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STATISTICAL SIMULATION OF 2D RANDOM FIELD WITH CAUCHY CORRELATION FUNCTION
IN THE GEOPHYSICS PROBLEM OF ENVIRONMENT MONITORING

(PexomeHAoeaHO YrieHOM pedakyiliHoi konezil 0-pom ¢his.-mam. Hayk, npodp. b.I1. Macnoeum)

Due to the increasing number of natural and technogenic disasters the development of geological environment monitoring system
is actual using modern mathematical tools and information technology.

The local monitoring of potentially dangerous objects is an important part of the overall environment monitoring system.

Complex geophysical research was conducted on Rivne NPP area. Among these monitoring observations radioisotope study of soil
density and humidity near the perimeter of buildings is of the greatest interest.

In this case a problem was occurred to supplement simulated data that were received at the control of chalky strata density changes
at the research industrial area with use of radioisotope methods on a grid that included 29 wells.

This problem was solved in this work by statistical simulation method that provides the ability to display values (random field on a
plane) in any point of the monitoring area. The chalk strata average density at the industrial area was simulated using the built model

and the involvement of the Cauchy type correlation function.

This paper analyses the method and the model and procedure were developed with enough adequate data for Cauchy function.

The method and algorithm were developed and examples of karst-suffusion phenomena statistical simulation were given in the
problem of density chalk strata monitoring at the Rivne NPP area. The statistical model of average density chalk strata distribution was
built in the plane and statistical simulation algorithm was developed using Cauchy function on the basis of spectral decomposition. The
research subject realizations were obtained with required detail and regularity at the observation grid based on the developed software.
Statistical analysis of the numerical simulation results was done and tested its adequacy.

Keywords: Statistical simulation, function Cauchy, spectral decomposition, conditional maps.

Due to the increasing number of natural and
technogenic disasters the development of geological
environment monitoring system is actual using modern
mathematical tools and information technology.

The local monitoring of potentially dangerous objects is an
important part of the overall environment monitoring system.

Complex geophysical research was conducted on
Rivhe NPP area. Among these monitoring observations
radioisotope study of soil density and humidity near the
perimeter of buildings is of the greatest interest.

In this case a problem was occurred to supplement
simulated data that were received at the control of chalky
strata density changes at the research industrial area with use
of radioisotope methods on a grid that included 29 wells.

This problem was solved in this work by statistical
simulation method that provides the ability to display values
(random field on a plane) in any point of the monitoring
area. The chalk strata average density at the industrial
area was simulated using the built model and the
involvement of the Cauchy type correlation function.

In this paper the method is used and the model and
procedure were developed with enough adequate data for
Cauchy function.

The method and algorithm were developed and
examples of Kkarst-suffusion phenomena statistical
simulation were given in the problem of density chalk strata
monitoring at the Rivne NPP area. The statistical model of
average density chalk strata distribution was built in the
plane and statistical simulation algorithm was developed
using Cauchy function on the basis of spectral
decomposition. The research subject realizations were
obtained with required detail and regularity at the
observation grid based on the developed software.
Statistical analysis of the numerical simulation results was
done and its adequacy was tested.

Introduction. Due to the increasing number of natural
and technogenic disasters the development of geological
environment monitoring system is actual using modern

mathematical tools and information technology.

The local monitoring of potentially dangerous objects is
an important part of the overall environment monitoring
system.

When monitoring such objects, a lot of problems were
raised, for example, such as the lack of some data in the
database, or insufficient quantity or necessity to supplement
the database without conducting additional research.

Scientists Mantoglov A., Wilson John L. [8], Oliver, D. S.
[9], Chiles J.P. and Delfiner P. [1], Prigarin, S. M. [10],
Gneiting T. [3,4] and other researchers used statistical
simulation techniques to solve geological problems over
the past decade.

The Department of Geophysics at Institute of Geology
and involved experts from Mechanics and Mathematics
Faculty of Kyiv National Taras Shevchenko University in
recent years developed theoretical and methodological
application basics of statistical simulation in the
development of geological environment monitoring.

Theoretical aspects of statistical simulation use to solve
problems in the work of Geophysics were considered by
Yadrenko M., Vyzhva Z. [2, 11]. Practical testing on real
data of chalky strata density on the territory of the Rivne
NPP was carried out for the fields on the plane by
Vyzhva Z.0., Vyzhva S.A., Demidov V. K. [6], but with use
of Bessel correlation function. In this paper the method is
used and the model and procedure were developed with
enough adequate data for Cauchy function.

