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ІȼȺɇУ ȼȺСɂɅЬɈȼɂЧУ ȻЕɃɄУ – 

80! 
Іɜɚɧ ȼɚɫɢɥьɨɜɢɱ ɧɚɪɨɞɢɜɫɹ 11 ɤɜɿɬɧɹ 
1937 ɪ. ɍ 1959 ɪ. ɡɚɤɿɧɱɢɜ ɮɿɡ.-ɦɚɬ. ɮ-ɬ 
ɑɟɪɧɿɜɟɰьɤɨɝɨ. ɭɧ-ɬɭ. Ⱦɚɥɿ – ɭɫɩɿɲɧɚ 
ɚɫɩɿɪɚɧɬɭɪɚ ɜ Іɧ-ɬɿ ɤɿɛɟɪɧɟɬɢɤɢ Ⱥɇ 
ɍɤɪɚʀɧɢ, ɩɟɪɟɜɟɞɟɧɧɹ ɜ ɚɫɩɿɪɚɧɬɭɪɭ Іɧ-

ɬɭ ɦɚɬɟɦɚɬɢɤɢ Ⱥɇ ɍɤɪɚʀɧɢ (ɧɚ 
ɩɪɨɯɚɧɧɹ ɧɚɭɤ. ɤɟɪɿɜɧɢɤɚ), 
ɞɨɫɬɪɨɤɨɜɢɣ ɡɚɯɢɫɬ ɤɚɧɞɢɞɚɬɫьɤɨʀ 
ɞɢɫɟɪɬɚɰɿʀ, ɞɨɩɨɜɿɞь ɧɚ ȼɫɟɫɜɿɬɧьɨɦɭ 
ɤɨɧɝɪɟɫɿ ɦɚɬɟɦɚɬɢɤɿɜ ɬɚ ɡɚɪɚɯɭɜɚɧɧɹ 

ɦɨɥɨɞ. ɧɚɭɤ. ɫɩɿɜɪɨɛ. Іɧ-ɬɭ ɦɚɬɟɦɚɬɢɤɢ ɿ ɡɚ ɫɭɦɿɫɧɢɰɬɜɨɦ – ɫɬ. 
ɜɢɤɥ. ɮ-ɬɭ ɤɿɛɟɪɧɟɬɢɤɢ Кɢʀɜ. ɭɧ-ɬɭ ɿɦ. Ɍ. ɒɟɜɱɟɧɤɚ. З 1977 ɪ. – 

ɞɨɰɟɧɬ, ɚ ɩɿɫɥɹ ɡɚɯɢɫɬɭ ɞɨɤɬɨɪɫьɤɨʀ ɞɢɫɟɪɬɚɰɿʀ (1993) – 

ɩɪɨɮɟɫɨɪ (ɤɚɮɟɞɪɢ ɦɨɞɟɥɸɜɚɧɧɹ ɫɤɥɚɞɧɢɯ ɫɢɫɬɟɦ ɿ ɫɢɫɬɟɦɧɨɝɨ 
ɚɧɚɥɿɡɭ ɬɚ ɬɟɨɪɿʀ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧь). З 2003 ɞɨ 2008 ɪ. - ɞɢɪɟɤɬɨɪ 
ɍɤɪɚʀɧɫьɤɨ-ɍɝɨɪɫьɤɨɝɨ ɿɧ-ɬɭ ɤɿɛɟɪɧɟɬɢɤɢ ɆȺɍɉ. ɋɬɜɨɪɢɜ 
ɧɚɭɤɨɜɭ ɲɤɨɥɭ ɨɩɬɢɦɿɡɚɰɿʀ ɫɤɥɚɞɧɢɯ ɩɪɨɰɟɫɿɜ, ɳɨ ɭɡɚɝɚɥьɧɸɸɬь 
ɩɪɨɰɟɫɢ ɤɟɪɭɜɚɧɧɹ ɜ ɟɤɨɧɨɦɿɰɿ, ɟɤɨɥɨɝɿʀ, ɚɜɿɚɰɿʀ, ɪɚɤɟɬɧɿɣ ɬɟɯɧɿɰɿ 
ɿ ɜ ɫɩɨɪɬɢɜɧɢɯ ɬɪɟɧɭɜɚɧɧɹɯ, ɤɟɪɭɜɚɜ ɫɩɿɥьɧɢɦɢ ɭɤɪɚʀɧɫьɤɨ-

ɧɿɦɟɰьɤɢɦɢ ɧɚɭɤɨɜɢɦɢ ɞɨɫɥɿɞɠɟɧɧɹɦɢ, ɱɢɬɚɜ ɥɟɤɰɿʀ ɜ 
ɇɿɦɟɱɱɢɧɿ, Кɚɧɚɞɿ, Ȼɟɥьɝɿʀ, Ⱥɜɫɬɪɿʀ, ɩɿɞɝɨɬɭɜɚɜ 21 ɤɚɧɞɢɞɚɬɚ ɬɚ 
ɞɜɨɯ ɞɨɤɬɨɪɿɜ ɧɚɭɤ. ɇɚɝɨɪɨɞɠɟɧɢɣ ɩɪɟɦɿєɸ Ɇɿɧɨɫɜɿɬɢ ɡɚ ɤɪɚɳɭ 

ɧɚɭɤɨɜɭ ɩɪɚɰɸ, ɡɧɚɤɨɦ «ȼɿɞɦɿɧɧɢɤ ɨɫɜɿɬɢ ɍɤɪɚʀɧɢ», ɇɚɝɨɪɨɞɨɸ 
əɪɨɫɥɚɜɚ Ɇɭɞɪɨɝɨ Ⱥɇȼɒ ɍɤɪɚʀɧɢ, ɦɟɞɚɥɥɸ «Зɚ ɜɚɝɨɦɢɣ 
ɜɧɟɫɨɤ ɭ ɪɨɡɜɢɬɨɤ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ». Ɉɛɪɚɧɢɣ ɚɤɚɞɟɦɿɤɨɦ 
(2002), ɱɥɟɧɨɦ ɉɪɟɡɢɞɿʀ (2004) ɿ ɝɨɥɨɜɧɢɦ ɭɱɟɧɢɦ ɫɟɤɪɟɬɚɪɟɦ 
(2010) Ⱥɇȼɒ ɍɤɪɚʀɧɢ. З 2008 ɪ. – ɩɪɨɮɟɫɨɪ ɤɚɮɟɞɪɢ ɦɚɬ. 

ɮɿɡɢɤɢ ɇɌɌɍ «КɉІ». Ƚɟɧɟɪɚɥ-ɦɚɣɨɪ ȼɫɟɭɤɪɚʀɧɫьɤɨɝɨ 
ɤɨɡɚɰьɤɨɝɨ ɜɿɣɫьɤɚ І.ȼ. Ȼɟɣɤɨ ɭɫɩɿɲɧɨ ɪɨɡɜɢɜɚє ɿ ɜɩɪɨɜɚɞɠɭє 
ɧɚɭɤɨɜɭ ɨɩɬɢɦɿɡɚɰɿɸ ɜ ɨɛɨɪɨɧɭ ɬɚ ɫɩɨɪɬɢɜɧɿ ɬɪɟɧɭɜɚɧɧɹ, є 
ɤɚɩɿɬɚɧɨɦ ɤɪɚɳɨʀ ɜ ɍɤɪɚʀɧɿ ɤɨɦɚɧɞɢ ɡ ɜɨɥɟɣɛɨɥɭ «КɉІ», ɹɤɚ 
ɜɢɝɪɚɥɚ Кɭɛɨɤ ɍɤɪɚʀɧɢ ɿ ɡɨɥɨɬɿ ɦɟɞɚɥɿ ɱɟɦɩɿɨɧɚɬɭ Ɏɟɞɟɪɚɰɿʀ 
ɜɟɬɟɪɚɧɫьɤɨɝɨ ɜɨɥɟɣɛɨɥɭ ɍɤɪɚʀɧɢ (2015, 2016). ɇɚɭɤɚ 
ɨɩɬɢɦɚɥьɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ɞɨɩɨɦɚɝɚє ɫɩɨɪɬɭ, ɚ ɫɩɨɪɬ - ɧɚɭɰɿ.  
  ɍɱɚɫɧɢɤɢ ɤɨɧɮɟɪɟɧɰɿʀ ɛɚɠɚɸɬь ȼɚɦ, ɲɚɧɨɜɧɢɣ Іɜɚɧɟ 

ȼɚɫɢɥьɨɜɢɱɭ, ɦɿɰɧɨɝɨ ɡɞɨɪɨɜ‘ɹ, ɳɚɫɬɹ, ɧɨɜɢɯ ɧɚɭɤɨɜɢɯ 
ɞɨɫɹɝɧɟɧь ɬɚ ɫɩɨɪɬɢɜɧɢɯ ɩɟɪɟɦɨɝ ɧɚ ɛɥɚɝɨ ɍɤɪɚʀɧɢ!  
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THE CONCEPT OF TEACHING FOREIGN LANGUAGE FOR 
SPECIFIC PURPOSES AND THE NEEDS OF A JOB MARKET 

Akhvlediani N. 

Batumi Shota Rustaveli State University, Georgia 

nellyakhvlediani@yahoo.de 

 

It is known that the universities and higher educations involved in 

the Bologna process aim at giving proper qualification to future 

graduates, the qualification that meets the needs of the requirements of 

the labour market. 

In the process of globalization, the precondition for a successful 

career is mastering the foreign language for specific purposes.  The 

practical course of professional foreign language should be oriented on 

sЭЮНОЧЭs’ ЧООНs. ЇЧО МКЧ ШПЭОЧ ПТЧН ЭОбЭЛШШФs ПШr sЩОМТПТМ ЩЮrЩШsОs. IП 
there are no such textbooks, foreign language teacher designs teaching 

resources herself. In order to compile the teaching resources for specific 

ЩЮrЩШsОs ЭКФТЧР ШЧ ЛШКrН sЭЮНОЧЭs’ ТЧЭОrОsЭ, ТЭ’s ЧОМОssКrв ПШr ЭСО 
university based language centre to cooperate with future employers, as 

well as the faculties at university. 

In order to develop the concept of teaching foreign language for 

specific purposes it is necessary to answer the following questions: 

1. АСКЭ КrО ЭСО ОЦЩХШвОrs’ rОqЮТrОЦОЧЭs ЭШаКrНs ЭСО ЩШЭОЧЭТКХ 
employees? 

2. What are the criteria to select and design materials for specific 

purposes for its further development? 

3. What is the mechanism of cooperation of the language centre to 

make it possible to take on board the needs of a job market? 

 

The article will present the new concept of teaching foreign 

language for specific purposes worked out on the basis of the successful 

cooperation of the faculties and the employers. 
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HOLDER ESTIMATES FOR THE SOLUTIONS OF 
DEGENERATE QUASILINEAR ELLIPTIC NON-DIVERGENCE 

EQUATIONS 
Aliev S.A., Gadjiev T.S., Maharramova T. 

Institute of Mathematics and Mechanicsof Azerbaijan NAS 

soltanaliyev@yahoo.com, tgadjiev@mail.az 
 

Let we is considered in some ball 2
n

B R with radius 2 a solution 

( )u x  in    2,
2 2

n
locC B W B  of an elliptic equation of non-divergence 

type                        2

, 1

, , , , 0
n

ij

i j

a x u x Du x D u x f x u Du x


 

    

(1) 

for a.e 2.x B Here ,ij jia a i.d.  , ,A x y z set of symmetric matrices of 

size n and , , , n
y R x z R    coefficients satisfying 

            

     

2 21 , , ,

1
, , 1 1

2

z x A x y z z x

f x y z z z

       



   



   
     

(2) 

for some 1  and some continuous mapping : n
R R  for which 

there exist positive reals 0 and M (positive means in  0, ) such that 

  0z  for .z M Let 2:u B R be a bounded and continuous 

solution of (1). 

Theorem. Let satisfying above conditions for equation (1). 

Then ( )u x  is Holder continuous on 1.B Moreover, there exist constants 

,C only depending on 0, ,n  and M  such that  

         
2

1 sup
B

x u x y u y C x y u
 
 

     
 

 

for any 1, .x y B  

The strategy of the proof relies on a probabilistic interpretation of the 

quasilinear equations.  

We introducing a diffusion process X , solution to the Stohastic 

Differential Equation (SDE)   , 0t t tdx x dW t  , whereW is a n -

dimensional Wiener process and a continuous version of the square 

root of the metrical mapping 2 .A  
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THE MATHEMATICAL MODELLING OF FILTRATION 
PROBLEMS IN THE LAND AND SWAMPY AREAS 

Aliev S.A., Rustamov Y.I., Rasulov R.A. 
Institute of Mathematics and Mechanics of NAS of Azerbaijan  

Institute of Control Systems of NAS of Azerbaijan 

Sheki branch ADPU 

soltanaliyev@yahoo.com, terlan56@mail.ru,  
rafik-rasulov@yahoo.com 

 
In this report the mathematical algorithm for regulation of preventing 

of salinization arable land and swampy areas, in order to ensure the 

exchange of moisture and salt changes on the crisis depth of the 

groundwater by using the horizontal drainage system has been proposed. 

The main parameters of horizontal drainage lines are determined, 

obtained theoretical results applied to the solution of practical problems. 

In the land and swampy areas, the filtration proses expressed as 

 
2 2 2 2

0

2 2
02

kh k h h
h H W

t Mx y


   
         

    (1) 

 

Here , 0 0k,k ,M ,H are constants, ( , , )W x y t  -the function 

МСКrКМЭОrТгТЧР ШП ПТХЭrКЭТШЧ. LОЭ’s ЭКФО КЧН ( , , )h x y t and ( , , )W x y t  - the 

power functions for any parameter 

     0

1

, , , , ,k
k

k

h x y t h t h x y t



   

     0

1

, , , , .k
k

k

W x y t W t W x y t



 

 
 

Then we have solution of (1) in the following form  

 

     
0 0 0

0

1
,

t
a tat

h t C e W e d
 


   

 
 

here 0

0

,
k

a
M

 0 0 0(0)C h W  and 0 (0)W is initial value of filtration 

as 0.t   
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ASYMPTOTIC EXPANSION FOR THE n - ORDER MOMENT 
ERGODIC DISTRIBUTION OF THE INVENTORY CONTROL 

MODEL OF TYPE (s,S) WITH SUBEXPONENTIAL 
DISTRIBUTED DEMANDS   

Rovshan Aliyev 
Baku State University, Azerbaijan  

aliyevrovshan@yahoo.com 
 

Let  ,n      ,  and n n     n are  independent sequences of 

positive valued random variables defined on probability space 

  , , P I , such that variables in each sequence independent and 

identically distributed.  

Let    1 ,F x P x      1

1 0

1
x

F x F u du
m

  , where 

   1F u F u  ,  1 .k

km E     

Define independent renewal sequence 
 nT

 and 
 nY

 as:  

 

, 0 0

1 1

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

n i n i

i i

T Y n T Y 
 

     
 

 

Define also sequence of integer valued random variables: 
 

 
   0 10, 1: ;kN N N z s min k z Y s      

 
 

    
11 1 11: , 2,3,...

nn n n n n k NN N s min k N Y Y s n 
          

 

Thus the following stochastic process can be constructed:  
 

    1,   
nn Nt

X t max s Y Y    as 1  ,  0,1,2n nt n     , 

 

where     0: nt max n T t    ; 

10 0 10,  0, , , 1,2,
n nn n N N n n nT T n      

         
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Definition ([2]). A distribution F  on  0, is said to belong to the 

class  *S , if   0 F x  for all 0x  ,  1

0

m F x dx



   , and  

     1

0

~ 2

x

F x t F t dt m F x , as  x . 

Theorem. Let the following conditions be satisfied: 1) 1 E   , 

2)  F x  is non-singular and 
1F  *S , 3) 1   has the uniform 

distribution on   ,s S . Then as     the following asymptotic 

expansion for the n -order moment of the ergodic distribution of process  

    1
 W t X t s 

  can be written: 

    1
11 121

1 2 2

1 ( )22 2
( ) 1 ( )

( 1)( 2) ( 1)

n

n n

n n

Fm n
E W G O

n n n


 
  

 


 

 

  
            
 

here    1 1 21 2 1   ,  / 2 ,
x

G x F u du m m m S s


    . 
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FOR AXIOLOGICAL ESTIMATIONS OF DECISION MAKING 
IN BUSINESS MANAGEMENT 

Bagrationi I. 
Batumi Shota Rustaveli State University, Georgia 

irmabag@yahoo.com  
 

 The purpose of the given research is acquaintance to the practice 

of management conventional in the world by industrial firm and 

consideration of its social and axiological aspects. Achievement of the 
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given purpose, in opinion of the authors, is carried out through the 

decision of following problems: Considerations of a general 

characteristic of the industrial enterprise as open system, revealing of 

the most convenient for today in conditions of fast rates of privatization 

of the organizational-legal form; Studying the international experience 

of development of system of intra-firm planning, development of the 

basic purposes and strategy of firm; Acquaintance with the basic 

functions and stages of organizational designing, and also with problems 

of carrying out and maintenance of the control over the enterprise; 

Studying the international experience of management by a manpower, 

research and development of various directions in work with the staff as 

most important social aspect in management of industrial firm. 

The present paper outlines that the urgency of research on 

management of the industrial enterprise and its social and economic 

aspects in new conditions of an economic reform is defined first of all 

by a proceeding becoming of market economy, that in turn demands 

reorganization not only forms and methods of managing, but also 

thinking of all categories of the workers participating during 

management by a facilities. As we know, one of basic elements of a 

market economy is the enterprise. The firm is understood as the 

economic subject who is engaged in industrial activity and possesses 

economic independence (in decision-making that, as well as in what 

sizes to make where whom and on what price to sell production). The 

firm unites resources for manufacture of the certain economic blessings 

with the purpose of maximization of profit. In difference from naturally 

developed market order of firm are based on a hierarchical principle of 

the organization of economic activities. The market isolation of means 

of production, firm - assumes their concentration. In the market an 

indirect quality monitoring, inside of firm - straight lines dominate. The 

market excludes dictatorship; it is based on economic stimulus, the firm, 

on the contrary, assumes one-man management and is based on 

administrative forms of management.  
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ON TWO TYPES OF PROJECTION HOMOLOGY 
Bakhtadze Sh. 

Batumi Shota Rustaveli State University, Georgia 

 
Let  LP2 be a category of pairs of locally compacted paracompact 

spaces and their own mappings and   2,X A LP . Consider the set 

      , , |R R
Part X A Part X    of all pairs  ,   of regular 

partitions [3] of a pair  ,X A , where, if 

   1 2, ,..., ,... R

ne e e Part X
     , 

then    1 2, ,..., ,... R

ne A e A e A Part A
     . Each pair  ,   

defines a pair of simplicial complexes  ,N N  , where N - is a closed 

covering nerve  1 2, ,..., ,...ne e e
     of a space X ,  and N

-  is a 

closed covering nerve  1 2, ,..., ,...ne A e A e A
     of a space .A  

For any  , R
Part X  , when a partition   is included in a partition 

  (ɬ.ɟ.    ɢ   ),  then there is a a uniquely defined simplicial 

projection  „on“     : , ,N N N N

     .  

The groups  , ;f

nC X A G  ɢ  , ;inf

nC X A G  are built in the form of 

limit groups of inverse spectra, which are correspondingly called n - the 

dimensional groups of the first type (i.e., the finite chains) and the ones 

of the second type (i.e., all the possible chains - both finite and infinite 

ones) of the projection chains of a pair of spaces  ,X A  over the group 

of coefficients G , as well as the appropriate types of chain complexes 

     2 1 1

1 1... , ; , ; , ; ...
f f ff
n n n nf f f

n n nC X A G C X A G C X A G    
    

 
(1) 

     
inf

2 1 1inf inf inf

1 1... , ; , ; , ; ...
inf infinf
n n n n

n n nC X A G C X A G C X A G    
       (2)

 

        
Definition. Let call the homology groups of complexes (1) and (2), 

i.e., groups:   1, ; / Imf f f

n n nH X A G Ker    , n Z  and 

  1, ; / Iminf inf inf

n n nH X A G Ker    , n Z , as n - dimensional projection 

homology groups of the first type and the second type, respectively, of 

the pair   2,X A LP  over the group of coefficients G .  
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The above-constructed first and second types of the theory of 

projection homology f
H  ɢ inf

H  From are analyzed from the viewpoint 

of the Eilenberg-Steenrod axioms for the theory of homology. 

 

ON CONJUGATE TRIGONOMETRIC SERIES 
Bakuridze M., Bakuridze A. 

Batumi Shota Rustaveli State University, Georgia 

 
Below we suppose that ],[ T  and functions RRf :  are 

2 -periodic. For )(TLf  , by [ ]f  and [ ]f  we denote Fourier 

trigonometric series of  f  and its conjugate series respectively, i. e. 

,sincos
2

],[
1

0 kxbxka
a

xf K

K

K  




    ,...2,1,0k  

kxaxkbxf K

K

K sincos],[
1

_






 ,        Nk , 

where   

1
( ) ( )cos , ,

k k
a a f t ktdt k N

 

     

1
( ) ( )sin , .

k k
a a f t ktdt k N

 

    
1

( ) ( )sin , .
k k

b b f t ktdt k N
 

    

We imply, that 

 1
( ) ( ) ( ) , 1.

2 2
n

n

t
f x f x t f x t ctg dt n







       

If  1,p     and the function ( ),p
f L T  than  

 ,|)(|
2

1
||||

1

P

T

P

P dttff








 
  1,p  . 

therefore ( ) ( )L T c T
   and   sup ( ) .

c
x T

f f f x



   

Below ( ), ( ), ( , )A A p A p   they indicate absolute or positive 

values, depending only indicated parameters. 

Theorem 1. Let ]1,0] , 1p  and )(TCf  . Then 

__

1

1 1
|| ( ) || ( , ) , , ,

n n c

c c

t f f A p f n f
nn

 
  


          
    

4.n   
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THE PRЇBLEM “BЇВ AІD CRЇCЇDILE” АITH TIME-LAG 
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IЧsЭТЭЮЭО ПШr AЩЩХТОН SвsЭОЦ AЧКХвsТs ШП ІTUU “KPI”, Ukraine 

lesia@baranovsky.org 
 

We consider the analog of pursuit problem in the case when 

dynamics of the game is described by the following system of 

differential-difference equations: 

   
 

1 2 1

2 2

, R , 2,

, R ,

n

n

z t z t v z n

z t u z

    

 

, 0, , 0.u v        

TСО ЩЮrsЮОr (“МrШМШНТХО”, u) is clumsy because of the boundness of 

his trajectory curvature radius though he may gather a high speed. The 

ОЯКНОr (“ЛШв”, v) is inertia-less though his speed is limited. 

The terminal set is   2
1 2 1, R : .n

M z z z z l
      Matrix 

function  K t is unique and enjoys the properties: 

  0,K t  0;t    20 ;nK E  K t is continuous on  0, ;  when  

0t   K t  satisfies the equation         0
.

0 0
, nEK t B K t B             

 

Using the time-lag exponential { }exp B,t  [1] we obtain an explicit 

form of the fundamental matrix:  

 
1

.
0 1

n

t
K t E

 
     
   

For this game the scheme of the method of resolving functions [2] is 

developed. The guaranteed of the game termination is found, and 

corresponding control of pursuit is constructed. 
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We consider Erlang(n) risk model with constant interest, 

 
 

1

1

t

j

j

N t t T

t
t i

i

U t ue ch X e







 
 
 
 



  


 , where 
1t

t

e
h






 ,  0 0u U   is 

the initial capital of the insurance company, 0c   is the premium rate, 

  is the constant interest force,  , 1iX i   denotes the sequence of 

independent and identically distributed (i.i.d.) non-negative successive 

claims with a common cumulative distribution function F  supported on 

 0,  , and a finite mean   ,  , 1iT i   denotes the sequence of i.i.d. 

inter-arrival times with an Erlang(n) probability density function with 

scale parameter 0   and    , 0N t t   denotes the number of claims 

up to time t , which is a counting process independent of  , 1iX i  . We 

assume that the relative safety loading condition 
/

0
nc  




   holds. 

We give the recursive algorithm for the joint distribution of the surplus 

immediately prior to ruin and the deficit at ruin, 

        , , Ρ , , е 0L u x z U T x U T z T U u     
     , under interest 

force. 
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ABOUT RISKS OF DISCREDITING MACHINE LEARNING 
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In subjects of machine learning (ML), many consider the promotion 

of technology and tools for it. However, the technology would work 

successfully only the case of using the data from reliable sources, the 

number of which will be decreasing in the ocean of data. When 

exploring all available information, it is difficult to immediately 

recognize fake data (particularly from secondary sources) and 

specifically discredited data. 

 In ML we cannot return to the data used in the study. In the best 

case, the change of conditions can be documented, such as neural 

networks (NN) for specific data (the source and other attributes). Even 

though these conditions will not change very often (this can be 

documented) and facts of discrediting messages will be found, 

corrections in NN will lead to degradation of ML NN without 

continuous learning (see. Fig.). 

In case or certain frequency of discredited data, the ML itselt can be 

completely discredited. NN constantly rolles back to the state S1 after 

each correction of discredited data, thus the NN loses the opportunity to 

study. In fact, giving the ML discredited information several times a 

year will block the learning. 
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SYSTEM DECISION-MAKING APPROACH 
Chachanidze G., Kakashvili G. 
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guramchachanidze@yahoo.com 
 

The systematic approach is a systematic analysis product, which is 

greatly used in the decision-making process in the different fields. In the 

decision-making process, the interest towards the use of systematic 

approach is greatly increased. In fact, it is recognized as a new category 

of management thinking.  

It is widely obvious that the decision-making is a very problematic 

task. The problem is caused by the uncertainties, when the task 

statement and its solution are not possible to be implemented with the 

formalized apparatus. So, it means that not only one problem, but two 

are defined, such as task definition (statement) and then its solution. In 

this case, for the tasks definition, we can use a well-known expert 

method, which considers subject area of task definition with the 

participation of different field specialists. We can say that this approach 

is one of the practical types of systematic approach. It is obvious, the 

participation of experts provokes new problems, as data received with 

ЭСО ОбЩОrЭ’s НОsМrТЩЭТШЧ (аО МКЧ МКХХ ТЭ Кs ОбЩОrЭ’s ОЯКХЮКЭТШЧs) ЧООНs 
formalization, for what we are using logical discussion, and working out 

the special approaches, methods, mathematical models, algorithms. For 

the task solution, at first, we need to define its classification, decision-

making subjects, task-solving influencing factors and other data, which 

will assist us in the decision-making process. 

For the decision-making process illustration, we discuss the simplest 

way, which is related to the systematic model of object-oriented web-

page creation process. The task includes the transfer of non-classified 

information from electronic (or mechanical) memory C depository to 

electronic memory W depository as a classified one, or simply we can 

that the task means to analyze any primary information, its transfer onto 

the web-page and make it accessible to any visitor.   

There is given the formalized task in the decision-making context. 

The task goal: to reach W (transfer information from C to W), 

Methods: different methods and ways of information analysis, 

transfer and display. 

Now, it is important to follow the goal implementation process, or 

task solution.  
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It is obvious, at first, we need to define the task solution criteria. Due 

to the fact that a decision-maker does not receive the criteria or any 

other restrictions, the uncertainties are formed. A decision-maker has to 

make own decision on the information analysis and display on web-

page. The only demand towards a decision-maker is the implementation 

time – T, and implementation value optimality – S.    

The task can be written in the following way: 

T = f(Vp , Vd , tp , td );  S =  Vd (  Sp  +  Sd ); 

where:  

Vp – is the size of primary information in C depository; 

Vd – is the size of displayed analysed information on W; 

Tp – is time of primary information analysis; 

Td – is time of displaying information on W; 

Sp  - is the value of primary information analysis; 

Sd -  is the value of displaying analysed information on W. 

It is obvious this is not the end of task solution. Now, it is necessary 

to form the methods, means, time and value alternative multiplity for 

analysing and displaying information on W by a decision-maker.  

The alternative multiplity should be as wide as possible in order to 

ЩrШЯТНО ЭСО ПrООНШЦ ШП ЧОМОssКrв МСШТМО Кs ЧШЭ ЭШ ОбМХЮНО “ЭСО ЛОsЭ” 
version and stay minimum during decision-making process. 

In the report, we review the mentioned and other problematic issues 

as well, such as the main concepts of alternative multiplity structuring, 

alternative multiplity calculation methods, alternative multiplity 

formation task, decision-making alternative analysis; systematic 

approach to alternative selection in the conditions of uncertainties. 

 

 

THE CONTRIBUTING COMPUTER SYSTEM FOR 

OBTAINING A JUDGEMENT 
Chachanidze N. 

Georgian Technical University 

nana.chachanidze@yahoo.com 
 

The judge's judicial decision-making process, which is based on the 

logical reasoning, is related to many factors and it is a rather 

problematic question. The main problem is processing analytical data 

and making the logical conclusion. Both of them are related to analytical 

processing of the large volume of information, which is totally 

impossible without computer system. Besides the court ruling, the 
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electronic version of the document should be completed for the person 

who has been sentenced to punishment. This includes the database of all 

the documents, which were prepared as a result of the court 

proceedings. At the same time, the authorized access to the database 

must be provided by the law. On the one hand, it relieves law 

enforcement activities; on the other hand, this increases the degree of 

freedom of information requests. 

The first stage of the Decision-making computer system project is 

the legal analysis of legal documents, identification and the placement 

of these data in the bases.  

The second stage is to study of the structure of the courts, also the 

examination of each node and formation of the data bases. 

The next stage is to describe logical sequence of a chain of criminal 

proceedings at all three courts. 

Obviously, this order requires the generating of the court statistic 

forms and creating of databases, which is necessary for obtaining 

analytical information. 

Generating should be conducted in an interactive mode. This means 

that the generating of all necessary documents for proceedings should be 

presented in people-machine dialogue. For example of this, we can 

name the decision-making process solutions. This time in advance (at 

least in Word) prepared templates are called out, in which the special 

fields are filled with relevant information. If necessary, it is possible to 

transfer operational information from a database. This greatly 

accelerates, simplifies and, at the same time it frames the production of 

the Information and local transferring processes of the information.  

The supporting decision-

making system of ruling, in 

addition to the above, 

quickly fulfills generating 

of a variety of statistical 

and reference forms, which 

is necessary for the court to 

get the analytical 

information. One of the 

form of the decision-

making system using 

interactive dialogue is 

given below. In the report we give you the detailed description of the 

supporting system for obtaining the judgement.  
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A STOCHASTIC CASH FLOW MODEL  FOR FORECASTING 
INVESTMENT INCOME 

Chechelnytska K. 
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A cash flow model is proposed as a way of analyzing uncertainty in 

the future investment activity of a general company.  We assume that 

the moments of investment payments are the moments of the jumps of a 

Poisson process  t  with rate  . The amount of payments 
k , 

1,2,...k    are positive, independent and identically random variables 

with Laplace transform  g s . The intervals of investments are 

independent  random variables with distribution function  G t .  If the 

company can not invest an amount 
k , 1,2,...k   for a full term or not 

at all may make investment, we assume that amount 
k decreases with 

rate  . So we construct our process of investment income as a 

stochastic process of the following type: 

           
 

1

1k k

t
t t t t

k k k k k

k

p t e t t e t t


     



     , 

where  t  is a Poisson process with rate  ,   is a rate of investment 

income,  k
t  is a indicator of the investment term.  

The next theorem is true.  

Theorem. The Laplace transform of the process of investment 

income has the following form: 

             
0

, exp 1 1

t
sp t u u

s t Ee g se G u g se G u du
   

          
   

  

Using last formula we can obtain explicit expression for 

mathematical expectation and second moment of the process of  

investment income 

     10, , ,Ep t t E A t
s
    

  


, where 

       
0

, , 1

t

u u
A t e G u e G u du

      . 
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          
2

2 22 2 2

1 12
0, , , 2 ,2 ,E p t t E A t E A t

s
        

    

    2

12 2 ,2 ,Var p t E A t     
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We will consider two systems of the type   / /GI SM M    with a 

bivariate input flow customers 
1 2( ( ), ( ))v t v t , 

3( ) ( ) ( ),i iv t y t y t   

( ), 1,2iy t i   are  independent renewal flows and  3y t  is a semi-

Markov process with a finite state space S . We  suppose, that next 

conditions are true:  

a)
1

0,i i

k i i kM D   


       , i

k  is an interval of the k-th revival, 

i= 1,2. 

b) 
1

0,k kk S
m  




     km  is the mean value of the sojourn time in 

the state k ,  
k  is the stationary distribution of the embedded Markov 

chain.. 

c) ( ) / (1/ ), 1,2n

i i n o n i    , i  is a rate of service.  

d)     1/2

3 ,n y nt nt w t n      

For sequence of processes  

   1 2( ) ( ), ( ) , 1, 0, ,n n nt t t n t T      1 1/2 ( ) ( ) , 1,2n

n i in X nt n i     

( ( )n

iX  is a number of customers in i-th system), where 

1 1 1 2 2 2( ) / , ( ) /           ,   the following theorem is true. 

Theorem. The sequence of stochastic processes ( )n t  converges in 

uniform metric to diffusion process with infinitesimal mean 

 1 2( ) ( ), ( )a x a x a x  and diffusion matrix B, where 
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   1 2 1 2( ), ( ) ,a x a x x x      

3 2 2

1 1 1

2 3 2

2 2 2

B
     

     
   

  
   
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 For initial-boundary value problems, in the 2-D domain, with a 

moving boundary that changes its geometry, expressions for 

differentiating with respect to the parameter of the characteristic 

functions are presented.The expressions obtained allow us to take into 

account the changes in the parameters at the boundary, the motion and 

deformation of the boundary, and also the generation of new elements of 

the boundary of the deforming region.  

 For the discrete singularity method, an algorithm for transforming 

expressions with multivalued functions is presented. 
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Here the problem of approach given terminal set by a trajectory of 

quasi-linear conflict-controlled process is treated. We suggest schemes 

ШП ТЭ’s sШХЯТЧР, ЛКsОН ШЧ ЭСО ТНОШХШРв ШП ЭСО PШЧЭrвКРТЧ ПТrsЭ НТrОМЭ 
method and the method of resolving functions. This makes it possible to 

derive sufficient conditions of the game termination in some guaranteed 

time. In so doing the modern technique of set-valued mappings and its 

selections is employed, as well as the apparatus of support functions and 

MТЧФШаsФТ’ ПЮЧМЭТШЧКХs. TСО sТЭЮКЭТШЧ Тs ОЧМШЦЩКssОН аСОЧ 
PШЧЭrвКРТЧ’s МШЧНТЭТШЧ, rОПХОМЭТЧР КЧ КНЯКЧЭКРО ШП one of the conflict 

participants, fails. In this case the upper and the lower resolving 

functions are introduced that makes it feasible to construct controls on 

the basis of the Filippov-Castaing theorem on measurable choice. 

Suggested method allows investigate game problems for a wide range of 

functional-differential systems, in their number systems with fractional 

derivatives, impulse controls, and differential-difference processes [1,2]. 

It should be emphasized that the method provides theoretical foundation 

for the parallel pursuit rule and pursuit along a ray, well known to 

engineers engaged in the design of rocket and space technologies.  

The results are supported with model examples. 
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Let C  be a nonempty closed convex subset of a real Hilbert space 

H  and :F C C   be a bifunction with  , 0F x x   for all x C . 

Consider the following equilibrium problem: 

find x C   such that    , 0F x y    y C  . 

We propose a new iterative two-stage proximal algorithm for solving 

the problem of equilibrium programming in a Hilbert space. This 

method is a result of extension of L. D. Popov's modification of Arrow-

Hurwicz scheme for approximation of saddle points of convex-concave 

functions.  More precisely, we propose and analyze the following 

algorithm: for 1x , 1y C  generate the sequences nx C , ny C  with 

the iterative scheme 

    
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where 0  , D  is Bregman divergence.  

The convergence of the algorithm is proved under the assumption 

that the solution exists and the bifunction is pseudo-monotone and 

Lipschitz-type.  

Our method, like other mirror descent schemes, can effectively take 

into account the structure of the feasible set of the problem. Several 

preliminary numerical experiments have been also performed to 

illustrate the convergence of the method.  

In conclusion we note that, in our opinion, the proposed Algorithm is 

promising for the further investigation and can be used in practical 

applications.  

                                                           
1
 This research is supported by the Ministry of Education and Science of 

Ukraine (project 0116U004777).  
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ELECTRONIC SIMULATORS AND MULTIMEDIA TOOLS IN 
TEACHING PROCESS 
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Among many factors, which create a paradoxical situation and exist 

in the era of developing computer technologies, the subject of our 

interest represents different means supporting the process of education.  

Only a few decades ago the information source was considered to be 

a book and the main teaching aids were represented by posters, various 

types of mechanical models. Educational laboratory testings for schools 

or higher education institutions were carried out using real materials. 

Today the situation has significantly changed and everything sank into 

oblivion.  

Unlike the printed guides, the electronic course should be worked out 

to provide the following: 

 The more detailed structuring of the course; 

 The interactivity; 

 The hypertextual structure of theoretical material; 

 The use of powerful illustrated materials; 

The analysis has shown that the use of multimedia tools in 

educational process is significantly increasing. New technologies, such 

as interactive multimedia boards, which were called "smart" boards for 

their functional capacity, have already been recognized as effective and 

powerful teaching tools. 

During the multimedia lecture it is important for a student to write 

down the main notes, to point out and fix essential information in order 

not to forget about it. The multimedia lesson implies not only looking at 

slide-shows and attached texts, but realizing interactive interrelations as 

well. We mean that in order to avoid shallow learning: 

 A teacher should highlight the main moments and a student should 

write them down;    

 A student should not be satisfied by only looking at multimedia 

material; he should be in a constant interactive relations with the 

training system; 

 A student should continually train on e-simulators, take control tests, 

acquire necessary skills. 

We can conclude that preparation and delivery of educational 

multimedia information requires a didactic approach, that can be 

reached only by scientific research and analysis. 
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The research deals with the all above mentioned issues. 
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Wireless network is supported by such systems that are convenient 

for customers because they provide the quality of mobility and 

connection unlike the shortcomings of wire cables. Wireless network 

represents an extension of already existing wired network. In such a case 

the stuff is able to perform a definite task by choosing an optimal place 

themselves.    

One of the most meaningful priorities of the wireless network is the 

fact that it ensures the message transfer, especially, in such situations 

when the stuff should have a constant contact with each other.  

The majority of companies successfully uses wireless local networks 

for the management of production process and, thus, reduces operating 

costs. As the connection between the productive devices and the main 

operating system is established without the use of wire, the company is 

able to reorganize a selection process from any place at any time.      

In terms of different products trade, while selling any goods the 

Wireless Management System immediately updates the inventarization 

data. In the conditions of production the company heads can receive the 

information about any output at a real time. 

The majority of hospitals uses wireless network in order to increase 

exploitation efficiency and convenience. Doctors and nurses, who move 

from one ward to another and take care of patients, become most mobile.  

Most colleges and high schools deliberately use wireless local 

networks on their areas  to provide a mobile contact with network 

system for teachers, pupils and students.  

Wireless network gives us an opprortunity to accelerate the process 

of real estate sale. An agent can use a computer equipment outside the 

office and receive information about any object existing in Real Estate 

Agency.  

As the above examples has shown, wireless network can be 

successfully used in many areas of human activity. 

The reserach deals with the all above mentioned issues. 
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We regard the computer realization of the formalized model of 

student credits optimal distribution on the example of bachelor program.  

The formalized model, offered by us in the research, would help a 

teacher to perform on a computer all the operations of credit hours 

distribution in an interactive mode. In order to achieve this, the teacher 

should use the formalized (Mathematical) model, which is given in a 

program code.    

The following pre-built databases are attached to the program: the 

list of subjects and specialities; the number of compulsory credits and 

hours in each subject; the contact hours and the hours of independent 

work according to types of classes; the normative documents; the rules 

of credits distribution and syllabi compilation. 

The algorithm proposed in the research describes the sequence of 

credit hours distribution operations. In the case of a negative answer 

("no") on the branch of query block a teacher makes a decision to 

change the data that caused the negative response, and the process takes 

place in an interactive mode from the moment of change. 

The development of the credit optimal distribution management 

conception implies an allowance of such factors, according to which our 

credit system is different from the European one. We have considered 

the credit optimal distribution factors of higher education programs. 

The paper is based on the optimal allocation of credits formalized 

management model. 

The research deals with the management formalized model of credits 

optimal distribution.  
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Credit system management as an integral part of  educational 

reforms, is one of the main innovative issues in the implementation and 

development of so called educational Bologna process of European 

countries on practice. So, first of all, it is necessary to find out the 

connection between the introduction of credits and the general logic of 

the educational system reforms, to determine its relevance and 

management scientific basics. 

It is well known that the Bologna process is an attempt to create a 

common European educational space system, which will be competitive 

for educational space of such countries as America, Asia and other 

regions of the planet in terms of XXI century civilization. 

Despite a language barrier, cultural and national differences, 

diversity of training systems, etc., the system aims at creating a 

complete picture of the whole idea - what, how and to what extent 

should be studied by a particular person at the time when any employers 

(heads of educational institutions, teachers, graduate students) receive a 

document on a completion of a certain level of education and get 

acquainted with the content of a specific educational program. 

 Moreover, if a recipient of education acquires knowledge in other 

educational institution and not at the place where he was issued a 

diploma, in such a case the "native" educational institution is obliged to 

act with responsibly and completely identify what the student has 

studied abroad, and do not require him to acquire the same or a similar 

academic disciplines again. 

The establishment of a sustainable system, which could represent a 

basis for such a coordinated assistance and interdependence, represents 

a problematic, lengthy and labor-intensive process. 

In this context, first of all, it is necessary to bring all the actually 

effective educational programs into line with a few basic types and a 

level of education. 

The research deals with the all above mentioned issues. 

 

36



THE NEW TECHNOLOGIES AND THE DEVELOPMENT 
OF ENTREPRENEURSHIP 

1Didmanidze I.Sh., 2Motskobili I., 3Zakaradze Z. 
1
Batumi Shota Rustaveli State University, Georgia 

2
Batumi state maritime Academy, Georgia 

3
Batumi public school, Georgia 

ibraimd@mail.ru 
 

The progress of comprehensive technological increases the 

competition between countries, its scale and speed, in which the 

competitive knowledge and ability of creating innovation plays the 

leading role. 

Such approach would allow the country to use its comparative 

advantages,  develop priority sectors and promote the development of 

entrepreneurial activity. Innovations and new technologies reduce 

transaction costs and add expenses to products and services, ЭСКЭ’s аСв 
they are considered as the most important tools for achieving national 

success. 

The main branches of innovation policies should be: 

♦ Regional innovation system, as the foundation of  new model of  

region's economic development; 

♦ Preparing, connecting and promoting of those public and private 

initiatives, which promote innovation process and entrepreneurship; 

♦ Preparing and implementation of entire national politics of 

research and development; 

♦ Encouraging of spatial concentration in regions of entrepreneurs 

and research and development institutions; 

♦ Supporting and foundation of networks principles of  knowledge 

provider institutions (universities, training centres, organizations and  

etc.)  

♦ Elements of innovative system of cooperation and coordination 

through special networking processes, which are based on geographic 

proximity advantage. 

IЭ’s ЦКЧНКЭШrв ЭШ аШrФ ШЮЭ ЦШНОrЧ ЩШХТЭТcs, connected with scientific 

work and scientific technical development; to promote distribution of 

scientific products; to create corresponding data basis.  

These problems are discussed in our paper.  
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The solution of mobility problem needs a student to acquire 

information about each stage of a decision. Such information is 

necessary in decision-making process. The richer the information base 

is, the more fully the desired decision is made. In order to get a right 

decision it is necessary to collect information and to represent it in the 

form of database.  

A student, who desires mobility, reviews all possible alternatives on 

the basis of the existing information (and by comparison of information) 

and evaluates the results of each comparison. Therefore, in the process 

of the mobility decision the quality of used information should meet a 

number of requirements where the primary determinant is the 

completeness, adequacy, sufficiency, accuracy of information, its 

comprehensible form, reliability, etc.  

As we can see, the data information plays a great role in the process 

of academic mobility decision. Hence, the data information needs to be 

in order and it can be performed by databases.   

The computer databases are of particular importance among 

information technologies. The computer databases represent one of the 

most modern means of fast search and manipulation of information. 

The need of the computer database development has been caused by 

the fact that the flow of information is becoming more and more 

growing and it is necessary to accelerate the information processing.  

We use the information search databases in the process of computer 

realization of the academic mobility formalized model because it is 

focused on the search and reception of necessary for us data. 

The research deals with the algorithm and corresponding computer 

program of computer realization of  student academic mobility 

formalized model. 
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АО НШЧ’Э ЦКФО НОМТsТШЧ НТrОМЭХв, ЛЮЭ ЩrОЩКrО rОМШЦЦОЧНКЭТШЧs ПШr 
those persons (person), who take decisions or who needs to take 

decision. Exactly these recommendations are considered to be the most 

important and necessary conditions.  

Let us note that we might not have majority of alternatives at the first 

stage, where we should choose. Obviously, firstly we should create 

variety of options, where we can choose. Exactly this is the first stage of 

prШЛХОЦ sШХЮЭТШЧ, аСТМС Тs МКХХОН “ПШrЦКЭТШЧ ШП ЯКrТОЭв ШП КХЭОrЧКЭТЯОs”.  
We intend to choose preferred option from the variety of alternatives 

(in our case from different options of loading-unloading operations on 

the vessel); to take the best (optional) decision. Classification in this 

case is the bases, as choosing is based on selection of certain class, to 

which alternative could be addressed. Stratification and ranging gives us 

wide range of choices to make reasonable selection, to take decision 

which will be optional for the time being and circumstance. These 

methods could be used with the equal strength for taking decision to 

manage current processes in any subject area. 

Selection of optimal option to optimize loading-unloading operations 

of the vessel should be done form the variety of alternatives which are 

received by using any kind of methods. In my opinion method of linear 

and integer programing is the best option for this case. 

The appropriate mathematical model is described in the paper 

according to the considerations above. 

 

 

DECİSİЇІ-MAKİІG IІІЇVATİVE MЇDEL FЇR SCHЇЇL 
EDUCATİЇІ 
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European Education Center, Georgia 

canerdincer1@gmail.com 
 

In the market economy conditions, newly entered countries, among 

them is Georgia, has the weak adaptation abilities towards the modern 

education system. It causes the lack of qualified personal and related 
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sЭКЭО’s sЭrКЭОРТМ КЧН sШМТКХ-ОМШЧШЦТМ НОЯОХШЩЦОЧЭ ЭКsФs’ ОППОМЭТЯОХв 
solving problems. Therefore, it is problematic to engage the public and 

professional organizations in the perfect education policy formation and 

practical implementation. All the here-mentioned have the negative 

impact on the actual educational problem-solving process, especially on 

the education quality evaluation methods, form and technology 

development. 

ІШаКНКвs, ЭСО ЯОМЭШrТКХ ШП ЭСО аСШХО аШrХН’s ОНЮМКЭТШЧ sвsЭОЦ Тs 
directed to the decision-making innovative model formation and 

implementation, which is already the main requirement. The base and 

ЩrТЧМТЩХОs ШП ОНЮМКЭТШЧ’s innovative development conception are 

МШЮЧЭrв’s sЩТrТЭЮКХ, МЮХЭЮrКХ КЧН ЩЮЛХТМ ЯКХЮОs, аСТМС КrО ПШrЦОН ТЧ ЭСО 
rОХКЭТШЧ’s ЦОРКМКХЮЭЮrКХ sЩКМО ЛОЭаООЧ ЭСО ТЧЭОrЧКХ КЧН ЧОТРСЛШr 
countries. Due to this thesis, the modern innovative teaching and 

upbringing modОХ sСШЮХН sОrЯО ПШr ЭСО ЩОrsШЧ’s ОsЭКЛХТsСЦОЧЭ ТЧ ЭСО 
society, its perfect identification that create the innovative 

НОЯОХШЩЦОЧЭ’s ТЧЭОРrКЭТШЧ ОППОМЭ.     
The decision-making innovative model should provide the essence 

definition and analyzing of educational problems, the parameter 

identification that gives the possibility to identify the problem-solving 

methods, however not with the traditional normative-organization 

mechanisms, but with the optimum complex and modern technology-

based system action creation and implementation. 

The goal of the decision-making innovative model is to develop the 

initiatives, which are directed to the problems and inefficient, tendency 

solving that are extremely active in the market economy and appears in 

the whole educational environment of education system. The model 

implementation diagram can be presented in the following way: 

where: 

EIDD (DB) – DКЭКЛКsО ШП EНЮМКЭТШЧ’s IЧЧШЯКЭТЯО DОЯОХШЩЦОЧЭ 
Direction.  

EIDT (DB) – DКЭКЛКsО ШП EНЮМКЭТШЧ’s IЧЧШЯКЭТЯО DОЯОХШЩЦОЧЭ TКsФs. 
DMMM - Decision-Making Methods and Means. 

PMD - the person the making decision 

ELS - EНЮМКЭТШЧ’s LОРТsХКЭТЯО BКsО.  
AP - Analogy Packets.  

DMIM - Decision-Making Innovative Models. 

IMIM - IЧЧШЯКЭТЯО MШНОХs’ IЦЩХОЦОЧЭКЭТШЧ MОКЧs. 
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IMI - Innovative Model Implementation.  

HШа МКЧ ЭСО ЦКТЧ НТrОМЭТШЧs КЧН ЭКsФs ШП ОНЮМКЭТШЧ’s ТЧЧШЯКЭТЯО 
development be defined? This problem is not easy solvable. The 

problems are caused by the fact that there are no methodical manuals 

and scientific approaches not only in Georgia, but also in other 

countries, where the education system is developed at high level. 

Nowadays, this direction is new, and needs many incognizable 

phenomenon and process explanation and analysis. We think that the 

use of analogy principle is the best solution in this case.  
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Creation, support and development of the uniform the integrated 

information university management system (IIUMS) – extremely 

difficult, long and labor-intensive process which shall be provided with 

DMMM 

EIDD  
DB. 

DMIM  
 

PMD 

AP 

EIDT 
DB. 

IMI 

 

ELS 

IMIM 

Innovative Model Implementation Diagram 
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the joint coordinated work of both highly qualified IT of experts, and 

management of educational institution. Development and support of 

functioning of its subsystems shall be carried out with use of the 

systems concept based on the approved concept and uniform 

architecture [1]. 

Along with creation of new functional modules of the uniform 

integrated management information system by university the modules 

which are already put into operation need administration and further 

enhancement. Development processes, supports and development of an 

information system aren't restricted in time and act on the constant basis. 

IISUU, as well as any difficult information system includes 

themselves a layered design. It is expedient to differentiate 

responsibility for support of functioning of this system at different 

levels. 

1. The technological level of IISUU is the computer 

telecommunication system providing basic IT services to users. Level 

includes - centralization of a personnel professional resource of 

technology professionals for its more optimum use. 

2. Program and information level is the program systems and 

databases using basic IT services for the functioning and providing to 

users intellectual application-oriented IT services. Includes - 

centralization of a personnel professional resource of analysts and 

programmers.  

3. Organizational and methodical level is concentrated on formation 

of requirements to system and the organization of its operation. At this 

level the organization of operation of users with basic and application-

oriented services of system is provided and normative and methodical 

support of system is developed. Level includes - administrative 

processes and document flow, support of processes of access to 

electronic scientific and educational resources and representations of 

university in Internet space, (information filling and advance of the 

central websites), access to external information resources will also 

organize. 
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The radical increasing and mark prestige raising processes of all 

types of products represent the great number of interrelated complex of 

economical, organizational, technical, social, legal and other measures. 

At all stages of product viability, the increasing efficiency of product 

accuracy and functioning is related on metrological provision. 

The great number of tasks are solved by security state system of 

united measurements, which represents   normative-legal basis of 

meteorological provision. At the different phases of product vitality, the 

tasks of the meteorological provision are quite different, but at the same 

time, they can be similar to each other. 

At the processing stage, the tasks of meteorological provision are the 

following: after examination to determine the   technical assignment, 

metrological assessment of technological documentation of design and 

construction, agreement and approval. 

The professional team of experts are conducting the process of 

meteorological examination. The team consists of structural engineers, 

technologists, chemists and specialists of sectoral metrological services. 

At the processing stage the problems of meteorological provision are 

the following: to define the standards of nomenclature of used materials 

and stacking stages and measuring accuracy. which is at the same time 

the control of the process; to install the appropriate meteorological   

features for the the design of manufacturing process, to improve 

measurement and control methods, to process the  local confirmation 

schemes, their usage and so on. 

At exploitation stage the problems of meteorological provision are 

the following: to use means of provision of exploitation service and 

control,   measuring means of control, to search proper product by using 

ШП   sЮЩЩШrЭТЧР НОЯТМОs КЧН МШЧЭrШХ ЦОЭСШНs, ТЭ’s sЮЩОrЯТsТШЧ, ЭШ ПШХХШа 
track to verification of the terms and etc. 
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Let we are considered in cylindrical domains of the form 

x(0,T)TQ  , where,    n
R , Ч≥2 Тs ЛШЮЧНОН LТЩsМСТЭг domain, 

T>0,degenerate non-linear parabolic equation 

tu -   2| 0,p

tu div x Du Du      (1) 

 TГ Qu =h                 (2) 

       x 0 x 0,TГ Q T     denote the parabolic boundary of  

TQ , : Th Q R  continuous function, ( )x  - Makenxoupt function. Let 

 2

TC Q  weighted space, where norm following 

 2

1 2

1 1 2 2

, 1 2

( ) ( ) ( ) ( )
         sup

T
T

C Q
x x Q

f z z f z z
f

z z


 



  


, 

where the parabolic metric is defined as  

 
1

2

1 1 1 22 12 2( , ) ( , max) {| |,| | }
p p

x t x t x x x x



         

We are now ready to state our first result which concerns optimal 

regularity for solutions to the (1),(2) problem. 

Theorem 1. LОЭ’s МШЧsТНОr ЩrШЛХОЦ (1), (2) КЧН ХОЭ ( , )u x t  solve this 

problem. Let    and (0, )TQ T   . Then 
2 '( , ) ( )Tu x t C Q  

and 

        2
, , , , , , ,

W T T
C Q Q

u x t c n p x osch x t


   . 
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We also give removability theorem for solutions. Let 
(r )

( )iH E

  a 

Housdorf measure of set E . Then we prove following removable 

singularities. 

Theorem 2. Let 
1n

TQ R
  be a cylindrical domain and let 

TE Q  

be a closed set. Assume that ( , )u x t  is a weak solution to 

  2| 0p

tu div x Du Du    in \ TQ E  and that 
2

( ) ( )x Tu C Q . 

Assume also  
    0ir

x
H E


  . Then the set E  is removable i.e. ( , )u x t  

can be extended to be a weak solution in TQ . 
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In the present work boundary value problem for second order 

degenerate elliptic equations is considered. The apriori estimates and 

qualitative properties of solutions is studies.  

Let   
be a bounded domain in n

R  
with smooth boundary, 

 0, , 0.TQ T T   We consider the initial boundary value problem 

    
2

2
, 1

, , , 0
n

ij
ii j

u u
a x t u x t

t x t




  
  

  
 , (1) 

       , , , , 0,u t x f t x t x T   
,  

 (2) 

 

   0, , .u x h x x 
.
  (3) 

For any  , Tx t Q  and n
R the following inequality is true 

       2 21
,

, 1

, , , 0,1
n

i j i j

i j

x a x t u x       


   .

 (4)
 

 ,x t - the weighted function,  x - the weighted function which 

satisfy Makenxoupt condition. 
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We introduce space of function  1,1
2, .TW Q   

Theorem  Let satisfied the condition  4 . Then for solutions 

problem    1 3  from  1,1
2, TW Q  

the estimates 

       1 2, , , ,TL
u x t Q M u t x u t x M x x


         

hold with positive constants 1 2,M M  depending only on known 

quantities. 
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The Goodwin mathematical model describes the interaction of 

production segments of society. [1] We consider two social stratum, 

employees and entrepreneurs.The employees spend their salary wL  on 

the subsistence needs, entrepreneurs accumulate the incomeY wL . 

HereY  production. The price of good is normed. Let K   capital, 

 0 expY L a a gt  - labor productivity, that grows with the stable 

speed g , k K Y - coefficient of capital intensity of production, 

 0 expN N nt -demand on the labor market, that increases with 

growth rate n  (or decrease with negative n ). The part of labor costs to 

national income is wL Y w a . Then the part of business profit is 

1 w a . Since the savings identified as  1 /S Y wL w a k    , then 

the part of investment is  1dK dt S w a Y   . With stable capital 

intensity of production k  

Y dK dt K dY dt , 1 1
Y dY dt L dL dt g
   ,  1 1 1K dK dT k w a

   . 

There fore  1 1 /L dL dt w a k g
    .The new variables y w a  - 

part of labor costs, x L N  - employment coefficient. If we take into 

account the time for making decision (time after receiving information 

and decision), than the mathematical model is a system of equations 

with aftereffect.It look as 
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         11x t k g n R x t y t k x t           , 

         2y t g r bx t R y t y t          . 

The model was studied and the stable points were found. The 

conditions of asymptotic stability (establishment of "mutual 

society")were found either. 
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The information system for assisting the decision-making about 

organizing the studying process includes the following base data-points: 

 Information about the student body: list of students, individual 

record of results for each student in each subject (final and current 

grades, requirements for advancement to next grade, etc.), diagnostic 

data for the quality of education (knowledge control using tests, abilities 

and talents); 

 Base parametric data for the technological process of teaching: 

organizing the studying process: distribution of hours, specifications of 

teaching the subject, the number of classes, the goals of classes, etc.; 

 Faculty and the qualifications of the teachers; 

 Material-technical, didactical and methodical provision of the 

studying process. 

 Finances. 

Building steps for the information system include: system analysis, 

creating a project for the system and implementing the system. System 

analysis involves the studying and the analysis of the behaviors of 

already existing systems, in order to discover and define base properties 

essential to us. Creating the project for the system means synthesizing 

the system - modifying the above systems, resulting from the system 

analysis. In case the modification is impossible - the system can't satisfy 

our needs, creating a new system will be considered. Therefore, the 

analysis of existing systems is a requirement for a successful project. 
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Constant communication with the client (in this case the school and the 

studying process) is essential to create a proper project, which takes into 

account all of the base aspects of the organization of the studying 

process in modern schools.  
System implementation is the first step of its functionality. This stage  

of functionality can be considered a testing period, to avoid and correct  
the inaccuracies or errors that might be discovered. This is practically 
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impossible to avoid and is considered normal. 

The report reviews: 

1. Project for the information system for the student body - d.1 

2. Project for the information system for faculty – d.2. 
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The role of technologies in foreign language learning has 

significantly increased recently. However, there is a field related to the 

work with a computer where the borders are open for researchers and 

which is called corpus linguistics. In order to study a language built on 

corpuses, it is necessary for our research to define such significant 

concepts as linguistic corpus and corpus linguistics. The linguistic 

corpus is a collection of linguistic data, as well as written texts that can 

be used for a linguistic description or for an analysis of hypotheses 

about language. The corpus linguistics implies a method of linguistic 

analysis conducting. The methods of foreign language teaching are 

constantly searching the new and effective ways of experience sharing 

and tend to find simple and intelligible methods of presenting a complex 

and diverse linguistic material. Precisely the corpus instruments, such as 

tools for managing large amounts of data, in various ways reduce the 

chaotic diversity of language to a more organized, ordered set of words. 

Today there are significant national linguistic corpuses which comprise 

a large amount of different genres and registers, e.g. The British 

National Corpus, COBUILT Bank of English, The Georgian National 

Corpus and others. However, the complete use of corpuses in teaching a 

foreign language requires a creation of specialized, thematic corpora. In 

the center of learning process there is the use of a computer, however, it 

does not replace a teacher, but only acts as a facilitator and an informer. 

According to this method the corpora tasks would allow a learner to try 

on the role of an experimenter who conducts his unique research and 

does not use already known ideas. There has been designed a special 

database, which includes all the required information. This computer 

database helps to analyze the relevant information and afterwards to use 

its results. 

Besides, the use of corpora in the learning process gives an 

opportunity to implement relevant aspects of language proficiency. The 
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corpus allows us to apply a differentiated approach to language 

teaching, which is emphasized in the framework of professionally-

oriented learning. Despite some issues to be taken into account, the 

corpus approach is one of the most effective sources of materials 

development.  

The paper deals with the analysis of computer program. 

 
 

«SMART ENTERPRISE» IN DIGITAL ECONOMY 
V.I. Gritsenko, Timashova L.A. 

International Research and Training Centre for Information 

Technologies and Systems, Ukraine  
alex_timashov@mail.ru 

 

The concepts and technologies of a smart enterprise creation are 

suggested. The smart enterprise is considered as a production innovation 

based on the high level of knowledge about the system, highly 

productive methods of intellectualization of management processes and 

models of creative thinking.  

The smart enterprise is a flexible system with the Distributed 

Artificial Intelligence for industrial automation that provides an 

enterprise with the efficient functioning and support. In such system a 

flexible distributed model is a basic component alongside with universal 

use of the miniature mobile devices, wireless networks, satellite 

ЧКЯТРКЭТШЧ sвsЭОЦs ПШr “МХШЮН” МКlculations, information depositories, 

electronic environment, that creates the image of surrounding objects 

and processes. This model runs all processes in real time and reflects 

mentation processes supported by powerful software tools.  

All functions realized in the control system are divided into 

information and controlling ones. For their turn, information functions 

are divided into the functions that represent the simplest transformation 

of signals with realization on individual instrument control, registration, 

and signaling devices, and information and calculating functions that in-

clude centralized information preprocessing by relatively simple algo-

rithms and its following processing by complex branched algorithms.  

Methods and algorithms. The management system uses the concept 

of creative thinking. It represents the set of scenarios that allow 

processing the image of the controlled process in order to get an 

appropriate image of controlling operations. The control image reflects 

the general purpose of the management system. It is divided for 
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numerous scenarios corresponding to the separate functions of the 

management system. Theses scenarios are interconnected so as they 

operate as separate links of a general algorithm in certain production 

situations. Thus, the set of separate scenarios function not in a fixed 

sequence (one by one) and not chaotically but they are set in different 

chains depending on the changing image of the production situation.  

Summary. The smart enterprise as a basic element of the digital 

economy constitutes its future in many respects. 
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The jumping stochastic optimization procedure (SOP) in diffusion 

approximation scheme in Markov space with singular perturbation of 

regression function has following view (let 
1

0
( ; ) = 0n b n nn

a C u x
  


 ) 

[1]: 
1/

( / ) 1

=0

( ) = ( ; ), (0) = , 0,
t

n n n

n

u t u a C u x u u t

 
     


          (1) 

where   – time normalization coefficient,   – counting process of 

jumping moments of Markov process (MP). 

To generalization the results it was introduced the control functions 

( ) = / , > 0, ( ) = / , > 0,a t a t a b t b t b
   ,   satisfies convergence 

conditions of SOP (1) (see. [1, Theorem 1]). 

Function 0
0( ; ) = ( ; ) ( ; )

c

bC u x C u x C u x
 


  , 0 > 0c , uR , x X  

satisfies the conditions for the existence of a global solution of systems: 

( ) / = ( ( ); ), .x xdu t dt C u t x x X
   For regression function ( ; )C u x  and its 

disturbance 0( ; )C u x  exist conditions of ballance 0(0; ) = 0C x  and 

'
0(0; ) = 0C x  accrodingly, where  – projector, defined by stationary 

distribution of embedded Markov chain , 0nx n  , i.e. 
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( ) = ( ) ( )
X

x dx x    . 

Lema. Solution of singular perturbation problem for tL
 [1] for test-

functions  2,2( ; ; )v w C R R     has view: 

     1
( ; ; ) ; ,t t tL v w x L v x v w

t

       where operator tL  acts by rule: 

 '( ; ) ;t vL v w kv v w   , 1k ad   , 1 = ( ) (0; )
X

d q dx C x   ,

2 2
0 0 0 0= 2 ( ) ( ) ( ) ( ) ( ) ( ) ( )

X X
dx q x C x R q x C x q dx C x    , 

   ; 0t v w
   , 0  . 
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In the work the following problem is considered for the Trikomi 

equation with linear general boundary condition in the domain crossed 

by the abscissa axis  

     
2 2

2

2 1 22 2

1 2

0,     , R , 
u x u x

x x x x D
x x

 
    

 
               (1) 

                 
 

1 1 1

,1 1 ,2 1 ,0 1

1 2
2 1 1

k k k

x x

u x u x
x x x u x

x x 

  


   
     

 

                 0 0 0

,1 1 ,2 1 ,0 1

1 2
2 0

k k k

x

u x u x
x x x u x

x x
  



   
     

  
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                 2 2 2

,1 1 ,2 1 ,0 1

1 2
12 2 ( )

k k k

x x

u x u x
x x x u x

x x 

  


   
      

 

                 
1

1

1 1 1

,1 1 ,2 1 ,0 1
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1
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b

k k k

a yy
y t

u y u y
K x t K x t K x t u y
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

         
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,1 1 ,2 1 ,0 1

1 2 2

1
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y
y t
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y y 


   
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     (2) 

                 2 2 2

,1 1 ,2 1 ,0 1

1 2 12 2

1

( )

, , ,k k k

y
y t

y

u y u y
K x t K x t K x t u y dt

y y 



            


 1 ,      1,2.k x k   

Here D  – is a convex in the direction domain, the boundary 

D    is a Lyapunov line. Given boundary conditiions (2) are not 

lenearly independent and their data (coefficients and right hand side) are 

continuous functions. 

Using the fundamental solutions of the Trikomi equation three main 

relations are obtained for the functions    
1

,
u x

u x
x




 and 
2

( )u x

x




. The 

necessary conditions are derived from these relations and the 

singularities are simplified. Then using conditions (2) these singularities 

are regularized. The sufficient conditions are derived for the Fredholm 

property of the considered problem together with the obtained regular 

relations.  
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The Bernoulli sieve is an infinite occupancy scheme obtained by 

allocating the points of a uniform [0, 1] sample over an infinite 

collection of intervals made up by successive positions of a 
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multiplicative random walk independent of the uniform sample. I intend 

to discuss a law of the iterated logarithm for the number of non-empty 

(occupied) intervals as the size of the uniform sample becomes large. 

The talk is based on a recent paper [1]. 
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In this paper, the following problem of optimal control of financial 

flows is considered. The functional needs to be minimized: 

      2

2 2

0,
mn L TR

J u y T y u                       (1) 

on the set: 

               1 2 2: , ,..., , 0, ,
m

mU u u t u t u t u t u t u L T     

   
0

, 0, , 1,i i iu t t T i m 


     
   

 

under the conditions: 

      , , ,
dy t

f t y t u t
dt

 0 t T  ,                     (2) 

  00y y .    (3) 

Where 0T   -specified time; 0  - given number;  t   -a pre-

planned financial flow vector at the time point t , the given element 

of
   2 0,
m

L T ; , , 1,i i i m   - model parameters;  1 2, ,..., ny y y y - pre-

planned state at time t T ;  0 01 02 0, ,..., ny y y y ,
_____

0 , 1,jy j n  - 

specified numbers describing the initial state of the financial flow in the 

54



enterprise;         1 2, ,..., ,mu t u t u t u t  i iu u t  - financial flow of 

the i  source of finance, 
_____

1,i m ;         1 2, ,..., ny t y t y t y t , 

 j jy y t  - the financial flow received by the j -client from the bank, 

_____

1,j n ;         1 2. . , . ,..., . ,nf f f f  1 2 1 2, , ,..., , , ,..., ,j n mf t y y y u u u

_____

1,j n  -given functions, which are determined by the internal laws of 

financial processes in the enterprise. 

It should be noted that for this task the question of the existence of a 

solution has been previously studied in the paper. In this paper we study 

the problem of the necessary optimality condition in the problem under 

consideration. First, in this paper, a necessary condition is established in 

the form of the Pontryagin maximum principle. Next we study the 

Frechet differentiability of the quality criterion under consideration and 

prove a formula for its gradient, on the basis of which a necessary 

condition is established in the form of a variational inequality. At the 

end, the algorithm for solving the problem of optimal control of the 

company's financial flows is indicated, the functions assigned, which are 

determined by the internal laws of financial processes in the enterprise. 
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As it is known, a risk is a probability of planned management result 

deviation, and has the negative impact on the accomplishment of the 

strategic goals. The risk control is a unity of the methods that is oriented 

on the targeted changes of the risk characteristics. These characteristics 

can be defined as a probability of risk; risk arrival impact on 

management; probability of the specific outcomes of an arrival, etc. 
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A risk can be sorted due the priorities, its importance level and 

management goals. 

Risk control methods is changeable, and it does not have the 

classified form. If we sum up all the suggestions of the different 

scientists, we can assume the following as risk control methods: 

 Avoiding a risk (it is less presumable); 

 Decreasing a risk (it is more possible), which we mean a 

warning for implementing a preventive activity (advanced activities 

for avoiding an undesirable phenomenon) or decreasing a loss (if we 

cannot avoid a risk) due to a risk possible arrival; 

 Transferring a risk for control. This method is very 

complex, and as well as evaluating of its validity is very difficult. It 

is depended on a right decision of a risk receiver, his/her possibilities 

and readiness for implementing a risk control. 

In the risk management and control methods, we should discuss all 

ЭСО rТsФ ТЧ sОqЮОЧМО, аСТМС КrrТЯКХ ЩrШЛКЛТХТЭв КЧН ТЦЩКМЭ ШЧ ЭСО МТЭв’s 
social-economic process management are the highest. In fact, this 

process is very complex - if the probability of a risk is high, the impact 

ШЧ МТЭв’s ЦКЧКРОЦОЧЭ МКЧ ЛО ХШа, Шr ЯТМО ЯОrsК. IЭ Тs ШЛЯТШЮs, ТЧ ЭСШsО 
cases, we should sort risks due to the priority or any criteria or demand, 

which is a kind of problem. These problems arise in the process of risk 

definition, evaluation, control and risk-keeping at the desired level.   

TСО МТЭв’s sЭrКЭОРТМ ЦКЧКРОЦОЧЭ Тs КХаКвs ТЦЩКМЭОН Лв ЭСО ЩШЭОЧЭТКХ 
positive and negative factors; the main task of risk control and 

management is to identify the factors in order to implement the reply 

activities. The next step to form and function a risk control system is to 

conduct audit, evaluate risk management system and do statistical 

analysis in order to improve risk regulation. It contributes to the risk 

management pОrЦКЧОЧМв, МТЭв’s sЭrКЭОРТМ ЦКЧКРОЦОЧЭ КЧН ОППОМЭТЯО 
accomplishment of management objectives.  

IЭ Тs ШЛЯТШЮs ЩКrЭТМТЩКЧЭ’s rОsЩШЧsТЛТХТЭв ТЧ ЭСО rТsФ МШЧЭrШХ ЩrШМОss Тs 
ЯОrв ТЦЩШrЭКЧЭ. TСО rОsЩШЧsТЛТХТЭв ШП МТЭв’s sШМТКХ-economic process 

management is expressed in the formation of risk culture awareness; 

definition of the strategic approaches and risk possible level towards a 

risk; formation of relevant risk management environment; definition and 

identification of impotent risks; working out the risk control policy and 

its permanent update; risk control process audit. In the report, the 

conceptual part of decisions on the above-mentioned problems will be 

presented. 
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TСО ОППОМЭТЯО ПЮЧМЭТШЧТЧР ШП КЧв sЭКЭО ШrРКЧТгКЭТШЧ’s КНЦТЧТsЭrКЭТШЧ 
needs the appropriate management electronic system that can provide as 

ЭСО МЮrrОЧЭ ЩrШМОss ОППТМТОЧМв КЧН ЭrКЧsЩКrОЧМв, Кs ОКМС МТЭТгОЧ’s, КЧН 
geЧОrКХХв ЭСО sШМТОЭв’s ОЧРКРОЦОЧЭ ТЧ ЭСО ЩЮЛХТМ КНЦТЧТsЭrКЭТШЧ ЩrШМОss. 

The most important factors, which provide as the executive as 

legislative management quality, are the implementation of quick 

transmission, analysis and saving optimum methods of analytical 

information in the public administration. This contributes to the 

transparency of the government structures and newest technology-based 

МТЭТгОЧs’ sОrЯТМО. 
The effective public administration is a problem not only for 

Georgia, but it is worldwide one. The effective public administration is 

impossible without the access to the analytical information and its quick 

electronic administration that is an automated management. Therefore, 

nowadays, as in the developed countries, in Georgia, the attention is 

paid to the new system implementation, in particular electronic 

management establishment, and simultaneously it is related to many 

problems.   

In Georgia, the creation process of electronic system was conditioned 

by the quick development of the information technologies over the 

world, and its implementation in the different fields of social life. The 

subject of our report is the implementation of electronic administration 

contributing to the functioning of the Georgian Parliament deputy 

bureau. The research goal is to create the electronic administration for 

the effective management of deputy bureau, which will implement the 

communication between the bureau, public representatives and 

Georgian Parliament staff in the online regime. At first, it is necessary to 

work on the electronic system for analytical information identification 

in order to solve the mentioned problem.   

The analytical information for the deputy bureau is a written notice 

received by the citizens (voters), which includes the generalized 

information around a topic. At first, the mentioned notice needs the 

identification and later analysis in order to form the database, so called 

knowledge base. 
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After the identification, the next step is analytical analysis. The 

analytical analysis means presenting the problem or conception 

formation and conclusion as an analytical note. An analytical note 

structure does not have a standard form, and it is individual. Besides 

this, for the automated system formation of analytical analysis, we 

considered to present it in the following sequence: resume, content, 

introduction, main part, conclusion, signature, appendix as a full text of 

received notices, as well as other appendixes due to the demand.  

It is obvious the most important part in this sequence is a conclusion, 

which is written at the end of analytical note. It is formed as a result of 

received material analysis; the text should be short and logical, and 

should include forecasting with the relevant recommendations.    

In the report, the conception of electronic system creation of 

analytical information analysis and identification is widely reviewed. 
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CШЦЩЮЭОr ЭОМСЧШХШРТОs’ ЮrРОЧМв ТЧ ЩСвsТМКХ rОsОКrМСОs sЭТЩЮХКЭОs 
НОЯОХШЩЦОЧЭ ШП ЧОа ЦШНОХХТЧР ЦОЭСШНs ШП МСКrРОН ЩКrЭТМХОs’ НвЧКЦТМs 
in linear accelerators. Such questions are studied lately at conferences 

on high-energy physics, nuclear physic and accelerators initiated by the 

National Academy of Sciences of Ukraine, National Science Center 

“KСКrФШЯ IЧsЭТЭЮЭО ШП PСвsТМs КЧН TОМСЧШХШРв”, IЧsЭТЭЮЭО ПШr HТРС 
Energy Physics and Nuclear Physics. Exactly cooperation with mathe-

ЦКЭТМКХ ЦШНОХХТЧР НОЩКrЭЦОЧЭ КЧН ЧЮМХОКr КsЩОМЭs’ sЭЮНвТЧР ЩrШЦТsОs 
CШЦЩХОб SвsЭОЦs’ MШНОХХТЧР НОЩКrЭЦОЧЭ ОЦЩХШвООs ОППОМЭТЯО ОбМСКЧРО 
ШП ЭСОТr ТЧЯОsЭТРКЭТШЧs ТЧ ЭСО НШЦКТЧ ШП ШЩЭТЦТгКЭТШЧ ЦОЭСШНs’ Юse. 

