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SIMULATING ANGULAR MOMENTUM OF GRAVITATIONAL
FIELD OF A ROTATING BLACK HOLE AND SPIN MOMENTUM
OF GRAVITATIONAL WAVES

Y. MATSUKI, P.I. BIDYUK

Abstract. In this research, we simulated the angular momentum of gravitational
field of a rotating black hole and the spin momentum of gravitational waves emitted
from the black hole. At first, we calculated energy densities of the rotating gravita-
tional field and spinning gravitational waves as the vectors, which were projected on
the spherical curved surface of the gravitational field and of the gravitational waves.
Then we calculated the angular momentum and the spin momentum as the vectors
perpendicular to the curved surface. The earlier research by Paul Dirac, published in
1964, did not select the curved surface to calculate the motion of quantum particles;
but, instead, he chose the flat surface to develop the theory of quantum mechanics.
However, we pursued the simulation of the gravitational waves in spherical polar
coordinates that form the spherical curved surface of the gravitational waves. As a
result, we found that a set of anti-symmetric vectors described the vectors that were
perpendicular to the spherical curved surface, and with these vectors we simulated
the angular momentum of the rotating black hole’s gravitational field and the spin
momentum of gravitational waves. The obtained results describe the characteristics
of the rotation of a black hole and of spinning gravitational waves.

Keywords: gravitational waves, angular momentum, curvature tensor, stress-energy
tensor, black hole.introduction

INTRODUCTION

Research question

In our previous two researches [1, 2, 3], we reported that the antigravity and anti-
gravitational waves appear when a black hole rotates, but we also reported that
further research is needed to identify the vectors, which are pependicular to the
rotating axis of the gravitational field and the gravitational waves. Then, in this
new research, in order to further investigate this problem, we assumed as if the
“sin @ component” to the rotational axis of ¢ represents the perpendicular direc-

tion of the curved surface described by spherical polar coordinates.

Theory of movement of the curved surface in the time-space coordinates

Dirac [4] explained two types of coordinate systems that describe time and space:
one is in the flat space-like surface (Fig. 1), and another is the curved space-like
surface (Fig. 2). In each figure three-dimensional surfaces (.S;,S,,S5,5] in Fig. 1

© Y. Matsuki, P.1. Bidyuk, 2021
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Y. Matsuki, P.I. Bidyuk

and S in Fig. 2) are placed in four-dimensional time-space, where x,, is for time
and x;,x,,x3 are for the space. (Einstein’s special theory of relativity is explained

in Fig.1, while the general theory of relativity [5] is explained in Fig. 2) Dirac [4]
described that Fig. 2 represents a three-dimensional curved surface in a four-
dimensional space-time, which has the property of being everywhere space-like,
and the normal (perpendicular) vector to the suruface must be in the light-cone in
the Fig. 2. Dirac predicted that this perpendicular movement to the curved space
must be physically meaningful.

0 L
0
x S| X

A !
T /jk)

Sy
S
x'xx x'xx
Fig. I. Flat space-like surface Fig. 2. Curved space like surface

(adapted from Reference [4])

In our research, we simulated the gravitational field and gravitational waves
in the curved space-like surface using the spherical polar coordinate system so
that we could still use the orthogonal transformation for modelling the rotation of
a black hole. In our previous research [6], we simulated the energy density of the
gravitational field and of the gravitational waves, also with the spin angular mo-
mentum of the gravitational waves on the flat surface; but, not the movements of
the vectors perpendicular to the curved surface. In this article we report the result
of our next research about the simulation of perpendicular component of the
movement of the curvature tensors.

Curvature tensors

In this research, we used the same curvature tensors that we derived for our previ-
ous researches [2, 3], but we reorganized the components in the following for-
mula for the gravitational field:

R, O 0
RP«V = 0 R22 0 5
0 0 Ry
20 I
where R, = -+ VER
3p—1)° 18m(p—1)
Ry =— 28 o053 T 214077’1 . -42 +cot* 0,
W (p—-1) I (p—1)" sin"6
_ 2
and R, = 28 140m 4 Ilcot” 0

+ + +
oOu*(p-1)'""sin’0 9u’(p—1)*sin’0 sin’O  sin’O
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Simulating angular momentum of gravitational field of a rotating black hole and spin ...

then we formulated the body vector of the black hole: R = [Rll Ry, Ri ]T .

And for the simulation of the gravitational waves, we used the following
formula, as three diagonal components of a 3 x3 matrix:

.. —16 2 2u u
For ¢=m=1: N2 afm N2 — 03 N3
p-1" 3(p-1)° 8lm(p—1) Im(p—1)
u 2 224m 224m
- 3 > T3 R 4 - 2"
Imp-1)"" (p—1)° W (p—1)° 9u(p—1)'sin°0
For ¢=n=2: 240289 82 , and for g=n=3:L2—32c0t26
sin"0 sin“0 9(p—-1)

and similarly we formulated the wave vector: g = [g1 2 & ]T

The curvature tensors of gravitational waves, which penetrate the boundary
of a black hole [2], are:

on
g Pe-en +g,g(151 (gpg,n _(1/2)ggn,p)+g,%1 (gcg,n _(1/2)ggn,c)+
+(1/2)8™ gpp&pcp&nepo +(1/2)8™ 8pp8pc po&nep ™ (1/ 2) &5 8pp&pe p&ne s+
+(1/ 8™ 8pp08pep&nep™ 1/ D8 & pp&oc p&enpp T(1/2)8 " Cpp&ocpp&enp+
66 oG
+(1/2)8 > 8pp8ocp8nep T (1/2)8 " €pp.p8ocp8rep -

Distortion of time and space in strong gravity

We used the same assumption of our previus research [3] for simulating the dis-
tortion of time and space, as shown in Fig. 3 and Fig. 4. In these figures,t is a
relative time in the coordinate system, which expands and shrinks depending on
the distance r, where T=¢+ f(r); and p is the relative distance, which expands

and shrinks depending on the time ¢, where p=t+ g(r); and f(r) and g(r) are
functions of r. For the simulation we assumed Case-1: f(r)=Ilogr; and

g(r)=e" (non-linear); and Case-2: f(r)=1/r,and g(r)=r (linear).

Tt p Tt Tt p
24 12E10 26 =26
22 24 T
20 1E10 55 | F
18 20 25
8E9
1® 18
16
4 6E9
14 N
12 B 24
12
10 4E9
10
3
kB
6 5 23
4 0 n
2 2
0 0

-2E9 22
012345678 9101112131415161718192021222324 D1234656780101112131415161718192021222324
Distance (r) Distance (r)

Fig. 3. Time and distance from the center Fig. 4. Time and distance from the center
of the gravitational field, Case-1 (non-linear of the gravitational field, Case-2 (linear

distortion): f(r)=lograndg(r)=e" distortion): f(r)=(1/4)and g(r)=r
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ALGORITHM

We used the same algorithm that we used for our previous research [3] to simu-
late the relative strengths (intensities) of the curvature tensors, which are reflected
by the stress-energy tensor that is placed at the end of the distance » in Fig. 3 and
Fig. 4.

Einstein’s field equation [5] that rules the motion of particles in the gravitational
field is as follows: (R" —(1/2)g""R), =0. Then R, —(1/2)g, R = kT, where
T is the stress-energy tensor and k£ is a constant [7]. By calculating, ¢ and
V(c), as shown below, we estimated the relative strength of each component of

R, to the stress-energy tensor in the system of spherical polar coordinates:
H=kT =R, =kT — (| X| + 2 X, + 3X3),

and H? ={kT — (¢, X| + ¢, X5 +¢3 X3)}2,

where ¢, ¢,, and c; are the coefficients, which make a column vector c¢. And

X=[X;, X, X;],then H =kT' —Xc. Then we set the constraint X'H =0,
then X'(kT — Xc) =0, where X'is transpose matrix of X .

Then X'Xe=X'kT, c=(X'X) ' X'kT and £=V(c)=6>(X'X)"", where
V(c)=c” is the variance of the ¢ and &> =e'e/(n—1I), where e=MkT,
M=I-X(X'X)"'X', n is the number of rows of each column of X (in this
simulation n=23), [/is the number of columns of X, /isa 23x23 unit matrix

that holds 1 on all diagonal elements and 0 for the other elements, (X'X)" is the
inverse matrix of X'X , and ¢’ is the transpose vector of e.

Rotation of the black hole (an object), which contains strong gravity that
distorts time and space

When an object rotates as shown
in Fig. 5, its coordinate system
will be transformed by the trans-
formation matrix D of the Eu-
ler’s angles [7]. For the rotation
around one axis of ¢ the ten-

sors of the object’s coordinate
system will be multiplied by the
matrix

coseo sing 0
D=|-singp cose O0].
0 0 1

And then the curvature ten-

sor R, will be transformed to:

Fig. 5. Rotation of an object
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cosp sing O |[R; O O cos@-Ry; sing-Ry,, O
DR, =|-sing cosp 0|1 0 Ry 0 [=|-sin@-Ry; cos@-Ry 0
0 0 1 0 0 Ry 0 0 R33
Here the components sin@ - R,, and —sin¢- R, are anti-symmetrical, which
are perpendicular to the rotational axis z=x; for ¢ of Fig. 5.

Given the above transformed curvature tensor after the rotation, at first we
calculated the relative strength of the principal moment of the rotation by the
diagonal components of DR ,,, which are

v
drR,;, 0 0 cosQ- Ry, 0 0
0 dR22 O = 0 COS(P . R22 0
0 0 Ry 0 0 Ry

to formulate H =kT —(c;dR; + c,dR,, + c3R33) , then the algorithm follows as
explained above.
And then we also calculated the anti-symmetrical components of DR,

which are
0 sing-R,, 0 0 Ry,dQ; 0
—sinQ- Ry, 0 0|=|—RydQ; 0 0
0 0 0 0 0 0
dRy, Ry, - dQ;
to calculate |dR,, |=|—R;;-dQ;| to formulate H =kT —(c; Ry, -dQ;—
dR; 0
—c, - Ry -d€3), then the same algorithm follows as explained above.
0 dQ; 0
Here, | —dQ; 0  0|=¢is an infinitesimal rotation operator; while in general;
0 0 0
0 dQ; —-dQ,
e=|—dQ, 0 dQ, |, according to Reference [7]; but in this our simula-

dQ, —-dQ, 0
tion dQ; =dQ, =0, and dQ; =sin¢. It calculates rotated vector as the cross-
product of R, and dQ,

dR;, Ry || 4O, Ry, dQs5 — R33dQY,

For the simulation of gravitational waves, simply R;;, R, and Rs;, are re-

placed by the diagonal components of the gravitational waves, and henceforward,
the same algorithm follows.
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SIMULATION

Input data

Time ¢ is set as shown in Fig. 3 for Case-1 and in Fig. 4 for Case-2, with which
its slope to the distance » from the center of the gravitational field is a constant.
For simulating the spatial expansion of the gravitational field we assumed, as if 0
becomes larger in far distance. On the other hand, for simulating the flow of grav-
itational waves we assumed, that 6 becomes smaller in far distance, as shown in
Fig. 6. For simulating the rotation of the object we set two cases assuming ¢, (the

rotationl) and ¢, (the rotation 2) also as shown in Fig. 6. With these settings
sinf, cosO,cotO and cos @ behave like it is shown in Fig. 7.

Degree
450

400

350

300

250

200

150

100

50

a

0123458878 8101121314151617 123102021 2223 24
r

Fig. 6. Angles 0 and ¢ for simulating gravitational field and gravitational waves

cotB, cot,

12 12 cot B,
o
1.0 —=— c0s 0,
410 .
0.e —— sin 0,
08
cos @ 18
1 aa |~ COS P,
cosg, .
. : {8 i
sin 0, 15 —wsin0,
. ]
sin 0, - COS @,
cos 0, *2
cos 0, 04 —u—z cos 0,
Y
0.8
10 ——+cot 0,
1.2 2

01234667880101112121415181712192021222324
t
Fig. 7. SinB, cos0, cotO, and cos@ of the simulated gravitational field
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In addition, for this simulation we set the stress-energy tensor k7 =1;

because, the purpose of this simulation is to measure the order of magnitude of
the relative strength of each component of R, and the gravitational waves to the

stress-energy tensor.

RESULT

Gravitational field

Fig. 8 (Table 1) shows the relative strengths of the gravitational field of the black
hole, which are the gravitational field energy, projected on the spherical curved
surface, and the angular momentum on the perpendicular vector to the surface, in
Case-1 (non-linear distortion of the time and space) and Case-2 (linear distortion
of time and space). As the rotation becomes more frequent from the rotation 1 to
the rotation 2, the angular momentum (the perpendicular vector) changes from
positive to negative. It means that the direction of the angular momentum chang-
es, depending on the frequency of the rotation of the black hole. On the other
hand, on the curved surface the gravitational field energy is negative (gravity)
before the rotation in Case-1, but it changes to positive (antigravity) in the rota-
tion 1, and then to negative (gravity) again in the rotation 2. It means that the an-
tigravity appears, depending on the frequency of the rotation of the black hole. In
Case-2, the gravitational field energy is positive (but smaller than in Case-1, and
closer to zero) when the black hole doesn’t rotate; while the gravitational field
energy (negative) becomes larger when the black hole rotates faster. The angular
momentum of Case-2 changes as it changes in Case-1.

oon curved suface (Case-1)

W On perpendicular vector (Case- 1)

-1,00E+02 -500E+01 000E+00 5 00E+01  1,00E+02

RrAIon 2 = oon curved surface (Case-2)
Rt SO — W On perpendicular vector (Case-2)
Moy rotation [0

40 20 20 A0 0 10 30

Fig. 8. Gravitational fields on curved surface and on perpendicular direction from the
surface

Fig. 9 (Table 2) and Fig. 10 (Table 3) show the strengths of gravitational
field energy, projected on the spherical curved surface in Case-1 and in Case-2, in

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2021, Ne 1 13



Y. Matsuki, P.I. Bidyuk

3 directions (projected on the spherical curved surface in the coordinates of », 0,
and ¢, which are the generalized coordinates of x; =x, x, =y, and x; =z of

Cartesian coordinate system). In Case-1, only the 7 direction appears on the sur-
face in all cases (no rotation, the rotation 1 and the rotation 2); while in Case-2, in
addition to the direction of » , the component of 6 appears as the black hole rotates.

T

a Y
roaton 1 » 0
o

| T
! ! !
=1 000E=0 -S000E-0 -5 000 S0 -4 0000 -2 O00E-0 Qul0E-00 2 000 == 4 Q00=-0
a 1 1 1 1

Fig. 9. Gravitational field energy in 3 directions on the spherical curved surface, Case-1

Ll |0
oo

s - -1z =10 -5 0 =3

Fig. 10. Gravitational field energy in 3 directions on the spherical curved surface, Case-2

Fig. 11 (Table 4) and Fig. 12 (Table 5) show the strengths of the rotation’s
angular momentum in two directions (» and 0, which are perpendicular to the ro-
tating axis, @ (x3 =z of Fig. 5)). Similar to the gravitational field energy, only the
vector’s component of » appears in Case-1; while the vector’s component of
0 also appears in Case-2. In both Case-1 and Case-2, as the frequency of the rota-
tion increases from the rotation 1 to the rotation 2, the direction of the momentum
changes from plus to minus. It suggests that the rotation of a black hole reverses
its direction of the momentum when the frequency of the rotation changes.

ar

L)

Fig. 11. Rotation momentum of the gravitational field in two directions of 7 and 6, Case-1

By

rmlion ! ®Q

Erdsd -2 -t -2 ) L] " v i

Fig. 12. Rotation momentum of the gravitational field in two directions of » and 6, Case-2
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Gravitational waves

Fig 13 (Table 6) shows the srength of the gravitational waves emitted from the
black hole, which are the energy (projected on the spherical curved surface of the
wave) and the spin momentum of the rotation (projected on the pependicular di-
rection to the surface), in Case-1 and Case-2. On spherical curved surface the en-
ergy of gravitational waves are not affected by the rotation; while on the perpen-
dicular direction the rotational momentum (spin) appears, and it changes its
direction from positive to negative when the frequency of the rotation changes
from the rotation 1 to the rotation 2. It suggests, that the gravitationa waves make
spin as the waves move on the direction of r as the emitter (the black hole) ro-
tates, and it changes its spinning direction when the frequency of the rotation
changes from the rotation 1 to the rotation 2.

O On curved surface (Case-1}

Rotatior T | m On perpendicular vector (Case-1}

Mo rntdiE_

2, 00E+02 -1,00E+02 0.00E+00 1,00E+02  2,00E+02

O On curved surface (Case-2 }

®m On perpendicular vectar (Case-2 |

No rdfafGa]

-2,00E+00 -1,00E+00 0,00E+00  1,00E+00  2.00E+00

Fig. 13. Gravitational waves on curved surface and on perpendicular direction from the
surface

Fig. 14 (Table 7) and Fig. 15 (Table 8) show the energy density of gravita-
tional waves, projected on the spherical curved surface in three directions in Case-
1 and Case-2. These figures suggest that the waves have negative energy density
on the direction of r in Case-1; while the negative energy density appears also on
the direction of rotation ¢ in Case-2. These figures suggest the appearance of
anti-gravitational waves on the spherical curved surface. (The anti-gravitational
waves must have negative sign [1], while gravitational waves must have positive
sign). This finding is different from our previous report [3], in which either the
gravitational waves or the anti-gravitational waves didn’t appear when the black
hole didn’t rotate. The difference came from the configuration in the algorithm to
formulate H =kT —(¢;X| +c, X, +c3X3). In this new research we reorganized

the components of the curvature tensor into three vectors, X;, X, and X;; while

in our previous report [3] we calculated the relative strength of every component
of the curvature tensor by, H =kT —(c;X; +c, X5 +---+¢,X,) .
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Fig. 15. Gravitational waves energy density on the curved surface, Case-2

Fig. 16 (Table 9) and Fig. 17 (Table 10) show the spin momentum of gravi-
tational waves, projected in the directions of » and 0 in Case-1 and Case-2. In

negatham 4

2 0E-00 130502 -1 00E-0C -3 00501 QO0E-00 S OQ0E- {1 00S-C 13050

Fig. 16. Spin momentum of gravitational waves in two directions of » and 0, Case-1

cr’
ler

ragaian 1

-1 000 000 -30eEl 00000 = 00e-0 100 =00 150200

Fig. 17. Spin momentum of gravitational waves in two directions of 7 and 0, Case-2

both cases the vector component of 6 appears in positive direction in the rotation
1, and in the negative direction in the rotation 2. These figures suggest that the
gravitational waves changes its direction of spin as the rotation’s speed of the black
hole changes. its dsrection of spin as the rotation’s speed of the black hole changes

PHYSICAL MEANING OF THE RESULTS

The components of cos¢ in this analysis, which are the projections of the gravi-

tational field and the gravitational waves on the spherical curved surface, are
comparable to the vector component on the curved surface shown in Fig. 2 (at the
beginning of this article). And the movements of these vectors are the movement
of the curved surface itself. On the other hand, the vector components of sin¢ are
perpendicular to the curved surface, which is shown in the light-cone of Fig. 2,
and the movement perpendicular to the curved surface must have real physical
meaning. However, the earlier research by Paul Dirac [4] reported that it was
problematic to quantize the movement of a quantum particle (gravitation is one of
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them) such as calculating its momentum in the direction of the vectors, perpen-
dicular to the curved surface. Henceforward, the theory of quantum mechanics
was not developed on the curved surface (Fig. 2), but on the flat surface (Fig. 1).
In this research we simulated the gravitational waves on the surface of
spherical polar coordinates as a surrogate of the general curved surface. And we
used the cross product of anti-symmetrical vectors for simulating the components
of sing as the mathematical model of the momentum in the light-cone of the

general curved surface (Fig. 2).

CONCLUSIONS AND RECOMMENDATIONS

In this research we investigated the angular momentum of the gravitational field
and the spin momentum of the gravitational waves by simulating the perpendicu-
lar component that is the ““sin ¢ component” to the rotational axis of ¢. We used
the system of the spherical polar coordinates so that we could simulate the rota-
tion with the orthogonal transformation of Euler’s angles.

The result of the simulation shows that the rotating black hole can produce
the antigravity and anti-gravitational waves; and the gravitational waves changes
their spinning direction as the frequency of the black hole’s rotation changes.
These findings are consistent with our previous researches: [1] in which we
reported that the negative flow of gravitational waves must have the clockwise
spin, while the positive flow has the counter-clockwise spin; and [3] in which we
reported that the antigravity and anti-gravitational waves appear when the black
hole rotates.

In this research we used the system of spherical polar coordinates as the
surrogate of the general curved surface; however, in near future, the developed
computer technologies must increase a possibility of using general curved surface
of Einstein’s gravitational field equation also for solving the equation of motion
of quantum particles.

Table 1. Strengths of gravitational field

Case-1 Case-2
Case On curved On perpendicular On curved | On perpendicular
surface vector surface vector
No rotation -78,55 — 1,770 —
Rotation 1 20,00 36,90 -8,178 14,77
Rotation 2 -41,96 -43,00 -21,31 -15,29

Table 2. Strength of gravitational field on principal axis z , Case-1

C(l))lilal;g(?:;:ts chi?d \lﬁ;g)?e C(I))l;lapg(?::lits Cand \[7(c) | Cand \JV(c)
of Ruv the PIL.VO tation of rotated R, (Rotation 1) (Rotation 2)
Ry -78,68 (26,49) cos@- Ry, 20,01 (58,22) | -42,05 (52,30)

R, 0,13»07_2 coso- Ry, 5,516-107 | 8,903-1072
(3,369-107) (8,030-1072) | (6,829-107%)

Ry, -6,803 - 10‘45 Ry, -3,290- 10‘: 2,990 - 10;4
(2,557-10) (3,869-10 ") | (5,403-10" 7" )s

The values in the blackets are m
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Table 3. Strength of gravitational field on principal axis z , Case-2

Diagonal Cand /V(c) Diagonal
Components| ., | . | Components Cand \[V(c) Cand /¥ (c)
of R ¢ of rotated R (Rotation 1) (Rotation 2)
Hv the rotation Hv
R 1,767 oSO R -8,368 -21,79108
1 (7,364) ¢ (11,85) (16,36)
2,862-1073 ) 0,1924 0,48490
R (0.1469) coso- Ry (02427) (0.3369)
R 1,110-107 R -2,854.107 -7,281-107
33 -3 33 -3 -3
(2,224-107) (3,673-107%) (5,099-107%)

Table 4. Strength of the perpendicular vector to the principal axis z of gravi-

tational field, Case-1
Rotation Cand /V(c) (Rotation1) | Cand ,/I'(c) (Rotation 2)
dx) = Ry, - dQy = 9,077-107 -4,816-1072
=sinQ- Ry (5,072-1072) (5,931-1072)
dxy =—Ryy - dQs = 36,83 -42,94
=—sing- Ry, (46,33) (45,44)

Table 5. Strength of the perpendicular vector of the rotating gravitational field,

Case-2
Rotation Cand ,/V(c) (Rotation1) | Cand ,/V(c) (Rotation 2)
dxy = Ry - dQy = 0,28213 -0,22852
=sin@- Ry, (0,2621) (0,2597)
dxy = =Ry -dQ3 = 14,48 -15,06
=—sing- Ry, (16,65) (16,69)
Table 6. Strengths of gravitational waves
Case-1 Case-2
Case On curved On perpendicular On curved | On perpendicular
surface vector surface vector
No rotation -28,13 — -0,5738 —
Rotation 1 -28,21 1,125-10° -0,5396 1,341
Rotation 2 -31,84 -1,505-102 -0,6123 -1,113
Table 7. Strength of gravitational waves, Case-1
Components of (Cand \[V'(c) of R, Cand /V(c) Cand /V(c)
gravitational tensor | pefore the rotation | (After Rotation 1) | (After Rotation 2)
Y= ¢ -28,06 -28,15 -31,84
— 4 componen (14,20) (15,52) (19,70)
B -4,594.107* 5,535-107 1,167-107
Y = X, component 4 4 3
(2,398-107") (2,987-107") (1,181-107)
-6,855-1072 -5,955.1072 -8,950-1073
Z = X5 component o o 3
(3,083-10) (2,711-107) (7,179-10)

18
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Table 8. Strength of gravitational waves. Case-2

Components of | Cand \/}(c) of R, V(c) Cand /V(c)
gravitational tensor| y.fore the rotation (After Rotation 1) | (After Rotation 2)
X = X, component -0,4164 -0,3967 -0,4850
— hieompone (0.2513) (0,2734) (0,3506)
y = X, component -1,116-107° -1,009-1073 8,918-107*
’ (4,614-10) (4,484.10) (4.123.10°)
z=x ¢ -0,1562 -0,1419 -0,1264
= X, componen
oo (6,097-107%) (5,927-1072) (5,444.1072)

Table 9. Strength of the perpendicular vector to the principal axis z of gravi-

tational waves. Case-1

Rotation Cand /V(c) (Rotation1) | Cand ///(c) (Rotation 2)
dx) = Ry - dQ3 = -9,438-107* 6,081-107°
=sing- Ry, (5,800-107) (3,813-107)
dx, = =Ry -dQy = 1,125-102 -1,505-102
=—sing- Ry, (1,426-10%) (1,027-10%)
Table 10. Strength of the perpendicular vector of the rotating gravitational waves.
Case-2
Rotation Cand /V/(c) (Rotation1) | Cand ./}/(c) (Rotation 2)
dx; = Ry -dQ; = 1,025-107 -5,437-107
=sin@- R,, (5,865-107) (4,966-107)
dxy =—Ryy - dQ; = 1,33031 -1,10749
=—sing- Ry, (1,053) (0,8583)
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MOI[E.JIIOB.AHHH ISYTOBOFO MOMEHTY I‘PABITAIIII?IHOFO MOJIsI
OBEPTOBOI YOPHOI AIPH I CIITH-MOMEHTY I'PABITAHIMHUX XBUJIb /
. Manyki, I1.1. Bigrok

AHoTamisi. 3MOJIeTbOBAaHO MOMEHT IMITyJIbCY TIpaBiTaliifHOro mosisi 00epToBoi
YOPHOI JipH 1 CIiH-MOMEHTY T'paBiTallifHUX XBHJIb, [0 BHIIPOMIHIOIOTHCS 3 YOPHOI
nipu. CrodaTKy OOYMCIICHO NMUTOMY €HEPTil0 00EpPTOBOTO TPaBiTAIIMHOTO MOJA i
CHIH-MOMEHTY TPaBITALifHUX XBHJIb SK BEKTOPIB, IO MPOEKTYIOTHCS HA chepudHy
KPHBOJIHIIHY ITOBEpXHIO IpaBiTallifHOTo MOJIS Ta TPaBITAIHHIX XBHIb.O0UHCIEHO
MOMEHT IMIYyJBCy Ta CIIH-MOMEHT SIK BEKTOpH, IEPICHIWKYJSIPHI 10 KpH-
BOJIIHIMHOT MOBEpXHi. Y CBOEMY IOCHTIDKEHHI, onmyOiikoBanoMmy B 1964 p., Ilonb
Jipak 00paB He KPUBOIIHIHHY MOBEPXHIO I OOYNCICHHS pPyXy KBAaHTOBUX YacTH-
HOK, a IUIOCKY HOBEPXHIO JUIsi po3po0IieHHs Teopii KBaHTOBOI MexaHiku. Y wmiit po-
60Ti 3pobieHO crpoly 3MOIEIIOBATH IpaBiTalliiiHi XBUI y CHEPUUHUX MOISIPHUX
KOOpIUHATAX, SKi YTBOPIOIOTH C(epUUHY KPUBOJIHIMHY IMOBEPXHIO I'paBiTaLliHHX
XBUJIb. 3’SICOBaHO, IO MHOXXHHA AHTUCHUMETPHUYHHX BEKTOPIB ONHCY€E BEKTOPH,
HEepIEeHIUKYJISIPHI 10 chepHIHOi KPHUBOJIHIHHOI IMOBEPXHI; 3 TAKMMH BEKTOPAaMHU
3MOJIETIhOBAHO MOMEHT IMITyJIbCy TIpaBiTallifHOro Mot 00epTOBOi YOpHOI HipH i
CIIH-MOMEHT TpaBiTallilHuX XBWIb. OTpHMaHi pe3yJbTaTH ONHMCYIOTb XapaKTepH-
CTHKHM 00epTaHHs YOPHOI ipu Ta 00epTaHHs IpaBiTalifHUX XBUIIb.

KonrodoBi cioBa: rpaBitamiiiii XBmii, KyTOBHIl MOMEHT, TEH30p KPHBH3HH, TEH30D
€Heprii Halpy>KeHHs, YOpHa Jipa.

MOJAEJIMPOBAHUE YI'JIOBOI'O MOMEHTA IN'PABUTALIMOHHOI'O ITOJIA
BPAIIAIOLIEVCS] YEPHO JIbIPbI M CIHUH-MOMEHTA I'PABUTALIMOHHBIX
BOJIH / 1. Manyku, [1.1. Bumtok

AnHotamus. CMOZeIMPOBaH MOMEHT HUMITyJIbca TPAaBUTAMOHHOTO IIOJIS BpaIllalo-
mmieiicss 4epHOil JBIPEI U BPANIAIOIer0o MOMEHTA TPaBUTAI[MOHHBIX BOJH, M3JTydaro-
mUXcsl U3 YepHoU apIpbl. CHavaja BEIYMCIICHA yJeIbHas SHEPrHsl BPAILAroOLIerocs
IPaBUTAI[OHHOTO IIOJIS1 U BPAIAIOLIMX TPaBUTALMOHHEIX BOJH KaK BEKTOPOB, IPO-
SLUPYIOUIMXCS Ha CHEPUUYECKYIO KPUBOJIIMHEHHYIO OBEPXHOCTb I'PABUTALHOHHOTO
HOJISL ¥ TPABUTALMOHHBIX BOJH. BBIYMCIICHBI MOMEHT MMITYJIbCA M BPAILAIOLIMH MO-
MEHT KaK BEKTOpBI, IEPIICHANKYJISPHbIC K KPUBOJIMHEHHOH MoBepXHOCTH. B cBOEM
HCCIIeIOBaHUH, OMyOIuKoBaHHOM B 1964 1., [lons [Aupak BeIOpan He KPUBOJIUHEH-
HYIO ITOBEPXHOCTB JUISl BEIYMCIICHUS ABVDKCHUS! KBAHTOBBIX YACTHII, a IUIOCKYIO I10-
BEPXHOCTB JJISI pa3pabdOTKN TEOPHH KBAaHTOBOIT MexaHUKH. B aToit paboTe mpexnpu-
HSTA IIONBITKA CMOJEINPOBATh IPAaBUTALIMOHHEIC BOJIHEI B CEPHIECKHX MOJISIPHBIX
KOOpAMHATAaX, KOTOpBIE 00pa3yloT CHEepHuecKyro KPUBOJIMHEIHYIO ITOBEPXHOCTBH
IPAaBUTALMOHHBIX BOJH. B pe3yibTare BBIICHEHO, YTO MHOXECTBO aHTHCHMMETPHY-
HBIX BEKTOPOB OIKCBIBAET BEKTOPBI, MEPIECHANKYIISIPHBIE K CHEPUIECKOH KPUBOIH-
HEHHON NOBEPXHOCTH; C TAKUMH BEKTOPAMM CMOJCIHPOBAHBI MOMEHT HMMITYJIbCa
TPaBUTALMOHHOTO T10JI BpalIAIoLIeiicss YepHOH ABIPbI H CIIMH-MOMEHT TPaBHTALU-
OHHBIX BOJH. ITosy4eHHbIE pe3yJbTaThl OIMCHIBAIOT XapaKTEPHCTUKM BPAIICHHS
YEepHOMU JIBIPHI ¥ BPAIICHUS TPAaBUTAI[OHHBIX BOJIH.

KnarodeBble c10Ba: rpaBUTAllMOHHBIE BOJIHBI, YITIOBOH MOMEHT, TEH30p KPHBU3HBI,
TEH30p SHEPTHU HATPSDKEHUS, YepHAs JbIpa.
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PEIYKOIMHE KOHIUENTYBAHHSA OPAKYJIBHUX CXEM

I.B. PEJIBKO, I1.0. ATAHOB, M.O. 3WJIEBIY

AmnoTamnisi. Po6oTy cripsMOBaHO Ha PO3BUTOK IHTEPCYO’ €KTHBHOI IIAPAAUIMH Ta aK-
TUBHOI poJti cy0’eKTa y peAyKuiiHOMy KOHIeNTyBaHHi. [ 11bOro 3arajibHy Opaky-
JbHY CXEMy KOHILENTYBaHHS KOHKPETH30BAHO B3a€MOIONOBHEHHSIM KOMIIO3HLIT i
JIEKOMIO3UIIT SIK eKCIUTIKAaIiid CHHTe3y Ta aHamizy cyTHocted. IIparmarumko-
00yMoBIIeHE 30aradeHHs BOTO B3a€EMOIONOBHEHHS 3IIHCHEHO 13 3aTy4eHHIM KOM-
MO3UIIHHOTO NMPOrpaMyBaHHs Ta IMCHHHX MOAENEH JaHMX, QYHKIH 1 KOMITO3HII.
PosrisiHyTO OpakyiIbHY cXeMy pemyKlii, CeHC SIKOi MoJIArae B TOMY, IO BOHA, CIIU-
parovnch Ha HassBHI KOMIO3ULIi, IPHPOJAHUM YHHOM IMIUIEMEHTYE Mapagurmy «Io-
TSN 1 BOJIOAPION» y PO3YMIHHI aKTUBHOI poii Cy0’€KTa B KOHIICTITYBaHHI, M-
TPUMYIOUH peajbHEe B3a€MOJONOBHEHHS JICKOMIIO3MLIHHOIO 1 KOMIIO3UTHOTO
METO/iB KOHILeNTyBaHHA. HaBeleHO penpe3eHTaTHUBHI NPUKIAAW PEmyKLiHHOro
KOHLENTYBaHHS, SKi OOTPYHTOBYIOTh TEXHOJIOTiI0 BHPIMICHHS IPOTPaMiCTCHKUX
3aBJIaHb.

KunrodoBi cioBa: nporpamyBaHHs, iHTepCy0 €KTHBHA IapajnurMa, OpaKyJIbHA CXe-
Ma, KOHIIENTYBaHHS, PEeLyKIis.

BCTYII

3apoKeHHS, PO3BUTOK, CTAHOBJICHHS, CTarHAIlisl Ta 3aHemnas Oyab-sSKUX TeXHid-
HUX CHCTEM 1 TOB’S3aHUX 3 HUMH TEXHOJIOTIYHHUX MPOIECIB BiOYBAaIOTHCS 3a
00’€EKTUBHUMH 3aKOHAMH J[IAJICKTHKH, TPOXOASYU PsJl XapaKTCPHHUX €TaIliB BiJ
OypXJIMBOTO 3pOCTaHHS J0 CUCTEMHOT KPH3H, sSIKa CIOHYKa€ NIyKaTH BHXIJ i3 cU-
Tyarii, o ckjanacsa. YacTo pe3ybTaTHBHUM BUPIIICHHSIM € 3MiHa MapajurMu Ta
CTBOPEHHS 1 PO3BUTOK HOBOI KOHIICIIIIIi, 3aBISKH SIKIH CUCTEMa Y CBOEMY 3pPOC-
TaHHI BHUXOJUTh Ha HOBHH piBeHb. [IporpamyBaHHS $SK BuA 1HGOPMATHKO-
TEXHOJIOTIYHOI JisSTbHOCTI HEe € BUHATKOM. ChOTOHI CTPIMKHHA PO3BHTOK TIpOTpa-
MICTCBKOI TBOPYOCTI, IOTIPH Oe33amepeyHi yCIiXy, HarpOMaIuB YMMaio MPoOJieM,
ITHOpYBaHHS SKUX a00 BIICWIIAHHS iX Ha JIOJACHKHUM (akTop Beme Mo «Oiry mo
KOJIy» 1 BIITBOPEHHSI IOMUJIOK, IO Jie/1ajIi Oijblie TOTJIMOIII0E KPHU3Y.
PosrnsiHeMo 3micT mporpamyBaHHS, SKE 3a3BHYail CIPUAMAIOTH SIK JisUTb-
HICTb 3 OTPUMaHHS pPe3yJibTaTy — TOTOBOI Mporpamu, TOOTO SIK Mpolec peaiza-
1ii iany (IporpaMu) JOCSATHEHHS IBOTO pe3yibTaTy. ¥ TaKOMy pasi BapTo 3a-
3HAYUTH, IO MPOTPaMyBaHHS SK JiSUTbHICTH MPOBAJUTHCS B MIEBHUX YMOBaX, SIKi
(hOpMYIOTBCS Y HEBIADUBHOMY 3B’SI3KY 3 MPOTpaMoro. MoskHa CTBEpDKYBAaTH PO
HasBHICTh O0OYMOBIJIEHOCTI MiX TpoTrpaMyBaHHSM i mporpamoro. Lleit mprnanaHO-
HACTIIIKOBUH 3B’SI30K € Cy0 €KTHO-00’€KTHHUM, Y SIKOMY CY0 €KT — IMpOrpamicr,
OyIy4u BaroMUM 30BHIIIHIM YAHHUKOM, PEaNIi30BY€E CBill 3ayM, CITHPAOYUCH HA
BJIACHI YSBJICHHS MPO CIIOCOOHM, METOMIN, €BPUCTHUKH, 3HAXIAKH 1 3aITO3WYCHHS 10-
CSTHEHb pEe3yNbTaTy B MeXax 00’€KTa — TpoLecy CTBOPEHHsS MpPOTpaMu.
OO0’ €eKTHBI3M TIpOIIECY BUPAKAETHCSA Y MOXKIIMBOCTI CXeMaTH3aIlii porpaMyBaHHs
TCeHETHYHUMHU CTPYKTYPaMH 3 BIACTHBUMHU iM CTPYKTYPHUMH CYTHOCTSIMH. | eHe-
3HMC BH3HAYa€ CTPYKTYPY MPOTpamu, ii BHYTPILIHIO JIOTIYHY HUTICHICTD, SIKiH Mia-
MOPSAKOBYETHCS PE3yNIbTAT MPOTPaMyBaHHS 1 HEI0 00YMOBITIOETHCS.

© LB. Peowvko, I1.0. AHzanos, M.O. 3unesiu, 2021
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Y TakoMy NUpUYMHHO-HACTIJKOBOMY 3B’SI3Ky Micle i pojib CyO’€KTHO-
00’eKTHOI B3aeMOZII U1 Cy4acHOTO PO3YyMIHHSI INPOTPaMyBaHHs € KIIOUOBHMH 1
MaroTh PO3TJLIIATHCH HE 11032 MPOTPaMiCTCHKOIO TiSUIBHICTIO, SIK L€ 3a3BHYail Bi-
NOyBaeThCsl, a OE3MOCePETHbO K CaMOCTIMHUN 00’ €KT JOCHIHKeHHS. 3 OIHOTO
00Ky, Cy0’€KT IporpaMyBaHHS He 0OMEXEeHH HISKIMH YMOBaMH Y TIPOIIec mpo-
TPaMOTBOPEHHS, KPIiM TOJIOBHOI, Ky BHCIOBJIIOE 3aMOBHHK, — HPOTpama mo-
BHHHAa 3a0e3MeuyBaTy O4iKyBaHUI pe3ynibTar. Ilpu oMy TpOrpamicT «Imozise
1 BoJo#aproe», oOMpardy Ha BIACHUN PO3CYA METOAM i 3aCO0M AOCSTHEHHS pe-
3yJIbTaTy, BUKOPMCTOBYIOYH BJIACHUH apCeHall MPMHAOMIB, MATBEPIKYIOUM CBOI-
MH AiIMU HOHATTS «MHCTELTBO IPOTrpaMyBaHHA». MOro akTHBHA POJIb MOJIATAE
HE Yy 3aJydYeHHI JI0 cXeMaTh3amii 00’ €EKTHBHOTO NMPUIHHHO-HACIIIKOBOTO 3B’ SI3KY
MDK pe3yIbTaToM 1 MPOIEecOM HOTO OTPUMAaHHS Yy BHUTJISAII KOHKPETHHX CXEM, a
y hopMyBaHHI BIIACHOI aBTOPCHKOI «(OYHKII MHOKHHHA Mii», 32 JTOMMOMOTOIO SKO{
BiH BHPpIIIY€ TIOCTABIICHE 3aBIaHHs 0€3 HaJIeKHOI KOHKPETH3AIlil MPOMiKHUX pe-
3ynbratiB. [Ipo TexHosoriI0 NporpaMmyBaHHs y IIbOMY BHUIIAIKy TOBOPUTU BaXKO,
OCKITBKA JTOCATHEHHS KOXKHOTO Cy0’€KTa MporpaMyBaHHS pealbHO HEBIIIUTBHI
Bil HhOTO, 00 HE MATPUMYIOTH B3aeMOIONOBHEHHsS (akTorpadii i dakTomorii
1H(OPMATHKO-TEXHOJIOTIYHOI JisSUTBHOCTI. 3aralbHOBIIOMUM Y IMPOrPaMiCTCBKOMY
CEepE/IOBHILI € TBEPKEHHS MPO Te, M0 HEBAATY MPOTrpaMy HpOCTillle CTBOPHTH
3aHOBO, HIXK BUITPABHUTH.

AKTHBHA poJib Cy0’€KTa MMOBHHHA BHPA3UTHCHh Y KOHKPETH3AMii AisSITHHOCTI
00yMOBJICHHS, NIPOBA/XKYBaHOI 3a JAOIOMOIOI0 IIaHy IPOTrpPaMyBaHHS, aKTyalli-
3aIli€r0 3HAYYIUX IS TPOoIecy SKiCHUX (IHTCHCIOHATBHUX) CyO’€KTUBHUX 00Y-
MOBJICHb. TakMM YMHOM, TPaIUIliiiHA IHIUBITHO-CY0’ €KTHBHA MapagurMa, y Me-
kKax SIKOT Iporpama po3riisAaeThes K Pe3yIbTaT MPOrpaMyBaHHs, Ma€ 3MiHUTHCh
iHTEpCYO’ EKTHBHOIO TapaJurMor0, 3TiHO 3 SIKOK MPOTrpaMyBaHHS — L€ JisUIb-
HICTB Cy0’€KTa 31 CTBOPEHHS NMporpamu (TJIanHy) i€l AisTbHOCTI.

Cy0’exT TIporpaMmyBaHHS 3IIHCHIOE OOYMOBJICHHS B aKTHBHIM 1 MacWBHIH
dhopmax. AxktuBHA opMa — Iie Oe3nocepeaHe HaKIa aHHI YMOBH HOCIEM TaKHX
yMOB (cy0’eKTOM 06yMOBJIeHH$I) Ha TpOrpaMyBaHHsI 3AJIE)KHO BiJI TOTO, SKHM ap-
ceHaJioM 3aco0iB BiH onepye. [IporpamicT BIUIMBaE Ha pe3yybTar i Ha CH0016 1o~
CSTHEHHS LOTO PE3yJIbTaTy — IMpOrpamyBaHHA sIK IMporecy. AKTuBHa (opma
BUSIBIIIEThCS O€3MOCEPEHBO B MPAarMaTuili BUKOPUCTAHHS JJISl JJOCSTHEHHS METH
aKTHBHUX BHJIIB 00yMOBJICHB, SIKi CTBOPEHI HE TUIBKH B MEKaX BHPIIICHHS KOHK-
PETHOTO 3aBlaHHS, aJie 1 3aIy4deHi, 30KpeMa, 3 iHIUX METOIB, IO PO3BUBAIOTHCS
Ha OCHOBI TPaJWIIHHOr0 MaTeMaTUYHOTO arapary Jjs HoTamii pe3ynbTary, a Ta-
KOXX JICHOTATHBHUX TPUIOMIB.

[NacuBHa Qopma 3yMOBIIEHA HACTIAKOM aKTUBI3amii JisSUTBHOCTI cy0’€KTa i
OIIOCEPEIKOBAHO BIUIMBAE HAa HACTINOK IUIAaHyBaHHs nporpamu. lled BmiuB Bu-
paKaeThes y 3alydeHH] 10 MpoLecy BHUPIIIEHHS 3aBIaHb, SKi BXKe BiAOyIHCh, —
abo B Mexax IpOro mporiecy, abo mo3a HuM. Lli BupimeHHs MarepiamizoBaHi
y pe3ysbTaTax JisUIbHOCTI Cy0’€KTa 1 HOTO BJIACHOTO PO3YMIHHS TaKOi HisSUTBHOCTI.
3a3BHUyaii i3 MM MOB’SI3YIOTh JOCBiJ, 3400yTHIA Y TpoLeci MPOBaKEHHS aKTHUB-
HOI MJiSUTBHOCTI Ta aKTHBHOTO OOYMOBIIEHHS IIi€i mismbHOCTI. B iHTep-
cy0’€KTUBHIN MapaJurMi aKTUBHO-TIACUBHE 00yMOBIICHHS 30aradye MoHSATTS Mpo-
IpaMH SIK CYTHOCTI, OCKIIbKH BH3HA4Ya€ pojb Cy0 €KTa HE 103a MEKaMH IPOLECY
MPOrpaMyBaHHsI, a OE3MOCEPEeTHLO Y HhOMY, 3HAXOSTIN CBOE BiTOOpaKECHHS, 30-
Kpema, y GOopMi CEMaHTHYHOTO TepMy, (DIKCyI0uM KIIFOYOBI MOMEHTH PO3yMiHHS
JiSUTBHOCTI, 110 CIIOHYKasia 0 HOSBU Pe3yJIbTaTy.

Meta po6oTn — mopaajiblle PO3BUHEHHS 1HTEPCYO’ €KTUBHOI MapagurMu Ta
00’eKTHBI3aIlii aKTUBHOI poIIi cy0’€KTa Y PeAyKIiHHOMY KOHIIETITYBaHHI OpaKy-
JBHUX CXEM.
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Jnst OCATHEHHSI METH POOOTH 3araibHy OpaKyJIbHY CXeMy KOHIICTITYBaHHS
KOHKPETU30BaHO B3a€MOJONOBHEHHSM KOMITO3HUINIT 1 JIEKOMIIO3MINI SK aHAJOTiB
CHHTE3y Ta aHaji3y CyTHOCTEH, a IparMaTHKO-0OyMOBJICHE 30aravyeHHs IIbOTO
B32€MOJIONIOBHEHHS PO3TIISIHYTO Ha PEMPE3CHTATUBHUX MPUKIAaX PEAYKI[IHHOTO
KOHIICNITYBaHHS i3 3aJy4eHHSIM KOMIIO3UI[IITHOTO MpOrpaMyBaHHS Ta iIMEHHHX
MoJenel JaHux, PyHKIIN 1 oneparii.

OPAKYJIbBHA CXEMATU3AIIA KOHIENITYBAHHA

VY mparax [1-3] oOrpyHTOBaHO 3acajHu4e I IHTEPCYO €KTUBHOI MapagurMu
MPOTpaMyBaHHs TIOJIOKEHHS, IO T03a IUTICHUM PO3YMIHHSIM TIPOTpaMyBaHHS
HeMae Horo MpOoAYyKTHBHOTO po3yMiHHSA. KOHIleNTyBaHHIO BiZIBEIEHO POJIb HOCIS
MOXIJIMBUX 30aradyeHb LBOTO 3MICTOBHOI'O TONOXEHHA. HeMoxnmBicTh
00’ €KTHBHOTO 3BEICHHS OJWH JO OJHOTO IUX BHIB PO3YyMiHb 3yMOBHJIA BiIKPH-
TO3aMKHEHICTh Ta Cy0’ €KTHO-00’€KTHICTh CXeMH KOHIICIITYBaHH [3].

3rajaHi y mux Opaisix CXeMH € KOHLENTaMU AJSl Pi3HUX KOMIIO3UTHHX 1
KOMITO3UIIIHHUX KOHIENTYyBaHb. OCTaHHI OTPUMYIOTBCS 332 paXyHOK aKTyalizarii
opaxymiB [4, 5], 0 BXOIATH A0 cXeM. I3 camoi MOOyZOBU CXEM BUILTHBAE, IIO0

BOHH TIPOAYKYIOTh (YHKIIOHATBHI CYTECYTHICHI  3aJ€KHOCTI  BHIJISAY
Comt Comp

Ent — CtMon abo Ent — CMon, ne CtMon — 36arauenns opakyna Mon
3a paxyHOK aKkTyasizaiii KoHIenTy koMrno3utom; Comt — opakys «KOMIIO3HTY;
Comp — opakyn «kommnosuitisin; CMon — 36aradennst opakyna Mon 3a pa-
XYHOK aKTyai3allii KOHIENTy KOMITO3UIIi€ro [4].

OTxe, 1 KOMIO3WUTHI, 1 KOMITO3UIIIHI MOHAIW MOXKYTh OYTH €KCILIIKOBaHi
sk komnosuuii  cyrnocreii:  CtMon = Comt(Ent, ,...., Ent, ) i CMon=

= Comp(Ent ; ,....,Entjp ), ne Ent, ..., Ent, ,Ent, ..., Ent, — JIesiKi CyTHOC-

Ti, a = O3Ha4Ya€e «EKCIUTIKATUBHO 3BOJUTHCS». HasBHI y cXeMi KOHILIENTYBaHHS
OpaKyIId € «pEeNepHUMHU TOYKaMM» peallizaiii akTHBHOI poji cy0’ekTa B KOHIIETI-
TyBaHHI. Buxons4m 3 TOro, IO KIIOYOBOIO JIAHKOIO peaiizallii aKTHBHOCTI
Cy0’€eKTa € KOMIO3HT SIK KOHIENT aKTUBHOCTI cy0’eKTa i HOro 3B’sA30K 3 KOMIIO-
3WIN€I0, MOXKHA KOHCTaTyBaTH, IO AKTUBHICTh Cy0’€KTa € KOHIICTITYBaHHSM,
KOHIICTITOM SIKOTO € KOMITO3UT, — 0a30Ba Jyis Cy0’€KTa TeHHA CTPYKTYpa.
Posrnsnaroun 11i eKCIUTIKATHBHI 3BEICHHS B KOHTEKCTI KOHIICITYBaHHS 1
MPOEKTYIOYH 1X Ha BiATOBIAHI ()yHKI[IOHATBHI 3aJI€KHOCTI, OTPUMYEMO TaKi opa-

Comt ) Comp
KyisHi cxemu: Ent — Comt(Ent, ,...., Ent, ) i Ent — Comp(Entjl,...,Entjp ).

OCOONHUBICTE KOXHOT 3 HHUX TOJISTaE y TOMY, IO TepIia BUKOPUCTOBYE 0a30BY
KOMTIIO3HIIII0, aje TpH I[bOMY Ha CYTHOCTI Entl.1 yeeens Entik HISIKHX JTOJTATKOBHUX
0OMeXeHb HE HAKNATAEThCs. Y PYTiid jke, HABMAKH, KOMIIO3HUILiS HE 000B’I3KOBO
0a30Ba, MBHIIIIE BOHA TOXiTHA Bl TOKPOKOBOCTI 3aCTOCYBAHHS KOMITO3HTIB, 3a-
Te cyTHOCTI Ent oo Ent j, € CIICMCHTapHUMH, TOOTO JOCTaTHBO JETaNi30BaHU-
MU 711 cy0’ekTa. Lle cTBOpIOE MOXKIHUBICTE MepeabaueHHs HACTIIKY KOHIICTITY-
BaHHS K KOMIIO3UIIIT €JIEeMEHTApHUX, IS Cy0’€KTa, CYTHOCTEH.

