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Abstract

This paper presents an approach that allows describing the spatial formation of the electron shells
of atoms, based on known principles and rules, in a logically consistent version of the visual
representation of an atom. To solve the problem, we have chosen the shell model of a multi-
electron atom in the normal state. The basis for the construction of electron shells is the
representation of an electron in the form of minimum of potential energy, symmetry, as well as
the Pauli principle. We have developed computer models of real atomic structures based on
known experimental and calculated data on orbital radii and ionization energies. The principal
advantage of the proposed method of atom’s visual representation is that the data of empirical
measurements and calculated values of the atomic parameters are used here together to visualize
the electron shells of atoms, and not as it is generally accepted, to determine the parameters of
atoms. This approach allows us to take a different look at the possibilities of studying and
predicting the properties of multielectron atoms.

Key words: computer modelling; electron shell; atom; ionization energy; shell model; quantum
number; electron cloud

For citation: Migal L.V., Bondarev V.G. Computer visualization of the spatial structure of the
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KOMIIBIOTEPHASA BU3YAJIN3ALIUA
IMPOCTPAHCTBEHHOM CTPYKTYPBI QJIEKTPOHHOM
OBOJIOYKH ATOMA

Muraas JI.B.
Bonnapes B.I'.

Benropoackuii rocy1apCcTBEHHbBIN HALIMOHANBHBIN HUCCIEA0BATENbCKUN YHUBEPCUTET,
yi. IloGensr 1. 85, r. Benropoxn, 308015, Poccus

e-mail: Migal@bsu.edu.ru

AHHOTANUA

[Ipencrapien moaxo 1, MO3BOJISIOMIUN OMMMCATh TPOCTPAHCTBEHHOE (DOPMHUPOBAHUE DIICKTPOHHOM
CTPYKTYpbl aTOMOB, Ha OCHOBE M3BECTHBIX IMPUHLMIOB M TMpPaBWI, B JIOTHYECKHU
HEMPOTUBOPEUMBOM BapUAHTE BU3YAJILHOTO MPEJCTaBICHUs aToMa. [[Js penieHus mocTaBlIeHHON
3aaul  BbIOpaHa 000JI04YeYHas MOJENIb MHOTOZJICKTPOHHOTO aroMa, HaxOJIIerocs B
HOPMAJTbHOM COCTOSHHW. 3a OCHOBY TIOCTPOCHHS DJCKTPOHHBIX OOOJIOYEK TPHHSITHI
MPENICTABJICHUE AJICKTPOHA B BHJIE JJICKTPOHHOTO 00JlaKa M W3BECTHBIC MPUHIUIBI MHUHAMYMa
MOTEHIMAIBHOM JHEPTUM, CUMMETpUM, a Takxke mnpuHuun Ilaymu. Ha ocHOBe maHHBIX MO
OpOHTATBHBIM pajguycaM M JSHEPrusiM HMOHU3AIMU pa3paboTaHbl KOMITBIOTEPHBIC MOJIEIH
peabHBIX CTPYKTYp aToMOB. [IpMHIMOWAIBHBIM TPEUMYIIECTBOM MPEJIOKEHHOTO METO/Aa
HarjJsiJHOTO NPEACTABIEHUA aToMa SBIAETCS TO, YTO JAAHHBIE SMIMUPHYECKUX HU3MEPEHHUU U
pacueTHbIX 3HAYEHUH IMapaMeTpoB aToMa 3/IeCh COBMECTHO MCIOJIb3YIOTCS JJISI BU3yaIM3alluu
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AJICKTPOHHBIX 000JIOYEK aTOMOB, a HE KaK OOIICNPUHATO — JUIS OIPENEIICHUS IapaMeTpPOB
aToMoB. TakoW MOAXOM TO3BOJSIET IO-APYTOMY B3TJSIHYTH Ha BO3MOXKHOCTH H3yYEHHUS U
MIPOTHO3UPOBAHUSI CBOMCTB MHOT'O3JIEKTPOHHBIX aTOMOB.

KiroueBble ciioBa: KOMIBIOTEPHOE MOJEIMPOBAHUE; AJIEKTPOHHAS O0OJO0YKA; aTOM; DHEPTHS
HMOHU3aLUK; 000J0YeYHas MOJIEIb; KBAHTOBOE YUCIIO; dJIEKTPOHHOE 00JIaK0

Jdas  nmurupoBanmsi: Murans JI.B., bonmapes B.I'. KowmmnblorepHas Busyanusanus

MPOCTPAHCTBEHHON CTPYKTYpBl 3JEKTpOHHOW oOomouku aroma // HaydHbIl pesysbrar.
Hudopmarmonnsie Texuonoruu. — T.7, Nel, 2022. — C. 3-18. DOI: 10.18413/2518-1092-2022-7-
1-0-1

INTRODUCTION

The basis of modern concepts of science is the fundamental idea according to which any properties
of objects of the surrounding world can theoretically be deduced from the characteristics describing the
structure of material objects through the construction of models [1]. One of the tasks of the physical
orientation is the modeling of the electron shell of an atom in order to visualize the distribution of
electrons inside the atom. To date, a sufficiently large number of models of atoms have been proposed
[2]. With all the variety of models of the electronic structure of atoms, the most famous of them is the
shell model [3]. The shell model of a multi-electron atom is based on the hypothesis of the separation of
electrons into certain groups, called electron shells. The electron shell is usually understood as a set of
electronic orbitals, which are characterized by four quantum numbers: n — the main one; | — orbital; m| —
magnetic and ms — spin quantum number [4].

The rules for filling atomic orbitals in a multielectron atom are based on three main principles [5]:
the lowest energy, the Pauli exclusion principle, and the highest multiplicity for the ground states of the
electron shells of atoms (Hund's rule). According to the principle of minimum energy, the most stable
state of an atom corresponds to the placement of electrons in orbitals with the lowest energy, i.e. the
minimum potential energy of a system consisting of a set of electrons and a nucleus is provided. Also
important in the atom is the Pauli principle, which prohibits the presence of more than one electron with
the same set of four quantum numbers (n, I, mi and ms). If all states are occupied for the principal quantum
number with a certain value, then it is customary to speak of the formation of a closed (closed) shell. The
principle of maximum multiplicity allows the population of orbitals by electrons within a separate
subshell in such a way that the modulus of the sum of spin numbers is maximum [7]. The order of
increase in atomic orbital energies in multielectron atoms is described by the Klechkowski rule [8]: with
an increase in the atomic of the nucleus of an atom, the filling of orbitals occurs in the order of increasing
sum of the main and orbital quantum numbers (n+l), and with equal values of this sum, in the order of
increasing n.

To visualize the distribution of electrons in atoms, it is customary to use several different methods,
the main of which are analytical notation and the quantum cell method [6]. An analytical notation is an
alphanumeric electronic formula, which is built from nl-subshells with an indication of the number of
electrons that populate each of them. Guided by the principles of minimum energy and Pauli, as well as
the rules of Hund and Klechkowski, one can determine not only the order in which orbitals are populated
by electrons, but also construct the electronic formula of any atom. The disadvantage of alphanumeric
electronic formulas is the use of only two quantum numbers n and |.

An electronic circuit is a symbolic model that does not represent a three-dimensional image of the
electronic shell. It is intended only to reflect the sequence in which each electron shell is filled. When
studying the properties of atoms, it is possible to simulate the structure using the quantum cell recording
method. The cells included in the cell scheme can be populated with electrons. Each specific variant of
settlement is called the electronic configuration of the atom. According to the values of quantum numbers
n and | the cell scheme can be divided into n-shells and nl-subshells. Based on the recording of electronic
configurations by subshells, this method takes into account the maximum number of quantum cells of the
electron subshell, into which electrons are populated. We should also note that not only the electronic
configurations of an individual selected subshell with completely filled, but also half-filled orbitals are
characterized by increased stability.
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Modern ideas about the structure of the atom electron shell come from the fact that the motion of an
electron in an atom cannot be described by a certain trajectory. It is possible to consider only a certain
volume of space in which the electron is located, which is called the electron cloud [9]. The electron
cloud is a visual model that reflects the distribution of the probability density function of finding an
electron in an atom depending on its energy. At the same time, if we have a certain maximum probability
at a certain point of the electron cloud, then taking it as the center of the cloud and assuming that the
electron itself is located at this point, we can estimate the size of not only the cloud, but also the atom
itself.

In the geometric model [10], the size of the spheres denoting electron clouds depends on the atomic
of the nucleus and the proximity of the shell to the atomic nucleus. The geometric model combines the
advantages of both electronic circuits and orbital models. In addition to the above, the geometric model
also has a number of new features: demonstrating the stability of certain electron shells in an atom,
assessing the location of electrons in an atom, and also allows you to deal with atomic numbers 2, 10, 18,
36, 54, 86, 118, which are a common the number of electrons in the inner filled electron shells.

At the beginning of the 20th century, A. Parson [11] suggested that electrons do not revolve around
the nucleus, but under the influence of electromagnetic field forces, at a certain finite distance from the
nucleus, they come into stable equilibrium with electrons located in spherically symmetric stable
configurations. At the same time, in his model, electrons are located at stationary positions around the
nucleus. In developing this hypothesis, J. Langmuir proposed to take into account a number of other
structural features of the atom [12]:

1. Electrons in atoms are located in paired planes symmetrical with respect to the nucleus. Atoms
have an axis of symmetry perpendicular to these planes.

2. Each cylindrical layer breaks up into several cells of equal volume.

3. Electrons act on each other with mutually balanced electrostatic and electromagnetic forces.

In the future, in the theory of M. Gryzinsky [13], which is based on the ideas of A. Parson and J.
Langmuir, it was confirmed that the electrons in the atom are arranged regularly, the atom itself has an
axis of symmetry and, most importantly, the electrons move collectively, due to the presence of a periodic
component in the electric field of the atom. Moreover, he came to the conclusion that atoms can be
described by classical Newton's equations using known interactions without introducing free parameters.
Additionally, we note that the structure of the atom, despite the presence of a number of models, has not
yet been fully deciphered. However, we will assume that it can be reproduced in graphical form on the
basis of already known experimental and theoretical data. It is for this reason that the main task set in this
paper is to visualize the physical representation of the spatial structure of the electron shell of an atom by
computer modeling it as a collection of electron clouds located near the nucleus of an atom.

1. SIMULATION

Our main task is to understand how the electron shells of an atom are housed, and how the spatial
structure changes as it becomes more complex. The main object of simulation in our study will be an
isolated atom in a normal state. In an atom, the system under study is a collection of electrons located in
the Coulomb field of the nucleus. Let's assume that we can mentally dive into the atom and visually
control the position of the electrons. At the same time, the explanation of the behavior of any individual
electron in the composition of an atom is possible only on the basis of knowledge of its general
properties, described using a set of known principles and rules.

To solve the problem set before us, the most useful is the shell model of a multielectron atom. As a
basis for constructing the electron shell, we take the well-known principles: the minimum of potential
energy, symmetry and the Pauli principle. The principle of minimum energy is basic in constructing the
electronic configuration of an atom, since the presence of a certain amount of electron energy is a
consequence of the electron being on the corresponding shell of the atom.

Within the framework of this approach, we will assume that the electron is a structureless material
point located in the center of its own electron cloud, and the position of the electron in the near-nuclear
space can be set by a set of quantum numbers. For a detailed disclosure of the structural properties of the
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electron shell of an atom, we will need to visualize the internal structure of the atom by computer
modeling based on known experimental data on the location of electron clouds around the atomic nucleus
without using a quantum mechanical approach.

Suppose an atom has several components, the most important of which in our study can be
considered dynamic and static. In accordance with the formulation of the problem, the dynamic
component is rigidly connected to the nucleus of an atom, considering its behavior as an object connected
into a single whole with electron clouds. When accepting the hypothesis of the rotation of the atom as a
whole [13] and, consequently, the use of a static representation of the atom allow us to exclude from our
consideration such dynamic concepts as orbital and spin quantum number. This approach will also make
it possible not to consider the influence of relativistic effects.

Initially, we turn to the definition of a method for modeling the electron shell of an atom. To do
this, we will choose a cylindrical coordinate system, in the center of which we will place the nucleus of
the atom (Fig. 1).

One of the axes, for example, the polar axis Ox, will be selected as the base, relative to which the
rotation of the entire atom as a whole will occur. Given that the x coordinate must be included in the set
of quantities responsible for the positions of the electron clouds in the atom, we assign it the name of the
basic quantum number.

/:3 (f
=1 (p)

_—

D

> X

=

/=0 (s)

_ 1=2 (d)
atomic nucleus

Fig. 1. Schematic view of the atom electron shell
Puc. 1. CxemaTudeckuil BU SJIEKTPOHHON 000JIOUKH aToMa

In this case, the choice of the value of the main quantum number n will be calculated by the formula
n =mod(x) +1,wherex # 0. (1)

In this case, the principal quantum number determines only the number of the electron shell and
will not be used in estimating the positions of the electrons. The applicate axis Oz is compatible with the
orbital quantum number |. By choosing certain values for the quantum numbers x and | one can
unambiguously find out on which of the electron shells the electron is located, with which these quantum
numbers are associated. The role of the third coordinate here is played by the azimuthal angle, positioned
as the angle of rotation around the polar axis Ox and characterized by the magnetic quantum number m,.
The magnetic quantum number determines the possible orientations of electron clouds in space. The
number of such orientations is known to be: 21+1. Based on the change in the set of quantum numbers, it
is also necessary to modify the Pauli principle, which can be limited to the use of three quantum numbers:
basic, orbital and magnetic to determine the spatial arrangement of the positions of electron clouds.

In this work, the shell model of an atom is taken as the starting point for creating a computer model
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of the electron shell of an atom, remaining within the framework of classical electrostatics. For our
consideration, the principle of indistinguishability of electrons is also important, according to which all
electrons of a separate shell are equal in rights and are equally connected with the nucleus [14]. The shell
model is supplemented by the assumption of a symmetrical configuration of electrons in each of the
shells, which satisfies the condition of minimum potential energy and ensures the stability of the atom.

When choosing the objects that make up the electron shell of an atom, it is necessary to take the
electron clouds formed by them as a basis as visual objects instead of the electrons themselves. Suppose
we have a collection of electrons near the nucleus of an atom in a normal state, each of which forms its
own electron cloud around itself. For the purpose of simplification, we will consider only spherical
electronic clouds located on the corresponding shells and subshells. When determining the location of
clouds, we will assume that the area of their placement is some area of space not surrounding, but located
near the nucleus of an atom.

Each electronic cloud is characterized by the following main parameters:

—nuclear atomic: it is assumed that the atomic is concentrated in the center of the electron cloud;
—the radius of the electron cloud of finite size;
— spatial coordinates 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 electron clouds can be associated with certain color designations (Table 1).

Table 1
Color identification of electron clouds, according to the values of the orbital quantum number
Tabnuya 1
HBGTOBaH I/II[CHTI/I(bI/IKaI_[I/IH SJICKTPOHHBIX 06J'IaKOB, B COOTBETCTBHUHU CO 3HAUYCHUSIMU 0p6I/ITaJ'IBHOFO
KBAaHTOBOI'O YHCJia

Orbital quantum s b q f
number
Colour Yellow Green Red Blue

To fix the static nature of the structure, we assume that there are no processes of reconfiguration of
electron clouds near the nucleus in this model, except for the settlement of subshells by kainosymmetries.
It does not provide 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 single whole.

To fix the static nature of the structure, we will assume that there are no reconfiguration processes
of electron clouds near the core in this model, except for the colonization of subshells by
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 electron shell of an atom, to accept the following assumptions:

1. Only atoms in a normal state are considered.

2. Electron clouds have a spherical shape and a finite radius. Each electron cloud occupies a certain
area near the core and does not intersect with neighboring clouds or the core itself.

3. The atom as a whole is in a state of rotation around some selected basic axis.

4. The modified Pauli principle determines the spatial arrangement of electron clouds relative to
each other and relative to the nucleus of an atom, and is based only on three quantum numbers: X, |, and
m;.

5. The magnetic quantum number ml makes it possible to determine the number of electrons placed
on a common plane perpendicular to the base axis at a given value of the orbital quantum number I.

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

7. The interaction of electrons with each other and with the nucleus is calculated in accordance with
Coulomb's law, and the resulting interaction is determined by the sum of its interactions with all others.

8. The settlement of electrons in a multi-electron atom, in the main, that is, the most energetically
advantageous state, occurs in accordance with previously established principles and rules.

9. The model does not take into account the finite mass of the nucleus, its size and relativistic
effects.

To verify the basic provisions of the model of the formation of the spatial structure of the atom
electron shell, a software package was created in which an electrostatic mechanism of interaction of
electrons with each other and with the nucleus of an atom was implemented. In order to obtain a structure
similar to a real atom, the orbital radii of each electron were taken into account [15], and the location of
the electron clouds was determined based on known data on ionization energy [16], and for s-electrons by
additional calculation of their radii for all values of the main quantum number.

2. RESULTS AND DISCUSSION

2.1. SIMPLE MODEL

Let us assume that the electron clouds that make up the electron shell of the atom are objects that
have equal unit diameters. Let us mark the Ox axis (Fig. 1) in units numerically equal to the diameter of
the electron cloud (hereinafter, instead of the concept of "electron cloud” we will use the concept of
"electron”, however, if it becomes necessary to note their difference, we will indicate them separately).
We will demonstrate the operation of known principles and rules using specific examples.

Atomic number Z=2. The first shell, which has the smallest capacity, is represented by two atoms
with atomic numbers Z = 1 and Z = 2 (Fig. 2). In an atom with Z = 1 there is only one electron, whose
position is determined by quantum numbers: x = 1, | = 0, m, = 0, which will occupy the 1s-o60m0uky
shell and in the ground state will have an electronic configuration of 1s?.

i ) 18 ) 1s 25, )

Fig. 2. Example of the arrangement of electron clouds in an atom
Puc. 2. TIpumep pacnoioKeHus IEKTPOHHBIX 00JIAKOB B aTOME

The second electrons, in accordance with the principle of minimum energy, will also occupy the 1s-
shell and the atom in the ground state, in turn, will have a completed electronic configuration of 1s2. But
in order to comply with the modified Pauli principle, this electron must have a difference from the first in
its set of quantum numbers (x,I,m;). The only quantum number that can be changed "to enter"” this shell is
the base quantum number. Thus, on the 1s-shell, in addition to the first electron with a set of quantum
numbers (1,0,0), there will also be a second electron with a set (-1,0,0). Therefore, in accordance with
these principles, both 1s electrons will complete the occupation of the K-shell.

Atomic number Z=4. In an atom with Z = 3 the first two electrons are already fixed on the 1s-shell,
therefore, by virtue of the Pauli principle, the third electron cannot be attached to the first two. It falls on
the next 2s-subshell (Fig. 2), i.e. with a set of quantum numbers (2,0,0). The fourth electron will occupy
the same 2s-subshell having a similar set of quantum numbers, differing only in the value of the base
quantum number (-2,0,0). Now the 2s-subshell will also be completely filled, while the atom will already
have an electronic configuration — 1s22s2,

Atomic number Z=10. Due to the fact that the capacity of the 2s-subshell is also limited to two
electrons, the next atom with an atomic number Z = 5 occupies the 2p-subshell, having a set of quantum
numbers (0,1,1) (Fig. 3).
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a) b)
Fig. 3. Model of electron shells for Z = 7 in two projections:
a) in a plane passing through the axis of rotation of the atom at an angle of 45°;
b) in a plane perpendicular to the axis of rotation and passing through the center of the core.
© —s-electrons, © — p-electrons
Puc. 3. Monenb 351eKTpOHHBIX 000704eK s Z = 7 B ABYX MPOSKIIUAX:
a) B TUTOCKOCTH, TIPOXOISIIEH Yepe3 OCh BPAIeHHsI aTOMa oI YTIIOM B 45°;
b) B mockocTH, MepHeHANKYISAPHON OCH BPAIICHUSI U TPOXOISIICH Yepe3 LEHTP Aapa.

© — s-31eKTpOHBI, @ — P-3IIEKTPOHBI

All 2p-electrons are usually referred to as kainosymmetrics. An atom with a atomic number Z = 6
will be arranged symmetrically and will have a set of quantum numbers (0,1, -1).

a) b)

Fig. 4. A simple model of electron shells for the first 10 electrons in two projections:
a) in a plane passing through the axis of rotation of the atom at an angle of 45°;
b) in a plane perpendicular to the axis of rotation and passing through the center of the nucleus.
©— s-electrons, ® — p-electrons
Puc. 4. Ilpoctas MOAeNs 3EKTPOHHBIX 000109€eK TS TepBBIX 10 AIMEKTPOHOB B ABYX MPOEKINAX:
&) B IJIOCKOCTH, MPOXOAIIEH Yepe3 OCh BpallleHHs aToMa o]l YIiioM B 459
b) B ruockocTH, MEpHEHANKYISAPHON OCH BPAIICHHUS U TPOXOISIICH Yepe3 EHTP sAApa.
© — s-anekTpoHbl, @ — P-37IEKTPOHBI

Further occupation of electrons, starting from Z = 7 with a set of quantum numbers (0,1,0), will
already lead to a transformation of the spatial arrangement of 2p-electrons. All three of the first 2p-
electrons (from the fifth to the seventh) will be located symmetrically relative to the axis of rotation of the
atom and each other. Here, the well-known Hund’s rule is automatically fulfilled when all three 2p-
electrons have the same value of the base quantum number. The remaining three electrons, from the
eighth to the tenth, are populated to their positions with the base quantum numbers x = -2 while
simultaneously shifting the previously set 2p-electrons, changing the values of the base quantum number
for all previously occupied 2p-electrons to the value — x = 2. At this stage, the filling of the L-shell of the
atom is completed (Fig. 4).

Atomic number Z=18. The next closed stable configuration of electrons is formed by occupying
the 3s- and 3p-subshells that make up the M-shell of the atom with electrons. These include atoms with
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Z =11to Z = 18 (Fig. 5). Note that, starting with the consideration of the atomic number Z = 11, we will
refrain from specifying specific sets of quantum numbers for individual electrons.

Fig. 5. A simple model of the electron configuration with the atomic number Z = 18.
© —s-electrons, ® — p-electrons
Puc. 5. IIpoctas moaens KOHGHUTypauuu 3JEKTPOHOB C aTOMHBIM 4HCJIOM aToma Z = 18.
© — s-anexTpoHsl, © — P-3IEKTPOHEI

When analyzing the positions of the electrons in this configuration, it can be seen that the principle
of minimum energy should indicate the initial occupation of 3p-electrons. However, in a real atom, there
is a significant compression of 1s-electrons, as well as some compression of 2s-electrons, leading to a
change in the ratio of the positions of the electrons relative to the nucleus of the atom. For the same
reason, in the future, 4s-electrons will also occupy earlier than 3d-electrons.

Atomic number Z=36. Filling the electron shells to form an atom with Z = 36 leads to the
occupation of 4s-, 3d- and 4p-subshells. These include atoms from Z = 19 to Z = 36 (Fig. 6).

a) b)

Fig. 6. A simple model of the configuration of electrons with the atomic number Z=36:
a) in a plane passing through the axis of rotation of the atom at an angle of 45°;
b) in a plane perpendicular to the axis of rotation and passing through the center of the nucleus.
C— s-electrons, @ — p-electrons, ® — d-electrons
Puc. 6. Ilpocrast Moienb KOH(UTYypalMK JIEKTPOHOB C ATOMHBIM YUCJIOM atoma Z = 36:
&) B IJIOCKOCTH, POXOAIIEH Yepe3 OCh BpallleHHs aToMa MoJ| YIiioM B 459
b) B mockocTH, epHEHAMKYISIPHON OCH BPAIICHUS M TIPOXOJIAIICH Yepes3 ISHTP Aapa.
© — s-anekTpoHEl, @ — P-311EKTPOHDI, @ — 0-2JIEKTPOHEI

At first, as noted above, there is an occupation of the 4s-subshell. After filling it, the occupation of
the 3d subshell begins, the capacity of which is 10 electrons. In the six subsequent atoms from Z = 31 to
Z = 36, the electrons are already located in the 4p condition.

Atomic number Z=54. The presented group of atoms is similar in structure to the previous one
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(Fig. 7). Both groups have the same capacity and contain 18 atoms each. Here, at first, there is an
occupation of the 5s-subshell. After its filling, the occupation of the 4d-subshell begins, and the formation
of the electronic configuration is completed by the occupation of the 5p-subshell (Fig. 8).

Fig. 7. A simple model of the electron configuration with the atomic number Z = 54.
© —s-electrons, @ — p-electrons, @ — d-electrons
Puc. 7. Ilpoctas Mogens KOHQUTypaluy 3JEKTPOHOB C aTOMHBIM YHCIOM Z = 54,
© — s-anekTpoHbl, © — pP-31eKTpoHbI, @ — d-37€KTPOHBI

Upon further consideration, we will no longer take into account the natural order of electron
occupation, which is determined by the principle of minimum energy and has a number of deviations in
the order of occupation of the atom shells.

Atomic number Z=86. This is followed by one of the most representative groups of atoms,
containing 32 different configurations (Fig. 8). In these atoms, respectively, the 6s-, 4f - and 5d-subshells
are occupied with electrons. The occupation of free positions with electrons is completed by filling the
6p-subshell.

Fig. 8. Simple model of electron configuration with atomic number Z = 86:
a) in a plane passing through the axis of rotation of the atom at an angle of 452,
b) in a plane perpendicular to the axis of rotation and passing through the center of the core.
© — s-electrons, © — p-electrons, @ — d-electrons, @ — f-electrons
Puc. 8. Ilpocrast Moaens KOHQUTYpaALMX JIEKTPOHOB C aTOMHBIM 4ncioM Z = 86:
a) B TUIOCKOCTH, TIPOXOIAIICH Yepe3 OCh BpaIlleHHs aTOMa MO YTIIoM B 45°;
b) B mrockocTH, MEPIEHAMKYIIAPHON OCH BpaIlleHUs U TIPOXOIAIIEH depes3 LEHTp Aapa.
© — S-3NIEKTPOHBI, © — P-2JIEKTPOHbBI, ® — d-37eKTPOHBI, @ — f-37IEKTPOHBI
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Atomic number Z=102. Similarly, the occupation of subshells occurs in heavy atoms. However, due to
the presence of an upper bound of the atomic number, with the parameters of atoms available for analysis, we will
limit ourselves only to the population of 7s- and 5f-subshells with electrons (Fig. 9). The capacity of these
subshells will be equal to 16 electrons.

Fig. 9. A simple model of the electron configuration with the atomic number Z = 102.
© — s-electrons, @ — p-electrons, @ — d-electrons, @ — f-electrons
Puc. 9. lIpocras Moaens KOHPHUTYpAIIH FITEKTPOHOB C aTOMHBIM dnciom Z = 102.
© — s-anekTponbl, © — p-anekrponsl, @ — d-aexTponsl, @ — f-35eKTPOHBI

When considering the electronic configuration of an atom with Z = 102 we pay attention to a certain
elongation of s-electrons along the polar axis, resulting from the absence of ns-electrons in a simple
compression model.

At the end of the consideration of a simple model of electron shells, we will check for compliance
with the dependence of the first ionization energy Ei on the atomic number Z for light atoms (Fig. 10).

vvvvv

Energy ionization, &
b
L]

1 2 3 4 5 B 7 B E 10

Charge number, 2

Fig. 10. Dependence of the first ionization energy E;i on the atomic number Z:
e — empirical data [16], = — simple model

Puc. 10. 3aBucuMocTb TIEPBOM SHEPTUN MOHU3ANINHU E; 0T 3apsmoBoro uncia Z:
® — sMmmMpHyeckue aanubie [16], ® — mpocTast Mojienn
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Calculations of ionization energies were carried out without taking into account the dynamics of
electron displacement during the formation of the electron shell for all K- and L-shell atoms. As can be
seen on the graph, the trends of ionization energy changes for the values of the first ionization energy Ei
of model atoms and empirically obtained data have a common direction, which indicates a certain
correspondence, even within a simple model, to the real nature of the behavior of this parameter of the
electron shell of an atom.

3.2 DIMENSIONAL MODEL

The actual sizes of the electron clouds that make up the spatial model of an atom differ, depending
on their position relative to the nucleus. Their size qualitatively reflects the magnitude of the binding
energy of electrons on individual subshells. The greater the binding energy of the electron to the nucleus
in the subshell, the smaller the size of the sphere modeling the electron cloud should be. Therefore, by the
dimensional model of the electron shell of an atom we will understand a set of electron clouds, each of
which has an electron in its center located at a distance of its orbital radius from the nucleus. The
principal advantage of the proposed method of visual representation of the atom is that the data of
empirical measurements and calculated values of the parameters of the atom are jointly used here to
visualize the electronic shells of atoms, and not, as is generally accepted, to determine the parameters of
atoms. This approach allows us to take a different look at the possibilities of studying and predicting the
properties of multielectron atoms.

When forming the spatial structure of the electron shell of a dimensional model of an atom, we will
take as a basis, when determining the positions of electrons, such parameters of the atom as the distances
between the nucleus and individual electrons (orbital radii), the distances between the electrons
themselves, as well as the first ionization energies of atoms.

The occupation of s-electrons will be carried out taking into account the empirical and calculated
values of the orbital radii. At the same time, to determine the size of s-electrons, we will choose the radius
of the electron cloud Rs, obtained by calculating for the values of the main quantum number n > 1 for the
corresponding orbital radii r,,5 according to the formula

n-1
Ro(1) = Tops — 2Zi=1 (1) 1y @)

At the magnitude of the main quantum number n = 1 the radius of the electron cloud is identical to
the minimum orbital radius: R;(1) = Tops, The values of the orbital radii are taken from the previously

performed work [15].

