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ABSTRACT

Context. The modern information society, with its rapidly expanding means of information exchange and globalized data, offers
the opportunity to study information dissemination, investigate its impact, and create information security systems. Mathematical
modeling methods are widely used in the development of information dissemination systems and technologies. Thermal, diffusion,
and mechanical processes — that is, processes occurring in a continuous medium — are considered fundamental. Among the various
modeling approaches, equations of mathematical physics, which formalize the fundamental laws of substance transfer, are often used.

Objective. The aim of this paper is to develop a comprehensive, formalized approach to numerically modeling the dynamics of
information dissemination processes in social networks based on the principles of cellular automata and diffusion models. The sub-
ject of the study is the analysis of the dynamics of the level of information generated based on the internal behavior of each network
cell, assuming that its initial state is formed as a result of the influence of certain processes outside the information communities.

Method. This paper proposes a hybrid approach to modeling information dissemination processes based on cellular automata,
which observes the internal and external dynamics of individual cells. The state change of the automata model is described by a spec-
ified transition function and rules for generating output signals, while a diffusion approach based on heat conduction principles is
used to formalize internal changes in the cell’s state. Computational experiments were conducted to model the dynamics of informa-
tion dissemination processes, taking into account various types of external influences from others, and calculations of information
dissemination dynamics indicators in social network communities are presented.

Results. The proposed hybrid model allows us to describe and analyze information dissemination processes within a social
group, which is formed, for example, from social network subscribers. The group is divided into subgroups that are relatively homo-
geneous in terms of specific indicators in the form of online communities.

Information processes were modeled taking into account various external influences from surrounding environments (using von
Neumann and Moore neighborhoods as examples) with explicitly defined transition and exit functions. Internal information
dissemination processes in specific cells were formalized using scalar heat equations. Numerical calculations of information
dissemination dynamics in each community and the group as a whole were obtained, and a solution to information content problems
(participants’ attitudes toward a specific problem) in subgroups was proposed based on determining the locations of centers of
influence.

Conclusions. This article examines the application of cellular automata principles to modeling the dynamics of information dis-
semination processes. A new approach is proposed that, in addition to the automata model, considers the internal behavior of each
cell, assuming that its initial state is formed as a result of certain intracellular processes at each time interval. In other words, a hybrid
version of a cellular automaton for observing the internal and external dynamics of individual cells is considered, whereby the change
in the states of the automaton model is described by a given transition function with certain rules for generating output signals, and a
“mechanistic” approach based on the principles of thermal conductivity is used to formalize internal changes in the state of the cell.

KEYWORDS: modeling, information dissemination processes, diffusion models, cellular automata, hybrid approach, social
networks.
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ABBREVIATIONS
CA is a cellular automata.

NOMENCLATURE

k 1is a time interval number;

T 1is asystem uptime;

t; is a k-th moment in time;

x(t;) are input signals;

¥(t;) are output signals;

z(ty) are transition signals;

F(z,x) is a transition function;

G(z,x) is an output function;

Z is a set of system states;

u(x,y,t) is a level of awareness function;

qo 1s a normalized source intensity;

o is an information diffusion coefficient;

0 is a Dirac delta-function;

Q is a region that models a fragment of a social
network;

X(x) is a separation function on variable x;

Y(y) is a separation function on variable y;

A is an eigenvalue of the Laplace operator;

Aym 1s an eigenvalue of the function X, (x) ;

A, 1s an eigenvalue of the function Y, (y);

Xm
for the function X(x) ;
Yl‘l

the function Y(y);

$,,, () 1s an eigenfunction of two-dimensional prob-

xm

is an eigenfunction of Sturm-Liouville problem

is an eigenfunction of Sturm-Liouville problem for

lem;
@, () is a coefficient of the Green’s function term;

G(-) is a Green function;
H(¢) is a Heaviside function;
€,, 1s a constant;

T 1S a constant;
T is a set heating temperature;

Imax 1S a set heating time.

