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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 
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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 

ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʜʦʢʪʦʨ 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 
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ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʧʨʦʙʣʝʤʝ ʧʨʝʦʜʦʣʝʥʠʷ ʢʦʛʥʠʪʠʚʥʦʛʦ ʙʘʨʴʝʨʘ ʫ ʦʙʫʯʘʶʱʠʭʩʷ ʧʨʠ ʚʚʝ-
ʜʝʥʠʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ɸʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʜʠʜʘʢʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝ-
ʪʦʜʠʢʠ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʪʝʦʨʠʠ ʧʨʝʜʝʣʦʚ ʂʦʰʠ, ʠ ʧʨʝʜʣʘʛʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʧʦʜʭʦʜ ʚ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦ-
ʪʘʥʥʦʡ ʠʤ ʊʝʦʨʠʠ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ (ʊʕʀ). ɺ ʨʘʙʦʪʝ ʨʘʩʢʨʳʪʘ ʩʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʦʙʦʙʱʝʥʠʷ, 
ʧʦʟʚʦʣʷʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʡ, ʥʘʭʦʜʠʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʥʘ ʦʩʥʦʚʝ ʩʪʨʦʛʠʭ 
ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʙʝʟ ʧʨʦʮʝʜʫʨʳ ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʆʧʨʝʜʝʣʝʥʘ ʦʧʝʨʘʮʠʷ ʠʥʪʝ-
ʛʨʠʨʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʬʦʨʤʫʣ ʅʴʶʪʦʥʘ-ʃʝʡʙʥʠʮʘ ʠ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʧʨʝʜʝʣʦʚ, ʘ 
ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʵʣʝʤʝʥʪʘʨʥʦʤ ʠʩʯʠʩʣʝʥʠʠ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʧʦʥʷʪʠʷ ʧʨʝʜʝʣʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʝʪʦʜʠʢʝ ʚʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʬʫʥʢ-
ʮʠʡ. ʉʢʘʟʘʥʥʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʤʝʨʘʤʠ.  
ʋʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʤʫ ʦʙʦʩʥʦʚʘʥʠʶ ʊʕʀ ʠ ʝʝ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠ-
ʷʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʘʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 
ʊʕʀ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʪʝʣʴʥʳʤ ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 
ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ (ʀʆʉ).  
ʃʤʷhʞʛʴʞ ʪʤʧʛʙ: ʪʝʦʨʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ, ʤʝʪʦʜ ʦʙʦʙʱʝʥʠʷ, ʧʨʦʠʟʚʦʜʥʘʷ, ʠʥʪʝʛʨʘʣ, 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ. 
 
DIDACTIC OPTIMIZATION OF THE INITIAL STAGE OF TEACHING MATHEMATICAL ANALYSIS USING 
METHODS OF THE THEORY OF ELEMENTARY CALCULUS IN THE CONTEXT OF DIGITALIZATION OF 

EDUCATION 
 

Gilev Valery Georgievich 
 
Abstract: The article is devoted to the problem of overcoming the cognitive barrier among students when in-
troducing them to mathematical analysis. The author examines the didactic limitations of the traditional meth-
odology based on Cauchyôs theory of limits and proposes an alternative approach within the framework of the 
Theory of Elementary Calculus (TEC) that he has developed. The paper reveals the essence of the generali-
zation method, which makes it possible to study the properties of elementary functions and find the derivative 
based on rigorous algebraic transformations without resorting to the limit process. The operation of integration 
is defined, interpretations of NewtonïLeibniz formulas and remarkable limits are presented, and differential 
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equations in elementary calculus are considered without using the concept of a limit. Special attention is paid 
to the methodology for introducing derivatives of transcendental functions. This is confirmed by examples. 
Attention is also paid to the methodological justification of the TEI and its integration with modern artificial intel-
ligence technologies. It is shown that the deterministic algorithmic structure of the TEI is an optimal substan-
tive foundation for designing intelligent learning systems (ILS). 
Keywords: theory of elementary calculus, generalization method, derivative, integral, differential equations, 
artificial intelligence in education. 

 
ɺɺɽɼɽʅʀɽ 
ʊʨʘʜʠʮʠʦʥʥʘʷ ʜʠʜʘʢʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʚʚʝʜʝʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʩʪʘʨʰʝʡ ʰʢʦʣʝ ʠ ʥʘ 

ʧʝʨʚʳʭ ʢʫʨʩʘʭ ʚʫʟʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʘʙʩʪʨʘʢʮʠʠ, ʩʦʟʜʘʶʱʠʤ ʚʳʨʘʞʝʥʥʳʡ ʢʦʛʥʠʪʠʚ-
ʥʳʡ ʙʘʨʴʝʨ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ. ʀʟʫʯʝʥʠʝ ʙʘʟʦʚʦʛʦ ʧʦʥʷʪʠʷ ʘʥʘʣʠʟʘ ï ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ ï ʪʨʘʜʠʮʠ-
ʦʥʥʦ ʧʨʝʜʚʘʨʷʝʪʩʷ ʦʩʚʦʝʥʠʝʤ ʪʝʦʨʠʠ ʧʨʝʜʝʣʦʚ ʠ ʬʦʨʤʘʣʠʟʤʘ ‐  .ʂʦʰʠ ‏ 

ʇʨʘʢʪʠʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʫʯʘʱʠʭʩʷ ʵʪʦʪ ʘʧʧʘʨʘʪ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʩʪʘʝʪʩʷ 
ʩʫʛʫʙʦ ʬʦʨʤʘʣʴʥʳʤ. ɺʤʝʩʪʦ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʩʢʦʨʦʩʪʠ 
ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ, ʫʯʘʱʠʝʩʷ ʧʝʨʝʭʦʜʷʪ ʢ ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʟʘʟʫʙʨʠʚʘʥʠʶ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʢʨʳʪʠʷ ʥʝ-

ʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʚʠʜʘ Ȣ 

ɺ ʫʩʣʦʚʠʷʭ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣ-
ʣʝʢʪʘ (ʀʀ) ʜʘʥʥʘʷ ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʦʝ ʠʟʤʝʨʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʣʣʝʢʪʫ-
ʘʣʴʥʳʝ ʦʙʫʯʘʶʱʠʝ ʩʠʩʪʝʤʳ (ʀʆʉ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠ ʩʢʣʦʥʥʦʩʪʴ ʢ ʣʦʛʠʯʝʩʢʠʤ ʦʰʠʙ-
ʢʘʤ (çʛʘʣʣʶʮʠʥʘʮʠʷʤè) ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʰʘʛʦʚʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʘʙʩʪʨʘʢʪʥʳʭ ʧʨʝʜʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ 
ʥʘʯʠʥʘʶʱʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ [1]. ɺʦʟʥʠʢʘʝʪ ʦʙʲʝʢʪʠʚʥʘʷ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʜʠʜʘʢʪʠ-
ʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ, ʩʦʯʝʪʘʶʱʠʭ ʚ ʩʝʙʝ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʩʪʨʦʛʦʩʪʴ, ʜʦʩʪʫʧʥʦʩʪʴ ʜʣʷ ʫʯʘʱʠʭʩʷ ʠ ʘʣʛʦʨʠʪ-
ʤʠʯʝʩʢʫʶ ʯʠʩʪʦʪʫ ʜʣʷ ʮʠʬʨʦʚʦʡ ʠʥʪʝʛʨʘʮʠʠ. 

ʄɽʊʆɼʆʃʆɻʀʏɽʉʂʀɽ ʆʉʅʆɺɸʅʀʗ ʀ ɼʀɼɸʂʊʀʏɽʉʂɸʗ ʉʋʊʔ ʊɽʆʈʀʀ ʕʃɽʄɽʅʊɸʈʅʆɻʆ 
ʀʉʏʀʉʃɽʅʀʗ 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʘʚʪʦʨʦʤ ʊʕʀ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʶ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʦʜʝʨʞʘʪʝʣʴʥʦ-

ʤʝʪʦʜʠʯʝʩʢʦʡ ʣʠʥʠʠ: ʇʨʝʜʝʣ O ʇʨʦʠʟʚʦʜʥʘʷ O ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʠ. 
ɺ ʨʘʤʢʘʭ ʊʕʀ ʜʠʜʘʢʪʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʥʚʝʨʪʠʨʫʝʪʩʷ, ʦʧʠʨʘʷʩʴ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ 

ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʝ ʫʯʘʱʠʤʩʷ ʩʚʦʡʩʪʚʦ ʤʦʥʦʪʦʥʥʦʩʪʠ: ʄʦʥʦʪʦʥʥʦʩʪʴ (ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ) O ʄʝʪʦʜ 
ʦʙʦʙʱʝʥʠʷ O ʇʨʦʠʟʚʦʜʥʘʷ. 

ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʙʘʟʠʩ ʊʕʀ ʩʦʩʪʘʚʣʷʶʪ ʪʦʞʜʝʩʪʚʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʚʳ-
ʨʘʞʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʜʝʥʠʷ ʬʫʥʢʮʠʠ ώ Ὢὼ ʚ ʧʨʦʤʝʞʫʪʢʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʘʥʘʣʠʟʘ ʟʥʘʢʘ 

ʩʪʠ Ὢὼ  ɀ Ὢὼ Ȣ ʇʫʪʝʤ ʨʘʟʣʦʞʝʥʠʷ Ὢὼ  ɀ Ὢὼ ὄὼȠ ὼ ϽὃὼȠὼ  ʚʳʜʝʣʷʝʪʩʷ 

ʪʝʣʴ ὃὼȠὼ  ʦʪʣʠʯʥʳʡ ʦʪ ʥʫʣʷ ʧʨʠ ὼ ὼ ʠ ʧʫʪʝʤ ʤʝʪʦʜʘ ʦʙʦʙʱʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʷ 

ʦʙʦʙʱʝʥʠʷ ‏ὼ ὃὼ ʧʨʠ ὼ ὼ ὼȢ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʯʘʱʠʡʩʷ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʭʦʜʠʪʴ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘʩʘʪʝʣʴʥʦʡ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʬʫʥʢʮʠʠ ʙʝʟ ʷʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʮʝʜʫʨʳ ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. 
ʇʦʥʷʪʠʝ ʧʨʦʠʟʚʦʜʥʦʡ, ʦʧʝʨʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʦʧʝʨʘʮʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʝʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʤʚʦʣʠʢʠ [2, 3, 4]. ʅʘ ʠʭ ʦʩʥʦʚʝ ʚʚʦʜʷʪʩʷ ʪʦʞʜʝʩʪʚʘ 
ʘʥʘʣʦʛʠʯʥʳʝ ʬʦʨʤʫʣʝ ʅʴʶʪʦʥʘ ï ʃʝʡʙʥʠʮʘ, ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʧʨʝʜʝʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʥʦ-
ʚʠʟʥʦʡ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʝʪʦʜʠʢʝ ʚʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʭ ʬʫʥʢʮʠʡ. ʅʘ 
ʵʣʝʤʝʥʪʘʨʥʦʤ ʫʨʦʚʥʝ ʚʚʦʜʷʪʩʷ ʦʩʥʦʚʥʳʝ ʨʘʟʜʝʣʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠʩ-
ʯʠʩʣʝʥʠʝ, ʠʥʪʝʛʨʘʣʴʥʦʝ ʠʩʯʠʩʣʝʥʠʝ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ [5]. 

ʅʧʦʧʫʧʦʦʧʪʫʵ ʶʤʞʥʞʦʫʙʩʦʴʮ ʭʬʦʣʯʡʢ 
ʇʫʩʪʴ ώ Ὢὼ ɻʣʝʤʝʥʪʘʨʥʘʷ ʬʫʥʢʮʠʷ. 

ɺʦʟʤʦʞʥʦ Ὢὼ  ɀ Ὢὼ ὄὼȠ ὼ ϽὃὼȠὼ ȟ ʛʜʝ ὄὼȠ ὼ π ʧʨʠ 



12 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 
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 ὼ ὼȠ  ὃὼȠὼ  ʚʳʨʘʞʝʥʠʝ ʩ ʜʚʫʤʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ὼȟ ὼ ʘʨʛʫʤʝʥʪʘ 
ʬʫʥʢʮʠʠ ώ ὪὼȢ ʏʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʳʨʘʞʝʥʠʷ ὃὼȠὼ ὯȢ  

ʃʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʦʙʦʙʱʝʥʠʷ ὼ ὼ ὼ ʚ ʚʳʨʘʞʝʥʠʠ ὃὼȠὼ  ʦʧʨʝʜʝʣʠʣʦ 
ʮʠ ʁ‏ὼ ὃὼȢ ʌʫʥʢʮʠʷ   ‏ὼ ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʦʙʦʙʱʝʥʠʷ. 

ɽʩʣʠ ᶅ ὼȟὼ ᶰὖ, ʪʦ ʚʳʨʘʞʝʥʠʷ Ὢὼ  ɀ Ὢὼ  ̉ ὄὼȠ ὼ  ʧʨʠʥʠʤʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʢʠ 

ʜʣʷ ʧʨʦʤʝʞʫʪʢʘ ʚʦʟʨʘʩʪʘʥʠʷ ʠ ʨʘʟʥʳʝ ʟʥʘʢʠ ʜʣʷ ʧʨʦʤʝʞʫʪʢʘ ʫʙʳʚʘʥʠʷ. ʊʦʛʜʘ ὃὼȠὼ  ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ‏ὼ ʙʫʜʫʪ ʧʦʣʦʞʠʪʝʣʴʥʳ ʚ ʧʨʦʤʝʞʫʪʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳ ʚ ʧʨʦʤʝʞʫʪʢʝ ʫʙʳʚʘʥʠʷ: 
ὼɴ ὼȠ ὼ Ȣ 

 ɽʩʣʠ ὄὼȠ ὼ πȟ ʪʦ ʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʧʨʦʤʝʞʫʪʢʠ ʤʦʥʦʪʦʥʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʬʫʥʢʮʠʠ. 

ʈʝʰʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ     ‏ὼ π ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʤʝʞʫʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʷ ʚʦʟʨʘʩʪʘʝʪ. 
ʈʝʰʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ    ‏ὼ π     ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʤʝʞʫʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʷ ʫʙʳʚʘʝʪ. 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ‏ὼ π ʦʧʨʝʜʝʣʷʝʪ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʵʢʩʪʨʝʤʫʤʘ ʠʣʠ ʧʝʨʝʛʠʙʘ. 
ʄʝʪʦʜ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʷʪʩʷ ʧʨʦʤʝʞʫʪʢʠ ʤʦʥʦʪʦʥʥʦʩʪʠ ʬʫʥʢʮʠʠ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦ-

ʜʦʤ ʦʙʦʙʱʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʥʢʮʠʡ (ʤʝʪʦʜ ʦʙʦʙʱʝʥʠʷ). 
ʈʩʡʥʞʩʴ.  

1.  ʀʩʩʣʝʜʦʚʘʪʴ ʥʘ ʤʦʥʦʪʦʥʥʦʩʪʴ ʬʫʥʢʮʠʶ ώ Ȣ  

ʈʝʰʝʥʠʝ. 
 Ὀ ЊȠπ᷾πȠ Њȟὼ  ὼ πȢ 

Ўώ Ὢὼ Ὢὼ   
  

  ὼ  ὼ Ͻ  

ὄὼȠὼ ϽὃὼȠὼ ȟ ʛʜʝ  ὄὼȠὼ  ὼ ὼȟὃὼȠὼ Ȣ 

ʅʘʡʜʝʤ ʬʫʥʢʮʠʶ ʦʙʦʙʱʝʥʠʷ: 

ὼ‏  ὃὼ    Ƞ‏ὼ Ȣ  

ʇʨʠ Ὧ π ‏ὼ πȢ ʌʫʥʢʮʠʷ ώ   ʫʙʳʚʘʝʪ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ЊȠπ ʠ πȠЊȢ 

ʇʨʠ Ὧ π ‏ὼ πȢ ʌʫʥʢʮʠʷ ώ   ʚʦʟʨʘʩʪʘʝʪ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʦʧʨʝʜʝʣʝʥʠʷ 

ЊȠπ ʠ πȠЊȢ 
ʆʪʚʝʪ: ̃̑ ̉Ὧ π ʫʙʳʚʘʝʪ; 

ʧʨʠ Ὧ π ʚʦʟʨʘʩʪʘʝʪ. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʥʘ ʤʦʥʦʪʦʥʥʦʩʪʴ ʬʫʥʢʮʠʶ ώ ίὭὲὼ. 
ʈʝʰʝʥʠʝ. ʇʫʩʪʴ ὼȟὼᶰὖ  ʧʨʦʤʝʞʫʪʦʢ ʤʦʥʦʪʦʥʥʦʩʪʠ ʠ   

π ὼ  ὼ “ȟ ʪʦʛʜʘ π
  

Ȣ ʆʪʢʫʜʘ ίὭὲ
  

πȢ  

ʀʤʝʝʤ: 

Ὢὼ  Ὢὼ ίὭὲὼ ίὭὲὼ ςίὭὲ
  

ὧέί
 

   

 ὄὼȠὼ ϽὃὼȠὼ , ʛʜʝ ὄὼȠὼ ς ίὭὲ
 ɀ 

πȢ 

ὃὼȠ ὼ  ὧέί
 
Ȣ  

ʅʘʡʜʝʤ ʬʫʥʢʮʠʶ ʦʙʦʙʱʝʥʠʷ ʧʨʠ ὼ  ὼ ὼȡ 

ὼ  ὃ(ὼ) = ὧέί‏   ὧέί   ὧέίὼ. ʀʤʝʝʤ ‏ὼ ὧέίὼ. 

ὼ   πȠ  ὧέίὼπȠ ὼ‏    “ὲȟὲ ɴ  ὤ ï ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ. 

ὼ‏ πȠ  ὧέίὼπȠ    ς “ὲ  ὼ   ς “ὲȟὲ ɴ  ὤ ɀ ʬʫʥʢʮʠʷ  

ώ ίὭὲὼ ʚʦʟʨʘʩʪʘʝʪ. 

ὼ‏ πȠ  ὧέίὼπȠ    ς “ὲ  ὼ   ς “ὲȟὲ ɴ  ὤ  ʬʫʥʢʮʠʷ  

 ώ ίὭὲὼ ʫʙʳʚʘʝʪ. 
ʊʘʢ ʢʘʢ ʢʨʠʪʠʯʝʩʢʠʝ ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ ʪʦʯʢʘʤʠ ʵʢʩʪʨʝʤʫʤʘ, ʠʤʝʝʤ: ʬʫʥʢʮʠʷ ʩʠʥʫʩ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 
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ʢʘʞʜʦʤ ʠʟ ʧʨʦʤʝʞʫʪʢʦʚ ς“ὲȠ ς“ὲȟὲᶰὤ; ʬʫʥʢʮʠʷ ʩʠʥʫʩ ʫʙʳʚʘʝʪ ʥʘ ʢʘʞʜʦʤ ʠʟ ʧʨʦʤʝ-

ʞʫʪʢʦʚ    ς “ὲȠ   ς “ὲȟὲ ɴ  ὤ.  

ʈʩʧʡʠʛʧʝʦʴʞ ʩʙʯʡʧʦʙʤʵʦʴʮ ʭʬʦʣʯʡʢ 

ɽʩʣʠ ώ Ὢὼ ʨʘʮʠʦʥʘʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʪʦ ʨʘʟʥʦʩʪʴ ʝʝ ʟʥʘʯʝʥʠʡ (ʧʨʠʨʘʱʝʥʠʝ ʬʫʥʢʮʠʠ) ʨʘʟʣʘʛʘ-
ʝʪʩʷ ʥʘ ʤʥʦʞʠʪʝʣʠ ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʟʥʘʯʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʦʨʜʠʥʘʪ (ʧʨʠʨʘ-
ʱʝʥʠʝ ʘʨʛʫʤʝʥʪʘ). 

ʇʫʩʪʴ ʟʘʜʘʥʘ ʬʫʥʢʮʠʷ ώ Ὢὼȟ ʜʣʷ ʢʦʪʦʨʦʡȡ 
Ὢὼ   Ὢὼ ὼ ὼ Ͻ‏ὼȠὼ  (ʨʠʩ. 1). 

ʆʪʥʦʰʝʥʠʝ  
  

 ʦʧʨʝʜʝʣʷʝʪ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ 

ώ Ὢὼ ʥʘ ʧʨʦʤʝʞʫʪʢʝ ὼȠὼ ȡ 
Ў

Ў
ὼȠὼ‏ Ὧ  ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ 

ʥʘ ʧʨʦʤʝʞʫʪʢʝ ὼȠὼ Ȣ ʉʝʢʫʱʘʷ ώ Ὧὼὰ ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʪʦʯʢʠ ὓ  ʠ ὓ  ʩ ʘʙʩʮʠʩʩʘʤʠ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ὼ ʠ ὼ ʟʘʜʘʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʝʢʫʱʝʡ  
Ў

Ў
Ὧ, ʛʜʝ Ὠώ ʠ Ὠὼȟ ʧʨʠʨʘʱʝʥʠʷ ʣʠ-

ʥʝʡʥʦʡ ʬʫʥʢʮʠʠ, ʥʘʟʳʚʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʘʤʠ.  
 

 
 

ʂʘʩʘʪʝʣʴʥʘʷ ώ Ὧὼὰ ʢ ʛʨʘʬʠʢʫ ʬʫʥʢʮʠʠ ώ Ὢὼ ʧʘʨʘʣʣʝʣʴʥʘʷ ʩʝʢʫʱʝʡ ʦʧʨʝʜʝʣʷʝʪ 
ʢʫ ὼɴ ὼȠὼ  ʚ ʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ, ʤʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ, ʨʘʚʥʘ Ὧ. ɺ ʪʦʯʢʝ 
ʥʠ ̫ὼ ὼ ὼ.  

ʆʙʦʙʱʝʥʠʝ (ʟʘʤʝʥʘ ὼ ʠ ὼ ʥʘ ὼ) ʚ ʚʳʨʘʞʝʥʠʠ ‏ὼȠὼ  ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʝʪ ʤʛʥʦʚʝʥʥʫʶ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ ώ Ὢὼ ʚ ʪʦʯʢʝ ὼȡ ‏ὼ ὯȢ  

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʛʥʦʚʝʥʥʫʶ ʩʢʦʨʦʩʪʴ ʬʫʥʢʮʠʠ Ὢὼ  ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ὼ, ʪʦ ʤʳ ʙʫʜʝʤ ʧʦ-
ʣʫʯʘʪʴ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʨʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʝʩʪʴ ʬʫʥʢʮʠʷ ʧʝʨʝ-

ʤʝʥʥʦʡ  ὼȢ ʕʪʘ ʬʫʥʢʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ  Ὢὼ  ʚ ʪʦʯʢʝ ὼȢ ʆʙʦʟʥʘʯʘʝʪʩʷ Ὢ ὼȟ ώȢ 

ʀʤʝʝʤȡ ‏ὼ  Ὢ ὼȠὯ  ώȢ 

ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʬʫʥʢʮʠʷ ʦʙʦʙʱʝʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ Ὧ ʢʘʩʘʪʝʣʴʥʦʡ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟ-

ʚʦʜʥʳʤʠ ʬʫʥʢʮʠʷʤʠȢ 
ʈʩʡʥʞʩʴ. 

1.  ʅʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʦʙʨʘʪʥʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ώ Ȣ  

ʈʝʰʝʥʠʝ. Ὀ ЊȠπ᷾πȠ ЊȢ 

Ўώ Ὢὼ Ὢὼ  ὼ  
  

  ὼ  ὼ Ͻ  

ὄὼȠὼ ϽὃὼȠὼ ȟ ʛʜʝ  ὄὼȠὼ  ὼ ὼȟὃὼȠὼ Ȣ 

ʅʘʡʜʝʤ ʧʨʦʠʟʚʦʜʥʫʶ: 
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 Ὢ ὼ ὼ‏ ὃὼ    ȠὪ ὼ Ȣ  

ʆʪʚʝʪ: Ὢ ὼ Ȣ 

2.  ʅʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ Ὢὼ ὥὼ  ὦὼὧȢ 
ʈʝʰʝʥʠʝ. 

 Ўώ Ὢὼ Ὢὼ ὥὼ  ὦὼ ὧ ὥὼ  ὦὼ ὧ  

ὥὼ ὥὼ  ὦὼ  ὦὼ ὥὼ  ὼ ὼ  ὼ ὦὼ  ὼ  

ὼ  ὼ ὥὼ  ὼ  ὦ ὄὼȠὼ ϽὃὼȠὼ ȟ ʛʜʝ ὄὼȠὼ ὼ ὼȟ 
ὃὼȠὼ ὥὼ  ὼ  ὦȢ 

ʅʘʡʜʝʤ ʧʨʦʠʟʚʦʜʥʫʶ: 

Ὢ ὼ ὼ‏ ὃὼ  ὥὼ  ὼ ὦ  ςὥὼὦ; Ὢ ὼ ςὥὼ ὦ. 
ʆʪʚʝʪ: Ὢ ὼ ςὥὼὦȢ 

ʈʩʧʡʠʛʧʝʦʴʞ ʫʩʙʦʪʯʞʦʝʞʦʫʦʴʮ ʭʬʦʣʯʡʢ 
ʇʫʩʪʴ ʬʫʥʢʮʠʷ ώ Ὢὼ ʪʨʘʥʩʮʝʥʜʝʥʪʥʘʷ.  

ʈʘʟʣʦʞʝʥʠʝ ʝʝ ʧʨʠʨʘʱʝʥʠʷ  Ὢὼ  ɀ Ὢὼ ὄὼȠ ὼ ϽὃὼȠὼ  ʪʘʢʦʝ, ʯʪʦ ὄὼȠ ὼ π  
ʧʨʠ ὼ ὼ ʩʦʜʝʨʞʠʪ ʨʘʟʥʦʩʪʴ ὼ  ὼ Ȣ  

ʇʨʠ ὼ ὼ ὼ ὃὼȠὼ ὃὼ  .ὼ ï ʬʫʥʢʮʠʷ ʦʙʦʙʱʝʥʠʷ‏

ʀʤʝʝʤ  Ὢ ὼ
 ɀ 

 

Ƞ 

 
Ͻ‏ὼȠὪ ὼ Ͻ‏ὼ. ɺʠʜʠʤ, ʯʪʦ ‏ὼ

Ὢ ὼȢ   

ʆʯʝʚʠʜʥʦ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ‏ὼ Ὢ ὼ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ  ρ ï ʧʨʠʟʥʘʢ 

ʨʘʚʝʥʩʪʚʘ ʬʫʥʢʮʠʠ ʦʙʦʙʱʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʥʦʡ ʧʦʟʚʦʣʷʝʪ ʜʦʢʘʟʘʪʴ ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʪʦʞʜʝʩʪʚʘ ʵʣʝ-
ʤʝʥʪʘʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ. 

ɿʘʤʝʯʘʪʝʣʴʥʳʝ ʪʦʞʜʝʩʪʚʘ  

ʊʝʦʨʝʤʘ 1. ʇʝʨʚʦʝ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʪʦʞʜʝʩʪʚʦ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ  ρȟὼO πȢ 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ  Ὢὼ ὸὫὼȢ    
ʆʧʨʝʜʝʣʠʤ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ‏ὼ ὸὫὼᴂȢ 

Ўώ Ὢὼ Ὢὼ ὸὫὼ ὸὫὼ
 ɀ 

ÓÉÎὼ ɀ ὼ Ͻ  Ƞ  

Ὢὼ Ὢὼ ÓÉÎὼ ɀ ὼ Ͻ Ȣ   

ʀʤʝʝʤ, Ὢ ὼ
 ɀ 

 ɀ 

 ɀ 
Ͻ Ȣ 

ʇʦʣʫʯʠʣʠ Ὢ ὼ Ͻ ȟὼɴ ὼ Ƞ ὼ Ȣ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, Ὢ ὼ  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  ρ. 

ʈʘʩʢʨʦʝʤ ʩʤʳʩʣ ʦʪʥʦʰʝʥʠʷ   ρ. 
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ʀʤʝʝʤ ÓÉÎὼ ὼ. ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ώ ίὭὲὼ ʠ ώ ὼ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʯʢʝ 

 ὼ πȟ ʪʘʢ ʢʘʢ ʚ ʧʨʦʤʝʞʫʪʢʝ Ƞ ʬʫʥʢʮʠʷ ίὭὲὼ ʚʦʟʨʘʩʪʘʝʪ (ʨʠʩ. 2). ʇʨʷʤʘʷ ώ ὼ ʷʚʣʷʝʪʩʷ ʢʘʩʘ-

ʪʝʣʴʥʦʡ. ʇʦʵʪʦʤʫ  ρ.  

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʪʘʢ ʢʘʢ ίὭὲὼ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦʤ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʤ, ʪʦ  ρ, ʧʦʵʪʦʤʫ 

ʰʫʪ  ρ ʧʨʠ ὼO π [6]. 

ʈʩʡʥʞʩʴ.  

1. ʅʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ ώ ὸὫὼ. 

ʈʝʰʝʥʠʝ. ɺʳʰʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ὸὫὼᴂ Ȣ  

ʆʪʚʝʪ: ὸὫὼᴂ Ȣ  

2. ʅʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ ώ ίὭὲὼ. 
ʈʝʰʝʥʠʝ.  

ʀʤʝʝʤ: Ὢὼ  Ὢὼ ίὭὲὼ ίὭὲὼ ςίὭὲ
  

ὧέί
 
Ƞ  

Ὢὼ  Ὢὼ ςίὭὲ
  

ὧέί
 
Ƞ Ὢ ὼ

 

  
ὧέίȠ 

Ὢ ὼ ὧέίὼ. 

ʊʘʢ ʢʘʢ  ρȟ ʪʦ Ὢ ὼ ὧέίὼȢ  

ʆʪʚʝʪ: ίὭὲὼᴂ ὧέίὼȢ 
3. ʅʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ ώ ὧέίὼȢ 
ʈʝʰʝʥʠʝ.  

ʀʤʝʝʤȡὪὼ  Ὢὼ ὧέίὼ ὧέίὼ ςίὭὲ
  

ίὭὲ
 
Ƞ  Ὢὼ  Ὢὼ

ςίὭὲ
  

ίὭὲ
 
ȠὪ ὼ

 

  
ίὭὲȠὪ ὼ ίὭὲὼȢ ʊʘʢ ʢʘʢ  

ρȟ ʪʦ Ὢ ὼ ίὭὲὼȢ   

ʆʪʚʝʪ: ὧέίὼᴂ ίὭὲὼȢ 

ʊʝʦʨʝʤʘ 2. ɺʪʦʨʦʝ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʪʦʞʜʝʩʪʚʦ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ ρ ὩȟὼO ЊȢ 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʫʩʪʘʥʦʚʠʤ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʧʨʦʠʟʚʦʜʥʦʡ ʠ ʬʫʥʢʮʠʠ 

ʦʙʦʙʱʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʠ Ὢὼ ὥȢ 
ʇʫʩʪʴ ʜʘʥʘ ʬʫʥʢʮʠʷ   Ὢὼ ὥȟ ʛʜʝ ὥ π ʠ ὥ ρȢ 

Ўώ Ὢὼ Ὢὼ  ὥ  ɀὥ ὥ ρϽὥ ȠὪὼ Ὢὼ ὥ ρϽ

ὥ Ȣ Ͻὥ . Ὢ ὼ Ͻὥȟὼɴ ὼ Ƞ ὼ Ȣ  

ʅʘʡʜʝʤ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ‏ὼ ὥ Ὢ ὼ. 

 ρȠὥ ρ ὼȠὥ ρ ὼȠὥ ρ ὼ ȟ ὥ  ʯʠʩʣʦ ʧʦʩʪʦʷʥʥʦʝ ʧʦ ʫʩʣʦʚʠʶ. ɽʛʦ ʧʨʠ-

ʥʷʪʦ ʦʙʦʟʥʘʯʘʪʴ ʙʫʢʚʦʡ Ὡȡ  ὥ ὩȢ ▄ - ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ, ʠʨʨʘʮʠʦʥʘʣʴʥʦʝ ʠ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʝ 

ʯʠʩʣʦ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ 2,71828. ʀʤʝʝʤ ρ ὼ ὩȢ  
ʇʦʣʫʯʠʣʠ, ʯʪʦ ʧʨʠ ὥ Ὡ Ὢὼ ὩȢ ʌʫʥʢʮʠʷ Ὢὼ Ὡ ʥʘʟʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʪʦʡ.  
ɺʳʚʦʜ: ʬʫʥʢʮʠʷ ʦʙʦʙʱʝʥʠʷ ʜʣʷ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ Ὢὼ ὥ  ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʧʨʠ 

ʫʩʣʦʚʠʠ ʨʘʚʝʥʩʪʚʘ ʦʩʥʦʚʘʥʠʷ ὥ ʯʠʩʣʫ ὩȡὪὼ ὩȢ    
ʀʤʝʝʤ Ὢὼ Ὡ ʠ Ὢ ὼ Ὡ ὩȢ 
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ʈʘʩʢʨʦʝʤ ʩʤʳʩʣ ʦʪʥʦʰʝʥʠʷ ρ ὼ ὩȢ  

ρ ὼ ὩȠ Ὡ ρ ὼȢ ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ώ Ὡ ʠ ώ ὼ ρ ʠʤʝʶʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʪʦʯʢʫ 

ʧʝʨʝʩʝʯʝʥʠʷ πȠρȢ ʇʨʷʤʘʷ ώ ὼ ρ ̫ ʚʣʷʝʪʩʷ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʛʨʘʬʠʢʫ ʬʫʥʢʮʠʠ ώ Ὡ (ʨʠʩ. 3).  

ʇʨʠ ὼ π ρȢ  

ʇʨʠ ὼ π ʦʪʥʦʰʝʥʠʝ    ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ, ʧʦʵʪʦʤʫ ʧʠʰʫʪ ὼO πȢ ʊʦʛʜʘ ʧʨʠ ὼO π ᴼЊ ʠ 

ʧʨʠ ὼO Њ ᴼπȢ  

ʌʦʨʤʫʣʫ ρ ὼ ὩȟὼO π ʟʘʧʠʩʳʚʘʶʪ ʚ ʚʠʜʝ ρ Ὡ, ὼO Њ  ʚʪʦʨʦʝ ʟʘʤʝʯʘ-

ʪʝʣʴʥʦʝ ʪʦʞʜʝʩʪʚʦ. 
ʈʩʡʥʞʩʴ.  
1. ʅʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ ώ ὩȢ  
ʈʝʰʝʥʠʝ. ɺʳʰʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ Ὡ ὩȢ 

ʆʪʚʝʪ: Ὡ ὩȢ  
2. ʅʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ ώ ὥȟ̄ ̅ ̆ὥ π ̉ ὥ πȢ  
ʈʝʰʝʥʠʝ. ʇʝʨʚʳʡ ʩʧʦʩʦʙ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʪʦʨʦʛʦ ʟʘʤʝʯʘʪʝʣʴʥʦʛʦ ʪʦʞʜʝʩʪʚʘ). 

Ўώ Ὢὼ Ὢὼ ὥ ὥ Ƞ ὥ Ȣ    

ɺʳʨʘʟʠʤ  ὼ ὼ ȡὥ ρ ὸȠὥ ρ ὸȠ ὼ ὼ ὰέὫρ ὸȢ  
ʀʤʝʝʤ 

Ƞ 

 
 ÌÎὥȢ  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

Ὢ ὼ ὥ ϽÌÎὥ ὥ ϽÌÎὥȠὪ ὼ ὥÌÎὥȢ  

ʆʪʚʝʪ: ὥ ὥÌÎὥȢ  
ɺʪʦʨʦʡ ʩʧʦʩʦʙ (ʩ ʧʦʤʦʱʴʶ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ).  
ʇʫʩʪʴ ʜʘʥʘ ʬʫʥʢʮʠʷ ώ ὥ, ʛʜʝ ὥ π ʠ ὥ π.  
ʃʦʛʘʨʠʬʤʠʨʫʷ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ ʧʦ ʦʩʥʦʚʘʥʠʶ Ὡ, ʧʦʣʫʯʠʤ ÌÎώ ὼÌÎὥȢ  ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʫ-

ʝʤ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ: Ͻώ ÌÎὥȟ ʦʪʢʫʜʘ ώ ώÌÎὥȟ ʠʣʠ ώ ὥÌÎὥ. ʉʣʝʜʦʚʘʪʝʣɹʥʦ, ὥ

ὥÌÎὥȢ  
ʆʪʚʝʪ: ὥ ὥÌÎὥȢ  

3. ʅʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ ώ ÌÎὼȢ 
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ʈʝʰʝʥʠʝ. 

ÌÎὼ ÌÎὼ ÌÎ ÌÎρ Ȣ ÌÎὼ ÌÎὼ ÌÎρ Ȣ  

ÌÎρ Ȣ  Ͻ ÌÎρ Ȣ  

ϽÌÎρ Ȣ  

ʆʙʦʙʱʘʝʤ ὼ ὼ ὼȢ  ÌÎὼᴂ ϽÌÎρ   

ʇʫʩʪʴ ὼ ὼ ᴼπȢ ʊʦʛʜʘ  ὸO π. 

 

 
 

ʀʤʝʝʤ: ÌÎὼ ϽÌÎρ ὸȟὸO πȠÌÎὼ ϽÌÎὩȠÌÎὼ Ȣ 

ʆʪʚʝʪ: ÌÎὼ Ȣ 

ʉʤʳʩʣ ʧʨʦʠʟʚʦʜʥʦʡ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4.  

ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ ώ ὼ ρ ʠ  ώ ὰὲὼ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʯʢʝρȠπ. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʧʨʷʤʘʷ ώ ὼ ρ ʷʚʣʷʝʪʩʷ ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʛʨʘʬʠʢʫ ʬʫʥʢʮʠʠ ώ ὰὲὼȢ  ρȢ ɿʥʘʯʠʪ, ʟʥʘʯʝ-

ʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʚ ʪʦʯʢʝ ὼ ρ ʨʘʚʥʦ 1. ɺ ʦʩʪʘʣʴʥʳʭ ʪʦʯʢʘʭ ÌÎὼ .  

ʅʘʧʨʠʤʝʨ, ÌÎὩ
ȟ
πȟσχȠ̐ ̑ ̉ὼ ȟÌÎὼ τȢ 

4. ʅʘʡʪʠ ʧʨʦʠʟʚʦʜʥʫʶ ʬʫʥʢʮʠʠ ώ ÌÏÇὼȢ  
ʈʝʰʝʥʠʝ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ ʧʝʨʝʭʦʜʘ ÌÏÇὔ   ʦʪ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʣʦʛʘʨʠʬʤʦʚ ʢ ʜʨʫʛʦʡ. 

 ʀʤʝʝʤ ÌÏÇὼ Ȣ ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ÌÏÇὼ Ȣ 

ʆʪʚʝʪ:  ÌÏÇὼ Ȣ 

ʇʨʞʩʙʯʡʡ ʝʡʭʭʞʩʞʦʯʡʩʧʛʙʦʡʸ ʡ ʡʦʫʞʜʩʡʩʧʛʙʦʡʸ 
ʇʫʩʪʴ ʵʣʝʤʝʥʪʘʨʥʘʷ ʬʫʥʢʮʠʷ ώ  Ὂὼ ʜʦʧʫʩʢʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ Ὂὼ   Ὂὼ

ὼ ὼ ϽὪὼȠὼ . ʇʨʠ ὼ ὼ ὼ ʬʫʥʢʮʠʷ ʦʙʦʙʱʝʥʠʷ ώ Ὢὼ ʥʘʟʳʚʘʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʧʨʦʠʟʚʦʜʥʦʡ, ʘ ʬʫʥʢʮʠʷ ώ  Ὂὼ  ʧʝʨʚʦʦʙʨʘʟʥʦʡ ʬʫʥʢʮʠʝʡȡ Ὂ ὼ Ὢὼ.  
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ʀʤʝʝʤ Ὂὼ   Ὂὼ ὼ ὼ ϽὪὼȠὊὼȿ ὼ ὼ ϽὪὼȢ  

Ὂὼȿ ὨὼϽὪὼ  ʦʧʝʨʘʮʠʷ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. Ὂὼ ᷿ ὪὼὨὼ  ʦʧʝʨʘʮʠʷ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ. ᷿ ὪὼὨὼ  ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ. ʆʧʝʨʘʮʠʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʥʘ ʧʨʦʤʝʞʫʪʢʝ ὼȠὼ Ȣ  
ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʧʝʨʚʦʦʙʨʘʟʥʦʡ Ὂὼ ʧʦ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴ-

ʟʫʶʪ ʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ Ὂὼ Ὢ᷿ὼὨὼ ὅȟὅᶰὙ  ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ [4].  
ɽʡʭʭʞʩʞʦʯʡʙʤʵʦʴʞ ʬʩʙʛʦʞʦʡʸ ʨʞʩʛʧʜʧ ʨʧʩʸʝʣʙ 
ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝ, ʩʦʜʝʨʞʘʱʝʝ ʧʨʦʠʟ-

ʚʦʜʥʫʶ ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʠ, ʩʘʤʫ ʬʫʥʢʮʠʶ ʠ ʝʝ ʘʨʛʫʤʝʥʪ. ʆʙʱʠʡ ʚʠʜ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ Ὂὼȟώȟώᴂ πȟ ʧʨʠʯʝʤ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠ ʥʝʧʦʣʥʳʤ (ʥʝ ʩʦʜʝʨʞʘʱʠʤ ὼ ʠʣʠ ώ).  

ʆʪʥʦʰʝʥʠʝ Ὂὼȟώȟώ π ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʜʝʨʞʠʪ 
ʥʳʝ ὼ ʠ ώ ʪʘʢʠʝ, ʯʪʦ ώ Ὂὼ ʠ ώ Ὂ ὼ.  

ʈʝʰʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʚʩʷʢʘʷ ʬʫʥʢʮʠʷ, ʧʨʠ ʧʦʜʩʪʘʥʦʚʢʠ ʢʦʪʦʨʦʡ 
ʚ ʫʨʘʚʥʝʥʠʝ ʦʥʦ ʦʙʨʘʱʘʝʪʩʷ ʚ ʪʦʞʜʝʩʪʚʦ. ɿʘʜʘʯʫ ʥʘʭʦʞʜʝʥʠʷ ʚʩʝʭ ʨʝʰʝʥʠʡ ʜʘʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴ-
ʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ɻ ʪʦʛʦ ʫʨʘʚʥʝʥʠʷ.  

ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʥʘʷ ώȟ ʠʩʭʦʜʷ ʠʟ ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ, ʟʘʤʝʥʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ 

ʣʦʚ  ȡ ώ , ʛʜʝ Ὠὼ ʠ Ὠώ ï ʧʨʠʨʘʱʝʥʠʷ ʩʝʢʫʱʝʡ. 

ʉ ʜʠʬʬʝʨʝʥʮʠʘʣʘʤʠ ʤʦʞʥʦ ʚʳʧʦʣʥʷʪʴ ʪʦʞʜʝʩʪʚʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ. 

ʀʤʝʝʤ: 

- ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ώ ὪὼϽὫώȠ  

- ɿʘʤʝʥʘ: ὪὼϽὫώȠ 

- ʈʘʟʜʝʣʝʥʠʝ: ὪὼϽὨὼȠ 

- ʀʥʪʝʛʨʠʨʦʚʘʥʠʝ: ᷿ Ὢ᷿ὼὨὼȢ 

ʇʨʦʩʪʝʡʰʠʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ ώ Ὢὼ. 

ʮʠ ̫ώ ʥʘʭʦʜʠʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ώ Ὢ᷿ὼὨὼ ȟ˞ ʛʜʝ ˞ ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ [5]. 

ʈʩʡʥʞʩʴ 

1. ʈʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ ώ ὼȢ 
ʈʝʰʝʥʠʝ 

ɼʝʣʘʝʤ ʧʦʜʩʪʘʥʦʚʢʫ ώ  ʚ ʠʩʭʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝȡ ὼȠὨώ ὼὨὼ. 

ɺʦʟʴʤʝʤ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʦʪ ʦʙʝʠʭ ʯʘʩʪʝʡ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ: ᷿Ὠώ

ὼ᷿ὨὼȠώ ˞ ˞Ƞώ ȟ˞  

ʛʜʝ ˞ ˞ ˞ ï ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ȟ˞˞ ȟ˞ ᶰὙȢ 
ʇʨʦʚʝʨʢʘ 

 ώ ˞ π ὼȠ ώ ὼȢ  

ʆʪʚʝʪ: ώ Ȣ˞ 

ɺʩʷʢʦʝ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʦʙʱʝʛʦ ʝʛʦ ʨʝʰʝʥʠʷ ʧʨʠ 

ʟʘʜʘʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ˞, ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-
ʛʦ ʫʨʘʚʥʝʥʠʷ.   

ɺʩʷʢʦʝ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʦʙʱʝʛʦ ʝʛʦ ʨʝʰʝʥʠʷ ʧʨʠ 
ʟʘʜʘʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ˞, ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-
ʛʦ ʫʨʘʚʥʝʥʠʷ.   

ɺʩʷʢʦʝ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʦʙʱʝʛʦ ʝʛʦ ʨʝʰʝʥʠʷ ʧʨʠ 
ʟʘʜʘʥʠʠ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ˞, ʥʘʟʳʚʘʝʪʩʷ ʯʘʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-



ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 19 

 

XXIV  International scientific conference | www.naukaip.ru 

ʛʦ ʫʨʘʚʥʝʥʠʷ.   

2. ʈʝʰʠʪʴ ʫʨʘʚʥʝʥʠʝ ώ ὼȟ ʝʩʣʠ ώσ ωȢ 
ʈʝʰʝʥʠʝ 

ɺ ʧʨʠʤʝʨʝ 1 ʤʳ ʥʘʰʣʠ, ʯʪʦ ώ .˞  

ʊʘʢ ʢʘʢ ώσ ωȟ̓  ̏ω ȟ˞̓  ̝̏̆̒̓ ω ω  ˞ȟ ʦʪʢʫʜʘ ˞ πȢ ɿʥʘʯʠʪ, ώ Ȣ 

ʆʪʚʝʪ: ώ Ȣ 

ʇʪʦʧʛʦʴʞ ʨʧʦʸʫʡʸ ʡ ʧʫʦʧʱʞʦʡʸ ʫʞʧʩʡʡ ʶʤʞʥʞʦʫʙʩʦʧʜʧ ʡʪʰʡʪʤʞʦʡʸ 
1. ʊʝʦʨʠʷ ʩʪʨʦʠʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʡ. 
2. ʅʝʧʨʝʨʳʚʥʦʩʪʴ ʬʫʥʢʮʠʡ ʟʘʜʘʝʪʩʷ ʠʭ ʦʙʣʘʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ. 
3. ʄʝʪʦʜ ʦʙʦʙʱʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʫʝʪ ʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʦʙʦʙʱʝʥʠʷ 

ʨʘʚʥʦʩʠʣʴʥʫʶ ʦʧʝʨʘʮʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. ʆʩʥʦʚʦʡ ʤʝʪʦʜʘ ʦʙʦʙʱʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʫʥʢ-
ʮʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʧʨʠʨʘʱʝʥʠʷ ʬʫʥʢʮʠʠ ʥʘ ʤʥʦʞʠʪʝʣʠ. 

 ὼ ï ʬʫʥʢʮʠʷ ʦʙʦʙʱʝʥʠʷ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʤʥʦʞʝʩʪʚʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʬʫʥʢʮʠʡ. ʇʨʦʤʝʞʫʪʢʠ‏ .4
ʟʥʘʢʦʧʦʩʪʦʷʥʩʪʚʘ ʬʫʥʢʮʠʠ ʦʙʦʙʱʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʧʨʦʤʝʞʫʪʢʠ ʤʦʥʦʪʦʥʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʬʫʥʢʮʠʠ. 

5. ʅʘ ʤʥʦʞʝʩʪʚʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʬʫʥʢʮʠʷ ʦʙʦʙʱʝʥʠʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ 
ʥʫʶ: ‏ὼ  Ὢ ὼȢ 

6. ʆʪʥʦʰʝʥʠʶ    ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʩʤʳʩʣ: Ὧȟ ʛʜʝ Ὧ ï ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘ-

ʩʘʪʝʣʴʥʦʡ ώ Ὧὼ ὰȢ ʂʘʩʘʪʝʣʴʥʦʡ ʢ ʛʨʘʬʠʢʫ ʬʫʥʢʮʠʠ ʥʘʟʳʚʘʝʪʩʷ ʧʨʷʤʘʷ, ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ 
ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ. 

7. ɼʠʬʬʝʨʝʥʮʠʘʣʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʯʝʨʝʟ ʧʨʠʨʘʱʝʥʠʷ ʩʝʢʫʱʝʡ ώ Ὧὼ ὰȡ  

Ўώ ὨώȠЎὼ ὨὼȢ  
Ў

Ў
ὯȢ  

8. ʂʘʩʘʪʝʣʴʥʘʷ ώ Ὧὼὰ ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ: Ὧ

ὼ‏  Ὢ ὼȠ Ὢ ὼȢ ʌʫʥʢʮʠʷ ώ Ὢ ὼȟὼɴ Ὀ ʦʙʲʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ 

ʮʠʠ ώ ὪὼȢ  
9. ʇʨʠ ʚʚʝʜʝʥʠʠ ʦʧʝʨʘʮʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʘʷ ʩʠʤʚʦʣʠʢʘ: Ὂὼ ï ʧʝʨ-

ʚʦʦʙʨʘʟʥʘʷ, Ὂ ὼ Ὢὼ ï ɻ ʣʝʤʝʥʪʘʨʥʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ.   

10. ɼʣʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʤʝʥʘ Ὢ ὼ Ȣ  

ʌʦʨʤʫʣʳ 
11. ɸʣʛʝʙʨʘʠʯʝʩʢʦʝ ʪʦʞʜʝʩʪʚʦ 

Ὢὼ   Ὢὼ ὼ ὼ Ͻ‏ὼȠὼ Ȣ 
12. ʀʥʪʝʛʨʘʣʴʥʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʪʦʞʜʝʩʪʚʦ  

Ὂὼȿ ᷿ ὪὼὨὼȢ  

13. ʇʝʨʚʦʝ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʪʦʞʜʝʩʪʚʦ ρȟὼO πȢ  

14. ɺʪʦʨʦʝ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʪʦʞʜʝʩʪʚʦ ρ ὩȟὼO ЊȢ  

ʕʃɽʄɽʅʊɸʈʅʆɽ ʀʉʏʀʉʃɽʅʀɽ ʀ ʅɸʏɸʃɸ ɸʅɸʃʀɿɸ 
ʕʣʝʤʝʥʪʘʨʥʦʝ ʠʩʯʠʩʣʝʥʠʝ ʧʦ ʅʴʶʪʦʥʫ - ʃʝʡʙʥʠʮʫ ʩʪʘʣʦ ʢʣʶʯʝʚʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʚʠʪʠʠ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʘʢ ʥʘʫʢʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʝʨʝʭʦʜʫ ʢ ʠʟʫʯʝʥʠʶ ʬʫʥʢʮʠʡ, ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʥʝʧʨʝʨʳʚʥʳʭ 
ʠʟʤʝʥʝʥʠʡ. ʆʥʦ ʦʙʲʝʜʠʥʠʣʦ ʘʣʛʝʙʨʫ ʠ ʪʝʦʨʠʶ ʧʨʝʜʝʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʬʦʨʤʘʣʠʟʦʚʘʪʴ ʧʦʥʷʪʠʷ ʧʨʦ-
ʠʟʚʦʜʥʦʡ ʠ ʠʥʪʝʛʨʘʣʘ. ʕʪʦ ʜʘʣʦ ʤʦʱʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, 
ʪʘʢʠʭ ʢʘʢ ʚʳʯʠʩʣʝʥʠʝ ʢʘʩʘʪʝʣʴʥʳʭ ʠ ʧʣʦʱʘʜʝʡ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʚʦ ʚʨʝ-
ʤʝʥʠ. ʀʤʝʥʥʦ ʚ ʨʘʤʢʘʭ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʙʳʣ ʚʚʝʜʝʥ ʘʙʩʪʨʘʢʪʥʳʡ ʠ ʦʙʦʙʱʝʥʥʳʡ ʧʦʜʭʦʜ ʢ 
ʬʫʥʢʮʠʷʤ, ʢʦʪʦʨʳʡ ʨʘʟʚʠʚʘʣʩʷ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʦ ʚʩʝʦʙʲʝʤʣʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʊʝʦʨʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʳʤ ʵʪʘʧʦʤ ʦʪ ʰʢʦʣʴʥʦʡ ʘʣʛʝʙʨʳ ʠ ʛʝʦ-
ʤʝʪʨʠʠ ʢ ʙʦʣʝʝ ʘʙʩʪʨʘʢʪʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʧʦʥʷʪʠʷʤ ʠ ʤʝʪʦʜʘʤ. ʄʝʪʦʜʠʢʘ ʧʨʝʧʦʜʘʚʘʥʠʷ ʦʧʠʨʘʝʪʩʷ 



20 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ʥʘ ʧʦʵʪʘʧʥʦʝ ʚʚʝʜʝʥʠʝ ʧʦʥʷʪʠʡ ʧʨʦʠʟʚʦʜʥʦʡ ʠ ʠʥʪʝʛʨʘʣʘ ʩ ʧʦʤʦʱʴʶ ʥʘʛʣʷʜʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʧʨʠʤʝ-
ʨʦʚ, ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʯʠʩʣʦʚʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢ ʘʙʩʪʨʘʢʪʥʳʤ ʬʫʥʢʮʠʷʤ ʠ ʠʭ ʘʥʘʣʠʟʫ. 
ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʯʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ 
ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ [ʊʘʙʣʠʮʘ 1]. 

 
ʋʙʚʤʡʯʙ 1 

ʖʤʞʥʞʦʫʙʩʦʧʞ ʡʪʰʡʪʤʞʦʡʞ ʡ ʦʙʰʙʤʙ ʙʦʙʤʡʠʙ 

ʊʝʦʨʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ 
ʕʣʝʤʝʥʪʘʨʥʦʝ ʠʩʯʠʩʣʝʥʠʝ  
ʧʦ ʅʴʶʪʦʥʫ - ʃʝʡʙʥʠʮʫ 

ʇʨʝʜʤʝʪ ï ɻ ʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ ʇʨʝʜʤʝʪ ï ɻ ʣʝʤʝʥʪʘʨʥʳʝ ʬʫʥʢʮʠʠ 

ʆʩʥʦʚʥʦʝ ʧʦʥʷʪʠʝ ï ʬʫʥʢʮʠʷ ʦʙʦʙʱʝʥʠʷ ʆʩʥʦʚʥʦʝ ʧʦʥʷʪʠʝ ï ʧʨʦʠʟʚʦʜʥʘʷ ʬʫʥʢʮʠʷ 

ʄʝʪʦʜ ï ʤʝʪʦʜ ʦʙʦʙʱʝʥʠʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 
ʬʫʥʢʮʠʡ  

ʄʝʪʦʜ ï ʪʝʦʨʠʷ ʧʨʝʜʝʣʦʚ 

ʃʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ ʦʙʦʙʱʝʥʠʷ ʆʧʝʨʘʮʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʂʦʨʨʝʢʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʦʚ ï ʧʨʠ-
ʨʘʱʝʥʠʷ ʩʝʢʫʱʝʡ 

ʋʩʣʦʚʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʘ ï ʙʝʩʢʦ-
ʥʝʯʥʦ ʤʘʣʘʷ ʦʪʣʠʯʥʘʷ ʦʪ ʥʫʣʷ ʚʝʣʠʯʠʥʘ 

ˍ̑̄̔̍̆̎̓ ὼ  ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ: 

 ὼ ὼȠὼ ὼ 

ɸʨʛʫʤʝʥʪ ὼ  ʧʝʨʝʤʝʥʥʘʷ ʚʝʣʠʯʠʥʘ 

ʄʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʪʦʯʢʝ ὼ ï ʟʥʘʯʝʥʠʝ ʬʫʥʢ-

ʮʠʠ ʦʙʦʙʱʝʥʠʷ ʧʨʠ Ўὼ π 
ʄʛʥʦʚʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʚ ʪʦʯʢʝ ὼ ï ʧʨʝʜʝʣ ʦʪʥʦʰʝ-
ʥʠʷ ʧʨʠʨʘʱʝʥʠʷ ʬʫʥʢʮʠʠ ʢ ʧʨʠʨʘʱʝʥʠʶ ʘʨʛʫʤʝʥ-
ʪʘ 

ʆʪʥʦʰʝʥʠʝ  ὯȟὯ  ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʘ-

ʩʘʪʝʣʴʥʦʡ ώ Ὧὼὰ 

ʆʪʥʦʰʝʥʠʝ   ï ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ  

ʂʘʩʘʪʝʣʴʥʘʷ ï ʧʨʷʤʘʷ, ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦ-
ʪʦʨʦʡ ʨʘʚʝʥ ʤʛʥʦʚʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʪʦʯʢʝ ʢʘʩʘʥʠʷ 

ʂʘʩʘʪʝʣʴʥʘʷ ï ʧʨʝʜʝʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʝʢʫʱʝʡ 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʠʟʚʦʜʥʦʡ: ʘʣʛʝʙʨʘʠʯʝʩʢʠʡ, 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ, ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʨʦʠʟʚʦʜʥʦʡ 

ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʧʨʦʠʟʚʦʜʥʦʡ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ, ʬʠ-
ʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʨʦʠʟʚʦʜʥʦʡ  

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪʘʨʥʦʝ ʠʩʯʠʩʣʝʥʠʝ ʠʛʨʘʝʪ ʨʦʣʴ ʩʚʷʟʫʶʱʝʛʦ ʟʚʝʥʘ ʤʝʞʜʫ ʙʘʟʦʚʳʤ ʰʢʦʣʴ-

ʥʳʤ ʢʫʨʩʦʤ ʤʘʪʝʤʘʪʠʢʠ ʠ ʚʳʩʰʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʝʤ, ʘ ʝʛʦ ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 
ʚʥʝʜʨʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʝʪʝʥʮʠʡ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʥʘʫʯʥʦʡ ʤʦʣʦ-
ʜʝʞʠ. 

ʀʉʊʆʈʀʂʆ-ʅɸʋʏʅʓʁ ʂʆʅʊɽʂʉʊ ʆʇʊʀʄʀɿɸʎʀʀ ɿʅɸʅʀʗ 
ʇʝʨʝʩʤʦʪʨ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʛʨʦʤʦʟʜʢʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢ ʷʚʣʷʝʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʵʪʘʧʦʤ ʠʭ ʨʘʟʚʠʪʠʷ. ɸʚʪʦʨ ʭʦʨʦʰʦ ʧʦʥʠʤʘʝʪ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʝʤ ʠ ʤʝʩʪʦʤ ʊʕʀ 
ʚ ʩʠʩʪʝʤʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʪʢʨʳʪʠʷʤʠ ʚʝʣʠʯʘʡʰʠʭ ʫʯʝʥʳʭ ʚ ʠʩʪʦʨʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ 
ʤʘʪʝʤʘʪʠʢʠ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʩʯʠʪʘʝʪ ʚʦʟʤʦʞʥʳʤ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʣʣʝʣʠ ʩ ʪʦʯʢʠ ʟʨʝ-
ʥʠʷ ʟʘʷʚʣʝʥʥʦʡ ʪʝʤʳ. 

ʈʘʟʚʠʪʠʝ ʊʕʀ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʝʥʘʫʯʥʳʤʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʥʮʠʧʘʤʠ:  
- ʇʨʠʥʮʠʧ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʵʢʦʥʦʤʠʠ (ɹʨʠʪʚʘ ʆʢʢʘʤʘ): ʇʦʜʦʙʥʦ ʪʦʤʫ ʢʘʢ ʥʝʝʚʢʣʠʜʦʚʳ 

ʛʝʦʤʝʪʨʠʠ ʜʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʩʠʩʪʝʤ ʙʝʟ ʦʧʦʨʳ ʥʘ ʠʟʙʳʪʦʯʥʳʝ ʘʢ-
ʩʠʦʤʳ, ʊʕʀ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʘʧʧʘʨʘʪ ʧʨʝʜʝʣʦʚ 
ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ. 

- ɼʠʜʘʢʪʠʯʝʩʢʘʷ ʠʥʚʝʨʩʠʷ ʪʦʯʢʠ ʦʙʟʦʨʘ: ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʦʪ ʛʝʦʮʝʥʪʨʠʟʤʘ ʢ ʛʝʣʠʦʮʝʥ-
ʪʨʠʟʤʫ ʫʩʪʨʘʥʠʣ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʩʯʝʪʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ (ʵʧʠʮʠʢʣʦʚ). ɺʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ 
ʦʙʦʙʱʝʥʠʷ ʚ ʊʕʀ ʚʳʧʦʣʥʷʝʪ ʘʥʘʣʦʛʠʯʥʫʶ ʬʫʥʢʮʠʶ ï ʦʩʚʦʙʦʞʜʘʝʪ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʦʪ çʤʘʩʢʠʨʫʶʱʠʭè 
ʚʳʯʠʩʣʝʥʠʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʪʘʤ, ʛʜʝ ʟʘʜʘʯʘ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʘʤʠ ʪʦʯʥʦʡ ʘʣʛʝʙʨʳ. 

- ʌʝʥʦʤʝʥ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʠ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ: ʊʕʀ ʥʝ ʚʩʪʫʧʘʝʪ ʚ 
ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ɺʝʡʝʨʰʪʨʘʩʩʘ, ʘ ʦʯʝʨʯʠʚʘʝʪ ʩʪʨʦʛʠʝ ʛʨʘʥʠʮʳ ʝʛʦ ʜʠʜʘʢʪʠʯʝʩʢʠ 
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ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʊʕʀ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʣʦʢʘʣʴʥʳʡ, ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʙʘʟʦʚʦʛʦ 
ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʜʛʦʪʘʚʣʠʚʘʶʱʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʟʨʝʣʦʩʪʴ ʫʯʘʱʠʭʩʷ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʦʙʱʝʡ 
ʪʝʦʨʠʠ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʪʫʧʝʥʷʭ ʦʙʫʯʝʥʠʷ. 

ʊʝʦʨʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʩʣʝʜʫʝʪ ʠʜʝʠ ʠʥʪʫʠʪʠʚʥʦʛʦ ʧʦʥʠʤʘʥʠʷ ʩʫʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ ʯʝʨʝʟ ʦʪʢʘʟ ʦʪ ʬʦʨʤʘʣʴʥʦʛʦ ʟʘʫʯʠʚʘʥʠʷ ʬʦʨʤʫʣ [7] ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ ʠ ʣʦʛʠʢʠ 
ʠʟʣʦʞʝʥʠʷ [8].  

ʇɽʈʉʇɽʂʊʀɺʓ ʀʅʊɽɻʈɸʎʀʀ ʊʕʀ ɺ ʀʅʊɽʃʃɽʂʊʋɸʃʔʅʓɽ ʆɹʋʏɸʖʑʀɽ ʉʀʉʊɽʄʓ 
ʉʪʨʦʛʘʷ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʩʪʴ ʤʝʪʦʜʘ ʦʙʦʙʱʝʥʠʷ ʊʕʀ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʝʛʦ 

ʚʥʝʜʨʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʝ EdTech-ʧʣʘʪʬʦʨʤʳ ʥʘ ʙʘʟʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. ɺʳʜʝʣʷʶʪʩʷ ʪʨʠ 
ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʪʝʛʨʘʮʠʠ: 

1. ʍʧʩʥʙʤʡʠʙʯʡʸ ʙʤʜʧʩʡʫʥʧʛ ʝʤʸ ʁʁ-ʪʡʪʫʞʥ: ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʙʩʪʨʘʢʪʥʦʛʦ ʧʦʥʷʪʠʷ çʩʪʨʝʤʣʝʥʠʷ 
ʚʝʣʠʯʠʥʳ ʢ ʧʨʝʜʝʣʫè, ʦʧʝʨʘʮʠʠ ʩʦʩʪʘʚʣʝʥʠʷ ʨʘʟʥʦʩʪʠ, ʚʳʜʝʣʝʥʠʷ ʦʙʱʝʛʦ ʤʥʦʞʠʪʝʣʷ, ʟʘʤʝʥʳ ʧʝʨʝ-
ʤʝʥʥʳʭ ʠ ʘʥʘʣʠʟʘ ʟʥʘʢʘ ʬʫʥʢʮʠʠ ʦʙʦʙʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʩʢʨʝʪʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʘʣ-
ʛʝʙʨʘʠʯʝʩʢʠʭ ʰʘʛʦʚ. ʊʘʢʦʡ ʘʣʛʦʨʠʪʤ ʣʝʛʢʦ ʧʦʜʜʘʝʪʩʷ ʧʨʦʛʨʘʤʤʥʦʡ ʚʝʨʠʬʠʢʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʀʆʉ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʝʟ ʣʦʛʠʯʝʩʢʠʭ ʩʙʦʝʚ ʠ ʪʦʯʥʦ ʦʮʝʥʠʚʘʪʴ ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʫʯʘʱʝʛʦʩʷ. 

2. ʈʩʧʞʣʫʡʩʧʛʙʦʡʞ ʙʝʙʨʫʡʛʦʴʮ ʫʩʙʞʣʫʧʩʡʢ: ʅʘ ʙʘʟʝ ʊʕʀ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ ʩʧʦʩʦʙʝʥ 
ʚʳʩʪʨʘʠʚʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʮʝʥʘʨʠʠ ʦʙʫʯʝʥʠʷ, ʛʜʝ ʜʠʘʛʥʦʩʪʠʢʘ ʦʰʠʙʦʢ ʧʨʦʚʦʜʠʪʩʷ ʪʦʯʝʯʥʦ. 
ʉʠʩʪʝʤʘ ʬʠʢʩʠʨʫʝʪ ʩʙʦʡ ʥʝ ʥʘ ʘʙʩʪʨʘʢʪʥʦʤ ʫʨʦʚʥʝ çʧʦʪʝʨʠ ʣʦʛʠʢʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘè, ʘ ʥʘ ʢʦʥʢʨʝʪʥʦʤ 
ʵʪʘʧʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʫʥʢʮʠʠ ʦʙʦʙʱʝʥʠʷ. 

3. ʇʚʞʪʨʞʰʞʦʡʞ ʪʧʝʞʩʟʙʫʞʤʵʦʧʜʧ ʥʧʪʫʙ ʛ ʦʞʨʩʞʩʴʛʦʧʥ ʧʚʩʙʠʧʛʙʦʡʡ: ʇʨʠʤʝʥʝʥʠʝ ʊʕʀ ʚ 
ʮʠʬʨʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ. ʋʯʘʱʠʡʩʷ, ʦʩʚʦʠʚʰʠʡ ʬʠʟʠ-
ʯʝʩʢʠʡ ʩʤʳʩʣ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʡ ʯʝʨʝʟ ʘʣʛʦʨʠʪʤʳ ʊʕʀ, ʧʝʨʝʭʦʜʠʪ ʢ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ 
ʚ ʚʫʟʝ, ʠʤʝʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʝ ʧʨʝʜʤʝʪʥʦʝ ʤʳʰʣʝʥʠʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʥʘʚʳʢʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ.  

ɿɸʂʃʖʏɽʅʀɽ 
ʊʝʦʨʠʷ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʠʩʯʠʩʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʤʥʦʛʦʣʝʪʥʝʛʦ ʜʠ-

ʜʘʢʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʦʩʥʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɿʘʤʝʥʘ ʘʙʩʪʨʘʢʪʥʦʛʦ ʚʚʝʜʝʥʠʷ 
ʪʝʦʨʠʠ ʧʨʝʜʝʣʦʚ ʩʪʨʦʛʠʤ ʠ ʥʘʛʣʷʜʥʳʤ ʤʝʪʦʜʦʤ ʦʙʦʙʱʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʢʦʛʥʠʪʠʚʥʫʶ ʥʘʛʨʫʟʢʫ 
ʥʘ ʦʙʫʯʘʶʱʠʭʩʷ ʙʝʟ ʧʦʪʝʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʨʦʛʦʩʪʠ. 

ɺ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʊʕʀ ʜʝʣʘʝʪ ʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ 
ʬʫʥʜʘʤʝʥʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʘʜʘʧʪʠʚʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ ʊʕʀ ʚ ʰʠʨʦ-
ʢʫʶ ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʠ ʪʝʭʥʦʣʦʛʠʯ-
ʥʦʩʪʴ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʝʣʦʤ. 
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ǲǣǩ 3./ 

ǯǭǪǻ ǡǭǦǭǠǬǭǡǪǾǤǫǺǴ ǧǰǱǭǶǬǧǩǭǡ 
ǼǬǤǯǢǧǧ ǡ ǭǠǤǰǮǤǶǤǬǧǧ ǼǬǤǯǢǤǱǧǶǤǰǩǭǨ 
ǲǰǱǭǨǶǧǡǭǰǱǧ ǯǤǰǮǲǠǪǧǩǧ ǣǟǢǤǰǱǟǬ 

ǱǿȇȀȍȁǿ ǬǿȏȇȆǿ ǡǿȂǿȀȍȁȌǿ 
ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

ʄɹʆʋ çɻʠʤʥʘʟʠʷ ˉ12 ʠʤʝʥʠ ɸʥʚʘʨʘ ɸʜʞʠʝʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ  ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʛʝ-
ʥʝʨʘʪʦʨʦʚ ʚ ʨʝʩʧʫʙʣʠʢʝ ɼʘʛʝʩʪʘʥ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
ʦʙʝʩʧʝʯʝʥʠʝʤ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʝʛʠʦʥʘ. ʀʟʤʝʨʝʥʠʷ ʩʠʣʳ ʚʝʪʨʘ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʘʢʪ-
ʥʦʛʦ ʤʝʪʦʜʘ ï ʧʨʠʙʦʨ-ʘʥʝʤʦʤʝʪʨ, ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʧʨʠʝʤ ʧʨʷʤʳʭ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʷʚʣʷʝʪʩʷ 
ʦʜʥʠʤ ʠʟ ʪʦʯʥʳʭ ʩʧʦʩʦʙʦʚ ʦʮʝʥʢʠ ʚʝʪʨʦʚʳʭ ʨʝʩʫʨʩʦʚ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʙʠʥʠʨʦ-
ʚʘʣʠ ʥʘʪʫʨʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʤʝʪʝʦʩʪʘʥʮʠʡ ʠ  ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ ʨʝʟʫʣʴʪʘʪʦʚ 
ʠʟʤʝʨʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʠʥʬʨʘʩʪʨʫʢ-
ʪʫʨʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʡ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʅʦʛʘʡʩʢʦʡ ʩʪʝʧʠ ʢʘʢ ʧʣʦʱʘʜʢʠ ʜʣʷ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʙʫʜʫʱʝʡ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ, ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʛʝʥʝʨʘ-
ʮʠʷ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ, ʰʢʘʣʘ ɹʦʬʦʨʪʘ, ʘʥʝʤʦʤʝʪʨ, ʛʦʨʘ ʊʘʨʢʠ-ʊʘʫ, ʅʦʛʘʡʩʢʘʷ ʩʪʝʧʴ, ʇʨʠʢʘʩʧʠʡ-
ʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ. 

 
THE ROLE OF RENEWABLE ENERGY SOURCES IN ENSURING THE ENERGY SUSTAINABILITY OF 

THE REPUBLIC OF DAGESTAN 
Taibova Nariza Vagabovna 

 
Abstract: The aim of the study is to determine priorities for the deployment of wind turbines in the Republic of 
Dagestan for electricity generation, thereby fostering growth trends in the region. Wind speed measurements 
are conducted using a contact methodðspecifically an anemometerðwhich constitutes a direct field meas-
urement technique used to assess wind resources for wind turbine siting. To ensure accuracy, the study com-
bines field data with meteorological station records and employs statistical methods to process the measure-
ment results. Based on a multi-criteria analysis of the wind energy potential and infrastructure availability of the 
territories, it has been concluded that the Nogai Steppe is the priority site for the construction of a future wind 
power plant. 
Key words: wind turbine, wind power plant, renewable energy sources, energy generation and consumption, 
Beaufort scale, anemometer, Tarki-Tau Mountain, Nogai Steppe, Caspian Lowland. 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʩʪʘʣʢʠʚʘʶʱʝʤʩʷ ʩ ʨʘʩʪʫʱʠʤʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʠ ʠʩʪʦʱʝʥʠʝʤ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚʦʧʨʦʩ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨ-
ʛʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ʉʦʛʣʘʩʥʦ ʧʨʦʛʥʦʟʘʤ ʄʝʞʜʫʥaʨʦʜʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʧʦ ʚʦʟʦʙʥʦʚʣʷ-
ʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ (IRENA), ʜʦʣʷ ʩʦʣʥʝʯʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʦʙʱʝʤ ʵʥʝʨʛʦʙʘʣʘʥʩʝ 
ʈʦʩʩʠʠ ʤʦʞʝʪ ʚʳʨʘʩʪʠ ʜʦ 4,9% ʢ 2030 ʛʦʜʫ. ɺʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʢʘʢ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʥʘʧʨʘʚʣʝʥʠʡ, ʧʨʠʚʣʝʢʘʝʪ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʥʚʝʩʪʦʨʦʚ ʠ ʧʦʣʠʪʠʢʦʚ. ʀʭ ʜʦʣʷ ʚ 
ʵʣʝʢʪʨʦʛʝʥʝʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʝʜʝʥʘ ʢ 2040-2045 ʛʦʜʘʤ ð ʜʦ 35%. [1, ʩ. 106] 
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ʇʦ ʜʘʥʥʳʤ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʘʜʘʩʪʨʘ, ʨʘʙʦʪʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʤʦʱʥʦʩʪʴʶ 1ʄɺʪ ʟʘ 20 ʣʝʪ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʧʨʠʤʝʨʥʦ 29 ʪʳʩʷʯ ʪʦʥʥ ʫʛʣʷ ʠ 92 ʪʳʩʷʯʠ ʙʘʨʨʝʣʝʡ ʥʝʬʪʠ. [2, ʩ. 106]  

ʈʝʩʧʫʙʣʠʢʘ ɼʘʛʝʩʪʘʥ ʦʙʣʘʜʘʝʪ ʦʛʨʦʤʥʳʤʠ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʨʝʩʫʨʩʘʤʠ ʠ ʧʦʪʝʥʮʠʘʣʦʤ 
ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʉʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫ-
ʨʳ ʥʘ ʦʩʥʦʚʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ - ʦʜʥʦ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ çʉʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦ-
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʉʂʌʆ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘè. [3, ʩ. 29] ʄʠʥʵʥʝʨʛʦ ɼʘʛʝʩʪʘʥʘ ʩʦʟʜʘʸʪ ʥʝʦʙ-
ʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʨʝʛʠʦʥʝ ʧʨʦʝʢʪʦʚ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʝʪʠʢʠ: ʩʦʜʝʡʩʪʚʫʝʪ ʚ ʚʳ-
ʜʝʣʝʥʠʠ ʧʣʦʱʘʜʦʢ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʠ ʧʦʣʫʯʝʥʠʠ ʧʨʝʬʝʨʝʥʮʠʡ. ʉʦʟʜʘʥ çʇʨʦ-
ʝʢʪʥʳʡ ʦʬʠʩ ʧʨʠ ʄʠʥʵʥʝʨʛʦ ɼʘʛʝʩʪʘʥʘè, ʥʘʧʨʷʤʫʶ ʧʨʠʚʣʝʢʘʶʱʠʡ ʠʥʚʝʩʪʦʨʦʚ ʠ ʨʘʙʦʪʘʶʱʠʡ ʚ ʨʝʞʠʤʝ 
çʦʜʥʦʛʦ ʦʢʥʘè ʜʣʷ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʧʨʦʝʢʪʦʚ. ʉʝʛʦʜʥʷ, ʧʦ ʜʘʥʥʳʤ ʄʠʥʵʥʝʨʛʦ ɼʘʛʝʩʪʘʥʘ, ʚ ʨʝʩʧʫʙʣʠʢʝ 
ʨʘʙʦʪʘʶʪ 16 ɻʕʉ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 1885 ʄɺʪ, 2 ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ 16 
ʄɺʪ, 1 ʊʕʎ ʤʦʱʥʦʩʪʴʶ 18 ʄɺʪ ʠ 1 ɺʕʉ ʚ ʅʦʚʦʣʘʢʩʢʦʤ ʨʘʡʦʥʝ (61 ʰʪʫʢ ʫʩʪʘʥʦʚʣʝʥʦ) ï ʤʦʱʥʦʩʪʴʶ 152 
ʄɺʪ.  ʀʪʦʛʦ ʩʫʤʤʘʨʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 2173 ʄɺʪ. ʅʦ ʵʪʦʛʦ ʭʚʘʪʘʝʪ ʧʦʢʨʳʪʴ ʣʠʰʴ ʧʨʠʤʝʨʥʦ 60 % ʧʦʪʨʝʙ-
ʥʦʩʪʝʡ ʨʝʛʠʦʥʘ. [4, ʩ. 196]   

ʏʞʤʵ: ʦʧʨʝʜʝʣʠʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʚ ʨʝʩʧʫʙʣʠʢʝ ɼʘʛʝʩʪʘʥ, 
ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦ-
ʩʪʝʡ ʨʝʛʠʦʥʘ.  

ʀʙʝʙʰʡ: 

¶ ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

¶ ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʨʝʩʧʫʙʣʠʢʝ ɼʘʛʝʩʪʘʥ. 

¶ ʆʮʝʥʠʪʴ ʚʝʪʨʦʚʦʡ ʧʦʪʝʥʮʠʘʣ ʨʝʛʠʦʥʘ. 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʣʦʢʘʮʠʡ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʝʪ-
ʨʦʧʘʨʢʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʘ 1, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʚʠʪʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʨʝʩʧʫʙʣʠʢʠ ʧʦ-
ʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ ʵʢʦʥʦʤʠʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʫʧʘʜʦʯʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʟʘ 2025 ʛʦʜ ʛʝʥʝʨʘʮʠʷ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʝʩʧʫʙʣʠʢʝ ʩʦʩʪʘʚʠʣʘ 6,586 ʤʣʨʜ. ʢɺʪ*ʯ,  ʪʦʛʜʘ ʢʘʢ ʧʦʪʨʝʙʣʝʥʠʝ ï 10, 614 ʤʣʨʜ. 
ʢɺʪ*ʯ. ɿʘ 2025 ʛʦʜ ʵʥʝʨʛʦʜʝʬʠʮʠʪ ʚ ʨʝʛʠʦʥʝ ʩʦʩʪʘʚʠʣ 40% ï 4,028 ʤʣʨʜ. ʢɺʪ*ʯ.  

 

 
ʉʡʪ. 1. ɼʞʦʞʩʙʯʡʸ ʡ ʨʧʫʩʞʚʤʞʦʡʞ ʶʤʞʣʫʩʧʶʦʞʩʜʡʡ ʛ ʉɽ 
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ʤʣʨʜ. ʢɺʪ*ʯ   
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ɺʣʘʩʪʠ ʨʝʩʧʫʙʣʠʢʠ ʧʦʥʠʤʘʶʪ ʨʠʩʢʠ ʠ ʜʝʣʘʶʪ ʩʪʘʚʢʫ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ. ʂʘʢ ʧʨʦʛʥʦ-
ʟʠʨʫʶʪ ʘʥʘʣʠʪʠʢʠ, ʜʦ 2032 ʛʦʜʘ ʨʝʩʧʫʙʣʠʢʝ ɼʘʛʝʩʪʘʥ ʩʣʝʜʫʝʪ ʥʘʣʘʜʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʘʢ ʤʠʥʠʤʫʤ 
3100 ʄɺʪ, ʪʦ ʝʩʪʴ ʧʦʩʪʨʦʠʪʴ ʪʨʠ ʥʦʚʳʝ ʏʠʨʢʝʡʩʢʠʝ ɻʕʉ.  ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʜʝʨʞʘʪʴ ʩʝʛʦʜʥʷʰʥʠʡ ʫʨʦ-
ʚʝʥʴ, ʥʫʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 1700 ʄɺʪ ʠʟ ɺʕʉ. ʅʳʥʝʰʥʠʝ ʨʝʘʣʠʟʫʝʤʳʝ ʧʨʦʝʢʪʳ ʦʙʝʩʧʝʯʘʪ ʣʠʰʴ ʦʢʦ-
ʣʦ 480ʄɺʪ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʪʝʤʧʳ ʚʚʦʜʘ ʩʦʣʥʝʯʥʳʭ ʠ ʚʝʪʨʦʚʳʭ ʩʪʘʥʮʠʡ ʚ ʨʝʛʠʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠ-
ʯʠʚʘʪʴ ʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʚʪʨʦʝ. 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʘʪʴ ʢ ʜʝʪʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʝʪʨʦʧʘʨʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫ-
ʯʠʪʴ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʚʝʪʨʦʚʦʛʦ ʨʝʞʠʤʘ ʚ ʚʳʙʨʘʥʥʦʤ ʨʝʛʠʦʥʝ, ʪʘʢ ʢʘʢ ʦʮʝʥʢʘ 
ʚʝʪʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ.  

ɺʩʣʝʜʩʪʚʠʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʥʦʶ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʩʢʦ-
ʨʦʩʪʠ ʚʝʪʨʘ ʥʘ ʛʦʨʝ ʊʘʨʢʠ-ʊʘʫ, ʅʦʛʘʡʩʢʦʡ ʩʪʝʧʠ ʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʧʨʠʥʷʪʦ, ʯʪʦ 
ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ ʦʙʱʫʶ ʢʘʨʪʠʥʫ ʜʚʠʞʝʥʠʷ ʚʝʪʨʘ ʠ ʥʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʛʥʦʚʝʥʥʳʝ ʤʘʢʩʠ-
ʤʫʤʳ ʧʦʨʳʚʦʚ ʚʝʪʨʘ, ʜʣʷ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʶ ʣʠʯʥʦ ʠʟʤʝʨʷʣʘʩʴ ʩʢʦʨʦʩʪʴ 
ʚʝʪʨʘ ʨʘʟ ʚ ʤʝʩʷʮ ʚ ʪʝʯʝʥʠʠ ʛʦʜʘ ʥʘ ʜʘʥʥʳʭ ʦʙʲʝʢʪʘʭ. ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ ʠʟʤʝʨʷʣʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ 
ʘʥʝʤʦʤʝʪʨʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʤ/ʩ ʧʝʨʝʚʦʜʠʣʘ ʚ ʙʘʣʣʳ ʧʦ ʰʢʘʣʝ ɹʦʬʦʨʪʘ. 

ʀʟ ʛʨʘʬʠʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʠʡ ʙʘʣʣ ʩʠʣʳ ʚʝʪʨʘ ʟʘ 2024 ʛʦʜ ʩʦʩʪʘʚʠʣ 6 ʙʘʣʣʦʚ, ʯʪʦ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ u = 11,4 ʤ/ʩ.  
 

 
ʉʡʪ. 2. ʊʡʤʙ ʛʞʫʩʙ ʨʧ ʥʞʪʸʯʙʥ ʠʙ 2024-25 ʜʜ. ʦʙ ʜʧʩʞ ʋʙʩʣʡ ʋʙʬ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 11,4 ʤ/ʩ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʤʦʞʝʪ ʚʳʨʘʙʦʪʘʪʴ ʤʛʥʦʚʝʥʥʫʶ 

ʤʦʱʥʦʩʪʴ ʨʘʚʥʦʡ  

╝
ȟ ȟ ȟ ȟ ȟ

 ȟ  ̋ˏ̓ 

ʄʦʱʥʦʩʪʴ ʚʩʝʛʦ ʚʝʪʨʦʧʘʨʢʘ, ʢʦʪʦʨʘʷ ʦʥʘ ʩʧʦʩʦʙʥʘ ʚʳʨʘʙʦʪʘʪʴ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ ʦʧ-

ʪʠʤʘʣʴʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ  ʩʦʩʪʘʚʠʪ  127, 726 ʅɻʫ. ʇʝʨʝʚʦʜʷ ʤʦʱʥʦʩʪʴ ʦʜʥʦʛʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 
ʚ ʛʦʜʦʚʫʶ ʚʳʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (E), ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ ʂʀʋʄ (ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ), ʧʦ ʬʦʨʤʫʣʝ ʧʦʣʫʯʠʤ  

˒ ╝  ̠˕ˠ ̇   

ɾ1  =  ȟ  ĭ 0,4ĭ 8760=7,4  ʥʤʦ.ʣɻʫ*ʰ . 
ɻʝʥʝʨʘʮʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚʩʝʛʦ ʚʝʪʨʦʧʘʨʢʘ ʟʘ ʛʦʜ ʥʘ ʛʦʨʝ ʊʘʨʢʠ-ʊʘʫ, ʩ ʚʦʟʤʦʞʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ n = 60 ʚʳʯʠʩʣʷʝʤ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: ˒ ̠̏̂́̚˒  ἶ 
ɾʧʚʲʙʸ = 7,4 ʥʤʦ. ʣɻʫ*ʰ ĭ 60= 444 ʥʤʦ. ʣɻʫ*ʰ. 

ʀʟʤʝʨʝʥʠʷ ʚʝʪʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʅʦʛʘʡʩʢʦʡ ʩʪʝʧʠ ʧʨʠʙʦʨʦʤ ʙʦʞʥʧʥʞʫʩʧʥ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜ-
ʥʷʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 8 ʤ/ʩ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʘʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʧʦʨʦʛ (6ʤ/ʩ) ʥʝʦʙ-
ʭʦʜʠʤʳʡ ʜʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ʇʨʦʚʦʜʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʚ ʇʨʠʢʘʩʧʠʡʩʢʦʤ ʥʠʟʤʝʥʥʦʩʪʠ ʚʙʣʠʟʠ  ʧʦʩʝʣʢʘ ʉʫʣʘʢ ʫʩʪʘʥʦ-
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XXIV ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʚʠʣʠ, ʯʪʦ ʝʝ ʟʥʘʯʝʥʠʝ ʧʨʝʚʳʰʘʝʪ 7 ʤ/ʩ. 
 

ʋʙʚʤʡʯʙ 1 
 ʊʩʙʛʦʡʫʞʤʵʦʙʸ ʧʯʞʦʣʙ ʨʧʫʞʦʯʡʙʤʵʦʴʮ ʨʤʧʲʙʝʧʣ ʝʤʸ ʩʙʠʥʞʲʞʦʡʸ ʛʞʫʩʧʶʤʞʣʫʩʧʪʫʙʦʯʡʢ 

ʃʦʢʘʮʠʷ 
 

ʂʨʠʪʝʨʠʠ: 
ʆʪ 1-5 ʙʘʣʣʦʚ 

ʅʦʛʘʡʩʢʘʷ ʩʪʝʧʴ 
(ʅʦʛʘʡʩʢʠʡ ʠ 
 ʊʘʨʫʤʦʚʩʢʠʡ 

 ʨʘʡʦʥʳ) 

ɻʦʨʘ 
ʊʘʨʢʠ-ʊʘʫ 

ʇʨʠʢʘʩʧʠʡʩʢʘʷ ʥʠʟʤʝʥʥʦʩʪʴ 
(ʚʙʣʠʟʠ ʉʫʣʘʢ) 

ɺʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦ-
ʪʝʥʮʠʘʣ 

4 5 3 

ʉʝʡʩʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ 5 ï  ʥʝʪ ʟʦʥ ʪʝʢʪʦ-
ʥʠʯʝʩʢʦʛʦ ʜʨʦʙʣʝ-

ʥʠʷ 

2 ï ʩʣʝʜʳ ʜʨʝʚʥʠʭ 
ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ, 
ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʦʜʚʠʞ-

ʢʠ 

3 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ 
(ʣʦʛʠʩʪʠʢʘ) 

5 2 5 

ʇʣʦʱʘʜʴ ʜʦʩʪʫʧʥʦʡ ʪʝʨ-
ʨʠʪʦʨʠʠ 

>5 3 2 

ʈʝʣʴʝʬ 4 3 4  

ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʥʘʣʠʯʠʝ 
ʵʥʝʨʛʦʩʝʪʝʡ) 

3 (ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʵʥʝʨʛʦʩʝʪʝʡ; ʥʝʦʙ-
ʭʦʜʠʤʦʩʪʴ ʧʨʦ-
ʢʣʘʜʢʠ ʥʦʚʳʭ ʃʕʇ 
ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ 
ʩʪʘʨʳʭ) 

3 4 

ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴ (ʧʨʠ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʝ ʬʫʥʜʘʤʝʥʪʦʚ) 

4 2 3 ï ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʳʭʣʳʝ 
ʠ ʥʘʩʳʱʝʥʥʳʝ ʚʣʘʛʦʡ  ʛʨʫʥʪʳ 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʠʟʳʩʢʘʥʠʡ ʜʣʷ ʦʮʝʥʢʠ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙ-
ʥʦʩʪʠ ʛʨʫʥʪʘ ʠ ʚʳʙʦʨʘ ʪʠʧʘ ʬʫʥʜʘʤʝʥʪʘ 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝ-
ʥʠʷ (ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʠʨʦ-
ʜʦʦʭʨʘʥʥʳʤʠ ʟʦʥʘʤʠ ʠ 
ʤʠʛʨʘʮʠʦʥʥʳʤʠ ʧʫʪʷʤʠ) 

4 ï 
ɿʘʢʘʟʥʠʢ ʨʝʛʠʦ-
ʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 
çʅʦʛʘʡʩʢʠʡè  - 10 
ʛʘ (ʦʙʱʘʷ ʧʣʦʱʘʜʴ 
ʩʦʩʪʘʚʣʷʝʪ 887 
ʪʳʩ. ʛʘ); 

ʀʩʪʦʨʠʯʝʩʢʠ ï ʙr -
ʣʘ ʯʘʩʪʴʶ ʤʘʨʰ-
ʨʫʪʦʚ ʤʠʛʨʘʮʠʠ 
ʩʘʡʛʘʢʦʚ; ʚ ʥʘʩʪʦ-
ʷʱʝʝ ʚʨʝʤʷ ʩʘʡʛʘ-
ʢʠ ʚ ʩʪʝʧʠ ʥʝ ʦʙʠ-

ʪʘʶʪ 

2 ï 
ʇʘʤʷʪʥʠʢ ʧʨʠʨʦʜʳ 
ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝ-
ʥʠʷ çɻʦʨʘ ʊʘʨʢʠ-ʊʘʫè; 
ɹʫʜʫʯʠ ʚʦʟʚʝʱʸʥʥʦʡ, 
ʫʯʘʩʪʚʫʝʪ ʚ ʤʠʛʨʘʮʠ-
ʦʥʥʳʭ ʤʘʨʰʨʫʪʘʭ ʧʪʠʮ 

2 ï 
ʉʫʣʘʢʩʢʘʷ ʣʘʛʫʥʘ ï ʩʣʫʞʠʪ ʨʝ-
ʟʝʨʚʘʪʦʤ ʜʣʷ ʤʠʛʨʠʨʫʶʱʠʭ ʠ 

ʟʠʤʫʶʱʠʭ ʧʪʠʮ 

ɼʨʫʛʠʝ ʬʘʢʪʦʨʳ ʉʦʮʠʘʣʴʥʳʡ ʬʘʢ-
ʪʦʨ 

ʅʘʣʠʯʠʝ ʨʘʜʠʦʣʦʢʘʮʠ-
ʦʥʥʦʡ ʩʪʘʥʮʠʠ 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʝʟʦʥʥʳʭ ʟʘʪʦʧ-
ʣʝʥʠʡ 

 

ʀʪʦʛʦ ʙʘʣʣʦʚ º 34 22 26 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʥʦʛʦʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 
ʪʝʨʨʠʪʦʨʠʡ, ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʨʠʦʨʠʪʝʪʥʦʩʪʠ ʅʦʛʘʡʩʢʦʡ ʩʪʝʧʠ ʢʘʢ ʧʣʦʱʘʜʢʠ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
ʙʫʜʫʱʝʡ ʚʝʪʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 
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Ǭǟ ǮǭǰǱǭǾǬǬǲǽ 0Õ08 ǫǟǱǤǫǟǱǧǶǤǰǩǟǾ 
ǮǭǰǱǟǬǭǡǩǟ ǧ ǮǯǧǪǭǥǤǬǧǾ ǡ ǠǧǭǳǧǦǧǩǤ 
ǧ ǫǟǱǤǫǟǱǧǶǤǰǩǭǨ ǢǤǬǤǱǧǩǤ 

ǲȐȉȍȁ ǡȊǿȃȇȋȇȏ ǧȂȍȏȄȁȇȖ 
ʢ. ʬ.-ʤ. ʥ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɻ.ʌ. ʄʦʨʦʟʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʠʩʩʣʝʜʫʝʪʩʷ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʵʢʩʪʨʝʤʫʤʦʚ ʥʦʨʤʳ ʌʨʦʙʝʥʠʫʩʘ ʧʨʦʠʟʚʝʜʝʥʠʷ 
ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩ ʣʠʥʝʡʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʤʘʪʨʠʮʫ 2Ĭ2. ʈʘʙʦʪʘ ʧʦ-
ʩʚʷʱʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʩʪʘʥʦʚʢʝ ʧʨʦʙʣʝʤʳ ʠ ʝʸ ʧʨʠʣʦʞʝʥʠʷʤ ʚ ʙʠʦʬʠʟʠʢʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝ-
ʥʝʪʠʢʝ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʯʘʩʪʦʪʳ ʥʫʢʣʝʦʪʠʜʦʚ, 
ʘ ʵʢʩʪʨʝʤʫʤʳ ʥʦʨʤʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ 
ʜʣʷ ʨʘʥʥʝʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʪʨʝʩʩʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʵʢʦʩʠʩʪʝʤʳ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʪʙʦʨʘ ʧʨʦʙ. ʀʩʩʣʝʜʦ-
ʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʥʘ ʷʟʳʢʝ Maxima. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʥʦʨʤʘ ʌʨʦʙʝʥʠʫʩʘ,   ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʘʪʨʠʮʳ, ʙʠʦʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʘʷ ʛʝʥʝʪʠʢʘ, ʵʢʩʪʨʝʤʫʤʳ ʬʫʥʢʮʠʡ,   ʤʘʪʨʠʯʥʳʡ ʘʥʘʣʠʟ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠ-
ʤʦʩʪʴ 
 
EXTREMA OF THE FROBENIUS NORM OF THE PRODUCT OF A DYNAMIC MATRIX WITH LINEAR TIME 

DEPENDENCE AND A CONSTANT 2ĭ2: MATHEMATICAL FORMULATION AND APPLICATIONS IN 
BIOPHYSICS AND MATHEMATICAL GENETICS 

 
Uskov Vladimir Igorevich 

 
Abstract: This article examines the problem of finding the extrema of the Frobenius norm of the product of a 
dynamic matrix with linear time dependence and a constant 2Ĭ2 matrix. The paper focuses on the mathemati-
cal formulation of the problem and its applications in biophysics and mathematical genetics. It considers the 
case where the matrix elements represent nucleotide frequencies, and the extrema of the norm indicate critical 
system states. The results can be used for early warning of stressful ecosystem conditions and optimization of 
sampling. The study includes a software implementation in the Maxima language. 
Key words: Frobenius norm, dynamic matrices, biophysical systems, mathematical genetics, function extre-
ma, matrix analysis, environmental indicators, linear dependence 
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ɻʛʞʝʞʦʡʞ ʡ ʨʧʪʫʙʦʧʛʣʙ ʠʙʝʙʰʡ 
ʇʫʩʪʴ A(t) , B ï ʚʝʱʝʩʪʚʝʥʥʳʝ ʤʘʪʨʠʮʳ ʨʘʟʤʝʨʥʦʩʪʠ 22, t ï ʚʨʝʤʝʥʥʦʡ ʧʘʨʘʤʝʪʨ, ὸɴ

ὸ Ƞ ὸ , ὸ π. ʇʫʩʪʴ ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ A(t) ï ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʧʦ t. ɿʘʜʘʜʠʤ ʤʘʪʨʠʮʫ 

ὅὸ ὃὸ ὄȢ 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʦʨʤʳ ʌʨʦʙʝʥʠʫʩʘ ᴁὅᴁ [1] ʥʘ ʵʢʩʪʨʝʤʫʤ. 
ʈʝʟʫʣʴʪʘʪʳ ʟʘʜʘʯʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʙʠʦʬʠʟʠʢʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʪʠʢʝ [2]. ʇʨʠʚʝʜʝʤ 

ʧʨʠʤʝʨ ʪʘʢʦʡ ʟʘʜʘʯʠ.  ʇʫʩʪʴ A(t) ï ʤʘʪʨʠʮʘ ʯʘʩʪʦʪ (ʜʦʣʝʡ) ʜʚʫʭ ʥʫʢʣʝʦʪʠʜʦʚ ʚ ʜʚʫʭ ʦʙʨʘʟʮʘʭ, B ï çʵʢʦ-
ʣʦʛʠʯʝʩʢʠʡ ʚʝʩè ʜʚʫʭ ʥʫʢʣʝʦʪʠʜʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʜʚʫʭ ʩʨʝʜ. ʊʦʛʜʘ C(t) ï ʩʫʤʤʘʨʥʳʡ çʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦ-

ʢʘʟʘʪʝʣʴè. ʕʢʩʪʨʝʤʫʤʳ ʥʦʨʤʳ ᴁὅᴁ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʨʠʪʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ (ʚʩʧʣʝʩʢ ʘʢʪʠʚʥʦʩʪʠ, 
ʢʦʣʣʘʧʩ, ʧʝʨʝʭʦʜ ʚ ʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ). ʃʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ A(t) ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ: ʯʘʩʪʦʪʘ ʥʫʢʣʝʦʪʠʜʦʚ 
ʤʝʜʣʝʥʥʦ ʤʝʥʷʝʪʩʷ ʠʟ-ʟʘ ʧʦʩʪʝʧʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠʣʠ ʩʤʝʥʳ ʩʝʟʦʥʘ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʨʝʤʝʥʥʦʤ 
ʠʥʪʝʨʚʘʣʝ. ʕʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʨʘʥʥʝʤ ʧʨʝʜʫʧʨʝʞʜʝʥʠʠ ʦ ʩʪʨʝʩʩʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʵʢʦʩʠʩʪʝʤʳ, ʚʳʙʦʨʝ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʪʙʦʨʘ ʧʨʦʙ, ʚʘʣʠʜʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʚʝʩʦʚ ʠ ʪ.ʜ. 

ɿʘʤʝʯʘʥʠʝ 1. ɺ ʵʪʦʡ ʟʘʜʘʯʝ ʩʫʤʤʘ ʯʘʩʪʦʪ ʧʦ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʜʦʣʞʥʘ ʨʘʚʥʷʪʴʩʷ 1. 
ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʭʦʪʷ ʙʳ ʦʜʠʥ ʫʛʣʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʵʣʝʤʝʥʪʘʭ ʤʘʪʨʠʮʳ A(t) ʦʪʣʠʯʝʥ 

ʦʪ ʥʫʣʷ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʧʨʠʤʝʨʦʤ ʩ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʥʘ ʷʟʳʢʝ ʢʦʤ-

ʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ Maxima. 
 

ɻʛʧʝʡʥʴʞ ʧʚʧʠʦʙʰʞʦʡʸ 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʦʙʦʟʥʘʯʝʥʠʷʤʠ. 

ʕʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ A(t) ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ὥ ὸ ὥ , ʵʣʝʤʝʥʪʳ ʤʘʪʨʠʮʳ B ʦʙʦʟʥʘʯʘʪʴ bij, i, 

j=1,2. ɼʘʣʝʝ, 

ὧ ὥ ὦ ὥ ὦ ȟ   ὧ ὥ ὦ ὥ ὦ ȟ 

ὧ ὥ ὦ ὥ ὦ ȟ   ὧ ὥ ὦ ὥ ὦ ȟ   Ὧ πȟρȟ 

Ὠ ὧ ὧ ὧ ὧ ȟ 

Ὠ ὧ ὧ ὧ ὧ ὧ ὧ ὧ ὧ ȟ 

Ὠ ὧ ὧ ὧ ὧ ȟ 

ɝ Ὠ ὨὨȢ 
 

ʉʞʱʞʦʡʞ ʠʙʝʙʰʡ  
ɺʳʯʠʩʣʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ὅὸ
ὧ ὸ ὧ ὧ ὸ ὧ

ὧ ὸ ὧ ὧ ὸ ὧ
Ƞ 

ᴁὅᴁ Ὠὸ ςὨὸ ὨȢ 

ʇʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʷ Ѝὸ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʶʱʘʷ ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʪʦ ʪʦʯʢʠ ʵʢʩʪʨʝ-
ʤʫʤʘ ʥʦʨʤʳ ᴁὅὸᴁ ʩʦʚʧʘʜʘʶʪ ʩ ʪʦʯʢʘʤʠ ʵʢʩʪʨʝʤʫʤʘ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʢʚʘʜ-

ʨʘʪʥʳʤ ʢʦʨʥʝʤ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʫʥʢʮʠʶ 

Ὢὸ ᴁὅᴁ Ὠὸ ςὨὸ ὨȢ 
ʇʦʩʢʦʣʴʢʫ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʥʦʨʤʳ ʌʨʦʙʝʥʠʫʩʘ, ʧʦʜʢʦʨʝʥʥʘʷ ʬʫʥʢʮʠʷ (ʢʘʢ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ) ʥʝ-

ʦʪʨʠʮʘʪʝʣʴʥʘ, ʪʦ f(t) ʦʧʨʝʜʝʣʝʥʘ ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ t. ʇʦ ʫʩʣʦʚʠʶ ʭʦʪʷ ʙʳ ʦʜʠʥ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ὥ  ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ, ʯʪʦ ʚʣʝʯʝʪ (ʚ ʩʠʣʫ ʦʙʦʟʥʘʯʝʥʠʡ) Ὠ π. ʕʪʦ ʦʟʥʘʯʘʝʪ: çʚʝʪʚʠè ʛʨʘʬʠʢʘ ʵʪʦʡ 

ʬʫʥʢʮʠʠ ï ʢʚʘʜʨʘʪʠʯʥʦʡ ʧʘʨʘʙʦʣʳ ï  ʥʘʧʨʘʚʣʝʥʳ ʚʚʝʨʭ. 
ɿʘʤʝʯʘʥʠʝ 2. ʆʪʤʝʪʠʤ, ʯʪʦ ʠ Ὠ π. 
ɼʘʣʝʝ, ʧʨʝʦʙʨʘʟʫʝʤ f(t), ʚʳʜʝʣʠʚ ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ: 
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Ὢὸ Ὠ ὸ
Ὠ

Ὠ

ɝ

Ὠ
Ƞ 

ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʬʫʥʢʮʠʷ ʠʤʝʝʪ ʛʣʦʙʘʣʴʥʳʡ ʤʠʥʠʤʫʤ ʚ ʪʦʯʢʝ 

ὸ ͺ

Ὠ

Ὠ
ȟ 

ʧʦʩʣʝ ʯʝʛʦ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. 
ɿʘʤʝʯʘʥʠʝ 3. ʅʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ Ὢὸ ʚʣʝʯʝʪ ʥʝʨʘʚʝʥʩʪʚʦ ɝ π, ʪ.ʢ. ʛʨʘʬʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʛʨʘʬʠʢ ʥʝ ʧʝʨʝʩʝʢʘʝʪ ʦʩʴ t (ʧʨʠ ɝ π), ʣʠʙʦ ʠʤʝʝʪ ʩ ʥʝʡ ʪʦʣʴʢʦ ʦʜʥʫ ʦʙʱʫʶ ʪʦʯʢʫ ὸ  (ʧʨʠ 

ɝ π). ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʝʨʘʚʝʥʩʪʚʦ 

Ὠ ὨὨȢ 
ʆʪʤʝʪʠʤ ʝʱʝ, ʯʪʦ Ὢὸ ʥʝʧʨʝʨʳʚʥʘ, ʘ, ʟʥʘʯʠʪ, ʥʘ ʦʪʨʝʟʢʝ ʦʥʘ ʝʱʝ ʠʤʝʝʪ ʠ ʤʘʢʩʠʤʫʤ. 
ʈʘʟʙʝʨʝʤ ʪʨʠ ʚʦʟʤʦʞʥʳʭ ʩʣʫʯʘʷ. ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. 
ʉʣʫʯʘʡ 1. ʇʫʩʪʴ ὸ ͺ ὸ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʙʩʮʠʩʩʘ ʚʝʨʰʠʥʘ ʧʘʨʘʙʦʣʳ ʥʘʭʦʜʠʪʩʷ ʚ ʣʝʚʦʡ 

ʧʦʣʫʧʣʦʩʢʦʩʪʠ (ʟʘ ʧʨʝʜʝʣʘʤʠ ʦʪʨʝʟʢʘ ) ʠʣʠ ʩʦʚʧʘʜʘʝʪ ʩ ὸ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʦʯʢʦʡ ʤʠʥʠʤʫʤʘ ʷʚʣʷ-
ʝʪʩʷ ὸ ὸ , ʥʘ ʢʦʪʦʨʦʡ 

ᴁὅᴁ Ὠ ὸ
Ὠ

Ὠ

ɝ

Ὠ
Ȣ 

ɸ ʪʦʯʢʦʡ ʤʘʢʩʠʤʫʤʘ ʷʚʣʷʝʪʩʷ ὸ ὸ , ʥʘ ʢʦʪʦʨʦʡ 

ᴁὅᴁ Ὠ ὸ
Ὠ

Ὠ

ɝ

Ὠ
Ȣ 

ʉʣʫʯʘʡ 2.  ʇʫʩʪʴ ὸ ὸ ͺ ὸ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʙʩʮʠʩʩʘ ʚʝʨʰʠʥʘ ʧʘʨʘʙʦʣʳ ʥʘʭʦʜʠʪʩʷ 

ʧʨʘʚʝʝ ὸ . ʇʦʵʪʦʤʫ ʪʝʧʝʨʴ ʪʦʯʢʦʡ ʤʠʥʠʤʫʤʘ ʷʚʣʷʝʪʩʷ ὸ ͺ , ʥʘ ʢʦʪʦʨʦʡ 

ᴁὅᴁ
ɝ

Ὠ
Ȣ 

ɸ ʪʦʯʢʦʡ ʤʘʢʩʠʤʫʤʘ ʪʝʧʝʨʴ ʤʦʞʝʪ ʙʳʪʴ ʠ ὸ , ὸ . ʇʦʵʪʦʤʫ 

ᴁὅᴁ ÍÁØ Ὠ ὸ
Ὠ

Ὠ

ɝ

Ὠ
Ƞ Ὠ ὸ

Ὠ

Ὠ

ɝ

Ὠ
Ȣ 

ʉʣʫʯʘʡ 3.  ʇʫʩʪʴ ὸ ͺ ὸ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ᴁὅᴁ Ὠ ὸ
Ὠ

Ὠ

ɝ

Ὠ
ȟ 

ʘ ʤʘʢʩʠʤʫʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʪʦʯʢʝ ὸ , ʨʘʚʥʳʡ 

ᴁὅᴁ Ὠ ὸ
Ὠ

Ὠ

ɝ

Ὠ
Ȣ 

 
ʈʩʡʥʞʩ ʩʞʱʞʦʡʸ ʠʙʝʙʰʡ ʦʙ ʸʠʴʣʞ ʣʧʥʨʵʷʫʞʩʦʧʢ ʙʤʜʞʚʩʴ Maxima 

ɿʘʜʘʯʘ. ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ ʥʘ ʦʪʨʝʟʢʝ tᶰπȠρπ. ʇʫʩʪʴ ʟʘʜʘʥʳ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʦʪʳ 
ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʚ i-ʤ (i=1, 2) ʦʙʨʘʟʮʝ ʥʫʢʣʝʦʪʠʜʦʚ ʪʠʧʘ j (j=1 ï ʘʜʝʥʠʥ, j=2 ï ʛʫʘʥʠʥ): 

ὥ πȢπυὸ πȢυȟ   ὥ πȢπυὸ πȢυȟ 
ὥ πȢπσὸ πȢσȟ   ὥ πȢπσὸ πȢχȢ 

ʀ ʧʫʩʪʴ ʟʘʜʘʥʳ çʵʢʦʣʦʛʠʯʝʩʢʠʝ ʚʝʩʘè j-ʛʦ ʥʫʢʣʝʦʪʠʜʘ ʧʨʠ ʫʩʣʦʚʠʠ k-ʡ ʩʨʝʜʳ  (k=1 ï ʥʦʨʤʘʣʴʥʘʷ 
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ʩʨʝʜʘ, k=2 ï ʟʘʛʨʷʟʥʸʥʥʘʷ ʩʨʝʜʘ) 
ὦ ρȟ   ὦ ςȢυȟ   ὦ ρȢςȟ   ὦ σȢ 

ʉʦʩʪʘʚʠʪʴ ʤʘʪʨʠʮʫ ὅὸ ʩʫʤʤʘʨʥʳʭ çʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡè ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʝʸ ʥʦʨʤʫ 
ʌʨʦʙʝʥʠʫʩʘ. 

ʈʝʰʝʥʠʝ. ʉʦʩʪʘʚʠʤ ʤʘʪʨʠʮʫ ʯʘʩʪʦʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ  

ὃὸ
πȢπυὸ πȢυ πȢπυὸ πȢυ
πȢπσὸ πȢσ πȢπσὸ πȢχ

ȟ    

ʠ ʤʘʪʨʠʮʫ çʵʢʦʣʦʛʠʯʝʩʢʠʭ ʚʝʩʦʚè 

    ὄ
υ ψ
φ ρ

Ȣ 

ɺ ʤʘʪʨʠʮʝ A(t) ʩʪʨʦʢʠ ð ʜʚʘ ʦʙʨʘʟʮʘ ʚʦʜʳ ʠʟ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʨʝʢʠ, ʩʪʦʣʙʮʳ ð ʜʚʘ ʪʠʧʘ ʥʫʢʣʝʦ-
ʪʠʜʦʚ (ʘʜʝʥʠʥ ʠ ʛʫʘʥʠʥ). ʊʦʛʜʘ: 

¶ ɺ ʧʝʨʚʦʤ ʦʙʨʘʟʮʝ ʜʦʣʷ ʘʜʝʥʠʥʘ ʣʠʥʝʡʥʦ ʨʘʩʪʸʪ ʩʦ ʚʨʝʤʝʥʝʤ, ʘ ʜʦʣʷ ʛʫʘʥʠʥʘ ð ʣʠʥʝʡʥʦ 
ʧʘʜʘʝʪ: ʵʪʦ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʧʦʩʪʝʧʝʥʥʦʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʥʘʜ ʜʨʫʛʠʤ. 

¶ ɺʦ ʚʪʦʨʦʤ ʦʙʨʘʟʮʝ ʜʦʣʷ ʧʝʨʚʦʛʦ ʥʫʢʣʝʦʪʠʜʘ ʫʙʳʚʘʝʪ, ʘ ʚʪʦʨʦʛʦ ð ʨʘʩʪʸʪ: ʚʦʟʤʦʞʥʦ, ʵʪʦ 
ʩʣʝʜʩʪʚʠʝ ʣʦʢʘʣʴʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʦʝ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʚʪʦʨʦʤʫ 
ʪʠʧʫ ʦʨʛʘʥʠʟʤʦʚ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʧʨʦʚʝʨʷʝʤ: ʘ) ʩʫʤʤʘ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʚʦʡ ʩʪʨʦʢʝ ʠ ʩʫʤʤʘ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʪʦ-
ʨʦʡ ʩʪʨʦʢʝ ʨʘʚʥʳ 1; ʙ) ʚʩʝ ʵʣʝʤʝʥʪʳ ʧʨʠ ʢʘʞʜʦʤ 

 t [ɴ0; 10] ʦʩʪʘʶʪʩʷ ʚ ʨʘʟʫʤʥʦʤ ʦʪʨʝʟʢʝ [0; 1], ʜʣʷ ʯʝʛʦ ʚʳʯʠʩʣʷʝʤ ʠʭ ʟʥʘʯʝʥʠʷ ʥʘ ʢʦʥʮʘʭ ʵʪʦʛʦ ʦʪ-
ʨʝʟʢʘ. 

ʇʨʠʚʝʜʝʤ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ Maxima [3].  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ὸ π ï ʪʦʯʢʘ ʤʠʥʠʤʫʤʘ ʥʦʨʤʳ ᴁὅᴁ ʠ 
ᴁὅᴁ ωȢφςȟ 

ʘ ὸ ρπ ï ʪʦʯʢʘ ʤʘʢʩʠʤʫʤʘ ʥʦʨʤʳ ᴁὅᴁ ʠ 
ᴁὅᴁ ρρȢςςȢ 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʳ (9.62) ʧʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ. ɺ 
ʵʪʦʪ ʤʦʤʝʥʪ: ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʠʩʪʝʤʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 
ʥʘʠʤʝʥʴʰʫʶ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ, ʵʪʦ ʪʦʯʢʘ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʦʨʤʳ (11.22) ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʨʠʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ: ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ 
ʩʦʩʪʦʷʥʠʠ ʥʘʠʙʦʣʴʰʝʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʦʟʤʦʞ-
ʥʳ ʩʪʨʝʩʩʦʚʳʝ ʨʝʘʢʮʠʠ ʵʢʦʩʠʩʪʝʤʳ. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʵʢʩʪʨʝʤʫʤʦʚ ʥʦʨʤʳ ʌʨʦʙʝʥʠʫʩʘ ʧʨʦʠʟ-
ʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʤʘʪʨʠʮʳ ʩ ʣʠʥʝʡʥʦʡ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʤʘʪʨʠʮʫ 2Ĭ2. ʇʦ-
ʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʝʢ ʵʢʩʪʨʝʤʫʤʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 
ʤʘʪʨʠʮ ʠ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʈʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʥʘ 
ʷʟʳʢʝ Maxima, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʵʢʩʪʨʝʤʫʤʳ ʥʦʨʤʳ ʌʨʦʙʝʥʠʫʩʘ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘ-
ʪʦʨʘʤʠ ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 
ʵʢʦʩʠʩʪʝʤ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʦʪʙʦʨʘ ʧʨʦʙ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʥ-
ʥʝʛʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʪʨʝʩʩʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʵʢʦʩʠʩʪʝʤʳ ʠ ʚʘʣʠʜʘʮʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʶʪ: ʨʘʩʰʠʨʝʥʠʝ ʨʘʟʤʝʨʥʦʩʪʠ ʤʘʪʨʠʮ ʜʣʷ ʘʥʘʣʠ-
ʟʘ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʣʫʯʘʝʚ ʩ ʨʘʟʣʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʤʘʪʨʠʮ ʦʪ ʚʨʝʤʝʥʠ (ʧʦ-
ʩʪʦʷʥʩʪʚʦ ʦʜʥʦʡ ʤʘʪʨʠʮʳ ʧʨʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʨʫʛʦʡ). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦ-
ʚʘʥʠʷ ʙʠʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 
ʘʥʘʣʠʟʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩ ʤʘʪʨʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ʩʪʫʜʝʥʪʳ 
ʌɻɹʆʋ ɺʆ "ʖʈɻʇʋ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ.ʇʣʘʪʦʚʘ" 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʦʙʟʦʨʝ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ 
ʢʦʥʚʝʨʩʠʠ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʟʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʧʦ-
ʣʠʤʝʨʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʦʚ ʧʦʣʠʤʝʨʦʚ (ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʧʨʦʧʠʣʝʥ, ʧʦʣʠʩʪʠʨʦʣ, ʧʦʣʠʵʪʠʣʝʥʪʝʨʝ-
ʬʪʘʣʘʪ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ). ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ (400ï800ÁC), ʩʢʦʨʦ-
ʩʪʠ ʥʘʛʨʝʚʘ ʠ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʧʘʨʦʚ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ: ʛʘʟʦʦʙʨʘʟ-
ʥʳʝ (CϛïCϞ ʦʣʝʬʠʥʳ), ʞʠʜʢʠʝ (ʧʠʨʦʣʠʟʥʦʝ ʤʘʩʣʦ) ʠ ʪʚʝʨʜʳʝ (ʫʛʣʝʨʦʜʠʩʪʳʡ ʦʩʪʘʪʦʢ). ʆʩʦʙʦʝ ʚʥʠʤʘ-
ʥʠʝ ʫʜʝʣʝʥʦ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤʫ ʧʠʨʦʣʠʟʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ (ZSM-5, Y, Beta) ʠ 
ʤʝʟʦʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ (MCM-41, SBA-15), ʧʦʟʚʦʣʷʶʱʠʭ ʩʤʝʩʪʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʩʪʦʨʦʥʫ ʘʨʦʤʘ-
ʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʪʜʝʣʴʥʦ ʦʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʨʨʦʟʠʠ ʧʨʠ ʧʝʨʝ-
ʨʘʙʦʪʢʝ ʛʘʣʦʛʝʥʩʦʜʝʨʞʘʱʠʭ ʧʦʣʠʤʝʨʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʚʫʭʩʪʘʜʠʡʥʳʡ ʧʠʨʦʣʠʟ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʘʪʘʣʠ-
ʪʠʯʝʩʢʠʤ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʝʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦ-
ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʠ ʤʦʥʦʤʝʨʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʇʠʨʦʣʠʟ ʧʦʣʠʤʝʨʦʚ, ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ, ʧʠʨʦʣʠʟʥʦʝ ʤʘʩʣʦ, 
ʮʝʦʣʠʪʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʮʠʨʢʫʣʷʨʥʘʷ ʵʢʦʥʦʤʠʢʘ. 
 
THERMOCHEMICAL PROCESSING OF POLYMER WASTE BY PYROLYSIS: MECHANISMS, CATALYTIC 

SYSTEMS AND TARGET PRODUCTS 
 

Ponomarev Danila Alekseevich,  
Vasilenko Denis Valerievich,  

Ponomarev Denis Alekseevich 
 
Abstract: This review systematizes modern approaches to the thermochemical conversion of polymer waste 
by pyrolysis. Fundamental mechanisms of depolymerization of the main classes of polymers (polyethylene, 
polypropylene, polystyrene, polyethylene terephthalate, polyvinyl chloride) are considered. The influence of 
temperature conditions (400ï800ÁC), heating rate, and vapor residence time in the reaction zone on the prod-
uct distribution is analyzed: gaseous (CϛïCϞ olefins), liquid (pyrolysis oil), and solid (carbon residue). Particu-
lar attention is paid to catalytic pyrolysis using zeolite catalysts (ZSM-5, Y, Beta) and mesoporous materials 
(MCM-41, SBA-15), which make it possible to shift selectivity towards aromatic hydrocarbons. The problems of 
salt deposits and corrosion during the processing of halogen-containing polymers are separately discussed. It 
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has been shown that two-stage pyrolysis followed by catalytic upgrading is the most promising direction for 
obtaining high-quality liquid fuels and monomers. 
Keywords: Polymer pyrolysis, depolymerization, catalytic cracking, pyrolysis oil, zeolite catalysts, circular 
economy. 

 
ɽʞʝʛʦʜʥʳʡ ʦʙʲʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʤʠʨʝ ʧʨʝʚʳʰʘʝʪ 400 ʤʣʥ ʪʦʥʥ, ʧʨʠ ʵʪʦʤ 

ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʧʨʘʚʣʷʝʪʩʷ ʤʝʥʝʝ 10% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ [1]. ʄʝʭʘʥʠʯʝʩʢʠʡ ʨʝ-
ʮʠʢʣʠʥʛ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʜʝʛʨʘʜʘʮʠʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʠ ʩʥʠʞʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 
ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʪʝʨʤʦʭʠʤʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʠʨʦʣʠʟ, ʨʘʩʩʤʘʪ-
ʨʠʚʘʝʪʩʷ ʢʘʢ ʢʣʶʯʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʩʤʝʰʘʥʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʦʪʭʦʜʳ ʚ 
ʮʝʥʥʦʝ ʩʳʨʴʝ ʜʣʷ ʥʝʬʪʝʭʠʤʠʠ ð ʧʠʨʦʣʠʟʥʦʝ ʤʘʩʣʦ, ʤʦʥʦʤʝʨʳ ʠ ʩʠʥʪʝʟ-ʛʘʟ [2,3]. ʇʠʨʦʣʠʟ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʠʥʝʨʪʥʦʡ (ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ) 
ʘʪʤʦʩʬʝʨʝ, ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʩʣʦʞʥʳʡ ʢʘʩʢʘʜ ʩʚʦʙʦʜʥʦ ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʡ. 

ʆʙʱʠʡ ʙʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʣʶʙʦʛʦ ʧʦʣʠʤʝʨʘ ʚʢʣʶʯʘʝʪ ʪʨʠ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʳʝ ʩʪʘʜʠʠ: 

1. ʁʦʡʯʡʡʩʧʛʙʦʡʞ - ʨʘʟʨʳʚ ʥʘʠʤʝʥʝʝ ʧʨʦʯʥʳʭ ʩʚʷʟʝʡ ʚ ʮʝʧʠ (CïC ʠʣʠ CïH) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʤʘʢʨʦʨʘʜʠʢʘʣʦʚ. 

2. ɽʞʨʩʧʨʙʜʙʯʡʸ (ʨʞʩʞʝʙʰʙ ʯʞʨʡ) - ʤʘʢʨʦʨʘʜʠʢʘʣʳ ʨʘʩʧʘʜʘʶʪʩʷ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʤʦʥʦʤʝʨʥʳʭ 
ʟʚʝʥʴʝʚ ʠʣʠ ʦʣʠʛʦʤʝʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ. 

3. ʋʞʩʥʡʦʙʯʡʸ - ʨʝʢʦʤʙʠʥʘʮʠʷ ʨʘʜʠʢʘʣʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʘʙʠʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ (ʘʣʢʘʥʳ, ʘʣ-
ʢʝʥʳ, ʮʠʢʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ). 

ʉʢʦʨʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʵʪʠʭ ʩʪʘʜʠʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʠʨʦʜʦʡ ʧʦʣʠʤʝʨʘ, ʥʦ ʠ ʚʥʝʰ-
ʥʠʤʠ ʬʘʢʪʦʨʘʤʠ: ʪʝʤʧʝʨʘʪʫʨʦʡ, ʜʘʚʣʝʥʠʝʤ, ʥʘʣʠʯʠʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʢʦʥʩʪʨʫʢʮʠʝʡ ʨʝʘʢʪʦʨʘ. 

ʃʤʙʪʪʡʭʡʣʙʯʡʸ ʨʡʩʧʤʡʫʡʰʞʪʣʡʮ ʨʩʧʯʞʪʪʧʛ 
ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʠ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʨʘʟʣʠʯʘʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘ [4]: 
¶ ʆʡʠʣʧʫʞʥʨʞʩʙʫʬʩʦʴʢ ʨʡʩʧʤʡʠ (400ð550ÁC) ð ʧʨʦʪʝʢʘʝʪ ʩ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ, ʭʘʨʘʢʪʝʨʠʟʫ-

ʝʪʩʷ ʛʣʫʙʦʢʠʤ ʧʨʦʪʝʢʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʨʝʘʢʮʠʡ ʢʦʥʜʝʥʩʘʮʠʠ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʘʝʪ ʪʷʞʝʣʫʶ ʩʤʦʣʠ-
ʩʪʫʶ ʬʨʘʢʮʠʶ (ʤʘʟʫʪʦʧʦʜʦʙʥʳʝ ʧʨʦʜʫʢʪʳ) ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʢʦʢʩʦʚʳʡ ʦʩʪʘʪʦʢ (ʜʦ 15ï20 ʤʘʩ.%). 

¶ ʊʩʞʝʦʞʫʞʥʨʞʩʙʫʬʩʦʴʢ ʨʡʩʧʤʡʠ (550ð700ÁC) ð ʦʧʪʠʤʘʣʴʥʳʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴ-
ʥʦʛʦ ʚʳʭʦʜʘ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʜʦ 60ï70 ʤʘʩ.%). ʇʨʠ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʧʦ-
ʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʚʳʩʦʢʘ, ʥʦ ʚʪʦʨʠʯʥʳʡ ʢʨʝʢʠʥʛ ʧʘʨʦʚ ʝʱʝ ʥʝ ʜʦʤʠʥʠʨʫʝʪ. 

¶ ɻʴʪʧʣʧʫʞʥʨʞʩʙʫʬʩʦʴʢ ʨʡʩʧʤʡʠ (700ð900ÁC) ð ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʛʘ-
ʟʘ (ʜʦ 70ï80 ʤʘʩ.%), ʙʦʛʘʪʦʛʦ ʵʪʠʣʝʥʦʤ, ʧʨʦʧʠʣʝʥʦʤ ʠ ʚʦʜʦʨʦʜʦʤ. ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʘʟʦ-
ʚʳʭ ʦʣʝʬʠʥʦʚ, ʥʦ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ. 

ɺʘʞʥʝʡʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʪʣʧʩʧʪʫʵ ʦʙʜʩʞʛʙ: ʙʳʩʪʨʳʡ ʧʠʨʦʣʠʟ (>100ÁC/ʩ) ʧʦʟʚʦʣʷʝʪ 
ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʪʦʨʠʯʥʳʝ ʨʝʘʢʮʠʠ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʣʝʬʠʥʦʚ ʠ ʫʚʝʣʠʯʠʪʴ ʜʦʣʶ ʣʝʛ-
ʢʠʭ ʬʨʘʢʮʠʡ ʚ ʤʘʩʣʝ. 

ʈʡʩʧʤʡʠ ʧʪʦʧʛʦʴʮ ʫʡʨʧʛ ʨʧʤʡʥʞʩʧʛ 
ʈʧʤʡʶʫʡʤʞʦ (ʈʖ) ʡ ʨʧʤʡʨʩʧʨʡʤʞʦ (ʈʈ) ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʠʦʣʝʬʠʥʘʤ ʠ ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ 50% 

ʚʩʝʭ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ. ʀʭ ʧʠʨʦʣʠʟ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʚʦʙʦʜʥʦ ʨʘʜʠʢʘʣʴʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʩ ʧʨʝʠʤʫʱʝ-
ʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ Ŭ-ʦʣʝʬʠʥʦʚ (CϜϚïCϞϚ). ʆʩʥʦʚʥʘʷ ʨʝʘʢʮʠʷ ʜʝʩʪʨʫʢʮʠʠ ʇʕ ʧʨʠ 500ÁC ʦʧʠʩʳʚʘ-

ʝʪʩʷ ʩʭʝʤʦʡ: RïCHϜïCHϜïR' Ÿ RïCH=CHϜ + HïR' (ɓ-ʨʘʩʧʘʜ ʘʣʢʠʣʴʥʳʭ ʨʘʜʠʢʘʣʦʚ) 
ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 700ÁC ʥʘʙʣʶʜʘʝʪʩʷ ʚʪʦʨʠʯʥʳʡ ʢʨʝʢʠʥʛ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʧʘʨʘʬʠʥʦʚ 
ʜʦ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ ʦʣʝʬʠʥʦʚ ʠ ʠʟʦʘʣʢʘʥʦʚ. 

ʈʧʤʡʪʫʡʩʧʤ (ʈʊ) ʜʝʧʦʣʠʤʝʨʠʟʫʝʪʩʷ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ (ʜʦ 70ï80 ʤʘʩ.%) ʩʚʦʝʛʦ ʤʦʥʦʤʝʨʘ ð 
ʩʪʠʨʦʣʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʮʠʨʢʫʣʷʮʠʠ. ʄʝʭʘʥʠʟʤ ʚʢʣʶ-
ʯʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʪʱʝʧʣʝʥʠʝ ʢʦʥʮʝʚʳʭ ʟʚʝʥʴʝʚ ʩ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʝ-
ʩʪʠ ʧʨʦʮʝʩʩ ʧʨʠ 420ï450ÁC ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʥʝʨʛʦʟʘʪʨʘʪʘʤʠ. 
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ʈʧʤʡʶʫʡʤʞʦʫʞʩʞʭʫʙʤʙʫ (ʈʖʋʍ) ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʠʦʣʝʬʠʥʦʚ ʩʦʜʝʨʞʠʪ ʩʣʦʞʥʦʵʬʠʨʥʳʝ ʩʚʷʟʠ, 
ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʨʘʟʣʦʞʝʥʠʷ. ʇʠʨʦʣʠʟ ʇʕʊʌ ʚʢʣʶʯʘʝʪ ʜʝʢʘʨʙʦʢʩʠʣʠʨʦ-
ʚʘʥʠʝ ʠ ʜʝʛʠʜʨʦʮʠʢʣʠʟʘʮʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʳ ʠ ʉʆϜ. ʆʜʥʘʢʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ʢʠʩʣʦʨʦʜʘ ʩʥʠʞʘʝʪ ʪʝʧʣʦʪʚʦʨʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ, ʧʦʵʪʦʤʫ ʇʕʊʌ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʧʝʨʝʨʘʙʘʪʳ-
ʚʘʪʴ ʛʠʜʨʦʣʠʟʦʤ ʠʣʠ ʛʣʠʢʦʣʠʟʦʤ, ʘ ʥʝ ʧʠʨʦʣʠʟʦʤ. 

ʈʧʤʡʛʡʦʡʤʮʤʧʩʡʝ (ʈɻʎ) ð ʥʘʠʙʦʣʝʝ ʧʨʦʙʣʝʤʥʳʡ ʢʦʤʧʦʥʝʥʪ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 
(200ï350ÁC) ʚʳʜʝʣʷʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʡ ʭʣʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ (HCl), ʷʚʣʷʶʱʠʡʩʷ ʚʳʩʦʢʦʢʦʨʨʦʟʠʦʥʥʳʤ 
ʘʛʝʥʪʦʤ. ɺʳʩʚʦʙʦʞʜʘʶʱʠʡʩʷ HCl ʥʝʦʙʭʦʜʠʤʦ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʱʝʣʦʯʥʳʤʠ ʩʦʨʙʝʥʪʘʤʠ (CaCOϝ, 
Mg(OH)Ϝ), ʯʪʦ ʫʜʦʨʦʞʘʝʪ ʧʨʦʮʝʩʩ. ʇʨʠ ʵʪʦʤ ʜʝʛʠʜʨʦʭʣʦʨʠʨʦʚʘʥʥʳʡ ʧʦʣʠʝʥʦʚʳʡ ʩʢʝʣʝʪ ʜʘʣʝʝ ʩʢʣʦʥʝʥ 
ʢ ʢʘʨʙʦʥʠʟʘʮʠʠ, ʜʘʚʘʷ ʜʦ 30 ʤʘʩ.% ʪʚʝʨʜʦʛʦ ʢʦʢʩʦʚʦʛʦ ʦʩʪʘʪʢʘ. 

ʃʙʫʙʤʡʫʡʰʞʪʣʡʢ ʨʡʩʧʤʡʠ ʣʙʣ ʡʦʪʫʩʬʥʞʦʫ ʬʨʩʙʛʤʞʦʡʸ ʪʞʤʞʣʫʡʛʦʧʪʫʵʷ 
ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʠʨʦʣʠʟʘ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦ ʨʘʟ-

ʚʠʚʘʝʪʩʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʧʠʨʦʣʠʟ (ʚʢʣʶʯʘʶʱʠʡ ʢʦʥʪʘʢʪ ʧʘʨʦʚ ʩ ʮʝʦʣʠʪʥʳʤʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ). 
ʅʘʠʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ ʯʞʧʤʡʫʴ ʪ ʫʧʨʧʤʧʜʡʞʢ MFI (ZSM-5), ʦʙʣʘʜʘʶʱʠʝ ʪʨʝʭʤʝʨʥʦʡ ʩʠʩʪʝ-
ʤʦʡ ʤʠʢʨʦʧʦʨ (0,55 ʥʤ) ʠ ʨʝʛʫʣʠʨʫʝʤʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ [5]. ɹʣʘʛʦʜʘʨʷ ʩʠʣʴʥʳʤ ʙʨʝʥʩʪʝʜʦʚʩʢʠʤ ʢʠʩʣʦʪ-
ʥʳʤ ʮʝʥʪʨʘʤ ZSM-5 ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢʮʠʠ: 

¶ ʜʝʧʘʨʘʬʠʥʠʟʘʮʠʠ (ʠʟʦʤʝʨʠʟʘʮʠʷ ʠ ʢʨʝʢʠʥʛ ʜʣʠʥʥʳʭ ʮʝʧʝʡ); 

¶ ʘʨʦʤʘʪʠʟʘʮʠʠ ʦʣʝʬʠʥʦʚ CϠïCϢ; 
¶ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʤʘʣʳʭ ʦʣʝʬʠʥʦʚ. 
ɺʚʝʜʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ZSM-5 ʚ ʢʦʣʠʯʝʩʪʚʝ 5ï10 ʤʘʩ.% ʦʪ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ 

ʩʦʜʝʨʞʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʙʝʥʟʦʣ, ʪʦʣʫʦʣ, ʢʩʠʣʦʣʳ) ʚ ʧʠʨʦʣʠʟʥʦʤ ʤʘʩʣʝ ʩ 5ï8% ʜʦ 
35ï45%, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʨʷʤʦʡ ʧʦʜʘʯʠ ʥʘ ʫʩʪʘʥʦʚʢʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʨʠʬʦʨʤʠʥʛʘ. 

ʆʜʥʘʢʦ ʤʠʢʨʦʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʮʝʦʣʠʪʦʚ ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʘʤ ʜʣʷ ʢʨʫʧ-
ʥʳʭ ʤʦʣʝʢʫʣ (ʪʨʠʤʝʨʳ ʠ ʪʝʪʨʘʤʝʨʳ ʦʣʝʬʠʥʦʚ), ʯʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʮʝʦʣʠʪʦʚ ʩ 
ʤʝʟʦʧʦʨʘʤʠ (2ï10 ʥʤ) ʠ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ MCM-41/SBA-15, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʚʚʝ-
ʜʝʥʠʝʤ ʘʪʦʤʦʚ ʥʠʢʝʣʷ ʠʣʠ ʤʦʣʠʙʜʝʥʘ ʜʣʷ ʛʠʜʨʠʨʦʚʘʥʠʷ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʣʝʬʠʥʦʚ. 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʙʛʦʡʫʞʤʵʦʙʸ ʫʙʚʤʡʯʙ ʶʭʭʞʣʫʡʛʦʧʪʫʡ ʩʙʠʤʡʰʦʴʮ ʣʙʫʙʤʡʫʡʰʞʪʣʡʮ ʪʡʪʫʞʥ  
(ʝʙʦʦʴʞ ʝʤʸ ʚʴʪʫʩʧʜʧ ʨʡʩʧʤʡʠʙ ʈʖ ʨʩʡ 550ÁC): 

ʇʘʨʘʤʝʪʨ (ʜʣʷ ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ) 
ɹʝʟ  

ʢʘʪʘʣʠʟʘʪʦʨʘ 
ZSM-5 

(Si/Al=25) 
H-Y ʮʝʦʣʠʪ 

(Si/Al=5) 
Ni/MCM-

41 

ɺʳʭʦʜ ʤʘʩʣʘ (ʤʘʩ.%) 68 62 58 65 

ʉʦʜʝʨʞʘʥʠʝ ʘʨʦʤʘʪʠʢʠ (ʤʘʩ.%) 8 42 28 15 

ʉʦʜʝʨʞʘʥʠʝ ʥ-ʦʣʝʬʠʥʦʚ (CϢïCϛϠ) 34 12 18 42 

ʂʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ (ʧʨʠʤʝʩʠ) <0,5 <0,1 <0,2 <0,5 

ʂʦʢʩ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ (ʤʘʩ.%) ð 4,2 6,8 1,8 

ʉʪʘʙʠʣʴʥʦʩʪʴ (ʮʠʢʣʳ ʨʝʛʝʥʝʨʘ-
ʮʠʠ) 

ð ʜʦ 15 ʜʦ 8 ʜʦ 25 

 
ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʮʝʦʣʠʪ ZSM-5 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʘʨʦʤʘʪʠʟʘʮʠʠ, 

ʦʜʥʘʢʦ ʮʝʥʘ ʟʘ ʵʪʦ ð ʧʦʚʳʰʝʥʥʦʝ ʢʦʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʪʨʝʙʫʶʱʝʝ ʯʘʩʪʦʡ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ. 
Ni/MCM-41 ʜʘʝʪ ʙʦʣʝʝ ʤʷʛʢʠʡ ʛʠʜʨʦʢʨʝʢʠʥʛ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʦʣʝʬʠʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴ-
ʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦʤʝʨʦʚ, ʘ ʥʝ ʪʦʧʣʠʚʥʳʭ ʬʨʘʢʮʠʡ. 

ʈʩʧʚʤʞʥʴ ʥʙʪʱʫʙʚʡʩʧʛʙʦʡʸ ʡ ʫʞʮʦʧʤʧʜʡʰʞʪʣʡʞ ʛʴʠʧʛʴ 
ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʠʨʦʣʠʟʘ ʧʦʣʠʤʝʨʦʚ ʩʪʘʣʢʠ-

ʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʥʝʧʨʝʦʜʦʣʠʤʳʭ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʙʘʨʴʝʨʦʚ: 
1. ʊʥʞʱʙʦʦʧʞ ʪʴʩʵʞ. ʈʝʘʣʴʥʦʝ ʩʳʨʴʝ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʠ ʇɺʍ, ʇʕʊʌ, ʙʫʤʘʛʠ, ʘʣʶʤʠʥʠʷ ʠ 

ʧʠʱʝʚʳʭ ʦʩʪʘʪʢʦʚ. ʅʘʣʠʯʠʝ ʛʝʪʝʨʦʘʪʦʤʦʚ (Cl, N, S) ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʦʢʩʠʥʦʚ, ʥʠʪʨʠʣʦʚ ʠ 
ʩʝʨʦʚʦʜʦʨʦʜʘ, ʪʨʝʙʫʶʱʠʭ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʛʘʟʦʦʯʠʩʪʢʠ. 
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2. ʋʞʨʤʧʛʧʢ ʚʙʤʙʦʪ. ʇʠʨʦʣʠʟ ʧʦʣʠʦʣʝʬʠʥʦʚ ð ʩʠʣʴʥʦ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʯʪʦ ʪʨʝʙʫʝʪ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʦʜʚʦʜʘ ʪʝʧʣʘ ʯʝʨʝʟ ʩʪʝʥʢʠ ʨʝʘʢʪʦʨʘ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʨʢʫʣʠʨʫʶʱʝʛʦ ʪʝʧʣʦʥʦʩʠʪʝ-
ʣʷ (ʧʝʩʦʢ, ʢʝʨʘʤʠʯʝʩʢʠʝ ʰʘʨʳ). 

3. ʃʙʰʞʪʫʛʧ ʨʡʩʧʤʡʠʦʧʜʧ ʥʙʪʤʙ. ʇʨʦʜʫʢʪ ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʣʝʬʠʥʦʚ (ʜʦ 60%), 
ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʭʠʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳʤ ð ʩʢʣʦʥʥʳʤ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʦʩʤʦʣʝʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʝ-
ʨʦʢʩʠʜʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ. ʊʨʝʙʫʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʘʷ ʛʠʜʨʦʦʯʠʩʪʢʘ (ʛʠʜʨʦʜʝʦʢʩʠʛʝʥʘʮʠʷ ʠ ʛʠʜʨʠʨʦʚʘʥʠʝ 
ʦʣʝʬʠʥʦʚ) ʧʝʨʝʜ ʧʦʜʘʯʝʡ ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʫ. 

ʀʙʣʤʷʰʞʦʡʞ 
ʇʠʨʦʣʠʟ ʧʦʣʠʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʟʨʝʣʫʶ, ʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʤʘʨʞʠʥʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ. ɺ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʠʤʝʥʥʦ ʢʘʪʘʣʠ-
ʪʠʯʝʩʢʠʡ ʧʠʨʦʣʠʟ ʩ ʩʠʩʪʝʤʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʮʝʦʣʠʪʦʚ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʦʯʠʩʪʢʦʡ ʛʘʟʘ ʩʧʦʩʦʙʝʥ ʩʪʘʪʴ 
ʤʦʩʪʦʤ ʤʝʞʜʫ ʫʪʠʣʠʟʘʮʠʝʡ ʦʪʭʦʜʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ çʟʝʣʝʥʳʭè ʦʣʝʬʠʥʦʚ, ʩʥʠʞʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 
ʥʝʬʪʝʭʠʤʠʠ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ ʩʳʨʴʷ ʥʘ 15ï20% ʢ 2035 ʛʦʜʫ . 
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ǲǣǩ 320,751 

ǰǧǬǱǤǦ ǭǩǰǧǢǤǬǟǱǭǡ ǡ ǮǯǭǵǤǰǰǤ 
ǢǧǣǯǧǯǭǡǟǬǧǾ ǣǧǭǩǰǧǣǟ ǲǢǪǤǯǭǣǟ  

Ǳȇȑȍȁǿ ǟȊȇȌǿ ǪȄȍȌȇȃȍȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ 
(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘè 

ǣȄȋȄȌȑțȄȁǿ ǭȉȐǿȌǿ ǰȄȏȂȄȄȁȌǿ 
ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʆʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ 
ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ɸ.ɺ. ʊʦʧʯʠʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍʉ ʈɸʅ) 

ǟȏȑǿȋȍȌȍȁǿ ǪȇȞ ǟȊȄȉȐȄȄȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ 
(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʩʳʨʴʝʚʦʛʦ ʛʘʟʘ (GHSV) ʥʘ ʧʨʦ-
ʮʝʩʩ ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʢʦʥʚʝʨʩʠʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ 
ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʞʝʣʝʟʥʦ-ʢʦʙʘʣʴʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʨʘʚʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʘʢʪʠʚ-
ʥʳʭ ʤʝʪʘʣʣʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʧʨʦʪʦʯʥʦʤ ʨʝʘʢʪʦʨʝ ʧʨʠ ʜʘʚʣʝʥʠʠ 15 ʘʪʤ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 
ʠʥʪʝʨʚʘʣʝ 240-320Áʉ ʠ ʦʙʲʝʤʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʜʘʯʠ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ CO2/H2 = 1/3 ʨʘʚʥʳʭ 1,5; 2,5 ʠ 3,75 
ʣ/ʯ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ GHSV ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ 
CO2 ʦʪ 53,4 ʜʦ 48,6% ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʭʦʜʘ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʩʦʙʝʥʥʦ ʤʝʪʘ-
ʥʘ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʦʡ ʬʘʟʳ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ 2,5 ʣ/ʯ, ʧʨʠ ʵʪʦʤ ʩ ʨʦʩʪʦʤ 
ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʣʷ ʵʪʘʥʦʣʘ ʚ ʩʧʠʨʪʦʚʦʡ ʬʨʘʢʮʠʠ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʤʝʪʘʥʦʣʘ ʠ ʧʨʦʧʘʥʦʣʘ ð ʩʥʠʞʘʝʪʩʷ. 
ʆʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʦʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʳ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʪʦʣʴʢʦ ʧʨʠ ʩʢʦʨʦʩʪʷʭ 1,5 ʠ 2,5 ʣ/ʯ, ʪʦʛʜʘ ʢʘʢ 
ʧʨʠ 3,75 ʣ/ʯ ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ. ʇʦʢʘʟʘʥʦ, 
ʯʪʦ ʧʨʠ 320Áʉ ʩ ʫʚʝʣʠʯʝʥʠʝʤ GHSV ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʤʝʱʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʥʦ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦ-ʘʣʢʘʥʦʚ. ʇʦʣʫ-
ʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ GHSV ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦ-
ʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʣʠʙʦ ʛʘʟʦʦʙʨʘʟʥʳʭ ʦʣʝʬʠʥʦʚ (ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ), 
ʣʠʙʦ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʩʧʠʨʪʦʚ (ʫʤʝʨʝʥʥʳʝ ʠ ʥʠʟʢʠʝ ʩʢʦʨʦʩʪʠ). 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʦʢʩʠʛʝʥʘʪʳ. 
 

SYNTHESIS OF OXYGENATES IN THE PROCESS OF CARBON DIOXIDE HYDROGENATION 
 

Titova Alina Leonidovna, 
Dementeva Oksana Sergeevna, 

Artamonova Lia Alekseevna 
 
Abstract: The effect of gas hourly space velocity (GHSV) on the single-stage conversion of carbon dioxide 
into hydrocarbons and oxygenates in the presence of a bifunctional ironïcobalt catalyst with an equal ratio of 
active metals was investigated. The experiments were carried out in a flow reactor at a pressure of 15 atm in 
the temperature range of 240ï320ÁC and feed space velocities of the CO2/H2 = 1/3 gas mixture equal to 1,5, 
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2,5, and 3,75 L/h. It was found that an increase in GHSV leads to a regular decrease in COϜ conversion from 
53.4 to 48.6%, with a simultaneous increase in the yield of gaseous products, especially methane. The maxi-
mum yield of the aqueous-alcohol phase is achieved at a space velocity of 2,5 L/h, with the proportion of etha-
nol in the alcohol fraction increasing with temperature, while the proportions of methanol and propanol de-
crease. The formation of a liquid hydrocarbon phase was observed only at space velocities of 1,5 and 2,5 L/h, 
whereas at 3,75 L/h, liquid hydrocarbons are not formed due to insufficient contact time. It is shown that at 
320ÁC, an increase in GHSV leads not only to a shift in the molecular weight distribution toward lighter hydro-
carbons but also to an intensification of iso-alkane formation. The obtained results confirm that varying GHSV 
allows controlling the process selectivity, ensuring the predominant production of either gaseous olefins (high 
velocities) or liquid hydrocarbons and alcohols (moderate and low velocities). 
Key words: carbon dioxide, bifunctional catalysts, synthetic oxygenates. 

 
ɸʢʪʫʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʤʠʨʦʚʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʜʦʩʪʘʪʦʯʥʦʡ 

ʩʪʝʧʝʥʠ ʚʳʟʚʘʥʳ ʛʣʦʙʘʣʴʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʚ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ ʠ ʠʩʪʦʱʝʥʠʝʤ ʥʝʬʪʷʥʳʭ ʨʝʩʫʨʩʦʚ 
ʧʣʘʥʝʪʳ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʜʝʢʘʨʙʦʥʠʟʘʮʠʠ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʪʦʨʳʭ ʜʦ-
ʩʪʠʛʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʛʣʝʨʦʜʥʝʡʪʨʘʣʴʥʳʭ ʪʦʧʣʠʚ. ʋʧʦʤʷʥʫʪʳʝ ʬʘʢʪʦʨʳ ʧʦʚʳʰʘʶʪ ʠʥʪʝʨʝʩ ʢ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷʤ, ʧʦʩʚʷʱʝʥʥʳʤ ʧʝʨʝʨʘʙʦʪʢʝ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʚ ʧʦʣʝʟʥʳʝ ʧʨʦʜʫʢʪʳ: ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʦʢ-
ʩʠʛʝʥʘʪʳ. ɼʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʣʠʙʦ ʚ ʜʚʝ ʩʪʘʜʠʠ (ʛʠʜʨʠʨʦʚʘʥʠ-
ʝʤ CO2 ʚ ʉʆ ʧʦ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʚʦʜʷʥʦʛʦ ʛʘʟʘ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʚʝʨʩʠʝʡ ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʨʦʜʘ ʧʦ ʤʝʪʦʜʫ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ), ʣʠʙʦ ʚ ʧʨʦʮʝʩʩʝ ʦʜʥʦʩʪʘʜʠʡʥʦʛʦ ʛʠʜʨʠʨʦʚʘʥʠʷ ʜʠ-
ʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺʣʠʷʪʴ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ 
ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʦʜʠʥ 
ʠʟ ʢʦʪʦʨʳʭ ï ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʝʚʦʛʦ ʛʘʟʘ.  

ʆʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʛʘʟʘ (GHSV) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-
ʨʦʚ ʩʠʥʪʝʟʘ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ (ʉʌʊ), ʦʧʨʝʜʝʣʷʶʱʠʤ ʥʝ ʪʦʣʴʢʦ ʢʦʥʚʝʨʩʠʶ ʩʠʥʪʝʟ-ʛʘʟʘ, ʥʦ ʠ ʩʝʣʝʢʪʠʚ-
ʥʦʩʪʴ ʧʦ ʮʝʣʝʚʳʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʬʬʝʢʪ GHSV 
ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʤ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʨʝʘʢʪʦʨʘ, ʩʦʩʪʘʚʘ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʜʠʬʬʫʟʠ-
ʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚʥʫʪʨʠ ʧʦʨ. ʅʘʠʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ GHSV ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʝʭʥʦ-
ʣʦʛʠʠ ʩ ʤʠʢʨʦʢʘʥʘʣʴʥʳʤʠ ʨʝʘʢʪʦʨʘʤʠ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [1], ʵʪʦʪ ʪʠʧ ʘʧʧʘʨʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦ-
ʪʘʪʴ ʧʨʠ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʩʢʦʨʦʩʪʷʭ ʛʘʟʘ ï ʜʦ 60 000 ʯ-1. ʅʝʩʤʦʪʨʷ ʥʘ ʩʦʢʨʘ-
ʱʝʥʠʝ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʨʝʘʛʝʥʪʦʚ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʪʘʢʘʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ: ʘʚʪʦʨʳ ʩʦʦʙʱʘʶʪ ʦ ʜʦʩʪʠʞʝʥʠʠ >60% ʢʦʥʚʝʨʩʠʠ CO ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 
ʥʠʟʢʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʤʝʪʘʥʫ (<10%) ʠ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʨʦʩʪʘ ʮʝʧʠ (>0,9). ʂʦʥʢʨʝʪʥʳʝ ʧʘʨʘ-
ʤʝʪʨʳ (60 000 ʯ-1, 20 ʘʪʤ, 235ÁC) ʦʙʝʩʧʝʯʠʚʘʣʠ ʢʦʥʚʝʨʩʠʶ 63% ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ CH4 ~10,5%. ʕʪʦʪ 
ʨʝʟʫʣʴʪʘʪ ʦʧʨʦʚʝʨʛʘʝʪ ʢʣʘʩʩʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚʳʩʦʢʘʷ GHSV ʥʝʠʟʙʝʞʥʦ ʚʝʜʝʪ ʢ ʨʝʟ-
ʢʦʤʫ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘʱʝʥʠʷ ʩʳʨʴʝʚʦʛʦ ʛʘʟʘ: ʚ ʤʠʢʨʦʨʝʘʢʪʦʨʘʭ ʙʣʘʛʦʜʘʨʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʪʝʧ-
ʣʦ- ʠ ʤʘʩʩʦʦʙʤʝʥʫ ʫʜʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʪʝʧʣʦ ʨʝʘʢʮʠʠ ʠ ʧʦʜʘʚʣʷʪʴ ʥʝʞʝʣʘʪʝʣʴʥʦʝ ʤʝ-
ʪʘʥʠʨʦʚʘʥʠʝ. 

ɺ ʦʙʟʦʨʥʦʡ ʩʪʘʪʴʝ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʦ ʦʩʥʦʚʥʳʤ ʠ ʧʦʙʦʯʥʳʤ ʧʨʦ-
ʜʫʢʪʘʤ ʨʝʘʢʮʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ GHSV ʢʨʠʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ ʤʘʪʝʨʠʘʣʘ ʥʦʩʠʪʝʣʷ. ʆʙʱʘʷ ʟʘʢʦʥʦʤʝʨ-
ʥʦʩʪʴ ʪʘʢʦʚʘ: ʧʦʚʳʰʝʥʠʝ GHSV ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ CO, ʦʜʥʘʢʦ ʚʣʠʷʥʠʝ ʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪʴ 
ʧʦ ʧʨʦʜʫʢʪʘʤ C5+ ʧʨʠ ʵʪʦʤ ʨʘʟʣʠʯʥʦ: ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ TiO2 ʠ SiC ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ C5+ ʥʝ-
ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ GHSV, ʘ ʜʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ SiO2 ʥʘʙʣʶʜʘʝʪʩʷ 
ʫʚʝʣʠʯʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ C5+ ʩ ʧʦʚʳʰʝʥʠʝʤ GHSV. ʕʪʦ ʨʘʟʣʠʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʥʦʡ ʩʠʣʦʡ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʩ ʥʦʩʠʪʝʣʝʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʪʦʨʠʯʥʳʭ ʨʝʘʢʮʠʡ ʦʣʠʛʦ-
ʤʝʨʠʟʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟ [3] ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʢʨʝʤʥʝ-
ʟʝʤʥʦʛʦ ʥʦʩʠʪʝʣʷ ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ TiO2 ʧʨʠ ʚʳʩʦʢʦʡ GHSV ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʚʳ-
ʰʝʥʠʝ ʢʦʥʚʝʨʩʠʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʘʥʥʳʤʠ ʧʦʢʘ-
ʟʘʪʝʣʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʦʩʥʦʚʝ SiO2 ʙʝʟ ʜʦʙʘʚʦʢ. 
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ʇʦʩʢʦʣʴʢʫ ʫʚʝʣʠʯʝʥʠʝ GHSV ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʢʦʥʚʝʨʩʠʠ ʩʳʨʴʷ,  
ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʘ ʢʦʤʧʝʥʩʘʮʠʠ ʜʘʥʥʦʛʦ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ. ʇʝʨʚʳʡ ʩʧʦ-
ʩʦʙ ð ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʧʨʦʮʝʩʩʘ. ɺ ʨʘʙʦʪʝ [4] ʥʘ ʞʝʣʝʟʥʳʭ ʢʘʪʘʣʠ-
ʟʘʪʦʨʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʢʦʥʚʝʨʩʠʠ CO, ʚʳʟʚʘʥʥʦʝ ʚʳʩʦʢʦʡ GHSV, ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ 
ʩʢʦʤʧʝʥʩʠʨʦʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʨʝʘʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩ 1,5 ʜʦ 3,0 ʄʇʘ. ʇʨʠ ʵʪʦʤ ʢʦʤʙʠʥʘʮʠʷ ʚʳʩʦʢʦʡ 
GHSV ʠ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʞʠʜʢʠʤ ʧʨʦʜʫʢ-
ʪʘʤ C5+, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʧʨʠʝʤ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʪʘ. ɺʪʦ-
ʨʦʡ ʩʧʦʩʦʙ ï ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ. ɼʣʷ ʢʘʪʘʣʠʟʘʪʦʨʘ Co/Al2O3 [5] ʫʚʝʣʠʯʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʚ ʩʦʩʪʘʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ 15 ʜʦ 25% ʤʘʩʩ. ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʩʥʠʞʝʥʠʝ 
ʢʦʥʚʝʨʩʠʠ ʧʨʠ ʚʳʩʦʢʦʡ GHSV, ʥʦ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʥʝʞʝʣʘ-
ʪʝʣʴʥʳʤ ʛʘʟʘʤ CH4 ʠ C2-C4. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ ʫʩʧʝ-
ʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʙʦʪʘʪʴ ʜʘʞʝ ʧʨʠ ʤʘʣʦʤ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʠʭʣʝʨʘ ʠ ʜʨ. [6] ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ Co/ThO2/ʢʠʟʝʣʴʛʫʨ ʧʨʠ ʥʠʟ-
ʢʦʤ ʜʘʚʣʝʥʠʠ ʠ 200ÁC ʨʘʩʢʨʳʚʘʶʪ ʢʘʯʝʩʪʚʝʥʥʫʶ ʩʪʦʨʦʥʫ ʵʬʬʝʢʪʘ GHSV. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ  ʤʘʣʦʝ ʚʨʝʤʷ 
ʢʦʥʪʘʢʪʘ (ʚʳʩʦʢʘʷ GHSV)  ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʜʦʣʠ Ŭ-ʦʣʝʬʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. 
ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʦʣʝʬʠʥʳ ʥʝ ʫʩʧʝʚʘʶʪ ʚʩʪʫʧʠʪʴ ʚʦ ʚʪʦʨʠʯʥʳʝ ʨʝʘʢʮʠʠ ʛʠʜʨʠʨʦʚʘ-
ʥʠʷ. ʇʨʠ ʥʠʟʢʦʡ GHSV ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʵʬʬʝʢʪ: Ŭ-ʦʣʝʬʠʥʳ ʠʟʦʤʝʨʠʟʫʶʪʩʷ ʚ ɓ-
ʦʣʝʬʠʥʳ, ʛʠʜʨʠʨʫʶʪʩʷ ʜʦ ʣʠʥʝʡʥʳʭ ʧʘʨʘʬʠʥʦʚ ʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʢʝʣʝʪʥʦʡ ʠʟʦʤʝʨʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘ-
ʥʠʝʤ ʤʝʪʠʣ-ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʠʷ GHSV ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʤʧʨʦʤʠʩʩʦʤ ʤʝʞʜʫ ʞʝʣʘʝʤʳʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʭ ʦʣʝʬʠʥʦʚ ʚ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ (ʚʳʩʦʢʘʷ GHSV) ʠ ʤʘʢʩʠ-
ʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʚʝʨʩʠʝʡ ʩʳʨʴʝʚʦʛʦ ʛʘʟʘ ʟʘ ʧʨʦʭʦʜ (ʥʠʟʢʘʷ GHSV). ʇʨʠ ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ GHSV 
ʥʝʣʴʟʷ ʠʛʥʦʨʠʨʦʚʘʪʴ ʜʠʬʬʫʟʠʶ ʚʥʫʪʨʠ ʧʦʨ ʥʘʥʝʩʝʥʥʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʦʙʟʦʨʝ [7, 8], ʧʨʠ 
ʉʌʊ ʧʦʨʳ ʢʘʪʘʣʠʟʘʪʦʨʘ ʟʘʧʦʣʥʝʥʳ ʞʠʜʢʠʤʠ ʚʦʩʢʘʤʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʚʦʜʦʨʦʜʘ 
ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ CO. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʦʛʘʱʝʥʠʶ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʦʜʦ-
ʨʦʜʦʤ, ʯʪʦ ʠʩʢʫʩʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʣʦʢʘʣʴʥʦʝ ʦʪʥʦʰʝʥʠʝ H2/CO ʚʥʫʪʨʠ ʧʦʨʳ. ʕʬʬʝʢʪ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ 
ʥʠʟʢʠʭ GHSV, ʪʘʢ ʢʘʢ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʩʢʦʚ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʫʩʢʦ-
ʨʷʶʪ ʪʝʨʤʠʥʘʮʠʶ ʮʝʧʠ (ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʡ ʦʙʨʳʚ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʜʣʠʥʥʦ-
ʮʝʧʦʯʝʯʥʳʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʧʦʨʠʩʪʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʧʦʚʳʰʝʥʠʝ GHSV ʤʦʞʝʪ ʧʘʨʘ-
ʜʦʢʩʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʦʩʣʘʙʣʷʪʴ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢ ʢʘʢ ʩʥʠʞʘʝʪʩʷ ʩʪʝʧʝʥʴ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨ 
ʞʠʜʢʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʯʘʩʪʠʯʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʜʦʩʪʫʧ ʨʝʘʛʝʥʪʦʚ ʢ ʘʢʪʠʚʥʳʤ ʮʝʥʪʨʘʤ. 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʧʨʝʜʝʣʷʣʦʩʴ ʚʣʠʷʥʠʝ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʛʘʟʘ ʥʘ ʢʦʥʚʝʨʩʠʶ 
ʩʳʨʴʷ, ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ɺ ʨʦʣʠ ʩʳʨʴʝʚʦʛʦ ʛʘʟʘ ʚʳʩʪʫʧʠʣʘ ʩʤʝʩʴ 
CO2/ʅ2 = 1/3, ʦʮʝʥʢʫ ʘʢʪʠʚʥʦʩʪʠ ʞʝʣʝʟʥʦ-ʢʦʙʘʣʴʪʦʚʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʩ ʨʘʚʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʘʢʪʠʚʥʳʭ 
ʤʝʪʘʣʣʦʚ ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʘʢʪʦʨʝ ʩʦ ʩʪʘʮʠʦʥʘʨʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ 15 ʘʪʤ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠ-
ʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʦʜʦʨʦʜʦʤ ʚ ʪʝʯʝʥʠʝ 4,5 ʯ, ʦʙʲʝʤʥʳʭ ʩʢʦʨʦʩʪʷʭ ʧʦʜʘʯʠ ʩʳʨʴʷ  1,5, 
2,5, ʠ 3,75 ʣ/ʯ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ 240-320Áʉ. ɺ ʨʦʣʠ ʥʦʩʠʪʝʣʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 
ʢʘʨʙʦʥʠʟʘʪ ʮʝʣʣʶʣʦʟʳ, ʧʦʣʫʯʝʥʥʳʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʮʝʣʣʶʣʦ-
ʟʳ ʧʨʠ 190Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. ʀ ʛʘʟʦʦʙʨʘʟʥʳʝ, ʠ ʞʠʜʢʠʝ ʧʨʦʜʫʢʪʳ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʛʘʟʦʞʠʜ-
ʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ.  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʩʳʨʴʷ ʝʛʦ ʢʦʥʚʝʨʩʠʷ ʫʤʝʥʴʰʘʝʪʩʷ: ʟʘʨʝʛʠʩʪʨʠʨʦ-
ʚʘʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʩʦʩʪʘʚʠʣʠ 53,4% ʜʣʷ 1,5 ʣ/ʯ ʠ 48,6% ʜʣʷ 3,75 ʣ/ʯ. ɺʳʭʦʜʳ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ 
ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ GHSV, ʫʚʝʣʠʯʠʚʘʷʩʴ ʩ 
ʧʦʚʳʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ: ʤʘʢʩʠʤʫʤʳ ʚʳʭʦʜʘ ʧʦ ʤʝʪʘʥʫ ʠ ʙʦʣʝʝ ʪʷʞʝʣʳʤ ʛʘʟʘʤ 
ʩʦʩʪʘʚʠʣʠ 30,9 ʛ/ʤ3 ʠ 14,5 ʛ/ʤ3, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʩʳʨʴʷ, 
ʨʘʚʥʦʡ 3,75 ʣ/ʯ.  

ʇʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʛʘʟʘʤʠ, ʥʦ ʠ ʞʠʜʢʠʤʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ ʠ ʚʦʜʥʦ-
ʩʧʠʨʪʦʚʦʡ ʩʤʝʩʴʶ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʚʦʜʥʦʡ ʬʘʟʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʧʠʨʪʘʤʠ ʦʪ ʤʝʪʘʥʦʣʘ ʜʦ 
ʛʝʢʩʘʥʦʣʘ ʠ ʚʦʜʦʡ, ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʩʳʨʴʝʚʦʛʦ ʛʘʟʘ 2,5 ʣ/ʯ, ʯʪʦ ʩʚʷʟʘ-
ʥʦ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʉ ʧʦ-
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ʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʩʦʩʪʘʚ ʩʧʠʨʪʦʚ ʚ ʚʦʜʥʦʡ 
ʬʘʟʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦʣʠ ʤʝʪʘʥʦʣʘ ʠ ʧʨʦʧʘʥʦʣʘ 
ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʵʪʘʥʦʣʘ - ʚʦʟʨʘʩʪʘʝʪ (ʨʠʩ. 1). ʈʘʩʯʝʪ ʧʨʠʚʝʜʝʥ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ 
ʩʳʨʴʷ, ʨʘʚʥʦʡ 2,5 ʣ/ʯ.  

 

 
ʉʡʪ. 1. ʁʠʥʞʦʞʦʡʞ ʧʫʦʧʪʡʫʞʤʵʦʴʮ ʪʧʝʞʩʟʙʦʡʢ ʣʧʥʨʧʦʞʦʫʧʛ 

 ʛʧʝʦʧ-ʪʨʡʩʫʧʛʧʢ ʪʥʞʪʡ ʪ ʩʧʪʫʧʥ ʫʞʥʨʞʩʙʫʬʩʴ 
 
ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʧʦʚʳʰʝʥʠʷ ʚʳʭʦʜʘ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʳʩʪʫʧʘʝʪ ʢʠʥʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ: 

ʥʠʟʢʘʷ ʦʙʲʝʤʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʧʨʦʣʦʥʛʠʨʫʝʪ ʢʦʥʪʘʢʪ ʨʝʘʢʮʠʦʥʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʘ 
ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʢʦʨʷʝʪ ʛʣʫʙʦʢʫʶ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʚʝʨʩʠʠ. ɿʥʘʯʝʥʠʝ ʤʘʢʩʠʤʫʤʘ 
ʪʝʤʧʝʨʘʪʫʨʳ ʣʠʤʠʪʠʨʫʝʪʩʷ ʪʝʨʤʦʜʠʥʘʤʠʢʦʡ ʩʦʨʙʮʠʠ ï ʩ ʥʘʛʨʝʚʦʤ ʦʩʣʘʙʝʚʘʝʪ ʩʚʷʟʴ ʛʠʜʨʠʨʫʝʤʳʭ ʯʘ-
ʩʪʠʮ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʜʝʩʦʨʙʮʠʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʦʩʪʘʥʦʚʢʝ ʨʦ-
ʩʪʘ ʮʝʧʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʦʧʪʠʤʫʤ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 240-320Áʉ, 
ʧʨʠ ʢʦʪʦʨʳʭ ʚʳʭʦʜ ʣʝʛʢʠʭ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʤʘʢʩʠʤʘʣʝʥ. ʆʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʨʝʛʠ-
ʩʪʨʠʨʦʚʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ 260-320Áʉ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʛʦ ʛʘʟʘ 1,5 ʣ/ʯ, ʧʨʠ 300 ʠ 320Áʉ ʜʣʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ GHSV = 2,5 ʣ/ʯ, ʪʦʛʘ ʢʘʢ ʧʨʠ ʩʢʦʨʦʩʪʠ 3,75 ʣ/ʯ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʳ ʥʝ 
ʥʘʙʣʶʜʘʣʠ ʠʟ-ʟʘ ʩʣʠʰʢʦʤ ʤʘʣʦʛʦ ʚʨʝʤʝʥʠ ʢʦʥʪʘʢʪʘ ʩʳʨʴʷ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʠ 
ʢʦʥʪʘʢʪʘ ʠʩʭʦʜʥʦʛʦ ʛʘʟʘ ʩ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʣʝʛʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʧʦ-
ʩʢʦʣʴʢʫ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʢʦʨʦʪʢʠʝ ʬʨʘʛʤʝʥʪʳ ʛʠʜʨʠʨʫʶʪʩʷ ʠ ʧʦʢʠʜʘʶʪ ʘʢʪʠʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʝ 
ʫʩʧʝʚʘʷ ʧʦʜʚʝʨʛʥʫʪʴʩʷ ʜʘʣʴʥʝʡʰʠʤ ʘʢʪʘʤ ʧʦʣʠʤʝʨʠʟʘʮʠʦʥʥʦʛʦ ʨʦʩʪʘ ʮʝʧʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʤʫ ï  
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʥʘ ʨʠʩ. 2 ʜʣʷ ʨʝʞʠʤʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ 1,5 ʠ 2,5 ʣ/ʯ 
ʧʨʠ 320 Áʉ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʜʦʣʠ ʢʦʤʧʦʥʝʥʪʦʚ 
ʠʟʦʩʪʨʦʝʥʠʷ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʩʤʝʩʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʝʘʢʮʠʠ. 
 

 
ʉʡʪ. 2. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʬʜʤʞʛʧʝʧʩʧʝʧʛ ʨʩʡ ʫʞʥʨʞʩʙʫʬʩʞ 320Áʊ ʡ ʪʣʧʩʧʪʫʡ ʨʧʝʙʰʡ ʪʴʩʵʸ:  

ʙ) 1,5 ʤ/ʰ; ʚ) 2,5 ʤ/ʰ 

31,9 26,5 
16,1 

7,1 3,0 

54,0 
56,5 75,7 

82,3 85,5 

9,6 12,7 
4,5 5,6 6,9 

3,0 3,1 2,8 3,6 3,6 
0,8 1,2 0,7 1,0 0,8 

0,7 0,2 0,2 0,3 0,3 

2 4 0 2 6 0 2 8 0 3 0 0 3 2 0 

ʉ1 ʉ2 ʉ3 ʉ4 ʉ5 ʉ6 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ 
ʩʳʨʴʝʚʦʛʦ ʛʘʟʘ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʠ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʚʳʰʝ-
ʥʠʝ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʘʢ ʠ ʦʙʲʝʤʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʩʳʨʴʷ ʩʪʠʤʫʣʠʨʫʝʪ ʚʳʭʦʜ ʤʝʪʘʥʘ ʠ ʜʨʫʛʠʭ ʛʘʟʦ-
ʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʦʪʥʦʰʝʥʠʠ ʩʧʠʨʪʦʚ ʢʘʨʪʠʥʘ ʠʥʘʷ: ʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʚʳʩʦ-
ʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʤʝʨʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʧʨʠʯʝʤ ʚ ʥʘʠʙʦʣʴʰʝʡ 
ʩʪʝʧʝʥʠ ʚ ʩʧʠʨʪʦʚʦʡ ʬʨʘʢʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦʣʷ ʵʪʘʥʦʣʘ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦ-
ʨʦʜʦʚ ʚ ʦʙʣʘʩʪʠ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ GHSV, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦ-
ʜʠʤʦʝ ʚʨʝʤʷ ʢʦʥʪʘʢʪʘ ʩ ʘʢʪʠʚʥʳʤʠ ʮʝʥʪʨʘʤʠ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ 
ʧʦʚʳʰʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʟʘ ʩʯʝʪ ʦʙʣʝʛʯʝʥʠʷ ʜʝʩʦʨʙʮʠʠ ʤʦʣʝʢʫʣ ʩ 
ʤʝʥʝʝ ʜʣʠʥʥʦʡ ʮʝʧʴʶ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʠʟʦʤʝʨʠʟʘʮʠʦʥʥʳʭ ʧʨʦ-
ʮʝʩʩʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʦʤʝʪʠʣʨʘʟʚʝʪʚʣʝʥʥʳʭ ʘʣʢʘʥʦʚ. ʇʨʠ ʩʪʝʧʝʥʠ ʧʨʝʚʨʘ-
ʱʝʥʠʷ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ ʦʢʦʣʦ 50% ʥʘʠʙʦʣʴʰʠʡ ʚʳʭʦʜ ʛʘʟʦʚ ʙʳʣ ʜʦʩʪʠʛʥʫʪ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠʩʭʦʜ-
ʥʦʛʦ ʛʘʟʘ 3,75 ʣ/ʯ, ʩʧʠʨʪʦʚ ð ʧʨʠ 2,5 ʣ/ʯ. ʆʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʬʠʢʩʠʨʦʚʘʣʠ ʧʨʠ ʥʘʛʨʫʟ-
ʢʝ ʧʦ ʩʳʨʴʶ, ʨʘʚʥʦʡ 1,5 ʠ 2,5 ʣ/ʯ, ʧʨʠʯʝʤ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʣʫʯʘʝʤʳʝ ʧʨʦʜʫʢʪʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ 
ʙʦʣʴʰʝʡ ʜʣʠʥʦʡ ʮʝʧʠ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʥʘʙʣʶʜʘʣʠ ʩʤʝʱʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʚ ʩʪʦʨʦʥʫ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʟʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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ǲǣǩ 320,751 

ǡǪǧǾǬǧǤ ǰǭǰǱǟǡǟ ǩǟǱǟǪǧǱǧǶǤǰǩǭǨ 
ǮǭǡǤǯǴǬǭǰǱǧ Ǭǟ ǼǳǳǤǩǱǧǡǬǭǰǱǻ 
ǭǣǬǭǰǱǟǣǧǨǬǭǨ ǩǭǬǡǤǯǰǧǧ ǣǧǭǩǰǧǣǟ 
ǲǢǪǤǯǭǣǟ ǡ ǲǢǪǤǡǭǣǭǯǭǣǺ ǧ ǭǩǰǧǢǤǬǟǱǺ 

Ǳȇȑȍȁǿ ǟȊȇȌǿ ǪȄȍȌȇȃȍȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ 
(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘè 

ǣȄȋȄȌȑțȄȁǿ ǭȉȐǿȌǿ ǰȄȏȂȄȄȁȌǿ 
ʢ.ʭ.ʥ., ʩ.ʥ.ʩ. 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʆʨʜʝʥʘ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ 
ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʤ. ɸ.ɺ. ʊʦʧʯʠʝʚʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀʅʍʉ ʈɸʅ) 

ǟȏȑǿȋȍȌȍȁǿ ǪȇȞ ǟȊȄȉȐȄȄȁȌǿ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɸʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ 
(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʨʦʮʝʩʩ ʦʜʥʦʩʪʘ-
ʜʠʡʥʦʡ ʢʦʥʚʝʨʩʠʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʦʢʩʠʛʝʥʘʪʳ. ʅʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʨʠ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʘ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: 
ʧʨʠʨʦʜʘ ʠ ʩʪʨʫʢʪʫʨʘ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ, ʩʚʦʡʩʪʚʘ ʥʦʩʠʪʝʣʷ ʠ ʵʬʬʝʢʪʳ ʧʨʦʤʦʪʠʨʦʚʘʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʘʢʪʠʚʥʦʡ ʬʘʟʳ, ʥʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʠ 
ʭʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʥʦʩʠʪʝʣʷ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʨʝʘʢʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
ʧʨʦʜʫʢʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ Fe-Co ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʥʘ 
ʦʩʥʦʚʝ ʢʘʨʙʦʥʠʟʘʪʘ ʮʝʣʣʶʣʦʟʳ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʢʘʨʙʦʥʠ-
ʟʘʮʠʠ (190ÁC, 200ÁC ʠ ʩ ʧʝʨʝʤʝʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʥʦ-
ʩʠʪʝʣʝ ʩ ʥʘʠʤʝʥʝʝ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (93,890 ʤ2/ʛ) ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʢʦʥʚʝʨʩʠʶ CO2 
(ʜʦ 48,2%), ʦʜʥʘʢʦ ʩʠʩʪʝʤʘ ʩ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ (178,470 ʤ2/ʛ) ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʩʝʣʝʢ-
ʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʠʟʙʨʘʥʥʳʝ ʦʢʩʠʛʝʥʘʪʳ, ʧʫʩʪʴ ʠ ʧʨʠ ʤʝʥʴʰʝʡ ʘʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʨʙʦʥʠʟʘʮʠʠ ʥʦʩʠʪʝʣʷ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʙʱʫʶ ʢʦʥʚʝʨʩʠʶ ʠʩʭʦʜʥʦʛʦ ʩʳ-
ʨʴʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʥʦ ʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʞʠʜʢʠʭ ʧʨʦ-
ʜʫʢʪʦʚ ï ʩʦʦʪʥʦʰʝʥʠʝ ʩʧʠʨʪʦʚ ʠ ʢʠʩʣʦʪ ʨʘʟʣʠʯʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʪʝʢʩʪʫʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚ-
ʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʛʠʜʨʠʨʦʚʘʥʠʷ CO2. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʙʠʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʦʢʩʠʛʝʥʘʪʳ, 
ʧʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ. 
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Abstract: The article examines the influence of catalytic surface properties on the single-stage conversion of 
carbon dioxide into hydrocarbons and oxygenates. Based on literature data, three key factors determining cat-
alyst activity and selectivity are analyzed: the nature and structure of the active metal, support properties, and 
promotion effects. It is shown that the crystallite size of the active phase, the presence of surface defects, as 
well as the porous structure and chemical nature of the support, play a decisive role in the reaction direction 
and product distribution. The experimental part of the work was carried out on bimetallic FeïCo catalysts sup-
ported on cellulose carbonizate obtained at different hydrothermal carbonization temperatures (190ÁC, 200ÁC, 
and with a variable temperature regime). It was established that the catalyst on the support with the least de-
veloped surface (93,890 m2/g) provides maximum CO2 conversion (up to 48,2%), while systems with the most 
developed surface (178,470 m2/g) allow achieving the chosen oxygenates with a higher selectivity. It is shown 
that changing the carbonization temperature of the support affects not only the overall conversion of the feed-
stock in the presence of the catalyst formed on its basis, but also the distribution of liquid products ï the ratio 
of alcohols and acids of various molecular compositions. The obtained results demonstrate that varying the 
textural characteristics of the support surface is an effective tool for controlling the selectivity of the CO2 hy-
drogenation process. 
Key words: ɻcarbon dioxide, bifunctional catalysts, synthetic oxygenates, support surface. 

 
ʉʦʚʨʝʤʝʥʥʘʷ ʛʣʦʙʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʧʝʨʝʞʠʚʘʝʪ ʬʘʟʫ ʛʣʫʙʦʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 

ʜʚʫʤʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ ʚʳʟʦʚʘʤʠ: ʥʝʦʙʨʘʪʠʤʳʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʠʤ 
ʠʩʪʦʱʝʥʠʝʤ ʥʝʬʪʷʥʳʭ ʨʝʩʫʨʩʦʚ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʣʝʛʢʦʜʦʩʪʫʧʥʦʛʦ ʠ ʣʝʛʢʦ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʛʣʝʚʦ-
ʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʦʩʦʙʫʶ ʥʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʢʦʥʚʝʨʩʠʶ ʦʢʩʠʜʦʚ ʫʛʣʝʨʦʜʘ ʚ ʭʠʤʠʯʝʩʢʠ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ï ʫʛʣʝʚʦ-
ʜʦʨʦʜʳ ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ. ʋʢʘʟʘʥʥʳʝ ʢʣʘʩʩʳ ʚʝʱʝʩʪʚ ʫʩʧʝʰʥʦ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ 
ʧʨʦʮʝʩʩʝ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ ʠ ʧʨʠ ʛʠʜʨʠʨʦʚʘʥʠʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ɺʘʨʠʘʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝ-
ʞʠʤʦʚ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ ʚ ʢʘ-
ʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʩ ʟʘʜʘʥʥʳʤʠ ʪʝʢʩʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʩʦʩʪʘʚʦʤ. 

ɸʢʪʠʚʥʦʩʪʴ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʠʨʦʚʘʥʠʷ COϜ ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʜʣʷ 
ʨʝʘʢʮʠʠ ʤʝʪʘʥʠʨʦʚʘʥʠʷ ʨʷʜ ʘʢʪʠʚʥʦʩʪʠ ʥʝʧʦʜʜʝʨʞʠʚʘʝʤʳʭ ʤʝʪʘʣʣʦʚ ʠʤʝʝʪ ʚʠʜ Ru > Ir > Rh > Ni > Co 
> Os > Pt > Fe > Mo > Pd > Ag, ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʚʩʝʛʜʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʳʩʦʢʦʡ ʩʝʣʝʢʪʠʚ-
ʥʦʩʪʴʶ [1]. ʅʘʧʨʠʤʝʨ, Ru ʫʩʪʫʧʘʝʪ Ni ʚ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʤʝʪʘʥʫ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʣʦʞʥʫʶ ʚʟʘʠʤʦ-
ʩʚʷʟʴ ʤʝʞʜʫ ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴʶ ʧʦ ʮʝʣʝʚʳʤ ʠ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʘʤ ʨʝʘʢʮʠʠ. 
ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ ʘʢʪʠʚʥʦʡ ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ. ɺ ʦʙʨʘʪʥʦʡ ʨʝʘʢʮʠʠ ʚʦʜʷʥʦʛʦ 
ʛʘʟʘ (RWGS) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʦʜʠʷ ʚ ʩʦʩʪʘʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʙʨʘʟʫʶʪʩʷ ʢʨʫʧ-
ʥʳʝ ʢʨʠʩʪʘʣʣʠʪʳ, ʢʦʪʦʨʳʝ ʩʢʣʦʥʥʳ ʛʠʜʨʠʨʦʚʘʪʴ CO2 ʜʦ ʤʝʪʘʥʘ, ʧʦʜʘʚʣʷʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʫʛʣʝʚʦʜʦ-
ʨʦʜʘʤ ʩ ʜʣʠʥʥʦʡ ʮʝʧʴʶ [2]. ɼʣʷ ʥʠʢʝʣʝʚʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʫʭʦʛʦ ʨʠʬʦʨʤʠʥʛʘ ʤʝʪʘʥʘ (DRM) ʢʨʫʧʥʳʝ 
ʯʘʩʪʠʮʳ (ʚʳʰʝ 10 ʥʤ) ʫʩʢʦʨʷʶʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʪʝʚʠʜʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʜʝʟʘʢʪʠʚʘʮʠʠ [3]. 
ʅʘʣʠʯʠʝ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʤʝʜʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʩʠʥʪʝʟʘ ʤʝʪʘʥʦʣʘ: ʥʝʜʝ-
ʬʦʨʤʠʨʦʚʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʯʠʩʪʦʡ ʤʝʜʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʘʢʪʠʚʥʘ, ʪʦʛʜʘ ʢʘʢ ʚʚʝʜʝʥʠʝ ʜʝʬʝʢʪʦʚ ʠ ʣʝʛʠ-
ʨʦʚʘʥʠʝ ʮʠʥʢʦʤ ʫʩʠʣʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ [4]. ʍʠʤʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʠ ʩʪʨʫʢ-
ʪʫʨʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʦʩʠʪʝʣʷ ʦʧʨʝʜʝʣʷʶʪ ʜʦʩʪʫʧʥʦʩʪʴ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨ ʪʨʘʥʩʧʦʨʪʘ ʨʝʘ-

ʛʝʥʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʚʝʨʩʠʷ COϜ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʦʩʠʪʝʣʝʡ ʩ ʚʳʩʦʢʠʤ ʩʨʦʜ-
ʩʪʚʦʤ ʢ ʘʜʩʦʨʙʮʠʠ COϜ, ʪʘʢʠʭ ʢʘʢ Al2O3 [5]. ʆʜʥʘʢʦ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʭʠʤʠʯʝʩʢʠʡ 
ʩʦʩʪʘʚ, ʥʦ ʠ ʧʦʨʠʩʪʦʩʪʴ ʩʪʨʫʢʪʫʨʳ. ɺ ʩʠʥʪʝʟʝ ʧʦʣʠ(ʦʢʩʠʤʝʪʠʣʝʥ)ʜʠʤʝʪʠʣʦʚʳʭ ʵʬʠʨʦʚ (OME) ʚʳʩʦʢʘʷ 
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ʘʢʪʠʚʥʦʩʪʴ ʮʝʦʣʠʪʦʚ BEA25 ʠ Y30 ʦʙʲʷʩʥʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʢʠʩʣʦʪʥʦʡ ʩʠʣʦʡ, ʩʢʦʣʴʢʦ ʚʳʩʦʢʦʡ ʜʦʩʪʫʧʥʦ-
ʩʪʴʶ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʙʣʘʛʦʜʘʨʷ ʤʝʟʦʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ [6]. ʋʧʦʨʷʜʦʯʝʥʥʳʝ ʤʝʟʦʧʦʨʠʩʪʳʝ ʩʪʨʫʢʪʫ-
ʨʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʥʠʢʘʣʴʥʳʡ çʵʬʬʝʢʪ ʦʛʨʘʥʠʯʝʥʠʷè. ʅʘʧʨʠʤʝʨ, ʤʝʟʦʧʦʨʠʩʪʳʡ Co3O4, ʧʦʣʫʯʝʥʥʳʡ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ KIT-6 ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʚ ʛʠʜʨʠʨʦʚʘʥʠʠ CO2 
ʜʦ ʚʳʩʰʠʭ ʩʧʠʨʪʦʚ, ʩʥʠʞʝʥʠʶ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʤʝʪʘʥʫ ʠ ʫʚʝʣʠʯʝʥʠʶ ʚʳʭʦʜʘ ʩʧʠʨʪʦʚ [7]. ʅʘʧʨʦʪʠʚ, 
ʥʘʥʦʯʘʩʪʠʮʳ ʙʝʟ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʧʨʦʷʚʣʷʶʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʤʝʪʘʥʫ. ʄʠʢ-
ʨʦ-ʤʝʟʦʧʦʨʠʩʪʳʝ ʫʛʣʝʨʦʜʥʳʝ ʥʦʩʠʪʝʣʠ (MMC) ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʫʶ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʩʢʣʦʥʥʦʩʪʴ ʘʢ-
ʪʠʚʥʦʡ ʬʘʟʳ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʯʝʤ ʯʠʩʪʦ ʤʠʢʨʦʧʦʨʠʩʪʳʝ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʥʚʝʨʩʠʶ CO2 ʠ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʣʝʛʢʠʭ ʦʣʝʬʠʥʦʚ [8]. ʇʦʚʝʨʭʥʦʩʪʴ ʥʦʩʠʪʝʣʷ ʠʛʨʘʝʪ ʘʢʪʠʚʥʫʶ ʨʦʣʴ ʚ ʢʘʪʘʣʠʟʝ, ʥʝ 
ʪʦʣʴʢʦ ʦʙʝʩʧʝʯʠʚʘʷ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʦʜʜʝʨʞʢʫ ʘʢʪʠʚʥʳʭ ʯʘʩʪʠʮ, ʥʦ ʠ ʫʯʘʩʪʚʫʷ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠʥʪʝʨʤʝ-
ʜʠʘʪʦʚ ʠ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʬʫʥʢʮʠʦ-
ʥʘʣʴʥʳʝ ʛʨʫʧʧʳ (ʥʘʧʨʠʤʝʨ, ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʝ) ʥʘ ʫʛʣʝʨʦʜʥʳʭ ʥʦʩʠʪʝʣʷʭ ʤʦʛʫʪ ʤʦʜʫʣʠ-
ʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ, ʠʟʤʝʥʷʷ ʠʭ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ 
ʩʝʣʝʢʪʠʚʥʦʩʪʴ [9]. ʂʨʦʤʝ ʪʦʛʦ, ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʩʠʪʝʣʷ ʚʣʠʷʝʪ ʥʘ ʘʜʩʦʨʙʮʠʶ CO2 ʠ ʚʦ-
ʜʳ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʚ ʨʝʘʢʮʠʷʭ ʩ ʫʯʘʩʪʠʝʤ ʚʦʜʷʥʦʛʦ ʛʘʟʘ. ʄʝʟʦʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʨʝʛʫʣʠʨʫʝ-
ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʭʠʤʠʝʡ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʣʦʢʘʣʴʥʳʝ ʤʠʢʨʦʩʨʝʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʫʜʝʨʞʘʥʠʶ 
ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʙʣʠʟʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝ-
ʚʨʘʱʝʥʠʷ CO2. 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʚʷʱʝʥʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʥʘ ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʙʠʤʝ-
ʪʘʣʣʠʯʝʩʢʠʝ ʥʘʥʝʩʸʥʥʳʝ ʢʘʪʘʣʠʟʘʪʦʨʳ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʚʳʩʪʫʧʘʣ ʢʘʨʙʦʥʠʟʘʪ ʮʝʣʣʶʣʦʟʳ, ʧʦ-
ʣʫʯʝʥʥʳʡ 24-ʯʘʩʦʚʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʘʢʪʠʚʥʫʶ ʬʘʟʫ 
ʩʦʩʪʘʚʠʣʠ ʞʝʣʝʟʦ ʠ ʢʦʙʘʣʴʪ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 : 1. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʢʘʟʘʥʘ ʧʨʷʤʘʷ ʚʟʘʠʤʦʩʚʷʟʴ 
ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʝʩʪʨʫʢʮʠʠ ʮʝʣʣʶʣʦʟʳ ʠ ʠʪʦʛʦʚʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʧʦʣʫʯʘʝʤʳʭ ʙʠʦʫʛʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ 
ʥʦʩʠʪʝʣʝʡ Fe-Co-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʢʘʨʙʦʥʠʟʘʪʦʚ ʮʝʣʣʶʣʦʟʳ, ʧʦʣʫʯʝʥʥʳʝ 
ʧʨʠ 190Áʉ, 200Áʉ ʠ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ (ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʩʪʘʚʣʷʣʘ 
210Áʉ ʠ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ, ʟʘʪʝʤ ʙʳʣʘ ʧʦʥʠʞʝʥʘ ʜʦ 190Áʉ). ʋʩʣʦʚʠʷ ʧʨʦʚʝ-
ʜʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʧʦ ʛʠʜʨʠʨʦʚʘʥʠʶ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʘ-
ʪʘʣʠʟʘʪʦʨʦʚ: ʨʝʘʢʪʦʨ ʩ ʥʝʧʦʜʚʠʞʥʳʤ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʜʘʚʣʝʥʠʝ ï 15 ʘʪʤ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʳʨʴʷ ï 
3,75 ʣ/ʯ, ʚʨʝʤʷ ʘʢʪʠʚʘʮʠʠ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚ ʪʦʢʝ ʚʦʜʦʨʦʜʘ ʧʨʠ ʩʢʦʨʦʩʪʠ 5 ʣ/ʯ ï 4,5 ʯʘʩʘ. ɼʣʷ ʠʜʝʥʪʠʬʠ-
ʢʘʮʠʠ ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ.  

ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1, ʛʜʝ ʂ-190 ï ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʥʦʩʠʪʝʣʝ, 
ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʧʨʠ 190Áʉ, ʂ-ʅ ï ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʥʦʩʠʪʝʣʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʪʝʤ-
ʧʝʨʘʪʫʨʥʦʤ ʨʝʞʠʤʝ, ʂ-200 ï ʢʘʪʘʣʠʟʘʪʦʨ ʥʘ ʥʦʩʠʪʝʣʝ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʧʨʠ 200Áʉ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʘʷ 
ʢʦʥʚʝʨʩʠʷ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘ ʜʣʷ ʩʠʩʪʝʤʳ ʂ-190 ʠ ʩʦʩʪʘʚʠʣʘ 48,2%, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶ-
ʜʘʣʠ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʥʘ ʚ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩʨʝʜʠ ʚʩʝʡ ʩʝʨʠʠ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟ-
ʮʦʚ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 93,892 ʤ2/ʛ ʠ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʝʡ ʩʨʝ-
ʜʠ ʚʩʝʭ ʦʙʩʫʞʜʘʝʤʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ ʘʢʪʠʚ-
ʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʣʦʩʴ ʥʘ ʚʳʭʦʜʘʭ ʦʢʩʠʛʝʥʘʪʦʚ ʠ ʛʘʟʦʦʙ-
ʨʘʟʥʳʭ ʛʦʤʦʣʦʛʦʚ ʤʝʪʘʥʘ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ 178,470 ʤ2/ʛ ʝʱʝ ʩʠʣʴʥʝʝ 
ʦʢʘʟʳʚʘʣʘ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ: ʢʦʥʚʝʨʩʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 30%, ʦʜʥʘʢʦ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʠʛʘʣʘʩʴ ʥʘʠʣʫʯʰʘʷ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʦ ʧʨʦʜʫʢʪʘʤ ʢʣʘʩʩʘ ʢʠʩʣʦʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. ɺ ʭʦʜʝ ʩʠʥʪʝʟʘ 
ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʠʨʪʳ ʠ ʢʠʩʣʦʪʳ. ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, 
ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢ, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝ-
ʪʘʥʦʣʘ, ʧʨʦʧʘʥʦʣʘ, ʙʫʪʘʥʦʣʘ ʠ ʢʠʩʣʦʪ ʉ3-ʉ5 ʧʦʣʫʯʝʥʳ ʥʘ ʢʘʪʘʣʠʟʘʪʦʨʝ ʂ-190, ʵʪʘʥʦʣʘ ʠ ʛʝʢʩʘʥʦʚʦʡ 
ʢʠʩʣʦʪʳ ï ʥʘ ʂ-ʅ, ʧʝʥʪʘʥʦʣʘ ʠ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ ï ʥʘ ʂ-200 (ʪʘʙʣ.2). 
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ʋʙʚʤʡʯʙ 1 
ʇʪʦʧʛʦʴʞ ʨʧʣʙʠʙʫʞʤʡ ʪʞʩʡʡ ʶʣʪʨʞʩʡʥʞʦʫʧʛ 

ʂʘʪʘʣʠ-
ʪʠʯʝʩʢʘʷ ʩʠ-
ʩʪʝʤʘ 

 

T, ÁC ʂʉʆ2, % 

ɺʳʭʦʜ, ʛ/ʤ3 

ʉ1 ʉ2-ʉ4 Oxy ʉ5+ CO H2O 

ʂ-190 
 

240 24,7 2,2 2,7 2,2 3,8 47,2 56,2 

260 34,2 9,2 12,0 5,5 8,6 36,8 95,3 

280 47,4 22,7 22,6 6,9 14,0 18,1 153,9 

300 47,6 32,3 22,6 2,5 4,3 21,8 153,8 

320 48,2 40,3 18,4 0,6 0,3 25,9 153,8 

ʂ-200 
 

240 9,1 0,8 0,7 0,0 0,7 24,7 17,6 

260 12,9 2,1 2,1 0,0 7,0 15,5 37,8 

280 21,9 5,2 5,7 3,8 1,5 45,3 50,5 

300 29,8 12,7 13,6 8,5 2,0 31,9 86,4 

320 41,6 23,0 23,3 12,7 7,4 18,0 137,6 

ʂ-ʅ 
 

240 4,8 0,2 0,1 0,7 0,0 14,0 7,9 

260 11,0 0,4 0,4 2,3 0,3 24,2 23,3 

280 14,5 0,8 1,4 1,1 0,7 37,9 26,8 

300 21,2 2,3 3,6 2,0 1,5 43,3 47,0 

320 27,8 7,4 10,6 6,1 4,7 30,2 77,5 

 
ʋʙʚʤʡʯʙ 2 

ʇʫʦʧʪʡʫʞʤʵʦʴʞ ʪʧʝʞʩʟʙʦʡʸ ʪʨʡʩʫʧʛ ʡ ʣʡʪʤʧʫ ʛ ʨʩʧʝʬʣʫʙʮ ʪʞʩʡʡ ʶʣʪʨʞʩʡʥʞʦʫʧʛ 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ 
ʩʠʩʪʝʤʘ 

ʊ, 
Áʉ 

ʉʧʠʨʪʳ, % ʂʠʩʣʦʪʳ, % 

ʉ1 ʉ2 ʉ3 ʉ4 ʉ5 ʉ2 ʉ3 ʉ4 ʉ5 ʉ6 

ʂ-190 

240 6,1 83,8 4,1 4,7 1,3 61,6 19,7 9,6 6,4 2,7 

260 3,6 84,9 6,4 4,2 1,0 49,2 29,2 12,5 6,0 3,0 

280 6,8 72,2 13,3 6,9 0,8 43,4 34,7 13,3 6,6 2,0 

300 22,7 44,6 18,5 12,6 1,6 32,0 43,3 17,5 4,6 2,5 

320 51,5 24,8 10,1 13,6 0,0 29,6 42,6 19,9 7,9 0,0 

ʂ-200 

240 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

260 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

280 6,2 80,2 5,9 5,9 1,9 65,0 20,1 10,1 3,8 1,0 

300 3,8 85,0 6,2 4,2 0,8 57,5 24,8 11,1 5,0 1,5 

320 2,7 82,0 9,3 5,2 0,9 43,3 33,6 15,4 6,1 1,7 

ʂ-ʅ 

240 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

260 0,0 0,0 0,0 0,0 0,0 53,6 17,7 13,6 9,3 5,7 

280 12,5 75,6 5,2 6,1 0,6 62,1 19,5 10,9 5,7 1,8 

300 9,4 81,7 4,1 4,2 0,7 59,9 20,2 10,6 7,4 1,9 

320 4,6 86,8 5,1 3,1 0,4 58,6 23,1 11,1 5,7 1,5 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʢʦʥʚʝʨ-

ʩʠʶ ʩʳʨʴʷ, ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʣʫʯʘʝʤʳʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ. ʂʘʪʘʣʠʟʘʪʦʨ ʥʘ ʥʦʩʠʪʝʣʝ ʩ ʥʘʠʤʝ-
ʥʝʝ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʚʝʨʩʠʠ ʠ ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ ʮʝʣʦʛʦ 
ʩʧʝʢʪʨʘ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦ ʚʨʝʤʷ, ʢʘʢ ʩʠʩʪʝʤʳ ʩ ʙʦʣʝʝ ʨʘʟʚʠʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʫʩʪʴ ʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ 
ʢʦʥʚʝʨʩʠʷʤʠ, ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʩʝʣʝʢʪʠʚʥʦ ʧʦʣʫʯʘʪʴ ʦʪʜʝʣʴʥʳʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʝ ʩʦʝʜʠʥʝʥʠʷ. 
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ǲǣǩ 58.2.633 

ǠǭǪǤǦǬǧ ǧ ǡǯǤǣǧǱǤǪǧ ǫǤǪǩǭǵǡǤǱǩǭǡǭǢǭ 
ǢǭǯǬǭǢǭ ǶǟǠǯǤǵǟ &ORIGANUM TYTTANTHUM 
EMLRQAF,' ǧ ǫǤǯǺ ǠǭǯǻǠǺ ǰ Ǭǧǫǧ 

ǠȍȀȍȄȁǿ ǴȒȏȗȇȃǿ ǠȒȏȔȍȌȍȁȌǿ 
 ʘʩʧʠʨʘʥʪ 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʨʝʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, 
ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʜʦʨʘʩʪʫʱʝʤ ʠ ʧʦʣʫʢʫʣʴʪʫʨʥʦʤ ʤʝʣʢʦʮʚʝʪʢʦʚʦʤ ʛʦʨʥʦʤ ʯʘʙʨʝʮʝ Origanum tyttanthum 
Gontsch. ʚ ʫʩʣʦʚʠʷʭ ʪʠʧʠʯʥʳʭ ʩʝʨʦʟʝʤʦʚ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 2021ï2023 ʛʛ., ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦ-
ʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʝʨ ʙʦʨʴʙʳ ʩ ʥʠʤʠ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʠʪʦʬʘʛʠ ʨʘʩʪʝʥʠʷ ʦʪʥʦ-
ʩʷʪʩʷ ʢ ʯʝʪʳʨʸʤ ʦʪʨʷʜʘʤ ʥʘʩʝʢʦʤʳʭ ð Homoptera (ʪʣʠ), Hemiptera (ʢʣʦʧʳ), Orthoptera (ʧʨʷʤʦʢʨʳʣʳʝ) ʠ 
Coleoptera (ʞʝʩʪʢʦʢʨʳʣʳʝ), ʧʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʫʶ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 
ʦʪʨʷʜʘ Coleoptera. ʉʨʝʜʠ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʜʦʤʠʥʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʬʠʪʦʬʪʦʨʦʟ (Phytophthora 
infestans), ʩʝʨʘʷ ʛʥʠʣʴ (Botrytis cinerea Pers.) ʠ ʩʝʧʪʦʨʠʦʟ (Septoria lavandulae Desm.).  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: Origanum tyttanthum, ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʨʘʩʪʝʥʠʝ, ʬʠʪʦʬʘʛ, ʧʘʪʦʛʝʥ, ʬʠʪʦʬʪʦʨʦʟ, ʩʝ-
ʨʘʷ ʛʥʠʣʴ, ʩʝʧʪʦʨʠʦʟ, ʭʠʤʠʯʝʩʢʘʷ ʟʘʱʠʪʘ, ʙʦʨʜʦʩʢʘʷ ʞʠʜʢʦʩʪʴ, ʉʘʤʘʨʢʘʥʜ. 
 

DISEASES AND PESTS OF SMALLȤFLOWERED MOUNTAIN THYME (ORIGANUM TYTTANTHUM 
GONTSCH.) AND MEASURES TO CONTROL THEM 

 
Boboeva Khurshida Burkhonovna 

  
Abstract: The article presents the results of studying the species composition of harmful organisms found on 
wild and semiȤcultivated smallȤflowered mountain thyme Origanum tyttanthum Gontsch. under the conditions 
of typical gray soils in the Samarkand Region for 2021ï2023, as well as the developed system of control 
measures against them. The research established that plant phytophages belong to four orders of insects ð 
Homoptera (aphids), Hemiptera (bugs), Orthoptera (grasshoppers), and Coleoptera (beetles), with representa-
tives of the Coleoptera order having the greatest economic significance. Among fungal diseases, the most sig-
nificant are late blight (Phytophthora infestans), gray mold (Botrytis cinerea Pers.), and septoria leaf spot (Sep-
toria lavandulae Desm.). 
Keywords: Origanum tyttanthum, medicinal plant, phytophage, pathogen, late blight, gray mold, septoria leaf 
spot, chemical protection, Bordeaux mixture, Samarkand. 

 
ɻʛʞʝʞʦʡʞ. ʄʝʣʢʦʮʚʝʪʢʦʚʳʡ ʛʦʨʥʳʡ ʯʘʙʨʝʮ Origanum tyttanthum Gontsch. ð ʮʝʥʥʦʝ ʣʝʢʘʨʩʪʚʝʥ-

ʥʦʝ ʨʘʩʪʝʥʠʝ ʩʝʤʝʡʩʪʚʘ Lamiaceae, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ 
ʙʣʘʛʦʜʘʨʷ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ, ʩʧʘʟʤʦʣʠʪʠʯʝʩʢʠʤ ʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ 
[1]. ʂʘʢ ʠ ʜʨʫʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Origanum, ʜʘʥʥʳʡ ʚʠʜ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʧʦʣʫʢʫʣʴʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ 
ʧʦʜʚʝʨʞʝʥ ʚʦʟʜʝʡʩʪʚʠʶ ʢʦʤʧʣʝʢʩʘ ʬʠʪʦʬʘʛʦʚ ʠ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʥʠʞʘʶʱʠʭ ʫʨʦ-
ʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ [11]. ʉʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʨʝʜʥʳʭ 
ʦʨʛʘʥʠʟʤʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʥʘʯʠ-
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ʪʝʣʴʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʷʶʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʦʟʜʝʣʳʚʘʥʠʷ 
ʠ ʟʘʛʦʪʦʚʢʠ ʜʘʥʥʦʛʦ ʚʠʜʘ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. 

ɺʦʧʨʦʩʳ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʪ ʚʨʝʜʠʪʝʣʝʡ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʝʢʪʠʮʠʜʦʚ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [2], ʘ ʛʨʠʙʥʳʝ ʙʦʣʝʟʥʠ 
ʧʨʷʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʪʝʥʠʡ ʨʝʛʠʦʥʘ ʠ ʤʝʨʳ ʙʦʨʴʙʳ ʩ ʥʠʤʠ ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʝ [3]. ɸʛʨʦʙʠʦʣʦʛʠʯʝ-
ʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʟʜʝʣʳʚʘʥʠʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Origanum ʚ ʫʩʣʦʚʠʷʭ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ, 
ʚʢʣʶʯʘʷ ʪʠʧʠʯʥʳʝ ʩʝʨʦʟʝʤʥʳʝ ʧʦʯʚʳ, ʦʧʠʩʘʥʳ ʚ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ [4]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʵʪʠʭ ʨʘ-
ʙʦʪʘʭ ʬʠʪʦʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʩʘʞʜʝʥʠʡ O. tyttanthum ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʦʙʲʝʢʪ ʩʧʝʮʠʘʣʴʥʦ ʥʝ 
ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ. 

ɺ ʤʠʨʦʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʢʦʧʣʝʥ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʧʳʪ ʠʟʫʯʝʥʠʷ ʬʠʪʦʩʘʥʠʪʘʨʥʳʭ ʧʨʦʙʣʝʤ ʙʣʠʟʢʦ-
ʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Origanum. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ, ʦʙʦʙʱʠʚʰʠʡ ʨʝʟʫʣʴʪʘʪʳ 83 ʠʩʩʣʝʜʦʚʘʥʠʡ, 
ʧʦʢʘʟʘʣ, ʯʪʦ ʵʬʠʨʥʦʝ ʤʘʩʣʦ Origanum vulgare ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʦʡ ʠʥʩʝʢʪʠʮʠʜʥʦʡ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴ-
ʥʦʡ ʠ ʘʥʪʠʬʫʥʛʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʧʨʦʪʠʚ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʚʨʝʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʥ-
ʪʝʨʝʩ ʢ ʜʘʥʥʦʤʫ ʨʦʜʫ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʢ ʠʩʪʦʯʥʠʢʫ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ, ʥʦ ʠ ʢʘʢ ʢ ʦʙʲʝʢʪʫ ʬʠʪʦʩʘʥʠʪʘʨ-
ʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ [11]. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʬʠʨʥʳʭ ʤʘʩʝʣ Origanum vulgare ʧʨʦʪʠʚ 
ʧʘʫʪʠʥʥʦʛʦ ʢʣʝʱʘ Tetranychus urticae [12], ʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʘʥʪʘʮʠʡ ʦʨegano ʚ ʊʫʨʮʠʠ 
ʚʳʷʚʠʣʠ ʢʦʤʧʣʝʢʩ ʛʨʠʙʥʳʭ ʧʘʪʦʛʝʥʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʥʝʢʨʦʟʳ, ʧʷʪʥʠʩʪʦʩʪʠ ʠ ʫʚʷʜʘʥʠʝ ʨʘʩʪʝʥʠʡ [9]. 
ʆʙʦʙʱʘʶʱʠʡ ʦʙʟʦʨ ʙʦʣʝʟʥʝʡ ʦʨʝʛʘʥʦ ʠ ʤʘʡʦʨʘʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʧʘʪʦʛʝ-
ʥʦʚ ʨʦʜʦʚ Fusarium ʠ Rhizoctonia, ʘ ʪʘʢʞʝ ʨʞʘʚʯʠʥʥʳʭ ʛʨʠʙʦʚ ʨʦʜʘ Puccinia [10]. 

ʊʘʢʩʦʥʦʤʠʯʝʩʢʘʷ ʠ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʟʙʫʜʠʪʝʣʝʡ ʬʠʪʦʬʪʦʨʦʟʘ ʠ ʩʝʨʦʡ ʛʥʠʣʠ ð 
ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ, ʩʦʛʣʘʩʥʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ O. tyttanthum ð ʧʦʜʨʦʙʥʦ 
ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʙʟʦʨʘʭ ʤʠʨʦʚʦʡ ʬʠʪʦʧʘʪʦʣʦʛʠʠ [5, 6, 7], ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʦʧʝʨʝʪʴʩʷ ʥʘ ʫʩʪʦʷʚʰʫʶʩʷ ʥʦʤʝʥʢʣʘʪʫʨʫ ʠ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʙ-
ʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ. ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʩʝʧʪʦʨʠʦʟ, ʚʳʟʳʚʘʝʤʳʡ Septoria lavandulae 
Desm.: ʜʘʥʥʳʡ ʧʘʪʦʛʝʥ ʨʘʥʝʝ ʙʳʣ ʦʬʠʮʠʘʣʴʥʦ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ ʣʘʚʘʥʜʠʥʝ ʚ ʍʦʨʚʘʪʠʠ [8], ʯʪʦ ʧʦʜ-
ʪʚʝʨʞʜʘʝʪ ʝʛʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Lamiaceae ʚ 
ʨʘʟʣʠʯʥʳʭ ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚʨʝʜʠʪʝʣʝʡ ʠ ʙʦʣʝʟʥʝʡ Origanum 
tyttanthum Gontsch. ʚ ʫʩʣʦʚʠʷʭ ʪʠʧʠʯʥʳʭ ʩʝʨʦʟʝʤʦʚ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 2021ï2023 ʛʛ., ʘʥʘʣʠʟ 
ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʳʷʚʣʝʥʥʳʭ ʚʨʝʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ 
ʩʠʩʪʝʤʳ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʤʝʨ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʷ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2021ï2023 ʛʛ. ʚ ʫʩʣʦʚʠʷʭ 
ʪʠʧʠʯʥʳʭ ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʜʦʨʘʩʪʫʱʠʭ ʠ ʧʦʣʫʢʫʣʴʪʫʨʥʳʭ ʥʘʩʘʞʜʝʥʠʷʭ 
Origanum tyttanthum Gontsch. ʋʯʸʪʳ ʚʨʝʜʠʪʝʣʝʡ ʠ ʙʦʣʝʟʥʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʤʝʪʦʜʦʤ ʨʝʛʫʣʷʨʥʳʭ 
ʤʘʨʰʨʫʪʥʳʭ ʦʙʩʣʝʜʦʚʘʥʠʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʚʝʛʝʪʘʮʠʠ ʨʘʩʪʝʥʠʷ ʩ ʠʥʪʝʨʚʘʣʦʤ 10ï14 ʜʥʝʡ. 

ɺʠʜʦʚʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʬʠʪʦʬʘʛʦʚ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʜʦ ʫʨʦʚʥʷ ʦʪʨʷ-
ʜʘ (Homoptera, Hemiptera, Orthoptera, Coleoptera) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʱʝʧʨʠʥʷʪʦʡ ʵʥʪʦʤʦʣʦʛʠʯʝʩʢʦʡ ʥʦʤʝʥ-
ʢʣʘʪʫʨʦʡ. ɺʦʟʙʫʜʠʪʝʣʠ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʣʠʩʴ ʧʦ ʩʠʤʧʪʦʤʘʪʠʢʝ ʧʦʨʘʞʝʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʠ 
ʩʧʦʨʦʥʦʰʝʥʠʷ ʩ ʦʪʥʝʩʝʥʠʝʤ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʘʢʩʦʥʘʤ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʘʪʠʢʝ ʛʨʠʙʦʚ [5]. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ. ɺ ʭʦʜʝ ʪʨʸʭʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʨʝʜʥʘʷ ʬʘʫʥʘ 
Origanum tyttanthum Gontsch. ʚ ʫʩʣʦʚʠʷʭ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʝʢʦʤʳʤʠ ʯʝʪʳʨʸʭ 
ʦʪʨʷʜʦʚ: Homoptera (ʪʣʠ), Hemiptera (ʢʣʦʧʳ), Orthoptera (ʧʨʷʤʦʢʨʳʣʳʝ) ʠ Coleoptera (ʞʝʩʪʢʦʢʨʳʣʳʝ). 
ʉʨʝʜʠ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ ʨʘʩʪʝʥʠʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʬʠʪʦʬʪʦʨʦʟ, ʩʝʨʘʷ ʛʥʠʣʴ ʠ ʨʘʟ-
ʣʠʯʥʳʝ ʚʠʜʳ ʧʷʪʥʠʩʪʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʧʪʦʨʠʦʟ. ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʪʝʧʝʥʴ ʚʩʪʨʝʯʘʝ-
ʤʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ ʬʠʪʦʬʘʛʦʚ ʠ ʧʘʪʦʛʝʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʨʠʩʫʥʢʝ 1. 

ɺʳʷʚʣʝʥʥʳʝ ʬʠʪʦʬʘʛʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʩʝʢʦʤʳʤ ʩ ʩʦʩʫʱʠʤ (Homoptera, Hemiptera) ʠ ʛʨʳʟʫʱʠʤ 
(Orthoptera, Coleoptera) ʪʠʧʘʤʠ ʨʦʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʧʦʚʨʝʞʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʷ ð ʣʠʩʪʴʷ, 
ʩʪʝʙʣʠ, ʛʝʥʝʨʘʪʠʚʥʳʝ ʯʘʩʪʠ, ð ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʦʩʪʝ ʠ ʨʘʟʚʠʪʠʠ O. 
tyttanthum, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦ-
ʛʦ ʩʳʨʴʷ. 
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ʉʡʪ. 1. ʊʫʞʨʞʦʵ ʛʪʫʩʞʰʙʞʥʧʪʫʡ ʛʩʞʝʡʫʞʤʞʢ ʡ ʚʧʤʞʠʦʞʢ Origanum tyttanthum Gontsch. 

(2021ð2023 ʜʜ.) 
 

ʅʘʠʙʦʣʴʰʫʶ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʩʨʝʜʠ ʬʠʪʦʬʘʛʦʚ ʠʤʝʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʪʨʷʜʘ 
Coleoptera, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʠʚʳʩʰʝʡ ʩʪʝʧʝʥʴʶ ʚʩʪʨʝʯʘʝʤʦʩʪʠ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʧʨʦʚʝʜʝʥʠʷ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠʤʝʥʥʦ ʧʨʦʪʠʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʚʨʝʜʠʪʝʣʝʡ ʚ 
ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ. ʀʟ ʚʳʷʚʣʝʥʥʳʭ ʙʦʣʝʟʥʝʡ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʬʠʪʦʬʪʦʨʦʟ, ʚʦʟʙʫʜʠʪʝʣʝʤ 
ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ Phytophthora infestans ð ʚʠʜ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ Oomycetes, ʧʦʨʷʜʢʫ 
Peronosporales, ʩʝʤʝʡʩʪʚʫ Peronosporaceae. ʉʦʛʣʘʩʥʦ ʦʙʦʙʱʘʶʱʝʤʫ ʦʙʟʦʨʫ ʙʠʦʣʦʛʠʠ ʜʘʥʥʦʛʦ ʧʘʪʦʛʝ-
ʥʘ, ʝʛʦ ʚʳʩʦʢʘʷ ʚʨʝʜʦʥʦʩʥʦʩʪʴ ʥʘ ʰʠʨʦʢʦʤ ʢʨʫʛʝ ʨʘʩʪʝʥʠʡ-ʭʦʟʷʝʚ ʦʙʲʷʩʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʯ-
ʥʦʩʪʴʶ ʛʝʥʦʤʘ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʵʬʬʝʢʪʦʨʥʳʭ ʙʝʣʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʝʦʜʦʣʝʥʠʝ ʟʘʱʠʪʥʳʭ ʤʝʭʘ-
ʥʠʟʤʦʚ ʨʘʩʪʝʥʠʡ [6]. 

ʋ ʧʦʨʘʞʸʥʥʳʭ ʬʠʪʦʬʪʦʨʦʟʦʤ ʨʘʩʪʝʥʠʡ O. tyttanthum ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʙʫʨʝʥʠʝ ʠ ʦʪʤʠʨʘʥʠʝ ʩʪʝʙ-
ʣʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʟʘʛʥʠʚʘʥʠʝʤ ʠʭ ʦʩʥʦʚʘʥʠʷ. ʀʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʩʣʫʞʘʪ ʟʘʨʘʞʸʥʥʳʝ ʨʘʩʪʠ-
ʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʣʠʙʦ ʧʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʣʫʯʝʥʥʳʡ ʦʪ ʙʦʣʴʥʳʭ ʨʘʩʪʝʥʠʡ. ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦ-
ʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʣʝʪʘ, ʧʨʠ ʜʥʝʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟ-
ʜʫʭʘ ʦʢʦʣʦ 22 ÁC ʠ ʥʦʯʥʦʡ 10ï12 ÁC, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʧʦʨ ʛʨʠʙʘ. ɸʥʘʣʦ-
ʛʠʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʦʨʦʥʦʰʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ P. infestans ʧʦʜʪʚʝʨʞʜʝʥʘ ʠ ʚ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʷʭ-ʭʦʟʷʝʚʘʭ, ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙ-
ʨʘʟʦʚʘʥʠʷ ʩʧʦʨʘʥʛʠʝʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 15 ʜʦ 24 ÁC [6]. ʌʠʪʦʬʪʦʨʦʟ 
ʩʧʦʩʦʙʝʥ ʧʦʨʘʞʘʪʴ ʚʩʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʙʠʦʤʘʩʩʳ. 

ʉʝʨʫʶ ʛʥʠʣʴ Origanum tyttanthum ʚʳʟʳʚʘʝʪ ʚʦʟʙʫʜʠʪʝʣʴ Botrytis cinerea Pers., ʦʪʥʦʩʷʱʠʡʩʷ ʢ 
ʢʣʘʩʩʫ Ascomycota, ʧʦʨʷʜʢʫ Helotiales, ʩʝʤʝʡʩʪʚʫ Sclerotiniaceae. ɼʘʥʥʘʷ ʙʦʣʝʟʥʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʠ ʧʦʨʘʞʘʝʪ ʣʠʩʪʴʷ, ʮʚʝʪʢʠ, ʮʚʝʪʦʥʦʩʳ ʠ ʧʦʙʝʛʠ ʨʘʩʪʝʥʠʡ. ʉʦʛʣʘʩʥʦ 
ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʦʙʟʦʨʫ ʙʠʦʣʦʛʠʠ ʚʦʟʙʫʜʠʪʝʣʷ, B. cinerea ʷʚʣʷʝʪʩʷ ʥʝʢʨʦʪʨʦʬʥʳʤ ʧʘʪʦʛʝʥʦʤ ʩ ʯʨʝʟʚʳ-
ʯʘʡʥʦ ʰʠʨʦʢʠʤ ʢʨʫʛʦʤ ʨʘʩʪʝʥʠʡ-ʭʦʟʷʝʚ (ʙʦʣʝʝ 200 ʚʠʜʦʚ), ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʝʛʦ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʝ ʠ ʚʳʩʦʢʫʶ ʚʨʝʜʦʥʦʩʥʦʩʪʴ [7]. ʇʝʨʚʳʤʠ ʧʦʨʘʞʘʶʪʩʷ ʮʚʝʪʢʠ, ʟʘʪʝʤ ʣʠʩʪʴʷ, ʘ ʩ ʣʠʩʪʴʝʚ ʠʥ-
ʬʝʢʮʠʷ ʧʝʨʝʭʦʜʠʪ ʥʘ ʩʪʝʙʣʠ. ʅʘ ʣʠʩʪʴʷʭ ʦʙʨʘʟʫʶʪʩʷ ʩʚʝʪʣʦ-ʙʫʨʳʝ ʦʢʨʫʛʣʳʝ ʧʷʪʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʧʦʣʥʦʩʪʴʶ ʧʦʢʨʳʚʘʪʴ ʣʠʩʪʦʚʫʶ ʧʣʘʩʪʠʥʢʫ, ʯʪʦ ʥʘʨʫʰʘʝʪ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ. 

ʅʘ ʩʪʝʙʣʷʭ ʦʙʳʯʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʩʚʝʪʣʦ-ʙʫʨʳʝ ʩʫʭʠʝ ʧʷʪʥʘ ʜʣʠʥʦʡ ʦʪ 1 ʤʤ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠ-
ʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʩʦ ʚʨʝʤʝʥʝʤ ʪʝʤʥʝʶʪ. ʅʘ ʧʦʙʝʛʘʭ ʦʙʨʘʟʫʶʪʩʷ ʧʷʪʥʘ ʩ ʩʝʨʳʤ ʥʘʣʸʪʦʤ ʩʧʦʨʦʥʦʰʝʥʠʷ. 
ɺʦʟʙʫʜʠʪʝʣʴ ʩʝʨʦʡ ʛʥʠʣʠ ʟʠʤʫʝʪ ʚ ʧʦʯʚʝ ʠ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ ʦʪʢʨʳʪʦʛʦ ʛʨʫʥʪʘ ʚ ʚʠʜʝ ʤʠʮʝʣʠʷ, 
ʘ ʪʘʢʞʝ ʚ ʬʦʨʤʝ ʧʣʦʪʥʳʭ ʩʢʣʝʨʦʮʠʝʚ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʨʠʙʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 
ʜʚʠʞʝʥʠʠ ʧʦʯʚʳ ʠʣʠ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ, ʧʝʨʝʥʦʩʷʱʠʭ ʩʢʣʝʨʦʮʠʠ. ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥ-



ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 53 

 

XXIV  International scientific conference | www.naukaip.ru 

ʥʳʤ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ ʛʨʠʙʘ ʠ ʚʳʭʦʜʘ ʩʧʦʨ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʘʷ ʦʪʥʦʩʠʪʝʣʴ-
ʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ (60ï77 %) ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʪ 15 ʜʦ 25 ÁC ʧʨʠ ʩʣʘʙʦʤ ʚʝʪʨʝ [7], ʯʪʦ ʚ ʮʝʣʦʤ ʩʦ-
ʛʣʘʩʫʝʪʩʷ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʣʝʪʥʝ-ʦʩʝʥʥʝʛʦ ʧʝʨʠʦʜʘ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʉʝʧʪʦʨʠʦʟ ʤʝʣʢʦʮʚʝʪʢʦʚʦʛʦ ʛʦʨʥʦʛʦ ʯʘʙʨʝʮʘ ʚʳʟʳʚʘʝʪʩʷ ʚʦʟʙʫʜʠʪʝʣʝʤ Septoria lavandulae 
Desm. ʉʠʤʧʪʦʤʳ ʙʦʣʝʟʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʙʫʨʳʭ ʧʷʪʝʥ ʩ ʯʸʪʢʦʡ ʢʘʡʤʦʡ ʥʘ ʣʠʩʪʴʷʭ. ɻʨʠʙ 
ʟʠʤʫʝʪ ʥʘ ʟʘʨʘʞʸʥʥʳʭ ʣʠʩʪʴʷʭ, ʘ ʚʝʩʥʦʡ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 15 ÁC, ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʨʘʩ-
ʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʟʜʦʨʦʚʳʝ ʨʘʩʪʝʥʠʷ ʩ ʚʦʜʦʡ ʠ ʚʝʪʨʦʤ. Septoria lavandulae ʨʘʥʝʝ ʙʳʣʘ ʦʬʠʮʠʘʣʴʥʦ 
ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʢʘʢ ʚʦʟʙʫʜʠʪʝʣʴ ʧʷʪʥʠʩʪʦʩʪʠ ʣʠʩʪʴʝʚ ʥʘ ʣʘʚʘʥʜʠʥʝ (Lavandula Ĭ intermedia) ʚ ʍʦʨʚʘʪʠʠ, 
ʛʜʝ ʧʦʨʘʞʝʥʠʝ ʜʦʩʪʠʛʘʣʦ 40% ʨʘʩʪʝʥʠʡ ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʣʘʥʪʘʮʠʷʭ [8], ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠ-
ʪʝʣʴʥʦʤ ʧʘʪʦʛʝʥʥʦʤ ʧʦʪʝʥʮʠʘʣʝ ʜʘʥʥʦʛʦ ʚʠʜʘ ʚ ʦʪʥʦʰʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ 
Lamiaceae ʚ ʮʝʣʦʤ. ʋʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʜʘʥʥʦʡ ʙʦʣʝʟʥʠ ʷʚʣʷʝʪʩʷ ʩʘʥʠʪʘʨʥʘʷ ʦʙ-
ʨʝʟʢʘ ʠ ʫʜʘʣʝʥʠʝ ʟʘʨʘʞʸʥʥʳʭ ʧʦʙʝʛʦʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʛʨʠʙʥʳʭ ʧʘʪʦʛʝʥʦʚ, ʚʳʷʚʣʝʥʥʳʭ ʥʘ O. tyttanthum ʚ ʫʩʣʦ-
ʚʠʷʭ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʢʦʤʧʣʝʢʩʦʤ ʟʘʙʦʣʝʚʘʥʠʡ, ʦʧʠʩʘʥʥʳʭ ʜʣʷ ʨʦʜ-
ʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Origanum ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ. ʊʘʢ, ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʘʥʪʘ-
ʮʠʡ ʦʨegano ʚ ʊʫʨʮʠʠ ʙʳʣ ʚʳʷʚʣʝʥ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʙʫʜʠʪʝʣʝʡ, ʚʳʟʳʚʘʶʱʠʭ ʥʝʢʨʦʟʳ ʩʪʝʙʣʝʡ, ʧʦ-
ʙʫʨʝʥʠʝ ʩʦʩʫʜʠʩʪʳʭ ʧʫʯʢʦʚ, ʧʷʪʥʠʩʪʦʩʪʠ ʠ ʨʞʘʚʯʠʥʫ ʣʠʩʪʴʝʚ [9], ʘ ʦʙʦʙʱʘʶʱʠʡ ʦʙʟʦʨ ʙʦʣʝʟʥʝʡ ʦʨʝʛʘ-
ʥʦ ʠ ʤʘʡʦʨʘʥʘ ʧʦʜʯʸʨʢʠʚʘʝʪ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʦʯʚʝʥʥʳʭ ʧʘʪʦʛʝʥʦʚ ʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 
ʩʦʯʝʪʘʥʠʷ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ, ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ [10]. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝ-
ʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʟʘʱʠʪʝ O. tyttanthum, ʚʢʣʶʯʘʶʱʝʛʦ ʢʘʢ ʧʨʦʬʠʣʘʢʪʠ-
ʯʝʩʢʠʝ, ʪʘʢ ʠ ʭʠʤʠʯʝʩʢʠʝ ʤʝʨʳ ʙʦʨʴʙʳ. 

ʇʨʦʪʠʚ ʙʦʣʝʟʥʝʡ ʤʝʣʢʦʮʚʝʪʢʦʚʦʛʦ ʛʦʨʥʦʛʦ ʯʘʙʨʝʮʘ ʚ ʧʝʨʠʦʜ ʧʦʢʦʷ ʨʘʩʪʝʥʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠ-
ʤʝʥʝʥʠʝ 3ï4%-ʡ ʙʦʨʜʦʩʢʦʡ ʞʠʜʢʦʩʪʠ, ʘ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ð ʝʞʝʛʦʜʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 1%-ʡ ʙʦʨʜʦʩʢʦʡ 
ʞʠʜʢʦʩʪʠ ʜʦ 6ï7 ʨʘʟ ʟʘ ʩʝʟʦʥ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʡ ʤʝʨʳ. ʇʦʜʦʙʥʘʷ ʩʪʨʘʪʝʛʠʷ ʩʦʯʝʪʘʥʠʷ ʤʝʜʴ-
ʩʦʜʝʨʞʘʱʠʭ ʬʫʥʛʠʮʠʜʦʚ ʚ ʧʝʨʠʦʜ ʧʦʢʦʷ ʩ ʠʭ ʤʥʦʛʦʢʨʘʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʩʦʛʣʘʩʫʝʪ-
ʩʷ ʩ ʦʙʱʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʟʘʱʠʪʳ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʨʘʩʪʝʥʠʡ ʩʝʤʝʡʩʪʚʘ Lamiaceae ʦʪ ʛʨʠʙʥʳʭ ʙʦʣʝʟʥʝʡ, 
ʦʧʠʩʘʥʥʳʤʠ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ [9, 10]. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʘʩʪʦʷʱʝʡ ʩʠʩʪʝʤʳ 
ʟʘʱʠʪʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʩʪʘ-
ʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʤ ʩʳʨʴʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ Origanum tyttanthum 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʨʘʩʪʝʥʠʝ, ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʘʧʨʘʚʠʪʴ ʥʘ ʠʟʫ-
ʯʝʥʠʝ ʦʩʪʘʪʦʯʥʳʭ ʢʦʣʠʯʝʩʪʚ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʝʧʘʨʘʪʦʚ ʚ ʩʳʨʴʝ, ʘ ʪʘʢʞʝ ʥʘ ʦʮʝʥʢʫ 
ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʤʝʥʳ ʯʘʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʟʘʱʠʪʳ, 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʜʣʷ ʨʦʜʘ Origanum ʧʦʢʘʟʘʥʘ ʚ ʨʷʜʝ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [11]. 

ʀʙʣʤʷʰʞʦʡʞ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʫʩʣʦʚʠʷʭ ʪʠʧʠʯʥʳʭ ʩʝʨʦʟʝʤʦʚ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 
Origanum tyttanthum Gontsch. ʚʳʷʚʣʝʥ ʢʦʤʧʣʝʢʩ ʚʨʝʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʶʱʠʡ ʬʠʪʦʬʘʛʦʚ ʯʝʪʳʨʸʭ 
ʦʪʨʷʜʦʚ ʥʘʩʝʢʦʤʳʭ (Homoptera, Hemiptera, Orthoptera, Coleoptera) ʠ ʪʨʠ ʦʩʥʦʚʥʳʭ ʛʨʠʙʥʳʭ ʧʘʪʦʛʝʥʘ ð 
Phytophthora infestans, Botrytis cinerea ʠ Septoria lavandulae. ʅʘʠʙʦʣʴʰʫʶ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ 
ʩʨʝʜʠ ʚʨʝʜʠʪʝʣʝʡ ʠʤʝʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʪʨʷʜʘ Coleoptera, ʘ ʩʨʝʜʠ ʙʦʣʝʟʥʝʡ ð ʬʠʪʦʬʪʦʨʦʟ. 
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ǡǪǧǾǬǧǤ ǳǟǩǱǭǯǭǡ ǭǩǯǲǥǟǽǸǤǨ ǰǯǤǣǺ 
Ǭǟ ǯǭǰǱ ǧ ǯǟǦǡǧǱǧǤ ORIGANUM TYTTANTHUM 
GONTSCH 

ǠȍȀȍȄȁǿ ǴȒȏȗȇȃǿ ǠȒȏȔȍȌȍȁȌǿ 
 ʘʩʧʠʨʘʥʪ 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 
ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ, ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʥʘ ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʨʘʩʪʝʥʠʷ Origanum tyttanthum 
Gontsch. (ʤʝʣʢʦʮʚʝʪʢʦʚʳʡ ʛʦʨʥʳʡ ʯʘʙʨʝʮ) ʚ ʫʩʣʦʚʠʷʭ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 2021ï2023 ʛʛ. ʄʝʣʢʦ-
ʮʚʝʪʢʦʚʳʡ ʛʦʨʥʳʡ ʯʘʙʨʝʮ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ Lamiaceae, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʢʦʪʦʨʦʛʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴ-
ʟʫʶʪʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʪʣʠʯʘʶʪʩʷ 
ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ [6, 7, 8]. ʈʝʟʫʣʴʪʘʪʳ 
ʨʘʙʦʪʳ ʜʦʧʦʣʥʷʶʪ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʝʘʢʮʠʠ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Origanum ʥʘ ʢʦʤ-
ʧʣʝʢʩ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʦʚ [9, 10, 11] ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʢʦʤʝʥ-
ʜʘʮʠʡ ʧʦ ʠʥʪʨʦʜʫʢʮʠʠ ʠ ʚʦʟʜʝʣʳʚʘʥʠʶ ʜʘʥʥʦʛʦ ʚʠʜʘ ʚ ʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʘʭ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: Origanum tyttanthum Gontsch., ʤʝʣʢʦʮʚʝʪʢʦʚʳʡ ʛʦʨʥʳʡ ʯʘʙʨʝʮ, ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢ-
ʪʦʨʳ, ʚʦʜʥʳʡ ʜʝʬʠʮʠʪ, ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʙʠʦʤʘʩʩʘ, ʬʦʪʦʜʳʭʘʥʠʝ, ʪʨʘʥʩʧʠʨʘʮʠʷ, ʉʘʤʘʨʢʘʥʜ. 
 

THE INFLUENCE OF ENVIRONMENTAL FACTORS ON THE GROWTH AND DEVELOPMENT OF 
ORIGANUM TYTTANTHUM GONTSCH 

 
Boboeva Khurshida Burkhonovna 

 
Abstract: The article presents the results of studying the influence of abiotic environmental factors on the 
growth, development and biological parameters of the medicinal plant Origanum tyttanthum Gontsch. (small-
flowered mountain thyme) in the Samarkand region in 2021-2023, Small-flowered mountain thyme belongs to 
the Lamiaceae family, whose representatives are widely used as sources of essential oils and biologically ac-
tive substances and, therefore, are highly sensitive to changes in temperature and water conditions [6, 7, 8]. 
The results of the work They complement the existing ideas about the reaction of representatives of the genus 
Origanum to a complex of climatic stress factors [9, 10, 11] and can be used in the development of recom-
mendations for the introduction and cultivation of this species in the arid regions of Central Asia. 
Keywords: Origanum tyttanthum Gontsch., small-flowered mountain thyme, climatic factors, water deficit, 
growing season, biomass, photorespiration, transpiration, Samarkand. 

 
ɻʛʞʝʞʦʡʞ. ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʨʘʩʪʝʥʠʷ ʩʝʤʝʡʩʪʚʘ Lamiaceae ð ʩʘʣʴʚʠʷ, ʪʠʤʴʷʥ, 

ʦʨʝʛʘʥʦ ʠ ʙʣʠʟʢʠʝ ʠʤ ʚʠʜʳ ʨʦʜʘ Origanum ð ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʬʘʨʤʘʮʠʠ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰ-
ʣʝʥʥʦʩʪʠ ʙʣʘʛʦʜʘʨʷ ʩʦʜʝʨʞʘʥʠʶ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʠ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ, ʘʥʪʠ-
ʤʠʢʨʦʙʥʦʡ ʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [6]. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʩʳʨʴʷ ʪʘʢʠʭ ʨʘʩʪʝʥʠʡ ʚ ʟʥʘ-
ʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ, ʚʦʜʦʦʙʝʩʧʝ-
ʯʝʥʥʦʩʪʴʶ ʠ ʚʣʘʞʥʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʬʘʢʪʦʨʳ ʥʘʧʨʷʤʫʶ ʨʝʛʫʣʠʨʫʶʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʩʠʥʪʝʟʘ, 



56 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ʬʦʪʦʜʳʭʘʥʠʷ ʠ ʙʠʦʩʠʥʪʝʟʘ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ [7, 8]. ɺ ʫʩʣʦʚʠʷʭ ʥʘʨʘʩʪʘʶʱʝʡ ʘʨʠʜʠʟʘʮʠʠ ʢʣʠʤʘ-
ʪʘ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʠʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ ʜʠʢʦʨʘʩʪʫʱʠʭ ʠ ʠʥʪʨʦʜʫʮʠʨʦʚʘʥʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʥʘ 
ʢʦʤʧʣʝʢʩ ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩʦʨʦʚ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

ʇʨʦʠʟʨʘʩʪʘʶʱʠʡ ʚ ʛʦʨʥʳʭ ʠ ʧʨʝʜʛʦʨʥʳʭ ʨʘʡʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ Origanum tyttanthum Gontsch. 
(ʤʝʣʢʦʮʚʝʪʢʦʚʳʡ ʛʦʨʥʳʡ ʯʘʙʨʝʮ) ʠʟʜʘʚʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʘʨʦʜʥʦʡ ʤʝʜʠʮʠʥʝ ʢʘʢ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠ-
ʪʝʣʴʥʦʝ, ʩʧʘʟʤʦʣʠʪʠʯʝʩʢʦʝ ʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʦʝ ʩʨʝʜʩʪʚʦ [1, 2]. ɹʦʪʘʥʠʢʦ-ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʘ ʚʠʜʘ ʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʬʣʦʨʳ ʉʨʝʜʥʝʡ ɸʟʠʠ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ 
ʬʣʦʨʠʩʪʠʯʝʩʢʠʭ ʩʚʦʜʢʘʭ [1], ʘ ʝʛʦ ʵʢʦʣʦʛʦ-ʮʝʥʦʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘ-
ʩʪʠ ʦʩʚʝʱʝʥʳ ʚ ʨʘʙʦʪʘʭ [3, 5]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʟʘʚʠʩʠʤʦʩʪʠ ʨʦʩʪʦʚʳʭ ʠ ʬʠʟʠʦʣʦ-
ʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ O. tyttanthum ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʜʠʥʘʤʠʢʝ ʥʝʩʢʦʣʴʢʠʭ 
ʣʝʪ ʦʩʪʘʸʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʦʡ. 

ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ, 
ʟʘʩʫʰʣʠʚʳʤ ʠ ʞʘʨʢʠʤ ʢʣʠʤʘʪʦʤ: ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʦʜʦʚʦʡ ʘʤʧʣʠʪʫʜʦʡ ʪʝʤʧʝʨʘʪʫʨ, ʥʝʚʳʩʦʢʠʤ ʠ ʥʝʨʘʚ-
ʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʘʜʢʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʢʠʤ ʩʥʠʞʝʥʠʝʤ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʣʝʪ-
ʥʠʡ ʧʝʨʠʦʜ. ʇʦʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʙʣʠʟʢʠ ʢ ʨʝʞʠʤʘʤ, ʧʨʠ ʢʦʪʦʨʳʭ ʫ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʜʘ Origanum 
ʠ ʨʦʜʩʪʚʝʥʥʳʭ ʪʘʢʩʦʥʦʚ Lamiaceae ʨʘʥʝʝ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʧʨʠʟʥʘʢʠ ʚʦʜʥʦʛʦ ʩʪʨʝʩʩʘ ð ʩʥʠʞʝʥʠʝ ʙʠʦ-
ʤʘʩʩʳ, ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʠ ʘʢʪʠʚʘʮʠʷ ʟʘʱʠʪʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ [7, 9, 10]. 
ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʩʫʭʘ ʠ ʧʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʟʳʚʘʶʪ ʫ ʚʠʜʦʚ Origanum vulgare ʠ 
Origanum onites ʫʩʠʣʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʠ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʪʝʨʧʝʥʦ-
ʠʜʥʦʛʦ ʩʠʥʪʝʟʘ [9], ʘ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʠ ʨʘʥʥʠʝ ʵʪʘʧʳ ʦʥʪʦʛʝʥʝʟʘ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥ-
ʥʦʛʦ ʚʠʜʘ Origanum elongatum [11]. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʛʝʪʘʮʠʦʥʥʦ-
ʛʦ ʧʝʨʠʦʜʘ ʜʠʢʦʨʘʩʪʫʱʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ. ʉʤʝʱʝʥʠʝ ʩʨʦʢʦʚ 
ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʚʝʛʝʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ 
ʬʘʟ ʩʧʦʩʦʙʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʩʝʤʝʥʥʫʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʝʩʪʝʩʪʚʝʥʥʦʝ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʧʦ-
ʧʫʣʷʮʠʡ [3, 5]. ɼʣʷ ʚʠʜʦʚ, ʯʴʠ ʧʨʠʨʦʜʥʳʝ ʘʨʝʘʣʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʨʝʜʛʦʨʥʳʤ ʠ ʛʦʨʥʳʤ ʨʘʡʦʥʘʤ ʩ ʦʛʨʘ-
ʥʠʯʝʥʥʦʡ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʦʡ ʚʣʘʛʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ, ʧʦʜʦʙʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ ʘʜʘʧʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʠʭ ʚʠʜʦʚ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦ-
ʣʝʪʥʝ ʫʩʪʦʷʚʰʝʛʦʩʷ, ʘ ʥʝ ʙʳʩʪʨʦ ʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘ-
ʶʱʝʡ ʩʨʝʜʳ (ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ) ʥʘ 
ʨʦʩʪ, ʨʘʟʚʠʪʠʝ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ Origanum tyttanthum Gontsch. ʚ ʫʩʣʦʚʠʷʭ ʉʘʤʘʨʢʘʥʜʩʢʦʡ 
ʦʙʣʘʩʪʠ ʟʘ ʧʝʨʠʦʜ 2021ï2023 ʛʛ., ʘ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʩ ʜʘʥʥʳʤʠ, ʠʟ-
ʚʝʩʪʥʳʤʠ ʜʣʷ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Lamiaceae. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 2021ï2023 ʛʛ. ʥʘ ʦʧʳʪʥʦʤ 
ʫʯʘʩʪʢʝ ʚ ʫʩʣʦʚʠʷʭ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ (ʈʝʩʧʫʙʣʠʢʘ ʋʟʙʝʢʠʩʪʘʥ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʢʦʥʪʠʥʝʥ-
ʪʘʣʴʥʳʤ, ʟʘʩʫʰʣʠʚʳʤ ʠ ʞʘʨʢʠʤ ʢʣʠʤʘʪʦʤ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʨʘʩʪʝʥʠʷ Origanum 
tyttanthum Gontsch., ʧʨʦʠʟʨʘʩʪʘʶʱʠʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʧʦʣʫʢʫʣʴʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ (ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʠ 
ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ) ʧʦʣʫʯʝʥʳ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ (ʘʧ-
ʨʝʣʴïʦʢʪʷʙʨʴ) ʠ ʟʘ ʢʘʣʝʥʜʘʨʥʳʡ ʛʦʜ ʚ ʮʝʣʦʤ; ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʨʝʜʥʝʤʥʦ-
ʛʦʣʝʪʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʥʦʨʤʳ ʜʣʷ ʨʝʛʠʦʥʘ. ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʨʦʩʪʦʤ ʠ ʨʘʟʚʠʪʠʝʤ ʨʘʩʪʝʥʠʡ (ʥʘʯʘʣʦ ʠ 
ʦʢʦʥʯʘʥʠʝ ʚʝʛʝʪʘʮʠʠ, ʬʘʟʘ ʙʫʪʦʥʠʟʘʮʠʠ ʠ ʮʚʝʪʝʥʠʷ, ʩʦʟʨʝʚʘʥʠʝ ʩʝʤʷʥ) ʧʨʦʚʦʜʠʣʠʩʴ ʧʫʪʸʤ ʨʝʛʫʣʷʨʥʳʭ 
ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʫʯʸʪʦʚ ʩ ʠʥʪʝʨʚʘʣʦʤ 7ï10 ʜʥʝʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʜʣʷ 
ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʪ ʩʦ ʩʨʝʜʥʝʤʥʦʛʦ-
ʣʝʪʥʝʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʥʦʨʤʦʡ; ʨʘʟʣʠʯʠʷ ʩʯʠʪʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʧʨʠ p<0,05. ʂʦʣʠʯʝ-
ʩʪʚʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʠ ʜʠʘʧʘʟʦʥʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ (ʤʠʥʠʤʫʤï
ʤʘʢʩʠʤʫʤ) ʧʦ ʛʦʜʘʤ ʥʘʙʣʶʜʝʥʠʡ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜ-
ʩʪʚʘʭ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 
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ʉʞʠʬʤʵʫʙʫʴ ʡ ʧʚʪʬʟʝʞʦʡʞ. ɿʘ ʛʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʨʝʜʥʝʤʝʩʷʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʦʟʜʫʭʘ ʚ ʉʘʤʘʨʢʘʥʜʝ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 1,7 ÁC (ʜʝʢʘʙʨʴ) ʜʦ 28,6 ÁC (ʠʶʣʴ). ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤʫ 
ʘʥʘʣʠʟʫ, ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ ʚ ʩʨʝʜʥʝʤ ʥʘ 1,0 ÁC ʚʳʰʝ ʩʨʝʜʥʝʤʥʦ-
ʛʦʣʝʪʥʠʭ ʜʘʥʥʳʭ ʠ ʩʦʩʪʘʚʠʣʘ 22,6 ÁC, ʯʪʦ ʜʦʩʪʦʚʝʨʥʦ (t-ʢʨʠʪʝʨʠʡ, p<0,05) ʘʢʪʠʚʠʟʠʨʦʚʘʣʦ ʧʨʦʮʝʩʩʳ 
ʦʙʤʝʥʘ ʚʝʱʝʩʪʚ ʠ ʬʦʪʦʜʳʭʘʥʠʷ Origanum tyttanthum Gontsch.  