When occupying p-, d- and f-electrons, it is necessary to use an additional parameter, defined as the
interval AR between symmetrically arranged positive and negative electrons in the base quantum number
belonging to the same subshell (Fig. 11). Note that the diameters of the electron clouds of all shells, with
the exception of the s-shell, in order to increase the clarity of the representation of the electron shell of the
atom, are shown in the figure in a halved size.

To estimate it a priori, we assume that it is proportional to the size of the corresponding orbital
radius

AR = 2Ar,,s, (3)
where A — is the proportionality coefficient that determines the amount of electron displacement relative
to the polar plane; r,,s — is the radius of the electron cloud. A multiplier numerically equal to two is

included in the formula to account for the size of the entire value of the interval AR between the centers of
electrons symmetrically located semi-closed parts of the subshell.
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Fig. 11. The interval AR between the 2p-electrons of the semi-closed parts of the subshell
Puc. 11. NatepBan AR Mexy 2p-3JeKTpOHAMH MOTY3aKPBITBIX YacTel HOA000I0UKN

For example, the 2p-electrons, positive in the base quantum number, are located in parallel
symmetrical planes with respect to having a negative base quantum number, relative to the plane passing
through the center, perpendicular to the horizontally located main plane. Empirical data on the ionization
energy can be used to determine the AR interval [16]. By shifting these symmetrical planes along the
polar axis Ox (Fig. 11), we achieve a coincidence of the calculated and empirical values of the ionization
energy for the electron shell of the atom under consideration. So, for a 2p-subshell, the first ionization
energy of an electron is Ei (Z=10) = 21.5645 MeV. The selection of the interval at which the calculated
ionization energy will also have a similar value leads to the value: AR = 0.24r, s (Fig. 11). Using the
obtained values of the interval, it is possible to carry out the settlement of 2p-electrons with negative base
quantum numbers (Fig. 13). The selection of the values of the coefficient A for the interval AR was
carried out once for each subshell and was fixed for all other atoms (Table 2).

Table 2

Values of coefficient A for the interval AR between the semi-closed parts of individual subshells

Tabruya 2

3naueHus kodpouimenta 4 ans uHTepBaiga AR Mexay mony3akpbITBIMHU YaCTSIMU OTAEIBHBIX

o1000JI0YEK
Subshell’s name Atomic number, Z lonization energy, Ei (MeV) Coefficient 4
2p 10 21.5645 0.1193
3p 18 15.7596 0.8772
3d 30 9.3942 0.9091
4p 36 13.9996 0.8214
4d 46 8.3369 0.8460
5p 54 12.1298 0.7800
4f 70 6.2542 0.7666
5d 80 10.4375 0.8525
6p 86 10.7485 0.7564
5f 102 6.6600 0.7767

Let us now turn to the consideration of specific dimensional models of atoms having only closed

subshells.

Atomic number Z=2, Z=4 and Z=10. 1s- and 2s-subshell are populated by electrons similarly to
their representation in a simple model. However, in the process of increasing the atomic number of the
nucleus, the size of the electron clouds of 1s-electrons decreases significantly, and 2s-electrons visually
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dominate them (Fig. 12a). The large size of the 2s-subshell electron clouds also affects a significant
decrease in their ionization energy.

P

Fig. 12. Dimensional models for closed electron shells of an atom:
a)Z=4;b)Z=10
Puc. 12.P a3MCPHBIC MOJCIIN IJIA 3aKPBIThIX 3JICKTPOHHBIX 000JI0YEK aToMa:
a)Z=4;b)Z2=10

Let's pay attention to the size of the electron clouds of the p-shell, as well as the size of the electrons
of other shells (with the exception of s-electrons). Considering that the actual sizes of these electron
clouds depend on the orbital radii of the electrons themselves, in our case, to obtain a visual image of the
atom, as well as in Figure 11, we assume the radii of the electron clouds equal in magnitude to half of
their orbital radii (Figure 12b). In other words, the dimensions of the 2p-electrons should be close to the
diameters of the 2s-electrons, but in this case all the lower shells would be hidden from view and the
resulting visual image of the atom could not be analyzed.

Also, Figure 12 clearly shows that 1s- and 2s-electrons for Z=4 and Z=10 have different ratios of
the sizes of electron clouds. This is due to a change in the scale of representation of atoms, as well as due
to disproportionate changes in the size of clouds at different atomic numbers.

Atomic numbers Z=18 and Z=36. Let us now proceed to the consideration of subsequent atoms
having completely closed subshells in the ground state. These include atoms containing the number of
electrons: Z = 18 and Z = 36 (fig. 13).

e

Fig. 13. Dimensional models for closed electron shells of an atom:
a)Z=18;b)Z=36
Puc. 13. PazmepHble MOJIENHN JUTS 3aKPBITHIX DIIEKTPOHHBIX 000JI0YEK aToMa!
a)Z=18;b)Z=36

In the case of a closed electron shell of an atom with a atomic number Z = 18, it is clearly seen that
the main role is played by the electrons of the 3p subshell. Even the appearance of 3d electrons in an atom
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with Z = 36 practically did not affect the dominant position of 3p electrons.

Atomic numbers Z=54 and Z=86. It is somewhat more difficult to determine the electron dispersal at
Z =54 and at Z = 86. So, 3d electrons "fall through™ and are located near 2p electrons. Further, the dispersal of
subsequent 4f electrons is also observed closer to the nucleus than that of the 4s and 4p electrons (Fig. 14).

As can be seen from the dimensional models of the electron shell of the atom, the positions of the d- and f-
electrons are most deeply immersed in the atom. This phenomenon can be explained by a kind of “pushing
apart” of electrons from nearby subshells, which allows d- and f-electrons to penetrate into deeper layers of the
atom.

ay b)

Fig. 14. Dimensional models of atomic electron shells:
a)Z="54;b)Z=86
Puc. 14. Pa3mepHbIe MOJIEIH JIEKTPOHHBIX 000JI0UEK aTOMa!
a)Z=54;b)Z=86

Atomic number Z=102. A visual analysis of the dimensional model of the electron shell of an atom
at Z = 102 (Fig. 15) shows that for a 7s-subshell, with an electron ionization energy of Ei (Z=102) = 6.66
MeV, the selection of an interval at which the ionization energy has a similar value for a 5f-subshell leads
to the value: AR = 1.567 6.

Fig. 15. Dimensional model of the electron shell of an atom at Z = 102
Puc. 15. PazamepHas MoJieNb SJIEKTPOHHOM 000m04KH atoma ripu Z = 102

Even if ns-electrons are excluded from consideration, it can be seen that the general picture of the
predominance of np-electrons, during the formation of electron shells, is preserved for almost the
majority of atomic atomic numbers.
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CONCLUSION

In the present study, we have considered the spatial structure of the electron shell of an atom in the
normal state. Particular attention was paid to the issue of visualization, as well as a new approach to
determining a set of quantum numbers. We were also able to show that when considering the location of
electron clouds, one can visually observe the "arrangement™ of electrons near the nucleus of an atom,
which will be of particular importance for the correct interpretation of theoretical and experimental data.

The proposed model of the atom electron shell is a kind of graphical extension of the shell model,
since it makes it possible to represent the spatial structure of the atom as a set of shells consisting of
electron clouds. The obtained results of the study allow us to conclude that using computer simulation,
based on such parameters as the orbital radius and ionization energy, as well as quantum numbers; it is
possible to visualize the spatial structure of the electron shell of the atom. Thanks to the visualization of
the computer model, the properties exhibited by electrons in the atom and previously described as rules
and principles become so obvious that they do not require postulation.

In this work, we focused on the possibility of visualizing and analyzing the structure of the electron
shell of an atom. We have shown that the currently available set of principles and rules for the formation
of the electron shell of an atom is sufficient to overcome the limitations imposed by the non-visibility
principle [17].

The main results obtained in this study are as follows:

1. A method has been developed for computer simulation of the spatial structure of the electron
shell of an atom, which includes a detailed presentation and justification of the proposed approach.

2. The concept of the basic quantum number is introduced, which makes it possible to expand the
possibilities of describing the distribution of electrons in an atom.

3. A simple computer model has been developed that makes it possible to methodically and in a
more convenient form show the application of the principles and rules responsible for the order of
electron settlement in explaining the shell model of an atom.

4. The possibility of visualization of the spatial structure of the electron shell of the atom for the
ground electronic state of the atom in the form of a dimensional computer model is shown.

The possibility of determining the spatial arrangement of electrons in individual subshells will
allow, in the future, refining and expanding the methods and approaches used to study the electron shell
of an atom.
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AHHOTAIIMSAA

B craTbe BBISBICHBI M OMUCAHBI OCHOBHBIE MPOOJIEMBI B 00J1aCTH JTIOOUTEIBCKOTO PHIOOIOBCTBA!
mpoOiieMa XpaHeHHUs W TOWCKa MECT I PHIOHOM IJIOBNIH, MpoOJieMa HeJ0CTaTKa JJIeKTPOHHBIX
CIPaBOYHUKOB i  PBIOOJOBOB, TIpo0OjeMa HECOONIOACHUS  PHIOOJIOBAMU-THOOUTEISIMU
3aKOHOJIATENBHBIX OrpaHmyeHui. [IpenoxeHsl myTH pemeHus IpodaeM C TOMOIIBI0 CO3TaHUS
mporpaMmMHoOi cucteMbl. CIIpoeKTUpOBaHa auarpaMMa BapHaHTOB HCIOJB30BAaHUS CHCTEMBI Ha
OCHOBaHHMH PacCMOTPEHHBIX mpobieM. [Ipobiaema morcka MecT sl peIOHOH JIOBIIM pacCMOTpEHA
Oosee moapoOHO. [lpennokeHbl ABa MyTH pelleHHS NPOOJIEMBI MOMCKA MECT: C TOMOUIBIO
aHanmm3a JeSTeIHbHOCTH pBHIOOJIOBOB-TIOOWTENEH W C TOMOIIBI0 TPOTHO3UPOBAHUS KIIEBA.
Omnmcana apXUTEKTypa MPOrpaMMHON CHCTEMBI - HCIIOJIb3YEeTCs KIIMEHT-CEPBEPHasi apXUTEKTypa
n narrepH npoektupoBanus MVC. ITockoibKy cuctemMa COCTOMT M3 MOAYJIEH, MpeacTaBieHa
KOMIIOHEHTHasI ArarpaMMa apXHUTeKTyphl, OMPE/IENeH CIMCOK BHYTPEHHUX M BHEIIHUX MOJYJEH,
ONMCAaHbl BHEIIHWE MOAYJIH, CPEAM KOTOPBIX HMEIOTCS HHTEPPEHCh  MPHUKIATHOTO
nporpammupoBanus (API). Onpenenena Moens 6a3bl JAHHBIX CUCTEMBI, OIIPEICTICHBI XPAHUMBIC
JTaHHEIE.

KuaroueBsle cinoBa: npoextuposanne 110; moOuTensckoe prIO0I0BCTBO; BUABI PHIO; YIIOB

Jnsa  umTupoBanusi: bymyes M.B., AolGpamoBa 0O.®0. MoaenupoBaHnue NIpoOrpaMMHO-
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Abstract

The article identifies and describes the main problems in the field of recreational fishing: the
problem of storing and finding places for fishing, the problem of the lack of electronic guides for
fishermen, the problem of non-observance of legislative restrictions by amateur fishermen. The
ways of solving problems by means of creating a software system are proposed. A diagram of the
use cases of the system was designed based on the problems discussed. The problem of finding
places for fishing is considered in more detail. Two ways of solving the problem of finding places
are proposed: by analyzing the activity of amateur fishermen and by predicting the bite. The
architecture of the software system is described - the client-server architecture and the MVC
design pattern are used. Since the system consists of modules, a component architecture diagram
is presented, a list of internal and external modules is defined, external modules are described,
among which there are application programming interfaces (API). The model of the system
database is defined, the stored data is defined.

Key words: software design; recreational fishing; types of fish; catch
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BBE/IEHUE

JIrobutenbckas pblOHAs JIOBJISL — OJUH M3 CaMbIX MONYJISIPHBIX BHJOB J0OCYra Cpeld HACEIeHUs
Poccun [1]. Jliomeid, 3aHMMAIOIIMXCS JIOOWUTENBCKOM pPHIOHOW JIOBNEH, HA3bIBAIOT pPbHIOOIOBAMH-
aro0uTeNnssMu WM pelbakamu. B HacTosmmii MOMEHT B cdepe JH0OUTENbCKOro phl0OJIOBCTBA MMEETCS
MHOKECTBO MPOOJIEM, KOTOPBIE MOYKHO PEIIUTh C IOMOIIBIO HCIIOIb30BaHUs IIPOTPAMMHBIX PeLIeHui [2].

OpnHoil 13 Takux npoOseM sBIseTCs IMOUCK HOBBIX MeCT AJs phlOHOM JoBiu. HaliT HOBblE MecTa
JOCTaTOYHO CIJIOKHO, ITOCKOJIBKY HOBOE MECTO JOJDKHO 00JanaTh BBICOKOW AaKTHBHOCTBIO PBIO U
HaXOJUThCSI B TOM CyOBEKTE CTpaHbl, B KOTOPOM HaxoJuTcs pblO0sioB. PriOosoBa-mrobuTesns MOryr
MHTEPECOBaTh TOJIBKO T€ MECTa, B KOTOPBIX OOWMTAIOT HMHTEpecyromue ero Buabl peid. [lomck mect
YCIIOXKHSIETCSA U TEM, YTO CYLIECTBYET OOJIBIIOE KOJINYECTBO 3aKOHOAATEIIbHBIX OIPAaHUYEHUI Ha PHIOHYIO
JIOBJIIO B OMpeNeleHHbIX Bojoemax [3]. Hu B 0JHOM M3 COBPEMEHHBIX MPHIIOKEHUH Ui pbIOOIOBOB-
naroduTesiel HeT QYHKIMHU MOUCKA MOAXOIAIINX MECT JUIsl pbIOHOI JIOBIIH.

[Ipobnemoii siBNsieTcss U XpaHEHHE YK€ MMEIOLIMXCS Y pBhIOOJIOBa-IIO0UTENsT MECT JUIsl phIOHON
JOBJIH. BOJIBIIMHCTBO PHIOOIOBOB MPU XPAHEHUHU MECT I0JIAararTcs TOJIBKO HAa CBOKO MaMsTh, YTO BEJET K
MOTEpEe YaCTH MECT ISl PHIOHOH JIOBIH. J1J1s KaXKA0TO MecTa HeOOXOAMMO 3HATh €r0 MECTOMOJIOKEHUE U
o0uTaroLMe B HEM BUJIbI PbIO, PbIO0JIOBY-JIIOOUTENIO TPY/IHO IOCTOSHHO IOMHUTB 3TH CBEJCHHUS.

[ToMuMo XpaHEHHs] MECT, pbIOOJIOBY HEOOXOIMMO XPAaHUTh M YJIOBBI B A3THX MeCTaX. XpaHEHHE
YJIOBOB, CJI€JIaHHBIX B KOHKPETHOM MECTE, IO3BOJISET PBIOOJIOBY J€J1aTh BBIBOJIBI 00 AKTUBHOCTHU
OIIpE/ICNIEHHBIX BUJOB pPbIO B OIpENEIEHHOE BpeMs UId 3TOr0 MecTa. B OOJbIIMHCTBE COBPEMEHHBIX
MPUIIOKEHUHN 17151 ppIOOJIOBOB HET PUBSA3KH YJIOBOB K ONPEAEICHHOMY MECTY.

Crout OTMETUTH M MPOOJIEMY MaJOro KOJIMYECTBA 3JIEKTPOHHBIX CIPAaBOYHHMKOB BHJIOB PbhIO U
BOJIOEMOB, IIPEHAa3HAYEHHBIX CIEIHMAIbHO Ui pelOooBa. [fToMrMo TOro, 4To MOJOOHBIX CIPAaBOYHHKOB
MaJio, B HUX OTCYTCTBYET MHOTO MH(OpPMAaILIMH, KOTopas Obl1a OBl TI0JIe3Ha priOoIoBaM-mo0uTensm. Tak,
B CIIPaBOYHHUKAX BHJIOB pbI0 HE XBaTaeT UH(pOpMAIMU 00 OCOOEHHOCTSX JIOBJIU PbIO U O PEKOMEHIyEMOM
CHapsKeHUU. B cripaBoYHMKax BOJOEMOB OTCYTCTBYET MH(POpPMAIUS O KOHKPETHBIX MECTOMOIOXKEHUIX
BOJIOEMOB U OOWTAIOIIMX B HUX BUAOB pblO. HM B ONHOM M3 3JIEKTPOHHBIX CIPABOUYHUKOB HE
YUUTBIBAIOTCS 3aKOHOAATENbHbBIE OTpaHUYeHHs. BBUTOB BUIOB PHIO, BXOISIINX B KPACHYIO KHHUTY, CTPOTO
3alpeleH 3akoHOM. Takke 3ampelieHa pblOHas JIOBJIS B BOJOEMAax, OTHOCAIIMXCS K OIpPEesIEHHBIM
3aMOBEHUKAM WM IPUPOTHBIM Mapkam [4].

OCHOBHAA YACTh

JUis pemieHus! BBILIETIEPEUUCIIEHHBIX Mpo0JeM MpeanaraeTcs co3aaTb MHOTO(QYHKIMOHAIBHYIO
nporpaMMHyto cuctemy [7]. OOmas guarpamMma BapUaHTOB HCIIOJIB30BAHMS CHUCTEMBl IPUBEJIEHA Ha
pucyHke 1.

B cucreme mpeaycMOTpEeHBI CIEAYIONINE POJI: TOCTh, OOBIYHBIN MOJIB30BATEh, MOJAEpaTop. [ ocTh
paccMaTpuBaeTCsl KaK He3aperucTpUpOBaHHBIM Moib3oBaTedb [6]. ['ocThb HMeeT BO3MOXKHOCTH
MPOCMATPUBATh CIPABOYHUKH M OCYIIECTBISATh TOWUCK MECT JISi PBHIOHOHM JIOBNH, MpHYEM JBYMS
cnocobamu. Ilonp3oBarento JOCTYNMHBI T€ K€ BO3MOXHOCTH, YTO W TOCTIO, HO, MOMHUMO 3TOTO,
MOJTb30BATEIh MOKET XPaHUTh HH(OPMAIHIO O COOCTBEHHBIX HA)KMBKAX, YJIOBaX M MECTax JJIsl PHIOHOMH
70BIH. MozepaTtop HEOOXOUM JJIsl pEIaKTUPOBAHUs CIPAaBOUYHUKOB U ONpeAeNIeHUs 00JacTei KapThl, B
KOTOPBIX 3allpellieHa pblOHas JOBJIS.

B cucreme numeroTcst CipaBOYHUK BUIOB PhIO M CIPaBOYHHUK BOJOEMOB. B cripaBOYHMKE BOJOEMOB
ydTeHa Bcs uHGOpMaIms, HeoOXoauMmas i phIOOJIOBa-TIOOUTENsI, Takas KaKk OCOOCHHOCTH HEpPecTa,
MUTaHUsA, JOBIH PbIO, HEOOXOAUMBIE HAXXUBKU U NMPHUMAHKU. B crpaBOYHHKE BOJOEMOB OTOOpakaeTcs
MECTOIOJIOKEHHE KaKJIOr0 BOJOEMa Ha KapTeé U CHHCOK BHAOB DPBIO, OOMTAIOMIMX B KaXIOM U3
BO/1I0eMOB. Bos1oeMbl 1 BUJIBI PBIO, HA KOTOPBIE HAOXKEHBI 3aKOHOIATeNIbHbIC OTPAaHUYEHUS, BBIICISIOTCS
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cpenu octaibHBIX. Kpome Toro, B HUX He OToOpakaroTcs Onoku uHpopmamuu, HEOOXOTUMBIX s
peibooBa-modutensa. Tak, a1 BOJOEMOB, B KOTOPBIX 3alpelleHa phIOHAs JIOBJIS, HE OTOOpakaeTcs
CIIUCOK OOMTAOIINUX BUIOB PHIO.

Jns  xpaHeHuss COOCTBEHHBIX MeECT Ui PBIOHOM JIOBIM TIOJB30BATENIO IPEAOCTaBICHA
WHTEPAaKTHBHAS KapTa, HA KOTOPOW OH MOXET OCTaBISATh OTMETKH, KOTOpPhIE W OOO03HAYAIOT MECTa.
[Tonb30BaTenb MOXKET HACTPOUTH BHJ KapThl — M3MEHUTh MaciuTad, U3MEHHUTh CHOCOO OTOOpakeHUs
(Hampumep, Ha CITyTHUKOBBIN). J[7sl KaKIOl OTMETKHM OTOOpa)KaeTcsi CIUCOK YJIOBOB, KOTOpPHIE OBLIH
COBEpIUICHBI TI0JIb30BATENIEM B 3TOH OTMETKE.

Jliist XpaHeHHus: COOCTBEHHBIX YJIOBOB IOJIB30BATEIIO MPEIOCTABIICH €r0 JTUYHBIHN )KypHAJ yJIOBOB. B
JTaHHBIA >KypHaj IMOJIb30BaTeIb MOXKET J00aBJIATH HOBBIE YJIOBBI, M3MEHATH HHGPOpPMALUIO 00 yxKe
UMEIOIUXCS yIoBax. J[Js KaKAoro yyioBa yKas3bIBAaeTCS YHHKAIBHOE Ha3BaHUE, BUJ MOWMAHHOW PHIOHI,
MECTO, B KOTOPOM OBbLI COBEpIICH YJIOB, AaTa U Bpems yjoBa. JIOMOJHUTENBHO MOJIb30BATENIb MOXKET
yKaszath u300pakeHue peiObl U Bec yioBa. [Ipu moOaBineHUM ylioBa HENb3s yKa3aTh BUJ PHIOBI, BBLJIOB
KOTOpOro 3arpenieH 3akoHOM. CIHCOK yJIOBOB MOKHO (MIIBTPOBATh IO MHTEPECYIOUIUM IOJIb30BATEINS
MIOJISIM, TIPUYEM MOYKHO MTPOU3BOIUTE (PMIIBTPAIUIO TIO HECKOJIBKUM TOJISIM OJJHOBPEMEHHO.
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Fig. 1. General diagram of the main use cases of the system

B cucreme mmeercss BO3MOXKHOCTh TOHMCKAa MECT JUIsi PBIOHOHM JoBiIHM. Ha BBIOOp mONB30BaTels
MPEJOCTaBICHO JBa CIOcOo0a MOMCKAa MECT: MEepBbI CHoco0 OCHOBAaH Ha aHAJIW3e JeATeNbHOCTH
PBIOOTIOBOB-TTIOOHTENEH, 3aPETHCTPUPOBAHHBIX B CHCTEME, BTOPOH CIIOCOO OCHOBAH Ha MPOTHO3UPOBAHHUU
KJIeBa.

[Monck MecT ocymiecTBISIETCS Ha OCHOBAaHMHM BBIOPAHHBIX TIOJB30BATENEM IMapameTpoB. s
NepBOTo crocofa Moucka B Ka4yecTBE IMapaMeTpoB MOKMCKa 0053aTENIbHO YKa3bIBAaeTCsS CyOBEKT CTpaHbl, B
KOTOPOM IMPOKUBAET PHIOOJIOB-TFOOUTENb, U CPOK OTOOPA YIIOBOB (HAIpUMeEp, 3a MOCJIECIHUE IBE HEJIEIH ).
JIOTIOJTHUTETPHO MOXKHO yKa3aTh KOHKPETHBIM BHII PHIOBI, B TAKOM CIy4yae CIHUCOK PEKOMEHIOBAaHHBIX
MeCT OyJeT COCTaBJICH Ha OCHOBAaHHMH KOJIMYECTBA YJIOBOB IO yKa3aHHOMY BHIY pbIObL. Jlsi BTOpOTO
criocoba moucka 00s3aTeIbHO YKA3hIBAETCS CYOBEKT, BUJ PHIOBI, 1aTa U BpeMs.

[MpuHtun paGoTHl anropuT™Ma IOMCKAa MECT TEPBBIM CIIOCOOOM 3aKIIOYAaeTCs B BBIYHCICHUU
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00IIero KOJTMYECTBA YJIOBOB IS KaXI0T0 BojgoeMa. VICXOMHBIMU TaHHBIMHE JJIsl alTOPUTMA MTOMCKA MECT
SIBJIAIOTCS 3aIIMCH 00 yJIOBaX B JKypHajaX yJIOBOB BCE€X IOJIb30BaTeNiell CUCTeMbl. Pe3ynbTatomM paboThl
QITOPUTMA SIBIIIETCS CIIMCOK PEKOMEHIOBAHHBIX MECT JJisi PHIOHOM JIOBIM, TO €CTh CIIMCOK BOJOEMOB,
OTCOPTHUPOBAHHBIN MO 00IIEMy KOJIMYECTBY YyJIOBOB. JlMarpamma MocieAOBaTEIbHOCTH Ui (pyHKUIHUU
MOMCKAa MECT Ui PHIOHOW JIOBIM IMyTEM aHalu3a XYpPHAJIOB YJIOBOB IOJb30BaTeNel HM300pakeHa Ha
pHUCYHKE 2.
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Puc. 2. Inarpamma nocienoBatenbHOCTH GyHKIUH “Ilonck mect s peIOHOMN JIOBIH”
Fig. 2. Diagram of the sequence of the function "Finding places for fishing"

Pr16o0Ba-1r00HUTENST HMHTEPECYIOT MECTa C BBICOKMM KaueCcTBOM KjeBa pbi0. Haubomnplee BiusHue
Ha KIJICB pI)I6I)I OKa3bIBAKOT IIOT'OJHBIC XapaKTepI/ICTI/IKI/I, TAKHUC KakK TeMnepaTypa BOAbI, CWJIa H
HampaBJICHWE BETpa, BpeMsl CYTOK, OOJa4YHOCTh, Hamumuue ocaakoB [5]. IlockombKy MOKHO
CHpOFHOSI/IpOBaTI) 3HAYCHUS IIOTOAHBIX XapaKTepI/ICTI/IK B OHpC}IeJ'IeHHOG BperI, HO3TOMy U MOXHO
CIIPOTHO3UPOBATH KIIEB PHIOBI B onpezaeneHHoe Bpems. [1omydnuTh 3Ha4eHHs TOTOIHBIX XapaKTEPUCTHK B
3a/TaHHBIA MOMEHT BpeMeHu 1mo3BoJsieT APl cepsuca “Snnexc.IToroga”.

[IpuHnun paboThl aNTOpUTMa MOUCKA MECT BTOPHIM CIOCOOOM 3aKIIOYaeTCsl B BBIUMCICHHUH
MIPOTHO3a KJIeBa JIUI KaKJO0T0 BOJIOEMA 10 BEIOPAHHOMY IT0JIb30BaTEIeM BUAY PHIOBI M YKAa3aHHOM JaTe
BpeMeHI/I. HpOFH03 KJIEBa I/IBMepHeTCH B HpOI_[eHTaX. I/ICXOI[HBIMI/I JAHHBIMU B JaHHOM cnyqae SABJIAKOTCA
ONTHMAJIbHBIC 3HAYCHHS IOTOJHBIX XapPaKTEPHUCTUK JJIA YKa3aHHOTO BHJA PBIOBI, KOTOPHIC 3aJal0TCs
MozepaTopoM. B kauecTBe pe3ysibTaTa BBIIACTCS CIIUCOK PEKOMEHIOBAHHBIX MECT ISl PRIOHOM JIOBIIH, TO
€CTh CITMCOK BOJIOEMOB, OTCOPTHPOBAaHHBIA IO TPOICHTY MpOrHo3a Kiesa. s KakIoro BojoeMa
yKa3bIBAeTCS Ka4eCTBO KieBa (HMU3KOE WM BBICOKOE). JlMarpamMma mocieaoBaTenbHOCTH IS (PYHKIIMH
MOMCKa MECT IS PHIOHOM JIOBJIM IyTEM IPOTHO3UPOBAHMS KJIeBa N300paXkeHa Ha PUCYHKE 3.
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Puc. 3. lnarpamMma nocsenoBateabHOCTH QyHKImU “TIporHo3upoBaHue kiesa”
Fig. 3. Diagram of the sequence of the function "Bite prediction™

[TporpaMMHasi cucTemMa HCIOJIBb3YET KIUEHT-CEPBEPHYIO apXUTEKTYpy. APXHUTEKTypa HCIOJb3YyeT
nomyJisipHbIi  mabnoH mnpoektupoBanust MVC (Model View Controller). Ha kaxnaplii BHYyTpeHHUH
MOAYJIb TPUXOTUTCS KIueHTckuil cioit (Views), cepBepHbiii cioii (Controllers), u cioit gaHHBIX
(Models)[11]. KnuenTckwuii ciaoi mpeacraBiser coboit muTepdeiic mons3oBatens - HTML crpanutipl,
BBIBOJIMMBIE BeO-Opayzepom. C manHoro cnosi ornpasisitorcss HTTP/HTTPS 3ampocsl Ha cepBepHBIit
cioii. CepBepHBI €O COAEPKUT BCIO JIOTUKY MPUJIOKEHUS WU MUMEHHO Ha JIAHHOM CJIO€ MPOUCXOJUT
o0paboTka 3anpocoB KiIMeHTOB. CepBEepHBIN CIOM COCTOUT W3 Pa3NUYHBIX KOHTPOJUIEPOB, KOTOPHIE B
CBOIO oYepens cocTosiT W3 (yHKiud. Kaxkmnol (yHKIIUU COOTBETCTBYET 3alpOC C KIUEHTCKOTO CIIOS.
Crnoif maHHBIX MPEACTaBIEH Pa3IUYHBIM MOJENSIMH, T.€. KllaccaMu cucTeMbl. B Mozaenu 3arpyskarorcs
JaHHBIe U3 0a3bl JaHHBIX JJIS TIOCIEAYIONe 00paboTKH B KOHTPOJUIEPAX, PACTIOIOKEHHBIX B CEPBEPHOM
cIoe.

