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THE STATISTICAL SIMULATION OF DATASET IN 3D AREA
WITH SPHERICAL CORRELATION FUNCTION ON RIVNE NPP EXAMPLE

(MpedcmaesneHo 4neHoM pedakyiliHoi Koneaii 0-poM ¢hi3.-mam. Hayk, npodp. b.I1. Macrnosum)

Due to the increasing number of natural and technogenic disasters, the development of geological environment monitoring system is
actual in 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 in 3D area) 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 spherical correlation function.

In this paper, the method is used and the model and procedure were developed with enough adequate data forsphericalcorrelation
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 3D
area and statistical simulation algorithm was developed using spherical correlation functionbased on 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, spherical correlation function, spectral decomposition, conditional maps.

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

Theoretical aspects of capacity use of the statistical
simulation to solving different problems in the work of
Geophysics considered in (Yadrenko, 1983; Vyzhva, 2003,
2011). Practical testing on real density chalky strata data on
the Rivne NPP territory was carried out for the 3D area — in
the folloving works (Vyzhva et al., 2013, 2014, b), by using
Bessel correlation function and Cauchy correlation function.

In this paper, the statistical simulation method for random
field in 3D area is proposed to use with the model and procedure
involving enough adequate in the mean square sense data
spherical correlation function (Chiles et al., 2012). This problem
was considered also in paper (Vyzhva et al., 2019).

Note, that methods of 3D random fields statistical
simulation used in geosciences problems was developed by
the scientists: Mantoglov A., Wilson John L. (1981),
Chiles J.P., Delfiner P. (2012), Wackernagel H. (2003),
Prigarin S.M. (2005), Emery X. (2006) and other.

The problem of karst-suffusion phenomena
monitoring at Rivhe NPP 3D area.

The complex geophysical research was conducted on
Rivne NPP 3D area during many years. The radioisotope

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

In this case (Vyzhva et al., 2013) a problem occurred to
supplement adequately 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 Rivne NPP object that was
investigated, and the well locations are shown on Fig. 1.
These data are obviously not enough in detail to represent
the overall picture of the chalk strata, where due to the
aggressive water action the karst-suffusion processes were
significantly intensified.

This noted problem was solved in folloving works:
(Vyzhva et al., 2013, 2014, a, 2014, b, 2019) by statistical
simulation method that provides the ability to display values
(random field in 3D space ) in any point of the monitoring
area. The chalk strata averaged density at the industrial area
was simulated using the built 3D model and the involvement
of the Bessel type correlation function (Vyzhva et al., 2013)
and Cauchy correlation function (Vyzhva et al., 2014, b).

This paper continues further development of 3D
statistical simulation methods, involvingoptimal in the mean
square sense spherical correlation function that is well-
known in geostatisticworks (Chiles et al., 2012). This
operation was done for data array of density chalk strata in
1984-2002s for 29 wells at Rivne NPP industrial area and
depths are 28 m, 29 m and 30 m below the surface.
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Fig. 1. Observation points and chalk strata averaged density at industrial area of Rivhe NPP

The method of solving the problem. The statistical
simulation of density chalky strata datawas performed at three
levels (28, 29, 30 m from the surface)in this paper.While
constructing graphs of density chalky strata data at the Rivne
NPP object for each specified account, we noticed that it is
expedient to distinguish deterministc and random
components. Deterministic component can be selected as
function by the method of approaching the minimum curve
(separation of the so-called trend).The difference between the
map of input density values and the trend is a realization of
homogeneous isotropic random field in the most cases.

Input data on the each of three level from the surface is a

realization of random field in 3D space #(x,y,z,),i =1,2,3;
z, =28m,z, =29m,z, =30m. n(x,y,z,)=n;(7,6,9) (7,6,¢)
— spherical coordinates, i — level @numbers. The trend
f;(r,8,¢) and the stationary random component &, (7,0, ¢)

(frequently homogeneous isotropic random fieldin 3D space,
so-called "noise") were selected for each level:

ni(r$ es(P) :ﬁ(r$es(p)+E.>i(r?95(p)ai :1:253-
The final modelling stage was the imposing array of
random field realizations &,(7,0,¢),i=1,2,3, what we got

by statistical simulation in add points from 3D observations
area on the approximation of real data. As a result, we
received more detailed implementation for the chalk layer
density data in the selected 3D area at Rivhe NPP.

