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STATISTICAL SIMULATION OF RANDOM FIELD ON 2D AREA
WITH WHITTLE-MATERN TYPECORRELATION FUNCTION
IN THE GEOPHYSICAL PROBLEM OF ENVIRONMENT MONITORING

(PexomeHAoeaHO YrieHOM pedakyiliHoi konezil 0-pom ¢his.-mam. Hayk, npodp. C.A. Buxeoro)

Due to the increasing number of natural and technogenic disasters the development of geological environment monitoring system is
actual one using modern mathematical tools and information technology. The local monitoring of potentially dangerous objects is an
important part of the overall environment monitoring system.

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

In this case a problem 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 (the random field of a
research object on a plane) in any point of the monitoring area. The chalk strata averaged density at the industrial area was simulated
using the built model and the involvement optimal in the mean square sense Whittle-Matern type correlation function.

In this paper the method is used and the model and procedure were developed with enough adequate data for Whittle-Matern type
correlation function.

The model 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 averaged density chalk strata distribution was built in
the plane and statistical simulation algorithm was developed using Whittle-Matern type correlation 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 for its adequacy.
Keywords: statistical simulation, Whittle-Matern type correlation function, spectral decomposition, conditional maps.

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

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 capacity use of statistical
simulation to solving problems in the work of Geophysics
considered in (Yadrenko, 1983; Grikh (Vyzhva) et al., 1993;
Vyzhva, 2003; 2011). Practical testing on real data density
chalky strata on the territory of the Rivne NPP was carried
out for the fields on the plane — in the (Vyzhva et al., 2004),
by using only Bessel correlation function and Cauchy
correlation function (Vyzhva et al., 2014; 2017).

In this paper, the statistical simulation method is
proposed to be used with the model and procedure involving
enough adequate in the mean square sense data Whittle-
Matren type correlation function (Gneiting et al., 2010).

Note, that methods of random fields statistical simulation
used in geosciences problems were considered in such
works as: (Chiles and Delfiner, 2012; Gneiting, 1997;
Gneiting et al., 2010; Mantoglov and Wilson, 1981,
Wackernagel, 2003; Prigarin, 2005; Vyzhva et al., 2010;
2014; 2017) and other.

Problem of karst-suffusion phenomena monitoring at
Rivhe NPP area. The complex geophysical research was
conducted on Rivne NPP area. The radioisotope study of solil

density and humidity near the perimeter of buildings is of the
greatest interest among these monitoring observations. The
soil density was determined by gamma-gamma well logging,
soil humidity — by neutron-neutron logging.

In this case (Vyzhva et al., 2017) a problem 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. 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.

This problem was solved in works: (Vyzhva et al., 2004;
2014; 2017) 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 averaged
density at the industrial area was simulated using the built
model and the involvement of the Bessel type correlation
function (Vyzhva et al., 2004) and Cauchy correlation
function (Vyzhva et al., 2004; 2014; 2017).

This paper continues development of methods for
statistical simulation, involvingoptimal in the mean square
sense Whittle-Materntypecorrelation function that is well-
known in geostatisticworks (Chiles and Delfiner, 2012;
Gneiting, 1997; Gneiting et al., 2010).

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

The method of solving the problem. Data of density
chalky strata was divided (Vyzhva et al, 2017) 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 a
homogeneous isotropic random field in most cases. With the
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assumption that the input data is a random field n( x ) , then

we express them through a random component &(;c) (so-
called "noise" random field) and trend f(;) as a

deterministic function as follows: n( x ) = f(;) + E_,(;).

Thus, the problem has been reduced to simulation of
random component&(x), which in most cases is a

homogeneous and isotropic.