Thus, analysis of tasks on optimal engineering of different 

КММОХОrКЭТШЧ КЧН ПШМЮsТЧР sвsЭОЦs ХОКНs ЭШ ЧОа ЦКЭСОЦКЭТМКХ ЩrШЛХОЦs’ 
statements in stability and optimization theories. For example, to 

calculate capture of particles in acceleration process iЭ’s ЧОМОssКrв ЭШ 
НОЯОХШЩ КХРШrТЭСЦs ШП ЩrКМЭТМКХ sЭКЛТХТЭв ШЩЭТЦКХ НШЦКТЧ’s НОПТЧТЭТШЧ. 
Optimal domain is considered as in the specified structure. Then one of 

ЭСО ОssОЧЭТКХ ЭКsФs ШП ЦКбТЦТгКЭТШЧ НШЦКТЧ ШП ЩКrЭТМХОs’ МКЩЭЮrО ТЧЭШ ЭСО 
acceleration conditions is the one of practical stability in optimal 
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НШЦКТЧ’s sЭКЭОЦОЧЭ Д1-2]. The majority of application tasks of 

modelling, analysis and optimization should be studied just in structures 

ПШrЦs. IЭ СОХЩs ЧШЭ ШЧХв ЭШ sТЦЩХТПв ШЩЭТЦКХ МСКrКМЭОrТsЭТМs’ МКХМЮХКЭТШns, 

but also to construct systems in block-structured form that are 

technically easier to realize. 
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Any working area of a decision-maker person is related to the 

situations. These situations are sometimes repeatable or known, but 

sometimes unknown that creates uncertainties. It is obvious a person 

makes any decision in the uncertain situation, but the decision efficiency 

is depended on its alternative multiply (if, of course, it exists), from 

where the best alternative is selected.   

IЧ ШЮr МКsО, аО КЧКХвгО ЭСО ЭОКМСОr’s ТЧЭОrНТsМТЩХТЧКrв ОНЮМКЭТШЧКХ 
environment, which is often characterized as a vague condition, where 

the optimum decision-making probability is very low. We should say 

that due to the increasing demands of using the interdisciplinary 

methodology of teaching in practice, the probability of optimum 

decision-making is more decreased. It is caused by the increase of 

practical hardly-formalized task solutions, non-existence of additional 

and necessary information and widening of related theoretical 

researches. 

The main task of our research topic is to define the highest level of 

optimum decision-making in the interdisciplinary education 

environment.  
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Interdisciplinary teaching is the transfer and use of any subject 

knowledge and experience in the different context, which demands 

subject/discipline systematic, wide and deep knowledge, and 

improvement of professional skills of research work creation.  

This method has the clear goal, planned activities and stages 

(planning, research, practical actions and result presentation due to the 

selected task), results, sharing responsibilities and tasks among the 

project participants, etc. Thus, the following tasks should be defined for 

the project-lesson organization: 

 Problem (problem actuality); 

 Clear and achievable goal, which will be oriented on the problem 

solution; 

 Specific objectives – goal implementation methods; 

 Specific activities for each objective (action plan); 

 Expected outcomes; 

 Resources, which are necessary for the project implementation; 

 Monitoring methods and project implementation control 

mechanisms; 

 Success of project. 

How can the interdisciplinary lesson (educational project) be 

planned in the way that contributes to get acquired with the real 

perception and practical skills? Interdisciplinary lesson needs to discuss 

the new methods, concepts deeply and in a different context, to identify 

the intersubjective links, and working out the common aspects, which 

effective implementation is very difficult within one discipline. 

In the report, the following solvable objectives of a decision-maker 

are reviewed: 

 Interdisciplinary process theory and practice analysis of teaching; 

 Defining the interdisciplinary connections and characteristics, 

analyzing the model building principle system considering these 

characteristics; 

 Identifying the pedagogical-organizational, educational-

methodical and psychological condition of model 

implementation; 

 Planning the interdisciplinary process function model; 

 Conducting the experimental research of the model, preparing the 

scientifically approved conclusions of the model implementation 

in practice. 
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The evolutionary process, which is presented by the solution of the 

stochastic differential equation 

     4 3 4
0( ) = ( ), / ( ), / ,du t C u t x t dt C u t x t dt

      

is considered [1]. 

Here ( ), 0,u t t  - evolution, ( , )C u x - regression function, 0( , )C u x - 

singular perturbation of regression function,  - small series parameter. 

For the Markov process ( ), 0,x t t  generator Q [2] has form  

( ) = ( ) ( , )[ ( ) ( )].

X

x q x Q x dy y x  Q  

Lemma. For the two-component Markov process  

 4( ), / , 0u t x t t 
 

there exists the generator ( )x
L in form

 
4 3

0( ) ( , ) = ( , ) ( ) ( , ) ( ) ( , ),x u x u x x u x x u x
        L Q C C

 

where 2,0( , ) ( , )d
u x C R X  and operators 0( )xC and ( )xC  

are defined 

from the equations  

0 0( ) ( , ) = ( , ) ( , ),x u x C u x u x C  

( ) ( , ) = ( , ) ( , ),x u x C u x u x C  

respectively. 
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Consider a one-dimensional model of unsteady, slow-variable fluid 

motion in open pseudo prismatic channel. This system of equations was 

derived from the general Navier Stokes equations and conservation of 

mass [1]. 

2

2

1 1 1
,

( )

U U U F F U
U i

g t g x g F t B x C R

UF F
q

x t

      
        


     

(1) 

where unknown values are U - velocity of flow and F - cross-section 

area of  flow; g = 9,8 m /s ² - acceleration of gravity; C = const - Chezy 

coefficient, ɿ = sin   - slope of the bottom line, B b b    - width of 

the free surface; R = const - hydraulic radius of the channel,   - known 

in hydraulics corrective medium speed;  q = q (x; t) - side inflow. 

Complement this problem by initial  00
( ),

t
U u x   00

( )
t

F f x   on 

[0, L] and the boundary U (t, 0) = 0, F (t, 0) = 0 conditions.  

For initial-boundary problem (1) the variational formulation was 

constructed as: 

2

2

0 0

( , ) (0, ; ),

( , , ) ( , , ) ( , ) 0;

1 1 1 1
( , ) ( , , ) ( , ) ( , , ) ( , , ) , ;

( (0) , ) 0, ( (0) , ) 0.

Find u f L T V V

a u f a f u b f

b u a u u c f d u u d w f l
g g B gC R

b u u b f f

  
      

 

  


  
      

    

(2) 

The system of equations (2) was solved by the finite-elements 

method. As problem is nonlinear and in cases of composite relief bottom 

flow the solution becomes larger positive and negative values. Therefore 

in discretization for the spatial variable basis functions were chosen as 

piecewise linear for F and piecewise quadratic for U polynomials. The 

results were testing on different examples. And also were computed 

orders of convergence by time and space variables.   
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A simple stop loss procedure to measure expected return of the 

portfolio with and without the stop-loss rule is proposed. A strategy for 

setting stop loss levels based on historical data and using moving 

average and average true range methods is given. Obtained results were 

compared by running back test for different values of stop-loss. 

Back test demonstrates that using stop loss procedure provides 

significant benefit compared to simple buy and hold strategy only in 

short time period strategy and it can be used in management of static 

block of shares [1]. 
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Analysis of cascading failures in electricity grids that happened in 

the world allows identifying a number of common root causes of such 

events. In order to prevent undesirable consequences of those 

problematic situations in the energy sector, the concept of smart power 

grid has been developed (Smart Grid). It has an important component 

that is related to continuous monitoring of the stability of the electrical 

network parameters with reference to absolute time with microsecond 

precision. 

Taking this into account, nowadays decision making to support 

reducing the accident rate in smart power grid is relevant and is based 

on improving the quality and reliability of the reference time 

distribution for continuous monitoring of the stability of the electricity 

grid parameters with reference to absolute time.  

Comparative analysis of characteristics of synchroinformation 

supplying for energetic objects has been provided. It was determined 

that under uncertainties new solutions development must go in direction 

of improving processes of monitoring and preventive control. One of the 

new approaches in preventive control is system analysis method of 

electricity grid parameters measured at the scale of the whole grid. 

IP-networks usage for distributing national time scale and reference 

clock with reference to absolute time with microsecond precision based 

on the new synchronization mechanism PTP, which was recommended 

by international IEC 61850-9 standard, was confirmed. Experiments 

confirmed the possibility of using domestic equipment to transmit 

timestamps over existing IP-networks with the precision of ± 1 

microseconds and using it will create the conditions for diversification 

of synchronization information and reduction of accidents in smart 

electric power systems. 

Experiment results are presented for the research performed on 

Ukrainian equipment US-1588 to distribute time scale over IP-networks 

for energy sector using PTP protocol according to IEEE 1588™-2008 

standard. 
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The segregation of the granulometric composition of the pelletized 

agglomeration blend occurs throughout the entire path of its movement, 

both during pelletization and when poured over the surface of the layer 

formed on the sintering machine. In order to determine the possibilities 

for optimizing the flow of charge and the redistribution of heat over the 

height of the layer, additional investigations of the fractional 

composition of the charge along the sections along the entire flow path 

were carried out. 

It is established that the width of the flow of pelletized batch in the 

cross section at the outlet of the pelletiser is 850-950 mm, in the 

longitudinal section 400-500 mm. Fractions with a particle size of 0-3 

mm are concentrated in the far (top) and middle parts of the stream. The 

volume content of granules 0 - 3 mm at the top differs from their content 

in the bottom by 15,6%abs.and above the average by 5,2%abs. Moreover, 

in the upper and middle parts of the stream the content of the fractions is 

ЭСО sКЦО. TСТs МШЧПТrЦs ЭСО KШrШЭТМС’s sЮЛЦТssТШЧ КЛШЮЭ ЭСО ПШrЦКЭТШЧ 
of the charge flow into the pelletizer as it rotates around the "kidneys". 

The width of the shuttle distributor charge is also preserved segregation. 

The formed stream from the belt of the shuttle distributor charge is 

loaded into the intermediate bin of the drum feeder of the charging 

device. It is established that the charge in it moves by laminar flow, 

characteristic for hydraulic flow.Thus, for the existing organization of 

the flow of the pelletized charge, large fractions are poured at the top of 

the unloading window, small fractions at the bottom. After the formed 

stream falls onto the inclined reflective sheet, its reversal occurs in the 

opposite direction. As a result, large fractions are in the lower part of the 

moving stream, and small ones are in the upper part. 

The flow model of the batch with a predetermined distribution of 

fractions along the height on the inclined reflector sheet has been 

developed. To ensure the rational distribution of fine fractions along the 

height of the sintered layer, fine fractions at the bottom of the effluent 

must be provided. Also, the angle of the natural slope of the charge must 

be reduced. To confirm the findings, samples from the burden layer of 

the Ilyich Iron And Steel Works are selected.The existing design of the 
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loading devices of the sinter machines does not provide an optimal 

distribution of fractions in the flow. 
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Existing software reliability analysis models [1] describes exit 

criteria for testing process based on abstract model, which doesn't 

correlate with real dynamic conditions and which varies during phases 

of software development and testing process. In this work, we suggest 

handling this problem by extending reliability model with project 

complexity index [1] with additional dynamic parameter which 

describes possible influences of predicted with some probability factors 

that can randomly occur in different development stages. 

The errors intensity function for this model is as follows: 

    exps+1 sȜ t =αβ t βt ,  (1) 

where α  - coefficient that determines the total number of bugs in the 

software, β - efficient characterizing the overall duration of the error 

detection process, s  - index value of the project. 

The total number of errors contained in the software product is 

determined t   by 

    ȝ =αsΓ s , (2) 

where 
0

( )
z p 1 t

z p t e dt
    , >0Re(p) , the incomplete gamma 

function. 

Thus, parameter ( )s t  allows you to determine the total number of 

errors in the software product using equation (2) and comparing it with 

the number of already identified and corrected errors. 

Function intensity  Ȝ t  is linear with respect toα , so its last value 

α of obtained from the solution of the models considered as constant. 
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Characteristic of parameter β in (1) says, that it also almost did not 

change but, the external factors could have influence on parameter 

β during the testing process. Semi-Markov process ( )x t  is used to 

describe the influences of probability factors that occur in the following 

form 1β(t)=( +kx(t))β, where k  - additional coefficient that correlates 

influence of external factors on the process of testing, β  - last 

estimation parameter of the model. 

Finally, we have the regression function for the equetion (1): 

    1(1 ( )) ) exp (1 ( )) .s+ sȜ s,x,t = α +kx t β t +kx t βt . (3) 

Asymptotic values of dynamic parameter ( )s t for reliability model 

(3) can be defined using stochastic optimization procedure [1] in the 

next form: 

1 ( ) 1 ( )[ ( ) ( ) ]
2b

s(t)+b(t)+ s(t)+b(t) β t t s(t) b(t)+ s(t) b(t) β t tds(t) a(t)
= β t t e β t t e

dt (t)
     . 

Obtained values for parameter ( )s t in last equetion are used in 

equetion (2) to get the predicted value of errors expected in project. 

Convergence and asymptotic properties of stochastic optimization 

procedures with semi-Markov switchings are considered in works [2]. 
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TСО ЧОа sЭrКЭОРв ШП ЭСО GОШrРТКЧ GШЯОrЧЦОЧЭ “DОМОЧЭrКХТгКЭТШЧ КЧН 
Self-РШЯОrЧЦОЧЭ rОПШrЦ sЭrКЭОРв” stimulated the need to work out a new 
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model of Georgian municipality management. The utmost purposes of 

the processing of the new model are first to grant the cities the right to 

self-governing, second, to give the qualified public service to the 

citizens and third, to draw the government and the locals together, this 

last is regarded as one of the deficiencies of the active municipality 

system.  

Activation of the new model will give the possibility to the city 

municipality government to concentrate on the most important problems 

of the city. It will support the development of the city's infrastructure 

and urbanization. The benefits will be more, the number of working 

places will increase, this will cause the change of the current situation of 

employment and service and it will grow the efficiency of the fields like 

industry, production, agriculture, education and so on. 

One of the crucial functions of the new model is to organize the 

informational system to support city municipality managing process. 

The main mission of the system will be to complete the problems of the 

МШЦЦЮЧТЭв ЦОЦЛОrs. IЭ аТХХ ЛШШsЭ ЭСО ХОЯОХ ШП МТЭТгОЧs’ ТЧМХЮsТШЧ ЧШЭ 
only in the process itself but in the monitoring and control of the local 

self-government's work. Such kind of process is one of the indicators of 

European development. The objective is conditioned by several reasons:   

1. Lately there has been a big growth in the external and internal 

informational torrent, which definitely needs researching, 

processing, keeping and applying.  

2. The development of the technological informational infrastructure 

increased the urgency to develop the efficiency of the mechanism 

of municipality management. 

3. It has increased the demand to work out software programs, 

methods and mathematical models to increase the efficiency of 

the budget expanses. 

4. There has been created the need to establish relevant 

informational environment in the municipality to attract 

investments and support the development of economic potential. 

5. Pressing objective is the establishment of modern efficient 

electronic communicational technologies between the community 

and the government, which will enable authority to implement 

and realize wide range government-public dialogue, create the 

positive image of the government, support the operation of the 

mechanism which will monitor and control social processes and 

feedback. 
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The report will discuss different issues like: the transition process 

from existing management to the municipal-democratic self-government 

stage and the complex theoretical and scientific-practical analyzes of 

informational ensuring of the process mechanism; concept of automated 

informational system, which will ensure: receiving the plans of land-

tenure and local recreation, giving the permission on building and 

controlling, regulation of street trade, traffic and parking; organization 

of public services and amenities, numeration and naming, communal 

service ensuring, water supply and sewerage system, drainage and canal 

building, planning of the actions to enforce social-economic 

development of the population and so on. 
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Credit Risk is one of the problematic but necessary and perspective 

activities in the functioning of bank.  

First of all we will discuss why credit risk is problematic issue. 

One of the main activities of a bank is issuing debts thus it makes 

very critical and risky decisions in its everyday functioning.  Risky, 

because bank is forced to make decision about credit issuance even in 

the case when it has incomplete information and sometimes is being in 

totally uncertain situation, this is the problem – uncertain conditions. As 

far perspective of risks, making decisions in credit risk conditions is 

very actual issue. In many cases we cannot avoid making risky 

decisions, it is merely impossible.  

LОЭ’s КssЮЦО ЭСКЭ ЭКФТЧР К rТsФ Тs МШЧНТЭТШЧОН Лв ЧОМОssТЭв. IЧ ЭСТs 
case the most important is that bank shall express courageous intention 

in purpose of risk reduction and at the same time shall be ready that risk 

not always brings a benefit and will not consider its powerlessness as a 

cause of failure. Making risky decisions is sometimes very easy, but 

sometimes very difficult. It is depended on the designation of credit risk. 

After analyzing history of risks which is based on universal human 

experience, we are assured that timely made and reasonable risks take 

huge benefit. In certain conditions results of risk-taking is known for all 
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bankers who make the decision. As far uncertainty which is caused by 

lack of knowledge or some accidents it can be certainly proved that as 

much uncertain is the situation as big risk one must take.  

Important decisions related to risks shall not be made only on the 

basis of intuition and statistical analysis, because in most cases it ends in 

fiasco. The only outcome for risk reduction is to perform complex 

activities in the process of decision-making. It is necessary to get 

knowledge about modern science and art of risks which will help us to 

distinguish undue risks from justified risks. It is the only way to make 

targeted, reasonable risks. In this way modern informational 

technologies have the most important place, exactly these technologies 

help us to provide unreasonable risk reduction. 

Risk calculation method is one of the most important from complex 

activities of credit risk reduction. Internal and external factors affecting 

on the risk are the most important in this method. Risk management 

implies management of these factors in order to prevent their impact and 

great loss.  

The most common method of credit risk calculation is to define risk 

coefficient of each debtor. It is formulated as follow:  

 

1 2 3 .n

L E
K R R R R

S


      

Where: 

K  -DОЛtor’s rТsk МoОППТМТОnt;   
L  - Correlation coefficient of clТОnt’s МrОНТt КЛТlТtв; 

E  - Factors impacting on correlation coefficient;  

S  – Total credit of debtor; 

1 2 .... nR R R    – Risk measurement of a given credit operation;  

Despite the fact that this model is considered to be one of the well-

adapted models we think that it has some defects which is reveled in 

making credit risk decisions in certain conditions. 

Report overviews negative sides of the model and gives 

recommendations to improve it. In particular, a special attention is paid 

to ClustОr moНОl oП НОЛtor’s rТsk МoОППТМТent reduction, which exactly 

НОПТnОs МlТОnt’s МorrОlКtТon МoОППТМТОnt, МrОНТt КЛТlТtв КnН solvОnМв ТnНОб.  
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According to experts, today the world incurs not economically but 

financially ruled crisis which is artificially induced. The state is often 

powerless to regulate financial or other public crisis that are caused by 

financial oligarchs because they hold the reins of government. How 

does Georgia look on this background?  

At this post-communist transformational stage, in Georgia direct 

foreign investments became the basic means of capital formation. 

IЧПХЮб ШП ПШrОТРЧ МКЩТЭКХ ОsЩОМТКХХв ТЧМrОКsОН КПЭОr “RШsО RОЯШХЮЭТШЧ”. 
Though, the other issue is the place of investment. It would be unfair to 

НОЧв ЭСКЭ ТЦЩШrЭКЧЭ ЩКrЭ ШП rОsШЮrМОs аКs ТЧЯОsЭОН ТЧЭШ “rОКХ sОМЭШr” ШП 
economics, for example in manufacturing industry. But, unfortunately, 

most part of them did not address those fields of economics where 

manufacturing capital value could be formed. Therefore, by final 

reporting, the country received more financial resources than it was 

actually developed. Inadequately large part of funds was invested in 

real estate sector (12,5% - 2011y.), as well as in transport and 

communication (13,3%), energetics (16,1%) and so on, while in 2011 

only 1,4% of total direct foreign investments went to such important 

sector for us, as agriculture. Transport, communication and energetics 

are certainly essential, though, first of all we need to develop those 

fields that create actual material value. Against this, so-МКХХОН “ПТЧКЧМТКХ 
BЮЛЛХО” аКs ПШrЦОН ТЧ GОШrРТК, rКЭСОr МХОКrХв - finances that would 

ЛОМШЦО “ЛЮЛЛХО”, Кs ТЭ аКs ЦТsЛКХКЧМОН Лв ХКМФ ШП НОЯОХШpment.  

The second negative moment is that large part of incoming foreign 

capital was invested in financial sector (18% - data of 2011y). Banking 

area was developed which would be a positive fact if it did not 

encourage other negative events. Particularly, banks grant credits 

generally with two, not very profitable and productive directions. On 

the one hand, they credit constructional business i.e. they direct funds to 

ЭСО sКЦО rОКХЭв Лв аСТМС ЭСОв ЛХШКЭ ЭСО “ЛЮЛЛХО” ОЯОЧ ЦШrО, аСТХО ШЧ 
the other hand, they give customer loan – send money to where it was 

hardly obtained before. In other words, customer loans are used by 

people generally to buy the production which is imported from foreign 

countries. Accordingly, foreign funds that are brought in by banks and 
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given as customer loans, flow again to foreign countries, given that 

their direct customers purchase imported goods. This does not regard to 

“rОКХ sОМЭШr”. 
IЧ GОШrРТК “ТЦЩШrЭ” ШП РХШЛКХ ПТЧКЧМТКХ МrТsТs аКs МКЮsОН Лв ШЮr 

banks; banking crisis represents one of the most devastating phenomena 

ТЧ ЭСО аСШХО МrТsТs “МКЭКХШРЮО”. АО аШЮХН ПКМО ЭСОsО НОЯКsЭКЭТЧР rОsЮХЭs 
ТП ЧШЭ КЛШЯОЦОЧЭТШЧОН “КННТЭТШЧКХ ПЮЧНs” аСТМС КЩЩОКrОН КПЭОr ЭСО аКr 
of 2008. These funds happened to be sudden news because it was a free 

will of donor countries, expressed by chance to assist damaged 

economics of Georgia after Russian-Georgian war. Therefore, if not the 

war, huge supporting finances (4,5 milliard USD, which was assigned 

to Georgia by donor countries at Brussels conference. 2 milliard of that 

is loan)   would not flow to Georgia and banking panic would have 

been inevitable. As a rule, this unexpectedness can vividly show us 

complete hardness of actual situation as we became absolutely 

dependant on lucky counter indication of such accidental misfortune. 

Georgia needs to have clearly formed antirecessionary program as a 

prevention of expected recessions to avoid their negative results. 

Development of national industry and replacement of imported 

production with local goods should be paid most attention in 

antirecessionary program. It is necessary to establish money-and-credit 

policy which encourages existence of minimal banking interest rates in 

order to stimulate business development and new employments.  

TШНКв’s ЛКЧФТЧР ТЧЭОrОsЭ rКЭОs 8-10 times overtake the same rates of 

progressive countries which delays the economic development of the 

country. It is necessary to draw out economic security strategy, 

program, and list of operations that consider existing reality together 

with expected economic processes in regional section and world 

integration conditions.  

Georgia should have model of antirecessionary management, general 

purpose of which shall be prevention of economic recessions and 

overcome existing crisis quickly with little social loss. It shall always 

be performed integrally to structural, investment, innovative and 

management operations. Antirecessionary management should mean: 

typology of economic recessions, finding causes, overcoming the state 

management crisis, restructuration of businesses, establishing the 

innovative and investment polity, antirecessionary management of 

personnel. Drastic transformation of economic management shall be 

one of the strategic purposes of ongoing reforms in the country. We 

should not forget that economics modernization first of all means 
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effectiveness of state and business management. It is most important to 

carry out complex management of economics which implies integration 

of macroeconomic and microeconomic management by considering 

future requirements and concerns.   
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One of the main problems in the theory and practice of decision-

making is to construct a complex generalized index, combining the set 

of particular criteria [1, 2]. This problem occurs in the problems of 

multi-criteria optimization based on different ways of aggregating the 

particular criteria [3], in optimal ordering or ranking of objects based on 

their features and a number of other practical applications. It is assumed 

that a set of features describes the objects performance or quality 

according to some criteria.  

In recent years, for the construction of models of preference 

functions are widely used machine learning methods, appropriate 

direction is known as preference learning [4]. 

The problem of preference learning is considered with the purpose in 

order to build a nonlinear model of preference functions on the basis of 

the training sample, consisting from objects features dataset and matrix 
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of pairwise comparisons, whose elements reflect the relative degree of 

preference of one object relative to another. To estimate a nonlinear 

preference function model regularized optimization procedure is 

proposed and its implementation requires a priori information on the 

estimated model parameters. 

The solution of the problem is based on the combination of kernel-

based learning approach and pairwise comparison method. This 

preference model learning procedure is associated with a sequence of 

solutions of optimization problems, whose solution is obtained in 

explicit form. Final expressТШЧ ПШr ЩrОПОrОЧМО ПЮЧМЭТШЧ ЦШНОХ НШОsЧ’Э 
directly include the coordinate functions, which eliminates the need of 

their prior choice, only kernel functions is used for model construction. 
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The main objective of this work was formalization, structuring and 

mathematical modeling of some problems arising in the development 

and support of business infrastructure using electric vehicles. 

In this work a hierarchical model is created, where a startup 

(operator) is performing a management role. The model describes an 

exchange of information between an operator, hotels and companies 

which install chargers for electric vehicles. The website of an operator, 

which appears in the model, allows users to communicate and make 

decisions. It was done on a base of an actual Internet innovation that 

allows anyone to order a package of services on the Internet with the 

ability to use electric vehicles as a vehicle to travel. 
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As a result of this work the information on the proposed subject area 

was investigated and systematically analyzed. On the example of 

Germany, the availability of chargers for electric cars in hotels was 

researched, and the desire to establish them in case of absence was 

analyzed. A complex of verbal, graphic and mathematical models 

describing the business process was built. This complex consists of the 

following tasks. The first task is to maximize advertising effectiveness 

of an operator. This issue is considered in the context of Digital 

marketing [1, 2]. The second task and challenge has examined the 

dynamics of growth of the profit of companies which install chargers for 

electric vehicles. This task shows the interconnection between the 

number of users and desired future profits. Further problems considered 

were related to the order process itself. At this stage a check of an order 

in terms of feasibility on a subsystem level is made, i.e. hotels and 

companies providing or using services related to electric vehicles. This 

is where the problems of system optimization [3] may arise. 
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Polymerase Chain Reaction (PCR) is a method of molecular biology, 

which is based on a significant increase in the concentration of small 

pieces of Deoxyribonucleic Acid (DNA) in biological material by 

amplification. PCR is widely used in biological and medical research for 

gene cloning, diagnostics of mutations, allocation of new gene 
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sequencing, determination of genetically modified organisms. The 

reaction of PCR is based on numerous copying (selective amplification) 

of DNA studied with help of DNA polymerase enzyme. The resulting 

copies of DNA are identified by the method of electrophoresis.  

A simplified chemical equation describing the process of accession 

of primer p   to the single-stranded DNA s  can be represented as 

 
1 1
,k k

s p s


                                          (1) 

As a result of flowing annealing stage there is constructed single-

stranded DNA, which is connected to the primer s . In equation (1) 1k  

and 1k  are the forward and reverse rate constants for annealing 

reaction. 

Using equation (1) we construct a model of compartment of 

annealing stage in the following form  

In annealing phase of PCR temperature acts as a controller. The 

dependence of the reaction rate k  and the absolute temperature w  is 

described by Arrhenius law: 

  
/

a
E RT

k Ae
 ,                                            (2) 

where A  characterizes the frequency of collisions of molecules, R  is 

the universal gas constant, aE   is activation energy. 

Based on the Arrhenius equation (2), the system of differential 

equations for the annealing stage  can be presented as follows: 

 

1 1

r r

T T
ds

k e sp k e s
dt

 
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1 1

r r

T T
dp

k e sp k e s
dt

 
    ,                                  (3) 

1 1

r r

T T
ds

k e sp k e s
dt

 



     

with appropriate initial conditions: 

1 0 1 0 1 0( ) , ( ) , ( ) .s t s p t p s t s                               (4) 

Here we denote aE
r

R
  as constant. We assume that ( )T T t   is 

controller. Let min max( ) [ , ]e eT t T T .  

For annealing stage the objective is to get as many single-stranded 
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DNA associated with primer s  as we can, while spending as little 

primer p  as it is possible, i.e. 

2

1

2 2( , , ) ( ( ) ( )) inf

t

T U
t

J s p s s t Wp t dt


      (5) 

Here 0W   is weight constant, U  is a control set of piecewise 

continuous functions min max( ) [ , ]e eT t T T . 
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The renewal shot noise processes were initially introduced to model 

the current induced by a stream of electrons arriving at the anode of a 

vacuum tube. Since their first appearance in the literature they have 

been applied to model flows of various kinds, earthquake occurrences, 

computer fails etc. Let  k k
 N

 be independent copies of a positive 

random variable  , and  
0

n n
S N

 be the standard zero-delayed random 

walk with steps   k k
 N

: 0 10, .:   ,  n nS S n    І  
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For a locally bounded, measurable function  : 0,h  R  the 

renewal shot noise process    0 tY Y t   is defined as:  

 

   0 { }:=Σ ,  0.
k

k k S tY t h t S t
  I  

 

We investigate weak convergence of finite-dimensional distributions 

of the process Y  in the case when h  is regularly varying at   with 

index 1/ 2,  yet the integral 2

0
( )h y dy


  is infinite. In the recent paper 

[1] the following limit theorem was established 

 

    
   

 
 

    

,1
. .{ , }0 0

0,1
2 3 2

0 0,1

,
 

k

t g t u
f dk S t g t uk

ut

u

h t g t u S h y dy
X u

h y dy



 


 





 
   

 
  
 

 



I
    (1) 

 

where 2 , D    E  and     : 0, 0,1 0,g      is any non-

decreasing in the second coordinate function, which satisfies: 

 

   

 

, 2

0

2

0

lim ,

g t u

tt

h y dy
u

h y dy





 for each  0,1 .u  

 

The limit process X  is a sum of a standard Brownian motion and an in-

dependent Gaussian process with independent values (white noise). The 

modeling carried out in [2] shows consistency of the limit theorem (1). 
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In conditions of global integration of modern society application of 

IT-technologies influence significantly increases in all spheres of 

activity. There are new reconsiderations of phenomena, processes and 

scientific knowledge. Some sections of scientific fields of knowledge 

did not become an exception. For example, it is possible to refer 

scientific discipline to them – theory of decision-making. Earlier it was 

considered, that at application of transformation methods of quantitative 

values into qualitative analogs there is a loss of information. This widely 

known around the world scientific postulate has never been proved by 

anybody. Perhaps, it is also a polysemic term in relation to scales of 

measurement or to the provided term.  

It is well-ФЧШаЧ, ЭСКЭ аСОЧ ЭСО ЩШХвsОЦТМ ЭОrЦ Тs ЮsОН ЭСОЧ ТЭ Тs "… 
ЯОrв ОssОЧЭТКХ НОПОМЭ ТЧ sМТОЧЭТПТМ КЧН ЭОМСЧТМКХ ХКЧРЮКРО …" Д1, 2Ж. IЧ 
this work other is proved -- there is no loss of information. But there can 

be an error of recovery of information at return transformation. Also the 

circumstance, that at application of the term "loss of information" such 

sense is meant isn't excluded: "with what accuracy quality value will be 

received is unknown". Therefore, after provided proof in the work, 

number of sequences was formulated, for example: 

Sequence 2. There are transformation methods of quantitative values 

into qualitative analogs such that at application of return transformation 

method (qualitative into quantitative) the quantitative value turns out: 

- with zero accuracy; 

- with rounding of the result. 

Sequence 4. Instead of well-known term "loss of information" the term 

"transformation accuracy" should be used. 
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Managers working in the organization and conduct their 

organizational activities. This organization is an association of people 

who act koondinirebulad pre-set goals. Members of the organization are 

divided into 2 categories: managers and operations staff. The main 

difference of operational managers it is that managers are guided in their 

actions. There are two great managers classification: horizontal and 

vertical. Horizontal classification of work is divided into components 

and each manager's responsibility is limited to only those fields in which 

it operates. We can separate the functional manager and general 

manager. There are two great managers classification: horizontal and 

vertical. Horizontal classification of work is divided into components 

and each manager's responsibility is limited to only those fields in which 

it operates. We can separate the functional manager and general 

manager. 

Managers are the decision-makers. Easy decision, but it is difficult to 

made the right decision. The process consists of two main stages: the 

problems of identity and solve the problems. Managers should try to use 

the system procedures, you must come to the right decision. In practice, 

there are many unsolved problems. We need to determine what is wrong 

with a decision: 

> Limited attention 

> Limited memory 

> Limited thinking 

> Limited communication 

It is very important that an effective manager, decision-making, drew 

his attention to the following points: 

> Intuition plays an important role in decision-making 

> Effective manager knows how to unite the internal and external 

resources 

> Creativity is vitally important that alternatives be sought in times of 

crisis 

> Effective managers should not only look at short-term profits. 

Effective manager must be able to independently resolve the conflict, 

and thus help increase the organization. Conflicts are not always 

80



negative and can prove the existence of a positive outcome. Effective 

manager can balance work and subtle relationships that drive the 

conflict closely. The conflict can be seen as a managed or resolved. One 

of the greatest scientist in the field of conflict resolution, said: "The 

decision means a complete conflict of analytical methods, which reaches 

the root of the problem." 

Preventing conflicts is not easy in some organization, so effective 

managers are trained to predict the future. An effective manager must 

agree on important issues and give advice to employees. 

Conflicts arise even if each service does not receive proper attention 

in the organization. In order to ensure effective action by the manager of 

the conflict, he must use the model Carne "in improving the efficiency 

of the method of 5". These include: taxes, analysis, action plan, and in 

order to bring the action. Today, the business environment has changed 

considerably. It has become faster and more complex. Managers are 

more issues than the limited business activities is impossible without 

constant development. Flexibility is defined as follows: "This is the 

ability of different situations in the implementation of the changes, 

which the organization will moutons". Wonder what factors affect it. 

The first volume of information increases the desire, which helps 

managers make the right decision. The second is the rapid growth of 

technology and the internationalization of each year. 

Creativity is a new and effective ideas in the production or use. 

When we talk about creativity, we mean people who are gifted and 

talented, different from others with their talent, their ideas, decisions of 

daily life. Culture of creative people associated with Bach, and van 

Gogh, Einstein, etc., business is with people, such as Steve Jones (co-

founder of "Apple computer" - it), Bill Gates ( "Microsoft" - the 

founder), Jack Welch ( " General electrics "). The creativity is a way of 

thinking, the way - to join their visions and ideas and the relationships 

between the business. 
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In the recent decade, the tendencies of the self-РШЯОrЧОН МТЭв’s 
budget have been greatly changed. That caused the new and 

unintentional problems of budget forecasting, planning and 

implementation, which are connected to many aspects. One of them is 

ЭСО ЩОrЦКЧОЧЭ МСКЧРОs КЧН МШrrОМЭТШЧs ТЧ ЭСО МТЭв’s ЛЮНРОЭ НЮrТЧР ТЭs 
implementation periШН НЮО ЭШ ЭСО МШЮЧЭrв’s ЮЧsЭКЛХО МШsТКХ-economic 

development. This hinders the normalization of budget implementation 

process, which solution cannot be still managed because of different 

objective and subjective reasons. Therefore, the normalization of budget 

process needs the modern technologies, scientific methods and 

recommendations. 

In the presented report, we review the creation of automated control 

informative model of self-РШЯОrЧОН МТЭв’s ЛЮНРОЭ ЩХКЧЧТЧР КЧН 
implementation. 

The implementation of informative model provides: 

 Financial management transparency, budget expense purpose 

and efficiency level increase; 

 Budget annual and short-term forecast; 

 SЭrКЭОРТМ ЩХКЧЧТЧР КЧН МЮrrОЧЭ ОбЩОЧsО’s МХШsО ТЧЭОrrОХКЭТШЧ; 
 Specific result-oriented budget expenses and program finance 

control; 

 Strengthening social and investment orientation, etc. 

Building the information model contributing to the local self-

government budget process management (forecasting, planning, 

implementation monitoring, etc.) should be in compliance with the 

КМЭТЯТЭТОs НОПТЧОН аТЭСТЧ ЭСО МШЮЧЭrв’s ЛЮНРОЭ ЩШХТМв ХОРТsХКЭТШЧ. 
Building the informative model should be based on the module 

principle. The modules can be defined by the following stages: budget 

project preparation; budget project discussion and confirmation; budget 

implementation; budget preparation on budget implementation and its 

confirmation; budget implementation control. 

The main part of the local self-РШЯОrЧЦОЧЭ’s ЛЮНРОЭ ТЦЩХОЦОЧЭКЭТШЧ 
is a part of expenditure. It includes: reimbursО ШП ЩЮЛХТМ ШrРКЧТгКЭТШЧ’s 
employees; expenditures on local self-РШЯОrЧЦОЧЭ’s ЛЮНРОЭ ШrРКЧТгКЭТШЧ 
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finances; expenditures of local importance road construction and 

rehabilitation; expenses on the local infrastructural and cultural object 

improvement, etc.  

With building a model, we consider the following: 

 Identification of the local budget formation and expenditure 

decision-making problems; 

 Modern methods of local budget formation and expenditure decision-

making; 

 Foreign experience; 

 Analyzing the budget forecasting and planning researches and 

results; 

 Formation of the concepts on local budget formation and expenditure 

decision-making; the main initial data, model building essence, 

economic aspects, balances, etc.; 

 Typical structures of a model; 

 The common principles: transparency, generalization, presenting 

reports, etc. 
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In this paper, we learned approach to supply chain network model 

design. Supply chain network is a complex network, which consist of 

multiple manufacturers, multiple suppliers, multiple retailers, and 

multiple costumers. The network model design under uncertainty is 

drawn from economics, in particular, from network economics.  

T. Xiao, D. Yang [1] consider two competing supply chains facing 

uncertain demands, where each supply chain consists of one risk-neutral 

supplier and one risk-averse retailer; two retailers compete in retail price 

as well as service investment. In model, they assumed then each retailer 

has a long-term relationship with his supplier, which is assured by his 

individual rationality constraint.  

In model, the products of two suppliers are partially differentiated 

and each supplier sells products to customers through his retailer. In this 

model, retail price and service level are two important factors the market 
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demand. 

In basic network model, we consider the following notations (i=1,2): 

ia  – the stochastic market base for retailer i, with mean ia 0 , variance 

2
i ; ic  – the unit production cost of supplier i, ia 0ic  ; d – the 

substitutability coefficient of the two products, 0<d<1; ip  – the retail 

price of retailer i; is  – the service level of retailer i; iR  – the reservation 

utility of retailer i; 0;iR   iw  – the unit wholesale price of supplier i, 

  – ЭСО НОЦКЧН sОЧsТЭТЯТЭв ШП ШЧО rОЭКТХОr ЭШ СТs rТЯКХ’s sОrЯТМО ХОЯОХ;   

– ЭСО НОЦКЧН sОЧsТЭТЯТЭв ШП ШЧО rОЭКТХОr ЭШ ЭСО rТЯКХ’s sОrЯТМО ХОЯОХ; 
0;    i  – the constant absolute risk aversion of retailer i; which is 

defined in Arrow-Platt sense, 0;i   i  – the service investment 

efficiency coefficient of retailer i, 0;i   the larger the coefficient i , 

the lower the service investment efficiency 1/ i  of retailer i will be. 

In model, assumed that the demand function of retailer i is: 

iq , , 1,2, .i i j i ja p dp s s i j i j         

The retailer with larger ia  has a relative advantage of accessing 

customers due to a better brand, position, reputation, quality. 

The market demand of each retailer is an increasing function of his 

rТЯКХ’s rОЭКТХ ЩrТМО КЧН СТs ШаЧ service level, but a decreasing function 

of retailer i is 21

2 i
is  for service level is . 

In this model two retailers have different ,   because the effects of 

the difference between the service sensitivity of customers in two 

channels on the main result can be reflected by the difference between 

the service investment efficiency coefficient η1 and η2.  

In model, the random profit of retailer i is 

21
( )( ) ,

2

, 1,2, .

i i i i i j i j i ip w a p dp s s s

i j j i

         

 
 

Considering the risk of the retailers, assumed that each retailer 

assesses his utility via the following Mean-Variance value function if 

his random profit: 

( ) ( ) ( ),i i i i iu E Var      

where the second term is the risk cost of retailer and i  reflect the 

attitude of retailer towards uncertainty. 
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In this model may be two stage of game: stage 1 – two suppliers 

determine their wholesale prices simultaneously; stage 2 – two retailers 

jointly determine their retail prices and service levels, respectively.   
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Let a function ( )x  defined in a limited area D  of space n

R  is a 

generalized solution of Poisson's equation  

( ) ( )( ) ( ), ,x Bf x g x x D       0,

  

where   - piecewise smooth region border D , ( )f x  is a function of 

space 2 ( ).L D  

For some unknown function ( )x  are given observations of form 

( ) ( ) ( ) ( ), ,y x h x x x x D     

where ( )h x  is a certain measure function, ( )x  is a random field with 

average value null and correlation function  

1 2 1 2( , ) ( ) ( ).R x x E x x   

And let unknown functions ( )f x , 1 2( , )R x x  are in sets 1G , 2G  of 

spaces 2 ( )L D , 2 ( )L D D  in accordance. 

Denote by ( )h  the guaranteed Root-mean-square error of the best 

linear estimation of linear continuous functional ( ).l   So, on the set of 

functions ( )h x  of form  

2: 0 ( ) 1, ( )
D

H h(x) h x h x dx 
      
  

  

we study the problems of choice for function ˆ( )h x  on condition   
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ˆ( ) Argmin ( ).
H

h x h  

We investigate the cases when the sets 
1G  and 

2G  have the form 

2

2

1

1

: ,
n

k iD

G f dx
x

 


         
  

2 2

2 : ( ) ( , )
D

G R q x R x x dx 
    
  

     

or 

 2 2

2 1 2 0 1 2 1 2: ( , ) ( , ) ,
D D

G R R x x R x x dx dx 


     
  

  

, ,    are given numbers, ( )q x  is given bounded function of measure, 

0 1 2( , )R x x  is given correlation function. 

We demonstrate that the problem of optimal selection of observation 

strategies can be reduced to the optimal control coefficient problems for 

elliptic type equations. 
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Let the vector-functions  , 1,2k x k   from spaces k
n

R  inside the 

intervals 0 1 0 11 2 2( , ),( , ),a a a a a a a   are the solutions of linear 

differential equations 

( )
( ) ( ) ( , , ( ))k

k k k k

x
A x x f x u x

x


 


 


, (1) 

with boundary conditions 

1 1 1 2 2 1 1 3 1 0 4 2 2 2( ) ( ) ( ), ( ) ( ) ( ),B a B a g u B a B a g u            (2) 

where ( ), 1,2, , 1,4k kA x k B k   are the matrices of appropriate 

dimension, ( , , ), ( ), 1,2k kf x u g u k   are the vector-functions, u  is a 

vector from the space ,s
R  ( )k x  are the vector-functions from spaces 

, 1,2.s
m

R k   

The questions of solution existence for equations (1) with conditions 

(2) are studied and also we investigate the problems of selecting 

parameters u  and controls ( )k x  from the certain sets to satisfy the 

conditions 
(1) (2)

1 1 2 1( ) , 1, , ( ) , , ,j jj jx j N x j N N        where 

(1)
j , 

(2)
j  are preset vectors, 1, 1,jx j N  and 1, ,jx j N N  are 

preset points from the ranges 0 1( , )a a  and 1 2( , )a a  respectively.  

Also we consider the problems about the existence of parameters 

ˆˆ, ( )ku x  such that 
1 2

1 2 11 2
, ,

ˆ ˆˆmin ( , , ) ( , , )
u

I u I u
 

    , where 

1 2

0 1

1 2 1 1 1 2 2 2( , , ) ( , ( ), , ( )) ( , ( ), , ( ))

a a

a a

I u x x u x dx x x u x dx          , 1  

and 2  are the scalar functions. 
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Nanobashvili K., Kvlividze N. 
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qeti.nanobashvili@gmail.com, n.kvlividze@gmail.com 
 

As is known, one of the forms of tender is procurement of goods. By 

means of tender potential suppliers are invited to submit their bids. 

According to the set terms and conditions of tender, a winner is decided 

among participants of tender and is awarded a contract. Tender is open 

so that any interested person could submit a bid. 

Tender form of procurement was recently introduced in Georgia and 

we have no such experience. Today tenders are mandatory in Georgia 

and are regulated by the law. Based on the law and other technical and 

technological needs tender procedures have their specifications and their 

consideration is related to certain problems. These problems can be 

solved based on practical experience only, and therefore, tender 

processes are less effective and are held with certain flaws. This is 

evidenced by theoretical, practical, economic and financial analysis 

related to tender processes. In addition, we have analysed existing local 

regulations and regulatory documents of tendering process management; 

relevant state orders and economic data, which have clearly identified 

shortcomings of tender. 

Based on the foregoing it is necessary to scientifically elaborate the 

methods and criteria of tendering stages and selection of potential 

supplier, which will help to get optimum result. By means of such 

tendering system it will be possible to obtain aggregate information 

(reporting) and further improve analysis and results of procurement.  

In the paper we will discuss system approach of tender process; 

methods of deduction and induction; modern technologies of building of 

tender information base. 

The system shall provide for bidders (from the purchasing as well as 

tendering party): 

 cost saving of active potential supplier and bidder; 

 creation of new opportunities of product sales for supplier; 

 automatic message of invitation to tender for relevant product; 
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 facilitation of procurement procedures and maximum comfort of 

system application; 

 receiving of complete information for system application; 

 enabling a purchaser to easily select optimum for him procurement 

from different means of procurement without leaving his office, 

etc. 

The above listed problems (mainly tender offers and other important 

system functions) will be solved by means of separate module within 

the electronic system. The module will guarantee optimization of time 

and finances. Interaction with system, i.e. online question-and-answer 

mode of those wishing to take part in the announced tenders will also be 

provided. 
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Financial managers lose much time determining financial stability 

ratios of a company. Mistakes are frequent and it slows down decision-

making process, hampers the development of business, makes the 

enterprise to lose significant part of the market segment. Financial 

stability of the company and possession of all the information about it is 

the key pillar of effective operation, growth of income, profit and 

further development of the company. 

Software determining financial stability ratios of the company will 

be of considerable support for financial managers of large, as well as 

small and medium-size business. They will be able to quickly control 

their financial standing during any operation. 

It is evident that financial stability of the company is related to its 

solvency, business activity, effectiveness of financial leverage, 

accounting methods, etc. Thus, it is important to develop and put into 

practice methodology of their analysis, which has not been scientifically 

elaborated so far neither in Georgia nor abroad and we experience its 

shortage. The main topic of the paper is to elaborate optimal and 

efficient scientific method of calculation and analysis of financial 

stability ratio, which will be implemented in interactive automated 

mode, in electronic form. By applying this method it will be possible to 
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calculate financial stability ratio of a company of any activity and scale 

without any additional effort. 

The system will provide calculation and analysis of financial ratios 

required for taking managerial decisions which are necessary for 

internal use of the company, for any period of time for objects of any 

scale. The system can be used: for the analysis of financial results and 

balance sheet structure of any company; for analysis of accounting 

liquidity of the company using ratios; of assets, which are grouped 

according to the degree of liquidity; of liabilities, which are grouped 

КММШrНТЧР ЭШ ЭСО НКЭОs ШП sОЭЭХОЦОЧЭ, ОЭМ.; ПШr КЧКХвsТs ШП ЭСО МШЦЩКЧв’s 
sШХЯОЧМв; ПШr КЧКХвsТs ШП sШЮrМОs ШП ПШrЦКЭТШЧ ШП ЭСО МШЦЩКЧв’s 
provisions and costs; for analysis of operating efficiency (profitability) 

and business activity of the company; for analysis of accounts 

receivable and accounts payable; for analysis of the company profit; for 

analysis of specific inventory and fixed assets, etc.  

The paper will cover:  

 Finding of existing approaches, methods of determination of the 

МШЦЩКЧв’s ПТЧКЧМТКХ sЭКЛТХТЭв КЧН НОЭОМЭТШЧ КЧН ХТqЮТНКЭТШЧ ШП 
discrepancies; 

 Analysis of improvement of discovery of resources (human, 

financial, intellectual, etc.), financial stability and solvency of the 

company; 

 DТsМЮssТШЧ ШП ЭСО ЦШЧТЭШrТЧР ШП ЭСО МШЦЩКЧв’ s ПТЧКЧМТКХ 
indicators in order to provide correspondence of results with its strategic 

goal; 

 DОЭОМЭТШЧ ШП ЦКТЧ ПКМЭШrs МКЮsТЧР МСКЧРОs ШП ЭСО МШЦЩКЧв’s 
financial stability; 

 FШrОМКsЭ ШП ЭСО МШЦЩКЧв’s ПТЧКЧМТКХ sЭКЛТХТЭв ЭrОЧНs КЧН 
determination of strategic indicators.   

 

 

THE DECISION-MAKING METHODS OF PROFESSIONAL 
EDUCATIONAL PROGRAM MANAGEMENT OPTIMIZATION 

Natroshvili L. 
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Lela.Natroshvili@energo-pro.ge 
 

With the decision-making optimization on management, we mean to 

find out the most rational methods and ways of specific problem-solving 

in pedagogical process. 
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The suggested decision-making methods of educational program 

management optimization includes: 

working on the goals and objectives, which define the educational 

ТЧsЭТЭЮЭТШЧs’ НОЯОХШЩЦОЧЭ КЧН ЦКТЧ КМЭТШЧ МШЧМОЩЭ; 
proving the decision-making efficiency criteria and possible 

outcomes; 

selecting and formulating the optimum decision from the 

pedagogical action alternatives, analyzing the decision. 

Considering this item, the decision-making characteristics are 

reviewed in the report due to the example of professional educational 

program element optimization. The quantitative evaluation of decision-

making efficiency criteria is done with the systematic analysis method. 

The number matrix of method efficiency is analyzed according to the 

main criteria. With the use of maximum and minimum meanings of 

method efficiency, we have defined the increase of efficiency:   

Δ ɗmet. = ɗ met.max - ɗ met.min 
Significance, role and demands for professional education in the 

process of social-economic development of Georgia has been increasing 

on a daily basis and is deemed as one of the most prioritized direction in 

the educational policy. Teaching methods and recommendations of 

previous years concerning to training of professional cadres has been 

forgotten that is completely justified. Contemporary technologies of 

training of professional cadres should provide delivery of the specialists 

being competitive on the labor market of the countries transmitted to the 

market economics. Due to this process many educational organizations 

face with very complicated challenges as currently there is no any 

training base equipped with contemporary technologies and professional 

teachers which will have contemporary computer and informational-

communicational means of training. 

There is a number of problems preventing achievement of a success 

in the field of professional education, which should be resolved. First of 

all, we have to underline that neither systematic approach, nor a 

complexed methodology for implementation of new informational 

technologies exist in the field of professional education. Professional 

institutes have no trained teachers able to teach using new information 

technologies. In addition to it, intensive updating of technical means 

НОsТРЧОН ПШr МШЧНЮМЭТЧР ШП ЭСО ОбТsЭТЧР ТЧПШrЦКЭТШЧКХ rОsШЮrМОs ТsЧ’Э 
provided in professional institutes. 

The all above-stated requires processing of an up-to date model of 

professional education which will be organically merged with 
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conceptual, academic, organizational-functional and instrumental-

programmatic elements of contemporary informational-communicative 

technologies. 

Informational-communicative technologies accelerate an educational 

process, makes a training material more available, motivated and visual; 

simplifies administration of training; increases a level of teaching. 

Development and implementation of new informational-

communicative technologies in the field of professional education is 

dictated, first of all, by objective requirements of informatization of the 

system of education, and following this by non-existence of concrete 

already completed projects of this direction in professional training. 

A problem of the research is represented by determination of 

combined necessary conditions of processing and application of new 

informational-communicative technologies which will facilitate 

efficiency and high quality of training. 

Intention of the proposed informational system of implementation of 

the educational program of professional training is obtaining, 

processing, analyzing of the information useful for efficient 

implementation of the professional education and formation of the data 

base. 

General tasks determined for fulfillment of this mission includes the 

following: 

Collection, processing of the statistical information necessary for the 

programs and creation of an automatized system of integrated analysis; 

Automatized analysis of the theoretic knowledge, practical 

experience and statistic indexes of functionality accumulated in the field 

of professional training and creation of the intelligent database by means 

of the received results; 

Formation of training programs of professional education, methods 

and means of trainings, creation of the informational system to provide 

their efficient implementation. 

In our report we will discuss the following issues: integrated analysis 

of the statistic information for professional training; a general analysis 

of automatized systems of implementation of the programs of 

professional training; theoretic basis for formation of the informational 

base; research of the theory and practice of creation of the united 

informational system of the professional education; a concept of 

realization of the united informational base of the professional 

education. 
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MODELLING THE SPREAD OF TUBERCULOSIS AND 
ANALYZING THE BASIC REPRODUCTION NUMBER 

Nemyrovska M.O. 
Taras Shevchenko National University of Kyiv, Ukraine 

marina.n777@gmail.com 
 

Tuberculosis is considered as one of the most dangerous infectious 

diseases worldwide. In Ukraine the epidemic of tuberculosis was 

officially registered in 1995. Furthermore, tuberculosis lethal outcomes 

are confirmed to be the most common among other infectious diseases. 

Hence, the analysis of tuberculosis behaviour is an important, as well as 

actual problem, and some well-known mathematical approaches appear 

to be useful in solving this problem. 

The modified mathematical model of epidemic dynamics is 

constructed so as to analyse the spread of tuberculosis. Basing on SEIR–
model, which considers the flow of people between four mutually 

exclusive sub-populations: susceptible ( S ), exposed ( E ), infected ( I ) 

and recovered ( R ) population, the constructed model reflects main 

occurring flows. Regarding other diseases, such as HIV and Hepatitis C, 

that influence a flow speed to the infectious class, this model was 

adapted to the reality of an existing situation. Besides, the estimation of 

unknown parameters of the proposed mathematical model is done, viz. 

obtained  ,  which may be interpreted as the transmission rate and the 

reinfected parameter of recovered individuals accordingly. 

The basic reproduction number 0R
is a crucial characteristic in 

epidemic dynamics which shows the expected number of secondary 

cases produced by a single infection in a completely susceptible 

population. In contrast to a classic definition, the modified basic 

reproduction number 
M

R0  is proposed. 
M

R0 accounts for the expected 

number of secondary cases produced by a single infection in the 

population that comprises recovered and susceptible individuals. Both 

values are calculated according to the proposed model. 

After carrying out the analysis of the basic reproduction number with 

the help of obtained estimates, relevant conclusions about the behaviour 

of tuberculosis are made. Additionally, research contains applicable 

predictions of tuberculosis dynamics for the next several years. To sum 

up, these results can be useful for responsible state organizations in 

order to avert the epidemics of tuberculosis. 
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ON ESTABLISHING FUZZY CONSTRAINTS FOR THE 
PROBLEM OF OPTIMIZING AMOUNT OF GROUPS FOR 

SELECTIVE EDUCATIONAL COURSES 
Oletsky O. 

ІКЭТШЧКХ UЧТЯОrsТЭв “KвТЯ-MШСвХК AМКНОЦв” , Ukraine 

oletsky@ukr.net 
 

Automated enrollment of students on optional disciplines is regarded 

as an inherent part of the educational process in many Universities. An 

important issue of this process implies calculating a number of groups 

being formed as a result of the enrollment. 

This task is actually not well-formalized and therefore it may be 

rather hard for automation. We may regard an amount of groups as a 

goal function but this goal function should be either minimized or 

maximized depending on actual circumstances. We may also introduce a 

ПЮггв rЮХО “IП КЦШЮЧЭ Тs AVERAGE ЭСОЧ rОsЮХЭ Тs GЇЇD”, and then we 

are developing an approach of fitting the membership functions for the 

concepts of this rule [1]. 

There are some specific constraints, e.g. maximum amount of 

groups, maximum and minimum amount of students in groups etc. The 

point is that these constraints may change dynamically and they are 

quite flexible. So we are describing these constraints by means of fuzzy 

rules corresponding measures of breaking these constraints to penalties 

of doing this. We are developing the approach of fitting these rules with 

respect to the desired results, some iteration process of fitting is 

considered. 

Another important point is the automated elaboration of 

recommendations how to combine different courses in order to optimize 

the amount of student groups. Semantic distances between disciplines 

and frequencies of simultaneous choices of them obtained by the Apriori 

algorithm [2] are taken into account. 
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DECISION-MAKING IN FRANCHISING - POPULAR FORM 

OF HOTEL MANAGEMENT IN THE WORLD 
Orjonikidze N. 

Gori State Teaching University, Georgia 
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Franchising agreements and business organization with 

franchising systems is widely used in enterprising activities and aims to 

create the new economic complexes, to expand sales network of goods 

and services. Franchising is vertically integrated system, which is based 

on, relationship, when one side (franchisor) offers the other side - 

operator, instead of the certain fee, the right or the privilege on the 

usage of intellectual property and offers the own system of service 

management. The managing form for 80% of the world hotels is 

franchising. There are two models of franchising: Realization of 

products and provision of services, auto business, informational 

technologies, production of computers and so on and hotel business. 

Development of franchising relationships are connected with the crisis 

of real estate, with the deficit of the qualified staff and with the 

expansion the spheres of influence of the large hotel corporations in the 

world. The leaders of processing the franchising agreements for the 900 

hotels acting in the world represent HFS-HOSPITALITY 

FRANCHIZING SYSTEM, on the second place CHOICE HOTELS 

GROUP, and on the third place HOLIDAY INN. 

This is the list of those Hotels, which actively use franchising 

relationships in Georgia: Hotel Radisson Blu Iveria, Hotel Sheraton 

Metechi Palace, Hotel Hualing Tbilisi, Hotel Holiday Inn, Hotel 

Preference Hualing, Hotel Marriott, Hotel Courtyard Marriott, Hotel 

Rixos Borjomi.  

On December 18, 2015, in Zurich between the Phil Andreopulo, 

vice-president of franchise directionof Europe Region of Marriott 

International and their Georgian partner LTD ,,Alliance"signed a 

franchise agreement about construction of Courtyard Marriott in Batumi 

which will be a multi-functional complex.150-rooms Courtyard Marriott 

will be placed on 6 floor of 41-storey multifunctional complex of 

ALLIANCE PALACE.The hotel will be completed according to the 

design of Courtyard and will be consistent with the highest standards of 

hotel industry, Marriott International successfully meets the highest 

standards for many years. This will be an exclusive architecture, which 

is created by Georgian the designers. The mentioned project represents 
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anunique and exclusive combination of Georgian architecture and 

international brand design elements. 

Borjomi, a resort town, which was the summer residence of 

royal dynasty in the past, is regaining the crown.One of the world 

largest hotel company, InterContinental Hotels Group-(IHG), In 

Borjomientered withits famous elite brands - Crowne Plaza .The hotel 

functions on the basis offranchise contract with Ltd. Park Hotel. Crowne 

Plaza Borjomiis the first hotel in Georgiaunder the umbrellaof Crowne 

Plaza brands and the second from IHG portfolio brands.IHG entered on 

hotels markets of Georgia with Holiday Inn Tbilisi. Soon Inter-

Continental Tbilisi and Crowne Plaza Batumi will be added to their 

number. Crowne Plaza Hotels & Resorts-'s dynamic, high-class brand is 

component of IHG  global portfolio. It is presented in 65 countries of 

the world , in urban centers, distance towns and spa resorts. Crowne 

Plaza is the fourth largest and fastest growing brand in the world among 

High-class, full-service hotel brands, accordingly, it is a good basis for 

future growth.600 hotels of IHG portfolio brands are represented in 

Europe, including InterContinental Hotels & Resorts, Holiday Inn and 

Holiday Inn Express. 

International hotel management group "Rixos", established in 

2000 and is one of the fastest-growing luxury hotel chains in the world.  

In Tbilisi  the construction of 5-star modern architecture, 60 apartments 

of hotel Rixos is underway. Rixos deluxe, so-called "5+" star hotel on 

the basis of franchise contract already functions in Borjomi. 

In the hotel management process, the problem of decision-

making is often stated in some issues, in particular, around the hotel 

building process. For that time, it is necessary to make a decision that 

will be the guarantee of successful business in the future. 

In the first stage of decision-making, the situation in compliance 

with the market demands needs to be analyzed by considering the 

maximum efficiency, the type of hotel and building location should be 

carefully selected. It is obvious the marketing research is necessary, 

which means to search for the information about market and 

competition and its analysis, and to define the current tendencies in the 

mentioned field. 

In the report, the mathematical model is reviewed that 

contributes to the optimum decision-making on selecting hotel building 

location. 
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Efficiency of offshore oil and gas pipeline and transportation is 

determined by the conditions of pre-selection of a hydrodynamic and 

structural design of pipelines, taking into account uncertainty of the 

initial data [1]. The main stages of pipeline network constructioninclude 

considerations of key criteria for the technological parameters selection 

for subsea pipelines: hydraulic, economic and reliability criteria. The 

random factors were essential in controlof the hydrocarbon 

transportation. There is a significant disturbing effect of external factors 

such as the oil and gas field development and production conditions, 

hydrocarbon reserves and environmental conditions of subsea pipelines 

as well as internal factors, for example, rheological characteristics of the 

product being pumped [2]. 

In recent years, the offshore pipeline network was intensively 

developed in the framework of the Eurasian energy projects, linking the 

oil-producing regions of the Caspian and the Black sea basin with the 

main hydrocarbons consumers in the EU countries [3]. 
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The paper presents the research results that are the basis for the 

design of offshore pipelines, namely in pre-selecting the pipelines 

configuration, optimization of pipeline routing, profiles and diameters. 

The necessity of accounting for the uncertainty and associated risk in 

the rational use of offshore pipelines capacity. Describes the methods of 

pipeline designunder uncertainty of the production volumes exploration 

conditions. 
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This ЩКЩОr НОКХs аТЭС ErХКЧР ЧОЭаШrФ’s ЦШНОХ аТЭС ЩКrКХХОХ ЭСrОКНs 
service, which has leader positions among the most popular directions 

of queuing theory development nowadays. We found stationary 

distribution, with help of which we have opportunity to find blocking 

probability that is used as a main work index of such systems. 
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Sphere of such mass service systems usage is very wide, for 

example, during the modelling of modern information and computing 
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systems we should pay attention to batch type of traffic, and keep in 

mind that parallel processing of information is one of the main 

principles in modeling of modern information and computer systems [1, 

2]. This raises the need to sЭЮНв ErХКЧР ЧОЭаШrФ’s ЦШНОХ ОбКМЭХв аТЭС К 
parallel service. 

Works [3, 4, 5] of Ukrainian and foreign scientists-experts in sphere 

of queuing theory such as V.V.Anisimov, E.O.Lebedev, O.K.Zakusylo, 

G.R.Andrews are used as methodological base of this paper.  
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The paper deals with a research of bivariate Markov process {X(t), 

t0} whose state space is a lattice semistrip S(X)=д0,1,…,МжZ+. The 

process {X(t), t0} describes the service policy of a multi-server retrial 

queue in which the rate of repeated flow depends on the number of 

sources of repeated calls in current moment of time. If there are less 

than H sources of repeated calls in the system, then the retrial rate is 

equal to j(1)
. If the number of sources of repeated calls exceeds a 

threshold H, then a retrial flow rate becomes constant and equal to (1)
. 

For the process with a described structure a vector-matrix representation 

of steady state distribution was obtained by authors. Such representation 

allows to write down the stationary probabilities through the model 

parameters in closed form and to find explicit formulas for the 

performance measures of the system. These results give instruments to 
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state and solve optimization problems. The investigative techniques use 

an approximation of the initial model by means of the truncated one and 

the direct passage to the limit. 

Due to a special structure of retrial flow, a model under 

investigation fits into the well studied class of QBD processes, analyzed 

by many authors (see [1], for example). Now such models are typically 

solved by using numerical schemes for solving a system of non-linear 

matrix equations, leading to the so-called rate matrix R. These schemes 

would apply to the M/M/c/c retrial queue with constant retrial rate, but 

will produce a computational algorithm rather than an explicit analytical 

solution presented in this paper. 
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The main characteristic of retrial queues is that a primary customer 

who finds busy the service facility upon arrival moment immediately 

leaves the servers area, but some time later he repeats his demand (see, 

for example, [1],[2]). Between retrials he is said to be in `orbit'. Such 

queueing systems with repeated attempts are used in designing local 

area networks, communication networks. 

In this work we consider retrial queue of the //M/M 2  - type in 

which the number of retrials of each customer is limited by a single 

attempt. That is, if a customer fails to enter the server facility at the 

retrial attempt, then the customer leaves the system without service.  

A retrial queue with two servers is given by three parameters: j , 

,...,j 10  is the rate of input flow depends on the number of sources for 

repeated attempt,   is the service rate and   is the rate of repeated 

attempt. 
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The system state at time t  can be described by means of a 

process ))t(Q),t(Q()t(Q 10 , where )t(Q0  is the number of busy 

servers at time t , )t(Q1  is the number of sources for repeated attempt at 

time t . The process )t(Q  is a continuous time Markov chain with the 

state set  },,{S 210 . 

We use the continued fractions for calculation of the stationary 

probabilities such system. 

Theorem 1. If the condition  


n

n
niml

1  holds then stationary 

probabilities   Sj,i,ij   of the process )t(Q  can be represented in the 

following form:         
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For this system we consider situation when a rate of input flow is 

controlled by the threshold policy. That is, if in some moment of time 

the total number of customers in the orbit of the system does not exceed 

the value H  then the system operates in the first mode with a rate of 

input flow 1h . If it is more than H  then the system switches the second 

mode with a rate of input flow 2h . 
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We consider optimization problem for finding optimal strategy of 

control: 

                  max)H(S 1 , min)H(Si  , 32,i  , ,...},{H 10 , 

where )H,t(Stlim)H(S i
t

i
1


 , 31,i  ,  )H,t(S1 – the number of 

customers that were served before time t ; )H,t(S2 – the number of 

customers that become sources of repeated attempt; )H,t(S3 – the 

number of switching rate of the input flow. 

Functions )H(S i
, 31,i   can be submitted via the stationary 

probabilities, which was represented in the theorem 1. They give the 

algorithm for finding of Pareto optimal solutions of this optimization 

problem.   
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GENDER STATISTICS IN GEORGIA AND THEIR ANALYSIS 

ON THE BASIS OF SPECIAL COMPUTER PROGRAM 
Robitashvili N. 

Batumi Shota Rustaveli State University, Georgia 

 

Gender statistics – is the statistics of the condition of woman and 

man in all the spheres of social and economic activities. It is one of the 

significant instruments, which gives possibility to consider peculiarities 

of woman and man as of specific social and demographic group in order 

to work out optimal policy with equal rights and opportunities. Gender 

equality means that women and men have equal conditions and living 

chances to thoroughly realize their potential. They equally participate in 

political economic, social, cultural development processes and equally 

use social benefits, opportunities and resources. Gender equality does 

not mean the identity of women and men, on the contrary, in democratic 

and pluralist society it is recognized that people have different values 

and goals, different needs and the way of living. Despite this, their 

interests should be considered equally on all levels, they should have 

equal rights and opportunities and same responsibilities and duties.   
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The concept of gender equality (asserted by the parliament of 

Georgia in 2006) and gender equality law (asserted by the parliament of 

Georgia in 2010), emphasizes equal rights for men and women and the 

necessity of improving women participation in political, economic, and 

social processes. The number of population of Georgia by January 1 

2016 was 3720,4. 47.8% men and 52.2% women. Life span is different 

among men and women. On the basis of 2015 year data, expected life 

span of men is 68.6 years old, and expected life span of women is 77.2 

years old.  

IЧ ЭСО “HКЩЩв PХКЧОЭ IЧНОб” GОШrРТК Тs ШЧ ЭСО 40th
 position with 

31.1 points among 140 countries of the world.  The index of the Fund 

New Economic Foundation consists of four main parameters – welfare, 

life span, ecological welfare and inequality. According to the index, life 

span in Georgia is 74,6 years old.  

In the index of 2012 Georgia was on the 55
th
 position. It is also worth 

ЭШ ЧШЭО ЭСКЭ КММШrНТЧР ЭШ ЭСО “2013-2016 sЭrКЭОРв ШП GОШrРТК” asserted 

by the European Bank of Reconstruction and Development, the 

inequality index in Georgia is 0.418, which points to the high level of 

gender inequality in the country. For  this paper it is created specially 

computer program, which analyzes the whole process, has been 

developed for the research. He research represents the results of each 

analysis. 
 
 

STUDENT EMPLOYMENT PROBLEMS IN GEORGIA AND 
THEIR ANALYSIS ON THE BASIS OF SPECIAL COMPUTER 

PROGRAM 
Robitashvili N., Sharashidze I., Chkonia M. 

Batumi Shota Rustaveli State University, Georgia 

 

Unemployment is a widely discussed topic in Georgia on the 

background of socio-economic and political developments. 

Unfortunately population faces the very problem every single day. 

Labor and adequate economic markets are still in the phase of 

formation. There are still a lot of problems and challenges in this field. 

There is a vivid misbalance between a workforce demand and support. 

Unfortunately we have a high rate of unemployment and on the other 

hand low-cost labor force. 

The unemployment problem is especially acute in younger 

generation. Most important for young people aged 18-24, who are 
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trained for the first time in the labor market. When the students start to 

think about the issue and to work to fight the employment of a number 

of issues arise, such as : full load elementary compensation expense, the 

studies are inconsistent with the schedule, the job shortage and the main 

work , where young people are asking fot two or more years of 

experience. Exacerbated the problems of the education system. Young 

people are not getting a good service to their own qualification, which in 

turn contributes to a decrease in the integrity and professionalism of 

young people. 

One can see the real picture of data development with the help of 

statistics based on their analysis, that is based on a specially computer 

program, the results of which are represented in this paper. 
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Invariant ellipsoids method is applied to constrained disturbance 

suppression under incomplete control of dynamic processes in complex 

systems described by mathematical models of cognitive maps (CM) 

impulse processes [1]. Linear matrix inequalities are used as a main tool 

for constrained disturbance suppression algorithm development. CM 

impulse process model is split into two interrelated difference equations: 

( 1) ( ) ( ) ( )X k A X k D Y k B u k        ,  (1) 

( 1) ( ) ( )Y k C Y k X k     ,   (2) 

where ( ) ( ) ( 1)X k X k X k    ; ( ) ( ) ( 1)X k X k X k    . 

For CM impulse processes control automation we need to measure 

CM vertices coordinates precisely. The first part of CM impulse process 

model (1) is formed for measurable coordinates X  while unmeasurable 

coordinates Y  are disturbances with unknown probabilistic 

characteristics. Incident matrices A , D , C ,   are found expertly 
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based on cause-effect relations. To suppress L –constrained 

disturbances 
1/2

0

( ) sup ( ) ( ) 1T

k

Y k Y k Y k
 

         (3) 

in (1) control vector is introduces which is generated by state controller:  

р( ) ( )u k K X k    .    (4) 

Matrix рK  is designed based on the criterion 

( ) mintrP   ,   1    ,   (5) 

ensuring minimal invariant ellipsoid [2] 
1{ ( ) : 1}, 0n T

X X k X P X P 
         (6) 

for discrete time moments 1,2,3,...k  . 

If for discrete controlled model (1) disturbances are L -constrained 

(3) and pair ( , )A B  is controllable then state controller (4) is optimal 

according to (5), (6) when 

1 1 1 1

1
( ) 0
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T
T T T T T DD

A PA BLA A L B BRB P
 
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
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0
T

R L

L P

 
 

  
;      0P P ,   (8) 

where рL K P , T
P P , T

R R  [2]. 

We minimize criterion (5) with constrains (7), (8) w.r.t. , ,P L  and 

R  by means of semidefinite programming using MATLAB based 

SeDuMi Toolbox. 

The algorithm was verified via simulation of impulse process of IT-

МШЦЩКЧв’s CM Д3Ж. TСТs CM ТЧМХЮНОs ЭСО ПШХХШаТЧР ЦОКsЮrКЛХО 
ЯОrЭТМОs: ЩrШУОМЭ НЮrКЭТШЧ, ОбЩОЧsОs ПШr ТЧЧШЯКЭТШЧs, sКХКrв, ЩrШУОМЭ’s 
budget, profit, expenses for managers group, marketing costs, sales, re-

attestation expenses, staff training expenses. Unmeasurable vertices 

(constrained disturbances) are technical inspection, intellectual assets, 

project quality, competitiveness, job satisfaction, sharing experience. 

The goal was to stabilize the system when either intellectual assets or 

competitiveness is (negatively) disturbed. Simulation demonstrates that 

the closed-loop system with 7-dimensional control (4) is quickly and 

effectively stabilized without knowing any probabilistic characteristics 

of the disturbances. 
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Considerthe diffusion process in semi-Markov 

environmentdefinedbystochastic differentialequation[1,2] 
2 2( ) ( ( ); ( / )) ( ( ); ( / )) ( )du t C u t x t u t x t dw t

     
,
 (1) 

where ( )u t
  - random evolution in the form of a diffusion process [2], 

( ), 0,x t t  is a semi-Markov process in the standart phase space of states 

( , )X X withe stationary distribution ( ), ,B B X  -small 

parameter[2]. 

The average equation has form ˆ ˆ( ) ( ( ))du t C u t dt , where 

( ) ( ; ) ( )

X

C u C u x dx  . 

Theorem.Let functions ( ; )C u x , ( ; )u x  satisfy the following 

conditions: C1: 2( ; ) ( )C u C R  , C2:  2( ; ) ( )u C R   , C3: the 

distribution function ( )xG t [2] satisfy the Cramer condition uniformly in 

x X [2]. 
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Then the fluctuations 1 ˆ( ) [ ( ) ( )]v t u t u t
     converges weakly to the 

Ornstein-Uhlenbeckprocess ( ), 0,t t  with generator 

2( )
( ) ( ) ( )

2

v
v bv v v

     L , 

where dispersion has by form 
2 2( ) ( ; ) ( )

X

u u x dx    . 
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A time-invariant casual continuous linear system with  impulse 

response function ( ),H R   , is considered. It means that the response 

of the system to an input X(t), t R   is 

0

(t) ( )X(t )d .Y H   


   (1) 

One of the problems arising in the theory of such systems is to 

estimate or identify the function H by observations of the responses of 

the system.  Here we use a method of cross-correlograms for the 

estimation of the response function H. 

Assume that ,iX (t), , 1, ,N t R i n   is a family of measurable real-

valued stationary zero-mean Gaussian processes that have such 

representation  

,i ,

1

X (u) (t u),
N

N j i j

j

g


   for ,t u R , 
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 where ,j i  are supposed to be jointly independent random variables 

with 2
, ,0, 1j i j iE E    and (z), j 1jg   is an orthonormal basis in 

L2(R).  

Definition. As an estimator for H we will use the function 

, . ,

1

1ˆ ( ) ( )X (t ), 0.
n

N n N i N i

i

H Y
n

   


    

Applying the theory of Square-Gaussian Processes the estimation of 

large deviation probability ,

[0,A]

ˆ| ( ) ( ) |sup N nP H H



  


    
  

 can be 

founded that allows to construct the criterion on the shape of the 

impulse response function.  

Let the null hypothesis 0H  state that an impulse response function is 

( ), [0,A],H     and the alternative aH  implies the opposite. 

Denote 

 
, 1 2 3

4 5

( ) c (N,n)( c (N,n)) ( c (N,n))

exp c (N,n) c (N,n) ,

N ng   



   

  
  

where c (N,n),i 1,5,i   are known functions that depend on N,n.  

Let    be a solution of the equation , ( ) , 0 1.N ng        

To test the hypothesis 0H , we can use the following criterion. 

Criterion. For a given level of confidence  1 , (0,1),    the 

hypothesis 0H  is rejected if  

,

[0,A]

ˆ| ( ) ( ) |sup N nH H 


  


   

otherwise the hypothesis 0H  is accepted. 

Remark. The equation , ( )N ng    has a solution for any 0   since 

the function , ( )N ng   decreases with respect to . We can find solution 

of the equation using numerical methods. 
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Hidden Markov Model (HMM) is one of the most popular methods 

in machine learning and statistics to model sequences (i.e. proteins or 

language sequences). One of the obvious extension to the regular HMM 

is to have continuous observation space instead of a finite number of 

discrete symbols. 

Let's consider such HMM as a two-component process 

( ) ( ( ), ( ))z t x t y t . Where the HMM state process ( ), 0x t t  is an 

uniformly ergodic Markov process in the standard phase space [1]. Let 

also process ( )x t have stationary distribution ( ),B B  . 

And the HMM observation process ( )y t is defined by the conditional 

distributions:  

( , ) ( ( ) | ( ) ),b x y p y t y x t x y Y    . 

The conditional distributions ( , )b x y  can in principle be arbitrary but 

usually they are restricted to be finite mixtures of simple parametric 

distributions, like Gaussian [2]. 

Under these conditions we can build process ( )z t  generator [3].  

