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MODELING OF NEGOTIATIONS FOR TWO AND THREE PLAYERS.
Yu. A. Dorofeeva, P. L. Osipova

Abstract. The paper considers the problem of modeling negotiations for two and three
players. Two tasks have been solved. The first problem is investigated with using the Nash
arbitration scheme. The results of numerical simulation are presented and the dependence of the
negotiation period on the simulation parameters is shown.

The second problem is a simulation for three players with the participation of an arbitrator.
The peculiarity of this scenario is the limited “work” of the arbitrator. The results of numerical
simulation are also presented in this paper.

Keywords: game theory, arbitration scheme, optimality equation, negotiations, Nash equilibrium,

random proposal, arbiter, competition modeling.

INTRODUCTION

Negotiations are an integral part of game theory. This is a complex and multifaceted
process. Modeling of negotiations can take place by different methods, for example, using
a scheme of random proposals or the organization of competitions, etc.

An important parameter is informativeness in any form of organization of negotiations.
This is awareness of the behavior of rivals, winnings, fines, which may be known to all
participants or to individuals.Therefore, negotiations can be both with complete and
incomplete information.

Negotiations are divided into two types [1]: positional and rational. Negotiation rules
play an important role in modeling. To resolve the conflict, there is an independent
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participant — an arbitrator. It may be represented by one participant, or it may be an
arbitration committee. The parties to the conflict can also unite to get the maximum
benefit in the conflict. In this regard, the parties to the conflict may be two or more
players. The main mission of the arbitrator is to make a final decision by drawing lots.

The mathematical apparatus for conflict resolution is negotiation theory, and the
optimal solution is equilibrium, namely Nash equilibrium, Pareto equilibrium, Bayes
equilibrium, etc. It depends on the problem statement and the rules of the game.

A sufficient amount of research has been devoted to modeling negotiations with
various scenarios. The basic work for the problem presented in this study is [1]. This
is a fundamental work in which the authors present the main game-theoretic models of
negotiations between two, three or more persons using the Nash arbitration scheme, with
a random proposal, as well as negotiations during the conclusion of transactions, etc.

The work [2| presents a method for finding a strategy that maximizes the probability of
completing commercial negotiations. In this formulation, it is beneficial for all participants
to finish negotiations as soon as possible.

Authors of the paper [3] is devoted to the study of an approach to finding optimal
behavior strategies for each of the participants in the negotiations. The goal here is not
just to increase one’s own benefits, but also to search for joint strategies that maximize

joint benefits in the negotiation process.
The study [4] is devoted to various approaches to trade negotiations. The paper
considers two main issues:

— how the negotiation policy is agreed, in the absence of a coalition for one side of

the negotiations.

— within the framework of the fact that the participants will create a coalition, how
the interests of each of the parties to the negotiations are aligned with the overall
result.

Negotiations in a game-theoretic formulation are used in international environmental

policy.

Thus, in [5], relatively simple game models for conflict resolution and resolution of

“climate negotiations” are improved.

The studies [6, 7| are also significant in negotiations, since they consider the influence

and characteristics of participants, as well as the model of group choice.

The goal of this work is to model negotiations using the Nash arbitration scheme. For
the first time this approach was described and proposed in the work |[8].

“Taurida Journal of Computer Science Theory and Mathematics”, 2022, 1
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The following conditions must be met for successful modeling;:

— determining the number of participants in negotiations; ;
— determining the order of proposals;

— setting player winnings;

— determining system of fines;

— rules of conduct of the arbitrator.

The game is a multi-step zero-sum process. Proposals to the participants come from
the arbitrator, which they can accept or reject. For the second option, the discount rate
is set — 0 € (0,1] — this is a guarantee of stopping the process, because each time each

participant will lose a share from winning.

It is important to note that in the arbitration scheme, the final choice is up to the
players, not the arbitrator.

The design of the contest is considered in the work [8], The study considers cases of

a game with non-zero and zero sum of winnings.

The task of negotiations for n=2.

So, let (X;,Y;) mua i = 1,2,... K is a sequence of pairs of independent identically
distributed random variables, which can be interpreted at step i as an proposal of the
arbiter to each of the players. As established above, proposal (X;,Y;) players accept (A)
or reject (R). They may reject because there is hope to get a more profitable proposal
from the arbitrator.

If both players accept proposals at the i-th step, the game is finished with a win for the
first participant with a win equal to (X; + Y;)/2. If both players reject the i-th proposal,
the negotiations proceed to the next step ¢ + 1. However, the winnings are discounted 9
times. If one of the players accepts the proposal and the other rejects it, the arbitrator
makes a decision in favor of the offended party.

The win is equal to:
min(X;,Y;), if A— R,

max(X;,Y;), if R— A,

The process continues until one of the players accepts the proposal or until the last
step of K comes. Both are forced to accept this proposal at the last step.

Let Hj is the value of this game, then k is the number of steps remaining until the
finish of the negotiations, k£ < K.

«Taspuueckuli secmnur unPopmamuru u mamemamurus, M1 (54)’ 2022
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Then the optimality equation has the form:
Hy, = F{val H,(X,Y)}, (1)
where val Hg(z,y) is the value of the matrix game, winning on the step k£ — 1:

A R

_af@ry2 miny)
Hy(z,y) = R(max(x,y) OH) >

k=1,2,3,... K and the boundary condition Hy = 0.

The matrix Hy(x,y) has a single saddle point, which depends on (z,y).

The meaning of the game Hy(z,y):
min(x,y), if 0Hy,_1 < min(x,y)

val Hy(z,y) = { 6Hy_ if min(z,y) < 6Hy_y < maz(z,y) (3)

max(z,y), if 0Hy—1 > max(z,vy)

The optimal strategies of the players at the k-th step have the following form:
A—R, if dHy_ 1 < min(z,y)
R— A, if §Hy 1 > maz(x,y)
R — R, otherwise.

The task of negotiations for n=3.
Often, in the course of negotiations, the parties discuss not one issue that causes a

conflict (for example, price or volume of supplies), but a whole complex of interrelated

problems.
Consider a non-coalition game of n persons with a non-zero sum. Players {1,2,...,n}
offer projects for the competition that are characterized by a set of parameters {z*, ..., 2"}

from some valid set S in space R™. The arbitrator reviews the received proposals and
selects one of the projects. In space R™ a random vector a is simulated with probability
distribution p(xy, ..., x;). It is known to the contestants. Vector a is the arbiter’s decision.
The winner is the project x*, where k = 1,...,n, which is nearest to the point a. The
winner of the contest player k receives a gain hy(z*) [8].

The decision of the arbitrator a is a random variable. To represent sets of
projects {z!,... 2"}, we divide the set of S C R™ into n subsets of Si,...,S, such
that if a € S, then the decision of the arbitrator will be the choice of the project with
the number k. This partition is called the Voronoi’s diagram, which can be constructed
using the Forchune’s procedure.

“Taurida Journal of Computer Science Theory and Mathematics”, 2022, 1
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Thus, the player’s winnings k£ can be defined as the average value of his winnings when
the arbiter’s decision falls into the set Sg, i.e.

Hy(a,...,a") = /hk(ka)u(dxh---,dxn) — h(w)u(Se) k= 1.,

Sk
The Nash equilibrium in this game is defined as the profile:
¥ = (z',...,2") for which
Hy,(2*[[y*) < Hi(a*),¥y" k=1,... n. (4)

Measure (S7) can be represented as

M(SI)ZZ / g(z)dx / 9(y)dy. (5)

Ty ij(m)lij(x1)>0,j:1,...,k
WAGE NEGOTIATIONS FOR TWO PLAYERS
USING THE NASH ARBITRATION SCHEME

Two players take part in this production: the manager and the professional union. The
purpose of the negotiations is to set a wage for the employee. The task of the manager
is to minimize costs, but the union is trying to make the payment maximum. The union
insists on 100 units, and the manager, for reasons of saving the company’s budget, insists
on 50 units.

In case of rejection of the trade union, a wage is reduced by 10 units relative to the
proposals of the arbitrator. If the manager rejects, then the salary increases by 10 units
relative to the same amount. The game proceeds to the next step, if both reject. The
solution is discounted by d times.

The arbitrator makes proposals to the players at each step. For this purpose a random
integer a is generated at a given interval. The setting of this parameter depends on the
problem statement (the amount of fines, the amount of winnings, etc.).For the scenario
described above, the interval of the arbiter’s random sentences is a set [40;60]. The given
type of set makes sense taking into account the amount of fines and the type of the
winning function.

Manager’s win functions f;(a) and functions for professional union f5(a) are unimodal
and have the following form:

fi(a) =75 —|a—100|, fo(a) =75 — |a — 50|

where a — arbitrator’s proposal

«Taspuueckuli secmnur unPopmamuru u mamemamurus, M1 (54)’ 2022
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As described above, players have only two strategies: A — accept the arbiter’s proposal
and R — reject the proposal. Suppose there are K steps for negotiations. In the case when
there are k steps before the end of negotiations, the optimality equation (2) takes the form:

1) @)y (fi(a), f2(a)) (fi(a +10), fa(a +10))
i i) = Bl <<f1<a—1o>,f2<a—1o>> (GHY,6H) )

where a takes values from 40 to 60 with the same probability 2—11

One of the important issues in the process of formalizing salary negotiations is the
analysis of the period of negotiations (determining the number of steps). It depends on the
modeling parameters, the definition of thresholds for the discount rate, and the behavior
of all participants in the process. A program was written in C# to conduct numerous
experiments, establish patterns and to analyze the model as a whole.The main questio
is how changes in the modeling parameters (discount coefficient and the arbitrator’s
proposals) affect the time of negotiations. Denote n = K — k—are the last steps of
negotiations.

The text of the program is published in the Internet repository [9].

The Table 1 shows the results of the program.

MODELING OF A COMPETITION FOR THREE PLAYERS WITH RESTRICTIONS
FOR THE ARBITRATOR

Consider a project competition for three persons. The first player wants to minimize
the amount = + y, the second player wants to maximize z, and the third player wants to
maximize y. The project competition is presented on a plane (in Fig.1).

Let the arbiter “behaves” on the plane randomly with a distribution density function
3(L—r
flr0) = 2110
T

Next, the problem statement will be in the polar coordinate system. Let the polar

axis coincide with the ox axis. The equation of a straight line in polar coordinates has

the form:
B P
~ cos(p —a)’
where
C]

B
a = arctg (Z)

“Taurida Journal of Computer Science Theory and Mathematics”, 2022, 1
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C, 0,a)

(3,0 X

(X1,¥1)
C, S;

Fig. 1. Competition of three projects on the plane

for a straight line equation of the form: Ax + By + C' = 0.
After converting the lines in the Cartesian coordinate system for the polar ones , the

following expression will be obtained:

B |27 + o} — a?|
- 2/(n — a)? + yicos(p — arctg(1-))
B |27 4 yi — d?|

 2/a7+ (1 — a)2cos(p — arctg(L=2))

The equation of a circle in polar coordinates has the following form:

r(p) = R.

If we know the equations of lines and circles in polar coordinates, we can find the

Iy 1a(p)

ls = r3(p)

points of intersection of these lines with the circle.
The intersection point of the line /; with the circle is €y = (R, 7).
The intersection point Cy of the straight line [, and the circle is found from the

equation:
2 2 2
i +yY; —a
| 1 yl | — R

2/ (21 — a)® + yicos(p — arctg())
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As a result, the point is Cy = (R, ¢1), where

Y1 xi +yi —a
) — arccos( :
T —a 2R\/(z1 — a)? + y?
The intersection point C3 of the straight line I3 and the circle is found from the
equation:

¢1 = arctg(

|23 + yi — |

= R.
2v/2% + (1 — a)?cos(p — arctg(*s=*))
As a result , the point is determined C5 = (R, ¢), where
2., .2 2
— + —
Gy = ow“ctg(y1 a) + arccos( SIS — :
x 2R\/x7 + (1 — a)?

The first player’s win can be defined as the mathematical expectation of his win when
the arbiter’s decision falls into the set S1, bounded by the straight lines [y, I3 and the arch
of a circle.

In polar coordinates: xy = ricospi, y3 = rising;, based on this, we can find the
mathematical expectation of a random variable z+y over the domain S; using the (4),(5):

TR /R
Hy(r1, 1) = (ricospr + Tlsin@l)[jj f(r,0)rdrde + J] f(r,0)r drdg],
@23 =Ty
where
i —
Iy : 7“2((,0) = 2 5 .1 5 r1singi !
2\/(7‘1005901 — a)? 4 risin?picos(p — arctg(m))
| i —
s - 13(p) = 7 — _ risingi—ayy’
2\/ricos?p1 + (r1sing — a)2cos(p — arctg("TE=R))
. 2 9
by = arctg(w) — arccos( i ; ),
r1C08P1 — G 2R\/(Tlcos<,01 —a)?+ T%:S‘mztm
. B 2 2
By = arctg(w) + arccos( i ),
T1C08P1 2R\/7€0082<p1 + (7’1Sin<p1 - a)2
3(1—r)
f(r,0) = —,
s

r — this is the Jacobian of the transition to the polar coordinate system.

Minimum of the function H;(ry,¢1) is reached at the point (¢, c) for the Cartesian
coordinate system, i.e. in polar coordinates it will be the point (cv/2, %’) Therefore, when
calculating the winnings of the first player, instead of the radius r;, we will substitute
cv/2, and instead of the angle ¢; - %”.
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The winnings of the second and third players are also found as the mathematical
expectation of their winnings when the arbiter’s decision falls into the sets Sy and Ss,
respectively. Then the winnings of the second player will be located in the area S5, bounded

by the straight lines [;, l; and the arc of the circle, using the following formula:

o1l2 B
Hy(a) = a] Jf f(r,0)rdrde + fj f(r, 0)rdrdyl,
=370 $10
where 2 )
ri—a
Iy : 7“2((,0) = 5 .1 risin !
24/ (r1cosp; — a)? + r3sin2p; cos(p — arctg(ﬁ))
: 2 2
msinge; ri—a
¢1 = arctg(——— ) — arccos .
! (7’1605301 - a) (QR\/(rlcosapl —a)?+ r%sin2ap1)

And the winnings of the third player in the area S3, bounded by the straight lines [y,
I3 and the arc of the circle, we will find using the following formula:

¢2R 5T7Tl3
Hg(a) = CL[J:[ f(r, 9)’/“ d?” dSO + ff f(rv Q)T d’f‘ ngL
=0 $20
re
r2 _ g2
l3 . T3(90) = 5 5 - | . 5 | rising1—ay\ ’
2\/rlcos ©1 + (rising; — a)?cos(p — arctg(m))
, - 2 _ 2
By = arctg(irlslnwl a) + arccos( n-¢ ).

T1C05p1 2R\/r?cos2p; + (r1sinp; — a)?
So, formulas of the winning functions for each of the players were obtained. This game
takes place with a restriction for the referee and in polar coordinates.
To analyze the behavior of all participants in the conflict, that is, the dependence of
the participants’ winnings on the simulation parameters, a program was written in the

C# programming language. The results are presented in Table 2.
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RESULTS OF NUMERICAL SIMULATION OF NEGOTIATIONS

5 a n HY H?
(0:0.77) v 2 32.6191 | 63.5714
40 14 33.7113 | 62.7780
0.77:0.8
0.77:0.8) [41;60] 2 32.6191 | 63.5714
4041 25 35.6083 | 62.0619
0.8:0.83 )
0-8;0.83) [42;60] 9 32.6191 | 63.5714
[40;42] 27 35.9848 | 59.3472
0.83:0.86
0.83;0.86) [43;60] 9 32.6191 | 63.5714
‘ [40;43)] 31 36.1502 | 58.7121
0.86;0.87) [44;60] 9 32.619 | 63.5714
[41;43] 36 36.5274 | 57.7465
0.87:0.89
0.87;0.89) {40} U [44; 60] 9 32.619 | 63.5714
[42;44] 44 36.5274 | 56.2791
0.89:0.9
0.89;0.9) [40; 41] U [45; 60] 2 32.619 | 63.5714
4344 44 36.7442 | 56.2791
0.9:0.92 )
10.9:0.92) [40; 42] U [45; 60] 9 32.619 | 63.5714
44.45 52 37.5427 | 62.4869
0.92:0.928 i
10.92: ] [40; 43] U [46; 60] 2 32.619 | 63.5714
44.45 17 37.5427 | 62.4869
0.928:0.93 i
( 10.93) [40; 43] U [46; 60] 9 32.619 | 63.5714
45 17 33.2288 | 63.0608
0.93:0.94
10.93:0.94] [40; 44] U [46: 60] 2 32.619 | 63.5714
(0.94;1] v 9 32.619 | 63.5714

Table 1. Numerical simulation results in wage problem.

R 0.5 0.7 0.8 1

H, | 0.0503727054 | 0.0911212726 | 0.0662981619 | 0.2882876400
Hy | 0.0401099790 | 0.104202198 | 0.1297029310 | 0.1703486206
Hs | 0.2806785612 | 0.3602390747 | 0.42269259804 | 0.25394445622
c -0.499 -0.479 -0.479 -0.419

a 0.714 0.674 0.668 0.646

Table 2. Dependence of the winning function on the radius of the circle.
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Analyzing the simulation results for wage negotiations in Table 1 we can conclude that
when determining the discount rate from the range 6 € (0;0.77)U(0.94; 1] negotiations end
at the second step. This process of stopping negotiations does not depend on the values
of the arbitrator’s proposals in this case. It means that these values of this parameter will
be the most “advantageous” in terms of the speed of the end of negotiations.

Negotiations move to the third step and over. However, at the same time, the
parameter values take certain values from defined intervals. In addition, it is possible
to determine the values of parameters at which the achievement of optimal values of
winnings occurs over a relatively long period — 52 iterations.

For the case n = 3 and with restrictions for the arbiter, the winnings of all players
increase with an increase in the radius, but only slightly.

CONCLUSIONS

The basic model for wage (n = 2) negotiations is the Nash arbitration scheme. This
game-theoretic method is based on a modified pie-splitting problem. There is a neutral
arbiter player in the arbitration scheme unlike the classical problem.

A feature of the arbitration scheme negotiation model is its versatility and simplicity
for scenarios with two competitors and the subject of dispute in numerical form. However,
it is impossible to find the duration of negotiations directly. Numerical simulation was
implemented using a computer program to answer this question,. The aim of the numerical
experiments was to determine the effect of changes in the model parameters on the
negotiation period. Intervals are found for model parameters at which negotiations are
lengthy.

Thus, all the most “profitable” solutions to the negotiation problem have been
identified from the point of view of both players.

In the process of modeling for n = 3, the solution is presented using a geometric
interpretation. Interesting results are presented in this scenario, taking into account the
limitation of the “activity” of the arbitrator.
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MODELING REGULAR WAVES EFFECTS ON TURBULENT VERTICAL EXCHANGE.
Sukhinov A. I., Protsenko E. A., Sidoryakina V. V., Protsenko S. V.

Abstract. The study of regular waves in the work is reduced to the identification of
statistical patterns, which are numerically expressed by the dependencies between waves elements
and their determining factors. Based on the processing of data obtained using the ADCP, the
characteristic length of the regular wave for the Azov Sea, the characteristic and maximum
speed are revealed in the work. The paper calculates the turbulent exchange coefficients using
set of periods for averaging turbulent velocity pulsations. Using experimental data on velocity
components pulsations, the vertical turbulent exchange coefficient was calculated on the basis
of various approaches to its parametrization, based on the analysis of the obtained coefficient
distributions, the most adequate parametrization of the coefficient for physical processes was

selected, which is used in the software package.

Keywords: effect of reqular waves, turbulent exchange, vertical turbulent exchange coefficient,

three-dimensional hydrodynamics mathematical model.

INTRODUCTION

To analyze the effect of regular waves on the turbulent exchange model, idealized
sinusoidal wave theory was used. Although wind waves at sea are never regular, the
classical theory of regular waves is used in most wind wave studies and is the basis for
analyzing and predicting wind waves. Therefore, the general laws of the waves structure
and the motion nature of their individual particles from the point of view of the trochoidal
wave theory was considered. Individual water particles in surface waves move along closed

ellipsoidal lines, making a complete revolution in a time equal to the wave period. The
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rotational motion of sequentially arranged water particles shifted by a phase angle at
the initial moment of motion creates the appearance of translational motion: individual
particles move in closed orbits, while the wave profile moves translationally in the wind
direction.

Wind waves are characterized by two features. The first is due to the irregularity
and disorderliness of wave sizes and shapes. One wave does not repeat another, a large
wave can be followed by a small one, or even a larger one, while each individual wave
continuously changes its shape. Some unusually long and low waves can’t be seen at all.
Wave crests move not only in the wind direction, but also in other directions. Such a
complex structure of the disturbed sea surface is explained by the eddy turbulent nature
of the wind. The second feature of waves is the rapid variability of wave elements in time
and space, which is also associated with the wind. At the same time, the size of waves
depends not only on the wind speed, but also on the duration of its action, the length
of acceleration, and the depth of the sea. From the point of view of practice, it is not
necessary to know the size of each individual wave or each wave oscillation, but rather
the statistical characteristics of waves are more important: average, root-mean-square
deviations [1].

The study of waves is ultimately reduced to the identification of statistical patterns,
which are numerically expressed by the dependencies between the elements of waves and
their determining factors [2].

The results of measurements of wave elements are usually presented in the form of a
curve that characterizes their repeatability in a series of observations, usually expressed
as a percentage. When entering shallow water, the wave statistics change: the number of
high waves decreases, while the number of low-altitude waves increases. The answer to
the question about the frequency of repetition of waves of a particular size is given by the
distribution functions of wave elements. They make it possible to describe ensembles of
waves rather than individual ones, and they make it possible to predict the probability
of waves with specified characteristics, if some averaged wave parameters are known. The
distribution functions of visible wave elements in the first approximation do not depend
on the intensity, stage of development, and form of the wave, and they can be expressed
using a single dimensionless function.

The distribution functions of wind wave elements in shallow waters were studied
both theoretically and on the basis of systematization and statistical analysis of field
data materials. It was shown that the distribution of wave periods in shallow water does
not change significantly, and the distribution of wave heights, taking into account the
influence of sea depth, is expressed by a family of curves described using a simple analytical
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function [3]. Distribution functions make it very easy to find elements of waves of any
security based on the known values of these elements of a certain security. This makes it
possible to compare and objectively evaluate various methods of calculating and observing
wind waves. To study the statistics of waves covering different time periods (from a few
minutes to several years), due to the large differences in the scale of wave variability,
fundamentally different field data and methods of their analysis are needed.

1. WAVE DISTURBANCE PERCEIVED BY ADCP

Wave disturbance perceived by ADCP, differs in frequency and intensity from waves
on the sea surface. This is due to the mutual movement of the ship and waves, and
the commensurability of their geometric dimensions. The movement of a ship on a wave
changes the frequency of the wave disturbance. If the wave size is close to the ship’s
dimensions (length, width, draft), then it cannot repeat its profile as it moves. As a
result, the level of disturbance changes.

On a moving sea by a moving object, a regular wave is perceived not with its true
frequency o, but with a new transformed frequency co, which is called the apparent w.

Let consider the object as a material point that moves uniformly at a speed v at
an angle ¢ to the direction of motion of the waves. Then the coordinate of the point of
meeting the ship with the wave changes x* = —vt cos €.

The law of changing the wave ordinate at the point where the ship meets the wave
has the form

r(t) = Ry, cos (— (U?U cos& + 1) Ut) = R,, coswt, (1)

where w = |0 + 025 cosg‘ =|l1+ac|lo = ‘1 + % cosé“ o represents the apparent angular
frequency of a regular wave acting on a moving ship, a = v cos£/g is the factor of relative
movement ship on a wave [9].

Analysis of the relation shows that when the ship moves with a lag to the wave
€] = 90°, a = 0, the true and apparent frequencies coincide. If the object is moving
towards a wave, 0 < |£] < 90°, a > 0, and the apparent frequency of the wave is greater
than the true one. A more complex relationship is found when the ship moves along a
wave 0 < [£] < 180°, a < 0.

Possible driving conditions are those in which a passing wave with
a frequency oy = 1/|a| of has zero apparent frequency wy = 0. This happens when
the speed of the wave and the ship coincide v |[cos&| = ¢, when their relative position
remains unchanged. At other speeds, the ship can lag behind the wave v |cos| < ¢ or
overtake it v|cos&| > c. In the first case, the frequency of the disturbance lies in the
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range 0 < 0 < 1/ |a|, and the apparent frequency is less than the true one. In the second
case, the frequency of the disturbance lies in the region ¢ > 1/]|a|, and the apparent
frequency may exceed the true one. At the same time, the extreme values of the apparent
frequency and the corresponding values of the true frequency decrease [10].

The degree of pitching influence is taken into account using reduction coefficients. The
reduction coefficients depend on the wavelength, and therefore on the frequency of the
wave. They have the form of amplitude-frequency characteristics of linear low-frequency
filters. The specific values of these coefficients are determined by the design features of
the ship’s hull.

2. THE EFFECT OF REGULAR WAVES ON THE TURBULENT EXCHANGE
IN THE VERTICAL DIRECTION

Due to acoustic pulses emitted in different directions, the accuracy of speed detection
increases and the flow direction is determined. The measurements were recorded at
intervals of 1 s every 10 cm at the measured depth. The speed was recorded in the
corresponding file in mm/s. The columns show the time values on the device’s clock and
128 depth measurements of one of the components of the velocity vector at the current
time. In the described experiment, data were stored for three components of the water
flow velocity vector at the current time. Data on each component of the velocity vector
is stored in a separate file. The probe saves information about instantaneous water flow
pulsations to a file with the extension txt. The recorded information includes service
headers, contains data about service directories, and probe settings.

Problems of decomposition of empirical data series obtained with the help of acoustic
Doppler current profiler (ADCP), on the evolutionary component and cyclic components
belong to the class of inverse problems of processing and interpreting experimental data.
The selection of a regular wave is based on a set of moving average smoothing procedures.
The series components are evaluated in three stages: the initial component evaluation, the
intermediate component evaluation of the series, and the final evaluation of the regular
component and the adjusted series.

After forming a trend model using a centered moving average algorithm, the initial
series is divided by this estimate and the initial estimate of the noisy cyclic component is
obtained. To estimate the seasonal component, the noisy cyclical component is smoothed
out by a moving average, which averages the individual components corresponding to
regular coefficients. This results in an estimate of the regular factor. At this stage, the
estimation of seasonal coefficients is normalized so that their product for each period is

“Taurida Journal of Computer Science Theory and Mathematics”, 2022, 1



Modeling regular waves effects on turbulent vertical exchange 23

equal to one. After that, dividing the original series by the seasonal factor estimate, we
get an estimate of the noisy adjusted component.