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ ʥʘ 
ʨʠʩʫʥʢʝ 1: (ʘ) ð ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʨʘʡʥʠʭ ʟʥʘʯʝʥʠʡ ʠ ʩʨʝʜʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʝʛʝʪʘʮʠʦʥʥʦ-
ʛʦ ʧʝʨʠʦʜʘ ʩ ʤʥʦʛʦʣʝʪʥʝʡ ʥʦʨʤʦʡ; (ʙ) ð ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʪʝ-
ʯʝʥʠʝ ʛʦʜʘ ʠ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ; (ʚ) ð ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʤʝʞʜʫ ʛʦʜʦʚʦʡ ʩʫʤ-
ʤʦʡ ʠ ʧʝʨʠʦʜʦʤ ʚʝʛʝʪʘʮʠʠ (ʈʠʩ 1). ʉʭʝʤʘʪʠʯʝʩʢʠ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩ-
ʩʣʝʜʦʚʘʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʘʨʴʠʨʦʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 
35ï79 %. ɺ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 38ï59 % ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ 45,8 %. 
ʇʦʥʠʞʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʠʤʥʠʤ ʠ ʦʩʝʥʥʠʤ ʩʝʟʦʥʘʤʠ ʧʦʚʳʰʘʣʦ 
ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʚʦʜʥʦʛʦ ʜʝʬʠʮʠʪʘ ʫ ʨʘʩʪʝʥʠʡ. 
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ʉʡʪ. 2. ʊʮʞʥʙ ʪʫʙʫʡʪʫʡʰʞʪʣʡ ʠʦʙʰʡʥʧʢ ʠʙʛʡʪʡʥʧʪʫʡ ʥʞʟʝʬ ʨʧʛʴʱʞʦʡʞʥ ʫʞʥʨʞʩʙʫʬʩʴ ʛʞʜʞʫʙʯʡ-
ʧʦʦʧʜʧ ʨʞʩʡʧʝʙ ʡ ʙʣʫʡʛʙʯʡʞʢ ʧʚʥʞʦʙ ʛʞʲʞʪʫʛ ʡ ʭʧʫʧʝʴʮʙʦʡʸ Origanum tyttanthum Gontsch 

 
ɸʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ð ʫʩʠʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ ʚʦʜʥʦʛʦ ʩʪʨʝʩʩʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʚʣʘʞʥʦʩʪʠ ʥʠʞʝ 45ï50 % ð ʦʪʤʝʯʝʥʘ ʠ ʜʣʷ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Lamiaceae, ʚ ʯʘʩʪ-
ʥʦʩʪʠ ʜʣʷ Salvia officinalis ʠ ʚʠʜʦʚ ʨʦʜʘ Origanum, ʫ ʢʦʪʦʨʳʭ ʜʝʬʠʮʠʪ ʚʣʘʛʠ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʩʥʠʞʝʥʠʝʤ 
ʙʠʦʤʘʩʩʳ ʠ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ [7, 8, 9]. 

ɻʦʜʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʠʣʦ 288,5 ʤʤ, ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʧʨʠʰʣʦʩʴ 
ʣʠʰʴ 56,7 ʤʤ. ʇʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚ ʤʘʨʪʝ ʠ ʤʘʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʣʫʯʰʝʥʠʶ ʚʣʘʛʦʦʙʝʩ-
ʧʝʯʝʥʥʦʩʪʠ ʨʘʩʪʝʥʠʡ ʚ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ ʚʝʛʝʪʘʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʠʭ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʚ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ 
ʧʨʠʚʦʜʠʣʦ ʢ ʥʘʨʘʩʪʘʥʠʶ ʚʦʜʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʟʘʤʝʜʣʝʥʠʶ ʨʦʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʜʦʙʥʘʷ ʩʝʟʦʥʥʘʷ 
ʘʩʠʤʤʝʪʨʠʷ ʫʚʣʘʞʥʝʥʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʣʠ-
ʪʝʨʘʪʫʨʝ ʢʘʢ ʦʜʠʥ ʠʟ ʚʝʜʫʱʠʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚ 
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ʟʘʩʫʰʣʠʚʳʭ ʨʝʛʠʦʥʘʭ [7, 8]. ɺ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʠʶʣʝ ʠ ʘʚʛʫʩʪʝ ʥʘʭʦʜʠʣʘʩʴ ʚ 
ʜʠʘʧʘʟʦʥʝ 25,3ï28,6 ÁC, ʯʪʦ ʦʢʘʟʘʣʦʩʴ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ Origanum tyttanthum Gontsch.: ʜʘʥʥʳʡ ʪʝʤ-
ʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʩʪʠʤʫʣʠʨʦʚʘʣ ʮʚʝʪʝʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʦʤʘʩʩʳ, ʥʝ ʜʦʩʪʠʛʘʷ ʧʨʠ 
ʵʪʦʤ ʢʨʠʪʠʯʝʩʢʠʭ ʜʣʷ ʚʠʜʘ ʟʥʘʯʝʥʠʡ. 

ʅʠʟʢʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʣʘʞʥʦʩʪʴ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ (35ï45 %) ʦʙʫʩʣʦʚʣʠʚʘʣʘ ʫʩʠʣʝʥʠʝ 
ʪʨʘʥʩʧʠʨʘʮʠʠ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʪʫʨʛʦʨʘ ʣʠʩʪʴʝʚ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʚʣʘʛʠ. ɺʳʨʘʞʝʥ-
ʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʚʣʘʛʠ ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʚʦʜʠʣʦ 
ʢ ʩʥʠʞʝʥʠʶ ʮʚʝʪʢʦʚʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ð ʫʩʠʣʝʥʠʝ ʪʨʘʥʩʧʠʨʘʮʠʠ ʠ ʧʦʪʝʨʷ 
ʪʫʨʛʦʨʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʫʩʪʴʠʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʩʦʯʝʪʘʥʠʷ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʦʜʥʦʛʦ 
ʜʝʬʠʮʠʪʘ ð ʦʧʠʩʘʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʚʠʜʦʚ Lamiaceae, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʥʠʚʝʨʩʘʣʴ-
ʥʦʩʪʴ ʜʘʥʥʦʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʧʨʝʜʝʣʘʭ ʩʝʤʝʡʩʪʚʘ [6, 9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʮʝʣʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ, ʫʩʪʘʥʦʚʣʝʥ-
ʥʳʤ ʜʣʷ ʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Origanum ʠ ʩʝʤʝʡʩʪʚʘ Lamiaceae ʚ ʮʝʣʦʤ [6, 7, 9, 10, 11], ʠ ʚʥʦʩʷʪ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʘʜʘʧʪʘʮʠʠ Origanum tyttanthum Gontsch. ʢ ʟʘʩʫʰʣʠ-
ʚʳʤ ʫʩʣʦʚʠʷʤ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠ ʚʦʜʥʳʡ ʩʪʨʝʩʩ ʥʦʩʠʪ ʚʳʨʘʞʝʥʥʳʡ 
ʧʦʨʦʛʦʚʳʡ ʭʘʨʘʢʪʝʨ: ʫʤʝʨʝʥʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʥʦʨʤʳ (ʚ ʧʨʝʜʝʣʘʭ 1,0ï1,5 ÁC), ʢʘʢ ʧʦʢʘ-
ʟʘʥʦ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʢʪʠʚʘʮʠʝʡ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʦʞʝʪ ʨʘʩʩʤʘʪ-
ʨʠʚʘʪʴʩʷ ʢʘʢ ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʜʣʷ ʮʚʝʪʝʥʠʷ ʬʘʢʪʦʨ, ʪʦʛʜʘ ʢʘʢ ʜʘʣʴʥʝʡʰʝʝ ʥʘʨʘʩʪʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 
ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʦʩʘʜʢʦʚ ʧʝʨʝʚʦʜʠʪ ʨʘʩʪʝʥʠʝ ʚ ʩʦʩʪʦʷʥʠʝ ʚʳʨʘʞʝʥʥʦʛʦ ʚʦʜʥʦʛʦ ʜʝ-
ʬʠʮʠʪʘ. ʇʦʜʦʙʥʘʷ ʜʚʫʭʬʘʟʥʦʩʪʴ ʦʪʢʣʠʢʘ ð ʩʪʠʤʫʣʷʮʠʷ ʧʨʠ ʫʤʝʨʝʥʥʦʤ ʩʪʨʝʩʩʝ ʠ ʫʛʥʝʪʝʥʠʝ ʧʨʠ ʝʛʦ 
ʫʩʠʣʝʥʠʠ ð ʨʘʥʝʝ ʦʧʠʩʘʥʘ ʜʣʷ ʨʷʜʘ ʚʠʜʦʚ Lamiaceae ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʫʨʦʚʥʝʤ 
ʦʨʦʰʝʥʠʷ [7, 9], ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʦʮʝʥʢʝ ʢʣʠʤʘ-
ʪʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʜʣʷ ʜʠʢʦʨʘʩʪʫʱʠʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʠʜʦʚ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʥʘ ʤʥʦʛʦʣʝʪʥʠʡ 
ʤʦʥʠʪʦʨʠʥʛ ʩʦʯʝʪʘʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʥʘ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʳ-
ʨʴʷ Origanum tyttanthum Gontsch., ʚʢʣʶʯʘʷ ʜʠʥʘʤʠʢʫ ʥʘʢʦʧʣʝʥʠʷ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʠ ʝʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ 
ʩʦʩʪʘʚʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ ʚʝʛʝʪʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʨʦʢʠ 
ʟʘʛʦʪʦʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ. ʅʝ ʤʝʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ 
ʨʝʘʢʮʠʠ O. tyttanthum ʠ ʙʣʠʟʢʦʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ ʨʦʜʘ Origanum, ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʘʛʨʦ-
ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ, ʥʘ ʢʦʤʧʣʝʢʩ ʘʙʠʦʪʠʯʝʩʢʠʭ ʩʪʨʝʩʩ-ʬʘʢʪʦʨʦʚ ð ʧʦʜʦʙʥʳʡ ʩʨʘʚʥʠ-
ʪʝʣʴʥʳʡ ʧʦʜʭʦʜ ʫʞʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʥʫʪʨʠʚʠʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦ-
ʩʪʠ ʫ Origanum vulgare [9] ʠ ʤʦʞʝʪ ʙʳʪʴ ʘʜʘʧʪʠʨʦʚʘʥ ʜʣʷ ʫʩʣʦʚʠʡ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʨʸʭ-
ʣʝʪʥʝʤ ʨʷʜʫ ʥʘʙʣʶʜʝʥʠʡ (2021ï2023 ʛʛ.), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʦʙʱʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʝʘʢʮʠʠ 
Origanum tyttanthum Gontsch. ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʝʛʠʦʥʘ, ʦʜʥʘʢʦ ʜʣʷ ʙʦʣʝʝ ʥʘʜʸʞʥʦʡ ʩʪʘʪʠʩʪʠʯʝ-
ʩʢʦʡ ʦʮʝʥʢʠ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʜʦʣʞʝʥʠʝ 
ʥʘʙʣʶʜʝʥʠʡ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʘʥʘ-
ʣʠʟʫ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʬʝʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʩʪʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʳʨʴʷ (ʩʦʜʝʨʞʘʥʠʝ ʠ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ, ʩʦʜʝʨʞʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʤʝ-
ʪʘʙʦʣʠʪʦʚ) ʥʝ ʚʭʦʜʠʣʠ ʚ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʝʜʤʝʪʦʤ ʜʘʣʴʥʝʡʰʠʭ ʠʟʳʩʢʘʥʠʡ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʩ ʫʯʸʪʦʤ ʦʧʳʪʘ, ʥʘʢʦʧʣʝʥʥʦʛʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʦʜʩʪʚʝʥʥʳʭ ʚʠʜʦʚ Lamiaceae [6, 9, 10]. 

ʀʙʣʤʷʰʞʦʡʞ. ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʛʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʉʘʤʘʨ-
ʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʝʚʳʰʝʥʠʝ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 
ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʥʠʞʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ, ʨʘʥʝʝ ʦʧʠʩʘʥʥʳʤʠ ʜʣʷ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ Lamiaceae ʚ ʫʩʣʦʚʠʷʭ 
ʟʘʩʫʭʠ ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ [7, 8, 9, 10], ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʛʨʦʪʝʭʥʠʯʝ-
ʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʥʪʨʦʜʫʢʮʠʠ, ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʶ ʠ ʦʭʨʘʥʝ Origanum tyttanthum Gontsch. ʚ ʟʘʩʫʰ-
ʣʠʚʳʭ ʨʝʛʠʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ, ʚʢʣʶʯʘʷ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʩʨʦʢʦʚ ʧʦʩʝʚʘ ʠ ʨʝʞʠʤʦʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʦʨʦʰʝʥʠʷ ʚ ʢʨʠʪʠʯʝʩʢʠʝ ʬʘʟʳ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ. 
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GROWTH AND DEVELOPMENT AND PRODUCTIVITY OF GREEN MASS OF AZOLLA AND LEMNA 
UNDER EXPERIMENTAL CONDITIONS 

Rakhmonov V.N. 
 
Abstract: This article examines the bioecological characteristics and practical significance of Azolla and Lem-
na in agriculture. Azolla, as a nitrogenȤfixing plant, contributes to increasing soil fertility, while Lemna is a 

fastȤgrowing source of protein feed. 
Keywords: Azolla, Lemna, feed resource. 

 
ɻʛʞʝʞʦʡʞ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ. ʈʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʨʝʟʢʦʝ ʫʚʝʣʠ-
ʯʝʥʠʝ ʩʧʨʦʩʘ ʥʘ ʧʨʦʜʫʢʮʠʶ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ ʩʥʠʞʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ ʪʨʝʙʫʶʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʶʱʠʭʩʷ ʨʝʩʫʨʩʦʚ (1, 2, 3). ʉ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʙʳʩʪ-
ʨʦʨʘʩʪʫʱʠʝ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ, ʙʦʛʘʪʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʘʟʦʣʣʘ (Azolla sp.) ʠ ʨʷʩ-
ʢʘ (Lemna sp.) (4, 5). 

ɸʟʦʣʣʘ ʚʦʜʥʦʝ ʧʘʧʦʨʦʪʥʠʢʦʚʠʜʥʦʝ ʨʘʩʪʝʥʠʝ, ʦʩʥʦʚʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ 
ʷʚʣʷʝʪʩʷ ʩʠʤʙʠʦʟ ʩ ʮʠʘʥʦʙʘʢʪʝʨʠʝʡ Anabaena azollae ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʬʠʢʩʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʷʨʥʳʡ ʘʟʦʪ 
(6). ʉʦʛʣʘʩʥʦ ʥʘʫʯʥʳʤ ʜʘʥʥʳʤ, ʦʜʠʥ ʛʝʢʪʘʨ ʧʦʩʝʚʦʚ ʘʟʦʣʣʳ ʩʧʦʩʦʙʝʥ ʥʘʢʘʧʣʠʚʘʪʴ ʜʦ 30-60 ʢʛ ʙʠʦʣʦʛʠ-
ʯʝʩʢʦʛʦ ʘʟʦʪʘ (7, 8); ʩʦʧʦʩʪʘʚʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʘʟʦʪʬʠʢʩʘʮʠʠ ʩʠʤʙʠʦʟʘ Azolla-Anabaena ʚ ʨʘʟʣʠʯʥʳʭ 
ʘʛʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʦʜʷʪʩʷ ʠ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʦʙʟʦʨʘʭ (11). 

ʈʷʩʢʘ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʤʝʣʢʠʭ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʤʠʨʝ, ʦʪʣʠʯʘʶʱʝʝʩʷ ʙʳʩʪʨʳʤ ʨʘʟʤʥʦʞʝʥʠʝʤ ʠ 
ʢʦʨʦʪʢʠʤ ʚʝʛʝʪʘʮʠʦʥʥʳʤ ʧʝʨʠʦʜʦʤ. ʉʧʦʩʦʙʥʘʷ ʫʜʚʘʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʙʠʦʤʘʩʩʫ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ, 
ʨʷʩʢʘ ʩʦʜʝʨʞʠʪ 35-40 % ʩʳʨʦʛʦ ʙʝʣʢʘ, ʘ ʪʘʢʞʝ ʚʠʪʘʤʠʥʳ ʛʨʫʧʧʳ B, ʢʘʨʦʪʠʥʦʠʜʳ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʳ (9). 
ɹʣʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ ʫ ʨʷʩʢʠ ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʧʠʪʘʥʠʷ 
ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (12). 

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʟʦʣʣʘ ʠ ʨʷʩʢʘ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʚ ʩʝʣʴʩʢʦʤ 
ʭʦʟʷʡʩʪʚʝ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʧʦʚʳʰʝʥʠʝ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ, ʧʨʠʤʝʥʝ-
ʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ; ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʚʳʩʦʢʦʙʝʣʢʦʚʦʛʦ 
ʢʦʨʤʘ ʜʣʷ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʦʚʝʮ, ʧʪʠʮʳ ʠ ʨʳʙʳ; ʚ ʵʢʦʣʦʛʠʠ ʦʯʠʩʪʢʘ ʚʦʜʦʸʤʦʚ, ʫʪʠʣʠʟʘʮʠʷ 
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ʚʨʝʜʥʳʭ ʦʪʭʦʜʦʚ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ. ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʰʠʨʦʢʦ 
ʦʩʚʝʱʝʥʳ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʦʣʴʟʘ, ʠ ʘʟʦʣʣʘ ʩ ʨʷʩʢʦʡ ʨʘʩʩʤʘʪʨʠʚʘ-
ʶʪʩʷ ʢʘʢ ʚʘʞʥʳʡ ʢʦʤʧʦʥʝʥʪ ʫʩʪʦʡʯʠʚʦʡ ʩʠʩʪʝʤʳ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʙʫʜʫʱʝʛʦ (10). 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʦʩʪʘ ʠ ʨʘʟʚʠ-
ʪʠʷ ʚʦʜʥʳʭ ʨʘʩʪʝʥʠʡ ʘʟʦʣʣʳ ʠ ʨʷʩʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʥʘʙʣʶʜʘʪʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʣʘʙʦ-
ʨʘʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ. ʋʨʦʞʘʡʥʦʩʪʴ ʙʠʦʤʘʩʩʳ ʠ ʩʢʦʨʦʩʪʴ ʨʘʟʤʥʦʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʦʮʝʥʠʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 
ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ, ʧʨʦʚʝʜʸʥʥʳʭ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʚʦʜʦʸʤʘʭ, ʩ ʫʯʸʪʦʤ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʠ ʧʦʣʝʚʦʛʦ 
ʦʧʳʪʘ (8). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ, ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝ-
ʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʤʝʪʦʜʘʤʠ ʜʠʩʧʝʨʩʠ-
ʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (ANOVA) ʠ t-ʢʨʠʪʝʨʠʷ ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ p<0,05 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (Statistica / MS Excel); ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʙʫʜʫʪ ʨʘʩʩʯʠ-
ʪʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ (MÑm) ʥʝ ʤʝʥʝʝ ʯʝʤ ʧʦ ʪʨʸʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʦʚʪʦʨ-
ʥʦʩʪʷʤ. 

ʉʞʠʬʤʵʫʙʫʴ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʝʥʳ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʟʦʣʣʳ ʠ 

ʨʷʩʢʠ ʚ ʫʩʣʦʚʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ; ʦʧʨʝʜʝʣʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʢʘʢ ʜʝʰʸʚʦ-
ʛʦ ʠ ʙʦʛʘʪʦʛʦ ʙʝʣʢʦʤ ʢʦʨʤʘ; ʦʮʝʥʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ 
ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʘ ʟʝʣʸʥʦʡ ʤʘʩʩʳ; ʜʦʢʘʟʘʥʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʦʣʴʟʘ ʚ ʦʯʠʩʪʢʝ ʚʦʜʦ-
ʸʤʦʚ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ. ʊʘʢʞʝ ʙʫʜʫʪ ʦʙʦʩʥʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʜʦʩʪʠʞʝʥʠʷ ʵʢʦʥʦʤʠ-
ʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʘʛʨʦʵʢʦʩʠʩʪʝʤʳ ʟʘ ʩʯʸʪ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʘʟʦʣʣʳ ʠ ʨʷʩʢʠ. 

ʅʘʣʠʯʠʝ 35-40 % ʙʝʣʢʘ ʚ ʩʦʩʪʘʚʝ ʜʝʣʘʝʪ ʨʷʩʢʫ ʮʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʦʨʤʘ ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ 
ʨʳʙʦʚʦʜʩʪʚʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʟʦʣʣʳ, ʨʷʩʢʘ ʥʝ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʘʟʦʪʬʠʢʩʘʮʠʠ, ʦʜʥʘʢʦ ʚʳʧʦʣʥʷ-
ʝʪ ʨʦʣʴ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʠʣʴʪʨʘ ʚ ʚʦʜʦʸʤʘʭ, ʧʦʛʣʦʱʘʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠ ʦʯʠʱʘʷ ʚʦʜʫ. 

ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ, ʘʟʦʣʣʘ ʧʨʝʚʦʩʭʦʜʠʪ ʨʷʩʢʫ ʧʦ ʨʷʜʫ ʙʠʦʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝ-
ʣʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʫʨʦʞʘʡʥʦʩʪʠ ʙʠʦʤʘʩʩʳ ʘʟʦʣʣʘ ʜʦʩʪʠʛʘʝʪ 25 ʪ/ʛʘ, ʪʦʛʜʘ ʢʘʢ ʨʷʩʢʘ 18 ʪ/ʛʘ, ʯʪʦ ʫʢʘ-
ʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʘʟʦʣʣʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʨʤʦʚʦʛʦ ʨʝʩʫʨʩʘ ʚ ʞʠʚʦʪʥʦ-
ʚʦʜʩʪʚʝ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʙʝʣʢʘ ʘʟʦʣʣʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʦʢʦʣʦ 30 %, ʯʪʦ 
ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ʨʦʩʪʘ ʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʤʠʥʝʨʘʣʴʥʳʭ 
ʚʝʱʝʩʪʚ ʘʟʦʣʣʘ (15 %) ʪʘʢʞʝ ʧʨʝʚʦʩʭʦʜʠʪ ʨʷʩʢʫ (10 %), ʯʪʦ ʜʝʣʘʝʪ ʝʸ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʷ ʧʦʚʳ-
ʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʦʯʚʳ. ʇʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʯʠʩʪʢʠ ʚʦʜʳ ʘʟʦʣʣʘ ʧʦʢʘʟʳʚʘʝʪ 70 % ʧʨʦʪʠʚ 60 % ʫ 
ʨʷʩʢʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʸ ʟʥʘʯʠʤʦʩʪʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ. ɺ ʮʝʣʦʤ ʘʟʦʣʣʘ ʦʙ-
ʣʘʜʘʝʪ ʨʷʜʦʤ ʙʠʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʷʩʢʦʡ ʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 
ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʨʝʩʫʨʩ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠʚʝʜʸʥʥʳʝ ʧʦʢʘʟʘ-
ʪʝʣʠ ʥʦʩʷʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʦʜʣʝʞʘʪ ʫʪʦʯʥʝʥʠʶ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʦʚʝʨʢʝ ʧʦ ʟʘʚʝʨʰʝ-
ʥʠʠ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʦ-ʧʦʣʝʚʦʤ ʦʧʳʪʝ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ Azolla caroliniana, Lemna minor ʠ ʠʭ ʩʦʚʤʝʩʪʥʦʡ 
ʢʫʣʴʪʫʨʳ (Azolla + Lemna) ʬʠʢʩʠʨʦʚʘʣʩʷ ʝʞʝʩʫʪʦʯʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 14 ʩʫʪʦʢ (ʪʘʙʣ. 1). ʈʘʟʥʳʝ ʣʘʪʠʥ-
ʩʢʠʝ ʙʫʢʚʳ ʚ ʩʪʨʦʢʘʭ ʪʘʙʣʠʮʳ ʦʙʦʟʥʘʯʘʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʫʪʢʘʤʠ ʠʟʤʝʨʝʥʠʷ 
(p<0,05, ʤʥʦʞʝʩʪʚʝʥʥʦʝ ʩʨʘʚʥʝʥʠʝ). 

 
ʋʙʚʤʡʯʙ 1 

ɽʡʦʙʥʡʣʙ ʚʡʧʥʙʪʪʴ Azolla caroliniana, Lemna minor ʡ ʡʮ ʪʧʛʥʞʪʫʦʧʢ ʣʬʤʵʫʬʩʴ (MÑSD) 

ʊʬʫʣʡ Azolla caroliniana, ʜ/ʥį Lemna minor, ʜ/ʥį Azolla + Lemna, ʜ/ʥį 

0 120Ñ6 a 110Ñ5 a 130Ñ6 a 

1 138Ñ7 b 125Ñ6 b 150Ñ7 b 

2 158Ñ8 c 143Ñ7 c 172Ñ8 c 

3 182Ñ9 d 165Ñ8 d 198Ñ9 d 

4 210Ñ10 e 190Ñ9 e 230Ñ11 e 
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ʊʬʫʣʡ Azolla caroliniana, ʜ/ʥį Lemna minor, ʜ/ʥį Azolla + Lemna, ʜ/ʥį 

5 242Ñ12 f 220Ñ11 f 268Ñ13 f 

6 275Ñ13 g 248Ñ12 g 305Ñ15 g 

7 310Ñ15 h 280Ñ13 h 350Ñ17 h 

8 348Ñ17 i 315Ñ15 i 395Ñ19 i 

9 385Ñ18 j 350Ñ17 j 438Ñ21 j 

10 420Ñ20 k 382Ñ18 k 478Ñ23 k 

11 455Ñ22 l 410Ñ20 l 520Ñ25 l 

12 485Ñ23 m 438Ñ21 m 560Ñ27 m 

13 510Ñ25 n 462Ñ22 n 600Ñ29 n 

14 540Ñ27 o 490Ñ24 o 640Ñ31 o 

 

 
ʉʡʪ. 1. ɽʡʦʙʥʡʣʙ ʦʙʣʧʨʤʞʦʡʸ ʚʡʧʥʙʪʪʴ Azolla caroliniana, Lemna minor 

 ʡ ʡʮ ʪʧʛʥʞʪʫʦʧʢ ʣʬʤʵʫʬʩʴ ʛ ʫʞʰʞʦʡʞ 14 ʪʬʫʧʣ (MÑSD) 
 

ɿʘ 14 ʩʫʪʦʢ ʙʠʦʤʘʩʩʘ Azolla caroliniana ʚʦʟʨʦʩʣʘ ʩ 120 ʜʦ 540 ʛ/ʤĮ (ʧʨʠʨʦʩʪ 420 ʛ/ʤĮ, ʠʣʠ +350 %), 
ʙʠʦʤʘʩʩʘ Lemna minor ʩʦ 110 ʜʦ 490 ʛ/ʤĮ (+380 ʛ/ʤĮ, ʠʣʠ +345,5 %), ʘ ʙʠʦʤʘʩʩʘ ʩʦʚʤʝʩʪʥʦʡ ʢʫʣʴʪʫʨʳ 
Azolla + Lemna ʩʦ 130 ʜʦ 640 ʛ/ʤĮ (+510 ʛ/ʤĮ, ʠʣʠ +392,3 %). 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʜʘʥʥʳʭ (ʣʠʥʝʡʥʘʷ ʨʝʛʨʝʩʩʠʷ ln(ʙʠʦʤʘʩʩʳ) ʦʪ ʩʫʪʦʢ) ʧʦʢʘʟʘʣʘ 
ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʦʪʚʝʪʩʪʚʠʷ ʤʦʜʝʣʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ: ʜʣʷ Azolla caroliniana ʦʪʥʦʩʠʪʝʣʴʥʘʷ 
ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ (RGR) ʩʦʩʪʘʚʠʣʘ 0,110 ʩʫʪϖĭ (RĮ=0,979), ʜʣʷ Lemna minor 0,110 ʩʫʪϖĭ (RĮ=0,980), ʜʣʷ 

ʩʦʚʤʝʩʪʥʦʡ ʢʫʣʴʪʫʨʳ 0,117 ʩʫʪϖĭ (RĮ=0,983). ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʨʝʤʷ ʫʜʚʦʝʥʠʷ ʙʠʦʤʘʩʩʳ ʩʦʩʪʘʚʠʣʦ 
6,28; 6,30 ʠ 5,94 ʩʫʪʦʢ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ 
ʩʦʚʤʝʩʪʥʦʡ ʢʫʣʴʪʫʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʢʫʣʴʪʫʨʘʤʠ. 

ʆʜʥʦʬʘʢʪʦʨʥʳʡ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ANOVA), ʧʨʦʚʝʜʸʥʥʳʡ ʜʣʷ ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʦʧʳʪʘ (14-ʝ 
ʩʫʪʢʠ, n=3 ʧʦʚʪʦʨʥʦʩʪʠ ʥʘ ʚʘʨʠʘʥʪ), ʚʳʷʚʠʣ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʪʨʝʤʷ ʚʘʨʠʘʥʪʘ-
ʤʠ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ: F(2,6)=23,17; p=0,0015 (p<0,05). ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʚʝʨʢʘ ʜʣʷ ʩʝʨʝʜʠʥʳ ʦʧʳʪʘ (7-ʝ 
ʩʫʪʢʠ) ʪʘʢʞʝ ʧʦʢʘʟʘʣʘ ʟʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ: F(2,6)=16,25; p=0,0038. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʣʠʯʠʷ ʚ ʥʘʢʦʧʣʝ-
ʥʠʠ ʙʠʦʤʘʩʩʳ ʤʝʞʜʫ Azolla caroliniana, Lemna minor ʠ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʢʫʣʴʪʫʨʦʡ ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 
ʜʦʩʪʦʚʝʨʥʳʤʠ, ʘ ʥʝ ʩʣʫʯʘʡʥʳʤʠ. 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʙʠʦʤʘʩʩʘ ʩʦʚʤʝʩʪʥʦʡ ʢʫʣʴʪʫʨʳ (640 ʛ/ʤĮ ʥʘ 14-ʝ ʩʫʪʢʠ) ʟʘʤʝʪʥʦ ʥʠʞʝ ʩʫʤʤʳ 
ʙʠʦʤʘʩʩ ʨʘʟʜʝʣʴʥʳʭ ʢʫʣʴʪʫʨ Azolla ʠ Lemna (540+490=1030 ʛ/ʤĮ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʥʢʫʨʝʥʮʠʶ ʟʘ 
ʩʚʝʪ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʳʨʘʱʠʚʘʥʠʠ, ʘ ʥʝ ʥʘ ʧʨʦʩʪʦʝ ʩʫʤʤʠʨʦ-
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ʚʘʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʚʫʭ ʚʠʜʦʚ. 
ʀʙʣʤʷʰʞʦʡʞ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʸʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʦʜʥʳʝ ʨʘʩʪʝʥʠʷ ʘʟʦʣʣʘ 

ʠ ʨʷʩʢʘ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʨʝʩʫʨʩʘ. ʉʨʝʜʠ ʥʠʭ ʘʟʦʣʣʘ ʚʳʜʝ-
ʣʷʝʪʩʷ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʴʶ ʙʠʦʤʘʩʩʳ, ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʴʶ ʦʯʠʩʪʢʠ ʚʦʜʳ. ʈʷʩʢʘ ʞʝ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʙʣʘʛʦʜʘʨʷ ʙʳʩʪʨʦʤʫ ʨʦʩʪʫ ʠ ʘʜʘʧʪʠʚʥʦ-
ʩʪʠ. ʆʙʘ ʨʘʩʪʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʝʰʸʚʳʤ ʠ ʙʦʛʘʪʳʤ ʙʝʣʢʦʤ ʠʩʪʦʯʥʠʢʦʤ ʢʦʨʤʘ ʜʣʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ, ʘ ʪʘʢ-
ʞʝ ʵʬʬʝʢʪʠʚʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʜʦʙʨʝʥʠʝʤ ʚ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʠʛʨʘʷ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʧʣʦ-
ʜʦʨʦʜʠʷ ʧʦʯʚʳ. ʋʩʪʘʥʦʚʣʝʥʘ ʪʘʢʞʝ ʠʭ ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʣʴʟʘ ʚ ʦʯʠʩʪʢʝ ʚʦʜʦʸʤʦʚ ʦʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘ-
ʛʨʷʟʥʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʜʠʥʘʤʠʢʠ ʙʠʦʤʘʩʩʳ ʧʦʜʪʚʝʨʜʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦʝ (p<0,05, 
ANOVA) ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʩʦʚʤʝʩʪʥʦʡ ʢʫʣʴʪʫʨʳ Azolla + Lemna ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʧʨʠʨʦʩʪʫ ʙʠʦʤʘʩʩʳ 

(RGR=0,117 ʩʫʪϖĭ, ʚʨʝʤʷ ʫʜʚʦʝʥʠʷ 5,94 ʩʫʪʦʢ) ʥʘʜ ʤʦʥʦʢʫʣʴʪʫʨʘʤʠ, ʧʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʥʳʡ ʵʬʬʝʢʪ ʢʦʥʢʫ-
ʨʝʥʮʠʠ ʤʝʞʜʫ ʚʠʜʘʤʠ (ʙʠʦʤʘʩʩʘ ʩʦʚʤʝʩʪʥʦʡ ʢʫʣʴʪʫʨʳ ʥʠʞʝ ʩʫʤʤʳ ʤʦʥʦʢʫʣʴʪʫʨ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷ ʚʠʜʦʚ ʠ ʧʣʦʪʥʦʩʪʠ ʧʦʩʘʜʢʠ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʀʩʭʦʜʷ ʠʟ 
ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʟʦʣʣʳ ʠ ʨʷʩʢʠ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ ʚʳʩʦʢʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 
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BIOTECHNOLOGICAL PRODUCTION OF 
ZOOPLANKTON BIOMASS AND EVALUATION OF 
ITS EFFECTS ON THE GROWTH OF CARP FRY 

Okilova G.A., 
Buriyev S.B., 

Shodmonov F.Q. 
Bukhara State University, Uzbekistan 

 

Abstract. This study evaluated the effectiveness of biotechnologically cultured zooplankton biomass as a par-
tial replacement for conventional feed during the early growth stages of carp fry. The live feed organisms Bra-
chionus calyciflorus and Moina micrura were cultured using a medium containing 30% ultrasound-treated 
Chlorella vulgaris with partially disrupted cell walls and organic fertilizers. The experiment was conducted in 
earthen biological ponds stocked with five-day-old carp larvae. In the experimental treatment, 50% of the con-
ventional wheat flour- and wheat bran-based feed was replaced with live zooplankton biomass, while the con-
trol group received the standard farm feeding regime. Growth performance was assessed through periodic 
biometric measurements. The experimental group consistently demonstrated higher mean body weight than 
the control, with 1.22-, 1.19-, 1.16-, 1.14-, and 1.13-fold increases on days 10, 15, 20, 25, and 30, respectively. 
The strongest response was observed during the early developmental stage, when weight gain was 1.34-fold 
greater than in the control. By day 30, mean body weight reached 6.43 g in the experimental group compared 
with 5.71 g in the control, representing a 12.6% improvement. These findings demonstrate that biotechnologi-
cally produced B. calyciflorus and M. micrura biomass can effectively replace 50% of conventional feed while 
enhancing carp fry growth, particularly during the larval and early fry stages. 
Keywords: aquaculture, carp fry, zooplankton biomass, Brachionus calyciflorus, Moina micrura, Chlorella vul-
garis, live feed, biotechnology, growth performance. 
 

ɺʁʇʋɾʎʆʇʄʇɼʁʐɾʊʃʇɾ ʈʉʇʁʀɻʇɽʊʋɻʇ ɺʁʇʅɹʊʊʔ ʀʇʇʈʄɹʆʃʋʇʆɹ ʁ ʇʏɾʆʃɹ ɾɾ 
ɻʄʁʘʆʁʘ ʆɹ ʉʇʊʋ ʅɹʄʕʃʇɻ ʃɹʉʈɹ 

 
ʇʣʡʤʧʛʙ ɼ.ɹ., 
ɺʬʩʡʞʛ ʊ.ɺ., 

ʑʧʝʥʧʦʧʛ ʍ.ʃ. 
ɹʫʭʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɹʦʦʧʫʙʯʡʸ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʮʝʥʠʚʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʱʝʥʥʦʡ 
ʙʠʦʤʘʩʩʳ ʟʦʦʧʣʘʥʢʪʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʯʘʩʪʠʯʥʦʡ ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʦʨʤʘ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʦʩʪʘ 
ʤʘʣʴʢʦʚ ʢʘʨʧʘ. ɾʠʚʳʝ ʢʦʨʤʦʚʳʝ ʦʨʛʘʥʠʟʤʳ Brachionus calyciflorus ʠ Moina micrura ʢʫʣʴʪʠʚʠʨʦʚʘʣʠʩʴ 
ʥʘ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 30% ʦʙʨʘʙʦʪʘʥʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʤ Chlorella vulgaris ʩ ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʥʳʤʠ 
ʢʣʝʪʦʯʥʳʤʠ ʩʪʝʥʢʘʤʠ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʟʝʤʣʷʥʳʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 
ʧʨʫʜʘʭ, ʟʘʨʳʙʣʝʥʥʳʭ ʧʷʪʠʜʥʝʚʥʳʤʠ ʣʠʯʠʥʢʘʤʠ ʢʘʨʧʘ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ 50% ʪʨʘʜʠʮʠʦʥʥʦ-
ʛʦ ʢʦʨʤʘ ʥʘ ʦʩʥʦʚʝ ʧʰʝʥʠʯʥʦʡ ʤʫʢʠ ʠ ʧʰʝʥʠʯʥʳʭ ʦʪʨʫʙʝʡ ʙʳʣʦ ʟʘʤʝʥʝʥʦ ʞʠʚʦʡ ʙʠʦʤʘʩʩʦʡ ʟʦʦʧʣʘʥʢ-
ʪʦʥʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʧʦʣʫʯʘʣʘ ʩʪʘʥʜʘʨʪʥʳʡ ʨʝʞʠʤ ʢʦʨʤʣʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʠ ʨʦʩʪʘ 
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ʦʮʝʥʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ 
ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʪʝʣʘ ʥʝʠʟʤʝʥʥʦ ʧʨʝʚʳʰʘʣʘ ʢʦʥʪʨʦʣʴʥʫʶ, ʫʚʝʣʠʯʠʚʰʠʩʴ ʚ 1,22, 1,19, 1,16, 1,14 ʠ 1,13 
ʨʘʟʘ ʥʘ 10, 15, 20, 25 ʠ 30 ʜʝʥʴ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʵʬʬʝʢʪ ʥʘʙʣʶʜʘʣʩʷ ʥʘ ʨʘʥʥʝʡ 
ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʢʦʛʜʘ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʪʝʣʘ ʙʳʣ ʚ 1,34 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. ʂ 30 
ʜʥʶ ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʪʝʣʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ ʜʦʩʪʠʛʣʘ 6,43 ʛ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 5,71 ʛ ʚ ʢʦʥʪʨʦʣʴ-
ʥʦʡ ʛʨʫʧʧʝ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʣʫʯʰʝʥʠʝ ʥʘ 12,6%. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʠʦʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠ ʧʨʦʠʟʚʝʜʝʥʥʘʷ ʙʠʦʤʘʩʩʘ B. calyciflorus ʠ M. micrura ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʟʘʤʝʥʠʪʴ 50% ʪʨʘʜʠʮʠ-
ʦʥʥʦʛʦ ʢʦʨʤʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʘʷ ʨʦʩʪ ʤʘʣʴʢʦʚ ʢʘʨʧʘ, ʦʩʦʙʝʥʥʦ ʥʘ ʣʠʯʠʥʦʯʥʦʡ ʠ ʨʘʥʥʝʡ ʩʪʘʜʠʷʭ 
ʨʘʟʚʠʪʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʢʚʘʢʫʣʴʪʫʨʘ, ʤʘʣʴʢʠ ʢʘʨʧʘ, ʙʠʦʤʘʩʩʘ ʟʦʦʧʣʘʥʢʪʦʥʘ, Brachionus calyciflorus, Moina 
micrura, Chlorella vulgaris, ʞʠʚʦʡ ʢʦʨʤ, ʙʠʦʪʝʭʥʦʣʦʛʠʷ, ʧʦʢʘʟʘʪʝʣʠ ʨʦʩʪʘ. 

 
At the early stages of fish larval and fry rearing, feed particle size, digestibility, and biological value are 

among the principal factors determining growth and survival. Zooplankton belonging to the genera Brachionus, 
Moina, and Daphnia are rich in protein, lipids, essential amino acids, and unsaturated fatty acids and, as mo-
tile live feed, stimulate the feeding response in fish larvae. The compatibility of live feed with the larval mouth 
gape, its prolonged availability in the water column, and its high digestibility help alleviate nutritional limitations 
during the initial feeding stage. Therefore, the controlled biotechnological culture of zooplankton species 
adapted to local aquatic conditions, and their use as biological components to partially replace conventional 
feed, is of considerable practical importance for aquaculture [1]. 

The literature indicates that enriching rotifers with microalgae, phospholipids, taurine, and highly unsatu-
rated fatty acids can improve body weight, specific growth rate, and physiological resilience in fish larvae [2]. 
The use of the freshwater rotifer B. calyciflorus as an initial live feed has also been shown to improve larval 
growth, survival, and nutrient utilization [3]. The aim of this study was to evaluate the effects of B. calyciflorus 
and M. micrura biomass, cultured in a medium containing 30% ultrasound-treated (UT) Chlorella vulgaris with 
partially disrupted cell walls and organic fertilizers, on the growth and survival of carp fry, with treatment effects 
expressed as fold changes relative to the control. The experiment was conducted in 100 m2 earthen biological 
ponds at the ñAskar Ota Omadò LLC fish farm. Each pond was stocked with 5000 five-day-old carp larvae, cor-
responding to a stocking density of 50 individuals m-2. The experiment lasted for 25 days, with biometric 
measurements conducted at 5-day intervals. In the control group, the conventional farm feeding regime based 
on wheat flour and wheat bran was maintained. In the experimental group, the amount of this feed was re-
duced by 50% and partially replaced with live biomass of B. calyciflorus and M. micrura cultured using 30% 
ultrasound-treated (UT) C. vulgaris and organic fertilizers. 

On day 10 of the experiment, the mean body weight of carp fry was 0,73 g in the control group and 0,89 
g in the experimental group. Thus, in the treatment supplemented with live zooplankton biomass, the mean 
body weight was 1,22-fold higher relative to the control. During the same period, weight gain was 0,47 g in the 
control group and 0,63 g in the experimental group, corresponding to a 1,34-fold increase in growth perfor-
mance. The pronounced relative response observed during the early developmental stage may be attributed to 
the small size of B. calyciflorus and its compatibility with the mouth gape of carp larvae, while the active 
movement of live zooplankton in the water column likely enhanced larval feeding activity. 

On day 15, the mean body weight was 1,76 g in the experimental group and 1,48 g in the control group, 
corresponding to a 1,19-fold higher value in the experimental group. During the same interval, weight gain was 
0,87 g in the experimental group and 0,75 g in the control group, representing a 1,16-fold advantage in the 
experimental treatment. On day 20, the mean body weights were 2,94 g and 2,53 g in the experimental and 
control groups, respectively, corresponding to a 1,16-fold difference, while weight gains of 1,18 g and 1,05 g 
represented a 1,12-fold increase. On day 25, the mean body weight remained 1,14-fold higher in the experi-
mental group, reaching 4,31 g compared with 3,79 g in the control group, whereas the ratio of weight gain be-
tween the two groups was 1,09-fold. 
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At the end of the 30-day experimental period, the mean body weight of carp fry reached 6,43 g in the 
experimental group and 5,71 g in the control group, indicating a 1,13-fold, or 12,6%, higher final live weight 
relative to the control. The gradual decline in the fold difference from 1,22 to 1,13 over time does not indicate a 
loss of the treatment effect. Rather, as the fry increased in size, their dietary spectrum broadened and their 
ability to utilize natural pond food resources and conventional feed improved; consequently, although the rela-
tive response to live feed was reduced, the absolute body-weight advantage of the experimental group was 
maintained.  

The 1,34-fold greater weight gain observed during the initial stage indicates that zooplankton biomass 
exerts its strongest biological effect specifically during the larval and early fry stages. Replacing 50% of the 
conventional feed with biotechnologically cultured B. calyciflorus and M. micrura biomass improved the growth 
performance of 5-30-day-old carp fry. Compared with the control group, the mean body weight in the experi-
mental group was 1,22-fold higher on day 10, 1,19-fold higher on day 15, 1,16-fold higher on day 20, 1,14-fold 
higher on day 25, and 1,13-fold higher on day 30. The 1,34-fold increase in initial weight gain demonstrated 
that live zooplankton biomass was particularly effective during the early developmental stages of carp fry. 
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ǡǭǰǱǭǶǬǭǨ ǶǟǰǱǧ ǴǯǤǠǱǟ ǬǲǯǟǱǟ 

ǬȄȂȋǿȑȒȊȊǿȄȁ ǫǿȏǿȑ ǲȀǿȈȃȒȊȊǿȄȁȇȖ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʘʨʘʢʘʣʧʘʢʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ɹʝʨʜʘʭʘ 
 

ɹʦʦʧʫʙʯʡʸ. ʀʟʫʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ (226Ra, 232Th, 40K, 
137Cs) ʚ ʤʭʘʭ ʠ ʧʦʯʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʭʨʝʙʪʘ ʅʫʨʘʪʘ; ʚʳʷʚʣʝʥ ʧʦʚʳʰʝʥʥʳʡ ʪʝʭʥʦʛʝʥʥʳʡ 
ʬʦʥ ʚʙʣʠʟʠ ʮʝʤʝʥʪʥʦʛʦ ʠ ʠʟʚʝʩʪʢʦʚʦʛʦ ʟʘʚʦʜʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʠʦʤʦʥʠʪʦʨʠʥʛ, ʤʭʠ-ʙʠʦʠʥʜʠʢʘʪʦʨʳ, ʨʘʜʠʦʥʫʢʣʠʜʳ, ʪʝʭʥʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʭʨʝ-
ʙʝʪ ʅʫʨʘʪʘ. 
 
BIOMONITORING OF RADIONUCLIDE CONTENT IN SOIL AND AIR OF CERTAIN INDUSTRIAL AREAS 

IN THE EASTERN PART OF THE NURATA RIDGE 
 

Negmatullaev Marat Ubaydullaevich 
 
Abstract. The content of natural and technogenic radionuclides (226Ra, 232Th, 40K, 137Cs) in mosses and 
soil of industrial areas of the Nurata ridge was studied; an elevated technogenic background was revealed 
near the cement and lime plants. 
Keywords: biomonitoring, moss bioindicators, radionuclides, technogenic pollution, Nurata ridge. 

 
ʉʦʛʣʘʩʥʦ ʚʳʰʝʫʧʦʤʷʥʫʪʳʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ, ʠʟʚʝʩʪ-

ʥʦ, ʯʪʦ ʤʭʠ ʷʚʣʷʶʪʩʷ ʧʨʠʨʦʜʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ, ʦʪʨʘʞʘʶʱʠʤʠ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ [7,8,9,10]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʙʠʦʤʦʥʠʪʦʨʠʥʛʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʥʫʢʣʠʜʦʚ 
ʚ ʚʦʟʜʫʭʝ ʠ ʧʦʯʚʝ ʦʪʦʙʨʘʥʥʳʝ ʥʘʤʠ ʘʢʨʦʢʘʨʧʥʳʝ ʤʭʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʚʠʜʘʤʠ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥ-
ʥʳʤʠ ʚ ʨʝʛʠʦʥʝ ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʦʙʣʘʜʘʶʱʠʤʠ ʙʦʣʴʰʠʤ ʘʜʘʧʪʘʮʠʦʥʥʳʤ ʘʨʝʘʣʦʤ [1,2].  

ɺ ʧʨʠʚʝʜʸʥʥʦʡ ʥʠʞʝ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʚʠʜʳ-ʠʥʜʠʢʘʪʦʨʳ, ʩʦʙʨʘʥʥʳʝ ʧʦʩʣʝ ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʦʩʝʥʠ ʚʦ-
ʢʨʫʛ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦʟʣʝ ʦʩʪʘʥʮʦʚʳʭ ʛʦʨ ʌʦʨʠʰʩʢʦʛʦ ʨʘʡʦʥʘ ɼʞʠʟʘʢʩʢʦʡ 
ʦʙʣʘʩʪʠ ð ʮʝʤʝʥʪʥʦʛʦ ʠ ʠʟʚʝʩʪʢʦʚʦʛʦ ʟʘʚʦʜʦʚ, ð ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʥʠʭ (ʪʘʙʣ. 1). 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʩʦʩʪʘʚʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʭʦʚ, ʩʦ-
ʙʨʘʥʥʳʭ ʦʩʝʥʴʶ (21.10.2024) ʩ ʨʘʟʣʠʯʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʩ ʫʢʣʦʥʦʤ ʦʪ 5% ʜʦ 70% ʥʘ ʧʣʦʱʘʜʠ 730 ʩʤĮ ʥʘ 
ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʙʦʣʝʝ 1000 ʤʝʪʨʦʚ ʦʪ ʪʝʨʨʠʪʦʨʠʡ ʮʝʤʝʥʪʥʦʛʦ ʠ ʠʟʚʝʩʪʢʦʚʦʛʦ ʟʘʚʦʜʦʚ ɼʞʠʟʘʢʘ, ʫʩʪʘʥʦʚ-
ʣʝʥʦ, ʯʪʦ ʚ ʧʦʯʚʝ: Ra-226 (28,3 ɹʢ/ʢʛ) ʠ Th-232 (18,4 ɹʢ/ʢʛ) ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʦʥʘ, ʘ 
K-40 (321,8 ɹʢ/ʢʛ) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ. Cs-137 < 1,3 ɹʢ/ʢʛ ð ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʪʝʭʥʦʛʝʥʥʦʛʦ, ʪʦ ʝʩʪʴ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ. 
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ʋʙʚʤʡʯʙ 1 
ʃʧʦʯʞʦʫʩʙʯʡʸ ʡ ʬʝʞʤʵʦʙʸ ʙʣʫʡʛʦʧʪʫʵ (AÑȺA) ʞʪʫʞʪʫʛʞʦʦʴʮ (ɾʉʆ) ʡ ʫʞʮʦʧʜʞʦʦʴʮ ʩʙʝʡʧʦʬʣʤʡʝʧʛ 

(232Th, 226Ra, 40K, 137Cs ʡ 7Be) ʛ ʪʧʪʫʙʛʞ ʧʚʩʙʠʯʧʛ, ɺʣ/ʣʜ 

ʆʙʠʛʙʦʡʞ 
ʧʚʩʙʠʯʙ 

ʈʧʛʞʩʮʦʧʪʫʵ ʡ 
ʬʣʤʧʦ 

ʊʩʞʝʙ ʨʩʧʡʠ-
ʩʙʪʫʙʦʡʸ 

226Ra 
(ɺʣ/ʣʜ) 

232Th 
(ɺʣ/ʣʜ) 

40K (ɺʣ/ʣʜ) 
137Cs 
(ɺʣ/ʣʜ) 

(21.10.2024) ɽʟʡʠʙʣ-ʏʞʥʞʦʫʦʴʢ ʠʙʛʧʝ, ʣʧʧʩʝ.: 40Á20'15.6"N 67Á35'57.4"E 

ʇʦʯʚʘ 730 ʩʤĮ, 5% ʇʦʯʚʘ 28,3Ñ4,8 18,4Ñ3,0 321,8Ñ35,0 <1,3 

Pohlia nutans 730 ʩʤĮ, 5% ʇʦʯʚʘ 46,3Ñ7,5 32,7Ñ4,3 490,7Ñ51,0 85,0Ñ8,3 

Grimmia 
tergestina 

730 ʩʤĮ, 70% ʂʘʤʝʥʴ 36,1Ñ9,5 13,1Ñ4,3 239,7Ñ45,0 6,9Ñ3,5 

Psora 
decipiens 

730 ʩʤĮ, 70% ʂʘʤʝʥʴ 36,1Ñ9,7 44,7Ñ8,9 412,6Ñ66,0 63,6Ñ9,4 

(21.10.2024) ɽʟʡʠʙʣ-ʁʠʛʞʪʫʣʧʛʴʢ ʠʙʛʧʝ, ʣʧʧʩʝ.: 40Á21'01.7"N 67Á29'36.0"E 

Syntrichia 
caninervis 

730 ʩʤĮ, 20% ʇʦʯʚʘ 26,3Ñ4,0 15,1Ñ2,0 248,2Ñ25,0 6,3Ñ1,0 

Grimmia 
orbicularis 

730 ʩʤĮ, 20% ʂʘʤʝʥʴ 51,8Ñ7,5 27,6Ñ3,7 399,3Ñ42,0 32,5Ñ3,6 

 
Pohlia hygrometrica: ʩʦʜʝʨʞʘʥʠʝ Ra-226 ʠ Th-232 ʚʳʰʝ, ʯʝʤ ʚ ʧʦʯʚʝ; ʟʘʤʝʪʥʦ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦ-

ʚʝʥʴ Cs-137 (85 ɹʢ/ʢʛ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʠʦʘʢʢʫʤʫʣʷʮʠʶ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʳʣʠ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʡ ʚʠʜ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʬʠʣʴʪʨʦʤ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 
[3,4,5,6]. 

 
ʉʡʪ. 1. ʊʨʞʣʫʩ ʧʚʩʙʠʯʧʛ, ʨʧʤʬʰʞʦʦʴʮ ʧʪʞʦʵʷ (ʧʫʦʧʪʡʫʪʸ ʣ ʫʙʚʤʡʯʞ 1) 

 
Grimmia tergestina ʠ Psora decipiens: ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ, ʧʨʦʠʟʨʘʩʪʘʶʱʠʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʘʤʥʷ; ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʠʭ Th-232 ʠ Cs-137 ʚʳʩʦʢʦʝ (44,7 ɹʢ/ʢʛ ʠ 63,6 ɹʢ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʦ ʩʚʠʜʝ-



70 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ʪʝʣʴʩʪʚʫʝʪ ʦ ʩʠʣʴʥʦʡ ʘʜʩʦʨʙʮʠʠ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʤʥʷ. 
ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʘʜʩʦʨʙʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʤʭʦʚ ʠ ʧʦʣʫ-

ʯʝʥʠʷ ʚʳʚʦʜʦʚ ʩʝʟʦʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʦʪʙʦʨ ʧʨʦʙ ʜʘʥʥʳʭ ʚʠʜʦʚ ʙʳʣ ʧʦʚʪʦʨʸʥ ʚ ʪʝʭ ʞʝ ʪʦʯʢʘʭ, ʯʪʦ ʠ 
ʦʩʝʥʴʶ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠʮʝ (ʪʘʙʣ. 2). 

 
ʋʙʚʤʡʯʙ 2 

ʃʧʦʯʞʦʫʩʙʯʡʸ ʞʪʫʞʪʫʛʞʦʦʴʮ (ɾʉʆ) ʡ ʫʞʮʦʧʜʞʦʦʴʮ ʩʙʝʡʧʦʬʣʤʡʝʧʛ (232Th, 226Ra, 40K, 137Cs ʡ 
7Be) ʛ ʪʧʪʫʙʛʞ ʧʚʩʙʠʯʧʛ. ʌʝʞʤʵʦʙʸ ʙʣʫʡʛʦʧʪʫʵ ʧʚʩʙʠʯʧʛ (AÑȺA), ɺʣ/ʣʜ 

ʆʙʠʛʙʦʡʞ ʧʚ-
ʩʙʠʯʙ 

ʈʧʛʞʩʮʦʧʪʫʵ 
ʡ ʬʣʤʧʦ 

ʊʩʞʝʙ ʨʩʧʡʠ-
ʩʙʪʫʙʦʡʸ 

226Ra 
(ɺʣ/ʣʜ) 

232Th 
(ɺʣ/ʣʜ) 

40K (ɺʣ/ʣʜ) 
137Cs 
(ɺʣ/ʣʜ) 

(30.03.2025) ɽʟʡʠʙʣ-ʏʞʥʞʦʫʦʴʢ ʠʙʛʧʝ, ʣʧʧʩʝ.: 40Á20'15.6"N 67Á35'57.4"E 

ʇʦʯʚʘ 730 ʩʤĮ, 5% ʇʦʯʚʘ 23,8Ñ2,3 38,8Ñ3,9 413,8Ñ41 9,1Ñ0,9 

Pohlia nutans 730 ʩʤĮ, 5% ʇʦʯʚʘ 43,1Ñ9,3 27,1Ñ4,6 378,9Ñ54 <7,1 

Grimmia 
tergestina 

730 ʩʤĮ, 70% ʂʘʤʝʥʴ <35 58,1Ñ11 579,3Ñ110 86,5Ñ12 

(30.03.2025) ɽʟʡʠʙʣ-ʁʠʛʞʪʫʣʧʛʴʢ ʠʙʛʧʝ, ʣʧʧʩʝ.: 40Á21'01.7"N 67Á29'36.0"E 

Syntrichia 
caninervis 

730 ʩʤĮ, 20% ʇʦʯʚʘ 22,7Ñ2,8 10,1Ñ1,3 292,7Ñ28 11,1Ñ1,2 

Grimmia 
orbicularis 

730 ʩʤĮ, 20% ʂʘʤʝʥʴ 58,8Ñ256 <23,1 277,6Ñ99 <11,4 

 
ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʜʘʥʥʦʡ ʪʘʙʣʠʮʝ, ʦʪʙʦʨ ʧʨʦʙ ʚ ʪʝʭ ʞʝ ʪʦʯʢʘʭ ʥʘʙʣʶʜʝʥʠʷ ʚʦʢʨʫʛ ʮʝʤʝʥʪʥʦʛʦ ʠ ʠʟ-

ʚʝʩʪʢʦʚʦʛʦ ʟʘʚʦʜʦʚ ɼʞʠʟʘʢʘ, ʛʜʝ ʦʩʝʥʴʶ ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ, ʙʳʣ ʧʦʚʪʦʨʸʥ ʚʝʩʥʦʡ (30.03.2025), ʠ ʚ 
ʨʝʟʫʣʴʪʘʪʘʭ ʦʪʤʝʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʧʦʯʚʝ: Ra-226 (23,8 ɹʢ/ʢʛ) ʩʥʠʟʠʣʩʷ, ʪʦʛʜʘ 
ʢʘʢ Th-232 (38,8 ɹʢ/ʢʛ) ʚʦʟʨʦʩ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʚʩʢʨʳʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʣʦʸʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʝʪʨʦʚʦʡ 
ʠ ʚʦʜʥʦʡ ʵʨʦʟʠʠ. ɺ ʩʦʩʪʘʚʝ ʩʣʝʜʫʶʱʠʭ ʚʠʜʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ: 

Pohlia hygrometrica: Ra-226 (43,1 ɹʢ/ʢʛ) ʧʦʚʳʰʝʥ, Cs-137 < 7,1 ɹʢ/ʢʛ ð ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠ-
ʞʝʥʠʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʥʫʢʣʠʜʘ. 

Grimmia tergestina: ʟʥʘʯʝʥʠʷ Th-232 (58,1 ɹʢ/ʢʛ) ʠ Cs-137 (86,5 ɹʢ/ʢʛ) ʦʯʝʥʴ ʚʳʩʦʢʠʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 
ʚʳʤʳʚʘʥʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʳʣʠ ʚʝʩʝʥʥʠʤʠ ʦʩʘʜʢʘʤʠ ʠ ʝʸ ʧʦʚʪʦʨʥʳʤ ʦʩʘʞʜʝʥʠʝʤ. 

ɺ ʦʙʨʘʟʮʘʭ ʠʟʚʝʩʪʢʦʚʦʛʦ ʟʘʚʦʜʘ ʫ ʚʠʜʦʚ Syntrichia caninervis ʠ Grimmia orbicularis ʥʘʙʣʶʜʘʝʪʩʷ 
ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ Ra-226, ʥʦ ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ K-40 (277ï399 ɹʢ/ʢʛ). ɺ ʢʘʯʝʩʪʚʝ ʚʳʚʦʜʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, 
ʯʪʦ ʚʝʩʥʦʡ ʩʦʜʝʨʞʘʥʠʝ Th-232 ʠ Cs-137 ʫʚʝʣʠʯʠʣʦʩʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʝʟʦʥʥʦʝ ʚʣʠʷʥʠʝ ʘʪʤʦʩʬʝʨ-
ʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʇʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʚʦʢʨʫʛ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ð ʮʝʤʝʥʪʥʦʛʦ ʠ ʠʟ-
ʚʝʩʪʢʦʚʦʛʦ ʟʘʚʦʜʦʚ, ʥʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ, ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʳ ʚ ʩʦʜʝʨʞʘʥʠʠ 
ʨʘʜʠʦʥʫʢʣʠʜʦʚ, ʤʳ ʦʪʦʙʨʘʣʠ ʣʝʪʦʤ ʦʙʨʘʟʮʳ ʚʠʜʘ Grimmia orbicularis ʠʤʝʥʥʦ ʩʨʝʜʠ ʜʘʥʥʳʭ ʠʥʜʠʢʘʪʦʨ-
ʥʳʭ ʚʠʜʦʚ ʚ ʢʠʰʣʘʢʝ ʉʝʥʪʦʙ ʅʘʚʦʠʡʩʢʦʡ ʦʙʣʘʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 80 ʢʤ ʦʪ ʫʢʘ-
ʟʘʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠ ʧʨʠʚʝʣʠ ʠʭ ʚ ʩʣʝʜʫʶʱʝʡ ʪʘʙʣʠ-
ʮʝ (ʪʘʙʣ. 3). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʜʘʥʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʦʥʘ, ʩʚʦʙʦʜʥʦʡ ʦʪ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ, ʨʝʟʫʣʴʪʘʪʳ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

Grimmia laevigata: ʧʦʢʘʟʘʪʝʣʠ Ra-226 (30,2 ɹʢ/ʢʛ), Th-232 (27,3 ɹʢ/ʢʛ), K-40 (543 ɹʢ/ʢʛ), Cs-137 (52 
ɹʢ/ʢʛ) ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʦʥʘ, ʦʜʥʘʢʦ K-40 ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦ-
ʛʘʪʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜʳ. ʅʘʣʠʯʠʝ Cs-137 ʩʚʷʟʘʥʦ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʘʪʤʦʩʬʝʨʥʳʤʠ ʚʳʧʘ-
ʜʝʥʠʷʤʠ. 
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ʋʙʚʤʡʯʙ 3 
ʃʧʦʯʞʦʫʩʙʯʡʸ ʞʪʫʞʪʫʛʞʦʦʴʮ (ɾʉʆ) ʡ ʫʞʮʦʧʜʞʦʦʴʮ ʩʙʝʡʧʦʬʣʤʡʝʧʛ (232Th, 226Ra, 40K, 137Cs ʡ 

7Be) ʛ ʪʧʪʫʙʛʞ ʧʚʩʙʠʯʧʛ. ʌʝʞʤʵʦʙʸ ʙʣʫʡʛʦʧʪʫʵ ʧʚʩʙʠʯʧʛ (AÑȺA), ɺʣ/ʣʜ 

ʆʙʠʛʙʦʡʞ 
ʧʚʩʙʠʯʙ 

ʈʧʛʞʩʮʦʧʪʫʵ ʡ 
ʬʣʤʧʦ 

ʊʩʞʝʙ ʨʩʧʡʠʩʙʪ-
ʫʙʦʡʸ 

226Ra 
(ɺʣ/ʣʜ) 

232Th 
(ɺʣ/ʣʜ) 

40K (ɺʣ/ʣʜ) 
137Cs 
(ɺʣ/ʣʜ) 

(25.08.2025) ʆʙʛʧʡʢʪʣʙʸ ʧʚʤ., ʣʡʱʤʙʣ ʊʞʦʫʧʚ, ʣʧʧʩʝ.: 40Á34'48.1"N 66Á39'26.7"E 

Grimmia 
orbicularis 
Bruch ex 
Wilson 

730 ʩʤĮ, 10% ʂʘʤʝʥʴ 30,223Ñ13 27,322Ñ4,5 543,39Ñ52 52,29Ñ7,2 

 
ʈʝʟʶʤʠʨʫʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʙʠʦʠʥʜʠʢʘʪʦʨʥʳʭ ʚʠʜʦʚ ʚ 

ʧʫʩʪʳʥʥʦ-ʘʨʠʜʥʦʡ ʟʦʥʝ, ʧʦʢʘʟʳʚʘʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʦʥʘ. ʅʘʣʠʯʠʝ ʟʥʘʯʝʥʠʡ Cs-137 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʘʣʴʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ɺ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʨʝ-
ʛʫʣʷʨʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʧʦʩʢʦʣʴʢʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ ʝʩʪʝʩʪʚʝʥʥʳʡ ʬʦʥ, ʤʦʞʝʪ 
ʥʘʙʣʶʜʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ. 
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ɹʦʦʧʫʙʯʡʸ. ʄʝʪʦʜʦʤ EDXRF ʠʟʫʯʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʝʝ 20 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʭʘʭ ʠ ʣʠʰʘʡʥʠ-
ʢʘʭ ʪʨʸʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʋʟʙʝʢʠʩʪʘʥʘ; ʚʳʷʚʣʝʥʦ ʪʝʭʥʦʛʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʪʷʞʸʣʳʭ ʤʝʪʘʣ-
ʣʦʚ, ʩʚʷʟʘʥʥʦʝ ʩ ʚʳʙʨʦʩʘʤʠ ʮʝʤʝʥʪʥʦʛʦ, ʠʟʚʝʩʪʢʦʚʦʛʦ ʟʘʚʦʜʦʚ ʠ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʙʠʦʠʥʜʠʢʘʮʠʷ, ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ, ʤʭʠ, ʣʠʰʘʡʥʠʢʠ, EDXRF-ʘʥʘʣʠʟ. 
 

ANALYSIS OF HEAVY METAL CONTENT IN SOIL AND AIR OF SOME INDUSTRIAL TERRITORIES OF 
UZBEKISTAN 

 
Negmatullaev Marat Ubaydullaevich 

 
Abstract. Using the EDXRF method, the content of more than 20 chemical elements in mosses and lichens 
from three industrial territories of Uzbekistan was studied; technogenic accumulation of heavy metals associ-
ated with emissions from a cement plant, a lime plant, and a mining and metallurgical combine was identified. 
Keywords: bioindication, heavy metals, mosses, lichens, EDXRF analysis. 

 
ʊʝʭʥʦʛʝʥʥʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʝ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʦʯʚʝ 

ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʚʦʟʜʫʭʝ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʠ ʟʜʦʨʦʚʴʷ ʥʘʩʝʣʝʥʠʷ [1,2]. 

ʉʙʢʧʦʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 2024ï2025 ʛʦʜʦʚ ʥʘ ʪʨʸʭ ʧʦʜʚʝʨʞʝʥʥʳʭ 
ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʨʨʠʪʦʨʠʷʭ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ: ʚʦʢʨʫʛ ʎʝʤʝʥʪʥʦʛʦ ʠ ʀʟʚʝʩʪʢʦʚʦʛʦ 
ʟʘʚʦʜʦʚ ʚ ʌʘʨʠʰʩʢʦʤ ʨʘʡʦʥʝ ɼʞʠʟʘʢʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʤʘʣʳʢʩʢʦʛʦ ʛʦʨʥʦ-
ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʚ ɸʭʘʥʛʘʨʘʥʩʢʦʤ ʨʘʡʦʥʝ ʊʘʰʢʝʥʪʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʛʦʨʳ ʂʘʨʘʪʘʫ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ. ɺ ʢʘʞʜʦʤ ʨʘʡʦʥʝ ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 
ʤʝʩʪʥʳʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʚʠʜʳ ʙʨʠʦʬʠʪʦʚ (ʤʭʦʚ) Pohlia hygrometrica, Grimmia tergestina, Grimmia 
orbicularis, Syntrichia caninervis, ʘ ʪʘʢʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʣʠʰʘʡʥʠʢʦʚ (Circinaria sp., 
Psora decipiens). 

ɼʞʧʮʡʥʡʰʞʪʣʙʸ ʡ ʶʣʧʤʧʜʡʰʞʪʣʙʸ ʣʤʙʪʪʡʭʡʣʙʯʡʸ ʡ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʶʤʞʥʞʦʫʧʛ. ʆʙʥʘʨʫʞʝʥ-
ʥʳʝ 23 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘ, ʠʩʭʦʜʷ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʧʨʠʨʦʜʝ, ʠʩʪʦʯʥʠʢʘ ʠ ʵʢʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ, ʙʳʣʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: (i) ʦʩʥʦʚʥʳʝ ʣʠʪʦʛʝʥʥʳʝ ʤʘʢʨʦʵʣʝʤʝʥ-
ʪʳ, (ii) ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, (iii) ʤʠʢʨʦʵʣʝʤʝʥʪʳ (trace elements) 
[3,4,5,6]. 

ʇʪʦʧʛʦʴʞ ʤʡʫʧʜʞʦʦʴʞ ʥʙʣʩʧʶʤʞʥʞʦʫʴ (Si, Ca, K, S, P, Cl). ʕʣʝʤʝʥʪʳ ʵʪʦʡ ʛʨʫʧʧʳ ʚʩʪʨʝʯʘʶʪ-
ʩʷ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʚ ʥʘʠʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ (ʜʦ ʜʝʩʷʪʢʦʚ ʧʨʦʮʝʥʪʦʚ) ʠ ʚ ʦʩʥʦʚʥʦʤ ʦʪʨʘʞʘʶʪ ʧʨʠ-
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ʨʦʜʥʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʫʙʩʪʨʘʪʘ (ʧʦʯʚʳ, ʛʦʨʥʦʡ ʧʦʨʦʜʳ) [6,7,8]. ʂʨʝʤʥʠʡ (Si, 15,7ï51,3%) ʠ 
ʢʘʣʴʮʠʡ (Ca, 19,1ï72,8%) ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 
ʟʥʘʯʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʧʦʯʚʝʥʥʳʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʨʠʦʬʠʪʦʚ ʠ ʣʠʰʘʡʥʠʢʦʚ ʤʝʭʘʥʠʯʝʩʢʠ 
ʫʜʝʨʞʠʚʘʪʴ ʯʘʩʪʠʮʳ ʤʠʥʝʨʘʣʴʥʦʡ ʧʳʣʠ. ʆʩʦʙʝʥʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ (72,8%) ʚ ʦʙʨʘʟʮʝ 
Syntrichia caninervis, ʦʪʦʙʨʘʥʥʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʘʪʘʫ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʢʘʨʙʦʥʘʪʥʳʤ (ʠʟʚʝʩʪʥʷ-
ʢʦʚʳʤ) ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʬʦʥʦʤ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʋʸʟʹʤʴʞ ʥʞʫʙʤʤʴ ʡ ʨʧʫʞʦʯʡʙʤʵʦʧ ʫʧʣʪʡʰʦʴʞ ʶʤʞʥʞʦʫʴ (Fe, Mn, Zn, Co, Pb, V, Cr, Ni, Cu, 
Al). ɼʘʥʥʘʷ ʛʨʫʧʧʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʠʝ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʠʭ ʥʘʢʦʧʣʝʥʠʝ ʚ ʙʨʠʦʬʠʪʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʤʳʰ-
ʣʝʥʥʳʤʠ ʚʳʙʨʦʩʘʤʠ. 

ʃʧʶʭʭʡʯʡʞʦʫ ʚʡʧʣʧʦʯʞʦʫʩʙʯʡʡ (ʃɺʃ): ʪʧʧʫʦʧʱʞʦʡʞ ʨʧʰʛʙðʥʧʮ. ʊʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ɼʞʠʟʘʢʩʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ ʦʙʨʘʟʮʳ ʧʦʯʚʳ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʨʠʦʬʠʪʦʚ (Pohlia nutans ʠ Grimmia 
tergestina) ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʘʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʙʠʦʢʦʥʮʝʥʪʨʘʮʠʠ 
(ʊʘʙʣ. 1). 

 
ʋʙʚʤʡʯʙ 1 

ʃʧʶʭʭʡʯʡʞʦʫ ʚʡʧʣʧʦʯʞʦʫʩʙʯʡʡ ʨʧʰʛʙðʥʧʮ (ʃɺʃ) ʦʙ ʫʞʩʩʡʫʧʩʡʡ ɽʟʡʠʙʣʪʣʧʜʧ ʯʞʥʞʦʫʦʧʜʧ ʠʙʛʧʝʙ 

ʖʤʞʥʞʦʫ 
ʈʧʰʛʙ 

 (ʬʰʙʪʫʧʣ 
Pohlia), % 

P. nutans, % ʃɺʃ (Pohlia) 
ʈʧʰʛʙ (ʬʰʙʪʫʧʣ 

Grimmia), % 
G. 

tergestina, % 
ʃɺʃ 

(Grimmia) 

Fe 9.55 13.3 1.39 9.41 10.9 1.16 

Zn 0.0603 0.05 0.83 0.0586 0.0606 1.03 

Co 0.0085 0.0133 1.57 0.0077 0.0134 1.74 

Pb 0.0191 0.0124 0.65 0.0181 0.0303 1.67 

V 0.0537 0.0614 1.14 0.0567 0.0241 0.43 

Cr 0.0208 0.0278 1.34 0.0217 0.029 1.34 

Ni 0.0186 0.0253 1.36 0.0175 0.0205 1.17 

Cu 0.0254 0.0278 1.09 0.0249 0.0286 1.15 

Al 8.52 9.64 1.13 8.59 11.4 1.33 

 
ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ ʨʘʩʢʨʳʚʘʝʪ ʨʷʜ ʚʘʞʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʅʘʠʚʳʩʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʚʠʥʮʘ 

(Pb, 0,0303%) ʠ ʮʠʥʢʘ (Zn, 0,0606%) ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʦʙʨʘʟʮʝ Grimmia tergestina ʚʦʢʨʫʛ ɼʞʠʟʘʢ-
ʩʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (Working Group on Heavy Metals, 
2006) ʦ ʩʚʷʟʠ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ ʩ ʚʳʙʨʦʩʘʤʠ Pb ʠ Zn, ʧʦʩʢʦʣʴʢʫ ʩʪʨʦʠʪʝʣʴʥʳʡ ʩʝʢʪʦʨ 
ʫʢʘʟʳʚʘʝʪʩʷ ʢʘʢ ʚʘʞʥʳʡ ʠʩʪʦʯʥʠʢ ʠʤʝʥʥʦ ʵʪʠʭ ʜʚʫʭ ʤʝʪʘʣʣʦʚ. 

ʅʘʠʚʳʩʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʨʦʤʘ (Cr, 0,0340%) ʠ ʚʘʥʘʜʠʷ (V, 0,0656%) ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʚ ʦʙʨʘʟʮʝ 
Grimmia orbicularis ʚʦʢʨʫʛ ɼʞʠʟʘʢʩʢʦʛʦ ʠʟʚʝʩʪʢʦʚʦʛʦ ʟʘʚʦʜʘ ð ʵʪʦ ʥʝʩʢʦʣʴʢʦ ʥʝʦʞʠʜʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ, 
ʧʦʩʢʦʣʴʢʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚʘʥʘʜʠʡ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʳʚʘʶʪ ʩ ʧʝʨʝʨʘʙʦʪʢʦʡ ʥʝʬʪʠ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʘ ʥʝ 
ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠʟʚʝʩʪʠ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʥʘʣʠʯʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩ-
ʪʦʯʥʠʢʘ (ʥʘʧʨʠʤʝʨ, ʜʚʠʞʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʠʣʠ ʜʨʫʛʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 
ʦʙʲʝʢʪʘ). 