It can be also shown that such generator owns the reducible 

invertibility property. This allows to construct the potential operator and 

thus solve the singular perturbation problem for the HMM generator. 
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IЧ ЭСТs ЧШЭОаО’ХХ ТЧЭrШНЮМО ЧОа ТНОКs ШП sОЭ ЩКrЭТЭТШЧsЧЮЦЛОring 

and obtaining the index of specific set partition or finding a set partition 

by its index. One of the methods is shown to have a search tree that is 

not an equilibrium one though it has rather good speed of descent due to 

the appropriate algorithm. These approaches make it possible to build 

next set partition for the current set partition if the current set partition is 

not the last one. This feature is rather useful if one needs just to generate 

all possible partitions for a given finite set. Similarly, one can easily 

obtain the previous set partition for the current set partition if the current 

set partition is not the first one. All mentioned methods will be 

introduced with appropriate detailed algorithms and links to the code 

placed in the Internet. 

Introductory theory can be found in [1]-[5] while the 

implementation of the mentioned new methods is presented at [6]-[10].  
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COUNTERPART OF THE CHAIN RULE FOR STOCHASTIC 
PROCESSES WITH ACTIVITY TIME AND CONTINUOUS 

PATHS 
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In this paper we derive the stochastic calculus counterpart of the 

chain rule in the differential form for activity time processes 

tTttttt dWXtcdTXtbdtXtadX ),(),(),(  , 

where  0, tTt  is positive process, nondecreasing with stationary but 

not independent increments 1 ttt TT . 

Note, that Time-changed Ito Formula for )( tXff  , where tX  is 

semimartingale was derived in integral form in paper Kobayashi [1]. 

But it was impossible to use this result for setting up riskless portfolio. 

So we need to derive Time-changed Ito Formula in differential form in 

another way and as a direct consequence to give what mean terms 

before dt , tdT , 
tTdW . Moreover in our proposition ),( tXtff   

depends not only on tX . 
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STABILITY OF SOLUTIONS OF MATHEMATICAL MODELS 
OF INFORMATION SPREADING PROCESS WITH EXTERNAL 

CONTROL 

Shevchuk I. M. 
Taras Shevchenko National University of Kyiv, Ukraine 

nysya@hotmail.com 
 

In this work stationary model of information confrontation is offered. 

Mathematical model represented as a system non-linear differential 

equations.  

Let us denote by  , 1,kx t k N  the solution of equations 

         
1

,
N

k
k k i k

i

dx t
b t x t L x t u t

dt 

 
    

 
  

with ( )ku t  – control components. 

The detailed analysis of this model is leading us to the conditions of 

existence of range of first-approximation stability for general stationary 

model and the special cases of this model. The results of work allow 

simulating the dynamics of information spreading process in 

neighbourhood of the equilibrium point. 
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ABOUT ON-LINE ALGORITHM FOR LEAST SQUARES 
PARAMETER ESTIMATE WITH LEAST DEVIATIONS FROM 

‘ATTRACTIЇІ’ PЇIІTS FЇR LIІEAR SВSTEMS UІDER 
UNCERTAINTIES 
Slabospitsky A.S. 

Taras Shevchenko National University of Kyiv, Ukraine 

sl@univ.kiev.ua 
 

The estimation problem of slowly time-varying parameter matrix A  

is considered for linear discrete dynamic object 

( 1) ( ) ( ), ,x k Ax k k k     

in situation when for A  ТЭs ‘КЭЭrКМЭТШЧ’ ЩШТЧЭ *( )A k  is known at any 

moment. The recurrent procedure is obtained for least squares estimate 

 Â N with variable forgetting factor ( )k  and least deviation from 

‘КЭЭrКМЭТШЧ’ ЩШТЧЭ *( )A k  at any moment k  in non-classical case when 

this estimate may be not unique, viz.: 

 
ˆ ˆ ˆ( 1) ( ) [ ( 2) ( ) ( 1)] ( 1) ( 1)

( 1) ( ) ( 1),

T
A N A N x N A N x N x N R N

A N A N P N 

        

   
 

if ( 1) 0N   , then 

2

1 1
( 1) ( )

( ) ( 1)

( ) ( 1) ( 1) ( ) ( ) ( 1) ( 1) ( )

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

( 1)

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

( 1)

T T

T

T

R N R N
N N

R N x N x N P N P N x N x N R N

N
P N x N x N P N

N

P N P N P N x N x N P N
N

 






 
    

         
        
      
 

otherwise 

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

( ) ( 1)

( 1) ( ),

T
R N R N R N x N x N R N

N N

P N P N

 
  

     
  

  
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with initial conditions ˆ(0) (0), (0) , (0)n nA A R P E   , where 

( 1) ( ) ( 1) ( ) ( 1), ( 1) ( 1) ( ) ( 1).T T
N N x N R N x N N x N P N x N          

 

 

NUMERICAL SIMULATION OF INTERNAL BALLISTICS 
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To create a new artillery barrels, shells and charges is necessary to 

use modern mathematical methods and appropriate software. This 

applies to problems of both external and internal ballistics. The aim of 

this work is to develop a numerical algorithm for solving the basic 

problems of internal ballistics and to simulate pirodynamics processes 

under different charging conditions. 

Projectile movement in the gun barrel accompanied by a variety of 

processes: mechanical, physical, chemical, thermal and gas-dynamic. 

The main processes in internal ballistics are: powder combustion, 

formation of powder gases, expansion of powder gases, the forward 

movement of the projectile, leaking powder gases from the bore and 

others. The mathematical model is written as: 

(1 )z z    ,                                       (1) 

2( / (2 )) / / ( )p fw qv fw s l l    ,                (2) 

dv
q sp

dt
  ,                                         (3) 

dl
v

dt
 ,                                           (4) 

k

dz p

dt I
 ,                                         (5) 

0

1
1 ( )l l  

 
       

,                             (6) 

Equation (1) - (6) connecting to one another, a path that projectile 

moves l , velocity v , pressure of propellant gases p , the relative 

thickness of the propellant gases z  and the relative weight of burned 

gunpowder  . Solving of the system begins with the beginning of the 

projectile movement ( 0t  ). At this moment the forcing pressure 0p  is 
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set and values 0  and 0z  defined from the first and second equations. 

The initial conditions for differential equations (3) - (5) is: 

00, 0, .v l z z    

The system of differential equations solved by Kutt-Merson method. 

To analyse the 

calculations and their 

comparison with the 

calculations with 

internal ballistics tables 

we conclude that the 

design ballistic artillery 

systems must use a 

mathematical model and 

appropriate software 

rather than internal 

ballistics tables. 

Computational 

experiments for strip 

pirokselin powder with 

different  tape thickness. The figure shows graphs of powder gases 

pressure versus position of the projectile in the barrel during firing to 

different thicknesses powder tapes (1 - strip thickness of 1.5 mm, 2 - 2 

mm 3 - 2.5 mm). 

 

 

ON OPTIMIZATION OF A CAPITAL GROWTH RATE FOR 
INSURANCE  COMPANY  

Terletska A., Lebedev E. 
Taras Shevchenko National University of Kyiv, Ukraine 

anastasiya.prashchur@gmail.com 
 

The problem of maximization of the average growth rate of capital of 

insurance company with restrictions on the ruin probability is 

considered. It is assumed that the insurance company buys a surplus 

reinsurance contract to avoid ruin.  

Let the insurance company undertakes n  types of insurance 

contracts and the number of claims of type i  in the time interval );0( t  

follows a Poisson distribution with the parameter ti , ni ,1 . In [1] it 
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is assumed that the payments for claims of type i  follows the 

exponential distribution function. The optimization problem in such 

hypothesis is investigated. 

We consider a situation when the payments for claims of type i  

follows a distribution function of the phase type (see, for example, [2], 

Section 2.8). 

An objective function of the optimization problem is found in 

explicit form via model parameters. The unruin condition connected 

with a finite time interval selects a range of values for variables. For 

solving of this problem it is presupposed to use the methods of 

stochastic programming. A testing of the extremum search was realized 

in a case when the payments for claims of the i-th type follows the 

Erlang distribution function. 
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HВBRID METHЇDS FЇR RICHARD’S EQUATIЇІ 
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Let us consider a flow of water in soil, including the region near 

thesurface where the pores are filled with water and air (unsaturated 

zone). By considering that the pressure of airremains constant, i.e. zero, 

water flow through saturated/unsaturated porous media is 

ЦКЭСОЦКЭТМКХХв НОsМrТЛОНЛв RТМСКrНs’ ОqЮКЭТШЧ 

( ( ( )( )) ( )) 0.t K z         

For solving this equation three methods were tested – the Newton 

method and the Picard method required more time, but showed better 

accuracy than L-sheme. But during the second simulation with different 

pressure head, these methods failed to converge, while L-scheme 

converged successfully with the same iteration limit for all three 

methods. 

As a result, the hybrid method was proposed– its main idea was to 

use the convergence of L-scheme before applying the Newton method to 
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save time and increase accuracy – my research in 2016 confirmed this 

fact, which was explored by Florian List and Florin A. Radu. The L-

scheme was faster, but the hybrid method was more accurate for solving 

the task, which proved its effectiveness. 
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THE METHOD OF THE DYNAMIC ADAPTATION OF 
COMPUTATION GRIDS FOR THE NUMERICAL SOLUTION 

OF EQUATION OF MASS TRANSFER 
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The accuracy and quality of the solution of the equation describing 

the problem depends on the consistency of the distribution of the grid 

nodes and characteristics of the desired solution. With the aim of 

constructing such a grid, a method is proposed in which a transition to 

some non-stationary coordinate system is carried out. Coordinates of the 

grid nodes are not known in advance in the new coordinate system 

Represented the construction of the difference analog by the method 

of dynamic adaptation for differential task [1-2] 

0( ) ( ) ( 0)
u u u

D x V u x t
t x x x

               
, 

0 0

0

2

1

( ) ( ),    [0, ],

( ) 0,    [0, ].

x

ii x L

u
D x Vu kc q x t T

x

u
D x Vu t T

x



 

 
     

 
      


 

( ,0) 0,u x x  , 
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in the area  (0 ),   0,Q t T L    .  

By replacing variables ( , )x f r  , t   [3] with the opposite 

nondegenerate conversion ( , )r v x  , t   received the task in the 

form: 

0

1 1 1
( ) ( ) ( 0)

u Q u u u
D r V u r

r r r r
   

    
     

           
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u
D r Vu kc q r T
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 
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 
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( ,0) 0,u r r  , 
Q
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

 
 

 
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
  
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Was put grid region  1
1( , ) :   ,   ,

h

k k k
i i ir h r r

    
        

0, , 0,i N k K   and constructed difference analogue for differential 

expressions of internal nodes in the grid area. Discretization of 

differential task for internal nodes grid area 
h

   
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11 1
02

( )
( 0) / ( )i i

k k

k ki i i i i
i i i

i i

u uD D D
Q V u

h hh

 
    

 
   

      

has the order of approximation 2( )O h   for 0  , 1   and 

2 2( )O h   for 0,5  . The obtained optimal conversion function Q 

conducts to consideration of difference scheme for stationary equation, 

makes it possible to improve the numerical solution.  
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IЧ ЭСТs ЩКЩОr, аО ЩrОsОЧЭОН КЩЩrШКМС’s ЭШ ТЧПШrЦКЭТШЧ-analytical 

systems design of volation .  

I. Sergienko and L. Hulianytskyi [1] described problems of 

development of functioning, information technologies, mathematical 

support and components architecture of decision support system, 

designed as a part of integrated information-КЧКХвЭТМКХ sвsЭОЦ “О-

PКrХКЦОЧЭ”. 
Systems of decision-making (SDM) should be designed, proceeding 

from such conditions [2]:  

3.  SDM are focused on processing of great volumes of the 

polytypic information. 
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4.  Information technologies which are put in a basis of their 

functioning should be provide an opportunity of simultaneous job of the 

big number of workers. 

5.  They should have the modern interface which can be adjusted, 

for various groups of users. 

6.  They should use modern web-focused information technologies. 

7.  They should be flexible and scaled. 

Information-analytical system of VET as the system of decision-

making can consist of such subsystems: subsystem of monitoring of 

processes in VET system, subsystem of forecasting, subsystem of 

decision-making on the basis of group expert estimations, Subsystem of 

formation of information-analytical reports. 
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Paper is dedicated to the development of a unified algorithmic 

platform to create   visualization and computer modeling systems 

(VCMS).We took as a basis model of a unified algorithmic environment 

(MUAE), the core of which is the VoronoiDiagram and parallel-

recursive implementation.MUAE, unlike existing methods, [1] uses a 

unified data structure and a common set of algorithmic tools for creating 

VCMS. Implementation of these instruments will be carried by CUDA 

with using GPUs and embedded tools of automatic visualization.  

Modern graphical processing units (GPUs) are powerful parallel 

processors mostly dedicated for images synthesis. Nowadays, graphics 

card generation offers highly parallel architectures and high memory 

bandwidth. 

We present an approach of rendering Voronoi diagram using nearest 

neighbors search with KD-Tree as a main data structure. Building of 
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KD-Tree can be done using CUDA [2] (general purpose scalable 

parallel programming model for writing highly parallel applications). 

Diagram rendering is done using GLSL (OpenGL Shading Language). 

KD-Tree can be saved to a 2D-texture, where 1 pixel represent 1 node. 

We can simply pass this texture to fragment shader and traverse the tree 

in order to find nearest neighbor for current pixel. 

Using our approach we can quickly compute for each pixel nearest 

neighbor and based on this information ЛЮТХН VШrШЧШТ НТКРrКЦ. IП аО’rО 
interested only in rendering a Voronoi diagram as a bitmap, this 

approach is a good solution because all nearest neighbor calculation is 

done at GPU side, we only need to build KD-Tree and pass it to shader. 

Using parallelization of GPUs we can significantly accelerate building 

and rendering of diagram.We constructed based on Voronoi Diagram 

the unified algorithmic platform, which provides common tools for 

solving various problems of visualization and computer modeling. 

References 
1. Preparata F. P., Shamos M. I. Computational Geometry: An 

Introduction, Springer-Verlag, New York, 1985. 

2. CUDA Zone ,https://developer.nvidia.com/cuda-zone 

 
 
 

A VARIATIONAL METHOD FOR SOLVING THE INVERSE 
PROBLEM OF DETERMINING THE QUANTUM POTENTIAL 

IN THE NONLINEAR NONSTATIONARY SCHRÖDINGER 
EQUATİЇІ 

1G.Yagub,2N.S.Ibrahimov,
3Ɇ.A.Musayeva,

1M.Zengin 
1
Kafkas University, Turkey,  

2
Baku State University, Azerbaijan 

3
Azerbaijan State Pedagogical University, Azerbaijan 

gabilya@mail.ru, natiq_ibrahimov@mail.ru,  
musayeva08@inbox.ru, mervee.zengin14@gmail.com 

 

In this paper we consider the inverse problem of determining a pair 

    , , ,v x t x t of the following conditions: 
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   ,0 , , 0Sx x x D     ,    , ,x T y x x D   ,   (2) 

 

where  1i   ; 0 0, 0a T   - given numbers, D   bounded convex 

domain from three-dimensional Euclidean space 3E , 

2 2 2

2 2 2
1 2 3x x x
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operator; the complex number 2a satisfying the conditions: 
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 a x is a measurable bounded function satisfying the condition: 
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components satisfy the following conditions: 
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     , , ,x f x t y x  are complex-valued functions ,satisfying the 

conditions: 

     
20

0,1
2 22, ,W D f W y L D    .  (6) 

 

Choosing a set of admissible quantum potentials in the form: 
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  

,  

(7) 

where 0 10, 0b b  are given numbers, as in the works  1,2  to solve this 

inverse problem, the variational method is applied and the 

corresponding variational problem is studied. In this case, the existence 

and uniqueness theorems of the solution of the variational problem 

under consideration are proved. Along with these, a necessary condition 

is established in the form of variational  inequality. 
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It is known that regression function describes the evolution of a 

specific economic phenomenon. Regression function is not always well 

suited to empirical data. It points out that response variable is influenced 

by many other factors, mostly external, which are not directly observed. 

Often those external factors are random environment in which 

regression function evolves.  

The easiest way to describe the random environment is to specify its 

states. Environmental states (and also the probability of occurrence of 

each state) should be indicated and explained (determined) by experts. 

By using the method of least squares general (linear) regression 

equation for each state can be found. Then how to choose the best 

forecast for response variable? If the state in which the environment is 

situated at the current moment is unknown then so-МКХХОН “КЯОrКРОН” 
regression should be chosen. 
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The process is studied of salts transfer in the saturated-non-saturated 

mass under the action of the vertical drainage and the available mobile free 

surface of ground waters. The mathematical model of this problem in 

generally adopted specifications may be described by the following 

boundary problem under corresponding boundary conditions at  margins of 

filtration and moisture transfer field and also under conjugation conditions 

at a free margin: 
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For a boundary problem (1)-(6), using the method of numeric conforming 

reflections there had been constructed a monotonous differential scheme of 

the problem  in the complex area, its numeric solution had been obtained. 

As the result of studies the distribution is obtained of the salts concentration 

in the saturated-non-saturated soil and the change is determined of the 

location of free surface under the action of the vertical drainage system.  
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Ɋɨɡɝɥɹɞɚєɦɨ ɨɞɧɨрɿɞɧɢɣ ɝɿɥɥɹɫɬɢɣ ɩрɨɰɟɫ )(t  ɡ 
ɧɟɩɟрɟрɜɧɢɦ ɱɚɫɨɦ ɬɚ ɦɿɝрɚɰɿєɸ ( 1)0(  ). ɉрɨɰɟɫ  ɦɿɝрɚɰɿʀ 
ɡɚɞɚєɬɶɫɹ ɹɤ ɩɨєɞɧɚɧɧɹ ɞɜɨɯ ɩрɨɰɟɫɿɜ – ɤɥɚɫɢɱɧɨɝɨ ɝɿɥɥɹɫɬɨɝɨ 
ɩрɨɰɟɫɭ ɡ ɧɟɩɟрɟрɜɧɢɦ ɱɚɫɨɦ )(t Д1Ж ɬɚ ɦɿɝрɚɰɿʀ )(t . )(t  ɬɚ 

)(t  ɜɜɚɠɚєɦɨ ɨɞɧɨрɿɞɧɢɦɢ ɦɚрɤɿɜɫɶɤɢɦɢ ɩрɨɰɟɫɚɦɢ. 
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Ⱦɥɹ ɞɢɮɟрɟɧɰɿɚɥɶɧɨ-рɿɡɧɢɰɟɜɢɯ рɿɜɧɹɧɶ ɜɢɞɭ 
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ɡɚɜɝɨɞɧɨ ɦɚɥɨɝɨ ɩɨɫɬɿɣɧɨɝɨ ɡɚɩɿɡɧɸɜɚɧɧɹ, ɹɤɢɣ є ɦɨɞɢɮɿɤɚɰɿєɸ 
ɫɯɟɦɢ ɦɟɬɨɞɚ ȿɣɥɟрɚ Д1Ж ɞɥɹ рɿɜɧɹɧɶ ɛɟɡ ɡɚɩɿɡɧɟɧɧɹ ɬɚ ɦɚє ɞрɭɝɢɣ 
ɩɨрɹɞɨɤ ɬɨɱɧɨɫɬɿ. Ɉɞɟрɠɚɧɚ ɫɯɟɦɚ є ɩрɨɫɬɿɲɨɸ ɜ рɟɚɥɿɡɚɰɿʀ ɭ 
ɩɨрɿɜɧɹɧɧɿ ɡ рɨɡрɨɛɥɟɧɢɦɢ рɚɧɿɲɟ ɫɯɟɦɚɦɢ Д2,3Ж ɛɿɥɶɲ ɜɢɫɨɤɢɯ 
ɩɨрɹɞɤɿɜ ɬɨɱɧɨɫɬɿ. ɋɯɟɦɚ ɡɚɫɬɨɫɨɜɚɧɚ ɞɨ ɦɨɞɟɥɶɧɨɝɨ ɩрɢɤɥɚɞɭ 
«ɯɢɠɚɤ-ɠɟрɬɜɚ» Д4Ж. 
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Ɋɨɡɝɥɹɧɟɦɨ ɡɚɞɚɱɭ  
( ) 0,P x  ɞɟ : n m

P R R .          (1) 

Ⱦɥɹ рɨɡɜ’ɹɡɭɜɚɧɧɹ (1)  ɭ ɜɢɩɚɞɤɭ m n  ɜɢɤɨрɢɫɬɨɜɭɸɬɶ ɦɟɬɨɞ 
ɇɶɸɬɨɧɚ, ɹɤɢє є ɥɨɤɚɥɶɧɨ ɤɜɚɞрɚɬɢɱɧɨ ɡɛɿɠɧɢɦ.  

ɍ ɜɢɩɚɞɤɭ m n  ɡɚɞɚɱɭ (1) ɡɚɦɿɧɢɦɨ ɡɚɞɚɱɟɸ ɩрɨ ɧɚɣɦɟɧɲɿ 
ɤɜɚɞрɚɬɢ  

  ( ) ( ( ), ( )) minf x P x P x  .               (2) 

Ⱦɥɹ рɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱɿ (2) ɦɨɠɧɚ ɜɢɤɨрɢɫɬɚɬɢ ɦɟɬɨɞ Ƚɚɭɫɚ-

ɇɶɸɬɨɧɚ, ɝрɚɞɿєɧɬɧɢɣ. ɇɚɜɿɬɶ ɭ ɧɚɣɤрɚɳɨɦɭ ɜɢɩɚɞɤɭ ɦɟɬɨɞ Ƚɚɭɫɚ-

ɇɶɸɬɨɧɚ ɮɚɤɬɢɱɧɨ ɦɚє ɧɚɞ ɥɿɧɿɣɧɭ ɡɛɿɠɧɿɫɬɶ. Ƚрɚɞɿєɧɬɧɢɣ ɦɟɬɨɞ 
ɦɚє ɥɢɲɟ ɥɿɧɿɣɧɭ ɲɜɢɞɤɿɫɬɶ ɡɛɿɠɧɨɫɬɿ ɯɨɱɚ ɞɨɫɬɚɬɧɶɨ ɬрɭɞɨɦɿɫɬɤɢɣ 
ɜ ɫɟɧɫɿ ɤɿɥɶɤɨɫɬɿ ɨɛɱɢɫɥɟɧɶ ɧɚ ɤɨɠɧɿɣ ɿɬɟрɚɰɿʀ. 

ɇɚɦɢ ɩрɨɩɨɧɭєɬɶɫɹ ɛɥɨɱɧɨ ɩɨɤɨɨрɞɢɧɚɬɧɢɣ ɦɟɬɨɞ ɫɩɭɫɤɭ. 
ȼɜɟɞɟɦɨ ɩɨɡɧɚɱɟɧɧɹ {1,2,..., }N n ,  

1 2{ , ,..., } , 1,l pN l l l N l s   ,  ɞɟ il N , 1 il n  , ɡɚɭɜɚɠɢɦɨ ɳɨ 

1

s

i

i

N N


 , s R , p n , ɚ ɬɚɤɨɠ ,i jN N i j  .  1( ,..., )n T

l l lh h h , 

0,   

,   

l
i
l

li

i N

h f
i N

x


  

. 

Ɍɨɞɿ ɞɥɹ рɨɡɜ’ɹɡɭɜɚɧɧɹ (1) ɩрɨɩɨɧɭєɬɶɫɹ ɚɥɝɨрɢɬɦ ɜɢɝɥɹɞɭ 

, 1 , , , , 1 1,1 1

2

, 1 , , ,

( ), ,

( ) ( ) ( ) , 0,1,...;   1,2,... .

k j k j k j j k j k p k k

k j k j k j j k j

x x h x x x x

f x f x h x k j p





   



   

    
 

Ɋɨɡɝɥɹɧɭɬɢɣ ɚɥɝɨрɢɬɦ ɩрɢ ɜɢɤɨɧɚɧɧɿ ɩɟɜɧɢɯ ɭɦɨɜ ɧɚɤɥɚɞɟɧɢɯ 
ɧɚ ( )P x  ɤɨрɟɤɬɧɨ ɜɢɡɧɚɱɟɧɢɣ ɿ ɡɛɿɠɧɢɣ. ȿɮɟɤɬɢɜɧɨ ɚɥɝɨрɢɬɦ 
ɜɢɤɨрɢɫɬɨɜɭɜɚɬɢ ɭ ɜɢɩɚɞɤɭ ɜɟɥɢɤɢɯ n  
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Ɋɨɡɝɥɹɧɟɦɨ ɡɚɞɚɱɭ ɨɩɬɢɦɿɡɚɰɿʀ 
  ( ) min

nR
f x  , ɞɟ : n

f R R ,  1 n
f C R .  (1) 

ȼɜɟɞɟɦɨ ɩɨɡɧɚɱɟɧɧɹ  1,2, ,N n . Ɂ ɞɚɧɨʀ ɦɧɨɠɢɧɢ ɜɢɞɿɥɢɦɨ 

ɩɿɞɦɧɨɠɢɧɢ  1 2, , ,l sN l l l , ɞɟ 1 i s n   , il N ; lN N  ɿ 

1

p

l

l

N N


 . l jN N , ɹɤɳɨ l j , , 1,2, ,l j p , p n  . ȼɜɟɞɟɦɨ 

ɜɟɤɬɨр       1 , ,
T

n
l l la x a x a x , ɞɟ    

i

i
l xa x f x , ɹɤɳɨ li N  ɿ 

0i
la  , ɹɤɳɨ li N . 

Ⱦɥɹ рɨɡɜ’ɹɡɭɜɚɧɧɹ (1) ɡɚɩрɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞ ɜɢɝɥɹɞɭ  
    , 1k l kl kl l klx x a x   ,   (2) 

        2

, 1k l kl kl l klf x f x a x    ,  (3) 

ɞɟ  0,1  , 1,2, ,l p , 0,1,k  ,  , 1 11 ,1k p kkx x x   , ɞɥɹ 

ɹɤɨɝɨ ɫɩрɚɜɟɞɥɢɜɿ ɧɚɫɬɭɩɧɿ ɥɟɦɢ. 
Лема 1. ɇɟɯɚɣ   0la x  , ɬɨɞɿ  la x  є ɜɟɤɬɨрɨɦ ɫɩɚɞɚɧɧɹ 

ɮɭɧɤɰɿʀ  f x  ɭ ɬɨɱɰɿ x . 

Лема 2. ɇɟɯɚɣ  1 n
f C R  ɿ  f x  ɡɚɞɨɜɨɥɶɧɹє ɭɦɨɜɭ Ʌɿɩɲɢɰɹ. 

   f x f y L x y    . Ɍɨɞɿ ɞɥɹ n
klx R   ɭɦɨɜɚ (3) ɜɢɤɨɧɭєɬɶɫɹ 

ɩрɢ 
 1

0 kl
L





  . 

Ɉɬɠɟ, ɦɟɬɨɞ (2)-(3) є ɦɟɬɨɞɨɦ ɫɩɭɫɤɭ.  
ɍ ɜɢɩɚɞɤɭ 1p   ɦɟɬɨɞ (2)-(3) ɛɭɞɟ ɝрɚɞɿєɧɬɧɢɦ ɦɟɬɨɞɨɦ, ɚ ɭ 

ɜɢɩɚɞɤɭ  lN l  - ɦɟɬɨɞɨɦ ɩɨɤɨɨрɞɢɧɚɬɧɨɝɨ ɝрɚɞɿєɧɬɧɨɝɨ ɫɩɭɫɤɭ. 
Ȼɭɥɨ ɩрɨɜɟɞɟɧɨ ɱɢɫɥɨɜɭ ɚɩрɨɛɚɰɿɸ ɦɟɬɨɞɭ ɧɚ ɧɢɡɰɿ ɬɟɫɬɨɜɢɯ 

ɮɭɧɤɰɿɣ. ɉрɢ ɜɿɞɩɨɜɿɞɧɨɦɭ ɜɢɛɨрɿ ɦɧɨɠɢɧɢ lN  ɨɬрɢɦɚɧɨ 
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ɚɥɝɨрɢɬɦɢ ɟɮɟɤɬɢɜɧɿɲɿ ɜɿɞ ɝрɚɞɿєɧɬɧɨɝɨ ɦɟɬɨɞɭ ɜ ɫɟɧɫɿ ɤɿɥɶɤɨɫɬɿ 
ɨɛɱɢɫɟɧɶ. Ɂрɨɛɥɟɧɨ ɜɿɞɩɨɜɿɞɧɿ ɜɢɫɧɨɜɤɢ ɩрɨ ɦɨɠɥɢɜɿɫɬɶ 
ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ (2)-(3). 
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Ɂ 2016 р. ɞɥɹ рɨɡɩɨɞɿɥɭ ɦɿɠ ɜɢɳɢɦɢ ɧɚɜɱɚɥɶɧɢɦɢ ɡɚɤɥɚɞɚɦɢ 
ɚɛɿɬɭрɿєɧɬɿɜ, ɳɨ ɧɚɜɱɚɬɢɦɭɬɶɫɹ ɡɚ ɞɟрɠɚɜɧɢɦ ɡɚɦɨɜɥɟɧɧɹɦ, ɩɨɱɚɥɢ 
ɜɢɤɨрɢɫɬɨɜɭɜɚɬɢ ɚɥɝɨрɢɬɦ Ƚɟɣɥɚ - ɒɟɩɥɿ. ɍ ɤɥɚɫɢɱɧɿɣ ɮɨрɦɿ ɜɿɧ є 
ɞɟɬɟрɦɿɧɨɜɚɧɢɦ ɿ ɩɟрɟɞɛɚɱɚє рɚɰɿɨɧɚɥɶɧɿɫɬɶ ɿ ɬɨɱɧɟ ɡɚɞɚɧɧɹ 
ɩɟрɟɜɚɝ ɹɤ ɚɛɿɬɭрɿєɧɬɿɜ, ɬɚɤ ɿ ȼɇɁ. ɇɚ ɩрɚɤɬɢɰɿ рɿɲɟɧɧɹ ɚɛɿɬɭрɿєɧɬɿɜ 
ɱɚɫɬɨ ɧɟ є рɚɰɿɨɧɚɥɶɧɢɦɢ, ɚ ʀɯ ɩɟрɟɜɚɝɢ ɧɟɫɬɿɣɤɿ ɿ ɜɢɡɧɚɱɚɸɬɶɫɹ ɡ 
ɿɫɬɨɬɧɢɦɢ ɩɨɯɢɛɤɚɦɢ. ɇɚɫɥɿɞɤɨɦ ɰɶɨɝɨ ɛɭɥɢ ɱɢɫɥɟɧɧɿ ɜɢɩɚɞɤɢ, 
ɤɨɥɢ ɚɛɿɬɭрɿєɧɬɢ ɜɿɞɦɨɜɥɹɥɢɫɹ ɜɿɞ ɧɚɞɚɧɨɝɨ ɛɸɞɠɟɬɧɨɝɨ ɦɿɫɰɹ ɿ 
ɨɛɢрɚɥɢ ɧɚɜɱɚɧɧɹ ɡɚ ɤɨɧɬрɚɤɬɨɦ ɧɚ ɿɧɲɢɯ ɫɩɟɰɿɚɥɶɧɨɫɬɹɯ ɱɢ ɜ 
ɿɧɲɢɯ ȼɇɁ. Ʉрɿɦ ɬɨɝɨ, ɫɬɚɧɞɚрɬɧɚ ɮɨрɦɚ ɚɥɝɨрɢɬɦɭ ɧɚɤɥɚɞɚє 
ɨɛɦɟɠɟɧɧɹ ɧɚ ɤɿɥɶɤɿɫɬɶ ɚɛɿɬɭрɿєɧɬɿɜ, ɹɤɿ ɛɭɞɭɬɶ рɨɡɩɨɞɿɥɟɧɿ ɞɨ 
ɤɨɠɧɨɝɨ ɡ ȼɇɁ, ɥɢɲɟ ɡɜɟрɯɭ. Ɍɨɦɭ ɦɨɠɥɢɜɿ ɿ ɬрɚɩɥɹɥɢɫɹ ɧɚ 
ɩрɚɤɬɢɰɿ ɜɢɩɚɞɤɢ, ɤɨɥɢ ɡɚ рɟɡɭɥɶɬɚɬɚɦɢ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ 
рɨɡɩɨɞɿɥɭ ɞɨ ȼɇɁ ɡɚрɚɯɨɜɭɜɚɥɢ 1-2-3 ɚɛɿɬɭрɿєɧɬɿɜ, ɳɨ ɡɚ 
ɜɿɞɫɭɬɧɨɫɬɿ ɞɨɞɚɬɤɨɜɢɯ ɫɬɭɞɟɧɬɿɜ, ɳɨ ɧɚɜɱɚɬɢɦɭɬɶɫɹ ɡɚ 
ɤɨɧɬрɚɤɬɧɨɸ ɮɨрɦɨɸ, рɨɛɢɬɶ ɧɟɦɨɠɥɢɜɨɸ ɧɨрɦɚɥɶɧɭ ɨрɝɚɧɿɡɚɰɿɸ 
ɧɚɜɱɚɥɶɧɨɝɨ ɩрɨɰɟɫɭ. ɉрɨɛɥɟɦɚ ɭɫɤɥɚɞɧɸєɬɶɫɹ ɬɢɦ, ɳɨ ɚɥɝɨрɢɬɦ 
рɨɡɩɨɞɿɥɭ ɦɚє ɛɭɬɢ ɩрɨɫɬɢɣ ɿ ɡрɨɡɭɦɿɥɢɣ ɧɟ ɬɿɥɶɤɢ ɮɚɯɿɜɰɹɦ. ɍ 
2017 р. ɩɟрɟɞɛɚɱɟɧɨ ɱɚɫɬɤɨɜɟ ɜɢрɿɲɟɧɧɹ ɡɚɡɧɚɱɟɧɢɯ ɩрɨɛɥɟɦ ɡɚ 
рɚɯɭɧɨɤ ɜɫɬɚɧɨɜɥɟɧɧɹ ɧɢɠɧɿɯ ɩɨрɨɝɿɜ ɞɥɹ ɤɨɠɧɨɝɨ ɭɧɿɜɟрɫɢɬɟɬɭ, 
ɛɚɝɚɬɨɤрɚɬɧɨɝɨ ɩрɨɝɨɧɭ ɚɥɝɨрɢɬɦɭ ɬɚ ɡɚɩрɨɜɚɞɠɟɧɧɹ ɞɨɞɚɬɤɨɜɢɯ 
ɮɨрɦɚɥɿɡɨɜɚɧɢɯ ɩрɨɰɟɞɭр ɞɥɹ ɡɚɩɨɜɧɟɧɧɹ ɦɿɫɰɶ, ɳɨ ɜɢɜɿɥɶɧɢɥɢɫɹ 
ɱɟрɟɡ ɡɦɿɧɭ ɩрɿɨрɢɬɟɬɿɜ ɩɿɫɥɹ ɨɫɧɨɜɧɨɝɨ ɰɢɤɥɭ рɨɛɨɬɢ ɚɥɝɨрɢɬɦɭ. 
ȼɬɿɦ, ɡɚɥɢɲɚɸɬɶɫɹ ɚɤɬɭɚɥɶɧɢɦɢ, ɹɤ ɩɨɲɭɤ ɛɿɥɶɲ ɞɨɫɤɨɧɚɥɢɯ 
ɤрɢɬɟрɿʀɜ ɿ ɚɥɝɨрɢɬɦɿɜ ɩрɢɣɧɹɬɬɹ рɿɲɟɧɶ, ɬɚɤ ɿ ɮɨрɦɭɜɚɧɧɹ ɜ 
ɲɤɨɥɹрɿɜ ɛɚɡɨɜɢɯ ɧɚɜɢɱɨɤ ɩрɢɣɧɹɬɬɹ рɿɲɟɧɶ ɿ ɜɿɞɩɨɜɿɞɚɥɶɧɨɫɬɿ ɡɚ 
ɧɚɫɥɿɞɤɢ ɜɥɚɫɧɨɝɨ ɜɢɛɨрɭ, ɳɨ ɫɩрɢɹɬɢɦɟ ɡɦɟɧɲɟɧɧɸ 
ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ. 
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ɉɊɂɋɄɈɊȿɇȱ ɆȿɌɈȾɂ ɈȻɑɂɋɅȿɇɇə ɈɉɈɊɇɂɏ 
ɎȺɁɈȼɂɏ ɌɊȺЄɄɌɈɊȱɃ 
Ȼɟɣɤɨ ȱ.ȼ., Ƚɪɢɱɚɧɟɧɤɨ ə.ȼ.   

ɇɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟрɫɢɬɟɬ ɍɤрɚʀɧɢ «Ʉɢʀɜɫɶɤɢɣ 
ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬ ɿɦɟɧɿ ȱɝɨрɹ ɋɿɤɨрɫɶɤɨɝɨ» , ɍɤрɚʀɧɚ 

ivan.beyko@gmail.com 
 

ɋɟрɟɞ ɩрɚɤɬɢɱɧɨ ɜɚɠɥɢɜɢɯ ɤрɢɬɟрɿʀɜ ɨɩɬɢɦɚɥɶɧɨɫɬɿ ɚɥɝɨрɢɬɦɿɜ 
ɨɛɱɢɫɥɟɧɧɹ ɨɩɬɢɦɚɥɶɧɨʀ ɨɩɨрɧɨʀ ɬрɚєɤɬɨрɿʀ ɅȺ ɨɫɨɛɥɢɜɨ 
ɜɢɞɿɥɹєɬɶɫɹ ɤрɢɬɟрɿɣ ɦɿɧɿɦɿɡɚɰɿʀ ɱɚɫɭ ɨɛɱɢɫɥɟɧɧɹ ɨɩɬɢɦɚɥɶɧɨʀ 
ɨɩɨрɧɨʀ ɬрɚєɤɬɨрɿʀ, ɜɿɞɥɿɤ ɹɤɨɝɨ ɩɨɱɢɧɚєɬɶɫɹ ɜɿɞ ɦɨɦɟɧɬɭ 
ɨɬрɢɦɚɧɧɹ ɤɨɨрɞɢɧɚɬ ɰɿɥɿ. Ɉɩɬɢɦɚɥɶɧɿ ɡɚ ɰɢɦ ɤрɢɬɟрɿєɦ ɚɥɝɨрɢɬɦɢ 
ɛɭɞɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɨɩɬɢɦɚɥɶɧɨɝɨ ɜɢɤɨрɢɫɬɚɧɧɹ ɡɚɡɞɚɥɟɝɿɞɶ 
ɨɛɱɢɫɥɟɧɢɯ ɞɨɩɨɦɿɠɧɢɯ ɤɟрɭɜɚɧɶ ɿ ɜɿɞɩɨɜɿɞɧɢɯ ɮɚɡɨɜɢɯ ɬрɚєɤɬɨрɿɣ 

0 0{ , },si si
u x  {1,..., },is S  ɹɤɿ ɩрɨɝɧɨɡɭɸɬɶɫɹ ɛɥɢɡɶɤɢɦɢ ɞɨ ɲɭɤɚɧɢɯ 

ɨɩɬɢɦɚɥɶɧɢɯ (ɡɚ ɜɤɚɡɚɧɢɦɢ ɤɨɨрɞɢɧɚɬɚɦɢ ɰɿɥɿ **( )M
x T x )  

ɤɟрɭɜɚɧɶ ɿ ɬрɚєɤɬɨрɿɣ * *{ , }i i
u x  ɭ ɩɨɬɨɱɧɨɦɭ ɫɬɚɧɿ ɡɦɿɧɧɢɯ ɡɧɚɱɟɧɶ 

iqi
p R  ɮɿɡɢɱɧɢɯ ɩɚрɚɦɟɬрɿɜ ɚɬɦɨɫɮɟрɢ ɿ ɩɚрɚɦɟɬрɿɜ ɦɚɬɟɦɚɬɢɱɧɨʀ 

ɦɨɞɟɥɿ ɞɢɧɚɦɿɤɢ ɤɟрɨɜɚɧɨɝɨ ɅȺ ɭ i  ɿɣ ɡɨɧɿ, 1,..., .i M   
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i
i i idx t

f i x t u t p t
dt

 ( ) ,ini
x t R  ( ) ,iri

u t R  1[ , ),i it t t   

1( , ) : [ , ) ,i i i in r q n

i if i R R R t t R     1,..., .i M   

Ⱦɥɹ ɩɿɞɜɢɳɟɧɧɹ ɟɮɟɤɬɢɜɧɨɫɬɿ ɩɨɛɭɞɨɜɚɧɢɯ ɚɥɝɨрɢɬɦɿɜ 
ɨɛɱɢɫɥɟɧɧɹ ɨɩɬɢɦɚɥɶɧɢɯ ɤɟрɭɜɚɧɶ ɿ ɨɩɬɢɦɚɥɶɧɢɯ ɨɩɨрɧɢɯ ɮɚɡɨɜɢɯ 
ɬрɚєɤɬɨрɿɣ ɨɩɬɢɦɿɡɚɰɿɣɧɚ ɡɚɞɚɱɚ ɡɜɨɞɢɬɶɫɹ ɞɨ ɡɚɞɚɱɿ ɦɟɧɲɨʀ 
рɨɡɦɿрɧɨɫɬɿ: ɡɧɚɣɬɢ ɜɟɤɬɨрɢ i

x  (ɿ ɜɿɞɩɨɜɿɞɧɿ ɤɟрɭɜɚɧɧɹ 
1:[ , ) )iri

i iu t t R  , 1,..., ,i M  ɹɤɿ ɦɿɧɿɦɿɡɭɸɬɶ ɮɭɧɤɰɿɸ 
1
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
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ɞɟ ɡɧɚɱɟɧɧɹ 1( ).i i

iw x t   ɨɛɱɢɫɥɸɸɬɶɫɹ ɹɤ рɨɡɜ’ɹɡɤɢ ɡɚɞɚɱ Ʉɨɲɿ  
( )

( , ( ), ( ), , ),
i

i i idx t
f i x t u t p t

dt
 ( ) ,i i

ix t x  1[ , ).i it t t   

ɉɨрɿɜɧɹɧɨ ɧɟɜɟɥɢɤɚ рɨɡɦɿрɧɿɫɬɶ ɚрɝɭɦɟɧɬɿɜ ɦɿɧɿɦɿɡɨɜɚɧɨʀ 
ɮɭɧɤɰɿʀ F  ɬɚ ɩрɚɤɬɢɱɧɿ ɦɨɠɥɢɜɨɫɬɿ ɨɛɱɢɫɥɟɧɧɹ ʀʀ ɝрɚɞɿєɧɬɿɜ ɿ 
ɞрɭɝɢɯ ɩɨɯɿɞɧɢɯ ɞɨɡɜɨɥɢɥɢ рɟɚɥɿɡɭɜɚɬɢ ɩрɢɫɤɨрɟɧɿ ɚɥɝɨрɢɬɦɢ ʀʀ 
ɦɿɧɿɦɿɡɚɰɿʀ ɿɡ ɩɨɫɬɭɩɨɜɢɦɢ ɧɚ ɤɨɠɧɿɣ ɿɬɟрɚɰɿʀ ɧɚɛɥɢɠɟɧɧɹɦɢ ɞɨ 
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ɤɟрɭɜɚɧɶ ( )i
u t , ɳɨ ɦɿɧɿɦɿɡɭɸɬɶ ɜɿɞɩɨɜɿɞɧɿ ɜɿɞɯɢɥɟɧɧɹ  

1 1|| || .i i
x w

   

 
 

ɑɂɋȿɅɖɇȱ ɆȿɌɈȾɂ ɉɈɅȱɇɈɆȱȺɅɖɇɈȲ 
ȺɉɊɈɄɋɂɆȺɐȱȲ ɈɉɌɂɆȺɅɖɇɂɏ ɌɊȺЄɄɌɈɊȱɃ 

Ȼɟɣɤɨ ȱ.ȼ., ɉɚɥіɣ Ɉ.ȼ.   
ɇɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟрɫɢɬɟɬ ɍɤрɚʀɧɢ «Ʉɢʀɜɫɶɤɢɣ 

ɩɨɥɿɬɟɯɧɿɱɧɢɣ ɿɧɫɬɢɬɭɬ ɿɦɟɧɿ ȱɝɨрɹ ɋɿɤɨрɫɶɤɨɝɨ» , ɍɤрɚʀɧɚ 

ivan.beyko@gmail.com 
 

Ɍрɭɞɧɨɳɿ ɩрɚɤɬɢɱɧɨʀ ɩɨɛɭɞɨɜɢ ɨɩɬɢɦɚɥɶɧɢɯ ɤɟрɭɜɚɧɶ u ɿ 
ɨɩɬɢɦɚɥɶɧɢɯ ɮɚɡɨɜɢɯ ɬрɚєɤɬɨрɿɣ x ɤɟрɨɜɚɧɢɯ ɫɢɫɬɟɦ 

( )
( ( ), ( ), ),

dx t
f x t u t t

dt
 ( ) ,n

x t R  ( ) ,r
u t R  [0, ],t T  

: n r n
f R R R R    

ɿɡ ɫɤɥɚɞɧɢɦɢ ɮɚɡɨɜɢɦɢ ɨɛɦɟɠɟɧɧɹɦɢ 

( ( ), ( ), ) 0  ,g x t u t t   : ,n r k
g R R R R    1 2[ , ],g gt t t  

( ( ), ( ), ) 0  ,h x t u t t   : ,n r s
h R R R R    1 2[ , ],h ht t t  

ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɢɤɨрɢɫɬɚɧɧɹ ɩрɢɧɰɢɩɭ ɦɚɤɫɢɦɭɦɚ Ʌ.ɋ. ɉɨɧɬрɹɝɿɧɚ 
ɩɨɜ’ɹɡɚɧɿ ɧɟ ɬɿɥɶɤɢ ɿɡ ɬɢɦ, ɳɨ ɩɨɧɬрɹɝɿɧɫɶɤɚ ɫɢɫɬɟɦɚ (ɫɩɚрɟɧɚ 
ɫɢɫɬɟɦɚ ɞɢɮɟрɟɧɰɿɚɥɶɧɢɯ рɿɜɧɹɧɶ ɤɟрɨɜɚɧɨʀ ɫɢɫɬɟɦɢ ɿ ɫɩрɹɠɟɧɨʀ ɞɨ 
ɧɟʀ ɫɢɫɬɟɦɢ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɮɭɧɤɰɿɣ ( ) ,n

y t R  [0, ],t T  ɹɤɿ рɚɡɨɦ ɿɡ 
ɡɧɚɱɟɧɧɹɦɢ ɮɚɡɨɜɨɝɨ ɜɟɤɬɨрɚ ( )x t  ɜɢɡɧɚɱɚɸɬɶ ɡɚ ɩрɢɧɰɢɩɨɦ 
ɦɚɤɫɢɦɭɦɭ  ɡɧɚɱɟɧɧɹ ɟɤɫɬрɟɦɚɥɶɧɢɯ ɤɟрɭɜɚɧɶ ( )u t ) є ɡɚɡɜɢɱɚɣ 
ɧɟɫɬɿɣɤɨɸ ɫɢɫɬɟɦɨɸ (ɹɤɳɨ ɤɟрɨɜɚɧɚ ɫɢɫɬɟɦɚ є ɫɬɿɣɤɨɸ, ɬɨ ʀʀ 
ɫɩрɹɠɟɧɚ є ɧɟɫɬɿɣɤɨɸ ɿ ɧɚɜɩɚɤɢ), ɚɥɟ ɬɚɤɨɠ ɩɨɜ’ɹɡɧɿ ɿɡ ɜɟɥɢɤɨɸ 
ɫɤɥɚɞɧɿɫɬɸ ɿɧɬɟɝрɭɜɚɧɧɹ ɫɩрɹɠɟɧɨʀ ɫɢɫɬɟɦɢ ɭ ɜɢɩɚɞɤɭ ɫɤɥɚɞɧɢɯ 
ɮɚɡɨɜɢɯ ɨɛɦɟɠɟɧɶ. ɍ ɞɚɧɿɣ рɨɛɨɬɿ ɞɥɹ ɩɨɛɭɞɨɜɢ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɤɟрɭɜɚɧɧɹ ɜ ɭɦɨɜɚɯ ɫɤɥɚɞɧɢɯ ɮɚɡɨɜɢɯ ɨɛɦɟɠɟɧɶ ɜɢɤɨрɢɫɬɨɜɭɸɬɶɫɹ 
ɦɟɬɨɞɢ ɤɨɥɥɨɤɚɰɿɣ ɡ ɩɨɥɿɧɨɦɿɚɥɶɧɢɦɢ ɚɩрɨɤɫɢɦɚɰɿɹɦɢ 
ɨɩɬɢɦɚɥɶɧɢɯ ɮɚɡɨɜɢɯ ɬрɚєɤɬɨрɿɣ ɬɚ ɨɩɬɢɦɚɥɶɧɢɯ ɤɟрɭɜɚɧɶ. Ⱦɥɹ 
ɨɩɬɢɦɚɥɶɧɢɯ ɿɧɬɟрɩɨɥɹɰɿɣɧɢɯ ɚɩрɨɤɫɢɦɚɰɿɣ ɧɚ j-ɢɯ ɿɧɬɟрɜɚɥɚɯ 
ɱɚɫɭ, 1,..., ,j M     ɜɢɤɨрɢɫɬɨɜɭɸɬɶɫɹ ɦɧɨɝɨɱɥɟɧɢ Ʌɚɝрɚɧɠɚ n-ɝɨ 
ɫɬɟɩɟɧɹ ɿɡ ɜɭɡɥɚɦɢ ɿɧɬɟрɩɨɥɹɰɿʀ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɧɭɥɹɦ ɩɨɯɿɞɧɨʀ n-

ɝɨ ɫɬɟɩɟɧɹ ɩɨɥɿɧɨɦɚ Ʌɟɠɚɧɞрɚ  ɬɚ ɤɿɧɰɟɜɢɦ ɬɨɱɤɚɦ ɥɨɤɚɥɶɧɢɯ 
ɿɧɬɟрɜɚɥɿɜ ɱɚɫɭ. Ɉɩɬɢɦɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɮɚɡɨɜɢɯ ɬрɚєɤɬɨрɿɣ ɬɚ 
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ɨɩɬɢɦɚɥɶɧɿ ɡɧɚɱɟɧɧɹ ɤɟрɭɜɚɧɶ ɭ ɡɚɞɚɧɢɯ ɜɭɡɥɚɯ ɿɧɬɟрɩɨɥɹɰɿʀ 
ɨɛɱɢɫɥɸɸɬɶɫɹ ɹɤ рɨɡɜ’ɹɡɤɢ ɫɢɫɬɟɦ ɬɚ ɧɟрɿɜɧɨɫɬɟɣ, ɳɨ ɜɢɧɚɱɚɸɬɶ 
ɧɟɨɛɯɿɞɧɿ ɭɦɨɜɢ ɨɩɬɢɦɚɥɶɧɨɫɬɿ Ʉɚрɭɲɚ-Ʉɭɧɚ-Ɍɚɤɤɟрɚ. 

Ɉрɬɨɝɨɧɚɥɶɧɿɫɬɶ ɜɢɤɨрɢɫɬɚɧɢɯ ɚɩрɨɤɫɢɦɭɸɱɢɯ ɩɨɥɿɧɨɦɿɜ ɧɚ 
ɩрɢɜɟɞɟɧɢɯ ɿɧɬɟрɜɚɥɚɯ ɱɚɫɭ ɿɡ ɜɢɛрɚɧɢɦɢ ɜɭɡɥɚɦɢ ɿɧɬɟрɩɨɥɹɰɿʀ 
ɫɭɬɬєɜɨ ɫɩрɨɳɭє ɚɥɝɨрɢɬɦɢ ɱɢɫɟɥɶɧɨɝɨ рɨɡɜ’ɹɡɚɧɧɹ ɜɿɞɩɨɜɿɞɧɨʀ 
ɫɢɫɬɟɦɢ рɿɜɧɹɧɶ ɬɚ ɧɟрɿɜɧɨɫɬɟɣ, ɚ ɜɢɛрɚɧɿ ɜɭɡɥɢ ɿɧɬɟрɩɨɥɹɰɿʀ 
ɦɿɧɿɦɿɡɭɸɬɶ ɜɿɞɯɢɥɟɧɧɹɦɢ ɨɛɱɢɫɥɟɧɢɯ ɿɧɬɟрɩɨɥɹɰɿɣɧɢɯ ɩɨɥɿɧɨɦɿɜ 
ɜɿɞ ɲɭɤɚɧɢɯ ɨɩɬɢɦɚɥɶɧɢɯ ɤɟрɭɜɚɧɶ ɬɚ ɨɩɬɢɦɚɥɶɧɢɯ ɮɚɡɨɜɢɯ 
ɬрɚєɤɬɨрɿɣ.  
 

 

 

ɉɊɈ ɈɐȱɇɄɍ ɃɆɈȼȱɊɇɈɋɌȱ ȻȺɇɄɊɍɌɋȼȺ ȾɅə 
ɊɈɁɉɈȾȱɅȱȼ Ɂ “ȼȺɀɄɂɆɂ ɏȼɈɋɌȺɆɂ” 

Ȼіɥɢɧɫьɤɢɣ Ⱥ.ə., Ʉіɧɚɲ Ɉ.Ɇ. 
Ʌɶɜɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟрɫɢɬɟɬ ɿɦɟɧɿ ȱɜɚɧɚ Ɏрɚɧɤɚ, ɍɤрɚʀɧɚ 

andrii.bilynskyi@gmail.com 
 

Ʉɥɚɫɢɱɧɚ ɬɟɨрɿɹ рɢɡɢɤɭ ɩɟрɟɞɛɚɱɚє, ɳɨ ɜɟɥɢɤɿ ɫɬрɚɯɨɜɿ ɜɢɦɨɝɢ 
ɚ, ɨɬɠɟ, ɜɟɥɢɤɿ ɫɬрɚɯɨɜɿ ɜɢɩɥɚɬɢ ɬрɚɩɥɹɸɬɶɫɹ рɿɞɤɨ, ɡ 
ɟɤɫɩɨɧɟɧɰɿɚɥɶɧɨ ɦɚɥɨɸ ɣɦɨɜɿрɧɿɫɬɸ. ɉрɨɬɟ, ɛɚɝɚɬɨ ɫɢɬɭɚɰɿɣ 
ɩɨɜ'ɹɡɚɧɿ ɡ ɟɤɫɬрɟɦɚɥɶɧɢɦɢ ɩɨɞɿɹɦɢ. ɍ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ, рɟɚɥɶɧɢɣ 
рɨɡɦɿр ɜɢɩɥɚɬ ɛɿɥɶɲ ɚɞɟɤɜɚɬɧɨ ɩрɟɞɫɬɚɜɥɟɧɢɣ ɜɢɩɚɞɤɨɜɢɦɢ 
ɜɟɥɢɱɢɧɚɦɢ ɡ рɨɡɩɨɞɿɥɚɦɢ ɡ «ɜɚɠɤɢɦɢ ɯɜɨɫɬɚɦɢ». 

ɍ ɤɥɚɫɢɱɧɿɣ ɦɨɞɟɥɿ Ʉрɚɦɟрɚ-Ʌɭɧɞɛɟрɝɚ ɜɢɤɨɧɭєɬɶɫɹ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ Д1, ɫɬ.187Ж 

 

0

(1 ( )) / (1 ) ,x
e F x dx c
   



       (1) 

 

Ɋɨɡɩɨɞɿɥɢ, ɹɤɿ ɧɟ ɡɚɞɨɜɨɥɶɧɹɸɬɶ ɭɦɨɜɭ (1) ɧɚɡɢɜɚɸɬɶ 
рɨɡɩɨɞɿɥɚɦɢ ɡ “ɜɚɠɤɢɦɢ ɯɜɨɫɬɚɦɢ”. Ⱦɨ ɰɶɨɝɨ ɬɢɩɭ рɨɡɩɨɞɿɥɿɜ 
ɜɿɞɧɨɫɹɬɶɫɹ, ɡɨɤрɟɦɚ, Ʌɨɝ-ɧɨрɦɚɥɶɧɢɣ рɨɡɩɨɞɿɥ, рɨɡɩɨɞɿɥ ɉɚрɟɬɨ, 
рɨɡɩɨɞɿɥ Ȼɚррɚ, ɥɨɝ-ɝɚɦɦɚ рɨɡɩɨɞɿɥ, ɡрɿɡɚɧɢɣ ɫɬɿɣɤɢɣ рɨɡɩɨɞɿɥ, 
рɨɡɩɨɞɿɥ ȼɟɣɛɭɥɥɚ, рɨɡɩɨɞɿɥɢ Ȼɟɤɬɚɧɞɟрɚ ɬɢɩɭ ȱ ɬɚ ɬɢɩɭ ȱȱ. 

Ⱦɥɹ ɣɦɨɜɿрɧɨɫɬɿ ɛɚɧɤрɭɬɫɬɜɚ ( )u  ɜɢɤɨɧɭєɬɶɫɹ ɧɚɫɬɭɩɧɟ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ Д1, ɫɬ.197Ж 

132



1( )~ ( ),Iu F u   u .   (2) 

 

 ɉрɢ ɜɢɤɨɧɚɧɧɿ ɭɦɨɜɢ 

 

( )

0

(1 ( )) (1 ) / ,

t
t y

e F y dy c
         (3) 

 

Ⱦɿɤɫɨɧ Д2Ж ɞɨɜɿɜ, ɳɨ ɞɥɹ ɛɭɞɶ-ɹɤɨɝɨ 0 u t   ɣɦɨɜɿрɧɿɫɬɶ 
ɛɚɧɤрɭɬɫɬɜɚ ( )u  ɡɚɞɨɜɨɥɶɧɹє  

( )( ) ( ) / ( ( )).t u
I Iu e F t F t

       (4) 

Ʉɚɿ ɬɚ Ʉɚррɢɞɨ Д3Ж ɡɚ ɭɦɨɜɢ (3) ɜɢɜɟɥɢ ɞɜɨɫɬɨрɨɧɧɿ 
ɧɟрɿɜɧɨɫɬɿ ɞɥɹ ( )u  ɞɥɹ ɛɭɞɶ-ɹɤɨɝɨ 0t   

 
2 ( ) ( )( ) ( )

( ) .
( ) ( )

t t t t
I I

I I

e F t e F t
u

F t F t

  
 

  
 

 
  (5) 

 

Ʉɥɸɩɟɥɶɸɟрɝ ɬɚ ɒɬɚɞɦɸɥɟр Д4Ж ɜɢɜɱɚɸɱɢ ɤɥɚɫɢɱɧɭ ɦɨɞɟɥɶ 
Ʉрɚɦɟрɚ-Ʌɭɧɞɛɟрɝɚ ɡɚ ɭɦɨɜɢ ɨɬрɢɦɚɧɧɹ ɜɿɞɫɨɬɤɿɜ ɧɚ рɟɡɟрɜɧɢɣ 
ɤɚɩɿɬɚɥ  ɩɨɤɚɡɚɥɢ, ɳɨ 

( )~ ( ),u k F u  u .   (6) 

 

ɇɚ ɨɫɧɨɜɿ (2), (4), (5), (6) ɨɬрɢɦɚɧɨ ɨɰɿɧɤɢ ɛɚɧɤрɭɬɫɬɜɚ ɞɥɹ 
рɨɡɩɨɞɿɥɿɜ ɡ “ɜɚɠɤɢɦɢ ɯɜɨɫɬɚɦɢ”. 
Ʌіɬɟɪɚɬɭɪɚ 
1. Ɂɿɧɱɟɧɤɨ ɇ. Ɇ. Ɇɚɬɟɦɚɬɢɱɧɿ ɦɟɬɨɞɢ ɜ ɬɟɨрɿʀ рɢɡɢɤɭ: ɧɚɜɱɚɥɶɧɢɣ 
ɩɨɫɿɛɧɢɤ / ɇ. Ɇ. Ɂɿɧɱɟɧɤɨ. – Ʉ.: ȼɉɐ “Ʉɢʀɜɫɶɤɢɣ ɭɧɿɜɟрɫɢɬɟɬ”, 
2008. – 224 ɫ. 
2. Dickson D.C.M. An upper bound for the probability of ultimate ruin 

// Scand. Actuarial J. – 1994. – P.131-138. 

3. Cai G., Carrido G. Two-side unequolities for ruin probabilities when 

exponential moments do not exist // Scand. Actuarial J. – 1999. – N1. – 

P.16-21. 

4. Kluppelberg C., Stadtmuller U. Ruin probability in the presence of 

heavy-tails and interest rates // Scand. Actuarial J. – 1998. – N1. – 

P.49-58. 
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ɈɉɌɂɆȱɁȺɐȱɃɇȱ  ɁȺȾȺɑȱ ȾɅə ɆɈȾȿɅȿɃ ɁȺɉȺɋɍ Ɂ 
ȽɊȺɇɂɐəɆɂ 

1Ȼɪɚɬіɣɱɭɤ  Ɇ.ɋ., 2Ʌɭɤɨɜɢɱ Ї.ȼ. 
1ɒɥɶɨɧɫɶɤɚ ɩɨɥɿɬɟɯɧɿɤɚ ɜ Ƚɥɿɜɿɰɚɯ, ɉɨɥɶɲɚ 

2Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟрɫɢɬɟɬ ɿɦɟɧɿ Ɍɚрɚɫɚ ɒɟɜɱɟɧɤɚ, 

ɍɤрɚʀɧɚ 

Mykola.Bratiichuk@polsl.pl 
 

Ɋɨɡɝɥɹɧɟɦɨ ɦɨɞɟɥɶ ɡɚɩɚɫɿɜ, ɹɤɚ ɨɩɢɫɭєɬɶɫɹ ɧɚɫɬɭɩɧɢɦ ɩрɨɰɟɫɨɦ 
1 2( ) ( )

1 1

( ) , 0,
N t N t

n n

n n

t u ct t  
 

        (1) 

ɞɟ 0c  ,  , 1,2iN t i  є ɩɭɚɫɨɧɿɜɫɶɤɢɦɢ ɩрɨɰɟɫɚɦɢ ɡ 
ɿɧɬɟɧɫɢɜɧɨɫɬɹɦɢ , ɚ ,n n     є ɧɟɡɚɥɟɠɧɢɦɢ ɧɟɜɿɞ'єɦɧɢɦɢ 
ɜɢɩɚɞɤɨɜɢɦɢ ɜɟɥɢɱɢɧɚɦɢ ɡ ɮɭɧɤɰɿɹɦɢ рɨɡɩɨɞɿɥɭ 

        1 2P , P , 0n nF x x F x x x       . ȼɫɿ ɰɿ ɜɢɩɚɞɤɥɜɿ 
ɜɟɥɢɱɢɧɢ ɬɚ ɩрɨɰɟɫɢ ɜɜɚɠɚɸɬɶɫɹ ɧɟɡɚɥɟɠɧɢɦɢ. Ⱦɨɞɚɧɨɤ 

1 ( )

1

N t

n

n



 ɨɩɢɫɭє ɧɚɞɯɨɞɠɟɧɧɹ ɬɨɜɚрɭ ɧɚ ɫɤɥɚɞ,  ɚ ɞɨɞɚɧɨɤ 

2 ( )

1

N t

n

n



 -- 

ɡɚɦɨɜɥɟɧɧɹ ɧɚ ɬɨɜɚр, ɹɤɿ ɧɚɞɯɨɞɹɬɶ ɜ ɦɨɦɟɧɬɢ ɫɬрɢɛɤɿɜ ɩрɨɰɟɫɭ 
2 ( ), nN t   є ɨɛ'єɦ ɰɢɯ ɡɚɦɨɜɥɟɧɶ. Ɇɨɞɟɥɿ ɬɚɤɨɝɨ ɬɢɩɭ 

рɨɡɝɥɹɞɚɥɢɫɹ, ɧɚɩрɢɤɥɚɞ, ɜ Д1Ж  
Ɇɢ рɨɡɝɥɹɞɚєɦɨ ɦɨɞɟɥɶ (1) ɜ ɭɦɨɜɚɯ, ɤɨɥɢ ɡɚɝɚɥɶɧɚ ɦɿɫɬɤɿɫɬɶ 

ɫɤɥɚɞɭ   є ɨɛɦɟɠɟɧɚ  ɞɟɹɤɢɦ рɿɜɧɟɦ T > 0. Ɂ ɦɚɬɟɦɚɬɢɱɧɨʀ ɬɨɱɤɢ 
ɡɨрɭ, ɦɢ ɦɚєɦɨ ɫɩрɚɜɭ    ɡ ɩрɨɰɟɫɨɦ ɡ ɜɿɞɛɢɬɬɹɦ ɧɚ рɿɜɧɿ  T, ɹɤɢɣ 
ɮɨрɦɚɥɶɧɨ  ɡɚɞɚєɬɶɫɹ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ 

   
0

( ) ( ) max 0, inf ( ( ) ) , 0,
u t

t u t u s T u T  

 
      . 

ɉɨɡɧɚɱɢɦɨ   ( , ) inf : ( ) 0T u t t     -  ɦɨɦɟɧɬ рɨɡɨрɟɧɧɹ ɿ 

ɧɟɯɚɣ  ( , )N T u ɩɨɡɧɚɱɚє ɤɿɥɶɤɿɫɬɶ ɩɨɩɚɞɚɧɶ ɧɚ рɿɜɟɧɶ  T  ɞɨ 
ɦɨɦɟɧɬɭ рɨɡɨрɟɧɧɹ. 

Ɇɚɸɱɢ ɧɚ ɭɜɚɡɿ ɩрɢɤɥɚɞɧɿ ɡɚɞɚɱɿ ɞɥɹ ɬɚɤɢɯ ɦɨɞɟɥɟɣ, ɦɢ 
рɨɡɝɥɹɧɟɦɨ ɱɚɫɬɤɨɜɢɣ ɚɥɟ ɜɚɠɥɢɜɢɣ ɜɢɩɚɞɨɤ, ɤɨɥɢ  ɝɭɫɬɢɧɚ 
ɮɭɧɤɰɿɣ рɨɡɩɨɞɿɥɭ  1F x ,  2F x   ɦɚє  ɜɢɝɥɹɞ  

1
! 2

1

( )
, 0 , 0, 0i

m
x

i m i

i

dF x
a e a x

dx

   



       , 
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2
! 2

1

( )
, 0 , 0, 0i

n
x

i n i

i

dF x
b e a x

dx

   



       , 

Pɨɡɝɥɹɞɚєɬɶɫɹ ɨɩɬɢɦɿɡɚɰɿɣɧɚ ɡɚɞɚɱɚ ɬɢɩɭ 
    , max, , minT u N T u      ɹɤɳɨ ɤɟɪɭɸɱɢɦ ɩɚɪɚɦɟɬɪɨɦ 

є ɤɨɟɮɿɰɿєɧɬ c ɡ (1) ɚɛɨ  1  

Ʌіɬɟɪɚɬɭɪɚ 
1. Lin, X.S., Pavlova, K.P., 2006.  The compound Poisson risk model 
with a threshold   dividend strategy. Insurance: Mathematics and 
Economics 38, –PP.57–80. 

 

 

ɉɊɈ ȺɉɊɈɄɋɂɆȺɐȱɘ ɌȺ ɋɌȺɌɂɋɌɂɑɇȿ 

ɆɈȾȿɅɘȼȺɇɇə ȼɂɉȺȾɄɈȼɂɏ ɉɈɅȱȼ ɍ 

ɌɊɂȼɂɆȱɊɇɈɆɍ ȿȼɄɅȱȾɈȼɈɆɍ ɉɊɈɋɌɈɊȱ 
1ȼɢɠɜɚ Ɂ.Ɉ., 2Ȼɪɚɬіɣɱɭɤ Ɇ.ɋ. 

1 Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 
2ɋɿɥɟɡɶɫɤɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ (Ƚɥɿɜɿɰɟ) 

zoya_vyzhva@ukr.net ;  mykola.bratiichuk@polsl.pl 

 
Ɇɟɬɨɞɢ ɱɢɫɟɥɶɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ (ɦɟɬɨɞɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ) 

ɜɢɩɚɞɤɨɜɢɯ ɩɪɨɰɟɫɿɜ ɬɚ ɩɨɥɿɜ ɭ ɡɜ’ɹɡɤɭ ɿɡ ɫɬɪɿɦɤɢɦ ɪɨɡɜɢɬɤɨɦ 
ɤɨɦɩ’ɸɬɟɪɧɨʀ ɬɟɯɧɿɤɢ ɦɚɸɬɶ ɲɢɪɨɤɢɣ ɞɿɚɩɚɡɨɧ ɡɚɫɬɨɫɭɜɚɧɧɹ, 
ɡɨɤɪɟɦɚ ɰɟ ɫɬɨɫɭєɬɶɫɹ ɬɚɤɢɯ ɧɚɩɪɹɦɤɿɜ ɩɪɢɪɨɞɧɢɱɢɯ ɧɚɭɤ, ɹɤ 
ɝɟɨɥɨɝɿɹ, ɝɟɨɮɿɡɢɤɚ, ɫɟɣɫɦɨɥɨɝɿɹ, ɦɟɬɟɨɪɨɥɨɝɿɹ, ɨɤɟɚɧɨɝɪɚɮɿɹ, 
ɪɚɞɿɨɬɟɯɧɿɤɚ, ɫɬɚɬɢɫɬɢɱɧɚ ɪɚɞɿɨɮɿɡɢɤɚ, ɹɞɟɪɧɚ ɮɿɡɢɤɚ, ɬɚ ɿɧɲɿ. Ɂɚ 
ɞɨɩɨɦɨɝɨɸ ɦɟɬɨɞɿɜ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɦɨɠɧɚ 
ɡɝɟɧɟɪɭɜɚɬɢ ɧɚ ɤɨɦɩ’ɸɬɟɪɿ ɪɟɚɥɿɡɚɰɿʀ ɜɢɩɚɞɤɨɜɢɯ ɩɪɨɰɟɫɿɜ ɬɚ ɩɨɥɿɜ, 
ɞɥɹ ɹɤɢɯ ɨɬɪɢɦɚɧɨ ɡɚɫɨɛɚɦɢ ɫɬɚɬɢɫɬɢɱɧɨʀ ɨɛɪɨɛɤɢ ɧɟɨɛɯɿɞɧɭ 
ɿɧɮɨɪɦɚɰɿɸ.  

Ɇɟɬɨɞɢ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɜɢɩɚɞɤɨɜɢɯ ɩɨɥɿɜ ɭ 
ɬɪɢɜɢɦɿɪɧɨɦɭ ɩɪɨɫɬɨɪɿ ɧɚ ɨɫɧɨɜɿ ɪɨɡɤɥɚɞɿɜ ɜ ɪɹɞɢ ɪɨɡɝɥɹɞɚɥɢɫɹ  ɜ 
ɪɨɛɨɬɚɯ [1,3-5] ɬɚ ɿɧ. 

Ɋɨɡɝɥɹɞɚєɬɶɫɹ ɞɿɣɫɧɨɡɧɚɱɧɟ ɨɞɧɨɪɿɞɧɟ ɬɚ ɿɡɨɬɪɨɩɧɟ ɜɢɩɚɞɤɨɜɟ 
ɩɨɥɟ ),,(  r ɜ ɬɪɢɜɢɦɿɪɧɨɦɭ ɟɜɤɥɿɞɨɜɨɦɭ ɩɪɨɫɬɨɪɿ 3

R
 ( , ,r    − 

ɫɮɟɪɢɱɧɿ ɤɨɨɪɞɢɧɚɬɢ). ɋɤɨɪɢɫɬɚєɦɨɫɶ ɬɟɨɪɟɦɨɸ [2] ɩɪɨ 
ɫɩɟɤɬɪɚɥɶɧɢɣ ɪɨɡɤɥɚɞ ɨɞɧɨɪɿɞɧɨɝɨ ɬɚ ɿɡɨɬɪɨɩɧɨɝɨ ɜɢɩɚɞɤɨɜɨɝɨ 
ɩɨɥɹ ɜ ɩɪɨɫɬɨɪɿ 3

R  ɞɥɹ ɩɨɛɭɞɨɜɢ ɦɨɞɟɥɿ. 
ɉɨɛɭɞɨɜɚɧɚ ɦɨɞɟɥɶ ɦɚє ɬɚɤɢɣ ɜɢɝɥɹɞ: 
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Ȼɟɫɫɟɥɹ ɩɟɪɲɨɝɨ ɪɨɞɭ ɩɨɪɹɞɤɭn, )(xP
l

m
–  ɩɪɢєɞɧɚɧɿ ɮɭɧɤɰɿʀ 
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m kZ k   – ɧɚɛɨɪɢ ɜɢɩɚɞɤɨɜɢɯ ɦɿɪ ɡ ɨɪɬɨɝɨɧɚɥɶɧɢɦɢ 
ɡɧɚɱɟɧɧɹɦɢ, ɳɨ ɡɚɞɚɧɿ ɧɚ   – ɚɥɝɟɛɪɿ ɛɨɪɟɥɟɜɫɶɤɢɯ ɦɧɨɠɢɧ 
[0, )  ɿ ɬɚɤɿ, ɳɨ: 

)()()( 212,1, SSSZSZ
k

k

m

m

l

l

l

km

l

km  
     (2) 

ɞɟ ( )  – ɧɟɫɩɚɞɧɚ ɨɛɦɟɠɟɧɚ ɮɭɧɤɰɿɹ, ɹɤɭ ɧɚɡɢɜɚɸɬɶ 
ɫɩɟɤɬɪɚɥɶɧɨɸ ɮɭɧɤɰɿєɸ. 

Ɉɩɢɫɚɧɨɜ 1 ɩɨɛɭɞɨɜɚɧɢɣ ɧɚ ɨɫɧɨɜɿ ɦɨɞɟɥɿ (1) ɬɚ ɨɰɿɧɤɢ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɨɞɧɨɪɿɞɧɢɯ ɿɡɨɬɪɨɩɧɢɯ 
ɜɢɩɚɞɤɨɜɢɯ ɩɨɥɿɜ ),,(  r ɧɚ 3

R  ɚɥɝɨɪɢɬɦ ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ 
ɪɟɚɥɿɡɚɰɿɣ ɬɚɤɢɯ ɜɢɩɚɞɤɨɜɢɯ ɩɨɥɿɜ, ɹɤɿ ɪɨɡɩɨɞɿɥɟɧɿ ɡɚ ɝɚɭɫɫɿɜɫɶɤɢɦ 
ɡɚɤɨɧɨɦ. 

