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Abstract

Based on the model of the nuclear shells, a computer model of the spatial structure of the atomic
nucleus was constructed. The application of the new approach, by analogy with the modeling of
the atom electron shell, allowed us to visualize the structure of the atomic nucleus. In the
presented spatial model, the concept of nucleon is also extended to include, besides protons and
neutrons, deuterons in the nuclear shell. The nature of quantum and magic numbers is clarified,
and the structure of the nuclear shell is shown. The resulting spatial arrangement of nucleons
clearly shows the presence of a fine structure in the nucleus. Adequacy of the model is confirmed
by correlations of the dependences of the nucleus radius on the charge number, as well as by the
curve of the asymmetric nucleus shape dependence on the charge number which almost entirely
coincides with a similar dependence of the electric quadrupole moment. The reasons for limiting
the number of isotopes existing in nature have been considered. Based on the results obtained,
equations for estimating the limiting number of isotopes in atoms for the NP-diagram have been
determined.

Keywords: atomic nucleus; model of the nucleus structure; nucleon; quantum number; magic
number; radius; asymmetry; isotope
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atomic nucleus // Research result. Information technologies. — T.7, Ne2, 2022. -
P. 3-18. DOI: 10.18413/2518-1092-2022-7-2-0-1

Muraus JI.B. KOMIIBIOTEPHASI BU3YAJITU3ALINSA
bonnapes B.I'. INPOCTPAHCTBEHHOU CTPYKTYPbBI ATOMHOI'O SAIPA

Benropockuii rocynapcTBeHHbIN HAllMOHAJIBLHBIN UCCIIEI0BATENbCKUN YHUBEPCUTET,
yi. [To6exst a. 85, r. benropox, 308015, Poccust

e-mail: Migal@bsu.edu.ru

AHHOTAIUSA

Ha ocHoBe Momenu sJepHBIX O000JIOYEK IPOBENEHO IIOCTPOCHUE KOMIBIOTEPHOW MOACTH
MIPOCTPAHCTBEHHON CTPYKTYPHI aTOMHOTO sifipa. [IpuMeHeHne HOBOTO MOAX0/a, 1O aHAJOTHH C
MOJICTUPOBAaHUEM 3JICKTPOHHOH OOOJIOYKM aToMa, IMO3BOJWIO IPOBECTH BU3YAIU3AIUIO
CTPYKTYpbl aTOMHOTO sifipa. B TmpejcTaBieHHOW MPOCTPAHCTBEHHONW MOJENINA TaKXKe PaclIupeHo
MOHSITUE HYKIOHA, KOTOPOE AOIOJHEHO BKJIIOYEHHEM B HET0 KpoOME MPOTOHOB U HEUTPOHOB,
TaKKe W JIEHTPOHOB, Pa3MEIICHHBIX B sIEpHON 00omouke. BriAcHeHa mpupoja KBaHTOBBIX U
Marmyeckux 4YHCeN, a TaKkKe I[oKa3aHa CTpPyKTypa sjaepHod obonouku. [lomydeHHoe
MIPOCTPAHCTBEHHOE PACIOJI0KEHHE HYKJIOHOB HATISAHO IMOKA3bIBAeT HAMYHME B SAPE TOHKOM
cTpyKTyphl. lloaTBepikIeHHEeM aJeKBAaTHOCTH MOCTPOCHHOM MOJETU SBISIIOTCS KOPPEIALUU
3aBHUCHMOCTEH paguyca sapa OT 3apsAOoBOTO 4YHCIA, a Takke KpUBas 3aBUCHMOCTH



HquHbIM Migal L.V.,, Bondarev V.G. Computer visualization of the spatial structure of the atomic 4
PE 3yanA nucleus // Research result. Information technologies. - T.7, Ne2, 2022

R pebeA Rt R E S U T

acUMMeETpUYHOCTH (GOpMBI sApa OT 3apsAfoBOro 4Hcia, KoTopas Ho (opme MpakTH4eCKu
MOJIHOCTBIO COBIIAAAECT C AHAJOTMYHOM 3aBHCHMOCTBIO JJIEKTPUUECKOIO KBaIPYIOIbHOTO
MOMeHTa. PaccMOTpeHBl NPHYMHBI OrPaHUYEHUS KOJIMYECTBA H30TOIOB, CYIIECTBYIOIIMX B
npupoge. Ha oOcCHOBe MONYy4YEHHBIX PE3YJIBTATOB ONPEIACIECHbl ypaBHEHMs Ui OLECHKHU
MPENEIbHOTO KOJIMYECTBA U30TONOB B aTOMax uisi NP-auarpaMMel.

KiroueBble cjioBa: aToMHOE SApPO; MOZENb CTPYKTYPBI sJipa; HYKJIOH; KBaHTOBOE YHCIIO;
Marm4eckoe YucCIo; paAnycC; aCHMMETPHS; U30TOI

Jass  nurupoBamms: Murans JILB., bonpmapes B.I. KomnbrotepHas Busyamuzanus

MPOCTPAHCTBEHHON CTPYKTypbl aromHoro siapa // HayuHblii pesynbrar. MHdopmanmoHHbie
texHomorun. — T.7, Ne2, 2022. — C. 3-18. DOI: 10.18413/2518-1092-2022-7-2-0-1

INTRODUCTION

At the present stage of the development of science, the study of features in the structure of atomic
nuclei is of particular interest. Here, the atomic nucleus is understood as a system of interconnected
nucleons, in which various changes in their relative position and the nature of movement are possible [1].
The complexity of the behavior of nucleons in various processes has led to the fact that a consistent
theory of the atomic nucleus has not yet been developed. Therefore, in order to simplify the theoretical
description of atomic nucleli, it is customary to use models based on the representation of the nucleus as
an object with well-known characteristic properties.

Nominally, nuclear models are divided into two classes — microscopic and collective [2]. The
behavior of individual nucleons of the nucleus is considered in microscopic models. Moreover, it is
believed that the movement of a single nucleon in the nucleus does not depend on the movement of the
rest. The collective models already take into account the consistent behavior of large groups of nucleons.

The most common microscopic model of the nucleus is the shell model [3], in which the energy of
the nucleons takes certain discrete values, that is, the nucleons are at certain energy levels. The shell
model of the nucleus describes the structure of nuclei in a mostly stable state. According to this model,
the nucleons in the nucleus are arranged in shells, and only a certain number of nucleons can be on each
shell. There are two systems of nucleon energy levels: one for neutrons, the other for protons, and each
system is filled with nucleons independently of each other. With an increase in the number of protons or
neutrons in the nucleus, certain numbers of nucleons appear, at which the binding energy of the next
nucleon is much less than that of the last one inhabited. Atomic nuclei with fully filled nucleon shells
have augmented stability. Atomic nuclei containing magic numbers are particularly stable 2, 8, 20, 28, 50,
82 for protons and neutrons, as well as 126 for neutrons [4].

In the nuclear shell model, single-particle conditions are characterized by a set of quantum
numbers: n, |, j, m [5]. Here n is the main quantum number, which numbers one-partial orbits with the
same lj in ascending order of their energy; | is the orbital moment of the amount of motion of the nucleon;
J is the total moment of the amount of motion of the nucleon and m is the magnetic quantum number,
defined as the projection of the moment of the amount of motion on the base axis. At the same time, to
estimate the position of nucleons in the nucleus, it is desirable to use such quantum numbers as orbital,
magnetic, as well as an additional quantum number introduced, called the basic quantum number [6]. The
model of nuclear shells is the basis of modern understanding of the structure of the atomic nucleus, in its
essence being a semi-empirical scheme that allows us to understand some patterns in the structure of
nuclei. However, it is not able to quantify the basic properties of the core consistently. So, for example, it
is not able to find out the order of filling shells theoretically, and, consequently, the magic numbers for
nuclear shells. Within the framework of this model, visualization of the ground state of the nucleus, which
can be represented in terms of the number of nucleons inhabiting individual subshells, could be of great
importance. The obtained information of this type could allow for a targeted verification of the predictive
predictions of various theoretical models.

The main tools for describing the characteristics of the nucleus, in addition to theoretical and
experimental research methods, can also be graphical methods of visual representation of the structure of
the atomic nucleus [7, 8]. A number of authors are actively working in this direction [9]. At the same
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time, along with the well-known classical models of the nucleus, a whole family of so-called lattice
models appeared. Thus, Garai [8] proposed to consider the formation of tetrahedrons consisting of
identical spheres arranged in an FCC packing, which can be extended by adding layers of equilateral
triangles arranged in a two-dimensional packing. If layers are added to the outer sides of the tetrahedron,
then in this case a core shell can be formed. Similar approaches were considered by a number of other
authors [7, 9, 10]. In addition, one can note the works of G. Anagnostatos [11], in which neutrons and
protons are considered as hard spherical balls. In this semi classical model, the nucleons on each shell are
in dynamic equilibrium, and their average positions correspond to the vertices of the polyhedron. The
shell dimensions are determined from the requirement of dense packing of nucleons; the wave functions
of nucleons are calculated in the potential of a harmonic oscillator, so this model essentially describes
atomic nuclei as crystals. The model quite well reproduces the experimental data on the binding energies
of nuclei, the root-mean-square radii of the charge and nucleon distributions.

Analyzing the above ways of surveying atomic nuclei, as well as the known models of the nucleus,
it was decided to choose as the goal of the work the construction of a computer model for visualizing the
spatial formation of the structure of the atomic nucleus, when it is described within the framework of the
shell model in accordance with a set of quantum numbers characterizing nuclear shells.

1. GENERAL FORMULATION OF THE PROBLEM

During the visualization process, we will take the statement about the possibility of considering the
atomic nucleus as a collection of nucleons located on one common axis and jointly rotating around this
axis as a single whole [12] as a basis. In this case, we will assume that the problem of describing the
spatial structure of the atomic nucleus is to determine the location of the nucleons in accordance with
their placement near the base axis of rotation of the nucleus. The nucleons themselves can be considered
as structureless material objects whose position in space can be set by three quantum numbers: basic,
orbital and magnetic (side) [6].

Let protons and neutrons inside nuclei exist not only in the form of independent particles, but also
bound proton-neutron pairs — deuterons (more complex nuclei in the framework of this model will not be
considered) [13]. A deuteron is formed by the fusion of a proton and a neutron into a separate particle,
and its shape may have some elongation exceeding the scope of a strong interaction. This fact affects the
size of the deuteron, whose radius is the value: Rq = 2.13 fm. It should be noted that the radii of the proton
and neutron are approximately the same and equal to r = 0.84 fm [9]. In addition, the deuteron has a small
mass defect, which allows us to assert that it is not a mechanically coupled p-n system, but can be
considered as an independent particle with its own characteristics.

In further consideration, we confine ourselves to the condition that all nucleons in the first
approximation have a shape close to spherical. However, at the same time, we note that the difference in
size of deuterons from protons and neutrons will have a significant impact on the properties of the atomic
nucleus, which will lead to some shift in the position of a number of nucleons.

At the next step of our consideration, we will determine a possible correspondence between
qguantum numbers and spatial coordinates. Thus, the axis of rotation associated with the base quantum
number X is the basis for the placement of s-particles [12]. Another quantum number I, related to the
orbital momentum, indicates the possibility of separating the nuclear structure into separate layers, such
as p-, d-, f-layer, etc. In this case, it is necessary to consider the nucleus as a system of particles, the
position of which is determined by using a cylindrical coordinate system [6]. In this case, the magnetic
guantum number m will be responsible for the number of particles installed in each of the considered
layers, for certain values of the base and orbital quantum numbers.

Summarizing the above surveyed, we can conclude that for us the most convenient coordinate
system, as well as for the electron shell of an atom, is a cylindrical system having a dedicated base axis,
which is associated with the base quantum number x. The other two components will be the quantum
numbers | and m, which are also analogs of coordinates [6].
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2. SIMULATION
Let us assume that the nucleus of an atom in a normal condition consists of neutrons N and protons
Z, as well as their possible combination in the form of deuterons. For the purpose of simplification, we
will consider only spherical nucleons. We will assume that the nucleons are placed on the corresponding
shells and subshells. Each nucleon is characterized by the following basic parameters: charge (proton),
radius of finite size and its position inside the nucleus, determined on the basis of quantum numbers. For
convenience of representation, taking into account the selected value of the orbital quantum number, each
of the protons can be associated with a specific color identifier (Table 1).
Table 1
Color identification of protons, according to the values of the orbital quantum number

Tao6numa 1
HBCTOB&H I/II[GHTI/I(l)I/IKaI_II/ISI IIPOTOHOB, B COOTBCTCTBHUH CO 3HAYCHUAMU 0p6I/ITaJ'ILHOFO KBAHTOBOI'O YHCJia

Orbital
guantum number
Colour Yellow | Green Red Blue Azure Violet

S p d f g h

We will look for a solution to the problem of forming a 3D-dimensional structure of the nucleus in
a way that uses a graphical representation of the shell model developed to represent the electron shell of
an atom [6]. However, the presence of two parallel shells — proton and neutron — makes it difficult to
build a model defining the nucleus from common unified positions. The way out of this situation is
possible when considering the scheme of the nucleus in the form of a set of structural cells with
subsequent settlement of their nucleons. To this end, we will divide the spatial region near the base axis
of the nucleus into separate cells, in each of which it will be possible to populate either only a proton or a
neutron, or together in the form of a deuteron.

In the first approximation, we will assume that the deuteron is spherically symmetric, although, as
noted above, in reality it also has an ellipsoidal (cylindrical) shape. This statement is due to the fact that
the deuteron spends a certain part of its time in a form close to a sphere, but the "recession” of its
constituent nucleons makes it possible to consider its shape as cylindrical.

Let’s consider the general model of the atomic nucleus. It should be noted that according to this model,
the nucleus contains the so-called base nucleus zone consisting of 1s-protons, as well as the periphery zone
represented by 1p-protons. During the formation of a new shell, bonds arise at the level of individual protons
of various subshells.

If we consider the structure of the 1p-shell consisting of deuterons (Fig. 1), it can be noted that only
two of the three deuterons are in direct contact with the protons of the 1s-shell.

Fig. 1. Diagram of the spatial arrangement of deuterons in the structure of the 1p-shell
(the graphic image is shown perpendicular to the direction of the base axis)
Puc. 1. Cxema npocTpaHCTBEHHOT'O PACIOI0XKEHUS AEUTPOHOB B CTPYKTYpe 1p-060mouku
(rpaduueckoe n3o0pakeHUE MOKa3aHO MEPICHANKYISIPHO HAITPABJICHUIO 0a30BOM OCH)
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This fact leads to the presence of a set of 1p-protons having two different energy levels. Of course,
such a graphical description of the core structure is approximate, but it will be convenient enough for its
visual representation.

For fixation of the static nature of the structure, we will assume that there are no processes of
reconfiguration of protons near the nucleus in this model, with the exception of the occupation of
subshells by nuclear kainosymmetrics. There is no provision for taking into account the mechanical
inertia of particles determined by their mass, as well as taking into account their own rotational motion of
particles. We will also assume that all kinetic energy is concentrated only in the rotational motion of the
entire atom as a whole.

Summarizing all the explanations considered, it was decided, when conducting computer modeling
of the spatial structure of the atomic nucleus, to accept the following assumptions:

1. We can consider only nuclei that are in a normal state.

2. Nucleons have a spherical shape and a finite radius.

3. The nucleus as a whole is in a state of rotation around some selected base axis.

4. The modified Pauli principle determines the spatial arrangement of nucleons relative to each
other and is based on three quantum numbers: x, I, and m.

5. The magnetic quantum number m makes it possible to determine the number of nucleons placed
on a common plane perpendicular to the base axis at given values of the base and orbital quantum
numbers.

6. The principle of minimum energy determines the order of settlement of nucleons having different
values of potential energy.

7. The settlement of nucleons in the atomic nucleus occurs in accordance with previously
established principles and rules.

8. The mechanism of paired interaction of protons and neutrons is assumed, taking into account the
effects of proton-neutron pairing [13].

3. RESULTS AND DISCUSSION

3.1 THE LOCATION OF PROTONS IN THE NUCLEAR SHELL MODEL

Let us consider the possible configurations of closed and semi-closed subshells of the spatial
structures of atomic nuclei that arise during the occupation of the proton shell.

Atomic number Z = 2. Two protons cannot form a nucleus in the absence of at least one neutron
(Fig. 2).

To form a bond between protons, it is necessary to place at least one additional neutron in one of
the spatial cells. It is this neutron, which forms a neutron together with a proton, and will be considered as
the basis for the beginning of the formation of the nucleus of an atom.

Fig. 2. Diagram of the arrangement of protons in the nucleus model with Z=2 in the 1s? nuclear
configuration in a plane passing through the axis of rotation of the nucleus at an angle of 45°
Puc. 2. Cxema pacrionokeHne MPOTOHOB B MOJENH sAapa ¢ Z=2 B sAepHOii KoH(uryparun 1s° B
IIJIOCKOCTH, l'IpOXOIISII.I.[CfI 4Cpe3 OChb BpalllCHUA dJpa Mo/ YIJIOM B 450

In other words, a deuteron can be taken as the power center of the nucleus, to which other nucleons
will be added.
Atomic number Z = 8. Figure 3 shows the structure of the nucleus with a charge number Z = 8.
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a) b)

Fig. 3. Diagram of the arrangement of protons in the nucleus model with Z=8 in two projections:
a) in plane passing through the axis of rotation of the nucleus at an angle of 45°;
b) in plane perpendicular to the axis of rotation and passing through the center of the nucleus.
© — s-protons, @ — p-protons
Puc. 3. Cxema pacnonoxeHue NpoTOHOB B MOJIENH sifipa ¢ Z=8 B IByX MPOEKIIUIX:
a) B IJTOCKOCTH, IPOXOJIAILIEN Yepe3 OCh BpalleHus AJipa ol yriom B 459
b) B muiockocTH, EPIIEHANKYIIIPHON OCH BPAIICHHUS M MTPOXOISIICH yepe3 HEHTP siIpa.
© — S-IpOTOHBI, ® — P-IIPOTOHBI

When surveying this closed shell, one can clearly see the division of the 1p shell into two parts,
having 4 protons in contact with the lower 1s-shell and 2 protons located at a slightly greater distance
from the 1s-protons (Fig. 3b). For example, in the 1p-subshell, the first 2 protons occupy cells with a
positive base quantum number, the next 2 with a negative value of this number. The remaining 2 protons,
respectively, also have the same potential energy values when occupied, for different signs of the base
quantum number.

Atomic number Z = 20. To obtain a closed shell with atomic number Z = 20, formed by colonizing
with protons a 1d-shell with a capacity of up to 10 protons (Fig. 4).

ay b)

Fig. 4. The arrangement of protons in the model of the nucleus with Z = 20 in two projections:
a) in plane passing through the axis of rotation of the nucleus at an angle of 45°;
b) in plane perpendicular to the axis of rotation and passing through the center of the nucleus.
¢ — s-protons, © — p-protons, ® — d-protons
Puc. 4. Cxema pacronoxeHus MPOTOHOB B Mojiesn sipa ¢ Z=20 B IBYyX MPOSKIIHSIX:
C) B INIOCKOCTH, MPOXOASAIIEH uepe3 OCh BpallleHUs sApa Mo yriioM B 459
d) B ruToCKOCTH, TIEPIIEHANKYIIIPHON OCH BPAIIEHUS M MPOXOISAIIECH yepe3 IEHTP sipa.
€ — S-poTOHBI, ® — P-TIPOTOHBI, ® — U-MPOTOHBI

Here it is also possible to obtain the separation of the 1d-shell into two parts having, respectively,
6 and 4 protons (Fig. 4b).

Atomic number Z = 28. Adding 8 more f-subshell protons to the nucleus, we get the following
magic number Z = 28 (Fig. 5).
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a) b)
Fig. 5. The arrangement of protons in the model of the nucleus with Z = 28:
a) in plane passing through the axis of rotation of the nucleus at an angle of 45°;
b) in plane perpendicular to the axis of rotation and passing through the center of the nucleus.
© — s-protons, © — p-protons, ® — d-protons, ® — f-protons

Puc. 5. Cxema pacnonoxeHusi IpOTOHOB B MOJIEINH sifjpa ¢ Z=28:

C) B IUIOCKOCTH, MPOXOIAIIEH Yyepe3 OCh BpallleHHs spa Mo yIiioM B 45%;

d) B MI0CKOCTH, TIEPIICHANKYIIAPHONW OCH BPAIICHUS M IPOXOIAIICH Yepe3 LEHTP spa.

© — S-IPOTOHBI, ® — P-NPOTOHBI, ® — d-MPOTOHBI, @ — f-IPOTOHBI

Let us turn our attention to the shape of the nucleus (Fig. 5b). Unlike nuclei with Z =8 and Z = 20,
which have a slight elongation in the horizontal position, there is also some asymmetry of the nucleus, but
in the vertical direction. Both in the previously considered nuclei, and in this case, the difference between
the shape of the nucleus and the symmetric one is minimal.

Atomic number Z = 50. Let's move on to another semi-closed 1g-shell, which is part of the nucleus
having atomic number Z = 50 (Fig. 6).

a)

Fig. 6. The arrangement of protons in the model of the nucleus with Z = 50:

a) in plane passing through the axis of rotation of the nucleus at an angle of 45°;

b) in a plane perpendicular to the axis of rotation and passing through the center of the nucleus.
¢ — s-protons, @ — p-protons, @ — d-protons, ® — f-protons, @ — g-protons
Puc. 6. Cxema pacnoioxeHus MPOTOHOB B MojieNH sipa ¢ Z=50:
a) B IUIOCKOCTH, MPOXOJISIIEH Yepe3 0Ch BpallleHHs spa Mo yIrioM B 45°;
b) B mimockocTH, IEPIIEHANKYIIPHON OCH BPAIIEHUS M MPOXOISIICH Yyepe3 IEHTP siapa.
€ — S-IpOTOHBIL, © — P-IPOTOHBI, ® — d-TIpoTOHEL, ® — f-pOTOHEL, ® — §-TIPOTOHEI



HquHbII/I Migal L.V.,, Bondarev V.G. Computer visualization of the spatial structure of the atomic 10
PE 3yan AT nucleus // Research result. Information technologies. - T.7, Ne2, 2022

RESEARCH RF‘;UIT

Here, the occupation of spatial cells is carried out in accordance with the scheme of the arrangement
of the energy levels of protons [14]. First, 2p-subshell protons and the remaining 1f-subshell protons are
placed, and then part of the cells and 1g-subshells are occupied.

Atomic number Z = 82. The nucleus with a charge number Z = 82 (Fig. 7) at first glance does not
have a completely symmetrical shape. However, the horizontal “extension” of protons compensates for
this fact, bringing the nucleus with the considered atomic number to an almost symmetrical shape.

Fig. 7. The arrangement of protons in the model of the nucleus with Z = 82:
a) in plane passing through the axis of rotation of the nucleus at an angle of 45°;

b) in a plane perpendicular to the axis of rotation and passing through the center of the nucleus.
¢ — s-protons, @ — p-protons, @ — d-protons, ® — f-protons, ® — g-protons, ® — h-protons
Puc. 7. Cxema pacrnosoxeHus IpOTOHOB B MOJIeNH sijipa ¢ Z=82:

a) B IUTOCKOCTH, MPOXOJISIICH Yepe3 0Ch BpalleHHS spa MO YoM B 45
b) B mockocTH, MEPHEHANKYIISIPHON OCH BPAILICHUS U MPOXOSIIEH yepes LeHTP sapa.
© — S-IpOTOHBI, ® — P-NIPOTOHBI, ® — d-MPOTOHBI, @ — f-IPOTOHBI,
© — g-poTOHbI, ® — h-IIPOTOHBI

Due to the uncertainty in the order of proton population, we will take as a basis the known
experimental data on the determination of the electric quadrupole moment [14]. When structural cells are
occupied with protons from Z= 54 to Z= 70, they are simultaneously occupied with neutrons, which
distort the order of filling the proton shell. This leads to the initial occupation of all protons in cells
having a positive base quantum number up to and including 1h-subshells. It should be noted here that in
the process of proton occupation at this interval, neutron occupation of cells with both positive and
negative base quantum numbers occurs in parallel. This process leads to the appearance of nucleus
asymmetry, which is reflected in the magnitude of the electric quadrupole moment. With the further
filling of the structural cells, the proton occupation of cells with a negative base quantum number already
occurs.

Atomic number Z = 112. At the end of our survey of the spatial structure of the atomic nucleus, we
will focus on the nucleus with the charge number Z = 112 (Fig. 8).
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Fig. 8. Diagram of the arrangement of protons in the nucleus model with Z= 112:
a) in plane passing through the axis of rotation of the nucleus at an angle of 45°;

b) in plane perpendicular to the axis of rotation and passing through the center of the nucleus.
¢ — s-protons, @ — p-protons, @ — d-protons, ® — f-protons, © — g-protons, ® — h-protons
Puc. 8. Cxema pacronoxeHus mpoTOHOB B MOJIeNH sifpa ¢ Z=112:

a) B IJTIOCKOCTH, IPOXOJIAILIEN Yepe3 OCh BpalleHus Aipa ol yriaom B 459
b) B miiockocTH, EPIICHANKYIIPHON OCH BpAIICHUS M MTPOXOISIICH yepe3 HEHTP siIpa.
© — S-TIPOTOHBI, ® — P-TIPOTOHBI, ® — U-MPOTOHBI, @ — f-MIPOTOHHI,
© — §-IpOTOHBI, ® — N-IPOTOHBI

When cells are occupied with protons with charge numbers greater than Z = 82, similar processes
are repeated, in which there is also a unilateral filling of structural cells with protons having a positive
base quantum number. Therefore, initially only 5 protons will be populated in the 1h-subshell, then 7
protons in the 2f-subshell cells and at the end 3 p/3,+BX rotons in the 3p-subshell cells. And only then
will protons fill the cells of the same subshells with negative base quantum numbers.

3.2 SIZING OF THE ATOMIC NUCLEUS

The radius of the nucleus is usually called the distance from its center to the point at which the
density decreases by half compared to the density in the center [13]. Currently, data on the size of atomic
nuclei obtained by various experimental methods are known [14-16]. The standard deviation of the radius
values obtained experimentally lies in the range from 0.106 to 0.023 fm. The most accurate results on
measuring the size of nuclei were obtained by scattering fast electrons on nuclei and from mesoatom
spectra. There, measurements give the so-called root-mean-square electric radius of the nucleus.

Based on the proportionality of the binding energy of the nucleus to the number of nucleons N, it
was concluded that the radius of the nucleus R is approximately described by the empirical formula

R = ryN'/3, 1)

where ro= (1.0 1.1) fm. Another definition of the radius of the core is often used, approximating it with
a sphere of uniform density (without a blurred surface layer). In this case: ro = (1.2--1.3) fm. It follows
from formula (1) that the volume of the nucleus is proportional to the number of nucleons located in the
nucleus.

To determine the dependence of the radius of the nucleus on the atomic number, within the
framework of the model under consideration, it is necessary to estimate the distances of each of the
nucleons located in separate subshells from the center of the nucleus. At the same time, it is necessary to
take into account that two nucleons can be populated simultaneously in a separate cell — both a proton and
a neutron. The experimental data were taken from the work on the estimation of the radius of the nucleus
performed by 1. Angeli [15].
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Fig. 9. Dependence of the radius of the nucleus on the atomic number:
— experiment [Angeli]; — model (present article); — empirical influence by the formula (1) at
ro=1.1fm
Puc. 9. 3aBUCHMOCTD paauyca saapa OT 3apsAJ0BOro 4ucia:

— experiment [Angeli]; — model (zanHas cTaths); — SMIUpHYEcKas 3aBUCUMOCTb 110 Gpopmyiie (1) mpu
ro=1.1fm

As it can be seen from the dependence of the radius of the nucleus on the atomic number presented
in Figure 9, a comparison of the sizes of nuclei obtained by various methods allows us to reveal a certain
correlation of their trends. The model curve on the graph has a number of "steps™ indicating the filling of
cells of a certain layer. In a somewhat weakened form, such "steps" also take place with the results of
experimental investigation of the radius of the nucleus.

