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THE STATISTICAL SIMULATION OF RANDOM FIELDS WITH THE GAUSSIAN TYPE
CORRELATION FUNCTION BY THE INVESTIGATION OF THE MAGNETOMETRY DATA
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In the article, universal methods of statistical modeling (Monte Carlo methods) of geophysical data using the Gaussian correlation
function have been developed, which make it possible to solve the problems of generating adequate realizations of random fields on a
grid in three-dimensional space of required regularity and detail. Since in geophysics, most of the results of object research are presented
in digital form, the accuracy of which depends on various random influences, the problem of the condition of the maps arises in the case
when the data cannot be obtained with the specified detail in some observation areas. It is proposed to apply statistical simulation of
random fields methods, to solve the problems of conditional maps, supplement the required detail of research results with additional data,
to achieve the required accuracy of observations, and other similar problems in geophysics. An algorithm for numerical modeling of
realizations of homogeneous isotropic random fields in three-dimensional space with a Gaussian correlation function is formulated on
the basis of the theorem on estimation of the mean-square approximation of such random fields by the partial sum of the "spectral
decomposition” series. Using the example of data from aeromagnetic surveying in the area of the Ovruch depression, the proposed
algorithm for statistical modeling of random fields is implemented in solving the problems of map fitness by supplementing the data with
simulated adequate implementations to the required level of detail. When analyzing data by profiles, they are divided into deterministic
(trend) and random components. The trend is proposed to approximate by cubic splines and the homogeneous isotropic random
component is proposed to modeling on the basis "spectral decomposition” of random fields on 3-D space in the Ovruch depression.
According to the algorithm, authors received random component implementations on the study area with twice detail for each profile.
When checking their adequacy, authors made the conclusions that the relevant random components histogram has Gaussian distribution.
The built variogram of these implementations has the best approximation by theoretical variogram which is connected to the Gaussian
type correlation function. As a result of superimposing the simulated array of the random component on the spline approximation of the
real data, a more detailed implementation was obtained for the data of geomagnetic observations in the selected area. A comparative
analysis of the results of modeling realizations random fields with the Gaussian correlation function with other correlation functions is
carried out. Therefore, the method of statistical modeling of realizations of random fields in three-dimensional space with the Gaussian
correlation function makes it possible to supplement the results of measurements of the full magnetic field intensity vector with data with
a given detail as much as possible.

Keywords: Statistical simulation, spectral decomposition, a Gaussian correlation function, conditional maps.

Background

The tasks of random fields statistical simulation arise
solving the actual geophysics problems. The statistical
simulation of random fields method is used to solve the
problems of conditional maps, supplement the required
detail of research results with additional data, to achieve the

approximate by cubic splines. The stationary random
component of magnetometry data to modeling on the basis
of spectral decomposition" of 3-D random fields with the
Gaussian correlation function is proposed in this paper.
The algorithm of statistical simulation of homogeneous
isotropic random fields with this type correlation function

required accuracy of observations, and other. A special care
is necessary for reduction of calculations, amount of which
rapidly grow together with the dimension of the argument of
the random field in this case. Many different approaches
related to the solving of problems of random fields statistical
simulation were described in a lot of papers, for example
(Chiles, Delfiner, 2012; Vyzhva, 2011, 2021; Vyzhva et al.,
2020a, 2020b, 2020c; Tolosana-Delgado, Mueller, 2021;
Wackernagel, 2003).

It is proposed in the papers (Vyzhva et al., 2012, 2010;
Vyzhva, Z., Vyzhva, A., 2016) to apply methods of
statistical simulation of realizations of random fields on the
plane (2-D space), to solve the problems of conditional
maps, adding of data to achieve the necessary precision,
and other similar problems in geophysics. Example for
modeling is magnetometry data in those works. But the
magnetometry data was investigated on 3-D space. It is
divided into deterministic (trend) and random components
for 3-D data analysis. The trend is proposed to
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on the 3-D space using approximations theorems is
considered. Applying the above method makes it possible
to supplement the missing magnetometry data in the study
area with greater accuracy than in the paper (Vyzhva et al.,
2018a) with the Bessel type correlation function.