We consider the same approach as in works: (Grikh
(Vyzhva) et al., 1993; Vyzhva et al., 2004; Vyzhva, 2011).
We use the method of statistical simulation of random fields,

which are homogenous and isotropic, based on their
spectral decomposition. By means of the obtained values of
realizations, this technique allows finding 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 has distribution density
with approximately Gaussian type, then procedure can be
used, which is developed in (Grikh (Vyzhva) et al., 1993;
Vyzhva et al., 2004; Vyzhva, 2011), to generate on the
computer realizations of the simulated data by means of
standard normal random variable sequences.

p. 10 kgm
Ym gL I I gl L g i 1 T
L]
300~ -
L ]
L ]
[ ]
280~ -
’ * a8
260+ e &
[ ]
240 -
[ ]
220 .
L
e . ®
200 a B L
L
180 » ‘@ -
T T T T T T T - [ T T T T
40 60 BO 100 20 140 a0 180 200 220 240 260
X.m

Fig. 1. Observation points and chalk strata averaged density at industrial area of Rivne NPP

At first the distribution is determined. The preliminary
statistical analysis of data shows that the distribution
histogram of chalky strata density at the Rivne industrial
area (29 boreholes) 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

22

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 completely 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 constructing 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 statistical models were chosen for the data
correlation function B(p) (p —the distance between vectors

x,yeR’ (x =(1,0,),y=(n.6, )) , for distribution of chalky

strata density in the flat observation area. This function is

defined by comparing the mean square approximation of the
empirical and theoretical variograms. As result, the input
data was most adequately described by means of 4 types of
correlation functions:the holeeffectcorrelation function (1) at
the value of parameterc=1,4, the Bessel correlation
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function (2) at the value of parametera =5, the Cauchy
correlation function (3) at the value of parameter a =1 and
the Whittle-Matern type correlation function (4) at the value
of parameter ¢ = 0,00333

B(p) = exp(cp)cos(cp) , ¢=1,4; (1)

B(p)=J,(ap), a=5; )

where J, (x) is the Bessel function of the first kind of order
k=0.

4
a

where I'(7) is a Gamma function, K, ,(z)is a modified

Hankel function of order3/2 and c is parameter.

Variograms of input chalky strata density data was built
by using the R software and geoR package They
corresponding to the: holeeffect (1) correlation function (the
mean square approximation is 0,000742); Bessel (2)
correlation function (the mean square approximation is
0,0008599); Cauchy (3) correlation function (the mean
square approximation is 0,002816); Whittle-Matern type
correlation function (4) (the mean square approximation is
0,000311). Variograms plots were presented at figure 3,

B(p)= T e 4= L ©) according to all types of correlation functions for the random
(a +p ) component of investigation data.
3 Note that the generalized Whittle-Matern typemodel of
2 3 correlation function is:
B(p) =—2<(cp)> Ky (ep), €=0,0033%  (4) -
ri= 2 B, (p) = cp) K, (cp), ¢>0, v=0. (5)
(2) L(v) (ep)
where K (z) is a modified Hankel function of order v and ¢
is parameter.
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Fig. 3. Variograms of input data of the chalky strata, that corresponding to the:
a — the holeeffect (1) correlation function; the Bessel (2) correlation function; b — the Cauchy (3) correlation function;
¢ — the Whittle-Matern type (4) correlation function

The generalized Whittle-Matern typemodel (4) was
studied by (Gneiting, 1997, Gneiting et al., 2010) who
considered the Whittle-Matern typefunction at the values of
the parameter v = 1/2, 3/2, 5/2, 7/2.

Graphic representations of the Whittle-Matern
typefunction at different values of parameters v = 0,065, 0,1,
0,25,0,5,1,2,4and 25 and at ¢ =1 are presented in fig. 4
(Abrahamsen, 1997).

Let us find the spectral density, corresponding to the
Whittle-Matern typecorrelation function (4), by using the
formula on page 449 (Watson, 1949). This formula is
mentioned below as integral Veber-Shafheitlin type:

(p+v+1
(@ +62)"" @)
Re(a) > I( b), Re(n) < Re(2v+u+2).

TK“ (ax)J, (bx)x" "' dx = (2a)* (2b)"
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where I"(¢) is a Gamma function.