3.3 ASYMMETRY OF THE ATOMIC NUCLEUS

The difference between the distribution of electric charge and the spherically symmetric one in the
atomic nucleus is characterized by the electric quadrupole moment of the nucleus Q. If we assume that
the nucleus is an ellipsoid of rotation with a charge density constant in volume, then the quadrupole
moment can be determined by the formula [14]

Q =§Ee(b: —a), (2

where Z is the atomic number of the nucleus; b and a are the semi-axes of the ellipsoid along and perpendicular to
the axis of symmetry. It is known that nuclei with closed shells and subshells have zero quadrupole moment, and
the greatest values of quadrupole moments are for nuclei where the subshells are only partially filled.

To estimate the magnitude of the nucleus deformity, along with the electric quadrupole moment, we
introduce an auxiliary concept — the asymmetry of the nucleus A, which will be determined by summing the ratio
of the basic quantum numbers x of protons, each of which makes a certain contribution to the overall value of the
asymmetry, to the modules of the same numbers

A= 122 ik %0 @3)
T4l med(x) TPUFTE:

In order to compare the data on the electric quadrupole moment [17] with the results of the
calculation of the nucleus asymmetry, a coefficient numerically equal to 0.25 was additionally introduced
into formula (3).
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When constructing the dependence of the asymmetry of the nucleus on the charge number, we do not
have a clear unambiguous representation of the order of the nucleon occupation of the atomic nucleus. For
this reason, it was decided to fill the proton shell by taking into account the behavior of the dependence of the
electric quadrupole moment on the number of installed protons [13]. With this approach, it was found that
after Z = 54, occupation already takes place unilaterally, without sequential installation of protons in
accordance with their energy levels. The probable reason for this "behavior" of protons may be an increased
number of neutrons, the presence of which affects the order of occupation of proton shell particles.

"
8.0

Asymmetry, A

0 0 20 0 40 50 /60 V0 BD 90 100 110 1200 130

Charge number, Z

Fig. 10. Dependence of the asymmetry of the nucleus on the atomic number
Puc. 10. 3aBUCUMOCTh aCUMMETPHH Spa OT 3apsS0BOTO YKCTIA

The analysis of the obtained dependence of the asymmetry of the nucleus A on the charge number Z
shows that in this graph (Fig. 10) it can be distinguished as standard magic numbers 2, 8, 20, 28, 50, 82, 126,
and additional — 6, 14, 16, 32, 40 and 58. In addition, there are a number of extreme values for the
asymmetry of the nucleus, of which 45, 54, 70 and 104 are the most clearly expressed. The calculated data
obtained confirm their close correspondence to the known results of experimental studies of both spherical
and deformed nuclei [19, 20].

3.4 ULTIMATE MASS NUMBERS OF NUCLIDES

Another example confirming the correctness of the chosen approach to the representation of the
spatial structure of the atomic nucleus is the possibility of estimating the limiting mass numbers of
nuclides on the N-Z diagram. To analyze the limiting mass numbers, we formulate rules that allow us to
determine the mass numbers of nuclei. To this end, we will divide all neutrons into four groups. In the
first group we place Ng, neutrons, which combine with protons to form deuterons. The second group
includes Ns neutrons necessary for binding only s-protons. The third group of Ny neutrons allows for the
creation of bonds between individual protons (with the exception of s-protons) installed in a certain
nuclear substructure. The last, fourth group of neutrons Nf can occupy the cells of the proton subshell,
which remained free in the selected closed subshell. This neutron separation allows us to propose the
following formula for estimating the minimum mass number of Amin nuclides represented in the N-Z
diagram

Apin =Z+Ng+ N, +(2B+ 1)N, + N, 4)

where B is a coefficient numerically equal to: B = 0 — for nuclear kainosymmetrics; B = 1 — when
estimating the number of binding neutrons of other subshells.
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The maximum mass number of the Amax nuclide is determined by the sum of protons and neutrons
necessary for the formation of deuterons, as well as the number of neutrons in the remaining free cells of
the next closed proton subshell of the atomic nucleus

Apae =Z + Ny + N+ N, +2B(N, +2) +Ng, (5)

As an example, we will use the proposed formulas (4) and (5) to determine the limiting boundaries
of the region of possible existence of isotopes of closed subshells, including the nucleus with a charge
number Z = 1.

Atomic number Z=1. In our case, when the atomic nucleus consists of one stable proton, the
presence of neutrons that make up the nucleus is not a prerequisite. Therefore, the minimum mass number
will be numerically equal to: Amin(Z=1) = 1.

Let's determine what is the ultimate maximum number of neutrons can be located near a proton.
According to our approach, the number of cells free for neutron population near the proton is determined
in accordance with the model of nuclear shells. Considering that we can have only one deuteron (Ng = 1),
formed, then Nf = 5 free cells remain for neutron occupation (Fig. 3b). Consequently, for a nuclide
consisting of a single proton, the possible maximum mass number will be equal to 7. However, there is
some probability of occupying the remaining two cells displaced by a certain distance, also belonging to
the 1p-subshell, theoretically allowing the appearance of isotopes with mass numbers 8 and 9. Based on
this assumption, it can be argued that the maximum value of the mass number of this nuclide can be the
value: Amax(Z=1) = 9.

Atomic number Z=2. When considering a 1s-shell containing two protons, only one binding
neutron is needed to obtain the minimum mass number. Therefore, the minimum mass number will be
numerically equal to: Amin(Z=2) = 3.

In the case of estimating the maximum value of the mass number for nuclide isotopes, with the
atomic number Z = 2, it is necessary to form two deuterons (Ng = 2) and fill the entire 1p subshell with
free neutrons up to the next magic number, adding: Nt = 6, and the resulting number can already be
considered as the limit value of neutrons placed in this the nucleus. In this case, the maximum mass
number will be the value: A,...(Z=2) = 10.

Atomic number Z=8. If we take as a basis, to determine the minimum value, the number of
neutrons sufficient to " interlinked" protons in individual subshells, then in our case this number can have
a minimum value equal to: Ny = 4. This value is determined by installing a 1p-subshell between 3 protons
with positive values of the base quantum number of two binding neutrons and two more neutrons will be
placed between the protons of this subshell with negative values of the base quantum number (Fig. 3a).
To bind the protons of the inner 1s-shell, the same neutrons that are installed for the 1p-subshell will be
used, that is, the number of s-neutrons: Ns = 0. In this case, the minimum mass number will be
numerically equal to: Amin(Z=8) = 12.

The maximum value of the mass number of a nuclide is determined by forming, on the basis of this
nucleus, a closed 1p-subshell already populated with deuterons with Ng¢ = 8. We also take into account the
population of neutrons and 2s-subshells, giving an additional two neutrons (Ns = 2), and then add ten
neutrons to the free cells of the 1d-subshell (N+ = 10), until the next magic number is obtained: N = 20, in
the end we get the value of the maximum mass number equal to: Amax(Z=8) = 28.

Atomic number Z=20. According to formula (4), to estimate the minimality of the neutrons
number in this subshell, we will get an additional 8 binding neutrons for the 1d-subshell (4 for each value
of the base quantum number) and 2 neutrons for the 2s-subshell (Fig. 4). Consequently, the total number
of neutrons, taking into account the previously populated 4 neutrons, It will be equal to 14 neutrons,
which also corresponds to the known minimum value of the mass number for a nuclide containing 20
protons: Amin(Z=20) = 34.

The maximum value of the mass number of this nuclide will be obtained similarly to the analysis
for the previous charge number. In this case, we will have 20 neutrons and 8 free neutrons in 1f-subshell.
However, the resulting value of 28 neutrons is underestimated, so it must be assumed that part of the 2p-
subshell may also be populated. In accordance with formula (5), in addition to the settlement of 4
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neutrons, there are also bonds with 1p-subshell, giving 8 more neutrons. As a result, for the maximum
value of the mass number of the considered nuclide, we obtain the value: Amax(Z=20) = 60.

Atomic number Z=28. Adding 8 more 1f-subshell protons to our nucleus, we get the following
magic atomic number Z = 28 (Fig. 5). Here, according to the proposed equation (4), it is necessary to
determine the minimum number of nucleons only by using neutron binding of these protons into groups,
in accordance with the sign of the base quantum number, that is, 4 protons each. Therefore, we need to
add only 6 neutrons, which will allow us to estimate the total number of neutrons, taking into account the
previously populated 14 neutrons, equal to the value N = 20, which for this mass number coincides with
the known experimental value: Amin(Z=28) = 48.

The maximum value of the mass number at the atomic number Z = 28 is determined as follows.
Having 2 more free places in the 2p-subshell (N = 2), and also taking into account the need for their
connection with the protons of the 1p-subshell (Ny = 4), it is possible to occupy 6 neutrons. Additionally,
6 more neutrons can be populated in 1f-subshell. In this case, the total number of neutrons in the nucleus
becomes equal to: N = 52. Of course, it is possible to completely populate the 1g-subshell, which would
include 10 more neutrons in the nucleus, but in reality this position remains vacant here for now:
Amax(Z:28) = 80.

Atomic number Z=50. Let's move on to another semi-closed 1g-subshell, which is part of the
nucleus having atomic number Z = 50 (Fig. 6). For this nucleus, the minimum value of neutrons can be
specified as N = 48 (we will always consider only even values as the number of neutrons). Since we
already have 20 neutrons occupied, with this charge number, their number should increase by 28
neutrons. The increase is due to the occupation of 4 binding neutrons inside the 2p-subshell, as well as the
creation of 12 bonds with 1p-protons, since each proton of the 2p-subshell contacts two protons belonging
to the 1p-subshell at once. Therefore, we can add 16 neutrons at once. In addition, we get a bunch of
protons of part 1f-subshell 4 neutrons and 8 neutrons bind protons of 1g-subshell, which together gives us
the desired 28 neutrons: Amin(Z=50) = 98.

The maximum limit of the number of isotopes for the nucleus in question requires the addition of at
least another 38 neutrons. These neutrons will go partially to occupy the 1g-subshell (8 neutrons), 2d-
subshells with a bundle of 1d-protons (30 neutrons), 2 neutrons will be located in the cells of the 3s-
subshell (the cells of the 1h-subshell are not populated with neutrons). The total number of neutrons
obtained in this case is N = 92, which makes it possible to estimate the value of the maximum mass
number: Amax(Z=50) = 142.

Atomic number Z=82. Nuclei with atomic number Z =82 (Fig. 7) have an isotope with a minimum
number of neutrons equal to Nmin=96, which requires the addition of 48 more neutrons to perform proton
binding. 6 neutrons must be added for 1g-subshell protons, 28 neutrons will be required for 2d-subshell, 2
neutrons will bind 3s-subshell protons and 10 neutrons for 1h-subshell: Amin(Z=82) = 178.

The maximum number of neutrons in this nucleus is Nmax=138, therefore, to already existing 82
neutrons included in the deuterons, it is necessary to add another 56 neutrons. We should immediately
note that we need to limit ourselves to free cells up to Z = 112, and not up to a value of 126 protons,
otherwise it is not possible to obtain normal values close to those set in the N-Z diagram. This number of
neutrons can be occupied as follows: 10 neutrons will be placed on the 1h-subshell, 14 free cells will be
populated on the 2f-subshell, as well as 28 neutrons will organize the bonds of 2f-protons with the 1f-
subshell and 12 neutrons will be populated in a similar way on the part consisting of 4 protons of the 3p-
subshell. The obtained additional value of 64 neutrons indicates a slightly increased limit value of the
number of neutrons in the isotopes of this nuclide: Amax(Z=82) = 228.

Atomic number Z=112. At the end of our survey of the spatial structure of the atomic nucleus, we
will focus on the nucleus with a charge number Z = 112 (Fig. 8). In the case of determining an isotope
with a minimum number of neutrons, we need to occupy additionally, relative to the previous nucleus,
about 70 neutrons: 8 binding neutrons will be placed on the 1h-subshell, 40 neutrons — on the 2f-subshell
and 16 neutrons on a 3p-subshell. The total number of occupied neutrons will be 64 neutrons, which is 6
neutrons less than is known at this point in time: Amin(Z=112) = 270.
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Now let's move on to determining the isotope with the maximum number of neutrons. Here, as the
boundary number of neutrons for our case, we indicate a nucleus having 136 neutrons. The reason for this
restriction is the same as in the previous review. The existing limit on the number of isotopes for the
nucleus in question requires the addition of at least 62 neutrons. Let's populate neutrons for a nuclear
isotope with a charge number Z = 112. So 14 neutrons will be placed on the li-subshell and 30 neutrons
will be placed on the 2g-subshell. In addition, the part consisting of 6 protons of the 3d-subshell will be
populated with 18 neutrons. The value of 62 neutrons almost completely coincides with the
experimentally obtained result, which allows us to assert the correctness of the chosen approach to
determine the maximum value of the mass number of the isotope of the selected nuclide: Amax(Z=112) =
286.

All the obtained limit values of mass numbers for nuclides of closed and semi-closed subshells in
the N-Z diagram were included in the general table upon completion of their survey (Table 2).

Table 2
Limit values of mass numbers for nuclides in the N-Z diagram
Tabauua 2
HpeIIGJII)HI)Ie 3HAYCHUA MACCOBBIX YHUCEJI JId HYKIIMAOB Ha NP-I[I/IanaMMe
Nuclide atomic Minimum mass number Maximum mass humber
number Experiment [18] Computing Experiment [18] Computing
1 1 1 7 7(9)
2 3 3 10 10
8 12 12 28 28
20 34 34 58 60
28 48 48 80 80
50 99 98 139 142
82 178 178 220 228
112 276 270 285 286

A comparative analysis of the experimental and computed data presented in Table 2 shows a fairly
good coincidence of most of the limit values indicating the boundaries of the region of existence of atomic
nuclei. In a number of data where there is no such coincidence, additional studies may be required to
clarify them.

A comparative analysis of the experimental and computed data presented in Table 2 shows a fairly
good coincidence of most of the limit values indicating the boundaries of the region of existence of atomic
nuclei. In a number of data where there is no such coincidence, additional studies may be required to
clarify them.

4. CONCLUSION

The paper develops a new approach for describing the spatial arrangement of nuclones in nuclei,
based on the model of nuclear shells. Unlike most of the approaches known from the scientific literature,
the method presented by us is applicable to the graphical representation of the atomic nucleus. The
computer model of the spatial structure of the atomic nucleus developed on the basis of this method can
be considered as a graphical representation of the well-known model of nuclear shells, which is the basis
of the modern understanding of the structure of the atomic nucleus. It is shown that the settlement of
structural cells of subshells with nucleons of various types occurs in parallel. The inclusion of the atomic
nucleus, along with the nucleons, and the deuteron in the consideration of the model made it possible to
clearly explain the cause of the appearance of the fine structure of the nucleus. The analysis of the
obtained data revealed the features of filling and mutual arrangement of neutron and proton subshells of
these nuclei, their relationship with other observed properties is shown: the radius of the nucleus and its
asymmetry.
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In this paper, the features of the limit values of isotopes in the N-Z diagram are also considered. We
have shown that nuclear shells consisting of nucleons, including neutrons and protons, allow us to model
the limit values of nuclides as a function of the mass number.

The proposed computer model, in the future, may be suitable for predicting additional magic
numbers and studying nuclides far from the region of stable nuclei, as well as for predicting the properties
of various processes in poorly studied areas. The approach developed in the work significantly expands
the possibilities of studying the behavior of nuclei, for example, the currently actively studied super heavy
atoms, and also increases the visibility of their representation. The obtained information of this type will
allow for an effective verification of various experimental data and theoretical models.
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Abstract

The work is devoted to the development of a method for the objects detecting on an agitated sea
surface video based on the analysis of the differences in the variability of the object and the sea
surface image fragments on the neighboring frames. The proposed method does not use data
about the object size, its shape, brightness, etc. The decision function has been developed that can
be used to estimate the variability of a given frames fragment, based on the normalized cross-
correlation coefficients values of the corresponding fragments on a video subsequent frames. The
decision rule has been developed based on the proposed decision function, in which we use the
threshold value (the critical domain boundary) determined at the training stage when analyzing
the frames sequence fragments containing only the agitated sea surface image. The efficiency of
the developed objects detection method on the agitated sea surface is demonstrated based on
computational experiments. The values of the decision function critical domain boundary
obtained at the training stage and the corresponding values of the type Il error probability at the
detection stage are given. The presented computational experiments results demonstrate that the
developed method makes it possible to detect the object on video frames with the type Il error
probability equal to zero.

Keywords: object detection; video recording; agitated sea surface; sequential frames; image
fragment distortion; normalized cross-correlation coefficient
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AHHOTALMSA

Pabora mocesmeHa pa3paboTke MeTonma  OOHApY)KCHHS OOBEKTOB HA  BHJICO3AINHCH
B3BOJJHOBAHHOW MOPCKOW TIOBEPXHOCTH HAa OCHOBE aHallM3a pPa3Induidi B W3MCHYHBOCTH
m3o0pakeHnii 00BekTa W (PparMEeHTOB M300pPaKEHHUS MOPCKOW TOBEPXHOCTH HA COCEIHUX
Kazapax. B mpemiokeHHOM MeToJle He HMCIIONIb3YIOTCS TaHHBIE O pa3Mepax o0beKTa, ero ¢opme,
spkocTi U np. PazpaGorana pemaromias (yHKIHS, KOTOpas MOXET OBITh HCIIOJIb30BaHA JIJIs
OIIEHWBaHUSI M3MEHYMBOCTH 33/IaHHOTO (hparMeHTa Kajpa Ha MOCIEeAYIOMMX KaJpax BHIIEO0, Ha
OCHOBE 3HAYCHHY HOPMHUPOBAHHBIX KO3(P(PUIIMEHTOB B3aUMHOW KOPPEISIIIMA COOTBETCTBYIOIIUX
(dparmenToB. PaspaboraHo permiaroriee MNPaBUIO HAa OCHOBE TIPEIOKEHHOW pEIIaroIIei
(yHKIIMH, B KOTOPOM IPHUMEHSCTCS IMOPOTrOBOC 3HAueHHWE (TpaHMIla KPUTHYECKOH 00J1acTH),
ompesensieMoe Ha dTarme OOy4YeHHs IMpH aHaimu3e (parMeHTOB ITOCIENOBATEIHHOCTH KaApOB,
coJiepIKaIImux TOJILKO n300pakeHue B3BOJTHOBAHHOM MOPCKOH MTOBEPXHOCTH.
[IponemoncTprupoBaHa paboTOoCIOCOOHOCTH pa3pabOTAHHOTO METO/Ia OOHAPYKEHHUSI OOHEKTOB HA
B3BOJJHOBAHHOW MOPCKOM TIOBEPXHOCTH Ha OCHOBE BBIUUCIIUTENBHBIX 3KCIICPUMEHTOB.
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[MpuBeneHbI 3HAYEHUSI TPAHUIBI KPUTUYECKOW 00JacTH pemaromied GpyHKIHMU, MoMydeHHbIC Ha
sTarne OOYy4YeHHWs, W COOTBETCTBYIONIUEC 3HAUCHUS BEPOSATHOCTH OIIMOKM 2-TO poJa Ha 3Tare
obHapyxeHus. [IprBeieHHbIE PE3yJIbTaThl BHIYUCIUTEIBHBIX JKCIIEPUMEHTOB JIEMOHCTPUPYIOT,
4TO pa3pabOTaHHBI METOJA TIO3BOJSET OOHAPYKUTh H300paKeHHE OO0BEKTa Ha Kajpax
BHJICO3AITHCH TTPH BEPOSTHOCTH OITHOKHU 2-TO POJia PaBHOW HYITIO.

KaroueBbie cjoBa: oOHapyXeHHEe OOBCKTOB; BHJICO3alUCh; B3BOJIHOBAHHAs MOpPCKas
MOBEPXHOCTh;  TOCIENOBaTeNIbHbIE  Kajpbl,  HCKaeHHe  (QparmMenta  HM300paKeHHS,
HOPMUPOBaHHBINA KO3(DPUIIMESHT B3aUMHON KOPPEISAIIUU

Jdas mutupoBanusi: Ypcon JI.B., Uepnomoperr J.A., bomroBa E.B., Uepmomoperr A.A.
OOHapyxeHHe 00BEKTOB Ha OCHOBE B3aUMHOW KOPPEJAIMH (PParMEHTOB BHJIEO KaJAPOB MOPCKOM
noBepxuoct // Hayuusrit pesynbrar. MHpOpManuonusie texHomorun. — T.7, Ne2, 2022. —
C. 19-27. DOI: 10.18413/2518-1092-2022-7-2-0-2

1. INTRODUCTION

The tasks of detecting various objects in the video frames arise during the development of
surveillance, control and management systems in the human activity various fields. For example, the
solution of detection tasks is required when creating machine vision systems in industrial production to
control production processes, in the transport sector - to monitor the traffic situation, in the field of
monitoring the individual territories - to monitor the current situation, in medicine - to analyze the results
of surveys, etc. Various fields of the surveillance systems application require the development of various
methods for detecting objects in images and video recordings frames, taking into account the detecting
objects specific properties, as well as the features of their environment (background).

Methods based on the optical flow calculations [1, 2], as well as the use of the Kalman filter [3] are
widely used to detect moving objects. The methods given in [4-6] allow objects to be detected based on
the calculation of various similarity measures of the analyzed images fragments. The entropy-based
method [7], the method of clustering wavelet coefficients [8], the maximal reference cell approach [9],
the detection method for the hyperspectral images [10], the Reed, Mallett and Brennan algorithms [11],
the detection method in clutter [12], as well as methods based on the detection and analysis of key,
special features in which the variety of detectors and descriptors are used [13] are also used to detect
objects. A significant group of detection methods is based on the use of the various types neural
networks, for example, [14].

One of the rather difficult tasks of detection on video frames is the objects detection on an agitated
sea surface, which is due to the complex structure of the sea surface images on a separate frame, to the
significant variability of the sea surface images on neighboring frames, as well as possible movements
and distortions of the observed objects. To solve these tasks if there is information about changes in the
pixels brightness of the objects and background images, methods based on matched subspace detectors
[15, 16] and their various modifications are used [17-19]. A method for detecting small objects floating
on an agitated sea surface is given in [20].

It should be noted that one of the significant drawbacks of many known detection methods is the
requirement for a priori information about various properties of the object and the background, which are
quite difficult to obtain when solving the problem of detecting objects on an agitated sea surface.

The paper proposes a method for detecting objects on an agitated sea surface, which does not require a
priori information about the shape, size and other characteristics of the desired objects.

2. THE METHOD
The method for the objects detecting on the agitated sea surface video developed in the work is
based on the practical observations results showing that in most cases the object image changes slightly
on video neighboring frames, unlike the sea surface video frames containing an images of the different
lengths and different propagation directions waves. At the same time, the developed method does not
require information about the objects size, shape, their pixels brightness changes frequency on a frames
sequence, etc.
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Initially, to solve the objects detection problem on the agitated sea surface video frames, we
formulate the main hypothesis H,: the object image is present in the given frame fragment. Checking the

fulfillment of this hypothesis allows you to split the frame fragments into two classes: containing the
object image and all the others. It is proposed to use the corresponding fragments cross-correlation
coefficients values as the features that allow us to estimate the separate frame fragment belonging to one
of these classes.

To test the main hypothesis validity, we developed the following decision function, which is a given
fragment variability estimate on the video subsequent frames. This decision function is based on the
normalized cross-correlation coefficients analysis for a given frame fragment with the images on
subsequent video frames.

To test the above hypothesis validity, we develop the following decision function, which is an
estimate of the given fragment variability on subsequent frames of the video. This decision function is
based on the normalized cross-correlation coefficients analysis of the given fragment image on the frame
with the images on subsequent video frames.

Consider a sequence S =(S,), k=1,2,...,K, containing K subsequent video frames with N, xN,

pixel dimensions. On the first frame S, of the sequence S we will set a fragment F=(f, ),
L=12..,M,i,=12..M,,with M, xM, pixel dimensions:
N,>M;, N,>M,. (1)
For each next frame S,, k=2,3,...,K, we calculate the maximum normalized cross-correlation
coefficients values o, of this frame S, and a given fragment F based on the following ratio [21-23]:

M, M,
Z i (Sk,i+j1—l,j+j2—1 _a‘k,jljz)( fij o aF)
T T ’ @
B3 a3 e
=1 j=1 =L j=1
ii=12..,N,-M,+1, j,=12,...N,—M,+1,
k=23,..,K

where S, =(s,;) —the frame S,, k=2,3,...,K, with N, x N, pixel dimensions,
a, ;;, — the average pixel value of the frame fragment S, , corresponding to different values j, and j,,
h=12,.,N,-M;+1, j,=12,..,N,-M, +1,

1 2

ak W T M M2 Z z Kit+j—1 j+ -1 (3)

i=1 =1
F =(f;) —the frame fragment F with M, xM, pixel dlmenS|ons, corresponding to a given frame
fragment S,
a. — the average value of frame fragment F pixels:

aF:MMZZfU. (4)

WMo i =
The coefficients (2) values change in the interval [-1, 1].
The decision function has the form:

K

W(F):Z o0(o - ®)

k=2
where 6(o, —T_) — the Heaviside function [24] having the next form:



HAy [—] I—IbIM Ursol D.V., Chernomorets D.A., Bolgova E.V.,, Chernomorets A.A. Objects detection based on the
sea surface video fragments cross-correlation // Research result. Information technologies. - 22
PE3YJIBTA T.7, Ne2, 2022

BoE S E_A R _CH RL-'SLILT_

1L, o 2T,
0o =T.) = {o, o <T.. ©)
T, —athreshold value that characterizes the sea surface images variability, for example,
T =0.85. (7
The threshold T_ changing allows you to change the developed method sensitivity when analyzing
of the sea surface images with the different degree of sea agitation.
The decisive rule which allow you to form the decision function W(F) (5) critical domain, is

proposed in the following form:
K

> 000, —T,)<Ty, (8)

k=2
where T,, — where is the threshold value (the critical domain boundary), which value is determined at the
training stage when analyzing the frames sequence fragments that do not contain an object image, for

example,TW =091

Thus, we have that the interval [0, T, [ is the decision function W (F) (5) critical domain in which
the main hypothesis H, is rejected; the interval [T, ,1] is the decision function W(F) values domain
when the main hypothesis (a given fragment contains an object image) is accepted.

At the training stage, it is proposed to choose the decision function W (F) (5) maximum value as a
threshold value T, , obtained by analyzing fragments F that do not contain an object image and are
located in a given training area L on a frames sequence,

Ty =maxW (F). 9)

FclL
To reduce the false selections amount of the sea surface fragments as containing an object image, it

is proposed to use the following modified threshold value T, :
Ty =maxW (F)(1+e), (10)

where ¢ —a small positive number, for example,
£=0.01. (11)

3. THE COMPUTATIONAL EXPERIMENTS

The computational experiments were carried out to evaluate the developed method operability for
selecting the frames fragments containing an object image. The study was carried out at different values
of the fragment dimension, the threshold value T_ (7) which characterize the sea surface images

variability, as well as at different amount K of analyzed sequential frames (the frames amount in the
block).

For conducting the computational experiments we selected the Videol, obtained from open Internet
sources, which first frame is shown in Figure 1. The Videol contains images of a fairly fast moving boat
on a relatively calm sea surface.

Figure 1 shows the learning and detection areas marked in the first frame of the Video 1.



I—I Ayt_]] —Iblﬁ Ursol D.V., Chernomorets D.A., Bolgova E.V., Chernomorets A.A. Objects detection based on the

sea surface video fragments cross-correlation // Research result. Information technologies. -
PESYJIETAT 17wz
: E—

CETRIMVCEY

Fig. 1. The learning and detection areas (the first frame of the Video 1)
Puc. 1. Obnactu oOyuenus u oOHapyxeHus (nepsoiid kaap Videol)

Table 1 shows the critical domain boundary values T, (threshold value) obtained at the training

stage when analyzing fragments of the Videol frames in the training area shown in Figure 1, with the
various developed method parameters: such as the frames amount K in the block, the analyzed fragments

dimension M, =M, and the threshold value T_ (7).