There has been an introduced random field statistical
simulation based on spectral representation in order to
enhance map accuracy by the example of aeromagnetic
survey data in the Ovruch depression.

Denote, that methods of statistical simulation of random
field on 3-D space based on representation of it by
stochastic sums was considered in papers example (Chiles,
Delfiner, 2012; Vyzhva, 2003, 2011; Vyzhva et al., 2013,
2018a) and other.

The spectral representation of homogeneous isotropic
random fields on 3-D space.

A real-valued homogeneous isotropic random field
&(r, 0, @) authors consider on 3-D space (r, 6, ¢ — spherical
coordinates). On 3-D Euclidean space R3, square-mean
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homogeneous isotropic random field &(r, 8, @), which is
continuous real-valued admit the spectral decomposition by
spherical harmonics this result was obtained earlier
(Yadrenko,1983; Vyzhva, 2003, 2011). This "spectral
decomposition” is the sum:

§r, 8, @) = c3¥m=o Zitom Sm(M) Sw(6, @), (1)
where the constant c; = v2m, random processes ¢, (1) are

integrals:
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where J,  1(Ar) is the Bessel function of the first kind of order
2

m +% and {Z},(.)} are the sequence of orthogonal random
measures on Borel subsets from the interval [0,+), i. e.
EZn(51) Zp(S;) = 8 83 @510 Sy),
for any Borel subsets S; and S,, here Sm' is Kronecker
symbol, ®(A) is the bounded nondecreasing function
(so-called "spectral function") and the spherical harmonics
Sk (x) are the product of functions:
S(0,9) = Emy Py | (cos B)el®,
where PL,(x) are associated Legendre functions of degree m,

~ 1 (m-=n!

ey = 2 \/g mo2 @m+1), 3)
, _{1, 1#0,
712, 1=0.

On 3-D area authors are considering the correlation
function B(p) of the homogeneous isotropic random field
&(r, 0, @) which depends on distance p between the vectors

XYy ER:x=(r;,01,91), y=(20,0),),
p=ry 2(1— cosy) =rsin(P/2),
where cos { is angular distance between vectors x, y € R3:
cosy = cosB,cos0; + sinB;sinb,cos (@, — @7).
It may by presented (Vyzhva, 2003) as an integral:

= o J1(Ap)
Be) = [3I7 Lo, @

where J1(z) is the Bessel function of the first kind of order

1/2, ®(1) is "spectral function”, p is distance between the
points x,y € R®: x = (11,01, @1), ¥ = (13,02, @2).
Authors obtain the variances of random processes ¢l, (") as:
by (r) = Var ¢k,(r) = E|ck,(r) |2, l=1,2,..,h(m,3).
Then authors have the formulas for coefficients b, (r) as
an integral:
J2 1)

0 “miz

Authors will call the coefficients b,,(r) (which depends on
spherical radius r) as
"spectral coefficients". These coefficients are defined by the
correlation function B(p) of the homogeneous isotropic
random field in the way:
by,(r) =2m f;B(p) Py, (cos §) sinys di. (6)

The variance of random field (r, 0, ¢) authors obtain by this
as the sum:

EEZ(T, e! (P) =Var E(T, er (P) = T[/Z Z‘;.;)l:()(zm + 1)bm(T) (7)

However, is used the "spectral decomposition" of
homogeneous isotropic random field on 3-D space by
solution statistical simulation problems of those random
field's realizations and in this sum figurate real-valued
random processes, which are real-valued random variables
by fixed spherical radius r. Let adduce that decomposition
in the Theorem 1. The following statement is true.