Then such spectral density is calculated by conducting
the following formula:

£ =3[, 0B (x)d =
' )

=M/2/ nJ‘xS/ZJO (MK, (ex)dx,
0 2

where B(p) is correlation function
Thus, this spectral density we obtain by using (6) and we

have :
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Fig. 4. The Whittle-Matern type function (3) at parameter values ¢ =1 and v = 0,065, 0,1, 0.25, 0,5, 1, 2, 4 and 25
and exponential function B(p) = ae “" at parameter values a = 0,75, 2

The spectral coefficients, that corresponding to such
Whittle-Matern typecorrelation function (4), are determined
by calculating the integral:

b (1) =2[ T2 F OO =

=6 [J} (1)) ———dhk =0,1,2...
0 (02 + )E
These spectral coefficients are calculated by

Mathematica software.

The model of random field on 2D areawith the
Whittle-Matern typecorrelation function and the
numerical simulation procedure. We generated the
realizations of random field on 2D area with the Whittle-
Matern typecorrelation function (3) at the values of
parameter c =0,00333. The statistical simulation was

performed by the technique of spectral decomposition and
finding of spectral coefficients.

From the spectral theory (Vyzhva, 2011) it is follows that
the model of random fields on a plane with such correlation
functions is a sum of:

& (r0) = 2V [G () costho) + L, () sin(kg) |, (10)

Lk=0;
2,k >0,

erand ¢ (reR,, ¢$[0,2n]) are polar coordinates

where: v, :{

of the pointx on the plane (includes observation area), and
the distance p between the points x =(7,9,) and

x, = (13,0,) i equals p=\[r’ +75 =2 rycos (¢, =4,) ;
e 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 (Grikh (Vyzhva) et al., 1993), which is the
estimate of the mean square approximation of random field

&(r,@) by partial sums &, (7,¢) ;

¢ b (r),(k=0,1,2,..N) are the spectral coefficients in
form of(9), which corresponding to the Whittle- Matern
typecorrelation function (4);

. { G (r)i=1,2k=0,1,2,.., N | are thesequences
of standard normal random variables, such that satisfying
the following conditions:

1) Mg, . (n=0,i=1,2,k=0,1,2,..,N; (11)

2)Mg, (6 (1) =8 & b(r),]=1,2k=0,1,2,.., N.(12)

The procedure of numerical simulation the realizations of
the data field random component, by means of the
abovementioned model (10), was conducted by using the
Spectr 2.1 software, which is described in (Vyzhva et al., 2004).

The value of number N for the constructed model is
determined by the inequality, which is the estimate of the
mean square approximation of random field &(r,¢) by

partial sums &, (7,9) . This number N corresponds to the

prescribed small number ¢ (approximation accuracy). The
mentioned inequality was obtained in work (Grikh (Vyzhva)
et al., 1993) and in form of:

2 I (1 )
M[?‘;(r,(p)—E_,N(r,(p)] Sﬁ(zrul"'r“zja (13)

where 1, = [2* £ (1 k = 1,2.
0

Define dependence number Non » and €in the case of
Whittle-Matern typecorrelation function (4). It is necessary to
calculate the values of p,,x =1,2 for the inequality (13), by

using the density of distribution (8).
Then the calculated values hold:

3 o

M= 3¢2
_([(CZ +x2)5/2

3
= 602\/_ =6c7.

dx =3c,

3w
= X
_2.2
, =3c ‘(I).(Cz+x2)5/2 (14)
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Consequently, the estimate of the mean square
approximation of the random field &(r,p) with Whittle-
Matern typecorrelation function (4) by the partial sums
&y (7,@) has the following representation:

N(r,a)Zi(lrul+r2u2j:i(lcr+2czr2j. (15)
me\ 2 me\ 2

The statistical simulation procedure of Gaussian
homogeneous isotropic random field &(7,¢) on the plane
with Whittle-Matern typecorrelation function (4) was built by

means of the model (10) and the estimate (15). This random
field is determined by its statistical characteristics: the

mathematical expectation and the Whittle-Matern
typecorrelation function B(p) (4) at the value of parameter
c=0,00333.

Procedure.

