laboratory tests in displacement of one fluid witte  jgeally obtained on the basis of tests resultsteady
other one in core samples, so-called nonsteadg st@ration has been in doubt over and over agaig.(e
method. Identification task adds up to matching Ofefer to Konovalov 1988, Jones & Roszelle 19751,
mathematical modell with test results._ If o_nIy certa gych critical attitude can be justified by unsatisbry
type of function is used, approximating phasgredictive possibilities of replacement theory, lbon
permeability curves, then coefficients of thesecfiomns Buckley—Leverett assumptions, especially  while
are to be identified. A large number of correlasiand determining leap of saturation leap at the disptest
approximating  functions for phase permeabilityfront (Konovalov, 1988 [4]), and divergence in tala
dependencies upon saturation, used for instani& B  permeability functions, defined under stable ftia
has been suggested. Power function, introduced gbnditions and calculated on the basis of displarem
A. Corey (Corey, 1954 [3]) is best suited for nuiver  results (Efros 1956, [6]). Phase permeability csraad
simulation and doesn’t impose additional restraingorrespondent distribution function, identified ome
especially on definition field. This function care b pasis of displacement characteristic, are quite
written down as: descriptive, but they hold only for certain expegith
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conditions. The main reason is that multiphase flow  While selecting initial approximations of equations
forms different structures in stationary and noneoefficients (2) their physical interpretation hbsen
stationary experiments. Such authors as Jones t&ken into consideration (Fig. 1). Maximum valuds o
Roszelle 1978 [5] define this thesis as the depecgle phase permeability in initial approximation weréeda
of phase permeability curves upon saturation folonat equal to 1 (krgol = krogcg_l)- Connate water

prehistory. aturation was taken as constant and equal, foimed

3) ;- h?ir(:eabt?gnfoc:fF\Jﬁ:fgﬁevt/eil?zbaetlgge()fugjtgci“no?r;ﬁtzs)ean he course of filtration experiments preparatiamitial
» app q approximation to residual oil saturation was evadda

.Of. n_umencal simulation  of .gas-alternat_lng—waterto the maximum of displacement coefficient, achieve
injection, the results of two series of experimeate

used. These experiments are dealing with-aila®r during certain experimentyrg ='BmaX(1_SWC°”)'
water-oil displacement with the formation of initia g,Ko k
saturation in approximate reservoir conditions. Slas

of homogenous fine-grained Eocene sandstones,dpulle
out from the hole No. 116 of Dolynske Field weredis
as a porous medium. For residual water saturation,
formation water with salinity of 200-220 g/l waseds
Recombined oil samples from Bytkivske and Dolynske
fields and gas from Eocene deposits of Bytkivskddfi
with gas saturation pressure of 17.0-26.3 MPa awd g
content of 110-157 Ttm*were used for experiments.

rgd

Gas-oil displacement

Parameterization of oil-gas phase permeability
curves (2) is based on the results of 13 gas-oll
displacement experiments (oil is from Bytkivskedje -
conducted on three samples of porous medium Wwéh t =
diameter of 2.80-2.85 mm, length of 39.5-42.3 cm, © 5 Siss  1-SucerSoSucon
porosity of 12.2-12.7%, absolute permeability of-9.

14.7 mD and connate water saturation of 21.2-28.8 % Gas displaces Ol

Experiments were conducted at different initial
pressure values in the range from pressure valul of
saturation with gas and up to half of its value, s opyious that oil filtration must start as soas
corresponding to initial gas saturation of 0-18.5%. a5 saturation exceeds initial saturation, formetbrie

Numerical simulation of gas-oil displacementye g1t of gas-oil displacement. That's why aiti

experiments was accomplished by —compositionaly,oyimation for critical gas saturation was taken
simulator GEM CMG. In compliance with formulas (2)'equal to the initial value:

1-s5,. -S -8

WwWCan

gcrit

Figure 1 — Relative phase permeability curves

accepted for phase permeability curves approximatio Syt = Sine ()
it was necessary to pick up such saturation pivotal gt inital * i
values (Sorgvsgcrit’sgcon)' permeability boundary Out of assumption that final gas saturation

corresponds with pore space, occupied with gadteuhi
values (kiogeg: krger ) and power exponentNog Ng),  from space, filled with residual oil after reductiof
under which numerical simulation results would rhatcPressure below saturation pressure. lts initial
with experimental data of oil displacement on resir approximation was evaluated in accordance with the
samples. Relatively high pressure gradient (of abofprmula:

4 MPa/m) in the course of experiments stipulated s =5 Sorg ©)
: . . ) = Syinitial ]
?:ssi?sce of capillary pressure impact upon simulatio gcon ~ “ginitia (1_5\/\,00”5

The task of coefficients identification in equason Initial gas saturation of sampleSyinisa ~after

(2) was being solved by alternating-variable descerpeduction of initial pressurep;,; to the value, lower

method with manual control of direction and descerH,]an saturation pressurep can be evaluated
step to minimization of mean square divergergge _ bbp
according to the formula:

between experimentgbex and designScalg N points . Dobe — P
of displacement coefficient dependence upon flughin Syinitial - 4 Sweon) G—2bp_ Tini_Po
volume: Boil Pobp  Pini

(,Bex—ﬁcalq)z ) where G, By, are the gas content and volume

coefficient of formation oil under saturation pness
pg is the standard pressure.

Mz

1
NG ==
AN

i=1
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< at identification of phase permeability equations
1.1 coefficients (2) for the experiment G-1-7
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Ng

Initial approximations for power exponents in The results of matching of model and experimental
equations (2) on the basis of preliminary numeridata for 13 experiments on oil displacement from
experiments hereafter were taken equalNg=5 and Eocene sandstones are displayed in Fig. 3 andiFig.
Nog = 3. Identified values of equations coefficients,

To illustrate the procedure  of equationsObta'ned in the course of iteration procedures liared

. . e . ; e in Table 1.
coefﬂments.|dent|f|pat|oq (.2)’ Fig. 2d!splayssrrmx)n of On the basis of identification results, part of
local coordinate-wise minimums of divergence betwee ; - : : .
. . . ; equations coefficients (2) irrespective of experitaé
data of physical and numeric experiments, using the' .. .
conditions preserves value close to constant wthige
example of 1-7. o . s
other part significantly correlates with the initigas
saturation of sample, formed before displacememtilof

with gas.
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Figure 3 — The results of gas-oil displacement Figure 4 — The results of gas-oil displacement
simulation for a series of experiments simulation for a series of experiments
on the sample No. 1 on the samples No. 2 and No. 3
Table 1 — Coefficients of equations of phase permieiity curves at gas-oil displacement
- g o X
s | 25 | &5 Sy
= v G =2
o T 5 ® 5 Sorg Sgcon | Sgerit K rogeg Krgel Nog Ng c g
= | £8 | E5 g g
- S =3
G-1-3 0.300 0 0.300 0 0 0.83 1.0d 3.0 5.0 1.19
G-2-3 0.312 0 0.275 0 0 0.88 0.86 3.0 4.9 0.44
G-3-1 0.288 0 0.275 0 0 0.61 1.0d 2.9 4.8 1.55
G-1-4 0.300 0.046 0.280 0.02% 0.050 0.8B 0.95 30 0§ 1.01
G-2-4 0.312 0.047 0.290 0.02 0.020 0.8B 0.88 30 .0 5 0.88
G-1-8 0.300 0.082 0.280 0.05 0.090 0.8B 0.98 29 9 4 1.01
G-2-8 0.312 0.074 0.285 0.04 0.076 0.8B 1.00 3.1 8 4 127
G-1-7 0.300 0.137 0.310 0.07 0.145 0.8B 0.97 30 0§ 1.05
G-2-7 0.312 0.133 0.325 0.070 0.130 0.8B 0.88 30 .0 5 0.49
G-1-9 0.300 0.175 0.310 0.070 0.200 0.8B 0.88 30 .0 5§ 0.79
G-2-9 0.312 0.159 0.335 0.087 0.160 0.8D 1.00 29 1 5 0.35
G-1-11 0.300 0.238 0.295 0.130 0.250 0.88 1.00 3.05.0 1.70
G-2-11 0.312 0.222 0.362 0.130 0.220 0.88 1.00 3.05.0 0.36

