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STABLE ELEMENTS IN FREE NILPOTENT GROUPS OF RANK TWO 
 

 Anna I. Kovyrshina  
PhD, A/Professor, Pedagogical Institute of Irkutsk State University 
1 Karla Marksa st., Irkutsk 664003, Russia 

 
The article presents a complete description of the elements of free nilpotent groups of rank two and 

stage 8 that remain unchanged under the action of any automorphism of the group. Existence of non-
trivial stable elements in such groups is known, but their number was not found. We prove a theorem 
on the uniqueness (up to its powers) of nontrivial stable element in free nilpotent groups of rank two 
and stage 8. 

Keywords: automorphisms of groups, fixed points. 
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CORRELATION OF SIGN DEFINITENESS WITH REDUCTION TO PERFECT SQUARE 

OF TWO QUADRATIC FORMS BUNDLE  
 

Mikhail A. Novickov 
DSc, Senior researcher, Institute of System Dynamics and Control Theory, Siberian Branch of 

Russian Academy of Sciences 
134 Lermontova st., Irkutsk 664033, Russia 

 
The article discussed the interconnection between the sign definiteness bundle of two quadratic 

forms with simultaneous reduction of these forms to perfect squares by one linear real congruent 
transformation. The theorem about the necessary conditions for the sign definiteness of a bundle of 
two quadratic forms was ascertained. The obtained requirements fully coincide with the conditions for 
simultaneous diagonalization of matrices of these forms. The sufficient conditions for the sign 
definiteness of two quadratic forms are made up for the matrix forms simultaneously reduced to 
diagonal ones.  

Along with the known method of research the sign definiteness of two forms bundle an alternative 
approach was suggested. The approach makes it possible to make a parameter analysis of the 
considered problem.  
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In the applied problems of qualitative analysis and the theory of stability of motion, the necessary 
conditions for the sign definiteness of a bundle of quadratic forms are applied at the initial stage of 
determining the stability area. Further, after the diagonalization of matrices, the sufficient conditions 
for stability are formed from the sufficient conditions for the sign definiteness of two quadratic forms 
bundle. The obtained results are demonstrated on the known solution of the stability problem of 
permanent rotation around the vertical axis of the Lagrange gyroscope. The system of analytical 
calculations on the advanced computers had been applied to carry out various computations related 
with expansion, substitution, factorization of expressions and calculation of matrix determinants. 

Keywords: quadratic forms, sign definiteness of two forms bundle, characteristic equation from 
two matrices, simultaneous diagonalization of two matrices, congruent transformation. 
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ON THE CLASSES OF BOOLEAN FUNCTIONS GENERATED BY MAXIMAL 

MULTICLONES 
 

Aleksey S. Kazimirov 
PhD, A/Professor, Department of Mathematical Informatics, Irkutsk State University 
1 Karla Marksa st., Irkutsk 664003, Russia 
 
Vladimir I. Panteleev 
DSc, Professor, Department of Mathematical Informatics, Irkutsk State University 
1 Karla Marksa st., Irkutsk 664003, Russia 
 
If we consider the discrete functions on a set A, the multifunction can be defined as a function on a 

set 2A, herewith the values of multifunctions for argument values of A are given, and for the values 
that are not singletons are defined as a union of all multifunction values on one-element sets. In the 
same way it is determined by the superposition of multifunctions. Clones of multifunctions are defined 
as multiclones. There are 15 maximal multiclones on 2-element set. In the article Boolean functions 
are considered by their inclusion in maximal multiclones. The set of Boolean functions is divided into 
18 classes of equivalence. 

Keywords: Boolean functions, logic functions, clones, multifunctions. 
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K2 – ,  *  1 
 –; 

K3 – ,  0  *; 
K4 – ,  1  *; 
K5 – ,  

 *; 
 K6 – ,  0, 1  *; 

 K7 – , 
 

****101
*10***0

7R ; 

K8 – , 
  

*10
*01

8R ; 

K9 – ,  
 

*101101
****10100  
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0101010101010

0001110111000 ; 

K13 – ,  R13, ,     
  

1110010100101
1110100101001
000011111111*********
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2.  
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 1.  K8,  0  1 ,  
 K14. 
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,  R8 — (00)  (11).   f  0  
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. . 

 4.  f  K9,   K12, 
K13. 