Ɇɨɞɟɥɸɸɬɶɫɹ ɡɚ ɧɚɜɟɞɟɧɢɦ ɚɥɝɨɪɢɬɦɨɦ ɜɢɩɚɞɤɨɜɿ ɩɨɥɹ ɭ 
ɬɪɢɜɢɦɿɪɧɨɦɭ ɟɜɤɥɿɞɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ɿɡ ɲɢɪɨɤɨ ɜɿɞɨɦɨɸ ɜ ɝɟɨɥɨɝɿʀ 
3 ɤɨɪɟɥɹɰɿɣɧɨɸ ɮɭɧɤɰɿєɸ Ɇɚɬɟɪɧɚ: 
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ɞɟ )(  aK –  ɦɨɞɢɮɿɤɨɜɚɧɚ ɮɭɧɤɰɿɹ Ƚɚɧɤɟɥɹ ɩɨɪɹɞɤɚ  . 
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Ɋɨɡɝɥɹɧɭɬɨ ɡɚɞɚɱɭ ɱɢɫɬɨ ɞɢɮɭɡɿɣɧɨɝɨ ɩɟɪɟɧɟɫɟɧɧɹ 
ɡɚɛɪɭɞɧɟɧɶ ɜ ɞɟɹɤɨɦɭ ɨɞɧɨɪɿɞɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ (ʉɪɭɧɬɿ, ɩɨɜɿɬɪɿ, 
ɜɨɞɿ) ɧɚ ɜɿɞɪɿɡɤɭ  0,l  ɜɿɞ ɞɟɹɤɨɝɨ ɬɨɱɤɨɜɨɝɨ ɞɠɟɪɟɥɚ 
ɪɚɞɿɨɚɤɬɢɜɧɨɝɨ ɡɚɛɪɭɞɧɟɧɧɹ ɩɨɬɭɠɧɨɫɬɿ Q , ɪɨɡɦɿɳɟɧɨɝɨ ɜ ɬɨɱɰɿ 

0x x . Ɂɚɞɚɱɚ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɩɪɢ ɡɚɞɚɧɢɯ ɩɟɜɧɢɯ ɜɢɯɿɞɧɢɯ 
ɞɚɧɢɯ ɩɨɬɪɿɛɧɨ ɡɧɚɣɬɢ ɤɨɨɪɞɢɧɚɬɭ 0x  ɪɨɡɦɿɳɟɧɧɹ ɞɠɟɪɟɥɚ 
ɪɚɞɿɨɚɤɬɢɜɧɢɯ ɡɚɛɪɭɞɧɟɧɶ [2] 

Ʉɨɨɪɞɢɧɚɬɚ 0x  ɪɨɡɦɿɳɟɧɧɹ ɞɠɟɪɟɥɚ ɪɚɞɿɨɚɤɬɢɜɧɢɯ 
ɡɚɛɪɭɞɧɟɧɶ ɡ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ  1 0,с x x ,  2 0,c x x  ɜɢɡɧɚɱɚєɬɶɫɹ ɿɡ 
ɪɨɡɜ’ɹɡɤɭ ɧɚɫɬɭɩɧɨʀ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ: 

 

 
 

2
1

1 1 1 2 2 02

2
2

2 1 1 2 2 02

,

0,

,

c
D c c Q x x

x
x l

c
D c c Q x x

x

  

  

 
    

  
     


              (1) 

   1 0 1 00, , 0c x c l x  ,    2 0 2 00, , 0c x c l x             (2) 

ɉɨɬɪɿɛɧɨ ɩɪɢ ɡɚɞɚɧɢɯ ɜɯɿɞɧɢɯ ɞɚɧɢɯ 
1 2 1 20, 0, 0, 0, 0Q D D       ɿ ɩɨɬɪɿɛɧɿɣ ɤɿɥɶɤɨɫɬɿ ɜɿɞɨɦɢɯ 

ɡɚɦɿɪɿɜ ɤɨɧɰɟɧɬɪɚɰɿɣ ɜɿɞ ɞɠɟɪɟɥɚ ɡɚɛɪɭɞɧɟɧɶ ɡɧɚɣɬɢ ɤɨɨɪɞɢɧɚɬɭ 
ɬɨɱɤɢ ɪɨɡɦɿɳɟɧɧɹ ɞɠɟɪɟɥɚ ɡɚɛɪɭɞɧɟɧɶ 0x x  ɧɚ ɜɿɞɪɿɡɤɭ  0,l  [1]. 
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Ʉɨɧɰɟɧɬɪɚɰɿʀ  1 0,с x x ,  2 0,c x x  ɧɚ ɨɫɧɨɜɿ (1), (2) ɩɪɢ 
ɜɿɞɨɦɨɦɭ ɦɿɫɰɟɩɨɥɨɠɟɧɧɿ ɞɠɟɪɟɥɚ ɡɚɛɪɭɞɧɟɧɶ ɡɧɚɯɨɞɹɬɶɫɹ 
ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ: 
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(3) 

     
'

1 01
2 0 0 1 2

2 1 0

2 2,
2

x xsh l x
c x x A e I e I

sh x

 
 

        


  (4) 
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ɞɟ , 1,6iI i   - ɞɟɹɤɿ ɜɿɞɨɦɿ ɮɭɧɤɰɿʀ, 0 0,A B  - ɜɿɞɨɦɿ ɤɨɧɫɬɚɧɬɢ. 
ɇɚ ɨɫɧɨɜɿ (3),(4) ɬɚ ɜɿɞɨɦɢɯ ɡɚɦɿɪɿɜ ɤɨɧɰɟɧɬɪɚɰɿɣ 

 1 0,с x x ,  2 0,c x x  ɭ ɡɚɞɚɧɢɯ ɬɨɱɤɚɯ ɤɨɨɪɞɢɧɚɬɭ 0x  ɡɧɚɯɨɞɢɦɨ ɡɚ 
ɮɨɪɦɭɥɨɸ:
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ɇɚ ɨɫɧɨɜɿ ɨɬɪɢɦɚɧɨɝɨ ɚɧɚɥɿɬɢɱɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɦɨɞɟɥɶɧɨʀ 
ɡɚɞɚɱɿ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɪɨɡɦɿɳɟɧɧɹ ɞɠɟɪɟɥɚ ɡɚɛɪɭɞɧɟɧɶ ɜ 
ɨɞɧɨɜɢɦɿɪɧɨɦɭ ɫɬɚɰɿɨɧɚɪɧɨɦɭ ɜɢɩɚɞɤɭ ɡ ɧɭɥɶɨɜɢɦɢ ɝɪɚɧɢɱɧɢɦɢ 
ɭɦɨɜɚɦɢ ɜɢɤɨɧɚɧɚ ɩɪɨɝɪɚɦɧɚ ɪɟɚɥɿɡɚɰɿɹ, ɜɪɟɡɭɥɶɬɚɬɿ ɱɨɝɨ 
ɩɪɨɜɟɞɟɧɿ ɱɢɫɟɥɶɧɿ ɟɤɫɩɟɪɢɦɟɧɬɢ ɬɚ ɡɪɨɛɥɟɧɨ ʀɯ ɚɧɚɥɿɡ.  
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ɧɚɭɤɢ. – ɋ. 40-47. 

 

 

ɆȺɌȿɆȺɌɂɑɇȿ ɆɈȾȿɅɘȼȺɇɇə ȼɉɅɂȼɍ                   
ɌȿɉɅɈ-ɆȺɋɈɉȿɊȿɇȿɋȿɇɇə ɌȺ ɋɂɅ Ɂȼ’əɁɇɈɋɌȱ ɇȺ 

ɇȿɋɌȺɐȱɈɇȺɊɇȱ ȾȿɎɈɊɆȺɐȱɃɇȱ ɉɊɈɐȿɋɂ 

ҐɊɍɇɌɈȼɈȽɈ ɆȺɋɂȼɍ ȼ ɈȾɇɈȼɂɆȱɊɇɈɆɍ ȼɂɉȺȾɄɍ 
1ȼɥɚɫɸɤ A.ɉ., 2ɀɭɤɨɜɫьɤɚ ɇ.A. 

1Ɇɿɠɧɚɪɨɞɧɢɣ ɟɤɨɧɨɦɿɤɨ-ɝɭɦɚɧɿɬɚɪɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ  
ɿɦ. ɚɤɚɞ. ɋɬɟɩɚɧɚ Ⱦɟɦ’ɹɧɱɭɤɚ, ɍɤɪɚʀɧɚ 

2ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ 
ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ, ɍɤɪɚʀɧɚ 

A.P.Vlasyuk.rv@gmail.com, N.A.Zhukovska@gmail.com 

 

ɉɪɨɜɟɞɟɧɨ ɦɚɬɟɦɚɬɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɜɩɥɢɜɭ ɬɟɩɥɨ-
ɦɚɫɨɩɟɪɟɧɟɫɟɧɧɹ ɬɚ ɫɢɥ ɡɜ’ɹɡɧɨɫɬɿ ɧɚ ɞɟɮɨɪɦɚɰɿɣɧɿ ɩɪɨɰɟɫɢ 
ʉɪɭɧɬɨɜɨɝɨ ɦɚɫɢɜɭ (ɪɢɫ. 1). ʈɪɭɧɬɨɜɢɣ ɦɚɫɢɜ ɦɚє ɬɨɜɳɢɧɭ l  ɿ 
ɜɜɚɠɚєɬɶɫɹ ɩɪɭɠɧɨ-ɞɟɮɨɪɦɿɜɧɢɦ ɭ ɦɟɠɚɯ ɥɿɧɿɣɧɨʀ ɬɟɨɪɿʀ 
ɩɪɭɠɧɨɫɬɿ. ɇɚ ʉɪɭɧɬɨɜɢɣ ɦɚɫɢɜ ɞɿɸɬɶ ɫɢɥɚ ɬɹɠɿɧɧɹ, ɚɪɯɿɦɟɞɨɜɚ ɬɚ 
ɮɿɥɶɬɪɚɰɿɣɧɚ ɫɢɥɢ. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ʉɪɭɧɬɨɜɨɝɨ ɦɚɫɢɜɭ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɬɟɩɥɨ-

ɦɚɫɨɩɟɪɟɧɟɫɟɧɧɹ ɜ ɨɞɧɨɜɢɦɿɪɧɨɦɭ ɜɢɩɚɞɤɭ 
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Ɇɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɨɩɢɫɚɧɨʀ ɡɚɞɚɱɿ ɜ ɨɞɧɨɜɢɦɿɪɧɨɦɭ ɜɢɩɚɞɤɭ 
ɜ ɡɚɝɚɥɶɧɨɩɪɢɣɧɹɬɢɯ ɩɨɡɧɚɱɟɧɧɹɯ ɦɨɠɧɚ ɨɩɢɫɚɬɢ ɧɚɫɬɭɩɧɨɸ 
ɤɪɚɣɨɜɨɸ ɡɚɞɚɱɟɸ [1-2]: 

     

  ,0),,0(,),(2),(

),(2),(),(2),(
),(2),(

2

2

2

2
















 

















tlx
t

U
X

x

T
TcTc

T
x

TcTc

x

U

x

TcTc

x

U
TcTc

T


 (1) 

),(. сf
dx

dp
X зв    ),;0( lx                                (2) 

,)(),(
t

c
n

x

T
D

x
Cc

x

c

x

c
TcD

x
pTm 


































  );0( lx , ,0t  

(3)  

,
t

T
c

x

T
c

x

T

x
TT 


















    );0( lx , ,0t            (4) 

0,)(),( 




















t

n

xx

T

x

c
c

x

h
TcK

p

Tc

 , );0( lx , ,0t   

(5) 

0),0(1 tUl , 0),(2 tlUl , 0t ,                          (6) 

)(
~

),0( 13 tCtcl  , )(
~

),( 24 tCtlcl  , 0t ,                    (7) 

)(
~

),0( 15 tTtTl  , )(
~

),( 226 tTtlTl  , 0t ,                    (8) 

17

~
),0( Hthl  , 28

~
),( Htlhl  , 0t ,                       (9) 

)1(
0

~
)0,( UxU  , )2(

0

~)0,(
U

t

xU





, ),0( lx ,                      (10) 

)(
~

)0,( 0 xCxc  , )(
~

)0,( 0 xTxT  , )(
~

)0,( 0 xɇxh  , ),0( lx ,        (11) 

x

U




 ,    TTcTc T  ),(),( , ),0( lx , 0t .   (12) 

Ɍɭɬ: )(cf  – ɮɭɧɤɰɿɹ, ɳɨ ɜɢɪɚɠɚє ɜɩɥɢɜ ɳɿɥɶɧɨɫɬɿ ʉɪɭɧɬɭ ɧɚ 
ɣɨɝɨ ɞɟɮɨɪɦɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɡɚ ɪɚɯɭɧɨɤ ɫɢɥ ɡɜ’ɹɡɧɨɫɬɿ. 

Ɉɬɪɢɦɚɧɨ ɱɢɫɟɥɶɧɢɣ ɪɨɡɜ’ɹɡɨɤ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ (1)-(12). 
Ɂɧɚɣɞɟɧɨ  ɡɧɚɱɟɧɧɹ ɡɦɿɳɟɧɶ, ɧɚɩɪɭɠɟɧɶ ɬɚ ɞɟɮɨɪɦɚɰɿɣ, ɚ ɬɚɤɨɠ 
ɪɨɡɩɨɞɿɥ ɧɚɩɨɪɭ, ɤɨɧɰɟɧɬɪɚɰɿʀ ɫɨɥɶɨɜɨɝɨ ɪɨɡɱɢɧɭ ɬɚ ɬɟɦɩɟɪɚɬɭɪɢ ɭ 
ʉɪɭɧɬɨɜɨɦɭ ɦɚɫɢɜɿ. ɉɨɤɚɡɚɧɨ, ɳɨ ɬɟɩɥɨ-ɦɚɫɨɩɟɪɟɧɟɫɟɧɧɹ ɬɚ 
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ɧɚɹɜɧɿɫɬɶ ɫɢɥ ɡɜ’ɹɡɧɨɫɬɿ ɡɧɚɱɧɨ ɡɦɿɧɸɸɬɶ ɤɚɪɬɢɧɭ ɧɚɩɪɭɠɟɧɨ-
ɞɟɮɨɪɦɨɜɚɧɨɝɨ ɫɬɚɧɭ ʉɪɭɧɬɨɜɨɝɨ ɦɚɫɢɜɭ. 
Ʌіɬɟɪɚɬɭɪɚ 

1. ɋɟɪɝɢɟɧɤɨ ɂ.ȼ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɨɞɧɨɪɨɞɧɵɯ ɫɪɟɞɚɯ / ɂ.ȼ. ɋɟɪɝɢɟɧɤɨ, ȼ.ȼ. 
ɋɤɨɩɟɰɤɢɣ, ȼ.ɋ. Ⱦɟɣɧɟɤɚ. – Ʉ.: ɇɚɭɤɨɜɚ ɞɭɦɤɚ, 1991. – 432 ɫ. 
2. Vlasyuk A. P. Mathematical simulation of the stressed-strained state 
of the foundation of earth dams with an open surface under the influence 
of heat and mass transfer in two-dimensional case / A. P. Vlasyuk, N. A. 
Zhukovskaya // Journal of Engineering Physics and Thermophysics. – 
2015. – Vol. 88, Issue 2. – ɊP. 329–341. 

 

 

ȼȿɊɂɎȱɄȺɐȱə ɌȺ ȼȺɅȱȾȺɐȱə ɄɈɆɉ’ɘɌȿɊɇɈȽɈ 
ɆɈȾȿɅɘȼȺɇɇə ɆȱȽɊȺɐȱȲ ɊȺȾȱɈɇɍɄɅȱȾȱȼ ɍ 
ɄȺɌȺɅȱɌɂɑɇɈɆɍ ɉɈɊɂɋɌɈɆɍ ɋȿɊȿȾɈȼɂɓȱ 

1ȼɥɚɫɸɤ Ⱥ.ɉ., 2ɀɭɤɨɜɫьɤɢɣ ȼ.ȼ. 
1Ɇɿɠɧɚɪɨɞɧɢɣ ɟɤɨɧɨɦɿɤɨ-ɝɭɦɚɧɿɬɚɪɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ  

ɿɦ. ɚɤɚɞ. ɋɬɟɩɚɧɚ Ⱦɟɦ’ɹɧɱɭɤɚ, ɍɤɪɚʀɧɚ 
2ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ 

ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ, ɍɤɪɚʀɧɚ 
A.P.Vlasyuk.rv@gmail.com, V.V.Zhukovskyy@nuwm.edu.ua 

 
Ɇɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɡɚɞɚɱ ɜɟɪɬɢɤɚɥɶɧɨʀ ɦɿɝɪɚɰɿʀ 

ɪɚɞɿɨɧɭɤɥɿɞɿɜ ɜ ɧɚɫɢɱɟɧɨɦɭ ɩɨɪɢɫɬɨɦɭ ɫɟɪɟɞɨɜɢɳɿ, ɳɨ ɦɿɫɬɢɬɶ 
ɚɞɫɨɪɛɭɸɱɿ ɦɿɤɪɨ- ɚɛɨ ɧɚɧɨɱɚɫɬɢɧɤɢ, ɭ ɥɿɧɿɣɧɨɦɭ ɬɚ ɧɟɥɿɧɿɣɧɨɦɭ 
ɜɢɩɚɞɤɚɯ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɞɢɮɭɡɿʀ ɡɿ ɫɤɟɥɟɬɨɦ ɝɪɭɧɬɭ, 
ɧɟɿɡɨɬɟɪɦɿɱɧɢɯ ɭɦɨɜ, ɛɿɩɨɪɢɫɬɢɯ ɱɚɫɬɢɧɨɤ ɬɚ ɿɧɲɢɯ ɮɚɤɬɨɪɿɜ, 
ɨɩɢɫɚɧɿ ɤɪɚɣɨɜɢɦɢ ɡɚɞɚɱɚɦɢ ɜ ɪɹɞɿ ɩɨɩɟɪɟɞɧɿɯ ɪɨɛɿɬ [1; 2]. 
ɑɢɫɟɥɶɧɿ ɟɤɫɩɟɪɢɦɟɧɬɢ ɩɪɨɜɨɞɢɥɢɫɹ ɭ ɫɬɜɨɪɟɧɨɦɭ ɜɥɚɫɧɨɪɭɱ 
ɤɪɨɫɩɥɚɬɮɨɪɦɟɧɨɦɭ ɩɪɨɝɪɚɦɧɨɦɭ ɤɨɦɩɥɟɤɫɿ NanoSurface [3]. 
ȼɚɠɥɢɜɢɦ ɚɫɩɟɤɬɨɦ ɩɪɨɜɟɞɟɧɨɝɨ ɤɨɦɩ’ɸɬɟɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ є 
ɜɟɪɢɮɿɤɚɰɿɹ ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɞɭ ɬɚ ɜɚɥɿɞɚɰɿɹ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɨɞɟɥɟɣ. 

ȼɟɪɢɮɿɤɚɰɿɹ ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɞɭ ɜɤɥɸɱɚє ɜ ɫɟɛɟ ɩɟɪɟɜɿɪɤɭ 
ɞɨɬɪɢɦɚɧɧɹ ɨɫɧɨɜɧɢɯ ɩɪɚɜɢɥ ɡ ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɩɪɨɝɪɚɦɧɢɯ ɫɢɫɬɟɦ: 
ɜɢɛɨɪɭ ɚɪɯɿɬɟɤɬɭɪɢ ɫɢɫɬɟɦɢ, ɦɨɜɢ ɩɪɨɝɪɚɦɭɜɚɧɧɹ, ɦɟɬɨɞɨɥɨɝɿʀ 
ɪɨɡɪɨɛɤɢ, ɤɨɪɢɫɬɭɜɚɧɧɹ ɫɢɫɬɟɦɚɦɢ ɤɨɧɬɪɨɥɸ ɜɟɪɫɿɣ, ɡɚɛɟɡɩɟɱɟɧɧɹ 
ɹɤɨɫɬɿ ɤɨɞɭ [3]. Ȼɿɥɶɲɚ ɩɨɥɨɜɢɧɚ ɡ ɰɢɯ ɜɢɦɨɝ ɜɿɞɧɨɫɹɬɶɫɹ ɞɨ 
ɫɬɚɧɞɚɪɬɧɢɯ ɩɪɨɛɥɟɦ, ɩɨɜ’ɹɡɚɧɢɯ ɡ ɪɨɡɪɨɛɤɨɸ ɩɪɨɝɪɚɦɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ [4]. ȱɧɲɚ ɱɚɫɬɢɧɚ ɩɪɚɜɢɥ ɜɟɪɢɮɿɤɚɰɿʀ ɩɨɜ’ɹɡɚɧɚ ɡ 
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ɧɚɭɤɨɜɢɦɢ ɨɛɱɢɫɥɟɧɧɹɦɢ, ɞɟ ɝɨɥɨɜɧɨɸ ɡɚɞɚɱɟɸ є ɩɟɪɟɜɿɪɤɚ 
ɬɨɱɧɨɫɬɿ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɭ ɜɢɝɥɹɞɿ ɤɨɞɭ ɩɨɬɪɿɛɧɨʀ ɦɚɬɟɦɚɬɢɱɧɨʀ 
ɦɨɞɟɥɿ. Ɇɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɩɪɟɞɫɬɚɜɥɹɸɬɶ ɫɨɛɨɸ ɫɢɫɬɟɦɢ 
ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɿɡ ɜɿɞɩɨɜɿɞɧɢɦɢ ɤɪɚɣɨɜɢɦɢ ɭɦɨɜɚɦɢ, 
ɱɢɫɟɥɶɧɢɣ ɪɨɡɜ’ɹɡɨɤ ɹɤɢɯ ɡɧɚɯɨɞɢɬɶɫɹ ɦɟɬɨɞɨɦ ɩɪɨɝɨɧɤɢ, ɜ ɹɤɨɦɭ 
ɜɢɤɨɧɚɧɿ ɭɦɨɜɢ ɫɬɿɣɤɨɫɬɿ [1]. Ɍɨɛɬɨ, ɤɨɪɟɤɬɧɿɫɬɶ ɨɛɱɢɫɥɸɜɚɥɶɧɨɝɨ 
ɚɥɝɨɪɢɬɦɭ ɡɚɛɟɡɩɟɱɭєɬɶɫɹ ɱɿɬɤɨɸ ɩɨɫɬɚɧɨɜɤɨɸ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ ɬɚ 
ɜɢɛɨɪɭ ɦɟɬɨɞɭ ɨɛɱɢɫɥɟɧɶ. Ɉɞɧɚɤ, ɧɚɡɜɚɠɚɸɱɢ ɧɚ ɰɟ, ɧɟ ɦɨɠɧɚ ɛɭɬɢ 
ɜɩɟɜɧɟɧɢɦ, ɳɨ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɧɟ ɦɿɫɬɹɬɶ ɩɨɦɢɥɨɤ ɚɛɨ 
ɩɪɨɝɪɚɦɚ - ɥɨɝɿɱɧɿ «ɛɚɝɢ». Ɍɨɦɭ ɭ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɛɭɥɨ 
ɜɢɤɨɪɢɫɬɚɧɨ ɫɩɨɫɿɛ ɩɨɪɿɜɧɹɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɩɪɨɝɪɚɦ 
ɩɨɩɟɪɟɞɧɿɯ ɞɨɫɥɿɞɠɟɧɶ [5] ɿɡ ɜɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ NanoSurface ɛɟɡ 
ɜɦɢɤɚɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɡɚɥɟɠɧɨɫɬɟɣ. Ⱦɚɧɢɣ ɫɩɨɫɿɛ ɧɨɫɢɬɶ ɧɚɡɜɭ 
code-to-code comparation ɿ є ɦɟɧɲ ɫɬɪɨɝɢɦ, ɨɞɧɚɤ ɱɚɫɬɨ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɭ ɜɢɩɚɞɤɭ ɜɿɞɫɭɬɧɨɫɬɿ ɬɨɱɧɨɝɨ ɚɧɚɥɿɬɢɱɧɨɝɨ 
ɪɿɲɟɧɧɹ [6]. 

Ɉɞɧɢɦ ɿɡ ɜɢɡɧɚɱɟɧɶ ɜɚɥɿɞɚɰɿʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ є ɨɰɿɧɤɚ 
ɬɨɱɧɨɫɬɿ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɜ ɩɨɪɿɜɧɹɧɧɿ ɿɡ ɧɚɬɭɪɧɢɦɢ 
ɟɤɫɩɟɪɢɦɟɧɬɚɦɢ. Ɉɞɧɚɤ ɧɟ ɡɚɜɠɞɢ ɬɚɤɿ ɟɤɫɩɟɪɢɦɟɧɬɢ є ɞɨɫɬɭɩɧɢɦɢ 
ɱɟɪɟɡ ɬɟɯɧɿɱɧɭ ɫɤɥɚɞɧɿɫɬɶ ʀɯ ɩɪɨɜɟɞɟɧɧɹ. ɉɪɨɝɪɚɦɧɢɣ ɤɨɦɩɥɟɤɫ 
NanoSurface ɦɚє ɨɩɰɿʀ ɡ ɜɿɞɤɥɸɱɟɧɧɹ ɞɟɹɤɢɯ ɮɿɡɢɱɧɢɯ ɩɪɨɰɟɫɿɜ ɿɡ 
ɜɫɿєʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ. ɐɟ ɞɚє ɡɦɨɝɭ ɩɿɞɬɜɟɪɞɢɬɢ ɱɚɫɬɢɧɭ 
ɪɟɡɭɥɶɬɚɬɿɜ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ. Ɍɚɤɨɠ ɱɚɫɬɨ ɩɿɞ 
ɜɚɥɿɞɚɰɿєɸ ɪɨɡɭɦɿɸɬɶ ɩɪɨɰɟɫ ɤɚɥɿɛɪɭɜɚɧɧɹ ɞɟɹɤɢɯ ɩɚɪɚɦɟɬɪɿɜ 
ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ, ɳɨ ɞɚє ɡɦɨɝɭ ɩɿɞɥɚɲɬɭɜɚɬɢ ʀʀ ɩɿɞ ɤɨɧɤɪɟɬɧɢɣ 
ɮɿɡɢɱɧɢɣ ɩɪɨɰɟɫ.  

ȼ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɜɿɞɫɭɬɧɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɞɥɹ 
ɮɿɡɢɱɧɢɯ ɩɪɨɰɟɫɿɜ ɧɚ ɦɿɤɪɨ- ɬɚ ɧɚɧɨɪɿɜɧɿ ɤɨɦɩɟɧɫɭєɬɶɫɹ ɧɚɹɜɧɿɫɬɸ 
ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɦɩɥɟɤɫɭ PHREEQC, ɳɨ ɦɨɠɟ ɦɨɞɟɥɸɜɚɬɢ ɲɢɪɨɤɢɣ 
ɫɩɟɤɬɪ ɨɞɧɨɜɢɦɿɪɧɢɯ ɝɟɨɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɡ ɬɨɱɤɢ ɡɨɪɭ ɜɡɚєɦɨɞɿʀ 
ɿɨɧɿɜ ɬɚ ɦɨɥɟɤɭɥ. ȼ ɧɶɨɦɭ ɩɪɨɜɟɞɟɧɨ ɱɢɫɟɥɶɧɿ ɟɤɫɩɟɪɢɦɟɧɬɢ 
ɦɚɫɨɩɟɪɟɧɟɫɟɧɧɹ  ɜ ɛɿɩɨɪɢɫɬɨɦɭ ɫɟɪɟɞɨɜɢɳɿ, ɳɨ є ɚɧɚɥɨɝɨɦ 
ɧɚɲɨɝɨ ɤɚɬɚɥɿɬɢɱɧɨɝɨ ɩɨɪɢɫɬɨɝɨ ɫɟɪɟɞɨɜɢɳɚ.  

Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɿ ɫɜɿɞɱɚɬɶ ɩɪɨ ɞɨɩɭɫɬɢɦɿ ɦɟɠɿ ɩɨɦɢɥɤɢ 
ɨɛɱɢɫɥɟɧɧɹ ɩɪɢ ɨɤɪɭɝɥɟɧɧɿ ɿ ɞɢɫɤɪɟɬɢɡɚɰɿʀ, ɭɫɩɿɲɧɭ ɜɟɪɢɮɿɤɚɰɿɸ 
ɩɪɨɝɪɚɦɧɨɝɨ ɩɪɨɞɭɤɬɭ ɬɚ ɜɚɥɿɞɚɰɿɸ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ. 
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ɉɟɪɫɩɟɤɬɢɜɧɢɦ ɧɚɩɪɹɦɨɦ ɫɬɜɨɪɟɧɧɹ ɧɚɞɿɣɧɢɯ ɫɢɫɬɟɦ 

ɟɧɟɪɝɨɡɚɛɟɡɩɟɱɟɧɧɹ ɪɟɝɿɨɧɿɜ є ɫɢɫɬɟɦɧɢɣ ɩɿɞɯɿɞ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ 
ɡɚɞɚɱɿ ɜɢɡɧɚɱɟɧɧɹ ɩɥɚɧɿɜ ɛɭɞɿɜɧɢɰɬɜɚ ɟɧɟɪɝɨɝɟɧɟɪɭɸɱɢɯ ɨɛ’єɤɬɿɜ. 

ɍ ɜɢɪɿɲɟɧɧɿ ɩɢɬɚɧɧɹ ɡɦɟɧɲɟɧɧɹ ɞɟɮɿɰɢɬɭ ɟɧɟɪɝɿʀ ɪɨɡɝɥɹɞɚєɬɶɫɹ 
ɦɚɬɟɦɚɬɢɱɧɚ ɩɨɫɬɚɧɨɜɤɚ ɤɨɦɩɥɟɤɫɭ ɡɚɞɚɱ ɪɨɡɜɢɬɤɭ ɪɟɝɿɨɧɚɥɶɧɨʀ 
ɟɧɟɪɝɟɬɢɤɢ ɧɚ ɨɫɧɨɜɿ ɧɟɬɪɚɞɢɰɿɣɧɢɯ ɬɚ ɜɬɨɪɢɧɧɢɯ ɞɠɟɪɟɥ ɟɧɟɪɝɿʀ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɢɫɬɟɦɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ. Ɉɞɧɢɦ ɿɡ ɨɫɧɨɜɧɢɯ ɩɭɧɤɬɿɜ є 
ɩɪɚɜɢɥɶɧɟ ɜɢɡɧɚɱɟɧɧɹ ɤɪɢɬɟɪɿʀɜ ɡɚɞɚɱɿ, ɹɤɿ ɞɚɞɭɬɶ ɦɨɠɥɢɜɿɫɬɶ ɜ 
ɩɨɞɚɥɶɲɨɦɭ ɡɪɨɛɢɬɢ ɩɪɚɜɢɥɶɧɭ ɨɰɿɧɤɭ ɟɧɟɪɝɨɝɟɧɟɪɭɸɱɨɝɨ ɨɛ’єɤɬɚ 
ɩɪɢ ɜɢɛɨɪɿ ɣɨɝɨ ɞɥɹ ɛɭɞɿɜɧɢɰɬɜɚ. 
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ɉɨɛɭɞɨɜɚɧɚ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɪɨɡɜɢɬɤɭ ɪɟɝɿɨɧɚɥɶɧɨʀ 
ɟɧɟɪɝɟɬɢɤɢ, ɹɤɚ ɞɨɡɜɨɥɢɬɶ ɡɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɢɣ ɩɥɚɧ ɛɭɞɿɜɧɢɰɬɜɚ 
ɟɧɟɪɝɨɝɟɧɟɪɭɸɱɢɯ ɨɛ’єɤɬɿɜ, ɳɨ ɛɭɞɭɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɧɟɬɪɚɞɢɰɿɣɧɿ ɬɚ ɜɬɨɪɢɧɧɿ ɞɠɟɪɟɥɚ ɟɧɟɪɝɿʀ. Ɂɚɫɬɨɫɨɜɭєɬɶɫɹ ɦɟɬɨɞ 
ɫɚɦɨɮɿɧɚɧɫɭɜɚɧɧɹ ɿ ɤɨɧɤɭɪɫɧɢɣ ɦɟɯɚɧɿɡɦ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɭɦɨɜ 
ɡɚɞɚɱ. 

Ɋɨɡɝɥɹɧɭɬɨ ɦɟɬɨɞɢ ɨɰɿɧɤɢ ɟɮɟɤɬɢɜɧɨɫɬɿ ɜɢɤɨɧɚɧɧɹ ɰɿɥɶɨɜɢɯ 
ɩɪɨɝɪɚɦ ɪɨɡɜɢɬɤɭ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɨɛɪɚɬɢ ɨɩɬɢɦɚɥɶɧɿ ɜɚɪɿɚɧɬɢ 
ɛɭɞɿɜɧɢɰɬɜɚ ɟɧɟɪɝɨɝɟɧɟɪɭɸɱɢɯ ɨɛ’єɤɬɿɜ ɬɚ ɧɟ ɩɪɢɡɜɟɫɬɢ ɞɨ ɜɬɪɚɬ 
ɛɸɞɠɟɬɧɢɯ ɤɨɲɬɿɜ ɜɿɞ ʀɯ ɪɟɚɥɿɡɚɰɿʀ 

Ⱦɚɧɚ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɪɹɞɭ ɡɚɞɚɱ 
ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ ɥɿɧɿɣɧɨɝɨ ɩɪɨɝɪɚɦɭɜɚɧɧɹ. 

Ɋɨɡɝɥɹɞɚɸɬɶɫɹ ɩɪɨɛɥɟɦɢ ɩɨɛɭɞɨɜɢ ɦɟɯɚɧɿɡɦɭ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ 
ɪɟɝɿɨɧɚɥɶɧɨʀ ɟɧɟɪɝɟɬɢɤɢ, ɜɢɤɥɚɞɟɧɿ ɲɥɹɯɢ ʀɯ ɜɢɪɿɲɟɧɧɹ ɧɚ ɨɫɧɨɜɿ 
ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɬɟɯɧɨɥɨɝɿɣ. 
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ɋɮɨɪɦɭɥɶɨɜɚɧɨ ɬɟɨɪɟɦɭ, ɜ ɹɤɿɣ ɧɟɦɚє ɧɿɹɤɢɯ ɨɛɦɟɠɟɧɶ ɞɥɹ 
ɮɭɧɤɰɿɣ ɪɨɡɩɨɞɿɥɭ ɧɚɞɯɨɞɠɟɧɧɹ ɞɟɩɨɡɢɬɿɜ ɬɚ ɜɢɩɥɚɬ ɡɚ 
ɡɨɛɨɜ’ɹɡɚɧɧɹɦɢ. Ɇɨɠɧɚ ɡɚɛɟɡɩɟɱɢɬɢ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɛɚɧɤɭ ɡ 
ɞɨɫɬɚɬɧɶɨ ɦɚɥɨɸ ɣɦɨɜɿɪɧɿɫɬɸ ɛɚɧɤɪɭɬɫɬɜɚ ɧɚ ɫɤɿɧɱɟɧɧɨɦɭ ɜɿɞɪɿɡɤɭ 
ɱɚɫɭ, ɹɤɳɨ ɣɨɝɨ ɩɨɱɚɬɤɨɜɢɣ ɤɚɩɿɬɚɥ ɡɚɞɨɜoɥɶɧɹє ɧɟɪɿɜɧɿɫɬɶ (1). 
Ɍɟɨɪɟɦɚ. ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɮɭɧɤɰɿʀ ɪɨɡɩɨɞɿɥɭ ( )m

x , 1 ( )m
F y , 

2 ( )m
F y  ɬɚɤɿ, ɳɨ ɜɨɧɢ ɡɨɫɟɪɟɞɠɟɧɿ ɧɚ ɿɧɬɟɪɜɚɥɚɯ  01,B ,  0,C , 

 10,Ɍ , ɜɿɞɩɨɜɿɞɧɨ, ɿ ɬɚɤɿ, ɳɨ: 
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0 0

sup sup 1 ( )m

m T x

L x F x
  

    ,   ei  ,  0 1A T T C   . 

Ɍɨɞɿ ɣɦɨɜɿɪɧɿɫɬɶ ɛɚɧɤɪɭɬɫɬɜɚ ( )m my  ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ  0,m  ɜ 
ɛɚɡɨɜɿɣ  ɦɨɞɟɥɿ ɪɨɛɨɬɢ ɛɚɧɤɭ ɡɚɞɚєɬɶɫɹ ɮɨɪɦɭɥɨɸ:  

1
0

0

m
s

m m

s

K 



 , 

ɞɟ                                         0

0
( )k

m m m
k

y 



 , 

  ( ) 1 , , 1, 0,k
m m ky P k y k     ,  0, 1k m  , ( ) 0,k

m my   k m  

ɿ ɡɚɞɨɜɨɥɶɧɹє ɧɟɪɿɜɧɿɫɬɶ  

0 0( )x  , 

ɹɤɳɨ 

0
0

0

( 1)( )

( 1)

m
er A i

x L A
C r 
 

 


,  0

0
e

A
r i

A C T
 

 
  .         (1) 

Ʌіɬɟɪɚɬɭɪɚ 
1. Ƚɨɧɱɚɪ ɇ. ɋ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɛɨɬɵ ɛɚɧɤɚ/ Ƚɨɧɱɚɪ ɇ. 
ɋ.// Ʉɢɛɟɪɧɟɬɢɤɚ ɢ ɫɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ. – 2015. – №3. – ɋ.65 – 89.  

 

 

ȺɋɂɆɉɌɈɌɂɑɇȺ ɋɌȱɃɄȱɋɌЬ ɅȱɇȱɃɇɂɏ 
ɋɌɈɏȺɋɌɂɑɇɂɏ ɋɂɋɌȿɆ ȱɁ ɁȺɉȱɁɇȿɇɇəɆ 

1Ⱦɠɚɥɥɚɞɨɜɚ ȱ.Ⱥ., 2ɏɭɫɚіɧɨɜ Ⱦ.ə. 
1Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɟɤɨɧɨɦɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦ. ȼ. Ƚɟɬɶɦɚɧɚ, 

2 Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 
idzhalladova@gmail.com, khusainov.d.y.@gmail.com 

 
Ɋɨɡɝɥɹɞɚɸɬɶɫɹ ɫɢɫɬɟɦɢ ɥɿɧɿɣɧɢɯ ɫɬɨɯɚɫɬɢɱɧɢɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ 

ɪɿɜɧɹɧɶ ɿɡ ɡɚɩɿɡɧɟɧɧɹɦ  
           0 1 0 1dx t A x t A x t dt B x t B x t dw t              .   (1) 

Ɍɭɬ 0A , 1A , 0B , 1B  ɫɬɚɥɿ ɤɜɚɞɪɚɬɧɿ ɦɚɬɪɢɰɿ, 0   ɡɚɩɿɡɧɟɧɧɹ, 
 w t  ɫɤɚɥɹɪɧɢɣ ɫɬɚɧɞɚɪɬɧɢɣ ɜɿɧɟɪɿɜɫɶɤɢɣ ɩɪɨɰɟɫ. ɉɪɢ ɞɨɫɥɿɞɠɟɧɧɿ 

ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɤɜɚɞɪɚɬɢɱɧɚ ɮɭɧɤɰɿɹ Ʌɹɩɭɧɨɜɚ   T
V x x Hx , 

ɦɚɬɪɢɰɹ H  ɹɤɨʀ ɡɧɚɯɨɞɢɬɶɫɹ ɡ ɦɚɬɪɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ  

       0 1 0 1 0 1 0 1
T T

A A H H A A B B H B B C        .    (2) 
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Ɍɟɨɪɟɦɚ 1. ɇɟɯɚɣ ɿɫɧɭɸɬɶ ɞɨɞɚɬɧɨ ɜɢɡɧɚɱɟɧɿ ɦɚɬɪɢɰɿ H ɿ C , 
ɹɤɿ ɡɚɞɨɜɿɥɶɧɹɸɬɶ ɦɚɬɪɢɱɧɟ ɪɿɜɧɹɧɧɹ (2). əɤɳɨ ɜɢɤɨɧɭєɬɶɫɹ 
ɧɟɪɿɜɧɿɫɬɶ 

         min 1 0 1 1 1 13 2 1
T T

C HA B B HB H B HB H         
 

, 

ɞɟ      max minH H H   , ɬɨ ɫɢɫɬɟɦɚ (1) ɚɫɢɦɩɬɨɬɢɱɧɨ ɫɬɿɣɤɚ ɜ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨɦɭ ɩɪɢ ɞɨɜɿɥɶɧɨɦɭ 0  . 

Ȼɿɥɶɲ ɫɥɚɛɤɢɦɢ ɭɦɨɜɚɦɢ ɫɬɿɣɤɨɫɬɿ є ɧɚɫɬɭɩɧɿ. 
Ɍɟɨɪɟɦɚ 2. ɇɟɯɚɣ ɿɫɧɭɸɬɶ ɞɨɞɚɬɧɨ ɜɢɡɧɚɱɟɧɿ ɦɚɬɪɢɰɿ H  ɿ C , 

ɳɨ ɡɚɞɨɜɿɥɶɧɹɸɬɶ ɪɿɜɧɹɧɧɸ (2). Ɍɨɞɿ ɩɪɢ 0  , ɞɟ  
 
 

min
0

2
1 2 min 1

2

4

C

D D C D







 
, 

  1 1 0 1 1
T

D HA B B HB     

    0 1 1A A H       2 2
1 1 0 0 1 12T T

B HB B B B B H  , 

   2 2
2 1 1 0 0 1 12T T

D B HB A A A A H   , 

ɫɢɫɬɟɦɚ (1) є ɚɫɢɦɩɬɨɬɢɱɧɨ ɫɬɿɣɤɨɸ. ȼɟɥɢɱɢɧɢ 1K , 2K , 1L , 2L  є 
ɮɭɧɤɰɿɹɦɢ ɩɚɪɚɦɟɬɪɿɜ ɫɢɫɬɟɦɢ ɿ ɦɚɬɪɢɰɿ H . 
Ʌіɬɟɪɚɬɭɪɚ 
1. Dzhalladova I.A., Bastinec J., Diblik J., Khusainov D.Ya. Estimetes 
of Exponential Stability for Solutions of Stokhastic Control Systems 
with Delay. – Hindawi Publishing Corporation. Abstract and Applied 
Analysis. Volume 2011, Article ID 920412, 14 pages, doi: 
10.1155/2011/920412. 

 

 

ɆȿɌȺɌȿɈɊȱə ȽɈɆȿɈɋɌȺɁɍ. ɋȿɆȱɈɌɂɑɇɂɃ ɉȱȾɏȱȾ 

Ⱦɨɥɝɨɩɨɥɨɜ ȱ.Ɇ. 
Ɇɿɠɧɚɪɨɞɧɢɣ ɧɚɭɤɨɜɨ-ɧɚɜɱɚɥɶɧɢɣ ɰɟɧɬɪ ɿɧɮɨɪɦɚɰɿɣɧɢɯ 

ɬɟɯɧɨɥɨɝɿɣ ɿ ɫɢɫɬɟɦ ɇȺɇ ɍɤɪɚʀɧɢ ɬɚ ɆɈɇ ɍɤɪɚʀɧɢ 
dolgigo@ukr.net 

 
ȼ ɞɚɧɢɣ ɱɚɫ, ɤɨɥɢ ɮɨɪɦɭɜɚɧɧɹ ɦɟɬɚɬɟɨɪɿʀ ɩɪɨ ɝɨɦɟɨɫɬɚɡ 

ɡɧɚɯɨɞɢɬɶɫɹ ɧɚ ɫɬɚɞɿʀ ɡɚɜɟɪɲɟɧɧɹ, ɫɬɚє ɨɱɟɜɢɞɧɢɦ, ɳɨ ɰɟɣ 
ɧɚɭɤɨɜɢɣ ɧɚɩɪɹɦ ɩɟɪɟɫɬɭɩɢɜ ɦɟɠɿ ɛɿɨɥɨɝɿʀ ɿ ɦɟɞɢɰɢɧɢ ɜ ɨɛɥɚɫɬɶ 
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ɡɚɝɚɥɶɧɨɝɨ ɤɥɚɫɢɱɧɨɝɨ ɩɪɢɪɨɞɨɡɧɚɜɫɬɜɚ. ɍ ɤɨɧɬɟɤɫɬɿ ɞɚɧɨʀ ɪɨɛɨɬɢ 
ɩɨɧɹɬɬɹ ɝɨɦɟɨɫɬɚɡɿɫɚ, ɹɤ ɡɞɚɬɧɨɫɬɿ ɛɿɨɫɢɫɬɟɦɢ ɩɿɞɬɪɢɦɭɜɚɬɢ 
ɩɚɪɚɦɟɬɪɢ ɜ ɩɟɜɧɨɦɭ ɞɿɚɩɚɡɨɧɿ, ɡɚ ɭɦɨɜ ɡɛɭɪɟɧɶ ɜɧɭɬɪɿɲɧɶɨɝɨ ɿ 
ɡɨɜɧɿɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳ, ɧɟɨɛɯɿɞɧɨ ɜɧɟɫɬɢ ɞɨɩɨɜɧɟɧɧɹ ɩɪɨ ɬɟ, ɳɨ 
ɜɿɧ ɦɨɠɟ ɩɿɞɬɪɢɦɭɜɚɬɢɫɹ ɞɜɨɦɚ ɫɩɨɫɨɛɚɦɢ: ɩɪɢɪɨɞɧɨ 
/ɮɿɡɿɨɥɨɝɢɱɧɢɦ ɿ ɡɨɜɧɿɲɧɿɦ, ɭ ɜɢɝɥɹɞɿ ɦɟɬɨɞɿɜ ɤɨɪɟɤɰɿʀ ɫɬɚɧɭ ɧɚ 
ɨɫɧɨɜɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɥɿɤɚɪɫɶɤɢɯ ɛɿɨɚɝɟɧɬɿɜ ɭ ɫɤɥɚɞɿ 
ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɤɨɦɩɥɟɤɫɿɜ.  

Ƚɨɥɨɜɧɨɸ ɦɟɬɨɸ ɞɚɧɨʀ ɪɨɛɨɬɢ є ɞɨɫɥɿɞɠɟɧɧɹ ɤɪɢɬɟɪɿʀɜ 
ɫɭɛ'єɤɬɧɢɯ (ɛɿɨɚɝɟɧɬ) /ɨɛ'єɤɬɧɢɯ (ɛɿɨɫɢɫɬɟɦɚ) ɜɿɞɧɨɫɢɧ ɜ ɡɚɞɚɱɚɯ 
ɤɟɪɭɜɚɧɧɹ ʀʀ ɥɨɤɚɥɶɧɨɸ ɦɿɲɟɧɧɸ (ɅɆ), ɿɧɜɚɪɿɚɧɬɧɨ ɦɚɫɲɬɚɛɭ, ɜ 
ɪɚɦɤɚɯ ɦɨɞɟɥɿ "ɞɿɹ - ɱɚɫ - ɟɮɟɤɬ", ɜ ɹɤɨɦɭ ɫɬɚɧ ɅɆ – ,z z Z  ɩɿɫɥɹ 
ɞɿʀ, ɡɚɥɟɠɢɬɶ ɜɿɞ ɜɟɥɢɱɢɧɢ ɩɨɪɨɝɨɜɢɯ ɡɧɚɱɟɧɶ ,y y Y , ɱɚɫɭ ,t t T . 

0 0( ) ( ) ,j j
z A y y h t t m    ɿ ɦɚɫɲɬɚɛɭ A  ɨɛɪɚɧɨʀ ɅɆ. Ⱦɚɧɚ ɦɨɞɟɥɶ 
ɞɨɩɨɜɧɸєɬɶɫɹ ɩɨɤɚɡɧɢɤɚɦɢ ɥɚɛɿɥɶɧɨɫɬɢ ɿ ɱɭɬɥɢɜɨɫɬɿ ,h m . 

Ʉɟɪɭɜɚɧɧɹ ɰɢɦ ɩɪɨɰɟɫɨɦ ɞɨɩɨɜɧɸєɬɶɫɹ ɮɨɪɦɚɥɿɡɦɨɦ ɦɨɞɟɥɿ 
«ɦɿɧɿɦɚɤɫɭ»: ɦɿɧɿɦɭɦ ɞɿʀ - ɦɚɤɫɢɦɭɦ ɚɞɚɩɬɢɜɧɨʀ ɩɨɜɟɞɿɧɤɢ ɅɆ. 

( , ) mini iU z t  , ɩɪɢ maxiZ Z , 0it t , ɝɞɟ ( , )i iU z t  – ɩɨɤɚɡɧɢɤ 
ɨɩɬɢɦɚɥɶɧɨʀ ɞɿʀ; iz  – ɩɨɬɨɱɧɢɣ ɪɿɜɟɧɶ ɞɨɫɜɿɞɭ; it  – ɡɚɬɪɚɱɟɧɢɣ ɱɚɫ 
ɧɚ ɚɞɚɩɬɚɰɿɸ ɞɨ ɞɿʀ; maxz  – ɧɟɨɛɯɿɨɞɧɢɣ ɪɿɜɟɧɶ ɞɨɫɜɿɞɭ; 0t  – 

ɞɨɩɭɫɬɢɦɢɣ ɱɚɫ ɧɚ ɚɞɚɩɬɚɰɿɸ ɞɨ ɞɿʀ. Ⱦɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɬɚɤɨʀ ɡɚɞɚɱɿ 
ɩɪɨɩɨɧɭєɬɶɫɹ ɜɪɚɯɨɜɭɜɚɬɢ ɨɫɨɛɥɢɜɿɫɬɶ ɜɡɚєɦɨɞɿʀ ɮɿɡɿɨɥɨɝɿɱɧɢɯ 
ɩɪɨɰɟɫɿɜ ɛɿɨɫɢɫɬɟɦɢ ɭ ɜɢɝɥɹɞɿ, ɡɚɦɤɧɭɬɨɝɨ ɰɢɤɥɭ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ 
ɞɨɦɿɧɚɧɬɢ, ɭɫɟɪɟɞɢɧɿ ɹɤɨʀ ɤɨɠɟɧ ɟɥɟɦɟɧɬ ɡɜ'ɹɡɤɭ є ɭɦɨɜɨɸ ɪɿɜɧɹ 
ɚɤɬɢɜɧɨɫɬɿ ɿɧɲɨɝɨ ɿ ɨɛɭɦɨɜɥɟɧɢɣ ɧɢɦ, ɧɚ ɨɫɧɨɜɿ ɝɿɩɟɪɰɢɤɥɭ ȿɣɝɟɧɚ, 
ɜ ɹɤɿɣ ɤɨɠɧɚ ɤɨɦɩɨɧɟɧɬɚ ɫɬɢɦɭɥɸєɬɶɫɹ ɩɨɩɟɪɟɞɧɶɨɸ, ɚ ɫɚɦɚ ɜɨɧɚ 
ɜɢɫɬɭɩɚє ɤɚɬɚɥɿɡɚɬɨɪɨɦ ɞɥɹ ɩɨɞɚɥɶɲɨʀ. 

Ʌіɬɟɪɚɬɭɪɚ 
1. Ⱦɨɥɝɨɩɨɥɨɜ ɂ.ɇ.Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ  ɥɟɱɟɛɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɛɢɨɫɢɫɬɟɦɭ // Ʉɢɛɟɪɧɟɬɢɤɚ ɢ ɫɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ 
2012. -  48, №5. – ɋ. 25-40. 
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ɆȿɌɈȾɂ ɍɉɊȺȼɅȱɇɇə ɊɈɁȼɂɌɄɈɆ ɉɊɂ ɊȱɁɇɂɏ 
ɌȿɏɇɈɅɈȽȱəɏ ɆȺɇȱɉɍɅɘȼȺɇɇə ɈɉɊ 

Ⱦɨɥɟɧɤɨ Ƚ.Ɉ., Ɇɚɧɨɜɢɰьɤɚ Ⱦ.Ɉ. 
Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 

galinadolenko2006@yandex.ru 

 
Ɋɨɡɝɥɹɞɚɸɬɶɫɹ ɦɚɬɟɦɚɬɢɱɧɿ ɦɟɬɨɞɢ ɭɩɪɚɜɥɿɧɧɹ ɪɨɡɜɢɬɤɨɦ 

ɨɪɝɚɧɿɡɚɰɿɣɧɢɯ ɫɢɫɬɟɦ [1] ɩɪɢ ɪɿɡɧɢɯ ɬɟɯɧɨɥɨɝɿɹɯ ɦɚɧɿɩɭɥɸɜɚɧɧɹ 
ɫɭɛ'єɤɬɚɦɢ (ɪɟɮɥɟɤɫɢɜɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɚɝɟɧɬɚɦɢ), ɳɨ ɮɨɪɦɭɸɬɶ ɬɚ 
ɪɟɚɥɿɡɭɸɬɶ ɰɿɥɶɨɜɿ ɭɫɬɚɧɨɜɤɢ ɪɨɡɜɢɬɤɭ. 

Ⱦɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɯɚɪɚɤɬɟɪɧɿ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɿɫɬɶ; 
ɛɚɝɚɬɨɪɿɜɧɟɜɿɫɬɶ ɬɚ ɪɨɡɩɨɞɿɥɟɧɿɫɬɶ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɩɨ 
ɩɿɞɫɢɫɬɟɦɚɦ; ɦɨɠɥɢɜɿɫɬɶ ɬɚ ɧɟɨɛɯɿɞɧɿɫɬɶ ɰɿɥɟɫɩɪɹɦɨɜɚɧɨʀ ɡɦɿɧɢ 
ɩɚɪɚɦɟɬɪɿɜ ɨɛɥɚɫɬɿ ɞɨɩɭɫɬɢɦɢɯ ɪɿɲɟɧɶ ɿ ɤɪɢɬɟɪɿʀɜ ɭ ɩɪɨɰɟɫɿ 
ɭɩɪɚɜɥɿɧɧɹ ɪɨɡɜɢɬɤɨɦ. 

ȼ ɫɢɥɭ ɰɢɯ ɨɫɨɛɥɢɜɨɫɬɟɣ ɜ ɩɪɚɤɬɢɱɧɢɯ ɡɚɞɚɱɚɯ ɭɩɪɚɜɥɿɧɧɹ 
ɪɨɡɜɢɬɤɨɦ ɜɢɧɢɤɚє ɧɟɨɛɯɿɞɧɿɫɬɶ ɭɡɝɨɞɠɟɧɧɹ ɬɚ ɤɨɨɪɞɢɧɚɰɿʀ 
ɰɿɥɶɨɜɢɯ ɭɫɬɚɧɨɜɨɤ ɪɨɡɜɢɬɤɭ ɨɫɨɛɚɦɢ, ɳɨ ɩɪɢɣɦɚɸɬɶ ɪɿɲɟɧɧɹ 
(ɈɉɊ) ɧɚ ɤɨɠɧɨɦɭ ɪɿɜɧɿ ɿєɪɚɪɯɿʀ ɬɚ ɜ ɤɨɠɧɨɦɭ ɩɿɞɪɨɡɞɿɥɿ. Ⱦɥɹ 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ ɩɪɨɰɟɫɭ ɭɡɝɨɞɠɟɧɧɹ ɩɪɨɩɨɧɭєɬɶɫɹ 
ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɦɟɬɨɞɢ ɩɪɢɯɨɜɚɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ [2]. Ɂɚɞɚɱɿ 
ɩɪɢɯɨɜɚɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɞɨɡɜɨɥɹɸɬɶ ɜɢɡɧɚɱɢɬɢ ɬɭ ɫɬɪɭɤɬɭɪɭ 
ɿɧɮɨɪɦɨɜɚɧɨɫɬɢ, ɹɤɭ ɚɤɬɢɜɧɢɣ ɚɝɟɧɬ (ɈɉɊ) ɩɨɜɢɧɟɧ ɧɚɜ'ɹɡɚɬɢ 
ɩɚɫɢɜɧɨɦɭ ɚɝɟɧɬɭ (ɿɧɲɨɦɭ ɈɉɊ). ȼ ɪɨɛɨɬɿ ɚɧɚɥɿɡɭɸɬɶɫɹ ɬɢɩɢ ɡɚɞɚɱ 
ɩɪɢɯɨɜɚɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ, ɹɤɿ ɦɨɠɭɬɶ ɜɢɧɢɤɧɭɬɢ ɭ ɚɤɬɢɜɧɨɝɨ ɚɝɟɧɬɚ 
ɩɪɢ ɜɢɛɨɪɿ ɜɩɥɢɜɭ ɧɚ ɩɚɫɢɜɧɨɝɨ ɚɝɟɧɬɚ. Ɇɚɧɿɩɭɥɸɜɚɧɧɹ ɩɨɜɢɧɧɨ 
ɡɚɛɟɡɩɟɱɢɬɢ ɜɢɛɿɪ ɰɿɥɶɨɜɢɯ ɭɫɬɚɧɨɜɨɤ ɪɨɡɜɢɬɤɭ, ɹɤɿ ɝɚɪɚɧɬɭɸɬɶ 
ɜɢɛɿɪ ɩɚɫɢɜɧɢɦ ɚɝɟɧɬɨɦ ɪɿɲɟɧɧɹ, ɳɨ ɛɚɠɚɧɟ ɞɥɹ ɚɤɬɢɜɧɨɝɨ ɚɝɟɧɬɚ. 
ȼɢɡɧɚɱɚɸɬɶɫɹ ɛɚɡɨɜɿ ɬɢɩɢ ɡɚɞɚɱ ɩɪɢɯɨɜɚɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɬɚ ʀɯ 
ɪɿɲɟɧɧɹ, ɳɨ ɦɨɬɢɜɭɸɬɶ ɩɚɫɢɜɧɨɝɨ ɚɝɟɧɬɚ ɞɨ ɜɵɛɨɪɭ ɧɚɢɛɿɥɶɲ 
ɟɮɟɤɬɢɜɧɢɯ ɞɥɹ ɚɤɬɢɜɧɨɝɨ ɚɝɟɧɬɚ ɞɿɣ.  

Ɍɚɤɢɦ ɱɢɧɨɦ, ɜ ɩɪɨɜɟɞɟɧɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 
ɬɟɨɪɿɹ ɪɟɮɥɟɤɫɢɜɧɵɯ ɿɝɨɪ [2] ɩɪɢ ɪɨɡɪɨɛɰɿ ɧɨɪɦɚɬɢɜɧɢɯ ɦɨɞɟɥɟɣ 
ɩɪɨɰɟɫɭ ɿɧɮɨɪɦɚɰɿɣɧɨɝɨ ɜɩɥɢɜɭ ɧɚ ɈɉɊ ɞɥɹ ɞɨɫɹɝɧɟɧɧɹ ɰɿɥɟɣ 
ɭɩɪɚɜɥɿɧɧɹ ɪɨɡɜɢɬɤɨɦ ɨɪɝɫɢɫɬɟɦ.  
Ʌіɬɟɪɚɬɭɪɚ 
1. Ⱦɨɥɟɧɤɨ Ƚ.Ɉ. ɉɪɨɰɟɞɭɪɢ ɩɪɢɧɹɬɬɹ ɪɿɲɟɧɶ ɩɪɢ ɭɩɪɚɜɥɿɧɧɿ 
ɿɧɧɨɜɚɰɿɹɦɢ. - Ʉ.: ȼɉɐ "Ʉɢʀɜɫɶɤɢɣ ɭɧɿɜɟɪɫɢɬɟɬ", 2009. – 55 ɫ. 
2. ɇɨɜɿɤɨɜ Ⱦ.Ɉ. Ɋɟɮɥɟɤɫɢɜɧɿ ȱɝɪɢ. - Ɇ.: ɋɂɇɌȿȽ, 2003. – 160 ɫ.  
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Ⱦɨɧɱɟɧɤɨ ȼ.ɋ. 
Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 

voldon@bigmir.net 
 
Ɂɚɞɚɱɚ ɥɿɧɿɣɧɨʀ ɞɢɫɤɪɢɦɿɧɚɰɿʀ (ɅȾ) ɡɚ ɨɛ'єɞɧɚɧɨɸ ɧɚɜɱɚɥɶɧɨɸ ɡɚ 

ɞɜɨɦɚ ɤɥɚɫɚɦɢ ɜɢɛɿɪɤɨɸ , 1,m
ix R i n  ɜ ɫɬɚɬɢɫɬɢɱɧɿɣ ɩɨɫɬɚɧɨɜɰɿ 

ɜɟɞɟ ɩɨɱɚɬɨɤ ɜɿɞ Ɋ.Ɏɿɲɟɪɚ. ȼ ɚɥɝɟɛɪɚʀɱɧɿɣ ɩɨɫɬɚɧɨɜɰɿ  ɅȾ-ɡɚɞɚɱɚ (ɜ 
ɞɢɯɨɬɨɦɿɱɧɿɣ ɩɨɫɬɚɧɨɜɰɿ) ɡɜɨɞɢɬɶɫɹ ɡɚ ɩɟɜɧɨʀ ɫɬɚɧɞɚɪɬɢɡɚɰɿʀ (ɞɢɜ. 
[1,2]) ɞɨ ɋɅȺ Ɋɿɜɧɹɧɶ (ɋɅȺɊ) ɱɢ ɇɟɪɿɜɧɨɫɬɟɣ (ɋɅȺɇ) ɳɨɞɨ 
ɪɨɡɞɿɥɶɧɨɝɨ ɮɭɧɤɰɿɨɧɚɥɭ w ɜɢɝɥɹɞɭ 

   0 0, 1;2; ; 1E E n E n    . ȼɿɞɧɟɫɟɧɧɹ ɞɨ ɨɞɧɨɝɨ ɡ ɞɜɨɯ 
ɤɥɚɫɿɜ ɜɿɞɧɨɫɢɬɶɫɹ ɡɚ ɜɢɤɨɧɚɧɧɹɦ ɨɞɧɨʀ ɡ ɞɜɨɯ ɜɢɤɥɸɱɧɢɯ  ɭɦɨɜ 
ɜɿɞɩɨɜɿɞɧɨ ,      ,   0T T

w x w x      – ɩɚɪɚɦɟɬɪ ɡɚɞɚɱɿ.ȼɿɞɫɬɚɧɶ 
ɡɚ ɧɨɪɦɚɥɥɸ ɦɿɠ ɪɨɡɞɿɥɶɧɢɦɢ ɝɿɩɟɪɩɥɨɳɢɧɚɦɢ ɤɥɚɫɿɜ є 

ɩɪɨɩɨɪɰɿɣɧɨɸ     
0

, 0
t

g t f u du t   .  ȼ ɪɨɛɨɬɿ [1] ɋɅȺɇ 

ɫɬɚɧɞɚɪɬɧɢɦ ɱɢɧɨɦ ɡɜɨɞɢɬɶɫɹ ɞɨ ɋɅȺɊ  0,1  ɿ ɡɚ ɰɢɯ ɨɛɦɟɠɟɧɶ 

ɅȾ-ɡɚɞɚɱɚ ɡɜɨɞɢɬɶɫɹ ɞɨ ɨɩɬɢɦɿɡɚɰɿɣɧɨʀ ɡɚɞɚɱɿ ɦɚɤɫɢɦɿɡɚɰɿʀ ɜɿɞɫɬɚɧɿ 
ɦɿɠ ɪɨɡɞɿɥɶɧɢɦɢ ɝɿɩɟɪɩɥɨɳɢɧɚɦɢ, ɬɨɛɬɨ – ɞɨ ɦɿɧɿɦɿɡɚɰɿʀ 

1

1

0
n

i i

i

a 



 , ɬɨɱɧɿɲɟ – ɡɚ ɫɤɨɪɢɝɨɜɚɧɢɦ ɮɭɧɤɰɿɨɧɚɥɨɦ 

2
:T

w c  0, n
c c R  . ȼ ɪɨɛɨɬɿ [2] ɬɟɠ ɡɞɿɣɫɧɸєɬɶɫɹ ɩɟɪɟɯɿɞ ɞɨ 

ɞɨɫɥɿɞɠɟɧɧɹ ɪɨɡɜ'ɹɡɧɨɫɬɿ ɋɅȺɊ ,     T
X w y y I  , ɚɥɟ – ɜɠɟ 

ɡɚɫɨɛɚɦɢ ɩɫɟɜɞɨ ɨɛɟɪɧɟɧɧɹ (ɉɞɈ). ȼ ɤɿɧɰɟɜɨɦɭ ɪɚɯɭɧɤɭ ɪɨɡɜ'ɹɡɨɤ 
ɅȾ-ɡɚɞɚɱɿɡɚ ɰɶɨɝɨ ɩɿɞɯɨɞɭ ɡɜɨɞɢɬɶɫɹ ɞɨ ɩɨɲɭɤɭ ɦɿɧɿɦɭɦɭ ɞɨɞɚɬɧɨ 
ɜɢɡɧɚɱɟɧɨʀ ɤɜɚɞɪɚɬɢɱɧɨʀ ɮɨɪɦɢ ( )T T T

ny E X X X X y
    ɜ ɨɛɥɚɫɬɿ 

  y I . 

ɐɿ ɞɜɚ ɩɿɞɯɨɞɢ ɦɨɠɭɬɶ ɛɭɬɢ ɫɢɧɬɟɡɨɜɚɧɿ ɭ ɚɥɝɨɪɢɬɦɿ 
ɪɨɡɜ'ɹɡɚɧɧɹ ɅȾ-ɡɚɞɚɱɿ, ɜ ɹɤɨɦɭ ɨɩɬɢɦɿɡɚɰɿɹ ɮɭɧɤɰɿɨɧɚɥɭ  

2 T
w c  ɩɟɪɲɨɝɨ ɩɿɞɯɨɞɭ ɡɞɿɣɫɧɸєɬɶɫɹ ɭ ɡɜɭɠɟɧɿɣ ɨɛɥɚɫɬɿ. ɐɟ 

ɡɜɭɠɟɧɧɹ ɩɨɥɹɝɚє ɭ ɜɜɟɞɟɧɧɿ ɞɨɞɚɬɤɨɜɨɝɨ ɥɿɧɿɣɧɨɝɨ ɨɛɦɟɠɟɧɧɹ 
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 ( ) 0T T
nE X X X X I       ɜ ɩɟɪɲɨɦɭ ɩɿɞɯɨɞɿ, ɟɤɜɿɜɚɥɟɧɬɧɨɝɨ 

ɭɦɨɜɿ ( ) 0T T T
ny E X X X X y

     ɪɨɡɜ'ɹɡɧɨɫɬɿ  ɅȾ-ɡɚɞɚɱɿ 
ɞɪɭɝɨɝɨ ɩɿɞɯɨɞɭ. 

ɉɪɨɩɨɧɨɜɚɧɢɣ ɩɿɞɯɿɞ ɞɨɩɭɫɤɚє ɩɟɪɟɧɟɫɟɧɧɹ ɧɚ ɜɢɩɚɞɨɤ, ɤɨɥɢ 
ɧɚɜɱɚɥɶɧɚ ɜɢɛɿɪɤɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɦɚɬɪɢɰɶ ɧɚ ɨɫɧɨɜɿ ɤɨɧɰɟɩɰɿʀ 
ɤɨɪɬɟɠɧɢɯ ɨɩɟɪɚɬɨɪɿɜ.[3] 
Ʌіɬɟɪɚɬɭɪɚ 

1. VladimirVapnik. “The Nature of Statistical Learning Theory”(1998)/ 
John Wiley&Sons.– 732 p.  
2. Ʉɢɪɢɱɟɧɤɨ ɇ.Ɏ., Ʌɟɩɟɯɚ ɇ.ɉ. ɉɪɢɦɟɧɟɧɢɟ ɩɫɟɜɞɨɨɛɪɚɬɧɵɯ ɢ 
ɩɪɨɟɤɰɢɨɧɧɵɯ ɦɚɬɪɢɰ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ, 
ɧɚɛɥɸɞɟɧɢɹ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. //Ʉɢɛɟɪɧɟɬɢɤɚ ɢ ɫɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ. 
– 2002. – № 4. – ɋ. 107 – 124. 
3. Ⱦɨɧɱɟɧɤɨ ȼ., Ɂɿɧьɤɨ Ɍ., ɋɤɨɬɚɪɟɧɤɨ Ɏ. “ȼɟɤɬɨɪɢ Ɉɡɧɚɤ” ɜ  ɡɚɞɚɱɿ 
ɝɪɭɩɭɜɚɧɧɹ ɿɧɮɨɪɦɚɰɿʀ: ɜɟɤɬɨɪɢ ɿ ɦɚɬɪɢɰɿ. –Problems of Computer 
Intellectualization.– Institute of Cybernetics NASU, ITHEA.–Kyiv, 
Ukraine–Sofia, Bulgaria. – 2012. –C. 111 –124. 
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SVD-ɪɨɡɜɢɧɟɧɧɹ ɥɿɧɿɣɧɢɯ ɨɩɟɪɚɬɨɪɿɜ ɬɚ ɬɟɨɪɿɹ ɩɫɟɜɞɨ 
ɨɛɟɪɧɟɧɧɹ (ɉɞɈ) ɡɚ Ɇɭɪɨɦ-ɉɟɧɪɨɭɡɨɦ є ɩɨɬɭɠɧɢɦ ɚɧɚɥɿɬɢɱɧɢɦ 
ɡɚɫɨɛɨɦ ɚɧɚɥɿɡɭ ɜ n

R , ɨɫɤɿɥɶɤɢ ɧɚɞɚє ɜɢɱɟɪɩɧɿ ɤɨɧɫɬɪɭɤɬɢɜɧɿ 
ɦɨɠɥɢɜɨɫɬɿ ɞɨɫɥɿɞɠɟɧɧɹ ɫɢɫɬɟɦ ɥɿɧɿɣɧɢɯ ɚɥɝɟɛɪɚʀɱɧɢɯ ɪɿɜɧɹɧɶ 
(ɋɅȺɊ) ɬɚ ɪɨɡɜ'ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɆɇɄ ɧɚɛɥɢɠɟɧɧɹ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ. ȼ 
ɟɜɤɥɿɞɨɜɢɯ ɩɪɨɫɬɨɪɚɯ ɱɢɫɥɨɜɢɯ ɜɟɤɬɨɪɿɜ SVD- ɬɚ ɉɞɈ-ɬɟɨɪɿʀ 
ɪɟɚɥɿɡɭɸɬɶɫɹ ɹɤ ɬɟɨɪɿʀ, ɳɨ ɨɩɢɫɭɸɬɶ ɜɥɚɫɬɢɜɨɫɬɿ ɦɚɬɪɢɰɶ, ɯɨɱɚ 
SVD- ɬɚ ɉɞɈ-ɬɟɨɪɿʀ ɦɚɸɬɶ ɲɢɪɲɿ, ɧɿɠ ɬɟɨɪɿɹ ɮɚɤɬɨɪɢɡɚɰɿʀ 
ɦɚɬɪɢɰɶ. Ʉɨɧɰɟɩɰɿɹ ɤɨɪɬɟɠɧɢɯ ɨɩɟɪɚɬɨɪɿɜ (ɄɨɪɈ) ɡ ɦɚɬɪɢɱɧɢɦɢ 
ɤɨɪɬɟɠɚɦɢ [1,2] ɭɦɨɠɥɢɜɢɥɚ ɩɟɪɟɧɟɫɧɟɧɧɹ ɦɨɠɥɢɜɨɫɬɟɣ SVD- ɬɚ 
ɉɞɈ-ɚɧɚɥɿɡɭ ɦɚɬɪɢɱɧɿ ɟɜɤɥɿɞɨɜɿ ɩɪɨɫɬɨɪɢ m n

R
 , ɳɨ ɞɨɡɜɨɥɹє 

ɪɨɡɝɥɹɞɚɬɢ ɦɚɬɪɢɰɿ ɹɤ ɩɪɟɞɫɬɚɜɧɢɤɿɜ ɡɚɦɿɫɬɶ ɜɟɤɬɨɪɿɜ: ɜɟɤɬɨɪɿɜ 
ɨɡɧɚɤ. ɐɟ є ɜɚɠɥɢɜɢɦ ɞɥɹ ɪɨɡɩɿɡɧɚɜɚɧɧɹ ɚɭɞɿɨɫɢɝɧɚɥɿɜ, ɞɟ 
ɦɚɬɪɢɱɧɢɦ ɩɪɟɞɫɬɚɜɧɢɤɨɦ ɚɭɞɿɨ ɨɛ'єɤɬɚ є ɣɨɝɨ ɫɩɟɤɬɪɨɝɪɚɦɚ, 
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ɚɧɚɥɨɝɿɱɧɨ ɿ ɞɥɹ ɡɨɛɪɚɠɟɧɶ. SVD ɬɚ ɉɞɈ ɞɨɡɜɨɥɹє ɪɟɚɥɿɡɨɜɭɜɚɬɢ 
ɩɪɨɰɟɞɭɪɢ ɨɛɪɨɛɤɢ ɫɢɝɧɚɥɿɜ, ɳɨ ɿɥɸɫɬɪɭєɬɶɫɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨɸ ɜ 
ɪɨɛɨɬɿ ɮɿɥɶɬɪɚɰɿɹ – «ɨɱɢɫɬɤɢ» ɫɢɝɧɚɥɭ ɧɚ ɨɫɧɨɜɿ SVD-ɩɨɞɚɧɧɹ 
ɫɥɭɲɧɢɯ ɦɚɬɪɢɰɶ. ȼɨɧɚ ɩɨɥɹɝɚє ɭ ɜɿɞɤɢɞɚɧɧɿ ɦɨɥɨɞɲɢɯ ɱɥɟɧɿɜ ɭ 
SVD-ɩɨɞɚɧɧɿ ɫɥɭɲɧɨɝɨ ɧɚɛɪɭ ɨɛ'єɤɬɿɜ: ɦɚɬɪɢɰɶ ɱɢ ɦɚɬɪɢɱɧɢɯ 
ɤɨɪɬɟɠɿɜ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɧɚɜɱɚɥɶɧɿɣ ɜɢɛɿɪɰɿ. ɉɪɨɰɟɞɭɪɚ ɨɩɢɫɚɧɚ 
ɧɚ ɩɪɢɤɥɚɞɿ ɜɟɤɬɨɪɿɜ, ɯɨɱɚ ɬɟɯɧɿɤɚ ɄɨɪɈ ɞɨɡɜɨɥɹє ɩɟɪɟɧɟɫɬɢ ʀʀ ɭ 
ɬɨɦɭ ɫɚɦɨɦɭ ɜɢɝɥɹɞɿ ɧɚ ɦɚɬɪɢɱɧɿ ɩɪɟɞɫɬɚɜɧɢɤɢ. Ɋɟɡɭɥɶɬɚɬ 
ɩɪɨɰɟɞɭɪɢ SVD-ɮɿɥɶɬɪɚɰɿʀ ɧɚ ɩɪɢɤɥɚɞɿ ɦɨɜɧɢɯ ɫɢɝɧɚɥɿɜ «ɞɟɪɟɜɨ» 
ɬɚ «ɡɜɭɤ» ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ Ɋɢɫ. 1. 

 

 
Pɢc1. Ɋɟɡɭɥɶɬɚɬ SVD-ɮɿɥɶɬɪɚɰɿʀ ɫɥɿɜ «ɞɟɪɟɜɨ» ɬɚ «ɡɜɭɤ» 
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ɍ ɞɨɩɨɜɿɞɿ ɪɨɡɝɥɹɧɭɬɨ ɩɪɢɤɥɚɞ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɭ ɧɚɣɦɟɧɲɢɯ 

ɤɜɚɞɪɚɬɿɜ (ɆɇɄ) ɭ ɦɧɨɠɢɧɧɿɣ ɦɚɬɪɢɱɧɿɣ ɪɟɝɪɟɫɿʀ ɞɥɹ 
ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɦɚɤɪɨɟɤɨɧɨɦɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ. ȼɢɤɨɪɢɫɬɚɧɨ 
ɪɨɡɪɨɛɥɟɧɢɣ ɭ [1, 2] ɦɚɬɟɦɚɬɢɱɧɢɣ ɚɩɚɪɚɬ ɫɢɧɝɭɥɹɪɧɨɝɨ (SVD) 
ɪɨɡɤɥɚɞɭ ɿ ɬɟɯɧɿɤɭ ɩɫɟɜɞɨɨɛɟɪɧɟɧɧɹ (ɉɞɈ) ɡɚ Ɇɭɪɨɦ - ɉɟɧɪɨɭɡɨɦ ɭ 
ɪɚɦɤɚɯ ɪɨɡɜɢɬɤɭ ɤɨɧɰɟɩɰɿʀ ɤɨɪɬɟɠɧɢɯ ɨɩɟɪɚɬɨɪɿɜ. Ɂɨɤɪɟɦɚ, 
ɪɟɚɥɿɡɨɜɚɧɨ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɭ [2] ɚɥɝɨɪɢɬɦ ɆɇɄ-ɨɰɿɧɸɜɚɧɧɹ ɞɥɹ 
ɜɟɤɬɨɪɚ ɧɟɜɿɞɨɦɢɯ ɩɚɪɚɦɟɬɪɿɜ ɤɥɚɫɭ ɦɚɬɪɢɱɧɢɯ ɮɭɧɤɰɿɣ ɭ 
ɫɟɪɟɞɨɜɢɳɿ Wolfram Mathematica ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ 
ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɦɚɤɪɨɩɨɤɚɡɧɢɤɿɜ (ɜɧɭɬɪɿɲɧɶɨɝɨ ɜɚɥɨɜɨɝɨ ɩɪɨɞɭɤɬɭ, 
ɨɩɥɚɬɢ ɩɪɚɰɿ ɧɚɣɦɚɧɢɯ ɩɪɚɰɿɜɧɢɤɿɜ, ɤɿɧɰɟɜɢɯ ɫɩɨɠɢɜɱɢɯ ɜɢɬɪɚɬ, 
ɟɤɫɩɨɪɬɭ ɬɨɜɚɪɿɜ ɬɚ ɩɨɫɥɭɝ, ɿɦɩɨɪɬɭ ɬɨɜɚɪɿɜ ɬɚ ɩɨɫɥɭɝ).  