Table 1
The critical domain boundary T, , the Videol frames
Tabauya 1
I'pannna T, xputHyeckoi odnactu, kaapsl Buaeo Videol
TU
M, 0.7 0.75 0.8 0.85 0.9 0.95
The frames amount in the block, K =5
5 0.9954 0.9954 0.9954 0.9954 0.9954 0.9954
10 0.9714 0.9714 0.9714 0.9714 0.9714 0.9714
15 0.9411 0.9411 0.9411 0.9411 0.9411 0.4835
20 0.9236 0.9236 0.9236 0.9236 0.7061 0.2462
The frames amount in the block, K =10
5 0.9863 0.9863 0.9863 0.9863 0.9863 0.9863
10 0.9153 0.9153 0.9153 0.9153 0.7175 0.4317
15 0.8913 0.8913 0.8913 0.6133 0.5188 0.2149
20 0.8347 0.7548 0.5809 0.4105 0.3138 0.1094
The frames amount in the block, K =15
5 0.9701 0.9701 0.9701 0.9701 0.9701 0.9014
10 0.8944 0.8944 0.8383 0.7779 0.4612 0.2776
15 0.6746 0.5730 0.5730 0.3943 0.3335 0.1381
20 0.6951 0.5390 0.3734 0.2639 0.2017 0.0703

In Table 1, the critical domain boundary values T, are marked in gray, which do not change when

the threshold value T_ decreases (7).

To estimate the developed method operability, it is advisable to use the type Il error probability
when the sea surface fragment is selected as an object image and not to estimate the type | error
probability when a separate fragment containing an object image is not selected), since for solving the
problem considering in this paper there is no need to identify the location of all object fragments, but it is
sufficient to indicate the presence of the separate object fragments on the frame.
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The type Il error probability is calculated based on the following ratio:

N
P= (12)

S

where N, —is the selected fragments amount that do not contain an object image (falsely selected), N, —

is the fragments amount in the detection area that do not contain an object image (fragments of the sea
surface).

Table 2 shows the type Il error probability values obtained at the detection stage when analyzing the
Videol frames fragments in the detection area shown in Figure 1, in accordance with the developed
method parameters values given in Table 1. When conducting these computational experiments the &
value (11) was chosen to be 0.01 to modify the critical domain boundary value (10).

Table 2 does not contain the values corresponding to the developed method parameters given in
Table 1, with which the fragments containing the object images were not selected. This result is caused,
first of all, by the critical domain boundary value being close to unity values (see Table 1), which were
obtained as a result of the presence in the training area of the small sea surface fragments that practically
do not change from frame to frame.

Table 2
The type Il error probability (£ =0.01), the Videol frames
Tabauya 2
BepositHocTh ommmbku 2-ro poaa (& =0,01), kaapsl Bugeo Videol
TO'
M, 0.7 0.75 0.8 0.85 0.9 0.95
The frames amount in the block, K =5
10 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15 0.0330 0.0330 0.0330 0.0330 0.0302 0.0440
20 0.0316 0.0316 0.0316 0.0316 0.0316 0.0474
The frames amount in the block, K =10
10 0.0207 0.0207 0.0207 0.0181 0.0155 0.0078
15 0.0165 0.0165 0.0165 0.0275 0.0137 0.0440
20 0.0053 0.0158 0.0211 0.0526 0.0316 0.0474
The frames amount in the block, K =15
5 0.0032 0.0032 0.0032 0.0032 0.0032 0.0063
10 0.0155 0.0142 0.0310 0.0181 0.0259 0.0103
15 0.0934 0.0824 0.0330 0.0357 0.0137 0.0440
20 0.0105 0.0105 0.0263 0.0526 0.0316 0.0474

It should be noted, analyzing the data given in Table 2, that with the fragments dimension M, =10

and the frames amount in the block K =5, the developed method made it possible to detect the object
fragments with the type 1 error probability P, =0. The remaining values of the type Il error probability

in Table 2 correspond to a certain amount of correctly selected fragments.

Table 3 shows the type Il error probability values obtained at the detection stage when analyzing the
Videol frames fragments in the detection area shown in Figure 1, in accordance with the developed
method parameters values given in Table 1. When conducting these computational experiments the &
value (11) was chosen to be 0.05 to modify the critical domain boundary value (10). Table 3 does not
contain the values corresponding to the developed method parameters given in Table 1, with which the
fragments containing the object images were not selected.
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Table 3
The type Il error probability (£ =0.05), the Videol frames
Tabauya 3
BepositHocTh ommmbku 2-ro poaa (& =0,05), kaaps! Bugeo Videol
TO'
M, 0.7 0.75 0.8 0.85 0.9 0.95
The frames amount in the block, K =5
15 0.0000 0.0000 0.0000 0.0000 0.0000 0.0192
20 0.0000 0.0000 0.0000 0.0000 0.0211 0.0474
The frames amount in the block, K =10
10 0.0000 0.0000 0.0000 0.0000 0.0103 0.0078
15 0.0027 0.0027 0.0027 0.0247 0.0027 0.0192
20 0.0000 0.0053 0.0105 0.0368 0.0211 0.0474
The frames amount in the block, K =15
10 0.0000 0.0000 0.0194 0.0142 0.0246 0.0103
15 0.0797 0.0687 0.0302 0.0330 0.0027 0.0192
20 0.0105 0.0105 0.0105 0.0368 0.0211 0.0474

Note that all the type Il error probability values, given in Table 3, are obtained in the presence of
correctly selected object fragments.

Thus, the data given in Tables 1 and 2 demonstrate that the developed method makes it possible to
select frame fragments containing the object image with the type Il error probability P, =0.

It is assumed that when analyzing videos containing an image of a more agitated sea surface than on
Videol, the type Il error probability will be zero or have lower values than in Tables 2 and 3, with various
parameters of the developed method.

As an example of detecting the object fragments with the type I1 error probability P, =0, the Figure

2 shows in white the fragments which are classified as fragments containing an object image based on the
developed method with the following parameters:

- frames amount in a block, K =10,

- dimension of the analyzed fragments, M, = M, =10 pixel,

- threshold value characterizing the variability of sea surface images, T_ =0.85,

- the ¢ value (11) used to modify the critical domain boundary value (10), & =0.05.

Fig. 2. Fragments selected as containing an object image, when K =10, M, =M, =10, T, =0.85,

¢ =0.05
Puc. 2. ®parmeHTbl, BBIICTICHHBIC KaK COJIEpIKaIUe H300paKeHHE 00bEKTa,
npu K =10, M, =M, =10, T_ =0.85, £ =0.05
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Figure 2 shows that the fragments containing the image of the boat swirl are attributed to the object.
Since these fragments characterize the presence of an object in the image, it can be assumed that with the
specified parameters of the method in Figure 2, only fragments containing the object image are selected.

Thus, the results of computational experiments show that the developed method for detecting the
objects on the agitated sea surface allows to select fragments containing object images, and the developed
method does not allow false selection of fragments that do not contain an object with certain values of the
method parameters.

CONCLUSIONS

The method for the objects detecting on an agitated sea surface video based on the observation that
in neighboring video frames the object image often changes less compared to fragments of the sea surface
image is proposed in this work. In the proposed method, to detect an object, data about the object size, its
shape, changes in its brightness on frames, etc. are not required.

The main hypothesis is formulated in the paper: the object image is present in a given frame
fragment, to verify the implementation of which the set of the frame fragments is divided into two classes
based on the analysis of the features values obtained as a result of calculating the cross-correlation
coefficients values of the corresponding fragments on the video subsequent frames. A corresponding
decision function has been developed that can be used to estimate the variability of a given fragment on
the subsequent video frames.

A decision rule has been developed based on the proposed decision function, in which a threshold
value (the critical domain boundary) is applied, determined at the training stage when analyzing the
frames sequence fragments containing only the agitated sea surface image.

The efficiency of the developed objects detection method on the agitated sea surface is
demonstrated based on computational experiments. The analyzed video contains images of a fairly fast
moving boat on a relatively calm sea surface. Computational experiments were carried out at various
values of the developed method parameters. The values of the decision function critical domain boundary
obtained at the training stage and the corresponding values of the type Il error probability at the detection
stage are given. The type | error probability were not evaluated in the work, since in the problem under
consideration it is sufficient to detect several separate object fragments on an agitated sea surface video
frame. The presented computational experiments results demonstrate that the developed method makes it
possible to detect the object on video frames with the type 1l error probability equal to zero.
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AHHOTAIUSA

B Bek pacuera MH)OPMAIMOHHBIX TEXHOJOTMH W pa3BUTHSA (PYHKIMOHAJIHHBIX BO3MOXKHOCTEH
MOOWIBHBIX Tele()OHOB YENOBEK HauMHAET OOJIbLIE I0JIb30BATHCS Tele(hOHOM, BeIb 3TO OYECHb
yI00HO, K TOMY e Tene(OHbI B IMOCIIeHEe BpeMs CTaHOBATCS BcE€ MolHee W MoriHee. Ho e
CTOUT 3a0bIBaTh INPO 3JIOYMBIIUIEHHUKOB, KOTOPHIE€ HAUMHAIOT BCE CHUJIbHEE OXOTHTHCSA 32
JaHHBIMU TI0JIb30BaTelel Ha TelaedoHax, BeAb MOJIYYUTh JOCTYI K MOOWMIBHUKY TOpa3o Jierde,
9YeM K XOPOIIO 3aLUIIEHHOMY U CI0KHO 000PYAOBAaHHOMY KOMIIBIOTEPY, IIOTOMY YTO Majo KTO
MOJIB3YETCsl CIIeNUaIbHBIMA METOAAMH IO 3allIUTE CBOETO Tene(oHa OT MOTEHIMATIBHBIX YIpo3.
Ecnu Opate BO BHHMaHHE HOBBIE YSI3BHUMOCTH, KOTOpBIE IOSBISIOTCS IIOCHIE KaXKIOTrO
OOHOBJICHHUS, YTO IMPHUBOAUT K MOSBICHUIO YIPO3 «HYJIEBOIO IHs», TO OOpOTHCSA C TaKHUMHU
yIrpo3aMy CTaHOBHUTCS HEBO3MOXKHO Ui PSAOBOIO MOJb30BaTens. B nmanHOW crathe OyayT
paccMOTpeHbl OCHOBHBIE MOOWJIBHBIE YIPO3bI, KaK C HUMH OOPOTHCS, UTO JIENaTh, €CIH BCE XKE
yrpo3a HacTyIluiIa U Baile MOOWIBHOE YCTPOMCTBO B ONACHOCTH, TAK XK€ MPOU3BEACHA aHAIUTHKA
Pa3BUTHSA M aKTyaJbHOCTH MOOMIBHBIX BUpYCHBIX [10.

KuaioueBble cjioBa: MOOHIBHBIE YTPO3bI;, BUPYCHI;, BUpYCHOE mporpaMmMHoe obecrieuerne (BI10);
3alUTa OT BUPYcCa; 0€30MacHOCTD; 3aluTa MOOMIILHOTO TeJedoHa; aHTUBUPYCHI

Jas uutupoBanus: Kyssmunsix E.C., MacnoBa M.A. AHamu3 OCHOBHBIX MOOWIIBHBIX YTPO3 U
crocoObl 3ammThl OT BUpycoB // Hayunslii pesynabrar. MHpOpManmonHsie Texnonoruu. — T.7,
Ne2,2022. — C. 28-34. DOI: 10.18413/2518-1092-2022-7-2-0-3
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Abstract

In the age of the heyday of information technology and the development of the functionality of
mobile phones, people are starting to use the phone more, because it is very convenient, besides
phones have recently become more and more powerful. But do not forget about intruders who are
starting to hunt more and more for user data on phones, because it is much easier to get access to
a mobile phone than to a well-protected and complexly equipped computer, because few people
use special methods to protect their phone from potential threats. If we take into account the new
vulnerabilities that appear after each update, which leads to the emergence of “zero-day" threats,
then it becomes impossible for an ordinary user to deal with such threats. This article will discuss
the main mobile threats, how to deal with them, what to do if the threat has come and your mobile
device is in danger, as well as the analysis of the development and relevance of mobile virus
software.

Keywords: mobile threats; viruses; virus software (VPO); virus protection; security; mobile
phone protection; antiviruses

For citation: Kuzminykh E.S., Maslova M.A. Analysis of the main mobile threats and ways to
protect against viruses // Research result. Information technologies. — T.7, Ne2, 2022. — P. 28-34.
DOI: 10.18413/2518-1092-2022-7-2-0-3
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BBE/IEHUE

B nocnepnme pecstunetus (QyHKIMM MOOWIBHBIX TeNe(OHOB 3HAUUTENBHO IMPOTPECCHPYIOT.
MoOunbHble TenedoHbl y)XKe He OTCTaloT OT BO3MOXHOCTEH KOMIbIOTEepoB. HbIHemHee mporpamMMHoOe
obOecrieueHre MOOWIBHBIX TEICPOHOB BIOJIHE CIOCOOHO BBIMOITHATH TaKHE K€ ICHCTBHS, KaK H
koMribtoTep. Ecnmu cpaBHuMBaTh MOOWIBHBIA TenedoH ¢ mepcoHanbHBIM KommbioTepoM (I1K), To ecth
KOHEYHO MUHYCHI — 3TO pa3Mep dKpaHa, HO Ha (OHE ILTIOCOB OH COBCEM HE 3HAYUTENBHBIN, T.K. B HEM
MO>XHO YBEJIMYUBATH pa3mep mpudTa, mpubanxaTh 00bEKTH U BCE )K€ MOOMIIBHUK HE TaKOW MOIIHBIH, B
OTIIMYHMH OT KOMIBIOTEpA. 3aTO ITUTFOCOB OYEHh MHOTO, @ MMEHHO: aBTOHOMHOCTh Pa0OThI; YIOOHOCThH B
UCIIOJIb30BaHUU (TelaeOH BCerja HaXOJUTCS Yy 4eloBeKa, 3/1eCh €ro MUHYC B MAaJIeHbKOM pa3Mepe,
CTaHOBUTCS IUTFOCOM, T.K. OH 3aHMMAaeT MaJl0 MeCTa M MOMEIIAeTCs B KapMaH W Oyarojapst STOMY UM
MOKHO TIOJIb30BaThCSl TJI€ YrOJHO OT JO0Ma 10 paboThl M OTAbIXa Ha MPHUPOAE); 3BOHKH MOMKHO
OCYIIECTBIISATh B J0O0OOH MOMEHT ¢ m000M TOYKM JocTyma (Ipu HAIMYUU MOOWIBHOW CBSI3M),
BBITIOJIHEHHE peaakTupoBanus (QaitnoB word, excel, penaktupoBanue Bumeo u ¢orto. Heorbemiiemoit
YaCThIO SBJISIFOTCS Pa3BJICUCHUE U OTMBIX - MPOCMOTP (PHIBMOB U BUCO, BOSMOKHOCTh UTPATh B UTPHI, HY
a eCJIM He0OXOMMO HAUTH HEOOXOIUMYI0 MH(OPMAITHIO, BOCIIOJIH30BABIINCH MOOMIBHBIM HHTEPHETOM,
TOJIOCOBBIM ITOMOIITHUKOM M HAWTH UHTEPECYIOIIYI0 HH(POPMAIHIO OY€Hb OBICTPO.

Bce o  wmomudukammm W yaydmieHds  MOOWJIBHBIX — Tele(OHOB  IMOPOIWIIO  XaKEPOB
«paCIICBEIUTLCA» W TPUIYMBIBATH PA3IUYHBIE BHJBI BHPYCHBIX MNporpaMM nisi HHX. Bc€ ke ¢
OOJIBIIMHCTBOM KOMITBPIOTEPHBIX BHPYCOB MBI YK€ HEMHOIO 3HAKOMBI, a BHUPYChl Ha MOOMJIBHBIX
TenedoHax eme OCTAITCS JII MHOTHX JIIOACH 4eM-TO HOBBIM, HETIOHSTHBIM M HE3HaKoMbIM. Ecim Ha
KOMIIBIOTEPE MOYTH KaXKAbIH MOJIb30BaTEIb MOXKET MCIOJIb30BaTh 1a)XKe CaMblil MPOCTON aHTUBHUPYC IS
JMake Ca0oil 3amuThl KOMIBIOTEpPa, TO Ha TelnedoHAaX OYEHb Majo KTO IOJIb3YeTCs aHTHBUPYCAMH.
MoOuibpHbIE BUPYCHI «IIOMMaTh» Ha TenedoH HE Tak YX M JIeTKO, HO Bo3MOkHO. IIpoBeaem aHanu3
CYIIECTBYIOIIUX BUPYCOB, CYIIECTBYIOIINE YIPO3bI U CIIOCOOBI MX PACTIPOCTPAHEHUS, a TAKXKE 3aIUTa OT
Hux [1].

OCHOBHAA YACTh

Ucropust pa3BuThs BUPYCOB i MOOUIBHBIX Tele(OHOB Hayalach HE TaK JaBHO, HO HalOupaer
CTpeMHTEIbHBIE 000pOTHI. [lepBhiM MOOHMIBHBEIM BHpycoM B 2004 roxy 6wu1 Cabir, paborasmmii Ha OC
Symbain, kotopsiii Obi1 Ha Tenedonax NoOKia, B To Bpems Takue TenedoHbl ObUTH PEAKOCTBIO, II03TOMY
BUPYC HE MOJIYYHI CUIbHON oriacku. Tak Kak 3TO ObUT EPBBIA BUPYC B HCTOPUU, OH HE MOT MHOT'OT'0, OH
TOJILKO PACHpPOCTPAHSICS TOCPEACTBOM Tmeperaun cebOs uepe3 Bluetooth wa npyrue tenedons ¢
Harpy3Kou uX Ha IEHTPaIbHBIN MPOIIECCOpP, YTO OBICTPO paspspKano uXx. Temeph ke BUPYCHI cTainu Oolee
«YMHBIMH» U «BPEIHBIMUY», PACCMOTPUM OCHOBHBIC U3 HuX [10]:

— Adware u xnukepsl. MHOrma Juis JaHHOTO BHJA yrpo3 HCHojib3yeTrcss TepMuH «Madwarey
(Mobile Adware). OcHOBHasI 1IeJIb 3TOTO KJIacca BPEAOHOCHOTO mporpammHoro odecrneuenust (BIIO) —
MOKa3 MOJIb30BATEII0 HEPEIEBAHTHON peKJIaMbl U T€HEPUPOBAHUE MCKYCCTBEHHBIX MEPEXO/I0B HAa CaWTHhI
pexnamonateneii. C mnomompio «Madware»  3IOYMBIIIJICHHUKH — 3apabaThIBAIOT — «KIUKW» U
JEMOHCTPHUPYIOT OIIAUMBAIOIIMM UX KOMITAaHUSM WIUTIO3UI0 MHTEpeca MoIb30BaTelNeH.

— Spyware — IIO, ocymecTBisioniee Kpaxy MEPCOHANBHBIX IaHHBIX WM CIEXKKY 32 CBOUM
HocuTeneM. DakTudyecku, MOOMIIBHOE YCTPOWCTBO MOXKET IMPEBPATHTHCSA B IOJHOLEHHBIA (GKYYOKY,
nepeaaBasi 3I0YMBIIUICHHUKAM JIaHHbIE O CETEBOM aKTMBHOCTH, T'€0JIOKALIUU, UCTOPUH MEepeMeleHuH, a
Takke GOTO ¥ BUACONHPOPMAITUIO, TAHHBIE O TIOKYITKaX, KPETUTHBIX KapTax u Jp.

— Hpomnmnep — BIIO, 1enbio KOTOPOro SBISETCS CKaduBaHUE pyroro BpeaonocHoro I[10.

— Bupyc — 11O, xoTopoe HAHOCUT SIBHBIM BpEd, HAMPHUMEP, BBIBOAUT M3 CTPOS KOHKPETHOE
MIPUJIOKEHUE WM OJHY U3 QYHKIIMH YCTPOWCTBA.

— bor - arenr 6ot-cerelt, BIIO, koropoe mo xomanne C&C-cepBepa OCyIIECTBISET TPEOyeMyIO
3JI0YMBIIIICHHUKY CETEBYIO aKTHUBHOCTS [ 13].

YtoObl He cTaTh XEPTBOM 3JIOYMBINIJICHHUKA, HE 00sA3aTeNbHO 3HATh KaXIbld THUIl BHUpYca,
JIOCTAaTOYHO MMETh MOBEPXHOCTHBIE 3HaHUs, uTo Takoe BIIO [4]. Camoe riaBHOE, MOXKaTyid, 3TO 3HATh,
I/l BaC MOKET «I0JKapaylnuTh» BUPYC U KaK OT HEro M30aBUTHCS, €CIIM BbI MOHSIHU, YTO Ball TeaedoH
naér coou.
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Bb11e1M OCHOBHBIE HCTOYHHUKH YTPO3:

— yCTaHOBKa MPHUJIOKEHUH U3 HEO(DUITMATBHBIX HCTOYHUKOB (KPSKH, B3JIOMBI),

— nonydeHne SMS, unu nmuckMa Ha MOUTY C BPEJJOHOCHON CChUIKON/TIPUIIOKEHUEM,

— couManbHas WHXEHEPHs, a HMMEHHO 3BOHKHM OT OIEpPaTOpOB C IENIbI0 «BBIYAUTH» Yy Bac
KOH(HICHIIMATIBHYIO0 UH(OPMAINIO, WIK NMPOCKOa MOAKIIOUUTHCS K YAAIEHHOMY JTOCTYITy, TOCIE Yero
3JI0YMBIIIJIEHHUK CMOXET CAENIaTh BCE, YTO YTOJHO C KOMIIBIOTEPOM U €0 COJEPHKUMBIM.

PaccmoTtpeB «mpenka» Bcex BHpPYcOB, ocHOBHbIE BHbl BIIO, xaHanbl MX pacnpocTpaHEHHsS U B
KyJIbMUHALIUN HEOOXOIMMO HOHSATH, KaK k€ 0OpOThCs C 3TUMHM 3J10CHACTHBIMU BUPYCAMHU.

Ecnu BBl XOTUTE JOOUTHCS MaKCUMAJIbHON 3aIIUTHI CBOETO MOOUIBHOTO TelaedoHa, TO HEOOXO MO
BBINOJIHATH CIEAYIOINE OCHOBHBIE METOBI:

— OJHO M3 TIJIABHBIX YCJIOBUH, HEOOXOAMMO YCTAaHOBUTH Ha CBOE YCTPOMCTBO AaHTUBHUPYC.
XKenarenbHo, 4T00 OH OBUT HE CaMBIi pecypCHO-3aTPATHBINA, HO ¥ HE CaMblil MPOCTO (MPOaHAIN3UPOBAThH
WX ¥ BBIOpATh yIOOHBIN SISl BAC MOKHO B TOTIE JIYYIIUX aHTUBHPYCOB JIJI MOOMIIBHBIX TEIE(POHOB);

— €CJIM y BaC IMPUCYTCTBYIOT BaXKHBIE JUIsl BaC JaHHbIE, TOT/Ia HYXKHO UX IIM(POBATh, AaXKe €CIH
3TO OOBIYHBIN TEKCT, WIM LIEJbIe MAlKH, BeJb MPU B3JIOME Ballero TenedoHa 3J10yMbIIUIEHHUKY OyneT
CJIO’KHO paclIM(ppoBaTh UX, WIN CKOPEE BCETO HEBO3MOXKHO;

— HEOOXOAMMO 3aIuIaTh ceTeBoi Tpaduk, momb3oBatbess VPN, WM cnenuanbHBIMH
KOPITOPAaTUBHBIMH LIUTI03aMHU, PUIBTPYIOIUMH U 3alUIIAIOIINMU TpapUK;

— CBOEBPEMEHHO OOHOBIIATH CBOIO OTEPAIIMOHHYIO CHCTEMY, OOHOBJISTH BCE TPUIIOKEHUS;

— 3ampeTuTh Tele(oHy yCTaHABIUBATh NMPUIIOKEHHUS O€3 Ballero BeAOMa, a TAKKE 3alpeTHTb
BBITIOJIHEHUE JIPYTUX BAXKHBIX JCHCTBUI;

— YCTaHOBHUTb JIBYX()aKTOPHYIO ayTeHTU(UKALMIO HAa BaKHbIE AJIs BaC MPHUIIOKECHMUS;

— HACTPOUTh OYMCTKY JaHHBIX Ha YCTPONCTBE IIPH HOIBITKE B3JIOMa METOAOM YAaJIEHHOIO BBOJA
KOMaH/IbI, W K€ TT0CIIe HECKOJIBKHUX HEeYJauHbIX MOIBITOK BX0/a B cuctemy [12].

Uro genath eciau Bac BCE K€ B3JIOMAlM, M 3JOYMBIIIICHHUK YyX€ HMEET JOCTYNl K BalleMy
tesnepoHy? Bo-nepBbIX, IJIaBHOE HE MAHUKYHTE, CKOPEE BCETO 3I0YMBIIUIEHHUK MOJIyYWJI Ballld JTAHHbIE
U HE UMeeT yIAJIEHHOrO JOCTYIa K BalieMy Tene(oHy, 3TO 3HAYUT, YTO OH MPOCMOTPUT Balllk JaHHBIC
yepe3 KaKkoe-TO BpeMs U Y Bac €CTh BPEMs HAa CMEHY BCeX IapoJieil U O4UCTKY TenedoHa. A eciau Xakep
BCE-TaKU MOJIYYMJT YAANEHHBIN JOCTYH K TeIeOHy, TO BaM HUYTO HE MEIIAET MPOCTO €ro BHIKIIOYUTH U
MOBTOPHUTH Mporuisie marn [11].

Bupyc RAT Ttakke onuH U3 MpUMEHsIEMBIX BHPYcOB 3apaxeHus tenedpona RAT (Remote Access
Trojan), uepe3 APK (Android Package), ycranoBus ux B Opaysepe, wiu uepe3 Google Play. [2]

Taxue BUPYCBHI MOTYT HIMETh BO3MOXHOCTH:

— «CKJICMBaHME» BUPYCOB M FOTOBBIX MPUIIOKEHUH;

— CO3/1aHu€ 3apaXXKEHHBIX MPHIOKEHUH ¢ HEBUIUMBIMU UKOHKAMU;

— MAacCKUpPOBKa BUpPYyCa MOJl HKOHKOH ITOTOBOT'O MPUJIOKEHUS;

— 3aIlycK BHpYca B TEKYIIEH CECCUU MITH TOCIIE TTepe3arpy3kKu yCTpOHCTBa

PE3YJ/IbTATHI HCCIIE/JOBAHHA U UX OBCYK/IEHUE
Uctopust paszButusi BupycHoro I1O B chepe MoOOMIBHBIX Tene(OHOB [OBOJBbHA OOLIMpHA,
pPacCMOTPUM CTaTHCTHKY, OTHOCSIIYIOCS K HMCTOPHH HX Pa3BUTHS, KaK YBEIMYHMBAIOCH KOJINYECTBO
U3BECTHBIX CEMEICTB MOOMIIBHBIX BUPYCOB (puc. 1).
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Puc. 1. YBenuueHue KOJMUECTBA U3BECTHBIX CEMEHCTB MOOMIIBHBIX BUPYCOB [5]
Fig. 1. An increase in the number of known families of mobile viruses [5]

Bepuémcs na 20 neT Hazaj M MOMBITaeMCs MOHATH, Korjaa ke BupycHoe [IO momyuusio cBoro
OrJIaCKy W CTaJI0 HACTOJIBKO MACIITaOHO PaCHpOCTPAHATHCS, YTO MHUPOBBIE KOMITAHUU OOpaTHIIM CBOE
BHHMaHUE Ha HUX U HayalM NMpEeANpUHUMATh ClienuaibHble AecTBus 1 00pbObl ¢ HUMU. K mpumepy
«Jlaboparopust Kacmepckoro» siBnsieTcss KpymHe#IIeld KOMIaHHWEH, MPeJoCTaBISIONIEH aHTUBUPYCHBIC
yciryru B Poccuiickoit @enepanuiv, OHU KKl TO MyOIUKYIOT CTaTUCTUKY 10 akTuBHOCTH BITO B PD
U aHAJIMTUKY Ha cienyronwuii roa. [Ipon3Beném cpaBHeHHE OMyOIUKOBAHHBIX AHATPAMM Jaiee.
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Puc. 2. Yucimo HOBBIX BPEIOHOCHBIX ITporpamm [8]
Fig. 2. Number of new malware [8]

[Ipoananu3upoBaB NaHHBIA TpadUK MOXKHO MOHATH, 4To a0 2008 roma xakepsl MPOBOIWINA TaK
Ha3bIBAEMYIO «pa3BeaKy», uTo ke MoryT BITO u kak cl10KHO UX cO34aTh M TOHSB BCIO CyTh, B 2008 rogy
MOSIBUJICS TPOMA/IHBIN HAIUIBIB BUPYCOB Ha MOOUIIBHBIC YCTPOMCTBA MOJIB30BATENICH, YTO TOBEPIJIO BCEX B
IIIOK, B€Jh HUKTO HE OBUI TOTOB K TakoMy pa3Butuio. Haumnas ¢ 2008 roma kK MOOMIBHBIM BUpYyCaM
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nepecTai OTHOCUTHCA, KaK K 4YeMy-TO He3HayalleMy M Hayalld CepbE3HO OTHOCUTHCA K JIaHHOM
npo0JieMe U TTOCTOSIHHO UCKATh CIIOCOOBI YHUUITOXEHUS U MPEAOTBPAILCHUS UX MOSBICHHUS.