.  R9  f  (10)  (– 0). -
 (01), (00), (11)  (10).  (011), (000), 

(111)  R12  (100),  R12.  (010), (000), 
(111)  R13  (101),  R13. 

 5. ,   0  1,  
 K12  K13. 

. ,  (0011), (0101) -
 (0001)  (0111).  K12,  — K13. 

 6.  K8,   0   1 ,  
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 0. , -

 K1–K4, K7, K9, K10, K12, K13  K5, K6. ,  
 K8 ,   

K11.  1,  K8,  K14, 
K15.  2,  K14,   K15. 

 4. 
 2.   1. -
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 (11). ,  (0100), (0000), (0010)  (0110),  
 K15. . 

. , -
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 f(x1,...,xn) — , , . -
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,  S  (0001)  (0111). 
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 4, 5 ,  1, 2. 
 3 .  1  2 , -

 1. 
f(x1, x2, c3,...,ci-1,0,ci+1,...,cn) = (0000), f(x1, x2, c3,...,ci-1,1,ci+1,...,cn) = (0101) 

 f  (011), (101), (c3,c3,c3),..., (011), ...,(cn,cn,cn)  (001). -
 K15. . 



. . , . . . , -
 

 

 21 

,  18. 
. 

 2.  18 . 
.  1  .  1,   

 18 , . 
 

 1 

,   
  K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12 K13 K14 K15 

1 0101010101010101 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
2 0001011100010111 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 
3 0110100101101001 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 
4 0111111100000001 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 
5 0111111111111111 0 0 0 0 0 0 0 1 0 0 1 0 1 1 1 
6 0001000100010001 0 0 0 0 0 0 0 1 0 0 1 1 0 1 1 
7 0111011101111111 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1 
8 0111111111111101 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
9 0000000000000000 0 1 0 1 0 0 1 1 0 0 1 0 0 0 0 
10 0110100110010110 0 1 0 1 0 0 1 1 1 1 1 1 1 0 1 
11 0111111111111110 0 1 0 1 0 0 1 1 1 1 1 1 1 1 1 
12 1111111111111111 1 0 1 0 0 0 1 1 0 0 1 0 0 0 0 
13 1111000000001111 1 0 1 0 0 0 1 1 1 1 1 1 1 0 1 
14 1111111111111101 1 0 1 0 0 0 1 1 1 1 1 1 1 1 1 
15 1111111100000000 1 1 1 1 0 0 1 0 1 1 0 1 1 0 0 
16 1100001100111100 1 1 1 1 0 0 1 0 1 1 0 1 1 0 1 
17 1111111010000000 1 1 1 1 0 0 1 0 1 1 0 1 1 1 1 
18 1111111111111110 1 1 1 1 0 0 1 1 1 1 1 1 1 1 1 
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BOUNDARY-VALUE PROBLEMS OF VOLTERRA  

INTEGER-DIFFERENTIAL EQUATIONS WITH FUNCTIONAL  
ARGUMENT OF ADVANCING TYPE  

 
Gennadii A. Shishkin 
PhD, Professor, Buryat State University 
24  Smolina st., Ulan-Ude 670000, Russia 
 
In the article the possibility of solving boundary-value problems of advanced type equations with 

help of a new modification of flexible structure function was researched. 
Keywords: boundary-value problem, integrodifferential equations of Volterra, the function of 

flexible structure, advanced type of equations, functional delay. 
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NEURAL NETWORK MODELING IN THE PROBLEMS OF PREDICTING THE 
SPREAD OF DANGEROUS INFECTIOUS ANIMAL DISEASES 
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The experience on use of the neural simulator program to solute the problems of predicting the 

spread of dangerous infectious animal diseases was considered. The most significant features affecting 
the result of animal disease manifestations were confirmed with help of neural network technology. 

Keywords: neural network technology, neural simulator, neural network, pasteurellosis. 
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FORCED OSCILLATIONS OF SOLIDS INSTALLED ON CANTILEVER BEAM WITH 
DAMPING 

 
Sergei G. Barguev 
PhD, A/Professor, Department of Mathematics and General professional disciplines, Buryat branch 

of Siberian University of Telecommunications and Informatics 
152 Trubacheeva st., Ulan-Ude 670031, Russia 
 
We studied the forced oscillations of the three solids installed along the cantilever beam of Euler-