We use the method of statistical simulation of
homogenous isotropic random fields in 3D area for the
solving arising problem, which is based on their spectral

22

decomposition (Vyzhva, 2003). By means of realizations of
obtained values, this technique allows to find the perfect
image of these random fields in the whole observation area
at the Rivne NPP.

It is necessary to make the statistical analysis of data to
build the model and procedure of chalky stratadensity
simulation at observation 3D area. If the verified 3D data has
distribution density with approximately Gaussian type, then
procedure can be used, which is developed in (Vyzhva et al.,
2013; Vyzhva, 2011), to generate on the computer
realizations of the simulated data by means of standard
normal random variable sequences.

At first the distribution of chalky stratadensity data at the
Rivne NPP is determined. The preliminary statistical analysis of
3D 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 expectation
and the correlation function model. If the hypothesis of
Gaussian distribution of the investigated data field is
confirmed, then the mathematical expectation and the
correlation function completely define this random field in 3D
area and give us the opportunity to build the adequate
statistical model for data field, which is based on the spectral
decomposition. The principles of constructing the models
and procedures for the spherical correlation function were
considered in work (Vyzhva et al., 2019) and described
below.
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Fig. 2. The preliminary statistical analysis of 3D data at the Rivne industrial area
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Then statistical models were chosen for the data
correlation function B(p) (p — the distance between vectors x,
y e RE(x=(r1, 81, ®1), y = (r2, B2, @2)) for distribution of chalky
strata density in the 3D observation area. This function is
defined by comparing the mean square approximation of the
empirical and theoretical variograms of chalky stratadensity
data. As a result, the input data was most adequately
described by means of 3 types of correlation functions:the
Bessel correlation function (1) at the value of parameter ¢ = 5;
the Cauchy correlation function (2) at the value of parameter
a =1 and the spherical correlation function (3) at the value of
parameter a = 1,25*1072,

B(p) = |——J,(cp), ¢ =5, (1)
2cr 2

where Jk(x) is the Bessel function of the first kind of order
k=1/2,

)

The graphic representations of the spherical function at
value of parameter a = 2 are presented in Fig. 3

Variograms of input chalky strata density 3D data at the
Rivne NPP was built by using the R software and geoR
package. They corresponding to the: Bessel (1) correlation
function (the mean square approximation is 0,0008599) and
Cauchy (2) correlation function (the mean square
approximation is 0,002816). Variograms plots were
presented at Fig. 4, a, that according to Bessel type of
correlation function, and at Fig. 4, b, that according to
Cauchy type of correlation function for the random
component of investigation 3D data.

The built variogram (Fig. 5) of input chalky strata density
3D data has the best approximation by theoretical variogram
which is connected to the spherical correlation function (7)
with parameter a = 1,25*102 (a mean square deviation is
1,42*1073).

We have, that the built variogram of implementations on
the study area (Fig. 6) has enouph adequate approximation
by theoretical variogram which is connected to the spherical
correlation function (a mean square deviation is 4,8*107%).
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Fig. 3. The spherical type function (3) at parameter value a = 2
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Fig. 4. Empirical (rcrosses) and theoretical (curve) variograms for input data of the chalky strata,
that corresponding to the: a — the Bessel (1) correlation function; b — the Cauchy (2) correlation function
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Fig. 5. Empirical (crosses) and theoretical (curve)
variograms of input data arrays of chalk layer density,
corresponding to sphericalcorrelation function
(a =1,25*1072)

The spectral representation of homogeneous
isotropic random fields, approximation theorem, model
and statistical simulation algorithm for the spherical
correlation function.