Problem of karst-suffusion phenomena monitoring at
Rivne NPP area. Complex geophysical research was
conducted on Rivhe NPP area. Among these monitoring
observations radioisotope study of soil density and
humidity near the perimeter of buildings is of the greatest
interest. Soil density was determined by gamma-gamma
well logging, soil humidity — by neutron-neutron logging.

In this case a problem occurred to supplement
simulated data that were received at the control of chalky
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strata density changes at the research industrial area with
use of radioisotope methods on a grid that included 29
wells. Schematic representation of the measurement
results at the object that was investigated, and the well

locations are shown on Fig. 1. These data are obviously
not enough to represent the overall picture of the chalk
strata, where due to the aggressive water action the karst-
suffusion processes were significantly intensified.
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Fig.1. Observation points and chalk strata averaged density at industrial area of Rivhe NPP

This problem was solved in work [5] by statistical
simulation method that provides the ability to display values
(random field on a plane) in any point of the monitoring
area. The chalk strata average density at the industrial
area was simulated using the built model and the
involvement of the Bessel type correlation function.

This work continues development of methods for
statistical simulation, involving Cauchy correlation function
that is well-known in Geostatistics [1,3].

Before using developed mathematical tools to
radioisotope research real data of soil density at the
observation area their preliminary preparation and
statistical analysis was carried out.

At the data preparation stage the measurement errors
were excluded (for the operator, the equipment,
observation conditions, etc.). With this purpose the
following things were made:

— Firstly, the top layer was rejected (about 10 meters),
as it consists of mixed bulk soil;

— Secondly, well data were aggregated for the different
years to the average, which was calculated for three years in
anchor wells (the reference loam layer was selected that lies
above the chalk layer). For loam layer the average value for
three years was calculated and then the corresponding
corrections were put into data with a "+" or "-" sign. Such
processing was done by STATISTICA software.

This operation was done for data array of density chalk
strata in 1984-2002 years' for 29 wells at Rivhe NPP
industrial area and depth is 28 m below the surface.

The method of solving the problem. Data of density
chalky strata was divided into deterministic and random
components. Deterministic function can be selected by the
method of approaching the minimum curve (separation of
the trend).The difference between the map of input density
values and the trend is in most cases a homogeneous iso-
tropic random field. With the assumption that the input data

is a random field 77( }), then we express them through a

random component &x) (so-called "noise" random field)
and trend f(;()as a deterministic function as follows:

77(x ): F(X)+ E(X).

Thus, the problem was reduced to simulation of random
component £x), which in most cases is a homogeneous
and isotropic.

Consider the same approach as in [2, 6, 7]. We use the
method of statistical simulation of random fields, which are
homogenous and isotropic, based on their spectral decom-
position. By means of the obtained values of realizations,
this technique allows to find the perfect image of these
isotropic fields in the whole observation interval.

It is necessary to make the statistical analysis to build
the model and procedure of statistical data simulation at
observation area. If the verified data have distribution den-
sity with approximately Gaussian type, then procedure can
be used, which is developed in [2, 6, 7], to generate on the
computer realizations of the simulated data by means of
standard normal random variable sequences.

At first the distribution is determined. The preliminary sta-
tistical analysis of data shows that the distribution histogram of
chalky strata density at the Rivne industrial area (29 bore-
holes) approximately has Gaussian distribution (Fig. 2).

The use of authors' techniques of statistical simulation
implies preliminary statistical data processing to determine
its statistical characteristics: the mathematical expectation
and the correlation function. If the hypothesis of Gaussian
distribution of the investigated field is confirmed, then the
mathematical expectation and the correlation function com-
pletely define this field and give us the opportunity to build
the adequate statistical model, which is based on spectral
decomposition of random functions. The principles of con-
structing the models and procedures are described below.
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Fig.2. Histogram of the chalky strata density (averaged data for all years of observation):
1 — the number of observations in a separate range of density; 2 — theoretical Gaussian curve
Then the statistical model was chosen for the data corre- at
lation function for distribution of chalky strata density in the Blp) =, e 27 1. (2)
flat observation area. This function is defined by comparing (a tp )

the mean square approximation of the empirical and theo-
retical variograms. As result the input data was most ade-
quately described by means of two types of correlation func-
tions: the Bessel function (1) at the value of parametera=5

and the Cauchy function (2) at the value of parameter a=1:
B(p)=Jy(ap), a=>5; (1)

The variogram of input data of chalky strata density,
corresponding to the Cauchy correlation function (2), was
built by using the R software and geoR package The plot
was presented at Figure 3, according to the Cauchy corre-
lation function (2) variogram of the random component of
investigation data.
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Fig.3. Variogram of input data of the chalky strata,

that corresponding to the Cauchy correlation function B(p) =

Note that the generalized Cauchy model is:

Bo) - [1+§j_v, v>0, 250, 3)

The generalized Cauchy model (3) was studied by
A. M. Yaglom [12]. T.Gneiting [3] who considered the
Cauchy function at the values of the parameter v = 1/2, 3/2, 5/2,
7/2.