Theorem 1. Let {(r, 6, @) is a mean square continuous
realvalued homogeneous isotropic random field in 3-D
space with zero mean. Then this random field admits
(Vyzhva, 2011) the following "spectral decomposition":

§(r,6,0) =
= Ym=0 Li%oCm1 Pr(cos®) s, 1(r) cosle + 6y, 5 (r) sinle] (8)
where P.(x) are associated Legendre functions of degree
m, {¢h, x(M}, k=1,2 are random velues sequences of
random processes ¢, (r) as an integral (2), such that
satisfying the following conditions:
My, i (r) = 0; 9)
M 1 (1) G 1o () = 81 87 8 bm(r). (10
In (10) 65’ is Kronecker symbol, €,; are constants
sequences, which calculated by the formula (3), and b,,(r)
are the "spectral coefficients" (5).

Authors note, that the statement of Theorem 1 was proved
in a number of works (Yadrenko,1983; Vyzhva, 2003).

Remark. If authors consider this theorem for the
homogeneous isotropic random fields &(r, 6, ¢) with Gaussian
distribution, then random values sequences {c}, ,(r)} in
decomposition (8) are sequences of independent random
values (by fixed spherical radius r) with Gaussian distribution.

The model, approximation theorems and procedure of
the statistical simulation of homogeneous isotropic random
fields on 3-D space.

The statistical simulation of realizations of homogeneous
isotropic random fields on 3-D space on the basis of
"spectral decomposition" (8) is considered.

The approximation model of homogeneous isotropic

bm(r)zfo . ®(dr), m=0,1,.... (5) randc_nm fields.E(r,e,cp) is built u_sing series (8) which
consists of partial sums, and looks like:
En(r,8,0) = Xho Ty Cy Ph(cos8)[ T 1 (r) cosle + Tk ,(r) sinlg], N € N. (11)

The mean square approximation of random field §(p, 6, @) by model (11) is the sum:

T3y

MIE(r, 8, ¢) — En (.6, )| < nf

m=N+1

e o J2
z @m+ 1)J ]’”“)/\# dd Q).
0

m=N+1

EIE(r,0,9) = e (7, 6, @)I? < 2w T3y (m +3) b () (12)

Authors need this mean square approximation in the
convenient form for the constructing statistical simulation
of realizations of homogeneous isotropic random fields on
3-D space algorithm. The estimates of this mean square
approximation were received in the following theorems.

Authors denote the integrals as:

e = [7ND@N), k=0,1,2,.... (13)

Theorem 2. Let a mean square continuous realvalued
homogeneous isotropic random field (p, 8, ¢) on 3-D space
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with zero mean. If p; < +oo, then the mean square
approximation of this random field by model (11) is such
expression:

MEET0,¢0) ~ Gy 8@ < Tou,  (14)

where iz = 7 A®(dA). (15)

Authors note, that the statement of Theorem 2 was
proved in the article (Vyzhva et al., 2018a).

Further authors consider another estimate of the mean
square approximation of homogeneous isotropic random
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fields on 3-D space, where the "spectral function" ®(1) is

sutisfy the following condition:
+00

Hoy+2 = MN*2D(dD) < +oo.

0
Theorem 3. Let a mean square continuous realvalued
homogeneous isotropic random field on 3-D space with zero
mean. If p,y,, < 400, then the mean square approximation
of this random field by model &y(r,6,¢) (11) is such
ineguality:

2N+2 2N+2 N+1)!
MIE(r,6,0) = & (r,0,0)]2 < Tl o, (16)
where
Mowsz = Jy - AZN¥20(dD). (17)

Authors note, that the statement of Theorem 3 was
proved in the article (Vyzhva et al., 2018a).

The algorithm of the statistical simulation of
homogeneous isotropic random fields realizations on 3-D space
may be formulated by using the approximation theorems 2
and 3, which authors were considered before. Now authors
formulate the procedure of such kind, which based on the
"spectral decomposition" of realvalued homogeneous
isotropic random field on 3-D space (Theorem 1). For the
first time this type algorithm is called "spectral coefficients
algorithm" by Vyzhva Z.0. in (Vyzhva, Fedorenko, 2013a).