KomnonenTHass amarpamMmma cuCTeMBl H300pakeHa Ha pucyHke 4. Cucrema cocTouT u3 8
BHYTPEHHUX Moayjieid U 3 BHemHuX Mmonynei. K BHYTpeHHHUM MOJYJSIM CHUCTEMBI OTHOCSTCS: MOJIYJb
MIPOTHO3UPOBAHMS KJI€BA, MOAYJb MOTOAHBIX XapaKTEPUCTUK, MOIYJIb CIIPABOYHHUKA BUIOB PBIO, MOIYITh
CIPaBOYHHKA JIOKAIMNA (BOAOEMOB), MOAYJIb KapThl C OTMETKaMH, MOJYJIb JUYHOTO CHAPSKEHUS, MOYJb
MOKWCKAa MECT JJsi PHIOHOWM JIOBIM, MOAYJNh >KypHana ynoBoB. K BHemHuM Monyinsi otHocstcs API
ceppucoB “Sunaexc.Kapter” u “SAngexc.lloroga”, a taxxke 6a3a JaHHBIX cUCTeMbl. HekoTopbie Momynu
CHUCTEMBbI B3aMMOJICUCTBYIOT Mexay coOoi [9]. Tak, MOmysbp TMOUCKA MECT IJsi PBHIOHOU JIOBIH
WCIOJIb3YET IaHHBIE MOAYJIS JKypHaja yJIOBOB.

API cepBuca “Suaexc.KapTer” ucnonb3yercss aasi OTOOPaKEHUS MECTOIIOJIOKEHUS KaKUX-JITH00
O0OBEKTOB B cHCTeMe (Hampumep, OTOOpaKEHHE MECTOMOJOKEHHUSI OIMPEACNEHHOT0 BOJOEMa B
cnpaBo4yHMKE BojoeMoB). B nmonHoi Mmepe APl 3aneiictBoBaHO B Moayse KapThl ¢ oTMeTkaMu. biarogaps
MHOTOGYHKIIMOHATBHOCTH AaHHOro APl monp3oBaTenb MOXKET HACTpaWBaTh OTOOpa)KEHUE KapThl,
CTPOUTH MapIIPYThI, U3MEPATH PACCTOSTHUE MEX Ty Toukamu kapThl [10].
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API cepBuca “Sugexc.lloroma” HeoOXomuM i TMONHOTO (DYHKIMOHHPOBAHUS —MOJIYJIS
MIPOTHO3UPOBaHUA KiieBa. [10CKONIBKY MPOTHO3MPOBAHUE KJIEBA OCHOBAHO HA PEAKIIMH TOTO WM WHOTO
BHJIa PHIOBI HA 3HAYCHHsS MOTOTHBIX (PAaKTOPOB, HEOOXOIMMO MMETh ITH 3HAYCHUS HA OMPECIICHHBIH
MoMeHT BpemeHH. JlanHoe API mo3BosisieT mosy4ath 3Ha4€HHsI OOJIBIIOTO YHCia MOTOAHBIX (aKTOPOB,
KaK Ha TEKyIIMHA MOMEHT, TaK U Ha MOCIIeAyoNue ceMb aueit [11].

Mopgyns CnpaBoYHUK
" 0—
NPOrHO3MpoBaHUA BUAOB pIb

. T

‘.‘ Moaynb 2]
N —— O norogHbIX
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9 40)7 OTMETOK 40)7 'NnoBOB
AL ’

API {J\

KapTb T
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Puc. 4. KoMnoHeHTHas 1uarpaMMa CUCTEMbL
Fig. 4. Component diagram of the system

CToUT OTMETUTH, UYTO TPWIOKEHHE HE PACCUNTAHO HA OYEHb OOJBIIOE KOJIUYECTBO
nonb3oBareneit (6onmpmie 10000), mockonbky APl cepBHCOB HMMEIOT OTpPaHHYCHHS Ha KOJIHYECTBO
nepechUIaeMbIX 3ampocos [12].

baza pmaHHBIX 1IeHTpanu30BaHHAsT — BCE JAaHHBIE PACIOJAralOTCs B OJHOM XpaHWIIHIIE.
Hcnonp3yercss pensiuoHHass MOJAENb 0a3bl JaHHBIX, TOCKOJIbKY Takas MoOJelb 00iajaeT THOKOH
CTPYKTypo#l, Onarogaps KOTOpO BO3MOXXHO TMpocToe [o0aBlieHHEe pas3fesoB HHPoOpMalu B
CIPAaBOYHHMKAX M YBEIMUYEHHUE YHCIIA TIOTOJHBIX ()aKTOPOB, YUUTHIBAEMBIX MPHU MPOTHO3UPOBAHUH KIIEBa
[8]. ITomumo 3TOTO, pENALIMOHHAS MOJAENTH 00ECIEeUrnBaeT BBICOKYIO MPON3BOAUTEIHLHOCTD PU OOIBIIOM
KOJIMYECTBE CIIOKHBIX 3aIIPOCOB, KOTOPHIE MCTIOIB3YIOTCS TIPU MOMCKE MECT isi phIOHOM JoBK. B Gaze
JMAHHBIX XpaHATCA Kak oOIIMe MaHHbIe, TaK M JaHHBbIE JJIS KaXJIOro moib3oBareis. OOIiue JaHHBbIE
BKJIFOUAIOT B CeO0sl CBEJEHUS O BHJAX PhIO M BojoeMax. JlJis KaXKIOTo BHJIA PHIOBI XPAaHUTCS OOJBIIOE
KOJIM4YEeCTBO MH(pOpMaIuu: o01mas uHbopmarusa, OMOJOTHYECKHE JTaHHbIe, MMyTH K H300pakeHusM (Ha
KaX/IbIi BUJ PHIOBI MPUXOIUTCSI HECKOIBKO M300paskeHui), mH(OpMaIys Ui pbI00IOBa, ONTUMAIbHBIE
3HaueHusi (HakToOpoB mporHo3a kieBa. Jlig Kakaoro BoJOeMa XpaHUTCS Has3BaHHE, reorpaduueckas
uHpOpMaIKs, CIIUCOK OOWUTAIOMIMX BHUJOB PHIO, KOOPAMHATHI MECTONOJIOKEHUS Ha KapTe. XpaHHWIUILE
MOJIb30BaTEeNsl BKJIIOYAET B ce0s 3amucH KypHalla YyJIOBOB, Ha)XMBKHM, OTMETKHM Ha KapTe (MecTa i
peIOHOM soBNHM). K Kaxaod OTMETKe TMOJbh30BaTeNIs NpPHBS3aH CBOW Habop yioBoB. JJiT HaXKHBOK
ABTOMATUYECKHU BEJETCS MOACUYET YIOBOB, KOTOPBIE CAENAN MMOJIb30BATEb.

3AK/TIOYEHHUHE

Takum 00pa3zom, mpeacTaBIeHHas CHCTEMa MO3BOJIUT PEIINTh OJHU U3 CaMBIX 3HAYMMBIX MpoOIeM
B 00JIACTH JIOOUTENIBCKOTO PBHIOOJIOBCTBA — MPOOJIEMYy MOMCKAa MECT JUIsl PHIOHOM JIOBIH, HpoOiemy
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XpaHEHUs YK€ UMEIOIINXCS MECT, TPOOJIeMy HEIOCTaTKa AICKTPOHHBIX CIPABOYHUKOB JUISI PHIOOJIOBOB,
npobjeMy  HECOOTIOJIEHUS  PBHIOOJIOBAMH-TIOOUTENIIMA ~ TPaBWJ  PBIOOJTIOBCTBA. [ J1aBHBIMH
MPEUMYIIECTBAMH CHCTEMBI SIBISIFOTCS (YHKITUS IPOTHO3UPOBAHMS KJIeBa M (PYHKIIHS TIOUCKA MECT JUIs
PBIOHOI JIOBIJIM, aHAJIOTOB AAHHBIX (DYHKIMU MPAKTHYECKU HET HU B OJHOM COBPEMEHHOM MPUIOKECHUH
JUISE  pbIOOJIOBOB-IIOOUTENEH. BECOMBIM TPEUMYIIECTBOM  SIBIISETCS W KOHTPOJb  COOJIOACHHS
PBHIOOIOBOM-TTIOOUTENIEM 3aKOHOIaTEIbHBIX OIPAaHUYECHUN B 00JaCTH JTHOOUTEIHCKOTO PHIOOIOBCTBA.
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AHHOTALIUA

B craTthe paccMaTpuBaroTCsi HEKOTOPBIE MPOTOKOIBI ITEPEIauX JAHHBIX B KOMITBIOTEPHBIX CETIX C
IO3nuu oOecrieueHust 3allluThI I/IH(bOpMaLII/II/I. HOKa3aHO, YTO B HaACTOALICC BPEM:, BOIPOCHI
Oe3omacHOU mepenayn HHpopMaIuu MpruooOpeTaroT Bce OONBITYI0 aKTyaIbHOCTh. OCOOCHHO, 3TO
KacaeTcsi 3allMIICHHOCTH AaBTOMATH3UPOBAHHBIX CHCTEM Ha YpOBHE IPOTOKOJIOB Iepeaadn
JaHHBIX. B wacTHOCTH, paccMaTpUBaIOTCS MMPOTOKOIBI IepeAayll JaHHBIX, UCIIONB3YOMHECs s
OopraHuvsany BUPTYaJbHBIX YaCTHBIX ceTe. DTO CBS3aHO C TEM, YTO COBPCEMCHHLIC pCaJINU
moOyXJal0T TONb30BaTeNlell K aKTUBHOMY HCIOJB30BAHHUIO TMOJOOHBIX TEXHOJIOTHH Kak IS
peaiM3allii  CaHKIIMOHMPOBAHHOTO (YHKIMOHAnNa, Tak W Uil 00X0oJa pPErjiaMeHTOB
MPEIOCTaBIeHNUS OCTyNa K 3alpelieHHbIM 3JIeKTPOHHBIM pecypcam. Kpome Toro, B pabote
MOKa3aHO, YTO WCIIOJIb30BaHUE PA3IUUYHBIX MPOTOKOJOB Mepedadyd WHQOpManuu Cco3Jaer
ompezeNeHHble TPoOIeMbl TIpH pa3pabOTKH aBTOMATH3MPOBAHHBIX PEIICHWH, B YaCTHOCTH B
BOIPOCaxX HHTEPIPETAUN CETEeBOro Tpaduka. ABTOpaMH Ipeliaraercsi THOKHH MeXaHU3M
JUHAMAYECKOTO (OPMHUPOBAHMS MPaBUJI Nepeadn JaHHBIX B 3aBHCHMOCTH OT 3ajad, CTOSIIUX
nepe]; pa3paboTunKaMu MOJOOHBIX CHCTEM.
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Abstract
The article identifies and describes the main problems in the field of recreational fishing: the The article
discusses some data transfer protocols in computer networks from the standpoint of information
security. In particular, data transfer protocols used to organize virtual private networks are
considered. This is due to the fact that modern realities encourage users to actively use such
technologies both to implement authorized functionality and to circumvent the regulations for
providing access to prohibited electronic resources. In addition, the paper shows that the use of
various information transfer protocols creates certain problems in the development of automated
solutions, in particular, in the interpretation of network traffic.
Key words: data transfer protocol; information security; network traffic; intelligent network
technologies
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BBE/IEHHE

[Ipexxne yeM paccMmaTpuBaTh MPOTOKOJBI, HUCHOJB3YEMBIE ISl pealiu3allud TEXHOJOTHMH VPN,
paccMoTpuM ToapoOHee, 4To M3 cebs mpeacraBiser manHas texuojorus. VPN (Virtual Private
Network) — BuptyanbHas yacTHas ceth [1]. Pa3bepém moapoOHee Kax1oe CIIOBO B Ha3BaHHM JIaHHOM
TexHOIOruH. CI0BO «CeTh», AJIi MHOTHX, IOCTATOYHO MOHATHO — KaK MUHUMYM 3TO 00BbEeIUHEHHUE JIBYX
wim 6osee ycTpoicTB (Y3/I0B) MOAAEPKUBAEMbIM UMM BUIOM CBSI3U i1l oOMeHa uHdopmanueit. CioBo
«4acTHas» — O3HA4yaeT, YTO 3Ta CETh OpPraHMW30BaHHA JJISl JI03BOJICHHBIX (CAaHKIMOHHPOBAHHBIX) y3JIOB
ceTd, cOOCTBEHHO AaHHas cocraBisiromas VPN sBiseTcs camoil T7aBHOM, onpenenss ps TpeOOBaHHIA
3TOU caMOM JO3BOJIEHHOCTHU (4aCTHOCTH), U3 KOTOPBIX MOXKHO BBIJICIHTD:

1. MapxkupoBka 1onb3oBareneil «4aCTHON» CETH.

2. MapkupoBka uHpOpMaIMK KOTOPO OOMEHHBAIOTCS IMOJIb30BATENH, Ui TOTO YTOOBI OHA HE
CMEIIUBAJIACH C YyXKOU HHpOpManueii.

3. 3ammra uHpOpPMALINH, K TPUMEPY — MTU(POBAHUEM.

4. CoxpaHeHHE IEIOCTHOCTH CIocoOa mepenaun MH(pOpMaluu — 3aIllyuTa OT NMPOHUKHOBEHHUS
MIOCTOPOHHUX B «YaCTHYIO» CETbh, MPOBEPKAa HCTOYHHMKOB Iepenaud HHQOpMAIMH, 3allUTa OT yTeuyeK
uHpOpMaIUY B HE3aIU(PPOBAHHOM BHJIE.

[Tocneanee c10BO 3TO «BUPTyalibHAS». B TaHHOM KOHTEKCTE 3TO MOHSATUE O3HAYAET, YTO TaKas CETh
abcTparupoBaHa OT (U3WYCCKUX JIMHUW CBSI3M M YCTPOWUCTB. Takod ceTd HE BaXXHO, MO KAKUM U
CKOJIbKMM KaHajlaM CBSI3M OHA MPOJIOKEHA, T.€. JUIA CBSI3U, MOJIb30BATENSIM TaKOW CETH, HE HY)KHO UMETh
COOCTBEHHBIC JTMHMM CBSI3M WJIM apeHIOBaHHBIC, TJie Obl OHM HE HAXOAWINCh MM JIOCTAaTOYHO HUMETH
BBIXOJ B ceTh VIHTEpHET, a COeIMHEHUE MOCTPOUTCS] «BUPTYAIbHO» Ha CYIIECTBYIOIIUX JHHUSX CBSI3U B
cetu HTepHer.

Pazo6paB cymiHocTs TexHonoruu VPN, paccMOTpUM OCHOBHBIE CLIEHAPUHM HCHOJIB30BaHUS ATOU
TEXHOJIOTHH. AHaIu3 KJIACCUYECKHX MyOIuKalMi 1Mo JaHHOW TemaTuke [2,3] moka3bIBaeT, YTO JaHHas
TEXHOJIOTHS SIBJISIETCS CPEACTBOM 3alIUThl MHGOPMAIIMU TIPU OPraHU3aIUN KOMMYHHUKAIIUA MEXIY ABYMS
u Oonee oObekTaMu WHPOPMALMOHHON HMH(pacTpyKTypbl. Ho, y maHHOW TEXHOJIOTHH, TaKXKe €CTh
«T10JIE3HOE» TOOOYHOE CBOMCTBO, KOTOPOE TMO3BOJSET CKPBITH (PU3MUYECKOE MECTOIOJIOKEHHE 00BeKTa
nHpOpMAMOHHON HH(ppacTpyKTypsl. TakuM 00pa3oM, TEXHOJOTHS BUPTYyaJbHBIX YaCTHBIX CeTei
WCIIOJIb3YETCS TPH:

1. TloctpoeHue 3alMIIEHHOTO KaHala CBA3M MEXIY AByMs WU Oonee cerMeHTamu ceTH. K
MIpUMepy: MoApa3ieieHHs OJHON OpraHU3aliK, HaXOSIIMeCs B pa3HbIX TOpOaxX WM CTPaHAX.

2. ITloctpoeHue 3alIMIIEHHOrO KaHaja NP YAAIEHHOM TMOIKIIOUEHHUHM COTPYAHUKA K
KOPITIOPATHBHOM CETH OpraHU3aIlHH.

3. «BupryanbHOe» HW3MEHEHHE MECTONOJOXKEHHUS MOJIb30BATENS C MOMOIIBIO YCIYT PAa3IUYHBIX
VPN cepBucoB. B Takom cimydae Bech TpaduK MOJdb30BaTeliss OyAeT MPOXOIUTH dYepe3 CepBep,
npuHaanexanmii VPN cepBucy, TOro peruoHa M3 KOTOPOTO HYXKHO OTPa3HTh MECTOMNOJIOXKEHUE
3aKa3zyuKa.

s peanuzanuu VPN T€XHOIOTUH U BBIIIEYKa3aHHBIX CLIEHAPUEB CIYXKaT Pa3IUYHbIe MPOTOKOIIBI
ceTeBoi 0e30macHOCTH, CilyKallue /Uid cBsi3u U mudpoBanusa. Ha ocHOBaHMM MOAXOAAIIUX MPOTOKOJIOB,
CHELUAINUCT, MOXET CTPOUTh CBOE pEUIeHHE TOr0 WJIM HHOTO CIICHapUM TNPUMEHEHUH ITaHHOU
TEXHOJIOTHH. PacCMOTPUM OCHOBHBIE NMPOTOKOJIBI CETEBOM 0€30MacHOCTH ISl pean3allii TEXHOJIOTHU
VPN.

METO/bI

Jlns peanu3andy BUPTYyaJbHOH CETH BCeraa NPUMEHSIOTCS, TaK Ha3bIBaeMble, TYHHEJIbHBIC
npotokosbl [4]. IIpotokon PPTP [5] (Point-to-Point Tunneling Protocol). IIporokon PPTP — 3t0



~—r

HAYYHBIN
PESYJIBTA

Bttt bkt

Kuxapes A.I, Pegpenos 0.C, Mamamos M.E. 0630p HEKOmMopblX NPOMOKOA08 nepedavu
daHHbIX € no3uyuu ux 6esonacHocmu // Hayuuwlll pesyabmam. HH@opmayuoHHble 29
mexHosaozuu. — T.7, Ne1, 2022

TYHHENIbHBIM TPOTOKOJI THUMA TOYKA-TOYKA, MO3BOJSIONIMN KOMIBIOTEPY aO0OHEHTa YCTaHABJIMBATH
3alMIIEHHOE COEIMHEHUE C CEPBEPOM HIIM C KOMIBIOTEPOM Jpyroro aboHEHTa 3a CYET CO3AaHMS
CHELHUAIBFHOTO TYHHENS B CTAHAAPTHOM, HE3alUIIEHHOM CeTH Ha KaHaibHOM ypoBHe Mmojaenu OSI.
Kananom HaszpiBaeTcs 3amuiIéHHas JUHUS CBS3M B ceTH VHTEpHET, a TOUYKaMH SIBJISIOTCS aOOHEHTHI
3aIMMINEHHOM JIMHUM CBsA3U. KaHa BINOIHAET POJIb TOJBKO ITOCPEAHUKA.

PPTP ucnons3yer nBa coenuHeHus: tuna PPP — onHo m1s ynpaBiaeHust 1 00CIy »KUBaHUsA, a IPYroe
JUIST MHKATCYJSUU NaHHbIX. [lepBoe coenuHenue pabotaer ¢ mpotokoiom TCP u wmcmonb3yer mopt
1723. Bropoe coenunenue padoraer ¢ npotokosiom GRE. PPTP unkancynupyert kaapet PPP B IP-naketst
JUTSL TIepeiadyu 1Mo Tao0anbHON cetrn HTepHeT.

Touku coenuusitorcs nocpeacrsoM PPP-ceccun, nannas ceccus popmupyercs Ha 6aze MpoToKoJia
GRE. 3a wnunumanuzanuto nportokosnia GRE u ero ympasienue Hec€r oTBeTCTBEHHOCTh BTOpoe TCP
noakimouenue. Uudopmanus B ¢popmate 3ammudppoannoro nakera IPX nmepemaércs oT TOUKM K TOUKe
JIOTIOJTHSACTCS YIIpaBisiioniel naopmamnueit. Korna maker momagaer Ha APYrodl KOHEI[ JTUHUH CBS3H,
CHelHalbHOE MPUIOKEHHE U3BJICKACT cojepiKalluecs B HEM JaHHbIC U OTIPABISET Ha MOCTOOPabOTKY,
KOTOpasi MPOU3BOJIUTCA BCTPOCHHBIMH CPEJCTBAMHU CHUCTEMbI COOTBETCTBEHHO yKa3aHHOMY IPOTOKOJY.
B3110M 1aHHBIX BO3MOXKEH TOJIBKO B MPOIIECCE MOTyYEHHs, AJISl Yero HYKHO YAENIUTh 0c000e BHUMAaHHE
Ha HaIE)KHOCTB JIOTUHA U MapOJIs.

MO>KHO BBIZICIHTH CIICIYIONTUE CPEJICTBA OPraHu3aIuy Oe3onacHoCTH npu padore ¢ PPTP:
NpOTOKOJI TipoBepku noyinHHOCTH MSCHAP-V1 [6].

NpPOTOKOJI TipoBepku noyinHHOCTH MSCHAP-V2 [6].
pOTOKOI poBepku nmouymHHOcTH EAP-TLS [7].
npoToko muppoBanus naHasix MPPE.

Janee paccMOTpuM MOAPOOHEE CTPYKTYPHI MAKETOB MPH MCIOJB30BAHUU PA3TUYHBIX MTPOTOKOJIOB
nepeaavu JaHHBIX.

Tabnuya 1
CrpykTypa nakera Juist nepefauu no tyHsento PPTP
Table 1
Packet structure for transmission over the PPTP tunnel
3aronosok GRE PPP 3ammppoBaHHBIE Oxomdanme
Kajapa IP 3aromnoBok Kajapa
3aroJI0BOK 3aroJIOBOK nanuele PPP
nepe1aan nepe1aan

VYuuBepcanbHocTh npoTokoia PPTP mno3Bonser oOecreunth ©a30Byr0 3alUTy JaHHBIX B
JIOKQJIBHBIX CETAX I'Zle peayln30BaHbl MpoTokoJbl IPX U sABIsSeTCS caMbIM MPOCTBIM CPENCTBOM CETEBOU
0€30MMacHOCTH, HO JaHHBIA TPOTOKOJI yCTapes U He PEKOMEHIyEeTCsI sl UCTIOJIb30BAHMS.

Hanee paccmotpum mojapobHee npotokosn L2TP (Layer 2 Tunneling Protocol) [8]. Ipotokon
L2TP — cxoxwuit ¢ PPTP tyHHenpHBIN mpoTOKon. B otrmwmumm ot mporokoma PPTP, kotopsrit
o0ecrieunBaeT TyHHEIMPOBAaHUE U MU(ppOBaHHE NepeJaBaeMbIX JaHHbIX, TpoTokos L2TP nognepxuBaet
TOJIBKO TyHHennpoBaHue. L2TP He nmmeer npusssku k nportokoiry IP. Kpome toro, B mporokosne L2TP
peanu3oBaHa (QYHKLUS yNpaBICHUS MOTOKAMH JAaHHBIX, a TakkKe psA (QYHKUUH 3alIUTHI, K MPUMEPY
BO3MOXHOCTh paboThl ¢ mpoTokonamu AH u ESP, kotopsle aBnstoTcs 0cHOBOM cTeka npotokosna [PSec.
XO0Th JJAaHHBIM MPOTOKOJ AEHCTBYET MO MOJ00UI0 MPOTOKOJIA KaHAIBHOTO ypoBHS Mojenu OSI, Ha camom
JIeJie OH SIBJISIETCSI IPOTOKOJIOM CEAaHCOBOrO YpoBHs. Mcronb3yeT nepenady AaHHBIX MOBEPX MPOTOKOJIA
UDP u umeet 3apeructpupoBansbiii mopt 1701. Mcnons3yer oguHakoBbIid popMaT cooOIEeHNH KaK a1
YIPAaBIEHUS TYHHENEM, TaK U IS IIEPEChUIKH JaHHbIX.

MoxHo cuutaTh, ytTo L2TP 3T0 nmormunoe passutue npotokosna PPTP, xoropsiii mzbaBuics ot
nByX coenuHeHud (omaHO W3 KOTOophiXx — GRE) m mo6aBun cebe HOBbIe normdeckue cymHoctd - LNS
(cepsep wiu mapuipytuzatop) u LAC (nposaitnep). To ects Teneps nporokon L2TP ucnonb3yer cxemsl,
IIe TyHHEIb CO3JAaeTCi MEXIy CEpBEPOM YAAIECHHOIO [OCTylla IMpoBaiaepa M MapUIPyTH3aTOPOM
JIOKaJIbHOU ceTH. Takke MPOTOKOJ MOXKET OTKPBIBATh HECKOJIBKO TYHHEJIEH, KaX bl U3 KOTOPBIX MOKET
WCIIOJIb30BAThHCS U1 KOHKPETHOIO IMTPHIIOKEHUS.
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Coeaunenue no nporokosty L2TP peanusyercs B Tpu dTana:

. YcraHoBKa COEIMHEHHUSI C CEPBEPOM YNAICHHOrO AOCTyMNa JIOKaIbHOM ceTu. [lonp3oBaTens
cosnaet PPP-coenunenue ¢ nposaiinepom ISP. Konnentpatop gocryna LAC npuHUMaeT coeMHEHUE, U
coznaer kanan PPP. Takke KOHLEHTpPATOp BBINOJHSET ayTEHTH()HUKALMIO MOJIH30BATENS M KOHEYHOTO
y3na. Ha ocHoBe uMeHu nojbp3oBatens nposaitaep ISP pemaer, Hy>kHO 1 eMy TyHHENIb Ha ocHoBe L2TP,
€CJIM HY>KHO, TO CO3/Ia€TCsl TYHHEb.

. LSN nokaJibHOW CeTH peanu3yeT ayTeHTHU(UKAIUIO ToJib3oBaTens. i 3TOro MOXKeT OBITh
HCIOJIb30BaH JII000M MPOTOKOJI ayTEHTU()UKALINYU TTOJIb30BATEIS.

. [Ipu ycnemHol ayTeHTU(UKAMH CO3JaeTcs 3alluIneHHbI TyHHenb Mexay LAC u LNS
JIOKaJIbHOM CETH.

B nporokone L2TP Moryt ObITh HCIOJIB30BaHbl pa3iU4yHble METOAbI ayTeHTHu(ukauuu — PAP,
CHAP, MS-CHAPvV1, MS-CHAPvV2. PAP u MS-CHAPv1 asinsrorcs Hanboliee HEeHAAS)KHBIMH METOIaMU
ayTeHTU(UKALUU JUIsl COETUHEHUs C UCIIONIb30BaHueM npotokona L2TP.

VY nporokona L2TP Her mexanusma mudpoBaHus AaHHbIX. s mudpoBaHus HCHOIb3yETCS
pabora L2TP noBepx nportoko:ia [Psec.

L2TP o6mamaer BCTPOCHHBIM MEXaHU3MOM TMPOBEPKH PAOOTOCIIOCOOHOCTH COCIWHEHUS B BHJIC
noceuiku keepalive makeroB «Hello». MexaHu3m rapanTHpyeT KOPPEKTHBIH pPa3pblB COCAMHEHUS M
OCBOOOKICHHE PECYpCOB C 00EUX CTOPOH CecCHM. TakKe Ba)KHBIM ACIEKTOM SIBJISIETCA CIIOCOOHOCTH
kiauentckoro 11O mepeycranoBute VPN coenvHeHuMe npH MNpONAJaHUM JAEUCTBYIOLIETO, TaKYHO
OIIepaIfI0 MOKET OCYILECTBIATHCS TOIbKO KiineHToM, HO He LAC nnu LNS.