INTRODUCTION

The environment of the modern information society in
the conditions of rapid growth of information exchange
means and the associated globalization of data provides
an opportunity to study the problems of information dis-
semination, research its impacts, and create information
security systems.

Mathematical modeling methods are widely used in
the development of information dissemination systems
and technologies [1]. Thermal, diffusion or mechanical
processes, i.e. processes occurring in a continuous me-
dium, are considered basic. Among the various ap-
proaches to modeling, mathematical physics equations are
often used, which are a formalization of the fundamental
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laws of matter transport. Models are written in the form of
partial differential equations of parabolic or hyperbolic
type [2].

At the same time, the use of such models for the for-
malization of social and information processes does not
allow us to confidently speak about the adequacy of the
results obtained on the basis of the proposed (“mechanis-
tic””) approach to the dynamics of real processes [3]. This
is primarily due to the need to take into account the dis-
creteness of the environments in which processes operate,
as well as the complexity of using special discrete meth-
ods, the use of which in modeling is based on the assump-
tion that the behavior of the described processes is deter-
mined by local interactions of the elements involved in
the processes.

The object of study is a information dissemination
process in communities of social nets.

The subject of study is hybrid metod development
for modeling the information dissemination processes
based on automata and diffusion models.

The purpose of the work is to develop comprehen-
sive formalized approach of numerical modeling the dy-
namics of information dissemination processes in social
nets based on the using of operation principles cellular
automata works and diffusion models. The study aimes to
analyse information level dynamics which is formed on
internal behavior of each considering net cell, provided
that its initial state is formed as a result of the influence of
some processes outside the information communities.

1 PROBLEM STATEMENT

Let us consider one of the modeling methods based on
the cellular automata (CA) system [4]. A cellular
automata system is a discrete dynamical system that
describes the interaction of spatial elements (cells). Each
cell functions according to rules that resemble the laws of
operation of an abstract cellular automata [4], i.e. each
new state of a cell at an arbitrary moment in time is
determined by its previous state and, as a rule, the state of
neighboring cells. It can be assumed that each discrete
cell (automata) is connected by its inputs to the outputs of
neighboring cells, and, conversely, the output channels of
each cell are inputs for the surrounding cells.

Typical CA systems are characterized by the
following general properties:

— the space of states is discrete and finite;

— changes in the states of all cells of the system occur
simultaneously;

— a specific cell is only affected by neighboring cells.

The latter property emphasizes that the behavior of a
CA system is completely determined by the interaction of
its elements..

Considering the functioning of individual cells in
terms of the theory of finite automata, it should be noted
that:

1. Each cell represents an object whose functioning
occurs at a discrete time fy<f<.., ¢ €[0,T],

k=0,2,.. , T —system uptime;
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2. At any given time ¢, , k=0,1,2,..., a cell can be in
one of the discrete states z(¢;), k=0,1,2,..., from a given

set Z ;
3. The cell can be affected by input signals x(z;),

k=0,1,2,..., as a result, we obtain a model of cell func-
tioning with a one-step transition function

2ty = F(2(t;), x(4;) (M

and a cell output signals model y(z;), £ =0,1,2,...,

Y(tgs1) =Gzt ), x(tg)) . 2

It is assumed that the time count for all cells occurs
synchronously, and the cell reaction is completed simul-
taneously within the same time interval [¢;,#;,1],

k=0,1,2,..., that is, each cell of the process being mod-
eled is a synchronous automata, for which a general
methodology for modeling the transport processes of var-
ious substances has been developed [5].

Thus, the model space the model (discrete in its na-
ture) space of a real process consists of a certain set of
cells, the functioning of which determines the dynamics
of the overall system. However, Instead of analyzing the
interaction of individual cells, we will investigate the in-
ternal behavior of each cell, assuming that its initial state
is formed as a result of some internal processes that occur
continuously at each interval [#;,#;,,],k=0,12,.. . Asa

result of such formalization, the CA system, which is de-
fined to describe the process in the form of sequences
z(ty), y(t;), k=0,12,..., is supplemented by models of

the internal dynamics of each cell. We have a hybrid ver-
sion of a cellular automata, the dynamics of whose behav-
ior in the form of a set of rules (functions) for the transi-
tion of cells from one state to another (1) and the forma-
tion of output signals (2) is additionally described by
nested models that formalize internal changes in cells.