Graphic representations of the Cauchy function at dif-
ferent values of parameters v and at a = 1 are pre-
sented in Fig. 4.
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Fig.4. The Cauchy function at parameter values a=1 and v=0.25, 0.5, 1, 2, 5 and 10

Let us find the spectral density, which corresponds to
the Cauchy correlation function (2), by using the formula

T JbOx e
0 (a2 +x° )W 2T(u+1)

and the ratio 8.486 (16) is written as follows:
K.(2)=K.(2).
Then such spectral density is calculated by conducting
the following formula:

© o 4
F(2) = A] xJo(AX)B(X)dx = A xJy(A%) —— dx,
0 0 (a2 + x2)

Thus the spectral density, which is corresponding to the
Cauchy correlation function (2), is:

f(A)= %a3/12K1(aﬂ), (4)
where K,(x)is a modified Hankel function of order 1.

The spectral coefficients, which, according to such cor-
relation function, are determined by calculating the integral:

by(r)= 2TJk2(r u) dd(u) = aSTusz(r u) K, (au)du =

r*(1+k)

a2k

2

r2 r2
ﬁ{1+k,2+k;k+1,k+1;—2,—2}.
a a
Thus the spectral coefficients, that correspond to the
Cauchy correlation function (2), are written as follow:

212k p2kg (8° +2r? + akva? +4r?)
(a+~a?+4r? ) (a®+ 4,2)% '

These spectral coefficients are calculated by Mathe-
matica software.

The model of 2D random field with Cauchy correla-
tion function and the numerical simulation procedure.
The realizations of 2D random field with Cauchy correlation
function (3) at the values of parameters a=1 are generated.
The statistical simulation was performed by the technique of
spectral decomposition and finding of spectral coefficients.

From the spectral theory [11] it follows that the model of
random fields on a plane with such correlation function is a
sum of:

En(,9) = Z\/Vk b, (1) [ L, (1) cosk ¢ +n, (1) sink ¢ ], (6)

bk(r) =

®)

1, k=0;

where: vk:{2 >0
>, K>,

6.565 (4) and 8.486 (16) [5]. Formula 6.565 (4) is men-
tioned below as:

K _(ab),a>0, b>0,Rev <Re(2u+3/2).

- rand ¢ (reR,, ¢ €[0,2xn]) are polar coordinates

of the point x on the plane (includes observation area), and
the distance P between the points x, = (r,,¢,) and

x, =(r,,9,) equals p= \/1'12 + r22 - 21, r,cos (¢ - 4,)

— N is an integer number (the number of the
summands in the model), the value of N is determined by
the prescribed small number ¢ (approximation accuracy)
by the inequality from paper [2], which is the estimate of
the mean square approximation of random field &(r, @) by
partial sums & (x,¢);

- b, (r),k=0,1,2,.N) are the spectral
coefficients in form of (5), which correspond to the Cauchy
correlation function (2);

J(x) is the Bessel function of the first kind of order
k, the parameter a has the same value as the correlation
function (a=3,5*10).

The procedure of numerical simulation realizations of
the data field random component, by means of the above-
mentioned model (6), was conducted by using the Spectr
2.1 software, which is described in [6].

The value of number N for the constructed model is de-
termined by the inequality, which is the estimate of the
mean square approximation of random field &(r,¢) by par-
tial sums &, (r,9). This number N corresponds to the pre-

scribed small number ¢ (approximation accuracy). The men-
tioned inequality was obtained in work [1] and in form of:

M[ &rd)-&(rd) T < ﬁ [%ru1+r2uzj, ()

where p, =J.7J‘ do(2).
0

Define dependence number N on r and ¢ in the case
of Cauchy correlation function (3). It is necessary to calcu-
late the values of y,k=12 for the inequality (7), by using

the density of distribution (4) and the following formula
6.561(16) [5]:

JXﬂKV(ax)dx:2#—1afuf1r(1+;1+vjr[1+#_vjl
0 2 2
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Then the calculated values hold:
3 © 3 ©
1y = %lf&(al)dl =i—’;, 1y = %!z“m(az)m =38—2.
Consequently the estimate of the mean square ap-
proximation of the random field &r,¢) with Cauchy correla-
tion function (3) by the partial sums &, (r,9) has the follow-
ing representation:

1(1 1(3rz 8r?
N(re)z—| =ru+riu, |=—| == +—- 8
(r.¢) ”8(2 it #QJ m(8a+azj (8)

The statistical simulation procedure of Gaussian homo-
geneous isotropic random field &(r,9) on the plane was
built by means of the model (6) and the estimate (8). This

random field is determined by its statistical characteristics:
the mathematical expectation and the Cauchy correlation

function B(p) (3) at the value of parameter a=1.

Procedure:

1) The positive integer number N is determined corre-
sponding to the prescribed accuracy & and by using ine-
quality (8), where r is a radius of the point on the plane in
which the realization of the random field £ (r,¢ ) is gen-
erated. The integer number N equals 59 by using the pre-
scribed accuracy ¢=5x10° and values of parameters
v=2 a=1

2) We calculated the spectral coefficients at the value
of parametera = 1:

b (r) = 212k P2k (14 2r 4 k\1+4r?)
N N e (1+4,z)%

3) We generate values of the standard normal random
variables {¢,, k=0,12,...,59} and{,, k=0,12...,59} .

4) We evaluate the expression (6) by substituting in it
values which were found in the previous

stepsg:ix?—g, i=0,..,9, n=01xi, i=1..,10.

5) The statistical estimate of the correlation function is
obtained by the realizations of the random & (r, ¢ ) . This
estimate compares with a given correlation function at
a = 1 and provides the statistical analysis the adequacy
of realization.

Note that the procedure can be applied to random fields
with another type of distribution. Then the random variables
{&r), k=0,1,2...,N} and {n(r), k=0,12..,N}

should be distributed by corresponding law.

The original Spectr software, based on the results of
the statistical data processing and the mentioned proce-
dure for the simulation values of such data realization in
the two-dimensional case, was developed in Delphi, where
selected Cauchy correlation function (2) was used.

The results, which were obtained by the simulating proce-
dure, are displayed in Figure 5. Figure 5 (a) presents an ex-
ample of constructed map of chalky strata density according
to data boreholes observations (average data over the years
to 29 boreholes at 28 m) by Surfer software. Using available
data, the accurancy of this construction cannot provide a reli-
able characteristic of the chalky strata status, because the
number of measurement results is not sufficient.

Fig. 5 (b) presents the contours of equal values of
chalky strata density based on simulated data including
values of the anchor boreholes by means of calculating the
spectral coefficients. Additionally, the output data (160
simulated values in intervals between the observation
points of this level) can have more reliable approximation
that enables more informed decisions about the status of
chalky strata and determines places for testing and addi-
tional research.
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Fig.5. The distribution of chalky strata density on the industrial area of Rivne nuclear power plant at a depth of 28 m.
from the surface, according to the average data of 29 observational boreholes over 1984-2004 years.
(a) for the simulated data based on the values in secure boreholes by spectral coefficients (b)
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The following Fig. 6 presents the plot of the variogram
of the separated random data component of chalky strata
density according to Cauchy correlation functions (2)

Variogram values
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(Fig. 6, (a)) and plot of the variogram of the simulated
random data component according to Cauchy correlation
functions (2) (Fig. 6, (b)).
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Fig. 6. The variogram (a) of separated random data component of the chalky strata density,

corresponding to Cauchy correlation function B(p) =

a4

2 22’6:1;
(a®+p%)

a4

(b) of simulated random data component, corresponding to Cauchy correlation function B(p) = — 5 @ =1

The results present that the chosen model of the data is
rather adequate. The developed Spectr2_1 software works
with sufficient accuracy.

Conclusions. The theory, techniques and procedure of
statistical simulation of 2D random fields can significantly
increase the effectiveness of monitoring observations on
the territory of potentially dangerous objects. This makes it
possible to simulate the values in the area between anchor
observation grid and beyond, and to adequately describe
real geological processes.