Tabnuya 2
CrpykTypa nakera Juist nepejadu no tyHsento L2TP
Table 2
Packet structure for transmission over the L2TP tunnel

PPP naunnie

IP 3aromoBok UDP 3aronosok | L2TP 3aronosok | PPP 3arosnosok
(IP maTarpamma)

Tabnuya 3
Crpykrypa maketa jis nepefaun mo TyaHento L2TP ¢ mpumenennem mmdposanus [Psec
Table 3
Packet structure for transmission over the L2TP tunnel using IPsec encryption
3ambIKaTENh
IP ESP UDP LoTP PPP PPP nanubie ESP HpoBepKH
3arojo- | 3aroJIOBOK (1P 3aMbIKaTeIh
3aroJIOBOK | 3arojIOBOK | 3ar0JI0BOK MOAJIMHHOCTHU
BOK IPsec JlaTarpaMma) IPsec IPsec
3ammupposano [Psec

3AK/TIOYEHHUHE

PaccMoTpeHHBIE BBINIE MPOTOKOJBI IEpPEAAUd JIAHHBIE SBJISIOTCS MaJlol 4acTbi0 OTPOMHOIO
MaccHBa CYIIECTBYIOLIMX MPOTOKOJIOB Mepeiaud HH(POpMALUY B KOMIIBIOTEPHBIX ceTsAX. JleHCTBUTENBHO,
MPOTOKOJIBI  CO3JAIOTCSA  OTJCIBHBIMUA TPOM3BOIUTENSIMH  NPOTPAMMHOTO  OOECIIEYeHHS, CETEBOTO
obopyaoBaHus. YacTo mpu peanu3aldyd TOM WJIM HMHOW TEXHOJOIMH, Pa3pabdOT4YMK CTAJKUBAETCS C
BOIIPOCOM BBIOOpa CTE€Ka IMPOTOKOJIOB NEPENauyM JAHHBIX JJIs PEIICHUs CBOMX 3ajad. JTa mpobdieMa
3aKJII0YAeTCsl B TOM, YTO HE CYIECTBYET €MHOTO MOJAX0Ja K ONMUCAHHUIO TAaKUX TEXHOJIOTHH ¢ eTMHBIMU
KpUTEepHsIMH UX 3P PeKTUBHOCTH. Hanmume Takoi CHCTEMBbI MPOTOKOJIOB MEpeNavyr JTaHHBIX ITO3BOJIUIO
Obl B MNEpPCHEKTUBE pealnu30BaTh AMHAMUYECKOE HCIOJIb30BaHUE IMPOTOKOJIOB Mepeiadd AAHHBIX JUIS
Pa3IMYHBIX 33/]1a4, B 3aBUCUMOCTH OT Pa3JIMYHbIX IApaMETPOB Mepeadn JaHHbIX.
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AHHOTAIUA

Bpemena Menstorcs. Mcnonb3yroTes TEXHOJIOTUH, KOTOPBIE HE TOIBKO YIPOINAIOT HaM JKHU3Hb, HO
1 TOMOTafoT 3()(PEeKTHBHO MOJIB30BATHCS BCEMH OJlaramu, a TakkKe JOCTHKEHHUSIMHU YelIOBEeUeCcTBa.
Peup €T 0 TEXHOJIOrWM PEYEBOr0 MACHTH(PHUKALUMKE 1 HCIIOIB30BAHUS TOJIOCOBOIO OTIIEYATKA, B
KauyecTBE 3allUThl IoJb30BaTens. JlaHHas TEXHOJOrMs MHTEpecHa TeM, 4TO H3-3a
pacmpocTpaHeHus MOOMJIBHBIX YCTPOWCTB, C NMPUMEHEHHEM pPEYEBbIX TEXHOJOIMH, OHa cTana
JOCTYTIHA KayKAOMY. MHOTHE U3 Hac y>K€ He MOTYT MPeICTaBUTh )KU3Hb 0€3 YCTPOICTB, KOTOpHIE
MO3BOJIAIOT NEpeAaBaTh YCTHYIO (TOJOCOBYIO) MH(POPMAIMIO IPYruM monb3oBaTersM. Kaxnmas
HOBasi TEXHOJOTHS HECET B cebe He TOJNBKO MOJOXKHUTENbHBIE, HO W OTPUIATEIbHBIE CTOPOHBI
WCTIOJIb30BaHMsl CPEACTB 3alllUTBl OT 3JO0yMBILUIEHHHKA. VMEHHO mno3TOoMy HEoO0X0auMo
YUYHUTHIBaTh BCe (AKTOpPHl TOW WM HMHOM TEXHONOTWH. B maHHOW craTrhe paccMaTpuUBaeTCS
BO3MOJKHBIE YIpO3bl, METOJbI BO3JEHCTBHA Ha IOJIB30BATENA, & TAKXKE aHAJIU3 BO3MOXKHBIX Mep
JUISL IPEAOTBPALIEHUS] BO3MOXKHBIX aTAK C MUCIOJIb30BaHUE I'OJIOCOBOTO OTIEUYATKA [TOJIB30BATEIIS.
KioueBbie ci1oBa: yrpo3sl TOJIOCOBOW HAECHTHU(WKALMH; Yrpo3bl HCIOJIB30BAHUS DPEUYEBBIX
TEXHOJIOTHH; WH(OpMAIOHHas 0e30MacHOCTh TOJOCOBBIX OTIEYATKOB; CITOCOOBI M METOJBI
3aIUTHI TOJIOCOBOM CHCTEMBI
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Abstract

Times change. Technologies are used that not only simplify our lives, but also help us to
effectively use all the benefits, as well as the achievements of mankind. We are talking about the
technology of speech identification and the use of a voice print as a user protection. This
technology is interesting because due to the spread of mobile devices, using speech technologies,
it has become available to everyone. Many of us can no longer imagine life without devices that
allow us to transmit verbal (voice) information to other users. Each new technology carries not
only positive, but also negative aspects of using means of protection against an intruder. That is
why it is necessary to take into account all the factors of a particular technology. This article
discusses possible threats, methods of influencing the user, as well as an analysis of possible
measures to prevent possible attacks using the user's voice print.

Key words: threats to voice identification; threats to the use of speech technology; information
security of voice prints; methods and techniques to protect the voice system
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BBE/IEHHE
C HOBBIMH BO3MOXKHOCTSIMH — TIOSIBJISIFOTCSI HOBBIE TpeOOBaHUsS. B Bek HU(MPOBBIX TEXHOJIOTHIA,
KOT/Ia JTFOAHM BCE OOJBIINE MOJIB3YIOTCS MOOMIBHBIM TEIE(POHOM, BCE OOJBIIYIO MOMYJISPHOCTh HaOUpaeT
peueBbie TEXHOJIOTUU (UCIONB3YIOT TOJIOC YIS YIPOIIEHHOTO IMOJIb30BaHMs (YHKIIMOHAJIOM) OJIHUM W3
CaMBIX TIEPCIIEKTUBHBIX TEXHOIOTHH SIBJISIETCS UCIIOIB30BaHUE TOIOCOBBIX HHTEpdekicos [1]. Beé Gombiie
JMIOACH TEepeXoAsT Ha HCIOJIb30BAHUE TOJIOCOBBIX TEXHOJOTHMH, OTKAa3blBasCh OT CTaHIAPTHBIX —
TEKCTOBBIX.

OCHOBHAA YACTh

CormacHo 1iobanpHOM cratucTuke wMHTepHEeTa Ha 2021 Tom — okomo 45.3% Bcero HaceneHUs
HCIIOJIL3YIOT TOJIOCOBOM TIOMCK, a TAKXKE roJI0coBbIe KoMaHb! [1]. JlaHHBIH (aKT TOBOPHUT O TOM, YTO BCE
OoJIbIIIe JIFOJICH TIEPEXOASIT Ha TOJOCOBBIE TEXHOJIOTMH, MTOTOMY YTO 3TO MPOCTO, OBICTPO, a TJIABHOE —
yI00HO.

Hanpumep, B obiactu Ou3Heca sl €ro MPOJBIKCHHSI U PACIIUPEHUE BO3MOXKHOCTEH y)Ke Majio
MPUMEHEHHE DPEKJIAMBI, MMOMCKAa HOBBIX MAPTHEPOB M KIUEHTOB OOBIYHBIMH CIIOCOOaMH, BCE OOJBIIE
BHEJPSIOTCS COBPEMEHHBIE METOIBI, KOTOPBIE AAal0T OBICTPHIi pe3ynbraT. [To maHHbIM KoMmanuu Kea ms
yA00CTB TeHEPATBLHBIA TUPEKTOP M OCHOBATEIb €€, PACHIUPSET CBOM BO3MOKHOCTH CETH PECTOPAHOB, C
MTOMOIIIBIO TEXHOJOTHH rojocoBoro 3akasza Al (MckyccrtBenHoro MHTemIeKTa) ¢ MOMOIIBIO YyeaoBeKka (CM.
puc. 1) [2]. Onpoc Fast Casual [3] mokasaun, uto:

— 80% pecnoHIeHTOB COOOIINIIN O TOJIOCOBBIX YCTPONUCTBAX JJIS MIOMCKA PECTOPAHA;

— 61% nposBUIM MHTEpPEC K MCIOJIb30BAHUIO I'OJOCOBOTO IMOMCKA JJI MOIY4YeHHs] yKa3aHUH B
pecropas;

— 1 u3 4, XTO MONTYYHUT pe3yNIbTAaT PeCTOPaHa C MOMOIILIO TOJIOCOBOTO MOUCKA, TTOCETUT PECTOPaH.

CraracTaka 3¢ppeKTHBHOCTH I0JIOCOBOI0 NMOHCKA B
KoMMepuecKHX neasx B 2021 roxy, %

80%

61%
25%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

B [TporeHT 3¢)(heKTHBHOOCTH I'0I0COBBIX TeXHOIOTHH B GH3HeCe

Puc. 1. Craructuka 3¢ppekTHBHOCTH T0JI0COBOIO TIOMCKa B KOMMepUeckux nemnsix B 2021 roay, %
Fig. 1. Statistics on the effectiveness of voice search for commercial purposes in 2021, %

JlaHHas TEHAEHIMsI pOCcTa rOJOCOBBIX TEXHOJIOTUH MOKa3bIBAET, HACKOJIBKO PEUEBbIE TEXHOJIOTUN —
yKe SBIAIOTCA 4YacTblo Hameidl »ku3Hu. Ilo cratuctuke 2021 rona, HMCHONb30BaHUE HACEIEHHEM
YCTPONCTB, KOTOpPBIE TOAICPIKUBAIOT FOJIOCOBYIO CBSI3b, MIOCTOSHHO pacteT (cM. puc. 2) [4, 9]. MoxHO
CUUTATh, YTO IIPOU30IILIA KTOJIOCOBAST PEBOJIIOLUY.
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CpenHuii IpoUEeHT Pa3roBOPOB € YCTPOHCTB, MOIIepP/KHBAIOIIHX

r0JI0OCOBYHO CBSi3b, %0
3%
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Puc. 2. Cpennuii mpo1ieHT pa3roBOPOB HACEICHHSI C YCTPOHCTB, OIEPIKUBAIOIINX TOJIOCOBYIO CBA3B, %o
Fig. 2. The average percentage of conversations of the population from devices that support voice
communication, %

PE3YJIBTATBI HCCIIE/JOBAHHA H UX ObCYK/I[EHUE

C pa3BuTHEM JIaHHOW TEHJCHIMH BCE OOJNBINE aKTyalbHBIMH CTAHOBSATCS TOJOCOBAs
uaeHTudukanus mno rouocy. Ho kakue yrpo3sl TauT B cebe JaHHAs TEXHOJIOTHS, €CIIM CYUTATh, YTO HAIIH
rojoca HUKaK HE 3alluiieHbl. PacCMOTpUM BO3MOKHBIE BApUAHTHI M MEPCICKTHBBI PA3BUTHS PEUCBBIX
TEXHOJIOTH.

OpHa W3 caMbIX BO3MOXHBIX YIpo3 — 3TO HCIOJIb30BAHUEC WACHTU(DUKAIMH TOJIH30BATEINS I10
rojocy B KauecTBe Mapodsi, 6e3 BTOPOCTENEHHBIX CPEACTB (METOAOB 3amuThl). JlaHHas yrpo3a HecéT B
ce0e ClIeTyIONTy 0 OMTAaCHOCTD:

1) CxoXkecTh TOJIOCOB («TOJIOCOBBIE OJM3HEIBI») — HE HCKIIOYEHBI BO3MOXHBIC COBIAICHUS
TOJIOCOBBIX MPHU3HAKOB, C JPYTHMH TOJIH30BATEIISIMUA, COOTBETCTBEHHO, YBEIMYMBACTCS IIAHC B3JIOMA, C
MTOMOIIIBIO TOJIOCOBOTO OTIEYATKA;

2) KayecTtBeHHass 3amucCh rojoca — HE HCKJIIOUEH BapHaHT B3JIOMa, MPH IOMOIIM 3aluch
TOJIOCOBBIX XapaKTEPHUCTHUK MOJIb3oBaTens. Vcnonap3oBaHue 3aMiCH B CBOUX LIENSX;

3) [apoaucThl, UMUTATOPBI — 3IOYMBIIUICHHUKH, KOTOPBIE 00J1aIal0T IPUPOIHON 0COOEHHOCTHIO
MapoJupoBaTh To0JIOCA, WMUTHUPOBATH YYyXOW TeMOp M TOHAJIBHOCTh. [IpM HCMONB30BaHMM CBOUX
BO3MOYXHOCTEH B MPECTYITHBIX IENSIX, TAKXKE CYIIECTBYET BO3MOXXHOCTh B3JIOMa ITOJTh30BATEIIS;

4) TomocoBOW CHUHTE3 peud — JaHHBIA MapaMeTp SBJISIETCS CaMbIM OMACHBIM M3 BCEX, T.K.
CTCHEepUPOBAaH HAa OCHOBAHWU TOJIOCOBBIX JAaHHBIX, COOTBETCTBEHHO, MOI00paTh MOXOXKHH TOJOC HE
COCTaBUT KaKUX-THOO TPYIHOCTEH;

TakuM o0Opa3oM, OJTHUM U3 CaMBIX JIYYIUX, MOBBIIIAIONINX HAJAEKHOCTh U 0€30MaCHOCTh BXOJa
MIPU TTOMOIIH T0JI0Ca METOJOB — ATO HCIOIb30BAaHHE PEUEBBIX TEXHOJIOTUN B KaUeCTBE TOMOIHUTEIBHOM
3alUThl Tob30Batels [5, 8]. Jlaxke mpu MCMONB30BaHUKM BCEX MEPEUYHMCICHHBIX BBINIE YIPo3, MPUAETCS
y3HaTh CIEAYIOIIME MapaMeTpbl — JIOTUH, MapoJib U caM ToJOCOBOM oTmeuaTok. PaccMoTpum Gosee
0IpoOHO.

Yrpo3a cxo0:KecTH IroJI0CoB - JaHHAS Yrpo3a SBISETCS MaKCUMaJIbHO 0e300MIHOM, B CpaBHEHHUH C
OCTaJTbHBIMUA BO3MOXHBIMH YTpo3aMu. Bce 3aBUCUT OT «CITy4aitHOCTHY, TOTYYIUTCS JIA 3aiTH Y OJHOTO H
TOTO K€ YeJoBeKa IMOJA OJHUM NpoduIeM, CO CXOXKECTbl0 roimoca wiu HeT. [Ipu wucmonb3oBaHUH
JIOTIOJTHATEIPHON 3alUThl (JJOTHH H Tapojib) JaHHAS yrpo3a MPAKTUYECKH CBOIUTCS K HYJIIO,
COOTBETCTBEHHO, HEOOXOAMMOCTh B YCTPAHEHUH JAHHOU yTPO3bl SBISETCS PEHIEHHBIM.

3anuch roJ10cOoBOro oTmevyaTka. B 1aHHOM cilydae BEpOSTHOCTh YTPO3BI COCTABISIET OKOIO 30—
40% (OTHOCUTENBHO BCEX MPOYUX yrpo3). MOXXHO cuuTaTh, YTO JaHHAS yrpo3a UMEET CMBICI TOT/a,
KOTJIa 3JIOYMBIIUICHHUK IIEJICHAMPABICHHO «CJCAUT» 3a CBOEH Ienbio. Jlokanmw3amusi MECTHOCTH —
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JOKaJbHasA, 4YTO O3HAYaeT HEOOXOAUMOCTh B OJIM3KOM PACIOJIOKEHUN K OOBEKTY, U Ie/IeHANpPaBIeHHOCTh
Ha OOBEKT.

IIpu wucnonp30BaHMM cHUCTEM 0€3 TEKCTOHE3aBHCHMOTO TOJIOCOBOTO pACIO3HABAHMS pPEUH,
CYILIECTBYET BEPOSTHOCTH HCIIOIB30BaHUS YTPO3bl, C IOMOIIIBIO 3alMCH TOJIOCOBOTO OTIevarka. ['maBHoe
pemieHne TpoOieMbl — Kon-(pa3a (TEKCTO3BAMCHMON CHCTEMbI). B JaHHBIX  yCIOBUAX, Y
3JI0YMBIIIJICHHUKA OyJeT MUHUMAIbHBII IIaHC B3JIOMa I0Jb30BaTeNsl, 0€3 CHHTE3UPOBAHHS PEUU B
peabHOM BpeMeHH (T0JI0COBOTO CHHTE3a peun) [6].

IMapoaucTsl (MMUTATOPBI). JlaHHas yrposa MNpeACTaBIsSET COOOM JIMYHOCTh, KOTOpash MOXKET
CBIMUTHPOBATh Y3KHU KPYT JIOJEH, HO, BCE XK€, SBJIAECTCS OIACHOW yrpo3od. Meroa ouYeHb IOXOXK, Kak
IIPH 3alKCH T'OJIOCOBOTO OTIEYaTKa, HO, K MCIOJb30BAHUIO TECTO3aBUCUMON CUCTEMbI, OH PaBHOJYIIEH,
XOTh M BO3MOXXHOCTb pE€aJIU3allUd €r0 OYEHb Malla, BCE K€ PUCK IIPU ITOM CYLIECTBYET U COCTABIISET
ok0J10 40—65% (OTHOCUTENHHO BCEX BO3MOKHBIX YIPO3).

Jnis ycTpaHeHHs BO3MOXKHOM Yrpo3bl HEOOXOQuMa IOMOJHHUTENbHAs 3aIlWTa — HCIOJIb30BaHHE
JIOTUHA, TApoJisi U TEKCTO3aBUCHUMON CUCTeMbl. CUHMTaeTcs, 4TO MPU HCMIOIb30BaHUHU 3()PEKTUBHOTO
1apoJisi, 3JIOYMBIIJIEHHUK HE CMOXKET HCIOJb30BaTh YSA3BUMOCTb CHUCTEMBI PEUYEBOIO PAaCIO3HABAHMS
nosib3oBarens. Takke NP PAcCMOTPEHUH MAHHOM Yrpo3bl, UMEET MECTO ObITh — HCIOJIb30BaHHUE
CHCTEMBI C TIOJIO3PUTEIHHBIM BXOJIOM, KOTOPBIE IPH BXOJE C HOBOTO YCTPOMCTBA MM mepedope mapois,
MOTIPOCHT I0JIb30BATENS IOMEHAThH NapoJib U U3MEHUTH TOJIOCOBON OTIIEYATOK.

I'osiocoBoii cuHTe3 peun. Ha cerogusamHui 1eHb — 3Ta TEXHOJIOT U, KOTOpas cpasy, IIpU yCIOBUU
BCEX OCTAJIBbHBIX MapaMETPOB HMMEET BEpOSTHOCTh yrpo3bl 65—100%, maHHBI mapameTp 3aBUCUT OT
3JI0YMBIIIJIEHHUKA U €0 YPOBHS IOJITOTOBKU:

—  BO-TIEPBBIX, €CJIH 3JI0YMBIIIJICHHUK HUCIIOJIb3YET TaKHE CPEJICTBA, KaK: CIIEXKKA, yTeUKa JaHHbIX
U TPOU3BOJIUTENbHAS BBIYUCIUTEIbHAS MOIIHOCTb, TO MPH MPABHJILHOM HCIOJb30BaHUU MIAHCHI OYEHb
BEJIUKU.

—  BO-BTODBIX, MapaMmeTphbl aHajiu3a BO3MOXKHBIX YIpo3 3aBUCAT OT IOJb30BATEN U CUCTEMBI
MIPEeIBAPUTENILHON MPOBEPKH PETUCTPALIUA — CUCTeMa, KOTopas MpOBepseT Maposib Ha CTOMKOCTh OT
B3soma (cM. puc. 3) [7].

ib_security_wv0ic3

@ Xopouwun naponb!

* Xopowas HOBOCTL: ¥ BaC CTOMKWIA KO B3/ICOMY MNaporb.

- Baw naponb He BcTpevaeTca B 6asax yTeklNX Naponeii.

Nna nonBopa Ballero napons noTpebyeTcs...

5 BekoB
-'_Dc Mo>kHO cmeno NoTpaTUTh 3TO BpeMs Ha To, 4To6bl
N (@) nporynatecs Ao JlyHel 1 o6paTHo 18 pas.

Puc. 3. [Ipumep npoBepKH XOPOIIETO Mapoist
Fig. 3. Example of checking a good password
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Takum 00pa3oM, JaHHYH yrpo3y MOXKHO YCTPaHUTh MPU YCIOBHH TEKCTO3aBUCHMON CHUCTEMBI U
YCTOWYHMBOTO TAPOJIs MOJIb30BATENISA, TOTA JaHHBIC YrPO3bl HE MMEIOT MeCTa ObITh M BEPOSTHOCTh MX
peanu3zanuu OyaeT ctpeMutbes K Hy o [10].

3AK/TIOYEHHUE

TexHonorun pa3BUTUSL ToJNOCOBOW wuAcHTHU(UKanmu He TapaHTupyloT 100% oT B3710MOB
MOJIb30BaTEIC B CETH, HO WMEHHO JaHHAas TEXHOJIOTHs HalpaBleHa Ha TO, YTOOBIl YMEHBIIUTh
BEPOSITHOCTh B3JIOMOB OOBIYHBIX TMOJb3oBareneil B cetu. C JaHHOW TEXHOJIOTHEH, B KadyecTBE
JOTIOJTHUTEIHHOH 3aIIUThl, YMEHBITUTCS KOJINYECTBO B3JIOMOB aKKayHTOB.

[IpeumymiecTBa AaHHONH TEXHOJOTHH 3aKIIOYACTCS B MPOCTOTE HUCIOIL30BAHUS U TIOBBIIICHUS
HAIEKHOCTH 3aIIUTBl OT «OOBIYHBIX yrpo3y». Jlaxke IMoyb30BaTeNd € MPOCTHIM MapoJieM, UMEKOIINE
TOJIOCOBYIO HWACHTHU(UKAINIO, MOTYT IMOBBICUTH CBOIO Oe3omacHOCTh B 1,5 pasza. Benp mpu nanHOM
YCIIOBHH 3JIOYMBIIICHHHKAM CTAaHOBHUTCSI BCE TPY/IHEE MOJIYYHUTh JOCTYII K JIaHHBIM TOJIb30BATEIISM, T.K.
y’Ke HeoO0Xonumo 1mono0parh HE TOJBKO MapoJib, HO U TOJOCOBOHM OTHEYATOK, U, CIIEAOBATENILHO, HIAHC
OIIMOKH B3JIOMa KapIMHAIILHO yBEIUYUBACTCS.

TakuM 00pa3oM, MOXHO CJeNaTh BBIBOJA, YTO YIPO3bI TOJOCOBOW WACHTU(UKAIIMH BCE XKE
CYIIECTBYIOT, HO BCE-TaKM MX TOXKE MOXKHO 3allMTUTh, HO TPU 3TOM JIaHHAs TEXHOJIOTHUS MPHUHOCHUT B
COBPEMEHHBI MHUP 3HAYUTEIHHYIO T0Jh3y B MOBBIIICHUH 3aIUTHI OT B3JIOMOB IOJIb30BAaTENICH, T.K. BCE
Oosplie ¥ OOJIBIIIE BO3pPACTae€T CHPOC HA HKCIIOJIB30BAaHHE PEYEBBIX TEXHOJOTHH B IMOBCETHEBHOMN
JESITEIIBHOCTH.
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Bocrpuxos E.M HNCCJIEJOBAHHUE ITPOBJIEM U TIPOEKTUPOBAHHUE
A6 all)w ga O q) ' OBPA3A COIMAJIBHOU CETH 51 OITPEAEJIEHHOU
pawo - I'PYIIIBI ITOJIB30OBATEJIEN

Bomxkckuit noiaurexuudeckuit nHetutyt (prnman) @IbOY BO "Bonrorpaackuii rocy1apCcTBeHHbBIH TEXHUYECKUH
yHHBepcHuTeT", yi1. DHresbea, 1. 42a, r. Bomkcekuii, Bonrorpaackas obmacts, 404121, Poccus

e-mail: vostrickov.evgeniy@yandex.ru, oxabra@yandex.ru

AHHOTAIIMSAA

OCHOBHOM TeMoOW JaHHOW CTaTbU ABJISIETCS  MCCIENOBaHWE TpoOJIeM JocTyma K
CTPYKTYPHUPOBAaHHON WH(POPMANUA ONPEISIICHHON TEMaTUKH W OpraHW3allid COIMAIbHON
KOMMYHUKAllMM TPYINIBl JIIOJAEH, HUMEIOMUX CXO0XHE HHTEepechl U Ield. BeinonHeH
CPaBHUTEIIBHBIN aHAN3 CIOCOOOB B3aMMOICHCTBHS HA HACTOSIIMK MOMEHT C YUETOM IIeNed U
3aJjay pasHBIX Tpynn oOmectBa. [lpeanaraercss o0pa3 MpoOrpaMMHON CHUCTEMBI MO THUILY
COLIMAJIBHOM CETH, OPUEHTUPOBAHHOM Ha B3aMMOJCHCTBUE IIKOJBHHUKOB, CTYJEHTOB M APYIHX
cioeB 0OIIeCTBa, YBICUYECHHBIX YTEHHEM, a TaKKe IOUCKOM W BO3MOXKHOCTBIO JIENUTHCS
nH(pOpMaIe 0 KHHUraxX, WX COJlepKaHWHM M Ap. B maHHOW craThe OBUIM OMUCAHBI MPHYUHBI
aKTyaJIbHOCTH pa3paOOTKH COLMATbHON CETH JUIA JIIOAEH, 3aHATHIX MOWCKOM HH(GOpMAaluu U
JUTEPATYPHBIX M3/IaHUIN; CMOJICIIMPOBAHbI M MPUBEACHBI HEKOTOPBIE aBTOMATU3HPYyEMbIe OU3HEeC-
MIPOIIECCHI; OBUIM BBIAEIEHBI U OMUCAHBI MPOOJIEeMbI, KOTOpPBIe OYAYT pelIeHbl pa3padaThIBaeMOn
CUCTEMO; OBUTH MPUBEACHBI Pa3IUYHbBIC BAPUAHTHI UCIIOIB30BAHUS COMUATIBHON CETH C TIOTHBIM
ONMCaHUEeM I[IOTOKa COOBITHI; OBLIM ONHMCaHBIl OCHOBHBIE TpeOOBaHUS K WHTepdeiicy u
MPHUBEICHBI ACKU3bI 1 MaKEThI Pa3padaThIBaeMO COITMAIBHOMN CETH.

KuioueBble cjioBa: conuanbHas CeTh; KHWTH, COLMANbHAs KOMMYHHKAIW; TMPOEKTHPOBAHIE;
use case; UML; paspabotka I10; cpaBHUTENHHBIN aHATH3

Jasi  nurupoBanusi: BoctpukoB E.M., Ao6pamoa O.D. WccnemoBanue mpobieM
NPOCKTHPOBaHHWE 00pa3a COLMAIBHON CeTH JUIsl ONpPENeJCHHON TIpymmbl Mojb3oBareneit //
Hayunsiii pesynsrar. UHpopmaimonubsie TtexHosgoruu. — 1.7, Nel, 2022. — C. 38-48. DOI:
10.18413/2518-1092-2022-7-1-0-5

Vostrikov E.I. RESEARCHING PROBLEMS AND DESIGNING A SOCIAL
Abramova O.F. NETWORK IMAGE FOR A SPECIFIC USER GROUP

Volga Polytechnic Institute (branch) VVolgograd State Technical University,
42a Engelsa St., Volzhsky, VVolgograd region, 404121, Russia

e-mail: vostrickov.evgeniy@yandex.ru, oxabra@yandex.ru

Abstract

The main topic of this article is the study of the problems of access to structured information on a
certain topic and the organization of social communication of a group of people with similar
interests and goals. A comparative analysis of the methods of interaction at the moment is carried
out, taking into account the goals and objectives of different groups of society. An image of a
software system similar to a social network is proposed, focused on the interaction of
schoolchildren, students and other sections of society who are passionate about reading, as well as
the search and the ability to share information about books, their content, etc. This article
described the reasons for the relevance of developing a social network for people engaged in the
search for information and literary publications; some automated business processes are modeled
and presented; the problems that will be solved by the developed system were identified and
described; various options for using the social network were given with a full description of the
flow of events; the main requirements for the interface were described and sketches and layouts
of the developed social network were given.
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BBE/IEHUE

Ha ceronnsimnuil 1eHp 00LIEHUE MEXTY JIIObMH 3BOJIOLIMOHUPOBAIIO U MPHOOPENIO BUPTYalbHBIN
XapakTep, a UMEHHO OOIIEHUE B COLMANBHBIX CETIX, 0COOCHHO JaHHAs YyepTa 3aMETHA CPEIU MOJIOJICHKH.
CoumanbHas ceTb — 3TO OHJIAMH-COOOLIECTBO, CO3JaHHOE JAJIS YJIYyYIIEeHUs OOIIEHUS MEXIY JIIOJbMH C
LeNbl0 00BbEMHEHHST Ha OHOM pecypce IMojib3oBaTeleid, nmeromux odume uatepeckl [4]. C kaxapim
rOJIOM KOJHMYECTBO IOJIb30BATElICH COLHMAIBHBIX CETeH BO3pacTaeT M 3TO He mpocto Tak [5]. 3auactyro
COMAJIBHBIC CCTU HMMCIOT OHNPCACICHHYIO TCMATUKY, YTO IMO3BOJIACT YBJICUCHHBLIM JIIOAAM, HUMCIOIIUM
CXOKHE LIeJIM, 3aJjaud U HUHTEpPEeChl HE TOJbKO OOINATHCS MEXIY cO00H, HO M MOJy4yaTh Pa3IMYHYIO
JIOTIOJTHUTEIIbHY0 HHPOPMAIIUIO B TaHHOU oOJsiacTH [6, 9].