VY HaBeneHUX CXeMax SIBHO BiJoOpaxkeHHi ()aKT B3a€MOJIOTIOBHEHHS JIBOX

METOJIiB JOCII/UKeHHSI KOHIIETITYBaHHS — CHHTE3y Ta aHaji3y, KOMIO3MIIII i Je-
komno3unii. CunTe3 nonanuii B Hux opakyinamu Comt i Comp, a anani3 (ge-

KOMITO3HITisT) — Enti1 - Entik , Entj] S Entjk
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3BepHEMO yBary Ha Te, IO Iepllia cxema ornepye 0a30BUMH Ui Cy0’€KTa
KOMITO3HIISIME (Kommio3uTamu). Lle mo3Bossie 3aiiiCHUTH 1€ OAMH KPOK A0 IIPOo-
JQYKTHBHOTO 30arayeHHs pO3yMiHHS porpamyBaHHs. ByneMo roBoputy 1mpo Te, 1o

koprexk < Ent, ..., Ent; > € Comt -penyKui€to cyTHOCTI Ent , SKIIO icHye GyH-

Comt
KuioHanbHa 3anexHicts Ent — Comt(Ent, ,...., Ent, ). 3 HaBeACHOrO POy

0e3rmocepeTHFO BUTUIMBAE TBEPHKCHHS PO OPaKyJIbHY CXeMaTH3aIlii0 PEAYKITil.
Teepmkennsi. Koprex < Entl.1 yerens Entik > € Comt-penyKIi€ CyTHOCTI

Ent, sxmo cnpaseyusa Ent = Comt (E, s B, ) -

3MiCTOBHUI CEHC HaBelEHOI OpaKyJbHOI CXEMH IOJISITae y TOMY, IO BOHA
NPUPOJHUM YUHOM IMIUIEMEHTYE TapajurMy «IOJIUIIH 1 BOJOAAPIO» B po3y-
MiHHI aKTHBHOI poJii cy0’€KTa B KOHIICNITYBaHHI, IMiITPUMYIOYH pealbHe B3a€MO-
JIOTIOBHEHHSI JCKOMIIO3UIIIHHOTO 1 KOMIIO3UTHOTO METOJIB KOHIIENTYBaHHS [3].
Takum uyuHOM, kKommosut Comit sK akTyalbHO 3ajaHa 0a30Ba KOMIIO3MILS €

kouuentom Ent, tooro Ent € monanow. Lo 0co0nuBicTh Oyie BUKOPUCTAHO
y HaBEJICHUX HIDKYE NPUKIAIaX PEAYKIIHHOrO KOHIIENTYBAHHS.

PEINPE3EHTATUBHI NPUKJAJIUA PEAYKIIMHOTO KOHIENITYBAHHSI

IIpuposa KOMIIO3UTIB i KOMITO3UIIIN B IIJIOMY PENISATHBHA, IO iCTOTHO 3aJICKHUThH
SK BiJ Cy0’€KTa, TaK 1 BiJf pO3TIsIyBaHUX CYTHOCTEH. Y CBOIO Hepry, pO3yMiHHS
CYTHOCTI 3aJISKUTh Bifl KOMIIO3UTIB, IO 3aly4aroThCs y po3rian. ToMy peanbHe
MIPOHUKHEHHS B IHTEPCYO’ €KTUBHY MPHUPOTY KOMIIO3UTIB 1 KOMITO3HINIH MOKITHBE
TIIBKH y B3a€MOJIIT 3 PAarMaTHKO-00YMOBJICHUM 30aradeHHsIM IIbOTO B32EMOJIO-
MOBHEHHS. Y IbOMY HaIpsiMi OTPHMAaHO BEJIHKY KUIBKICTh pe3yNlbTaTiB pi3HOI
rmmbuHY 1 3HagyIocTi [6—11]. JleranpHuit po3risn Takoi dakrorpadii BUXOIUTH
3a Mexi Hiei podotn. ToMy JOIIEHO MOMOBHUTH 11 SKICHO 1HITMMHU MPOCTHMH 1,
Pa3oM 3 TUM, PENIPE3CHTAaTUBHUMHY NPUKJIaJaMH PEAYKLIHHOTO KOHLETITYBaHHSI.

Po3B’s13anHs Oyap-saK01 3a1a4di, SIK BIIOMO, € IHTETPAIi€o po3B’sI3aHb ii mia-
3agad. SKmo 3agaya mpocTa, TO IHTErpalis TpUBialbHA i, SIK MPaBUIIO, SIBHO HE
BUIUIAETBCA. Y pasi K KONHM 3ajada CKJIagHa, IHTeTrpamiiHW{ acmekt i
PO3B’s13aHHS IOMiHY€E, a/DKe BJIaCHE CaMe HUM 1 BU3HAYAETHCS CKIIAHICTb.

Bigomo, 110 piBeHb CKJIaJHOCTI PO3B’A3aHHS PEeaIbHUX 3aJad BU3HAYAETHCS,
TOJIOBHUM YMHOM, CKJIQAHICTIO iX iHTErpaumiiHUX CKJIaZOBHX. 3BaXKaloyl Ha IIe,
HoJasbIli NOOYJOBH MPOBEIEMO «Bifl IPOCTOTO A0 CKJIAJHOTO», PO3IIIHYBILIM Ha
NpUKJIagax HECKIaIHUX 3a/1a4 YHCIOBOIO aHai3y iX pO3B’s3aHHA B CEPEelOBHIIAX
MiKpo- Ta MakpoiHterpauii. Sk mnardopmy po3risiLy BUKOPHUCTAEMO KOMIIO3HU-
HiifHe mporpaMyBaHHS Ta iIMEHHY MOJIeNIb JaHWUX, QYHKIIH 1 omepauil, a K KOM-
TIO3UTH — OIlepallii MyJIbTHILUTIKYBaHHs © , posraiyxenus [F , muknysanas WD
1 HAMMPOCTIII MOXigHI Bil HUX KOMIIO3HIIii, [0 YTOYHIOKOTHh HAHOUTBII BKUBaHI
Ta MPOCTi CIOCOOM TeHEe3UCY OTHUX Mporpam 3 iHmux [6, 7]. Hagani mig nanumu,
(GyHKUISIMHU Ta omnepalisiMi, SKIIO HE 3a3Ha4Y€HO iHIIe, pO3yMITHMEMO iMEHHI Ja-
Hi, iMeHHI ()yHKII1 Ta iMEHHI omneparii BimoBiTHO.

[TpoBeneHe 3MicTOBHE PO3TOPTAaHHS 1 PO3’SICHEHHsI KOHIIETITYBaHHs JOCTAT-
HbO OOIPYHTOBY€ TOYKY 30py Ha HBOI'O SIK Ha IOKPOKOBICTH PENyKyBaHb, IIO
3BOJMTHCA 110 TOHIyKy miaxoxkoi Comt-pemykuii Uit iHIyKOBaHOTO BiANOBi-
HOK (YHKLIOHAIBHOW 3aNexkHiCTI0 piBHsHHA Ent = Comi(E, ..., E; ). Ilin

E : v}
PO3B’S3KOM TYT PO3YMIETHCS KOPTEK < Entl.l yennny Entik > TaKWii, O CIpaBeIIu-
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BOIO € ToTOXKHICTE Ent = Comt(Ent, ,....,Ent, ). 3anuc Comt(Ent, ..., Ent, )

o3Hayae 3actocyBaHHs Kk -apHoro kommosuta Comt 100 KOpTexy < Ent; ...
def
. Ent; >, 10610 Comt(Ent; ,...., Ent; ) = Ap(Comt,< Ent, ,....,Ent, >), ne Ap

PO3yMI€ThCS TPAAMLIKHO K ariikaiis [9], a o SIK PIBHICTb 332 BU3HAYCHHSIM.

PosristHeMo 3acToCyBaHHs amapary mpoctoi WD-pemykiiii, pyXaro4uch Bij
HPOCTOTO 10 CKJIaJHOTO. Taka peayKiis € KoprexeMm < g, p >, IO € PO3B’SI3KOM
piBusHHEA [ =WD(g,p), ne g, p — neski GyHKUis Ta npeaukat. s momyky
PO3B’SA3KY KOPHCHHUMH € HACTiJKW 3raJaHoro TBEPIUKEHHS MPO CXeMaTH3aLilo
penykilii, sKi MPOAYKTHBHO 30aradyroTh HOTO, MPH I[bOMY iCTOTHO 3BYXKYIOUH
KOJIO MOIIYKY PEIyKIIii.

Hacuainok 1. < g, p > € WD-penyxuiero dyukuii [, skmo f =WD(p, g).

Hacuinok 2. 1106 koprex < g, p > 0y WD-penykuieto ¢pyHkiii f, HeoO-
XiJTHO, 1100 BUKOHYBAJIaCh PIBHICTb g o f = [, Ie © — onepailist MyJIbTUTLTIKYBaHHS.

[poimocTpyeMo Tie Ha KOHKPETHUX MpHKIanax. s 1mporo, mepenycim,
3BepHEMOCS [0 HAWMPOCTILIOT0 KJIAacy 3aAad YUCIOBOTO aHalli3y, IO CKIAAa€ThCs
3 O/IHI€T 3a7a49l — OOYMCIICHHS \/; 13 337]aHOK0 TOYHICTIO € , IE X 1 € — JOJAaTHI
JIWCHI YKcIa.

Bimomo, moO HOCHIOOBHICTE Yy, Vi, Vo,eor Y SAKIH Yo =a,¥; =

2

1 X . .
=—| ¥ +— |liz01.2...» 1€ @ — JiesiKe IOIATHE AiHCHE YUCIIO, HE3ATEKHO Bifl a ,
1

30iraeTbcs 70 +/ X . 3BiAcH BHIDIMBAE, IO MPOIEC OOYHUCICHHA +/ X 13 33JaHOI0
TOYHICTIO MOKEe OyTH 3BeIeHHH 10 neramizamii imennoi ¢pyukuii f [7, 11], ska
iMeHHi# MHOXUHI {(u, X),(Vv,€),(W,a)} CTaBUTh y BIAMOBIAHICTE IMEHHY MHOXH-

Hy {(w,y,)}, ne y, — HepIIHil 4ieH 3a3Ha4eHOi MOCHIIOBHOCTI, s SKOTO
BHKOHYEThCS yMOBa | y2 — y2 | [<s.
3uaiinemo WD-penykuito Qynxuii f . Posrusinemo nacTynHi iMeHHy QyH-

K]_[iIO g {(H,X), (Vs 8)’ (Waa)} - {(u> X), (V, 8)9 (Wpr,a),(w,%(a + EJJ} Ta IMEH-

a

True, |a2 -b? > e,
b)} — Jlerko mepeko-

HUW TpenuKkar p:{(v,g),(w,a),(w
False, |a” —b? |<&.

pr>

HATHCS y CIPABEIMBOCTI PiBHOCTI [ L=8° f e 1, SIK HACIIIOK, Y TOMY, IIIO

<g,p> oniicio e WD-penykuiero QyHkmii. Ajke  milCHO,  SIKIIO

2
|a? —[%[cwgn <&, 10 [ {(u,x),(v,a), (W,%(cHgD} ={(w,y,)} . Or-

ke, MOKHa 3pOOUTH BHCHOBOK: f\/; =WD(g, p). llpu uboMy NpaBUIBHICTb

BHCHOBKY Oe3MocepeiHb0 BHUILTUBAE 3 OO0y 10BH. OCOOIUBICTIO IBOTO BHUPIIICH-
HS € Te, 10 HOro CMHTaKCU4YHE O(OpPMIICHHS 3BOAMTHCS 0 TPAHCALIT BiIMOBII-
HOTO CeMaHTHYHOTO TepMy B 0OpaHy MOBY ITpOTpaMyBaHHS.
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Procedure G(x:double; var rz, zr:double); .HpoﬂeMOHCpreMo ¢ Ha IIpH-
begin KJaai MOBU mporpamyBanHsi Pascal.
Zr=rz; [Tounemo i3 ¢yHkuii peaykuii g Ta
rz:=0,5%(rz+x/rz); npemukara p . [lpouenypa G, oue-
end; BUJIHO, NToJa€ PyHKIII0 g y CHHTaK-
Puc. 1. Tlpuknaz npouenypu G cuci moBu Pascal (puc. 1).

[Ipouenypa-pyukiis Py ToMy
K CHHTaKCHCI TIoJjae mpenukar p (puc. 2).

Hacamkinens nogamo mykady Qyskuiro f:{(u,x),(v,e),(w,a)} > {(w,y,)}

Function P(rz,zr: double):boolean; y Pascal-cunrakcuci (3 ne-
begin SKUMHU  HETPUHITUTIOBUMHU
if abs(sqr(rz)-sqr(zr))=>v then | ckopoueHHSIMH, 3pOOIECHIMU
P:=True 3apajii KOMITAKTHOCTI BHKJIIa-

else JIeHHs MaTepiainy, puc. 3).
P:=False; 3 )
end; A3HAYMMO, 1110 CHHTaK
CHYHE TIOJIaHHS IIYKAHOIO
Puc. 2. llpuxnan npouenypu-byHkuii P PO3B’SI3KYy MOKE MOPOIDKYBa-
THUCh B aBTOMAaTHYHOMY PEXHMi 3a JOIIOMOTOIO CIICIiali30BaHOTO MPOTPAMHOTO
3abe3neueHHs — jaedinitopa MmoBu Pascal [3, 7]. Takum uMHOM, HEOOTSHKEHICTH
CEeMaHTHYHOI crenugikamii
Program F; PO3B’sI3aHHS 3a/1a4i He TUIbKU

var u,v,w,wpr: double;

Procedure G(x:double; var rz,zr:double); HE 3aBAKAE OTPUMAHHIO HOTO

CHHTaKCHYHOTO TIOJJaHHS, a €
Function P(rz,zr:double):boolean; CYTTEBOIO IIEPEBATOI0 TaKOI
begin crenudikamii mepes HaaTO
// BIIOK yBeICHHS 3HAYCHb U,V,W KOHKPETH30BAHHMH BUCOKO

if (4>0) and (v>0) and (w>0) then piBHEBUMH MOBaMH TpPOTpa-
_ MYBaHHL.
begin N
G(u, w, wpr); Hanuii npuxknan ne-
while P(w, wpr) do G(u, w, wpr); | MOHCTPY€  3alady, IO
writeln(w); pPO3B’A3YETBCSI «B OJIMH
end; Kpok». s po3B’si3aHb Ta-
end. KHMX 33Jla4 He MOTpiOHO 3a-

JydaTH OpPaKyJbHI CXEeMHU
KOHIENTYBAaHHI, TOMY 1
iHTerpalliifHa CKJIaJ0Ba TyT € TpUBiaNbHOW. HacTynHui mpuKian BxKe Ha MaKkpo-
piBHI UTIOCTpYy€ iHTErpaliiHUi acleKT KOHIIETITYBaHHs 1 3HAYHO BUpAa3HIlIe Jie-
MOHCTpPY€E TepeBaru peayKI[iHHOro KOHIIENITYBaHHs. Po3risHeMO Kiac crelianb-
HHUX DIBHSHb BUIIALY X=@(x), O¢ QYHKIiA ((X)|,.p 3a00BOJIbHSE TakKi IB1
YMOBH:

1) BoHa BU3Ha4eHa 1 HeriepepBHO M epeHIIiiioBHa Ha BCIi YMCIIOBIN MPSMIN;

2) icHye Take AificHe 4uciIo p <1, mo ajs BCIX X CHpaBeajMBa HEPIBHICTH

!
[P < p.
Bizomo, 1m0 CTOCOBHO TakOTO KJIacy piBHSIHB METOJ IPOCTUX iTepalii 30i-

Puc. 3. Tlpuknan Pascal-noganns mykanoi yHkuit

raeThesl. [Ipudomy po3B’s3KOM € IPaHuIs MOCIITOBHOCTI {X;}i_g1. > A€ X5 —
Oynp-sKe AilicHe uncno, a x;,; = ¢(x;), i =0,1,2,...

I3 HaBemeHMX YMOB BHUIUIMBA€, IO KOHIICNITYBaHHS 3a/ayi MOIIYKY
PO3B’SI3Ky PIBHSAHBb BUTISAAY X =@(X) MOXXHa 3BECTH 1O JeTaimizamii (QyHKii
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S A, x,), (u, &)} > {(v,x,)}, e x, — TepIInii YWieH MOCITiA0BHOCTI HaGIH-
XKEHb, JUIS SKOTO BHUKOHYETbCA YMOBa |X,_; —X, |<&. OueBUIHO, IO KOPTEX

True,|a—-b> ¢ ]
€ po3p’s3koM piBHsHHA [ =WD(E|,E,). Tobto
False,|a—bl< ¢

f=WD(g,p).

Oco0uBICTh OTPUMAHOTO PO3B’SI3KY TOJSATAE B TOMY, IO BiH € BXXE OpaKy-
JHHOIO CXEMOI0 PO3B’SI3aHHS KJacy 3ajad, 1Hakile KaXydd, € CXEMOI MOHAH.
Opakynom 1yT € @:{(v,b)} = {(v,0(b))} — imenHa crnenudikanis @(x)|.cxz -
CxeMa MepeTBOPIOETHCS B KOHKPETHY MOHAJTy Ticis 3aMiHH () Y CXeMi KOHKPET-
HOO (DYHKITIETO, III0 33I0OBOJIHHSIE HABEIEH] BUITIE Bl YMOBHU. TakuMu, HAPUKIIA,

€ ynkuii ¢: {(v,b)} - {(V, cosz(b) j} , :{(v,b)} > {(v, MJ} i T.iH.

3
V 1iit cxeMi opaxkyJbHY B3a€EMOJIII0 MOJAHO PyIUMEHTapHO, OCKIJIBKH B Hill yChO-
ro ofuH opakyl — @. IIpu 1bOMy HEMOXKIHMBICTH KOpeKTHOro Pascal-monmanHs

OTPUMAaHOI CXEMH dYepe3 TOTCHIIHHY HECKIHYEHICTh KJIacy OIMMUCYyBaHUX HEIO
OKpeMHX pO3B’sI3KIB HE 3aBaka€ BUKOPHCTOBYBAaTH Ii JUisi mopomxeHHs Pascal-
cnernudikariii KOHKpeTHUX MOHaA. sl bOro HEOoOXiMHO JHIle MOHAAU3YBaTH

Opaxkyia .
2i

o _ & X
Hexaii (p(x)—lZ:l:( ) 2007

Pascal-nnaropma peanizauii opakyna ¢ MiCTUTb, KpPiM CTaHIaPTHUX MaTeMa-

x1<oo, 10 33/I0BOJILHSE HABEACHI BUIIEC YMOBH, 1

tuuHuX (QyHKIii MoBu Pascal, i pyskiiiro pakropiana FC .
Toni nast Oynp-sIKOTO AIMCHOTO @ HOCHIIOBHICTD Vg, Vi, Vo, A€ Yo =0,
k+1 a2i 2(k+1)

_ BRR _ k14
yk+1—i§( 1) 220! Vi + (=1 200+ 1)!

obuncieHds @(a) i3 3aaHOI0 TOYHICTIO IO MIWCHOTO OJATHOTO YHCIA € KOPH-

lk=0.1.2 » 30iraerses no ¢(a) . s

cHOMW € (yHKIist ¢, mo iMeHHiit muoxuni {(v,a),(t,&),(w,b)} craButh y Bin-
NOBiAHICTh iMeHHYy MHOXUHY {(W,),)}, e y, — HepUINi 4WieH 3a3HaueHOl
2n

MOCJIZIOBHOCTI, JUIS SIKOTO BHKOHYETHCS YMOBa <¢g. OueBugHO, WO

2(2n)!
Q=qoq, ne ¢ :{(w.b).(s,m)} = {(w0),(s,0)}, a :{(,a0),¢e)}—>
—>{(w,y,)} — imeHHa QyHKLIs, Aka 00UYHCIIOE HAOMIKEHe 3HaYeHHA ¢(a) i3

3a3/1aJIeTi/b 3aJjaHo10 ToyHicTI0. TobTo mapa <gq,,q > € o-pefykuiero QyHKIii
@ . OyHkuis ¢, OOHYIIOE «KOMIPKH» W 1 S, TOOTO NMOJAETHCS OIEPaTOpaMH
npucBoroBaHHA w:=0; s:=0; i ToMmy He moTpedye momansioi meranizamii. [llo
CTOCYETBhCS (QYHKIII ¢, TO aHAJOTIYHO 1O TMONEpPeIHbOro, mapa <r,p >, le

4 20+D)

) _1\k+l
r:{(v,a),(w,b),(s,k)} — {(W’b +=D 2(k +D))!

), (s, k + 1)} Ta

a,beR,keN
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a2n

rue,
2(2n)!

- b

p:@t,e),(v,a),(s,k)} > € WD-penyxkuiero ¢ysakmoii ¢ . I, Ta-
2n

KuM yuHOM, @ =g, o WD(r, p) .

Biamosinae momanns QyHKIIT 7 3aificHIOEThCs Pascal-tiporieayporo (puc. 4).

Procedure R(var v, w: double; var s: integer);
begin

w::wY(((exp((sﬂ)*ln(-1))*(exp(2*(s+1)*1n(v))))/(2*F C(2* (st
s:=st+1;

end;

Puc.4. Ilpuxnan npouenypu R

[Ipeaukatr p mopaeTbca MPOLEAYPOIO, aHAJIOTTYHOIO 10 HABEACHOI y Iore-
peaHBOMY TIPHKIIA I TIporexypu-pyHkmii P (puc. 5).

Function P(v, ¢: double; s:integer):boolean;
begin
if s>0 then
begin
if abs((((exp((s+1)*In(-1))*(exp(2*(s+1)*In(m)))/(2*FC((2*(s+1))))))>=t
then
P:=True
else

P:=False;
end;

end;

Puc. 5. llpuxnax npouenypu-¢pyHkuii P

Tenep necknanano Hanatu Pascal-momanus ans yukuii @ (puc. 6).

Function FI(v,t:double):real;
Var
i:integer;
w:double;
begin
w:=0; i:=0;
while P(abs((((exp((i+1)*In(-1))*(exp(2*(i+1)*In(v))))/(2* FC((2*(i+1)))))))>t
do
begin
R(v,w,i);
end;
F=w;
end;

Puc. 6. Ilpuknan npouexypu-¢pyHkuii F71

[IpomoBxyroun moOym0BH, mpuxoauMo 1o Pascal-porpamu (puc. 7).

Po3msHyTi npuKiIagy AEMOHCTPYIOTH BayKJIMBI OCOOMMBOCTI PELYKLIHHOTO
KOHIETITYBaHHS OpaKyJlIbHUX cxeM. lle, mo-mepine, MOXIHMBICT TEPEXOMy Bif
pO3B’s3aHb OKPEMHUX 3a7ad 10 PO3B’sA3aHb KIIACIB MOMIOHMX 3ajad 3 TrapaHTOBa-
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HOKO KOPEKTHICTIO OTPUMYBAHHUX PEIYKI[IHHUM KOHIICTITYBaHHSM PO3B’S3KiB 3a iX
noOynoBoto. I, mo-apyre, oTprMaHi KOHIENTYBaHHSIM PO3B’SI3KH MOXYTh OyTH
peanizoBaHi Ha Pi3HUX CHHTAKCHIHUX IMPOTPAMHUX IUIaTGOopMax.

Program F;
var u,w,wpr,t.double;
s:integer;
Function G(e:double; x:double):double;
begin
x:=Fl(x,e); G:=x;
end;
Function P(x, v:double):boolean;
begin
if abs(x- G(x))>=v then P:=True else P:=False;
end;
Procedure R(x:double; var rz,zr:double; var s:integer);
begin
end;
Function FI(v,z.double):real;
begin
end;
// BIOK yBe/leHHs 3HAYEHb U, 1, W
begin
if (z>0) then
begin
w:=0;
while P(w, £) do G(w, ?);
readln(w);
end;
end.

Puc. 7. llpuknan nporpamu

[Iparaenns 1o nepuoro OyIo i 3aJUIIAETHCS CIIOHYKATbHUM MOTHBOM CTBO-
pEeHHSI OLIBIIOCTI MapaurM IpoTrpaMyBaHHs. Y TOMY YH iHIIIOMY BUTJISIII BayKJIH-
BICTh IHOTO 3HAMIIIIA CBOE BiMOOpa’keHHS, 30KpEMa, ¥ THIOPIHTOBCHKUX JICKITISX
Ixona bekyca, Encrepa [eiikrpa, dxxona Mak-Kapri, Pobepra ®noiina [12].
Bupnarni BueHi, siki 3poOuIM BaroMuii BHEMOK Y po30yIOBy 3acaj, Y TOMY YHUCHi 1
KOMIIT'FOTEpHOI HAayKH Ta IIPOrpaMyBaHHs y Hijomy, Taki sk Anonszo Yopu, CtiBeH
Kuini, I'ackenn Kappi, Hiknayc Bipt, Anan Keit Ta iX mocnigoBHUKH y CBOIH mis-
JHLHOCTI TaKOXK KEPYBAJINCH 1 KEPYIOTHCSA MpoOJIeMaMy IiABUIICHHS MPOTyKTHB-
HOCTI Ta 3a0e3MeUeHHs] KOPEKTHOCTI OTPUMYBaHUX po3B’si3kiB [13-26]. Peimxku-
HIpUHT TPOrpaMHOro 3a0e3MeYeHHs 3 TaBUHOMOAIOHIM 3pOCTaHHSIM iHBECTHIIIH Y
Horo po3po0JIeHHS CTaB CaMOOYEBHIHUM TPEHIIOM PO3BHUTKY iH(POpMAIifHUX Te-
XHOJIOTi# Ta nporpamyBanHA [27]. Bignatoun HanexHe BUZHAUHUM JOCATHEHHSM,
3poOJICHUM Y ITHOMY HamlpsiMi, THM HE MEHIIIe, HeOoOXiTHO 3BEPHYTH yBary Ha Te,
IO BCi BOHU 3 00’€KTUBHHMX NPUYMH CJIAOKO iHTErpoBaHi Mik coboro. AJke ix
aJieKBaTHa iHTerpalisi notTpedyBaia po3nIsAy psily MUTaHb, U BUPIMICHHS SKHX
He Oyino jpocrarHboi ¢axrorpadii. Takumu, 30KkpeMa, € mUTaHHS 00’ €KTUBizaLil
Ccy0’€KTMBHUX BIUIMBIB Ha PO3B’A3aHHS 33Jad IIEPEXOAy BiJl CHCTEM, Opi€HTOBa-
HAX Ha 3aMKHYTI y KOHKDPETHINI PO3B’S3KH, OO CHCTEM, OPI€EHTOBAHMX Ha
PO3B’s13aHHS KJIACIB MOIOHMX 3a/1a4.
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o x mo mpyroro, TO CHPSIMOBAHICTh PENYKIIMHOTO KOHIETITYBaHHS Ha
NpUTaMaHHI MIPOTPaMyBaHHIO T€HETUYHI CTPYKTYpH JO3BOJISIE BPaxOBYBaTH akK-
TUBHY POJIb Cy0’€KTa Y HbOMY, Ha BiMIHY BiJl OUIBIIOCTI TPaIUIIHHUX TiAXOIB,
SIKi OPIEHTOBaHI Ha CHHTAKCHUYHY HOTAIIII0 PE3yIbTATIB CBIIOMOTO YH HECB1IOMO-
IO 3aCTOCYBaHHS TAKUX TEHETUYHUX CTPYKTYp. TakMM 4WHOM, MAEMO JOCTATHHO
HiICTaB PO3IJSAATH PEAYKLiHEe KOHLENTYBAaHHS OpPaKyJIbHHX CXEM SIK MPOAYK-
THBHY €KCIUTIKAIIIIO IPOTpaMyBaHHS.

BUCHOBKH

Y poboTi 0OrpyHTOBAHO KIIFOUOBI MOHSATTS 1HTEPCYO €KTHBHOI MapagurMu IPO-
rpaMyBaHHsI i3 3Iy4eHHSIM OPaKyJbHUX CXeM KOHILENTYBaHHS. Po3risHyTO eKc-
TUTIKATiBHI 3B€ICHHS KOHLENITYBaHHS 10 HOBHX OPaKyJIbHUX CXEM, SIKi € KOHIeT-
TaMU JUIS PI3HAX KOMIO3UTHUX 1 KOMIO3UIIHHUX KOHIENTYBaHb. [HCTpyMeHTOM
TaKOTO 3BEJICHHS € KOHKPETHU3allisl OPaKyiB, MO BXOJATH 10 IHUX cxeM. [Ipoayk-
THBHE 30aradyeHHs PO3YMIHHS NPOTPaMyBaHHS 3HAUILIO CBOE BiIOOpaKEHHS Y
TBEPDKCHHI PO OPaKyJIbHY CXeMaTH3aIlii0 PEayKIIil.

Po3BuHyTO i 30ara4eHo HOBMM 3MiCTOM NpOTrpaMyBaHHs K TiSTBHICTB, Opi-
€HTOBAHY HE TLIBKM Ha HOTALil0 OJCPXKYBAHHX PO3B’S3KIB, alle TaKy, ska 31aTHa
3a0e3IeuyBaTH MPOIYKTUBHY AiSUIBHICTH Cy0’€KTa Ul iX OTpHUMaHHS i3 3aIydeH-
HSM PO3BHHEHUX 3ac00iB MPOTrpaMyBaHHs, aIaNTOBAHUX JUIS peasi3anii akTHBHOT
pouti cy6 exta. J{ms 1mporo HEOOXiIHO BI/IpIHIYBaTI/I mpo0seMy moOyI0BH IpoTpa-
MOJIOTIYHHX 3acaj] MPOAYKTHBHOI MiSIBHOCTI 1 PO3BHTKY aJaNTHBHUX iH(opMa-
THKO-TEXHOJIOTIYHHUX CEPEIOBHUIIL.

HaBeneHo penpe3eHTaTHBHI NPHUKIAIN PEIYKLIHHOTO KOHIENTYBAaHHS, SKi
OOIPYHTOBYIOTh OPaKyJIbHY CXEMaTH3aIli0 K TEXHOJIOTIIO0 BUPIIIEHb MPOTPaMicT-
CBHKUX 3aBJIaHb.

Monanemmi gocmipkeH st 3 uiei npobnemaTHky OyAyTh CIpsMOBaHi Ha PO3-
WIHPEHHs 3MiCTOBHUX NPUPOJHIYO-HAYKOBHX JTOCIIIUKEHE, pakrorpadii, mo mia-
TBEP/KYE iX, i PO3BUTOK BiAMOBIIHOI (hakToyorii s OpaKYJ'IBHOI cxemaTH3arii
KOHIENTYBAHHS 5K MPOJIKTHBHOTO 3aco0y crnenuikaiii po3s’s3KiB KiIacis 3a/1a4
1 pO3BUHEHUX Ha 11 OCHOBI peIyKIiHHUX METO/IB IPOrpaMyBaHHS.
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PEAYKIIMOHHOE KOHIHEIITUPOBAHUE OPAKYJIbHBIX CXEM / 1.B. Pensko,
I1.A. Sranos, M.O. 3p11eBHa

AnHoTtamus. PaGora HampaBieHa Ha pa3BUTHE MHTEPCYObEKTHBHOM MapajurMbl U
AKTHBHOI poiy CyObeKTa B PeIyKIHMOHHOM KOHIeNTHpoBaHHMU. [y aToro obmias
OpaKylbHasi CXeéMa KOHLENTHPOBAHUS KOHKPETH3UPOBAaHA B3aUMOJIOMOIHEHUEM
KOMIO3UIUHN ¥ AEKOMIIO3HINH KaK 3KCIUTMKAIMHA CHHTE3a M aHajiM3a CYIIHOCTEil.
IIparmatiko-06ycIOBIEHHOE 000TalIeHHE 3TOT0 B3aUMOJIONOTHEHUS OCYILECTBIIE-
HO C TPHUBJIEYEHHEM KOMIIO3HUIIMOHHOTO MPOrpaMMHPOBAHUS M MMEHHBIX MOJEIeH
aHHBIX, QyHKIMH u KoMmmo3unmid. PaccMoTpeHa opakyinbHas cxema pPeayKIHH,
CMBICT KOTOPOH 3aKIIOYaeTcs B TOM, YTO OHA, ONMUPAsICh HAa MMEIOIINECs KOMIO3H-
I[11, €CTECTBEHHBIM 00pPa30M UMIUIEMEHTHPYET MapagurMy «pa3ielisii 1 BIacTBYID
B CMBICJIE aKTUBHOH POJM CyOBEKTa B KOHIENTHPOBAHHH, IOJCPKUBAs PeabHOE
B3aUMOJIOIOIHEHHE JECKOMIIO3ULIMOHHOIO U KOMIIO3UIIMOHHOTO METOAOB M3Yy4CHUs
KoH1enTuposaHus. [IpuBeieHs! penpe3eHTaTUBHbIC IPUMEPBI PEIyKIUOHHOIO KOHIIEI-
THPOBaHMsI, KOTOPEIE 000CHOBBIBAIOT TEXHOJIOTUIO PEIICHHS IPOIPaMMHUCTCKUX 3a71ad.

KnrodeBble cjoBa: IporpaMMHUpOBAaHNE, HHTEPCYOBEKTHMBHAS Iapagurma, opa-
KyJIbHAs CX€Ma, KOHIIEITHPOBAHHE, PEIYKIHS.

REDUCTION CONCEPTUALIZATION OF ORACLE SCHEMES / L.V. Redko,
P.O. Yahanov, M.O. Zylevich

Abstract. This work is aimed at developing an intersubjective paradigm and an ac-
tive role of the subject in reduction conceptualization. For this purpose, the general
oracular scheme of conceptualization is concretized by the complementarity of com-
position and decomposition as explications of synthesis and analysis of entities.
Pragmatically conditioned enrichment of this complementarity is carried out with
the involvement of compositional programming and nominal models of data, func-
tions, and compositions. The oracular scheme of reduction is considered, the mean-
ing of which is that it, based on existing compositions, naturally implements the par-
adigm of “divide and conquer” in understanding the active role of the subject in
conceptualization, supporting the real complementarity of decomposition and com-
positional methods of conceptualization. Representative examples of reduction con-
ceptualization are shown, which substantiate the technology of solving programming
problems.

Keywords: programming, intersubjective paradigm, oracle scheme, conceptualiza-
tion, reduction.
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METHOD OF SEARCHING FOR INFORMATION OBJECTS
IN UNIFIED INFORMATION SPACE

A.DODONOYV, V. MUKHIN, V. ZAVGORODNII, Ya. KORNAGA,
A.ZAVGORODNYA

Abstract. The article discusses the concept and principles of building unified infor-
mation space and presents a scheme for its formation. The article considers forma-
tion of unified information space using a specialized information computer system,
which is actually a hardware and software basis for supporting unified information
space. The stages of information object identification in unified information space
are considered. The article suggests a method for finding missing features of an in-
coming object by implementing the information objects interaction with each other
within unified information space.

Keywords: unified information space, information object, signs, object identifica-
tion, search method.

INTRODUCTION

Unified information space is an information model of a complex subject area. It
includes information objects, connections between them, environment of the
space and processes accompanying creation of unified information space [1-5].

Unified information space is formed as a result of processing information
about an object, received from various sources.

Here is the contradiction, which is as follows: in order to obtain information
features of objects, the heterogeneous data sources there are used, and these
sources are characterized by varying degrees of accuracy and different formats for
data presenting. At the same time, for the formation of unified information space,
the unification of data obtained from heterogeneous sources is required. The
implementation of a converting mechanism for such formats also is required. So,
the contradiction arises between the heterogeneous nature of sensors for
collecting features of objects and the requirement for a unified data presentation.
In this case, the same object, the parameters of which are obtained from different
sensors, must be uniquely identified anyway.

In the process of forming unified information space, an information
computer system collects information from various data sources presented in
different forms and / or formats, while the processing of incoming data can be
carried out by heterogeneous computer systems [6—8].

To form unified information space, it is required to implement a unified data
entry, store data in uniform formats and exchange information between all infor-

© A. Dodonov, V. Mukhin, V. Zavgorodnii, Ya. Kornaga, A. Zavgorodnya, 2021
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mation objects [5, 9, 10]. An information object is a mathematical description of
an initial object by its main parameters. It can be represented as a tuple of pa-
rameters of a real object, and all values of the parameters are determined by the
characteristics of the real object.

Information about objects in unified information space changes dynamically
[11-12].

Creation of unified information space is intended to provide a unified
description of information objects for all users, so that all users of unified
information space perceive the same information object in the same way. This
characteristic is the main feature of unified information space [1, 2].

Thus, unified information space is a complex of tools that support the unity
of presentation, processing and interpretation of information about information
objects. Creation of unified information space is aimed to provide access to
general information without limiting the place and time [13—19].

The information computer system, on the basis of which unified information
space is formed, performs the following main functions:

o transformation of information about objects and formation of unified in-
formation space;

e providing users with information about objects.

The goal of the research is to consider the concept and principles of
building unified information space and present a scheme for its formation using
a specialized information computer system; describe the stages of identifying an
information object in unified information space; propose a method for finding
missing features of an incoming object.

SCHEME OF UNIFIED INFORMATION SPACE FORMATION

Fig. 1 shows a general scheme for unified information space formation. An impor-
tant task of unified information space is to transform the input information in such a
way that each information object in unified information space is presented uniquely.

— 'Object Sensors .=~ ~

Fig. 1. General scheme of unified information space
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In unified information space, the attributes of information objects must be
defined in a single format and their number must be the same. Information objects
should also be perceived unambiguously by users of unified information space. In
fact, the input information in unified information space is heterogeneous in its
presentation.

The task of internal mechanisms of an information computer system is to
transform heterogeneous information coming in different formats and from
different sources into a single set of information object attributes, by which uni-
fied information space users can uniquely identify an information object.

STAGES OF INFORMATION OBJECT IDENTIFICATION IN UNIFIED
INFORMATION SPACE

Identification of an information object in unified information space makes it pos-
sible to unambiguously define it by the corresponding features. To identify ob-
jects, an identification method can be used which is based on a step-by-step anal-
ysis of the characteristics of an object using requests to the object in order to
provide an opportunity to make decisions about its identification.

As it shows Fig.1 the external sources of information for unified information
space generally represent objects Oy, O,,...,0,, in different ways, where m is the
number of objects operated by unified information space. Information about such
objects is received as a set of feature values by reading them using sensors.

Also here is presented the users of unified information space, who’s goal is
to get some information about the objects there.

m

There are many information objects 10,,10,,...,IO,, each of which has a
set of features A, P,...,P,, where k is number of information objects, and n is
number of an information object features, i.e., 10, (A, P,...,B,).

In this case, it is considered that the same maximum number of features is
set for each information object. Still the number of features for each specific ob-
ject may be less than the maximum — some features may be absent (correspond
to the NONE value), i. e. this object may simply not have this feature.

In unified information space each IO, information object is different, that

is, there are no two absolutely identical information objects:
I0, #10, #,10, #... 210, ..

Therefore, unified information space should work as a kind of reference sys-
tem. For this you need to go through several stages:

1. To form unified information space. It will consist of a set of information
objects, each of which is characterized by a set of features. Such information ob-
jects will differ from each other, that is, they will be unique. Information objects
have connections, so they interact with each other. A connection is understood as
the presence of parameters of another information object in the certain object,
which are obtained as a result of their interaction with each other. Connections
between information objects correspond to the “interaction trajectory”, which is
determined by the pre-history of the of objects interactions with each other.
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Unified information space is constantly being updated and trained. Forma-
tion of unified information space is the procedure of its training, that is, recogni-
tion of incoming objects without reference to a specific object.

2. Read the characteristics of the incoming object using sensors, which are
a kind of meters. But it happens that sensors may not read some signs of informa-
tion objects, for example, there will be no access, there will be no information
(corresponds to the NULL value).

3. Classification (recognition) of an object. The system receives an object
0O,, with a set of features, the sensors should read their values, and unified infor-

mation space should unambiguously answer the question of whether there is an
information object in a unified information space with such feature values, or a
new information object will be formed.

METHOD OF SEARCHING FOR MISSING FEATURES IN THE
INFORMATION OBJECT

Information objects have a local feature memory. When a unique identification of
an incoming object occurs, the values of its parameters are added to the memory
of corresponding attributes of the information object. Then, from a set of values
of each information object attribute, statistical characteristics that describe this
attribute are determined — the mathematical expectation M and the variance D,
and the more input objects are identified by unified information space, the more
accurate they become.

Method of searching for missing features in an information object:

1. Formation of the objects interaction history. Information objects store his-
tory of interactions with each other and an information object can answer the
question whether it interacted with another information object before, and if so,
whether the trajectory of its interaction contains the needed feature. If a given in-
formation object does not have an answer to this question, then it refers to other
information objects of unified information space.

2. Comparison on the basis of features. An object O; with a set of parame-
ters (A, B,...,P,) comes to the input. If the value of each parameter falls within
the permissible range of values for the corresponding attribute of a certain infor-
mation object (M —D <P <M +D), then unified information space uniquely
identifies the incoming object, that is, O; =10, .

3. Search for missing features. To search for missing features, an informa-
tion object interacts with every other information object from unified information
space. For this, a feature search will be used. This search is based on the trajec-
tory of the objects interaction, and their combination allows gradually narrow the
search area for the missing parameters of the objects. And so on, until all the
missing features are filled in so that unified information space can uniquely iden-
tify the object O;.

4. Clarification (recognition) of missing features. If there are not enough
signs, then it is necessary to turn to other information objects of unified informa-
tion space and request the necessary missing features based on the trajectory of
information objects interaction. For this, it is necessary that each information
object retains the trajectory of interaction, i.e. it actually has a kind of global
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memory. With such unified information space formation, all trajectories of all
information objects interaction are placed in a single data warehouse.

5. The result is displaying the found object, group of objects or establishing
the fact that the analyzed object is new.

In brief, the method is the next: the identification of an information object is
made according to certain external or internal characteristics of an information
object, taking into account the interaction of an information object in a unified
information space. To support these actions, each information object is supplied
with a set of features that characterize the object to a certain extent. Due to this,
the procedure for identifying an information object is reduced to a simple
comparison of the characteristics of the information object with the characteristics
of the incoming object. If the parameters of an information object in a necessary
and sufficient degree coincide with the parameters of the incoming real object,
then this object is considered as has been identified.

ORGANIZATION AND CONDUCTING EXPERIMENTAL RESEARCH

We will analyze efficiency of incoming objects search in unified information space.

For the experiments, unified information space of 20,000 information objects
was formed.

The percentage of missing parameters in information objects (NONE) was
6%. After that, a single information space is rebuilt by eliminating duplicate in-
formation objects. A series of 20 experiments each was carried out, at certain
probabilities (25, 20, 15, 10 and 5%, respectively) that the parameter would not be
read by the sensors (NULL).

Experiment 1. Let’s consider the case when each of 20,000 information objects
is described by 7 parameters. Below is a snippet of 10 information objects (Table 1).

Table 1. Fragment of 10 information objects from unified information space

P

P, P, P, Py P P P,

10, 4+£05 | 3+0,9 6+0,7 7+0,1 6+0,9 9+04 11+0,6
10, 5+0,1 | 6£0,6 6+0,9 7+04 6+0,6 6+0,1 9+0,2
10; 1£0,3 | 609 3+0,2 5+0,2 NONE 10+ 0,4 8+04
104 1£0,7 | 6+0,7 7+03 6+0,4 6+0,5 NONE 10£0,8
105 4+04 | 60,6 4+04 7+0,2 8+0,3 6+0,5 8+0,4
104 5404 | 4+£08 6+0,4 4+0,5 54+£0,7 8+0,8 9+0,7
104 2+0,3 3+0,6 7+0,4 NONE 7+0,6 9+0,7 8+0,6
10g 3£04 | 5+0,5 5+04 6+0,2 9+0,6 NONE 7+0,5
10y 2+09 | 2+0,5 3+0,2 4+0,9 8+0,2 6+0,5 11+0,2
104, 1£02 | 6+0,7 6+0,4 8+0,7 9+0,3 8+0,3 11+0,5

10

In this case, the interval length for each parameter was 5 units, for example,
for the parameter A [1; 6).

The following variants of the results were obtained:

1. When the sensors read all the values of the parameters of the incoming ob-
ject and its unique identification has occurred:

New object:
58 65 62 48 96 95 97
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Search object:

1006106 5+0,3 6+04 6+0,7 4+£09 9+0,4 9+0,6 9+0,2

2. When the sensors read all the values of the incoming object parameters
and its identification did not occur, there was no information object in unified in-
formation space that would describe this incoming object:

New object:

49 33 45 79 52 65 11,7

Object is absent!

In this case, this incoming object becomes a new information object and can
be added to unified information space.

3. When the sensors did not read the values of all parameters of the incoming
object (NULL), but due to the interaction of information objects with each other
in unified information space, a unique identification of the incoming object took
place:

New object:

52 Null 64 63 55 10,1 99

Search object:

1002727 5+0,1 4+04 6+05 6+0,8 5+£0,6 10+£0,8 9+0,2

1013394 5+0,6 2+0,2 6+0,8 6+04 5+0,2 10+0,1 9+0,9

1014824 5+0,1 5+£03 6+09 6+09 5+04 10+0,2 9+04

ReCreateObject:

52 41 64 63 55 10,1 99

Search object:

1002727 5+0,1 4+04 6+0,5 6+0,8 5+£0,6 10+£0,8 9+0,2

4. When the sensors did not read the values of all parameters of the incoming
object and, despite the interaction of information objects with each other in uni-
fied information space, identification of the incoming object did not occur:

New object:

2,1 45 35 Null 96 92 Nul

Search object:

1008264 2+0,3 4+0,2 3£0,7 None 9+0,6 9+£0,7 10+04

1008473 2+0,6 4+0,6 3+£0,3 6+0,8 9+0,2 9+0,5 8+0,4

1016500 2+0,9 4+0,7 3+0,1 8+04 9+04 9+0,6 8+0,4

ReCreateObject:

2,1 45 35 Null 96 92 85

Search object:

1008473 2+0,6 4+0,6 3£0,3 6+0,8 9+0,2 9+0,5 8+0,4

1016500 2+0,9 4+0,7 3+0,1 8+04 9+04 9+0,6 8+0,4

ReCreateObject:

2,1 45 35 51 96 92 85

Object absent!

5. When the sensors did not count values of one or several parameters and,
after the interaction of information objects with each other in unified information
space, it was found that this object does not have this feature (NONE).

New object:

2,7 47 4,1 83 55 Nul 7,6
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Search object:
1012602 2+0,5 4+04 4+03 8+0,7 5+0,8 10+0,9 7+0,8

ReCreateObject:
27 47 41 83 55 Nul 7,6
ReCreateObject:
27 47 41 83 55 Nul 7,6
ReCreateObject:

27 47 41 83 55 None 7,6

Object absent!

Generalization of the experiments results made it possible to conclude about
search efficiency of incoming objects in unified information space with 7 parame-
ters and an interval length of 5 units, which is presented in Table 2.

Table 2. Search efficiency of incoming objects in unified information space
with 7 parameters and an interval length of 5 units

Probability that the parameter will not be Probability of an incoming object
read by sensors (NULL),% identification,%
5 20
10 10
15 25
20 15
25 15

Table 2 shows that search efficiency of incoming objects in unified informa-
tion space with 7 parameters and an interval length of 5 units is low.

Therefore, it was decided to reduce number of parameters that describe the
object, and conduct similar experiments with 4, 5 and 6 parameters with the same
initial data. The results of the experiments are presented in Table 3.

Table 3. Search efficiency of incoming objects in unified information space
with 4, 5 and 6 parameters and an interval length of 5 units

Probability that the parameter | Probability of an incoming object identification
will not be read by sensors depending on the number of parameters, %
(NULL), % 4 P 6
5 100 100 65
10 100 100 45
15 100 90 85
20 100 100 75
25 100 100 50

Based on the data in Tables 2 and 3, a graph was built for comparing search
efficiency of incoming objects in unified information space with 4, 5, 6 and 7 pa-
rameters and an interval length of 5 units (Fig. 2).
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Fig. 2. Comparative graph of search efficiency of incoming objects in unified informa-
tion space with 4, 5, 6 and 7 parameters and an interval length of 5 units

From Fig. 2, we can conclude that search efficiency of incoming objects in
unified information space with an interval length of 5 units was on average: with
4 parameters — 100%, with 5 parameters — 98%, with 6 parameters — 64% and
with 7 parameters — 17%.

Accordingly, a decrease in the number of parameters leads to a sharp in-
crease in search efficiency of incoming objects in unified information space.

Experiment 2. When analyzing the conclusions of experiment 1, it was de-
cided to change the lengths of the values intervals of the parameters of the in-
coming objects in unified information space with a constant value of parame-
ters number.

Let us consider the case when each of 20,000 information objects is de-
scribed by 7 parameters, but with different interval lengths of parameter values of
3,4, and 5 units. The results of the experiments are presented in table 4.

Table 4. Search efficiency of incoming objects in unified information space
with 7 parameters and an interval length of 3, 4 and 5 units

Probability that the parameter | Probability of an incoming object identification

will not be read by sensors depending on the interval length, %
(NULL),% 3 4 5

5 100 75 20

10 100 40 10

15 95 50 25

20 100 65 15

25 100 50 15

Based on the data in Table 4, a graph was built for comparing search effi-
ciency of incoming objects in unified information space with 7 parameters and an
interval length of 3, 4, and 5 units (Fig. 3).

From Fig. 3, we can conclude that search efficiency of incoming objects in
unified information space with 7 parameters on average was: with an interval
length of 3 units — 99%, 4 units — 56%, 5 units — 17%.
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Fig. 3. Comparative graph of search efficiency of incoming objects in unified informa-
tion space with 7 parameters and an interval length of 3, 4 and 5 units

Accordingly, an increase in the interval length leads to a sharp decrease in
search efficiency of incoming objects in unified information space.

Experiment 3. When analyzing the conclusions of experiment 2, it was de-
cided to conduct similar experiments with a small interval length, but a larger
number of incoming objects parameters in unified information space.

Let us consider the case when each of 20,000 information objects is de-
scribed by 8, 9, and 10 parameters with a length of parameter value intervals be-
ing 3 units. The results of the experiments are presented in Table 5.