We note that such processes are observed in the social,
informational, and various technological spheres, when
formal modeling of behavior based on the functioning of
a set of homogeneous cells requires taking into account
the effects of internal changes in cell states during the
corresponding time intervals [t;,7;,,1],4k=0,12,... . The

final state of such changes must be limited to possible
state variants from the set Z, which is ensured by
imposing special boundary requirements on the dynamics
of the internal processes of each cell.

In this case, it is possible to consider separate
conditions for the outputs or states of each cell, which
allows for interesting tasks of studying and describing the
functioning of the processes under study.

2 REVIEW OF LITERATURE
Among the known cellular automata models of
dynamics, it is necessary to mention models in the form
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of hybrid automata, in which the description of processes
in the general system and in each individual cell occurs on
the basis of various dynamic relationships, taking into
account the constraints that determine the switching of the
content of the process behavior [6].

A typical approach to modeling the functioning of a
cell system requires determining the parameters of the
influence of the neighborhoods of each cell (in the form
of von Neumann neighborhoods [7], Moore
neighborhoods [7], etc.) and specifying the explicit form
of the functions and , for a formal description of the states
of the cells and their mutual influence on them, which is
determined by the laws of the process being modeled.

Despite the existing difficulties in the choice of states
and some idealization of the methodology for modeling
real processes based on cellular automata models, this
approach continues to be successfully used in studies of
the dynamics of propagation and spreading processes
(especially heat transfer and diffusion).

Among such methods and approaches, one can
mention agent systems [8—11], the use of cellular
structures [12], diffusion-limited aggregation methods
[13], mixed-type tools [14], and others [15]. It should be
noted that the aforementioned approaches are quite
successful in solving specific applied problems [16, 17].

3 MATERIALS AND METHODS

Let us take detailed look one of such cellular automata
models for formalizing the process of information dis-
semination (penetration). Let us define a certain social
group (for example, a set of participants in a social net-
work), in which it is possible to distinguish separate
communities (subgroups) according to specific character-
istics. The power of communities can be different, but
provided that there is no external interaction between
them, this is considered insignificant. Each individual
community (cell) is an element of the system that de-
scribes the dynamics of the general set based on a given
set of rules for changing states.

Let us assume that within the subgroup there is a
discussion of some information innovation, as a result of
which an attitude towards it is formed. Each situation in
individual subgroups (in the form of a certain state of the
cell of the CA system) is a consequence of the
dissemination of information and is characterized by the
corresponding  level of information  saturation
(agreement), the final indicator of which should be
described by elements of a discrete set of states. Reaction
of community participants to the dissemination or
influence of information within the subgroup over a
period of time [t;,¢;,1], £=0,1,2,..., is considered as a
process of transferring information content on the
principles of heat conduction or diffusion. The final state
in each subgroup, by analogy with heat transfer processes,
will be called the heating level, which, by the way,
partially corresponds to the rhetoric of describing the
states of different social groups.
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Thus, in such a formulation, the problem of modeling
information dissemination is reduced to the formalization
of the dynamics within each community cell, the final
state of which will determine the external state of the
automata cell for further application of transition
functions and formation of output signals in the CA
system.

Applying a mechanistic approach to modeling the
processes of information dissemination in communities as
processes of heat substance transfer, we will consider a
method of studying the states of each community taking
into account the internal parameters of mutual influence,
perception and assimilation of information.

To formalize this process, we will use a model in the
form of partial differential equations of the parabolic type
(thermal conductivity).