ȿɦɩɿɪɢɱɧɢɦɢ ɞɚɧɢɦɢ ɞɥɹ ɪɨɡɪɚɯɭɧɤɿɜ ɫɬɚɥɢ ɞɚɧɿ Ⱦɟɪɠɚɜɧɨʀ 
ɫɥɭɠɛɢ ɫɬɚɬɢɫɬɢɤɢ ɍɤɪɚʀɧɢ ɡɚ 2007 – 2016 ɪɪ. [3]. Ɍɨɱɧɿɫɬɶ 
ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɪɿɱɧɢɯ ɟɤɨɧɨɦɿɱɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɡɚ ɤɪɢɬɟɪɿєɦ APE 

(absolute percentage error) – ɞɨ 20%. ɉɟɪɟɜɢɳɟɧɧɹ 10% ɡɧɚɱɟɧɧɹ 
ɩɨɯɢɛɤɢ ɦɨɠɧɚ ɩɨɹɫɧɢɬɢ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɬɚɬɢɫɬɢɱɧɢɯ ɞɚɧɢɯ 
ɤɪɢɡɨɜɢɯ 2008 – 2009 ɪɨɤɿɜ, ɚ ɬɚɤɨɠ ɞɚɧɢɯ ɛɟɡ ɭɪɚɯɭɜɚɧɧɹ ɬɢɦɱɚɫɨ-
ɜɨ ɨɤɭɩɨɜɚɧɨʀ ɬɟɪɢɬɨɪɿʀ ȺɊ Ʉɪɢɦ, ɦ. ɋɟɜɚɫɬɨɩɨɥɹ ɬɚ ɱɚɫɬɢɧɢ ɡɨɧɢ 
ɩɪɨɜɟɞɟɧɧɹ ɚɧɬɢɬɟɪɨɪɢɫɬɢɱɧɨʀ ɨɩɟɪɚɰɿʀ.  

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɨɜɟɞɟɧɿ ɪɨɡɪɚɯɭɧɤɢ ɩɨɤɚɡɭɸɬɶ, ɳɨ ɡɚɩɪɨɩɨɧɨ-
ɜɚɧɢɣ ɩɿɞɯɿɞ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɢɣ ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱ 
ɦɚɤɪɨɩɪɨɝɧɨɡɭɜɚɧɧɹ ɡ ɩɪɢɣɧɹɬɧɨɸ ɞɥɹ ɩɥɚɧɭɜɚɧɧɹ ɬɨɱɧɿɫɬɸ.  
Ʌіɬɟɪɚɬɭɪɚ  
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[ȿɥɟɤɬɪɨɧɧɢɣ ɪɟɫɭɪɫ] – Ɋɟɠɢɦ ɞɨcɬyɩy: http://www.ukrstat.gov.ua. 
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Ɋɨɡɝɥɹɞɚєɬɶɫɹ ɞɜɿ  ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱ ɩɟɪɟɪɨɡɩɨɞɿɥɭ ɫɭɦɚɪɧɨɝɨ 

ɡɚɪɨɛɿɬɤɭ ɜ ɦɨɞɢɮɿɤɨɜɚɧɿɣ ɡɚɞɚɱɿ ɩɪɨ ɩɪɢɡɧɚɱɟɧɧɹ, ɦɟɯɚɧɿɡɦ 
ɩɟɪɟɪɨɡɩɨɞɿɥɭ ɛɭɞɭєɬɶɫɹ ɧɚ ɛɚɡɿ ɚɩɚɪɚɬɭ ɤɨɨɩɟɪɚɬɢɜɧɨʀ ɬɟɨɪɿʀ ɿɝɨɪ 
(ɞɢɜ. [1]).  ɇɟɯɚɣ є n ɚɝɟɧɬɿɜ ɡ ɩɪɨɞɭɤɬɢɜɧɨɫɬɹɦɢ 1 2, ,..., na a a , ɞɟ  

1 2 ... 0na a a     ɬɚ ɧɟɯɚɣ ɬɪɟɛɚ ɡɜɿɥɶɧɢɬɢ  ɨɞɧɨɝɨ ɪɨɛɿɬɧɢɤɚ ɜɿɞ 
ɜɢɤɨɧɚɧɧɹ ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɫɜɨєʀ ɪɨɛɨɬɢ ɬɚ ɩɟɪɟɪɨɡɩɨɞɿɥɢɬɢ  ɱɚɫɬɢɧɭ 
ɡɚɪɨɛɨɬɤɭ ɿɧɲɢɯ ɪɨɛɿɬɧɢɤɿɜ ɧɚ ɣɨɝɨ ɤɨɪɢɫɬɶ. 

əɤɳɨ ɡɜɿɥɶɧɹєɬɶɫɹ ɧɚɣɦɟɧɲ ɤɜɚɥɿɮɿɤɨɜɚɧɢɣ ɪɨɛɿɬɧɢɤ  
(ɧɚɩɪɢɤɥɚɞ, ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɝɨɫɩɨɞɚɪɫɶɤɢɯ ɪɨɛɿɬ), ɬɨ ɰɟ ɧɚɡɢɜɚєɬɶɫɹ 
ɝɪɨɸ ɜ ɯɚɭɫɤɿɩɟɪɚ. ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɚ ɮɭɧɤɰɿɹ 
ɞɨɪɿɜɧɸє  ( ) mini i

i S
i S

V S a a
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  , ɚ ɤɨɦɩɨɧɟɧɬɢ ɜɟɤɬɨɪɚ ɒɟɩɥɿ 

ɦɚɸɬɶ ɜɢɝɥɹɞ: 
1

1

1

1 ( )( 1)

k

k k i

i

n k
a a

n k n i n i







 

     . 

ɉɪɢ ɰɶɨɦɭ ɜɢɹɜɥɹєɬɶɫɹ, ɳɨ ɹɞɪɨ ɝɪɢ ɡɚɜɠɞɢ ɧɟ є ɩɨɪɨɠɧɿɦ, 
ɨɞɧɚɤ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɚ ɮɭɧɤɰɿɹ ɧɟ є ɨɩɭɤɥɨɸ, ɬɨɦɭ ɜɟɤɬɨɪ ɒɟɩɥɿ 
ɦɨɠɟ ɿ ɧɟ ɧɚɥɟɠɚɬɢ ɹɞɪɭ ɝɪɢ.  

əɤɳɨ ɡɜɿɥɶɧɹєɬɶɫɹ ɧɚɣɛɿɥɶɲ ɤɜɚɥɿɮɿɤɨɜɚɧɢɣ ɪɨɛɿɬɧɢɤ  
(ɧɚɩɪɢɤɥɚɞ, ɞɥɹ ɡɞɿɣɫɧɟɧɧɹ ɤɟɪɿɜɧɢɰɬɜɚ ɪɟɲɬɨɸ ɩɪɚɰɿɜɧɢɤɿɜ), ɬɨ ɰɟ 
ɧɚɡɢɜɚєɬɶɫɹ ɝɪɨɸ ɜ ɛɨɫɚ. ȼ ɰɶɨɦɭ ɜɢɩɚɞɤɭ  ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɚ 
ɮɭɧɤɰɿɹ ɞɨɪɿɜɧɸє  ( ) maxi i

i S
i S

V S a a


  ,  ɚ ɤɨɦɩɨɧɟɧɬɢ ɜɟɤɬɨɪɚ 

ɒɟɩɥɿ ɦɚɸɬɶ ɜɢɝɥɹɞ: 
1

1 1

( 1)

n

k k j

j k

k
a a

k j j


 


 

 .               

Ʌіɬɟɪɚɬɭɪɚ 

1. Branzei R., Dimitrov D., Tijs S.. Models in cooperative game theory. 
- Springer, 2008.- 201 p. 
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ɉɊɈɎȿɋȱɃɇȱɃ ȾȱəɅЬɇɈɋɌȱ 

Ⱦɹɱɟɧɤɨ Ɉ. Ɏ. 
Ɇɚɪɿɭɩɨɥɶɫɶɤɢɣ ɞɟɪɠɚɜɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, ɍɤɪɚʀɧɚ 

djoksana@gmail.com 

 

ȼ ɨɪɝɚɧɿɡɚɰɿɣɧɿɣ, ɧɚɭɤɨɜɿɣ ɿ ɿɧɠɟɧɟɪɧɿɣ ɞɿɹɥɶɧɨɫɬɿ ɜɿɞ 
ɩɪɚɜɢɥɶɧɨɫɬɿ ɩɪɢɣɧɹɬɢɯ ɪɿɲɟɧɶ ɡɚɥɟɠɢɬɶ ɞɭɠɟ ɛɚɝɚɬɨ. Ɍɨɦɭ ɜɢɳɿ 
ɧɚɜɱɚɥɶɧɿ ɡɚɤɥɚɞɢ ɩɨɜɢɧɧɿ ɝɨɬɭɜɚɬɢ ɫɬɭɞɟɧɬɿɜ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱ 
ɬɚɤɨɝɨ ɪɿɜɧɹ. Ɉɫɨɛɥɢɜɨ ɰɟ ɫɬɨɫɭєɬɶɫɹ ɮɚɯɿɜɰɿɜ ɿɡ ɫɢɫɬɟɦɧɨɝɨ 
ɚɧɚɥɿɡɭ. ɋɬɭɞɟɧɬɢ ɞɚɧɨʀ ɫɩɟɰɿɚɥɶɧɨɫɬɿ  ɜɢɜɱɚɸɬɶ ɬɟɨɪɿɸ ɧɟɱɿɬɤɢɯ 
ɦɧɨɠɢɧ, ɬɪɚɞɢɰɿɣɧɭ ɿ ɧɟɱɿɬɤɭ ɥɨɝɿɤɭ, ɜɢɞɢ ɧɟɣɪɨɦɟɪɟɠ, ɦɟɬɨɞɢ ʀɯ  
ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɚ ɫɩɨɫɨɛɢ ɜɢɤɨɪɢɫɬɚɧɧɹ ɝɟɧɟɬɢɱɧɨɝɨ ɩɨɲɭɤɭ ɞɥɹ  
ɨɩɬɢɦɿɡɚɰɿʀ ɩɚɪɚɦɟɬɪɿɜ ɬɟɯɧɿɱɧɢɯ ɫɢɫɬɟɦ. Ȳɦ ɬɪɟɛɚ ɜɦɿɬɢ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɿɧɬɟɥɟɤɬɭɚɥɶɧɿ ɫɢɫɬɟɦɢ ɩɿɞɬɪɢɦɤɢ ɩɪɢɣɧɹɬɬɹ 
ɪɿɲɟɧɶ, ɞɨɛɢɪɚɬɢ ɩɚɪɚɦɟɬɪɢ ɧɟɣɪɨɦɟɪɟɠɿ, ɪɨɡɪɨɛɥɹɬɢ 
ɫɩɟɰɿɚɥɿɡɨɜɚɧɿ ɦɨɞɭɥɿ ɝɟɧɟɬɢɱɧɨɝɨ ɩɨɲɭɤɭ ɞɥɹ ɤɨɧɤɪɟɬɧɨʀ ɡɚɞɚɱɿ ɬɚ 
ɛɚɝɚɬɨ ɿɧɲɨɝɨ. Ⱦɥɹ ɰɶɨɝɨ ɧɟɨɛɯɿɞɧɨ ɧɟ ɩɪɨɫɬɨ ɡɧɚɬɢ ɦɚɬɟɦɚɬɢɤɭ, ɚ 
ɣ ɜɦɿɬɢ ʀʀ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɢ ɪɨɡɜ’ɹɡɭɜɚɧɧɿ ɩɪɨɮɟɫɿɣɧɢɯ ɡɚɞɚɱ.  

ɍ ɩɪɨɰɟɫɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɪɨɛɨɬɢ ɧɚɦɢ ɛɭɥɨ ɜɢɹɜɥɟɧɨ, ɳɨ 
ɫɬɭɞɟɧɬɢ, ɧɚ ɠɚɥɶ, ɜɜɚɠɚɸɬɶ ɦɚɬɟɦɚɬɢɱɧɿ ɞɢɫɰɢɩɥɿɧɢ ɥɢɲɟ 
ɧɚɜɱɚɥɶɧɢɦɢ, ɳɨ ɩɨɬɪɿɛɧɨ ɜɢɜɱɚɬɢ, ɚɥɟ ɹɤɿ ɧɿɤɨɥɢ ɧɟ ɫɬɚɧɭɬɶ ɜ 
ɧɚɝɨɞɿ ɭ ɦɚɣɛɭɬɧɿɣ ɩɪɨɮɟɫɿɣɧɿɣ ɞɿɹɥɶɧɨɫɬɿ. Ɍɚɤɭ ɜɿɞɩɨɜɿɞɶ ɞɚɥɢ 120 
ɫɬɭɞɟɧɬɿɜ-ɛɚɤɚɥɚɜɪɿɜ ɪɿɡɧɢɯ ɤɭɪɫɿɜ ɡɿ 168 ɨɩɢɬɭɜɚɧɢɯ (71%), 32 
ɜɢɩɭɫɤɧɢɤɚ, ɹɤɿ ɩɪɚɰɸɸɬɶ ɡɚ ɨɛɪɚɧɨɸ ɫɩɟɰɿɚɥɶɧɿɫɬɸ ɡ 53 
ɨɩɢɬɭɜɚɧɢɯ (60%), 16 ɦɚɝɿɫɬɪɚɧɬɿɜ ɡ 28 ɨɩɢɬɭɜɚɧɢɯ (57%). Ȼɭɥɨ 
ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɤɭɪɫɨɜɿ ɬɚ ɞɢɩɥɨɦɧɿ ɪɨɛɨɬɢ ɛɚɤɚɥɚɜɪɿɜ, ɚɥɟ, ɧɚ 
ɠɚɥɶ, ɦɚɣɠɟ ɧɿ ɨɞɧɚ ɡ ɧɢɯ ɧɟ ɦɿɫɬɢɥɚ ɦɚɬɟɦɚɬɢɱɧɢɯ ɨɛʉɪɭɧɬɭɜɚɧɶ 
ɪɨɡɪɨɛɥɟɧɢɯ ɫɬɭɞɟɧɬɚɦɢ ɛɚɡ ɞɚɧɢɯ, ɩɪɨɝɪɚɦɧɢɯ ɩɪɨɞɭɤɬɿɜ, 
ɫɩɪɨɟɤɬɨɜɚɧɢɯ ɿɧɮɨɪɦɚɰɿɣɧɢɯ WEB-ɪɟɫɭɪɫɿɜ.  

ȼɜɚɠɚєɦɨ, ɳɨ ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ ɞɚɧɨʀ ɩɪɨɛɥɟɦɢ ɧɟɨɛɯɿɞɧɚ 
ɿɧɬɟɝɪɚɰɿɹ ɦɚɬɟɦɚɬɢɱɧɢɯ ɬɚ ɫɩɟɰɿɚɥɶɧɢɯ ɞɢɫɰɢɩɥɿɧ ɭ ɩɿɞɝɨɬɨɜɰɿ 
ɮɚɯɿɜɰɿɜ ɿɡ ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɿɡɭ ɧɚ ɦɟɬɨɞɨɥɨɝɿɱɧɨɦɭ, ɦɟɬɨɞɢɱɧɨɦɭ ɿ 
ɡɦɿɫɬɨɜɧɢɯ ɪɿɜɧɹɯ. ɋɚɦɟ ɜɨɧɚ ɧɚɞɚɫɬɶ ɦɨɠɥɢɜɿɫɬɶ ɡɚɛɟɡɩɟɱɢɬɢ 
ɩɿɞɝɨɬɨɜɤɭ ɛɚɤɚɥɚɜɪɿɜ ɿɡ ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɿɡɭ, ɹɤɿ ɛɭɞɭɬɶ ɡɞɚɬɧɿ 
ɨɛʉɪɭɧɬɨɜɭɜɚɬɢ ɩɪɢɣɧɹɬɿ ɩɪɨɟɤɬɧɿ ɪɿɲɟɧɧɹ, ɡɞɿɣɫɧɸɜɚɬɢ 
ɩɨɫɬɚɧɨɜɤɭ ɣ ɜɢɤɨɧɭɜɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɢ ɩɨ ɩɟɪɟɜɿɪɰɿ  ʀɯ ɤɨɪɟɤɬɧɨɫɬɿ 
ɬɚ ɟɮɟɤɬɢɜɧɨɫɬɿ. 
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ȱɧɞɢɜɿɞɭɚɥɶɧɿ ɩɨɥɿɫɢ ɦɟɞɢɱɧɨɝɨ ɫɬɪɚɯɭɜɚɧɧɹ ɛɭɞɟɦɨ ɪɨɡɝɥɹɞɚɬɢ 

ɹɤ ɞɟɹɤɢɣ ɧɚɩɿɜɦɚɪɤɿɜɫɶɤɢɣ ɩɪɨɰɟɫ   0,t t t T    ɧɚ 
ɮɚɡɨɜɨɦɭ ɩɪɨɫɬɨɪɿ 

   0 0, 1;2; ; 1E E n E n    .     inf 0: 0t t       , 

      , | 0 ,ijF t P t j i


         
 

      
1

1

| 0 , , 1, 1
n

i ij

i

F t F t P t i i j n
 

  



      . 

Ɇɚɬɪɢɰɹ 
, 1, 1ij i j n

P p
 

 , ɞɟ     | 0ijp P j i       , 

ɜɤɥɚɞɟɧɨɝɨ ɥɚɧɰɸɝɚ ɦɚɪɤɨɜɚ є ɧɟɪɨɡɤɥɚɞɧɨɸ ɿ ɞɥɹ ɧɟʀ ɿɫɧɭє єɞɢɧɢɣ 
ɫɬɚɰɿɨɧɚɪɧɢɣ ɪɨɡɩɨɞɿɥ 1 1, , n   . ɋɟɪɟɞɧɿɣ ɱɚɫ ɩɟɪɟɛɭɜɚɧɧɹ 
ɫɬɪɚɯɭɜɚɥɶɧɢɤɚ ɜ ɨɞɧɨɦɭ ɿɡ ɫɬɚɧɿɜ ɛɭɞɟɦɨ ɜɜɚɠɚɬɢ ɧɟɫɤɿɧɱɟɧɧɢɦ, 
ɮɭɧɤɰɿɨɧɚɥ ɰɶɨɝɨ ɩɪɨɰɟɫɭ ɛɭɞɟɦɨ ɡɚɞɚɜɚɬɢ ɹɤ 
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Ɍɟɨɪɟɦɚ. ɇɟɯɚɣ   0,1  , ( )L t  - ɩɨɜɿɥɶɧɨ ɡɦɿɧɧɚ ɮɭɧɤɰɿɹ ɧɚ 
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ȼ [1] ɡɞɿɣɫɧɟɧɚ ɫɩɪɨɛɚ ɭɬɨɱɧɢɬɢ ɡɚɝɚɥɶɧɟ ɩɨɧɹɬɬɹ 

ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɩɪɨɰɟɞɭɪɢ ɬɚ ɚɛɫɬɪɚɤɬɧɨɝɨ ɚɥɝɨɪɢɬɦɭ. ȼ ɞɨɩɨɜɿɞɿ 
ɜɢɞɿɥɹєɬɶɫɹ ɩɿɞɤɥɚɫ ɬɚɛɥɢɱɧɢɯ ɚɥɝɨɪɢɬɦɿɜ ɹɤ ɨɫɧɨɜɚ ɞɥɹ ɭɫɿɯ 
ɤɥɚɫɢɱɧɢɯ ɚɥɝɨɪɢɬɦɿɱɧɢɯ ɫɢɫɬɟɦ.  

ɇɟɯɚɣ ɱɚɫɨɜɢɣ ɩɪɨɫɬɿɪ   ɿɡɨɦɨɪɮɧɢɣ ɚɞɢɬɢɜɧɿɣ ɝɪɭɩɿ Z  ɰɿɥɢɯ 
ɱɢɫɟɥ ɿ P  – ɞɨɜɿɥɶɧɚ ɩɪɨɰɟɞɭɪɚ ɭ ɩɪɨɫɬɨɪɿ ,П Z S 1. 

Ɏɚɤɬɨɪɢɡɭєɦɨ ɮɭɧɤɰɿɸ ɩɟɪɟɯɨɞɭ  ɡɚ ɱɚɫɨɜɢɦ ɚɪɝɭɦɟɧɬɨɦ ɿ 
ɫɬɚɧɚɦɢ. Ɂɚɮɿɤɫɭєɦɨ ɞɟɹɤɭ ɱɚɫɨɜɭ ɤɨɧɫɬɚɧɬɭ 0k   ɿ ɩɟɜɧɟ 
ɜɿɞɧɨɲɟɧɧɹ ɟɤɜɿɜɚɥɟɧɬɧɨɫɬɿ   ɧɚ ɫɬɚɧɚɯ ɿɡ S . Ȼɭɞɟɦɨ ɤɚɡɚɬɢ, ɳɨ 
ɮɭɧɤɰɿɹ ɩɟɪɟɯɨɞɭ   ɩɟɪɿɨɞɢɱɧɚ ɡɚ ɦɨɞɭɥɟɦ ɜɿɞɧɨɲɟɧɧɹ   ɿɡ 
ɩɟɪɿɨɞɨɦ k  ( k  -ɩɟɪɿɨɞɢɱɧɚ ɡɚ ɦɨɞɭɥɟɦ  ), ɹɤɳɨ ɞɥɹ ɛɭɞɶ-ɹɤɢɯ 
ɟɤɜɿɜɚɥɟɧɬɧɢɯ ɫɬɚɧɿɜ p  ɬɚ s  ɿ ɞɨɜɿɥɶɧɨɝɨ ɦɨɦɟɧɬɭ ɱɚɫɭ t Z , 

ɜɢɤɨɧɭєɬɶɫɹ ( , ) ( , )t p t k s   . əɤɳɨ ɟɤɜɿɜɚɥɟɧɬɧɿɫɬɶ   ɦɚє 
ɫɤɿɧɱɟɧɧɢɣ ɿɧɞɟɤɫ | |  ɿ ɪɨɡɜ’ɹɡɧɿ ɤɥɚɫɢ, ɬɨ ɩɪɨɰɟɞɭɪɚ ɡ 
ɩɟɪɿɨɞɢɱɧɨɸ ɮɭɧɤɰɿєɸ ɩɟɪɟɯɨɞɭ є ɚɛɫɬɪɚɤɬɧɢɦ ɚɥɝɨɪɢɬɦɨɦ, ɹɤɢɣ 
ɧɚɡɢɜɚєɬɶɫɹ ɬɚɛɥɢɱɧɢɦ.  

Ɍɪɚɞɢɰɿɣɧɿ ɚɥɝɨɪɢɬɦɿɱɧɿ ɫɢɫɬɟɦɢ є ɬɚɛɥɢɱɧɢɦɢ ɹɤ ɚɛɫɬɪɚɤɬɧɿ 
ɚɥɝɨɪɢɬɦɢ, ɚ ɨɫɤɿɥɶɤɢ ɜɨɧɢ ɚɜɬɨɦɚɬɧɿ, ɬɨ ɣ 1 ɩɟɪɿɨɞɢɱɧɿ 
(ɫɤɿɧɱɟɧɧɿ ɚɜɬɨɦɚɬɢ, Ɇɉ-ɚɜɬɨɦɚɬɢ ɬɨɳɨ). ɇɚɩɪɢɤɥɚɞ, ɦɚɲɢɧɚ 
Ɍɶɸɪɿɧɝɚ є ɬɚɛɥɢɱɧɢɦ 1 ɩɟɪɿɨɞɢɱɧɢɦ ɚɥɝɨɪɢɬɦɨɦ: ɞɜɚ ʀʀ ɫɬɚɧɢ 
ɟɤɜɿɜɚɥɟɧɬɧɿ, ɹɤɳɨ ʀɯɧɿ ɜɧɭɬɪɿɲɧɿ ɫɬɚɧɢ ɬɚ ɫɬɚɧɢ ɪɨɛɨɱɢɯ ɤɨɦɿɪɨɤ 
ɡɛɿɝɚɸɬɶɫɹ. 

Ɋɨɡɝɥɹɞɚɸɬɶɫɹ ɬɟɨɪɟɦɢ ɩɪɨ ɚɧɚɥɿɡ  ɬɚ ɫɢɧɬɟɡ, ɚ ɬɚɤɨɠ ɿɧɲɿ 
ɜɥɚɫɬɢɜɨɫɬɿ ɬɚɛɥɢɱɧɢɯ  ɚɥɝɨɪɢɬɦɿɜ. 
Ʌіɬɟɪɚɬɭɪɚ 
1. Ɂɭɛɟɧɤɨ ȼ. ȼ. ɉɪɨɝɪɚɦɭɜɚɧɧɹ: ɇɚɜɱɚɥɶɧɢɣ ɩɨɫɿɛɧɢɤ 
/ ȼ. ȼ. Ɂɭɛɟɧɤɨ, Ʌ. Ʌ. Ɉɦɟɥɶɱɭɤ.– Ʉ.: ȼɉɐ «Ʉɢʀɜɫɶɤɢɣ 
ɭɧɿɜɟɪɫɢɬɟɬ», 2011. -  625 ɫ.  
 
 

                                                           
1 Ɍɚɛɥɢɱɧɿ ɚɥɝɨɪɢɬɦɢ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɡɧɚɱɟɧɿ ɭ ɛɭɞɶ-ɹɤɨɦɭ ɮɚɤɬɨɪɢɡɨɜɚɧɨɦɭ 
ɱɚɫɨɜɨɦɭ ɩɪɨɫɬɨɪɿ. 

156



ɆɈȾȿɅɘȼȺɇɇə ɉɊɈɐȿɋɍ ɊɈɁɉɈȼɋɘȾɀȿɇɇə 
ȱɇɎɈɊɆȺɐȱȲ Ɂ ɍɊȺɏɍȼȺɇɇəɆ ɋɈɐȱȺɅЬɇɈȽɈ ȼɉɅɂȼɍ 

ȱɜɨɯіɧ Є.ȼ., Ɇɚɯɧɨ Ɇ.Ɏ., ɇɚɭɦɟɧɤɨ ɘ.Ɉ., Ⱥɩɚɧɚɫɟɧɤɨ Ⱦ.ȼ. 
Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, 

ɍɤɪɚʀɧɚ 
 ivohin@univ.kiev.ua 

ɉɪɨɰɟɫɢ ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ ɿɧɮɨɪɦɚɰɿʀ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɭ 
ɫɭɫɩɿɥɶɫɬɜɿ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɯɚɨɬɢɱɧɨɸ ɞɢɧɚɦɿɤɨɸ, ɦɨɞɟɥɸɜɚɧ-
ɧɹ ɹɤɨʀ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɨɹɜɢ ɧɨɜɢɯ ɦɚɬɟɦɚɬɢɱɧɢɯ ɫɬɪɭɤɬɭɪ ɬɚ ɫɯɟɦ, 
ɹɤɢɦ ɜɥɚɫɬɢɜɚ ɫɬɚɬɢɫɬɢɱɧɚ (ɧɟɩɨɜɧɚ) ɩɨɜɬɨɪɸɜɚɧɿɫɬɶ. 

ɉɪɢ ɪɟɚɥɿɡɚɰɿʀ ɚɥɝɨɪɢɬɦɿɜ ɦɨɞɟɥɸɜɚɧɧɹ ɫɨɰɿɚɥɶɧɢɯ ɩɪɨɰɟɫɿɜ 
ɪɨɡɪɚɯɭɧɤɢ ɩɨɬɪɟɛɭɸɬɶ ɡɧɚɱɧɢɯ ɜɢɬɪɚɬ ɱɚɫɭ. Ɍɨɦɭ ɞɥɹ ɩɨɞɚɥɶɲɨɝɨ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɟɬɨɞɢɤɢ ɧɟɨɛɯɿɞɧɚ ɪɨɡɪɨɛɤɚ ɜɚɪɿɚɧɬɿɜ ɨɩɬɢɦɿɡɚɰɿʀ 
ɪɨɛɨɬɢ ɚɥɝɨɪɢɬɦɿɜ, ɚ ɬɚɤɨɠ ɫɬɜɨɪɟɧɧɹ ɧɨɜɢɯ ɦɟɬɨɞɿɜ ɮɨɪɦɚɥɿɡɚɰɿʀ 
ɩɪɨɰɟɫɿɜ, ɳɨ ɜɿɞɛɭɜɚɸɬɶɫɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɨɫɨɛɥɢɜɨɫɬɟɣ 
ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ ɿɧɮɨɪɦɚɰɿʀ. ɐɟ ɨɫɨɛɥɢɜɨ ɜɚɠɥɢɜɨ ɜ ɫɭɱɚɫɧɢɯ 
ɭɦɨɜɚɯ ɲɢɪɨɤɨɝɨ ɜɩɥɢɜɭ ɡɚɫɨɛɿɜ ɫɨɰɿɚɥɶɧɢɯ ɦɟɪɟɠ ɧɚ 
ɿɧɮɨɪɦɚɰɿɣɧɿ ɩɪɨɰɟɫɢ ɭ ɫɭɫɩɿɥɶɫɬɜɿ. 

ɍ ɞɚɧɿɣ ɪɨɛɨɬɿ ɡɦɨɞɟɥɶɨɜɚɧɨ ɬɚ ɞɨɫɥɿɞɠɟɧɨ ɩɪɨɰɟɫ ɪɨɡɩɨ-
ɜɫɸɞɠɟɧɧɹ ɞɟɹɤɨʀ ɿɧɮɨɪɦɚɰɿʀ ɲɥɹɯɨɦ ɤɨɦɭɧɿɤɚɰɿʀ ɜ ɦɟɠɚɯ ɡɚɞɚɧɨʀ 
ɰɿɥɶɨɜɨʀ ɚɭɞɢɬɨɪɿʀ. Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɩɿɞɯɿɞ ɜɢɤɨɪɢɫɬɨɜɭє ɨɪɢɝɿɧɚɥɶ-
ɧɭ ɦɟɬɨɞɢɤɭ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɩɪɨɧɢɤɧɟɧɧɹ (ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ) 
ɜɩɥɢɜɭ ɿɧɮɨɪɦɚɰɿʀ ɧɚ ɡɚɞɚɧɭ ɰɿɥɶɨɜɭ ɚɭɞɢɬɨɪɿɸ. ȼɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 
ɩɿɞɯɿɞ, ɳɨ ɛɚɡɭєɬɶɫɹ ɧɚ ɦɨɞɟɥɿ ɨɛɦɿɧɭ ɿɧɮɨɪɦɚɰɿєɸ ɭ ɦɟɪɟɠɿ 
ɧɟɣɪɨɩɨɞɿɛɧɢɯ ɟɥɟɦɟɧɬɿɜ. Ɇɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɡɞɿɣɫɧɟɧɨ ɡɚ ɭɦɨɜ 
ɦɨɠɥɢɜɨɫɬɿ ɫɩɿɥɤɭɜɚɧɧɹ ɤɨɠɧɨʀ ɨɫɨɛɢ ɰɿɥɶɨɜɨʀ ɚɭɞɢɬɨɪɿʀ ɡ 
ɞɨɜɿɥɶɧɨɸ ɤɿɥɶɤɿɫɬɸ ɿɧɲɢɯ ɭɱɚɫɧɢɤɿɜ ɦɟɪɟɠɿ. Ɏɨɪɦɭɜɚɧɧɹ 
ɪɟɡɭɥɶɬɚɬɿɜ ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɚɞɚɧɨɝɨ ɧɚɛɨɪɭ ɞɨɜɿɪɢ 
ɤɨɪɢɫɬɭɜɚɱɿɜ ɨɞɢɧ ɞɨ ɿɧɲɨɝɨ ɿ ɡɚɞɚɧɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɪɿɜɧɹ ɫɩɪɢɣɧɹɬ-
ɥɢɜɨɫɬɿ ɜɯɿɞɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɨɫɿɛɚɦɢ ɰɿɥɶɨɜɨʀ ɚɭɞɢɬɨɪɿʀ. 

Ⱥɥɝɨɪɢɬɦ ɿɦɿɬɚɰɿɣɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ 
ɿɧɮɨɪɦɚɰɿʀ ɛɚɡɭєɬɶɫɹ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɧɿ ɟɥɟɦɟɧɬɿɜ ɦɟɪɟɠɿ ɭ ɜɢɝɥɹɞɿ 
ɝɪɚɮɚ, ɜɟɪɲɢɧɢ ɹɤɨɝɨ ɨɩɢɫɭɸɬɶɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɫɩɪɢɣɧɹɬɥɢɜɨɫɬɿ ɞɨ 
ɜɯɿɞɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɬɚ ɜɡɚєɦɧɨʀ ɞɨɜɿɪɢ, ɳɨ ɦɨɠɟ ɛɭɬɢ ɨɬɪɢɦɚɧɟ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ, ɧɚɩɪɢɤɥɚɞ, ɟɥɟɦɟɧɬɿɜ ɬɟɨɪɿʀ ɞɢɧɚɦɿɱɧɨɝɨ 
ɫɨɰɿɚɥɶɧɨɝɨ ɜɩɥɢɜɭ Ʌɚɬɚɧɟ [1]. 
Ʌіɬɟɪɚɬɭɪɚ 

1. Nowak A., Szamrej J., Latané B. From private attitude to public 
opinion: a dynamic theory of social impact // Psychological Review, 
1990, vol. 97, PP. 362–376. 
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ɋȿɄȼȿɇɐȱɃɇȱ ɑɂɋɅȿɇɇə ɌɊȺɇɁɂɐȱɃɇɂɏ 
ɆɈȾȺɅЬɇɂɏ ɅɈȽȱɄ ɇȿɆɈɇɈɌɈɇɇɂɏ ɑȺɋɌɄɈȼɂɏ 

ɉɊȿȾɂɄȺɌȱȼ  
Ʉɚɫьɹɸɤ ȼ.ɋ., Ɇɚɥɸɬɟɧɤɨ Ʌ.Ɇ., ɒɤіɥьɧɹɤ Ɉ.ɋ. 

Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 
tk@unicyb.kiev.ua  

 

Ⱦɥɹ ɨɩɢɫɭ ɣ ɦɨɞɟɥɸɜɚɧɧɹ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɩɪɟɞɦɟɬɧɢɯ ɨɛɥɚɫɬɟɣ ɡ 
ɜɟɥɢɤɢɦ ɭɫɩɿɯɨɦ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɦɨɞɚɥɶɧɿ ɥɨɝɿɤɢ. Ɇɨɠɥɢɜɨɫɬɿ 
ɬɪɚɞɢɰɿɣɧɢɯ ɦɨɞɚɥɶɧɢɯ ɥɨɝɿɤ ɿ ɤɨɦɩɨɡɢɰɿɣɧɨ-ɧɨɦɿɧɚɬɢɜɧɢɯ ɥɨɝɿɤ 
ɱɚɫɬɤɨɜɢɯ ɩɪɟɞɢɤɚɬɿɜ ɫɢɧɬɟɡɭɸɬɶ ɤɨɦɩɨɡɢɰɿɣɧɨ-ɧɨɦɿɧɚɬɢɜɧɿ 
ɦɨɞɚɥɶɧɿ ɥɨɝɿɤɢ, ɜɨɧɢ ɜɪɚɯɨɜɭɸɬɶ ɧɟɩɨɜɧɨɬɭ, ɱɚɫɬɤɨɜɿɫɬɶ 
ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɩɪɟɞɦɟɬɧɭ ɨɛɥɚɫɬɶ. ɇɚɣɜɚɠɥɢɜɿɲɢɦ ʀɯ ɤɥɚɫɨɦ є 
ɬɪɚɧɡɢɰɿɣɧɿ ɦɨɞɚɥɶɧɿ ɥɨɝɿɤɢ (ɌɆɅ), ɹɤɿ ɜɿɞɛɢɜɚɸɬɶ ɚɫɩɟɤɬ ɡɦɿɧɢ ɣ 
ɪɨɡɜɢɬɤɭ ɩɪɟɞɦɟɬɧɢɯ ɨɛɥɚɫɬɟɣ. 

ɍɫɩɿɲɧɟ ɪɨɡɜ'ɹɡɚɧɧɹ ɧɢɡɤɢ ɡɚɞɚɱ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɭ ɫɭɱɚɫɧɢɯ ɿɧ-
ɮɨɪɦɚɰɿɣɧɢɯ ɿ ɩɪɨɝɪɚɦɧɢɯ ɫɢɫɬɟɦɚɯ, ɧɟɦɨɠɥɢɜɟ ɛɟɡ 
ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɡɧɚɯɨɞɠɟɧɧɹ ɜɢɜɟɞɟɧɶ. ȿɮɟɤɬɢɜɧɢɦ ɚɩɚɪɚɬɨɦ 
ɩɨɛɭɞɨɜɢ ɜɢɜɟɞɟɧɶ є ɫɟɤɜɟɧɰɿɣɧɿ ɱɢɫɥɟɧɧɹ. ɉɨɛɭɞɨɜɿ ɫɟɤɜɟɧɰɿɣɧɢɯ 
ɱɢɫɥɟɧɶ ɱɢɫɬɢɯ ɩɟɪɲɨɩɨɪɹɞɤɨɜɢɯ ɌɆɅ ɱɚɫɬɤɨɜɢɯ ɧɟɦɨɧɨɬɨɧɧɢɯ 
ɩɪɟɞɢɤɚɬɿɜ ɩɪɢɫɜɹɱɟɧɚ ɞɚɧɚ ɞɨɩɨɜɿɞɶ. Ɉɫɧɨɜɧɚ ɭɜɚɝɚ ɩɪɢɞɿɥɟɧɚ 
ɱɢɫɥɟɧɧɹɦ ɡɚɝɚɥɶɧɢɯ ɌɆɅ. 

Cɟɤɜɟɧɰɿɣɧɿ ɱɢɫɥɟɧɧɹ ɌɆɅ ɮɨɪɦɚɥɿɡɭɸɬɶ ɜɿɞɧɨɲɟɧɧɹ ɥɨɝɿɱɧɨɝɨ 
ɧɚɫɥɿɞɤɭ ɞɥɹ ɦɧɨɠɢɧ ɫɩɟɰɢɮɿɤɨɜɚɧɢɯ ɫɬɚɧɚɦɢ ɮɨɪɦɭɥ. Ɂɚɥɟɠɧɨ ɜɿɞ 
ɭɦɨɜ, ɧɚɤɥɚɞɟɧɢɯ ɧɚ ɜɿɞɧɨɲɟɧɧɹ ɩɟɪɟɯɨɞɭ, ɨɬɪɢɦɭєɦɨ ɪɿɡɧɿ ɤɥɚɫɢ 
ɱɢɫɥɟɧɶ. ȼ ɞɨɩɨɜɿɞɿ ɪɨɡɝɥɹɧɭɬɨ ɜɢɩɚɞɤɢ, ɤɨɥɢ ɰɟ ɜɿɞɧɨɲɟɧɧɹ ɦɨɠɟ 
ɛɭɬɢ ɪɟɮɥɟɤɬɢɜɧɢɦ, ɫɢɦɟɬɪɢɱɧɢɦ ɱɢ ɬɪɚɧɡɢɬɢɜɧɢɦ; ɬɨɞɿ ɞɨ ɧɚɡɜɢ 
ɱɢɫɥɟɧɧɹ ɞɨɞɚєɦɨ R, T, S. Ɉɬɠɟ, ɦɚєɦɨ ɬɚɤɿ ɱɢɫɥɟɧɧɹ ɱɢɫɬɢɯ 
ɩɟɪɲɨɩɨɪɹɞɤɨɜɢɯ ɡɚɝɚɥɶɧɢɯ ɌɆɅ: GMQC (ɧɚ ɜɿɞɧɨɲɟɧɧɹ 
ɞɨɫɹɠɧɨɫɬɿ ɧɟɦɚє ɨɛɦɟɠɟɧɶ), GMQC_R, GMQC_S, GMQC_T, 
GMQC_RS, GMQC_RT, GMQC_RTS.  

ɇɚɜɟɞɟɧɨ ɫɟɤɜɟɧɰɿɣɧɿ ɮɨɪɦɢ (ɩɪɚɜɢɥɚ ɜɢɜɟɞɟɧɧɹ) ɬɚ ɭɦɨɜɢ 
ɡɚɦɤɧɟɧɨɫɬɿ ɫɟɤɜɟɧɰɿʀ ɜ ɩɪɨɩɨɧɨɜɚɧɢɯ ɱɢɫɥɟɧɧɹɯ. Ɉɩɢɫ ɭɦɨɜɢ 
ɡɚɦɤɧɟɧɨɫɬɿ ɫɟɤɜɟɧɰɿʀ ɨɩɢɪɚєɬɶɫɹ ɧɚ ɩɨɧɹɬɬɹ Rs-Un-

ɟɤɜɿɜɚɥɟɧɬɧɨɫɬɿ ɮɨɪɦɭɥ ɬɚ ɜɢɤɨɪɢɫɬɨɜɭє ɫɩɟɰɿɚɥɶɧɿ ɩɪɟɞɢɤɚɬɢ-
ɿɧɞɢɤɚɬɨɪɢ Ez ɧɚɹɜɧɨɫɬɿ ɡɧɚɱɟɧɧɹ ɞɥɹ ɩɪɟɞɦɟɬɧɢɯ ɡɦɿɧɧɢɯ.  

Ⱦɥɹ ɛɭɞɨɜɚɧɢɯ ɱɢɫɥɟɧɶ ɞɨɜɟɞɟɧɨ ɬɟɨɪɟɦɢ ɤɨɪɟɤɬɧɨɫɬɿ ɣ ɩɨɜɧɨ-
ɬɢ. Ⱦɨɜɟɞɟɧɧɹ ɬɟɨɪɟɦɢ ɩɨɜɧɨɬɢ ɨɩɢɪɚєɬɶɫɹ ɧɚ ɬɟɨɪɟɦɭ ɩɪɨ 
ɿɫɧɭɜɚɧɧɹ ɤɨɧɬɪɦɨɞɟɥɿ ɞɥɹ ɧɟɡɚɦɤɧɟɧɨɝɨ ɲɥɹɯɭ ɜ ɫɟɤɜɟɧɰɿɣɧɨɦɭ 
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ɞɟɪɟɜɿ. Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɤɨɧɬɪɦɨɞɟɥɿ ɜɢɤɨɪɢɫɬɚɧɨ ɦɟɬɨɞ ɫɢɫɬɟɦ 
ɦɨɞɟɥɶɧɢɯ ɦɧɨɠɢɧ. 
Ʌіɬɟɪɚɬɭɪɚ 

1. ɇɿɤɿɬɱɟɧɤɨ Ɇ.ɋ., ɒɤɿɥɶɧɹɤ ɋ.ɋ. ɉɪɢɤɥɚɞɧɚ ɥɨɝɿɤɚ. – Ʉ.: ȼɉɐ 
Ʉɢʀɜɫɶɤɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, 2013. – 278 ɫ.  
2.  Shkilniak. O. Modal Logics of Partial Predicates without 
Monotonicity Restriction. In Proceedings FOI-2015. Chisinau, Moldova, 
2015, ɊɊ. 198–211.   
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Ɇɚɪɿɭɩɨɥɶɫɶɤɢɣ ɞɟɪɠɚɜɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, ɍɤɪɚʀɧɚ 

yukol@ukr.net 
 

ɏɚɪɚɤɬɟɪɧɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ɪɨɡɜɢɬɤɭ ɪɨɫɥɢɧɧɢɯ ɩɨɩɭɥɹɰɿɣ є 
ɩɨɹɜɚ ɡ ɨɞɧɨɪɿɞɧɨʀ ɦɚɫɢ ɨɤɪɟɦɢɯ ɪɨɫɥɢɧ, ɹɤɿ ɧɟɫɩɨɞɿɜɚɧɨ 
ɡ'ɹɜɥɹɸɬɶɫɹ ɭ ɩɪɨɫɬɨɪɨɜɨ-ɧɟɨɞɧɨɪɿɞɧɢɯ ɩɨ ɤɨɧɰɟɧɬɪɚɰɿʀ ɮɿɬɨɦɚɫ ɿ 
ʀɯ ɹɤɿɫɧɨʀ ɜɿɞɦɿɧɧɨɫɬɿ. ɐɹ ɩɪɨɛɥɟɦɚ ɦɨɠɟ ɦɚɬɢ ɦɿɫɰɟ ɜ ɤɨɧɬɟɤɫɬɿ 
ɫɬɜɨɪɟɧɧɹ ɲɬɭɱɧɢɯ ɥɿɫɿɜ ɧɚ ɩɿɜɞɟɧɧɨɦɭ ɫɯɨɞɿ ɍɤɪɚʀɧɢ, ɳɨ є 
ɱɚɫɬɢɧɨɸ ɞɟɪɠɚɜɧɨʀ ɩɪɨɝɪɚɦɢ, ɳɨɞɨ ɡɛɚɥɚɧɫɨɜɚɧɨɝɨ ɜɿɞɧɨɜɥɟɧɧɹ 
ɟɤɨɫɢɫɬɟɦ. Ɍɨɦɭ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɪɨɡɜɢɬɤɭ ɥɿɫɨɜɢɯ ɦɚɫɢɜɿɜ ɦɚє 
ɛɚɡɭɜɚɬɢɫɹ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɿ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɫɢɫɬɟɦɧɨɝɨ 
ɚɧɚɥɿɡɭ.  

ȼ ɞɚɧɢɣ ɱɚɫ ɿɫɧɭє ɞɨɫɢɬɶ ɛɚɝɚɬɨ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɞɢɫɤɪɟɬɧɢɯ ɿ 
ɛɟɡɩɟɪɟɪɜɧɢɯ, ɞɟɬɟɪɦɿɧɿɫɬɢɱɧɢɯ ɿ ɫɬɨɯɚɫɬɢɱɧɢɯ ɦɨɞɟɥɟɣ [1]. 
ɇɟɨɛɯɿɞɧɨ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɜ ɡɜ'ɹɡɤɭ ɡ ɰɢɦ ɨɫɨɛɥɢɜɭ ɭɜɚɝɭ 
ɡɚɫɥɭɝɨɜɭє "Ɇɚɬɟɦɚɬɢɱɧɚ ɬɟɨɪɿɹ ɛɨɪɨɬɶɛɢ ɡɚ ɿɫɧɭɜɚɧɧɹ" ȼɨɥɶɬɟɪɚ 
[2]. Ɋɨɡɜɢɬɨɤ ɬɟɨɪɟɬɢɱɧɨʀ ɟɤɨɥɨɝɿʀ ɜ ɧɚɫɬɭɩɧɿ ɞɟɫɹɬɢɥɿɬɬɹ ɩɨɜɧɿɫɬɸ 
ɩɿɞɬɜɟɪɞɢɥɨ ɝɥɢɛɢɧɭ ɿ ɩɪɚɜɢɥɶɧɿɫɬɶ ɣɨɝɨ ɿɞɟɣ ɞɥɹ ɫɢɫɬɟɦɢ «ɯɢɠɚɤ-
ɠɟɪɬɜɚ». 

Є ɜɫɿ ɩɿɞɫɬɚɜɢ ɜɜɚɠɚɬɢ, ɳɨ ɪɿɜɧɹɧɧɹ ȼɨɥɶɬɟɪɚ ɦɨɠɭɬɶ ɛɭɬɢ 
ɜɢɤɨɪɢɫɬɚɧɿ ɬɚɤɨɠ ɞɥɹ ɨɩɢɫɭ ɞɢɧɚɦɿɤɢ ɪɨɫɥɢɧɧɢɯ ɩɨɩɭɥɹɰɿɣ, ɿ 
ɥɿɫɨɜɢɯ ɟɤɨɫɢɫɬɟɦ, ɡɨɤɪɟɦɚ. Ⱦɥɹ ɰɶɨɝɨ ɞɨɰɿɥɶɧɨ ɩɨɤɚɡɚɬɢ 
ɨɬɪɢɦɚɧɧɹ ɰɢɯ ɪɿɜɧɹɧɶ ɡ ɱɢɫɬɨ ɟɤɨɥɨɝɿɱɧɢɯ ɩɟɪɟɞɭɦɨɜ. 

Ɋɨɡɝɥɹɧɟɦɨ ɫɩɿɜɬɨɜɚɪɢɫɬɜɨ ɪɨɫɥɢɧɧɢɯ ɩɨɩɭɥɹɰɿɣ, ɫɬɪɭɤɬɭɪɚ 
ɹɤɨɝɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɬɪɶɨɯ ɨɫɧɨɜɧɢɯ ɝɪɭɩ: 1 - ɩɪɨɞɭɰɟɧɬɢ ɡ 
ɛɿɨɦɚɫɨɸ (ɚɛɨ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ) ( 1,2,..., ),ix i m  ɰɟ ɥɿɫɨɜɿ 
ɧɚɫɚɞɠɟɧɧɹ; 2 - ɤɨɧɫɭɦɟɧɬɢ ɡ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ ( 1,2,..., ).jy j n  Ⱦɨ 
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ɰɿєʀ ɝɪɭɩɢ ɜɿɞɧɟɫɟɦɨ ɬɪɚɜɨʀɞɧɢɯ ɬɜɚɪɢɧ, ɿ ɪɨɡɤɥɚɞɚɱɿɜ, ɹɤɿ 
ɪɨɡɳɟɩɥɸɸɬɶ ɦɟɪɬɜɭ ɨɪɝɚɧɿɤɭ ɧɚ ɩɪɨɫɬɿ ɪɟɱɨɜɢɧɢ, ɹɤɿ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɪɨɞɭɰɟɧɬɚɦɢ, ɚ ɬɚɤɨɠ ɯɢɠɿ ɪɨɫɥɢɧɢ; 3 - 
ɫɭɛɫɬɪɚɬɢ ɡ ɤɨɧɰɟɧɬɪɚɰɿɹɦɢ ( 1,2,..., ).kc k p . ɐɟ ɚɛɿɨɬɢɱɧɿ 
ɪɟɱɨɜɢɧɢ (ɜ ɨɫɧɨɜɧɨɦɭ ɩɪɨɞɭɤɬɢ ɠɢɬɬєɞɿɹɥɶɧɨɫɬɿ ɤɨɧɫɭɦɟɧɬɨɜ), 
ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɪɨɞɭɰɟɧɬɚɦɢ.  

ɋɤɥɚɞɟɦɨ ɪɿɜɧɹɧɧɹ, ɳɨ ɜɿɞɨɛɪɚɠɚɸɬɶ ɛɚɥɚɧɫ ɦɚɫ ɤɨɠɧɨɝɨ ɡ ɰɢɯ 
ɤɨɦɩɨɧɟɧɬɿɜ: 

 
1

/ , 1,..., ,
n

i i
i x x i ij i x

j

dx dt F D x V y R i m


        

 
1

/ , 1,..., ,
n

j j
j y y j ir r y

r

dy dt F D y v y R j n


      

1 1

/ 1,..., .
n m

k kj j ki i c

j i

dc dt U y W x R , k = p

 
     

Ɍɭɬ , , ,j ji iF D F Dx x x x - ɮɭɧɤɰɿʀ ɧɚɪɨɞɠɭɜɚɧɨɫɬɿ ɿ ɫɦɟɪɬɧɨɫɬɿ 
ɩɪɨɞɭɰɟɧɬɿɜ ɿ ɤɨɧɫɭɦɟɧɬɿɜ. Ɏɭɧɤɰɿɹ ɧɚɪɨɞɠɭɜɚɧɨɫɬɿ ɞɥɹ 
ɩɪɨɞɭɰɟɧɬɿɜ ɜɢɡɧɚɱɚєɬɶɫɹ ɲɬɭɱɧɢɦ ɧɚɫɚɞɠɟɧɧɹɦ. Vij  - ɮɭɧɤɰɿɹ 

ɜɢʀɞɚɧɧɹ, ɳɨ ɨɩɢɫɭє ɲɜɢɞɤɿɫɬɶ ɫɩɨɠɢɜɚɧɧɹ ɛɿɨɦɚɫɢ i-ɝɨ ɜɢɞɚ-
ɩɪɨɞɭɰɟɧɬɚ ɨɞɢɧɢɰɟɸ ɛɿɨɦɚɫɢ j-ɝɨ ɜɢɞɭ-ɤɨɧɫɭɦɟɧɬɚ; jr - ɮɭɧɤɰɿɹ 

ɜɢʀɞɚɧɧɹ j-ɝɨ ɜɢɞɭ r-ɦ (ɩɨɦɿɠ ɤɨɧɫɭɦɟɧɬɿɜ); Ukj - ɿɧɬɟɧɫɢɜɧɿɫɬɶ 

ɜɢɪɨɛɧɢɰɬɜɚ k-ɝɨ ɫɭɛɫɬɪɚɬɚ j-ɦ ɤɨɧɫɭɦɟɧɬɨɦ; Wkj - ɿɧɬɟɧɫɢɜɧɿɫɬɶ 

ɫɩɨɠɢɜɚɧɧɹ k-ɝɨ ɫɭɛɫɬɪɚɬɚ i-ɦ ɩɪɨɞɭɰɟɧɬɨɦ; R R Rx y c   - 

ɫɭɦɚ ɜɯɿɞɧɢɯ ɿ ɜɢɯɿɞɧɢɯ ɩɨɬɨɤɿɜ ɜɿɞɩɨɜɿɞɧɢɯ ɤɨɦɩɨɧɟɧɬ. ɍ 
ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɜɫɿ ɰɿ ɮɭɧɤɰɿʀ ɡɚɥɟɠɚɬɶ ɜɿɞ ɩɚɪɚɦɟɬɪɿɜ 
ɡɨɜɧɿɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ. ɒɥɹɯɨɦ ɩɟɪɟɬɜɨɪɟɧɧɹ ɡɦɿɧɧɢɯ ɜɤɚɡɚɧɚ 
ɫɢɫɬɟɦɚ ɦɨɠɟ ɛɭɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɭ ɜɢɝɥɹɞɿ ɪɿɜɧɹɧɶ ȼɨɥɶɬɟɪɚ [2], ɳɨ 
ɨɩɢɫɭє ɜɡɚєɦɨɞɿɸ ɜɢɞɿɜ ɬɢɩɭ «ɯɢɠɚɤ-ɠɟɪɬɜɚ» ɿ ɦɚє ɬɚɤɨɠ ɪɿɲɟɧɧɹ 
ɞɥɹ ɥɿɫɨɜɢɯ ɫɩɿɜɬɨɜɚɪɢɫɬɜ.  
Ʌіɬɟɪɚɬɭɪɚ 
1. Ɋɢɡɧɢɱɟɧɤɨ Ƚ.ɘ., Ɋɭɛɢɧ Ⱥ.Ȼ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɞɭɤɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. - Ɇ., 1993.  
2. V.Volterra. Lecons sur la theorie mathematique de la lutte pour la 
vie. - Paris-Gauthier-Villars, 1931. 
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ɆȿɌɈȾ ɉɈȾȺɇɇə ȼȱȾɇɈɒȿɇЬ Ɇȱɀ ɋɅɈȼȺɆɂ ɌȺ 
ɀȿɋɌȺɆɂ 
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ȼ ɞɨɩɨɜɿɞɿ ɩɪɨɩɨɧɭєɬɶɫɹ ɩɿɞɯɿɞ ɞɨ ɩɨɛɭɞɨɜɢ ɫɢɫɬɟɦɢ 
ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɩɟɪɟɤɥɚɞɭ ɿɡ ɪɨɡɦɨɜɧɨʀ ɦɨɜɢ ɧɚ ɠɟɫɬɨɜɭ. Ⱦɥɹ 
ɩɟɪɟɤɥɚɞɭ ɡɚɦɿɫɬɶ ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ ɫɥɿɜ ɬɚ ɠɟɫɬɿɜ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ 
ɝɪɚɦɚɬɢɱɧɿ ɩɨɧɹɬɬɹ ɫɥɨɜɨɡɦɿɧɢ ɬɚ ɱɚɫɬɢɧɢ ɦɨɜɢ [1]. Ɍɨɦɭ 
ɧɟɨɛɯɿɞɧɢɦ є ɫɬɜɨɪɟɧɧɹ ɦɟɬɨɞɭ ɩɨɞɚɧɧɹ ɜɿɞɧɨɲɟɧɶ ɦɿɠ ɫɥɨɜɚɦɢ 
ɦɨɜɢ ɬɚ ɜɿɞɩɨɜɿɞɧɢɦɢ ʀɦ ɠɟɫɬɚɦɢ. Ⱦɥɹ ɫɬɜɨɪɟɧɧɹ ɬɚɤɨʀ ɦɧɨɠɢɧɢ 
ɜɿɞɧɨɲɟɧɶ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɫɥɿɜ ɬɚ ɠɟɫɬɿɜ:  
 ɞɥɹ ɤɨɠɧɨʀ ɝɪɚɦɚɬɢɱɧɨʀ ɤɨɧɫɬɪɭɤɰɿʀ ɩɟɪɟɤɥɚɞɭ ɜɢɡɧɚɱɚєɬьɫɹ 
ɫɩɢɫɨɤ ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ ɫɥɿɜ ɬɚ  ɠɟɫɬɿɜ, щɨ є ʀʀ ɟɥɟɦɟɧɬɚɦɢ; 
 ɞɥɹ ɫɥɿɜ ɡ ɤɨɠɧɨʀ ɡ ɨɬɪɢɦɚɧɢɯ ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ ɫɥɿɜ ɜɢɡɧɚɱɚɸɬьɫɹ 
ɩɚɪɢ «ɫɥɨɜɨ→ɠɟɫɬ»; 
 ɞɥɹ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɦɧɨɠɢɧɚ ɜɿɞɩɨɜɿɞɧɨɫɬɟɣ ɫɥɿɜ ɠɟɫɬɚɦ ɧɟ 
ɦɿɫɬɢɬь ɩɚɪɢ «ɫɥɨɜɨ→ɠɟɫɬ», ɞɨɞɚєɦɨ ʀʀ ɭ ɦɧɨɠɢɧɭ. 

əɤɳɨ ɜɧɚɫɥɿɞɨɤ ɮɨɪɦɭɜɚɧɧɹ ɦɧɨɠɢɧɢ ɜɿɞɩɨɜɿɞɧɨɫɬɟɣ ɦɿɠ 
ɫɥɨɜɚɦɢ ɬɚ ɠɟɫɬɚɦɢ  ɿɫɧɭє ɞɟɤɿɥɶɤɚ ɜɚɪɿɚɧɬɿɜ ɩɟɪɟɤɥɚɞɭ ɞɥɹ ɨɞɧɨɝɨ 
ɫɥɨɜɚ, ɧɟɨɛɯɿɞɧɨ ɩɪɨɜɟɫɬɢ ɚɧɚɥɿɡ ɩɟɪɟɤɥɚɞɭ, ɳɨ ɦɿɫɬɢɬɶ 
ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɡ ɰɢɦ ɫɥɨɜɨɦ. Ⱦɥɹ ɫɥɿɜ ɡ ɜɚɪɿɚɬɢɜɧɿɫɬɸ ɩɟɪɟɤɥɚɞɭ 
ɜɤɚɡɭєɬɶɫɹ ɨɩɟɪɚɰɿʀ ɞɨɞɚɜɚɧɧɹ ɚɛɨ ɜɢɥɭɱɟɧɧɹ ɤɚɬɟɝɨɪɿɣ ɫɥɨɜɨɡɦɿɧɢ 
ɬɚ ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ ɫɥɿɜ ɚɛɨ ɠɟɫɬɿɜ ɞɥɹ ɜɢɛɨɪɭ ɩɪɚɜɢɥɶɧɨɝɨ ɜɚɪɿɚɧɬɭ 
ɩɟɪɟɤɥɚɞɭ.  

ɇɚɹɜɧɿɫɬɶ ɡɚɫɨɛɿɜ ɩɨɞɚɧɧɹ ɜɿɞɧɨɲɟɧɶ ɦɿɠ ɝɪɚɦɚɬɢɱɧɢɦɢ 
ɤɨɧɫɬɪɭɤɰɿɹɦɢ ɪɟɱɟɧɶ ɦɨɜɢ ɬɚ ɠɟɫɬɚɦɢ ɞɚє ɡɦɨɝɭ ɜɢɤɨɧɭɜɚɬɢ 
ɚɜɬɨɦɚɬɢɡɨɜɚɧɢɣ ɩɟɪɟɤɥɚɞ ɧɚ ɠɟɫɬɨɜɭ ɦɨɜɭ. ɇɟɨɛɯɿɞɧɨɸ ɭɦɨɜɨɸ 
ɞɥɹ ɩɨɛɭɞɨɜɢ ɬɚ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ 
ɩɟɪɟɤɥɚɞɭ є ɞɜɨɦɨɜɧɢɣ ɤɨɪɩɭɫ ɪɟɱɟɧɶ ɡɜɢɱɚɣɧɨɸ ɬɚ ɠɟɫɬɨɜɨɸ 
ɦɨɜɚɦɢ, ɧɚ ɨɫɧɨɜɿ ɹɤɨɝɨ ɬɚɤɚ ɫɢɫɬɟɦɚ ɛɭɞɭєɬɶɫɹ,   ɜɿɞ ɩɨɜɧɨɬɢ ɹɤɨɝɨ 
ɡɚɥɟɠɢɬɶ ɹɤɿɫɬɶ ɩɟɪɟɤɥɚɞɭ. Ɍɟɫɬɨɜɚ ɪɟɚɥɿɡɚɰɿɹ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ 
ɦɟɬɨɞɭ ɩɨɤɚɡɚɥɚ ɣɨɝɨ ɟɮɟɤɬɢɜɧɿɫɬɶ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɞɚɧɨʀ ɩɪɨɛɥɟɦɢ.  
Ʌіɬɟɪɚɬɭɪɚ 

1. Krak Iu.V., Barmak O.V., Romanyshyn S.O. The method of 
generalized grammar structures for text to gestures computer-aided 
translation // Cybernetics and Systems Analysis. - 2014. -Vol. 50, Is. 1. - 
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ɆɈȾȿɅɘȼȺɇɇə ɎȱɁɂɄɈ-ɏȱɆȱɑɇɂɏ ȼɅȺɋɌɂȼɈɋɌȿɃ 
ȻȺȽȺɌɈɄɈɆɉɈɇȿɇɌɇɂɏ ɋɉɅȺȼȱȼ  

1Ʉɭɞіɧ Ƚ.ȱ., 1Ʉɨɛɢɥіɧɫьɤɚ ɇ. Ƚ., 1Ʉɭɞіɧ ȼ. Ƚ., 2ɋɭɞɚɜɰɨɜɚ ȼ.ɋ. 
1 Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 

2ȱɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ ɇȺɇɍ, ɍɤɪɚʀɧɚ 
sud@materials.kiev.ua 

 
ɉɪɨɝɧɨɡɭɜɚɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ 

ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɫɩɥɚɜɿɜ – ɚɤɬɭɚɥɶɧɚ ɩɪɨɛɥɟɦɚ ɫɭɱɚɫɧɨɝɨ 
ɦɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɚ, ɹɤɚ ɫɭɬɬєɜɨ ɭɫɤɥɚɞɧɸєɬɶɫɹ ɩɨɬɪɟɛɚɦɢ 
ɞɨɫɥɿɞɠɭɜɚɬɢ  ɬɭɝɨɩɥɚɜɤɿ, ɯɿɦɿɱɧɨ ɚɤɬɢɜɧɿ ɬɚ ɥɟɬɤɿ ɟɥɟɦɟɧɬɢ. ɇɚ 
ɞɚɧɢɣ ɱɚɫ ɞɨɫɢɬɶ ɩɨɜɧɨ ɜɢɜɱɟɧɿ ɬɟɪɦɨɯɿɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ 
ɦɟɬɚɥɟɜɢɯ ɫɩɥɚɜɿɜ ɿ ɪɨɡɩɥɚɜɿɜ ɩɨɞɜɿɣɧɢɯ ɫɢɫɬɟɦ, ɬɨɦɭ ɩɪɢɪɨɞɧɶɨ 
ɩɢɬɚɧɧɹ ɜɢɡɧɚɱɟɧɧɹ ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɛɚɝɚɬɨɤɨɦɩɨɧɟɧɬɧɢɯ ɫɩɥɚɜɿɜ ɩɨɜ’ɹɡɚɬɢ ɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɩɨɞɜɿɣɧɢɯ ɫɢɫɬɟɦ. ɐɟɣ ɩɿɞɯɿɞ ɪɟɚɥɿɡɨɜɚɧɨ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɨɞɟɥɿ 
ɿɞɟɚɥɶɧɢɯ ɚɫɨɰɿɣɨɜɚɧɢɯ ɪɨɡɱɢɧɿɜ. Ɋɨɡɪɨɛɥɟɧɨ ɩɚɤɟɬ ɩɪɢɤɥɚɞɧɢɯ 
ɩɪɨɝɪɚɦ [1], ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɡ ɬɟɦɩɟɪɚɬɭɪɧɨ - ɤɨɧɰɟɧɬɪɚɰɿɣɧɢɯ 
ɡɚɥɟɠɧɨɫɬɟɣ ɦɨɥɶɧɢɯ ɟɧɟɪɝɿɣ Ƚɿɛɛɫɚ ɜɫɿɯ ɮɚɡ ɫɢɫɬɟɦɢ ɦɨɠɧɚ 
ɪɨɡɪɚɯɭɜɚɬɢ ɤɨɨɪɞɢɧɚɬɢ ɥɿɧɿɣ ɥɿɤɜɿɞɭɫɭ, ɚ ɬɚɤɨɠ ɿɧɲɿ ɟɥɟɦɟɧɬɢ 
ɞɿɚɝɪɚɦ ɫɬɚɧɭ. Ɉɬɪɢɦɚɧɿ ɩɪɨɝɧɨɡɧɿ ɞɚɧɿ ɜɢɤɨɪɢɫɬɚɧɨ ɞɥɹ ɨɰɿɧɤɢ 
ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɫɩɥɚɜɿɜ, ɳɨ ɦɿɫɬɹɬɶ ɬɪɢ ɿ ɛɿɥɶɲɟ 
ɤɨɦɩɨɧɟɧɬ. Ⱦɨɞɚɬɤɨɜɨ ɩɪɨɜɟɞɟɧɿ ɟɤɫɩɟɪɢɦɟɧɬɢ ɩɿɞɬɜɟɪɞɢɥɢ 
ɭɡɝɨɞɠɟɧɿɫɬɶ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɿ ɨɛɱɢɫɥɟɧɢɯ ɩɚɪɚɦɟɬɪɿɜ 
ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɦɚɬɟɪɿɚɥɿɜ.  

Ɉɞɟɪɠɚɧɿ ɦɨɞɟɥɸɜɚɧɧɹɦ ɬɟɪɦɨɞɢɧɚɦɿɱɧɿ ɜɥɚɫɬɢɜɨɫɬɿ ɦɚɬɟɪɿɚɥɿɜ 
ɞɨɡɜɨɥɢɥɢ ɡɧɚɯɨɞɢɬɢ ɡɜ’ɹɡɤɢ ɡ ʀɯ ɮɿɡɢɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 
ɜɢɡɧɚɱɢɬɢ ɦɟɯɚɧɿɡɦɢ ɩɟɪɟɛɿɝɭ ɬɟɯɧɨɥɨɝɿɱɧɢɯ   ɩɪɨɰɟɫɿɜ, ɜɫɬɚɧɨɜɢɬɢ 
ɭɦɨɜɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɢɧɬɟɡɭ ɦɚɬɟɪɿɚɥɿɜ, ɳɨ  ɫɭɬɬєɜɨ ɡɦɟɧɲɢɬɶ ɱɚɫ 
ɿ ɤɿɥɶɤɿɫɬɶ ɞɨɫɥɿɞɿɜ ɩɨ ɟɦɩɿɪɢɱɧɨɦɭ ɩɨɲɭɤɭ ɧɨɜɢɯ ɦɚɬɟɪɿɚɥɿɜ. 
ɇɚɤɨɩɢɱɟɧɧɹ ɞɚɧɢɯ ɩɨ ɜɥɚɫɬɢɜɨɫɬɹɯ ɫɩɥɚɜɿɜ (ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɿ 
ɩɪɨɝɧɨɡɨɜɚɧɢɯ) ɩɪɢɲɜɢɞɲɢɬɶ ɪɨɡɪɨɛɤɭ ɭɧɿɜɟɪɫɚɥɶɧɨʀ ɦɨɞɟɥɿ 
ɪɨɡɱɢɧɿɜ. 
Ʌіɬɟɪɚɬɭɪɚ 

1. ɋɭɞɚɜɰɨɜɚ ȼ.ɋ., Ɇɚɤɚɪɚ ȼ.Ⱥ., Ʉɭɞɿɧ ȼ.Ƚ. Ɍɟɪɦɨɞɢɧɚɦɿɤɚ 
ɦɟɬɚɥɭɪɝɿɣɧɢɯ ɿ ɡɜɚɪɸɜɚɥɶɧɢɯ ɪɨɡɩɥɚɜɿɜ. ɑɚɫɬɢɧɚ 3 (ɫɩɥɚɜɢ ɧɚ 
ɨɫɧɨɜɿ ɧɿɤɟɥɸ ɬɚ ɨɥɨɜɚ, ɦɟɬɨɞɢ ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɩɪɨɝɧɨɡɭɜɚɧɧɹ 
ɬɟɪɦɨɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ). - Ʉ.: Ʌɨɝɨɫ, 2005. -216 ɫ.  
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Ʉɭɱɟɪɟɧɤɨ Ⱥ.Ⱦ. 
Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 

magmel.ua@gmail.com 
 

Ɂɚɞɚɱɚ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɬɚ ɫɬɜɨɪɟɧɧɹ ɲɬɭɱɧɨɝɨ ɿɧɬɟɥɟɤɬɭ, ɳɨ 
ɫɬɨʀɬɶ ɩɟɪɟɞ ɥɸɞɫɬɜɨɦ, ɜɤɥɸɱɚє ɜ ɫɟɛɟ ɧɚɫɚɦɩɟɪɟɞ ɫɩɪɢɣɧɹɬɬɹ 
ɦɚɲɢɧɨɸ ɬɨɝɨ, ɳɨ ɦɨɠɟ ɫɩɪɢɣɧɹɬɢ ɥɸɞɢɧɚ, ɬɚ ɩɨɞɚɥɶɲɭ ɨɛɪɨɛɤɭ 
ɨɬɪɢɦɚɧɢɯ ɞɚɧɢɯ. ȼ ɪɨɛɨɬɿ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɡɚɞɚɱɚ ɩɨɲɭɤɭ 
ɩɿɞɡɨɛɪɚɠɟɧɧɹ ɭ ɛɿɥɶɲɨɦɭ ɡɨɛɪɚɠɟɧɧɿ, ɳɨ є ɰɿɥɤɨɦ ɨɱɟɜɢɞɧɨɸ ɞɥɹ 
ɥɸɞɢɧɢ, ɚɥɟ ɩɨɬɪɟɛɭє ɫɤɥɚɞɧɢɯ ɦɚɬɟɦɚɬɢɱɧɢɯ ɚɥɝɨɪɢɬɦɿɜ ɞɥɹ 
ɤɨɦɩ’ɸɬɟɪɚ. 

ɉɿɞ ɩɨɲɭɤɨɦ ɤɨɧɤɪɟɬɧɢɯ ɨɛ‘єɤɬɿɜ, ɳɨɞɨ ɹɤɢɯ ɩɪɢɩɭɫɤɚєɬɶɫɹ, ɳɨ 
ɜɨɧɢ є ɧɚ ɡɨɛɪɚɠɟɧɧɿ, ɛɭɞɟɦɨ ɪɨɡɭɦɿɬɢ ɜɫɬɚɧɨɜɥɟɧɧɹ ʀɯ ɩɨɥɨɠɟɧɧɹ 
ɧɚ ɰɶɨɦɭ ɡɨɛɪɚɠɟɧɧɿ. Ɇɢ ɦɚɬɢɦɟɦɨ ɫɩɪɚɜɭ ɡ ɞɜɨɜɢɦɿɪɧɢɦɢ 
ɞɢɫɤɪɟɬɧɢɦɢ ɮɭɧɤɰɿɹɦɢ. 

ɋɤɨɪɢɫɬɚєɦɨɫɹ ɤɨɪɟɥɹɰɿєɸ, ɹɤ ɡɚɫɨɛɨɦ ɞɥɹ ɩɨɲɭɤɭ ɟɤɜɿɜɚɥɟɧɬɿɜ 
ɟɬɚɥɨɧɚ  ,w x y  ɪɨɡɦɿɪɚɦɢ J K  ɧɚ ɡɨɛɪɚɠɟɧɧɿ  ,f x y  ɪɨɡɦɿɪɚɦɢ 
M N . ɉɪɢɩɭɫɤɚєɬɶɫɹ, ɳɨ ɩɨɱɚɬɨɤ ɤɨɨɪɞɢɧɚɬ ɡɨɛɪɚɠɟɧɧɹ  ,f x y  

ɡɧɚɯɨɞɢɬɶɫɹ ɭ ɜɟɪɯɧɶɨɦɭ ɥɿɜɨɦɭ ɤɭɬɿ ɡɨɛɪɚɠɟɧɧɹ, ɚ ɩɨɱɚɬɨɤ 
ɤɨɨɪɞɢɧɚɬ ɡɨɛɪɚɠɟɧɧɹ  ,w x y  – ɜ ɰɟɧɬɪɿ ɟɬɚɥɨɧɚ. Ɂ ɞɨɩɨɦɨɝɨɸ 
ɮɭɧɤɰɿʀ ɤɨɟɮɿɰɿєɧɬɿɜ ɤɨɪɟɥɹɰɿʀ ɡɧɚɯɨɞɢɦɨ ɜɯɨɞɠɟɧɧɹ ɟɬɚɥɨɧɭ ɜ 
ɡɨɛɪɚɠɟɧɧɿ: 

 
       

       2 2

, , ,

,

, , ,

s t

s t s t

f s t f s t w x s y t w

x y

f s t f s t w x s y t w


   


   



 
, 

ɞɟ 0,1,2, , 1x M  , 0,1,2, , 1y N  , w  – ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ 
ɤɨɥɶɨɪɭ ɩɿɤɫɟɥɿɜ ɜ ɟɬɚɥɨɧɿ w ,  ,f x y  – ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ 

ɟɥɟɦɟɧɬɿɜ ɡɨɛɪɚɠɟɧɧɹ  ,f x y  ɜ ɨɛɥɚɫɬɿ, ɳɨ ɫɩɿɜɩɚɞɚє ɡ ɩɨɬɨɱɧɢɦ 
ɩɨɥɨɠɟɧɧɹɦ w , ɚ ɫɭɦɭɜɚɧɧɹ ɜɟɞɟɬɶɫɹ ɩɨ ɜɫɿɯ ɫɭɦɚɯ ɤɨɨɪɞɢɧɚɬ. 

