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ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ: 
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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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When studying natural phenomena, it is not always possible to find a direct relation between the quanti-

ties characterizing a particular evolutionary process in many problems of physics and engineering, chemistry 
and biology, and other sciences. However, in most cases it is possible to establish the relationship between 
the required characteristics of a phenomenon (functions) under study and the rates of their change relative to 
other variables, i.e. to find equations that include the derivatives of the unknown functions. Such equations are 
called differential equations. The processes taking place in the modern world require qualitative and profound 
knowledge. Nowadays, thanks to globalisation, technology is improving every year and new knowledge and 
research in every field of science is emerging. For the development of human methodology, calculations per-

Abstract. This article considers concrete examples of applications of simple differential equations with distin-
guishable variables in solving problems in medicine, biology, physics and chemistry. The subject of differential 
equations is one of the biggest chapters in modern mathematics. It has links to many fields. Firstly, a differen-
tial equation is an equation that contains an unknown function under a derivative or differential. It is the basis 
for the construction of scientific papers and is used functionally in production. This is important for modern 
economics and other industries. Differential equations are also widely used in practice.  
Key words: simple differential equation with variables, differential equations, mathematics, derivative, func-
tion. 
 
ʈʉʁʅɾʆɾʆʁɾ ɽʁʍʍɾʉɾʆʏʁɹʄʕʆʔʎ ʌʉɹɻʆɾʆʁʂ ɻ ʉɾʑɾʆʁʁ ɾʊʋɾʊʋɻɾʆʆʔʎ ʀɹɽɹʐ 

 
ɹʦʬʙʩʚʞʣʧʛʙ ɹʢʜʞʩʡʥ ʎʙʥʡʫʧʛʦʙ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʓʩʤʘʛʫʣ ʈʦʟʘ ʉʘʧʘʙʝʢʦʚʥʘ 

 
ɹʦʦʧʫʙʯʡʸ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʩʪʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-
ʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʧʨʠ ʨʝʰʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʟʘ-
ʜʘʯ. ʊʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ð ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʛʣʘʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʘʪʝʤʘʪʠʢʠ. 
ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʤʥʦʛʠʤʠ ʩʬʝʨʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ð ʵʪʦ 
ʫʨʘʚʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʥʝʠʟʚʝʩʪʥʫʶ ʬʫʥʢʮʠʶ ʧʦʜ ʟʥʘʢʦʤ ʧʨʦʠʟʚʦʜʥʦʡ ʠʣʠ ʜʠʬʬʝʨʝʥʮʠʘʣʘ. ʆʥʠ 
ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʕʪʦ 
ʚʘʞʥʦ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ 
ʧʨʘʢʪʠʢʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʦʩʪʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʜʠʬʬʝʨʝʥʮʠ-
ʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʤʘʪʝʤʘʪʠʢʘ, ʧʨʦʠʟʚʦʜʥʘʷ, ʬʫʥʢʮʠʷ. 
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formed with differential equations are necessary [1, p. 7]. 
When solving problems with physical content, the following sequence of steps can be suggested: 
1) establish what law the process in question obeys; 
2) decide what to choose for the independent variable and the desired function; 
3) based on the condition of the problem, determine the initial conditions, if any; 
4) construct a differential equation on the basis of a physical law subordinated to this process, using the 

physical meaning of the product according to the problem condition; 
5) find the general solution of the differential equation, and then find the definite solution using the initial 

conditions. 
Task. 
The decomposition of radium occurs such that the rate of decay is proportional to the amount of radium. 

Find the law expressing the change of radium amount in time, if it is known that in 1600 years half of the previ-
ous value will remain [2, p. 248]. 

Solution. 
x is the amount of radium and t is the time (year). It is necessary to find the dependence of x on t: x=x 

(t). Let us make a differential equation at once depending on the conditions of the problem (rate derivative over 
time): 

Ὠὼ

Ὠὸ
ὯὼȢ 

Solve the resulting equation: 
Ὠὼ

ὼ
ὯὨὸȟ 

                          

                                  ὰὲὼὯὸὧ                                       (*) 
let at the initial moment t=0 the amount of radium X=x0. This allows us to find the corresponding value 

of c from the value ( * ): lnx0=c. Thus, 

ὰὲ
ὼ

ὼ
Ὧὸ 

t=1600x/x_0=1/2; ln 1/2=1600k from this condition we find the coefficient k. From here: 

Ὧ
ὰὲς

ρφππ
πȟπππτσȢ 

Therefore, ln x/x_0 =-0,00043t  or  x=x_0 e^(-0,00043t). 
Consider the use of differential equations to solve a problem in biology. 
Task 1. The law of reproduction of bacteria in time.  
The rate of reproduction of some bacteria is proportional to the number of bacteria. Find the depend-

ence of the change in the number of bacteria over time.  
Solution: 
Let us denote the number of bacteria as x. That 

Ὠὼ

Ὠὸ
Ὧὼȟ 

where k is the coefficient of proportionality. In this equation, we distinguish the variables and combine 
them: 

Ὠὼ

ὼ
ὯὨὸȟ   

Ὠὼ

ὼ
Ὧ Ὠὸ 

 
ὰὲὼὯὸὰὲὅ 

 

ὰὲὼὰὲὩ ὰὲὅ 
 

ὼ ὅὩ  
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if we compute t = 0 x=x0 we get C = x0. Hence, 

ὼ ὼὩ  
This equation illustrates the law of bacterial reproduction over time. Thus, under favourable conditions 

the reproduction of bacteria over time occurs according to the exponential law. This law is of interest not only 
from a theoretical but also from a practical point of view [3, p. 226]. 

Consider an example of solving a problem in chemistry using a differential equation. 
Task. Substance a becomes substance B. If after 1 hour after the start of the reaction 24.4 g remains, 

and after 4 hours - 3.05 g of substance a, then determine the initial amount of this substance and the time 
during which half remained [4, p. 495]. 

Solution: Here we have a First Order reaction n = 1. Let us denote the initial quantity of substance A as 
A. The quantity of substance through x, interacts for time t from the start of the reaction. K -coefficient of pro-
portionality, called the rate constant of the reaction, at which the differential equation has the form: 

Ўὼ

Ўὸ
Ὧὥ ὼȢ 

This equation is an equation in which the variables are divided. Separate the variables in the equation 
and then integrate: 

Ўὼ

ὥ ὼ
ὯЎὸ 

 
Ўὼ

ὥ ὼ
ὯЎὸ 

 

ὰὲὥ ὼ ὰὲὅὯὸ 
From here, by the property of logarithms, we get the equation: 

ὰὲ
ὅ

ὥ ὼ
Ὧὸ 

we put the initial conditions into the resulting equality, we have t = 0, x = 0: C =a. 
Putting the value of C in the equation, we get: 

ὰὲ
ὥ

ὥ ὼ
Ὧὸȟ 

 
ὥ

ὥ ὼ
Ὡ ȟ 

 

ὥ ὼ ὥὩ ȟ 
making the transformation, we see that the amount of matter interacting at time t can be calculated us-

ing the formula: 
 

ὼ ὥρ Ὡ  
Using the additional conditions (have t = 1 x = a-24.4; t = 4 x = a-3.05), we obtain the system and solve: 

ὥ ςτȟτ ὥρ Ὡ

ὥ σȟπυ ὥρ Ὡ
 

 

ςτȟτ ὥὩ

σȟπυ ὥὩ Ȣ
 

 

ψ
ὥὩ

ὥὩ
ȟ 

 

ψ ὥὩ ȟ 



14 ǫǭǪǭǣǝǥǬǟǾ Ǭǟǲǩǟ 

 

VI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

 

Ὡ
ρ

ς
ȟ 

So, the initial quantity of substance A 

a = 48,8 ʛ. 
Let us find the decomposition time of half of this substance. Substituting the value a into the formula for 

the amount of substance, we get: 
ὥ

ς
ὥρ ς ȟ 

 

ς ȟ  t=1 

Answer: the initial amount of substance A is 48.8 g. The time during which half of this substance re-
mains 1 hour. 
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ǲǣǩ 44,442 

ǧǰǰǪǤǣǭǡǟǬǧǤ ǫǧǬǤǯǟǪǻǬǭǢǭ ǰǭǰǱǟǡǟ 
ǢǭǪǲǠǧǩǧ ǩǭǪǻǰǩǭǢǭ ǮǭǪǲǭǰǱǯǭǡǟ  

ǫȇȘȄȌȉȍȁǿ ǟȊȊǿ ǯȒȐȊǿȌȍȁȌǿ* 
ǠȏǿȅȌǿȞ ǧȌȌǿ ǼȃȒǿȏȃȍȁȌǿ 

ʌɻɹʆʋ ɺʆ çʄɻʊʋè 
 

 
ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʌɸʆ ɺʆɿ, ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ, ʧʦʚʳʰʝʥʠʷ ʠʤʤʫ-

ʥʠʪʝʪʘ ʠ ʟʘʱʠʪʳ ʦʪ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʪʨʝʙʣʷʪʴ ʦʢʦʣʦ 700-800 ʛ ʬʨʫʢ-
ʪʦʚ ʠ ʦʚʦʱʝʡ ʚ ʩʫʪʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ ʈʦʩʩʠʡʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʥʘʪʫʨʦʧʘʪʠʠ, ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʨʘʩʪʝʥʠʷ ʠʟ ʧʨʠʚʳʯʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʳ ʦʙʣʘʜʘʶʪ ʘʜʘʧʪʦʛʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʝʩʪʥʳʝ ʧʣʦʜʳ ʠ 
ʷʛʦʜʳ ʦʙʣʘʜʘʶʪ ʣʫʯʰʝʡ ʫʩʚʦʷʝʤʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʢ ʣʦʢʘʣʴʥʳʤ 
ʬʘʢʪʦʨʘʤ, ʦʢʘʟʳʚʘʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ [8].  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʚʠʜʳ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʘʢʢʫʤʫʣʠʨʫʶʪ 
ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʨʠʩʧʦʩʘʙʣʠʚʘʶʪʩʷ ʢ ʫʩʣʦʚʠʷʤ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʠʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʘʜʘʧʪʦʛʝʥʘʤ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʉʨʝʜʠ ʪʘʢʠʭ ʨʘʩʪʝʥʠʡ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʛʦʣʫʙʠʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʢʦʨʘʩʪʫʱʠʝ ʷʛʦʜʳ 
ʷʚʣʷʶʪʩʷ ʙʦʛʘʪʳʤ ʠʩʪʦʯʥʠʢʦʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʠʩʣʦʪʥʦ-
ʱʝʣʦʯʥʦʛʦ ʙʘʣʘʥʩʘ, ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʘ [7]. 

ʉʦʩʪʘʚ ʠ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʷʛʦʜʘʭ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʙʠʦʣʦʛʠ-
ʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʧʦʯʚ ʜʦʩʪʫʧʥʳʤʠ ʬʦʨʤʘʤʠ ʵʣʝʤʝʥʪʦʚ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘʢʘʧ-
ʣʠʚʘʪʴ ʵʣʝʤʝʥʪʳ.  

1. ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ  
ɺ ʭʦʜʝ ʨʘʙʦʪʳ  ʦʧʨʝʜʝʣʝʥʦ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʦʣʳ, ʩʦʜʝʨʞʘʥʠʝ ʡʦʜʘ, ʮʠʥʢʘ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ 

ʠ ʤʝʜʠ.  
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʤʝʩʪʥʳʝ ʷʛʦʜʳ ʜʠʢʦʨʘʩʪʫʱʠʭ ʢʫʩʪʘʨʥʠʯʢʦʚ ʛʦʣʫʙʠʢʠ 

(Vaccinium uliginosum).  
ʄʘʩʩʦʚʫʶ ʜʦʣʶ ʦʙʱʝʡ ʟʦʣʳ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ ʈ 54607.10-2017 [3]. 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝ-

ʱʝʩʪʚ ʠʟ ʥʘʚʝʩʢʠ ʩʞʠʛʘʥʠʝʤ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʠ ʟʦʣʳ ʚʟʚʝʰʠʚʘʥʠʝʤ. ʄʘʩʩʦʚʫʶ ʜʦʣʶ ʟʦʣʳ 
ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ 

                                                    X =
(m
2 
- m1) Ā100

m
                                                                    (1.1) 

ʛʜʝ m1 ï ʤʘʩʩʘ ʧʫʩʪʦʛʦ ʪʠʛʣʷ, ʛ; 
      m2  ï ʤʘʩʩʘ ʪʠʛʣʷ ʩ ʟʦʣʦʡ, ʛ; 
      m ï ʤʘʩʩʘ ʥʘʚʝʩʢʠ ʧʨʦʜʫʢʪʘ, ʛ. 
 

ɹʦʦʧʫʙʯʡʸ. ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʦʣʫʙʠʢʠ. ʇʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʷʛʦʜ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʫʨʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʩʦʜʝʨ-
ʞʘʥʠʶ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ - ʙʝʣʢʦʚ, ʞʠʨʦʚ, ʫʛʣʝʚʦʜʦʚ, ʚʣʘʛʠ ʠ ʟʦʣʳ. ʆʧʨʝʜʝʣʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦ-
ʩʪʘʚ ʠʩʩʣʝʜʫʝʤʦʛʦ ʩʳʨʴʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʦʣʫʙʠʢʘ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʠʥʝʨʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʷʛʦʜʳ. 
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X = 
18,8723 ï 18,8640 Ā100

3,9744
 

X = 0,2 % 
ʉʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ, ʤʝʜʠ ʠ ʮʠʥʢʘ ʦʧʨʝʜʝʣʝʥʦ ʘʪʦʤʥʦ-ʘʙʩʦʨʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ɻʆʉʊ 30178-

96 [1]. ʂʦʣʠʯʝʩʪʚʦ ʤʘʨʛʘʥʮʘ ʧʦ ʄ-02-1009-08 [4]. 
ʉʦʜʝʨʞʘʥʠʝ ʡʦʜʘ ï ʪʠʪʨʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩʦʛʣʘʩʥʦ ʄʋʂ 4.1.1106-2002. [5]. 
2. ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʟʦʣʳ ʚ ʩʦʩʪʘʚʝ ʷʛʦʜ ʛʦʣʫʙʠʢʠ ʩʦʩʪʘʚʠʣʘ  0,2 %.  
ʆʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʡʦʜʘ, ʮʠʥʢʘ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ ʠ ʤʝʜʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠ-

ʩʫʥʢʝ 1. 
 
 

 
ʉʡʪ. 1. ʃʧʤʡʰʞʪʫʛʞʦʦʧʞ ʪʧʝʞʩʟʙʦʡʞ ʥʡʦʞʩʙʤʵʦʴʮ ʛʞʲʞʪʫʛ ʛ ʸʜʧʝʙʮ ʜʧʤʬʚʡʣʡ, ʥʜ/ʣʜ. 
 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʩʯʠʪʘʥ ʧʨʦʮʝʥʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʚ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝ-

ʤʝʥʪʘʭ ʦʪ ʩʫʪʦʯʥʦʡ ʥʦʨʤʳ ʧʦʪʨʝʙʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 
 

  ʋʙʚʤʡʯʙ 1 

ʕʣʝʤʝʥʪ ʉʦʜʝʨʞʘʥʠʝ ʚ 100 ʛ  
ʛʦʣʫʙʠʢʠ, ʤʛ 

ʄʠʥʠʤʘʣʴʥʘʷ ʩʫʪʦʯʥʘʷ 
ʧʦʪʨʝʙʥʦʩʪʴ, ʤʛ/cʫʪ 

ʇʨʦʮʝʥʪ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ 
ʩʫʪʦʯʥʦʡ ʥʦʨʤʳ, % 

ɾʝʣʝʟʦ 0,561 14 4 

ʎʠʥʢ 0,235 2 11,8 

ʄʝʜʴ 0,073 2 3,6 

ʄʘʨʛʘʥʝʮ 0,7 2 35 

ʁʦʜ 0,0169 0,2 0,8 

 
ɸʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ  ʚ 100 ʛ ʷʛʦʜ ʛʦʣʫʙʠʢʠ ʩʦʜʝʨʞʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʮʠʥʢʘ (ʩʦʩʪʘʚʣʷʝʪ 11,8 % ʦʪ ʩʫʪʦʯʥʦʡ ʥʦʨʤʳ ʧʦʪʨʝʙʣʝʥʠʷ) ʠ ʤʘʨʛʘʥʮʘ (35 % ʦʪ ʤʠʥʠʤʘʣʴ-
ʥʦʡ ʩʫʪʦʯʥʦʡ ʥʦʨʤʳ ʧʦʪʨʝʙʣʝʥʠʷ). ʋʧʦʪʨʝʙʣʝʥʠʝ ʛʦʣʫʙʠʢʠ ʚ ʩʚʝʞʝʤ ʚʠʜʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʩ ʜʨʫʛʠʤʠ 
ʧʨʦʜʫʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʨʘʟʣʠʯʥʳʤ ʙʣʶʜʘʤ, ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʜʝʬʠʮʠʪ  ʤʘʢʨʦ- ʠ 
ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʠʟʤʝ. 

ʀʙʣʤʷʰʞʦʡʞ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʷʛʦʜ ʛʦʣʫʙʠʢʠ ʧʦʢʘʟʳʚʘʝʪ ʠʭ ʚʳʩʦʢʫʶ ʙʠʦʣʦʛʠʯʝ-

ʩʢʫʶ ʮʝʥʥʦʩʪʴ ʠ ʧʦʣʝʟʥʳʝ ʣʝʯʝʙʥʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ 
ʘʢʪʠʚʥʳʭ ʜʦʙʘʚʦʢ ʚ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʪʴ ʘʜʘʧʪʦʛʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʣʶʜʝʡ, 
ʧʨʦʞʠʚʘʶʱʠʭ ʥʘ ʂʨʘʡʥʝʤ ʉʝʚʝʨʝ, ʩ ʧʦʤʦʱʴʶ ʤʝʩʪʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ. 

 

ˬ͔͔ͦ͘͡Τ рΣсм 

˸͎͔͊ͪ͊ͤͼΤ тΣл 

˸͔͒ΈΤ лΣто 

͙̇ͤ͟Τ нΣор 
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ʠ Ni ʚ ʧʨʦʙʘʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʧʠʱʝʚʦʛʦ ʩʳʨʴʷ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʵʣʝʢʪʨʦʪʝʨʤʠ-
ʯʝʩʢʦʡ ʘʪʦʤʠʟʘʮʠʝʡ. ʄ-02-1009-08 

5. ʄʋʂ 4.1.1106-02 ʆʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʡʦʜʘ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʠ ʩʳʨʴʝ ʪʠʪʨʠʤʝʪ-
ʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɺʚʝʜ. 14.02.02 - ʄ.: ʀʇʂ ʀʟʜʘʪʝʣʴʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ ï 2002. ï ʉ.3 

6. ʇʨʠʢʘʟ ʄʠʥʠʩʪʝʨʩʪʚʘ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʈʌ ʦʪ 19 ʘʚʛʫʩʪʘ 2016 ʛ. ˉ 614 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 
ʈʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʨʘʮʠʦʥʘʣʴʥʳʤ ʥʦʨʤʘʤ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʤ 
ʪʨʝʙʦʚʘʥʠʷʤ ʟʜʦʨʦʚʦʛʦ ʧʠʪʘʥʠʷè 

7. ʊʫʨʰʫʢ, ɽ.ɻ. ʈʘʟʨʘʙʦʪʢʘ ʮʝʥʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʜʦʙʘʚʢʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 
ʩʳʨʴʷ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ʠʭ ʪʦʚʘʨʦʚʝʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ: ʤʦʥʦʛʨʘʬʠʷ / ɽ.ɻ. ʊʫʨʰʫʢ ï ʄʫʨʤʘʥʩʢ : ʀʟʜ-
ʚʦ ʄɻʊʋ, 2008. ï 152 ʩ. 

8. ɾʙʘʥʦʚʘ, ɽ.ʂ. ɺʠʪʘʤʠʥʳ: ʦʪ ʠʩʪʦʨʠʠ ʦʪʢʨʳʪʠʷ - ʜʦ ʥʘʰʠʭ ʜʥʝʡ // ʀʟʜ-ʚʦ ʄʠʯʫʨʠʥʩʢʦʛʦ ʛʦʩʫ-
ʜʘʨʩʪʚʝʥʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ï 2010 ï 231 ʩ. 
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ǠǧǭǪǭǢǧǶǤǰǩǧǤ Ǭǟǲǩǧ 
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VI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ǲǣǩ 357,4/ 

ǣǧǬǟǫǧǩǟ ǯǟǰǮǯǭǰǱǯǟǬǤǬǧǾ ǩǪǤǸǤǡǭǢǭ 
ǠǭǯǯǤǪǧǭǦǟ Ǭǟ ǱǤǯǯǧǱǭǯǧǧ ǱǽǫǤǬǰǩǭǨ 
ǭǠǪǟǰǱǧ  

ǫȍȉȏȄȌȉȍ Ǭȇȉȇȑǿ ǡǿȐȇȊțȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʨʳʰʥʠʢʦʚʘ ʅʘʪʘʣʴʷ ɺʠʢʪʦʨʦʚʥʘ 
ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ ʤʠʢʨʦʙʠʦʣʦʛʠʠ  

ʌɻɹʆʋ ɺʆ çʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  
 

 
ɹʣʫʬʙʤʵʦʧʪʫʵ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʢʣʝʱʝʚʦʡ ʙʦʨʨʝʣʠʦʟ ʙʳʣ ʚʢʣʶʯʝʥ ʚ ʦʬʠʮʠʘʣʴʥʳʡ ʩʧʠ-

ʩʦʢ ʥʦʟʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤ ʚ 1991 ʛ., ʘ ʚ ʬʦʨʤʫ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʪʯʝʪʥʦʩʪʠ ʧʦ ʠʥʬʝʢʮʠʦʥʥʳʤ ʟʘʙʦʣʝʚʘ-
ʥʠʷʤ ï ʚ 1992 ʛʦʜʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʝʱʝʚʦʡ ʙʦʨʨʝʣʠʦʟ ʚ ʈʌ ʚʳʷʚʣʷʝʪʩʷ ʦʪ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 
ʨʝʛʠʦʥʘ ʜʦ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʖʞʥʦʛʦ ʉʘʭʘʣʠʥʘ. ʉʨʝʜʠ ʧʨʠʨʦʜʥʦ-ʦʯʘʛʦʚʳʭ ʙʦʣʝʟʥʝʡ ʯʝʣʦʚʝʢʘ, ʧʦ 
ʫʨʦʚʥʶ ʧʦʨʘʞʸʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʢʣʝʱʝʚʦʡ ʙʦʨʨʝʣʠʦʟ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ. ʏʘʩʪʦʪʘ ʢʦʥʪʘʢ-
ʪʘ ʥʘʩʝʣʝʥʠʷ ʩ ʚʦʟʙʫʜʠʪʝʣʷʤʠ ʦʯʝʥʴ ʚʳʩʦʢʘ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʜʘʥʥʦʡ ʠʥʬʝʢʮʠʠ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʷʚʣʷʶʪʩʷ Ixodes ricinus ʠ Ixodes persulcatus. ʕʪʠ ʚʠʜʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 
ʯʠʩʣʝʥʥʦʩʪʴʶ ʠ ʢʨʘʡʥʝ ʘʛʨʝʩʩʠʚʥʳ. ɿʘʨʘʞʝʥʠʝ ʯʝʣʦʚʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʢʫʩʝ ʠʥʬʠʮʠʨʦʚʘʥʥʳʤ ʢʣʝ-
ʱʦʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʘʝʪ ʚʦʟʙʫʜʠʪʝʣʷ ʧʨʠ ʧʠʪʘʥʠʠ ʥʘ ʟʘʨʘʞʝʥʥʦʤ ʞʠʚʦʪʥʦʤ. ʅʦʩʠʪʝ-
ʣʷʤʠ ʙʦʨʨʝʣʠʡ ʷʚʣʷʶʪʩʷ ʤʥʦʛʠʝ ʚʠʜʳ ʧʦʟʚʦʥʦʯʥʳʭ ʞʠʚʦʪʥʳʭ - ʦʪ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʧʪʠʮ ʜʦ 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦ ʧʨʠʨʦʜʥʦ-
ʦʯʘʛʦʚʳʤ ʟʘʙʦʣʝʚʘʥʠʷʤ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʃʘʡʤ-ʙʦʨʨʝʣʠʦʟʘ 
ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʠʟʫʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʙʦʨʨʝʣʠʦʟʘ ʠ ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ, ʧʝʨʝ-
ʥʦʩʯʠʢʘʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ Ixodes ricinus ʠ Ixodes persulcatus. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʠʪʴ ʵʧʠʜʝ-
ʤʠʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ ʦʪʥʦʰʝʥʠʠ ʜʘʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʃʘʡʤ-ʙʦʨʨʝʣʠʦʟ, ʢʣʝʱʝʚʦʡ ʵʥʮʝʬʘʣʠʪ, Ixodes ricinus, Ixodes persulcatus, ʵʧʠʜʝʤʠʦ-
ʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ. 
 

DYNAMICS OF THE SPREAD OF TICK-BORNE BORRELIOSIS IN THE TYUMEN REGION 
 

Mokrenko Nikita Vasilievich 
 

Scientific adviser: Baryshnikova Natalia Viktorovna 
 
Abstract: The article aims to analyze the literature sources on natural focal diseases and systematize infor-
mation on the prevalence of Lyme borreliosis in the Tyumen region, to study the ratio of borreliosis and tick-
borne encephalitis, the carriers of which are Ixodes ricinus and Ixodes persulcatus. This makes it possible to 
assess the epidemiological situation in relation to this disease. 
Key words: Lyme borreliosis, tick-borne encephalitis, Ixodes ricinus, Ixodes persulcatus, epidemiological situ-
ation. 
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ʢʦʧʳʪʥʳʭ. 
ʀʢʩʦʜʦʚʳʡ ʢʣʝʱʝʚʦʡ ʙʦʨʨʝʣʠʦʟ (ʀʂɹ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʨʘʞʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʠ ʧʝʨʠʬʝʨʠʯʝ-

ʩʢʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʫʶ ʩʠʩʪʝʤʫ, ʦʧʦʨʥʦ-ʜʚʠʛʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʘ ʪʘʢʞʝ ʧʨʦʷʚ-
ʣʷʶʪʩʷ ʢʣʠʥʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʢʦʞʠ, ʩʢʣʝʨ ʛʣʘʟ ʠ ʧʝʯʝʥʠ. ɺʩʝ ʵʪʠ ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʯʝʣʦʚʝ-
ʢʘ ʢ ʜʣʠʪʝʣʴʥʦʡ ʥʝʪʨʫʜʦʩʧʦʩʦʙʥʦʩʪʠ, ʠ ʜʘʞʝ ʢ ʠʥʚʘʣʠʜʥʦʩʪʠ. 

ʏʞʤʵ ʡʪʪʤʞʝʧʛʙʦʡʸ: ʠʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʦʮʝʥʢʠ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫ-
ʘʮʠʠ ʠ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʃʘʡʤ-ʙʦʨʨʝʣʠʦʟʘ ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  
1. ʀʟʫʯʠʪʴ ʘʨʝʘʣ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʥʜʰʘʬʪʥʦʡ ʤʝʩʪʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʦʯʘʛʦʚ ʀʂɹ ʚ ʈʌ ʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ. 
2. ʆʧʨʝʜʝʣʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʠʥʬʠʮʠʨʦʚʘʥʠʷ ʪʘʝʞʥʳʭ ʢʣʝʱʝʡ ʙʦʨʨʝʣʠʦʟʦʤ ʠ ʢʣʝʱʝʚʳʤ ʵʥʮʝ-

ʬʘʣʠʪʦʤ, ʠʩʧʦʣʴʟʫʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʦʪ 2017-2021 ʛʦʜʘ. 
3. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʤʝʨʘʤʠ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʵʪʠʦʪʨʦʧʥʳʤ ʣʝʯʝʥʠʝʤ ʙʦʣʝʟʥʠ ʃʘʡʤʘ. 
ʅʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ: ʘʥʘʣʠʟ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. 
ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʢʣʝʱʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʥʝʩʢʦʣʴʢʠʭ 

ʚʦʟʙʫʜʠʪʝʣʝʡ ï ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ, ʠʢʩʦʜʦʚʦʛʦ ʢʣʝʱʝʚʦʛʦ ʙʦʨʨʝʣʠʦʟʘ, ʤʦʥʦʮʠʪʘʨʥʦʛʦ ʠ ʛʨʘʥʫʣʦ-
ʮʠʪʘʨʥʦʛʦ ʵʨʣʠʭʠʦʟʦʚ ʯʝʣʦʚʝʢʘ [1]. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʥʘʯʠʥʘʷ ʩ 2002 ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠ-
ʪʝʣʴʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʚ ʚʠʜʝ ʩʥʠʞʝʥʠʷ ʨʦʩʪʘ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚ 22 ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʩʫʙʲ-
ʝʢʪʘʭ ʥʘ ʬʦʥʝ ʧʦʚʳʰʝʥʠʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚ 19 ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʩʫʙʲʝʢʪʦʚ. ʅʘ ʤʦʤʝʥʪ 2021 ʛ. ʚ ʈʌ 
ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʦʢʦʣʦ 430 ʪʳʩ. ʦʙʨʘʱʝʥʠʡ ʧʦ ʧʦʚʦʜʫ ʫʢʫʩʦʚ ʢʣʝʱʘʤʠ. ɿʘʙʦʣʝʚʘʝʤʦʩʪʴ ʠʢʩʦʜʦʚʳʤ 
ʢʣʝʱʝʚʳʤ ʙʦʨʨʝʣʠʦʟʦʤ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʚ 63 ʩʫʙʲʝʢʪʘʭ ʈʌ ʠ ʧʦʢʘʟʘʪʝʣʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʩʦʩʪʘʚʠʣ 
2,09 ʥʘ 100 ʪʳʩ. ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘ 2010-2020 ʛ. ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 5,08 ʥʘ 100 ʪʳʩ. 
ʥʘʩʝʣʝʥʠʷ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʵʧʠʜʝʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦ ʀʂɹ. ʂ ʢʦʥʮʫ 2020 ʛʦʜʘ 
ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ï 3,51 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʠʜʠʨʫʶʱʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʠ ʩʫʙʲʝʢʪʦʚ ʋʌʆ (ʋʨʘʣʴʩʢʠʡ ʌʝʜʝʨʘʣʴʥʳʡ ʆʢʨʫʛ). ɺ 2021 ʧʦ ʜʘʥʥʳʤ ʈʦʩʧʦʪʨʝʙʥʘ-
ʜʟʦʨʘ ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʠʘʛʥʦʟ ʠʢʩʦʜʦʚʳʡ ʢʣʝʱʝʚʦʡ ʙʦʨʨʝʣʠʦʟ ʧʦʜʪʚʝʨʜʠʣʩʷ ʫ 30 ʯʝʣʦʚʝʢ (ʚ 
2020 ï 53) [2]. 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʘʨʝʘʣʦʤ ʦʙʠʪʘʥʠʷ ʠʢʩʦʜʦʚʳʭ ʢʣʝʱʝʡ ʷʚʣʷʝʪʩʷ ʪʘʝʞʥʦ-ʣʝʩʥʘʷ ʟʦʥʘ ʠ ʣʝʩʦ-
ʩʪʝʧʥʘʷ ʟʦʥʘ. ɺ ʟʘʧʘʜʥʦʩʠʙʠʨʩʢʠʭ ʦʯʘʛʘʭ ʥʘʠʙʦʣʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʘʨʘʞʝʥʥʦʩʪʠ ʪʘʝʞʥʳʭ ʢʣʝʱʝʡ ð 
ʙʣʠʟ ʶʞʥʳʭ ʛʨʘʥʠʮ ʠʭ ʘʨʝʘʣʘ, ʥʘʠʤʝʥʴʰʠʝ ð ʙʣʠʟ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ (ʚ ʩʨʝʜʥʝʡ ʪʘʡʛʝ). ɺ ʧʨʠʨʦʜʝ 
ʢʣʝʱʠ ʜʝʨʞʘʪʩʷ ʥʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ (ʚʳʩʦʢʘʷ ʪʨʘʚʘ ʠ ʢʫʩʪʘʨʥʠʢʠ), ʥʝ ʧʦʜʥʠʤʘʷʩʴ ʚʳʰʝ ʦʜʥʦʛʦ ʤʝʪʨʘ ʦʪ 
ʟʝʤʣʠ. ɺʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʯʠʩʣʝʥʥʦʩʪʠ ʢʣʝʱʝʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʤʘʢ-
ʩʠʤʘʣʴʥʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 10-22 Üʉ. [3] 

ʇʦʤʠʤʦ ʧʨʷʤʦʛʦ ʢʦʥʪʘʢʪʘ ʩ ʣʶʜʴʤʠ, ʢʣʝʱʠ ʥʘʧʘʜʘʶʪ ʪʘʢʞʝ ʥʘ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʠ ʢʨʫʧʥʳʡ 
ʨʦʛʘʪʳʡ ʩʢʦʪ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʢʫʩʳ ʢʣʝʱʝʡ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʣʝʩʥʳʭ ʠ ʣʝʩʦʩʪʝʧʥʳʭ ʟʦ-
ʥʘʭ, ʥʦ ʪʘʢʞʝ ʚ ʧʘʨʢʦʚʳʭ ʟʦʥʘʭ ʠ ʥʘ ʜʘʯʥʳʭ ʫʯʘʩʪʢʘʭ. ʊʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʘʢ ʢʣʝʱʝʡ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 
ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʦʮʝʥʪʘʭ: 52,6% ð ʧʨʠ ʧʦʩʝʱʝʥʠʠ ʣʝʩʘ ʩ ʙʳʪʦʚʦʡ ʮʝʣʴʶ, 26,8% ð ʥʘ ʜʘʯʥʦʤ ʫʯʘʩʪʢʝ, 
5,2% ð ʚʦ ʚʨʝʤʷ ʦʪʜʳʭʘ ʚ ʣʝʩʥʳʭ ʠ ʧʘʨʢʦʚʳʭ ʟʦʥʘʭ, 3,5% ð ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ, 2,6% ð ʧʨʠ ʧʦʩʝʱʝʥʠʠ ʢʣʘʜʙʠʱʘ, 2,1% ð ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 1,5% ð ʚʦ 
ʚʨʝʤʷ ʨʳʙʘʣʢʠ, 0,5% ð ʟʘʥʦʩ ʢʣʝʱʝʡ ʩ ʜʦʤʘʰʥʠʤʠ ʞʠʚʦʪʥʳʤʠ, ʠ ʚ 5,2% ð ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʝ ʤʝʩʪʦ 
ʥʘʧʘʜʝʥʠʷ.  

ɺ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʙʠʪʘʝʪ ʦʢʦʣʦ 21 ʚʠʜʘ ʢʣʝʱʝʡ, ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 6 ʚʠ-
ʜʦʚ: Ixodes Persulcatus ï ʪʘʝʞʥʳʡ ʢʣʝʱ, I.apronophorus - ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʧʘʨʘʟʠʪ ʚʦʜʷʥʦʡ ʧʦʣʝʚʢʠ, 
I.friangullceps ï ʧʘʨʘʟʠʪʠʨʫʝʪ ʥʘ ʤʝʣʢʠʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, I.lividux ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʪʘʢʫʝʪ ʤʝʣʢʠʭ 
ʧʪʠʮ, Dermacenlor piclui - ʣʫʛʦʚʦʡ ʢʣʝʱ, Dermacenlor marginatus - ʩʪʝʧʥʦʡ ʢʣʝʱ. ʀʟ ʚʩʝʭ ʢʣʝʱʝʡ ʵʧʠʜʝ-
ʤʠʦʣʦʛʠʯʝʩʢʠ ʚʘʞʥʳʤʠ ʷʚʣʷʶʪʩʷ: ʪʘʝʞʥʳʡ, ʣʫʛʦʚʦʡ ʠ ʩʪʝʧʥʦʡ ʢʣʝʱ. ʏʘʱʝ ʚʩʝʛʦ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʙʦʨ-
ʨʝʣʠʡ ʷʚʣʷʶʪʩʷ - Ixodes Persulcatus (ʪʘʸʞʥʳʡ ʢʣʝʱ). [4] 

ʊʧʧʫʦʧʱʞʦʡʞ ʣʤʞʲʞʢ, ʡʦʭʡʯʡʩʧʛʙʦʦʴʮ ʛʧʠʚʬʝʡʫʞʤʸʥʡ ʚʧʩʩʞʤʡʧʠʙ ʡ ʣʤʞʲʞʛʴʥ ʶʦʯʞʭʙ-
ʤʡʫʧʥ ʛ ʋʷʥʞʦʪʣʧʢ ʧʚʤʙʪʫʡ. 

ʄʦʥʠʪʦʨʠʥʛʦʤ ʢʣʝʱʝʚʳʭ ʠʥʬʝʢʮʠʡ ʟʘʥʠʤʘʝʪʩʷ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨ ʧʦ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʡ-
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ʤʘʥʥʳʭ ʢʣʝʱʝʡ ʦʪʧʨʘʚʣʷʶʪ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʌɹʋɿ çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘ-
ʩʪʠè ʠ ʌɹʋʅ çʊʶʤʝʥʩʢʠʡ ʅʀʀ ʢʨʘʝʚʦʡ ʠʥʬʝʢʮʠʦʥʥʦʡ ʧʘʪʦʣʦʛʠʠè ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ 5 
ʣʝʪ ʠʩʩʣʝʜʦʚʘʥʦ ʦʢʦʣʦ 7200 ʢʣʝʱʝʡ ʥʘ ʥʘʣʠʯʠʝ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʨʨʝʣʠʦʟʘ ʠ ʵʥʮʝʬʘʣʠʪʘ. ɼʠʘʛʥʦʩʪʠ-
ʨʫʶʪ ʢʣʝʱʝʚʳʝ ʠʥʬʝʢʮʠʠ ʩ ʧʦʤʦʱʴʶ ʙʘʢʪʝʨʠʦʩʢʦʧʠʯʝʩʢʠʭ, ʢʫʣʴʪʫʨʘʣʴʥʳʭ, ʩʝʨʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ 
ʇʎʈ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʟʘʙʦʣʝʚʘʥʠʷ. ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʘʪ ʙʠʦʧʪʘʪʳ ʢʦʞʠ, ʩʠ-
ʥʦʚʠʘʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʣʠʢʚʦʨ, ʩʳʚʦʨʦʪʢʘ ʢʨʦʚʠ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʩʝʨʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʘ 
ʠʤʝʥʥʦ ʨʝʘʢʮʠʶ ʥʝʧʨʷʤʦʡ ʠʤʤʫʥʦʬʣʫʦʨʝʩʮʝʥʮʠʠ - ʈʅʀʌ, ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʳʡ ʘʥʘʣʠʟ - ʀʌɸ, ʠʤʤʫ-
ʥʦʙʣʦʪʪʠʥʛ. [5] 

ʇʦ ʜʘʥʥʳʤ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ʈʦʩʧʦʪʨʝʙʥʘʜʟʦʨʘ ʧʦ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʩ ʥʘʯʘʣʘ ʵʧʠʜʩʝʟʦʥʘ 
2017 ʛʦʜʘ ʚ ʦʪʜʝʣʝʥʠʠ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʚʠʨʫʩʥʳʭ ʠʥʬʝʢʮʠʡ ʌɹʋɿ çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ 
ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠè ʙʳʣʦ ʦʪʧʨʘʚʣʝʥʦ 667 ʢʣʝʱʝʡ ʦʪ ʥʘʩʝʣʝʥʠʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʣʠʯʠʷ ʚʠʨʫʩʦʚ 
ʢʣʝʱʝʚʳʭ ʠʥʬʝʢʮʠʡ: ʚ 6 ʢʣʝʱʘʭ ʦʙʥʘʨʫʞʝʥ ʘʥʪʠʛʝʥ ʚʠʨʫʩʘ ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ, ʚ 182 ʢʣʝʱʘʭ - 
ʚʦʟʙʫʜʠʪʝʣʴ ʠʢʩʦʜʦʚʦʛʦ ʢʣʝʱʝʚʦʛʦ ʙʦʨʨʝʣʠʦʟʘ. ɺ 2018 ʛʦʜʫ ʚ ʢʦʥʮʝ ʩʝʟʦʥʘ ʠʩʩʣʝʜʦʚʘʥʦ ʦʪ ʥʘʩʝʣʝʥʠʷ 
2414 ʢʣʝʱʘ, ʠʟ ʥʠʭ ʟʘʨʘʞʝʥʳ ʚʠʨʫʩʦʤ ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ 24 ʢʣʝʱʘ, ʘ ʥʘ ʥʘʣʠʯʠʝ ʚʦʟʙʫʜʠʪʝʣʷ ʠʢ-
ʩʦʜʦʚʦʛʦ ʢʣʝʱʝʚʦʛʦ ʙʦʨʨʝʣʠʦʟʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 698 ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ 2019 ʛʦʜʫ ʠʩʩʣʝʜʦ-
ʚʘʥʦ 2423 ʢʣʝʱʘ, ʠʟ ʥʠʭ ʦʙʥʘʨʫʞʝʥ ʘʥʪʠʛʝʥ ʚʠʨʫʩʘ ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ ʚ 39 ʢʣʝʱʘʭ, ʚʦʟʙʫʜʠʪʝʣʴ 
ʢʣʝʱʝʚʦʛʦ ʙʦʨʨʝʣʠʦʟʘ ʚ 749 ʢʣʝʱʘʭ. ʉ ʥʘʯʘʣʘ ʵʧʠʜʩʝʟʦʥʘ 2020 ʛʦʜʘ ʠʩʩʣʝʜʦʚʘʥʦ 872 ʢʣʝʱʘ, ʠʟ ʥʠʭ 
ʦʙʥʘʨʫʞʝʥ ʘʥʪʠʛʝʥ ʚʠʨʫʩʘ ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ ʚ 18 ʢʣʝʱʘʭ, ʚʦʟʙʫʜʠʪʝʣʴ ʢʣʝʱʝʚʦʛʦ ʙʦʨʨʝʣʠʦʟʘ ʚ 
436 ʢʣʝʱʘʭ. 

ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʌɹʋɿ çʎʝʥʪʨ ʛʠʛʠʝʥʳ ʠ ʵʧʠʜʝʤʠʦʣʦʛʠʠ ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠè ʧʨʦʚʦʜʠʣʠʩʴ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ ʢʣʝʱʝʡ ʥʘ ʥʘʣʠʯʠʝ ʚʦʟʙʫʜʠʪʝʣʝʡ ʢʣʝʱʝʚʦʛʦ ʚʠʨʫʩʥʦʛʦ ʵʥʮʝʬʘʣʠʪʘ ʠ ʙʦʨʨʝʣʠʦʟʘ. ʋʜʝʣʴ-
ʥʳʡ ʚʝʩ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʣʝʱʝʡ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʷʚʣʷʶʱʠʭʩʷ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʢʣʝʱʝʚʦʛʦ ʚʠʨʫʩ-
ʥʦʛʦ ʵʥʮʝʬʘʣʠʪʘ, ʩʦʩʪʘʚʠʣ 1,6 %, ʟʘʨʘʞʝʥʥʳʭ ʙʦʨʨʝʣʠʷʤʠ ï 46,1 % (ʪʘʙʣ 1). 

 
ʋʙʚʤʡʯʙ 1 

ʊʫʙʫʡʪʫʡʣʙ ʡʪʪʤʞʝʧʛʙʦʦʴʮ ʣʤʞʲʞʢ ʦʙ ʦʙʤʡʰʡʞ ʛʧʠʚʬʝʡʫʞʤʞʢ ʃʖ ʡ ʁʃɺ 

ɻʦʜʳ ʂʦʣ-ʚʦ  
ʠʩʩʣʝʜʦʚʘʥʥʳʭ 
ʢʣʝʱʝʡ 

ʂʣʝʱʠ ʩ  
ʚʦʟʙʫʜʠʪʝʣʝʤ ʂʕ 

ʂʣʝʱʠ ʩ  
ʚʦʟʙʫʜʠʪʝʣʝʤ ʀʂɹ 

ʂʕ % ʀʂɹ % 

2017 667 6 182 0,9 27,3 

2018 2310 24 698 1 30,2 

2019 2423 39 749 1,6 31,0 

2020 872 18 436 2,1 50 

2021 895 17 433 1,6 46,1 

 
ɸʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʧʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ    

ʢʣʝʱʝʡ, ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʠʢʩʦʜʦʚʳʤ ʢʣʝʱʝʚʳʤ ʙʦʨʨʝʣʠʦʟʦʤ ʥʘʜ ʚʠʨʫʩʦʤ ʢʣʝʱʝʚʦʛʦ ʵʥʮʝʬʘʣʠʪʘ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʢʣʝʱʝʚʦʡ ʙʦʨʨʝʣʠʦʟ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʩ 2017 ʧʦ 2020 ʥʘʙʣʶʜʘʣʩʷ ʝʞʝʛʦʜʥʳʡ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʠʥʬʠʮʠʨʦʚʘʥʥʳʭ ʙʦʨ-
ʨʝʣʠʦʟʦʤ ʢʣʝʱʝʡ ʠ ʣʠʰʴ ʚ 2021 ʛʦʜʫ ʟʘʤʝʪʥʦ ʥʝʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ. 

ʅʞʩʴ ʨʩʧʭʡʤʙʣʫʡʣʡ ʡ ʶʫʡʧʫʩʧʨʦʧʞ ʤʞʰʞʦʡʞ ʚʧʤʞʠʦʡ ʄʙʢʥʙ.  
ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʵʪʠʦʪʨʦʧʥʦʤ ʣʝʯʝʥʠʠ ʙʦʣʝʟʥʠ ʃʘʡʤʘ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʘʥ-

ʪʠʙʘʢʪʝʨʠʘʣʴʥʦʡ ʪʝʨʘʧʠʠ. ʀʩʧʦʣʴʟʫʶʪ ʘʥʪʠʙʠʦʪʠʢʠ ʠʟ ʨʘʟʥʳʭ ʛʨʫʧʧ ʠ ʧʨʠʤʝʥʷʶʪ ʧʨʝʧʘʨʘʪʳ 2-3 ʧʦʢʦ-
ʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʘʜʠʠ ʙʦʣʝʟʥʠ [6]. ʉʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝ-
ʩʪʚʫʝʪ. ɺʩʝ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʪʘʢʪʘ 
ʣʶʜʝʡ ʠ ʜʦʤʘʰʥʠʭ ʞʠʚʦʪʥʳʭ ʩ ʠʢʩʦʜʦʚʳʤʠ ʢʣʝʱʘʤʠ, ʘ ʠʤʝʥʥʦ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʝʱʝʥʠʡ 
ʣʝʩʥʳʭ ʙʠʦʪʦʧʦʚ ʩ ʚʳʩʦʢʦʡ ʪʨʘʚʦʡ ʠ ʢʫʩʪʘʨʥʠʢʘʤʠ, ʥʦʰʝʥʠʝ ʷʨʢʦʡ ʠ ʟʘʢʨʳʚʘʶʱʝʡ ʛʦʣʳʝ ʫʯʘʩʪʢʠ ʪʝʣʘ 
ʦʜʝʞʜʳ. ʄʘʩʩʦʚʳʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʛʦʨʦʜʘʭ ʠ ʜʨʫʛʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʧʨʝʜʩʪʘʚ-
ʣʷʶʪ ʩʦʙʦʡ ʦʙʨʘʙʦʪʢʫ ʦʟʝʣʝʥʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʘʢʘʨʠʮʠʜʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ʂ ʪʘʢʠʤ ʪʝʨʨʠʪʦʨʠʷʤ ʦʪʥʦ-
ʩʷʪ: ʤʝʩʪʘ ʤʘʩʩʦʚʦʛʦ ʦʪʜʳʭʘ, ʜʝʪʩʢʠʝ ʩʘʜʳ, ʰʢʦʣʳ, ʤʝʜʠʮʠʥʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʦʙʲʝʢʪʳ ʢʫʣʴʪʫʨʳ ʠ 
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ʩʧʦʨʪʘ, ʢʣʘʜʙʠʱʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ 5 ʣʝʪ ʚ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʫʚʝʣʠʯʝʥʘ ʧʣʦʱʘʜʴ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʪʝʨ-
ʨʠʪʦʨʠʡ ʚ 2 ʨʘʟʘ, ʪʘʢ ʚ 2017 ʛʦʜʫ ʙʳʣʦ ʦʙʨʘʙʦʪʘʥʦ 4500 ʛʘ., ʘ ʚ 2021 - 9451 ʛʘ. 

 
ʀʙʣʤʷʰʞʦʡʞ. ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʳʷʩʥʠʣʠ, ʯʪʦ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʟʘ-

ʙʦʣʝʚʘʝʤʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 5,08 ʥʘ 100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʨʝʜʥʝʤ ʫʨʦʚʥʝ ʵʧʠʜʝ-
ʤʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʧʦ ʢʣʝʱʝʚʦʤʫ ʙʦʨʨʝʣʠʦʟʫ. ʂ ʢʦʥʮʫ 2020 ʛʦʜʫ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʟʠʣʩʷ ʜʦ 3,51 ʥʘ 
100 ʪʳʩ. ʥʘʩʝʣʝʥʠʷ ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʨʝʜʠ ʩʫʙʲʝʢʪʦʚ ʋʨʘʣʴʩʢʦʛʦ ʌʝ-
ʜʝʨʘʣʴʥʦʛʦ ʆʢʨʫʛʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʧʦ ʩʥʠʞʝʥʠʶ ʟʘʙʦʣʝʚʘʝʤʦ-
ʩʪʠ ʃʘʡʤ-ʙʦʨʨʝʣʠʦʟʦʤ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʦʪ ʧʝʨʝʥʦʩ-
ʯʠʢʦʚ ʚʦʟʙʫʜʠʪʝʣʷ ʪʝʨʨʠʪʦʨʠʡ. ɸ ʪʘʢʞʝ ʩ ʫʩʠʣʝʥʠʝʤ ʜʨʫʛʠʭ ʤʝʨ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʨʦʬʠʣʘʢʪʠʢʠ ʢʣʝ-
ʱʝʚʦʛʦ ʙʦʨʨʝʣʠʦʟʘ. 
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ǟǩǱǲǟǪǻǬǭǰǱǻ ǼǩǭǪǭǢǧǶǤǰǩǭǨ ǱǤǫǺ Ǭǟ 
ǰǭǡǯǤǫǤǬǬǭǫ ǱǤǪǤǡǧǣǤǬǧǧ 

ǴǿȈȏȒȊȊȇȌǿ ǟȊȇȌǿ ǯǿȃȇȉȍȁȌǿ 
ʄʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʏʝʣʦʚʝʢ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥ ʩ ʧʨʠʨʦʜʦʡ, ʬʣʦʨʦʡ ʠ ʬʘʫʥʦʡ. ɽʤʫ ʥʨʘʚʷʪʩʷ ʢʨʘʩʦʪʳ ʤʠʨʘ, ʯʪʦ ʦʪ-

ʨʘʞʘʝʪʩʷ ʚ ʩʪʠʭʘʭ, ʧʨʦʟʝ, ʞʠʚʦʧʠʩʠ. ʕʪʠʤ ʦʥ ʚʳʨʘʞʘʝʪ ʵʤʦʮʠʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʦʪʥʦʰʝʥʠʝ ʢ ʦʢʨʫʞʘʶʱʝ-
ʤʫ ʤʠʨʫ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʝ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʦʟʜʘʝʪ ʩʚʦʠʤʠ ʨʫʢʘʤʠ ï 
ʵʪʦ ʥʘʨʫʰʝʥʠʝ ʧʨʠʨʦʜʥʦʛʦ ʙʘʣʘʥʩʘ, ʚʝʜʫʱʝʝ ʢ ʢʘʪʘʩʪʨʦʬʝ ʤʠʨʦʚʦʛʦ ʤʘʩʰʪʘʙʘ [9]. 

ʃʶʙʦʝ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘʯʠʥʘʝʪ ʧʨʠʥʠʤʘʪʴ ʙʦʣʴʰʠʝ 
ʤʘʩʰʪʘʙʳ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʫʭʫʜʰʝʥʠʷ ʵʢʦʣʦʛʠʠ ʩʪʘʥʦʚʠʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ. 
ʉʪʨʦʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʨʘʟʚʠʪʠʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪ, ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʪʝʩʥʦ 
ʩʚʷʟʘʥʳ ʩ ʨʘʟʨʫʰʠʪʝʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘ ʧʣʘʥʝʪʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ: ʤʝ-
ʥʷʝʪʩʷ ʢʣʠʤʘʪ, ʫʭʫʜʰʘʝʪʩʷ ʵʢʦʣʦʛʠʷ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʯʠʩʣʦ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʢʣʠʟʤʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʪʝʤʘ ʵʢʦʣʦʛʠʠ ʩʪʘʣʘ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʫʨʥʘʣʠʩʪʠʢʠ. ʅʝ ʧʨʠʙʝʛʘʪʴ ʢ 
ʝʸ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʪʘʢ ʢʘʢ ʵʪʘ ʪʝʤʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʦʚʨʝʤʝʥ-
ʥʦʤ ʦʙʱʝʩʪʚʝ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʩʦʩʪʨʘʜʘʥʠʷ ʠ ʞʝʣʘʥʠʷ ʩʧʘʩʪʠ ʧʣʘʥʝʪʫ, ʥʦ ʠ ʟʘ ʩʯʸʪ ʧʦ-
ʧʫʣʷʨʥʦʩʪʠ ʜʘʥʥʦʡ ʪʝʤʳ. ɹʫʜʝʪ ʥʝʧʨʘʚʠʣʴʥʦ ʩʝʡʯʘʩ ʦʪʨʠʮʘʪʴ, ʯʪʦ ʵʪʘ ʪʝʤʘ ʥʝ ʧʨʠʥʦʩʠʪ ʢʘʥʘʣʘʤ ʧʨʦ-
ʩʤʦʪʨʳ. ʅʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦʪ ʚʦʧʨʦʩ ʩʪʦʠʪ ʨʝʙʨʦʤ ʠʟ-ʟʘ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ 
ʩ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʦʙʨʝʣʠ ʪʨʝʚʦʞ-
ʥʳʝ ʤʘʩʰʪʘʙʳ. ɺ ʛʦʥʢʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʚʩʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ 
ʢʦʣʠʯʝʩʪʚʝ [10].  

ʏʪʦ ʪʘʢʦʝ çʵʢʦʣʦʛʠʯʝʩʢʦʝ ʧʨʝʩʪʫʧʣʝʥʠʝè? ʕʪʦ ʜʝʡʩʪʚʠʷ ʣʶʜʝʡ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʳʭ ʩʪʘʥʦʚʠʪʩʷ 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʦʣʦʛʠʝʡ, ʥʘʭʦʜʷʪʩʷ ʜʘʣʝʢʦ ʥʝ ʥʘ ʚʪʦʨʦʤ 
ʧʣʘʥʝ. ɽʸ ʢʘʯʝʩʪʚʦ ʦʯʝʥʴ ʟʘʤʝʪʥʦ ʫʭʫʜʰʘʝʪʩʷ, ʘ, ʟʥʘʯʠʪ, ʯʝʣʦʚʝʯʝʩʪʚʫ ʛʨʦʟʠʪ ʦʧʘʩʥʦʩʪʴ. ɹʣʘʛʦʜʘʨʷ 
ʦʙʱʝʡ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʶ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʱʝʩʪʚʦ ʦʢʘʟʘʣʦʩʴ ʥʘ ʧʦʨʦʛʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʝʚʦʣʶ-
ʮʠʠ, ʪʦ ʯʪʦ ʦʯʝʥʴ ʩʢʘʟʘʣʦʩʴ ʥʘ ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʠ ʠ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʝ ʢʘʪʘʩʪʨʦʬʳ. ɻʣʘʚʥʘʷ 
ʟʘʜʘʯʘ - ʚʳʷʩʥʠʪʴ, ʢʘʢ ʯʘʩʪʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʪʝʤʘ ʵʢʦʣʦʛʠʠ ʦʩʚʝʱʘʝʪʩʷ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʪʝʣʝʚʠʜʝʥʠʠ, 
ʯʪʦʙʳ ʢ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʚʳʟʚʘʪʴ ʠʥʪʝʨʝʩ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʢʦʣʦʛʠʷ, ʥʘʫʯʥʘʷ ʞʫʨʥʘʣʠʩʪʠʢʘ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʞʫʨʥʘʣʠʩʪʠʢʘ, ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩ-
ʩʣʝʜʦʚʘʥʠʝ, ʵʢʦ-ʪʝʤʘ.  
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very noticeably deteriorating, which means that humanity is in danger. Thanks to the general globalization and 
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ʨʘʟʨʫʰʝʥʠʝ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʜʘʶʱʝʡ ʯʝʣʦʚʝʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʥʦʨʤʘʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ. ʕʢʦʣʦʛʠʯʝ-
ʩʢʠʝ ʧʨʝʩʪʫʧʣʝʥʠʷ ï ʵʪʦ ʚʳʟʦʚ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʭ ʣʶʜʝʡ, ʥʦ ʠ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ, 
ʧʦʩʢʦʣʴʢʫ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʥʘ ʧʣʘʥʝʪʝ ʚ ʮʝʣʦʤ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʫʛʘʶʱʠʤ. ɾʫʨʥʘʣʠʩʪʠʢʘ ï ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʨʝʜʩʪʚ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ 
ʯʝʣʦʚʝʯʝʩʪʚʘ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʩʘʤʦʫʙʠʡʩʪʚʫ. 

ɺ ʥʘʰʠ ʜʥʠ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʪʝʣʝʚʠʜʝʥʠʠ ʚʦʟʤʦʞʥʦ ʨʘʩʩʣʝʜʦʚʘʪʴ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ. ʇʦ ʚʩʝʤʫ 
ʤʠʨʫ ʩʝʛʦʜʥʷ ʪʘʢʠʭ ʚʦʧʨʦʩʦʚ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʩʦʪʥʠ, ʚʦ ʛʣʘʚʝ ʢʦʪʦʨʳʭ: ʠʩʪʦʱʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 
ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʠ ʜʨʫʛʠʝ [2, ʩ. 1]. ʈʝʛʠʦʥʘʣʴʥʦʝ ʪʝʣʝʚʠʜʝʥʠʝ ʥʝ ʩʪʘ-
ʥʝʪ ʦʪʚʦʜʠʪʴ ʩʧʝʮʠʘʣʴʥʫʶ ʢʦʣʦʥʢʫ ʜʣʷ ʦʙʩʫʞʜʝʥʠʷ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʜʣʷ ʵʪʦʛʦ ʪʨʝʙʫʶʪʩʷ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʳʝ ʫʤʩʪʚʝʥʥʳʝ ʠ ʜʝʥʝʞʥʳʝ ʨʝʩʫʨʩʳ. ʅʦ ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʝʩʪʥʦʝ ʪʝʣʝʚʠʜʝʥʠʝ ʩʧʦʩʦʙʥʦ 
ʦʩʚʝʱʘʪʴ ʧʨʦʙʣʝʤʳ ʚʥʫʪʨʠ ʨʝʛʠʦʥʘ ʚ ʨʘʤʢʘʭ ʥʦʚʦʩʪʥʳʭ ʧʝʨʝʜʘʯ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʣʠʯʥʦʩʪʠ ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʥʦʩʷʪ ʚ ʥʘʰʝ ʚʨʝʤʷ ʫʱʝʨʙ ʵʢʦ-
ʣʦʛʠʠ. ɼʘʞʝ ʧʨʘʚʠʪʝʣʴʩʪʚʘ ʨʘʟʥʳʭ ʩʪʨʘʥ ʚ ʧʦʛʦʥʝ ʟʘ ʵʬʬʝʢʪʠʚʥʳʤʠ ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, 
ʤʦʱʥʳʤʠ ʚʦʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʯʘʩʪʦ ʞʝʨʪʚʫʶʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʛʨʫʙʦ ʚʤʝʰʠʚʘʶʪʩʷ 
ʚ ʩʣʦʞʠʚʰʠʝʩʷ ʚ ʪʝʯʝʥʠʝ ʪʳʩʷʯʝʣʝʪʠʡ ʵʢʦʩʠʩʪʝʤʳ, ʥʘʥʦʩʷ ʠʤ ʩʚʦʠʤʠ ʨʝʰʝʥʠʷʤʠ ʛʫʙʠʪʝʣʴʥʳʝ ʫʜʘʨʳ 
ʠ ʦʙʨʝʢʘʷ ʪʝʤ ʩʘʤʳʤ ʙʫʜʫʱʝʝ ʟʝʤʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʥʘ ʥʝʠʟʚʝʩʪʥʦʩʪʴ. 

ʂ ʩʦʞʘʣʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʴʟʫʶʪʩʷ ʤʘʣʳʤ ʩʧʨʦʩʦʤ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʝʡ-
ʩʪʚʠʪʝʣʴʥʦ ʨʝʟʦʥʘʥʩʥʳʭ ʩʣʫʯʘʝʚ. ʇʦʩʣʝʜʥʠʡ ʠʟ ʪʘʢʠʭ ʩʣʫʯʘʝʚ ʚ ɹʘʰʢʦʨʪʦʩʪʘʥʝ ʚʦʟʥʠʢ ʠʟ-ʟʘ ʙʠʟʥʝʩ 
ʦʩʚʦʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʧʘʤʷʪʥʠʢʘ, ʛʦʨʳ ʂʫʰʪʘʫ [3]. ʂʦʥʬʣʠʢʪ ʦʢʘʟʘʣʩʷ ʥʝ ʪʦʣʴʢʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ, ʥʦ ʠ 
ʧʦʣʠʪʠʯʝʩʢʠʤ.  ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʞʠʪʝʣʠ ʠ ʥʝʨʘʚʥʦʜʫʰʥʳʝ ʛʨʘʞʜʘʥʝ ʩʦ ʚʩʝʡ ʩʪʨʘʥʳ, ʜʘʞʝ ʤʠʨʘ, ʩʪʘ-
ʨʘʣʠʩʴ ʚʩʝʤʠ ʩʠʣʘʤʠ ʟʘʱʠʪʠʪʴ ʛʦʨʫ ʦʪ ʫʥʠʯʪʦʞʝʥʠʷ, ʚ ʜʝʣʦ ʚʤʝʰʘʣʩʷ ʠ ʧʨʘʚʦʚʦʡ ʚʦʧʨʦʩ, ʪʘʢ ʢʘʢ ʙʳʣʦ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ ʛʦʨʫ ʧʘʤʷʪʥʠʢʦʤ ʢʫʣʴʪʫʨʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʅʘ ʪʘʢʦʝ ʩʪʝʯʝʥʠʝ ʦʙʩʪʦʷ-
ʪʝʣʴʩʪʚ ʩʦʙʨʘʣʦʩʴ ʉʄʀ ʩʦ ʚʩʝʡ ʨʝʩʧʫʙʣʠʢʠ, ʘ ʚ ʧʝʨʚʳʭ ʨʷʜʘʭ ʙʳʣʠ ʪʝʣʝʢʘʥʘʣʳ çɹʉʊè, çɺʩʷ ʋʬʘè ʠ 
çUTVè, ʫ ʢʦʪʦʨʳʭ ʨʘʟʥʦʝ ʚʠʜʝʥʠʝ ʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ.  

ʅʘ ʧʨʠʤʝʨʝ çɹʘʰʢʠʨʩʢʦʛʦ ʩʧʫʪʥʠʢʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷè ʤʳ ʚʠʜʠʤ ʙʦʣʝʝ ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ 
ʧʨʦʚʝʜʝʥʠʶ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʦ ʟʘʱʠʪʝ ʛʦʨʳ ʂʫʰʪʘʫ. ɽʤʫ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʙʳʪʴ ʢʦʨʨʝʢʪʥʳʤ ʧʨʠ ʚʳʩʢʘ-
ʟʳʚʘʥʠʠ ʩʚʦʝʡ ʧʦʟʠʮʠʠ, ʪʘʢ ʢʘʢ ʪʝʣʝʢʘʥʘʣ ʠʤʝʝʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ɽʩʣʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʦʠʩ-
ʢʦʤ ʧʦ ʦʬʠʮʠʘʣʴʥʦʤʫ ʩʘʡʪʫ ʪʝʣʝʢʘʥʘʣʘ ʠ ʧʦʩʤʦʪʨʠʤ, ʢʘʢʠʝ ʥʦʚʦʩʪʠ ʧʦ ʛʦʨʝ ʂʫʰʪʘʫ ʩʫʱʝʩʪʚʫʶʪ ʥʘ 
ʩʘʡʪʝ. ʄʳ ʫʚʠʜʠʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʧʦʨʪʘʞʝʡ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʦʪʯʸʪʘʤ, ʚ ʢʦʪʦʨʳʭ ʙʝʨʫʪ 
ʢʦʤʤʝʥʪʘʨʠʠ ʫ ʚʳʩʦʢʦʧʦʩʪʘʚʣʝʥʥʳʭ ʣʠʮ ʠ ʧʳʪʘʶʪʩʷ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʩʠʪʫʘʮʠʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʤʳ ʥʝ ʧʦ-
ʣʫʯʠʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙʣʝʤʳ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʠʩʯʝʨʧʳʚʘʶʱʠʝ ʚʳʚʦʜʳ ʧʦ ʢʦʥʬʣʠʢʪʫ, 
ʧʦʥʷʪʴ, ʩ ʯʝʛʦ ʚʩʸ ʥʘʯʘʣʦʩʴ ʠ ʯʝʤ ʟʘʢʦʥʯʠʣʦʩʴ.  ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʚʳʧʫʩʢʘʭ, ʢʘʩʘʶʱʠʭ-
ʩʷ ʂʫʰʪʘʫ, ʤʳ ʚʠʜʠʤ ʢʨʘʪʢʦʝ ʨʝʟʶʤʝ ʧʦ ʢʦʥʬʣʠʢʪʫ. ʀʟ ʨʷʜʘ ʚʠʜʝʦ ʤʳ ʥʘʰʣʠ ʨʝʧʦʨʪʘʞ çɿʘʱʠʪʘ 
ʂʫʰʪʘʫ ʠ ʘʨʝʩʪ ʘʢʮʠʡ ɹʉʂ: ʠʟ ʯʝʛʦ ʜʦʙʳʚʘʪʴ ʩʦʜʫ ʚ ɹʘʰʢʠʨʠʠ ʜʘʣʴʰʝ?è, ʢʦʪʦʨʳʡ ʜʘʸʪ ʠʩʯʝʨʧʳʚʘʶ-
ʱʠʝ ʦʪʚʝʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʫʢʠ [4]. çɹʉʊè ʛʨʘʤʦʪʥʦ ʩʦʟʜʘʸʪ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩʩʣʝʜʦ-
ʚʘʥʠʝ, ʧʦʥʠʤʘʷ, ʯʪʦ ʝʛʦ ʙʫʜʫʪ ʩʤʦʪʨʝʪʴ ʦʙʳʯʥʳʝ ʣʶʜʠ. ʇʦʵʪʦʤʫ ʟʘ 5 ʤʠʥʫʪ ʞʫʨʥʘʣʠʩʪʳ ʧʳʪʘʶʪʩʷ 
ʦʭʚʘʪʠʪʴ ʤʘʩʰʪʘʙʥʳʡ ʚʦʧʨʦʩ, ʫʩʧʝʚʘʷ ʨʘʩʩʢʘʟʘʪʴ ʠʩʪʦʨʠʶ ʢʦʥʬʣʠʢʪʘ, ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ, ʩʫʜʝʙʥʳʝ ʚʦ-
ʧʨʦʩʳ, ʥʦ ʜʣʷ ʥʘʩ ʩʘʤʦʝ ʠʥʪʝʨʝʩʥʦʝ ʪʦ, ʯʪʦ ʦʥʠ ʫʜʝʣʷʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʠʤʝʥʥʦ ʵʢʦʣʦʛʠʠ. ɼʝʣʘʝʪʩʷ 
ʵʪʦ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʲʷʩʥʝʥʠʷ, ʯʪʦ ʛʦʨʘ ʠ ʙʣʠʞʘʡʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʣʠ ʧʨʠʙʝʞʠʱʝʤ ʜʣʷ 40 ʚʠʜʦʚ ʞʠ-
ʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ, ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʪʦʨʳʭ ʟʘʥʝʩʝʥʦ ʚ ʂʨʘʩʥʫʶ ʢʥʠʛʫ ʈʦʩʩʠʠ, ʘ ʩʘʤʘ ʛʦʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʜʣʷ ʫʯʸʥʳʭ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚ ʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʪʘʢʠʭ ʛʦʨ ï ʦʩʪʘʪʢʦʚ ʨʠʬʦʚ ʪʸʧʣʦʛʦ ʤʦʨʷ ï ʥʘ ʧʣʘʥʝʪʝ 
ʦʩʪʘʣʦʩʴ ʤʘʣʦ, ʪʘʢʠʝ ʝʩʪʴ ʪʦʣʴʢʦ ʚ ɹʘʰʢʦʨʪʦʩʪʘʥʝ ʠ ʚ ɸʚʩʪʨʘʣʠʠ.  

ʄʳ ʤʦʞʝʤ ʫʚʠʜʝʪʴ ʥʘ ʪʝʣʝʚʠʜʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʩʦ ʩʪʨʫʢʪʫʨʦʡ, ʢʘʢ ʫ ʢʘʥʘʣʘ 
çɹʉʊè, ʧʦʪʦʤʫ ʢʘʢ ʵʪʦ ʢʣʘʩʩʠʯʝʩʢʠʡ ʩʧʦʩʦʙ ʦʩʚʝʱʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʦʩʪʦʠʪ 
ʚ ʪʦʤ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʢʘʪʘʩʪʨʦʬʘ ï ʵʪʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʩʝʛʜʘ ʚʦʧʨʦʩ ʤʦʨʘʣʠ. ʃʶʜʝʡ 
ʫʜʠʚʣʷʝʪ, ʢʘʢ ʵʪʦ ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ ʠ ʧʦʥʝʩʸʪ ʣʠ ʢʪʦ-ʣʠʙʦ ʥʘʢʘʟʘʥʠʝ, ʘ ʧʨʘʚʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝ ʩʪʦʣʴ ʯʸʪ-
ʢʦ ʦʪʣʘʞʝʥʘ, ʢʘʢ ʯʝʣʦʚʝʯʝʩʢʠʝ ʦʨʠʝʥʪʠʨʳ. ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ 
ʧʨʠ ʦʩʚʝʱʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ [1, ʩ. 146-150]: ʦʪʩʫʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦ-
ʛʦ ʚʳʷʚʣʝʥʠʷ ʜʝʷʥʠʷ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚʦʟʙʫʜʠʪʴ ʫʛʦʣʦʚʥʦʝ ʜʝʣʦ, ʤʘʣʦ ʚʦʟʤʦʞʥʦ-
ʩʪʝʡ ʥʘʭʦʜʠʪʴ ʵʪʠ ʩʘʤʳʝ ʧʨʝʩʪʫʧʣʝʥʠʷ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ 
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ʥʘ ʞʫʨʥʘʣʠʩʪʠʢʫ ʚ ʮʝʣʦʤ, ʪʘʢ ʢʘʢ ʚʩʸ, ʯʪʦ ʦʩʪʘʸʪʩʷ ʪʝʣʝʢʘʥʘʣʘʤ ï ʵʪʦ ʦʙʦʟʨʝʚʘʪʴ ʣʠʙʦ ʦʯʝʥʴ ʨʝʟʦ-
ʥʘʥʩʥʳʝ ʩʣʫʯʘʠ, ʣʠʙʦ ʫʜʝʣʷʪʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʧʨʘʚʦʟʘʱʠʪʥʦʡ ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʩʪʨʘʪʝʛʠʠ, ʥʘʧʨʘʚ-
ʣʝʥʥʦʡ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʩʫʙʙʦʪʥʠʢʦʚ. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʩʢʦʨʝʝ ʟʘʥʠʤʘʪʴʩʷ ʨʝʰʝʥʠʝʤ ʩʣʝʜʩʪʚʠʷ, ʘ ʥʝ ʧʨʠ-
ʯʠʥʳ. ʇʦʪʦʤʫ ʤʳ ʠ ʚʠʜʠʤ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʧʦʨʪʘʞʝʡ ʥʘ çɹʉʊè ʦʪʯʸʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʦʩʚʝʱʘʶ-
ʱʝʛʦ ʧʨʦʠʩʭʦʜʷʱʠʝ ʩʦʙʳʪʠʷ ʚ ʤʠʨʝ ʵʢʦʣʦʛʠʠ ʥʘ ʧʦʧʨʠʱʝ ʩʦʚʝʱʘʥʠʡ ʠ ʜʝʣʦʚʳʭ ʢʦʥʬʝʨʝʥʮʠʡ.  

ʊʝʧʝʨʴ ʦʙʨʘʪʠʤʩʷ ʢ ʪʝʣʝʢʘʥʘʣʫ çɺʩʷ ʋʬʘè, ʯʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʩʣʦʞʠʚʰʠʡʩʷ 
ʧʨʦʙʣʝʤʝ. ɽʩʣʠ ʧʦʠʩʢʘʪʴ ʥʦʚʦʩʪʠ ʦ ʂʫʰʪʘʫ ʯʝʨʝʟ ʟʘʧʨʦʩ ʥʘ ʦʬʠʮʠʘʣʴʥʦʤ ʩʘʡʪʝ ʢʘʥʘʣʘ, ʪʦ ʚʳʡʜʝʪ 
ʪʦʣʴʢʦ ʦʜʠʥ ʨʝʧʦʨʪʘʞ, ʠ ʪʦʪ ʦʙ ʠʪʦʛʘʭ 2019-ʛʦ ʛʦʜʘ, ʧʦʜʚʝʜʸʥʥʳʭ ʛʣʘʚʦʡ ʨʝʩʧʫʙʣʠʢʠ, ʈʘʜʠʝʤ ʍʘʙʠʨʦ-
ʚʳʤ. ʕʪʦ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʥʝ ʟʘʪʨʘʛʠʚʘʝʪ ʢʦʥʬʣʠʢʪ, ʧʨʦʠʟʦʰʝʜʰʠʡ ʚ 
2020-ʤ ʛʦʜʫ. ʊʦʛʜʘ ʤʳ ʦʙʨʘʪʠʤʩʷ ʢ ʧʦʠʩʢʫ ʧʦ ʟʘʧʨʦʩʫ çʵʢʦʣʦʛʠʷè, ʠʟ ʯʝʛʦ ʧʦʣʫʯʘʝʤ ʠʩʯʝʨʧʳʚʘʶʱʠʡ 
ʦʪʚʝʪ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʧʦʨʪʘʞʝʡ ʧʦ ʵʪʦʡ ʪʝʤʝ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ ʦʙʟʦʨʘ ʩʦʚʝʱʘʥʠʡ, ʩʫʙ-
ʙʦʪʥʠʢʦʚ ʠ ʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʟʘʢʫʧʢʘʭ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʵʢʦʣʦʛʠʠ ʚ 
ʨʝʛʠʦʥʝ (ʥʘʧʨʠʤʝʨ, ʦ ʧʦʣʫʯʝʥʠʠ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʣʝʩʥʳʤʠ ʧʦʞʘʨʘʤʠ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʝʣʝʢʘʥʘʣ ʦʩʚʝʱʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʥʝ ʙʦʣʴʰʝ ʠ ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʦʩʪʘʣʴ-
ʥʳʝ, ʨʦʚʥʦ ʥʘʩʪʦʣʴʢʦ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ.  

ɸʥʘʣʠʟʠʨʫʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʪʝʣʝʢʘʥʘʣʝ çUTVè, ʤʳ ʤʦʞʝʤ ʩʢʘ-
ʟʘʪʴ, ʯʪʦ ʧʦʜʭʦʜ ʢʦʤʧʘʥʠʠ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʸʥ ʢ ʧʦʣʠʪʠʢʝ çɹʉʊè. ʇʦʤʠʤʦ ʚʩʸ ʪʝʭ ʞʝ ʨʝʧʦʨʪʘʞʝʡ ʩ 
ʨʝʣʠʟʦʚ, ʤʳ ʠʤʝʝʤ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʞʘʥʨʦʚ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʨʝʛʠʦʥʝ. ʅʘʧʨʠʤʝʨ, 
ʠʥʪʝʨʚʴʶ ʩ ʄʘʨʠʥʦʡ ɻʨʠʛʦʨʴʝʚʦʡ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʧʨʦʩ ʰʠʭʘʥʘ ʂʫʰʪʘʫ. ʇʦʤʠʤʦ ʠʟ-
ʚʝʯʥʦʛʦ ʠ ʘʢʪʫʘʣʴʥʦʛʦ ʚʦʧʨʦʩʘ ʛʦʨʳ ʂʫʰʪʘʫ ʢʘʥʘʣ ʪʘʢʞʝ ʫʜʝʣʷʝʪ ʚʥʠʤʘʥʠʝ ʪʘʢʠʤ ʚʦʧʨʦʩʘʤ, ʢʘʢ ʫʪʝʯʢʘ 
ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɼʘ ʠ ʚ ʮʝʣʦʤ ʤʳ ʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʟʘ ʪʝʤ, ʢʘʢ ʢʘʥʘʣ ʩʪʘʨʘʝʪʩʷ ʚʩʝʤʠ ʩʠʣʘʤʠ ʦʩʚʝ-
ʱʘʪʴ ʚʦʧʨʦʩʳ, ʢʘʩʘʶʱʠʝʩʷ ʥʝ ʪʦʣʴʢʦ ʩʫʙʙʦʪʥʠʢʦʚ, ʤʘʩʰʪʘʙʥʳʭ ʧʨʦʙʣʝʤ ʠ ʧʨʝʩʩ-ʨʝʣʠʟʦʚ, ʥʦ ʠ ʣʦ-
ʢʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, ʪʘʢʠʝ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ, ʫʩʪʨʦʡʩʪʚʘ, ʧʦʤʦʛʘʶʱʠʝ ʞʠʪʝʣʷʤ ʫʙʠʨʘʪʴ 
ʟʘ ʩʦʙʘʢʘʤʠ [8]. ɼʘʥʥʳʡ ʨʝʧʦʨʪʘʞ ʫʥʠʢʘʣʝʥ ʪʝʤ, ʯʪʦ ʨʝʰʘʝʪ ʥʝ ʪʦʣʴʢʦ ʘʢʪʫʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ, ʥʦ ʠ ʷʚ-
ʣʷʝʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʤ ʚʳʧʫʩʢʦʤ ʩ ʧʨʦʩʪʳʤ ʦʙʲʷʩʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʠʟʦʙʨʝʪʝʥʠʷ, 
ʚʳʜʘʶʱʝʛʦ ʧʘʢʝʪʳ ʜʣʷ ʫʙʦʨʢʠ ʟʘ ʩʦʙʘʢʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʤʘʣʝʥʴʢʦʤ ʨʝʧʦʨʪʘʞʝ ʦʩʚʝʱʘʝʪʩʷ ʚʦ-
ʧʨʦʩ ʥʘʰʫʤʝʚʰʝʡ ʧʨʦʙʣʝʤʳ, ʦʙʲʷʩʥʷʝʪʩʷ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʙʩʫʞʜʘʝʪʩʷ ʤʦʨʘʣʴ-
ʥʳʡ ʚʦʧʨʦʩ ʫʙʦʨʢʠ ʟʘ ʞʠʚʦʪʥʳʤʠ. ɼʘ, ʵʪʦ ʥʝ ʛʣʦʙʘʣʴʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʥʦ ʩ ʤʘʣʦʛʦ ʥʘʯʠʥʘ-
ʶʪʩʷ ʚʩʝ ʚʝʣʠʢʠʝ ʨʝʰʝʥʠʷ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʩʦʚʨʝ-
ʤʝʥʥʦʤ ʨʝʛʠʦʥʘʣʴʥʦʤ ʪʝʣʝʚʠʜʝʥʠʠ ʩʪʦʠʪ ʥʘ ʧʦʩʨʝʜʩʪʚʝʥʥʦʤ, ʦʙʳʚʘʪʝʣʴʩʢʦʤ ʫʨʦʚʥʝ. ʕʪʦ ʦʙʦʩʥʦʚʳ-
ʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʪʝʣʝʨʳʥʢʘ ʦʩʚʝʱʘʪʴ ʨʘʟʥʦʩʪʦʨʦʥʥʠʝ ʧʨʦʙʣʝʤʳ ʨʝʛʠʦʥʘ. ʊʝʣʝ-
ʢʘʥʘʣʳ ʥʝ ʤʦʛʫʪ ʙʨʦʩʠʪʴ ʚʩʝ ʩʚʦʠ ʩʠʣʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʦʚʝʩʪʢʫ. ɼʣʷ ʵʪʦʛʦ ʝʩʪʴ ʦʪ-
ʜʝʣʴʥʳʝ ʥʘʫʯʥʳʝ ʢʘʥʘʣʳ ʠ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʤʠ ʟʘʥʠʤʘʶʪʩʷ ʫʯʸʥʳʝ ʠ ʵʢʩʧʝʨʪʳ. ʈʝʛʠʦʥʘʣʴʥʦʤʫ ʞʝ 
ʩʝʛʤʝʥʪʫ ʦʩʪʘʸʪʩʷ ʦʩʚʝʱʘʪʴ ʧʦ ʤʝʨʝ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝ ʪʝʤʳ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʥʘʰʫʤʝʚʰʠʝ ʠʣʠ 
ʥʝʦʙʳʯʥʳʝ, ʢʨʝʘʪʠʚʥʳʝ, ʧʨʠʟʚʘʥʥʳʝ ʨʝʰʘʪʴ ʤʘʣʝʥʴʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʤʘʩʰʪʘʙʘʭ ɹʘʰʢʦʨʪʦʩʪʘʥʘ.  
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ǲǣǩ 40-52 

ǵǧǳǯǭǡǟǾ ǱǯǟǬǰǳǭǯǫǟǵǧǾ ǡ 
ǬǤǳǱǤǢǟǦǭǡǺǴ ǩǭǫǮǟǬǧǾǴ 

ǥȒȏǿȔȍȌȍȁ ǥǿȔȍȌȂȇȏ ǰǿȋȇȅȍȌ ȒȂȊȇ  
ʩʪʫʜʝʥʪ  

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

 
ʅʝʬʪʝʛʘʟʦʚʘʷ ʦʪʨʘʩʣʴ ʧʝʨʝʞʠʚʘʝʪ ʵʧʦʭʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʮʠʬʨʦʚʠʟʘʮʠʠ, ʯʪʦʙʳ ʚʳʩʚʦʙʦʜʠʪʴ 

ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʧʨʠ ʤʝʥʴʰʠʭ ʟʘʪʨʘʪʘʭ ʠ ʦʙʝʩʧʝʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʉ 
ʧʦʤʦʱʴʶ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʚʳʩʠʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʛʦʪʦʚʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 
ʦʧʝʨʝʜʠʪʴ ʧʨʝʧʷʪʩʪʚʠʷ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ. ʏʪʦʙʳ ʦʩʪʘʚʘʪʴʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ, 
ʢʦʤʧʘʥʠʠ ʘʜʘʧʪʠʨʫʶʪ ʠ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪ ʩʚʦʠ ʤʦʜʝʣʠ ʧʨʦʙ ʠ ʦʰʠʙʦʢ, ʯʪʦʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʠʤʫ-
ʱʝʩʪʚʘʤʠ ʪʝʢʫʱʝʛʦ ʩʜʚʠʛʘ ʧʘʨʘʜʠʛʤʳ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʠ ʫʩʢʦʨʠʪʴ ʵʬʬʝʢʪ ʦʪ ʧʝ-
ʨʝʭʦʜʘ ʥʘ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ï ʵʪʦ ʠʥʪʝʛʨʘʮʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʙʠʟʥʝʩ-ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʧʨʠ-
ʣʦʞʝʥʠʡ, ʢʘʢ ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʦʙʣʘʯʥʦʝ ʭʨʘʥʝʥʠʝ, ʧʦʜʢʣʶʯʝʥʠʝ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥ-
ʪʝʣʣʝʢʪ ʠ ʪ. ʜ., ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʤʘʞʦʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʭʝʤʝ ʠ ʧʦʚʳʰʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 
ʢʦʤʧʘʥʠʠ [1].  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʦʙʲʝʜʠʥʠʪʴ ʚ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

ɹʦʦʧʫʙʯʡʸ: ʏʝʪʚʝʨʪʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷ (ʀʥʜʫʩʪʨʠʷ 4.0) ʩ ʧʨʦʨʳʚʦʤ ʠʥʪʝʨʥʝʪʘ ʠ ʠʩʢʫʩ-
ʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʦʢʘʟʘʣʘ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ, ʠʟʤʝʥʠʚ ʚʩʝ ʘʩʧʝʢʪʳ ʛʣʦʙʘʣʴʥʦʡ ʩʦʮʠʘʣʴʥʦ-
ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʞʠʟʥʠ. ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʀʥʜʫʩʪʨʠʠ 4.0 ʙʦʣʴʰʝ 
ʥʝ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨʦʤ, ʘ ʩʪʘʣʘ ʥʝʠʟʙʝʞʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ, ʯʪʦʙʳ ʜʝʡʩʪʚʠʪʝʣʴ-
ʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʨʝʤʝʥʠ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʷʭ ʤʦʛʫʪ ʦʢʘʟʘʪʴ ʟʥʘʯʠ-
ʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʠʟʥʝʩ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʦʙʝʩʧʝ-
ʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦ ʚʩʝʡ ʵʢʦʩʠʩʪʝʤʝ ʙʠʟʥʝʩʘ ʠ ʧʦʚʳʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ. ɺ ʜʘʥ-
ʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʥʜʝʥʮʠʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʚ ʦʙʣʘʩʪʠ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ 
ʠʥʠʮʠʘʪʠʚʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ, ʠʩ-
ʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʮʠʬʨʦʚʠʟʘʮʠʷ. 
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Annotation: The fourth industrial revolution (Industry 4.0), with the breakthrough of the Internet and artificial 
intelligence, has had a powerful impact, changing all aspects of global social and economic life. Digital trans-
formation with the spread of Industry 4.0 is no longer a choice, but has become an inevitable development 
trend for enterprises to truly match the times. Digital technologies in oil and gas companies can have a signifi-
cant impact on business as they help increase hydrocarbon production, ensure safety throughout the business 
ecosystem and improve operational reliability. This article examines the oil and gas industry's digital transfor-
mation trends and initiatives. 
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ï ʇʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʲ-
ʝʜʠʥʷʶʱʠʝ ʥʘʫʢʫ ʦ ʜʘʥʥʳʭ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʜʘʪʯʠʢʠ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ, ʤʦʛʫʪ ʧʦʤʦʯʴ ʧʨʝʜʦʪʚʨʘ-
ʪʠʪʴ ʩʙʦʠ ʚ ʨʘʙʦʪʝ ʤʘʰʠʥ ʠ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ; 

ï ʂʘʯʝʩʪʚʦ ʠ ʧʘʨʘʤʝʪʨʳ ʧʨʦʜʫʢʮʠʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 
ʧʨʦʮʝʩʩʘ;  

ï ʆʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʢʦʛʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ, ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʠ ʚʠ-
ʟʫʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʝʛʤʝʥʪʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʩʦʢʨʘʪʠʪʴ ʧʝʨʩʦʥʘʣ, ʟʘʥʷʪʳʡ ʤʦʥʠʪʦʨʠʥʛʦʤ ʧʦ-
ʣʝʡ, ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʤʘʰʠʥ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʠ ʣʦʛʠʩʪʠʢʦʡ; 

ï ɹʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʫʯʰʝ. 
ɺʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. ʇʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʦ-

ʜʦʣʞʘʝʪ ʨʘʩʪʠ ʩ ʛʦʜʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ 
ʵʥʝʨʛʠʠ, ʥʝʬʪʴ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʙʫʜʫʪ ʦʩʪʘʚʘʪʴʩʷ ʩʘʤʳʤ ʙʦʣʴʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʤ 
ʥʘʩʝʣʝʥʠʝʤ ʤʠʨʘ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 55% ʦʙʱʝʛʦ ʛʦʜʦʚʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ. ʇʦ-
ʩʢʦʣʴʢʫ ʪʝʢʫʱʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʥʠʟʠʣʠʩʴ, ʧʦʩʪʦʷʥʥʳʡ 
ʨʦʩʪ ʪʦʧʣʠʚʘ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʧʨʦʠʟʦʡʜʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʢʘʯʦʢ ʚ ʨʘʟʚʝʜʢʝ ʠ 
ʜʦʙʳʯʝ. ɺʥʝʜʨʝʥʠʝ ʧʨʠʣʦʞʝʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʝʚʦʣʶʮʠʠ 4.0 ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʤʝʨ 
ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʘʪʨʘʪʘʭ [2]. 

ʉʝʛʦʜʥʷ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʥʘ ʜʚʫʭ ʘʩʧʝʢʪʘʭ ï ʦʧʪʠ-
ʤʠʟʘʮʠʠ ʀʊ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʙʠʟʥʝʩʘ. ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʪʴ ʙʝʨʝʞʣʠʚʫʶ ʠ ʛʠʙʢʫʶ ʩʨʝʜʫ ʀʊ-
ʫʩʣʫʛ, ʢʦʪʦʨʘʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʤ ʩʦʚʝʨʰʝʥʩʪʚʝ. ʀʟʫʯʘʶʪʩʷ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʥʦʚʳʝ ʀʊ-
ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʝʜʦʚʘʷ ʘʥʘʣʠʪʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʦʙʣʘʯʥʳʝ ʚʳ-
ʯʠʩʣʝʥʠʷ. ʄʝʞʜʫ ʪʝʤ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʦʤʦʛʘʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʟʥʝʩʘ ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ 
ʮʠʬʨʦʚʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, ʪʘʢʠʭ ʢʘʢ ʙʠʟʥʝʩ-ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝ-
ʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʘʢʪʠʚʦʚ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʮʠʬʨʦʚʠʟʘʮʠʷ ʫʩʠʣʠʚʘʝʪ ʦʧʝʨʘʪʠʚʥʫʶ ʤʦʜʝʨʥʠʟʘʮʠʶ, ʩʦʟʜʘʚʘʷ ʙʝʩʰʦʚʥʫʶ ʠʥʪʝ-
ʛʨʘʮʠʶ ʯʝʨʝʟ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʝʨʘʮʠʦʥʥʫʶ ʛʠʙʢʦʩʪʴ ʥʘ ʚʳʩʦʢʦʤ 
ʫʨʦʚʥʝ. 

ʆʥʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʥʷʪʠʷ ʨʝʰʝ-
ʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, ʪʝʤ ʩʘʤʳʤ ʫʩʢʦʨʷʷ ʪʚʦʨʯʝʩʢʠʝ ʮʠʬʨʦʚʳʝ ʠʥʥʦʚʘʮʠʠ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʧʦʚʳʰʝʥʠʶ ʦʧʝʨʘʮʠʦʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʥʘʩʣʝʜʦʚʘʥʥʦʡ ʬʝʜʝʨʘʪʠʚʥʦʡ ʦʧʝ-
ʨʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʚ ʵʢʦʥʦʤʠʯʥʫʶ, ʛʠʙʢʫʶ ʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʙʠʟʥʝʩ-
ʧʣʘʪʬʦʨʤʫ. ʊʝʭʥʦʣʦʛʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʪʘʢʞʝ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʲʝʜʠʥʝʥʠʶ ʜʘʥʥʳʭ ʠʟ ʬʠʥʘʥʩʦ-
ʚʳʭ, ʪʨʘʥʟʘʢʮʠʦʥʥʳʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʛʫʪ ʚʳʩʚʦʙʦʜʠʪʴ 
ʮʝʥʥʦʩʪʴ ʙʠʟʥʝʩʘ ʩ ʧʦʤʦʱʴʶ ʥʦʚʳʭ ʬʦʨʤ ʨʘʩʰʠʨʝʥʥʦʡ ʘʥʘʣʠʪʠʢʠ. ʎʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʚʘʨʴ-
ʠʨʦʚʘʪʴʩʷ ʦʪ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʦ ʩʣʦʞʥʳʭ ʠʤʠʪʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʥʘʜʝʞʥʦ 
ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʙʫʜʫʱʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʠ ʚʧʣʦʪʴ ʜʦ ʚʳʩʦʢʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʘʥʘʣʠʪʠʢʠ ʤʘʰʠʥʥʦʛʦ 
ʦʙʫʯʝʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʦʧʝʨʘʮʠʦʥ-
ʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʷʷ ʥʝʬʪʷʥʳʤ ʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤ ʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦ 
ʜʦʢʘʟʳʚʘʪʴ, ʯʪʦ ʦʥʠ ʵʢʩʧʣʫʘʪʠʨʫʶʪ ʩʚʦʠ ʘʢʪʠʚʳ ʙʝʟʦʧʘʩʥʦ, ʫʩʪʦʡʯʠʚʦ, ʥʘʜʝʞʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬ-
ʬʝʢʪʠʚʥʦ.  

ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʵʪʦ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʜʦʙʳʯʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʫ ʢʦʤʧʘʥʠʠ Deloitte ʟʘ 2015 ʛʦʜ, 
ʮʠʬʨʦʚʠʟʘʮʠʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ 10-ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ [3]. ʃʠʰʴ ʥʝʩʢʦʣʴʢʦ ʚʝʜʫ-
ʱʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦ-
ʵʪʦʤʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʪʘʪʴ "ʥʝʬʪʝʛʘʟʦʚʦʡ ʢʦʤʧʘʥʠʝʡ 4.0", ʢʦʤʧʘʥʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 
ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

ï ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ 
ʨʘʙʦʪʥʠʢʘʤ ʨʘʙʦʪʘʪʴ ʫʜʘʣʝʥʥʦ;  
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ï ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʧʨʦʧʫʩʢʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʫʣʫʯʰʘʝʪ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʤʝʞʜʫ ʙʝʨʝʛʦʚʳʤʠ ʠ 
ʙʝʨʝʛʦʚʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ;  

ï ɹʦʣʴʰʠʝ ʜʘʥʥʳʝ ʠ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʩʪʘʥʦʚʷʪʩʷ ʜʦʩʪʫʧʥʳʤʠ ʧʦ ʛʦʨʘʟʜʦ ʙʦ-
ʣʝʝ ʥʠʟʢʦʡ ʮʝʥʝ. ʊʝʭʥʦʣʦʛʠʷ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʣʘʯʥʘʷ ʧʣʘʪʬʦʨʤʘ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʜʝʣʘʶʪ 
ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʙʥʦʚʣʝʥʠʷ ʛʦʨʘʟʜʦ ʜʝʰʝʚʣʝ, ʯʝʤ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʝʨʚʝʨʥʳʝ 
ʩʠʩʪʝʤʳ ʙʘʟ ʜʘʥʥʳʭ; 

ï ʇʝʨʝʜʦʚʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʠʥʷʪʠʶ ʩʚʦʝʚʨʝʤʝʥʥʳʭ ʠ ʪʦʯʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦ-
ʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ;   

ï ʅʦʚʳʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʠ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʧʦʤʦʛʘʶʪ ʧʦʚʳʩʠʪʴ ʧʨʦ-
ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʇʨʦʮʝʩʩ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʨʦʭʦʜʠʪ ʪʨʠ ʢʣʶʯʝʚʳʭ ʵʪʘʧʘ: (1) ʦʮʠʬʨʦʚʢʘ, (2) ʦʮʠʬʨʦʚʢʘ 
ʧʨʦʮʝʩʩʘ (ʮʠʬʨʦʚʠʟʘʮʠʷ) ʠ (3) ʮʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ (ʎʊ).  

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʮʠʬʨʦʚʢʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʰʘʛʦʤ ʠ ʠʛʨʘʝʪ ʥʘʠʙʦʣʝʝ ʚʘʞʥʫʶ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ 
ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʩʜʝʣʘʪʴ ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʙʝʟ-
ʦʧʘʩʥʦʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʨʝʟʫʣʴʪʘʪ ʧʨʦʮʝʩʩʘ ʦʮʠʬʨʦʚʢʠ ʷʚʣʷʝʪʩʷ ʫʩʣʦʚʠʝʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʦʩʫ-
ʱʝʩʪʚʣʝʥʠʷ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ.  
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ǮǯǭǤǩǱǧǯǭǡǟǬǧǤ 
ǧǬǳǭǩǭǫǫǲǬǧǩǟǵǧǭǬǬǭǨ ǰǧǰǱǤǫǺ 
ǰǡǾǦǧ ǰ ǮǯǧǫǤǬǤǬǧǤǫ ǱǤǴǬǭǪǭǢǧǧ E-PON 

ǠȍȏȇȐȍȁ ǡȊǿȃȇȋȇȏ ǬȇȉȍȊǿȄȁȇȖ* 
ǦȂȍȌȞȈȉȍ ǤȁȂȄȌȇȈ ǟȌǿȑȍȊțȄȁȇȖ 

ʤʘʛʠʩʪʨʳ 
ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

 
ʀʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʘʟʚʠʪʠʠ. ʊʘʢ ʞʝ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʩʝʪʠ 

ʘʙʦʥʝʥʪʩʢʦʛʦ ʜʦʩʪʫʧʘ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʘʙʦʥʝʥʪʘʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʠʥʪʝʨʥʝʪ. ʂʘʞʜʳʡ ʛʦʜ 
ʚʦʟʨʘʩʪʘʝʪ ʩʧʨʦʩ ʥʘ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʨʘʙʘ-
ʪʳʚʘʶʪʩʷ ʠ ʚʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. 
ʆʧʝʨʘʪʦʨʳ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʫʩʣʫʛʠ ʩʚʷʟʠ ʥʘʩʝʣʝʥʠʶ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚʦ ʚʥʝʜʨʝʥʠʠ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 
ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʚʳʩʷʪ ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʙʦʥʝʥ-
ʪʦʚ ʠ ʩʦʢʨʘʪʷʪ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʠʥʬʦʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦ-
ʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ. ɺ ʩʝʪʷʭ ʩʚʷʟʠ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ, 
ʥʘʟʳʚʘʝʤʘʷ çʧʘʩʩʠʚʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʝʪʴè (ʈʆN). 

ɺ ʩʪʘʪʴʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʩʝʪʴ ʜʦʩʪʫʧʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ Gigabit PON (GPON) ʚ ʦʜʥʦʤ ʠʟ ʨʘʡʦʥʦʚ ʛʦ-
ʨʦʜʘ ʆʤʩʢʘ. ɺ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʩʝʪʠ ʜʦʩʪʫʧʘ ʜʣʷ ʘʙʦʥʝʥʪʦʚ ʩʪʘʥʫʪ ʜʦʩʪʫʧʥʳ ʫʩʣʫʛʠ ʩʢʦʨʦʩʪʥʦʛʦ ʠʥ-
ʪʝʨʥʝʪʘ, ʮʠʬʨʦʚʦʡ ʪʝʣʝʬʦʥʠʠ ʠ ʮʠʬʨʦʚʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʧʘʩʩʠʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʚʝʪʚʣʸʥʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʝʪʴ ʠ 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʙʦʩʥʦʚʘʥʠʷ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʷ ʫʯʘʩʪʢʘ ʩʝʪʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ G-PON ʜʣʷ ʞʠʣʦʛʦ ʤʘʩʩʠʚʘ ʛʦʨʦʜʘ ʆʤʩʢʘ. ʇʨʠʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ PON ʪʝʭʥʦʣʦʛʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʚʥʫʪʨʠʜʦʤʦʚʦʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʩʝʪʠ, ʧʨʦʠʟʚʝʜʝʥ ʨʘʩʯʝʪ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ ʩʚʷʟʠ: 
ʦʧʪʠʯʝʩʢʠʡ ʙʶʜʞʝʪ, ʜʠʩʧʝʨʩʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʥʘʜʝʞʥʦʩʪʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʝʭʥʦʣʦʛʠʠ PON, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʠʡ ʢʘʙʝʣʴ, ʦʧʪʠʯʝʩʢʠʡ ʙʶʜʞʝʪ, ʜʠʩʧʝʨʩʠʷ, ʚʝ-
ʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ. 
 

DESIGNING AN INFOCOMMUNICATION COMMUNICATION SYSTEM USING GPON TECHNOLOGY 
 

Borisov Vladimir Nikolaevich, 
Zgonyaiko Evgeny Anatolyevich 

 
Abstract: The article discusses the issues of development and justification of the main stages of the design of 
a network section using G-PON technology for a residential area of the city of Omsk. A study of the main types 
of PON technologies is given. As a result, the main stages of designing an intra-house distribution network 
were determined, the main characteristics of the communication system were calculated: optical budget, vari-
ance, reliability indicators. 
Key words: PON technologies, fiber-optic cable, optical budget, variance, probability of uptime, availability 
factor. 
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ʦʜʠʥ-ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʠʡ ʤʦʜʫʣʴ ʚ ʮʝʥʪʨʘʣʴʥʦʤ ʫʟʣʝ ʩʚʷʟʠ. ʕʪʘ ʩʝʪʴ ʧʝʨʝʜʘʸʪ ʠʥʬʦʨ-
ʤʘʮʠʶ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʘʙʦʥʝʥʪʦʚ. ʋ ʢʘʞʜʦʛʦ ʘʙʦʥʝʥʪʘ ʝʩʪʴ ʫʩʪʨʦʡʩʪʚʘ, ʥʘʟʳʚʘʝʤʳʝ çʘʙʦʥʝʥʪʩʢʠʡ 
ʪʝʨʤʠʥʘʣè. ʆʙʤʝʥ ʠʥʬʦʨʤʘʮʠʝʡ ʜʚʫʥʘʧʨʘʚʣʝʥʥʳʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʳʡ ʫʟʝʣ ʢʘʢ ʧʝʨʝʜʘʸʪ 
ʠʥʬʦʨʤʘʮʠʶ ʘʙʦʥʝʥʪʘʤ, ʪʘʢ ʠ ʧʨʠʥʠʤʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦʪ ʥʠʭ. ɺ ʪʝʭʥʦʣʦʛʠʠ çʧʘʩʩʠʚʥʘʷ ʦʧʪʠʯʝʩʢʘʷ 
ʩʝʪʴè ʦʪʩʫʪʩʪʚʫʶʪ ʘʢʪʠʚʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʫʟʣʳ. ɿʜʝʩʴ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʪʦʧʦʣʦʛʠʠ ʧʦʩʪʨʦʝʥʠʷ 
ʩʝʪʠ, ʢʘʢ ʰʠʥʥʘʷ, ʜʨʝʚʦʚʠʜʥʘʷ ʠ çʟʚʝʟʜʘè. ʉʝʪʠ ʩʚʷʟʠ ʩʪʨʦʷʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʛʦ ʚʦʣʦʢʥʘ ʠ 
ʩʧʣʠʪʪʝʨʦʚ (ʧʘʩʩʠʚʥʳʝ ʨʘʟʚʝʪʚʠʪʝʣʠ). 

ʂ ʦʜʥʦʤʫ ʧʨʠʸʤʦʧʝʨʝʜʘʶʱʝʤʫ ʤʦʜʫʣʶ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʙʦʥʝʥʪʩʢʠʭ 
ʫʩʪʨʦʡʩʪʚ. ʅʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʷ G-PON ʧʦʟʚʦʣʷʝʪ ʧʦʜʢʣʶʯʠʪʴ ʜʦ 128 ʘʙʦʥʝʥʪʦʚ. ʅʠʩʭʦʜʷʱʠʡ ʧʦʪʦʢ 
ʠʥʬʦʨʤʘʮʠʠ ʨʘʙʦʪʘʝʪ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1,49 ʤʢʤ (ʨʠʩ. 1). ʀ ʧʦʩʪʫʧʘʝʪ ʦʥ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʟʣʘ ʢ ʘʙʦ-
ʥʝʥʪʩʢʦʤʫ ʫʟʣʫ. ɺʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ ʨʘʙʦʪʘʝʪ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 1,31 ʤʢʤ. ʕʪʦʪ ʧʦʪʦʢ ʥʘʧʨʘʚ-
ʣʝʥ ʦʪ ʘʙʦʥʝʥʪʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʫʟʣʫ. ʎʝʥʪʨʘʣʴʥʳʡ ʠ ʘʙʦʥʝʥʪʩʢʠʝ ʫʟʣʳ ʩʦʜʝʨʞʘʪ ʚ 
ʩʝʙʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʳ ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʚʭʦʜʷʱʠʭ ʠ ʠʩʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ ʠʥʬʦʨʤʘʮʠʠ 
(WDʄ). 

 

 
ʉʡʪ. 1. ʊʫʩʬʣʫʬʩʦʙʸ ʪʮʞʥʙ PON-ʪʞʫʡ 

 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ PON: 
ï ʚʳʩʦʢʘʷ ʥʘʜʸʞʥʦʩʪʴ ʩʝʪʠ; 
ï ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ; 
ï ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʣʠʥʝʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʘʥʠʤʘʝʤʦʛʦ ʠʤ ʤʝʩʪʘ; 
ï ʩʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʆLʊ; 
ï ʧʨʦʩʪʦʪʘ ʧʦʜʢʣʶʯʝʥʠʷ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʦʚʳʭ ʘʙʦʥʝʥʪʦʚ ʚ ʩʝʪʠ; 
ï ʣʝʛʢʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʩʝʪʠ; 
ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩʨʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʙʦʥʝʥʪʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 
ï ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʩʝʪʷʤʠ ʙʝʩʧʨʦʚʦʜʥʦʛʦ ʜʦʩʪʫʧʘ (LTE); 
ï ʚʦʟʤʦʞʥʦʩʪʴ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʳʭ ʧʦʪʦʢʦʚ. 
ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʭʥʦʣʦʛʠʡ PON ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
ʈʘʩʩʯʠʪʘʝʤ ʙʶʜʞʝʪ ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ. ɼʣʷ ʨʘʩʯʸʪʘ ʧʨʠʤʝʤ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ. ʎʝʥ-

ʪʨʘʣʴʥʳʡ ʠ ʘʙʦʥʝʥʪʩʢʠʡ ʫʟʣʳ ʙʫʜʫʪ ʠʤʝʪʴ ʚʳʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ, ʨʘʚʥʫʶ 2,5 ʜɹʤ. ɿʥʘʯʝʥʠʝ ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʫʟʣʦʚ ʧʨʠʤʝʤ ʨʘʚʥʳʤ ï32 ʜɹʤ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʙʶʜʞʝʪʘ 
ʨʘʚʥʳʤ 33,5 ʜɹʤ. 

ʇʨʠʤʝʤ ʟʥʘʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʟʘʧʘʩʘ ʩʝʪʠ ʩʚʷʟʠ, ʨʘʚʥʳʤ 3 ʜɹʤ. ʉ ʫʯʸʪʦʤ ʵʪʦʛʦ ʧʨʝʜʝʣʴ-
ʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʧʪʠʯʝʩʢʦʛʦ ʙʶʜʞʝʪʘ ʩʝʪʠ G-ʈʆN ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʥʝʝ 30,5 ʜɹʤ. 
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ʋʙʚʤʡʯʙ 1  
ʎʙʩʙʣʫʞʩʡʪʫʡʣʡ PON ʫʞʮʦʧʤʧʜʡʢ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ BPON EPON(GEPON) GPON 

ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʧʨʷʤʦʡ/ʦʙʨʘʪʥʦʡ ʧʦʪʦʢ, 
ʄʙʠʪ/ʩ 

622/155 
622/622 

1000/1000 
1244/1244 
2488/1244 
2448/2488 

ɹʘʟʦʚʳʡ ʧʨʦʪʦʢʦʣ ATM Ethernet SDH (GFP) 

ʃʠʥʝʡʥʳʡ ʢʦʜ NRZ 8B10B NRZ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʘʙʦʥʝʥʪʦʚ 32 32 (64) 32(64) 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʨʘʜʠʫʩ ʩʝʪʠ, ʢʤ 20 10 (20) 20 

ɼʣʠʥʘ ʚʦʣʥʳ, ʧʨʷʤʦʡ/ ʦʙʨʘʪʥʦʡ ʧʦʪʦʢ  
(ʚʠʜʝʦ), ʥʤ 

1490/1310 
(1550) 

1490/1310 
(1550) 

1490/1310 
(1550) 

 
ɺʩʝ ʵʣʝʤʝʥʪʳ ʩʝʪʠ G-PON ʦʙʣʘʜʘʶʪ ʧʦʪʝʨʷʤʠ. ʀʭ ʟʥʘʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.2. 
 

ʋʙʚʤʡʯʙ 2 
ʈʧʫʞʩʡ ʛ ʶʤʞʥʞʦʫʙʮ ʪʞʫʡ 

ʇʘʨʘʤʝʪʨ ɺʝʣʠʯʠʥʘ ʧʦʪʝʨʴ, ʜɹ 

ʇʦʪʝʨʠ ʩʠʛʥʘʣʘ ʧʨʠ ʩʚʘʨʢʝ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ 0,05 

ʇʦʛʦʥʥʳʝ ʧʦʪʝʨʠ ʚ ʆɺ ʥʘ ʢʤ 0,22 

ɿʘʪʫʭʘʥʠʝ ʚ ʦʧʪʠʯʝʩʢʠʭ ʢʦʥʥʝʢʪʦʨʘʭ 0,1 

ʇʦʪʝʨʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʨʘʟʚʝʪʚʠʪʝʣʝ (1:2) 3,2 

ʇʦʪʝʨʠ ʚ ʦʧʪʠʯʝʩʢʦʤ ʨʘʟʚʝʪʚʠʪʝʣʝ (1:32) 17,0 

 
ɿʥʘʯʝʥʠʝ ʧʦʪʝʨʴ ʚ ʩʝʪʠ G-PON ʨʘʩʩʯʠʪʘʝʤ ʧʦ ʬʦʨʤʫʣʝ [1, ʩ. 374]: 

ὖ Ὂ ὅ Ὓ Ὓȟ                                                                  (1) 

ʛʜʝ ὖ ï ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ; 
Ὂ ï ʧʦʪʝʨʠ ʧʦ ʜʣʠʥʝ ʩʝʪʠ; 

ὅ ï ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʥʘ ʦʧʪʠʯʝʩʢʠʭ ʢʦʥʥʝʢʪʦʨʘʭ; 
Ὓ ï ʧʦʪʝʨʠ ʤʦʱʥʦʩʪʠ ʚ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ; 

Ὓ ï ʧʦʪʝʨʠ ʚ ʦʧʪʠʯʝʩʢʠʭ ʨʘʟʚʝʪʚʠʪʝʣʷʭ. 

ɺʳʧʦʣʥʠʤ ʨʘʩʯʸʪ ʜʣʷ 48 ʢʦʥʥʝʢʪʦʨʦʚ, 24-ʭ ʩʦʝʜʠʥʝʥʠʡ ʚʦʣʦʢʥʘ ʠ 2-ʭ ʨʘʟʚʝʪʚʠʪʝʣʝʡ. 
ὖ ςτπȢπυ τψπȢρ σȢς ρχ σπȢυ ̅ˎ,̍  
ʆʧʨʝʜʝʣʠʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʠʠ ʩʚʷʟʠ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ: 
ὒ σπȢυ ςτπȢπυτψπȢρ σȢς ρχȾπȢςς ρωȢυ ̋  ̍ 

ʈʘʩʯʸʪʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʠʥʳ ʣʠʥʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʝʤʣʝʤʳʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʭʝʤʘ 
ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʷ, ʠʟʜʝʣʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʝʪʠ G-PON, ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠ ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʦ. 

ɼʠʩʧʝʨʩʠʷ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʤʦʜʦʚʳʝ ʠʣʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 
ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʝʷʥʳ ʧʦ ʚʨʝʤʝʥʠ. ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʜʠʩʧʝʨʩʠʠ: ʤʦʜʦʚʘʷ, ʤʘʪʝʨʠʘʣʴ-
ʥʘʷ, ʚʦʣʥʦʚʦʜʥʘʷ. ʇʨʠʯʠʥʘʤʠ ʧʦʷʚʣʝʥʠʷ ʜʠʩʧʝʨʩʠʠ ʚ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʦʢʥʘʭ ʩʣʫʞʘʪ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 
ʩʚʝʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʬʦʪʦʜʠʦʜʦʚ, ʣʘʟʝʨʦʚ) ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʦʧʪʠʯʝʩʢʦʤ ʚʦʣʦʢʥʝ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜ. 

ʄʦʜʦʚʘʷ ʜʠʩʧʝʨʩʠʷ ʦʙʫʩʣʦʚʣʝʥʘ ʧʨʠʩʫʪʩʪʚʠʝʤ ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʜ. ʄʘʪʝʨʠʘʣʴʥʘʷ ʠ 
ʚʦʣʥʦʚʦʜʥʘʷ ʜʠʩʧʝʨʩʠʠ ʩʦʚʤʝʩʪʥʦ ʦʙʨʘʟʫʶʪ ʭʨʦʤʘʪʠʯʝʩʢʫʶ ʜʠʩʧʝʨʩʠʶ. ʕʪʦʪ ʚʠʜ ʜʠʩʧʝʨʩʠʠ ʦʙʫʩʣʦʚ-
ʣʝʥ ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴʶ ʠʟʣʫʯʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ 
ʚʦʣʥʳ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʨʦʞʜʘʝʪ ʤʘʪʝʨʠʘʣʴʥʫʶ ʜʠʩʧʝʨʩʠʶ. ʇʨʦʚʝʜʷ ʨʘʩʯʝʪ [1, ʩ. 376], ʧʦʣʫʯʘʝʤ 
ʟʥʘʯʝʥʠʝ ʜʠʩʧʝʨʩʠʠ, ʨʘʚʥʦʝ 1,8 ʧʩ ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ 1550 ʥʤ ʠ 0,9 ʧʩ ʜʣʷ 1310 ʥʤ. 

ʇʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ DF ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʭʦʜʷʱʝʡ ʧʦ ʦʧʪʠʯʝʩʢʦʤʫ 

ʚʦʣʦʢʥʫ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ DF ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 244 ɻɻʮ/ʢʤ. 
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ʉʚʦʡʩʪʚʦ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʪʨʝʙʫʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩ ʟʘʜʘʥʥʳʤ ʢʘ-
ʯʝʩʪʚʦʤ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʝʝ ʥʘʜʝʞʥʦʩʪʴʶ. ɺʆʃʉ ʤʦʞʥʦ ʨʘʩ-
ʩʤʦʪʨʝʪʴ ʢʘʢ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʣʠʥʝʡʥʦʛʦ ʠ ʩʪʘʥʮʠʦʥʥʦʛʦ ʩʦʦʨʫʞʝʥʠʡ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʜʝʞ-
ʥʦʩʪʠ ʩʠʩʪʝʤʳ ʵʪʠ ʩʦʦʨʫʞʝʥʠʷ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ [2, ʩ. 210].  

ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʩʝʪʠ G-PON, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
1) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʢʘʟʦʚ ‗(t);  
2) ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʈʩʠʩʪ(t); 
2) ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ tʩʨ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʥʘʜʸʞʥʦʩʪʠ ʜʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝ-

ʤʳʭ ʩʠʩʪʝʤ [3, ʩ. 37]. ʆʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʪʦʛʦ, ʯʪʦ ʵʣʝʤʝʥʪ (ʩʠʩʪʝʤʘ) ʙʫʜʝʪ ʨʘʙʦʪʦʩʧʦʩʦʙʝʥ 
ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʛʦʪʦʚʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʩʝʪʠ ʨʘʚʝʥ ʂʛ = 0,999982. 
ʈʘʩʩʯʠʪʘʝʤ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ: ʈʩʠʩʪ(t) = 0,96726. 
ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʜʝʞʥʦʩʪʠ, ʧʦʜ-

ʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʢʘʢ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʩʝʪʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ G-PON, ʪʘʢ ʠ PON 
ʪʝʭʥʦʣʦʛʠʠ ʚ ʮʝʣʦʤ. 
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ǯǺǬǭǩ @GL?LAC LDR8 ǭǵǤǬǩǟ ǣǭǴǭǣǬǭǰǱǧ ǧ 
ǮǤǯǰǮǤǩǱǧǡ 

ǟȌǿȌȖȄȌȉȍ ǧȂȍȏț ǡȇȉȑȍȏȍȁȇȖ, 
ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, 

ǩǿȏǿȃȅǿȄȁ ǫȒȐǿ ǫȒȏȑȒȆǿȊȇȄȁȇȖ* 
ǩȏǿȁȕȍȁ ǟȌȃȏȄȈ ǟȌȃȏȄȄȁȇȖ 

ʩʪʫʜʝʥʪ,r  
ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

 

 
ʅʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ ʪʦʢʝʥʳ (NFT, ʦʪ ʘʥʛʣ. non-fungible token ï ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʡ ʪʦʢʝʥ) ï 

ʚʠʜ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʪʦʢʝʥʦʚ, ʢʘʞʜʳʡ ʵʢʟʝʤʧʣʷʨ ʢʦʪʦʨʳʭ ʫʥʠʢʘʣʝʥ [1]. ʅʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʡ ʪʦʢʝʥ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʪʠʬʠʢʘʪ ʫʥʠʢʘʣʴʥʦʩʪʠ ʮʠʬʨʦʚʦʛʦ ʦʙʲʝʢʪʘ ð ʮʠʬʨʦʚʦʡ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʡ 
ʩʝʨʪʠʬʠʢʘʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʥʝʢʦʝʛʦ ʜʦʢʫʤʝʥʪʘ, ʧʨʝʜʦʩʪʘʚʣʷʶʱʝʛʦ ʢʦʥʢʨʝʪʥʦʤʫ ʯʝʣʦʚʝʢʫ ʧʦʜ-
ʪʚʝʨʞʜʝʥʠʝ ʝʛʦ ʧʨʘʚʘ ʥʘ ʚʣʘʜʝʥʠʝ ʥʝʢʦʪʦʨʳʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʥʘʙʦʨʦʤ ʜʘʥʥʳʭ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 
ʮʠʬʨʦʚʦʛʦ ʘʢʪʠʚʘ, ʬʘʡʣʘ. ʅʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʡ ʪʦʢʝʥ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʢʦʧʠʨʦʚʘʥʠʶ ʮʠʬʨʦʚʦʛʦ ʘʨʪʝ-
ʬʘʢʪʘ, ʦʥ ʪʦʣʴʢʦ ʟʘʢʨʝʧʣʷʝʪ ʧʨʘʚʦ ʚʣʘʜʝʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʤ ʵʢʟʝʤʧʣʷʨʦʤ ʮʠʬʨʦʚʦʛʦ ʘʨʪʝʬʘʢʪʘ. 
ʅʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʡ ʪʦʢʝʥ ʷʚʣʷʝʪʩʷ ʣʦʛʠʯʝʩʢʠʤ ʧʝʨʝʥʦʩʦʤ ʠʜʝʡ ʫʤʥʦʛʦ ʢʦʥʪʨʘʢʪʘ (ʦʪ ʘʥʛʣ. smart 
contract ï ʫʤʥʳʡ ʢʦʥʪʨʘʢʪ), ʷʚʣʷʶʱʝʛʦʩʷ ʢʦʤʧʴʶʪʝʨʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ ʬʦʨʤʠʨʦ-

ɹʦʦʧʫʙʯʡʸ: ʨʦʩʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʪʦʢʝʥʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʣʘ-
ʜʝʣʴʮʝʚ ʨʘʟʣʠʯʥʳʭ ʬʘʡʣʦʚ ʚ ʀʥʪʝʨʥʝʪ ʧʨʠʚʝʣ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʦʱʘʜʦʢ ʦʪ ʢʨʫʧʥʳʭ ʠʛʨʦʢʦʚ ʚʦʢʨʫʛ 
ʵʪʦʡ ʩʬʝʨʳ. ʇʣʘʪʬʦʨʤʘ Binance ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʝʡ ʢʨʠʧʪʦʚʘʣʶʪʥʦʡ ʙʠʨʞʝʡ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʡ ʙʳʣʠ 
ʟʘʧʫʱʝʥʳ ʩʘʤʳʝ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ, ʪʦʨʛʦʚʣʠ ʠ ʦʙʤʝʥʘ ʨʘʟʣʠʯʥʳʭ NFT-ʨʘʙʦʪ, ʩʚʷʟʘʥ-
ʥʳʭ ʢʘʢ ʩ ʧʨʝʜʤʝʪʘʤʠ ʠʩʢʫʩʩʪʚʘ, ʪʘʢ ʠ ʩ ʧʨʝʜʤʝʪʘʤʠ ʠʟ ʦʥʣʘʡʥ-ʠʛʨ. ɺʳʧʦʣʥʝʥ ʨʘʟʙʦʨ ʧʨʠʨʦʜʳ ʥʝʚʟʘʠ-
ʤʦʟʘʤʝʥʷʝʤʳʭ ʪʦʢʝʥʦʚ, ʜʘʥʘ ʦʮʝʥʢʘ ʨʠʩʢʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʩʪʦʣʢʥʫʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʦʮʝʥʠʚʘʝʪʩʷ 
ʜʦʭʦʜʥʦʩʪʴ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʢʫʧʢʠ-ʧʨʦʜʘʞʠ ʪʦʢʝʥʦʚ ʥʘ ʧʣʘʪʬʦʨʤʝ Binance. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: Binance, ʬʠʥʘʥʩʦʚʘʷ ʘʥʘʣʠʪʠʢʘ, ʢʨʠʧʪʦʚʘʣʶʪʘ, ʪʦʨʛʦʚʣʷ, ʬʠʥʘʥʩʦʚʳʝ ʠʥʩʪʨʫʤʝʥ-
ʪʳ, ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʡ ʪʦʢʝʥ     
 

BINANCE NFT MARKETPLACE:  EVALUATION OF PROFITABILITY AND PROSPECTS 
 

Ananchenko Igor Viktorovich, 
Karadzhaev Musa Murtuzalievich,  

Kravtsov Andrey Andreevich  
 
Abstract: the growing popularity of using non-fungible tokens to identify the owners of various files on the In-
ternet has led to the formation of platforms from large players around this area. The Binance platform is the 
largest cryptocurrency exchange market that has launched the latest tools for receiving, trading and exchang-
ing various NFT works related to both art and online game items. An analysis was made of the nature of non-
fungible tokens, an assessment of the risks that users may encounter, an assessment of the profitability and 
prospects for buying and selling tokens on the Binance platform. 
Key words: Binance, financial analytics, cryptocurrency, trading, financial instruments, non-fungible token. 
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ʚʘʥʠʷ, ʢʦʥʪʨʦʣʷ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʣʘʜʝʥʠʠ ʯʝʤ-ʣʠʙʦ, ʥʘ ʧʨʝʜʤʝʪʳ ʠʩʢʫʩʩʪʚʘ ʠ ʧʨʦʯʠʝ 
ʬʘʡʣʳ (ʢʘʨʪʠʥʢʠ, ʤʫʟʳʢʫ, ʧʨʝʜʤʝʪʳ ʚ ʦʥʣʘʡʥ-ʠʛʨʘʭ).  ʇʨʠ ʵʪʦʤ, ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʡ ʪʦʢʝʥ ʧʨʠ ʩʦ-
ʟʜʘʥʠʠ ʚʢʣʶʯʘʝʪʩʷ ʚ ʦʙʱʠʡ ʙʣʦʢʯʝʡʥ, ʥʘʧʨʠʤʝʨ, ʢʨʠʧʪʦʚʘʣʶʪʳ Ethereum, ʧʦ ʧʨʘʚʠʣʘʤ ʫʤʥʦʛʦ ʢʦʥ-
ʪʨʘʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʝʛʦ ʚʣʘʜʝʣʴʮʫ ʜʨʫʛʦʛʦ ʢʦʰʝʣʴʢʘ ʢʨʠʧʪʦʚʘʣʶʪʳ ʵʪʦʛʦ ʙʣʦʢʯʝʡʥʘ ʧʦ 
ʧʨʦʮʝʜʫʨʘʤ ʦʙʨʘʙʦʪʢʠ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʦʚ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʦʟʥʘʯʘʝʪ ʚʳʧʣʘʪʫ ʢʦʤʠʩʩʠʠ ʜʣʷ ʩʠʩʪʝʤʳ, 
ʥʘʧʨʠʤʝʨ, ʩʠʩʪʝʤʝ ʫʟʣʦʚ (ʥʦʜ) Ethereum.  

ɺ ʠʶʥʝ 2021 ʛʦʜʘ ʢʨʫʧʥʝʡʰʘʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʙʠʨʞʘ Binance (ʩʘʡʪ ʧʨʦʝʢʪʘ 
https://www.binance.com), ʧʦʟʚʦʣʷʶʱʘʷ ʪʦʨʛʦʚʘʪʴ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ, ʟʘʧʫʩʪʠʣʘ ʩʚʦʶ ʩʦʙʩʪʚʝʥʥʫʶ ʧʣʦ-
ʱʘʜʢʫ ʤʘʨʢʝʪʧʣʝʡʩ (ʦʪ ʘʥʛʣ. marketplace ï ʨʳʥʦʢ) Binance NFT, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʪʦʨʛʦʚʘʪʴ ʢʘʢ ʥʝʧʦ-
ʩʨʝʜʩʪʚʝʥʥʦ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤʠ ʪʦʢʝʥʘʤʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʤʝʪʳ ʠʩʢʫʩʩʪʚʘ ʠ ʧʨʝʜʤʝʪʳ ʜʣʷ ʦʥ-
ʣʘʡʥ-ʠʛʨ, ʪʘʢ ʠ ʤʠʩʪʝʨʠ-ʙʦʢʩʘʤʠ (ʦʪ ʘʥʛʣ. mystery box ï ʪʘʠʥʩʪʚʝʥʥʘʷ ʢʦʨʦʙʢʘ, ʢʦʨʦʙʢʘ ʩ ʩʝʢʨʝʪʦʤ). 
ʄʠʩʪʝʨʠ-ʙʦʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʥʝʢʠʡ ʢʦʥʪʝʡʥʝʨ, ʪʘʢʞʝ ʷʚʣʷʶʱʠʡʩʷ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʤ ʪʦʢʝ-
ʥʦʤ, ʦʙʳʯʥʦ ʜʣʷ ʢʘʨʪʠʥʢʠ ʠʣʠ GIF-ʠʟʦʙʨʘʞʝʥʠʷ, ʩʪʠʣʠʟʦʚʘʥʥʦʛʦ ʧʦʜ ʢʦʥʪʝʡʥʝʨ ʧʦ ʪʝʤʘʪʠʢʝ NFT-
ʢʦʣʣʝʢʮʠʠ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʦʜʠʥ ʠʟ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʪʦʢʝʥʦʚ ʠʟ NFT-ʢʦʣʣʝʢʮʠʠ. ʅʝʚʟʘʠ-
ʤʦʟʘʤʝʥʷʝʤʳʝ ʪʦʢʝʥʳ ʠʟ ʢʦʣʣʝʢʮʠʠ ʦʙʳʯʥʦ ʠʤʝʶʪ ʛʨʘʜʘʮʠʶ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʜʢʦʩʪʠ ʪʦʢʝʥʘ: C ï 
common (ʦʪ ʘʥʛʣ. ʦʙʱʠʡ, ʟʘʫʨʷʜʥʳʡ), N ï normal (ʦʪ ʘʥʛʣ. ʥʦʨʤʘʣʴʥʳʡ, ʦʙʳʯʥʳʡ, ʩʪʘʥʜʘʨʪʥʳʡ), R ï 
rare (ʦʪ ʘʥʛʣ. ʨʝʜʢʠʡ, ʥʝʦʙʳʯʥʳʡ), SR ï super rare (ʦʪ ʘʥʛʣ. ʦʯʝʥʴ ʨʝʜʢʠʡ) ʠ SSR ï super super rare (ʦʪ 
ʘʥʛʣ. ʦʯʝʥʴ-ʦʯʝʥʴ ʨʝʜʢʠʡ). ʈʝʜʢʦʩʪʴʶ ʪʦʢʝʥʘ ʠʟ ʤʠʩʪʝʨʠ-ʙʦʢʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʪʦ-
ʢʝʥʦʚ ʚʦ ʚʩʝʡ ʢʦʣʣʝʢʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʣʫʯʠʪʴ ʠʟ ʚʩʝʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʪʢʨʳʪʳʭ ʤʠʩʪʝʨʠ-
ʙʦʢʩʦʚ ʢʦʣʣʝʢʮʠʠ. ʉʘʤʳʝ ʨʝʜʢʠʝ ʪʦʢʝʥʳ ʦʙʳʯʥʦ ʠʤʝʶʪ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʜʢʠʭ ʪʦʢʝʥʦʚ ʤʝʥʝʝ ʦʜʥʦ-
ʛʦ ʧʨʦʮʝʥʪʘ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʪʦʢʝʥʦʚ ʚ ʢʦʣʣʝʢʮʠʠ.  

ʅʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ ʪʦʢʝʥʳ ʯʘʱʝ ʚʩʝʛʦ ʩʪʘʥʦʚʷʪʩʷ ʧʨʝʜʤʝʪʘʤʠ ʜʣʷ ʢʦʣʣʝʢʮʠʦʥʠʨʦʚʘʥʠʷ 
ʣʶʜʴʤʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʯʘʩʪʥʳʤ ʢʦʣʣʝʢʮʠʦʥʠʨʦʚʘʥʠʝʤ [2-4]. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ɻʦʩʫʜʘʨ-
ʩʪʚʝʥʥʳʡ ʄʫʟʝʡ ʕʨʤʠʪʘʞ ʦʩʝʥʴʶ 2021 ʛʦʜʘ ʧʨʦʜʘʣ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ ʪʦʢʝʥʳ ʢʘʨʪʠʥ ʠʟ ʩʚʦʝʡ ʢʦʣ-
ʣʝʢʮʠʠ ʥʘ ʩʫʤʤʫ ʩʚʳʰʝ 32 ʤʣʥ ʨʫʙʣʝʡ. ʇʨʠ ʵʪʦʤ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʧʨʠʦʙʨʝʣʠ ʵʪʠ ʪʦʢʝʥʳ, ʥʝ ʧʦʣʫʯʠʣʠ 
ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʘʚʘ ʥʘ ʚʣʘʜʝʥʠʷ ʩʘʤʠʤʠ ʢʘʨʪʠʥʘʤʠ, ʘ ʪʦʣʴʢʦ ʧʦʣʫʯʠʣʠ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʥʘ ʚʣʘʜʝʥʠʝ ʠʭ 
ʮʠʬʨʦʚʳʤʠ ʢʦʧʠʷʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʧʦʧʫʣʷʨʥʦʩʪʠ ʵʪʦʡ ʪʝʤʳ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʝ 
ʪʦʢʝʥʳ ʩʪʘʣʠ ʩʧʦʩʦʙʦʤ ʩʧʝʢʫʣʷʪʠʚʥʦʡ ʪʦʨʛʦʚʣʠ, ʯʪʦ ʚʢʫʧʝ ʩ ʥʝʨʝʛʫʣʠʨʫʝʤʦʡ ʧʨʠʨʦʜʦʡ ʢʨʠʧʪʦʚʘʣʶʪʳ, 
ʟʘ ʢʦʪʦʨʫʶ ʦʥʠ ʧʨʠʦʙʨʝʪʘʶʪʩʷ, ʧʨʠʚʝʣʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʪʦʢʝʥʦʚ ʚ ʢʘʯʝʩʪʚʝ 
ʩʧʦʩʦʙʘ ʫʭʦʜʘ ʦʪ ʥʘʣʦʛʦʚ ʠ ʙʳʩʪʨʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʫʤʥʦʞʠʪʴ ʢʘʧʠʪʘʣ. ʊʘʢ, ʦʙʱʠʡ ʝʞʝʜʥʝʚʥʳʡ ʦʙʦ-
ʨʦʪ ʪʦʢʝʥʦʚ ʨʘʙʦʪ ʠʟ ʢʦʣʣʝʢʮʠʠ CryptoPunks ʦʪ ʢʦʤʘʥʜʳ ʭʫʜʦʞʥʠʢʦʚ Larva Labs ʫʞʝ ʚ ʘʚʛʫʩʪʝ 2021 ʛʦʜʘ 
ʠʤʝʣ ʝʞʝʜʥʝʚʥʳʡ ʦʙʲʸʤ ʧʨʦʜʘʞ ʚ 86 ʤʠʣʣʠʦʥʦʚ ʜʦʣʣʘʨʦʚ, ʘ ʜʚʝ ʨʘʙʦʪʳ ʠʟ ʪʦʡ ʞʝ ʢʦʣʣʝʢʮʠʠ ʙʳʣʠ 
ʧʨʦʜʘʥʳ ʟʘ 4200 ʪʦʢʝʥʦʚ ʢʨʠʧʪʦʚʘʣʶʪʳ Ethereum (7.5 ʤʣʥ ʜʦʣʣʘʨʦʚ ʥʘ ʤʦʤʝʥʪ ʧʨʦʜʘʞʠ, 13.1 ʤʣʥ ʜʦʣ-
ʣʘʨʦʚ 20 ʷʥʚʘʨʷ 2021 ʛʦʜʘ). 

ʈʳʥʦʢ ʢʘʢ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʪʦʢʝʥʦʚ, ʪʘʢ ʠ ʤʠʩʪʝʨʠ-ʙʦʢʩʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʠʩʢʦ-
ʚʘʥʥʳʤ ʠ ʧʨʠʙʳʣʴʥʳʤ [2-5]. ʊʘʢ, ʥʝʢʦʪʦʨʳʝ çʟʘʢʨʳʪʳʝè ʤʠʩʪʝʨʠ-ʙʦʢʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʜʘʚʘʣʠʩʴ ʩʦʟʜʘ-
ʪʝʣʷʤʠ ʟʘ 90 ʜʦʣʣʘʨʦʚ, ʥʘ ʚʪʦʨʠʯʥʦʤ ʨʳʥʢʝ ʧʨʦʜʘʚʘʣʠʩʴ ʫʞʝ ʟʘ 900 ʜʦʣʣʘʨʦʚ. ʅʘ ʩʪʦʠʤʦʩʪʴ çʦʪʢʨʳ-
ʪʳʭè ʪʦʢʝʥʦʚ ʠʟ ʢʦʣʣʝʢʮʠʠ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʠʭ ʨʝʜʢʦʩʪʴ. ʊʘʢ, ʪʦʢʝʥ ʠʟ ʤʠʩʪʝʨʠ-ʙʦʢʩʘ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʪʝʣʠ 
ʧʨʦʜʘʶʪ ʟʘ ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʮʝʥʫ, ʤʦʞʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʤʠʩʪʝʨʠ-ʙʦʢʩ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʪʦʢʝʥ ʠʟ ʤʠ-
ʩʪʝʨʠ-ʙʦʢʩʘ ʦʙʣʘʜʘʝʪ ʨʝʜʢʦʩʪʴʶ SR ʠʣʠ SSR. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʪʝʨʷʪʴ ʜʝʥʴʛʠ ʟʘ 
ʧʨʠʦʙʨʝʪʝʥʥʳʡ ʤʠʩʪʝʨʠ-ʙʦʢʩ ʠʣʠ ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʥʝʛʦ ʪʦʢʝʥ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʝʜʤʝʪʦʚ ʜʣʷ ʢʦʣ-
ʣʝʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʠʦʙʨʝʪʘʝʪʩʷ ʧʨʦʛʨʘʤʤʘʤʠ ʜʨʫʛʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʧʣʦ-
ʱʘʜʢʠ Binance, ʠ ʤʥʦʛʠʝ ʘʚʪʦʨʳ ʢʦʣʣʝʢʮʠʡ ʜʣʷ ʤʠʩʪʝʨʠ-ʙʦʢʩʦʚ ʩʧʝʮʠʘʣʴʥʦ ʚʳʩʪʘʚʣʷʶʪ ʚʳʩʦʢʠʡ ʣʠʤʠʪ 
ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʨʠʦʙʨʝʪʝʥʠʷ ʤʠʩʪʝʨʠ-ʙʦʢʩʦʚ ʥʘ ʦʜʠʥ ʘʢʢʘʫʥʪ (20-100 ʤʠʩʪʝʨʠ ʙʦʢʩʦʚ 
ʚ ʦʜʥʠ ʨʫʢʠ), ʯʪʦ ʪʘʢʞʝ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʮʝʥ ʧʦʩʣʝ ʩʪʘʨʪʘ ʪʦʨʛʦʚ. 

ʄʘʨʢʝʪʧʣʝʡʩ Binance NFT ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʭʨʘʥʷʝʪ ʧʦʟʠʮʠʠ ʢʨʫʧʥʝʡʰʝʡ ʪʦʨʛʦʚʦʡ ʧʣʦʱʘʜʢʠ 
ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳʭ ʪʦʢʝʥʦʚ [5]. ʇʣʦʱʘʜʢʘ ʧʨʦʚʦʜʠʪ ʢʦʣʣʘʙʦʨʘʮʠʠ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʠʟʚʝʩʪʥʳʭ 
ʙʨʝʥʜʦʚ, ʤʫʟʝʷʤʠ, ʧʝʚʮʘʤʠ, ʘʢʪʝʨʘʤʠ ʠ ʩʧʦʨʪʩʤʝʥʘʤʠ, ʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʪʦʨ-
ʛʦʚʣʠ ʪʦʢʝʥʘʤʠ ʜʣʷ ʦʥʣʘʡʥ-ʠʛʨ. ɽʜʠʥʩʪʚʝʥʥʳʤ, ʯʪʦ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠ-
ʪʠʷ ʧʣʦʱʘʜʢʠ, ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʦ ʤʘʩʩʦʚʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ Binance ʩ 
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ʬʠʥʘʥʩʦʚʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʠʥʪʝʨʝʩ ʩʦʟʜʘʪʝʣʝʡ ʧʨʦʠʟʚʝʜʝʥʠʡ ʠʩʢʫʩʩʪʚʘ ʢ ʩʦʪʨʫʜ-
ʥʠʯʝʩʪʚʫ ʩ ʧʣʦʱʘʜʢʦʡ. ɺ ʦʩʪʘʣʴʥʦʤ ʦʙʱʘʷ ʢʘʧʠʪʘʣʠʟʘʮʠʷ ʠ ʦʙʦʨʦʪ, ʩʚʷʟʘʥʥʳʡ ʩ ʥʝʚʟʘʠʤʦʟʘʤʝʥʷʝʤʳ-
ʤʠ ʪʦʢʝʥʘʤʠ, ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ, ʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʤʝʜʠʡʥʳʤʠ ʣʠʮʘʤʠ ʠ ʠʟʚʝʩʪʥʳʤʠ ʜʝʷʪʝʣʷʤʠ 
ʧʨʠʚʣʝʯʝʪ ʙʦʣʴʰʫʶ ʘʫʜʠʪʦʨʠʶ, ʢʦʪʦʨʘʷ ʟʘʭʦʯʝʪ ʧʨʠʫʤʥʦʞʠʪʴ ʩʚʦʠ ʢʘʧʠʪʘʣʳ. 
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ǰǯǤǣǰǱǡǟ ǦǟǸǧǱǺ ǧǬǳǭǯǫǟǵǧǧ ǡ 
ǭǮǤǯǟǵǧǭǬǬǺǴ ǰǧǰǱǤǫǟǴ ǰǮǤǵǧǟǪǻǬǭǢǭ 
ǬǟǦǬǟǶǤǬǧǾ 

 
ǶȄȏȀǿȄȁ ǮǿȁȄȊ ǭȊȄȂȍȁȇȖ 

ʀʥʞʝʥʝʨïʧʨʦʛʨʘʤʤʠʩʪ  
ɸʆ çʆʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ ʅʀɸɸɸ ʠʤ. ʉʝʤʝʥʠʭʠʥʘè, 

ʩʪʫʜʝʥʪ  
ʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʚʷʟʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ (ʄʊʋʉʀ) 

 

 
ɻʛʞʝʞʦʡʞ 
ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ï ʢʣʶʯʝʚʦʡ ʘʩʧʝʢʪ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʘʥʠʡ ʨʘʙʦʪʘʶʱʠʭ ʩ ʩʝʢ-

ʨʝʪʥʦʡ ʠʣʠ ʩʚʷʟʘʥʥʦʡ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʪʘʡʥʦʡ, ʠʥʬʦʨʤʘʮʠʝʡ. ɼʣʷ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, ʨʝʘʣʠʟʫʶʪʩʷ 
ʮʝʣʳʝ ʢʦʤʧʣʝʢʩʳ ʜʣʷ ʙʦʨʴʙʳ ʩ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʜʘʥʥʳʤ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʢʘʢ 
ʧʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ (ʛʦʪʦʚʳʝ ʠʣʠ ʨʫʢʦʧʠʩʥʳʝ), ʪʘʢ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʫʛʨʦʟʳ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʷʭ, ʪʦ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʯʘʩʪʴ ʤʝʨ ʧʦ ʦʙʝʩʧʝ-
ʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʩʘʤʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʜʘʞʝ ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʢʣʘʩʩʠ-
ʯʝʩʢʫʶ ʆʉ Windows. ʆʜʥʘʢʦ ʚʦʧʨʦʩ ʩʦʩʪʦʠʪ ʩʦʚʩʝʤ ʚ ʜʨʫʛʦʤ. ʅʘʩʢʦʣʴʢʦ ʵʪʠ ʤʝʨʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʝʟ-
ʦʧʘʩʥʦʩʪʴ ʥʘ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʘʤʠʤ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʆʉ Windows ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʟʘʱʠʪʫ ʣʠʰʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʜʘʥʥʳʭ, ʜʣʷ ʟʘʱʠʪʳ ʩʝʢʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʥʝ 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥ-
ʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʆʉ ʩʠʩʪʝʤʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʂʘʢʠʤʠ ʜʦʢʫ-
ʤʝʥʪʘʤʠ, ʠ ʢʘʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ. ʏʪʦ ʦʙʱʝʛʦ ʠ ʚ 
ʯʝʤ ʦʩʦʙʝʥʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʆʉ. ʂʘʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ, ʠ ʚ ʢʘʢʦʤ ʥʘʧʨʘʚ-
ʣʝʥʠʠ ʙʫʜʫʪ ʜʚʠʛʘʪʴʩʷ ʜʘʣʴʥʝʡʰʠʝ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ, ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ (ʉɿʀ), ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 
ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʤʦʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʚʦʦʨʫʞʸʥʥʳʭ ʩʠʣ (ʄʉɺʉ), ʙʠʙʣʠʦʪʝʢʘ PAM, ʜʠʩʢʨʝʮʠ-
ʦʥʥʘʷ ʧʦʣʠʪʠʢʘ, ʤʘʥʜʘʪʥʘʷ ʧʦʣʠʪʠʢʘ, ʤʘʥʜʘʪʥʘʷ ʤʝʪʢʘ, ʮʝʣʦʩʪʥʦʩʪʴ ʬʘʡʣʦʚ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ. 
 

INFORMATION SECURITY TOOLS IN SPECIAL-PURPOSE OPERATING SYSTEMS 
 

Cherbaev Pavel Olegovich  
 
Abstract: This article summarizes the basic principles of building information security tools that are used in the 
classical OS system for special purposes. What documents, and what requirements, are guided by when 
building a security system. What is common and what are the features of the security organization in a particu-
lar OS. What modifications, and in what direction will the further development of the software product move. 
Key words: Information protection, information security tools, special purpose operating system, mobile sys-
tem of the armed forces (MSVS), PAM library, discretionary policy, mandatory policy, mandatory label, file in-
tegrity, redundancy. 
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ʧʨʠʛʦʜʥʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʳʭ ʟʘʜʘʯ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʟʘʱʠʪʳ, ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʧʝʮʠʘʣʴ-

ʥʳʝ ʩʙʦʨʢʠ ʆʉ, ʢʦʥʢʨʝʪʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ. ʊʘʢʘʷ ʆʉ ʧʨʦʭʦʜʠʪ ʦʙʷʟʘʪʝʣʴʥʳʡ ʢʦʥ-
ʪʨʦʣʴ ʚʳʩʰʠʤʠ ʦʨʛʘʥʘʤʠ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʤʝʥʫʝʤʳʤʠ ʌʉʊʕʂ ʠ ʌʉɹ. 
ʆʪ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʦʣʫʯʘʶʪ ʩʧʝʮʠʘʣʴʥʳʡ ʩʝʨʪʠʬʠʢʘʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʢʣʘʩʩ ʟʘʱʠʪʳ. ʕʪʦʪ ʩʝʨ-
ʪʠʬʠʢʘʪ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʦʡ ʆʉ ʙʳʣʠ ʫʯʪʝʥʳ ʠ ʚʳʧʦʣʥʝʥʳ ʚ ʧʦʣ-
ʥʦʤ ʦʙʲʝʤʝ. ʕʪʠ ʆʉ ʠʤʝʥʫʶʪʩʷ ï ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʩʝʢʨʝʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʙʦʣʝʝ ʫʟʢʦ ï ʩʧʝʮʠʘʣʴʥʦ-
ʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʉ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫʥʠ-
ʢʘʣʴʥʳʝ ʩʙʦʨʢʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʆʉ, ʢʘʢ ʥʘʧʨʠʤʝʨ Astra Linux. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʘʷ, ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ, 
ʧʦʣʥʦʝʤʢʘʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʠ ʫʜʦʙʥʘʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ï ʤʦʙʠʣʴʥʘʷ ʩʠʩʪʝʤʘ ʚʦʦʨʫʞʸʥʥʳʭ ʩʠʣ 
(ʄʉɺʉ), ʬʫʥʢʮʠʦʥʘʣ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʢʨʘʪʢʦ ʦʧʠʩʘʥ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ, ʢʨʦʤʝ ʪʦʛʦ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠ-
ʪʝʣɹʥʳʡ ʘʥʘʣʠʟ ʥʝʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʆʉ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʄʉɺʉ. ʈʝʟʫʣʴʪʘʪʦʤ 
ʘʥʘʣʠʟʘ ʙʫʜʫʪ ʚʳʚʦʜʳ ʧʣʶʩʦʚ ʠ ʤʠʥʫʩʦʚ ʆʉ. 

 
1.1 ʇʪʦʧʛʦʴʞ ʪʛʞʝʞʦʡʸ ʧʚ ʇʊ ʅʊɻʊ 

ʆʉ ʄʉɺʉ (ʄʦʙʠʣʴʥʘʷ ʉʠʩʪʝʤʘ ɺʦʦʨʫʞʝʥʥʳʭ ʉʠʣ) ï ʟʘʱʠʱʝʥʥʘʷ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʤʥʦʛʦ-
ʟʘʜʘʯʥʘʷ ʆʉ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ɺʅʀʀʅʉ ʥʘ ʦʩʥʦʚʝ ʜʠʩʪʨʠʙʫʪʠʚʘ Red Hat Linux ʠ 
ʦʪʚʝʯʘʶʱʘʷ ʪʨʝʙʦʚʘʥʠʷʤ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʦʚ POSIX. ʆʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʧʨʠʦʨʠʪʝʪʦʚ ʩ ʚʳʪʝʩʥʷʶʱʝʡ ʤʥʦʛʦʟʘʜʘʯʥʦʩʪʴʶ, ʚʠʨʪʫʘʣʴʥʫʶ ʦʨʛʘʥʠʟʘʮʠʶ 
ʧʘʤʷʪʠ ʠ ʩʝʪʝʚʫʶ ʧʦʜʜʝʨʞʢʫ; ʨʘʙʦʪʘʝʪ ʩ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʤʠ (SMP ï symmetrical multiprocessing) ʠ 
ʢʣʘʩʪʝʨʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ ʥʘ ʧʣʘʪʬʦʨʤʘʭ Intel, MIPS ʠ SPARC. ʈʘʙʦʪʘ ʩ ʩʠʩʪʝʤʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʢʘʢ 
ʚ ʨʝʞʠʤʝ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʠ, ʪʘʢ ʠ ʚ ʨʝʞʠʤʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ʆʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʆʉ ʄʉɺʉ - ʫʧʨʘʚʣʝʥʠʝ ʨʝʩʫʨʩʘʤʠ ʩʠʩʪʝʤʳ ʠ ʧʨʦʮʝʩʩʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ 
ʵʪʠ ʨʝʩʫʨʩʳ ʧʨʠ ʚʳʯʠʩʣʝʥʠʷʭ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʝʝ ʦʩʥʦʚʝ ʟʘʱʠʱʝʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʭ ʩʠʩʪʝʤ. ʆʙʣʘʜʘʝʪ ʨʘʟʚʠʪʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʢ ʨʝʩʫʨʩʘʤ ʆʉ, 
ʚʢʣʶʯʘʶʱʠʤʠ ʤʝʭʘʥʠʟʤʳ ʤʘʥʜʘʪʥʦʛʦ, ʜʠʩʢʨʝʮʠʦʥʥʦʛʦ ʠ ʨʦʣʝʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʦʩʪʫʧʦʤ[1]. 

ʆʉ ʄʉɺʉ ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʟʘʜʘʯʘʤʠ ʚ 
ʩʣʝʜʫʶʱʠʭ ʦʙʣʘʩʪʷʭ: 

¶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ; 

¶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ; 

¶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ; 

¶ ʩʠʩʪʝʤʳ ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ; 

¶ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʘʥʘʣʠʟʘ ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ[2]. 
ʉʝʨʪʠʬʠʮʠʨʦʚʘʥʘ ʚ ʩʠʩʪʝʤʝ ʩʝʨʪʠʬʠʢʘʮʠʠ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʦʨʦʥʳ ʈʌ ʧʦ:  

¶ 2-ʤʫ ʢʣʘʩʩʫ ʟʘʱʠʱʸʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʅʉɼ ʩʦʛʣʘʩʥʦ ʈɼ; 

¶ 1-ʤʫ ʫʨʦʚʥʶ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʥʪʨʦʣʷ ʦʪʩʫʪʩʪʚʠʷ ʥʝʜʝʢʣʘʨʠʨʦʚʘʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʛʣʘʩ-
ʥʦ ʈɼ. 

ʆʉ ʄʉɺʉ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʱʠʱʝʥʥʫʶ ʆʉ ʢʣʘʩʩʘ UNIX, ʙʘʟʠʨʫʶʱʫʶʩʷ ʥʘ ʦʧʝʨʘʮʠʦʥʥʦʡ 
ʩʠʩʪʝʤʝ Linux ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʫʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʟʘʱʠʱʝʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ 
ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚʘʭ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʆʉ ʄʉɺʉ: 

¶ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʘʷ ʤʥʦʛʦʟʘʜʘʯʥʘʷ ʩʝʪʝʚʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ; 

¶ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘ ʘʧʧʘʨʘʪʥʳʭ ʧʣʘʪʬʦʨʤʘʭ Intel, Sparc, MIPS ʠ S/390; 

¶ ʧʦʜʜʝʨʞʢʘ ʩʠʤʤʝʪʨʠʯʥʳʭ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ (SMP); 

¶ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ; 

¶ ʧʦʜʜʝʨʞʢʘ ʰʠʨʦʢʦʛʦ ʨʷʜʘ ʩʦʚʨʝʤʝʥʥʳʭ ʚʩʪʨʦʝʥʥʳʭ ʠ ʚʥʝʰʥʠʭ ʫʩʪʨʦʡʩʪʚ; 

¶ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʨʘʙʦʯʠʡ ʩʪʦʣ Elk); 

https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%81%D0%B0%D0%BD%D0%BA%D1%86%D0%B8%D0%BE%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B4%D0%BE%D1%81%D1%82%D1%83%D0%BF_%D0%BA_%D0%B8%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%81%D0%B8%D1%84%D0%B8%D0%BA%D0%B0%D1%86%D0%B8%D1%8F_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D1%85_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D0%B4%D0%B5%D0%BA%D0%BB%D0%B0%D1%80%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B2%D0%BE%D0%B7%D0%BC%D0%BE%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D0%B8


42 ǫǭǪǭǣǝǥǬǟǾ Ǭǟǲǩǟ 

 

VI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

¶ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʝʪʝʚʳʭ ʩʝʨʚʠʩʦʚ. 
ʇʦ ʩʚʦʠʤ ʪʘʢʪʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʥʘʧʦʣʥʝʥʠʶ ʆʉ ʄʉɺʉ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥʥʦʤʫ ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
ʕʪʦ ʧʦʣʥʦʮʝʥʥʳʡ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʚʩʝ ʦʩʥʦʚʥʳʝ ʪʠʧʦʚʳʝ ʬʫʥʢʮʠʠ (ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ), ʢʦʪʦʨʳʝ ʜʦʣʞʥʘ ʠʤʝʪʴ ʟʘʱʠʱʝʥʥʘʷ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ. ʍʦʪʷ ʠ ʪʨʝ-
ʙʦʚʘʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣ ʄʉɺʉ ʫʩʪʫʧʘʝʪ ʩʘʤʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʧʨʦʜʫʢʪʫ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ Astra Linux[3]. ʆʉ 
ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʩʝʢʨʝʪʥʳʭ ʦʙʲʝʢʪʘʭ, ʚʦʝʥʥʳʭ ʯʘʩʪʷʭ, ʌʉʊʕʂ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʄʠʥʦʙʦʨʦʥʳ ʈʦʩʩʠʠ ʠ ʌʉɹ 
ʈʦʩʩʠʠ. ʄʉɺʉ ʙʦʣʝʝ ʩʢʨʦʤʥʳʡ ʠ ʙʶʜʞʝʪʥʳʡ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʤʝʥʝʝ ʟʥʘʯʠʤʳʡ, ʥʦ ʥʝʤʘ-
ʣʦʚʘʞʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʪʘʡʥʦʡ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʥʷʪʴ, ʯʪʦ ʜʦʣʞʥʘ ʜʝʣʘʪʴ ʆʉ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʰʠʪʳ 
ʠʥʬʦʨʤʘʮʠʠ ʩʣʝʜʫʝʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʫʯʠʪʴ ʨʫʢʦʚʦʜʷʱʠʡ ʜʦʢʫʤʝʥʪ (ʈɼ), ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʣʘʩʩʘ 
ʟʘʱʠʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ (ɸʉ)[4]. ɺʩʝ ʬʫʥʢʮʠʠ ʫʢʘʟʘʥʥʳʝ ʚ ʩʘʤʦʤ ʜʦʢʫʤʝʥʪʝ, ʧʦ ʘʥʘʣʦʛʠʠ 
ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʠ ʚ ʆʉ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥʘ ʩʘʤʘ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ 
ɸʉ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ ʆʉ, ʚʳʜʘʝʪʩʷ ʩʝʨʪʠʬʠʢʘʪ ʌʉʊʕʂ, ʚ ʢʦʪʦʨʦʤ ʫʢʘʟʳʚʘʶʪʩʷ ʩʣʝʜʫ-
ʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

¶ ʢʣʘʩʩ ʟʘʱʠʪʳ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʝʶʱʝʛʦʩʷ ʨʘʙʦʯʝʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʆʉ, ʫʢʘʟʳʚʘʝʪʩʷ ʫʨʦ-
ʚʝʥʴ ʦʪ ç1è ʜʦ ç3è ʯʝʤ ʤʝʥʴʰʝ ʯʠʩʣʦ, ʪʝʤ ʙʦʣʝʝ ʩʝʢʨʝʪʥʦ, ʩ ʫʢʘʟʘʥʠʝ ʙʫʢʚʳ ʦʪ çɸè ʜʦ çɼè ʠʤʝʶʱʫʶ 
ʘʥʘʣʦʛʠʯʥʫʶ ʛʨʘʜʘʮʠʶ); 

¶ ʩʨʦʢ ʩʝʨʪʠʬʠʢʘʪʘ (ʚʨʝʤʷ, ʥʘ ʧʝʨʠʦʜ ʢʦʪʦʨʦʛʦ ʩʨʝʜʩʪʚʦ ʷʚʣʷʝʪʩʷ ʣʠʮʝʥʟʠʦʥʥʳʤ, ʚ ʦʩʥʦʚʥʦʤ 
ʚʳʜʘʝʪʩʷ ʥʘ ʧʝʨʠʦʜ ʦʪ 3 ʜʦ 5 ʣʝʪ); 

¶ ʧʦʩʣʝʜʫʶʱʘʷ ʤʦʜʠʬʠʢʘʮʠʷ (ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʝʩʣʠ ʵʪʦ ʪʨʝʙʫʝʪʩʷ). 
ɺ ʩʣʫʯʘʝ ʤʦʜʠʬʠʢʘʮʠʠ ʆʉ, ʪʨʝʙʫʝʪʩʷ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʚʪʦʨʥʘʷ ʩʝʨʪʠʬʠʢʘʮʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦ-

ʪʦʨʦʡ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʧʦʚʳʰʝʥʠʠ ʠʣʠ ʧʦʥʠʞʝʥʠʠ (ʩʣʫʯʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ) ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
 
1.2. ʋʩʞʚʧʛʙʦʡʸ, ʨʩʞʝʳʸʛʤʸʞʥʴʞ ʣ ʇʊ ʝʤʸ ʧʚʞʪʨʞʰʞʦʡʸ ʫʩʞʚʬʞʥʧʜʧ ʣʤʙʪʪʙ ʠʙʲʡʫʴ 

ɿʘʱʠʪʘ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʅʉɼ ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʦʙʱʝʡ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩ-
ʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ[4] ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʢʦʤʧʣʝʢʩ 
ʧʨʦʛʨʘʤʤʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ (ʧʨʦʮʝʜʫʨʥʳʭ) ʨʝʰʝʥʠʡ ʧʦ ʟʘʱʠʪʝ ʠʥʬʦʨʤʘʮʠʠ 
ʦʪ ʅʉɼ, ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʘʤʢʘʭ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʅʉɼ (ʉɿʀ ʅʉɼ), ʫʩʣʦʚʥʦ ʩʦʩʪʦʷʱʝʡ ʠʟ 
ʩʣʝʜʫʶʱʠʭ ʯʝʪʳʨʝʭ ʧʦʜʩʠʩʪʝʤ ʠʣʠ ʪʨʝʙʦʚʘʥʠʡ: ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ, ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʫʯʝʪʘ, ʢʨʠʧʪʦ-
ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʳ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ. ʊʝ ʞʝ ʪʨʝʙʦʚʘʥʠʷ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʠ ʢ ʦʧʝʨʘʮʠ-
ʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʆʉ ʩʪʦʠʪʩʷ ʟʘʱʠʱʝʥʥʘʷ ɸʉ. ʉʪʝ-
ʧʝʥʴ ʟʘʱʠʱʸʥʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʘʤʦʡ ʆʉ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʩʭʝʤʘ ʆʉ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʈʠʩ. 1): 
ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʝʘʣʠʟʦʚʘʪʴ ʚʝʩʴ ʧʦʪʝʥʮʠʘʣ ʆʉ, ʪʨʝʙʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ ʩʦʩʪʘʚ-

ʣʝʥʥʳʭ ʌʉʊʕʂ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʆʉ ʩʠʩʪʝʤ 4 ʫʨʦʚʥʷ, ʟʘʪʝʤ ʧʦʣʫʯʠʪʴ ʣʠʮʝʥʟʠʶ ʥʘ ʨʘʙʦʪʫ ʩ ʩʝʢ-
ʨʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʡ ʠ ʧʦʩʣʝ ʵʪʦʛʦ ʩʝʨʪʠʬʠʮʠʨʦʚʘʪʴ ʧʨʦʜʫʢʪ ʥʘ ʫʨʦʚʝʥʴ 3 ʠ ʚʳʰʝ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ 
1 ʠ 2). 