Below authors describe the procedure for the statistical
simulation of Gaussian homogeneous isotropic random fields
E(r, 6, @) realizations on 3-D space, which was constructed on
the basis of model (11) and estimates (14) and (16).

Algorithm

1. The natural number N, which is summation limit, is
chosen according to necessary accuracy &>0
approximation of the model (11) by means of one of the
inequalities (14) or (16). Those conditions for N, which must
be fulfilled, are listed below:

5mr3
SNz S
where ps is (15), or
N+2,.2N+2 |
i At U 2 (TZN+3()1:I+1)' Han+2 S €,
where 4 is (17).

2. The spectral coefficients by, (r), m=0,1,..,N are
calculated by formula (6) as the integral (r — fixed spherical
radius).

53

200 400 600 800 1000 1200 1400 1600 4800 2000 2200 2400
Fig. 1. The map of aeromagnetic survey data AT, in the Ovruch depression (built in Surfer)
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3. Let's simulate the sequences of independent
Gaussian random variables(r — fixed spherical radius):

{hxM} k=12m=012..N1l=1,.., m
that satisfy the conditions (9) and (10).

4. Let's calculate the realization of the stochastic random
field &(r,0,¢) by formula for model (11) in given point
(1.8, 9p), i=12,...,1;j=12,...,G;p=12,...,P  on
3-D space by means of substituting in it values from the
previous items 1, 2 and 3, numbers N and sequences of
Gaussin random variables.

5. Check whether the realization of the random field
§(r,0,p) generated in step 3 fits the data by testing the
corresponding  statistical characteristics  (distribution,
correlation function B(p)).

The statistical simulation of the Gaussian homogeneous
isotropic random fields realizations on 3-D space can be done by
means of this algorithm. By this authors must have information
about correlation function and distribution of this field. If the
random field have another type of distribution (not Gaussian),
then authors simulate the sequences of independent random
variables in step 2 with corresponding distribution.

The statistical simulation methods of random fields by
the aircraft magnetometry data on 3-D space.

The map accuracy problem occurs in geophysical
research, when the data cannot be obtained with a given
detail in some areas of investigation. The statistical
modeling methods of random fields realizations are
recommended (Vyzhva, 2003, 2011; Vyzhva et al., 2010,
2012, 2018a; Vyzhva, Fedorenko, 2013a, 2013b; Vyzhva Z.,
Vyzhva A., 2016) to supplement data missing in such cases.

In the presented work, the data of aeromagnetic surveys for
the Ovruch depression were studied, in order to improve the
accuracy of maps, on which the authors carried out statistical
modeling of random fields based on the "spectral representation”.
The object of geophysical research was the data of aeromagnetic
survey of 1:10,000 scale on the area of size 2500 x 2500 m?,
that was conducted during period 1996—2002.

The full magnetic field intensity vector T was investigated
(see the map on fig. 1). The work was carried out on
25 profiles with a distance of 100 meters between them
(X from 0 to 2500 m and Y from 0 to 2500 m) and authors
have for statistical analyses 625 points of investigation.
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Further authors translate the Cartesian coordinates
(x,y, z) of the three-dimensional space, which are tied to the
points of measurement, into spherical coordinates (r, 6, ¢)
for using our random fields statistical modeling method.

Authors did the data analysis, while constructing data
graphs for input data of each profile and authors think
that it is expedient to distinguish deterministic and
random components. The deterministic function (trend
fi(r,8,¢9),i =1,2,..,25 — profile numbers) can be selected
in different ways. One determination method was considered
in (Vyzhva et al., 2012). But there is a more accurate way to
select deterministic component — approximation by cubic spline
data (Vyzhva et al., 2010, 2018a; Vyzhva, Z., Vyzhva A,
2016). The difference between spline approximation of data
and input data is a random process that is frequently stationary
for most profiles of investigation.