MATEPHAJIBI H METO/IbI HCCIIE/IOBAHHUA

B 2017 rony B Benropoackoii o6mactu ObUI0 IPOBEICHO COILIMOIOIMYECKOE HCCIeI0BaHNE, KOTOPOE
MOKa3ajio, YTO YTEHUE Celvac JOCTaTOYHO aKTyajabHO, OCOOCHHO CPEU MOJIOJICKHU, BEAh OHO HE TOJBKO
pa3BHBACT YEIOBEKAa KAK JUMYHOCTH, NPHUBHBAS €My XU3HEHHBIC IICHHOCTH, HO U SIBIISETCS OOJBIITUM
TTOMOIIIHMKOM B Y4€OHOM IIpoliecce U MpHU caade Takux 3k3aMeHoB, kKak EI'D unu OI'D. B cBs3u ¢ atum
MOXHO C YyBEPEHHOCTHIO KOHCTAaTHpPOBaTh, YTO pa3padOTKa MPOTPaMMHOrO OOECTICUeHUs IS
OpraHU3alMi BUPTYaJbHOTO COOOIIECTBA JIFOJACH, YBICYCHHBIX YTCHHMEM M IIOMCKOM pPa3HOro poja
vHpOpMaMid O KHHUIax, JIOCTATOYHO AaKTyallbHa JUIsi COBPEMEHHOTro oOIecTBa.  AKTYallbHOCTh
pa3pabOTKH COIMAIIBHOW CETH IS JIFOJIeH, 3aHATHIX MMOMCKOM MH(OpPMAIlMU U JINTEPATyPHBIX U3IaHUIX,
OPUEHTUPOBAHHOM, B TIEPBYIO O4epe/ib, HA MOJIOJICXKb, 00YCIOBIIEHA CIEAYIOMUMU IPUIHHAMH:

® CHIDKEHHE TOMyJSIPHOCTH OMOIMOTEK, HO TOBBIIIEHWE BUPTYAJIBHOTO JOCTyNa K WH(popManuu
[3]

® CII0)KHOCTh OOBIYHOTO MHTEPHET-TIONCKA U MOUCKA B OMOIMOTEKH

® KOJMYECTBO MOTPAYCHHOTO BPEMEHH Ha OOBIYHBIN MOMCK TOpa3o MPEBBIIIACT BpeMs MOWCKa B
COLIMAILHOM ceTH

e coIuaibHas CETh MO3BOJISET OOMEHHMBATHCA WH(MOpMAIMeld U3 KHUTH 11 0ojee 3(HEKTUBHOTO
oOyuenus [7]

® B COIUAJIBHOM CETH €CTh BO3MOXHOCTh OOBEIWHEHHUS] B TPYIIb, YTO IO3BOJISAET
KOMMYHHITHPOBATh HECKOJIBKUM JIFOSIM JUTS PEIeHHs 00IInX 3a1au u mpobiem [8]

B commanpHON ceTH IS JIOACH, MMEIOMIMX CXOXKHE HWHTEPEChl, CBSI3aHHbIE C Y4eOHOU u
XYyJIOKECTBEHHON JIMTEpaTypoOr, BCE ATHU MPOOJIEMBbI MOTYT OBITh PEIICHBI, T.K. OyJeT BO3MOXKHOCTH
MOMCKA KHUT, KOMMEHTHPOBAHUS U COCTAaBJIECHUS PELEH3MI, BEJEHUE [THEBHHKA YWTATENs, a CaMoe
TJIABHOE, 11€JIEBOTO OOIIECHMSI C 3aMHTEPECOBAaHHBIM BU3aBH.

PEATU3AIIHA

Jnst co3maHus CONMANbHON CETH HEOOXOIUMO CMOJCIHMPOBATH M OINKUCATh aBTOMATU3HPYEMBIC
MPOLIECChL. 32 OCHOBY BO3BMEM BBIBOJ O TOM, YTO TMOWCK HH(OPMAIIMM COBPEMEHHBIM YEJIOBEKOM
OCYILECTBIIETCS, B OCHOBHOM, B I100anbHOM cet MaTepHeT [2]. OCHOBHBIM paccMaTpHUBaeMbIM OHM3HEC-
MPOLIECCOM TIPU MCCIIEOBAHUU MpeaAMEeTHON obnacTu siBnsieTcst «Ilouck kaury. Mogens IDEFO mannOTO
rporiecca npecTaBiieHa Ha PUCYHKe 1.

[Touck mMpoXoaUT B HECKOIBKO ITAIOB:

1) mowuck pecypca

2) BBIOOp pecypca
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3) mnonumManue uHTepdeiica caiita
4) BBIOOpP XapaKTEPUCTHK KHUTH
5) BBIOOp KHUTH

WHTEpHET WrTepdeiic Srania Henanue Hanuuue Hamune OT3bBLI O
l anTarens

caiita nTaTens KEPEAKTERMCTHK KHITW KHATM

Crmcox
peCYpCos

3anpoc

noss30BaTens
—_—

Pecypc Ana
Bribiop pecypca LA

Dopma ana

MoHW MaHKe nowcka

uHTEpdeiica caiita

SE Khumm

Beibop. BEIBpaHHoro
XBpaKTEpU CTHK HEHPE
KHUW

BribpaHHan
KHUTE

YuTarens Caitt

Puc. 1. Monens IDEFO nponecca «IToucka kHUT»
Fig. 1. Model IDEFO0 of the «Book Search» process

Ha xaxmom U3 3TanoB BO3HUKAIOT OMPE/EIICHHbIE CI0XKHOCTH, TAKHE KaK: JOJITHI MOUCK U BHIOOP
pecypca, mpobaeMbl Ipyu MOHUMaHUKM MHTep(delica U OTCYTCTBHE BO3MOXKHOCTH COPTHPOBKH JJIsi Oosee
3¢ peKTUBHOTO BHIOOPA KHUTH.

KoHeuyHO, 3TO HE E€IUHCTBEHHBI MHTEPECYIOIIMKA HAC IIPOLECC, MPEANOoIaraeMbli K
aBToMatu3zanuu. Taxxke ObLTH paccMoTpeHbl Ou3Hec-mporecchl: «[lyOmukarus coOOCTBEHHOTO U3TaHUS,
«Benenne nHeBHHKa uwmtarens», «Kuuroodmen», «OcTaBieHHE OT3BIBOB O KHUTE», «OpraHuzarius
MepOoIpHUATHID. B pe3ynbTare ObLIN BBIIECIEHBI CIEAYIONIUE MPOOIEMBI:

1) Bpemsi, KOTOpoe TpaTUT TOJIB30BATENIb HAa MOWCK HY)XHOW KHUTH, CPaBHUTEIHHO BEJIHMKO IS
COBPEMEHHOT0 TeMIIa KU3HU U YPOBHS JocTyna K nHbopMaiuu. 1 Gonbias ero 4actb yXoIuT Ha BBIOOP
pecypca U NMOHMMaHUe ero uHTepdeiica, T.e. Ha NEHCTBUA, JHIIb OTJAICHHO CBS3aHHBIE C pEIICHUE
MOCTABIIEHHBIX 3a71a4.

2) Ilpouecc BeaeHHs CHHCKAa MPOYMUTAHHBIX KHHUT 3a4acTyO0 BEAETCS BPYUYHYIO, YTO KOHEYHO Ke
HE0OXOIMMO UCIPABUTh, BeIb Ha CETOAHSIIHUN JIEHb MBI XOTHM aBTOMAaTHU3UPOBAThH J1I00OE JeiicTBHeE,
KOTOpPO€ MBI COBEpIIaeM BPYYHYIO, M TEPEBECTH BCIO WH(OpPMAIMIO HA KOMIBIOTEp. Takke CTOUT
OTMETHUTH, YTO IS JTF0OOT0 YnTaTeNs ObUIO OBl TOJIE3HO BECTH MOMHUMO CIHCKAa MPOYUTAHHBIX KHUT eIIE
Y KHUTH, KOTOPBIE OH HE JOYUTAJ WIH X04ET MPOYUTATh, YTOOBI HE 3aIIOMHHATH BCIO HH(OpMAITHIO.

3) Her BO3MOXXHOCTH OCTaBJISTh M IMPOCMATPUBATh COOCTBEHHBbIE KOMMEHTapUU MO KHHUTaM,
HaTpuMep, peleH3UH WIH WHTEPECHbIE IUTAThHl. Takxke ObLII0 OBl HETUIOXO BHIETh UyKME KOMMEHTAPUH K
kauram. J[anHas BO3MOXKHOCTb MOXET MPUTOJUTHCS MIKOJBHUKAM M CTYJEHTaM MpHU cJadye dK3aMEHOB.
Onu Mormm OBl NIENUTHCS Pa3IMYHBIMH apTyMEHTAMH K COYMHEHHMSM WM TIOJE3HBIMH PEICH3HSIMHU,
YTOOBI yIIy4IITUTh COOCTBEHHBIE 3HAHUS U IOMOYB APYT APYTY.

4) Ipobnema myOIMKAIUU COOCTBEHHOTO M3aHMs, 3aKJIFOYAOIIAsCS B JIOJITOM BBIOOpE pecypca u
M3y4eHHH uHTepdeiica caiita, 4To, Kak ¥ B IEpBOH mpodiieMe cnabo CBA3aHO C PElIeHUEM MOCTaBICHHOM
3aJ1a4H.

Jns monrBepkeHuss copMyIUPOBAHHBIX BBIBOJOB JIOTUYHO CMOJEIUPOBATH MOTOKH JAaHHBIX U
paccMoTpeTh ToKyMeHToo00opoT. Ha pucynke 2 m3oOpaxena muarpamma DFD mpomecca «ITyGmukarum
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U3JaHUA». Y MHUCATeNs eCTh HAlMCAHHOE M3JaHUE U OH XOYeT ero omyOynkoBaTh. J{1s Hadana OH UIIET
pecypc s mMyONWKalMu W M3 TpeAJIoKeHHBIX B VHTepHeTre BbIOMpaeT Hambosee ynoOHbIA. B
BBIOpaHHOM pecypce mHcaTellb pa3zdupaercs ¢ uHTepdericom cuctemsl U (GopMbl ans mMyOnIUKaLUu
n3nanud. Jlanee oH JOJDKEH 3aroHUTh GOpMY UIs Iy OIMKAINK, TIe TOJDKCH yKa3aTh BCE HEOOXOMMbIE
nannapie. @opMa OTIpaBIsSETCS B BUAE 3alpoca, I7Ie OHA MPOBEPSETCS PECYPCOM HA COOTBETCTBHE BCEM
npaBuiaM. Eciii Bc€ XopoIo u3ianue myOinuKyeTcs.

HanucaHHoe
Hanucanue n3gaHue
d n3agaHma

Cnucok Bcex

3anpoc caiitos
Mucatens Monck pecypca WHTepHeT

Cnucok
pecypcos

MNpocmoTtp v
pecypcos Bbi6op pecypca
| ana ny6amKaumm

BbibpaHHbIi
pecypc

4

U3yyeHune UHTepdelic
nHTepdeica Pecypc
pecypca

dopma ana
ny6ankaumm

[aHHble 06 v
asTope u ( OdopmneHue W
LERE LU > 3anpoca Ha
k ny6anKkaumio J
MNybnukaums

Y Mpasuna
MNposepka P ny6anKkauum
nybavkaumm

MNposepeHHan
ny6avkauua

<

A

My6nunkauus
ZEVELTE]

Puc. 2. Monens DFD nponecca «IlyOnukanuu u3aanus
Fig. 2. Model DFD of the «Publishing Edition» process

Takum 00pa3oM, OCHOBBIBASCh HA BCECTOPOHHEM HCCIIEIOBAHHUH MPOIECCOB M JTOKYMEHTO000pOTa
norcka UH(popMau U KOMMYHUKAIIUU JTIOJIEH, UMEIOIUX CXO0XKHE WHTEPEChl B 00IaCTH JINTEPATYPHBIX
W3/IaHMM, a TaK)Ke€ YUWTHIBAsS pPe3yJbTaThl CPAaBHUTEIHLHOTO aHAJIM3a MPOTPAMMHBIX aHAJIOTOB, MOYXHO
omnpeAenuTh 00pa3 W TPaHUIB TPOSKTUPYEMOM COIUANBHON ceTH. Mopaens MpeanoiaraeMon
nporpaMMHO# pa3pabotku chopmupoBana B Hotanuu UML u mpencraBnser miaHupyeMble BapHaHTHI
UCTOJIb30BaHus colmanbHoi cetu [1]. [lomuMo momcka KHUT B CHCTeME OyJE€T MHOTO IMOJIE3HBIX
(yHKIMI, KOTOpBIE TMOMOTYT IIOJB30BaTENsIM, KOTOPBIE YBIEKaloTcs dTeHHeM. OOmas auarpamma
BapUAHTOB HCIIOJIB30BAaHUSI COIMATBHON CETH TPEJCTaBIeHa Ha PHUCYHKE 3 W BKIIOYaeT B cebd
CJIEYIOIINI CTUCOK OCHOBHBIX MPEIEACHTOB:

[Ty6nukatust COOCTBEHHOTO U3/IaHUs
Benenue nHeBHUKa yuTaTENs
OcymiecTBieHe noucka

Opranuzanus rpyni

Kuaurooomen

B3anmopeiicTBre Mexay MOJIb30BATEISIMU

o wdE
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7. OcTaBlIeHUE OT3BIBOB O KHUTE

3arpys3ka u31aHus

<include>
Boi6op KHUTH i
<include>

<include>
ITyGnukarms
COOCTBEHHOTO
OO61eHne ¢ ApyrumMu W3 IaHus
TOJIB30BATEISIMHI
Ocrasnenne <include>
KOMMEHTapueB
<include>
JlobaBnenue B <include>
JIPY3bst
- <include>
.‘/qnd"de)
<include>

MEHTBI K <include>

> 7
COYMHEHUIO

PaccmoTpuM 1oApoOHO HECKOJIBKO BapUaHTOB MCIIONB30BaHMs. [lepBbIM paccMaTpuBaeMbIM
BapUaHTOM HCIOJIb30BaHUA Oynaer «OcyiecTBieHue noucka» (puc. 4). Ilowck B comualibHON ceTH
OCYILIECTBIISICTCS 110 TPEM KaTErOpusiM: KHUTH, TPYIIIBI U MOJIb30BATEIH.

Bsoxg mnunbIx
JIaHHBIX

<inelude>__ ( OrmpaBKka 3anpoca

Kuuroodmen Ha IyOJIMKAIHIO

Benenue crmicka
<include> TIPOYUTAHHOI O
Benenne nqueBHuKa

yaTaTess

Bzaumoeiicteue
MEXKJLY
TI0JIB30BATCIAMA

Benenwne crmcka
JKENAeMoro K
TIPOYTEHHUIO

<extends>.

lﬁ!

3aperncTpupoBaHHbIit
nonb3oBareb

Ocy1ecTBieHHe
MOHCKa

OcrasneHue
OT3BIBOB O KHUTE

<include>

Tlonck
0J1b30BaTENICH

Puc. 3. O0uias quarpaMMa BapuaHTOB UCIIOJIB30BAHUS
Fig. 3. General Use Case Diagram

]

HasBanue xkauru

<include>
BBox naHHBIX <cinclude>
ABTOp KHUTH

<include>

0

]

o nomyssipHOCT

<extends> <include>
CopTtupoBka <include> 1o HOBH3HE

<include>

‘

BBoj maHHBIX

J

<include> <include>

a3BaHME TPyIIIL
<include BBOI TAHHBIX <include

<include>

lﬁ!

3aperncTpupoBaHHbIN
nonb3osate/ib

!

IMouck
0JIb30BaTEIICH

Puc. 4. BU «OcymiecTBieHrEe TTONCKaY
Fig. 4. VI «Implementation of the searchy»

|

JeiicTByromue cyObeKThl: 3aperucTpUpOBaHHbIH M10JIb30BATENb.

[IpensapurensHble ycnoBus: 1lonp30BaTens HA)KUMAET HAa CCBUIKY B MEHIO HaBHrauuu «KHurm» u
€My OTKpPBIBAETCSl CTpaHHMIla ¢ KHHTaMH U BBEpPXY HEE MOCEPEAMHE €CTh IoJie Ul Noucka KHuUr. Mim
MI0JIB30BATEIb HAXXUMAET HAa CCBHUIKY B MEHIO HaBHraumu «['pynmep» M €My OTKpBIBA€TCS CTpaHULA C
IpynnamMu U BBEPXY He€ IOCEpEJUHE €CTh IoJIe AJI MOUCKa Ipymi. Mim monp3oBaTesb Ha)KMMaeT Ha
KHOTIKY «Mo# mpodunb» u BbiOMpaer BkiIaaky «llonmp3oBarenm» W eMy OTKpBIBaeTCsS CTpaHUIA C
II0JIB30BATEIISIMU U BBEPXY HEE MOCEPEINHE ECTh MOJIE I TOMCKA MOIb30BATENS.
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OCHOBHO# TOTOK COOBITHI:

1. Ecnu monp3oBarens XO4YeT HAWTU KHWUIY, TPYMNIy WM IIOJIB30BATENs, TO B OH JOJDKEH B
COOTBETCTBYIOIIEE IMOJIE JUIs MMOMCKAa HaOpaTh Ha3BaHHE KHUTH, Ha3BaHHME TPYIIBI WK (aMHUIUIO/ MM
10JIb30BATENsl COOTBETCTBEHHO. TaK jk€ BMECTO Ha3BaHUS KHUIH I10JIb30BATENIb MOKET BBECTH (haMUIIUIO
aBTOpa KHUTH.

2. lanee noabp30BaTeNb JOJDKEH HaXKaTh Ha KHONIKY «Haituy.

3a. Ecnu nonp3oBaTesnp MPOU3BOIUT OUCK KHUT U BBEJ €€ HA3BaHUE B CTPOKY IIOMCKA, TO CUCTEMA
OyZeT UCKaTh BCe KHUTH, TOAXOAIIME B TOYHOCTH I10]1 BBEJICHHOE Ha3BaHUE. Eciau TOUHOro coBIaIeHUS
HET, TO chucTeMa OyJeT UCKAaTh KHUTH C YaCTHYHBIM COBMaAeHHEM. ECIIM YaCTUYHBINA MOMCK KHUT HHYETO
HE HalzeT, TO CUCTEMa Ha4YHEeT ITOMCK 110 aBTOPaM KHHUT.

3b. Eciu nonp3oBarenb XO4YET HAWTH TPYIILy M BBEJ €€ Ha3BaHHE B CTPOKY IOMCKA, TO CHCTEMa
BBIIACT CIIUCOK I'PYII, HA3BAHUSA KOTOPBIX B TOYHOCTH WJIM YACTUYHO COBIAAIOT C BBEJCHHBIM.

3c. Ecnu ke BeeTcs MOKCK MOb30BaTesei M ObLIM BBEACHBI UMS M/WIH (haMWINs T0JIb30BaTes,
TO cUcTeMa Oy/1eT NPOU3BOAUTH IOUCK MOJIb30BATENEH 110 BBEJCHHBIM JAHHBIM.

AJbTEpHAaTUBHBIN CLIEHAPHIA:

1. Ecnu cuctema HUYEro He HaileT, TO OHa BbIJACT [0JIb30BATEII0 COOTBETCTBYIOLIEE COOOIIEHNE
«I1o maHHOMY 3aIIPOCy HUYETO HE HAUACHOY.

2. TlomydeHHBIi @IpU TIOMCKE pe3yJbTaT MOXKHO OyJeT OTCOPTHPOBATh, Ha)XKaB Ha KHOIIKY
«CoptupoBka» 1o TpeM kareropusiMm: «llo nonynsipaoctn», «I1o HoBu3He» u «Ilo pedTUHTY».

[TocTycnoBus: nIpy yCIIEIIHOM BBINOJIHEHUH CLIEHAPUS I0JIb30BATENIb CMOKET OCYILECTBUTD ITOUCK
KHUT, JIOJAEW WIIY TPYIIIL.

BropsiM paccmarpuBaeMbIM BapHaHTOM MCIIOJb30BaHMs OyneT «BeneHue nHEBHUKA YUTATENSD»
(puc. 5). /IHEBHUK yuTaTENs — 3TO CIMCOK MPOYUTAHHBIX KHUI, HEJOUUTAHHBIX KHUI, KHUTM, KOTOpbIE
X04eT MPOYMUTaTh MOJIb30BATENb M KOTOpble ynuTaeT ceiyac. [losb30BaTens MOKET OCMOTPETh JIIOObIE
cnucku KHUT: «IIpounTanHbie KHUTW», «X04y NpounuTaTh», «He nountam», «Huraro ceiyacy.

IIpounTannsie <include> CrarucTuka
KHHTH IIPOYUTAHHOT O
igclude>
Xouy npounTarb

<include>

<include

l <include>

y
00JIOKKY

3aperucTpypoBaHHbIi
nonb3oBsaTe b

<include>
o <include CTpaHI/III’d
Yuraro ceituac OCTAaHOBKH

Puc. 5. BU «Beaenue qHEBHUKA UMTATEIISDY
Fig. 5. VI «Keeping a reader's diary»

JeiicTByromue cyObeKThl: 3aperucTpupOBaHHbIHN M0JIb30BATENb.

[IpenBaputenbubie ycnoBus: [lonp3oBarens HakMMaeT Ha KHOMKY «Moi npoduiab» U BbIOHpaeT
OJIHYy U3 4YeThIPEX BKIAAOK B «JlHEeBHUKe umrTarenss»: «lIpountanHsie kHUrm», «Xouyy npouyurarsy, «He
JounTally, «duraro ceiiuacy.

OCHOBHO¥ IOTOK COOBITHIA:

la. Ecnu monb3oBarens BbiOepeT BKIAAKy «lIpounTaHHbIE KHUTH», TO €My OTKPOETCS BECh CIMCOK
IIPOYUTAHHBIX KHUI B BHJE KapTOYEK, PACIOJIOKEHHBIX T'OpPU30HTaIbHO. Kaknmas kaprouka HMeEeT
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HEOOJIBIIYI0 WIUTIOCTPALUIO OOJOXKKH KHUTH, TOJ HEeW MUIIeTCs aBTOp KHUTH, a HUXKE PacloIoKeHa
kHomnka «[IpountanHsie». B Takom ke cTuiie OyoyT IpeacTaBiIeHbl KHUTU U3 IPYTHUX Pa3[esioB, TOJIBKO C
Pa3IMYHBIMU Ha3BAaHUSIMU KHOTIOK.

2. Ecnu monb3oBaTenb HaXXKMET Ha KHOIKY COOTBETCTBYIOIIETO paslena, TO €My OTKPOETCs
MOJIQJIbHOE OKHO C BBIOOPOM ITyHKTOB MeHIO: «lIpounTanHeie KHHTH», «Xody mpouuTarb», «He
JounTamy, «4uraro ceivacy.

3. Ecniu monp30BaTesb XOUeT NepeMECTUTh BEIOPAHHYIO KHUTY B IPYTO# pasfel, OH IOJKEH OyleT
IIPOCTO HAaXKaTh Ha KHOIIKY, KOTOPasi COOTBETCTBYET BEIOPAHHOMY ITyHKTY MEHIO.

4. Tax e MoJIb30BaTEIb CMOXKET MOCMOTPETh CTATUCTHKY IO MPOYUTAHHBIM KHUIAM, a UMEHHO:
KaKHle aBTOpbI eMy OOJbllle HPaBATCS, KaKue JKaHpbl, KHUTU KOTO Iepuoja, Kakoe U3/1aTelIbCTBO, HaXaB
Ha kHOTIKY «IIpoduney» n nponucras BHU3 10 pasaena «[lonpaBusmeecs.

AJIbTEpHATUBHBIN CIICHAPUIA:

1. B cnucke kuur «He moumtam» u «YUwuraro ceifuac» HAmpoOTUB KaKIOW KHUTH OyAeT HalucaHa
CTpaHULa, Ha KOTOPOM MOJIB30BATEIb OCTAHOBUIICS B IIPOYTCHUH.

[TocTycnoBus: MpH yCIENIHOM BBIIOJHEHUHU CIIEHAPUS MOJB30BATEIb CMOXKET MOCMOTPETh JIF000H
JOCTYIHBIN CIIMCOK KHUT B JHEBHUKE YATATEIS.

JlocTynHbli 00bEM CTaTbU HE MO3BOJISIET MPEICTABUTh BCE BBIJICIICHHBIC BAPUAHTHI HCIIOJIB30BaHHMS,
HO UX IIPOEKTUPOBAHKE BBIIIOJHEHO TAK XK€ THIATEIbHO, C YUYETOM BCEX BBIAEICHHBIX paHee poodiieM.

D
CTonMOCTh DO3MOXKHOCTD B03MOXKHOCTD
TPOAAXNU obmena ZIOCTABKY

<include> <extends>  <extends>

Onucanue ycioBuil

Hazanwne

<include>
KoanuecTtso
CTpPaHUIL

<include> .
clude <include>

<include>
BBona nanHBIX O
KHUTE <include>,

. <include>
<include>

<include>

3aperncTpupoBaHHbIi
nonb3oBatesib

<include>
<extends> <include> CBs13aThCs C
PO/IaBIIOM
Croco6 JI0CTaBKH Obcy auts ycrosus
MOKYTIKA

Puc. 6. BU «Kunroodomen»
Fig. 6. VI «Book Exchange»
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W3natenscTBO

<extends>
HasBanue kHUTH
<include>
<include>

BBoj maHHBIX
<include>
<extends> ABTOp KHHT'M

)l

wexmis> /.

<include>

<include>

3aperucTpupoBaHHbIn
nonb3osartesib

<extends>

QUHUHCHUIO
Puc. 7. BU «OcrtaBieHne OT36IBOBY
Fig. 7. VI «Leaving reviewsy

BaxxupiMm MoMeHTOM B mpoektupoBaHuu Jroboro I1O, mpeaHasHaueHHOro AJs KCIOJIb30BAHHUSA
HENOATrOTOBJICHHBIMU MOJIB30BATENSIMHU, SBJISIETCS cOOp TpeOOBaHWMM M NPOEKTHpOBaHHE HHTepdeiica
CUCTEMBL.

Jliis Hauana KpaTko paccCMOTpUM o01ue TpeOoBaHUs K HHTEepdeiicy:

1. ®onom Bcex cTpaHull sABIsETCs OeNbli LBET JUIs JIy4lIero KOHTpacTa

2. OCHOBHOW KOHTEHT CTpaHMIIbI PAcIOIOKEH MOcepeauHe U 3aHuMaeT 95% Bcero skpaHa M JUls
Jy4IIero KOHTpacTa UMEET CephIii 1IBET

3. Ha xaxnoil cTpaHMIle JOJKHO PAcIoylaraThCsi HABUTAIIMOHHOE MEHIO, MMEIOIEee CIeIyIoIne
MyHKTHL: «YueOHas nuteparypay», «Kaurm», «['naBHasy», « {utate», «'pynmby, « KHUTOOOMEHY.

4. TToMMMO OCHOBHBIX ITYHKTOB MEHIO €CTh €Il€ U JOonoidHHUTeNbHbIe: «Coo0mmenusy, « pynnsh,
«/lneBruk unratens» u «lIpoduns mompzoBarens». Bece oHM 0003HAYEHBI CTIEUATLHBIMU 3HAYKaMH H
PacIoyIoXKEHbI CIIpaBa B MAHEIHN HaBUTALUH.

5. Hlpudt Ha Bcex cTpaHUIa UMEET YEPHBINA I[BET, KpOME MaHeIH HaBurauuu. Tam mpudrt Oyxaer
0eJoro 1BeTa, Tak Kak ()OH CaMOT0 HAaBUT'ALIMOHHOI'O MEHIO YEPHBIi.

i Logo [Mnaeuan Konizu Tpyrs Yuehuan numepanmyna Uwmams  Kimzoommen [5] Vins nonsaceamers
| >
-
Mowuee evsiz | Hraiomu |Gopmupoeea |
3 { /| Tappu (lommep u punocopckui kamers ; I
A / Ao Poynumz :
e
N Kisiza, AR, AN pavnypi Ons ii 8cex 803pacMos, awowmwm yenexa. Kimza,
N, | cdenagwan [lxcoms Poymuz camum . Kitza, omagwasn eynmogon yace

dnst weckonuiue oronesvit. [ appu (lommep u Punccoporm Kamens  — womopus sasmmemes.

F\twi /1 Tappu Mommep u dunocoderui Kameus
[ | Awoar Poynmz

Kisiza, AR, AN pavnypi Ons ii 8cex 803pacmos, awowmwm yenexa. Kimza,

| cdenasman [hxcoas Poyrusz camum samacwium sucanenci cospanansooms, Kiiza, omaswan Kmamcesi yxe

dnst weckonuiue voronesvit. [ appu (lommep u Punccoponn Kamens  — womopus sasmmemes.

Cappu (lommep u dunocodekmi Kamers
Awcoar Foynurz

| AN Kinza, » wp, 3Manou pamyps dns i Bcex BO3RACMOB, cusOwum yonexa. Kimaa,

cdenaaman [koa Poyrus camiin wamaciim wicamanem cospemesoom. Kiuzs, cmasuan Knemoss ke

|/ J dnst weckonuiue voronesvit. [ appu (lommep u Punccopormi Kamens  — womopus sasmmemes.

