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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 

ɻʫʣʷʝʚ ɻʝʨʤʘʥ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʦʩʪʘʚ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ:  

ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï 

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï  

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ 

ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï  

ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï  

ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ 

ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï 

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï  

ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï 

ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ  

ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï  

ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï  

ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï  

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï  

ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ  

ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï  

ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʖʨʦʚʘ ʂʩʝʥʠʷ ʀʛʦʨʝʚʥʘ ï  

ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʥʘʷ ʦʮʝʥʢʘ; ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ; ʵʣʝʤʝʥʪʳ Brezzi-Douglas-Marini. 
 

ERROR ANALYSIS OF THE MIXED FINITE ELEMENT METHOD WITH BREZZI-DOUGLAS-MARINI 
ELEMENTS 

 
Kalisatarova Laula Muratqyzy 

 
Scientific adviser: Omariyeva Dinara Akylbekovna 

 
Abstract:  This paper is devoted to the construction and study of the finite element method for solving a two-
dimensional nonlinear equation of elliptic type. Equations of this type arise in solving many applied problems, 
including problems of the theory of multiphase fluid flow, the theory of semiconductor devices, and many 
others. The relevance of the study of this problem is associated with the need to develop effective parallel 
methods for solving this problem. To discretize the equation, a mixed finite element method with Brezzi-
Douglas-Marini elements is used. An a priori estimate is obtained, from which the convergence of the 
approximate solution to the exact solution follows. An analysis of the accuracy of the method is given on the 
example of several model problems in a square domain and the results of the analysis of the method error in 
various norms depending on the diameter of the mesh are presented. 
Key words: mixed finite element method; nonlinear Poisson equation; a priori estimate; iterative method; 
Brezzi-Douglas-Marini elements. 
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Multiphase fluid flow modeling is of great practical importance in the petroleum industry, hydrology, 
carbon sequestration, and nuclear waste management. Fluid flow models are the basis of fluid dynamics 
simulators used in the development of oil fields and allow predictive calculations of development indicators. 

The study of fluid flow models is most fully carried out under the assumption of local phase equilibrium 
[1ï5]. However, it is shown in many studies that the non-equilibrium effects should be taken into account at all 
stages of the development of oil fields which consists in the delay in the establishment of saturation. This is 
due to the fact that the dependences of the pressure drop on time, obtained during laboratory studies of 
samples of a porous medium in order to determine the relative phase permeability functions, differ significantly 
from the theoretical curves calculated within the framework of the classical fluid flow theory [6]. The effect of 
non-equilibrium can be significant, since the saturation time under oil field conditions can be on the order of a 
year [7]. 

The paper considers a two-phase nonequilibrium fluid flow model with a generalized nonequilibrium law 
introduced in [8]. Determining the pressure field within the framework of this model is reduced to solving a 
mixed problem for an elliptic type equation. In the previous works of the authors [9, 10], the stabilized 
biconjugate gradient method (BiCGSTAB) was used to solve this problem. Diagonal and incomplete LU 
factorization are chosen as preconditioners of the method; the algorithm is implemented in C++ using the 
Eigen library, a comparative analysis of the number of iterations required to achieve a given accuracy is 
carried out. 

In this paper, a mixed finite element method with Brezzi-Douglas-Marini elements is used [11] to solve 
the problem of determining the pressure field. An a priori estimate is obtained, from which the convergence of 
the approximate solution to the exact solution follows. An analysis of the accuracy of the method is given on 
the example of several model problems in a square domain.  

Let 2RËW  be a bounded convex domain with border ND GÇGG= . Consider the problem  

 ()( ) ( ) 0=, pxbpxk +ÐÖÐ- ,  WÍx ,                                               (1) 

 () ,,= NN xgnpxk GÍÖÐ-
C

                                                       (2) 

  ,,= DD xgp GÍ                                                               (3) 

where p  is the function to be defined. Let us assume that the functions )(xk  and ),( pxb  satisfy the 

conditions 

 () ( ) ( ) .,,,<0 2122110 ppcpxbpxbcxkc -¢-¢¢  (4) 

Problem (1)-(3) is equivalent to the problem of finding a pair ( ) ( ) ()W³WÍ 2;div, LHpu , such that  

 
( )( ) ( ) ( )

( ) ( )( ) ()îí

î
ì
ë

WÍ"+ÖÐ

WÍ"Ö-ÖÐ-
G

-

,0,=,,,

,;div,,=,,

2

1

Lvvpxbvu

Hgnpuk N
D

D

C

CCCCCC
tttt

 (5) 

where  

 ( ) () (){ },:=;div 222 WÍÖÐWÍW LLH tt
CC

 

 ( ) ( ){ }.ʥʘ0=:;div=;div NN nHH GÖWÍW
CCC

tt  

Let T  be a quasi-uniform triangulation of W. The mixed finite element method is to find 

( ) 01 PBDM, ³Íhh pu
C

 with the condition hNh gnu ,=
CC
Ö  on the NG  such that  

 
( )( ) ( )

( ) ( )( )í
ì
ë

Í"+ÖÐ

Í"Ö-ÖÐ-
G

-

,P0,=,,,

,BDM,,=,,

0

1,

1

vvpxbvu

gnpuk

hh

N
D

Dhh
C

CCCCCC
tttt

 (6) 

where  

      (){ }TKKPK Í"Í
2

11 |:=BDM tt
CC

, 

( )WÆ= ;divBDMBDM 1,1 NN H , 

 (){ }TKKPvv K Í"Í 00 |:=P , 

and ()KPn  is space of polynomials of degree at most n . 
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Under conditions (4), the following inequalities hold: 

( ) ( )( ),22

1

2

hhhh ppuuCuu -+P-ÖÐ¢-ÖÐ
CCCC

 

( ),22

2

22
pPpuuCppuu hhhh -+P-¢-+-

CCCC
 

where hP  and hP  are projection operators. 

Let us present the results of studying the accuracy of method (6) by comparing the approximate solution 
with the exact solution. In computational experiments, the error was determined by the formula  

 ( ) ( ),max= KhK
TK

ppe qq -
Í

 

where ()xp  denote the exact solution, ()xph  is the approximate solution, and Kq  is the center of the 

triangle K .  
Problem 1. In the unit square, consider the problem [12, p. 7] 

 ( ) 0,=,2 yxpÐ  

 ( ) ( ) ( ) ( ) .cos1=,10,=,00,=1,=0, xxpxpy
x

p
y

x

p
p+

µ

µ

µ

µ
 

The exact solution of the problem has the form ( ) .sinhcos
sinh

1
=, yyxyxp +pp

p
 Denote the 

diameter T  of the triangulation  by h . The dependence of the error on the number of elements for Problem 1 

is presented in Table 1. Plots of the approximate solution and absolute error are shown in Figure 1.  
 

Table 1  
Error analysis for Problem 1 

h  Nodes Elements Edges e  

0.0705 2406 4610 7015 4102.687111 -Ö  

0.0496 5295 10288 15582 4101.616501 -Ö  

0.0354 9307 18212 27518 5108.630193 -Ö  

0.0281 14565 28628 43192 5106.051073 -Ö  

  

  
a) approximate solution b) error 

Figure 1 - Results of solving Problem 1 
 



12 ǰȑȒȃȄȌȑ Ȃȍȃǿ 0.02 

 

IV ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

Problem 2. In the unit square, consider the problem  

 ( ) 6,=,2 yxpÐ  

 ( ) 1,=0,=,21=, 22 xxyxyxp ++  

 1.=4,=0;=0,= y
y

p
y

y

p
-

µ

µ

µ

µ
 

The exact solution of the problem has the form ( ) 22 21=, yxyxp ++ . The dependence of the error on 

the number of elements is shown in Table 2. Graphs of the approximate solution and absolute error are shown 
in Figure 2.  

 
Table 2  

Analysis of the error of the method for Problem 2 

h  Nodes Elements Edges e  

0.1698 141 240 380 310106361.3 -Ö  

0.0776 517 952 1468 410287641.6 -Ö  

0.0421 1978 3794 5771 410972763.1 -Ö  

0.0279 4406 8570 12975 510147708.8 -Ö  

0.0246 7662 15002 22663 510966669.6 -Ö  

0.0168 12139 23876 36014 510926152.2 -Ö  

  

  
ʘ) approximate solution ʙ) error 

Figure 2 - Results of solving problem 2 
 
Problem 3. In the unit square, consider the problem  

( ),= 222 yxep xy +Ð -  

( ) 1,01,=,0 ¢¢xxp  

( ) 1,0,=,1 ¢¢- xexp x  

( ) 1,01,=0, ¢¢yyp  

( ) 1.0,=1, ¢¢- yeyp y
 

The exact solution to the problem has the form ( ) xyeyxp -=, . The dependence of the error on the 
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number of elements is presented in Table 3. Plots of the approximate solution and absolute error are shown in 
Figure 3.  

 
Table 3  

Method error analysis for Problem 3 
h  Nodes Elements Edges e  

0.0705 2406 4610 7015 4102.687111 -Ö  

0.0496 5295 10288 15582 4101.616501 -Ö  

0.0354 9307 18212 27518 5108.630193 -Ö  

0.0281 14565 28628 43192 5106.051073 -Ö  

 

 

 

 
ʘ) approximate solution ʙ) error 

Figure 3 - Results of solving Problem 3 
 
Thus, the presented method (6) converges with the second order. The results obtained will be used in 

solving the problem of two-phase nonequilibrium flow of an incompressible fluid in arbitrary domains. 
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ǲǣǩ 40/,160,0-,1 

ǬǭǡǺǤ ǯǤǷǤǬǧǾ ǣǪǾ ǭǮǱǧǫǧǦǟǵǧǧ 
ǯǟǠǭǱǺ ǟǰǲ ǱǮ 

ǟȌȃȏȄȄȁ ǣȄȌȇȐ ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
ʩʪʫʜʝʥʪ 2 ʢʫʨʩʘ ʤʘʛʠʩʪʨʘʪʫʨʳ 

ʌɻɹʆʋ ɺʆ çʏʫʚʘʰʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʅ. ʋʣʴʷʥʦʚʘè, ʏʝʙʦʢʩʘʨʳ, ʈʦʩʩʠʷ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘ-
ʮʠʠ ʨʘʙʦʪʳ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʉʠʩʪʝʤ ʋʧʨʘʚʣʝʥʠʷ ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʇʨʦʮʝʩʩʘʤʠ (ɸʉʋ ʊʇ). ɸʢʪʫ-
ʘʣʴʥʦʩʪʴ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦ-
ʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʫʩʣʦʚʠʷʭ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʈʘ-
ʙʦʪʘ ʘʥʘʣʠʟʠʨʫʝʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, ʚʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢ-
ʪʘ, ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʦʚʳʤ ʨʝʰʝʥʠʷʤ, ʥʘʧʨʘʚ-
ʣʝʥʥʳʤ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʛʠʙʢʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ. ʇʨʝʜʩʪʘʚ-
ʣʝʥʳ ʧʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ɸʉʋ ʊʇ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʬʦʨʤʫʣʠʨʦ-
ʚʘʥʳ ʚʳʚʦʜʳ ʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʨʘʟʚʠʪʠʷ ʠ ʚʦʟʤʦʞʥʳʭ ʙʘʨʴʝʨʘʭ ʥʘ ʧʫʪʠ ʚʥʝʜʨʝʥʠʷ ʥʦ-
ʚʳʭ ʨʝʰʝʥʠʡ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɸʉʋ ʊʇ, ʦʧʪʠʤʠʟʘʮʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʦʙʣʘʯʥʳʝ ʪʝʭʥʦ-
ʣʦʛʠʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʛʠʙʢʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʘʜʝʞʥʦʩʪʴ, ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠ̫-
ʪʠʷ, ʠʥʥʦʚʘʮʠʠ, ʚʥʝʜʨʝʥʠʝ, ʟʘʪʨʘʪʳ. 
 

NEW SOLUTIONS TO OPTIMIZE THE OPERATION OF AUTOMATED CONTROL SYSTEMS 
 

Andreev Denis Aleksandrovich 
 

Abstract: This research paper examines modern approaches to optimizing the operation of Automated Pro-
cess Control Systems (ACS). The relevance of the topic is due to the need to improve the efficiency and relia-
bility of industrial enterprises in a dynamically developing technological environment. The work analyzes exist-
ing optimization methods, including the use of artificial intelligence, big data and cloud technologies. Special 
attention is paid to new solutions aimed at improving forecasting accuracy, management flexibility and cost 
reduction. Examples of successful implementation of innovative technologies in automated control systems 
are presented. In conclusion, conclusions are formulated about promising areas of development and possible 
barriers to the introduction of new solutions. 
Keywords: Automated control systems, optimization, artificial intelligence, big data, cloud technologies, fore-
casting, management flexibility, efficiency, reliability, industrial enterprises, innovation, implementation, costs. 

 

ɻʛʞʝʞʦʡʞ 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʫʩʣʦʞʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʜʘʯʘ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠ-
ʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ (ɸʉʋ ʊʇ). ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʘʚ-
ʪʦʤʘʪʠʟʘʮʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʜʦʢʘʟʘʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʟʘʯʘʩʪʫʶ ʥʝ 
ʩʧʦʩʦʙʥʳ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʪʚʝʯʘʪʴ ʚʦʟʨʘʩʪʘʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʵʥʝʨ-
ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʘʜʘʧʪʠʚʥʦʩʪʠ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʦʙʣʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʨʷʜʘ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʥʝʜʦʩʪʘʪʢʦʚ 
ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʘʭ ʢ ʦʨʛʘʥʠʟʘʮʠʠ ɸʉʋ ʊʇ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʛʠʙ-
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ʢʦʩʪʴ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʚʳʩʦʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠ-
ʚʘʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʶ, ʫʷʟʚʠʤʦʩʪʴ ʢ ʢʠʙʝʨʘʪʘʢʘʤ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʧʨʝ-
ʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ ʠ ʩʘʤʦʦʧʪʠʤʠʟʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʯʘʩʪʦ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 
ʜʦʣʞʥʦʛʦ ʫʨʦʚʥʷ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʧʣʘʪʬʦʨʤʘʤʠ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦ-
ʪʳ ɸʉʋ ʊʇ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʚʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
ʠʥʪʝʣʣʝʢʪʘ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 
ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ɸʉʋ ʊʇ; 
2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ; 
3. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʣʦʛʠʠ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ɸʉʋ ʊʇ; 
4. ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʚʥʝʜʨʝʥʠʡ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʫʞʝʩʪʦʯʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʧʨʦʜʫʢ-
ʮʠʠ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʥʫʞʜʘʶʪʩʷ ʚ ʙʦ-
ʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʩʫʨʩʦʚ, 
ʤʠʥʠʤʠʟʘʮʠʶ ʧʨʦʩʪʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʙʳʩʪʨʫʶ ʘʜʘʧʪʘʮʠʶ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ɸʉʋ 
ʊʇ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠ-
ʟʘʮʠʠ. ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʳ: 

o ʄʝʪʦʜʦʣʦʛʠʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ɸʉʋ 
ʊʇ; 

o ɸʣʛʦʨʠʪʤʳ ʩʘʤʦʦʧʪʠʤʠʟʘʮʠʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ; 
o ɸʨʭʠʪʝʢʪʫʨʘ ʛʠʙʨʠʜʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʯʝʪʘʶʱʝʡ ʣʦʢʘʣʴʥʳʝ ʠ ʦʙʣʘʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ; 
o ʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʨʠʤʝ-

ʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʥʠʞʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ 
ʧʨʦʜʫʢʮʠʠ. 

 
ʊʧʛʩʞʥʞʦʦʴʞ ʥʞʫʧʝʴ ʧʨʫʡʥʡʠʙʯʡʡ ɹʊʌ ʋʈ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʪʠʤʠʟʘʮʠʷ ɸʉʋ ʊʇ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠ-
ʷʤ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʦʣʦʛʠʠ: 

1. ʄʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: 
o ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
o ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʘʚʣʝʥʠʷ 
o ʅʝʯʝʪʢʘʷ ʣʦʛʠʢʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ 
o ʕʢʩʧʝʨʪʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ 
ʇʨʘʢʪʠʯʝʩʢʠʡ ʧʨʠʤʝʨ: ʅʘ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʤ ʟʘʚʦʜʝ ʚ ɻʝʨʤʘʥʠʠ ʚʥʝʜʨʝʥʘ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʘʷ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʢʨʝʢʠʥʛʘ ʥʝʬʪʠ. ʉʠʩʪʝʤʘ ʘʥʘ-
ʣʠʟʠʨʫʝʪ ʙʦʣʝʝ 1000 ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʢʦʨʨʝʢʪʠʨʫʝʪ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ, ʯʪʦ 
ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʥʘ 12% ʠ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʮʝʣʝʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʘ 3.5%. 

2. ʇʨʝʜʠʢʪʠʚʥʘʷ ʘʥʘʣʠʪʠʢʘ: 
o ɸʥʘʣʠʟ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʦʪʢʘʟʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ 
o ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
o ʇʦʩʪʨʦʝʥʠʝ ʧʨʝʜʠʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʠʟʥʦʩʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 
o ʆʧʪʠʤʠʟʘʮʠʷ ʛʨʘʬʠʢʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʇʨʠʤʝʨ ʚʥʝʜʨʝʥʠʷ: ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ ʚ ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪ ʩʠʩʪʝʤʫ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘ-
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ʣʠʪʠʢʠ ʜʣʷ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ. ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʠʟʥʦʩ ʚʘʣʢʦʚ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʛʨʘ-
ʬʠʢ ʠʭ ʟʘʤʝʥʳ, ʯʪʦ ʩʦʢʨʘʪʠʣʦ ʚʥʝʧʣʘʥʦʚʳʝ ʧʨʦʩʪʦʠ ʥʘ 40%. 

3. ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ Edge Computing: 
o ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ 
o ʆʙʣʘʯʥʦʝ ʭʨʘʥʝʥʠʝ ʠ ʘʥʘʣʠʟ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 
o ɻʨʘʥʠʯʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʩʝʪʴ 
o ɺʠʨʪʫʘʣʠʟʘʮʠʷ ʩʝʨʚʝʨʦʚ ʫʧʨʘʚʣʝʥʠʷ 
ʈʝʘʣʴʥʳʡ ʧʨʠʤʝʨ: ɸʚʪʦʤʦʙʠʣʴʥʳʡ ʟʘʚʦʜ ʚ ʗʧʦʥʠʠ ʚʥʝʜʨʠʣ ʛʠʙʨʠʜʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ edge-ʫʩʪʨʦʡʩʪʚ ʠ ʦʙʣʘʯʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʩʠʩʪʝ-
ʤʳ ʥʘ 60% ʠ ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʥʘ 75%. 

4. ʇʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ (IIoT): 
o ɹʝʩʧʨʦʚʦʜʥʳʝ ʩʝʥʩʦʨʥʳʝ ʩʝʪʠ 
o ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʘʪʯʠʢʠ ʩ ʬʫʥʢʮʠʷʤʠ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ 
o ʉʠʩʪʝʤʳ ʤʝʞʤʘʰʠʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (M2M) 
o ʄʦʙʠʣʴʥʳʝ ʪʝʨʤʠʥʘʣʳ ʦʧʝʨʘʪʦʨʦʚ 
ʇʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʍʠʤʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʉʐɸ ʚʥʝʜʨʠʣʦ ʩʝʪʴ ʙʝʩʧʨʦʚʦʜʥʳʭ ʜʘʪʯʠʢʦʚ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 
ʥʘ 30% ʠ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʘ 25%. 

5. ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: 
o ɸʣʛʦʨʠʪʤʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ 
o ʉʠʩʪʝʤʳ ʨʝʢʫʧʝʨʘʮʠʠ ʵʥʝʨʛʠʠ 
o ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʦʩʚʝʱʝʥʠʝʤ 
o ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ 
ʇʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜʨʝʥʠʝ: ʅʘ ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʤ ʢʦʤʙʠʥʘʪʝ ʚʥʝʜʨʝʥʘ ʩʠʩʪʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʘʥʘʣʠʟʠʨʫʝʪ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʝʪ 
ʥʘʛʨʫʟʢʫ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 15%. 

6. ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ: 
o ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 
o ʉʘʤʦʜʠʘʛʥʦʩʪʠʢʘ ʠ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʠʩʪʝʤ 
o ʈʘʩʧʨʝʜʝʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 
o ʂʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ AI 
ʇʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ: ʕʣʝʢʪʨʦʩʪʘʥʮʠʷ ʚʥʝʜʨʠʣʘ ʩʠʩʪʝʤʫ ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʢʨʠ-

ʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ɸʉʋ ʊʇ, ʯʪʦ ʧʦʚʳʩʠʣʦ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʘ 99.99% ʠ ʩʦʢʨʘʪʠʣʦ ʚʨʝʤʷ ʧʨʦ-
ʩʪʦʝʚ ʥʘ 80%. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ: 
1. ʂʚʘʥʪʦʚʳʝ ʚʳʯʠʩʣʝʥʠʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ 
2. ʊʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 
3. ɹʣʦʢʯʝʡʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʨʦʩʣʝʞʠʚʘʝʤʦʩʪʠ 
4. ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 
5. ɸʚʪʦʥʦʤʥʳʝ ʨʦʙʦʪʳ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠ-

ʬʠʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʪʝʢʫʱʝʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ʅʝʦʙʭʦʜʠʤ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ, ʫʯʠʪʳʚʘʶʱʠʡ: 
o ʊʝʭʥʠʯʝʩʢʫʶ ʛʦʪʦʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
o ʕʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ 
o ʂʚʘʣʠʬʠʢʘʮʠʶ ʧʝʨʩʦʥʘʣʘ 
o ʊʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 
o ɺʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʨʝʰʝʥʠʡ 
ʇʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʥʘʯʠʥʘʪʴ ʩ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ ʥʘ ʦʪ-

ʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʫʩʧʝʰʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʚʩʝ ʧʨʝʜ-
ʧʨʠʷʪʠʝ. 
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IV ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʀʙʣʤʷʰʞʦʡʞ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ɸʉʋ ʊʇ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠ-
ʟʘʮʠʠ ʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, 
ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʠʥʪʝʣʣʝʢʪʝ, ʧʨʦʤʳʰʣʝʥʥʦʤ ʠʥʪʝʨʥʝʪʝ ʚʝʱʝʡ ʠ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ, 
ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʦʞʝʥ-
ʥʳʭ ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʩʣʝʜʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ: 

o ʉʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 10-15% 
o ʋʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʩʪʦʝʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 30-40% 
o ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʥʘ 15-20% 
o ʉʦʢʨʘʱʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ ʥʘ 20-25% 
o ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʥʘ 25-30% 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦʜʪʚʝʨʜʠʣʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝ-

ʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠ-
ʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʢ 
ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤ ʨʝʰʝʥʠʷʤ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʧʦʜʭʦʜʳ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʜʘʣʴ-
ʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷ-
ʶʪʩʷ: 

o ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʢʚʘʥʪʦʚʳʭ ʚʳʯʠʩʣʝʥʠʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʩʣʦʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-
ʩʦʚ 

o ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʜʣʷ ʧʨʝʜʠʢʪʠʚʥʦʡ ʘʥʘʣʠʪʠʢʠ 
o ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʢʠʙʝʨʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʪʫʱʝʡ ʮʠʬʨʦʚʠ-

ʟʘʮʠʠ 
o ʀʥʪʝʛʨʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠʠ 

ʥʦʚʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ǱǤǭǯǤǱǧǶǤǰǩǭǤ ǧ ǼǩǰǮǤǯǧǫǤǬǱǟǪǻǬǭǤ 
ǧǰǰǪǤǣǭǡǟǬǧǤ ǟǼǯǭǣǧǬǟǫǧǶǤǰǩǧǴ 
ǮǯǭǵǤǰǰǭǡ ǫǭǣǤǪǧ Ǭǟ ǠǟǪǪǧǰǱǧǶǤǰǩǭǨ 
ǱǯǟǰǰǤ 

ǢȏǿȌțȉȍ ǬȇȉȍȊȄȑȑǿ ǰȄȏȂȄȄȁȌǿ 
ʘʩʧʠʨʘʥʪ 

ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʘʚʢʠʥʘ ʅʘʜʝʞʜʘ ɺʘʣʝʨʴʚʥʘ 
ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ,ʜʦʮʝʥʪ 

ʌɻɸʆʋ ɺʆ çʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ  ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɼʣʷ ʠʟʫʯʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʝʣʘ ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʣʸʪʝ ʥʘʠʙʦʣʝʝ ʪʦʯʥʳʤ ʤʝ-
ʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥ-
ʥʳʭ ʙʘʣʣʠʩʪʠʯʝʩʢʠʭ ʪʨʘʩʩʘʭ. ʆʜʥʘʢʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʥʘʪʫʨʥʳʝ ʠʩʧʳʪʘʥʠʷ 
ʠʟ-ʟʘ ʠʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʤʦʜʝʣʠ ʪʝʣʘ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʪʘʢʠʭ ʩʠʪʫʘʮʠʷʭ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʯʠʩʣʝʥʥʳʤʠ ʨʘʩʯʝʪʘʤʠ ʩ 
ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʧʘʢʝʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʣʘ ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʣʝʪʝ ʷʚʣʷʝʪʩʷ ʧʘʢʝʪ OpenFOAM (Open 
Source Field Operation and Manipulation). 
ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʪʝʢʘʥʠʷ ʪʝʣ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ - ʵʪʦ ʚʘʞʥʘʷ ʯʘʩʪʴ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ 
ʘʵʨʦʜʠʥʘʤʠʢʠ. [1,7]. ʆʥʦ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ, ʢʘʢ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢ-
ʪʘʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
ʀʟʫʯʝʥʠʝ ʘʵʨʦʜʠʥʘʤʠʢʠ ʪʝʣ ʚ ʩʚʦʙʦʜʥʦʤ ʧʦʣʝʪʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʘʥʘʣʠʟ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʣ, ʜʝʡ-
ʩʪʚʫʶʱʠʭ ʥʘ ʦʙʲʝʢʪʳ ʚ ʜʚʠʞʝʥʠʠ ʯʝʨʝʟ ʚʦʟʜʫʰʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʣʠ ʜʨʫʛʠʝ ʩʨʝʜʳ. ɺʘʞʥʳʤʠ ʘʩʧʝʢʪʘ-
ʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ 
ʦʙʲʝʢʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʜʦʣʞʘʶʪ ʨʘʟʚʠʚʘʪʴʩʷ ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʷ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʝʪʦʜʘʤ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʪʝʭʥʠʢʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʛʣʫʙʣʷʪʴ ʥʘʰʝ ʧʦʥʠ-
ʤʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʩʦʟʜʘʚʘʪʴ ʚʩʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 
ʨʝʰʝʥʠʷ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʳʢʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ [2]. ʅʘ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ, ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʘʵʨʦʜʠʥʘʤʠʢʠ [3,4,5] ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʚʦ ʤʥʦʛʠʭ ʥʘʫʯ-
ʥʳʭ ʮʝʥʪʨʘʭ ʠ ʫʥʠʚʝʨʩʠʪʝʪʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʆʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʩʠʤʫʣʷʮʠʡ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʪʝʭʥʦʣʦʛʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʵʨʦʜʠʥʘʤʠʢʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʙʘʣ-
ʣʠʩʪʠʯʝʩʢʘʷ ʪʨʘʝʢʪʦʨʠʷ, ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʣʠʙʨʦʚʢʘ 
ʤʦʜʝʣʠ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚʝʨʠʬʠʢʘʮʠʷ, ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʣʘ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʟ-
ʜʫʭʘ, ʧʘʨʘʤʝʪʨʳ ʧʦʣʝʪʘ. 
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Abstract:  The most accurate method for studying the aerodynamic properties of a body in free flight is to 
conduct experiments on ballistic installations and specially equipped ballistic tracks. However, in some cases it 
is impossible to conduct full-scale tests due to their high cost and difficulties associated with creating a body 
model or insufficient equipment. In such situations, you can use modeling and numerical calculations using 
various software packages. One of such packages for solving problems of fluid dynamics and modeling a body 
in free flight is the OpenFOAM (Open Source Field Operation and Manipulation) package. 
Mathematical modeling of the flow around bodies of various shapes is an important part of hydrodynamics and 
aerodynamics. [7]. It helps to understand how liquids and gases interact with various objects to improve aero-
dynamic parameters.The study of the aerodynamics of bodies in free flight includes the analysis of aerody-
namic forces acting on objects in motion through airspace or other environments. Important aspects here are 
aerodynamic drag, lift, stability and controllability of objects [1]. Research continues to evolve thanks to mod-
ern modeling technologies, computational methods and experimental techniques, which allows us to deepen 
our understanding of aerodynamic phenomena and create more efficient and innovative technical solutions 
and is at the intersection of fundamental science and practical application [2]. At the moment, modern re-
search in the field of aerodynamics [3,4,5] is actively conducted in many research centers and universities 
around the world. They include both theoretical research using mathematical models and simulations, and ex-
perimental research using various laboratory setups and technologies. 
Keywords: mathematical modeling, aerodynamics, experimental data, ballistic trajectory, numerical modeling, 
aerodynamic characteristics, least squares method, model calibration, statistical analysis, verification, valida-
tion, fluid flow, body stability, air resistance, flight parameters. 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ 
ʨʝʘʣʠʟʦʚʘʪʴ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʠ ʘʥʘʣʠʟʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʜʘʥʥʳʤ ʘʵʨʦʙʘʣʣʠʩʪʠʯʝ-
ʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʟʠʮʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ, ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʴʶ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʠʢ, ʧʦʟʚʦʣʷʶʱʠʭ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʚ ʘʵʨʦʜʠ-
ʥʘʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʦʝʢʪʳ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʫʨʘʚʥʝʥʠʷ ʅʘʚʴʝ-ʉʪʦʢʩʘ, ʫʨʘʚʥʝʥʠʷ 
ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʠʣʠ ʜʨʫʛʠʝ ʫʨʘʚʥʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʧʦʪʦʢʘ ʚʦʢʨʫʛ ʪʝʣʘ. ʇʘʨʘʣ-
ʣʝʣʴʥʦ ʧʨʦʚʦʜʷʪʩʷ ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʶʪʩʷ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ 
ʩʢʦʨʦʩʪʴ, ʫʩʢʦʨʝʥʠʝ, ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʢʨʫʛ ʪʝʩʪʠʨʫʝʤʦʛʦ ʪʝʣʘ. ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʘʥʘʣʠʟʠ-
ʨʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʜʲʝʤʥʦʡ ʩʠʣʳ ʠ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ ʜʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʢʘʣʠʙʨʫʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ 
ʚʢʣʶʯʘʪʴ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʩ ʨʝ-
ʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [2]. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʘʞʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫ-
ʶʪʩʷ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʣ, ʜʚʠʞʫʱʠʭʩʷ ʩ ʪʨʘʥʩ-ʠ-
ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʜʠʘʧʘʟʦʥʘʭ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʩʥʘʨʷʜʳ, ʨʘʢʝʪʳ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ. 
ʂʦʨʨʝʢʪʥʦʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʤʦʜʝʣʠ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ 
ʧʨʝʜʩʢʘʟʘʥʠʡ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠ ʜʠʥʘʤʠʢʠ ʧʦʣʝ-
ʪʘ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʚ 
ʉʐɸ, ʂʠʪʘʝ, ʀʟʨʘʠʣʝ, ʀʥʜʠʠ ʠ ɽʚʨʦʧʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʜʣʷ ʦʧʪʠ-
ʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʪʨʫʙʘʭ ʜʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥ-
ʥʳʝ ʠ ʢʘʯʝʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʝʨʝʥʝʩʪʠ ʥʘ ʨʝʘʣʴʥʳʝ ʦʙʲʝʢʪʳ. ʆʜʥʘʢʦ ʩʙʦʨ ʙʦʣʴʰʦʛʦ 
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ʦʙʲʝʤʘ ʜʘʥʥʳʭ ʪʨʝʙʫʝʪ ʨʝʩʫʨʩʦʚ, ʪʘʢ ʢʘʢ ʧʘʨʘʤʝʪʨʳ ʦʛʨʘʥʠʯʝʥʳ ʠ ʪʨʝʙʫʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʦʙʘ ʧʦʜʭʦʜʘ. ʊʫʨʙʫʣʝʥʪʥʳʝ ʩʚʝʨʭʟʚʫʢʦʚʳʝ ʪʝʯʝʥʠʷ ʩʣʦʞʥʳ ʜʣʷ ʠʩʩʣʝ-
ʜʦʚʘʥʠʷ ʠʟ-ʟʘ ʤʥʦʞʝʩʪʚʘ ʩʦʧʨʷʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʥʘ ʥʠʭ ʫʜʦʙʥʦ ʧʨʦʚʝʨʷʪʴ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 
ʤʦʜʝʣʠ. ʉʚʝʨʭʟʚʫʢʦʚʳʝ ʪʝʯʝʥʠʷ ʩ ʦʪʨʳʚʦʤ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ ʚʦʟʥʠʢʘʶʪ ʚ ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢʘʭ, ʜʠʬʬʫ-
ʟʦʨʘʭ, ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ ʠ ʩʦʧʣʘʭ, ʘ ʪʘʢʞʝ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʧʦʪʦʢʦʚ. ɿʦʥʳ ʦʪʨʳʚʘ ʠ ʨʝʮʠʨʢʫʣʷʮʠʠ ʧʨʠ-
ʚʦʜʷʪ ʢ ʫʯʘʩʪʢʘʤ ʩ ʜʦʟʚʫʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥ, ʯʪʦ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ 
ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʦʙʪʝʢʘʥʠʝ ʚʦʟʜʫʭʦʤ ʪʝʣʘ ʤʘʣʦʡ ʬʦʨʤʳ ʩ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʛ-
ʣʦʤ ʘʪʘʢʠ ʦʪ 0ÁǓ ʜʦ  5Á ʚ ʤʘʣʦʡ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʦʧʠʩʘʥʠʡ ʛʨʘʬʠ-
ʢʦʚ(ʨʠʩ.5.) ʠ ʢʘʨʪʠʥ ʧʦʣʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢ-
ʪʘ(ʪʘʙʣ.1-3.) ɻʘʙʘʨʠʪʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʟʦʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʨʥʳʤʠ, ʯʪʦʙʳ ʚʥʝʰ-
ʥʠʝ ʛʨʘʥʠʮʳ ʥʝ ʦʢʘʟʳʚʘʣʠ ʚʣʠʷʥʠʷ ʥʘ ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʦʢʦʣʦ ʦʙʲʝʢʪʘ. ʕʪʘ ʟʦʥʘ ʠʤʝʝʪ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ, 
ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʘʝʪʩʷ ʠʩʩʣʝʜʫʝʤʘʷ ʤʦʜʝʣʴ [7]. 

 

 
ʉʡʪ. 1. ɼʞʧʥʞʫʩʡʸ ʫʞʤʙ 

 
ʇʘʨʘʤʝʪʨʳ ʪʝʣʘ: ʊʝʣʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʢʦʥʠʯʝʩʢʦʡ ʛʦʣʦʚʥʦʡ ʯʘʩʪʴʶ. ɼʠʘʤʝʪʨ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠ D=30 ʤʤ, ʫʜʣʠʥʝʥʠʝ ɚ ʮ =3. .ʋʜʣʠʥʝʥʠʝ ʛʦʣʦʚʥʦʡ ʯʘʩʪʠ ɚ ʛ =2. ʊʫʨʙʫʣʝʥʪʥʳʡ ʨʝʞʠʤ 
ʪʝʯʝʥʠʷ. ʉʢʦʨʦʩʪʴ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ : V Ð =510 ʤ/ʩ. ɼʘʚʣʝʥʠʝ : ʈ Ð =1ʘʪʤ. ʊʝʤʧʝʨʘʪʫʨʘ :ʊ=15 Á ʉ. 

ʋʛʣʳ ʘʪʘʢʠ : Ŭ = 0Áī5Á; 
 

 
ʉʡʪ. 2.  ʉʙʪʰʞʫʦʙʸ ʧʚʤʙʪʫʵ. 

 
ɺ OpenFOAM ʨʘʩʯʝʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʢ ʪʠʧʘ çʉʢʦʣʴʟʷʱʘʷ ʩʝʪʢʘè (ʨʠʩ.3) ʜʣʷ ʚʷʟʢʠʭ ʩʞʠʤʘ-

ʝʤʳʭ ʩʨʝʜ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʝʰʘʪʝʣʴ overRhoPimpleDyMFoam. ɺ ʜʘʥʥʦʤ ʨʝʰʘʪʝʣʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʘʞ-
ʜʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʚʭʦʜʷʱʝʡ ʚ ʩʠʩʪʝʤʫ (ʜʘʚʣʝʥʠʝ, ʩʢʦʨʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʝʨʝʤʝʥʥʳʝ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ) 
ʨʝʰʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 
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ʉʡʪ. 3. ʊʣʧʤʵʠʸʲʙʸ ʪʞʫʣʙ 

 
ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ ʥʘʩʪʨʦʠʪʴ ʚʩʝ ʧʘʨʘʤʝʪʨʳ ʩʠʤʫʣʷʮʠʠ, 

ʚʢʣʶʯʘʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʪʦʢʘ (ʨʠʩ.4). ʊʘʢʞʝ ʩʣʝʜʫʝʪ 
ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʠ ʪʦʯʥʦʩʪʴ ʩʝʪʢʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ 

 

 
ʉʡʪ. 4. ɼʩʙʦʡʯʴ ʧʚʤʙʪʫʡ 

 
ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 
ɻ1 : U x =U0, Uy=Uz=0, ʊ=ʊ0, P=P0,k=k0,ɤ=ɤ0; 
ɻ2: U x =U0, Uy=Uz=0, ʊ=ʊ0, P=P0,k=k0,ɤ=ɤ0; 
ɻ3:ʤʷʛʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ 

 ( π) 

ɻ4 :ʫʩʣʦʚʠʷ ʧʨʠʣʠʧʘʥʠʷ  
(ux=uy=uz=0, grad (ὴ=0),ʫʩʣʦʚʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʠ (grad(˟ =0 ) 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ:  
U x =U0, Uy=Uz=0, ʊ=ʊ0, P=P0,k=k0,ɤ=ɤ0; 
ʇʦʣʷ ʩʢʦʨʦʩʪʝʡ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʧʨʠ ʦʙʪʝʢʘʥʠʠ ʪʝʣʘ (ʨʠʩ.1) ʧʦʪʦʢʦʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 510 ʤ/ʩ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ (ʪʘʙʣ. 1-3) . ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝ-
ʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʙʦʨʢʘ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ.2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʪʠʣʠʪʳ reconsrtuctPar. ɼʘʣʴʥʝʡ-
ʰʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ParaView [5] 
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ʋʙʚʤʡʯʙ 1 
ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʪʣʧʩʧʪʫʡ ʨʩʡ ʬʜʤʙʮ ʙʫʙʣʡ ʧʫ 0 Á ʝʧ 5 Á 

ʇʨʠ 0 Á 

 

ʇʨʠ 3 Á 

 

ʇʨʠ 5 Á

 
 

ʋʙʚʤʡʯʙ 2 
ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʫʞʥʨʞʩʙʫʬʩʴ ʨʩʡ ʬʜʤʙʮ ʙʫʙʣʡ ʧʫ 0 Á ʝʧ 5 Á 

ʇʨʠ 0 Á 

 

ʇʨʠ 3Á 

 

ʇʨʠ 5Á 

 
 

ʋʙʚʤʡʯʙ 3 
ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʝʙʛʤʞʦʡʸ ʨʩʡ ʬʜʤʙʮ ʙʫʙʣʡ ʧʫ 0 Á ʝʧ 5 Á 

 

ʇʨʠ 0 Á 

 

ʇʨʠ 3Á 

 

ʇʨʠ 5Á 

 

 
 
ʊʝʯʝʥʠʝ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ (ʛʘʟʘ) ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʪʫʨʙʫʣʝʥʪ-

ʥʦʛʦ ʪʝʯʝʥʠʷ ʚʷʟʢʦʛʦ ʩʞʠʤʘʝʤʦʛʦ ʛʘʟʘ. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ SST-
ʤʦʜʝʣʴ(Shear Stress Transport), ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʠʧʦʪʝʟʝ ʚʠʭʨʝʚʦʡ ʚʷʟʢʦʩʪʠ.  