140

Authors use the notation of the input data on the profile

as a random field n;(, 6, @), where i is profile numbers. The
stationary random component &;(r, 6, ¢) (random fields) for
input data and trend f;(r,8, ) as determined cubic spline
function were selected for each profile (i = 1,2, ..., 25). Thus,
the input data on profiles is a random field in the form of a sum:

M:(56,0) = fi(r,0,90) +&(,0,¢9), i =7,...,20. (18)

Now authors introduce the notation of spline
approximation for input data in the profile number i as
Si(l)(r, 0, @), built by means of the MathCad software for PRi
(profile Ne i) data. Parameters defined by the data were
determined for such spline in the profile.

Based on observations (values) of random component
&(r,8,¢9), i =7,...,20 in all 13 profiles authors created array
that frequently represents isotropic random field £(r, 8, ¢) on
3-D space with zero mathematical expectation and
approximately Gaussian distribution (fig. 2).

Number of random
components

-0,025 -0,020 -0,015 -0,010 -0,005

0,000 0,005 0.010 0.015 0,020 0,025

Fig. 2. Histogram for observed values of random component for input aeromagnetic survey data in all 13 profiles
(for PR7-PR20) in the Ovruch depression. The red line indicates the density of the Gaussian distribution

By availability of such properties of input data, authors
can apply the method of statistical simulation of random
fields on 3-D space based on their "spectral decomposition”
(8) for aeromagnetic survey data, which allows finding the
perfect image of entire observations field for their certain
implementation values. So, authors generate additional
random component data in the points from investigation
areas on 3-D space where geomagnetic measurements
were not carried out, for example, with double precision
intervals of 50 compare to 100 meters or between profiles.
Authors can impose this modeling data on the spline curve
trend Si(l)(r, 6,9),i =7,...,20 for each profile and obtain
more detailed aeromagnetic survey data in the field of
observations. This method differs from the traditional
interpolation method, which uses the average of neighboring
measured points for the calculation point. Our method takes
into account the statistical distribution of airborne magnetic
survey data and the correlation between data points. Using
the above method makes it possible to supplement the
missing data in the study area with greater accuracy than in
(Vyzhva, Fedorenko, 2013b). (the mean square deviation is
0, 225) and then in (Vyzhva et al., 2018a) with Bessel type
correlation function (the mean square deviation is 0, 195),
taking into account their statistical nature.
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The built variogram of these implementations
§(r,0,0),i =7,...,20 has the best approximation (the mean
square deviation is 0,011) by theoretical variogram which is
connected to the Gaussian type correlation function
(Vyzhva, 2003) for parameter c ~ 4,2 * 1073, In this case,
the Gaussian type correlation function has form:

B(p) =exp {—c p?},c>0. (19)

This confirms the adequacy of simulated implementations
to the real research data.

Based on this article, the authors have built an
improved algorithm for the statistical simulation of
Gaussian isotropic random fields on 3-D space with
Gaussian type correlation function.

The "spectral density" is obtained by Gaussian type
correlation function (19) as foIIowmg formula:

}\2
09 =G (=13 (20)
According to formula:

by (r) = (g)z 2—1rexp { —2rc2}1m+% (2cr?) (21)
are calculated the "spectral coefficients", which correspond
to the Gaussian type correlation function (19) and spectral
density (20) formula of random field §(, 6, @), where I,,,(2)
is the modified Bessel function of the first kind of order m.
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These "spectral coefficients" authors used in proposed
above algorithm. The statistical simulation of realizations of the
homogeneous isotropic random fields &, (r,6,¢),i =7,...,20 on

3-D space with Gaussian type correlation function can be done
by means of constructed algorithm.