At the final stage of evaluating the components of the series, the final trend
component is extracted from the noisy trend again by smoothing and using it, the
irregular component is extracted, which is necessary for statistical identification of the
corresponding components.

A set of harmonics of the main oscillation was used as models of cyclic components.
The stationary wave was formed as an additive mixture of the main oscillation and three
higher harmonics on the interval, which was then distorted so that the maximum values
on the positive half-wave differed from the maximum values on the negative half-wave. In
this way, the seasonal wave was disharmonized in order to get as close as possible to the
real wave components

The noise component was generated using the RAND function of the Microsoft Excel
package. The variant with a uniform distribution density of random samples and zero
mean value (zero first moment) was chosen. The estimation of the variance of the noise
component by the STDEV function of the Excel package was 10% of the estimate of the
variance of the cyclic component, and thus the noise/cyclic component ratio (noise/signal
ratio) was fixed. By changing the scale along the ordinate axis two or three times, different

w /s ratios were recorded.

3000 4000
2000
1000
1000
0
o B o' B inis o= o' O 69 0
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-1000 -1000 =~ o
-2000 -2000

Fig. 1. Initial data series obtained with the probe ADCP, vertical mm/s,
horizontally m.

Thus, based on the processing of data obtained by the probe ADCP it is revealed
that the characteristic regular wave length for the Azov Sea is 15-25 meters wide, and the
characteristic speed is 0,1 — 0,2 m/s., the maximum speed is 0,51-0,77 m / s. The data
obtained with the help of modeling are consistent with the data provided by the Unified
State Information System on the Situation in the World Ocean (ESIM).
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Fig. 2. A series obtained by averaging the probe data ADCP, vertical
mm,/s, horizontally m.
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Fig. 3. A series obtained by averaging and filtering probe data ADCP,
vertical mm/s, horizontally m.
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Fig. 4. Vertical series obtained by filtering, eliminating the noise, vertical
mm,/s, horizontally m.

In this paper, the turbulent exchange coefficients are calculated using a whole set of
averaging periods for turbulent velocity pulsations. Using experimental data on pulsations
of velocity components, the vertical turbulent exchange coefficient was calculated on the
basis of various approaches to its parameterization, based on the analysis of the obtained
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Fig. 5. A series obtained by selecting a cyclic component with a period
equal to the period of a regular wave from the implementation of a random
process with a uniform distribution density by the RAND procedure,
vertical mm/s, horizontally m.

coefficient distributions, the parameterization of the coefficient that is most adequate to
physical processes, which is used in the software package, was selected.

The Smagorinsky model is a subgrid model of the vertical turbulent exchange
coefficient. Turbulent viscosity v it is determined by the average value of the turbulence
energy dissipation rate £, per unit volume. In this case, for dimensional reasons, it follows

1/3 . A*3k, where A is the characteristic grid scale.

ve~eE

The value of the dissipation rate € not directly known. The second consideration is
that the dissipation rate can be expressed in terms of the average deformation rate of
the cell scale 5 = 25;; - 5;;, where 5;; is the averaged strain rate tensor, from the ratio
v = C2A?5 Y2 where C,is dimensionless empirical constant, the value of which in the
Smagorinsky formula is usually determined based on the calculation of the attenuation
process of homogeneous isotropic turbulence. In particular, the selected value of the
constant C it must ensure compliance with experimental measurements.

In the case when the mesh size is chosen sufficiently small, the average deformation rate
of the cellular scale 5 is equal to the average strain rate in the Prandtl parameterization
D. Thus, we come to the Prandtl analog in the form: v = C?A? \/m, neglecting

horizontal gradients u and v, and gradients of the vertical velocity component w, get the

following expression: v = C2A?3 (%)2 + (?)2.

The use of three-dimensional statements of those problems that traditionally belonged
to the field of the shallow water theory is dictated by the need to improve hydrodynamic
models of real phenomena and the growing requirements for initial information in
ecology, hydro-engineering. The three-dimensional formulation concludes the fundamental

possibility of increasing the accuracy of calculating the phenomenon. The use of a
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three-dimensional formulation also allows us to obtain a more general, meaningful and
interrelated description of the response of the coastal zone to large-scale atmospheric
disturbances.

Experiments were performed based on several approaches for calculating the vertical
turbulent exchange coefficient:

S| SIS

1. Parametrization of Belotserkovsky v = (CAz) [( )2 (?) ]
) 0

2. Boussinesq parameterization v = (0,412)20, 54/ (82 2 ( 5)
3. Smagorinsky parameterizationv = 0,5(CA)?4/ (8— g ( )

where v is the coefficient of turbulent exchange in the vertical direction; u,v are the

@l

components of the water flow velocity averaged over the time of pulsation in the horizontal
direction, C is dimensionless empirical constant; Ais characteristic scale of the grid.

To parameterize the vertical turbulent exchange coefficient, algebraic subgrid models
based on the definition of turbulent flows as the products of flow velocity components
deviations and the transferred physical quantity averaged over space or time were
considered.

Experiments were performed based on several approaches for calculating the
vertical turbulent exchange coefficient: Belotserkovsky parametrization, Boussinesq

parametrization, and Smagorinsky parametrization.

0,0908 5

0,0831 60

0.056 *

0,0277

0 0
0 0 1 2 3 0 1 2 3 0 1 2 3

Fig. 6. Parametrization of the turbulent exchange coefficient.

The optimal value of the empirical constant appearing in the formula of Belotserkovsky
and Smagorinsky was also obtained from the comparison of distributions, the value of
which ensures compliance with experimental measurements, as well as other methods
for calculating the coefficient. The value of this constant for all expedition measurement
points is 1.4.
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Fig. 7. The vertical turbulent exchange coefficient at points (the red line is
the Belotserkovsky parametrization, the blue line is Boussinesq, the black
line is Smagorinsky:.

Based on the considered methods for calculating the vertical turbulent exchange
coefficient, distributions that are inhomogeneous vertically for all measurement points
are obtained. Comparative analysis has shown that for the obtained distributions of
the vertical turbulent exchange coefficient, the models show similar results in order of
magnitude, as well as in the location of peaks on the graphs, a more in-depth analysis using

mathematical statistics methods is necessary to assess the quality of parameterization.

CONCLUSIONS

Wind disturbance is characterized by two features. The first is the irregularity and
disorder of the sizes and shapes of waves. The second feature of the wave is the rapid
variability of the wave elements in time and space, which is also associated with the
wind. The study of waves is reduced to the identification of statistical patterns, which
are numerically expressed by the dependencies be-tween the elements of waves and their
determining factors.

Based on the processing of data obtained using the ADCP, it was revealed that
the characteristic length of a regular wave for the Azov Sea is 15-25 meters, and the
characteristic speed is 0,1-0,2 m/s, the maximum is 0,51-0,77 m/s. The data obtained by
modeling are consistent with the data provided by the Unified State Information System
on the Situation in the World Ocean.
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To parametrize the coefficient of vertical turbulent exchange, algebraic subgrid
models based on the definition of turbulent flows as the products of deviations of the
components of the flow velocity and the transferred physical quantity averaged over space
or time are considered. Experiments were performed on the basis of several approaches
to calculate the coefficient of turbulent exchange along the vertical: Belotserkovsky
parametrization, Boussinesq parametrization; Smagorinsky para-metrization. On the
basis of the considered methods of calculating the coefficient of vertical turbulent
exchange, distributions inhomogeneous vertically for all measurement points are obtained.
Comparative analysis has shown that for the obtained distributions of the vertical
turbulent ex-change coefficient, the models show similar results in order of magnitude,
as well as in the location of peaks on the graphs, a deeper analysis using mathematical
statistics methods is needed to assess the quality of parametrization.
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DEVELOPMENT OF A MATHEMATICAL MODEL AND ALGORITHM FOR THE
IMPLEMENTATION OF CYBERSECURITY OF CONTROL SYSTEMS OF ELECTRIC POWER
FACILITIES.

Ametov F. R., Bekirov E. A.

Abstract. The modern automated control system at electric power enterprises is a
combination of many systems, modules and interfaces. One of the most important and, at
the same time, vulnerable is the switching module, which is a set of devices and interfaces
for data transmission, processing and analysis. One of the most popular solutions for organizing
communication between control system components is the Modbus protocol, based on certain
algorithms and data transfer protocols.

Forecasting and analyzing information attacks in order to detect and prevent them
prematurely becomes an important task. Analysis and structuring of components and their
vulnerabilities will allow you to simulate potentially unprotected places and determine further
actions to protect them. The signature-based threat detection method used in data processing
includes a feature of packet data transmission in Modbus to detect unwanted or third-party
network traffic. This method is based on certain set rules, which also use the principle of threshold
values to detect unwanted signatures or anomalies.

The principles of communication of devices within production networks, as well as the
specifics of transmitting information on them, are defined in standardized specifications.
Specifications are a set of protocols that implement system components.

A number of the specifications used have limitations related to multiplatform, security and
modernization, as a result of which there are problems with network configuration, its support,
modernization and security. In this regard, an urgent task is the implementation and support of
modern specifications that allow configuring the system with additional security add-ons.

An important indicator of any algorithm and any data transmission model is their
cryptographic strength, or in other words, the level of protection from potential cyber attacks.
Based on the analysis of the collected information, the calculation of the optimal mathematical
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model of the algorithm for the implementation of cybersecurity on the example of Modbus

communication was carried out.

Keywords: Modbus, cybersecurity, slave, master, mathematical model.

BBEIEHUE

Bce ycrpoiicTBa, nmocrpoennnie na narepdeiice Modbus, na duzndeckom yposte padbo-
TaloT 1o Mojesm Master — Slave. 9To0 3HAYHUT, UTO €CTh YIIPaBJSIOIee yeTpoiicTBO Master
U TIOJIKOHTPOJIbHBIE eMy ycrpoiicTBa Slave. IIpuniun padorsr Modbus crpoutcs #a ToMm,
9TO master-ycTpoiicTBO 1moodepeHo ompalmBaeT slave-ycrpoiicTBa, KOTOpbIE OTBEYAIOT
emy.

Baxknoit cocrasmsomeii mporokosia Modbus TCP sasisiercss BO3MOXKHOCTH UHTETPa-
mun ¢ BHemrHUME cepBepamu niocpenctBoM TCP /TP coemunenusi, cTpyKTypHas MOJIE/b

KOTOPOTO MoKa3aHa Ha puc. 1:

Server

A

Master

[ Slave Slave ]

Slave

Puc. 1. Mopens master — slave nporokosia Modbus TCP

BzanmogeiicTBust MeK Iy KOMIIOHEHTAMU OTUCHIBAIOTCS CIIEIHAIBHBIMUA aJITOPUTMAMUI
nmepeiadn M WHKAIICYJIANNNA JIAHHBIX, & MOCKOJbKY KasKblil Takoir ajroput™m B Modbus
[IpEJICTaB/IsSIeT COOOM IEIOYKY B3aMMOCBA3€H MEKIy KOMIIOHEHTaMN HH(MOPMAIMOHHOI
CUCTEMBI YIIPaBJIEHUsI, €M0 MATEMaTUIECKYI0 MOJIE/Ib MOXKHO OIMCATH UCIOJIB3Ys OOIILYIO
TOIOJIOTMIO KOMIIBIOTEPHBIX CeTeli, KoTopas OIHUChIBaeT apXuTekTypy B nesom [1]. Tomo-
JIOTHS TIPeJICTaBIsgeT coboii rpad, n3odpazkKaronmii Kak (pU3MIecKyo, Tak 1 HH(pOpMaIu-
OHHYIO B3aUMOCBA3b ME2KAYy KOMIIOHEHTaMU.

B zaBucuMocT# 0T apXUTEKTYPHBIX U CTPYKTYPHBIX OCOOEHHOCTEH CUCTEMbBI yIIpaBJie-
HUsI, B PaAMKaX KOTOPOIi OIMCHIBAETCS aJITOPUTM CJIEYeT UCIIOIH30BAThH CBI3aHHbIE MEXK LY
(3060171 THUIIBI BBIYUCIUTEJIbHBIX apDXUTEKTYD — «3Be3da» U «KOJIBIIO», COCTOAIINE U3 COBO-

KYITHOCTH Y3JIOB M KACAIONIUXCS ONTUMU3AINHI JIEKTPOCHAOKEHNUS, SHEProcOeperKeHns,
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a TaKyKe 3allUThl KOMIIBIOTEPHOI nHboOpMaImn oT Bo3/eiicTBus kubepatak [2]. s mo-

CTPOEHUST MATEMATUIEeCKON MOJIE/IM TAKOW CPeJIbl HEOOXOMMO OTOOPA3UTh €€ JIOTUIECKYIO

CTPYKTYPY B Bujie rpada.

Pg(to)

Puc. 2. CoBOKyIIHOCTb KOMIIOHEHTOB CHUCTEMbBI B Bujie Ipada

Ha ocnoge sToro rpada cunresupyem uddepeHna bHyo MaTeMaTUIeCKYI0 MOJIE/b
u Ha ee Dase cdopmysmpyeM KpuTepuii KubepOe30ImacHOCTH M IIOCTPOUM HHTE/LIEKTY-
aJIbHbIE KOMIILIOTEPHO-OPUEHTUPOBAHHBIE METO/Ibl KUOEP3aIlUThl B PEAJIbHOM BPEMEHHU.
Vaner PO u P1 rpada, mpuBeieHHONO Ha pHUC. 2 — 3TO IEHTPAJBHBIN cepBep JIOKAIb-
HOIT ceTH ypaBJieHnst 1 cepBep 6a3bl TaHHBIX cooTBeTcTBeHHO [3|. Opranuszanus obmena
nHbOpMAITIEil MEXKTy y3/1aMU B PACIIPEIeICHHON KOMITLIOTEPHON CeTU M peau3aliyus Ie-
pejiavn JTaHHbIX 110 VIHTepHeT ocyiiecTBIIsgeTcs npu nomMoinu y3i08 P2 u P3. [Tponemypbl
OTIPOCa JTATYNKOB KOMMEDPUYECKOTO yUeTa JIEKTPOIHEPTHH Pean30BaHbl B y3ie P4, muc-
[IeTYEPCKOrO YIIPpaBJICHUS 3JEKTPOCHAOKEHUA — B y3Jie PS5, a cuuTbiBanne WHMOOPMAITT
C MUKPOIIPOIECCOPHBIX CUCTEM YIIPABJIEHUs JIEKTPOIOTPEO/IEHUEM OCYIECTBIISETCH Y3-
jgom P6. IIpu srom ayru rpada npegactaBidioT coboii MHTEHCHBHOCTH TOTOKA KubepaTak
Aj(t) ¥ MHTEHCHBHOCTD MOTOKA 3AIUTHBIX JeHCTBHI 77 () COOTBETCTBEHHO. Y3iIbl rpada
Pi non BIMsHIEM HHTEHCHBHOCTH IIOTOKOB KnbepaTak Aj(t) M COOTBETCTBEHHO 3allUT-
HBIX JIefcTBUil Yj(t) HAXOAATCS B COCTOSHUM, KOTOPOE XapaKTepU3yeTcs BepOSTHOCTHIO
Pj(t) (1 =0,1,...,6) |[4]. C npumenenunem rpada JokajibHOI ceTn OyjieM CUHTE3UPOBATh
MaTeMaTHIecKyIo MOJe/Tb B BUJle CHCTeMBI nuddepeHnmaIbHbIX ypaBHermit Koimoropo-

Ba—Yemnmena ¢ COOTBETCTBYIOIIMMHU HaYdYaJIbHBIMU YCJIOBUAMMU:
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dPO(t)dt = —(X0 4+ A1 4+ A2 + A3 + M) P0(t) + v0P1(t) + v1P5(t) + v2P4(t)
+v3P3(t)+~v4PA(t)dP1(t)dt = —yOP1(t)+A0PO(t)dP2(t)dt = —(y4-+ AT+ A5+~6)P2(t)
+A6P5(t)+APO(t)+yTP6(t)dP3(t)dt = —(v9+v13+~y3+A8)P3(t)+A13P6(t)+A3P0(¢)
+8PA(t)dPA(t)dt = —(y8+~v2+A114+A10) P4(t)+A8P3(t)+ A 2P0(t)+~11P5(t)dP5(t)dt
= — (A2 4+ 411 + 91 4+ X6)P5(t) + A11P4A(t) + A1PO(t) + v6P2(t)dP6(t)dt
—(y7 4+ A13)P6(t) + v13P3(t) + A7TP2(t) (1)
Cucrema quddepenimanbabix ypasaeruii (1) crpaseinBa mpu coOIIOAEHAN YCTIOBUIA
HOpMHUpoOBaHus [5:
PO(t0) + P1(t1) + ...+ P6(t0) = 1,
B MoMeHT t0 = () u HaYaJIbHBIX YCJIOBUI

PO(0) =1, P1(0) + P2(0) + ... + P6(0) = 0, (2)

Jtst cucteMbl uddepeHimanbabix ypasaeruil (1) canrator, ¥ro KubepaTaku Ha HHGOD-
MAIMOHHbIE PECYPCHI B CHCTEMAaX IIPOUCXO/IAT Ha HeKoTopoM nHTepsade [t0, T, a rekyiee
BpeMs t MpeObIBaHUs CUCTEMbI B HWH(MPOPMAIMOHHOM KOHMJIUKTE BLIOUPAIOT U3 yCJIOBHUI
t € [t0,T].

OrpaHntveHnsi Ha WHTEHCHBHOCTH ITOTOKOB Kubeparak Aj(t) n HHT€HCHBHOCTH 3allAT-

HBIX JleficTByii vj(t) 3amuieM B Buje
0<Aj < Ajmaz, 0<n~j<~jmaz, (3)

rje A\j max u yj maxr — MaKCUMaJibHas HHTEHCUBHOCTD IIOTOKOB KHOEpATaK U 3alUTHBIX
neitcreuit [6]. C 1esibio 06001IeH ST IOy Y€HHOIO Pe3yJIbTaTa U YIPOIIEeHHsI MaTeMaTHIe-

CKUX M3JIOZKEHUE TTPEJIOKEHBI CJICTYTOINE YCIOBHS:
AMN=AN=...=X3=), 70=~l=...=7913=1. (4)

cxonst n3 yeaoBmMit HOPMAPOBAHUS, MOKHO YTBEPZKJIATh, ITO:
P1(t) + P2(t) + P3(t) + P4A(t) + P5(t) = 1 — PO(t) — P6(t). (5)

Torga ¢ yaerom (4) u (5) cucrema (1) npumer Bu

dPO(t)dt = —(5X\ + v)PO(t) + (1 — P6(t))dP1(t)dt = —yP1(t) + APO(t)dP2(t)dt
—2(y+A) P2(t)+A(PO(t)+P5(t))+yP6(t)dP3(t)dt = —(3y+A\)P3(t)+A(PO(t)+P6(t))
+ yPA(t)dPA(t)dt = —2(y + A\) P4A(t) + A(PO(t) + P3(t)) + v P5(t)dP5(t)dt
—2(y+A) P5(t)+A(PO()+P4(1))+vP2(t)dP6(t)dt = —(v+A)P6(t)+~P3(t)+7P2(t)

(6)
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Maremaruaeckue mozenu (1), (6) sBagioTcsa ocHoBoil st cunTesa quddepeHmaib-
HBIX MATEMATUIECKUX MOJIeJIEfl M MHTEJIEKTYaJbHBIX METOJ0B KHOEP3AIUTHI C TEIBIO
obecIieyeHnsi OIMEPATHBHOIO YIIPABJIECHUS JIEKTPOCHAOKEHNEM B YCJIOBUSIX PHUCKA MPOSTB-
gernit kubepyrpo3. C nesbio cuaTe3a ndepeHImaibHbIX MaTeMaTHIeCKUX MO/IesIei
KuOepOe30acHOCTH B JIAJIbHEHIIEM TIPeJIaraeTcs BOCIIOIb30BAThCs (DYHIAMEHTATbHBIMI
nougTusgMu Teopuu auddepennuaabubix npeodpasoBanunii [lyxosa. CoorsercTBytomine
MaTeMaTHIeCKIe 3aBUCHMOCTU IPIMOro u obparHoro uddepeHIuaaIbHoro mpeobpaso-

BaHUA NMEIOT BU/I:.
X (k) = a(k) = HkR[dka(t)dtk)t = 0-2(t) = Y (tH)EX (k)k = 0ok =0,  (7)

rje x(t) — GyHKINg-0purnHa, mpejIcTaBisionas coboil HempepbiBHOE, GECKOHEUHOe K-
Jio pa3 janddepeHImpoBaHHy 0 (DYHKIIMIO apryMeHTa t, KOTopasi OrpaHrndeHa BMecTe CO
BceMu CBOMMU 1pon3BoaHbIME; X (K) — QyHKIUS MEJ0YnCJIeHHOr0 apryMeHTa k, 9To
npejicTaBjsger coboit auddepenimaibioe n3odpaxKenne opurnHasia; H — macirrabHast
[IOCTOSIHHAS, UMEET Ty K€ Pa3MepHOCTh YTO M apryMeHT t, U BbIOpaHa, KakK MPaBUJIO, B
muanaszone 0 < ¢ < H Ha KOTOPOM PaccMOTPeHbI (DYHKIMN opuruHas x(t); 3HaK - mMpe/i-
crapiisier cobOii CHMBOJI COOTBETCTBHUSI MKy opuruHajoM x(t) u nuddepeHnnaabHbIM
uzobpaxkennem X (K), (K =0,1,2,...) [7]. Ilpu ycinosuu, uro H = T, Ha octose jnudde-
peHnmaIbHbIX mpeobpasosanuii [lyxosa (7) sammmiem cucremy ypasuennii (6) B obractu

muddepentmaabHbIX n300paXKenuit B Buje 1T-Mojieu:

PO(k+1) =Tk + 1[—(5\ + v)PO(k) + v((k) — P6(k))|P1(k + 1)
=Tk + 1[—yP1(k) + APO(k)|P2(k + 1) = Tk + 1[=2(y + N P2(k) + A\(PO(k) + P5(k))
+yP6(k)|P3(k + 1) =Tk + 1[— (37 + N\ P3(k) + A\(PO(k) + P6(k)) + vP4(k)| PA(k + 1)
= Tk+1[—2(y+\) P4(k)+A(PO(k)+ P3(k))+~vP5(k)| P5(k+1) = Tk+1[—2(y+\) P5(k)]
+ M(PO(k) + P4(k)) + v P2(k)|P6(k + 1) = Tk + 1[— (v + \)P6(k) + vP3(k) + vP2(k)],
(8)
rie (k) — TeitylopoBeKast euHUIA (Te/1a), KOTOPYO OIPEIEISIOT CONJIACHO YCIOBHUSM:

(k) = {1,k =00,k > 1.

[Tpumenus auddepenimaibabie mpeodbpazoBanus (7) i HAYAJIbHBIX YCJIOBHiA (2)
cucrembl juddepeHnuanibubix ypasaenuit (6), moaydaum npu t0 = 0 U COOTBETCTBEHHO

k = 0 madajbHbIe yCJa0BUS B 001acTu T-n300paskeHuii B BUJIE

PO(0) = PO(t0) = 1, Pi(0) = Pi(t0) =0, i=1,2,...,6. (9)
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Cucrema muddepenimanbibix T-ypaBaennii (8), mpejcrapieHHas B BUje COBOKYITHOCTH
aarebpanvecKuxX 3aBUCUMOCTEN, sIBISeTCsi 6A30BOM JIJIsl ONpe e/ IeH s BEJIMINH BEPOSTHO-
creit PO(t) + P1(t) + ...+ P6(t) y3noB rpada mojenn kubeparak Ha HHGOPMAIMOHHDBIE
pecypchl asiekTprieckoit ceru. [logcrasus B cucremy T-ypaBHenuii (8) 3HAYEHME [IEJI0THC-
JeHHOTO aprymentTa k12, . .., mosyunm crektp auckper Pi(1), Pi(2), Pi(3),i=1,2,...,6,
KOTOPbIE B COBOKYITHOCTU (POPMUPYIOT pelieHue 31oii cucrembl B T-obactu. s neso-

YUCJIEHHBIX apryMeHToB k = 0, 1,2 moJyduM Takue CIeKTPbI:

k:=0={
Py(1) = =5T A,

P (1) =T,

Py(1) =T,

Py(1) = T,

Py(1) =TA,

P5(1) =T,

Pﬁ(l) =0,

kEi=1={
Py(2) = 5/2T*X(5\ + ),
Pi(2) = =1/2T%\(5\ + ),

Py(2) = —T2A(3A+ 7).
2) = —T?*\(3\ + 2v),
) = —1/2T*\(6)\ + ),
P5(2) = —1/2T%\(6) + ),
Ps(2) = 1/2T?A(\ + ),

k:=2={
Py(3) = —=T3\(v* + 17/29X + 125/6)2),
Py(3) = 1/3T3N([1/27]* + 5y + 25/2)2),
Py(3) = 1/3T3X([5/37)* + TyA + 31/3)\%),
Ps3(3) = 1/3T3\([11/27]? + 119X + 16)2),
Py(3) = 1/2T3X([1/37] + 3y + 31/3)?),
Ps(3) = T3N\2(2y + 31/6)),
Ps(3) = —1/3T3X\([5/27] + 5yA + T/2)2).

