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ABOUT METHODS OF RANDOM FIELDS STATISTICAL SIMULATION
ON THE SPHERE BY THE AIRCRAFT MAGNETOMETRY DATA

(PexomeHAo8aHO YrieHOM pedaKyiliHoi koneaii 0-poM ¢pis.-mam. Hayk, npodp. b.I1. Macnosum)

There have been developed universal methods of statistical simulation (Monte Carlo methods) of geophysical data for generating
random fields on the sphere on grids of required detail and regularity. Most of the geophysical research results are submitted in digital
form, which accuracy depends on various random effects (including equipment measurement error). The map accuracy problem occurs
when the data cannot be obtained with a given detail in some areas. It is proposed to apply statistical simulation methods of random fields
realizations, to solve the problems of conditional maps, adding of data to achieve the necessary precision, and other similar problems in
geophysics. Theorems on the mean-square approximation of homogeneous and isotropic random fields on the sphere have been proved
by special partial sums. A spectral coefficients method was used to formulate algorithms of statistical simulation by means of these
theorems. A new effective statistical technique has been devised to simulate random fields on the sphere for geophysical problems.
Statistical simulation of random fields on the sphere based on spectral decomposition has been introduced in order to enhance map
accuracy by the example of aeromagnetic survey data in the Ovruch depression. It is divided into deterministic and random components
for data analysis. The deterministic component is proposed to approximate by cubic splines and the random component is proposed to
modeling on the basis of random fields on the sphere by spectral decomposition. Model example — the aircraft magnetometry data.
According to the algorithm we received random component implementations on the study area with twice detail for each profile. When
checking their adequacy we 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 Bessel type correlation
function. The final stage was the imposing array of random components on the spline approximation of real data. As a result, we received
more detailed implementation for the geomagnetic observation data in the selected area.

Keywords: Statistical simulation, spectral decomposition, spline interpolation, conditional maps.

Introduction. The problems of random fields statistical
simulation on the sphere with given probability
characteristics arise solving the actual geophysics
problems. In this case a special care is necessary for
reduction of calculations, amount of which rapidly grows
together with the dimension of the argument of the random
field. Different approaches related to the solving of problems
of random fields statistical simulation where described in a
lot of papers.

It is proposed in the papers (Buxea ma iH., 2010; Vyzhva
and Vyzhva, 2016) to apply methods of statistical simulation of
realizations of random fields on the plane, to solve the problems
of conditional maps, adding of data to achieve the necessary
precision, and other such problems in geophysics. The
approximations theorems and built on their base algorithms of
statistical simulation of Gaussian homogeneous and isotropic
random fields on the plane using the spectral representation
are considered. Model example is the aircraft magnetometry
data. Itis divided into deterministic and random components for
data analysis. The deterministic component is proposed to
approximate by cubic splines and the stationary random
component is proposed to modeling on the basis of spectral
decomposition of random fields on the plane. But the
magnetometry data was investigated on the great square,
because we consider it on the part of the sphere. It is proposed
the stationary random component to modeling on the basis of
spectral decomposition of random fields on the sphere in this
paper. Using the above method makes it possible to
supplement the missing magnetometry data in the study area
with greater accuracy than in the paper (Buxea ma iH., 2010;
Vyzhva and Viyzhva, 2016) with the 2-D method.

In this paper the algorithm of statistical simulation of
Gaussian isotropic random fields on the sphere using the
basic spectral representation (Buxsea ma 5dpeHko, 2000) is
considered.

Random field statistical simulation based on spectral
representation was introduced in order to enhance map

accuracy by the example of aeromagnetic survey data in the
Ovruch depression.

Methods of statistical simulation of random field on the
sphere based on representation it by stochastic sums was
considered in papers (Yadrenko, 1993, Chiles and
Delfiner,1999; Prigarin, 2005; Vyzhva, 1997; Vyzhva, 2003;
Buxea ma 510peHko, 2000) and other.