Table 5. Efficiency of searching for incoming objects in unified information
space with 8, 9 and 10 parameters with a length of parameter value intervals
of 3 units

Probability that the parameter Probability of an incoming object identification
will not be read by sensors depending on the number of parameters,%
(NULL),% 7 8 9 10
5 100 85 35 25
10 100 80 40 5
15 95 90 35 10
20 100 90 45 25
25 100 95 40 15

Based on the data in Tables 4 and 5, a graph was constructed for comparing
searching efficiency of incoming objects in unified information space with 7, 8, 9
and 10 parameters and the length of the parameter values interval of 3 units (Fig. 4).
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From Fig. 4, we can conclude that search efficiency of incoming objects in
unified information space with length of parameter value interval of 3 units on
average was: with 7 parameters — 99%, with 8 parameters — 88%, with 9 pa-
rameters — 39%, and with 10 parameters — 16%.
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Fig. 4. Comparative graph of search efficiency of incoming objects in unified information
space with 7, 8, 9 and 10 parameters and length of the parameter value interval of 3 units

Accordingly, search efficiency of incoming objects in unified information
space is the highest with 7 and 8 parameters and with length of the parameter
values interval of 3 units.

CONCLUSIONS

The article discusses formation of unified information space using a specialized
information computer system, which is actually a hardware and software basis for
supporting a single information space.

The stages of information object identification in unified information space
are considered. The article proposes the method of searching for missing features
of the incoming object by implementing information objects interaction with each
other within unified information space.

The experiments described in the article make it possible to evaluate search
efficiency of incoming objects in unified information space when the number of
incoming parameters and interval of their values change. The experiments have
shown that the identification probability depends significantly on the number of
parameters of the original object, as well as on the length of the intervals de-
scribing values of the object parameters themselves. At the same time, with an
increase in number of original object parameters and the interval length of object
parameters, search efficiency of incoming objects in unified information space
significantly decreases.

Thus, a promising direction of research is the development of specialized
methods for identifying objects in unified information space, which will improve
object identification efficiency in conditions of an increase in number of the orig-
inal object parameters and the interval length of object parameters.
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METOJA HNOUCKA HWH®OPMAIMOHHBIX OBBEKTOB B EJIWMHOM
HUHO®OPMAIIMOHHOM ITPOCTPAHCTBE / A.T. Jlononos, B.E. MyxuH,
B.B. 3asropoanuii, 1.1. Kopnara, A.A. 3aBropoguss

AHHOTaMsA. PaccMOTpEHbI TOHATHE W NPUHLMIIBI IOCTPOCHUS SMHOr0 HH(pOpMa-
LIMOHHOT'O TPOCTPAHCTBA U NpeJCTaBlIeHa cxeMa ero GopmupoBanus. PaccMoTpeHo
(dopmupoBaHHe eIMHOr0 MH(MOPMALMOHHOTO IPOCTPAHCTBA C HCIHOJIb30BAHHEM
CIEUAIN3NPOBAaHHON MH()OPMAIIMOHHOW KOMIIBIOTEPHOH CHUCTEMBI, KOTOpas (ak-
THUYECKN SIBISETCS AIIapaTHO-IPOTPaMMHBIM 0a3HCOM JUIS TOJAEPKKU €IUHOTO
MH(OPMAIIMOHHOTO MTPOCTPAHCTBA, a TAK)KE dTaIbl HASHTU(GUKAINY HHPOPMALMOH-
HOTrO 00BEKTa B €JMHOM HMH(OPMAIIMOHHOM IpocTpaHcTBe. [IpeioxkeH MeTox 1o-
MCKa HEJOCTAIOIIMX HPHU3HAKOB BXOJSLIEr0 OOBEKTA IyTEM pEaM3alUH B3aUMO-
JedcTBUS  MH(QOPMALMOHHBIX  OOBEKTOB MEXAy COOOH BHYTPH  €IHHOIO
MH(POPMALIMOHHOTO POCTPAHCTBA.

KnroueBble ciioBa: ennHoe MH(POPMAIMOHHOE MPOCTPAHCTBO, MH(OPMAMOHHBIN
00BEKT, IPU3HAKY, UACHTH(DHUKALUSI 00BEKTA, METO/L ITIOUCKA.

METOJ] MNOIIYKY IH®OPMALIMHUX OFBEKTIB B €JIUHOMY
IH¢OPMAHIﬁHOMY MMPOCTOPI / O.I'. lomonos, B.€. Myxin, B.B. 3aBroposHiii,
S.1. Kopnara, I'.A. 3aBropoanst
AHoTauisi. Po3risHyTO MOHATTS 1 NpUHUMNY TOOYJOBH €IMHOTO iH(OpPMALiHHOTO
npocTopy i mogaHo cxemy Horo QopmyBanHs. PosrisHyTo GOpMyBaHHS €MHOTO
iH(pOPMaLITHOr0 TPOCTOPY 3 BHUKOPUCTAHHAM CHELiaNi3oBaHOi iH(popMamiitHOT
KOMIT TOTEPHOT CHCTEMH, AKa (PaKTUIHO € amapaTHO-IPOrpaMHUM 0a3ucoM A Mix-
TPUMaHHSI €IWHOTO iH(OPMaifHOTO MPOCTOpPY, a TaKOXK eTanH igeHTH¢ikamii iH-
¢opmaniitHoro o6’ekta B €JUHOMY iH(OpPMamifHOMY HpPOCTOpi. 3aIpPOIOHOBAHO
METOJ TMOIIYKY BiJICYTHIX O3HAK BXIJHOTO 00’€KTa IUIIXOM peaiisarii B3aeMoil
iH(popMaLiitHUX 00’ €KTIB MiXK CO00I0 BCEpEIMHI €TMHOTO 1H(OPMAIIIHHOTO TPOCTOPY .

KunrodoBi cnoBa: enunmii indopmaniiauii npocrip, iHbpopManiiinuii 06’ €T, 03Ha-
KH, ineHThdiKalis 06’ ekta, METO/ MOIIYKY.
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ONTOLOGICAL MODEL FOR DATA PROCESSING
ORGANIZATION IN INFORMATION
AND COMMUNICATION NETWORKS

L.S. GLOBA, N.A. GVOZDETSKA, R.L. NOVOGRUDSKA

Abstract. The functioning of modern information and communication networks is
impossible without data processing. With the emergence of new network services,
the amount of information that needs to be processed increases, while the require-
ments to the data processing quality become more and more stringent. Therefore, the
problem of designing and maintaining a scalable data processing system with a flex-
ible quality of service management is becoming more and more important for a net-
work operator. Such data processing systems have a complex internal structure with
many interrelated parameters, which makes them difficult to analyze, manage, and
expand. This study proposes to use an ontological model to store, represent, and ma-
nipulate the information in the operator’s data processing system. The ontological
model allows to structure and systematize the data of an information processing sys-
tem, and transparently reflects the relationships between the parameters of the sys-
tem to simplify its analysis and scaling. The proposed ontology of a data processing
system consists of three related subsystems. The paper describes the proposed onto-
logical model and additionally analyzes the sources of information that needs to be
processed in the information and communication network.

Keywords: information and communication network, data processing system, on-
tology, model, network operator, analysis, scaling, class, relations.

INTRODUCTION

Until the last decade, the term “communication network” primarily meant a set of
technical means of communications and facilities designed for routing, switching,
transmission, and/or reception of signals between the terminal equipment [1].
However, in modern communication networks, the operation of technical means
of communications is not possible without software. Moreover, a big part of
hardware functionality is being replaced by software due to the convergence of
information and communications technologies. Communication network becomes
a cyber-physical system, where the physical and software network components
are deeply intertwined. Therefore, the term “information and communications
network”™ is used instead today to emphasize the fact that the set of information
and communications systems act as a whole within the information processing.
Having an extremely complex internal structure, such a cyber-physical network
can not be easily controlled by the man without using the approaches to intellec-
tual data analysis.

In information and communications network data processing plays an essen-
tial role. To ensure efficient data processing, telecom operators must manage their
data processing system wisely taking into account multiple criteria. Therefore, the
relevant problem for the telecom operator is to represent his data processing sys-
tem in a way to simplify its analysis, maintenance and operation, and to add sup-
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port for the system’s scalability. To reach these objectives, the system should be
represented in a formalized way, so that the parameters of the system are explic-
itly exposed, the internal dependencies within the structure are easy to analyze
and the new component may be easily added to support the system’s scalability.

There exist multiple approaches to complex systems’ formalization. In
particular, the system may be represented with the help of the relational model
[2], object-oriented model [2, 3], network-based model [4], ontological model
[5, 6]. The relational model focuses on organizing data in two-dimensional tables.
The advantage of the relational data model lies in the simplicity and convenience
of physical implementation on a computer. The main disadvantages of the
relational model include the lack of standard means of identifying individual
records and the complexity of describing hierarchical and network relationships.
The object-oriented data representation model operates with concepts such as
class and object. Classes define a data structure and represent a set of attributes
(text string, integer, image, etc.). Instances of a class (objects) have a certain
structure and can contain other objects, forming an arbitrary hierarchical
structure. As a rule, systems based on an object-oriented data model are
functional, flexible, but at the same time, more complex. Being hierarchical, these
systems have a limitation: the use case, when a child class has more than one
parent class is not supported here. To tackle this problem, the network-based
model exists. In this model, the classes and relationships are represented in a form
of a graph, which makes this model much more flexible. Ontology is an attempt at
a comprehensive and detailed formalization of a certain area of knowledge using
a conceptual scheme. By the ontological model, data can be represented as a set
of different types of information objects and links between them. The main
advantage of the ontological model is its comprehensiveness. In contrast to the
object-oriented and network-based model, not only the classes and objects are in
focus here, but also the complex semantic relations between them. It helps to
describe the system more exhaustively and explicitly. Because of these
advantages, we have chosen an ontological model to help the operator to simplify
the management and analysis of his data processing system.

In this paper, the usage areas of data processing within the activity of the
information and communication network operator are analyzed. In order to
simplify the data processing organization, an ontology of the operator’s data
processing system is proposed. It formalizes the data processing system and
exposes its parameters, allowing the operator to analyze and manage the data
processing infrastructure with less effort. The paper is structured as follows: in
Section 2 we provide an overview of the related work. Section 3 is dedicated to
the analysis of the main data sources in the operator’s network to reveal the
importance of data processing in modern information and communication
networks. Section 4 describes the proposed ontological model which aims at
simplifying the analysis, management, and scaling of the data processing system.
Section 5 provides an example of simplified data processing system analysis. The
results of the paper are summarized in the Conclusion.

RELATED WORKS

There exist a number of approaches to formalizing a communication network with
the help of an ontological model. The authors of [7] proposed a general ontologi-
cal model that describes a semantic of the domains relevant for the Next Genera-
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tion Networks (NGN). Their main idea was to introduce a central point ontology
(core ontology) that defines the main concepts of the mobile domain. Except for
the core ontology, the authors generally described a number of sub-ontologies that
need to be further refined and extended to further domains. Among them is a
communication resources sub-ontology. In this paper we are focused on the data
processing system as a communication resource of the network and thus we aim
at refining this part of the ontological model proposed in [7]. However, from our
point of view the authors did not pay enough attention to the quality of service
assessment in the communication network, although this aspect itself contains a
large number of concepts and relations that should be considered and formalized.

In [8] an approach to ontology modelling for telecommunications service
domain was proposed. Within their telecommunications service domain ontology
(TSDO), the authors distinguish the Terminal Capability Ontology, Network
Ontology, Service Role Ontology, Service Category Ontology, Charging
Ontology and Service Quality Ontology. From our point of view, the main
advantage of the proposed concept is taking into account the quality of service
parameters as a separate full-fledged ontology. Meanwhile, the authors paid
attention to formalizing the communication resource domain as well. In our work
we would like to elaborate on this concept and describe the network resources in a
relation with its quality parameters in particular. Since the service quality is
influenced not only by the network resources but also by the various workloads
which have to be processed in the network, in contrast to [8] we would like to pay
separate attention to the semantic interoperability of all three domains: network
resources, service quality, and workload.

According to the 5G whitepaper [9], in new networks along with traditional
Quality of Service parameters such as the packet error rate, transmission latency,
and data rate, the new parameters such as network energy efficiency are becoming
more and more important. Energy efficiency of data processing in general is a
highly relevant topic. According to [10] the amount of power consumed by the
data processing facilities around the world comprises near 2% of all electrical
power produced worldwide. In order to deal with this problem a number of
hardware and software energy efficient approaches to data processing were
proposed. Among them are the virtual machines consolidation [11], energy
efficient scheduling [12, 13], resource scaling [14]. These approaches have
already become standard for the distributed data processing facilities, however,
they did not get enough attention in the communication network domain. Of
course, energy efficient approaches are used there, but from our point of view,
they must be included in the general formalized data processing architecture. In
this paper, we try to approach this problem with the proposed ontological model
of the data processing system in communications.

DATA PROCESSING RESOURCES IN INFORMATION AND
COMMUNICATION NETWORKS

According to the authors of [15], information and communication network re-
sources are divided into information, data processing and storage resources, soft-
ware. Information resources are information and knowledge transmitted through
the information and communication network. Data processing and storage re-
sources are the performance of processors and the amount of memory of com-
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puters running on the network, as well as the time during which they are used.
Software resources include network operating systems, server software, work-
station software, application software, traffic analyzers, network controls, and
more. Communication resources are resources that are involved in the transporta-
tion and redistribution of information flows in a network. It means that the data
processing and storage resources have already become an essential part of modern
communication networks.

Alongside with the access and core network, data centers (representing the
data processing and storage resources) are becoming the key components of the
infrastructure of the communication network operator [16]. Let us briefly
overview these key components of the network. Access network is connected to
the end (terminal) nodes — equipment installed by users of the network. For
example, in the case of building an operator network to provide Internet access
services, the end nodes may be subscribers’ computers or subscriber routers. The
main purpose of the access network is to concentrate the information flows
coming through numerous communication channels from user equipment. The
core network combines individual access networks, performing the functions of
traffic transit between them through high-speed channels. Data centers and
service management centers are network resources on the basis of which customer
service is provided. Such centers can store information of two types:

— user information, i.e., information that is of direct interest to end users of
the network (information resources);

— service information that helps provide services to users.

Examples of the first-type information resources are web-portals, which
contain a variety of reference and news information, information from e-shops,
etc. Resources of the second type are various systems of authentication and
authorization allowing the operator to check the rights of users for receiving the
services; billing systems, which help to manage charges for services in commercial
networks; databases of user credentials that store usernames and passwords, as
well as lists of services to which each user is subscribed, etc. The second type of
resources should also include a centralized network management system.

A prominent example of an information and communication network in
which information and communication technologies work as a single indivisible
whole is the 5G network. Let us briefly consider the basic principles of this
network design in order to reveal the additional purposes of data processing in 5G
networks. To do this, let us analyze the white paper provided by the European
organization 5G PPP (public-private partnership in the field of 5G
infrastructure — a joint initiative between the European Commission and the
European ICT industry (ICT manufacturers, communications operators, service
providers, SMEs and research institutions). According to the documentation [9],
the key paradigm of the 5th generation mobile network is its programmability.
Programmability ensures flexible network adaptation at various levels, including
infrastructure, network functions, services, and applications. In particular
programmability in the data plane, transport network (core network) and access
network are distinguished. In 5G programmability is primarily inspired by two
technologies: SDN (Software Defined Network) and NFV (Network Function
Virtualization) technologies.

SDN is an approach to network design, implementation, and management
that separates network management (control plane) and traffic management process
(data plane). This separation greatly simplifies network administration and
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management, as the control plane processes only information related to the logical
topology of the network. The data plane instead organizes network traffic accord-
ing to the configuration set in the control plane. Unlike conventional IP networks,
whose functions are decentralized, SDN follows a centralized approach [17].

The main idea of NFV technology is to replace specialized network
equipment (e.g., L2 switches, routers, NAT devices (Network Address
Translation), firewalls, etc.) with software — virtualized network functions —
consolidated on general-purpose hardware (commodity servers) [18].

Thus, to enable these technologies communication operators must maintain
the data processing infrastructure as well.

Another purpose of maintaining the data processing infrastructure for the
telecom operator is a Big Data analysis. Such an analysis helps operators to
improve the technical and economic parameters of the network, enable the
personalization of telecom services, and ensure more efficient allocation of funds.
Data processing infrastructure is used in particular for the analysis of the
subscribers’ activity, traffic changes, long-term network characteristics, etc. The
operators report the positive impact of the Big Data analysis included in their
operational workflow [19, 20].

Summarizing this analysis, we would like to highlight 3 main areas of use of
data processing by a telecom operator:

1) ensuring the functioning of SDN and NFV technologies;

2) implementation of such necessary network functions as authorization and
authentication of users, billing service, etc.;

3) analysis of Big Data in the field of communications.

Thus, the effective design, construction and operation of data processing
infrastructure is an important problem for operators of modern communications
networks (including 5G networks).

ONTOLOGICAL MODEL OF A DATA PROCESSING SYSTEM
IN INFORMATION AND COMMUNICATION NETWORKS

Computational ontologies are the means to formally model the structure of a sys-
tem, i.e., the relevant entities and relations that emerge from its observation, and
which are useful to our purposes [5]. Ontologies (or ontological models) help to
formalize the structure of a system in order to simplify its management, improve
its design, automatize system’s operation, etc. In this paper we introduce the onto-
logical model for the data processing system of the telecom operator to simplify
its management. This simplification is a consequence of considering the system as
a formalized structure with explicitly exposed parameters.

Being a structured representation of the information in some subject area,
every ontology is based on the raw data, stored in some kind of informational da-
tabase (Fig. 1). Examples of such raw data are the subscribers’ records in a billing
system, statistics of the daily workload in a data processing system, nominal pa-
rameters of the data processing equipment, etc. The ontological model transforms
this raw data into knowledge. Modeling the data processing system as an ontol-
ogy, we may distinguish 3 separate structural parts of the system. These parts cor-
respond to the 3 subcomponents of the ontological model respectively:

1) the ontology of the processing system components (servers, processing
software, etc.);
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2) the ontology of the workloads (the input workload sources and parame-
ters, etc.);

3) the ontology of the system quality assessment criteria (performance, en-
ergy efficiency, etc).

(8] . N[
3 Ontology of the Data Processing System
= .
<} Ontology of the processing Ontology of the
k4 system components workloads %
=]
_ [ Ontology of the system quality assessment criteria | fel
L8]
=
‘s R I
Informational Database
©
3 ‘ Instances of the classes and relations ‘
(S A

Fig. 1. General structure of the proposed ontological model of the data processing system

Dividing general ontology of Data Processing System in to such correlated
components allows to describe in detailed way each subprocess that is performed
be network operator while analyzing and managing data processing infrastructure
with less effort.

Let us explain these subsystems. Data processing equipment and software
represent the ontology of processing system components. The ontology of these
components reflects the physical structure of a system itself. The ontology of the
workloads encompasses the input workload and parameters of the available data
processing equipment. The input workload comes from the aforementioned
sources (we consider either Big Data tasks, subscribers’ data or NFV processing
tasks to be the sources here). Computational job is a unit of workload. Each job is
characterized by its requirements which depend on the type of the workload
source. The processing system consists of server clusters, consisting of N physical
nodes (servers) respectively. Each server has an amount of computational
resources (processing cores, RAM, etc.) and operates with specialized data
processing software, aimed to manage the resources of the processing system,
schedule the computational jobs, etc.

The output parameters are those criteria that are evaluated for the system.
For the efficient data processing, telecom operator needs to design his data proc-
essing systems in a way to:

— fulfill the Quality of service requirements depending on the workload type
(e.g., the allowed probability of a job loss for the internal Big Data processing
tasks may be higher than the probability of loss for the billing service task, since
it presumes direct cooperation with the subscriber);

— ensure sufficient performance of the data processing system (with
“performance” here we mean the amount of processed data per time unit. I.e., the
bigger performance of the data processing system is, the higher processing
throughput is achieved);

— increase the energy efficiency of the data processing system. Since it
greatly affects the operator’s OPEX (Operating expense), so it is important to
consider this criterion not only during system design (to purchase more energy
efficient equipment), but also during operation.
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These parameters are described by the ontology of the system quality as-
sessment criteria.
Formally, the ontology may be specified as a set [6]:

O= {C’A’R’T’F’D} b
where

1) C is the set of classes that describes the notions of a subject domain;

2) A is the set of attributes that describes the features of notions and rela-
tions;
3) R is the set of relations specified for classes:

R={R5,R4>R,,Rep}
where R g is the associative relation:
R,5(0) ={Ci(0)xC;(0), M (R 45) ={str},
where M is a type of relation meaning,
R, is the relation “is—are”, also known as a “part-whole” relation:
R,(0)=C,(0)c C,,(0),
is the relation of inheritance:

R,(0)=a;,1; v Ac, (0) = a;,1; v Ac, (0)

R

n

Rp is the relation “class—data”:
Rep(0)=C;(0)c Di(0) 5

4) T is the set of standard types of attribute values;

5) F isthe set of limits for values of attribute notions and relations;

6) D is the set of instances for a particular class.

The proposed ontology of the telecom operator’s data processing system is
represented in Fig. 2. The formal description of the ontology may be found below.

Proposed ontology is formally described as follows:

Set of ontology classes: C ={C,,C,,...,Cys}

C; — Operator’s data processing system. This class describes the concept of
an operator’s data processing system as a physical entity.
C, — Source of the workload. This class includes concepts related to the

input workload for the data processing system. As discussed in Section 1, possible
sources (at least those considered in this paper) are.

C; — Operator’s Big Data.

C, — Subscribers’ data (e.g., credentials, data about the usage of services,
billing information, etc.).

Cs — NFV processing task. Within the NFV concept, the tasks usually per-

formed by the specialized hardware (e.g., traffic routing, NAT, etc.) are per-
formed on the commodity servers. Within this ontology we call these tasks gener-
ally “NFV processing tasks”, however this entity may be refined with respect to
the concrete virtualized functions in the considered network.
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These classes are connected with their parent class C, with the help of the
relation of inheritance.

C¢— Server cluster. A class describes physical objects that are part of a data
processing system. The attributes of the server cluster are the number of its nodes,
load and cluster model as a queuing system: Cg =(A4q,Dg) -

C,; — Server. This class describes the physical objects that are part of the
server cluster. The attributes of the server are its power consumption function and
computational resources: C; =(4;,D7).

Cg — Computational resource. This class includes concepts that describe
the physical computing resources of the server. The attribute of the computing
resource is its volume: Cg =(Ag,Dg) Inherited types of the computational
resources are:

Cy — RAM (Random Access Memory). This class reflects the concept of
the physical resource of the server’s RAM. The class has an inherited “volume”
attribute that displays the amount of available server RAM: Cqy =(4y,Dy).

Cio — Processing core. The class describes the concept of the server’s
physical processor resource. It has an inherited “volume” attribute that displays
the number of server processing cores: Cyq = (49, D) -

C,— Data storage. This class displays the concept of a physical resource -
a data storage device (hard disk, SSD, etc.). The class has an inherited attribute
“volume”, which reflects the available amount of server storage: C;; =(4;{,D;;) .

These classes are connected with their parent class Cg with the help of the
relation of inheritance R, .

C;, — Workload. This class is responsible for describing the abstract
concept of input workload of a data processing system. The workload is generated
by the sources of the workload (C,). It is characterized by the attribute
“statistical model”, which corresponds to the concept of the statistical curve of the
input load: Cy, =(4,,,D;,).

Cj3— Computational job. This class describes the concept of a
computational job as a unit of input workload in the system. The class has a
“volume” attribute that expresses the amount of computations required to process
the job (for example, in the number of elementary operations): C; =(43,D;3) .

C)4 — Requirement. This class describes the requirements of computational
jobs for the physical resources of the system. The requirement has a job ID as an
attribute to bind a specific requirement to the job that owns it: Cj4 =(4;4,D)4).
The inherited requirements are:

(s — Maximum allowed processing time. This is the time after which the
job is removed from the processing, even if the processing was not completed
successfully. The class inherits the “job ID” attribute to bind a specific job
requirement to its job: C;5 =(4;5,D5) -

Ci¢ — Minimum memory (capacity). The class describes one of the
requirements of a computational job, which reflects the minimum amount of
RAM of a server, at which a job can still be processed on this server. The class
inherits the “job ID” attribute to bind a specific requirement to the job that owns
it: Cy = (415, Dy6) -
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C)7; — Number of cores. The class describes one of the computational job’s
requirements, which reflects the minimum number of free server processor cores
that will be allocated for processing this job. The class inherits the “job ID”
attribute to bind a specific job requirement to its job: Cy; =(4,7,D,7) .

Cj3 — Minimum available storage. The class describes one of the
computational requirements that reflects the minimum amount of free server
storage to be used during processing. The class inherits the “job ID” attribute to
bind a specific job requirement to the corresponding job: C); =(4;7,D;7).

These classes are connected with their parent class C;, with the help of the

relation of inheritance R, , -

Ci9 — Quality of Service (QoS) requirements. The class describes the
requirements to the data processing that correspond to a specific type of service
(data being processed). In our interpretation the class has an attribute “maximum
allowed job loss probability”, which limits the probability of losing the job when
processing by the system: Cg =(4;5,D;3) . In general, any other attributes agreed
within the QoS requirements may be shown here.

C,o — Energy efficiency. Describes the concept of energy efficiency of a
processing system in general and each physical server in particular as the amount
of electrical power consumed to perform a unit of work.

C,; — Performance. Describes the concept of performance of a computer
system in general and each physical server in particular as the amount of work
performed per unit time.

C,, — Data processing software. Displays the concept of software used in a
distributed computing system to distribute and process the workload, as well as
control the state of the system as a whole. In our interpretation it encompasses the
following types of software:

C,3; — Scheduling software. This class represents the software that is used
to distribute the computational jobs between the available hardware (servers).
This process is also known as jobs’ scheduling.

C,4,— Scaling software. This type of software is responsible for managing
the quantity of available hardware in the system. It is in particular important for
energy efficiency: fewer resources may be kept available in case of the underload
of the system to save some power.

C,s — Consolidation software. This software manages the consolidation
process of the virtual machines.

If other types of software are used by the operator, they may be added as the
separate classes of the ontology as well.

These classes are connected with their parent class C,, with the help of the

relation of inheritance R, .
Associative relations: R s ={C,XC}

“produces” — displays the relationship between the “Source of the work-
load” class and the “Workload” and shows the process of producing the workload
by various sources;

“influences” — reproduces the relation between the “Source of the
workload” and “QoS requirements” and expresses, that different types of
workload sources have different QoS requirements;
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“influences fulfilment” — connects the classes “Workload” and “QoS
requirements” and shows that the amount of workload influences the fulfillment of the
QoS requirements (e.g., it is more difficult to fulfill the requirements in busy hours);

“provides fulfillment” — this relationship describes the relationship between
the “Operator’s data processing system” and “QoS requirements”. The system
must operate in such a way as to ensure compliance with the QoS requirements;

“defines” — this relationship describes the relationship between the class
“Computational resource” and “Performance”. The essence of this relationship is
to reflect the impact of the quantity and quality of server computing resources on
its performance. This relation connects the classes “Requirements” and “Server”
as well to show the fact that the jobs’ requirements define the choice of the
hardware, on which the job may be processed;

“has” — a connection that shows the logical affiliation of one class to
another. The classes “Server” — ”Computing resource”, “Server” — “Data
processing software”, “Computational job” — “Requirement” have this relation;

“provides processing” — this relation connects the classes “Data processing
software” and “Computational job” showing, that the data processing software
operates with the jobs in order to let them be processed;

“manages” — the relation shows, that the “Computational resources” are
managed (scaled, distributed, etc.) with the help of the “Data processing
software”;

“evaluated for” — shows the relationship between the parameters of the data
processing system (Energy Efficiency and Performance) and the Operator’s data
processing system itself.

“Part-whole” relations: R;,(0)=C,(0)cC,,(0)

“Part-whole” relations are defined between the classes “Operator’s data
processing system” and “Server cluster”, “Server cluster” and “Server”,
“Workload” and “Computational job” to show that one entity is a part of another
one.

The described ontology formalizes the data processing system and simplifies
the analysis and management of such a system. The parameters of the system are
explicitly exposed and the operator is able to see the relations between them.

AN EXAMPLE OF A SIMPLIFIED DATA PROCESSING ORGANIZATION
WITH THE HELP OF THE ONTOLOGICAL MODEL

Let us consider an example of simplified data processing organization with the
help of ontology. In the related research [21], we consider the problem of energy
efficient data processing which is a very important topic nowadays. The problem
is to ensure a minimal power consumption of a data processing system without
losing the processing performance and ensuring the fulfilment of the QoS re-
quirements. This is a complicated task which requires having an overview on a
system as a whole, and taking into account multiple influencing parameters. Due
to the task’s specificity, it is infeasible to analyze the separate parts of the system,
since they cooperate solving the processing tasks and act together as a single dis-
tributed data processing system.

The proposed ontology explicitly shows the complex semantical dependen-
cies between the input workload parameters of the system and assessment criteria.
The operator sees that the fulfilment of the QoS requirements is directly influ-
enced by the system performance and indirectly influenced by the computational
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resources of the system. Thus, in order to fulfil the QoS requirements he should
increase the volume of the computational resources. However, he also sees that
the resources are managed by the data processing software and so, instead of
changing the resources (which may be costly) the operator may focus on the soft-
ware tuning in order to improve the resource management.

Considering the energy efficiency criterion, the operator sees that it is
defined for each separate processing node (server) in the system. And the decision
regarding the server to be chosen is taken based on the requirements of the input
jobs. Therefore, a design decision based on this analysis would be to pay attention
to the jobs’ requirements analysis to ensure a more thoughtful choice of the
processing server.

Based on a conducted analysis, a comprehensive energy efficient approach
to workload processing was proposed in [21]. This approach takes into account
individual power consumption characteristics of computing nodes, deals with dy-
namic workload deviations, and ensures meeting requirements to the service qual-
ity combining energy efficient scheduling and horizontal scaling. The results of
the approach are largely due to the ontological model, which helped to identify
and link together all the complex semantic dependencies of the system. All the
details regarding the approach and its evaluation may be found in [21]. The main
point that we would emphasize here is that due to the used ontological model, the
complex dependencies between the parameters and the assessment criteria of the
system were easily embraced and the formalized system representation was used
as an input for the automatic system optimization software. The ontological mod-
el is designed and refined once for the whole system and helps to analyze it in the
future due to the visualization and formalization.

CONCLUSION

In this paper we analyzed how the data processing is involved in the range of ac-
tivities of the modern information and communication network operator. We de-
fined that the main directions of data processing in modern information and
communication networks are related to the NFV and SDN applications, traditional
subscribers’ management functions (authorization and authentication of users,
billing service, etc.) and Big Data processing. In order to simplify the organiza-
tion of this data processing, an ontological model of the data processing system in
communications was proposed. This model formalizes the data processing system
exposing its parameters and visualizing the relations between them. It simplifies
the analysis of the system for the network operator and enables partial or full au-
tomatization of the system analysis and management in future. An example of an
energy efficient data processing problem was considered to show how an onto-
logical model simplifies the analysis and optimization of a complex data process-
ing system.

The proposed ontology assumes the possibility of expansion and addition.
For example, processing security can be considered as another important criterion
for the quality of data processing (especially for the modern network services
such as connected vehicles). This parameter and corresponding additions to the
ontology should be considered as a related future work.
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OHTOJIOTTYHA MOI[E.JILU JJIs1 OPI‘AHI?’AHIT HPOI_[ECY OBPOBJIEHHSA
JAHUX B IHOOPMAIIMHUX TA KOMYHIKAHLHIMHUX MEPEKAX /
JI.C. I'mo6a, H.A. I'Boznenpka, P.JI. HoBorpyaceka

AHnHoTanisA. OyHKIIOHYBaHHS Cy4acHHX iH(OPMAIiifHO-TeIeKOMYHIKAI[IHHUX Me-
pex HeMoXxIuBe 0e3 0OpoONeHHS NaHWUX. 3 TOSBOI0 HOBHX MEPEXKEBHUX MOCIYT
KiBKiCTh iH(opMaii, mo norpedye oOpobieHHS, 3pocTae, IPU ILOMY CTaBIAThHCS
Jiesali >KOPCTKIMI BUMOTH JI0 SIKOCTi 00poGuieHHs nanux. ToMy i omeparopa Me-
pexi nenaini OinbLIOl akTyalbHOCTI HaOyBae mpobiieMa MoOyZOBH Ta IMiATPUMAaHHS
crcTeMH 0OpOOJICHHS TaHUX 3 MOXKJIMBICTIO THYYKOT'O KEepyBaHHS SIKICTIO ITOCIYT Ta
MmaciurabyBanHs. Taki cucreMu 0OpoOIICHHS JaHUX MAIOTh KOMIUIEKCHY BHYTPILLIHIO
CTPYKTYpy 3 OaraTbMa B3a€MOIIOB’ sI3aHUMH ITapaMeTpaMH, 110 YCKIAHIOE iX aHai3,
KEpyBaHHS Ta PO3IIMPEHHS. 3alpOINOHOBAHO BHKOPUCTOBYBATH OHTOJIOTIYHY MO-
nens i 30epiranHs, MOoJaHHS Ta MaHIIMy/IIOBaHHA iH(opMamieo B cucteMi 06pod-
JIeHHs TaHuX orepaTopa. OHTOJIOTiIYHA MOZENE JO3BOJISIE CTPYKTypYBaTH Ta CHUCTeE-
MaTU3yBaTU JaHi CHCTeMH 0OpoOieHHs iHopMmanii i mpo3opo BimoOpaxkarn
B32€MO3B’SI3KM MK IapaMeTpaMy CUCTEMH JUIsl CHIPOLIEHHs 11 aHaii3y Ta MaciiTa-
OyBaHH:. 3alpONIOHOBAaHA OHTOJIOTiS CUCTEMH OOPOOJICHHS JaHUX CKJIAJA€ThCA 3
TPBOX 3B’s13aHUX HigcucTeM. HaBeseHo onuc 3ampornoHOBaHOi OHTOJIOT YHOT MOeIi
Ta JJOAaTKOBO MpoaHai30BaHo [pKepera iHdopmarii, sika noTpedye oOpobieHHs, B
iH(pOpMaIiifHO-TeIeKOMYHIKAIiHI} Mepexi.

Kawuosi cioBa: inpopMmarliiiHo-TeIeKOMYHIKaIliiiHa Mepexka, cucTeMa o0poOIeH-
HSl JaHUX, OHTOJIOTiSI, MOJEJb, ONEePAaTOp MEpexi, aHai3, MaclTadyBaHHsI, KIiac,
BiHOIIEHHS.

OHTOJOTUYECKASA MOJEJb AJSA OPIrAHU3ALOUU TIPOLECCA
OBPABOTKHU JAHHBIX B UTHOOPMAIIMOHHbLIX U KOMMYHUKAIIMOHHBbIX
CETSAX / JI.C. I'no6a, H.A. I'oznernkas, P.JI. HoBorpyackas

AHHoTauusi. DyHKIMOHUPOBAHHE COBPEMEHHBIX HH(OPMALMOHHO-TEICKOMMY-
HHUKAI[MOHHBIX CEeTel HEBO3MOXKHO 0e3 00paboTku maHHBIX. C HOSBICHHEM HOBBIX
CETEBBIX yCIyT KOJIMYECTBO MH(OPMALUH, KOTOpas HyKAaeTcs B 00paboOTKe, BO3-
pacraer, pu 3TOM BBIIIBUTAIOTCS Bce Oonee jkecTKHe TpeOoBaHUs K KayecTBY oOpa-
6otku naHHbIX. [ToaTOMY U1 OmepaTopa ceT BCE GOJIBLIYIO aKTyalbHOCTh IPHOO-
peraer mpoOnemMa IOCTPOEHHS M MOANCPKKH CHCTEMBI OOpaOOTKHM JAaHHBIX
C BO3MOXKHOCTBIO THOKOT'0 yIpaBleHHsI KauyeCTBOM YCIyTr U MaciutabupoBanus. Ta-
KHE CUCTEMBI 00paOOTKH JaHHBIX HMEIOT KOMIUIEKCHYIO BHYTPEHHIOIO CTPYKTYPY €O
MHOTFIMU B3aUMOCBSI3aHHBIMH ITapaMeTpaMy, 4TO 3aTPyJHSICT UX aHaIU3, yIpaBlie-
HMe U paciupeHune. IIpeanokeHo HCIIoNb30BaTh OHTOJIOTHYECKYI0 MOJEIb IS Xpa-
HEHMsI, IPEJCTABICHUS U MaHUITYJIMPOBaHUs MHpOpMauueil B cucteme o0paboTKu
JaHHBIX omnepartopa. OHTOJIOrMYecKas MOJIEb M03BOJSIET CTPYKTYPUPOBATh U CHC-
TEeMaTH3UPOBATh JaHHBIE CHCTEMbI 00pab0TKH HHYOPMAINN U IIPO3PaYHO OTPAXKATh
B3aMMOCBSI3M MEXIy NapaMeTpaMH CHCTEMBI JUIs YIPOLICHHS €€ aHajam3a U Mac-
mtabupoBanust. [IpeoskeHHass OHTONOTHS CUCTEMBI 0OpAOOTKH JAHHBIX COCTOHT
U3 TPEX CBSA3aHHBIX HozacucTeM. [IpuBeneHo ommcanne NpeaaoKeHHONH OHTOIOTHYe-
CKO# MOJIE/M U JOTOJHUTENBHO MPOaHATN3UPOBAHBl HCTOYHHKU MH(POPMALINH, KO-
Topas Hy’aaeTcs B 00paboTke, B MH(POPMaMOHHO-TEJIEKOMMYHHKALMOHHOHN CETH.

KiroueBblie ciioBa: nH(pOpManroOHHO-TEIEKOMMYHHKALMOHHAS CETh, cUCTeMa 00-
pabOTKH JaHHBIX, OHTOJIOTHS, MOJEIb, OIIEPaTOp CETH, aHAIU3, MacIITAOUPOBAHHKE,
KJIacC, OTHOIICHUS.
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REPRESENTATION
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Abstract. This article is a continuation of the discussion on the existing meanings
and formalization of the definition of “Data Science” as an autonomous discipline,
field of knowledge, clarification of its defining components, integration, and interac-
tion processes between them. It is noted that most scientific results trace the data-
centric nature of the presentation and analysis of this discipline, i.e. the emphasis on
the word Data. Analysis of the frequency of use of key terms in the definitions of
Data Science shows what our colleagues focus on, which terms of the definitions of
Data Science they are based on. In this paper, we make and argue certain additions
to Drew Conway’s Data Science Venn Diagram, which does not reflect all the re-
sources of the components that define the applied side of Data Science, and, more-
over, does not reveal the interaction of these resources not from the point of view of
the data researcher, nor in its global understanding. We also propose a unified struc-
tural representation of Data Science in the format of an updated Drew Conway’s
Venn diagram based on a property/attribute that establishes correspondences that
provide integration/interoperability between the elements of the sets of Drew Con-
way’s Venn diagram. The new definition of Data Science as an interdisciplinary sci-
ence and methodology of presenting activities for analysis and extraction of data, in-
formation, and knowledge is substantiated.

Keywords: Data Science, Drew Conway’s Data Science Venn Diagram, Data Sci-
ence definition, Data Science structure, data, information, knowledge.

"INTRODUCTION

Starting from the 21st century, the phrase Data Science has begun to attract con-
siderable attention from the world's academic and professional communities. Why
the phrase? Despite dozens of savants trying to interpret its meaning in their own
way, throughout numerous discussions about its components, this expression has
not acquired the meaning of a clearly defined scientific term.

This article aims to carry out research and continue the discussion on the ex-
isting definitions and proper formalization of “Data Science” as an autonomous
discipline, field of knowledge, clarification of its defining components, their char-
acteristics of integration and interaction processes. Thus, Data Science is an ob-
ject of analysis, which will be performed through in-depth study and synthesis of
existing authoritative scientific results, articles and journals, blogs of well-known
authors, and trusted publishers.

We systematized the information from all studied sources in the table for
further analysis by the following criteria (columns of the table):

0. Definition of Data Science.

1. Keywords of the definition.

2. Semantics of a definition — list of tools on which it is based (methods,
models, algorithms, processes, disciplines, etc.), as well as their interaction.

© P.P. Maslianko, Y.P. Sielskyi, 2021
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3. Features of the definition — its purpose (theoretical, practical, special-
ized, etc.), scope.

4. Discussion arguments and the uncertainties regarding the definition and
understanding of Data Science, given in the source.

5. In total, 11 most common sources were analyzed and cited, which Data
Science related key points are briefly described below.

RELATED WORK

The vast majority of scientific works on Data Science begin either with the fa-
mous expression “Data Scientist: The Sexiest Job of the 21st Century” of Thomas
Davenport and D.J. Patil [1], or with a reference to Drew Conway’s The Data
Science Venn Diagram [2] (Fig. 1), to which we shall return. In some cases, you
can even find links to both resources at once.

Machine
Learning

Danger
Research

Substantive
Expertise

Fig. 1. The Data Science Venn Diagram [2]

It is worth noting that of all the works, dedicated to Data Science, this dia-
gram is perhaps the only attempt at an in-depth presentation of the structure and
content of the Data Science model, which nevertheless leaves a dry residue of
uncertainty around some areas of the figure. What is a danger zone? What mean-
ing does the author put into traditional research? Why did he choose machine
learning as the intersection of mathematics and statistics with hacking skills?
And, finally, can the last term be perceived as a scientifically justified, reason-
able, and meaningful concept with an unambiguous interpretation?

Indeed, how can a job that requires hacking skills not be considered as sexy?
Engineers and scientists in any definition want to see and understand a certain
reasoned meaning, with a solid scientific basis, especially if the very described
notion contains the word “science” itself. Otherwise, such loud statements will
only provoke excitement and fruitless controversy over the newly introduced
term, which, in fact, happened.

Due to the ambiguous emergence of Data Science, the debates over the in-
terpretation of this name immediately began among the academic and profes-
sional communities. In particular, the question arises about the similarity between
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Data Science and classical, well-known statistics. For example, Cathy O’Neil and
Rachel Shutt in their book Doing Data Science [3] (where, by the way, the entire
15 pages are devoted to the first part “Introduction: What is Data Science?”), re-
fer to numerous protests by experts in the field of statistics against the uniqueness
of Data Science, calling it a new-fashioned rebranding of their alma mater. The
authors themselves claim their differences, emphasizing the specific processes
created by the pioneers of Data Science, allowing to work with more data — the
processes of Data Science [3]. In general, this resource covers more the profes-
sional aspect of Data Science, explaining it from the point of view of data scien-
tists as specialists in this field, and the skills that such positions require.

Vasant Dhar, whose testimony can be found in Communications of the
ACM's Data Science and Prediction article [4], also joined the defense in the
case of Data Science vs. Statistics. The author focused on a whole list of
differences [4]:

1. First of all, data — the main fuel of Data Science — is quickly becoming
unstructured, diverse. Therefore, the analysis of “raw” data, as well as combining
data of different types (feature engineering), demands additional interpretation
and understanding, based on the foundations of multiple other disciplines (linguis-
tics, sociology, etc.) [4].

2. Nowadays, most of the data is produced by computers to be consumed by
other computers [4]. In these realities, it is computers that make decisions that
encourage their operators — data scientists — to retrain: to play as well the role
of risk managers, to act as a guarantor-supervisor of developed system quality
instead of the more classic duty of an expert in the context of statistics.

3. Machine learning, applied for creating unfailing predictive models, is an
essential Data Science component, which is more and more concerned with fore-
casting various values, events, phenomena [4].

“Data Science, ..., is perhaps the best label we have for the cross-
disciplinary set of skills that are becoming increasingly important in many appli-
cations across industry and academia.” — this definition is given by Jake Vander-
plas in the Python Data Science Handbook [5] (also with reference to Fig. 1),
where he often uses the concept of “skills”, which, again, emphasizes a more pro-
fessional application.

“Multifaceted discipline” — say the authors of the book Data Science for the
Layman: No Math Added [6] Annalyn Ng and Kenneth Soo, focusing on machine
learning as a key component and citing a standard algorithm of carrying out re-
search in the field of Data Science [6]:

1. Data processing and preparation for analysis.

2. Selection of potentially effective machine learning algorithms.

3. Optimization of (hyper-) parameters of algorithms: training, validation.

4. Construction of integral models (combination of certain algorithms or
their separate usage) with their further comparison and selection of the best.

In addition to applied specifics, there are definitions of a high level of ab-
straction, more clear and intuitively perceived by the human mind. Well-known
experts in the field of Data Science, Foster Provost and Tom Fawcett formulate
the key activities of data scientists: extracting useful information and knowledge
from data [7]. Hence, Data Science is also compared to Data Mining: “At a high
level, Data Science is a set of fundamental principles that guide the extraction of
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knowledge from data. Data mining is the extraction of knowledge from data, via
technologies that incorporate these principles” [7].

In parallel, the authors focus on the analysis of the structure of Data Science
in the context of effective solutions to real business problems [8]. Here, one of the
principal processes — data-driven decision making and its progressive automa-
tion.

Often, and certainly not without reason, Data Science is closely linked to da-
ta analysis. For example, Matthew Waller and Stanley Fawcett describe Data Sci-
ence quite abstractly: “Generally, Data Science is the application of quantitative
and qualitative methods to solve relevant problems and predict outcomes.” [9],
but instead derive their own model of influencing data scientist’s performance by
two interdependent components: domain knowledge and analytical skills.

A Ukrainian specialist, Bohdan Pavlyshenko, agrees with Waller and Faw-
cett, focusing on data analysis, the need for a proper understanding of the nature
of data, and the specifics of a particular domain in problem-solving [10].

We are currently coming to a certain consensus on the applied essence of
Data Science as a business tool, a profession. Most of the above resources trace
the data-centric nature of the representation and analysis of the discipline, i.e., the
emphasis on the word Data. And what about Science? What about the academic
side of the coin?

Jeff Leek answers these questions, listing a number of arguments in defense
of science and the complexity of solving scientific problems [11], citing, in par-
ticular, a quote of John Tukey, a pioneer in data analysis: “The combination of
some data and an aching desire for an answer does not ensure that a reasonable
answer can be extracted from a given body of data.” [12]. The author also accen-
tuates the main reason for the outbreak of excitement around Data Science — the
focus on data, proclaiming: “The long term impact of data science will be meas-
ured by the scientific questions we can answer with the data.” [11].

Based on the aforementioned arguments, Fig. 2 shows the results of fre-
quency analysis of the most commonly used key terms present in the various
definitions of Data Science. This analysis is an example of one of the operations
of semantic decomposition, carried out on the basis of the constructed table, the
criteria of which are described in the introduction.

Term use frequency in Data Science definitions

o w = » - ~

Number of sources, where it is mentioned

domain statlstlcs analysis algorlthm knowledge forecast; pmfessmn inter- process science
expertise/ prediction disciplinary
knowledge Term

Fig. 2. Histogram of frequency analysis of terms used in the considered definitions of
Data Science

These indicators help to better understand what our colleagues are focusing
on, what terms the definitions of Data Science are based on: for example, the
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most commonly used terms are “domain expertise/knowledge” and “statistics”,
which do not fully reflect the components of the object of our research. Instead,
the word “science” is mentioned only once, confirming the mostly data-centric
nature of existing definitions.

Such a simple but quite clear way of comparative analysis of the term use
frequency approximately reflects the overall vision of examined authors on the
structure and content of Data Science.

Thus, on the basis of the results of even these brief studies of the
publications of authoritative experts, an ambiguous, incomplete picture of the
defining elements of Data Science is formed. Moreover, the obvious problem of a
lack of compromise and a clear link between Science and Data is highlighted.

SYNTHESIS

Based on the preliminary conclusioni, on the above scientific results, we will
make some clarifications of the interaction of entities and formalization of Data
Science.

Studies of the Data Science representation, analysis of the results of the
selection and justification of its attributes, provide grounds for making
adjustments to the definition and structure of Data Science.

These rectifications imply some additions to the repeatedly mentioned Drew
Conway’s Data Science Venn diagram (Fig. 1) [2], which does not reflect all the
resources of the components that form the applied side of Data Science, and,
moreover, does not reveal the interaction of these resources from the point of
view of the data scientist, nor in its global sense.

In this article, we propose an updated, refined version of Drew Conway’s
Venn Data Science diagram and try to explain and justify not only the essence of
its components but also the principles of their integration and interoperability

(Fig. 3).

Intograted
interdisciplinary
resources 1 -2

Fig. 3. Structural representation of Data Science in the format of an updated
Venn Data Science diagram
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FORMAL REPRESENTATION OF ELEMENTS OF DATA SCIENCE
RESOURCE SETS

The set of formalized data resources — D (data), d is an element of set D,
deD.

The set of theoretical and applied data processing tools — I (instrument), i
is an element of set 1, iel.

The set of business processes for data, information, and knowledge acquisi-
tion by means of theoretical and applied data processing tools — P (process), p

is an element of set P, peP.

Sets of integrated interdisciplinary resources 1-2, 1-3, and 2-3.

Let's explain each entity separately:

e data — raw materials, a key research resource that determines the features
and models of the particular domains;

o theoretical knowledge and applied tools — instruments, through which
the process of extracting information and knowledge from data takes place. These
include both exact sciences (mathematics, statistics, computer science, machine
learning, data analysis, etc.) and software applications (programming languages,
their libraries, frameworks, development environments, visualization tools, etc.);

e business processes: here we are talking about the organization of research
at the meta-level, setting goals and objectives, determining the main stages of
work, their sequence, the nature and features of the evaluation of results, etc. Es-
sentially, all the above actions will vary from one problem to another. Why “busi-
ness”? To emphasize the need to optimize this component in order to maximize
the benefits of the carried out researches/developed systems;

e integrated interdisciplinary resources 1-2, 1-3, and 2-3: the essence of
the corresponding intersections is not fully compatible with the classical defini-
tion of the intersection operation in Set Theory, given the obvious fact that the
nature of the elements of different sets is different. Therefore, we are talking
about the existence of functional relationships between different types of re-
sources: for example, theoretically, zone 1-2 includes existing data, known to
mankind, that can be processed using existing theoretical knowledge and applied
tools, but such interaction is not a subject to any existing business process.

DECOMPOSITION OF ELEMENTS OF DATA SCIENCE RESOURCE SETS

1. Data (set D). Plays the role of a kind of fuel for Data Science instruments
and processes. Obviously, there is a lot of data in the world and every second
more is created. So let's try to bring order to the ocean of this natural chaos, defin-
ing the main elementary component of the entirety of data — a formalized data
resource d . Thus, zone 1, shown in Fig. 3, consists of formalized data resources
— information, collected, stored in a certain form, which can be classified, for
example, by the following criteria:

e Dby type of storage: distinguish digital types of data storage (hard drives,
SSDs, USB-drives, etc.) and in contrast to them — more classic — rock, wall in-
scriptions, carvings, books, magazines, newspapers, etc. We do not forget the
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immaterial data — unrecorded real-time speech, thoughts, movement of any ob-
jects;

e Dby structure, data can be divided into structured (mainly numbers and
numerical arrays, standard types of programming languages) and unstructured:
audio, images, video, text;

e Dby availability: confidential and public data.

¢ In any case, in the context of area 1 we are talking about the set D of
formalized data resources d :

3d,d e D.D={d}.