(10)
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[Tomyuus crekrp ¢ auckper (9), (10), KOTOpBIH onuChIBaeT MOJIEIN KHOGEPOE30IaCHO-
CTH CIIEIUAIN3UPOBAHHOI 9IeKTPUYIECKOil cetn, (hpopmasmsyeM Kpurepuit Kubepbesomnac-

HOCTH cereil B BHe [§]:
Qi(t) = 1T/Pi(t)dt, i=1,2....6 TH. (11)

B snexkrpuueckux cerdax 3ajaun KubepOe30IMacHOCTU PEeIIaloTcsd B YCJIOBUAX aHTaro-
Hu3Ma cy0bEKTOB HH(MOPMAIIMOHHOTO KOHM/IUKTA. Y YUThIBas 3TO, JOMUHAHTHBIM B TAKUX
YCJIOBUSIX SABJISIETCsT COOJTIO/IeHIe cyObekTamu KoHdIMKTa puHimna Muanmakca [9]. Tpu
OCYIIECTBJIEHUH TIPOTIEYyP obecrieuenns KubepOe30macHOCTH JIjId JTIOCTUZKEHUsT CHCTEMOT
3a/IAHHBIX MTOKa3aTe el 3aIUIeHHOCTH PAIMOHAIBHO TPUIEPXKIBATLCA CTPATEruu (hop-
MUPOBAHUA TaKUX 3HAYEHUN 7Yj, KOTOPble MUHUMHU3UPYIOT IJIaTy CyObeKTa obecrieueHust
6esonacHoctu Oi(Aj,yj) 38 Pacxolbl COOTBETCTBYIONINX DPECYPCOB MPH MAKCHMAJTLHBIX

NMHTEHCUBHOCTAX IIOTOKOB KH6epaTaK, TO €CTh.
O xi(A\j,v]) = minyj € EymazxAj € EAOi(Nj,vj), i=1,2,...,6. (12)

[Ipu MoseTMpoBaHNN CTpaTErny KNbepaTak IMPOTUBHAST CTOPOHA BEPOSITHO TIOJTYIaeTCs

u3 ycJIOBHUI (DOPMUPOBAHUS TAKUX CTPATETUN \j, KOTOPble MAKCUMU3UPYIOT ILIATY:
Oi(Aj,v4),
[P YCJIOBUU €€ MUHUMU3AIUU CUCTEMON OE30IIaCHOCTH Y], TO €CTh
O xi(Aj,v]) = mazxAj € EAminyj € EvOi(\j,vj), i=1,2,...,6. (13)

[Ipu ycioBun BeIOTHEHUST paBeHCTBa (13), a Tak:Ke paBHOCTH

minyj € Eymax\j € EXOi(N\],vj) = maxAj € EXminyj € EvOi(A\j,v7)
= Oi * opt(Ajopt,vjopt), (14)

nojtydeHnbie crparerun Ajopt u yjopt ontumaibabl [10]. Crpareruns obecriedenusi Ku-
OepOe30nacHOCTN 3aKJIIOYAeTCd B TONCKe 3aKOHA M3MEHEHWUs MOTOKA WHTEHCUBHOCTHU 3a-
MIUTHBIX JIEHCTBUI 7yj, KOTOpas peajn3yeT MUHUMU3ANuio dyHkiwonasa (11) mpu cro-
XaCTUIECKONW WHTEHCUBHOCTH MMOTOKOB KHOepaTak Aj COOTBETCTBEHHO B mpejesax (3). B
CBSI3U C AHTAOHU3MOM Iiejieil cyObeKTOB MHMOPMAIMOHHOTO KOHMIMKTA JTOMIHAHTHON
cTpaTerueil rapaHTUPOBaHUSA KHOepOe30macHOCTH OYJIeT cTpaTerus Ha OCHOBE IMPUHIIHAIIA

MHMHHUMaKCa, TO €CThb:

minyj € EymazAj € EXOi(t, Pi(t), \j,vJ). (15)
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B pamkax mpuHATHIX orpaHudeHuii (3) nmpuMeHeHHe MUHUMAaKCHOH crparernu (15) mos-
BOJISIET MUHUMU3UPOBAThL GyHKIuoHan (11) mazxke B caydasx Xy/Iero COueTannss HTEH-
CHBHOCTH IIOTOKOB KHMOepaTak Aj C IIPOM3BOJILHBIM 3aKOHOM IIOTOKA MHTEHCUBHOCTU W3
3alUTHBIX JeiictBuii 7). [Ipumenus npsimoe npeobpaszosanue (4) Kk dynknuonany (11) u
HCIOJIB30BAB COMIACHO (8) 3HaueHue coBoKymHOCTH -auckpet (9), (10), samuem mpore-

JIypy ONTUMU3AINY Yepe3 AucKperhl Juddepenimanbaoro cuekrpa Pi(k) B Buje:
©xi=Y_ Pi(k)k+ 1k = ook = 0. (16)

Ha ocuoBe Borumcsennbix juckper (6)—(8) cormacuo (16) npu ¢ = 0 jys ysna PO Jjo-
KaJIBHON CeTu — IeHTPaJIbHOTO cepBepa JIOKAJIbHON ceTH ylpasiieHus, Bbipaxkenue (16)

IIpuMeT BU
O % 0(\,7) &= 1= 52X + 52T2A(5A 4+ 7) — T3A(Y2 + 17291 + 1256)2).  (17)

[Iporecc moncka ONTUMATBHBIX CTPATernil MHTEHCUBHOCTU TIOTOKOB KHuOepaTak Ajopt u
[OTOKA WHTEHCHBHOCTH 3alllUTHBIX JIeHcTBHil Yjopt ¢ orpanmdenusmu (3) dyHKIHOHATA
O * ¢ TeCHO CBs3aH C MCCJIEJOBAHUEM €r0 Ha SKCTPEMYM IIyTeM IOJICTAHOBKU B BbIpazKe-

uue (16) sHaueHuit coorsercTByonmx jucker [11]:
Pi(k),i=1,2,...,6.

U3BecTHO, 9TO HEOOXOIMMbIM JIJIsi CYIIECTBOBAHMS SKCTpeMyMa yHKinoHaa O x 0(\, )
cornmacHo Teopeme Kyna—Takkepa gBISIOTCS yCIOBUS, ITO3BOJISIONINE ONPE/IEJNTH OIITHU-

MaJIbHYIO CTPATEruIo obecriedeHnsi KubepOe30macHOCTH BHJIA:
ddyj(© * 0(Aj,7j)) = 0ddAj(©  0(Aj,75)) = 0...ddyj(O x 4(Aj, 7))
= 0ddAj(© x4(Aj,vj)) = 0...ddvj(O % 6(Nj,vj)) = 0ddN\j(O * 6(N\j,~vj)) = 0.

,Z[JIH y3i1a PO ceru MHTEHCUBHOCTL HOTOKA KI/I66paTaK 1 3alllTHBIX ,ILeI'/JICTBI/Iﬁ PaBHa CO-

OTBETCTBEHHO!
A =1669T, ~ = 47697 (18)

A YPpOBE€HDb 3allIUINEHHOCTHU — COOTBETCTBEHHO
© %0~ 0,61 (19)

Haiiennnie crparernu (18) sBAAIOTCS ONTUMAILHBIME, TOCKOJIBKY JIJIi HUX BBINOJIHSI-
I0TCsT JTOCTaTOuHbIe ycaoBust. [loydennsiii pesysibrar (19) cBugeTesbcTBYeT O TOM, 9TO
MOCTPOEHHUE CETHU C MOJIEJIBIO (pHUC. 2) 06eCIeInBaeT JTOCTATOTHO BBICOKUIT yPOBEHb KHOEp-
3alUThl BCEil CUCTEMBI OT TOTEHIMAIBHO OIACHBIX Kubeparak [12].

[Iposessi oneparuio obparHoro audddepeniuagibHoro npeodpasosanust (7) Jijid Bbi-

OpaHHOIO TTpUMepa, MOJIyIuM MOJIe/Ib obecrieuenus: KubepoesoracHoctu y3ia P0 B ob1iem
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BUJIE:
PO(t) &~ 1 — 5T A + 52T2A(5X + 7) — T3A(72 4 1729\ 4 1256)2) (20)

Tounocts Momenn (20) u eif MOJOOHBIX JOCTUTAIOT KOJUIECTBOM JHUCKper i depeHtii-

AJIBHOT'O CIIEKTPa, KOTOPBbIEC BXOJAT B COCTaB MOJIEJIN.

BbIBOIbI

B xose nccienoBanus ObLT paccMOTpEH Hanbo/1ee BOCTPEOOBAHHBIN B ITPOMBITIIEHHBIX
cerax murepdeiicubii mpoTrokos Modbus. [l onpenenennsd cTORKOCTH aJIrOpUTMOB U
ctpykTypbl Modbus K kubepyrposam ObLIT cMOJIeIUPOBaH rpad 3aBUCUMOCTEl, Ha OCHOBE
KOTOPOro cHHTe3upoBaHa JuddepeHnuaibHasg MaTeMaTuIecKas MOJIe/b, (POPMYIUPYIo-
Iasi OCHOBHBIE KPUTEPUH OE30TaCHOCTH.

Maremarudeckoe MOJIE/IUPOBAHIE CUCTEMbI CBSI3€H MeXK/Iy KOMIIOHEHTAMU CETH OIIU-
CBIBAET IOMCK ONTHUMAJBHBIX CTpaTeruii obecredenns KnOepOE30IMaHOCTH, JIjIsI KOTOPHIX
BBITIOJIHAIOTCS BCE JIOCTATOYHBIE YCJIOBUS OE30MACHOCTH, IPEIbABIAEMbIe K CHCTEMaM
YIIPABJICHUSI.

B pesyabrare amasmsa, mHa ocHoBe audepeHnuaibHbIX ypaHeHuit Kosmoropo-
Ba—YermMena, IIPOM3BEJIEHO MaTEMATHIECKOE MOJIEIMPOBAHUE JIJII CUCTEMbI Ha OCHOBE MH-
tepdeiica Modbus TCP ¢ ygeTom 0COOEHHOCTH TaKUX CHCTEM, C HCIIOJIb30BAHUEM TeOpe-
Mmbl Kyna—Takkepa Haii/leHbI JJOCTATOYHBIE ONTUMAJIbHBIE CTPATEINH, TOTBEPKIAIOININE

JIOCTATOYHBIN YPOBEHb KNOEPOE30IIACHOCTH IIPU MPEIbABIISEMbIX K Hell TpeOOBaHUSIX.
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REPRESENTATION OF THE GENERALIZED BESSEL POTENTIAL BY MEANS OF A
POISSON KERNEL OF THE GENERAL FORM.

Dzhabrailov A. L.

Abstract. The article considers a generalization of the Poisson kernel, which in potential
theory is an integral kernel used to simply represent the generalized Bessel potential as a one-
dimensional integral and studies its properties. The concept of a common Poisson kernel is
introduced. Further, it is shown that the generalized Bessel potential of a function integrable in
the p-th degree with a power weight can be represented by an integral of a very simple form,
using a Poisson kernel. Also in this paper, Young’s inequality for B-convolutional operators in
spaces BY is proved and some applications using the Laplace-Bessel differential operator are
given. Generalized Poisson kernels find application in control theory and electrostatics problems.

Keywords: generalized Poisson kernel, Hankel transformation, generalized Bessel potential.

BBEJIEHUE

B crarbe paccmaTpuBaeTcs MHOTOMEPHBINH OIIEPATOP APOOHOTO MHTEIPUPOBAHUS, KO-
TOpBIil mpejcTaBsger coboil 1pobHyto crenenb oneparopa (I — AW)_O“/ 2 a>0,tae ] —
eIMHNYHBIN onepaTop n A, — onepatop Jlammaca-Beccena Buia

n

A, = (A’Y)I = Z(B’Yk>xk7 (1)

k=1
riae B, — cunrynsapusiit nuddepenimansibii oneparop Beccers (em. [1, crp. 5)):
2 ~0 10 .0
(By)i =5+ -5 =217,
ot tot trot ot

Hpobuast crenens (I — AW)’Q/ 2 1pu momo1y npeobpazobatusd XaHKe Id CBOJAUTCS K yMHO-

t>0, v € R. (2)

wennio Ha crerenn (1 + |x|?)~%/2. A umenno, npobnas crenens (I — A)~%/2 peamsyercs

Kak 0606IIeHHas CBepTKa Ipoobpasa npeobpasosanns Xankens dynkmun (1+|z]?)~%/2 u

'PaGora BeimonHEeHA P nOIepiKKe Muno6pHayku P® no roc.3amanmo FEGS-2020-0001.
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HekoTopoir dpyukimu. Takyro cBepTKa MbI Oy/ieM Ha3bIBaTh OOOOIIEHHBIM ITOTEHIINAIOM
Becces.

Knaccuuecknit morenrmans Beccess, peasmsyiomuii ApoOHbIE CTEIEHH OIllepaTopa
(I-A)~"%, e A — onepatop Jlamnaca mupoko uzyden. Takoii HOTEHINAT MOABIIICS B Pa-
6orax H. Aponmaiina u K. T. Cvura [2] u A. I1. Kansaepona [3] B 1961 r. B [4] knaccude-
ckuii morenrmas Beccesis ucmob30Ban Jjist TOro, YToObI OXapaKTepu3oBaTh Kjiace Karo.
Pesybrarsl 0 npocTpaHcTBe GeccesieBbIX MoTeHIra 0B 6buin noaydenst V. Creitnom [5]
st eaydast 0 < o < 2 u V. I1. JIuzopkunsiv [6] B obmmem ciayaae. Obpalerne moTeHnna-
708 Beccess ¢ IOMOIIBIO MHIIEPCUHTYISPHBIX HHTErpasos 6110 gano B. A. Horunbim [7—
9] B 1981-85 rr. M. JI. l'osbmanom B [10-12| mosydeHsl onTHMaIbHBIE BJIOXKEHUS IPO-
cTpaHCcTB noTeHnnaoB Tuiia beccens. IIpoctpancTBo 06001meHHBIX TOTEHIIHATOB beccets
BY, nocrpoennoro ¢ mcnosb3oBanneM npeodpasoanust XaHKessl ObLIO BIEPBbIE BBejie-
uo JI. H. JIsxoseim u M. B. IlonoBunkunoit B [13] ¢ ucnombsosanuem mogxoga Creiima—
Juzopkuna. B [13]| Beenennnie panee JI. H. JIaxosbeim B [14, 15| B-runepcunrysisapubie
nHTerpasbl n B-norennmasnsr Pucca Oblm npuMeHeHB! s OCTpoeHns HOpMbl B B
B. C. I'ynues, 3. B. Cadapos B [16] uzyvanu norenrman Beccess, mopox qeHublii mudde-
peHnmaabHbIMI oniepaTopamu beccens. B [16] mokazana orpaHmtIeHHOCTb B BECOBOM ITPO-
crpancTBe Jlebera TakKoro MoTeHIAIA U TOJIYIeHBI TEOPEMbI BJIOXKEHUS B IIPOCTPAHCTBAX
By n-Cobonesa—Jlnysusia. B [17] nmorennmanst Beccesst oxapakTepu30BaHbl B TEPMUHAX
npocrpancTs B-JImsopkuaa—Tpubdens. Takke B 910l cTaThe J0Ka3aHO HepaBeHCTBO FOH-
ra Jyisi B-cBepTOUHbIX 01IepaTopoB B IIPOCTpaHcTBax BY n Janbl HEKOTOPBIE IPHUIIOKEeHH,

ucnoJip3yomue auddepennuaabubiit oneparop Jlamnaca—Becces.

1. OCHOBHBIE OITPEJAEJIEHNA N YTBEP>XKJEHWNA

[Iycte R™ — n-MepHOE €BKJIIIOBO IIPOCTPAHCTBO,
R} ={x=(z1,...,2,) € R", 2:>0,...,2,>0},

R ={z=(21,...,2,) € R", 2:>0,...,2,>0},
Y=(V1, - - -sYn) — MYJIBTUMHJIEKC, COCTABJIEHHBIN U3 MOJIOKUTEIbHBIX (DUKCUPOBAHHBIX BE-
MeCTBeHHBIX wncen y; > 0, i=1,...,n u |[y|=y+. . .+7n.

[Tycte §2 — KOHEYHOE OTKPBITOE MHOXKECTBO B R™, CHMMETPUYHOE OTHOCHTEIHHO
Kazkjoil runepmockoeru x;=0, ¢ = 1,...,n, QL = QN R} u Q. = Qn @’};, rje
Rr={z=(x1,...,2,)ER", 2:>0,...,2,>0}.

Knace C? (€,) cocrout us HenpepblBHLIX Ha 2, DyHKIHMil, IPOJIOZKAEMBIX Helpe-

PBIBHO YeTHBIM obpasoMm Ha ) mpu x; < 0,i=1,...,0.
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[ycre L)(R}) = L), 1<p<00 — HMPOCTPaHCTBO BeeX m3MepuMbIX Ha R’ dbymkmmii,

YETHBIX 110 KaXKJIOW M3 MepeMeHHbIX Z;, ¢ = 1,...,n, TaKnX, 9TO
/|f($)|p:ﬂdx < 00,
RZ

rze 37ech U JiaJjee

n
) = | | z}".
i=1

g BemecTBenHbIX wmces p > 1 mopma B L) dbyHKIME [ ONpesiesgeTcs paBeHCTBOM
1/p
1 li3cmey = 1111y = ( /1 f(x)|px7dx) |
R

Ussectno (cm. [1]), uto L) — GamaxoBo HPOCTPAHCTBO.
Hopmuposanuas dbyukims Beccesst mepBoro pojia j, onpejensercs popmysioii (em. [1,

crp. 10| u [18])

| WD (v+ 1)

jol@) = ————= (), (3)
rie J, — dyuknus Beccesst nepBoro poja.

Jlnsa x € R™ Mbl OyjeM UCIOIB30BaTh 0003HAYUEHNE
jy(z,8) = H]%T—l(iﬁzfl), j4(0,6) = 1. (4)
i=1

Muoromeproe mpeobpasosanne Xankens dynkmun f€L] (R ) Boipazkaercs Kax

~

F.[f1(6) = By [f(2))(€) = F(€) = / F(2) 3o (@, )2 da

Iycts feL](Ry) u npeacrasiasger coboii (hyHKIMIO OrPaHUMIEHHON BApUAIMN B OKPECTHO-
cti TouKu r HenpepbiBHOCTH f. Torma mrsa v > 0 (opmysia obpallieHust nMeeT BHL

~ n—|vy| R
PO () = f(2) = / i (0 ) FlO)E de.

n
F2 v +1
“3 )rn
Jj=1

Yacrs mapa |z| < r, |z = y/ai+ ...+ 22, npunayexamas R'}, obGosnadaercs
B (n). I'pannmna B;f (n) obosuauaerca S;"(n) n cocront u3 yactu chepsr {x € RY : |z|=r}

U gacreil KOOPJMHATHBIX Tunepiiockocreii £;=0, i=1, ..., n, Takux uro |z;| < r.
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MmuoromMepHbIit 0O0OIIEHHBIH CBUT OIIPEJIEISIETCST PABEHCTBOM

CToN () = "TLf () = (TR T ) (), (5)
TJIe KazK/JIblii OJJHOMEPHBII 0000mennblii capur "IV nna i=1, ..., n geficteyer mo gopmyie
(em. [18])
- I (% +1
(TR ) ()= s )

NG

X /f(xla ey Ti—1, \/%2 + yf — 22;Y; COS Qi, Tit1, - - -, Tn) sin” ! i de;, vi > 0.

Hna ~; = 0 0bobmennptit capur 7TY umeer Buj

fla+y) —fle—y)

Oy

Cupaseymsa dopmyiia (em. [19])
T3y (2,€) = Jy (2, )3y (Y, §)- (6)

O6obmennas cseprka, nopoxkaennad 'TY umMeer Buj

(f *9)y(7) = (f *9), /f )("T4g)(x)y” dy. (7)

[IpeobpazoBanne XaHkess, JeiiCTBYIOIEE Ha o6o6meHHy10 cBepTKy (7) maer

EL[(f * 9),(2)](€) = Fy[f (@) (O F5[9(2)](£)- (8)

2. CBOMCTBA OBIIIETO APA ITYACCOHA

B stom pazjsene paccmorpum obmee siipo Ilyaccona. B Teopum moreniuasion, siji-
po Ilyaccona — 3T0 mMHTErpaJibHOE SIAPO, UCIOJIB3YyEeMOe JIjIs IPOCTOTO IIPEICTABICHUS
0b60bIIIeHHOr0 MoTeHnrag beccenst B Buse ogHomepHoro uarerpasa. OOobmeHHbIe sIIpa,

HyaCCOHa HaXOJ4dAT IIpUMEHEHUE B TE€OPUU YIIPpaBJICHUA U 3a/avdaX IJIEKTPOCTATUKU.

Onpenenenne 1. OyHKIMO

n nt|v[+1
2 r( 2 )
vall T (22)

j=1

OyeM HasbBaThH obmmM sijipom llyaccona.

ntly|+1

P,(z,6) = S+ 1z~ 2, §>0. (9)

JlokazkeM CHadasia BCIIOMOTATEbHYIO JIEMMY.

«Taspuueckuli secmnur unPopmamuru u mamemamurus, M1 (54)’ 2022



44 A. JI. ocabpaunos

Jlemma 1. IIpeobpaszosanue Xanxeas e °* umeem eud

oI5 [T T (252) T (n+lg|+1)
F,le () = — = . 10
T e o

ﬂO%‘CLSCLTneJL’bCWLGO.

F, e () = / “ ()T de = {x = po} = / Ppm Iy / jy(po; §)a7dS.

R Si(n)

[Tpumensis popmyity Buga (em. [23])

[T (5%)

jy(r0,£)67 dS = =B Jurr_ (rlE]), (11)
on— 1F( +ly ) 2
Si(n)
IIOJIYy YAM
[IT(%57) =
F.[e 0! :":1—/ —Op i1, —
2[e1(E) — <n+2w> 0 e gn_ (PIE])p p

fires) - |
=1 -5 nt|v|
- 2n72|'y\ |§ 7L+2\'y|_1 /e pJ%\Wl_l(mﬂ)p 2 dp
0

[pumenss dopmymy 2.12.8.4 u3 [22, crp. 164| Buga

o0

/ 2 2P ] (cx)dr =

0

2p(2¢)'T (1/ + %)
VAR 4 2)rtE

Rev > —1,

Oy/eM uMeThb

P T ntly (p|§|)P 2 dp= ntlyl+1
ST V(02 + )

U, CJIeJIOBATEIbHO,

(17 C2) asoig# o () 2 I (57 (25)
F e ](¢) = =t -
VA +1€P)

) ntly] n+|y|+1
/ ntly| 26(2[¢)) 2 T (i>

n+|’Y\+1

n=lyl ot n+w+1
22 )l V(a2 +1E)P)

O
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[Ipusenem dbopmyny «uHTerpasa mo cdepe OT BeCOBOM IIJIOCKON BOJHBI», U3 [23]

I es)
/ P& )2 dw, = ( /f(lflp)(l —p°) = dp, (12)

on—1T [yH+n—1
St (n) VT

rae f(t)(1—t%) Ll( 1,1).
Hns Py(x,0) cupaBeyInBLL CIIeLyIONITE CBOHCTBA.

n+|"/|

Jlemma 2. Qynryua P, (x,0) obradaem ceoticmeamu

L F,[Py(,0)](€) = e,
2. fP mé)mda:—fP (x,1)x7dx =1,

Jr

3. P(x,é) €L),1<p<oco.

Zloxazameavcmeo. 1. I3 nemmbl 1 numeem

ollg H I (%) <n+|v|+1>

n—| on—l L 2
Fole(6) = =2 " F [el)(¢) = e =
[1r2 (%) [Ir2(%t) VA e 7

n n+|y|+1
S (meh) )

V%Ilr(%;)<ﬁ+wa>

Otkyna u ciemyer FA,[PW(:E, 0](€) = e 0Ll

= P, (x,0).

n+|“/|+1

2. Pacemorpum [ P, (z, 6)27dx. Vimeem
1

n n 1
25F<+\;\+) A e
VRILT () (@455 !
i=1 ?

onT n+|yl+1 -
= < 2 > /( Y dy :/Pw(x,l)x”*dx.

n n+\ |+1
VAT (22)d ()
j=1

ITokazxewm reneps, aro [ P, (z,1)27dx = 1. Nmeem
RY

Yy dy prthl= 1d,0
En yl?

S+(n)

/ P, (x,0)z"dx =

R}

RY
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Nurerpan no S; (n) naxoaures o dopmyie (em. [23])
[1T (%3

/ 51dS = m (13)

51 (n)

\/

TOT 1A

ﬁ r (%‘+1

/ EEPEN] ={y=po} = T (il / vl {p"=r}=
R (1 + |y| ) QTL— F < 2 0 2
+

n 1 .
Z];EF (7; ) -

= n n+y| 1 n+\’Y|+1dr'
2r () (1)

Ucnonbsys dbopmyry 2.2.5.24 u3 [21, crp. 239] Buga

w a—1
/ﬁi)ﬂd:v:za_ﬁB(a,ﬁ—a), 0 < Rea < Rep,
X z
0
TOJTy YUM
b o1 dp Tl V7l <”+2|7|>
2| = e O = (14)
(1+ %) (147) r (=)
n n n
i+1 41
[ CfIr ) g () VEIDER)
nthtl T (et nthl+1)  onp (Y
g (L )™ 21“(27)1“( 2 ) QF( Y )
Haxkomerr,

2"T (anHl) / v dy
(

/Pw(x,l)aﬂdx = — pEIpE! =
VEILT () g (L 1P)

orr (mtget) VA T (357)
N . : np (nthl)
i () (5

]:

3. Hoxazewm, naxoner, uto P,(z,0) € L), 1 < p < co. Nmeem

/ zVdx _ srhDa-p—p / z7dz _
2 2)p “HIEL 5 EENES]
o vy & (e + 177
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o
net|y]—1
(2= o || = p) = sy [P NP .
" ' (p2 + 1)p 3 '
0 S{ ()

Ucnomezys (13) u (14), mpu 1 < p < oo, nomyanm
var (=) 11T (%)

P.(x.§ — | s(rthDhA=p)—p i=1 -
|| ’Y(xa >||Pa'\/ oT (n+|7|+1> 2n—1I‘ <n+"y|>
2 2

S =

VEIIT () )
sthh(-p)—p___i=1 < 0.
n ntlyl+1
2 r( 2 )

IIpu p = oo nepasencrso || P, (z, 0)||oo,y < 00 mOTyIaeM, HCIOIb3YS HPe/IeIbHBLI ITePEXOI.

O

CdopmynupyeM u JoKazkeM JIEMMY O CTPeMJIeHHH 0DODIEHHOH CBepTKN (DYHKIUN C
anpom Ilyaccona k dynkumm B L.

Beenmem oboznauenue
(Pysf)(z) = (f(z) * Py(x,0)). (15)
Jlemma 3. Ecau f € L), 1 <p < oo uu f €CyC LY, mo

Py /) (@) = f(@)llpy =0 mpu 5= 0.