The spectral representation of isotropic random
fields on the sphere and approximation theorems. We

consider a real-valued isotropic random field & (7,8, @) on
the sphere Ss(r) on 3-D space (r,0,¢ - spherical
coordinates). It is known, that square-mean continuous real-
valued isotropic random field £ (7,8, @) , what is narrowing

on the sphere with radius r on 3-D Euclidean space R3, admit
the spectral decomposition

E(0,0) =3 . D () S0, ),

m=o0 I=—m

@ Jm+l(7br)
e =27 - | /=

0 (A r)?

{Z,ln (.)} is a sequence of orthogonal random measures on

where Zh @ny, and

Borel subsets from the interval [0,+), i. €.
p ” P
EZ, () Z,y ($3) =8 8, ©(5NS),
for any Borel subsets S, and .S,
where 8" is Kronecker symbol, ® (1) is the bounded

nondecreasing function so-called spectral function and
(x) are

spherical harmonics S,ln
Sh0.0) =2, Bl I(cos0) /14,
where Pnl1 (x) is associated Legendre functions degree m,
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The correlation function B(p) of the isotropic random

field &(r,6,9) on 3-D Euclidean space R® may by
presented (Vyzhva and Fedorenko, 2013) as an integral
Ji (Ap)

B(p)—\ﬂ

where @ (1) is spectral function, p is distance between the
y = (2,02, ¢2)):

p = \/7”12+1”22—2r1 r cosy,and cos - angular

d® (), (©)

points x, y € R® (x = (n, 01, ¢1),

distance
cosy =

between vectors X, y IS R3
cos 0y cos 0, +sin 6; sin 0, cos (§; —¢y).

The variances of gin (7) we obtain as

2
b, () = Varch (r) = E ‘g{n(r)‘ 1=1,2,...h (m, 3).

Than we have the formulas for coefficients bm(r)

oo Ji L O)

j ;—CI)(dk),m:O,l,.... (4)
-

0

We will call the coefficients bm(r) as spectral coefficients.
These coefficients are defined by the correlation function

B(p) inthe way:

by (r) =

T

bu(r) = 21 [ B(p) By(cosy) siny dy . (5)
0

The variance of random field & (7,0, ¢) we obtain by this as

E&z (r,0,9)=Var(r,0,¢)=n/2 i 2m+1Db,,(r). (6)

However, there is used the spectral decomposition of this
random field by solution problems of statistical simulation of
realizations of random fields on the sphere in 3-D space, on this
figurate real-valued random variables. Let us adduce that
decomposition. The following statement is true.

Theorem 1. Let&(7, 6, ¢) is a mean square continuous

realvalued isotropic random field on the sphere S3(r) in 3-D
space (r — radius sphere) with zero mean. Then this random
field admits (Buxea, 2011) the following spectral
decomposition:

£(r,0,¢) =

= i i&ml P,f, (cos 0) [gi,,jl(r)cos 1d +g£n’2(r)sin 1 7

g

where {glm,k(r)} (k=1,2),
! T It @0
Smi(r) = I ——=—— Z,x(d}X), — random values
o (Ar)?
sequences, satisfying the next conditions:
1) Mgy, 1 (r) = 0; ®)
2) My ( (NG (=8 8 8 by(), (@)

where 8p Kronecker symbol, ¢ constants sequences

oml T
are calculated by the formula (1), ab,, (r)— the spectral
coefficients (4).

Remark.

If we consider this theorem for the Gaussian isotropic
random fields & (7, 6, ¢) on the sphere, then random values

sequences {gﬁn,k(r)} in decomposition (7) are

interdependent independent Gaussian random values.

A procedure of the statistical simulation of random
fields on the sphere. The statistical simulation of
realizations of random fields on the sphere S3(r) on the basis
of spectral decomposition (7) is considered.

m=0 Approximation model is constructed by using the partial
sums of series (7)
& ! ! !
EN(r0,0) = D D"y By(cos 6) [ G, 1(r)c0s 1o + Gy 5 (r)sin 1 }, NeN (10)
m=0 /=0

The mean square approximation of random field
&(p,H,¢) by model (10) is

2

MIE(r, 0,0) —Ey (1,6, 0) |2£ch{ i @ﬂ)%(m}dcp(x) n/2 Z (2m+1)j%(mdq>m.