Earlier, based on the estimate from (Vyzhva et al.,
2018b), and model (11), an algorithm for statistical modeling
of realizations of Gaussian homogeneous isotropic random
fields was described. In the case of the Bessel-type
correlation function, this algorithm was constructed in
following (Vyzhva et al., 2018a, 2018b). In the articles
(Vyzhva et al., 2019, 2020) the considered algorithm was
constructed for the spherical correlation function and in the
paper (Vyzhva et al., 2020b) this algorithm was constructed
for "cubic" correlation function.

Below authors describe the procedure for the statistical
simulation of Gaussian homogeneous isotropic random
fields &(r, 6, @) realizations on 3-D space for random fields
with Gaussian type correlation function.

The algorithm for random fields with Gaussian type
correlation function.

1. The natural number N, which is summation limit, is
chosen according to the required accuracy € > 0 of the
approximation of the model (11). In this case, for the
Gaussian type correlation function "spectral coefficients"
(21) of the model (11), the condition is fulfilled:

5 3
SCEE (22)

where
o) 2
Mg = 1/2vVmed [~ Mexp (— :—c)dl.
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Empirical and simulated variogram y(p)

Correlation distance

0.0

0 1 2 3 4 5
Fig. 3. Empirical (black line) and simulated
(red crosses) variograms of input data arrays ATan
for PR7-PR20, which corresponding to Gaussian type
correlation function B(p) = exp {—cp?} (c ~ 4,2 +x1073)

The variograms of input and simulated data arrays ATan
for PR7-PR20, corresponding to Gaussian type correlation
function (25) at the value of the parameter c ~ 4,2 * 1073 are
shown in fig. 3 and fig. 4 respectively. This confirms the
adequacy of simulated by this algorithm implementations to
the real aeromagnetic survey research data. So, authors
generated the adequate random component
implementations on the study area in the Ovruch depression
with twice detail for each profile, according to this algorithm.

The final stage of our method was the superimposing of
realizations array &;(r,6,¢), i =7,...,20, that we got by
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2. For the Gaussian type correlation function (19), the
"spectral coefficients" b,,(r), m =0,1,2,...N are calculated
as the integral (21).

3. Let's model the sequences of independent Gaussian
normal random variables which have the form {c}, ()},
k=12, m=012,... N; lL=1,..., m; which satisfying
the conditions (22) with "spectral coefficients" (21).

4. By substituting the calculating number N, "spectral
coefficients" values b,,(r), m=0,1,2,...N, for the Gaussian
type correlation function {ci, (1)}, k =1,2; m=0,12,..N;
l= 1,..., m; and obtained in the previous items 3 sequences
of Gaussian random variables into formula (11) for the
model, authors calculate the realization value of the random
field £(r, 0, ¢) at the given point on 3-D space: (r;,6;,¢,),
i=12,...,1;j=12,...,G; p=1.2,...,P.

5. Authors check whether the realization of the random
field £(r, 6, @) generated in step 4 fits the data by testing the
corresponding statistical characteristics (distribution and
Gaussian type correlation function).

The implementation of the above algorithm makes it
possible to more accurately fill in the missing aeromagnetic
survey data in the study area in the Ovruch depression. The
authors generate additional data realizations of the random
component in the points from investigation areas where
geomagnetic measurements were not carried out (with a
double precision interval of 50 meters compared to 100 meters
between profiles). Next, a statistical analysis of
implementations modeled according to this algorithm is
carried out. For this purpose, semivariograms of arrays of
input and simulated data were constructed.

fir FHhdE g
A nr ity
b S AR R,
w47
&y ++E+
- u*a:'*‘ oy e
= £, E s 2
s

06

04

Empirical and simulated varioaram v(o)

Correlation distance p

T T T T T T

0 1 2 3 4 5

Fig. 4. Empirical (black line) and simulated (red crosses) variograms
of simulated data arrays ATan for PR7-PR20, which corresponding
to Gaussian type correlation corresponding to Gaussian type

correlation function B(p) = exp {—cp?} (c = 4,2 «1073)

statistical simulation, on the spline approximation

Si(l) (r,8,¢9), i =7,...,20 of real aeromagnetic survey data.
Finally, authors received more detailed implementation for
the geomagnetic observation data in the Ovruch depression
selected area as a result of our modeling work. Authors built
the map (a) of aeromagnetic survey data ATan (general map)
and the map (b) of aeromagnetic survey data ATan with
generated by the Gaussian type correlation function
additional data in the points with double precision intervals
in the Ovruch depression (fig. 5).