Jloxazamensvcmeo. YIuThiBas CBOMCTBO 2 U3 JIEMMbI 2, 3aIUIIEM
(f(x) * Py(z,0))y — flx) = /[”’Tif(fﬂ) = fWIPy(y, 0)y"dy.
R%
Orcrosia, mpuMeHsist 06001IeHHOE HepaBeHCTBO MUHKOBCKOTO, MMeeM

1(f(2) % Py(2,0))y = f(@)[lpr <

SR

< / / (T f(2) — F()Pad | |Py(y,6)|ydy = {y = 6t} =

R

R? \R"

+

P

_ / / T f(2) — f@)Parde || Py (8, 1), (16)

R? \R"

«Taspuueckuli secmnur unPopmamuru u mamemamurus, M1 (54)’ 2022



48 A. JI. ocabpaunos

U3 [24] (em. mevmy 3.6 na crp. 166) cienyer, uro aua f € L)

17T () = f @)y < ellf @)y
a u3 [25] (em. npeoxkenne 4.1, crp. 182) u |7, cp. 50| coemyer, aTo
P

hr% /["’Titf(x) — f(x)]Pz7dz | =0.
ﬁ

R
Torma o Teopeme JleGera o mazkopupyemoii cxoaumocTu uHTerpai (16) crpemurcs K
Hyst0 Tipu 0 — 0, Tak Kak MOJWHTerpajbHas (bYHKIIAS MasKOPUPYETCsS UHTEIPUPYEMOit

ynxumeit cf| [, [P (¢, 1) [

L]
3. OI—IPE,Z[E.TIEHI/IE OBOBHIEHHOTO IIOTEHLINAJIA BECCEJISI 1 ETO
ITPEACTABJIEHVE YEPE3 OBOBU.IEHH])Iﬁ UHTETPAJI IIVACCOHA
Oupenesnm 06001meHHbI noTennuan beccess coorHomeHneM
934 a-n-l2|
o Tl i
(GIp)(z) = T /\yl K=o ([y) (T (2))ydy. (17)
r) fir e
2/ L RY
Takzke MOXKEM 3alNCATD
(G2 () = (GL(w) / G2/ (y) (T (2))y7dy, (18)

e G (1) = —gra——— —~ Kutiy-a (|2]) — 0Gobmennoe sapo Beccens. Qynkips
) )

K, (z) — s10 Mmomudurmposannas Gynknus Beccesst Broporo poja (em. [7 7).
s obobernnoro sapa Beccenst ciupaseyusbt coiicrsa [20]

(1) mpeobpazosanue Xankens siapa G (z) nmeer sum F.,[GY](€) = (1 + [€[?)~/2,
(2) G2 (x) 6eckoneuno muddepeHnupyemMa BHe HaYa a KOOP/IMHAT,
(3) ms x| — 0 dyskuua G)(z) momyckaer OINeHKY

nt|y|—a
. r( S )bl 0 <a<n+
n—|y
GL(z) ~ n 21 n<ln<|x|> +19> e=nrhl -
a vitl —n-ly
PV IT ) | re=) itn+ ]y <a
1= 2n ’ .
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(4) ms x| — oo byskus GY(x) A0mycKaeT ONeHKY

n-ly|-a+1
27z
G~ — e
o (5) 1T (05)

1

b

Gy xGp)y =Gy g a>0, >0, me(G] x Gj), — obobmennas ceeprra (7),

(5)

(6) (

(7) ([ - Aﬁ’)kGl—i—Qk = Gg? k S N>
(8)

U3 sTux cpoticts crepyet, uro jyia dyaknun ¢ € L)(RY), 1 < p < oo oneparop G
orpaHIyeH u
||G390HP7’Y < ||90||pm a > 0.

Kpome Toro, crpaBeIiuBbl CJIELYIONME OCHOBHBIE CBOCTBa OOOOIIEHHOIO IMTOTEHIIUAJIA
Beccensa
(1) mosyrpymmoBoe CBOHCTBO G,‘;‘Gfgo = G,‘;‘*ﬁ w, p € LY(RY),
(2) (I = A)FGSTRp = Gy, k€N, p € LI(RY),
(3) Gy =, p € LJ(RY).
Canenosarenbno, npu a = k € N oneparop G MOKHO paccMaTpuBaTh KaK KOHCTPYK-
TUBHYIO Pea/IM3alliio OTPUIIATE/ILHOf cTernenn nrepupoBantoro omneparopa (I — A~
Tenepb obpaTnMcsi K COOTHOIIEHHIO MEXKIy OOOOIIEHHBIM IOTEHIHAJIOM Beccesns u

OJIHOMEPHBIM mHTerpaJjioM ¢ sjipoM Ilyaccona. Ilycrs ¢ > 0. Paccmorpum nnaTerpasa Buia
(Z10)@) = [ Pl ("Thp(o)dy (20)
RY

Baecs P, (y,t) saupo (9). Unrerpas (20) 6yaem zHasbBaTh 0000meHHblil nHTErpast Ilyacco-

HA.
Teopema 1. Iycmv ¢ € LI(R), 1 <p < o0, 0 <a < 2(n+|y|+1). Toeda

e )
T (2) O/t > Jooa (8)( P/ ) (w)d, (21)

(GTe)(x) =

ede P — obobwennwiti unmezpan ITyaccona (20).

Jlokasamenvcmeso. Vcnonssys dopmyny 2.12.4.28 u3 [22]| Buga

[e. 9]

/PV+1(/02 +1)7* J,(ap)dp = ﬁ (g)“l Ky pia(a),
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1
a >0, —1<Rey<2Re,u—§,

1 n+|y[+1

MBI TIOJIydaeM Clefyiomee TpeicTapiaenme saapa G (z) mia v=%%, p = ~—a5—,
O<a<2n+|y+1)

Cure1oBaTEILHO, TIOJTY IHM

<G:w><x>—ﬁ(_) / CTse@dy [ €7 1 0Pt

TeHepb, MeHdd IIOPAJ0OK MHTEI'PUPOBaHUA B HpaBOI/I JacCTH IIOCJICJHErO paBE€HCTBa U y1U-

teiBas (20), moaydaem (21). O
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OMIINMPUNYECKAA MATEMATNYECKA4A MOJIEJIb
NCCJIEJOBAHNS IICUXOJIOTNYECKOI YCTOMUYNBOCTU
CTYAEHTOB B YCJIOBUAX JMUCTAHIINMOHHOTI'O OBPASOBAHUIA

© H. B. ITapdenoBa

ITckoBCKUM I‘OC)CILAPCTBEHH])IIZ YHUBEPCUTET

E-MAIL: nadezhdaparfenova@yandez.ru

AN EMPIRICAL MATHEMATICAL MODEL FOR STUDYING THE PSYCHOLOGICAL
STABILITY OF STUDENTS IN THE CONTEXT OF DISTANCE EDUCATION.

Parfenova N. B.
Abstract. The article is devoted to the current problem of the psychology of education,

which is due to the contradiction between the inevitable process of the spread of distance
technologies in educational practice and the lack of substantiated research. Particular attention is
paid to mathematical modeling in the study of multidimensional psychological phenomena. The
specifics of the development and application in the organization of research of the psychological
stability of students in the changing conditions of education of an empirical mathematical model
(EMM), which consists of an a priori (conceptual) model and a posteriori (procedure for applying
multidimensional methods). The main stages of the development of the a priori model and the
methodological foundations of the phenomenon of "psychological stability"are revealed. This
phenomenon is considered through the category of the attitude of young people to life situations
(including the changing conditions of education —ILE) from the point of view of cognitive
("Subjective image of a life situation and oneself in it"), emotional-evaluative (assessment of
emotional (not) well-being of both individual and personal stability and social stability, value-
semantic orientations) and behavioral components (strategies of behavior in ILE. influencing
the attitudes of students towards the changing conditions of education, the emerging value
orientations of young people and strategies of behavior. a posterior empirical mathematical
model. The procedures and results of comparison of three spatio-temporal slices are disclosed:
mathematical and statistical verification of the psychometric reliability of the presented scales
(internal consistency of indicators for each scale based on the alpha-Cronbach criterion, analysis
of the internal structure of the scale and levels of generalization using factor analysis (FA); study
of effects influence on generalized factors (ANOVA with repeated measurements); comparative
analysis (U-Mann-Whitney test) to identify recurring structural components of psychological
stability and its dynamics in new conditions; cluster analysis (CA) to build a typology of students
with different levels and characteristics of psychological sustainability model. The role of the
empirical mathematical model in confirming the leading components of psychological stability,
their influence on value orientations and strategies of behavior in the changing conditions of

distance education is revealed.

Keywords: psychological stability, empirical mathematical model (psychometric reliability, factor

analysis, influence effects, cluster analysis, comparative analysis).
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BBEIEHUE

WccitetoBanne CI0KHBIX ICHXOJOTHIECKIX (DEHOMEHOB, TAKNX KaK «IICHXOJIOTTIeCKast
YCTOMYIUBOCTD», «IICUXOJIOTIYIECKas OE30IIaCHOCTh» U JApP. TpeOdyeT MpeacTaBIeHns ICUXO0-
JIOTUYECKOI MOJIeJIN, OIMPAIOIIEHcs Ha TeOPeTHIecKoe 000CHOBAHNE OCHOBHBIX KOMITOHEH-
TOB JIaHHOTO (beHOMeHa (AIpPUOPHAast, KOHIENTYa bHasI) U IPEeIOIararomieil mpuMeHeHne
KOJTMYIECTBEHHBIX MHOTOMEPHBIX METOIOB, KaK JJIsI HMOC/IeAYomeil 00pabOTKI IMIITpUIe-
CKUX JIAHHBIX, TaK U JIJIA TOJITBEPKICHUS CTPYKTYPHBIX KOMIIOHEHTOB B TEOPETUKO — Me-
TOJI0JIONMIECKOM ODOCHOBAHWHU TICUXOJIOMMYECKON MOJIEJIN MCC/IeI0BaH sl (amocTepruopHas,
[poIie/lypa IPUMEHEHHsI MHOTOMEPHBIX METOJOB) U JIJI HOCJIE/IYIONIEro MOJIeJTUPOBAHI
SIBJICHUI ¥ IIPOIECCOB B IEJISIX IIPOTHO3MPOBAHKS PE3Y/IbTATOB IIPOTEKAHUS IICUXOJIOTHIe-
CKIX IIPOIECCOB.

Ba 1mociteiHMe IeCATUIETHS TICHXOJIOTTIecKas HayKa Meperna OT Mepro/ia MePBUTHO-
0 HAKOIIEHHS SMIIMPUYIECKOrO MaTepHaJia K IEPHOIAY €ro CHCTEeMAaTU3UPOBAHUS M OCO-
3HAHUSI, IIPEOIOJICHUsT TPYIHOCTEN CUCTEMHON 1 CTPYKTYPHOI HHTEPIpeTAIun pe3y/ibTa-
ToB [1].

[Tonsarue «IIcuxomormdeckas yCTONYIMBOCTB» SABJIAECTCA MHOTOMEPHBIM (DEHOMEHOM,
[TO/JIEKAIINM M3YIEHUIO ¢ MO3UIIMU CHUCTEMHOIO ONMCAHUsST U BBIACJIEHUsI CTPYKTYPHBIX
KOMIIOHEHTOB M OTHOINEHUil Mexky HuMHU. llcuxosornydeckas yCTOWIMBOCTD paccMaTpH-
BaeTCs KaK COOTHOINEHUE, B3aUMOJIONOIHSIONIEE COUeTaHe OTHOIIEHN CyObeKTa K COIU-
AJIBHOM cpejie, OJIMKHEMY OKPYKeHHIO, K cebe, M JTMIHOCTHO-CTUJIEBBIX XapaKTePUCTHK,
KaK MHTErpasbHbIA JUIHOCTHBIN IOKa3aTe/ b, IOMOIaOIINi 9eJI0BeKY IIPOTHBOCTOSITH NH-
TEHCUBHBIM BJIMAHUSM BHEIIHEH CPEeJIbl, IIOCTOTHHO MOABJISIIOMINMCS TPYIHOCTIM U OIIac-
HOCTSIM B JIEATEJIbHOCTH U B TOBCEJIHEBHON »KU3HU MPH HECOOTBETCTBUU (PACCOIIACOBA-
HIN) MOTEHIHH CyObeKTa (BO3MOXKHOCTEH, TIpeicTaBIeHn i, OTHOIIEHUH U JIp.) YCJIOBUSM
HEraTuBHOTO MHMOPMAIMOHHO-HOPMATUBHOIO BIIMSAHIS OKpYZKaroreil cpenst [6].

C mo3uIiuu CuCTEeMHO-CTPYKTYPHOI'O TOJIX0a B MCCJIEIOBAHUN TICHXOJOTUIECKUX STB-
JIeHni, (PeHOMEHOB HEOOXO/IMMO BBISBJICHHE CTPYKTYPhI SMITMPUYICCKUX JTAHHBIX, OIpe/Ie-
JIEHUEe WHTerpabHBIX O000IEHHBIX (DAKTOPOB M TUTIOJIOTUN UCIBITYeMbIX. « OOBITHO TICH-
XUYIECKHe SIBJICHHSI Ha IEPBUYHOM YPOBHE OIHUCAHUSA XapaKTePU3YIOTCS I'PYIIIOil CBONMCTB.
Kazk10e u3 Taknx CBONCTB — 3TO JlaTeHTHas repeMerHHast. CBoiicTBa B IpyIIie MOT'yT OBIThH
COITOTIUHEHBI, MOTYT Pa3JIMYaThCs 110 CTeIeHU OOIHOCTU. B 9Toi ¢BA3M U JIaTeHTHBIE T1e-

pPeMeHHbIe, 0TOOPaXKAIoIIue IPYIIITY CBOMCTB, 00Pa3yioT JATEHTHYIO CTPYKTYPY, B KOTOPOit
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OT/Ie/TbHBIE TIEPEMEHHBIE MOTYT B OIpPEIeJIeHHOM OTHOIIEHUH PACCMATPUBATHCS Kak 00-
e, IpyNIoBeie u cuerdndeckues |8, ¢. 374|. JlaTeHTHYIO TepeMeHHY0 IPUHATO HA3BI-
BaTh (pakTOpoM. HacTo B IICUXOJOIHIECKUX UCC/IETOBAHUAX HEOOXOIMMO U3YIUTh CTPYK-
TYpPY IMOKa3aTeJieil, XapaKTepU3yIolux 00bEKThl U BbIIBUTH OJIHOPOJIHBIE I'DYIIIBI 00b-
ekTOB. VceenoBare b mojiydaeT MHOYKECTBO M3MEPEHHBIX SMINPUYIECKUX MTOKa3aTe e,
KOTOpbIE HEOOXO/IUMO CTPYIIIUPOBATH 110 U3y4daeMbIM cBoiicTBaM. [[jist 9T0T0 1puMmensier-
ca dakTopHbIil anaau3. Pesynbrarom (hakTOPHOrO aHan3a sBJISETCS IIepexoj OT MHO-
JKECTBA MCXOJIHBIX MMEPEMEHHBIX K CYIIECTBEHHO MEHBINEMY YHUCJIY HOBBIX MEPEMEHHDBIX —
dakTopoB. PaKTOP IIPU ITOM UHTEPIPETUPYETCS KAK TPUINHA COBMECTHON N3MEHIUBOCTU
HECKOJIbKUX UCXOJ/IHBIX [IEPEMEHHBIX. B cutyarum TecTupoBanus, aHKeTUPOBAHUS PECIIOH-
JICHT pelaeT Io3HaBaTe/IbHYIO 33/a4y, B KOTOPOW 3a9acTyIO IPeACTaBICHbI HEIIOJTHOTA
3HAHWS O PEaJbHOCTU W HEMPE/ICKAa3yeMOCTh Pa3BUTHSA COOBITHI, TeM 0o0Jiee KOMILIEKC-
HbIe TTPOOJIEMbBI, KOTOPBIE SIBJISIIOTCS HOBBIMU JIJIS PEIIAIONIEr0 U COJEPXKAT MHOZXKECTBO
HEYETKO C(hOPMYJINPOBAHHBIX YCJOBUI U Tiesieil, cojiepKariiie 00JIbIIoe TUCI0 KOMIIOHEH-
TOB C HEU3BECTHBLIMU W HEOUEBUIHBIMU, «HEIPO3PATHBIMIY MHOXKECTBEHHBIMH CBA3SIMU,
COBJIAIONINX B CBOEH COBOKYITHOCTH OOJIBIIYIO HEOIIPEIEIEHHOCTh B BHIOOPE OIMTUMAIBHOTO
JeficrBus [5).

Ocobennoe BHUMaHUE YIE/sI€TCsI HEOIPEIeJIEHHOCTH JIUCTAHIIMOHHOTO O0YIeHHsI, BOC-
NIPUHUMAEMOM PECIOHICHTOM, TaK U BbhIpasKarolieiica B ero BbICKa3bIiBaHUAX. 1 orleHKn
YBEPEHHOCTH Cy KJIEHHIT PECIIOH/IEHTOB O XapaKTePUCTHKAX MCUXOJIOTNIECKON Oe301acHo-
CTH B YCJIOBUSIX OXKHJIAEMBIX TEPPOPUCTHYECKHX yrpo3 [4], o mpobiemax riob6aabHOro
HOTeIJIeHNsI B KOHTEKCTe U3yJYeHHsl ICUXOJIOTHH IKOJIOrmIecKoil 6ezonacuoctu [9] Mbr 06-
PaTUINCH K OCHOBHBIM IOJIOXKEHUSAM TEOPHUH ODIUX CUCTEM, TJIe TIPU aHaJn3e MOBeICHUS
U yUIeHUs CyObeKTa YBEPEHHOCTb — HEYBEPEHHOCTh BKJIIOYUAETCs B MOHSITUIHBIN ammapar
B CBSI3U C IIPOIECCOM IPUHSATUS PelieHuil, nHGOPMAIMOHHON! KOPPECIOH/IEHTHOCTHIO U
JIICCOHAHCOM.

PecrionienT, OneHnBAIONIIIA OTHOIIIEHNE K CONMAJbHOI cpejie (B 4aCTHOCTH K 9KCTpe-
MU3MY, TEPPOPU3MY, SKOJOTUIECKUM MTPOOIEMaM, JIMCTAHIIMOHHOMY OOpa30BaHUIO B CO-
BPEMEHHBIX YCJIOBUSIX ), KOTOPOE COCTOUT U3 Psijia aJIbTePHATUB, IPUHUMAET PEIIeHIe, KAK
[IPpaBUJIO, B COCTOSIHUM HEIOJIHONW WH(OpPMaIUl KaK 0 XapakKTepe aJbTepHATUB, U3 KOTO-
PBIX eMy IIPEJICTOUT CIeIaTh BHIOOP, TaK U 0 XapakTepe 1eseit. Cocrosane cyObeKkTa mpu
HENoJIHON mHMOpMAaIun 0003HAYAETCST TEPMUHOM HeyBepeHHOCTh. COrylacHO 3aKOHY J10-
CTATOYHOM BEPOSITHOCTHU, JIJIs TPABUILHOTO IPUHATHS PEIlleHusl He 00sI3aTe/IbHO HATUYUNE

nostHoit nadopManu u abcoroTHON yBepeHHoCTH [4].
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[ToCKOIBKY HEONPEIEe/IeHHOCTL CBA3aHA € BEPOATHOCTBLIO pedJIeKCMBHOTO IPOTHO3a,
To npu < 0,6 yBesmuuBaeTcs HEOIPEeIe/IeHHOCTh PedIeKCUBHBIX CyZKIEHHU, 1 COOTBET-
cTBeHHo, upu > 0,6 BO3pacTaeT OIpeIeJeHHOCTh NPUHATHIX CY2KICHUIA.

I3MeHeHrA WM TOBTOPSEMOCTDL CTPYKTYPHO-COIEPKATEILHBIX KOMIIOHEHTOB aHAJIU-
SUPYIOTCA C IIOMOIIbIO MaTeMaTUYI€CKOI'0 MOAEJIUPOBaHUA, IIPUMEHEHUA SMIIMPHUYICCKUX
MaTeMaTuaeckux Mozeseit (AMM), npenoaraonux MHOrOCTOPOHHEE OIIUCAHUE U3y da-
€MBIX SBJICHUI 1 BO3MOYXKHBII BADUAHT JIMHAMUKH Ha OCHOBE CPABHEHHII IIPOCTPAHCTBEHHO-
BpPEMEHHBIX Cpe3oB (2, 7/.

MpbI obpartaeMcs K MOJAETUPOBAHUIO JUHAMUKHI IICHXO0JIOINIECKO YCTOWIUBOCTH C I10-
MOIIBLIO CPABHEHHIT MPOCTPAHCTBEHHO-BPEMEHHBIX CPE30B, NPUMEHEHHS CTOXACTUICCKIX
BEPOATHOCTHLIX MOJIEJ/Iell, MOCKOILKY BCe IIapaMeTphbl, BXOJSIINE B MOJE/IbL 10 CBOeil IpH-
POoae ABJIAIOTCA CﬂyqaﬁHbIMI/I BeJIMIYMHaMM, C JIaTEHTHBIMU II€pEMEHHBIMU, IIpeallojgararo-
MM O6'bHCHeHI/Ie F.Hy6I/IHHbIX, NHTerpaJIbHbIX XapaKTEPUCTUK C HCIIOJIb30BaHHUEM COOT-
BETCTBYIOIIUX MaTeMaTndecKux mogeseil. OcobeHHyI0 poJib UTPAIOT MHOIOMEPHLIE METO-

Abl IJIgd MHOI'OCTOPOHHEI'O OIIMCaHUA U3YyYdaeMbIX SABJICHUIA.

1. METO0JIOTUsI 1 METO/bI

[Toctpoenne DMM HeoOX0MMO HadIMHATH C PA3pPaAbOTKU KOHIIENTYAJIBHOW MOJIe/N
nCcce0BaHusl, TaK Ha3bIBaeMOl allpuopHOil Mozenn. IIpeacraBisieM cooTBeTCTBYIONINE
STAIIBl Pa3PaAbOTKN MOJIETN UCCJIEIOBAHUS TICHXOJIOIMYECKON YCTONIMBOCTHU CTYI€HIECKO
MOJIOIEKY B U3MEHSIIONNXCS YCIOBUIX.

e O600IIeHNe HAYTHON W METOINYIecKON MH(MOPMAIMH OTEUYeCTBEHHBIX W 3apy0Oerk-
HBIX ABTOPOB IO IIPOOJIEMaM TICUXOJIOTTIECKOH YyCTONINBOCTU MOJIOJIEZKU B M3MEHSIOIINXCST
YCIOBHSAX (COMUATBEHO-9KOHOMUIECKUX PedOpM, MOJICPHU3AINH 0OPA30BAHMS, JTUCTAHIY-
OHHOIO 00pa30BaHNUA).

e PazpaboTka KOHIENTYyaJbHON MOJIEIN M METO/INYECKOr0 OCHAINEHUd JIJIs HM3y'e-
HUsT KOMIIOHEHTHOT'O COCTaBa U CTPYKTYPHO-YPOBHEBBIX XapaKTEPUCTUK [ICUXOJIOTUIECKOM
YCTOMYUBOCTHU.

e BrIibop mokazaresieil Ha OCHOBE TEOPETUIECKHUX TOJIOYKEHWH JIJ7IsT OIIPeIeIeHNs] CHIIbI
UX BJIUSTHUSI Ha 11EJIEBYI0 (DYHKIIUIO MOJIEIN.

® DMIIMPUYECKOE UCCJIEJIOBaHNe Ha OOJIBINIOI penpe3eHTATUBHON BLIOOPKE UCIIBITYeE-
MBIX B COOTBETCTBUU C TEOPETUYECKOIN KOHIIENTYAJILHON Mojiebio. s mesteit Moeanpo-
BaHUsT HEOOXOIMMO OTMPATHCA HA MATEMATUKO-CTATUCTUIECKNE TEXHOJIOTUH, MJIA alloCTe-

PHUOPHYIO MOJIeJIb, KOTOpasi BKJIIOYAET PsiJI ITAIIOB.
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e [IpoBepka ICHUXOMETPUIECKHUX MTOKA3aTeel: aHaAIN3 BHYTPEHHEH COT/IAaCOBAHHOCTH
nokasaresieit pa3paboTaHHBIX W AlPOOMPOBAHHBIX IIIKAJ HA OCHOBE KpuTepus ajibda-
Kponbaxa, dakropubiit anaimus (PA) mjist BbIsiBI€HUS BHYTPEHHEH CTPYKTYPbI 060011IEH-
HBIX UHTErpasibHbIX IMOKa3aTe el pa3pabOTaHHbIX IITKAI.

e Ompe/iesieHre NIaBHBIX KOMIIOHEHT (HanboJsiee 06001eHHbIX (HhaKTOPOB), crienudutie-
cKuX (haKTOPOB IICUXOJIOITIECKON YCTOMIMBOCTH U UX COCTaB/sONmX. GakTopHbIil aHa-
a3 (DPA) jyist BbIsIBICHUST BHY TPEHHEH CTPYKTYPbI 0000IIEHHBIX 1 crieruduiecknx hak-
TOPOB U UX COCTABJISIONINX.

e Onpeneserne 3hdEKTOB BINSHIUS 3HATUMBIX TTOKa3areseil (IIpeIMKTOpoB) Ha UC-
caelyeMble KOMIIOHEHTBI U uX cocTapJstonme. OmnHodakTOPHBIH JUCIePCHOHHBIN aHAII3
(ANOVA).

PaccvorpuMm Ha npuMepe MOAEINPOBAHUSI CJIOYKHOIO MHOTOMepHOTO (berHOMeHa «[Icu-
XOJIOTUYIECKAsT YCTOMIMBOCTB» MPOrPAMMY HUCCJIEIOBAHUS U METOO0JIOTMIECKAE OCHOBBI
MCCJIeIOBAHNUsI C IMO3UINNA CUCTEMHO-CTPYKTYPHOI'O I0IX0/IA.

[Ipobsiema obparliieHus: K IICHXOJOTMIECKOMY MOJIE/IMPOBAHUIO 3aKJ/II0UaeTCsd B HEO/I-
HO3ZHAYHOCTH TEOPETHIECKHUX MOJIOYKEHNN U AMINPUIECKIX JAHHBIX HCCJIEIOBAHU B IICH-
XOJIOTUW; aKTYaJbHOCTH UCCIEOBAHUST YCTONINBOCTU MOJIOJIEYKU K U3MEHSIIOIIIMCS COTIH-
aJIbHBIM BJIMSIHUASIM, B TOM YHUCJIE B CHCTeMe 00pa30BaHMA.

[Hesis — pazpaboTKa U IIPOBEPKa AlPUOPHON M allOCTEPUOHON MOJIE/IN UCCIEI0OBAHUS
ncuxosioruaeckoii yeroitansoctu (1Y) cTy/IeHTOB B M3MEHSIONIXCS YCIOBHSIX. 38141 —
B COOTBETCTBUU C ranamu (OpejiesieHne CTPYKTYPHO-YPOBHEBBIX XapaKTEPUCTUK (HeHO-
MeHa, 3HAUUMBIX JIJIs TICUXOJIOMMIECKON yCTOHUMBOCTU OKa3aTe/ el (IPeUKTOPOB) U X
BJIUSIHUSI, BBISIBJICHUS T'PYII HCIHBITYEMBbIX JIJIsI TICHXOJIOTMYIECKOTO COITPOBOXKICHUS; BO3-
MOKHOCTH TIEPEHOCA JIAHHOW MOJIETH B JPYTHE YCIOBHS ).

CrpyKTypHas MOJIe/Ib UCC/IeI0BaHns (haKTOPOB YCTONIUBOCTU MOJIOJIEKN K U3MEHSI-
IOIIUMCS YCJIOBUSIM COIMAJIBHOM peasibHOCTH BKJIIOYAET CJIEIYIONIHEe KOMIIOHEHThI, Teope-
TUYECKU U METO/O0JIOITIECKHU 0/ ITBEPIKICHHBIE.