Some examples of data as formalized resources are listed below:

e numeric data arrays: the simplest (at least for a computer) formalized rep-
resentation of information. Arrays can be of different shapes, sizes and contain
any number of elements. Note also that the numbers (scalars) themselves can be
seen as formalized data resources;

o digital images: in their structure — the same, in some sort of way, ordered
numerical arrays (pixel values), but at the level of human perception of informa-
tion (visualization), play a special, more significant role, so they can also be con-
sidered as formalized resources;

e audio files are another type of information that humans perceive by ear.
Physically, an audio file is a specific set of frequencies — numbers that follow a
strict order. Therefore, it is about data in the form of sequences, series, which are
reproduced in time;

e video files — a more complex case, which includes not only a set of im-
ages but also audio. That is, we define the presence of two different types of se-
quences, as well as the mechanism of their synchronization as integral elements of
correct video playback;

As a part of Data Science, all of the above and many other types of data are
summarized in one, more extensive formalized data resource — a so-called data-
set.

In Data Science for Business, such terms as database table, worksheet (for
example, a sheet of an .xsl file), and dataset are equated to each other; a more
specific decomposition of the latter is presented [7]:

e data sets consist of so-called examples (samples) or instances (table
rows) [7];

e cach instance, in turn, is comprised of a fixed (in the classical representa-
tion) number of features (columns of the table), the values of which uniquely
identify instances [7].

2. Theoretical knowledge and applied tools (set /). Any instruments, mod-
els, algorithms, human skills, formalized or materially implemented, aimed at car-
rying out certain operations on data for their better understanding. For the purpose
of formalization we will define an elementary component of this set as an instru-
ment i :

i, iel. I={i}.

Such elements can acquire different levels of abstraction and different
scales: for instance, individual clusters of knowledge can, in turn, be combined
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into whole areas of knowledge. Here are the most interesting theoretical aspects
for Data Science:

e Statistics: let's start with it to pay tribute to fellow statisticians. Undoubt-
edly, this is a vast science that includes many i’s, but only a certain part of them
are used in Data Science, in particular, elements of descriptive statistics at the
stages of exploratory data analysis (EDA) [13]: mode, median, mean, standard
deviation. EDA is also a part of Data Analysis.

e Data analysis: in order not to invent anything superfluous, we go back to
the definition of the most reliable source — John Tukey [14], who provides a
comprehensive list of components of the discipline: data analysis procedures,
methods of interpreting their results, simplification and improvement of data
analysis on the earliest stages of data collection, as well as all the techniques of
statistics, that are applicable to data analysis [14]. That is, Data Analysis is close-
ly related to the Statistics domain.

o Artificial Intelligence (Al): since the inception of this term, the constant
debate around its essence has never subsided. Al should be considered as a sepa-
rate section of computer science, designed to program machines for human be-
havior, thinking, and independent decision-making [15]. In the case of Data Sci-
ence applications, decision-making is often based on predicting certain results.

e Machine learning: this term originates from Arthur Samuel's article
“Some studies in machine learning using the game of checkers” [16], where the
author uses this phrase literally — the process of learning machines — program-
ming computers for behavior as such that includes the learning process if it were
inherent in humans or animals [16]. More specifically, it is about automated op-
timization of computer performance, based on experience.

e Deep learning [17]: the problems of applying machine learning tech-
niques on unstructured data: texts, music, images, etc. are becoming more and
more popular. Informative (for computers) representation of such raw data re-
quires their automatic interpretation through step-by-step processing of numerical
input arrays throughout many stages of data projection onto spaces of the higher
levels of abstraction. Such a procedure is a key aspect of Deep Learning [17], i.e.
learning the layers (stages) of neural networks on the data via the generalized
learning process instead of explicitly developing the necessary projections by
hand.

e Big Data Analytics: this term should be taken literally — the field of
knowledge about the application of advanced analytical methods on the big
amounts of data, according to Philip Russom [18]. The presence of big data is
manifested not only by their volumes but also by such characteristics as data
variety and velocity (3 Vs).

e Data Mining: recall the definition of Provost and Fawcett that Data
Mining — the extraction of knowledge from data using technologies that embody
the principles of Data Science [7]. This example allows us to trace the direct con-
nection of Data Mining with Data Science as an integral part of it.

e Data visualization — techniques for presenting data of different nature
and dimensions in the most understandable and human-readable form — graphic
[19]. In this set of tools, in addition to countless frameworks and software that
implement the full range of possible charts and graphs (in Cartesian, polar coordi-
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nates, scatter, line plots, histograms, bar and pie charts, 3D images, etc.), more
complex machine learning methods of dimensionality reduction can be high-
lighted here as well. A good example is the Principal Component Analysis (PCA).

Let’s also notice the application tools — instruments that allow implement-
ing algorithms and methods of the above theoretical knowledge in the form of
(open-source or private) software applications, platforms, frameworks, libraries,
systems, and so on. These include:

e programming languages widely used in the domain of Data Science: here
we can consider both: such programming languages as R [20], Python [5], which
are used directly for the development of Data Science systems, for the implemen-
tation of the higher-level interfaces and components of such systems; as well as
C-family programming languages, used for the development of lower-level APIs
(Application Programming Interfaces) in order to optimize and parallelize basic
computations. As an example of such a hierarchy — TensorFlow [21] machine
learning system from Google Brain;

e whole systems of computer mathematics and algebra (MATLAB [22],
MathCad [23]), statistics (STATISTICA [24]); machine and deep learning systems,
big data systems and environments, which are distinctive by the presence of inter-
faces for different programming languages (TensorFlow [21], Torch [25], Spark
[26]) or even by embedded graphical user interfaces (eg Orange and KNIME
[27]);

o separate add-ons of the aforementioned systems of the highest level of ab-
straction (Keras [28] for TensorFlow); specialized programming language librar-
ies, modules, packages that provide ready-made software solutions for machine
learning (Scikit-Learn [29]), data processing (e.g. NLTK [30] for text data), their
visualization and interactive calculations (matplotlib [31, 32], pygal, Plotly, Pyvot
[31], pandas, seaborn [32], etc.), and many others.

This list is not exhaustive and can be extended with many other theoretical
and applied instruments.

3. Business processes (set P ). The set of business processes for data, infor-
mation, and knowledge acquisition by means of theoretical and applied data proc-
essing tools.

In order to formally represent the interaction of the two previous sets D and
I, a third set P is introduced. To optimally extract knowledge and new informa-
tion from the formalized data resource d using the instrument i, we subordinate
the whole entirety of work that needs to be done to a certain process p :

dp, peP. P={p}.

The relationship between d , i, and p will be demonstrated in more detail

further, in the context of the sets of integrated interdisciplinary resources. So far,
a basic example of the Data Science process is shown in Fig. 4, suggested by
Cathy O’Neil and Rachel Shutt [3].

In this representation, 8 main stages of the process are identified:

1. Collecting raw data from any real-world resources.

2. Data Processing.

3. Their cleaning.

4. Exploratory Data Analysis (EDA).
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Fig. 4. Data Science Process [3]

5. Construction of statistical models and training of Machine Learning algo-
rithms using collected, processed, cleaned data.

6. Stage of internal communication. Presentation of results to members of
the development team of a specific Data Science system, as well as its
stakeholders.

7. Creation/production of new data used in the real world.

8. Decision-making based on the obtained results.

It is worth noting that there are direct links between certain stages: for ex-
ample, EDA may reveal a lack of data that needs to be collected, or cleaned data
can be visualized to explain its nature to colleagues.

We compare the above-described Data Science process with the Cross In-
dustry Standard Process for Data Mining (CRISP-DM), analyzed by Foster Pro-
vost and Tom Fawcett [7] and presented in Fig. 5.

Let us pay attention to its circular iterative-incremental nature, as well as the
presence of two rather abstract, generalizing stages — Business Understanding
and Data Understanding [7]:

o the first embodies the need for a clear problem statement in accordance
with the given task, the search for creative methods to achieve the goal, its opti-
mal formalization, which would allow the application of already existing methods
as effectively as possible;

o while the second stage focuses on the strategic analysis of the main raw
material Data Mining — data. Here it is essential to understand the basic struc-
ture, pros, and cons of the involved data. The proper assessment of the potential
sources of additional information, the necessary investment (both time and finan-
cial) in their research and use, is also important.

Whereafter is an integral Data Preparation procedure, which, by analogy
with the process in Fig. 4, combines data processing, cleaning [7], and EDA,
which in themselves can be a multi-iterative subprocess.

The next stage of CRISP-DM — Modeling — also has a direct correspon-
dence in the presentation of the Data Science process, where, again, more specific
names are given.
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Any development should be subject to quality control through regular
verification and validation of the built models and the entire system. The authors
also implicitly emphasize the need for communication, presentation of results, as
well as the concepts of their simple and clear explanation to key stakeholders
(investors) [7], who are responsible for making major business decisions.

After all, in the context of business, the decisive factor is the successful
Deployment of each system approved by management [7]. In essence, the solution
to business problems is directly related to obtaining a certain material benefit.

4. Integrated interdisciplinary resources 1-2, 1-3, and 2-3.

Here and later in this paper, integrated interdisciplinary resources 1-2, 1-3,
and 2-3 are subsets formed on the basis of the presence of
integration/interoperability properties between elements of sets D, /, and P.
Integration/interoperability of elements of sets D, [, and P is the ability to
process a certain data resource by means of a certain subset of instruments,
following certain processes.

Such a decomposition and generalized systematic representation of the
elements of resource sets of Data Science shows and justifies both the complexity
and the need for comprehensive research and ongoing discussion on existing
definitions and formalizations of Data Science as an autonomous discipline and
field of knowledge, clarification of its defining components and characteristics,
their integration and interaction processes.

DATA SCIENCE AS A SET OF INTERDISCIPLINARY RESOURCES OF SETS
D, I, AND P

To generalize the formal representation of interdisciplinary sets, we define, for
example, an arbitrary entity A as a finite resource set 4, where ae 4 — ele-
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ments of the set A4, and an arbitrary entity B as a finite resource set B, where
be B — elements of the set B.

Let us establish the rules of correspondence [33] C,, and C,, between the
elements of the resource set 4 and the elements of the resource set B.

That is, if 3ae 4, 3beB, (a,b)eC, , then we say that the element b of the
set B corresponds to the element a of the set 4, given correspondence C .

And if 3beB, Jac 4, (b,a)eC,,, then we say that the element a of the set
A corresponds to the element b of the set B, given correspondence C,, .

Hereinafter, the term “C,,, correspondence” must be understood as the fun-

damental concept of set theory, which establishes, explains, and formalizes the
relationships between the elements of the sets X ={x} and Y ={y} [33].

Next, we consider the presence of “correspondence” as a common prop-
erty/feature of pairs of elements of sets 4 and B.

Let’s now construct some finite set of interdisciplinary elements M from all
pairs of elements of the resource set 4 and elements of the resource set B, which
have common properties/features and established on the basis of these features
correspondences C,, and Cp, .

Definition 1. Set M, VmeM, m={a,blacAd, beB, (a,b)eC,y}im=
={b,a |beB,acA,(b,a)eC,,}, of interdisciplinary pairs of of arbitrary finite

sets 4 and B — a set of pairs of elements formed by elements elements of set
A, and elements of set B, having a common property/feature that establishes the
correspondences C,, and C,, between these elements.

We substantiate Definition 1 as a simple way to form a set M by combining
pairs (a,b) and (b,a) VYaeA, VbeB, selected by a common property/feature

that establishes the correspondence C,, and C,, between these elements. To do

so, we define and apply a common property/feature that establishes the corre-
spondences C,, and C,, between the elements of sets 4 and B. Since the types

of properties/features that determine the correspondence C,, can be set quite a
lot, in this case, we introduce restrictions and specify the correspondence C,,

between elements of sets 4 and B.
In particular, we define such a necessary property/feature for us that pro-
vides integration/interoperability between the elements ae A,beB.

According to this property/feature, a certain subset of pairs of elements of
sets 4 and B can be distinguished, which has established correspondences C,;,

and Gy, .

Let the set of pairs of elements {a,b |Vac A4, VbeB, (a,b)eC,,} and the set
of pairs of elements {b,a |VbeB, VacA4, (b,a)eC,,} be defined as such, that
have the property/feature, which establishes correspondences C,, and C,, and
provides integration/interoperability between elements a and b.

Then the set M 1is defined as the union of pairs of elements of the set
{a,b |Vae A, VbeB, (a,b)eC,,} and the set {b,a |VbeB, Vac A, (b,a)eC,,},
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selected as having a common property/feature that determines the correspon-
dences C,, and C,,. More formally:

M= {a,b|VacAd, VbeB, (a,b)eC, } v

uib,a | VbeB, VacA, (b,a)eCp,}.
Similarly, it is possible to form a set of interdisciplinary pairs of elements of
any number of sequentially combined arbitrary finite sets 4, B, D,... on the basis

of a common property/feature defined for them, which provides integra-
tion/interoperability between pairs of elements ac A4, beB, deD,... and estab-

lishes the correspondences of C,, between the elements of adjacent sets.

Definition 2. The set of interdisciplinary pairs of elements of an arbitrary
number of finite sets A4, B, D,...,X, L is the set of elements of successive pairs

(a,b),(b,d), ..., (x,I), VYaeA, VbeB, VdeD,...,.Vxe X, VleL such that they

have a common property/feature that provides integration/interoperability be-
tween the elements a,b,d,...,x,/ and establishes Cy correspondences between

the elements of adjacent sets:
M=T[{a,b|VacAd, VbeB, (a,b) eC,,\}

U {b,a |VbeB, Yaed, (b,a) Cy,}]U
U [{b,d |VbeB, YdeD, (b,d)eCy U
U {d,b |VdeD, VbeB, (d,b)eCy}]u...

LU Vxe X, VieL, (x,1)eCy, U

U {l,x |VleL, VxeX, (I,x)eCy}].

The practical application aims to solve the problem of forming common
pairs, triples, quadruples, etc. of elements of any number of arbitrary finite sets
A, B, D,...,X, L on the basis of their defined common property/feature, which
provides integration/interoperability between the elements acAd, beB,
deD,..,xeX, leL and establishes the correspondences C,,; ,, and
C. apa between the elements of these sets.

Definition 3. The set M , such that

VmeM, m={a,b,d,...,x,l,alac A, beB, deD,....xeX, leL,
(a,b,d,....x,l,a)eCuy .t Im={a,l,x,...,d,b,alacA,VIe L,

xeX,...,deD, beB, (a,l,x,...,d,b,a)eC . 4}

of interdisciplinary pairs, triples, quadruples, etc. of elements — a set of pairs,
triples, quadruples, etc. of elements that can be formed by elements of arbitrary
finite sets A4,B,D,...,X,L having a common property/feature that determines the

correspondences C and C between these elements. Hence:
p abd...xla alx...dba

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2021, Ne 1 73



P.P. Maslianko, Y.P. Sielskyi

M={ab,d,....x.l,a|Vac A, VbeB, VdeD,..., VxeX, VileL,
(a,b,d,...,x,l,a)eCy .Y {a,l,x,...,d,b,a|Vae 4, VIeL,

VxelX,..., VdeD, VbeB, (a,l,x,...,d,b,a) €C,. ap.}- €9)

In equation (1), subset {a,b,d,...,x,l,a|Vac 4, VbeB, VdeD,...,VxeX,
Viel, (a,b,d,...,x,l,a)eCp; gt SAXBxDx...xXxLxA given correspon-
dence C,; ., and subset {a,l,x,...,d,b,a|VaeANVlelL VxeX, ..,VdeD,
vbeB, (a,l,x,...,d,b,a)eC,

ale.dbas SAXLx X x...xDxBxA given correspon-

dence C,; i, -
Thus, formula (1) will be rewritten:

M= Cpu.xia Y Caux..apa = ttuple(4,B,D,.... X, L, A,Gupy 1)

U tuple(4,L,X,....D,B,4,G 1 apa)} > 2)

where G,; 4, and G, s, — graphs/diagrams/matrices of correspondences
C

abd...xla and Calx...dba respectively.

Then, for three sets — components of Data Science: formalized data re-
sources D ; theoretical and applied data processing tools 7 ; business processes of
data, information and knowledge extraction by means of theoretical and applied
data processing instruments P, we formalize the definition of Data Science on
the basis of the updated Venn diagram (Fig. 3).

Definition 4. The definition “Data Science — interdisciplinary science and
methodology of representing activities for analysis and extraction of data, infor-
mation, and knowledge” can be formalized as a set of triples of elements of inter-
disciplinary resources from three resource sets: Data D, Instruments /, and Pro-
cesses P, such that having a common property/feature that provides
integration/interoperability between the elements deD, iel, peP, and estab-

lishes the correspondences Cg;,, and Cy,;; between the elements of these sets.
That is:
DS= {d,i,p,d |Vd€D, Viel, VPEP, (daiepvd ) ecdipd}
U id,p,i,d |VdeD, VpeP, Viel, (d,p,i,d )(d,p.i,d)eCaq}.
And expression (2) in the context of Data Science will look like:

Mzcdipd UCdpid = {tuple (D’I’P’D’Gdipd) Y tuple (D:PaI,Dadeid)} )

where G,y 1 Gg,;y — graphs/diagrams/matrices of correspondences C,; and
Cpia Tespectively.

Consequently, we formalize the structural representation of Data Science of
the updated Venn diagram by the presence of a property/feature, that provides
integration/interoperability between elements deD, iel, peP, and establishes

the correspondences C,y; and Cy,y between the elements of resource sets D,
I,and P.
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DYNAMICS OF DEVELOPMENT OF STRUCTURAL REPRESENTATION OF
DATA SCIENCE IN THE FORMAT OF THE UPDATED VENN DIAGRAM

Figure 6 depicts a part of the updated Venn Data Science diagram with sets of
integrated interdisciplinary resources in the form of intersecting triangles.

We will show how the areas of integrated interdisciplinary resources can be
narrowed in favor of Data Science on the example of two extreme cases:

1. Figure 6 — structural representation of Data Science as a partial intersec-
tion of integrated interdisciplinary resources (excluding areas of non-integrated
resources 1, 2, and 3). For simplicity of visualization, triangles 1-2, 1-3, and 2-3
are equal, but, of course, in practice, the cardinalities of the corresponding sets
may differ. Generally, the comparison of the sets of pairs of elements with corre-
spondences of different nature is incorrect.

Central area — Data Science can be expanded in one of three possible direc-
tions by moving one of the three sides of the central triangle outward (see arrows
on Fig. 6). The following transformations may take place:

1-2
Date and
Theoretical knowledge
+ applied tools

1

Fig. 6. Data Science at the intersection of integrated interdisciplinary resources

e or in the case of the emergence of a new third element that will cover the
existing pair of interdisciplinary resources, belonging to the set adjacent to Data
Science (an innovative business process, that allows to organize at the meta-level
processing of existing data with existing theoretical knowledge and applied tools,
has been discovered) — Data Science domain expansion with the advent of new
resources;

e or in the case of the appearance of a new pair of integrated resources that
can be covered by an existing third (method of processing a certain new type of
data, that can be subordinated to existing business processes, has been in-
vented) — Data Science domain expansion with the emergence of new pairs of
resources, links between them.

2. Theoretically, the option of a complete expansion of the Data Science
domain with full correspondence and imposition of integrated interdisciplinary
resource areas is possible as well (Fig. 7).
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Fig. 7. Idealistic example of the complete expansion of Data Science

Based on the cited scientific results of authoritative authors, as well as on the
detailed decomposition and justification of the structural representation of Data
Science, we propose the following definition of Data Science:

Data Science — interdisciplinary science and methodology of representing
activities for analysis and extraction of data, information, and knowledge.

This definition of Data Science, from our point of view, more closely unites
both Science and Data in the methodology of scientific and practical activities for
the analysis and extraction of data, information, and knowledge.

CONCLUSION

1. During this study, we examined the main scientific results on Data Sci-
ence, the numerous debates about its right to exist as a separate field. The ambi-
guity of the existing definitions of Data Science has been established, in particular
the incompleteness of individual elements of Drew Conway's Data Science Venn
diagram [2] and the vague meaning of its components, which does not fully re-
flect the required set of skills for data scientists and engineers of Data Science
systems.

2. We propose a unified structural representation of Data Science in the
format of an updated Venn diagram based on a property/feature that establishes
correspondences that provide integration/interoperability between the elements of
the sets of the Venn diagram.

3. A unified diagram of the Data Science domain at the intersection of tri-
angles of integrated interdisciplinary resources is presented and the potential for
expansion of this domain is demonstrated.

4. The new definition of Data Science as an interdisciplinary science and
methodology of representing activities for analysis and extraction of data, infor-
mation, and knowledge is substantiated.
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DATA SCIENCE — JAE®IHIIIA TA CTPYKTYPHE ITOJAHHSI / I1.I1. Macss-
ko, €.I1. Ceapcbkuii

AHoraunisi. Po6ota € npooBKeHHsIM AUCKYCIl 100 iCHYIOUMX O3Ha4YeHb Ta (op-
Mautizanii nedininii «Hayka npo naHi» (Data Science) sik aBTOHOMHOI AMCIMILTIHH,
raiaysi 3HaHb, YTOYHEHHs ii BU3HAYAIBHHUX CKIIAJOBHX, IHTErpallii i mpoueciB B3ae-
MOZIi MiXkK HUMH. 3a3HAa4YCHO, 110 B OLIBIIOCTI HAYKOBHUX PE3yJIbTATIB MPOCIiIKOBY-
€TBCS NATALCHTPUYHUN XapakTep MOJaHHS i aHami3y Hiel TUCHUIUTIHH, TOOTO ak-
[ICHTYBaHHS Ha cyioBi Data. AHali3 9acTOCTI B)KMBAHHS KJIIOYOBHUX TEPMIHIB B
o3HaueHHsX Hayku mpo nani (Data Science) mokasye, Ha 0 caMme pOOUTHCS OCHOB-
HUI aKIeHT Ta Ha SKi TEPMiHU O3HAYeHb HAyKH IMPO JaHi CIHUParThCs. BHeceHo i
apryMeHTOBAHO ITI€BHI JIONIOBHEHHs 10 Aiarpamu Benna [Ipro Kouses, sika He Bi-
nobpaskae BCiX pecypciB CKIAaJOBHUX, IO XapaKTePU3YIOTh NMPUKIAJHUNH Xapak-
Tep HAayKH PO JaHi 1 He PO3KPHUBAE B3a€MOJII0 IIUX PECYpPCiB aHi 3 TOUKHU 30py
JOCTiAHUKA JJaHUX, aHi B 1i ro0ansHOMY po3yMiHHI. 3alIpoIIOHOBaHO YHiikoBaHe
cTpykTypHe noganns Data Science y ¢opmari onosneHoi miarpamu Benna [Ipro Konest
Ha OCHOBI BJIACTHBOCTI/O3HAKH, sIKa BCTAHOBJIOE BIATIOBIAHOCTI, IO 3a0E3MedyroTh
IHTerpanito/inrepornepabenbHICT MK eleMEeHTaMy MHOXKHH Jiarpamu Berna [lpro Kon-
Best. OOrpyHTOBaHO HOBY Je(iHILIIO «HayKa PO JaHD» K MDKAUCUUIUTIHAPHOT HAYKH i
METOOJIOTIT TOJaHHs AiSUITBHOCTI 3 aHANI3Y 1 J0OyBaHHS JaHUX, iHPOpMAIlii Ta 3HAHB.

KurouoBi ciioBa: Hayka npo naui, giarpama Benna [lpro KonBes, o3HaueHHsT HayKu
PO JaHi, CTPYKTypa HayKH Mpo JlaHi, AaHi, iHpopMaIlis, 3HaHHS.

DATA SCIENCE — JE®OUHUILINSA U CTPYKTYPHOE ITPEACTABJIEHUE /
ILI1. Macnsanko, €.11. Cenbckuii

AHHoTanus. PaboTa sBIseTCS MPOAOIIKEHNEM AUCKYCCHH O CYIIECTBYIOMINX OIIpe-
JeNICHUsIX ¥ GopMann3anny JeUHUINK «Hayka o naHHbIX» (Data Science) kak aB-
TOHOMHOW IMCIMIUTHHBI, 007aCTH 3HAHUH, YTOUHEHHH €€ ONpPEJeIOMuX COCTaB-
JSFOIINX, HHTETPAlK M MIPOLECCOB B3aUMOICHCTBUS MEX Ty HUMH. OTMEUCHO, ITO
B OOJIBIIMHCTBE HAy4YHBIX PE3yJIbTaTOB IIPOCIIEKUBACTCS JAaTallCHTPUUECKUI Xapak-
Tep MPEJCTaBICHUS U aHANW3a 3TOH JUCHUILUIMHBL, T.€. aKLEHTHPOBAHHE Ha CIOBE
Data. AHanm3 9acTOTHI YHOTPEOIESHHUS KIIOUEBBIX TEPMUHOB B ONPEACICHUAX HAYKH
o nanHEIX (Data Science) noka3sbIBaeT, Ha 9TO HIMEHHO JIeJIa€TCsl OCHOBHOH aKIEHT U
Ha KaKHWe TEPMHHBI ONpPE/ENIeHNI HayKu O JaHHbIe ONMUparoTcs. BHeceHsl u apry-
MEHTHPOBaHbI OINpE/EICHHbIE ONONHEHUs K quarpamme Benna [Ipro Kounses, ko-
TOpas He OTPAXKAeT BCEX PECYPCOB COCTABIIAIOIINX, XaPaKTEPU3YIOLMIUX IPUKIIAJHON
XapakTep HayKH O JAHHBIX U HE PACKPBIBAET B3aMMOJCHCTBUE 3TUX PECYPCOB HHU C
TOYKH 3PEHHMSI HCCIIEOBATeNs JaHHBIX, HU B €€ II00aTbHOM MoHMMaHuH. [Ipenso-
JKEHO YHH(UIMPOBAaHHOE CTPYKTypHOE IpexcraBieHue Data Science B dopmare
oOHoBIeHHOH auarpammbl Benna [Ipro KonBest Ha ocHOBe cBOMCTBa/mpu3HaKa,
YCTaHaBIMBAIOIIETO COOTBETCTBHSA, KOTOpBIE 00ECIeYMBAlOT HHTErpa-
[UIO/UHTEPONEepadeNbHOCTE MEXIy JJIEMEHTaMH MHOXECTB JuarpaMmbl Bexna
Jpro Kongses. O6ocHOBaHa HOBast NCHUHUIMS «HAYKA O JAHHBIX» KaK MEKHCIUII-
JIMHAPHOW HAYKW M METOJOJIOTHU NPEACTABICHHS ASSATEIFHOCTH MO aHAIN3Y M U3-
BJICUCHHMIO TaHHBIX, NH(GOPMAINU U 3HAHUH.

KiioueBble cjioBa: Hayka o JAaHHBIX, Auarpamma Benna [lpio Konses, onpenene-
HHE HayKU O JaHHBIX, CTPYKTypa HayKH O JaHHBIX, JaHHbIE, HHPOPMAIHS, 3HAHHUSI.
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3ATAJIBHA METOJIUKA ITPOTHO3YBAHHS HEJITHIMHUX
HECTAINIOHAPHHUX ITPOLHECIB HA OCHOBI
MATEMATHUYHUX MOJEJIEM 3 BAKOPUCTAHHAM
CTATUCTUYHUX JAHUX

O.M. BEJIAC, A.O. BEJIAC

AHoTanisi. Po3risHyTo mpo0ieMaTHKy MPOTHO3yBaHHS HENiHIMHUX HecTauioHap-
HHX TPOLECIB, MOJAHUX y BUIJIAl YaCOBUX DsAIB, [0 MOXYTh COOOI0 OMHCYBaTH
JIUHAMIKy TMPOLECIB K y TEXHIYHHX, TaK i B €KOHOMIUHHMX cucTeMax. JleraabHO
OIMHUCaHO 3arajbHy METOAHMKY aHaNi3y TAKUX JaHUX i MOOYJOBH BiIMOBIIHHX MaTe-
MaTHYHHX MOJieliell Ha 6a3i aBToperpeciiiHiuX MoJiesiell Ta peKypPEHTHUX HEHPOHHUX
Mepex. MeTOAMKY 3aCTOCOBAHO Ha MPAKTHYHHX MPHUKIIAIaX — BHKOHAHO MOPIiBHS-
JIBHUH aHai3 MOJIeJIeH IPOrHO3yBaHHS KIIBKOCTI KaHaIiB 00CIyroByBaHHs aOOHEH-
TiB CTIIBHMKOBOTO 3B 53Ky JUIsi KOHKPETHOI 0a30BO1 CTaHIIii, BUSBJICHO IIEPEBark Ta
HEJOMIKH KOXHOro 3 MeroziB. ChopMyIb0BaHO HEOOXITHICTh YIOCKOHAJICHHS icC-
HYI040i METOANKH Ta PO3pOOJICHHI HOBOTO ITiIXOY.

KumiouoBi c1oBa: MaTeMaTHuHe MOJETIOBAHHS, OOPOOICHHS CHI'HAJIB, HECTAI[IOHAPHI
HPOIIECH, aBTOPETPECiiHI MOIeNi, HEHPOHHI MepeXi, peKypeHTHI HEHPOHHI MepexKi.

BCTYII

IIporHo3yBanHs Ha OCHOBI Mojenedd, MoOyAOBaHMX 3a EKCIIEPUMEHTAIbHUMHU
(cTaTHCTUYHUMHM) JTaHUMH — OJIUH 3 HAWMOMYJSAPHIIIMX MigXOXIB A0 MPOTHO3Y-
BaHHS TUHAMIKYU MPOIECIB Y TEXHIYHUX, COMiaTbHO-6KOHOMIYHHX Ta (DiHAHCOBHX
cucTeMax. 3aBJaHHs NPOTHO3YyBAaHHS HENHIMHAX HECTalliOHAPHUX IPOIECiB Ha-
TENep € AyKe aKTyalbHUM.

Po3BuTok iHpOpMAIIHEX TEXHOIOTIH 1 po3mUpeHHs 00csTiB iHpopMamiii-
HUX TIOCJIYT 3HAYHOIO MIPOIO IPYHTY€EThCS HA HAYKOBO-TEXHOJIOTTYHUX PO3POOKax
y Tajny3i TeJeKOMYHIKaiHHUX Mepex. JIOCIIKeHHS MOKa3yIOTh, 1110 CYy4YacHi Me-
PEXeBi TEXHOJIOTI1 CBOIM 3pOCTaHHIM BHIIEPEIKAIOTh TEOPETUYHE Ta aHATITHYHE
PO3YMiHHSA MepeKeBUX B3a€EMOAIN. MeToan po3paxyHKy XapaKTepHCTHK TEIeKO-
MYHIKaIIITHOT Mepexi (MPOMyCKHOI 3IaTHOCTI KaHaIliB, EMHOCTI OydepiB Ta iH.),
[0 3aCHOBAHI Ha KJIACUYHHUX MOJENAX, HE BIAMOBIIAIOTh HEOOXIAHUM BHUMOTaM 1
HE JJO3BOJISIIOTH aJICKBATHO OIIHIOBATH HAaBAHTAXXCHHS B MEPEXKI.

VY npani [1] BcTaHOBIIEHO, IO 3aBJaHHS IPOTHO3YBAHHS MPOIIECIB Y TEXHIU-
HHUX CHCTEMax IPYHTOBHO NPOAHaJi30BaHO i3 3aCTOCYBaHHSAM KJIaCHYHUX perpe-
CIIHHX TiAXOAIB, SIKi JOBOJIi MPOCTO BUKOPUCTOBYIOTHCS SIK Y TEOPETHYHOMY ac-
NeKTi, Tak 1 B oOuuciaroBanbHOMY. [IpoTe Takumii miAxig Mae MEBHI HEXOJIKH.
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Tomy y mpaui [1] 3amponoHOBaHO PO3TISHYTH HelipoHHi Mepexki Tuiry LSTM, sxi
TaKOX BUPIIIYIOTh 3aBJaHHS MOJIEIIOBAHHS ITOCIIIOBHOCTEH, IO TOTO X ypaxo-
BYIOTh HeJiHiMHMNA a00 KOMOIHOBaHWH BIUIMB 30BHIIIHIX (DaKTOpiB, ane MaroTh
JIesIKi HeJTONMIKH OTpUMaHUX Mojenel (X CKIaaHICTB).

VY npomy JociimKeHHI chOpMyITIOBAaHO i ONMUCAHO 3araibHy METOIUKY MPO-
THO3YBaHHSl HENiHIMHWUX HECTal[iOHAPHUX IPOIECiB HA OCHOBI MaTeMaTHYHUX
MOJIeTIeH, 3aCTOCOBAHO METOJOJIOTII0 Ha MPaKTUYHUX MPUKIaJaX — BHKOHAHO
NOPIBHSUTBHUK aHalli3 MoAeJeld MPOrHO3yBaHHS KiJIBKOCTI KaHalliB 0OCIyroBy-
BaHHS a0OHEHTIB CTLTBHUKOBOTO 3B’ 3Ky JIJIsl KOHKPETHOI 0a30BO1 CTaHIIi.

OInmucC METOJUKHA

OCHOBH TepuIoi METOJUKH MOOYJOBH MOAETCH YacOBHUX PsIIiB 3alpONOHYBAIN
Bbokce i /Ixenkinc y mpari [2]. MoaudikoBana aBTOpaMy METOJIMKA TOOYTOBH Ma-
TEMaTUYIHOI MOJIEITi TPOLIECy, IO CKIAJAEThCs 3 JEKUILKOX KPOKIB, TOKJIaia Oc-
HOBY TPOILIECY MOJENIOBaHHS Ta MPOTHO3YBAaHHS YacoOBUX psAAiB. I3 po3BUTKOM
MaTeMaTHUYHOTO MOJEIIOBAHHS, TOSIBOI0 HOBUX 3aBJaHb 1 METO/IB iX pO3B’A3aHHS
MeTOIuKa MOIU(DIKyBaIach 1 MOJIIIITYBaIACh.

IcHye xinpka MeTOAMK MOOYAOBM TakMX MaTeMaTwdHux wmojeneii: KDD,
SEMMA, CRISP-DM [3].

VY 1iif po6GOTi NPOMOHYETHCSI BUKOPUCTOBYBATH Cy4YacHy aHANITUYHY METO-
moiorito SEMMA (Sampling, Exploring, Modifying, Modeling, Assessing) [4].
Mertoponorisi 1oOpe opieHTOBaHA Ha MOOYJOBY MOJENEH MPOLECiB, AN SKUX, SIK
MPaBUIIO, Ha0araTo CKIIATHIIIE MTOCTABUTH EKCIIEPUMEHT Ta OTpPUMATH iHpopMa-
THBHI €KCIIEpUMEHTAIbHI JaHi B JOCTaTHbOMY 00cCs3i. MeTomomnorist OinbIn opieH-
TOBaHA caMe Ha MPOIleC MOCIiIKEHHs, OibIre (HOKYyCYIOUNCh Ha MOOYI0BI MOJIe-
Teit, a He Ha Oi3Hec-po3yMiHHI a00 iHTeTpaIlii 3 TEXHIYHUMHU CHCTEMaMH.

1. Sampling — BifOip i 3aBaHTaXXEHHS JaHUX Y MPOEKT, MONepeHe 00poo-
JICHHsI eKCTIEPUMEHTaNIbHUX JaHuX Ha oMy eTarti BUKOHYIOTHCSI PeTeNIbHUI Bif-
0ip maHux, ¢QinpTpalis, BUAAJICHHS MPOITYCKiB Ta MOIIKOMKEHUX a00 HEKOPEKT-
HUX JAHWX, 3BEICHHS IO HAWOUIBII 3pyYHOTO BHIIISAY, MiATOTOBKA OCTATOYHOT
«BITPHHHU IaHHUX» A0 poOoTH. PopManbHO MOXHAa BUOKPEMUTH Taki omneparii Ha
[[BOMY eTaIli:

— KOPHUT'YBaHHs JJaHMX — 3allOBHEHHsI NPOIYCKIB Ta 3MEHIIECHHS BHKHIIB
(excTpeMaNbHUX IMIYJIBCHUX 3HAYEHB), M0 BHUXOIATh 32 OCHOBHHUH Jiana3oH
3Ha4eHb 3MiHHMX. HeKOopekTHI BHUMIpH 3aMiHIOIOTHCS 1HTEPIOJLOBAHUMH 200
yCepeIHEeHUMH JaHUMU;

— OpPTOTrOHANBHI MEPETBOPEHHS Ta ITU(poBa GiIbTPaIlisl JAHUX 3 METOIO BU-
JyYeHHS IIYMOBHX CKJIaJIOBHX (32 HEOOX1THOCTI);

— HOpMYBaHHS JaHMX: iX jorapudmyBaHHs a00 3BEJEHHS IO 3py4YHOro Iia-
Ma3oHy iX 3MiHM, Hanpukiaz, Bix 0 go 1; Bix -1 mo +1; Big +10 mo -10 1 T.iH.

2. Exploring — po3yMiHHs CYTi IaHHX, OUIYK TPEH/IB, aHOMAIIili Ta B3ae-
MO3B’s3KiB. [IJ11 IbOrO0 BUKOPUCTOBYIOThCS Bi3yaiizamis, KilacTepu3allisi Ta aco-
miaris JaHuX. BUKOHYEThCS aHaMI3 JaHUX Ha MOJJIMBY HAsSBHICTh HelliHIHHOCTEH
3a JJONOMOTOI0 MHOYKHHU CTATUCTHYHHUX KPUTEPiiB. BUKOPHCTOBYIOTHCS TECTH Ha
TPEHJ Ta Ha TeTePOCKEAACTHYHICTh Ul PO3YMIHHS HAJIEXKHOCTI JOCIIIKYBaHOTO
MIPOIIeCy A0 TMEBHOTO KJacy HecTallioHapHOCTI [5].

3. Modifying — MoaudikyBaHHsS NaHUX HUITXOM CTBOPEHHS, OOpaHHS Ta
NEePEeTBOPEHHS 3MIHHHX; OCTATOYHE NEPETBOPCHHS BHUXIJIHUX JaHUX, PO3OHTTS
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BUOIpKM Ha HaBYAJbHY i TecTOBY. [IpaBuibHEe 00paHHs TeCTOBOI BUOIPKU € Bax-
JIMBUM 3aBJaHHSM Ta 3alI0PYKOI0 KOPEKTHOTO HaBYaHHS MOJIEIII.

4. Modeling — ckiramaeThCcs 3 aHANITHIHUX 1HCTPYMEHTIB, NMPH3HAYCHHUX
IUTst TOOYZIOBU OOpaHUX MaTeMaTHYHUX MOJEICH, 0 AI0Th OayKaHUH pe3yJibTar.
V mpani [1] BUKOHaHO OIJISAJ CYy4acHHMX ITJXOJIB J0 HMPOTHO3YBaHHS HPOLECIB,
MOJTAaHO CTATHCTUYHI JaHi y BUTIISAII YaCOBUX PsAiB. Po3risHyTO MOMENHs aBTOpET-
pecii 3 iHTerpoBaHNM KOB3HUM cepenHiM (ARIMA):

p q
YO =ay+Y ay(k-i)+ Y belk— j)+ek).
i=1 j=1

MeToauKy aBTOMATH4HOI MOOYJO0BH TaKOi MOJEI I 00paHOro psay A0-
CJIIJKEHO Ta OMHCcaHo XaWHAMaHOM Y mparii [6].

PosrmsayTo HeiponHi Mepexi tumy LSTM. Mepeki 3 JTOBrOKOPOTKO-
ctpokoBoro am’atTio (Long Short Term Memory) — cnpoimeno LSTM — oco06-
JUBUHA BUJI PEKYPEHTHUX HEHPOHHHMX MEPEXK, 3JaTHHUX JO HABYAHHS JOBTOCTPO-
KOBHX 3aJIeXKHOCTed. [x 3anpononysamu Xoxpeiitep i IlImiaxy6ep [7] i moompa-
IIOBAJIM Ta MOMYJApU3yBadu IHII gociignuku [8, 9]. BoHum nmaroTh 3mMory
OTPUMATH BUCOKOSIKICHI pe3yJbTaTH Ha BEIHKiK Pi3HOMaHITHOCTI Mpo0JieM 1 HUHi
HIMPOKO 3aCTOCOBYIOThcs. OHAK MOKH HE ICHY€E 3arajibHOI METOAWKH MOOYI0BU
TaKOTO THITy HEHPOHHHUX MEpeX, 30KpeMa METOJIUKH BHOOpY MOYATKOBUX Bar,
AITOPUTMY OITHMi3alii, QyHKIIT akTUBAIi, apXiTeKTypu Mepexi Tomo. Yepes
CKJI/IHICTh TAHUX MOJIENEH CTBOPEHHS TaKoi METOMKY € HaIBAYKJIIBUM 3aBJIaHHSIM.

5. Assessing — mo0ymoBa rpadikiB Ta BUKOPHUCTAHHS KPUTEPIiB IS OIIHIO-
BaHHS SKOCTI MPOTHO3IB, OTPUMAaHUX y TPOILIECI MOJACTIOBAHHS Ta JOCIIIKEHHS;
OOpanHs Kpamoi 3 OIIHEHUX MOeNeH-KaHIuAaTiB. 3aCTOCYBaHHS MOJEIi J0
PO3B’sI3aHHSI OCHOBHOT'O 3aBJIaHHS — MPOTHO3YBAaHHS, KEPYBaHHS, MOTIMOJICHE
JTOCITIIKEHHS TIPOIECy Ta OCTATOYHE BCTAHOBIICHHS ii MPUAATHOCTI.

METPHUKMH JJIs1 ONIHIOBAHHS AKOCTI ITPOT'HO31B

[[lo6 BM3HAYMTH HAMOUTBIT MpPHUIATHY MOJENb UL PO3B’sS3aHHSA MEBHOI 3ajavi,
BUKOPHUCTOBYIOTh Pi3HI METPUKH JIJIsI OIIHIOBAHHSI SKOCTi MTPOTHO31B.

Jlnst OLiHIOBaHHS SKOCTiI MPOTHO3IB 3a3BHYaii BUKOPUCTOBYIOTH MHOXKHHY
B3a€MHO JIOMIOBHIOBJIILHUX CTaTUCTUYHUX KpUTepiiB. Hampukiaj, 3Ha4eHHs ce-
PEOHBOKBAPATHYHOT MMOXMOKH 3aJICKUTH BiJl MacImTaldy JaHWX, a TOMY HEZOCTa-
THHO BUKOPHCTOBYBATH TUJILKH LEH CTATUCTUYHUHN MapaMeTp U aHaji3y sSKOCTi
nporHo3y. IlornuOneHe OUWiHIOBAaHHS SIKOCTI MPOTHO3IB AOCSTAETHCS 3 BUKOPHC-
TaHHSAM KPHUTEpIiB, AKi JTar0Th BIMHOCHI OIIIHKK y BincoTkax. Haimommpewrimnri
CTAaTUCTHYHI KPHUTEPii AKOCTI IPOTHO3Y Ta iX mpuzHaueHHs [10]:

— cepelHbOKBagpaTHYHa MOXUOKA MO

RMSE - z;ll[ﬁ(ljcv) — y(k)P? ;

— cepeaHs abCOoI0OTHA MOXUOKa MOJIENi

_XP® -y
_ u ,

MAE

— cepelHs a0CONM0THA MOXUOKa MOJIET Y BiICOTKAX
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MaPE - 100 $1 70— (8)

kol (k)
ne y(k) — npornososane 3a Mojewno 3HaueHns; y(k) — peanbHe BUMIpHOBaH-

b

Hs1; N — IOBXWHA BUOIPKH.

I3 MOXXITMBHX KaHIUAATIB HEOOXiAHO oOMpaTH Ty Monemb, s sskoi RMSE,
MAE i MAPE naOyBaroTh MiHIMaJIbHOTO 3HAYEHHSI.

OnHaK TPaIuIsIOTHCS BUITAAKH, KOJIU Jesika MOJIENb € TPIOPUTETHOIO 33 OfI-
HUMH KPHUTEPisIMHU, a 1HIIA MOJENh — 3a IHIIUMHU. Y TaKuxX BHUIMAaJKaX MOTPiOHO
oOparu nipioputeTHuUi Kputepiit abo mo0yyBaTH iHTETpalbHUN KPUTEPiil OLiHIO-
BaHHS SIKOCTI MPOTHO31B, 10 Hapasi € My)e aKTyaJllbHUM 1 I0Ci HEBUPILICHUM 3a-
BJIaHHSM.

HNPUKJIA/IU 3ACTOCYBAHHS METOJJUKHN HA CTATUCTUYHUX JAHUX

[ToOynoBani Mozesi AJis IPOrHO3YBaHHS HEOOX1MHOT KIJIbKOCTI KaHaJliB 00CIyro-
ByBaHHSI a0OHEHTIB CTUILHMKOBOTO 3B’3KY JESKOI0 YKPaiHCBKOTO omeparopa y
thopmi perpecii Ta LSTM HEWpOHHUX MEpExK.

Peanizaris anropur™miB cimpaeThest Ha niparti [11, 12].

OCHOBHI IIOKa3HUKHM TOYHOCTI IaHUX MOJENe Ta SKOCTI OLIHIOBAaHHS
RMSE, MAE, MAPE nonano y ta6a. 1-3.

[ToOynoBani rpadiku MOpPiBHAHHS peallbHUX Ta MPOTHO30BaHUX 3HAUYCHD
Pi3HUMH MOJECJISIMU [TI0Ka3aHO Ha puc. 1-5.

Taoauusa 1. [lopiBHAUIEHA XapaKTEPUCTHUKA MOJIENIEH TTPOTHO3YBAHHS KITBKOCTI
KaHaJIiB 00CIyrOByBaHHs a0OHEHTIB CTUILHHKOBOTO 3B’513Ky (0a30Ba cTaHiis 1)

OuiHKH SIKOCTi MPOTHO3Y

Tun moaei

RMSE MAE MAPE

APIKC(2,1,2) 0,5392346 0,404728 9,289125
Heliponna mepexa

iy LSTM 0,3718906 0,288897 1,988698

Tadoauus 2. [lopiBHsJbHA XapaKTEPUCTHKA MOJIEIICH MPOrHO3YBaHHS KUIBKOCTI
KaHaJliB 00CIIyroByBaHHS a0OHEHTIB CTUTLHUKOBOTO 3B 513Ky (0a30Ba cTaHwis 2)

Tun Moxei OuiHKM SIKOCTi NPOrHO3y
! RMSE MAE MAPE
APIKC(2,1,2) 0,6349195 0,474474 1,587532
Heitponna mepexa
iy LSTM 0,4224225 0,315366 0,961578

Taoauusa 3. IlopiBHSIRHA XapaKTEPHUCTHKA MOJIEIICH TIPOTHO3YBAaHHS KITBKOCTI
KaHaJliB 00CITyroByBaHHS a0OHEHTIB CTUTLHUKOBOTO 3B 513Ky (0a30Ba craHwis 3)

Tun Monei OuiHKHN SIKOCTi MPOTHO3Y
! RMSE MAE MAPE
APIKC(,1,2) 1,19619 1,019926 2.341559
Heitponna mepexa
iy LSTM 0,7199281 0,613519 1314227
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Tty LSTM nns 6a30B0i CTaHIIl 2 CTITBHUKOBOTO 3B’ SI3KY
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Puc. 5. TopiBHsubHMIA rpadik peanbHUX Ta IMPOrHO30BAaHUX 3HAYCHb HEMPOHHOT Mepexi
tuny LSTM nist 6230801 craHii 3 cTUILHUKOBOTO 3B’ 3Ky

AHAJII3 OTPUMAHUX PE3YJIBTATIB

VY X0l AOCHIHKEHHST KPAIlO BHSIBUIIACS MOJETb 3 BUKOPUCTAHHSAM HEHPOHHUX
mepexxk (MAPE=1,98). Perpeciiini Meromu BHSIBHIMCh MEHII TOYHUMHU
(MAPE=9,29), onnak mBuammMu Juist mo0yaoBu i Bukopuctanns. Cepen perpe-
CiifHUX Mozereli Halikparioro BusiBuiach mojaenb APIKC(2,1,2). O6panHs Biamno-
BiJTHOT CTPYKTYPH MOJIEINI JIJIsl aBTOMATU30BaHOT POOOTH B CHCTEMI Ha Yac JIOCIi-
JOKEHHSI CIIHPA€EThCS CaMe Ha BAXIIUBICTH IMBUAKOCTI a00 TOYHOCTI OOYHUCIICHB,
IO MiTBEP/KYE MPOOIEMATHKY, ONTUCcany y mpaiti [1].
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BHUCHOBKHA

CdopmynpoBaHO ¥ ONMKMCAHO OCHOBHI €TaIlW 3arajbHOT METOJUKH ITPOTHO3YBAaHHS
HEJNIHIMHUX HECTalliOHAPHUX TPOIIECiB HA OCHOBI CYyYacHOI aHAJITHYHOI METOO-
morii SEMMA. Tloka3aHo TOCHIIKEHY METOMWUKY IS aBTOMaTHYHOI TOOYIOBH
perpeciiinux Mojened, chopMyJILOBaHO MPOOJIEMH ICHYIOYOI METOIUKU IS I10-
OyZ0BU MoOjieriell Ha OCHOBI HeHpOHHUX Mepex. CHOopMYyIILOBAHO MPOOIIEMY €11~
HOTO KPHUTEPII0 SIKOCTI MporHo3iB. [1o0ymoBaHo HOBI MOMETi IS MPOTHO3YBAHHS
BUOpaHuX mpolieciB i y gopmi perpecii Ta HeliponHux mMepex tuny LSTM, noka-
3aHO X TIepeBary Ta HeJIOJIKH.
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O.M. Benac, A.O. benac

GENERAL METHODS OF FORECASTING NONLINEAR NONSTATIONARY
PROCESSES BASED ON MATHEMATICAL MODELS USING STATISTICAL
DATA / O.M. Belas, A.O. Belas

Abstract. The article considers the problem of forecasting nonlinear nonstationary
processes, presented in the form of time series, which can describe the dynamics of
processes in both technical and economic systems. The general technique of analysis
of such data and construction of corresponding mathematical models based on auto-
regressive models and recurrent neural networks is described in detail. The tech-
nique is applied on practical examples while performing the comparative analysis of
models of forecasting of quantity of channels of service of cellular subscribers for a
given station and revealing advantages and disadvantages of each method. The need
to improve the existing methodology and develop a new approach is formulated.

Keywords: mathematical modeling, signal processing, nonstationary processes, au-
toregressive models, neural networks, recurrent neural networks.