As a model process, the dynamics of which we
consider adequate to the schemes of information
dissemination in a cell-community, we will choose the
physical process of wuniform heating of some
homogeneous medium (rod, rectangular plate, etc.) to a
given temperature. The problem of ensuring the
temperature regime at the ends of the rod taking into
account the thermal conductivity coefficient (a
conditional analogue of the resistance of information
perception) is considered in [18]. At the same time, the
formal identification of processes in the rod and in the
network community requires a more generalized
consideration.

It is clear that in real social networks information is
distributed on the basis of more complex mechanisms and
structures. We will describe the dynamics of the level of
awareness within communities using a two-dimensional
model of the heat conduction problem on a plane with a
point source (center of influence) [19]. Formally, we
assume that the process of information dissemination
occurs from some conditional central node of the
community, each of which is considered as a separate and
isolated (without external influence) fragment of the
social network. The internal environment for information
dissemination in individual cells is formally presented in
the form of square regions of a homogeneous plate, within
which information 1is transferred according to the
principles of heat conduction.

The mathematically appropriate model of the
information dissemination process can be written as

aa—‘t‘ = aV2u+qpd(x)8(y),(x, ) € Q> 0, 3)

in which the unknown function u(x,y,?) determines the

level of awareness in the group (community), o — is the
information diffusion coefficient (thermal conductivity),
qo =0Qp /(cp) — normalized source intensity, 6 — Dirac

delta-function, Q=[0,L]x[0,L] a region that models a
fragment of a social network [19].
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Let us define the Neumann boundary conditions tak-
ing into account the isolation of the boundaries:

ou

o =0 @)

oQ

where 7 — unit vector of the external normal to the
boundary of the domain Q. For a square domain this
means

al :O,al :O’al :O,a_u :0 (5)
ax x=0 ax x=L ay y=0 ay y=L
The initial condition has the form
u(x,y,0)=0,(x,y) e Q. 6)

Let us find the solution of the homogeneous equation
using the eigenfunctions of the spectral problem for the
Laplace operator with Neumann conditions:

V29+10=0,(x,y) €Q,

o, )
Oh |50 '

Let’s apply the separation of variables method
o(x,y)=X(x)Y(y) , as aresult we obtain the ratio

X!/ YN
ECNE S 8
X 7 3

Let’s put A =%, +A, . Since the left-hand side (8) is

the sum of functions of different variables, we have

X” Y”
Ty T

Thus, we obtain two independent Sturm-Liouville
problems

X"+0, X =0, Y'+A,Y =0,
X'(0)=0,X"(L)=0; |Y'(0)=0,Y'(L)=0;

whose solutions, taking into account the Neumann condi-
tions, will have the form

Xp(x)=cos(mmx/L), hy ,, = nm? /Lz,m =0,12,...;

Y,(y)=cos(nnx/L), L, , = n’n? /Lz,n =0,L2,....

The eigenfunctions of a two-dimensional problem are

written in the form
OPEN a ACCESS
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®,n (X, ¥) =cos(mmx/ L)cos(nnx/ L),

m,n=0,1,2,... , and the eigenvalues are

mn =AM thy = n2(m? +n®)/ [}, mn=012,....

Note that the eigenfunctions are orthogonal in the
1/2

space I’ (Q) with norm ||'f||L2(Q) = I|f|2dQ
Q

LL
j¢mn (%, 1) g (x, y)d2 = J jcos(rcmx/L) cos(nnx/ L) x
Q 00 )

x cos(mpx / L) cos(mgx / L)dxdy.