Maximum value of gas phase permeabilityinitial gas saturation of less than 8-10% doesn't
(average value ofkygo = 0849+ 0038)", oil phase influence residual oil saturation value noticeaflijere
is statistically improbable increase of residual oi
saturation with the increase of initial gas saforatat
and power exponents (average value  dhrger values.
Ng = 4.962+ 0.087, Nog = 2.985+ 0.055) are Thus, phase permeability dependencies are
considered to be close to constant. obtained as a result of experimental data treatraént
Linear connection of values of residugj.,, and ~collaborative filtering of oil and gas. They can imed
- ) S ) in compositional simulators for validated simulatiof
critical gas saturatiorSy;; - with initial gas saturation gas-oil displacement processes from Eocene sareston
value Sgniiar is clearly traced. Though, values ofin a broad range of conditions. The main pecuienit
oil-gas phase permeability set (Fig. 6) is the asity of
their change and scaling in accordance with thialni
gas saturation of porous medium.

permeability (average value & qqcq= 0954+ 0057)

residual and critical gas saturation (Fig. 5) pcadly
coincide with evaluations of their initial approxations
by formulas (5) and (6), which proves interpretataf
their physical meaning.

The influence of initially formed gas saturation
upon residual oil saturation valu&,y is ambiguous.

Water-oil displacement

For parameterization of oil-water phase
permeability curves (3) the results of 9 experiraemt

! Hereinafter 90% confidence level is accepted terdgne Water-oil displacement are used. Oil is from Dokes
the confidence interval and statistical estimates. field. The experiments are conducted, using three
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aSorg ASgerit ASgcon ¢ Sgcerit-formula (4) ¢Sgcon- formula (5) 5- 0312, 6 —0.222

Figure 5 — Interconnection of identified coefficiets  Figure 6 — Identified relative permeability at gaseil
Sorgr Sgeon @Nd Syerit With initial gas saturation displacement from core sample No 2 at the initial
gas saturation

samples of porous medium, prepared from EocenBrough as constanke, = 088, Koew =041 and
sandstones with the diameter of 2.80-2.86 mm, thenge|eted from identification procedure.

of 39.3-42.8 cm, porosity 12.2-12.5%, absolute |pjtia| approximations for power exponents in

permeability of 3.0-14.7 mD and connate wategquations (3), being based on preliminary numerical

saturation of 27.3-33.2 %. _ _ experiments, hereafter were taken to be equige-3
Like in the preceding series, part of experiments Now= 15

has been conducted at the pressure, exceeding il h . fici
pressure of oil saturation with gas, correspondirafl _T_O ! ustrate ~ the _equat|ons coe 'C'?ms
ntification procedure (3) in the course of waigr

free gas absence in porous space. The other psrt ﬁjae | . disol = f local
been conducted after sample pressure reduction a gplacement, F'g'. .7 Isplays position —of loca
coordinate-wise minimums of divergence between

formation of initial gas saturation of 5.6—25.5%. X ) ) )
Numerical simulation of gas-oil displacementphys'cal and numenca! experiments data, using the

experiments has been carried out at the compoaltiorf’xample ‘?f W-3-4 experlment.

simulator GEM CMG. In compliance with formulas (3), Obtal_ned.dependenciles of phase perm.eab|l|t|es at

accepted for phase permeability curves approximatidx’llaborat've fllterlng 9f oil a}nd water goordma‘hell-

(3), the identification task was solved with thephef ~Sc@le and numerical simulation data fairly goody(F

alternating-variable descent method with the defini gnd Fig. 9). Mear_1 squarle errodr |n?jccgracy gf dfmc@
of saturation pivotal  values (SorWl Sgcon)’ etween experimental an esign displacement

coefficients doesn’t exceed 0.7 %.

permeability boundary values(kyoew, Kmwiro ) and Identified values of equations coefficients,

power exponents Now, Nw), minimizing mean square obtained in iteration procedures, are listed inl&ah

divergence (4) between experimental and desighl coefficients are taken to be equal to constant,

displacement coefficients. including power exponents at mean value of

Initial approximation for residual oil saturatioahr Nw=3.044+0.045 and Now=1.544+0.088.