1) The positive integer number N is determined
corresponding to the prescribed accuracy € and by using
inequality (15), where r is a radius of the point on the plane,
in which the realization of the random field &(»,¢) is
generated. The integer number N equals 8 by using the
prescribed accuracy € =5x107> and values of parameters
v=3/2, ¢=0,00333.

2) We calculated the spectral coefficients by formula (9)
at the value of parameter ¢ = 0,00333 :

/8

3o
b(r) = 6¢? [ J} (1) dhk=0,1,2..8.
0

5
(c2 +A7 )2

3) We generate values of the normal random variables
sequences {Ck,,.(r),i =1,2k=0,12,.., N(r,s)} , such that
satisfying the f conditions(11) and (12);

4) We calculate the realization of the random field &(7,®)
in 100 points (7;,¢,),i =1,...,10; / =0,...,9,€ R* and evaluated
the expression (10) by substituting in it values which were found
in the previous steps, 7 =181,32+20xi,i=1,...,10;

. 2,
(pj:(p0+]><ﬁ, j=0,..,9.

P

5) The statistical estimate of the correlation function is
obtained by the realizations of the random&(r,@). This
estimate compares with a given Whittle-Matern
type(4)correlation function at ¢ =0,000333 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 sequences
ofrandom variables {C,w.(r),i =1,2;k=0,1,2,..., N(r,s)}

should be distributed by corresponding type of distribution.

The original Spectr software, based on the results of the
statistical data processing and the mentioned procedure for
the simulation values of such data realization in the two-
dimensional case, was developed in Python, where selected
Whittle-Matern typecorrelation function (4) was used.

The results, which were obtained by the simulating
procedure, are displayed in figure 5. Figure 5, a presents an
example of constructed chalky strata density map according to
observations data boreholes (averaged data over the years to
29 boreholes at 28 m) by Surfer software. Using available data
the accuracy of this construction can not provide a reliable
characteristic of the chalky strata status, because the number
of measurement results is not sufficient.

Fig. 5, b presents the contours of equal chalky strata
density values that based on simulated data including values
of the anchor boreholes by means of calculating the spectral
coefficients. Additionally, the output data (100 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 additional research.

The following fig. 6 presents the plot of the variogram of
the separated random data component of chalky strata
density according to the Whittle-Matern typecorrelation
functions (4) (fig. 6, a) and plot of the variogram of the
simulated random data component according to the Whittle-
Matern typecorrelation functions (4) (fig. 6, b).

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

122

Fig. 5. The distribution of chalky strata density is on the industrial area of Rivne nuclear bower plant at a depth of 28 m.
from the surface, according to (a) the averaged data of 29 observational boreholes over 1984-2004 years., for (b) the simulated
data that based on the values in secure boreholes by spectral coefficients the Whittle-Matern type
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Fig. 6. The variogram of separated (a) and of simulated (b) random data component of the chalky strata density,
corresponding to Whittle-Matern type correlation function at values of parameters v=3/2 and ¢ =0,00333

Conclusions.The theory, techniques and procedure of
statistical simulation of random fields on the planeby
usingoptimal in the mean square sense the Whittle-Matern type
correlation functioncan 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 regime observation grids and
abroad, adequately describe real geological processes.

The method of statistical simulation of random fields with
the  Whittle-Matern  correlation  functions  allows
complementing data with a given accuracy. It can also be
used to detect abnormal areas.

There are several other fields of statistical simulation
methods application in geosciences. Among them primary
are soil science and environmental magnetism (Menshov
et al., 2015).
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_CTATUCTUYHE MOJEIIOBAHHSA BUNAOQKOBOI'O NOMNA HA NNOCKIX OBNACTI
3 KOPENAUIMHOIO ®YHKUIEIO TUMY YITTNI-MATEPHA B FrEO®I3UYHIN 3AAAYI MOHITOPUHIY OOBKINNA

Y 38'aA3Ky 3 pocmom kinbkocmi nPupPoOHO-MexXHO2eHHUX Kamacmpog akmyasibHO € po3pobka cucmem MOHIMOPUH2Y 3a CMaHOM 2€0/102i4H020
cepedoguuja 3 8UKOPUCMAHHSIM Cy4acHO20 MameMamuy4yHo20 anapama ma iHghopmauiliHux mexHosoegill. Y 3a2anbHili cucmemi MOHimopuHay do-
8KislIsl 8a)KJ1UBOK CKI1a0080H0 € JIOKasIbHUli MOHIMOpUH2 mepumopili po3mawyeaHHsI MomMeHUyiliHo Hebe3neyHux 06'ckmis.