Now we will give the same theorem from spectral theory.
We consider a real-valued homogeneous isotropicrandom

field &(r,0,¢) in the 3D area (r, - spherical coordinates). It
is known (Yadrenko, 1983; Vyzhva,2003; Vyzhva, 2011,
p. 208) that square-mean continuous real-valued
isotropicrandom field &(7,6,¢), that is in 3D Euclidean
space R®, admit the spectral decompositionby spherical

harmonics.
The correlation function of the homogeneous

isotropicrandom field & (7,6,¢) in 3D area B(p) depends

on distance p between the vectors x, ye R3(x= (r,01, (p1),

y = (r62, @)) p=ry 2(1-cosy) =rsin(y/2), where
cosy — angular distance between vectors x, yeR®:
cos y =cos 0, cos6, +sin 6, sin6, cos (¢, —,).
However, there is used the spectral decomposition of this
random field by solution problems of statistical simulation of
random field realizations in 3D space, on this figurate real-
valued random variables. Let adduce that decomposition.
Theorem 1. Let a mean square continuous realvalued
homogeneous isotropic random field &(r,6,¢) is in 3D

space with zero mean. Then this random field admits
(Vyzhva, 2011, p. 210) the following spectral decomposition:

E(r,0,0)=

- pl / / . , (4)
Coib (cos 0) [ Gt (r)coslp + G2 (r)sin [@]

where P”’, (x) is associated Legendre functions of degree m,

M=

o
I
o

¢,,, — constants sequences are calculated by the formula:

- 1 [v, (m=1)! 1’ 17&0’
ch:E 7(n1+/)! (2m+1)’ V/: 2 IZO (5)

random processes sequences {g’w(r)} (k=1,2):

Fig. 6. Empirical (crosses) and theoretical (curve)
variograms of simulated data arrays of chalk layer
density, corresponding to sphericalcorrelation function
(a =1,25*107?)

J K Jm-% (}\' l”) i
G ()= [FE—— 7, (@),
0
such that satisfying the following conditions:
1) Mg;)k(}’) =0,
2)Mg,, ()G, (1) =8 &, 8, b, (r), (6)
where 6,’;" — Kronecker symbol, b, (r) — the spectral

coefficients and {Z! (.)} is a sequence of orthogonal random
measures on Borel subsets from the interval [0, + ), i. e.
E Z,(S)) Z1:(5,) =8/ 87 ®(S,NS,),
for any Borel subsets S|, and §,,
where @ () is the bounded nondecreasing function so-
called spectral function of random field & (7, 6,¢) .

The spectral density of homogeneous isotropic random
field &(r, 0,p) is defined as f(A)=d®P(A)/dL and it is
obtained bycorrelation function of this random field as integral:

£ =2 [ phsin(p) Bp)ip ™

The spectral coefficients bm(r) of random field &(r, 6, )

are defined by the spectral density /(1) of this random

fieldin 3D space in the way:
2

©

Jo (A1)
by (r) = [ ——f(W)d 2. ®)

Further, the statistical simulation of homogeneous
isotropic random fields in the 3D space on the basis the
spectral decomposition (4) coefficients (8) are considered.

Approximation model for the homogeneous isotropic

random field &(r, 6,9) is build by using the partial sums of
series (1) and is presented by the formula:

é/v (r,6, (P) =
>, B (cos 0)[ €, ,(r)cos I+, ,(r)sin lo ], (©)
0

NeN

m=0 [=



ISSN 1728-2713

FEONOrIS. 4(91)/2020

~ 89 ~

We need the mean square approximation of random field
E(r,0,0) by model (9) in the convenient form for the
constructing statistical simulation of homogeneous isotropic
random field realizations in the 3D space algorithm.

Further, we used the mean square estimate from the
paper (Vyzhva et al., 2018), that we have in following
theorem.

Theorem 2. Let a mean square continuous

realvaluedisotropic random field &(r, 6,p) on the sphere

S3(r) in 3D space with zero mean (r — radius of sphere). If
p, <+oo, then the mean square approximation ofthis

random fieldby model (9) is such that

M[é(”s 9»@)_&,\; (7, 9,([))]2 <

5

P

(10)
where
W = j VD (d)). (11)

If we proposed, that r (radius of sphere) is not fixed, then
the random field &(r, 0, ¢) is in 3D Euclidean space R>.