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ ʵʪʘʧʦʚ ʪʨʝʙʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʘʥʘʣʠʟʫ 
ʨʝʟʫʣʴʪʘʪʦʚ. ɺʘʞʥʦ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʧʦʪʦʢʘ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ 
ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ, ʯʪʦ ʜʝʣʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 
ʧʨʦʚʝʨʢʫ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʉʡʪ. 5. ɼʩʙʭʡʣʡ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʝʙʛʤʞʦʡʸ ʡ ʫʞʥʨʞʩʙʫʬʩʴ ʦʙ ʪʫʞʦʣʞ ʨʩʡ ʬʜʤʙʮ ʙʫʙʣʡ ʧʫ 0 Á ʝʧ 5 Á 
 
 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
 
1.ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʜʚʠʞʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʊ. ʖ. 

ʃʝʤʝʰʦʥʦʢ, ɸ. ɸ. ʉʠʟʦʚʘ, ʅ. ɽ. ɹʘʨʘʥʦʚ, ɺ. ɸ. ʉʘʥʥʠʢʦʚ. ð ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ : ɹɻʊʋ "ɺʦʝʥʤʝʭ" ʠʤ. ɼ.ʌ. 
ʋʩʪʠʥʦʚʘ, 2020.ð 121   ʩ.   ð   ISBN   978-5-907324-08-4. ð   ʊʝʢʩʪ :   ʵʣʝʢʪʨʦʥʥʳʡ //   ʃʘʥʴ: ʵʣʝʢʪʨʦʥʥʦ 
- ʙʠʙʣʠʦʪʝʯʥʘʷ ʩʠʩʪʝʤʘ. ð URL: https://e.lanbook.com/book/172232 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 21.09.2024). 

2.ʈʫʩʷʢ ʀ.ɻ., ʂʘʨʧʦʚ ɸ.ʀ., ʂʦʨʦʣʝʚ ʉ.ɸ., ʂʘʨʩʢʘʥʦʚ ʉ.ɸ. ʈʘʩʯʝʪ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʩʥʘʨʷʜʘ ʚ ʘʪ-
ʤʦʩʬʝʨʝ ʩ ʫʯʝʪʦʤ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʝʛʦ ʦʙʪʝʢʘʥʠʷ // ɺʦʧʨʦʩʳ ʦʙʦʨʦʥʥʦʡ ʪʝʭʥʠʢʠ. ʉʝʨʠʷ 14. 2015. ɺʳʧ. 2. 

3. ɺ.ɺ. ʌʘʨʘʧʦʥʦʚ, ʅ.ɺ. ʉʘʚʢʠʥʘ, ɺ.ʀ. ɹʠʤʘʪʦʚ ʉʚʝʨʭʟʚʫʢʦʚʦʝ ʦʙʪʝʢʘʥʠʝ ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʪʨʦʛʦ ʢʦʥʫʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʪʫʨʙʫʣʝʥʪʥʦʡ ʚʷʟʢʦʩʪʠ | ɺʝʩʪʥʠʢ ʊʦʤ. ʛʦʩ. ʫʥ-ʪʘ. 
ʄʘʪʝʤʘʪʠʢʘ ʠ ʤʝʭʘʥʠʢʘ. 2016. ˉ 5(43). DOI: 10.17223/19988621/43/4 

4. ʅʠʢʦʣʘʝʥʢʦ ɸ.ɻ., ɹʫʨʷʢʦʚ ɸ.ɺ. ɸʥʘʣʠʟ ʚʣʠʷʶʱʝʛʦ ʬʘʢʪʦʨʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʯʝʥʠʷ ʩʚʝʨʭ-
ʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʘ ʛʘʟʘ ʚʦʢʨʫʛ ʟʘʪʫʧʣʝʥʥʳʭ ʪʝʣ //ɺʝʩʪʥʠʢ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ʀ. ʃʦʙʘ-
ʯʝʚʩʢʦʛʦ. ʉʝʨʠʷ: ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2016. ʊ. 5(2). ʉ. 290-297. 

5.Konovalov I. K., Fedorov A. V. Supersonic flow past bodies with blunted edges: numerical methods 
and results // Modern Applied Science. 

2017. No11(5), ʈ. 110. 
6. ʂʨʘʩʥʦʚ ʅ.ʌ., ʂʦʰʝʚʦʡ ɺ.ʅ. ʋʧʨʘʚʣʝʥʠʝ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʚ ʘʵʨʦʜʠʥʘʤʠʢʝ. -ʄ.: ɺʳʩʰ. ʰʢʦʣʘ. 

1978.-480ʩ. 
7. ʌʘʨʘʧʦʥʦʚ ɺ.ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʦʩʝʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʪʝʣʘ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ: ʫʯʝʙ. ʧʦʩʦʙʠʝ /ɺ.ɺ. ʌʘʨʘʧʦʥʦʚ, ʅ.ɺ. ʉʘʚʢʠʥʘ, ɺ.ʀ. ɹʠʤʘʪʦʚ. ï
ʊʦʤʩʢ: STT, 2017. ï60 c.  

É ʅ.ʉ ɻʨʘʥʴʢʦ, 2024 
 

 
 



ǰȑȒȃȄȌȑ Ȃȍȃǿ 0.02 25 

 

www.naukaip.ru 

 
 
 

ǠǧǭǪǭǢǧǶǤǰǩǧǤ Ǭǟǲǩǧ 
  



26 ǰȑȒȃȄȌȑ Ȃȍȃǿ 0.02 

 

IV ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ8 414,30 

ǧǰǮǭǪǻǦǭǡǟǬǧǤ ǼǯǢǭǢǤǬǬǺǴ ǰǯǤǣǰǱǡ Ǯǯǧ 
ǯǤǢǲǪǾǯǬǺǴ ǱǯǤǬǧǯǭǡǩǟǴ ǰǮǭǯǱǰǫǤǬǟǫǧ 
ǰǮǭǯǱǧǡǬǭǨ ǢǧǫǬǟǰǱǧǩǧ 

Ǣȍȏȗȉȍȁǿ ǰȁȄȑȊǿȌǿ ǡȇȉȑȍȏȍȁȌǿ 
ʘʩʧʠʨʘʥʪ 

ǰȄȋǞȌȍȁǿ ǭȊțȂǿ ǭȊȄȂȍȁȌǿ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ǠǿȀǿȔȍȁǿ ǟȊȇȐǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʩʪʫʜʝʥʪ 

ɻɹʆʇʆʋ ʈʆ çʈʦʩʪʦʚʩʢʦʝ ʦʙʣʘʩʪʥʦʝ ʫʯʠʣʠʱʝ (ʢʦʣʣʝʜʞ) ʦʣʠʤʧʠʡʩʢʦʛʦ ʨʝʟʝʨʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʟʫʯʝʥʠʝ ʠ ʧʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʧʠʱʝʚʳʭ ʵʨʛʦʛʝʥʥʳʭ ʩʨʝʜʩʪʚ - ʧʨʦʙʠʦʪʠʢʦʚ ʥʘ ʦʩʥʦʚʝ Bacillus subtilis ʫ ʩʧʦʨʪʩʤʝʥʦʢ, ʢʦʪʦ-
ʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʧʦʨʪʠʚʥʦʡ ʛʠʤʥʘʩʪʠʢʦʡ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʦʚʝʜʝʥʳ ʢʣʠʥʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ 14 ʜʦʙʨʦʚʦʣʴʮʘʤʠ-
ʜʝʚʫʰʝʢ ʩʧʦʨʪʩʤʝʥʦʢ ʩʪʘʨʰʝ 18 ʣʝʪ. ɺʩʝ ʫʯʘʩʪʥʠʢʠ ʧʝʨʝʜ ʚʢʣʶʯʝʥʠʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʜʧʠʩʘʣʠ ʜʦʙʨʦ-
ʚʦʣʴʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ ʫʯʘʩʪʠʝ. ʊʘʢʞʝ ʫ ʚʩʝʭ ʫʯʘʩʪʥʠʮ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʩʝʨʴʝʟʥʳʝ ʭʨʦ-
ʥʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʉʧʦʨʪʩʤʝʥʢʠ- ʜʦʙʨʦʚʦʣʴʮʳ ʧʦʩʝʱʘʣʠ ʨʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ ʩʧʦʨʪʦʤ ʚ ɻɹʆʇʆʋ 
ʈʆ çʈʦʩʪʦʚʩʢʦʝ ʦʙʣʘʩʪʥʦʝ ʫʯʠʣʠʱʝ (ʢʦʣʣʝʜʞ) ʦʣʠʤʧʠʡʩʢʦʛʦ ʨʝʟʝʨʚʘè. ʆʮʝʥʠʚʘʣʠʩʴ ʢʣʠʥʠʯʝʩʢʠʝ ʠ 
ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ. 
ʈʝʟʫʣʴʪʘʪʳ.  ʇʨʠ ʘʥʘʣʠʟʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʙʠʦʪʠʢʘ ʫ ʩʧʦʨʪʩʤʝʥʦʢ, 
ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʧʦʨʪʠʚʥʦʡ ʛʠʤʥʘʩʪʠʢʦʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ 
ʫʣʫʯʰʘʝʪ ʨʘʙʦʪʫ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʣʠʟʫʝʪ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ ʠ ʧʦʚʳʰʘʝʪ 

ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʝʨʜʝʯʥʦȤʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʪʨʝʥʠʨʦʚʦʢ.   
ɿʘʢʣʶʯʝʥʠʝ.  ʇʨʦʚʝʜʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʨʛʦʛʝʥʥʳʭ 
ʩʨʝʜʩʪʚ ʜʣʷ ʣʠʮ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʧʦʨʪʦʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʦʙʠʦʪʠʢʠ, ʩʧʦʨʪ, ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ, ʢʠʰʝʯʥʠʢ, ʘʜʘʧʪʘʮʠʷ, ʪʨʝʥʠʨʦʚʢʠ, 
ʵʨʛʦʛʝʥʥʳʝ ʩʨʝʜʩʪʚʘ. 

 
THE USE OF ERGOGENIC DRUGS DURING REGULAR TRAINING BY ATHLETES OF GYMNASTICS  

 
Gorshkova Svetlana Viktorovna, 

 Semenova Olga Olegovna,  
Babakhova Alice Alexandrovna 

 
Annotation:The purpose of the study. To study and analyze the safety and effectiveness of the use of food 
ergogenic probiotics based on Bacillus subtilis in athletes who are engaged in gymnastics. 
Materials and methods. In the experiment, clinical observations were carried out on 14 volunteers-female 
athletes over the age of 18. All participants signed a voluntary informed consent to participate before being 
included in the experiment. Also, all participants had no serious chronic diseases. Volunteer athletes attended 
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regular sports classes at the Rostov Regional College of the Olympic Reserve. The clinical and laboratory pa-
rameters of all participants were evaluated. 
Results.  When analyzing the effectiveness and safety of the use of probiotics in athletes who are engaged in 
gymnastics, it was found that the use of this drug improves the functioning of the gastrointestinal tract, as well 
as normalizes the nervous system and increases the adaptive potential of the cardiovascular system, which 
makes it possible to increase the effectiveness of training.   
Conclusion.  The conducted experiment makes it possible to recommend the use of ergogenic drugs for peo-
ple who are engaged in sports. 
Keywords: probiotics, sports, gastrointestinal tract, intestines, adaptation, training, ergogenic agents. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʙʠʦʪʠʢʦʚ ʚ ʩʧʦʨʪʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ 
ʩʧʦʨʪʩʤʝʥʦʚ ʧʦʜʚʝʨʞʝʥʳ ʧʨʦʙʣʝʤʘʤ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ (ɾʂʊ), ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
ʦʛʨʘʥʠʯʠʚʘʶʪ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ.  

ɼʣʷ ʫʨʝʛʫʣʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʥʘ 
ʦʩʥʦʚʝ ʧʨʦʙʠʦʪʠʢʦʚ. ʉʧʦʨʪʩʤʝʥʳ ʤʥʦʛʠʭ ʩʪʨʘʥ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʂʠʪʘʡ) ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʟʤʘ 
ʩʧʦʨʪʩʤʝʥʘ ʠ ʧʦʣʫʯʝʥʠʷ ʥʘʠʚʳʩʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʙʠʦʪʠ-
ʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ. 

ɽʱʝ ʀ.ʀ. ʄʝʯʥʠʢʦʚʳʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʩʠʤʙʠʦʪʠʯʝʩʢʦʡ 
ʤʠʢʨʦʬʣʦʨʳ ʞʝʣʫʜʦʯʥʦ - ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʞʠʚʳʭ ʢʫʣʴʪʫʨ ʢʠʩʣʦʤʦʣʦʯʥʳʭ ʙʘʢʪʝʨʠʡ 
ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʛʥʠʣʦʩʪʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʕʪʦ ʧʦʩʣʫʞʠʣʦ ʥʘʯʘʣʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʙʘʢʪʝʨʠʦʣʦʛʠʯʝ-
ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʦʙʠʦʪʠʢʦʚ, ʦʢʘ-
ʟʳʚʘʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ, ʫʣʫʯʰʘʷ ʤʠʢʨʦʙʥʳʡ ʙʘʣʘʥʩ ʢʠʰʝʯʥʠʢʘ. 

ʀʤʤʫʥʦʣʦʛʠ ɺʝʨʥʘʜʩʢʠʡ ɺ.ʀ., ʃʘʟʘʨʝʚ ʅ.ɺ., ʉʝʣʴʝ ɻ. ʀ ʜʨ. ʠʟʫʯʘʣʠ ʝʩʪʝʩʪʚʝʥʥʫʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ 
ʦʨʛʘʥʠʟʤʘ. ʉʦʩʪʦʷʥʠʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʦʨʛʘʥʠʟʤʘ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʙʦʪʦʡ ʪʦʣʩʪʦʛʦ ʠ ʪʦʥʢʦʛʦ ʢʠ-
ʰʝʯʥʠʢʘ, ʝʛʦ ʤʠʢʨʦʙʠʦʮʝʥʦʟʦʤ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʙʠʦʮʝʥʦʟʦʤ ʜʨʫʛʠʭ ʙʠʦʪʦʧʦʚ ʪʘʢʠʭ ʢʘʢ ʩʣʠʟʠʩʪʦʡ ʦʙʦ-
ʣʦʯʢʠ ʨʪʘ, ʥʘʨʫʞʥʳʭ ʧʦʣʦʚʳʭ ʦʨʛʘʥʦʚ ʠ ʪ.ʧ. [1,5].  

ɼʘʥʥʳʝ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʠʦʪʦʧʦʚ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʷʚ-
ʣʷʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʵʢʩʪʨʘʢʦʨʧʦʨʘʣʴʥʳʤ ʦʨʛʘʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʦʜʜʝʨʞʘʥʠʝ ʘʜʘʧʪʘʮʠʦʥʥʦʛʦ 
ʧʦʪʝʥʮʠʘʣʘ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʣʠʮʘʤ, ʠʩʧʳʪʳʚʘʶʱʠʤ ʨʘʟʣʠʯʥʦʛʦ 
ʨʦʜʘ ʥʘʛʨʫʟʢʠ ï ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʦʨʪʠʚʥʳʝ [2,4].  

ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʣʠʤʧʠʡʩʢʠʡ ʢʦʤʠʪʝʪ ʟʘʷʚʠʣ, ʯʪʦ ñʇʨʦʙʠʦʪʠʢʠ - ʵʪʦ ʞʠʚʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦ-
ʪʦʨʳʝ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʝʤʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʝʟʥʳʭ 
ʙʘʢʪʝʨʠʡ ʚ ʢʠʰʝʯʥʠʢʝ [1,5].  

ʇʨʦʙʠʦʪʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʩʦʩʪʦʷʪ ʠʟ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ, ʞʠ-
ʚʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʥʘ ʦʨʛʘʥʠʟʤ. 

ɼʣʷ ʦʨʛʘʥʠʟʤʘ ʩʧʦʨʪʩʤʝʥʘ ʦʯʝʥʴ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚʝʱʝʩʪʚʘ ʪʘʢʦʛʦ ʚʠʜʘ ʥʦʨʤʘʣʠʟʦʚʘʣʠ ʤʠʢ-
ʨʦʬʣʦʨʫ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʣʠ ʙʣʘʛʦʪʚʦʨʥʳʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʞʠʟʥʝʥʥʦ-
ʚʘʞʥʳʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟʤʘ, ʩʧʦʩʦʙʩʪʚʫʷ, ʵʪʠʤ ʫʚʝʣʠʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ ʦʨʛʘʥʠʟʤʘ ʩʧʦʨʪʩʤʝʥʘ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʩʣʝ ʪʨʝʥʠʨʦʚʦʢ ʠ ʟʘʱʠʪʝ 
ʦʨʛʘʥʠʟʤʘ ʦʪ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʦʜ Bacillus ð ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʠ ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʝʥʥʳʭ ʧʨʝʜ-
ʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ ʙʘʮʠʣʣ. ɹʦʣʴʰʠʥʩʪʚʦ ʙʘʢʪʝʨʠʡ ʨʦʜʘ Bacillus (ʚʢʣʶʯʘʷ B. subtilis) ʥʝ ʦʧʘʩʥʳ ʜʣʷ ʯʝʣʦ-
ʚʝʢʘ ʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʆʪʩʫʪʩʪʚʠʝ ʧʘʪʦʛʝʥʥʦʩʪʠ ʫ ʰʪʘʤʤʦʚ B. subtilis ʠ 
ʠʭ ʤʝʪʘʙʦʣʠʪʦʚ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʠʭ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʧʨʦʙʠʦʪʠʢʦʚ ʥʦʚʦʛʦ 
ʧʦʢʦʣʝʥʠʷ. 

ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʦʩʴ ʠʟʫʯʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʱʝʚʳʭ ʵʨʛʦʛʝʥʥʳʭ ʩʨʝʜʩʪʚ -ʧʨʦʙʠʦʪʠʢʦʚ ʥʘ ʦʩʥʦʚʝ Bacillus subtilis ʫ 
ʩʧʦʨʪʩʤʝʥʦʢ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʧʦʨʪʠʚʥʦʡ ʛʠʤʥʘʩʪʠʢʦʡ.  
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IV ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʩʦʟʜʘʥʳ ʜʚʝ ʛʨʫʧʧʳ. 
ʇʝʨʚʘʷ ï ʛʨʫʧʧʘ ʩʧʦʨʪʩʤʝʥʦʚ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 60 ʜʥʝʡ ʧʨʠʥʠʤʘʣʠ ʧʨʦʙʠʦʪʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 
ʙʘʢʪʝʨʠʡ Bacillus subtilis ʠ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ (ʧʦ 7 ʯʝʣʦʚʝʢ ʚ ʢʘʞʜʦʡ). ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʚʢʣʶʯʝʥʳ ʜʘʥ-
ʥʳʝ ʢʣʠʥʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 14 ʜʦʙʨʦʚʦʣʴʮʘʤʠ-ʜʝʚʫʰʝʢ ʩʧʦʨʪʩʤʝʥʦʢ ʩʪʘʨʰʝ 18 ʣʝʪ.  ɼʦʙʨʦʚʦʣʴ-
ʮʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʦʜʧʠʩʘʥʦ ʜʦʙʨʦʚʦʣʴʥʦʝ ʠʥʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʛʣʘʩʠʝ ʥʘ ʫʯʘʩʪʠʝ. ʊʘʢʞʝ ʢʨʠ-
ʪʝʨʠʝʤ ʚʢʣʶʯʝʥʠʷ ʫʯʘʩʪʥʠʢʦʚ ʷʚʠʣʦʩʴ ʦʪʩʫʪʩʪʚʠʝ ʩʝʨʴʝʟʥʳʭ ʭʨʦʥʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʉʧʦʨʪʩʤʝʥʢʠ- 
ʜʦʙʨʦʚʦʣʴʮʳ ʧʦʩʝʱʘʣʠ ʨʝʛʫʣʷʨʥʳʝ ʟʘʥʷʪʠʷ ʩʧʦʨʪʦʤ ʚ ɻɹʆʇʆʋ ʈʆ çʈʦʩʪʦʚʩʢʦʝ ʦʙʣʘʩʪʥʦʝ ʫʯʠʣʠʱʝ 
(ʢʦʣʣʝʜʞ) ʦʣʠʤʧʠʡʩʢʦʛʦ ʨʝʟʝʨʚʘè. ʆʮʝʥʠʚʘʣʠʩʴ ʢʣʠʥʠʯʝʩʢʠʝ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚʩʝʭ ʫʯʘʩʪ-
ʥʠʢʦʚ. 

ɺ ʧʝʨʚʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʧʨʦʙʠʦʪʠʢ ʥʘʟʥʘʯʘʣʩʷ ʧʦ ʦʜʥʦʡ ʢʘʧʩʫʣʝ (1 x 10 ^ 9 ʂʆɽ B. 
Subtilis) ʚ ʩʫʪʢʠ ʥʘ ʢʘʞʜʫʶ ʩʧʦʨʪʩʤʝʥʢʫ. ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʠ 60 ʩʫʪʦʢ. 

ɺ ʥʘʙʣʶʜʝʥʠʝ ʚʭʦʜʠʣʦ: ʪʝʨʤʦʤʝʪʨʠʷ, ʬʠʟʠʢʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʕʂɻ, ʘʥʢʝʪʠʨʦʚʘʥʠʝ ʩʧʦʨʪʩ-
ʤʝʥʦʚ, ʦʮʝʥʢʘ ʧʦʢʘʟʘʪʝʣʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʚʘʨʠʘʮʠʦʥ-
ʥʦʡ ʩʪʘʪʠʩʪʠʢʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʘʨʠʘʮʠʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʢʨʠʪʝʨʠʷ 
ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʘʟʥʠʮʳ ʧʦ ʉʪʲʶʜʝʥʪʫ. ʇʦʨʦʛʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʣʠʯʠʡ: ʈι0,95*; ʈι0,99**; 
ʈι0,999***   

ʉʞʠʬʤʵʫʙʫʴ ʪʧʚʪʫʛʞʦʦʴʮ ʦʙʚʤʷʝʞʦʡʢ. ʇʨʠ ʘʥʢʝʪʠʨʦʚʘʥʠʠ ʩʧʦʨʪʩʤʝʥʦʢ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʤʝʯʘʣʘʩʴ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʦʙʱʝʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ ʚ 1-ʡ ʛʨʫʧʧʝ ʜʝʚʫʰʝʢ, ʧʨʠ-
ʥʠʤʘʶʱʠʭ ʵʨʛʦʛʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʧʨʦʮʝʥʪ ʭʦʨʦʰʝʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ ʙʳʣ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥ-
ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. (ʨʠʩ. 1). 

 

 
ʉʡʪ. 1. ɽʡʦʙʥʡʣʙ ʧʚʲʞʜʧ ʪʙʥʧʰʬʛʪʫʛʡʸ ʪʨʧʩʫʪʥʞʦʧʣ 

 

ʊʘʢʞʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʜʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʞʝʣʫʜʦʯʥʦȤ ʢʠʰʝʯʥʳʡ 
ʪʨʘʢʪ (ɾʂʊ), ʪʘʢ ʢʘʢ ʧʦʩʣʝ ʧʨʠʝʤʘ ʧʨʦʙʠʦʪʠʢʘ ʫʤʝʥʴʰʘʣʠʩʴ ʠʣʠ ʚʦʚʩʝ ʠʩʯʝʟʘʣʠ ʪʘʢʠʝ ʢʣʠʥʠʯʝʩʢʠʝ 
ʧʨʠʟʥʘʢʠ, ʢʘʢ ʥʝʧʨʠʷʪʥʳʭ ʟʘʧʘʭ ʠʟʦ ʨʪʘ, ʥʘʨʫʰʝʥʠʝ ʩʪʫʣʘ ʠ ʠʟʞʦʛʘ. 

ɺ 1-ʡ ʛʨʫʧʧʝ ʧʦʩʣʝ ʧʨʠʝʤʘ ʧʨʦʙʠʦʪʠʢʘ ʤʳ ʥʘʙʣʶʜʘʣʠ ʫ ʩʧʦʨʪʩʤʝʥʦʢ ʫʤʝʥʴʰʝʥʠʝ ʟʘʧʘʭʘ ʠʟʦ ʨʪʘ, 
ʪʦʛʜʘ ʢʘʢ ʚʦ 2-ʡ ʛʨʫʧʧʝ ʧʨʦʮʝʥʪ ʧʨʦʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʙʳʣ ʚʳʰʝ. çʅʠʢʦʛʜʘè ʚ 1-ʡ ʛʨʫʧʧʝ ʙʳʣ 
ʙʦʣʴʰʝ ʥʘ 10 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 2- ʡ ʛʨʫʧʧʦʡ. ʏʘʱʝ ʠʩʧʳʪʳʚʘʣʠ ʟʘʧʘʭ ʠʟʦ ʨʪʘ ʚʦ 2-ʡ ʛʨʫʧʧʝ ʥʘ 3 % 
ʙʦʣʴʰʝ, ʯʝʤ ʚ 1-ʡ ʛʨʫʧʧʝ (ʨʠʩ.2). ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʙʳʣʠ ʜʝʚʫʰʢʠ, ʫ ʢʦʪʦʨʳʭ ʧʦʩʪʦʷʥʥʦ ʙʳʣ ʟʘʧʘʭ 
ʠʟʦ ʨʪʘ, ʪʦʛʜʘ ʢʘʢ ʚ 1-ʡ ʛʨʫʧʧʝ ʪʘʢʠʭ ʥʝʪ. 
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ʥʝʫʜʦʚʣ. ʫʜʦʚ. ʥʦʨʤʘʣʴʥʦʝ ʭʦʨʦʰʝʝ  ʦʪʣʠʯʥʦʝ 

1 ʛʨʫʧʧʘ 2 ʛʨʫʧʧʘ 
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ʉʡʪ. 2. ʆʙʤʡʰʡʞ ʦʞʨʩʡʸʫʦʧʜʧ ʠʙʨʙʮʙ ʡʠʧ ʩʫʙ, % 

 
ɺ 1-ʡ ʛʨʫʧʧʝ ʧʨʦʮʝʥʪ ʩʧʦʨʪʩʤʝʥʦʢ, ʢʦʪʦʨʳʝ ʥʠʢʦʛʜʘ ʥʝ ʠʩʧʳʪʳʚʘʣʠ ʠʟʞʦʛʫ ʙʳʣ ʚʳʰʝ ʥʘ 10%, 

ʯʝʤ ʚʦ 2-ʡ ʛʨʫʧʧʝ, ʘ ʪʝʭ, ʢʪʦ ʠʩʧʳʪʳʚʘʣ ʧʦʩʪʦʷʥʥʦ ʙʳʣʦ ʙʦʣʴʰʝ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʥʘ 2% ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ ʩ 1-ʡ ʛʨʫʧʧʦʡ (ʨʠʩ.3). 

 

 
ʉʡʪ. 3 ʆʙʤʡʰʡʞ ʡʠʟʧʜʡ, % 

 
ɺ 1-ʡ ʦʧʳʪʥʦʡ ʛʨʫʧʧʝ, ʛʜʝ ʛʠʤʥʘʩʪʠʢʠ ʧʨʠʥʠʤʘʣʠ ʧʨʦʙʠʦʪʠʢ, ʧʨʦʮʝʥʪ ʩʧʦʨʪʩʤʝʥʦʢ, ʢʦʪʦʨʳʝ ʥʠʢʦ-

ʛʜʘ ʥʝ ʠʩʧʳʪʳʚʘʣʠ ʪʦʰʥʦʪʫ ʙʳʣ ʚʳʰʝ ʥʘ 9% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 2-ʡ ʛʨʫʧʧʦʡ (ʨʠʩ.4). ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧ-
ʧʝ ʧʨʦʮʝʥʪ ʪʝʭ, ʫ ʢʦʛʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʣʘʩʴ ʙʳʣ ʙʦʣʴʰʝ ʥʘ 2%. 
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ʉʡʪ.4 ʈʩʡʪʬʫʪʫʛʡʞ ʫʧʱʦʧʫʴ, % 

 
ʇʨʦʮʝʥʪ ʛʠʤʥʘʩʪʦʢ, ʫ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʦʚʘʣʘ ʜʠʘʨʝʷ ʪʘʢʞʝ ʙʳʣ ʚʳʰʝ ʚ 1-ʡ ʛʨʫʧʧʝ, ʛʜʝ ʠʩʧʦʣʴʟʦ-

ʚʘʣʠ ʧʨʦʙʠʦʪʠʢ. 
 

 
ʉʡʪ. 5 ʆʙʤʡʰʡʞ ʝʡʙʩʞʡ, % 

 
ɺ ʧʝʨʠʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʙʠʦʪʠʢʘ ʥʘ ʧʦ-

ʢʘʟʘʪʝʣʠ ʕʂɻ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ 1-ʡ ʛʨʫʧʧʝ, ʛʜʝ ʩʧʦʨʪʩʤʝʥʳ ʧʨʠʥʠʤʘʣʠ ʧʨʦʙʠʦʪʠʢ ʫ 
94% ʫʯʘʩʪʥʠʢʦʚ ʧʦʢʘʟʘʪʝʣʠ ʕʂɻ ʙʳʣʠ ʚ ʥʦʨʤʝ, ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʵʪʦʪ ʧʨʦʮʝʥʪ ʙʳʣ ʥʠʞʝ ʥʘ 8%. 

ɼʦ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫ 53% ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʦʢʘʟʘʪʝʣʠ ʕʂɻ ʙʳʣʠ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ, ʫ 25% 
ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʥʘʨʫʰʝʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʝʧʦʣʥʳʝ/ʧʦʣʥʳʝ ʙʣʦʢʘʜʳ ʥʦʞʝʢ ʧʫʯʢʘ 
ɻʠʩʘ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʘʨʠʘʥʪʳ ʥʦʨʤʳ), ʙʨʘʜʠʢʘʨʜʠʠ (17,5%), ʩʠʥʫʩʦʚʳʝ ʪʘʭʠʢʘʨʜʠʠ 
(5%), ʥʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʨʝʧʦʣʷʨʠʟʘʮʠʠ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ (18%). ɺ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʫʩʪʘ-
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ʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʣʷ ʣʠʮ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʦʪʢʣʦʥʝʥʠʷ ʚ 1-ʡ ʛʨʫʧʧʝ ʩʥʠʟʠʣʘʩʴ ʠ ʙʳʣʘ ʥʠʞʝ ʥʘ 11% ʧʦ ʩʨʘʚ-
ʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʇʨʠ ʵʪʦʤ ʦʪ ʥʘʯʘʣʘ ʧʨʠʝʤʘ ʧʨʦʙʠʦʪʠʢʘ ʫʞʝ ʯʝʨʝʟ ʤʝʩʷʮ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʕʂɻ ʙʳʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʫ 22%, ʘ ʯʝʨʝʟ 2 ʤʝʩʷʮʘ ï ʫ 30%. 

ɿʘʢʣʶʯʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʙʠʦʪʠʢʘ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ ʙʘʢʪʝʨʠʠ Bacillus 
subtilis, ʜʝʚʫʰʢʘʤʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʧʦʨʪʠʚʥʦʡ ʛʠʤʥʘʩʪʠʢʦʡ, ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʨʘʙʦʪʫ ʞʝʣʫ-
ʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ (ɾʂʊ), ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠ-
ʩʪʝʤʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʝʥʠʨʦʚʦʢ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʨʛʦʛʝʥʥʳʭ ʩʨʝʜʩʪʚ 
ʜʣʷ ʣʠʮ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʩʧʦʨʪʦʤ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʄʘʢʘʨʦʚʘ ɻ.ɸ.  ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʩʧʦʨʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʨʝʘʣʴʥʘʷ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʠ ʩʧʦʨʥʳʝ ʚʦʧʨʦʩʳ. ʄ.: ʉʦʚʝʪʩʢʠʡ ʩʧʦʨʪ, 2013. 232 ʩ. 
2. ʉʤʦʣʝʥʩʢʠʡ ɸ.ɺ.  ʋʯʝʙʥʠʢ ʉʧʦʨʪʠʚʥʘʷ ʤʝʜʠʮʠʥʘ. ʄ.: ɸʢʘʜʝʤʠʷ, 2015. 320 ʩ. 
3. ʍʘʠʪʦʚ ʈ.ʄ., ʇʠʥʝʛʠʥ ɹ.ɺ. ʀʤʤʫʥʥʘʷ ʩʠʩʪʝʤʘ ʞʝʣʫʜʦʯʥʦȤʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ: ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʪʨʦʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʥʦʨʤʝ ʠ ʧʨʠ ʧʘʪʦʣʦʛʠʠ // ʀʤʤʫʥʦʣʦʛʠʷ. 1997. ˉ5. ʉ. 4ï7. 
4. ʐʝʥʜʝʨʦʚ ɹ.ɸ. ʄʝʜʠʮʠʥʩʢʘʷ ʤʠʢʨʦʙʥʘʷ ʵʢʦʣʦʛʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʠʪʘʥʠʝ.  ʊ.2.  ʉʦʮʠ-

ʘʣʴʥʦȤ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʣʠʥʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʠʩʙʘʣʘʥʩʘ ʤʠʢʨʦʙʥʦʡ ʵʢʦʣʦʛʠʠ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪ-
ʥʳʭ.   ʄ.: ɻʨʘʥʪʲ, 1998. 420 c. 

5. ʉʪʝʧʘʥʦʚʘ ʊ.ɸ. ɹʝʟʦʧʘʩʥʦʩʪʴ: ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʠʪʘʥʠʷ ʠ ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / 
ʊ.ɸ. ʉʪʝʧʘʥʦʚʘ. ï ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 2016. 
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ǢǤǭǪǭǢǭ-
ǫǧǬǤǯǟǪǭǢǧǶǤǰǩǧǤ 

Ǭǟǲǩǧ 
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ǲǣǩ 11.,434 

ǯǟǦǡǤǣǩǟ ǧ ǯǟǦǯǟǠǭǱǩǟ 
ǡǺǰǭǩǭǱǤǫǮǤǯǟǱǲǯǬǺǴ 
ǢǧǣǯǭǱǤǪǻǫǟǪǻǬǺǴ ǯǤǰǲǯǰǭǡ8 
ǰǯǟǡǬǤǬǧǤ ǰ ǦǟǮǟǰǟǫǧ ǬǤǳǱǧ ǧ ǢǟǦǟ 

ǱȇȊȊǿȀȍȄȁ ǥǿȋȗȇȃȀȄȉ ǫȇȏȆǿȏǿȔȇȋȍȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɸʆʋ ɺʆ çʉʝʚʝʨʥʳʡ (ɸʨʢʪʠʯʝʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʨʘʟʚʝʜʢʘ, ʙʫʨʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ 
ʨʝʩʫʨʩʦʚ ʦʙʳʯʥʦ ʟʘʠʤʩʪʚʫʶʪ ʠʜʝʠ ʠʟ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʚ 
ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʥʝ ʩʦʚʩʝʤ ʧʨʠʤʝʥʠʤʳ ʢ ʛʝʦʪʝʨʤʘʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ ʠ ʮʝʣʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʟʚʝʜʢʘ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʨʦʜ/ʞʠʜʢʦʩʪʝʡ, ʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʝʪʦʜ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝ-
ʥʷʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚʦʢʨʫʛ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠʟ-ʟʘ ʝʛʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦ-
ʩʪʠ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʪʦ ʪʨʫʜʥʦ ʠʥʪʝʨ-
ʧʨʝʪʠʨʦʚʘʪʴ ʧʦʨʦʜʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 
ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ, ʛʝʦʪʝʨʤʘʣʴ-
ʥʳʝ ʩʢʚʘʞʠʥʳ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʨʘʜʠʫʩʳ ʩʪʚʦʣʘ ʠ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ ʦʙʩʘʜ-
ʥʦʡ ʢʦʣʦʥʥʳ. ɹʫʨʦʚʦʡ ʨʘʩʪʚʦʨ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟ-ʟʘ ʧʦʪʝʨʠ ʮʠʨʢʫʣʷʮʠʠ. ʆʪʢʨr-
ʪʳʝ ʩʢʚʘʞʠʥʳ ʩ ʭʚʦʩʪʦʚʠʢʦʤ ʚ ʦʩʥʦʚʥʦʤ ʟʘʢʘʥʯʠʚʘʶʪ ʦʙʳʯʥʳʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʨʝʩʫʨʩ, ʈʝʩʫʨʩ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʀʩʩʣʝʜʦʚʘʥʠʝ, ɹʫʨʝʥʠʝ ʠ ʟʘʢʘʥʯʠ-
ʚʘʥʠʝ, ʈʘʟʨʘʙʦʪʢʘ ʨʝʟʝʨʚʫʘʨʦʚ. 
 