Bernoulli using elastic-damping connections. The hybrid system of differential equations describing 
motion of the system and obtained from the variational principle of Hamilton was given. The external 
force that causes forced oscillations was harmonic and attached to the free end of a beam. The ob-
tained hybrid system of differential equations contained the Dirac delta function and involved the ap-
paratus of generalized functions for studying. We described the method for solving the system of dif-
ferential equations based on introduction of substitution of Green's function type, the solution of auxil-
iary boundary-value problem, the method of producing solid amplitude and amplitude function of a 
beam. To test the proposed approach we made a comparative analysis of foreign article which had 
been considered the similar mechanical system with calculation of amplitude of beam end in depend-
ence on the frequency of applied external harmonic force. The comparative analysis showed a satisfac-
tory agreement of the calculation results. 

Keywords: forced oscillations, the system of solids, cantilever beam, damping, hybrid system, the 
auxiliary boundary-value problem, comparative analysis. 
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SIMULATION MODEL OF CROWD BEHAVIOR IN THE IDE ANYLOGIC 
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33/5 Kirpichnaya st., Moscow 105187, Russia 
 
Development of a phenomenological approach to simulation of human crowd behavior is presented 

in the article. We considered continuous stochastic agent-based model of human behavior in confined 
space with the given geometry. By analogy with the Antonini’s model, a decision making system of an 
agent based on the analysis of surrounding space was introduced. The agent based model, which has 
been created in the simulation system AnyLogic allows to investigate the dynamics of agents taking 
into account ”effect of crowd” at various scenarios, in particular, the conditions of extreme situations 
in presence of “crowd crush”, “turbulence” and others effects.  
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THE MODEL OF ASSIMILATES ALLOCATION AND OPTIMAL GROWTH OF PLANT 

COVER 
 

Aleksander V. Vorotyntsev 
PhD, Researcher, A. A. Dorodnitsyn RAS Computing center 
40 Valilova st., Moscow 119333, Russia 
 
It was formulated the growth model of four plant organs biomass, conjugated with the model of 

heat and moisture transfer in plant cover and soil taking into account energy balance. Through the 
growth functions we studied the problem of photosynthesis assimilates rational distribution and opti-
mal growth of biomass to maximize the final value of plant reproductive organ biomass.  

Keywords: modeling, plant cover, assimilates allocation. 
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A PATH BETWEEN TWO PEAKS OF RESOURCE IN THE MATHEMATICAL MODEL OF 

ANIMAL MIGRATION 
 

Vladislav V. Machulis 
A/Professor, Department of mathematical modeling, Institute of mathematics and computer sci-

ence, Tyumen State University 
10 Semakova st., Tyumen 625003, Russia 
 
We considered the problem of finding a heteroclinic trajectory, connecting fixed points, which cor-

respond to the maxima of resource in the mathematical model of animal migration. Qualitative re-
search of the model with two peaks of resource was conducted, numerical solutions for heteroclinic 
trajectories were found. 

Keywords: dynamic system, heteroclinic trajectory, model of animal migration. 
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STEADY-STATE FORCED OSCILLATIONS OF SOLID SYSTEM MOUNTED ON 

ELASTIC ROD 
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The article reviews a common approach to find forced oscillation amplitudes of solid system, 

mounted on Euler – Bernoulli beam with fixed edges. This approach is based on generalized mathe-
matical model analysis. 

A generalized mathematical model is defined as hybrid differential equation system of given struc-
ture that describes dynamics of any systems of interrelated solids elastically mounted on elastic rod. 

Key words: amplitude-frequency response, solid, Euler – Bernoulli beam, generalized model. 
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NUMERICAL EXPERIMENTS BY THE METHOD OF IDENTIFICATION OF LINEAR 

DYNAMICAL SYSTEMS UNDER HARMONIC SIGNAL 
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Elena A. Madaeva 
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The paper presents the numerical implementation of the method of identification of linear station-

ary dynamic systems on the input sinusoidal signal. Identification of the system matrix is reduced to 
constructing and solving a matrix linear algebraic equation. The construction of the equation is based 
on comparison of the representation of Cauchy problem solutions in the form of exponential matrix 
series and results of the system phase coordinates measurement under the input sinusoidal signal. For 
the implementation of numerical experiments it was compiled a software in Fortran. 