Further, we described the algorithm for the statistical
simulation of realizations of Gaussian homogeneous

isotropic random fields &(r, 6,¢) in 3D Euclidean space RS,

which was constructed on the basis of model (9) and
estimate (10)

We constructedin this paper the algorithm for the statistical
simulation of Gaussian homogeneous isotropic random
fieldson 3D space with spherical correlation function (3).

The spectral density is obtainedfor spherical correlation
function (3) by means the formula (7) as:

2 _a+16 4a+l1
f(}\.) —n—}h[(w—a—k)cos(ka)+ (12)

+%(a sin(ka)—l)+%].

The spectral coefficients, which correspond to
thespherical correlation function (3) of homogeneous

isotropic random field &(r, 0,¢), are calculated by the
formula (7) and we have:

2
. (r)_E‘TJm+g(kr)[(a+l6_4a+l
" ey A 20 a
These spectral coefficients are calculated by

Mathematica software for density chalky strata data.

The numerical simulation procedure of random field
in 3D area with the spherical correlation function.

In this paper we generated the realizations of
homogeneous isotropic random field in 3D area with the
spherical correlation function (3) at the values of parameter
a=1, 25*1072. The statistical simulation of density chalky
strata data at the Rivhe NPP object was performed by the
technique of spectral decomposition and finding of spectral
coefficients.

The procedure of numerical simulation the realizations of
the 3D data field random component, by means of the
abovementioned model (9), was conducted, which is
described in (Vyzhva et al., 2018).

2% a+16 4a+l1
=z J' M-
Ty 2\ an
We define dependence number N on r and ¢ in the case of

spherical correlation function (3) as a following:

S5mr
M.
€

i, Ycos(ra

N(r,e) >

(15)

The statistical simulation procedure of Gaussian
homogeneous isotropic random field &(r, 6,¢) in 3D area
with sphericalcorrelation function (3) was built by means of
the model (9) and the estimate (13). This random field is
determined by its statistical characteristics: the

2%, a+16 da+l
23] =_J‘7‘2 [( 3
Ty 2\ ah

2. We calculate the spectral coefficients bm(r), m=0, 1, 2,

...N for the spherical correlation function (3) as integral (13).

3. We simulate the sequences of independent Gaussian
normalrandom variables:

) k=12 m=0,1,2.N; [ =1y m;

that satisfying the following conditions (6) with spectral
coefficients (13).
4. \We calculate the realization of the stochastic random field

&(r, 0,¢) by formula (9) in given point (,,0,,0,),i =1,2,...,;

24 . 3
. )cos(?\a)+x—2(asm(7»a)—1)+;]dk. (13)

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, 0,¢) by
partial sums &, (r, 0,¢) . This number N corresponds to the

prescribed small number € (approximation accuracy). The
mentioned inequality was obtained in theorem 2.
Consequently, the estimate of the mean square

approximation of the random field &(r, 6,¢) with spherical

typecorrelation function (3) by the partial sums &, (7, 6,¢)
has the following representation:

M[E(r, 0,9) & (r, 0,9)] <

3

Snr

2 l"l'3’

N (14)

where
)+§(a sin(ka)—1)+3]dk,k =1,2.
a

mathematical expectation and the spherical correlation
function B(p) (3) at the value of parameter a = 1, 25*10-2.
Algorithm.
1. Natural number N (border of summation) is chosen
according to necessary accuracy ¢ > 0 of approximation the
model (9) mentioned below:

Snr

2N?

3

u,; <e, (16)

where

)cos(Aa) +i—?(a sin(Aa)-1) +i]dk,K = K(a) - const.
a

j=12,...G;p=12,..,P in the 3D observations area by
means of substituting in it values from the previous items 1,
2 and 3, numbers N and sequences of Gaussian random
variables.