ʊʩʙʛʦʡʫʞʤʵʦʴʢ ʙʦʙʤʡʠ ʥʞʟʝʬ ʜʩʬʨʨʙʥʡ ʚʡʧʡʦʝʡʣʙʫʧʩʧʛ (ʥʮʡ ʡ ʤʡʱʙʢʦʡʣʡ). ɺ ʠʩʩʣʝʜʦʚʘ-
ʥʠʠ ʫʯʘʩʪʚʦʚʘʣʠ ʜʚʝ ʨʘʟʣʠʯʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ð ʙʨʠʦʬʠʪʳ (Pohlia, Grimmia, Syntrichia) ʠ ʣʠ-
ʰʘʡʥʠʢʠ (Circinaria, Psora). ʇʘʨʘʣʣʝʣʴʥʳʡ ʦʪʙʦʨ ʧʨʦʙ ʵʪʠʭ ʜʚʫʭ ʛʨʫʧʧ ʥʘ ʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ (ʂʘʨʘʪʘʫ ʠ 
ɸʣʤʘʣʳʢ) ʜʘʣ ʮʝʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʨʘʪʘʫ Syntrichia caninervis (ʤʦʭ) ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʚʩʝʤ ʠʟʫ-
ʯʝʥʥʳʤ ʪʷʞʸʣʳʤ ʤʝʪʘʣʣʘʤ (Pb, Cr, V, Ni) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Circinaria sp. (ʣʠʰʘʡʥʠʢ); ʣʠʰʴ ʧʦ ʚʘʥʘʜʠʶ 
ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (ʫ ʣʠʰʘʡʥʠʢʘ ð 0,0429%, ʫ ʤʭʘ ð 0,0355%). ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣ-
ʤʘʣʳʢʘ, ʥʘʧʨʦʪʠʚ, Psora decipiens (ʣʠʰʘʡʥʠʢ) ʧʦʢʘʟʘʣ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʮʠʥʢʘ (Zn) ʠ ʢʦʙʘʣʴʪʘ 
(Co) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Grimmia tergestina (ʤʦʭ), ʥʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʦ ʩʚʠʥʮʫ, ʭʨʦʤʫ ʠ ʚʘʥʘʜʠʶ. 
ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʤʭʦʚ ʠ ʣʠʰʘʡʥʠʢʦʚ ʥʘʢʘʧʣʠʚʘʪʴ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ ʨʘʟ-
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ʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʣʝʤʝʥʪʘ, ʠ ʛʦʚʦʨʠʪʴ ʦʙ ʦʜʥʦʤ çʫʥʠʚʝʨʩʘʣʴʥʦʤ ʙʠʦʠʥʜʠʢʘʪʦʨʝè ʥʝʢʦʨʨʝʢʪ-
ʥʦ; ʥʘʧʨʦʪʠʚ, ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ V, Cr ʠ ʙʠʦʬʠʣʴʥʳʭ 
ʵʣʝʤʝʥʪʦʚ Zn, Co) ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʙʠʨʘʪʴ ʦʪʜʝʣʴʥʳʡ ʚʠʜ-ʠʥʜʠʢʘʪʦʨ, ʯʪʦ ʪʘʢʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʧʳʪʦʤ 
ʝʚʨʦʧʝʡʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ICP Vegetation. 

ʀʙʣʤʷʰʞʦʡʞ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʸʥʥʦʛʦ ʥʘ ʪʨʸʭ ʧʦʜʚʝʨʞʝʥʥʳʭ 
ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʨʨʠʪʦʨʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ (ɼʞʠʟʘʢʩʢʠʝ ʎʝʤʝʥʪʥʳʡ ʠ ʀʟʚʝʩʪʢʦʚʳʡ ʟʘʚʦ-
ʜʳ, ʊʘʰʢʝʥʪ-ɸʣʤʘʣʳʢ, ʂʘʨʘʢʘʣʧʘʢʩʪʘʥ-ʂʘʨʘʪʘʫ), ʤʝʪʦʜʦʤ EDXRF ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʙʦʣʝʝ 20 ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʙʨʠʦʬʠʪʦʚ ʠ ʣʠʰʘʡʥʠʢʦʚ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʢʦʵʬ-
ʬʠʮʠʝʥʪʘ ʙʠʦʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʯʚʘïʤʦʭ (ʂɹʂ) ʧʦʢʘʟʘʣ ʫʩʪʦʡʯʠʚʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʥʘʢʦʧ-
ʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʠ ʭʨʦʤʘ (ʂɹʂ>1) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʞʠʟʘʢʩʢʦʛʦ ʮʝʤʝʥʪʥʦʛʦ ʟʘʚʦʜʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʚʦʟʤʦʞʥʦʡ ʩʚʷʟʠ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʦʮʝʩʩʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʮʝʤʝʥʪʘ. 
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ʫʟʢʦʡ ʙʦʢʦʚʦʡ ʜʦʩʢʠ, ʦʧʨʝʜʝʣʸʥʥʘʷ ʜʣʷ ʚʝʨʭʥʝʛʦ ʪʦʨʮʘ ʙʨʝʚʥʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʘʩʯʸʪ ʚʢʣʶʯʘʝʪ 
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ʥʘʟʥʘʯʘʪʴ ʧʨʠʧʫʩʢʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩʭʝʤʳ ʨʘʩʢʨʦʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳ-
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A PROBABILISTIC APPROACH TO ESTIMATING THE YIELD OF STANDARD-LENGTH EDGED LUMBER 

CONSIDERING LOG AXIS ECCENTRICITY 
 

Efremov Alexander Nikolaevich, 
Vasilyeva Anna Sergeevna, 
Kazartsev Ilya Maksimovich 

 
Abstract. A method has been developed for quantitative assessment of the probability of producing 6-m long 
edged boards from round timber, taking into account possible displacement of the log longitudinal axis relative 
to the sawing pattern centre line. The method is based on the distribution function of the narrow side board 
width measured at the log top end. The step-by-step calculation includes determining the board width with ze-
ro axis offset, with a shift of up to 10 mm, calculating the width of the probabilistic zone, establishing the confi-
dence interval for the standard deviation, and finally deriving the target probability. The proposed approach 
enables more justified allowance assignment and sawing scheme adjustment, thereby improving raw material 
utilisation efficiency. 
Keywords: log sawing, edged lumber, standard length, axis eccentricity, distribution function, confidence in-
terval, probabilistic estimation. 
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ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʩʢʨʦʷ ʢʨʫʛʣʳʭ ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʙʨʝʟʥʳʝ ʧʠʣʦʤʘʪʝʨʠʘʣʳ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝ-
ʚʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʫʝʤʦʡ ʜʣʠʥʳ ʛʦʪʦʚʳʭ ʜʦʩʦʢ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʨʝʯʴ ʠʜʸʪ ʦ ʩʪʘʥ-
ʜʘʨʪʥʳʭ ʨʘʟʤʝʨʘʭ, ʥʘʧʨʠʤʝʨ, 6 ʤʝʪʨʦʚ. ʅʘ ʧʨʘʢʪʠʢʝ ʬʘʢʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʧʦʣʫʯʘʝʤʳʭ ʠʟʜʝʣʠʡ ʟʘʚʠʩʠʪ 
ʥʝ ʪʦʣʴʢʦ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʨʝʚʥʘ (ʜʠʘʤʝʪʨʘ, ʩʙʝʛʘ, ʢʨʠʚʠʟʥʳ), ʥʦ ʠ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ 
ʪʦʯʥʦ ʝʛʦ ʧʨʦʜʦʣʴʥʘʷ ʦʩʴ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʯʸʪʥʳʤ ʮʝʥʪʨʦʤ ʧʦʩʪʘʚʘ. ʃʶʙʦʝ ʩʤʝʱʝʥʠʝ ʦʩʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʵʪʦʛʦ ʮʝʥʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʰʠʨʠʥʳ ʜʦʩʦʢ, ʚʳʧʠʣʠʚʘʝʤʳʭ ʠʟ ʧʝʨʠʬʝʨʠʡʥʳʭ ʟʦʥ ʙʨʝʚʥʘ, ʠ, ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ, ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʜʣʠʥʫ ʪʝʭ ʠʟ ʥʠʭ, ʢʦʪʦʨʳʝ ʧʨʝʪʝʥʜʫʶʪ ʥʘ ʪʦ, ʯʪʦʙʳ ʙʳʪʴ ʧʦʣʥʦʨʘʟʤʝʨ-
ʥʳʤʠ. ʆʩʦʙʝʥʥʦ ʢʨʠʪʠʯʥʳʤ ʵʪʦ ʩʪʘʥʦʚʠʪʩʷ ʜʣʷ ʫʟʢʠʭ ʙʦʢʦʚʳʭ ʜʦʩʦʢ, ʰʠʨʠʥʘ ʢʦʪʦʨʳʭ ʚ ʚʝʨʭʥʝʤ (ʢʦʤ-
ʣʝʚʦʤ) ʦʪʨʝʟʝ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʷ ʜʣʠʥʦʡ 6 ʤ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʦʨʮʦʚʢʝ. 

ɼʣʷ ʫʯʸʪʘ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʧʦʜʭʦʜ, 
ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ ʫʟʢʦʡ ʙʦʢʦʚʦʡ ʜʦʩʢʠ, ʠʟʤʝʨʝʥʥʦʡ ʚ ʚʝʨʭʥʝʤ ʪʦʨʮʝ 
ʙʨʝʚʥʘ. ɼʘʥʥʘʷ ʬʫʥʢʮʠʷ ʫʯʠʪʳʚʘʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ ʣʝʩʦʤʘʪʝʨʠʘʣʘ, ʘ 
ʪʘʢʞʝ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʚʦʟʤʦʞʥʦʛʦ ʩʤʝʱʝʥʠʷ ʦʩʠ ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʢʘ. ɺ ʦʩʥʦʚʝ ʨʘʩʯʸʪʥʦʛʦ ʘʣʛʦ-
ʨʠʪʤʘ ʣʝʞʠʪ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʩʠʪʫʘʮʠʡ: ʠʜʝʘʣʴʥʦʡ, ʢʦʛʜʘ ʦʩʴ ʙʨʝʚʥʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥʪʨ ʧʦʩʪʘʚʘ, ʠ 
ʨʝʘʣʴʥʦʡ, ʢʦʛʜʘ ʦʥʘ ʩʤʝʱʝʥʘ ʥʘ ʥʝʢʦʪʦʨʫʶ ʚʝʣʠʯʠʥʫ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʧʨʠʥʠʤʘʝʪʩʷ ʩʤʝ-
ʱʝʥʠʝ ʜʦ 10 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʠʧʠʯʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʙʘʟʠʨʦʚʘʥʠʷ ʥʘ ʣʝʩʦʧʠʣʴʥʳʭ ʨʘʤʘʭ). ʉʥʘ-
ʯʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʰʠʨʠʥʘ ʜʦʩʢʠ ʚ ʚʝʨʭʥʝʤ ʦʪʨʝʟʢʝ ʧʨʠ ʥʫʣʝʚʦʤ ʩʤʝʱʝʥʠʠ, ʟʘʪʝʤ ð ʧʨʠ ʩʤʝʱʝʥʠʠ, 
ʨʘʚʥʦʤ 10 ʤʤ, ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ ʵʪʠʤʠ ʟʥʘʯʝʥʠʷʤʠ. ʕʪʘ ʨʘʟʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʰʠʨʠʥʫ 
ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʟʦʥʳ ð ʠʥʪʝʨʚʘʣʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʚʘʨʴʠʨʫʝʪʩʷ ʚʦʟʤʦʞʥʘʷ ʜʣʠʥʘ 
ʜʦʩʢʠ ʠʟ-ʟʘ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ. [1] 

ɼʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʜʦʚʝʨʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 
ʜʣʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʰʠʨʠʥʳ ʜʦʩʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ 
ʧʨʦʛʥʦʟʘ. ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʯʠʩʣʷʝʪʩʷ ʠʩʢʦʤʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʧʨʠ 
ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʠʣʦʚʢʠ ʠ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʥʷʪʳʭ ʜʦʧʫʩʢʦʚ ʥʘ ʩʤʝʱʝʥʠʝ ʦʩʠ ʜʦʩʢʘ ʙʫʜʝʪ ʠʤʝʪʴ 
ʜʣʠʥʫ ʥʝ ʤʝʥʝʝ 6 ʤ. ʊʘʢʦʡ ʨʘʩʯʸʪ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʩʢʘʟʘʪʴ ʦʞʠʜʘʝʤʳʡ ʚʳʭʦʜ ʩʪʘʥ-
ʜʘʨʪʥʳʭ ʜʦʩʦʢ, ʥʦ ʠ ʦʙʦʩʥʦʚʘʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʩʪʘʚ (ʩʭʝʤʫ ʨʘʩʢʨʦʷ), ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʠ-
ʧʫʩʢʠ ʧʦ ʜʣʠʥʝ ʠʣʠ ʠʟʤʝʥʷʷ ʧʦʨʷʜʦʢ ʚʳʧʠʣʦʚʢʠ ʙʦʢʦʚʳʭ ʜʦʩʦʢ.[2] 

ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʜʦʧʦʣʥʠʪʝʣʴ-
ʥʳʭ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠ-
ʢʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʙʝʛʘ ʧʦ ʜʣʠʥʝ ʙʨʝʚʥʘ, ʥʝʢʨʫʛʣʦʩʪʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʚʦʟ-
ʤʦʞʥʘʷ ʢʨʠʚʠʟʥʘ ʩʪʚʦʣʘ, ʘ ʪʘʢʞʝ ʪʦʯʥʦʩʪʴ ʩʘʤʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʩʝ ʵʪʠ ʠʩʪʦʯʥʠʢʠ 
ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʚ ʦʙʱʫʶ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʫʪʸʤ ʝʸ ʤʦʜʠʬʠʢʘʮʠʠ ʠʣʠ 
ʚʚʝʜʝʥʠʷ ʧʦʧʨʘʚʦʯʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʤʝʪʦʜ ʛʠʙʢʠʤ ʠ ʘʜʘʧʪʠʨʫʝʤʳʤ ʢ ʢʦʥʢʨʝʪʥʳʤ ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʷʤ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʣʝʛʢʦ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʠ ʤʦʞʝʪ ʙʳʪʴ 
ʚʩʪʨʦʝʥ ʚ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʸʪʘ ʧʦʩʪʘʚʦʚ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʣʝʩʦ-
ʧʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʸʤʳ ʩʳʨʴʷ ʩ ʥʝʩʪʘʙʠʣʴʥʳʤʠ ʢʘʯʝʩʪʚʝʥ-
ʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. [1] 

ɽʱʸ ʦʜʥʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʪʠ-
ʤʠʟʘʮʠʠ ʥʝ ʪʦʣʴʢʦ ʜʣʠʥʳ, ʥʦ ʠ ʰʠʨʠʥʳ ʧʦʣʫʯʘʝʤʳʭ ʜʦʩʦʢ, ʝʩʣʠ ʚʤʝʩʪʦ ʜʣʠʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʱʠʡ ʨʘʟʤʝʨʥʳʡ ʧʘʨʘʤʝʪʨ. ʕʪʦ ʨʘʩʰʠʨʷʝʪ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʦʜʭʦʜʘ ʠ ʜʝʣʘʝʪ ʝʛʦ ʫʥʠʚʝʨ-
ʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʩʢʨʦʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʤʦ-
ʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʧʨʠ ʚʳʙʦʨʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʩʭʝʤ ʨʘʩʧʠʣʦʚʢʠ ʜʣʷ ʧʘʨʪʠʡ ʙʨʸʚʝʥ ʩ ʠʟʚʝʩʪʥʳʤ ʟʘʢʦʥʦʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʨʘʥʝʝ ʦʮʝʥʠʪʴ ʦʞʠʜʘʝʤʳʡ ʚʳʭʦʜ ʩʦʨʪʠ-
ʤʝʥʪʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢ ʙʨʘʢʘ ʠʟ-ʟʘ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʟʤʝʨʦʚ. 

ɻʴʛʧʝʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʡ ʨʘʙʦʪʳ ʧʨʝʜʣʦʞʝʥʘ ʠ ʦʙʦʩʥʦʚʘʥʘ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʝʪʦʜʠʢʘ 
ʨʘʩʯʸʪʘ ʚʳʭʦʜʘ ʦʙʨʝʟʥʳʭ ʜʦʩʦʢ ʜʣʠʥʦʡ 6 ʤ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʤʝʱʝʥʠʝ ʦʩʠ ʙʨʝʚʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 
ʧʦʩʪʘʚʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ 
ʩʪʝʧʝʥʴ ʨʠʩʢʘ ʥʝʧʦʣʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ ʜʣʠʥʳ ʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 
ʩʭʝʤʳ ʨʘʩʢʨʦʷ. ʇʨʠʤʝʥʝʥʠʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ ʙʦʢʦʚʦʡ ʜʦʩʢʠ ʠ ʜʦʚʝʨʠʪʝʣʴʥʦʛʦ ʠʥʪʝʨ-
ʚʘʣʘ ʜʣʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ, 



78 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ʯʪʦ ʦʩʦʙʝʥʥʦ ʮʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʛʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝʠʟʙʝʞʥʳ. 
ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʘ ʣʝʩʦʧʠʣʴʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʚ 
ʩʦʩʪʘʚʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʩʢʨʦʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 
ʦʙʲʸʤʥʦʛʦ ʚʳʭʦʜʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʠʣʦʤʘʪʝʨʠʘʣʦʚ, ʩʥʠʞʝʥʠʶ ʜʦʣʠ ʢʦʨʦʪʢʦʤʝʨʥʳʭ ʦʪʭʦʜʦʚ ʠ ʫʣʫʯʰʝ-
ʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ. ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʩʰʠʨʝʥʠʝ 
ʤʦʜʝʣʠ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ 
ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʯʠʩʣʝʥʠʡ. 
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ǫǭǣǤǪǧǯǭǡǟǬǧǤ ǩǭǢǬǧǱǧǡǬǭǢǭ ǮǯǭǳǧǪǾ 
ǭǠǲǶǟǽǸǤǢǭǰǾ Ǭǟ ǭǰǬǭǡǤ ǧǬǱǤǢǯǟǵǧǧ 
ǡǤǯǭǾǱǬǭǰǱǬǺǴ ǫǭǣǤǪǤǨ @IR ǧ GPR ǡ 
ǟǣǟǮǱǧǡǬǺǴ ǰǧǰǱǤǫǟǴ 

ǩȍȑȍȁȘȇȉȍȁ ǧȁǿȌ ǟȌȃȏȄȄȁȇȖ 
ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳè 
ʌɻɹʆʋ ɺʆ çʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʄʘʱʝʥʢʦ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʠʩʪʝʤʳè 
ʌɻɹʆʋ ɺʆ çʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʪʨʘʝʢʪʦʨʠʝʡ ʦʙʫʯʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʩʠʤʫʣʷʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦ-
ʞʝʥ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʘʣʠʟʘʮʠʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʨʦʬʠʣʷ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʧʨʝʠʤʫ-
ʱʝʩʪʚʘ ʢʣʘʩʩʠʯʝʩʢʠʭ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ: ʙʘʡʝʩʦʚʩʢʦʛʦ ʦʪʩʣʝʞʠʚʘʥʠʷ ʟʥʘʥʠʡ (BKT) ʠ ʪʝʦʨʠʠ ʦʪ-
ʢʣʠʢʘ ʥʘ ʟʘʜʘʥʠʷ (IRT). ʇʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ 
ʚʳʙʦʨʢʝ ʚʠʨʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ ʤʦʜʝʣʝʡ 
ʧʦʟʚʦʣʠʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʫʩʧʝʰʥʦʩʪʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ: ʤʝʪʨʠʢʘ AUC-
ROC ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 0,86 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 0,72 ʜʣʷ BKT ʠ 0,78 ʜʣʷ IRT. ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 
ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦʟʚʦʣʠʣʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 
ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʚʦʛʦ ʫʨʦʚʥʷ ʤʘʩʪʝʨʩʪʚʘ, ʥʘ 33,7%. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʜʘʧʪʠʚʥʦʝ ʦʙʫʯʝʥʠʝ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʙʘʡʝʩʦʚʩʢʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ 
ʟʥʘʥʠʡ, ʪʝʦʨʠʷ ʦʪʢʣʠʢʘ ʥʘ ʟʘʜʘʥʠʷ, ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ. 
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Abstract: The paper addresses the problem of increasing the efficiency of adaptive learning path manage-
ment using simulation modeling methods. The authors propose a hybrid approach to student cognitive profile 
modeling that combines the advantages of classic probabilistic models: Bayesian Knowledge Tracing (BKT) 
and Item Response Theory (IRT). Simulation modeling of the learning process was carried out on a synthetic 
sample of virtual agents. The comparative results showed that the integration of the models significantly in-
creased the prediction accuracy: the AUC-ROC metric increased to 0.86 compared to 0.72 for BKT and 0.78 
for IRT. The application of the developed adaptive management reduced the number of steps required to 
reach the target knowledge mastery level by 33.7%. 
Key words: adaptive learning, simulation modeling, Bayesian knowledge tracing, item response theory, hybrid 
model. 
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ɻɻɾɽɾʆʁɾ. ɺ ʫʩʣʦʚʠʷʭ ʤʘʩʰʪʘʙʥʦʡ ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʝʨʝʭʦ-
ʜʘ ʢ ʢʦʥʮʝʧʮʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʨʘʟʨʘʙʦʪ-
ʢʘ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʜʘʧʪʠʚʥʳʭ ʦʙʫʯʘʶʱʠʭ ʩʠʩʪʝʤ (ɸʆʉ). ɺ ʨʘʤʢʘʭ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.2.2 
(çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠ ʢʦʤʧʣʝʢʩʳ ʧʨʦʛʨʘʤʤè) ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʩʚʦ-
ʜʠʪʩʷ ʢ ʟʘʜʘʯʝ ʧʦʩʪʨʦʝʥʠʷ ʪʦʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʦʛʥʠʪʠʚʥʦʛʦ ʧʨʦʬʠʣʷ ʦʙʫʯʘʶʱʝʛʦʩʷ ʜʣʷ 
ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʝʡ ʦʙʫʯʝʥʠʷ. ʊʨʘʜʠʮʠʦʥʥʦ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʟʥʘʥʠʡ ʧʨʠʤʝʥʷʶʪ-
ʩʷ ʜʚʝ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʤʦʜʝʣʠ: ʙʘʡʝʩʦʚʩʢʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʟʥʘʥʠʡ (Bayesian Knowledge Tracing, BKT) [1] 
ʠ ʪʝʦʨʠʷ ʦʪʢʣʠʢʘ ʥʘ ʟʘʜʘʥʠʷ (Item Response Theory, IRT) [2]. ʆʜʥʘʢʦ ʤʦʜʝʣʴ BKT ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʜʠʥʘ-
ʢʦʚʫʶ ʩʣʦʞʥʦʩʪʴ ʚʩʝʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʢʦʥʮʝʧʪʘ, ʘ ʤʦʜʝʣʠ IRT ʷʚʣʷʶʪʩʷ ʩʪʘʪʠʯʝ-
ʩʢʠʤʠ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʜʠʥʘʤʠʢʫ ʫʩʚʦʝʥʠʷ ʟʥʘʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʡ. 
ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʝʨʠʬʠʢʘʮʠʷ ʛʠʙʨʠʜʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦ-
ʜʝʣʠ, ʦʙʲʝʜʠʥʷʶʱʝʡ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ BKT ʩ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʡ ʪʦʯʥʦʩʪʴʶ IRT ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʅɾʋʇɽʔ ʁʊʊʄɾɽʇɻɹʆʁʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʥʪʝʛʨʘʮʠʠ ʬʦʨʤʘʣʴʥʳʭ ʘʧ-
ʧʘʨʘʪʦʚ BKT ʠ 2PL IRT. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʜʝʣʠ BKT ʚʝʨʦʷʪʥʦʩʪʴ ʚʣʘʜʝʥʠʷ ʢʦʥʮʝʧʪʦʤ K ʦʙʥʦʚʣʷʝʪʩʷ 
ʧʦ ʧʨʘʚʠʣʫ ɹʘʡʝʩʘ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʨʠʠ ʦʪʚʝʪʦʚ ʦʙʫʯʘʶʱʝʛʦʩʷ (ʩ ʫʯʝʪʦʤ ʧʘʨʘʤʝʪʨʦʚ ʫʛʘʜʳʚʘʥʠʷ g ʠ 
ʦʰʠʙʢʠ s), ʘ ʟʘʪʝʤ ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʫʯʝʥʠʷ t (ʩʢʦʨʦʩʪʠ ʫʩʚʦʝʥʠʷ): 
P(K_(t+1))=P(K_t)+(1-P(K_t))Ŀt. ɺ ʜʚʫʭʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ IRT ʩʚʷʟʴ ʤʝʞʜʫ ʣʘʪʝʥʪʥʳʤ ʫʨʦʚʥʝʤ 
ʩʧʦʩʦʙʥʦʩʪʝʡ ʩʪʫʜʝʥʪʘ ɗ_i ʠ ʩʣʦʞʥʦʩʪʴʶ j-ʛʦ ʟʘʜʘʥʠʷ d_j ʚʳʨʘʞʘʝʪʩʷ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ: 
P(X_ij=1|ɗ_i)=1/(1+e^(-a_j (ɗ_i-d_j))), ʛʜʝ a_j ï ʧʘʨʘʤʝʪʨ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʟʘʜʘʥʠʷ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʠʥʪʝ-
ʛʨʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ t ʥʝ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʘʥʪʦʡ, ʘ ʜʠʥʘʤʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ 
ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʣʦʞʥʦʩʪʠ ʧʨʝʜʲʷʚʣʷʝʤʦʡ ʟʘʜʘʯʠ ʪʝʢʫʱʝʤʫ ʫʨʦʚʥʶ ʩʧʦʩʦʙʥʦʩʪʝʡ ʚ ʟʦʥʝ ʙʣʠʞʘʡʰʝʛʦ 
ʨʘʟʚʠʪʠʷ (ZPD). ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʫʯʝ-
ʥʠʷ t_ij i-ʛʦ ʚʠʨʪʫʘʣʴʥʦʛʦ ʩʪʫʜʝʥʪʘ ʥʘ j-ʤ ʟʘʜʘʥʠʠ: 

t_ij=t_max/(1+e^(-ɔ(ɗ_i-d_j)) )                                                 (1) 
ʛʜʝ t_max ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʜʣʷ ʢʦʥʮʝʧʪʘ; ɔ ï ʤʘʩʰʪʘʙʠʨʫʶʱʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʨʫʪʠʟʥʫ ʢʨʠʚʦʡ ʦʙʫʯʝʥʠʷ; d_j ï ʩʣʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ; ɗ_i ï ʪʝʢʫʱʘʷ ʩʧʦ-
ʩʦʙʥʦʩʪʴ ʦʙʫʯʘʶʱʝʛʦʩʷ, ʦʮʝʥʠʚʘʝʤʘʷ ʧʦ ʰʢʘʣʝ IRT ʥʘ ʦʩʥʦʚʝ ʥʘʢʦʧʣʝʥʥʦʡ ʠʩʪʦʨʠʠ ʦʪʚʝʪʦʚ. ʈʘʟʨʘʙʦ-
ʪʘʥʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʷʟʳʢʝ Python 3.11 ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʢʦʛʥʠʪʠʚʥʦʛʦ 
ʧʨʦʬʠʣʷ ʠ ʬʦʨʤʠʨʫʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʟʘʜʘʥʠʡ. 

ʉɾʀʌʄʕʋɹʋʔ ʁʊʊʄɾɽʇɻɹʆʁʘ. ʉ ʮʝʣʴʶ ʚʝʨʠʬʠʢʘʮʠʠ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘ-
ʨʘʪʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʤʠʪʘʮʠʦʥʥʦʝ (ʩʠʤʫʣʷʮʠʦʥʥʦʝ) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʦʭʦʞʜʝʥʠʷ ʦʙʫʯʝʥʠʷ 
ʥʘ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʚʳʙʦʨʢʝ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʳʩʪʫʧʠʣʘ ʛʨʫʧʧʘ ʠʟ 1240 ʚʠʨʪʫʘʣʴʥʳʭ 
ʘʛʝʥʪʦʚ (ʦʙʫʯʘʶʱʠʭʩʷ), ʚʳʧʦʣʥʷʶʱʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟ 30 ʪʝʩʪʦʚʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ. ɺ 
ʨʘʤʢʘʭ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʣʘʪʝʥʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʦʩʦʙʥʦʩʪʝʡ ʘʛʝʥʪʦʚ ʠ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʥʠʡ 
ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʠʟ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʙʘʟʘ 
ʜʘʥʥʳʭ ʦʙʲʝʤʦʤ 37 200 ʟʘʧʠʩʝʡ ʦʪʚʝʪʦʚ ʚʠʨʪʫʘʣʴʥʳʭ ʘʛʝʥʪʦʚ. ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʠ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʥʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʨʠʢʠ AUC-ROC, Accuracy ʠ RMSE. ʏʠʩʣʝʥ-
ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ BKT, IRT, ʥʝʡʨʦʩʝʪʝʚʦʛʦ ʙʘʟʠʩʘ Deep Knowledge 
Tracing (DKT) [3] ʠ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʛʠʙʨʠʜʥʦʡ ʤʦʜʝʣʠ BKT+IRT ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 (ʪʘʙʣ. 1). 
 

ʋʙʚʤʡʯʙ 1 
ʊʩʙʛʦʞʦʡʞ ʶʭʭʞʣʫʡʛʦʧʪʫʡ ʥʧʝʞʤʞʢ ʨʩʧʜʦʧʠʡʩʧʛʙʦʡʸ 

ʄʦʜʝʣʴ ʦʪʩʣʝʞʠʚʘʥʠʷ 
ʟʥʘʥʠʡ 

AUC-ROC, ʫ.ʝ. Accuracy, % RMSE, ʫ.ʝ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ BKT 0,72 67,3 0,50 

ʉʪʘʪʠʯʝʩʢʘʷ 2PL IRT 0,78 71,9 0,45 

Deep Knowledge Tracing 
(DKT) 

0,82 76,1 0,42 

ɻʠʙʨʠʜʥʘʷ BKT+IRT (ʨʘʟ-
ʨʘʙ.) 

0,86 78,8 0,39 
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ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʛʠʙʨʠʜʥʘʷ ʤʦʜʝʣʴ BKT+IRT ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʪʦʯʥʦʩʪʠ 
ʢʣʘʩʩʠʯʝʩʢʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ (ʧʦʢʘʟʘʪʝʣʴ AUC-ROC ʫʚʝʣʠʯʠʣʩʷ ʜʦ 0,86 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 0,72 
ʜʣʷ BKT ʠ 0,78 ʜʣʷ IRT) ʠ ʦʙʭʦʜʠʪ ʥʝʡʨʦʩʝʪʝʚʫʶ ʤʦʜʝʣʴ DKT (AUC-ROC = 0,82). ɹʦʣʝʝ ʪʦʛʦ, ʠʥʪʝʛʨʘ-
ʮʠʷ ʤʦʜʝʣʠ ʚ ʘʣʛʦʨʠʪʤʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ɸʆʉ ʧʦʟʚʦʣʠʣʘ ʩʦʢʨʘʪʠʪʴ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʰʘʛʦʚ (ʟʘʜʘʯ), 
ʥʝʦʙʭʦʜʠʤʳʭ ʚʠʨʪʫʘʣʴʥʦʤʫ ʘʛʝʥʪʫ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʤʘʩʪʝʨʩʪʚʘ ʧʦ ʪʝʤʝ (ʧʦʨʦʛ P(K)Ó0,95), 
ʩ 18,4 ʜʦ 12,2 ʟʘʜʘʯ, ʧʦʚʳʩʠʚ ʪʝʤ ʩʘʤʳʤ ʪʝʤʧ ʦʩʚʦʝʥʠʷ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 33,7%. 

ʀɹʃʄʗʐɾʆʁɾ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʛʠʙʨʠʜʥʘʷ ʚʝʨʦʷʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ BKT+IRT ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʫʶ 
ʧʨʝʜʠʢʪʠʚʥʫʶ ʪʦʯʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʣʷ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʝʡ ʦʙʫʯʝ-
ʥʠʷ. ʂʣʶʯʝʚʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʦʜʝʣʠ ʧʝʨʝʜ ʛʣʫʙʦʢʠʤʠ ʥʝʡʨʦʩʝʪʷʤʠ ʷʚʣʷʝʪʩʷ ʝʸ ʧʦʣʥʘʷ ʧʝʜʘʛʦʛʠʯʝ-
ʩʢʘʷ ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʦʩʪʴ (Explainable AI), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʜʝʪʘʣʴʥʳʡ ʘʫʜʠʪ ʤʝʥʪʘʣʴʥʦʡ ʢʘʨʪʳ 
ʦʙʫʯʘʶʱʝʛʦʩʷ. ʅʘʧʨʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʷʟʘʥʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʤʦʜʝʣʠ ʟʘ ʩʯʝʪ ʠʥʪʝ-
ʛʨʘʮʠʠ ʩʪʠʣʝʡ ʦʙʫʯʝʥʠʷ ʧʦ ʤʦʜʝʣʠ VARK [4] ʠ ʘʬʬʝʢʪʠʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʫʜʝʥʪʦʚ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 
ʢʦʛʥʠʪʠʚʥʦʡ ʧʝʨʝʛʨʫʟʢʠ [5]. 
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ʊʆ çʉʫʨʛʫʪʅʀʇʀʥʝʬʪʴè ʇɸʆ çʉʫʨʛʫʪʥʝʬʪʝʛʘʟè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʦʨʛʘʥʠʟʘʮʠʠ ʩʥʘʙʞʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʤʠ 
ʨʝʩʫʨʩʘʤʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʳʪʦʛʦ ʣʝʜʦʚʦʛʦ ʢʘʪʢʘ ʚ ʛ. ʊʶʤʝʥʴ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʪʠʧʠʯʥʳʝ ʧʨʦʙʣʝʤʳ 
ʩʣʫʞʙ ʩʥʘʙʞʝʥʠʷ: ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʧʦʩʪʘʚʦʢ, ʦʪʩʫʪʩʪʚʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʦʩʪʘʪʢʦʚ, ʥʝʩʢʦʦʨ-
ʜʠʥʠʨʦʚʘʥʥʦʩʪʴ ʛʨʘʬʠʢʦʚ ʧʦʩʪʘʚʦʢ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦ-
ʚʘʥʠʷ ʨʘʙʦʪʳ ʩʣʫʞʙʳ ʩʥʘʙʞʝʥʠʷ: ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʯʝʪʘ, ʦʧʪʠʤʠʟʘʮʠʷ ʩʢʣʘʜʩʢʠʭ 
ʟʘʧʘʩʦʚ, ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦʩʪʘʚʦʢ ʩ ʢʘʣʝʥʜʘʨʥʳʤ ʧʣʘʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦʟ-
ʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʥʘʙʞʝʥʠʷ, ʩʦʢʨʘʪʠʪʴ ʧʨʦʩʪʦʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʝ ʟʘ-
ʧʘʩʳ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʧʣʦʱʘʜʢʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʥʘʙʞʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʣʦʛʠʩʪʠʢʘ ʩʪʨʦʠ-
ʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʧʨʘʚʣʝʥʠʝ ʟʘʧʘʩʘʤʠ, ʧʦʩʪʘʚʢʠ, ʩʢʣʘʜʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, BIM, ERP-ʩʠʩʪʝʤʳ. 
 

IMPROVING THE PLANNING OF RESOURCE FLOWS IN THE CONSTRUCTION OF AN ICE RINK 
 

Vazhenin Evgeny Aleksandrovich 
 

Abstract: The article discusses the organization of supply and management of material resources in the con-
struction of an indoor ice rink in Tyumen. Typical problems of supply services are analyzed: untimely deliver-
ies, lack of operational control over balances, inconsistency of delivery schedules and production schedules. 
Directions for improving the supply service are proposed: implementation of digital accounting tools, optimiza-
tion of inventory, synchronization of supplies with the construction schedule. The proposed solutions allow to 
increase the reliability of supply, reduce downtime and minimize excess inventories at the site. 
Key words: construction supply, material and technical support, logistics of building materials, inventory man-
agement, supplies, warehouse facilities, BIM, ERP systems. 

 
ʆʨʛʘʥʠʟʘʮʠʷ ʩʥʘʙʞʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ ʫʩʧʝʰ-

ʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ. ʉʚʦʝʚʨʝʤʝʥʥʘʷ ʧʦʩʪʘʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʥʝʦʙ-
ʭʦʜʠʤʦʤ ʦʙʲʝʤʝ ʠ ʥʦʤʝʥʢʣʘʪʫʨʝ ʦʧʨʝʜʝʣʷʝʪ ʨʠʪʤʠʯʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʢʘʣʝʥʜʘʨʥʳʭ ʩʨʦʢʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʥʘʙʞʝʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴ-
ʩʪʚʝ ʦʙʫʩʣʦʚʣʝʥʳ ʜʠʩʢʨʝʪʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʵʪʘʧʘʤ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 
ʢʦʦʨʜʠʥʘʮʠʠ ʧʦʩʪʘʚʦʢ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʩʢʣʘʜʩʢʠʤ ʧʣʦʱʘ-
ʜʷʤ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ, ʩʝʟʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠ ʥʘʜʝʞʥʦʩʪʴʶ ʧʦʩʪʘʚʱʠʢʦʚ [1, ʩ. 4]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʦʨʛʘʥʠʟʘʮʠʠ ʩʥʘʙʞʝʥʠʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʳʪʦʛʦ ʣʝʜʦʚʦʛʦ 
ʢʘʪʢʘ ʚ ʛ. ʊʶʤʝʥʴ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʘʟʨʘʙʦʪʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʩʣʫʞʙʳ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʉʥʘʙʞʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʩʣʝʜʫʶʱʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ 
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ʧʨʦʮʝʩʩʦʚ: ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʩʫʨʩʘʭ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʩʪʘʚʦʢ, ʟʘʢʣʶʯʝʥʠʝ ʜʦʛʦʚʦʨʦʚ ʩ ʧʦ-
ʩʪʘʚʱʠʢʘʤʠ, ʦʨʛʘʥʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʧʨʠʝʤʢʘ, ʩʢʣʘʜʠʨʦʚʘʥʠʝ, ʫʯʝʪ ʠ ʚʳʜʘʯʘ ʤʘʪʝʨʠʘʣʦʚ 
ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ [3, ʩ. 79]. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ ʩʣʫʞʙʳ ʩʥʘʙʞʝʥʠʷ: 

¶ ʨʘʩʯʝʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ ʥʘ ʦʩʥʦʚʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʢʘ-
ʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʷʚʦʢ ʠ ʛʨʘʬʠʢʦʚ ʧʦʩʪʘʚʦʢ; 

¶ ʢʦʥʪʨʦʣʴ ʠʩʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʦʢ (ʩʨʦʢʠ, ʢʘʯʝʩʪʚʦ, ʢʦʤʧʣʝʢʪʥʦʩʪʴ); 

¶ ʫʧʨʘʚʣʝʥʠʝ ʩʢʣʘʜʩʢʠʤʠ ʟʘʧʘʩʘʤʠ (ʥʦʨʤʠʨʦʚʘʥʠʝ, ʭʨʘʥʝʥʠʝ, ʫʯʝʪ); 

¶ ʦʧʝʨʘʪʠʚʥʦʝ ʨʝʘʛʠʨʦʚʘʥʠʝ ʥʘ ʦʪʢʣʦʥʝʥʠʷ. 
ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʥʘʙʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ (ʪʘʙʣ. 1). 
 

ʋʙʚʤʡʯʙ 1 
ʍʙʣʫʧʩʴ, ʛʤʡʸʷʲʡʞ ʦʙ ʧʩʜʙʦʡʠʙʯʡʷ ʪʦʙʚʟʞʦʡʸ ʪʫʩʧʡʫʞʤʵʦʧʢ ʨʤʧʲʙʝʣʡ 

ɻʨʫʧʧʘ ʬʘʢʪʦʨʦʚ ʇʨʠʤʝʨ ʬʘʢʪʦʨʘ ʆʢʘʟʳʚʘʝʤʦʝ ʚʣʠʷʥʠʝ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʇʨʠʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ 
ʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʈʘʟʥʳʝ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ, ʩʨʦʢʠ 
ʧʦʩʪʘʚʢʠ, ʦʙʲʝʤʳ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʂʦʦʨʜʠʥʘʮʠʷ ʤʝʞʜʫ ʧʦʜʨʷʜʯʠʢʘʤʠ ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʦʩʪʘʚʦʢ ʩ ʛʨʘʬʠʢʦʤ 
ʨʘʙʦʪ 

ʃʦʛʠʩʪʠʯʝʩʢʠʝ ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʫʪʝʡ ʜʦʩʪʫ-
ʧʘ 

ʆʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʝʜʠʥʦʚʨʝ-
ʤʝʥʥʳʭ ʧʦʩʪʘʚʦʢ 

ʉʝʟʦʥʥʳʝ ʊʝʤʧʝʨʘʪʫʨʘ, ʦʩʘʜʢʠ ʋʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ, ʧʦʜʦʛʨʝʚ ʙʝʪʦʥʘ 
ʟʠʤʦʡ 

ʈʳʥʦʯʥʳʝ ʅʘʜʝʞʥʦʩʪʴ ʧʦʩʪʘʚʱʠʢʦʚ ʈʠʩʢʠ ʩʨʳʚʘ ʩʨʦʢʦʚ, ʜʝʬʠʮʠʪ ʤʘʪʝ-
ʨʠʘʣʦʚ 

 
ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʚ ʨʘʙʦʪʝ ʩʣʫʞʙʳ ʩʥʘʙʞʝʥʠʷ ʥʘ ʦʙʲʝʢʪʝ: ʦʪʩʫʪʩʪʚʠʝ ʦʧʝʨʘʪʠʚ-

ʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʩʪʘʪʢʘʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʩʢʣʘʜʝ; ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʛʨʘʬʠʢʦʚ ʧʦʩʪʘʚʦʢ ʩ ʬʘʢʪʠʯʝ-
ʩʢʠʤ ʭʦʜʦʤ ʨʘʙʦʪ; ʜʫʙʣʠʨʦʚʘʥʠʝ ʟʘʷʚʦʢ; ʧʨʝʚʳʰʝʥʠʝ ʥʦʨʤʘʪʠʚʥʳʭ ʟʘʧʘʩʦʚ ʧʦ ʦʜʥʠʤ ʧʦʟʠʮʠʷʤ ʧʨʠ 
ʜʝʬʠʮʠʪʝ ʜʨʫʛʠʭ [6, ʩ. 51]. 

 
ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʳʪʦʛʦ ʣʝʜʦʚʦʛʦ ʢʘʪʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡ-

ʢʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʠ ʤʘʥʝʚʨʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. 
ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʩʥʘʙʞʝʥʠʷ: 

¶ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʮʝʥʪʨʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʘʚʢʘʤʠ (ʟʘʷʚʢʠ ʬʦʨʤʠʨʫʶʪʩʷ ʨʘʟʥʳʤʠ ʧʦʜʨʘʟ-
ʜʝʣʝʥʠʷʤʠ ʙʝʟ ʢʦʦʨʜʠʥʘʮʠʠ); 

¶ ʦʪʩʫʪʩʪʚʠʝ ʦʧʝʨʘʪʠʚʥʦʛʦ ʜʦʚʝʜʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʨʳʚʘʭ ʧʦʩʪʘʚʦʢ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʩʣʫʞʙ; 

¶ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʝ ʟʘʧʘʩʳ ʠʤʧʦʨʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʜʝʬʠʮʠʪʝ ʭʦʜʦʚʳʭ ʧʦʟʠʮʠʡ; 

¶ ʥʝʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʫʯʝʪʘ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ. 
ʂʣʶʯʝʚʳʝ ʧʦʩʣʝʜʩʪʚʠʷ: 

¶ ʧʨʦʩʪʦʠ ʙʨʠʛʘʜ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʟʘʥʠʤʘʶʱʠʝ ʜʦ 8ï10% ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ; 

¶ ʚʥʝʧʣʘʥʦʚʳʝ ʟʘʢʫʧʢʠ ʧʦ ʟʘʚʳʰʝʥʥʳʤ ʮʝʥʘʤ; 

¶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʢʣʘʜʩʢʦʝ ʭʨʘʥʝʥʠʝ; 

¶ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʫʩʦʨʘ ʠʟ-ʟʘ ʧʦʨʯʠ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʭʨʘʥʝ-
ʥʠʠ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʥʘʙʞʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʭ ʤʝʨ (ʪʘʙʣ. 2). 
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ʋʙʚʤʡʯʙ 2 
ʅʞʩʴ ʨʧ ʪʧʛʞʩʱʞʦʪʫʛʧʛʙʦʡʷ ʧʩʜʙʦʡʠʙʯʡʡ ʪʦʙʚʟʞʦʡʸ 

ʈʝʰʝʥʠʝ ʆʧʠʩʘʥʠʝ ʨʝʰʝʥʠʷ ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ 

ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʦʛʦ 
ʫʯʝʪʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ RFID-ʤʝʪʦʢ ʠ QR-ʢʦʜʦʚ 
ʜʣʷ ʫʯʝʪʘ ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʜʚʠʞʝʥʠʷ ʤʘʪʝ-
ʨʠʘʣʦʚ 

ʆʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʦʩʪʘʪʢʦʚ, 
ʠʩʢʣʶʯʝʥʠʝ ʧʦʪʝʨʴ 

ʅʦʨʤʠʨʦʚʘʥʠʝ ʟʘʧʘʩʦʚ ʆʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʠ ʩʪʨʘʭʦʚʦʛʦ 
ʟʘʧʘʩʘ ʧʦ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ 

ʉʦʢʨʘʱʝʥʠʝ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʭ 
ʟʘʧʘʩʦʚ ʥʘ 15ï20% 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ 
ʩ ʛʨʘʬʠʢʦʤ ʨʘʙʦʪ 

ʇʨʠʚʷʟʢʘ ʟʘʷʚʦʢ ʥʘ ʧʦʩʪʘʚʢʫ ʢ ɻ ʪʘʧʘʤ 
ʇʇʈ 

ʀʩʢʣʶʯʝʥʠʝ ʧʨʦʩʪʦʝʚ, ʧʦʩʪʘʚʢʘ 
çʪʦʯʥʦ ʚ ʩʨʦʢè 

ʎʝʥʪʨʘʣʠʟʘʮʠʷ ʟʘʷʚʦʢ ɽʜʠʥʘʷ ʙʘʟʘ ʟʘʷʚʦʢ ʯʝʨʝʟ ʢʦʨʧʦʨʘʪʠʚʥʫʶ 
ERP-ʩʠʩʪʝʤʫ 

ʇʨʦʟʨʘʯʥʦʩʪʴ, ʠʩʢʣʶʯʝʥʠʝ ʜʫʙ-
ʣʠʨʦʚʘʥʠʷ 

ʋʧʨʘʚʣʝʥʠʝ ʧʦʩʪʘʚʱʠ-
ʢʘʤʠ 

ʈʝʡʪʠʥʛʦʚʘʥʠʝ ʧʦʩʪʘʚʱʠʢʦʚ 
ʧʦ ʥʘʜʝʞʥʦʩʪʠ, ʤʦʥʠʪʦʨʠʥʛ ʘʣʴʪʝʨʥʘʪʠʚ 

ʉʥʠʞʝʥʠʝ ʨʠʩʢʦʚ ʩʨʳʚʘ ʧʦʩʪʘ-
ʚʦʢ 

 
ʎʠʬʨʦʚʠʟʘʮʠʷ ʫʯʝʪʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʠʜʝʪʴ ʦʩʪʘʪʢʠ ʥʘ 

ʩʢʣʘʜʝ, ʦʪʩʣʝʞʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʢʘʞʜʦʡ ʧʘʨʪʠʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʪʴ ʟʘʷʚʢʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʟʘ-
ʧʘʩʘ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ [5, ʩ. 92]. 

ɺʥʝʜʨʝʥʠʝ ʧʨʠʥʮʠʧʘ ʧʦʩʪʘʚʢʠ çʪʦʯʥʦ ʚ ʩʨʦʢè ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʩʢʣʘʜʩʢʠʝ ʟʘʧʘʩʳ ʥʘ ʧʣʦʱʘʜ-
ʢʝ ʜʦ 20% [4, ʩ. 28]. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʛʜʝ ʧʣʦʱʘʜʠ ʜʣʷ 
ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʦʛʨʘʥʠʯʝʥʳ. 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʛʨʘʬʠʢʦʚ ʧʦʩʪʘʚʢʠ ʩ ʢʘʣʝʥʜʘʨʥʳʤ ʧʣʘʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʩʢʣʶʯʘʝʪ ʩʠʪʫʘʮʠʶ, 
ʢʦʛʜʘ ʤʘʪʝʨʠʘʣʳ ʧʦʩʪʫʧʘʶʪ ʨʘʥʴʰʝ ʠʣʠ ʧʦʟʞʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʩʨʦʢʘ [1, ʩ. 6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʟʘʮʠʷ ʩʥʘʙʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʨʠʪʤʠʯʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴ-
ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʦʧʝ-
ʨʘʪʠʚʥʦʛʦ ʫʯʝʪʘ, ʥʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʧʦʩʪʘʚʦʢ ʩ ʧʣʘʥʦʤ ʨʘʙʦʪ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʟʘʧʘʩʘʤʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦʟʚʦʣʷʝʪ: 

¶ ʩʦʢʨʘʪʠʪʴ ʧʨʦʩʪʦʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʤʘʪʝʨʠʘʣʦʚ; 

¶ ʩʥʠʟʠʪʴ ʩʚʝʨʭʥʦʨʤʘʪʠʚʥʳʝ ʩʢʣʘʜʩʢʠʝ ʟʘʧʘʩʳ; 

¶ ʧʦʚʳʩʠʪʴ ʧʨʦʟʨʘʯʥʦʩʪʴ ʠ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʩʥʘʙʞʝʥʠʷ; 

¶ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʩʨʳʚʘ ʧʦʩʪʘʚʦʢ. 
ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʠʡ ʥʘ ʦʙʲʝʢʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʝʩʧʝʯʠʪ ʙʝʩʧʝʨʝʙʦʡʥʦʝ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʩʦʢʨʘʪʠʪ ʦʙʱʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
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ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʜʝʨʝʚʘ ʦʪʢʘʟʦʚ (FTA) ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʘʩʢʨʳʪʘ 
ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʧʠʩʘʥ ʧʨʠʥʮʠʧ ʧʦʩʪʨʦʝʥʠʷ ʜʝʨʝʚʘ 
ʦʪʢʘʟʦʚ ʯʝʨʝʟ ʣʦʛʠʯʝʩʢʠʝ ʚʝʥʪʠʣʠ ʀ/ʀʃʀ, ʧʨʠʚʝʜʝʥʳ ʬʦʨʤʫʣʳ ʨʘʩʯʸʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʛʦʣʦʚʥʦʛʦ ʩʦʙʳ-
ʪʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʦʪʢʘʟʦʚ. ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ FTA ʩ ʤʝʪʦʜʦʤ ʘʥʘʣʠʟʘ 
ʚʠʜʦʚ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ (FMEA), ʧʦʢʘʟʘʥʳ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ ʩʪʦʨʦʥʳ ʢʘʞʜʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠʤʝʥʠ-
ʪʝʣʴʥʦ ʢ ʟʘʜʘʯʘʤ ʜʝʢʣʘʨʠʨʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʧʝʨ-
ʩʧʝʢʪʠʚʘʤ ʮʠʬʨʦʚʠʟʘʮʠʠ ʤʝʪʦʜʘ: ʧʝʨʝʭʦʜʫ ʦʪ ʩʪʘʪʠʯʝʩʢʠʭ ʜʝʨʝʚʴʝʚ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʙʘʡʝʩʦʚʩʢʠʤ 
ʤʦʜʝʣʷʤ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩ ʜʘʥʥʳʤʠ ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʝʨʝʚʦ ʦʪʢʘʟʦʚ, FTA, FMEA, ʧʨʦʤʳʰʣʝʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʪʝʭʥʦʛʝʥʥʳʡ ʵʢʦʣʦʛʠʯʝ-
ʩʢʠʡ ʨʠʩʢ, ʜʝʢʣʘʨʘʮʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʤʠʥʠʤʘʣʴʥʦʝ ʩʝʯʝʥʠʝ ʦʪʢʘʟʦʚ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʘʥʘʣʠʟʘ ʨʠʩʢʘ. 
 

ENGINEERING FAULT TREE ANALYSIS METHODS IN THE ASSESSMENT OF TECHNOGENIC 
ENVIRONMENTAL RISKS AT HAZARDOUS PRODUCTION FACILITIES 

 
Savin Matvey Sergeevich 

 
Abstract. The article examines fault tree analysis (FTA) as a tool for quantitative assessment of technogenic 
environmental risks at hazardous production facilities. The regulatory basis for applying the method in the 
Russian Federation is disclosed, the principle of constructing a fault tree through AND/OR logic gates is de-
scribed, and formulas for calculating the probability of a top event and determining minimal cut sets are pro-
vided. FTA is compared with failure mode and effects analysis (FMEA), showing the strengths and weakness-
es of each approach as applied to industrial safety declaration tasks. Special attention is paid to the prospects 
of digitalizing the method, namely the transition from static trees to dynamic and Bayesian models integrated 
with continuous environmental monitoring data. 
Key words: fault tree analysis, FTA, FMEA, industrial safety, technogenic environmental risk, safety declara-
tion, minimal cut set, risk analysis digitalization. 

 
ɻʛʞʝʞʦʡʞ 
ɸʚʘʨʠʠ ʥʘ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʘʭ (ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʙʠʥʘʪʘʭ, ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘ-

ʶʱʠʭ ʟʘʚʦʜʘʭ, ʦʙʲʝʢʪʘʭ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ) ʦʩʪʘʶʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʭʥʦ-
ʛʝʥʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʠʬʬʫʟʥʦʛʦ, ʧʦʩʪʝʧʝʥʥʦ ʥʘʢʘʧʣʠ-
ʚʘʶʱʝʛʦʩʷ ʟʘʛʨʷʟʥʝʥʠʷ, ʘʚʘʨʠʷ ʩʦʟʜʘʸʪ ʟʘʣʧʦʚʳʡ ʚʳʙʨʦʩ ʠʣʠ ʩʙʨʦʩ, ʧʦʩʣʝʜʩʪʚʠʷ ʢʦʪʦʨʦʛʦ ʣʦʢʘʣʠʟʫ-
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ʶʪʩʷ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ, ʥʦ ʟʘʪʨʘʛʠʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʠ ʦʙʲʸʤʳ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ. ʆʮʝʥʢʘ ʚʝ-
ʨʦʷʪʥʦʩʪʠ ʪʘʢʠʭ ʩʦʙʳʪʠʡ ʪʨʝʙʫʝʪ ʥʝ ʦʧʠʩʘʪʝʣʴʥʳʭ, ʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʤʝʪʦʜʦʚ, ʩʨʝʜʠ ʢʦ-
ʪʦʨʳʭ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʘʥʘʣʠʟ ʜʝʨʝʚʘ ʦʪʢʘʟʦʚ (Fault Tree Analysis, FTA). 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʘʧʧʘʨʘʪʘ FTA ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 
ʟʘʜʘʯʘʤ ʦʮʝʥʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚ ʧʝʨʝʭʦʜʘ ʤʝʪʦʜʘ ʥʘ 
ʮʠʬʨʦʚʫʶ ʦʩʥʦʚʫ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. 

1. ʆʧʩʥʙʫʡʛʦʧ-ʨʩʙʛʧʛʙʸ ʚʙʠʙ ʨʩʡʥʞʦʞʦʡʸ ʥʞʫʧʝʙ ʛ ʉʧʪʪʡʢʪʣʧʢ ʍʞʝʞʩʙʯʡʡ 
ʆʙʷʟʘʪʝʣʴʥʦʩʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʘ ʘʚʘʨʠʡ ʜʣʷ ʦʙʲʝʢʪʦʚ I ʠ II ʢʣʘʩʩʦʚ ʦʧʘʩʥʦʩʪʠ ʟʘ-

ʢʨʝʧʣʝʥʘ ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʦʪ 21.07.1997 ˉ 116-ʌɿ çʆ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʘʩʥʳʭ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚè [1]. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʟʘʢʦʥʦʤ ʜʝʢʣʘʨʘʮʠʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩ-
ʥʦʩʪʠ ʜʦʣʞʥʘ ʩʦʜʝʨʞʘʪʴ ʘʥʘʣʠʟ ʦʧʘʩʥʦʩʪʝʡ ʠ ʦʮʝʥʢʫ ʨʠʩʢʘ ʘʚʘʨʠʠ, ʚʢʣʶʯʘʷ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʥʷʪʳʭ 
ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʄʝʪʦʜʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʜʝʪʘʣʠʟʠʨʦʚʘʥ ʚ ɻʆʉʊ ʈ 51901.5-2005 çʄʝʥʝʜʞʤʝʥʪ 
ʨʠʩʢʘ. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʥʘʜʸʞʥʦʩʪʠè [2], ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪ ʧʨʠʤʝʥʠ-
ʤʦʩʪʴ ʜʝʨʝʚʘ ʦʪʢʘʟʦʚ, ʜʝʨʝʚʘ ʩʦʙʳʪʠʡ ʠ ʩʤʝʞʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ ʨʠʩʢʘ. ʆʪʜʝʣʴʥʦ ʧʨʦʮʝʜʫʨʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʩʧʝʨʪʠʟʝ ʠʪʦʛʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʝʢʣʘʨʠʨʦʚʘʥʠʷ 
ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʇʨʠʢʘʟ ʈʦʩʪʝʭʥʘʜʟʦʨʘ ʦʪ 19.08.2011 ˉ 480 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʬʝʜʝʨʘʣʴʥʳʭ ʥʦʨʤ ʠ ʧʨʘ-
ʚʠʣ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ çʇʨʘʚʠʣʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʪʠʟʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠè [3], ʚ ʢʦʪʦʨʦʤ ʟʘʢʨʝʧʣʝʥʳ ʢʨʠʪʝʨʠʠ ʧʦʣʥʦʪʳ ʠ ʢʦʨʨʝʢʪʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʤʦʛʦ ʨʘʩʯʸʪʥʦʛʦ 
ʦʙʦʩʥʦʚʘʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ FTA ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ ʬʘʢʫʣʴ-
ʪʘʪʠʚʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʠʸʤ, ʘ ʢʘʢ ʥʦʨʤʘʪʠʚʥʦ ʟʘʢʨʝʧʣʸʥʥʳʡ ʵʣʝʤʝʥʪ ʧʨʦʮʝʜʫʨʳ ʜʝʢʣʘʨʠʨʦʚʘ-
ʥʠʷ, ʦʪ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʶʨʠʜʠʯʝʩʢʘʷ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʜʝʢʣʘʨʘʮʠʠ. 

2. ʈʩʡʦʯʡʨ ʨʧʪʫʩʧʞʦʡʸ ʝʞʩʞʛʙ ʧʫʣʙʠʧʛ 
ɼʝʨʝʚʦ ʦʪʢʘʟʦʚ ʩʪʨʦʠʪʩʷ çʩʚʝʨʭʫ ʚʥʠʟè: ʥʘ ʚʝʨʰʠʥʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʛʦʣʦʚʥʦʝ (ʥʝʞʝʣʘʪʝʣʴʥʦʝ) 

ʩʦʙʳʪʠʝ, ʥʘʧʨʠʤʝʨ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʷ ʸʤʢʦʩʪʠ ʩ ʦʧʘʩʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʚʳʙʨʦʩ ʚ ʘʪʤʦ-
ʩʬʝʨʫ. ɼʘʣʝʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʩʢʨʳʚʘʶʪʩʷ ʧʨʠʯʠʥʳ, ʩʧʦʩʦʙʥʳʝ ʧʨʠʚʝʩʪʠ ʢ ʛʦʣʦʚʥʦʤʫ ʩʦʙʳʪʠʶ, 
ʚʧʣʦʪʴ ʜʦ ʫʨʦʚʥʷ ʙʘʟʦʚʳʭ (ʧʝʨʚʠʯʥʳʭ) ʩʦʙʳʪʠʡ: ʦʪʢʘʟʦʚ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʰʠʙʦʢ 
ʧʝʨʩʦʥʘʣʘ, ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. 

ʉʚʷʟʠ ʤʝʞʜʫ ʩʦʙʳʪʠʷʤʠ ʦʧʠʩʳʚʘʶʪʩʷ ʣʦʛʠʯʝʩʢʠʤʠ ʚʝʥʪʠʣʷʤʠ. ɺʝʥʪʠʣʴ çʀè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʙʳ-
ʪʠʝ-ʩʣʝʜʩʪʚʠʝ ʥʘʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʚʩʝʭ ʩʦʙʳʪʠʡ-ʧʨʠʯʠʥ; ʚʝʨʦʷʪʥʦʩʪʴ 
ʚʳʯʠʩʣʷʝʪʩʷ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚʭʦʜʥʳʭ ʩʦʙʳʪʠʡ ʧʨʠ ʠʭ ʥʝʟʘʚʠʩʠʤʦʩʪʠ: P(ʚʳʭ) = P1 Ĭ P2 
Ĭ ... Ĭ Pn. ɺʝʥʪʠʣʴ çʀʃʀè ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʨʝʘʣʠʟʘʮʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ; ʜʣʷ ʥʝʟʘʚʠ-
ʩʠʤʳʭ ʩʦʙʳʪʠʡ ʚʝʨʦʷʪʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ P(ʚʳʭ) = 1 ī (1 ī P1)(1 ī P2)...(1 ī Pn). ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝ-
ʥʠʷʭ ʚʝʨʦʷʪʥʦʩʪʝʡ ʜʦʧʫʩʪʠʤʦ ʧʨʠʙʣʠʞʝʥʠʝ P(ʚʳʭ) å P1 + P2 + ... + Pn, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʠʥʞʝ-
ʥʝʨʥʳʭ ʨʘʩʯʸʪʘʭ ʜʝʢʣʘʨʘʮʠʡ ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʠ ʧʨʠʝʤʣʝʤʦʡ ʧʦʛʨʝʰʥʦʩʪʠ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʜʝʨʝʚʘ ʦʪʢʘʟʦʚ ʥʝ ʠʩʯʝʨʧʳʚʘʝʪʩʷ ʨʘʩʯʸʪʦʤ ʠʪʦʛʦʚʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʛʦʣʦʚ-
ʥʦʛʦ ʩʦʙʳʪʠʷ. ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʦʪʢʘʟʦʚ (minimal 
cut sets), ʪʦ ʝʩʪʴ ʪʘʢʠʭ ʤʠʥʠʤʘʣʴʥʳʭ ʥʘʙʦʨʦʚ ʙʘʟʦʚʳʭ ʩʦʙʳʪʠʡ, ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ 
ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʥʘʩʪʫʧʣʝʥʠʷ ʛʦʣʦʚʥʦʛʦ ʩʦʙʳʪʠʷ. ɺʳʷʚʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʨʘʥʞʠ-
ʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʧʦ ʚʢʣʘʜʫ ʚ ʦʙʱʠʡ ʨʠʩʢ ʠ ʦʙʦʩʥʦʚʘʥʥʦ ʨʘʩʩʪʘʚʣʷʪʴ ʧʨʠʦʨʠʪʝʪʳ ʧʨʠ ʧʣʘʥʠ-
ʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

3. ʊʧʧʫʦʧʱʞʦʡʞ FTA ʡ FMEA 
ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʚʠʜʦʚ ʠ ʧʦʩʣʝʜʩʪʚʠʡ ʦʪʢʘʟʦʚ (FMEA), ʧʦʜʨʦʙʥʦ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʚ ʦʪʝʯʝ-

ʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʤʝʥʝʜʞʤʝʥʪʫ ʢʘʯʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʄ.ʄ. ʂʘʥʝ ʩ ʩʦʘʚʪʦʨʘʤʠ [4], ʨʝ-
ʰʘʝʪ ʟʘʜʘʯʫ, ʚʦ ʤʥʦʛʦʤ ʜʦʧʦʣʥʷʶʱʫʶ FTA. ɽʩʣʠ FTA ʜʚʠʞʝʪʩʷ ʦʪ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʩʦʙʳʪʠʷ çʩʚʝʨʭʫ 
ʚʥʠʟè, ʢ ʝʛʦ ʚʦʟʤʦʞʥʳʤ ʧʨʠʯʠʥʘʤ, ʪʦ FMEA ʜʚʠʞʝʪʩʷ çʩʥʠʟʫ ʚʚʝʨʭè, ʦʪ ʚʠʜʘ ʦʪʢʘʟʘ ʢʦʥʢʨʝʪʥʦʛʦ ʵʣʝ-
ʤʝʥʪʘ ʢ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. FMEA ʫʜʦʙʝʥ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ ʩʦʩʪʘʚ 
ʚʦʟʤʦʞʥʳʭ ʦʪʢʘʟʦʚ ʵʣʝʤʝʥʪʦʚ ʫʞʝ ʠʟʚʝʩʪʝʥ, ʥʦ ʥʝʷʩʥʦ, ʢ ʢʘʢʠʤ ʩʠʩʪʝʤʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʦʥʠ ʧʨʠʚʝ-
ʜʫʪ; FTA, ʥʘʧʨʦʪʠʚ, ʥʝʟʘʤʝʥʠʤ, ʢʦʛʜʘ ʯʸʪʢʦ ʦʧʨʝʜʝʣʝʥʦ ʛʦʣʦʚʥʦʝ ʩʦʙʳʪʠʝ (ʥʘʧʨʠʤʝʨ, ʢʦʥʢʨʝʪʥʳʡ ʩʮʝ-
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ʥʘʨʠʡ ʘʚʘʨʠʠ ʠʟ ʜʝʢʣʘʨʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ) ʠ ʪʨʝʙʫʝʪʩʷ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʩʶ ʩʦʚʦʢʫʧʥʦʩʪʴ 
ʧʫʪʝʡ, ʚʝʜʫʱʠʭ ʢ ʥʝʤʫ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʜʝʢʣʘʨʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʮʝʣʝʩʦʦʙ-
ʨʘʟʥʦ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʙʦʠʭ ʤʝʪʦʜʦʚ: FMEA ʥʘ ʵʪʘʧʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʘʩʥʦʩʪʝʡ ʠ ʩʦ-
ʩʪʘʚʣʝʥʠʷ ʧʝʨʝʯʥʷ ʚʦʟʤʦʞʥʳʭ ʠʥʮʠʜʝʥʪʦʚ, FTA ʥʘ ʵʪʘʧʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʫʞʝ 
ʦʧʨʝʜʝʣʸʥʥʳʭ ʩʮʝʥʘʨʠʝʚ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʦʛʣʘʩʫʝʪʩʷ ʠ ʩ ʤʝʪʦʜʦʣʦʛʠʝʡ, ʟʘʣʦʞʝʥʥʦʡ ʚ ɻʆʉʊ ʈ 51901.5-
2005 [2], ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʦʙʘ ʤʝʪʦʜʘ ʢʘʢ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʦʜʥʦʛʦ ʩʝʤʝʡʩʪʚʘ 
ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʥʘʜʸʞʥʦʩʪʠ. 

4. ʈʞʩʪʨʞʣʫʡʛʴ ʯʡʭʩʧʛʡʠʙʯʡʡ ʥʞʫʧʝʙ 
ʂʣʘʩʩʠʯʝʩʢʦʝ ʜʝʨʝʚʦ ʦʪʢʘʟʦʚ ʩʪʨʦʠʪʩʷ ʢʘʢ ʩʪʘʪʠʯʝʩʢʘʷ ʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ 

ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʙʘʟʦʚʳʭ ʩʦʙʳʪʠʡ, ʯʪʦ ʧʣʦʭʦ ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʫʶ ʜʠʥʘʤʠʢʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ: ʠʟʥʦʩ, ʢʦʨʨʦʟʠʶ, ʥʘʢʦʧʣʝʥʠʝ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟ-
ʚʠʪʠʷ ʤʝʪʦʜʘ ʩʪʘʣʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʜʝʨʝʚʴʷ ʦʪʢʘʟʦʚ (Dynamic Fault Tree), ʜʦʧʦʣʥʷʶʱʠʝ ʩʪʘʪʠʯʝʩʢʠʝ 
ʚʝʥʪʠʣʠ ʚʨʝʤʝʥʥʳʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʠ ʧʦʟʚʦʣʷʶʱʠʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʦʨʷʜʦʢ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʡ, ʘ 
ʥʝ ʪʦʣʴʢʦ ʬʘʢʪ ʠʭ ʩʦʚʤʝʩʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. 

ɼʨʫʛʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʣʫʞʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʝʨʝʚʘ ʦʪʢʘʟʦʚ ʚ ʙʘʡʝʩʦʚʩʢʫʶ ʩʝʪʴ, 
ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʚʳʯʠʩʣʷʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʛʦʣʦʚʥʦʛʦ ʩʦʙʳʪʠʷ çʚʧʝʨʸʜè (ʦʪ ʧʨʠʯʠʥ ʢ ʩʣʝʜʩʪʚʠʶ), ʥʦ 
ʠ ʨʝʰʘʪʴ ʦʙʨʘʪʥʫʶ ʟʘʜʘʯʫ: ʧʦ ʬʘʢʪʫ ʥʘʩʪʫʧʣʝʥʠʷ ʩʦʙʳʪʠʷ ʫʪʦʯʥʷʪʴ ʘʧʦʩʪʝʨʠʦʨʥʳʝ ʚʝʨʦʷʪʥʦʩʪʠ ʦʪʜʝʣʴ-
ʥʳʭ ʧʨʠʯʠʥ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʧʨʠ ʨʘʩʩʣʝʜʦʚʘʥʠʠ ʫʞʝ ʩʣʫʯʠʚʰʠʭʩʷ ʠʥʮʠʜʝʥʪʦʚ. ʀʥʪʝʛʨʘʮʠʷ ʪʘʢʠʭ 
ʤʦʜʝʣʝʡ ʩ ʧʦʪʦʢʦʤ ʜʘʥʥʳʭ ʦʪ ʩʠʩʪʝʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
(ʜʘʪʯʠʢʠ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ, ʚʠʙʨʘʮʠʠ, ʪʝʤʧʝʨʘʪʫʨʳ) ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ ʦʪ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ, 
çʙʫʤʘʞʥʦʛʦè ʜʝʢʣʘʨʠʨʦʚʘʥʠʷ ʨʠʩʢʘ ʢ ʝʛʦ ʥʝʧʨʝʨʳʚʥʦʤʫ ʧʝʨʝʩʯʸʪʫ ʚ ʨʝʞʠʤʝ, ʧʨʠʙʣʠʞʝʥʥʦʤ ʢ ʨʝʘʣʴʥʦʤʫ 
ʚʨʝʤʝʥʠ: ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʥʦʚʳʭ ʧʦʢʘʟʘʥʠʡ ʜʘʪʯʠʢʦʚ ʚʝʨʦʷʪʥʦʩʪʠ ʙʘʟʦʚʳʭ ʩʦʙʳʪʠʡ ʜʝʨʝʚʘ ʤʦʛʫʪ ʘʚʪʦʤʘ-
ʪʠʯʝʩʢʠ ʦʙʥʦʚʣʷʪʴʩʷ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠ ʠʪʦʛʦʚʘʷ ʦʮʝʥʢʘ ʨʠʩʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ. 

ʀʙʣʤʷʰʞʦʡʞ 
ʄʝʪʦʜ ʜʝʨʝʚʘ ʦʪʢʘʟʦʚ ʦʩʪʘʸʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʩʪʨʦʛʠʭ ʠ ʶʨʠʜʠʯʝʩʢʠ ʧʨʠʟʥʘʥʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʠʩʢʘ ʚ ʨʦʩʩʠʡʩʢʦʡ ʧʨʘʢʪʠʢʝ ʧʨʦʤʳʰʣʝʥ-
ʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɽʛʦ ʩʦʯʝʪʘʥʠʝ ʩ FMEA ʜʘʸʪ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ: ʦʪ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʧʘʩʥʦʩʪʝʡ ʜʦ ʨʘʩ-
ʯʸʪʘ ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʦʥʢʨʝʪʥʳʭ ʩʮʝʥʘʨʠʝʚ, ʘ ʧʝʨʝʭʦʜ ʢ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʙʘʡʝʩʦʚʩʢʠʤ ʤʦʜʠʬʠʢʘʮʠʷʤ, 
ʚʩʪʨʦʝʥʥʳʤ ʚ ʢʦʥʪʫʨ ʮʠʬʨʦʚʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʩʧʦʩʦʙʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʦʙʦʩ-
ʥʦʚʘʥʥʦʩʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʃʝʩʦʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʉ.ʄ ʂʠʨʦʚʘè 
 

ɹʦʦʧʫʙʯʡʸ: ʇʨʝʜʩʪʘʚʣʝʥʳ ʤʝʪʦʜʠʢʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʪʦʥʢʦʩʪʝʥʥʳʭ 
ʨʝʟʦʥʘʥʩʥʳʭ ʜʝʢ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʠʣʳ. ʀʩ-
ʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0 ʜʦ 1000 ɻʮ ʜʣʷ ʜʝʢ ʩ 
ʧʨʷʤʦʫʛʦʣʴʥʳʤ, ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʠ ʫʩʣʦʞʥʝʥʥʳʤ ʢʦʥʪʫʨʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʛʠʪʘʨʥʳʭ ʠ ʩʢʨʠʧʠʯʥʳʭ 
ʠʥʩʪʨʫʤʝʥʪʦʚ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʚʘʨʴʠʨʦʚʘʣʠʩʴ ʦʪ ʠʟʦʪʨʦʧʥʦʡ ʤʦʜʝʣʠ ʜʦ ʦʨ-
ʪʦʪʨʦʧʥʦʡ ʩ ʚʳʨʘʞʝʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʫʧʨʫʛʠʭ ʧʦʩʪʦʷʥʥʳʭ. ʈʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ, 
ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʠ ʠʥʪʝʛʨʘʣʴ-
ʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪ-
ʨʠʯʝʩʢʠʭ ʬʦʨʤ ʢ ʩʣʦʞʥʳʤ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʘʥʠʟʦʪʨʦʧʠʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʷʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʧʣʦʪʥʦʩʪʠ ʤʦʜʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ ʠ ʩʛʣʘʞʠʚʘʥʠʶ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʫʩʣʦʞʥʝʥʠʝ ʢʦʥʪʫʨʘ ʠ ʦʨʪʦʪʨʦʧʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ ʢʦʣʝʙʘ-
ʥʠʡ ʧʦ ʯʘʩʪʦʪʥʦʤʫ ʜʠʘʧʘʟʦʥʫ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʪʝʤʙʨʘ 
ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʝʢʘ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʚʦʣʥʦʚʦʝ ʧʦʣʝ, ʩʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʤʝʪʦʜ 
ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘʥʠʟʦʪʨʦʧʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʥʪʫʨ, ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʥʝ-
ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʵʥʝʨʛʠʠ. 
 
INFLUENCE OF GEOMETRIC CONFIGURATION AND MATERIAL ORTHOTROPY ON THE EIGEN WAVE 

FIELD STRUCTURE OF A MUSICAL INSTRUMENT SOUNDBOARD 
 

Efremov Alexander Nikolaevich,  
Bakulina Valeria Andreevna, 

 Artyushenkov Daniil Alekseevich,  
Miroshnikova Ekaterina Ruslanovna  

 
Abstract. A numerical methodology and results of wave field analysis for thin-walled resonant soundboards of 
musical instruments subjected to a concentrated harmonic force are presented. The study is performed via 
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finite element modeling in the frequency range from 0 to 1000 Hz for soundboards with rectangular, elliptical 
and complex contours characteristic of guitar and violin family instruments. Physical and mechanical proper-
ties were varied from isotropic to orthotropic with pronounced elastic anisotropy. Eigenfrequency spectra, am-
plitude-frequency responses, spatial distributions of vibration velocity and an integral irregularity coefficient of 
vibrational energy are calculated. It is shown that the transition from simple to complex geometric shapes, to-
gether with an increase in material anisotropy, leads to a higher modal density and smoothing of the ampli-
tude-frequency response. The findings confirm that contour complication and orthotropy promote a more uni-
form energy distribution over the frequency range, which constitutes a key factor for the formation of a high-
quality musical instrument timbre. 
Keywordsmusical instrument soundboard, wave field, eigenvibrations, finite element method, anisotropy, ge-
ometric contour, amplitude-frequency response, energy irregularity. 