ȼ ɪɨɛɨɬɿ ɪɨɡɝɥɹɧɭɬɚ ɩɪɨɛɥɟɦɚ ɩɨɲɭɤɭ ɨɛ’єɤɬɚ ɧɚ ɡɨɛɪɚɠɟɧɧɿ, 
ɡɞɿɣɫɧɟɧɨ ɨɝɥɹɞ ɥɿɬɟɪɚɬɭɪɢ ɫɬɨɫɨɜɧɨ ɰɿєʀ ɩɪɨɛɥɟɦɢ ɿ ɛɭɥɢ ɧɚɜɟɞɟɧɿ 
ɚɥɝɨɪɢɬɦɢ ɞɥɹ ʀʀ ɪɨɡɜ’ɹɡɤɭ.  
Ʌіɬɟɪɚɬɭɪɚ 

1. ɇɭɫɫɛɚɭɦɟɪ Ƚɟɧɪɢ. Ȼɵɫɬɪɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɢ ɚɥɝɨɪɢɬɦɵ 
ɜɵɱɢɫɥɟɧɢɹ ɫɜɟɪɬɨɤ – Ɇ.: «Ɋɚɞɢɨ ɢ ɫɜɹɡɶ», 1985. – 284 ɫ. 
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ɆȿɌɈȾ ɑɂɋȿɅЬɇɈȽɈ ɆɈȾȿɅɘȼȺɇɇə ȿȼɈɅɘɐȱɃɇɂɏ 
ɉɊɈɐȿɋȱȼ ɇȺ ȻȺȽȺɌɈɉɊɈɐȿɋɈɊɇɂɏ ɄɈɆɉɅȿɄɋȺɏ  

Ɇɚɪɰɚɮɟɣ Ⱥ.ɋ., Ɉɧɨɰьɤɢɣ ȼ.ȼ. 
Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 

anna.martsafei@ukr.net, vingar@ukr.net 

 
Ɉɞɧɨɱɚɫɧɨ ɡ ɪɨɡɜɢɬɤɨɦ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ 

ɞɢɧɚɦɿɱɧɢɯ ɬɚ ɤɿɧɟɬɢɱɧɢɯ ɩɪɨɰɟɫɿɜ ɪɭɯɭ ɜ’ɹɡɤɨʀ ɧɟɫɬɢɫɥɢɜɨʀ ɪɿɞɢɧɢ 
ɜɢɧɢɤɚɸɬɶ ɧɨɜɿ ɚɤɬɭɚɥɶɧɿ ɡɚɞɚɱɿ ɞɥɹ ɩɪɨɰɟɫɿɜ, ɹɤɿ ɨɩɢɫɭɸɬɶɫɹ 
ɫɢɫɬɟɦɚɦɢ ɪɿɜɧɹɧɶ ɩɟɪɟɧɨɫɭ ɬɚ ɪɿɜɧɹɧɶ ɇɚɜ’є-ɋɬɨɤɫɚ. ɇɟɡɜɚɠɚɸɱɢ 
ɧɚ ɜɟɥɢɤɭ ɤɿɥɶɤɿɫɬɶ ɧɚɭɤɨɜɢɯ ɞɨɫɥɿɞɠɟɧɶ ɬɚɤɢɯ ɦɚɬɟɦɚɬɢɱɧɢɯ 
ɦɨɞɟɥɟɣ, ɚɤɬɭɚɥɶɧɨɸ є ɪɨɡɪɨɛɤɚ ɲɜɢɞɤɨɞɿɸɱɢɯ ɱɢɫɟɥɶɧɢɯ ɦɟɬɨɞɿɜ, 
ɨɪɿєɧɬɨɜɚɧɢɯ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɧɨɜɿɬɧɶɨɝɨ ɿɧɫɬɪɭɦɟɧɬɚɪɿɸ, ɚ ɫɚɦɟ: 
ɛɚɝɚɬɨɩɪɨɰɟɫɨɪɧɢɯ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫɿɜ. 

Ɇɟɬɨɸ ɞɨɩɨɜɿɞɿ є ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɩɨɛɭɞɨɜɚɧɨɝɨ ɬɚ ɞɨɫɥɿɞɠɟɧɨɝɨ 
ɦɟɬɨɞɭ ɱɢɫɟɥɶɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɧɚ ɛɚɝɚɬɨɩɪɨɰɟɫɨɪɧɢɯ ɫɢɫɬɟɦɚɯ 
ɩɪɨɰɟɫɿɜ ɬɟɩɥɨɦɚɫɨɩɟɪɟɧɨɫɭ ɬɚ ɩɪɨɰɟɫɿɜ ɞɢɧɚɦɿɤɢ ɜ’ɹɡɤɨʀ 
ɧɟɫɬɢɫɥɢɜɨʀ ɪɿɞɢɧɢ, ɹɤɿ ɨɩɢɫɭɸɬɶɫɹ ɫɢɫɬɟɦɚɦɢ ɪɿɜɧɹɧɶ ɇɚɜ’є-
ɋɬɨɤɫɚ [1]. Ⱦɚɧɢɣ ɦɟɬɨɞ ɛɚɡɭєɬɶɫɹ ɧɚ ɞɜɨɤɪɨɤɨɜɨ-ɫɢɦɟɬɪɢɡɨɜɚɧɨɣ 
ɫɯɟɦɿ [2], ɹɤɚ ɧɟ ɩɨɬɪɟɛɭє ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦ ɥɿɧɿɣɧɢɯ 
ɚɥɝɟɛɪɚʀɱɧɢɯ ɪɿɜɧɹɧɶ. 

ɉɟɪɟɜɚɝɨɸ ɦɟɬɨɞɭ є ɬɟ, ɳɨ ɡɚɦɿɫɬɶ, ɹɤ ɩɪɚɜɢɥɨ, ɫɤɥɚɞɧɨʀ 
ɿɬɟɪɚɰɿɣɧɨʀ ɨɩɟɪɚɰɿʀ ɡɲɢɜɚɧɧɹ ɪɨɡɜ’ɹɡɤɿɜ ɧɚ ɝɪɚɧɢɰɿ ɞɜɨɯ ɫɭɫɿɞɧɿɯ 
ɨɛɥɚɫɬɟɣ, ɩɪɨɜɨɞɢɬɶɫɹ ɨɛɦɿɧ ɪɨɡɜ’ɹɡɤɚɦɢ ɦɿɠ ɫɭɫɿɞɧɿɦɢ ɩɨɬɨɤɚɦɢ 
ɨɛɱɢɫɥɟɧɶ. 

Ɍɟɫɬɭɜɚɧɧɹ ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɡɚɞɚɱɿ, ɹɤɚ ɦɚє ɬɨɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ. 
Ɋɟɡɭɥɶɬɚɬɢ ɩɨɤɚɡɚɥɢ, ɳɨ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɦɟɬɨɞ ɞɚє ɩɪɢɫɤɨɪɟɧɧɹ 
ɞɨ ɲɟɫɬɢ ɪɚɡ ɧɚ ɜɨɫɶɦɢ ɩɪɨɰɟɫɨɪɧɿɣ ɨɛɱɢɫɥɸɜɚɥɶɧɿɣ ɫɢɫɬɟɦɿ. 
Ʌіɬɟɪɚɬɭɪɚ 
1 Ƚɪɢɳɟɧɤɨ Ɉ.ɘ., Ɇɚɪɰɚɮɟɣ Ⱥ.ɋ., Ɉɧɨɰɶɤɢɣ ȼ.ȼ., ɉɨɩɨɜ Ɉ.ȼ. 
ȿɮɟɤɬɢɜɧɿɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ Ⱦɋ-ɚɥɝɨɪɢɬɦɭ ɞɥɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ 
ɇɚɜ’є-ɋɬɨɤɫɚ ɧɚ ɛɚɝɚɬɨɩɪɨɰɟɫɨɪɧɢɯ ɤɨɦɩɥɟɤɫɚɯ // ɀɭɪɧɚɥ 
ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɬɚ ɩɪɢɤɥɚɞɧɨʀ ɦɚɬɟɦɚɬɢɤɢ. – 2016. – 1(121). – ɋ. 
28-36.  
2 Ƚɪɢɳɟɧɤɨ Ɉ.ɘ., Ɂɚɝɨɪɨɞɧɹ Ƚ.Ɉ., Ɉɧɨɰɶɤɢɣ Ɉ.Ɉ. Ⱦɜɨɤɪɨɤɨɜɨ-
ɫɢɦɟɬɪɢɡɨɜɚɧɢɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɱɢɫɟɥɶɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ 
ɪɨɡɩɨɜɫɸɞɠɟɧɧɹ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɜ ɞɟɮɨɪɦɨɜɚɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ // 
ȼɿɫɧɢɤ Ʉɢʀɜɫɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦ. Ɍɚɪɚɫɚ 
ɒɟɜɱɟɧɤɚ. ɋɟɪ. Ʉɿɛɟɪɧɟɬɢɤɚ. – 2016. – 1(15). – ɋ. 8-15. 
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ɋɂɋɌȿɆɇɂɃ ȺɇȺɅȱɁ ɉɊɈȻɅȿɆɂ ȼɂȻɈɊɍ 
ȱɇɎɈɊɆȺɐȱɃɇɂɏ ɊȿɋɍɊɋȱȼ əɄ ɁȺɋɈȻɍ ɊɈɁȼɂɌɄɍ 

ȱɇɒɈɆɈȼɇɂɏ ɄɈɆɉȿɌȿɇɐȱɃ ȼ ɍɆɈȼȺɏ 
ɇȿȼɂɁɇȺɑȿɇɈɋɌȱ 

ȼ.ɉ.Ɇɚɪɰɟɧɸɤ1, ȱ.Є.Ⱥɧɞɪɭɳɚɤ2, Ɋ.Ȼ.Ʉɨɰɸɛɚ3
  

1ɍɧɿɜɟɪɫɢɬɟɬ Ȼєɥɶɫɶɤɨ-Ȼɹɥɢ, ɉɨɥɶɳɚ,  
2Ʌɭɰɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɬɟɯɧɿɱɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, ɍɤɪɚʀɧɚ, 
3ȱɧɫɬɢɬɭɬ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɬɟɯɧɨɥɨɝɿɣ ɿ ɡɚɫɨɛɿɜ ɧɚɜɱɚɧɧɹ  

ɇȺɉɇ ɍɤɪɚʀɧɢ 
vmartsenyuk@ath.bielsko.pl, 9000@lntu.edu.ua,  

roma_kotsyuba@ukr.net 
 

ɋɭɱɚɫɧɿ єɜɪɨɿɧɬɟɝɪɚɰɿɣɧɿ ɩɪɨɰɟɫɢ, ɭ ɹɤɿ ɬɿɫɧɨ ɜɤɥɸɱɟɧɚ 
ɭɤɪɚʀɧɫɶɤɚ ɨɫɜɿɬɚ, ɜɢɦɚɝɚɸɬɶ ɧɨɜɿɬɧɿɯ ɩɿɞɯɨɞɿɜ ɿ ɦɟɬɨɞɿɜ ɞɨ ɧɚɛɭɬɬɹ 
ɿɧɲɨɦɨɜɧɢɯ ɤɨɦɩɟɬɟɧɰɿɣ. Ɍɪɚɞɢɰɿɣɧɟ ɧɚɜɱɚɧɧɹ ɧɚ ɨɫɧɨɜɿ 
ɜɿɞɬɜɨɪɸɜɚɥɶɧɨʀ ɞɿɹɥɶɧɨɫɬɿ ɜɠɟ ɧɟ ɜɿɞɩɨɜɿɞɚє ɫɭɱɚɫɧɢɦ ɜɢɦɨɝɚɦ 
Ɂɚɝɚɥɶɧɨєɜɪɨɩɟɣɫɶɤɢɯ ɪɟɤɨɦɟɧɞɚɰɿɣ ɡ ɦɨɜɧɨʀ ɨɫɜɿɬɢ CEFR, ɞɟ ɦɨɜɚ 
ɪɨɡɝɥɹɞɚєɬɶɫɹ ɹɤ «…ɫɨɰɿɚɥɶɧɢɣ ɚɝɟɧɬ, ɳɨ ɪɨɡɜɢɜɚє ɡɚɝɚɥɶɧɿ ɬɚ 
ɨɫɨɛɥɢɜɿ ɤɨɦɭɧɿɤɚɬɢɜɧɿ ɜɦɿɧɧɹ ɩɪɢ ɞɨɫɹɝɧɟɧɧɿ ɳɨɞɟɧɧɢɯ ɰɿɥɟɣ». 

Ɂ ɰɿєɸ ɦɟɬɨɸ ɞɥɹ ɜɿɬɱɢɡɧɹɧɨʀ ɲɤɨɥɢ ɨɫɨɛɥɢɜɨɝɨ ɡɧɚɱɟɧɧɹ ɦɚє 
ɜɢɜɱɟɧɧɹ ɞɨɫɜɿɞɭ ɉɨɥɶɫɶɤɨʀ ɪɟɫɩɭɛɥɿɤɢ, ɨɫɜɿɬɧɹ ɫɢɫɬɟɦɚ ɹɤɨʀ 
ɡɚɡɧɚɥɚ ɡɧɚɱɧɨɝɨ ɪɟɮɨɪɦɭɜɚɧɧɹ. ɍ ɩɢɬɚɧɧɿ ɿɧɲɨɦɨɜɧɨʀ ɨɫɜɿɬɢ ɰɟ 
ɨɫɨɛɥɢɜɨ ɩɨɜ’ɹɡɚɧɨ ɡ ɩɨɜɧɢɦ ɨɪɿєɧɬɭɜɚɧɧɹɦ ɧɚ ɪɟɤɨɦɟɧɞɚɰɿʀ, 
ɫɮɨɪɦɭɥɶɨɜɚɧɿ ɜ ɫɢɫɬɟɦɿ CEFR. 

Ɍɢɦ ɱɚɫɨɦ ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɨɱɟɜɢɞɧɢɣ ɩɪɨɝɪɟɫ, ɞɨɫɹɝɧɭɬɢɣ ɜ 
ɨɫɬɚɧɧɿ ɪɨɤɢ, ɞɨɫɥɿɞɠɟɧɧɹ ɜɤɚɡɭɸɬɶ, ɳɨ ɧɚɜɿɬɶ ɩɿɫɥɹ ɞɟɤɿɥɶɤɨɯ 
ɪɨɤɿɜ ɜɢɜɱɟɧɧɹ ɿɧɨɡɟɦɧɨʀ ɦɨɜɢ, ɜɫɟ ɠ ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɫɟɪɣɨɡɧɿ 
ɩɪɨɛɥɟɦɢ ɡ ɪɨɡɦɨɜɧɨɸ ɦɨɜɨɸ ɿ ɩɢɫɶɦɨɦ. Ɍɨɦɭ ɜɚɠɥɢɜɟ ɡɧɚɱɟɧɧɹ ɜ 
ɩɨɥɶɫɶɤɿɣ ɨɫɜɿɬɿ ɩɪɢɞɿɥɹєɬɶɫɹ ɿɧɧɨɜɚɰɿɣɧɢɦ ɩɿɞɯɨɞɚɦ, ɡɞɚɬɧɢɦ 
ɩɿɞɧɹɬɢ ɪɿɜɟɧɶ ɜɨɥɨɞɿɧɧɹ ɿɧɨɡɟɦɧɨɸ ɦɨɜɨɸ, ɜɤɥɸɱɚɸɱɢ 
ɿɧɮɨɪɦɚɰɿɣɧɿ ɬɟɯɧɨɥɨɝɿʀ ɿ ɡɚɫɨɛɢ ɧɚɜɱɚɧɧɹ. 

Ɇɟɬɨɸ ɞɚɧɨʀ ɪɨɛɨɬɢ є ɩɪɟɞɫɬɚɜɢɬɢ ɡɚɞɚɱɭ ɜɢɛɨɪɭ 
ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɪɟɫɭɪɫɿɜ ɞɥɹ ɩɨɞɨɥɚɧɧɹ ɬɪɭɞɧɨɳɿɜ ɧɚɛɭɬɬɹ 
ɿɧɲɨɦɨɜɧɢɯ ɤɨɦɩɟɬɟɧɰɿɣ ɭ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɿɡ ɪɟɤɨɦɟɧɞɚɰɿɹɦɢ CEFR 
ɹɤ ɩɪɨɛɥɟɦɭ ɩɪɢɤɥɚɞɧɨɝɨ ɫɢɫɬɟɦɧɨɝɨ ɚɧɚɥɿɡɭ ɧɚ ɨɫɧɨɜɿ ɿєɪɚɪɯɿɱɧɨʀ 
ɦɨɞɟɥɿ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ, ɚɥɝɨɪɢɬɦɢ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɚ 
ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ ɟɮɟɤɬɢɜɧɿɫɬɶ. 
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ɋɟɪɟɞ ɩɪɢɱɢɧ, ɱɨɦɭ ɿɧɲɨɦɨɜɧɢɦ ɤɨɦɩɟɬɟɧɰɿɹɦ ɧɟɞɨɫɬɚɬɧɶɨ 
ɩɪɢɞɿɥɹєɬɶɫɹ ɭɜɚɝɢ ɧɚ ɡɚɧɹɬɬɹɯ, ɡɚɡɧɚɱɚɸɬɶ ɬɨɣ ɮɚɤɬ, ɳɨ ɜɢɤɥɚɞɚɱɿ 
ɱɚɫɬɨ ɡɨɫɟɪɟɞɠɭɸɬɶɫɹ ɧɚ ɦɿɧɿɦɭɦɿ, ɧɟɨɛɯɿɞɧɨɦɭ ɞɥɹ ɫɤɥɚɞɚɧɧɹ 
ɿɫɩɢɬɭ ɧɚ ɞɚɧɨɦɭ ɟɬɚɩɿ ɨɫɜɿɬɢ, ɚ ɬɨɣ ɭ ɫɜɨɸ ɱɟɪɝɭ ɨɩɢɪɚєɬɶɫɹ 
ɝɨɥɨɜɧɟ ɧɚ ɪɟɰɟɩɬɢɜɧɢɯ ɜɿɞɬɜɨɪɸɜɚɥɶɧɢɯ ɜɦɿɧɧɹɯ. Ɉɞɧɢɦ ɡ 
ɦɨɠɥɢɜɢɯ ɪɿɲɟɧɶ ɨɩɢɫɚɧɨʀ ɜɢɳɟ ɩɪɨɛɥɟɦɢ ɛɚɱɚɬɶ ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ 
ɧɚ ɭɪɨɤɚɯ ɿɧɨɡɟɦɧɨʀ ɦɨɜɢ ɜɿɞɤɪɢɬɢɯ ɟɥɟɤɬɪɨɧɧɢɯ ɡɚɫɨɛɿɜ. 
Ⱦɨɫɥɿɞɠɟɧɧɹ ɩɨɤɚɡɭɸɬɶ, ɳɨ ɬɟɯɧɨɥɨɝɿɱɧɢɣ ɩɿɞɯɿɞ ɧɚ ɡɚɧɹɬɬɹɯ ɜɟɞɟ 
ɞɨ ɩɨɛɭɞɨɜɢ ɫɜɿɞɨɦɨɫɬɿ ɫɚɦɨɫɬɿɣɧɨɝɨ ɩɿɞɜɢɳɟɧɧɹ ɤɨɦɩɟɬɟɧɬɧɨɫɬɿ 
(ɚɧɝɥɿɣɫɶɤɢɣ ɬɟɪɦɿɧ empowerment), ɱɟɪɟɡ ɳɨ ɜɩɥɢɜɚє ɧɚ 
ɩɿɞɜɢɳɟɧɧɹ ɦɨɬɢɜɚɰɿʀ ɞɨ ɧɚɜɱɚɧɧɹ.  

ɋɢɫɬɟɦɧɢɣ ɚɧɚɥɿɡ ɚɧɝɥɨɦɨɜɧɢɯ ɤɨɦɩɟɬɟɧɰɿɣ ɜɤɚɡɭє ɧɚ 
ɧɟɟɮɟɤɬɢɜɧɿɫɬɶ ɬɪɚɞɢɰɿɣɧɨʀ ɦɨɜɧɨʀ ɞɢɞɚɤɬɢɤɢ. Ɍɨɦɭ 
ɜɩɪɨɜɚɞɠɭɸɬɶɫɹ ɿɧɧɨɜɚɰɿɣɧɿ ɩɿɞɯɨɞɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 
ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɬɟɯɧɨɥɨɝɿɣ, ɳɨ ɞɨɡɜɨɥɹɬɶ ɜɪɟɲɬɿ ɜɿɞɿɣɬɢ ɜɿɞ 
ɡɝɭɛɧɨɝɨ ɩɿɞɯɨɞɭ ɧɚɜɱɚɧɧɹ ɡɚɪɚɞɢ ɟɤɡɚɦɟɧɭ, ɿ ɫɬɜɨɪɹɬɶ ɭɦɨɜɢ ɞɥɹ 
ɡɪɿɜɧɨɜɚɠɟɧɨɝɨ ɪɨɡɜɢɬɤɭ ɜɫɿɯ ɿɧɲɨɦɨɜɧɢɯ ɤɨɦɩɟɬɟɧɰɿɣ, ɹɤ 
ɩɚɫɢɜɧɢɯ, ɬɚɤ ɿ ɚɤɬɢɜɧɢɯ, ɡɦɚɤɫɢɦɿɡɭɜɚɜɲɢ ɩɨɬɪɟɛɭ ɭ ɦɨɜɥɟɧɧɿ ɧɚ 
ɡɚɧɹɬɬɹɯ ɧɚ ɿɧɨɡɟɦɧɿɣ ɦɨɜɿ ɿ ɫɬɜɨɪɸɸɱɢ ɹɤɧɚɣɛɿɥɶɲɟ ɫɢɬɭɚɰɿɣ, ɜ 
ɹɤɢɯ ɫɬɭɞɟɧɬɢ ɦɨɠɭɬɶ ɪɨɛɢɬɢ ɩɟɪɲɿ ɤɪɨɤɢ ɫɩɿɥɤɭɜɚɧɧɹ ɧɚ 
ɿɧɨɡɟɦɧɿɣ ɦɨɜɿ.  

ȼɢɤɨɪɢɫɬɚɧɧɹ ɜɿɞɤɪɢɬɢɯ ȱɧɬɟɪɧɟɬ-ɞɨɞɚɬɤɿɜ ɫɩɪɢɹє ɫɬɜɨɪɟɧɧɸ 
ɭɦɨɜ ɞɥɹ ɪɨɡɜɢɬɤɭ ɭɫɿɯ ɿɧɲɨɦɨɜɧɢɯ ɤɨɦɩɟɬɟɧɰɿɣ, ɜɤɥɸɱɚɸɱɢ 
ɦɨɜɥɟɧɧєɜɭ. ɋɚɦɟ ɬɨɦɭ ɜɛɚɱɚɸɬɶ ɜɟɥɢɤɿ ɩɟɪɫɩɟɤɬɢɜɢ ɜ ɬɚɤɨɦɭ 
ɿɧɧɨɜɚɰɿɣɧɨɦɭ ɩɿɞɯɨɞɿ ɞɥɹ ɜɢɜɱɟɧɧɹ ɿɧɨɡɟɦɧɨʀ ɦɨɜɢ. 
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ɂɡɞ-ɜɨ ɋɉɛȽɉɍ, 2004. 
2. ɇɢɤɚɧɨɪɨɜ ɋ. ɉ. ɋɢɫɬɟɦɧɢɣ ɚɧɚɥɿɡ: ɟɬɚɩ ɪɨɡɜɢɬɤɭ ɦɟɬɨɞɨɥɨɝɿʀ 
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ɍ ɞɨɩɨɜɿɞɿ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɝɪɚ G  ɭ ɧɨɪɦɚɥɶɧɿɣ ɮɨɪɦɿ 
 , ;i iX u i N , ɞɟ  1,2,...N n  – ɦɧɨɠɢɧɚ ɡ  n ɝɪɚɜɰɿɜ, 2n  ; iX - 

ɦɧɨɠɢɧɚ ɫɬɪɚɬɟɝɿɣ  ɝɪɚɜɰɹ i N ; ( )iu x  – ɮɭɧɤɰɿɹ ɜɢɝɪɚɲɭ ɝɪɚɜɰɹ 
i N , ɹɤɚ ɜɢɡɧɚɱɟɧɚ ɧɚ ɦɧɨɠɢɧɿ ɫɢɬɭɚɰɿɣ ɝɪɢ i

i N

X X


 , ɩɪɢɣɦɚє 

ɞɿɣɫɧɿ ɡɧɚɱɟɧɧɹ ɿ ɦɚɤɫɢɦɿɡɭєɬɶɫɹ. ɇɚ ɜɢɩɚɞɨɤ ɧɟɱɿɬɤɨʀ ɦɧɨɠɢɧɢ N  
ɝɪɚɜɰɿɜ ɡ ɮɭɧɤɰɿєɸ ɧɚɥɟɠɧɨɫɬɿ ( )i , i N , ɞɥɹ ɰɿєʀ ɝɪɢ 
ɪɨɡɝɥɹɞɚєɬɶɫɹ ɭɡɚɝɚɥɶɧɟɧɧɹ ɪɿɜɧɨɜɚɝ ɡɚ Ȼɟɪɠɟɦ ɬɚ ɇɟɲɟɦ [1]. 
ɉɨɤɚɡɚɧɨ, ɳɨ ɦɧɨɠɢɧɨɸ ɜɿɞɩɨɜɿɞɧɢɯ ɧɟɱɿɬɤɢɯ ɪɿɜɧɨɜɚɝ ɛɭɞɟ 
ɧɟɱɿɬɤɚ ɦɧɨɠɢɧɚ ɬɢɩɭ 2 (ɇɆɌ-2) (ɧɟɱɿɬɤɚ ɦɧɨɠɢɧɚ, ɮɭɧɤɰɿɹ 
ɧɚɥɟɠɧɨɫɬɿ ɹɤɨʀ ɩɪɢɣɦɚє ɧɟɱɿɬɤɿ ɡɧɚɱɟɧɧɹ), ɩɨɛɭɞɨɜɚɧɚ ʀʀ ɮɭɧɤɰɿɹ 
ɞɨɫɬɨɜɿɪɧɨɫɬɿ. Ⱦɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ɧɨɫɿʀɜ ɦɧɨɠɢɧ ɧɟɱɿɬɤɢɯ ɪɿɜɧɨɜɚɝ, 
ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɞɜɨɯɤɪɢɬɟɪɿɚɥɶɧɚ ɡɚɞɚɱɚ, ɜ ɹɤɿɣ ɦɚɤɫɢɦɿɡɭєɬɶɫɹ 
ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɧɚɥɟɠɧɨɫɬɿ ɞɨ ɧɟɱɿɬɤɨʀ ɦɧɨɠɢɧɢ ɪɿɜɧɨɜɚɝ ɬɚ 
ɦɿɧɿɦɿɡɭєɬɶɫɹ ɞɨɫɬɨɜɿɪɧɿɫɬɶ ɧɟɧɚɥɟɠɧɨɫɬɿ. Ɋɨɡɝɥɹɧɭɬɢɣ ɩɿɞɯɿɞ ɞɨ 
ɨɬɪɢɦɚɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɰɿєʀ ɡɚɞɚɱɿ. Ɍɚɤɨɠ ɡɚɩɪɨɩɨɧɨɜɚɧɨ 
ɩɿɞɯɿɞ ɞɨ ɩɨɛɭɞɨɜɢ ɪɿɜɧɨɜɚɝɢ ɡɚ Ȼɟɪɠɟɦ ɜ ɝɪɿ ɡ ɧɟɱɿɬɤɢɦɢ 
ɤɨɚɥɿɰɿɹɦɢ «ɫɩɿɜɱɭɜɚɸɱɢɯ» ɝɪɚɜɰɿɜ ɡ ɦɚɤɫɢɦɚɥɶɧɨɸ ɞɨɫɬɨɜɿɪɧɿɫɬɸ 
ɧɚɥɟɠɧɨɫɬɿ ɞɨ ɦɧɨɠɢɧɢ ɪɿɜɧɨɜɚɝ ɬɚ ɡ ɞɨɫɬɨɜɿɪɧɿɫɬɸ ɧɟɧɚɥɟɠɧɨɫɬɿ, 
ɹɤɚ ɧɟ ɩɟɪɟɜɢɳɭє ɡɚɞɚɧɭ ɜɟɥɢɱɢɧɭ. 

Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɩɿɞɯɿɞ ɪɨɡɲɢɪɸє ɨɛɥɚɫɬɶ ɡɚɫɬɨɫɭɜɚɧɧɹ ɬɟɨɪɿʀ 
ɧɟɱɿɬɤɢɯ ɦɧɨɠɢɧ ɧɚ ɜɢɩɚɞɨɤ ɧɟɤɨɨɩɟɪɚɬɢɜɧɢɯ ɿɝɨɪ ɡ ɧɟɱɿɬɤɨɸ 
ɦɧɨɠɢɧɨɸ ɝɪɚɜɰɿɜ ɿ ɦɨɠɟ ɞɚɬɢ ɧɨɜɿ ɿɞɟʀ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɿɧɲɢɯ 
ɩɨɫɬɚɧɨɜɨɤ ɿɝɪɨɜɢɯ ɡɚɞɚɱ ɡ ɧɟɱɿɬɤɨɸ ɫɬɪɭɤɬɭɪɨɸ. 
Ʌіɬɟɪɚɬɭɪɚ 

1. Ɇɨɪɟɧɟɰɶ ȼ.ȱ. Ɋɿɜɧɨɜɚɝɚ ɡɚ Ȼɟɪɠɟɦ ɜ ɿɝɪɚɯ ɿɡ ɧɟɱɿɬɤɨɸ 
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167



ɉɊɈ ɊȱȼɇɈȼȺɀɇɍ ȾɂɇȺɆȱɄɍ ȼȱȾɄɊɂɌɈȲ 
ȿɄɈɇɈɆȱɑɇɈȲ ɋɂɋɌȿɆɂ Ɂ ɆɈɇɈɉɈɅȱɋɌȺɆɂ ȱ 

ɎȱɇȺɇɋɈȼɂɆɂ ɁɈȻɈȼ'əɁȺɇɇəɆɂ 

Ɇɚɯɨɪɬ Ⱥ.ɉ. 
ȱɧɫɬɢɬɭɬ ɬɟɨɪɟɬɢɱɧɨʀ ɮɿɡɢɤɢ ɿɦ. Ɇ.Ɇ. Ȼɨɝɨɥɸɛɨɜɚ ɇȺɇ ɍɤɪɚʀɧɢ 
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ɉɪɨɰɟɫ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɟɤɨɧɨɦɿɱɧɨʀ ɫɢɫɬɟɦɢ ɩɨɜ'ɹɡɚɧɢɣ ɡ 

ɜɡɚєɦɨɜɿɞɧɨɫɢɧɚɦɢ ʀʀ ɫɭɛ'єɤɬɿɜ. ɇɚɫɥɿɞɤɨɦ ɜɡɚєɦɨɞɿʀ ɭɱɚɫɧɢɤɿɜ 
ɪɢɧɤɭ є ɩɨɹɜɚ ɩɟɜɧɢɯ ɮɿɧɚɧɫɨɜɢɯ ɡɨɛɨɜ'ɹɡɚɧɶ. ȼɨɧɢ ɦɨɠɭɬɶ 
ɜɢɧɢɤɚɬɢ ɜ ɪɟɡɭɥɶɬɚɬɿ ɿɧɜɟɫɬɢɰɿɣɧɨʀ ɞɿɹɥɶɧɨɫɬɿ, ɩɨɬɪɟɛ 
ɪɟɫɬɪɭɤɬɭɪɢɡɚɰɿʀ ɜɢɪɨɛɧɢɰɬɜ ɫɭɛ'єɤɬɿɜ ɟɤɨɧɨɦɿɱɧɨʀ ɫɢɫɬɟɦɢ, ɚɛɨ ɿ ɡ 
ɿɧɲɢɯ ɩɪɢɱɢɧ. Ɏɿɧɚɧɫɨɜɿ ɡɨɛɨɜ'ɹɡɚɧɧɹ ɦɨɠɭɬɶ ɫɭɬɬєɜɨ ɜɩɥɢɜɚɬɢ ɧɚ 
ɪɿɡɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɟɤɨɧɨɦɿɱɧɨʀ ɫɢɫɬɟɦɢ, ɰɿɧɨɭɬɜɨɪɟɧɧɹ, 
ɮɨɪɦɭɜɚɧɧɹ ɫɩɨɠɢɜɱɢɯ ɭɩɨɞɨɛɚɧɶ ( )kjc z . Ⱦɥɹ ɭɧɢɤɧɟɧɧɹ ɩɨɹɜɢ 
ɧɟɝɚɬɢɜɧɢɯ ɩɪɨɰɟɫɿɜ ɜ ɟɤɨɧɨɦɿɱɧɿɣ ɫɢɫɬɟɦɿ, ɩɨɜ'ɹɡɚɧɢɯ ɡ ɧɚɹɜɧɿɫɬɸ 
ɮɿɧɚɧɫɨɜɢɯ ɡɨɛɨɜ'ɹɡɚɧɶ, ɜɚɠɥɢɜɨ ɡɧɚɬɢ, ɹɤɿ ɡɚɫɨɛɢ ɦɨɠɧɚ 
ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɥɹ ɤɨɦɩɟɧɫɚɰɿʀ ɞɿʀ ɤɪɢɡɨɜɢɯ ɱɢɧɧɢɤɿɜ. ɉɨɬɪɿɛɧɭ 
ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɞɢɫɛɚɥɚɧɫɢ ɜ ɟɤɨɧɨɦɿɱɧɢɯ ɫɢɫɬɟɦɚɯ ɦɨɠɧɚ 
ɨɬɪɢɦɚɬɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɨɞɟɥɟɣ ɪɿɜɧɨɜɚɝɢ ȼɚɥɶɪɚɫɨɜɨɝɨ ɬɢɩɭ.  

ȼɢɦɨɝɚ ɪɿɜɧɨɫɬɿ ɩɨɩɢɬɭ ɿ ɩɪɨɩɨɡɢɰɿʀ  
1

1 1 1 1

( ) , 1, .
l n n n

kj j k ki i ki ki k k

j i i i

c y x a x b b e i k n

   
         z  

 1

1 1

( ) , 1, .
n n

j j
j j j kj kj kj k kj k

j jk k

D y
x p x a b b p c p j n

  
       z  

ɞɚє ɡɦɨɝɭ ɨɬɪɢɦɚɬɢ ɧɚɛɿɪ ɫɬɚɧɿɜ ɪɿɜɧɨɜɚɝɢ ɡ ɩɪɢɛɭɬɤɨɜɢɦ 
ɜɢɪɨɛɧɢɰɬɜɨɦ ɫɭɛ'єɤɬɿɜ ɟɤɨɧɨɦɿɱɧɨʀ ɫɢɫɬɟɦɢ. ɋɟɪɟɞ ɪɿɡɧɢɯ 
ɱɢɧɧɢɤɿɜ, ɹɤɿ ɜɩɥɢɜɚɬɢɦɭɬɶ ɧɚ ɡɧɚɱɟɧɧɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɤɪɟɦɨɝɨ 
ɫɬɚɧɭ ɪɿɜɧɨɜɚɝɢ ɜɪɚɯɨɜɚɧɨ ɞɿɸ ɩɟɪɟɪɨɡɩɨɞɿɥɭ ɤɚɩɿɬɚɥɭ 1{ }n

i iD z , 

ɳɨ ɡ'ɹɜɥɹɬɢɦɟɬɶɫɹ ɜɧɚɫɥɿɞɨɤ ɧɚɹɜɧɨɫɬɿ ɮɿɧɚɧɫɨɜɢɯ ɡɨɛɨɜ'ɹɡɚɧɶ. 
ȼɟɤɬɨɪ ɫɬɭɩɟɧɿɜ ɡɚɞɨɜɨɥɟɧɧɹ ɩɨɬɪɟɛ ɫɩɨɠɢɜɚɱɿɜ 1{ }l

i iy   є ɡɚɫɨɛɨɦ 
ɨɰɿɧɤɢ ɹɤɨɫɬɿ ɫɬɚɧɿɜ ɪɿɜɧɨɜɚɝɢ. 

Ⱦɢɧɚɦɿɤɚ ɡɦɿɧ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɟɤɨɧɨɦɿɱɧɨʀ ɫɢɫɬɟɦɢ ɜ ɪɿɡɧɢɯ 
ɩɟɪɿɨɞɚɯ ʀʀ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɛɭɞɭєɬɶɫɹ ɡɚ ɿɧɮɨɪɦɚɰɿєɸ ɩɪɨ 
ɟɜɨɥɸɰɿɸ ɮɿɧɚɧɫɨɜɢɯ ɡɨɛɨɜ'ɹɡɚɧɶ 

{ 1} { } { }, 1, .s s s
j j jD D j n     
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Ɋɨɡɝɥɹɧɟɦɨ ɿɧɜɟɪɫɧɭ ɞɢɧɚɦɿɱɧɭ ɫɢɫɬɟɦɭ ɄɞɎ[1]: 

 ,   ,   .t t t xu v v p p u uv     (1) 

Ɋɨɡɜ’ɹɠɟɦɨ ʀʀ ɦɟɬɨɞɨɦ (G'/G)–ɪɨɡɜɢɧɟɧɧɹ [2].  
Ʉɪɨɤ 1. Ɂɪɨɛɢɜɲɢ ɡɚɦɿɧɭ x Vt   , ɡɜɟɞɟɦɨ ɫɢɫɬɟɦɭ (1) ɞɨ 

ɫɢɫɬɟɦɢ ɡɜɢɱɚɣɧɢɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ ɞɥɹ 
   ,   ,u u v v     p p  : 

 ,   ,  Vu v Vv p Vp u uv           (2) 

Ʉɪɨɤ 2. Ɋɨɡɜ’ɹɡɨɤ ɫɢɫɬɟɦɢ (2) ɲɭɤɚɬɢɦɟɦɨɭ ɜɢɝɥɹɞɿ  

   
0 0

,   ,
i il m

i i

i i

G G
u v

G G
   

 

        
   

    
0

.
in

i

i

G
p

G
 



   
 

     (3) 

ɞɟ      0, , 0, ,  0,i j ki l j m k n      – ɧɟɜɿɞɨɦɿ ɤɨɟɮɿɰɿєɧɬɢ 

 0, 0, 0l m n     ,  G G   – ɪɨɡɜ’ɹɡɨɤ ɥɿɧɿɣɧɨɝɨ ɪɿɜɧɹɧɧɹ 

 0.G G G     (4) 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ,l m  i n  ɪɨɡɝɥɹɧɟɦɨ ɛɚɥɚɧɫ ɦɿɠ ɩɨɯɿɞɧɢɦɢ 
ɧɚɣɜɢɳɢɯ ɩɨɪɹɞɤɿɜ ɬɚ ɧɟɥɿɧɿɣɧɢɦɢ ɱɥɟɧɚɦɢ ɧɚɣɜɢɳɢɯ ɫɬɟɩɟɧɿɜ ɭ 
ɤɨɠɧɨɦɭ ɡ ɪɿɜɧɹɧɶ ɫɢɫɬɟɦɢ (2): 

1 ,   1 ,   1 ,l m m n n l m        

ɡɜɿɞɤɢ ɦɚєɦɨ 2,   3,   4l m n   . 

Ʉɪɨɤ 3.ɉɿɞɫɬɚɜɢɜɲɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ (3) ɭ ɫɢɫɬɟɦɭ (2) ɿɡ 
ɜɪɚɯɭɜɚɧɧɹɦ (4) ɬɚ ɩɪɢɪɿɜɧɹɜɲɢ ɤɨɟɮɿɰɿєɧɬɢ ɨɬɪɢɦɚɧɨɝɨ 
ɦɧɨɝɨɱɥɟɧɚ ɞɨ ɧɭɥɹ, ɨɬɪɢɦɚєɦɨ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɧɟɜɿɞɨɦɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ 

     ,   ,   ,   0,2 ,   0,3 ,   0,4i j kV i j k       . ȼɢɤɨɪɢɫɬɚɜɲɢ 

ɩɚɤɟɬMathematica,ɨɬɪɢɦɚєɦɨ ɪɨɡɜ’ɹɡɤɢ: 
3 2

2 2
0 1 2

( 8 ) 1
,   12 ,   12 ,

V
V V

V

     
     

 3 3 2 3 3
0 1 2 312 ,    12 2 ,    36 ,    24 ,V V V V              
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   4 2 4 2
0 112 2 ,   12 8 ,V V            

 4 2 4 4
2 3 412 7 8 ,   144 ,   72 ,V V V           

ɞɟ , ,V    – ɞɨɜɿɥɶɧɿ ɫɬɚɥɿ. 
Ʉɪɨɤ 4.ɉɿɞɫɬɚɜɢɜɲɢ ɡɧɚɣɞɟɧɿ ɤɨɟɮɿɰɿєɧɬɢ ɪɚɡɨɦ ɡ ɪɨɡɜ’ɹɡɤɚɦɢ 

ɪɿɜɧɹɧɧɹ (4) ɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ (3), ɨɬɪɢɦɚєɦɨ ɪɨɡɜ’ɹɡɤɢɫɢɫɬɟɦɢ (1): 

ɹɤɳɨ 2 4 0   , ɦɚєɦɨ ɫɿɦ’ɸ ɝɿɩɟɪɛɨɥɿɱɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ: 

 
 

3
3

2

1 2

1 3
1 ,

sinh 0.5  cosh 0.5 

BV
u V

V A A

 
   

 
    
  

 

 
 

 

3
2 1

3

1 2

3 sinh 0.5  cosh 0.5 
,

sinh 0.5  cosh 0.5 

BV A A
v

A A

     


   





 

 
 

 

4 2
1 2

4

1 2

3 2 sinh cosh 2
;

2 sinh 0.5 cosh 0.5

BV A A B B
p

A A

    


   

 



 

ɹɤɳɨ 2 4 0,    ɦɚєɦɨ ɫɿɦ’ɸ ɪɚɰɿɨɧɚɥьɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ: 

 
     

 

2 2 3 2 2 3
2 1 2 1

2

2 1

2 6 2 1 2
,

A V A A A V
u

V A A

    




    



 

 
  

 

3 2 2 2
2 2 1 2 1

3

2 1

6 4 2  
,

A V A A A A
v

A A

   




  
 


 

      4 4 3 2 2 2 23 16 3 7 8 8 2 ( 2 ) ;
4 2

p V                   

 

ɹɤɳɨ 2 4 0   , ɦɚєɦɨ ɫɿɦ’ɸ ɬɪɢɝɨɧɨɦɟɬɪɢɱɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ: 

 
 

3
3

2

1 2

1 3
1 ,

sin0.5  cos0.5 

BV
u V

V A A

 
   

 
    
  

 

 
 

 

3
1 2

3

1 2

3 cos0.5  sin0.5 
,

sin0.5  cos0.5 

BV A A
v

A A

     


   





 

170



 
 

 

4 2
1 2

4

1 2

3 2 sin cos 2
,

2 sin0.5 cos0.5

BV A A B B
p

A A

    


   

  



 

ɞɟ    2 1 2 1,   ( 2 ) / ,x Vt A A A A           2  4 ,     
24 ,     2 2 2 2

1 2 1 2  ,    ,  B A A B A A     1 2, ,A A V  – ɞɨɜɿɥɶɧɿ ɫɬɚɥɿ. 
Ʌіɬɟɪɚɬɭɪɚ 
1. Ƚɟɧɬɨɲ Ɉ. Є. Ⱦɢɮɟɪɟɧɰiɚɥɶɧɨ-ɝɟɨɦɟɬɪɢɱɧi ɬɚ Ʌi-ɚɥɝɟɛɪɚʀɱɧi 
ɨɫɧɨɜɢ ɞɨɫɥiɞɠɟɧɧɹ iɧɬɟɝɪɨɜɧɢɯ ɧɟɥiɧiɣɧɢɯ ɞɢɧɚɦiɱɧɢɯ ɫɢɫɬɟɦ ɧɚ 
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408 ɫ. 
2.Wang M. The (G'/G)–expansion method and travelling wave solutions 
of nonlinear evolution equations in mathematical physics / M. Wang, X. 
Li, J. Zhang. // Physics Letters. – 2008. – №372. – ɋ. 417–423. 
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 Ⱦɨɫɥɿɞɠɭєɬɶɫɹ ɡɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɥiɧiɣɧɨɝɨ ɨɰiɧɸɜɚɧɧɹ 

ɮɭɧɤɰiɨɧɚɥɚ 
T

T

0

A a(t) (t)dt    ɜiɞ ɝɚɪɦɨɧiɡɨɜɚɧɨɝɨ - ɫɬɿɣɤɨɝɨ 

ɩɪɨɰɟɫɭ (t),t R,   ɡɚ ɫɩɨɫɬɟɪɟɠɟɧɧɹɦɢ ɩɪɨɰɟɫɭ (t),t<0,  

ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɩɪɨɰɟɫɭ ɭ ɜɢɝɥɹɞɿ ɪɭɯɨɦɨɝɨ 
ɫɟɪɟɞɧɶɨɝɨ. Ɂɚ ɭɦɨɜɢ ɪɟɝɭɥɹɪɧɨɫɬɿ ɩɪɨɰɟɫɭ (t),t R  ɦɚєɦɨ, ɳɨ 
ɫɩɟɤɬɪɚɥɶɧɚ ɳɿɥɶɧɿɫɬɶ ɡɚɞɨɜɨɥɶɧɹє ɪɿɜɧɹɧɧɹ ɮɚɤɬɨɪɢɡɚɰɿʀ 
f( )= ( )


   , ɞɟ   ɡɨɜɧɿɲɧɹ ɮɭɧɤɰɿɹ, ɳɨ ɧɚɥɟɠɢɬɶ ɩɪɨɫɬɨɪɭ 

ɏɚɪɞɿ H . Ⱦɥɹ ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɝɿɥɶɛɟɪɬɨɜɨɝɨ ɩɪɨɫɬɨɪɭ 
ɤɨɪɢɫɬɭєɦɨɫɹ ɮɭɧɤɰɿєɸ 2( ) ( )



    , ɳɨ ɧɚɥɟɠɢɬɶ ɩɪɨɫɬɨɪɭ 

ɏɚɪɞɿ 2H  ɬɚ ɜɢɡɧɚɱɚє ɮɚɤɬɨɪɢɡɚɰɿɸ 2
f( )= ( )   . 
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Ɉɬɪɢɦɚɧɨ ɮɨɪɦɭɥɢ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɜɟɥɢɱɢɧɢ ɩɨɯɢɛɤɢ ɬɚ 
ɫɩɟɤɬɪɚɥɶɧɨʀ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɰiɧɤɢ ɮɭɧɤɰiɨɧɚɥɚ ɡɚ ɭɦɨɜɢ ɜiɞɨɦɨʀ 
ɬɚ ɧɟɜiɞɨɦɨʀ ɫɩɟɤɬɪɚɥɶɧɨʀ ɳɿɥɶɧɨɫɬɿ. 
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for harmonizable stable processes with noise observations // Bulletin of 
Taras Shevchenko National University of Kyiv Series: Physics and 
Mathematics. – 2016. – №1. – P. 15-23. 
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Ɋɨɡɜ’ɹɡɚɧɚ ɡɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨʀ ɥɿɧɿɣɧɨʀ ɿɧɬɟɪɩɨɥɹɰɿʀ 

ɮɭɧɤɰɿɨɧɚɥɭ 

   
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l l
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s

l M N

A a t t dt 


  

   

ɜɿɞ ɧɟɜɿɞɨɦɢɯ ɡɧɚɱɟɧɶ ɫɬɚɰɿɨɧɚɪɧɨɝɨ ɩɪɨɰɟɫɭ ( )t  ɡɚ 
ɫɩɨɫɬɟɪɟɠɟɧɧɹɦɢ ɩɪɨɰɟɫɭ ( ) ( )t t   ɭ ɦɨɦɟɧɬɢ ɱɚɫɭ \ ,t SR  

 
1

, , ,
s

l l l
l

S M N M


       
0

l

l k k

k

M N K


  , 0 0,N   0 0.K   

Ɂɚɞɚɱɚ ɪɨɡɝɥɹɧɭɬɚ ɞɥɹ ɞɜɨɯ ɜɢɩɚɞɤɿɜ. ɍ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɫɩɟɤɬɪɚɥɶɧɿ 
ɳɿɥɶɧɨɫɬɿ ɩɪɨɰɟɫɿɜ ɜɿɞɨɦɿ, ɡɚɫɬɨɫɨɜɚɧɨ ɦɟɬɨɞ ɨɪɬɨɝɨɧɚɥɶɧɢɯ 
ɩɪɨɟɤɰɿɣ ɭ ɝɿɥɶɛɟɪɬɨɜɢɯ ɩɪɨɫɬɨɪɚɯ ɬɚ ɡɧɚɣɞɟɧɨ ɮɨɪɦɭɥɢ ɞɥɹ 
ɨɛɱɢɫɥɟɧɧɹ ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨʀ ɩɨɯɢɛɤɢ ɬɚ ɫɩɟɤɬɪɚɥɶɧɨʀ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɰɿɧɤɢ ɮɭɧɤɰɿɨɧɚɥɭ. ɍ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɬɨɱɧɢɣ 
ɜɢɝɥɹɞ ɳɿɥɶɧɨɫɬɟɣ ɧɟɜɿɞɨɦɢɣ, ɡɚɫɬɨɫɨɜɚɧɨ ɦɿɧɿɦɚɤɫɧɢɣ ɦɟɬɨɞ 
ɨɰɿɧɸɜɚɧɧɹ, ɹɤɢɣ ɩɨɥɹɝɚє ɭ ɜɿɞɲɭɤɚɧɧɿ ɨɰɿɧɤɢ, ɹɤɚ ɦɿɧɿɦɿɡɭє 
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ɜɟɥɢɱɢɧɭ ɩɨɯɢɛɤɢ ɨɞɪɚɡɭ ɞɥɹ ɜɫɿɯ ɫɩɟɤɬɪɚɥɶɧɢɯ ɳɿɥɶɧɨɫɬɟɣ ɡ 
ɡɚɞɚɧɨɝɨ ɤɥɚɫɭ. Ⱦɥɹ ɤɥɚɫɭ ɞɨɩɭɫɬɢɦɢɯ ɳɿɥɶɧɨɫɬɟɣ 0D D D    

0 1
1

( ) | ( ) ,
2

D f f d P  





   
   

1 2
1

( ) | ( ) (1 ) (( ) ), ( ) ,
2

D g g g w g d P        





      
   

ɡɧɚɣɞɟɧɨ ɦɿɧɿɦɚɤɫɧɭ ɫɩɟɤɬɪɚɥɶɧɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɨɰɿɧɤɢ ɬɚ 
ɪɿɜɧɹɧɧɹ, ɹɤɿ ɜɢɡɧɚɱɚɸɬɶ ɧɚɣɦɟɧɲ ɫɩɪɢɹɬɥɢɜɿ ɫɩɟɤɬɪɚɥɶɧɿ 
ɳɿɥɶɧɨɫɬɿ. 
Ʌіɬɟɪɚɬɭɪɚ 
1. Moklyachuk M. P., Sidei M. I. Interpolation of functionals of 
stationary processes with missing observations // ȼɿɫɧɢɤ Ʉɢʀɜɫɶɤɨɝɨ 
ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ. ɋɟɪɿɹ ɮɿɡɢɤɨ-
ɦɚɬɟɦɚɬɢɱɧɿ ɧɚɭɤɢ. – 2016. – № 1. – ɋ. 23–30. 

 

 

ɈɐȱɇɄɂ ɉȿɊȱɈȾɂɑɇɂɏ ɊɈɁȼəɁɄȱȼ ɍɁȺȽȺɅЬɇȿɇɂɏ 
ɊȱȼɇəɇЬ ȽɈɆɉȿɊɐȺ ȼ ɍɆɈȼȺɏ ɇȿȼɂɁɇȺɑȿɇɈɋɌȱ 

ɇɚɤɨɧɟɱɧɢɣ Ɉ.Ƚ., Ɂіɧьɤɨ ɉ.Ɇ. 
Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, 

ɍɤɪɚʀɧɚ 
a.nakonechniy@gmail.com, petro.zinko@gmail.com 
 

ɇɟɯɚɣ ɮɭɧɤɰɿʀ  , 1,i t i n   є ɩɟɪɿɨɞɢɱɧɢɦɢ ɪɨɡɜ’ɹɡɤɚɦɢ ɡ 
ɩɟɪɿɨɞɨɦT ɬɚɤɨʀ ɫɢɫɬɟɦɢ ɡɜɢɱɚɣɧɢɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ: 

          
1 1

ln
n m

i
ij j ij j

j j

d t
a t t b t f t

dt




 

 
   
 
 
   , 1, ,i t i n   

ɞɟ      , ,ij ij ja t b t f t  - ɧɟɩɟɪɟɪɜɧɿ ɩɟɪɿɨɞɢɱɧɿ ɮɭɧɤɰɿʀ ɡ ɩɟɪɿɨɞɨɦ 

T .ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɮɭɧɤɰɿʀ   1,jf t j m є ɧɟɜɿɞɨɦɢɦɢ,ɚ 

ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɮɭɧɤɰɿʀ      , 1, ,j j jy t v t t j r r n    , ɞɟ 

 0, , 1,t Nt N  ɚ  jv t   ɧɟɜɿɞɨɦɿ ɧɟɩɟɪɟɪɜɧɿ ɮɭɧɤɰɿʀ ɬɚɤɿ, ɳɨ 

     0 jjjv t v t v t    . Ɍɭɬ    , jjv t v t   ɜɿɞɨɦɿ ɧɟɩɟɪɟɪɜɧɿ ɧɚ 

ɜɿɞɪɿɡɤɭ  0, Nt   ɮɭɧɤɰɿʀ. ɇɟɯɚɣ ɬɚɤɨɠ ɜɿɞɨɦɨ, ɳɨ ɮɭɧɤɰɿʀ 
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 jf t ɧɚɥɟɠɚɬɶ ɩɪɨɦɿɠɤɚɦ    , , 1,jj
f t f t j m    

  ɩɪɢ ɤɨɠɧɨɦɭ 

t , ɞɟ    , jj
f t f t   ɜɿɞɨɦɿ ɧɟɩɟɪɟɪɜɧɿ ɮɭɧɤɰɿʀ. 

ɍ ɩɪɨɫɬɨɪɿ ɧɟɩɟɪɟɪɜɧɢɯ ɮɭɧɤɰɿɣ ɪɨɡɝɥɹɧɟɦɨ ɦɧɨɠɢɧɭ 

        : 0, , 1,y j jj
G f f t f t f t t T j m      

            : 0, , 1,jj j j jf y t v t t y t v t t Nt j r    

    1 ,..., mf f f    . 

ȼɜɟɞɟɦɨ ɜɟɤɬɨɪ-ɮɭɧɤɰɿɸ  x t ɹɤ ɪɨɡɜ’ɹɡɨɤ ɜɟɤɬɨɪɧɨɝɨ 
ɞɢɮɟɪɟɧɰɿɚɥɶɧɨɝɨ ɪɿɜɧɹɧɧɹ: 

             , 0
dx t

A t x t B t f t x x T
dt

   , 

ɞɟ           1, 1,

1, 1,
,

j n j m

ij ij
i n i n

A t a t B t b t
 

 
   . 

Ɍɜɟɪɞɠɟɧɧɹ. ɇɟɯɚɣ ɪɿɜɧɹɧɧɹ 

         , 0
dx t

A t x t x x T
dt

   

ɦɚє ɥɢɲɟ ɬɪɢɜɿɚɥɶɧɢɣ ɪɨɡɜ’ɹɡɨɤ. Ɍɨɞɿ ɝɚɪɚɧɬɨɜɚɧɚ ɨɰɿɧɤɚ ɜɟɥɢɱɢɧɢ 
   , 0,j s s Nt   ɦɚє ɜɢɝɥɹɞ 

      exp , ( )j jj s x s e ch s  . 

ɉɪɢ ɰɶɨɦɭ ɝɚɪɚɧɬɨɜɚɧɚ ɩɨɯɢɛɤɚ ɞɨɪɿɜɧɸє 

       , exp , j jj x s e sh s    , 

ɞɟ     , ,j js x s e   ɜɿɞɩɨɜɿɞɧɨ, ɝɚɪɚɧɬɨɜɚɧɚ ɩɨɯɢɛɤɚ ɬɚ 

ɝɚɪɚɧɬɨɜɚɧɚ ɨɰɿɧɤɚ ɜɟɥɢɱɢɧɢ   , jx s e , ɳɨ ɜɢɡɧɚɱɚɸɬɶɫɹ ɿɡ ɭɦɨɜ: 

       
1

1inf sup , ,
y
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j j j
f G f G

s x s e x s e
 

    

     
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y

j j
f G

x s e x s e


  . 
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Ɏɭɧɤɰɿɸ ɨɞɧɿєʀ ɞɿɣɫɧɨʀ ɚɛɨ ɤɨɦɩɥɟɤɫɧɨʀ ɡɦɿɧɧɨʀ ɦɨɠɧɚ 

ɧɚɛɥɢɠɚɬɢ ɛɚɝɚɬɨɱɥɟɧɨɦ, ɭɡɚɝɚɥɶɧɟɧɢɦ ɛɚɝɚɬɨɱɥɟɧɨɦ, ɚɛɨ 
ɚɩɪɨɤɫɢɦɚɰɿєɸ ɉɚɞɟ. ȼ ɹɤɨɫɬɿ ɚɩɚɪɚɬɭ ɧɚɛɥɢɠɟɧɧɹ ɦɨɠɧɚ ɬɚɤɨɠ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɥɚɧɰɸɝɨɜɿ ɞɪɨɛɢ. ȼ ɞɨɩɨɜɿɞɿ ɪɨɡɝɥɹɞɚɸɬɶɫɹ, 
ɩɨɪɹɞ ɿ ɜɿɞɨɦɢɦɢ ɩɿɞɯɨɞɚɦɢ, ɞɟɹɤɿ ɧɨɜɿ ɩɿɞɯɨɞɢ ɜ ɡɚɞɚɱɚɯ 
ɿɧɬɟɪɩɨɥɹɰɿʀ ɮɭɧɤɰɿɣ ɧɚ ɤɨɦɩɚɤɬɿ, ɚ ɬɚɤɨɠ ɧɨɜɿ ɫɩɨɫɨɛɢ ɨɬɪɢɦɚɧɧɹ 
ɪɨɡɜɢɧɟɧɶ ɮɭɧɤɰɿɣ ɜ ɥɚɧɰɸɝɨɜɿ ɞɪɨɛɢ. Ⱦɥɹ ɤɨɠɧɨɝɨ ɿɡ ɨɬɪɢɦɚɧɢɯ 
ɪɨɡɜɢɧɟɧɶ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɨɛɥɚɫɬɿ ɡɛɿɠɧɨɫɬɿ,   ɚɩɪɿɨɪɧɿ ɬɚ 
ɚɩɨɫɬɟɪɿɨɪɧɿ ɨɰɿɧɤɢ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɿɥɸɫɬɪɭɸɬɶɫɹ 
ɩɪɢɤɥɚɞɚɦɢ. 
Ʌіɬɟɪɚɬɭɪɚ 
1 ɉɚɝɿɪɹ Ɇ.Ɇ. ɇɚɛɥɢɠɟɧɧɹ ɮɭɧɤɰɿɣ ɥɚɧɰɸɝɨɜɢɦɢ ɞɪɨɛɚɦɢ. – 
ɍɠɝɨɪɨɞ: ʈɪɚɠɞɚ, 2016. – 412 ɫ.  
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ɉɊɈɐȿɋɍ ȼ ɉɊɂɄɅȺȾɇɂɏ ɁȺȾȺɑȺɏ 

ɉɚɲɤɨ Ⱥ.Ɉ. 
Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɵɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, 

ɍɤɪɚʀɧɚ 
aap2011@ukr.net  

 
ɋɟɪɟɞ ɝɚɭɫɫɿɜɫɶɤɢɯ ɩɪɨɰɟɫɿɜ ɜɟɥɢɤɟ ɡɧɚɱɟɧɧɹ ɦɚє ɜɿɧɟɪɿɜɫɶɤɢɣ 

ɩɪɨɰɟɫ. Ɇɨɞɟɥɶ ɜɿɧɟɪɿɜɫɶɤɨɝɨ ɩɪɨɰɟɫɭ ɱɚɫɬɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɩɪɢ 
ɪɨɡɜ’ɹɡɭɜɚɧɧɿ ɩɪɢɤɥɚɞɧɢɯ ɡɚɞɚɱɚɯ, ɫɟɪɟɞ ɧɢɯ, ɦɨɞɟɥɸɜɚɧɧɹ ɫɢɫɬɟɦ 
ɦɚɫɨɜɨɝɨ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ, ɡɚɞɚɱɿ ɮɿɧɚɧɫɨɜɨʀ ɬɚ ɚɤɬɭɚɪɧɨʀ 
ɦɚɬɟɦɚɬɢɤɢ, ɡɚɯɢɫɬ ɿɧɮɨɪɦɚɰɿʀ, ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɤɪɚɣɨɜɢɯ ɡɚɞɚɱ ɡ 
ɜɢɩɚɞɤɨɜɢɦɢ ɩɨɱɚɬɤɨɜɢɦɢ ɬɚ ɤɪɚɣɨɜɢɦɢ ɭɦɨɜɚɦɢ [1]. ȼ ɛɚɝɚɬɶɨɯ 
ɡɚɞɚɱɚɯ ɤɪɿɦ ɩɨɛɭɞɨɜɢ ɬɪɚєɤɬɨɪɿɣ ɜɿɧɟɪɿɜɫɶɤɢɯ ɩɪɨɰɟɫɿɜ, ɩɨɬɪɿɛɧɨ 
ɦɨɞɟɥɸɜɚɬɢ ɜɢɯɿɞ ɜɿɧɟɪɿɜɫɶɤɨɝɨ ɩɪɨɰɟɫɭ ɡɚ ɜɤɚɡɚɧɢɣ ɪɿɜɟɧɶ. 

ȼ ɪɨɛɨɬɿ ɜɢɜɱɚɸɬɶɫɹ  ɦɟɬɨɞɢ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ 
ɜɿɧɟɪɿɜɫɶɤɨɝɨ ɩɪɨɰɟɫɭ ɬɚ ɞɨɫɥɿɞɠɭɸɬɶɫɹ ɨɰɿɧɤɢ: 
- ɱɚɫɭ ɜɢɯɨɞɭ ɩɪɨɰɟɫɭ ɧɚ ɡɚɞɚɧɢɣ ɪɿɜɟɧɶ,  
- ɱɚɫɭ, ɤɨɥɢ ɜɿɧɟɪɿɜɫɶɤɢɣ ɩɪɨɰɟɫ ɩɪɢɣɦɚɣ ɦɚɤɫɢɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ,  
- ɪɨɡɩɨɞɿɥɭ ɦɚɤɫɢɦɚɥɶɧɨɝɨ  (ɦɿɧɿɦɚɥɶɧɨɝɨ) ɡɧɚɱɟɧɧɹ.  

ɉɪɢ ɩɨɛɭɞɨɜɿ ɫɬɚɬɢɫɬɢɱɧɢɯ ɦɨɞɟɥɟɣ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ 
ɩɪɟɞɫɬɚɜɥɟɧɧɹ  ɩɪɨɰɟɫɭ  ɭ ɜɢɝɥɹɞɿ ɜɢɩɚɞɤɨɜɨɝɨ ɪɹɞɭ. Ⱥ ɫɚɦɟ, 
ɪɨɡɤɥɚɞ ɡɚ ɜɥɚɫɧɢɦɢ ɮɭɧɤɰɿɹɦɢ ɤɨɪɟɥɹɰɿɣɧɨɝɨ ɨɩɟɪɚɬɨɪɚ 
ɛɪɨɭɧɿɜɫɶɤɨɝɨ ɦɨɫɬɭ  

 
1 0

1

sin
( ) 2 i

i

i t
t t

i


  






    

ɬɚ ɪɨɡɤɥɚɞ ɭ ɪɹɞ Ɏɭɪ’є ɧɚ   0,1t   

2 0 1 2
1

sin(2 ) 1 cos(2 )
( ) 2 ,

2 2
i i

i

it it
t t

i i

    
 





    
 

  

ɞɟ  0 1 2, , ,...   ,  1 2,i i  - ɧɟɡɚɥɟɠɧɿ ɫɬɚɧɞɚɪɬɧɿ ɝɚɭɫɫɨɜɿ ɜɢɩɚɞɤɨɜɿ 
ɜɟɥɢɱɢɧɢ, i i  - ɜɥɚɫɧɿ ɱɢɫɥɚ ɤɨɪɟɥɹɰɿɣɧɨɝɨ ɨɩɟɪɚɬɨɪɚ [2]. 

Ⱦɨɫɥɿɞɠɭєɬɶɫɹ ɜɢɩɚɞɨɤ, ɤɨɥɢ 1( )t ɬɚ 2 ( )t  ɫɬɪɨɝɨ ɫɭɛɝɚɭɫɫɨɜɿ 
ɜɢɩɚɞɤɨɜɿ ɩɪɨɰɟɫɢ. ɉɨɪɿɜɧɸɸɬɶɫɹ ɪɟɡɭɥɶɬɚɬɢ ɞɥɹ ɪɿɡɧɢɯ 
ɡɨɛɪɚɠɟɧɶ. 
Ʌіɬɟɪɚɬɭɪɚ 

1. ɋɚɛɟɥɶɮɟɥɶɞ Ʉ.Ʉ. Ɇɟɬɨɞɵ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɜ ɤɪɚɟɜɵɯ ɡɚɞɚɱɚɯ. - 
ɇɨɜɨɫɢɛɢɪɫɤ: ɇɚɭɤɚ, 1989. – 280 ɫ. 

176



2. Ƚɢɯɦɚɧ ɂ.ɂ., ɋɤɨɪɨɯɨɞ Ⱥ.ȼ. ȼɜɟɞɟɧɢɟ ɜ ɬɟɨɪɢɸ ɫɥɭɱɚɣɧɵɯ 
ɩɪɨɰɟɫɫɨɜ. – Ɇ.: ɇɚɭɤɚ, 1977. – 570 ɫ. 

 

 

ȾɈɋɅȱȾɀȿɇɇə ɄɊȺɃɈȼɂɏ ɁȺȾȺɑ ȾɅə ɇȿɅȱɇȱɃɇɂɏ 

ɊȱȼɇəɇЬ ȽȱɉȿɊȻɈɅȱɑɇɈȽɈ Ɍɂɉɍ ȼ ɈȻɅȺɋɌȱ ȱɁ 

ɋɄɅȺȾɇɈɘ ɋɌɊɍɄɌɍɊɈɘ ɄɊȺɘ 

ɉɢɬьɨɜɤɚ Ɉ.ɘ. 
Ɇɭɤɚɱɿɜɫɶɤɢɣ ɞɟɪɠɚɜɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, ɍɤɪɚʀɧɚ 

 oxana_pityovka@bigmir.net 
 

Ɋɨɡɝɥɹɞɚєɬɶɫɹ ɨɞɢɧ ɩɿɞɯɿɞ ɞɨɫɥɿɞɠɟɧɧɹ ɤɪɚɣɨɜɢɯ ɡɚɞɚɱ ɞɥɹ 
ɧɟɥɿɧɿɣɧɢɯ ɪɿɜɧɹɧɶ ɝɿɩɟɪɛɨɥɿɱɧɨɝɨ ɬɢɩɭ ɜ ɨɛɥɚɫɬɿ ɿɡ ɫɤɥɚɞɧɨɸ 
ɫɬɪɭɤɬɭɪɨɸ ɤɪɚɸ, ɚ ɫɚɦɟ ɞɨɫɥɿɞɠɭєɬɶɫɹ ɡɚɞɚɱɚ: ɜ ɩɪɨɫɬɨɪɿ ɮɭɧɤɰɿɣ 

(1.1) ( )ɋ D , 0 1 1 2{( , ) ( , ], ( ( ), ( ))},D x y x x x y g x g x    ɞɟ 0 1x x , 

( )iy g x  ( ),ix k y 1,2,i  –«ɜɿɥɶɧɿ» ɤɪɢɜɿ, ɩɪɢɱɨɦɭ '( ) 0,ig x   

1 1 1( ) ,i ig x y  2 1 1( ) ,i ig x y   0 1 2 3y y y y    ɡɧɚɣɬɢ ɪɨɡɜ’ɹɡɨɤ 
ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ 

2 ( , ) ( , , ( , )) : [ ( , )],L u x y f x y u x y f u x y           (1) 

ɞɟ 2L  – ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɣ ɨɩɟɪɚɬɨɪ, ɩɨɪɨɞɠɟɧɢɣ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦ 
ɜɢɪɚɡɨɦ (1.1) 1 2( , ) : ( , ) ( , ) ( , ) ( , ) ( , )xy x yl u x y u x y a x y u x y a x y u x y    

ɬɚ ɤɪɚɣɨɜɢɦɢ ɭɦɨɜɚɦɢ 
1

0 1( , ( )) ( ), ( ) ([ , ]),i i iu x g x x x C x x           (2) 

1
0 0 2( , ) ( ), ( ) ([ , ]),u x y y y C y y           (3) 

0 1 0 2 2 0( ) ( ), ( ) ( ).y x y x              (4) 

Ȼɭɞɭєɬɶɫɹ ɲɜɢɞɤɨɡɛɿɠɧɚ ɦɨɞɢɮɿɤɚɰɿɹ ɞɜɨɫɬɨɪɨɧɧɶɨɝɨ ɦɟɬɨɞɭ 
ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɤɪɚɣɨɜɨʀ ɡɚɞɚɱɿ Ⱦɚɪɛɭ-Ƚɭɪɫɚ-Ⱦɚɪɛɭ ɞɥɹ 
ɧɟɥɿɧɿɣɧɨɝɨ ɯɜɢɥɶɨɜɨɝɨ ɪɿɜɧɹɧɧɹ ɜ ɨɛɥɚɫɬɿ ɿɡ ɫɤɥɚɞɧɨɸ ɫɬɪɭɤɬɭɪɨɸ 
ɤɪɚɸ. ȼɫɬɚɧɨɜɥɸɸɬɶɫɹ ɭɦɨɜɢ ɿɫɧɭɜɚɧɧɹ ɿ єɞɢɧɨɫɬɿ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ 
(1), ɣɨɝɨ ɪɟɝɭɥɹɪɧɨɫɬɿ ɬɚ ɡɧɚɤɨɫɬɚɥɨɫɬɿ.   
Ʌіɬɟɪɚɬɭɪɚ 
1. Marynets V.V., Marynets K.V. On Goursat Darboux boundary-value 
problem for systems of non-linear differential equations of hyperbolic 
type//Miskolc Mathematical Notes.–2013.– Vol. 14,–№3.–P.1009-1020. 
2. Ɇɚɪɢɧɟɰɶ ȼ.ȼ., Ɇɚɪɢɧɟɰɶ Ʉ.ȼ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɤɪɚɣɨɜɨʀ ɚɞɚɱɿ 
Ƚɭɪɫɚ-Ⱦɚɪɛɭ ɞɥɹ ɧɟɥɿɧɿɣɧɨɝɨ ɪɿɜɧɹɧɧɹ ɝɿɩɟɪɛɨɥɿɱɧɨɝɨ ɬɢɩɭ // 
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Ɇɟɯɚɧɿɤɚ ɿ ɮɿɡɢɤɚ ɪɭɣɧɭɜɚɧɧɹ ɛɭɞɿɜɟɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɬɚ 
ɤɨɧɫɬɪɭɤɰɿɣ. – 2014.– ȼɢɩ.10. – ɋ.56-68. 
3. Marynets V.V., Marynets K.V., Pytovka O.Yu. On one constructive 
method of the differential equations of the hyperbolic type // ɇɚɭɤɨɜɢɣ 
ɜɿɫɧɢɤ ɍɠɝɨɪɨɞɫɶɤɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ–2015.– ȼɢɩ.№2 (27) – P.76-85. 

 
 

ɉɊɈȽɇɈɁɍȼȺɇɇə ɌȺ ɉɊɂɃɇəɌɌə ɊȱɒȿɇЬ  
ɁȺɋɈȻȺɆɂ ɆȺɌȿɆȺɌɂɑɇɂɏ ɆȿɌɈȾȱȼ 

Ɋɨɬɚɧьɨɜɚ ɇ.ɘ., Ɍɢɦɨɮєєɜɚ ȱ.Ȼ. 
Ɇɚɪɿɭɩɨɥɶɫɶɤɢɣ ɞɟɪɠɚɜɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, ɍɤɪɚʀɧɚ 
n.rotaneva@mdu.in.ua,  i.timofeeva@mdu.in.ua 

 
ȼɢɪɿɲɭɸɱɢ ɪɿɡɧɨɦɚɧɿɬɧɿ ɩɪɨɛɥɟɦɢ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɹɤ ɜ 

ɟɤɨɧɨɦɿɰɿ, ɬɟɯɧɿɰɿ, ɬɚɤ ɿ ɜ ɩɨɜɫɹɤɞɟɧɧɨɦɭ ɠɢɬɬɿ, ɧɚɦ ɩɨɫɬɿɣɧɨ 
ɞɨɜɨɞɢɬɶɫɹ ɫɬɢɤɚɬɢɫɹ ɡ ɩɪɨɛɥɟɦɨɸ ɩɪɢɣɧɹɬɬɹ ɛɭɞɶ-ɹɤɨɝɨ ɪɿɲɟɧɧɹ. 
ȼ ɟɤɨɧɨɦɿɰɿ ɜɨɧɢ ɩɟɪɟɞɭɸɬɶ ɫɬɜɨɪɟɧɧɸ ɜɢɪɨɛɧɢɱɢɯ ɿ 
ɝɨɫɩɨɞɚɪɫɶɤɢɯ ɨɪɝɚɧɿɡɚɰɿɣ, ɩɥɚɧɭɜɚɧɧɹ ɜɢɪɨɛɧɢɰɬɜɚ, ɡɚɛɟɡɩɟɱɭɸɬɶ 
ʀɯ ɨɩɬɢɦɚɥɶɧɟ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɿ ɜɡɚєɦɨɞɿɸ. Ɉɩɬɢɦɚɥɶɧɿ ɪɿɲɟɧɧɹ 
ɞɨɡɜɨɥɹɸɬɶ ɞɨɫɹɝɚɬɢ ɦɟɬɢ ɩɪɢ ɦɿɧɿɦɚɥɶɧɢɯ ɜɢɬɪɚɬɚɯ ɬɪɭɞɨɜɢɯ, 
ɦɚɬɟɪɿɚɥɶɧɢɯ ɿ ɫɢɪɨɜɢɧɧɢɯ ɪɟɫɭɪɫɿɜ. Ɍɨɦɭ, ɞɥɹ ɡɧɚɯɨɞɠɟɧɧɹ 
ɨɩɬɢɦɚɥɶɧɢɯ ɪɟɠɢɦɿɜ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɜɢɪɨɛɧɢɱɢɯ ɫɢɫɬɟɦ 
ɞɨɰɿɥɶɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɦɚɬɟɦɚɬɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ. 

ɓɨɛ ɪɨɡɜ’ɹɡɚɬɢ ɡɚɞɚɱɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɟɬɨɞɿɜ, 
ɫɥɿɞ ɫɩɨɱɚɬɤɭ ɫɤɥɚɫɬɢ ʀʀ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ, ɡɚɫɬɨɫɭɜɚɬɢ ɦɟɬɨɞɢ 
ɪɨɡɜ’ɹɡɚɧɧɹ (ɦɟɬɨɞɢ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱ ɥɿɧɿɣɧɨɝɨ ɩɪɨɝɪɚɦɭɜɚɧɧɹ: 
ɝɪɚɮɿɱɧɢɣ, ɫɢɦɩɥɟɤɫɧɢɣ ɚɛɨ ɜɿɞɩɨɜɿɞɧɿ ɦɟɬɨɞɢ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱ 
ɧɟɥɿɧɿɣɧɨɝɨ ɩɪɨɝɪɚɦɭɜɚɧɧɹ) ɬɚ ɿɧɬɟɪɩɪɟɬɭɜɚɬɢ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ. 

Ɇɢ ɩɪɨɩɨɧɭєɦɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɛɿɥɶɲ ɪɚɰɿɨɧɚɥɶɧɿ ɦɟɬɨɞɢ 
ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱ, ɚ ɫɚɦɟ ɡɚɫɨɛɚɦɢ ɬɚɛɥɢɱɧɨɝɨ ɪɟɞɚɤɬɨɪɚ 
Microsoft Excel ɭ ɜɿɤɧɿ «ɉɨɲɭɤ ɪɿɲɟɧɧɹ». 