0 Lm=N+1 m=N+1
2 - 1
Elg(r,0,9)-En(r,0,9) <21 Y (m+5jbm(r) (11)
m=N+1
We need this mean square approximation in the convenient 5 3
form for the constructing statistical simulation of realizations of [ §(r,0,0)—E N (7r,0,0) ] 5 b3, (13)
isotropic random fields on the sphere algorithm. These N?
estimates were received in the following theorems. where
We denote the following: ©
3
+ _
me = | Mo (dn)., k=0,1,2, .... (12) by =] 2 @), (14)

Theorem 2. Let a mean square continuous realvalued
isotropic random field &(r, 6, ) on the sphere S3(r) in 3-D
space with zero mean(r — radius sphere). If i3 < +o0, then

the mean square approximation of this random field by
model (10) is such that

0
Proof: We estimate the inequality (13) by using (Buxsa,
2011) and (Yadrenko and Gamaliy, 1998) stated below.
Lemma 1. (Vyzhva and Fedorenko, 2016) We have the
next inegualites for the Bessel functions of the first kind :
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We obtain, applying the previous lemma,
evaluation for mean square approximation (11):

2m z (m-i— jb (r)=
m=N+1 2
JE )

© 1 —+m
2
(m+_j—
m=N+1 2 Ar

N>

the next

d(dL) <

3
D(d)) <> =
2N

(15)

o0 5(ur)t
2n.[0 ( ) U3,

AN*wr
where 3 is (14).

We can conclude, that the statement of Theorem 2 holds
true on the base Lemma 1.

Further we consider another estimate of the mean
square approximation of random fields on the sphere S3(r),
where the spectral function ® (L) satisfies the following

condition
0, IN+2
H2N+2:J.() }\. + q)(d}\.)<+00
Theorem 3. Let a mean square continuous realvalued
isotropic random field &(r, 6, &) on the sphere S3(r) in 3-D

space with zero mean (r — radius sphere). If py o < +o0,
then the mean square approximation of this random field by
model &y (7,6,0) (10) is such ineguality

2 2N+2r2N+2(N+1)!
MIe(r,6,0)~Ex (.6, 0) | Saven

where

Hon+2- (16)

+00
Honay = jo N2 (dn). (17)

Proof: We estimate the inequality (15) by using (Buxsa
ma ®edopeHko, 2013) and the lemma 2.
Let us give some properties of integral expressing (4) for

spectral coefficients b,,(r), m=0,1,... by means of the
results in the book Watson (Watson, 1949) and we proved
next lemma.

Lemma 2. If b,,(r), m=0,1,... is evaluated by formula
(4), then the following properties of it hold true

o0

> @m+ Dby (1) =21y (18)
m=0

© 2s+l S'

D @m+1)b,,(r) < < Brnm™ (19)

m=s
Proof. We derive, applying results Watson (Watson,
1949), p. 42 formula 2.6 (1), such us

20> .
JE (== I02J2m+1 (2%psin0)d6
—+m T

2
and p. 44, formula 2.7 (1) by n=1, such us

S emen ™ )

m=0

%z)

the equality (17) as

> @m+1)b,, (p) =
m=0
=700y L emeng} () =
m=0 §+m

2 p+oo B T © .
:;jo (Ap) 1_[02Z(2m+1)J2m+1(kasme)dOCD(dx)=
m=0

2t e 2
=;j0 Op) IJ.OZ(kps1n9)d9d>(dk)=;uo.

Then we obtain the inequality(18), by using formula 2.6
(1) Watson (Watson, 1949), p. 42, as follows:

[oe]

D @m+1)b,,(0,r) =

m=s

=[O0y Y eme I} ()0 =

m=s E-%—m

2w D '
:%J.O (*p) IJOZ Z(2m+1)]2m+1(27»psm6)d6(1>(dk), (20)
m=s
Then we use (m+2s)!>ml(2s)!=2%sml, Vm,s >0,

2.7 (1) Watson (Watson, 1949), p. 44, and the following
inequality holds

o0
D @m+1)Jy .1 (24psinG) =

m=s
e ~
= Z Cm+2s+1)J 0 5 (27»psin6) <
(m+2s+1—1) .
—=J - 2\ 0) <
2751 4 pr 2mi2s41(2APSinG)
. 25+1
< (kpsm 0) .