 
ʏʠʩʣʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʯʝʪʳʨʝʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʪʦʥʢʦʩʪʝʥʥʦʡ ʜʝʢʠ ʧʦʩʪʦʷʥʥʦʡ ʪʦʣʱʠʥʳ 2.8 ʤʤ. [3] ʄʘʪʝʨʠʘʣ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʠʥʷʪ ʠʟʦʪʨʦʧʥʳʤ ʩ 
ʤʦʜʫʣʝʤ ʖʥʛʘ 10 ɻʇʘ ʠ ʧʣʦʪʥʦʩʪʴʶ 450 ʢʛ/ʤį, ʚʦ ʚʪʦʨʦʤ ð ʦʨʪʦʪʨʦʧʥʳʤ, ʤʦʜʝʣʠʨʫʶʱʠʤ ʨʝʟʦʥʘʥʩʥʫʶ 
ʝʣʴ (ʤʦʜʫʣʠ ʚʜʦʣʴ ʠ ʧʦʧʝʨʝʢ ʚʦʣʦʢʦʥ 12 ɻʇʘ ʠ 0.9 ɻʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʜʫʣʴ ʩʜʚʠʛʘ 0.75 ɻʇʘ). [2] 
ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʚʘʨʠʘʥʪʳ ʚʢʣʶʯʘʣʠ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʥʫ 300Ĭ200 ʤʤ, ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʩ ʧʦʣʫʦʩʷʤʠ 
170 ʠ 110 ʤʤ, ʘ ʪʘʢʞʝ ʢʦʥʪʫʨ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʡ ʦʯʝʨʪʘʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʛʠʪʘʨʥʦʡ ʜʝʢʠ ʩ ʚʝʨʭʥʠʤ ʠ 
ʥʠʞʥʠʤ ʦʚʘʣʘʤʠ ʠ ʧʝʨʝʭʚʘʪʦʤ.[4] ɺʦʟʙʫʞʜʝʥʠʝ ʟʘʜʘʚʘʣʦʩʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʠʣʦʡ ʘʤʧʣʠʪʫʜʦʡ 1 ʅ ʚ ʪʦʯ-
ʢʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʜʩʪʘʚʢʠ, ʜʝʤʧʬʠʨʦʚʘʥʠʝ ð ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʧʦʪʝʨʴ 0.02.[2] ɺʳʭʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʦʡ ʩʣʫʞʠʣʘ ʩʨʝʜʥʷʷ ʧʦ ʧʣʦʱʘʜʠ ʥʦʨʤʘʣʴʥʘʷ ʚʠʙʨʦʩʢʦʨʦʩʪʴ, ʧʦ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʣʠʩʴ ʘʤʧʣʠʪʫʜʥʦ-
ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴ-
ʥʦʡ ʚʠʙʨʦʩʢʦʨʦʩʪʠ ʚ ʧʦʣʦʩʝ 20ï1000 ɻʮ ʢ ʝʝ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

 
ʋʙʚʤʡʯʙ 1 

ʁʦʫʞʜʩʙʤʵʦʴʞ ʨʧʣʙʠʙʫʞʤʡ ʦʞʩʙʛʦʧʥʞʩʦʧʪʫʡ ʛʡʚʩʙʯʡʧʦʦʧʜʧ ʨʧʤʸ 

ʂʦʥʬʠʛʫʨʘʮʠʷ 
ʄʘʢʩʠʤʘʣʴʥʘʷ 

 ʚʠʙʨʦʩʢʦʨʦʩʪʴ, ʤʤ/ʩ 
ʉʨʝʜʥʷʷ  

ʚʠʙʨʦʩʢʦʨʦʩʪʴ, ʤʤ/ʩ 
ʂʦʵʬʬʠʮʠʝʥʪ  
ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 

ʇʨʷʤʦʫʛʦʣʴʥʘʷ ʠʟʦ-
ʪʨʦʧʥʘʷ 

12.4 2.1 5.9 

ʕʣʣʠʧʪʠʯʝʩʢʘʷ ʠʟʦ-
ʪʨʦʧʥʘʷ 

10.6 2.2 4.8 

ʇʨʷʤʦʫʛʦʣʴʥʘʷ ʦʨ-
ʪʦʪʨʦʧʥʘʷ 

7.8 2.3 3.4 

ʉʣʦʞʥʳʡ ʢʦʥʪʫʨ ʦʨ-
ʪʦʪʨʦʧʥʘʷ 

4.7 2.2 2.1 

 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʦʪʨʦʧʥʘʷ ʧʨʷʤʦ-

ʫʛʦʣʴʥʘʷ ʜʝʢʘ ʦʙʣʘʜʘʝʪ ʦʩʪʨʳʤʠ ʨʝʟʦʥʘʥʩʥʳʤʠ ʧʠʢʘʤʠ ʠ ʛʣʫʙʦʢʠʤʠ ʧʨʦʚʘʣʘʤʠ ʩ ʨʘʟʤʘʭʦʤ ʜʦ 28 ʜɹ. 
ɺʚʝʜʝʥʠʝ ʦʨʪʦʪʨʦʧʠʠ ʚ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʬʦʨʤʫ ʩʥʠʞʘʝʪ ʵʪʦʪ ʨʘʟʤʘʭ ʜʦ 18 ʜɹ, ʘ ʩʦʯʝʪʘʥʠʝ ʦʨʪʦʪʨʦʧʠʠ 
ʩʦ ʩʣʦʞʥʳʤ ʢʦʥʪʫʨʦʤ ð ʜʦ 11 ʜɹ. ʅʘʙʣʶʜʘʝʤʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʨʷʤʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʪʘʙʣʠʮʝ. ʇʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʘʨʪʠʥʳ ʚʠʙʨʦʩʢʦʨʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ, ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, 
ʯʪʦ ʚ ʦʨʪʦʪʨʦʧʥʦʡ ʜʝʢʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʫʟʣʦʚʳʝ ʣʠʥʠʠ ʨʘʟʤʳʚʘʶʪʩʷ, ʘ ʵʥʝʨʛʠʷ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 
ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʦ.[1] 

ʀʙʣʤʷʰʞʦʡʞ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʘʢ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʫʩʣʦʞʥʝʥʠʝ ʢʦʥʪʫʨʘ 
ʜʝʢʠ, ʪʘʢ ʠ ʧʨʠʩʫʱʘʷ ʜʨʝʚʝʩʠʥʝ ʦʨʪʦʪʨʦʧʠʷ ʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʦʙ-
ʩʪʚʝʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ. ʄʦʥʦʪʦʥʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʪ 5.9 ʜʦ 2.1 ʧʨʠ 
ʧʝʨʝʭʦʜʝ ʦʪ ʠʟʦʪʨʦʧʥʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʧʣʘʩʪʠʥʳ ʢ ʦʨʪʦʪʨʦʧʥʦʡ ʜʝʢʝ ʩʣʦʞʥʦʛʦ ʦʯʝʨʪʘʥʠʷ ʢʦʣʠʯʝ-
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ʩʪʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʠ. ʅʘʠʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʜʝʡʩʪʚʠʠ ʵʪʠʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʛʣʘ-
ʞʝʥʥʳʡ ʩʧʝʢʪʨ ʠ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʠʙʨʦʩʢʦʨʦʩʪʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʝ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 
ʪʝʤʙʨʘ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ.[5] 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʩʦʙʣʶʜʝʥʠʷ ʩʨʦʢʦʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʢʨʳʪʦʛʦ ʣʝ-
ʜʦʚʦʛʦ ʢʘʪʢʘ ʚ ʛ. ʊʶʤʝʥʠ. ʆʧʠʩʘʥʳ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʚʳʷʚʣʝʥʳ ʢʣʶʯʝʚʳʝ ʬʘʢʪʦʨʳ 
ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʝʜʣʦʞʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʤʝʨʳ: ʚʚʝʜʝʥʠʝ ʝʜʠʥʦʛʦ ʛʨʘʬʠʢʘ ʨʘʙʦʪ, 
ʨʘʩʯʝʪ ʨʝʟʝʨʚʘ ʚʨʝʤʝʥʠ ʥʘ ʩʣʦʞʥʳʝ ʨʘʙʦʪʳ, ʥʘʣʘʞʠʚʘʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʧʦʜʨʷʜʯʠʢʘʤʠ, ʚʥʝʜʨʝ-
ʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʦʥʪʨʦʣʷ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʕʪʠ ʰʘʛʠ ʧʦʤʦʛʫʪ ʩʜʘʪʴ ʦʙʲʝʢʪ ʚʦʚʨʝʤʷ ʠ ʠʟʙʝʞʘʪʴ 
ʣʠʰʥʠʭ ʨʘʩʭʦʜʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʩʨʦʢʦʚ, ʢʦʥʪʨʦʣʴ ʩʨʦʢʦʚ, ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ, ʜʠʘʛʨʘʤʤʘ 
ɻʘʥʪʘ, ʤʝʪʦʜ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 
 

CONSTRUCTION SCHEDULE MANAGEMENT FOR THE ICE RINK IN TYUMEN 
 

Vazhenina Olga Afonasyevna 
 

Abstract: The article discusses the problems of meeting deadlines during the construction of an indoor ice 
rink in Tyumen. The main planning methods are described, and the key factors causing delays are identified. 
Specific measures are proposed, which are to maintain a unified current work schedule, allocate time reserves 
for complex tasks, improve coordination between contractors and automation of construction deadline control. 
These steps will help complete the facility on time and avoid extra costs. 
Key words: scheduling, schedule control, calendar planning, Gantt chart, critical path method, construction. 

 
ʉʦʙʣʶʜʝʥʠʝ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝ-

ʘʣʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ʆʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʟʘʚʠʩʷʪ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝ-
ʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ, ʝʛʦ ʩʦʮʠʘʣʴʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʨʝʧʫʪʘʮʠʷ ʫʯʘʩʪʥʠʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴ-
ʥʦʩʪʴ ʧʨʦʙʣʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʩʨʦʢʘʤʠ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦ-
ʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ, ʛʜʝ ʣʶʙʘʷ ʟʘʜʝʨʞʢʘ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ ʠ 
ʥʘʨʫʰʝʥʠʝ ʧʣʘʥʦʚ ʚʚʦʜʘ ʦʙʲʝʢʪʘ ʚ ɻ ʢʩʧʣʫʘʪʘʮʠʶ [1, ʩ. 76]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʳʪʦʛʦ ʣʝʜʦʚʦʛʦ ʢʘʪʢʘ ʚ ʛ. ʊʶʤʝʥʴ. ʎʝʣʴʶ 
ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʳʷʚʣʝ-
ʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʩʨʦʢʦʚ, ʠ ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʚʨʝʤʝʥʥʳʤ ʨʝʩʫʨʩʦʤ ʥʘ ʦʙʲʝʢʪʝ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ 
ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ. 

ɼʠʘʛʨʘʤʤʘ ɻʘʥʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ ʚ ʚʠʜʝ ʧʦʣʦʩ 
ʚʜʦʣʴ ʚʨʝʤʝʥʥʦʡ ʰʢʘʣʳ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʪʣʠʯʘʝʪʩʷ ʥʘʛʣʷʜʥʦʩʪʴʶ ʠ ʧʨʦʩʪʦʪʦʡ ʚʦʩʧʨʠʷʪʠʷ, ʧʦʟʚʦʣʷʝʪ 
ʦʪʩʣʝʞʠʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ, ʦʜʥʘʢʦ ʥʝ ʦʪʨʘʞʘʝʪ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʟʘʜʘʯʘʤʠ 
ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʨʘʙʦʪʳ, ʢʨʠʪʠʯʝʩʢʠ ʚʣʠʷʶʱʠʝ ʥʘ ʦʙʱʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ. 

ʄʝʪʦʜ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʫʪʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʮʝʧʦʯʢʫ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʟʘʜʘʯ, ʦʪ ʢʦʪʦʨʳʭ 
ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʙʱʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺʳʷʚʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʜʘʝʪ 
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ʚʦʟʤʦʞʥʦʩʪʴ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʢʦʥʪʨʦʣʴ ʥʘ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʫʯʘʩʪʢʘʭ ʠ ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʥʠʤʘʪʴ ʤʝ-
ʨʳ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʟʘʜʝʨʞʝʢ [2, ʩ. 158]. 

ʉʝʪʝʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʩʚʷʟʝʡ ʤʝʞʜʫ ʨʘʙʦʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʨʝʟʝʨʚʳ ʚʨʝʤʝʥʠ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʢʘʣʝʥʜʘʨʥʳʡ 
ʧʣʘʥ. 

ʄʝʪʦʜ PERT (Program Evaluation and Review Technique) ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʥʝ-
ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʝʨʦʷʪʥʦʩʪʥʫʶ ʦʮʝʥʢʫ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ. ʅʘ ʧʨʘʢʪʠʢʝ ʜʘʥʥʳʡ 
ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʙʲʝʤʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʩʣʦʞʥʳʭ ʨʘʩʯʝʪʦʚ, ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʤʝ-
ʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʛʨʘʥʠʯʝʥʦ [3, ʩ. 49]. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʩʣʦʞʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʤʝʪʦʜʘ ʢʨʠʪʠ-
ʯʝʩʢʦʛʦ ʧʫʪʠ ʠ ʩʝʪʝʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʝ ʚʳʷʚʠʪʴ ʫʟʢʠʝ ʤʝʩʪʘ ʛʨʘʬʠʢʘ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ 
ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʣʘʥʳ ʧʦ ʚʦʟʚʝʜʝʥʠʶ ʦʙʲʝʢʪʘ. 

ʉʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩ-
ʩʠʬʠʮʠʨʦʚʘʥʳ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʠ ʩʪʝʧʝʥʠ ʫʧʨʘʚʣʷʝʤʦʩʪʠ. 

ɺʥʝʰʥʠʝ ʬʘʢʪʦʨʳ ʚʢʣʶʯʘʶʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ, ʠʥʬʣʷʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʠʟʤʝʥʝ-
ʥʠʝ ʩʪʦʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʘ ʪʘʢʞʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʙʘʨʴʝʨʳ ʠ 
ʟʘʜʝʨʞʢʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʨʘʟʨʝʰʠʪʝʣʴʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʩʪʝ-
ʧʝʥʴʶ ʫʧʨʘʚʣʷʝʤʦʩʪʠ ʩʦ ʩʪʦʨʦʥʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

ɺʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ ʩʚʷʟʘʥʳ ʩ ʢʘʯʝʩʪʚʦʤ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʦʨʛʘʥʠʟʘ-
ʮʠʠ ʨʘʙʦʪ, ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʧʝʨʩʦʥʘʣʘ, ʥʘʜʝʞʥʦʩʪʴʶ ʧʦʩʪʘʚʱʠʢʦʚ ʠ ʢʦʦʨʜʠʥʘʮʠʝʡ ʤʝʞʜʫ ʧʦʜʨʷʜʥʳʤʠ 
ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʕʪʠ ʬʘʢʪʦʨʳ ʧʦʜʜʘʶʪʩʷ ʫʧʨʘʚʣʝʥʠʶ ʠ ʤʦʛʫʪ ʙʳʪʴ ʥʠʚʝʣʠʨʦʚʘʥʳ ʧʨʠ ʥʘʜʣʝʞʘʱʝʡ ʦʨ-
ʛʘʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ [4, ʩ. 50]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ, ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʩʨʦʢʦʚ ʦʢʘ-
ʟʳʚʘʶʪ ʦʰʠʙʢʠ ʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ (4,7 ʙʘʣʣʘ ʠʟ 5) ʠ ʟʘʜʝʨʞʢʠ ʧʦʩʪʘʚʦʢ ʤʘʪʝʨʠʘʣʦʚ (4,5 ʙʘʣ-
ʣʘ). ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ ʩʨʦʢʦʚ ʙʦʣʝʝ ʯʝʤ ʚ 60% ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ 
[5, ʩ. 175]. 

ʅʘ ʦʙʲʝʢʪʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʘʪʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʚʳʩʪʫʧʘʶʪ 
ʩʪʝʩʥʝʥʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʛʨʘʬʠʢʘ ʨʘʙʦʪ ʩ ʛʦʨʦʜʩʢʠʤʠ ʩʣʫʞ-
ʙʘʤʠ, ʘ ʪʘʢʞʝ ʩʝʟʦʥʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʪʦʥʥʳʭ ʨʘʙʦʪ ʚ ʟʠʤʥʠʡ 
ʧʝʨʠʦʜ. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʥʘ ʦʙʲʝʢʪʝ ʚʳʷʚʠʣ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: 

¶ ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 
ʧʨʦʝʢʪʘ; 

¶ ʥʝʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʬʘʢʪʠʯʝʩʢʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʚʦʝʚʨʝʤʝʥ-
ʥʦʤʫ ʚʳʷʚʣʝʥʠʶ ʦʪʢʣʦʥʝʥʠʡ; 

¶ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʤʝʞʜʫ ʩʫʙʧʦʜʨʷʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ; 

¶ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʣʘ-
ʥʠʨʦʚʘʥʠʷ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʘʙʣʠʯʥʳʝ ʨʝʜʘʢʪʦʨʳ). 

ʆʩʥʦʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʦʪʩʪʘʚʘʥʠʝ ʦʪ ʛʨʘʬʠʢʘ ʥʘ ʦʪʜʝʣʴʥʳʭ 
ʵʪʘʧʘʭ (ʜʦʩʪʠʛʘʝʪ 10ï15 ʜʥʝʡ) ʠ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʝʨʚʦʚ ʚʨʝʤʝʥʠ ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ. ʅʝʩʚʦʝʚʨʝ-
ʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʥʘʢʦʧʣʝʥʠʶ ʠ ʪʨʫʜʥʦʩʪʷʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʣʠʢʚʠʜʘʮʠʝʡ 
ʦʪʩʪʘʚʘʥʠʷ [6, ʩ. 58]. 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʥʘ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʘʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʠʞʝ (ʪʘʙʣ. 1). 
ʅʘʠʙʦʣʴʰʫʶ ʫʛʨʦʟʫ ʩʦʙʣʶʜʝʥʠʶ ʩʨʦʢʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʟʘʜʝʨʞʢʠ ʧʦʩʪʘʚʦʢ ʠ ʦʰʠʙʢʠ ʚ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ [7, ʩ. 416]. 
ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʘʪʢʘ: 

¶ ʚʥʝʜʨʝʥʠʝ ʝʜʠʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦ-
ʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ (ʥʘʧʨʠʤʝʨ, MS Project), ʩ ʫʯʝʪʦʤ ʛʨʘʬʠʢʦʚ ʚʩʝʭ ʩʫʙʧʦʜʨʷʜʯʠʢʦʚ, ʯʪʦ 
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ʧʦʟʚʦʣʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʧʝʨʝʩʝʯʝʥʠʷ ʠ ʢʦʥʬʣʠʢʪʳ ʠ ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪ; 

¶ ʨʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʪʢʣʦʥʝʥʠʡ ʩ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʥʝ ʨʝʞʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʥʝʜʝʣʶ ʧʦʟʚʦ-
ʣʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʦʪʩʪʘʚʘʥʠʷ ʠ ʧʨʠʥʠʤʘʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʤʝʨʳ; 

¶ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʷʭ ʚ ʨʘʟʤʝʨʝ 10ï15% ʦʪ ʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴ-
ʥʦʩʪʠ, ʯʪʦ ʧʦʚʳʩʠʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʛʨʘʬʠʢʘ ʢ ʥʝʧʨʝʜʚʠʜʝʥʥʳʤ ʟʘʜʝʨʞʢʘʤ ʠ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʥʘʨʫʰʝ-
ʥʠʷ ʦʙʱʠʭ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; 

¶ ʫʩʠʣʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʤʝʞʜʫ ʩʫʙʧʦʜʨʷʜʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʯʝʨʝʟ ʨʝʛʫʣʷʨʥʳʝ ʦʧʝʨʘʪʠʚ-
ʥʳʝ ʩʦʚʝʱʘʥʠʷ ʠ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʦʙʤʝʥʘ ʠʥʬʦʨʤʘʮʠʝʡ; 

¶ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʯʝʪʘ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝ-
ʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʴ 
ʩʨʦʢʦʚ [8, ʩ. 83]. 

 
ʋʙʚʤʡʯʙ 1 

ʇʯʞʦʣʙ ʭʙʣʫʧʩʧʛ, ʛʤʡʸʷʲʡʮ ʦʙ ʪʩʧʣʡ ʪʫʩʧʡʫʞʤʵʪʫʛʙ ʣʙʫʣʙ 

ʌʘʢʪʦʨ 
ʏʘʩʪʦʪʘ ʚʦʟʥʠʢ-
ʥʦʚʝʥʠʷ ʬʘʢʪʦ-
ʨʘ, % 

ʋʨʦʚʝʥʴ ʨʠʩʢʘ ʇʦʩʣʝʜʩʪʚʠʷ 

ɿʘʜʝʨʞʢʠ ʧʦʩʪʘʚʦʢ ʤʘʪʝʨʠʘ-
ʣʦʚ 

72 ɺʳʩʦʢʠʡ ʇʨʦʩʪʦʡ ʙʨʠʛʘʜ ʜʦ 5 ʜʥʝʡ 

ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ ʟʠʤʥʠʡ 
ʧʝʨʠʦʜ 

70 ʉʨʝʜʥʠʡ ɿʘʤʝʜʣʝʥʠʝ ʤʦʥʦʣʠʪʥʳʭ ʙʝ-
ʪʦʥʥʳʭ ʨʘʙʦʪ 

ʆʰʠʙʢʠ ʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫ-
ʤʝʥʪʘʮʠʠ 

65 ɺʳʩʦʢʠʡ ʆʩʪʘʥʦʚʢʘ ʠʣʠ ʧʦʚʪʦʨʥʦʝ ʚʳ-
ʧʦʣʥʝʥʠʝ ʨʘʙʦʪ 

ʅʝʜʦʩʪʘʪʦʢ ʢʚʘʣʠʬʠʢʘʮʠʠ 
ʨʘʙʦʯʠʭ 

58 ʉʨʝʜʥʠʡ ʉʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ 

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʩʦʛʣʘʩʦ-
ʚʘʥʠʷ 

55 ʉʨʝʜʥʠʡ ɿʘʜʝʨʞʢʘ ʥʦʚʳʭ ʵʪʘʧʦʚ ʩʪʨʦ-
ʠʪʝʣʴʩʪʚʘ 

ɿʘʜʝʨʞʢʠ ʧʦ ʬʠʥʘʥʩʦʚʳʤ 
ʦʧʝʨʘʮʠʷʤ 

47 ʉʨʝʜʥʠʡ ʇʨʠʦʩʪʘʥʦʚʢʘ ʧʦʩʪʘʚʦʢ, ʟʘʙʘ-
ʩʪʦʚʢʘ ʨʘʙʦʯʠʭ 

 
ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ (ʪʘʙʣ. 2). 
 

ʋʙʚʤʡʯʙ 2 
ʅʞʩʴ ʨʧ ʪʧʛʞʩʱʞʦʪʫʛʧʛʙʦʡʷ ʨʤʙʦʡʩʧʛʙʦʡʸ ʪʩʧʣʧʛ ʡ ʧʟʡʝʙʞʥʴʞ ʩʞʠʬʤʵʫʙʫʴ 

ʄʝʨʘ ʉʦʜʝʨʞʘʥʠʝ ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ 

ɽʜʠʥʳʡ ʢʘʣʝʥʜʘʨʥʳʡ ʧʣʘʥ ʈʘʟʨʘʙʦʪʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ 
ʛʨʘʬʠʢʘ ʩ ʫʯʸʪʦʤ ʚʩʝʭ ʧʦʜʨʷʜʯʠ-
ʢʦʚ 

ʇʨʦʟʨʘʯʥʦʩʪʴ, ʦʧʝʨʘʪʠʚʥʘʷ ʢʦʨ-
ʨʝʢʪʠʨʦʚʢʘ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʈʝʛʫʣʷʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ɽʞʝʥʝʜʝʣʴʥʳʡ ʘʥʘʣʠʟ ʬʘʢʪʠʯʝ-
ʩʢʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ 

ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʚʳʷʚʣʝʥʠʝ ʟʘʜʝʨ-
ʞʝʢ 

ʈʝʟʝʨʚʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ɿʘʢʣʘʜʢʘ ʨʝʟʝʨʚʘ ʥʘ ʢʨʠʪʠʯʝʩʢʠʭ 
ʦʧʝʨʘʮʠʷʭ 

ʇʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʘʬʠʢʘ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʂʦʦʨʜʠʥʘʮʠʷ ʧʦʜʨʷʜʯʠʢʦʚ ʈʝʛʫʣʷʨʥʳʝ ʩʦʚʝʱʘʥʠʷ, ʝʜʠʥʘʷ 
ʩʠʩʪʝʤʘ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʆʧʝʨʘʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʣʘʥʠʨʦʚʘ-
ʥʠʷ 

ɺʥʝʜʨʝʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ 
ʇʆ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʨʦʢʦʚ 

ʊʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ 
ʫʯʝʪʘ 
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ʇʣʘʥʠʨʦʚʘʥʠʝ ʩʨʦʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ 
ʧʨʠʤʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʮʠʬʨʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʇʨʦʚʝʜʝʥʥʳʡ 
ʘʥʘʣʠʟ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʘʪʢʘ ʚ ʛ. ʊʶʤʝʥʴ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 
ʠʥʪʝʛʨʘʮʠʝʡ ʛʨʘʬʠʢʦʚ ʫʯʘʩʪʥʠʢʦʚ, ʥʝʨʝʛʫʣʷʨʥʳʤ ʢʦʥʪʨʦʣʝʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʨʝʟʝʨʚʦʚ ʚʨʝʤʝʥʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʩʨʦʢʦʚ, ʩʚʦʝ-
ʚʨʝʤʝʥʥʦ ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʛʨʘʬʠʢʘ, ʩʥʠʟʠʪʴ ʨʠʩʢʠ ʩʨʳʚʘ ʩʨʦʢʦʚ ʚʚʦʜʘ ʦʙʲʝʢʪʘ ʠ 
ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʝʰʝʥʠʡ ʦʙʝʩʧʝʯʠʪ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲ-
ʝʢʪʘ ʠ ʩʦʢʨʘʪʠʪ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʜʝʨʞʢʘʤʠ. 
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ǩ ǡǭǮǯǭǰǲ ǭ ǫǤǱǭǣǟǴ ǫǟǱǤǫǟǱǧǶǤǰǩǭǢǭ 
ǫǭǣǤǪǧǯǭǡǟǬǧǾ Ǯǭǥǟǯǟ 

ǢȄȏȕȍȂ ǤȁȂȄȌȇȈ ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 

ʌɻɹʆʋ ɺʆ ʉʠʙʠʨʩʢʘʷ ʧʦʞʘʨʥʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ɻʇʉ ʄʏʉ ʈʦʩʩʠʠ 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠ-
ʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʞʘʨʦʚ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-
ʮʠʠ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʪʨʝʤ ʦʩʥʦʚʥʳʤ ʧʦʜʭʦʜʘʤ ï ʠʥʪʝʛʨʘʣʴʥʳʤ, ʟʦʥʥʳʤ ʠ ʧʦʣʝʚʳʤ ʤʦʜʝ-
ʣʷʤ. ʇʨʠʚʦʜʷʪʩʷ ʫʩʣʦʚʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʘ ʟʘʱʠʪʳ, ʦʙʲʝʤʘ ʧʦ-
ʤʝʱʝʥʠʡ, ʥʘʣʠʯʠʷ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ ʠ ʩʣʦʞʥʦʩʪʠ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ. ʆʙʦʩʥʦʚʘ-
ʥʘ ʟʥʘʯʠʤʦʩʪʴ ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ ʙʣʦʢʠʨʦʚʘʥʠʷ ʧʫʪʝʡ ʵʚʘʢʫʘʮʠʠ ʠ 
ʦʮʝʥʢʠ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʫʯʥʦ 
ʦʙʦʩʥʦʚʘʥʥʳʭ ʤʝʨ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʚ ʧʦʜʪʚʝʨʞʜʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʜʘʥʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʌʝ-
ʜʝʨʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʦʪ 22.07.2008 ˉ123-ʌɿ çʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ ʪʨʝʙʦʚʘʥʠʷʭ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩ-
ʥʦʩʪʠè [1]. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʞʘʨ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʦʜʝʣʠ, ʟʦʥʥʳʝ ʤʦʜʝʣʠ, 
ʧʦʣʝʚʳʝ ʤʦʜʝʣʠ, ʧʦʞʘʨʥʳʡ ʨʠʩʢ, ʵʚʘʢʫʘʮʠʷ. 
 

ON THE METHODS OF MATHEMATICAL MODELLING OF FIRES 
 

Gertsog Evgeny Alexandrovich 
 
Abstract: The article discusses the classification and application of mathematical modeling methods for fires, 
which are based on the current regulatory framework of the Russian Federation. Special attention is given to 
three main approaches: integral, zone, and field models. The article provides conditions for their application, 
depending on the characteristics of the protected object, the volume of the premises, the presence of fire pro-
tection systems, and the complexity of the layout. The importance of choosing the right model for calculating 
the time of blocking evacuation routes and assessing fire risk is emphasized. The article demonstrates the role 
of mathematical modeling in the development of scientifically based fire safety measures and in confirming the 
compliance of buildings with the requirements of Federal Law No. 123-FZ dated July 22, 2008, "Technical 
Regulations on Fire Safety Requirements". 
Key words: fire, mathematical modeling, integral models, zone models, field models, fire risk, evacuation. 

 
ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʲʝʢʪʦʚ ʟʘ-

ʱʠʪʳ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʩʸ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʩʯʸʪʥʳʝ ʤʝʪʦʜʳ. ʈʷʜ ʨʘʩʯʸʪʥʳʭ 
ʤʝʪʦʜʠʢ, ʠʤʝʶʱʠʭʩʷ ʚ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʧʦ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʧʦʷʚʠʣʠʩʴ ʦʢʦʣʦ 30 ʣʝʪ 
ʥʘʟʘʜ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʦʯʪʠ ʥʝ ʠʟʤʝʥʠʣʠʩʴ, ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ, ʠ ʥʝ ʩʦʚʩʝʤ 
ʢʦʨʨʝʢʪʥʦ ʦʪʨʘʞʘʶʪ ʢʘʨʪʠʥʫ ʧʨʦʪʝʢʘʥʠʷ ʘʚʘʨʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ [2]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ 
ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʞʘʨʘ (ʜʘʣʝʝ ʧʦ ʪʝʢʩʪʫ ï ʆʌʇ), ʦʮʝʥʠʚʘʪʴ ʫʩʣʦʚʠʷ ʵʚʘʢʫʘʮʠʠ ʣʶʜʝʡ ʠ ʵʬʬʝʢʪʠʚ-
ʥʦʩʪʴ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ɺʚʝʜʝʥʠʝ ʚ ʜʝʡʩʪʚʠʝ ʤʝʪʦʜʠʢʠ, ʫʪʚʝʨʞʜʝʥʥʦʡ [3], ʟʘʢʨʝʧʠʣʦ 
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ʝʜʠʥʳʝ ʧʨʘʚʠʣʘ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ ʚʝʣʠʯʠʥʳ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝ-
ʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʦʞʘʨʘ, ʚʳʷʚʣʝʥʠʝ ʠʭ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʮʝʥʢʘ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʜʣʷ ʟʘʜʘʯ ʦʙʝʩʧʝʯʝʥʠʷ 
ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʞʘʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 
ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʠʥʘʤʠʢʠ ʨʘʟʚʠʪʠʷ ʛʦʨʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʪʝʨʤʠʯʝʩʢʦʛʦ 
ʨʘʟʣʦʞʝʥʠʷ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʶʜʝʡ. ʄʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʤʘʪʝʨʠʘʣʦʚ, ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ ʟʜʘʥʠʡ, ʨʘʙʦʪʫ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʧʦʞʘʨʥʦʡ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ 
ʩʦʮʠʘʣʴʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʵʚʘʢʫʘʮʠʶ. 

ʇʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʦʞʘʨʥʦʛʦ 
ʨʠʩʢʘ ʠ ʚʳʙʦʨʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʝʛʦ ʩʥʠʞʝʥʠʶ. 

ʉʦʛʣʘʩʥʦ ʜʝʡʩʪʚʫʶʱʝʡ ʤʝʪʦʜʠʢʝ, ʚʩʝ ʧʨʠʤʝʥʷʝʤʳʝ ʤʦʜʝʣʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ 
ʛʨʫʧʧʳ [3]: 

1. ʀʥʪʝʛʨʘʣʴʥʳʝ ʤʦʜʝʣʠ: 

- ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʟʜʘʥʠʡ ʠ ʧʦʤʝʱʝʥʠʡ ʧʨʦʩʪʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʥʝʙʦʣʴʰʦʛʦ 
ʦʙʲʝʤʘ; 

- ʧʨʠʤʝʥʷʶʪʩʷ, ʝʩʣʠ ʨʘʟʤʝʨʳ ʦʯʘʛʘ ʧʦʞʘʨʘ ʩʦʠʟʤʝʨʠʤʳ ʩ ʨʘʟʤʝʨʘʤʠ ʧʦʤʝʱʝʥʠʷ; 

- ʥʝ ʫʯʠʪʳʚʘʶʪ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦʜʳʤʥʦʡ ʚʝʥʪʠʣʷʮʠʠ. 
ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʧʨʦʩʪʦʪʘ ʨʘʩʯʝʪʦʚ ʠ ʤʘʣʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ. 
ʅʝʜʦʩʪʘʪʦʢ ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ ʫʩʨʝʜʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʝʟʫʣʴʪʘʪʦʚ. 
 

 
ʉʡʪ. 1. ʁʦʫʞʜʩʙʤʵʦʙʸ ʥʧʝʞʤʵ 

 
2. ɿʦʥʥʳʝ ʤʦʜʝʣʠ: 

- ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʦʤʝʱʝʥʠʡ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʡ ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʥʦ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ; 

- ʧʦʟʚʦʣʷʶʪ ʨʘʟʜʝʣʠʪʴ ʧʦʤʝʱʝʥʠʷ ʥʘ ʟʦʥʳ: ʚʝʨʭʥʶʶ (ʟʘʜʳʤʣʝʥʥʫʶ) ʠ ʥʠʞʥʶʶ (ʩʚʦʙʦʜʥʫʶ ʦʪ 
ʜʳʤʘ); 

- ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʨʘʩʯʝʪʘʭ ʜʣʷ ʟʨʠʪʝʣʴʥʳʭ ʟʘʣʦʚ, ʙʘʣʢʦʥʦʚ, ʘʥʪʨʝʩʦʣʝʡ, ʛʜʝ ʨʘʙʦʯʠʝ ʟʦʥʳ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ. 
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ʉʡʪ. 2. ʀʧʦʦʙʸ ʥʧʝʞʤʵ 

 

 
ʉʡʪ. 3. ʈʧʤʞʛʙʸ ʥʧʝʞʤʵ 

 
ʅʝʜʦʩʪʘʪʦʢ ï ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦʛʦ ʫʯʝʪʘ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʛʦʨʝʥʠʷ. 
3. ʇʦʣʝʚʳʝ ʤʦʜʝʣʠ: 

- ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʤʝʪʦʜ, ʧʨʠʤʝʥʠʤʳʡ ʚ ʣʶʙʳʭ ʫʩʣʦʚʠʷʭ; 

- ʦʩʥʦʚʘʥ ʥʘ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ ʚ ʜʠʩʢʨʝʪʥʳʭ 
ʦʙʲʝʤʘʭ; 
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- ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩʣʦʞʥʦʡ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 
ʮʝʥʪʨʦʚ, ʘʪʨʠʫʤʦʚ, ʟʜʘʥʠʡ ʩ ʩʠʩʪʝʤʦʡ ʛʘʣʝʨʝʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʯʝʪʘ ʨʘʙʦʪʳ 
ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʭ ʩʠʩʪʝʤ. 

ʅʝʜʦʩʪʘʪʦʢ ï ʚʳʩʦʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, FDS). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʠʩʘʥʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʶ ʜʠʥʘʤʠʢʠ ʆʌʇ ʥʘ 
ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʚʦʟʛʦʨʘʥʠʷ (ʣʠʙʦ ʙʣʠʟʢʠʤ ʢ ʨʝʘʣʴʥʳʤ ʦʙʲʝʢʪʘʤ) ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʪʨʫʜʦʸʤʢʠʤ 
ʧʨʦʮʝʩʩʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʣʫʯʝʥʳ ʨʷʜ ʧʨʦʛʨʘʤʤʥʦ-ʯʠʩʣʝʥʥʳʭ ʘʜʘʧʪʘʮʠʡ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʦʜʝʣʝʡ, 
ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʝʪʩʷ ʩʬʝʨʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʨʘʩʣʝʚʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ [4]. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

- ʠʥʪʝʛʨʘʣʴʥʳʝ ʤʦʜʝʣʠ (ʘʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ: BISTRA, Physibel; BRANZ TR8/TR9, BRANZ; 
SAFIR, Universite de Liege; VOLTRA, Physibel) ï ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʵʪʘʧʝ ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʨʘʩʯʝʪʦʚ 
ʠ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ ʤʘʣʳʤʠ ʧʦʤʝʱʝʥʠʷʤʠ (ʩʢʣʘʜʳ, ʥʝʙʦʣʴʰʠʝ ʟʘʣʳ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʫʯʘʩʪʢʠ); 

- ʟʦʥʥʳʝ ʤʦʜʝʣʠ (ʘʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ: BRANZFIRE, BRANZ; CFAST/FAST, NIST) ï 
ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʫʩʣʦʚʠʡ ʵʚʘʢʫʘʮʠʠ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʷʭ ʩ ʟʘʣʘʤʠ ʠ ʘʫʜʠʪʦʨʠʷʤʠ, ʛʜʝ 
ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʧʨʦʜʫʢʪʦʚ ʛʦʨʝʥʠʷ; 

- ʧʦʣʝʚʳʝ ʤʦʜʝʣʠ (ʘʜʘʧʪʠʚʥʳʝ ʤʦʜʝʣʠ: FDS, NIST; Kameleon FireEX, ComputIT; SMARTFIRE, 
FSEG) ï ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʩʣʦʞʥʳʭ ʩʦʦʨʫʞʝʥʠʡ: ʪʦʨʛʦʚʳʭ ʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʮʝʥʪʨʦʚ, 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʫʟʣʦʚ, ʧʦʜʟʝʤʥʳʭ ʧʘʨʢʦʚʦʢ, ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ. ʀʤʝʥʥʦ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ 
ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʳʤʘ ʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦʣʞʝʥ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʩʧʝʮʠʬʠʢʠ 
ʦʙʲʝʢʪʘ, ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ. 

 
ʀɹʃʄʗʐɾʆʁɾ 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʞʘʨʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʦʚʨʝʤʝʥʥʦʡ 
ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʤʝʪʦʜʳ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʠʥʪʝʛʨʘʣʴʥʳʝ, ʟʦʥʥʳʝ ʠ ʧʦʣʝʚʳʝ. ʂʘʞʜʘʷ ʠʟ ʛʨʫʧʧ ʤʦʜʝʣʝʡ 
ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʀʥʪʝʛʨʘʣʴʥʳʝ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʩʪʦʪʫ ʨʘʩʯʝʪʦʚ, ʥʦ ʧʦʜʭʦʜʷʪ ʪʦʣʴʢʦ ʜʣʷ ʧʦʤʝʱʝʥʠʡ 
ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ. ɿʦʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʩʪʨʘʪʠʬʠʢʘʮʠʶ ʩʨʝʜʳ ʠ ʙʦʣʝʝ ʪʦʯʥʳ ʜʣʷ 
ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ. ʇʦʣʝʚʳʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ, ʧʨʠʤʝʥʠʤʳʤʠ ʜʘʞʝ ʜʣʷ 
ʦʙʲʝʢʪʦʚ ʫʥʠʢʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʦ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʤʦʪʥʳʡ ʚʳʙʦʨ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʫʶ 
ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʧʦʞʘʨʥʦʛʦ ʨʠʩʢʘ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʟʘʱʠʪʳ ʞʠʟʥʠ ʠ 
ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ. 
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ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʪʘʥʢʠʥè  
 

ɹʦʦʧʫʙʯʡʸ: ɸʚʪʦʨʘʤʠ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʪʥʳʭ ʧʘʨʘʤʝʪ-
ʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʣʝʮ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟ ʧʦʜ-
ʰʠʧʥʠʢʦʚʦʡ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʩʪʘʣʠ 110ʍ18ʄ-ʐɼ, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʥʘ ʢʨʫʛʣʦ ʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʘʭ 
ʧʨʠ ʙʝʩʮʝʥʪʨʦʚʦʤ ʚʨʝʟʥʦʤ ʬʘʩʦʥʥʦʤ ʰʣʠʬʦʚʘʥʠʠ. 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʨʝ-
ʟʫʣʴʪʘʪʳ ʠ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ: ʩʢʦʨʦʩʪʠ ʨʝʟʘ-

ʥʠʷ (ὠ̑ ̆)̈, ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (3) ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ (Ô) ʥʘ ʚʳʩʦʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦ-
ʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʠ ʧʦʩʪʨʦʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪ-
ʨʦʚ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʩ ʬʘʢʪʠʯʝʩʢʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦ-
ʚʝʨʭʥʦʩʪʝʡ. 
ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʘʤʠ, ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ: 
- ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʧʫʪʝʡ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ-
ʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʢʦʣʝʮ ʧʨʠʙʦʨʥʳʭ ʧʦʜ-
ʰʠʧʥʠʢʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ; 
- ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʛʫʪ ʙʳʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 
ʰʣʠʬʦʚʘʥʠʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʝʪʘʣʝʡ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʠʙʦʨʥʳʝ ʧʦʜʰʠʧʥʠʢʠ; ʚʨʝʟʥʦʝ ʰʣʠʬʦʚʘʥʠʝ; ʘʙʨʘʟʠʚʥʘʷ ʦʙʨʘʙʦʪʢʘ; ʨʘʙʦʯʠʝ ʧʦ-
ʚʝʨʭʥʦʩʪʠ; ʜʦʨʦʞʢʘ ʢʘʯʝʥʠʷ; ʰʝʨʦʭʦʚʘʪʦʩʪʴ; ʚʦʣʥʠʩʪʦʩʪʴ; ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ; ʩʢʦʨʦʩʪʴ ʧʦʧʝʨʝʯʥʦʡ ʧʦ-
ʜʘʯʠ; ʚʨʝʤʷ ʚʳʭʘʞʠʚʘʥʠʷ. 
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Abstract: The authors of this article consider the problem of ensuring the height parameters of the roughness 
of the working surfaces of the rings of instrument bearings made of bearing corrosion-resistant steel 
110X18M-SD, when processed on circular grinders with centerless mortise shaped grinding.  
The article proposes a methodology for conducting experimental studies, as well as presents the results and 
analyzes the influence of the technological modes of abrasive processing: cutting speed (Vp), cross-feed 
speed (S) and nursing time (t) on the height roughness parameters (Ra, Rz, Rt) and mathematical models are 
constructed that establish the relationship of the parameters of the processing modes. with the actual results 
of the roughness parameters of the treated surfaces.  
The analysis of scientific and technical research conducted by the authors allows us to state:  
- one of the most likely ways to ensure the quality and performance of instrument bearings is to establish opti-
mal processing modes for instrument bearing rings, which requires continued research in this field of mechani-
cal engineering.;  
- the experimental research results published in this article can be used in the preparation of technological 
recommendations aimed at improving the quality of grinding in the manufacture of instrument bearing parts. 
Keywords: instrument bearings; mortise grinding; abrasive treatment; working surfaces; raceway; roughness; 
undulation; cutting speed; transverse feed rate; nursing time. 

 
ɻʛʞʝʞʦʡʞ 
ʇʨʠʙʦʨʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʚʳ-

ʩʦʢʠʡ ʫʨʦʚʝʥʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʢʘʢ ʰʫʤ, ʚʠʙʨʘʮʠʷ, ʤʦʤʝʥʪ ʪʨʝʥʠʷ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ 
ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʠʭ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʠʭ ʰʝʨʦʭʦʚʘʪʦʩʪʠ [1, 2].  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ ʜʝʪʘʣʝʡ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠ-
ʤʝʥʷʝʪʩʷ ʰʣʠʬʦʚʘʥʠʝ ʘʙʨʘʟʠʚʥʳʤʠ ʢʨʫʛʘʤʠ [3, 4, 5, 6, 7, 8].  

ʆʩʚʦʝʥʠʝ ʥʘʚʳʢʦʚ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʰʣʠʬʦʚʘʥʠʷ, ʧʫʪʝʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʧʨʠʙʦʨʥʳʭ 
ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʅʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʝ ʆʪʢʨʳʪʦʛʦ ʘʢʮʠʦʥʝʨʥʦʛʦ ʦʙʱʝʩʪʚʘ çʆʂ-ʃʦʟʘè (ʧʦʩ. ʃʦʟʘ, ʄʦʩʢʦʚʩʢʘʷ 
ʦʙʣʘʩʪʴ) ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩ ʮʝ-
ʣʴʶ ʦʪʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʠ ʯʠʩʪʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʛʘʨʘʥʪʠʨʦ-
ʚʘʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ) ʢʦʣʝʮ 
ʧʨʠ ʙʝʩʮʝʥʪʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʚʨʝʟʥʳʤ ʬʘʩʦʥʥʳʤ ʰʣʠʬʦʚʘʥʠʝʤ ʥʘ ʢʨʫʛʣʦ ʰʣʠʬʦʚʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘ-
ʥʠʠ. 

ʇʦʜʛʦʪʦʚʢʘ ʢ ʧʨʦʚʝʜʝʥʠʶ ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʝʪʦʜʦʤ ʣʝʟʚʠʡʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘʨʫʞʥʳʝ 

ʢʦʣʴʮʘ (ʈʠʩʫʥʦʢ 1) ʚ ʢʦʣʠʯʝʩʪʚʝ 94 ʰʪʫʢ ʠ ʚʥʫʪʨʝʥʥʠʝ ʢʦʣʴʮʘ ʧʦʜʰʠʧʥʠʢʦʚ (ʈʠʩʫʥʦʢ 2) ʚ ʢʦʣʠʯʝʩʪʚʝ 96 
ʰʪʫʢ, ʚʳʧʦʣʥʝʥʘ ʠʭ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʜʦ ʟʥʘʯʝʥʠʡ ʪʚʝʨʜʦʩʪʠ 58-63 HRC.  

ʀʟʤʝʨʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʚʳʧʦʣʥʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʪʚʝʨʜʦʤʝʨʘ çQness Q30M. 
ʄʘʪʝʨʠʘʣʦʤ ʢʦʣʝʮ ʷʚʣʷʝʪʩʷ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʘʷ ʧʦʜʰʠʧʥʠʢʦʚʘʷ ʩʪʘʣʴ ʤʘʨʢʠ 110ʍ18ʄ-ʐɼ ʊʋ 

14-1-3045-80.  
ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʩʭʝʤʘ ʦʙʨʘʙʦʪʢʠ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʨʝʞʠʤʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʩʪʨʫʤʝʥʪ. 
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ʉʡʪ. 1. ʃʧʤʵʯʧ ʦʙʩʬʟʦʧʞ 

 
ʉʡʪ. 2. ʃʧʤʵʯʧ ʛʦʬʫʩʞʦʦʞʞ 

 
ʆʙʨʘʙʦʪʢʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ) ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʤʠʥʠʘʪʶʨ-

ʥʦʤ ʚʥʫʪʨʠʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ BRYANT CENTALING Model B2 (ʉʐɸ) (ʨʠʩʫʥʦʢ 3) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 
ʩʭʝʤʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʆʙʨʘʙʦʪʢʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ) ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ ʚʳʧʦʣʥʷʣʘʩʴ ʥʘ ʫʥʠʚʝʨ-
ʩʘʣʴʥʦʤ ʢʨʫʛʣʦʰʣʠʬʦʚʘʣʴʥʦʤ ʩʪʘʥʢʝ Schtuder RM 500 (ʐʚʝʡʮʘʨʠʷ) (ʨʠʩʫʥʦʢ 5) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʭʝ-
ʤʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
ʉʡʪ. 3. ʊʫʙʦʧʣ çBRYANT CENTALING Model 

B2è (ʊʑɹ) 

 
ʉʡʪ. 4. ʊʮʞʥʙ ʧʚʩʙʚʧʫʣʡ ʦʙʩʬʟʦʴʮ ʣʧʤʞʯ 
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ʉʡʪ. 5. ʌʦʡʛʞʩʪʙʤʵʦʴʢ ʣʩʬʜʤʧ ʱʤʡʭʧʛʙʤʵ-

ʦʴʢ ʪʫʙʦʧʣ çStuder RHU 500è 

 
ʉʡʪ. 6. ʊʮʞʥʙ ʧʚʩʙʚʧʫʣʡ ʛʦʬʫʩʞʦʦʡʮ ʣʧʤʞʯ 

 
ɺʳʙʦʨ ʧʨʝʜʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʰʣʠʬʦʚʘʥʠʷ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ɺʘʩʠʣʴʝʚʘ ɸ.ʄ. [9], ʧʨʦʬʝʩʩʦʨʘ ʂʦʣʪʫʥʦʚʘ ʀ.ʀ. [10, 11, 12], ʧʨʦʬʝʩʩʦʨʘ ʂʦʨʯʘʢʘ ʉ.ʅ. 
[13, 14], ʧʨʦʬʝʩʩʦʨʘ ʕʣʴʷʥʦʚʘ ɺ.ɼ. [15]. 

ʈʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʋʙʚʤʡʯʙ 1  
ʉʞʟʡʥʴ ʧʚʩʙʚʧʫʣʡ ʦʙʩʬʟʦʴʮ ʣʧʤʞʯ ʨʧʝʱʡʨʦʡʣʧʛ 

ʃʧʤʵʯʧ ʦʙʩʬʟʦʧʞ 

ʈʙʩʙʥʞʫʩ 
ʈʩʞʝʛʙʩʡʫʞʤʵʦʧʞ 
ʱʤʡʭʧʛʙʦʡʞ 

ʐʡʪʫʧʛʧʞ ʱʤʡʭʧʛʙʦʡʞ 

ʐʙʪʫʧʫʙ ʛʩʙʲʞʦʡʸ ʡʦʪʫʩʬʥʞʦʫʙ (nʡ), ʧʚ/ʥʡʦ 60000 90000 

ʊʣʧʩʧʪʫʵ ʡʦʪʫʩʬʥʞʦʫʙ (Vʡ), ʥ/ʪʞʣ 62,8 94,2 

ʐʙʪʫʧʫʙ ʛʩʙʲʞʦʡʸ ʝʞʫʙʤʡ (nʝ), ʧʚ/ʥʡʦ 500 - 550 450 - 490 

ʊʣʧʩʧʪʫʵ ʝʞʫʙʤʡ (Vʝ), ʥ/ʪʞʣ 0,6 ï 0,66 0,4 ï 0,5 

ɼʤʬʚʡʦʙ ʛʩʞʠʙʦʡʸ, ʥʥ 0,2 0,06 

ʊʣʧʩʧʪʫʵ ʨʧʨʞʩʞʰʦʧʢ ʨʧʝʙʰʡ (S), ʥʥ/ʥʡʦ 0,15 ï 0,3 0,07 ï 0,1 

ɻʩʞʥʸ ʛʴʮʙʟʡʛʙʦʡʸ (t), ʪʞʣ 3 - 5 3 - 5 

ʁʦʪʫʩʬʥʞʦʫ 
25ɸ 12ʅ ʄ2 9 ʂ (25ɸ 

F100 I 9 V 50) 
25A 6ʅ ʉʄ1 9 ʂ  
(25ɸ F180 K 9 V 50) 

ʐʣʠʬʦʚʘʥʠʝ ʚʨʝʟʥʦʝ, ʧʦʧʫʪʥʦʝ. 

 
ʈʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 
ʋʙʚʤʡʯʙ 2  

ʉʞʟʡʥʴ ʧʚʩʙʚʧʫʣʡ ʛʦʬʫʩʞʦʦʡʮ ʣʧʤʞʯ ʨʧʝʱʡʨʦʡʣʧʛ 

ʃʧʤʵʯʧ ʛʦʬʫʩʞʦʦʞʞ 

ʈʙʩʙʥʞʫʩ 
ʈʩʞʝʛʙʩʡʫʞʤʵʦʧʞ 
ʱʤʡʭʧʛʙʦʡʞ 

ʐʡʪʫʧʛʧʞ ʱʤʡ-
ʭʧʛʙʦʡʞ 

ʐʙʪʫʧʫʙ ʛʩʙʲʞʦʡʸ ʡʦʪʫʩʬʥʞʦʫʙ (nʡ), ʧʚ/ʥʡʦ 1600 1800 

ʊʣʧʩʧʪʫʵ ʡʦʪʫʩʬʥʞʦʫʙ (Vʡ), ʥ/ʪʞʣ 30,0 33,0 

ʐʙʪʫʧʫʙ ʛʩʙʲʞʦʡʸ ʝʞʫʙʤʡ (nʝ), ʧʚ/ʥʡʦ 350 - 400 380 - 420 

ʊʣʧʩʧʪʫʵ ʝʞʫʙʤʡ (Vʝ), ʥ/ʪʞʣ 0,25 ï 0,28 0,27 ï 0,3 
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ʃʧʤʵʯʧ ʛʦʬʫʩʞʦʦʞʞ 

ʈʙʩʙʥʞʫʩ 
ʈʩʞʝʛʙʩʡʫʞʤʵʦʧʞ 
ʱʤʡʭʧʛʙʦʡʞ 

ʐʡʪʫʧʛʧʞ ʱʤʡ-
ʭʧʛʙʦʡʞ 

ɼʤʬʚʡʦʙ ʛʩʞʠʙʦʡʸ, ʥʥ 0,22 0,03 

ʊʣʧʩʧʪʫʵ ʨʧʨʞʩʞʰʦʧʢ ʨʧʝʙʰʡ (S), ʥʥ/ʥʡʦ 0,15 ï 0,3 0,02 ï 0,04 

ɻʩʞʥʸ ʛʴʮʙʟʡʛʙʦʡʸ (t), ʪʞʣ 7 - 10 3 - 5 

ʁʦʪʫʩʬʥʞʦʫ 92ɸ 16ʅ ʉʄ2 5 ʂ V 35 

ʐʣʠʬʦʚʘʥʠʝ ʚʨʝʟʥʦʝ, ʧʦʧʫʪʥʦʝ. 

 
ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʧʦʜʛʦʪʦʚʢʠ ʩʦʩʪʦʷʣ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʤʝʨʝ-

ʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʜʠʢʠ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝ-
ʟʫʣʴʪʘʪʦʚ. 

ʀʟʤʝʨʝʥʠʷ ʚʳʩʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʧʨʦʬʠʣʦʤʝʪʨʝ 
çMitutoyo SJ-410è. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ, ʩʧʣʘʥʠʨʦʚʘʥʥʘʷ ʚ ʚʠʜʝ ʧʦʣʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 23 
[16], ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʦʙʨʘʙʦʪʢʫ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ, ʩ ʨʘʩʯʝʪʦʤ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʨʝʟʫʣʴʪʘ-
ʪʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʘʥʘʣʠʟʦʤ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʝʤ ʤʘʪʝʤʘʪʠ-
ʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ (ὙὥȟὙᾀȟὙὸ) ʦʪ ʨʝʞʠʤʦʚ ʦʙ-
ʨʘʙʦʪʢʠ: ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ (ὠ̑ ̆)̈, ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (Ὓ) ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ (ὸ) ʧʨʠ ʦʙ-
ʨʘʙʦʪʢʝ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ ʧʦʧʫʪʥʳʤ ʚʨʝʟʥʳʤ ʬʘʩʦʥʥʳʤ ʰʣʠʬʦʚʘʥʠʝʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʞʠʤʘʤʠ 
ʦʙʨʘʙʦʪʢʠ (ʊʘʙʣʠʮʳ 1 ʠ 2). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʦʪ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʨʝ-
ʟʘʥʠʷ (ὠ̑ ̆)̈, ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (Ὓ) ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ (ὸ) ʥʘ ʦʧʝʨʘʮʠʷʭ ʰʣʠʬʦʚʘʥʠʷ 
ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʢʦʣʝʮ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʠʩʧʦʣʴʟʫʝʤ ʧʦʣʠʥʦʤ ʚʠʜʘ: 

ώ ὦ ὦὼ ὦὼ ὦὼ ὦ ὼὼ ὦ ὼὼ ὦ ὼὼ ὦ ὼὼὼȠ          (1.0) 
ʛʜʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ bi ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὦ В ὼ Ƞ                                                                      (1.1) 

 ʛʜʝ: v = 0, 1, 2 é n -  ʥʦʤʝʨ ʪʦʯʢʠ ʧʣʘʥʘ; Ự - ʩʨʝʜʥʠʡ ʦʪʢʣʠʢ ʧʦ r ʦʧʳʪʘʤ ʚ ʪʦʯʢʝ ʩ ʥʦʤʝʨʦʤ v. 

ʅʦʣʴ ʟʘʧʠʩʘʥ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ b0. 
ʉʚʷʟʴ ʤʝʞʜʫ ʢʦʜʦʚʳʤ ʠ ʥʘʪʫʨʘʣʴʥʳʤ ʚʳʨʘʞʝʥʠʝʤ ʬʘʢʪʦʨʘ ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

ὼȕ
ȕ

;                                                                           (1.2) 

ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʰʣʠʬʦʚʘʥʠʝ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ 
ʅʘ ʦʩʥʦʚʝ ʧʣʘʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʊʘʙʣʠʮʘ 3) ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ ʦʪ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 
ʚʨʝʟʥʦʤ ʬʘʩʦʥʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʥʘ ʦʧʝʨʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞ-
ʥʳʭ ʢʦʣʝʮ. 

ʉʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 
ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦ-
ʣʝʮ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

 - ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ, ʚʦʧʨʝʢʠ ʜʘʥʥʳʤ ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [17, 18] 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʠ 
ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʚʳʩʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʩʦ-
ʛʣʘʩʥʦ ʪʝʭ ʞʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʨʠʤʝʥʝʥʠʝ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ ʤʘʨʢʠ çʄè ʠ ʝʛʦ 
ʥʠʟʢʘʷ ʩʪʦʡʢʦʩʪʴ; 

- ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ ʚʥʝ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ 
ʨʝʟʘʥʠʷ ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʩʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
(ὙὥȟὙᾀȟὙὸ), ʯʪʦ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʠʩʪʦʯʥʠʢʘʭ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ [17], 
ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ ʧʘʨʘʤʝʪʨ Ὑὥ ʠ Ὑᾀ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

 
ʋʙʚʤʡʯʙ 3  

ʈʤʙʦ ʨʧʤʦʧʜʧ ʭʙʣʫʧʩʦʧʜʧ ʶʣʪʨʞʩʡʥʞʦʫʙ ʦʙ ʧʨʞʩʙʯʡʡ ʨʩʞʝʛʙʩʡʫʞʤʵʦʧʜʧ  
ʱʤʡʭʧʛʙʦʡʸ ʝʧʩʧʟʞʣ ʣʙʰʞʦʡʸ ʦʙʩʬʟʦʴʮ ʣʧʤʞʯ 

ʋʡʨ ʧʨʴʫʙ ˊ ʧʨʴʫʙ 
X1 ð ʪʣʧʩʧʪʫʵ 

 ɦ ʤʡʭʧʛʙʦʡʸ, ʥ/ʥʡʦ 
X2 ðʨʧʝʙʰʙ 

 ʨʧʨʞʩʞʰʦʙʸ, ʥʥ/ʥʡʦ 
X3 ð ʛʩʞʥʸ  

ʛʴʮʙʟʡʛʙʦʡʸ, ʪʞʣ 

ʈʤʙʦ ʫʡʨʙ 23 

1 ʄIN 0,3 3 

2 ʄIN 0,15 5 

3 ʄIN 0,3 5 

4 ʄIN* 0,15 3 

 

5 ʄɸX 0,15 5 

6 ʄɸX 0,3 3 

7 ʄɸX** 0,15 3 

8 ʄɸX 0,3 5 

*MIN: 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ 60000 ʦʙ/ʤʠʥ  
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ 550 ʦʙ/ʤʠʥ 
ʀʥʩʪʨʫʤʝʥʪ 25ɸ 12ʅ ʄ2 9ʂ (25ɸ F100 I 9 V 35) 

**ʄɸX: 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ 60000 ʦʙ/ʤʠʥ 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ 500 ʦʙ/ʤʠʥ 
ʀʥʩʪʨʫʤʝʥʪ 25ɸ 12 ʄ2 9 ʂ (25ɸ F100 I 9 V 35) 

 
ʋʙʚʤʡʯʙ 4  

ʊʩʞʝʦʞʙʩʡʭʥʞʫʡʰʞʪʣʡʞ ʩʞʠʬʤʵʫʙʫʴ ʦʙʫʬʩʦʴʮ ʶʣʪʨʞʩʡʥʞʦʫʧʛ  
ʨʩʞʝʛʙʩʡʫʞʤʵʦʧʢ ʧʚʩʙʚʧʫʣʡ ʦʙʩʬʟʦʴʮ ʣʧʤʞʯ 

ˊ ʨ/ʨ Vʩʞʠ, ʥ/ʪʞʣ S, ʥʥ/ʥʡʦ t, ʪʞʣ Ra Rz Rt 

1 62,14 0,3 3 0,294 1,14 2,09 

2 62,14 0,15 5 0,26 1,02 2,00 

3 62,14 0,3 5 0,273 1,08 2,06 

4 62,14 0,15 3 0,28 1,09 2,09 

5 62,2 0,15 5 0,339 1,26 2,42 

6 62,2 0,3 3 0,305 1,2 2,36 

7 62,2 0,15 3 0,327 1,23 2,24 

8 62,2 0,3 5 0,286 1,1 2,08 

 
ʋʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ 

ʩʣʝʜʩʪʚʠʝʤ ʧʨʠʤʝʥʝʥʠʷ çʤʷʛʢʦʛʦè ʢʨʫʛʘ ʠ ʝʛʦ ʥʠʟʢʦʡ ʩʪʦʡʢʦʩʪʴʶ. 
- ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) 

ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʨʦʤʝ ʦʙʨʘʙʦʪʢʠ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʧʝ-
ʨʝʯʥʦʡ ʧʦʜʘʯʠ. ʉʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ ʩʦʛʣʘʩʫʝʪ-
ʩʷ ʩ ʪʝʦʨʠʝʡ [17]. ʇʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ çʟʘʩʘʣʠʚʘʥʠʝè ʢʨʫ-
ʛʘ [17, 18]. 

- ʜʘʥʥʳʝ ʨʝʞʠʤʳ ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʶʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʜʦʩʪʠʛʘʪʴ 
8 ï 9 ʢʣʘʩʩ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʰʢʘʣʝ Ὑὥ ʠ 9 ʢʣʘʩʩ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʰʢʘʣʝ Ὑᾀ. 
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ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (1.1), ʧʝʨʝʚʦʜʘ ʢʦʜʠʨʦʚʘʥʥʳʭ 
ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʚ ʥʘʪʫʨʘʣʴʥʳʡ ʚʠʜ ʧʦ ʬʦʨʤʫʣʝ (1.2) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠ-
ʥʦʤʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ὙὥȟὙᾀ ʠ  Ὑὸ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ: 
ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ (ὠ̑ ̆)̈, ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (Ὓ) ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ (ὸ), ʧʦʣʫʯʘʝʤ: 

╡́ ȟ ȟ ╥ȟ ╢ȟ ◄ȟ ╥╢ȟ ╥◄ȟ ╢◄
ȟ ╥╢◄Ƞ 

╡◑ ȟ ȟ ╥ȟ ╢ȟ ◄ȟ ╥╢ ȟ ╥◄ȟ ╢◄
ȟ ╥╢◄ 

╡◄ ȟ ȟ ╥ȟ ╢ȟ ◄ ȟ ╥╢ȟ ╥◄ȟ ╢◄ȟ ╥╢◄ 
ʏʠʩʪʦʚʦʝ ʰʣʠʬʦʚʘʥʠʝ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ 
ʅʘ ʦʩʥʦʚʝ ʧʣʘʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʊʘʙʣʠʮʘ 5) ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ ʦʪ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 
ʚʨʝʟʥʦʤ ʬʘʩʦʥʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʥʘ ʦʧʝʨʘʮʠʠ ʯʠʩʪʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦ-
ʣʝʮ. 

 
ʋʙʚʤʡʯʙ 5  

ʈʤʙʦ ʨʧʤʦʧʜʧ ʭʙʣʫʧʩʦʧʜʧ ʶʣʪʨʞʩʡʥʞʦʫʙ ʦʙ ʧʨʞʩʙʯʡʡ ʰʡʪʫʧʛʧʜʧ 
 ɦ ʤʡʭʧʛʙʦʡʸ ʝʧʩʧʟʞʣ ʣʙʰʞʦʡʸ ʦʙʩʬʟʦʴʮ ʣʧʤʞʯ 

ʋʡʨ  
ʧʨʴʫʙ 

ˊ ʧʨʴʫʙ 
X1 ð ʪʣʧʩʧʪʫʵ 
ʱʤʡʭʧʛʙʦʡʸ, 
ʥ/ʥʡʦ 

X2 -ʨʧʝʙʰʙ ʨʧʨʞʩʞʰ-
ʦʙʸ, ʥʥ/ʥʡʦ 

X3 ð ʛʩʞʥʸ ʛʴʮʙʟʡ-
ʛʙʦʡʸ, ʪʞʣ 

ʈʤʙʦ ʫʡ-
ʨʙ 23 

1 ʄIN 0,07 3 

2 ʄIN 0,1 5 

3 ʄIN 0,1 3 

4 ʄIN* 0,07 5 

5 ʄɸX 0,07 5 

6 ʄɸX 0,1 3 

7 ʄɸX** 0,07 3 

8 ʄɸX 0,1 5 

*MIN: 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ 90000 ʦʙ/ʤʠʥ  
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ 490 ʦʙ/ʤʠʥ 
ʀʥʩʪʨʫʤʝʥʪ 25ɸ 6ʅ ʉʄ1 9ʂ (25ɸ F180 ʂ 9 V 35) 

**ʄɸX: 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ 90000 ʦʙ/ʤʠʥ 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ 450 ʦʙ/ʤʠʥ 
ʀʥʩʪʨʫʤʝʥʪ 25ɸ 6ʅ ʉʄ1 9 ʂ (25ɸ F180 ʂ 9 V 35) 

 
ʉʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʳʭ ʢʦ-

ʣʝʮ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 
ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʟʝʨʥʘ ʠ ʪʚʝʨʜʦʩʪʠ 

ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʢʨʫʛʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʣʠ ʚʳʩʦʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 
ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʟʝʨʥʠʩʪʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʨʝʞʠʤʳ ʦʙʨʘʙʦʪʢʠ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ 
ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 

- ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʩʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
(ὙὥȟὙᾀȟὙὸ), ʦʜʥʘʢʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʠ ʦʩʚʦʡ ʧʦʜʘʯʠ ʠ ʚʨʝʤʝʥʠ 
ʚʳʭʘʞʠʚʘʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʯʪʦ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ [18] ʠ 
ʫʩʪʦʷʚʰʝʡʩʷ ʧʨʘʢʪʠʢʦʡ [8]; 
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- ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʩʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦ-
ʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʠʩʪʦʯʥʠʢʘʭ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ [17, 18]; 

- ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʪʘʙʠʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦ-
ʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʧʝ-
ʨʝʯʥʦʡ ʧʦʜʘʯʠ ʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʢʦʨʦʩʪʝʡ ʨʝʟʘʥʠʷ ʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ, 
ʯʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [18], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʥʳʭ ʧʘʨʘ-
ʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʩʣʝʜʩʪʚʠʝʤ ʚʣʠʷʥʠʷ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 
ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʠ ʥʝʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʭʘʞʠʚʘʥʠʷ ʥʠʚʝʣʠʨʦʚʘʪʴ ʠʭ ʥʝʛʘʪʠʚʥʦʝ 
ʚʣʠʷʥʠʝ. 

 
ʋʙʚʤʡʯʙ 6 

ʊʩʞʝʦʞʙʩʡʭʥʞʫʡʰʞʪʣʡʞ ʩʞʠʬʤʵʫʙʫʴ ʦʙʫʬʩʦʴʮ ʶʣʪʨʞʩʡʥʞʦʫʧʛ  
ʰʡʪʫʧʛʧʢ ʧʚʩʙʚʧʫʣʡ ʦʙʩʬʟʦʴʮ ʣʧʤʞʯ 

ˊ ʨ/ʨ Vʩʞʠ, ʥ/ʪʞʣ S, ʥʥ/ʥʡʦ t, ʪʞʣ Ra Rz Rt 

1 93,7 0,07 3 0,0765 0,381 0,654 

2 93,7 0,1 5 0,084 0,423 0,755 

3 93,7 0,1 3 0,0786 0,391 0,689 

4 93,7 0,07 5 0,0774 0,39 0,602 

5 93,8 0,07 5 0,0787 0,394 0,616 

6 93,8 0,1 3 0,0834 0,417 0,714 

7 93,8 0,07 3 0,0789 0,403 0,681 

8 93,8 0,1 5 0,0823 0,411 0,686 

 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʪʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ  
ʆʙʨʘʙʦʪʢʘ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜʰʠʧʥʠʢʦʚ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʝʞʠʤʘʭ ʦʙʨʘʙʦʪʢʠ ʠ ʩ ʧʨʠʤʝ-

ʥʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʟʚʦʣʷʝʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʧʦʣʫʯʠʪʴ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ 10 ï 11 ʢʣʘʩʩʘ. 
ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (1.1), ʧʝʨʝʚʦʜʘ ʢʦʜʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘ-

ʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʚ ʥʘʪʫʨʘʣʴʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (1.2) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʥʦʤʦʚ ʜʣʷ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ὑὥ, Ὑᾀ ʠ Ὑὸ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ: ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 

(ὠ̑ ̆)̈, ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (Ὓ) ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ (ὸ), ʧʦʣʫʯʘʝʤ: 

╡́ ȟ ȟ ╥ȟ ╢ȟ ◄ȟ ╥╢ȟ ╥◄ȟ ╢◄
ȟ ╥╢◄ 

╡ὂ ȟ ȟ ╥ ȟ ╢ ȟ ◄ ȟ ╥╢ ȟ ╥◄ ȟ ╢◄
ȟ ╥╢◄ 

╡Ἴ ȟ ȟ ╥ ȟ ╢ ȟ ◄ ȟ ╥╢ ȟ ╥◄ ȟ ╢◄ ȟ ╥╢◄ 
ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʰʣʠʬʦʚʘʥʠʝ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ 
ʅʘ ʦʩʥʦʚʝ ʧʣʘʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʊʘʙʣʠʮʘ 7) ʙʳʣʠ ʧʨʦʚʝ-

ʜʝʥʳ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ ʦʪ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 
ʚʨʝʟʥʦʤ ʬʘʩʦʥʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʥʘ ʦʧʝʨʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʚʥʫʪ-
ʨʝʥʥʠʭ ʢʦʣʝʮ. 

ʉʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʨʫʞʥʳʭ ʢʦ-
ʣʝʮ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 8. 
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ʋʙʚʤʡʯʙ 7 
ʈʤʙʦ ʨʧʤʦʧʜʧ ʭʙʣʫʧʩʦʧʜʧ ʶʣʪʨʞʩʡʥʞʦʫʙ ʦʙ ʧʨʞʩʙʯʡʡ ʨʩʞʝʛʙʩʡʫʞʤʵʦʧʜʧ 

 ɦ ʤʡʭʧʛʙʦʡʸ ʝʧʩʧʟʞʣ ʣʙʰʞʦʡʸ ʛʦʬʫʩʞʦʦʡʮ ʣʧʤʞʯ 

ʋʡʨ  
ʧʨʴʫʙ 

ˊ 
ʧʨʴʫʙ 

X1 ð ʪʣʧʩʧʪʫʵ ʱʤʡʭʧ-
ʛʙʦʡʸ, ʥ/ʥʡʦ 

X2 -ʨʧʝʙʰʙ ʨʧʨʞʩʞʰʦʙʸ, 
ʥʥ/ʥʡʦ 

X3 ð ʛʩʞʥʸ ʛʴʮʙʟʡ-
ʛʙʦʡʸ, ʪʞʣ 

ʈʤʙʦ ʫʡʨʙ 
23 

1 ʄIN 0,185 10 

2 ʄIN 0,185 7 

3 ʄIN 0,1 10 

4 ʄIN* 0,1 7 

5 ʄɸX 0,185 10 

6 ʄɸX 0,185 7 

7 ʄɸX** 0,1 7 

8 ʄɸX 0,1 10 

*MIN: 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ 2000 ʦʙ/ʤʠʥ  
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ 400 ʦʙ/ʤʠʥ 
ʀʥʩʪʨʫʤʝʥʪ 92ɸ 16ʅ ʉʄ2 ʂ5, V = 35 ʤ/ʩ 

**ʄɸX: 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ 2000 ʦʙ/ʤʠʥ 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ 350 ʦʙ/ʤʠʥ 
ʀʥʩʪʨʫʤʝʥʪ 92ɸ 16ʅ ʉʄ2 ʂ5, V = 35 ʤ/ʩ 

 
ʋʙʚʤʡʯʙ 8 

ʊʩʞʝʦʞʙʩʡʭʥʞʫʡʰʞʪʣʡʞ ʩʞʠʬʤʵʫʙʫʴ ʦʙʫʬʩʦʴʮ ʶʣʪʨʞʩʡʥʞʦʫʧʛ ʨʩʞʝʛʙʩʡʫʞʤʵʦʧʜʧ ʱʤʡʭʧʛʙʦʡʸ 
ʝʧʩʧʟʞʣ ʣʙʰʞʦʡʸ ʛʦʬʫʩʞʦʦʡʮ ʣʧʤʞʯ 

ˊ ʨ/ʨ Vʩʞʠ, ʥ/ʪʞʣ S, ʥʥ/ʥʡʦ t, ʪʞʣ Ra Rz Rt 

1 29,72 0,185 10 0,23 1,23 1,6 

2 29,72 0,185 7 0,174 0,9 1,2 

3 29,72 0,1 10 0,153 0,74 0,98 

4 29,72 0,1 7 0,14 0,68 0,94 

5 29,75 0,185 10 0,148 0,69 1,0 

6 29,75 0,185 7 0,118 0,66 0,93 

7 29,75 0,1 7 0,172 0,72 1,1 

8 29,75 0,1 10 0,178 0,77 1,1 

 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦ-

ʣʝʮ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʩʣʝʜʫʶʱʝʝ: 
- ʧʦʚʳʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʩʥʠʞʝʥʠʝʤ ʚʳʩʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝ-
ʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ, ʯʪʦ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [18], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠ-
ʚʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʥʳʤ ʢʘʢ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʢʦʣʝʮ ʧʦʜ-
ʰʠʧʥʠʢʦʚ; 

- ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ 
ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʳʩʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʭ-
ʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ [18], ʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʫʚʝʣʠ-
ʯʠʚʘʝʪʩʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʥʳʤ ʢʘʢ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʢʦʣʝʮ 
ʧʦʜʰʠʧʥʠʢʦʚ; 

- ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʪʦʣʴ-
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ʢʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʝʟʘʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ, 
ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʠʝʡ [18], ʧʨʠ ʪʦʤ ʯʪʦ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩ-
ʪʘʝʪ. ʈʦʩʪ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʨʦʪʠʚʦʨʝʯʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ [18] ʠ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ 
ʢʘʢ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʙʦʪʢʠ ʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʘ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ, ʪʘʢ ʠ ʩ ʞʝʩʪʢʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʦʡ ʩʠʩʪʝʤʳ; 

- ʜʘʥʥʳʝ ʨʝʞʠʤʳ ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʶʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʜʦʩʪʠʛʘʪʴ 

10 ʢʣʘʩʩʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʰʢʘʣʝ Ὑὥ ʠ 9 ï 10 ʢʣʘʩʩʘ ʧʦ ʰʢʘʣʝ Ὑᾀ ʫʞʝ ʥʘ ʦʧʝʨʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 
ʰʣʠʬʦʚʘʥʠʷ, ʯʪʦ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʦʙ-
ʨʘʙʦʪʢʠ ʜʝʪʘʣʝʡ. 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (1.1), ʧʝʨʝʚʦʜʘ ʢʦʜʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘ-
ʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʚ ʥʘʪʫʨʘʣʴʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (1.2) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʥʦʤʦʚ ʜʣʷ ʦʧʨʝʜʝ-
ʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ὑὥ, Ὑᾀ ʠ Ὑὸ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ: ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 

(ὠ̑ ̆)̈, ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (Ὓ) ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ (ὸ), ʧʦʣʫʯʘʝʤ: 
╡́ ȟ ȟ ╥ȟ ╢ȟ ◄ȟ ╥╢ ȟ ╥◄

ȟ ╢◄ȟ ╥╢◄ 
╡◑ ȟ ȟ ╥ȟ ╢ȟ ◄ ȟ ╥╢ȟ ╥◄ȟ ╢◄

ȟ ╥╢◄ 

╡Ἴ ȟ ȟ ╥ ȟ ╢ ȟ◄ ȟ ╥╢ ȟ ╥◄ ȟ ╢◄
ȟ ╥╢◄ 

ʅʘ ʦʩʥʦʚʝ ʧʣʘʥʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʊʘʙʣʠʮʘ 9) ʙʳʣʠ ʧʨʦʚʝʜʝ-
ʥʳ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʧʦʚʝʨʭʥʦʩʪʝʡ ʜʦ-
ʨʦʞʝʢ ʢʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ ʧʦʜʰʠʧʥʠʢʦʚ ʦʪ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʚʨʝʟ-
ʥʦʤ ʬʘʩʦʥʥʦʤ ʰʣʠʬʦʚʘʥʠʠ ʥʘ ʦʧʝʨʘʮʠʠ ʯʠʩʪʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʢʦʣʝʮ. 

 
ʋʙʚʤʡʯʙ 9 

ʈʤʙʦ ʨʧʤʦʧʜʧ ʭʙʣʫʧʩʦʧʜʧ ʶʣʪʨʞʩʡʥʞʦʫʙ ʦʙ ʧʨʞʩʙʯʡʡ ʰʡʪʫʧʛʧʜʧ  
ʱʤʡʭʧʛʙʦʡʸ ʝʧʩʧʟʞʣ ʣʙʰʞʦʡʸ ʛʦʬʫʩʞʦʦʡʮ ʣʧʤʞʯ 

ʋʡʨ ʧʨʴʫʙ ˊ ʧʨʴʫʙ 
X1 ð ʪʣʧʩʧʪʫʵ 
ʱʤʡʭʧʛʙʦʡʸ, 
ʥ/ʥʡʦ 

X2 -ʨʧʝʙʰʙ ʨʧʨʞʩʞʰ-
ʦʙʸ, ʥʥ/ʥʡʦ 

X3 ð ʛʩʞʥʸ ʛʴʮʙ-
ʟʡʛʙʦʡʸ, ʪʞʣ 

ʈʤʙʦ ʫʡʨʙ 
23 

1 ʄIN 0,1 5 

2 ʄIN 0,1 3 

3 ʄIN 0,05 5 

 

4 ʄIN* 0,05 3 

5 ʄɸX 0,1 5 

6 ʄɸX 0,1 3 

 
7 ʄɸX** 0,05 5 

8 ʄɸX 0,05 3 

*MIN: 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ 90000 ʦʙ/ʤʠʥ  
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ 490 ʦʙ/ʤʠʥ 
ʀʥʩʪʨʫʤʝʥʪ 25ɸ 6ʅ ʉʄ1 9ʂ (25ɸ F180 ʂ 9 V 35) 

**ʄɸX: 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʢʨʫʛʘ 90000 ʦʙ/ʤʠʥ 
ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʜʝʪʘʣʠ 450 ʦʙ/ʤʠʥ 
ʀʥʩʪʨʫʤʝʥʪ 25ɸ 6ʅ ʉʄ1 9 ʂ (25ɸ F180 ʂ 9 V 35) 

 
ʉʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʠʭ 

ʢʦʣʝʮ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 10. 
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ʋʙʚʤʡʯʙ 10 
ʊʩʞʝʦʞʙʩʡʭʥʞʫʡʰʞʪʣʡʞ ʩʞʠʬʤʵʫʙʫʴ ʦʙʫʬʩʦʴʮ ʶʣʪʨʞʩʡʥʞʦʫʧʛ  

ʰʡʪʫʧʛʧʢ ʧʚʩʙʚʧʫʣʡ ʛʦʬʫʩʞʦʦʡʮ ʣʧʤʞʯ 

ˊ ʨ/ʨ Vʩʞʠ, ʥ/ʪʞʣ S, ʥʥ/ʥʡʦ t, ʪʞʣ Ra Rz Rt 

1 32,7 0,1 5 0,189 1,01 1,47 

2 32,7 0,1 3 0,181 0,99 1,22 

3 32,7 0,05 5 0,159 0,75 1,06 

4 32,7 0,05 3 0,143 0,7 1,07 

5 32,9 0,1 5 0,159 0,85 1,11 

6 32,9 0,1 3 0,152 0,81 1,05 

7 32,9 0,05 5 0,133 0,71 0,97 

8 32,9 0,05 3 0,138 0,71 0,99 

 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʪʦʚʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʜʦʨʦʞʝʢ ʢʘʯʝʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ ʧʨʠ-

ʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ ʩʣʝʜʫʶʱʝʝ: 
- ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʚʥʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥʥʳʤ 
ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ [18]; 

- ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ 
ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ, ʧʨʠʚʝʜʝʥ-
ʥʳʤ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ [18]; 

- ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʩʦʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ, 
ʯʪʦ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ [18] ʠ ʧʨʘʢʪʠʢʦʡ [8]. ʆʜʥʘʢʦ ʰʣʠʬʦʚʘʥʠʝ ʧʨʠ ʤʘʢ-
ʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝ-
ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. 

- ʜʘʥʥʳʝ ʨʝʞʠʤʳ ʰʣʠʬʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʳ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʶʪ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦ ʜʦʩʪʠʛʘʪʴ 
9 ï 10 ʢʣʘʩʩʘ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦ ʰʢʘʣʘʤ Ὑὥ ʠ Ὑᾀ. ʇʦʩʣʝ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʜʠʘʧʘʟʦʥ ʧʠʢʦʚʳʭ ʟʥʘʯʝ-
ʥʠʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʩʥʠʟʠʣʩʷ, ʘ ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʙʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ ʪʝʤ ʞʝ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʤʦʞʝʪ 
ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʥʠʞʝʥʠʠ ʬʘʢʪʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʚʳʩʪʫʧʦʚ ʠ ʚʧʘʜʠʥ (Ὑὸ). 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʬʦʨʤʫʣʝ (1.1), ʧʝʨʝʚʦʜʘ ʢʦʜʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘ-
ʨʘʤʝʪʨʦʚ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʚ ʥʘʪʫʨʘʣʴʥʳʝ ʧʦ ʬʦʨʤʫʣʝ (1.2) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʥʦʤʦʚ ʜʣʷ ʦʧʨʝʜʝ-

ʣʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ὑὥ, Ὑᾀ ʠ Ὑὸ ʦʪ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ: ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 
(ὠ̑ ̆)̈, ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (Ὓ) ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ (ὸ), ʧʦʣʫʯʘʝʤ: 

╡╪ ȟ ȟ ╥ȟ ╢ȟ ◄ȟ ╥╢ȟ ╥◄
ȟ ╢◄ ȟ ╥╢◄ 

╡◑ ȟ ȟ ╥ȟ ╢ȟ ◄ ȟ ╥╢ȟ ╥◄ȟ ╢◄
ȟ ╥╢◄ 

╡◄ ȟ ȟ ╥ȟ ╢ȟ ◄ ȟ ╥╢ȟ ╥◄ȟ ╢◄
ȟ ╥╢◄ 

ʀʙʣʤʷʰʞʦʡʞ 
ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʣʦ ʚʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ, ʘ ʠʤʝʥʥʦ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ (ὠ̑ ̆)̈, ʩʢʦʨʦʩʪʠ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (Ὓ) ʠ ʚʨʝʤʝʥʠ ʚʳʭʘʞʠʚʘʥʠʷ (ὸ), 
ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʚʳʩʦʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ). 
ʕʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʨʦʮʝʩʩʝ ʙʝʩʮʝʥʪʨʦʚʦʛʦ ʚʨʝʟʥʦʛʦ ʬʘʩʦʥʥʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʢʦʣʝʮ ʧʨʠʙʦʨʥʳʭ ʧʦʜ-
ʰʠʧʥʠʢʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʟʘʢʘʣʝʥʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʧʦʜʰʠʧʥʠʢʦʚʦʡ ʩʪʘʣʠ ʤʘʨʢʠ 110ʍ18ʄ-
ʐɼ, ʥʘ ʢʨʫʛʣʦ ʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʝʪʠ-
ʯʝʩʢʠʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 
ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʚʷʟʴ ʧʘʨʘʤʝʪʨʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʠ (ὙὥȟὙᾀȟὙὸ) ʩ ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʘʢ ʩʢʦ-

ʨʦʩʪʴ ʨʝʟʘʥʠʷ (ὠ̑ ̆)̈, ʩʢʦʨʦʩʪʴ ʧʦʧʝʨʝʯʥʦʡ ʧʦʜʘʯʠ (Ὓ), ʚʨʝʤʷ ʚʳʭʘʞʠʚʘʥʠʷ (ὸ) ʠ ʧʘʨʘʤʝʪʨʳ ʠʥʩʪʨʫ-
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ʤʝʥʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʩʯʝʪʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫ-
ʤʝʥʪʘʮʠʠ ʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. 

ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʧʦʚʳʰʝʥʠʝ 
ʢʘʯʝʩʪʚʘ ʘʙʨʘʟʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʢʘʣʝʥʥʳʭ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʩʪʘʣʝʡ ʧʦʩʨʝʜʩʪʚʦʤ 
ʦʧʪʠʤʠʟʘʮʠʠ ʰʣʠʬʦʚʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠʥʩʪʨʫʤʝʥʪʘ, ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʢʘʯʝ-
ʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʤʘʢʨʦ- ʠ ʤʠʢʨʦʛʝʦʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʪʦʯʥʦʩʪʠ ʜʝʪʘʣʝʡ ʧʦʜʰʠʧʥʠʢʦʚ, ʜʘʣʴʥʝʡ-
ʰʠʤ ʰʘʛʦʤ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʝʪ ʩʪʘʪʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʠ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʢʨʫʛʣʦʩʪʠ ʠ ʚʦʣʥʠʩʪʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʧʨʠʙʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʠʟ ʟʘʢʘʣʝʥʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʡ ʧʦʜʰʠʧʥʠʢʦʚʦʡ ʩʪʘʣʠ 110ʍ18ʄ-ʐɼ. 
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ɹʦʦʧʫʙʯʡʸ: ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʙ-
ʱʝʜʦʩʪʫʧʥʳʭ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʀʀ) ʜʣʷ ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʪʢʘʥʝʡ. ʀʩʩʣʝʜʦʚʘʥʳ ʪʨʠ ʀʀ ʯʘʪ-ʙʦʪʘ (ChatGPT, KIMI ʠ Mistral) ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʣʠʥʝʡʥʦʡ 
ʧʣʦʪʥʦʩʪʠ, ʣʠʥʝʡʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʠ ʫʛʣʘ ʢʨʫʪʢʠ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʪʢʘʥʝʡ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʙʘʟʦʚʦ-
ʛʦ ʧʦʜʭʦʜʘ ʠ ʪʨʸʭ ʪʝʭʥʠʢ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ: ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʤʧʪʦʚ ʠ ʤʝʞʩʠ-
ʩʪʝʤʥʦʡ ʘʛʨʝʛʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 
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ʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ, ʩʪʨʫʢʪʫʨʘ ʪʢʘʥʠ. 
 

PRELIMINARY EVALUATION OF OPTICAL MEASUREMENT OF GEOMETRIC PROPERTIES OF 
FABRICS USING MULTIMODAL ARTIFICIAL INTELLIGENCE SYSTEMS 

 
Moskvin Alexey Yurievich, 

Moskvina Mariia Aleksandrovna 
 

Abstract: preliminary results are presented from a study investigating the feasibility of using publicly available 
multimodal artificial intelligence systems to assess the geometric parameters of fabrics. Three AI systems 
(ChatGPT, KIMI, and Mistral) were examined for determining thread count, thread spacing, and twist angle 
from fabric images. A baseline approach was compared with three accuracy-enhancement techniques: re-
peated measurements, prompt improvement, and cross-system result aggregation. 
Keywords: artificial intelligence, multimodal models, textile metrology, image analysis, fabric structure. 

 
ʈʘʟʚʠʪʠʝ ʤʝʪʦʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 
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ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʝʨʝʧʣʝʪʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʢʘʥʝʡ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ [1, 
2]. ʆʜʥʘʢʦ ʪʘʢʠʝ ʨʝʰʝʥʠʷ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ 
ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʀʀ-ʩʠʩʪʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʘʣʴʪʝʨʥʘ-
ʪʠʚʦʡ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʪʢʘʥʝʡ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʸʭ ʩʠʩʪʝʤ ʠʩʢʫʩʩʪʚʝʥ-
ʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ: ChatGPT, KIMI ʠ Mistral. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʥʘ 20 ʦʙʨʘʟʮʘʭ ʪʢʘʥʝʡ ʧʦʣʦʪʥʷʥʦʛʦ 
ʧʝʨʝʧʣʝʪʝʥʠʷ, ʧʦʢʘʟʘʥʥʳʭ ʚ ʧʦʨʷʜʢʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʘ ʨʠʩ. 1. ɼʠʘʧʘʟʦʥ 
ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʚʢʣʶʯʘʣ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʦʪ 53,9 ʜʦ 326,2 ʛ/ʤĮ, ʪʦʣʱʠʥʫ ʦʪ 0,10 ʜʦ 0,95 ʤʤ, 
ʯʠʩʣʦ ʥʠʪʝʡ ʦʪ 79 ʜʦ 607 ʥʘ 10 ʩʤ ʠ ʣʠʥʝʡʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʦʪ 30 ʜʦ 99 %. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʙʳʣʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʣʦʧʢʦʚʳʝ, ʚʠʩʢʦʟʥʳʝ, ʰʝʨʩʪʷʥʳʝ ʪʢʘʥʠ, ʘ ʪʘʢʞʝ ʩʤʝʩʦʚʳʝ ʩʦʩʪʘʚʳ. 

 

 
ʉʡʪ. 1. ʌʛʞʤʡʰʞʦʦʴʞ ʭʩʙʜʥʞʦʫʴ (10ĭ10 ʥʥ) ʡʪʪʤʞʝʧʛʙʦʦʴʮ ʧʚʩʙʠʯʧʛ ʫʣʙʦʞʢ 

 
ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʨʝʥʳ ʵʪʘʣʦʥʥʳʝ ʟʥʘʯʝʥʠʷ (Ground truth): ʣʠʥʝʡʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʥʠʪʝʡ, ʣʠʥʝʡʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʠ ʫʛʦʣ ʢʨʫʪʢʠ ʦʪʜʝʣʴʥʦ ʜʣʷ ʦʩʥʦʚʳ ʠ ʫʪʢʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʲ-
ʝʜʠʥʝʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʦʙʱʠʡ ʤʘʩʩʠʚ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʩʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟʦʙʨʘ-
ʞʝʥʠʷ ʟʘʛʨʫʞʘʣʠʩʴ ʚ ʀʀ-ʩʠʩʪʝʤʳ ʩ ʦʜʥʠʤ ʙʘʟʦʚʳʤ ʟʘʧʨʦʩʦʤ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʸʭ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʪʝʭʥʠʢ: (1) ʧʦʚʪʦʨʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʚ ʦʜʥʦʡ ʩʠʩʪʝʤʝ, (2) ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʤʧʪʘ ʩ ʜʦʙʘʚʣʝʥʠ-
ʝʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ ʪʢʘʥʠ, (3) ʦʙʲʝʜʠʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʩʢʦʣʴʢʠʭ ʩʠʩʪʝʤ. 

ʆʮʝʥʠʚʘʥʠʝ ʚʳʧʦʣʥʷʣʦʩʴ ʧʦ ʤʝʪʨʠʢʝ ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʮʝʥʪʥʦʡ ʦʰʠʙʢʠ (ʊʘʙʣ. 1): 

ὓὃὖὉ В
ȿ ȿ

ȿȿ
ρππϷ,                                                     (1) 

ʛʜʝ: N ï ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ; xⱲ ï ʵʪʘʣʦʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ; xuⱲ ï ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ, ʧʦ-
ʣʫʯʝʥʥʦʝ ʩʠʩʪʝʤʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ. 

 
ʋʙʚʤʡʯʙ 1 

ʀʦʙʰʞʦʡʸ MAPE ʝʤʸ ʡʪʪʤʞʝʧʛʙʦʦʴʮ ʨʙʩʙʥʞʫʩʧʛ ʡ ʡʠʥʞʦʞʦʡʞ ʧʫʦʧʪʡʫʞʤʵʦʧ ʚʙʠʧʛʧʜʧ ʨʧʝʮʧʝʙ 

ʈʙʩʙʥʞʫʩ 
Baseline 

GPT 
Baseline 

KIMI 
Baseline 
Mistral 

Baseline 
ʪʩʞʝʦʞʞ 

ʋʞʮʦʡʣʙ 1 ʋʞʮʦʡʣʙ 2 ʋʞʮʦʡʣʙ 3 

ʃʠʥʝʡʥʘʷ 
ʧʣʦʪʥʦʩʪʴ 

12 9 13 11 15 (+4) 13 (+2) 7 (-4) 

ʃʠʥʝʡʥʦʝ 
ʟʘʧʦʣʥʝʥʠʝ 

10 14 12 12 13 (+1) 11 (-1) 7 (-5) 

ʋʛʦʣ ʢʨʫʪʢʠ 18 28 25 24 36 (+12) 32 (+8) 18 (-6) 

 
ɹʘʟʦʚʳʝ ʠʟʤʝʨʝʥʠʷ (ʣʝʚʳʡ ʩʪʦʣʙʝʮ ʚ ʪʘʙʣ. 1) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʝʦʜʥʦʨʦʜʥʫʶ ʪʦʯʥʦʩʪʴ. ɼʣʷ ʣʠ-

ʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʟʘʧʦʣʥʝʥʠʷ ʦʰʠʙʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 9ï14 %, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʫʛʣʘ ʢʨʫʪʢʠ MAPE 
ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ (18ï28 %). ʋʛʦʣ ʢʨʫʪʢʠ ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳ-
ʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʪʝʢʩʪʫʨʝ ʠ ʨʘʟʨʝʰʝʥʠʶ ʠʟʦʙʨʘʞʝʥʠʷ. ʉʨʝʜʥʠʝ ʙʘʟʦʚʳʝ ʟʥʘʯʝʥʠʷ (11, 12 ʠ 
24 %) ʩʣʫʞʘʪ ʪʦʯʢʦʡ ʦʪʩʯʸʪʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʩ ʪʨʝʤʷ ʪʝʭʥʠʢʘʤʠ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ. 

ʊʝʭʥʠʢʘ 1 (ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʠʟʤʝʨʝʥʠʷ) ʧʦʢʘʟʘʣʘ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʦʚʪʦʨʥʳʝ ʟʘʧʨʦʩʳ ʢ ʦʜʥʦʡ 
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ʩʠʩʪʝʤʝ ʧʨʠʚʝʣʠ ʢ ʨʦʩʪʫ MAPE ʧʦ ʚʩʝʤ ʧʘʨʘʤʝʪʨʘʤ (ʜʦ + 12 %). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʠ-
ʩʪʝʤʘʪʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʡ ʢʦʥʢʨʝʪʥʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʨʦʩʪʦʤ ʫʩʨʝʜʥʝʥʠʠ ʥʝ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʚ 
ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʫʩʠʣʠʚʘʶʪʩʷ. 

ʊʝʭʥʠʢʘ 2 (ʨʘʩʰʠʨʝʥʥʳʡ ʧʨʦʤʧʪ) ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʝʦʜʥʦʨʦʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʦʯʥʦʩʪʠ. ʅʝ-
ʙʦʣʴʰʦʝ ʩʥʠʞʝʥʠʝ ʦʰʠʙʢʠ ʜʦʩʪʠʛʥʫʪʦ ʜʣʷ ʣʠʥʝʡʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ (ï1 %), ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʠ 
ʢʨʫʪʢʠ ʟʘʬʠʢʩʠʨʦʚʘʥ ʨʦʩʪ (+2 ʠ +8 %). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʙʘʚʣʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʘʚʝ ʠ ʧʦʚʝʨʭ-
ʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʢʘʥʠ ʩʧʦʩʦʙʥʦ ʢʦʥʬʣʠʢʪʦʚʘʪʴ ʩ ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʦʡ, ʥʝ ʩʧʦʩʦʙʩʪʚʫʷ ʩʠʩʪʝʤʥʦʤʫ 
ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʊʝʭʥʠʢʘ 3 (ʤʝʞʩʠʩʪʝʤʥʘʷ ʘʛʨʝʛʘʮʠʷ) ʧʦʟʚʦʣʠʣʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ ʫʤʝʥʴʰʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ. ɸʥ-
ʩʘʤʙʣʴ ʠʟ ʪʨʸʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʠʣ ʩʥʠʟʠʪʴ MAPE ʜʦ 7 % ʜʣʷ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʣʠʥʝʡʥʦʛʦ ʟʘʧʦʣʥʝ-
ʥʠʷ, ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ ʣʫʯʰʠʝ ʦʜʠʥʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ (9 ʠ 10 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʣʷ 
ʫʛʣʘ ʢʨʫʪʢʠ ʦʰʠʙʢʘ ʩʥʠʞʝʥʘ ʩ 24 ʜʦ 18 %, ʩʨʘʚʥʷʚʰʠʩʴ ʩ ʥʘʠʣʫʯʰʝʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʤʦʜʝʣʴʶ (GPT). 
ʕʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʚʟʘʠʤʥʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʨʘʟʥʳʭ ʀʀ-ʩʠʩʪʝʤ. 

ʄʝʞʤʦʜʝʣʴʥʘʷ ʘʛʨʝʛʘʮʠʷ ʙʝʟ ʫʩʣʦʞʥʝʥʠʷ ʧʨʦʤʧʪʦʚ ʠʣʠ ʠʟʙʳʪʦʯʥʳʭ ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘ-
ʟʘʣʘ ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʪʦʯʥʦʩʪʠ, ʧʦʟʚʦʣʷʷ ʜʦʩʪʠʯʴ ʧʨʠʝʤʣʝʤʳʭ ʜʣʷ ʵʢʩʧʨʝʩʩ-ʦʮʝʥʢʠ ʧʦʢʘʟʘʪʝʣʝʡ 
(MAPE Ò7 %) ʧʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʣʠʥʝʡʥʦʤʫ ʟʘʧʦʣʥʝʥʠʶ. ʇʦʜʦʙʥʳʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 
ʦʙʲʝʜʠʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʩʢʦʣʴʢʠʭ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʘʶʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʟʘʜʘʯʘʭ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 
ʠʥʪʝʣʣʝʢʪʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʰʠʙʦʢ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʥ-
ʩʘʤʙʣʝʡ ʤʫʣʴʪʠʤʦʜʘʣʴʥʳʭ ʀʀ-ʩʠʩʪʝʤ ʜʣʷ ʦʧʝʨʘʪʠʚʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʪʢʘʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʟʘʪʨʘʪ ʨʝʩʫʨʩʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʚʳʙʦʨʢʠ, 
ʚʢʣʶʯʝʥʠʝ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʝʨʝʧʣʝʪʝʥʠʡ ʠ ʧʨʦʚʝʜʝʥʠʝ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʠʤʦʩʪʠ 
ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʪʝʢʩʪʠʣʴʥʦʡ ʤʝʪʨʦʣʦʛʠʠ. 
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ǡǺǠǭǯ ǰǮǭǰǭǠǟ ǩǭǬǱǯǭǪǾ ǡǧǠǯǟǵǧǧ 
ǯǤǥǲǸǤǨ ǩǯǭǫǩǧ ǱǡǤǯǣǭǰǮǪǟǡǬǭǨ 
ǮǪǟǰǱǧǬǺ Ǯǯǧ ǶǧǰǱǭǡǭǫ ǱǭǶǤǬǧǧ ǰǱǟǪǧ 
45 ǣǪǾ ǰǧǰǱǤǫǺ ǟǣǟǮǱǧǡǬǭǢǭ 
ǲǮǯǟǡǪǤǬǧǾ 

ǡȍȈȑȄȌȉȍ ǡǿȊȄȏȇȈ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʘʩʩʠʩʪʝʥʪ 

ʌɻɹʆʋ ɺʆ çʃʫʛʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺʣʘʜʠʤʠʨʘ ɼʘʣʷè 
 

ɹʦʦʧʫʙʯʡʸ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘ-
ʩʪʠʥʳ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʧʨʠ ʯʠʩʪʦʚʦʤ ʪʦʯʝʥʠʠ ʩʪʘʣʠ 45. ʇʦʢʘʟʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʥʟʦ-
ʨʝʟʠʩʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠ ʘʜʘʧʪʠʚʥʦʛʦ 
ʫʧʨʘʚʣʝʥʠʷ ʨʝʞʠʤʘʤʠ ʨʝʟʘʥʠʷ ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʦʨʨʝʢʮʠʠ ʚʝʣʠʯʠʥʳ ʧʦʜʘʯʠ ʠ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʯʠʩʪʦʚʦʝ ʪʦʯʝʥʠʝ, ʚʠʙʨʘʮʠʷ, ʨʝʞʫʱʘʷ ʢʨʦʤʢʘ, ʫʧʨʘʚʣʝʥʠʝ, ʪʦʯʥʦʩʪʴ. 
 

SELECTION OF A VIBRATION CONTROL METHOD FOR THE CUTTING EDGE OF A CEMENTED 
CARBIDE INSERT DURING FINISH TURNING OF AISI 1045 STEEL FOR AN ADAPTIVE CONTROL 

SYSTEM 
Voytenko Valery Vladimirovich 

 
Abstract. This paper substantiates the selection of a vibration control method for the cutting edge of a tung-
sten carbide insert during finish turning of AISI 1045 steel. The advantages of a strain gauge transducer are 
demonstrated for solving the problem of cutting-edge vibration monitoring and adaptive control of cutting re-
gimes through the automatic correction of feed rate and cutting speed. 
Keywords: finish turning, vibration, cutting edge, control, accuracy. 

 
ʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʷʚ-

ʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʨʠʜʘʚʘʪʴ ʟʘʛʦʪʦʚʢʘʤ ʥʝʦʙʭʦʜʠʤʫʶ 
ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʨʘʟʤʝʨʦʚ. ʈʝʞʫʱʘʷ ʢʨʦʤʢʘ ʩʣʫʞʠʪ ʥʝʧʦʩʨʝʜ-
ʩʪʚʝʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʚʦ ʚʨʝʤʷ ʨʝʟʢʠ, ʠ ʝʝ ʤʠʢʨʦʛʝʦʤʝʪʨʠʷ, ʚʢʣʶʯʘʷ ʪʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʨʘʜʠʫʩ 
ʩʢʨʫʛʣʝʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʷ ʢʨʦʤʢʠ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʶʪ ʥʘ ʧʦʪʦʢ ʤʘʪʝʨʠʘʣʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʪʨʫʞʢʠ ʠ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʝ ʩʠʣʳ ʨʝʟʘʥʠʷ [1, ʩ. 1]. ʊʦʢʘʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʪʘʥʢʘʭ ʩ ʏʇʋ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙʨʘʙʦʪʢʠ (ʩʢʦʨʦʩʪʴ ʨʝʟʘʥʠʷ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ, ʛʣʫʙʠʥʘ ʨʝʟʘʥʠʷ) ʠ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʘʤʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [2, ʩ. 1]. ʊʦʢʘʨʥʳʝ 
ʩʪʘʥʢʠ ʩ ʏʇʋ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʶʪ ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭ-
ʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʯʪʦ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʣʘʩʪʠ ʧʨʝʮʠʟʠʦʥʥʦʡ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ [3, ʩ. 1]. 

ʉʪʘʣʴ 45 ð ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʨʝʜʥʝʫʛʣʝʨʦʜʠʩʪʘʷ ʥʝʣʝʛʠʨʦʚʘʥʥʘʷ ʩʪʘʣʴ, ʠʟʚʝʩʪʥʘʷ ʩʚʦʝʡ ʚʳ-
ʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴʶ. ʆʥʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʝʮʠʟʠʦʥʥʦʤ ʤʘʰʠ-
ʥʦʩʪʨʦʝʥʠʠ ʠ ʢʘʣʠʙʨʦʚʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʘʭ [4, ʩ. 1]. ʇʨʠ ʯʠʩʪʦʚʦʤ ʪʦʯʝʥʠʠ ʩʪʘʣʠ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ 



116 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʠʭ ʨʝʞʠʤʦʚ, ʢʦʪʦʨʳʝ ʚʳʙʠʨʘʶʪʩʷ ʩʦʛʣʘʩʥʦ ʪʘʙʣʠʮʘʤ ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ 
ʧʨʠ ʪʦʢʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʪʘʣʠ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʢ ʪʦʯʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥ-
ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ. ʆʜʥʘʢʦ, ʪʘʢʦʡ ʚʳʙʦʨ ʨʝʞʠʤʦʚ ʨʝʟʘʥʠʷ ʠ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝ ʫʯʠʪʳʚʘʝʪ 
ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʵʪʦʤʫ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʦʙʨʘʙʦʪʘʥʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʯʠʩʪʦʚʦʛʦ ʪʦʯʝʥʠʷ ʩʪʘʣʠ 45 ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ 
ʧʣʘʩʪʠʥʳ ʨʝʟʮʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʠʟʤʝʥʝʥʠʶ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ. ʇʨʠ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʠ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʧʣʘʩʪʠʥ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʠʤʝʶ-
ʱʠʭ ʚʳʩʦʢʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʞʝʩʪʢʦʩʪʴ, ʠʟʥʦʩ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ, ʧʨʦʷʚʣʷʶʱʠʡʩʷ ʚ ʚʠʜʝ ʫʚʝʣʠʯʝʥʠʷ ʨʘʜʠʫʩʘ 
ʩʢʨʫʛʣʝʥʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʠ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʩ ʟʘʛʦʪʦʚʢʦʡ, ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝ-
ʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʨʠʪʠʯʝʩʢʠʤ ʫʩʣʦʚʠʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʚʠʙʨʘʮʠʡ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʢ ʘʚʪʦʢʦʣʝʙʘʥʠʷʤ. ɽʩʣʠ ʚ ʧʨʦʮʝʩʩʝ ʠʟʥʦʩʘ ʨʝʞʫʱʝʡ 
ʢʨʦʤʢʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦ, ʪʦ 
ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʠʥʩʪʨʫʤʝʥʪ ð ʟʘʛʦʪʦʚʢʘè, ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ, 
ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʨʝʞʠʤʫ ʘʚʪʦʢʦʣʝʙʘʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʝʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ. 
ʇʦʩʢʦʣʴʢʫ ʨʝʞʠʤ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʩʚʷʟʘʥ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʪʦʢʘʨʥʦʛʦ ʩʪʘʥʢʘ, ʪʦ ʤʦʞʥʦ 
ʠʟʙʝʞʘʪʴ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʠʩʢʣʶʯʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ. ɺʣʠʷʥʠʝ 
ʠʟʥʦʩʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʥʘ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʩʣʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʦ-
ʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʣʠʙʦ ʥʝʧʨʝʨʳʚʥʳʡ ʢʦʥʪʨʦʣʴ ʠʟʥʦʩʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ 
ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ, ʣʠʙʦ ʩʚʷʟʘʥʥʳʡ ʩ ʥʠʤ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ. ʄʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ 
ʠʟʥʦʩʘ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʩʪʦʡʢʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠ, ʚ ʤʦʤʝʥʪʳ ʤʝʞʜʫ ʩʤʝʥʦʡ ʜʝʪʘʣʝʡ, ʧʨʠ 
ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ, 
ʫʜʦʙʥʫʶ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʆʜʥʘʢʦ ʵʪʦ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʥʘ ʩʪʘʥʢʝ ʤʠʢʨʦʩʢʦʧʘ ʩ ʘʚʪʦʬʦ-
ʢʫʩʠʨʦʚʢʦʡ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʯʠʩʪʢʠ ʦʧʪʠʢʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʘʚ-
ʥʠʪʝʣʴʥʦ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ. ɼʨʫʛʠʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʢʦʥ-
ʪʨʦʣʴ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʠ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ. ɸʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʚʠʙʨʘʮʠʠ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝ-
ʩʪʚʦ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʤʝʥʷʷ ʫʩʣʦʚʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʩ ʦʙʨʘʙʘʪʳʚʘʝ-
ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤ, ʭʦʪʷ ʠʟʤʝʨʷʝʪʩʷ ʥʝ ʩʘʤ 
ʠʟʥʦʩ ʠʥʩʪʨʫʤʝʥʪʘ, ʘ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʝʛʦ ʧʘʨʘʤʝʪʨʳ ʩʠʩʪʝʤʳ çʠʥʩʪʨʫʤʝʥʪ ð ʟʘʛʦʪʦʚʢʘè. ʀʟʤʝʨʝʥʠʝ 
ʧʘʨʘʤʝʪʨʦʚ ʚʠʙʨʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʯʝʤ ʩʧʦʩʦʙʦʤ ʘʥʘʣʠʟʘ 
ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ. ʄʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ, ʥʘʧʨʠʤʝʨ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ, 
ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʡ, ʦʧʪʠʯʝʩʢʠʡ ʠ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ɼʘʣʝʝ ʜʘʥʥʳʝ ʦ ʚʠʙʨʘʮʠʠ 
ʤʦʛʫʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʠʩʢʨʝʪʥʦʛʦ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ ʣʠʙʦ ʩ ʧʨʠʤʝʥʝ-
ʥʠʝʤ ʚʝʡʚʣʝʪ-ʘʥʘʣʠʟʘ. ɸʜʘʧʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ, ʥʘʧʨʠʤʝʨ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-
ʝʤ ʢʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʠ ʣʠʙʦ ʘʣʛʦʨʠʪʤʦʚ ʥʘ ʦʩʥʦʚʝ ʬʠʣʴʪʨʦʚ ʂʘʣʤʘʥʘ. 

ɸʥʘʣʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʘʤʳʤ ʧʨʦʩʪʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʢʦʩʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚʠʙʨʘʮʠʠ ʧʦ ʫʨʦʚʥʶ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʰʫ-
ʤʘ, ʜʣʷ ʯʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʢʦʥʜʝʥʩʘʪʦʨʥʳʡ ʤʠʢʨʦʬʦʥ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ. ɺ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʘʢʫʩʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ 
ʨʝʟʦʥʘʥʩʫ. ʈʝʟʦʥʘʥʩ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʦ ʨʝʟʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʚʦʩ-
ʧʨʠʥʠʤʘʝʤʦʛʦ ʚ ʚʠʜʝ ʭʘʨʘʢʪʝʨʥʦʛʦ ʩʚʠʩʪʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʘʢʫʩʪʠʯʝʩʢʘʷ ʵʤʠʩʩʠʷ ʣʠʰʴ ʢʦʩʚʝʥʥʦ 
ʦʪʨʘʞʘʝʪ ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʚ ʩʠʩʪʝʤʝ çʠʥʩʪʨʫʤʝʥʪ ð ʟʘʛʦʪʦʚʢʘè, ʦʥʘ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʥʘʜʝʞʥʳʤ ʩʧʦ-
ʩʦʙʦʤ ʢʦʥʪʨʦʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʠ ʫʜʦʙʥʘ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʚ ʩʠʩʪʝʤʝ 
ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʦʢʘʟʳʚʘʶʪ 
ʚʣʠʷʥʠʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʛʘʨʤʦʥʠʢʠ ʚʠʙʨʘʮʠʠ, ʪʦ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʥʜʝʥʩʘʪʦʨʥʳʡ ʤʠʢ-
ʨʦʬʦʥ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ 
ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. ʆʙʘ ʪʠʧʘ ʫʩʪʨʦʡʩʪʚ ʩʦʜʝʨʞʘʪ ʤʘʪʝʨʠʘʣʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ 
ʧʝʨʝʛʨʝʚʫ, ʧʦʵʪʦʤʫ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʝʣʘʪʝʣʴʥʦ ʚʝʩʪʠ ʯʠʩʪʦʚʦʝ ʪʦʯʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʉʆɾ 
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ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʟʘʛʦʪʦʚʢʠ. ʊʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʠʟʤʝʨʷʶʪ ʯʘʩʪʦʪʳ, ʜʠʘʧʘʟʦʥ ʢʦʪʦ-
ʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʜʝʥʩʘʪʦʨʥʳʤ ʤʠʢʨʦʬʦʥʘʤ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʜʣʷ 
ʨʝʛʠʩʪʨʘʮʠʠ ʚʠʙʨʘʮʠʠ ʪʨʝʙʫʝʪ ʧʦʩʣʝʜʫʶʱʝʡ ʩʣʦʞʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʥʘʢʣʝʝʥʥʦʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʜʝʨʞʘʚʢʫ, 
ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʧʦʩʣʝʜʫʶʱʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʠʙʨʘʮʠʠ ʠʥʩʪʨʫ-
ʤʝʥʪʘ, ʪʘʢ ʢʘʢ ʩʘʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʛʘʨʤʦʥʠʢʘʤ. ʂʘʢ ʧʦʢʘʟʘʣʠ 
ʵʢʩʧʝʨʠʤʝʥʪʳ, ʦʥ ʫʜʦʙʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʚʠʙʨʘʮʠʠ ʦʪ ʥʫʣʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʛʝʨʮ, ʯʪʦ 
ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʨʘʙʦʪʳ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʯʝʪʳʨʝʭ ʪʝʥʟʦʨʝʟʠʩʪʠʚ-
ʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʝʥʥʳʭ ʧʦ ʩʭʝʤʝ ʤʦʩʪʘ, ʧʦʟʚʦʣʷʝʪ ʚʚʝʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʪʝʨʤʦʢʦʤʧʝʥ-
ʩʘʮʠʶ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. ʆʜʥʘʢʦ ʠ ʧʦʣʫʤʦʩʪʦʚʘʷ ʩʭʝʤʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʝʪ ʥʝʦʙʭʦ-
ʜʠʤʫʶ ʪʦʯʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʜʝʬʦʨʤʘʮʠʡ ʜʝʨʞʘʚʢʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʝʥʟʦʨʝʟʠʩʪʦʨ 
ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʝʝ ʚʝʨʭʥʝʡ ʣʠʙʦ ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʨʤʦʩʪʦʡʢʦʛʦ ʢʣʝʷ. ʊʝʥʟʦʨʝʟʠʩʪʦʨ, 
ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʧʫʪʝʤ ʥʘʧʳʣʝʥʠʷ ʥʘ ʧʦʜʣʦʞʢʫ ʧʨʦʚʦʜʷʱʝʛʦ ʩʣʦʷ ʠʟ ʢʦʥʩʪʘʥʪʘʥʘ, ʪʨʝʙʫʝʪ ʟʘʱʠʪʳ ʦʪ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʟʘʱʠʪʥʘʷ ʧʣʘʩʪʠʥʘ ʠʟ ʠʟʥʦʩʦʩʪʦʡʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʧʨʠʤʝʨ, 
ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʣʠʙʦ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʘʧʬʠʨʘ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʣʘʩʪʠʥʘ ʠʟ 
ʩʧʝʯʝʥʥʦʛʦ ʥʘʥʦʧʦʨʦʰʢʘ ʩʘʧʬʠʨʘ. ʊʘʢ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʜʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. 

ɼʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴ-
ʥʦʛʦ ʜʝʬʦʨʤʘʮʠʠ ʜʝʨʞʘʚʢʠ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʧʨʠ-
ʤʝʥʝʥ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʦʙʣʘʜʘʶʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʫʩʠʣʝʥʠʷ 80 ʜɹ. ɼʘʣʝʝ 
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʪʠʧʘ ADS7828 ʜʣʷ ʧʨʝʦʙ-
ʨʘʟʦʚʘʥʠʷ ʚ ʮʠʬʨʦʚʫʶ ʬʦʨʤʫ, ʫʜʦʙʥʫʶ ʜʣʷ ʚʚʦʜʘ ʚ ʩʠʩʪʝʤʫ ʘʜʘʧʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʨʝʘʣʠʟʫʝʤʫʶ ʥʘ 
ʙʘʟʝ ʩʪʘʥʢʘ ʩ ʏʇʋ. ɸʜʘʧʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʪʜʝʣʴʥʦʤ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʝ ESP32-
S3 ʠ ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʝ çʠʥʩʪʨʫʤʝʥʪ ð ʟʘʛʦʪʦʚʢʘè ʘʣʛʦʨʠʪʤ 
ʫʧʨʘʚʣʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʣʴʪʨʘ ʂʘʣʤʘʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʥʘ ʩʣʝʜʫʶʱʠʡ 
ʪʘʢʪ, ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ, ʧʦʟʚʦʣʷʶʱʫʶ ʨʘʩʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʝ ʧʦʜʘʯʠ ʠ ʩʢʦʨʦʩʪʠ ʨʝʟʘʥʠʷ 
ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʘʞʜʦʤ ʧʦʩʣʝʜʫʶʱʝʤ 
ʜʠʩʢʨʝʪʥʦʤ ʤʦʤʝʥʪʝ ʚʨʝʤʝʥʠ. ɺʳʙʦʨ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʚʠʙʨʘʮʠʠ ʚ 
ʩʠʩʪʝʤʝ çʠʥʩʪʨʫʤʝʥʪ ð ʟʘʛʦʪʦʚʢʘè, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʥʦʩʦʤ ʨʝʞʫʱʝʡ ʢʨʦʤʢʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ, 
ʧʦʟʚʦʣʠʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʚ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʚʥʦʩʠʪʴ ʢʦʨʨʝʢʮʠʶ ʨʝʞʠ-
ʤʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʦʙʝʩʧʝʯʝʥʠʶ ʪʦʯʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʠ ʪʨʝʙʫʝʤʦʡ 
ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʯʠʩʪʦʚʦʤ ʪʦʯʝʥʠʠ ʩʪʘʣʠ 45 ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʥʦʩʘ ʨʝʞʫʱʝʡ 
ʢʨʦʤʢʠ ʠ ʩʥʠʞʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʪʚʝʨʜʦʩʧʣʘʚʥʦʡ ʧʣʘʩʪʠʥʳ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 
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ʆʆʆ çʂʅʉ ɻʈʋʇʇè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʥʮʠʧʘ ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʠʚʠʣʝ-
ʛʠʡ ʚ ʉʋɹɼ çTarantoolè ʠ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʦʣʝʚʘʷ ʤʦʜʝʣʴ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ. ɺ ʭʦʜʝ 
ʨʘʙʦʪʳ ʙʳʣʠ ʩʦʟʜʘʥʳ ʢʘʩʪʦʤʥʳʝ ʨʦʣʠ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ çUDRè ʠ çUDSFè, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʪʦʣʴʢʦ 
ʙʘʟʦʚʳʝ ʧʨʘʚʘ, ʘ ʪʘʢʞʝ ʧʨʘʚʘ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʬʫʥʢʮʠʡ. ʕʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʪʦʣʴʢʦ ʪʝ ʬʫʥʢʮʠʠ, ʥʘ ʢʦʪʦʨʳʝ ʠʤ ʷʚʥʦ ʚʳ-
ʜʘʥʳ ʧʨʘʚʘ ʯʝʨʝʟ ʨʦʣʠ, ʘ ʧʦʧʳʪʢʠ ʚʳʧʦʣʥʠʪʴ ʥʝʨʘʟʨʝʰʝʥʥʳʝ ʬʫʥʢʮʠʠ ʙʣʦʢʠʨʫʶʪʩʷ ʩʠʩʪʝʤʦʡ ʩ ʚʳʜʘ-
ʯʝʡ ʦʰʠʙʢʠ ʜʦʩʪʫʧʘ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʘʩʪʦʤʥʳʭ ʨʦʣʝʡ ʜʣʷ ʧʦʩʪʨʦʝ-
ʥʠʷ ʙʝʟʦʧʘʩʥʳʭ ʩʠʩʪʝʤ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤʘʭ, 
ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʛʠʙʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʢ ʜʘʥʥʳʤ ʠ ʬʫʥʢʮʠʷʤ ʙʝʟ ʧʦʪʝʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 
ʫʜʦʙʩʪʚʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. 
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ʣʝʥʠʝ ʜʦʩʪʫʧʦʤ, ʢʘʩʪʦʤʥʳʝ ʨʦʣʠ, ʧʨʘʚʘ, ʧʦʣʴʟʦʚʘʪʝʣʠ, Lua, SQL. 
 
IMPLEMENTING THE PRINCIPLE OF LEAST PRIVILEGE VIA CUSTOM ROLE CONFIGURATION IN THE 

TARANTOOL DBMS A CASE STUDY OF UDR AND UDSF NETWORK FUNCTIONS 
 

Suvorova Elizaveta Mikhailovna  
 

Abstract: This article addresses the challenge of implementing the principle of least privilege in the Tarantool 
DBMS and proposes a role-based access control model as a solution. Custom roles were created for UDR and 
UDSF users, granting them only basic privileges alongside the authority to execute specific user-defined func-
tions. Experimental validation confirmed that users can execute only those functions for which they have been 
explicitly granted rights via their roles, while attempts to execute unauthorized functions are blocked by the 
system, resulting in an access error. The results demonstrate the effectiveness of custom roles in building se-
cure systems. The proposed approach can be used in enterprise systems requiring flexible access control for 
data and functions without compromising performance or ease of administration. 
Keywords: DBMS, Tarantool, principle of least privilege, data security, access control, custom roles, rights, 
users, Lua, SQL. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʢʠʙʝʨʘʪʘʢ ʥʝʚʦʟʤʦʞʥʦ. ʉ ʧʝʨʝʭʦʜʦʤ ʥʘ ʦʙʣʘʯʥʳʝ ʠ ʩʝʨʚʝʨ-
ʥʳʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʉ ʢʘʞʜʳʡ ʛʦʜʦʤ ʚʥʝʜʨʷʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦ-
ʣʦʛʠʠ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʩʚʝʪ ʥʦʚʳʝ ʙʦʣʝʝ ʭʠʪʨʳʝ ʠ ʧʨʦʜʫʤʘʥʥʳʝ ʫʛʨʦʟʳ. ɽʩʣʠ ʨʘʥʴʰʝ 
ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʨʘʙʦʪʘʣʠ ʩʚʦʠʤʠ çʨʫʢʘʤʠè, ʪʦ ʩʝʛʦʜʥʷ ʥʘʯʘʣʠ ʨʘʙʦʪʘʪʴ çʨʫʢʘʤʠè ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥ-
ʪʝʣʣʝʢʪʘ ʜʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʛʦ ʥʘʭʦʞʜʝʥʠʷ ʫʷʟʚʠʤʦʩʪʝʡ ʚ ʩʠʩʪʝʤʘʭ. ʇʦʜ ʘʪʘʢʠ ʧʦʧʘʜʘʶʪ ʜʘʞʝ ʢʨʫʧʥʳʝ 
ʦʨʛʘʥʠʟʘʮʠʠ ʪʘʢʠʝ ʢʘʢ ʈʦʩʨʝʝʩʪʨ, Stellantis ʠ ʜʨʫʛʠʝ, ʭʦʪʷ, ʢʘʟʘʣʦʩʴ ʙʳ, ʠʭ ʟʘʱʠʪʘ ʧʨʦʯʥʘ ʠ ʝʝ ʥʝʚʦʟ-
ʤʦʞʥʦ ʦʙʦʡʪʠ. ɸʥʘʣʠʟ ʘʪʘʢ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʧʨʦʠʩʭʦʜʷʪ ʥʝ ʠʟ-ʟʘ ʩʣʦʞʥʳʭ, ʥʝʠʟ-
ʚʝʩʪʥʳʭ ʫʛʨʦʟ, ʘ ʠʟ-ʟʘ ʙʘʟʦʚʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʚ ʟʘʱʠʪʝ, ʥʘʧʨʠʤʝʨ, ʚ ʥʘʩʪʨʦʡʢʝ ʧʨʠʚʠʣʝʛʠʡ ʧʦʣʴʟʦʚʘʪʝ-
ʣʝʡ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʘʢʦʛʦ ʚʠʜʘ ʘʪʘʢ ʩʫʱʝʩʪʚʫʝʪ ʧʨʠʥʮʠʧ ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʠʚʠʣʝʛʠʡ, ʢʦʪʦʨʳʡ 
ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʟʥʘʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʪʦʣʴʢʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʘʚ ʠ ʜʦʩʪʫʧʘ, ʥʝʦʙʭʦʜʠ-
ʤʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʟʘʜʘʯ, ʯʪʦʙʳ ʚ ʩʣʫʯʘʝ ʘʪʘʢʠ ʤʦʛʣʠ ʫʪʝʯʴ ʥʝ ʚʩʝ ʜʘʥʥʳʝ ʩʨʘʟʫ, ʘ ʣʠʰʴ ʤʘ-
ʣʘʷ ʠʭ ʯʘʩʪʴ. 

ʇʨʦʙʣʝʤʘ ʧʨʠʚʠʣʝʛʠʡ ʷʨʢʦ ʚʠʜʥʝʝʪʩʷ ʚ ʉʋɹɼ çTarantoolè ð ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ in-memory 
ʙʘʟʝ ʜʘʥʥʳʭ. ɽʸ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʦʙʲʝʜʠʥʠʣʘ ʚ ʩʝʙʝ ʬʫʥʢʮʠʦʥʘʣ NoSQL-ʭʨʘʥʠʣʠʱʘ 
ʢʣʶʯ-ʟʥʘʯʝʥʠʝ, SQL-ʜʚʠʞʦʢ ʠ ʩʝʨʚʝʨ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʷʟʳʢʝ Lua. ɹʣʘʛʦʜʘʨʷ ʪʘʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʦʙʨʘʙʦʪ-
ʢʘ ʟʘʧʨʦʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʝʢʫʥʜʫ, ʧʦʵʪʦʤʫ ʦʥʘ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʳʙʦʨʦʤ ʜʣʷ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ 
ʩʠʩʪʝʤ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʦʥʘ ʠʤʝʝʪ ʥʠʟʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʘʥʥʳʭ, 
ʧʦʪʦʤʫ ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʠʥʠʤʘʣʴʥʳʡ ʥʘʙʦʨ ʚʩʪʨʦʝʥʥʳʭ ʨʦʣʝʡ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʣʠʙʦ ʠʟʙʳʪʦʯʥʳʝ 
ʧʨʠʚʠʣʝʛʠʠ, ʣʠʙʦ ʥʝʜʦʩʪʘʪʦʯʥʳʝ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʢʘʩʪʦʤʥʳʭ ʨʦʣʝʡ, ʢʦʪʦ-
ʨʳʝ ʥʝ ʥʘʨʫʰʘʶʪ ʧʨʠʥʮʠʧ ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʠʚʠʣʝʛʠʡ, ʥʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʩʠ-
ʩʪʝʤ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʜʘʥʥʳʭ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʫʛʨʦʟ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʥʘʜʩʪʨʦʡʢʘ ʥʘʜ Tarantool ð Tarantool Cluster Federation 
(TCF). ʕʪʦ ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʦʙʲʝʜʠʥʷʪʴ ʥʝʟʘʚʠʩʠʤʳʝ ʢʣʘʩʪʝʨʳ. ɿʜʝʩʴ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʠʝ 
ʩʫʱʥʦʩʪʠ ʢʘʢ: 

1. ʇʦʣʴʟʦʚʘʪʝʣʴ ð ɻ ʪʦ ʯʝʣʦʚʝʢ ʠʣʠ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ: 

¶ admin ð ʩʫʧʝʨʧʦʣʴʟʦʚʘʪʝʣʴ ʩ ʧʦʣʥʳʤʠ ʧʨʘʚʘʤʠ ʥʘ ʚʩʶ ʙʘʟʫ ʜʘʥʥʳʭ. 

¶ dml ð ʧʦʣʴʟʦʚʘʪʝʣʴ ʩ ʧʨʘʚʘʤʠ ʥʘ ʦʧʝʨʘʮʠʠ ʯʪʝʥʠʷ, ʟʘʧʠʩʠ, ʦʙʥʦʚʣʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʜʘʥʥʳʭ 
ʚʦ ʚʩʝʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ. 

¶ peer ð ʩʣʫʞʝʙʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʣʷ ʨʝʧʣʠʢʘʮʠʠ ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʘ. 

¶ storage ð ʩʣʫʞʝʙʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʣʷ ʰʘʨʜʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠ ʢʣʘʩʪʝʨʘ. 
2. ʆʙʲʝʢʪ ð ʵʪʦ ʩʫʱʥʦʩʪʴ, ʢ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥ ʜʦʩʪʫʧ: ʧʨʦʩʪʨʘʥʩʪʚʦ, ʠʥʜʝʢʩ 

ʠʣʠ ʬʫʥʢʮʠʷ:  

¶ universe ð ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʥʳʡ ʜʦʩʪʫʧ ʢ ʣʶʙʦʤʫ ʦʙʲʝʢʪʫ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

¶ space ð ʦʛʨʘʥʠʯʠʚʘʝʪ ʜʦʩʪʫʧ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʥʝʣʴʟʷ 
ʥʘʩʪʨʦʠʪʴ ʜʦʩʪʫʧ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʨʦʢʠ ʠ ʧʦʣʷ ʚʥʫʪʨʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

¶ function ð ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʪʦʣʴʢʦ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʬʫʥʢʮʠʷʤ ʠ ʚʳʧʦʣʥʷʝʪ ʨʦʚʥʦ 
ʩʪʦʣʴʢʦ, ʩʢʦʣʴʢʦ ʫʢʘʟʘʥʦ ʚ ʩʘʤʦʡ ʬʫʥʢʮʠʠ, ʥʝ ʜʘʚʘʷ ʣʠʰʥʠʭ ʧʨʘʚ. 

3. ʇʨʠʚʠʣʝʛʠʷ ð ʵʪʦ ʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʚʳʧʦʣʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʦʧʝʨʘʮʠʠ ʥʘʜ ʢʦʥʢʨʝʪʥʳʤʠ ʦʙʲʝʢʪʘʤʠ: 

¶ read ð ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʯʠʪʘʪʴ ʜʘʥʥʳʝ. 

¶ write ð ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʜʘʥʥʳʝ (ʜʦʙʘʚʣʷʪʴ, ʦʙʥʦʚʣʷʪʴ, ʫʜʘʣʷʪʴ). 

¶ create ð ʜʘʝʪ ʧʨʘʚʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʦʙʲʝʢʪʳ. 

¶ execute ð ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʫʢʘʟʘʥʥʳʝ ʬʫʥʢʮʠʠ. 

¶ session ð ʦʙʷʟʘʪʝʣʴʥʘʷ ʧʨʠʚʠʣʝʛʠʷ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʙʘʟʝ ʜʘʥʥʳʭ. 

¶ usage ð ʦʙʷʟʘʪʝʣʴʥʘʷ ʧʨʠʚʠʣʝʛʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʜʘʥʥʳʭ ʧʨʘʚ. 

¶ alter ð ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʦʙʲʝʢʪʦʚ ʠ ʩʭʝʤʫ ʜʘʥʥʳʭ. 

¶ drop ð ʜʘʝʪ ʧʨʘʚʦ ʫʜʘʣʷʪʴ ʦʙʲʝʢʪʳ. 
4. ʈʦʣʴ ð ʵʪʦ ʥʘʙʦʨ ʧʨʠʚʠʣʝʛʠʡ, ʢʦʪʦʨʳʡ ʥʘʟʥʘʯʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʘʚʘʤʠ: 
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¶ super ð ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʩʝ ʜʦʩʪʫʧʥʳʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʧʨʘʚʘ. 

¶ public ð ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʘʟʦʚʳʝ ʧʨʘʚʘ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. 

¶ replication ð ʜʘʝʪ ʧʨʘʚʘ ʜʣʷ ʨʝʧʣʠʢʘʮʠʠ ʚ ʢʣʘʩʪʝʨʝ. 

¶ sharding ð ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʘʚʘ ʜʣʷ ʰʘʨʜʠʥʛʘ ʚ ʢʣʘʩʪʝʨʝ. 
ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʨʦʣʠ ʚʩʝʛʦ ʯʝʪʳʨʝ, ʯʝʛʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʤʥʦ-

ʛʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʫ ʢʘʞʜʦʛʦ ʩʚʦʠ ʟʘʜʘʯʠ. ʊʨʝʙʫʝʪʩʷ ʨʘʟʛʨʘʥʠʯʝʥʠʝ, ʯʪʦʙʳ ʥʝ ʚʳʜʘʚʘʪʴ ʠʟʙʳʪʦʯʥʳʝ 
ʧʨʘʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʫʷʟʚʠʤʦʩʪʴ. ɼʘʥʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʝʰʠʪʴ, ʩʦʟʜʘʚ ʢʘʩʪʦʤʥʳʝ 
ʨʦʣʠ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

1. ʅʘʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʠʚʠʣʝʛʠʡ ʪʦʣʴʢʦ ʥʘ ʪʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʫʞʥʳ. 
2. ʀʟʙʝʛʘʥʠʝ ʜʫʙʣʠʨʦʚʘʥʠʷ ʢʦʜʘ, ʪʘʢ ʢʘʢ ʧʨʘʚʘ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʦʜʠʥ ʨʘʟ ʜʣʷ ʨʦʣʠ ʠ ʧʨʠʤʝʥʷ-

ʶʪʩʷ ʢʦ ʚʩʝʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 
3. ʃʝʛʢʦʩʪʴ ʥʘʩʪʨʦʡʢʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʦʙʥʦʚʠʪʴ ʧʨʘʚʘ ʫ ʨʦʣʠ, ʠ 

ʚʩʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʧʦʣʫʯʘʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʈʝʘʣʠʟʘʮʠʷ ʥʘʩʣʝʜʦʚʘʥʠʷ. 
ʋʜʦʙʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʘʩʪʦʤʥʳʭ ʨʦʣʝʡ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʩʝʪʝʡ 5G, ʚ ʢʦ-

ʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ ʢʘʢ çUDRè ʠ çUDSFè: 
 ̧ UDR ð ʵʪʦ ʩʪʘʥʜʘʨʪ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʘʙʦʥʝʥʪʘʭ: ʧʨʦʬʠʣʴ ʘʙʦʥʝʥʪʘ, ʪʘ-

ʨʠʬ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʫʩʣʫʛʠ, ʣʠʤʠʪʳ ʠ ʪ.ʧ. 
 ̧ UDSF ð ʵʪʦ ʩʪʘʥʜʘʨʪ ʩʙʦʨʘ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ ʩʝʪʝʚʳʭ ʬʫʥʢʮʠʡ: ʩʦʪʘ, 

ʘʢʪʠʚʥʦʩʪʴ ʩʝʩʩʠʠ ʠ ʪ.ʧ. 
çTarantoolè ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʉʋɹɼ ʠ ʚʳʜʝʣʷʝʪ ʦʧʝʨʘʪʠʚʥʫʶ ʧʘʤʷʪʴ ʧʦʜ ʠʭ 

ʥʫʞʥʳ. ɼʣʷ çUDSFè ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʟʘʧʠʩʠ ʠ ʯʪʝʥʠʷ ʤʠʣʣʠʦʥʦʚ ʚʨʝʤʝʥʥʳʭ ʩʝʩʩʠʡ ʚ ʩʝʢʫʥʜʫ, ʘ 
ʜʣʷ çUDRè ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʘʥʟʘʢʮʠʦʥʥʦʩʪʴ, ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʘʥʥʳʭ, ʯʪʦ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦ-
ʜʠʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʠʣʣʠʦʥʦʚ ʘʙʦʥʝʥʪʦʚ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ çUDRè ʠ çUDSFè ʷʚ-
ʣʷʶʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ ʠ ʚʳʧʦʣʥʷʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢ-
ʮʠʠ. ɼʣʷ ʵʪʦʛʦ ʠʤ ʥʝʦʙʭʦʜʠʤʘ ʨʦʣʴ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʤʝʪʴ ʪʘʢʠʝ ʧʨʠʚʠʣʝʛʠʠ ʢʘʢ: session ʠ usage, read ʠ 
write ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ execute ʥʘ ʫʢʘʟʘʥʥʳʝ ʬʫʥʢʮʠʠ. ʆʩʪʘʣʴʥʳʝ ʧʨʠʚʠʣʝʛʠʠ ʙʫʜʫʪ 
ʠʟʙʳʪʦʯʥʳʤʠ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʟʘʜʘʯʠ. ɸ ʧʦʩʢʦʣʴʢʫ ʚ çTarantoolè ʥʝʪ ʪʘʢʦʡ ʨʦʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 
ʩʚʦʶ ʢʘʩʪʦʤʥʫʶ ʨʦʣʴ ʩ ʧʦʤʦʱʴʶ ʷʟʳʢʘ Lua ð ʵʪʦ ʚʩʪʨʘʠʚʘʝʤʳʡ ʷʟʳʢ, ʢʦʪʦʨʳʡ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 
ʫʧʨʦʱʝʥʠʷ ʨʘʙʦʪʳ ʩ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʛʜʝ ʚʩʝ ʦʧʝʨʘʮʠʠ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʷʤʦ ʚʥʫʪʨʠ ʥʝʝ, ʯʪʦ ʜʝʣʘʝʪ 
ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʙʳʩʪʨʳʤ ʠ ʧʨʦʩʪʳʤ ʚ ʧʦʥʠʤʘʥʠʠ.  

ʐʘʛ 1. ʉʦʟʜʘʜʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷ ʜʣʷ UDR (ʣʠʩʪʠʥʛ 1), ʢʦʪʦʨʦʤʫ ʧʦ ʫʤʦʣʯʘʥʠʶ ʥʘʟʥʘʯʘʝʪʩʷ ʤʠʥʠ-
ʤʘʣʴʥʳʡ ʥʘʙʦʨ ʧʨʘʚ: ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʙʘʟʝ ʜʘʥʥʳʭ ʠ ʫʧʨʘʚʣʝʥʠʝ ʩʚʦʝʡ ʫʯʝʪʥʦʡ ʟʘʧʠʩʴʶ (ʨʠʩ. 1). 

 
box.schema.user.create('udr', { password = 'secret' })  

box.schema.user.info('udr')  

ʄʡʪʫʡʦʜ 1. ʃʧʥʙʦʝʴ ʝʤʸ ʪʧʠʝʙʦʡʸ ʡ ʨʩʧʛʞʩʣʡ ʨʧʤʵʠʧʛʙʫʞʤʸ 
 

 
ʉʡʪ. 1. ɺʙʠʧʛʴʞ ʨʩʙʛʙ ʨʧʪʤʞ ʪʧʠʝʙʦʡʸ ʨʧʤʵʠʧʛʙʫʞʤʸ 
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ʐʘʛ 2. ʉʦʟʜʘʜʠʤ ʜʚʝ ʧʨʦʩʪʳʭ ʪʝʩʪʦʚʳʭ ʬʫʥʢʮʠʠ çhealthcheckè, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʦʚʝʨʷʪʴ ʩʦʩʪʦʷ-
ʥʠʝ ʩʝʨʚʝʨʘ ʠ çadmin_funcè, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʪʦʣʴʢʦ ʧʦʣʴʟʦʚʘʪʝʣʶ ʩ ʨʦʣʴʶ çsuperè (ʣʠʩʪʠʥʛ 2). 
ʇʨʦʚʝʨʠʤ ʩʦʟʜʘʥʠʝ ʬʫʥʢʮʠʡ (ʨʠʩ. 2). 

 
box.schema.func.create('healthcheck', {  

    language = 'Lua',  

    body = [[  

        function()  

            return {  

                status = "ok",  

                time = os.time ()  

            }  

        end  

    ]]  

})  

 

box.schema.func.create('admin_func', {  

    language = 'Lua',  

    body = [[  

        function()  

            return {  

                message = "This is an admin function!",  

                time = os.time()  

            }  

        end  

    ]]  

})  

ʄʡʪʫʡʦʜ 2. ʃʧʥʙʦʝʴ ʝʤʸ ʪʧʠʝʙʦʡʸ ʭʬʦʣʯʡʢ 
 

 
ʉʡʪ. 2. ʉʞʠʬʤʵʫʙʫ ʨʩʧʛʞʩʣʡ ʪʧʠʝʙʦʡʸ ʭʬʦʣʯʡʢ 

 
ʐʘʛ 3. ʉʦʟʜʘʜʠʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ çUDRè ʢʘʩʪʦʤʥʫʶ ʨʦʣʴ ʠ ʜʘʜʠʤ ʝʡ ʧʨʘʚʦ ʥʘ ʚʳʧʦʣʥʝʥʠʝ 

ʬʫʥʢʮʠʠ çhealthcheckè (ʣʠʩʪʠʥʛ 3). ʇʨʦʚʝʨʠʤ ʥʘʟʥʘʯʝʥʥʳʝ ʧʨʘʚʘ (ʨʠʩ. 3). 
 

box.schema.role.create('udr_custom_role',{if_not_exists = true})  

box.schema.role.grant('udr_custom_role','execute','function','healthcheck')  

ʄʡʪʫʡʦʜ 3. ʃʧʥʙʦʝʴ ʝʤʸ ʪʧʠʝʙʦʡʸ ʩʧʤʡ ʡ ʨʩʞʝʧʪʫʙʛʤʞʦʡʸ ʨʩʙʛ 
 

 
ʉʡʪ. 3. ʈʩʧʛʞʩʣʙ ʨʩʙʛ ʝʤʸ ʣʙʪʫʧʥʦʧʢ ʩʧʤʡ 

 
ʐʘʛ 4. ʅʘʟʥʘʯʠʤ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʷ ʩʦʟʜʘʥʥʫʶ ʢʘʩʪʦʤʥʫʶ ʨʦʣʴ, ʧʦʩʣʝ ʯʝʛʦ, ʧʨʦʠʟʦʡʜʝʪ ʥʘʩʣʝʜʦ-

ʚʘʥʠʝ ʧʨʘʚ (ʣʠʩʪʠʥʛ 4). 
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box.schema.user.grant('udr', 'execute', 'role', 'udr_custom_role')  

ʄʡʪʫʡʦʜ 4. ʃʧʥʙʦʝʙ ʝʤʸ ʦʙʠʦʙʰʞʦʡʸ ʣʙʪʫʧʥʦʧʢ ʩʧʤʡ ʦʙ ʨʧʤʵʠʧʛʙʫʞʤʸ çUDRè 
 

ʐʘʛ 5. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ çUDRè ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʝʪ ʜʦʩʪʫʧ ʪʦʣʴʢʦ ʢ 
ʨʘʟʨʝʰʝʥʥʳʤ ʬʫʥʢʮʠʷʤ, ʧʦʜʢʣʶʯʠʤʩʷ ʢ çTarantoolè ʦʪ ʠʤʝʥʠ ʧʦʣʴʟʦʚʘʪʝʣʷ ʯʝʨʝʟ çnet.boxè (ʣʠʩʪʠʥʛ 5) 
ʠ ʚʳʧʦʣʥʠʤ ʨʘʟʨʝʰʝʥʥʫʶ ʠ ʥʝʨʘʟʨʝʰʝʥʥʫʶ ʬʫʥʢʮʠʠ (ʨʠʩ. 4). 

 
conn  = require('net.box').connect('127.0.0.1:3301', {user = 'udr', password = 

'secret'})  

conn:call('healthcheck')  

conn:call('admin_func')  

ʄʡʪʫʡʦʜ 5. ʃʧʥʙʦʝʴ ʝʤʸ ʨʧʝʣʤʷʰʞʦʡʸ ʡ ʨʩʧʛʞʩʣʡ 
 

 
ʉʡʪ. 4. ʉʞʠʬʤʵʫʙʫ ʛʴʨʧʤʦʞʦʡʸ ʩʙʠʩʞʱʞʦʦʧʢ ʡ ʦʞʩʙʠʩʞʱʞʦʦʧʢ ʭʬʦʣʯʡʢ 

 
ʇʨʦʚʝʜʝʥʥʘʷ ʧʨʦʚʝʨʢʘ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ ʧʦʜʪʚʝʨʜʠʣʘ ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʥʘʩʪʨʦʝʥʥʦʡ ʢʘ-

ʩʪʦʤʥʦʡ ʨʦʣʠ. ʇʦʣʴʟʦʚʘʪʝʣʴ çUDRè ʫʩʧʝʰʥʦ ʥʘʩʣʝʜʫʝʪ ʧʨʘʚʘ ʥʘ ʬʫʥʢʮʠʶ çhealthcheckè, ʯʪʦ ʧʦʟʚʦʣʷ-
ʝʪ ʝʤʫ ʚʳʧʦʣʥʷʪʴ ʝʝ, ʪʦʛʜʘ ʢʘʢ ʜʦʩʪʫʧ ʢ ʬʫʥʢʮʠʠ çadmin_funcè ʟʘʙʣʦʢʠʨʦʚʘʥ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪ-
ʩʪʚʠʝ ʠʟʙʳʪʦʯʥʳʭ ʧʨʠʚʠʣʝʛʠʡ.  ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʛʨʘʥʠʯʠʪʴ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʝ ʠ ʧʦʣʴʟʦ-
ʚʘʪʝʣʴʩʢʠʝ ʬʫʥʢʮʠʠ, ʤʠʥʠʤʠʟʠʨʫʷ ʨʠʩʢʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʧʦʚʳʰʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 
ʙʝʟʦʧʘʩʥʦʩʪʴ ʩʠʩʪʝʤ. ɸʥʘʣʦʛʠʯʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ çUDSFè ʤʦʞʥʦ ʧʨʦʜʝʣʘʪʴ ʪʘʢʫʶ ʞʝ ʨʘʙʦʪʫ, ʯʪʦʙʳ 
ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʫ ʢʘʩʪʦʤʥʦʡ ʨʦʣʠ. ɺʩʝ ʢʦʤʘʥʜʳ ʦʩʪʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ, ʥʦ ʨʘʜʠ ʠʥʪʝʨʝʩʘ ʧʨʠʤʝʥʷʝʪ-
ʩʷ ʥʦʚʘʷ ʬʫʥʢʮʠʷ çwhoamiè, ʢʦʪʦʨʘʷ ʚʳʚʦʜʠʪ ʪʝʢʫʱʝʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ (ʣʠʩʪʠʥʛ 6). ʇʨʦʚʝʨʢʘ ʧʨʘʚ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷ çUDSFè (ʨʠʩ. 5-6). 

 
box.schema.user.create('udsf', {password = 'secret',if_not_exists = true})  

box.schema.func.create('whoami', {  

    if_not_exists = true,  

    language = 'Lua',  

    body = [[  

        function()  

            return {  

                current_user = box.ses sion.user(),  

                session_type = box.session.type(),  

                timestamp = os.time()  

            }  

        end  

    ]]  

})  

ʄʡʪʫʡʦʜ 6. ʊʧʠʝʙʦʡʞ ʭʬʦʣʯʡʡ 
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ʉʡʪ. 5. ʈʩʙʛʙ ʨʧʤʵʠʧʛʙʫʞʤʸ çUDSFè 

 

 
ʉʡʪ. 6. ʈʩʧʛʞʩʣʙ ʦʙʪʫʩʧʢʣʡ ʣʙʪʫʧʥʦʧʢ ʩʧʤʡ 

 

 
  ʉʡʪ. 7. ʈʩʡʥʞʩ ʣʧʦʭʡʜʬʩʙʯʡʡ ʝʤʸ çUDSFè 

 
ʇʨʦʜʝʣʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʛʣʷʜʥʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʜʦʩʪʫʧʘ ʚ 

çTarantoolè. ʇʨʠ ʩʦʟʜʘʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʦʥʠ ʦʙʣʘʜʘʣʠ ʪʦʣʴʢʦ ʙʘʟʦʚʳʤʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʨʠʚʠʣʝʛʠʷ-
ʤʠ, ʘ ʜʦʙʘʚʣʝʥʠʝ ʢʘʩʪʦʤʥʳʭ ʨʦʣʝʡ ʨʘʩʰʠʨʠʣʠ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ, ʜʦʙʘʚʠʚ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʝ ʬʫʥʢʮʠʠ. 
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ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʙʝʟʦʧʘʩʥʳʝ ʩʠʩʪʝʤʳ, ʟʘʱʠʱʘʷ ʜʘʥʥʳʝ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʠ ʚʥʝʰʥʠʭ ʫʛʨʦʟ 
ʙʝʟ ʧʦʪʝʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ, ʯʪʦ 
ʧʨʠʤʝʨʳ ʚʳʰʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʟʜʘʥʠʝ ʨʦʣʝʡ ʯʝʨʝʟ Lua-ʢʦʤʘʥʜʳ, ʥʦ ʥʘ ʧʣʘʪʬʦʨʤʝ TCF ʫʧʨʘʚʣʝʥʠʝ 
ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʠ ʧʨʘʚʘʤʠ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʯʝʨʝʟ YAML-ʬʘʡʣʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʘʪʴ ʚʩʝʭ ʧʦʣʴ-
ʟʦʚʘʪʝʣʝʡ, ʠʭ ʨʦʣʠ ʠ ʧʨʠʚʠʣʝʛʠʠ ʚ ʦʜʥʦʤ ʬʘʡʣʝ (ʨʠʩ. 7). 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʨʦʣʝʚʘʷ ʤʦʜʝʣʴ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ çUDRè ʠ çUDSFè ʚ ʉʋɹɼ 
çTarantoolè, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʦʙʲʝʢʪʦʚ, ʨʦʣʝʡ ʠ ʧʨʠʚʠʣʝʛʠʡ. ʊʘʢʞʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-
ʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʘʟʦʚʳʝ ʨʦʣʠ ʥʝ ʩʧʦʩʦʙʥʳ ʧʦʢʨʳʪʴ ʤʥʦʛʦʦʙʨʘʟʠʝ ʩʮʝʥʘʨʠʝʚ ʚ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʘʭ. ʀʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʠʙʦ ʜʘʝʪ ʠʟʙʳʪʦʯʥʳʝ ʧʨʘʚʘ, ʩʦʟʜʘʚʘʷ ʫʷʟʚʠʤʦʩʪʠ, ʣʠʙʦ ʪʨʝʙʫʝʪ ʨʫʯʥʦʡ ʥʘʩʪʨʦʡʢʠ ʜʦ-
ʩʪʫʧʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, ʯʪʦ ʚʝʜʝʪ ʢ ʜʫʙʣʠʨʦʚʘʥʠʶ ʢʦʜʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʘ ʦʰʠʙʦʢ. ʇʦʵʪʦʤʫ 
ʢʘʩʪʦʤʥʳʝ ʨʦʣʠ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʙʝʟʦʧʘʩʥʳʭ 
ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʟʘʜʘʪʴ ʯʝʨʝʟ Lua-ʢʦʤʘʥʜʳ ʠʣʠ ʯʝʨʝʟ YAML-ʬʘʡʣʳ. ʆʥʠ ʤʦʛʫʪ ʩʜʝʣʘʪʴ ʫʧʨʘʚ-
ʣʝʥʠʝ ʜʦʩʪʫʧʦʤ ʧʨʦʩʪʳʤ ʠ ʛʠʙʢʠʤ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʚʳʩʦʢʦʥʘʛʨʫʞʝʥʥʳʭ ʧʨʦʝʢʪʦʚ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-
ʩʪʚʦʤ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʫʥʢʮʠʡ. ʆʜʥʘʢʦ, ʥʫʞʥʦ ʚʩʝʛʜʘ ʧʨʦʚʦʜʠʪʴ ʘʫʜʠʪ ʠ ʪʦʯʥʦ ʧʦʥʠ-
ʤʘʪʴ ʥʫʞʥʘ ʪʘ ʣʠ ʠʥʘʷ ʧʨʠʚʠʣʝʛʠʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠʣʠ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʙʝʟ ʥʝʝ.  

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. Tarantool [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://cloud.vk.ru/docs/dbs/ 

dbaas/concepts/types/tarantool (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 20.07.2026). 
2. ʇʨʠʥʮʠʧ ʤʠʥʠʤʘʣʴʥʳʭ ʧʨʘʚ ʜʦʩʪʫʧʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: 

https://www.ibm.com/docs/ru/aix/7.1.0?topic=privileges-least-privilege-principle (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
20.07.2026). 

3. ʉʦʟʜʘʝʤ ʩʚʦʝ ʧʝʨʚʦʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ Tarantool Cartridge [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦ-
ʩʪʫʧʘ: URL: https://www.tarantool.io/ru/doc/2.11/how-to/getting_started_cartridge/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
22.07.2026). 

4. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʦʩʥʦʚʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʠ ʢʘʨʴʝʨʘ ʚ ʀɹ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: URL: https://cloud.ru/blog/informatsionnaya-bezopasnost (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 01.08.2026). 
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ǬǤǨǯǭǰǤǱǤǡǟǾ ǫǤǱǭǣǧǩǟ ǰǤǢǫǤǬǱǟǵǧǧ ǧ 
ǩǪǟǰǰǧǳǧǩǟǵǧǧ ǩǯǭǬ ǣǤǯǤǡǻǤǡ Ǭǟ 
ǧǦǭǠǯǟǥǤǬǧǾǴ ǰ ǠǮǪǟ 

ǳȇȊȇȎȎȍȁ ǣǿȌȇȇȊ ǟȌȃȏȄȄȁȇȖ 
ʩʪʫʜʝʥʪ 

ʌɻɸʆʋ ɺʆ çʊʋʉʋʈè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʪʘʝʚ ʄʠʭʘʠʣ ʖʨʴʝʚʠʯ 
ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɸʆʋ ɺʆ çʊʋʉʋʈè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʠ ʧʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʚʳʜʝʣʝʥʠʷ 
ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʥʘ ʦʨʪʦʬʦʪʦʧʣʘʥʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘ-
ʪʦʚ (ɹʇʃɸ). ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʩʝʪʠ U-Net ʩ ʵʣʝʤʝʥʪʘʤʠ ʚʥʠʤʘ-
ʥʠʷ ʠ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʜʝʢʦʜʝʨʦʤ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʩʝʛʤʝʥʪʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝ-
ʢʨʳʚʘʶʱʠʭʩʷ ʢʨʦʥ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ʪʝʩʪʦʚʦʡ ʚʳʙʦʨʢʝ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ 
ʟʘʜʘʯ ʪʘʢʩʘʮʠʠ ʣʝʩʘ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ.   
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʣʝʩ, ʠʟʦʙʨʘʞʝʥʠʝ, ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ, 
ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 
 

NEURAL NETWORK TECHNIQUE OF SEGMENTATION AND CLASSIFICATION OF TREE CROWNS IN 
UAV IMAGES 

 
Filippov Daniil Andreevich 

 
Scientific adviser: Kataev Mikhail  

 
Abstract: The paper presents a methodology and a software module for automatically selecting and classify-
ing tree crowns on orthophotoplanes obtained from unmanned aerial vehicles (UAVs). The proposed architec-
ture based on a modified U-Net network with attention elements and a multi-channel decoder allows achieving 
high segmentation accuracy in conditions of overlapping crowns. Experiments on a test sample have con-
firmed the applicability of the development for forest taxation and environmental monitoring tasks.   
Key words: forest, image, unmanned aerial vehicles, computer vision, neural networks. 

 
ʉʦʚʨʝʤʝʥʥʦʝ ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ ʜʣʷ ʪʘʢʩʘʮʠʠ, ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʚʳʨʫʙʦʢ [1]. ʊʨʘʜʠʮʠʦʥʥʳʝ ʥʘʟʝʤ-
ʥʳʝ ʤʝʪʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʧʦʜʚʝʨ-
ʞʝʥʳ ʚʣʠʷʥʠʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ. ʇʨʠʤʝʥʝʥʠʝ ɹʇʃɸ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʜʝʪʘʣʠʟʠʨʦʚʘʥ-
ʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʰʠʨʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʜʥʘʢʦ ʠʭ ʨʫʯʥʦʡ ʘʥʘʣʠʟ ʥʝʵʬʬʝʢʪʠʚʝʥ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ ʩ ɹʇʃɸ ʙʳʣʘ ʦʙʫʯʝʥʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʩʝʛʤʝʥʪʠʨʦʚʘʪʴ ʢʨʦʥʳ ʜʝʨʝʚʴʝʚ ʠ ʦʧʨʝʜʝʣʷʪʴ ʠʭ ʧʦʨʦʜʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʚʳʙʨʘʥʘ U-Net, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʜʣʷ ʟʘʜʘʯʠ ʩ ʧʦʤʦʱʴʶ ʥʝ-
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ʩʢʦʣʴʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ [2]. ɺʤʝʩʪʦ ʦʜʥʦʛʦ ʜʝʢʦʜʝʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʪʦʢʘ, ʢʘʞʜʳʡ ʠʟ 
ʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʠʟʚʣʝʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʧʨʠʟʥʘʢʦʚ: ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʩʝʤʘʥʪʠʯʝʩʢʠʭ 
ʠ ʪʝʢʩʪʫʨʥʳʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʝʪʠ ʣʫʯʰʝ ʨʘʟʣʠʯʘʪʴ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʢʨʦʥʳ. ʊʘʢ ʞʝ ʠʟ ʘʨʭʠʪʝʢʪʫʨʳ 
Attention U-Net ʙʳʣ ʚʟʷʪ ʤʝʭʘʥʠʟʤ ʚʥʠʤʘʥʠʷ (Attention Gate) [3]. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʢʣʶʯʝʚʳʭ ʫʨʦʚ-
ʥʷʭ ʜʝʢʦʜʝʨʘ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʥʘʠʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʳʭ ʦʙʣʘʩʪʷʭ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʪʦ 
ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʣʦʞʥʳʭ ʢʦʥʪʫʨʦʚ. 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʰʫʤʦʚʳʭ ʚʳʙʨʦʩʦʚ ʠ ʩʛʣʘʞʠʚʘʥʠʷ ʛʨʘʥʠʮ ʩʝʛʤʝʥʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʧʣʦʪʥʳʝ ʫʩʣʦʚ-
ʥʳʝ ʩʣʫʯʘʡʥʳʝ ʧʦʣʷ (Dense CRF) [4]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʥʝʟʘʚʠʩʠʤʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʠʢʩʝʣʝʡ, CRF ʫʯʠʪʳʚʘ-
ʝʪ ʢʦʥʪʝʢʩʪ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʠʪʦʛʦʚʳʭ ʤʘʩʦʢ. 

ʆʙʫʯʘʶʱʘʷ ʚʳʙʦʨʢʘ ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ 1500 ʠʟʦʙʨʘʞʝʥʠʡ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʩ ɹʇʃɸ ʠ 
ʩʧʫʪʥʠʢʦʚ, ʩ ʨʫʯʥʦʡ ʨʘʟʤʝʪʢʦʡ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʘʫʛʤʝʥ-
ʪʘʮʠʷ (ʧʦʚʦʨʦʪʳ, ʦʪʨʘʞʝʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʷʨʢʦʩʪʠ), ʯʪʦ ʫʚʝʣʠʯʠʣʦ ʚʳʙʦʨʢʫ ʜʦ 8000 ʠʟʦʙʨʘʞʝʥʠʡ. ʄʦ-
ʜʝʣʴ ʦʙʫʯʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʤʠʟʘʪʦʨʘ Adam ʠ ʬʫʥʢʮʠʠ ʧʦʪʝʨʴ ʥʘ ʦʩʥʦʚʝ ʢʨʦʩʩ-ɻ ʥʪʨʦʧʠʠ ʠ 
Dice-ʢʦʵʬʬʠʮʠʝʥʪʘ [5]. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘ 20 ʠʟʦʙʨʘʞʝʥʠʷʭ, ʥʝ ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʦʙʫʯʝʥʠʠ. ʆʮʝʥʢʘ ʚʝʣʘʩʴ ʧʦ 
ʪʨʝʤ ʢʣʶʯʝʚʳʤ ʤʝʪʨʠʢʘʤ. ʇʝʨʚʘʷ - ʪʦʯʥʦʩʪʴ ʧʦʜʩʯʝʪʘ ʢʨʦʥ. ʆʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʢʦʨʨʝʢʪ-
ʥʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʢʨʦʥ ʢ ʠʭ ʠʩʪʠʥʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ. ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʠʘʧʘʟʦʥʝ 69,64-100% 
ʪʦʯʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 84.72%. ʃʫʯʰʠʡ ʠ ʭʫʜʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʉʡʪ. 1. ʄʬʰʱʡʢ ʡ ʮʬʝʱʡʢ ʩʞʠʬʤʵʫʙʫ ʨʧʝʪʰʹʫʙ ʣʩʧʦ 

 

 
ʉʡʪ. 2. ʄʬʰʱʡʢ ʡ ʮʬʝʱʡʢ ʩʞʠʬʤʵʫʙʫ ʧʨʩʞʝʞʤʞʦʡʸ ʨʧʩʧʝ 
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ɺʪʦʨʘʷ ʤʝʪʨʠʢʘ - ʪʦʯʥʦʩʪʴ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʨʦʜ. ʕʪʦ ʜʦʣʷ ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʠʜʦʚ ʜʝ-
ʨʝʚʴʝʚ. ʇʨʠ ʪʝʩʪʠʨʦʚʘʥʠʠ ʥʘ ʜʚʘʜʮʘʪʠ ʠʟʦʙʨʘʞʝʥʠʷʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʯʥʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ 80,76-
95,23%. ʉʨʝʜʥʷʷ ʪʦʯʥʦʩʪʴ ð 89.58%. ʃʫʯʰʠʡ ʠ ʭʫʜʰʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʊʨʝʪʴʷ ʤʝʪʨʠʢʘ - ʪʦʯʥʦʩʪʴ ʩʝʛʤʝʥʪʘʮʠʠ ʧʦ ʧʠʢʩʝʣʷʤ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʚ ʭʦʜʝ ʧʦʧʠʢʩʝʣʴʥʦʛʦ ʩʨʘʚ-
ʥʝʥʠʷ ʧʨʝʜʩʢʘʟʘʥʥʦʡ ʤʘʩʢʠ ʩ ʵʪʘʣʦʥʥʦʡ. ɼʠʘʧʘʟʦʥ ʪʦʯʥʦʩʪʠ ʩʦʩʪʘʚʠʣ 72,33-95,12%. ʉʨʝʜʥʷʷ ʪʦʯ-
ʥʦʩʪʴ ð 85.04%. ʇʨʠʤʝʨ ʩʨʘʚʥʝʥʠʷ ʤʘʩʦʢ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

ʉʡʪ. 3. ʈʩʡʥʞʩ ʪʩʙʛʦʞʦʡʸ ʥʙʪʧʣ 
 
ʆʩʥʦʚʥʳʝ ʥʝʪʦʯʥʦʩʪʠ ʧʦʜʩʯʝʪʘ ʩʚʷʟʘʥʳ ʩ ʣʦʞʥʦʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʩʨʘʙʘʪʳʚʘʥʠʷʤʠ ʥʘ ʪʨʘʚʷʥʦʤ 

ʧʦʢʨʦʚʝ ʠ ʧʨʦʧʫʩʢʦʤ ʩʠʣʴʥʦ ʟʘʪʝʥʝʥʥʳʭ ʠʣʠ ʩʣʠʚʘʶʱʠʭʩʷ ʢʨʦʥ. ʆʰʠʙʢʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ 
ʚʦʟʥʠʢʘʶʪ ʤʝʞʜʫ ʙʣʠʟʢʠʤʠ ʭʚʦʡʥʳʤʠ ʧʦʨʦʜʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʘʣʠʜʠʨʦʚʘʥʘ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʠ 
ʘʥʘʣʠʟʘ ʢʨʦʥ ʜʝʨʝʚʴʝʚ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʭ ʩ ɹʇʃɸ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʦʜʠʬʠ-
ʮʠʨʦʚʘʥʥʦʡ U-Net ʩ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʜʝʢʦʜʝʨʦʤ ʠ ʤʝʭʘʥʠʟʤʦʤ ʚʥʠʤʘʥʠʷ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʳʩʦ-
ʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʯʥʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʜʫʢʪ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʜʣʷ ʣʝʩʦʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʷ ʘʚʪʦʤʘ-
ʪʠʟʠʨʦʚʘʪʴ ʪʨʫʜʦʝʤʢʠʝ ʧʨʦʮʝʩʩʳ ʪʘʢʩʘʮʠʠ, ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʢʦʥʪʨʦʣʷ ʚʳʨʫʙʦʢ. ɺ ʢʘʯʝ-
ʩʪʚʝ ʜʘʣʴʥʝʡʰʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʙʦʪʳ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 
ʪʦʯʥʦʩʪʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʝʜʢʠʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘʮʠʷ ʤʦʜʫʣʷ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʜʝ-
ʨʝʚʴʝʚ ʧʦ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʤ ʜʘʥʥʳʤ. 
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ǼǪǤǩǱǯǭǫǟǢǬǧǱǬǺǤ ǡǭǪǬǺ Ǯǯǧ ǬǟǪǧǶǧǧ 
ǢǯǟǬǧǵ ǯǟǦǣǤǪǟ, ǶǟǰǱǻ II 

ǩȍȆȊȍȁ ǟȊȄȉȐȄȈ ǰȄȏȂȄȄȁȇȖ 
ʢʫʨʩʘʥʪ 

ǫȒȏǿȗȉȇȌ ǟȌȃȏȄȈ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 

ǟȁȑȍȌȍȋȍȁ ǟȊȄȉȐȄȈ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ǡǿȏȊǿȋȍȁ ǰȄȏȂȄȈ ǡǿȐȇȊțȄȁȇȖ 
ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɺʦʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʦʡʩʢʦʚʦʡ ʇɺʆ ɺʉ ʈʌ 
ʚ ʛ. ʉʤʦʣʝʥʩʢʝ 

 

ɹʦʦʧʫʙʯʡʸ: ɺʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʩʪʘʪʴʠ ʧʨʦʚʦʜʠʪʩʷ ʬʠʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʪʨʘʞʝʥʠʷ ʕʄɺ ʦʪ ʧʣʦʩʢʦʡ ʛʨʘʥʠ-
ʮʳ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʑʫʢʠʥʘ ï ʃʝʦʥʪʦʚʠʯʘ, ʢʦʪʦʨʳʝ ʫʧʨʦʱʘʶʪ ʟʘ-
ʜʘʯʫ ʥʘʭʦʞʜʝʥʠʷ ʧʦʣʷ ʟʝʤʥʦʡ ʚʦʣʥʳ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɺʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʑʫʢʠʥʘ ï ʃʝʦʥʪʦʚʠʯʘ, ʢʦʤʧʣʝʢʩʥʘʷ 
ʘʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʤʥʠʤʘʷ ʚʝʣʠʯʠʥʘ, ʫʨʘʚʥʝʥʠʝ ʄʘʢʩʚʝʣʣʘ. 
 