[Tocne 2010 roxa momén HeOOMBIION craj, HO He Ha Joyro, yke B 2011 rogy Hayanu BBITYCKATh
yIY4IIEHUs] CTapbIM BUPYCAMH, YTO JAJI0 HOBBIM TOMYOK B chepe MobunbHbIX BIIO u yxe B 2012 rony
MOSBUJICST  OOJIBIIION  HAIUIBIB YK€ MOAM(UIUPOBAHHBIX BHpPycoB. CTaTUCTHKA OOHaApYXKEHUS
monupunmposarnabix BI1O B 2011-2012 ronax mo kBaptanam (K) (puc. 3).
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Puc. 3. KonmnuectBo oOHapykeHHbIX Moaudukanuii BI1O B 2011-2012 rogax [7]
Fig. 3. Number of detected malware modifications in 2011-2012 [7]

B 3akmrouenun nanee mpenoctaBieH rpauK, MOKa3bIBAIOIMIMKA HACKOJIBKO CIHAl0 KOJIUYECTBO
nosieiienuss BITIO B Hacrosimee Bpemsi. Bc€ M0BOIBHO MPOCTO, MOIB30BATENN CTATH HHPOPMAIIOHHO
00pa3oBaHHbI, OOJBIIMHCTBO U3 HUX TENEpPb 3HACT, KaK HE MOMACThCA B «KAlKaH», TaK K€ U aHTUBUPYCHI
cTany 0ojiee YMHBIMH, HEKOTOPbIE U3 HUX BIIOJIHE CIIOCOOHBI CIIPABUTHCS C BUPYCAMU «HYJIEBOTO AHs». B
npUMEp MOKHO MPHUBECTH CaMblii M3BECTHBIM aHTHBUpYC B P® — Kaspersky, on HéM, Ka3zaaoch Obl,
CIBIIIAIIA BCE, B OpPraHM3alUu pPadOTAIOT MNPOPECCHOHATBI CBOETO JIeNa, AHTHBHPYC IOCTOSHHO
OOHOBIIACTCS, KAaYECTBEHHO CITPABJSIETCS CO BCEMH BHUpPYCaMU U CIIOCOOCH OOpPOTHhCS C BHpycaMu
«uyneBoro aHs». Bepcus Kaspersky EDR Oosnee mosie3na ajisi KOMIOAHWH, JaHHAs BEPCHUsSl TOMOTAeT
COTPpYAHUKAM KOMIaHUU OOPOTHCS C OOIBITMHCTBOM YIPO3, BIUSIONIUX Ha pad0Ty opraHu3amnuu (puc 4).
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Puc. 4. KomnaectBo ooHapyxennbix BI1O B 2020-2021 ronax [6]
Fig. 4. Number of malware detected in 2020-2021 [6]

3AK/IIOYEHHUE

W3 npuBen€HHBIX JaHHBIX CTAHOBUTCS MOHSATHO, Kak mosiBwimch BIIO, uTo oHM MOryT chenarth ¢
MOOWJIBHBIM TeNe(OHOM, HACKOJIBKO OHH OINACHBI. BBUIM NMpOaHATU3UPOBAHBI M TNPUBEIAEH CITHCOK
ocHOBHBIX BIIO, crnucok OCHOBHBIX MOOWIBHBIX YIp0O3 U PEKOMEHAAlWU MO0 Oophde ¢ HUMHU eciH
MOJIb30BaTE b yXKE TMOMall B «KamkaH». ECH MOCTOSSHHO MOHUTOPUTH PBIHOK, MCIOJIL30BaTh OCHOBHBIC
CIIOCOOBI 3aIUTHI, YCTAHABITUBATH HOBBIC aHTUBUPYCHI M MPOTPAMMBI 3aIIUTHI, TO MOYXKHO 3aIIUTUThH CBOU
MoOmIbHBIA TenedoH Ha 99,9%. IlomHol 3ammThl JOOWTHCS TPAKTUUECKH HEBO3MOXHO, TaK Kak
BBIMTYCKAIOTCST TIOCTOSIHHO HE TOJIBKO HOBBIE 3allWThl, HO M HOBBIE BUPYCHL. EcCIM BBl OOBIYHBIMA
MOJIb30BaTeIb, TO HAaBpsAJ JIM OyleTe BbI3bIBATH Yy Xakepa OOJBIIOH HHTEpPEC, IMO3TOMY BIIOJIHE
JIOCTaTOYHO Oy/IET YCTAaHOBUTH OOBIYHYIO CPEIHIOK 3alIUTY, YTOOBI BAIlld JaHHBIC ObLUTH B O€30MaCHOCTH
1 co0JII0/1aTh OCHOBHBIE MPaBHJIA MTOJIH30BAHUS MOOMIBHBIM TeTe(hOHOM.

Ecnu npoananu3upoBath Bce rpaduku, MPUBEASHHBIE B CTaThe, U TIOCMOTPETh CTATUCTHKY BHPYCOB
JUTSL TIEPCOHATBHBIX KOMITBIOTEPOB, OYAET BHUIHO, YTO MCTOPHS C KOMITBIOTEPAMH MOBTOPHIIACH, TAKXKE
HUKTO HE OBLI TOTOB K TakoMy rpoMagHoMy HamuieiBy BITO. Okazanock BCE TOBOJIBLHO MPOCTO, XaKEPHI
HAIIUTH JOCTATOYHO YS3BHUMOCTEH, MTOATOTOBHIIUCE, IIPOBEIIH «Pa3BEJKY» U OTIIPABUIIM HA MOJIb30BATEIICH
BOJIHY BUPYCOB, KOTJ]a K 3TOMY OBUIH IJIOXO TOTOBBI, B TOCIEACTBHH KOHEUHO K€ C HUMU CTaJIA YCEPIHO
OOpOTHCS U BUPYCOB CTAJIO FOpPa3/i0 MEHBIIIE.

ITogBomsa WMTOrM, MOXKHO BBIAEINTH, YTOOBI OCTaBAaThCI B OE30IACHOCTH, HE CTOUT 3aXOIWTh Ha
CaiTHI, BBI3BIBAIONIKNE IMOJO3PEHHUS, HE KadyaTh HUKAKHe (ailJIbl C MUPATCKUX CANTOB, HY M KOHEYHO KE
coOrOAaTh MIary Mo 00ecIeueHNI0 OE30MACHOCTH CBOETO MOOMIHHIKA, TIEPEYHCIICHHBIC B JAHHON CTaThe
¥ TOTJIa HUKTO HE YKPaJIET MapoJib OT Balllel KapTOYKH, HIIH COLUATBHON CETH.
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AHHOTAIINA

B cratbe paccMaTpuBaeTcs axkTyalbHas 3aJada COBEPUICHCTBOBAaHHSA (DyHKIMOHAIBHO-
CTOMMOCTHOT'O aHallu3a B HMHTEpPEcax BHEIAPEHHS CHUCTEMbl MEHEIKMEHTA KauecTBa, TaK Kak
TPaJUIIMOHHOE TOHUMaHWE JTOTO aHAIM3a He YJIOBIECTBOPSET BCEM TPEOOBAaHUSIM YIIPABICHHUS
KayecTBOM. /[l perieHus: MOCTaBICHHON 3ajauyd MPHUMEHEH CHCTEMHO-OOBEKTHBIM HOAXO,
MO3BOJIAIONIUN  NPEJACTaBUTh CHUCTEMY B  BUAC 3JeMeHTa  «Y3en-OyHkuus-O0beKT»
(dyHKIIMOHATEHOTO 00BEKTA), YUYUTHIBAIOIIETO 0OJEe MIMPOKHI CHEKTP BXOIHBIX M BBIXOIHBIX
cBsi3eil. B pesymbrare NpPOBEACHHOTO WCCIENOBaHUS pa3padoTaHa YCOBEPIIEHCTBOBAHHAS
METOAMKA (PYHKIMOHAIBHO-CTOMMOCTHOTO aHaJIM3a, COOTBETCTBYIOIIAs TPeOOBAaHUSIM CTaHAAPTA
HNCO 9001:2015, u mo3Bomsromasi Oojiee TOYHO YYMUTHIBATH PACXOJbl, HEOOXOIMMBIE IS
MOJy4eHUs! KOHEYHOro nponykra. IlpuBeseH mnpumep IOEKOMIO3HWLUHM NPOU3BOJICTBEHHOTO
mporiecca CpeJCTBAMU  CHCTEMHO-OOBEKTHOTO — TOJIXO/a, YTO TMO3BOJNMJIO TIPEACTaBHUTh
MIPOM3BOJCTBEHHBIN Mpolnecc 0ojiee MOAPOOHO U aJeKBaTHO, B COOTBETCTBUH C TPEeOOBAaHUSIMU
CHCTEMBbl MEHE/DKMEHTa KaueCcTBa M PealbHBIMUA BXOJIHBIMH W BBIXOJHBIMHU CBSI3SIMH TPOIIECCOB,
BBIMOJIHSAEMBIX ()YHKLIMOHAIBHBIMU OOBEKTaMU.
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Abstract
The article deals with the urgent task of improving the functional cost analysis in the interests of
introducing a quality management system, since the traditional understanding of this analysis
does not meet all the requirements of quality management. To solve the problem, a system-object
approach was used, which allows presenting the system as an element "Node-Function-Object"
(functional object), taking into account a wider range of input and output connections. As a result
of the study, an improved method of functional cost analysis has been developed that meets the
requirements of ISO 9001:2015 and allows more accurate accounting of the costs necessary to
obtain the final product. An example of the decomposition of the production process by means of
a system-object approach is given, which made it possible to present the production process in
more detail and adequately, in accordance with the requirements of the quality management
system and the real input and output links of the processes performed by functional objects.
Keywords: quality management system; functional cost analysis; system-object approach;
functional block; functional object; decomposition
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BBE/IEHUE

B pBIHOYHBIX YCIIOBHAX KadyeCTBO SIBISIETCS OCHOBOW KOHKYPEHTOCIIOCOOHOCTH OpraHu3alluil.
Omnpocel mokaszbpiBatoT, 4to 80% mnoTpeduTeneil CTaBAT KauyecTBO Ha IMEPBOE MECTO MPH MPHUHITUU
pemeHust 0 mokynke, a B 40% cimyyaeB KauecTBO SIBJISIETCSI MPUOPUTETHHIM (DaKTOPOM TIpU BBIOOpE
nocraBuuka. s obecrieueHns KadecTBa HY>KHbI HE TOJIBKO COBPEMEHHbBIE MaTepHabHO-TEXHUYECKas
0a3a, 3aMHTEpPECOBAHHBIN KBaJIM(UIMPOBAHHBIA TEpPCOHAN, HO M 4YeTKas cucrema ympasieHus. [lo
yrBepxaenuto Jlx. Jxypana, 3a 85% mpobiem kayecTBa OTBEYAeT CHCTEMa KauecTBa, a 32 OCTAJIbHbIE
15% — wucnomaurenu. 3. JlemuHr ormeuan, yto 96% KadecTBa — 3TO OTBETCTBEHHOCTh CHUCTEMBI, Ha
JIOJIFO MCTIOJHUTENS npuxoantces auuib 4%. B ¢Bs3M ¢ 3THUM B HacTosiee BpeMs CIIOKUIACh TEHICHIIHS
BHE/IPEHUS B OPraHU3ALMUAX MPOHM3BOJICTBEHHON M HEMPOHM3BOJACTBEHHOM CQephl CUCTEM MEHEIKMEHTA
kadectBa (CMK), Ha KOTOpBIE BO3NIaraeTcsi OCHOBHAsI OTBETCTBEHHOCTh 3a KadecTBO. BHenpenne CMK
Ha TPEINPUATHSX TapaHTHPYET MOCTENEHHBIM pOCT Mokaszarene d(PPEeKTUBHOCTU UX JESTEIBHOCTH.
bazoit CMK sBusrorcs cranmaptet MCO cepum 9000, Ha OCHOBE KOTOPBIX (POPMUPYIOTCS
WHTEIPUPOBAHHbIC CHCTEMBI yripaBienus [1, 2].

OcnoBoit CMK siBnsieTcst yripaBieHrue BceMHu Tporeccamu opranusanuu, T.e. CMK 6a3upyercst Ha
NPOIIECCHOM TOAXO0JIe B COOTBETCTBHU ¢ TpeOoBanusmu cranaapra MCO 9001:2015 [3], B xoTopom
MPOLIECC PacCMaTPUBACTCA KaK «COBOKYIMHOCTh B3aMMOCBSI3aHHBIX M B3aUMOJCHCTBYIOIIHMX BHUIOB
JeSITeIIbHOCTH, UCTIOJB3YIOLINE BXObI I OJYUYCHUS HAMEUEHHOTO pesysbratay [4]. Takum oOpasom,
noBbIlIeHHE A(P(GEKTUBHOCTH JESATENBHOCTH JIO00H OpraHu3aluy JOJDKHO OCYIIECTBISATHCS MyTEM
COBEPULIECHCTBOBAHUS ITPOUCXOIALINX B HEN MPOLIECCOB.

Jls obecriedeHus: COBEPIIEHCTBOBAHUS IPOLIECCOB OpraHU3alui HEOOXOAMMO UMETh BO3MOKHOCTD
U3MEPATh UX CTOMMOCTh M CTOMMOCTB IIOJy4a€MBbIX C MX IOMOUIbIO PE3yJIbTaTOB. Takyro BO3MOYKHOCTb
obecrieunBaeT, Tak Ha3bIBaeMbIi, (HYHKIIMOHATIBEHO cTouMOcTHON aHam3 (PCA), mpuMeHeHne KOTOPOro
MO3BOJIIET MPEACTAaBUTh WH(MOPMAIIUIO MO0 MEHEIKMEHTY KadecTBa B BHUJC (DHHAHCOBBIX IMOKa3aTeleu
[2, 5-7].

Paccmotpum cymecTByromue Bo3MoxXHOCTH DCA u ux coorBercTBrue TpedoBanusim CMK.

@ YHKITHOHAJIbHO-CTOUMOCTHOH AHAJIH3 H ETO COOTBETCTBHE CMK

®OCA — 3TO MHCTPYMEHT YNPABJICHUSA MPOLIECCAMU, U3MEPSIOMINA CTOMMOCTh MX BBIITOJHEHUS.
Ecnu ¢unaHcOBbIe M OyXranarepckue METONbl ONpPEeNeNsIioT 3aTpaThl HA HEKOTOPBIA BHUJ JEATEILHOCTH
JUIIb 10 KaTeropusMm pacxoqoB, To @PCA MOKa3bIBa€T CTOMMOCTH BBIMIOJIHEHHUSI BCEX 3TAIOB Ipolecca.
TpaauLMOHHBIE CUCTEMBI pacueTa 3aTpaT OOJbIlle OPMEHTHPOBAHBI HA OPTaHU3AIMOHHYIO CTPYKTYpY, a
HE Ha cyuecTByromuid mponecc. OpueHTHpoBaHHBIM Ha mporecchl Meton PCA naer meHemkepam
BO3MOXXHOCTh Hamboyiee TOYHO TMPOBECTH COOTBETCTBHE MEXKIY MOTPEOHOCTIMU B pecypcax H
JIOCTYITHBIMH MOIITHOCTSIMH, a, CJI€0BATEIbHO, TOBBICHTH MPOU3BOAUTEILHOCTE. Takum oo6pazom, DCA —
3TO  «ONEepalOHHO-OPHUEHTUPOBAHHBII» METOJ, aJbTEPHATUBHBIA OyXTanTepcKUM (HHAHCOBBIM
METO/1aM, KOTOPBIi, B OTJIMYKE OT HUX [2]:

1) mnpenocraBnser wuHpopMmanuio B (opMe, TMOHATHOM Ui TepCOHANa NIPEANPHUSATHS,
HEMOCPEJICTBEHHO YYacTBYIOLIEro B OM3HEC-TIPOIIECCE;

2) pacupeaAciIsACT HAKIIaJHBIC pacXoAbl B COOTBCTCTBUU C ACTAJIBHBIM ITPOCYCTOM HCIIOJIB30BAHUSA
pecypcoB, MoApPOOHBIM TMPEACTAaBIEHUEM O MpoleccaX W UX BIMAHHEM Ha ce0eCTOMMOCTh, a HE Ha
OCHOBAHHHU IPAMBIX 3aTpaT UJIN YUCTa IOJIHOT'O 061,eMa BBIHyCKaGMOI\/'I MNpOAYKIIHH.

PaccmoTtpum mpoueaypy omnpeneneHue croumoctu npu npoeneHurn PCA ¢ UCHONIb30BaHUEM
CHUCTEMHO-CTPYKTYPHOT0 nojixona (cM. puc. 1 u 2).

B pamkax cuctemHO-cTpyKTypHOTo moaxoaa ®CA Gasupyercs Ha Tpex nmpuHImmax [2]:

1. Ilporniecc xapakTepU3yeTCsl YUCIOM, KOTOPOE MPEACTABISIET COO0M CTOMMOCTD €0 BBIIOTHEHHUS.

2. CrouMoOCTh TmpoIlecca, KOTOPBIH HE HMEET IEKOMITO3HIIMH, OMPESIsIeTCs pa3pabOoTUNKOM
CHUCTCMBEI.
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3. CroumocTsh npouecca, KOTOPbIi UMEET AEKOMITO3UIIMIO, ONPEETAETCS KaKk CyMMa CTOMMOCTEMN
BCEX MOJMPOIIECCOB HA TAHHOM YPOBHE JIEKOMITO3UIUH.

yIpaBJieHue

HCX. MaTepuaJl OYHKIMOHAIBHBI IIPOJTyKT

—_—> 0J10K —>

MeXaHUu3M

Puc. 1. CuctemHO-CTpYKTypHasi MOJIeb Tipoliecca Ha mpumepe cranaapta IDEFO
Fig. 1. System-structural model of the process using the IDEFO standard as an example
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Puc. 2. ITpumep cUCTEMHO-CTPYKTYPHOU AEKOMITO3ULIUK MPOU3BOJCTBEHHOTO MpoIecca
Fig. 2. Example of a system-structural decomposition of the production process

[Tpu 3TOM MO/1aBaeMbIif Ha BXOJ MPOIIECcca «HUCXOAHBIN MaTepram MOXKET MPEACTABIATh COOOM Kak
MaTepuaibHble 00BEKTHI, TaK U HH(OPMALIHIO, KOTOPhIE MepepadaThIBAIOTCS MPOLIECCOM IS MOTYYESHHUS
Ha BBIXOJIE COOTBETCTBYIOLIETO «MIpoaykTa». Ha BXxox «ympaBieHue» Bcerja IMOAAeTcsl TOJIBKO
uH(popMalns, KOTopas, Kak MpaBUJIO, CONEPKUTCA B JIOKYMEHTaX (3aKOHBI, CTaHAAPTHI, YEPTEXKH,
TEXHUYECKHUE 3a/JaHus, TPHUKA3bl, PACIOPSDKEHUsS, 3asABKU, IUTAHBI W T.A.). OJTa wuHbopmamus He
nepepabaTbIBacTCsl MPOIECCOM, HO O0OECeYrMBaeT €ro COOTBETCTBHE U COOTBETCTBUE MPOAYKTa
ompezeNieHHbIM TpeboBaHUsAM. Ha BXOJ «MexaHW3M» MOJAeTCs TO, C MOMOIIBIO Yero MpeoopasyroTcs
MaTepuaibHbIe OOBEKTHI WM oOpadarbiBaeTcs HWHGOPMAIUS M TOJydaeTcs TPeOyeMbId MPOIYKT
(oO6opynoBaHue, COTPYIHUKH U T.J1.).

B cooTBeTcTBHM €O CKa3aHHBIM BBIIIE CTOMMOCThH NMPOAYKTa Ha BBIXOJIE HEKOTOPOTO Ipoliecca
onpenensiercss ¢ nomonibio ®CA B paMkKax CHUCTEMHO-CTPYKTYPHOrO MOJIXO/Ja KaK CyMMa CTOMMOCTHU
HCXOJHOI0 MaTrepHala, MOCTYMAIIIero Ha BXOJ IPOllecca, CTOMMOCTH YIPAaBIEHHUS MPOLIECCOM H
CTOMMOCTH HCHOJB3YyEMOro IpoiieccoM MexaHu3ma. CrenoBaTelibHO, B JaHHOM Clly4ae CTOMMOCTH
MPOIYKTA OMPEENAETCS CIEeIYIOIIUM COOTHOIIEHHUEM:

Cnpoaykra = Cucx.mar. + Cynpas. + CmexaH.
AHanu3 nyONMKalMid pPa3IUYHBIX AaBTOPOB, OCBEHIAIONIMX B CBOUX paboTaXx METOJI0JIOTHIO

nposenenust ®CA, Hanpumep, [5-8] cBugerenscTByer o ToM, 4yTO B HacTosmiee Bpems Metoanka ®CA He
MOJTHOCTHIO ynoBieTBopsieT TpeboBanusim CMK. Hampumep, BoITIOIHEHHE JTFOOOTO TIpoIiecca, COrIacHO
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craugapty MCO 9001:2015 (m. 4.2.4.), Bcerma AO/DKHO COMPOBOXKIATHCS CO3JaHUEM 3armuceit
(IOKyMEHTOB) B BHJIE )KYPHAJIOB, HApsA-3aKa30B, HAKJIaHBIX, AKTOB, OTYETOB, T.C. HA BBIXOJIE MpOIIecca,
KpOME TPOAYKTa, JODKHA OBITh emie W oTdeTHas HH(opmanus. OIHAKO CTOMMOCTH W3TOTOBJICHUS
oTt4yeTHOM MHpopmanuu TpaauunoHHEIM PCA He yuuThiBaercs. [Ipu 3TOM 0 HalIM4MK Ha BXOJE, KpoMe
HCXOJHOTO MaTepuaia, oOecreunBaiomeil mHGopMannu, a Ha BBIXOAE, KPOME IMPOAYKTA, OTYETHOMH
uHpopMalMK yTBEp)KAaeTcs, Hampumep, B pabdorax [4, 9]. «Ha Bxome mpomecca MOXET OBITH
MaTepUaNbHBIA 00BEeKT uiau wuHpopMamus. Ho wmarepuanbHbIi OOBEKT OOBIYHO COIPOBOXKIACTCS
uHpopmanueii o0 ero CBOWCTBaX, IO3TOMY YacTO TMPHUXOAUTCS HMMETh Jel0 C KOMOMHanuen
MaTepualbHBIX W HMH(OPMAaIMOHHBIX BXOmoB. Ha BbIXOm mpomecca Takke OOBIYHO TIOCTYIAET
uHpOpMaLUs WIM MaTepHalbHBIA OOBEKT, CONPOBOXKIaeMblii HMH(popMarueir o0 ero cpoiicTBax, U
OTYETHBIE JTOKYMEHTHI, COJICPIKAIINE CBUICTEIHCTBA JEITEIFHOCTH, OCYIIECTBICHHON B XO/I€ MPOIIEcca»
[4,c. 3].

OtcyTcTBHE ydeTa pacxoJ0B Ha OTYETHYIO MH(OPMAIHIO, a TAaKXKE €lle HEKOTOPHIX PacXoJoB, C
TOYKHM 3pEHHUsI aBTOPOB, oOycioBieHO TeM ¢akrom, uro k PCA 10 cux Mmop HE HPUMEHSIICA
COBPEMEHHBIN CHCTEMHO-00BEKTHBIHN TOIXO/I.

IIPUMEHEHHE K ®CA CHCTEMHO-OB'BEKTHOI O I101X0/1A4

B pamkax cucTeMHO-00BEKTHOTO TIOX0/1a CHCTEMa pacCMaTPUBAETCS KaK TPUEIMHAS KOHCTPYKIIUS
«Y3en-Oyuknusa-O0bpex™»  (YDPO-351€eMeHT), T.€. C€AMHOBPEMEHHO KaK CTPYKTYPHBIH  DJIEMEHT
(IepeKpecTok CBs3eH, y3en), GyHKIIMOHATBHBIA dJIEMEHT (Ipolecc, nmpeoOpa3yrolnii BX0I B BBIXOJ B
JIAHHOM Y3JIe) U MaTepHaTbHBIA AJIEMEHT (00BEKT, peau3yIoIIHi Mporecc AaHHOro y3ia). CHUCTeMHO-
OO0BEKTHBII MOJXO/ TO3BOJISIET MEPEUTH OT PACCMOTPEHHS B3aUMOCBS3aHHBIX (DYHKIIMOHAIBHBIX OJOKOB
(mporieccoB) mTpHU CHUCTEMHO-CTPYKTYPHOM MOJEIMPOBAHUU K PACCMOTPEHHIO B3aMMOCBS3aHHBIX
(GYHKIMOHATIBHBIX 0OBEKTOB, PEATU3YIOIIUX MPOLIECCH B paMKaX HEKOTOPOH CTPYKTYPHI, IPH CUCTEMHO-
00BEKTHOM MOJAETHUPOBAHUU.

Takum oOpa3om, B paMKax AAHHOTO MOJXOJa YaCTU U JAEATEIbHOCTh OpraHU3allid MOTYT OBITh
IpeJCTaBJICHbI 00JIee MOJHOIEHHO M BCECTOPOHHE 10 CPABHEHUIO C CUCTEMHO-CTPYKTYPHBIM IOJIXOJIOM,
YTO TO3BOJISIET YCTPAHUTh OTMEUEHHBIE BBIIIE HEJOCTAaTKU C TOYKM 3peHust cooTBercTBUs DCA
tpeboBanussMm CMK. DTo mocturaercs ImyTeM YCOBEpPIICHCTBOBaHHWs, MpeIioxkeHHoro B padbore [10]
a0cTpakTHOTO oOOpa3za cucreMbl kKak Y®O-snementa B Bujae (GYHKIMOHAIBLHOTO OOBEKTAa,
IIPEJICTAaBICHHOIO Ha PUCYHKE 3.

HCX. MaTepuaJl TIPOJIYKT
obecrneuenue OyHKITMOHATBHBIT uHpopManus
00BEKT )
MpaBJIEHHE
P OTXOZBI

Puc. 3. DnemeHT cucteMHO-00beKTHON MoJenu «Y3en-OyHKIusa-O0beKT»
Fig. 3. Element of the system-object model "Unit-Function-Object"

B naHHOM cnydae mojaBaeMbli Ha BXOJ IMIPOIECCA «HUCXOJHBIA Marepuam» TaK K€ MOXKET
IPECTaBIATh cO00M Kak MaTepHalibHble OOBEKTHI, TaK M MH(OpPMAINIO, KOTOpHIE NepepadaThIBalOTCs
IPOLIECCOM JUISI TIOJTy4EeHHUS Ha BBIXO/I€ COOTBETCTBYIOIIETO «IIpOAyKTay. Ha BXon «ympaBieHHe» Tak ke
BCErJa MOJaeTcsi TOJbKO MH(pOpMaLus, KOTOpas, KaK MpPaBUIIO, COJCPKHUTCA B JIOKyMEHTax (3aKOHBHI,
CTaHAAPTHI, YEPTEKH, TEXHUUYECCKUE 3aJaHWs, MPUKA3bl, PACIOPSIKEHUS, 3asBKH, IUIAHBI U T.1.). JTa
uHpopMaLUs TaK >Ke€ He mepepadaTbiBaeTcs MpPOIECCOM, HO OOECIEeYMBAET €ro COOTBETCTBHE U
COOTBETCTBHE TPOJYKTa OINpPEJEICHHBIM TpeOOBaHMAM. B NomoiHEHHE K 3THM BXOAAaM YUYHUTHIBACTCS
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BXOJl «o0OecreueHue», Mo KOTOPOMY MOXKET MojaBaThcsi MHGopMaius 00 HMCXOIHOM MaTepuaie
(cm. [4, 9]) unm marepualibHOE, HANPUMEP, YHEPreTHUECKoe oOecrieueHrne padoThl (YHKIIMOHATHLHOTO
0o0BekT. BmecTo BXxoma «MeXaHH3M» HCIONB3YETCS XapaKTepUCTUKA (YHKIIMOHAIBHOIO OObEKTa,
KOTOpBI, COOCTBEHHO, W BBINOJNHSACT JaHHBIA MpoOIecC, MPEACTaBisAs co0OW 00OpyJOBaHUE WITH
coTpynHUKOB. Beixos «uHpopmanus» oOecrieunBaeT MojaydeHre OTYETHON MH(pOpMaluu O mpolecce U
IPOJAYKTE B BUJE 3aMKcell (JIOKyMEHTOB: KYPHAJIOB, HapsAA-3aKa30B, HAKJIAHBIX, aKTOB, OTYETOB U T.1.) B
coorBeTcTBUH ¢ TpeboBanusmu crangapra MCO 9001:2015 (m. 4.2.4.). Beixoa «OTXOAbI» 00YCIIOBIIEH
TE€M HU3BECTHBIM (JAKTOM, YTO JI00asi NEATENbHOCTh CBSI3aHA C OTXOJaMU W MOOOYHBIMH MPOIYKTAMHU,
KOTOpBIE MOTYT UMETh U CBOIO MOTPEOUTENHCKYIO CTOMMOCTb.