Keywords: identification, active identification, linear system, Cauchy problem, fundamental ma-
trix, matrix exponential, interpolation. 
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3 1.86 2.460005 5.059994 1.658043 -3.692948 
4 1.56 2.159965 6.760901 3.347021 -15.91548 

 
 ( ) (0)i

jP  i ,  

 ( )jx t  (  2)  0t  , 1,4i j  [1]. 

 3  0X  1X : 

0

4.97 0.750057 4.368569 7.771051
4.32 0.799960 4.720996 10.78604

,
1.86 2.460005 5.059994 1.658043
1.56 2.159965 6.760901 3.347021

X  

1

0.750057 4.368569 7.771051 14.45088
0.79996 4.720996 10.78604 20.75801
2.460005 5.059994 1.658043 3.692948
2.159965 6.760901 3.347021 15.91548

X . 

 A  (6) : 
3.08 -4.096548 -0.030396 2.040963

3.994221 -4.993414 -1.995434 3.994701
-0.006458 -0.007625 3.001408 -2.002228
-0.03089 -0.036105 2.012262 -1.016214

PA . 
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 4 
t  

1( )x t  2 ( )x t  3 ( )x t  4 ( )x t  
0.0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
1.8 

4.970001 
5.216816 
5.688297 
6.419645 
7.439682 
8.784952 
10.5163 
12.73632 
15.60607 
19.35987 

4.320001 
4.587394 
5.110367 
5.926848 
7.050903 
8.487079 
10.24986 
12.38612 
14.99818 
18.26511 

1.860001 
2.455225 
3.264549 
4.302614 
5.596577 
7.197331 
9.190788 
11.70841 
14.93652 
19.12431 

1.560001 
2.130643 
2.984808 
4.118830 
5.521399 
7.189163 
9.144856 
11.45601 
14.25236 
17.74054 

 
, -

  (  4),  A : 
3.25413 4.297418 0.095888 2.128447

4.165789 5.194152 2.060879 4.082123
0.16514 0.193144 2.935939 1.914778
0.140825 0.164804 1.946753 0.928708

A  

 A  5. 
                                                                                                      

 5 
t  

1( )x t  2 ( )x t  3 ( )x t  4 ( )x t  
0.0 
0.2 
0.4 
0.6 
0.8 
1 
1.2 
1.4 
1.6 
1.8 

4.970001 
5.216794 
5.687912 
6.417365 
7.432735 
8.76395 
10.47498 
12.6654 
15.49595 
19.20583 

4.320001 
4.587374 
5.110089 
5.925244 
7.046525 
8.470778 
10.21771 
12.33016 
14.90804 
18.13332 

1.860001 
2.455211 
3.264316 
4.301182 
5.59192 
7.183947 
9.163688 
11.66056 
14.86079 
19.01645 

1.560001 
2.130626 
2.9846 
4.117638 
5.518198 
7.177012 
9.120893 
11.41404 
14.18464 
17.64201 

 
,  (  2)  (  5) -

, -
. 

 
 

-
-

.  
-

. , -
, , -
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The article presents formulation and method of solving the electrophysical problem with nonlinear 

boundary conditions for cathode assemblies of plasmotrons. 
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1)  (  OA) 
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0

1
0 1

, 0,01

0,

I r rU r
r

T z
r r R

                   (3) 

2)   (BC) 

1 2
( , ) 0,cU r L R r R

z                                                   (4)
 

3)   (KE) 

2, 0, 0sU r L r R                  (5) 

4)   (OK)  

(0, ) 0, 0 s
U z z L

r
                                                       (6) 

5)   (AB)  

1( , ) 0, 0 c
U R z z L

r         
                                            (7) 

6)   (CE) 

2 , 0, c sU R z L z L                         (8) 

 (2) – (8) : 
1,2(T) –  

;     U – ; I –  ;   j1,  j2 –   
.  

 4- : 

1 2U U ,        1 2
1 2

U U
n n

,                                                (9) 

 n – ,  z  LH  r   
 ( . . 1). 

 
. 

[14].  
 (2) 

 
: 

2
1,2 1,2 1,2

1,2 2
1 .

U U U
r

r r rz                        (10)
 

 
.  (10)  

2 2

2 2
1y y y y
r rz r

    
(11) 

2 2

2 2
1x x x x
r rz r
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 I – II, ,  
  

1 2 1 2

1 1 1
,

2 2 2 2

, 0, 0,1,2,... ;
, 0, 0,1,2,.. ;

i s
h h h h

k

z ih h i N Nh L
r kh h k M Mh R

 

  h1    z    h2    r.   