Puc. 8. Icku3 cTpaHUIIBI TOUCKA KHUT
Fig. 8. Book search page sketch



bIM Bocmpukoe E.H., A6pamoea O0.9. HccnedoeaHue npobsem u npoekmuposaHue obpasa

T coyuanbHoll cemu 04151 onpedesneHHoOll 2pynnul noav3osameell // HayyHulil pesyasmam. 46
PE BYHID'-J A. HHugopmayuoHHble mexHoaozuu. - T.7, Ne1, 2022
RESFARCH RESUI T_

T - 2

Tappy MoTTep 1 Gunocopckuiil KameHs
Jixoan Poynure
KHWUra, NOKOPHBLIAA MUP, 3TANOH NUTEPATYPL ANR YHTATENe BCeX BOIPACTOR, CUHOHUM yCrexa. KHWra, CaenaBwian ZX0aH POYAMHT CaMbiM

KOOBNET

HUTAEMBIM NCaTENeM COBPEMEHHOCTY. KHUT3, CTaBILAR KYLTOBOM YXe AIA HECKONLKUX NOKOAeHMiA. "Tappu MoTTep 1 Guaocodckuit
KaMEHb" - UCTOPHA HAYMHBETCA. KIU3HL B UYNAHE NOA NECTHULIEH, AOHALMBAHHME OAEXAb! 33 BPaTOM, OTCYTCTBME POAUTENLCKOM 3360THI —
MOXET 3AKOHUMTCA XOPOLO. Harpaao ¢

Fappu Motrep u y3Huk AskabaHa

Jxoan Poynunz

AlseHanuars A0ATMX neT 8 A3kabaHe — MPauHOMH THOPbME BONLWEBHOTO MUPa — COAEPXANCA BCEM M3BECTHBIA Y3HUK NO WMeHn Cupuyc
B3k, Ero 06euHANM B yOWIACTBE TPUHAAUATH YE0BEK i CYMTANK HACNEAHNKOM NOPAa BonaH-ae-MopTa. U BOT OH Gexan, # 13 OCTaBAEHHbIX
VM C/I/IOB ACHO, HTO Ha 3TOT Pa3 yBMiLa NOCTaBMA Lensio M3BaBUTLCA OT Fappu MoTTepa. Teneps Fappy B ONACHOCTH, AaXE 3a CTEHaMM
CBOei BOAWEBHOM WKOL, A3XE B OKP.

Tappu Motrep u Ky6ok orus
- Mwnnis Dasmiir

Puc. 9. Maker CTpPaHMLIbI TOUCKA KHUT
Fig. 9. Book search page layout

6. Ha crtpanune npoduis cieBa AOMKHO OBITH PACIIOIIONKEHO JOMOITHUTEIBHOEC MEHIO, KOTOPOE
BBIIBUT'ACTCA U 3aABUTaCTCA IPU COOTBETCTBCHHOM HABCACHUHN U OTBCACHHU KypCOpa MBILIN. OnHo umeer
TEMHO CUHUU I[BET JJISl JIyUILLETO BbIICICHHUS.

7. B HOMONHUTENHPHOM MEHIO €CTh CIIEAYIOIIME CChUIKH: «JlomammHss crpaHumay, «l pymmsD,
«py3bs», «CoolmieHus», «lHeBHUK unTarens», «Kommentapumn», « KHUTH Ha IPOJAXKY», « BEIATHY.

<] Logo Trosuan K  Topms Yook mameparyps  Lbmams | ] e
(oo o e [ St e [ roman e[ o psnam [ i sana: e s it soceme |

N Vaanos Vian Vieanosuu
N JLama poxderus
22221333

Heemo poxderus

Bonzozpad, Bonzozpadexas ebnaoms

| y ‘ HMecmo patoms/yuebn
[ i amydenn BONTTY
’ Cmamyc

| \| Heompedenen

Mou dpyaes

Meavoe Wean, 33 ] Weawos Wean, 33 ] Waavos Veas, 33
Cmydenm BONTY : Cmyderm BONTY 4 Cmydenm BONTY

Puc. 10. Dcknz crpanuisl TpoQuIIst MOIb30BATENS
Fig. 10. User profile page sketch
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JNleonapgo Aun Kanpuo
Aara poxaernus

11 HOROPA 1974 1.

Mecro poxaenuns

r. Nloc-Asaxenec, Kanugophua
Bospact

43 rona

Mecto paGorbi/yuebbi
Hollywood

Npodeccun

Axrep

Craryc

TPYAHO GbiTl CKPOMHBIM, KOTAA Tl Ay ULUMi!

Mow apysba pocMoTp Bcex Apyaeil

& @ © & e

Auppeii Visanos, 33 AHgpeii Visanos, 33 Angpeii Visaros, 33
Nporpammuct YyeHmx Al

6 « 6 6 6

Puc. 11. Maket cTpaHu1pl IpOGUIS TOIB30BATEIS
Fig. 11. User profile page layout

Awapeii Visawos, 33 Angpeii Visanos, 33

H CHCTeMHbIN aAMUHMCTPaTOP auren CryaenT

3AK/TIOYEHHE

B naHHOIi cTaThe OBUTM MPUBEACHBI PE3YJIbTATHI TIIATSILHOTO UCCISAOBAHMS MPOOJIEM B 00JIaCTH
KOMMYHUKAITUH TPYIIIHI JIFOJICH, IMEIOIIUX CXOKHUE WHTEPECHI U 1eH. Bblii coOpaHbl U CMOICTUPOBAHBI
Kak (YyHKIIMOHANIbHBIC TpeOOBaHWSA, Tak W TpeOoBaHUs K wuHTepdeiicy. beur chopmupoBan obpa3
COIMATILHOW CETH M OMMCAHBI OTPAHUYCHUS Ha Pa3paboTKy.
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AHHOTALIMSAA

Ha MHPOBOM PBIHKEC B TIOCJICAHEC BpEMs CTaJlld OUYCHL AKTHBHO PA3BUBATLHCA OJIOKYEHH
TexHoJoruu. C KaXIbIM TOJOM JAaHHas TEXHOJIOTUS NMPEBOCXOIUT BCE OXKUAAHUS U MPOTHO3BI
SKCHEPTOB B JAaHHOH OONAacTH Kak IO YUCIy NOTPEOHOCTEH CIeNUanicTOB, TaKk M IO €ro
MIPUMEHEHUIO B pa3HBIX 00dacTsIX. BIoK4YeitH HemocpeACTBEHHO CBS3aH ¢ HWH(DOPMAIMOHHON
Oe3omacHOCThIO, KHOepOe30macHOCThI0, OaHKOBCKOH cdepoi, oOpa3oBaHHEM, TOPrOBIEH
akgussMd U Ap. oOmacTtsax. OrpoMHBIE pOCT W HPOPHIB Tak K€ IOJIYYWIO pPAa3BUTHE
KpPHUIITOBAJTIOTHI, KOTOpasi IOCTOSHHO YBEJIMYMBAETCS B IIGHE, a Takke B CIocobax ee
nmpuMeHeHus. B maHHOW cTathe OyAeT paccMOTpeHa: CcyTh OJIOKYeliHa, €€ BO3MOYKHOCTH
MPUMCHCHUA B MOMYJISIPHBIX W PA3BHUBAIONIUXCA TEXHOJIOTHAX, KOTOPBLIC IMOCTPOCHLI 6nar0,uap>1
OJOKYEHH TEXHONOTUAM; CpPaBHEHHE pAa3JIMYHBIX BHIOB TOKCHOB W KPHUITOBATIOTHI, POCT
MOIMYJIIPHOCTH OJIOKYeHAa HAa MHUPOBOM DBIHKE; MPHUBEJICHA CTATHCTHKA BAaKaHCHH W 3apIuiaT B
JaHHOW O0JIaCTH; CpaBHMTENbHAs TAOJHMLIa CTaTUCTUYECKUX AAHHBIX 3apmjar pa3pabOTUMKOB
paboTaromux ¢ OJ10K4YelH TEXHOIOTHSIMU OT OOBIYHBIX Pa3pabOTUYMKOB.

KaroueBble cioBa: OJoKueliH; KpunrToBamioTa, OWTKOWH, TokeHBI, NFT; MupoBoii pBIHOK;
0e3omacHOCTh; 0€30MacHOCTh JIMYHOCTH; KHOepOe30MacHOCTh;, WACHTH(HKALUS JIMYHOCTH,
KOMHBI
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Abstract

Blockchain technologies have recently begun to develop very actively in the world market. Every
year this technology exceeds all the expectations and forecasts of experts in this field both in
terms of the number of needs of specialists and its application in various fields. Blockchain is
directly related to information security, cybersecurity, banking, education, stock trading and other
areas. A huge growth and breakthrough has also been the development of cryptocurrency, which
is constantly increasing in price, as well as in the ways it is used. This article will consider: the
essence of the blockchain, its application in popular and developing technologies that are built
thanks to blockchain technologies; comparison of different types of tokens and cryptocurrencies;
the growing popularity of blockchain in the global market; statistics of vacancies and salaries in
this area are given; a comparative table of statistical data on the salaries of developers working
with blockchain technologies from ordinary developers.
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BBE/IEHUE

B Bek pacmBera KOMIBIOTEpHBIX TexHOJoruk cdepa IT OexuT Bmepean BceX, KaK TOJBKO
MIPUIYMBIBAIOT YTO-TO HOBOE, JIFOJU OOJBIIIE HE CMOTPST Ha ATy pa3pabOTKy ¢ MpPe3peHUEM, a MbITAIOTCS
CKOpee y3HaTbh, PEJIEBAHTHO JIM ATO B Halle BpeMs U B Oyayiiem, OyJeT Ju 3TO pa3BUBATHCS, MOXKHO JIH
Ha 9TOM 3apaboTaTh, WIM MOXHO JH KyJa-TO 3TO BHEAPUTH, YTOOBI OOJEr4uTh *U3Hb. OOUH U3
MIPUMEPOB — 3TO OJIOKYEHH TeXHOJIOruH. MI3HauaabHO HUKTO B HUX HE BEPUJI, T.K. TEXHOJIOTHUS CIOXKHAS U
OBLIIO JOBOJIBHO HEMPOCTO pa3o0parhcs B HEl, 0COOCHHO HEKOMIIETEHTHBIM IOJL30BATENISIM, KOTOPBIC
ocobo He paszbupatorcs B IT. Ho Hecmorps Ha 310 B 2009 romy mosiBWiIach mepBas B MHpPE
KpHUIITOBAIIIOTa — OMTKOWH, 3a T0Jl OHA BBIpOCia Bcero Ha 1 gorutap, Ho yxke B 2013 roxy OMTKOWH CTOMIT
1.000 $, kak pa3 mocse 3TOro Ha OJOKYCHH TEXHOJOTMH OOpaTHIM BHUMAHUE, U OHM HAYaJId Pa3BUBATHCS
B Pa3HBIX OTPACHX.

Ha pansblii MOMEHT yke co3fgaHo Oojee 12 ThICAY pa3iIMYHBIX MOHET, MX OOmas pbIHOYHAs
KanuTalu3alus COCTaBlisieT 2 TPWUIMOHA JA0JUIapoB. B Hacrosiee BpeMsi, KOHEYHO, €CIH KTO-TO
YCIBIIUT Tpo OJOKYEHH, TO JIOAM cpa3dy IyMarT NP0 KPUITOBAIIOTY W JaHHAs TeMa SBISETCS
MPEIMETOM AKTYAJIbHBIX OKHUBJIEHHBIX JUCKYCCUU. BIOKYEHH TEXHOJIOTMM MOTHUXOHBKY IPOHUKAIOT B
Hally >KM3Hb HE TOJBKO B BHJIE KHOEp-MOHET, HO M BO MHOTHX JApYyrux cdepax, Beib CyTh OJIOKYEHH
TEXHOJIOTHI KaK 0Ka3aJ10Ch JOBOJBHO MPOCTA, U OHU MOTYT OBITH 3a/ICHCTBOBAHBI, TJI€ YTOTHO.

OCHOBHAA YACTb

brokueitH — 3T0 1ernouka OJIOKOB, KOTOpasi COCTOUT W3 HEMPEPHIBHOW MOCIIEIOBATEILHOCTH U B
OTIpeICICHHOM TOPSIIKE cojiepkalias B cede pasHyro uHpopmaiuio. J[aHHas cBs3b OJIOKOB MEXITy COOOi
obecrieunBaeTcsi Oyaroaapsi Xem-cyMMam, KOTOPbIe OHM HECyT B ceOe, KaKIbIi OJOK CONEPKUT B cede
XeII-CyMMY TPOILIOTO 0JI0Ka M CBOKO COOCTBEHHYIO.

Jis 3amuThl OT pPEAaKTHPOBAaHUS BPEMEHHOW OTMETKH M W3MEHEHHs XEII-CYMMBI, OJOKYCHH
ucrionsdyer 3amuTel: Proof of Word (mokaszarensctBo pabGoter) u Proof of Stake (mokasarenscTBo
BIIAJICHUSA).

Ecnmu morpy3utbcss B caMmy CyTh OJIOKYCHH TEXHOJOTH, TO MOXHO TIOHSATh, YTO JIaHHBIE
TEXHOJIOTHH aKTHBHO HCIIOJIb3YIOTCS BO MHOTHX JIPYTHX OTpPAaCisgX, TaKMX Kak KHOepOe30macHOCTb,
OaHKH, TOPTOBJIA aKIUAMHU, 0Opa3oBaHHWE W JPYrHX orpacisx. [IpuHimn paboTel ompeneneH (puc. 1).
Hcnosnp30BaHne MAaHHOTO ajlrOpUTMa COCTOMT B MPOCTOTE W TMPO3PAYHOCTH, TaK KaK HHUKTO W3
MOJIL30BATEJICH HE CMOXKET OOMaHyTh IPYTroro, MOTOMY YTO BCE OTEpaIliy BHOCATCS B OJJHY 0a3y JaHHBIX
(BJ1) ¥ BHIHBI APYTHUM IIOJIb30BATEISAM, U B MPUHIUIIE HEBO3MOXHO CIIOMATh OJHY BEIllb, JJIS TaCHHS
Bcelt cuctembl. [IpuBenem npumep padboThl OJOKUYECHH TEXHOJIOTHH Ha TIPUMEPE SJICKTPOHHBIX JieHeT [4].

B mocneanee BpeMs craio O4YeHb MomyssipeH HeB3ammozamenseMbiii TokeH (NFT, non-fungible
token), oOBIYHO TOKEHBI B3aWMO3aMEHSEMBI 1O CBOEW Tpupojae, HO He B 3ToM ciydae. NFT —
KpUNTOrpapuUeCKUuil TOKSH, KaXKIbI 3K3EMIUIAP KOTOPOrO YHHKAJIECH W HE MOJUICKHT 3aMEHE JAPYTUM
TOKCHOM. [IaHHBII TOKEH UCTIOIB3YIOT /IS CEPTUDUKAIIMHM YHHUKAILHOTO ITU(PPOBOro 00bEKTa, HAPUMED,
Kakve-mu00 PUCYHKH, KAPTHHKH XYJAO0KHUKOB, WM OOBIYHBIX MMOJb30BaTencit. Hekotopsie
KOJUICKITHOHEPHI CIIEIIAT MPUOOPECTH cebe BO BIIAJICHUE TOKCHU3UPOBAHHYIO KapTHUHKY 3a OcIIeHHbIE
cyMMBbI, HO Takux He MHOTo. NFT TOKeHBI He OYeHb MOMYJSPHBI W3-3a WX CIMIIKOM OOJBIIUX 3aTpat
AJIEKTPOIHEPTHUU U BPEIC IPUPOJIBI.
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:

Puc. 1. llpunuun pabotel 6iokueiina
Fig. 1. How the blockchain works

DaKTUYECKH, TOKEHbI HE SIBISIFOTCSI KPUMITOBAIIOTOM, a JIHIIb SBISIOTCS BUAOM IUGPOBBIX JEHET,
HO TMIOCKOJBKY TOKEHBI YacTO 3aTPardBalOTCS C TEMOW KpPUITOBAIIOT, MHOTHE IyTaloT ux [6].
PaccMoTpuM pas3nuuuns TOKEHOB U KpUIITOBAIOT (Taba. 1) [6].

Tabnuya 1
Pa3nnuust TOKEHOB ¥ KPUIITOBAIIIOT
Table 1
Differences between tokens and cryptocurrencies
[TapameTp TokeHsl KpunroBamoTsl
Iena Omna 3aBHCUT OT OoJbIIOrO psifa GakTopoB: | Ha phiHKe Bcerga MmoIHOCTBIO
CIIPOC, TPEUIOKEHUE, B3aUMOJEUCTBUE C | PETYIUPYETCS
JIpyTUMHU aKTUBaMH, BBIITYCK
JIOTIOJIHUTEIIbHBIX TOKEHOB
biiokueiin HeoOs3aTensHO 10JDKHBI OBITH 3amylieHsl | Becerma wmmeer coOCTBEHHBIN
Ha COOCTBEHHOM OJIOKYEITHE OJI0KYeiH
Bepuduxamus | Moxet ObITh Kak IIEHTpaIN30BaHHAs, Tak U | Moxer OBITH TOJIBKO
Omuccus JICLEHTPpaJIN30BaHHas JEHEHTpaJIN30BaHHAs

Ecnm paccMoTrpers Oosiee AeTalbHO CYHNIHOCTH KPHUNTOBATIOT M MX PAa3HOBHIHOCTH, TO MOYKHO
BBIJICJIUTH €IIIE JIBE UX PA3HOBUIHOCTHU: AIbTKOMHBI U CTEHOIKOMHBI.

ANBTKOMHBI — 3T0 OaHaJIbHOE YIyUIIEHHE CTAPBIX KPHITOBATIOT. B CYIIHOCTH — 3TO BCSl HOBas
KPHUNTOBAJIIOTA, HOBBIE MOHETHI, KOTOPBIE CO3/JAI0TCS Ha OCHOBE MCIIPABICHHS OLIMOOK CTaphIX BaJIOT
(HampuMmep, iepBasi yiryullieHHas BamoTa Ethereum, kortopast 3aHuMaeT 2 MeCTO B TOIIE BAJIIOT).

CreitbaKxonHbI — CTaOWIbHAS KPUNITOBAIIOTA, CTOMMOCTH MOHET KOTOPBIX NPUBsI3aHA HE K OMpIKe,
a K yeMy-To Ooyiee MaTepuaIbHOMY M PEaTbHOMY, K IPUMEPY 30JI0TO, He()Th, WK ke JoJutapbl. Takas
BaJIFOTA CYMIECTBYET JUISL TOTO, YTOOBI BBIBOIUTH IEHBIU C OUPIKH, TaK KaK MPH BBIBOJIEC OepETCs OobIIas
KOMHCCHS M 4TO OBl HE HECTH 3aTpaThl Ha KOMHCCHIO, JICHBI'M BBIBOJST 4Yepe3 TaKyl BANIOTY, camas
n3BecTHast u3 kotoperx USDT.
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KpunroBajitoTy Ha4MHAIOT YXE HCIOJIb30BaTh JJIsi OMOMETPUHU JAaHHBIX MOJb3oBarenei. Tak,
HaTpUMep, YXKe CYIIECTBYET JIBa TMOIYJISIPHBIX CEpBUCA JJIS MICHTH()HUKAIMK JTUIYHOCTH B WHTEPHETE,
CYTh B TOM, YTO JaHHYI HH()OPMAIIMIO HUKAK HEJb3s MOMAJCNIaTh U BO3MOXKHO OyayIleM 3Ta cHcTeMa
3aMeHUT nacnopT. OuH U3 MPOeKToB, 370 CiVIC, JaHHBIN MPOEKT SBISIETCS KPUIITOBAIIOTOMN, Oaroaaps
YeMy OH 3aHMMAaeT XOPOIIYIO TO3MIMI0 Ha MHUPOBOM pbIHKE. JIaHHBIM CEpBHUC JaeT IMOJIb30BATEISAM
BO3MOKHOCTb:

— PErucTPUpPOBATHCS,

— TOJTBEPXkIATh MEPCOHAIBHYIO HH()OPMAIIHIO

— 3alMIATh JUYHYIO0 KPEJAUTHYIO HCTOPUIO OT MOIIICHHUKOB.

Ecnu mpoanamusupoBaTh Ha pocT Kypca Mouersl Civic (puc 2.), TO 3aMmeTHa pasHHIA, Kak
OJIOKUEHH TEXHOJOTMH PEe3KO cTaiu momyisipHbl B 2018 rogy, Tak W IieHa MOHETHI B3JIETela BBEPX,
MOTOM, KOHEYHO, €€ TMOMyJISIPHOCTh yIalia, T.K. TEXHOJOTus ObLaa €1abo pa3BUTa, HO ceddac MOHeTa
3aHUMAeT YBEPCHHOE IOJOXCHUE Ha MHPOBOM DPBIHKE M 3aHMMaeT B Tome 273 MecTo, ¢ PhIHOYHOMH
KanuTanm3aued B 12 mipa. pyo.

_

RUB 2018 ? 2019 2020 I 2021 I 2022

Puc. 2. Kypc monetsr Civic
Fig. 2. Civic coin rate

Bropoii ke npoekT HaseiBaeTcss UniqulD Wallet, kotopslit maeT BO3MOKHOCTh UMETh O€30MacHoe
pellieHre B yMpaBICHUH HWACHTU(HUKAIMEH, WHTETPUPOBAHHOE CO CKaHEpaMHU OTIIEYAaTKOB MAJbBIEB, a
TaKXKe pasHble IPYTMMH BO3MOXKHOCTSMHU OMOMETPUYECKUMH MEPCOHAIBHBIMHM yCTpoHCTBaMHU. JlaHHOE
MpuIoKeHne paboTae Kak Ha cepBepax, cMapTdonax, [IK, HecTaHmapTHBIX U JIPYTHUX YCTPOMCTBax ¢
OTpaHUYEHHBIM BpeMeHeM paborel 0e3 mutanusa. UniqulD Wallet oGnamaeT BO3MOKHOCTBIO JIJIst
WH/IMBUYaTbHOTO OJOKYEHH-XpaHIIIUING, MCIIONb3yeMOoe sl HHPOpManuu 00 JeBaiicax U OTCYTCTBUS
napoJielf, KOTOpble 3aMEHEHBbl JITOPUTMaMH JUIl PACIO3HABAHUS YEJIOBEKa IO €ro MepCOHAIbHBIM
00BEKTaM, KOTOpbIE TOAKIIOYEHB K cucreMe. JlaHHbIe (GYHKIUM JaOT BBICOKYIO BO3MOXHOCTb
LEIOCTHOCTU M OTIEPATHBHOM COBMECTUMOCTH JIJIsl B3aUMOJICUCTBHSA C JF000i MHpacTpyKTypoii [7].

Ascribe — maHHBIH MPOEKT JaeT BO3MOXKHOCTh TBOPYECKUM JIMYHOCTSIM, XYJI0KHHKAM COXPAHSITh U
MOJITBEPXK/IaTh CBOE MPaBO Ha aBTOPCTBO Ojarojaps OJIOKYEHH, Tak K€ JaeT BO3MOXKHOCTb C TIOMOIIBIO
UU(ppOBBIX CEePTUPHUKATOB U YHUKAJIBHBIX WJIEHTU(PUKATOPOB cojaBaTh LU(POBBIE H3TAHUS IS
MOJTBEPXKICHUS WX TOUIMHHOCTH M aBTopcTBa. CIENyIoUMii ero Iuloc eme B TOM, 4To Oiaroaaps
BCTPOCHHOMY MEXAaHHU3MY €CTb BO3MOXHOCTb TaKoW (DyHKIMH, KaK Iepegayda rnpasa BIaJeHUs OT aBTOpa
(Xy10’)KHUKA) HETIOCPEJCTBEHHO K KOJUIEKIIMOHEY WJIM TOKYIATEeNI0 ¢ COOIIOACHNEM BCEX IOPHIUYECKUX
acrektos [7].

PE3Y/IIBTATHI HCCIIE/JOBAHHUA H HX ObCYK/I[EHUE
Pa3BuTHe OMOK4YEHH TEXHOJOTHI OYEHBb CIIOXKHO IMpelcKa3aTh. MHUPOBOW PBIHOK HE MPEICKa3yeM,
MIPOTHO3bI, KOTOPBIE BBIABUTAIM IOJAMHM paHEE YK€ HEaKTyalbHbl, B35Th, K MPUMEPY HCCIEIOBAaHUE
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pasButust kpunroBamor ¢ 2017 roma. B 2015 romgy o6mmit obopor 6but $509 muhH., a k 2024 romy
porHo3upoBaics obmuii odopor B $7,74 mupa. (puc. 3).

HccnenoBanus, mpoBoIuMbIe POPecCHOHaTaMu, TOXKE HE BCET/Ia COBMAJAIOT C PEATbHOCTAMHU, TEM
Oojee mpeacKazaTh YTO-TO HOBOE JIOBOJIBHO CIIO)KHO, TaK KaK B OBICTPOMEHSIOLIEMCS MHUDPE U
MOTPEOHOCTSAX YaCTO CaMble HEBEPOSITHBIC HJIEH 3aHUMAIOT JHIUPYIOMIME MO3UIMH JOBOJIBHO OBICTPO,
KaK B MPUHIIMIIEC ¥ MPOHU30ILIO ¢ OokyeitH Texnonorueit. B 2020 romy obemany o6muii 000poT phIHKa,
npuOmKEHHBIN K $3 Mip., HO ommoOKa ObUTa CIMIIKOM Bennka, B 2020 roay o0t 060poT peIHKa OBLT
$3 tpiun., B 2021 yxe $4.68 tpiau. Temeps xe k 2028 roay obermiaror obmmuii 060poT peiaka $104 TpiH.
[8]. Koneuno, 3T mporHo3sl MOTyT ObITh HE BEPHBI, BeIb CIIE HE MOHATHO Kakue Cepbl HAYHYT
yTIyOIsThCS B pa3BUTHE OJIOKYEITH TEXHOJIOTHH.

CrienianucTbl OJIOKYEHH TEXHOJIOTUI OYeHb LIEHHBI, HACTOSIINX MPO(EeCcCCHOHATIOB OYEHb Mallo, 3a
TaKUMU CHELHATUCTaMH BeIETCS HACTOAIIAS «OXOTa», HO B OCHOBHOM HUX 3a0uparoT cebe OaHKW,
npemiaras uM 3apraty B 200-400 Teicsy.
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Puc. 3. IIporuo3 pa3BuTHs pbIHKa
Fig. 3. Market Development Forecast

BocTtpeboBaHHOCTH CHEIUMANUCTOB OJOKYEHHAa W KOJIMYECTBO BaKaHCHUN MOCTOSHHO pacTer. Tak,
Hampumep, 3a roxa ¢ 2016 -2017 r. BakaHcHuU crienUanuCcToB: 1o OnokueitHy ¢ 20 Beipocsio g0 201, mo
KkpunTopaitore ¢ 9-163, mo maitnunry ¢ 4-23. B 2018 roay k unciy mpubasuiochk 200, a B 2019 emé 200.
B 2021 rony, mpoaHanu3upoBaB BECh PBHIHOK BBIBEIM CTATUCTHKY, YTO BaKaHCUM IO pa3padoTKe
MPOrpaMMHOTO oOecIeyeHHsl 3aHuMald caMylo Oompiryto jpomo — 29,7%. B 2021 roay nons
yIpaBIeHYECKUX JODKHOCTEH 3aHsuia Bropoe mecto ¢ 10%, uto Ha 29,87% O6onbine, uem B 2020 roxy.
Bakancun B cdepe Kpumnrto- U OJIOKYEHH-TEXHOJOTHI B OTHENax KaapoB, MapKeTHHra U ()MHAHCOB
3auKkcUpoBaIM camble BHICOKHE TeMITbl pocTta B niepuon ¢ 16 urons 2020 roma mo 16 uronst 2021 rona,
cocraBuB 200%, 105,88% u 100% cooTBeTcTBeHHO. /laHHBIE TaKKe MOKA3BIBAIOT, YTO 110 COCTOSHHUIO HA
16 wronst 2021 roma monst oOBSBICHUM O BaKaHCHAX B c(epe KPUIITOBATIOT M OJIOKYCIHHA BBIPOCIIA HA
118% mno cpaBHenuto ¢ 5 ceHts10pst 2020 roxa [9].

IMo mamusiM Financial Times B 2021 romy BakaHCHHU i JIIOACH C HAaBBIKAMH HCIOJIb30BAHUS
TEXHOJIOTHH OJIOKYEHH BBIPOCIO B TpH pa3a B cpaBHeHUU ¢ 2020 r U MpeBBIIIACT OAHY ThHICAUY, a
OOBSIBJICHHH, CBSI3aHHBIX C TEXHOJIOTHEH PaCHpEeeICHHOTO peecTpa, yBEIMIWIOCh Ooliee dem Ha 40%.
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VY3ke OKOJIO JIeCATH THICSYEH IMONb30BaTeel YKa3bIBalOT B CBOMX aHKeTaxX OJOKYEHH, B OCHOBHOM 3TO
xutenn Opannun, Uanuu, BenmukoOputanuu, ['epmanun, Hunepmannos, CIIIA u apyrux crpan. Bcee
Oonee BOCTPeOOBAHHBIMU Ha PBIHKE CTAHOBSTCA CHEIMAIMCTHI 007acTH OJOKYEHH B (DMHAHCOBBIX
cekTopax u UT-texHonoruu, ctpaxoBaHuu. [Ipy 3TOM UX Cripoc onepekaeT MpeiokeHUue, 1 OHU MOTYT
paccuuTHIBaTh Ha 3apIuiatel cBbiie 250 Thic. qosapos [12].