5. We check whether the realization of the random field
E(r,0,0) generated in step 4 fits the data by testing the

corresponding statistical characteristics (distribution and
correlation function).
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The statistical simulation of realizations of the Gaussian
isotropicrandom fields &(r, 6,@) with spherical correlation

functioncan be done by means of this algorithm.
Note that the procedure can be applied to random fields
with another type of distribution. Then the sequences

ofrandom variables {Ck’l.(r),i =1,2;k=0,1,2,...,N(r, 8)}

should be distributed by corresponding type of distribution.
The original Spectr software, which based on the results
of the statistical data processing and the mentioned
algorithm for the simulation values of such data realization in
the 3D area, was developed in Python, where selected
spherical typecorrelation function (3) was used. We calculate

realizations of the random field &(r, 6,¢) in 100 points for
each of 3 observations levels (7,0,,¢,),i=12,..,1;
j=L2,..G;p=12,..,Pin 3D are a by means of this

software. The statistical estimate of the correlation function
is obtained by these realizations. This estimate compares
with a given spherical typecorrelation function (3) at the
value of parameter a = 1, 25*10-2and provides the statistical
analysis the adequacy of realizations. The built variogram of

p, 10°%kg-m™

these realizations on the study area (Fig. 6) has adequate
approximation by theoretical variogram which is connected
to the spherical correlation function. The results present that
the chosen model of the density chalky strata data at the
Rivne NPP object is adequateenough. The developed
Spectr software works with sufficient accuracy.

The results, which were obtained by the simulating
procedure, are displayed in Fig.7. Fig. 7, 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 cannot provide a
reliable characteristic of the chalky strata status, because the
number of measurement results is not sufficient.

Fig. 7, 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 of the spherical type. 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.
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Fig. 7. The distribution of chalky strata density is on the industrial area of Rivne nuclear power 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 spherical type



ISSN 1728-2713

FEOJNOrISi. 4(91)/2020

~ 01 ~

The following results, which were obtained by the
simulating procedure for observations data boreholes
(averaged data over the years to 29 boreholes at 29 m, are
displayed in Fig. 8. Fig.8, a presents an example of
constructed chalky strata density map according to
observations for this data by Surfer software. Fig. 8, b

P

presents the contours of equal chalky strata density values
that based on simulated data including values of the anchor
boreholes. 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.
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Fig. 8. The distribution of chalky strata density is on the Rivhe NPP object at a depth of 29 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 spherical type

Finally, the results, which were obtained by the
simulating procedure for observations data boreholes
(averaged data over the years to 29 boreholes at 30 m, are
displayed in Fig. 9. Fig. 9, a presents an example of
constructed chalky strata density map according to
observations for this data by Surfer software. Fig. 9, b
presents the contours of equal chalky strata density values
that based on simulated data including values of the anchor
boreholes. 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.

The statistical estimate of the correlation function is
obtained by distribution of chalky strata density data
realization in the 3D area on the Rivne NPP object. This
estimate compares with a given sphericalcorrelation

function (3) at the value of parameter a =1, 25*102 and
provides the statistical adequacyanalysisof realizations.The
built variogram of these realizations on the study area
(Fig. 6) has adequate approximation by theoretical
variogram, which is connected to the spherical correlation
function. The results present that the chosen model of the
data is adequate enough. The developed Spectr software
works with sufficient accuracy.

Conclusions. The theory, techniques and procedure of
statistical simulation of random fieldsin 3D area by using
optimal in the mean square sense the spherical correlation
functioncan significantly increase the effectiveness of
monitoring observations on the territory of potentially
dangerous objects. This makes it possible to simulate values
in the area between regime observation grids and
abroad,more adequately describechalky strata density 3D
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data on the industrial area of Rivne nuclear power plant.
Because the variogram of input data has the best
approximation by theoretical variogram which is connected
to the spherical correlation function with a mean square
deviation 0,00048, if compare the mean square
approximation for Cauchy correlation function — 0,002816
and 0,0008599 — for Bessel type of correlation function.

p, 10%kg-m3

o

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

There are many other areas of statistical simulation methods
application in geosciences. Among them primary are soil science
and environmental magnetism (Menshov et al., 2015).
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Fig. 9. The distribution of chalky strata density is on the industrial area of Rivne nuclear power plant at a depth of 30 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 spherical type
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CTATUCTUYHE MOOENMIOBAHHSA JAHUX Y 3D OBNACTI 31 COEPUYHOIO KOPENALINHOKO ®YHKLIEID
HA NMPUKNAJI PIBHEHCBLKOI AEC