been estimated by maximum displacement coefficient, ~For experiments, conducted at the pressure, lower

achieved in the course of certainthan the pressure of oil saturation with gas, residas

experiment = 1- . saturation was being well predicted on the basis of
P %org 'BmaX( chon) correlation (5) and didn’t have to be specifiedtie

Due to the fact that the procedure of Samplel?eration process.

preparation for water-oil displacement simulation An exception is the value of the residual oil

implied that a sample contained only connate water, saturation, which happened to be closely correlaiithl
was assumed that: the initial gas saturation of the sample, formeéblkee

Sweon = Swerit - displacement (Fig. 10). In contrast to the reswaits

Similarly oil displacement couldn’t be finished experiments on gas-oil displacement, pressure drop
before residual oil saturation, so below the saturation pressure of the sample poidhé
Soirw = Sorw - water-oil displacement, leads to a decrease irduesi

Initial approximation for final gas saturation like Ol saturation and hence to increase of displacemen

gas-oil displacement experiments, has been evaluagompleteness. For the experimental conditions this
according to the formula (6). decrease is nonmonotonic. Residual oil saturation
Pre]iminary numerical experiments showed tha@oefﬁCient is minimal at the initial gas saturatiof

phase permeabi“ty maximum values could be gor@out 20%. For oil from D0|ynske field that was dise
during the experiments, such gas saturation wasedr
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approximately when the pressure was decreased%o 4@ater-oil displacement at different initial gaswsation

of the saturation pressure.

Dependencies of relative phase permeability
Eocene sandstones for oil and water, obtained
parameterization of Korea features on the results

4
3 /
g2 X /
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0  § ¥ T 1)
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0.13 ’\ //
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Figure 8 — The results of water-oil displacement

simulation for a series of experiments at a sample
pressure higher than saturation pressure

12 ISSN 2311—1399.

values, are shown in Fig. 11. Following the
aflassification by Creig (Creig 1971) [7] the forrhthe
lmptained phase permeability curves is for sandstone

with intermediate wettability.
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Figure 7 — Local minimums of mean square error
at identification of phase permeability equations
coefficients (3) for the experiment W-3-4
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Figure 9 — The results of water-oil displacement

simulation for a series of experiments at a sample
pressure lower than saturation pressure
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Table 2 — Equations coefficients for phase permedliy curves in the course of water-oil displacement
coordinating experimental and model data

. Mean
Connate Initial square
Experiment| water gas Sor Sgeon | Keoaw | Ko Nw | Now | gua
. . eviation,
saturation| saturation %
W-3-1 0.287 0 0.230 0 0.88 0.41 3.4 1.6 0.51%
W-3-2 0.306 0 0.270 0 0.88 0.41 3.4 1.6 0.683
W-3-3 0.332 0 0.255 0 0.88 0.41 3.4 1.2 0.268
W-1-11 0.250 0 0.265 0 0.88 0.41 3.0 1.4 0.119
W-2-13 0.254 0.056 0.205 0 0.8§ 0.41 3.0 1.6 0.671
W-3-4 0.323 0.118 0.212 0.044 0.88 0.41L 31 15 040.1
W-1-13 0.274 0.195 0.167 0.06( 0.88 0.411 3|2 15 124.
W-2-12 0.273 0.196 0.148 0.091 0.88 0.411 3]0 1/6 58D.
W-3-5 0.329 0.255 0.220 0.094 0.88 0.41L 31 1[7 59.2
1.0
o 3 2
2 A
0.30 z 08 Y1
[ \\
0.25 : \ E 0.6 \\\
0.20 \..:_____-_____/‘. g‘ 0.4 krn ‘\\\ 12 krw
2 o5 . E N //
s g WA
2 om0 e /(’
0.05 0 : S—_—— e .
0 0.2 0.4 0.6 0.8 1.0
0.00 ; ; . ;
0 005 01 015 02 025 03 Wetis ssturstivn
Initial gas saturation 1-0, 2-0.118,3-0.255
Figure 10 — Interconnection of the residual oil Figure 11 — Identified relative phase permeability
saturation in the course of water-oil displacement  values at water-oil displacement from core sample
with the initial sample gas saturation Ne3 at the initial gas saturation
Conclusions saturation Sgyiniiay Can be easily traced. Power