OaHu Y3 TMOCHENHUX JAHHBIX MO CTaTHCTHUKe 3apruiaT OJjokdelH paspaboruukoB. [lpuBenem
CpPaBHEHHE I10 aKTyaJIbHOMY KOJIMYECTBY BaKaHCHM OJOKYEHH pa3pabOTIUKOB B CPABHCHUH C OOBIYHBIMU
pa3paboTYMKaMK U MX CpeaHeii 3apaboTHOI miatoii (puc. 4).

CKOJIbKO BaKaHCWU# C 3apniaToin
Mpodeccus, CpenHsan 3apnnata, MeauaHHas 3apnJiaTa, Y4UTbIBanoCh //

BAOJKHOCTb py6. py6. BCero BaKaHcui //
[aTa BblYUC/IEHNA 3apnaaTt

13551 Bak. (c3n)

paspaboTunk 176109.0 155000.0 32195 Bak.
21.01.2022
54 Bak. (c 3n)

Blockchain 424481.0 329000.0 113 Bak.
12.02.2022

Puc. 4. 3apaboTHas mara 6J0KYEHH pa3pabOTYNKOB U OOBIYHBIX pa3padOTINKOB
Fig. 4. Salary of blockchain developers and regular developers

IMpuBeseM Tak e MPOIEHTHOE COOTHONICHHWE 3apIljiaT M0 HBIHEIIHUM BaKaHCHSIM OJIOKYEHH
pa3paborunkoB (cm.tads. 2) [10].

Tabnuya 2
HpOI_IeHTHOC COOTHOMICHUC 3apIlIaT 110 HBIHCIIHUM BAKAHCHUAM OJIOKYENH pa3pa6OT‘-II/IKOB
Table 2
Percentage ratio of salaries for current vacancies of blockchain developers
/nana3oH, pyo Bakancumn, %
10 201000.0 18.52
201000.0 - 253000.0 18.52
253000.0 - 329000.0 11.11
329000.0 - 377000.0 11.11
377000.0 - 453000.0 11.11
453000.0 - 513000.0 11.11
513000.0 - 753000.0 11.11
ot 753000.0 7.41

PykoBoauTenn roToBBI IJIATUTh OACHOCIIOBHBIE 3apIUiaThl, HO MpO(eccCHOHallaM CBOETO JIena,
KOTOpbIE TOCTOSHHO Pa3BMBAIOTCA U MporpeccupyroT. Kak yke roBoprioch 0COOEHHO BOCTPeOOBaHbI
CHENUATUCTEI B OaHKOBCKOHM cdepe. CrenmanucTsl MCHaHCKOro OaHka Santander mokaspIBarOT, 4TO K
2022 r mupoBble OaHKU Onarogapsi GJOKYEHH TEXHOJOIMHM CMOTYT YMEHBIIUTh M3/EpKKHU oT 15 mo 20
MJIpA. JOJUIAPOB, a TAKKE BHEAPUTHCS M MPE0OpPa3oBaThCs B IPYTUX CEKTOpax SKOHOMHUKH, TAaKMX Kak:
JIOTOBOPHOM CEKTOp, YIpaBlieHHE LEMsAMU IIOCTaBOK, XPaHEHHE JaHHBIX, IUIATEXKHbIE IEPEBOIBI,
AJIEKTPOHHOE TOJIOCOBaHME, (OHIOBBIE OWpPXXHM H KpayAdaHAWHT, TpsSMbIE MPOJAKH, 3allIuTa
HHTEJICKTyalbHOM coOcTBeHHOCTH [13].
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3AK/TIOYEHHE

W3 npuBeACHHBIX JaHHBIX MOXHO YETKO U YBEPEHHO CKa3aTh, UYTO OJIOKYECIH TEXHOJIOTHUS JOBOJIBHO
npocrasi cepa U OYeHb MEPCIEKTUBHAS IS JAIBHEUIIETO Pa3BUTHS M BHEIPEHHUS BO MHOTHE JPYTHE
cdepbl KU3HEEATEIBHOCTH YelloBeKa. JlaHHble BHEAPEHUS yKe JOCTaTOYHO MPUMEHSETCS, HO, 110 CyTH,
3TO €Il TOJIBKO HAayajo, a caMo Pa3BUTHE U IOJIHOE NIpUMEHEHME elie Buepeau. CoBceM yxe CKOpo Bce
HallM JOKYMEHTHI, JaHHble OyIyT B CETH, M AJI1 3TOr0 HYy>KHAa MaKCHMallbHasl 3allluTa, 4ero MOXHO
JOCTUYh C MOMOIIBI0 OJIOKYEHH TexHoJIoTui. KpunToBamoTa Tak k€ He CTOMT HA MECTe U BCE OOJbIIe
MTOKOPSIET MUPOBOM PBIHOK, CKOpEe BCETO0, MPOTHO3bI, OMMCAHHbIE B JAHHOW CTaThe, CHOBA HE COYIyTCS U
MIPEBBICAT BCE OKUIAHMS U CTATHUCTHUKY JKCIEPTOB. Beé Oyaer 3aBUCETh OT KBATH(PUKAIUU HBIHEITHETO
MIOKOJICHUSI, KaK CUJIBHO OHA OyJIeT pacTu M KaKUMU TEeMIaMH, HO Ojarojaps XOpOLIMM rOHOpapaMu 3a
TaHHBINA TPy, oHa OyaeT ObICTPO pa3BUBaTHCA. C KaXKIBIM I'OJJOM CTAHOBUTCS BCE OOJIBIIE CTICIIHATTUCTOB
C KpEaTHUBHBIMU HJESMHU, MBICISIMHU, 3HAHUSMHU U TOJIE3HBIMU OTKPBITHSAMH JJisi BceX cdep >KU3HHU.
brnokueiin Bce Oosee BHeApAETCS B HOBBIE c(hephl KU3HEAEATEIILHOCTH 00Jerdas Tpy/[l Jr0AeH, 3aluias
JTAHHbIE 1 MaTepUAJIbHBIE CPEJICTBA HACEIICHUS.
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AHHOTAIIMSAA

B cratebe paccMaTpuBarOTCS OCHOBBI OPUTHHAIBHOTO (POPMAJBHOTO ammapara — HCUHUCIICHHE
cucTeM Kak (QYHKIHMOHAIBHBIX 00BeKTOB. McumcineHune paccMmarpuBaeTcs B KOHTEKCTE €ro
UCTONB30BaHus Uil (opMali3aldy OpPOLEAYp CHUCTEMHO-OOBEKTHOTO aHaimm3a ciabo-
(dopManu3yeMbIX CHCTEM C LEJNbI0 MOAEIMPOBAHMS MPOLECCOB aalTalld M 3BOJIOLMU TAKUX
cucrteM. PaccmarpuBaioTcsi 0a30Bble MOHSTHS WCUUCICHHS, TaKHe KaK: CHCTEMHO-OOBEKTHAs
MOJENb, Y3JI0BOM OOBEKT, IIOTOKOBBII OOBEKT, CBS3M CHCTEMHO-OOBEKTHOH MOZENH,
CTPYKTYypHBIE KOMIIOHEHTBHI TIOTOKOBBIX H Y3JIOBBIX OOBEKTOB. PaccmarpuBaeTcs mnpumep
abcTpakTHOH cucTeMbl U ee (popMabHOE IPEACTaBICHUE CpelcTBaMu ucuncienus. Kpome Toro,
NPUBOIUTCA TNPUMEP HCIONB30BAHUS METOAAa  CHUCTEMHO-OOBEKTHOTO  HMMHUTAlMOHHOTO
MOJEIIUPOBAHUS [UI1 TOCTPOEHHUS MOZEIH CHCTEMBbl (HOPMHUPOBAHUS KOMOWHHPOBAHHOTO
KaHAJIbHOTO CHUTHAaJla C ILENbl0 HCCICIOBAHUS €r0 YPOBHS YCTOWYHMBOCTH K IIOMEXaM.
PaccmotpenHble B paboTe MexaHU3MbI ()OPMAJIM30BAHHOIO OIUCAHUSI CTPYKTYpPHl U (DyHKIHH
CIIOKHBIX CHCTEM IO3BOJISIFO YUUTHIBATH NPU MOJCIHPOBAHHUU PsiJl OOIIECUCTEMHBIX MPUHIIUIIOB
1 3aKOHOMEPHOCTEH, a TaKkKe IPUPOAY MOJAEINPYEMOIl CUCTEMBI, aJIeKBaTHYIO pelIaeMoi 3afaye.
KawueBbie ci10Ba: CHCTEMHO-OOBEKTHBIM MOJAXOH; CHCTEMHOE MOJICIIMPOBAHUE, CHCTEMHO-
00BEKTHAS! MOZENb; y3JI0BOH OOBEKT; TOTOKOBBIH O0BEKT
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Abstract

The article discusses the basics of the original formal apparatus — the calculus of systems as
functional objects. Calculus is considered in the context of its use to formalize the procedures of
system-object analysis of weakly formalized systems. The basic concepts of calculus are
considered, such as: a system-object model, a node object, a streaming object, connections of a
system-object model, structural components of streaming and node objects. An example of an
abstract system and its formal representation by means of calculus is considered. In addition, an
example is given of using the method of system-object simulation modeling to build a model of a
combined channel signal generation system in order to study its level of resistance to interference.
Key words: system-object approach, system modeling, system-object model, node object, stream
object

For citation: Zhikharev A.G., Mamatov R.A., Gubkin A.V., Ignatenko P.V. Structural elements
of calculus of systems as functional objects // Research result. Information technologies. — T.7,
Nel, 2022. — P. 57-67. DOI: 10.18413/2518-1092-2022-7-1-0-7

BBE/IEHHE

CucteMHO-00BEKTHBI METOJ| aHanu3a ciabo-popmanuszyeMbix cucteM [1] mpencraBiser coboi
MEPCIIEKTUBHOE HAINPABJICHHUE PA3BUTHUSI CUCTEMHO-O0BEKTHOrO Moaxoza [2] B mpukiagHoM acrekre. C
Lesbo (popManIu3aluy CUCTEMHO-00BEKTHOTO aHanu3a [1] panee aBTopaMu NpeIoKEeHO UCIOIb30BAHNE
Teopun 00bekTOB AOOanu-Kapaennu [3]. Ognako, nanHas opmaibHas TEOPUS HE MMO3BOJIIET YUECTh BCE
cucreMoobpasyromnue pakTopbl MOJIEIUPYEMON CUCTEMBI, a TAKXKE OMMCATh AJIEMEHTAPHbIE ONEpalluy Ha
MHOXECTBAaX CTPYKTYPHBIX, (YHKIIMOHAIBHBIX U OOBEKTHBIX XapaKTEPUCTHUK MOJCITHPYEMOH CHCTEMBI.
Jlnst pemieHWst JaHHOW 3ajauyd  aBTOpaMHU TIPEJIOKEH OpPUTHHAIBHBIM (OpMaibHBIA ammapar —
WCYHCIICHUE CHCTEM KakK (PYHKIMOHAIBHBIX OOBEKTOB, TJ€ HCIOJB3YIOTCS HEKOTOphIe (hopMaIn3Mbl
Teopun 00bekTOB AOOamu-Kapnmenmu. Panee ObLIM OIpeneNieHbl TaKWe TIOHITHS, KaK: CHCTEMHO-
00BEKTHAST MOJIEITh, TOTOKOBBIM OOBEKT (YaCTHBIN ciydail 00bekTa Teopun A6Oaau-Kapaennn), y3moBoit
00bekT [4]. PaccMoTpuM moipoOHee MHOKECTBO y3JIOBBIX OOBEKTOB B TEPMUHAX UCUUCIICHUS] CUCTEM KaK
(GYHKIIMOHATBHBIX 00BEKTOB.

MHOKECTBO Y3JIOBbIX OFBEKTOB

BBeneM B paccMaTpuBaeMoe HCYHCIEHHE MHOXECTBO Y3JIOBBIX OOBEKTOB S, KOTOpoe
COOTBETCTBYET MHOXeCTBY cucTeM Kak Y®DO-snementoB. Cuctema kak YDO-371eMeHT MpecTaBiseT
co00il TpUeANHYI0 KOHCTPYKIIHIO, TJI€ JODKHBI OBITh YUTEHBI CTPYKTYPHBIE XapaKTEPUCTHUKU CHUCTEMBI,
OTIPE/ICTISIONINECS] TEePEKPECTKOM BXOJSMIIMX M HMCXOMSAIIMX CBS3€H CHUCTeMBl. TakuM oOpa3om,
CTPYKTYpPHBIE XapaKTEPUCTHUKU CHUCTEMBI, IPEICTABISIIOT cO00N MHTEpdeic CUCTEMBI, 32 CYET KOTOPOTO
OHa MOKET pPacCMaTPUBATHCS B KOHTEKCTE HEKOTOPOU HajcuCcTeMbl. DYHKIIMOHAIBHBIE XapaKTePUCTUKU
CUCTEMBl OMNPEIENAIOTCS 3allpOCOM HAJCHCTEMbl — BHEIIHAA JETEPMHHAHTAa CHUCTEMBI, KOTOpas
(dbopManpHO TIpe/CTaBiieHa Kak pa3 B Buje umHTepdeiica YDO-anemeHTa (janmee — y3I0BOH OOBEKT).
Takxe GyHKIIMOHATbHAS XapaKTEPUCTHKA OMpEAeNseTCsl KOHKPETHBIMU MPOLeypaMu MpeoOdpa3oBaHus
BXOJIHBIX CBSI3€H Y3II0BOrO 00BEKTa B BBIXOJHBIE. OOBEKTHBIE XapaKTEPUCTHUKU Y3JIOBOTO OOBEKTa
MPEJICTaBISAIOT cO00M Habop mapaMeTpoB TOM CyOCTaHIIMU, KOTOpas peain3yeT (DyHKIHIO Y3JI0BOTO
oObekTa. Takum 00pa3oM, MHOXKECTBO Y3JIOBBIX OOBEKTOB CHCTEMHO-OOBEKTHON MOJIEIH MOMKET OBITH
MIPEJICTAaBJICHO B CIEAyIoeM (opManTbsHOM BHIE:

S :{51!"':571}: (l)
r7ie N — KOJMYECTBO y3JIOBBIX OOBEKTOB (CHCTEM); Sn — Y3JIOBOM OOBEKT.

Hns yuera B (opmanpHOM ammapare HCYHCICHHS CHUCTeM Kak (yHKIHOHAIBHBIX OOBEKTOB
KOHTEKCTa CHCTEMbI, BBEIEM BO MHOXECTBO Y3JIOBBIX OOBCKTOB CIEIUATBHBIA  JJIEMEHT,
MPEACTABISAIONIUNA COO0M KOHTEKCT MOJIECIUPYEMON CHCTEMBI, Jajiee TaKOW Y3JIOBOH OOBEKT Oynem
0003HaYaTh C HIKHUM HHICKCOM «kontext» — Scontext. 1aKOH y3710BOW OOBEKT SIBISETCA «UYEPHBIM
SALIIUKOM» C TOYKHM 3PEHHUS MOJEITUPOBAHUS, OJHAKO €ro HEoOXOAMMO YUYHTHIBaTh, TaK KaK HUMEHHO
KOHTEKCT CHUCTEMBI OIpEACNSeT €€ BHEIIHIOK JeTEPMHHAHTY, KOTOpas B MOJEIH TMpPEICTaBJICHA
BXOJALUIMMHU U HMCXOJSAUIMMH MOTOKOBBIMH OOBEKTaMHU IEPBOTO YPOBHS. TaKUM OOpa3oM, MHOMXECTBO
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Y3JIOBBIX OOBEKTOB CHCTEMHO-00BEKTHON MOZEIH Beeria OyAeT BKII0UaTh KOHTEKCTHBIN y310BOM 00BEKT

Scontext.
Kaxmprii n-it 2JIeMEHT MHOXKECTBA S TIPEICTABISICT COOOW CIEIUATBHBIA y370BOH OOBEKT

(cooTBeTCTBYIOIMIMK KOHKpETHOUW cucteme/Y DO-371eMeHTy), KOTOPhIi B COOTBETCTBUM C HCUHCICHUEM
00bekToB AOOanu-Kapaemim cocTouT U3 mosiei 1 MeToa U UMEET CIICAYIOUINA BU:

sn = [U, £, 0], )
rjae:

1. U— npencraBnsier co00il MHOXKECTBO MOJEH [Js ONUCAHUS HHTEPPEHCHBIX MOTOKOBBIX
OOBEKTOB Y3JI0BOrO 00BeKTa Sp (IOPTHI Y3JI0BOIO OOBEKTA), COOTBETCTBYIOIIUX MHOXECTBY
(GYHKIIMOHATBHBIX CBsA3EeH MoAenupyeMoil cuctembl. MHOkecTBO U, B CBOIO 0Yepe/ib MOXKHO Pa3JIeIUTh
Ha /IBa [TOJIMHOXKECTBA: MTOJIMHOXKECTBO MIOTOKOBBIX O0OBEKTOB, KOTOPBIE BBICTYIAIOT B KAUECTBE BXOJHBIX
MIOPTOB U MOJIMHOXKECTBO MOTOKOBBIX OOBEKTOB, BHICTYAIOIIUX B KAUECTBE BBIXOHBIX IOPTOB Y3JI0BOTO
00BeKTa, TAKUM 00pazoM:

U=U?0U! 3)
rne, L? — mnpexacraBisier co0O0 MHOXECTBO BXOISIMIMX HMHTEP(HEHCHBIX MOTOKOBBIX OOBEKTOB,
COOTBETCTBYIOIMX BXOJAIIMM CBA3sIM cucTeMsbl, L! — mpexacraBiser co00r0 MHOXECTBO HCXOIAIIMX
UHTEP(PEHCHBIX TOTOKOBBIX 00BEKTOB, COOTBETCTBYIOIINX BBIXOISIINM CBS3SIM CUCTEMBI.

2. Oyukuus B BeipakeHun (2) f— mpencrasiser co0Od METOX y3JI0BOro 0OBEKTa  Sn,
OINMCHIBAIOLINI  Mporecc MpeoOpa3oBaHUsl PECypcoB, TMOCTYMAIOMIMX IOCPEACTBOM  BXOJISIIUX
UHTEPPEHCHBIX MOTOKOBBIX OOBEKTOB (BXOAAMIMX cBsizeil cucrtembl) L? B Beixomsmume — LI, [lanmee
METOJ] Y3JIOBOTO O0BEKTa OyJeM TPEICTaBIATh B BHIEC (PYHKIUU OT MHOXKECTBA BXOJSIINX TTOTOKOBBIX
00BEKTOB:

F@2)LY, (4)
rne f— meron y3moBoro oobekTa (PpyHkuus cuctembl) ¢ obnacteio onpenenenus D(f)=L? u oGnacthio
snayenuii E(f)=L!, coorBercTBeHHO. Tak Kak BXojsiiue WHTEPQEHCHBIC MOPTHI Y3JIOBOIO OOBEKTa
SBJISIFOTCS K3EMIUIIPAMU MHOKECTBA TOTOKOBBIX OOBEKTOB, T.€. CIIPABEUIMBO YTBEPKICHUE, YTO JIFOOOH
BXOJISIIIUHI MOPT Y3JI0BOTO 0OBEKTA MPUHAICIKUT MHOKECTBY TOTOKOBBIX OOBEKTOB!

VIE L7 12€ L (5)
HpeI[CTaBJICHHOC BBIIIC YTBECPIKACHUEC TAKKC CIIPABCAJIMBO JIS UCXOAIIUX CBS3EN CUCTEMBL:
VIIEL -1 EL (6)

3. O — mpeacTaBnsieT COOOI0 MHOXKECTBO TOJEH A OMHUCaHUs OOBEKTHBIX XapaKTEPUCTHK
Y3JI0BOTO 00BEKTa (CHCTEMBI) Sp, JIEMEHTHI KOTOPOTO MMEIOT CIENYIOMUN (hopMaT: «HACHTH(PUKATOPH:
«3HaueHuey. T.e. MHOkecTBO O MOXKHO MOHUMATh, Kak HaOOp moiel y3noBoro oobwekrta. [lpuyem, mons
y3JI0BOT0 00BEKTa MOKHO YCIIOBHO TOJICTUTh HAa TPH TPYIIIIBL: MIEPBas TPYIIIa — XapaKTePU3YIOT BXOTHBIE
MOPTHI y3J70BOr0 O0BEKTa (HampuMmep, MPOIyCKHas CIIOCOOHOCTh BXOJSIIETr0 IMOpTa), BTOpas Tpymia
XapaKTepu3yeT BBIXOJHBIE MOPTHI Y3JI0BOr0 00BbEKTa (HampuMmep, MPOIMyCcKHast CIOCOOHOCTh BXOJSILETro
1opTa), TPEThs TPyINIa — XapaKTepu3yeT OOBEKT, YUYacCTBYIOUIMHA B pealM3alldd METO/a Y3JI0BOTO
o0bekTa. TakuM 00pa3oM, MHOXKECTBO TOJICH JUIsI OMHCAHUS OOBEKTHBIX XapPAKTEPUCTHK CHUCTEMEI
COCTOUT M3 TPeX MOAMHOKECTB!

0 = 0?u 0'U Of, (7)
rze: MHOXkecTBO nosieit O? cofepKUT mapaMeTpsl, XapakTepu3yroume BXo sl cucteMbl, Ol — MHOXecTBO
napamMeTpoB, XapaKTEPU3YIOIIUX BbIXOJbI cucTeMbl 1 Of — MHOXKECTBO mapamMeTpoB, XapaKTEPU3YFOIIIX
O0BEKT, yuacTBymOImMii B peanu3anuu ¢GyHKIuH cuctembl. C  QopManbHON TOYKHM 3pEHUs,
NEPEUYHCICHHbIE MHOXXECTBA OOBEKTHBIX  XapaKTEPUCTUK COJAEPXKAT IOCTOSIHHbIC  BEITUYMHBI,
3a/ICICTBOBAaHHBIC B ONMMMCAHUK (PYHKITUH y371a (MoapoOHee OyIeT pacCMOTPEHO Jajiee).

[IpyHuMas BO BHHMaHHE ONHCAHHBIC BBIIIE KOMIIOHEHTHI Y3JIOBOTO OOBEKTa, BhIpakeHUE (2)
MOJKHO 3aITUCaTh B CIIEAYIOUIEM YTOYHEHHOM BHUJIE:

s, = [L?,LY; f(L?)L}; 07,0, 0f] (8)

['paduueckoe npeacrapnenue BoipaxkeHus (8) mokazaHo Ha pUCYHKeE 1.
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Bripaxxenne (8) OyaeM HCIONB30BaTh Jajiee JUIsl ONMHMCAHUS Y3JIOBBIX OOBEKTOB CHCTEMHO-
00BEKTHOU MOJIEIIH.

MHOJKECTBO CBA3EH CHCTEMbI

[anee paccMOTpUM MHOKECTBO CBSI3€M CUCTEMBI. PaHee Mbl ONpeennii MHOKECTBA TIOTOKOBBIX U
Y3JIOBBIX OOBEKTOB — «CTPOMUTENbHBIA MaTepuam», M3 KOTOPOro cosjnaercs mojeib. i yyeTs
BHYTPEHHUX CBsI3€l CUCTEMBI B ONpeEIesIeHne CUCTEMHO-00BEKTHOM MOIeNI BBOAUTCSI MHOXecTBO C, rie
COJIEpKaTCsl BCE CBS3M MEXIy y3IOBbIMH oObekTaMu. Kakmas cBsi3b, XapakTepU3yeTcs, KaKk MUHUMYM
TpeMsi KOMIIOHEHTAMH: UCTOYHHK CBSI3U — DK3EMILUIAP Y3JIOBOTO OOBEKTA, JUIsl KOTOPOTO CBSI3b BHICTYMAET
B KayeCTBE HCXOSIIEH; MOMydyaTesib CBA3M — DK3EMIUIIP Y3JI0BOro oOBEeKTa, IS KOTOPOTO CBS3b
BBICTYIIA€T B KAueCTBE BXOJSIICH; THUIl CBS3U — 3K3EMIUISIp MOTOKOBOro oOwhekra. Takum oOpazom,
MHOECTBO CBSI3€H CUCTEMHO-O00BEKTHON MOJIEIH OTPEICTIUM CIICIYIOIIUM 00pa3oMm:

C = {(sout!sin: I'-)lsoi,.aif €S, Sin € S,le L}: (9)
T/€: Sout — DK3EMIUIAP Y3JIOBOTO OOBEKTa — MCTOYHHKA CBSI3U; Sin — IK3EMIULSIP Y3J0BOr0 O0OBEKTa —
noJryyatess CBsi3H; | — THI CBSI3M MEXIly YKa3aHHBIMU BBIIIC y3JIOBBIMU OObEKTAMH.

PaccMoTpuM mpuMmep ommcaHus aOCTPaKTHOW CHUCTEMBI B TEPMHHAX HCYHUCIICHUS CHCTEM Kak
(GYHKIMOHATBHBIX OOBEKTOB, HCIOJB3YysS MHOXKECTBA IOTOKOBBIX, Y3JIOBBIX OOBEKTOB U CBS3EH,
omucaHHble BbIme. Jls 3TOro paccMoTpuMm rpadoaHAIUTHYECKOE TPEICTABICHUE CHUCTEMBI, Kak
MOKa3aHO Ha pUCyHKeE 1.

St
by |S2 S le S3 B
7 il l—‘JI Ss 1> 1]
oo e mere]
ls f

Pl o |le "

| e e el —>

et |

Sa

A 4

L],

Puc. 1. CucremHO-00BEKTHAsI MO/IETTh A0CTPAKTHOM CUCTEMBI
Fig. 1. System-object model of an abstract system

B cootBercTBMM ¢ (opMaNbHBIM TIPEACTABICHHEM CHCTEMHO-OOBEKTHOM Mojaenu [4],

MIPEJICTABICHHYO BHINIE TpaUUECKy0 MHTEPIPETAIIMIO 3aIHIIEM B CIISAYIOIIEM BUJIC:
M=<L,S,C=> (10)

JHanee, pacnumieM moapoOHee KOMIIOHEHTHI CHUCTEMHO-OOBEKTHOM Moaenu. L — mHOMKecTBO
MTOTOKOBBIX OOBEKTOB MOJICTH (MepapXus CBs3el cucTembl). Kak BHJIHO W3 pHCYHKA 1, B MOJEITH HMEIOT
MECTO JIeBATh MMOTOKOBBIX OOBEKTOB Pa3IMYHON Mpupoisl. B omucanuu Mbl npeHeOperaeM BHYTpPEHHEH
CTPYKTYpO# IMOTOKOBBIX OOBEKTOB, a TAK)KE WX OTHOIICHHEM K OTACIBHBIM KiIaccaM 0a30BOM MepapXuu
csaseit. Torma s paccmarpuBaemoro mnpumepa mMaokectBo umeer Bua: L={l1,l2,13,l4,I5,l6,l7,18,l0}. S —
MHOKECTBO Y3JIOBBIX OOBEKTOB Mojenu (moxacuctem). st paccmMaTpuBaeMoro mpumMepa MHOMXKECTBO
y3JI0BBIX OOBEKTOB OyAeT coaepkaTh IWIECTh JJIEMEHTOB IUTIOC KOHTCKCTHBIA Y3JIOBOM OOBEKT:
S={Scontext,51,52,53,54,55,56 }..

PaccMmoTpuM monpoOHee 371eMEeHThI MHOXKECTBA Y3JI0BBIX 00BEKTOB, KOTOPBIC MPEACTABICHBI Jaliee:
Scontext=[{13 la Is},{11 12} ; ©@; O], si=[{l1 12},{I3 4 15}; f(1112) 1314 15; O1], s2=[{l1 17}, ls; f(l1 I7) l6; O2], ss=[ls, {l3
l4 18 17}; f(l6) I3 14 Is 17; O3], sa=[{l21s}, Is; f(I218) Is; Oa4] , ss=[{l1 19}, l6; f(1119) ls; Os], se=[l7, lo; f(17) lo; Oe].
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[lanee paccMOTpUM MHOXKECTBO CBsI3€H CHCTEMBI. [[1s1 paccmMaTpuBaeMOro npuMepa MHOXKECTBO
CBSI3€M UMEET CIICNYIOIINI BU/I; C={[Scontext,55,|1], [Scontext,S4,|2], [53, Scontext,|3], [53, Scontext,|4], [54, Scontext,|5],
[s5,53,16], [S3,56,17], [S3,54,18] , [S6,S5,19] }.

Taxum 00pa3oM, MHOXKECTBA, MIPE/ICTABICHHBIE BBIIIE, B IOCTATOYHOW Mepe ONMHUCHIBAIOT CUCTEMHO-
OOBEKTHYIO MOJIENIb C TOYKH 3PEHHsI CTPYKTYPHBIX XapaKT€PHCTHK, OJHAKO, CIEAYeT OTMETUThb, YTO
MIEPEYHCICHHBIE MHOYKECTBA HE OTPAXKAIOT UEPAPXHIO Y3JIOBBIX 0OBEKTOB CHCTEMHO-00BEKTHON MOJIEIH.