Ɉɬɠɟ, ɜɢɜɱɟɧɧɹ ɿɧɫɬɪɭɦɟɧɬɚɪɿɸ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɟɬɨɞɿɜ, ɳɨ 
ɡɚɫɬɨɫɨɜɭєɬɶɫɹ ɞɨ ɮɨɪɦɚɥɿɡɚɰɿʀ ɡɚɜɞɚɧɶ ɪɟɚɥɶɧɢɯ ɩɪɟɞɦɟɬɧɢɯ 
ɨɛɥɚɫɬɟɣ, ɩɨɛɭɞɨɜɢ ɦɨɞɟɥɟɣ, ɡɧɚɯɨɞɠɟɧɧɹ ɨɩɬɢɦɿɡɚɰɿɣɧɢɯ 
ɪɨɡɜ’ɹɡɤɿɜ, ɳɨ ɧɟɨɛɯɿɞɧɿ ɞɥɹ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɬɚ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ є 
ɜɟɥɶɦɢ ɚɤɬɭɚɥɶɧɢɦ ɿ ɧɟɨɛɯɿɞɧɢɦ. 
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ȺɋɂɆɉɌɈɌɂɑɇȱ ȼɅȺɋɌɂȼɈɋɌȱ ȾɂɎȿɊȿɇɐȱȺɅЬɇɂɏ 
ɊȱȼɇəɇЬ Ɂȱ ɋɌɈɏȺɋɌɂɑɇɂɆɂ ɆȺɅɂɆɂ ȾɈȻȺȼɄȺɆɂ ȼ 

ɍɆɈȼȺɏ ȺɉɊɈɄɋɂɆȺɐȱȲ Ʌȿȼȱ 

ɋɚɦɨɣɥɟɧɤɨ ȱ.ȼ., ɇіɤіɬіɧ Ⱥ.ȼ. 
Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 

nikitin2505@gmail.com 
 
ɋɬɨɯɚɫɬɢɱɧɚ ɟɜɨɥɸɰɿɣɧɚ ɫɢɫɬɟɦɚ ɜ ɟɪɝɨɞɢɱɧɨɦɭ ɦɚɪɤɨɜɫɶɤɨɦɭ 

ɫɟɪɟɞɨɜɢɳɿ ɡɚɞɚєɬɶɫɹ ɫɬɨɯɚɫɬɢɱɧɢɦ ɞɢɮɮɟɪɟɧɰɿɚɥɶɧɢɦ ɪɿɜɧɹɧɧɹɦ 
2( ) ( ( ), ( / )) ( )du t C u t x t dt d t

     ,     ( ) Ru t
  ,      (1) 

ɞɟ ( )x t   – ɪɿɜɧɨɦɿɪɧɨ ɟɪɝɨɞɢɱɧɢɣ ɦɚɪɤɿɜɫɶɤɢɣ ɩɪɨɰɟɫ ɭ 
ɫɬɚɧɞɚɪɬɧɨɦɭ ɮɚɡɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ( , )X X . 

ȱɦɩɭɥɶɫɧɢɣ ɩɪɨɰɟɫ ɡɛɭɪɟɧɶ ( ), 0t t
  , ɭ ɫɯɟɦɿ ɚɩɪɨɤɫɢɦɚɰɿʀ 

Ʌɟɜɿ ɛɟɡ ɧɨɪɦɭɜɚɧɧɹ ɫɬɪɢɛɤɿɜ ɡɚɞɚєɬɶɫɹ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 

2

0

(t) ( , ( / )
t

ds x s
     , ɞɟ ɫɿɦɟɣɫɬɜɨ ɩɪɨɰɟɫɿɜ ɡ ɧɟɡɚɥɟɠɧɢɦɢ 

ɩɪɢɪɨɫɬɚɦɢ ( , ), 0,t x t x X
   , ɜɢɡɧɚɱɚєɬɶɫɹ ɝɟɧɟɪɚɬɨɪɚɦɢ 

2( ) ( ) ( ( ) ( )) ( , ),

R

x v dv x x X
           Γ .           (2) 

 ɇɟɯɚɣ ɜɢɤɨɧɭєɬɶɫɹ ɭɦɨɜɚ ɛɚɥɚɧɫɭ 

1 1: ( ) ( ) 0

X

a dx a x  ,                                   (3) 

Ɍɟɨɪɟɦɚ. ɇɟɯɚɣ ɿɫɧɭє ɮɭɧɤɰɿɹ Ʌɹɩɭɧɨɜɚ 3(u) C (R )d
V   ɫɢɫɬɟɦɢ  

(u)
du

dt
 ,                                                         (4) 

ɹɤɚ ɡɚɞɨɜɨɥьɧɹє ɭɦɨɜɚɦ 

ɋ1: 1 0 1 1| (x)R [L(x)V(u)] | M (u), 0V M   ;  

ɋ2: 2 0 1 2 2| (x)R [ (x)V(u)] | M (u), 0V M    ; 

ɋ3: 0 1 3 3| (x)R [ (x)V(u)] | M (u), 0C V M   ; 

ɋ4: 0 4 4| (x)R [L(x)V(u)] | M (u), 0C V M  ; 

ɋ5: 2 0 5 5| (x)R [L(x)V(u)] | M (u), 0V M   . 

ɇɟɯɚɣ ɜɢɤɨɧɭєɬьɫɹ ɭɦɨɜɚ ɛɚɥɚɧɫɭ (3) ɬɚ ɧɟɪɿɜɧɨɫɬɿ 
1( ) ( ) ( )u V u c V u    , 1 0c  ,                                (5) 
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2sup || ( ) ||
d

u R

u c


 , 2 0c  .                                      (6) 

Ɍɨɞɿ ɫɢɫɬɟɦɚ (1) ɚɫɢɦɩɬɨɬɢɱɧɨ ɞɢɫɢɩɚɬɢɜɧɚ. 
Ʌіɬɟɪɚɬɭɪɚ 
1.Korolyuk V.S. Stochastic Systems in Merging Phase Space / V.S. 
Korolyuk, N. Limnios // World Scientific, 2005. – 330 ɪ. 
2.Korolyuk V.S. Lévy and Poisson approximations of switched 
stochastic systems by a semimartingale approach / V.S. Korolyuk, 
N.Limnios, I.V. Samoilenko  // Comptes Rendus Mathématique, 354, 
2016, – ɊɊ..723-728. 
3.Ʉɿɧɚɲ Ⱥ.ȼ. Ⱥɫɢɦɩɬɨɬɢɱɧɚ ɞɢɫɢɩɚɬɢɜɧɿɫɬɶ ɜɢɩɚɞɤɨɜɨʀ ɟɜɨɥɸɰɿʀ ɡ 
ɿɦɩɭɥɶɫɧɢɦ ɡɛɭɪɟɧɧɹɦ / Ⱥ.ȼ. Ʉɿɧɚɲ, ə.Ɇ. ɑɚɛɚɧɸɤ, ɍ.Ɍ. ɏɿɦɤɚ // 
ȼɿɫɧɢɤ Ʉɇɍ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ. ɋɟɪɿɹ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɿ 
ɧɚɭɤɢ. – 2014. – ȼɢɩ. №4. – ɋ. 163-166.  

 
 

ȾɂɎȿɊȿɇɐȱȺɅЬɇȱ Ɋȱȼɇəɇɇə Ɂȱ ɋɌɈɏȺɋɌɂɑɇɂɆɂ 
ɆȺɅɂɆɂ ȾɈȻȺȼɄȺɆɂ ɍ ɋɏȿɆȱ ȺɉɊɈɄɋɂɆȺɐȱȲ Ʌȿȼȱ 

ɋɚɦɨɣɥɟɧɤɨ ȱ.ȼ., ɇіɤіɬіɧ Ⱥ.ȼ. 
Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 

nikitin2505@gmail.com 

 
ɋɬɨɯɚɫɬɢɱɧɚ ɟɜɨɥɸɰɿɣɧɚ ɫɢɫɬɟɦɚ ɜ ɟɪɝɨɞɢɱɧɨɦɭ ɦɚɪɤɨɜɫɶɤɨɦɭ 

ɫɟɪɟɞɨɜɢɳɿ ɡɚɞɚєɬɶɫɹ ɫɬɨɯɚɫɬɢɱɧɢɦ ɞɢɮɮɟɪɟɧɰɿɚɥɶɧɢɦ ɪɿɜɧɹɧɧɹɦ 
2 2( ) ( ( ), ( / )) ( , ( / ))du t C u t x t dt d t x t

      ,    ( ) Ru t
  ,   (1) 

ɞɟ ( )x t   – ɪɿɜɧɨɦɿɪɧɨ ɟɪɝɨɞɢɱɧɢɣ ɦɚɪɤɿɜɫɶɤɢɣ ɩɪɨɰɟɫ ɭ 
ɫɬɚɧɞɚɪɬɧɨɦɭ ɮɚɡɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ( , )X X , ɳɨ ɜɢɡɧɚɱɚєɬɶɫɹ 
ɝɟɧɟɪɚɬɨɪɨɦ  

( ) ( ) ( , )[ ( ) ( )]

X

x q x P x dy y x   Q , 

ɧɚ ɛɚɧɚɯɨɜɨɦɭ ɩɪɨɫɬɨɪɿ ( )B X  ɞɿɣɫɧɨɡɧɚɱɧɢɯ ɨɛɦɟɠɟɧɢɯ ɮɭɧɤɰɿɣ 
( )x

 
ɡ ɫɭɩɪɟɦɭɦ-ɧɨɪɦɨɸ || || max | ( ) |

x X
x 


 . 

Ɇɢ ɪɨɡɝɥɹɞɚɬɢɦɟɦɨ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɡɛɭɪɟɧɧɹ ɫɢɫɬɟɦɢ 
ɜɢɡɧɚɱɚɸɬɶɫɹ ɿɦɩɭɥɶɫɧɢɦ ɩɪɨɰɟɫɨɦ ( , )t x

  ɭ ɧɟɤɥɚɫɢɱɧɿɣ ɫɯɟɦɿ 
ɚɩɪɨɤɫɢɦɚɰɿʀ.  ɇɟɯɚɣ ɜɢɤɨɧɭɸɬɶɫɹ ɧɚɫɬɭɩɧɿ ɭɦɨɜɢ 

L1: Аɩɪɨɤɢɦɚɰɿɹ ɫɟɪɟɞɧɿɯ: 
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2
1 2v ( v, ) ( ) ( ( ) ( )),a

R

d x a x a x x
        ( ) 0, 0,a x    

ɬɚ  
2 2v ( v, ) ( ( ) ( )),b

R

d x b x x
      ( ) 0, 0.b x    

L2: ɍɦɨɜɚ ɧɚ ɦɿɪɭ ɫɬɪɢɛɤɿɜ: 
2(v) ( v, ) ( ( ) ( )),g g

R

g d x x x
      ( ) 0, 0g x   , 

0( ) (v) ( v, ).g

R

x g d x    

 L3: Ɋɿɜɧɨɦɿɪɧɚ ɤɜɚɞɪɚɬɢɱɧɚ ɿɧɬɟɝɪɨɜɧɿɫɬь: 
2

0

|v|

lim v ( v, ) 0.
c

c

d x




   

ɇɟɯɚɣ ɜɢɤɨɧɭєɬɶɫɹ ɭɦɨɜɚ ɛɚɥɚɧɫɭ 

1 1: ( ) ( ) 0

X

a dx a x  ,                               (2) 

Ɍɟɨɪɟɦɚ. ɉɪɢ ɜɢɤɨɧɚɧɧɿ ɭɦɨɜɢ ɛɚɥɚɧɫɭ (2) ɿ ɭɦɨɜ L1-L3  

ɝɚɪɚɧɬɨ-ɜɚɧɚ ɫɥɚɛɤɚ ɡɛɿɠɧɿɫɬь ɜ ɫɟɧɫɿ ɡɛɿɠɧɨɫɬɿ ɜɿɞɩɨɜɿɞɧɢɯ 
ɝɟɧɟɪɚɬɨɪɿɜ 

0( ) ( )t t
  , 0  . 

Ƚɪɚɧɢɱɧɢɣ ɩɪɨɰɟɫ 0 (t)  ɜɢɡɧɚɱɚєɬьɫɹ  ɝɟɧɟɪɚɬɨɪɨɦ 

2
2 0

1 ˆˆ( ) '( ) ''( ) [ ( v) ( )] ( v)
2

R

a v d                , 

ɿ є ɩɪɨɰɟɫɨɦ Ʌɟɜɿ, ɹɤɢɣ ɦɚє ɬɪɢ ɫɤɥɚɞɨɜɿ: ɞɟɬɟɪɦɿɧɨɜɚɧɢɣ ɡɫɭɜ, 
ɞɢɮɭɡɿɣɧɭ ɫɤɥɚɞɨɜɭ ɬɚ ɩɭɚɫɨɧɿɜɫьɤɭ ɫɬɪɢɛɤɨɜɭ ɱɚɫɬɢɧɭ. 
Ʌіɬɟɪɚɬɭɪɚ 
1.Korolyuk V.S. Stochastic Systems in Merging Phase Space / V.S. 
Korolyuk, N. Limnios // World Scientific, 2005. – 330 ɫ. 
2.Korolyuk V.S. Lévy and Poisson approximations of switched 
stochastic systems by a semimartingale approach / V.S. Korolyuk, 
N.Limnios, I.V. Samoilenko  // Comptes Rendus Mathématique, 354, 
2016, – ɊɊ.723-728. 
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ȺɅȽɈɊɂɌɆɂ ɊɈɁɉȺɊȺɅȿɅɘȼȺɇɇə ȾɅə ȼȿɄɌɈɊɇɂɏ 
ɁȺȾȺɑ ȾɂɋɄɊȿɌɇɈȲ ɈɉɌɂɆȱɁȺɐȱȲ 

ɋɟɦɟɧɨɜ ȼ.ȼ., ɑɚɣɤɚ Ⱦ.Ɉ. 
ȱɧɫɬɢɬɭɬ ɤɿɛɟɪɧɟɬɢɤɢ ɿɦɟɧɿ ȼ.Ɇ. Ƚɥɭɲɤɨɜɚ ɇȺɇ ɍɤɪɚʀɧɢ 

hunt.semen@gmail.com,  dasha.chayka@gmail.com 

 
Ɋɨɡɜ’ɹɡɚɧɧɹ ɨɞɧɨɤɪɢɬɟɪɿɚɥɶɧɢɯ ɬɚ ɜɟɤɬɨɪɧɢɯ ɡɚɞɚɱ ɞɢɫɤɪɟɬɧɨʀ 

ɨɩɬɢɦɿɡɚɰɿʀ ɧɚ ɩɨɫɥɿɞɨɜɧɢɯ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɦɚɲɢɧɚɯ ɜɢɦɚɝɚє 
ɿɫɬɨɬɧɢɯ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɪɟɫɭɪɫɿɜ (ɱɚɫɭ, ɩɚɦ'ɹɬɿ), ɳɨ ɩɨɜ'ɹɡɚɧɨ ɡ 
ɩɟɪɟɛɨɪɨɦ ɜɟɥɢɤɨʀ ɤɿɥɶɤɨɫɬɿ ɜɚɪɿɚɧɬɿɜ.  

Ɋɨɡɪɨɛɥɟɧɨ ɩɿɞɯɿɞ, ɨɪɿєɧɬɨɜɚɧɢɣ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɩɚɪɚɥɟɥɶɧɢɯ 
ɨɛɱɢɫɥɟɧɶ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɜɟɤɬɨɪɧɢɯ ɡɚɞɚɱ ɞɢɫɤɪɟɬɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ, 
ɜ ɹɤɨɦɭ ɞɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ɉɚɪɟɬɨ-ɨɩɬɢɦɚɥɶɧɢɯ ɪɨɡɜ’ɹɡɤɿɜ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɦɧɨɠɢɧɚ ɨɩɨɪɧɢɯ ɬɨɱɨɤ. ɉɨɛɭɞɨɜɚɧɨ ɩɚɪɚɥɟɥɶɧɿ 
ɚɥɝɨɪɢɬɦɢ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɿɞɟʀ ɥɨɤɚɥɶɧɨɝɨ ɩɨɲɭɤɭ, ɜ 
ɪɟɡɭɥɶɬɚɬɿ ɪɨɛɨɬɢ ɹɤɢɯ ɡɧɚɯɨɞɹɬɶɫɹ ɦɧɨɠɢɧɚ ɧɟɞɨɦɿɧɨɜɚɧɢɯ 
ɪɨɡɜ’ɹɡɤɿɜ, ɳɨ ɚɩɪɨɤɫɢɦɭє ɦɧɨɠɢɧɭ ɉɚɪɟɬɨ ɪɨɡɜ’ɹɡɭɜɚɧɨʀ ɡɚɞɚɱɿ, ɿ 
ɜɿɞɩɨɜɿɞɧɚ ʀɣ ɧɟɞɨɦɿɧɨɜɚɧɚ ɦɧɨɠɢɧɚ ɨɰɿɧɨɤ ɭ ɩɪɨɫɬɨɪɿ ɤɪɢɬɟɪɿʀɜ. Ɂ 
ɩɪɟɞɫɬɚɜɥɟɧɨʀ ɦɧɨɠɢɧɢ ɪɨɡɜ’ɹɡɤɿɜ, ɭ ɪɚɡɿ ɩɨɬɪɟɛɢ, ɨɫɨɛɚ, ɳɨ 
ɩɪɢɣɦɚє ɪɿɲɟɧɧɹ, ɦɨɠɟ ɜɢɛɪɚɬɢ ɨɞɢɧ ɚɛɨ ɞɟɤɿɥɶɤɚ ɜɚɪɿɚɧɬɿɜ 
ɪɨɡɜ’ɹɡɤɿɜ ɡɚɞɚɱɿ, ɳɨ ɜɢɞɚɸɬɶɫɹ ɚɥɝɨɪɢɬɦɨɦ. ɉɪɢ ɪɟɚɥɿɡɚɰɿʀ 
ɚɥɝɨɪɢɬɦɿɜ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɜɚ ɪɿɜɧɿ ɩɚɪɚɥɟɥɶɧɢɯ 
ɨɛɱɢɫɥɟɧɶ: ɪɿɜɟɧɶ ɨɩɨɪɧɢɯ ɬɨɱɨɤ ɬɚ ɪɿɜɟɧɶ ɚɥɝɨɪɢɬɦɭ ɥɨɤɚɥɶɧɨɝɨ 
ɩɨɲɭɤɭ. 

ɇɚɜɟɞɟɧɢɣ ɩɿɞɯɿɞ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɛɚɝɚɬɨɤɪɢɬɟɪɿɚɥɶɧɢɯ ɡɚɞɚɱ 
ɞɢɫɤɪɟɬɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ ɬɚ ɩɨɛɭɞɨɜɚɧɿ ɩɚɪɚɥɟɥɶɧɿ ɚɥɝɨɪɢɬɦɢ 
ɞɨɡɜɨɥɹɸɬɶ ɨɞɟɪɠɭɜɚɬɢ ɛɿɥɶɲ ɬɨɱɧɿ ɪɨɡɜ’ɹɡɤɢ ɡɚ ɦɟɧɲɢɣ ɱɚɫ. Ɍɚɤɿ 
ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɹɝɧɭɬɿ ɧɚ ɨɫɧɨɜɿ ɩɿɞɯɨɞɭ, ɡɚɫɧɨɜɚɧɨɦɭ ɧɚ ɩɨɛɭɞɨɜɿ 
ɮɭɧɤɰɿɣ ɫɤɚɥɹɪɢɡɚɰɿʀ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɦɧɨɠɢɧɢ ɨɩɨɪɧɢɯ ɬɨɱɨɤ, 
ɬɚ ɡɚ ɪɚɯɭɧɨɤ ɡɚɫɬɨɫɭɜɚɧɧɹ ɩɚɪɚɥɟɥɶɧɢɯ ɨɛɱɢɫɥɟɧɶ. Ɋɨɡɪɨɛɥɟɧɿ 
ɚɥɝɨɪɢɬɦɢ ɡɚɫɬɨɫɨɜɚɧɨ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɡɚɞɚɱɿ ɜɢɛɨɪɭ ɡɚɯɨɞɿɜ 
ɪɟɝɿɨɧɚɥɶɧɨʀ ɩɪɨɝɪɚɦɢ ɦɨɞɟɪɧɿɡɚɰɿʀ ɤɨɦɭɧɚɥɶɧɨʀ ɬɟɩɥɨɟɧɟɪɝɟɬɢɤɢ ɡ 
ɭɪɚɯɭɜɚɧɧɹɦ ɦɨɠɥɢɜɢɯ ɨɛɦɟɠɟɧɶ ɭ ɜɢɝɥɹɞɿ ɜɟɤɬɨɪɧɨʀ ɡɚɞɚɱɿ 
ɨɩɬɢɦɿɡɚɰɿʀ ɡ ɛɭɥɟɜɢɦɢ ɡɦɿɧɧɢɦɢ. 
Ʌіɬɟɪɚɬɭɪɚ 
1. ɋɟɦɟɧɨɜ ȼ.ȼ. Ⱥɥɝɨɪɢɬɦɢ ɪɨɡɩɚɪɚɥɟɥɸɜɚɧɧɹ ɨɛɱɢɫɥɟɧɶ ɞɥɹ 
ɜɟɤɬɨɪɧɢɯ ɡɚɞɚɱ ɞɢɫɤɪɟɬɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ // Ʉɨɦɩ’ɸɬɟɪɧɚ 
ɦɚɬɟɦɚɬɢɤɚ. – Ʉ: ȱɧ-ɬ ɤɿɛɟɪɧɟɬɢɤɢ ɿɦɟɧɿ ȼ.Ɇ. Ƚɥɭɲɤɨɜɚ ɇȺɇ 
ɍɤɪɚʀɧɢ, 2015. – № 1. – C. 134–141. 
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ɁȺȾȺɑȱ ȾɂɋɄɊȿɌɇɈȲ ɈɉɌɂɆȱɁȺɐȱȲ Ɂ ȾɊɈȻɈȼɈɘ 
ɐȱɅЬɈȼɈɘ ɎɍɇɄɐȱЄɘ ɌȺ ɄȿɊɈȼȺɇɂɆɂ ȾȺɇɂɆɂ ɁȺ 

ɍɆɈȼ ɇȿȼɂɁɇȺɑȿɇɈɋɌȱ 

ɋɟɦɟɧɨɜɚ ɇ.ȼ. 
ȱɧɫɬɢɬɭɬ ɤɿɛɟɪɧɟɬɢɤɢ ɿɦɟɧɿ ȼ.Ɇ. Ƚɥɭɲɤɨɜɚ ɇȺɇ ɍɤɪɚʀɧɢ 
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Ɂɚɞɚɱɿ, ɳɨ ɪɨɡɝɥɹɞɚɸɬɶɫɹ, ɜɢɧɢɤɚɸɬɶ ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ 
ɫɤɥɚɞɧɢɯ ɞɢɫɤɪɟɬɧɢɯ ɨɩɬɢɦɿɡɚɰɿɣɧɢɯ ɦɨɞɟɥɟɣ ɡ ɤɟɪɨɜɚɧɢɦɢ 
ɜɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɡɚ ɭɦɨɜ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ ɿ ɦɚɸɬɶ ɧɚɫɬɭɩɧɢɣ 
ɜɢɝɥɹɞ: Ɋ: max{max{f1(x)/f2(x),|f1F1, f2F2}|xXj}, ɞɟ Xj={xZ

n|αj 
gi(x)0, giGi, iNm={1,…,m}}  ɨɛɦɟɠɟɧɚ ɦɧɨɠɢɧɚ, jN2={1,2}, 
α1=, α2=, Zn – ɩɪɨɫɬɿɪ n – ɜɢɦɿɪɧɢɯ ɰɿɥɨɱɢɫɥɨɜɢɯ ɜɟɤɬɨɪɿɜ ɿɡ Rn, fj, 
gi : R

n R; Gi iNm – ɦɧɨɠɢɧɢ ɨɩɭɤɥɢɯ ɧɟɩɟɪɟɪɜɧɨ 
ɞɢɮɟɪɟɧɰɿɣɨɜɧɢɯ ɮɭɧɤɰɿɣ. ɉɨɛɭɞɨɜɚɧɿ ɬɚ ɨɛɝɪɭɧɬɨɜɚɧɿ ɦɟɬɨɞɢ 
ɞɟɤɨɦɩɨɡɢɰɿʀ ɬɨɱɧɨɝɨ ɬɚ ɧɚɛɥɢɠɟɧɨɝɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɬɚɤɢɯ ɡɚɞɚɱ, 
ɨɫɧɨɜɚɧɿ ɧɚ ɚɩɪɨɤɫɢɦɚɰɿʀ ʀɯ ɡɚɞɚɱɚɦɢ ɛɿɥɶɲ ɩɪɨɫɬɨʀ ɫɬɪɭɤɬɭɪɢ. 
ȼɨɧɢ ɩɨɥɹɝɚɸɬɶ ɭ ɩɨɫɥɿɞɨɜɧɨɦɭ ɪɨɡɜ’ɹɡɚɧɧɿ ɧɚɫɬɭɩɧɢɯ ɩɿɞɡɚɞɚɱ: 

ɞɥɹ ,j n
x ZÎ  j=1,2,…, ɡɚɞɚɱɿ ɆɊ: ( )0 0 1 2max | max ( ) / ( )

k

j j

j N
x x f x f x

Î

ìïï £íïïî
, 

j
if Fi, iN2, k=1,2,…; ( )min max ( ) ( ), 0,

j
lii

j jj j j
i i

j Ng G

g x g x x x
ÎÎ

+ Ñ - £  

iINm, l=1,2,…, }n
x ZÎ  ɬɚ ɞɜɨɯ ɡɚɞɚɱ { }1 1 1max ( ) |j

f x f FÎ  ɿ 

{ }2 2 2min ( ) |j
f x f FÎ . Ɂɚɩɪɨɩɨɧɨɜɚɧɿ ɦɟɬɨɞɢ є ɪɨɡɜɢɬɤɨɦ 

ɞɟɤɨɦɩɨɡɢɰɿɣɧɢɯ ɦɟɬɨɞɿɜ[1−3], ɛɚɡɭɸɬɶɫɹ ɧɚ ɿɞɟɹɯ ɪɟɥɚɤɫɚɰɿʀ, 
ɥɿɧɟɚɪɢɡɚɰɿʀ, ɜɿɞɬɢɧɚɸɱɢɯ ɩɥɨɳɢɧ Ʉɟɥɥɿ. ȼɨɧɢ ɩɨєɞɧɭɸɬɶ ɩɨɲɭɤ 
ɨɩɬɢɦɚɥɶɧɨɝɨ (ɧɚɛɥɢɠɟɧɨɝɨ) ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ Ɋ ɿɡ ɡɧɚɯɨɞɠɟɧɧɹɦ 
ɧɟɜɢɡɧɚɱɟɧɢɯ ɬɚ ɤɟɪɨɜɚɧɢɯ ɞɚɧɢɯ ɦɨɞɟɥɿ. Ɋɨɡɝɥɹɧɭɬɿ ɬɚɤɨɠ 
ɦɧɨɠɢɧɢ ɧɟɜɢɡɧɚɱɟɧɨɫɬɿ, ɳɨ ɨɩɢɫɭɸɬɶ ɜɯɿɞɧɿ ɞɚɧɿ ɡɚɞɚɱ, ɡɚ ɹɤɢɯ 
ɨɫɬɚɧɧɿ ɡɜɨɞɹɬɶɫɹ ɞɨ ɡɚɞɚɱ ɡ ɬɨɱɧɨ ɡɚɞɚɧɢɦɢ ɞɚɧɢɦɢ. 
Ʌіɬɟɪɚɬɭɪɚ 
1. ɋɟɦɟɧɨɜɚ ɇ.ȼ. Ɇɟɬɨɞɵ ɩɨɢɫɤɚ ɝɚɪɚɧɬɢɪɭɸɳɢɯ ɢ 
ɨɩɬɢɦɢɫɬɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɡɚɞɚɱ ɰɟɥɨɱɢɫɥɟɧɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɜ 
ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɞɚɧɧɵɯ // Ʉɢɛɟɪɧɟɬɢɤɚ ɢ ɫɢɫɬ. ɚɧɚɥɢɡ – 
2007, №1. – ɋ. 103-114. 
2. Ɋɨɳɢɧ ȼ.Ⱥ., ɋɟɦɟɧɨɜɚ ɇ.ȼ., ɋɟɪɝɢɟɧɤɨ ɂ.ȼ. Ⱦɟɤɨɦɩɨɡɢɰɢɨɧɧɵɣ 
ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɧɟɤɨɬɨɪɵɯ ɡɚɞɚɱ ɰɟɥɨɱɢɫɥɟɧɧɨɝɨ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫ ɧɟɬɨɱɧɵɦɢ ɞɚɧɧɵɦɢ // ɀɭɪɧ. ɜɵɱɢɫɥ. 
ɦɚɬɟɦɚɬɢɤɢ ɢ ɦɚɬ. ɮɢɡɢɤɢ. – 1990. – 29, №5.–786-791. 
3. ɋɟɦɟɧɨɜɚ ɇ.ȼ. Ƚɚɪɚɧɬɢɪɭɸɳɢɟ ɢ ɨɩɬɢɦɢɫɬɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ 

183



ɡɚɞɚɱ ɰɟɥɨɱɢ-ɫɥɟɧɧɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɫ ɜɵɩɭɤɥɵɦɢ ɤɜɚɞɪɚɬɢɱɧɵɦɢ 
ɮɭɧɤɰɢɹɦɢ ɨɝɪɚɧɢɱɟɧɢɣ // Ɍɟɨɪɿɹ ɨɩɬɢɦɚɥɶɧɢɯ ɪɿɲɟɧɶ. Ɂɛ. ɧɚɭɤ. 
ɩɪɚɰɶ. Ʉɢʀɜ: ȱɧ-ɬ ɤɿɛɟɪɧɟɬɢɤɢ ɿɦ. ȼ.Ɇ. Ƚɥɭɲɤɨɜɚ ɇȺɇɍ, 2006. – № 
5. – ɋ. 39– 47. 
 
 

ɆȺɌȿɆȺɌɂɄȺ ɎɍɇɄɐȱɈɇȺɅЬɇɂɏ ȱɇɌȿɊȼȺɅȱȼ ɌȺ ȲȲ 
ɁȺɋɌɈɋɍȼȺɇɇə 

ɋɟɧьɨ ɉ.ɋ. 
Ʌɶɜɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ ȱɜɚɧɚ Ɏɪɚɧɤɚ, ɍɤɪɚʀɧɚ 
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ɍ [1], [2], [3] ɪɨɡɪɨɛɥɟɧɚ ɦɚɬɟɦɚɬɢɤɚ, ɨɫɧɨɜɧɢɦɢ ɨɛ’єɤɬɚɦɢ ɹɤɨʀ 

є ɮɭɧɤɰɿɨɧɚɥɶɧɿ ɿɧɬɟɪɜɚɥɢ, ɨɡɧɚɱɟɧɿ ɜ ɩɪɨɫɬɨɪɿ ɨɛɦɟɠɟɧɢɯ ɜ 
ɿɧɬɟɪɜɚɥɿ X D R   ɮɭɧɤɰɿɣ. ɍ ɰɢɯ ɩɪɚɰɹɯ ɜɜɟɞɟɧɿ ɚɪɢɮɦɟɬɢɱɧɿ 
ɬɚ ɬɟɨɪɟɬɢɤɨ – ɦɧɨɠɢɧɧɿ ɨɩɟɪɚɰɿʀ ɧɚɞ ɬɚɤɢɦɢ ɨɛ’єɤɬɚɦɢ; ɩɨɧɹɬɬɹ 
ɜɿɞɞɚɥɿ, ɧɨɪɦɢ ɬɚ ɲɢɪɢɧɢ ʀɯ. 

 Ⱦɨɜɟɞɟɧɨ, ɳɨ ɤɜɚɡɿɥɿɧɿɣɧɢɣ ɩɪɨɫɬɿɪ ( )L X ɬɚɤɢɯ ɟɥɟɦɟɧɬɿɜ 
ɩɪɢ ɬɚɤ ɜɜɟɞɟɧɿɣ ɦɟɬɪɢɰɿ є ɩɨɜɧɢɦ ɦɟɬɪɢɱɧɢɦ ɩɪɨɫɬɨɪɨɦ, ɚ ɬɚɤ 
ɨɡɧɚɱɟɧɿ ɨɩɟɪɚɰɿʀ є ɧɟɩɟɪɟɪɜɧɢɦɢ ɬɚ ɡɚɦɤɧɟɧɢɦɢ. ɇɚ ɰɿɣ ɨɫɧɨɜɿ 
ɩɪɢɪɨɞɧɿɦ ɱɢɧɨɦ ɬɪɚɤɬɭєɬɶɫɹ ɡɛɿɠɧɿɫɬɶ ɩɨɫɥɿɞɨɜɧɨɫɬɟɣ ɬɚɤɢɯ 
ɟɥɟɦɟɧɬɿɜ.  

ɉɨɛɭɞɨɜɚɧɿ ɚɥɝɨɪɢɬɦɢ ɜɢɫɨɤɢɯ ɩɨɪɹɞɤɿɜ ɡɛɿɠɧɨɫɬɿ 
ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɚɥɝɟɛɪɚʀɱɧɢɯ ɬɚ ɬɪɚɧɫɰɟɧɞɟɧɬɧɢɯ ɪɿɜɧɹɧɶ ɿ 
ɧɟɪɿɜɧɨɫɬɟɣ, ɭ ɹɤɢɯ ɜɿɞɫɭɬɧɹ ɩɪɨɛɥɟɦɚ ɩɨɱɚɬɤɨɜɨɝɨ ɧɚɛɥɢɠɟɧɧɹ; 
ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱ ɨɩɬɢɦɿɡɚɰɿʀ; ɚɥɝɨɪɢɬɦɢ ɞɜɨɯɫɬɨɪɨɧɧɶɨʀ  
ɚɩɪɨɤɫɢɦɚɰɿʀ ɮɭɧɤɰɿɣ ɧɚ ɡɚɞɚɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɧɟɥɿɧɿɣɧɢɦɢ 
ɫɩɥɚɣɧɚɦɢ; ɩɨɱɚɬɤɨɜɢɯ ɬɚ ɝɪɚɧɢɱɧɢɯ ɡɚɞɚɱ ɞɥɹ ɡɜɢɱɚɣɧɢɯ 
ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ, ɪɨɡɜ’ɹɡɤɢ ɹɤɢɯ ɨɬɪɢɦɭєɦɨ ɭ ɜɢɝɥɹɞɿ ɩɚɪ 
ɤɜɚɞɪɚɬɢɱɧɢɯ ɫɩɥɚɣɧɿɜ, ɹɤɿ ɡ ɧɚɩɟɪɟɞ ɡɚɞɚɧɨɸ ɬɨɱɧɿɫɬɸ 
ɝɚɪɚɧɬɨɜɚɧɨ ɦɿɫɬɹɬɶ ɰɟɣ ɪɨɡɜ’ɹɡɨɤ.  

Ⱦɨɜɟɞɟɧɚ ɬɟɨɪɟɦɚ, ɜɢɫɧɨɜɤɢ ɹɤɨʀ ɞɚɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɭɫɭɜɚɬɢ 
ɟɮɟɤɬ ɧɚɤɨɩɢɱɟɧɧɹ ɩɨɯɢɛɨɤ ɱɢɫɟɥɶɧɢɯ ɦɟɬɨɞɿɜ.  

Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɪɿɡɧɢɯ ɜɢɞɿɜ ɞɨɫɥɿɞɠɟɧɶ ɬɚɤɢɯ ɦɟɬɨɞɿɜ ɜɜɟɞɟɧɿ 
ɜɿɞɩɨɜɿɞɧɿ ɜɿɞɞɚɥɿ, ɧɨɪɦɢ, ɲɢɪɢɧɢ ɬɚɤɢɯ ɟɥɟɦɟɧɬɿɜ.  
Ʌіɬɟɪɚɬɭɪɚ 
1. ɉ.ɋ. ɋɟɧɶɨ Ⱥɪɢɮɦɟɬɢɤɚ ɥɿɧɿɣɧɢɯ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɿɧɬɟɪɜɚɥɿɜ / 
ɉ.ɋ. ɋɟɧɶɨ // ȼɿɫɧ. Ʌɶɜɿɜ. ɭɧ-ɬɭ. ɋɟɪ. ɩɪɢɤɥ. ɦɚɬɟɦ. ɬɚ ɿɧɮɨɪɦ. - 
2014. – ȼɢɩ. 21. ɋ. 38 -57. 
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2. ɉ.ɋ. ɋɟɧɶɨ Ɍɨɩɨɥɨɝɿɹ ɩɪɨɫɬɨɪɭ ɥɿɧɿɣɧɢɯ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 
ɿɧɬɟɪɜɚɥɿɜ / ɉ.ɋ. ɋɟɧɶɨ // Ɇɚɬɟɦ. ɬɚ ɤɨɦɩ. ɦɨɞɟɥɸɜɚɧɧɹ. ɋɟɪɿɹ: 
ɮɿɡɢɤɨ-ɦɚɬɟɦ. ɧɚɭɤɢ. - 2014. – ȼɢɩ. 11. ɋ. 209- 223. 
3. ɉ.ɋ. ɋɟɧɶɨ Ⱦɟɹɤɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɚɬɟɦɚɬɢɤɢ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 
ɿɧɬɟɪɜɚɥɿɜ / ɉ.ɋ. ɋɟɧɶɨ // Ɇɚɬɟɦ. ɬɚ ɤɨɦɩ. ɦɨɞɟɥɸɜɚɧɧɹ. ɋɟɪɿɹ: 
ɮɿɡɢɤɨ-ɦɚɬɟɦ. ɧɚɭɤɢ. - 2016. – ȼɢɩ. 13. ɋ. 182- 193. 
 
 

ɆȿɌɈȾ ɊɈɁȼ’əɁɍȼȺɇɇə ɁȺȾȺɑȱ ɄɈɒȱ, ɁȺɋɇɈȼȺɇɂɃ 
ɇȺ  ɆȺɌȿɆȺɌɂɐȱ ɎɍɇɄɐȱɈɇȺɅЬɇɂɏ ȱɇɌȿɊȼȺɅȱȼ  

ɋɟɧьɨ ɉ.ɋ., ɋɬɨɣɤɨ Ɍ.ȱ. 
Ʌɶɜɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ ȱɜɚɧɚ Ɏɪɚɧɤɚ, ɍɤɪɚʀɧɚ 

petrosny@ukr.net, tani4ka26@gmail.com  

 
Ⱦɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱɿ Ʉɨɲɿ ɞɥɹ ɡɜɢɱɚɣɧɢɯ 

ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ ɪɿɜɧɹɧɶ 
( , ( )),y f x y x                                            (1) 

0 0( )y x y                                               (2) 

ɧɚ ɩɪɨɦɿɠɤɭ  ,a b  ɭ [2] ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɿɧɬɟɪɜɚɥɶɧɢɣ ɦɟɬɨɞ, 
ɜɿɞɨɦɢɣ ɹɤ ɦɟɬɨɞ Ɇɭɪɚ. Ɉɞɧɚɤ, ɜɿɧ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɛɭɞɭɜɚɬɢ 
ɞɜɨɯɫɬɨɪɨɧɧɿ ɧɚɛɥɢɠɟɧɧɹ ɪɨɡɜ’ɹɡɤɭ ɡɚɞɚɱɿ (1) - (2) ɭ ɜɫɿɯ ɬɨɱɤɚɯ 
ɰɶɨɝɨ ɩɪɨɦɿɠɤɭ ɥɢɲɟ ɭ ɜɢɝɥɹɞɿ ɥɿɧɿɣɧɢɯ ɫɩɥɚɣɧɿɜ.   

ȼ [1] ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɦɟɬɨɞɢɤɚ ɩɨɛɭɞɨɜɢ ɿ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɬɨɞɿɜ 
ɨɬɪɢɦɚɧɧɹ ɝɚɪɚɧɬɨɜɚɧɢɯ ɞɜɨɯɫɬɨɪɨɧɧɿɯ ɚɩɪɨɤɫɢɦɚɰɿɣ ɪɨɡɜ’ɹɡɤɭ 
ɡɚɞɚɱɿ (1) - (2) ɧɚ ɨɫɧɨɜɿ ɦɚɬɟɦɚɬɢɤɢ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɿɧɬɟɪɜɚɥɿɜ ɭ 
ɜɢɝɥɹɞɿ ɩɚɪ ɤɜɚɞɪɚɬɢɱɧɢɯ ɫɩɥɚɣɧɿɜ ɡ ɧɚɩɟɪɟɞ ɡɚɞɚɧɨɸ ɹɤ ɡɚɜɝɨɞɧɨ 
ɦɚɥɨɸ ɦɚɤɫɢɦɚɥɶɧɨɸ ɲɢɪɢɧɨɸ ɣɨɝɨ ɨɛɦɟɠɧɢɤɚ.  

Ɂɝɿɞɧɨ ɰɿєʀ ɦɟɬɨɞɢɤɢ, ɩɨɛɭɞɨɜɚɧɢɣ ɿ ɞɨɫɥɿɞɠɟɧɢɣ ɚɧɚɥɨɝ ɦɟɬɨɞɚ 
Ɇɭɪɚ, ɜ ɹɤɨɦɭ ɿɧɬɟɪɜɚɥɶɧɿ ɪɨɡɲɢɪɟɧɧɹ ɮɭɧɤɰɿʀ  , ( )f x y x  

ɡɚɦɿɧɸɸɬɶɫɹ ɜɿɞɩɨɜɿɞɧɢɦɢ ɥɿɧɿɣɧɢɦɢ ɮɭɧɤɰɿɨɧɚɥɶɧɢɦɢ 
ɿɧɬɟɪɜɚɥɚɦɢ [1]. Ⱦɥɹ ɩɨɛɭɞɨɜɢ ʀɯ ɜɪɚɯɨɜɭєɬɶɫɹ ɬɟ, ɳɨ ɦɢɬɬєɜɢɣ 
ɪɨɡɜɢɬɨɤ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɜ ɤɨɠɧɿɣ ɬɨɱɰɿ ɨɛɥɚɫɬɿ 
ɜɢɡɧɚɱɟɧɧɹ ɛɭɞɶ - ɹɤɨʀ ɞɢɮɟɪɟɧɰɿɣɨɜɧɨʀ ɮɭɧɤɰɿʀ ɜɿɞɛɭɜɚєɬɶɫɹ 
ɜɡɞɨɜɠ ʀʀ ɞɨɬɢɱɧɨʀ ɜ ɰɿɣ ɬɨɱɰɿ. 

ɍɫɭɧɟɧɧɹ ɟɮɟɤɬɭ ɧɚɤɨɩɢɱɟɧɧɹ ɩɨɯɢɛɨɤ ɜ ɡɚɩɪɨɩɨɧɨɜɚɧɨɦɭ 
ɦɨɞɢɮɿɤɨɜɚɧɨɦɭ ɦɟɬɨɞɿ  ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɡɜɢɱɧɨɸ ɦɟɬɨɞɢɤɨɸ [1]. 
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ɇɚ ɨɫɧɨɜɿ ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɦɟɬɨɞɭ ɩɨɛɭɞɨɜɚɧɢɣ ɦɟɬɨɞ  
ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱɿ Ʉɨɲɿ ɞɥɹ ɫɢɫɬɟɦ ɡɜɢɱɚɣɧɢɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɯ 
ɪɿɜɧɹɧɶ.  
Ʌіɬɟɪɚɬɭɪɚ 
1. ɋɟɧɶɨ ɉ.ɋ. Ⱦɟɹɤɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɚɬɟɦɚɬɢɤɢ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ 
ɿɧɬɟɪɜɚɥɿɜ / ɉ.ɋ. ɋɟɧɶɨ // Ɇɚɬɟɦ. ɬɚ ɤɨɦɩ. ɦɨɞɟɥɸɜɚɧɧɹ. ɋɟɪɿɹ: 
ɮɿɡɢɤɨ-ɦɚɬɟɦ. ɧɚɭɤɢ. - 2016. – ȼɢɩ. 13. ɋ. 182- 193. 
2.  Moore R. E. Interval Analysis / R. E. Moore//,  Prentice – Hall, 
Englewood Cliffs, N7, - 1966.  
 
 

ɉɂɌȺɇɇə ɉɊɂɁɇȺɑȿɇɇə ȱ ɉɊȿȾɋɌȺȼɅȿɇɇə 
ȱɇɌȿɅȿɄɌɍȺɅЬɇɂɏ ɆȿɌȺɉɊɈɐȿȾɍɊ 

ɋɬɨɥɹɪɟɧɤɨ ɇ.ȼ. 
Ɇɿɠɧɚɪɨɞɧɢɣ ɧɚɭɤɨɜɨ-ɧɚɜɱɚɥɶɧɢɣ ɰɟɧɬɪ ɿɧɮɨɪɦɚɰɿɣɧɢɯ 

ɬɟɯɧɨɥɨɝɿɣ ɬɚ ɫɢɫɬɟɦ ɇȺɇ ɍɤɪɚʀɧɢ 
savtav2@ukr.nkr.net 

 
Ɂ ɦɟɬɨɸ ɨɪɝɚɧɿɡɚɰɿʀ ɫɢɧɯɪɨɧɧɨʀ  ɪɨɛɨɬɢ ɞɜɨɯ ɩɿɞɪɨɡɞɿɥɿɜ – ɰɟɯɚ 

ɨɛɪɨɛɤɢ ɝɧɭɱɤɨɝɨ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɣ 
ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɫɢɫɬɟɦɢ – ɧɟɨɛɯɿɞɧɨ ɡɞɿɣɫɧɢɬɢ ɩɟɜɧɭ 
ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɟɬɚɩɿɜ ɪɨɡɪɚɯɭɧɤɿɜ. ɇɚ ɤɨɠɧɨɦɭ ɟɬɚɩɿ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɪɿɡɧɿ ɿɧɬɟɥɟɤɬɭɚɥɶɧɿ ɦɟɬɚɩɪɨɰɟɞɭɪɢ. 
Ɂɚɫɬɨɫɭɜɚɧɧɹ ɬɨʀ ɱɢ ɿɧɲɨʀ ɦɟɬɚɩɪɨɰɟɞɭɪɢ ɦɚє ɧɚ ɦɟɬɿ ɩɨɛɭɞɨɜɭ 
ɫɤɥɚɞɧɨɝɨ ɨɛ’єɤɬɚ (ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɩɪɨɫɬɢɯ ɟɥɟɦɟɧɬɿɜ) ɿ (ɚɛɨ) 
ɨɛɱɢɫɥɟɧɧɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɰɢɯ ɟɥɟɦɟɧɬɿɜ. Ɉɬɪɢɦɚɧɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɡɞɿɣɫɧɸɜɚɬɢ ɩɨɞɚɥɶɲɿ 
ɪɨɡɪɚɯɭɧɤɢ. ȼ ɹɤɨɫɬɿ ɩɪɢɤɥɚɞɿɜ ɫɤɥɚɞɧɢɯ ɨɛ’єɤɬɿɜ ɦɨɠɭɬɶ 
ɜɢɫɬɭɩɚɬɢ ɤɨɪɬɟɠɢ ɤɜɚɧɬɿɜ ɱɚɫɭ, ɱɟɪɝɢ ɡɚɹɜɨɤ, ɦɚɬɪɢɰɿ ɜɯɿɞɧɢɯ 
ɞɚɧɢɯ ɬɨɳɨ. ȼɿɞɦɿɬɢɦɨ ɬɚɤɨɠ, ɳɨ ɦɟɬɚɩɪɨɰɟɞɭɪɚ – ɰɟ ɛɚɝɚɬɨɯɨɞɨɜɚ 
ɩɪɨɰɟɞɭɪɚ. Ɍɨɦɭ ɧɟɨɛɯɿɞɧɨ, ɳɨɛ ɛɭɥɢ ɡɚɞɚɧɿ ɭɦɨɜɢ ɩɨɜɬɨɪɟɧɧɹ ɿ 
ɡɚɜɟɪɲɟɧɧɹ ʀʀ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ. 

ȼ ɪɨɛɨɬɿ ɧɚɜɟɞɟɧɚ ɩɨɫɬɚɧɨɜɤɚ ɨɩɬɢɦɿɡɚɰɿɣɧɨʀ ɡɚɞɚɱɿ ɪɨɡɦɿɳɟɧɧɹ. 
Ⱦɟɬɚɥɿ ɡɝɿɞɧɨ ɰɿєʀ ɡɚɞɚɱɿ ɩɨɜɢɧɧɿ ɛɭɬɢ ɪɨɡɦɿɳɟɧɿ ɞɥɹ ɩɨɞɚɥɶɲɨʀ 
ɨɛɪɨɛɤɢ ɜ ɤɜɚɧɬɚɯ ɱɚɫɭ ɪɿɡɧɨʀ ɞɨɜɠɢɧɢ. ȼɤɚɡɚɧɿ ɞɨɜɠɢɧɢ ɹɜɥɹɸɬɶ 
ɫɨɛɨɸ ɚɪɢɮɦɟɬɢɱɧɭ ɩɪɨɝɪɟɫɿɸ. Ⱥɧɚɥɿɡ ɜɯɿɞɧɢɯ ɞɚɧɢɯ ɮɿɤɫɭє 
ɜɿɞɫɭɬɧɿɫɬɶ ɡɧɚɱɟɧɶ ɤɨɟɮɿɰɿєɧɬɿɜ ɩɪɢ ɧɟɜɿɞɨɦɢɯ ɜ ɮɭɧɤɰɿʀ ɰɿɥɿ. 
Ɍɨɦɭ ɜɢɧɢɤɚє ɡɚɞɚɱɚ ɩɨɛɭɞɨɜɢ ɦɚɬɪɢɰɿ ɡɧɚɱɟɧɶ ɜɤɚɡɚɧɢɯ 
ɤɨɟɮɿɰɿєɧɬɿɜ. Ɂ ɰɿєɸ ɦɟɬɨɸ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɦɟɬɚɩɪɨɰɟɞɭɪɚ 
«ɋɢɦɟɬɪɿɹ ɜ ɚɪɢɮɦɟɬɢɱɧɿɣ ɩɪɨɝɪɟɫɿʀ». 
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Ɂɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɚɩɪɨɰɟɞɭɪɢ ɩɨɜɢɧɧɨ ɫɭɩɪɨɜɨɞɠɭɜɚɬɢɫɶ 
ɮɿɤɫɚɰɿєɸ ɩɟɜɧɢɯ ɡɧɚɧɶ. ȼ ɪɨɛɨɬɿ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ, ɡɧɚɧɧɹ 
ɩɪɟɞɫɬɚɜɥɟɧɿ ɭ ɜɢɝɥɹɞɿ ɮɪɟɣɦɨɜɢɯ ɦɨɞɟɥɟɣ. ɋɥɨɬɢ ɮɪɟɣɦɿɜ ɦɿɫɬɹɬɶ 
ɬɚɤɿ ɡɧɚɧɧɹ ɹɤ: ɿɦ’ɹ ɦɟɬɚɩɪɨɰɟɞɭɪɢ; ɫɜɿɬ ʀʀ ɞɿʀ; ɨɛ’єɤɬɢ ɬɚ ʀɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɦɿɠ ɤɨɬɪɢɦɢ ɜɫɬɚɧɨɜɥɸєɬɶɫɹ ɜɿɞɧɨɲɟɧɧɹ; 
ɩɨɫɢɥɚɧɧɹ ɧɚ ɩɿɞɝɨɬɨɜɱɿ ɪɨɡɪɚɯɭɧɤɢ; ɩɨɫɢɥɚɧɧɹ ɧɚ ɪɨɡɪɚɯɭɧɤɢ, 
ɩɨɜ’ɹɡɚɧɿ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɟɬɚɩɪɨɰɟɞɭɪɢ; ɭɦɨɜɢ ɩɨɜɬɨɪɭ ɿ 
ɡɚɜɟɪɲɟɧɧɹ ɞɿʀ ɦɟɬɚɩɪɨɰɟɞɭɪɢ; ɪɟɡɭɥɶɬɚɬ ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɦɟɬɚɩɪɨɰɟɞɭɪɢ.  

 

 

ɆȿɌɈȾɂ ɉɋȿȼȾɈȱɇȼȿɊɋɇɈȲ ȺɅȽȿȻɊɂ ȼ ɁȺȾȺɑȺɏ 
ɆȺɌȿɆȺɌɂɑɇɈȽɈ ɆɈȾȿɅɘȼȺɇɇə ȾɂɇȺɆȱɄɂ 

ɇȿɉɈȼɇɈ ȼɂɁɇȺɑȿɇɂɏ ɌɊɂȼɂɆȱɊɇɂɏ ɉɊɍɀɇɂɏ ɌȱɅ 

ɋɬɨɹɧ ȼ.Ⱥ., Ⱦɚɧɢɲ ɋ.Ɍ. 
Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, 

ɍɤɪɚʀɧɚ 
v_a_stoyan@ukr.net, danysh@i.ua 

 
ɉɪɟɞɦɟɬɨɦ ɞɨɫɥɿɞɠɟɧɧɹ ɚɜɬɨɪɿɜ є ɜɚɠɤɨɪɨɡɜ’ɹɡɧɿ ɡɚɞɚɱɿ 

ɤɥɚɫɢɱɧɨʀ ɬɟɨɪɿʀ ɩɪɭɠɧɨɫɬɿ ɩɨ ɩɨɛɭɞɨɜɿ ɜɟɤɬɨɪ-ɮɭɧɤɰɿʀ ɫɬɚɧɭ 
ɩɪɨɫɬɨɪɨɜɨ ɜɢɡɧɚɱɟɧɨɝɨ ɩɪɭɠɧɨɝɨ ɬɿɥɚ ɬɚ ɤɟɪɭɜɚɧɧɹ ɧɟɸ. 
Ɉɫɨɛɥɢɜɿɫɬɸ ɩɨɫɬɚɧɨɜɨɤ ɡɚɞɚɱ є ɬɟ, ɳɨ ɜɨɧɢ ɮɨɪɦɭɥɸɸɬɶɫɹ ɿ 
ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɛɟɡ ɨɛɦɟɠɟɧɶ ɧɚ ɝɟɨɦɟɬɪɢɱɧɭ ɮɨɪɦɭ ɬɿɥɚ, ɧɚ 
ɫɬɪɭɤɬɭɪɭ, ɤɿɥɶɤɿɫɬɶ ɬɚ ɹɤɿɫɬɶ (ɞɢɫɤɪɟɬɧɿ, ɧɟɩɟɪɟɪɜɧɿ) ɫɩɨɫɬɟɪɟɠɟɧɶ 
ɡɚ ɩɨɱɚɬɤɨɜɢɦ ɫɬɚɧɨɦ ɬɿɥɚ ɬɚ ɩɨɬɨɱɧɨɸ ɿɧɮɨɪɦɚɰɿєɸ ɩɪɨ ɞɢɧɚɦɿɤɭ 
ɣɨɝɨ ɡɨɜɧɿɲɧɶɨʀ ɩɨɜɟɪɯɧɿ. 

ɇɚɡɜɚɧɚ ɜɢɳɟ ɩɨɱɚɬɤɨɜɨ-ɤɪɚɣɨɜɚ ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ ɜ ɩɨɫɬɚɧɨɜɤɚɯ 
ɡɚɞɚɱ ɟɥɚɫɬɨɞɢɧɚɦɿɤɢ ɪɨɡɝɥɹɞɭɜɚɧɢɯ ɦɟɯɚɧɿɱɧɢɯ ɨɛ’єɤɬɿɜ ɪɨɛɢɬɶ ʀɯ 
ɧɟɪɨɡɜ’ɹɡɧɢɦɢ ɜɿɞɨɦɢɦɢ ɦɚɬɟɦɚɬɢɱɧɢɦɢ ɬɚ ɱɢɫɟɥɶɧɨ-
ɚɧɚɥɿɬɢɱɧɢɦɢ ɦɟɬɨɞɚɦɢ. ɓɟ ɛɿɥɶɲɿ ɩɪɨɛɥɟɦɢ ɜɢɧɢɤɚɸɬɶ ɩɪɢ 
ɪɨɡɜ’ɹɡɚɧɧɿ ɡɚɞɚɱ ɤɟɪɭɜɚɧɧɹ ɪɨɡɝɥɹɞɭɜɚɧɢɦɢ ɬɿɥɚɦɢ ɩɨ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨɦɭ ɧɚɛɥɢɠɟɧɧɸ ʀɯ ɜɟɤɬɨɪ-ɮɭɧɤɰɿʀ ɫɬɚɧɭ ɞɨ 
ɞɢɫɤɪɟɬɧɨ ɬɚ ɧɟɩɟɪɟɪɜɧɨ ɜɢɡɧɚɱɟɧɢɯ ɛɚɠɚɧɢɯ ɡɧɚɱɟɧɶ, ɨɫɨɛɥɢɜɨ, 
ɹɤɳɨ ɜɪɚɯɭɜɚɬɢ, ɳɨ ɞɨ ɤɟɪɭɸɱɢɯ ɮɚɤɬɨɪɿɜ ɜɿɞɧɨɫɹɬɶɫɹ ɨɛ’єɦɧɨ, 
ɩɨɱɚɬɤɨɜɨ ɬɚ ɩɨɜɟɪɯɧɟɜɨ ɜɢɡɧɚɱɟɧɿ ɡɨɜɧɿɲɧɶɨɞɢɧɚɦɿɱɧɿ ɡɛɭɪɸɸɱɿ 
ɮɚɤɬɨɪɢ, ɜɡɹɬɿ ɩɨ ɨɞɧɨɦɭ, ɩɨ ɞɜɚ ɿ ɜɫɿ ɬɪɢ ɪɚɡɨɦ. 

Ɂɚɦɿɧɨɸ ɧɚɹɜɧɢɯ ɫɩɨɫɬɟɪɟɠɟɧɶ ɡɚ ɫɬɚɧɨɦ ɬɿɥɚ ɞɢɫɤɪɟɬɧɨ ɬɚ 
ɧɟɩɟɪɟɪɜɧɨ ɜɢɡɧɚɱɟɧɢɦɢ ɦɨɞɟɥɸɸɱɢɦɢ ɮɭɧɤɰɿɹɦɢ ɫɩɟɤɬɪ 
ɪɨɡɝɥɹɞɭɜɚɧɢɯ ɡɚɞɚɱ ɡɜɨɞɢɬɶɫɹ [1] ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɫɢɫɬɟɦ ɥɿɧɿɣɧɢɯ 
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ɚɥɝɟɛɪɚʀɱɧɢɯ, ɿɧɬɟɝɪɚɥɶɧɢɯ ɬɚ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɪɿɜɧɹɧɶ, 
ɩɫɟɜɞɨɪɨɡɜ’ɹɡɤɚɦɢ ɹɤɢɯ ɜɢɡɧɚɱɚɸɬɶɫɹ ɜɫɿ ɤɟɪɭɸɱɿ 
ɡɨɜɧɿɲɧɶɨɞɢɧɚɦɿɱɧɿ ɮɚɤɬɨɪɢ. Ⱦɥɹ ɤɨɠɧɨʀ ɿɡ ɪɨɡɝɥɹɞɭɜɚɧɢɯ ɡɚɞɚɱ 
ɡɚɩɢɫɭɸɬɶɫɹ ɭɦɨɜɢ ɬɨɱɧɨɫɬɿ ɬɚ ɨɞɧɨɡɧɚɱɧɨɫɬɿ ɪɨɡɜ’ɹɡɚɧɧɹ 
ɜɿɞɩɨɜɿɞɧɢɯ ɪɿɜɧɹɧɶ, ɚ ɨɬɠɟ ɿ ɡɚɞɚɱɿ ɜ ɰɿɥɨɦɭ.  
Ʌіɬɟɪɚɬɭɪɚ 
1. ɋɬɨɹɧ ȼ. Ⱥ. Ɇɚɬɟɦɚɬɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɥɿɧɿɣɧɢɯ, ɤɜɚɡɿɥɿɧɿɣɧɢɯ ɿ 
ɧɟɥɿɧɿɣɧɢɯ ɞɢɧɚɦɿɱɧɢɯ ɫɢɫɬɟɦ. – Ʉɢʀɜ.: ȼɉɐ «Ʉɢʀɜɫɶɤɢɣ 
ɭɧɿɜɟɪɫɢɬɟɬ», 2011. – 310 ɫ. 
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ɇɚɩɿɜɧɚɬɭɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɹɜɥɹє ɫɨɛɨɸ ɞɨɫɥɿɞɠɟɧɧɹ 

ɤɟɪɨɜɚɧɢɯ ɫɢɫɬɟɦ ɧɚ ɦɨɞɟɥɸɸɬɶ ɤɨɦɩɥɟɤɫɚɯ ɡ ɜɤɥɸɱɟɧɧɹɦ ɞɨ 
ɫɤɥɚɞɭ ɦɨɞɟɥɿ ɪɟɚɥɶɧɢɯ ɛɥɨɤɿɜ ɚɛɨ ɜɭɡɥɿɜ ɨɛ'єɤɬɚ. ɐɟ ɦɨɞɟɥɸɜɚɧɧɹ 
ɡ ɪɟɚɥɶɧɨɸ ɚɩɚɪɚɬɭɪɨɸ, ɩɪɢ ɹɤɨɦɭ ɱɚɫɬɢɧɚ ɫɢɫɬɟɦɢ ɦɨɞɟɥɸєɬɶɫɹ, ɚ 
ɿɧɲɚ ɱɚɫɬɢɧɚ є ɪɟɚɥɶɧɨɸ. ɉɨɪɹɞ ɡ ɪɟɚɥɶɧɨɸ ɚɩɚɪɚɬɭɪɨɸ ɜ ɡɚɦɤɧɭɬɭ 
ɦɨɞɟɥɶ ɦɨɠɭɬɶ ɜɯɨɞɢɬɢ ɿɦɿɬɚɬɨɪɢ ɜɩɥɢɜɿɜ ɿ ɩɟɪɟɲɤɨɞ, ɦɚɬɟɦɚɬɢɱɧɿ 
ɦɨɞɟɥɿ ɡɨɜɧɿɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɿ ɩɪɨɰɟɫɿɜ, ɞɥɹ ɹɤɢɯ ɧɟɜɿɞɨɦɨ 
ɞɨɫɢɬɶ ɬɨɱɧɢɣ ɦɚɬɟɦɚɬɢɱɧɢɣ ɨɩɢɫ. ȼɤɥɸɱɟɧɧɹ ɪɟɚɥɶɧɨʀ ɚɩɚɪɚɬɭɪɢ 
ɚɛɨ ɪɟɚɥɶɧɢɯ ɫɢɫɬɟɦ ɜ ɤɨɧɬɭɪ ɦɨɞɟɥɸɜɚɧɧɹ ɫɤɥɚɞɧɢɯ ɩɪɨɰɟɫɿɜ 
ɞɨɡɜɨɥɹє ɡɦɟɧɲɢɬɢ ɚɩɪɿɨɪɧɭ ɧɟɜɢɡɧɚɱɟɧɿɫɬɶ ɿ ɞɨɫɥɿɞɠɭɜɚɬɢ 
ɩɪɨɰɟɫɢ, ɞɥɹ ɹɤɢɯ ɧɟɦɚє ɬɨɱɧɨɝɨ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɨɩɢɫɭ. ȼ ɩɪɨɰɟɫɿ 
ɧɚɩɿɜɧɚɬɭɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɜɞɚɥɨ ɩɨєɞɧɭɸɬɶɫɹ ɩɟɪɟɜɚɝɢ 
ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɿ ɧɚɬɭɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ, ɿ ɦɨɠɟ ɛɭɬɢ ɞɨɫɹɝɧɭɬɨ 
ɨɩɬɢɦɚɥɶɧɟ ɜɡɚєɦɨɞɿɹ ɦɿɠ ɨɛɱɢɫɥɸɜɚɥɶɧɢɦɢ ɿ ɧɚɬɭɪɧɢɦɢ 
ɟɤɫɩɟɪɢɦɟɧɬɚɦɢ. əɤɳɨ ɦɚɬɟɦɚɬɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɧɚɣɛɿɥɶɲ 
ɟɮɟɤɬɢɜɧɨ ɧɚ ɪɚɧɧɿɯ ɫɬɚɞɿɹɯ ɩɪɨɟɤɬɭɜɚɧɧɹ ɫɢɫɬɟɦɢ, ɧɚɬɭɪɧɟ ɧɚ 
ɡɚɜɟɪɲɚɥɶɧɢɯ, ɬɨ ɧɚɩɿɜɧɚɬɭɪɧɿ ɦɨɞɟɥɸɜɚɧɧɹ ɡɚɡɜɢɱɚɣ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɧɚ ɩɪɨɦɿɠɧɢɯ ɫɬɚɞɿɹɯ. Ⱦɿɣɫɧɨ, ɩɿɫɥɹ 
ɜɢɝɨɬɨɜɥɟɧɧɹ ɪɨɡɪɨɛɥɟɧɨɝɨ ɡɪɚɡɤɚ ɚɩɚɪɚɬɭɪɢ, ɜ ɪɹɞɿ ɜɢɩɚɞɤɿɜ 
ɩɪɨɜɟɞɟɧɧɹ ɧɚɬɭɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɭɬɪɭɞɧɟɧɨ ɚɛɨ ɜɡɚɝɚɥɿ 
ɧɟɦɨɠɥɢɜɨ. Ʉɪɿɦ ɬɨɝɨ, ɩɪɨɜɟɞɟɧɧɹ ɧɚɬɭɪɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɦɨɠɟ 
ɛɭɬɢ ɩɪɨɫɬɨ ɩɟɪɟɞɱɚɫɧɢɦ, ɬɨɦɭ ɳɨ ɚɥɝɨɪɢɬɦɢ ɭɩɪɚɜɥɿɧɧɹ 
ɫɢɫɬɟɦɨɸ ɬɚ ɨɛɪɨɛɤɢ ɫɢɝɧɚɥɿɜ ɳɟ ɧɟ ɧɚɥɚɝɨɞɠɟɧɿ. ɋɚɦɟ ɜ ɰɶɨɦɭ 
ɜɢɩɚɞɤɭ ɧɚ ɩɟɪɲɢɣ ɩɥɚɧ ɜɢɯɨɞɹɬɶ ɦɟɬɨɞɢ ɧɚɩɿɜɧɚɬɭɪɧɨɝɨ 
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ɦɨɞɟɥɸɜɚɧɧɹ. ɋɶɨɝɨɞɧɿ ɨɬɪɢɦɭє ɪɨɡɜɢɬɨɤ ɜɢɤɨɪɢɫɬɚɧɧɹ 
«ɿɧɞɭɫɬɪɿɚɥɶɧɨɝɨ ɿɧɬɟɪɧɟɬɭ ɪɟɱɟɣ» (Internet of Things) ɜ ɫɢɫɬɟɦɚɯ 
(ɫɬɟɧɞɚɯ) ɤɨɦɩɥɟɤɫɧɢɯ ɜɢɩɪɨɛɭɜɚɧɶ ɿ ɜɿɞɩɪɚɰɸɜɚɧɧɹ ɫɤɥɚɞɧɢɯ 
ɜɢɪɨɛɿɜ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ, ɳɨ ɛɚɡɭɸɬɶɫɹ ɧɚ ɧɚɩɿɜɧɚɬɭɪɧɿ 
ɦɨɞɟɥɸɜɚɧɧɿ. Ɂɚɜɞɹɤɢ ɪɨɡɜɢɬɤɭ ɤɨɧɮɿɝɭɪɚɰɿɣ ɩɪɨɝɪɚɦɧɢɯ ɫɢɫɬɟɦ, 
ɨɫɜɨєɧɧɹ ɫɟɧɫɨɪɧɢɯ ɬɟɯɧɨɥɨɝɿɣ ɡ'ɹɜɢɥɚɫɹ ɦɨɠɥɢɜɿɫɬɶ ɩɪɨɫɬɨɪɨɜɨʀ 
ɡɜ'ɹɡɤɭ ɦɿɠ ɨɛ'єɤɬɚɦɢ. ɉɿɫɥɹ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɜ ɛɟɡɞɪɨɬɨɜɢɯ ɦɟɪɟɠɚɯ 
ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɚɞɿɨɱɚɫɬɨɬ ɡ'ɹɜɥɹєɬɶɫɹ ɭɧɿɤɚɥɶɧɚ ɦɨɠɥɢɜɿɫɬɶ 
ɫɩɿɥɤɭɜɚɧɧɹ ɨɛ'єɤɬɿɜ. ɋɚɦɟ ɿɧɬɟɪɧɟɬ ɪɟɱɟɣ ɨɛ'єɞɧɭє ɚɧɚɥɨɝɨɜɿ 
ɫɬɪɭɤɬɭɪɢ ɿ ɰɢɮɪɨɜɭ ɿɧɮɨɪɦɚɰɿɸ, ɜɢɡɧɚɱɚє ɜɥɚɫɬɢɜɨɫɬɿ ɫɭɛ'єɤɬɿɜ ɬɚ 
ʀɯ ɜɡɚєɦɢɧɢ. ȱɧɬɟɪɧɟɬ ɪɟɱɟɣ ɜɤɥɸɱɚє ɦɧɨɠɢɧɭ ɩɪɢɫɬɪɨʀɜ, ɩɪɢɥɚɞɿɜ ɿ 
ɛɟɡɞɪɨɬɨɜɢɯ ɫɢɫɬɟɦ ɡɜ'ɹɡɤɭ ɿ ɩɪɢ ɰɶɨɦɭ ɫɬɚє ɩɨɫɟɪɟɞɧɢɤɨɦ ɦɿɠ 
ɦɨɞɟɥɶɸ ɿ ɧɚɬɭɪɧɢɦɢ ɛɥɨɤɚɦɢ  

 

                   

 
ɉɊɈ ɋɂɆȿɌɊȱɘ ɆɇɈɀɂɇɂ ɉȿɊȿɋɌȺɇɈȼɈɄ 
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Ɇɿɠɧɚɪɨɞɧɢɣ ɧɚɭɤɨɜɨ-ɧɚɜɱɚɥɶɧɢɣ ɰɟɧɬɪ ɿɧɮɨɪɦɚɰɿɣɧɢɯ 
ɬɟɯɧɨɥɨɝɿɣ ɬɚ ɫɢɫɬɟɦ ɇȺɇ ɬɚ ɆɈɇ ɍɤɪɚʀɧɢ 
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ȼ ɦɚɬɟɦɚɬɢɰɿ ɫɢɦɟɬɪɿɸ ɜɢɜɱɚɸɬɶ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɟɨɪɿʀ ɝɪɭɩ, 

ɡɨɤɪɟɦɚ ɜɢɞɿɥɹɸɬɶ ɬɚ ɞɨɫɥɿɞɠɭɸɬɶ ɝɪɭɩɢ ɫɢɦɟɬɪɿʀ ɧɚ 
ɩɟɪɟɫɬɚɧɨɜɤɚɯ, ɜɢɡɧɚɱɚɸɬɶ ʀɯɧɿɣ ɩɨɪɹɞɨɤ. ȼ ɤɨɦɛɿɧɚɬɨɪɢɰɿ 
ɫɢɦɟɬɪɿɹ ɜɥɚɫɬɢɜɚ ɤɨɦɛɿɧɚɬɨɪɧɢɦ ɦɧɨɠɢɧɚɦ.  

ȼ ɩɪɢɪɨɞɿ ɿɫɧɭє ɫɤɿɧɱɟɧɧɟ ɱɢɫɥɨ ɬɚɤɢɯ ɦɧɨɠɢɧ, ɤɨɠɧɚ ɡ ɹɤɢɯ 
ɭɩɨɪɹɞɤɨɜɚɧɚ ɩɨ-ɫɜɨєɦɭ. Ɂɧɚɱɧɚ ɱɚɫɬɢɧɚ ɰɢɯ ɦɧɨɠɢɧ – 
ɫɬɪɭɤɬɭɪɨɜɚɧɚ. ɋɬɪɭɤɬɭɪɨɜɚɧɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɪɿɡɧɢɦɢ ɜɢɞɚɦɢ 
ɫɢɦɟɬɪɿʀ ɹɤ ɬɨɱɧɢɦɢ ɬɚɤ ɿ ɧɚɛɥɢɠɟɧɢɦɢ. Ȳɯ ɦɚɬɟɦɚɬɢɱɧɟ 
ɮɨɪɦɭɥɸɜɚɧɧɹ ɩɪɨɜɨɞɢɦɨ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɤɿɧɱɟɧɧɨʀ 
ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɱɢɫɟɥ, ɹɤɚ ɛɭɞɭєɬɶɫɹ ɡɚ ɡɚɞɚɧɢɦɢ ɩɪɚɜɢɥɚɦɢ [1]. Ɍɚɤɿ 
ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɭɬɜɨɪɸɸɬɶɫɹ ɡɧɚɱɟɧɧɹɦɢ, ɹɤɿ ɡɚɞɚɸɬɶ ɤɿɥɶɤɿɫɬɶ 
ɤɨɦɛɿɧɚɬɨɪɧɢɯ ɤɨɧɮɿɝɭɪɚɰɿɣ ɭ ɩɟɜɧɢɯ ɩɿɞɦɧɨɠɢɧɚɯ. 

Ⱦɥɹ ɦɧɨɠɢɧɢ ɩɟɪɟɫɬɚɧɨɜɨɤ ɿɡ ɭɫɿɯ ɜɢɞɿɜ ɫɢɦɟɬɪɿʀ ɜɢɞɿɥɢɦɨ ɬɭ, 
ɹɤɚ ɨɩɢɫɭєɬɶɫɹ ɡɚɤɨɧɚɦɢ ɟɜɤɥɿɞɨɜɨʀ ɝɟɨɦɟɬɪɿʀ. ȼɜɚɠɚɬɢɦɟɦɨ, ɳɨ 
ɩɟɪɟɫɬɚɧɨɜɤɚ ɫɢɦɟɬɪɢɱɧɚ, ɹɤɳɨ ɜɨɧɚ ɡɛɿɝɚєɬɶɫɹ ɫɚɦɚ ɿɡ ɫɨɛɨɸ ɩɪɢ 
ɪɭɫɿ ɛɟɡ ɞɟɮɨɪɦɚɰɿɣ. ȱɫɧɭє єɞɢɧɢɣ ɫɩɨɫɿɛ ɩɟɪɟɦɿɫɬɢɬɢ ɫɢɦɟɬɪɢɱɧɭ 
ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɬɚɤ, ɳɨɛ ɜɨɧɚ ɡɛɿɝɥɚɫɹ ɡ ɩɨɱɚɬɤɨɜɨɸ. ɐɟ – ʀʀ ɩɨɜɨɪɨɬ 
ɧɚ 0180 . ɍɜɟɞɟɦɨ ɬɚɤɿ ɨɡɧɚɱɟɧɧɹ. 
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Ɉɡɧɚɱɟɧɧɹ 1. ȱɧɜɟɪɫɿєɸ ɩɟɪɟɫɬɚɧɨɜɤɢ (1, 2 ,..., 1, )w n n   

ɧɚɡɜɟɦɨ ɩɟɪɟɫɬɚɧɨɜɤɭ ( , 1,..., 2,1)w n n  , ɬɨɛɬɨ w W  ɬɚ w W  

ɫɢɦɟɬɪɢɱɧɿ ɨɞɧɚ ɜɿɞɧɨɫɧɨ ɞɪɭɝɨʀ, ɞɟ W – ɦɧɨɠɢɧɚ ɩɟɪɟɫɬɚɧɨɜɨɤ.  
Ɉɡɧɚɱɟɧɧɹ 2. ɉɿɞ ɫɢɦɟɬɪɿєɸ ɭɩɨɪɹɞɤɨɜɚɧɨʀ ɤɨɦɛɿɧɚɬɨɪɧɨʀ 

ɦɧɨɠɢɧɢ ɪɨɡɭɦɿєɦɨ ɬɚɤɭ ʀʀ ɫɬɪɭɤɬɭɪɭ, ɤɨɥɢ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ 
ɤɿɥɶɤɨɫɬɿ ɤɨɦɛɿɧɚɬɨɪɧɢɯ ɤɨɧɮɿɝɭɪɚɰɿɣ ɩɿɞɦɧɨɠɢɧ W W   

ɭɬɜɨɪɸɸɬɶ ɫɤɿɧɱɟɧɧɭ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɱɢɫɟɥ, ɹɤɚ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ 
ɬɨɱɧɨɸ ɚɛɨ ɧɚɛɥɢɠɟɧɨɸ ɫɢɦɟɬɪɿєɸ.  

ɍ ɦɧɨɠɢɧɿ W  ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɿɧɬɟɪɜɚɥɢ ɩɟɪɟɫɬɚɧɨɜɨɤ, ɹɤɿ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɞɡɟɪɤɚɥɶɧɨɸ ɫɢɦɟɬɪɿєɸ. 
Ʌіɬɟɪɚɬɭɪɚ 

1. Ɍɢɦɨɮɿєɜɚ ɇ.Ʉ. Ɂɧɚɤɨɜɿ ɛɿɨɥɨɝɿɱɧɿ ɩɪɨɫɬɨɪɢ ɬɚ ɫɢɦɟɬɪɿʀ ɜ 
ɤɨɦɛɿɧɚɬɨɪɢɰɿ ɬɚ ɛɿɨɥɨɝɿʀ / ɇ.Ʉ. Ɍɢɦɨɮɿєɜɚ // Ɍɟɨɪɿɹ ɩɪɢɣɧɹɬɬɹ 
ɪɿɲɟɧɶ. ɉɪɚɰɿ VII Ɇɿɠɧɚɪ. ɲɤɨɥɢ-ɫɟɦɿɧɚɪɭ. (29 ɜɟɪɟɫɧɹ – 4 ɠɨɜɬɧɹ, 
2014 ɪ.).– ɍɠɝɨɪɨɞ: ɍɠɝɨɪɨɞɫɶɤɢɣ ɧɚɰ. ɭɧ-ɬ. – 2014. – ɋ. 248–249. 