0 0 0, 0, 0,1,2,...tj j j   0 . 

  y  (  x)    (zi,  rk,  tj ) ,
j

i ky . 

  1
1 1 ( , ) 1 1 ,( , , ) , ( , , )j j

i k j i k i k j i ky z r t y y z r t y . 

 4-  
 (10) :  

1 1 1 1 2 1 1 2
, , 1 1 1 1 1 2 2

1 1 1 2
1 1 2 2

2 / ( / ) / 2 ( / )

2 2 / ( / ) ,

j j j j j j j
i k i k i i i s k k

j j j
k k k

y y y y y h L y y k h R

y y y h R
    

(13) 

  ( )j
ky  –   j .  

  0(h2+ ).  
,  (13) : 

1 1 1 2
1 1 12 2 / ( / )j j j j j

i i i i i sy y y y y h L     
(14) 

1 1 1 2 1 1 1 2
1 1 2 2 1 1 2 22 / 2 ( / ) 2 2 / ( / )j j j j j j j

k k k k k k ky y y y k h R y y y h R  (15) 

 z  r.  (14)  (15) 
:  

1 1i i i i i i iA y C y B y F       (16) 

   Ai, Bi >  0,  Ci > Ai + Bi,   
. : 

1 1 1, 0,1,2,... 1,i i i iy y i N       (17) 

  i+1   i+1  

1 1/ ( ), ( ) / ( )i i i i i i i i i i i iB C A F A C A       
(18) 

 1  1  
.  

  yN   (17)    yi  
 y0.  j  (j+1)  

 (14)  (15)  
.  
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JSC Ulan Bator Railway first in Mongolia implemented strategy of railway transport development, 

aimed at creating infrastructure with introduction of modern telecommunicational environment and 
high-speed digital transmission systems based on fiber optic cable.  As a result of modernization and 
expansion of technology from analogue to digital, JSC Ulan Bator Railway together with international 
operator TransTeleCom (RF) and ChaynaYunikom (PRC) announced the joint entry to transcontinen-
tal world market. We revealed the problems of information network development of JSC Ulan Bator 
Railway.  

Keywords: telecommunicational network, fault tolerance, information network.  
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In the article the issues of automated search for solving the problems with help of functional 

grammars were considered. We studied the algorithm and features of knowledge bases creation for a 
problem solver based on the functional grammars method. As an example of knowledge base creation 
the theory of linear stationary radio engineering systems was used. 
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 ( . 1). 
 

 1 
 

 -
 

 
 

  T  
1  > 
2   Z (p) 1> 
3  Z (p) 2> 
4  g(t) > 
5  h(t) > 
6  K(p) > 
7  K(j ) > 
8  K( ) > 
9 K ) > 
   u (t)  

10  u (t) 1> 
11  U (j ) 1> 
12  U ) 1> 
13 ) 1> 

   u (t)  
14  u (t) 2> 
15  U (j ) 2> 
16  U ) 2> 
17 ) 2> 

 
, : 

=

>, < 1 >, < 2 >, < >, < >,

< >, < >, < >, < >, < 1 >,
V .

1 >, < 1 >, < 1 >, < 2 >, < 2 >,

2 >, < 2 >

 

 
. -

 17  8  ( . 2). 
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, -
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 >, < > 

, -
: , -
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, ,  

G 4 / 
 > -

 

G 5 / 
 > 

-
 

 G 6 / 
 > -

 
 

G 7 / 
 

1>, < 2>, 
1>, < 2>, 
1>, < 2> 

 

G 8 / 
 1>, < 2>  

 
 G 2   < 1>,   < 2>  

  < >: 
C 2 T C 2 N C 2 C 2 C 2G (V , V , P , S );  

2V 0, 1, 2, ... , 9, (, ), _, ;
 

N C2

1 , ,
V ;

 

 P 2  =  {             < 1 >    (   _  <  > ), 
                            <  >     <  >  _  <  >, 
                    <  >    <  >, 
                <  >    <  >, 
                   <  >    ( <  > ), 
                            <  >  <  >  |  <  > _ <  >, 
                           <  >    <  >  |  <  >  <  >, 
                          <  >    0  | 1  | 2 | …  | 9                                    }; 

C2S 1 .  
 3.  