The method of statistical simulation of random fields
with Cauchy correlation functions allows complementing
the data with a given accuracy. It can also be used to
detect abnormal areas.
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CTATUCTUYHE MOAENIOBAHHA ABOBUMIPHOIO BUMAOKOBOI'O NOJIA
3 KOPENAUIMHOKO ®YHKLIEIO TUMY KOLLI
B FEEO®I3NYHIA 3AOAYI MOHITOPUHIY AOBKINNA

Y 38's13ky 3 pocmom Kinbkocmi NPpuUpPoOHO-MEeXHO2EHUX Kamacmpodgh akmyasibHOI € po3pobka cucmem MOHIMOPUH2Y 3a CMaHOM 2€0J/102i4YHO-
20 cepedosula 3 BUKOPUCMaHHSAM CYy4acHO20 MameMamuy4yHO20 anapamy ma iHgpopmayiliHux mexHosoegill. B 3a2anbHili cucmemi MoOHimopuHay
008Kilis 8aX1ueoro CK1adoB8OH0 € JIOKaslbHUL MOHIMOPUH2 mepumopili po3mauwyeaHHs1 nomeHyiliHo He6e3ne4yHux o6'ekmis.

Ha mepumopii po3miweHHs1 PieHeHcbkoi AEC npoeoduecsi komnnekc 2eogizuyHux docnioxeHb. Ceped yux MOHIMOPUH208UX CITIOCMEpPEeXeHb
Hal6inbwuli itmepec npedcmaenstoms padioizomonHi AocnidxXeHHs1 2&ycmuHU ma eosio2ocmi rpyHmie no nepumempy 36ydoeaHux crnopyo. lMpu
UbOMYy 8UHUKNae npobriema GOMNOBHEHHsI OaHUX WIISIXOM MOOes08aHHS, sike MPo8oOUMbCSI NMPU KOHMPOJIi 3MiHU 2yCMUHU KpelidsiHoi moswji Ha
mepumopii docnidxyeaHo20 npommatioaH4uKa 3 euKopucmaHHsAM padioizomonHux memodie no cimyi, wjo exnro4ana 29 ceepdnosuH. Ljro 3adayy
8 pobomi 6yno eupiweHo MemodoM cmamucmuYyHO20 MOOesIto8aHHs, IKuli Hadae Moxxnueicmb sidobpaxamu sieuuwje (eunadkoee nosie Ha nio-
wuHi) y 6yob-sikiti mo4yi obnacmi cnocmepexeHHsi. lpu ybomy mModesroeanucsi ycepeOHeHi 3Ha4YeHHs1 2yCMUHU KpelidsiHoI moewyi Ha mepumopii
npommatliGaH4yuka i3 eukopucmaHHsIM NobydoeaHoi Modesli ma 3as1y4yeHHsIM KopesisyiliHol ¢hyHkyii Kowi.

B uiti po6omi npedcmaeneHo po3pobreHuli Memod, anzopummM ma npukiad cmamucmu4Ho20 ModesIro8aHHs Kapcmoeo-cygho3iliHux seuwy y
3adayi MOHIMOpPUH2y 2ycmuHu KpeliosiHoi moewi Ha mepumopii PieHeHcbkoi AEC. 3a cnekmpanbHUM pPo3Knadom MobydoeaHO cmamucmu4Hy
modenb po3nodiny ycepedHeHOi 2ycmuHU moeuwii Ha niowuHi ma po3pobieHo ansopumM cmMamucmu4yHo20 MOOesI08aHHSI 3 8UKOPUCMAHHSIM
yHkyii Kowi. Ha 6a3i po3pobneHo2o npozpaMHo20 3abe3neyeHHs1 ompuMaHO MoOesibHi napamMempu 2ycmuHu KpeliOsiHOi moewyi Ha cimuyi cro-
cmepexeHb HeobxidHoi demanbHocmi ma pezynsapHocmi. [lpoeedeHo cmamucmuYHull aHani3 pe3ynbmamie 4YuceslbHO20 MOOesIlo8aHHSI ma ix
nepesipky Ha adekeamHicmb.

Knro4oei cnosa: cmamucmuyHe modentoeaHHsl, pyHkyisi Kowi, cnekmpanbHuli po3knad, KOHOUYiliHicms kapm.