255!
We use the latter result and formulas 3.621 (1) C,P°
8.384 (1) Gradshteyn and Ryzhik (FpadwmeliH u Pbikuk,
1971) and obtain inequality (19) as

. 2s+1
1J~§(Kp51n6) o
>

0D (1) =
S5l

3 1y~ 0oy

2% 10 a6 [y 252
:EIO 17 [ 2(sin0)™ " doo (a) =
2p2s
2sn
2s+1p2s r2 (S+l) -
r(2s+2)"  @s+hin 2

where B(s+1,s+1) —is Beta function.

Thus, the statement of Lemma 2 holds true.
Finally, we use inequalities (15), (19) and equality (18)
and obtaine the mean square estimates for the

approximation of a random field &(r, 6, ¢) by model (10).
The finding estimate we find from

254272 B(s+1,5+ Dy =

25+1 p25

7s!
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We use Lemma 2 by s=N and the finding estimate of
Theorem 3 is written as (16). We can conclude, that the
statement of Theorem 3 holds true on the base of Lemma 2.
Using the approximation theorems 2 and 3 the algorithm of
the statistical simulation of realizations of isotropic random
fields on the sphere may be formulated. We formulate based
on the idea spectral decomposition of realvalued isotropic
random field on the sphere procedure of such kind. The first
one, of algorithm by Z.0. Vyzhva in (Buxea ma 510peHko, 2000)

is called "spectral coefficients" algorithm.
Below we describe the procedure for the statistical
simulation of realizations of Gaussian isotropic random

fields &(r, 0, ¢) on the sphere S3(r) (r—fixed radius sphere),
which was constructed on the basis of model (10) and
estimates (13) and (16).

Algorithm.

1. Natural number N (border of summation) is chosen
according to necessary € > 0 accuracy of approximation
the model (10) by means of one of the next inequalities (13)
or (16) mentioned below:

3
5
nr2 s <e, 1)

or

Hon+2 <e. (22)

(1)

(2N +3)!

1. Calculate the spectral coefficients b

m=0,1,...N by formula (5).

2. Simulate the sequences of independent Gaussian
random variables:

b (7)s i ()]s k=12 m=0,L2..N; 1=1,..m;

that satisfy conditions (8) and (9).
3. Calculate the realization of the stochastic random

field &(r, 0, ) by formula (10) in given point by means of
substituting in it values from the previous items 1, 2 and 3,

numbers N and sequences of Gaussian random variables.
4. Check whether the realization of the random field

E(r,0,9) generated in step 3 fits the data by testing the
corresponding  statistical characteristics  (distribution,
correlation function B(p) ).

The statistical simulation of realizations of the Gaussian
isotropic random fields on the sphere can be done by means
of this algorithm. If the random field have another type of
distribution, than we simulate the sequences of independent
random variables in step 2 with corresponding distribution.

Statistical simulation methods of random fields by
the aircraft magnetometry data. Most of the geophysical,
meteorology, oceanography and other research results are
submitted in digital form, which accuracy depends on
various random effects (including equipment measurement
error). The map accuracy problem occurs when the data
cannot be obtained with a given detail in some areas. In
such cases the methods of statistical modeling realizations
of random fields are recommended (Buxea ma iH., 2010;
Viyzhva et al., 2012) to supplement data missing.

There has been introduced random field statistical
simulation based on spectral representation on the sphere in

order to enhance map accuracy by the example of
aeromagnetic survey data in the Ovruch depression. The object
of research is data aero magnetic survey of 1: 10 000 scale in
the area 2500 x 2500 m? that was conducted during 1996—
2002 years (Fig. 1). The full magnetic field intensity vector T
was investigated. 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 — 625 points).

Because the magnetometry data was investigated on the
great square, we consider it on the part of the sphere. We
translate the Cartesian coordinates (x, y, z) of the three-
dimensional space, which are tied to the points of
measurement, into spherical coordinates (r,0, ¢) (r — fixed
radius sphere).