-
.  3. 
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 3 
 

  Z (p) Z (p) g(t) h(t) K(p) K(j ) …  K ) 

  f1 f1     …  

Z (p) f2  f3/f4 f3  f4  …  

Z (p) f5 f6/f7  f6  f7  …  

g(t)  f8 f8  f9   …  

h(t)    f10   f11 …  

K(p)  f4 f4    f12 …  

K(j )     f13 f14  … f15 

K( )       f17 …  

K )       f19 … f20 

u (t)        …  

U (j )       f22 …  

U )        …  

)        … f27 

u (t)    f29 f30   …  

U (j )       f31 … f24 

U )        …  

)        …  
 

 3, : 
P   =  {   < >  < 1> < 2> {f1}; 

1>  < > {f2}; 
1>  < 2> < > {f3}; 
1>  < 2> < > {f4}; 

… 
2>   < > < 1> {f33}; 
2>   < 2> {f28}                      }. 

: 
'( 
(< > f1 < 1> < 2>) 
(< 1> f2 < >) 
(< 1> f3 < 2> < >) 
(< 1> f4 < 2> < >) 
……………………………….. 
 (< 2> f33 < > < 1>) 
(< 2> f28 < 2>) 
) 

 4.  
,  3  (f1 – f33) -

.  4, ,  
. 
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g(t) h(t)dt  

f10  dgh(t)
dt

 

f12  
 

(p) ( j )  

f13  j tK( j ) h(t)e dt  

f15 
 

-
 

j ( )( j ) ( ) e  

f20  
 K U U( ) ( ) ( )  

f21  
 

j t1
u (t) U ( j )e dt

2
 

j t1
u (t) U ( j )e dt

2  

f23 
 

 
 

j tU ( j ) u (t)e dt

j tU ( j ) u (t)e dt
 

f29  t

0

u (t) u (0)g(t)

du
g(t )d

d

 

f30  
t

u (t) u ( )h(t )d  
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-
, .  

 f2. 
(defun f2 (x) (  (car x) (car(cdr x)))) 
(defun  (x y) (cond ((equal (  x) (  y)) (list (  (  x) (  y)) (  x))) (T (list (  

 (  x) (  y)) (  (  y) (  x))) (  (  x) (  y)))))) 
(defun  (x) (car x)) 
(defun  (x) (car (cdr x))) 
(defun  (x y) ( + x y (  x) (  y))) 
(defun + (x y m n) ( +2 x y x m n m (- (+ m n) 1))) 
(defun +2 (x y z m n k l) (cond ((= y nil) (  l)) ((= x nil) ( +2 z (cdr y) z k (- n 1) k 

l)) (T (  ( +2 (cdr x) y z (- m 1) n k l) (* (car x) (car y)) (- (+ l 2) (+ m n)))))) 
(defun  (x m n) (  x (list (+ (  x n) m)) n)) 
(defun  (x) (cond ((= x 1) (list 0)) (T (cons 0 (  (- x 1)))))) 
 (defun  (x y) ( + x y (  x) (  y))) 
(defun + (x y m n) (cond ((> m n) ( + y x n m)) (T ( +2 x y (+ (- n m) 1))))) 
(defun +2 (x y k) (cond ((= x nil) y) (T (  ( +2  (cdr x) y (+ k 1)) (car x) k)))) 

 
 

-
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AGENTS’ BEHAVIOR MODELING IN THE INTERNET LEARNING CLOUD  

 
Galina S. Kurganskaya 
DSc, Informational Technologies Department, Irkutsk State University 
1 Karla Marksa st., Irkutsk 664003, Russia 
 
The article presents the author's view on the principles of interaction of Online education platform 

HECADEM agents. The approach is based on the models of game theory, herewith for calculation of 
winnings/payoffs and their probabilities Bayesian belief networks are used. The approach is illustrated 
with a schematic example of two agents’ interaction. 

Keywords: knowledge representation, Internet learning, self-organization of complex systems, 
multi-agent system, cloud-based technologies, game theory. 
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METHODOLOGICAL PROBLEMS OF ANALYSIS AND SYNTHESIS OF 

COMMUNICATION NETWORKS TAKING INTO ACCOUNT EMERGENCY SITUATIONS 
 
Gleb V. Popkov 
PhD, Senior Researcher, Institute of Computational Mathematics and Mathematical Geophysics, 

SB RAS 
6 Lavrent’eva ave., Novosibirsk 630090, Russia 
 
The article deals with some methodological problems of research and designing of communication 

networks structures taking into account the failure of their items in case of emergencies. We proposed 
to investigate the problems arising in analysis and synthesis of communication networks and 
associated with use of the methods of graph theory, theory of hypernetwork and other theories 
describing the interaction of different structures. The classification of communication networks 
theoretical models, as well as criteria of telecommunication networks efficiency in emergency 
situations, was given. 