OBIIASI METOJIUKA ITPOTHO3UPOBAHUS HEJIMHENHBIX HECTAIIMO-
HAPHBIX INTPOLHECCOB HA OCHOBE MATEMATHYECKHUX MOJEJIEHU
C UCIIOJIb30BAHUEM CTATUCTUYECKHX JJAHHBIX / O.H. Benac, A.O. benac

AHHoTanus. PaccMoTpeHa mpo6sieMaTHka MPOrHO3HMPOBAHHS HEIMHEHHBIX HECTa-
LUOHAPHBIX MPOLIECCOB, MPEACTABICHHBIX B BUJEC BPEMEHHBIX PAIOB, KOTOPHIE MO-
TYT cOOOH ONMUCHIBATh TUHAMUKY MPOIECCOB KaK B TEXHHUYECKHX, TaK U B SKOHOMH-
geckux cucreMax. [lompoOHO ommcaHa o0mas METOAWKA aHAIN3a TaKUX JaHHBIX U
MIOCTPOCHUS] COOTBETCTBYIONIMX MAaTEMAaTHUECKMX MOJEJel Ha 0a3e aBTOperpeccu-
OHHBIX MOJICTICH M PEKYPPEHTHBIX HEHPOHHBIX CeTed. MeTOoIHKa NMpHMEHEHa Ha
MPAaKTUYECKUX MPUMEPax — BBITIOJIHEH CPABHUTEIBHBIA aHAU3 MOJEICH MPOTHO-
3UPOBaHKs KOJIMYCCTBA KaHAJIOB OOCITY)KUBaHUS aOOHEHTOB COTOBOM CBSI3HM ISt
KOHKpPETHOM 0a30BOIl CTaHIMU, BBIABIEHBI IIPEUMYILECTBA U HEAOCTATKH Ka)KIOTO
nu3 meronoB. ChopmynupoBaHa HEOOXOJMMOCTb YCOBEPIICHCTBOBAHHS CYIIECT-
BYIOILIEH METOAMKH U pa3pabOTKH HOBOTO MOJIXO0A.

KiroueBble cj10Ba: MaTeMaTH4eCKOe MOJEIMpPOBaHHE, 0OpabOTKa CHUTHAIOB, He-
CTaI[MOHApPHBIE NPOLIECCHI, aBTOPEIPECCHOHHBIE MOJIEIH, HEHPOHHBIE CETH, PEKyp-
PEHTHBIE HEUPOHHBIE CETH.
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ITPOI'HO3YBAHHSA OBCAI'IB BUPOBHUILITBA
CLJIbCBKOI'OCIIOJAPCHKOI MPOJAYKIIIL 3A TOIMOMOI' OO
METOJIB IHTEJIEKTYAJIBHOI'O AHAJII3Y JAHUX

C.M. KOHIEBA, P.I. JIIIYK, C.A. CKYPTOJIL, I'.10. POJAIIYK,
LII. BACWJIBYEHKO

AnoTanisi. CiporHo30BaHo MaifOyTHI 3HAUCHHS! NOKa3HHUKIB BUPOOHHUIITBA 3EpHO-
BUX 1 3epHOOOOOBHX KyJIBTYp Y CiJIbCBKOTOCIOAAPCHKHUX MiApUeMcTBaX Hepkach-
KOT 00J1aCTi HAa OCHOBI YacOBUX PAIIB JHHAMIKH, PiBHI SKHX BUPAKEHO B HATypallb-
HHMX OJMHHMIIX BUMiploBaHHs. I1ifl 4ac TOCIHIDKEHHSI BUKOPHCTAHO OJHY 3 METOJHK
IHTENEKTYaJIbHOTO aHANI3y JaHUX — aHaJli3 YaCOBHX PSiB, IO T03BOJISIE HA OCHOBI
MOZeNi psfy ANHAMIKH, o0ynoBaHol Ha 0a3i (GaKTHYHUX 3HAYCHb MONEPEIHIX I10-
Ka3HUKIB MUHYJHX POKiB, CIIPOTHO3YBaTH BHPOOHHUIITBO HAa HACTYHHI poku. MeTo-
VKA MICTHTH TaKi eTamnu: rpadiqHui aHami3 (I mixdopy BiIIOBIIHOTO PiBHSIHHS
MOZeIi), BUAUICHHS 1 aHai3 JeTepMiHOBAaHUX CKJIQJIOBUX DAY, 3TJIAJDKYBAHHS 1 (i-
JBTpALlis YaCOBOTO PsAY, JOCIIDKEHHS BHIIAJIKOBOT KOMIIOHEHTH, OOy 10Ba 1 Tepe-
BipKa Ha a/IeKBaTHICTh MO/IEJi YaCOBOTO Psiy, IPOTHO3YBAHHS ITOBEAIHKH YaCOBOTO
psioy Ha MifACTaBi MPOBEACHUX TOCIIIKEHb.

KiouoBi cioBa: iHTeNneKTyalbHHI aHaNi3 JaHUX, YAaCOBHH s, MPOTHO3YBaHHS,
TPEHJ, CUTECHKOTOCTIONAPCHKE MiANPHEMCTBO, MOAECTb.

BCTYII

[MuTanHS MPOrHO3yBaHHS! €KOHOMIYHHX MPOLECIB CTOSATH NOCUTH TOCTPO B IEpi-
OJT1 HECTIKOTO €KOHOMIYHOTO CTaHy BUPOOHHIITBA CLITBCHKOTOCIOAAPCHKOI MPO-
IyKitii. 3aCTOCYBaHHS METOAMK iHTEICKTYalbHOTO aHANi3y JaHHUX J03BOJISE IIif-
BHUIMUTH €(PEKTUBHICTh BUPOOHWIITBA TPOAYKIIi B CIIECHKOTOCIOAAPCHKUX
HiATPUEMCTBAX 3a PaxXyHOK ONTHUMAJBHOTO YIPABIIHHS 3alacaMmu, I0XOJaMHu,
BUTpaTaMu. 3pOCTaHHS POJIi MPOTHO3YBaHHS PO3BUTKY BUPOOHHLTBA CLILCHKOTO-
CTMOAAPCHKOT MPOAYKIii 3yMOBICHO YCKJIAIHCHHSIM YNPaBIiHCHKUX (YHKIH B
yMOBaX JUHAMIYHOI 1 HECTaOIILHOI CUTYAI] K Y 30BHIITHHOMY CEPEIOBHIIT, TaK
1 Ha caMOMy pHMHKY (TIOBemiHKa (hepMEepPChKUX TOCIIONAPCTB, SIKi CYTTEBO BILIMBA-
I0Th Ha PUHKOBY CHTYAIlil0, EKCIOPT-IMIIOPT, OCOOJIMBO B YMOBaX BiJKPHUTOCTI
PHMHKY, TiHi3allisi €KOHOMiKH Tomo). [lopsia 3 THM BHPOOHMUTBO 1 peamizawis
CLITBCBKOTOCITOIAPCHKOI MPOYKIil B YKpaiHi 3aliMae 3HaYHY YacTKy B €KOHOMIII
KpaiHd, TOMY BHKOPHCTAHHS METOIIB IHTEIEKTYaIbHOTO aHAIi3y HJIs MPOTHO3Y-
BaHHS TOKAa3HUKIB IISIIBHOCTI MIIIPHEMCTB arpoIpOMHUCIOBOTO KOMIUIEKCY €
AKTyaJIbHUM.

[TpobaeMu NpUAHATTS pillIeHb B EKOHOMIYHHAX CHCTEMaxX Ha OCHOBI IPOTHO-
3yBaHHS MIOKA3HUKIB 3 BUKOPUCTAHHSM METOJIIB IHTEIEKTYyallbHOTO aHAII3Y TaHHX
pO3TIIAHYTO y Tparsax BitTum3HsHuX aBTopiB P.O. Ilerpoma, O.5. Kyuepyxka [1].
[Iporuno3ytoun TepMiHM HPOJAXy TOBApiB, 3BEpPTAIOTh yBary Ha Te, IO I Hpo-
THO3YBaHHS TIPOJIAXKiB HaifyacTilie BUKOPUCTOBYIOTHCS KJIIACHYHI METOM aHANTI3Y

© C.M. Konyeba, P.1. Jliwyx, C./JI. Ckypmon, I"FO. Podawyx, 1.I1. Bacunvuenxo, 2021
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4acoBHX psAiB Ta Aepesa pimenb. I1. I. bigtok, C.M. CaBuenko, A.C. CaB4eHKO
[2] Bu3HAUMIM TIepeBaru METOMIB IHTENIEKTYaIBHOTO aHallizy Ta X KOMOiHamii
(TiOpuaHI METOAM IHTEIEKTYATBHOTO aHANI3y MaHWX) U MIPUHHATTS paIlioHaTb-
HUX pIlIeHb Y CHCTEMI YIPaBIiHHS Ta IPOTHO3YBaHHS KOHKYPEHTOCIPOMOXKHOCTI
BiTUM3HAHUX TianpueMcts. ['pyna Buenux I'. Yopuoyc, C. Pubanbuenxo [3], T1.1.
bimrox, A.B. ®enopor [4], J1.O. KopmeBriok [5], O.1O. bep3nes, M.M. Map,
B.B. Hikonenko [6, 7] 3acTOCOBYIOTh METOJIU iHTENEKTYaJbHOTO aHANI3y AaHUX
JUTSL TPOTHO3YBAHHSI MPOIECIB IHOYTBOPEHHS, Oip>KOBHUX TTOKA3HUKIB, OL[IHIOBAaH-
Hs (DIHAHCOBHUX PHU3HUKIB.

3HaYHO MEHIIE yBark 3BEPTAIOTh yUCHI Ha BUKOPUCTAHHS METOJIB iHTENeK-
TyallbHOTO aHalli3y MAaHWX JUIs MPOTHO3YBAaHHS MOKA3HUKIB MiSTIBHOCTI ITiIITPH-
€MCTB arporpomMuciioBoro komiiekcy. B.JI. Kumensko, M.A. Cua [8] 3a3Haua-
I0Th, WIO IHTENEKTYaIbHUM aHaji3 JIaHWX, a caMe 4YacoBi psIH, JO3BOJISIE
BU3HAYUTH CTaH TEXHOJOTTYHOT'O KOMILJIEKCY IIyKPOBOTO 3aBOAY, 3p0OMTH BUCHO-
BOK TIPO SKICTh HOTO (PYHKITIOHYBaHHS, TaTH PEKOMEHIAITI] MO0 MOIIYKY H yCy-
HeHHs mpoonemuux cutyaiiii. I.I. Tnaronesa, A.1O. Bepko [9] BBaxkatoTh, MeTo]
IHTEJIEKTYaJIbHOTO aHali3y AaHUX Ha OCHOBI MPOTHO3YBAaHHS YaCOBUX PSIIiB AJIS
3eMENBHOr0 KaJacTpy Aa€ 3MOTy aHaJi3yBaTH IaHi Ta MPOTHO3yBAaTH MailOyTHI
3HA4YEHHS OKa3HUKIB BUKOPUCTAHHS 3€MEJIbHUX PECYPCIB.

[MuranHs MPOrHO3yBaHHS BUPOOHMITBA MPOAYKIIT B CIIbCHKOTOCIIOAAPCH-
KUX TiAMPUEMCTBAX 3 BUKOPHCTaHHSM YacCOBUX PAAIB € HEAOCTaTHHO BUBYCHUM,
3aITUIIAETHCS TUCKYCIHHUM 1 TOTpeOy€e MOJANTBIINX JOCII[KESHb.

MeTa po60TH — CIIPOTHO3YBAaTH MaiOyTHI 3HAYCHHS ITOKAa3HHUKIB BHPOO-
HUIITBA 3¢PHOBUX 1 3¢pHOO0OOBUX KYJIBTYP y CUILCHKOTOCIIOAAPCHKUX MTiJIPUEM-
ctBax Yepkamuuu Ha 2020-2021 pp. Ha OCHOBI YacoOBUX PSAIIB TUHAMIKHU, PiBHI
SKHX BUPAKEHI B HATypAJIbHUX OAWHUIISIX BUMIPIOBAHHS.

METOJUKA JOCJILIKEHD

[lig wac mocmimkKeHHS BHKOPHCTOBYBAJlach OAHA 3 METOAUK IHTENEKTYalbHOTO
aHaJIi3y MaHWX, a caMe: aHaIi3 YaCOBUX PSIIIB TS TOTO, 00 Ha OCHOBI MOJIEITI PSITY
JMHAMIKH, To0y1oBaHoi Ha 0a3i pakTH4HUX 3Ha4YeHb mokazHuka 3a 2000-2019 pp.,
BUKOHATH MPOTHO3 BUpoOHUITBa Ha 2020-2021 pp.

Meroauka MICTUTh Taki eTanu: rpadidyHUi aHaNi3, BUIUICHHS i aHam3 ae-
TEpPMiHOBaHUX CKJIAIOBHUX PSIy, 3TIaDKyBaHHSA 1 (LIBTpaLis 4acoBOro psmLy, 10-
CIIDKEHHS BHUTIQAKOBOI KOMITOHEHTH, TI00YI0Ba 1 IIepeBipKa Ha aIeKBaTHICTh MO-
JeNli 4acoBOTO DALY, NPOTHO3YBaHHS MOBENIHKH YacOBOTO psAy Ha MiJACTaBi
MPOBEICHUX JTOCIIIKEHb.

Jnis npukiagy BUKOPUCTAHO 3HAYEHHS MOKAa3HHUKIB BUPOOHHUIITBA 3€PHOBUX
1 3epHOOOOOBHUX KYJIBTYP Y CLIBCHKOTOCIIONAPCHKUX MiIPUEMCTBAX YepKaluHu.
AHaNOTIYHy METOAUKY OOCHTIJ)KEHb MOJKHA BUKOPUCTATH Ui OyIb-sIKMX BHIIB
MPOAYKIIi CLIBCEKOTOCIIOIAPCEKOTO BHUPOOHUIITBA SIK Y Tally3i POCIUHHHIITBA,
TakK i B ray3i TBAPHHHHIITBA.

PE3YJbTATH JOCJIAKEHb

IToka3aukn 6araTb0X €KOHOMIYHHX SIBHII 1 MPOIIECIB 3MIHIOIOTLCS B Yaci, Xapak-
TEPHUMHU OCOOJIMBOCTSIMH SIKUX € T€, IO PIBEHb IMOKA3HUKIB Y HACTYITHOMY 4aco-
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BOMY TI€piofl 3HAYHOIO MIpOIO 3aJIeKUTh BiJl iX PiBHA B MUHYJIOMY. TeHACHIIIO
3MiHH B Yaci KITBbKICHOI MipH TOCIIHKYBAaHOTO TTOKA3HUKA MOYXKHA ITOJATH aHaJIi-
TUYHOIO QOPMYIIOI0, a y BUOpaHili cucTeMi KOOPIAMHAT — ILIABHOIO TPAEKTOPIEI0
abo tpennom. [lochinoBHICTE CHOCTEPEKEHb OAHOTO MOKa3HUKA (O3HAKH), YIO-
PSIKOBaHA 3aJIKHO Bijl MOCTIOBHO 3pPOCTAaOYMX a00 CHAJHUX 3HAYEHb 4Yacy,
HA3WBAIOTh YaCOBHUM PSJIOM, SKHHA IMOAAHO OOCSTaMH BHUPOOHWIITBA 3EPHOBHX i
3epH00000BUX KyNbTYp y Yepkachkiii oomacti 3a 2006-2019 pp. (Tabm. 1).

Taoaunsa 1. OOGcarn BUPOOHULTBA 3€PHOBUX 1 3epHOOOOOBUX KYIBTYD
y Uepkachkiii 00acTi, THC. 1T

Pik O0csirm BUpOOHHUTBA Pik O0csirn BUpOOHUITBA
2006 21086,0 2013 40684,8
2007 184242 2014 36996,5
2008 29780,3 2015 37454,9
2009 31939,6 2016 40917,0
2010 25310,7 2017 29265,5
2011 37618,8 2018 46440,1
2012 33105,5 2019 45598,3

Jxepeno: PocimaannTBo (1995-2019 pp.). ['omoBHE ynpaBIiliHHS CTATHUCTH-
ku y UYepkacekiii obmacti. URL: http://www.ck.ukrstat.gov.ua/source/arch/
2020/roslinnictvo_19.pdf

Jlnst MOZIEeNIOBaHHSI TPEHIy MOTPIOHO MEpEeBIPUTH OMHOPIMHICTH Ta TMOPIB-
HAHHICTH PIBHIB 4acOBOI'O PsAAy J,, @ TaKOK BM3HAYMTH MOXJIMBOCTI iX 3iCTaB-
neHHsI 1 cridikocti. [lomepenniii anaimiz maHuxX Tabi. 1 mokasye, mo o0csaTH BHPOO-
HHLITBA 3€pHOBUX 1 3epHOO000BHX KyJbTyp B 0o0xnacti 3a mepiog 2006-2009 pp.
HECTaOUIbHI, BapilOIOTh Y BEJIMKOMY Jialla30Hi, 1 TOMY IS MOOYJOBH YacOBOTO
psny BizeMeMo nani 3a 2010-2019 pp., monepenHbO 3aMiHMBIIM PiBHI YacOBOT'O
psaxy 3a 2010, 2011, 2013 ta 2017 poku cepeaHbL0apU(PMETHIHUMH TTOTIEPETHIX i
HACTYITHUX POKiB (Tab. 2).

Tao6aunsa 2. CxopuroBaHi oOCSTH BHPOOHUITBA 3€PHOBHX 1 36pHOO0OOBHX
KYJIBTYp ULl TOOYA0BH TPEHAY, TUC. 1T

Pix OO6csirn BUPOOHMITBA ), Pix OO0csiru BUpOOHUUTBA ),
2010 4698,0 2015 5665,0
2011 4739,0 2016 6073,0
2012 5194,0 2017 6034,0
2013 5051,0 2018 6117,0
2014 5257,0 2019 5928,0

xepeno: Po3paxoBaHo aBTOpaMu 3 BUKOPUCTaHHAM Jikepen: PocnuHHUIT-
Bo (1995-2019 pp.). 'onoBHe ymnpaBmiHHS CTaTUCTUKU y YUepkacbkiii obiacTi.
URL: http://www.ck.ukrstat.gov.ua/source/arch/2020/roslinnictvo_19.pdf

ITepesipeni 3a metoznom Ipsina [11, c. 409] piBHI ), CKOPUIOBaHOIO 4aco-
BOTO DSy HE € aHOMAIBHUMH (A, <X o5 =1,3, sikio n=10).

Jnst epeBipKy TimoTe3 Mpo OJHOPIIHICTh AMCHEPCiii Ta HasBHICTH TPEHIY
3aCTOCYEMO METOJI IEPEBIPKU Pi3HUIIL CEPEAHIX PIBHIB.
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JUis  nociiKeHHsT OAHOPIMHOCTI JUCIIEPCIM IMOYAaTKOBUN YacOBHM psif
V1sV2seevs ViserrsV, PO3OUBAETHCS HA JIBI YACTUHH NMPUOIU3HO OAHIET TOBKHHU

n =ny, =10/2 -5 i nna koxuoi yacTuHH po3paxoByroTecs [11, c. 409] (Tabn. 3):

n ny
Z;ytli _zt yl‘z.

cep, n, s

® CePe/HI 3HAYCHHS V., =
1

2 Ve s D = Ve,

e jmcrepcii 87 =
R P T )

Taoaunsa 3. Po3paxyHOK cepeaHix 3Ha4eHb Ta AUCIEPCii YACOBOTO PAAY

2
t yt yt_ycepl (yt_ycepl)
1 34779,2 951,1 904667,3
2 29208,1 —-4620,0 21344030,4
3 33105,5 —722,6 522093,0
4 35051,0 1222,9 1495582,2
5 36996,5 3168,4 10039012,0
Pazom 169140,3 - 343053849
Cepenne sHaueHHs Y., 33828,1 Jlucnepcis &7 8576346,2
6 37454,9 —-5362,9 28760481,9
7 40917,0 —-1900,8 3612964,6
8 43678,6 860,8 741011,1
9 46440,1 3622,3 13121202,2
10 45598,3 2780,5 7731291,5
Pazom 214088,9 53966951,2
Cepenre 3HAYCHHA V., 42817,8 Jlucniepcist &3 13491738

Jxepeno. Po3paxoBano aBTopamu 3 BUKOprCTaHHsAM mpatti [11, c. 409].
OnHopiaHiCTh auctiepciii 000X YaCTHH MepeBipAETbCA NOPIBHAHHAM po3pa-

85 13491738,0

52 8576346,

THYHUM 3HAYCHHAM F(g o5, _1:p,-1) = 0,388 . PospaxoBane sHaueHHs F, MeHIe

xoBaHoro kputepito @imepa [11, ¢. 410] F), =1,573 3 teope-

3a TEOpETHYHE, TOMY 3 iMOBipHICTIO 95% rimoTe3a mMpo OJHOPIAHICTE AUCHEPCin
MIPUIMAaETHCS.

I'imote3a mpo HAsBHICTH TPEHIY TEPEBIPIETHCS 32 TOTIOMOTOO ¢ -KPUTEPIt0
CThlo[IeHTa, AKUH PO3paxoByeThCs 3a popmysioro [11, ¢. 410]

= Veep, = Veop, | —(33808,1-42817,8)
P8y 1n, +1/n,

t 4,279,

33218J1/5+1/5

Ie 0 — cepeaHBbOKBAIPATHYHE BIAXHUIICHHS PI3HUIN CEPEIHiX, SKE PO3PaxoBy-
€Thcs 3a hopmyIioro
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[(n = D3} +(n, ~1)83] _
nl + n2 — 2

_1)* _1\*
_ \/[(5 D*8576346,3+(5-D*13491738,0] _) o

5+5-2
PospaxoBane 3HaueHHs #, = 4,279 Ouibllle 32 TEOPETUUHE #(s; 7) = 2,365,
TOMY 3 iMOBipHICTIO 95% rimoTe3a mpo iCHYBaHHS TPEHAA MPUUMAETHCS.
AHaiTHYHEe BUPIBHIOBAHHS YacOBOTO Py BHKOHAEMO 32 METOIOM EKCITO-
HEHI[IAILHOTO 3TJ1aJ[KyBaHHs (Ta0u1. 4), BAKOPUCTOBYIOUH (HOPMYITy
X =+ (=X,
ne vy =0,03 — nmapameTp 3riaKyBaHHS;
34779,2 +29208,1+33105,5

3
Xy_1 — P1BHI 3INIaJPKEHOI'O0 4aCOBOT'O pAAY.

Xo =X = 32364,3 )

Tennenuii 3minu yacoBoro TaGauus 4. 3riamKeHuil YaCOBUH P

psily MOXYTh OyTH BCTaHOBIIE- n X,

Hi 100MpaHHSIM eMHIipU4HOL 1 323643
¢byHKii, SKa Ma€e Ha3By KPUBOI > 29302’8
3poctanHsa. Bubip gopmu kpu- 3 32991:4
BOi BUKOHAEMO 3a 3IJIaKCHUM 4 349892
psIOM Ha OCHOBI rpadidHoro 5 36936.3
300pa’keHHSI 9aCOBOTO Py (HA 6 374393
EOM — Excel — Macmep Ouae- 7 40812,7
pamm). BizyanbHo Haiikparioro 8 43592.,6
thopmoro 3anexxHocTi Oyne mmo- 9 46354,7
JmiHOMiaJbhbHA KpHBa TPETHOTO 10 45621,0
MOPSAIKY (JHMB. PHCYHOK): Jlxepeno. Po3paxoBaHo aBTOpam.

y=33189—2103,47 +834,961> —46,533¢° .

[lepeBipka afmexBaTHOCTI MOJeINi TPEHAY IPYHTYEThCS Ha TIEPEBIpIli BUKO-
HaHHS B 3QJIMIIKAX ¥, TAKIX BIACTHBOCTEH:

50000,0
46354,7
* & 456210

45000.0 - ]
o //.:13592.6
g 40812.7¢
= 40000,0
& 369363
5 S ®374393
& 350000 * /"l
g > 329914, 349892
= * *- ’
A 323643

30000.0 g5 5300.8

y=-46,533x" +834,96x" —2403,4x +33189; R* = 0,9664
25000,0 : - ' ' - !
0 2 8 10 12

4 6
[Nopaaropii HOMED POKY

JluHamiuHKi psiZi BUPOOHHIITBA 36PHOBHX 1 3epHOO000BUX KyJIbTYp y Uepkachkiii obiac-
Ti 32 JOCHIPKYBaHHUH Mepio
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1. HezanexxHicTh 3Ha4eHb PiBHIB 3IMIIKIB a00 BiICYTHICTb MK HUMH aBTO-
KOPEJAIIT MOCTiKy€eThes 3a Kputepiem [apGina—Yorcona [11, ¢. 433] (Tabm. 5).

Taodaunsa 5. PospaxyHku pakTHuHOro 3HaUeHHS KpHuTepito JJapbina—Yorcona

2 2
8z Yim Uy Ut U up—Upy | (U, —uy_y)

347792 | 315740 | 32052 |10273134,0] - - -
29208,1 | 31349,8 | —2141,7 |4586776,1 | 32052 | —5346,8 | 285887942
33105,5 | 322370 868,5 | 754207,1 | —2141,7 | 3010,1 | 9060864,6
35051,0 | 33956,6 | 10944 | 11976063 | 868.5 225.9 51031,3
36996,5 | 362294 767,1 | 588480,8 | 10944 | 3272 | 107077.5
374549 | 38776,0 | —1321,1 | 1745389,8 | 767,1 | —20883 | 43608173
40917,0 | 413174 | 4004 | 1603370 | —1321,1 | 920,7 | 8477087
43678,6 | 435743 104,3 10869,3 | 4004 | 5047 | 2546989
46440,1 | 45267,6 | 11725 | 13747492 | 1043 1068,2 | 11411388
455983 | 46118,0 | —519,7 | 270088,1 | 1172,5 | —16922 | 2863530,7
Paszom - - 20961637,6] - - 47275662,0

Hxepeno. Po3paxoBano aBTopamu.
daxTruHe 3Ha4YeHHs Kputepito Japbina—YoTcoHa
Y —u)’ 472756620
DWP = = =
Z? u,z 20961637,6

2,255.

Pospaxosane 3nauenHs kputepito apGina—Yorcona DW, =2,181 wmic-
TUTBCI B MexXax 1,5 < DWp < 2,5, MO CBiAYUTH MPO BiACYTHICTH aBTOKOPEISIIii

B MOZIEJ TPEHY.

2. JlocmiKeHHST BiAOBITHOCTI PO3MOALTY HMOBIpHOCTEH PiBHIB 3aJIHIIKIB
HOPMAaJILHOMY 3aKOHY BHKOHAaeMO 3a RS-metomom [11, c. 429]: po3paxoByeTbes
BEJINYMHA PO3MAaXy MK MaKCUMAIIbHUM Ta MiHIMaJIbHUM PiBHSMH DSy 3aJIHIIKIB

R=u =3205,2 — (-2141,7) = 5346,9

max — Ymin

Ta iX CTaHIApPTHE BiAXUICHHS

2
g qu, _ [20961637,6 ~1926,13 .
n—1 10-1

Po3paxoBane 3HaueHHs

R 53469
s 1926,13
MOTpAIUIse B IHTEPBAT MK TaOMMYHUMH MeXamu, skmo # =10, Bix 2,67 mo 3,18,
TOMY TillOTe3a MPO HOPMAITLHUH 3aKOH BHUITAIKOBOI CKJIQJIOBOI MPUITMAETHCSI.
3. PiBHICTP HyIIO MaTEMaTHYHOTO CIIOAIBaHHS 3QJIHIIKIB — SKIIO PsAI 3a-
JMIIKIB MiANOPSIIKOBAaHUI HOpMallbHOMY 3aKoHy posnozniny (S, =0), To po3pa-

XOBY€eThCsI Kputepiit CTeionenTa 3a ¢popmynoto [11, c. 430]

oo ten 2 2829 516020553,

p
8, 1618,7

b

Ae U, — CEPeIHE 3HAYCHHS 3QJIUIIKIB; O y — CEPE/HE KBAAPATHIHE BIIXUJIEH-

Hi; n — OOBXKXHWHA YaCOBOI'0O psAay.
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PospaxoBane 3HadeHHs 7, = 0,553 MeHIIE 3a TEOPETHIHE {(( s.7) = 2,365,

TOMY TilOTE3a MPO PIBHICTh HYJI0 MAaTEMAaTUYHOTO CIIO/AIBAHHS 3aJIMIIKIB MPH-
HAMaEeThCS.

4. 11 AOCiKEeHHS BUTIAIKOBOCTI KOJIMBAaHD 3aJIUIIIKOBUX PiBHIB YaCOBOTO
Py 3acTOCyEMO KpHUTEpii MiKiB (MOBOPOTHUX TOYOK) [11, c. 428].

Kpox 1. Y mocmigoBHOCTI 3aiMIIKiB OOHMPArOTHCS TMOBOPOTHI TOYKH
(Tabm. 6).

Taoauusa 6. BusnaueHHs mikiB a00 TOBOPOTHUX TOUOK

t Yt Yim Uy I
1 34779,2 31574,0 3205,2 -
2 29208,1 31349,8 -2141,7 1
3 33105,5 32237,0 868,5 0
4 35051,0 33956,6 1094,4 1
5 36996,5 362294 767,1 0
6 37454.9 38776,0 -1321,1 1
7 40917,0 413174 —400,4 0
8 43678,6 43574,3 104,3 0
9 46440,1 45267,6 1172,5 1
10 45598,3 46118,0 -519,7 -
Pazom 4

xepeno. Po3paxoBaHo aBTOpaMH.
Kpox 2. Po3paxoByeThcs 3arainbHa KiIBKICTh MiKiB (TOBOPOTHHX TOYOK),
sika opiBHioe [1=4.
Kpoxk 3. O0unciroeTbcss MaTeMaTHYHE CIIOAIBAaHHS TOBOPOTHUX TOYOK I
Ta iX IUCIIepCis Si 32 YMOBH BHUIIAIKOBOT BUOIPKH 3aJTUIIIKIB:
I = (2/3)(n—2)=(2/3)(10-2)=5,333
Ta
52— 16n-29 16*10-29
" 90
Kpoxk 4. Kputepiem BUNAaIKOBOCTI 3aiUIIKIB 3 5%-M piBHEM 3HAUYyIIOCTI
Mae OyTH BUKOHAHHS HEPiBHOCTI

=1,456.

II=5> [H* - 1,96+ on? 1=15,333-1,964/1,456]=2,969 ,
Jile KBaJpaTHI JIY>XKKA O3HAYalOTh Iy vacTuHy uucia. Ockiibku I[1=4>

> [H* —1,96v 8n? ]=2, To BUIMagKOBICTh KOJMBAHb 3IMIIKIB 3 iIMOBipHICTIO 95%
MiITBEPIKYETHCS.

Takum ynHOM, OOy TOBaHa MOJIE/b TpeHy (1) ajgekBaTHa.

ToukoBuii MporHO3 Y, ,; BH3HAYA€THCS MOKA3HUKOM, KOJIM B PIBHSHHS MO-
JIeNi TPEeHAy MiACTaBISEThCS 3HAYCHHS 4acy f=n+ L, 10 BiANOBigae mepiomay
yrepeIkeHHs ab0 MporHo3oBanomy mepiony ¢ =n+1=10+1=11 (2020 p.) abo
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t=n+2=10+2=12 (2021 p.) i CTAHOBUTH:
e s 2020 p.
Vi = 33189—-2103,4-11+834,96-11> —46,533-11° = 45846,3 tuc. 1;
e s 2021 p.
Y12 =33189—-2103,4-12+834,96-12% —46533-12° =44173,4 tnc. 1.

[HTepBanbHU TPOTHO3 IS TPEHLY, IO Ma€ BUJ MOJIIHOMA TPETHOTO MOPSII-
Ky, po3paxoByeTbes 3a hopmyoro [11, c. 437]

4 2 P 2
Uy: ”"’LitaSy 1+l+ tL2+zt 24[th ;_;ltL
no >t nYtt— ()

ae Y,,; — TOYKOBHI IPOTHO3 3a MOAEILIIO HA (n + L) -t mepiox vacy; f, — Te-

opeTHdHe 3Ha4YeHHS Kputepito CTHIONEHTA TSI PIBHS 3HAYYIIOCTI OL;

/ 2
Sy _ 2u; _ [20961637,6 ~1730.5:
n—m 10-3

S, — cepesHe KBAaJPATHYHE BiIXMIEHHS; ! — MOPSAKOBUN HOMED PiBHS Py
(t=12,...,n); t; — Binnosigae (n+ L)-My nepiony 4acy, IJsl SKOTO BUKOHY-
€ThCSI TIPOTHO3; N — JOBKMHA YacOBOTO PSy; M — KUIBKICTh MapaMeTpiB MO
TPEHy .

[aTepBaAIEHUIA TIPOTHO3 BHPOOHMIITBA 3€PHOBUX 1 3€pHOO000OBUX KYIBTYP
CLTBCBKOT'OCITOIAPCHKUMH MiAIPUEMCTBAMU B UepKachKili 00JIaCTi CTAHOBUTD:
e s 2020 p.
U, =45846,3F2,365-1730,5x

1+—+ + =45846,3F5604,8 ;
10 385 10-25333 -148225

e g 2021 p.

x\/ 1 11 25333-2-121-385+10-14641

Uy, = 4417345 2,365-1730,5x

=44173,4F6192,4 .

X\/ , L, 12 25333-2.144-385+10-20736
10 385 10-25333 -148225

[Toka3HUKU TOYHOCTI MOJENi TpeHJa PO3PaxXxOBYIOTHCS 3a (GopMyIamMu
[11, c. 430]:
1) cepenHe KBaIpaTUYHE BiIXHIICHHS

Su?
S, =,/ L =17305;
n—m

2) cepeaHs BiJIHOCHA TOMMJIIKA aIlIPOKCHUMAIIii
1
- Z|u,|
n

Ve

100 = 32,77

-100=3,3,

g =
siKka He nepeBuurye 5%;

94 ISSN 1681-6048 System Research & Information Technologies, 2021, Ne 1



Ilpoeno3sysanns 06ca2ié 6UpoOHUYMEBA CLILCHKO20CNOO0APCHKOI NPOOYKYIi 3a 00NOMO20I0 ...

3) xoedirrieHT 301>KHOCTI

), U 209616376
S (v~ ve)t 290310000

¢

b b

4) xoedirieHT merepMiHartii
R*=1-¢*>=1-0,07=093.

Po3paxoBani OKa3HUKH CBITIATh PO BUCOKY TOYHICTH NMPOTHO3Y, OCKIITBKA
cepeaHs BiHOCHA MOMMIKA JopiBHIOE 3,3%, koedilieHT aerepMiHallii BKa3ye,
10 OTPUMAaHI CIIoCTepex)eHHs Ha 93% MiATBEPIKYIOTh MOJICb.

BHUCHOBKHA

Jst mocTipKeHH] MPOTHO30BAaHUX 3HAYEHb MOKa3HUKIB BUPOOHUIITBA 3€PHOBHX 1
3epHOO000BHX KYJIBTYP Y CUIbCBKOTOCIOAAPCHKUX MimnpueMcTBax UYepkacbkoi
00JacTi BUKOPUCTAHO OJHY 3 METOJMK IHTEIEKTYAIbHOTO aHANi3y JAaHWX: aHaNi3
YaCOBUX PAIB U TOTO, 00 HA OCHOBI MOJIENI PSAAY JUHAMIKH, TOOYI0BaHOI Ha
0a3l (akTMYHHX 3HAYEHb MOIMEPEeNHIX TOKAa3HWKIB MUHYJIHX POKIiB, BHKOHATH
NPOTrHO3 BUPOOHMILITBA Ha HACTYIIHI POKU. 3aCTOCOBaHA METOJIMKA BKIIOYAE B Ce-
0e Taki eranu: rpadiuHuil aHami3 (gae 3MOTy MiAiOpaTH PiBHSHHS MOJENI), BUIi-
JICHHS 1 aHami3 JeTepMiHOBAHMX CKJIAJOBUX Psly, 3TNIJKyBaHHsS 1 (inbTpaiis
4acoBOTO PAAY, NOCTIKEHHS BUMAAKOBOT KOMIIOHEHTH, MOOYI0Ba 1 IepeBipKa Ha
a/ICKBaTHICTh MOJZIEJ YacoBOTO PsAY, MPOTHO3YBaHH MOBEIIHKH YacOBOTO PSAY
Ha MiJCTaBi pe3yibTaTiB Aochikenb. [IpakTuuHa anpobariis MoJeni A03BOJHIIA
BU3HAYUTH, 110 31 30epeKCHHSIM TEHCHIIIN 3a MOINEPeHI POKU MPOrHO3HE 3HA-
geHHs1 00CAaTy BHPOOHHUIITBA 3epHOBUX 1 3epHO0000BHX KYIbTYp y YUepkachbKiid
obmacti Ha 2021 p. Oyme xonmuBatucs Bix 4091,4 no 5551,8 tuc. 11, a Ha 2021 p. —
Bix 4587,7,4 mo 6317,9 tuc. 11.
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IMPOTHO3UPOBAHUE OBBEMOB ITPOU3BO/JICTBA CEJIbCKOXO35111-
CTBEHHO# NPOAYKIIUA C MOMOIIBIO METOJ10B UHTEJUVIEKTY AJIb-
HOI'O AHAJIU3A JAHHBIX / C.M. Konueb6a, P.U. Jlumyxk, C.JI. Ckyprou, I".1O. Po-
namyk, W.I1. BacuipueHko

AnHoTauusi. CriporHo3upoBaHbl Oyayluue 3Ha4YeHMs ITOKa3aTeleil MPOU3BOACTBA
3EPHOBBIX U 3¢pHOOOOOBBIX KYJIBTYP B CEbCKOXO3AHCTBEHHBIX NMPENNpUsITHIX Yep-
KaccKoi 00JIacTH Ha OCHOBE BPEMEHHBIX PSIIOB AMHAMHKH, YPOBHU KOTOPBIX BBIpa-
JKEHBI B HAaTYPAJILHBIX €IMHHIAX M3MepeHus. [Ipu nccienoBaHny HCIONB30BANIacCh
OJlHa M3 METOJAMK MHTEIUICKTYaJbHOTO aHalIn3a JaHHBIX — aHAJIN3 BPEMEHHBIX psi-
JIOB, YTO I103BOJIICT Ha OCHOBE MOJICIIM Psijia JMHAMMKH, IIOCTPOCHHON Ha 06ase dak-
THYECKHMX 3HA4YeHMil MoKa3areseil NPOLUIbIX JIET, CHPOrHO3UPOBATh IPOU3BOACTBO
Ha Oyzyiiue rojasl. MeTosuKa COAEPXKUT ClIeAyIOLINe Tanbl: rpaduyeckuil anaams
(mmst mogOopa MOIXOAAIIETO ypaBHEHUS] MOZETH), BBIACICHUE M aHAIN3 JETEPMHU-
HHMPOBAHHBIX COCTABIISIOLINX PAZia, CIIIAKMBAHUE U (HUIBTPALUS BPEMEHHOTO psila,
HCCIIE0BAHNS CITydaiHOI KOMIIOHEHTEHI, TOCTPOCHNE U NPOBEPKa Ha aJeKBaTHOCTh
MOJIENIN BPEMEHHOTO Ps/a, IPOTHO3MPOBAHUE MOBEICHUS] BPEMEHHOTO Psifia HA OC-
HOBE IIPOBE/ICHHBIX MCCIIEIOBAHMUIL.

KitoueBble c10Ba: MHTENIEKTYalbHbIN aHAIU3 JaHHBIX, BDEMEHHOH psifl, IPOrHO-
3UpOBaHUE, TPEH], CEILCKOXO03AICTBEHHOE IPEANIPUATHE, MOAENIb.
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FORECASTING OF AGRICULTURAL PRODUCTION VOLUMES
USING METHODS OF DATA MINING / S.M. Kontseba, R.I. Lishchuk, S.D.
Skurtol, H.Yu. Rodashchuk, I.P. Vasylchenko

Abstract. In this article, the future values of indicators were forecasted for produc-
tion of grains and legumes on farms in Cherkasy region based on the time series ex-
pressed in physical units. Time series analysis as one of the data mining techniques
was used during the research in order to make a forecast of production using the data
(based on the model of dynamic series) from past years to predict the future produc-
tion volumes. This method contains the following steps: a graphical analysis (allows
you to choose the model equation in the best way), separation and analysis of deter-
ministic components of the series, smoothing and filtering of time series, study of
random components, construction and testing for the adequacy of the time series
model, forecasting the behavior of the time series based on the conducted research.

Keywords: data mining, time series, forecasting, trend, agricultural enterprise, model.
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Abstract. Nowadays, there are many related works and methods that use Neural
Networks to detect the breast cancer. However, usually they do not take into account
the training time and the result of False Negative (FN) while training the model. The
main idea of this paper is to compare already existing methods for detecting the
breast cancer using Deep Learning Algorithms. Moreover, since the breast cancer is
one of the most common lethal cancers and early detection helps prevent complica-
tions, we propose a new approach and the use of the convolutional autoencoder.
This proposed model has shown high performance with sensitivity, precision, and
accuracy of 93,50%, 91,60% and 93% respectively.

Keywords: convolutional autoencoder, breast cancer detection, machine learning
algorithms, convolutional neural networks, medical image classification.

INTRODUCTION

Breast Cancer is the second most deadly cancer mostly in women in age 20-59
worldwide. There are two classes for Breast Cancer: benign and malignant. The
benign tumor cells are non—cancerous cells and grow only locally and cannot
spread by invasion. Where as malignant tumor is cancerous, and the cells can
grow and spread to other parts of the body. However, early detection of breast
cancer could prevent cancer growth. For this reason, it is essential to train neural
networks with more accurate performance and with low false negative results.
According to [1], one in every eight women in the United States of America
has breast cancer over their lifetime. Due to early detection and increased breast
cancer awareness, there were an estimated 375,900 fewer breast cancer deaths
in 2017.

REVIEW OF PREVIOUS WORKS

Authors in [2] proposed modified deep learning model where they compared two
neural networks VGG and Resnet 50. In addition, they demonstrated how the
number of epochs could change the performance of the model. In their experi-
ment, the accuracy of Resnet 50 was 97% and VGG 84% with number of epoch
198 and 25, respectively. The advantage of this work is that authors worked with
a whole image, which could combine two steps of preprocessing data. The first
step is sliding images to recognize local patches for generating a grid of probabil-
istic outputs. Second step is processing to summarize the patch classifier’s out-
puts. The limitation of this work is that authors did not include sensitivity of the
model.

© M. Naderan, 2021
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In [3] authors compared different methods for pre-processing data. Ac-
cording to the experiments, using a resample filter on input data could increase
the performance of the model. Besides that, authors compared three different clas-
sifier Decision Tree (J48), NB and Sequential Minimal Optimization (SMO) on
two different datasets and classifier J48 has shown the best result.

Selection of the most informative features as a classifier input is an essential
task. Authors in [4] used Principle Component Analysis (PCA) method to de-
crease the dimensions of the feature map that will be sent to the classifier. How-
ever, there are some limitations in using PCA as a feature reduction. First, PCA is
a linear relationship between features. Second, it is sensitive to the scale of the
features. Third, it assumes a correlation between features and if features are not
correlated, then PCA is unable to complete the principal components. To solve
this problem, the Convolutional Autoencoder can be used for reducing the dimen-
sionality of feature maps.

Dalal Bardou and other authors in [5] proposed CNN model where they
compared the result of the accuracy for different magnification factors 40X,
100X, 200X and 400X. They demonstrated the result of the accuracy on 40X
zoom that shows better result comparing other magnification zoom where it was
94,65%, 94,07%, 94,54% and 93,77% for 40X, 100X, 200X and 400X, respec-
tively. Moreover, they demonstrate how pre-processing data is an essential task
that must be considered while training convolutional neural networks.

Dataset BIRADS was used in experiments [6], where Support Vector Ma-
chine (SVM) method was considered for classifying breast cancer. The BIRADS
dataset contain 516 benign and 445 malignant cases. During experiments authors
improved the SVM model to increase false positive rate to only 13%. Moreover,
SVM was compared with other methods like Decision tree, Naive bayes, neural
network and auto multilayer perceptron (MLP). Comparison result showed that
sensitivity of decision tree is higher than other methods and it is 86,44%. How-
ever, the accuracy for decision tree was 78,79%. As a result, it could be con-
cluded that the low result of accuracy does not mean a low result of sensitivity.
Thus, for sensitive tasks like breast cancer detection, it is essential to consider
both sensitivity and precision.

Even though SVM shows high performance [7], it cannot be used directly on
images unless some pre-processing were applied on the images to extracting in-
formative features. For example, in [8] authors used VGG as a feature extraction
and applied SVM on the output of the VGG19 for classification.

Authors in [9] consider two essential tasks for training CNN: feature extrac-
tion, and fine tuning. During the experiment, CNN VGG-16 was used for feature
extraction and ANFIS used for classification as well as SVM for compressing
reason. Result of the experiment shows the combination of the CNN VGG-16 and
ANFIST demonstrate high performance with precision 88,39%. Whereas preci-
sion of the architecture VGG + SVM was 87,10%.

DATASET

The BreakHis dataset was used during the experiments. The dataset includes two
classes Benign and Malignant. There are 2,480 cases belonging to the benign cat-
egory and 5,429 scans belonging to the malignant category. There were 5,536
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training scans, 709 validation scans, and 1,581 test scans. Experiments showed
even though the dataset is imbalanced, it will not affect the performance of the
model.

PRE-PROCESSING

There were a few steps that were considered before using the data. First, on the
input data normalization was applied. Then, all data were resized using lossless
compression from 700 by 460 pixels to 176 by 116 pixels. The use of lossless
compression was used to reduce the input size of the data without destroying any
critical information and while also preserving the aspect ratio thus maintaining the
integrity of the data.

METHOD

In the current paper, a new architecture of convolutional autoencoder was pro-
posed, where sensitivity of the model was 93,50%. Moreover, the training time
was considerably lower than in the reviewed existing models.

Increasing performance of the model, required extracting the most important
features. The proposed hybrid convolutional network consists of two models of
convolutional autoencoder as a selection of informative features and convolu-
tional network as a classifier. Only after achieving the most essential features, the
fully connected layer was applied on the output of the convolutional layers for
classifying input images as benign or malignant. The figure below demonstrates
the architecture of the hybrid convolutional neural network.

Softmax Layer
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(

Encoded H
H Cancer

Pre-

|
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Architecture of the proposed hybrid convolutional neural network

CONCLUSION

In this paper several works by various authors were reviewed. These works fo-
cused on the topic of image classification in the classification of cancer. These
works tend to rely on accuracy, while sometimes neglecting the importance of
sensitivity. The reviewed papers contain informative topics and ideas such as the
authors in [3] use of resampling of input data as a pre-processing technique to
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improve the results of the J48 network method. The analysis of accuracy in regard
to different zoom levels, of the images in the dataset was proposed by authors in
[5]. Authors in [8] show the use of feature extraction prior to classification using
the SVM method.

According to the research and comparing related works, some of them used
methods that showed high performance. However, those models are complex, and
the training time is considerably high. In this paper, the proposed model showed
higher performance with less training time. Faster training time is because as fea-
ture extraction, modified convolution autoencoder was used. Moreover, extraction
of only informative features helped to increase the performance of the model. The
sensitivity of the model has shown 93,50%.
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OrJisii METOJIB BUSBJEHHSI PAKY MOJIOYHOI 3AJIO3HM 3
BUKOPUCTAHHSAM HITYYHOI'O IHTEJIEKTY I METO/IB ITIOTJIMBJIEHOI'O
HABYAHHS / M. Hagepan

AHoTauisi. IcHye 6e3i1iu CX0KHX Ipallb | METOIB, Y IKMX BUKOPHCTOBYIOTHCS HEll-
POHHI Mepexi IUIsl BUSIBIICHHS paKy MOJIOYHOI 3a1034. YTiM 3a3BH4ail y HUX HE Bpa-
XOBYIOTBCS YaC HaBYaHHA 1 Pe3yJIbTaTH MOMUWIKOBOro HeratuHoro FN min yac Ha-
BYaHHS Mozesi. OCHOBHOIO ifie€to mi€i poOOTH € TOPIBHAHHS B)KE HAsIBHUX METOIIB
BUSBIICHHS PaKy MOJIOYHOI 3aJI03M 3 BUKOPHUCTAHHSAM TNIMOOKHMX QJTOPUTMIB Ha-
BuaHHs. OCKUIBKH paK MOJIOYHOI 3aJI031 € OJHUM 3 HAHOIIbII HOLIMPEHUX CMepTe-
JIBHUX BUJIIB paKy, a HOro paHHE BUSBJICHH 3a00irae yCKJIaJHCHHSM, 3alPOIIOHO-
BAaHO HOBUH MiIXiZ I BUKOPHCTaHHsS 3rOPTKOBOIO aBTOCHKOJEpa. 3amporoHOBaHA
MOZENb II0Ka3ala BHCOKY IPOAYKTHUBHICTH i3 uyrinuBicTio (recall), TowHicTIO
(precision) i TousnicTio (accuracy) 93,50%, 91,60% i 93% BiamnosiaHo.

KunrodoBi ciioBa: 3ropTkoBHil aBTOCHKOJIEp, PO3Ii3HABAHHS paKa MOJIOYHOI 3aJI03H,
ITOPUTMH MAIIMHHOTO HaBYaHHs, 3rOPTKOBI HEHPOHHI Mepexi, Kiacudikaris Me-
JIUYHUX 300paKeHb.

OB30P METOJIOB BBISBJEHUSA PAKA MOJIOYHOM XKEJE3BI C
HCIIOJIB30BAHUEM HCKYCCTBEHHOI'O MHTEJIJIEKTA U METOJ0B
IJIYBOKOI'O OBYYEHMUS / M. Hanepan

AnHoTanus. CymecTByeT MHOKECTBO MTOXOXKHUX PabOT M METOMIOB, B KOTOPBIX HC-
HOJB3YIOTCS HEHPOHHBIE ceTn Uil OOHAPYKEHUs paka MOJIOYHOHU skele3bl. OqHaKo
0OBIYHO B HHMX HE YUUTHIBAIOTCS BpeMsl OOYUEHHMSI U PE3yJIbTAThI JIOKHOTO OTPHIIa-
tenbHOro FN mpu oOydenun mogenu. OCHOBHOW uicell 3TOW pabOThI SIBISETCS
CpaBHEHHE YK€ CYLIECTBYIOIIUX METOJOB OOHApYKEHHsI paka MOJIOYHOTO JKeJIe3bl ¢
HCIIOJIB30BAHUEM TITyOOKHX anropuTMoB oOydenus. IlockoabpKy pak MOJIOYHOM ske-
JIe3Bl SBISICTCSA OAHUM U3 HauboJiee pacIpOCTPaHEHHBIX CMEPTENBHBIX BUIOB PaKa,
a ero panHee OOHapy)XKEHHE MPEIOTBPAIIAET OCIOKHEHHS, IPEIIOKEH HOBBIX MO~
XOJI ¥ HICIIOJIB30BaHUE CBEPTOYHOTO aBTOdHKOAepa. [IpemnoxkeHHas MoeNb mokasa-
Jla BBICOKYIO IIPOM3BOJUTENILHOCTh C UYyBCTBUTENBHOCTHIO (recall), TouHOCTBIO
(precision) u TogHOCTHIO (accuracy) 93,50%, 91,60% u 93% cooTBeTCTBEHHO.