To find a solution, we construct a Green’s function
G(x,y,t;x",y",t"), that satisfies the equation

oG P
—=aV°G+8(x—x")(y—y")d(t—1"),

P (x=x)d(y — yHo(t —t') (10)
G=0,t<t".

with Neumann boundary conditions.
Let’s decompose the Green’s function into eigen-
functions

G(x,y,t;x',y',t") = Z Zamn(tat')d)mn(xsy)d)mn(x,ay,)‘ (11)

m=0n=0

Substituting this expression into (10), we have

o0 o0 a ’
Z Zamg—(t’t)(l)mn (x’y)d)mn (x,’y’) =
m=0n=0 ¢

Mg

) .
=0 Y S Ay (1) 2 (5, VIV (X, ).
n=0

0

m

Because V2¢m,, we obtain that the

= _}\'mnd)mn >
Green’s function has the form

’ 1o g 8mgi’l ' ’
GOy 15X, 1) = 30 D 7 G (6, 9)0 i (6, 1) X

m=0n=0

xexp(—ah,,, (t—t"H(t—1t")),

(12)

0,<0

where H(t):{ — is a Heaviside function,

1,t>0
€k 21, k:(), €k 22, k>1.

The simulation of the information dissemination
process in a social network community takes place taking
into account a constant (continuous) source of power,
which is due to the following reasons:
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— Consideration of such a source corresponds to real
processes: information sources operate, as a rule, continu-
ously as instant impulses (news, posts on a social net-
work) during the observation time;

— Under selected conditions, a cumulative effect of in-
formational influence is observed, i.e. repeated messages
enhance the overall effect;

— In this case, the process becomes stationary as a re-
sult of sufficiently long-term observation, which allows us
to assess the maximum level of awareness in the subgroup
(community).

Mathematically, this option means that if there is a
power source ¢ at the point (0,0) then we have a

sequence of instantaneous pulses of magnitude g,dt' at
time moments ¢’ €[0,z], each of which creates a response
G('x? ya taoaoat,)qodt, N

Applying the superposition principle, we integrate the
contributions of all the impulses

¢
u(x, y,t)= qOJG(x,y,t;O,O,t')dt’ .
0

13)
Substituting (12), we obtain the relation

u(x,y,1)=q Z Z%‘bmn (%, )91, (0,0) x

m=0n=0

t
X Iexp(—akmn (t-thdt',
0

and after transformation we finally have

o0 o0
“(X,yaf):q%z-f'qo 5 D, D EpE, cos(mmx/L)x

L m=0 n=0
(m,n)#(0,0)

—exp(—0h 1))

(X‘mn

(14)

xcos(mny /L) @

First addend gt/ I’ corresponds to the average level

of awareness in the group, which increases linearly with
time, and the second one describes the spatial distribution
of deviations from the mean value.

Omitting the proof of convergence of the obtained
series, we obtain that the series (12) allows you to
calculate the level of awareness u(x,y,t) at any point

(x,y) e [O,L]2 atany time ¢>0.
Note that the proposed approach can be generalized to

the case of formalizing the community as a rectangular
region, which is not considered in this article.

4 EXPERIMENTS AND RESULTS
As experimental research, the construction of a solu-
tion for determining the levels of awareness in each
community of the CA system, which is formalized in the
form of a square region with a central source of influence
(heating), was considered.
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Each square area of size L x L is heated from a central
point with coordinates (L/2,L/2), and the overall
temperature (awareness) distribution is formed by the
method of superposition of mirror images. In other words,
the desired solution can be represented as the sum of four
solutions with the source at the corner point:

Ucenter (X Y58) = Ucopmer (X, V1) + Ugppper (L — X, y,1) +
+ Ucorner (va =Y t) + Ucorner (L —-x,L— Yat)-

(15)

Physically, this means that each square region is
divided into 4 quadrants, in which a solution is built based
on the proposed approach in the presence of an angular
source, resulting in a symmetrical distribution of
awareness around the center of influence.

As an example, the problem of determining the levels
of awareness in the community based on the heat conduc-
tion model with a point source for square plates measur-

Table 1 — Results of numerical calculations of propa,

ing 1.2m x 1.2m and 1.5m x 1.5m and the parameters
a=0.01m%s, T; =100°, ¢

The size L is determined from the condition that in the
available time ¢ the information will have time to reach

max =0c¢ are considered.

max
a characteristic level of awareness within each commu-
nity. As a result of experiments, the optimal intensity of
information sources q0 is determined under the conditions
of applying two optimization modes: time minimization
and intensity minimization.