Mpsr paccMaTpuBaeM IICUXOJIOTHIECKYO YCTOWIMBOCTE Ye€pe3 KATErOPUI0 OTHOIIEHUS
yUaIeicst MOJIOJIEXKU K KU3HEHHBIM CUTYAIUAM (B TOM YUCJIE U K U3MEHSAIOMIUMCS YCJIO-
BusiM obpaszosanusg — NUYO) ¢ Troukn 3pennst KOrHUTHBHOTO («CyObeKTUBHBINH 06pa3 Kus3-
HEHHOM cuTyarun u cebst B Hell» ), SMOIMOHATBLHO-OIIEHOTHOT'O (OIEHKA TePEeZKUBAHST IMO-
[MOHATIBLHOTO (He)OIaronoIyans Kak WHIUBUAYAIbHO-JIMIHOCTHON YCTONYINBOCTH, TaK 1
COTUAJIBLHO YCTONYNBOCTH, TIEHHOCTHO-CMBICJIOBBIX OPHEHTAIN) U MOBEJIEHIECKOrO KOM-
nouenToB (crparernu nosejierns B8 YO, conuaabHOro BIMsIHUS ), B KOTOPBIX OTParKar0TCs
OCHOBHBIE XapPaKTEPUCTUKN OTHOIIEHUS: IMUPOTa, MOJIATHLHOCTh, MHTEHCHBHOCTE. Jlastee,

MbI BbLIAEJ/IAEM YPOBHUA CCbOpMI/IpOBaHHOCTI/I KOTHUTHUBHOI'O, 9MOIIMOHAJIbHO-OIICHOYHOI'O U

«Taspuueckuli secmnur unPopmamuru u mamemamurus, M1 (54)’ 2022



58 H. B. Ilapgenosa

HOBe/IeHIecKoro Komronenta orrorrerns K UYO (or npeacrasienuit o VO, ornenkn nx
s3HaUUMOCTH Jijist cebs, j10 BKitodenHoctn B 2KC u crpareruii coBjiajianus).

[TockoibKy aKTHBHOCTL CyObeKTa 00pa30BaTeIbHOI Cpejbl HAMOOJIee MPOABIISAETCS
B Takux cdepax KaK MHTeJUIEKTyaJ bHas, Mbl IpeJIoJaraeM, 9T0 UMEHHO WHTEJIEKTY-
aJibHasg aKTUBHOCTBH BBICTYIIUT CUCTEMOOOPA3YIONUM (DaKTOPOM B CTPYKTYpE IICHXOJIO-
FUYIECKOl ycToWanBOCTH, Oy/IeT CII0COOCTBOBATH IIPEOJIOJICHIIO XKU3HEHHBIX TPY/IHOCTEH B
y4eOHOIl JIedATeIbHOCTH, BBICTYIUT BasKHBIM (DAKTOPOM, BJIUSIONIAM Ha OTHOIIEHHUS ydUa-
Tmeficss MOJIOEZKY K COIMAJIbHOI cpejie, O/IIKHEMY OKPY2KEHUIO U caMOMy cebe I OTPa3nT-
cd B IEHHOCTHBIX OPUEHTAIUAX MOJIOJIEXKHM U CTPATErudx noBejienusd. [y moarsepxk ie-
HUsl JIAHHON TUIIOTE3bI, CTPYKTYPHBIX KOMIIOHEHTOB, 3(D(hEKTOB B/IUAHUS U JUHAMUKA B
HOBBIX YCJIOBUSX JINCTAHITMOHHOTO 00PA30BaHUs IPUMEHsIeM SMINPUIECKYIO MaTeMaTde-
CKyI0 Mojieb (DMM).

OMM BrIIFOYAET: MATEMATHKO-CTATUCTUIECKYIO TPOBEPKY MICUXOMETPUIECKON HAJIeK-
HOCTHU TIPEJICTABJIEHHBIX ITKAJ, OTPAXKAIONIUX OCHOBHBbIE KOMIIOHEHTBI IICHUXOJOTHTIECKOM
YCTOWYMBOCTH (BHYTPEHHIOK COMJIACOBAHHOCTD MOKa3aTe el 1o KaK 1ol 1KaJjie Ha OCHOBE
kputepus anbda-Kponbaxa (« or 0,74 mo 0,81), aHamu3 BHYTpeHHEl CTPYKTYDBI ITKAJBI
U ypoBHeil 060bIeHHoCTH ¢ TToMoInbio dhakTopaoro anamusa (PA); uzydenue adexkTon
BJinsHuA Ha 00001menHbie (hakTopbl (ANOVA ¢ HOBTOPHBIME H3MEPEHUSIMIE ); CDABHUTE b
Hblil anamus (t-xpurepuit Crorojenta, U-kpurepuit ManHa—YUTHI) JJIst BBISIBJICHUS O~
BTOPAIONIUXCI CTPYKTYPHBIX KOMIIOHEHTOB TICUXOJIOTTIECKON YCTONYINBOCTH U €€ JTMHAMU-
K B HOBBIX YCJIOBUSIX; KiiacTepHblii anaans (KA) st mocTpoeHnst THIIOIOT U CTY/ICHTOB €
Pa3IMYHBIME YPOBHAME U XapaKTEPUCTUKAMU TICUXOJIOIMIecKoil ycroitunsoctu [3]. Oren-
Ka HEOIPEJIEJIEHHOCTH CYOBHEKTUBHBIX OTBETOB DPECIOHJIEHTOB PACKPBIBAETCS C TO3UIUN

Teopun obmux cucrem [4].

2. PE3VJIbTATHIL

Jl1st BbIsiBIeHUS CIIEMDUKHU IIPOSBICHUH [ICUXOJIOTUIECKON YCTONIMBOCTH CTY/ICH e~
CKOM MOJIOJIEZKH B YCJIOBUAX JIUCTAHIIMOHHOTO 0OOpa30BaHus Ha BHIOOPKE cTyieHToB [IcKoB-
'V 2020 r. (n = 171) — 3 cpe3, s onpe/ieJieHns] yCTONYUBBIX CTPYKTYPHBIX KOMITOHEHT,
HEOOXOIMMBIX J1jTs1 1ipesicTaBieHnss YMM, Mbl comocraBuin cOBpeMeHHBIE PE3YIbTATHI €
[IPOCTPAHCTBEHHO-BPEMEHHBIMU CPE3aMU JJIsI BBIABJICHUS POJIH UHTE/LICKTYaIbHOM aKTHUB-
HOCTU B CTPYKTYpE MHCHUXOJOTMIECKON yCTONINBOCTH CTYACHUYCCKON MOJIOHE)KU: 1 cpe3 —
Ha BBIOOpKe crymenToB IlckoBl'Y 2010 1. (n = 288); 2 cpe3 —Ha BBIOOPKE CTYJIEHTOB
[TekoBI'Y 2014 1. (n = 124).
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OcranoBuMCsT Ha OTIEIBHOM (DparMeHTe MpUMEHEHUsI MHOTOMEPHBIX METOJIOB B IIO-
CTPOEHUM IMIITMPUIECKON MOJEJIN IICUXOJIOTUYECKON YCTOMYNBOCTHU CTYAEHICCKOI MOJIOIe-
JKU B U3MEHSIONTUXCS YCJIOBUAX, T/Ie BEIYIIIUM KOMIIOHEHTOM BBICTYIIA€T WHINBHUITYaTbHO-
JIMTYHOCTHAsT aKTUBHOCTH CTYJIEHTOB B MHTEJIJIEKTYAJIbHON cepe, OCHOBOI KOTOPOIl sBJIs-
10Tcst OPMAIbHO-THHAMIYECKIE CBOWCTBA (IPTUIHOCTH, CKOPOCTh, MJIACTUIHOCTH, IMO-
[IIOHAJIBHOCTH ), OIOCPEIOBAHHO BJIUAIONIAs (Uepe3 IeHHOCTHbIE OPUEHTAIINN) Ha CTpaTe-
'MW TOBEJIEHUS B TPY/IHBIX YKU3HEHHBIX CUTYaIlAAX.

DopMaTbHO- TUHAMUIIECKIE XapPAKTEPUCTUKH aKTUBHOCTU OIPEJIEISIINCH IO METO/IU-
ke O®JICU B. M. Pycasosa; eHHOCTHO-CMBICJIOBbIE OPUEHTAIINN 1 CTPATETMH TOBEICHIST
OIIPEJIEJIS/IUCH C TTOMOIIBIO Pa3pabOTAHHBIX U ITPOBEPEHHBIX 110 KPUTEPUSM IICUXOMETPH-
JecKoil HaJleskHOCTH mKas (Kpurepuil anbda-Kponbaxa soie 0,74; anajusa BHY TPEHHEN
CTPYKTYPHI IIKAJ U YPOBHEl 00OOIEHHOCTH € ITOMOIIBIO (PAKTOPHOTO aHAJM3a 110 METO-
JIy TJIABHBIX KOMIIOHEHT (MEeTOJI BpallieHns Varimax), BeIJIeJIsIOCh COOTBETCTBEHHO TaKoe
KOJINIECTBO (PaKTOPOB, UbM COOCTBEHHBIE 3HAYMEHUS OOJIbIIIE €IUHUIIbI, 3HATUMOCTH (haK-
TOPHBIX BECOB IEPEMEHHBIX, BXOAAIMNX B KaxKjblii dakTop, 6osbme 0,4, HaKOIIEHHbIE
[POIEHTHI JUCIIEPCHN TI0 KazKJIOMYy WHTEIPAJbHOMY WHJEKCy cocTtasisin Bbiie 50%). B
pesysibraTe GaKTOpU3anui U 10 mepBoMy cpesy [6, ¢. 274|, mo BTOpoMy U 110 TpeThbeMy
BBIJIEINJIACH IVIaBHasd KOMIIOHEHTA WH/IUBU/LYAJIbHO-JITYHOCTHOW aKTUBHOCTU B MHTEJIJIEK-
TyaJabHON cdepe: « AKTHBHOCTh MHTEJLIEKTyabHast», 0b6obmennbit (19,7% mucnepcnn),
BKJIIOYAET: CKOPOCTh mHTesIekTyaabHast (0,841), spruanocrs unTeiekryatbhas (0,751),
IUTACTHIHOCTD nHTesUIeKTyatbHas (0,699). IloBropsieMocTh B BBIJICJICHUN TJIABHOM KOMIIO-
HEHTBI 110 TPEM ITPOCTPAHCTBEHHO-BPEMEHHBIM CPE3aM CBUJIETEIHLCTBYET O BEYIIEN POIn
B CTPYKTYPE MCUXOJOTUIECKON YCTOWINBOCTH CTYIEHIECKON MOJIOIEKU. SHATMMbIN (hak-
TOp «AKTUBHOCTH MHTEJIJIEKTyaIbHAS» MIPEJICTABIEH 10 YPOBHAM BBIPAYKEHHOCTH B TPEX
rpajanugx (Ha OCHOBE CTAHJIAPTU3NPOBAHHBIX Z-OIEHOK ): BBICOKAs (/IHAIIA30H 3HAUEHUI
paBen u BbIe (0,6 — IOCTOSTHHOE CTPEMJIEHNE K JIeATeTbHOCTH, CBI3aHHON C YMCTBEHHBIM
HalpsKeHueM, HeOOX0MMOCTb BBICOKOI M'MOKOCTH MBIIIJIEHUs, 9acTOI0 IIepexo/ia ¢ OJTHUX
¢dopM MBINLJIEHUS Ha JIpyTHe, TIOCTOSTHHOE CTPeMJIeHNEe K pa3HooOpa3nio (hopM MHTEIIEK-
TYaJbHOMI JIeATETbHOCTH, BBICOKasl CKOPOCTb YMCTBEHHBIX ITPOIIECCOB IIPU OCYIIECTBICHUN
UHTEJUIEKTYAJIBHOM JesiTebHOCTH ); cpensia (or— 0,6 10 0,6, nuskas (auzxe —0,6). Bin-
siHie aKTUBHOCTH B MHTE/ICKTyaJbHON cepe Ha (HOpMUPYIONIUECcT MEHHOCTHBIE OPUEH-
Tallud PAcCMOTPHUM II0 pe3yjbTataM 1 cpe3a Ha OCHOBE NPUMEHEHUsI OTHOMAKTOPHOTO
nuctiepcrontoro anaanza ANOVA (cm. tabir. 1).

Db deKT BAUAHIA NHTE/UIEKTYAJTHHON aKTUBHOCTH Ha IEHHOCTHBIE OPUEHTAINH C Ha-

IIPaBJICHHOCTBIO Ha AOCTUXKEHHNA U Kapbepy BbIPpaXKEH B I'DYIIIEC CTYACHTOB C BbBICOKMMU
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Tabruya 1. 3uagumbie 3bdeKTH (haKTOPOB « AKTUBHOCTH HHTEJIIEKTYA b=
Has» Ha [OKa3aTeJn [IeHHOCTHBIX opueHTanuii y cryaentos (n = 288, 2010).

[Tokazarenn IEHHOCTHBIX OpUEHTAIuil, Ha KOTO- | F' P < | Levene’s
pbie 3adukcnpoBaH 3HaunMbIil 3dekT (BinsHIe) test
P <

1. IO ma moctuzkenust u Kapbepy (mobusarhes | 3,217 | 0,042 | 0,287
yCIIEXa, COBEPIIEHCTBOBATHLCH, CEIATh XOPOIIYIO
Kapbepy, OCYIIECTBUTHL cebsi, 3aHATH JIOCTONHOE
HOJIOKEHUE B 00ITecTBe)

2. 11O nampassieHHOCTH Ha JAPYrUX (IyBCTBOBATH, | 2,946 | 0,052 | 0,651
YTO KOMY-TO HYXKEH, JIeJIaTh JI00pO, OBITH ¢ OJ1n3-
KVIMHU )

HOKa3aTesIMI MHTeJUIEKTYaJIbHON aKkTuBHOCTH; Ha 11O HampasieHHOCTH Ha JPYyrux 00-
Jlee TIPeJICTaBJIEH B TPYIIIE CTYAEHTOB CO CPETHUMH 3HAYCHUSIMHI MHTEIIEKTYaJIbHON aK-
TuBHOCTHU. [IOCKOJIBKY aKTHMBHOCTH B MHTE/JIEKTYaIbHON cdepe OKa3bIBAIOT BIUSHHUE HA
pejroYnTaeMble crparerun nosesenns B VYO onocpenoBaHHO 4epe3 HaIPaBIE€HHOCTH
IEHHOCTHBIX OpHUEHTaIil cyObeKTa 00pa3oBaTEIbHON JIeITeTHbHOCTH, TO B KadeCTBE Be-
Jymiero bakTopa BIIUSHES, HamOoJIee XapaKTEPHOTO JJIs ydalleics MOJIOJEXKH, BBICTY-
ngar 11O, HanpasjieHHbIe HA JOCTHXKEHUs U OYLyIIyI0 Kapbepy (cM. Tabir. 2).

HarpaBieHHOCTB IIEHHOCTHBIX OPUEHTAINI B CTY/IEHYECKOM BO3PacTe Ha JOCTUKEHNs
1 OyIyIIyIo Kapbepy HauMHAET OKAa3bIBATH B IIEJIOM BIIUSHUE HA MIPEIINOYNTAEMbIE CTPa-
TErnu MOBEJIEHUSI B XKM3HEHHBIX cUTyaluax. [Ipryaem, 310 BiIMsHEE HOCTATOYHO M30Mpa-
TeJIbHO, OCOOEHHO KOTJIa BCTPEYAIOTCS 3aTPY/IHEHIUS Ha IIyTH PEAJN3allni CBOMX BO3MOK-
HOCTEl B COOTBETCTBHUH C ITPOTHO3UPYEMO HAIIPABJIEHHOCTHIO Ha 3HAYNMBIE JIOCTHZKEHHS
B OymyIieM.

CTyeHTbl, ¢ JJOCTATOYHO YPaBHOBEIIIEHHOH HAIIPABIEHHOCTHIO HA JIOCTHKEHUS, B CJIy-
Jyae 3aTPYIHEHNi 1 Jlazke 60jiee BbIPasKeHHBIX TPY/IHOCTEN IIPEJIIIOYNTAIOT COBJIAIAIONIIE
CTpPaTernyl IOBeJIEHUs C HAIPaBIEHHOCTBIO B y4eOHYIO JedATe/bHOCTh, UTHOPUDYS IIPH
9TOM BO3HHUKAIOIIIE ITPOOIEMBI, ONTUMUCTUIECKH CMOTDAT HAa 3aTPY/IHUTE]BHYIO CHTY-
aIlNIo, IIEPEHOCAT aKTUBHOCTH HAa TBOPYECKYIO JIeATEIbHOCTD NN B CIIOPTUBHYIO JIeATE Ib-
HOCTb, a TaKzKe 0OpalaloTcs 3a MOMOIIBI0 K KOMIETEHTHBIM B3POC/IBbIM. OTKa3bIBAIOTCS
OT JIeHCTBHII B 3aTPYIHATEIBHBIX CUTYAIINAX CTY/IEHTHI CO CIa00BBIPAzKEHHON HAIIPaBJIEH-
HOCTBIO Ha JIOCTUKeHUs 1 Kapbepy. Ocoboro BHUMAaHUS 3aC/Iy2KUBAIOT CTYIEHTHI C BBICO-
KOBBIPasKeHHOI HAIIPaBJICHHOCTHIO Ha JIOCTUKEHUS, IIOCKOJIbKY B CUTYAIUSX YKU3HEHHBIX
3aTPy/IHEHUIT ¥ HUX HanboJiee IIPeJICTaB/IeH SMOIMOHAIBHBIN yXOJI OT PEIIeHns IPodIeM
(KpUK, IJ1a4) ¥ CHSITHE HATIPSYKEHNUS C TIOMOIIBIO AJTKOTOJIsI, YTO MOYKET IPUBECTH B JIA/Th-

HelfIeM K COOTBeTCTBYIOMIeil 3aBucuMocTu. Takne o0OOOIEHHBIE CTPATEruU IOBEICHUST
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Tabaruya 2. Suaunmbie 3ddekTnl pakTopa «I1O mocTrzKenns n Kapbepbi»
Ha [MoKasaTe/n ImpeanodnTaeMbix crpareruit mosegenns B T2KC y crymen-
ToB (n = 288, 2010).

[Tokazareyu npeouYnTaeMbIX cTpareruil mosesie- | F P < | Levene’s
uust B T2KC, Ha koropble 3adukcupoBaH 3HATM- test
MBIt apdekT (BrusHuE) P <

1. «Comnamanue 1epes ydedy u momorb Komie- | 2,926 | 0,046 | 0,363
TEHTHBIX B3DOCJBIX» (3aHATHs y4eboil, obparie-
HIE 3a IOMOIIBI0 K KOMIIETEHTHBIM B3POCJIBIM,
CaMOBBIpayKeHNE B TBOPUYECTBE, ONTUMUCTUIECKUIT
B3IJISA] HA CUTYAITUIO)

2. «Cosmaganne ¢ T2KC gepes aktupHOCTS B ciop- | 2,865 | 0,049 | 0,720
Te» (3aHATHUS CIOPTOM, UTHOPUPOBaHUE TPOH/IEM )
3. ¥YX0/1 OT perieHus mpodIeM:

1) Yxo/ B 3aBUCHMOCTD 4,163 | 0,017 | 0,110
2) CHsITHE HAIPSAZKEHUsI C TIOMOIIBIO AJIKOIOJIst 3,317 10,038 | 0,235
3) «paspsijika» (KPUK, [JIa4) HAIPAKEHUs 2,769 | 0,058 | 0,403
4) OTkas or JeicTBuii 2,709 | 0,061 | 0,160

crysnentoB B YO kak «coBiajianue vuepes yaedy U MOMOINb KOMIIETEHTHBIX B3POCJIBIX»
(29,2%) u «coBiajianue ¢ 3aTPYJHEHUAME 4Yepe3 aKTUBHOCTH B cropre» (27,4%), B Ko-
TOPBIX BhIpazKeHa CHeru@UuKa OpraHu3allii yCUJINi CTYJIeHTAMI B IIPOIECCe B3ANMOJIEi-
CTBUS C KU3HCHHBIMU 3aTPY/IHCHUSMU, HAIIPABJICHHASA Ha, COBJIAJIAHNE Yepe3 aKTUBHOCTD
B JiearesibHOCTH (yueba, criopT) u 0OpAIleHUH K [TOMOIIN 3HAYUMBIX JIDYTUX, OTHOCSITCS K
KOHCTPYKTUBHBIM CTPATETUSIM COBJIAJAHUS C TPYIHOCTAME B MEXKTMIHOCTHBIX OTHOIICHM-
X, B y4eOHOi aeareabHocTH, B opranmsanuu gocyra. Oxoso 30% cTymeHToB oTBEpraioT
KOHCTPYKTHUBHBIE CTPATETWN COBJIQJIAHUS C JKU3HEHHBIMU TPYIHOCTIMU. «DMOIMOHA/b-
HBII yx0/1 OT pemtenust mpobsem» (27,8%), «yxom oT perenus mpobieM depe3 UTHOPUPO-
BaHUe peasibHbIX areHToB nojaep:xkku» (30,2%) u «yxox B 3aBucumoctb» (24,3%) orpazxa-
0T HEIeIecO00Pa3Hy 0 HATIPABIEHHOCTh Ha cebst (0TKa3 OT JIeHCTBUIl, MOrpyZKeHre B CBOU
[epeKIBaHNs, SMOIMOHAIBHBIE PEAKIINH — KPUK, I1J1ad, n3beranue OOIIeHsI) WK MOIBIT-
Ka C IIOMOIIHIO CBEPCTHUKOB M aJIKOTOJIsI CHU3UTDH BO3HUKIIIEE HAIPAYKEHUE B PE3YJIbLTATE
3aTPY/IHUTE/IHLHBIX O0CTOSATE/LCTB, & TaKKe B HEKOTOPBIX CIydasX HaJedTbCd Ha 9UyJI0,
BMECTO OOpAIeHNs 3a MOMOIIBI0 K 3HAYUMBIM JPYTHM, — OTHOCATCA K HEKOHCTPYKTUB-
HBIM cTpaTerusim nosejenus. B pesysisrare /10 (Becra-srero 2020) mo MHEHUIO CTYIEHTOB,
MOBBICHJTUCH y4ueOHasi HArPy3Ka U COOTBETCTBEHHO TPEOOBaHMS K AKTUBHOCTU B MHTEJLIICK-
TyaJbHOIl cdepe, U3-3a HEJOCTATOIHON MOACPXKKN OJTU3KUX U JIpy3eil, mperogaBaTeseit
YBEJIMYUJINCH TPYJHOCTA B CAMOOPTaHU3aINU U IJIAHUPOBAHUK CBOEH PabOTHI, aHAIN3a U

000DIIeHNsT CAMOCTOSITEIbHO U3YUEHHOTO yUeOHOTO MaTepuaJa, 9TO BbI3BAJIO CHHUKEHUE
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MOTHBAITUSA CAMOCTOATEILHON PabOThI U KaK Pe3y/IbTaT HeY/I0BJIETBOPEHHOCTH YCIIEXaMH,
OXKUIaHNE CHIKEHNsT KadecTBa o0pa30BaHMs U caMOOOBHHEHHE. B yc/ioBHAX IuCTaHIU-
OHHOTO 0Opa30BaHMs UMEET MeCTO 3HAaUMMOe Pa3/Iudue 110 aKTUBHOCTU CTY/IEHTOB B WH-
resiekTyanbHoi cdepe (U-kpurepuit Manna—Yuraun = 250, npu p = 0,003). Bmecre
C TIOBBIIIEHNEM aKTUBHOCTH B MHTE/LIEKTYyaJbHOI cdepe y HUX HAOJIIOIAETCA CUIBHOE
SMOIMOHAJILHOE TIEPEKUBAHUE 110 TTOBOJLYy PACXOXKJICHUS MEYKIY OKHJIAEMbIM U PeaJIbHbIM
Pe3yJIbTATOM YMCTBEHHON PabOThI, CHJILHOE DECIIOKOMCTBO 110 TIOBOJLY PabOTHI, CBA3aHHOMN
C YMCTBEHHBIM HalpsizKeHneM (IO IIKaJe «OTKPBITOCTh» U-kpurepuit Manuna—Yuraun —
350,5, mpu p = 0,004); TakzKe MO MIKaJe «OTpazkKEHHOE caMooTHOIeHne» ( U-Kpurepwuit
Manna—Yurau = 351,5, ipu p = 0,018), T.e., cTyIeHTH 0OECIIOKOEHBI T€M, UTO UX JINY-
HOCTD, XapakKTep U JIesATeJbHOCTh CIIOCOOHBI BBI3BATH B JPYTIHUX YBarKEHHE, CUMIIATHIO,
0JI00peHne U OHUMAaHUe, 0oJiee BhIPpayKEHbI OXKUJIAHUS TPOTUBOIIOJIOXKHBIX YYBCTB 10 OT-
HOIIIEHUIO K cebe oT jipyroro. HamedeHa TeHIeHINA K HAJUYINIO BHYTPEHHUX KOH(JIUKTOB,
COMHEHUil, Hecoracus ¢ co0oil, TPEBOXKHO-IEIPECCUBHBIX COCTOSIHUM, COIPOBOKIAEMbIX
Iepe:KuBaHueM 1yBCTBa BUHBI. BbICOKMe 3HAYEHHS T10 TITKaJIe «CaMOOOBUHEHNE» TOBOPAT O
TOTOBHOCTHU ITOCTABUTH cebe B BUHY CBOU IIPOMAXU U HEYa4du, COOCTBEHHbIE HEJIOCTATKH,
00 OTCYTCTBUM CHMIIATUU, UTO COIPOBOXKJIAETCS HEraTUBHBIMKU SMOIUSIMHU B CBOW aJjipec
Jlayke, HECMOTPsSI Ha BBICOKYIO CAMOOIIEHKY COOCTBEHHBIX KadecTB. OTHOCHTEIBHO TaKUX
KPHUTEPUEB TICUXOJIOTHICCKON YCTOMIMBOCTH KaK IEHHOCTHBIE OPUEHTAIIUU U CTPATEIuu
MTOBEJICHUS B M3MEHSIONINXCS YCJIOBUAX 00pa30BaHUsl HAMETHU/IACH JIMHAMHUKA, TPU 3TOM
ocTaJjach OCHOBa 0O0DOIIEHHOIO (paKTOpa, YTO TaKzKe CBUJIETE/IHCTBYET O 3HAUYNMOCTHU JIaH-
HBIX KPUTEPUEB JJIsT TICHXOJIOTUIEeCKO Mozesn (cM. tabi. 3).