Takum o0pa3om, B paMKax CHCTEMHO-OOBEKTHOTO IOAXO0JA CTOMMOCTh IPOJYKTAa HAa BBIXOJE
HEKOTOPOro Mpoliecca ONpeneseTcss ¢ MOMONIIbIO YCOBEPIIEHCTBOBaHHOM MeToaukn PCA kak cymma
CTOMMOCTH HCXOJHOTO MaTepHualia, MOCTYMAIOUEro Ha BXOJ (YHKUMOHAIBHOTO OOBEKTa, CTOMMOCTH
VOpPaBJICHUS 3THM OOBEKTOM, CTOMMOCTH obOecreueHuss (MHPOPMAIMOHHOTO WJIM MaTepUuaIbHOTO),
CTOMMOCTH JKCIUTyaTallii (PYHKIMOHAIBHOTO OO0BEKTa (aMopTH3auus o00OpylOBaHHUA, 3apIuiaTa
COTPYAHHUKOB H T.]I.), CTOUMOCTH OTYETHOU MH(POPMAIIUA M CTOMMOCTH OTXOJI0B (KOTOPBIE MOTYT OOIIYIO
CTOMMOCTh KaK yBEIMYMBaTh, TaK M yMeHbIIaTh). CleqoBaTrelbHO, B JAHHOM CIydae CTOUMOCTH
MPOIYKTA OMPEENAETCS CIEeIYIOIIUMM COOTHOILIEHUEM:

Cnpoaykra = Cucx.mar. + Cynpas. + Cobdecn. + Cakcn.oobexkra + Cuadopm. + Corx.

CucteMHO-00BEKTHasl JEKOMIO3MIMA IPOU3BOACTBEHHOIO TIpolecca B BHIE CTPYKTYpPbI
B3aUMOJICHCTBYIOIIUX  3JIEMEHTOB  «Y3en-OyHkiusa-OO0beKT» ¢ y4eToM  IOTOKOB/CBSI3EH,
COOTBETCTBYIOIMX PUCYHKY 3, MO3BOJIAET MIPEICTABUTh NIPOU3BOACTBEHHBIN Ipoliecc 0ojiee NogpoOHO U
a/IeKBaTHO, B coOTBeTCTBHM ¢ TpeOoBaHusMU CMK u peasbHBIMH BXOJHBIMU M BBIXOIHBIMHU CBSI3IMHU
IPOIIECCOB, BHIMOIHAEMBIX (PYHKIIMOHATBHBIMUA 00BEKTaMU (CM. puc. 4).
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Puc. 4. [Tpumep cUCTEMHO-00BEKTHON JEKOMITO3UIIUH ITPOU3BOCTBEHHOTO TIpoIiecca
Fig. 4. Example of system-object decomposition of the production process
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Takum 00pa3om, MPUMEHEHUE CUCTEMHO-00BheKTHOTO Toaxoaa kK PCA obecnieunBaeT yCTpaHEHHE
€ro HECOOTBETCTBHUA Tpe6OBaHI/I}IM CMK u JOITIOJIHUTCIIBHO ITO3BOJISAECT CO31aBaTh MOACIIN ACATCIbHOCTU
opraHu3aim, 0osee aJiekKBaTHO ONMCHIBAIOIINE B3aMOICHCTBUE €€ 3JICMEHTOB.

3AK/TIOYEHHUE

B Xxome mnpoBEeAEHHOTrO HCCIENOBAHMSI YCTAaHOBJIEHO, 4YTO TpaauunuoHHas Mmertoguka DCA He
ynoBneTBopsieT Bcem TpeboBanmsiM ctangapra CMK. IlokazaHo, 49TO TPUYMHONW HECOOTBETCTBHS
metonuku DCA tpeboBanusm CMK sBisieTCss MCMONB30BaHUE YCTAPEBIIETO CHCTEMHO-CTPYKTYPHOTO
nonxona. Ha ocHOBe CHCTEMHO-OOBEKTHOIO MOAXO0/a MPEANIOKEH aOCTPaKTHBIM 00pa3 cUCTEMBI B BUE
(GYHKIMOHATIBHOTO O0BEKTa aHaJoruyHoro ¢yHkiuoHamsHOMY Osoky IDEFO, HO yuwmThIBaromero
0oJbIIee KOJUYECTBO PEAbHO CYIIECTBYIOIIUX BXOIHBIX M BBIXOJHBIX CBs3ell. Vcmonb3oBaHue Takoro
(YHKIMOHATIBHOTO O0BEKTa MO3BOJHIO ycOBepieHCTBOBaTh MeToanky PCA, obecneunB ydyeT Bcex
TpeboBanuii cranmaproB CMK. IlpumeHeHHE CHUCTEMHO-OOBEKTHOTO MOAXOAA IS JACKOMITO3UIIUH
IPOM3BOJICTBEHHOTO MpoIllecca B BHUJAE CTPYKTYpPhl B3aUMOJCHCTBUS YHOMSHYTHIX (DYHKIIMOHAIBHBIX
00BEKTOB MOKa3ajo OOJbIIYI0 aJeKBATHOCTh MOJEIM B YAaCTH ydeTa B3aUMOJEHCTBHUS MPOLIECCOB IO
CPAaBHEHUIO C CUCTEMHO-CTPYKTYPHBIMH MOJAEIISIMHU.

b/IIAT'OJAPHOCTH
HccnenoBanusi BBIMOMHEHBI mnpu (UHAHCOBOM Toauepkke Tmpoekta Poccuiickoro ¢oHma
dbynaamenTanbHbIX ucciaenoBanuit Ne 19-29-01047mk.

CnMcok JMTepaTypsbl

1. Merpenko C. 3ammineHHas BHUpPTyaidbHas 4YacTHash CETh. COBPEMEHHBIM B3IV HA 3alIUTy
KOH(UACHIMANIBHBIX AaHHBIX // Mup Internet. M. 2001. Ne 2.

2. ®aiinpHep M. BuptyanbHbie dacTHbIe ceTd HOBoro mokoneHus LAN // JKypHan ceTeBbIX pelIeHHI.
M. 2005. Ne 11.

3. ®parro M. CekpeThl BUpTYalbHBIX YacTHBIX ceTeid. Cetn u cuctemsl cBszu // Emergent Actors in World
Politics: How States and Nations Develop and Dissolv. Princeton University Press. 1997. Ne 3.

4. VBanoB M. A. Kpunrorpadudeckue METOIbI 3alIUTH HHOOPMAIIUU B KOMIIBIOTEPHBIX CUCTEMaX M CETAX.
M. KYANL-O6pas3. 2001.

5. Komecuukos O. Linux: cosmanme BupryanpHbix dacTHBIX cereil (VPN): mep. ¢ anrm. / O. KomecHukos,
b. Xetu. M. KYJIUII-O6pa3. 2004. 459 c.

6. M. W. Youssef, Hazem EI-Gendy. Securing Authentication of TCP/IP Layer Two By Modifying
Challenge-Handshake Authentication Protocol // Advanced Computing: An International Journal. 2012. P. 11.

7. Rand Morimoto, Kenton Gardinier, Michael Noel and Joe Coca. Microsoft Exchange Server 2003
Unleashed. 2003. P. 244.

8. Kaufman. C., Perlman. R., u Speciner. M., Network Security: Private Communications in a Public
World // Prentice Hall. 1995.

References

1. Petrenko S. Protected virtual private network: a modern view on the protection of confidential data //
World of the Internet. M. 2001. No. 2.

2. Faylner M. Virtual private networks of the new generation LAN // Journal of Network Solutions.
M. 2005. No. 11.

3. Fratto M. Secrets of virtual private networks. Networks and communication systems // Emergent Actors
in World Politics: How States and Nations Develop and Dissolv. Princeton University Press. 1997. No. 3.

4. lvanov M. A. Cryptographic methods of protecting information in computer systems and networks.
M. KUDITs-Obraz. 2001.

5. Kolesnikov O. Linux: the creation of virtual private networks (VPN): per. from English. / O. Kolesnikov,
B. Hatch. M. KUDITs-Obraz. 2004. 459 p.

6. M.W. Youssef, Hazem EI-Gendy. Securing Authentication of TCP/IP Layer Two By Modifying
Challenge-Handshake Authentication Protocol // Advanced Computing: An International Journal. 2012. P. 11.

7. Rand Morimoto, Kenton Gardinier, Michael Noel and Joe Coca. Microsoft Exchange Server 2003
Unleashed. 2003. P. 244.



"

HAyt—II—IbIM Bysose I1.A., Kuxapes A.I,, Mamopun C.H. QYHKYUOHANLHO-CMOUMOCMHOU aHAAU3 045
cucmemvl MeHeddcmewma kadecmea // HayuHwlli pesyabmam. HugopmayuoHHble 41
PEBY]-_[I:) I _A_ mexuoaozuu. - T.7, N°2, 2022

BE S E_A R C DerIIIT_

8. Kaufman. C., Perlman. R., and Speciner. M., Network Security: Private Communications in a Public
World // Prentice Hall. 1995.

By3os I1aBex AnapeeBnd, renepanbublii aupektop AO «CoprKonuexT»
KuxapeB Anexcannp 'eHHagneBHY, KaHIUIAT TEXHUYECKUX HAYK, JTOLEHT, IOLEHT Kadeapbl IPOrpaMMHOT0 00eCIieueHHUs
BBIUUCIIUTEILHON TEXHUKH U aBTOMAaTU3UPOBAHHBIX CUCTEM

Matopun Cepreii HropeBm4, MOKTOp TEXHHYECKHMX HayK, Mpodeccop, mpodeccop Kadeapbl HHOOPMAIMOHHBIX U
POOOTOTEXHUIECKHUX CHCTEM

Buzov Pavel Andreevich, Director of AO “Softconnect” (Close Joint-stock Company)
Zhikharev Alexander Gennadievich, Candidate of Technical Sciences, Associate Professor, Associate Professor of the
Department of Computer Engineering and Automated Systems Software

Matorin Sergey lgorevich, Doctor of Technical Sciences, Professor, Professor of the Department of Information and Robotic
Systems



"

HAyt—II—IbIM Kocmun K.B, Ezopos C.®., Yucmskos C.B. BausHue sgpekma uvemvipexeo1Ho8020
CMeuleHUsl HA Kayecmeo nepedauu onmuueckux cuzHanoe // HayuHwlll pesyabmam. 42
PE BYHI:) I A_ HugpopmayuonHwvie mexroaozuu. - T.7, Ne2, 2022.

BOE S E_A R _CH RL-'SLILT_

YK 535 DOI: 10.18413/2518-1092-2022-7-2-0-5

Koctun K.B.
Eropos C.®.
Yucrakos C.B.

BJIMAHUE DOPPEKTA YETBIPEXBOJIHOBOI'O CMEIIEHUSA
HA KAYECTBO NIEPEJAYU OIITHYECKUX CUT'HAJIOB

@enepalbHOE rOCYIAPCTBECHHOE Ka3éHHOE BOCHHOE 00pa30BaTelIbHOE YUPEKICHHE BBICIIEr0 00pa3oBaHus
«Axanemus ©enepanapHOi ciyk0b1 0xpaHsl Poccuiickoit @eneparmm,
yi. IIpubopoctpoutensHas, a. 35, . Opén, 302034, Poccus
e-mail: kirya.kostin.99@mail.ru

AHHOTAIUSA
B Hacrosimee BpeMs MpakTHUECKH KaXKABIN YeJIOBEK HCIIONIBb3YEeT YCIYTH nepenadn nHpopMannu.
Jis  ynoBieTBOpeHUs BceX NOTPeOHOCTEH, MOIIHOCTH M CKOPOCTH Tiepeladd JIaHHBIX B
COBPEMEHHBIX ONTHYECKHUX CHCTEMax CBSI3M JIOCTUTIM OTPOMHBIX 3HadeHHWH. [Ipm BBICOKHX
MepelaBaeMbIX MOIHOCTSAX B ONTHYECKOM BOJIOKHE BO3HUKAIOT HEKENIATEIbHBIC HEIMHCHHBIC
3 PeKTh, KOTOpHIE YMEHBIIAIOT 3()PEKTUBHOCTH BCEH ONMTHUECKOW cHcTeMbl. HenmmHelHbIe
3¢ (eKThl B ONTUYECCKUX BOJOKHAX HAKIABIBAIOT PA3IMYHBIC OTPAHWYCHHS Ha KaHAJ CBS3U, U
MMOHUMaHWe TakKuX OJ(PQPEKTOB ABIAETCH TMPAKTUIECKH HEOOXOAMMBIM. UYeThIpexXxBOITHOBOE
CMEIIICHUE SIBJISCTCSA JOMUHHUPYIOIIAM HEJIWHEHHBIM 3PQPEKTOM, TPUCYTCTBYIOIIMM B CETAX
ONTUYECKOTO MYIbTUIUIEKCHPOBAaHUS C pas3neneHreM AnuH BoimH. (OOocHOBaHBI  0OIIHE
MOJIOKEHUS 0 MEXaHU3ME MPOSBIICHUSI Y€THIPEXBOITHOBOTO CMEIIICHHUS B ONITHYECKOM BOJIOKHE. B
CTaThe TPWBEICH BapHaHT KiIacCUPUKAUU HeTHMHEHHBIX 3(pdekToB. PaccMoTpeHB BHIBI
YEeTBIPEXBOJHOBOTO cMmeleHus. B paboTe mokasana 3aBucumocts 3gdexra UBC ot konmuecTBa
CUTHAJIOB B TPAaKTE M COOTHOIIEHUS (a3 MEXIy B3aWMOJEHCTBYIOIINMHU CHUTHAIaMU. ABTOpPaMH
MPEJIaraloTcsl CIOCOOBI TIOBBIINICHUS JIOCTOBEPHOCTH TMEPENayd ONTUYCCKHX CHTHAJIOB B
BOJIOKOHHO-OTNITHYECKHUX CHCTEMaX IMepeavm.
KuaioueBble cjioBa: 4ETHIPEXBOIHOBOE CMEIICHUE; BOJIOKOHHO-ONTUYECKUE CUCTEMBI MEPEIauH;
HeTMHEHHBIE Y PEKTHI
Jass umurupoBanms: Koctun K.B., Eropor C.®., Yucrtskor C.B. Bnusaue 3ddekra
YETHIPEXBOJHOBOIO CMEIICHUS Ha Ka4deCTBO Tepefadyd ONTHYeCKuX curHaiaoB // Hayunbrii
pesyibtat. Madopmarmonnsie TexHomoruu. — T.7, Ne2, 2022. — C. 42-47. DOI: 10.18413/2518-
1092-2022-7-2-0-5
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THE INFLUENCE OF THE FOUR-WAVE MIXING EFFECT
ON THE TRANSMISSION QUALITY OF OPTICAL SIGNALS
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Abstract

Currently, almost everyone uses information transmission services. To meet all the needs, the
power and data transmission rates in modern optical communication systems have reached
enormous values. At high transmitted powers, undesirable nonlinear effects occur in the optical
fiber, which reduce the efficiency of the entire optical system. Nonlinear effects in optical fibers
impose various limitations on the communication channel, and understanding such effects is
practically necessary. Four-wave mixing is the dominant nonlinear effect present in optical
networks with wavelength-division multiplexing. The general provisions on the mechanism of
manifestation of four-wave mixing in an optical fiber are substantiated. The article presents a
variant of the classification of nonlinear effects. The types of four-wave mixing are considered.
The paper shows the dependence of the FWM effect on the number of signals in the path and the
phase ratio between the interacting signals. The authors propose ways to increase the reliability of
optical signal transmission in fiber-optic transmission systems.

Keywords: four-wave mixing; fiber-optic transmission systems; nonlinear effects
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BBE/IEHUE

Ha ceronusmHuii eHb, B yCIOBUSAX BHYTPEHHUX M BHEIIHUX YIrpo3 rOCYAapCTBa, CTPEMHUTEIHHO
pacTét HeoOXOUMOCTh CETEH CIEIUaTbHOTO Ha3HAYCHHS B ONEPAaTUBHOM M aKTyallbHOW MH(popManuu. B
CBSI3U C ATHM, K TEJIEKOMMYHHUKAI[MOHHBIM CHUCTEMaM TPEABABISIOTCS KECTKHE TpeOOBaHUS s
Ka4eCTBEHHOH, KOppekTHOW u 3¢dektuBHON oTpaboTku 3amad [8]. C MOCTOSHHO pacTyIIUMHU
oOpabaTbiBaeMbIMH 00BEMAaMHU JTAHHBIX BO3HHKAET HEOOXOJUMOCTHh B YBEIMUYCHHM CKOPOCTH TeEperayu
WH(GOPMALMOHHBIX MOTOKOB. OJIHAKO CTpEeMIIEHHWE TMOBBICUTh CKOPOCTh Mepeaayd HH(opManuu
NPUBOJUT K YXYJIICHUIO KauecTBa rnepenaun. CienoBarenbHo, claelyeT yYUTHIBAaTh apaMeTphl, KOTOpPbIE
HETraTHBHBIM 00Pa30M BIUSIOT Ha XapaKTEPUCTUKU CUCTEMBI TIepeIayu.

OCHOBHAA YACTH

OnTuyeckre CUCTEMBI CBS3U, pabOTaIOIIUe MTPH YMEPEHHON MOITHOCTH (HECKOJIbKO MWJIJIMBATT) U
CKOPOCTH Tiepefaud AaHHBIX (mpuMmepHo a0 2,5 ['OUT/C) MOXKHO CUYMTATh JIMHCHHBIMH CHCTEMaMH.
Opnnako mpu OoJiee BBICOKMX CKOPOCTSIX Iepeladd JaHHbIX, Takux kak 10 ['Out/c u BeIme, u/uin npu
0oJiee BBICOKMX IepeAaBaeMbIX MOIIHOCTSAX Ba)XKHO YYUTHIBATh BIUSIHUE HelWHeWHocTU. Henuuelinbie
IpOIIeCcChl NPU Tepeaye CUTHAJIOB 4Yepe3 AMAICKTPUUECKUN BOJHOBOJ BO3HHMKAIOT TJIABHBIM 00pazoM
W3-3a2 MPEBBINICHUS MHUKOBOM MOIIHOCTBIO Py ONTHYECKOrO0 CHUrHaja OIpPEIEJIEHHOr0 IOpPOrOBOIO
3HaYeHHus P, CBONCTBEHHOIO  KaXJOMYy KOHKPETHOMY MaTepuany. B TakoMm  cuibHOM
JJIEKTPOMAarHUTHOM TIOJIE OTKJIMK JIIOOOT0 JAMAJIEKTpPHKa Ha CBETOBOE BO3JIEHCTBHUE CTAHOBUTCS
HEJIMHEHHBIM, a BOJHOBOJHAS CTPYKTypa TOJBKO ycuiuBaeT 3ToT 3¢p¢ekt. B cnydae cucrem WDM
HeJIUHEWHbIe 3 PEKThl MOTYT CTaTh BaXKHBIMH )K€ MIPU YMEPEHHBIX MOLIHOCTSAX M CKOPOCTSIX Mepeaadn
JTAHHBIX.

JMAIEeKTpUYECKHT CBETOBOJ MOXKET WIrpaTh poOJb Cpelbl, B KOTOPOH HECKOJIBKO OTAEIBHO
BBEJICHHBIX ONTHYECKUX BOJH B3aUMOJCHCTBYIOT Jpyr C JApPYroM 4epe3 HEIMHEMHBIA OTKIHK
3JIEKTPOHOB BHEIIHUX 00O0JI0oueK. B NaHHBIX YCIOBUSAX CyMMapHOE€ AJIEKTPOMAarHUTHOE IOJ€ MOXKET
NIOPO’KJ1aTh HOBBIE YACTOTHBIE KOMIIOHEHTHI. Takue mpolrecchl Ha3bIBAIOTCA MMAPAMETPUUECKUMU, TaK Kak
reHepanusi HOBBIX CHEKTPAJbHBIX KOMIIOHEHTOB OOYCIIOBJI€HAa CBETOMHIYLIMPOBAHHBIM H3MEHEHUEM
napameTpoB nepenadn cpenbl. OCHOBHBIMU MapaMeTpuyeckumu mpoueccamu OB, mposBastomumMucs B
BOCTI, sBisifoTCs 4eTHIPEXBOJIHOBOE CMeEIIeHUe U renepanus Tpetbeit rapmonuku (I'TT) (puc. 1) [8].

I Henuneiinbie apdextsr B8 OB I

2
BriayxneHHoe ynpyzoe BrinyxneHnoe neynpyzoe
paccesiHue paccesHue
v v
Henuneitnoe [TapameTpuueckue
TIPEIOMIICHHUE TIPOLIECCHI A 4 A 4
v v v v Bemyxaennoe || Bomyxaennoe
®dasoBas ®dazoBad UYetsipex- Ceneparius || KOMOMHAIIOH- paccedaHue
camo- Kpocc- BOJIHOBOE Tpetbeii || HOE paccesnue (| Manaenbiutama
MOIYJISALA | | MOXYJIA LIS CMEIICHNUE TapMOHHKH (BKP) — bpuiutosna
(PCM) (PKM) (UBC) ('TD) (BPMB)

Puc. 1. Bapuant xnaccudukanuy HETUHEHHBIX 2P(GEKTOB B ONITUYECKOM BOJIOKHE
Fig. 1. A variant of classification of nonlinear effects in optical fiber

UBC - rnaBHBI MCTOYHMK IepeceueHud u mnorepp B cucreMax WDM. B3aumnHoe BausHuE
HECKOJIbKUX KaHaJIOB JIPYT Ha JIpyra CO3[acT HOBbIE MOCTOPOHHHE CUTHAJBL. B xymmiem ciydae paBHOTO
paccTosiHUA MEXAY KaHajdaMy OOJIBIIMHCTBO HOBBIX YacTOT HAKJIAABIBAIOTCS Ha CYLIECTBYIOIIHME H
BBI3BIBAIOT MHTEp(depeHinoo. B mydmem ciaydae Habmomaercss juinb ymeHblieHHe momHoctd WDM



"

HAyt—II—IbIM Kocmun K.B, Ezopos C.®., Yucmskos C.B. BausHue sgpekma uvemvipexeo1Ho8020
CMeuleHUsl HA Kayecmeo nepedauu onmuueckux cuzHanoe // HayuHwlll pesyabmam. 44
PE BYHI:) I A_ HugpopmayuonHwvie mexroaozuu. - T.7, Ne2, 2022.

BOE S E_A R _CH RL-'SLILT_

KaHaJoB. B xone pa®oTsl OyJeT pemarbes 3a/1a4a MOBBIIICHHS KauecTBa epejaud ONTHUYECKUX CUTHAJIOB
3a CUéT ONTHUMM3AINH XapPAKTEPUCTUK ONTHYECKUX TPaHCUBEPOB. [l TMOCTaHOBKM 3amauu  ObLI
WCIIOJIb30BaH KPUTEPUI NMPEBOCXOJICTBA U C/IEJIAH aKLEHT HA XapaKTEPUCTUKHU TPAHCUBEPOB ONTUYECKOTO
usnydeHus. [loctaHoBka 3a1auun peacTaBieHa Gopmynoit 1:

Q=Q,, (f{X}), 1)

riae {X} — MHOXeCTBO MmapaMeTpOB ONTHUECKUX TPAHCHBEPOB.

UeThIpeXBOJIHOBOE CMEIICHHE SBIICTCS TApaMETPHUUYECKUM IMPOILECCOM TPEThEro IMOpsjKa,
CBOMCTBA KOTOPOrO  OOYCIIOBJIEHBI ~ PAacCMOTPEHHEM  KyOW4yHOW  monsgpusoBanHoctd  [1;6;7].
[TapameTpuyeckuii mnpouecc B CpeAe, TIA€ HAUMEHBIIMH MOPSJOK HEHYJEBOW HEIWHEMHON
BOCIPUHUMYHMBOCTH PaBEH TPEM, MPEAINOIAracT B3auMOIEHCTBUE YEThIPEX ONTHYECKUX BOJIH.

[Ipu mepenavye WHPOPMAIMOHHBIX HMITYJIBCHBIX TOCIEIOBATEIBHOCTEH (TIpU ycioBUU (ha3oBOTO
COTJIACOBaHMs) Ha BCEX YETHIPEX YACTOTaX B KAXKJIOM U3 CIy4yaeB HaOII0JaINUCh Obl IEPeXOAHbIE TTIOMEXH,
memraomue  ¢ynkiuonuposannio  BOCIIL.  CrnemoBarenbHO, HEOOXOAUMO CTPEMUTHCS CHHU3UTH
nposiBiieHMe  4yeThipexBonHOBoro  cMemenus  (UBC). Takum  oOpa3oMmM, mapaMeTpuyeckoe
YETHIPEXBOJIHOBOE CMEIICHHE €CTh B3aMMOJICHCTBUE ONTHYECKUX BOJH B BOJIIOKHE, KOTOPOE MPOUCXOTUT
U3-3a HEJIIMHEHHOW 3aBUCMMOCTU TOKa3aTelisd MPEeIOMJICHHS] Cpeabl OT MHTEHCHUBHOCTH OINTHYECKOTO
U3ITy4eHUsl. JTO MPUBOAUT K T€HEPAlUU BOJHBI YaCTOTOH ®ij, MOJYYCHHOH dYepe3 CMEINIMBAaHHE TPEX
BOJIH 4acTOT: ®j, ®j, Ok TAK, YTO Wijjk = OjT OjF 0. B HEKOTOPBIX Cilydasx TeHEPUPYIOTCs IBE BOIHBI — Mp
1 s, COOTBETCTBYIOIIME PABEHCTBY Mit®j = Wpt®s.

&

P

AN

M1 @2 O3

Puc. 2. FeHepauHﬂ HOBBIX YaCTOTHBIX COCTABJIAIOIHNX C ITIOMOIIBIO YETBIPEXBOJHOBOI'0O CMECIICHUA
Fig. 2. Generation of new frequency components using four-wave mixing

B N-kxananpHOH cucteme mepefadd 3TOT APQPEKT NPUBOAUT K OOJBIIOMY KOJIMYECTBY JIOKHBIX
CUTHAJIOB:

_ N?(N-)) 2)
h(o 2 '
rne Ny — KOTM4eCcTBO JIOKHBIX CUTHAJIOB.