METO/] Y3JIOBOI'O OF'BEKTA

PaccmoTpuM moapoOHee QopManbHBII acHEKT ONUCAHHS METOJOB Y3J0BbIX 00BekToB. Ilo
OIIPENICJIEHUIO, METOJ Y3JIOBOIO OOBEKTa NPEACTaBIseT CO00H (YHKIMOHAIBHYIO XapaKTePUCTUKY
cucremsl (pynkmus YDO->nemenTa) u xapakrepusyercs HHTepdericom, To ecTb HabopaMu BXOISIIUX H
BBIXOJSIIIIMX TOTOKOBBIX O0BEKTOB. PaccmaTpuBasi MeToa y370BOro OOBEKTAa KaKk MaTeMaTHYECKYIO
¢GyHKIMIO, 37lechb B KayecTBE HapaMeTpoB (DYHKIMM BBICTYNAIOT BXOSIIME IOTOKOBBIE OOBEKTHI CO
CBOMMH HabOpaMu IOJIeH, a B KauyecTBe 3HAUCHHsI — HA0OP BBIXOJSAIIMX MOTOKOBBIX OOBEKTOB, a TOYHEE,
ux nons. Ilpudyem ¢yHkuus cucremsl (METOJ y3710BOro O0OBEKTa) MOXKET OBbUIM peaqnu30BaHA JABYMs
crocodamu:

1. Peanuzanus mMerona 3a cueT MOJACHUCTEM HUKHETO ypoBHA. /laHHBIH BapuaHT MMEET MECTO B
Ipolecce MOJEIMPOBAaHUS PEaJbHOM CHUCTEMBbl TOrJa, KOI/la Mbl HE JOCTUINIM TpeOyeMoro ypoOBHS
JICKOMITO3UIIMM CHCTEMBI M HE MPEICTABISAETCS BO3MOXHBIM OINHCATh JIOTHKY MPeoOpa3oBaHusl BXOIHBIX
IIOTOKOBBIX 00BEKTOB B BbIXO/HbIE. PaccMarpuBas npumMep aOCTpakTHOW CUCTEMBI, PEJCTABICHHON Ha
pHucyHKe 1, MOXKHO KOHCTaTUPOBATh Clieayromee: MeTox y3na Si.f peanusyercs meronamu y3mnos S2.f, Ss.f,
s4.f. B Toxke Bpemsi, MeTox y3ia Sp.f peanusyercs meromamu y3ioB Ss.f, Se.f.

2. Peammzanums MeTona, HUCHONb3ys A3bIK ONMCAaHUS (YHKIHMOHAIBHBIX Y3J0B (HOAPOOHO
paccMOTpeH jajee). DTOT BapUaHT peaju3allid MeTo/a Y3JIOBOTO OOBbEKTa MMEEeT MECTO TOrja, Korjaa
ObUT JOCTUTHYT TpeOyeMblii YPOBEHb JAEKOMIO3HMIIMU CHCTEMBI U MPEACTABISETCS BO3MOKHBIM OIHCATh
JIOTUKY IIpeoOpa30BaHusl BXOIHBIX TOTOKOBBIX OOBEKTOB B BBIXOIHBIE.

PaccmorpuM moapoOHee NepBblii BapHaHT pealM3allid METOoJla y3J0BOro OoOBbEeKTa Ha HpUMeEpe
abCTpaKkTHOM CUCTEMHO-00BbEKTHON MOJIENH, peicTaBleHHON Ha pucyHke 1. Kak Obuto oTMeueHO BbIIIIE,
METOJ] y3JI0BOTr0 0OBEKTa ¢ HOMEPOM OMH PEaTU3yeTCs 3a CUET METOAOB Y3JIOBBIX OOBEKTOB C HOMEpaMH
7IBa, TPU U 4YeThIpe. BBeZeM TEpMUH «BIOKEHHOCTh (DYHKIMI», ONpENeIeHne KOTOPOTo 3aKII0YaeTcsl B
CJIETYIOIIEM: METO/1 Y3JI0BOI0 O0BEKTA CUUTAETCS BIIOKEHHBIM, €CJIM OH YYacTBYET B pealu3allii MeTo/1a
Jpyroro y3inoBoro oObekTa. Jlajmee BIOXKEHHOCTb METOJIOB Y3JIOBBIX OOBEKTOB OyJaeM 0003HadaTh
¢burypHoii cKOOKOM, HampaBJIeHHON B CTOPOHY TOT'O METOJa, KOTOPBIM peanu3yeTrcs 3a CYeT APYTUxX
MeToZI0B. Iyl paccMaTpuUBaeMOro mpuMepa, MokakeM (OpMalbHYIO BIIO)KEHHOCTb METOAOB Y3JIOBBIX
00BEKTOB C HOMEpaMH J[Ba, TPU U YETHIpE:

S,. f
s;.f={s3.f. (11)
Sa.f

Bripaxenue 11 nanee OyneM HHTEPIPETHPOBATH CIEIYIOMIMM 00pa3oM: METO]I Y3JIOBOTO 00BEKTa
s1.f peamusyercs meronamu y3noB So.f, Ss.f, S4.f. Torna, BI0XeHHOCTh BCeX METOIOB Y3JIOBBIX OOBEKTOB
CHCTEMHO-00BEKTHOM MOJIeNH, MPEACTaBICHHON Ha PUCYHKE | MOXKHO MPEJICTaBUTh B BHUJIE BBIPAKEHHUS

(12).
se.f
52. f — {55 f
6-
5.f= ) 12
1 53.f ( )
Sy-f
PaccMoTprM MeETOIBI TIPENCTABICHHBIX B BBIpaXeHUH (12) y3IIOBBIX OOBEKTOB C Yy4YETOM
MTOTOKOBBIX OOBEKTOB — MapaMEeTPOB U MOTOKOBBIX OOBEKTOB — PE3yJIbTATOB, HAIIPUMED, IJIS Y3JIOBOTO

00BeKTa S1 PYHKITUS HIMEET BU/I:
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s;.f= (13, 15)15,1,, 1s. (13)

Kak BuaHo u3 BbelpakeHus (13), B kadecTBE MOTOKOBBIX OOBEKTOB — HapaMeTpoB (YHKIHU
y3JIOBOTO 00BEKTA S1 BBICTYMAIOT MMOTOKOBBIE OOBEKTHI OJIMH U JIBA, @ B KAYECTBE TOTOKOBBIX OOBEKTOB —
Pe3yJIbTaTOB BBICTYNAIOT OOBEKTHI TPH, YETHIPE U MATh.

Toraa monHas 3amMch NPEJCTABICHUS BIIO)KEHHOCTH METOJIOB Y3JIOBBIX OOBEKTOB BMECTE € HX
uHTepdeiicaMu MOXKHO MPEACTABUTD B CIEAYIOLIEM BHUJIE:
s, f(ly, 1)l = {SS'f(ll!lQ)lrS

se- f(17)1g
s3. f(lg)13, 14,15, 15
sq. f(15,1)15

Boipaxxenune (14) MoOXHO paccMarpuBaTh KaK alIbTEPHATUBHOE COKpAILLEHHOE Ipe/ICTaBICHHE
CTPYKTYPHBIX MapaMEeTPOB CHUCTEMHO-O0BEKTHOM Monenu. JleHCTBUTENbHO, METOJ| Yy3JOBOrO OOBEKTa
IIEpBOr0 YpPOBHS — JieBas 4acTb BbIpaxeHHe (14) mmeeT NOTOKOBBIE OOBEKTHI, COCTABJISIOIINE €TO
uHTepdeiic, CBA3BIBAIOLIME €0 HCKIIOYUTEIBHO C KOHTEKCTHBIM IOTOKOBBIM OOBEKTOM — IEPBBIH
YPOBEHb HE€papXUU CUCTEMHO-00bEKTHONW MOeNH. BioKeHHbIe METO/IbI Y3JI0BBIX OOBEKTOB COCTABIISIOT
BTOpPOW ypOBEHb MEPAPXUH CHUCTEMHO-OOBEKTHOW Mojenu. Eciau nMeeT MecTo BIOXKEHHOCTh METO/I0B
Y3JI0BBIX OOBEKTOB BTOPOTO YPOBHA, TOIJa B CHUCTEMHO-OOBEKTHOM MOJAEIM HMEET MECTO TpeTui
YPOBEHb UEPAPXUH, KaK B pacCMaTpUBAEMOM MpUMepe a0CTPaKTHON CHCTEMHO-00bEKTHOM MOJIEIH.
Taxoke u3 Boipaxkenus (14), umest nepapxuio CBsI3€il CUCTEMBI B BHJIE MHOXKECTBA MMOTOKOBBIX OOBEKTOB,
MOKHO  BOCIIPOM3BECTM  MHOJKECTBO  CBSI3e  CUCTEMBl. AHaIM3Upys  BblpaxkeHue 14 u
rpad0aHaIUTHYECKOE MPEJCTABICHUE CHUCTEMHO-OOBEKTHOW MOJETH MOXKHO  C(OPMYIHPOBATH
HECKOJIBKO YTBEPKIACHUM, IPEICTABICHHBIX HUXKE.
U3 Beipaskenust (14) BUIHO, YTO IMOTOKOBBIH 00BEKT |1 sIBIsIeTCS BXOISIIMM ITOTOKOB [0 OTHOIICHHUIO K
Y31y Ss, B TO K€ BPEMSI HCTOUHUKOM ATOMN CBSI3U SIBJISIETCS BHELIHSS CPENla Scontext. HE TPYIHO 3aMECTUT,
9TO JUISl TAKUX CBSI3eH HCTUHHO CIIEAYIONIee YTBep KACHHE: JTF00ast CBsi3b ¢={Scontext,Sin,|}, cocTaBiIsIIOIIAs
KOHTEKCT Y3712 Sin (BXOASIIAs CBSI3b MO OTHOLIEHMIO K Y3IY Sin), TAKXKE SBIISETCS BXOAAILICH CBA3BIO MO
OTHOIICHUIO K Y31y S* ecnu QyHKIus y3na S*.f peann3oBana B TOM 4mciie, ¢ IMOMOLIBIO (YHKINH y3J1a
Sin.f. To ecTb, eciu cymiecTByeT Takasi CBsi3b, KOTOPAst SIBISIETCS BXOJSILEH 10 OTHOIICHHIO K HEKOTOPOMY
y3J1y 1 HCTOUHUKOM CBSI3H SIBJISICTCSI BHELITHSSI CPE/IA Scontext, TOTZIA 3TA CBA3b TAKXKe OyAeT BXOSIIEH s
y3710B, (QYHKIHUN KOTOPBIX PEATU30BAHbI C MOMOIIBI0 (YHKIUHU EPBOTO y3Jia HAMPSMYIO WJIH KOCBEHHO
(uepe3 (yHKIMM TpPETbUX Y3JOBBIX O0BEKTOB). DOpMaibHO 3TO YTBEP)KIEHHE MOXKHO 3alucaTh B
CIIEIYIOIIEM BHJIE:

s1-f(13,1)13,14,15 = (14)

. . in-f
VC = {Scontext! Slnll} EIC = {Scontextls ’l} eCIn s . f = {Sln " (15)

Jlnst nokazarenbcTBa yTBEepKAeHUS (15) paccMOTpUM TPOM3BOJIBHBINA y3€I S JUIsI KOTOPOTO CYIIECTBYET
cBs13b €= {Scontext,S,1}, @ TaKkKe y3en S* Takoi 4To:

s.f= {S'f. (16)
ITo ycnoButo Mel 3HaeM, uto S.f=f(l), Torma Cﬁiﬁ)aBe,Z[J'II/IBO BBIp2)KEHUE:
« ¢ (s (D) . _ (s.f(D) .

s = {51 5560 = {5 5V {scontene 713 (17)

W3 Beipaskenus (17) BHIHO, YTO CYIIECTBOBAHUE CBSI3H {Scontext,S,|} TapaHTHpyeT CyIIeCTBOBaHUE CBSI3U
{Scontext,5*,1} Tipu BeIMOMHEHNMK ycnoBus (16). Takum oOpa3om, BO3BpaIllasch K MPUMEPY aOCTPaKTHOMH
CHCTEMBI, TpadoaHaTUTUIECKOE MPEICTABICHHEe KOTOPOW TIIOKa3aHO Ha pPHUCYHKE |, MOXKHO
KOHCTAaTUPOBaTh (DaKT, YTO CBSA3b {Scontext,S5,11} C ycoBHeM BiokeHHOCTH MeTOm0B (16) rapanTHpyer
HAJIMYUE eIle JBYX BXOJASAIIMX CBSI3€H Y3JIOBBIX OOBEKTOB BEPXHHX YPOBHEH: {Scontext,S1,l1} u
{Scontext,S2,11}.
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Crnenyer oTMETHTbh, 4TO BbIpakeHHE (15) cripaBeqIMBO TakKe IJIsi UCXOMSIIMX CBSI3€M CHUCTEMBI, T€X Y
KOTOpOM B KauyecTBE MPHEMHHMKA BBICTYNACT CHELMAIbHBIA Y3JI0BOM OOBEKT Scontext, T.€. TaKXKe
CIIpaBEUIMBO YTBEPKIACHUE:

VC = {SoutJ S-::ontext:l} dc = {S*: Scontext! l} eCJIk S*'f = {SOUt.f' (18)

st mokazarenbcTBa cooTHomeHUs (18) paccMOTpUM MPOU3BOJIBHBIN y3€1 S ISl KOTOPOTO CYIIECTBYET
cBs13b €= {S,Scontext, }, @ TaKKe y3em S* Takoi 4TO:

sﬂf:{&f (19)
ITo ycnoButo Mel 3HaeM, uto S.f=f()l, Torma CHpa];e.,Z[J'II/IBO BBIp2)KEHUE:
.= "0 5001 = (O o v 7 sconiens ) (20

W3 Beipaxkenus (20) BUIHO, 4TO CYIIECTBOBAHHE CBSI3H {S,Scontext,|} Tak:ke Kak U B IEPBOM cliydae C
BXOJSIICH CBSI3bI0 TapaHTHPYET CYIIECTBOBAHME CBS3H {S* Scontext,|} mpu Bbimonnenuu yciosus (19).
PaccmarpuBast mpuMep MOJICIH CHCTEMBI, PEACTABICHHOM Ha PUCYHKE 1, MOKHO 3aKIIFOUUTh, YTO CBSI3b,
HaAnpuMep, {S4,Scontext,5} TapaHTUPYyET HAIMYKE CBA3U Y3JI0BOIO 00OBEKTA BEPXHETO YPOBHS {S1, Scontext,|5}-

[To ananoruu co cBsI3MH, y KOTOPBIX B KQ4eCTBE MCTOYHHUKA WIJIM MMPUEMHUKA BBHICTYMAET BHEIIHSS
cpela, pacCMOTPUM BHYTPEHHHE CBSI3HM CHUCTEMBI, T€, KOTOPBIC CBS3BIBAIOT JIBA Y3JOBBIX OOBEKTA,
HAXOJSIIUXCS HA Pa3HBIX YPOBHAX uepapxuu. Hampumep, cBsi3b |7 (cM. prcyHOK 1) CBs3bIBaeT 1Ba
y3J0BBIX 00BEKTa S3 M Se. OYEBHAHO, UTO CIPABEATUBO CIEAYIOLIEE YTBEPKIACHHE: I00as CBS3b
c¢={Sout,Sin,}, Tarxke ABISETCA BXOMSIICH CBS3BIO IO OTHOIICHHIO K Y31y S* ecnu ¢yHkuus ysna S*.f
peajr30BaHa B TOM YHCIIE, C TIOMOINBI0 QYHKIMU y37a Sin.f U B KauecTBe mapamMeTpoB BhILICYKa3aHHBIX
GyHKIMHA WMeeT MecTo MOTOKOBbIM 00bekT |, T.e. Sinf=f(l,...) u s*.f=f(l,...). ®opmanbHO naHHOEC
YTBEPKICHUE MOXKHO TIPEJICTABUTH B BHJIC:

Ve = {Sout Siny 1 I{soue, s5 [ ecmms™. f(1,...) = {S;n-f(i, -) (21)

Jns nokaszarenscTBa yTBepkaeHHs (21) paccMoTpuM Takoil y3/10BOM OOBEKT S, Ui KOTOPOTO
CYIIECTBYET CBA3b ¢={Sout,5,|} a Taxxke y310B0if 0OBEKT S, METO KOTOPOTO peaM3yeTcsi, B TOM YHCIIE 3a
CYET METO/1a TIEPBOTO y3JIOBOTO 00BEKTA, T.€.:

s.f={>" 22)
Torna, cipaBeITTMBO ClEAYIOIIEE:
s.f= (10 5 s = (0o v s (23)

CnenyeT oTMETUTh, UTO BbIpakeHue (21) crnpaBeayiuBO AJs TEX CBsI3€d, MICTOYHUK KOTOPBIX HAXOIUTCS
BBIIIE 110 YPOBHIO HEPAPXUU, YEM Y3JI0BOH OOBEKT — IOJydaTelb CBS3U. T.€. B Ciydae eciiu AJIs CBSI3U

c={Sout,S,|} y3110BBIC OOBEKTHI Sout M S HAXOAATCS HA OJTHOM YPOBHE UEPAPXUH, U3 UETO CIICAYET:
s.f

s = {s,ue- (24)

Torja yTBepkaeHue (21) He BBIMOIHAETCS.

Kak BumHO u3 BeIpakeHus (23), HampaBiieHHE CBS3U B JAHHOM ClTydac HE MIPAeT HUKAKOW POJIH.
COOTBETCTBEHHO CIPABEJIMBO yTBEpXKJICHHUE: J00ast CBsA3b ¢={Sout,Sin,|}, TakKe SIBISETCS HMCXOISIICH
CBSI3BI0 M0 OTHOIIEHHIO K Y31y S* eciau (yHkius ys3na S*.f peannzoBaHa B TOM 4ucClie, C MOMOIIBIO
GbyHKIMK y31a Sout.f 1 B kKauecTBe 3HAUEHMIA BBIIIIEyKA3aHHBIX (PYHKIMH UMEET MECTO MOTOKOBBINH OOBEKT
I, .e. Sout.f=f(...)l u s*.f=f(...)|. DopmanbHO TaHHOE yTBEPIKIACHHE MOYKHO MPEACTaBUTH B BH/IC:

Ve = {Soue Sin, 1} 3{s", Spue, Jecmu s™. f (L) = {S"”*f'f("'ﬂ (25)
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PE3YJIbTATHI

PaccMOoTpuM MCHOJIB30BaHUE MPEICTABICHHBIX BBINIE CTPYKTYPHBIX JJIEMEHTOB HWCUHCIICHUS
CUCTeM KaK (YHKIMOHAIBHBIX OOBEKTOB HA MPUMEPE MOJCIHPOBAHUS TEXHHUUYECKONH CHCTEMBI
dhopmupoBaHusT KOMOWHHUPOBAHHOTO KaHAJIBHOTO CHUTHAlIa C LEIbl0 HccienoBaHus 3(G(EeKTUBHOCTH
CUTHAJIbHO-KOJOBBIX KOHCTPYKIMI C MO3UIMH UX MoMexoycToiunBocTH [5]. Kak OblI0 OTMEUEHO BHIIIIE,
criepBa HEOOXOIMMO BBIJCIIUTh MOTOKOBBIE OOBEKTHI MpeaMeTHOW obmactu. s pemieHus 3agadu
uccienoBanusi dPPEKTUBHOCTH CUTHAIBHO-KOJIOBBIX KOHCTPYKIIMH HEOO0XOAMMO pPa3padboTaTh MOIEIh
CUCTEeMBI Tiepefiaud WH(OPMALMK OT UCTOYHUKA K MPUEMHHKY C yUY€TOM BO3JICHCTBHUS IIYMOB Ha KaHal
nepenadn uHGopmammu. PaccMOTpuM CHCTEMHO-00BEKTHYIO MOJICITh BUIA!

M=<1L,50Q > (27)
rae: L — MHOXeCTBO TIOTOKOBBIX OOBEKTOB MOJICIH; S — MHOXECTBO Y3JIOBBIX OOBEKTOB Mojein U Q —
MHOYECTBO CBsi3el. PaccMOTpuM moipoOHEee MHOKECTBO IMMOTOKOBBIX OOBEKTOB, B KOTOPOM HEOOXOIMMO
BBIJICJIUTH CIICAYIOLIHE:

* Der(t)=[der] — mOTOKOBBIIT 00BEKT MpeaCTaBIICT COOOW BEPOATHOCTH OIMIMOKH B KaHAJIE CBSI3H U
COJICPKUT OJTHO TOJIC, TJIe XPAaHUTCS 3HAUCHUE BEPOSTHOCTH;

* S(t) =[S] — mOTOKOBBII OOBEKT MPEACTABIIACT COOOH COOOIIEHUE, KOTOPOE HEOOXOIUMO TIepeIaTh
0 KaHAITy CBSI3U, UMEET OJIHO TOJIe JUTSl XPAaHEHHS TEKYIIETO MepejaBacMoro pa3psiia;

* S’(1)=[s’] — NMOTOKOBBIII OOBEKT MPEACTABISET COOOM COOOIICHHE, MOJYYCHHOE Ha CTOPOHE
ajipecara, COIEP>KUT OJIHO IT0JIe ISl XpaHEHHSI TEKYIIETO IEKOMPOBAHHOTO pa3psiia COOOIICHNUS;

* U(t)=[u] — moToKOBBIii 0OBEKT MpEACTABIACT COOON MOAYJIUPOBAHHBIN CHUTHAI, TIepeIaBaeMblil
0 KaHAITy CBSI3U, COJCPIKUT OJHO TOJIE /ISl XpaHEHHS] MTHOBEHHOW YHEPTHH CUTHAIIA;

* Y(t)=[y] — mOTOKOBBIN OOBEKT MPEACTABISAIONIMN CUTHAT HAa BXOJE B JEMOIYJSATOP, COMCPIKUT
OJTHO TIOJIE JUIsI XpPaHEHUSI MTHOBCHHOM YHEPTUU CHTHAJIA;

* N(t)=[n] — moTOKOBBIi OOBEKT NPEICTABISIONIMIA [TOMEXH, BO3JCHCTBYIOIIME HAa CHIHAT B
KaHaJIe CBSI3M, UMEET OJIHO TI0JIC JUUISl XPAHCHHS 3HAUYCHUSI MTHOBEHHOW YHEPTUH IIOMEXH,

* PRS=[ri,rz,...,m] — NOTOKOBBIN OOBEKT — MPEACTABISIET COOOI TICEBIOCIYYAHYIO JBOHUUYHYIO
MOCTIeIOBATEIBHOCTb, MOJIE TIOTOKOBOr0 00BbekTa PRS.r — pa3psn ABOMYHON mocienoBaTenbHOCTH, N —
pa3MEpHOCTh TOCIIEIOBATEIIEHOCTH;

* TFM=[ka,kz,...,km] — mOTOKOBBIIi OOBEKT MpEACTABIAET COOOM YaCTOTHO-BPEMEHHYIO MATpPHILY.
Coctoutr U3 m MoJiel, rIe m — pa3Mep JMHEHMHO-4aCcTOTHOW MaTpulbl. JIMHEHHO-4acTOTHAsT MaTpuia
pasMepa mxm MOXET COJIEp)KaTh 3HAYCHHS HOJb WM CIUHHILY, IPHYEM B OJHOM CTOJIOLE MATPHIIBI
MOXKET COJIEpXKAThCS JUIIb OJHA EIWHUIA, MOITOMY TAaKyH) MATpHIy YAOOHO KOJHMPOBATH B BUJIEC
MAacCCHBa, JIEMEHTHI KOTOPOTO MPEACTABIISIFO cO00I HOMEp CTPOKH TJIe YKa3aHa eINHUIIA.

TakuM 00pa3oM, MHOKECTBO MIOTOKOBBIX OOBEKTOB MOJICTH MPUMET CIICAYIOIIUN BU/:

L={D,.(t),5(t),S"(t),U(t),Y(t),N(t), PRS, TFM} 27)

Jlaniee paccCMOTPUM MHOKECTBO Y3JOBBIX OOBEKTOB MojeH. [l pelieHrs MOCTaBICHHBIX 3a7ad
OBUIN BBIJENICHBI CIICAYIONINE Y3IIOBbIE OOBEKTHI:

1. M CTOYHUK COOOIIEHH;

OreHkKa ypoBHS TIOMEXOBOW 00CTaHOBKH;

['eHepaTOp 4aCTOTHO-BPEMEHHOW MaTPHIIHI;

['enepatop rceBao-ciydaifHOM MOCIIe0BaTEIbHOCTH;
dopmupoBaHrue KOMOMHUPOBAHHOTO KaHAIIBHOTO CUTHAJIA;
Kanan cBs3m;

['eneparop momex;

Hemomynstop;

Jexonep kaHana;

Jlexonep UCTOUHHKA;

[Tomyuartens cooOmeHUs.

©CoNO~WDN

N
= o
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RESEARCH _RESIILT

@DaKTHYECKH, TIEPEUYEHb Y3JOBBIX OOBEKTOB MPEACTABISET COOOH MOMIYNIM CHUCTEMBI Mepeaadu
nHpopManuy, a TakkKe TEXHOJOTMYeCKHe OmNepauud, HeoOxoaumble Uil (GOPMUPOBAHUS
KOMOMHHPOBAHHOTO KaHAILHOTO CHTHama. PaccMoTpuM TOApoOHEE CTPYKTYpHBIE XapaKTEePHUCTUKH
Y3JI0BBIX OOBEKTOB Ha IMPUMEpPE HCTOYHHKA COOOMICHHWH, KOTOPBHIA B COOTBETCTBUU C NPUHSATHIMHU
0003HAYCHUSIMH TIPUME BHI:

UC = [2,5(); f(2)S(t); 2] (28)

N3 Belpakenus (28) BHUOHO, YTO B CHCTEMHO-OOBEKTHOW MOJAENH HUCTOYHUK COOOIICHUS
MPEJICTAaBJICH B BHUJE TE€Heparopa IepeaaBaeMoro cooOImieHus. J[aHHBIA Y3II0BOM OOBEKT HE HMEET
BXOJIHBIX CBSI3€H, a B KAYECTBE BBIXO/Ia BBICTYIIACT IIOTOKOBBI 00BbEKT S(t).

CBsi3aB BCce NEPEUYHUCIICHHBIE BBILIE y3JI0BbIe 00BEKTHI MEXy CO00M MOCPEICTBOM MOTOKOBBIX OOBEKTOB,
MOJyYHM CHCTEMHO-OOBEKTHYIO MOJENb, rpadoaHaTUTHYECKOe MPEACTaBICHHE KOTOPOH MOKa3aHO Ha
pUCYyHKE 2.

OueHka ypoeHa
NOMEX0BOM DOCTAHOBKU

leHepaTop
YBCTOTHO-EPEMEHHON
MBTPULI

Oemoaynsatop

PoprupoeaHue
KOMEGMHUPDOBAHHOrD
KaHANEHOMD CHrHaNa

Puc. 2. CucreMH0-00bEKTHASI MOICb CUCTEMBI (POPMUPOBAHUS KOMOUHHUPOBAHHOIO
KaHAJILHOT'O CHTHAJIa
Fig. 2. System-object model of the combined channel signal generation system

Janee, ¢ 1enblo, MOAETMPOBAHNE MPOLIECCOB MPEOOpPa30BaHMs BXOIAHBIX MOTOKOBBIX OOBEKTOB B
BBIXOJHBIC HCO6XOI[I/IMO Oonmucarb METOJAbI Y3JIOBBIX 06’beKTOM C IIOMOIIBK CIICHHUAJIBHOI'O s3bIKa
onucaHus (QyHKIMOHANBHBIX Y370B. [IpuMep anroputma peaiu3alud MeTOJa Y3JI0BOrO OOBEKTa
«I"eHepaTop 1nceBIOCITyYaliHOM MOCIE0BaTEIbHOCTH) TTOKA3aH Ha PUCYHKE 3.

PazpaboTanHass UMHTallMOHHAs CHCTEMHO-OOBEKTHas MOJENb II03BOJIAET HCCIEI0BaTh
PAa3IMYHBIC CUTHAJIbBHO-KOAOBBIC KOHCTPYKIUHU C LCIbIO YBCIIMUCHUA UX HOM@XOYCTOfI‘-IPIBOCTI/I.
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|,r: ineger;
S: array of indeger;

n'= GatOoPropl|' Faavep
parcTpa’);
v
/ K= GatObjPropl( Crpyxrypram cnowocTs’) /

v

setangthisn)

‘

r:=5[3] XOR S[6] XOR S{1];

v

| SetLink(TICN.Paspag, Sin-11) |

S1|:=51-11
S{O}r;

Schekpsp(S k)

Puc. 3. Anroput™ QyHKIMOHHPOBAHHS METO/A Y3JIOBOTO 0OBEKTA
Fig. 3. Algorithm of functioning of the node object method

3AK/IOYEHHE
PaccMoTpeHHBIE BBIIIE CTPYKTYPHBIE O3JEMEHTHI HWCUUCIICHUS CHCTEM KakK (YHKIMOHAIBHBIX
00BEKTOB (QOpMUPYIOT (YHIAMEHT JUIS JaTbHEWIIUX WCCICIOBAaHUN, B YaCTHOCTH — pa3padoOTKe
AJIEMEHTAPHBIX OMEPAIUii HA MHOXKECTBAX Y3JIOBBIX M MIOTOKOBBIX OOBEKTOB. DTO MO3BOJIHT pa3paboTaTh
AJITOPUTMBI Ka4eCTBEHHOU OonTuUMH3aIInu CHCTGMHO-O6’BCKTHBIX MOI[CJIGI;'I (HpI/IBGI[GHI/ISI B COOTBETCTBHUC
OOIIECUCTEeMHBIM TPUHITUIIAM U 3aKOHOMEPHOCTSIM), UX BEpU(UKAIIUH, YTO, B CBOKO OYEPE/Ih, TO3BOIUT
aBTOMATU3HPOBATH MPOIIEAYPHl CHCTEMHO-00BEKTHOTO MOJICTUPOBAHHSL.
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