KuioueBble cjioBa: CBEPTOUHBIN aBTOAHKOJED, paclio3HaBaHUE paka MOJIOYHOM Ke-
7e3bl, alTOPUTMBI MAIIMHHOTO OOYyYeHHs, CBEPTOUHBIE HEHPOHHBIE CETH, KIIacCHU-
(uKanys MEIUITMHCKUX U300paKeHHI.
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CHEHAPHOE KOTHUTUBHOE MOJAEJINPOBAHHUE
TEHJEHIIAN PA3BUTHSA CJTOKHOM CUCTEMBI
«MOJIOJEXD, PBIHOK TPYIA, KAYECTBO KU3HN»

I'.B. TOPEJIOBA, A.A. CAAK

AnHoTtamus. [IpoBenenue uccie0BaHNH KauecTBa KU3HU MOJIOJICKH U BIUSIHUS Ha
HEEe TaKOro CYIIECTBEHHOro (hakTopa, KaK MOJIOJEKHBIH PBHIHOK TPyJa, a TaKkxkKe
CBSI3aHHBIX C 3TUMHU HCCIIEJOBAHUSIMU NPOOIEM rocyAapCTBEHHON MOAAEPKKU MO-
JIOAEXKH, TPEOYIOT UCTIONb30BAHHS METOA0B HUMHUTALOHHOTO MOJIETTUPOBAHHUS B CBS-
3M C HETMOJHOTOW WH(POpMAIMU U CIA0OCTPYKTYPHPOBAHHOCTBIO MPOOIEM TaKHX
CIIOXKHBIX CHCTEM, KaK KadeCTBO >KH3HM MOJIOZICKH M PBIHOK TpyZda. JlaH KpaTkuid
0030p KaTeropuil «PBIHOK TPYJa», «Ka4eCTBO KHU3HU», «MOJIOAEKEY, HEOOXOANMBIH
JUISL OTIPENICNICHUsI COJIePKaHUsI KOTHUTUBHOTO MOJEIIMPOBAHUS CIOKHOH CHCTEMEI
«MOJIOZIC)Kb, PBIHOK TpPyJa, KadecTBO >KM3HW». KpaTko mpeacTaBieHa TEXHOJIOTHs
KOTHUTHBHOTO MOJENUpPOBaHMs. [IpuBEeHBI pe3ysbTaThl IPUMEHEHUS! KOTHHTHB-
HOTO MMHUTAIMOHHOTO MOJEIMPOBAHMS K U3YUYEHHIO KauecTBa )KU3HU MOJIOJSKH BO
B3aHMOCBSI3H C PBIHKOM TpyJja. [Ipumep MomenupoBaHus MOAaH B BUAE COOTBETCT-
BYIOLIEH KOTHUTUBHOM KapThl U PsAlla CLIECHAPHEB BO3MOXKHOTO Pa3BUTHUS CUTyalUi
Ha Hel, KOTOpble MOTYT BO3HUKHYTb T10]{ IIPEANONAaraéMeIM BO3JEHCTBUEM pa3iIHd-
HBIX COIMAIBHBIX W KOHOMHYECKHX (DaKTOPOB, a TAKXKE MOJA BO3ACHCTBUEM pery-
JHUPYIONIHNX U YIPABIISIOMNX CHCTEM.

KiaroueBble cjioBa: MOJIOACKD, PBIHOK TpyJda, UMUTAIMOHHOC MOJACIUPOBAHUEC, KO-
THUTHUBHAA KapTa, CHeHaprI, BO3MOKHOCTb, CUTyallusl.

BBEJEHHE

B HacTosiiiee Bpems MOBBIIICHHE KAYeCTBA KHU3HU HACETICHUS BO MHOTHX CTpaHaX
MHUPa JCKIapUPYETCs KaK BaKHEHIIIEe YCIOBUE UX YCTOMYHUBOTO PA3BUTHUS M OIHO
U3 TJIAaBHBIX HaHpaBHeHI/Iﬁ COHHaJ’IBHO-SKOHOMH‘IeCKOﬁ INOJIUTUKU FOCYI[apCTBa.
KauecTBo XM3HM HACEICHUs, MOJIOACKb, PBIHOK TPY/Ia JaBHO SIBIISIOTCS 00BEKTOM
HCCIeNOBaHNs MHOTHX y4YeHbIX, Hampumep [1, 3, 9, 10, 12, 13, 17, 20, 25-28].
Cy1recTByeT 00JIbIIOE KOJTHMUYSCTBO MOIX0I0B K U3YUCHUIO STUX KaTErOpui, Kak U
METOJIOB HCCIIEIOBAHMUS COCTOSIHHS KauyeCTBa KU3HH MOJOJEKH, MOJIOACKHOTO
pbiHKa Tpyaa. B gaHHOW pa®oTe MCMOMh30BaH KOTHUTHBHBIA MOJXOM M KOTHH-
THBHOE UMUTAIIMOHHOE MOJICIIMPOBAHUE IJIs UCCIICAOBAHUS CIIOKHOM COIMAIBHO-
3KOHOMHUYECKOU CUCTEMBI, HA3BAaHHOW HAMU «MOJIOICKE, PHIHOK TPYJia, KA4eCTBO
KU3HW». Takol MOAX0J K UCCIIEAOBAHUIO ObLT 00YCIIOBIIEH KaK CBOMCTBAMH CO-
[IUAJIbHO-9KOHOMUYECKHX CHCTEM, HMEIOIIUX CIOKHYIO CTPYKTYPY, QYHKIIMOHH-
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PYIOIIKX B YCIOBHAX Pa3HOTO poJia HEOMPEAEIECHHOCTH, U CIOKHOCTBIO MOTyYe-
HUSI TOYHOH KOJMYECTBEHHON MH(OpMAIMU O HUX, TaK U BO3MOXKHOCTSIMH KOTHHU-
TUBHOTO MojenupoBanus [2, 3, 5-8, 11, 14, 16, 18, 19, 21-24], no3BOIAIOMIETO
UMHUTUPOBATh CTPYKTYPY U MOBEICHHUE CIIOKHON CHCTEMBI.

Ha ocHOBaHMM CyIIECTBYIOIIMX TEOPETHUECKUX M MPAKTHYECKHX 3HAHHUU O
CHCTEME IIpU KOTHUTHBHOM MOJEIHPOBAHUH CIOXHBIX CHCTEM CTPOMTCS] KOTHHU-
THUBHAs MOJIEJIb CUCTEMBI, C IIOMOIIBI0 KOTOPOH BO3MOKHO MMHUTHUPOBATh MpOIieCc-
CBl PaclpoCTpaHEHHUs] BO3MYIIECHHH B CHCTEME IOA MpearojaracMoM Bo3IeicT-
BUM DPAa3IUYHBIX COLHUAIbHO-SKOHOMHUYECKMX (DaKTOpOB M aHAIM3HPOBATH
BO3HUKAIOIINE TIPU 3TOM CLIEHApHUU pa3BUTHs cUTyaruil B cucteme [14,16,18,23].
[Ipu sTOM peanusyercs OJHO U3 BaXHBIX JOCTOMHCTB KOTHUTHBHOTO MOJEIHMPO-
BaHMS — IOPOXKICHUE TaKUM 00pa30M HOBBIX 3HAHMHM O CHCTEME Ha OCHOBAHUU
MCXO/JHBIX HE TOJIBKO KOJMYECTBEHHBIX, HO M KaueCTBEHHBIX IAHHBIX, a TaK¥kKe
Hay4HOE NPEABUACHNE BapUAHTOB BO3MOYKHBIX ITyTEH Pa3BUTHS CI0KHON CUCTEMBI.

MOJXO0Abl K TOHUMAHMIO U U3YUEHUIO IMOHSTUN «kKAYECTBO
KN3HN», «PBIHOK TPYIA», «MOJIOAEXKDb»

00630p 1 aHamTU3 padoT, OTHOCAIIUXCS K U3YUCHHUIO KaTeTOpUi KadyecTBa JKU3HH,
MOJIOACKH, MOJIOJISKHOTO PhIHKA TpyAa, B ToM uucie [4, 9, 10, 12, 13, 15, 17, 20,
25-28], MO3BOJIMIIN BBIJICTUTH OCHOBHBIE TIOHATHS U DJIEMEHTBI CUCTEMbI «MOJIO-
JIeXKb, PRIHOK TPY/a, KA4eCTBO KU3HW», KOTOPHIE HEOOXOIUMO YUUTHIBATH TIPH €€
MOJIECTUPOBAHUH. PAaCCMOTPUM KpPaTKO OCHOBHBIE MTUPOKO M3BECTHBIC TEOPETUYIC-
CKHE CBEJICHHUS MO KaXKJIOMY W3 BKIIOYCHHBIX B HCCICIOBAaHUE MOHATUN, YTO He-
00xonuMo 11 00OCHOBaHMSI pa3pabaThiBaéMON KOTHUTHBHON MOJIEIH «MOJIO-
JIeXKb, PHIHOK TPYy/1a, KAYECTBO KU3HIY.

PeiHok Tpyna. PeIHKY Tpyna, SIBISIOIIErOcs OJAHOM M3 OCHOB Pa3jIMYHBIX
SKOHOMUYECKHX TEOPHIA, MOCBSIIIEHO OTPOMHOE KOJIHUYECTBO pabot. B m3yuenun
pBIHKA TPyZa MOKHO BBIJICIUTH MMEHA TPEICTABUTEICH KelHCUAHCKOU UKOIbL
(Takux, kak ee ocHoBaTenb k. Keiine, kelincuanusl A. Jlerionxydsyn, k. Po-
ouncon, IT. Cpadda, D. Xancen, J. Xuxc, W. llymnerep u ap.), monemapucm-
ckoti wkonvl (. FOM, M. ®punman, D.Denrc, @.Xaitexk u ap.), urcmumyyuo-
HAbHOU COYUONOSUYECKOU WIKOJIbL, TIPOTHBOITOCTABIISIIONICH ce0s KIaCCHIECKOM
IIKOJIE KaK C TOYKHW 3peHus npeamera, Tak u metona (T. Bebnen, M. Bebep,
Jx. Ten6paiir, k. Janmon, Y. lamunstoH, Kommone, Y. Murtuenn, JI. Yneman
dypactee U Ap.). B cOBpeMEeHHOM NMOCTHHIYCTPHUAILHOM OOIIECTBE CYIIECTBYET
wxona Hosozo uncmumyyuaruzma (J1.bemn, T. Bebnen, [Ix. ['en6peiit, K. Kmapk,
I1. dpykep, D.Toddnep, XK. Ddykpactbe, M. Kactensc, A. Typen u ap.). Cpean
UMEH YKPaWHCKHX U POCCHHCKHX COBPEMEHHBIX HCCIIEHOBATeNlel pBIHKA TpyJa
MoxHO 0003HaunTh UMeHa A.C.Bynarosa, U.}YO. Bouapoga, JI. bamyka, B.C. By-
nanosa, H.A. Bosruna, B.I'. 30kmmiko, B.B. Ummna, C.A. Kapramosa, A.B. Ka-
menoBa, E.W. Konotwok, T.C. Kanamnukosoii, JI.A. Koctuna, A.3. Kormsapa,
JLI'. MarseeBoii, E.B. Muxankunoit, T.A. Maxkapenu, b.U. Mypro3aeBoii,
A.A. Hukudoposoii, A.}0. Hukuraesoii, KO.I'. Ogmeropa, B.C. OcankuHa,
B.A. IlaBnenkoBa, B.O. Pomanmmuna, A.W. Pode, I'.I'. Pynenxo, JI.A. Ps3anBoit,
9.P. Capyxanosa, E.JI. Cupunonosoii, O.A.UepHOBOit 1 11p.

OCHOBHOW uoeeli Kelincuarncmea SBISETCA HEOOXOIUMOCTh TOCYIAPCTBEH-
HOTO MOHOIIOJIUCTUYECKOTO PETYIMPOBAHUS MPU PA3BUTHUU KAMUTATUCTHICCKOM
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9KOHOMHKH Ha 0a3e aHaln3a MakpOIKOHOMHUYECKHX IOKa3aTenel; OAWH TOJBKO
PBHIHOYHBIA MEXaHU3M HE B COCTOSHHHM pEIIaTh MHOTOOOpa3HbIC SKOHOMHYECKHE
npoOJIeMBbl; TOJILKO aKTHBHAs (DMHAHCOBAS TOJIMTHKA TOCYAapCTBa B COCTOSHUU
pEeryIupoBaTh CIPOC M CHPaBUThCA C MaccoBOil Oe3zpaboruueill. BriHyxneHHas
6e3paboTuia, ruOKas MOJUTHUKA 3apabOTHOMN TUIATHI, HHBECTHIIMU ONMTHMATBHBIX
pa3MepoB, pe3yJIbTATHBHAS OpraHM3alusi OOINECTBEHHBIX pabO0T — KOCBEHHBIC
METO/IbI BMEIIATENbCTBA B PHIHOK.

Kak n3BecTHO, KEHHCHAHCKHUI MOIX0/ K SKOHOMUYECKOMY PeryJIMpOBaHUIO—
3TO CTUMYJIUPOBAHUE CIPOCA Yepe3 JOCTHIKCHUE TIOJTHOMW 3aHATOCTH MyTEM TOCY-
JAPCTBCHHOTO MAHUITYJIMPOBAHHS HAJOTaMH M PACXOJIaMH JOCTATOYHO aKTyaJeH
B Halle BpeMsl.

OCHOBHas ©Odesi MOHEMAPUCHCKO20 NOOX00A COCTOUT B TOM, YTO XapaKTep
9KOHOMHYECKHX OTHOLICHUH OTpeJNesieT BCIO CUCTEMY 3KOHOMHYECKUX HHCTH-
TyToB ((UpMBI, TPO(COIO3BI, TOCYAAPCTBO, 3aKOHBI, YKa3bl, MOCTAHOBICHHS,
oObIYan, HABBIKM, TPAJULIUHU U T.J.), @ HE PBIHOK caM 1o ceOe. PriHOYHAs 3KOHO-
MHUKa BHYTPEHHE YCTOHYMBA, HO €€ HEyCTOMYMBOCTh MOYKET BO3ZHHKHYTH H3-32
BMEIIaTeIbCTBA TOCYIAPCTBA, CKOPOCTh OOpAICHUS IEHET OTHOCUTEIBHO MOCTO-
SIHHA, TIPSIMOE PETYJIHPOBaHUE JACHEKHOW MAacChl CTUMYJIUPYET SKOHOMHKY, WH-
Gnsauus — JeHeXHbI (EHOMEH, 3aBUCHT OT POCTa JIEHEXKHOHW MacChl, JIEHBIU
pemarotr Bc€. IIpeacTaBuUTeIM MOHETAPUCTCKOW INKOJBI HCCIEIOBAH B3aMMO-
CBSI3b 0€3pabOTHLBI C TMHAMUKOW peasbHON 3apaOOTHOHM IUIaThl, ¢ MHQIAIHMEH.
OHH HCXOIAT U3 KECTKON CTPYKTYPHI IIeH Ha pabouyto cHTy (Kak M KeHHCHaHIIBI)
U3 TMPENOChUIKH WX OJHOHAMPABICHHOTO, MOBBIIIATEILHOTO JBMKeHUS. Jlist
pBIHKA TPyAa HETaTUBHBIMH (PaKTOpPaMH, yCHIMBAIOIIMMHU PHIHOYHOE HEPaBHOBE-
cHe, SIBISIFOTCS YCTaHOBJICHHE TOCYAapCTBOM MHHUMAJIBLHOTO YPOBHS 3apa0OTHOM
UIAThI, CHIIbHBIC TIO3HITUKN TPO(CO030B, OTCYTCTBHE BCell HEOOX0qMMOM HHDOP-
Malliy O HAJIMYWU BaKaHCHUIl U pe3epBHOM paboueil cunbl. s ypaBHOBEIIMBAHUS
pBIHKA TMPEJUIaraloT MCIOIb30BaTh MHCTPYMEHTHI JIEHEKHO-KPEAUTHON MOJUTH-
ku. JleHe)KHasi MOMUTHKA JOJDKHA OBITh HAMPABJICHA HA JOCTHIKCHHUE SCTCCTBCH-
HOTO YpOBHSI 0e3pabOoTHIBI, OTPaXKAIOUIETO CTPYKTYpHBIE AMCHPONOPLUHA Ha
PBIHKE TPY/a ¥ HE CBSI3aHHOTO C UKIMYECKON KOHBIOHKTYPOH B 9KOHOMHKE.

Amnanuzupysi paboTbl COBPEMEHHBIX YYEHBIX U CYMMHpPYS COBOKYIHOCTH
CYIIECTBYIONIMX OMPEACICHU PBhIHKA TPYJa U €ro 3JEMEHTOB, MOXKHO CUHTATH,
YTO MPU3HAHKUE HATMYHS CUCTEMBI CONUATEHO-O9KOHOMHUYECKUX OTHOIICHUN MEXK-
NIy cyObEeKTaMU phIHKA TPYJAa SBISICTCS OJMHUM M3 BOKHEHIIHMX, OMPEACIISFOIINX
CYIIHOCTh 3TOTO PhIHKA. 1 HIMEHHO COIMANEHO-DKOHOMHUYECKUE OTHOIICHHUS SIB-
JSIFOTCS. BaXKHBIM (DaKTOPOM KadecTBa KHM3HM HacerneHus. Vcxonms w3 3Toro Ha
JAHHOM JTarle WCCIIJOBaHNs HAMHU MPHUHATA CIEAyIoNas TPAaKTOBKa PBIHKA TPY-
JIa: PLIHOK mpyoa — Mo, npexncoe 8ce20, CUCTHEMA COYUATLHO-IKOHOMUUECKUX
OMHOULeHUI, CEA3AHHBIX C HAUMOM U NPEONodCeHuem mpyoa (¢ e2o Kynjiei u npo-
oaoicell); IMo mMakdHce IKOHOMUYECKOe U ceozpapuieckoe npocmpancmeao — ce-
pa mpyooycmpoucmaed, 8 Komopou 83aumooelicmayom noKynamenu u npooasybvl
cneyugpuueckozo mosapa — mpyoa, HAKOHeY, IMO MeXaHusM, 00ecneyusarwull
coenacoganue yenvl U Ycroguil mpyoa mexcoy pabomooamenamiu U HaeMHbIMU
pabomuuxamu. Tlon pecuonanvrviym poinkom mpyoa 0yaeM TOHUMATH CIIOKHYIO
crcTeMy OOMeHa MHIUBHYaJIbHBIX CIOCOOHOCTEH K TPYyIy Ha (OHJI )KU3HEHHBIX
CpPE/CTB C YYETOM JIOKAbHOH crielin(UKN peruoHa.
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KauectBo :km3uu. B ycnoBusix OwicTpopedopMHPYEMOTrO COBPEMEHHOTO
MHpPa UCCIIEZIOBAHNE COIMAIBHBIX M 9KOHOMHYECKUX MPOOJieM KaduecTBa 4eoBe-
YECKOW KM3HHM SBJISETCA YpE3BBIYafHO aKTyalbHBIM. KaTeropms «kadecTBO Ku3-
HU» — 3T0 0000IIaromas COUUalIbHO-DKOHOMUYECKAsT XapaKTePUCTHKA >KU3HU
nrozeit B moOoM o01iecTBe, B J1F000M HCTOPHUYECKHN TIEPHO/I, PACKpBIBAIOIIAsl HE
TOJIBKO JKM3HENESTEIbHOCTD, JKM3HEO00eCIIeueHrne, HO U KU3HECIIOCOOHOCTE 00-
IIeCTBA KaK I[EJIOCTHOTO COLMAIBHOTO oprann3Ma. KauecTBo »HU3HU — OCHOBHas
XapakTeprcThuKa 01arococTosiHus Hapoja. [loBbilieHue 0JIarocoCTOsSHUS Hapona
SBIISIETCS BAXKHEHTIIEH 3a/1auell SKOHOMHUYIECKOH U COIMANBHOM IMMONUTHKA JTF000TO
rocy/apcTBa B COBPEMEHHOM MHpE W MpPH OLIEHKE Pa3BUTOCTH CTpaH KayecTBO
JKU3HU €0 HACCJICHUS CTAHOBUTCS BCE 00JIee 3HAUMMOMN KaTeropuei.

AHanu3 TeHe3nca KaTeropur «KavyecTBO JKU3HM» TO0Ka3all, 4TO CYIIECTBYET
HECKOJIBKO TIOJIXO/I0B K €€ M3yUEHHUIO B 3aBUCUMOCTH OT HAYYHOH NUCIUIUINHBL,
KOTOpasi €ro UCTOIb3yeT. MOKHO BBIJEINUTH OCHOBHBIE TTOAXOIBL: (BHIIOCODCKHIA,
COLMAThHO-3KOHOMHYECKUH, SKOJIOTHYECKUI U aTbTePHATUBHON INBUIIH3AIIHH.

dunocodckuit TOAX0T MOKHO PaccCMaTpPHUBaTh, HAYMHAS C JPEBHETPEYECKO-
ro nepuoja, naigee — ¢ 3n0xu npocsemienus, XIX u XX cr.; pa3BuTue npen-
CTaBJICHUH O KayecTBE XHM3HU B paMKax (UIOCOPCKOro MoAXoaa XapaKkTepu3yeT-
¢  OonpmmM  pa3HOOOpa3WeM TPAKTOBOK CAMOTO IOHSTHUS, Pa3IUIHBIM
MMOHUMAaHUEM CYIIHOCTH BBICOKOTO Ka4eCTBa KH3HH, KOTOPOE OTOXKIECTBISIIOCH C
JQYXOBHOW CBOOOZOI 4yenoBeka, ero MOpajlbHBIM COBEPIICHCTBOM, C COCTOSTHHEM
CYaCThsI, ¢ JOOPOIETENBIO U JIP.

CoyuanvHo-sxoHOMUYeCKUll n00X00 Hadall Pa3BUBaThCS B MEPUOJ HEpPBOU
npombinuieHHo#i peBostonun (I1. Byaruns6ep, A. Tropro u np., XIX crt., 1. ben-
tam, A. Cmur, JI. Pukapgo, K. Mapke u ap., XX cr.). CyIIecTByIOT ONITUMHUCTH-
YECKUI W TIECCHMUCTHYECKHN PasHOBUAHOCTH COIHMAIHHO-DKOHOMHYECKOTO IO/~
xona. llpencraBurenu onrtumuctudeckoit mosmmmn: P. Apon, M. bemna,
k. Ianbpeiir, I1. Jpakep, P. Unrnerapr, A. Iury, XK. @ypactse u ap., poccuii-
ckue  uccienosatenu B.I. Adanacee, b.Jl. Ilapeirun, W.B. BbnaybGepr,
T.A. Unpuna, I'. Kynm, O.E. Jlebemes, JL.I'. JlormnoBa, B.H. CanoBckwuii,
I'.H. CepuxoB u np. K npemcraBuTeasIM NECCUMUCTHICCKON TTO3UIIUA OTHOCATCS
T. Anopno, I'. Mapky3e, O. Muman, JI. Mambopa, ®. Po3ak, b. Ckunep, 0. Xa-
oepmac, wieHsl PuMckoro xiry6oa, 3. ®pomm, K. Scnepc u mp.

TepMuH «kadecTBO >KM3HW» BHepBble ObUT BBenmeH Jlonom [enbperiTom
(«O6mmecTBO M300mIHsA», 1958 1.). bBUT 0CcO3HAH (DAKT CBSA3M MEXIY YPOBHEM
SKOHOMHYECKOI'0 Pa3BUTHUS CTPaHBI M YJOBIECTBOPEHHOCTHIO XKHU3HBIO. UTO Baxk-
HO, B 3TO BpeMs MPUIIO MOHUMAHUE TOTO, YMO IKOHOMUYECKUE, KYIbMYpHblE U
noaumuyeckue npeoopa306anUs NPUUUHHO CEA3AHbL 8 CBOEM PA3GUMUU, NPUYEeM
MU CBA3U UMEIOM 83aUMHbLL Xapakmep. [losmomy, 3uas 00uH KOMNOHEHmM 00-
wecmea, MOXNCHO NPOSHO3UPOBAMb 83AUMOCEA3b 8 PA3GUMUL OPY2UX KOMNOHEH-
Moe; IMa 63aUMOCEA3b NO3B0SIEM NPOSHOIUPOBAMb XAPAKMeED UX 8030€lCmEuUs
Ha obwecmeo.

Takoe MOHMMaHHE CYIIECTBEHHO INPH pa3pabOTKe KOTHUTHBHON MOJEIH
MIPUYUHHO-CIIEACTBEHHBIX CBS3€H CIO0XKHON CHUCTEMBI «MOJIOJIEXKb, PBIHOK TPYyAa,
Ka4eCTBO KU3HM».

Oronoeuveckuti no0xo0 Hadal pa3BUBATHCS C cepeauHbl XX CT.; €ro mpe-
CTaBUTENH, 3apyOexHbie u poccuiickue: Y. bek, JIx. ['anbpeitt, .M. ['Bummann,
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9. T'mnenc, JLI. 'ycnskoBa, C.U. I'puropses, B.U. Jlanunos-JanunbsH,
I'. Aumurenckuii, B.U. )Xykos, H.H. Mowucees, JI. Mapkosuu, P. Cymek,
A.U. Cy6etro, 3. Todpdnep u ap.

B pamkax »KONOrMYecKOW MapajuTMbl CYLIETBYET KOHLEHIHS albimepHd-
mugroti  yusuwiuzayuu (JI.  bapyn, W.B. bectyxes-Jlaga, I'.T'engepcon,
I'.I". Iumurenckuii, B.A. Konrrror, B.M. Matpocogs, XK. Poben u np.). CtopoHHU-
KA aJIbTePHATUBUCTUKY TPEUIaraloT caMble pa3HbIC IMyTH YJIYUIICHUS KauyecTBa
xu3HH. B xoHne XX cr. Obl1a BEIIBUHYTa KOHIENIuUs «sustainable development»
— YCTOWYHMBOTO Pa3BUTHs NUBUIM3AIMH (MO3UIHA POCCHUCKUX YYEHBIX Tpe-
CTaBJICHa B DHITUKIIONEINYECKON MoHOTpaduu [21]) u MpeaToKeHbl eTH YCTOM-
YHBOTO PA3BUTHS. JTUX IeNiel OyJeM MPHUIIEPKUBATHCS B UCCIICIOBAHNH.

Wrak, mis mpoBOIUMOTO HUCCIEAOBAHUS BAXKHO KOHCTATUPOBAThH CIEIYFO-
mee: SKOHOMUYECKUE, KYJIbTYPHBIE U TIOJUTHIECKUE MpeoOpa3oBaHus B OOIIECT-
B€ TECHO CBSI3aHBI B CBOEM Pa3BUTHH; YKOHOMHUKA ONpPEENsIeT KyIbTypy U TOJH-
TUKY, U HAo0OpOT, SKOJOTMYECKUEC MPOOJEMbl HAYMHAIOT JCTSPMHHUPOBATH
3KOHOMUKY, TOJUTHKY, KYJIbTYpPY; IPUIMHHO-CJICACTBEHHBIC CBSI3H MEKIY BCEMU
0003HaYEHHBIMA KOMIIOHEHTaMH WMEIOT B3aWMHBIA Xapakrtep. [losromy, 3Has
OJIMH KOMIIOHEHT OOINECTBa, MOXHO MPEIBUACTh B3aUMOCBS3b JPYTHX KOMIIO-
HEHTOB, 3Ta B3aUMOCBSI3b MO3BOJISIET IPOTHO3UPOBATH XapaKTep MX BO3ICHCTBHUS
Ha 00LIEeCTBO.

MoJsogexnb. TeopeTH4ecKOe OCMBICICHUE KATErOPUU «MOJIOJIEHKbY» MOKET
MPOUCXOAUTh B  Pa3HBIX  KOHTEKCTaX. MOOACKb Kak  COIMAJIbHO-
nemorpadudeckas TpyImna u Kak ocodasi cOCTaBHAs 4acTh COBPEMEHHOTO 00IIe-
CTBa WCCIIEAYETCS Pa3INYHBIMH COLMANbHO-TYMaHUTAapPHBIMH HayKaMH, TaKFMH,
Kak jJeMorpadus, MOIuToJorHsA, Ghuaocodrs, meaaroruka, ICHXOJIOTHS, COITHO-
Jorus U np. B HacTosee BpeMsl CyIEeCTBYIOT TOJXOABI K UCCIIEIOBaHUIO, KOTO-
pBI€ MMO3UIMOHUPYIOTCS KaK democpagpuyeckuii nooxo0 (BO3pacTHAs COITHAH3a-
UL OOPOCIMOK —MONI00edHCb —->MOoN00ble  83pocavie; B.T. Jlucosckuii, bB.A.
Pyukun, B.A. CyptaeB); coyuonocuueckuii nooxoo (.M. I'summanu, U.C. Kon,
H.W. Jlanun u np.); coyuonoeuueckuti u oemozpaghuueckuti MOAX0abl (YHUBED-
caJibHasl JC(QUHMIIMS 3TOTO MOHSATHUS, KOTOPAs CUHTE3UPYET COIMOJIOTHUSCKUN U
neMorpadUIecKuid TOXOMBI), pecypcHbiti n00xo0. CyIeCcTBYET me3aypycHas
KOHYenyuss Kak COBOKYITHOCTb BCEX CBEACHHUI, KOTOpHIMU 00NafaeT CcyOBeKT,
MIPOUCXOUT COOTHECCHUE CI0BA «MOJIOJICKDBY C APYTUMHU MOHITUIMU U UX TPYII-
namu (K.B. Pyouesckuii, JI.A. Oxonbckas u aAp). Psg mccnmenoBareneii cBs3bIBa-
FOT DTaIlbl BO3pacTa MOJIOIEKH ¢ TPYAOBOH nestenbHocThIo (3. Kotisap). [Ipuse-
IeM HEOoOXOIWMBbIe B MANbHEHIINX WCCICIOBAHMUSX OIPENeIeHn KOHIIeTTa
«MOJIONICKb» B OQHUITHANBHBIX JAOKyMeHTax Poccuiickoit denmeparuu: «Mojio-
JIe)Kb — 3TO COIMANIbHO-JieMorpadudeckas Tpyna HaceleHHs, BhIAelsseMas Ha
OCHOBE BO3PAaCTHBIX 0COOEHHOCTEH W MMOJIOKEHHUsSI B OOIIECTBE, B OTHOIICHUH KO-
Topoit Ha Tepputopuu Poccuiickoii denepauy rapaHTUPYETCs. OCYLIECTBICHHE
0CO00H TOJUTHKY KaK CaMOCTOSATEIBHOTO U CHCTEMHOTO HAIPABICHUS JIEATEIb-
HOCTHU T'OCYIapCTBa, BaXKHEHIIEro hakropa o0eceyeHus ero HaluoOHaAIbLHOU 0e3-
OITaCHOCTH, CTPATETUIECKOTO M HHHOBAIIHOHHOTO PAa3BUTH».

[IpoBeneHHbII aHAN3 TTOHATHH «KA4ECTBO JKU3HM», «PBIHOK TPYAa», «MO-
JIOAEKB» MO3BOJIMI ONPEICIIUTh KOHIENTYabHYI0 OCHOBY HACTOSIIETO HUCCIIE0-
BaHUS — 3TO MOHWMAaHWE U MPECTaBIIeHHE KauecTBa JKU3HU HaCENeHUs], ero Mo-
JIOACKHOM COCTaBIISIIOIIEH M PBIHKA TPyJa KaK €IUHON CJIOKHOW CHUCTEMBI, B
KOTOPOW KOMIIOHEHTHI Ka4eCTBa KM3HH U PBIHKA TPYJla B3aUMOCBSI3aHbI U HAXO-
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IATCSL BO B3aMMOJAeWCTBUHU. Takoe mpejacTaBieHHe TpeOyeT ydeTa OOLIMX MpH-
3HAKOB CJIOXHBIX CUCTEM U 3aKOHOMEPHOCTEH, KOTOPHIM CIIOKHBIE CUCTEMBI IO-
TUUHAIOTCA, TpeOyeT MpHUBJICUSHNS 3HAHUM 00IIel TEOpUN CUCTEM M peasln3aluu
UJEeH CUCTEMHOIO MOAX0AAa K U3yUYEHHIO SBICHUI U MPOLECCOB B 3TOM CIOXKHOU
cucreme. OCHOBHasI 4epTa — 3TO CHCTEMHBIHN MOAX0[, KOTOPBIA COAEpIKaTEeIbHO
OTpa)kaeT IPYIILy METOJIOB, C IOMOIIBIO KOTOPHIX PeaNbHbI OOBEKT ONMHUCHIBACT-
Csl KaK COBOKYIHOCTb B3aUMOJICHCTBYIOIIMX KOMIIOHEHTOB, CTPOSILIUX CTPYKTYpPY
CUCTEMBI.

KOI'HUTUBHAS MOJEJIb «MOJIOJEXKD, PBIHOK TPYJIA, KAYECTBO
KN3HU» U CHEHAPHOE MOJEJIMPOBAHUE

KorautrnBHoe MMHMTAIlMOHHOE MOJEIUPOBAHUE CIIOKHBIX CUCTEM — 3TO MHOTO-
sTanHbeld mpouecc [6-8, 14, 23], B KOTOPOM TpH 3Tama SBISIOTCS OCHOBHBIMH.
Oro: 1) pa3paboTka U O0TOOpaKeHHE CTPYKTYPHI CHCTEMBI B BHIC KOTHHUTHBHOM
MOJIeNTM TOW WM WHOM CIOKHOCTH (MaTeMaTHUYECKH «IpOCTeHIasy) MOoJAenb —
KOTHUTHBHAsl KapTa B BUAE 3HAKOBOTO OPHEHTHPOBAHHOIO rpada); 2) aHaiu3
CBONCTB KOTHUTHBHOH MoOIenTH (CBS3HOCTH, CIOXKHOCTH, YCTOWUHWBOCTH U Ip.);
3) MozienMpoBaHHEe BO3MOKHBIX CIICHApHEB Pa3BUTHS IMPOIECCOB B CHCTEME Ha
KOTHUTUBHOW MOJIEIH (Hay4YHOE MPEIBUICHIE BO3MOXKHOTO OYAyIIEro CHCTEMBI).

Mojienb CUCTEMBI «MOJIOAEKD, PHIHOK TPYZa, Ka4eCTBO KU3HU», B BUAE KO-
THUTUBHOH KapTel G =<V, E >, pa3paboTaHHOI Ha OCHOBE M3yUEHUS TEOpeTHUE-
CKOW M MpakTHYeckoil nHdopMaimu 06 3Tol mpeaMeTHol 001acTH U Mccieq0Ba-
HUH, n300paxkeHa Ha puc. 1 [6-8, 24].
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MONOAENMN
Puc. 1. KoruutuBHas kapra G «MOJIOJI€XKb, PHIHOK TPY/a, KAUECTBO KU3HU»
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G (tabm. 1) u MHOXKeCTBO OTHOUICHWH (myr) E={e;},

B pesynbrare mpuBeNEeHHOTO BBINIE aHANW3a OBUIM BHIOpPaHBI OCHOBHEIC
KOHIENITHl — MHOXeCTBO V = {V;} BepIIuH 3HaKOBOTO OPUEHTUPOBAHHOIO Ipadha

BEpILINHAMM.
IIpu pa3paboTke KOrHUTHBHOHM KapThl yOOOHO NpeaBapUTEIbHO IMIPECTAB-
JSITH IaHHBIE O ee BeplnHax B opMme Tabin. 1, B KoTopoll 00OCHOBBIBAETCS BbI-

0Op BepIIMHEI U €€ TUIT (Ha3HAUCHHE).

Ta6aunumal. BepmuHbl KOTHUTUBHOW KapThl G, parMeHT

i,j=12,...

Jk Mexmy

Kon|

HanmeHoBaHue

BepILNHHbI

OnpeseieHHe BepPIINHbI

Tun
BepLIMHbI

Vi

KauectBo
JKM3HHA
HaceJICHUs

«Kauecmeo scusznuy SBIAETCS KaTeropueu, oooomaromnei
COIMATbHO-9KOHOMHYECKHE XapaKTEPUCTHKH KHU3HHU JFOIEH
B JIF0OOM 001IECTBE H B JIF000H MCTOPHUUECKUI MEPUOS,
PacKphIBAIOIIEH HE TOIBKO XKHU3HEAEITENFHOCTD,

JKHU3HEOOeCIIeueHUe, HO U KU3HECTIOCOOHOCTE 00IIeCTBa, Kak

LEJOCTHOIO COLUAIBHOrO opranusMa. KauecTo xu3HU
SIBIISIETCS. OCHOBHOM XapaKTepUCTUKOMN OJIaroCoCTOSIHUS
HapoJa. [IoBsIIeHNE O1aT0COCTOSHHS HAapo/ia CIUTaeTCs

Ba)KHEHIIIEH 3a/1aueil SKOHOMHUYECKON 1 COLMAIBHOM TOJIUTH-

K1 JIF000T0 TOCY/1apCTBa B COBPEMEHHOM MHPE U P OLICHKE
Pa3BUTOCTH CTPaH KayeCTBO KU3HU €r0 HACEJICHUS CTaHO-
BUTCS BCE OoJiee 3HAUMMON KaTeropHei.

LleneBas

Ve

Prinok
Tpyaa

Poinox mpyoa» — 310 cucteMa COLHATbHO-3KOHOMUYECKUX
OTHOLICHHUH, CBA3aHHBIX C HAWMOM ¥ IPEIOKCHHEM TPy/Ia
(c ero Kyruiel u IpoJIaXKei ); 3TO TAKIKE SKOHOMHYECKOE U
reorpapu4eckoe IpoCTPaHCTBO — cepa TpyRoycTpoiicTsa,
B KOTOPO#l B3aUMOJICHCTBYIOT IIOKYIATENN U IPOIABIIBI
crienu(puIECKOro ToBapa — TPY/a; HAKOHEII, TO MEXAHU3M,
00eCIIeunBaIONIHi COTITaCOBAHKE LICHBI H YCIOBHH TPy Aa

MeX1y paboTonaTensiMu U HaeMHBIMH paboTHHKaMu. OCHOB-

HBIMH JIEMEHTaMHU PBIHKA TPYJa B 000N S5KOHOMUYECKO1
TEOPHU SBITIOTCS PabOTOAATENb U HAEMHBIIT PabOTHUK,
OT KOTOPBIX 3aBUCAT CIIPOC U NPEIUIOKEHNE pabouei CHIIbI,
ee KOJIMYECTBO, KOTOPOE XapakTepusyercs o Oe3paboTuriei,
700 3aHATOCTBIO, YTO 3aBUCUT, B TOM YHCIIE, OT 3apILIATHL.

baszucHas,

perymmpye-
Mas

V7

YpoBeHb
pa3BUTHS
MIPOU3BO/ICTBA

«Yposenv pazsumusa npouzsoocmeay onpenenseTcs ypoBHEM
Pa3BUTHA MPOMBIIUIEHHOCTH, CEJILCKOT0 X03s1CTBA U APYTHX

orpacieil. B ycinoBusx riodanuzaiuy SKOHOMUKH Kaxas
cTpaHa (OpMHUPYET U MPOBOJUT T'OCYAaPCTBEHHYIO
MIPOMBIIIJIEHHO-)KOHOMUYECKYIO ITOJIMTHKY, HAlIPaBJICHHYIO
Ha pa3BUTHE ONpPEIETICHHBIX OTpacieil, IPOsBISIOTCS
TEHJCHIMY HHTETPUPOBAHHON OTPACIICBOI HANPaBIEHHOCTH
9KOHOMMKH, B TOM 4YHCJI€, OTPACIEBOH HHTErPUPOBAHHOCTH

Pa3INYHbIX CTPAH. ypOBeHb Ppa3BUTHA MPOU3BOACTBA 3aBUCHUT]

OT MOKa3aresel esTeIbHOCTH IPEAIIPUATHH, BIUSIET Ha
BBII, Ha ypoBeHb 10X0J0B HACEJICHNUS, KAYECTBO KU3HH,
00BeMbI BHEIITHEI TOPTOBIHU H JIP.

baszuchas,
YIPaBIISIO-
mast

cee
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IIpoodonxcenue maobn. 1

Ko

Haumeno-
BaHHe
BePUINHBI

Onpepnenenne BepIIMHBI

Tun
BePIIMHBI

Vo

KauectBo
CHCTEMBI
o0pa3oBaHus

«Kauecmeo cucmemvl 06paz06aHusy» MOKET ONPEACISITHCS
Pe3yIbTaToM — HOArOTOBKON BCECTOPOHHE 00pPa30BaHHBIX
(B cMbICIIe 00pa3oBaHKUE — CO3HJAHUE) JFO/ICH, CIIOCOOHBIX
K CAMOPAa3BHUTHUIO M BOCTPEOOBAHHBIX OOILIECTBOM.
Kauecmeo obpazosanus — UHTErpaNbHas XapaKTePUCTHKA
00pa30BaTeNBHOTO IPOLECCa U €T0 Pe3yJIETATOB, BRIPaXKAOIIas
Mepy HX COOTBETCTBHUS PAacIPOCTPAHEHHBIM B O0IIECTBE
MPE/ICTABICHUSIM O TOM, KaKUM JIOJDKEH ObITh 00pa30BaTeIbHbIN
MPOLIECC M KAKKMM [EJISIM OH JIOJDKEH CIIY)KUTh, CTCIICHb
COOTBETCTBHS PEATBHBIX JIOCTUTACMBIX 00OPa30BaTEIbHBIX
Pe3yJIbTaTOB HOPMATHBHBIM TPEOOBAHUAM, TOTPEOHOCTSM,
COLIMAJIBHBIM U JIMYHOCTHBIM OJKHIAHHSM, 3TO YPOBCHB
pa3BuTHs 00pa3oBaHMs KaK IrOCYAapCTBEHHO-00IICCTBCHHOM
CHCTEMBI (B TOM YHCIIE JII000Tr0 00pa3oBaTeIbHOTO YUPEKIACHHS )
M €ro MECTO B MEX/YHAPOIHOM PEHTHHIe 00pa30BaTeIbHBIX
cucteM. KagecTBo 00pa3oBaHus — 3TO BakHEHIIas
COCTABILSIFOIIAS KAUeCTBA )KU3HH M BKHEHINIAs XapaKTePUCTHKA
CTpaHbl B MUPOBBIX PEHTHHIOBBIX CUCTEMaX.

ba3ucHas,
ynpasisieMast

[

T'ocynaper-
BEHHas
MOJINTHKA
B 0o0acT
MTOBBIIICHHUS
KadecTBa
JKU3HU
HaCeJIeHHUs

«locyoapcmeennas noiumuxa 6 061acmu pe2yiupoeaHus
VDOBHSL U KAUeCmea JHCU3HY HACEeNeHUs», TOCY IapCTBEHHOE
peryJIHpoBaHHe PEATH3yeTCsl 4epe3 CUCTEMY COLMAIbHOM
MOJIUTUKH TOCYAAPCTBA ¥ IOCPEACTBOM IIPOBEACHHUS
roCyJapCTBEHHON SKOHOMUYECKOHN MonuTHKH. ColransHas
rocyIapCTBEHHAS IIOJUTHKA 0OSCIICYNBACT «IIPSIMOE»
BO3/ICHCTBHE HA YPOBEHD M KQUECTBO OTACIBHBIX
(cnabo3alHIEHHBIX) CIIOEB HACEIICHHST; TOCYAapCTBEHHAS
9KOHOMHYECKAsI [OJIUTHKA OKa3bIBACT «KOCBEHHOE»
BO3/ICHiCTBHE HA OJIar0COCTOSIHIE HACCIICHUSL.

bazucnas,
yTIpaBJIsTEOLLas|

Coyuanvras norumuka — 3T0 B3aUMOOTHOIIEHHE COLUATIbHBIX
TPYIII IO TIOBOJLy COXPAHEHUS U U3MEHEHUS COLIMAIbHOTO
TIOJIO’KEHHS HACEJICHUSI B LIEJIOM M COCTABJISAIOIIMX €TO KIIacCOoB,
CJIOEB, COLUATBHO-AEMOTpadhUUECKIX, COLUATBHO-
podeCCHOHANBHBIX TPYII, COLHANBHBIX OONIHOCTEN (CeMbH,

Hapo/ipl, HACEJIIEHUE rOpo/ia, M0CesIKa, peruoHa u 1.11.). B
MPaKTUYECKOM CMBICIIE MO/l COLUATBHOM MTOJUTUKON TOHUMAIOT
COBOKYITHOCTb (CHCTEMY) KOHKPETHBIX MEp ¥ MEPOIPHSTHIH,
HanpaBJeHHBIX Ha KH3HeoOecneuenue HaceneHns. OOBEKT u
MIPEMET COLMAIbHOM MOJUTUKU COBIAAIOT C IJIaBHBIMU
aJIeMEeHTaMH, OJI0KaMU U CTPYKTYPaMH, BXOJSIIMMH B KPYITHBIH
€IMHBIH KOMIUIEKC — COIHAIbHO-TPYAOBYIO chepy — CHC-

TeMY B3aUMOCBSI3aHHBIX KOMIIOHEHTOB M 4acCTeH.

Cocrosinue
SKOHOMMKH
CTpaHbI

«Cocmosinue s3xonomukuy cmpansly xapakrepusyercs ee BBII
Y €r0 JUHAMUKOH, TOXOJaMHU HaCeJIeHHs, HHAEKCOM KOHKY-
PEHTOCTIOCOOHOCTH, YPOBEHEM 0e3pa0OTHIIBI, CTPOUTEIBCTBO
JKHJTBSI, pean3alneil HeIBIKUMOCTH, HAIIMOHAJIbHBIM
00raTcTBOM, MOJUTUYECKOH 0OCTAHOBKOW B MUPE U IIp.

ba3zuchas,
MHIMKATUBHAS

110

KoraurusHas kapta (pric. 1) TOCTpoeHa C IIOMOIITHIO POTPAMMHON CHCTEMBI KO-
rautuBHOTO MonienupoBanuss CMCS (Cognitive Modeling Complexity System) [23].

[Mocne mpoBepkH CTPYKTYpPHBIX CBOWCTB KOTHUTHUBHOW KapThl U CBOKCTB €€
ycTounBocTH [14, 23], moka3aBmmx He TPOTHBOPEUNE MO PEATbHOM CHCTE-
Me, ObUT pa3paboTaH TUIaH SKCIEPUMEHTa M MPOBEIECHO UMITYJIHCHOE MOJCIHPO-
BaHUE PA3JIMYHBIX CIICHAPHUEB Pa3BUTHUsS CUTyalluil Ha JaHHOW Mojenu (mpoiecc

ISSN 1681-6048 System Research & Information Technologies, 2021, Ne 1



CyenapHoe KOCHUMUBHOE MOOETUPOBAHUE MEHOEHYUT PA3BUTNUSL CLOHCHOU CUCTNEMDL . ..

pacnpocTpaHeHus] BO3MYILEHHS 110 Tpady IpH U3BECTHBIX HaYaJbHBIX 3HAUEHUIX
X(0) BO BCcex BepIIMHAX) ONPEeIsieTcs O IpaBuiIam:
k-
() =x,()+ X _fyP )+ Q).
=
rae x;(n) U x;(n+1) — 3HadeHus napamerpa B BepUIMHE J; B MOMEHTHI

n,n+l,..., Pj(z‘) — M3MCHECHHE B BEPLUMHE J; B MOMEHT BPEMCHH 1, f[j —

(hyHKIUS OTHOIIEHUH MeXTy BepmuHamu; (J(n) — BEKTOpP BO3MYIICHUH, MHH-
HUUPYIOIIMN UMITYJILCHBIN Tpoliecc.

MonenupoBaHre CIIEHapHEB MPOUCXOIIIO C MOMOIIBIO MPUBEACHHOW MO-
JIeTM UMITYJIBCHBIX TIporteccoB [5, 17, 18, 22] mpu BHECEHUH BO3MYIIAIONTHNX BO3-
JEUCTBUM — IIOJNOXUTENBHBIX ¢; =+1 WIN OTpULATENBHBIX ¢; =—1 UMITyJIbCOB
B OJIHY, /IB€ M 0OOJiee BEPIINH; MHOKECTBO MMITYJIHCOB BO3MYIIAIOIINX BO3JEHCT-
BUIM (BEKTOp BO3MYIIEHHIH) B KaXJIOM CI€HApUU OIpenensieTcss Kak
Q:{qls""qi""’Qn} .

KonmuecTBo 1m1aros MoeIMpoBaHust 77 B BBIYUCIUTENIEHOM SKCIIEPUMEHTE HE
OTpaHUYMBAETCS; UMITYJILCHOE MOJIEIMPOBAHUE MOKET MPOAOIIKATCS 0 TeX IMOp,
MoKa He MPOSBUTCS XapaKTep TEHACHUWH HW3MEHEHUH (NOCTOSIHHAs BEJIMYHMHA,
HapacTaHue, yObIBaHHe, KojeOaHne) BO BCEX BEPUIMHAX.

Cyenapuii 1. Tlpenmonoxxum, 4to B cucreMe G Hadajla pPeaiM30BBIBATHCS
IpOIyMaHHasi TOCYAApCTBEHHAs MONUTHKA (BepIuinHa V) ); BBOJUM CIMHUYHBIN
YIpPaBJIOMIUN UMITYJIbC ¢, =+1 B OJHY BEpIIMHY; BCE BEPIIMHBI B HAUaJIbHOM
COCTOSHMM HE€ HHHUUMpoBaHbl, ¢; =0, 7=2,3,...,18; BeKkTOp BO3MYILIEHUI
0 =1{¢1=0,...,q4 =+1,...,q;5 =0} .