On the basis of laboratory investigations 01gexponentsNg and Nog are considered to be proximal

displacement of oil with water and gas and theif® constant, as well as maximum phase permeability

matching with the hydrodynamic simulation resultsvalues of gakqc and oil kygoeg-

phase permeability functions of Eocene sandstofies o

g]pepi)%(:;ﬁgahlgfn dzzgfgezii\:ees t:)efe;hzgga;n;triggﬂitillznltlal gas saturationSyjntia| of a sample in the course

upon saturation Corey power functions have beed usef water-oil displacement. Reduction of pressuriewe

(Corey 1954). Features of phase permeabilitieswieha the saturation pressure of the sample prior to the

when oil is displaced after a pressure drop belogv t displacement of oil with water leads to a decrease

saturation pressure become apparent in the signtfic residual oil saturation, and hence to increasehef t

interconnection of some parameters with the ingias displacement completeness. For the experimental

saturation, emerging as a result of dissolved g#&®nditions this decrease is nonmonotonic. Coefitons

discharge from oil. residual oil saturation is minimal at the initiahgy
With the subsequent gas-oil displacement, a part 8turation of about 20%.

parameters in phase permeability functions (2)

significantly correlates with the initial gas sattion of

a sample, formed before gas-oil displacement. lkinea

connection of values of residud,.,, and critical gas

Residual oil saturatiorS,,, is closely linked with

saturation Sy With the value of formed initial gas
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MapameTpusauisa kpuBux ¢pasoBux NPOHMUKHOCTEN ANA MOAENOBaHHA BUTICHEHHA
HadTU BOAOKO | ra30M NpPM TUCKAX HMXKYE TUCKY HACUYEHHSA

10.0. 3apy6in1, M.B. I ym)az, M.I IOpoeaZ, oM. 3a3mel<3

' TOB «HBIT «l]enmp naghmoeazosux pecypcie»;
eyn B’ auecnasea Yoprnosona, 12,m. Kuig, 01135,Vkpaina

2 . .. . .
I «Hayxoso-0ocrionuil incmumym Haghmozazo8oi npomMucio8ocmi»
Hayionanvnoi axyionepnoi xomnanii «Hagmoeas Yrpainu»,
eyn. Kuiscoka, 8, m. Buwnese, Kuiscoka 06a., 08132 Vkpaina

3 HIIII TIAT «Ykpragpma»;
Hieniunuii Oyaveap im. Iywkina, 2,m. Isano-®@panxiecvk, 16019, Vrpaina

UnciioBe MOJENIOBAHHS TEXHOJIOTIH BOAOTa3oBHX peNpecii BHMarae aJeKBaTHOTO IPE/ICTABICHHS
3aJIeKHOCTEH BIHOCHUX (Pa30BMX MPOHUKHOCTEH Uil HaTH, Ta3y i BOAM BiJ HaCMUYEHOCTI Kojekropa. Ha ocHOBI
Y3TOJUKEHHS PE3YJBTATIB YHCJIOBOTO MOJEJIOBAHHS 3 HAaTYPHHMH EKCIIEPUMEHTaMH BUKOHAHO IapaMeTpH3aLiio
¢ynkuiit A. Kopes mnst  (a3oBuX NpOHMKHOCTEH EOLEHOBHMX IICKOBHMKIB 3a HadToro, ra3oM 1 BOJOIO IMicCis
3HIDKEHHST THUCKY HW)KY€ THCKY HACHUYCHHS. BCTAaHOBJICHO 3B S3KM TMapaMmeTpiB (QYHKIIH 3 IMOYaTKOBOIO
Tra30HACHUYEHICTIO, 10 GOPMYETHCS B Pe3ybTaTi BUAUICHHS 3 HA()TH PO3YNHEHOTO Ta3y.

KitrouoBi ciioBa: 600o2azosa penpecis, eoyeHosuUll niCKOBUK, MUCK HACUYEHHS, (Ba3081 NPOHUKHOCMI, YUCL06e
MOOENI06aAHHA.
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