ʄʠʥʠʤʘʣʴʥʳʡ ʧʝʨʝʯʝʥʴ ʪʨʝʙʦʚʘʥʠʡ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʯʝʩʢʦʤʫ ʜʦʢʫʤʝʥʪʫ: 

¶ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʷ; 

¶ ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ; 

¶ ʨʝʛʠʩʪʨʘʮʠʷ ʩʦʙʳʪʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

¶ ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ; 

¶ ʠʟʦʣʷʮʠʷ ʧʨʦʮʝʩʩʦʚ; 

¶ ʟʘʱʠʪʘ ʧʘʤʷʪʠ; 

¶ ʢʦʥʪʨʦʣʴ ʮʝʣʦʩʪʥʦʩʪʠ; 

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 

¶ ʬʠʣʴʪʨʘʮʠʷ ʩʝʪʝʚʦʛʦ ʧʦʪʦʢʘ. 
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ʉʡʪ. 1. ʋʡʨʧʛʙʸ ʪʫʩʬʣʫʬʩʦʧ-ʭʬʦʣʯʡʧʦʙʤʵʦʙʸ ʪʮʞʥʙ ʇʊ ʪʨʞʯʡʙʤʵʦʧʜʧ ʦʙʠʦʙʰʞʦʡʸ 

 
ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʆʉ, ʠʟʣʦʞʝʥʥʳʝ ʚ ʇɿ, ʚʢʣʶʯʘʶʪ: 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ; 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʧʨʘʚʣʝʥʠʶ ʜʦʩʪʫʧʦʤ; 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʙʳʪʠʡ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʳ; 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʟʦʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ; 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʘʱʠʪʝ ʧʘʤʷʪʠ; 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʪʨʦʣʶ ʮʝʣʦʩʪʥʦʩʪʠ; 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʥʘʜʝʞʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʣʴʪʨʘʮʠʠ ʩʝʪʝʚʦʛʦ ʧʦʪʦʢʘ[5]. 
ɺʩʝ ʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʠ ʪʨʝʙʦʚʘʥʠʷ, ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʜʦʣʞʥʳ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʚ ʆʉ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʩʝʨʪʠʬʠʢʘʮʠʠ ʥʘ ʢʣʘʩʩ ʟʘʱʠʪʳ 3 ʠ ʚʳʰʝ ʚ ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ, ʪʘʢ ʢʘʢ ʵʪʦ ʚʩʝʛʦ 
ʣʠʰʴ ʤʠʥʠʤʘʣʴʥʳʡ ʧʝʨʝʯʝʥʴ. ɼʣʷ ʩʝʨʪʠʬʠʢʘʮʠʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʦʙʘʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʥʝ ʫʢʘʟʘʥʥʳʡ ʚ ʜʦʢʫʤʝʥʪʘʭ ʌʉʊʕʂ. 

1.3. ʊʩʙʛʦʞʦʡʞ ʇʊ ʪʨʞʯʡʙʤʵʦʧʜʧ ʦʙʠʦʙʰʞʦʡʸ 
ʅʘ ʨʳʥʢʝ ʠʤʝʶʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʥʝ ʚʳʧʦʣ-

ʥʷʶʪ ʪʨʝʙʦʚʘʥʠʷ ʌʉʊʕʂ ʈʦʩʩʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʞʝ ʥʝ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ. ʅʝʢʦʪʦʨʳʝ, 
ʚ ʦʩʥʦʚʥʦʤ ʟʘʨʫʙʝʞʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʠʤʝʶʪ ʩʚʦʠ ʪʨʝʙʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ. ʆʥʠ 
ʪʘʢʞʝ ʥʝ ʤʦʛʫ ʦʙʝʩʧʝʯʠʪʴ ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʥʘʠʙʦʣʝʝ 
ʠʟʚʝʩʪʥʳʭ ʆʉ. ʇʨʦʚʝʜʸʥ ʘʥʘʣʠʟ ʧʦ ʦʩʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʘʢʪʫʘʣʴʥʳʤ ʜʣʷ ʆʉ ʩʧʝʮʠʘʣʴʥʦʛʦ 
ʥʘʟʥʘʯʝʥʠʷ (ʪʘʙʣ. 1). 
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ʋʙʚʤʡʯʙ 1  
ʊʩʙʛʦʞʦʡʞ ʪʨʞʯʡʙʤʡʠʡʩʧʛʙʦʦʴʮ ʇʊ, ʨʧʪʫʩʧʞʦʦʴʮ ʦʙ ʚʙʠʞ Unix ʇʊ 

ʋʡʨ ʇʊ ʈʩʧʡʠʛʧʝʡʫʞʤʵʦʧʪʫʵ ɺʞʠʧʨʙʪʦʧʪʫʵ ʊʫʧʡʥʧʪʫʵ 
ʨʧʝʝʞʩʟʣʡ 

ʇʚʬʰʞʦʡʞ ʨʞʩʪʧʦʙʤʙ 

ʄʉɺʉ ɺʳʩʦʢʘʷ ʇʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ 
ɸʉ 2 ʫʨʦʚʥʷ, ʯʘʩʪʠʯ-
ʥʦ 1. ɿʘʱʠʱʝʥʘ ʥʘ 
ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʅʝ ʜʦʨʦʛʘʷ. ɼʣʷ 
ʢʦʤʧʘʥʠʠ ʩʨʝʜ-
ʥʝʛʦ ʫʨʦʚʥʷ ʟʘ-
ʨʘʙʦʪʢʘ. 

ʇʨʦʩʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ, ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʦʙʫ-
ʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 
ʧʦʣʴʟʦʚʘʪʝʣʷ Unix. 

Astra 
Linux 

ɺʳʩʦʢʘʷ ʇʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ 
ɸʉ 1 ʫʨʦʚʥʷ ʠ ʥʠʞʝ ʩ 
ʧʦʣʥʳʤ ʬʫʥʢʮʠʦʥʘ-
ʣʦʤ, ʨʝʘʣʠʟʦʚʘʥʳ 
ʚʩʝ ʪʨʝʙʦʚʘʥʠʷ 
ʧʨʝʜʲʷʚʣʷʝʤʳ ʢ ɸʉ 

ɼʦʨʦʛʘʷ. ʉʫʱʝ-
ʩʪʚʫʝʪ ʨʘʟʥʠʮʘ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʊʨʝʙʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʠʡ 
ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ ʆʉ, 
ʧʨʦʜʚʠʥʫʪʳʡ ʧʦʣʴʟʦʚʘ-
ʪʝʣʴ Unix. ɼʦʣʛʠʡ ʩʨʦʢ 
ʦʙʫʯʝʥʠʷ, ʩʧʝʮʠʘʣʴʥʳʡ 
ʢʫʨʩʳ. 

ʕʣʴʙʨʫʩ ɺʳʩʦʢʘʷ ʇʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ 
ɸʉ 2 ʫʨʦʚʥʷ, ʯʘʩʪʠʯ-
ʥʦ 1. ɿʘʱʠʱʝʥʘ ʥʘ 
ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ 

ʅʝ ʜʦʨʦʛʘʷ. ɼʣʷ 
ʢʦʤʧʘʥʠʠ ʩʨʝʜ-
ʥʝʛʦ ʫʨʦʚʥʷ ʟʘ-
ʨʘʙʦʪʢʘ. 

ʇʨʦʩʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʠ, ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʦʙʫ-
ʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ 
ʧʦʣʴʟʦʚʘʪʝʣʷ Unix. 

 
ʀʟ ʪʘʙʣʠʮʳ 2, ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʘʷ ʩʨʝʜʘ Astra Linux. ʆʥʘ ʥʘʠʙʦʣʝʝ ʟʘʱʠʱʝʥʘ ʠ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘ, ʦʜʥʘʢʦ, ʩʣʦʞʥʘʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʦʯʝʥʴ ʜʦʨʦʛʘʷ. Astra 
Linux ʪʨʝʙʫʝʪ ʜʣʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʫʩʪʨʦʡʩʪʚʘ, ʥʘ ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ. ʇʨʦʚʝʨʢʘ ʧʨʦʠʩʭʦʜʠʪ 
ʛʦʨʘʟʜʦ ʜʦʣʴʰʝ, ʯʝʤ ʚ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʢʦʤʧʘʥʠʡ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʵʪʦ ʚʘʞʥʘʷ 
ʩʦʩʪʘʚʣʷʶʱʘʷ, ʜʘʥʥʘʷ ʆʉ, ʥʝ ʧʦʜʭʦʜʠʪ. ʕʣʴʙʨʫʩ ʠ ʄʉɺʉ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʆʉ ʧʦ ʥʘʧʦʣʥʝʥʠʶ 
ʬʫʥʢʮʠʦʥʘʣʫ, ʦʪʣʠʯʠʝ ʪʦʣʴʢʦ ʚ ʤʝʪʦʜʘʭ ʨʝʘʣʠʟʘʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʠʥʬʦʨʤʘʮʠʠ ʚʳʰʝ, ʄʉɺʉ ï ʣʫʯʰʠʡ 
ʚʘʨʠʘʥʪ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. 

1.4.  ʅʞʮʙʦʡʠʥʴ ʡ ʪʩʞʝʪʫʛʙ ʠʙʲʡʫʴ ʛ ʇʊ ʅʊɻʊ. 
ʆʉ ʄʉɺʉ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ ʚ ʦʙʣʘʩʪʠ ʙʝʟʦʧʘʩʥʦʩʪʠ: 

¶ ʤʘʥʜʘʪʥʳʡ ʠ ʜʠʩʢʨʝʮʠʦʥʥʳʡ ʜʦʩʪʫʧ ʧʨʠ IPC; 

¶ ʧʦʩʪʨʦʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ACL (ʣʠʩʪ ʢʦʥʪʨʦʣʷ ʜʦʩʪʫʧʘ); 

¶ ʧʦʜʜʝʨʞʢʘ ʤʘʥʜʘʪʥʦʛʦ ʠ ʜʠʩʢʨʝʮʠʦʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʧʩʝʚʜʦʪʝʨʤʠʥʘʣʫ (ʧʨʦʮʝʩʩʳ ʵʤʠʪʠʨʫʶ-
ʱʠʝ ʨʘʙʦʪʫ ʪʝʨʤʠʥʘʣʘ, ʦʜʥʘʢʦ ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʠʤʠ); 

¶ ʦʯʠʩʪʢʘ ʚʥʝʰʥʝʡ ʧʘʤʷʪʠ ʧʨʠ ʧʨʦʮʝʩʩʝ ʫʜʘʣʝʥʠʷ, ʠʟʤʝʥʝʥʠʷ ʠʣʠ ʯʘʩʪʠʯʥʦʛʦ ʫʜʘʣʝʥʠʷ ʬʘʡ-
ʣʘ; 

¶ ʤʘʥʜʘʪʥʳʡ ʠ ʜʠʩʢʨʝʮʠʦʥʥʳʡ ʜʦʩʪʫʧ ʢ ʌʉ (ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʝ) ʠ ʝʝ ʧʨʦʮʝʩʩʘʤ, ʢ ʫʩʪʨʦʡ-
ʩʪʚʘʤ, ʩʲʝʤʥʳʡ ʥʦʩʠʪʝʣʷʤ. ʄʦʥʪʠʨʦʚʘʥʠʝ ʬʘʡʣʦʚʦʡ ʩʠʩʪʝʤʳ; 

¶ ʘʫʜʠʪ ʷʜʨʘ, ʬʘʡʣʦʚʳʡ ʘʫʜʠʪ; 

¶ ʤʘʥʜʘʪʥʳʡ ʠ ʜʠʩʢʨʝʮʠʦʥʥʳʡ ʢʦʥʪʨʦʣʴ ʜʦʩʪʫʧʘ ʧʨʠ ʨʘʙʦʪʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʧʨʦʮʝʜʫʨʘʤʠ 
ʬʘʡʣʘ; 

¶ ʧʦʣʫʯʝʥʠʝ ʢʦʜʦʚ ʟʘʱʠʪʳ ʧʨʦʮʝʩʩʘ; 

¶ ʧʦʩʳʣʢʘ ʩʠʛʥʘʣʦʚ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ; 

¶ ʨʘʙʦʪʘ ʩ ʧʦʣʥʦʤʦʯʠʷʤʠ ʠ ʧʨʠʚʠʣʝʛʠʷʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ (ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ); 

¶ ʨʘʙʦʪʘ ʩ ʤʘʥʜʘʪʥʳʤʠ ʤʝʪʢʘʤʠ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ IPv4 ʠ IPv6. 
ɺʝʩʴ ʵʪʦʪ ʬʫʥʢʮʠʦʥʘʣ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ, ʩʚʷʟʘʥ ʩ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʚ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ. 
ʊʘʢ ʢʘʢ ʄʉɺʉ ï ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʝʤʝʡʩʪʚʘ Unix, ʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ 

ʠʤʝʶʪ ʧʦʯʪʠ ʪʦʯʥʦ ʪʘʢʠʝ ʞʝ ʥʘʧʦʣʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʤʝʶʪʩʷ ʚ ʆʉ Linux ʣʶʙʦʡ ʚʝʨʩʠʠ, ʚʧʣʦʪʴ ʜʦ ʩʘʤʳʭ 
ʥʦʚʝʡʰʠʭ ʩʠʩʪʝʤ. ʂ ʧʨʠʤʝʨʫ, ʪʝ ʞʝ ʬʘʡʣʳ ʛʨʫʧʧ, ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʘʨʦʣʝʡ ʠ ʪ.ʜ. (groups, users, passwd) ʠ 
ʪʘʢʘʷ ʞʝ ʩʠʩʪʝʤʘ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʣʠ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚ ʩʠʩʪʝʤʝ, ʢʘʢ ʚ Linux. ʉ ʧʦʤʦʱʴʶ 
ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʛʦ ʬʘʡʣʘ pam.conf. ʆʜʥʘʢʦ ʪʘʢ ʢʘʢ ʆʉ ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠʤʝʝʪ ʠ ʩʚʦʠ ʥʘʨʘʙʦʪ-
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ʢʠ, ʢ ʧʨʠʤʝʨʫ, ʤʝʭʘʥʠʟʤʳ ʤʘʥʜʘʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘʤ ʧʦ ʜʦʩʪʫʧʫ ʢ ʬʘʡʣʘʤ ʠʣʠ ʩʲʝʤʥʳʤ ʥʦʩʠʪʝʣʷʤ. 
ʉʠʩʪʝʤʘ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ ʆʉ ʄʉɺʉ ʨʝʘʣʠʟʫʝʪʩʷ ʢʘʢ ʦʪʜʝʣʴʥʘʷ ʧʦʜʢʣʶʯʘʝʤʘʷ ʙʠʙʣʠʦʪʝʢʘ 

(lib), ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʚ ʩʝʙʝ ʚʩʝ ʚʳʰʝ ʦʧʠʩʘʥʥʳʝ ʬʫʥʢʮʠʠ. ʆʩʥʦʚʦʡ ʵʪʠʭ ʙʠʙʣʠʦʪʝʢ ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ 
ACL. ʕʪʠ ʦʩʥʦʚʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʳʤʠ ʩʧʠʩʢʘʤʠ, ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ, 
ʠʥʪʝʨʬʝʡʩʳ ʢʘʢ ʛʨʘʬʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤʥʳʝ, ʚʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ 3 ʪʠʧʘ ʙʠʙʣʠʦʪʝʢ. ɿʘʪʝʤ ʦʥʠ, 
ʫʩʣʦʚʥʦ, ʧʦʜʨʘʟʜʝʣʷʪʩʷ ʝʱʝ ʥʘ ʪʨʠ ʧʦʜʚʠʜʘ: ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʘʥʜʘʪʥʦʡ ʤʦʜʝʣʴʶ, ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʨʠʚʠʣʝ-
ʛʠʷʤʠ, ʜʣʷ ʨʘʙʦʪʳ ʩ ʘʫʜʠʪʦʤ. 

ɺʩʝ ʵʪʠ ʚʠʜʳ ʤʦʛʫʪ ʦʙʨʘʱʘʪʴʩʷ ʧʨʦʩʪʝʡʰʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʢʦʤʘʥʜʘʤʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ 
Unix-ʩʠʩʪʝʤʘʭ (chmod, chown, getuid, getgroups, setuid, setgroups ʠ ʪ.ʧ. ʦʧʝʨʘʮʠʠ, ʢʦʤʘʥʜʳ), ʦʥʠ ʠʤʝʶʪ 
ʥʘʟʚʘʥʠʝ ʩʠʩʪʝʤʥʳʝ ʚʳʟʦʚʳ ʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʦʚ. 

ɸʫʪʝʥʪʠʬʠʢʘʮʠʷ ʠ ʠʜʝʥʪʠʬʠʢʘʮʠʷ, ʢʘʢ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʆʉ 
ʩʝʤʝʡʩʪʚʘ Unix ʧʦʜʛʨʫʞʘʝʤʳʭ ʘʫʪʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʤʦʜʫʣʝʡ, ʠʤʝʶʱʠʭ ʦʬʠʮʠʘʣʴʥʦʝ ʥʘʟʚʘʥʠʝ PAM. 
PAM - ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʠʙʣʠʦʪʝʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʤʥʦʞʝʩʪʚʘ ʤʦʜʫʣʝʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 
ʧʦʩʪʨʦʠʪʴ ʮʝʣʳʡ ʩʮʝʥʘʨʠʡ ʧʦʰʘʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʠʣʠ ʦʪʜʝʣʴ-
ʥʦʤ ʧʨʠʣʦʞʝʥʠʠ. ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʡ ʤʝʭʘʥʠʟʤ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ (ʝʩʪʴ ʮʝʣʳʡ ʩʧʠʩʦʢ, ʯʪʦ 
ʦʟʥʘʯʘʝʪ ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʠ ʢʘʢʫʶ ʬʫʥʢʮʠʶ ʚʳʧʦʣʥʷʝʪ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʘʪʨʠʙʫʪʦʚ). ʋʜʦʙ-
ʥʦʝ ʠ ʙʳʩʪʨʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʚ ʧʨʦʛʨʘʤʤ-
ʥʳʡ ʢʦʜ ʆʉ ʠ ʧʝʨʝʪʨʘʥʩʣʠʨʦʚʘʥʠʷ PAM-ʧʨʠʣʦʞʝʥʠʡ. ʆʧʠʩʳʚʘʝʪʩʷ ʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʦʤ ʢʘʪʘʣʦʛʝ 
/etc/pam.d, ʚ ʬʘʡʣʝ pam.conf ʠʣʠ ʜʨʫʛʠʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʜʘʥʥʦʡ ʜʠʨʝʢʪʦʨʠʠ, ʬʘʡʣʘʭ. ʉʘʤʠ ʟʘʧʠʩʠ 
ʭʨʘʥʷʪʩʷ ʚ ʙʠʙʣʠʦʪʝʢʘʭ ACL, lib ʚ ʢʘʪʘʣʦʛʝ security ʚ ʚʠʜʝ ʜʠʥʘʤʠʯʥʳʭ ʟʘʛʨʫʞʘʝʤʳʭ ʬʘʡʣʦʚ, ʧʦʣʥʳʡ 
ʚʠʜ ʢʘʪʘʣʦʛʘ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ /lib/security. 

ɼʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʪʠʧʘ ʤʝʭʘʥʠʟʤʘ: ʜʠʩʢʨʝʮʠʦʥʥʳʡ, ʤʘʥʜʘʪʥʳʡ; 
ɼʠʩʢʨʝʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʦʪʜʝʣʴʥʳʡ ʬʘʡʣ ʩ ʧʦʤʦʱʴʶ ʣʠ-

ʩʪʦʚ ʜʦʩʪʫʧʘ. ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʜʦʙʥʦ ʩʪʨʦʠʪʴ ʧʦʜʩʠʩʪʝʤʫ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʫʯʝʪʘ. ɺ ʜʘʥ-
ʥʦʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ, ʨʝʘʣʠʟʦʚʘʥʦ ʤʝʪʦʜʦʤ ʜʠʩʢʨʝʮʠʦʥʥʦʛʦ ʣʠʩʪʘ ʦʪʯʝʪʥʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ:  

¶ ʧʨʦʚʝʨʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʚʣʘʜʝʥʠʝ ʬʘʡʣʦʤ; 

¶ ʧʨʦʚʝʨʢʘ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʟʘʧʠʩʴ ʚ ACL; 

¶ ʧʨʦʚʝʨʢʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʛʨʫʧʧʝ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʥʘʜʣʝʞʠʪ ʜʘʥʥʳʡ ʬʘʡʣ 
(ʚʳʜʝʣʝʥʠʝ ʧʨʘʚ ʩʦʛʣʘʩʥʦ ʚʣʘʜʝʣʴʮʫ ʛʨʫʧʧʳ). 

ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʧʦʜʭʦʜʠʪ ʥʠ ʧʦʜ ʦʜʥʫ ʠʟ ʪʨʝʭ ʢʘʪʝʛʦʨʠʡ, ʝʤʫ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʧʨʠʟʥʘʢ çʂʘʢ ʢ 
ʦʩʪʘʣʴʥʳʤè, ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝ ʦʥ ʥʝ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʬʘʡʣʫ, ʘ ʚ ʦʪʸʯʥʦʩʪʠ ʬʠʢʩʠʨʫʝʪʩʷ ʝʛʦ 
ʥʝʫʜʘʯʥʳʡ ʧʨʦʮʝʩʩ ʦʙʨʘʱʝʥʠʷ ʢ ʬʘʡʣʫ. 

ʄʘʥʜʘʪʥʳʡ ʤʝʭʘʥʠʟʤ, ʧʦʩʪʨʦʝʥ ʥʘ ʥʘʣʠʯʠʝ ʫ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʘʡʣʦʚ ʩʧʝʮʠʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ï ʤʘʥʜʘʪʥʳʭ ʤʝʪʦʢ. ʄʘʥʜʘʪʥʘʷ ʤʝʪʢʘ ʩʦʜʝʨʞʠʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ, ʢʘʪʝʛʦʨʠʶ ʠ ʫʨʦʚʝʥʴ ʩʝʢ-
ʨʝʪʥʦʩʪʠ. ɼʦʩʪʫʧ ʢ ʦʙʲʝʢʪʘʤ (ʬʘʡʣʘʤ, ʧʨʦʮʝʩʩʘʤ) ʩʫʙʲʝʢʪʘʤʠ (ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʛʨʫʧʧʘʤʠ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʤʘʥʜʘʪʥʳʭ ʤʝʪʦʢ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʟʫʣʴʪʘʪʘ ʚʳʥʦʩʠʪʩʷ 
ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʦ ʜʦʧʫʩʢʝ ʠʣʠ ʟʘʧʨʝʪʫ ʜʦʩʪʫʧʘ ʢ ʦʙʲʝʢʪʫ. 

ʄʘʥʜʘʪʥʳʝ ʤʝʪʢʠ ʩʨʘʚʥʠʚʘʶʪʩʷ ʧʦ ʜʚʫʤ ʬʘʢʪʦʨʘʤ, ʧʦ ʢʘʪʝʛʦʨʠʠ (N) ʠ ʫʨʦʚʥʶ(L). ʆʙʷʟʘʪʝʣʴʥʦʝ 
ʫʩʣʦʚʠʝ ʩʨʘʚʥʝʥʠʷ, ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʚʝʥ, ʣʠʙʦ N ʣʠʙʦ L ʩʫʙʲʝʢʪʘ ʜʦʣʞʥʦ ʩʦʚʧʘ-
ʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʤʝʪʢʦʡ N ʠ L ʦʙʲʝʢʪʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʝʪʢʠ ʷʚʣʷʶʪʩʷ ʥʝʩʨʘʚʥʠʤʳʤʠ ʠ 
ʧʨʠʨʘʚʥʠʚʘʶʪʩʷ ʢ ʧʦʣʥʦʤʫ ʟʘʧʨʝʪʫ ʜʦʩʪʫʧʘ ʩʫʙʲʝʢʪʘ ʢ ʦʙʲʝʢʪʫ. ʀʤʝʝʪ ʜʝʣʦ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʣʫʯʘʷ: 

¶ ʝʩʣʠ ʤʝʪʢʘ N(L) ʩʫʙʲʝʢʪʘ ʚʳʰʝ N(L) ʦʙʲʝʢʪʘ ï ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʠʤʝʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩ 
ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʛʦ ʬʘʡʣʘ, ʠ ʦʥ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ, ʧʨʦʧʠʩʘʥʥʳʡ 
ʩʦʛʣʘʩʥʦ ʤʘʥʜʘʪʥʦʡ ʧʦʣʠʪʠʢʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʘʡʣʘ ʜʘʥʥʦʡ ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʠ; 

¶ ʝʩʣʠ ʤʝʪʢʘ N(L) ʩʫʙʲʝʢʪʘ ʥʠʞʝ N(L) ʦʙʲʝʢʪʘ ï ʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʠʤʝʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʴ ʩ 
ʙʦʣʝʝ ʥʠʟʢʦʡ ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʘʥʥʦʛʦ ʬʘʡʣʘ ʠ ʜʦʩʪʫʧ ʢ ʬʘʡʣʫ ʟʘʧʨʝʱʝʥ (ʚ ʠʩʢʣʶʯʠ-
ʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʜʦʩʪʫʧ ʢ ʦʛʨʘʥʠʯʝʥʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʬʘʡʣʘ, ʥʘʧʨʠʤʝʨ, 
ʪʦʣʴʢʦ ʯʪʝʥʠʷ ʠʣʠ ʪʦʣʴʢʦ ʟʘʧʠʩʴ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʥʜʘʪʥʦʡ ʧʦʣʠʪʠʢʠ). 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʌʉ ʠ ʝʝ ʧʨʦʮʝʩʩʘʤʠ, ʤʘʥʜʘʪʥʳʝ ʤʝʪʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʥʝʤʥʦʛʦ ʜʨʫʛʦʡ ʩʪʘʪʫʩ, ʚʳʜʝ-
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ʣʷʶʪʩʷ 4 ʦʩʥʦʚʥʳʭ ʠʩʭʦʜʘ: 

¶ ʝʩʣʠ ʤʘʥʜʘʪʥʳʝ ʤʝʪʢʠ ʬʘʡʣʘ (ʢʘʪʘʣʦʛʘ, ʟʘʧʠʩʠ) ʠ ʧʨʦʮʝʩʩʘ ʨʘʚʥʳ, ʪʦ ʜʦʩʪʫʧ ʨʘʟʨʝʰʘʝʪʩʷ 
ʢʘʢ ʥʘ ʟʘʧʠʩʴ, ʪʘʢ ʠ ʥʘ ʯʪʝʥʠʝ; 

¶ ʝʩʣʠ ʤʘʥʜʘʪʥʳʝ ʤʝʪʢʘ ʬʘʡʣʘ (ʢʘʪʘʣʦʛʘ, ʟʘʧʠʩʠ) ʚʳʰʝ ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʠ ʧʨʦʮʝʩʩʘ, ʪʦ ʜʦʩʪʫʧ 
ʢ ʬʘʡʣʫ ʨʘʟʨʝʰʘʝʪʩʷ ʥʘ ʟʘʧʠʩʴ; 

¶ ʝʩʣʠ ʤʘʥʜʘʪʥʳʝ ʤʝʪʢʘ ʬʘʡʣʘ (ʢʘʪʘʣʦʛʘ, ʟʘʧʠʩʠ) ʥʠʞʝ ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʠ ʧʨʦʮʝʩʩʘ, ʪʦ ʜʦʩʪʫʧ 
ʢ ʬʘʡʣʫ ʨʘʟʨʝʰʘʝʪʩʷ ʥʘ ʯʪʝʥʠʝ; 

¶ ʝʩʣʠ ʤʘʥʜʘʪʥʳʝ ʤʝʪʢʠ ʥʝʩʨʘʚʥʠʤʳ (ʧʦ ʘʥʘʣʦʛʠʠ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʫʱʥʦʩʪʝʡ ʦʙʲʝʢʪ/ʩʫʙʲʝʢʪ), 
ʪʦ ʜʦʩʪʫʧ ʢ ʬʘʡʣʫ ʟʘʧʨʝʱʸʥ. 

ɻʨʘʬʠʯʝʩʢʠ ʤʝʭʘʥʠʟʤ, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ, ʦʪʦʙʨʘʞʸʥ ʥʘ ʨʠʩ. 2. 
 

 
ʉʡʪ. 2. ʅʙʦʝʙʫʦʙʸ ʥʧʝʞʤʵ ʭʙʢʤʧʛ ʡ ʨʩʧʯʞʪʪʧʛ 

 
ʇʨʠ ʩʝʪʝʚʦʡ ʨʘʙʦʪʝ, ʤʝʪʢʠ ʨʘʙʦʪʘʶʪ ʧʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ, ʯʪʦ ʠ ʧʨʠ ʌʉ. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ 

ʩʧʝʮʠʘʣʴʥʘʷ ʤʘʥʜʘʪʥʘʷ ʤʝʪʢʘ, ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʘʷ (ʢʘʢ ʠ ʧʨʠ ʨʘʙʦʪʝ ʩ ʌʉ). ʇʨʠʥʮʠʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʯʪʦ ʥʘ ʥʝʝ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʧʨʘʚʠʣʘ ʤʘʥʜʘʪʥʦʡ ʧʦʣʠʪʠʢʠ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ ʩ ʌʉ, ʛʜʝ ʜʦʣʞʥʳ 
ʙʳʪʴ ʬʘʡʣʳ ʜʦʩʪʫʧ, ʢ ʢʦʪʦʨʳʤ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʠʩʪʝʤʳ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʤʘʥʜʘʪʥʦʡ 
ʤʝʪʢʠ ʠʣʠ ʧʨʠʟʥʘʢʘ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠʭ ʤʝʪʦʢ. ʊʘʢ ʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʝ ʧʘʢʝʪʳ (ʩ 
ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʦʡ - ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʡ) ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʣʶʙʳʝ ʩʝʪʝʚʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʶʱʠʝ ʚʳʭʦʜ 
ʚ ʩʝʪʴ (ʣʶʙʦʡ ʩʦʢʝʪ). ʇʨʠʥʮʠʧ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʪʫ ʦʩʦʙʦ 
ʚʘʞʥʳʭ ʧʘʢʝʪʦʚ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʩʨʦʯʥʦ ʜʦʩʪʘʚʠʪʴ. 

ʄʝʭʘʥʠʟʤʳ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʤʝʪʦʜʦʤ ʧʦʜʩʯʸʪʘ ʢʦʥʪʨʦʣʴʥʳʭ ʩʫʤʤ ʢʣʶʯʝ-
ʚʳʭ ʬʘʡʣʦʚ ʆʉ, ʧʦʩʣʝ ʧʦʜʩʯʝʪʘ ʧʦʣʫʯʘʝʪ ʩʫʤʤʘʨʥʳʡ ʨʝʟʫʣʴʪʘʪ ʢʦʥʪʨʦʣʴʥʳʭ ʩʫʤʤ (ʝʩʪʴ ʩʧʝʮʠʘʣʴʥʳʝ 
ɻʆʉʊʳ ʠ ʪʨʝʙʦʚʘʥʠʷ ʛʜʝ ʧʨʦʧʠʩʘʥʳ ʢʘʢʠʝ ʟʥʘʯʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘ ʚʳʭʦʜʝ). ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʧʨʦʚʝʨ-
ʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʧʝʨʚʦʡ ʫʩʪʘʥʦʚʢʠ ʆʉ. 

ʂʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ ʌʉ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʧʝʮʠʘʣʴʥʦʡ ʫʪʠʣʠʪʦʡ AIDE, ʨʘʙʦʪʘʶʱʘʷ ʧʦ ʘʥʘʣʦʛʠʠ 
ʩʦ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʧʦʜʩʯʝʪʘ ʢʦʥʪʨʦʣʴʥʳʭ ʩʫʤʤ ʧʨʠ ʠʥʩʪʘʣʣʷʮʠʠ ʆʉ. ʆʜʥʘʢʦ ʠʤʝʝʪ ʩʫʱʝ-
ʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʧʨʦʚʝʨʷʝʪ ʩ ʥʝʢʦʪʦʨʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʌʉ, ʘ ʥʝ ʚʩʝʛʦ ʦʜʠʥ ʨʘʟ. 
ɺʦïʚʪʦʨʳʭ, ʭʨʘʥʠʪ ʚʩʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʭʨʘʥʠʣʠʱʝ (ɹɼ), ʵʪʦ 
ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʢʦʥʪʨʦʣʴʥʳʝ ʩʫʤʤ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʆʉ, ʩʘʤʠʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʦʤ (ʢ ʧʨʠʤʝʨʫ, ʚ 
ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʚ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ ʬʘʣʘʭ PAM). ɼʘʥʥʘʷ ɹɼ ʭʨʘʥʠʪ ʢʣʶʯʝʚʳʝ ʘʪʨʠʙʫʪʳ 
ʬʘʡʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʜʦʣʞʥʳ ʤʝʥʷʪʴ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ. 

ʕʪʦʪ ʤʝʪʦʜ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʌʉ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʚʪʦʨʦʡ ʤʝʪʦʜ ʧʨʦʚʝʨʢʠ (ʧʦʩʣʝ ʵʪʦʛʦ ʤʦʜʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘ-
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ʧʦʚ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʰʠʬʨʦʚʘʥʠʷ ʩʠʛʥʘʪʫʨ, ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʘʣʛʦʨʠʪʤ MD5-Digest. ʈʘʙʦʪʘʝʪ ʩ 
128-ʙʠʪʥʳʤʠ ʢʣʶʯʘʤʠ, ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ, ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ ʧʨʠʤʝʥʷʝʪʩʷ ʘʣ-
ʛʦʨʠʪʤ ʰʠʬʨʦʚʘʥʠʷ RSA. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʢʦʥʪʨʦʣʴʥʘʷ ʩʫʤʤʘ, ʢʦʪʦʨʫʶ ʪʷʞʝʣʦ ʧʦʜʜʝʣʘʪʴ ʟʣʦ-
ʫʤʳʰʣʝʥʥʠʢʫ. 

ʉʧʠʩʦʢ ʦʙʲʝʢʪʦʚ ʧʦʜʣʝʞʘʱʠʭ ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʢʦʥʪʨʦʣʷ ʮʝʣʦʩʪʥʦʩʪʠ: ʂʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ 
ʬʘʡʣʳ (users,passwd,groups ʠ ʪ.ʜ.), ʙʠʙʣʠʦʪʝʯʥʳʝ ʬʘʡʣʳ lib, ʠʩʧʦʣʥʷʝʤʳʝ ʧʨʦʛʨʘʤʤʳ, ʷʜʨʦ, ʤʦʜʫʣʠ 
ʷʜʨʘ, ʩʧʝʮʠʘʣʴʥʳʝ ʬʘʡʣʳ. 

ɻʣʘʚʥʳʤ ʬʘʡʣʦʤ ʫʪʠʣʠʪʳ AIDE ʷʚʣʷʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʡ ʬʘʡʣ ʩ ʦʜʥʦʠʤʸʥʥʳʤ ʥʘʟʚʘʥʠʝʤ, 
ʨʘʩʧʦʣʦʞʝʥ ʚ ʪʦʡ ʞʝ ʜʠʨʝʢʪʦʨʠʠ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʩʝ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ ʬʘʡʣʳ ʆʉ. ʉʘʤ ʬʘʡʣ ʩʦ-
ʜʝʨʞʠʪ, ʢʘʢʠʝ ʬʘʡʣʳ ʪʨʝʙʫʶʪʩʷ ʜʣʷ ʧʦʜʩʯʝʪʘ, ʠ ʧʦ ʢʘʢʦʤʫ ʘʣʛʦʨʠʪʤʫ ʪʨʝʙʫʶʪʩʷ ʚʳʯʠʩʣʷʪʴ ʟʥʘʯʝʥʠʝ 
ʢʦʥʪʨʦʣʴʥʦʡ ʩʫʤʤʳ. ʂʨʦʤʝ ʪʦʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʚʚʦʜʘ AIDE ʤʦʞʝʪ ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʬʘʡʣ ɹɼ, 
ʥʦ ʠ ʨʘʙʦʪʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ SQL-ʩʝʨʚʝʨʦʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʫʜʦʙʝʥ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ ʮʝ-
ʣʦʩʪʥʦʩʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʯʠʭ ʫʩʪʨʦʡʩʪʚ ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʦʜʥʦʡ ʣʦʢʘʣʴʥʦʡ ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ. 

ʄʝʭʘʥʠʟʤʳ ʦʯʠʩʪʢʠ ʧʘʤʷʪʠ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʙʠʙʣʠʦʪʝʯʥʳʭ ʬʫʥʢ-
ʮʠʡ malloc ʠ free, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʠ ʩʘʤʦʛʦ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ/C++, new ʠ delete. ʇʨʠʥʮʠʧ ʟʘ-
ʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʥʦʤ ʩʝʨʚʠʩʝ, ʢʦʪʦʨʳʡ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʟʘʧʨʦʩʝ ʦʨʛʘʥʠʟʫʝʪ ʧʨʝʨʳʚʘʥʠʝ ʧʨʦ-
ʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ ʥʦʤʝʨʦʤ. ʇʦʩʣʝ ʯʝʛʦ ʧʦʜʤʝʥʷʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʙʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, 
ʚʩʝ ʵʪʦ ʦʨʛʘʥʠʟʫʝʪ ʦʧʨʝʜʝʣʸʥʥʘʷ ʬʫʥʢʮʠʷ, ʚ ʢʦʪʦʨʫʶ ʩʣʝʜʫʝʪ ʚʚʝʩʪʠ ʧʘʨʘʤʝʪʨʳ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʥʦ ʙʦʣʝʝ ʛʣʦʙʘʣʴʥʳʭ ʤʘʩʰʪʘʙʘʭ ʆʉ. ɻʘʨʘʥ-
ʪʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʦʯʠʩʪʢʠ ʧʘʤʷʪʠ, ʦʥ ʧʦʩʪʨʦʝʥ ʥʘ ʤʦʥʪʠʨʦʚʘʥʠʝ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉʫʱʝʩʪʚʫʶʪ 
15 ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʦʯʠʩʪʢʠ ʧʘʤʷʪʠ. ɺʩʝ ʵʪʠ ʬʫʥʢʮʠʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʤʝ-
ʶʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪ ʝʝ ʙʝʟʦʧʘʩʥʦʩʪʠ (ʝʩʣʠ ʙʝʟ-
ʦʧʘʩʥʦʩʪʴ ʨʘʩʪʝʪ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʘʜʘʝʪ ʠ ʥʘʦʙʦʨʦʪ). ʂ ʧʨʠʤʝʨʫ, ʫʜʘʣʝʥʠʝ ʬʘʡʣʦʚ ʩ ʌʉ, 1 ʫʨʦ-
ʚʝʥʴ ï ʫʜʘʣʝʥʠʝ ʚʩʝʭ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ ʬʫʥʢʮʠʠ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʥʠʟʢʘʷ, 2 
ʫʨʦʚʝʥʴ ï ʫʜʘʣʝʥʠʝ ʚʩʝʭ ʬʘʡʣʦʚ ʩ ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʦʡ ʥʠʞʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ï ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
ʧʨʦʤʝʞʫʪʦʯʥʘʷ, 3 ʫʨʦʚʝʥʴ ï ʙʝʟ ʫʜʘʣʝʥʠʷ ʬʘʡʣʦʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚʳʩʦʢʘʷ. ʇʦ ʫʤʦʣʯʘʥʠʶ ʩʠʩʪʝ-
ʤʘ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 2 ʫʨʦʚʝʥʴ. 

ʉʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʚʳʚʦʜʘ, ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʪʯʫʞʜʘʝʤʳʡ ʥʦʩʠʪʝʣʴ. ɼʣʷ ʦʧʨʝʜʝʣʸʥʥʳʭ ʌʉ 
ʪʠʧʘ Ext2 ʠ Ext3, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʣʠʪʠʢʘ ʤʘʥʜʘʪʥʳʭ ʤʝʪʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʥʠʮʠʠʨʦʚʘʥʳ ʚ 
ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʜʘʥʥʳʤ ʌʉ ʢʘʢ ʩ ʩʚʦʝʡ ʌʉ. ʇʨʠʥʮʠʧ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʩʦ-
ʙʝʥʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʌʉ. ɼʣʷ FAT ʌʉ, ʤʘʥʜʘʪʥʳʝ ʤʝʪʢʠ ʆʉ ʥʝ ʨʘʙʦʪʘʶʪ, ʚʩʝ ʬʘʡʣʳ ʠ ʥʠʪʨʫʶʪʩʷ ʢʘʢ 
ʥʫʣʝʚʳʝ (ʪ.ʝ. ʥʝʩʝʢʨʝʪʥʳʝ ʠ ʠʤʝʶʱʠʝ ʤʠʥʠʤʘʣʴʥʫʶ ʤʘʥʜʘʪʥʫʶ ʤʝʪʢʫ). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʙʦʪʘʝʪ ʤʦ-
ʜʝʣʴ ʧʨʦʮʝʩʩ-ʬʘʡʣ, ʦʧʠʩʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1. ɺ ʌʉ ʪʘʢʦʛʦ ʪʠʧʘ ʟʘʧʠʩʴ ʬʘʡʣʦʚ ʨʘʟʨʝʰʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 
ʧʨʦʮʝʩʩʦʚ ʥʫʣʝʚʦʡ ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʠ, ʯʪʝʥʠʝ ʨʘʟʨʝʰʘʝʪʩʷ ʜʣʷ ʣʶʙʳʭ ʬʘʡʣʦʚ ʣʶʙʦʡ ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʠ. 
ʆʜʥʘʢʦ ʧʦ-ʫʤʦʣʯʘʥʠʶ ʚ ʆʉ ʧʨʦʧʠʩʳʚʘʝʪʩʷ ʧʦʣʠʪʠʢʘ ʧʦʣʥʦʛʦ ʟʘʧʨʝʪʘ ʟʘʧʠʩʠ ʬʘʡʣʦʚ ʥʘ ʣʶʙʦʡ ʦʪʯʫʞ-
ʜʘʝʤʳʡ ʥʦʩʠʪʝʣʴ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʧʠʩʴ ʬʘʡʣʦʚ ʥʘ ʦʪʯʫʞʜʘʝʤʳʡ ʥʦʩʠʪʝʣʴ FAT ʧʦʣʥʦʩʪʴʶ ʟʘʧʨʝʱʝʥ. 
ʅʘ ʌʉ ʪʠʧʘ Ext2/Ext3 ʟʘʧʠʩʴ ʨʘʟʨʝʰʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʘʜʤʠʥʠʩʪʨʘʪʦʨ ʩʠʩʪʝʤʳ ʩʦʟʜʘʩʪ 
ʥʘ ʩʲʝʤʥʦʤ ʥʦʩʠʪʝʣʝ ʩʝʢʨʝʪʥʳʡ ʢʘʪʘʣʦʛ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʤʝʪʢʦʡ ʚʳʰʝ ʫʨʦʚʥʷ ʤʘʥʜʘʪʥʦʡ ʤʝʪʢʠ ʌʉ ʠ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʥʠʮʠʘʣʠʟʠʨʫʝʪ ʝʝ, ʥʦ ʫʞʝ ʜʣʷ ʦʪʯʫʞʜʘʝʤʦʛʦ ʥʦʩʠʪʝʣʷ, ʘ ʥʝ ʜʣʷ ʌʉ ʆʉ. 

ɺ ʩʦʩʪʘʚ ʪʘʢʞʝ ʚʭʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʩʨʝʜʩʪʚʘ:  

¶ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʘʥʜʘʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʆʉ (ʢʘʪʝʛʦʨʠʠ, ʫʨʦʚʥʠ, 
ʤʝʪʢʠ ʩʫʙʲʝʢʪʦʚ ʠ ʦʙʲʝʢʪʦʚ); 

¶ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʆʉ (ʫʜʘʣʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʘʚ, 
ʤʘʥʜʘʪʥʳʭ ʤʝʪʦʢ); 

¶ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʢʨʝʮʠʦʥʥʳʭ ʠ ʤʘʥʜʘʪʥʳʭ ʧʦʣʠʪʠʢ ʬʘʡʣʦʚ ʠ ʧʨʦ-
ʮʝʩʩʦʚ; 

¶ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʞʫʨʥʘʣʠʨʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʘʫʜʠʪʘ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ/ʧʨʦʮʝʩʩʦʚ (ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʘʭ ʜʣʷ ʨʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ). 

ʉʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʘʨʠʡʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʆʉ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʟʝʨʚʥʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ 
ʦʧʨʝʜʝʣʸʥʥʳʭ ʜʘʥʥʳʭ/ʬʘʡʣʦʚ (ʚ ʦʩʥʦʚʥʦʤ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʭ) ʠʣʠ ʚʩʝʛʦ ʜʠʩʢʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʠʩ-
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ʧʦʣʴʟʫʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʠʣʠ ʜʨʫʛʠʭ ʛʣʦʙʘʣʴʥʳʭ 
ʧʨʦʙʣʝʤ ʩ ʆʉ, ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʘ ʪʝʢʫʱʫʶ ʚʝʨʩʠʶ ʆʉ (ʨʘʙʦʪʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʩʙʦʝ ʮʝʣʦʩʪʥʦʩʪʠ ʚʦ-
ʚʨʝʤʷ ʨʘʙʦʪʳ, ʘ ʥʝ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʠʥʩʪʘʣʣʷʮʠʠ). ʉʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʝʡʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʪʠʣʠʪ ʜʣʷ ʩʦ-
ʟʜʘʥʠʷ ʨʝʟʝʨʚʥʳʭ ʢʦʧʠʡ, ʦʜʥʘʢʦ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ tar,cpio,gzip, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʝʱʝ ʚ 
ʆʉ ʩʝʤʝʡʩʪʚʘ Unix. ʂʘʞʜʘʷ ʦʪʚʝʯʘʝʪ ʟʘ ʩʚʦʠ ʩʝʢʪʦʨʳ ʨʝʟʝʨʚʘʮʠʠ. ɸ ʪʘʢʞʝ ʫʪʠʣʠʪʘ Amanda ʨʘʩʧʨʝʜʝ-
ʣʸʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʭʨʘʥʠʣʠʱʘʤʠ ʜʘʥʥʳʭ.  

ʇʨʦʩʪʳʝ ʫʪʠʣʠʪʳ (tar,cpio,gzip) ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡ ʠʣʠ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦʛʦ ʫʜʘʣʝʥʠʷ 
ʦʧʨʝʜʝʣʸʥʥʳʭ ʬʘʡʣʦʚ/ʜʘʥʥʳʭ, ʢʣʶʯʝʚʳʭ ʠʣʠ ʦʩʦʙʦ ʚʘʞʥʳʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʕʪʠ ʬʘʡʣʳ ʥʝ ʜʦʣʞʥʳ 
ʙʳʪʴ ʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʤʠ. ʇʨʦʩʪʳʝ ʫʪʠʣʠʪʳ ʨʘʙʦʪʘʶʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʩʪʦʛʦ ʘʨʭʠʚʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʟʘ-
ʧʠʩʳʚʘʶʪ ʪʝ ʬʘʡʣʳ/ʢʘʪʘʣʦʛʠ ʚ ʢʦʤʘʥʜʥʦʡ ʩʪʨʦʢʝ. ʋʪʠʣʠʪʘ cpio ï ʩʝʪʝʚʘʷ, ʝʡ ʧʦʤʠʤʦ ʬʘʡʣʦʚ ʠ ʢʘʪʘʣʦ-
ʛʦʚ ʧʝʨʝʜʘʶʪʩʷ, ʛʥʝʟʜʘ ʜʦʤʝʥʦʚ, ʧʦʠʤʝʥʦʚʘʥʥʳʝ ʢʘʥʘʣʳ, IP-ʘʜʨʝʩʘ ʠ ʪ.ʧ. 

ʇʨʦʛʨʘʤʤʘ Amanda ʢʦʥʪʨʦʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʩʝʨʠʠ ʧʦʣʥʳʭ ʠ ʠʥʢʨʝʤʝʥʪʘʭ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ 
ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʜʠʩʢʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ. ʈʘʙʦʪʘʝʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʬʦʨʤʘʪʝ. ʇʨʦʠʟʚʦʜʠʪ ʨʝʛʫʣʷʨʥʳʡ 
ʧʨʦʮʝʩʩ ʢʦʧʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʧʨʦʠʚʟʦʜʠʪʴ ʨʝʟʝʨʚʥʦʡ ʢʦʧʠʨʦʚʘʥʠʝ ʤʝʞʜʫ ʚʩʝʤʠ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷʤʠ ʩʝʪʠ ʠ ʦʪʧʨʘʚʣʷʪʴ ʠʤ ʨʝʟʝʨʚʥʳʝ ʢʦʧʠʠ, ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢ ʠ ʧʘʨʘʣ-
ʣʝʣʴʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʠʭ ʜʚʫʭ ʬʫʥʢʮʠʡ. ʀʤʝʝʪ ʩʚʦʠ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʤʘʥʜʳ, ʥʘʧʨʠʤʝʨ amrecover. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʳʣʠ ʢʨʘʪʢʦ ʨʘʩʩʤʦʪʨʝʥʳ ʠʤʝʶʱʠʝʩʷ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʩʨʝʜʩʪʚʘ ʟʘʱʠʪʳ ʠʥʬʦʨ-
ʤʘʮʠʠ ʚ ʆʉ ʄʉɺʉ. ɺʳʚʝʜʝʥʳ ʪʨʝʙʦʚʘʥʠʷ, ʢʘʢʠʝ ʙʳʣʠ ʧʨʝʜʲʷʚʣʝʥʳ ʢ ʜʘʥʥʦʤʫ ʧʨʦʛʨʘʤʤʥʦʤʫ ʧʨʦʜʫʢʪʫ 
ʧʨʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ, ʢʘʢʠʝ ʠʤʝʝʪ ʩʝʨʪʠʬʠʢʘʪʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʌʉʊʕʂ ʠ ʢʘʢʠʝ ʩʦʜʝʨʞʠʪ ʨʘʙʦʯʠʝ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʠ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʘʥʘʣʦʛʦʚ ʠ ʢʦʥʢʨʝʪʥʦʡ ʆʉ ʩʠʩʪʝʤʳ ʚʳʚʝʜʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦ-
ʩʪʘʪʢʠ. ʇʨʝʜʣʦʞʝʥʦ ʨʝʰʝʥʠʝ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ǧǰǮǭǪǻǦǭǡǟǬǧǤ ǯǟǰǶǤǱǬǺǴ ǫǤǱǭǣǭǡ Ǯǯǧ 
ǟǬǟǪǧǦǤ Ǯǭǥǟǯǟ Ǭǟ ǟǡǱǭǫǭǠǧǪǤ ǰ 
ǢǟǦǭǠǟǪǪǭǬǬǺǫ ǭǠǭǯǲǣǭǡǟǬǧǤǫ 

ǱǿȐȉǿȄȁ ǮǿȁȄȊ ǰȄȏȂȄȄȁȇȖ, 
ǡȊǿȐȍȁ ǫȇȔǿȇȊ ǟȊȄȉȐȄȄȁȇȖ, 
ǥȒȉȍȁ ǱȇȋȒȏ ǮȄȑȏȍȁȇȖ 

ʄʘʛʠʩʪʨʘʥʪʳ  
ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠè 

 

 
ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʦʞʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ, ʧʦʤʠʤʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʘ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʠ ʚʠʜʘ ʪʝʧʣʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʝʨʚʦʥʘ-
ʯʘʣʴʥʦʛʦ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʠʝ ʫʩʣʦʚʠʡ ʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʨʘʟʚʠʪʠʶ ʧʦʞʘʨʘ. ʆʜ-
ʥʠʤ ʠʟ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʥʘʣʠʯʠʝ ʚ ʘʚʪʦʤʦʙʠʣʝ ʛʘʟʦʙʘʣʣʦʥʥʦʡ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʢʦʣʠʯʝʩʪʚʦ ʧʦʞʘʨʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʛʘʟʦʙʘʣʣʦʥʥʳʤ 
ʦʙʦʨʫʜʦʚʘʥʠʝʤ (ɻɹʆ) ʩʦʠʟʤʝʨʠʤʦ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʞʘʨʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ʙʝʥʟʠʥʦʚʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. 
ʇʦʵʪʦʤʫ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʘʢʠʭ ʧʦʞʘʨʦʚ ʜʣʷ ʨʘʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦʞʘʨʦʚ ʘʚʪʦʤʦʙʠʣʝʡ ʩ ɻɹʆ.  

ɼʣʷ ʨʘʩʯʸʪʘ ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʩʠʪʫʘʮʠʷ ʧʦʞʘʨʘ ʥʘ ʘʚʪʦʤʦʙʠʣʝ ɻɸɿ 3110 çɺʦʣʛʘè ʚ ʙʘʛʘʞʥʦʤ 

ɹʦʦʧʫʙʯʡʸ: ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʛʦʨʘʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʩ ʛʘʟʦʙʘʣʣʦʥʥʳʤ 
ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʨʠ ʝʛʦ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʥʘ ʧʦʜʟʝʤʥʦʡ ʘʚʪʦʩʪʦʷʥʢʝ. ʇʨʦʚʝʜʝʥʥʳʡ ʨʘʩʯʝʪ ʧʨʠ ʟʘʜʘʥ-
ʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠ ʫʪʝʯʢʝ ʛʘʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʦʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ. ʇʦʜʦʙ-
ʥʳʝ ʨʘʩʯʝʪʳ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʟʥʘʢʘʭ ʧʦʚʨʝʞʜʝʥʠʠ ʦʢʨʫʞʘʶʱʠʭ 
ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʠʯʘʩʪʥʦʩʪʠ ʢ ʧʦʞʘʨʫ ʘʚʪʦʤʦʙʠʣʷ 
ʩ ʛʘʟʦʙʘʣʣʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʚʪʦʤʦʙʠʣʴ, ʧʦʞʘʨ, ʛʘʟʦʙʘʣʣʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ, ʧʨʠʯʠʥʘ ʧʦ-
ʞʘʨʘ 
 

THE USE OF CALCULATION METHODS IN THE ANALYSIS OF FIRE ON A VEHICLE WITH LPG 
EQUIPMENT 

 
Taskaev Pavel Sergeevich, 

Vlasov Mikhail Alekseevich, 
Zhukov Timur Petrovich 

 
Abstract: The calculation of the theoretical possibility of ignition of a car with gas-balloon equipment during its 
depressurization in an underground parking lot was carried out. The calculation carried out under given condi-
tions showed the impossibility of fire hazards in case of gas leakage. Similar calculations should be used in the 
analysis of visual signs of damage to surrounding vehicles and structures. Based on the analysis, it can be 
judged that a car with gas-balloon equipment was involved in the fire. 
Key words: car, fire, gas equipment, calculation methods, cause of fire. 
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ʦʪʩʝʢʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʥʘ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʉʊʆ, ʛʘʟʦʙʘʣʣʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ çLOVATOè III 
ʧʦʢʦʣʝʥʠʷ ʥʘ ʧʦʜʟʝʤʥʦʡ ʘʚʪʦʧʘʨʢʦʚʢʝ. 

ʈʘʩʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ ʚʟʨʳʚʦʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʠ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ɻʆʉʊ 12.3.047-2012 ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʉʇ 12.13130 (ʧʨʠʣʦʞʝʥʠʝ ɼ) 
ʆʧʨʝʜʝʣʝʥʠʝ ʢʘʪʝʛʦʨʠʡ ʧʦʤʝʱʝʥʠʡ, ʟʜʘʥʠʡ ʠ ʥʘʨʫʞʥʳʭ ʧʦʤʝʱʝʥʠʡ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʦʯʘʛʘ ʧʦʞʘʨʘ, ʧʫʪʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ-
ʯʠʥʳ ʧʦʞʘʨʘ ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʤʦʞʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʨʘʩʯʝʪ 
ʧʘʨʘʤʝʪʨʦʚ ʧʦʞʘʨʘ ʚ ʧʨʝʜʧʦʣʘʛʘʝʤʦʤ ʤʝʩʪʝ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (ʨʘʩʯʝʪʳ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ 
ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ). ʂʨʠʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʞʘʨʘ (ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʠ ʚʦʩʧʣʘʤʝ-
ʥʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ) ʤʦʛʫʪ ʙʳʪʴ ʚʟʷʪʳ ʠʟ 
ʣʠʪʝʨʘʪʫʨʳ ʣʠʙʦ ʨʘʩʩʯʠʪʳʚʘʪʴʩʷ. ɼʘʣʝʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʢʨʠʪʠʯʝ-
ʩʢʠʤʠ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ ʠʣʠ ʝʛʦ ʨʘʟʚʠʪʠʠ ʚ ʢʦʥʢʨʝʪʥʫʶ ʦʙʣʘʩʪʴ.  

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʷʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʛʘʟʦʚʳʝ ʙʘʣʣʦʥʳ ʦʙʲʝʤʦʤ 50 ʣ, ʙʘʣʣʦʥ 
ʟʘʧʦʣʥʷʶʪ ʥʘ 80%, ʪʦ ʜʣʷ ʨʘʩʯʝʪʘ ʙʝʨʝʤ 40 ʣ. 

ʇʣʦʪʥʦʩʪʴ ʞʠʜʢʦʡ ʬʘʟʳ ʧʨʦʧʘʥʘ = 510 ʢʛ/ʤ3, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʤʝʱʝʥʠʷ 25Á ʉ 
ʉʦʛʣʘʩʥʦ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʪ. 2, ʩʪ.6 ʠ ʩʪ.17 ʌɿ ˉ 123 ʌɿ ʊʈʦʊʇɹ ʠ ʩ ʧ. 7.3.38, ʧ. 7.3.39 (ʙ) ʇʋʕ, 

ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧ.1.1 ɻʆʉʊ ʈ 12.1.004-91*, ʧ.1.5 ʠ ʧ. 1.6 ɻʆʉʊ 12.1.010-76* ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʣʝʜʦ-
ʚʘʪʝʣʴʥʦ ʦʪ ʚʳʩʰʝʡ ʢ ʥʠʟʰʝʡ ʨʘʩʯʝʪʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʦʧʨʝʜʝʣʠʪʴ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʪʦʡ 
ʠʣʠ ʠʥʦʡ ʟʦʥʳ ʥʘ ʚʩʝ ʧʦʤʝʱʝʥʠʝ ʚ ʮʝʣʦʤ ʠʣʠ ʥʘ ʝʛʦ ʯʘʩʪʴ. 

ʉʦʛʣʘʩʥʦ, ʘʥʘʣʠʟʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʱʝʥʠʡ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, 
ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʝʢʩʪʦʚʦʡ ʯʘʩʪʠ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʘʪʝʛʦʨʠʡ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʯʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʠʥʠʤʘʝʤ, 
ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʘʷ ʩʠʪʫʘʮʠʷ ʧʨʦʠʟʦʡʜʝʪ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡʥʦʡ ʫʪʝʯʢʠ ʧʨʦʧʘʥʘ. 

ʇʦʢʘʟʘʪʝʣʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʋʙʚʤʡʯʙ 1 
ʈʧʣʙʠʙʫʞʤʡ ʨʧʟʙʩʦʧʢ ʧʨʙʪʦʧʪʫʡ ʨʩʧʨʙʦʙ 

ʇʦʢʘʟʘʪʝʣʠ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʇʨʦʧʘʥ 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʩʧʳʰʢʠ -960ʉ 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 4700ʉ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚʟʨʳʚʘ 860 ʢʇʘ 

ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʨʝʜʝʣʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʅʂʇʈ 2,3 % 

ɺʂʇʈ 9,5 % 

 
ʉʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʛʘʟʘ ʚ ʧʦʤʝʱʝʥʠʠ ʨʘʚʥʘ 

                             ʢʛVm 4,2004.0*510*ʛ ===r
               (1) 

 ʉʚʦʙʦʜʥʳʡ ʦʙʲʸʤ ʧʦʤʝʱʝʥʠʷ ʨʘʚʝʥ  

    
3

ʉɺ 4,82948,0*4*72*36 ʤV ==
    (2) 

ʅʂʇʈ ʨʘʚʝʥ 2,3 %; 
ʇʣʦʪʥʦʩʪʴ ʧʘʨʦʚ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʦʡ 25 0ʉ ʩʦʩʪʘʚʠʪ. 
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ʆʧʨʝʜʝʣʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ ʩʤʝʩʠ ʢ 5% ʦʪ ʦʙʲʝʤʘ ʧʦʤʝʱʝʥʠʷ. 
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ʦʙʲʝʤ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʨʘʚʝʥ 0,56 % ʦʪ ʦʙʲʝʤʘ ʧʦʤʝʱʝʥʠʷ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 5% ʦʪ 
ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʧʦʤʝʱʝʥʠʷ. 

ʆʧʨʝʜʝʣʠʤ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠ ʚʟʨʳʚʝ ʥʘ ʧʘʨʢʦʚʢʝ 
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ʉ ʫʯʝʪʦʤ, ʪʦʛʦ ʯʪʦ ʠʤʝʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʨʦʚ ʛʦʨʶʯʝʛʦ ʛʘʟʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ 
ʨʘʟʤʝʨ ʚʟʨʳʚʦʦʧʘʩʥʦʡ ʟʦʥʳ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴ-
ʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʵʪʦʤʫ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʣʦʞʝʥʠʝʤ ɼ ʉʇ 12.13130 ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʧʨʦʣʠʚʘ ʨʘʚʥʦ 0.  

ɺʟʨʳʚʦʦʧʘʩʥʘʷ ʟʦʥʘ ʧʨʠ ʧʨʦʣʠʚʝ ʪʘʢʦʛʦ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. 
ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʘʚʘʨʠʡʥʦʛʦ ʧʨʦʣʠʚʘ ʦʙʨʘʟʫʶʪʩʷ ʧʘʨʳ ʛʦʨʶʯʝʛʦ ʛʘʟʘ, ʥʦ ʧʨʠ ʜʘʥʥʦʡ 

ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʘʨʦʚ ʥʝ ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʤʝʭʘʥʠʟʤ ʚʟʨʳʚʥʦʛʦ ʩʛʦʨʘʥʠʷ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈ 12.3.047-2012 ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʥʘʣʠʯʠʝ ʚʟʨʳʚʦʦʧʘʩʥʳʭ 
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ʟʦʥ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʥʠʞʥʠʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʤ ʧʨʝʜʝʣʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʣʘʤʝʥʠ ʧʘʨʦʚ ʞʠʜʢʦʩʪʝʡ, 
ʨʘʟʤʝʨʦʚ ʟʦʥ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʞʘʨʘ ï ʚʩʧʳʰʢʠ. 

ʆʧʨʝʜʝʣʷʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʦʥʳ ʧʨʦʣʠʚʘ (ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝ-
ʩʠ). 
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ʆʧʨʝʜʝʣʷʝʤ ʚʳʩʦʪʫ ʟʦʥʳ ʧʨʦʣʠʚʘ (ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ). 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʞʘʨʘ ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʦʯʘʛʝ ʚʦʟʛʦʨʘʥʠʷ ʘʚʪʦʤʦʙʠʣʷ ʩ 
ʛʘʟʦʙʘʣʣʦʥʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʘʩʯʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʟʦʥ. 
ɼʘʥʥʳʡ ʨʘʩʯʝʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʦʚʧʘʜʝʥʠʠ ʚʠʟʫʘʣʴʥʳʭ ʧʨʠʟʥʘʢʘʭ ʧʦʚʨʝʞʜʝʥʠʠ ʵʣʝʤʝʥʪʦʚ 
ʚʝʱʥʦʡ ʦʙʩʪʘʥʦʚʢʠ (ʦʢʨʫʞʘʶʱʠʝ ʘʚʪʦʤʦʙʠʣʠ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʪʦʞʜʝ-
ʩʪʚʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʠʯʘʩʪʥʦʩʪʠ ʛʦʨʝʥʠʷ ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʠ ʙʘʣʣʦʥʘ 
ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʨʘʩʯʝʪʘʭ ʚʟʨʳʚʦʦʧʘʩʥʘʷ ʟʦʥʘ ʥʝ ʦʙʨʘʟʦʚʘʣʘʩʴ, 
ʥʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʦʧʘʩʥʦʩʪʴ ʟʘʛʦʨʘʥʠʷ ʩʫʱʝʩʪʚʫʝʪ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʡ ʨʘʟʤʝʨ ʟʦʥ, ʯʪʦ ʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚʳʰʝ. 
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ǧǰǰǪǤǣǭǡǟǬǧǤ ǭǰǭǠǤǬǬǭǰǱǤǨ ǢǭǯǤǬǧǾ 
ǬǤǭǯǢǟǬǧǶǤǰǩǧǴ ǱǤǮǪǭǧǦǭǪǾǵǧǭǬǬǺǴ 
ǫǟǱǤǯǧǟǪǭǡ ǰǭǣǤǯǥǟǸǧǴ ǣǧǦǤǪǻǬǭǤ 
ǱǭǮǪǧǡǭ 

ǩȒȆȌȄȕȍȁǿ ǡȇȉȑȍȏȇȞ ǟȌǿȑȍȊțȄȁȌǿ, 
ʤʘʛʠʩʪʨʘʥʪ 

ǷǿȏǿȎȍȁ ǡȊǿȃȇȋȇȏ ǰȄȏȂȄȄȁȇȖ 
ʘʜʲʶʥʢʪ ʢʘʬʝʜʨʳ ʢʨʠʤʠʥʘʣʠʩʪʠʢʠ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʵʢʩʧʝʨʪʠʟ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠè 
 

 
ʂʘʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʥʳʝ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨʶʯʠʝ ʞʠʜʢʦʩʪʠ, ʥʘʥʝʩʝʥʥʳʝ ʥʘ ʧʦʨʠʩʪʳʡ ʥʦ-

ʩʠʪʝʣʴ, ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʛʦʨʶʯʝʩʪʠ ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʤʠ ʠʩʭʦʜʥʳʤ ʛʦʨʶʯʠʤ ʞʠʜʢʦʩʪʷʤ, ʥʘʧʨʠʤʝʨ, 
ʤʘʩʣʘ ʧʨʦʧʠʪʳʚʘʶʱʠʝ ʚʝʪʦʰʴ ʤʦʛʫʪ ʪʣʝʪʴ [1-3]. ʇʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʥʦʩʠʪʝʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʣʦʚʠʷ 
ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʝʞʠʤʝ ʛʝʪʝʨʦʬʘʟʥʦʛʦ ʛʦʨʝ-
ʥʠʷ [2]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ, ʛʦʨʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 
ʠʥʠʮʠʠʨʦʚʘʥʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʷʪ ʥʝʦʨ-
ʛʘʥʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʠʥʝʨʘʣʴʥʳʝ ʠʣʠ 
ʩʪʝʢʣʷʥʥʳʝ ʚʘʪʳ, ʯʘʩʪʦ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʧʦʣʠʤʝʨʥʳʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʩʦʭʨʘʥʝʥʠʝ 
ʤʘʪʝʨʠʘʣʦʚ ʬʦʨʤʳ. ʂ ʦʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʦʧʫʣʷʨʥʦʡ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚ-
ʣʷʶʪʩʷ ʣʝʛʢʦʩʪʴ, ʚʳʩʦʢʠʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʪʦ, ʯʪʦ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʛʦʨʶʯʠʤ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʥʝʛʦʨʶʯʝʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʚʩʝʛʜʘ ʨʝʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘ-
ʝʪʩʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ, ʧʫʩʪʴ ʜʘʞʝ ʚ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʧʨʠ 

ɹʦʦʧʫʙʯʡʸ: ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʝʥʠʷ ʩʠʩʪʝʤ ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ - ʜʠʟʝʣʴʥʦʝ 
ʪʦʧʣʠʚʦ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʠ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʴ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʢʦ-
ʣʠʯʝʩʪʚʦ ʚʚʦʜʠʤʦʛʦ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʪʘʢ ʠ ʦʪ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʦʩʠʪʝʣʷ. ɺʥʝʩʝʥʠʝ ʚ ʦʙʨʘʟʮʳ ʤʠ-
ʥʝʨʘʣʴʥʳʭ ʚʘʪ ʜʘʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʛʦʨʶʯʝʩʪʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʠʥʝʨʘʣʴʥʳʝ ʚʘʪʳ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʛʦʨʶʯʝʩʪʴ, ʢʦʧʦʪʴ, ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʘʥʘ-
ʣʠʟ. 
 

STUDY OF THE COMBUSTION FEATURES OF INORGANIC HEAT-INSULATING MATERIALS 
CONTAINING DIESEL FUEL 

Kuznetsova Victoria Anatolievna, 
Sharapov Vladimir Sergeevich 

 
Abstract: A study of the characteristics of combustion of mineral wool - diesel fuel systems was carried out. It 
is shown that the possibility of spontaneous combustion and its duration depend both on the amount of the 
injected oil product and on the properties of the mineral carrier. The introduction of even a small amount of 
diesel fuel into mineral wool samples leads to their combustibility. 
Key words: mineral wool, diesel fuel, flammability, soot, luminescent analysis. 
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ʦʧʨʝʜʝʣʸʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʛʦʨʘʥʠʶ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʟʚʝʩʪʥʳ ʩʣʫʯʘʝ ʜʦʣʛʠʡ ʢʦʥ-
ʪʘʢʪ ʩ ʥʘʛʨʝʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʥʘʧʨʠʤʝʨ, ʜʳʤʦʭʦʜʘʤʠ, ʧʨʠʚʦʜʠʣ ʢ ʚʦʟʛʦʨʘʥʠʶ [3]. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦ-
ʥʳ, ʤʦʛʫʪ ʚʦʟʛʦʨʘʪʴʩʷ  ʛʦʨʶʯʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʧʘʜʘʶʱʠʝ ʚ ʤʠʥʝʨʘʣʴʥʳʝ ʚʘʪʳ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ, 
ʥʘʧʨʠʤʝʨ, ʩʢʦʧʠʚʰʠʝʩʷ ʧʘʨʳ ʛʦʨʶʯʠʭ ʞʠʜʢʦʩʪʝʡ, ʛʦʨʶʯʠʝ ʪʚʝʨʜʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. 
ɺʦʟʤʦʞʥʦ ʧʦʧʘʜʘʥʠʝ ʚ ʧʦʨʠʩʪʳʡ ʥʝʛʦʨʶʯʠʡ ʤʘʪʝʨʠʘʣ ʛʦʨʶʯʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʚʘ. ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʨʘʟʛʦʚʦʨ ʚʠʜʝ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʜʠʩʧʝʨʩʥʳʭ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʦʪʣʠʯʥʳ ʢʘʢ ʦʪ 
ʠʩʭʦʜʥʦʛʦ ʪʚʝʨʜʦʛʦ ʥʝʛʦʨʶʯʝʛʦ ʥʦʩʠʪʝʣʷ, ʪʘʢ ʠ ʦʪ ʛʦʨʶʯʝʛʦ ʧʨʠʚʥʝʩʝʥʠʷ. 

 
ʋʙʚʤʡʯʙ 1 

ɻʡʠʬʙʤʵʦʴʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʜʧʩʞʦʡʸ ʪʡʪʫʞʥ ʥʡʦʞʩʙʤʵʦʙʸ ʛʙʫʙ ð ʝʡʠʞʤʵʦʧʞ ʫʧʨʤʡʛʧ, 
ʦʙʚʤʷʝʙʞʥʴʞ ʛ ʮʧʝʞ ʶʣʪʨʞʩʡʥʞʦʫʙ 

ʇʚʳʞʥ 
ʛʦʧʪʡʥʧʜʧ 
ɽʋ, ʥʤ 

Isover KnaufInsulation ʁʠʧʚʞʤ ʄ-25 ʋʞʮʦʧʦʡʣʧʤʵ. 
ʉʇʃʄɹʂʋ 

1 ʋʩʪʦʡʯʠʚʦʝ  
ʧʣʘʤʝʥʥʦʝ ʛʦʨʝʥʠʝ.  
ʉʠʣʴʥʦʝ ʟʘʢʦʧʯʝʥʠʝ 
ʩʪʝʢʣʘ. 

ɺʩʧʳʰʢʘ,  
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ  
ʛʦʨʝʥʠʝ, ʩʠʣʴʥʦ  
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ.  
ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ 
 ʚʳʜʝʣʝʥʠʝ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ  
ʛʦʨʝʥʠʝ, ʩʠʣʴʥʦ  
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ.  
ɺʳʜʝʣʝʥʠʝ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ 

ʋʩʪʦʡʯʠʚʦʝ  
ʧʣʘʤʝʥʥʦʝ ʛʦʨʝʥʠʝ 
ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ  
ʠʩʪʦʯʥʠʢʘ ʟʘʞʠʛʘʥʠʷ. 
ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ 
ʦʙʠʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ 
ʙʝʣʦʛʦ ʜʳʤʘ.  
ʉʠʣʴʥʦʝ ʟʘʢʦʧʯʝʥʠʝ 
ʩʪʝʢʣʘ. 

0,7 ʋʩʪʦʡʯʠʚʦʝ  
ʧʣʘʤʝʥʥʦʝ ʛʦʨʝʥʠʝ 
ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ  
ʠʩʪʦʯʥʠʢʘ  
ʟʘʞʠʛʘʥʠʷ. ʉʠʣʴʥʦ 
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ. 

ʋʩʪʦʡʯʠʚʦʝ  
ʧʣʘʤʝʥʥʦʝ ʛʦʨʝʥʠʝ. 
ʉʠʣʴʥʦʝ ʟʘʢʦʧʯʝʥʠʝ 
ʩʪʝʢʣʘ. 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ  
ʛʦʨʝʥʠʝ. ʉʠʣʴʥʦ 
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ.  
ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʜʳʤʘ ʙʝʣʦʛʦ ʮʚʝʪʘ 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ  
ʛʦʨʝʥʠʝ, ʧʦʩʣʝ  
ʟʘʪʫʭʘʥʠʷ ʚʳʜʝʣʝʥʠʝ 
ʜʳʤʘ ʙʝʣʦʛʦ ʮʚʝʪʘ. 

0,5 ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ  
ʛʦʨʝʥʠʝ. 
ʉʨʝʜʥʝ ʢʦʧʪʷʱʝʝ 
ʧʣʘʤʷ. ʇʦʩʣʝ  
ʟʘʪʫʭʘʥʠʷ  
ʚʳʜʝʣʝʥʠʝ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ  

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ  
ʛʦʨʝʥʠʝ. ʉʨʝʜʥʝ  
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ.  
ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ  
ʚʳʜʝʣʝʥʠʝ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ ɺʨʝʤʷ 
ʛʦʨʝʥʠʷ 5 ʩ 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ  
ʛʦʨʝʥʠʝ. ʉʨʝʜʥʝ  
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ.  
ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ  
ʚʳʜʝʣʝʥʠʝ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ  
ʛʦʨʝʥʠʝ. ʉʨʝʜʥʝ  
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ.  
ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ  
ʚʳʜʝʣʝʥʠʝ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ 

0,3 ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 
ʛʦʨʝʥʠʝ. 
ʉʨʝʜʥʝ ʢʦʧʪʷʱʝʝ 
ʧʣʘʤʷ. ʇʦʩʣʝ  
ʟʘʪʫʭʘʥʠʷ  
ʚʳʜʝʣʝʥʠʝ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ  
ʛʦʨʝʥʠʝ, ʧʦʩʣʝ  
ʟʘʪʫʭʘʥʠʷ ʚʳʜʝʣʝʥʠʝ 
ʜʳʤʘ ʙʝʣʦʛʦ ʮʚʝʪʘ. 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 
ʛʦʨʝʥʠʝ. ʉʨʝʜʥʝ  
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ.  
ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ  
ʚʳʜʝʣʝʥʠʝ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 
ʛʦʨʝʥʠʝ. ʉʨʝʜʥʝ  
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ.  
ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ  
ʚʳʜʝʣʝʥʠʝ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ 

0,2 ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 
ʛʦʨʝʥʠʝ. ʇʣʘʤʷ ʩʣʘʙʦ 
ʢʦʧʪʷʱʝʝ 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ,  
ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 
ʛʦʨʝʥʠʝ, ʩʣʘʙʦ  
ʢʦʧʪʷʱʝʝ ʧʣʘʤʷ.  
ʇʦʩʣʝ ʟʘʪʫʭʘʥʠʷ  
ʚʳʜʝʣʝʥʠʝ ʜʳʤʘ  
ʙʝʣʦʛʦ ʮʚʝʪʘ. 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 
ʛʦʨʝʥʠʝ. ʇʣʘʤʷ ʩʣʘʙʦ 
ʢʦʧʪʷʱʝʝ. 

ʂʦʨʦʪʢʘʷ ʚʩʧʳʰʢʘ, 
ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 
ʛʦʨʝʥʠʝ, ʧʦʩʣʝ  
ʟʘʪʫʭʘʥʠʷ ʚʳʜʝʣʝʥʠʝ 
ʜʳʤʘ ʙʝʣʦʛʦ ʮʚʝʪʘ. 

0,1 ʉʣʘʙʘʷ ʚʩʧʳʰʢʘ, ʙʝʟ 
ʜʘʣʴʥʝʡʰʝʛʦ  
ʛʦʨʝʥʠʷ. 

ʉʣʘʙʘʷ ʚʩʧʳʰʢʘ, ʙʝʟ 
ʜʘʣʴʥʝʡʰʝʛʦ  
ʛʦʨʝʥʠʷ.. 

ʉʣʘʙʘʷ ʚʩʧʳʰʢʘ, ʙʝʟ 
ʜʘʣʴʥʝʡʰʝʛʦ ʛʦʨʝʥʠʷ. 