Ecau 8 2010 r. 17151 cTyIeHIeCcKOi MOJIOIesK1 Be Ly M dpakTopom BeicTymaan 11O 1o-
CTUKEHUS, Kapbepbl», TO B 2020 1. HapsAy ¢ HAIPaBJIEHHOCTHIO Ha Kapbepy MPUCOETNHSI-
eTcsl U EHHOCTh MaTepuaabHoro osaromosydns — «I1O Kapbepbl 1 MaTepuaJbHOTO OJ1a-
romoJryausi», 0600menubIii (22,8%), Bkiovaer: ¢enars xopoiryio kapbepy (0,760), mosy-
9aTh yJ0BOJILCTBIE OT MaTepraibHoro 6taronomnyans (0,730), umers muoro jerer (0,708),
3aHUMATh JOCTOiHOE mostozkenne B obmecrse (0,601).

Koncrpykrusabie crparernn nopefeHust B UYO, KU3HEHHBIX CHTyalldgX B Kade-
CTBE TIJIABHOW KOMIIOHEHTBI OCTAIOTCsI, HO TaKKe IOJIBEPKEHBI BPEMEHHBIM U3MEHEHUSIM.
B 2010 r. cryendeckasi MOJIOJE)KD OOJIbIIIE HAJACAIACH Ha IIOMOIb KOMIIETEHTHBIX B3POC-
JIBIX, O Y€M CBHJIETE/ILCTBYET HamboJiee 00o0meHubiit pakrop. B 2020 r. HeKOHCTPYKTHB-
Hble crparerun B ycaoBugax JIO BeICTyaoT mapaJsiiebHO ¢ JOCTATOYHO PE3KUM CHUZKE-
HIEeM CYOBbEeKTUBHOTO KAadeCTBa YKU3HU BCJIEJICTBUE HEYBEPEHHOCTU B OY/IYIIEM U SMOIIU-

OHAJILHOTO HEDJIArOMOIYYUs B HACTOSAIIEM, IPU HEJIOCTATOYHON OleHKe 3(DPEKTUBHOCTU
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Tabauya 3. 3aaunmbre 3¢pderTol harTopa «I1O Kapbepbl 1 MaTepuaIbHO-
ro 6JIaroNoIy s » Ha MOKA3aTe TN MPEeIIIOINTaeMbIX CTPATErnil TOBEICHIS
B ycosusix J1O y crymentos (n = 171, 2020).

[Tokazareyu npeouYnTaeMbIX cTpareruil mosesie- | F P < | Levene’s
uust B /1O, Ha KOTOpBIE 3aUKCUPOBAH 3HATUMBII test
sddexr (BrusHue) P <

1. «Hekoncrpykrusnbie crparernu (orka3 wu | 2,926 | 0,046 | 0,363
YXOIT)»

2. «beszamurHocTh B yenoBusx 1O u mHeypepen- | 2,865 | 0,049 | 0,720
HOCTB B OYJIyIIieM 13 3a CHUKEHUsT KadecTBa o0pa-
3oBanus mwim agantupoBanaocTb K /1O ¢ 11O ka-
pPbepbl ¥ MATEPUATHLHOTO OJIArOTIO Y YN >

y4eOHOI e TeIbHOCTU 1 TOBBIIIEHHOTO JTOBEPHSI caiiTaM ¢ TOTOBBIMU TEKCTaMU YIeOHBIX
3aJIaHUI, ITO BBI3bIBAET CAMOOOBUHEHNE U HeaJIeKBATHOE OTPaskKeHne OTHOIIEHUS IPYTUX.

OcHOBHOE BHUMAaHWE MPUBJIEKAIOT UCIBITYeMbIe C PACCOT/IACOBAHUEM IIPeICTaBIeHU
o HacrosieM (ycrexu B ydebe, YIOBJIETBODEHHOCTH JIOXOJAMH, 370POBbEM, YKU3HBIO B
[IeJIOM) U TPOTHO30M OYJLyIIEero, CBS3aHHOTO KAK C COIUAJIBHBIME MIPOOJIEMAaMU, TaK U C
BOBHUKAIOIUMHI JTUIHBIME IIPOOIEMaMU U UX IIePEeKUBAHUEM.

[Ipu HEOCTATOTHOI TIOIEPKKE TIPerogaBaTe el B yCIOBUIX JIUCTAHITHOHHOTO 00y e~
Hus 60JIbIIAas YaCTh CTYACHTOB JIOBEPSAET caliTaM ¢ TOTOBBIMU TEKCTAMU YIeOHDbIX 3a/IaHUI,
dopymaM 1 daTaMm 10 yIeOHBIM BOIIPOCAM; IIPeobJIagaioT HEKOHCTPYKTUBHBIE CTPaTerun
noBejiennst: «O0palienne 3a IMOMOIIBIO K CBepCTHUKAM 1 3a uHgopMmarueil B laTepaere,
o6o6mmennbIit (28,2%), BKIO9YaeT: obpaiienne 3a MoMoIeio K ceepcraukam (0,824), 06b-
enunenne ¢ ppyruvu (0,814), mouck jonoiHuTeIbHOM nHbopManuu B VIHTepHETE 17151 BBI-
xoza u3 curyaruu (0,547); «Hekoncrpykrusable crparernn (orka3 u yxo)» (23%), BKIto-
qaer: TpeOyIo m3MeHeHmii curyaruu ot okpyzkatomux (0,758), 0TKa3bIBAIOCH OT KAKHMX-
60 geitcrsuit (0,710), 6ECIOKOIOCH O HACTOAIIEM U TPEBOXKYCh 0 Oyayriem (0,594), wu3-
Gerato obienns u «yxoxy B cebsi» (0,584);

3¢ «beszamurHoCTh B yesoBusax JIO u HeyBepeHHOCTH B Oy/IyIeM n3-3a CHUKEHUS Ka-
JecTBa oOpasoBannd mim ajgantupoBanHocTsb K J1O ¢ IO kapbepb! 1 MaTepuabHOTO OJ1a-
ronostyausi» (13,3%), Bkimogaer: «HyBcTBo Ge33ammrHocTn n3-3a curyanuit J10» (0,687),
«HeyBepennoctsb B OyjyiieM m3-3a CHUYKEHHs KadecTBa obpasoBanus B ycsaoBusx J1O»
(0,657), «Cocrosinne auckombopTa U3-3a HeJOCTATKA 0OpATHON CBsi3u B yciaousix J10»
(0,614), «3arpynnenus B yciopusax O m3-3a HEJOCTATOYHONW CAMOOPTaHU3AINE U MO-

TUBAIAU CaMOCTOATeIbHOM paboTbl» (0,556), «CHUKeHNE MPaKTHKO-OPUEHTHPOBAHHOTO
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obyuennsi» (0,400); «Boibop cruis paborer (-0,692), «YMeHUs UCIOIB30BATH U HACTPA-
uBaTh nporpamMuoe obecrieuernes (-0,499), «/losepue caiitam 3/1eKTPOHHBIX OHOIMOTEY-
HBIX cucTeM 1 OazaMm HaydHbIX crareiis (-0,460), «[1O kapbepbl 1 MaTepuaaIbLHOTO GJ1aro0-
nosyausi» (-0,410).

[IpencraBnsger unrepec cruerududeckuii pakrop «HekoncrpykTuBHble cTpaTerun B
yesioBusix JIO u HeyBepeHHOCTB B OyJIyIlieM W3-3a HEraTUBHON mHMOpPMAIUU, TPYIHOCTEH
caMopeaJim3aIyu u (GUHAHCOBLIX 3arpyaaeruii> (8,2%), sriouaer: «HekoHCTpYKTHUBHbIE
crparernu (otka3 u yxox)» (0,701), «HeyBepenmnocts B Oy/ryIneM u3-3a HEraTHBHON HIH-
dbopmarm B CMI u tpyaHocTeit camopeasnmsanums (0,656), «OmauHouecrBo» (0,642),
«@opmasibHOe BoinosHeHue 33 1anuity (0,591), «Heysepennocts B Gyryinem us-3a GpuHan-
coBbIX 3arpyaHennii> (0,442).

Ha ocnoBe 0000IIEHHBIX MMEPEMEHHBIX € ITOMOIBIO KJIACTEPHOTO aHAJU3a CTPOUTCS
TUIOJIOTUsT (MJTH BBIJIEJISTIOTCS TPYTIIBI) UCIBITYEMBIX.

Pazjinunbie ypoBHE MHTEIIEKTYAIbHON AKTUBHOCTU KaK BeIyIIero hakropa B CTPYK-
Type TCUXOJOTUYECKO YCTONYMBOCTH CTYJEHTa IHPEJCTABIEHBl B CJEIYIONINX KJacTe-
pax: «llcuxonornuecku-ueycroiiauBbies (26,9%) co caboOBbIpAKEHHON MHTEJLIEKTYAT b
HOM ¥ KOMMYHUKATHBHOW aKTHBHOCTHIO, N30EraHueM OTBETCTBEHHOCTH, HEJIO0CTATOTHOM
SMOIMOHAILHO-JIMIHOCTHON YCTOWYMBOCTBHIO K CTPECCY, HEOPHUEHTUPOBAHHOCTBHIO Ha, JI0-
cruKeHus u Gyayiyo Kapbepy); «Ileuxosornaecku - yeroiiausbies (34,3%) ¢ onrumalib-
HBIM TPUHATHEM OTBETCTBEHHOCTU Ha Ce0sl, BBIPAXKEHHOI SMOIMOHAJIBHO-THIHOCTHON
YCTOMYUBOCTBIO K CTPECCY, BBIPA’KCHHON TEHAEHIMEl K aKTUBHOCTU MHTEJIJICKTYaJIbHONI
C opHueHTaImeil Ha JIOCTUKEHUsI U Kapbepy W MarepuajbHoe Gjaromosyune); «Heormpe-
nenuiecs» (21,3%) ¢ Heolpee/IeHHOCTBIO B CyO'beKTUBHOM 00pase MH(MOPMAIMOHHO-
HOPMATHBHOTO BJIUSHUS, CPETHEBBIPAYKEHHON WHTEIEKTYAJbHON M IICUXOMOTOPHOM aK-
TUBHOCTBIO, SMOIIMOHAILHO-TMNIHOCTHON YCTOWYNBOCTHIO K CTPECCY MPU UMEIOIIEMCS OTIhbI-
T€ TICUXOJIOTMYECKOT0 JIABJIEHUS U 3aBUCUMOCTHU, HEBbIPAYKEHHON BeIyIIell OpueHTaIeil Ha
JIOCTUZKEHW ST, Kapbepy, OOIIEeHNe ¢ APY3bsIMU, Ha IEHHOCTH MaTePUaIBLHOTO OJIAr OOy IHs;
BBIJIE/IMJINCH TAKZKE HECKOJIBKO KJIACTEPOB ¢ HEOOJIBION HAIOJHIAEMOCTBIO PECIIOHIEHTOB,
YPE3MEPHO BBIPAXKEHHBIMU Y HUX MOKA3aTeIAMU (HU3Kasi MHTEJIEKTYaIbHas AKTUBHOCTD
U OTBETCTBEHHOCTH, OTCYTCTBHUE CTPEMJIEHUS K JOCTUXKEHUSM, CAMOCOBEPIIEHCTBOBAHUIO
B yuebe, MO3UTUBHON HAIPABIEHHOCTH HA JIDYIHMX) U BBIPA’KEHHBIM PACCOIIACOBAHUEM B

COOTHOIIIEHNHU CTPYKTYPHBIX KOMIIOHEHTOB (<«IPYIIa PHCKA» ).
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S3AKJIFOYEHUE

Paspaborka u BHejIpeHrne B TMPAKTUKY ICUXOJIOIMIECKOIO UCC/IEI0BAHUS AllPUOPHOI
MO/IeJIU, T.€., [IOCTPOCHUE Ha OCHOBE TEOPETHUKO-METOJIOJIOTMYCCKUX IOJIO?KCHUIT KOHIIEII-
TyaJbHOI MOJIEJIN HCCIEIOBAHNA, IPOBEPKa KOTOPOU OCYIICCTBJIACTCA C IIOMOIIBIO allo-
CTEPUOPHON MOJIE/N, T.€., IPUMEHEHUS MaTeMaTUKO-CTATUCTUICCKUX IPOIEyP, 0COOEH-
HO MHOI'OMEPHBIX METOJIOB, II03BOJIseT UCCJIE/I0BATEsIM MOJIeIUPOBATh U IIPOTHO3UPOBATH
CJIOYKHBIE TICUXOJIOTHYecKre (heHOMEHbI, UX CTaOWILHOCTH WM JIMHAMUKY TIOJ BJIUSIHU-
€M U3MEHSIOMNXCs KU3HEeHHBIX yesaoBuit. [Ipumenenne 9MM Ha coorBeTcTBYIOMMX STA-
1ax IOCTPOEHMUsl MOJIeU IICUXOJIOTMYECKOI'0 HMCCJIEJI0BaHUsl KOHCTATUPYET CTPYKTYPHO-
coJIepzKaTeIbHbIE I YPOBHEBBIE XaPAKTEPUCTUKH U3yIaeMOro (peHOMEHA U TI03BOJISIET PO~
THO3UPOBATh yCTOWYNBOCTD U JUHAMUKY BEJIyIINX KOMIIOHEHT B U3MEHHAIONINXCH YCJIOBU-

AX.
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ASYMPTOTIC STABILITY OF A SYSTEM OF BODIES PARTIALLY FILLED WITH IDEAL
FLUIDS UNDER THE ACTION OF ELASTIC AND DAMPING FORCES.

Forduk K. V.

Abstract. In this paper, the asymptotic stability of a two-dimensional model problem on
small motions of a system of open vessels partially filled with ideal homogeneous fluids under
the action of elastic and damping forces is investigated. The first and last bodies are attached by
springs to two supports with a given law of motion. The trajectory of the system is perpendicular
to the direction of gravity, and the damping forces acting on the hydromechanical system are
generated by the friction of bodies against a stationary horizontal support. The law of total
energy balance is formulated for the described system.

In the author’s work [1] the initial-boundary value problem is reduced to the Cauchy problem
for a first-order differential equation with operator coefficients in the orthogonal sum of some
Hilbert spaces. The theorem on the unique solvability of the obtained Cauchy problem on the
positive semiaxis is proved. Sufficient conditions for the existence of a strong solution of the
initial boundary value problem describing the evolution of the hydraulic system are found. In
the author’s work [2] the spectral properties of this problem are investigated. It is proved that
the problem has a discrete spectrum localized in a vertical strip. The asymptotic behavior of the
spectrum is investigated. The theorem on the Abel-Lidsky basis property of root elements of the
problem is proved.

In this paper, relying on the theorem of V. Arendt, C. Batty, Yu.I. Lubich, F. Vu, the strong
stability of a system consisting of one or two rectangular bodies partially filled with ideal fluids
under the action of an elastic damping device is investigated. It is established that the question
of asymptotic stability of the system is equivalent to the presence of common eigenvalues of a
series of Steklov problems with an additional normalization condition. It is proved that in the
case of one body, the system is not strongly stable. In the case of two bodies, the system is not
strongly stable if and only if the bodies are congruent.

Keywords: ideal fluid, spectrum, Cy-semigroup, Steklov eigenvalue problem, asymptotic stability.
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BBEIEHUE

JlanHasi cTaTbs IPOIOJIZKAET UCCIIE/IOBAHIS aBTOPa, ITOCBAIICHHBIE N3y Y€HHIO JIBYMep-
HBIX JITHEAPU30BAHHBIX 3381 O MAJIbIX JBUKEHUAX ¥ HOPMAJIbHBIX KOJEOAHUIX CUCTEMbI
TeJ, YaCTUIHO 3aI0THEHHBIX HICAJTbHBIMA KIIKOCTAMHE, IO/ JeHCTBUEM YIIPYTUX U JEMII-
dbupyromux cuir. Panee B paborax aBropa [1, 2| goka3ana TeopeMa O paspenmMoCTH 3a-
Ja4d1 O MaJIbIX JIBUXKCHMAX paCCManI/IBaeMOfI THAPOCUCTEMDBI 1 U3Yy4Y€HDbI CIICKTPaJIbHbIE
CBOMCTBA 33841 O HOPMAJIbHBIX KOJIEOAHUSX 9TOW CUCTEMBI.

[lennr HacTosmieil paboThl — WCCJIEI0BATH ACHMITOTHYECKYIO (CHJIBHYIO) yCTONYH-
BOCTBH CHCTEMBI, COCTOLAIIEH W3 OJIHOTO WJIN JIBYX TBEPJIBIX TEJI IIPAMOYTOJIBHON (DOPMBI,
YACTUYIHO 3AIT0OJIHEHHBIX UI€AJIbHBIMU YKUJIKOCTIMU, IO/ JIeHCTBHEM YIIPYTOAeMII(UPYIO-

mero yCTpOfICTBa.

1. IIOCTAHOBKA 3AJIAYU

PaccmoTpuM crcremy, COCTOAIIYIO U3 1 TBEPJIBIX TeJI, KOTOPhIE 3aKPeIIeHbl MEeXK Ty
JIBYMsI OLIOPAMHE TaK, 94To [-0e Teso coenuneno ¢ cocequnmu (I — 1)-m u (I + 1)-M Temamu
NpyKUHAME ¢ KEcTKocTaMu k7 |, k? COOTBETCTBEHHO, a TepBOe U MOCJIeHEee TeJla TpU-
KPEILIEHbI K IPYKUHAM € JKECTKOCTAMHE kp, k2, KOHIIBI KOTOPBIX HEMOBUKHO 3aKPEIlICeHbI
Ha OIopax.

Kaxioe [-oe Teno mpejcraBiiseT coOOW OTKPBITBI COCYJI, YACTUYHO 3aIOJTHEHHBIN
OJIHOPOJTHON MJIeaIbHOM KUJIKOCTHIO IIOTHOCTH p; > (), KOTOpast B COCTOSHUU MOKOs 3a-
HIMaeT obsacTtb ) C R? co cBobommoit rpamumeit I'; n TBépoit crenkoit S;, | = 1,n.
ITycts my := my,; + myy, TOE My, — Macca Teja, Mg — Macca Kugkoctu. B cocrognun
ITOKOsI TpaHuIlbl 1'; cunraeM TOpM30HTAIBHBIMEU IpaMbIMu. lox yupyromemmdupyommm
yCTPORCTBOM OyjieM IMOHMMATh HAJUYUe MPYKUH, MPUKPEIIEHHBIX K TBEPILIM CTEHKaM
COCYJIOB, KakK IOKa3aHO Ha PHUC. 1, U TpeHWe JIHUI COCYI0B O HEMOJBUKHYIO TOPU30H-

TaJbHyo onopy. Koaddunuent tpenus gHa [-ro Tesa 06 ornopy obozHauum depes a; > 0.

A x A A P A
L L L, _
|~ 4"~ [~ "~ IERNE AWVAN
AT B T - o/
1
S 2 S, 2 Sy 2,
[ X N J [ X N J
(@) (@IS (@) [(OINN (@) [N S
Ll L L L
0 X](.) xil) XO xl(l) X](: xin) X
Puc. 1
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Beeném menofpmzkHyto cucreMy KoopgmHaT Oxixs ¢ opTaMu €j, j = 1,2, TaK, 9TOObI
TeJia coBepIajn JBmKeHus Baoib ocu Oxy. Kpome Toro, BBeIEM MOABUKHBIE CUCTEMbI

l l .
KOOpJuUuHaT Xlolﬁg )ZEé), KECTKO CBA3AHHBIE C [-MU TeJIAMU. OprI IIOJABUZKHBIX CUCTEM 060-

3HAYNM Uepes eg-l), j=1,2,1=1,n. llpu sToM €; = egl).

B mporecce masbix JBUZKEHHUIT Teja PACCMOTPHUM IepeMellieHne [-ro Teja BJOJIb
ocu Oxy, depe3 z;(t) 0603HATHM MAJOe CMEIEHUE STOT0 TeJla OTHOCHTEIBHO COCTOSTHUS
pasnosecus. O6osnaunm uepes w;(t, 2%)) mose orHocHTeNBHBIX CKOpOCTEil [-0if KHJIKO-
ctu B [-0ff MOABUKHOI cucTeme KoopauHat. Torma IoJiHasg CKOPOCTH [-0# »KUJIKOCTU B
HETIOJ[BIZKHON crucTeMe OyeT BhIpazKkaThes dbopmyitoit i;(t)ey 4+ w(t, z(0).

BanuiieM ypaBHeHUsI JIBUKEHUsI TeJI C JKUJIKOCTSIMI B HEIIOABUKHOI crCTeMe KOOPIU-
nat Oxq1xy UCIoOIL3ys BTOpoil 3akoH HeioroHa. Bostee 1o1poOHO BBIBOJ 9THX ypaBHEHNE

ommcan B [1], mveem:

. ou .
mirie; -+ P1 8—; dQl = — ]{3(2)1’161 -+ ]{Z%(IQ — xl)el — X1 T1€q —+ k‘gf)’}oel—
1951
—gmies + 1 + Niey, (1)
.. aul 2 2 .
mpxre; + Pl E dQl = — kl_l(ml — xl,1)81 + kl (l‘l+1 — wl)el — rie|—
)
—gmes + 1, + Niepy, 1=2,n—1, (2)
. aun . ) 9 2 .
MypZner + pn s dQ, = —k,_(xp, —xp_1)e1 — k xpe; + kix,i1€1 — apipe1—
Qn
— gMmn€2 + fb,n + Nne2> (3)

re xo = xo(t) — 3aJaHHbIT 3aKOH JIBUZKeHUs JeBoil crenku, N; = Nj(t) — peaxiusi omo-
pol, £, = fi,;(t) —Mamas BHemHaAs cuia, JefcTBYIOmAs Ha [-e TEO, Typiq = Tptr(t) —
3a/IaHHbI 3aKOH JIBUYKEHHUs 1IpaBoil creHku, | = 1,n, g — rpaBUTAIOHHOE YCKOpPEHHe.

Masbie IBUZKEHUS WJICAJIBHON OJHOPOIHON KIUJIKOCTH B 00gacTH ); OIMCHLIBAIOTCH
JIMHEAPU30BAHHBIM ypaBHeHueM Diirepa (cM. [3, 1. 3, §2, m. 1)]):

ow

(1)
P\ o1

+ .i'lel + Vpl = plff,b div u; = 0 (B Ql>, (4)

rie p; = pi(t, x(l)) — OTKJIOHEHWE JIaBJEeHUs B »KUJIKOCTH B IIPOTIECCE JBUXKEHUS OT PaB-
HOBecHoro Japjenusd, a fp; = ff’l(t,x(l)) — MaJiasl CuJia, JeHCTBYIOMas Ha YKUJIKOCTH B

obmactu , | =1, n.
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[Tycrs ((t, $gl)) (:chl) € I')) — dyuknus, onuceiBaroras Masble OTKJIOHEHHsT CBOOOIHOI
rpanunet ['y(t) BIosb egl) OTHOCHUTE/ILHO PABHOBECHOMN TpsiMoii [y, onmcwbiBaeMoil ypasHe-
HIEeM xg) =b,l=1n.

['paHWYHBIMU YCJIOBUSIME B PacCMATPHBACMOil 3a/1ade SBJIAIOTCS YCJIOBUE HeIpOTe-
KaHMs UeaJbHOM »KMIKOCTH Ha TBEPAOI cTeHKe S, IMHAMHYECKHE M KUHEMATHICCKHe
YCJI0BHA Ha Ipanure [, a TakzKe yCJIOBHE COXpaHeHUs 00bEMa KUIKOCTH KazKI0ro Teja,

COOTBETCTBCHHO!

u; - 1y =0 (Ha Sl), [

1n, (5)

o~
I
—_
=
—
(=2
~—

p=pgG  (maly),

0
6—§;:ul-eg) (ma 1),

/Cldrl :Oa
I

31ech depe3 n; obO3HaUYEH eIMHUYHBIN BEKTOD, HallpaBJIEHHBI BHe objactu ) u mep-

Il
—_

S
—
~J
~

o~
I
—_
3
—~
oo
~—

meHInKy/IsIpHbIil K rpanute 0§ = [, U S;. Ha rpanurne I';, ogeBuiHO, OyAeT BBITOJTHEHO
!
COOTHOIIICHUE N; = eé).

Haqaﬂbele yC.TIOBI/IH NUMET BI/I,ZL
z(0) =2, #(0) =2}, w(0,20)=ul="), ¢0,2)=E"), 1=T,n (9)

[Tostnast mocTaHOBKA HAYATBHO-KPACBOIi 38141 COCTOUT B perrieHnn ypasuenuii (1)-(4)

C KpaeBbIMU U HadabHbIME yejaoBuamu (5)-(9).

Teopema 1 (cm. [1]). Ipednorosicum, wmo nocmassennan 3adava (1)-(9) umeem xaac-
cuneckoe pewenue, m.e. 6ce PYHKUUU 8 YPABHEHUAT, 2PUHUYHBIT U HAYAADHOLT YCAOBUAL
HENPEPLIBHBLL OMHOCUMEALHO CE0UT nepementuix. Tozda mooscdecmeso

1d [ & , .
5%{2 (mb,l|$l|2+pl/|ul+$legl)‘2dQl+Pl9/|€l|2drl)+
Iy

=1
l

n—1
R R+ Y Rl — |} _
=1

= Z < — ayldn]® + (£ - €1)d + py /ff,l ‘wy dQl) + kgzodt 4 ki Tpy1d,
-1

Q
npedcmasasem coboli 3aK0H OANAHCA NOAHOT IHEP2UL UCCALIYEMOT 2UOPOMETAHUECKOT
cucmemot, 3anucarmutl 6 duddepenyuanrvroti opme.
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UccieioBanne 3a/1a4u 0 MaJIbIX JIBUKEHUSX CHCTEMbBI Te€JI, YACTUYHO 3aITOJTHEHHBIX
1JIeaJIbHBIMU YKUJIKOCTIMU, TIOJT JefICTBUEM YIPYTOJAEMII(PUPYIONIETO YCTPOICTBA CBOIUT-
cd K uccaenoBanuio 3ajaun Komu g uddepeHmaibHoro ornepaTopHoro ypaBHeHust

[IEPBOT'O TOPSIIKA B HEKOTOPOM THJIEOEPTOBOM IIPOCTPAHCTBE F7:

L i A0 =2 (10)

dt

rje oneparop —.&/ ABJISETCA FeHepPaTOPOM C2KUMAIOIIEeHl CUIBLHO HEMPEPBIBHON HOTyTPyII-

bl orteparopoB. Paspermmmocts 3amaan (10) mokasana B pabore [1, Teopema 2.
PaccmarpubaeMas cucreMa OyJeT CHILHO YCTOMYHMBA, €C/IM KazKJI0€ PelIeHIe ypaBHe-

aust (10) crpeMuTes K HYJIIO ¢ POCTOM BpeMeHu. DToT dhakT o3HauaeT, 410 Co-IoIyrPyIIa,

OpOXK IaeMast orlepaTopoM —.&/ , CIJIBbHO ycroitunBa. [lpu ucciieioBanny CUIBHON yCTOM-

YUBOCTH M3Y9IaeMOil TOJIyrPYIIbL OyIeM OnupaThCs Ha CIEIYIONLyo Teopemy (em. [4, 5]).