For each square region, the distribution of the level of
awareness is calculated as a function of coordinates and
time based on the expansion in eigenfunctions of the
Laplace operator with Neumann limit conditions.

The results of the calculations and visualization of the
distributions are given in Table 1 and Fig. 1, 2 (for
L=1.2m).

gation modes for different network configurations

. Intensity, Power,
. Time, ’ ’ Number of
Configuration Mode 1, sec Tou °C 40 w Sources
1.2m x1.2m max_time 7.5 100 0.30 12
a=0.01ms, max_temp 10.0 75 0.22 12
Tinin = 50°
1.5m x1.5m max_time 7.5 100 0.50 12
a=0.01ms, max_temp 10.0 73 0.36 12
Tpin =50°
1o Temperature: 15°C - 135°C, time: 3.23s
. ]
g« |
2 |
I
|
0.8 A

0.6

Position y (m)

0.4 1

0.2 1
™\

0.0 T

0.4

0.6

Position x (m)

Figure 1 — Temperature distribution at the beginning of the simulation (¢ = 3.3 s, 33% of the maximum time).
The temperature on the plate varies from 15°C to 135°C. The heat is concentrated around the sources
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Temperature: 70°C - 190°C, time: 10.00s

1.0

0.8

Position y (m)
o
[=)]

o
B

0.2

0.0
0.0 0.2 0.4

0.6 0.8 1.

Position x (m)
Figure 2 — Final state (t = 10 s). The temperature on the plate varies from 70°C to 190°C.
The target minimum temperature of 70°C is reached at all points on the plate

CONCLUSIONS

The proposed work considers the application of the
principles of cellular automata models to modeling the
dynamics of information dissemination processes. A new
approach is proposed, in which, in addition to the
automata model, the internal behavior of each cell is
considered, provided that its initial state is formed as a
result of the influence of some processes inside the cells
at each interval [#;,t;,1], £=0,1,2,... . In other words, a

hybrid version of a cellular automata for observing the
internal and external dynamics of individual cells is
considered, in which the change in the states of the
automata model is described by a given transition
function with given rules for forming output signals, and a
“mechanistic” approach based on the principles of heat
conduction is used to formalize internal changes in the
state of the cell.

The proposed hybrid model allows us to describe and
analyze the processes of information dissemination within
a certain social group, which is formed, for example, from
subscribers of social networks. In the group, relatively
homogeneous subgroups (cells) in the form of
communities are distinguished.

Modeling of information processes was carried out
taking into account various options of external influence
of the environment (on the example of von Neumann and
Moore neighborhoods) with explicitly defined transition
and output functions. Formalization of internal processes
of information dissemination in certain cells is carried out
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using scalar equations of heat conduction. Numerical
calculations of indicators of dynamics of information
dissemination in each community and in the group as a
whole were obtained, and the solution of information
content problems (attitude of participants to a specific
problem) in subgroups was proposed based on
determining the locations of centers of influence.

In the future, it is planned to consider models of
internal dynamics in communities with and without taking
into account the influence of environmental conditions, to
solve the problem of optimal division of the initial group
into separate subgroups by the number of communities.
Special attention is required to analyze the method of
optimal heating of an asymmetric (rectangular) region
that is not divided into a given number of square
subregions.

Summing up, it can be stated that the results obtained
allowed us to continue researching new ways to study the
dynamics of information dissemination in complex social
systems based on the use of various models of physical
processes.
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AHOTANIA