ʉʣʘʙʘʷ ʚʩʧʳʰʢʘ, ʙʝʟ 
ʜʘʣʴʥʝʡʰʝʛʦ ʛʦʨʝʥʠʷ 



ǫǭǪǭǣǝǥǬǟǾ Ǭǟǲǩǟ 55 

 

VI International scientific conference | www.naukaip.ru 

ʋʙʚʤʡʯʙ 2 
ɻʩʞʥʸ ʜʧʩʞʦʡʸ ʧʚʩʙʠʯʧʛ ʥʡʦʞʩʙʤʵʦʙʸ ʛʙʫʙ ð ʝʡʠʞʤʵʦʧʞ ʫʧʨʤʡʛʧ,  

ʠʙʭʡʣʪʡʩʧʛʙʦʦʧʞ ʛ ʮʧʝʞ ʡʪʨʴʫʙʦʡʢ 

ʆʙʲʝʤ 
ʚʥʦʩʠʤʦʛʦ 
ɼʊ, ʤʣ 

ɿʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚʨʝʤʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʦʚ 
ʤʠʥʝʨʘʣʴʥʘʷ ʚʘʪʘ - ɼʊ 

Isover KnaufInsulation ʀʟʦʙʝʣ ʃ-25 
ʊʝʭʥʦʥʠʢʦʣʴ. 
ʈʆʂʃɸʁʊ 

1 63,2 33,7 42,0 64,1 

0,7 52,3 32,2 40,7 45,6 

0,5 32,5 30,1 37,7 35,2 

0,3 18,6 29,1 35,1 33,5 

0,2 16,7 28,2 33,4 29,8 

0,1 - - - - 

 
ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʤʠʥʝʨʘʣʴʥʳʝ ʚʘʪʳ ʛʦʨʶʯʠʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʛʦʨʘʥʠʷ ʙʫʜʝʪ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʝʪʴ ʦʪ ʩʚʦʡʩʪʚ ʛʦʨʶʯʝʡ ʞʠʜʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʪ ʩʨʦʜʩʪʚʘ ʧʦʨʠʩʪʦʡ ʪʚʝʨʜʦʡ ʤʘʪʨʠʮʝ 
ʢ ʝʝ ʢʦʤʧʦʥʝʥʪʘʭ, ʦʙʲʝʤʘ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʧʣʦʪʥʦʩʪʠ ʥʦʩʠʪʝʣʷ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, 
ʧʨʦʧʠʪʘʥʥʳʭ ʜʠʟʝʣʴʥʳʤ ʪʦʧʣʠʚʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʛʦʨʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʦ ʧʦʨʠʩʪʦʡ ʦʩʥʦʚʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 4 ʤʘʨʢʠ ʢʘʤʝʥʥʳʭ ʚʘʪ, ʘ ʠʤʝʥʥʦ ʊʝʭʥʦʥʠʢʦʣʴ. 
ʈʆʂʃɸʁʊ ʠ ʀʟʦʙʝʣ ʃ-25 ʢʦʤʧʘʥʠʠ IZOVOL, ʘ ʪʘʢʞʝ ʩʪʝʢʣʷʥʥʘʷ ʚʘʪʘ KnaufInsulation ʠ Isover. ɺ ʢʘʯʝʩʪʚʝ 
ʛʦʨʶʯʝʡ ʞʠʜʢʦʩʪʠ ʚʳʙʨʘʣʠ ʣʝʪʥʝʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʬʠʨʤʳ SHELL (ɼʊ). 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʪʦʚʠʣʠ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʚ ʢʫʙʳ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ ʦʙʲʝʤʦʤ 5ʍ5ʍ5 
ʤʤ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʚ ʦʙʲʝʤʝ ʦʪ 0,2 ʜʦ 1 ʤʣ. ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ 
ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʳ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʵʢʩʠʢʘʪʦʨʝ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʝʨʝʚʦʨʘʯʠʚʘʷ ʥʘ 
ʢʘʞʜʫʶ ʠʟ ʛʨʘʥʝʡ ʢʫʙʘ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ ʦʙʨʘʟʮʝ ʟʘʜʘʥʥʦʛʦ ʦʙʲʝʤʘ 
ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʦʙʨʘʟʮʳ ʚʟʚʝʰʠʚʘʣʠ ʜʦ ʠ ʧʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ.  

ʀʩʧʳʪʘʥʠʝ ʥʘ ʛʦʨʶʯʝʩʪʴ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʰʪʘ-
ʪʠʚ ʩ ʜʝʨʞʘʪʝʣʝʤ, ʚ ʢʦʪʦʨʳʡ ʟʘʢʨʝʧʣʝʥʘ ʬʘʨʬʦʨʦʚʘʷ ʯʘʰʘ, ʚ ʢʦʪʦʨʫʶ ʧʦʤʝʱʘʣʩʷ ʦʙʨʘʟʝʮ. ʆʙʨʘʟʝʮ 
ʧʦʜʞʠʛʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ, ʚʨʝʤʷ ʥʘ ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʫʜʝʨʞʠʚʘʣʠ ʛʦʨʝʣʢʫ ʥʘʜ ʦʙʨʘʟ-
ʮʦʤ ʩʦʩʪʘʚʣʷʣʦ 3 ʩʝʢʫʥʜʳ, ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʩʝʢʫʥʜʦʤʝʨʘ ʬʠʢʩʠʨʦʚʘʣʦʩʴ ʚʨʝʤʷ ʝʛʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 
ʛʦʨʝʥʠʷ. ʇʘʨʘʣʣʝʣʴʥʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʠ ʟʘʙʦʨ ʢʦʧʦʪʠ 
ʥʘʜ ʛʦʨʷʱʠʤ ʦʙʨʘʟʮʦʤ. ʆʪʙʠʨʘʣʠ ʝʝ ʥʘ ʩʪʝʢʣʦ, ʟʘʢʨʝʧʣʝʥʥʦʝ ʥʘ ʰʪʘʪʠʚʝ ʥʘʜ ʦʙʨʘʟʮʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 
15 ʩʤ. ʇʨʦʚʦʜʠʣʠ ʧʦ 10 ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʫʩʨʝʜʥʷʣʠ. 

ɺʠʟʫʘʣʴʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1, ʜʘʥʥʳʝ ʧʦ ʚʨʝʤʝʥʠ 
ʛʦʨʝʥʠʷ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 2. 

ɼʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʤʠʥʝ-
ʨʘʣʴʥʘʷ ʚʘʪʘ ï ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʦʥʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ ʥʘ ʨʠʩ. 1. 

ʂʘʢ ʚʠʜʥʦ, ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʪʦʣʴʢʦ ʜʣʷ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ Isover ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨ-
ʥʦʝ ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʧʨʠ ʨʦʩʪʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. ɼʣʷ ʦʙ-
ʨʘʟʮʘ KnaufInsulation ʚʨʝʤʷ ʛʦʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ. ɼʘʥʥʦʝ ʦʙ-
ʩʪʦʷʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʣʦʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ 
ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʛʦʨʝʥʠʶ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʘ, ʚʳʛʦʨʘʝʪ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦ-
ʩʪʠ. ɼʣʷ ʦʙʨʘʟʮʘ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ ʀʟʦʙʝʣ ʃ-25ʚʨʝʤʷ ʛʦʨʝʥʠʷ ʪʘʢʞʝ ʤʝʥʷʝʪʩʷ ʤʘʣʦ, ʧʨʠ ʵʪʦʤ ʧʨʦ-
ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʤʝʥʴʰʝ 0,5 ʤʣ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙ-
ʨʘʟʮʘ ʥʘʠʙʦʣʴʰʝʝ. ʉʚʦʡʩʪʚʘ ʛʦʨʝʥʠʷ ʦʙʨʘʟʮʦʚ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʳ ʊʝʭʥʦʥʠʢʦʣʴ. ʈʆʂʃɸʁʊ ʙʣʠʟʢʠ ʢ 
ʦʙʨʘʟʮʘʤ ʚʘʪʳ Isover, ʨʘʟʥʠʮʘ ʚ ʙʦʣʴʰʝʤ ʚʨʝʤʝʥʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ ʧʨʠ ʦʙʲʝʤʝ ʚʚʦʜʠʤʦʛʦ 
ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ  0,2 ʠ 0,3 ʤʣ. 
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ʉʡʪ. 1. ʝʙʦʦʴʮ ʨʧ ʛʩʞʥʞʦʡ ʪʙʥʧʪʫʧʸʫʞʤʵʦʧʜʧ ʜʧʩʞʦʡʸ ʧʚʩʙʠʯʧʛ ʥʡʦʞʩʙʤʵʦʙʸ ʛʙʫʙ ð ʝʡʠʞʤʵʦʧʞ 

ʫʧʨʤʡʛʧ 
 
ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʚ ʦʙʨʘʟʮʳ ʤʠʥʝʨʘʣʴʥʳʭ ʚʘʪ ʜʘʞʝ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʦʛʦ ʛʦʨʝʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʝʢʩʘʥʦʚʳʭ ʵʢʩʪʨʘʢʪʦʚ ʢʦʧʦʪʠ, ʦʪʦʙʨʘʥʥʦʡ ʥʘʜ ʛʦʨʷʱʠʤʠ ʦʙʨʘʟʮʘʤʠ, ʤʝʪʦʜʦʤ 
ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜ-
ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʠ ʩʣʦʞʥʳʭ ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʯʪʦ ʥʝʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ 
ʪʦʧʣʠʚʘ, ʚʳʛʦʨʘʶʱʝʛʦ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʠʜʝʪ ʦʙʨʘʟʦʚʘʥʠʝ 
ʧʨʦʜʫʢʪʦʚ ʥʝʧʦʣʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʙʦʣʝʝ ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʛʦʨʶʯʝʩʪʠ ʩʠʩʪʝʤʳ ʤʠʥʝ-
ʨʘʣʴʥʘʷ ʚʘʪʘ ï ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʘ ʦʙʣʘʜʘʶʪ ʩʚʦʠʤʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʟʘʚʠ-
ʩʷʪ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʝʛʦʨʶʯʝʛʦ ʥʦʩʠʪʝʣʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ / ɻʘʣʠʰʝʚ ʄ.ɸ // ɺʝʩʪʥʠʢ ɺʦʨʦʥʝʞ-

ʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ. 2017. ̄  1 (22). ʉ. 17-23. 
2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʛʦʨʶʯʝʩʪʠ ʩʠʩʪʝʤʳ "ʧʦʯʚʘ - ʥʝʬʪʝʧʨʦʜʫʢʪʳ" / ɹʝʣʴʰʠʥʘ 

ʖ.ʅ., ɻʘʣʠʰʝʚ ʄ.ɸ., ʀʣʴʶʰʠʥʘ ʂ.ɸ. // ʊʝʭʥʦʣʦʛʠʠ ʪʝʭʥʦʩʬʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 2017. ˉ 2 (72). ʉ. 98-106. 
3. ʏʝʰʢʦ ʀ.ɼ., ʇʣʦʪʥʠʢʦʚ ɺ.ɻ. ɸʥʘʣʠʟ ʵʢʩʧʝʨʪʥʳʭ ʚʝʨʩʠʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦʞʘʨʘ / ʉʇʙʌ ʌɻʋ 

ɺʅʀʀʇʆ. ʂʥ. 1. ʉʇʙ.: ʆʆʆ çʊʠʧʦʛʨʘʬʠʷ çɹʝʨʝʩʪʘè, 2010. 708 ʩ.  
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Isover KnaufInsulation ʀʟʦʙʝʣ ʃ-25 ʊʝʭʥʦʥʠʢʦʣʴ. ʈʆʂʃɸʁʊ 
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ǮǯǭǢǬǭǦǧǯǭǡǟǬǧǤ ǲǯǭǡǬǾ ǦǟǠǭǪǤǡǟǬǧǾ 
ǰǟǴǟǯǬǭǢǭ ǣǧǟǠǤǱǟ ǰ ǧǰǮǭǪǻǦǭǡǟǬǧǤǫ 
ǯǤǢǯǤǰǰǧǭǬǬǭǢǭ ǟǬǟǪǧǦǟ 

ǭȏǿȆȀǿȄȁǿ ǥǿȌǿȏ ǷǿȈȉȄȌȍȁȌǿ*  
ʫʯʠʪʝʣʴ ʠʥʬʦʨʤʘʪʠʢʠ 

Ǥȏȉ͜ȌȚȆȚ ǠǿȚȑ  
ʫʯʝʥʠʮʘ 11 ʢʣʘʩʩʘ 

ʆʙʣʘʩʪʥʦʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʰʢʦʣʳ-ʣʠʮʝʡ-ʠʥʪʝʨʥʘʪ ʜʣʷ ʦʜʘʨʝʥʥʳʭ ʜʝʪʝʡ  
 

 
ʇʦ ʩʪʘʪʠʩʪʠʢʝ, ʯʠʩʣʦ ʣʶʜʝʡ, ʩʪʨʘʜʘʶʱʠʭ ʩʘʭʘʨʥʳʤ ʜʠʘʙʝʪʦʤ ʚ ʤʠʨʝ, ʚ 1980 ʛʦʜʫ ʩʦʩʪʘʚʠʣʦ 108 

ʤʣʥ ʯʝʣʦʚʝʢ, ʘ ʚ 2014 ʛʦʜʫ ʧʦʢʘʟʘʪʝʣʠ ʚʳʨʦʩʣʠ ʜʦ 422 ʤʣʥ ʯʝʣʦʚʝʢ. ʉʨʝʜʠ ʚʟʨʦʩʣʳʭ ʛʨʘʞʜʘʥ 4,7% ʦʪ 
ʦʙʱʝʛʦ ʯʠʩʣʘ ʞʠʪʝʣʝʡ ʤʠʨʘ ʨʘʥʝʝ ʩʪʨʘʜʘʣʠ ʦʪ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ 2016 ʛʦʜʫ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʫʚʝʣʠ-
ʯʠʣʩʷ ʜʦ 8,5%. ʇʦ ʜʘʥʥʳʤ ɺʆɿ ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʬʝʜʝʨʘʮʠʠ ʜʠʘʙʝʪʘ (IDF), ʝʞʝʛʦʜʥʦ ʦʪ ʵʪʦʛʦ ʟʘʙʦʣʝ-
ʚʘʥʠʷ ʠ ʝʛʦ ʦʩʣʦʞʥʝʥʠʡ ʛʠʙʥʫʪ ʤʠʣʣʠʦʥʳ ʣʶʜʝʡ [1].  

ʇʦ ʛʣʦʙʘʣʴʥʳʤ ʦʮʝʥʢʘʤ, ʩʨʝʜʠ ʣʶʜʝʡ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 20 ʜʦ 79 ʣʝʪ ʯʠʩʣʦ ʙʦʣʴʥʳʭ ʩʘʭʘʨʥʳʤ ʜʠʘ-
ʙʝʪʦʤ ʩʦʩʪʘʚʠʣʦ 151 ʤʠʣʣʠʦʥ ʚ 2000 ʛʦʜʫ ʠ 246 ʤʠʣʣʠʦʥʦʚ ʚ 2006 ʛʦʜʫ. ɺ 2018 ʛʦʜʫ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 
ʜʦʩʪʠʛ 285 ʤʠʣʣʠʦʥʦʚ. ʊʦ ʝʩʪʴ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʯʠʩʣʦ ʞʠʪʝʣʝʡ ʤʠʨʘ, ʩʪʨʘʜʘʶʱʠʭ ʉɼ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 
ʇʦ ʜʘʥʥʳʤ, ʚ 2019 ʛʦʜʫ ʯʠʩʣʦ ʙʦʣʴʥʳʭ ʩʦʩʪʘʚʠʣʦ 425 ʤʣʥ, ʘ ʚ 2021 ʛʦʜʫ-463 ʤʣʥ ʯʝʣʦʚʝʢ [2].  

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʧʨʦʙʫʝʤ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʝʡ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘ-
ʥʠʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ [3]. ʇʨʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ  ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʜʠʘ-
ʛʥʦʩʪʠʢʝ ʉɼ ʛʣʶʢʦʟʘ, ʠʥʜʝʢʩ ʤʘʩʩʳ ʪʝʣʘ ʠ ʚʦʟʨʘʩʪ ʠʤʝʶʪ ʙʦʣʝʝ ʧʣʦʪʥʫʶ ʩʚʷʟʴ, ʯʝʤ ʧʨʠ ʜʨʫʛʠʭ ʧʦʢʘʟʘ-

ɹʦʦʧʫʙʯʡʸ: ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʨʘʩʪʝʪ ʚ ʩʪʨʘʥʘʭ ʩʦ ʩʨʝʜʥʠʤ ʠ ʥʠʟʢʠʤ 
ʫʨʦʚʥʝʤ ʜʦʭʦʜʘ ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘ 
ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʫ ʧʘʮʠʝʥʪʦʚ ʥʘ 2022 ʛʦʜ ʚ ʈʝʩʧʫʙʣʠʢʝ 
ʂʘʟʘʭʩʪʘʥ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʨʦʩʪ ʢʦʣʠʯʝʩʪʚʘ ʜʠʘʙʝʪʠʢʦʚ, ʯʪʦ 
ʧʦʜʯʝʨʢʥʫʪʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʣʝʯʝʥʠʷ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ.   
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, ʜʠʘʛʥʦʩʪʠʢʘ, ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ,  ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 
ʧʨʦʛʥʦʟ. 
 

PREDICTION OF THE LEVEL OF DIABETES MELLITUS DISEASE USING REGRESSION ANALYSIS 
 

Orazbaeva Zhanar, 
Erkinkyzy Bakyt 

 
Abstract: According to studies published by the World Health Organization, the prevalence of diabetes melli-
tus is growing rapidly in middle- and low-income countries. In this study, experimental studies of the regression 
analysis method for predicting diabetes mellitus in patients for 2022 in the Republic of Kazakhstan were car-
ried out. The results of the pilot study showed an increase in the number of diabetics, which highlighted the 
need for new technologies to treat this disease. 
Key words: diabetes mellitus, diagnostics, regression analysis, mathematical model, prognosis. 
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ʪʝʣʷʭ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʨʝʛʨʝʩʩʠʷ. ʆʙʱʠʡ ʚʠʜ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝ-
ʛʨʝʩʩʠʠ ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ (1): 

ώ ὦ ὦὼ ὦὼ Ễ ὦὼ                           (1) 

ɻʜʝ, ʫ-ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ, ὼȟὼȟȣȟὼ- ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ὦȟὦȟȣȟὦ-
ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʈʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʚ ʧʨʦʛʨʘʤʤʝ IBM SPSS Statistics. ɼʘʥʥʳʝ ʚ ɽxcel ʠʤʧʦʨʪʠʨʫʶʪ-
ʩʷ. ʈʝʟʫʣʴʪʘʪ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʫʜʝʪ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʥʘ ʨʠʩʫʥʢʘʭ ʥʠʞʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʣʫ-
ʯʘʝʪʩʷ ʪʘʙʣʠʮʘ ʩ ʜʘʥʥʳʤʠ ʦ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʨʠʩ.1). 

 

 
ʉʡʪ. 1. ɽʙʦʦʴʞ ʧ ʙʦʙʤʡʠʡʩʬʞʥʴʮ ʨʞʩʞʥʞʦʦʴʮ 

 
ɿʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ-Outcome. ʌʘʢʪʦʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʫʢʘʟʘʥʳ ʚʦ ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ.  ɺʦ ʚʪʦ-

ʨʦʤ ʩʪʦʣʙʮʝ ʥʘ ʨʠʩ. 2 ʫʢʘʟʳʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. ɺʦ ʚʪʦʨʦʤ ʩʪʦʣʙʮʝ ʧʨʝʜʩʪʘʚ-
ʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʜʦʩʪʘʪʦʯʥʦʩʪʴ ʚʳʙʦʨʢʠ, ʚ ʛʨʘʬʝ 3-
ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ R-ʢʚʘʜʨʘʪ ʠ ʚ ʧʦʩʣʝʜʥʝʤ ʩʪʦʣʙʮʝ-ʩʪʘʥʜʘʨʪʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʢʠ. 

 

 
ʉʡʪ. 2. ɽʙʦʦʴʞ ʧʚ ʧʚʲʞʥ ʧʚʩʙʠʯʞ 

 
ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʪʨʘʞʘʶʱʠʝ ʜʠʩʧʝʨʩʠʶ, ʦʙʲʷʩʥʷ-

ʝʤʫʶ ʬʘʢʪʦʨʦʤ. 
 

 
ʉʡʪ. 3. ʉʞʠʬʤʵʫʙʫ ʝʡʪʨʞʩʪʡʧʦʦʧʜʧ ʙʦʙʤʡʠʙ 

 
ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʦʨʢʠ, ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 

ʦʪʨʘʞʘʶʱʠʝ ʩʚʷʟʴ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʩ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʟʥʘʯʝʥʠʝ ʩʪʘʪʠʩʪʠʢʠ ʉʪʴʶʜʝʥʪʘ, ʪʘʙʣʠ-
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ʮʘ ʤʥʦʞʝʩʪʚʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʟʥʘʯʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʟʥʘʯʠʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.4. 

 

 
ʉʡʪ. 4. ʊʛʧʝʦʙʸ ʫʙʚʤʡʯʙ ʣʧʶʭʭʡʯʡʞʦʫʧʛ ʩʞʜʩʞʪʪʡʡ 

 
ʀʟ ʘʥʘʣʠʟʘ ʚʳʰʝ ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʟʥʘʯʠʤʦʩʪʠ ʤʝʥʴʰʝ 0,05 ʜʣʷ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, 3 ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʚʳʙʦʨʢʠ, ʪʘʢʞʝ ʩʯʠʪʘʶʪʩʷ ʚʘʞʥʳʤʠ. ʄʦʞʥʦ ʩʜʝ-
ʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʱʝʡ ʤʦʜʝʣʠ ʜʦʩʪʘʪʦʯʥʦ. ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ (2) ʬʦʨʤʝ. 

 ώ πȢππφzὼ πȢπρςzὼ πȢππυzὼ πȢωρφ                 (2) 
ʇʫʩʪʴ ʩʦʟʜʘʝʪʩʷ ʣʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ. ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʢʣʘʩʩʠ-

ʯʝʩʢʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʨʝʛʨʝʩʩʠʠ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ. ɸʣʛʦʨʠʪʤ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʠ ʧʨʦʚʝʜʝʥʠʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʃʦʛʠʩʪʠʯʝʩʢʘʷ ʨʝʛʨʝʩʩʠʷ-ɻ ʪʦ ʪʠʧ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʘʥʘʣʠʟʘ ʩʚʷʟʠ 
ʤʝʞʜʫ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʉ ʧʦʤʦʱʴʶ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 
ʨʝʛʨʝʩʩʠʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʦʙʳʪʠʷ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʙʲʝʢʪʘ.  

ɺ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ ʷʚʣʷʝʪʩʷ ʣʠ-
ʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (1). ɸ ʫʨʘʚʥʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ (3): 

    ὖ         (3) 

ɻʜʝ, ʈ-ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʷ, ʝ - ʦʩʥʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ (ʫå2.71), ʫ-
ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ [3]. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʝʛʨʝʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ SPSS Statistics. ʅʘ ʨʠʩʫʥʢʝ 5 ʧʦʢʘʟʘʥʦ ʢʦʣʠ-
ʯʝʩʪʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʚ ʧʝʨʚʦʡ ʪʘʙʣʠʮʝ. ɿʘʪʝʤ ʚʦ ʚʪʦʨʦʡ ʪʘʙʣʠʮʝ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʩʧʦʩʦʙ ʢʦʜʠʨʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

 

 
ʉʡʪ. 5. ʃʧʦʫʩʧʤʵʦʙʸ ʠʙʝʙʰʙ ʡ ʣʧʝʡʩʧʛʙʦʡʞ ʠʙʛʡʪʡʥʧʢ ʨʞʩʞʥʞʦʦʧʢ 
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ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʯʘʣʴʥʳʡ ʰʘʛ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʪʘʙʣʠ-
ʮʝʡ ʥʘ ʨʠʩ. 6 ʚ ʙʘʟʝ ʜʘʥʥʳʭ ʠʟ 768 ʯʝʣʦʚʝʢ 268 ʣʶʜʝʡ, ʫ ʢʦʪʦʨʳʭ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, 
ʚʳʚʦʜʷʪ ʚʩʝʭ ʣʠʮ, ʫ ʢʦʪʦʨʳʭ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʦʪʦʤʫ ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʚ 
ʙʘʟʝ ʜʘʥʥʳʭ ʥʝ ʠʤʝʶʪ ʉɼ. ʅʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʚ ʪʘʙʣʠʮʝ ʧʦʢʘʟʳʚʘʝʪ ʜʦʣʶ ʟʥʘʯʝʥʠʡ ʙʝʟ ʉɼ, ʦʩʥʦʚʘʥ-
ʥʳʭ ʥʘ ʨʝʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʦʙʱʝʡ ʚʳʙʦʨʢʝ. ɺʳʙʦʨʢʘ ʧʨʘʚʠʣʴʥʦ ʦʮʝʥʠʣʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʩʫʪʩʪʚʠʷ ʉɼ 
ʚ 65,1% ʩʣʫʯʘʝʚ. ɺʦ ʚʪʦʨʦʡ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʧʝʨʝʤʝʥʥʳʝ, ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʝ. b_0 = -0.624 ʙʫʜʝʪ. ɺ 
ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʧʝʨʝʤʝʥʥʳʝ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʫʨʘʚʥʝʥʠʝ. 

 

 
ʉʡʪ. 6. ʋʙʚʤʡʯʴ, ʧʨʡʪʴʛʙʷʲʡʞ ʦʙʰʙʤʵʦʴʢ ʱʙʜ 

  
ʇʦʩʣʝ ʦʜʥʦʢʨʘʪʥʦʛʦ ʚʚʦʜʘ ʚʩʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʧʝʨʝʭʦʜʷʪ ʢ ʦʧʠʩʘʥʠʷʤ ʪʘʙʣʠʮ ʰʘʛʘ 1, 

ʩʦʜʝʨʞʘʱʠʭ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʙʦʨʢʝ (ʨʠʩ.7). ʅʘ ʰʘʛʝ 1 ʧʦʢʘʟʘʥʦ, ʥʘʩʢʦʣʴʢʦ ʫʣʫʯʰʝʥʘ ʚʳʙʦʨʢʘ, ʧʨʠ 
ʦʮʝʥʢʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʙʦʨʢʠ. ɺʦ ʚʪʦʨʦʡ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʧʦʢʘʟʘʪʝʣʠ, ʚʳʯʠʩʣʷʶʱʠʝ ʧʨʠʙʣʠʞʝ-
ʥʠʝ ʢ ʟʥʘʯʝʥʠʶ R^2 ʜʣʷ ʤʦʜʝʣʠ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ. ɺ ʪʘʙʣʠʮʝ ʟʘʛʨʫʟʢʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʝʥʠʝ 
ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʤʝʞʜʫ ʜʚʫʤʷ ʢʘʪʝʛʦʨʠʷʤʠ. ʂʘʢ ʚʠʜʥʦ, ʟʥʘʯʝ-
ʥʠʝ 76,8% ʨʘʩʩʯʠʪʘʥʦ ʚʝʨʥʦ. ɸ ʚʳʙʦʨʢʘ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʣʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ 87,8% ʉɼ ʦʪʩʫʪ-
ʩʪʚʫʶʪ ʠ 56,3% ʉɼ ʠʤʝʶʪʩʷ. 

 

 
ʉʡʪ. 7. ʋʙʚʤʡʯʴ, ʧʨʡʪʴʛʙʷʲʡʞ ʨʞʩʛʴʢ ʱʙʜ 
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ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʜʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʪʘʙʣʠʮʘ ʧʝʨʝʤʝʥʥʳʭ, ʚʢʣʶʯʝʥʥʳʭ 
ʚ ʢʦʥʝʯʥʳʡ ʦʙʨʘʟʝʮ (ʨʠʩ. 8). 

 

 
ʉʡʪ. 8. ʋʙʚʤʡʯʙ ʨʞʩʞʥʞʦʦʴʮ, ʛʣʤʷʰʞʦʦʴʮ ʛ ʧʚʩʙʠʞʯ (4): 

         

 ὖ ȟ Ȣ Ȣ Ȣ                    (4) 

ʋʨʘʚʥʝʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʦʛʠʩʪʠʢʠ (4) ʠʤʝʝʪ ʚʠʜ. ʆʩʫʱʝʩʪʚʠʪʴ ʧʨʦʛʥʦʟ ʧʦ ʫʨʘʚʥʝʥʠʶ ʤʥʦʞʝ-
ʩʪʚʝʥʥʦʡ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʨʝʛʨʝʩʩʠʠ. ʇʫʩʪʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ ʩʣʝʜʫʶʱʠʝ: 
ʛʣʶʢʦʟʘ-148, IBM-33.6, ʚʦʟʨʘʩʪ-50. ʪʦʛʜʘ, ʝʩʣʠ ʚʳʯʠʩʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ (10), ʨ=0,678. ʚ ʧʨʠʙʣʠʞʝʥʠʠ 
ʨʘʚʥʦ 1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʐʝʩʪʘʢʦʚʘ ʄ. ɺ., ʉʫʭʘʨʝʚʘ ʆ. ʖ. ɼʠʘʛʥʦʩʪʠʢʘ ʠ ʚʳʙʦʨ ʤʝʪʦʜʘ ʣʝʯʝʥʠʷ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ 2 

ʪʠʧʘ //ʂʣʠʥʠʯʝʩʢʘʷ ʬʘʨʤʘʢʦʣʦʛʠʷ ʠ ʪʝʨʘʧʠʷ. ï 2018. ï ʊ. 27. ï ̄ . 2. ï ʉ. 3-9.  
2. ʂʫʣʝʚʠʯ ɹ. ʆ. ʠ ʜʨ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʩʧʝʢʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʭʨʦʥʠʯʝʩʢʦʛʦ ʧʘʥʢʨʝʘʪʠʪʘ 

ʫ ʜʝʪʝʡ: ʦʧʳʪ ʨʘʙʦʪʳ ʎʝʥʪʨʘ ʣʝʯʝʥʠʷ ʘʥʦʤʘʣʠʡ ʨʘʟʚʠʪʠʷ ʠ ʟʘʙʦʣʝʚʘʥʠʡ ʛʝʧʘʪʦʧʘʥʢʨʝʘʪʦʙʠʣʠʘʨʥʦʡ 
ʩʠʩʪʝʤʳ ʫ ʜʝʪʝʡ //ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʢʣʠʥʠʯʝʩʢʘʷ ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʠʷ. ï 2022. ï ̄ . 11. ï ʉ. 28-34.  

3. ʅʝʚʟʦʨʦʚʘ ɽ. ɺ., ɿʘʩʷʜʴʢʦ ɸ. ʂ., ɿʘʛʫʤʝʥʥʦʚʘ ʆ. ʅ. ʄʥʦʛʦʬʘʢʪʦʨʥʳʡ ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 
ʬʘʢʪʦʨʦʚ ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʩʦʩʫʜʠʩʪʳʭ ʦʩʣʦʞʥʝʥʠʡ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ 2 ʪʠʧʘ //ʄʝʜʠʮʠʥʘ ʠ ʬʠʟʠ-
ʯʝʩʢʘʷ ʢʫʣʴʪʫʨʘ: ʥʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘ. ï 2020. ï ʊ. 2. ï ˉ. 2. ï ʉ. 58-67. 
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ǲǣǩ 004.9 

ǯǟǰǶǤǱ ǮǯǭǰǱǯǟǬǰǱǡǤǬǬǭǨ ǣǭǰǱǲǮǬǭǰǱǧ 
ǷǩǭǪ ǡ MATHCAD 

ǯǿȖȉȍȁǿ ǰȁȄȑȊǿȌǿ ǟȌǿȑȍȊțȄȁȌǿ 
ʄʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʇʆ çʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʦʢʨʦʟʫʙ ɺʣʘʜʠʤʠʨ ɻʨʠʛʦʨʴʝʚʠʯ 
ʜ.ʪ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʇʆ çʊʘʤʙʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ʆʧʪʠʤʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʰʢʦʣ ʚʘʞʥʝʡʰʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʟʘʜʘʯʘ [1,2], ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʙʘ-

ʟʠʨʫʝʪʩʷ ʥʘ ʨʘʩʯʝʪʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʰʢʦʣ. 
ʈʘʩʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʰʢʦʣ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ɹʦʥʜʘʨʩʢʦʛʦ ʨʘʡʦʥʘ ʊʘʤ-

ʙʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʈʘʡʦʥ ʦʭʚʘʪʳʚʘʝʪ 45 ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʩ ʥʘʩʝʣʝʥʠʝʤ 13,2 ʪʳʩ. ʯʝʣʦʚʝʢ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ  ʬʫʥʢʮʠʦʥʠʨʫʶʪ 7 ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ  ʦʨʛʘʥʠʟʘʮʠʡ.. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1, 2. 
 

ʋʙʚʤʡʯʙ 1 
ʇʚʲʞʧʚʩʙʠʧʛʙʫʞʤʵʦʴʞ ʧʩʜʙʦʡʠʙʯʡʡ ɺʧʦʝʙʩʪʣʧʜʧ ʩʙʢʧʦʙ 

 ̄
ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʰʢʦʣʳ 
ʄʦʱʥʦʩʪʴ 
ʰʢʦʣʳ, ʯʝʣ. 

ʐʠʨʦʪʘ, 
ʛʨʘʜ 

ɼʦʣʛʦʪʘ, 
ʛʨʘʜ 

1 ʄɹʆʋ ɹʦʥʜʘʨʩʢʘʷ ʉʆʐ 600 52.954180 42.070539 

2 ɻʨʘʞʜʘʥʦʚʩʢʠʡ ʬʠʣʠʘʣ ʄɹʆʋ ɹʦʥʜʘʨʩʢʦʡ ʉʆʐ 125 52.956154 42.272759 

3 ʂʝʨʰʠʥʩʢʠʡ ʬʠʣʠʘʣ ʄɹʆʋ ɹʦʥʜʘʨʩʢʦʡ ʉʆʐ 250 52.876334 41.889511 

4 ʄʘʢʩʠʤʦʚʩʢʠʡ ʬʠʣʠʘʣ ʄɹʆʋ ɹʦʥʜʘʨʩʢʦʡ ʉʆʐ 192 52.972258 42.183502 

5 ʅʘʱʝʢʠʥʩʢʠʡ ʬʠʣʠʘʣ ʄɹʆʋ ɹʦʥʜʘʨʩʢʦʡ ʉʆʐ 450 52.860222 42.103067 

6 ʆʟʝʨʩʢʠʡ ʬʠʣʠʘʣ ʄɹʆʋ ɹʦʥʜʘʨʩʢʦʡ ʉʆʐ 40 52.860711 42.174115 

7 ʇʘʭʦʪʥʦ-ʋʛʣʦʚʩʢʦʡ ʬʠʣʠʘʣ ʄɹʆʋ ɹʦʥʜʘʨʩʢʦʡ ʉʆʐ 450 52.978581 41.912292 

 
ʋʙʚʤʡʯʙ 2 

ʆʙʪʞʤʞʦʦʴʞ ʨʬʦʣʫʴ ɺʧʦʝʙʩʪʣʧʜʧ ʩʙʢʧʦʙ 

 ̄
ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʫʥʢʪʘ ʐʠʨʦʪʘ ɼʦʣʛʦʪʘ 
ʂʦʣ-ʚʦ 

 ʜʝʪʝʡ ʦʪ 7 
ʜʦ 18 ʣʝʪ 

ʂʦʣ-ʚʦ  
ʜʝʪʝʡ ʜʦ 7 
ʣʝʪ 

0 ʪ. ɺʧʦʝʙʩʡ 52.952487 42.067584 392 100 

1 ʧʦʩʝʣʦʢ 1- ʦʝ ʦʪʜ. ʩ-ʟʘ çɹʦʥʜʘʨʩʢʠʡè 52.949444 42.041389 66 53 

2 ʧʦʩʝʣʦʢ ʉʪʨʦʠʪʝʣʴʥʳʡ 52.9275445 42.0670625 37 30 

3 ʪ. ɼʩʙʟʝʙʦʧʛʣʙ 52.950707 42.285991 28 22 

4 ʩ.ʐʠʣʦʚʦ 52.977073 42.257515 7 5 

5 ʩ. ʄʘʢʩʠʤʦʚʢʘ 52.9642405 42.1843065 20 16 

ɹʦʦʧʫʙʯʡʸ. ʇʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʰʢʦʣ ʚ ʩʠʩʪʝʤʘ Matchcad.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʰʢʦʣʳ, ʜʦʩʪʫʧʥʦʩʪʴ, Matchcad. 
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ʈʩʧʝʧʤʟʞʦʡʞ ʫʙʚʤʡʯʴ 2 

 ̄
ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʫʥʢʪʘ ʐʠʨʦʪʘ ɼʦʣʛʦʪʘ 
ʂʦʣ-ʚʦ 

 ʜʝʪʝʡ ʦʪ  
7 ʜʦ 18 ʣʝʪ 

ʂʦʣ-ʚʦ  
ʜʝʪʝʡ ʜʦ  
7 ʣʝʪ 

6 ʩ. ʏʝʨʥʘʚʢʘ 52.985867 42.165940 1  

7 ʩ. ʂʫʨʦʚʱʠʥʘ 52.8962915 42.4214035 12 11 

8 ʩ.ɺʦʣʭʦʥʱʠʥʦ 52.856160 42.414711 4 3 

9 ʧʦʩ. ʉʦʚʝʪʩʢʠʡ 52.93521 42.389342 3 2 

10 ʜ. ʋʩʦʚʦ 52.897580 42.381159 7 3 

11 ʊ.ʃʞʩʱʙ 52.877024 41.889358 37 30 

12 ʉ.ʂʘʟʳʚʘʥʴ 52.927756 41.912750 10 7 

13 ʉ.ɿʝʤʝʪʯʠʥʦ 52.904532 41.847389 2 2 

14 ʇʦʩ.ɿʘʨʝʯʴʝ 52.84744 41.889048 1  

15 ɼ.ʉʪʘʨʦʝ ʏʝʣʠʱʝʚʦ 52.855883 41.905707 3 2 

16 ʪ.ʈʙʮʧʫʦʴʢ ʌʜʧʤ 52.9744195 41.9072795 110 54 

17 ʜ.ʉʤʦʣʴʥʘʷ ɺʝʨʰʠʥʘ 52.951597 41.822892 2 1 

18 ʧʦʩ.ʉʤʦʣʴʥʳʡ 52.9553025 41.7846055 16 8 

19 ʧʦʩ.ʇʝʨʚʦʤʘʡʩʢʠʡ 52.9597615 41.7364285 22 12 

20 ʊ. ʅʡʫʩʧʨʧʤʵʞ 52.998036 42.062014 24 19 

21 ɼ. ɻʦʨʢʠ 53.000280 42.040248 3 2 

22 ʉ. ʂʦʨʦʚʠʥʦ 53.029356 42.104370 19 14 

23 ɼ. ʐʘʯʘ ʄʦʣʦʢʘʥʩʢʘʷ 53.0689685 42.1949065 21 16 

24 ɼ. ʅʠʟʦʚʢʘ 53.031798 42.037077 5 4 

25 ɼ. ɿʥʘʤʝʥʢʘ 53.070917 42.022524 1  

26 ɼ. ʊʨʫʙʥʠʢʦʚʦ 53.090336 42.068275 1 1 

27 ʉ. ʄʘʣʦʝ ɻʘʛʘʨʠʥʦ 53.056090 42.047668 11 9 

é é é é é é 

 
ʆʙʦʟʥʘʯʝʥʠʷ: 
kp - ʢʦʦʨʜʠʥʘʪʳ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʚ ʛʨʘʜʫʩʘʭ (ʰʠʨʦʪʘ, ʜʦʣʛʦʪʘ); 
deti -ʯʠʩʣʦ ʜʝʪʝʡ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ; 
nssh - ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʟʘ ʰʢʦʣʘʤʠ, ʧʝʨʚʳʡ ʩʪʦʣʙʝʮ ï ʥʦʤʝʨ ʥʘʩʝʣʝʥʥʦʛʦ 

ʧʫʥʢʪʘ, ʚʪʦʨʦʡ ï ʥʦʤʝʨ ʰʢʦʣʳ; 
msh - ʤʦʱʥʦʩʪʴ ʰʢʦʣʳ; ʯʝʣʦʚʝʢ; 
ksh - ʢʦʦʨʜʠʥʘʪʳ ʰʢʦʣ ʚ ʛʨʘʜʫʩʘʭ (ʰʠʨʦʪʘ, ʜʦʣʛʦʪʘ). 
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ʇʝʨʝʚʦʜ ʢʦʦʨʜʠʥʘʪ ʚ ʨʘʜʠʘʥʳ 
 
 

  
 

 

ʈʘʩʯʝʪ ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʰʢʦʣʘʤʠ ʠ ʥʘʩʝʣʝʥʥʳʤʠ ʧʫʥʢʪʘʤʠ 
                       ʎʠʢʣ ʧʦ ʥʘʩʝʣʝʥʥʳʤ ʧʫʥʢʪʘʤ    

    ʎʠʢʣ ʧʦ ʰʢʦʣʘʤ    
 

 

 
 
ʈʘʩʯʝʪ ʜʦʩʪʫʧʥʦʩʪʠ ʰʢʦʣ 

 

 
 
 
 
ʅʦʤʝʨʘ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʧʝʨʚʦʡ ʰʢʦʣʳ 
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     ɼʦʩʪʫʧʥʦʩʪʴ ʧʝʨʚʦʡ ʰʢʦʣʳ 

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʯʠʪʳʚʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ ʦʩʪʘʣʴʥʳʭ ʰʢʦʣ . 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʦʩʪʫʧʥʦʩʪʠ ʰʢʦʣ 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ɼʞʠʥʠ ʜʣʷ ʰʢʦʣ

 

      ʈʘʩʯʝʪ ʩʨʝʜʥʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʰʢʦʣ 

            

 

ɸʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʩʪʫʧʥʦʩʪʴ ʰʢʦʣ ʚ ɹʦʥʜʘʨʩʢʦʤ ʨʘʡʦʥʝ ʜʣʷ ʨʘʟʥʳʭ ʥʘʩʝ-
ʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʠ ʪʨʝʙʫʝʪ ʠʟʤʝʥʝʥʠʷ.  
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ǲǣǩ ..4,7/ 

ǭǮǱǧǫǧǦǟǵǧǾ ǫǤǱǯǭǪǭǢǧǶǤǰǩǭǢǭ 
ǭǰǬǟǸǤǬǧǾ ǪǟǠǭǯǟǱǭǯǧǧ 

ǫȇȔǿȈȊȝȉ ǱǿȑțȞȌǿ ǡǿȊȄȏțȄȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ çɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɸʪʦʷʥ ʊʘʪʴʷʥʘ ɺʘʟʛʝʥʦʚʥʘ 
 ʢ.ʪ.ʥ.,ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʛʨʝʩʩ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪ-

ʩʷ ʥʦʚʳʝ ʠʟʜʝʣʠʷ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ. ʅʝ 
ʚʩʝʛʜʘ ʠʤʝʶʱʠʝʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʙʳʩʪʨʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʦʠʟʚʝʩʪʠ ʠʟʤʝʨʝʥʠʝ 
ʟʘʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 8.820-2013 ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʆʧʪʠʤʠʟʘʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, 
ʯʪʦ ʬʫʥʢʮʠʦʥʘʣ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʣʘʙʦʨʘʪʦʨʠʠ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʝʛʦ ʚʦʟʤʦʞ-
ʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʴ, ʩʦʢʨʘʱʘʝʪʩʷ ʚʨʝʤʷ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʜʘʯʫ ʨʝʟʫʣʴʪʘʪʘ.  