Teopema 2 (B. Apenar, U. Barru, FO.11. Jlrobuw, @. By (1988)). IIycmw U(t) oeparu-
wennas Co-noayepynna na eusvbepmosom npocmpancmee . Ecau o,(/) NiIR =@ u

o(2) NiR cuémmo, mo noayepynna U(t) cusvio yemotivusa.

Taxkum ob6pas3oM, acuMIToTndecKas (cuabHas1) yeroitunBocTh ypasaernnus (10) csasana
C HAJIMYUEM y oneparopa &/ COOCTBEHHBIX 3HAUEHUIT Ha MHUMOI OCH.

[IpuBeaém obIIme cBOMCTBA CIEKTPAIbHON 3a1a9u
A z=—-Nz, z€ D), (11)
CBA3AHHON ¢ 3a/1a4eil 0 HOPMAJIBHBIX KOJIEOAHUAX UCCIEyeMOM IIIPOCUCTEMBI.

Teopema 3 (cum. [2]). Umerom mecmo caedyrousue ymeepircoeHua:

1. Cnexmp 3adauu (11) pacnososicen 6 npasoti KOMNAEKCHOT NOAYNAOCKOCTIU U CUMMEM-
PUMEH OMHOCUMENBHO BEUECTNEEHHOT OCU.

2. Badaua (11) umeem duckpemnviti cnexmp, aedcauwsut 6 HeKomopot 6epMuUKaAbHOT N0~
A0ce.

3. Cnexmpanvnas 3adaqa (11) umeem 6 ykasannol nooce dse 6emeu coOCMEEHHYIT 3Ha-

Yyerutl ¢ acuMnmomuxot

n 1

| /2
A = i 3 % KYV2(1 4 0(1))  (k — oo).
=1

4. Cucmema xopresux anemenmos 3adavu (11) obpasyem 6azuc Abeas-JIudckozo co crkob-

Kamu 6 2usvbepmosom npocmpancmee ¢ nopadka > 1.

WcenenoBanne cymmecTBOBaHNsT Ha MHUMOI Oc COOCTBEHHBIX 3HAUEHMIT orrepaTopa &7/

BUJA A = iW CBOJUTCA K U3YyUYEHUIO CJIEAYIONIEeH 3a/a4u, KOTOPYIO Jlajiee OyJIeM perraTh
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JJIS CJIy9IaeB OJIHOTO U JIBYX TeJI:

P
ACI)[ =0 (B Ql), L dQl = O,
ax(l)
oo (12)
P d 2 -
g—nll =0 (ma.S), g—nll = %@l (maI'y), l=1,n.

2. OB YCTOMYUBOCTU CUCTEMBI B CJIVUAE OJHOI'O TEJIA

Bompoc ycroitunBocT CUCTEMBI, COCTOSINENH U3 OJIHOTO TeJjia, YaCTHIHO 3aI0JTHEHHO-
ro uJIeaJbHON YKHUJIKOCTBIO, I0JI JefiCTBUEM VIPYTIUX U JeMIPUDPYIOMUX CUJI PaBHOCHU-
JIeH pas3pelnuMoCcTH crieKTpasbHoil 3aa4du Creksosa (12) ¢ JMOMOTHATETEHBIM HOPMUPY-
forM yeqosueM mpu [ = 1. Bamada (12) paccmarpuBaeTcss B IPAMOYTOJIBHOI 06acTu
Oy = {(xl, xg) 01 <a, 02, < bl}, OIr'PDAHUYEHHON CBEPXY OTPE3KOM BEIlleCTBEH-

Hoit ocu I'y := {(x1;01) : 0 < 21 < a1}, a Tak:Ke TBEPJABIMU CTEHKaMu S, CM. puc. 2.

X2 N
r
b, !
Sy 2, S
() Sl a1 X,1
Puc. 2

Haiiném pemenve sagaqau (12) npu [ = 1 meromom Pypbe, B pe3y/ibraTe MOy duM

2 2 2 2mh
Dy (21, 20) = cos( mel) . ch( Wm:@), Wi, = £ ngth( T 1m>’ m € N. (13)

ai a1 ai ai

Onmpasicb Ha TeopeMmy 2, NPUXOJUM K BBIBOJLY, YTO CHUCTEMa He SABJISAETCS CHJIBHO
YCTOWYMBOM, TaK KaK B PacCMaTpUBaeMOM CJjIydae oreparop —.&/ muMeeT COOCTBEHHBIE

3HAYEHUsI, PACIIOJIOXKEHHbIE HA MHUMOI OCH.

3. OB YCTOMYUBOCTU CUCTEMBI B CJIVUAE ABYX TEJI

PaccmorpuMm Tenephb cucremy, COIEpKaILyIo JIBA Teja, CM. PUC. 3.
[lepenumiem 3amaqay (12) npu [ = 2 B cieyomem Buje:

®
A®, =0 (5 ), /g—ldQl =0,

@
o T
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X2 A X2 N
r r
b, 1 b, 2
Sl !21 Sl 52 !22 52
0 Sl a x,l 0 Sz a; x,l
Puc. 3
8(3[31 8(1)1 wlz
— =0(ma s)), —=—0, (maly), (=12, w =ws.
on, (na S) oy g ¢ (ma Iy) 1 2
[Tpumensist meros, Pypbe K chopMmyupoBanHoii 3agade, Haiigém (cm. (13)), aro
2 27mh 2 2mh
WLm -+ ngth Torm 7 (,UQ’m -+ ngth 7021 7 m e N
a1 ai a9 (05}
yCJIOBI/Ie wl,m = wlm BJICYET cieayroniee COOTHOIICHUE:
27h 27mh
asth( ) = ayth (228}, meN. (14)
aq a9

[Iycth ay = as = a, TOrJaa n3 MOHOTOHHOCTH (DYHKITUN THIEPOOINIECKOTO TaHTeca CJie-
JIyer, 910 paBeHCTBO B (14) mocruraercs TOJBKO 1pu by = by, TO €CTh IPU YCJIOBHUH, UTO
JIBa TeJIa UMEIOT OJINHAKOBBIE TTAPAMETPHI.

[Tyctb ay # as u by = by = b. BBuyy Toro, ato yHKIMS MUIepOOTHIECKOr0 TaHTeHCA

MOHOTOHHO BO3pacTaeT, JJId a1 < (o CIpaBeJJUBO HEpaBEHCTBO

lth <27Tbm> - lth (27rbm)7
aq aq a9 (05}

a JJIsl ciydasli a1 > G2 BBIIOJIHSAETCA IIPOTHUBOIIOJIOXKHOE HEPaBEHCTBO. Taxkum 06pa30M,

paBeHcTBO B (14) B paccMarpuBaeMoM cliydae He JTOCTUTAeTCsl.
Ornmpasich Ha TeopeMy 2, 3aKJIF0YaeM, 9TO CUCTEMA, COCTOSIIAS U3 JIBYX MTPSIMOYTOJIb-
HBIX TeJl, sIBJIAETCdA CUJIbHO yCTOWYMBOI B cjlydae, KOIJIa OJWH U3 llapaMeTpPOB TeJl He

COBIIaJIa€T, IIPDU PaBHBIX 2Ke€ ITapaMeTpaX CUCTEeMa HE ABJIACTCA CUJIbHO yCTOfI‘II/IBOfI.

3AKJIIOYEHUE

B pabore uccienoBana mpodeMa aCHMITOTHIECKONH YCTOWIMBOCTU CHCTEMBI, COCTO-
AIeit U3 OJHOTO MJIM JIBYX OTKPBITBIX COCY/IOB MPSAMOYTOJLHOW (POPMBI, JaCTHIHO 3a-

MTOJTHEHHBIX UJICAJTbHBIME KUJTKOCTSMHY, MO/, JIeHCTBUEM YIIPYTUX U JAEeMII(UPYIONIUX CHUJI.
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B pabote ObLIH MTOIyUeHBI ClIeAYIONNEe Pe3y/ibTaThl: B CJIydae OJHOIO Teja CUCTeMa He
SABJIAETCH CUJbHO yCTOWYMBOI. B ciydae JByX Tes cucTreMa CUJIBHO yCTOMYUBA TOJIHKO
TOIJI&, KOTJIa Yy TeJl COBIAAeT OJINH U3 IapaMeTpoB — JIJIMHA WA BBICOTA, €CJIN YKe TeJa
KOHT'DYHTHBI, CHCTeMa He sIBJIA€TCSI CUJIBHO YCTONINBOIA.

Takum obpaszoMm, B 3ajiade yCTAHOBJIEHO, UTO BOIPOC CUJIBHOW YCTOWYHUBOCTHU IIOJIY-

I'PYIIIbI HE ABJIAC€TCA OAHO3HAYHBIM U 3aBUCHUT OT 'eOMETpUUN obsacreil.

Aemop evipastcaem 64a200apHocmd HAYUHOMY pykosodumento douenmy /1. A. Baxope

3a 0b6cyotcdenue pabomoL.
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STABILITY ANALYSIS OF APPROXIMATE PERIODIC SOLUTIONS OF THE SPIN
COMBUSTION EQUATION.

Khazova Yu. A., Grebeneva A. A.

Abstract. Most of the processes that take place in the world are non-linear. The dynamics
of distributed oscillatory systems is usually modeled by systems of differential equations in partial
derivatives with certain boundary conditions. Such a system also contains various parameters
that characterize the properties of a real object.

The research subject is a nonlinear parabolic equation and the boundary value problem
corresponding to it, which describes the phenomenological equation. That is the spin combustion
equation.

The spin combustion equation is solvable by using the Galerkin’s and Poincare’s methods.
The form of the periodic solution is constructed by using a two-mode approximation and center
manifold method.

The equation is associated with non-stationary processes of combustion front propagation:
thermal conductivity of the connection between adjacent sections of the front and self-oscillatory
instability of a flat front, which is stabilized due to nonlinear effects.

Thermal layers adjacent to the reaction zone interact with each other. The areas are
characterized not only by the temperature and speed of advance, but also by the temperature
distribution along the entire reaction site. The Laplace operator expresses the nonlocality of the
connection.

The equation depends not only on the phase variables, but also on the parameters. The
behavior of such a dynamic equation and its solution is subject to a qualitative change with an
infinitesimal change in its parameters. There is the process of bifurcation.

Passing through the bifurcation parameter leads to a change in the number of solutions,
their stability, and the transformation of trajectories. The problem is in studying stable similar
equations in such physical processes as optics, radiophysics, and combustion theory.
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The relevance of the work depends on the fact that the nonmlinear parabolic equation
describing the process of spin combustion is underexplored. And also in the construction of
periodic forms of the solution, their approximation and the analysis of the stability of branching
periodic solutions of the equation, which correspond to solutions of the traveling wave type, with
small changes in the parameter.

The method to be used combines Galerkin’s and Poincare’s methods, on the basis of which
the form of an approximate solution for a system of functions is constructed like cos k6. The
solution can be represented as the sum of 27w-periodic functions, which allows one to find the
values of the coefficients of the initial and two branching periodic solutions of the system.

Keywords: bifurcation, stability, parabolic equation, Galerkin’s and Poincare’s methods,

approrimation.

BBEIEHUE

B pabore paccmarpuBaeTcs KpaeBasd 3ajiada JJId HEJMHEHHOro ypaBHEHH: napado-
JIMIECKOTO THUIIA, OMUCHIBAIOIIAsT (DEHOMEHOJIOIMIeCKOe ypaBHEHNE CIIMHOBOTO TOPEHU I,
KOTOpOe BIepBbie mccienyerca B padborax f. B. Sempmosuua [1], A. II. Auaymuna 2] n
1O. C. Kosecosa [3].

OTO ypaBHEHHE CBS3aHO C HECTAIMOHAPHBIMU IIPOIECCAMU PACHPOCTPaHeHUs (PPOH-
Ta TOPEHHS: TEILJIONPOBOIHOCTHIO CBA3€H MEXK/Iy COCeTHUMHI yJIacTKaMHu (DPOHTA U aBTO-
K0J1e0aTe/IbHOM HEeYCTONYMBOCTBIO TIJIOCKOTO (DPOHTA, KOTOpas CTAOWIU3UPYETCS 3a CUET
HesmHeHbIX 9P HEKTOB.

TennoBele cou, TPUMBIKAIONINE K 30HE PEAKINH, B3aUMOJEUCTBYIOT MKy COOOIL.
[Tomumo TOrO, 9TO TpPHUJIETAIONINE YIACTKNA XapaKTepU3NPyTCs CBOEil TeMmiepaTypoil u
CKOPOCTBIO MPOJIBUYKEHIS, BAXKHYIO POJIb UI'PAET W PACIPEICTICHIEe TEMIIEPATYPhI BJIO/H
Bcero Mecta peaknuu. Oneparop Jlamiaca BoipakaeT HEJIOKAJILHOCTD CBA3U. Boijiensgercs
OudypKaIMOHHBIN TTapaMeTp.

[Ipoxoxkaenne depe3 OU@YpPKAIMOHHBIN TapaMeTp MPUBOIUT K U3MEHEHHUIO KOJINYe-
CTBa pelleHuil, ux ycroifuuBoctu u Tpanchopmaruu tpackropuii. Bosnukaer mpobiiema
UCCJIe0BaHUs YCTOWUNUBBIX MOJ0OHBIX YpPABHEHUI B TAKMX (DU3UUYECKHUX IIPOIEccax, Kak
ONTHUKA, PaINOMU3NKa U TEOPUs TOPEHUS.

Acumrnroruka Oeryiumx BOJIH JIJIsI 3a/1a9i CIIMHOBOT'O TOpeHusi OblIa n3ydeHa W I10-
crpoena B paborax [3, 4|. B Hux Takxke mosydueHbl HEOOXOIUMBIE YCIOBUS YCTONUINBOCTH
dopwm perrenns.

Heav pabomui: anarus yemotiuusocmu u Bopmvl NPUOAUNCEHHBIT NEPUOOUUECKUL Pe-
wWeHull PeHoMes02UUECK020 YPABHEHUA CNUHOB020 20PEHUA.
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B CTaTbe IIOJIy9€HbI HOBbIC PE3YJ/IbTAThI 110 YUCJIEHHO-aHAJIUTUIECKOMY aHaJIU3y JIBYX-
MOJIOBOI ammpokcuManuu 3aaqu. Auanus 6asupyercs zHa Merogax amepkuna (|5-7]) n
[Tyankape. Crpositcst GOPMBI TIEPUOAMIECKUX PENICHIH, BO3ZHUKAIOIINX IIPU TPOXOZK Ie-
HUM Yepe3 OudypkanuonHoe 3Hadenue napamerpa. C MOMOIIBIO METO/a HEHTPAJbHBIX
MHOTr0o00pa3uii MPOBOJIUTCA AHAJIN3 YCTOWYMBOCTU OTBETBJISIONIUXCA TMEPUOTTICCKUX Pe-
IIIeHUA YpaBHEHUA CIIMHOBOI'O I'OPEHNA, KOTOPBIM COOTBETCTBYIOT DEIICHUA THUIIA 6erIHHX

BosH [4, 8, 9].

1. IIOCTAHOBKA 3AJIAYU

ypaBHeHI/HO CIIMHOBOI'O PeXKUMa I'OpeHrd TOHKOCTEHHOI'O KPYIr'OBOI'O IUJINH/IPa pPa/in-

yca T COOTBETCTBYeT Kpaesas 3ajada [1]:

Ere—cléf1-3e +L2Ag+@mg ,
4 2 2m

4
| ol _, ()
x =0 x r=r ’

§(t,x+2mr) = &(t,x), 0<w<m

B KOTOpOil (yHKIUS f(t,x) XapaKTepu3upyeT TOYKU (DPOHTA TOPEHUs U UX KOOP/IU-
HaThl, THKPEMEHTOM HEYCTONYMBOCTH MAaJIbIX KOJIeOAHUil SIBJISIE€TCsl MaJiblii ITapaMeTp
0 < € << 1, B KauecTBe KOPPEJAIMOHHON JIIMHBI TEILJIOITPOBOIHOCTHBIX CBSA3EH MEK Ty
COCEJIHMMU ydacTKaMu (DpoHTa BhICTyHaeT napamerp A > 0, KoahHuIimueHToM HeJOKaA b
HOW CBSI3W yYIaCTKOB (ppoHTa siBjigercss mapamerp [ > 0, A — oJHOMEpPHBIH omepaTrop

Jlamraca, Touka HaJl pyHKIMEH 0003HAYAET TPOU3BOIHYIO 110 BPEMEHHN.

2. IBYXMOJIOBASI AIIIIPOKCUMAIIASI

B ucciieioBaniu ypaBHeHHsl CIIMHOBOIO PeXKUMa ropeHust 3a1a4u (1) 1yisi mocTpoeHust

2rr
NpUOIMKEHHBIX perttennii mpumenuM Meto, [aepkuna. Obo3natunM p = —— u 3aduKkcu-

A

PYeM pg IIpH HEKOTOPOM HapameTpe Ag. Torma corsiacHo MeTo/ty, Ipu MaJIbIX KOJEOAHMAX

p— po > 0, € > 0 pemenneM ypaBHEHUS siBJISETCS IepUondecKas OYHKIN BUAJIA:

E(,0) = yolt) + yi(t) cosf + v(t,0), 6= ; (2)
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rie yx(t), k = 0,1 — mepuojmyecKne OTHOCUTEIBHO MepeMeHHOi ¢ dyHKIwN, QyHKIs
v(t, ) Tak ke mepuoMUecKast, KpOMe TOro 00JIaJIaeT CJIeIyOMUMI CBOfiCTBaMu:

( 1 27
Pov == [v(t,0)dt =0,
(L)
27

Plv—cosﬁ f (t,0) costdt = 0,

1
ng—sm9 f (t,0)sintdt = 0.

\

[Toncrasiss (2) B ypasaenue (1), mosydnm cucreMy ypaBHEHUIL:
)

3
Y1 +y=¢€ [oqy‘l — 41 — dyjo” — 241 ° Po(0 cos 20) — 4yjy Po(0%)] |
A 1 4
i+v=c¢ {v + —A + — P ——/—=AD — gyﬁ cos 30 — 503 — 43jo0 — 4ajo P(0?)

Yo+ Yo =¢ {yo — 40" — 20jotir> — Ljo Po(v?) | ,

(3)

472 2T
Vg = Uy =0,
L lo=0 =1
rne P = F— (Py+ P+ P,), E — eauanunslii oneparop. Ilpum srom crout yuects,
. 1 N 51 T 27 ) A2 N B B
gro ap = 1 — — —. Tak xak p = —, 10 0y = 1 — —— + —. B kauectse
! p? P A ! 4dm2r?  2mr

OudypKaImoHHOro mapamerpa OyjaeM paccMaTpuBaTh .

CymectByer nepuojgndeckoe perienne {yy = cost + O(¢), y; = 0, v = 0} cucremsr (3),
KOoTOpoe 1pu 6udypKaIMOHHOM IIapaMeTpe ¢ = 1 MOPOXKIAeT Iapy IIePUOAUUECKUX pPe-
HIEeHUA.

JInneapusyem OJTy YeHHY FO CHCTEMY (3) B OKPECTHOCTH TOYKH
{yo =cost+ O(¢), y1 =0, v =0}, omyckas cjaaraemble, MOPSIOK MAJOCTH KOTOPBIX
6OoJIbIIe eAMHUILI OTHOCUTEIHLHO MAJIBIX IapaMeTPOB.

Torya cucrema (3) mpumer CJieIyONIHHA BUT;

(y"o +yo =€ [1 — 4sin®t] 4,
Yr+y=¢€ [041 4sin’ ﬂ Y1,

z'}—l-vza[(l—sm t)v+4—Av+§/\\/—A1} ) (4)
m
— By
6=0

\ 0=1
[Tostydnm, 9TO OJMH U3 MYJIBTUILIMKATOPOB MEPBOrO ypaBHEHUsI cucTeMbl (4) ¢ Tou-

HOCTBIO JI0 €2 paBeH eJWHUIE, KOTa BTOpOil paBeH 1 — 47me + 0(82).
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CortacHO MeTOJTy TIeHTPAIBHBIX MHOOTOOpas3nii Oy/ieM UCKaTh Y B BUJIE:

= zet + ze 4 =izet —ige ™

HpeﬂBapHTeano BBIIIOJIHUB 3aMEeHy 7T — t€, IIOJIYHIUM CUCTEMY IJid olpeaesieHud 2.

KosdpdunmenTnr aBiigoTcs OBICTPOOCIMIUPYIONUME IIPU MaJIbIX £ > (:
. _ 2ir
ZH=(g—2)z1 — 5 — €=,

E —2iT

21:((11—2)21—21—216 e

rie z COOTBETCTBYIOIIEE KOMIIJIEKCHO-COIIPA2KEHHOE YpaBHEHUE CUCTEMBI.

Bocrop30BaBImes METOJIOM YCpeIHEHHsI, HOIyInM CIeKTp paBHbIl {aq, as}. Bep-
HeMcst K cucreMe (4), BTOpoe ypaBHeHHE KOTOPOil TepsieT ycToiduBoCcTh npu o = 1.

My/IBTHIUIMKATOPBI B CBOIO OM€PE/Ib UMEIOT BUJIL:
1+ 2me(ay — 1) + O((e?, ay — 1)),
1+ 2me(ay — 3) + O((e%, a1 — 1)).

Paccmorpum B (4) ypaBHeHUe JIJIs1 U, MCIOJIB3Ys 3aMEHY MePEeMEHHBIX:
v=ue" +ue ", v = jue" —iue ",
YunureBasg TO, 9YTO T = 1€, UCCIEAyeM MOJIYIEeHHYIO THIIepOOJNIecKyo 3a1a1y B da-
30BOM TIpocTpancTse 2m-nepuoandeckux gynkmmit H! x H!, kosdbdpunuenTs KoTopoit ss-

JIAIOTCST OBICTPOOCIUJIIUPYIOMUME TIpH £ > 0):

/8)\ 2iT

uz—u—u—i——Au—i— —Au —e= u, (5)

42 27

Ug = Uy =0,
6=0 0=1
rJe % — COOTBETCTBYIOINIAas KOMILIEKCHO-COIPSIyKEHHAA (DYHKITUS.

PaccMOTpeB cOOTBETCTBYIOIIYIO YCPEIHEHHYIO MapaboInIecKyIo 3a/1ady, IIPIXOANM K
TOMY, 9TO ee crekTp nmeer Bug {ag — 1,1 —3,..., 0 — 1,0, — 3,... }. Cormacuo [10]-
[11], HyseBoe pernenue 3aa4u (5) sIBJISETCS SKCHOHEHIUATIBHO YCTONYMBBIM TIPH MAaJIbIX
ap—1,e>0.

Taxum obpazom [EPHO/ITIECKOe perenne CHUCTEMBI (3) —

{yo = cost + O(e), y1 = 0, v = 0} umeer exUHNIHBINA MyIbTUITHKATOD [1]:

plan,e) =14 2me(a; — 1) + O(e2, (g — 1)?).
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MHO2KeCTBO OCTaJbHBIX MYJILTUILIMKATOPOB COJIEPYKUTCA BHYTPH €IUHUYHOIO KPYTa.
Urak, nepuoamaeckoe perenne (cost + O(e),0,0) cucrembl (3) mOpoxKIaeT napy mepu-
OJIMYECKUX PelIeHuil. YKazaHHas Iapa uMeer MecTo upu o > 1. Ecim B3ars v = 0,

cucrema (4) mpumer BUI:

. . 4 . 3 . . 2
Yo+ Yo =¢€ |Yo— Y — 2%oy1” |,
3 (6)

B+ =€ [Oélyl — 4’ — 4yo2y1] .

Pacemorpum (6) mitst mcciieoanusi Gopmbl perernst 3aaan (1).

3. IIOCTPOEHUE ®OPMbI PEIIEHUI YPABHEHUSI

Pemenne nosyuennoii Boine cucrembl (6) nmeer Buy {yo = cost + O(e), y1 = 0}.
[Ipu mepexosie mapaMerpa depe3 a; = 1 M €ro jajbHefileM yBeJINYeHUN, MyJIbTHILIA-
KaTOpP IOKHUIAET CJUHUIHYIO OKPYKHOCTL. MHOXKECTBO OCTAIbHBIX MYJIBTUIIIKATOPOB
COJIEPZKUTCST BHYTPH €MHUYHOTO Kpyra. B pesy/braTe 9TOrO MePHOJNYECKOe DeIleHre
(cost + O(g),0) TepsieT yCTONYUBOCTD M OT HErO OTBETBJISIETCS Hapa JPYIHX PEIIeHNi.

YKazannas napa HOogaBJIgeTcsd Ipu o > 1.
Ucnonb3ys metos masioro mapamerpa [lyankape, mocTpouM 3Tu perienus:

Yo = apcosT +epi(7) + epa(T) + ..., y(0) =0, (7)

Y1 = a;cosT + by sinT +eqi (1) + 2qa(7) + .. .,

rie T =w(e)t, w(e) =1+wietwse?+. .., adyuxuun py(7), qi(7) — 27-nEpHOAUIECKHE.

[Toncrasiss (7) B (6), BoimuiieM K03 OUIHEHTH TPU OJMHAKOBOM MOPSIIKE MAJIOCTH
napamMeTpa . B pesysbrare mojiyauM peKyppeHTHYIO II0C/IeJ0BaTeILHOCTD Tud dpepenim-
aJbHBIX yYpaBHEHHI. PaccMOTpUM ee OTHOCHTEILHO HeU3BECTHBIX Pi, (.

( 4
P +p =2 (—ao sin 7 4 agw; cos T + gag sin® 7 4+ 2ag sin 7(a; sin 7 — by cos 7')2) ,

D1 (0) = 07

Gi+q =2[—alaysinT — by cosT) + w(ay cosT + by sinT)] +

| +2(a1 sinT — by cos 7)* — 2 [4ad(ay sinT — by cos 7) sin® 7] .