~ 86 ~

B 1 CH U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca LleBueHka

ATan, nT

42

S

@ oW
= w

A Tan, nT

o
Sy

FEEEEEEE N EEE
® © B N T S S M Y S

w
-

Fig. 5. a) The map of aeromagnetic survey data AT,, (general map) M 1:10 000, (PR 7-20);
b) the map of aeromagnetic survey data AT,, plus generated with the Gaussian type correlation function additional data
in the points with double precision intervals in the Ovruch depression M 1:10 000 (built in Surfer)

Conclusions

The method of statistical simulation of a random field on
spatial three-dimensional realizations makes it possible to
supplement the measurement results of the full vector of the
magnetic field over a great square area in the Ovruch
depression with a given detail.

The built variogram of random component for
aeromagnetic survey data has the best approximation by
theoretical variogram which is connected to the Gaussian
type correlation function (the mean square deviation is
0,011), then in (Vyzhva et al., 2010; Vyzhva, Z., Vyzhva A.,
2016) which is connected to the Bessel type correlation
function (the mean square deviation is 0,225).

The algorithm for statistical simulation of realizations of
Gaussian homogeneous isotropic random fields in three-
dimensional space with a Gaussian-type correlation function
proposed for use in this paper is an important addition to the
Monte Carlo method used in geophysics. It can also be used
to detect abnormal areas.
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CTATUCTUYHE MOOENIOBAHHSA BUNAAKOBUX MONIB I3 FTAYCCIBCbKOIO KOPENALIAHOIO ®YHKLIEIO
Ona [OCNIAKEHHSA OAHUX MATHITOMETPIT

Po3po6neHo yHieepcanbHi Memodu cmamucmu4Ho20 ModesitoeaHHs1 (Memodu MoHme-Kapiio) 2eoghisuyHux daHux i3 3acmocyeaHHsm aycciecbkol
KopensyiliHoi gpyHKyiT, siki datomb 3Mo2y po3e’s3amu npobrieMu 2eHepyeaHHs1 adekeamHux peanizayili eurnadkoeux nosiie Ha cimyi 8 mpusumipHomy
npocmopi 6ydb-sikoi peaynspHocmi ma demansHocmi. Ockinbku e 2eoghizuyi 6inbwicms pe3ynbsmamie docnidxeHb 06'ckmie nodaembcs y yugposil
ghopmi, moyHicmb sIKOT 3anexums eid pi3HUX eurnadkoeux ernueie, Mo npu YbLoOMy 8UHUKae npobriemMa KOHOUUilIHocmi kapm y eunadKy, konu AaHi He-
MOXJIueo ompumamu i3 3adaHoro demasnbHicmio e desikux OinsiHkax criocmepexeHb. [ns po3e'a3aHHs npobrieM KOHOUUilIHOcmi Kapm, OOMNO8HEeHHs
dodamkoeumMu OaHUMU Nompi6Hoi demanbHocmi pe3ynbmamie AocnidxeHb, Onsi docsi2HeHHs1 Heob6XiOHOi MoYHOCMi crnocmepeXxeHb ma iHWUX MpPo-
651eM Nodi6bHo20 pody e 2eohizuyHUX 3adayax NMPOMNOHYeMbCS 3acmocoeyeamu Memodu cmamucmu4YHo20 MoOesIro8aHHs1 eunadkoeux rnoisiis.