 
 
ɈɉɌɂɆȺɅЬɇȿ ɄȿɊɍȼȺɇɇə ȼ ɋɂɋɌȿɆȺɏ Ɂ ɑȿɊȽɈɘ 

ɌȺ ɉɈȼɌɈɊɇɂɆɂ ȼɂɄɅɂɄȺɆɂ 

ɍɫɚɪ ȱ. ə., Ɇɚɤɭɲɟɧɤɨ ȱ.Ⱥ., ɉɪɨɬɨɩɨɩ ɘ.Ɉ. 
Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, 

ɍɤɪɚʀɧɚ 

usar@unicyb.kiev.ua  

 
ɋɢɫɬɟɦɢ ɡ ɩɨɜɬɨɪɧɢɦɢ ɜɢɤɥɢɤɚɦɢ ɡɚɫɬɨɫɨɜɭɸɬɶ ɜ ɩɪɨɟɤɬɭɜɚɧɧɿ 

ɤɨɦɩ’ɸɬɟɪɧɢɯ ɦɟɪɟɠ, ɫɭɱɚɫɧɢɯ ɫɢɫɬɟɦɚɯ ɡɜ’ɹɡɤɭ ɬɚ ɿɧ. [1,2]. ȼ 
ɞɚɧɿɣ ɪɨɛɨɬɿ ɪɨɡɝɥɹɧɭɬɨ ɫɢɫɬɟɦɭ ɬɢɩɭ / / /M M m n N , ɹɤɚ 
ɦɨɞɟɥɸє ɪɨɛɨɬɭ ɫɢɫɬɟɦɢ ɡ ɱɟɪɝɨɸ ɬɚ ɩɨɜɬɨɪɧɢɦɢ ɜɢɤɥɢɤɚɦɢ ɡ m  
ɨɛɫɥɭɝɨɜɭɸɱɢɦɢ ɩɪɢɥɚɞɚɦɢ, n  ɦɿɫɰɹɦɢ ɭ ɱɟɪɡɿ, N  ɞɠɟɪɟɥɚɦɢ 
ɩɨɜɬɨɪɧɢɯ ɜɢɤɥɢɤɿɜ ɿ ɜɯɿɞɧɢɦ ɩɨɬɨɤɨɦ, ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɹɤɨɝɨ 
ɡɚɥɟɠɢɬɶ ɜɿɞ ɫɬɚɧɭ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɨɪɭ. ɉɪɨɰɟɫ ɤɟɪɭɜɚɧɧɹ ɪɨɛɨɬɨɸ 
ɫɢɫɬɟɦɢ ɜɢɡɧɚɱɚєɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɩɨɪɨɝɨɜɨʀ ɫɬɪɚɬɟɝɿʀ: ɧɟɯɚɣ H  - 
ɞɟɹɤɢɣ ɩɨɪɿɝ. əɤɳɨ ɤɿɥɶɤɿɫɬɶ ɩɨɜɬɨɪɧɢɯ ɜɢɤɥɢɤɿɜ j H , ɬɨ 
ɫɢɫɬɟɦɚ ɛɭɞɟ ɩɪɚɰɸɜɚɬɢ  ɜ ɩɟɪɲɨɦɭ ɪɟɠɢɦɿ ɡ ɿɧɬɟɧɫɢɜɧɿɫɬɸ 
ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ 1 . əɤɳɨ j H , ɬɨ ɜ ɞɪɭɝɨɦɭ ɪɟɠɢɦɿ ɡ 
ɿɧɬɟɧɫɢɜɧɿɫɬɸ ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ 2 . 

Ⱦɥɹ ɫɬɚɰɿɨɧɚɪɧɢɯ ɿɦɨɜɿɪɧɨɫɬɟɣ , ( , )ij i j S   ɨɬɪɢɦɚɧɨ ɩɨɞɚɧɧɹ, 
ɹɤɟ ɡɪɭɱɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɹɤ ɞɥɹ ʀɯ ɨɛɱɢɫɥɟɧɧɹ, ɬɚɤ ɿ ɞɥɹ 
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ɜɢɜɱɟɧɧɹ ʀɯ ɚɧɚɥɿɬɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ. Ɋɨɡɝɥɹɧɭɬɨ ɡɚɫɬɨɫɭɜɚɧɧɹ 
ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɞɨ ɪɨɡɜ’ɹɡɤɭ ɧɚɫɬɭɩɧɨʀ ɨɩɬɢɦɿɡɚɰɿɣɧɨʀ 
ɡɚɞɚɱɿ: 

     1 1 2 2 3 3 maxC M H C M H C M H   , 

ɞɟ  1M H - ɱɢɫɥɨ ɜɢɦɨɝ, ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ ɹɤɢɯ ɡɚɜɟɪɲɟɧɨ ɜ 
ɫɢɫɬɟɦɿ;  2M H  - ɱɢɫɥɨ ɜɢɦɨɝ, ɹɤɿ ɫɬɚɥɢ ɩɨɜɬɨɪɧɢɦɢ ɜɢɤɥɢɤɚɦɢ; 

 3M H  - ɱɢɫɥɨ ɩɟɪɟɦɢɤɚɧɶ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ; 1C  - 

ɩɪɢɛɭɬɨɤ ɡɚ ɨɞɢɧɢɰɸ ɱɚɫɭ ɜ ɫɬɚɰɿɨɧɚɪɧɨɦɭ ɪɟɠɢɦɿ, ɡɜ’ɹɡɚɧɢɣ ɡ 
ɨɛɫɥɭɝɨɜɭɜɚɧɧɹɦ ɜɢɦɨɝ; 2C  - ɲɬɪɚɮ ɡɚ ɜɿɞɦɨɜɭ ɜ ɨɛɫɥɭɝɨɜɭɜɚɧɧɿ; 

3C  - ɲɬɪɚɮ ɡɚ ɩɟɪɟɦɢɤɚɧɧɹ ɿɧɬɟɧɫɢɜɧɨɫɬɿ ɜɯɿɞɧɨɝɨ ɩɨɬɨɤɭ. 
Ɋɨɡɜ’ɹɡɤɨɦ ɡɚɞɚɱɿ є ɬɚɤɢɣ ɩɨɪɿɝ H , ɹɤɢɣ ɦɚɤɫɢɦɿɡɭє ɫɟɪɟɞɧɿɣ 

ɩɪɢɛɭɬɨɤ ɜɿɞ ɪɨɛɨɬɢ ɫɢɫɬɟɦɢ. 
Ʌіɬɟɪɚɬɭɪɚ 
1. Falin G.I., Templeton J.G.C. Retrial queues. – London Chapman & 
Hall, 1997. – 331 p. 
2. Artalejo J.R., Gomez-Corral A. Retrial Queueing Systems. – 
Springer, 2008. – 317 p. 

 
 

ɈɉɌɂɆȱɁȺɐȱə ȾȿəɄɂɏ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɋɌȱɃɄɈɋɌȱ 
ɋɌɈɏȺɋɌɂɑɇɂɏ ɋɂɋɌȿɆ 

ɏɭɫɚіɧɨɜ Ⱦ.ə., ɉɟɬɪɨɜɢɱ ȼ.Ɇ. 
Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɵɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, 

ɍɤɪɚʀɧɚ 
filonval63@ukr.net, dkh@unicyb.kiev.ua 

 
Ɋɨɡɝɥɹɞɚєɬɶɫɹ ɫɢɫɬɟɦɚ ɫɬɨɯɚɫɬɢɱɧɢɯ ɞɢɮɟɪɟɧɰɿɚɥɶɧɨ-

ɪɿɡɧɢɰɟɜɢɯ ɪɿɜɧɹɧɶ ɡ ɩɨɫɬɿɣɧɢɦɢ ɤɨɟɮɿɰɿєɧɬɚɦɢ ɡ ɤɨɟɮɿɰɿєɧɬɚɦɢ   
ɜɢɞɭ 

     0 1 0 1( ) ( ) ( ) ( )dx t x t x t dt x t x t d tA A B B           . 

Ɍɭɬ 0 1 0 1, , ,A A B B  - ɩɨɫɬɿɣɧɿ n n  ɦɚɬɪɢɰɿ, 

 0
, , 0,nx t tR t      - cɬɚɧɞɚɪɬɧɢɣ ɜɿɧɟɪɿɜɫɶɤɢɣ ɩɪɨɰɟɫ. ɑɚɫ ɧɚ 

ɩɪɨɬɹɡɿ ɹɤɨɝɨ ɫɢɫɬɟɦɚ (ɞɢɜ.[1]) ɩɟɪɟɯɨɞɢɬɶ ɿɡ ɞɨɜɿɥɶɧɨɝɨ ɩɨɥɨɠɟɧɧɹ 
  - ɨɤɨɥɭ ɩɨɥɨɠɟɧɧɹ ɪɿɜɧɨɜɚɝɢ ɿ ɬɚɦ ɡɚɥɢɲɚєɬɶɫɹ, ɧɚɡɜɟɦɨ ɱɚɫɨɦ 
ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɟɤɫɩɨɧɟɧɰɿɚɥɶɧɨʀ ɧɟɪɿɜɧɨɫɬɿ 
ɱɚɫ ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ ɦɨɠɧɚ ɨɰɿɧɢɬɢ ɜɿɞɧɨɲɟɧɧɹɦ 
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ɇɚɣɛɿɥɶɲ ɬɨɱɧɭ ɨɰɿɧɤɭ ɱɚɫɭ ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ ɞɚє ɪɨɡɜ’ɹɡɨɤ 
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Ʌіɬɟɪɚɬɭɪɚ 
1. ɏɭɫɚɢɧɨɜ Ⱦ.ə., ɂ.Ƚ. ɇɟɱɚɟɜɚ, ȼ.ɇ. ɉɟɬɪɨɜɢɱ Ɉɩɬɢɦɢɡɚɰɢɹ 
ɨɰɟɧɨɤ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ // Ⱦɟɩɨɧɢɪɨɜɚɧɨ ɜ 
ɍɤɪɇɂɂɇɌɂ. 28.03.90. № 546-ɍɤ 90. – 13 ɫ. 
 
 
ɌȿɋɌɍȼȺɇɇə ȽȱɉɈɌȿɁ ȼ ɋɍɑȺɋɇɂɏ ȾɈɋɅȱȾɀȿɇɇəɏ 

Ɇ. Ȼ. ɐɭɰɢɤ 

nbdemch@gmail.com 
 

ȼ 1959 ɪɨɰɿ Ɍɟɨɞɨɪ ɋɬɟɪɥɿɧɝ ɩɨɦɿɬɢɜ, ɳɨ 97 % 
ɫɬɚɬɢɫɬɢɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɜ ɨɛɥɚɫɬɿ ɩɫɢɯɨɥɨɝɿʀ, ɹɤɿ ɦɿɫɬɢɥɢ 
ɬɟɫɬɭɜɚɧɧɹ ɝɿɩɨɬɟɡ, ɩɨɜɿɞɨɦɥɹɥɢ ɩɪɨ ɩɿɞɬɜɟɪɞɠɟɧɧɹ ɨɱɿɤɭɜɚɧɨɝɨ 
ɟɮɟɤɬɭ. ɐɹ ɞɨɩɨɜɿɞɶ ɿɥɸɫɬɪɭє ɩɨɲɢɪɟɧɟ ɩɨɦɢɥɤɨɜɟ 
ɿɧɬɟɪɩɪɟɬɭɜɚɧɧɹ p-ɡɧɚɱɟɧɧɹ ɬɚ ɿɧɲɢɯ ɧɚɭɤɨɜɢɯ ɩɨɧɹɬɶ. ɋɟɪɟɞ ɧɢɯ 
ɿɫɧɭɜɚɧɧɹ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɬɟɩɥɿɧɧɹ, ɪɟɚɥɶɧɿɫɬɶ ɲɤɿɞɥɢɜɨɫɬɿ 
ɧɚɧɨɱɚɫɬɢɧɨɤ ɞɥɹ ɡɞɨɪɨɜ'ɹ ɥɸɞɢɧɢ ɬɚ ɦɟɯɚɧɿɡɦ ɹɜɢɳ, ɜɢɤɥɢɤɚɧɢɯ 
ɡɦɿɧɚɦɢ ɜ ɨɛɥɚɫɬɿ ɩɟɪɟɯɨɞɭ ɦɿɠ ɮɚɡɚɦɢ ɦɿɤɪɨɤɨɦɩɨɡɢɬɭ ɡ 
ɮɟɪɢɬɧɢɦ ɧɚɩɨɜɧɸɜɚɱɟɦ ɬɚ ɩɨɥɿɦɟɪɧɨɸ ɦɚɬɪɢɰɟɸ, ɨɛɭɦɨɜɥɟɧɢɦɢ 
ɞɿєɸ ɞɨɫɬɚɬɧɶɨ ɫɢɥɶɧɨɝɨ ɩɨɫɬɿɣɧɨɝɨ ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ. 

ɓɨɛ ɡɦɟɧɲɢɬɢ ɜɢɬɪɚɬɢ ɤɨɲɬɿɜ, ɫɬɚɬɢɫɬɢɤɢ ɱɚɫɬɨ ɩɪɚɰɸɸɬɶ 
ɡ ɜɢɛɿɪɤɚɦɢ, ɹɤɿ ɧɚɜɿɬɶ ɧɚɛɥɢɠɟɧɨ ɧɟ є ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɢɦɢ. Ⱥ ɫɚɦɟ 
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ɞɨɫɥɿɞɧɢɤɢ, ɹɤɿ ɩɪɨɜɨɞɹɬɶ ɨɩɢɬɭɜɚɧɧɹ, ɹɤ ɩɪɚɜɢɥɨ, ɩɪɚɰɸɸɬɶ ɡ 
ɜɢɛɿɪɤɚɦɢ, ɳɨ ɦɿɫɬɹɬɶ ɛɿɥɶɲɟ ɧɿɠ 1000 ɪɟɫɩɨɧɞɟɧɬɿɜ ɬɨɦɭ, ɳɨ 
ɬɟɨɪɟɬɢɱɧɿ ɨɰɿɧɤɢ ɝɚɪɚɧɬɭɸɬɶ ɜɿɞɧɨɫɧɭ ɩɨɦɢɥɤɭ, ɳɨ ɧɟ ɩɟɪɟɜɢɳɭє 
ɞɟɤɿɥɶɤɚ ɜɿɞɫɨɬɤɿɜ. Ɉɞɧɚɤ ɩɨɩɟɪɟɞɧɿ ɨɰɿɧɤɢ, ɨɫɧɨɜɚɧɿ ɧɚ 
ɨɱɿɤɭɜɚɧɨɦɭ ɪɟɡɭɥɶɬɚɬɿ, ɱɚɫɬɨ ɞɨɡɜɨɥɹɸɬɶ ɫɭɬɬєɜɨ ɡɦɟɧɲɢɬɢ ɪɨɡɦɿɪ 
ɜɢɛɿɪɤɢ. Ɉɱɟɜɢɞɧɨ, ɳɨ ɬɚɤɚ ɞɿɹɥɶɧɿɫɬɶ є ɜɚɠɥɢɜɨɸ, ɛɨ ɜɨɧɚ 
ɞɨɡɜɨɥɹє ɡɦɟɧɲɢɬɢ ɜɢɬɪɚɬɢ. Ɉɞɧɚɤ ɬɚɤɿ ɨɰɿɧɤɢ ɱɚɫɬɨ ɧɟ є 
ɧɚɞɿɣɧɢɦɢ. ɇɚɩɪɢɤɥɚɞ, ɡɚɝɚɥɶɧɨɜɿɞɨɦɢɦ є ɞɨɫɥɿɞɠɟɧɧɹ 
ɡɚɪɟєɫɬɪɨɜɚɧɢɯ ɜɢɩɚɞɤɿɜ ɪɚɤɭ ɧɢɪɨɤ ɜ 3 141 ɚɞɦɿɧɿɫɬɪɚɬɢɜɧɢɯ 
ɪɚɣɨɧɚɯ ɋɒȺ. ɍ ɧɶɨɦɭ ɞɨɫɥɿɞɧɢɤɢ ɜɢɹɜɢɥɢ, ɳɨɛ ɨɛɢɞɜɚ ɯɜɨɫɬɢ 
ɪɨɡɩɨɞɿɥɭ ɱɚɫɬɨɬɢ ɡɚɯɜɨɪɸɜɚɧɧɹ ɦɿɫɬɹɬɶ ɬɿɥɶɤɢ ɫɿɥɶɫɶɤɿ ɪɚɣɨɧɢ. 
Ɉɞɧɚɤ ɫɿɥɶɫɶɤɢɣ ɫɩɨɫɿɛ ɠɢɬɬɹ ɧɟ ɦɨɠɟ ɛɭɬɢ ɨɞɧɨɱɚɫɧɨ 
ɜɿɞɩɨɜɿɞɚɥɶɧɢɦ ɡɚ ɜɢɫɨɤɭ ɬɚ ɧɢɡɶɤɭ ɱɚɫɬɨɬɢ ɡɚɯɜɨɪɿɧɧɹ ɧɚ ɪɚɤ 
ɧɢɪɨɤ [1]. ɇɚɣɛɿɥɶɲ ɣɦɨɜɿɪɧɢɦ ɩɨɹɫɧɟɧɧɹɦ ɰɶɨɝɨ ɟɮɟɤɬɭ є 
ɡɛɿɥɶɲɟɧɚ ɦɿɧɥɢɜɿɫɬɶ ɡɚɧɚɞɬɨ ɦɚɥɢɯ ɜɢɛɿɪɨɤ ɬɨɦɭ, ɳɨ ɡɛɢɪɚɧɧɹ 
ɞɚɧɢɯ ɜ ɫɿɥɶɫɶɤɢɯ ɪɚɣɨɧɚɯ ɩɨɬɪɟɛɭє ɧɚɛɚɝɚɬɨ ɛɿɥɶɲɟ ɡɭɫɢɥɶ ɧɿɠ 
ɬɚɤɚ ɞɿɹɥɶɧɿɫɬɶ ɜ ɦɿɫɬɚɯ ɱɟɪɟɡ ɧɚɞɡɜɢɱɚɣɧɨ ɜɟɥɢɤɭ ɪɿɡɧɢɰɸ ɜ 
ɝɭɫɬɨɬɿ ɧɚɫɟɥɟɧɧɹ.   

ɍ ɰɶɨɦɭ ɤɨɧɬɟɤɫɬɿ ɜɢɳɟɡɝɚɞɚɧɚ ɫɯɢɥɶɧɿɫɬɶ  ɧɚɭɤɨɜɢɯ 
ɜɢɞɚɧɶ ɞɨ ɜɿɞɯɢɥɹɧɧɹ ɪɨɛɿɬ, ɜ ɹɤɢɯ ɬɟɫɬɭɜɚɧɧɹ ɝɿɩɨɬɟɡ ɧɟ 
ɩɿɞɬɜɟɪɞɠɭє ɨɱɿɤɭɜɚɧɧɿ ɪɟɡɭɥɶɬɚɬɢ, є ɧɟɩɪɚɜɢɥɶɧɨɸ 
ɿɧɬɟɪɩɪɟɬɚɰɿєɸ ɩɨɧɹɬɬɹ  p-ɡɧɚɱɟɧɧɹ  ɱɟɪɟɡ ɧɚɫɬɭɩɧɟ. əɤɳɨ ɜɢɛɿɪɤɚ 
ɧɟ є ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɨɸ, ɬɨ ɩɨɪɚɯɨɜɚɧɟ ɧɚ ʀʀ ɨɫɧɨɜɿ p-ɡɧɚɱɟɧɧɹ  ɦɨɠɟ 
ɫɭɬɬєɜɨ ɜɿɞɪɿɡɧɹɬɢɫɶ ɜɿɞ ɣɦɨɜɿɪɧɨɫɬɿ ɬɨɝɨ, ɳɨ ɜɢɩɚɞɤɨɜɚ ɜɟɥɢɱɢɧɚ 
ɿɡ ɡɚɞɚɧɢɦ ɪɨɡɩɨɞɿɥɨɦ (ɪɨɡɩɨɞɿɥɨɦ ɬɟɫɬɨɜɨʀ ɫɬɚɬɢɫɬɢɤɢ ɡɚ ɧɭɥɶɨɜɨʀ 
ɝɿɩɨɬɟɡɢ) ɩɪɢɣɦɟ ɡɧɚɱɟɧɧɹ, ɳɨ ɧɟ є ɦɟɧɲɢɦ ɡɚ ɮɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ 
ɬɟɫɬɨɜɨʀ ɫɬɚɬɢɫɬɢɤɢ, ɧɚɜɿɬɶ ɬɨɞɿ ɤɨɥɢ ɫɬɚɬɢɫɬɢɱɧɚ ɦɨɞɟɥɶ є 
ɚɞɟɤɜɚɬɧɨɸ. Ȼɿɥɶɲɟ ɬɨɝɨ ɡɚ ɬɚɤɢɯ ɨɛɫɬɚɜɢɧ ɞɨɫɥɿɞɧɢɤɢ ɦɚɸɬɶ 
ɫɩɨɤɭɫɭ ɡɚɫɬɨɫɭɜɚɬɢ ɦɟɬɨɞ ɫɩɪɨɛ ɬɚ ɩɨɦɢɥɨɤ, ɳɨɛ ɜɿɞɧɚɣɬɢ ɬɚɤɭ 
ɝɿɩɨɬɟɡɭ, ɞɥɹ ɹɤɨʀ ɩɨɪɚɯɨɜɚɧɟ p-ɡɧɚɱɟɧɧɹ  є ɦɟɧɲɢɦ ɡɚ 5 %. Ɉɞɧɚɤ ɭ 
ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɜɿɞɤɪɢɬɬɹ ɦɨɠɟ ɜɢɹɜɢɬɢɫɹ ɬɚɤɢɦ, ɳɨ ɜɜɨɞɢɬɶ ɜ 
ɨɦɚɧɭ, ɨɫɤɿɥɶɤɢ ɜɢɛɿɪɤɚ ɧɟ є ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɨɸ. ɓɨɛ ɩɨɡɛɭɬɢɫɹ 
ɰɶɨɝɨ ɟɮɟɤɬɭ, ɟɤɫɩɟɪɬɢ ɩɪɨɩɨɧɭɸɬɶ ɩɚɪɚɥɟɥɶɧɨ ɡ ɬɟɫɬɭɜɚɧɧɹɦ 
ɝɿɩɨɬɟɡ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɿɧɲɿ ɦɟɬɨɞɨɥɨɝɿʀ ɡɨɤɪɟɦɚ ɬɚɤɿ, ɳɨ ɨɫɧɨɜɚɧɿ 
ɧɚ ɨɰɿɧɤɚɯ [2].  

Ɍɚɤɢɦ ɱɢɧɨɦ, ɧɚɦɚɝɚɸɱɢɫɶ ɡɦɟɧɲɢɬɢ ɜɢɬɪɚɬɢ ɤɨɲɬɿɜ, 
ɫɬɚɬɢɫɬɢɤɢ ɱɚɫɬɨ ɚɧɚɥɿɡɭɸɬɶ ɜɢɛɿɪɤɢ, ɹɤɿ є ɧɚɞɬɨ ɦɚɥɢɦɢ, ɳɨɛ 
ɨɩɢɫɚɬɢ ɜɥɚɫɬɢɜɨɫɬɿ ɪɨɡɩɨɞɿɥɭ ɞɨɫɬɚɬɧɶɨ ɬɨɱɧɨ. Ɍɨɦɭ ɱɚɫɬɨ 
ɬɟɫɬɭɜɚɧɧɹ ɝɿɩɨɬɟɡ ɧɟ ɩɿɞɬɜɟɪɞɠɭє ɨɱɿɤɭɜɚɧɢɣ ɪɟɡɭɥɶɬɚɬ ɧɚɜɿɬɶ 
ɬɨɞɿ, ɤɨɥɢ ɫɬɚɬɢɫɬɢɱɧɚ ɦɨɞɟɥɶ є ɩɪɢɣɧɹɬɧɨɸ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ 
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ɩɨɦɢɥɤɨɜɟ ɿɧɬɟɪɩɪɟɬɭɜɚɧɧɹ ɩɨɧɹɬɬɹ p-ɡɧɚɱɟɧɧɹ  ɩɨɥɹɝɚє ɭ 
ɡɧɚɯɨɞɠɟɧɧɿ ɧɨɜɢɯ ɝɿɩɨɬɟɡ, ɹɤɿ ɩɿɞɬɜɟɪɞɠɭɸɬɶɫɹ ɬɟɫɬɭɜɚɧɧɹɦ, 
ɨɫɤɿɥɶɤɢ ɜɢɛɿɪɤɢ, ɳɨ ɧɟ є ɪɟɩɪɟɡɟɧɬɚɬɢɜɧɢɦɢ, ɦɨɠɭɬɶ ɩɪɢɡɜɟɫɬɢ ɞɨ 
ɜɢɫɧɨɜɤɿɜ, ɳɨ ɧɟ ɜɿɞɩɨɜɿɞɚɸɬɶ ɪɟɚɥɶɧɨɫɬɿ. ȿɤɫɩɟɪɬɢ ɩɪɨɩɨɧɭɸɬɶ 
ɜɢɩɪɚɜɥɹɬɢ ɬɚɤɢɣ ɫɬɚɧ ɪɟɱɟɣ ɞɨɩɨɜɧɟɧɧɹɦ ɬɟɫɬɭɜɚɧɧɹ ɝɿɩɨɬɟɡ 
ɿɧɲɢɦɢ ɦɟɬɨɞɨɥɨɝɿɹɦɢ.  
Ʌіɬɟɪɚɬɭɪɚ 
1. Kahneman D. Thinking fast and slow (1st ed.). New York, NY: 
Farrar, Straus and Giroux, 2011.  
2. Wasserstein R. L., Lazar N. A. “The ASA's Statement on p-Values: 
Context, Process, and Purpose” The American Statistician 70.2 . – 2016: 
– ɊɊ.129-133. Print.  

 
 
 
 

ɉɊɈ ȼɂɁɇȺɑȿɇɇə ɋɌɊȺɏɈȼɈȽɈ ɌȺɊɂɎɍ ȼ ɍɆɈȼȺɏ 
ɎȺɄɌɈɊɂɁȺɐȱɃɇɈȲ ɆɈȾȿɅȱ  
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Ʌɶɜɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ ȱɜɚɧɚ Ɏɪɚɧɤɚ, ɍɤɪɚʀɧɚ 
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Ɂɚɞɚɱɚ ɩɪɨ ɜɢɡɧɚɱɟɧɧɹ ɬɚɪɢɮɭ ɫɬɪɚɯɭɜɚɧɧɹ є ɨɞɧɿєɸ ɡ ɝɨɥɨɜɧɢɯ 
ɡɚɞɚɱ ɚɤɬɭɚɪɧɨʀ ɦɚɬɟɦɚɬɢɤɢ. Ɂɚɭɜɚɠɢɦɨ, ɡɨɤɪɟɦɚ, ɳɨ ɨɝɥɹɞ ɪɹɞɭ 
ɦɟɬɨɞɿɜ ɿ ɩɿɞɯɨɞɿɜ ɞɨ ɰɿєʀ ɡɚɞɚɱɿ ɪɨɡɝɥɹɧɭɬɨ ɜ ɦɨɧɨɝɪɚɮɿʀ [1]. 

ɇɚɦɢ ɪɨɡɝɥɹɧɭɬɚ ɡɚɞɚɱɚ ɜɢɡɧɚɱɟɧɧɹ ɫɬɪɚɯɨɜɨɝɨ ɬɚɪɢɮɭ ɜ 
ɭɦɨɜɚɯ ɬɚɤ ɡɜɚɧɨʀ F-ɦɨɞɟɥɿ (ɞɢɜ.[2, ɫɬ.248]). ȼɜɟɞɟɧɨ ɩɨɧɹɬɬɹ 
ɨɩɬɢɦɚɥɶɧɨʀ ɫɬɪɚɯɨɜɨʀ ɫɬɚɜɤɢ ɬɚ ɜɢɜɟɞɟɧɨ ɮɨɪɦɭɥɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɰɿєʀ ɫɬɚɜɤɢ ɡɚ ɩɟɜɧɢɯ ɭɦɨɜ. Ɍɚɤɨɠ ɪɨɡɝɥɹɧɭɬɨ ɪɹɞ ɩɪɢɤɥɚɞɿɜ. 

Ʌіɬɟɪɚɬɭɪɚ 

1. Ɇɚɬɟɦɚɬɢɤɚ ɪɢɫɤɨɜɨɝɨ ɫɬɪɚɯɨɜɚɧɢɹ / ɉɟɪ. ɫ ɧɟɦ. – Ɇ.:ɁȺɈ 
«Ɉɥɢɦɩ - Ȼɢɡɧɟɫ», 2005. – 432 ɫ. 
2. Ʉɨɪɨɥɟɜ ȼ.ɘ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɪɢɫɤɚ / ȼ.ɘ. 
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ɇɟɯɚɣ ɡɚɞɚɧɨ ɧɟɥɿɧɿɣɧɟ ɪɿɜɧɹɧɧɹ 
  

( ) 0F x  ,    (1) 

 
ɞɟ :F D X Y   – ɧɟɩɟɪɟɪɜɧɢɣ ɨɩɟɪɚɬɨɪ, ɞɢɮɟɪɟɧɰɿɣɨɜɧɨɫɬɿ 
ɹɤɨɝɨ, ɜɡɚɝɚɥɿ ɤɚɠɭɱɢ, ɧɟ ɜɢɦɚɝɚєɬɶɫɹ, X  ɿ Y – ɛɚɧɚɯɨɜɿ ɩɪɨɫɬɨɪɢ. 

Ⱦɥɹ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ  ɪɿɜɧɹɧɧɹ (1) ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɞɜɨɤɪɨɤɨɜɢɣ 
ɿɬɟɪɚɰɿɣɧɢɣ ɩɪɨɰɟɫ 
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ɹɤɢɣ ɩɨɛɭɞɨɜɚɧɨ ɧɚ ɛɚɡɿ ɦɟɬɨɞɭ ɯɨɪɞ, ɬɚ ɨɛɝɪɭɧɬɨɜɚɧɨ ɣɨɝɨ 
ɧɚɩɿɜɥɨɤɚɥɶɧɭ ɡɛɿɠɧɿɫɬɶ  ɡɚ ɫɥɚɛɤɢɯ  -ɭɦɨɜ ɞɥɹ ɩɨɞɿɥɟɧɢɯ ɪɿɡɧɢɰɶ 
ɩɟɪɲɨɝɨ  ɩɨɪɹɞɤɭ. ȼɿɧ є ɪɿɡɧɢɰɟɜɢɦ ɚɧɚɥɨɝɨɦ  ɦɨɞɢɮɿɤɚɰɿʀ ɦɟɬɨɞɭ 
ɇɶɸɬɨɧɚ ɡ ɬɪɟɬɿɦ ɩɨɪɹɞɤɨɦ ɡɛɿɠɧɨɫɬɿ [1, 2]. Ɂɧɚɣɞɟɧɨ ɨɛɥɚɫɬɶ 
єɞɢɧɨɫɬɿ ɪɨɡɜ'ɹɡɤɭ ɡɚɞɚɱɿ (1). ɇɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɱɢɫɟɥɶɧɨɝɨ 
ɪɨɡɜ'ɹɡɭɜɚɧɧɹ ɧɟɥɿɧɿɣɧɢɯ ɫɢɫɬɟɦ ɪɿɜɧɹɧɶ ɡ ɧɟɞɢɮɟɪɟɧɰɿɣɨɜɧɢɦ 
ɨɩɟɪɚɬɨɪɨɦ. ɉɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɧɧɹ  ɦɟɬɨɞɭ (2) ɡ ɦɟɬɨɞɨɦ ɯɨɪɞ ɬɚ 
ɣɨɝɨ ɞɜɨɤɪɨɤɨɜɢɦ ɚɧɚɥɨɝɨɦ ɡɚ ɲɜɢɞɤɿɫɬɸ ɡɛɿɠɧɨɫɬɿ. 
Ʌіɬɟɪɚɬɭɪɚ 

1. Ⱥmat S. On a third-order Newton-type method free of bilinear 
operators / S. Ⱥmat, C. Bernùdez, S. Busquier and S. Plaza // Numer. 
Linear Algebra Appl. – 2010. – Vol. 17. – P. 639-653. 
2.  Kou J.,  Li Y. A modification of Newton method with third-order 
convergence / J. Kou, Y. Li, X.  Wang // Applied Mathematics and 
Computation. – 2006. – Vol. 181. – P. 1106-1111. 
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CɂɋɌȿɆɂ ɅɈȽȱɑɇɈȽɈ ȼɂȼȿȾȿɇɇə ɅɈȽȱɄ ɑȺɋɌɄɈȼɂɏ 
ɉɊȿȾɂɄȺɌȱȼ ȻȿɁɄȼȺɇɌɈɊɇɂɏ Ɋȱȼɇȱȼ 

ɒɤіɥьɧɹɤ C.ɋ., ȼɨɥɤɨɜɢɰьɤɢɣ Ⱦ.Ȼ. 
Ʉɢʀɜ. ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ, ɍɤɪɚʀɧɚ 

ttp@unicyb.kiev.ua  

Ⱦɨɫɥɿɞɠɟɧɨ ɩɪɨɝɪɚɦɧɨ-ɨɪɿєɧɬɨɜɚɧɿ ɥɨɝɿɱɧɿ ɮɨɪɦɚɥɿɡɦɢ – ɥɨɝɿɤɢ 
ɱɚɫɬɤɨɜɢɯ ɤɜɚɡɿɚɪɧɢɯ ɩɪɟɞɢɤɚɬɿɜ ɛɟɡɤɜɚɧɬɨɪɧɢɯ ɪɿɜɧɿɜ. ȼɨɧɢ ɩɨɫɿ-
ɞɚɸɬɶ ɩɪɨɦɿɠɧɟ ɦɿɫɰɟ ɦɿɠ ɩɪɨɩɨɡɢɰɿɣɧɨɸ ɿ ɩɟɪɲɨɩɨɪɹɞɤɨɜɢɦɢ ɥɨ-
ɝɿɤɚɦɢ Ⱦɥɹ ɬɚɤɢɯ ɥɨɝɿɤ ɩɨɛɭɞɨɜɚɧɨ ɧɢɡɤɭ cɢɫɬɟɦ ɥɨɝɿɱɧɨɝɨ ɜɢɜɟ-
ɞɟɧɧɹ ɫɟɤɜɟɧɰɿɣɧɨɝɨ ɬɢɩɭ. ȼɢɞɿɥɟɧɨ [1] ɪɿɜɧɿ ɛɟɡɤɜɚɧɬɨɪɧɢɯ ɥɨɝɿɤ: 

– ɪɟɧɨɦɿɧɚɬɢɜɧɢɣ (ɊɇɅ); 
– ɪɟɧɨɦɿɧɚɬɢɜɧɢɣ ɡ ɫɥɚɛɤɨɸ ɪɿɜɧɿɫɬɸ (ɊɇɅɊ); 
– ɪɟɧɨɦɿɧɚɬɢɜɧɢɣ ɡ ɫɬɪɨɝɨɸ ɪɿɜɧɿɫɬɸ (ɊɇɅɊɋ); 
– ɛɟɡɤɜɚɧɬɨɪɧɨ-ɮɭɧɤɰɿɨɧɚɥɶɧɢɣ (ȻɄɎɅ); 
– ɛɟɡɤɜɚɧɬɨɪɧɨ-ɮɭɧɤɰɿɨɧɚɥɶɧɢɣ ɡ ɫɥɚɛɤɨɸ ɪɿɜɧɿɫɬɸ (ȻɄɎɅɊ); 
– ɛɟɡɤɜɚɧɬɨɪɧɨ-ɮɭɧɤɰɿɨɧɚɥɶɧɢɣ ɡ ɫɬɪɨɝɨɸ ɪɿɜɧɿɫɬɸ (ȻɄɎɅɊɋ). 
Ɋɨɡɝɥɹɧɭɬɨ ɫɟɦɚɧɬɢɱɧɿ ɦɨɞɟɥɿ ɬɚ ɦɨɜɢ ɰɢɯ ɥɨɝɿɤ, ɞɥɹ ɧɢɯ ɞɨɫɥɿ-

ɞɠɟɧɨ ɨɩɢɫɚɧɿ ɜ [2] ɜɿɞɧɨɲɟɧɧɹ ɥɨɝɿɱɧɨɝɨ ɧɚɫɥɿɞɤɭ |=IR, |=T, |=F, |=TF. 
ȼɥɚɫɬɢɜɨɫɬɿ ɰɢɯ ɜɿɞɧɨɲɟɧɶ є ɫɟɦɚɧɬɢɱɧɨɸ ɨɫɧɨɜɨɸ ɩɨɛɭɞɨɜɢ ɞɥɹ 
ɛɟɡɤɜɚɧɬɨɪɧɢɯ ɥɨɝɿɤ ɱɢɫɥɟɧɶ ɫɟɤɜɟɧɰɿɣɧɨɝɨ ɬɢɩɭ. 

ɇɚ ɪɿɜɧɿ ɊɇɅ ɞɥɹ ɜɿɞɧɨɲɟɧɶ |=IR, |=T, |=F, |=TF ɨɬɪɢɦɭєɦɨ ɜɿɞɩɨ-
ɜɿɞɧɨ ɱɢɫɥɟɧɧɹ RC, RL, RR, RLR. ɇɚ ɪɿɜɧɿ ɊɇɅɊ ɤɨɪɟɤɬɧɢɦ є ɥɢɲɟ 
ɜɿɞɧɨɲɟɧɧɹ |=IR, ɞɥɹ ɹɤɨɝɨ ɦɚєɦɨ ɱɢɫɥɟɧɧɹ RCE. ɇɚ ɪɿɜɧɿ ɊɇɅɊɋ 
ɞɥɹ |=IR, |=T, |=F, |=TF ɨɬɪɢɦɭєɦɨ ɱɢɫɥɟɧɧɹ REC, REL, RER, RELR.  

ɇɚ ɪɿɜɧɿ ȻɄɎɅ ɞɥɹ |=IR, |=T, |=F, |=TF ɨɬɪɢɦɭєɦɨ ɜɿɞɩɨɜɿɞɧɨ ɱɢɫ-
ɥɟɧɧɹ FC, FL, FR, FLR. ɇɚ ɪɿɜɧɿ ȻɄɎɅɊ ɤɨɪɟɤɬɧɢɦ є ɥɢɲɟ |=IR, ɞɥɹ 
ɹɤɨɝɨ ɦɚєɦɨ ɱɢɫɥɟɧɧɹ FCE.ɇɚ ɪɿɜɧɿ ȻɄɎɅɊɋ ɞɥɹ ɜɿɞɧɨɲɟɧɶ |=IR, 
|=T, |=F, |=TF ɨɬɪɢɦɭєɦɨ ɜɿɞɩɨɜɿɞɧɨ ɱɢɫɥɟɧɧɹ FEC, FEL, FER, FELR.  

Ⱦɥɹ ɩɪɨɩɨɧɨɜɚɧɢɯ ɱɢɫɥɟɧɶ ɧɚɜɟɞɟɧɨ ɛɚɡɨɜɿ ɫɟɤɜɟɧɰɿɣɧɿ ɮɨɪɦɢ 
ɬɚ ɭɦɨɜɢ ɡɚɦɤɧɟɧɨɫɬɿ ɫɟɤɜɟɧɰɿɣ, ɨɩɢɫɚɧɨ ɩɨɛɭɞɨɜɭ ɜɢɜɟɞɟɧɧɹ – 
ɫɟɤɜɟɧɰɿɣɧɨɝɨ ɞɟɪɟɜɚ, ɞɨɜɟɞɟɧɨ ɬɟɨɪɟɦɢ ɤɨɪɟɤɬɧɨɫɬɿ ɬɚ ɩɨɜɧɨɬɢ. 
ɇɚ ɛɚɡɿ ɬɟɨɪɟɦ ɩɨɜɧɨɬɢ ɨɬɪɢɦɚɧɨ ɚɥɝɨɪɢɬɦɿɱɧɭ ɪɨɡɜ’ɹɡɧɿɫɬɶ ɩɪɨɛ-
ɥɟɦ ɧɚɹɜɧɨɫɬɿ ɜɿɞɩɨɜɿɞɧɨɝɨ ɥɨɝɿɱɧɨɝɨ ɧɚɫɥɿɞɤɭ ɞɥɹ ɫɤɿɧɱɟɧɢɯ ɦɧɨɠɢɧ 
ɮɨɪɦɭɥ, ɩɪɨɛɥɟɦ ɧɟɫɩɪɨɫɬɨɜɧɨɫɬɿ ɬɚ ɬɨɬɨɠɧɨ ɿɫɬɢɧɧɨɫɬɿ ɞɥɹ ɮɨɪɦɭɥ. 
Ʌіɬɟɪɚɬɭɪɚ 
1. ɒɤɿɥɶɧɹɤ ɋ.ɋ., ȼɨɥɤɨɜɢɰɶɤɢɣ Ⱦ.Ȼ. Ʉɨɦɩɨɡɢɰɿɣɧɨ-ɧɨɦɿɧɚɬɢɜɧɿ 
ɥɨɝɿɤɢ ɛɟɡɤɜɚɧɬɨɪɧɢɯ ɪɿɜɧɿɜ // ɉɪɨɛɥ. ɩɪɨɝɪɚɦɭɜɚɧɧɹ. – 2016. – 
№ 2–3 – C. 48–62.  
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2. ɇɿɤɿɬɱɟɧɤɨ Ɇ.ɋ., ɒɤɿɥɶɧɹɤ ɋ.ɋ. ɉɪɢɤɥɚɞɧɚ ɥɨɝɿɤɚ. – Ʉ.: ȼɉɐ 
Ʉɢʀɜɫɶɤɢɣ ɭɧɿɜɟɪɫɢɬɟɬ, 2013. – 278 ɫ.  

 

 

ɈɉɌɂɆȱɁȺɐȱə ɋɂɋɌȿɆ Ɂ ɈȻɆȿɀȿɇɇəɆɂ ɍ ȼɂȽɅəȾȱ 
ɊȱȼɇəɇЬ Ɂ ɑȺɋɌɂɇɇɂɆɂ ɉɈɏȱȾɇɂɆɂ  

ɓɟɪɛɚɬɢɣ Ɇ.ȼ. 
Ʌɶɜɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ ȱɜɚɧɚ Ɏɪɚɧɤɚ, ɍɤɪɚʀɧɚ  

shcherbatyy@gmail.com  
 

Ɋɨɡɝɥɹɧɟɦɨ ɧɚɫɬɭɩɧɭ ɡɚɞɚɱɭ ɨɩɬɢɦɿɡɚɰɿʀ: ɡɧɚɣɬɢ ɬɚɤɿ ɮɭɧɤɰɿʀ 
ɤɟɪɭɜɚɧɧɹ *u  ɬɚ ɫɬɚɧɭ/ɩɨɜɟɞɿɧɤɢ *y , ɹɤɿ ɧɚɞɚɸɬɶ ɧɚɣɦɟɧɲɨɝɨ 
ɡɧɚɱɟɧɧɹ ɤɪɢɬɟɪɿɸ ɦɟɬɢ  

 * *( , )u y U ,     0 * * 0
( , )

( , ) min ( , )
u y U

u y u y 


  (1) 

ɧɚ ɦɧɨɠɢɧɿ ɞɨɩɭɫɬɢɦɢɯ ɤɟɪɭɜɚɧɶ 

1 1

{( , ) : : ,  ;  ( , ) 0;  

         ( , ) 0,  1, ;  ( , ) 0,  1, }j j

U u y u u U y Y c y u

u y j m u y j m m 
    

    
, (2) 

ɞɟ ( , ) 0c y u   - ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɫɢɫɬɟɦɢ. 
Ⱦɥɹ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱɿ (1)-(2) ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ “ɩɪɹɦɢɣ” ɿ 

“ɧɟɩɪɹɦɢɣ” ɩɿɞɯɨɞɢ. Ɂɝɿɞɧɨ “ɩɪɹɦɨɝɨ” ɩɿɞɯɨɞɭ (“ɫɩɨɱɚɬɤɭ 
ɞɢɫɤɪɟɬɢɡɭɣ – ɩɨɬɿɦ ɨɩɬɢɦɿɡɭɣ”) ɿɡ ɫɚɦɨɝɨ ɩɨɱɚɬɤɭ ɩɪɨɫɬɨɪɢ 
ɮɭɧɤɰɿɣ ɤɟɪɭɜɚɧɧɹ ɿ ɫɬɚɧɭ ɚɩɪɨɤɫɢɦɭɸɬɶɫɹ ɫɤɿɧɱɟɧɧɨɜɢɦɿɪɧɢɦɢ 
ɩɪɨɫɬɨɪɚɦɢ. ȼ ɪɟɡɭɥɶɬɚɬɿ ɨɬɪɢɦɭєɦɨ ɡɚɞɚɱɿ ɧɟɥɿɧɿɣɧɨɝɨ 
ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɩɪɨɝɪɚɦɭɜɚɧɧɹ, ɞɥɹ ɹɤɢɯ ɡɚɩɢɫɭєɦɨ ɧɟɨɛɯɿɞɧɿ 
ɭɦɨɜɢ ɨɩɬɢɦɚɥɶɧɨɫɬɿ ɬɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ 
ɤɨɟɮɿɰɿєɧɬɿɜ ɱɭɬɥɢɜɨɫɬɿ (ɩɨɜɧɢɯ ɩɨɯɿɞɧɢɯ ɮɭɧɤɰɿɨɧɚɥɿɜ ,  0,j j m   

ɜɿɞɧɨɫɧɨ ɩɚɪɚɦɟɬɪɿɜ ɤɟɪɭɜɚɧɧɹ).  
Ɂɝɿɞɧɨ “ɧɟɩɪɹɦɨɝɨ” ɩɿɞɯɨɞɭ (“ɫɩɨɱɚɬɤɭ ɨɩɬɢɦɿɡɭɣ – ɩɨɬɿɦ 

ɞɢɫɤɪɟɬɢɡɭɣ”) ɧɟɨɛɯɿɞɧɿ ɭɦɨɜɢ ɨɩɬɢɦɚɥɶɧɨɫɬɿ ɬɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
ɚɧɚɥɿɡɭ ɱɭɬɥɢɜɨɫɬɿ ɨɬɪɢɦɭєɦɨ ɞɥɹ ɜɢɯɿɞɧɨʀ ɡɚɞɚɱɿ (1)-(2) ɜ 
ɧɟɩɟɪɟɪɜɧɿɣ ɩɨɫɬɚɧɨɜɰɿ. ɉɿɫɥɹ ɰɶɨɝɨ ɡɞɿɣɫɧɸєɦɨ ɞɢɫɤɪɟɬɢɡɚɰɿɸ 
ɨɬɪɢɦɚɧɢɯ ɡɚɞɚɱ. ȼ ɨɛɢɞɜɨɯ ɜɢɩɚɞɤɚɯ ɨɬɪɢɦɭєɦɨ ɡɚɞɚɱɿ 
ɧɟɥɿɧɿɣɧɨɝɨ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɩɪɨɝɪɚɦɭɜɚɧɧɹ. Ɉɞɧɚɤ ɪɿɡɧɿ ɩɿɞɯɨɞɢ 
ɞɨɡɜɨɥɹɸɬɶ ɛɭɞɭɜɚɬɢ ɪɿɡɧɿ ɚɥɝɨɪɢɬɦɢ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɜɢɯɿɞɧɨʀ ɡɚɞɚɱɿ 
ɨɩɬɢɦɿɡɚɰɿʀ (1)-(2). 
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Ⱦɥɹ ɨɛɱɢɫɥɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɿɜ ɱɭɬɥɢɜɨɫɬɿ ɜ “ɩɪɹɦɨɦɭ” ɿ 
“ɧɟɩɪɹɦɨɦɭ” ɩɿɞɯɨɞɚɯ ɜɢɤɨɪɢɫɬɨɜɭєɦɨ ɦɟɬɨɞ ɫɤɿɧɱɟɧɧɢɯ ɪɿɡɧɢɰɶ, 
ɩɪɹɦɢɣ ɦɟɬɨɞ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɬɚ ɦɟɬɨɞ ɫɩɪɹɠɟɧɢɯ ɡɦɿɧɧɢɯ.  

ɉɪɨɜɟɞɟɧɨ ɱɢɫɥɨɜɿ ɟɤɫɩɟɪɢɦɟɧɬɢ ɞɥɹ ɨɞɧɨɜɢɦɿɪɧɢɯ ɡɚ 
ɩɪɨɫɬɨɪɨɜɨɸ ɤɨɨɪɞɢɧɚɬɨɸ ɫɢɫɬɟɦ, ɩɨɜɟɞɿɧɤɚ ɹɤɢɯ ɨɩɢɫɭєɬɶɫɹ 
ɤɜɚɡɿɥɿɧɿɣɧɢɦɢ ɪɿɜɧɹɧɧɹɦɢ ɟɥɿɩɬɢɱɧɨɝɨ ɬɚ ɩɚɪɚɛɨɥɿɱɧɨɝɨ ɬɢɩɿɜ. ȼ 
ɪɨɥɿ ɤɟɪɭɜɚɧɶ ɜɢɛɪɚɧɨ ɤɨɟɮɿɰɿєɧɬɢ ɪɿɜɧɹɧɶ ɬɚ ɮɭɧɤɰɿʀ, ɹɤɿ ɡɚɞɚɸɬɶ 
ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɜɧɭɬɪɿɲɧɿɯ ɞɠɟɪɟɥ.  

 

 

ɇȿɅȱɇȱɃɇȺ ȺɉɊɈɄɋɂɆȺɐȱə ȼ ɉɊɈȻɅȿɆȱ ȼȿɅɂɄɂɏ 
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ɉɪɨɛɥɟɦɚ ɜɟɥɢɤɢɯ ɜɿɞɯɢɥɟɧɶ ɜɢɧɢɤɥɚ ɹɤ ɦɟɬɨɞ ɪɨɡɜ’ɹɡɚɧɧɹ 
ɫɬɚɬɢɫɬɢɱɧɢɯ ɡɚɞɚɱ, ɩɨɜ’ɹɡɚɧɢɯ ɡ ɨɰɿɧɤɨɸ ɣɦɨɜɿɪɧɨɫɬɟɣ ɪɿɞɤɿɫɧɢɯ 
ɩɨɞɿɣ. ȼ ɩɪɚɰɹɯ [1-3] ɜ ɫɯɟɦɿ ɩɭɚɫɫɨɧɨɜɨʀ ɚɩɪɨɤɫɢɦɚɰɿʀ 
ɪɨɡɝɥɹɞɚɸɬɶɫɹ ɩɪɨɰɟɫɢ ɡ ɧɟɡɚɥɟɠɧɢɦɢ ɩɪɢɪɨɫɬɚɦɢ ɛɟɡ ɞɢɮɭɡɿɣɧɨʀ 
ɫɤɥɚɞɨɜɨʀ. Ɇɿɠ ɫɬɪɢɛɤɚɦɢ ɬɚɤɿ ɩɪɨɰɟɫɢ є ɦɚɪɤɨɜɫɶɤɢɦɢ ɡ ɥɿɧɿɣɧɢɦ 
ɧɨɪɦɭɸɱɢɦ ɦɧɨɠɧɢɤɨɦ. Ɇɟɬɚ ɰɿєʀ ɪɨɛɨɬɢ ɩɨɥɹɝɚє ɭ ɡɧɚɯɨɞɠɟɧɧɿ 
ɩɚɪɚɦɟɬɪɿɜ ɧɨɪɦɭɜɚɧɧɹ ɝɟɧɟɪɚɬɨɪɚ ɜɢɩɚɞɤɨɜɢɯ ɩɪɨɰɟɫɿɜ, ɹɤ 
ɧɟɥɿɧɿɣɧɢɯ ɮɭɧɤɰɿɣ.  

Ɋɨɡɝɥɹɞɚєɬɶɫɹ ɝɟɧɟɪɚɬɨɪ ɜ ɚɩɪɨɤɫɢɦɚɰɿʀ ɉɭɚɫɫɨɧɚ 
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Ɍɟɯɧɿɱɧɢɣ ɚɧɚɥɿɡ ɬɚ ɨɰɿɧɸɜɚɧɧɹ ɜɦɿɫɬɭ ɯɥɨɪɨɮɿɥɭ ɜ ɪɨɫɥɢɧɧɨɫɬɿ 
ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɢɤɥɚɞɧɨɝɨ ɩɪɨɝɪɚɦɧɨɝɨ 
ɡɚɛɟɡɩɟɱɟɧɧɹ (ɉɉɁ) WINCHL [1]. ɋɬɪɭɤɬɭɪɧɚ ɫɯɟɦɚ ɣɨɝɨ 
ɫɤɥɚɞɚєɬɶɫɹ ɡ ɧɚɫɬɭɩɧɢɯ ɮɭɧɤɰɿɨɧɚɥɶɧɨ ɩɨɜ'ɹɡɚɧɢɯ ɩɿɞɫɢɫɬɟɦ: 
ɩɿɞɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ, ɛɚɡɢ ɞɚɧɢɯ, ɛɿɛɥɿɨɬɟɤɢ ɚɥɝɨɪɢɬɦɿɜ, 
ɝɪɚɮɿɱɧɨɝɨ ɿɧɬɟɪɮɟɣɫɭ ɞɥɹ ɜɡɚєɦɨɞɿʀ ɡ ɤɨɪɢɫɬɭɜɚɱɟɦ. ɋɢɫɬɟɦɚ 
WINCHL ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɧɚɫɬɭɩɧɢɯ ɡɚɜɞɚɧɶ: ɨɬɪɢɦɚɧɧɹ 
ɫɩɟɤɬɪɚɥɶɧɢɯ ɞɚɧɢɯ ɡɿ ɫɩɟɤɬɪɨɦɟɬɪɚ; ɨɛɱɢɫɥɟɧɧɹ ɡɧɚɱɟɧɧɹ 
ɯɥɨɪɨɮɿɥɭ ɩɨ ɨɞɧɨɦɭ ɡ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɚɥɝɨɪɢɬɦɿɜ; ɡɛɟɪɟɠɟɧɧɹ 
ɪɟɡɭɥɶɬɚɬɿɜ ɭ ɛɚɡɿ ɞɚɧɢɯ. ɉɉɁ ɪɨɡɪɨɛɥɟɧɨ ɞɥɹ ɞɜɨɯ ɜɚɪɿɚɧɬɿɜ 
ɜɢɤɨɪɢɫɬɚɧɧɹ.  

ɉɟɪɲɢɣ, ɹɤɢɣ ɦɚє ɧɚɡɜɭ USWHL, ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ ɟɤɫɩɪɟɫ-
ɨɰɿɧɸɜɚɧɧɹ ɯɥɨɪɨɮɿɥɭ ɜ ɪɨɫɥɢɧɧɨɫɬɿ ɭ ɩɨɥɶɨɜɢɯ ɭɦɨɜɚɯ. ɍ ɮɭɧɤɰɿʀ 
USWHL ɜɯɨɞɢɬɶ: ɨɬɪɢɦɚɧɧɹ ɫɩɟɤɬɪɚɥɶɧɢɯ ɞɚɧɢɯ ɡɿ ɫɩɟɤɬɪɨɦɟɬɪɚ 
[2], ɨɛɱɢɫɥɟɧɧɹ ɤɨɧɰɟɧɬɪɚɰɿʀ ɯɥɨɪɨɮɿɥɭ ɿ ɡɛɟɪɟɠɟɧɧɹ ɪɟɡɭɥɶɬɚɬɿɜ ɭ 
ɛɚɡɿ ɞɚɧɢɯ. ɐɟɣ ɜɚɪɿɚɧɬ ɉɉɁ ɩɪɨɫɬɢɣ ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ ɬɚ ɞɨɛɪɟ 
ɩɿɞɯɨɞɢɬɶ ɞɥɹ ɧɚɤɨɩɢɱɟɧɧɹ ɫɩɟɤɬɪɚɥɶɧɢɯ ɤɪɢɜɢɯ ɭ ɛɚɡɿ ɞɚɧɢɯ, 
ɨɬɪɢɦɚɧɧɹ ɲɜɢɞɤɿɫɧɢɯ ɨɰɿɧɨɤ ɜɦɿɫɬɭ ɯɥɨɪɨɮɿɥɭ ɜ ɪɨɫɥɢɧɧɨɫɬɿ.  

Ⱦɪɭɝɢɣ, ɹɤɢɣ ɦɚє ɧɚɡɜɭ WINCHL ɡ ɲɢɪɨɤɢɦ ɧɚɛɨɪɨɦ 
ɿɧɫɬɪɭɦɟɧɬɿɜ ɞɥɹ ɨɛɪɨɛɤɢ ɬɪɚєɤɬɨɪɿɣ ɫɩɟɤɬɪɚɥɶɧɢɯ ɤɪɢɜɢɯ ɬɚ 
ɞɨɫɥɿɞɠɟɧɧɹ ʀɯ ɜɥɚɫɬɢɜɨɫɬɟɣ. ȼɿɡɭɚɥɶɧɢɣ ɤɨɧɫɬɪɭɤɬɨɪ ɚɥɝɨɪɢɬɦɿɜ 
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ɉɉɁ WINCHL ɞɨɡɜɨɥɹє ɞɨɫɥɿɞɧɢɤɭ ɡɚɞɚɬɢ ɧɟɨɛɯɿɞɧɭ ɤɨɧɮɿɝɭɪɚɰɿɸ 
ɚɥɝɨɪɢɬɦɿɜ ɨɛɪɨɛɤɢ ɫɩɟɤɬɪɚɥɶɧɢɯ ɤɪɢɜɢɯ ɬɚ ʀɯ ɩɚɪɚɦɟɬɪɢ ɡɚ ɫɜɨʀɦ 
ɛɚɠɚɧɧɹɦ ɿ ɮɨɪɦɭɜɚɬɢ ɪɿɡɧɿ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɚɥɝɨɪɢɬɦɿɜ ɨɛɱɢɫɥɟɧɧɹ 
ɯɥɨɪɨɮɿɥɭ.  
Ʌіɬɟɪɚɬɭɪɚ 

1. əɰɟɧɤɨ ȼ.Ɉ., ɉɟɬɪɨɜɢɱ ȼ.Ɇ., Ⱥɞɚɦɱɭɤ ɇ.ȱ., Ɍɪɟɛɿɧɚ ɇ.Ɇ. 
ɉɪɨɝɪɚɦɧɟ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɥɹ ɚɧɚɥɿɡɭ ɬɚ ɨɰɿɧɸɜɚɧɧɹ ɜɦɿɫɬɭ 
ɯɥɨɪɨɮɿɥɭ ɜ ɪɨɫɥɢɧɧɨɫɬɿ // ȼɿɫɧɢɤ Ʉɢʀɜɫɶɤɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ. ɋɟɪɿɹ 
ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɿ ɧɚɭɤɢ. – 2016. – ȼɢɩ.4. –7 ɫ.  
2. əɰɟɧɤɨ ȼ.Ɉ., Ⱦɨɧɟɰɶ ȼ.ȼ., Ʌɚɩɱɭɤ ȼ.ɉ.. Ȼɨɪɬɨɜɢɣ ɫɩɟɤɬɪɨɦɟɬɪ 
ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɭɪɚɠɟɧɢɯ ɡɨɧ ɪɨɫɥɢɧɧɨɫɬɿ. ɉɚɬɟɧɬ ɧɚ ɜɢɧɚɯɿɞ 
№110814, Ⱦɟɪɠɚɜɧɢɣ ɪɟєɫɬɪ ɩɚɬɟɧɬɿɜ ɍɤɪɚʀɧɢ ɧɚ ɜɢɧɚɯɨɞɢ 
25.02.2016. 
 
 

 

 

 

 

 

 

 

ɉɿɞɩɢɫɚɧɨ ɞɨ ɞɪɭɤɭ 26.04.2017. Ɏɨɪɦɚɬ 60ɯ84/16. 
ɉɚɩɿɪ ɨɮɫɟɬɧɢɣ. Ƚɚɪɧɿɬɭɪɚ Ɍɚɣɦɫ. Ⱦɪɭɤ ɨɮɫɟɬɧɢɣ. 

ɍɦ. ɞɪɭɤ. ɚɪɤ. 12,2. ɇɚɤɥɚɞ 120. Ɂɚɦ. № 310. 
 

ɇɚɞɪɭɤɨɜɚɧɨ ɜ “Ɇɉ Ʌɟɫɹ”. 
ɋɜɿɞɨɰɬɜɨ ɩɪɨ ɜɧɟɫɟɧɧɹ ɞɨ Ⱦɟɪɠɚɜɧɨɝɨ ɪɟєɫɬɪɭ ɫɭɛ’єɤɬɿɜ 
ɜɢɞɚɜɧɢɱɨʀ ɫɩɪɚɜɢ ɫɟɪɿɹ ȾɄ № 892 ɜɿɞ 08.04.2002. 

“Ɇɉ Ʌɟɫɹ” 03148, 
Ʉɢʀɜ, ɚ/ɫ 115. 

Ɍɟɥ./ɮɚɤɫ: +38 050 469 7485, 068 340 8332 
E-mail: lesya3000@ukr.net 

 

200

mailto:lesya3000@ukr.net


 

 

 

PDMU-2017 
 

XХX International Conference 
 

PROBLEMS OF  

DECISION MAKING  

UNDER UNCERTAINTIES 
  

Dedicated to 80-th anniversary  

of Professor Yurii Yermoliev 
  

August 14-19, 2017 

Vilnius, Lithuania 

 

ORGANIZED BY  

Taras Shevchenko National University of Kyiv  

(Faculty of Computer Science and Cybernetics), 

General Jonas Žemaitis Military Academy of Lithuania 

 

DEADLINES: 

June 20, 2017 - Preregistration, submission of abstracts.  

June 30, 2017 - Notification of paper acceptance, payment of fee.  

August 14-19, 2017 - International Conference PDMU-2017. 

 

 

 

Web-site: http://www.PDMU.univ.kiev.ua 

E-mail: pdmu@univ.kiev.ua  


	THE PROBLEM “bOY AND cROCODILE” WITH TIME-LAG Baranovska L.V.
	A two-stAGE proximal algorithm with bregman divergence
	Denisov S.V., Dudar V.V., Semenov V.V.
	Gorjeladze I
	Simple Stop Loss Procedure to Measure Expected Return of the Portfolio Kotsiuba I., Yeleyko Y.
	Lyubchyk L.M., Grinberg G.L.

	Pryshchepa O.V.
	o.v.pryshchepa@nuwm.edu.ua
	References
	1RosaW., 1,2Khimka U.T.,1,3ChabanyukYa.M.

	де .          (1)
	Для розв’язування (1)  у випадку  використовують метод Ньютона, якиє є локально квадратично збіжним.
	У випадку  задачу (1) замінимо задачею про найменші квадрати
	.               (2)
	Для розв’язування задачі (2) можна використати метод Гауса-Ньютона, градієнтний. Навіть у найкращому випадку метод Гауса-Ньютона фактично має над лінійну збіжність. Градієнтний метод має лише лінійну швидкість збіжності хоча достатньо трудомісткий в с...
	Нами пропонується блочно покоординатний метод спуску.
	Введемо позначення,
	,  де , , зауважимо що , , , а також .  , .
	Тоді для розв’язування (1) пропонується алгоритм вигляду
	Розглянутий алгоритм при виконанні певних умов накладених на  коректно визначений і збіжний. Ефективно алгоритм використовувати у випадку великих
	про деякі методи спуску

	Бартіш М.Я., Огородник Н.П.
	Розподіл державного замовлення, як задача прийняття рішень в  умовах невизначеності

	Бахрушин В.Є.
	Про оцінку ймовірності банкрутсва для розподілів з “важкими хвостами”
	Білинський А.Я., Кінаш О.М.

	ПРО АПРОКСИМАЦІЮ ТА СТАТИСТИЧНЕ МОДЕЛЮВАННЯ ВИПАДКОВИХ ПОЛІВ У ТРИВИМІРНОМУ ЕВКЛІДОВОМУ ПРОСТОРІ
	1 Національний університет імені Тараса Шевченка, Київ, Україна
	2Сілезьский технічний університет (Глівіце)
	1Власюк А.П., 2Жуковський В.В.
	Моделювання процесів розвитку регіональної енергетики шляхом використання нетрадиційних та вторинних джерел енергії

	Глущенко І. А.
	Функціонування банку в динамічній моделі його роботи без обмежень на функції розподілу

	Гончар М.С., Довжик О.П.
	КООПЕРАТИВНІ ІГРИ В БОСА ТА ХАУСКІПЕРА В ЗАДАЧІ ПРО ПРИЗНАЧЕННЯ
	Табличні алгоритми
	моделювання ПРОЦЕСУ розповсюдження ІНФОРМАЦІЇ З УРАХУВАННЯМ СОЦІАЛЬНОГО ВПЛИВУ

	Івохін Є.В., Махно М.Ф., Науменко Ю.О., Апанасенко Д.В.
	Метод чисельного моделювання еволюційних процесів на багатопроцесорних комплексах
	Марцафей А.С., Оноцький В.В.
	ПРО РІВНОВАЖНУ ДИНАМІКУ ВІДКРИТОЇ ЕКОНОМІЧНОЇ СИСТЕМИ З МОНОПОЛІСТАМИ І ФІНАНСОВИМИ ЗОБОВ'ЯЗАННЯМИ

	Махорт А.П.
	Застосування методу (G'/G)-розвинення до інверсної динамічної системи кортевега–де фріза (КДФ)

	Михайлюк І.С., Притула М.М.
	МIНIМАКСНА ЕКСТРАПОЛЯЦIя ТА ПРЕДСТАВЛЕННЯ РУХОМОГО СЕРЕДНЬОГО ГАРМОНIЗОВАНИХ ВИПАДКОВИХ ПРОЦЕСIВ

	Моклячук М.П., Остапенко В.І.
	ЛАНЦЮГОВІ ДРОБИ ТА НАБЛИЖЕННЯ ФУНКЦІЙ

	Пагіря М.М.
	СТАТИСТИЧНЕ МОДЕЛЮВАННЯ ВІНЕРІВСЬКОГО ПРОЦЕСУ В ПРИКЛАДНИХ ЗАДАЧАХ
	дослідження крайових задач для нелінійних рівнянь гіперболічного типу в області із складною структурою краю

	Питьовка О.Ю.
	3. Marynets V.V., Marynets K.V., Pytovka O.Yu. On one constructive method of the differential equations of the hyperbolic type // Науковий вісник Ужгородського університету–2015.– Вип.№2 (27) – P.76-85.
	ПРОГНОЗУВАННЯ ТА ПРИЙНЯТТЯ РІШЕНЬ
	ЗАсобами МАТЕМАТИЧНИХ МЕТОДІВ

	Ротаньова Н.Ю., Тимофєєва І.Б.
	АСИМПТОТИЧНІ ВЛАСТИВОСТІ ДИФЕРЕНЦІАЛЬНИХ РІВНЯНЬ ЗІ СТОХАСТИЧНИМИ МАЛИМИ ДОБАВКАМИ В УМОВАХ АПРОКСИМАЦІЇ ЛЕВІ
	Самойленко І.В., Нікітін А.В.

	ДИФЕРЕНЦІАЛЬНІ РІВНЯННЯ ЗІ СТОХАСТИЧНИМИ МАЛИМИ ДОБАВКАМИ У СХЕМІ АПРОКСИМАЦІЇ ЛЕВІ
	Самойленко І.В., Нікітін А.В.


	Алгоритми розпаралелювання для векторних задач дискретної оптимізації
	Математика функціональних інтервалів та її застосування

	Сеньо П.С.
	Метод розв’язування задачі Коші, заснований на  Математиці функціональних інтервалів

	Сеньо П.С., Стойко Т.І.
	ОПТИМІЗАЦІЯ ДЕЯКИХ ХАРАКТЕРИСТИК СТІЙКОСТІ СТОХАСТИЧНИХ СИСТЕМ
	Про визначення страхового тарифу в умовах факторизаційної моделі

	Чорний Р.О., Кінаш О.М.
	Література
	ОПТИМІЗАЦІЯ СИСТЕМ З ОБМЕЖЕННЯМИ У ВИГЛЯДІ РІВНЯНЬ З ЧАСТИННИМИ ПОХІДНИМИ

	Щербатий М.В.
	СТРУКТУРНА СХЕМА ПРИКЛАДНОГО ПРОГРАМНОГО ЗАБЕЗПЕЧЕННЯ WINCHL
	Titulka_2017.pdf
	Taras Shevchenko National University of  Kyiv
	(Faculty of Computer Science and Cybernetics)
	International Institute for Applied Systems Analysis (Austria)
	Glushkov Institute of Cybernetics  of  NAS of Ukraine System Analysis Committee of Presidium  National Academy of  Sciences of  Ukraine
	Academy of  Sciences “ Vyshcha Shkola ” of  Ukraine
	Ivan Franko National University of L'viv
	European Education Center (Georgia)
	XХIX International Conference
	PROBLEMS OF DECISION MAKING UNDER UNCERTAINTIES
	(PDMU-2017)
	ABSTRACTS
	May 10-13, 2017
	Mukachevo, Ukraine Taras Shevchenko National University of  Kyiv
	(Faculty of Computer Science and Cybernetics)
	International Institute for Applied Systems Analysis (Austria)
	Glushkov Institute of Cybernetics  of  NAS of Ukraine System Analysis Committee of Presidium  National Academy of  Sciences of Ukraine
	Academy of Sciences “ Vyshcha Shkola ” of Ukraine
	Ivan Franko National University of L'viv
	European Education Center (Georgia)
	XХIX International Conference
	PROBLEMS OF DECISION MAKING UNDER UNCERTAINTIES
	(PDMU-2017)
	ABSTRACTS
	Mukachevo, Ukraine
	Київ
	2017 УДК 007 (100)(06)
	Надруковано  за  рішенням  Вченої  Ради  факультету комп’ютерних наук та кібернетики  Київського  національного  університету  імені Тараса Шевченка
	(протокол  №  8   від  24  квітня   2017 р.)
	INTERNATIONAL PROGRAM COMMITTEE

	last page.pdf
	PDMU-2017
	XХX International Conference
	PROBLEMS OF
	DECISION MAKING
	UNDER UNCERTAINTIES
	ORGANIZED BY


	
	ПРО АПРОКСИМАЦІЮ ТА СТАТИСТИЧНЕ МОДЕЛЮВАННЯ ВИПАДКОВИХ ПОЛІВ У ТРИВИМІРНОМУ ЕВКЛІДОВОМУ ПРОСТОРІ
	1 Київ. національний університет імені Тараса Шевченка, Україна
	2Сілезьский технічний університет (Глівіце)
	1Власюк А.П., 2Жуковський В.В.
	Моделювання процесів розвитку регіональної енергетики шляхом використання нетрадиційних та вторинних джерел енергії

	Глущенко І. А.
	Функціонування банку в динамічній моделі його роботи без обмежень на функції розподілу

	Гончар М.С., Довжик О.П.
	Київ. національний університет імені Тараса Шевченка, Україна
	Київ. національний університет імені Тараса Шевченка, Україна
	Київ. національний університет імені Тараса Шевченка, Україна
	Київ. національний університет імені Тараса Шевченка, Україна
	КООПЕРАТИВНІ ІГРИ В БОСА ТА ХАУСКІПЕРА В ЗАДАЧІ ПРО ПРИЗНАЧЕННЯ
	Київ. національний університет імені Тараса Шевченка, Україна
	Табличні алгоритми
	моделювання ПРОЦЕСУ розповсюдження ІНФОРМАЦІЇ З УРАХУВАННЯМ СОЦІАЛЬНОГО ВПЛИВУ

	Івохін Є.В., Махно М.Ф., Науменко Ю.О., Апанасенко Д.В.
	Київ. національний університет імені Тараса Шевченка, Україна
	Київ. національний університет імені Тараса Шевченка, Україна
	1 Київ. національний університет імені Тараса Шевченка, Україна
	Київ. національний університет імені Тараса Шевченка, Україна
	Метод чисельного моделювання еволюційних процесів на багатопроцесорних комплексах
	Марцафей А.С., Оноцький В.В.

	Київ. національний університет імені Тараса Шевченка, Україна
	Київ. національний університет імені Тараса Шевченка, Україна
	ПРО РІВНОВАЖНУ ДИНАМІКУ ВІДКРИТОЇ ЕКОНОМІЧНОЇ СИСТЕМИ З МОНОПОЛІСТАМИ І ФІНАНСОВИМИ ЗОБОВ'ЯЗАННЯМИ

	Махорт А.П.
	Застосування методу (G'/G)-розвинення до інверсної динамічної системи кортевега–де фріза (КДФ)

	Михайлюк І.С., Притула М.М.
	МIНIМАКСНА ЕКСТРАПОЛЯЦIя ТА ПРЕДСТАВЛЕННЯ РУХОМОГО СЕРЕДНЬОГО ГАРМОНIЗОВАНИХ ВИПАДКОВИХ ПРОЦЕСIВ

	Моклячук М.П., Остапенко В.І.
	Київ. національний університет імені Тараса Шевченка, Україна
	ЛАНЦЮГОВІ ДРОБИ ТА НАБЛИЖЕННЯ ФУНКЦІЙ

	Пагіря М.М.
	СТАТИСТИЧНЕ МОДЕЛЮВАННЯ ВІНЕРІВСЬКОГО ПРОЦЕСУ В ПРИКЛАДНИХ ЗАДАЧАХ
	дослідження крайових задач для нелінійних рівнянь гіперболічного типу в області із складною структурою краю

	Питьовка О.Ю.
	3. Marynets V.V., Marynets K.V., Pytovka O.Yu. On one constructive method of the differential equations of the hyperbolic type // Науковий вісник Ужгородського університету–2015.– Вип.№2 (27) – P.76-85.
	ПРОГНОЗУВАННЯ ТА ПРИЙНЯТТЯ РІШЕНЬ
	ЗАсобами МАТЕМАТИЧНИХ МЕТОДІВ

	Ротаньова Н.Ю., Тимофєєва І.Б.
	АСИМПТОТИЧНІ ВЛАСТИВОСТІ ДИФЕРЕНЦІАЛЬНИХ РІВНЯНЬ ЗІ СТОХАСТИЧНИМИ МАЛИМИ ДОБАВКАМИ В УМОВАХ АПРОКСИМАЦІЇ ЛЕВІ
	Самойленко І.В., Нікітін А.В.


	Київ. національний університет імені Тараса Шевченка, Україна
	ДИФЕРЕНЦІАЛЬНІ РІВНЯННЯ ЗІ СТОХАСТИЧНИМИ МАЛИМИ ДОБАВКАМИ У СХЕМІ АПРОКСИМАЦІЇ ЛЕВІ
	Самойленко І.В., Нікітін А.В.


	Київ. національний університет імені Тараса Шевченка, Україна
	Алгоритми розпаралелювання для векторних задач дискретної оптимізації
	Математика функціональних інтервалів та її застосування

	Сеньо П.С.
	Метод розв’язування задачі Коші, заснований на  Математиці функціональних інтервалів

	Сеньо П.С., Стойко Т.І.
	ОПТИМІЗАЦІЯ ДЕЯКИХ ХАРАКТЕРИСТИК СТІЙКОСТІ СТОХАСТИЧНИХ СИСТЕМ
	Про визначення страхового тарифу в умовах факторизаційної моделі

	Чорний Р.О., Кінаш О.М.
	Література
	Київ. національний університет імені Тараса Шевченка, Україна
	ОПТИМІЗАЦІЯ СИСТЕМ З ОБМЕЖЕННЯМИ У ВИГЛЯДІ РІВНЯНЬ З ЧАСТИННИМИ ПОХІДНИМИ

	Щербатий М.В.
	СТРУКТУРНА СХЕМА ПРИКЛАДНОГО ПРОГРАМНОГО ЗАБЕЗПЕЧЕННЯ WINCHL
	Київ. національний університет імені Тараса Шевченка, Україна