Ha mepumopii po3miweHHs1 PiesHeHcbkoi AEC npoeoduecsi koMmnekc 2eogpisudHux docnidxeHb. Ceped makux MOHIMOPUH208UX CrTIOCMepeXeHb
Halbinbwuli iHmepec sienstomb coboro padioizomonHi docnidxeHHs1 2&ycmuHU ma eosio2ocmi rpyHmie no nepumempy 36ydoeaHux criopyd. lMpu
UboMy euHuUKna npobnema AonoeHeHHs1 MoOesIl08aHHSIM OaHUX, siki oOmpuMaHo e pe3ysibmami KOHMPOJIHo 3MiHU 2yCMUHU KpeldsiHoi moewi Ha
mepumopii docnidxyesaHo2o0 npommalidaH4yuka 3 eUKopucmaHHsIM padioizomonHux Mmemodie no cimyi, wo eknrovana 29 ceepdnosuH. Taky npo-
6nemy 6yno pose'azaHo 8 po6omi MemodoM cmamucmuYyHoO20 Modesnto8aHHs, AKUll Hadae Moxxnueicmb sidobpaxamu sieuuwie (eunadkoee nose
06'ekma docnidxeHHs Ha NIoWuHi) y 6ydb-sKili mo4yi 30HU cnocmepexeHHs. [pu ybomy Modestosanucs ycepeOHeHi 3Ha4eHHs1 2yCmuHU KpelosiHoT
moewi Ha mepumopii npommatidaH4yuka 3 eukopucmaHHsIM nobydoeaHoi Modesli ma 3asy4eHHsIM onNMUMasnbHOl y cepeOHbOMY Keadpamu4yHoOMy
HabnuxeHHi kKopensayitiHoi pyHkyii muny Yimmni-MamepHa.

Po3po6neHo anzopumm i npuknad cmamucmu4Ho20 Modeslro8aHHsI Kapcmoeo-cygo3iliHux sisuw y 3adayvi MOHIMoOpuUHay 2ycmuHU KpeliosiHoi
moeuwi Ha mepumopii PieHeHcbkoi AEC. 3a cnekmpasnbHUM po3knadom nobydosaHo cmamucmuy4Hy Modesib po3rnodiny ycepedHeHOI 2yCmuHuU Kpeu-
OsiHOT moewi Ha NowuHi ma po3po6sieHo afl20puMM cmamucmu4Ho20 Modeslr8aHHs 3 sUKOpPUCMaHHAM ¢yHKuii muny Yimmni—-MamepHa. Ha 6a3i
po3pobrieHo20 npozpaMHo20 3abe3neyeHHs1 ompuMaHo peasniszauii npedmema AocnidxeHHs1 Ha cimyi cnocmepexxeHb Heo6xiOHOi demanbHocmi ma
peaynspHocmi. [l[poeedeHo cmamucmuYHuli aHani3 pe3ysbmamie YuceslbHO20 MOOesIF08aHHSI Ma IXHI0 nepesipKy Ha adekeamHicms.

Knroyoei cnoea: cmamucmu4He modentoeaHHsi, KopensyiliHa ¢pyHkuis muny Yimmni-MamepHa, cnekmpanbHuli po3knad, koHouyiliHicms kapm.
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CTATUCTUYECKOE MOAEJTMPOBAHUE CNnyYyAnHOro nons HA NNOCKON OBNACTU C KOPPEHFILI,!AOHHOVI
®YHKUMEWN TUNA YUTTNIN-MATEPHA B TEO®U3UYECKOU 3AAYE MOHUTOPUHIA OKPYXXAIOLLEU CPEQbI