55
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43
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4,1

38
38

200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Fig. 1. The map of aeromagnetic survey data AT,,
in the Ovruch depression

While constructing data graphs for each account, we
noticed that it is expedient to distinguish deterministic and
random components. Deterministic function can be selected
in different ways. One determination method its analytical
form (trend f;(r,0,9) (i=1, 2, ..., 25 — profile numbers) as a
function of exponentially damped sinusoid or cosinusoid)
was considered in (Buxea ma ®edopeHko, 2013). But there
is @ more accurate way to select deterministic component —
approximation by cubic spline data. The difference between
spline approximation of data with gaps (e.g. due to one) for
each profile and spline curve for all points is a random
process that is frequently stationary for most profiles.

We introduce the notation for input data on the profile as
a random field mn;(r,0,p) (i — profile numbers) on the

sphere. The stationary random component &;(r,6,4)

(random fields) and trend f;(7,0,¢)as determined cubic

spline function were selected for each profile (i=1, 2, ..., 25).
Input data on the profiles is a random field

n(r, 8,0)=f,(r,0,)+&,(,0,9),i =7,...,20.  (23)
Solid line on Figure 2 shows a deposited spline
approximation S (r,0,¢) , built by means of the MathCad

software for PR1 (profile Ne1) data that are taken without
spaces. Parameters defined by the data were determined

for such spline. They ask each profile trend f(7,6,9).
Dashed line shows the spline approximation graph
S®(r,0,¢) of the first profile data with gaps due to one

point of observation (i.e. for 50 points out of 100). Noise was
obtained by calculating the following difference:

£.(r,0,0)=S"(r,0,0)-S”(r,0,4),1=7.8,..,20 . (24)
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From observations (values) of random component
€,(r,0,0),i=7,...,20 inall 13 profiles we created array that

frequently represents isotropic random field &(r,6, f)on

the sphere Ss(r) with zero mathematical expectation and
approximately Gaussian distribution (Fig. 3).

%
=

0.025 0.020 cau 400 0‘? DDW DGN 0010 0015 0020 0025
Fig.3. Observed values of random component in all 13

profiles (for PR7-PR20)
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Fig. 4. Variogram of input data arrays AT,, for PR7-PR20,
corresponding to Bessel type correlation function

J(ap) =4,2*107
B(p) = 3\E , (a=4,2*10%).

(@p)’

By fields of such properties we can apply the method of
statistical simulation of random fields on the sphere based on
their spectral expansions (Vyzhva, 1997), which allows
finding the perfect image of entire observations field for their
certain implementation values. So we generate additional
random component data in the points where geomagnetic
measurements were not carried out, for example, with double
precision intervals of 50 compare to 100 meters or between
profiles. We can impose this data on the spline curve trend

SV (r,0,4),i=7,...,20 for each profile and obtain more

detailed aeromagnetic survey data. This method differs from
the ftraditional interpolation method, which uses average
value of neighboring measured points for calculation point.
Our method takes into account the correlation between data
points and their statistical distribution. Using the above
method makes it possible to supplement the missing data in
the study area with greater accuracy than in (Vyzhva et al.,

0 1 2 3 4 5

Fig. 5. Variogram of simulated data arrays AT,, for PR7-
PR20, corresponding to Bessel type correlation function

J.(ap)
(ap)’

, (a=4,2410%).

v
B(p) = 3\E

2012) (the mean square deviation is 0, 225), taking into
account their statistical nature.
The built variogram of these implementations

€,(r,0,0),i =7,...,20 has the best approximation (the mean

square deviation is 0, 195) by theoretical variogram which is
connected to the Bessel type correlation function (Vyzhva,
1997), p. 214 for parameter a =4,2*10°3:

B(p) = 3\/E -
2 (ap)

where J, (ap) is the Bessel function of the first kind of order 3/2.

This  confirms the  adequacy
implementations to the real research data.
The spectral coefficients, which correspond to the

correlation function (25) of random field &(r,0,¢), are
calculated (Buxsa, 2011), p. 213 by the formula

J.(ap)

,(a>0) (25)

of  simulated
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b = = [JjHl(a »-J (ar) J _ (ar) ] (26)
ar 2 2 2

where J (ar) is the Bessel function of the first kind of order m.