OddexT  YeThpeXBOTHOBOIO  CMENICHHS  3aBUCHUT  OT  COOTHOIICHHS (a3  Mexay
B3auMojieiicTBytommuMu  curHanamu [5;8;9]. Eciam Bce Merraromipe CHTHAIbI PacpOCTPAHSIOTCS C
OJIMHAKOBOM TPYNIOBOM CKOPOCTHIO, KaK 3TO ObIIO OBl B CIIydae OTCYTCTBHUS XPOMATHUECKOW TUCTIEPCHUH,
spdext ycunmupaercs. C Apyroil CTOPOHBI, NMPH HAJTHUYMU XPOMATHYECKOW IUCTICPCHH pa3IMIHbIE
CHUTHAJIBI PACIpPOCTPAHSAIOTCS C PAa3HBIMH T'PYIIOBBIMH CKOPOCTSMH. Pa3indHble BOJIHBI MONEPEMEHHO
MepeKPhIBAIOTCA 1O (a3e W HE COBHAAAIOT MO (a3e, M KOHEUHBIM 3P (PEKT 3aKI0YaeTCs] B CHIKEHUU
3 PEKTUBHOCTH cMeIMBaHus. PazHuma ckopocrelr 0oJblie, KOTr/la KaHallbl pacrloIoXeHbl Ha OOJbIIeM
paccTosHUM JApyr OT Jpyra (B CHCTEMax C XpOMaTHYeCKo maucmepcueit). M3-3a sToro mo mepe
pactipocTpaneHust curfajgoB 1mo OB MmpoucxoauT TO yCTaHOBJEHHE, TO HApyLICHWE CHHXPOHH3AIUU
MEXIy CIIeKTPaIbHBIMU KOMIIOHEeHTaM:. C OJTHOW CTOPOHBI, 3TO YMEHBIIAET MOIIHOCTh TEHEPHPYEMBIX

N
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napaMeTpUUecKUX IMOMEX, C JAPYrod HecTaOMJIBLHOCTh IPOIECCOB CYIIECTBEHHO YCIOXKHSAET OOIIYIO
KapTUHY HCKaXeHui curHaisoB B OB U 3arpynHseT MOUCK ONTHUMAJbHOIO YAacTOTHOTO TUIaHA
pa3MenieHusl CIeKTPaIbHbIX KaHAJIOB.

[Ipeanonoxum, 4To KaHaJbl, PACIIOI0KEHHbIE HA PABHOM PACCTOSIHUU JPYT OT JAPYyTa, NepeatoTcs
C OJIMHAKOBOI MOIIHOCTHIO, a MaKCHMAaJbHO JIOMYCTUMOE 3aTyXaHHE H3-32 YETHIPEXBOJIHOBOTO
cmemieHusi cocraBisier 1 nb. Torga, ecnu mepegaBaeMas MOIIHOCTh B KaXJAOM KaHaie paBHa P, To
MakcumanbHass MomrHocTh UBC B 11000M KaHaje J0mkHaA ObITh HE OoJiee P, rae € MOKHO paccunTarth
kak 0,034 s 3aryxanus B 1 nb. Ilockonbky renepupyemas UBC MoOIIHOCTR yBEIMUMBAETCs C
YBEJIMYEHUEM [UIMHBI KaHaja, yCTAHABJIMBAEeTCsl OTpaHHYEHUE Ha MOIIHOCTh Iepelayd Ha KaHal B
3aBHCHUMOCTH OT JIIMHBI Kanaia [10].

B npuBeneHHOM BbIlIe 00BSCHEHUH FOBOPHIIOCH, YTO YETHIPE PA3IMUHbIX YaCTOTHBIX KOMIIOHEHTA
B3aUMOJICCTBYIOT TOCPEJICTBOM YETBIPEXBOJHOBOIO CMEIICHHS. DJTO HA3bIBAETCS HEBBIPOXKICHHBIM
YETHIPEXBOJIHOBBIM  cMelleHneM. OJHaKo CYyIIEeCTBYeT TakKe BO3MOXKHOCTb  BBIPOXKJIEHHOTO
YETHIPEXBOJIHOBOI'O CMEILICHHUSI, KOTJIa JIBE U3 YETHIPEX YaCTOT COBMA/IAIOT.

YeThIpeXBOJHOBOE CMEIIEHNE B BOJIOKHAX CBs3aHO C (ha30BOM caMOMOYJISIIUEl U Ga30Boi Kpocc-
MOJYJIALHEH: Bce 3TH 3PPEKTHI MPOUCXOASIT M3-3a OJHOM U TOM ke HemuHeitHocTH Keppa u oTnuvaroTces
TOJIBKO BBIPOK/IEHUEM y4YacTBYIOIIUX BOJIH.

[Ipn BBICOKMX UWHTEHCHBHOCTSIX omntuyeckoro curHana (Beme 100 MBr) mposiBnenune UBC
oOHapyXHUBaeTCcsl Jake MpH paclpoCTPaHEHHH EIUHCTBEHHOIO CHTHAla IO ONTUYECKOMY TPAaKTY.
Hampumep, u3-3a BiaustHusT (a30BOM CaMOMOAYJISIIMU MMEET MECTO T'€HEpallus HOBBIX CIIEKTPaTbHBIX
cocrapisionx [20]. B cBoro ouepenb, 3TH CHEKTPaIbHBIC COCTABISIOIINE, B3aUMOJCHCTBYS IPYT C
apyrom nocpeactsoM UBC, mopo1ai0oT HOBbIE CIEKTPaIbHBIE COCTABISIOIINE.

YeThIpeXBOJHOBOE CMEIIEHUE ABIISIETCS CEPhE3HOM MpobiieMoit B cuctemax WDM, ucnons3yromux
ONTHYECKOE BOJIOKHO CO CMEIIEHHOW MAHWCIEepCHeil, HO OOBIYHO OHO HE MPEACTaBISET CEPbEe3HOU
npo0JIeMbl B BOJIOKOHHO-ONITHYECKUX CHUCTEMaX, MCIOIB3YIOIIUX CTaHJAPTHOE BOJOKHO. B wacTHOCTH,
9TO MOCITYKHAIO CTUMYJIOM T pa3pabOTKH BOJIOKHA C HYJEBBIM cMmemieHreM aucnepcuu (NZ-DSF).

B 1menoM, ecth cmocoObl TMOBBIMIEHUS JOCTOBEPHOCTH TIEpeadyd ONTUYECKUX CUTHAJIOB B
BOJIOKOHHO-ONITUYECKUX CHCTEMax Ieperadn:

1) Pa3nuuHOE pacCTOSHUE MEXKIY KaHAJTaMH. JTO MOXET ObITh MCIIOJIb30BAHO TOJIBKO ISl CHCTEM,
MMEIOLINX MaJIO€ YHUCIIO KaHAJIOB, U TPeOYyeT TIIATEIbHBIX U TOYHBIX BHIYUCICHHI.

2) YBenuueHHe PacCTOSIHUS MEXIY KaHalaMH. DTO YBEIMYMBACT PACCOTIACOBAHUE TPYIIIOBOM
CKOpPOCTH Mexay KaHaiamu. HemoctaTkoM 3Toro crocoba sBisieTcss o0lee YBEIMYEHHE IOJI0CH
MPOIYCKaHUSI CUCTEMBl U TPEOYeT OT BOJOKOHHO-ONTHUYECKUX YCHIIUTENCH BBICOKOH CTaOMIBLHOCTU B
Oojee IIMPOKOW TMOJOCE TMPOMYCKaHWs, W YBEIMYEHUE 3aTyXaHHs U3-32  BBIHYXICHHOTO
KOMOWHAIIMOHHOTO PACCEsIHUA.

3) Ucnonb30Banue UIMH BOJH BbImie 1560 HM C OXHOMOJOBBIM BOJIOKHOM CO CMEIIEHHOMH
mucniepcueit (DSF). laxe npu ucnonszoBanuu DSF B 3TOM nmamazoHe NpUCYTCTBYEeT 3HAYUTEIbHOE
KOJIMYECTBO XPOMATUYECKOM JUCIEPCUH, YTO CHIXKAET 3PPEeKT YeThIpeXBOIHOBOrO cMmeneHus. HegaBHo
pa3zpaboTaHHBIC ONTHYECKHUE YCHIUTENH L-aramna3ona MOTYT UCTIOIb30BaThCS AJIs Mepeiadn Ha Oobinne
paccrostnug mo DSF.

4) YMCHBIIICHHE MOIIHOCTH OINTHUYECKUX CHCTEeM CBsi3u. Kak W B cioydae C JpYrHMHU
HEJIMHEWHOCTSIMH, YMEHBIICHHE MOIIHOCTU MepeAaTyuKa U PACCTOSIHUSI MEXTY YCUITUTENIAMUA YMEHBIITUT
3aTyxaHUe.

5) BBenenue pasHOCTHBIX 3aJCPiKEK VIS KaKIOH JTUHBI BOJHBI, €CIHM JJIHHBI BOJH MOTYT OBITh
MYJIbTUIUIEKCUPOBAHbl M JE€MYJIbTUIUIEKCUPOBaHbl B CEpeIUMHE MYTH Nepenadyd. ITO NepeMElInBaeT
(ha30BOE COOTHOIIEHNE MEX]y PAa3TUYHBIMHU JJIMHAMH BOJH, YTO MPHUBOIUT K MEHBIIEMY 3aTyXaHHUIO 32
cuetr UBC.

3AK/IOYEHUE
Bricokue TpeboBaHMs, peabsBIIeMble K CUCTEMaM Iepeayd M0 CKOPOCTH, Ka4ecTBY U 00beMy
IPEOCTABISEMBIX YCIYT, ONPEACNSIOT HEOOXOJUMOCTh IMOHMCKA pPELIeHHs NpPOOJIEeMbl, CBS3aHHOM C



HAyt—II—IbIM Kocmun K.B, Ezopos C.®., Yucmskos C.B. BausHue sgpekma uvemvipexeo1Ho8020
CMeuleHUsl HA Kayecmeo nepedauu onmuueckux cuzHanoe // HayuHwlll pesyabmam. 46
PEBYHI:) I A_ I HugpopmayuonHwvie mexroaozuu. - T.7, Ne2, 2022.

BE S FE_a B _C K RLSUL‘I

IMOBBIIICHHUEM OOCTOBCPHOCTH IIEPECAaYM OINTHUYCCKHUX CHUITHAJIOB B BOJIOKOHHO-OIITHYECKHUX CHUCTEMAX
nepeaadyn B yCJIOBHUAX UCTHIPEXBOJIHOBOIO CMCIICHUA.
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AHHOTAIUSA

3a mociemHHe HECKOJIBKO JCCATHIICTUH W3-3a2 B3PBIBHOIO POCTA CONMATLHBIX CETEH, OHJIAH-
PECYPCOB M CaliTOB MUKPOOJIOTOB, TAKMX Kak Twitter ObLT MPUTOK IMOJIb30BATEIBCKOTO KOHTCHTA.
JlaHHBIC, MOMYYEHHBIE W3 OTHX PECYpPCOB, SBISIOTCS OOTaThIM HUCTOYHUKOM HH(DOpMAITUU IS
WHTEIJICKTYaIbHOTO aHAIN3a JIAHHBIX. AHAJIN3 TOHAIBHOCTH — 3TO aKTyallbHAs ¥ BayKHAs 00JIACTh
WCCIIEAOBAHNM, KOTOpAas IIBITACTCS OIPENeTUTh TOIPHOCTh TEKCTa. Permarornee 3HAYCHHE
MPUOOPENO ONpeICIICHUEe YyBCTB IO TMOBOJY TEKYIIMX cOObITHI B Mupe. CTaThs MOCBSIICHA
WHTEIJIEKTYyaJhHOMY aHaIM3y [aHHBIX B Twitter W ONpenerIeHnI0 MHEHHH B OTHOIIEHUH
ANIEKTPOHHOTO 00y4eHuss. OCHOBHOC BHUMAHUE YACISACTCS BBISBICHUIO HACTPOCHUH M3 TEKCTOB,
CBSI3aHHBIX C JJIEKTPOHHBIM OOYYeHHMEM, KOTOpble IyOnmkyiorcss B Twitter. beumo m3BiedeHo
okosio 3000 TBUTOB M OOHApy)KEHa MOJSAPHOCTh 3THUX TBUTOB, a 3aTEM BH3yaJTHU3UPOBAHBI
MOJTyYeHHbIC JaHHEIE.

KaroueBbie ciioBa: aHaiu3 TOHAJIBLHOCTU TEKCTA; AJICKTPOHHOE OOyUYCHHE; aHAU3 JIaHHBIX;
susyanusanus; Orange Data Mining

Jast mutupoBanusi: Kunaan A.-P., [NompmmkoB K.A. AHamu3 peakiu OONICCTBEHHOCTH Ha
aneKTpoHHOe o0y4enue B TBurrepe // Hayunsiii pesynabrar. MHpOpMaHOHHBIE TEXHOIOTHU. —
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Abstract

Over the past few decades, due to the explosive growth of social media, online resources, and
microblogging sites such as Twitter. There was an influx of user-generated content. The data
obtained from these resources is a rich source of information for data mining. Sentiment analysis
is a current and important area of research that attempts to determine the polarity of a text. The
definition of feelings about current events in the world has become crucial. This article focuses on
data mining on Twitter and defining opinions regarding e-learning. The focus is on identifying
sentiment from e-learning-related texts that are shared on Twitter. About 3,000 tweets were
extracted and the polarity of those tweets was detected, and then visualize the resulting data.
Keywords: text sentiment analysis; e-learning; data analysis; visualization; Orange Data Mining
For citation: Knaan A.-R., Polshchikov K.A. Analysis of public reaction to e-learning on
Twitter // Research result. Information technologies. — T.7, Ne2, 2022. - P. 48-54.
DOI: 10.18413/2518-1092-2022-7-2-0-6

BBE/IEHHUE
B namre BpeMs 35eKTpoHHOE 00ydeHHE U AUCTAaHIIMOHHOE 00YUYEeHHE CTajll HEOThEMJIEMON YacThIO
00pa3oBaTeNbHOTO IpoIiecca, a 00pazoBaTeabHbIE MIAT(HOPMBI CTAT MECTOM, Ha KOTOPOE BCE JIFOJIU BO
BCEM MUpE 00paliatoT BHUMaHue, 4T00bI 000TaTUTh M Pa3BUTh UX HABBIKU. B mocieqHue roapl Mbl CTalH



HquHbIM KHaaH A.-P, Iloabwukos K.A. AHanuz peakyuu obujecmeeHHocmu HA 3/eKMPOHHOE
PE3yan o6yuenue 8 Teummepe // Hayunbiii pesysomam. HHgopmayuoHHble mexHoaozuu. - T.7, 49
A Nez, 2022

Bttt itttk L

CBUJETENSIMU OBICTPOTO pocTa 3TOM OTpaciu Ojarojapsi JIETKOMY JAOCTYIY K TakUM IjaTgopmMam U
HU3KOI CTOMMOCTH TIO CPaBHEHHIO C TPAJUIIMOHHBIM 0Opa3zoBaHHEM. DTa 00JIacTh OTKPHUIA HAM HOBBIE
BO3MOXXHOCTH [UIsl M3YYEHMsI W JIy4IIero MOHUMAaHMs, MOCKOJBKY 3/J€Ch €CThb MPOOJeMbl, KOTOpbIE
NPEMSITCTBYIOT TPOTPECCY W Pa3BUTHUIO PAOOTHI 3TUX IIATHOPM, W BAXKHO IMOHUMATh MHEHHUS
M0JIb30BAaTENeH U CTYJJEHTOB O IOCTYIHBIX MaTepuanax u Kypcax.

ConmanbHbIe CETH MOMOIIIM IPOJIUTh CBET HA 00pPa30BaTENbHBIN OIBIT CTYIEHTOB, IOCKOJIBKY OHU
MPEIOCTaBUIIM UM IIMPOKOE MPOCTPAHCTBO ISl BHIPAKEHHUSI CBOETO MHEHHUS W MpoOsieM. DTH MHEHHUS
SBIISIIOTCSL KIJIIOYEBBIM (PAKTOPOM TPH OIIEHKE KauyecTBa 0Opa3oBaTENbHOTO Ipolecca M MOMOTalT B
OPUHATUA pPELIEHUH W  MPeJoCTaBICHUM HEOOXOIMMBIX YCIYr JUisl TOBBIIIEHUS  KadyecTBa
00pa30BaTEeNFHOTO MpOLEccCa U BO3MOXKHOCTH TEPEHSATh OMBIT CTYAECHTOB, KOTOPBIA MOOYXIAeT JIHI,
NPUHUMAIOIIMX PEIIEeHUs, YJIydllaTh CBOM YCIYT'M M, TaKUM OOpa3oM, MOATAIKUBATh CTYIEHTOB K
Iporpeccy U ycuexy.

[TpoBeneHHbIE HCCIEIOBAHUS BBISIBUIN BaXXHYIO POJib, KOTOpPYI0 Twitter MOXET UrpaTh B OLEHKE
MHEHHS ayJUTOpUH BO MHOTrHX obOsacTsx. Hampumep, Twitter ucrosnb30Baics A MpeABAPUTEIHHOTO
npocmoTtpa onbsita MOOC. B pa6ote [1] aBTop coOpai B obmieit cioxkaoctu 1090 coobmenuit Ha Twitter
no teme Coursera W M3Y4YMJI CTHJIM OOYYEHHUS YUYAIIMXCS W MHCTPYKIHHM Y4YHTEJEeH «KaK eCTb», 4TO
0OBsCHSIETCS B pa3au4HbBIX TBUTax. McciemoBanue mokazano, 4to TpeHepsl MOOC mmpoko
UCTIOJIb30BATTM MHCTPYMEHTHI COLMAJIBHBIX CeTed sl MPOABHMKEHHSI CBOETO OOy4YeHMsS U oOecreueHus
ycnexa oHjaiH-oOpazoBanus. B pabore [2] aBTOp mpoaHaIu3MpOBaj PEAKIHUI0 OOIIECTBEHHOCTH Ha
Benbiiky COVID-19 B TButrrepe, ucnonb3yss METOIbI aHAJIM3a 3aKOHOMEpHOCTel. B pabote [3] aBTop
MPEJIOKUIT AITOPUTM, MO3BOJISIIOIIMKA y3HATh OOLIECTBEHHOE MHEHHME TpaxkaaH MHIWM o HaloroBoii
cucreMe, of00peHHON mpaBuTeNnbcTBOM MHaum, mockonbky u3 Twitter 6pu10 co6pano 190 TBUTOB O
HAJIOTOBOI CHCTEME Ha aHTJIHMIICKOM SI3bIKE, a 3aTeM MPUMEHEH JIEKCUYECKUI MOJIXOA ISl ONpeeIeHUs
YYBCTB, KOTOpBIE KAX/IbIii TBUT HeceT. B pabore [4] aBTOp MpeanokKuil JIEKCHIECKUH OIX0/ I J0ObIYN
HECTPYKTYPUPOBAaHHBIX JaHHBIX K3 Twitter, 4YTOOBI YCTaHOBUTH CEMAHTHYECKYIO TEHICHIIUIO
B3aMMOJICCTBU M1 MHEHUH B PEKHME PEATbHOIO0 BPEMEHH IYTEM W3BJICUCHHS HACTPOCHUUN ayIUTOPUH
13 KOMMEHTapHEB, CBSA3aHHBIX ¢ HOBOCTHBIMU cTaThsiMu BBC, myOnukyembivu B Twitter.

METONOJIOTHA HCCIIE/[JOBAHUA

B »T0if paboTe MBI HCMOIB30BAIM METOJOJOTHIO W3Y4YEHUsS peakIiuu JroAed Ha Twitter ms
AIIEKTPOHHOTO 00y4YeHUs, corinacHo kotopoit 3000 TBUTOB, ComepKaIINX KIIOYEBBIC CIIOBA, CBI3AHHBIC C
obOpazoBanueM, ObLTH coOpaHbl U3 Twitter ¢ UICTIOIb30BaHUEM HHCTPYMEHTA MHTEIUICKTYaIbHOTO aHaIu3a
naHHbIX “Orange” [5], a 3aTeM 5TH JaHHBIE OBUIM MOATOTOBJICHBI M OYHILIEHBI MEPE] WX aHAIU30M C
WCIIONIb30BaHueM JieKCMKOH ‘“Vader” [6], a 3arem BbIonHEHO (QoTrorpadupoBaHue U OMpeaeiecHUe
HOJISIPHOCTU JTAHHBIX C MOMOIIBIO MporpaMMHoro obecrieuenusi Power IB [7]. Ha pucynke 1 mokasan
MpoIIecC MOTYYEHUs U aHaIu3a JaHHbIX u3 Twitter.
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Puc. 1. Tlponiecc monmyyueHus 1 aHaau3a JaHHBIX U3 Twitter
Fig. 1. The process of obtaining and analyzing data from Twitter

CH5OP JIAHHBIX

Jannsie 0bu1M monydensl u3 Twitter yepes Twitter API [8], u B HUX ObUTH BBEIEHBI KJIIOY U KOJ
KIIMEHTa, KOTOpBIE HCIIOJIb3YIOTCA MJsl HUJIECHTU(PUKALWU IOJb30BATENsl U TOJYyYEHHUS TBUTOB IMyTEM
MOMCKA 10 ONPEEICHHBIM KIIFOUEBBIM CJIOBaM. B Halllem ciiyyae Mbl HCIOJIb30BAIM SKCTPAKTOP JAHHBIX
“Orange” mius W3BJICUEHUS MaHHBIX W3 Twitter. Bt BBeACHBI CllenylONIMe KIIIOYEBBIE CIIOBA IS
3amnpoca:

Mooc

online course

digital learning
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learn online

online learning

JlanHbie, KOTOpBIE HE OyayT 00padbaThIBaThCs, OT(PIIBTPOBATIN CIEIYIONTUM 00pa3OM:

1. TBuTHI HaNIMCaHBI TOJBKO HA AHTJIMMCKOM SI3BIKE.

2. UcknroyeHue peTBUTOB.
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HHOJATI'OTOBKA IAHHBIX
[Tocne mporecca CKaHMUPOBAaHHMS C TOMOIIBIO WHCTpyMeHTa Orange ObIT NMPUMEHEH IPOIece
OYMUCTKU JIaHHBIX, IIOCKOJIbKY U3BJICKA€MbIE€ JaHHBIE MOTYT COJEpPKaTb HECOOTBETCTBYIOUIUE U
pasapaxaronye JTaHHbIC.
JOCTI)KCHHUSI HAaWJIydlIUX pe3ynbTaToB [9]. YHHMBEpCcalbHOrO CHUCKA TaKUX CJIOB HE CYIIECTBYET,
MO3TOMY B TMPOIIECCE OYMCTKH BCE HEAKTyallbHBIE JaHHBIC ObUTM yhaneHbl. HekoTtopwle M3 dYacto
UCIIOJIb3YEMBIX IIaroB MPEBAPUTEIHLHON 00padOTKH BKIIOYAIOT YAAIEHHUE CTOI-CJIOB, CAMBOJIA (@, TErOB
POS, 6eccmpicieHHOTO CI0Ba MJIM CHMBOJIA U T.JI. DTaIlbl IPEIBAPUTEILHON 00paOOTKH CIICTYIOITHE:

L4 Vz[am/ITe TUINEPCCHUIKU, €CIIN OHU €CTh,
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DTOT mar TMOMOraeT COKPAaTHTh YCTApEBIIWMW CIOBAapHBIN 3amac s

e YianeHue cron-cioBa: VICKIIIOUEHHE HCKIIOYEHHBIX CJIOB, TO €CTh CIIOB, HE BIMAIOIIMX Ha
3Ha4YeHue 1 o01iee BOCIPHUIATHE TEKCTA, TAKUX KaK MPEAJIOTH.
B Tabnuue 1 nmpeacTaBieH CIMCOK CIOB, YAAJICHHBIX U3 COOpAaHHBIX TBUTOB.

Cromn-ciioBa

Tabauya 1

Table 1

Stop words
E 16 3 9
Us Also next 10
2021 Would 19 8
Due 5 covid 6
2 dm Covid 19
1 via 4

Criucok cJ0B 1ociie mpoliecca npeiBapuTeIbHON 00pabOTKU TaHHBIX MTOKa3aH Ha pUCYHKE 3.
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IIPOLNECC SGMOLHOHA/IBHOI'O AHAJIH3A

[Tocne mporecca mpenBapuTEeIbHOW OOpaOOTKM JaHHBIX JaHHBIE OBUTH KJIacCH(UIIMPOBAHBI Ha
TIOJIOKUTEIbHBIC, OTPUIATEIbHBIC MU HeHTpaibHble. CHauaa Mbl HCNoIb30Bain ““Vader”, uro0bl HalTH
HOJISIPHOCTh  KaXJIOTO CJIOBAa B MPEAJIOKEHHWH, 3aTeM o0Ilas MOJSIPHOCTh ObUIa BBIYMCICHA ITyTEM
BBIYUTAHUS OOIIEH MOJSAPHOCTU BCEX MOJOKUTEIBHBIX CIOB U3 001N MOISPHOCTH BCEX OTPHIIATEIIBHBIX
CJIOB.

ANTOpUTM, MCHOJIB3YEMBIH IS pacuera IMOJSPHOCTH KaKIOTO TBUTA, BBIMJISAMT CIEIYIOIINUM
obpazoM:

* Eciiu cymma™> 0, TBUT NOJIOKUTENBHBIM, B IPOTUBHOM CIIy4ae — OTPULIATENIbHBIN.

* Ecniu Total = 0, TBUT HeWTpaseH.

Power BI wucnons3oBancs [ BU3yalM3allMM JaHHBIX. PHUCYHOK 4 TOKa3bIBa€T NPOLIEHT
IIOJIO’KATEIBHBIX, OTPULIATEIIBHBIX U HEUTPAIbHBIX TBUTOB.

Bbu10 3aMedeHo, 4TO MPOIEHT MOJIOKUTENIBHBIX TBUTOB OOJIbIIE, YeM OTPUIATEIbHBIX TBUTOB, KaK
noka3aHo Ha puc. 4. Tem He MeHee, €CTh €lle BO3MOXHOCTH IS yJAydll€HUs, MOCKOJIbKYy 19.27% -
OTpHIIATENIbHBIEC TBUTHI (pUC. 4).
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Fig. 4. Percentage of positive, negative and neutral tweets
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Taxxe ObUIO 3aMEUYEHO, YTO CJIOBA, UCIIOJIb3yEeMbIE B OOJBIIMHCTBE MOJIOXKHUTEIbHBIX TBUTOB, 3TO
«ydeba», «IoMallTHee 3aJaHue», «3aTaHHs Kypca», «OecCIUIaTHO», TapaHTUS», «XOPOIIUE OIECHKU» W
T.A., A OTpUIaTeNIbHbIE TBUTHl — 3TO «IUIATUTH», IPOEKTHI», «3aJaHUSl MO KypCy», <«JIUTEpaTypHbIE

IIPOEKTHI», «BPEMSA», «IUCCEpTALUA», «HUCcCleqoBaHMs». Kak MOKa3aHO Ha PHUCYHKE 5, pa3Mep CIOB
3aBUCUT OT UX KOJIMYECTBA.
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PE3YJIBTATBI

IMpoBenss sxcmepuMmeHT ¢ wucnosib3oBanueM 3000 TBuTOB, "Vader" Obul HMCMONB30BaH IS
ONpeAesieHUs TMOJAPHOCTA TBUTOB KakK TIOJOXUTEILHOW, OTPUIATENBbHOW WM HeuTpaibHOU. [locie
OTIpeieNIeH s OJISIPHOCTH M BU3YyalIM3alliu JaHHBIX C momolibio Power BI 6bu10 3amMeueHO, 4TO MPOLIEHT
MOJIOKUTEIBHBIX TBUTOB OOJIbIIE, YeM OTpULATeNbHbIX. OJHAKO €CTh MPOLEHT HEraTUBHBIX TBUTOB.
BonbIIMHCTBO HETaTUBHBIX TBUTOB COAEPKAT TAKHE CJIOBA, KAaK IUIATUTH», KIPOEKTHI», «3alaHus IO
Kypcy», <«IUTEpaTypHbIE MPOEKThI», «BPEMs», «IHUCCEPTALUsS», <«HcciaenoBaHus» U T.0 (puc. 4).
CrnenoBatenbHO, MOKHO COCPEIOTOYMTH BHUMAaHHME Ha 3TUX 00JacTAX IS YIY4IICHUS 3JIEKTPOHHOTO
00yJeHusI.

OTO MccIeJOBaHUE YYBCTBUTEIBHO KO BPeMEHH, T.K. TBUTHI ObutM coOpanbl B ampene 2021 roxa.
OpnHako OHO JTOCTATOYHO JOCTOBEPHO, YTOOBI MPOBECTH OOBEKTHUBHBIN aHANM3 pEaklUu ayIUTOPUU HA
3JIEKTPOHHOE O0yUYCHHE.