CohopmynboeaHo an2opumm HYucesibHO20 MOOest08aHHs peanizayili 0OHOPiGHUX i3omponHUX eunadkosux rnoJsie y mpueumipHoMy npocmopi 3
laycciecbkoto KopensyiliHor hyHKYieto Ha OCHO8I meopeMu rpo oyiHKy cepeOHbOKeadpPamuYyHoOI anpokKcumayii makux eunadKoguXx roJlie Yacmko-
800 cyMoro psidy "cnekmpasibHo20 po3knady”. Ha npuknadi daHux aepomazHimHoI 3lioMku e palioHi Oepyubkoi 3anaduHu ernpoeadkeHo 3anpomno-
HOoBaHUU asl20pumM cmamucmu4Ho20 MoOesIto8aHHs 8UNadKo8UX roJlie y po3e’'sa3aHHi npobnem koHAUYiliIHOCMI Kapm wsixoM A0MO8HEHHS 0aHuUX
3Modesibo8aHUMU adekeamHuUMu pearnisayissmu do HeobxidHoi demanbHocmi. 1id yac aHanizy daHux no npoginsix ix po3dineHo Ha demepmiHogaHy
(mpeHd) ma sunadkosy cknadosi. TpeHd daHUX NMPOMNOHyemMbCs Habnuxamu KybiyHumu cnnaliHamu, OOHOPiOHY i3omponHy eunadkosy cknadosy —
modentoeamu Ha ocHoei "cnekmpasnbHo20 po3knady” eunadkoeux rnosie y mpusumMipHomy npocmopi. ModenbHuli npuknad — 0aHi aepoma2HimHoi
3loMKu Ha mepumopii Oepyybkoi 3anaduHu. 3a HaeéedeHUM asizopummom 6ys10 ompumaHo peasni3auii eunadkoeoi cknadoeoi 8 o6nacmi dociii-
O)xeHHs1 i3 nodeoeHo0 AemasibHicmio Mo KoxxHomy npogpinto. lMepesipsiroyu ix Ha adekeamHicmb, 3po6sIeHO UCHOBKU, W0 eidnoesidHa 2zicmozpama
sunadkoeoi cknadoeoi Mae 2aycciecbkuli po3nodin. [lo6ydoeaHa eapiocpama yux peanizayili Mae Halikpauye HabrIuXXxeHHs1 meopemuYyHolo eapioe-
pamoro, sika noe 'a3aHa 3 kopesnsyiliHoto ¢pyHKyiero Maycciecbko2o muny. Y pe3ynsmami HaknadeHHs1 3M00esIb08aHO20 Macuey eunadKoeoi ckiado-
80i Ha cnnaliHosy anpokcumayiro peanbHuUx 0aHUX ompumaHo 6inbw demanbHy peaniszayito 0ns 0aHUX 2eoMa2HimMHUX criocmepexeHb y audineHil
o6nacmi. [poeedeHo nopieHsNbHUL aHani3 pe3ynsmamie ModesiroeaHHsl peanisayili eunadkoeux noJiie i3 [aycciecbkoro KopensuiliHor yHKyieo
3 iHwumu KopensiyiliHumu gpyHkyissmu. Omixe, Memod cmamucmu4YyHo20 MOOest08aHHS peanisayili aunadKoeux rosiie y mpueumipHoMy npocmopi 3
laycciecbkoto kopensyiliHoro yHKYiero 0ae MOXIusicmb MakcuMasibHO adekeamHo AonosHUMU 0aHUMU i3 3adaHoro demarnbHicmio pe3ynbmamu
euMiprogaHb M0BHO20 8€KMOPa Harpy)XeHocmi Ma2HimHO20 MnoJis.

Knw4yoBi cnoBa: cmamucmuyHe Modesiro8aHHsI, cnekmpasnbHuli po3knad, Maycciecbka kopensyiliHa ¢pyHKuUiss, KOHOUUiliHicmb kapm.
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