EXPLORATION AND DEVELOPMENT OF HIGH-TEMPERATURE HYDROTELMAL RESOURCES: A 
COMPARISON WITH OIL AND GAS RESERVES 

 
Tillaboev Jamshidbek Mirzarakhimovich 

 
Annotation: Exploration, drilling and development of high-temperature hydrothermal geothermal resources 
usually borrow ideas from the oil and gas industry. However, some methods in the oil and gas industry are not 
quite applicable to geothermal resources because of different geological conditions and exploitation objectives. 
Exploration of geothermal resources is aimed at identifying high-temperature rocks/liquids, and the advanced 
electromagnetic method is mainly used to identify geological structures around geothermal resources because 
of its low cost. As for seismic surveys, mainly used in the oil and gas industry, it is difficult to interpret the rock 
associated with high-temperature geothermal activity, except for high cost and high time consumption. Unlike 
oil and gas wells, geothermal wells have large borehole radii and high casing corrosion resistance require-
ments. Low-density drilling fluids are often used because of loss of circulation. Open-hole liner wells mostly 
complete conventional geothermal wells. 
Keywords: Hydrothermal Resource, Oil and Gas Resource, Research, Drilling and Completion, Reservoir 
Development. 
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IV ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɻʝʦʪʝʨʤʘʣʴʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʮʝʥʢʘ. ɺ ʤʠʨʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝʪ ʯʝʪʢʦʛʦ ʩʪʘʥʜʘʨʪʘ ʢʣʘʩʩʠʬʠʢʘ-
ʮʠʠ ʠ ʥʦʤʝʥʢʣʘʪʫʨʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʦʪʝʨ-
ʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʙʳʯʥʦ ʜʝʣʠʪʩʷ ʥʘ ʩʠʩʪʝʤʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʘʨʘ ʠ ʞʠʜʢʦʩʪʠ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʅʠ-
ʢʦʣʩʦʥ ʜʝʣʠʪ ʛʝʦʪʝʨʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʜʠʥʘʤʠʯʝʩʢʫʶ ʠ ʩʪʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʤʝʭʘʥʠʟʤʘ 
ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʠ ʨʝʞʠʤʘ ʮʠʨʢʫʣʷʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʆʜʥʘʢʦ ʧʨʠ ʬʘʢʪʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʛʝʦ-
ʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʧʨʦʩʪʦ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʥʪʘʣʴʧʠʠ ʛʝʦʪʝʨ-
ʤʘʣʴʥʦʡ ʚʦʜʳ. ʆʜʥʘʢʦ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʩʪʘʥʜʘʨʪʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʢʦʪʦ-
ʨʫʶ ʧʫʪʘʥʠʮʫ ʚ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ [1]. 

ʆʙʳʯʥʳʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʪ ʠʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠ ʥʝʛʣʫʙʦʢʠʭ ʛʝʦʪʝʨ-
ʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʘ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʦʜʝʨʞʘʪ ʞʠʜ-
ʢʦʩʪʴ, ʪʝʧʣʦ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʵʥʝʨʛʦʨʝʩʫʨʩ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚ-
ʥʳʤ ʧʨʝʜʤʝʪʦʤ ʨʘʟʚʠʪʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʤʠʨʝ, ʧʦʵʪʦʤʫ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 
ʮʝʥʥʦʩʪʴ. ʆʜʥʘʢʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʵʥʝʨʛʦʨʝʩʫʨʩ ʯʘʩʪʦ ʥʘʭʦʜʠʪʩʷ ʥʝ ʚ ʦʩʘʜʦʯ-
ʥʳʭ ʩʣʦʷʭ, ʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ. ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʠʣʠ ʟʦʥʳ ʨʘʟʣʦ-
ʤʦʚ, ʧʦʵʪʦʤʫ ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦ-
ʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʟʘʩʣʫʞʠʚʘʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʏʪʦ 
ʢʘʩʘʝʪʩʷ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʨʝʩʫʨʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠ ʦʩʫʱʝʩʪʚʠʤʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʦ ʦʙʲʝʤʥʳʡ ʤʝʪʦʜ 
ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʦʩʦʙʝʥʥʦ ʢʦʥʚʝʢʮʠʦʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 
ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʅʝʬʪʴ ʠ ʛʘʟ ʚ 
ʦʩʥʦʚʥʦʤ ʭʨʘʥʷʪʩʷ ʚ ʧʦʨʘʭ ʨʝʟʝʨʚʫʘʨʦʚ, ʘ ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚ ʧʦʨʘʭ ʨʝʟʝʨʚʫʘʨʦʚ ʩʦʩʪʘʚʣʷʝʪ 
ʣʠʰʴ ʥʝʙʦʣʴʰʫʶ ʯʘʩʪʴ ʠʟʚʣʝʢʘʝʤʦʡ ʩʫʤʤʳ, ʘ ʚ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜʘʭ ʠ ʚʦʜʝ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ ʛʝʦ-
ʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʘʩʪʘ ʧʨʠ 
ʦʮʝʥʢʝ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʘ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʨʘʥʠʮʳ/ʢʦʥʪʫʨʘ ʧʨʠ ʦʮʝʥʢʝ ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʈʘʟʚʝʜʢʘ ð ʵʪʦ ʧʝʨʚʳʡ ʰʘʛ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʫʩʧʝʰ-
ʥʦʛʦ ʦʩʚʦʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʠ ʝʝ ʮʝʣʴ ð ʚʳʷʚʠʪʴ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʠ ʧʦʣʫʯʠʪʴ ʢʘʢ 
ʤʦʞʥʦ ʙʦʣʴʰʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 
ʄʝʪʦʜʳ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʨʘʟʚʝʜʢʠ ʘʥʘʣʦʛʠʯʥʳ ʤʝʪʦʜʘʤ ʨʘʟʚʝʜʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʠ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 
3 ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʜʠʩʪʘʥʮʠʦʥ-
ʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ 
ʦʙʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʙʦʣʴʰʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʶʪ-
ʩʷ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʘʭ, ʘ ʵʣʝʢ-
ʪʨʦʤʘʛʥʠʪʥʳʝ, ʛʝʦʤʘʛʥʠʪʥʳʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʣʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʷ, ʛʣʫʙʠʥʳ ʠ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʅʘ ʪʨʝʪʴ-
ʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʪʩʷ ʛʝʦʪʝʨʤʘʣʴʥʦʝ ʙʫʨʝʥʠʝ, ʢʦʣʦʥʢʦʚʦʝ ʙʫʨʝʥʠʝ ʠ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʢʦʥʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʘʭ ʚ çʟʦʥʝ ʥʘʠʣʫʯʰʝʛʦ ʚʦʩʧʨʠʷʪʠʷè, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
ʚʳʷʚʣʝʥʥʦʤ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ. ʇʦʩʢʦʣʴʢʫ ʮʝʣʠ ʨʘʟʚʝʜʢʠ ʨʘʟʥʳʝ, ʦʜʥʘ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʩʦ-
ʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʝʦʪʝʨʤʘʣʴʥʳʡ ʨʝʩʫʨʩ, ʘ ʜʨʫʛʘʷ - ʨʝʟʝʨʚʫʘʨʳ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʘʢʮʝʥʪʳ ʨʘʟʚʝʜʢʠ ʥʘ 
ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʣʠʯʥʳ. ʅʘʧʨʠʤʝʨ, ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʷʯʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʝʥʪʠ-
ʣʷʮʠʦʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʠ ʜʦʙʳʚʘʝʤʳʭ ʬʣʶʠʜʦʚ ʙʦʣʝʝ ʚʘʞʝʥ ʧʨʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʨʘʟʚʝʜʢʝ, ʯʝʤ ʧʨʠ ʨʘʟ-
ʚʝʜʢʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʠ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʢʚʘʞʠʥʥʳʝ ʛʝʦʪʝʨ-
ʤʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʠʟʤʝʨʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʩʭʦʜʥʦʡ ʧʣʘʩʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʛʝʦʪʝʨʤʘʣʴ-
ʥʦʡ ʨʘʟʚʝʜʢʝ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ [2]. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʨʘʟʚʝʜʢʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʨʘʟʚʝʜʢʠ ʜʠʩʪʘʥʮʠʦʥʥʳʝ ʛʝʦʣʦʛʦ-
ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 
ʫʯʘʩʪʢʦʚ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʘ ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ - ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 
ʚʳʜʝʣʝʥʠʷ ʪʠʧʦʚ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. ʇʦ-
ʩʢʦʣʴʢʫ ʧʦ ʙʦʣʴʰʠʥʩʪʚʫ ʨʘʡʦʥʦʚ ʠʤʝʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʥʝʪ ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʠ ʚ ʧʨʦʚʝʜʝʥʠʠ ʥʘʟʝʤʥʳʭ ʩʲʝʤʦʢ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʘʙʦʪ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʜʦʣʞʥʳ ʧʨʠʣʦʞʠʪʴ 



ǰȑȒȃȄȌȑ Ȃȍȃǿ 0.02 35 

 

www.naukaip.ru 

ʚʩʝ ʫʩʠʣʠʷ ʜʣʷ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʚʩʝʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʘʥʥʳʭ ʜʣʷ ʦʮʝʥʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʷ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʝʭʥʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʝ ʛʝʦ-
ʪʝʨʤʘʣʴʥʘʷ ʨʘʟʚʝʜʢʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʨʘʟʚʝʜʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʧʦʣʠ-
ʪʠʢʘ ʤʝʩʪʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʠ ʦʪʥʦʰʝʥʠʝ ʣʶʜʝʡ ʢ ʨʘʟʚʠʪʠʶ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʠ [3].  

ɻʝʦʬʠʟʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ. ʄʝʪʦʜʳ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʡʩʤʦʨʘʟʚʝʜʢʘ, ʤʘʛʥʠ-
ʪʦʨʘʟʚʝʜʢʘ, ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʘ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʨʘʟʚʝʜʢʘ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʛʝʦ-
ʪʝʨʤʘʣʴʥʦʡ ʨʘʟʚʝʜʢʠ ʙʣʘʛʦʜʘʨʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʧʨʘʢʪʠʯʥʦʩʪʠ, ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʥʠʟʢʦʡ ʩʪʦʠ-
ʤʦʩʪʠ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʨʘʥʝʥʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 
ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʩʫʨʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʤʝʪʦʜʳ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʢ 
ʨʝʩʫʨʩʘʤ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʨʘʟʚʝʜʢʠ. ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʨʘʟ-
ʚʝʜʢʘ ʚʳʷʚʣʷʝʪ ʩʨʝʜʥʝ ʛʣʫʙʠʥʥʳʝ ʨʘʟʣʦʤʳ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʪʝʣʘ, ʦʧʨʝʜʝʣʷʷ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʘʥʦʤʘ-
ʣʠʶ ɹʫʛʝʨʘ, ʠ ʢʦʩʤʠʯʝʩʢʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʘʥʦʤʘʣʠʷ, ʚʳʟʚʘʥʥʘʷ ʨʘʟʥʠʮʝʡ ʧʣʦʪʥʦʩʪʝʡ ʤʠʥʝʨʘʣʦʚ ʚ 
ʛʣʫʙʦʢʠʭ ʧʦʜʟʝʤʥʳʭ ʩʣʦʷ. ʄʘʛʥʠʪʥʘʷ ʨʘʟʚʝʜʢʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʥʝʧʨʷʤʳʤ ʤʝʪʦʜʦʤ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʨʘʟ-
ʚʝʜʢʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ ʧʦʜʟʝʤʥʳʝ ʠʥʪʨʫʟʠʠ ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʘʥʦʤʘʣʠʡ, ʚʳ-
ʟʚʘʥʥʳʭ ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʚ ʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʆʥ ʪʘʢʞʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʘʨʝʘʣ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʳʭ ʤʘʩʩʠʚʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ ʠʭ ʤʘʛʥʠʪʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʧʦ-
ʩʣʝ ʥʘʛʨʝʚʘʥʠʷ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʨʘʟʚʝʜʢʘ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʟʚʝʜʢʠ ʚʦʜʥʳʭ ʠ ʛʝʦ-
ʪʝʨʤʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʄʘʛʥʠʪʦʪʝʣʣʫʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʟʝʤʥʦʡ ʢʦʨʝ 
ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʟ-ʟʘ ʧʨʝʠʤʫʱʝʩʪʚ ʚʳʩʦʢʦʡ ʛʣʫʙʠʥʳ ʦʙʥʘʨʫʞʝʥʠʷ, ʥʠʟʢʦʡ 
ʩʪʦʠʤʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ. 

ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʛʣʫʙʦʢʘʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʛʠʜʨʦ-
ʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʧʦʯʪʠ ʠʩʯʝʨʧʘʥʘ. ɺ ʙʫʜʫʱʝʤ ʪʝʭʥʦʣʦʛʠʷ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ 
ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʛʣʫʙʠʥʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʥʝʨʛʠʠ, ʪʘʢʦʡ ʢʘʢ ʛʦʨʷʯʠʝ ʩʫʭʠʝ ʧʦ-
ʨʦʜʳ ʠ ʩʚʝʨʭʢʨʠʪʠʯʝʩʢʠʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʇʦʩʢʦʣʴʢʫ ʦʙʳʯʥʳʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʠʜʨʦ-
ʪʝʨʤʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʦʙʳʯʥʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʢʨʘʠʥʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʨʘʥ ʥʝ 
ʥʘʭʦʜʷʪʩʷ ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʵʪʠʭ ʦʙʣʘʩʪʝʡ. ɽʩʣʠ ʤʳ ʭʦʪʠʤ ʩʜʝʣʘʪʴ ʛʝʦʪʝʨʤʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ʙʦʣʝʝ ʧʦʣʝʟ-
ʥʦʡ ʠ ʮʝʥʥʦʡ ʜʣʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʧʳʪʘʪʴʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʠ 
ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʵʥʝʨʛʠʠ, ʘ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ, 
ʦʧʠʩʘʥʥʳʝ ʚ ʵʪʦʡ ʩʪʘʪʴʝ, ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ. 
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https://ieeexplore.ieee.org/abstract/document/9394801
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐʠʨʦʢʦʚ ʖ.ɸ. 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ  
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ɹʦʦʧʫʙʯʡʸ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-
ʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʚ ʆʆʆ çʖʥʛʭʘʡʥʨʠʭ ʧʦʜʲʝʤʥʦ-ʧʦʛʨʫʟʦʯʥʘʷ ʪʝʭʥʠʢʘè ʩ ʫʯʝʪʦʤ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʬʘʢʪʦʨʘ ʨʠʩʢʘ. ʄʝʪʦʜʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, 
ʩʦʜʝʨʞʘʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ, ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʦ-
ʙʝʥʥʦʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ. 
ʇʦ ʠʪʦʛʘʤ ʘʥʘʣʠʟʘ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ ʦ ʪʦʤ, ʧʦʩʪʦʷʥʥʦʝ ʚʣʠʷʥʠʝ ʦʧʘʩʥʳʭ ʠ ʚʨʝʜʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʬʘʢʪʦʨʦʚ, ʪʷʞʝʩʪʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʪʨʫʜʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩʦʟʜʘʝʪ ʧʩʠʭʦʵʤʦʮʠʦ-
ʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʫʯʪʝʥʦ ʧʨʠ ʦʮʝʥʢʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ ʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦʟʚʦʣʷʪ ʧʦʚʳ-
ʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʨʘʙʦʪʥʠʢʦʚ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʭʨʘʥʘ ʪʨʫʜʘ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʨʠʩʢ, ʦʮʝʥʢʘ, ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. 

 
THE HUMAN FACTOR IN ENSURING SAFE WORKING CONDITIONS 
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Scientific supervisor: Shirokov Yu.A. 

 
ɻɻɾɽɾʆʁɾ 
ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʢʦʥʝʮ 2022 ʛʦʜʘ ʚ ʈʦʩʩʠʠ ʌʝʜʝʨʘʮʠʷ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʦʬʩʦʶʟʦʚ ʥʘʩʯʠʪʘʣʘ 5563 

ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʷ, ʠʟ ʢʦʪʦʨʳʭ 381-ʛʨʫʧʧʦʚʳʝ, 1269- ʩʦ ʩʤʝʨʪʝʣʴʥʳʤ ʠʩʭʦʜʦʤ. ʇʨʠʯʝʤ ʦʩʥʦʚʥʦʡ ʧʨʠ-
ʯʠʥʦʡ ʧʦʣʫʯʝʥʠʷ ʪʨʘʚʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, 28% ʦʪ ʦʙʱʝ-
ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʠʩʰʝʩʪʚʠʡ [1].  
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ʉ 1 ʷʥʚʘʨʷ 2020 ʛ. ʦʬʠʮʠʘʣʴʥʦ ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ ʥʦʚʳʡ ʧʦʨʷʜʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʘ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʳʭ ʨʠʩʢʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚʩʝʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ʂʘʞʜʳʡ ʨʘʙʦʪʦʜʘʪʝʣʴ ʜʦʣʞʝʥ ʧʨʦʚʝʩʪʠ 
ʧʨʦʮʝʜʫʨʫ ʦʮʝʥʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ ʢʘʢ ʦʜʥʠ ʠʟ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝ-
ʤʳ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʨʦʬʠʣʘʢʪʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫʢʘʟʘʥʥʦʡ ʢʘ-
ʪʝʛʦʨʠʠ ʨʘʙʦʪʥʠʢʦʚ ʜʦʣʞʥʘ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʛʣʫʙʦʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʘʥʘʣʠʟʝ ʝʛʦ ʧʨʠʯʠʥ ʯʝʨʝʟ ʫʩʦ-
ʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʤʝʶʱʠʭʩʷ ʤʝʪʦʜʦʚ ʠ ʩʧʦʩʦʙʦʚ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʩʯʘʩʪ-
ʥʳʭ ʩʣʫʯʘʝʚ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ 
ʧʨʦʠʟʚʦʜʩʪʚʝ [2-4]. 

ɺʦʧʨʦʩʘʤʠ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ, ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʚʦʟʜʝʡʩʪʚʠʷ (ʫʩʪʨʘ-
ʥʝʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ) ʥʘ ʨʘʙʦʪʥʠʢʦʚ ʚʨʝʜʥʳʭ ʠ (ʠʣʠ) ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʦʙʷʟʘʥʳ ʟʘ-
ʥʠʤʘʪʴʩʷ ʚʩʝ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʝʜʧʨʠʷʪʠʡ, ʥʦ ʣʠʜʠʨʫʶʱʘʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʩʧʝʮʠʘ-
ʣʠʩʪʫ ʧʦ ʦʭʨʘʥʝ ʪʨʫʜʘ. ɼʘʥʥʳʝ ʤʝʨʳ ʥʝʦʙʭʦʜʠʤʳ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʠʣʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʥʘ ʨʘ-
ʙʦʯʝʤ ʤʝʩʪʝ ʢʘʞʜʦʛʦ ʨʘʙʦʪʥʠʢʘ.  

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʘʚʤʦʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ, ʫʩʣʦʚʠʡ ʠ ʦʙʩʪʦʷʪʝʣʴ-
ʩʪʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʧʦʪʝʨʠ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ, ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʧʨʦʪʝʢʘʥʠʷ ʩʦʙʳʪʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʢ 
ʦʧʘʩʥʦʩʪʷʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ 
ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʥʠʟʠʣʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʨʠʩʢ ʜʦ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚ-
ʥʷ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʟʘʜʘʯʝʡ. 

ʏʞʤʵ ʪʫʙʫʵʡ. ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʘ ʦʮʝʥʢʠ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ ʨʘʙʦʪʥʠʢʦʚ ʆʆʆ çʖʥʛʭʘʡʥʨʠʭ ʧʦʜʲʝʤʥʦ-ʧʦʛʨʫʟʦʯʥʘʷ ʪʝʭʥʠʢʘè ʠ ʨʘʟʨʘʙʦʪ-
ʢʘ ʧʨʝʜʣʦʞʝʥʠʡ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʪʨʫʜʘ.  

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ.  
ʅʞʫʧʝʡʰʞʪʣʧʢ ʧʪʦʧʛʧʢ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʩʦʜʝʨ-

ʞʘʱʠʭ ʪʨʝʙʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ, ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʦʙʝʥʥʦ-
ʩʪʝʡ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʘʥʘʣʠʟʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ. 

 
ʋʙʚʤʡʯʙ 1 

ɹʦʙʤʡʠ ʪʧʪʫʧʸʦʡʸ ʧʮʩʙʦʴ ʫʩʬʝʙ 
 ʛ ʇʇʇ çʗʦʜʮʙʢʦʩʡʮ ʨʧʝʳʞʥʦʧ-ʨʧʜʩʬʠʧʰʦʙʸ ʫʞʮʦʡʣʙè ʠʙ ʨʧʪʤʞʝʦʡʞ ʫʩʡ ʜʧʝʙ 

ˉ, 
ʧ/ʧ 

ʇʦʢʘʟʘʪʝʣʠ 2022 2023 2024 

1.  ʉʨʝʜʥʝʩʧʠʩʦʯʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪʘʶʱʠʭ (ʉ), ʯʝʣ. 540 546 560 

2.  ʂʦʣʠʯʝʩʪʚʦ ʜʥʝʡ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ (ɹʜʥ), ʜʥ. 7 14 35 

3.  ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʪʨʘʜʘʚʰʠʭ ʚʩʝʛʦ (ɸʥʩ), ʯʝʣ. 1 1 2 

4.  ʀʩʭʦʜ ʥʝʩʯʘʩʪʥʳʭ  ʩʣʫʯʘʝʚ: 

- ʚʨʝʤʝʥʥʘʷ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʴ; 

- ʠʥʚʘʣʠʜʥʦʩʪʴ;  

- ʩʤʝʨʪʝʣʴʥʳʡʠʩʭʦʜ  (Nʩʤ); 

 
1 
0 
0 

 
1 
0 
0 

 
2 
0 
0 

5.  ʇʦʢʘʟʘʪʝʣʠ  
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʘ: 

- ʂʯ (ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʳ); 

- ʂʪ (ʢʦʵʬʬʠʮʠʝʥʪ ʪʷʞʝʩʪʠ);  

 
 
1,9 
7 

 
 
1,8 
14 

 
 
3,6 
17,5 

6.  ʇʦʢʘʟʘʪʝʣʴ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ (ʂʧ) 13,3 25,2 62,4 

7.  ʇʦʩʪʨʘʜʘʚʰʠʝ:  

- ʄʝʭʘʥʠʢʠ; 

- ʀʥʞʝʥʝʨʳ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʩʝʨʠʡʥʦʡ ʪʝʭʥʠʢʠ; 

- ʀʥʞʝʥʝʨʳ ʧʦ ʨʝʤʦʥʪʫ; 

- ʇʦʜʩʦʙʥʳʝ ʨʘʙʦʯʠʝ; 
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ˉ, 
ʧ/ʧ 

ʇʦʢʘʟʘʪʝʣʠ 2022 2023 2024 

8.  ʇʦʩʪʨʘʜʘʚʰʠʝ ʧʦʤʝʩʪʫ ʧʨʦʠʩʰʝʩʪʚʠʷ: 

- ʅʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ ʨʘʙʦʪʦʜʘʪʝʣʷ; 

- ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʢʘʟʯʠʢʘ ʫʩʣʫʛ; 

 
 
1 
0 

 
 
1 
0 

 
 
1 
1 

9.  ʇʦʩʪʨʘʜʘʚʰʠʝ ʧʨʠ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪʘʭ: 

- ʈʝʤʦʥʪ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

- ʆʙʩʣʫʞʠʚʘʥʠʝ ʪʝʭʥʠʢʠ; 

 
0 
1 

 
1 
0 

 
1 
1 

10.  ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʥʝʩʯʘʩʪʥʳʭ ʠʥʮʠʜʝʥʪʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ: 

- ʅʠʟʢʘʷ ʪʨʫʜʦʚʘʷʜʠʩʮʠʧʣʠʥʘ; 

- ʅʝʢʘʯʝʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ; 

- ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʦʙʲʝʢʪʘ. 
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ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʠʤ, ʯʪʦ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʞʜʳʡ ʛʦʜ ʧʨʦʠʩʭʦʜʷʪ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, ʬʘʢʪʦʨʘʤʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʩʦʙʣʶʜʝʥʠʝ ʧʨʘʚʠʣ ʜʠʩʮʠʧʣʠʥʳ, ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʦʨʛʘʥʠ-
ʟʘʮʠʠ ʠ ʜʦʣʞʥʦʩʪʥʦʡ ʠʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʧʨʠʤʝʥʷʝʤʳʭ ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘ-
ʱʠʪʳ. 

ʉ ʧʦʤʦʱʴʶ ʪʘʙʣʠʮʳ ʥʘʤ ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ ʧʦʥʷʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʯʘʩʪʦʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʠʥʮʠʜʝʥʪʘ ʚʳʨʦʩ ʚ 2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʳʜʫʱʠʤ ʛʦʜʦʤ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʣʩʷ ʧʦʢʘʟʘʪʝʣʴ ʪʷʞʝʩʪʠ 
ʪʨʘʚʤʘʪʠʟʤʘ ʚ 1,25 ʨʘʟ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʚʳʨʦʩ ʚ 2,5 ʨʘʟʘ. ʀʟ ʨʘʩʯʝʪʦʚ 
ʧʦʥʠʤʘʝʤ, ʯʪʦ ʚ ʢʦʤʧʘʥʠʠ ʫʨʦʚʝʥʴ ʪʨʘʚʤʘʪʠʟʤʘ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʤ ʥʝʦʙʭʦ-
ʜʠʤʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʥʝʩʯʘʩʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʡ. ʇʨʠ ʪʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʦʭʨʘʥʦʡ ʪʨʫʜʘ ʧʦʢʘʟʘʪʝʣʴ ʧʦʪʝʨʴ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ 
ʧʦ ʧʨʠʯʠʥʘʤ ʪʨʘʚʤʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʆʆʆ çʖʥʛʭʘʡʥʨʠʭ ʧʦʜʲʝʤʥʦ-ʧʦʛʨʫʟʦʯʥʘʷ ʪʝʭʥʠʢʘè ʟʘ 
2024 ʛʦʜ ʷʚʣʷʝʪʩʷ 62,5. 

ʈʘʙʦʪʦʜʘʪʝʣʝʤ ʫʯʠʪʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ:  

¶ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʸʪʦʤ ʪʝʢʫʱʝʡ, ʧʨʦʰʣʦʡ ʠ ʙʫ-
ʜʫʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʦʜʘʪʝʣʷ;  

¶ ʪʷʞʝʩʪʴ ʚʦʟʤʦʞʥʦʛʦ ʫʱʝʨʙʘ ʨʘʩʪʸʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʣʶʜʝʡ, ʧʦʜʚʝʨʛʘʶ-
ʱʠʭʩʷ ʦʧʘʩʥʦʩʪʠ;  

¶ ʚʩʝ ʦʮʝʥʝʥʥʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʨʠʩʢʠ ʧʦʜʣʝʞʘʪ ʫʧʨʘʚʣʝʥʠʶ;  

¶ ʧʨʦʮʝʜʫʨʳ ʚʳʷʚʣʝʥʠʷ ʦʧʘʩʥʦʩʪʝʡ ʠ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʨʠʩʢʦʚ ʜʦʣʞʥʳ ʧʦ-
ʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴʩʷ ʚ ʨʘʙʦʯʝʤ ʩʦʩʪʦʷʥʠʠ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚ-
ʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʨ ʧʦ ʠʭ ʩʥʠʞʝʥʠʶ; ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʨ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʳʤʠ ʨʠʩʢʘʤʠ ʜʦʣʞʥʘ ʧʦʩʪʦʷʥʥʦ ʦʮʝʥʠʚʘʪʴʩʷ.  

ʉʠʩʪʝʤʘ çʯʝʣʦʚʝʢ-ʤʘʰʠʥʘè - ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʩʚʷʟʠ ʯʝʣʦʚʝʢʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʦʙʝʩʧʝ-
ʯʠʚʘʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ. ɺ ʜʘʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʚʘʞʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʥʝʦʧʘʩʥʦʩʪʴ ʜʣʷ ʪʦʛʦ, 
ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʩʝʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʨʘʚʤ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ [3,4]. 

ʇʦʜʩʠʩʪʝʤʘ çʯʝʣʦʚʝʢè ʚʩʝʛʜʘ ʠʩʩʣʝʜʫʝʪʩʷ ʢʘʢ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʭʘ-
ʨʘʢʪʝʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʘʢ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʦʪʨʫʜ-
ʥʠʢʘ, ʪʘʢ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ. ʊʘʢ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʫʩʪʘʣʦʩʪʴ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʦʩʪʦʨʦʞʥʦʩʪʠ, ʘ ʚʧʦ-
ʩʣʝʜʩʪʚʠʠ ʢ ʪʨʘʚʤʝ. 

ʏʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʚʳʟʳʚʘʶʱʠʡ ʥʝʩʯʘʩʪʥʳʝ ʩʣʫʯʘʠ, - ʵʪʦ ʪʝʨʤʠʥ, ʦʭʚʘʪʳʚʘʶʱʠʡ ʚʩʝ ʵʣʝ-
ʤʝʥʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʥʝʩʯʘʩʪʥʦʤʫ ʩʣʫʯʘʶ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʦʪʥʝʩʝʥʳ ʢ ʦʧʝʨʘʪʦʨʫ, ʨʘʙʦʯʝʤʫ ʠʣʠ ʜʨʫʛʦʤʫ ʧʝʨʩʦʥʘʣʫ [5]. ʕʪʠ ʬʘʢʪʦʨʳ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʫʤʳʰʣʝʥʥʳʝ 
ʥʘʨʫʰʝʥʠʷ ʧʨʘʚʠʣ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʝʚʥʠʤʘʪʝʣʴʥʦʩʪʴ, ʫʩʪʘʣʦʩʪʴ ʠ ʦʧʴʷʥʝʥʠʝ. ʕʪʦ ʪʘʢʞʝ ʠʩʢʣʶ-
ʯʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʯʝʣʦʚʝʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠʥʮʠʜʝʥʪʦʚ 
ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʪʘʢʠʭ ʢʘʢ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʝʥʘʩʪʥʘʷ ʧʦʛʦʜʘ ʠʣʠ ʩʢʦʣʴʟʢʠʝ ʜʦʨʦʞʢʠ. 
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IV ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʅʝʢʦʪʦʨʳʝ ʯʝʣʦʚʝʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʥʝʩʯʘʩʪʥʳʤ ʩʣʫʯʘʷʤ ʥʘ ʧʨʦ-
ʠʟʚʦʜʩʪʚʝ, ʚʢʣʶʯʘʶʪ: 

¶ ʇʨʦʚʘʣʳ ʚ ʧʘʤʷʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʙʳʚʘʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʰʘʛʘ ʚ ʨʘʙʦʯʝʤ ʧʨʦʮʝʩʩʝ ʠʣʠ ʤʝʨʳ 
ʙʝʟʦʧʘʩʥʦʩʪʠ 

¶ ʅʘʨʫʰʝʥʠʝ ʩʫʞʜʝʥʠʡ 
¶ ʅʝʚʥʠʤʘʪʝʣʴʥʦʩʪʴ ʠʣʠ ʦʪʚʣʝʯʝʥʠʝ ʚʥʠʤʘʥʠʷ 
¶ ʇʨʝʥʝʙʨʝʞʝʥʠʝ ʦʩʥʦʚʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 
¶ ʆʪʩʫʪʩʪʚʠʝ ʦʧʳʪʘ 
¶ ʋʨʦʚʝʥʴ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʥʝʘʜʝʢʚʘʪʥʳʡ ʚʳʧʦʣʥʷʝʤʦʡ ʟʘʜʘʯʝ 
¶ ɺʳʩʦʢʦʤʝʨʠʝ ʠʣʠ ʯʨʝʟʤʝʨʥʘʷ ʩʘʤʦʫʚʝʨʝʥʥʦʩʪʴ 
ɼʣʷ ʧʦʣʥʦʪʳ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʨʠʩʢʘ ʦʙʨʘʪʠʤʩʷ ʢ ʪʘʙʣʠʮʝ 2. 

 
ʋʙʚʤʡʯʙ 2 

 ʅʙʫʩʡʯʙ "5 x 5" 

ʊʷʞʝʩʪʴ ʫʱʝʨʙʘ 

ɿʥʘʯʝʥʠʝ ʚʝ-
ʩʦʚʦʛʦ ʢʦʵʬ-
ʬʠʮʠʝʥʪʘ ʪʷ-
ʞʝʩʪʴ ʚ ʙʘʣ-
ʣʘʭ 

ɺʝʨʦʷʪʥʦʩʪʴ (ʯʘʩʪʦʪʘ) ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʧʘʩʥʦʩʪʠ (ʦʧʘʩʥʦʛʦ 
ʜʝʡʩʪʚʠʷ, ʩʠʪʫʘʮʠʠ) 

ʆʯʝʥʴ ʥʠʟʢʘʷ 
(ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝʚʦʟʤʦʞʥʦ) 

ʅʠʟʢʘʷ ʉʨʝʜʥʷʷ ɺʳʩʦʢʘʷ 
ʆʯʝʥʴ ʚʳ-
ʩʦʢʘʷ 

1 2 3 5 7 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ 
ʫʱʝʨʙ (ʤʠʢʨʦʪʨʘʚʤʘ, 
ʜʠʩʢʦʤʬʦʨʪ ʨʘʙʦʪʥʠʢʘ 
ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ) 

1 1 2 3 5 7 

ʄʘʣʳʡ ʫʱʝʨʙ (ʚʦʟʜʝʡ-
ʩʪʚʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ 
ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʘ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦ) 

5 5 10 15 25 35 

ʉʨʝʜʥʠʡ ʫʱʝʨʙ (ʥʝ-
ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡ-
ʩʪʚʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ 
ʟʜʦʨʦʚʴʷ ʨʘʙʦʪʥʠʢʘ) 

10 10 20 30 50 70 

ɹʦʣʴʰʦʡ ʫʱʝʨʙ (ʟʥʘ-
ʯʠʪʝʣʴʥʘʷ ʫʪʨʘʪʘ ʪʨʫ-
ʜʦʩʧʦʩʦʙʥʦʩʪʠ) 

13 13 26 39 65 91 

ʆʯʝʥʴ ʙʦʣʴʰʦʡ ʫʱʝʨʙ 
(ʩʤʝʨʪʝʣʴʥʳʡ ʩʣʫʯʘʡ, 
ʭʨʦʥʠʯʝʩʢʦʝ ʟʘʙʦʣʝʚʘ-
ʥʠʝ, ʦʧʘʩʥʦʩʪʴ ʨʘʟʚʠ-
ʪʠʷ ʦʩʪʨʳʭ ʧʦʨʘʞʝʥʠʡ) 

15 15 30 45 75 105 

 
ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʫʨʦʚʝʥʴ ʨʠʩʢʦʚ. 
ʀʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʪʘʙʣʠʮʳ, ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʦʪʤʝʯʘʝʤ ʪʷʞʝʩʪʴ ʫʨʦʥʘ, ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʠ ʧʦʢʘʟʳʚʘʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʠʩʰʝʩʪʚʠʷ. 
ʄʘʪʨʠʮʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʜ 5Ĭ5, ʚ ʢʦʪʦʨʦʤ ʦʪʦʙʨʘʞʘʶʪʩʷ 5 ʩʪʝʧʝʥʝʡ ʪʷʞʝʩʪʠ ʚʨʝʜʘ ʠ 5 ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʦʧʘʩʥʦʛʦ ʜʝʡʩʪʚʠʷ. ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʦʞ-
ʥʦ ʣʝʛʢʦ ʦʮʝʥʠʪʴ ʦʙʱʠʡ ʫʨʦʚʝʥʴ ʨʠʩʢʘ, ʩʦʝʜʠʥʠʚ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʪʨʦʢʫ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ.  
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ɻʴʛʧʝʴ 
ʄʘʪʨʠʯʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ: ʧʨʦʩʪʦʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; ʧʦʥʷʪʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ.  

ʀʩʧʦʣʴʟʫʷ ʤʘʪʨʠʯʥʳʡ ʤʝʪʦʜ, ʤʳ ʧʦʣʫʯʘʝʤ ʧʦʥʷʪʥʫʶ ʠʣʣʶʩʪʨʘʮʠʶ ʫʨʦʚʥʷ ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʡ ʟʦʥʝ, ʤʦʞʝʤ ʥʘʛʣʷʜʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʢʘʞʜʦʛʦ ʨʠʩʢʘ, ʘ ʪʘʢʞʝ ʦʙʦʟʥʘʯʠʪʴ ʤʝ-
ʨʦʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʫʛʨʦʟ. 
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IV ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ 11. 

ǦǬǟǶǤǬǧǤ SV-ǧǰǰǪǤǣǭǡǟǬǧǨ ǡ ǮǯǭǵǤǰǰǤ 
ǯǟǦǯǟǠǭǱǩǧ ǮǯǭǢǯǟǫǫǬǭǢǭ ǭǠǤǰǮǤǶǤǬǧǾ 

ǰǿȁȇȌȚȔ ǟȊȄȉȐǿȌȃȏ ǧȁǿȌȍȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʊɸʅʂʀʅè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʥʘʯʠʤʦʩʪʴ UX-ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʆʧʠʩʘʥʳ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ, ʚʢʣʶʯʘʷ ʢʘʙʠʥʝʪʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ, ʛʣʫʙʠʥʥʳʝ ʠʥʪʝʨʚʴʶ ʠ UX-ʪʝʩʪʠʨʦʚʘʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩʪʘʪʴʷ ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ 
ʚʘʞʥʦʩʪʠ ʨʝʛʫʣʷʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
ʫʭʫʜʰʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ux-ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʦʣʴʟʦʚʘʪʝʣʠ, ʢʘʯʝʩʪʚʝʥ-
ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʝʩʪʠʨʦʚʘʥʠʝ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʘʥʘʣʠʟ ʤʝʪʨʠʢ, 
ʛʣʫʙʠʥʥʳʝ ʠʥʪʝʨʚʴʶ, ʤʦʥʠʪʦʨʠʥʛ. 

 
THE IMPORTANCE OF UX RESEARCH IN THE SOFTWARE DEVELOPMENT PROCESS 

 
Savinykh Alexander Ivanovich 

 
Abstract: the article discusses the importance of UX research at various stages of software development. The 
methods used at each stage are described, including desk research, in-depth interviews and UX testing. In 
addition, the article focuses on the importance of regular monitoring and assessment of the state of a digital 
product to prevent deterioration of key indicators. 
Keywords: UX research, software development, users, qualitative research, quantitative research, testing, 
functionality, metrics analysis, in-depth interviews, monitoring. 