Keywords: telecommunication networks, graph theory, reliability and survivability of 
communication networks. 
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THE COMBINED METHOD OF IMPROVING IMAGE SEGMENTATION 
 
Mikhail V. Kharinov 
PhD, Senior Researcher, Laboratory of Applied Informatics of St. Petersburg Institute for Informat-

ics and Automation, RAS 
39 Vasilyevsky Island 14th Line, St. Petersburg 199178, Russia 
 
Igor G. Khanykov 
Research assistant of Laboratory of Applied Informatics of St. Petersburg Institute for Informatics 

and Automation, RAS 
39 Vasilyevsky Island 14th Line, St. Petersburg 199178, Russia 
  
The article deals with the problem of automatic segmentation of digital images via piecewise con-

stant approximations with a limited number of connected segments, constituted of averaged pixels. 
The solution is achieved by combining of global improvement of approximation across entire image 
field and local improvement of approximation fragments. The effectiveness of the combined method 
is demonstrated on the actual example of scene snapshots segmentation. Shots were taken from differ-
ent angles and then merged into a single image. 

Keywords: image, approximation, segmentation, standard deviation, minimization. 
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1 0u t ,  0

2 1u t [1]. 
  1  [1] (1–3 ,  [1] -

) , -
 ( ) ( * -

).  
 1, 2, 3, 4. 
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. 1.  1u  

 

 
. 2.  2u  

 
. 3.  1x  

 
. 4.  2x  

 
 1  

 
 *   

1 0.04986 33 
2 0.04692 41 
3 0.048158 40 

 ( 0.01) 0.048037 9 

  
, . -

  –   ( -
) . 

 [9], [10, . 112–113]: 

1 3

2 3

3

cos ,

sin ,

,

x t x

x t x

x t u

 

1 2 30 0, 0 0, 0 0x x x , 

0.5,0.5 , 0,5.115 .u t t  

2 2
1 25.115 1000 5.115 4 5.115 3 min .u x x
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: 
. : 

1 3 2 3 3, , , cos sinH p x u t p x p x p u . 
: 

1
0xH , 

2
0xH , 

3 1 3 2 3sin cosxH p x p x  , 3uH p . 
 (4)–(7): 

1
1 1

1
2 2

1 1 0 1 0
3 1 3 2 3 3

,
,

sin cos ,

k

k

k k k

p r
p r

p p x p x r

 

1 0
1 1 15.115 2000 4kp x q ,  1 0

2 2 25.115 2000 3kp x q , 1
3 5.115 0kp , 

0 0 0
0 0

0

, , , , , ,
, , , ,

k k k
k

ixi k

p t x t u t t H p t x t u t t
r t p t x t u t t

H
H

x t x t
1,2,3i ,

 
0

1 1 0
10

1 1
i

k

i xk

x t x t
q x t

x t x t
, 1,2i , 

3 0q ,  x  3x . 

 (8)–(9) ( 0s t ): 
1 0 0 0, , , , , ,k k k

uu t P u t H p t u u x t u u t t , 

 kx t  kp t  – , ,  k -
.  ,r t q   [3], [7]. 

 0 0u t . 
  2  [9] , -

 ( ) ( * -
).  5, 6, 

7, 8. 

0

1

2

3

4

0 1,27875 2,5575 3,83625 5,115

x1

. 5.  1x  
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0

1

2

3

0 1,27875 2,5575 3,83625 5,115

x2

. 6.  2x  
 

0

0,2

0,4

0,6

0,8

0 1,27875 2,5575 3,83625 5,115

x3

. 7.  3x  
 
 

-0,1
0

0,1
0,2

0,3
0,4

0,5
0,6

0 1,27875 2,5575 3,83625 5,115

u

 
. 8.  u  
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 2 
 

 *   
1 5.850061 100010 
2 5.260061 100125 
3 5.128061 100002 
4 5.178061 100019 
5 5.260061 100036 
6 6.410061 100008 
7 5.330061 100015 
8 5.110066 100012 
9 5.300061 51837 

10 5.111361 59909 
 ( 510 ) 5.115998 14501 

 
  

,  610 ,  5.122384  
 75627 .  -

 ( )  
. 