Pe3ynbTaThl HMITYJIECHOTO MOAENHMPOBAHUS MPUBEIEHBI B Ta0MI. 2 1 Ha puc. 2.
[IponmmocTprpoBaHo 6 IIaroB MOJAETHPOBAHMS, HA KOTOPBHIX YK€ MPOSBUINCH
OCHOBHBIE TEHAEHIMH. B 1ensax obierdeHuss BU3yallbHOTO aHajIN3a pe3yJIbTaToB

n300paXKeHUs] UMITYJIbCHBIX MPOILIECCOB pa30UTHI HA 2 OJIOKAa BEPILIWH: pUC. 2,0 —
oto (V,V5,V3,V4, Vs, Ve, V7 ) s puc. 2,6 — oro (Vg, Vo, Vi, V115V12,V13,V14) -

Ta6éamma 2. Pe3ynpTaTsl pacdeToOB UMITYJIbCHBIX MPOLIECCOB, cLieHapuit 1

Bepuinna War
01|23 /4/5|6
V. KauecTBO Hauuu 0|00 |-1]4 ) 4]16
V5. KauecTBO KM3HH MOJIOJIEKH 0/0]0]0(|1 /1415
V3. TIpodheccroHaibHbIC U TMIHOCTHBIC KaduecTBa Mosonexu | 0 | 0 | O [ 3 | 3 | 3 | 8
V4. T'ocynapcTBEeHHast MOJIO/IEKHASI TOJIMTUKA o1 [1]1]2|3]2
Vs. ConmanbHasi akKTHBHOCTh MOJIOACKH 0O/0/0 11|12
Vs. MononeXHbIii pbIHOK TpyAa 0/0[{0]0|1|0]11
V7. KOHKYpEeHTOCIIOCOOHOCTh MOJIOAEKH Ha PHIHKE TPyAa 0jo0ojo0 |1 1|14
V5. Cucrema obpa3oBaHus 00|11 |1|4]31
Vs. CucteMa 31paBoOXpaHEHHs oOjo0oj1,1]12]3
V1. ComnmanbHoe MapTHEPCTBO o011 ]12]3
V1;. llpousBoactso 0[0]0|0]|-110]|11
V1». BocTpeboBaHHOCTH MpOdecCroHaTI3Ma 0[{0[0|0O]|6|7]|6
V3. CormanbHas qudQepeHnnaus 00|10 1/|2]2
V4. ConmanpHas 0€3011aCHOCTb MOJIOHEKHU 00101 ]0]1
V5. DKOHOMHYECKOE COCTOSIHUE TEPPUTOPUH 0[{0|0|0]0|0]10
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m— KayecTBO HaLUK — Cucrtema o6pa3oBaHus

= CoumanbHoe napTHepCcTBO

=== BocTpe6oBaHHOCTb NpodeccuoHanmama
== CouuanbHas 6e30MacTHOCTb MOJOAEXHas

= «. KauecTBo %uU3H1 MOnoaexm

== . [podheccroHanbHbIe U NUYHOCTHbIE KaYecTBa
monopexu
==== [OCyAapCcTBEHHas MONOAEXHas NONUTHKA 100 ==+ Cuctema 3ppaBoxpaHeHns
==== [Ipou3BOACTBO
25— =mm CouuanbHas anddepeHumuanusaums
= =1 JKOHOMUYECKOE COCTOSIHWE TEPPUTOPUN

17— mmm MonogeXHbIM PbIHOK TPyAa

%~ mmm KoHKypeHTOCMOCOOHOCTb MONOAEXM Ha
pbIHKe TPyAa

75

25

0.0

-2 -2.5
0.0 10 20 3.0 4.0 5.0 X 0.0 1.0 20 2.0 40 5.0 60
Warn Waru

a 0
Puc. 2. T'paduku UMITyIECHBIX MIPOIIECCOB, CIICHAPHA |

Kak BugHO 13 puc. 2, mpoayMaHHas TOCYy/IapCTBEHHAS ITOJIMTHKA MOXKET T10-
JIO)KUTETFHO CKa3aThCSl HAa BCEX IMOKA3aTeNsiX CHUCTEMBl G «MOJOMIEKb, PHIHOK
TpyZJa, KauyecTBO XU3HW». | padku MMITyTECHBIX MTPOIIECCOB BO BCEX BEPITMHAX B
o0IeM UMEIOT TeHIISHINI0 HapacTaHUs, TIIaBHOE MPH 3TOM MOJKET TOBBIIIATHCS
Ka4yeCTBO JKU3HU MOJIOACIKU. DTU TCHACHIIUU COXPAHSIOTCS M Ha OOJIBIIEM KOJIH-
YEeCTBE IIaroB MOAEITUPOBAHHSL.

Cyenapuii 2. Ilpenmnonoxum, 94TO COCTOSIHUE HAa MOJIOIEKHOM PBIHKE TPpy.la
(BepmmHa V) yxXyamaercs; BBOAUM €IMHMYHBIA BO3MYILAIOLIIMHA HMMILYJIEC

gds =—1 B OIHY BepIIMHY, OCTalbHbIC BEPIIMHbI B HAYaJIbHOM COCTOSIHUH HE
UHUIMUPOBAHbL; BEKTOp Bo3MyleHuit O, ={q; =0,...,qs =—1,...,q;5 =0} .

Pe3ynbTaThl MMITyJIBCHOTO MOJICTHPOBAHUS TPUBEACHBI B TaOl. 3 W Ha
puc. 3.

Tadéaumuma 3. Pe3ynbrarel pacueTOB UMIYJIBCHBIX ITPOLIECCOB, CIICHAPHI 2

Bepmnna War
01|23 |4]5]|6
V. KauecTBO Haruu 00|00 |-1]-21-14|-23
V. KauecTBO KM3HH MOJIOIEIKH 0]0]|-1(-3[-3]-1]1-53
V3. TIpodheccroHaIbHBIC U IMYHOCTHBIC KadecTBa Moyoaexku | 0 | 0 | O | 1 [-10(-22(-22
V4. T'ocynapcTBeHHAst MOJIOAEKHAS OJUTHKA 0]0]-1]-2]-2]-5]-13
V5. ConmanpHasi akTUBHOCTE MOJIOIEKHU 01000 ]|-1]-2]-2
V6. MonomeXHbIi PRIHOK Tpyaa O f-1]-1]-1]-2]-7]|-11
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Ilpooonxcenue mabn. 3
Bepuiuna Hlar
0|1 (|2]|3]|4]|5]|6
V7. KoHKypeHTOCTIOCOOHOCTh MOsT0AekH Ha phiake Tpyxa | 0 | 0 | 0 | 0 | -4 |-9-10
V. Cuctema oOpazoBaHHSA 0]0|0]-4]-9]10]11
Vy. CucteMa 31paBOOXpaHEHUS 0]1]0]0]|-2]-3|-4|-9
V10. ConanbpHOE MapTHEPCTBO 0]1]0|0]|-1]-2]-2]|-5
V1;. Ilpon3BoaCTBO 0]10]0]|-1]-2]-1}-36
V1>. BocTpeboBaHHOCTH TIpodeccroHaI3Ma 0]10]-1]-1]1 |22}-51
V3. CoumanbHas nuddepennmanys 0]0]0]0]0/|-2|-8
V4. CoumasibHas 6€301aCHOCTh MOJIOAEKH 0|0|1]|0|-1]0|4
V5. DKOHOMHYECKOE COCTOSTHHE TEePPUTOPHUH 0|0 |-1]-1|-2]|-4(-8

Kax BumHO 13 Tpa)MKOB UMITYJIBCHBIX TIPOIIECCOB (pHC. 3), YXYIIICHHE TI0-
JIO)KEHUS] Ha MOJIOJIC)KHOM PBIHKE TPYJla MOXKET KpaifHe HEraTUBHO TOBJIUATH HA
BCIO CHCTEMY «MOJIOZICXKb, PHIHOK TPYJ1a, KAYECTBO JKU3HI»; TCHACHIIH Pa3BUTHS

CUTyaluil yXyIIIaloTCs YK€ CO BTOPOTO, TPETHETO MIaroB MojennpoBanus. Kave-
CTBO XU3HU aJ[aeT, TPOU3BOICTBO YXYAIIAETCS.

= KayecTBO Hauun

— CouuanbHas akKTUBHOCTb MOMNOAEXM
=« KayecTBO XWU3HW MONOAEXMN

CucTema 3apaBooXpaHeHus

MpocheccuoHanbHble M TMYHOCTHBIE Ka4yecTBa === [Ipou3BoACTBO

MonoAexu
==== l'ocyaapcTBeHHas MOMNOAEXHas NONMTHKa = . CoumanbHas anddeperumaums
== MonopexHbli pbIHOK TPyAa

5

—— JKOHOMUYECKOE COCTOsIHUE TEPPUTOPUM
mmu KOHKYpPEHTOCNOCOGHOCTL MONOAEXM HA

PbIHKe TpyAa

«=== CoLmnanbHoe NapTHepcTBO

\
. ™= BocTpe6oBaHHOCTL NpotheccuoHanma

= =i CoumnanbHan GesonacHocTb Monoaexu

10

-55
Z'HLI.IarM 30 0 5.0 &0 0.0 10 2.0 I.uarM 3.0 4.0 50 [X
a 6
Puc. 3. T'padvku MMITYJIECHBIX TTPOIIECCOB, CIICHAPHA 2

PaCCMOTpI/IM 0oJlee CI0KHBIE CIICHAapuH, KOrga BO3HUKAIOT BO3MYIICHUA B
HECKOJIbKHX BEpPIIHNHAX.

Cyenapuii 3. Ilycts pou3BOACTBO OyAET HAXOAUTHCSA B IIOXOM COCTOSIHUU
(g, =-1), Ha MOJIOAEKHOM pBIHKE TpyJa IPEUIOKEHHE IPEBHIMIAET CHPOC HA

pabouyto cuiy (gs =—1), HO cuctema oOpa3oBanus yiydmaercs (g, =+1), pac-
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TET COLMaIbHOE MAPTHEPCTBO ( gy =+1) 1 BXOAMT B JeiicTBUE NPOLyMaHHAas Io-

CyJapCTBEHHAasl MOJIOJEKHAsI OJIUTUKA ( g4 = +1); BEKTOp BO3MYLIEHU

O;={¢,=0,....,q4 =+1,....gs =—L...,qg = +1,....,q;0 = +1, q;; =—L...,q;5 = 0} .

Pe3ynbTaThl UMITYJILCHOTO MOZICIIMPOBAHUSI IPUBE/ICHBI B Ta0J. 4 1 Ha puC. 4.

Tadéaumuma 4. PesynpTarsl pacueToB UMITYJIBCHBIX ITPOLIECCOB, ClIEHApHUil 3

Bepmiuna Iar
011213 516
V. KauecTBO Hanmu 00|02 |5]|-3|-4
V,. KauecTBO »KHU3HU MOJIOJCIKHU 00 |-1|-3]5126/-32
V3. TIpodheccroHabHbIC U IMIHOCTHBIC KauecTBa Mosonexu | 0 | O | 2 | 7 | -7 |-29| 8
V4. TocymapcTBeHHAst MOJIOIE)KHAS TTOJIUTHKA 0] 1]0]-2]-1]-2]1
V5. ConmanpHasi akTHBHOCTEH MOJIOIEKHU 001 /2]|11|-1]0
V6. MonomeXHbIi PRIHOK Tpyaa 0-1]-2]-1]|-1]-1]6
V7. KOHKYpeHTHOCTIOCOOHOCTh MOJIOJIEXH Ha PHIHKE TPya 0/01]2]-3]-10]7
V. Cuctema oOpazoBaHHs 012 ]-3|-10]7 |53
Vo. Cucrema 37paBoOXpaHEeHUs 0[O0 |1 ]|-2|-5/4]0
V1. ColmanbHO€ MapTHEPCTBO o1 /2]1|-1]0]-1
V11. Ilpon3BoAcTBO 0(-1]-1|-2|3]17]|-19
V1,. BocTpeboBaHHOCTD MpOGhecCHOHATM3MA 00 |-1]|2 13]-15-59
V3. CommmanbHas quddepeHnaus 0/]0]0|1]|2]0]14
V4. ConmanpHas 0€30I1aCHOCTH MOJIOHEKHI 0022 |-2]-2]-1
V5. DKOHOMHUYECKOE COCTOSIHUE TEPPUTOPUH 0[0|-2|-3/-3]2]16

P€3yHLTaTLI HUMITYJIBCHOI'O MOZACIHUPOBAHUA II0 CHCHAPUIO 3 MMPUBCACHBI

B Ta0J. 4 1 Ha puc. 4.

=« KayecTBO XWU3HM MONOZEXMN

= . [lpodheccnoHanbHble M NUYHOCTHbIE KayecTBa

FocypapcTBeHHast MOMoAeXHas NONUTMKa
=== MonopaexXHbIN PbIHOK TPyAA

ms KoHKypeHTOCnoCOGHOCTL MONOAEXKM Ha PbIHKe
30 TPyAa 125

0.0 10 20 3.0 40 5.0 6.( 0.0

" Laru

-=== CoLuanbHoe NapTHepcTBO

100 wws COLMANbHaA 6e3onacHoOCTb
Monoaexu

— CoumanbHas akTMBHOCTb MONOAEKH
m— KauecTBO HaLUK
—  Cucrtema 3apaBoOXpaHeHus
== ponsBoacTBO
= - CounanbHas auddepeHumnaums
M KN
onone — JKOHOMMYECKOE COCTOSIHUE TePPUTOPUM
=+ Cucrtema obpasoBaHus

40

a

Puc. 4. I'pauku UMIyJIBCHBIX MPOLIECCOB, CLiEHapuii 3
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Kak BumHO 10 TpadmkaM UMITYJIbCHBIX HPOIIECCOB, COOTBETCTBYIOIIUX CIIC-
Hapuio 3 (puc. 4), TpH BO3MESHCTBUM HA CHCTEMY IIATH pa3HOHANPABICHHBIX HM-
MyJIbCOB, CPEIU KOTOPBIX €CTh OTpHUIaTeNIbHBIC (IIPOU3BOACTBO TAaaeT, MOJIO-
JISKHBIM PBIHOK TPYJAa B IJIOXOM COCTOSIHMH), B HE BO3HUKAET KOJICOATEIbHBIN
pexuM (yXyZIlIeHHe, yIIydilieHne COCTOSIHAN), YTO B OOIIEM IUIOXO CKa3bIBAETCS
Ha Ka4eCTBe )KU3HU U 3TOMY HE MOTYT cpa3y MPOTUBOCTOSTH HA TOCYIapCTBEHHAs
MOJIOJIS)KHAS MMOJIMTHKA, HA COLMANBHOE MMAPTHEPCTBO, HU CUCTEMa 00pa30BaHUI.

Takoil cueHapuil pa3BUTHS CUTyalluii MOXHO OTHECTH K IMECCUMHUCTHYC-
CKUM, HEXKEJIaTeIbHBIM.

Paccmotpum erie onrH M3 BO3MOXHBIX CIIEHAPHEB.

Cyenapuii 4. IlycTh HaYMHAET IOJIOKHUTEIIHHO NEHCTBOBATH TOCYIAPCTBEH-
Has MOJIONEXHas noiutuka (g, =+1), cucrema o0pa3oBaHUs YIydIIaeTcs

(g, =+1), coBepuIeHCTBYeTCS COLMAIbHOE MAPTHEPCTBO ( ¢y =+1), connanbHas
aupdepennuanus nagaer (g3 =—1); BEKTOp BO3MyILEHUI
Q4 = {ql = 0,...,(]4 = +1,...,q8 = +1,...,q10 = +1,...,q13 = _1,...,q15 = +1} .
Pe3ynbTaThl UMITyTHCHOTO MOJIETUPOBAHMS ITOKa3aHbI B Ta0JI. 5 U Ha puc. 5.

Tadéamuma 5. Pe3ynaprarel pacueTOB UMITYJIBCHBIX NPOLIECCOB, CIIEHAPHl 4

Bepuuna [ar
01|23 |4]5]6

V. KauecTBO Haruu 0|0/ 1] 6163380
V. KauecTBO KM3HH MOJIOIEIKH 0O/0 0|1 [15]57]92
V3. IlpodeccnoHanbHbBIC ¥ TMYHOCTHBIE Ka9ecTBa 0l 0ol3112 162085

MOJIOJIEKH
V,. TocymapcTBeHHAst MOJIOIC)KHAS TTOJIUTHKA O 1|23 |5/|11|38
V5. ConmanpHasi akTUBHOCTE MOJIOIEKHU O/0| 1|23 |4]|6
V6. MononexHbli peIHOK Tpyna 0]0]0] 1|4 1648
V3. KoHKYpeHTOCTI0COOHOCTh MOJIOJIEKH Ha PHIHKE olol113 4l7! 30

Tpyna
V. Cuctema oOpazoBaHHs 0|13 4]7/39]|143
Vo. Cucrema 37paBoOXpaHEeHUs 0,023 ]4)8]28
V1. ColmanbHOE MapTHEPCTBO 0O/ 1234|612
V11. Ilpon3BoacTBO 0|0 ]0]| 1112|4169
V1,. BocTpeboBaHHOCTH MpOGhecCHOHaI3MA 0,0 0|6 |25/36]|56
V3. CormanbHast qudQepeHnnams O|-1]-2|-1|11]-6
V4. ConmanpHas 0€30I1aCHOCTH MOJIOHEKHI 0|0 |24 |3]|]0]-6
V5. DKOHOMHUYECKOE COCTOSIHUE TEPPUTOPUH O/ 1|1 |1]3 /17|58

I'padukn MMIyNbCHBIX MPOLIECCOB CLEHApUs 4 WLIIOCTPUPYIOT BO3MOXK-
HOCTb TIOJIOKUTEJIBbHBIX TEHACHLUMH pa3BUTUS cUTyauuil B cucteme G «MoOJO-
JIeKb, PHIHOK TPY1a, KAYECTBO KHU3HI.

Takum oOpa3zoM, Jaxke Mo pe3yibTaraM MPHBEICHHBIX CLEHApHEB, HUMHUTU-
PYIOLIMX BO3MOXHBIE IPOLECCH B HCCIELyEMOW CHCTEME, MOXKHO CHENaTh psil
BBIBOJIOB Ha Kau€CTBEHHOM YPOBHE, KOTOpBIE HE NMPOTHUBOPEYAT TEOPETUUECKUM
HPEATONIOKEHNUAM O IOBEIEHUH CIIOKHON CHCTEMBI «MOJIOJEKb, PBIHOK TPYZa,
Ka4yecTBO KU3HMW».
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== KayecTBo HaLun — CoumanbHas aKTUBHOCTb MOMNOAEXM
= CucTema 3apaBoOOXpaHeHMs
== [Ipon3BoAcTBO

=. KayecTBO XM3HM MONOAEXM

— I'Ipod)eccuouanbuble W NIMYHOCTHbIE KayecTBa

MOMNOAEXM =  CouuanbHas auddepeHumaums
==== TocypapcTBeHHas MonoAexHas NONNUTMKa — OKOHOMMYECKOE COCTOSIHUE TePPUTOPUM
150
w  w=m MonoaexHbli pbIHOK TPyAa o Cuctema obpasoBatus ;
/ .
4 I
: mms  KOHKypeHTOCNOCOGHOCTb MONOAEXM Ha 7 s == CoumankHoe naptHepcTeo :

N 4
PbIHKe TpyAa S e == BocTpe6oBaHHOCTbL NpodheccuoHanmama !

== COUMANLHasA 6e30nacHOCTb i
MOnoAexu i

A w af o i w i w 0 8

“aru Warw

a o
Puc. 5. 'paduku UMITyITbCHBIX TIPOLIECCOB, CLIEHApHii 4

Bo-nepBbIX, npoyMaHHas TOCYJapCTBEHHAs! MOJIOAEKHAS [TOJIUTUKA MOKET
CHOCOOCTBOBATh Pa3BUTHIO MOJIOJICKHOTO PHIHKA TPYZa M MOBBILICHUIO KaYecTBa
KHU3HHM (cuieHapuii 1), HO ropa3fo B MEHBIIEH CTEIIEHH, YeM MIPU MOJI0KHUTEIbHOM
BO3/IEHCTBUU Ha cucTeMy (G COBOKYHHOCTH (pakTOpoB (cueHapuii 4), YTO BUAHO
10 BEJIMYMHE MMITYJILCOB B BeplunHax V| u V, (Ha mare 6 MOIeNIMpOBaHUS UM-

IIyJIEC B BEPIIMHE Ka4yeCTBO KU3HU MOJOIAESKH V, 1o cueHaputo 1 paseH 15, a mo

CIleHapuio 2 paBeH 92).

Bo-BTOpBIX, COCTOSIHME MOJIOJICKHOI'O PBIHKA TPYyAa MOXKET OKa3blBaTh 3a-
METHOE BIHSHHAE Ha KayecTBO JKM3HM KaK MOJIOJACKH, TaK M BCErO HaceIeHUs
cTpansl (crieHapuu 1 u 2).

B-TpeTbux, npy IIIaHUPOBAHUM U PeaJIM3aly PAa3INUHBIX CLICHAPUEB Ha KO-
THUTUBHOM KapTe CIEAYEeT YYHMTBHIBaTh BO3MOXKHOCTH ACHUCTBHS Ha H3y4aeMyIO
CHCTEMY HE TOJIbKO €AMHHYHBIX aKTOPOB, HO M UX cOBOKynHocTu. IIpu atom He-
00X0IMMO aHATU3UPOBATH PA3NIMYHBIE BAPUAHTHl «ONTHMHUCTUYECKUX» M «IIeC-
CUMHCTHYECKHX) CLICHAPUEB.

3AK/IIOYEHUE

IIpuMeHeHne KOTHUTHBHOIO IIOAXO0JAa U MHCTPYMEHTApUs UMHUTALMOHHOIO KO-
HUTUBHOT'O MOJECIIMPOBAHUS CJIOKHBIX CUCTEM K HM3YUYEHUIO M MOJECIHPOBAHUIO
CLICHAPUEB Pa3BUTHUs CUCTEMBI, HA3BAHHOW B JAHHOM HCCIIEZJOBAaHUU «MOJOJEKb,
PBIHOK TpyZa, Ka4eCTBO JKU3HW», ITO3BOJIMI NPEABHIETh PA3IIUYHBIC MPOLECCHI
pa3BUTHS CHTyalUud B OTOM CUCTEME, KOTOPHIE MOI'YT BO3HUKHYTb B HEH IOJ
MpeanoIaraéMbelM BO3JCHCTBHEM pa3IMYHBIX COLUAIBHBIX M DKOHOMHYECKHX
(hakTOpOB, a TAKXKE IO BO3AEHCTBUEM PETYIUPYIOUINX U YIIPABIIIONNX CUCTEM.
MMuTanMoHHOE MOAEIMPOBAHUE HA MOJEIM TUIIA «KOTHUTUBHAs KapTay, KaK B
JAHHOM HUCCIICIOBAaHUH, NAIOT Pe3yJbTaThl B KAUECTBEHHOM, OOOOIIEHHOM BHIE,
oIpezenss BO3MOKHBIE TEHICHIINN Pa3BUTHUS IPOLECCOB B cucTeMe. s moiy-
YEeHHsI, IPU HEOOXOAMMOCTH, KOJIMUYECTBEHHBIX PE3yJIbTaTOB BO3MOXKEH IIOCIHe-
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JIYFOIUH TIepeXxo] K 0oJiee CII0KHOW KOTHUTHBHON MOJIENH, HAIPUMEP, K MOJISIN
THTIa «BEKTOPHBI OPHUEHTHUPOBAHHBIN (PYHKITMOHAIBHBIN Tpady, B KOTOPOM 3a-
JaHbI MMapaMETpPbl BEPUIMH, @ HCKOTOPLIC OTHOLICHUA MEXKAY BCPUHIMHAMHU OIPEC-
JIEJIeHBI KaK (YHKIIUW WK BECOBBIE KO (DUIINEHTHI.
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CIEHAPHE KOTHITUBHE MOJIEJIJIOBAHHSI TEHJEHIINA PO3BUTKY
CKJIAJHOI CUCTEMHU «MOJIO/Ab, PUHOK MPAILI, SAKICTh KHTTS» /
I'.B. T'openosa, A.A. Caak
AnoTauisi. IIpoBeeHHSs JOCIIPKEHb SKOCTI )KUTTS MOJIOZI Ta BIUIMBY Ha Hel TAKOTo
icToTHOTO (haKTOpa, SIK MOJIOADKHHUI PHHOK Ipalli, a TAKOXK MOB’SI3aHUX 3 LIUMH JI0-
CJIJDKEHHSMH TIPOOJIeM JIepKaBHOT MiATPUMKH MOJIOAI, HOTPEOYIOTh BUKOPUCTAHHS
METO/IiB IMITallifHOTO MOJICITIOBAHHS y 3B’S3Ky 3 HEMOBHOTOIO iH(opMalii Ta cia-
6OCTPYKTYpOBAHICTIO MPOOJIEM TAaKUX CKJIAQJHHUX CHCTEM, SIK SIKICTh )KUTTSI MOJIOZI 1
puHOK mpaui. [ToqaHo CTUCIHIA OIJISI KaTeropiil «pUHOK Mpaii», «IKICTh KHTTS»,
«MOJIONIb», HEOOXiOTHUH U1l BU3HAUYCHHS 3MICTY KOTHITHBHOTO MOJETIOBAHHA
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CKJIaZIHOT CHCTEMH «MOJIO/b, PUHOK IIpalli, AKiCTh )XUTTA», & TAKOK TEXHOJIOTIIO
KOTHITMBHOT'O MOJIENIOBaHHSA. HaBeaeHO pe3ysibTaTH 3acTOCYBaHHS KOTHITHBHOTO
IMITallifHOrO MOJEIIOBAHHSA 0 BUBYCHHS SKOCTI JKUTTS MOJIOZI Y B3a€EMO3B SI3KY 3
puakoM npari. [Ipukiax MoxenoBaHHS MOJaHO y BUTIIA/I BiIIOBIHOI KOTHITUBHOL
KapTH 1 psTy CIeHapiiB MOXIIMBOTO PO3BHUTKY CHUTYAIil Ha Hii, SIKi MOXXYTh BHHHK-
HYTH HiJ nepeadadyBaHNM BIUIMBOM Di3HHX COLIaJIbHUX | €KOHOMIUHMX YMHHHKIB
Ta MiJ BIUIMBOM PETYJIOBAJIBHUX 1 KEPYBAIBHUX CHCTEM.

KawuoBi cioBa: Monons, pUHOK Mpall, iMiTaliiiHe MOJAETIOBaHHS, KOTHITHBHA
KapTa, CICHAPIi, MOXKIIHBICTh, CHUTYaIlisl.

SCENARIO COGNITIVE MODELING OF DEVELOPMENT TRENDS OF THE
COMPLEXITY SYSTEM “YOUTH, LABOR MARKET, QUALITY OF LIFE” /
G.V. Gorelova, A.A. Saak

Abstract. Conducting research on the quality of life of young people and the impact
on it of such a significant factor as the youth labor market, as well as related re-
search on the problems of state support for young people, require the use of simula-
tion methods due to the incompleteness of information and poorly structured prob-
lems of such complex systems as the quality of life of young people and the labor
market. The article gives a brief overview of the categories “labor market”, “quality
of life”, “youth”, which is necessary to determine the content of cognitive modeling
of the complex system “youth, labor market, quality of life”. The technology of cog-
nitive modeling is briefly presented. The results of the application of cognitive simu-
lation modeling to the study of the quality of life of young people in relation to the
labor market are presented. An example of modeling is presented in the form of a
corresponding cognitive map and a number of scenarios for the possible develop-
ment of situations on it, which may arise under the assumed influence of various so-
cial and economic factors, as well as under the influence of regulatory and control
systems.

Keywords: youth, labor market, simulation, cognitive map, scenario, opportunity,
situation.
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Abstract. This article provides a brief analysis of the development of concepts and
terms used in the automation the processes of production and enterprise manage-
ment. The conclusion is made about the preference of the term “information-control
complex” (ICC) of the enterprise and the expediency of using various concepts in its
creation. A model for the development of ICC is proposed, based on the definition of a
system that implements the system-target approach, and the “engineering” concept.

Keywords: control system, enterprise architecture, engineering, information-
control/management complex.

INTRODUCTION

During the development of automation of information support for enterprise
management, and new technologies emerged, the terminology, types of informa-
tion systems, and standards governing their development and functioning changed. In
the initial period of control automation, the following terms were used: data process-
ing systems (DDS); databases (DB); automated control systems and automated
information systems (ACS and AIS), information-retrieval system (IRS), etc.

In connection with the political and economic transformations of 1990-1991,
mainly, enterprises began to acquire foreign local or domestic information
systems (IS) developed for certain types of activities of organizations (accounting,
personnel, etc.), create separate pages of information on the Internet. But then it is
realized that in order to manage an organization, it iS necessary to combine
automated information systems developed for individual functions and types of
activity into a single enterprise management automation system. The concept of
enterprise architecture emerged. With the intensification of the development and
implementation of innovations, interest in the initial understanding of the term
engineering is revived.

The variety of the notions complicates the organization of work on the
automation of enterprise management. Therefore, it is advisable to conduct
a comparative analysis of the usefulness of these terms for specific organizations,
taking into account their emergence and modern interpretation, and to develop
methodological foundations and models for the further development of
automation of production processes and organizational management of the
enterprise.

OVERVIEW OF APPROACHES TO CREATION OF AUTOMATION SYSTEMS
FOR ENTERPRISE CONTROL

In the 1960, when automation began to be used to manage enterprises in the So-
viet Union, the methodology for developing automated control systems was ini-
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tially based on the fundamental principles of the control developed in the theory
of automatic control. In particular, the principle control on based deviations or
principle feedback

V(O exit = F(u(t)-2(2)),
where y(f)eyie € Ry 3 Ry — vector of output signals; z(f)eR,; R, — distur-
bance vector; F =R, xR, — R, — transformation that determines the type of

relationship between y.;, # and z; k — number of output actions; m — num-
ber of control actions; p — number of disturbing impact z(¢); u(t) € R,, — con-
trol action calculated by the formula:

u(t) = Gl F(x(1),0,) = Yreq |15
where x(f) € R,, — predetermined control (the law of the system functioning);
z(1)eR,; R,
G:R, > R,, G(Oy) =0, — feedback block conversion; O, €0,, O, €0,;

m — number of control actions; p — number of disturbing impact z(¢).

— disturbance vector; y,, — desired result (setpoint);

In the mid-1960s, the American Society for Production and Inventory Manage-
ment (APICS) formulated a number of principles according for proposed to build
models of the main production processes that were applied to solve the problems
of managing the inventory of an enterprise and were called the concept of MRP
(Material Requirements Planning). Later, as this approach was applied to other
production processes, the concepts of MRPII, ERP, etc. appeared. On this basis,
software products were created, which became quite widespread.

This approach, hereinafter called the process approach, is aimed at solving
practical problems associated with the activities of enterprises, and can be suc-
cessfully applied to relatively small firms. However, for scientific and production
associations, large enterprises of mass production, such an approach, which was
originally called functional and technological, is very difficult to implement.

Therefore, during the period began to create automated information systems
(AIS) as the first stage of automated control systems in the Soviet Union, a sys-
tem-targeted approach was adopted. A classification of automated systems was
developed, focused on different levels of enterprise management, including their
structural divisions, industries and the state as a whole. The developed branch
ACS (OACS), regional or territorial ACS (RASU, TASU) and enterprise ACS
were supposed to be combined into the National Automated System (OGAS) for
collecting, storing and searching information.

To manage the development of automated systems, the corresponding
guiding methodological materials were prepared, in which the concepts of the
functional part (FP), formed on the basis of the analysis of the goals and functions
of the enterprise, and the supporting part (SP), including information, technical,
program and other types of ACS support. The structure of the FP was initially
developed in the form of a tree-like hierarchy, then, as the number of subsystems
increased, in the form of matrix, multi-level and structures.

In the 1990s, when the information market of software products began to
actively develop, subject-oriented and corporate information systems (SOIS, CIS)
were developing on the basis of new information technologies. The most developed
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automated information systems that support the internal activities of mass produc-
tion enterprises include:

1IS = < ERP MRPII, MRP, MES, PDM >,

where MES — manufacturing execution system; MRP and MRPII — Material
Requirements Planning; ERP — Enterprise Resources Planning; PDM — Product
Data Managerment.

In 1987, the concept of “enterprise architecture” emerged, which was first
presented in an article by J.A. Zachman [1] in the form of a two-dimensional ma-

29 e

trix, in columns — “the main aspects of the activity (“what”, “how”, “where”,
“who”, “when”, “why”); and line by line — different descriptions of the system
from the point of view of business leaders, managers and developers. In 1996-1997
E.Z. Zinder proposed a “3D model” of the enterprise [2, 3]. The model introduces
a axis of time, where the intervals for the implementation of various projects and
stages of development of the IS and the entire enterprise are located, and the prin-
ciples of the Zachman matrix are used as other axes. This model became the basis
for multidimensional structures. Then it was created multidimensional mofels,
used in the systems of the Department of Defense and other US Federal govern-
ment agencies [4-9]: TAFIM (Technical Architecture Framework for Information
Management). FEAF (Federal Enterprise Architecture Framework). TOGAF (The
Open Group Architectural Framework), DoDAF (Department of Defense Archi-
tecture Framework), etc. Standards ISO 14258: 1998 (as amended from 2000) and
ISO 15704: 2000 have been developed.

In the 1990s to combine heterogeneous software products into a single au-
tomated information system of an enterprise, the idea of an information infra-
structure was proposed [11], on the basis of a modification of which, in the next
section, the concept of an information management complex is substantiated and
models for its implementation are proposed.

THE CONCEPT OF A MULTI-LEVEL INFORMATION-CONTROL COMPLEX

The concept and model (Fig. 1) of a multilevel information management complex
(IAC) is based on the use of a system definition that implements the system-target
approach [12]

Syt = <Z, STR, TECH, COND, N >, (1)

where Z — goals that can be interpreted as the structure of the functional part of
the ACS, as the needs of users;

STR — he structure of the relationship between Z and information arrays,
i.e. databases; searcher arrays of documents, repositories information of various
kinds;

TECH — technologies in a broad sense, including technical means (i.e. de-
vices or devices that are necessary for collecting, registering, storing, processing
and presenting information), methods of collecting, storing, processing informa-
tion, including algorithms, software procedures or packages of application pro-
grams, information technologies, etc.;

COND — conditions, i.e. external and internal factors influencing the crea-
tion and functioning of ICC; for their analysis, it is useful to use the attribute
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“space of target initiation”, i.e. to identify the factors of the supersystem and the
actual environment (@) , sub-departmental and the system itself (@;,) ;

N — people interacting with the system, i.e. those who order, design, use this
ICC. For a general name for everyone involved in the development and use of sys-
tems, W.R. Ashby, at the beginning of the development of cybernetics and systems
theory, introduced the term “observer’”’; and nowadays, the term ““stakeholders” is of-
ten used [13].

The definition (1) and illustrating its stratified representation (Fig. 1) help to
theoretically substantiate the structure of the information-control complex, to
manage its development. The definition can be interpreted taking into account the
purpose and conditions of its development. It is necessary to determine the
relationship between the components of the user, functional and information strat-
levels, to justify the choice of the necessary technologies.

Strata 1. Users.

S Types of users and their needs
1
Strata 2. Functional.
4 Structures of functional capabilities of information systems
for various purposes (for example, structures of the FCh of the
ASC, etc.).
IS < ﬁ P
STR —p \ \\\\/\ /

Strata 3| Information resd abakes)

TECH
Informational resources
Information is contained in information storages: libraries,
departments of scientific and technical information, automated
documentary-factual databases, telecommunication networks, etc.
N

Strata 4. Technology

Information telecommunications, computer networks, etc.
technical means. Information protection means.

Fig. 1. Model of a multi-level information-control complex

The stratified representation helps to solve the problems of managing pro-
jects and programs for the development of ICC, allocation of financial, material
and human resources based on the development and application of appropriate
methods and automated procedures to determine the composition of the com-
ponents of each strata, assess the impact of a project in the field of ICC on its de-
velopment.

In particular, for the analysis and formation of a functional strat, it is advis-
able to use the methods of structuring goals and functions, methods of analyzing
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information needs, developed in the theory of information retrieval. The assess-

ment of the significance of the elements of each of the strata can be carried out

using the methods of organizing complicated examinations: the method of paired

comparisons in the modification of T. Saati [13], the method of deciding matrices

by G.S. Pospelov [14], the informational approach of A.A. Denisov [15] and

others [16, 17], take into account different criteria— technical, economic, social.
For example, you can apply the model of deciding matrices:

“Functional strata <o.; >” = “Information resourcces <f; >” = “Tech-
nology <y, >".
Then the algorithm for analyzing the model:

Evaluation o i Checkness ZOL ;= 1 — Evaluation a for each o i
J

— Checkness )" a; =1 for each o ; — Calculation B; = Za;,-(lj —> > B,=1>
i J i
— Evaluation by, — Checkness » b, =1 for each b, — Calculation
k

Vi = 2 buB; —>> v =1.
i k

The considered concept and models make it possible to manage the devel-
opment of IAI. At the same time, both the concept of enterprise architecture and
the concept of a multi-level ICC help to reflect the structure of the ICC, make de-
cisions about its development, but do not take into account the processes of the
enterprise, including its interaction with the environment, receipt, execution and
implementation of orders. Therefore, it is proposed to additionally use concept of
the engineering in the development of ICC.

ROLE THE CONCEPT OF ENGINEERING FOR THE DEVELOPMENT OF THE
INFORMATION- CONTROL COMPLEX

For the development of ICC, it is important to use the concept of “engineering” in
the original meaning of this term in the 16th century (from Lat. Ingenium — in-
genuity, invention, knowledge). In the XVII century engineering began to form
into a separate profession. Scale drawings help to maintain the integrity of the
product presentation and to see the role and place of parts in the product. De-
velopment leads to the combination of engineering with scientific progress, with
technological innovation.

Engineering in the original understanding is a superstructure over design and
development activities, allowing the results of engineering activities to be brought
closer to their direct implementation, to obtain a new, synergistic, result, the
emergence. Engineering includes all stages of the life cycle of product creation,
order fulfillment — from concept to implementation and maintenance, including
delivery, installation supervision, condition acceptance and field supervision, if
necessary.

Engineering activities (although in the Soviet Union the foreign term “engi-
neering” was not used) was provided by the service of the chief engineer, which
coordinated not only the departments of the chief designer, chief technologist,
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chief mechanic, etc. activities, but also subdivisions such as a bureau of inven-
tions and discoveries, helping in the organization of rationalization and inventive
activities, and subsequently — special design bureaus, or even research institutes,
which supplemented the support of the full life cycle of engineering activities —
from inventions to innovative products (new types of products or their blocks),
innovative technologies that ensure the development of enterprises.

When accompanying the creation of complex products, the path from con-
cept to implementation and support is not a unidirectional, but a complex graph,
including the order or purchase of components through tenders, the distribution of
work, taking into account the specialization and cooperation of not only divisions,
but even enterprises. Each stage of the complete life cycle is a complex process.
In particular, design and technological activities are supported by a multilevel
system of drawings of various types (general block diagrams, schematic dia-
grams, product projections, etc.) and normative and technical documentation. To
implement these works, knowledge of technical disciplines (mechanics, reliability
theory, systems engineering), management disciplines (project management,
quality management, etc.), economic and legal disciplines is required. This served
as the basis for the implementation of engineering in the form of consulting ac-
tivities in individual areas required to complete the stages and sub-stages of the
project. This practice arose in the 18th century, when engineering became a pro-
fessional activity and a separate discipline.

Professional associations and schools of engineering have emerged.
Standards have been created [18, 19], in which engineering is interpreted as
technical consulting services related to the development and preparation of the
production process and the provision of the production process and the sale of
products. This form of engineering is widely used in modern practice. There are
specialized engineering centers, mainly engaged in automated support of the
stages of the life cycle of development and implementation of innovations,
professional communities and associations that unite engineers from different
countries. There are different points of view both on the content of engineering
activities and on the concept of “engineering”. The content of the concept of
“engineering” is constantly expanding, including areas that are more and more
distant from the classical engineering activity. Therefore, it is proposed to
investigate the essence of this concept using the theory of an open system with
active elements.

On the basis of his research, the Belgian biologist L. von Bertalanffy discovered
that in open systems, as opposed to closed (isolated from the environment), ther-
modynamic laws appear that contradict the second law of thermodynamics. In
accordance with the concept of L. von Bertalanffy “... it is quite possible to intro-
duce negentropy”, that is, to decrease the entropy; and ... such systems can main-
tain their high level and even develop in the direction of increasing the order of
complexity” [20].

L. von Bertalanfty explained negentropic tendencies mainly by the openness
of the system. Further studies of development processes made it possible to un-
derstand that development occurs not only due to the openness of the system, but
also due to the active elements that initiate innovation. The studies of the Russia
scientist E. Bauer allowed a deeper understanding of the development processes.
E. Bauer investigated one of the fundamentally important for understanding the
development of living systems regularities of the fundamental disequilibrium of
living systems, that is, the desire to maintain a stable imbalance and use energy to
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maintain oneself in a disequilibrium state. E. Bauer explains this by the fact that
all structures of living cells at the molecular level are pre-charged with “excess”
excess energy in comparison with a non-living molecule, and the body receives
external energy not for work, but to maintain itself in a nonequilibrium state [21].
On the basis of understanding the ideas of E. Bauer (eg, [22]), it can be concluded
that, in fact, we are talking about the biopotential of a “living cell”, which is de-
termined not only by physiological energy as a source of negentropy. At a certain
level of development of a living thing, such a source of negentropic processes can
be interpreted as a potential based on information and knowledge. Then we can
conclude that, taking into account the research of E. Bauer, for the development
of any organization (enterprise, territorial association, etc.), it should have a kind
of “living cell” that accumulates energy/information in order to to create innova-
tions that drive the development of the organization.

Such an interpretation of the source of negentropic processes can be associated
with the concept of “engineering” in the original sense of this term (from the Latin
Ingenium — ingenuity, knowledge), that is, in accordance with the definition given
in the Oxford Dictionary, in which engineering is interpreted as the activity of
applying scientific knowledge for the design, construction, control production of
machines and plants, etc. Based on this, it can be concluded that for the devel-
opment of an organization, engineering tasks should be solved by teams of
qualified professionals specializing in the relevant types of professional activity.

To manage this activity, the coordination of the relevant sub-divisions or
organizations performing this work is necessary. Such coordination requires the
creation of a system of information support at all stages of the life cycle of the
activity, for which the concept of engineering is applied, that is, it is necessary to
create a unified information-control complex, including software for engineering
and design activities, accompanying regulatory methodological, regulatory-
technical, organizational and administrative documentation. Therefore, it is not
enough for organizations to use the advisory services of specialized organizations,
but it is necessary to develop and apply the form of engineering in the original
sense of the notion.

This form represents design-technological and regulatory-technical support
for the entire life cycle — from the invention of an innovation or receipt of an
order, the development of the structure of its research, design, technological,
production implementation and delivery to the customer. To provide such
support, it is necessary to create an automated information-control complex of an
enterprise that implements the engineering concept. This information complex
provides the necessary coordination of all stages of the life cycle of the innovation
process, for which the idea of engineering is used.

Taking this into account, when creating an ICC, it is necessary to have
subdivisions that, in accordance with E. Bauer’s concept, accumulate
energy/information in order to invent innovations that ensure the development of
the organization. To aid in decision-making, it should be possible to include in
such an ICC models that help in making decisions on the analysis and selection of
innovations (eg [23-31]). It is also necessary to create an environment that would
ensure interconnection in the information space and access to information of
persons using it at the appropriate stages of the life cycle. The basis of such an
environment can be an intelligent knowledge representation system of the type
proposed in [32]. The development of such a system and the coordination of
engineering work at the enterprise should be part of the functions of the unit dealing
with the organization of the strategic development of the enterprise (organization).
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CONCLUSION

Analysis of the concepts and notions used in the creation of automated informa-
tion support for production processes and enterprise management allows us to
draw some conclusions.

The notion ASC, which determined the ultimate desired goals of automating
the management of enterprises and organizations, outstripped the capabilities of
technologies that existed to create such systems at that time. Experience in the
creation and application of software products for individual arms of activity (also
called automated systems — accounting, personnel, etc.), solve the problem of
ensuring the business processes of small and medium-sized companies. However,
for large enterprises and organizations, other forms of integrated information
support are needed.

The concept of enterprise architecture has made it possible to create
multidimensional information bases. However, despite the fact that, in accordance
with the concept of the Gartner Group, architecture is considered not only as a
static model of a complex system, but also as a process, a set of guidelines and
rules that determine the construction of new subsystems, this concept still does
not focus on information support processes of creation and implementation of
innovations, that is, to display the dynamics of the functioning of the system.
Perhaps that is why recently there has been a revival of interest in the concept
of engineering, including among the author of the architectural concept of a 3D-
enterprise [33].

The use of the definition of a systembased on the system-target approach
made it possible to substantiate the concept of a multi-level information and
control complex, linking goals, sources of information and technical means to
ensure enterprise management. The use of the concept of an open system by L.
von Bert-lanffy and the study of the features of this system in the works of E.
Bauer made it possible to substantiate the role of engineering as an innovative
technology for the development system of information support for control and
managing the development of enterprises, territorial and other organizations.

Therefore, the idea of creating an ICC, implementing the concept of
engineering, automating the collection of information at all stages of the life cycle
of production and organizational management of enterprise, and the creation on
this based the unified information-control environment, the basis of which can be
an intelligent knowledge representation system of the type proposed, for example,
in [32], seems perspective. The implementation of the ICC allows you to combine
different concepts and manage the development of information support for the
enterprise.
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MOJIEJI JJI51 PO3BUTKY IHOOPMAIIMHO-KEPYBAJIBHOI'O KOIIJIEKCY
NIAMMPUEMCTBA / B.M. Bonkosa, A.€. Jleonosa, O.B. JlorinoBa

Anotanis. [Togano ctucnuii aHami3 po3BUTKY MOHSATH 1 TEPMiHIB, IO BUKOPHCTO-
BYIOThCSl B aBTOMaTH3allii NpOIeCiB BUPOOHULTBA Ta YIPABIIHHS IMiAIPHEMCTBOM.
3po0seHO BHCHOBOK MpO IepeBary TepMiHa «iH(pOpMauiiHO-KepyBalbHUI KOM-
wieke» (IKK) miampuemcTBa Ta AOUUIBHICTS BUKOPUCTAHHS PI3HMX KOHICMIIH IMij
yac iforo cTBopeHHs1. 3anporoHoBaHo Mozeib po3Butky IKK, 3acHoBaHy Ha BU3Ha4eHHI
CHCTEMH, 0 Pealli3y€e CHCTEMHO-IUTBOBUI ITi/IXi/T Ta KOHIICTIIIFO «IHXKUHIPHHT.

KnrodoBi cioBa: cucrema ynpapiiHHS, apXiTeKTypa IiANPUEMCTB, IH)KHHIPUHT,
iH(popMaLiiiHO-KepyBaIbHUI KOMILIEKC.

MOJAEJIN JJis1 PA3BUTUSA HWHO®OPMALUNOHHO-YIPABJIAIOUWETO
KOMIUJIEKCA MPEAITPUATUSI / B.H. Bonkosa, A.E. Jleonosa, A.B. JloruHosa

130

AnHoTtamus. [IpuBeneH KpaTkuil aHaIU3 PAa3BUTHUS NOHATHH M TEPMUHOB, HCHOJIb-
3yeMBIX B aBTOMATH3alllH [IPOLECCOB NIPOU3BOJICTBA M YIPABICHHS MIPEAIPUSITHEM.
CrenaH BBIBOJ O HPEAIOYTHTEIBHOCTH TEPMHUHA «MH()OPMAIIMOHHO-YTIPABIISIONIAN
komruieke» (MYK) npeanpusatust u 1enecoo0pa3HOCTH HCIOIB30BAHUS TIPH €T0 CO-
3MaHUU pa3In4HbIX KoHuenuui. [Ipennoxena moxmens pazpaborku YUC, ocHoBaH-
Has Ha ONpEIENICHUU CHUCTEMBI, Pealu3yIoliell CUCTEMHO-IIETEeBOM MOIX0, U KOH-
LETIHUN «MHKAHAPUHDY.

KnrodeBble ci10Ba: cucremMa ymnpaBIeHHS, apXUTEKTypa HPEIIPHATHS, WHKXHHH-
PHHT, HH()OPMAIIHOHHO-YTIPABIIAIOIINHA KOMIIIEKC.
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O HEKOTOPBIX CTATUCTUKAX ®PAKTAJIBHOI'O
BPOYHOBCKOI'O ABUKEHU A

B.I'. BOHJAPEHKO

AnnoTtamus. [IpennoxeH 1 000CHOBaH METOJ| OLCHUBAHHS I1apaMeTPOB CTOXACTHU-
4ecKOoro mnpouecca — (paKTaabHOr0 GPOYHOBCKOIO ABHIKEHHS — AUCHEPCHU U OJ-
HOILLIArOBOM KOBapuauuu npupamieHuil. JlokazaHa cpelHEKBagpaTU4Has KOHCHU-
CTEHTHOCTb IIOCTPOEHHBIX OIEHOK. [lomyueHHble pe3ynbTaThl HOMOIHAT U
0000IIAIOT CIEACTBUS M3 MPENCNIBHBIX TeOpeM A (HpaKTaIbHOrO OPOYHOBCKOTO
JBIDKCHHS, JOKa3aHHBIX B psige padoT. HeoOXoAuMOCTh OLEHUBAHUS JHUCIEPCHH
BBI3BaHA OTCYTCTBHEM ITAIIOHHON €IUHUIIEI BPEMEHH, a OIleHKAa KOBAPHUAIIUH I103BO-
JSIeT OIpEJIeNUTh IT0Ka3aTelb XapcTa. Y CTaHOBICHHBIE PEe3yJIbTAaThl TIO3BOJISIIOT HC-
MOJIB30BaTh M3BECTHBIC IIPE/ICNIbHBIE TEOPEMBI NP ITOCTPOSHUH KPUTEPUEB COIJia-
CHs JUId THIIOTE3bl «HAOJIOJAaeMBbIi BPEMEHHOH psii SBISETCS peanu3anuen
(paxTaabHOr0 OPOYHOBCKOTIO JBMKEHHS» M OLIEHHTH OLIMOKY ONTUMAJIBHOIO IIPO-
THO3a BPEMEHHOTO psijia.

KnroueBble ciioBa: ¢pakTansHOe OPOYHOBCKOE IBIKEHHE, OIICHHBAHHE IapaMeT-
POB, IPOBEPKA CTATHCTHIECKUX THIIOTE3.

ITOCTAHOBKA 3AJJAYU U ITPEJBAPUTEJIBHBIE CBEJEHUS

[Ipu mocTpoeHUHM CTOXACTUYECKHX MOJEJCH BPEMEHHBIX PSIOB B Psje Cllydacs
1eJIeCO00pa3HO UCIOIB30BaTh B KaUeCTBE 0a30BOTO Mmpoiiecca (hpakTaibHOE Opo-
yHOBckoe aBmkeHue (fractional Brownian motion — fBm). Otot mporecc 060-
3Havaerca By (t), t20, By (0)=0,rne H — nokasarens Xapcra, 0<H <1, u
OIPEIENSAETCS KaK TayCCOBCKUN CIIy4alHbIN IPOLECC C HYJIEBBIM CPEAHUM U KOP-
PeIIMOHHON PyHKIMEH

2H
s

)

T.€. 1 -MEPHOE PacIpe/ie]ieHUue ONpeIeNIeTCs TUIOTHOCTHIO BEPOSITHOCTEH

1 .
p(tla--:tnaxla“xn) ZCCXP{—EZI’]kaXk},

R(t,5) = E(By; (1)By; (5)) = %(ﬂh’ +577 |t -

rae /¥ — snemenTbl MaTpULIBL, OGPATHON K KOppensumonHoii /% = R(z ioli)-
3ameTtumM, yto nmpu H =0,5 moxydaem cTaHIapTHBHIM BUHEPOBCKUM IMPO-

necc w(t).

© B.I'. Bonoapenko, 2021
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®pakranpbHOE OPOYHOBCKOE NBIKCHHE 00JIafaeT CBOHCTBOM aBTOMO/IEINb-
HOCTH (CaMOTOIOOMsI), UTO O3HAYaeT COBIAJACHHE pacHpeleiICHHN CITydalHbBIX
BCJIMYUH:

By (at) n OLHBH (), o >0 (obo3nauenue By (o) ~aHBH ).