 
ɻʛʞʝʞʦʡʞ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʟʘʢʘʟ ʵʪʘʧʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʯʘʩʪʦ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʧʨʦʮʝʩʩʘ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʥʝ ʚʩʝʛʜʘ ʦʯʝʚʠʜʥʘ ʥʘ 
ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ. ʉʫʱʝʩʪʚʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʤʥʝʥʠʝ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝ ʷʚʣʷʝʪʩʷ 
ʥʝʦʙʭʦʜʠʤʳʤ, ʪʘʢ ʢʘʢ ʠʤʝʝʪʩʷ ʦʙʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʥʘʩʢʦʣʴ-
ʢʦ ʚʘʞʥʳ ʦʞʠʜʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪ ʧʨʦʜʫʢʪʘ, ʝʩʣʠ ʧʦʩʪʘʚʣʝʥʘ ʢʦʥʢʨʝʪʥʘʷ ʟʘʜʘʯʘ? ʅʘ ʧʨʘʢʪʠʢʝ ʵʪʦ 
ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ ʦ ʧʦʚʝʜʝʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʫʜʦʙʩʪʚʘ 
ʠʥʪʝʨʬʝʡʩʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʫʨʦʚʥʝ ʢʦʥʚʝʨʩʠʠ.  

ʁʪʪʤʞʝʧʛʙʦʡʞ ʨʧʫʩʞʚʦʧʪʫʞʢ ʨʧʤʵʠʧʛʙʫʞʤʞʢ ʦʙ ʶʫʙʨʞ ʩʙʠʩʙʚʧʫʣʡ ʨʩʧʝʬʣʫʙ. ʅʘ ʵʪʘʧʝ ʩʦʟʜʘ-
ʥʠʷ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʚʘʞʥʦ ʚʳʷʚʠʪʴ ʧʨʦʙʣʝʤʳ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʘ ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʫʝʪ-
ʩʷ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ. 

ɺʦʧʨʦʩʳ, ʢʦʪʦʨʳʝ ʟʘʢʨʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ: 
1. ʅʘ ʢʘʢʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚʳʛʦʜʥʝʝ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʜʫʢʪʘ? 
2. ʂʘʢ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʣʴʟʦʚʘʪʝʣʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʪʨʝʙʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʣʘʥʠʨʫʝʪʩʷ ʟʘ-

ʢʨʳʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʜʫʢʪʘ? 
3. ʅʘʩʢʦʣʴʢʦ ʚʘʣʠʜʥʘ ʠʜʝʷ ʧʨʦʜʫʢʪʘ? ʉʣʝʜʫʝʪ ʣʠ ʝʝ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ? 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʚʘʶʪ ʜʚʫʭ ʪʠʧʦʚ: ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʪʚʝʯʘʶʪ ʥʘ ʚʦʧʨʦʩ çʢʘʢè ʠ ʧʦʤʦʛʘʶʪ ʧʦʥʷʪʴ ʧʦʚʝʜʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʳ, 
ʧʦ ʢʦʪʦʨʳʤ ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʧʦʢʫʧʘʶʪ ʧʨʦʜʫʢʪ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʚʝ-
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ʯʘʶʪ ʥʘ ʚʦʧʨʦʩ çʩʢʦʣʴʢʦè ʠ ʘʥʘʣʠʟʠʨʫʶʪ ʯʠʩʣʦʚʳʝ ʦʮʝʥʢʠ ʨʘʟʣʠʯʥʳʭ ʘʩʧʝʢʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ 
ʦʧʳʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʩʢʦʣʴʢʦ ʠʤʝʥʥʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʪʢʘʟʳʚʘʝʪʩʷ ʦʪ ʧʦʢʫʧʢʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʣʝʡ ʠ ʟʘʜʘʯ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʣʘʥ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʚʳ-
ʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʠʟʙʳʪʦʯʥʳʤʠ ʠʣʠ ʥʝʥʫʞʥʳʤʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ ʤʦ-
ʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ. ʅʘ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʦʙʳʯʥʦ ʧʨʦʚʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ: 

1. ʂʘʙʠʥʝʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ: ʵʪʦ ʧʝʨʚʳʡ ʵʪʘʧ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʜʦʩʪʫʧʥʳʭ 
ʠʩʪʦʯʥʠʢʦʚ ʦ ʧʨʦʜʫʢʪʝ ʠ ʙʠʟʥʝʩ-ʩʬʝʨʝ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʦʬʠʮʠʘʣʴʥʘʷ ʩʪʘʪʠʩʪʠʢʘ, ʧʫʙʣʠʢʘʮʠʠ ʚ ʉʄʀ, 
ʩʧʨʘʚʦʯʥʠʢʠ, ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʜʨʫʛʠʝ ʦʪʢʨʳʪʳʝ ʠ ʟʘʢʨʳʪʳʝ ʠʩʪʦʯʥʠʢʠ. ʂʘʙʠʥʝʪʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʤʦ-
ʛʘʝʪ ʦʮʝʥʠʪʴ ʪʝʢʫʱʠʡ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʦʙʲʝʤ ʨʳʥʢʘ ʠ ʬʦʨʤʠʨʫʝʪ ʛʠʧʦʪʝʟʳ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦ-
ʚʘʥʠʡ. 

2. ɻʣʫʙʠʥʥʳʝ ʠʥʪʝʨʚʴʶ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʙʠʟʥʝʩʘ: ʵʪʠ ʠʥʪʝʨʚʴʶ ʧʨʦʚʦʜʷʪʩʷ ʧʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ 
ʧʝʨʚʠʯʥʳʭ ʛʠʧʦʪʝʟ ʠ ʘʥʘʣʠʟʘ ʨʳʥʢʘ. ʉʦʪʨʫʜʥʠʢʠ ʢʦʤʧʘʥʠʠ ʠʣʠ ʵʢʩʧʝʨʪʳ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʣʘʩʪʠ 
ʤʦʛʫʪ ʧʨʝʜʦʩʪʘʚʠʪʴ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥʘʭ ʧʨʦʜʫʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʨ-
ʨʝʢʪʠʨʦʚʘʪʴ ʛʠʧʦʪʝʟʳ ʠʣʠ ʜʦʙʘʚʣʷʪʴ ʥʦʚʳʝ. 

3. ɻʣʫʙʠʥʥʳʝ ʠʥʪʝʨʚʴʶ ʩ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ: ʝʩʣʠ ʫ ʧʨʦʜʫʢʪʘ ʫʞʝ ʝʩʪʴ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʧʨʦʚʦʜʠʪʩʷ 
ʦʙʱʝʥʠʝ ʩ ʥʠʤʠ. ɽʩʣʠ ʧʨʦʜʫʢʪ ʥʦʚʳʡ, ʚʳʙʠʨʘʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʠ ʘʥʘʣʦʛʠʯʥʳʭ ʩʝʨʚʠʩʦʚ. ɺ ʭʦʜʝ ʙʝʩʝʜ 
ʠʟʫʯʘʶʪʩʷ ʧʦʚʝʜʝʥʠʝ, ʤʳʩʣʠ ʠ ʵʤʦʮʠʠ ʨʝʩʧʦʥʜʝʥʪʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʙʨʘʪʴ ʟʥʘʯʠʤʳʡ ʦʙʲʝʤ ʠʥʬʦʨ-
ʤʘʮʠʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʧʨʦʜʫʢʪʘ. 

4. ʆʧʨʦʩ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ: ʦʧʨʦʩʳ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ 
ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʧʦʢʘʟʳʚʘʶʪ, ʥʘʩʢʦʣʴʢʦ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʨʝ-
ʣʝʚʘʥʪʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʝ. 

ʇʚʪʤʞʝʧʛʙʦʡʞ ʥʙʣʞʫʧʛ ʨʩʧʝʬʣʫʙ ʨʞʩʞʝ ʞʜʧ ʛʦʞʝʩʞʦʡʞʥ. ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʝʛʦ ʪʱʘʪʝʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʯʪʦʙʳ ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ ʚ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʙʩʣʝʜʦʚʘʥʠʝ ʤʘʢʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʦʮʝʥʠʪʴ ʩʦʦʪ-
ʚʝʪʩʪʚʠʝ ʧʨʦʜʫʢʪʘ ʦʞʠʜʘʥʠʷʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʚʝʯʘʶʪ ʥʘ ʨʷʜ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʦʚ: 
1. ʉʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠ ʧʨʦʜʫʢʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʟʘʜʘʯʘʤ? 
2. ɽʩʪʴ ʣʠ ʠʟʙʳʪʦʯʥʳʝ ʠʣʠ ʦʪʩʫʪʩʪʚʫʶʱʠʝ ʵʪʘʧʳ ʚ ʦʩʥʦʚʥʳʭ ʩʮʝʥʘʨʠʷʭ? 
3. ʅʘʩʢʦʣʴʢʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʝʥ ʜʠʟʘʡʥ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ? 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. UX-ʪʝʩʪʠʨʦʚʘʥʠʝ: ʵʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʦʩʥʦʚʥʳʝ ʩʮʝʥʘʨʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʚʳ-

ʷʚʠʪʴ ʙʣʦʢʠʨʫʶʱʠʝ ʬʘʢʪʦʨʳ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʝʰʠʪʴ ʢʦʥʢʨʝʪʥʫʶ ʟʘʜʘʯʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-
ʝʤ ʧʨʦʪʦʪʠʧʘ ʧʨʦʜʫʢʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʥʘʙʣʶʜʘʝʪ ʟʘ ʧʨʦʮʝʩʩʦʤ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʡ ʚ 
ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

2. Eye Tracking (ʦʪʩʣʝʞʠʚʘʥʠʝ ʚʟʛʣʷʜʘ): ʜʘʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ 
ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʉʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʢʘʤʝʨʳ ʬʠʢʩʠʨʫʶʪ 
ʜʚʠʞʝʥʠʷ ʛʣʘʟ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʥʘ ʢʘʢʠʝ ʵʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʧʦʣʴʟʦ-
ʚʘʪʝʣʴ ʠ ʛʜʝ ʦʥ ʠʱʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʷʚʣʷʶʪʩʷ ʪʝʧʣʦʚʳʝ ʢʘʨ-
ʪʳ ʠ ʦʪʩʣʝʞʠʚʘʥʠʝ ʤʳʰʠ (Mouse Tracking), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʝʨʝʤʝʱʝʥʠʝ ʢʫʨʩʦʨʘ, 
ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʥʪʝʨʬʝʡ-
ʩʦʤ. ʕʪʠ ʤʝʪʦʜʳ, ʭʦʪʴ ʠ ʷʚʣʷʶʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ, ʩʧʦʩʦʙʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʧʨʦʜʫʢʪ ʧʨʠ 
ʥʘʣʠʯʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʩʫʨʩʦʚ. 

ʇʯʞʦʣʙ ʪʧʪʫʧʸʦʡʸ ʯʡʭʩʧʛʧʜʧ ʨʩʧʝʬʣʫʙ. ʀʥʦʛʜʘ ʮʠʬʨʦʚʦʡ ʧʨʦʜʫʢʪ ʤʦʞʝʪ ʥʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 
ʷʚʥʳʭ ʧʨʦʙʣʝʤ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʧʦʜʦʟʨʝʥʠʷ ʦ ʝʛʦ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ 
ʩʥʠʞʝʥʠʝ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 
ʚʳʷʚʣʝʥʠʝ ʩʣʘʙʳʭ ʤʝʩʪ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʚʝʯʘʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʦʚ: 
1. ʇʨʦʜʫʢʪ ʠʜʝʪ ʚ ʧʨʘʚʠʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ? 
2. ʅʝʦʙʭʦʜʠʤʦ ʣʠ ʜʦʙʘʚʣʝʥʠʝ ʠʣʠ ʫʜʘʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ? 
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IV ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

3. ʂʘʢʠʝ ʵʣʝʤʝʥʪʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʪʨʝʙʫʶʪ ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʢʦʤʘʥʜʳ 
ʨʘʟʨʘʙʦʪʢʠ? 

 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ɸʥʘʣʠʟ ʤʝʪʨʠʢ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʧʦʚʝʜʝʥʠʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʅʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʚʳʟʳʚʘʶʪ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʘ ʢʘʢʠʝ ʥʫʞʜʘʶʪʩʷ ʚ ʜʦʨʘʙʦʪʢʝ. 

2. UX-ʪʝʩʪʠʨʦʚʘʥʠʝ: ʵʪʦʪ ʤʝʪʦʜ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʧʨʦʜʫʢʪ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʥʦʚʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ. 

3. A/B-ʪʝʩʪʠʨʦʚʘʥʠʝ: ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʫʢʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ A/B-
ʪʝʩʪʠʨʦʚʘʥʠʝ. ɿʘʧʫʩʢ ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ ʦʜʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
ʧʦʟʚʦʣʷʝʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʨʘʥʥʳʭ ʤʝʪʨʠʢ ʧʨʠʥʷʪʴ ʦʙʦʩʥʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ. 

4. ɻʣʫʙʠʥʥʳʝ ʠʥʪʝʨʚʴʶ ʠʣʠ ʬʦʢʫʩ-ʛʨʫʧʧʳ: ʵʪʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʤʦʛʘʶʪ ʫʛʣʫʙʠʪʴ ʧʦʥʠʤʘ-
ʥʠʝ ʧʦʚʝʜʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʚʳʷʚʠʪʴ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙ-
ʩʪʚʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʤʫ ʫʣʫʯʰʝʥʠʶ ʧʨʦʜʫʢʪʘ. 

ʌʪʫʩʙʦʞʦʡʞ ʡʠʚʴʫʧʰʦʧʢ ʭʬʦʣʯʡʧʦʙʤʵʦʧʪʫʡ.  ʇʝʨʝʜ ʫʜʘʣʝʥʠʝʤ ʢʘʢʦʡ-ʣʠʙʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ 
ʠʟ ʮʠʬʨʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʪʱʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟ-
ʤʦʞʥʳʝ ʨʠʩʢʠ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʦʪʚʝʪʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʚʦʧʨʦʩʦʚ: 
1. ʂʘʢʫʶ ʜʦʙʘʚʦʯʥʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʠʥʦʩʠʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʢʦʪʦʨʫʶ ʧʣʘʥʠʨʫʝʪʩʷ ʫʙʨʘʪʴ? 
2. ɺʣʠʷʝʪ ʣʠ ʜʘʥʥʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʥʘ ʢʣʶʯʝʚʳʝ ʤʝʪʨʠʢʠ, ʠʣʠ ʧʨʠʯʠʥʘ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʨʫʛʠʭ ʘʩʧʝʢʪʘʭ? 
3. ʉʣʝʜʫʝʪ ʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʵʪʫ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠʣʠ ʦʩʪʘʚʠʪʴ ʝʸ ʚ ʪʝʢʫʱʝʤ ʚʠʜʝ? 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ɸʥʘʣʠʟ ʤʝʪʨʠʢ ʠ ʦʪʟʳʚʦʚ: ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʯʘʩʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʘʥʘʣʠʟʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʤʝʪʨʠʢ ʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɽʩʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʨʘʙʦʪʘʝʪ 
ʥʝʵʬʬʝʢʪʠʚʥʦ, ʵʪʦ ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʥʝʛʘʪʠʚʥʳʭ ʦʪʟʳʚʘʭ ʠʣʠ ʥʠʟʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

2. A/B-ʪʝʩʪʠʨʦʚʘʥʠʝ: ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʫʜʘʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʦʩʪʠ ʥʘ ʦʙʱʠʝ ʧʦʢʘʟʘʪʝʣʠ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʫʜʘʣʝʥʠʝ ʦʥʙʦʨʜʠʥʛʘ ʥʝ ʩʢʘʟʘʣʦʩʴ ʥʘ ʩʢʦʨʦʩʪʠ ʜʦ-
ʩʪʠʞʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʩʚʦʠʭ ʮʝʣʝʡ, ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʨʝʰʝʥʠʝ ʦʙ ʝʛʦ ʫʜʘʣʝʥʠʠ. 

ʀʙʣʤʷʰʞʦʡʞ. ʉʣʦʞʥʦʩʪʴ ʧʨʦʜʫʢʪʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʝʛʦ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫ-
ʯʝʥʠʷ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ɺ ʨʘʤʢʘʭ ʟʘʢʘʟʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʦʪʢʘ-
ʟʳʚʘʶʪʩʷ ʦʪ ʧʨʦʚʝʜʝʥʠʷ UX-ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʥʚʝʩʪʠʮʠʠ ʚ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʠ ʚʨʝʤʷ ʚ ʙʫʜʫʱʝʤ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʫʶ ʠʛʨʫ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ. ʏʝʤ 
ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʜʫʢʪʝ ʙʫʜʝʪ ʩʦʙʨʘʥʘ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ, ʪʝʤ ʤʝʥʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢ-
ʥʫʪʴʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʩʦʟʥʘʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚʳʙʨʘʥʥʳʡ ʢʫʨʩ ʦʢʘʟʘʣʩʷ ʥʝʵʬ-
ʬʝʢʪʠʚʥʳʤ.  
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ǫǟǱǤǯǧǟǪǺ ǣǪǾ ǩǭǬǱǤǨǬǤǯǭǡ ǣǪǾ ǰǠǭǯǟ 
ǠǟǱǟǯǤǤǩ 

ǮȍȃȃȒȀȌȚȈ Ǭȇȉȇȑǿ ǰȄȏȂȄȄȁȇȖ 
ʩʪʫʜʝʥʪ 3 ʢʫʨʩʘ ʛʨʫʧʧʳ 221-521  

ʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

 ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ʂʫʜʨʷʚʮʝʚʘ ʖʣʠʷ ʉʝʨʛʝʝʚʥʘ, 
ʜʦʮʝʥʪ 

ɽʨʤʘʢʦʚʘ ʃʠʜʠʷ ʉʝʨʛʝʝʚʥʘ, 
ʢ.ʥ., ʜʦʮʝʥʪ 

ʄʦʩʢʦʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʢʦʥʪʝʡʥʝʨʦʚ, ʧʨʝʜʥʘ-
ʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʙʘʪʘʨʝʝʢ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʘʣʶʤʠ-
ʥʠʷ, ʩʪʘʣʠ ʠ ʧʣʘʩʪʠʢʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʧʨʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʢʦʨʨʦʟʠʠ, ʩʪʦʠʤʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ, 
ʘ ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ ʠ ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʢʦʥʪʝʡʥʝʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʢʦʥʪʝʡʥʝʨʦʚ ʠ ʠʭ ʮʝʣʝʚʦʝ ʧʨʠʤʝʥʝʥʠʝ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʫʪʠʣʠʟʘʮʠʷ ʙʘʪʘʨʝʝʢ; ʢʦʥʪʝʡʥʝʨ; ʵʢʦʣʦʛʠʯʥʦʩʪʴ; 
ʧʨʦʯʥʦʩʪʴ  
 

MATERIALS FOR CONTAINERS FOR COLLECTING BATTERIES 
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Scientific supervisors: Kudryavtseva Yulia Sergeevna, 
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Abstract: The article discusses the main materials used for containers designed to collect used batteries in 
public places. An analysis of aluminum, steel and plastic is carried out in terms of strength, corrosion re-
sistance, cost and environmental friendliness, as well as their applicability depending on the size and location 
of the container. Additionally, existing models of containers and their intended use are considered. 
Keywords: structural materials; battery recycling; container; environmental friendliness; strength                                                                                                       

 

ɽʞʝʛʦʜʥʦ ʚ ʈʦʩʩʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʢʦʣʦ 1 ʤʠʣʣʠʘʨʜʘ ʙʘʪʘʨʝʝʢ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʧʦʩʣʝ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʧʦʧʘʜʘʝʪ ʥʘ ʩʚʘʣʢʠ, ʥʘʥʦʩʷ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ [1]. ʆʜʥʘ ʙʘʪʘʨʝʡʢʘ ʩʧʦʩʦʙʥʘ ʟʘ-
ʛʨʷʟʥʠʪʴ ʜʦ 20 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʧʦʯʚʳ ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʪʦʢʩʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ . ɺ ʩʚʷʟʠ ʩ 
ʵʪʠʤ ʧʝʨʝʨʘʙʦʪʢʘ ʙʘʪʘʨʝʝʢ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʦʨʠʪʝʪʥʦʡ ʟʘʜʘʯʝʡ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʝ ʈʦʩʩʠʠ, ʯʪʦ 
ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʙʘʪʘʨʝʝʢ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʩʫ-
ʱʝʩʪʚʫʝʪ ʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʩʬʝʨʘ ʩʙʦʨʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʙʘʪʘʨʝʝʢ. ʉʝʡʯʘʩ ʚ ʰʢʦʣʘʭ, ʪʦʨʛʦʚʳʭ ʮʝʥ-
ʪʨʘʭ ʠ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʦʥʪʝʡʥʝʨʳ ʜʣʷ ʩʙʦʨʘ ʠ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʙʘʪʘʨʝʝʢ. 
ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʩʘʤʠʤʠ ʢʦʤʧʘʥʠʷʤʠ-ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ ʙʘʪʘʨʝʝʢ, ʪʘʢʠʤʠ ʢʘʢ Duracell. 