Y 38's13Ky 3 pocmom Kinbkocmi npupPoOHO-MexXHO2eHHUX Kamacmpog akmyasibHO € po3pobka cucmem MOHIMOPUH2Y 3a CMaHOM 2€0/102i4H020
cepedosuuja 3 8UKOPUCMAaHHSIM Cy4acHO20 MameMamuyHo20 anapamy ma iHghopmauyiliHux mexHosozil. Y 3a2anbHili cucmemi MOHimopuHay do-
8KIislIs 8a)KIIUBOKO CK/1a00BOH0 € JIOKasIbHUl MOHIMopuH2 mepumopili po3mauwlyeaHHsI MOMeHUiliHo Hebe3neyHux o06'ekmie.

Ha mepumopii po3miweHHs1 PisHeHcbkoi AEC nposoduecsi komnnekc 2eogizuyHux docnioxeHb. Ceped Yux MOHIMOPUH208UX CIIOCMEPEXEHb
Halbinbwulii iHmepec siensromb coboro padioizomonHi docnidxeHHs1 2&ycmuHu ma eosio2ocmi rpyHmie no nepumempy 36ydoeaHux cropyd. lMpu
UboMy eUHUKNa nompeba 0onoeHeHHs1 Modeslto8aHHsIM GaHUX, SIKi ompuMaHo npu KOHMPOJi 3MiHU 2ycmuHu KpelidsiHoi moeuwji Ha mepumopii doc-
nidxyeaHo20 npommalidaH4yuKa 3 sUKOPUCMaHHAM padioizomonHux memodie no cimyi, wo eknrovana 29 ceepdnoeuH. Taky npobnemy 6yno pose'-
s13aHO 8 po6omi MemodoM cmamucmu4Ho20 MOOes08aHHSI, KUl Hadae Moxknueicmsb eidobpaxxamu sieuwje (aunadkoee rnose 06'ckma AocniOxeHHs
8 mpumipHiii o6nacmi) y 6ydb-sikili moyui o6nacmi cnocmepexeHHsi. [Tpu ybomy modesntoganucsi ycepedHeHi 3Ha4eHHs1 2yCmuHuU KpelidsiHoi moewi
Ha mepumopii npoMmatlidaHyuka 3 euKkopucmaHHsIM nobydoeaHoi Modesnii ma 3any4eHHsIM onmumalsbHOi 8 cepedHbOMY KeadpamuyHOMY Habnu-
JKEeHHi cghepu4HOT KopensyitiHoT pyHKYiI.

HaeedeHo po3pobreHuli anzopumm i npukiad cmamucmu4Ho20 MOOesTI08aHHSI Kapcmoeo-cyho3iliHux sieuw, y 3adaqi MOHIMoOpuUHay 2ycmuHu
KpelidsiHoi mosuwji Ha mepumopii PieHeHcbkoi AEC. 3a cnekmpanbHUM po3kiadoMm nobydoeaHo cmamucmuy4Hy mModesib po3nodiny ycepedHeHoi
2ycmuHu kpelidsiHoi moeuw,i 8 mpumipHiti obnacmi ma po3po6sieHo anzopumm cmamucmu4Ho20 MOOesIH08aHHs1 3 BUKOPUCMAHHSIM cghepUuYyHoOI ¢py-
HKyii. Ha 6a3i po3pobsieHo20 npo2pamMHO20 3abe3ne4yeHHs1 ompumMaHo peasisayii npedmema AocidxeHHs1 Ha cimyi cnocmepexeHb HeobxioHoiT de-
manbHocmi ma peaynsipHocmi. [[poeedeHo cmamucmuyHuli aHani3 pesynbmamie 4ucesibHO20 MOOesI08aHHSI ma IXHs nepesipka Ha adekeamHicme.