Ectp Heckonmpko HampaBiaeHud Oymaymied paboTel. Bo-mepBBIX, Apyrue HCCIEIOBATENN MOTYT
aHaNMM3UpoBaTh AaHHbIe Twitter Ha Ooyiee KpymHOM HAaOOpe JAHHBIX, COJEPIKALIEM MHJUIMOHBI TBUTOB.
Mps1 oxusiaeM, 4TO pe3yJbTaThl OyAYT HEMHOIO APYTUMHU AJisi Oonblero Habopa JaHHBIX, YTO MOXKET
JaTh JONOJHUTENbHYIO HH(pOpMaimio. Bo-BTOpBIX, B 3TOM HCCIEIOBAaHHHM HCIIOIb30BATUCH TOJBKO
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nannable Twitter. Byaer nHTEpecHO W3BIeYb U MPOAHATU3UPOBATH JIaHHBIE C APYTHUX WHTEPHET-TUIATHOPM
(rakux kak Google Trend, Google News, Facebook u YouTube), 94TOOBI OIIEHUTH KOPPEIAIHIO C
UHpOpMaIKeH B TBUTAX, & TAK)KE YBHIETh, COBMECTUMBI JI PE3YJIbTAThl ATOTO UCCIICIOBAHUS C IPYTUMHU
mwiarpopmamu. B-TpeTeux, JaHHbIE HE COOMpaUCh HJs LEJICBBIX PETHMOHOB WM SI3BIKOB, KpPOME
aHrmiickoro. KoOHIIEHTpalysi Ha OINpENeNIeHHBIX S3bIKaX MOXKET OBITh HHTEPECHBIM CIIOCOOOM
HAMEPEHHOTO cOOpa TBUTOB M3 ONPEACNECHHBIX CTPAH WM PETHOHOB JUIsg Oojiee MOAPOOHOrOo aHalM3a
MECTHOM pEaKIHH JIIOJEH B 3TUX CTpaHaX.
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COMPUTER SIMULATION
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AHHOTALMSA

B3anMopeiicTBue ydacTHUKOB ITMGPOBBHIX IIaTGopM TpeOyeT ONEepaTHBHON peaknuu Ha
NEHCTBHS Jpyr C JpyroM. BakHO MOHMMATh, YTO TMOMOOHOE B3aMMOJACHCTBUE HOCUT
MHOTOTPAaHHBI XapakTep, NpPW KOTOPOM, Hapady ¢ mepemadeil mHpOpMannuu, HEOOXOAUMO
MOJTy4aTh UH(OPMAIIUIO O TOM, KaK U3MEHSETCS COCTOSIHHE COOSCETHUKA, a TAKKE 0COOEHHOCTH
€ro TEeKYIIero SMOIMOHAIBHOTO COCTOSHUS M JUYHOCTHBIX XapaKTepHUCTHK. B maHHOW pabote
OlKCaHa pealu3alusi METOJIOB U3BJICUCHUS MapKEpOB arpeCCUBHOTO IOBEJCHHS YeJIOBEKa IO
ayauo W TEKCTOBOMY KaHanmaMm. Taroke mpefcTaBlieH MOAXOA K OOBETUHEHHIO BEpOANBbHBIX H
HeBepOabHBIX MMPU3HAKOB PEUM JIIS ICTEKTUPOBAHUS arpeCCUBHOTO IMOBEACHUS YETIOBEKa.
CrhemaH BBIBOZ, YTO HCIIONB30BAaHUE ayAHO M TEKCTOBOTO KAaHAJIOB Iepenayn WH(OpMAIH 0
OTJENBHOCTH SIBJISIETCS HEAOCTATOYHBIM ISl IETEKTHPOBAHMS arpeCCUBHOTO TTOBEICHUSI.
KaroueBbie ciaoBa: arpecCMBHOE TIOBEJICHUE, BepOANbHBIA aHAIW3; MHKPOAIKCIPECCHUH;
TPaHCKPHUOAIIHS; aHAIN3 TEKCTa; ECTECTBEHHBIN S3bIK; MAIIMHHOE 00ydeHHEe

Jas nurupoBanusi: Camurynun T.P., Cmupnos U.3., Jlaymkuna A.A. OnpeneneHue MapkepoB
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Abstract

The interaction of participants in digital platforms requires a prompt response to actions from
each other. At the same time, such interaction is multifaceted, in which, along with the transfer of
information, knowledge about the state of the interlocutor, his current emotional state and
personal characteristics is necessary. As part of a pilot study at ITMO University, together with
psychologists from St. Petersburg State University, a list of markers of aggressive behavior was
determined. And within the framework of this work, the implementation of methods for
extracting markers of aggressive human behavior through audio and text channels is described.
This paper also describes the approach of combining verbal and non-verbal features in speech.
From the results obtained in the course of applying methods for extracting markers of aggressive
behavior, we can conclude that the use of audio and text channels of information separately is not
enough to detect aggressive behavior.
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BBE/IEHUE

KomnuectBo wuH(pOpManuy HENpepbIBHO YBEIMYMBACTCA, B CBSI3M C OTHM, OT IEepeH30bITKa
uH(pOpMallMi BO3HHUKAeT WMH(OPMALMOHHBIA IIyM, KOTOPBIH HETATUBHO CKa3bIBA€TCS Ha COCTOSIHUU
yenoBeka. Tak, meperpyska uH(popManueil HcKaxaeT Kak SMOIMOHAIbHBIC, TaK U HWHTEIUIEKTyallbHbIC
CIIOCOOHOCTH YEJIOBEKa, YTO CKAa3bIBAETCSl HAa CHOCOOHOCTH K OSMIIATUM M NPUHITHIO OOJyMaHHBIX
pemeHuii. B yacTHOCTH, yXy/IIeHHEe SMOLMOHATIBHBIX U MHTEIEKTYaIbHbBIX CIOCOOHOCTEH MpOsBIsAeTCS
B OoJiee yacToM mposiBiieHuH arpeccuu [1]. B pabore [2] A.A. Pean mon arpeccueii monumaeTtcs Jr06oe
HaMEpeHHOe JeiicTBUE, HANIPAaBICHHOE HAa MPUYMHEHHUE yiiepda Ipyromy ’KMBOMY cyliecTBy. B nanHoi
pabote Tmoj arpeccuell TMOHMMAETCs BpakaeOHas peakius dYelloBeKa Ha HEKOMQOPTHYIO ISl HETO
CHUTYAIIHIO.

HexomdopTHO#l cuTyauuel i 4einoBeka, HampuMmep, SBISETCS yBeIudeHne MHGOPMalMOHHOTO
mryma. Takast cuTyarusi, B 4aCTHOCTH, BO3HHUKAET B CiIydae, KOTJa KOMIIAHUU HCIIONB3YIOT Tene(oHHbIE
3BOHKH KaK Cpe/cTBO MH(GOPMUPOBAHUS MOJIb30BaTENEH 0 CBOEM MPOayKTe. B kauecTBe mprumMepa MOKHO
npuBeCTH OaHKH, KOTOPBIE MPEAyaraioT TMOJIb30BATENI0 OTKPHITh HOBBIA MPOIYKT, WJIH MOOWJIBHBIX
OTIEPaTOPOB, HHPOPMHUPYIONTUX MOTH30BATEISI O HOBOM “BBITOJTHOM ISl HETO Tapude.

OObI4HO 111 MOAOOHBIX 33124 Y KOMIaHUK ecTh call-1ieHTpsl, KoTophle 003BaHUBAIOT KJIMEHTOB U
npeaiaraloT CBOW MPOAYKT. Y paboTHUKOB call-nieHTpoB ecTh HaOOp CTpareruii Toro, Kak He0OXOIUMO
BECTH OOILEHUE C KIMEHTOM B 3aBHCHMOCTH OT €ro 0TBEeTOB. HeocTaTKkoM TaHHBIX CTpATETHil SBISETCS
TO, YTO OHU OPUEHTUPYIOTCS TOJIBKO HA OTBETHI KJIMEHTA, IIPH TOM, YTO peYb MOKHO MPEICTaBUTH B BUJE
BepOAJIbHBIX M HEBEpOATbHBIX CUTHAIOB. B Takom citydae cioBa OTHECYTCSl K BepOaJbHBIM CUTHAJaM, a
3BYKOBAasl BOJIHA, CO3/1aBaeMasi roJiocoM, kK HeBepOabHBIM [3]. [Ipy yuuThIBaHHH TOJIBKO OTBETA KJIIMEHTA
BHUMaHUE TIEPEXOUT TOJILKO Ha BepOaTbHbIC IPU3HAKH.

VYuutbiBaHue HEBEpPOANBHBIX NMPU3HAKOB IO3BOJSET OLICHUTH MCHXO3MOIMOHAIBLHOE COCTOSIHHE
YeoBeKa U TaKUM 00pa3oM JETEKTUPOBATh arpecCHUBHOE MoBeaeHue. rHopupoBaHue JaHHOTO acleKTa
Co3/aeT JUIsl KOMIaHUH PUCKH, TaKHe KaK MHTEPIpPETaIis U IEPeHOC HEraTUBHBIX SMOIUH MOJIb30BaTEIS
Ha OpeHJa, YTO HEceT HMMMJUKEBBIE PHCKH il KoMIaHuHM. Takum oOpa3oMm aHanu3 HeBepOabHBIX
MPU3HAKOB AT BO3MOXKHOCTH IMOA00paTh OoJjiee MOAXOMAAIIYIO CTPAaTEeruio OoOIleHus ¢ KiueHToM. B
CBSI3U C 3THUM, 3aJlauya BBIJCIICHUS MAapKEPOB arpecCUBHOIO MOBEJCHUS U3 ayJHO M TEKCTOBOI'O KaHAJIOB
peuu ABISETCA aKTyaJIbHOMW 3a7a4eil.

Pabora ¢ ayauokaHaioM MO3BOJSET TMOJYYHUTh MPOCOIUYECKYI0 HH(POpPMALHIO (YacTOTHBIE,
aMIUTUTYJIHbIE, JAMHAMUYECKHUE, TEMIOpalbHble XapaKTEepUCTHKU [4]) O peun, KOTopas IIHPOKO
NMPUMEHSIETCSl B 3aJadyax aHajiu3a MCUXO03MOIMOHAIBHOIO COCTOSIHHMS 4enoBeka [5]. B wacTtHOCTH,
ayJIMOKaHaJl LIMPOKO MPUMEHSIETCS IPU PEIICHUH 3aJja4M IETeKIUU dMoLuii [6,7].

Takxke B JOMOJHEHHE K aylAHO KaHATy MOXHO aHAJIM3UPOBATh TEKCTOBBIM KaHall, MCIHOJb3Ys
TPaHCKpHOAIIMIO ayauo B TEKCT. TakuM 00pa3oM MBI CMOXEM Y4ecTb MOpP(OJOTHUECKUE U
CEMaHTHYECKHUE MPU3HAKH TaKWe Kak: IOBEJIUTEIbHOE HAKIOHEHHE, YMEHBIIUTEIbHO-TacKaTelbHbIe
cyhduKchl, HElleH3ypHast JIEKCUKA, TOKCUYHAS PeUb, OCKOPOJICHUS U YTPO3HI.

Jannas paboTa HampaBiieHa Ha COOTHECEHHE MapaMeTpoB, IMOJyYaeMbIX MpU paboTe C peublo,
NPEJCTAaBICHHON B BUJE TEKCTa W ayJUOCUTHAJA C IIEJbI0 HCCICAOBAHUS B3aWMOJICHCTBUS MEXIY
BepOaIbHBIMU U HEBepOaTbHBIMU IPU3HAKAMU B 33aue IETEKTUPOBAHUS arpeCCUBHOIO MOBEICHUS.

OCHOBHAA 9YACTH
B pamMkax mOWIOTa@XHOTO HCCIEIOBAHMS B KAayecTBE THUIOTE3bl OBUIO MPHHATO HAIWYHE
3aBUCHMOCTH MEXIY YPOBHEM arpecCUd JIMYHOCTH M KOJMYECTBEHHBIMH M KauyeCTBEHHBIMH
XapaKTepUCTHKaMH BepOabHbBIX U HEBEPOATbHBIX MapKEPOB arpeccuu. bpll BHIMOIHEH cOOp JaHHBIX IS
OIpe/IeNIEHUs] MOBEJCHUECKUX MapKepOB arpecCUBHOIO IMOBEAEHUs. JlaHHbIE NpeAcTaBiIAIOT U3 ceds
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Ha0Op BHJICO3AMKCEH TMCUXOJOTHYECKUX TECTHPOBAHUN CTYICHTOB, BO3PACT KOTOPBIX BapbUPYETCS B
npeaenax 20-25 ner.

JloOpoBosibIIaM  TIPEAOCTABIISJICS KOHTEHT, HANpaBJICHHBIM HA aKTHBAIMIO arpeccuu |
HEUTPaTBLHOTO COCTOSHUS, IMTOCIE YeTr0 TPeOOBaIoCh BHINIOTHUTH OMPEIEICHHbBIC 3a/IaHUs: TPOXOKICHHE
Tecta Po3eHIBelra U onvcaHue CBOMX JACHCTBHUI MPU HAXOXKACHUU B MbICIEHHON cutyauuu «Mrpa». B
MEPBOM CIydae YYaCTHUKY TIPEIOCTaBISUICS CTUMYJIbHBIA Marepuanl (M300pakeHus), KOTOpHIC
OTMHUCHIBAIOT (PYCTPAIIMOHHYIO CHUTYAIMI0 W COJIEpPKAaT 3aloJIHCHHBIM KBaApaT CO CJIOBaMHU OJIHOTO
YYaCTHHKA CUTYyallUd U MYCTON JJIs CIOB, KOTOpbIE MPEIOJAaraeTcs 3alojHUTh ucnbiTyeMoMy [8]. B
JAHHOM CJTydae OTBETHl Yallle BCETO OBLIM HEMPOJOJDKUTEIBLHBIMHU, HO pa3HooOpasHbiMH. OmnucaHue
CBOMX JEeHCTBHI mpu mpoxoxaeHuu «Mrpei» ObuTo Oosiee pa3BepHYTHIM M apryMEHTHPOBAHHBIM, YTO
MO3BOJISIJIO MOTYYUTH 00Jiee TPOIOJDKUTEIBHBIC 3aITUCH PEYUH.

Jns ananu3a 3amMced Kaxablid (parMeHT OmMChIBajCs HaOOpoM HeBepOalbHBIX U BepOATBHBIX
MapKepoB NoBeAcHUS. J[aee onmucaHbl MOIX0IbI, MPUMEHSIEMbIC ISl KX W3BJICUCHUS.

HU3BIIEHEHUE MAPKEPOB AI'PECCHBHOI'O IIOBE/IEHHA H3 PEYH

K HeBepOanpbHBIM MpU3HAKAM B JKCIEPUMEHTE OTHECEHBI MapaMeTphl PeuYd, MPUMEHSIEMBIC IS
ONMCaHUA ayMoKaHana. B naHHOM citydae ObUTH BBIOpaHbI ClIEAYIOMINE TPU3HAKU:

—Pe3koe moBBIIIEHNE/TTOHUKEHIE TPOMKOCTH PEYH;

—Temn peuu;

—OMOLUOHAJIBHBIN OKpac peyu: 3J0CTh, OTBpPAILECHUE, CIIOKOMCTBUE, PAIOCTh, CTPaxX, YAUBJICHUE,
neyvasb.

Buneoszanucu coOpanHoro Habopa JaHHBIX MPEACTABISUIM U3 ce0s 3alUCH JII0IeH, HAXOAAIIUXCS B
Pa3HBIX YCIOBHSX U HCIONB3YIOIINUX Pa3IMYHbIE YCTPOCTBa 3ByKo3anucH. [loaromy HeoOxoauma Oblia
npenBapuTeNnbHas 00pabOTKa MaHHBIX, KOTOpas 3akilovyalach B YAAJCHUU IIYMOB M HOpPMallM3alUu
IPOMKOCTH. AHAJIOTUYHBIA MOJIXO K Mpeo0paboTke 3anuceil mpuMeHsiercs B padote [9].

Jlns pacuera pe3KOro M3MEHEHHS TPOMKOCTH ObUI MPUMEHEH 3BPUCTHYECKHM MOIXO0, KOTOPBIH
3aKJIFOYAETCS B pacuere yria HAKIOHA MEXIY COCEIHHUMH OTCYETaMU aMILTUTYIHOW orubaromieil u
a0COTIOTHBIM PACCTOSIHUEM JI0 MAKCUMAJIbHOTO 3HaueHus. Takum o0pa3zom, H3MEHEHUE TPOMKOCTH OBLIO
MOCYUTAHO PE3KUM, €CIH aMIUTUTYJHOE 3HAYeHHE OTcYeTa OJIM3KO K MaKCHUMajlbHOMY 3HAYEHHUIO IO
BCEMY PEUYEBOMY CHUTHALy M JOCTUTAeTCs ObICTpee, YeM IMPOUCXOMAAT MEPexoJibl K JIPYrMM 3HAuYCHUAM
BHYTPH CHTHaA. 32 TEMII peud ObUIO IPUHATO YMCIIO IPOUZHOCUMBIX CIIOB B MUHYTY.

Jns w3BiedeHHMs Kilacca SMOLIMKM Oblla 0O0ydeHa MOJEeNbh CBEPTOYHOM HEHPOHHOH CETH C
MOJTHOCBSI3HBIM ~ KJIaccupukaropoM. Monenb NpUHUMAEeT HAa BXOJ ayAHO-CHTHAI B BHUAC MeI-
kernctpanbHbIX KodhduimenToB (MFCC — kpaTKOCpOYHBIN CIIEKTP MOIIHOCTH 3BYKa, pacueT MOIIHOCTH
OCHOBaH Ha OCOOCHHOCTSIX BOCIIPHUSITHS 3ByKa opraHamu ciyxa) [4]. s oOyueHus ObLTH 00BEIUHEHBI
cnenyromue Habopsl gaHHbIX CaFE [10], Emo-DB [11], RAVDESS [12], SAVEE [13] mns Toro, 4To0s!
He ObUIO TepeoOydeHHs] Ha s3bIKe OgHOro W3 HabopoB naHHBIX [14]. TlomyueHHBI Ha0Op MAHHBIX
BKJIIOYAIOT B ce0sl KOPOTKHE ayauO3alUCH Peud, Kaxaas M3 KOTOPbIX OTHECEHa K OJHOMY U3 CeMH
KJIACCOB: 3JI0CTh, CKYKa, TPEBOTra, paJoCThb, Me4ajb, OTBPAIICHUE, HEUTPATbHOE COCTOSHUE (OTCYTCTBUE
smonun). Knaccudukarop npuHrMaeT Ha BXOJA (parMeHThI AJIUTENbHOCTBIO 3 CEKYH/BI B ClIydae, eCiu
dbparMeHT UMEET MEHBIIYI0 [UIMTENBLHOCTh, TPOMCXOJUT 3alOJIHEHHE (QparMeHTa HYISIMH 0
HE0OXOMMOT0 pa3mepa.

B nanHOM 3KCTIepuMeHTe KIACCU(PUKATOP MCTOIH30BANICS ISl TOTYICHHS] BEPOSITHOCTHBIX OIICHOK
Ka)KIO0ro Kijlacca SMOILMM Ha 3aJaHHOM NPOMEXYTKE BPEMEHHM BMECTO IMOJIYY€HHS OJHOTO 3HAUECHUS —
kJiacca. Jlanee 3HaYeHHS yCPEAHSUIMCh B TPAHUIIAX OJHOTO 3a/aHus. TakuM 00pa3oM MOXKHO HAOIIOaTh
JTUHAMHUKY TAJIUTPBI SMOIMI Mexy 3ananusmu. Ha pucynke 1 npezncrasiensl rpaduk SMOIMOHATIBEHOTO
COCTOSIHMSI OJTHOT'O U3 YYaCTHUKOB IIPU MPOXO0KJIEHUHU TecTa Po3eHiiBeiira.
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Puc. 1. I'padux 5MOIIMOHATIBHOTO COCTOSIHUS YYaCTHUKA SKCIIEPUMEHTA MIPH MTPOXO0KICHUH TECTa
PozeniBeiira. BeposTHOCTHBIE OLIEHKH SMOIIMI MPEICTABIEHBI 7151 8 3a7jaHUI B paMKax TecTa
Fig. 1. Graph of the emotional state of the participant of the experiment when passing the Rosenzweig
test. Probabilistic estimates of emotions are presented for 8 tasks within the test

s mepexosia K TEKCTOBOMY KaHaTy CJIEIOBAJO PEIIMTh 3a7ady TpaHckpubammu (pacmudpoBka
UH(OPMALIUU U3 ayU0 WM BUJIEO B TEKCTOBYIO (popmy) peun. bout BeiOpan Habop nHCTpyMeHTOB Vosk,
TaK KaKk MOJIENb, MpeoCcTaBiIsieMast sl TpaHCKpuOamu, noaaepxusaeT 6onee 20 sA36IK0B 1 00y4deHa Ha
Oobioi 6a3e HaOOPOB, a TAKXKE TO3BOJISIET PA0OTATh € 3aUCSIMU O€3 OTPaHUYCHUS 1O JUTUTEITBHOCTH.

HU3BJIEYEHUE MAPKEPOB A'PECCHH U3 TEKCTA

B nononHeHue k HeBepOAIbHBIM MPU3HAKAM M3 ayAHO0 KaHaja OblIM chOpMyIUpOBaHbI CIEAYIOIINE
BepOaJIbHbIC IPU3HAKU, KOTOPHIE TO3BOJISIOT IETEKTUPOBAThH arpeccHio 1o Tekcty [15]:

—HaJIM4ue HELIEH3yPHOH JIEKCUKHU U JKaproHa B TEKCTE;

—HaJIM41e MOBEJIUTEIBHOTO HAaKJIOHEHHUS;

—HaJINYME YMCHBIIUTEIbHO-TACKATEIbHBIX \YMEHBIIUTEIbHO- YHU3UTEIBHBIX KOHCTPYKIIUIA;

—HaJIM4he OCKOPOJICHHUI;

—HaJM4ue yrpos;

—HaJM4ue TOKCUYHOCTH.

Jlis mpoBepKM HalW4Ms HELEH3YPHOW JIEKCHKHM W >KaproHa Obul coOpan cioBapb u3 140 Thicsu
pa3MYHBIX CJIOB, BKJIIOYAIOIIMI B ce0sl BCE BO3MOXKHBbIE MOP(OIOrnyeckue MoaupuKauy JUisl oxBara
KaK MOXXHO OOJIBIIEr0 KOJIMYECTBA BAapUAHTOB CJIOB, OTHOCAIIMXCS K HeleH3ypHOW jekcuke. Kaxmoe
CJIOBO BXOJILEro TEKCTa MpOBEpSeTCs IO JaHHOMY CJOBapl0 M IOJCUUTHIBAETCS KOJIMYECTBO
HEIICH3YPHOM JIEKCHKH B TEKCTE.

HaxonuTcs c10BO B OBEIUTEIHOM HAaKJIOHEHHE MM HET ONpPENEIIeTCsl C MOMOILBI0 OMOINOTeKN
pymorphy2, no3BoJstomIel Nporu3BoIUTs MOp(hoIorHuecKuii pazoop ciosa [16].

YroObl  ONpeNeNuTh  YMEHBIIUTEIbHO-JIACKATENbHBIE WM YMEHBIINUTEIBHO-YHU3UTENIbHbIE
KOHCTPYKLUH, HEOOXOMMO:

—00paboTarh ciaoBa MOMOIIBIO cremMMmepa. CTeMMep MO3BOJISET BBIACIUTH OCHOBY CIIOBA, TO €CTh
yOpaTh OKOHYAHUS;

—MpPOBEPUTh  HAJIMYUE  YMEHBLIUTEIbHO-IACKATENBHBIX M  YMEHBUIMTEIbHO-YHHU3UTEIbHBIX
cy(pdukcoB: -uK, -€K, -K, -€Il, -Hll, -OCK, -€UK, -OHbK, -€HbK, -BIIIK, -HHIII, -YIIK, -forIk [17].

Jns geTexkuun OCKOpOJICHWH M yrpo3 ObLIM J000yYeHBI MOJACIM HEHMPOHHON CETH Ha OCHOBE
apxutektypsl RuBertTiny [18]. Moxenu noobydanuch 1uid 3a1aud OMHApHON KiIacCU(UKAIMH, TO €CTh
TEKCT OTHOCHJICS K OJJHOMY U3 JIBYX KJIaCCOB.

Jns nerekuuu yrpos:

—TECTBI, COZIEPIKAIINE YIPO3y;

—TEKCTBhI, HE COZIepIKalllie yrpos.

st nerekiuu oCKOpOIeHU:

—TEKCTBI, COJIepIKalIie OCKOPOICHHUS;

—TEKCTBhI, HE cOoZieprKallue OCKOpOIeHus.
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st 0OydeHust UCTIOIB30BaJICA HA0OP JaHHBIX, coaepxariuil 248290 koMMeHTapHsl U3 COMATbHON

cetu “OnHokiaccHuku’. M3 HUX:

—203685 HOpMaTBHBIX COOOIIECHUI, HE COEPKAIIMX HA OCKOPOJICHU, HU yTPO3;

—36836 coolmieHuH, comepKaImx 0CKOpOJICHNUS,
—11777 coolieHuii ¢ yrpo3amu.

Taxke Obua pooOyueHa moxaenb RuBertTiny st merekmum TokcmyHoctu B Tekcte [19]. K
TOKCHUYHOMY TEKCTY OTHOCHUTCS JIOObIE JUCKPUMUHUPYIONINE U OCKOPOUTENbHBIE COOOMICHUS II0
OTHOIICHWIO K YEJOBEKYy, TPYIIE JIHIl, OPTraHW3alM{d WM JI0O0MY IPYromMy OAYIICBICHHOMY HITH
HEOJIyIIEBICHHOMY CYOBEKTy. JIst 3TOoro 010 00BEIMHEHO HECKOJIBKO Pa3TUYHBIX HAOOPOB JaHHBIX U

Ha HUX oOydeHa Mojienb Kiaccudukaiuu [20].

[To wroram oOyueHHsI Mojenel ObUIM TOJYYEHBI CIEAYIOLIHE pe3ybTaTbl, NMPEICTABICHHbBIC B

Tadiuue 1.
Tabnuya 1
Onenka MeTpuk
Table 1
Evaluation of metrics
Metpuka\Moenb Herekuus yrpo3 Jerexiust Jerexmus
ockopOeHui TOKCUYHOCTH

Precision 0.953 0.95 0.945

Recall 0.959 0.948 0.95

F1 score 0.96 0.949 0.948

PE3YJIBTAT PABOTBI AJITOPUTMA

Ha pucynke 2 uzo0paxeHbl pe3ynbTaThl U3BJICUEHUSI METOK U3 BHUJIC03ANMCEeH MTPOXOKACHUS TecTa

PoseHuBelira 1Byx y4aCTHUKOB KCIIEPUMEHTA.
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Puc. 2. I'paduk oToOpakaronuii ”3BMEHEHHE 3HAYCHUS TEMIIA, a TaK KE HATMYUS BepOaTbHBIX U
HeBepOaTbHBIX METOK BO BpeMs OTBETa yUYaCTHHMKA Ha 3a1aHus Tecta Pozennseiira. Pasmepst
0003HaveHH (KpYT B cllydae BepOaTbHBIX MPU3HAKOB, TPEYTOJbHUK JJII HEBEpOATbHOTO) 3aBUCST OT
KOJINYECTBA MOSBJICHUSI MapKepoB. OKpYKHOCTBIO KPACHOTO 1IBETA BBIACICHBI ()ParMEHTHI, B KOTOPBIX
MOBEIEHNE yJYacTHUKA ObL10 arpeccuBHBIM A) [lepBriil yauactHuk b) BTopoit yuacTHuk
Fig. 2. Graph showing the change in the tempo value, as well as the presence of verbal and nonverbal
marks during the participant's response to the tasks of the Rosenzweig test. The size of the symbols (circle
in the case of verbal signs, triangle for nonverbal) depends on the number of markers appearing. The red
circle highlights the fragments in which the participant's behavior was aggressive A) The first participant

B) The second participant

MoxHO Ha0mogaTh, YTO MapaMeTpbl MEHSIOTCA B 3aBUCUMOCTH OT KOHTeHTa. Takke
aHAIM3UPOBATh HEOOXOJUMO HE CaMU CTaTHYHbIE 3HAUEHUS] MAPKEPOB, a XapaKTep WX U3MEHEHUs. ITo
MIO3BOJIIET MEHATH CTPATETUIO BEIACHMS IUAora ¢ YeJIOBEKOM B 3aBUCHMOCTH OT TOTO, B KAKOM MOMEHT
€ro MOBEJICHNE CTAHOBUTCS arpeCCUBHBIM.