ʉ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʵʪʘʣʦʥʦʚ ʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʧʨʠʙʦʨʦʚ, ʠ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʠʤ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠ 
ʦʙʥʦʚʣʝʥʠʷ ʥʘʮʠʦʥʘʣʴʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʭ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ- ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘʫʯʥʳʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʦʩʥʦʚ, 
ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʧʨʘʚʠʣ ʠ ʥʦʨʤ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʝʜʠʥʩʪʚʘ ʠ ʪʨʝʙʫʝʤʦʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝ-
ʨʝʥʠʡ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 
ʩʪʘʥʜʘʨʪʘʤʠ ʠ ʜʨʫʛʠʤʠ ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʢ ʧʨʠʤʝʥʝʥʠʶ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. [1, ʩ.11] 

ʆʪ ʥʝʛʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʝʜʧʨʠʷʪʠʝʤ ʧʨʦʜʫʢʮʠʠ. ʊʝʭʥʦʣʦʛʠ-

ɹʦʦʧʫʙʯʡʸ: ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʩʰʠʨʝʥʠʝʤ ʥʦʤʝʥʢʣʘʪʫʨʳ ʚʳʧʫʩʢʘʝʤʦʡ 
ʧʨʦʜʫʢʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʢʘʯʝʩʪʚʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʨʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ, ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ɺ ʩʪʘʪʴʝ 
ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʨʝʘʣʠʟʘʮʠʠ ʩʦʚʝʨʰʝʥʩʪʚʦ-
ʚʘʥʠʷ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʣʘʙʦʨʘʪʦʨʠʷ, ʢʘʯʝʩʪʚʦ, ʠʟʤʝʨʝʥʠʷ, ʦʧʪʠʤʠʟʘʮʠʷ. 
 

OPTIMIZATION OF METROLOGICAL EQUIPMENT OF THE LABORATORY 
 

Mikhailyuk Tatiana Valeryevna 
 

Scientific adviser: Atoyan Tatiana Vazgenovna 
 
Abstract: the relevance of the chosen topic is due to the expansion of the product range and the increase in 
its quality, and therefore the need to improve the metrological equipment of the equipment used to implement 
the tasks. The article discusses the main tasks of the metrological service, as well as the structure of the im-
plementation of improving the metrological support of the laboratory. 
Key words: metrological support, laboratory, quality, measurements, optimization. 
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ʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʩʭʦʜʷ ʠʟ ʯʝʛʦ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 
ʠʟʤʝʨʝʥʠʷ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʦʩʥʦʚʥʦʤ ʚʢʣʶʯʘʝʪ: 
1. ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠʟʤʝʨʝʥʠʡ; 
2. ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠʟʤʝʨʷʝʤʳʭ ʚʝʣʠʯʠʥ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ (ʨʘʙʦʯʠʭ ʠ ʵʪʘʣʦʥʥʳʭ) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʯʥʦʩʪʠ; 
3. ʧʨʦʚʝʜʝʥʠʝ ʧʦʚʝʨʢʠ ʠ ʢʘʣʠʙʨʦʚʢʠ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ; 
4. ʨʘʟʨʘʙʦʪʢʫ ʤʝʪʦʜʠʢ ʚʳʧʦʣʥʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʦʨʤ ʪʦʯʥʦʩʪʠ; 
5. ʧʨʦʚʝʜʝʥʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʵʢʩʧʝʨʪʠʟʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 
6. ʚʥʝʜʨʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ, ʦʪʨʘʩʣʝʚʳʭ, ʬʠʨʤʝʥ-

ʥʳʭ); 
7. ʘʢʢʨʝʜʠʪʘʮʠʶ ʥʘ ʪʝʭʥʠʯʝʩʢʫʶ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ; 
8. ʧʨʦʚʝʜʝʥʠʝ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʜʟʦʨʘ. [3, ʩ.26]. 
ʇʨʠ ʚʳʙʦʨʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʚ ʜʝʪʘʣʠ, ʪʘʢ ʢʘʢ ʟʘʜʘʥʥʳʡ ʨʘʟʤʝʨ ʤʦʞʝʪ 
ʙʳʪʴ ʧʝʨʝʢʨʳʪ ʢʦʨʧʫʩʦʤ, ʯʪʦ ʩʦʟʜʘʩʪ ʧʨʝʧʷʪʩʪʚʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʟʤʝʨʝʥʠʡ - ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ, ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ 
ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʣʘʜʘʶʱʝʡ ʩʚʦʡʩʪʚʘ-
ʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʨʝʰʝʥʠʡ ʧʦ ʧʨʠʚʝʜʝʥʠʶ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʚ ʮʝʣʝʚʦʝ ʩʦʩʪʦʷʥʠʝ. 
[2] 

ʇʦʩʣʝ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʭʦʜʠʪʴ ʢ ʚʳʙʦʨʫ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʜʣʷ ʵʪʦʛʦ ʫʯʠʪʳʚʘʶʪʩʷ 
ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʢʨʠʪʝʨʠʠ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ: 

1. ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ; 
2.  ʜʠʘʧʘʟʦʥ ʧʦʢʘʟʘʥʠʡ; 
3. ʢʦʤʧʣʝʢʪʥʦʩʪʴ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ; 
4. ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ; 
5. ʨʳʥʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ; 
6. ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʤʦʥʪʘ ʠʣʠ ʟʘʤʝʥʳ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ; 
7. ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ (ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ); 
8. ʫʜʦʙʩʪʚʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ; 
9. ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ; 
10. ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʠʙʦʨʦʚ ɻʦʩʨʝʝʩʪʨʫ. 
ɺ ʣʘʙʦʨʘʪʦʨʠʠ ʣʠʥʝʡʥʦ-ʫʛʣʦʚʳʭ ʠʟʤʝʨʝʥʠʡ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʪʠʤʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘ-

ʥʠʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʚʝʨʢʠ ʢʦʥʮʝʚʳʭ ʤʝʨ ʜʣʠʥʳ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʶʪ ʠʥʪʝʨʬʝʨʦʤʝʪʨ 
ʚʝʨʪʠʢʘʣʴʥʳʡ ʢʦʥʪʘʢʪʥʳʡ ʇʀʋ-2. ʇʦ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʜʭʦʜʠʪ ʢʦʤʧʘʨʘ-
ʪʦʨ ʇʂʄ-100.ʉʨʘʚʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʙʦʨʦʚ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʋʙʚʤʡʯʙ 1 

ɻʴʚʧʩ ʪʩʞʝʪʫʛʙ ʡʠʥʞʩʞʦʡʸ ʝʤʸ ʨʧʛʞʩʣʡ 

ʇʂʄ-100 ʇʀʋ-2 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ, ʤʤ 

0,5-100 0,1-150 

ɼʠʘʧʘʟʦʥ ʧʦʢʘʟʘʥʠʡ, ʤʢʤ 

Ñ20 Ñ3 

ʇʨʝʜʝʣ ʜʦʧʫʩʢʘʝʤʦʡ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʤʢʤ 

Ñ0,1 Ñ0,06 

ɼʠʩʢʨʝʪʥʦʩʪʴ ʦʪʩʯʝʪʘ, ʤʢʤ 

0,01 0,02 

ʄʝʞʧʦʚʝʨʦʯʥʳʡ ʠʥʪʝʨʚʘʣ 

1 ʛʦʜ 1 ʛʦʜ 
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ʈʩʧʝʧʤʟʞʦʡʞ ʫʙʚʤʡʯʴ 1 

ʅʘʣʠʯʠʝ ʢʦʤʧʴʶʪʝʨʘ ʩ ʤʦʥʠʪʦʨʦʤ ʚ ʢʦʤʧʣʝʢʪʥʦʩʪʠ 

ʜʘ ʥʝʪ 

ʅʘʣʠʯʠʝ ʧʨʠʥʪʝʨʘ ʚ ʢʦʤʧʣʝʢʪʥʦʩʪʠ 

ʜʘ ʥʝʪ 

ʅʘʣʠʯʠʝ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʚ ʢʦʤʧʣʝʢʪʥʦʩʪʠ 

ʜʘ ʥʝʪ 

 
ʉʨʘʚʥʠʚ ʜʚʘ ʧʨʠʙʦʨʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʟʘʤʝʥʘ ʇʀʋ-2 ʥʘ ʇʂʄ-100 ʧʦʟʚʦʣʠʪ  
1. ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʘʨʨʝʪʠʨʦʚʘʪʴ ʠʥʜʫʢʪʠʚʥʳʝ ʜʘʪʯʠʢʠ; 
2. ʦʮʝʥʠʚʘʪʴ ʧʦ ʨʘʟʤʘʭʫ ʢʘʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʷ ʚ ʢʘʞʜʦʡ ʧʦʚʝʨʷʝʤʦʡ ʪʦʯʢʝ ʤʝʨʳ; 
3. ʧʦʜʩʢʘʟʳʚʘʪʴ ʧʦʚʝʨʠʪʝʣʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʚʝʨʢʠ; 
4. ʧʦʢʘʟʳʚʘʪʴ ʥʘ ʜʠʩʧʣʝʝ ʥʦʤʠʥʘʣʴʥʳʡ ʨʘʟʤʝʨ ʤʝʨʳ, ʩʭʝʤʫ ʧʦʚʝʨʷʝʤʳʭ ʪʦʯʝʢ, ʥʘʩʪʨʦʡʢʫ ʥʘ 

ʥʦʤʠʥʘʣʴʥʳʡ ʨʘʟʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʩʝ ʟʥʘʯʝʥʠʷ ʧʦʚʝʨʷʝʤʦʡ ʤʝʨʳ ʩʦʛʣʘʩʥʦ ʩʪʘʥ-
ʜʘʨʪʥʦʤʫ ʧʨʦʪʦʢʦʣʫ; 

5. ʧʝʨʝʩʯʠʪʳʚʘʪʴ ʦʪʢʣʦʥʝʥʠʷ ʧʦʚʝʨʷʝʤʦʡ ʤʝʨʳ ʩ ʫʯʝʪʦʤ ʧʦʧʨʘʚʦʢ ʥʘ ʵʪʘʣʦʥʥʫʶ; 
6. ʧʝʯʘʪʘʪʴ ʧʨʦʪʦʢʦʣ ʧʦʚʝʨʢʠ (ʢʘʣʠʙʨʦʚʢʠ) ʠ ʧʨʠʣʦʞʝʥʠʝ ʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫ; 
7. ʩʦʭʨʘʥʷʪʴ ʚ ʧʘʤʷʪʠ ʚʩʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʨ ʵʪʘʣʦʥʥʳʭ ʥʘʙʦʨʦʚ ʜʦ ʩʣʝʜʫʶʱʝʡ 

ʘʪʪʝʩʪʘʮʠʠ; 
8. ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʚʝʨʢʠ ʂʄɼ ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ; 
9. ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʝ ʭʨʘʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ; 
10. ʩʥʠʞʝʥʠʝ ʫʪʦʤʣʷʝʤʦʩʪʠ ʧʦʚʝʨʠʪʝʣʷ; 
11. ʠʩʢʣʶʯʝʥʠʝ ʦʰʠʙʦʢ ʧʦʚʝʨʠʪʝʣʷ; 
12. ʠʩʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʦʚʦʜʢʠ ʩʪʦʣʘ; 
13. ʠʩʢʣʶʯʝʥʠʝ ʠʩʪʠʨʘʥʠʷ ʤʝʨ; 
ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʤʝʪʨʦʣʦʛʠʯʝ-

ʩʢʫʶ ʵʢʩʧʝʨʪʠʟʫ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ ʠ ʠʭ ʜʦʩʪʫʧ-
ʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʠ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʘʥʘʣʠʟ 
ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʨʝʜʩʪʚ ʠʟʤʝʨʝʥʠʡ 
ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ. ɿʘʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ ʥʘ 
ʨʳʥʢʝ ʧʦʜʭʦʜʷʱʠʝ ʧʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʚʳʷʚʠʪʴ ʢʘʢʦʝ ʙʫʜʝʪ ʚʳʛʦʜʥʝʝ ʠ ʧʨʦʠʟʚʝʩʪʠ ʟʘʢʫʧʢʫ.  

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʩʥʘʱʝʥʠʷ ʣʘʙʦʨʘʪʦʨʠʠ, ʧʫʪʝʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, 
ʚ ʯʘʩʪʥʦʩʪʠ ʟʘʤʝʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʥʘ ʢʦʤʧʘʨʘʪʦʨ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʚʝʨʢʠ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʦʪʚʝʪ-
ʩʪʚʝʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʦʟʚʦʣʠʪ ʧʨʦʚʝʩʪʠ ʦʧʪʠʤʠʟʘʮʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʪʝʤ 
ʩʘʤʳʤ ʫʣʫʯʰʠʪʴ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʮʝʣʦʤ, ʦʪʚʝʯʘʶʱʝʝ ʩʦ-
ʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʇʨʘʚʠʢʦʚ ʖ.ʄ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ ʖ.ʄ. ʇʨʘʚʠ-

ʢʦʚ, ɻ.ʈ. ʄʫʩʣʠʥʘ. . ð ʄ.:ʂʅʆʈʋʉ, 2012.ð 236ʩ. ISBN: 978-5-406-01991-7 
2. ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ: ɻʆʉʊ ʈ 8.820-2013 / ʅʘʮʠʦʥʘʣʴʥʳʡ 

ʩʪʘʥʜʘʨʪ. ð ʄʦʩʢʚʘ: ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2014. 
3. ʃʝʞʥʠʥʘ ʀ.ɺ. ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʀ.ɺ. ʃʝʞʥʠʥʘ, 

ɸ.ɸ. ʋʚʘʨʦʚ. ð ʊʦʤʩʢ: ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2014. ð 120 ʩ. 
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ǱǧǮǺ ǱǯǤǸǧǬ Ǯǯǧ ǯǟǦǪǧǡǩǤ ǰǱǟǪǧ Ǭǟ 
ǲǬǯǰ  

ǰȑȏȄȊțȌȇȉȍȁǿ ǧȏȇȌǿ ǟȌȃȏȄȄȁȌǿ 
ʩʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʠʧʝʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ʛ. ʃʠʧʝʮʢ 

 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚʩʝ ʯʘʱʝ ʫʞʝʩʪʦʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʢʘʯʝʩʪʚʫ ʠʟʛʦʪʦʚ-

ʣʷʝʤʦʛʦ ʧʨʦʜʫʢʪʘ.  
ʇʨʠ ʨʘʟʣʠʚʢʝ ʩʪʘʣʠ ʚ ʠʟʣʦʞʥʠʮʫ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʣʘʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ. 

ʋʩʘʜʦʯʥʘʷ ʨʘʢʦʚʠʥʘ ï ɻ ʪʦ ʧʦʣʦʩʪʴ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʩʪʘʣʴʥʦʤ ʩʣʠʪʢʝ ʠʟ-ʟʘ ʫʩʘʜʢʠ ʩʪʘʣʠ (ʨʠʩ. 1).  
 

 
ʉʡʪ. 1. ʊʫʩʧʞʦʡʞ ʪʫʙʤʵʦʧʜʧ ʪʤʡʫʣʙ: 1 ð ʬʪʙʝʧʰʦʙʸ ʩʙʣʧʛʡʦʙ; 2 ð ʠʧʦʙ ʥʞʤʣʧʠʞʩʦʡʪʫʴʮ 
 ʣʩʡʪʫʙʤʤʧʛ; 3 ð ʠʧʦʙ ʪʫʧʤʚʰʙʫʴʮ ʣʩʡʪʫʙʤʤʧʛ; 4 ð ʠʧʦʙ ʣʩʬʨʦʧʠʞʩʦʡʪʫʴʮ ʣʩʡʪʫʙʤʤʧʛ 

ɹʦʦʧʫʙʯʡʸ: ʤʝʪʘʣʣʫʨʛʠʷ ʦʜʥʘ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʠʨʘ, ʛʜʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 
ʜʝʥʴ ʩʪʦʠʪ ʨʷʜ ʟʘʜʘʯ ʪʘʢʠʭ ʢʘʢ: ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ, ʫʩʪʨʘʥʝʥʠʝ ʚʦʟʥʠʢʥʦ-
ʚʝʥʠʷ ʜʝʬʝʢʪʦʚ. ɺ ʩʪʘʪʴʝ ʧʨʠʯʠʩʣʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʦʟʤʦʞʥʳʝ ʜʝʬʝʢʪʳ ʩʣʷʙʦʚ.   
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʝʬʝʢʪ, ʩʣʷʙʳ, ʋʅʈʉ, ʩʣʠʪʦʢ, ʪʨʝʱʠʥʳ. 
  

TYPES OF CRACKS DURING CASTING OF STEEL ON UNRS 
 

Strelnikova Irina Andreevna 
 
Annotation: metallurgy is one of the priority industries of the world, where today there are tasks such as: im-
proving the quality of the manufactured product, eliminating the occurrence of defects. The article lists various 
possible defects of slabs. 
Key words: defect, slabs, UNRS, ingot, cracks. 



70 ǫǭǪǭǣǝǥǬǟǾ Ǭǟǲǩǟ 

 

VI ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɺʧʦʩʣʝʜʩʪʚʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ, ʩʣʠʪʦʢ ʜʝʣʷʪ ʥʘ ʛʦʜʥʫʶ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʠʜʝʪ 
ʜʘʣʴʰʝ ʧʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʤ ʧʝʨʝʜʝʣʘʤ ʠ ʥʘ ʯʘʩʪʴ ʩ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʦʡ, ʢʦʪʦʨʘʷ ʠʜʝʪ ʥʘ ʧʝʨʝʧʣʘʚ-
ʢʫ. ʉ ʧʨʠʭʦʜʦʤ ʪʝʭʥʦʣʦʛʠʠ çʧʣʘʚʢʫ ʥʘ ʧʣʘʚʢʫè ʥʘ ʘʛʨʝʛʘʪʝ ʫʩʪʘʥʦʚʢʠ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ 
(ʋʅʈʉ) (ʨʠʩ. 2) ʧʨʦʙʣʝʤʫ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ ʦʙʦʰʣʠ ʩʪʦʨʦʥʦʡ.  

 

 
ʉʡʪ. 2. ʈʩʡʦʯʡʨʡʙʤʵʦʙʸ ʪʮʞʥʙ ʦʞʨʩʞʩʴʛʦʧʢ ʩʙʠʤʡʛʣʡ ʪʫʙʤʡ 

 
ʊʘʢ ʞʝ ʥʝʧʨʝʨʳʚʥʳʡ ʩʣʷʙ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʡ ʪʦʣʱʠʥʝ ʠ ʙʳʩʪʨʦʤʫ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʟʘʪʚʝʨʜʝʚʘ-

ʥʠʶ ʦʪʣʠʯʘʝʪʩʷ ʤʝʥʴʰʠʤ ʨʘʟʚʠʪʠʝʤ ʭʠʤʠʯʝʩʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʶ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ [1].  

ʅʦ ʠ ʧʨʠ ʨʘʟʣʠʚʢʠ ʥʘ ʋʅʈʉ ʚʦʟʤʦʞʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʬʝʢʪʦʚ ʩʣʷʙʦʚ, ʢʦʪʦʨʳʝ ʜʝ-
ʣʷʪʩʷ ʥʘ ʛʨʫʧʧʳ: ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʚʥʝʰʥʝʡ ʛʝʦʤʝʪʨʠʠ ʟʘʛʦʪʦʚʦʢ, ʜʝʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʝʬʝʢʪʳ ʚʥʫʪ-
ʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʜʝʬʝʢʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʣʝʝ: 
1) ʇʦʧʝʨʝʯʥʳʝ ʪʨʝʱʠʥʳ (ʨʠʩ. 3) ï ʪʨʝʱʠʥʳ ʩ ʧʦʧʝʨʝʯʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ (ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʚʳʪʷʛʠʚʘʥʠʷ) ʥʘ ʨʝʙʨʘʭ ʠʣʠ ʛʨʘʥʷʭ ʩʣʷʙʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦ ʩʢʣʘʜʢʘʤ ʢʘʯʘ-
ʥʠʷ ʚʙʣʠʟʠ ʨʝʙʝʨ (ʚ ʥʘʫʛʣʝʨʦʞʝʥʥʦʡ ʟʦʥʝ ʩʣʷʙʘ) ʠ ʚʳʷʚʣʷʶʪʩʷ ʧʦʩʣʝ ʦʩʚʝʪʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʛʥʝʚʦʡ 
ʟʘʯʠʩʪʢʦʡ. 

 

 
ʉʡʪ. 3. ʈʧʨʞʩʞʰʦʙʸ ʨʧʛʞʩʮʦʧʪʫʦʙʸ ʫʩʞʲʡʦʙ ʪʤʸʚʙ 
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2) ʇʨʦʜʦʣʴʥʳʝ ʪʨʝʱʠʥʳ (ʨʠʩ. 4) ï ʪʨʝʱʠʥʳ ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʪʷ-
ʛʠʚʘʥʠʷ ʩʣʠʪʢʘ) ʥʘ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʥʷʭ ʩʣʷʙʘ [2], [3].  

 

 
ʉʡʪ. 4. ʈʩʧʝʧʤʵʦʙʸ ʨʧʛʞʩʮʦʧʪʫʦʙʸ ʫʩʞʲʡʦʙ ʪʤʸʚʙ 

 
3) ʉʝʪʯʘʪʳʝ ʠ ʧʘʫʢʦʦʙʨʘʟʥʳʝ ʪʨʝʱʠʥʳ ï ʪʨʝʱʠʥʳ, ʥʝ ʠʤʝʶʱʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʨʘʟʚʠʪʠʷ ʠ ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʰʠʨʦʢʠʭ ʠ ʫʟʢʠʭ ʛʨʘʥʝʡ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ 
ʛʥʝʟʜ ʠʣʠ ʮʝʧʦʯʝʢ. ʆʙʥʘʨʫʞʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʩʣʝ ʩʥʷʪʠʷ ʩʣʦʷ ʦʢʘʣʠʥʳ ʪʨʘʚʣʝʥʠʝʤ ʠʣʠ ʦʛʥʝʚʦʡ ʟʘʯʠʩʪ-
ʢʦʡ. 

4) ɺʥʫʪʨʝʥʥʠʝ ʪʨʝʱʠʥʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʯʨʝʟʤʝʨʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʪʦʨʠʯʥʦʛʦ ʦʭʣʘ-
ʞʜʝʥʠʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʚʦʟʥʠʢʘʶʱʠʭ ʠʟ-ʟʘ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ ʪʝʨʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝ-
ʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʚʳʧʫʯʠʚʘʥʠʠ ʩʣʠʪʢʘ ʚʩʣʝʜʩʪʚʠʝ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʧʦʨʥʳʤʠ ʨʦ-
ʣʠʢʘʤʠ. 

5) ʋʞʠʤʠʥʳ (ʧʦʧʝʨʝʯʥʳʝ ʠ ʧʨʦʜʦʣʴʥʳʝ ʫʛʣʫʙʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʣʠʪʢʘ) ʚʦʟʥʠʢʘʶʪ ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʦʨʘ ʩʪʨʫʠ ʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʝʪʘʣʣʘ ʚ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʝ, ʧʨʠ ʤʝʩʪʥʦʤ 
ʨʘʟʤʳʚʘʥʠʠ ʢʦʨʢʠ ʩʪʨʫʝʡ ʤʝʪʘʣʣʘ ʠ ʚ ʫʯʘʩʪʢʘʭ ʥʝʧʦʣʥʦʛʦ ʧʨʠʣʝʛʘʥʠʷ ʢʦʨʢʠ ʢ ʩʪʝʥʢʘʤ ʢʨʠʩʪʘʣʣʠʟʘʪʦ-
ʨʘ[4].  

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʪʨʝʱʠʥʳ ʦʪʥʦʩʷʪʩʷ ʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʜʝʬʝʢʪʘʤ. ʀ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʦʞʥʦ 
ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʨʠ ʨʘʮʠʦʥʘʣʴʥʦʤ ʧʦʜʙʦʨʝ ʨʝʞʠʤʦʚ ʨʘʟʣʠʚʢʠ ʩʪʘʣʠ. 
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ǲǣǩ 400,012,351 

ǮǭǡǺǷǤǬǧǤ ǱǭǶǬǭǰǱǧ ǮǯǭǢǬǭǦǧǯǭǡǟǬǧǾ 
ǣǤǠǧǱǟ ǰǩǡǟǥǧǬǺ ǰ ǢǯǮ 

ǬȇȉȍȊǿȄȁ ǟȊȄȉȐȄȈ ǟȊȄȉȐǿȌȃȏȍȁȇȖ, 
ǫǿȉȐȇȋȍȁǿ ǮȍȊȇȌǿ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 

ʉʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ çʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʉʝʚʘʩʪʴʷʥʦʚ ɸʣʝʢʩʝʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ʌɻɹʆʋ ɺʆ çʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ 

 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʧʨʠʨʦʩʪʘ ʜʦʙʳʯʠ ʥʝʬʪʠ ʚ ʈʦʩʩʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ (ɻʈʇ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʧʦʪʨʝʙ-
ʥʦʩʪʴ ʚ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʪʝʛʨʘʮʠʠʡ ʧʨʦʝʢʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʨʳʚʫ ʧʣʘʩʪʘ, ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦ-
ʛʥʦʟʘ ʥʘ ʛʝʦʣʦʛʦ-ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʣʘʥʠʨʫʝʤʦʡ ʦʧʝʨʘʮʠʝʡ ʧʦ ɻʈʇ, ʚʣʠʷʶʱʠʭ ʥʘ ʝʛʦ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ [1]: 

- ʜʣʠʥʘ ʪʨʝʱʠʥʳ; 
- ʚʳʩʦʪʘ; 
- h ʠʨʠʥʘ; 
- ʧʨʦʚʦʜʠʤʦʩʪʴ ʪʨʝʱʠʥʳ; 

ɹʦʦʧʫʙʯʡʸ: ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʥʘ ʧʨʠʤʝʨʝ 3-ʝʭ ʧʨʦʝʢʪʥʳʭ ʩʢʚʘʞʠʥ 
ʩ ɻʈʇ. ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʧʳʪʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ 
ʜʠʟʘʡʥʘ ɻʈʇ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʟʘʣʦʞʠʪʴ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʠʤʫʣʷʪʦʨ ʥʘʠʙʦʣʝʝ 
ʚʝʨʦʷʪʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʨʝʱʠʥʳ, ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʧʨʦʧʘʥʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɻʈʇ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʜʝʙʠʪʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʩʠʤʫʣʷʪʦʨ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʨʝʱʠʥ. 
 

IMPROVING THE ACCURACY OF FORECASTING THE FLOW RATE OF A WELL WITH HYDRAULIC 
FRACTURING 

 
Nikolaev Alexey Alexandrovich, 
Maximova Polina Alexandrovna 

 
Scientific adviser: Sevastyanov Alexey Alexandrovich 

 
Abstract: A methodology for predicting the work on the example of 3 project wells with hydraulic fracturing is 
presented. The obtained dependencies, based on the development experience, allow, with the well-known 
method of hydraulic fracturing design, using dependencies, to lay in the hydrodynamic simulator the most 
probable geometric and filtration parameters of the crack, taking into account the properties of the propane. 
Key words: hydraulic fracturing, flow rate forecasting, modeling, simulator, crack characteristics. 
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- ʘʟʠʤʫʪ ʪʨʝʱʠʥʳ; 
- ʟʝʥʠʪʥʳʡ ʫʛʦʣ ʪʨʝʱʠʥʳ. 
ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʦʚ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʛʠʜʨʦʨʘʟʨʳʚʘ ʚ ʢʦʤʤʝʨʯʝ-

ʩʢʦʤ ʩʠʤʫʣʷʪʦʨʝ MFRAC ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʧʦʩʣʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʨʘʟʨʳʚʘ 
ʧʣʘʩʪʘ ʥʘ ʩʢʚʘʞʠʥʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʪʘʙʣ. 1). ʇʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʝʱʠʥʳ (ʚʳʩʦʪʘ hf ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʢʨʳʪʠʝ Wf ʚ 
ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ, ʜʣʠʥʳ ʪʨʝʱʠʥʳ Xf, ʧʨʦʚʦʜʠʤʦʩʪʴ), ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʤʦʜʝʣʠ MFRAC 
ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ɻʈʇ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ɻʈʇ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʟʘ-
ʚʠʩʠʤʦʩʪʠ ʨʝʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʨʘʩʯʝʪʥʳʭ (ʨʠʩ. 1-2).  

 
ʋʙʚʤʡʯʙ 1 

ʈʧʣʙʠʙʫʞʤʡ, ʨʧʤʬʰʞʦʦʴʞ ʨʩʡ ʝʡʠʙʢʦʞ ʡ ʨʧʪʤʞ ʩʞʙʤʵʦʧʜʧ ɼʉʈ 

ʉʢʚ 
ɼʠʟʘʡʥ ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

Xf, ʤ hf, ʤ Wf, ʤʤ 
ʇʨʦʚʦʜʠʤʦʩʪʴ, 
ʤɼ*ʩʤ 

Xf, ʤ hf, ʤ Wf, ʤʤ 
ʇʨʦʚʦʜʠʤʦʩʪʴ, 
ʤɼ*ʩʤ 

112ʧ 172 18 0.60 1699 151 16 0.52 1490 

114ʨ 154 17 0.45 1517 133 15 0.40 1312 

2910 102 28 6.1 1007 67 22 7.3 661 

2923 74 36 4.5 728 61 29 5.1 602 

2937 57 26 6.2 558 48 22 5.3 474 

2919 73 24 5.8 716 61 19 6.0 602 

é é é é é é é é é 

2990 87 24 4.4 862 68 20 4.1 671 

 

 
ʉʡʪ. 1. ʀʙʛʡʪʡʥʧʪʫʵ ʨʧʤʬʰʞʦʦʴʮ ʜʞʧʥʞʫʩʡʰʞʪʣʡʮ ʨʙʩʙʥʞʫʩʧʛ ʫʩʞʲʡʦʴ ʧʫ ʩʙʪʪʰʡʫʙʦʦʴʮ  

ʨʩʡ ʝʡʠʙʢʦʞ ɼʉʈ 
 
ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʧʳʪʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ 

ʜʠʟʘʡʥʘ ɻʈʇ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʟʘʣʦʞʠʪʴ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʠʤʫʣʷʪʦʨ ʥʘʠʙʦʣʝʝ 
ʚʝʨʦʷʪʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʨʝʱʠʥʳ. 
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ʉʡʪ. 2. ʀʙʛʡʪʡʥʧʪʫʵ ʨʧʤʬʰʞʦʦʧʢ ʨʩʧʛʧʝʡʥʧʪʫʡ ʫʩʞʲʡʦʴ ʧʫ ʩʙʪʪʰʡʫʙʦʦʧʢ  

ʨʩʡ ʝʡʠʙʢʦʞ ɼʉʈ 
 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʦʧʨʝʜʝʣʷʝʤʳʤ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ɻʈʇ, ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ, ʚ 
ʢʦʪʦʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʪʨʝʱʠʥʘ ʛʠʜʨʦʨʘʟʨʳʚʘ [3]. ɿʥʘʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ 
ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʪʚʦʣ ʩʣʝʜʫʶʱʠʭ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʦʧʪʠʤʠʟʠʨʦ-
ʚʘʪʴ ʤʝʩʪʘ ʟʘʣʦʞʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʣʦʱʘʜʠ ʜʨʝʥʠʨʦʚʘʥʠʷ.  

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ (ʨʠʩ. 3) ʨʝʟʫʣʴʪʘʪʳ ʣʦʢʘʮʠʠ ʩʦʙʳʪʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʝʡ ʧʦʣʥʦʚʦʣ-
ʥʦʚʦʡ ʣʦʢʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʫʯʝʥʳ ʦʨʠʝʥʪʘʮʠʠ ʪʨʝʱʠʥʳ. 

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʤʝʥʷʶʪ ʧʨʦʧʘʥʪʳ ʩ ʨʘʟʤʝʨʘʤʠ ʛʨʘʥʫʣ 
0,425 - 0,85 ʤʤ (20/40), ʨʝʞʝ 0,85 - 1,7 ʤʤ (12/20), 0,85 - 1,18ʤʤ (16/20). ɹʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʝ ʜʠʥʘʤʠʢʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ (ʨʠʩ. 4), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʥʘʣʠʯʠʝ ʠ ʩʪʝʧʝʥʴ ʵʬʬʝʢʪʘ 
ʢʦʣʴʤʘʪʠʨʦʚʘʥʠʷ ʧʨʦʧʘʥʪʥʦʡ ʧʘʯʢʠ ʧʨʦʜʫʢʪʘʤʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ (ʠʟʤʝʣʴʯʝʥʠʷ) ʯʘʩʪʠʮ ʧʨʦ-
ʧʘʥʪʘ.  

 

 
ʉʡʪ. 3. ɽʡʙʜʩʙʥʥʴ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʬʜʤʧʛ ʫʩʞʲʡʦʴ 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘ-

ʤʝʪʨʳ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʠʟʘʡʥʘ ɻʈʇ, ʧʦʣʥʦʚʦʣʥʦʚʦʡ ʣʦʢʘʮʠʠ, ʩʚʦʡʩʪʚ ʧʨʦ-
ʧʘʥʪʘ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʠʤʫʣʷʪʦʨ [4]. 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚʚʝʜʝʥʠʝ ʦʜʥʦʡ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʚ ʢʦʥʮʝ 2020 ʛʦʜʘ ʩʦ ʩʪʘʨʪʦʚʳʤ ɻʈʇ ʩ ʛʦ-
ʨʠʟʦʥʪʘʣʴʥʳʤ ʩʪʚʦʣʦʤ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʠʝ ɻʈʇ ʥʘ ʨʘʥʥʝʝ ʜʝʡʩʪʚʫʶʱʠʭ ʩʢʚʘʞʠʥʘʭ ʅʅʉ. ʀʩʧʦʣʴʟʫʷ 
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ʨʘʩʯʝʪ ʜʠʟʘʡʥʘ ɻʈʇ, ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʜʘʥʥʳʝ ʦʨʠʝʥʪʘʮʠʠ ʪʨʝʱʠʥ (ʙʳ-
ʣʘ ʧʨʠʥʷʪʘ ʦʨʠʝʥʪʘʮʠʷ 165 ʛʨʘʜʫʩʦʚ ʘʟʠʤʫʪʘʣʴʥʦʛʦ ʫʛʣʘ ʠ 90 ʛʨʘʜʫʩʦʚ ʟʝʥʠʪʥʦʛʦ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪ-
ʥʳʝ), ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʧʧʘʥʪʘ ʦʪ ʜʘʚʣʝʥʠʷ, ʩʢʠʥ-ʬʘʢʪʦʨʘ ʩʢʚʘʞʠʥʳ, ʜʘʥʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʠ ʧʨʦ-
ʚʦʜʠʤʦʩʪʠ ʪʨʝʱʠʥʳ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʦʛʥʦʟ ʜʝʙʠʪʘ ʞʠʜʢʦʩʪʠ ʠ ʥʝʬʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʜʠʥʘ-
ʤʠʢʫ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥ ʩʢʚʘʞʠʥ ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʬʘʢʪʠʯʝʩʢʠʤʠ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʨʠʩ. 5). 

 

 
ʉʡʪ. 4. ʀʙʛʡʪʡʥʧʪʫʵ ʨʩʧʦʡʯʙʞʥʧʪʫʡ ʨʩʧʨʙʦʫʙ ʧʫ ʝʙʛʤʞʦʡʸ 

 

 
ʉʡʪ. 5. ʈʩʧʜʦʧʠʦʴʞ ʡ ʭʙʣʫʡʰʞʪʣʡʞ ʝʞʚʡʫʴ ʪʣʛʙʟʡʦ 

 
ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ ʧʦʢʘʟʘʣʘ ʩʚʦʶ ʩʦʩʪʦʷʪʝʣʴ-

ʥʦʩʪʴ ʥʘ ʧʨʠʤʝʨʝ 3-ʝʭ ʧʨʦʝʢʪʥʳʭ ʩʢʚʘʞʠʥ.  
ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʦʧʳʪʝ ʨʘʟʨʘʙʦʪʢʠ, ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ 

ʜʠʟʘʡʥʘ ɻʈʇ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʟʘʣʦʞʠʪʴ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʩʠʤʫʣʷʪʦʨ ʥʘʠʙʦʣʝʝ 
ʚʝʨʦʷʪʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʨʝʱʠʥʳ, ʩ ʫʯʝʪʦʤ ʩʚʦʡʩʪʚ ʧʨʦʧʘʥʪʘ. 

 


























































































































































































































































































































































































































































