Knroyoei cnosa: cmamucmuyHe modesto8aHHs1, chepudHa KopensyiliHa pyHKUis1, criekmpasnbHUll po3knad, KOHOUYiliHicmb kapm.
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CTATUCTUYECKOE MOJENIMPOBAHMUE OAHHbIX B 3D OBJIACTU .
CO COEPUNYECKOU KOPPENALMOHHOWU ®YHKUMEN HA NPUMEPE POBEHCKOU A3C

B cesi3u ¢ pocmom Konu4ecmea npupoOHO-mMexXHO2eHHbIX Kamacmpog akmyanbHoU siensiemcsi pa3pabomka cucmeM MOHUMOPUH2a 3a COCMO-
sIHUeM 2eosio2uyeckoli cpedbl C UCMOIb308aHUEM CO8PEeMeHHO20 MameMamu4ecKo20 annapama u UHghopMayuoHHbIX mexHonoaul. B obuwel cuc-
memMe MOHUMOPUH2a OKpyXaroujeli cpedbl 8aXKHasi cocmaesisiroujasi — 3Mo JIoKaslbHbIli MOHUMOPUH2 meppumopuil pasMeweHUs MOMeHyuaabHO
onacHbIx 06bekmos.

Ha meppumopuu pacnonoxeHusi PoseHckoli ASC npoeodusicsi KOMIIJIeKC 2eogu3uyeckux uccredosaHuli. Cpedu amux MOHUMOPUH208bIX
uccnedoeaHuli Hau6onbwuli uHMepec npedcmaesisirom paduou3omonHble ucciedoeaHusi MIOMHOCMU U 8/1aKHOCMU 2PyHMOB8 Mo nepumempy no-
CMpOoeHHbIX coopyxeHul. lpu amom e03HUKIa He06X0AUMOCMb OOMOJTHEHUSI MOOesTupo8aHUeM OaHHbIX, MOYyYEeHHbIX MPU KOHMPOJIE U3SMEHEHUS
nmomHocmu mesnoeol monuwu Ha meppumopuu uccnedyemoll npomnaow,adku ¢ ucrnosib3oeaHueM paduou3omornHbiXx Memodoe o cemke, 8K/Ito-
qarowieli 29 ckeaxkuH. dma npobnema 6bina peweHa 8 pabome MemodoM cmamucmu4ecko20 MoOesTupo8aHusi, Komopbili aém e03MOXXHOCMb OMO-
6paxxamb sieneHue (crny4valiHoe nosie o6bekma uccredoeaHusi 8 mpéxmepHol o6nacmu) e no6oli moyke obnacmu HabnrodeHus. lpu amom
modenuposanuck ycpeOHEHHbIEe 3HaYeHUs MIOMHOCMU Mes1080U MONULU Ha meppumMopuU NPoMnIowadku ¢ UCMosib308aHUeM MOCMpPOEHHOU Mo-
denu ¢ npuesiedeHuUeM cghepuyeckolii KoppenssyUuoHHOU yHKYuUU.

lMpueedeH pazpabomaHHbIl an2opumm U NMpuMep cmMamucmu4Yyecko20 Modesiupo8aHusi Kapcmoego-Cyghgho3UOHHbIX siefleHull 8 3ada4e MOHUMO-
PpUH2a nIomHocmu Mesioeoli monwu Ha meppumopuu PoeeHckoli A3C. Mo cnekmpanbHOMy pa3/ioXeHUro MocmpoeHa cmamucmuyeckasi Mooesb
pacnpedeneHusi NI0OMHocmMu Mesioeol monuju 8 mpéxmepHol obnacmu u pa3pabomaH an2opumm cmamucmu4ecko2o Modeslupo8aHuUsi C UCIMOJIb-
308aHueM cehepuyeckoli KoppensiyuoHHol yHkyuu. Ha 6aze paspabomaHHO20 NMPo2paMMHO20 obecrneyeHusl MosyYyeHbl peanusayuu npedmema
uccnedoeaHusi Ha cemke HabnrodeHuli 8 mpéxmepHoli o6nacmu Heob6xodumoli demanbHocmu u peaynsipHocmu. [l[poeedeH cmamucmuyeckul aHa-
N1U3 pe3ysibmamos YUceHHO20 MOOeIUPOB8aHUS U UX NMposepKa Ha adeK8amHOCMb.

Knrodeenie croea: cmamucmuyeckoe modesiupoeaHue, cghepuyeckasi KOppenssyuoHHas yHKYUsl, ciekmpasnbHoe pa3rioxeHue, KOHOUYUOH-
HOoCMb Kapm.