 
,  

. -
 

, .  
. -

. 
,  
. -

, -
. 

 
 [7]  [8]. 
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OPTIMUM CONTROL OF HYPERBOLIC SYSTEMS IN THE CLASS OF SMOOTH 
CONTROL ACTIONS 

 
Vasilisa P. Poplevko 
 PhD, A/Professor, Irkutsk State University 
1 Karla Marksa st., Irkutsk 664003, Russia 
 
The problem of optimal control of first order semi-linear hyperbolic equations system was studied. 

Control actions were selected from the class of smooth functions satisfying the integral constraints. 
We obtained the necessary optimality conditions of variational type in the class of admissible smooth 
controls. The condition of optimality was proved, and a scheme of iterative method was proposed. The 
numerical experiment was carried out in MATLAB 7.0 system. The results of numerical experiment 
showed that the proposed method of improving the smooth control functions could be effectively used 
to solve this class of problems. 

Keywords: semi-linear hyperbolic system, smooth control, necessary condition of optimality, it-
erative method for improving the admissible control. 
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 1 

s  )(1 s  )(2 s  ),( 11 tsxk  ),( 12 tsxk  
0 0 0 0 0 

0,17 7,3764 -0,19271 7,3791 -0,19393 
0,38 13,298 -0,42972 13,3001 -0,43102 
0,56 16,105 -0,62852 16,1072 -0,62997 
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THE GLOBAL METHOD OF CONTROL IMPROVEMENT FOR THE CASE OF 

TRAJECTORY DISCONTINUITIES FINITE NUMBER 
 

Ekaterina A. Trushkova 
DSc, Leading Researcher, Institute of Control Sciences, RAS 
65 Profsoyuznaya st., Moscow 117997, Russia 
 
The problem of optimal control of linear in unlimited control dynamic systems was considered. We 

built the extension of the systems of this class. It included processes with discontinuous trajectories at 
the ends and in the finite number of time interval interior points. It was constructed the iterative meth-
od for generalized process improvement. In more detail the method was designed for the problem of 
bilinear systems optimal control. We gave the results of computational experiments. 

Keywords: dynamical system, optimal control, impulse control, improvement method. 
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-
 

( ) = ( ) ( ) ( ) ( ) [0, ] ( ) ,  (3) 
 

( ) =

0 0 0 1 0 0
0 0 0 0 4 0
0 0 0 0 0 9
1 0 0 0 0 0

4 0 0 0 0
0 9 0 0 0

, ( ) =

0 0 0 0 1
2

0

0 0 0 1
2

0 1
2

0 0 0 0 1
2

0
1
2

0 0 0 0
1
2

1
2

0 0 0

0 1
2

0 0 0 0

. 

 [5, 6], -
 (  1)  ( -

 4),  
 (  9), -
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(0) = (1,0, … ,0)  ( ) = 1 . 

 (  
++),  

,  
= 3,  | )| 100|  ( ) = 0.01. -

-
. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

(0) (0.75) (1.5) (2.25) (3) ( (3)) 

 
0 
1 
2 
3 
4 
5 

0 
0 
0 
0 
0 
0 

   0 
0.001256 
1.234020 
5.468880 
0.168389 
5.645440 

1 
1 

0.999982 
0.000327 
0.000193 
0.000130 

 = 1.5 
0 
1 
2 
3 
4 
5 

0 
0 
0 
0 
0 
0 

 0 
2.895920 
1.439480 
1.439480 
1.438850 
1.438220 

 0 
0.001256 
0.616380 
0.586850 
0.586850 
0.579938 

1 
1 

0.000208 
0.000144 
0.000128 
0.000112 

 = 0.75, = 1.5, = 2.25 
0 
1 
2 
3 
4 
5 

0 
0 
0 
0 
0 
0 

0 
5.987880 
5.979080 
5.797500 
5.796870 
5.796870 

0 
0.435425 
0.769690 
0.772203 
0.771575 
0.771575 

0 
6.258680 
6.210930 
0.007539 
0.008168 
0.008168 

0 
0.175301 
4.099780 
0.082309 
0.006911 
0.081053 

1 
1 

0.999960 
0.001222 
0.000113 
0.000049 
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