These spectral coefficients we used in proposed above
algorithm. The statistical simulation of realizations of the
Gaussian isotropic random fields &,(7,0,¢),i =7,...,20 can
be done by means of this algorithm.

Variograms of input and simulated data arrays ATan for PR7-
PR20, corresponding to Bessel type correlation function (25) at

the value of the parameter a =4,2*10° are shown on Figure 4
and Figure 5 respectively. This confirms the adequacy of
simulated implementations to the real research data.
According to the algorithm we received random
component implementations on the study area with twice
detail for each profile. The final stage was the imposing array
of realizations ¢&,(r,0,9),i=7,..,20 what we got by

statistical simulation on the spline approximation of real data.
As a result, we received more detailed implementation for the
geomagnetic observation data in the selected area (Fig. 6).

Fig.6. 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 additional data
in the points with double precision intervals in the Ovruch depression M 1:10 000

Conclusions. The statistical simulation method of
random field on the sphere implementations makes it
possible to supplement with a given detail the measurement
results of magnetic field full vector on the great square
territory. The built variogram of random component has the
best approximation (the mean square deviation is 0, 195)
than in (Buxea ma iH., 2010; Vyzhva and Vyzhva, 2016) (the
mean square deviation is 0, 225) by theoretical variogram
which is connected to the Bessel type correlation.
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nPO METOAM CTATUCTUYHOIO MOAENIOBAHHS BUMTAQKOBUX MNOJIB HA COEPI
AnAa nAHUX AEPOMATHITOMETPII

Po3pobneHo yHigepcanbHi Memodu cmamucmu4Ho20 ModestoeaHHs1 (Memodu Monme-Kapno) 2eogpizuyHux daHux, siki Oaromb Moxnugsicme
po3esizyeamu npobremu 2eHepyeaHHs1 peai3ayili eunadkoeux nosie Ha cimyi cgpepu 6ydb-skoi pe2ynsipHocmi ma demanbHocmi. Y 2eogpizuyi 6i-
nbwicmb pe3ynbmamie 0ocliokeHb Nodaembcsi y yugposili hopmi, MoYyHicmb sIKOT 3anexums 8i0 pi3HuUx eunadkosux ennuesie (y momy yucri eio
noxu6ku eumiprosaHHs anapamypu). [pu ybomy euHukae npobema KoHOuUYiliHocmi kapm y eunadky, Konu daHi HeMOXJlu8o ompumMamu i3 3adaHoro