3AK/ITIOYEHHE

B pabote mpemioxeH moaxon sl oObeAWMHEHHS WHGPOPMAIUH, MOTydaeMOl U3 BEpOATBHOU H
HeBepOaTbHOW COCTABJISIONICH pedd Ui JICTEKTHPOBAHHS arpeCCUBHOTO IOBEACHHS. BBUIM ONMMCaHBI
METOJIBI JIJIS1 U3BJICUCHHSI MAPKEPOB arpeCCUBHOTO MOBeeHUsI. Ha OCHOBaHWU pe3ynbTaTOB, MOTYYCHHBIX
B IpoIiecce MPUMEHEHHUS METOJIOB I M3BJICUCHUS MapKEPOB arpeCCHBHOTO IMMOBEJCHUS, MOXKHO C/IejIaTh
BBIBO/I, YTO MCIIOJIb30BaHUE KaHAIOB MH(OPMAIIMK TIO OTJAEIBHOCTH HEJOCTATOYHO ISl IETEKTUPOBAHHUS
arpecCUBHOIO TMOBEICHUA. B nanpHEHIeM MOXKHO JOMOJHUTE TEKYIIee UCCIICIOBAaHNE BUICO KAHATIOM H
OIICHUTH KOPPEIAIHI0O MEXIy BCEMU TpEMsi KaHAJlaMH KOMMYHUKalUU. Tak ke MOJydeHHBbIE MapKephI
MO3BOJIIOT CO3/[aTh HHTEPIPETUPYEMYIO aBTOMATH3UPOBAHHYIO MOJICIIb, JCTCKTHPYIOIIYIO arpeCCUBHOE
MIOBEICHHE.
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AHHOTAIUSA

MukpoBbIpaxeHus: — Oecco3HaTesbHbIe, KPaTKOBPEMEHHbIE HEBEpOaJIbHbIE CUTHAJIbI, KOTOpHIE
MO3BOJISIIOT OIIPEETUTh IMOLMOHATILHOE COCTOSIHUE YenoBeka. OHM BO3HUKAIOT, KOTJa YeJIOBEK
OJIOKMpYET CBOM 3MOLIMM WJIM CKPBIBA€T UCTUHHBbIE HaMmepeHus. OmnpeneneHue HeBepOaIbHBIX
CUTHAJIOB CTAHOBUTCSI aKTyaJIbHOH 3ajaueil B CUTyalusx, TA€ JIOKb WIN COKPBITHE MH(pOpMaun
IPUBOJIAT K PECYPCHBIM MM (PUHAHCOBBIM IIOTEPsIM, BIMAIOT HAa OE30IACHOCTh M 3lI0POBbHE
IOpyrux Jojeid. Bospociiee KomudecTBO OHIAWH-KOH(QEPEHLUWH OTKPHIBAET BO3MOXKHOCTHU
IpOrpaMMHON 00paOOTKKM BHUIEOKAaHANa BBICTYIUIEHHMs YeJIOBEKa sl aHajiu3a €ro 3Mouuil u
MOBEJCHNSI C LENbI0 BBUIBICHHS KOHIPYSHTHOCTH WJIM HPOTHBOPEYHUBOCTH BBICKAa3bIBAHHUN
4yejnoBeka. B cratbe paccMaTpuBarOTCS METOIbl KOMIBIOTEPHOI'O 3PEHUSl W MAaLIMHHOIO
00y4eHHs, KOTOpbIe MO3BOJIAIOT M3BIIEKATh W AHAIM3UPOBATDH JIMIO YEIOBEKa IO BUACOKAHATY
IUIL ONPEAETICHUSI €ro HeBepOaJbHBIX MapKEpOB M 3MOLMOHANBHOrO cocTosiHuA. IlompoOHo
pPaccMOTpPEHbl METOJ JIMLEBBIX OPHEHTHPOB, OCOOBIX TOYEK JHUIA, KJIACCH(UKALMS SMOIUHA
YeJIOBEKa I10 JIMLIEBbIM OPUEHTHPAM, JETEKLUSI MOPTaHUH 1 OTBOPAYMBAHUN YE€JIOBEKAa BO BPEMs
BBICTYIUICHUSI.

KiroueBble cjioBa: HeBepOanbHble CHUTHAJbl; JAETEKUMS JIMLA; JIMLEBBIE OPHUEHTHPHI;
OTCJIe)KMBaHUE B3MIISA/a; KiacCH(DUKALMS SMOLHI; MAIIMHHOE 00y4YeHHeE.

Jass uutupoBanusi: MenseneB A.A., JlanteB A.A. ANTopuTM BBIABICHHS HEBEPOATHHBIX
MapKepoB TOBEJCHUs uenoBeka Ha Bupeo // Hayusbni pesynerar. HHbOpManmoHHbIe
texnonoruu. — T.7, Ne2, 2022. — C. 58-64. DOI: 10.18413/2518-1092-2022-7-2-0-8
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Abstract

Microexpressions are unconscious, short-term non-verbal signals that allow to determine
the emotional state of a person. Microexpressions occur when a person blocks emotions
or hides true intentions. Determining non-verbal signals becomes an urgent task in
situations where lying or hiding information leads to resource or financial losses, affects
the safety and health of other people. The spread of online conferences opens up the
possibility of programmatic processing of a human speech video channel to analyze
emotions and behavior in order to identify the congruence or inconsistency of person's
statements. The article discusses computer vision and machine learning methods that
allow extracting and analyzing person's face from a video channel to determine its non-
verbal markers and emotional state. The method of facial landmarks, key points of the
face, classification of human emotions by facial landmarks, detection of blinking and
turning of a person during speech are considered in detail.

Keywords: non-verbal signals; face detection; facial landmarks; eye tracking; emotion
classification; machine learning
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BBE/IEHHUE

OOmeHne IOAEH COCTOMT W3 BepOaTbHBIX W HEBEPOAIBHBIX TNpU3HAKOB. HeBepOambHBIMHU
SIBIISTFOTCSI CO3HATENBbHBIE M OECCO3HATEIbHBIC CHUTHAJBI, KOTOPHIE PACKPBIBAIOT IMOBEACHHE YEIIOBEKA,
JOTIOJTHSAIOT WJIM 3aMEHSIOT KJAcCHYeCKHe cpenactBa ooOmenus [1-5]. Pacnpocrpanenue oHmaitH
KOH(EpEeHIMI OTKPBIBACT MOCTYN K HMHCTPYMEHTaM OOpabOTKH M aHAlM3a MAaTEePUANIOB BHICTYIJICHHMA
JIOJIel Mo BHUJIE0, ayJUO M TEKCTOBBIM KaHajlaM. AHaju3 HeBepOaJbHBIX MPHU3HAKOB IMO3BOJSET HAWUTH
B3aMMOCBSI3b MKy PEUbIO UeIOBEKa U MPOSBICHUSIMU OECCO3HATENBHBIX TBMKEHUH TeJa U MUMUKH.

Jloxxkb, cokpeiTHe (HaKTOB TMPOBONMPYIOT JIFOACH COBEpIIaTh MPOTHBOPCUYUBHIEC JICHCTBUS,
OJIOKMPOBATH CBOU AMOIUH [6]. MUKPOBBIpaXEHUSI — 3TO HEBEpOATbHbIE CUTHAIIBI, KOTOPbIE BO3HUKAIOT,
KOI'Jla YeJIOBEK CKpBhIBAET UCTHMHHBIC YYBCTBA WM HamepeHus. CpaBHUTENbHBIN aHANINU3 BepOAIbHBIX U
HeBepOaTbHBIX KOMIIOHEHT KOMMYHUKAIIUU TO3BOJISIET OLIGHUTh KOHTPYIHTHOCTh MOBEJICHUS YEIOBEKa,
BBIJIETIUTH B3aUMOCBSI3b WM PACX0XKICHNE MKy BHICKAa3bIBAHUSAMHU U TIOBEJIEHUEM UeoBeka [7].

OnHUM U3 METOJIOB OMpECNICHUs MUKPOBBIPAKCHUI YETOBEKA SIBISICTCS OTCIICKUBAHUE JBUKCHHIMA
MUMUKH JIMIA, B3aUMOCBS3M MEXAY MHMHUYECKOM aKTUBHOCTBIO U clloBaMH denoBeka. g
pacrmo3HaBaHUSI MUMUKH YEJIOBEKa HMCIIOB3YeTCsS METOJ JHIIEBBIX OPUEHTHUPOB, MHOXKECTBA KITFOYCBBIX
TOYEK JIMIIA IJIs1 olpeiesieHus1 (HOpMBbI TOJIOBBI, 00IacTei ria3, OpoBei, Hoca u ryo [§].

JlerekTupoBanue o0IacTH TJa3 W 3PAyKOB IMO3BOJSET BBIICIUTH 30HBI MHTEpPECAa YeIOBEKa, K
KOTOPBIM OH BO3Bpalmiaercsi MmoBTOpHO [9]. B3rmsam demoBeka — 3TO HeBepOATbHBIM TOKA3aTelb
BHHUMaHUsl 4YeloBeka. Yacroe MopraHue, paclIMpeHHBIE 3padkd, HApyIICHWE KOHTAKTa WM PE3KHE
NepeMenIeHHs B3IJIAa CUTHAIM3UPYIOT O BHYTPEHHEM KOH(QIIMKTE YeloBeKa, YTo SBJISETCS (hakTopoM
HEHCKpeHHOCTH BbIcKa3biBaHui [10]. Cucremsl perucrpannu B3risga cnocoOHBl BOCCO3aTh TPACKTOPHUIO
JIBH)KEHUH T1a3 MOJIb30BaTE sl ¢ IOMOIIBI0 METOI0B OKysorpadum [11-12].

Kpome HanpaBnieHus B3risaa, npu (GOKYCHOM OTCIICKUBAHUU JTUIEBBIX OPUEHTUPOB UCTIOIB3YETCS
obmyacth pra yenoBeka [13]. OpueHTUpHI TYO TPUMEHSIOTCS B 3a7a4e KiIacCu(DHUKAIIMN SMOIIMN YeIOBEKa.
YpI0Ka, OTKPHITOCTh WM HANPSDKEHHOCTh Ty0 pPENEBAaHTHBI JJI OIEHUBAHUS CYACTIUBBIX WIH
JENPECCUBHBIX BBIPAKEHUH, BO3HUKAIOIIUX Y YeloBeKa. [ 'yObl Cily)KaT MHIMKATOPOM SIPKOTO BBIPAKEHUSI
OMOLIUN YeNOBeKa, MO0 MOTOTHUTENBHBIM KPUTEPUEM OIICHKH €ro MOBeACHUA. B ciydae anammsa
MOBE/ICHUs YIbIOKa MOXKET MOATBEPAUTh WU ONPOBEPTHYTH IMpeICKa3aHUE SMOIMH, HalpuMep, Mpu
OJIHOBPEMEHHOM pacro3HaBAaHUU OPUEHTHPOB pTa M OPOBEH YeIOBEKa.

Monenu pacrio3HaBaHUsI HEBEPOATbHBIX CUTHAJIOB MO BUICOMOTOKY MOTYT OBITH MPUMEHEHBI IS
aHaJIM3a CTpaTeTUH MOBEICHUS YEJIOBEKA BO BPEMsl BBICTYIUICHHUS U OTPEJICIICHNs] KOMOMHAITNI MapKepoB
MEPCIEKTUBHBIX Uil M3ydeHUs 3Molui. Pe3ynbTaThl uccienoBanus [14] mokaszanuw, 4TO COYETaHUE
JIBUKCHUH PYK M MUMHUKH PEIIEBAaHTHO IJisi OLEHKH d(PGEKTUBHOCTH KOMMYyHHUKaruu. KomnuecTBo u
4acTOTa MPOU3BOJIUMBIX YEJIOBEKOM >KECTOB M CHTHAJIOB MOTYT ObITh MPUMEHEHBI AJI MOATOTOBKHU K
MyOTMYHBIM BBICTYIICHUSIM U HHTEPBBIO.

OCHOBHAA 9YACTh

Metoabl MamIMHHOTO OOYYEHHWsS IO3BOJIIIOT HW3BJIEKATh HW300pakeHUE JIMIIA 4YellOBeKa U3
BUJICOTIOTOKA HE3aBUCUMO OT (OPMBI, pa3Mepa U MOJOKEHHS TOJIOBBI. Y BEIMUCHHE PENPE3EHTATUBHOCTH
oOydJaromero Habopa JaHHBIX MOBBIIIAET YCTOWYMBOCTh Mojelel K (OHY M KadeCTBY HM300paKCHUM.
OTkpeITEIE HAOOPHI NAaHHBIX OOBEAWHSIIOT BUACO W H300paXKECHHs JIIOJIEH TpPH Pa3IUYHBIX BHEITHUX
YCIIOBHSAX, (PaKTOpax BpaIICHUs TOJIOBOM M HAIIPABIICHHsI B3TJIs1a, T0JIarasich Ha pa3HOOOpa3ue JaHHBIX B
BBIOOpKE, a HE Ha MX KOJIMYECTBO. TeM He MeHee, cOOpaTh eIMHBIA perpe3eHTaTUBHBINA HA0Op JAaHHBIX
HEBO3MOXKHO, TaK KaK CHTYallMi U YCIIOBHiA, B KOTOPBIX MOXKET OKa3aThCs YEIOBEK, MHOYKECTBO, B CBSI3U
C YeM BO3HHUKAET mpolbiieMa cOopa JaHHBIX B €CTECTBEHHBIX YCIOBHUSX.

[Tpumepamu HAOOPOB AHHBIX, OCHOBAHHBIX Ha METOJIE JIMIIEBBIX OPHEHTHPOB, SBISIOTCS HAOOPHI
MPIGaze [15] u Helen [16]. Labeled Faces in the Wild Home mo3BomsieT pemuTs npobiaemMy cTaTUIHBIX
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¢oHOB M y3koro aumamazona ycioBui [17]. Habop maHHBIX cocToMT u3 ¢oTorpaduii, CIermaHHBIX
PECIIOHJIEHTaMH B €CTECTBEHHBIX YCIOBHUSX.

Jns nerekuuMy JMIa dYeJoBEeKa Ha BUIEO ObUIa HCIOJIb30BaHA CBEPTOYHAS HEMpOHHAs CeTh
BlazeFace [18] u3 ¢peiimBopka MediaPipe. HomomuutensHbiii Monyns Face Mesh [19] mo3Bomser
pacro3HaBaTh JUIEBbIE OPUEHTUPHI HA MOTydeHHOM n3o00pakennn. MediaPipe Face Mesh npuaumMaet Ha
BXOJI IIBETHOE H300pakeHHe paszMepoMm 128x%128 mmkceneit m Bo3Bpamaer 468 MpOCTPaHCTBEHHBIX
OpPHEHTHPOB PACIO3HAHHOTO JIMIa 4YenoBeka. MHQopmanus o B3aUMHOM pACHOJIOXKEHUH KOOPAMHAT
obnacreil ry0, OpoBeill, ria3 MOJIb30BaTENsl OTKPHIBAET BO3MOXKHOCTH AaHajJW3a MHUMHUKH YeJIOBEKa.
Kaxnpiit nuueBoit opuentup comepxxut X, Y U Z KOOpAUHATHI, Te 3HayeHuss X U Y HOPMHUPOBAHBI
OTHOCHUTEINIbHO IIMUPUHBI U BBICOTHI BXOJHOTO M300pakeHus. Koopannara Z oTpaxkaeT HOPMaJIU30BaHHOE
paccTosiHie MEXAY YeIOBEKOM M Kamepoi. AHainu3 Z KOMIIOHEHTHI JIIla YeJI0BEKa MO3BOJISIET BBISBUTH
rIyOUHY N300pakeHUs U TIOJIOKEHUE YeTI0OBEKa OTHOCUTEIBLHO KaMEephl.

Puc. 1. JleTexuus TULIEBBIX OPUEHTHUPOB ¢ moMotibio pperimBopka MediaPipe [19]
Ha npuMepe Habopa ganubix Helen [16]
Fig. 1. Facial landmarks detection using MediaPipe [19] framework on a Helen [16] dataset sample

W3ydeHre OTAENbHBIX 00JAacTel JiMla YesloBeKa IMO3BOJISET ONPEeAEeTUTh MOMEHTHl MUMHYECKON
AaKTUBHOCTH TI0 JBWXXEHHUAM T'y0, OpoBeii, mepememieHusM B3riasaa. C 3TOH 1enbl0 OBUIO pacCUUTaHO
€BKJIMJIOBO PACCTOSIHUE MEXKIY JIMIEBBIMU OPHUEHTHUPAMHM M HMX LIEHTPOM Macc. M3MeHeHue 3HaueHuu
YIaJE€HHOCTU OPHEHTHUPOB OT ILIEHTPAa OTPAKAET CMEHY MHUKPOBBIPAKECHMM, BO3HUKAIOIIMX Ha JIMIE
yenoBeka. BuieoaHanuTHKa BBIPAXKEHUH JIMIA IO3BOJIAET ONPENEIUTh BPEMEHHBIE IPOMEKYTKH, B
KOTOpBIE YEJIOBEK pa3roBapuBall, aKTUBHO IPOSBISI WM CKpPbIBAJI CBOM SMOLIMM, a TAaKKE BBIABUTH
MUMHUYECKHE aHOMAJIMH, KOTOPbIe MOTYT ObITh OTHECEHBbI K HeBepOalbHBIM CHTHaiaM. Tem He MeHee,
MOJIEJIM PACIIO3HABAHUS JIMLEBBIX OPUEHTHPOB BO3BPAILAIOT MPEACKA3aHUE KOOPIMHAT, OCHOBAHHOE Ha
anmpokcuManuu oOydaromiero Habopa JaHHBIX, a HE MX pealbHoe mojoxeHue. OtTcyTrcTBHe
pEeNpe3eHTaTUBHBIX TPUMEPOB BBIPAKEHUS HMOIUN B HCXOAHBIX JAHHBIX CIIOCOOHO TPHUBECTH K
HETOYHOW MHTEPIPETALMY MUMUKH U TATTEPHOB MOBEACHUS YEJIOBEKA.

OtnenbHBIM TIpenMyliecTBOM Monyisi Face Mesh sBisercst oTcnexuBaHUE IMOJOXKEHHUS 3payka
yenoBeka. Moayiab OTCIEKUBAHUS 3PAYKOB YeIOBEKa ObUT MPUMEHEH JIsl IIOCTPOSHUS KapT IIOTHOCTEH
pacripesielieHusl TIOJIOKEHUH, B KOTOPBIX HAXOAWICA IIEHTP pPagyKHOH O0O0O0JIOYKM OTHOCUTEIHHO
MTOBEPXHOCTH TIJI1a3a.
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Puc. 2. [locTtpoenue KapT IMJIOTHOCTH paclpeie/IeHUs MOJI0KEHNN 3pauyKOB YEJIOBEKa BO BPEMs
BHJICOBBICTYIUICHU I
Fig. 2. Building density maps of human pupil positions distribution during videoconferencing

CTaTUCTHYECKUI aHaAIW3 paclpelleNieHUs] TOJIOKEHHH IEHTpa 3padka IO3BOJISIET PacCUUTATh
KOJINYECTBO OTKJIOHGHI/Iﬁ 3paq1<a oT ueHTpa rja3sa, ‘IaCTOTy U OJIUTCIBbHOCTH OTKHOHGHHﬁ, BBIACIUTH
00J1aCTH, B KOTOPBIX 3pavyoK YeJIOBEKa HAXOIWICS JUIMTEIbHYIO YacTh BPEMEHU WJIH, HA000poT, HE
Hanpasisics. COrjacHO TEOPUHU YTEUKH 3MOIMH, (aKT JKM BBI3BIBAET AUCKOMQOPT y YeloBeKa, YTO
MPUBOJIUT K BBICOKOW TJla3oABUTraTeabHOM akTUBHOCTH [1]. ComocTaBiieHHME aKTUBHOCTH 3PavyKoB
YCJIOBCKA C BI/II[GO(bpaI‘MeHTaMI/I BBICTYHJIGHI/IH II0O3BOJISICT BBISIBUTH HeBGPGaJIBHBIe MapKepr 0OTBOJa WUJIN
HaIPSHKEHHOCTH B3TJISAa, YTO TOBOPUT O HEMCKPEHHOCTH BBICTYIIAOIIETO WJIH COKPHITHH HH(GOPMAIIHH.

Jlpyrum mnpumepoM HeBepOaJlbHBIX CHTHAJIOB, CBA3aHHBIX C TIJ1a3aMU 4YeJIOBEKa, SIBISETCS
KOJIMYECTBO M YaCcTOTa MOPraHuil uenoBeka. [Ipu sMOIIMOHAIBHOM MO IbeME JIBHKCHUS TJ1a3 CTAHOBUTCS
HGHpOI/IBBO.HBHBIMI/I, a KOJIMYECTBO AKTOB MOpFaHI/Iﬁ yBeJII/I‘II/IBaeTCSI. CO‘-IeTaHI/Ie HOKaSaTeﬂefI HJaCTOThI
MOpPTaHUN ¥ U3MEHEHUS MOJIOKEHHUH 3padyka MO3BOJISIET CBA3aTh HEBEPOATbHYIO aKTUBHOCTH C AMOIUSIMHU
CcTpaxa, THEBa WJIM BOCTOPra, KOTOPbIE UCIBIThIBAET uenoBek [3]. Iy pacro3HaBaHUsl aKTa MOpPTaHUs
OBLTM MCIIOJIb30BAHBI JIUIIEBBIE OPUEHTHUPHI TJIa3 YEJIOBEKAa M PACCUMTAHO OTHOIICHUE TOPU3OHTAIBHON
MPOTSHKEHHOCTH pa3pes3a Ia3 K BepTUKAIbHOM. B MOMEHT MopraHus Tjia3 4elioBeKa 3aKphIBaeTcs, a
3HAUYUT BEPTHKAIbHAs MPOTSHKEHHOCTh pa3pesa Tila3 CTpeMHTCs K Hymo. Kak cieacTBue, oTHoIIEHUE
TOPU3OHTANIM TIJIa3a K BEpPTUKAIM pe3ko Bo3pactaeT. I[lojacdyer CKayKoB B3aMMHOIO OTHOILIEHUS
KOMITOHEHT pa3pe3a TJia3 YejoBeKa MO3BOJIIET ONMPESIUTh KOJUYECTBO M YaCTOTY MOpPTaHUN YeIOBEKa
BO BpeMSI BBICTYHJIGHI/IH.

Puc. 3. Jlerexnus pazpesa ria3 s ONpeesICHIs] MOMEHTa MOPTraHus Ha IpuUMepe Habopa JTaHHBIX
Helen [16]
Fig. 3. Eye shape detection to determine blinking moment on a Helen [16] dataset sample

Bo BpEMA BKCHpeCCHBHOﬁ p€un TroJjioBa 4YCJIOBCKAa HE 3aHUMACT CTATUYHOC IIOJIOXKCHUC
OTHOCHUTCIIbHO KaMCpPHhI. YacTtele BpallCHUA rOJI0BOIl BO BpCMs BBICTYIUICHUS HJIM OTBETA Ha BOIIPOC
SABIIAKOTCA HeBep6aJ'II)HI)IM CUTHAJIOM HCUCKPECHHOCTH, HCYBCPCHHOCTH UYCJIOBCKA WU 6J'IOKI/Ip0BaHI/I$I
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smoumii  [1]. Jnsg perucrpaiud  MOMEHTa OTBOPAUYHMBAHHS —YEJIOBEKAa OBUIHM  HCIOJB30BaHBI
MIPOCTPAHCTBEHHBIC KOOPAMHATHI JIMIIEBBIX OPHUEHTHPOB. C ATOM IIENBIO JUIEBBIE OPHUEHTHPHI OBLIN
HOPMAaJM30BaHbl OTHOCUTEJIBHO BBICOTHI M LIWPUHBI JIMIA YEIOBEKA U LIEHTPUPOBAHBI B KOOPAMHATHOM
mpocTpaHcTBe. TakuMm 00pa3oM, IOJOKEHWE WHBAPHUAHTHBIX KOOPAWHAT JIMIIA OIMHUCHIBAETCS TPEMSs
OPTOTrOHAJbHBIMM ~ MAaTpPULAMHU  IIOBOPOTAa BOKPYI OCEd  JEKApPTOBOM  CHCTEMBI  KOOpPJAMHAT.
[IpeoOpa3zoBanre KOOPAMHATHOTO MPOCTPAHCTBA TIO3BOJIMJIO PACCUUTHIBATH YIJIBI W HaIpaBICHUS
BpAILIEHUI TOJIOBBI YEJOBEKA B Ka)XXJbli MOMEHT BBICTYIUICHHs. HacToTa OTBOpAaYMBAHUM, KOJIWYECTBO
ONYCKAHUM TOJIOBBI SIBJISIIOTCSI BCIIOMOTATEIbHBIMH MapKepaMH, KOTOPBIE OTPAKAIOT KOHTPYIHTHOCTH
MMOBEJICHUS YEJIOBEKa OTHOCUTEIBHO €TI0 BHICKA3LIBAHUM.

3AK/IOYEHHUE

Hcnonb3oBaHWe BHUIIEO MOJATHHOCTH JUIsl JIETEKTHPOBAHUS HEBEPOATHHBIX CHUTHAJIOB TO3BOJISIET
BBISIBJISITH MAapKEphl MOBEICHUS YENOBEKa, KOTOPBIC CIOXHO OMpPENeNIHTh HempodeccuoHary. Meron
JUTEBBIX OPUEHTHUPOB OTKPBHIBAET JIOCTYN K MHCTPYMEHTaM HCCIICIOBAHMS TOJOXKECHHUS W MUMHYECKOM
AKTUBHOCTH JIMIIa YCJIOBCKA. TGM HE MCHECC, MCTOAbI KOMHBIOTepHOI‘O 3p€HI/I}I U MAIINnHHOTO 06yquH${
TpeOYIOT HaIW4Ms KPYIMHOTO H PENpEe3eHTATUBHOIO HWCTOYHMKA JAHHBIX. PaspaboTumkam w
HUcciaeaoBaTeCIsiM I[OCTyHHBI OTKpBITI:IG HaGOpBI JaHHBIX, KOTOpBIG co;[epn(aT CHUMKH, CACIIAHHBIC B
€CTECTBEHHBIX YCJIOBHSX, (PpoHTanbHBIE W HEeDPOHTAIBHBIC, C Pa3HBIMH YPOBHSIMH OCBEIICHHOCTH W
paspemieHussMu kKamepbl. OJTHAKO, HE CYIIECTBYET pEIIeHHs, KOTOpoe OOBEAMHUIO OBl JTaHHBIE O BCEX
nH(pOpMaTUBHBIX TpH3HaKaX. KOMIUIEKCHOCTh 3a/lay, YHHKaJbHbIE O0JIAaCTH NMPUMEHEHHUs, TaKue Kak
NICHXOJIOTHSI ¥ HEBPOJIOTHS, MEIUIIMHCKAsI CTaTUCTUKA, TPOQAMIMHT U OPaTOPCKOE UCKYCCTBO TPEOYIOT
WHIUBUIYAIbHBIA TMOIX0J K Kaxaol u3 chep. CHUCTEMBI IMCHXOAIMOIIMOHATILHON OIEHKH YeJIOBEKa I10
BUJCO TPOTPECCUPYIOT B OOHApYy)KEHHHM ¥ HOPMAJHM3allMM OPUEHTHPOB ISl  OIpEeIICHUS
MHUKDPOBBIPOKECHHH, YeMy CIIOCOOCTBYET pacHpoOCTpaHEHHWE MPOTPAMMHBIX PEIICHHH C OTKPBITHIM
HUCXOIHBIM KOAOM. B CTaThbe Hpe,Z[CTaBJIeHBI p€3y.HI>TaTI>I HpI/IMeHeHI/ISI MCTOa JINIICBBIX OpI/IeHTI/IpOB nu
pa3paboTKuU MOIYJIEH aHaIu3a U MpeaoOpadOTKH MOTyUYEeHHBIX TPU3HAKOB. V3BIcueHHbIC HEBEpOATbHbBIC
XapaKTePUCTUKU TO3BOJISIOT MPOTPAMMHO PACHIMPUTH OMUCAHHWE ACHCTBHIA 4YeloBEeKa, CHOPMUPOBATH
MaTTEePHBI MOBE/ICHUS BHICTYMAIOIIETO, a TAK)KE OIICHUTH JOCTOBEPHOCTH €T0 BHICKA3bIBAHMIA.
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