B ces3u ¢ pocmom Konuyecmea npupodHO-MexHO2eHHbIX kKamacmpodgh akmyanbHoU siensiemcsi 3ada4a pa3pabomku cucmeM MOHUMOPUH2a
cocmosiHus1 2eosio2uyeckoli cpedbl € UCMNOIb308aHUEM CO8PEMEHHO20 MameMamu4yecKo20 annapama u UHghopMayuoHHbIX mexHosoaull. B obweli
cucmeme MOHUMOPUH2a OKpyxaroweli cpedbl 8axHoU cocmaensitoulell 18711emcsi I0KasbHbII MOHUMOPUH2 MeppumMopuli pa3mMeweHuUsi MomeH-
yuanbHO onacHbIx 06beKmoe.

Ha meppumopuu pacnonoxeHusi PogeHckoli A3C npoeodusicsi KOMMeKc 2eogusuyeckux uccredosaHuli. Cpedu makux MOHUIMOPUH208bIX
uccnedoeaHuli Haubonbwuli uHmMepec npedcmaesisirom paduou3omonHble uccsedoeaHusi MIOMHOCMU U 8/1aKHOCMU 2PyHMOB8 Mo nepumempy rno-
CMpPOoeHHbIX coopyxeHull. [Ipu 3mom 803HUKIa He06X0OUMOCMb AOMNOIHEHUSI OaHHbIX Mymem MoJeslupo8aHuUsl, KOMopPbIe U3HaYyanbHO 6bIsIU NMosy-
4YeHbl MPU KOHMPOJIe U3MeHeHull maomHocmu Mesiogoli monwu Ha meppumopuu uccredyemMol MpPoMMIowadku C UCMO/Ib308aHUEM
paduou3omonHbix Memodoe Mo cemke, Komopas ekioyana 29 ckeaxuH. 3ma npobnema 6bina peweHa e pabome MemodoM cmamucmu4yecKko20
modenupoeaHusi, Komopblii aém 603MOXHOCMb OMo6bpaxame siefieHue (cy4aliHoe nosie 06Lekma uccsedosaHusi Ha NIIOcKocmu) e 6ol moyke
o6nacmu HabnrodeHus. [pu amom modenupoeanuck ycpeOHEHHbIe 3HaYeHUs1 MI0OMHOCMU Mesioeoll MOWU Ha meppumopuu npommnaouw,adku ¢
ucnosib308aHUeM MOCMPOeHHOU Modesiu ¢ npuesieyeHUeM KoppensiyuoHHol yHkyuu muna Yumminu-MamepHa.

Aemopamu paspabomaH anzopumm u npueedeH NpuMep cmMamucmuYyecKko20 Modesiupo8aHusi Kapcmoeo-cygo3UOHHbIX siesieHull 8 3adaye
MOHUMOPUH2a NI0MHOCMU Mesioeoli monuwu Ha meppumopuu PoegeHckoli ASC. o cnekmpanbHOMY pa3/ioXeHUr MocCMpoeHa cmamucmuYyecKasi
modesib pacnpedesieHust MIOMHOCMU Mes1080U MOouU Ha MI0OCKOCMU U pa3pabomaH an2opumm cmamucmu4ecKko20 ModesnupoeaHusi ¢ UCMosb30-
8aHueM KoppensiyuoHHoU pyHKyuu muna Yummnu-MamepHa. Ha 6a3e paspa6omaHHo20 npozpaMMHO20 o6ecrneqdeHus MoslyyeHbl peanusayuu npe-
Omema uccnedoeaHusi Ha cemke HabnrodeHuli Heo6xodumol demanbHocmu u peaynspHocmu. [[poeedeH cmamucmuyeckuli aHanu3 pesynbmamoe
4ucneHHo020 MOdenIupPo8aHUs U UX Nposepka Ha adeKeamHOCMb.

Knrodeenie croea: cmamucmuyveckoe ModesiupoeaHue, KOppensiyuoHHas pyHKyuss muna Yummnu—MamepHa, criekmpasibHoe pa3JsioXeHue,
KOHOUUYUOHHOCMbL Kapm.