demasnbHicmio Ha desikux dinsiHkax. [nsi po3e'ss3aHHsi npobrnem KoHOuyiliHocmi kapm, 00noeHeHHs1 daHuUMU OJ1si 0Csi2HeHHs1 Heob6XiOHOI moYyHocmi
ma iHwux npo6nem nodi6Ho20 pody e 2eoghizuyHUX 3adaqax NPONOHyeMbCS 3acimocogyeamu Memoou cmamucmu4Ho20 Modeslto8aHHs peanisayil
sunadkoeux noJsie. BukopucmaHo meopemMu npo oyiHKy cepedHboKk8adpamu4Hoi anpokcumauyii i3omponHux eunadkoeux rnoJsie Ha cghepi 4acmko-
sumu cymamu psidie cneyianbHo20 euasnsdy, 3a A0MOMO20I0 SIKUX CGhOPMYIbLOBAHO a2opummu YucesibHO20 Modesllo8aHHs peani3auili makux eu-
nadkoeux nosie MemodoM criekmpanbHuUx KoegiyieHmie. Po3pobneHo Hosy eghekmueHy MemoOuKy 3acmocyeaHHs1 00 po3e'sa3aHHs 2e0hi3udHUX
3ada4y memodie cmamucmu4Ho20 ModesitoeaHHs1 eunadkKoeux nosie Ha cgpepi. Ha npuknadi daHux aepomazHimHoi 3lioMKu e palioHi OepyybKoi 3a-
naduHu enpoeadxxeHo cmamucmuyHe MoOeso8aHHs peani3ayili eunadkoeux roJsie Ha OCHogi crnekmpasnbHo20 po3knady y po3e's3aHHs1 npobrem
KOHOuYiliHocmi kapm wnsixom 0onoeHeHHs1 daHux 0o HeobxiOHoi demanbHocmi. lMpu aHanizi daHux no npoginsax ix po3dineHo Ha demepmiHosaHy
ma eunadkoey cknadoei. JlemepmiHoeaHy cknadoey daHux nMponoHyembcsi Habnuxamu Ky6idyHUMU crnnaliHamu, i3ompornHy eunadkoey cknadosy —
modesnoeamu Ha OCHO8I crieKmpasibHo20 po3ksiady eunadkosux rnojsie Ha cepepi (ModenbHull npuknad — daHi aepomaaHimHoi 3liomku). 3a Hasede-
HUM anzopummom 6ys10 ompuMaHo peanisayii eunadkoeor ckrnadoeoi Ha o6r1acmi AocnidxeHHs1 3 N10G80€EHO demarsibHICMIO M0 KOXHOMY npogbinto.
lMpu nepeeipyi ix Ha adekeamHicmb 3po61IeHO BUCHOBKU, W0 8idnosidHa cicmoepama sunadkoeoi ckniadosoi Mae 2aycciecbkuli po3nodin. [lo6ydo-
8aHa eapiozpama yux peasnizayili Mae Halikpauje HabsIuXeHHs Meopemu4HOr0 8apio2paMoro, sika rnoe's3aHa i3 KopessyiliHoro ¢yHkyiero 6eccerne-
8020 muny. 3asepwanbHUM emanom po6omu 6ysno HaknadeHHs1 Macusy sunadkoeoi ckiiadoeoi Ha crnnaliHogy anpoKcuMayiro peasibHUX 0aHux. Y
pe3ynbmami yb020 ompumaHo 6inbw demanbHy peanizayiro ns daHux 2eoMazHIiMHUX criocmepexeHb y eudineHiii o6nacmi. Ome, Memod cma-
mucmu4yHo20 Modesilo8aHHs1 peanisayili sunadkosux nosnie Ha cghepi dae Moxnueicms MakcuManbHO adekeamHo AornoeHUMU, i3 3adaHoto demarb-
Hicmto, aHuMu pe3yibmamu euMiplo8aHb MOBHO20 8eKMOpPa HanpyXeHocmi Ma2HimHo20 noss.