3. BbikBa, npod.
E-mail: zoya_vyzhva@ukr.net,

B. demupos, aou.

E-mail: fondad@ukr.net

KneBckui HaumoHanbHbIN yHUBepcuTeT MeHn Tapaca LLleB4eHka
yn. BacunbkoBckas, 90, r. Kues, 03022, YkpauHa,

A. BbikBa, Hay4. COTPYAHUK
e-mail: motomustanger@ukr.net
An "Haykanadro-ras”,

K. ®epnopeHko, acn.

E-mail: slims_mentol@mail.ru

KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LLleByeHka
yn. BacunbkoBckas, 90, r. Kues, 03022, YkpavHa

CTATUCTUYECKOE MOAENUPOBAHWUE OBYMEPHOIO CITYYAWMHOIO nons
C KOPPENALUWOHHOW ®YHKLUUEN TUMNA KOLLU
B FTEO®U3UYECKOWN 3ANAYE MOHUTOPUHIA OKPYXXAIOLLIEA CPEQbI

Pocm konu4ecmea npupodHo-mexHO2eHHbIX kamacmpog mpebyem pa3pabomku cucmem MOHUMOPUH2a COCMOSIHUSI 2eosio2udeckoli cpedbl
C ucrnosnib308aHUeM cO8PEMEHHO20 MameMamu4ecKo20 annapama u UHhopMayUOHHbIX mexHosozull. B obujeli cucmeme MOHUMOPUH2a OKPYXa-
roujeli cpedbl 8aXKHOU cocmasJisitowiell 16/15eMmcsi JIOKa/lbHbIl MOHUMOPUH2 meppumopull pa3mMeujeHusi MomeHyuasbHO onacHbIx 06bLeKmos.

Ha meppumopuu PoeeHckoli AEC npoeedeH KoMIeKc 2eoghusuyeckux uccrnedogaHuii. Cpedu amux MOHUMOPUH208bIX uccredogaHull Hau-
6onbwull uHmMepec npedcmasnsilom paduou3omonHble uccredogaHusi MIOMHOCMU U 8J1aXXHOCMU 2pPyHMO8 Mo fepumempy MocmpOeHHbIX COo-
pyxenuti. [Tpu amom eo3Hukem npo6nema donosiHeHUs1 AaHHbIX nocpedcmeom ModesnuposaHusi, Komopoe npoeedumcsi MPU KOHMpPoJsle usMeHe-
Husi n1IomHocmu Mesiogoli moswu Ha meppumopuu uccredyemol npomnaow,adku ¢ UCMoNb308aHUEM Paduou3omorHbIX Memodoe Mo cemke,
Komopasi eknoyana 29 ckeaxuH. [JaHHasi 3ada4a 6bina peweHa 8 pabome MemodoM cmamucmu4yecko2o mModenupoeaHusi, komophbili daém eo3-
MOXXHOCMb omob6paxamb siefieHue (ciy4valiHoe roJsie Ha niockocmu) e /1t6oli moyke o6nacmu HabnodeHust. [pu amom modenupoesanuck ycpeo-
HEHHbIe 3Ha4YeHus1 MIOMHOCMU MeJ1080U MOWU Ha meppumMopuU NPOMNIoWadKu ¢ Ucnob308aHuUeM MoOesu, MOCMPOEHHOU C UCMOoIb308aHUEM
KoppensiyuoHHolU ¢yHkyuu Kowu.

B amoii pabome pa3pabomaHbl MemoO U asi2opumm, a makxe npueedeH MpPUMepP CMamucmu4yecKo20 MoOOeslupo8aHusi Kapcmoeo-
cyghgho3uoHHbIX sienieHuUll Ons 3ada4yu MOHUMOPUH2a MIOMHOCMuU Mesioeoll monuu Ha meppumopuu PoeeHckoli A3C. o cnekmpanbHOMy pas3-
JI0O)KEeHUI0 MocmpoeHa cmamucmuyeckasi Modesib pacrpedesieHusi NJI0OMHOCMU Mes1o8ol MoJsluu Ha NnocKkocmu u paspabomaH anzopumm cma-
mucmuyecko20 ModenuposaHusi ¢ ucrosnb3osaHuem pyHkyuu Kowu. Ha 6ase paspabomaHHO20 npozpaMMHO20 obecrievyeHusi nosyYyeHbl napa-
mMempbI MIOMHOCMU MeJsio80lU mosiuu rno cemke HabnrodeHuli Heo6xodumoli demanbHocmu u peaynsspHocmu. [l[poeedeH cmamucmuYyeckul aHa-
U3 pe3ynbmamos YUcseHHO20 Modeslupo8aHUsi U UX npoeepka Ha adekeamHOCMb.

Knioyeenie crioga: cmamucmu4eckoe modenuposaHue, gpyHkyusi Kowu, cnekmpaneHoe pa3ssnoxeHue, KOHOUYUOHHOCMb Kapm.