BceneicTBre 3TOro CBOMCTBA B BBIPQKEHHU OBy (f) MOXKHO TOJIOKHTBH KO-
a¢¢unmeHT G =1, U OTCYTCTBUE 3TANOHA Ul €AMHUIIBI BpPEMEHH TpeOyeT ore-
HUBaHUS BpEMEHHOTO UHTEPBaJa.

[Tpupamenus GppakTaabHOTO OPOYHOBCKOTO JBHKEHHS

&, =By (t+ks)—By(t+(k-1)s), k=1,2,..,n (1)

00pasyroT rayCCoBCKUM ciy4aiiHblil BekTop &~ N(0;B), rae snemeHTsl b Kop-

peﬂ}l]_[I/IOHHOI\/'I MaTpuUllbl B umMmeroT BUA

S2

H
b :T(|j—k+1|2H+|j—k—l|2H—2|j—k

T.€. IIOCJIEAOBATEIBHOCTD {& } CTallMOHAPHA.

|2H

) )

CpoiicTBa (pakTaIbHOrO OPOYHOBCKOTO JBIKEHUS PACCMOTPEHBI B paboTax
[1, 2]; B wacTHOCTH, 0000MIeHa hopMmya UTo mist dpakransHOU qudy3um.
B pabotax [3—8] mokazaH psix mpeaenbHBIX TeOpeM I QPYHKITUH OT TpH-

paieHuit
k k-1
=0 BH(H_j_BH[H_j
n n

(pakTanbHOTO0 OPOYHOBCKOTO IIBM)KEHUS, COOTBETCTBYIOIIMX BPEMEHHOMY HH-
1

TepBany §=—. Mcmone3ysi aBTOMOJENBHOCTb, 3TH PE3YIbTaThl MOKHO 0000-
n

IIUThH JJI TIPOM3BOJIBHOTO § , YTO MO3BOJIAET UCIONb30BATh UX I CTaTUCTHYE-

CKOM O6pa6OTKI/I JaHHBbIX. HpI/I 9TOM HCOGXOZ{I/IMO OLCHUTHL JUCIICPCUIO

2H .
IpUpaIiCHusa § H I10Ka3aTe/Ib XapCTa H, KOTOPBIM HAXOJAUTCA H3 PAaBCHCTBA
2H-1
p1= 2 -1 ’

rae p; — OXHOWIArOBBIH KO3 (UIUEHT KOppEesiuuy NpUpAIIEHHH, OlpeaeseH-
HBIX paBeHCTBOM (1):

_ 00V (ExsEke1)
1 - .
$2H
O6o3naunm 0 =cov(§;,&;,;). B nanHOil pabore moKa3aHa KOHCHUCTEHT-

HOCTb (COCTOﬂTCHLHOCTL) B CPCAHCKBAAPATUYHOM CMBICIIC CICAYIOIINUX HECMC-
IMCHHBIX OIICHOK!

2H I L2
° =— ;
OLIEHKU TUCIIEPCUU § p, E K15k

. A 1 -1
® OIICHKU OJTHOLIArOBOW KOBapualuu 6 = —12’;_1 ‘t-»j‘t:j+1 .
" -

[TomydenHble pe3ynbTaThl MO3BOJSIOT MPOBEPUTH DS CTATUCTHYECKUX TH-
MOTE3 IS UCCIIEYEMBIX BPEMEHHBIX PSIIOB.
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[Ipu noka3aTenbCTBE HCIIONB3YIOTCS CleAyone (akThl:
1. ns rayccoBckoro Bekropa & ~N(0; B) MOMEHT 4eTBEpTOro MOpsaKa Bbi-

paxaercs hopMyJIoit
E(&,h)(E,k)(E,u)(E,v) = (Bu,k)(Bv,h) + (Bv,k)(Bu,h) + (Bu,v)(Bk,h)
WA B KOOPJAUHATHON (hopme

EE,E ;€4& =byb i +bjiby +byby .

2. JInsg pyHKIIMN
fO)=1+x0)"+1-x)*-2,0<a<2
CTpaBe/JIMBa OLICHKA
1
F(x)|<4x?, ecm o < —, (3)
e s
KOTOpas CIeAyeT U3 TEHIOPOBCKOTO pazioxkeHus f(x).

1
3. Yacruas cymma psita sera-gynkuun Pumana ¢, (1) =" > 0<t<1
m

YAOBJICTBOPSACT OLICHKE
lft

gp(t)< - ,g,,(l)<C+1np “4)

JTOKA3ATEJbCTBO NMPEJEJHLHOM TEOPEMBI

—

Teopema. /{151 cTaTUCTHK s2H , 0 crpaBeIMBEI IPEACITEHBIE COOTHOIICHUS:
8, =E(s*7-s*1Y? 50, n>ow;
8,, =E(0-0) >0, n—>w.

1 n 2 %
Wnaue, ecnu &,...,&,, HabIIO1aEMBL, TO —Zkzlék SIBIIICTCS COCTOSTCIIBHOM

n—1 o
OI_[eHKOI/I AUCTICPCUUN TIPUPALICHUA S —Z] 1(: E-’j+l — COCTOATCIbHOU
OIIEHKOH OJTHOIIAroBOW KOBapHAIUH.

Joka3arenbcTBo. VicXomHble BEIpaXKEHUS IPUBOAATCS K BULY ( by, = s2H ):

2 4
81n:_s 2 Z k>

n I’Z k>j
1 - n—ln-1
Oyp=——5 22’9 + 2 2 bjkesnbicia |-
i1 e —1) Py P

no2
Hoxcrasisist b u3 popmyisl (2) B cymmy Zk>jb ik > THOJTy4aeM
GAH 0 k-

Zb,k— ZZ((k J+DM k- - =20k - P
k>j 4 k=2j=1
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u 3ameHol (j,k) — (m,k), m=k — j, mpuBeneM 3TO BEIpaKECHUE K BUITY

st o Kl 2H CN2H A 2HN2
—ZZ (m+D"" +(m-1) 2m~) =
4 k=1m=1

4H n k-1 2
S 1 1
“FEE )
rae pynkmmst f(x)=(1+x)"7 +(1-x)*1 -2, 0<H <1.

OueHnm ciaraemMble BHyTPEHHEH CyMMBI.
W3 nepasenctsa (3) 11 caraeMbIX BHYTPEHHEH CyMMBI

kf( 1 (1 T
g
k o m2t m
BBITCKACT OILICHKA

2
1 1 4 1 1 16
e
w22 m ) 2 2H w2 m A4

B CHJIy HepaBeHCTBa (4)

I, <C, H<3, I, <C+Ink, =3, I, L s 3 opa,
4 4 4H -3 4
¥ OKOHYATENIbHO
n
I =o(n*), n—>,1e. lim iz Y by =0.
k=1 N0 k>
[lanee o1ieHUM BBIpaXKEHUE
n—1n-1
2. 2 bjenbicn -
j=lk=1
MIPEJICTABHB €TO B BUJE CYMMBI TpeX ciaraembIX ( j =k, |j— k| =1, |j—- k| >2):

n-1n-1 n-1 ) n-1

2 20 e bi ey = 2Bkt + 2 2 Bgmiyenbik +

j=lk=1 k=1 k=2

s nclhe? . AN2H N2H - 2H ~2H
= 2 2 (k= j+ )+ (k= )7 =2k = j+ DTk = N +
2 i55a
(k= j =2 =2k - j-1)*") =
4H (y2H-1 2 ] 4H 22H N
=(n-Ds"7 @27 =1 +E(n—2)s B +1-2"1" )+72Jk ,
k=4

rae Jy =30 L (m+1)* (m-1)> f(Lj f(L) .

m+1 m-—1

W3 nepaBencTBa (3) 11 cnaraembiX B J;, cleoyeT OlieHKa

(m+ 1 (m —1)2Hf[#]f(#j <16 <

m+1 m_l 1)2—21‘1 (m+1)2—2H
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4TO, KaK U B MPEALIAYIIEM CIy4ac, IPUBOAUT K COOTHOILICHUTIO

n—l1
ka =0(n2), n—> 0.
k=4

NPUJIOKEHUA K CTATUCTUKE BPEMEHHBIX PAJ0OB

B mpouecce 0o0paboTku BpEeMEHHBIX IOaHHBIX PAacCMaTPUBAIOTCS, B YAaCTHOCTH,
3aJaud OLICHMBAHMS IapaMeTpoOB U NMPOBepkH rumore3. B pabore [3] mokaszana
npenenbHas TeopeMa [Uisi abCOJIOTHBIX MOMEHTOB NPHUPALCHUH (PpaKTaabHOIo
OpoyHOBCKOTO ABMXKeHHMs. g npupatienuii, onpeneneHHbx ¢popmynoii (1), stor
Pe3ybTaT BBITJISIIUT CIEAYIOMIKM 00pa3oM.

Jn1s1 mocneioBaTenbHOCTH CIyYaiHbIX BETUIHH

n n
R, = 1 Yl = 1 > |By (¢ +ks) = By (¢ + (k=1)s|" , ¢ — narypamsnoe,
=1 M1
CIIPaBeUTMBO YTBEPIKICHHE: C BEPOSTHOCTHIO 1

T
N3 noka3aHHOM TNpenenbHON TEOpEMBbl ClIEyeT CpeaHEKBaapaTU4YHas CXO-
JUMOCTB R,,, .

q
- — 15 +1
R,, - E(g), n—>x,rne E(q) =ER,, :_225qu(92 )

[Tpu MoJETMPOBaHUN BPEMEHHBIX PSJIOB aKTyaJIbHOU SIBJIACTCS 3aja4ya WJICH-
TUUKAIMA AaHHBIX. B paborax [4—8] mokasaH psii TMpeAenbHBIX TEOpeM s
¢pakranpHOro OpOyHOBCKOTO IBMKeHUs. st 3HaueHuwid mpouecca By (ks) u

npupamienuil (1) yrBepskaeHus: TeopeM NPUHUMAOT BUA: CTaTUCTUKU A, , B,
D, , F,, KOTOpbIe YAOBIETBOPSIOT MPEICTbHBIM COOTHOILICHHUSM:
I 1 & 3 3 1
A, =—— ) By((k-1Ds)g; > —=, He| 0;—|;
n nS4sz+1 H(( ) )&k 7 ( 2)
1 1

n 1 1
B, =———— > (By(k=1s)*& =3, n~N 0,—— |, He| 0;— |;
n n1+[_1 SSH kZ:l( H(( )S)) ‘tvk n. M [ 5 +2j E( 2)

1 1 & 3 1
D, =2 S By (k-] > 3¢, e~ N, HE(E; 1}
n s k=1

11 &, I
F, :n_H_s3H kzﬂﬁk -3¢, H 6[5, 1].

3)1er CXOOAUMOCTb MOHUMACTCA B CPCAHCKBAAPATHUIHOM

n, =>mn,ecmu E(n, —n)2 —0.

Ipy W3BECTHBIX 3HAYCHHMsIX mapamerpa H U aucnepcuu s27 oti cooTHo-
IIEHUs] MOXKHO HCIIOJIb30BaTh IS IPOBEPKH TUIOTE3bl 1 : «HAOJII0JaeMble AaH-
HBIE SIBIISIIOTCS peann3anueil GpakTaabHOrO JBIKCHUSY.

CranaapTHBIN adropuTM (COTJIACHO IBYCTOPOHHEMY KPUTEPHIO) TaKOW Mpo-
BEPKH IPU U3BECTHOM H COCTOHT B CIEIyIOLIEM: MPEANoaraeM, 4To THIoTe3a
T BBINONIHEHA, 33J]a€MCSl YPOBHEM 3HAUMMOCTH O U CPAaBHUBAeM 3HA4YCHHE CTa-
THCTHKH C TaONMu4HbIME 3HaYeHusIMHA By, B,,rme F(B))=a, F(,)=1-a.
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B uactHOCTH, 11s mpepenbHON (QyHKIMM pacmpeneneHust CTaTUCTHKU D,
(H>0,5)

F(x)=20 1/x% —1,rne ® — dynknus Jlamnaca.

CooTBeTcTByIOIME YPOBHIO 3HAUYMMOCTH o = 0,05 KpuTHUecKue 3Ha4eHUS
B;=0, B, =6 urunoresa 7 npurumaercs, ecmu 0< D, <6.

Paccmotpum 3amauy mporHo3a (pakTaibHOTO OPOYHOBCKOI'O JIBUYKCHHMS.
[lycTh anpuopHO M3BECTHO, YTO HAOIIOJAEMbIe 71 3HAYCHUN BPEMEHHOTO psijia
HUMEIOT BU]T

By (s), By (2s),...,By(ms),

T.€. SIBJSIOTCS peanu3anueil ppakraabHOro OpPOYHOBCKOTO ABWXKEHHs. Bceien-
CTBHE TayCCOBOCTH ONTUMAIBHBIN # -IIaroBbIi MPOrHO3 (YCIOBHOE CpeaHee) Ju-
HEEH U CTPOUTCS CIEIYIOLUIMM 00pa3oM.

[IpeacraBum KOppensLMOHHYIO MaTpully O B BUJE:

SZH A B
O=— ;
2 \C D

2H
. S . . 2H .
qjc =EByy (js)Byy (ks) =~ G+ k2 - 1<), k<m+r,

rJie MHAEKCHI MaTpUllbl A yIOBICTBOPSIOT HepaBeHCTBY 1< j, k < m. OneHkon
ONITHMATBHOTO TIPOTHO32 SIBIITIOTCS 3HAYCHUS
By (m+1)s),...,By(m+r)s),

oTIpe/ieTICHHbIE PABEHCTBOM

By ((m+1)s) By (s)
: =c4™'
f}H (m+r)s) B (ms)
[orpemrHocTh 8 ONTHUMAIBFHOTO MPOTHO3a BBEIYUCIIACTCS 10 (hopMyJie
2H

5= STtr(D —c4™'B).

Taxum 06p330M, AJI1 KOHCTPYKIUMH OINTUMAJIBHOTO IPOrHO3a H606XO,I[I/IM

nmapaMmeTp Xapcra H , I ONpeAesieHUs MOTPENTHOCTH O — JUCTIEPCHS s

[IpuBenenusie B paboTe pe3yabTaThl MOTYT OBITh MPUMEHEHBI JIJIsl OIICHUBAaHUS
MapaMeTpOB CTOXACTHICCKUX YpaBHEHHUH ¢ mocieneicTeuem ([9—11]).

Monenb, ucionp3yoias GppakTaabHOe OPOYHOBCKOE JIBIXKEHHE B KaYeCTBE
0a30BOro mporecca, MPUMEHEHa [T aHAIN3a PeaTbHbIX METUKO-ONOIOTHUSCKIX
BpeMEHHbIX AaHHBIX X, =x(ks), k=12,..,204. IlpeacrtaBum HaOmOmaEMYyIO
TPACKTOPHIO X(¢) B BUJIC «CUTHAI + IIyM»:

x() =m(t) + y(t) = xp =my + yy
rae m(t) — TPeH, TONYyYCHHBIH MOJMHOMUATBHOW ammpoOKCUMAaNUeH, KOMITO-

HEHTHI LIyMa {y;} YZOBIETBOPSIOT cooTHOmEHHO (1/ ”)ZZ:1 Vi =0. 3nagenHus

OLEHKHA [, OAHOMIAroBOro KodGQuUINEHTa KOPPETALUMH sl MPUPAIICHHUN
Z, =Yy — Vj_1 » BRIYHUCIICHHBIE B [IECTH BPEMEHHBIX OKHAX:
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ﬁl = {0,26 - 0:34} B

YTO MO3BOJISIET CUUTATh MOCJIEA0BATEILHOCTh NPUPAICHUI {z;} CTAallMOHAPHOM.

Ionaras p; =0,3, u3 paBeHcTBa p; = 22H71 _1 naxomum H = 0,69 . Tectuposa-
HUE JTAHHBIX C TIOMOIIBIO CTATHCTUK
I 1 & 3 1 1 & 3
D, =g LVezi» Fo=—5 3H 2.7
O nos =l

HOATBEPXKIAET THIIOTE3Yy: «IOCIECHOBAaTEIbHOCTh {); | SBIETCA peanu3anueit
(hpakTaTpHOTO OPOYHOBCKOTO MBIKEHUS» (MIEPCUCTECHTHBIN CiTydait).

AHanu3 JaHHBIX {X;} IPOBOAMICS ABYMs CIOCOOAMHM:

1) ¢ uconnp3zoBanuem monenu ARIMA ;

2) B BUIC KOMIIO3UIIMHA «CUTHAIIHIITYM», T.€. 3HAYCHHSI BTOPOH Mozenu Ghop-

MHPOBAIIMCH B BUAE X; =M ; + ), TAe M ; BbrUCIsuCh 10 ARIMA, a nyis mywma

pUMeHsIach Gopmyna
);erl N
Pol=c4a
.);WH'}" ym

B o0oux ciaydasx kpuTepueM KadecTBa MOJETH BbIOPAaHO HOPMHPOBAHHOE
CPEIHEKBAJPATUYHOE OTKIOHECHHE

m+r 1/2
A N2
> (x;—%))
| Jj=m+l
= m+r ) ?
ij
j=m-1

roe 7 =10, BO BTOpoi Momenn o00beM  oOyduaromiell BBIOOPKH COCTABHII

m = {50, 120, 180} . Pe3ynbTaT BEIYHCICHUIA: Ll 0,88, T.€. MO NaHHOMY KpHTe-
Ky
PHIO MOJIeNb, HCTOb3Yomas (hpaKkTalbHOE ABMKEHUE, aeT BBIUTPHIIT 12% .

JIUTEPATYPA

1. Y. Mishura, “Stochastic Calculus for Fractional Brownian Motion and Related
Processes. Lecture Notes in Mathematics 19297, Springer, 393 p., 2008. doi:
10.1007/978-3-540-75873-0.

2. F. Biagini, Y. Hu, B. Oksendal, and T. Zhang, “Stochastic Calculus for Fractional
Brownian Motion and Applications”, Springer, 329 p., 2013. doi: 10.1007/978-1-
84628-797-8.

3. R.F. Peltier and J. Levy Vehel, “A new method for estimating the parameter of frac-
tional Brownian motion”, Rapport de recherché de I’ INRIA, no. 2396, 27 p., 1994.

4. 1. Nourdin, “Asymptotic behavior of weighted quadratic and cubic variations of frac-
tional Brownian motion”, Ann. Probab., 36, no. 6, pp. 2159-2175, 2008. doi:
10.1214/07-AOP38.

5. L. Nourdin, “Noncentral convergence of multiple integrals”, Ann. Probab., vol. 37,
no. 4, pp. 1412—1426, 2009. doi: 10.1214/08-A0OP435.

6. M. Gradinaru and I. Nourdin, “Milstein's type schemes for fractional SDEs”, Ann.
Inst H. Poincaré Probab. Statist, vol. 45, no. 4, pp. 1085-1098, 2009. doi:
10.1214/08-AIHP196.

Cucmemni docnioxcenna ma ingpopmayiiini mexnonoeii, 2021, Ne 1 137



B.I". bonoapenxo

10.

11.

I. Nourdin, D. Nualart, and C. Tudor, “Central and non-central limit the orems for
weighted power variations of fractional Brownian motion”, Ann. Inst H. Poincaré
Probab. Statist., vol. 46, no. 4, pp. 1055-1079, 2010. doi: 10.1214/09-ATHP342.

. 1. Nourdin, “Selected Aspects of fractional Brownian motion”, Springer, 124 p.,

2012. doi: 10.1007/978-88-470-2823-4.

K. Kubilius, Yu. Mishura, and K.Ralchenko, “Parameter Estimation in Fractional
Diffusion Models”, Bocconi & Springer Series, 380 p., 2017. doi: 10.1007/978-3-
319-71030-3.

Y. Mishura, K. Ralchenko, and G. Shevchenko, “Existence and uniqueness of a mild
solution to the stochastic heat equation with white and fractional noises”, Theor.
Probability and Math. Statist., 98(2019), pp. 149-170. Available: https://doi.org/
10.1090/ tpms/1068

O. Banna, Yu. Mishura, K. Ralchenko, and S. Shklyar, Fractional Brownian Motion.
Approximations and Projections. Wiley-ISTE, 2019. 288 p. doi: 10.1002/9781119476771.

Ilocmynuna 29.01.2021

INFORMATION ON THE ARTICLE

Viktor G. Bondarenko, ORCID: 0000-0003-1663-4799, Educational and Scientific
Complex “Institute for Applied System Analysis” of the National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Ukraine, e-mail:
bondarenvg@gmail.com

ON SOME STATISTICS OF FRACTIONAL BROWNIAN MOTION /
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Abstract. Fractional Brownian motion as a method for estimating the parameters of
a stochastic process by variance and one-step increment covariance is proposed and
substantiated. The root-mean-square consistency of the constructed estimates has
been proven. The obtained results complement and generalize the consequences of
limit theorems for fractional Brownian motion, that have been proved in the number
of articles. The necessity to estimate the variance is caused by the absence of a base
unit of time and the estimation of the covariance allows one to determine the Hurst
exponent. The established results let the known limit theorems to be used to con-
struct goodness-of-fit criteria for the hypothesis “the observed time series is a trans-
formation of fractional Brownian motion” and to estimate the error of optimal fore-
casting for time series.

Keywords: fractional Brownian motion, parameter estimation, statistical hypothesis
testing.

MPO JAESIKI CTATUCTUKU ®PAKTAJBHOI'O BPOYHIBCBKOI'O PYXY /
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AHoTamis. 3anponoHOBaHO i OOTIPYHTOBaHO METOJ OLIHIOBAHHS MapaMeTpiB CTO-
XaCTUYHOTO MpoLecy — (pakTalbHOro OPOYHIBCBKOTO PyXy — OHCIIEpCii Ta OAHO-
KpOKOBOI KoBapiatlii npupocTiB. JIoBeCHO CepeHbOKBAIPATHYHY KOHCUCTCHTHICTD
no0ynoBaHux OLiHOK. OTpHMaHi pe3yJibTaTH JONOBHIOIOTH Ta Y3arajJbHIOThH
HACJIJKK 3 TPAHUYHUX TEOPEM Ul (paKkTaIBbHOTO OpPOYHIBCBKOTO PyXy, SIKi JOBe-
JICHO B psfi mpaib. HeoOXiAHICTh OIIHIOBAHHS JHCIEPCii 3yMOBICHO BiJICYTHICTIO
€TaJIOHHOI OJMHHUIII Yacy, a OL[iHKa KoBapiawii 03BOJIsIE BU3HAYUTH MOKa3HUK Xap-
cTa. YCTaHOBIICHI Pe3yJIbTaTH JO3BOJISIOTh BUKOPUCTOBYBATH BiOMIi IpaHUYHI TEO-
peMu B 00y JOBi KPUTEPIiiB 3roAN AJIS TIMOTE3U «CIIOCTEPEIKYBAHUN YaCOBHM PsJ €
peamizaii€lo GppakTaabHOTO OPOYHIBCHKOTO PyXy» Ta OLIHUTH MOXHOKY ONTHMAlb-
HOTO TIPOTHO3y YacOBOTO PSAAY.

KurouoBi cioBa: ¢paxranbHuil OpOYHIBCHKHI pyX, OLIHIOBAaHHS [apaMeTpiB, Ie-
peBipKa CTAaTUCTUYHHX TilOTE3.
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QUINTILE REGRESSION BASED APPROACH FOR
DYNAMICAL VAR AND CVAR FORECASTING USING
METALOG DISTRIBUTION
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Abstract. The paper proposes a new method of dynamic VaR and CVaR (ES) risk
measures forecasting. Quantile linear GARCH model is chosen as the main forecast-
ing model for time series quantiles. To build a forecast, the values of quantiles are
approximated by the metalog distribution, which makes it possible to use analytical
formulas to evaluate risk measures. The method of VaR and CVaR forecasting is
formulated as a step-by-step algorithm. At the first stage, an initial model is built to
obtain variance estimates. The predicted variance values obtained from the con-
structed model are used at the second stage to find the QLGARCH model coeffi-
cients by solving the minimization problem. At the third stage, the QLGARCH
models are estimated on a non uniform quantile grid. The obtained predicted values
of quantiles are used to estimate the approximating metalog distribution. The inves-
tigated theory is applied to VaR and CVaR forecasting for time series of daily log
return of the DJI index.

Keywords: VaR, CVaR, Expected Shortfall, dynamic risk measures, forecast,
Quantile LGARCH model, metalog distribution.

INTRODUCTION

The purpose of this study is to develop the new method of dynamic VaR and
CVaR risk measures estimation and forecasting. VaR and CVaR are classic
measures that are used in financial risk assessment [1]. In the practice of VaR and
CVaR estimating for a random variable that describes the profitability of a finan-
cial instrument, two main approaches can be distinguished. The first approach is a
nonparametric estimation method that is based on an empirical distribution func-
tion. The disadvantage of this estimation method is the critical dependence of the
effectiveness of the method on the presence in the initial data of values that arise
with low probabilities [1]. The second approach is parametric, based on a priori
estimation of the distribution function, which is the main disadvantage of this ap-
proach [1].

In time series analysis, in particular, in time series forecasting, in addition to
static risks measures, in practice it becomes necessary to build more complex risk
models, which take into account the changes of the series over time. In this case,
to estimate risk measures, various time series models can be used, such as, for
example, ARMA, GARCH. With this approach, the problem of risk measures
modeling is reduced to the estimation of a model for variance and finding static
risk measures for its residuals using parametric or nonparametric methods.
Examples of this approach are described in [2—4].

The described above approaches of evaluation of risk measures are based on
the construction of a cumulative distribution function on the full space of events.

© G. Zrazhevsky, V. Zrazhevska, 2021
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At the same time, to estimate risk measures, it is sufficient to evaluate only the
quantile of a given level (for VaR) or the distribution of values exceeding a given
level (for CVaR). At the same time, from a practical point of view, the most sig-
nificant is the distribution for a relatively small subset of the event space leading
to extreme consequences. Accordingly, it is possible to simplify the forecasting
task by using the quantile regression model proposed in [5, 6] contains a detailed
description of the theory of quantile regression estimation applicable to standard
time series models. Since financial time series, as a rule, are characterized by ra-
ther strong volatility, quantile GARCH models are popular for risk analysis. The
problem of building quantile models of the GARCH class and their application in
VaR forecasting for the series of log returns of stock market indices is considered,
for example, in [7, 8].

One of the possible approaches for fitting of the GARCH model residuals
distribution is to use the metalog distribution proposed in [9]. This choice is based
on the simplicity of quantile formulas and the availability of a sufficient set of
parameters of this distribution for an adequate fitting of empirical data of various
nature. Thus, in [10], the metalog distribution is used in the development of the
extended FAIR-BN combined approach for cyber security risk assessment. In [11],
the five-term metalog distribution is used to forecast fertility rates in Canada. SPT
(symmetric-percentile triplet) metalog distribution is used in [12] to statistically
compare the forecasts of annual production in the oil and gas industry in Norway.
In [13], the metalog distribution is used for dynamic risk measures VaR and
CVaR estimating based on a heteroscedastic time series model, taking into ac-
count the strong dependence of the data series. The method of smoothing of the
autocorrelation function is used for variance modeling. A metalog distribution is
proposed to use for risk measures model residuals estimating. The paper proposes
two methods of metalog distribution estimating and explicit analytical formulas
for VaR and CVaR modeling and forecasting with different numbers of members
in the metalog distribution.

A large number of publications devoted to the risk measures estimation and
forecasting testifies to the applied significance of this problem. At the same time,
the task of developing the new methods and approaches for risk modeling, which
more fully reflect the nature of the modeled series, remains relevant. Most of the
forecasting methods are based on the estimation of the entire distribution func-
tion. On the one hand, this is an overstated requirement for the model, and on the
other hand, it often leads to an incorrect description of tails of distribution. There-
fore, in this paper, it is proposed to build volatile models only for the tail parts of
the distribution. In this case, the obtained point values of the quantiles can be
smoothed, for example, by metalog distribution.

MATERIALS AND METHODS

On the probability space (Q2,®,, P) a time series {u,, t €T} with a finite mean is
considered (@, is the information set containing all available at the time t infor-
mation about the time series).

For a fixed confidence level o risk measure VaR| is defined as the condi-

tional oo — quantile of the CDF of u,: VaR' =F '(a). The risk measure
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o
CVaR! is defined as the integral: CVaR!, = E,[uz|u; <-VaR.]= L j VaR; dy,
a
0

(a<0.5), where E,[-] denotes expectation with respect to @, . In this paper, the

continuity of the CDF is assumed.

As indicated in the introduction, most methods for dynamic VaR and CVaR
risk measures forecasting are based on time series modeling. The GARCH models
are among the models that describe volatility of financial time series. In this pa-
per, we consider the Linear GARCH model LGARCH (p,q). This model is fre-

quently used for fitting log return volatility time series and appropriate for quan-
tile regression because of its linear structure [7].

The time series {u,, t=0,1,2,...} follows LGARCH (p, q) process if:
q P
Uy =GC&, Gz=B0+Zyt‘|ul—i|+zﬁjcl—j’ (1
i=1 j=1

where {g,} are independent, identically distributed random variables with zero
mean and a conditional distribution function F,(-), By > 0; (v{,Y2,--»Y q)T eR?.

Using the heteroscedastic time series model, the dynamic risk measures can
be found under the following formulas [1]:

VaR! =VaR,(¢)c,, CVaR' =CVaR, (¢)o,, )

where the model for o, is defined in (1), VaR,(¢) and CVaR,(€) are static risk

measures at time ¢. Then the P step forecast for dynamic risk measures can be
found by model (2) extrapolation:

VaR'*" =VaR, (e)o,, p, CVaR'"" =CVaR, (e)o,, p. (3)
In this work, the following methods are used to evaluate static risk measures

VaR,(e), CVaR,(¢).

Historical simulation method. Let X be a random variable and its sample
values are X,X,, ..., X . In accordance with the historical simulation method,

an empirical distribution function is constructed on the sample values. Then ac-
cording to [14]:

VaR, = —Xyqop) » CVaR, = (Z X J/ ([Na]) 4)

where X ) S Xy <. <Xy

Using Student’s ¢-distribution. If the random variable has the local scale
Student’s #-distribution with the parameters p, ¢ and the degrees of freedom
L > 2, then the risk measures can be calculated as (see [14]):

-1 -1 2
po B @ ot W@?

where g, (-) is the standard PDF and t0_1(~) is the inverse standard CDF value
at a of ¢ -distribution.

VaR, =u+ot, (o), CVaR,
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Using metalog distribution. Suppose that X has a metalog distribution
Fy (x), that is defined by a quantile function M, (o,a(X,a)) [9]:

a, +a,In “ , n=2;
I+a
al+a21nlfa+a3(a—o,5)1nlfa , n=3
a a ‘
M, (a,a)= al+a21nl+a+a3(0t—0,5)ln1+a +ay(a—-03%), n=4
n-1
M, +a,(a-05) 2, for odd n>5;
n
M, +a,(a-0,5)? hllja, for even n> 5.

The coefficients @ = (a;,d5,..,a,)" can be found as a solution of the system
of equations:
a=[Y, Y,V X, (6)

where X =(X,X5,....X N)T , the matrix Y is defined through a set of quantiles

n

with levels @ = (at;,0p,....,05)" = (Fy (X)), Fy (Xy),es Fy (X )" [9].
Following the definitions, risk measures can be found under the formulas:

VaRy (X) = ~M, (@a(X)); )
CVaRy,(X) =~ [ M, (v.a(X))dy.
o

Explicit formulas for CVaRj ,(X) estimating with different number of

members of the metalog distribution were obtained in [13]:

CVaRa,n =
a1+a2(ln(l:a)+ln OLN), n=2;
a l-a
as ~ a
CVaRg ,(X)+—|1+(a-D)In——= |, n=73;
’ 2 I-a
CVaRg 5(X) + w n=4:
= 2 n-1 ntl ntl 8)
CVaRg , ,(X)+ N(l"" ) (~1) 2 (0,5 2 +(3—05) 2 | for odd n>5;
’ oll+n
2-n
22aq - -
CVaRy ,_(X)+ —" 220 —1)2arctg(2a — 1)+ nG +
n+2
+In(1-a)+ (1) 2 Inq, for even n>6.

where
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G=3 F[LL,1-7/;2,2; 2]+ (@ —1); F[1,1,1-

X 2,2; 2-2a]+

n/ .

2 H
W _

+ (=120, F[1L1-" ’E 2.2; 2a],

3 F5[cr,¢y,c05; dy,dy; 2] is generalized hypergeometric function.

For determining the parameters of the metalog distribution the Quantile
Metalog Method is proposed in [13]. This method uses the approximation of the

empirical distribution function by sample quantiles X =(t,, e Tay )T , where
X ((na;14+1)5 if na; is not integer;
=< 0 —0: 1 . . .
Fo a—ocl X(a) +?O;X(a), if no; is integer;
no;] o; +1
a:[ l]a a:[n : ],(1,'6(0,1).
- n

Thus, the classical approach to risk measures forecasting (3) involves building
a model for variance estimating, obtaining model residuals, and using methods for
static risk measures VaR, (¢), CVaR,(¢) estimating.

Another approach is based on estimating of quantile time series models,
which makes it possible to directly simulate the time series quantile of a given
level. In this paper, in accordance with (1), the QLGARCH model is considered
(see [6-8]):

0, (0, )=6,(1)"z,, ©)

where O, (r|(Dt_1) is a conditional t — quantile for {u}, z, =

= (1,61 O ottt g s 0, (DT = (BouBroveaB o1 1) F (2 = (B (1),

B1(T)sees By (D)5 11(T)s, 74 (D))

The paper proposes the following methodology for dynamic VaR and CVaR
forecasting. Model (9) is used to construct a set of quantiles. For a more detailed
description of the left tail of the CDF, the quantile levels can be found on a non
uniform grid. Assuming that the obtained set of quantiles can be fitted by the
metalog distribution, the quantile function M, (o, a(X,a)) is estimated using (6).

seeey

To obtain forecasts of risk measures, formulas (7), (8) are used. The practical im-
plementation of the method is formulated as a step-by-step algorithm.

AN ALGORITHM FOR CONSTRUCTING THE DYNAMIC RISK MEASURES
VAR AND CVAR FORECAST BASED ON THE METHOD QLGARCH -
METALOG

1. Building a variance model to get estimates. The model LGARCH (p,q)

(1) is written as ARCH(®): o, =a+ Zocj‘u,_j
j=1

, where the coefficients j
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satisfy summability conditions implied by the regularity conditions [6]. Due to the
assumption of regularity, the coefficients decrease geometrically, therefore, the
model can be reduced to ARCH (m). The appropriate lag for reducted ARCH
model is chosen on the base of significant values of ACF and PACF for squared
values of returns (values that is more than confidence bounds). Estimates of o

can be obtained in various ways. QMLE is used in this work. The fitted model is
used to obtain estimates &,,...,G,_ ),

i=0,p. (10)

ut]t

m
z a;
2. Building a set of quantiles predictive estimates. To obtain estimates of
the t-quantile for u, , the QLGARCH model (9) is used. The orders of the model
p, q can be estimated using Akaike Inform Criteria (AIC) and Hannan-Quinn
Inform Criteria (HQIC). It is also possible to use Bayes Inform Criteria (BIC) and
Shibata Inform Criteria (SIC). To estimate the vector of parameters O(T)T, the
minimization problem is solved using the quantile regression estimation in the

form (see [8]):
min 3. (u, -0(0)"2,), (11)

where p(u)=u(t—I(u<0)) is a check function, z,=(1,6,,...,6,_,,

. ut,q‘)T taking into account that the estimates &,_,,...,5,_ p were obtained at

step 1 (10). The solution of the unconstrained minimization problem (11) makes it
possible to estimate the 1 -quantile for #, in the form:

Qu, (1:|CDt71) = é(T)Tét .
At this step, a grid of 7,-quantiles, i=1,N, is constructed and the problem
(11) is solved N times. For every quantile regression with t,, i = LN the quan-
tile estimates are Qut (t;) = ét(r,-)T 2, i=1,N . In this case, the predicted values

of the conditional quantiles are calculated by  extrapolation

. AT . . .
0, (t)= 0(t;)" 2,41, where Z,,, = (Lct:---:cz—p+1=|uz

T A
g and &

PYRET)

i=0, p—1 are obtained at the first step of algorithm (10).
3. Risk measures forecasting. The predictive quantiles QAqu (ty)see-
..,QAut+l (ty) (from previous step) are fitted using the metalog distribution. Esti-
mates of the metalog distribution parameters a = (d,d,,....a,)" are found in ac-
cordance with (6), where X = (QAqu (1:1),...,QAqu (1:N))T , o= (11,12,...,1N)T.
Specifying the quantile function M, (d,a) for a given level d allows the use of

analytical expressions (7), (8) to find the predicted values VaRgrl and C VaR(t{rl .
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EXPERIMENT, RESULTS AND DISCUSSIONS

Proposed algorithm was applied for dynamic risk measures VaR,,, CVaR,,

forecasting for the time series of daily log returns of the Dow Jones Industrial
Average index (the DJI time series). The sample length was 3500 values from
2007/02/16 to 2021/01/11. The forecast model was based on 1500 historical val-
ues and was extrapolated one value forward. After that, the modeling window was
one step shifted, and the model was rebuilt. The procedure was repeated 2000
times (Rolling Forecast Method). The obtained one-step forecasts were compared
with real values for the corresponding period of time. To obtain variance esti-
mates (10), the model ARCH(30) was built. Based on the historical values of the
time series and the estimated variance values, quantile LGARCH (p,gq) models

were built for different levels of quantiles. The orders of the models were found
using the AIC and HQIC criteria: p =3, ¢ =3. For more detailed description of

the left tail of the distribution, the non uniform grid of quantiles was used: t; =ih,

h=0,01 for i =1,20, and 4 =0,05 for i =5,19. Estimates of the parameters were
obtained using QMLE. The estimated models were used to generate one-step
quantile predictions. The predicted quantile values were used to estimate the met-
alog distribution. Using (6), the estimates for the coefficients of the metalog dis-
tributions for n=4,5,6,7 were obtained. Risk measures estimates were calculated
using formulas (7) and (8). The results were obtained using R packages rugarch
[15] and quantreg [16].

The results of dynamic VaR and CVaR risk measures forecasting using the
QLGARCH - Metalog (rq_met) method are shown in Fig. 1 along with the
historical values (the first 1500) and the real values (1501-3500) of the DJI time
series. As can be seen from the graph, the obtained forecast estimates describe the
dynamic behavior of the time series quite well.

Dynamic VaR and CVaR

0.1

n g .
gl P Pl B

02 | time
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Fig. 1. Historical data of the time series of daily log return of the DJI index (/ — TS re-
turns) from 2007/02/16 to 2021/01/11 and the forecast values for VaR)"' (2— VaR(0,1))

and C VaRéjrll (3 — CVaR(0,1)) obtained by the QLGARCH — Metalog method (n=35)
for the period 2013/02/01 —2021/01/11
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Historical data and the forecast values of dynamic risk measures over a short
period of time is shown in Fig. 2 for more convenient visual analysis.

Dynamic VaR and CVaR
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Fig. 2. Historical data of the time series of daily log return of the DJI index (I —
TS returns) and the forecast values for for VaR{"' (2 — VaR(0,1)) and CVaR{}!

(3 — CVaR(0,1)) obtained by the QLGARCH — Metalog method (7 =5) for the
period 2019/10/31 —2020/08/18

For a comparative analysis of the effectiveness of the proposed method, a
forecast of dynamic risk measures for a given time series was built with standard
approach on the basis of a heteroscedastic model (3). To estimate the variance, the
LGARCH(3,3) model was considered. The AIC and HQIC criteria were used to
determine the orders of the model. The QMLE was used to estimate the model
coefficients. To determine the risk measures for the residuals of the
LGARCH(3,3) model, the following methods were used: the Historical simulation
method (4) (hist method), explicit formulas (5) under the assumption that the
model residuals have the local scale t-distribution (tLS method), explicit formulas
(7), (8) based on Quantile Metalog Method for n=4,5,6,7 (metal method).

The analysis of the constructed forecast estimates was carried out using the
backtesting procedure. The following tests were used in the work:

o for VaR estimates: the Kupiec test (LRuc), Christoffersen’s independence
test (LRind), PoE statistics [17];

e for CVaR estimates: two tests proposed in [18]: one-sided simple condi-
tional calibration test (scc 1) and two-sided simple conditional calibration test
(scc_2); three regression based backtests proposed in [19]: the auxiliary ESR
backtest (Aux), the strict ESR backtest (Str), the intercept ESR backtest (Int).

The p-values of these tests are shown in Table 1. Table 2 shows the PoE sta-
tistic values for the forecast estimates of dynamic risk measure VaR.
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Table 1. The results of the qualitative analysis of the forecast estimates of
dynamic risk measures VaR and CVaR for DJI time series

Risk meashure

Method VaR CVaR
LRuc LRind scc_1 scc 2 Aux Str Int
hist 0,0677 0,0091 | 0,0866 | 0,0076 | 0,6453 | 0,6191 |0,5824
tLS 0,4582 0,3359 | 0,0657 | 0,1136 | 0,5364 | 0,5286 |0,4710

metal, n=4 0,1497 0,0802 | 0,2301 | 0,0625 | 0,6980 | 0,7289 |0,6267
metal, n =35 0,1726 0,1497 | 0,2411 | 0,0630 | 0,6883 | 0,7338 |0,6461
metal, n=6 0,0945 0,0393 | 0,1251 | 0,0115 | 0,5707 | 0,6047 |0,5355
metal, n="7 0,0945 0,0474 | 0,1245 | 0,0098 | 0,5261 | 0,5521 |0,5180
rq_met, n=4 | 0,4983 0,7643 | 0,1572 | 0,0869 | 0,8454 | 0,8914 |0,8072
rq met, n=5| 0,8810 0,5796 | 0,2741 | 0,1808 | 0,8842 | 09164 |0,8475
rq met, n=6 | 0,4272 0,4072 | 0,1863 | 0,1082 | 0,8566 | 0,8931 |0,8121
rq met, n=7 | 0,5476 0,3655 | 0,2688 | 0,1757 | 0,8671 | 0,8940 |0,8450

Table 2. PoE statistic values for the forecast estimates of dynamic risk measure
VaR for DJI time series

metal rq_met
n=4 | n=5|n=6|n=7|n=4|n=5|n=6|n=7
PoE ]0,0879 | 0,1051 0,09045(0,09095|0,0889| 0,0889 [ 0,0954 | 0,0989 | 0,0944 | 0,0959

Method | hist tLS

As follows from Table 1, the worst estimates were obtained using the
historical simulation method (hist). In particular, as a result of applying the
Christoffersen’s independence test (LRind) for VaR and the two-sided simple
conditional calibration test (scc_2) for CVaR, hypotheses with a significance level
of 0,05 were rejected. This indicates the inapplicability of the historical
simulation method for predicting the values of the DJI time series. At the same
time, all tests showed consistently good quality of forecasts obtained by the
QLGARCH — Metalog method (rq met) and maximum p-value statistics
compared to other methods (tLS and metal).

In the article the metalog distribution with the different number of
parameters (n=4,5,6,7) was considered (see Table 1). An increase in the
number of parameters potentially increases the accuracy of the estimates, but can
lead to the problem of overfitting. As a result of the backtesting for forecasted
dynamic risk measures VaR and CVaR obtained with the Quantile Metalog
Method (metal), the choose of large n probably leads to overfitting. The estimates
of VaR and CVaR obtained using the metalog distribution for n =4 and n=5 are
consistently better than the estimates obtained using the same sample for n=6
and n=7. At the same time, the QLGARCH — Metalog (rq_met) method shows
less dependence on the number of parameters of the metalog distribution. The
results of the qualitative analysis for VaR and CVaR forecasts obtained by this
method are relatively uniform for all n. Although it should be noted that
according to the results of all tests, the highest quality forecasts for risk measures
were obtained at n=5. The best results of VaR forecasting (see Table 2)
according to PoE statistics is obtained also by rq_met method for n =35 (has the
least deviation from the target value of 0,1).
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The paper proposes a method that is a natural continuation of existing re-
search and methods devoted to dynamic risk models developing. It combines pa-
rametric and nonparametric statistical approaches to time series modeling. Practi-
cal application of the method shows its effectiveness in the case of risk modeling
for highly volatile financial time series. The simplicity of the method and its
background make it possible to recommend it for using in various fields. How-
ever, the determination of the restrictions on applicability of this method, as well
as the automation of the procedure for estimation of its parameters, requires fur-
ther mathematical research, in particular, the construction of asymptotic estimates
of the convergence of the model.

CONCLUSIONS

The paper considers the problem of dynamic VaR and CVaR risk measures mod-
eling and forecasting for financial time series. Since the VaR measure is a condi-
tional quantile of the distribution function of a given level, and CVaR for continu-
ous distributions can be specified as the average of the quantile function it is
proposed to use QLGARCH as a model for risk measures forecasting. The advan-
tage of using of this model is the ability to estimate and predict not the full distri-
bution, but the values of the quantiles of the required levels. Since the risk meas-
ures are determined for the tail part of the distribution, an non uniform grid is
used in the work, which makes it possible to detail the quantiles with a low level.
To smooth point values, it is proposed to fit a set of quantiles with metalog distri-
bution. This approach is also convenient due to the presence of explicit analytical
expressions VaR and CVaR for the metalog distribution. The proposed method for
dynamic VaR and CVaR risk measures forecasting is formulated in the form of a
step-by-step algorithm.

The proposed methodology was tested on the time series of daily log return
of the Dow Jones Industrial Average (DJI) index for the period from 2007-02-16
to 2021-01-11. Using the formulated algorithm, a set of one-step forecasts of risk
measures was obtained. An analysis of the quality of the forecasts was carried out
using various standard backtesting techniques on real data. The results were com-
pared with the forecasts obtained by standard methods that are based on the
LGARCH model and various assumptions about distribution of the residuals. The
carried out qualitative analysis of the obtained predicted values showed the effec-
tiveness of using the method proposed in this work and its advantage in compari-
son with standard methods.

The results of the work can be directly applied in dynamic risk modeling for
highly volatile time series, in particular, financial time series, and also can serve
as the basis for the development of new methods and algorithms for random proc-
esses prediction.
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IIPOrHO3YBAHHSI JWHAMIYHUX VAR I CVAR HA OCHOBI
KBIHTUJIBHOI PETPECII 3 BUKOPUCTAHHSIM METAJIOI' PO3IIOALTTY /
I'"M. 3paxeBcokuii, B.®. 3paxkeBchka

AHoTauisi. 3anponoHoBaHO HOBUl METO TUHAMIYHOTO TIPOTHO3YBaHHS Mip PH3UKY
VaR i CVaR (ES). fIk ocHOBHa MOJ€JIb IPOrHO3YBAHHS ISl KBAHTUIIIB YaCOBHX Psi-
niB obpaHo kBaHTWIBHY JiHiMHY Moaens GARCH. [Ins moOynoBu mporHo3y 3Ha-
YEHHS KBaHTHJIIB allPOKCHUMYIOThCS PO3IIOJIIJIOM METAJIOT, 110 103BOJISE BUKOPUCTO-
ByBaTH aHANITHYHI (OPMYyIH [Uisl OLIHIOBaHHSI Mip pH3UKY. MeToauKy
nporHo3yBanHs VaR i CVaR cdopMynb0BaHO y BUIIISI TOKPOKOBOTO aJITOPHUTMY.
Ha nepmomy erari OyayeTbcsi BUXiJHA MOJENb IJIsl OTPUMAHHS OL[IHOK JHCIepcil.
OTtprMaHi 3a MOZAEIUIIO 3HAYCHHS AUCIEPCil BUKOPUCTOBYIOTHCS Ha JPyroMy erari
Ui 3Haxo/pkeHHs KoedimientiB moaemi QLGARCH nuisxoMm po3B’s3aHHsS 3amadi
Minimizamii. Ha tpetbomy etami moneni QLGARCH oriHOOTECS Ha HEOAHOPIAHII
KBAaHTWJIBHIN ciTiii. OTpuMaHi NPOTHO3HI 3HAYCHHsS KBAaHTUIIIB BUKOPHUCTOBYIOTHCS
JUISl OL[IHKM HapaMeTpiB PO3MOALTy MeTaior. Po3pobieHuii MeTo]| 3aCTOCOBYEThCS
1o nporHosyBanHa VaR 1 CVaR mis gacoBoro psimy JorapudMidHOi JOXITHOCTI iH-
nexcy DIJIL

Kurouosi caoBa: VaR, CVaR, Expected Shortfall, nunamidni Mipu pusuky, mpo-
rHo3, kBauTwiIbHa Mozens LGARCH, po3mnoaii merasor.

MPOTHO3UPOBAHUE JUHAMMYECKHX VAR M CVAR HA OCHOBE
KBUHTUJIIBHOU PEITPECCHUU C MHCHOJB30BAHUEM METAJIOI
PACHIPEJAEJIEHUSI / T'.M. 3paxeBckuii, B.®. 3paxeBckast

AnHotamus. [IpennoxeH HOBBIA MeTOX AWHAMHYECKOTO IIPOTHO3HPOBAHHS Mep
pucka VaR n CVaR (ES). Kautunbnas nuneitnas monens GARCH BreiOpana B ka-
YeCcTBE OCHOBHOI MOJIENH IPOTHO3HPOBAHUS JUIS KBAHTWICH BPEMEHHBIX PSIIOB.
JInst oCTpOeHUs IPOTHO3a 3HAYEHHsI KBAHTHIICH alNIpOKCUMUPYIOTCS paclpeserne-
HHEM METaJIor, YTO MO3BOJISET UCIIOIb30BATh AHATUTHIECKHE (POPMYIIBI IJIsI OLICHKH
Mep pucka. Meroanka mporHosupoBanusi VaR m CVaR chopmynupoBana B Buae
HoImaroBoro anroput™a. Ha mepBoM sTame cTpoHTCsS MCXOIHAS MOJENb ISl MOJy-
YEeHUs OIEHOK Aucrepcru. IlomydeHHsle 0 MOAETH 3HAYeHHS JUCIEPCHH HCIOINb-
3yI0TCS Ha BTOPOM 3Tame il HaxoxaeHus kodddumumentoB momenmn QLGARCH
MyTeM peIIeHus 3agadn MuHUMH3amun. Ha tpersem stame mozemn QLGARCH
OIICHUBAIOTCA HAa HEOJHOPOJHOW KBaHTHIIbHOW ceTke. [lomyueHHble MpOrHO3HbIE
3HAYCHUS] KBAHTWIICH HCIIONB3YIOTCS AT OLEHKM HMapaMeTPOB PACIpenelIeHHs Me-
tanor. Pa3paboranHelii MeTo] mpuUMeHEH K nporHozupoBanuto VaR u CVaR s
BPEMEHHOTO psizia JorapudmMuueckoil foxoaHoctu uaaexca DIL.

Kawuesspie cioBa: VaR, CVaR, Expected Shortfall, nnanamudeckue mepsr prcka,
IporyHo3, keantuibHas Mojeins LGARCH, pacnpenenenue Meraior.
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