Knro4oei cnoea: cmamucmuyHe modento8aHHs1, cnekmpasnbHuli po3knad, cnnalH-iHmepnonsiyisi, KoHOuyiliHicmb kapm.
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O METOAAX CTATUCTUYECKOIO MOOENIMPOBAHUA CNYYAAHbIX NONEA HA COEPE
AnAa JAHHbIX ASPOMATHUTOMETPUU

Pa3pabomaHbi yHugepcasibHbie Memodbl cmamucmu4ecko2o modenupoeaHusi (Mvemodbl MoHme-Kapno) eeogpusudekux GaHHbIX, KOmMopbie
0darom 803MOXHOCMb pewums MpobrieMbl 2eHepuposaHusi peanusayuli ciyyaliHbix nosel Ha cghepe Ha cemke 060l demanbHOCMU U pe2ynsipHO-
cmu. B 2eogpusuke 6onbwiuHcmeo pesynsmamoe uccrnedoeaHuli nodaémcesi e yugposoli popme, moyHocms Komopol 3agucum om pasHbIX Ciy-
qaliHbIX 6JIUsIHUL (8 MOM 4Yucsie om Mo2pewHoOCMu usmMmepeHusi annapamypsl). [lpu amom eo3Hukaem npobrema KOHOUYUOHHOCMU Kapm 8 ciy4ae,
Ko20a daHHbIe HE8O3MOXHO MOJTly4Umb Ha HEKOMOPbIX y4Yacmkax. [ns peweHusi npobnem KOHOUYUOHHOCMU Kapm, A0nosiIHeHus1 0aHHbIMU Osi 0o-
cmuxeHusi Heo6xod0umoli mo4Hocmu u dpyaux npobrem nodob6Hoz20 poda 8 2eohusuyeckux 3adayax npedsazaemcsi MPUMeHsIMb MemoOdbl cmamu-
cmu4eckoz2o ModenuposaHusi peanu3sayull cryyaliHbix nonel. Mcnonb3oeaHbl meopeMbl 06 oyeHke cpedHekeadpamuyeckoll annpoKkcuMayuu u3o-
mponHbIX ciy4alHbIX noJel Ha cghepe YacmuYyHbIMU CyMMaMu psidoe creyuasbHo20 8uda, Mpu NoMowu Komopbix chopMyJIupo8aHbI an2opumms|
qucseHHo20 ModesiupoeaHusi peau3ayuli makux cry4YaliHbix noseli MemodoM criekmpasibHbIx KoaghpuyueHmos. PazpabomaHa Hoeasl aghghekmu-
8Hasi Memoduka npuMeHeHUs1 Memodoe cmamucmu4ecko2o ModesiupoeaHusi crly4aliHbix nonel Ha cghepe nNpu peweHuu 2eogpusudeckux 3aday. Ha
npumepe AaHHbIX a3pomMazHUMHoU cbEMKU e palioHe Oepyuykoli enaduHbl pa3pabomaHa Mmemoduka eHeOpPeHUsI Cmamucmu4ecko20 Modesiuposa-
Husi cny4aliHbix nosnel Ha chepe Ha OCHOBaHUU CNEeKMpPanbHO20 PO3JI0KeHUs1 Ol peweHusl Npo6nemM KOHOUYUOHHOCMU Kapm dornosiHeHuUeM OaH-
HbIX Heob6xo0umoli demanbHocmu. lpu aHanu3e 0aHHbIX MO NPOGUIsM, ux pa3desleHO Ha 0emePMUHUPOBaHHYIO U Cry4aliHyr0 cocmassisirouue.
HemepmuHuposaHHyto cocmassnisilowyto npednazaemcsi annpoKkcuMuposamse Ky6u4yeckumu cnnaliHaMu, U30mporHyto ciy4aliHyio COCMaessiouyro
— Modeniupoeams Ha OCHOB€E CrieKMpasibHO20 Pa3sioeHus cryYaliHbix nonel Ha cghepe (ModesnbHbIlU NpuMep — daHHbIEe aepPoMazHUMHOU CbEMKU).
C nomouibro nNpedrioXeHHo20 anzopumma 611U Mosy4eHbl peanusayuu cry4valiHol cocmaensiroujeli 8 o6acmu uccnedoeaHusi ¢ y0eoeHHolU Oe-
manbHOCMbI0 Mo Kaxkdomy npogpunto. [lpu nposepke ux Ha adekeamHocmb coeslaHbl 8bI800bI, 4MO COOMeemcmayruasi 2ucmozpamMma ciyqaltHol
cocmaensrouell umeem 2ayccoeckoe pacnpedesneHue. [locmpoeHHasi eapuozspamMma amux peanusayuli umeem Hauny4quwee npubnuxeHue meope-
mudyeckol eapuoz2pammol, Komopasi coomeemcmeayem KoppensiyuoHHoU yHKyuu 6eccesiego20 muna. 3akroyumesibHbIM 3marnom po6omsi 661710
HaJsoxeHue maccuea csy4aliHoli cocmaesisirtoweli Ha crnnaliHogyro anmnpoKcuMayuro peasbHbix OaHHbIX. B pesynomame nony4yeHa 6onee demanbHas
peanu3ayus 0511 0aHHbIX 2e0Ma2HUMHbIX Habro0eHull 8 ebidesieHHol obnacmu. Takum o6pa3oM, MemoOd cmamucmu4YecKko20 ModesiuposaHus pe-
anusayul cnyyaliHbix nosnel Ha cgpepe aém 803MOXHOCMb MaKCUMasibHO adekeamHo GOMOJSIHUMb, € 3a0aHHOU 0emanbHOCMbIO, OaHHLIMU Pe3yIlb-
mambl usMepeHull MoJIHO20 8eKMOPa HaNPsHXXEHHOCMU Ma2HUMHO20 MOJIsl.
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