AkrtyanshicTs. CepeioBullle Cy4acHOT0 iH(QOPMAIIHOTO CYCHUILCTBA B YMOBAaX CTPIMKOTO 3pOCTaHHs 3ac0o0iB 0OMiHY
iH(opMarii Ta NoB’A3aHOI 3 UMM IJ100ai3aLil JaHUX HaJa€ MOXKJIMBICTb BUBUYEHHS IIPpo0JIeM MOIIMPeHHs iHdopManii, foci-
JUKEHHsI 11 BIUIMBIB Ta CTBOpEHHs cucteM iHdopMariinoi 6e3neku. [Ipu po3poOiii cUCTEM Ta TEXHOJIOTIH PO3MOBCIOKEHHS
iH(opMaLii IMUPOKO BUKOPUCTOBYIOTHCS METOM MATEMATUUHOIO MOJIENI0OBaHHs. ba30BUMM BBaXKalOThCs TEILIOBI, Auby3iiiHi
a0o MexaHi4HI IpolecH, TOOTO MPOIIECH, 10 MPOTIKAKTh Y CYLIbHOMY cepefoBuii. Cepel pi3HUX MiJXOIIB sl MOJEIIO-
BaHHS 4aCTO BUKOPUCTOBYIOTHCS PIBHSHHS MaTeMaTu4HOI (i3uky, AKi € hopmaiizaliero GyHIaMEHTaNbHUX 3aKOHIB IIEpPEHO-
cy cyOcraHiii.

Hinb. Meroro po6oTH € po3pobka KOMILUIEKCHOTO (hOpMani3oBaHOrO MiAXOAY IO YUCIOBOIO MOJEIIOBAHHS JUHAMIKU
MpOIIeCiB MOMIKMPEHHS iH(pOpMAallii B COLIAJILHUX MEpPEXaxX Ha OCHOBI BUKOPUCTAHHS MPUHIUIIB pOOOTH KIITHHHHX aBTOMATIB
Ta Mogeneil nudysii. IlpeqMeToM NOCHIIKEHHS € aHaNi3 JUHAMIKW piBHA iH(opMauil, mo GopMyeTbcs HA OCHOBI BHYTpi-
LIHBOT MOBE/IIHKM KOXKHOI PO3IIISTHYTOI KOMIPKH MEPEXKi, 32 YMOBH, 1110 ii MOYaTKOBUiT cTaH (POPMY€EThCS B pe3yJIbTaTi BILTUBY
IEBHUX NPOLIECIB 11032 iH(GOPMAIIHUMHU CIIUIBHOTAMH.

Mertoa. Y cTarTi 3amponoHOBAaHO TOPHIHKI BapiaHT MOJIEITIOBAHHS MPOLECIB iHPOPMAIIIHHOTO PO3MOBCIOPKEHHS Ha OC-
HOBI KJIITMHHUX aBTOMATIB 31 CIIOCTEPEKEHHS BHYTPILIHBOI Ta 30BHIIIHBOI AUHAMIKM OKPEMUX KJIITHH, IPU YOMY 3MiHa CTa-
HIB aBTOMATHOT MOJIEJi OMHUCYETHCS 3aJaHOK (YHKIIIEID MEePEeXOo/iB Ta MpaBujaaMu (OpPMYBAaHHS BUXIJHHUX CHUTHANIB, a JUIs
¢dopmanizanii BHyTpIIIHIX 3MiH Y CTaHi KIITHHU 3aCTOCOBY€ThCs AM(DY31HHUN MifXi] Ha OCHOBI IPUHLUIIB TEMJIONPOBiAHOC-
Ti. [IpoBeIcHO OOYUCITIOBANIbHI EKCTIEPUMEHTH 3 MOJICITIOBAHHS AWHAMIKH MOIIUPEHHS iH(QOpMAIIfHUX MPOIIECIB 3 ypaxyBaH-
HSIM Pi3HUX BapiaHTIiB 30BHIIIHBOrO BIUIUBY OTOYEHHS, HABEICHO PO3PAXyHKH MOKA3HUKIB JUHAMIKU PO3MOBCIOMKEHHS 1H(PO-
pMariii y cniibHOTaX COIiaIbHUX MEPEK.