(8)
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Yro0bl KaxKj0e W3 ypaBHEHUN CHCTEMbI OBLIO Pa3peninMbIM, HEOOXOIUMO BBITIOJTHEHHE
YCJIOBHII OPTOTOHAJIBLHOCTH €10 HeoHOpoHocTell hyHKImaMm sin 7, cos 7. [Tocsie Beex mpe-
00pa30BaHMil, MOJIYIUM CJIETYIONIYI0 CUCTEMY:

( 3 1
ao (1 —a? — 5@% - Eb%) =0,
ap (2wy — ar1by) =0,

3 3
ay (Oél — BCLg — Za% + Zb%) + w1b1 = O,

3 3
bl (011 — Cl(2) + ZCL% — Zb%) + wiap = 0.
\

Jlerko yBumern, aro HabOp {ap =1, a1 =0, by =0, w; = 0} ABIgETCA TOIXOIAIIUM De-
menneM. IIpu nepexojie 4epes 3HadeHue v = 1 U3 9TOrO PEIIEHUs POXKJIAIOTCA elle JBa,
perernst (ag(aq),0,+b1(aq),0), rae

ag = \/3 - 20(17 b1 = 2\/ a1 — 1. (10)

Haiinennsre snadenus (10) nogcrasum B (8). Ilosyanm BbIpaKeHust J1JIs HCKOMBIX (DYHK-
185048
3 3
ag . Qg .
L= —é sin 37 + My cosT + ZO sin T,

(11)

Yt
16
rine My, Ey, F| — HeKue KOHCTAHTHI.

¢ (4ad — b?) cos 31 — EcosT + FysinT,

AHAJIOrMYHO MOJIYYINM CHCTEMY JIJI HeM3BECTHBIX (BYHKIUI Do, ¢a:
P+ po = (1 — 4adsin® 7 — 2b3 cos? 7) Py + 2a0by sin 27¢; + agws cos T,
p2(0) =0, (12)
G + g2 = (1 — 4adsin® 7 — 3b? cos? 7) Gy + 4agby sin 27p; + byws sinT.
Orkyna:
My=F =0, B = _gm+ Ol — 1),
Wy = 2 (1= 6(ay — 1)) + O((an — 1)2).

4
Y cucrembl ypaBaeruii (12) oTHOCHTETEHO HEU3BECTHBIX (DYHKIU Po, (o CYIIECTBYET

(13)

CEMENCTBO peIIeHnii, KOTOpoe SIBJISIETCHd MEPUOJNIEeCKUM U 3aBUCUT OT TpPeX KOHCTAHT,
HEeOOXOIMMBIX JIJIs HaxoxK ieHns Koaddurmentos pasioxenus (7). CTouT oTMeTUTD, 9TO
coryiacio Metoiy llyankape JIaHHBIN ITPOIECC MTOC/IEI0BATE/IHHOTO ITOCTPOEHUS PEIeHmit
HEOTPAHUYIEHHO [IPOJIOJI?KAEM, — K IIPUMEpY, i 00Jiee TOYHOIO HAXOXKICHUS (DyHKITUi

MO2KHO BOCIIOJIbB30BaTbCA YE€ThIpEX- U BOCI)MI/IMO,ILOBOﬂ AIIIIPOKCUMallAMU.
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4. YUCJIEHHO-AHAJINTUYECKUI AHAJIN3 YCTOMYUBOCTU
[Toncrasiss Haiigenusie koaddunuentsr (11), (13) B pasnoxkenne pemienus (7), Haii-
JIeM [IepBOe pellieHne cucreMbl npu Hadope {ag =1, a3 =0, by =0, w; = 0}:

1. 1.
yO(T):COST+5(—ESIH3T+ZSIHT)—|—.--a y1 =0, (14)

e T = (1 + % (1—-06(a; —1))e? + O(e%, (ay — 1)2)) t.
Torya nepuoamaeckoe pemrenue ypasuenns (1):

1
&o(T,0,¢) = yo(T) + y1(7) cos @ + - - - = cos T + TR (3sinT — sin37) + O(&?). (15)

[Ipu mpoxoXKaAEHNUN (v; Yepe3 eUHUILy Tpu Habope KOIDDUINEHTOB
(v/3 —2a1,0,£2v/a; — 1,0) poxkmaercs mapa MepruOIMIeCKIX PEIIeHuil:

3 2a,)3 3—2a)?
y0<7)_MCOST+€(—%Sin&'—k%sn”') +...,

+2v/a; — 1 3
yi (1) = £2V/ay — IsinT + 6# (4(3 —2ay) —4(a; — 1)) cos 37 £ 55\/041 — 1+

+O(a; — 1) cos .

Tora cooTBeTCTBYIONILYIO APy pelieHnii ypaBHenus (1) MOXKHO IPEJCTABUTD B BHJIE:

&5(7,0,¢) = V3 —2a; cos T £+ 2oy — LsinTcosf + O(e). (16)

Takum obpaszom, pemenue ypasuenusi (1), npejcrasientoe B Buje (15) saBisiercs ycroii-
quBbIM 1Ipu v < 1. Ilocite mpoxoxierne gepes KpuTuieckoe 3HaYeHne napamMerpa a; = 1
pelienue TepdeTr CBOI YCTONYUBOCTD.

Nzobpazum sTu perrenus:

Uccnemyst TuHAMUKY MEPUOUIECKUX CTPYKTYP U MPOBE/Isi OndypKAIMOHHBIN aHAIH3,
MOYKHO c(HOPMYTUPOBATH TEOPEMY:

Teopema: Perenne ypasnenus (1), npejcrasientoe B Buje (14), saBisgercs ycroidn-
BbIM 1ipu oy < 1. Ilocsie mpoxoxkienns yepe3 KpUTUIECKOe 3HaUeHue rapamMerpa o = 1
peleHne TepsieT CBOI YCTONIUBOCTH, POXKJIAETCs Hapa JIPYTUX YCTONIMBBIX MEPHO/IAIe-

ckux perenuit (16).

1. Ilpu oy < 0 ypaBHEHHE UMEET €JIMTHCTBEHHOE PEeIlleHne, — OHO ABJISIETCS MEePUOIIe-

CKHM, IKCIIOHEHIIUaJIbHO yCTOﬁ‘IHBbIM u 1pejcTaBUMO B BUIE CI/IH(baBHOIL/'I BOJIHbBI 11

1
&o(T,0,¢) = cosT + ¢ (3sinT — sin37) + O(?).

1CI/IH(1)a3HOCTb — coBITajieHre 1o (a3e JIBYX WM HECKOJbKUX MePUOANIECKUX KOJIEOAH.
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Puc. 1. Pemenne &(7) n mapa poxnaronmxcs E5(7) mpu cpese cos = 1 n
a; > 1.

2. Ilpm mpoxoxaenun oy depes eJIMHUILY, MHIEKC HEyCTOMINBOCTH HaYaIbHOTO pele-
HU yBEJIMYUBACTCA Ha JIBa MOpAaka. B pesysbraTe wero mpoucxoaut oudypKaims

«BUJIKU» U POXKJIEHUE MMaphbl YCTOWIUBBIX MEPUOIUICCKUX PEIICHMUIA.
ff[(T, 0,e) =3 —2ajcosT +2v/a; — 1sinTcosh + O(e).

[Tapa orBeTBIsttonuxcs permennii (16) poxkaercs npu mepexoe oy depes 1 u cyrecTByer
3
TOJIbKO Ha unTepnaJie | 1; 3 ) yUIUTbIBas 00J1acThb orpe/iesieHus kodddurmenrta /3 — 2a;.

[TocTpoum pertienns Jijisd pa3/IMdIHbIX 3HaYeH apamerpa. s sroro 3aduxcupyem
B (16) ciemyrornue 3HaYeHUs TAPaAMETPOB p, (3, CBSI3aHHBIX C (.
Ecmu p=1,4, 5 =0,8, torma a; = 1,06 u:

&F(¢,60,0.8,1.4) = 0,48989 sin(1, 0016¢) cos 0 + 0, 93808 cos(1, 0016¢),
£7(¢,0,0.8,1.4) = —0, 48989 sin(1, 0016t) cos 0 + 0, 93808 cos(1, 0016¢).

Ecmm p=1,4, 5 =1,2, torma a; = 1,35 u:
EM(t,0,1.2,1.4) = 1,18321 sin(0,99725t) cos § + 0, 54772 cos(0, 99725t),
& (t,0,1.2,1.4) = —1,18321 sin(0, 99725t) cos @ + 0, 54772 cos(0, 99725¢).
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Puc. 2. Pemenne & u & npu a; = 1,06 > 1.

Puc. 3. Pemenue & u & npu ag = 1,35 > 1.

[lepeiimem Kk aHaau3y CIEKTpa YCTOWYMBOCTH, IIOJYIEHHONO B IIyHKTE 2,
{ag —1,00n —3,...,a6, — Loy, —3,... }hupu k =1,2,... .

PaccemarpuBas oy < 1, wampumep «p = 0,5, M[OJyYuM CIEKTDP BHUJIA
{=0,5, =2,5,...,ar — L,apy — 3,...}. To ecrb KaxK/blil MyJBTHILIIKATOD OTPHUIATE-
JIeH, CJIeJIOBATEJIbHO, HadajbHOE pelienue ypapHenus (1), npejcraBjieHHOe B Buje
&o(T,€) = cos T + O(&?) aBnserca ycroitanpbiM 1pH ap < 1.

[Ipu yBenuuennnm mnapameTpa W MPOXOXKICHUU dYepe3 ero KPUTUIeCKoe 3HaUYeHHe
a1 = 1 HavajbHOE pEIIeHUe TepsieT CBOIO YCTONYIMBOCTB. Jljisi HAIISIHOCTH BO3bMEM
a; = 1,5 > 1. Cuekrp umeer cuemyronmit sua: {0,5, —1,5... a0 — 1,04, — 3,... }. Ko-
/18 OJTFH U3 MYJIBTUILINKATOPOB BO3PACTAET U IIPOXOJIUT Yepe3 HOJIb, perienue (15) repsier

YCTOMYUBOCTD.
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[IpoucxomuT mporecc OudypKaum, B pe3yjbTare KOTOPOrO OT HCXOJHOIO perle-

HUsI OTBETBJIETCS Mapa MePUOIUIECKUX YCTONIUBLIX PEIeHnit Tuira Oeryinas BOJIHA —

EE(7,0,6) = /3= 2ay cosT £ 2y/a; — LsinTcosf + O(e).

S3AKJIIOYEHUE

B pabote npoBejien aHan3 MepuoINIecKUX pPeIieHnil ypaBHeHUs CIIMHOBOIO NOPEHUsT
denomenosorndeckoro ypapuenus. [loctpoena dhopma mpubINKEHHBIX PEIeH ¢ TTOMO-
mbio MeTo 0B [atepkuna u [Iyankape.

Ha mosydyerHbIx mipeoOpa3oBaHUAX OCHOBAH aJI'OPUTM BBITUCICHUM, pean3yeMblil ¢
ITOMOIIIBIO TTAaKeTa IMPUKJIAIHBIX TporpamMM. HaiiieHHbI Ync/ieHHbIe BhIpaXKeHus 1/t (hopM
[IEPUOINIECKUX PeIeHnil ypaBHenud. B dacTHOCTH yCcTaHOBJIEHO 3HadYeHue OndypKarm-
OHHOI'O TIapaMeTpa, IPHU Iepexoe depe3 KOTOPBIH MOABSIeTCs apa YCTONINBBIX IIePHO-
JIMYeCKUX pelreHnit Tura Oeryimneil BojHbL. [locTpoeHbl COOTBETCTBYIOIINE PEIIeHUS IPU
MaJIOM M3MEHEHUN 3HavdeHnsd OudypPKAIMOHHOIO ITapamMeTpa.

CoracHO TIOJTyI€HHOMY HCCJIEIOBAHUIO JIMHAMUKHN TIEPUOMIECKAX CTPYKTYP ChOop-

MYJIIPOBaHa TeopeMa 00 yCTOWYNBOCTH PeNIeHn ypaBHEHUs CIIMHOBOT'O TOPEHUS.
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PE®EPATbI NMHOOPMATUKA N MATEMATUKA

Dorofeeva Yu. A. & Osipova, P. L. Modeling of negotiations for two and three
players / Dorofeeva, Yu. A., Osipova, P.L. // TaBpuueckuii BecTHUK nH(pOp-
MaTuku u maremaruku. — 2022. — Ne1 (54). — C. 7—18.

YAK: 519.83

B crarbe paccmarpuBaercs mpobisieMa MOJIEMPOBAHUS EPETOBOPOB JIJIsl JIBYX U TPEX WI-
pokoB. Bpum pemennl e 3aja4n. [lepBasg 3aja4da g JByX YIaCTHUKOB HMCCJIELYETCS
¢ UCIo/Ib30BaHueM apouTparknoit cxembl Harmra. [Ipejcrasiiensr pe3yabTraTbl YUCJIEHHOTO
MO/IEJINPOBAHUS U TIOKA3aHa 3aBUCUMOCTD [IEPUOJIA COIVIACOBAHUS OT APaMeTPOB MOJIE/IU-
poBanusd. Bropag 3ajada — MojempoBaHue MIEPErOBOPOB I TPEX UT'POKOB € YYaCTUEM
apbutpa. OcobEeHHOCTHIO 3TOrO CIieHAPHS SABJISIETCS OrpaHnYIeHHasI “1esITeIbHOCTE apOuT-

pa. Pe3yﬂbTaTbI YUCJICHHOT'O MOIEJINPOBaHUA TaKzKe ITPEACTaBJICHbI B ITON CTaThE.

Karouesnle caosa: meopus uzp, nepeeosopu, pasrosecue Hawa, cayvatinas crema, cayxatino

npouecc.

Sukhinov, A. I. et al. Modeling regular waves effects on turbulent
vertical exchange / Sukhinov, A. 1., Protsenko, E. A., Sidoryakina, V. V.,
& Protsenko, S. V. // TaBpuueckuii BeCTHUK MH(POPMATHKYA U MATEMATUKU. —
2022. — Ne1(54). — C. 19-29.

YAK: 519.6

Crarbs MOCBAIEHA UCCAEIOBAHUIO BIUSHUS PEryJIsPHBIX BOJHOBBIX ITPOIECCOB HA TYp-
Oy/IeHTHBIIT OOMEH 0 BEPTHKAJIU C MOMOIILI0O MAaTEMATUIECKON MOJEN BOJHOBBIX IPO-
1eccoB, Oasupytoreiics Ha cucreme ypasueHuii Habe-CTokca, BKIIOYAONIEH TPU ypaB-
HEHUsI JIBUXKEHUsI B 00JIaCTAX € JIMHAMUYECKN M3MEHIeMOil reoMerpueil pacueTHoil 00-
jlactu. Ha ocHOBaHUM YMCJIEHHBIX SKCIEPUMEHTOB, ITOJIyYE€HHBIX C UCIOJIb30BAaHUEM ITPO-
rPaMMHOTIO KOMILJIEKCA /ISl YUCJIEHHON peasin3aliui MpejIoyKeHHOM TPeXMepPHON MOJen
BOJIHOBO1 TmAPOJUHAMUKHA, IIPOBEACHO MOJIC/IMPOBAHUE BJIMAHUA DPETYJ/IAPHbBIX BOJIH Ha
TYypOyJIEeHTHBIN 0OMeH 110 BepTukau. [loTBep:KieHO paccioenre BOJIHOBOTO MOTOKA Ha
[IPUIIOBEPXHOCTHBIN TyPOYJIEHTHBIN CJI0H, MHTYIUPOBAHHDBIN BOJTHOBBIM JIBUZKEHUEM, U HI-
JKeJIeyKaInii ¢1oit ¢ poHOBOM rMIpPoIMHAMUIECKOi TypPOyIeHTHOCTHIO. BhIsgBIeHa Xapak-
TepHas OCOOEHHOCTH BJIMAHUSA PEryJIAPHBIX BOJIH Ha TypOYJEHTHBII OOMEH 10 BEPTHUKA-

JIM, a UMEHHO yBejimdeHnne Koddduiimenta TypOyJIeHTHONO OOMEHa B IIPUIIOBEPXHOCTHOM
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CJI0€ W €r0 yMEHBIIIEHUE B MPUJIOHHOM CJIO€ 10 CPABHEHUIO pacipejeaeHueM Kodhdurm-
€HTOB, MOJIYIE€HHBIM C ITOMOIIbIO mapaMerpusaiun CMaropuHckoro. BoisgBiieHo, 4To ToJI-
IIAHA TPUIOBEPXHOCTHOIO TYPOYJIEHTHOI'O CJI0si JIMHEWHO CBsi3aHa C BBICOTOW U JIJIMHOM
BOJIHBI, TOJIMMUHA TYPOYJIU30BaAaHHOTO MPUITOBEPXHOCTHOTO CJIOSi UMEET TOPSIOK BBICOTHI
BOJIHBL. UMCJIEHHbIE YKCIIEPUMEHTBI MTOKA3a/M YeTKOE PACC/JIOEHNE BOJHOBOTO TOTOKA HA
[IPUTIOBEPXHOCTHBIHN CJIOMN, U HUZKEJIEXKAIIYIO0 00JIACTD C OTHOCUTEIHLHO TPOIOJIZKATEIHHBIM
BpeMeHeM UX cylecTBoBaHud. [IpojieMoHcTpupoBaH MUPOKUI Jrana30H U3MEHYNBOCTU
TYPOYJICHTHBIX ITY/JILCAINI CKOPOCTH.

Karouesnvle ca08a: 6AUAHUE PELYAADPHO20 BOAHEHUA, MYPOYAEHMHOE NEPEMEUUBAHUE, KOIPPU-
YUEHM BEPMUKAABHO20 MYPOYAEHMH020 00MENA, MPETMEPHAA MAMEMAMUYECKAA MOJEeAL 2U0-

POUHAMUKY.

AwmetoB ®@. P., Bekupos 9. A. Pazpaborka MmareMaTuveckoii MOJIeJIN W aJro-
puTMa JJIs peanmn3aluu KnoepOe30IIacHOCTU CHUCTEM yNpaBJeHUsl O00beKTOB
ssiekrposHepretuku / @. P. Ameros, 9. A. Bekupos // TaBpudeckuii BeCTHUK
nadopmaruku u maremaruku. — 2022. — Ne1 (54). — C. 30— 39.

VIIK: 004.312.466

CoBpeMeHHasi aBTOMATU3UPOBAHHAS CUCTEMa YIPABJICHUS HA MPEIIPUATUIX JIEKTPO-
SHEPIeTUKHU TPEJCTaB/IAeT cOOO COBOKYITHOCTH MHOXKECTBA CUCTEM, MOJIyJeill U UHTep-
deiicoB. Oaaum n3 Hambosiee BayKHBIX M, B TO YK€ BPEMs, YI3BUMBIX SABJISAECTCA KOMMY-
TUPYIONIUI MOJLY/Ib, TPEJICTABIAIONINI coO0it HAOOP yCTPOWCTB U MHTEepEHCOB I Tie-
penatiu, oopaboTKu U aHa/m3a JaHHBIX. OJHUM U3 HOMYJISPHBIX PEIeHUuN s OPTraHu-
3allM KOMMYHHUKAIIUU MEXK/Y KOMIIOHEHTAMH CHUCTEM YIPABJICHUS ABIACTCA IIPOTOKOJI
Modbus, ocHOBaHHBIII Ha ONpeJIeJIEHHBIX aJTOPUTMAX W IMPOTOKOJIAX TepeTadn JaHHbBIX.
BaxkubiMm 1mokaszaresieM JIIo00TO aJropuT™Ma U JIIoO0i MOJIen epeadn JAHHbBIX SB/ISETCS
ux Kpunrorpaduyieckas CTORKOCTh UM UHBIME CJIOBAME YPOBEHb 3aIUIIIEHHOCTH OT I0-
TeHIMaJbHBIX KnOepaTak. Ha ocnose anasmza cobpannoii madOpMaIni mpoBeieH pacdyeT
ONTUMAJIBFHON MaTeMaTHIeCKON MO aJrOpUTMa JJI PeaJn3aIiil KnoepOe30macHOCTH

Ha mpuMepe kommyHukarmn Modbus.

Kaouesnvie caosa: Modbus, xubepbesonactocmo, slave, master, mamemamuieckas Mooeis.
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Hxabpausios A. JI. IlpejacraBienue oboOIeHHOro mnoreHiuaga Beccens mo-
cpeactBoMm sipa Ilyaccona obmrero Buga / A. JI. kabpausos // TaBpuueckuii
BecTHUK mHMoOpMaTukn u maremaruku. — 2022. — Ne1 (54). — C. 40—52.

VIK: 517.3

B craTbe paccmarpeno obobmenue sipa llyaccona n m3ydens ero coiictsa. [lokasano,
4TO 000OIEHHBIN TToTeHIIna1 Beccesrst hyHKIMN, MHTErPUPYEMOii B p-if CTEIIeHU CO CTEeIeH-
HBIM BECOM, MOYKET OBITh IPEJICTAB/IEH MHTEIPAJIOM OY€Hb ITPOCTOTO BUJIA, IIPU ITOMOIIU

anpa [Iyaccona.

Kaouesnvie caosa: obobwennoe adpo Ilyaccona, mpeobpasosarue Xawnkeas, obobu,erHviil mo-

mexnuyuan Becceas.

IlapdenoBa H. B. DMmnupudeckass mareMaTudecKas MOJEJb HCCJIEI0BAHUS
TICUXOJIOTUYECKON YCTOMYUBOCTU CTY/IEHTOB B YCJIOBUSAX JUCTAHIIMOHHOTO OO-
pazoBanus / H. B. Ilapdenosa // TaBpuueckuii BecTHUK nHMOPMATUKA U Ma-
remaruku. — 2022, — Ne1 (54). — C. 53 —-66.

YAK: 159.9

PaCKprTa POJIb SMHI/IpH‘IeCKOﬁ MaTeMaTHIeCKOMI MOJe/IM B IIOATBEPZKACHHUMN BeEIYyHINX
KOMIIOHEHT NCHUXOJIOTHTYIECKON YCTOI;’I‘{I/IBOCTI/I, X BJIMAHHUN Ha ITEHHOCTHBLIEC OpHEHTAIlNN

u CcTpaTeruun 1oBeJcHNA B NSMEHAIOIMMNXCA YCAOBUAX JUCTAHIUMOHHOI'O O6pa30BaHI/IH.

Karouesnvle €a08a: ncuroso2uteckas Ycmotuusocmy, IMNUPUIECKAS MAMEMAMUNECKAA MO-
deav (NCUTOMEMPUIECKan HAJEHCHOCTIL, GaxmopHvLl anaiusd, dPPermo, BAUAHUS, KAGCTEPHBIT

aHan u3, CpCLGH’UJme!/L’bH’bL’[Z LZHCL/LUS),

®opayk K. B. O6 acumnrToruvdeckoii yCTONYMBOCTA CUCTEMBI TeJ, YACTUIHO
3aI0JTHEHHBIX UAEAJTbHBIMU KUJIKOCTAMU, MOJ JeificTBMEeM YNpPYTuX u JAeMi-
dupyromux cusn / K. B. ®opayk // TaBpudeckuii BeCTHUK WHMOPMATUKHA U
marematuku. — 2022. — Nel (54). — C. 67— 74.

VIK: 517.955.4, 517.984.4

B nmamnnoit pabore ucciiejlyercd acUMIITOTUYECKAs YCTOMYUBOCTL JIBYMEDPHON MOJIE/IBHOM
3aJa4u O MaJIbIX JIBUYKEHUAX CUCTEMbl OTKPBLITHIX COCYIO0B, YaCTUYHO 3alI0JIHEHHBIX UJIe-

aJIbHBIMI OJHOPOJAHBIMUA 2KHN/JIKOCTAMU, IIO/] ,ZLeﬁCTBI/IeM yIpyrux m rILeMHClDI/IpyIOIlII/IX CHLJI.
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Omnupasice Ha Teopemy B. Aperara, Y. Bartu, FO.U. JToouga, @. By, uccrenyercs cuib-
Has YCTOWYUBOCTH CUCTEMbI, COCTOSIIEH U3 OJTHOTO WJIH JIBYX TeJI IPSIMOYTOJIBHON (hOPMBI.
YCTaHOBJIEHO, UTO BOIPOC ACUMIITOTHYECKON YCTONYIUBOCTU CUCTEMbI PABHOCUJIEH HAJIV-
U0 OOMUX COOCTBEHHBIX 3HAYEHNU cepun 3a/1a1 CTEKIOBa ¢ JOMOJHATETbHBIM YCIOBHEM
HOpMUPOBKH. JIoKa3aHo, 9TO B CJIydae OJHOrO Te/1a CUCTEMa He SIBJISIeTCS CUJIBHO YCTOW -
BOi1, B ciIy4ae JIByX TeJI CUCTEMa CUJIBLHO YCTONYINBA TOJBKO TOIJIA, KOTJIa Y TeJI COBIA/IAET
OJIUH U3 MapaMeTPOB —JJIMHA WJIU BBICOTA, €CJIM K€ TeJia KOHIPDYIHTHBI — CHUCTEMa He

ABJIAETCA CUJIbHO yCTOMYUBOM.

Karouesnvie caosa: udearvhas sicudkocms, cnexmp, Co-noayepynna, 3adava Cmexaosa 1a cob-

CMBEHHDBIE SHAYEHUA, ACUMNIMOTNUYECKAA ycmoﬁ%ueocmb.

Xazosa FO. A., TI'pebeneBa A. A. Anasim3 ycroituuBocT u ((POPMBI HpHU-
OJIN>KEHHBIX MEePUOANYECKUX PEIIeHnil ypaBHEHHUsl CINHOBOIO TropeHus: /
FO. A. XazoBa, A. A. I'peGeneBa // TaBpuueckuii BeCTHUK WH(POPMATUKHA U
maremaruku. — 2022. — Nel (54). — C. 75— 87.

VIK: 517.957

JIlnnamuka ucciaenoBanud uddepeHnnaabHbIX YPaBHEHUI B YaCTHBIX TPOU3BOJIHBIX 3a-
JacTyIO CBg3aHa ¢ mporeccoM budypkanms. B pabore paccMorpeHa KpaeBast 3aada JIjis
HEJIMHEHOrO ypaBHEHUs Mapabo/JIMIecKoro THUIla, ONUChIBaioIas cruuHoBoe ropenmne. C
[IOMOIIIBIO [TOCJIEI0BATEILHOINO ITpUMeEHeHnst MeToIoB [asepkuna u Ilyankape, a Takzke
JIBYXMOJIOBOH aIllIPOKCUMAIIUU [IOCTPOEHa (DOPMa, €0 IEePUOIUIECKOIO PEIICHUS U OIPe-
JieJieHa ycroirauBocThb. [IpoBejien uncieHHO-aHaIuTUIeCKUil aHaIn3 YCTOMINBOCTY B 3aBH-
CUMOCTH OT MaJIbIX M3MeHeHuni napamerpa. ChopMmyinpoBaHa TeopeMa 06 yCTONINBOCTH

POXKJIAIONINAXCA PEITCHUNA.

Karouesnvle caosa: neaunelinoe ypashenue, budyprayus, annpokcumayus, Ycmoiiueocms, me-

mod Tareprura, memod Iyanxape.
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