ʉʫʱʝʩʪʚʫʶʪ ʥʝʩʢʦʣʴʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʩʙʦʨʘ ʙʘʪʘʨʝʝʢ, ʢʦʪʦʨʳʝ ʦʪʣʠ-
ʯʘʶʪʩʷ ʧʦ ʬʦʨʤʝ, ʨʘʟʤʝʨʫ ʠ ʤʘʪʝʨʠʘʣʘʤ. ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʚʢʣʶʯʘʶʪ: 
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IV ȋȄȅȃȒȌǿȏȍȃȌȚȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

1. ʅʙʤʴʞ ʦʙʪʫʧʤʵʦʴʞ ʣʧʦʫʞʢʦʞʩʴ ð ʥʝʙʦʣʴʰʠʝ ʢʦʥʪʝʡʥʝʨʳ, ʨʘʟʤʝʱʘʝʤʳʝ ʚ ʦʬʠʩʘʭ, ʰʢʦ-
ʣʘʭ ʠ ʤʘʛʘʟʠʥʘʭ. ʆʥʠ ʦʙʳʯʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʧʣʘʩʪʠʢʘ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʣʸʛʢʠʤʠ ʠ ʫʜʦʙʥʳʤʠ ʜʣʷ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʕʪʠ ʢʦʥʪʝʡʥʝʨʳ ʧʦʜʭʦʜʷʪ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʙʘʪʘʨʝʝʢ ʠ ʯʘʩʪʦ ʠʤʝʶʪ ʛʝʨʤʝ-
ʪʠʯʥʫʶ ʢʨʳʰʢʫ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʦʥʪʘʢʪʘ ʩ ʩʦʜʝʨʞʠʤʳʤ. 

2. ʆʙʪʫʞʦʦʴʞ ʣʧʦʫʞʢʦʞʩʴ ð ʤʦʥʪʠʨʫʶʪʩʷ ʥʘ ʩʪʝʥʘʭ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ ʠ ʦʬʠʩʘʭ. ʊʘʢʠʝ 
ʢʦʥʪʝʡʥʝʨʳ ʯʘʱʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʩʪʘʣʠ ʩ ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʤ ʧʦʢʨʳʪʠʝʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʛʦʚʝʯ-
ʥʦʩʪʠ ʧʨʠ ʘʢʪʠʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ ʙʘʪʘʨʝʡʢʠ ʚ ʤʝʩʪʘʭ ʩ ʚʳʩʦʢʦʡ ʧʨʦʭʦʜʠ-
ʤʦʩʪʴʶ ʠ ʤʠʥʠʤʠʟʠʨʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ. 

3. ɺʧʤʵʱʡʞ ʦʙʨʧʤʵʦʴʞ ʣʧʦʫʞʢʦʞʩʴ ð ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʙʦʨʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʙʘʪʘ-
ʨʝʝʢ ʚ ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʘʭ, ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ ʠ ʥʘ ʫʪʠʣʠʟʠʨʫʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʆʙʳʯʥʦ ʧʨʦʠʟʚʦ-
ʜʷʪʩʷ ʠʟ ʩʪʘʣʠ ʠʣʠ ʘʣʶʤʠʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʤ ʚʳʜʝʨʞʠʚʘʪʴ ʭʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʙʘʪʘʨʝʝʢ. ʕʪʠ 
ʢʦʥʪʝʡʥʝʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʩʥʘʙʞʝʥʳ ʟʘʤʢʘʤʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. 

ʂʦʥʪʝʡʥʝʨʳ ʜʣʷ ʩʙʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʙʘʪʘʨʝʝʢ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʷʜʫ ʪʨʝʙʦʚʘʥʠʡ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʠʟ ʥʠʭ: 

ʈʩʧʰʦʧʪʫʵ ʡ ʝʧʤʜʧʛʞʰʦʧʪʫʵ 
ʂʦʥʪʝʡʥʝʨʳ ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʚʝʩ ʩʦʙʨʘʥʥʳʭ ʙʘʪʘʨʝʝʢ ʠ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ 

ʧʨʠ ʧʣʦʪʥʦʤ ʥʘʧʦʣʥʝʥʠʠ. ʆʥʠ ʥʝ ʜʦʣʞʥʳ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ 
ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ ʩ ʠʥʪʝʥʩʠʚʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʄʘʪʝʨʠʘʣʳ ʢʦʥʪʝʡʥʝʨʦʚ ʜʦʣʞʥʳ ʩʦʭʨʘʥʷʪʴ ʩʚʦʠ ʩʚʦʡ-
ʩʪʚʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʢʦʥʪʝʡʥʝʨʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 
ʥʘ ʫʣʠʮʝ ʠʣʠ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʙʘʪʘʨʝʡʢʘʭ. 

ʌʪʫʧʢʰʡʛʧʪʫʵ ʣ ʣʧʩʩʧʠʡʡ 
ɹʘʪʘʨʝʡʢʠ ʤʦʛʫʪ ʚʳʜʝʣʷʪʴ ʦʧʘʩʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʘʪʝʨʠʘ-

ʣʦʤ ʢʦʥʪʝʡʥʝʨʘ ʠ ʚʳʟʳʚʘʶʪ ʢʦʨʨʦʟʠʶ. ʇʦʵʪʦʤʫ ʤʘʪʝʨʠʘʣʳ ʢʦʥʪʝʡʥʝʨʘ, ʪʘʢʠʝ ʢʘʢ ʘʣʶʤʠʥʠʡ, ʥʝʨʞʘʚʝ-
ʶʱʘʷ ʩʪʘʣʴ ʠʣʠ ʧʣʘʩʪʠʢ, ʜʦʣʞʥʳ ʙʳʪʴ ʩʪʦʡʢʠʤʠ ʢ ʢʦʨʨʦʟʠʠ ʠʣʠ ʠʤʝʪʴ ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ. ʕʪʦ ʪʨʝʙʦ-
ʚʘʥʠʝ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʢʦʥʪʝʡʥʝʨʦʚ ʥʘ ʫʣʠʮʝ, ʛʜʝ ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ ʠ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʘʢʪ ʩ ʦʩʘʜ-
ʢʘʤʠ ʫʩʢʦʨʷʶʪ ʢʦʨʨʦʟʠʶ. 

ɼʞʩʥʞʫʡʰʦʧʪʫʵ ʡ ʚʞʠʧʨʙʪʦʧʪʫʵ 
ʂʦʥʪʝʡʥʝʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʛʝʨʤʝʪʠʯʥʳʤʠ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʫʪʝʯʢʫ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ ʢʦʥʪʘʢʪ ʩ 

ʚʣʘʛʦʡ, ʯʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢ ʨʘʟʨʫʰʝʥʠʷ ʙʘʪʘʨʝʝʢ ʠ ʫʪʝʯʢʠ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ. ɼʣʷ ʫʣʠʯʥʳʭ ʢʦʥ-
ʪʝʡʥʝʨʦʚ ʚʘʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʟʘʤʢʠ ʠʣʠ ʟʘʱʠʪʥʳʝ ʢʨʳʰʢʠ, ʠʩʢʣʶʯʘʶʱʠʝ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦ-
ʩʪʫʧ. 

ʖʣʧʤʧʜʡʰʦʧʪʫʵ 
ʂʦʥʪʝʡʥʝʨʳ ʜʦʣʞʥʳ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʠʟ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʣʝʜ. ʅʘʧʨʠʤʝʨ, ʘʣʶʤʠʥʠʡ ʠ ʩʪʘʣʴ ʣʝʛʢʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ, 
ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʪʘʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʤʠʥʠʤʠ-
ʟʘʮʠʶ ʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʠʠ, ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 
ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʢʦʥʪʝʡʥʝʨʘ. 

ʖʪʫʞʫʡʰʦʧʪʫʵ ʡ ʡʦʫʞʜʩʙʯʡʸ ʛ ʜʧʩʧʝʪʣʬʷ ʪʩʞʝʬ 
ʂʦʥʪʝʡʥʝʨʳ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪʘʭ ʜʦʣʞʥʳ ʠʤʝʪʴ ʵʩʪʝʪʠʯʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʚʧʠʩʳʚʘʪʴʩʷ ʚ ʛʦ-

ʨʦʜʩʢʫʶ ʩʨʝʜʫ. ʕʪʦ ʯʘʩʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʠʤʝʥʝʥʠʷ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ, ʟʘʱʠʱʘʶʱʠʭ ʢʦʥ-
ʪʝʡʥʝʨʳ ʦʪ ʢʦʨʨʦʟʠʠ ʠ ʫʣʫʯʰʝʥʠʷ ʠʭ ʚʥʝʰʥʝʛʦ ʚʠʜʘ. 

ʌʝʧʚʪʫʛʧ ʶʣʪʨʤʬʙʫʙʯʡʡ ʡ ʧʚʪʤʬʟʡʛʙʦʡʸ 
ʂʦʥʪʝʡʥʝʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʜʦʙʥʳʤʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʢʣʶʯʘʷ ʧʨʦʩʪʦʪʫ ʦʪʢʨʳʪʠʷ, ʦʯʠʩʪʢʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʅʘʧʦʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʤʦʛʫʪ ʠʤʝʪʴ ʢʦʣʝʩʘ ʠʣʠ ʨʫʯʢʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʝʤʝʱʝʥʠʷ. 
ʊʧʧʫʛʞʫʪʫʛʡʞ ʪʙʦʡʫʙʩʦʧ-ʜʡʜʡʞʦʡʰʞʪʣʡʥ ʦʧʩʥʙʥ 
ʂʦʥʪʝʡʥʝʨʳ ʜʣʷ ʩʙʦʨʘ ʙʘʪʘʨʝʝʢ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʘʥʠʪʘʨʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʫʩʪʘʥʦʚʣʝʥ-

ʥʳʤ ʜʣʷ ʩʙʦʨʘ ʦʧʘʩʥʳʭ ʦʪʭʦʜʦʚ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʟʘʱʠʪʫ ʦʪ ʧʦʧʘʜʘʥʠʷ ʚʥʫʪʨʴ ʚʦʜʳ, ʛʨʷʟʠ ʠʣʠ ʜʨʫʛʠʭ 
ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʫʶ ʤʘʨʢʠʨʦʚʢʫ ʜʣʷ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ. 

ʇʯʞʦʣʙ ʥʙʫʞʩʡʙʤʧʛ ʡ ʡʮ ʨʩʡʥʞʦʞʦʡʞ ʛ ʩʙʠʤʡʰʦʴʮ ʫʡʨʙʮ ʣʧʦʫʞʢʦʞʩʧʛ 
ɸʣʶʤʠʥʠʡ 
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ɺʳʩʦʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ ʠ ʣʸʛʢʦʩʪʴ ʜʝʣʘʶʪ ʘʣʶʤʠʥʠʡ ʧʦʜʭʦʜʷʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 
ʢʨʫʧʥʳʭ ʥʘʧʦʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʫʣʠʮʝ ʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. 
ʂʨʦʤʝ ʪʦʛʦ, ʘʣʶʤʠʥʠʡ ʣʝʛʢʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʩʣʝʜ [2]. ɸʣʶʤʠʥʠʡ ʧʨʠʤʝ-
ʥʷʝʪʩʷ ʚ ʥʘʧʦʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʥʘ ʫʣʠʮʝ ʠ ʚ ʪʦʨʛʦʚʳʭ ʮʝʥʪʨʘʭ, ʯʘʩʪʦ ʩ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʦʡ ʟʘʱʠʪʦʡ ʜʣʷ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʟʘʤʢʘʤʠ ʜʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ [3]. 

ʉʪʘʣʴ 
ʆʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ. ɼʣʷ 

ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʩʪʘʣʴ ʪʨʝʙʫʝʪ ʧʦʢʨʳʪʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʤʝʩʪʘʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ [4]. ʉʪʘʣʴ-
ʥʳʝ ʢʦʥʪʝʡʥʝʨʳ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʩʪʝʥʥʳʭ ʠ ʥʘʧʦʣʴʥʳʭ ʤʦʜʝʣʷʭ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ, ʛʜʝ ʜʦʣʛʦ-
ʚʝʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʦʚʨʝʞʜʝʥʠʷʤ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

ʇʣʘʩʪʠʢ 
ʃʝʛʢʠʡ ʠ ʫʩʪʦʡʯʠʚʳʡ ʢ ʢʦʨʨʦʟʠʠ ʧʣʘʩʪʠʢ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʘʣʳʭ ʥʘʩʪʦʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ 

ʠ ʥʝʢʦʪʦʨʳʭ ʥʘʩʪʝʥʥʳʭ ʤʦʜʝʣʝʡ. ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʜʝʣʘʶʪ ʝʛʦ ʚʳʛʦʜʥʳʤ 
ʚʘʨʠʘʥʪʦʤ [5]. ʇʣʘʩʪʠʢ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʘʣʳʭ ʢʦʥʪʝʡʥʝʨʦʚ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʦʬʠʩʘʭ ʠ ʰʢʦʣʘʭ. ʊʘʢʠʝ ʢʦʥ-
ʪʝʡʥʝʨʳ ʥʝʜʦʣʛʦʚʝʯʥʳ, ʥʦ ʠʭ ʣʝʛʢʦ ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʦʙʩʣʫʞʠʚʘʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʪʝʡʥʝʨʘʤ ʜʣʷ ʩʙʦʨʘ ʙʘʪʘʨʝʝʢ ʦʭʚʘʪʳʚʘʶʪ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ ʠ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʩʪʘʥʜʘʨʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʛʠʛʠʝʥʳ. ɼʣʷ 
ʥʝʙʦʣʴʰʠʭ ʢʦʥʪʝʡʥʝʨʦʚ, ʨʘʟʤʝʱʘʝʤʳʭ ʚ ʦʬʠʩʘʭ, ʰʢʦʣʘʭ ʠ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʩ ʤʘʣʦʡ ʧʨʦʭʦʜʠʤʦʩʪʴʶ, 
ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʩʪʠʢʘ. ʇʨʠ ʥʝʙʦʣʴʰʦʡ ʮʝʥʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʣʥʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʧʦʪʨʝʙʥʦʩʪʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʢʦʥʪʝʡʥʝʨʦʚ. 
ɼʣʷ ʥʘʧʦʣʴʥʳʭ ʞʝ ʢʦʥʪʝʡʥʝʨʦʚ ʩʘʤʳʤ ʣʫʯʰʠʤ ʚʘʨʠʘʥʪʦʤ ʩʪʘʥʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʣʠ ʩ ʘʥʪʠʢʦʨʨʦ-
ʟʠʡʥʳʤ ʩʦʩʪʘʚʦʤ. ɼʣʷ ʜʘʥʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʢʨʘʡʥʝ ʚʘʞʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʝʭʘʥʠʯʝ-
ʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʪʘʣʠ. 
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ǩȄȌȅȄȂȒȊȍȁ ǟȊȃȇȞȏ ǠǿȉȚȑȅǿȌȍȁȇȖ 
 ʩʪʫʜʝʥʪʳ 

 ʅɸʆ çɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɼ.ʉʝʨʠʢʙʘʝʚʘè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʳʨʟʘʙʝʢʦʚʘ ɼʠʥʘʨʘ ʄʳʨʟʘʙʝʢϸr ʟ,r  
ʜʦʢʪʦʨ PhD, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʧʨʦʬʝʩʩʦʨ 

 ʅɸʆ çɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ɼ.ʉʝʨʠʢʙʘʝʚʘè  
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʦʙʩʫʞʜʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʟʤʝʥʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 
ʣʝʪʥʝʡ ʤʘʨʢʠ, ʜʦʙʘʚʣʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʩʤʝʩʝʡ ʧʨʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʠʤʦʡ. ɹʳʣʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʳ ʤʝʪʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʘ ʠʤʝʥʥʦ ʘʥʘʣʠʟ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 
ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʘʥʘʣʦʛʠʷ. ʇʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʦʮʝʥʢʝ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʵʢʩ-
ʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʄʝʪʦʜʦʤ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʠʟʝʣʴʥʦʛʦ 
ʪʦʧʣʠʚʘ ʦʙʦʩʥʦʚʘʥ ʩʦʩʪʘʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʤʝʩʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʪʝʢʫʯʝʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʧʣʠʚʘ ʢ 
ʟʘʤʝʨʟʘʥʠʶ ʚ ʫʩʣʦʚʠʷʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʤʝʩʴ, ʪʝʢʫʯʝʩʪʴ 
ʪʦʧʣʠʚʘ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʦʧʣʠʚʘ 
 

RESEARCH OF FROST RESISTANCE OF DIESEL FUELS BY EXPERIMENTAL METHODS 
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Abstract: the article discusses the issues of changing the operational properties of summer grade diesel fuel, 
the addition of certain types of mixtures when used in winter. The methods of conducting the research were 
theoretical methods, namely analysis, modeling, classification, analogy. The results of assessing the frost 
resistance of diesel fuel by experimental methods have been obtained. By the method of comparative analysis 
of the operational properties of diesel fuel, the composition of special mixtures ensuring the fluidity and 
resistance of fuel to freezing in conditions of negative temperatures is justified. 
Keywords: diesel fuel, frost resistance, performance properties, mixture, fuel fluidity, fuel stability 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʙʘʟʝ 
ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʝʥʪʘ ʧʦ ʩʝʨʪʠʬʠʢʘʮʠʦʥʥʳʤ ʠʩʧʳʪʘʥʠʷʤ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʪʦʧʣʠʚ ʠ ʤʘʩʝʣ 
(ʅʇʎ çʉɸʊʠʄè) ʅɸʆ çɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɼ. ʉʝʨʠʢʙʘʝʚʘè.  










































































































































































































































































