Pe3yabTaTu. 3anponoHoBaHa ribpuaHa MOAENb JO3BOJISIE ONMUCATH Ta MPOAHAaJi3yBaTu IpoLecH iHGOpMaliiHHOTro MOIu-
PCHHS B MEXaX JEsSKOi CYCHiIbHOI TpynH, sika GOpMy€eThCsl, HATPUKIIA, 3 MiIMHUCHUKIB COIiabHUX Mepex. B rpymi Buains-
I0ThCS BITHOCHO OJJHOPi/IHI 32 KOHKPETHUMH NOKa3HUKAMU HiArPYIH Y BUIVISAL MEPEKEBUX CIIUIBHOT.

TIpoBeneHo MoentoBaHHs iHPOPMAIIHHUX TPOLECIB 3 ypaxyBaHHSIM Pi3HHX BapiaHTIB 30BHINIHHOTO BIUIMBY OTOYCHHS
(na mpuxinani okoniB ¢oH Heiimana ta Mypa) 3 BU3HAYEHUMH Yy SIBHOMY BUITLIII (yHKLISIMHM HEPEXOAiB Ta BUXOIY.
dopmaizailis BHYTPILIHIX MPOIECIB MOMIMPEHHS iHPOpMAIT y BU3HAYCHUX KIITHHAX MPOBOAUTHCS 3a JOTIOMOTOI0 CKaJsip-
HUX PiBHSHB TEIUIONPOBiTHOCTI. OTPUMAHO YHMCENIBbHI PO3PAXYHKH ITOKA3HUKIB JUHAMIKH 1H(HOPMAIIHHOTO PO3MOBCIOMKEHHS
y KOXHIHM CHIIBHOTI Ta B IPymHi y LIIOMY, 3allpOIIOHOBAHO PO3B’sA3aHHA 3aj4au iH(opMaliilHOro HalnoOBHEHHs (CTaBICHHS
YYaCHHKIB IO KOHKPETHOI MPOOJIeMH) y MiArpynax Ha OCHOBI BUSHAYEHHS PO3TallyBaHb [ICHTPIB BIUIUBY.

BucHOBKH. Y CTaTTi pO3MIIHYTO 3aCTOCYBAaHHS IIPUHIHIIB KIIITHHHO-aBTOMAaTHHUX MOJeJel Ul MOJETIOBaHHS TUHAMIKI
MPOIIECIB  PO3MOBCIODKEHHS 1H(opMarlii. 3amponoHOBaHO HOBHUH MiIXiJ, B SKOMY JOAAaTKOBO JO aBTOMATHOI MOJei
PO3IIIAAAEThCS BHYTPIIIHS HOBEAIHKA KOXKHOI KIITHHH 32 YMOBH, IO ii BUXiTHMIT cTaH (OPMYEThCS BHACTITOK BILIHBY Jesi-
KHX TPOLECIB yCEepequHi KJIITUH Ha KOXXHOMY 4YacOBOMY IHTepBaji. [HIIMMHU CIIOBaMH, PO3IIISHYTO TiOpHUIHMN BapiaHT
KIIITUHHOTO aBTOMATy 31 CIIOCTEPEXXEHHS BHYTPIIIHBOI Ta 30BHIIIHBOI AUHAMIKM OKPEMHX KIITHH, IIPH YOMY 3MiHa CTaHIB
ABTOMATHOI MOJIENI OMMCYETHCS 3a1aHO0 (DYHKIIIEI0 TIEPEXO0/IiB 3 BU3BHAYEHUMH MPAaBUIaMU (OPMYBAHHS BHUXIIHHX CHTHAJIIB,
a an1a Qopmanizauii BHyTpIlIHIX 3MiH y CTaHi KIITUHHM 3aCTOCOBYETHCS «MEXAHICTUUHMI» MiAXiJl HA OCHOBI NPUHIUIIIB
TEIUIOTPOBITHOCTI.

KJ/JIIOYOBI CJIOBA: mozentoBaHHs, mpouecy iHGopMaliiiHOro po3noscrofxenus, A1udy3iiiHi Mozeni, KIITUHHI aBTO-
MaTH, TiIOpUAHUH MiaXiJ, COoLiaNbHI MEepexKi.
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