ELECTROMAGNETIC WAVES IN THE PRESENCE OF BOUNDARIES. PART II 
 

Kozlov Alexey Sergeevich, 
Murashkin Andrey Vladimirovich, 
Avtonomov Alexey Vladimirovich, 

Varlamov Sergey Vasilyevich 
 
Abstract: In the second part of the article, a physical analysis of the EM wave reflection from a flat boundary 
is carried out. The approximate boundary conditions of Shchukin-Leontovich are considered, which simplify 
the problem of finding the field of the earth wave. 
Keywords: Wave resistance, Shchukin-Leontovich boundary conditions, complex amplitude of the field 
strength, imaginary value, Maxwell's equation. 

 
2. ʇʦʣʥʦʝ ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʧʣʦʩʢʠʭ ʚʦʣʥ.  
ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʚʦʣʥ ʥʘ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʚʳʨʘʞʝʥʠʡ (17), (19), 

ʦʪʨʘʞʝʥʠʝ ʦʪʩʫʪʩʪʚʫʝʪ, ʝʩʣʠ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

,                                                                                     (22) 

ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ ʨʘʚʝʥʩʪʚʦ ʚʦʣʥʦʚʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʩʨʝʜ. ʇʦʢʨʳʚʘʷ ʪʝʣʦ ʩʣʦʝʤ ʤʘʪʝʨʠʘʣʘ ʩ 
ʚʦʣʥʦʚʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ, ʨʘʚʥʳʤ ʚʦʣʥʦʚʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʤʦʞʥʦ ʜʦ-
ʙʠʪʴʩʷ, ʯʪʦʙʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʧʘʜʝʥʠʠ ʚʦʣʥ ʦʙʨʘʪʥʦ ʦʪʨʘʞʝʥʥʳʝ ʣʫʯʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ. 

3. ʇʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ.  
ʇʝʨʚʳʡ ʩʣʫʯʘʡ: ʚʪʦʨʘʷ ʩʨʝʜʘ ʝʩʪʴ ʠʜʝʘʣʴʥʳʡ ʧʨʦʚʦʜʥʠʢ (ʎ Њ).  
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ʀʟ ʚʳʨʘʞʝʥʠʡ  (17), (19) ʚʠʜʥʦ, ʯʪʦ  ὖ̏̓̑
̃̄ ρ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʫʛʣʘ ʧʘʜʘʥʠʷ.  

ɺʪʦʨʦʡ ʩʣʫʯʘʡ: ʦʪʨʘʞʝʥʠʝ ʦʪ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʜʚʫʭ ʜʠʵʣʝʢʪʨʠʢʦʚ, ʢʦʛʜʘ 

Ὧ ίὭὲ• Ὧ Ȣ                                                               (23) 
ʊʦʛʜʘ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʯʠʩʣʠʪʝʣʝ ʠ ʟʥʘʤʝʥʘʪʝʣʝ ʚʳʨʘʞʝʥʠʡ (17), (19) ʷʚʣʷʶʪʩʷ ʯʠʩʪʦ ʤʥʠ-

ʤʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʠ ʤʦʜʫʣʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʨʘʞʝʥʠʷ ʨʘʚʥʳ ʝʜʠʥʠʮʝ. ʇʨʠ ʵʪʦʤ ʢʦʩʠʥʫʩ ʫʛʣʘ ʧʨʝ-
ʣʦʤʣʝʥʠʷ 

ÃÏÓ• ὧ ρ
ὲ
ὲ ίὭὲ•,                                                (24) 

ʝʩʪʴ ʯʠʩʪʦ ʤʥʠʤʘʷ ʚʝʣʠʯʠʥʘ (ʧʨʝʣʦʤʣʝʥʥʘʷ ʚʦʣʥʘ ʦʪʩʫʪʩʪʚʫʝʪ). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦʝ ʦʪʨʘʞʝʥʠʝ ʚʦʟʤʦʞʥʦ, ʝʩʣʠ ʚʦʣʥʘ ʥʘʙʝʛʘʝʪ ʠʟ ʦʧʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʣʦʪʥʦʡ 

ʩʨʝʜʳ ʥʘ ʛʨʘʥʠʮʫ ʩ ʦʧʪʠʯʝʩʢʠ ʤʝʥʝʝ ʧʣʦʪʥʦʡ (ὲ ὲ ) ʧʦʜ ʫʛʣʦʤ, ʙʦʣʴʰʝ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ 
ʫʛʣʘ 

• ὥὶὧÓÉÎ
ὲ
ὲȢ                                                               (25) 

ʋʛʦʣ (25) ʥʘʟʳʚʘʝʪʩʷ ʫʛʣʦʤ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ. 

4. ʇʨʦʭʦʞʜʝʥʠʝ ʚʦʣʥ ʚ ʦʯʝʥʴ ʧʣʦʪʥʫʶ ʩʨʝʜʫ, ʢʦʛʜʘ ὲḻὲȢ 
ʇʨʠ ʵʪʦʤ 

ȿÓÉÎ•ȿ  
ὲ
ὲÓÉÎ• Ḻρȟ• ḙπȢ                                              (26) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʦʰʝʜʰʘʷ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ 
ʩʨʝʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʘʜʝʥʠʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ ʥʘ ʧʣʦʩʢʫʶ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ ʚʦʟʥʠʢʘʶʪ 
ʦʪʨʘʞʝʥʥʘʷ ʠ ʧʨʝʣʦʤʣʝʥʥʘʷ ʚʦʣʥʳ, ʢʦʪʦʨʳʝ ʪʦʞʝ ʷʚʣʷʶʪʩʷ ʧʣʦʩʢʠʤʠ. ʇʦʣʷʨʠʟʘʮʠʷ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ 
ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ ʧʘʜʘʶʱʝʡ.  

ʇʣʦʩʢʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʚʦʣʥ ʪʘʢʞʝ ʩʦʚʧʘʜʘʶʪ. ʅʘʧʨʘʚʣʝʥʠʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʚʦʣʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʘʤʠ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ. 

ʂʦʤʧʣʝʢʩʥʳʝ ʘʤʧʣʠʪʫʜʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʦʪʨʘʞʝʥʥʦʡ ʠ ʧʨʝʣʦʤʣʝʥʥʦʡ ʚʦʣʥ ʚ ʪʦʯʢʘʭ ʛʨʘʥʠ-
ʮʳ ʨʘʟʜʝʣʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ: 

Ὁ ὖ̏̓̑
̄ Ὁ Ƞ     Ὁ ὖ̐̑̄ Ὁ Ƞ

Ὁ ὖ̏̓̑
̃ Ὁ Ƞ    Ὁ ὖ̐̑̃ Ὁ Ƞ 

                                           (27) 

ʂʦʤʧʣʝʢʩʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜ, 
ʫʪʣʘ ʧʘʜʝʥʠʷ, ʯʘʩʪʦʪʳ ʠ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ (17) - (20). 

ʇʨʠʙʣʠʞʝʥʥʳʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʑʫʢʠʥʘ-ʃʝʦʥʪʦʚʠʯʘ 
ʈʘʩʩʤʦʪʨʠʤ ʷʚʣʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʩʨʝʜ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

ȿὯȿḻȿὯȿȠ  ʍḻʇȠ  ὶḻʇȟ                                              (28) 

ʛʜʝ ʍ - ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ; ʇ - ʜʣʠʥʘ ʚʦʣʥʳ; ὶ- ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦ-
ʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʧʝʨʚʦʡ ʩʨʝʜʝ, ʜʦ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ. ʋʩʣʦʚʠʷ (28) ʧʦʟʚʦʣʷʶʪ ʩʯʠ-
ʪʘʪʴ ʛʨʘʥʠʮʫ ʨʘʟʜʝʣʘ ʧʨʠʙʣʠʞʝʥʥʦ ʧʣʦʩʢʦʡ, ʚʦʣʥʫ ʫ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ - ʣʦʢʘʣʴʥʦ ʧʣʦʩʢʦʡ ʠ ʧʦʵʪʦʤʫ 
ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʠʪʴ ʪʝʦʨʠʶ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʝʣʦʤʣʝʥʠʷ ʧʣʦʩʢʠʭ ʚʦʣʥ ʫ ʧʣʦʩʢʦʡ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ʩʨʝʜ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʡ ʪʝʦʨʠʠ ʧʨʠ ʧʝʨʚʦʤ ʫʩʣʦʚʠʠ (28) ʚʦʣʥʘ ʚʦ ʚʪʦʨʦʡ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦʯʪʠ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩʨʝʜ (26) . ʋʯʠʪʳʚʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ, ʤʦʞʝʤ 
ʟʘʧʠʩʘʪʴ ʜʣʷ ʧʨʝʣʦʤʣʝʥʥʳʭ ʚʦʣʥ ʚ ʩʣʫʯʘʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ: 

Ὄ Ὁ   Ὁ  

Ὁ  Ὄ ȟ
ữ
Ữ

ử

                                                        (29) 

ʇʦʣʥʳʡ ʚʝʢʪʦʨ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʘʢ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʝʨʚʦʛʦ ʫʩʣʦʚʠʷ (28) 
ʢʘʩʘʪʝʣʴʥʳʡ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ. ʇʦʵʪʦʤʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʢʘʩʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ 
ʧʦʣʷ 

Ὁ̎ Ὁ Ƞ Ὄ Ὄ Ƞ ʥʘ  ὛȠ 
ʠ ʨʘʚʝʥʩʪʚ (29) ʧʨʠʭʦʜʠʤ ʢ ʧʨʠʙʣʠʞʝʥʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 
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Ὁ ὤ Ὄ    ʥʘ  Ὓȟ                                                         (30) 
ʛʜʝ 

ὤ   (ʆʤ).                                                                (31) 

ɺʝʣʠʯʠʥʘ (31) ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ ʆʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʚʪʦʨʦʡ ʩʨʝʜʘ. ʆʥʘ ʥʘʟʳʚʘʝʪ-
ʩʷ ʠʤʧʝʜʘʥʩʦʤ, ʘ ʧʦʚʝʨʭʥʦʩʪʴ S , ʥʘ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (30) - ʠʤʧʝʜʘʥʩʥʦʡ. ʕʣʝʢʪʨʠʯʝʩʢʦʝ 
ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʢ ʚ ʫʩʣʦʚʠʠ (30) ʙʝʨʫʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʥʦ ʩʦ ʩʪʦʨʦʥʳ ʧʝʨʚʦʡ ʩʨʝʜʳ. ʊʘʢʠʤ ʦʙʨʘ-
ʟʦʤ, ʫʩʣʦʚʠʷ (30) ʦʧʨʝʜʝʣʷʶʪ ʩʦʦʪʥʦʰʝʥʠʝ ʢʘʩʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʚ ʚʝʨʭʥʝʡ ʩʨʝʜʝ ʯʝʨʝʟ ʧʘʨʘʤʝʪʨʳ ʥʠʞʥʝʡ. ʊʝʤ ʩʘʤʳʤ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʛʨʘ-
ʥʠʯʥʫʶ ʟʘʜʘʯʫ ʜʣʷ ʚʝʨʭʥʝʡ ʩʨʝʜʘ, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʷ ʩʪʨʫʢʪʫʨʳ ʧʦʣʝʡ ʚ ʥʠʞʥʝʡ ʩʨʝʜʝ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ ʨʝʰʝʥʠʝ. 

ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (30) ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʫʩʣʦʚʠʡ ʑʫʢʠʥʘ-ʃʝʘʥʪʦʚʠʯʘ ʜʦ ʠʤʝʥʠ ʩʦʚʝʪʩʢʠʭ 
ʫʯʝʥʳʭ, ʧʨʝʜʣʦʞʠʚʰʠʭ ʠʭ. ʆʧʫʩʢʘʷ ʚ (30) ʠʥʜʝʢʩʳ ʚʝʨʭʥʝʡ ʩʨʝʜʘ, ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʚ ʚʝʢʪʦʨʥʦʡ 
ʬʦʨʤʝ 

Ὁ ὤὲᴆϽ Ὄᴆ ȟ                                                            (32) 

ʛʜʝ ὲᴆ- ʝʜʠʥʠʯʥʘʷ ʥʦʨʤʘʣʴ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʚ ʩʨʝʜʫ I ʩʥʘʨʫʞʠ.  
ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (32) ʥʘʟʳʚʘʶʪʩʷ ʪʘʢʞʝ ʠʤʧʝʜʘʥʩʥʳʤʠ. 
ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ. 
ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʜʦʣʴ ʢʘʢʠʭ-ʣʠʙʦ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʕʥʝʨʛʠʷ ʚʦʣʥʳ ʩʦʩʨʝ-

ʜʦʪʦʯʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ.ʊʘʢʠʝ ʚʦʜʥʳ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʪʦʥʢʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ 
ʩʣʦʝ ʠ ʝʛʦ ʦʢʨʝʩʪʥʦʩʪʠ, ʝʩʣʠ ʩʣʦʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʣʠʙʦ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ, ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʚʜʦʣʴ ʨʘʟʣʠʯʥʳʭ ʠʤʧʝʜʘʥʩʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʜʘʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʝ ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ 
ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʜʝʣʘ ʩʨʝʜ. ʇʦʵʪʦʤʫ, ʤʝʥʷʷ ʧʘʨʘʤʝʪ-
ʨʳ ʩʨʝʜ, ʤʦʞʥʦ ʤʝʥʷʪʴ ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʦʣʥʳ, ʜʦʙʠʚʘʷʩʴ ʩʦʚʧʘʜʝʥʠʷ ʝʝ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ ʟʘʨʷ-
ʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʵʣʝʢʪʨʦʥʦʚ). ʊʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʤʘʛ-
ʥʠʪʥʳʭ ʚʦʣʥ ʩ ʧʦʪʦʢʘʤʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʛʝʥʝʨʘʪʦʨʘʭ ʠ ʫʩʠʣʠʪʝʣʷʭ ʉɺʏ - ʣʘʤ-
ʧʘʭ ʙʝʛʫʱʝʡ ʚʦʣʥʳ,ʦʙʨʘʪʥʝʡ ʚʦʣʥʳ ʠ ʜʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʣʥʳ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʩʪʝʡʰʝʡ ʩʪʨʫʢʪʫʨʳ ʚʙʣʠʟʠ ʠʤʧʝʜʘʥʩʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ. 

ʇʦʩʪʘʥʦʚʢʘ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 
ʇʫʩʪʴ ʚ ʠʜʝʘʣʴʥʦʤ ʜʠʵʣʝʢʪʨʠʢʝ ʚʜʦʣʴ ʠʤʧʝʜʘʥʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʣʦʩʢʘʷ ʚʦʣ-

ʥʘ. ʇʘʨʘʤʝʪʨʳ ʩʨʝʜʳ:ʈȟʈȟʎȟȟʀ 0. ʉʪʦʨʦʥʥʠʝ ʠʩʪʦʯʥʠʢʠ ʦʪʩʫʪʩʪʚʫʶʪ: *ᴆ̒̍ π. ʇʫʩʪʴ ʚʦʣʥʘ ʨʘʩʧʨʦ-
ʩʪʨʘʥʷʝʪʩʷ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ Z, ʘ ʠʤʧʝʜʘʥʩʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ ʧʣʦʩʢʦʩʪʴʶ ʍ0Z (ʨʠʩ. 5). 
ʀʤʧʝʜʘʥʩ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ S ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ Z . 
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ʉʡʪ. 5. ʉʙʪʨʩʧʪʫʩʙʦʞʦʡʞ ʨʤʧʪʣʧʢ ʛʧʤʦʴ ʛ ʡʝʞʙʤʵʦʧʥ  
ʝʡʶʤʞʣʫʩʡʣʞ ʛʝʧʤʵ ʡʥʨʞʝʙʦʪʦʧʢ ʨʧʛʞʩʮʦʧʪʫʡ. 

 
ʇʫʩʪʴ ʠʟʚʝʩʪʥʳ ʧʨʠʟʥʘʢʠ ʚʦʣʥʳ: 

Ὄ Ὄ πȠ

Ὄ ὟώὩ ȟ
                                                               (33) 

ʛʜʝ Ὗώ- ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ; ‎- ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʦʜʣʝʞʘʱʘʷ ʦʧʨʝʜʝʣʝʥʠʶ. 

ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ:Ὗώȟ‎ȟὉȢᴆ   
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ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʦʣʥʦʚʳʤ ʫʨʘʚʥʝʥʠʝʤ ʜʣʷ ʚʝʢʪʦʨʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ Ὄᴆ: 

​Ὄᴆ ὯὌᴆ πȟ 
ʢʦʪʦʨʦʝ ʚʚʠʜʫ ʫʩʣʦʚʠʡ (33) ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʚʠʜʝ 

ὯὌ πȢ                                                     (34) 

ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ Ὄ  ʠʟ (33), ʧʦʩʣʝ ʧʨʦʩʪʳʭ ʚʳʢʣʘʜʦʢ ʧʨʠʭʦʜʠʤ ʢ ʫʨʘʚʥʝʥʠʶ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʠ Ὗώ: 

 

Ὧ ‎ Ὗώ πȢ                                              (35) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ  

Ὗώ ὅὩ ὅὩ ȟ                                         (36) 

ʛʜʝ ὅ ʠ ὅ - ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʧʨʠ 

 2 ‎ Ὧ π Ȣ                                                            (37) 

ʦʧʨʝʜʝʣʷʝʪ ʚʦʣʥʫ, ʵʥʝʨʛʠʷ ʢʦʪʦʨʦʡ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʥʘʨʘʩʪʘʝʪ ʧʨʠ ώᴼЊȢ ʂʘʢ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʝʝ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʤʳ ʝʛʦ ʦʪʙʨʘʩʳʚʘʝʤ, ʧʦʣʘʛʘʷ ὅ πȢ ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʧʨʠ ʫʩʣʦʚʠʠ (37) 
ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʫʙʳʚʘʝʪ ʧʨʠ ώᴼЊ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʝ. 

ʀʪʘʢ, ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (34) ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʷ 

Ὄ ὅὩ ϽὩ Ȣ                                                     (38) 
ʉʦʩʪʘʚʣʷʶʱʠʝ ʚʝʢʪʦʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘʡʜʝʥ ʠʟ ʧʝʨʚʦʛʦ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ: 

Ὁ ὶέὸὌᴆȢ                                                               (39) 

ʉ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ (33) ʧʦʣʫʯʘʝʤ: 

Ὁ Ͻ Ƞ  Ὁ Ͻ Ƞ Ὁ πȢ                               (40) 

ʠʣʠ ʧʦʩʣʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ: 

Ὁ πȠ Ὁ Ͻ ὅὩ ϽὩ Ƞ

Ὁ Ͻ ὅὩ ϽὩ Ȣ
                                          (41) 

ʂʘʢ ʚʠʜʠʤ, ʚʦʣʥʘ (41) ʠʤʝʝʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʦʣʷ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ Ὁ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʚʦʣʥʦʡ ʪʠʧʘ E. 
ʇʦʩʪʦʷʥʥʫʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ‎ʥʘʭʦʜʠʤ ʠʟ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʑʫʢʠʥʘ-ʃʝʦʥʪʦʚʠʯʘ (32). ɼʣʷ 

ʥʘʰʝʡ ʟʘʜʘʯʠ ʧʝʨʝʧʠʰʝʤ ʠʭ ʚ ʧʨʦʝʢʮʠʷʭ: 

Ὁ :Ὄ  ̐̑ ̉ώ πȢ                                                     (42) 
ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʝʡ, ʧʦʩʣʝ ʫʧʨʦʱʝʥʠʡ ʧʦʣʫʯʘʝʤ 

‎ Ὧ   ὭὤȢ                                                         (43)‐‫ 

ɼʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʥʘʰʝʜʰʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʜʠʦʪʝʭʥʠʢʝ, ʠʤʧʝʜʘʥʩ Z ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʨʝʘʢʪʠʚ-
ʥʳʤ: 

: ὭὢȢ                                                                      (44) 
ɽʩʣʠ ʤʳ ʧʦʜʩʪʘʚʠʤ (44) ʚ (43), ʪʦ ʫʚʠʜʠʤ, ʯʪʦ ʪʦʣʴʢʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ʚ (44) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʩʣʦʚʠʶ (37), ʪ.ʝ. ʫʩʣʦʚʠʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ. ʀʪʘʢ, ʧʨʠʭʦʜʠʤ ʢ ʚʘʞʥʦʤʫ ʚʳʚʦʜʫ, 
ʯʪʦ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ (38), (41), ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʜʦʣʴ ʠʤ-

ʧʝʜʘʥʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʤʧʝʜʘʥʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʜʫʢʪʠʚʥʳʤ ( 8 π). ɺ ʩʣʫʯʘʝ ʝʤʢʦʩʪ-
ʥʦʛʦ ʠʤʧʝʜʘʥʩʘ (8 π) ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɺʦʟʚʝʜʝʤ ʦʙʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (43) ʚ ʢʚʘʜʨʘʪ: 
‎ Ὧ ὢȢ                                                         (45)‐‫ 

ʆʪʩʶʜʘ ʧʦʩʪʦʷʥʥʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ‎ ʨʘʚʥʘ: 

‎ Ὧ ρ ὢ
ᾀ  ,                                                          (46) 
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ʛʜʝ ʯʝʨʝʟ ὤ ʤʳ ʦʙʦʟʥʘʯʠʣʠ ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʜʳ 

ὤ
‘
‐.  

ɼʣʷ ʚʘʢʫʫʤʘ ὤ ρςπ“  ʆʤ. 
ʉʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʣʥ 
1. ʀʟ ʚʳʨʘʞʝʥʠʡ (38), (41) ʚʠʜʥʦ, ʯʪʦ ʘʤʧʣʠʪʫʜʘ ʣʶʙʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʝʢʪʦʨʦʚ ʧʦʣʷ ʵʢʩʧʦʥʝʥ-

ʮʠʘʣʴʥʦ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʢʦʦʨʜʠʥʘʪʳ y, ʢʘʢ ÅØÐ-ὼώ. ʕʥʝʨʛʠʷ ʚʦʣʥʳ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʫ ʠʤʧʝ‐‫
ʜʘʥʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

2. ɺʦʣʥʘ ʜʚʠʞʝʪʩʷ ʚʜʦʣʴ ʠʤʧʝʜʘʥʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʴʶ 

Ὗ̕
ϳ

 
  ,                                                                      (47) 

ʪ.ʝ. ʩʦ ʩʢʦʨʦʩʪʴʶ, ʤʝʥʴʰʝ ʬʘʟʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʣʦʩʢʦʡ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʚ ʪʦʤ ʞʝ ʜʠ-

ʵʣʝʢʪʨʠʢʝ, ʥʦ ʙʝʟ ʛʨʘʥʠʮʳ ʨʘʟʜʝʣʘ ( ). ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʣʥʘ ʷʚʣʷʝʪʩʷ ʟʘʤʝʜʣʝʥʥʦʡ ʚʦʣʥʦʡ. ʊʘʢ ʢʘʢ 

ʧʦʩʪʦʷʥʥʘʷ ‎ ʟʘʚʠʩʠʪ ʦʪ ʠʥʜʫʢʪʠʚʥʦʛʦ ʠʤʧʝʜʘʥʩʘ X, ʪʦ,ʠʟʤʝʥʷʷ X, ʤʦʞʥʦ ʤʝʥʷʪʴ ʬʘʟʦʚʫʶ ʩʢʦʨʦʩʪʴ 
ʚʦʣʥʳ, ʜʦʙʠʚʘʷʩʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ (ʩʦʚʧʘʜʝʥʠʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʧʦ-
ʪʦʢʦʚ ). 

3. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʚʦʣʥʘ (38), (41) ʠʤʝʝʪ ʩʦʩʪʘʚʣʷʚʰʫʶ ʚʝʢʪʦʨʘ %ᴆ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ 
ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ. ʇʦʵʪʦʤʫ ʦʥʘ ʤʦʞʝʪ ʵʬʬʝʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ, ʜʚʠ-
ʞʫʱʠʤʠʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ. 

ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʚʦʣʥʳ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʠʣʠʪʝʣʷʭ ʠ ʛʝ-
ʥʝʨʘʪʦʨʘʭ ʉɺʏ-ʢʦʣʝʙʘʥʠʡ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 

 
1. ʃʝʚʠʥ ʃ. ʊʝʦʨʠʷ ʚʦʣʥʦʚʦʜʦʚ ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʚʦʣʥʦʚʦʜ. ʟʘʜʘʯ / ʃ. ʃʝʚʠʥ; ʇʝʨ. ʩ ʘʥʛʣ. ʧʦʜ 

ʨʝʜ. ɺʦʣʴʤʘʥʘ ɺ. ʀ.. ð ʄʦʩʢʚʘ : ʈʘʜʠʦ ʠ ʩʚʷʟʴ, 1981. ð 311 ʩ. 
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ǢǪǭǠǟǪǻǬǟǾ ǫǭǯǰǩǟǾ ǰǧǰǱǤǫǟ ǰǡǾǦǧ Ǯǯǧ 
ǠǤǣǰǱǡǧǧ EKBQQ ǩǟǩ ǼǪǤǫǤǬǱ 
ǭǠǤǰǮǤǶǤǬǧǾ ǠǤǦǭǮǟǰǬǭǰǱǧ 
ǫǭǯǤǮǪǟǡǟǬǧǾ 

ǤȂȍȏȍȁ ǤȂȍȏ ǰȄȏȂȄȄȁȇȖ, 
 ǲȏȐȍȁ ǡȊǿȃȇȐȊǿȁ ǣȄȌȇȐȍȁȇȖ 

ʩʪʫʜʝʥʪʳ 
ʄʦʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʘʜʤʠʨʘʣʘ ɻ. ʀ. ʅʝʚʝʣʴʩʢʦʛʦ 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ɻʣʦʙʘʣʴʥʘʷ ʤʦʨʩʢʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ ʧʨʠ ʙʝʜʩʪʚʠʠ ʠ ʜʣʷ ʦʙʝʩʧʝ-
ʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ - GMDSS (ɻʄʉʉɹ) - ʢʘʢ ʦʜʠʥ ʠʟ ʙʘʟʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʧʨʠʥʮʠʧʳ ʨʝʟʝʨʚʠʨʦ-
ʚʘʥʠʷ, ʤʦʨʩʢʠʝ ʨʘʡʦʥʳ ɸ1-ɸ4, ʥʘʟʥʘʯʝʥʠʝ ʮʠʬʨʦʚʦʛʦ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʚʳʟʦʚʘ, ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ, 
NAVTEX, ʘʚʘʨʠʡʥʳʭ ʨʘʜʠʦʙʫʝʚ EPIRB ʠ ʩʨʝʜʩʪʚ ʧʦʠʩʢʘ SART/AIS-SART. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
GMDSS ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʫʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ ʥʘʜʝʞ-
ʥʦʩʪʴʶ ʙʝʨʝʛʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ, ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʥʘʚʠʛʘ-
ʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʦʡ ʵʢʠʧʘʞʘ. ʆʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʩʠʩʪʝʤʳ 
ʚ ʩʥʠʞʝʥʠʝ ʪʷʞʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʡ ʘʚʘʨʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 
ʙʝʜʩʪʚʠʷ, ʧʦʣʫʯʝʥʠʝʤ ʜʦʩʪʦʚʝʨʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʠ ʥʘʯʘʣʦʤ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʭ 
ʜʝʡʩʪʚʠʡ. ʈʘʩʩʤʦʪʨʝʥʦ ʟʥʘʯʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ GMDSS ʠ ʦʙʥʦʚʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʛʣʘʚʳ IV SOLAS 
ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʤʦʨʩʢʦʡ ʘʚʘʨʠʡʥʦʡ ʩʚʷʟʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: GMDSS, ɻʄʉʉɹ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʤʦʨʝʧʣʘʚʘʥʠʷ, ʤʦʨʩʢʘʷ ʨʘʜʠʦʩʚʷʟʴ, ʙʝʜʩʪʚʠʝ, 
SOLAS, ʮʠʬʨʦʚʦʡ ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʚʳʟʦʚ, EPIRB, ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʘʷ ʦʧʝʨʘʮʠʷ, ʠʥʬʦʨʤʘʮʠʷ ʧʦ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʝ. 
 

GLOBAL MARITIME DISASTER COMMUNICATION SYSTEM GMDSS AS AN ELEMENT OF MARITIME 
SAFETY 

Egorov Egor Sergeevich, 
Ursov Vladislav Denisovich 

 
Abstract. The article examines the Global Maritime Distress and Safety System (GMDSS) as one of the key 
elements of the modern maritime safety system. Its functional architecture, redundancy principles, maritime 
areas A1ïA4, the purpose of digital selective calling, satellite communication, NAVTEX, EPIRB emergency 
beacons, and SART/AIS-SART search and rescue equipment are analysed. It has been shown that the effec-
tiveness of GMDSS is determined not only by the technical characteristics of the shipôs equipment, but also by 
the reliability of the shore infrastructure, the stability of the power supply, the accuracy of the initial navigation 
data, and the professional training of the crew. It has been substantiated that the systemôs main contribution to 
reducing the severity of accident consequences lies in reducing the time between the occurrence of a distress 
signal, the receipt of a reliable alert, and the start of organized search and rescue operations. The significance 
of modernizing GMDSS and the updated requirements of Chapter IV of SOLAS for the further development of 
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maritime emergency communication has been considered. 
Keywords: GMDSS, ɻʄʉʉɹ, maritime safety, maritime radio communication, distress, SOLAS, digital selec-
tive calling, EPIRB, search and rescue operation, maritime safety information. 

 
ɹʝʟʦʧʘʩʥʦʩʪʴ ʤʦʨʝʧʣʘʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʦʜʥʦʚʨʝʤʝʥʥʦ-

ʛʦ ʜʝʡʩʪʚʠʷ ʥʘʚʠʛʘʮʠʦʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ. ʉʦʚʝʨʰʝʥ-
ʩʪʚʦʚʘʥʠʝ ʩʨʝʜʩʪʚ ʩʫʜʦʚʦʞʜʝʥʠʷ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʘʚʘʨʠʠ, ʦʜʥʘʢʦ ʥʝ 
ʫʩʪʨʘʥʷʝʪ ʝʝ ʧʦʣʥʦʩʪʴʶ. ʉʪʦʣʢʥʦʚʝʥʠʝ, ʧʦʩʘʜʢʘ ʥʘ ʤʝʣʴ, ʧʦʞʘʨ, ʧʦʪʝʨʷ ʭʦʜʘ, ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʜʳ, ʧʦ-
ʚʨʝʞʜʝʥʠʝ ʢʦʨʧʫʩʘ, ʥʘʨʫʰʝʥʠʝ ʦʩʪʦʡʯʠʚʦʩʪʠ ʠʣʠ ʚʥʝʟʘʧʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʝʜʠʮʠʥʩʢʦʡ ʵʚʘʢʫʘʮʠʠ 
ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ ʨʝʡʩʘ. ʇʦʩʣʝ ʧʝʨʝʭʦʜʘ ʩʠʪʫʘʮʠʠ ʚ ʘʚʘʨʠʡʥʫʶ ʬʘʟʫ ʨʝʰʘʶʱʝʝ ʟʥʘ-
ʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʥʦʩʪʴ ʵʢʠʧʘʞʘ ʙʦʨʦʪʴʩʷ ʟʘ ʞʠʚʫʯʝʩʪʴ ʩʫʜʥʘ, ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟ 
ʧʨʦʤʝʜʣʝʥʠʷ ʧʝʨʝʜʘʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʝʜʩʪʚʠʠ, ʦʙʝʩʧʝʯʠʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪʦʧʦʣʦʞʝ-
ʥʠʷ ʩʫʜʥʘ ʠ ʦʨʛʘʥʠʟʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʙʝʨʝʛʦʚʳʤʠ ʩʧʘʩʘʪʝʣʴʥʳʤʠ ʩʣʫʞʙʘʤʠ. ʕʪʫ 
ʟʘʜʘʯʫ ʨʝʰʘʝʪ ɻʣʦʙʘʣʴʥʘʷ ʤʦʨʩʢʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʠ ʧʨʠ ʙʝʜʩʪʚʠʠ ʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ - 
Global Maritime Distress and Safety System (GMDSS). 

GMDSS ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʨʘʥʥʠʭ ʤʦʜʝʣʝʡ ʤʦʨʩʢʦʡ ʘʚʘʨʠʡʥʦʡ ʩʚʷʟʠ, ʚ ʢʦʪʦʨʳʭ 
ʫʩʧʝʭ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʝʣ ʦʪ ʜʘʣʴʥʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʨʘʜʠʦʩʪʘʥʮʠʠ, ʥʘʣʠʯʠʷ ʧʦʙʣʠ-
ʟʦʩʪʠ ʜʨʫʛʦʛʦ ʩʫʜʥʘ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʣʫʭʦʚʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʦʧʝʨʘʪʦʨʦʤ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʩʪʨʦ-
ʝʥʘ ʢʘʢ ʛʣʦʙʘʣʴʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʢʦʥʪʫʨ, ʦʙʲʝʜʠʥʷʶʱʠʡ ʩʫʜʦʚʳʝ ʨʘʜʠʦʩʨʝʜ-
ʩʪʚʘ, ʙʝʨʝʛʦʚʳʝ ʩʪʘʥʮʠʠ, ʩʧʫʪʥʠʢʦʚʳʝ ʩʣʫʞʙʳ, ʩʠʩʪʝʤʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ ʠ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. ɽʝ ʥʦʨʤʘʪʠʚʥʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʝʪ ʛʣʘʚʘ IV ʄʝʞʜʫʥʘ-
ʨʦʜʥʦʡ ʢʦʥʚʝʥʮʠʠ ʧʦ ʦʭʨʘʥʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ ʥʘ ʤʦʨʝ 1974 ʛ. (SOLAS-74). ʇʦʩʣʝ ʤʦʜʝʨʥʠʟʘʮʠʠ 
GMDSS ʦʙʥʦʚʣʝʥʥʳʝ ʧʦʣʦʞʝʥʠʷ ʛʣʘʚʳ IV ʧʨʠʤʝʥʷʶʪʩʷ ʩ 1 ʷʥʚʘʨʷ 2024 ʛ. ʇʨʠ ʵʪʦʤ ʩʦʭʨʘʥʝʥʳ ʙʘʟʦ-
ʚʳʝ ʧʨʠʥʮʠʧʳ ʩʠʩʪʝʤʳ: ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʘʚʘʨʠʡʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ ʩʧʦʩʦʙʦʚ ʩʚʷʟʠ, ʥʝ-
ʧʨʝʨʳʚʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʘʥʘʣʘʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʝ [1; 4]. 

ʉʦʜʝʨʞʘʥʠʝ ʪʨʝʙʦʚʘʥʠʡ SOLAS ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ GMDSS ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʢʘʢ ʩʨʝʜ-
ʩʪʚʦ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʙʝʜʩʪʚʠʷ. ʉʫʜʥʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʜʘʚʘʪʴ ʦʧʦʚʝʱʝʥʠʝ ʚ ʥʘʧʨʘʚ-
ʣʝʥʠʠ çʩʫʜʥʦ - ʙʝʨʝʛè ʥʝ ʤʝʥʝʝ ʯʝʤ ʜʚʫʤʷ ʥʝʟʘʚʠʩʠʤʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʨʘʟʣʠʯʥʳʝ 
ʩʣʫʞʙʳ ʨʘʜʠʦʩʚʷʟʠ; ʧʨʠʥʠʤʘʪʴ ʦʧʦʚʝʱʝʥʠʷ çʙʝʨʝʛ - ʩʫʜʥʦè; ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʙʤʝʥ ʘʚʘʨʠʡʥʦʡ ʠʥʬʦʨ-
ʤʘʮʠʝʡ ʤʝʞʜʫ ʩʫʜʘʤʠ; ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʚʷʟʴ ʠ ʩʚʷʟʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʨʘʡʦʥʝ ʧʦʠʩ-
ʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ; ʧʝʨʝʜʘʚʘʪʴ ʠ ʧʨʠʥʠʤʘʪʴ ʩʠʛʥʘʣʳ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ; ʧʦʣʫ-
ʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʝ, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʷʟʴ ʢʘʪʝʛʦʨʠʡ ʩʨʦʯʥʦʩʪʠ ʠ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ [1; 4]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, GMDSS ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝ-
ʥʠʷ ʧʨʦʠʩʰʝʩʪʚʠʷ - ʦʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙ ʦʧʘʩʥʳʭ ʬʘʢʪʦʨʘʭ ʠ ʧʝʨʚʠʯʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʜʦ ʣʦʢʘʣʠʟʘʮʠʠ 
ʪʝʨʧʷʱʠʭ ʙʝʜʩʪʚʠʝ ʣʶʜʝʡ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʧʘʩʘʪʝʣʴʥʳʤʠ ʩʠʣʘʤʠ. 

ʈʦʣʴ GMDSS ʥʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʯʝʨʝʟ ʚʨʝʤʝʥʥʦʡ ʬʘʢʪʦʨ. ʇʨʠ ʧʦʞʘʨʝ, ʙʳʩʪʨʦʤ 
ʟʘʪʦʧʣʝʥʠʠ ʠʣʠ ʧʦʪʝʨʝ ʦʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʦʷʥʠʝ ʩʫʜʥʘ ʩʧʦʩʦʙʥʦ ʫʭʫʜʰʘʪʴʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʢ ʤʝʩʪʫ ʘʚʘ-
ʨʠʠ ʤʦʛʫʪ ʧʨʠʙʳʪʴ ʚʥʝʰʥʠʝ ʩʠʣʳ. ʇʦʵʪʦʤʫ ʢʘʞʜʘʷ ʟʘʜʝʨʞʢʘ ʩ ʧʝʨʝʜʘʯʝʡ ʩʦʦʙʱʝʥʠʷ ʫʤʝʥʴʰʘʝʪ ʟʘʧʘʩ 
ʚʨʝʤʝʥʠ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʩʧʘʩʘʥʠʷ. ʆʙʱʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʧʨʝʜʩʪʘ-
ʚʠʪʴ ʢʘʢ Tʨ = Tʦ + Tʧ + Tʠ + Tʢ + Tʣ + Tʜ, ʛʜʝ Tʦ - ʚʨʝʤʷ ʦʙʥʘʨʫʞʝʥʠʷ ʦʧʘʩʥʦʡ ʩʠʪʫʘʮʠʠ ʵʢʠʧʘʞʝʤ; Tʧ - 
ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ ʦʧʦʚʝʱʝʥʠʷ; Tʠ - ʚʨʝʤʷ ʧʨʠʝʤʘ, ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 
ʩʦʦʙʱʝʥʠʷ; Tʢ - ʚʨʝʤʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ; Tʣ - ʚʨʝʤʷ ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ; Tʜ 
- ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʩʧʘʩʘʪʝʣʴʥʦʡ ʝʜʠʥʠʮʳ ʢ ʤʝʩʪʫ ʙʝʜʩʪʚʠʷ. GMDSS ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʧʨʝʞ-
ʜʝ ʚʩʝʛʦ Tʧ, Tʠ ʠ Tʣ, ʘ ʟʘ ʩʯʝʪ ʫʩʪʦʡʯʠʚʦʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʠ ʥʘ Tʢ. ɺ ʵʪʦʤ 
ʩʦʩʪʦʠʪ ʝʝ ʧʨʘʢʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʢʘʢ ʵʣʝʤʝʥʪʘ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ 
ʮʠʬʨʦʚʦʡ ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʚʳʟʦʚ - Digital Selective Calling (DSC, ʎʀɺ). ɺ ʆɺʏ-ʜʠʘʧʘʟʦʥʝ ʜʣʷ DSC ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʢʘʥʘʣ 70, ʪʦʛʜʘ ʢʘʢ ʧʦʩʣʝʜʫʶʱʘʷ ʨʘʜʠʦʪʝʣʝʬʦʥʥʘʷ ʩʚʷʟʴ ʧʨʠ ʙʝʜʩʪʚʠʠ ʚʝʜʝʪʩʷ, ʚ ʯʘʩʪʥʦ-
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ʩʪʠ, ʥʘ ʢʘʥʘʣʝ 16. ɼʣʷ ʩʨʝʜʥʝʚʦʣʥʦʚʦʡ ʩʚʷʟʠ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʯʘʩʪʦʪ ʮʠʬʨʦʚʦʛʦ ʚʳʟʦʚʘ ʷʚʣʷʝʪʩʷ 
2187,5 ʢɻʮ; ʚ ɺʏ-ʜʠʘʧʘʟʦʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʜʣʷ ʙʝʜʩʪʚʠʷ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʘʩʪʦʪʳ [1; 
5]. ʎʠʬʨʦʚʦʡ ʬʦʨʤʘʪ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ, ʚʢʣʶʯʘʶʱʝʝ ʠʜʝʥʪʠʬʠ-
ʢʘʮʠʦʥʥʳʝ ʩʚʝʜʝʥʠʷ ʠ ʧʨʠ ʢʦʨʨʝʢʪʥʦʤ ʩʦʧʨʷʞʝʥʠʠ ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʤ ʧʨʠʝʤʥʠʢʦʤ - ʧʦʟʠʮʠʶ ʩʫʜʥʘ. ʕʪʦ 
ʩʥʠʞʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʧʝʨʝʜʘʯʠ ʦʪ ʢʘʯʝʩʪʚʘ ʛʦʣʦʩʦʚʦʡ ʩʚʷʟʠ ʠ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 
ʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʚʳʧʦʣʥʠʪʴ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʚʨʝʤʝʥʠ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ, ʦʜʥʘʢʦ, ʥʝ ʫʩʪʨʘʥʷʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠ-
ʤʦ ʧʝʨʝʜʘʪʴ ʩʚʝʜʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʦʤʦʱʠ, ʯʠʩʣʝ ʣʶʜʝʡ ʥʘ ʙʦʨʪʫ ʠ ʩʦ-
ʩʪʦʷʥʠʠ ʩʫʜʥʘ. ʆʰʠʙʢʘ ʚ MMSI, ʥʝʘʢʪʫʘʣʴʥʘʷ ʧʦʟʠʮʠʷ, ʥʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʢʘʪʝʛʦʨʠʠ ʚʳʟʦʚʘ ʠʣʠ ʦʪ-
ʩʫʪʩʪʚʠʝ ʫ ʦʧʝʨʘʪʦʨʘ ʫʩʪʦʡʯʠʚʦʛʦ ʥʘʚʳʢʘ ʨʘʙʦʪʳ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩʧʦʩʦʙʥʳ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʪʝʭʥʠʯʝʩʢʠ ʠʩʧʨʘʚʥʦʡ ʩʠʩʪʝʤʳ. ɺ ʘʚʘʨʠʡʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʜʝʡʩʪʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʧʩʠʭʦʣʦʛʠ-
ʯʝʩʢʦʡ ʥʘʛʨʫʟʢʝ, ʚʦʟʤʦʞʥʦʤ ʢʨʝʥʝ, ʟʘʜʳʤʣʝʥʠʠ ʠ ʦʪʢʘʟʝ ʯʘʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʧʦʜʛʦʪʦʚʢʘ ʦʧʝ-
ʨʘʪʦʨʦʚ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʟʥʘʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ, ʥʦ ʠ ʧʦʥʠʤʘʥʠʝ ʣʦʛʠʢʠ ʚʳ-
ʙʦʨʘ ʦʩʥʦʚʥʦʛʦ ʠ ʨʝʟʝʨʚʥʦʛʦ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ, ʜʝʡʩʪʚʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʧʨʘʚʠʣ ʦʪʤʝʥʳ 
ʣʦʞʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʠ ʧʦʨʷʜʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʨʝʥʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʣʝ ʦʩʪʘʚʣʝʥʠʷ ʩʫʜʥʘ [2]. 

ʂʣʶʯʝʚʳʤ ʧʨʠʥʮʠʧʦʤ GMDSS ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʝʟʝʨʚʠʨʦʚʘʥʠʝ. ʊʨʝʙʦʚʘʥʠʝ ʠʤʝʪʴ ʥʝ 
ʤʝʥʝʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʷ çʩʫʜʥʦ - ʙʝʨʝʛè ʫʯʠʪʳʚʘʝʪ ʩʘʤ ʭʘʨʘʢʪʝʨ ʤʦʨ-
ʩʢʦʡ ʘʚʘʨʠʠ: ʧʦʞʘʨ ʤʦʞʝʪ ʧʦʚʨʝʜʠʪʴ ʢʘʙʝʣʴʥʫʶ ʩʝʪʴ ʠ ʘʥʪʝʥʥʳ, ʟʘʪʦʧʣʝʥʠʝ - ʚʳʚʝʩʪʠ ʠʟ ʩʪʨʦʷ ʦʪ-
ʜʝʣʴʥʦʝ ʧʦʤʝʱʝʥʠʝ, ʘ ʦʪʢʘʟ ʛʝʥʝʨʘʪʦʨʦʚ - ʣʠʰʠʪʴ ʩʫʜʥʦ ʦʩʥʦʚʥʦʛʦ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. ʇʦʵʪʦʤʫ ʥʘʜʝʞ-
ʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʩʢʦʣʴʢʠʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʨʘʜʠʦʫʩʪʘʥʦ-
ʚʦʢ, ʘʥʪʝʥʥ, ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʥʘʚʠʛʘʮʠʦʥʥʳʭ ʜʘʪʯʠʢʦʚ. 
ɽʜʠʥʠʯʥʳʡ ʦʪʢʘʟ ʥʝ ʜʦʣʞʝʥ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʣʥʦʡ ʧʦʪʝʨʝ ʬʫʥʢʮʠʠ ʘʚʘʨʠʡʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ [1; 4]. ʉ ʵʪʠʤ 
ʞʝ ʩʚʷʟʘʥʦ ʥʘʣʠʯʠʝ ʨʝʟʝʨʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞ-
ʥʳʭ ʬʫʥʢʮʠʡ ʩʚʷʟʠ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʩʫʜʥʘ. 

ʉʦʩʪʘʚ ʩʫʜʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʨʘʡʦʥʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. GMDSS ʠʩʧʦʣʴʟʫʝʪ ʜʝʣʝʥʠʝ ʥʘ 
ʤʦʨʩʢʠʝ ʨʘʡʦʥʳ ɸ1, ɸ2, ɸ3 ʠ ɸ4. ʈʘʡʦʥ ɸ1 ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʢʨʳʪʠʷ ʙʝʨʝʛʦʚʦʡ ʆɺʏ-ʩʪʘʥʮʠʠ, 
ʩʧʦʩʦʙʥʦʡ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʦʧʦʚʝʱʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ DSC. ʈʘʡʦʥ ɸ2 ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘ ʧʨʝ-
ʜʝʣʘʤʠ ɸ1, ʥʦ ʦʭʚʘʪʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʉʏ-ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʈʘʡʦʥ ɸ3 ʨʘʩʧʦʣʦʞʝʥ ʟʘ ʧʨʝʜʝ-
ʣʘʤʠ ɸ1 ʠ ɸ2, ʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʜʝʡʩʪʚʠʷ ʧʨʠʟʥʘʥʥʦʡ ʤʦʙʠʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʣʫʞʙʳ, ʧʦʜʜʝʨʞʠʚʘ-
ʝʤʦʡ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʩʫʜʥʝ ʟʝʤʥʦʡ ʩʪʘʥʮʠʝʡ. ʈʘʡʦʥ ɸ4 ʚʢʣʶʯʘʝʪ ʘʢʚʘʪʦʨʠʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʫʢʘʟʘʥʥʳʭ 
ʨʘʡʦʥʦʚ [1; 4]. ʊʘʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʦʪʨʘʞʘʝʪ ʥʝ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʝ ʜʝʣʝʥʠʝ ʤʦʨʷ, ʘ ʨʝʘʣʴʥʫʶ ʜʦ-
ʩʪʫʧʥʦʩʪʴ ʢʘʥʘʣʦʚ ʩʚʷʟʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʛʣʫʙʠʥʫ ʨʝʟʝʨʚʠʨʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʥʘʠʙʦ-
ʣʝʝ ʫʜʘʣʝʥʥʦʡ ʯʘʩʪʠ ʤʘʨʰʨʫʪʘ. 

ɺ ʦʢʝʘʥʩʢʦʤ ʧʣʘʚʘʥʠʠ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʩʧʫʪʥʠʢʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ GMDSS. ʆʥʘ 
ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʘʚʘʨʠʡʥʳʝ ʩʦʦʙʱʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʘʣʴʥʦʩʪʠ ʧʨʷʤʦʡ ʆɺʏ-ʩʚʷʟʠ ʩ ʙʝʨʝʛʦʤ ʠ 
ʪʝʤ ʩʘʤʳʤ ʫʩʪʨʘʥʷʝʪ ʦʜʥʦ ʠʟ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘʟʝʤʥʳʭ ʨʘʜʠʦʩʨʝʜʩʪʚ. ʄʦʜʝʨʥʠʟʘʮʠʷ 
ʩʠʩʪʝʤʳ ʟʘʢʨʝʧʠʣʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʙʦʣʝʝ ʥʝʡʪʨʘʣʴʥʳʡ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʥʷʪʠʠ ʧʨʠʟʥʘʥʥʦʡ 
ʤʦʙʠʣʴʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʣʫʞʙʳ. ɼʣʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʵʪʦ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ: ʥʦʨʤʘʪʠʚʥʦʝ 
ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʥʝ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʩʣʫʞʙʳ ʦʙʝʩʧʝʯʠʪʴ 
ʪʨʝʙʫʝʤʳʡ ʫʨʦʚʝʥʴ ʜʦʩʪʫʧʥʦʩʪʠ, ʧʨʠʦʨʠʪʝʪ ʘʚʘʨʠʡʥʳʭ ʩʦʦʙʱʝʥʠʡ ʠ ʫʩʪʦʡʯʠʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦ-
ʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ [4]. 

ʉʠʩʪʝʤʘ ʘʚʘʨʠʡʥʦʛʦ ʦʧʦʚʝʱʝʥʠʷ ʜʦʧʦʣʥʷʝʪʩʷ ʘʚʘʨʠʡʥʳʤʠ ʨʘʜʠʦʙʫʷʤʠ ʫʢʘʟʘʥʠʷ ʤʝʩʪʘ ʙʝʜ-
ʩʪʚʠʷ - Emergency Position-Indicating Radio Beacon (EPIRB). ʀʭ ʨʦʣʴ ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʘ ʧʨʠ ʩʪʨʝʤʠʪʝʣʴ-
ʥʦʤ ʨʘʟʚʠʪʠʠ ʘʚʘʨʠʠ, ʢʦʛʜʘ ʦʩʥʦʚʥʘʷ ʨʘʜʠʦʫʩʪʘʥʦʚʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʫʧʥʦʡ ʣʠʙʦ ʩʫʜʥʦ ʦʩʪʘʚʣʷʝʪ-
ʩʷ ʵʢʠʧʘʞʝʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʜʠʦʙʫʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʠ 
ʘʢʪʠʚʘʮʠʠ ʧʨʠ ʟʘʪʦʧʣʝʥʠʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʟʘʚʠʩʠʤʳʡ ʢʘʥʘʣ ʩʠʛʥʘʣʠʟʘʮʠʠ ʦ ʙʝʜ-
ʩʪʚʠʠ, ʩʦʭʨʘʥʷʶʱʠʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʣʝ ʧʦʪʝʨʠ ʦʩʥʦʚʥʦʡ ʩʫʜʦʚʦʡ ʩʚʷʟʠ. ɺ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ 
ʨʫʢʦʚʦʜʩʪʚʝ IMO EPIRB ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʯʘʩʪʴ ʦʙʱʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʚʤʝʩʪʝ ʩ 
DSC, ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʠʩʢʘ [5]. ɽʛʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʧʝʨʝʜʘ-
ʯʝ ʬʘʢʪʘ ʙʝʜʩʪʚʠʷ, ʥʦ ʠ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʜʘʣʴʥʝʡʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ. 
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ʅʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʪʘʜʠʠ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʠʩʢʦʚʦ-
ʩʧʘʩʘʪʝʣʴʥʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʦʪʚʝʪʯʠʢʠ SART ʠ ʫʩʪʨʦʡʩʪʚʘ AIS-SART. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʘʚʘʨʠʡʥʦʝ 
ʩʦʦʙʱʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʡʦʥ ʧʨʦʠʩʰʝʩʪʚʠʷ, ʦʜʥʘʢʦ ʧʦʩʣʝ ʦʩʪʘʚʣʝʥʠʷ ʩʫʜʥʘ ʩʧʘʩʘʪʝʣʴʥʳʡ 
ʧʣʦʪ ʤʦʞʝʪ ʩʤʝʱʘʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ ʠ ʪʝʯʝʥʠʷ, ʘ ʝʛʦ ʚʠʟʫʘʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʦʩʣʦʞʥʷʝʪʩʷ 
ʚʦʣʥʝʥʠʝʤ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʠʜʠʤʦʩʪʴʶ. ʉʨʝʜʩʪʚʘ ʣʦʢʘʣʴʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʫʤʝʥʴʰʘʶʪ ʵʪʫ ʥʝʦʧʨʝʜʝ-
ʣʝʥʥʦʩʪʴ ʠ ʧʦʟʚʦʣʷʶʪ ʩʧʘʩʘʪʝʣʴʥʦʡ ʝʜʠʥʠʮʝ ʚʳʡʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʦʙʲʝʢʪʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟ-
ʥʳʝ ʢʦʤʧʦʥʝʥʪʳ GMDSS ʨʘʙʦʪʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ: ʜʘʣʴʥʷʷ ʩʚʷʟʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʚʣʝʯʝʥʠʝ ʧʦʤʦ-
ʱʠ, EPIRB ʩʦʭʨʘʥʷʝʪ ʘʚʘʨʠʡʥʳʡ ʩʠʛʥʘʣ ʧʨʠ ʧʦʪʝʨʝ ʦʩʥʦʚʥʦʡ ʩʚʷʟʠ, ʘ SART ʠʣʠ AIS-SART ʦʙʝʩʧʝʯʠ-
ʚʘʶʪ ʣʦʢʘʣʠʟʘʮʠʶ ʩʧʘʩʘʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʧʦʠʩʢʘ. 

ʇʨʝʜʫʧʨʝʜʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ GMDSS ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʧʦʣʫʯʝʥʠʝ Maritime Safety Information - 
ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʝ. NAVTEX ʠ ʩʧʫʪʥʠʢʦʚʳʝ ʩʨʝʜʩʪʚʘ ʜʦʚʦʜʷʪ ʜʦ ʩʫʜʦʚ ʥʘʚʠʛʘʮʠʦʥ-
ʥʳʝ ʠ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ, ʧʨʦʛʥʦʟʳ ʠ ʠʥʳʝ ʩʦʦʙʱʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ 
ʧʝʨʝʭʦʜʘ [1; 2]. ʉʚʦʝʚʨʝʤʝʥʥʦʝ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʰʪʦʨʤʝ, ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʨʝʜʩʪʚʘ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʠ ʨʝʞʠʤʘ ʧʣʘʚʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʡʦʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʘʥʝʝ 
ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʤʘʨʰʨʫʪ ʠ ʨʝʞʠʤ ʜʚʠʞʝʥʠʷ. ʇʦʵʪʦʤʫ GMDSS ʜʝʡʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʩʣʝ ʘʚʘʨʠʠ. ʆʥʘ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʢʣʶʯʝʥʘ ʚ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ ʨʠʩʢʦʤ ʠ ʚ ʩʠʩʪʝʤʫ ʨʝʘʛʠʨʦʚʘʥʠʷ ʥʘ 
ʫʞʝ ʧʨʦʠʟʦʰʝʜʰʝʝ ʙʝʜʩʪʚʠʝ. 

ʌʘʢʪʠʯʝʩʢʘʷ ʥʘʜʝʞʥʦʩʪʴ GMDSS ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʫʜʦʚʳʤ ʩʝʛʤʝʥʪʦʤ. ʉʠʩʪʝʤʘ ʠʤʝʝʪ 
ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʚʢʣʶʯʘʶʱʫʶ ʙʝʨʝʛʦʚʳʝ ʩʪʘʥʮʠʠ, ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʩʧʫʪʥʠʢʦʚʳʝ 
ʩʣʫʞʙʳ ʠ ʩʧʘʩʘʪʝʣʴʥʦ-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʮʝʥʪʨʳ. ɼʣʷ ʨʘʡʦʥʘ ɸ2 ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʙʝʨʝʛʦʚʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʨʝʜʩʪʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ɺ. ɺ. ɻʨʦʤʦʟ-
ʜʠʥʘ, ɺ. ɺ. ʂʘʨʝʪʥʠʢʦʚʘ, ɺ. ʀ. ʂʦʚʘʣʝʥʢʦ ʠ ʉ. ɺ. ʈʫʜʳʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʙʦʯʥʳʝ ʠʟʣʫʯʝʥʠʷ ʠ ʚʟʘʠʤ-
ʥʦʝ ʚʣʠʷʥʠʝ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ ʩʧʦʩʦʙʥʳ ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʧʦʤʝʭ ʠ ʫʭʫʜʰʘʪʴ ʯʫʚ-
ʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʪʨʘʢʪʘ [3]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʘʣʴʥʦʝ ʥʘʣʠʯʠʝ ʩʪʘʥʮʠʠ ʝʱʝ ʥʝ ʦʟʥʘʯʘʝʪ 
ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʜʘʣʴʥʦʩʪʠ: ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʝʘʣʴʥʫʶ ʵʣʝʢʪʨʦʤʘʛ-
ʥʠʪʥʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʩʦʩʪʦʷʥʠʝ ʘʥʪʝʥʥ ʠ ʨʝʟʝʨʚʥʦʛʦ ʧʠʪʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʨʝʛʫʣʷʨʥʳʝ ʪʝʭʥʠʯʝ-
ʩʢʠʝ ʠʩʧʳʪʘʥʠʷ. 

ʀʟ ʵʪʦʛʦ ʚʳʪʝʢʘʝʪ ʚʘʞʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʚʳʚʦʜ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ GMDSS ʥʝʣʴʟʷ ʦʮʝʥʠʚʘʪʴ ʧʦ ʢʦ-
ʣʠʯʝʩʪʚʫ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʅʘʜʝʞʥʦʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʯʝʪʳʨʝʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʫʨʦʚ-
ʥʷʭ. ʊʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʩʧʨʘʚʥʦʩʪʴʶ, ʨʝʟʝʨʚʠʨʦʚʘʥʠʝʤ ʠ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝʤ; ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʡ - ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ MMSI, ʢʦʦʨʜʠʥʘʪ ʠ ʩʦʜʝʨʞʘʥʠʷ ʩʦʦʙʱʝʥʠʷ; ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ - ʛʦ-
ʪʦʚʥʦʩʪʴʶ ʙʝʨʝʛʦʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʩʧʘʩʘʪʝʣʴʥʦ-ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʮʝʥʪʨʦʚ; ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ - 
ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʢʠʧʘʞʘ ʧʨʘʚʠʣʴʥʦ ʜʝʡʩʪʚʦʚʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʘʚʘʨʠʠ. ʉʣʘʙʦʩʪʴ ʣʶʙʦʛʦ ʠʟ ʫʨʦʚʥʝʡ ʩʧʦ-
ʩʦʙʥʘ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʨʝʘʛʠʨʦʚʘʥʠʷ, ʜʘʞʝ ʝʩʣʠ ʦʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʬʦʨʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝ-
ʙʦʚʘʥʠʷʤ. 

ɼʣʷ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʤʦʨʩʢʠʭ ʨʘʡʦʥʦʚ ʟʥʘʯʝʥʠʝ GMDSS ʦʩʦʙʝʥʥʦ ʚʝʣʠʢʦ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʤʦʨ-
ʩʢʠʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʫʜʘʣʝʥʠʝ ʯʘʩʪʠ ʤʘʨʰʨʫʪʦʚ ʦʪ ʢʨʫʧʥʳʭ ʧʦʨʪʦʚ, ʩʣʦʞʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦ-
ʚʠʷ ʠ ʚʳʭʦʜ ʩʫʜʦʚ ʚ ʦʪʢʨʳʪʳʝ ʨʘʡʦʥʳ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʧʦʚʳʰʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʣʴʥʝʡ ʠ 
ʩʧʫʪʥʠʢʦʚʦʡ ʩʚʷʟʠ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʘʚʘʨʠʡʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘʧʨʷʤʫʶ ʩʚʷ-
ʟʘʥʘ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ʫʩʧʝʰʥʦʛʦ ʩʧʘʩʘʥʠʷ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʦʨʩʢʦʛʦ ʪʨʘʥʩ-
ʧʦʨʪʘ ʜʦʣʞʥʘ ʨʘʩʩʤʘʪʨʠʚʘʪʴ GMDSS ʥʝ ʢʘʢ ʠʟʦʣʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʨʘʜʠʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʢʘʢ ʯʘʩʪʴ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ ʩʫʜʦʚʦʜʠʪʝʣʷ ʠ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʤʦʨʩʢʦʡ ʦʪʨʘʩʣʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʝʡ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʠ ʠʥʪʝ-
ʛʨʘʮʠʝʡ ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʠ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ ʢʦʦʨʜʠʥʘʪ ʠ 
ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʥʦ ʦʜʥʦʚʨʝʤʝʥ-
ʥʦ ʧʦʚʳʰʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʦʨʨʝʢʪʥʦʩʪʠ ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʧʨʘʚʥʦʩʪʠ ʤʝʞʩʠʩʪʝʤʥʳʭ ʠʥʪʝʨ-
ʬʝʡʩʦʚ. ʇʦʵʪʦʤʫ ʨʦʩʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʝ ʦʪʤʝʥʷʝʪ ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʵʢʠʧʘʞʘ, ʘ ʤʝʥʷʝʪ ʝʛʦ ʩʦʜʝʨ-
ʞʘʥʠʝ. ʇʨʦʚʝʨʢʝ ʧʦʜʣʝʞʠʪ ʥʝ ʪʦʣʴʢʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʨʘʜʠʦʩʪʘʥʮʠʠ, ʥʦ ʠ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤʠ-
ʨʦʚʘʥʠʷ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʚ, ʥʘʣʠʯʠʝ ʘʢʪʫʘʣʴʥʦʡ ʧʦʟʠʮʠʠ, ʩʦʧʨʷʞʝʥʠʝ ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʠ 
ʛʦʪʦʚʥʦʩʪʴ ʨʝʟʝʨʚʥʳʭ ʩʨʝʜʩʪʚ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, GMDSS ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʫʨʦʚʥʝʚʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-
ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʙʘʨʴʝʨ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʨʠʩʢʘ. ɼʦ ʚʦʟ-
ʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʠ ʩʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʤʦʨʝ; ʧʨʠ ʧʦʷʚ-
ʣʝʥʠʠ ʫʛʨʦʟʳ - ʩʚʷʟʴ ʢʘʪʝʛʦʨʠʡ ʩʨʦʯʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ; ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʙʝʜʩʪʚʠʷ - ʘʚʪʦʤʘʪʠʟʠʨʦ-
ʚʘʥʥʦʝ ʦʧʦʚʝʱʝʥʠʝ ʠ ʧʝʨʝʜʘʯʫ ʢʦʦʨʜʠʥʘʪ; ʚ ʭʦʜʝ ʧʦʠʩʢʦʚʦ-ʩʧʘʩʘʪʝʣʴʥʦʡ ʦʧʝʨʘʮʠʠ - ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ 
ʩʚʷʟʴ ʠ ʣʦʢʘʣʠʟʘʮʠʶ ʦʙʲʝʢʪʘ. ɽʝ ʩʠʩʪʝʤʥʳʡ ʵʬʬʝʢʪ ʚʦʟʥʠʢʘʝʪ ʙʣʘʛʦʜʘʨʷ ʥʝ ʦʪʜʝʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ, ʘ 
ʩʦʛʣʘʩʦʚʘʥʥʦʡ ʨʘʙʦʪʝ ʩʫʜʦʚʳʭ, ʙʝʨʝʛʦʚʳʭ ʠ ʩʧʫʪʥʠʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ GMDSS ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ ʥʝʧʨʝ-
ʨʳʚʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʚ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʥʪʝʨ-
ʚʘʣ ʤʝʞʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʙʝʜʩʪʚʠʷ ʠ ʥʘʯʘʣʦʤ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʧʘʩʘʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ. ʀʤʝʥʥʦ ʚʨʝ-
ʤʝʥʥʦʡ ʬʘʢʪʦʨ ʩʚʷʟʳʚʘʝʪ ʪʝʭʥʠʯʝʩʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʩʚʷʟʠ ʩ ʢʦʥʝʯʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ - ʚʝ-
ʨʦʷʪʥʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ GMDSS ʜʦʣʞʥʦ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 
ʧʦʚʳʰʝʥʠʝʤ ʥʘʜʝʞʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚʳʭ ʠ ʙʝʨʝʛʦʚʳʭ ʢʘʥʘʣʦʚ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 
ʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʠʥʪʝʛʨʘʮʠʝʡ ʩ ʥʘʚʠʛʘʮʠʦʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʢʦʥʪʨʦʣʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 
ʧʝʨʝʜʘʚʘʝʤʳʭ ʜʘʥʥʳʭ ʠ ʨʘʟʚʠʪʠʝʤ ʧʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʦʧʝʨʘʪʦʨʦʚ. ʇʨʠ ʪʘʢʦʤ ʧʦʜ-
ʭʦʜʝ GMDSS ʚʳʩʪʫʧʘʝʪ ʥʝ ʬʦʨʤʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʢʦʥʚʝʥʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʦʜʥʠʤ ʠʟ ʬʫʥ-
ʜʘʤʝʥʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ. 
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ǫǤǱǭǣǧǩǟ ǮǭǰǱǯǭǤǬǧǾ ǭǠǲǶǟǽǸǧǴ 
ǫǭǣǲǪǤǨ Ǯǭ ǶǧǰǪǤǬǬǭǫǲ ǟǬǟǪǧǦǲ Ǭǟ 
ǠǟǦǤ ǡǺǰǭǩǭǲǯǭǡǬǤǢǭ ǾǦǺǩǟ HSJG? 

ǡǿȏȂǿȌȍȁǿ ǼȊțȁȇȏǿ ǯȍȋǿȌȍȁȌǿ 
ʩʪʫʜʝʥʪ 

ʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʈ.ɽ. ɸʣʝʢʩʝʝʚʘ,  
ɸʨʟʘʤʘʩʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʨʘʙʦʪʝ ʦʧʠʩʘʥ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʩʫʨʩʘ, ʢʦʪʦʨʳʡ ʧʨʝʜ-
ʥʘʟʥʘʯʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʨʝ-
ʘʣʠʟʦʚʘʥʥʳʭ ʥʘ ʷʟʳʢʝ Julia. ʇʨʠ ʩʦʟʜʘʥʠʠ ʠʥʪʝʨʬʝʡʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʝ ʚʝʙ-ʠʥʩʪʨʫʤʝʥʪʳ 
- HTML, CSS ʠ JavaScript, - ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʛʦʪʦʚʦʝ ʨʝʰʝʥʠʝ ʣʝʛʢʦ ʟʘʧʫʩʢʘʝʪʩʷ ʥʘ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ 
ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʡ ʫʩʪʘʥʦʚʢʠ. ɺ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ ʣʝʞʠʪ ʙʝʩʩʝʨʚʝʨʥʳʡ ʧʦʜʭʦʜ: ʚʝʩʴ ʫʯʝʙʥʳʡ ʢʦʥ-
ʪʝʥʪ ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ JSON-ʬʘʡʣʦʚ, ʯʪʦ ʫʧʨʦʱʘʝʪ ʝʛʦ ʧʦʜʜʝʨʞʢʫ ʠ ʠʟʤʝʥʝʥʠʝ. ʀʩ-
ʭʦʜʥʠʢʠ ʧʨʦʝʢʪʘ ʦʪʢʨʳʪʦ ʜʦʩʪʫʧʥʳ ʥʘ GitHub, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʶʙʦʤʫ ʞʝʣʘʶʱʝʤʫ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʢʦʜʦʤ 
ʠʣʠ ʜʦʨʘʙʦʪʘʪʴ ʝʛʦ ʧʦʜ ʩʚʦʠ ʥʫʞʜʳ. ʄʘʪʝʨʠʘʣ ʙʫʜʝʪ ʠʥʪʝʨʝʩʝʥ ʢʘʢ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 
ʩʠʩʪʝʤ, ʪʘʢ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʪʝʭʥʠʯʝʩʢʠʭ ʜʠʩʮʠʧʣʠʥ, ʢʦʪʦʨʳʝ ʠʱʫʪ ʫʜʦʙʥʳʝ ʮʠʬʨʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 
ʜʣʷ ʩʚʦʠʭ ʢʫʨʩʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʦʙʫʯʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʢʨʳʪʦʝ ʇʆ, ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʳʝ 
ʨʝʰʝʥʠʷ, ʷʟʳʢ Julia. 
 

METHODOLOGY FOR BUILDING TRAINING MODULES IN NUMERICAL ANALYSIS BASED ON THE 

HIGHȤLEVEL JULIA LANGUAGE 
Varganova Elvira Romanovna 

 
Abstract. The paper describes the process of developing an interactive electronic resource designed to solve 
applied computational tasks using numerical algorithms implemented in the Julia language. Standard web 
tools - HTML, CSS, and JavaScript - were used to create the interface, which makes the finished solution easy 
to run on different devices and does not require complex installation. The architecture is based on a serverless 
approach: all educational content is stored in the form of structured JSON files, which simplifies its mainte-
nance and modification. The projectôs source code is openly available on GitHub, which allows anyone to re-
view the code or modify it to suit their needs. The material will be of interest both to developers of educational 
systems and to teachers of technical disciplines who are looking for convenient digital tools for their courses. 
Keywords: Creating digital educational materials, openȤsource software, crossȤplatform solutions, the Julia 
language. 

 
ɻʛʞʝʞʦʡʞ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ, ʠ ʚʩʸ ʯʘʱʝ ʚʫʟʘʤ ʥʫʞʥʳ ʢʘʯʝʩʪʚʝʥ-

ʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʨʝʩʫʨʩʳ, ʢʦʪʦʨʳʝ ʥʝ ʦʪʩʪʘʚʘʣʠ ʙʳ ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʟʘʧʨʦʩʦʚ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘ-
ʪʝʣʝʡ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʝʥʥʦ ʮʝʥʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʙʝʩʧʣʘʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ - ʦʥʦ ʜʘʸʪ ʚʦʟ-
ʤʦʞʥʦʩʪʴ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʪʴ ʙʝʟ ʣʠʰʥʠʭ ʟʘʪʨʘʪ, ʠ ʦʪʢʨʳʪʦ ʦʙʤʝʥʠʚʘʪʴʩʷ ʢʦʜʦʤ ʩ ʢʦʣʣʝʛʘʤʠ. 

ʉʨʝʜʠ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚʳʜʝʣʷʝʪʩʷ ʷʟʳʢ Julia. ʆʥ ʧʦʷʚʠʣʩʷ ʚ 2009 ʛʦʜʫ ʚ ʩʪʝʥʘʭ MIT ʠ ʩʝʡʯʘʩ 
ʚʩʸ ʘʢʪʠʚʥʝʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʥʞʝʥʝʨʥʦʡ ʩʨʝʜʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʙʳʩʪʨʳʡ, ʢʘʢ C++, ʩ ʜʨʫʛʦʡ - ʧʦ 
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ʥʘʧʠʩʘʥʠʶ ʥʘʧʦʤʠʥʘʝʪ Python ʠ MATLAB, ʯʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ ʜʣʷ ʪʝʭ, ʢʪʦ ʧʨʠʚʳʢ ʢ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʤ 
ʷʟʳʢʘʤ. ʆʜʥʘʢʦ, ʢʘʯʝʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʫʩʩʢʦʤ, ʢʨʘʡʥʝ ʤʘʣʦ. ʗʟʳʢ 
ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʦʣʦʜʦʡ, ʠ ʥʘʡʪʠ ʧʦ ʥʝʤʫ ʵʬʬʝʢʪʠʚʥʳʝ ʫʯʝʙʥʠʢʠ ʠʣʠ ʨʫʢʦʚʦʜʩʪʚʘ ʢʨʘʡʥʝ ʥʝʧʨʦʩʪʦ. 

ɹʦʙʤʡʠ ʪʬʲʞʪʫʛʬʷʲʞʢ ʤʡʫʞʩʙʫʬʩʴ ʡ ʨʧʪʫʙʦʧʛʣʙ ʠʙʝʙʰʡ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʨʠʩʪʫʧʠʪʴ ʢ ʨʘʟʨʘ-
ʙʦʪʢʝ, ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ, ʠʤʝʶʱʠʝʩʷ ʤʘʪʝʨʠʘʣʳ ʥʘ ʨʳʥʢʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʪʬʦʨʤʫ Engee, ʢʦʪʦ-
ʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʸʪʳ ʩ ʧʦʤʦʱʴʶ Julia. ʆʜʥʘʢʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʘʤ 
ʜʘʥʳ ʜʦʚʦʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʥʦ ʠ ʥʝ ʟʘʪʦʯʝʥʳ ʧʦʜ ʨʝʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ.  

ʇʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ - ʩʜʝʣʘʪʴ ʩʚʦʸ ʧʦʩʦʙʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʟʘʢʨʳʚʘʪʴ ʵʪʫ ʧʦʪʨʝʙ-
ʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʨʝʩʫʨʩʘ ʥʘ ʷʟʳʢʝ Julia ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳè 
ʜʣʷ ʨʦʩʩʠʡʩʢʠʭ ɺʋɿʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʵʪʦ ʧʦʤʦʞʝʪ ʩʪʫʜʝʥʪʘʤ ʣʫʯʰʝ ʦʩʚʦʠʪʴ ʷʟʳʢ 
Julia ʙʝʟ ʩʣʦʞʥʦʩʪʝʡ ʩ ʷʟʳʢʦʚʳʤ ʙʘʨʴʝʨʦʤ. 

ʈʧʪʫʙʦʧʛʣʙ ʠʙʝʙʰʡ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʝʙ-ʧʦʩʦʙʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Julia, 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʩʪʫʜʝʥʪʦʚ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ɺʋɿʦʚ ʈʦʩʩʠʠ. 

ʇʦʩʦʙʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʦ ʧʦ ʪʝʤʘʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʘʤ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝ-
ʩʢʦʤʫ ʤʘʪʝʨʠʘʣʫ ɺʋɿʦʚ, ʩʦʜʝʨʞʘʪʴ ʪʝʢʩʪʦʚʦʝ ʦʧʠʩʘʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʠ ʧʨʠʤʝʨʳ ʣʠʩʪʠʥ-
ʛʦʚ ʢʦʜʘ. ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʩʚʦʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʪʝʩʪʳ ʧʨʦʚʝʨʢʠ ʫʩʚʦʝʥʠʷ 
ʟʥʘʥʠʡ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʘʢʪʠʢʫʤ. ʥʝʤʘʣʦ ʚʘʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʥʠʝ ʧʝʨʝʢʣʶʯʝʥʠʷ ʮʚʝʪʦʚʳʭ ʪʝʤ ʠ 
ʧʨʘʚʠʣʴʥʘʷ ʧʦʜʩʚʝʪʢʘ ʩʠʥʪʘʢʩʠʩʘ ʢʦʜʘ. 

ʕʆʈ ʜʦʣʞʥʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʩʨʝʜʝ ʚʝʙ-ʙʨʘʫʟʝʨʘ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʊʨʝʙʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʢʦʨʨʝʢʪʥʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ 
ʧʦʜ ʫʩʪʨʦʡʩʪʚʘ ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʵʢʨʘʥʘ. ʂʦʜʦʚʘʷ ʙʘʟʘ ʜʦʣʞʥʘ ʜʦʧʫʩʢʘʪʴ ʣʝʛʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʠ ʦʙ-
ʥʦʚʣʝʥʠʝ ʢʦʥʪʝʥʪʘ ʙʝʟ ʩʧʝʮʠʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʟʥʘʥʠʡ. 

ʋʞʮʦʡʰʞʪʣʡʞ ʪʩʞʝʪʫʛʙ ʩʙʠʩʙʚʧʫʣʡ. ʈʝʘʣʠʟʘʮʠʷ ʠʥʪʝʨʬʝʡʩʘ ʕʆʈ ʚʳʧʦʣʥʝʥʘ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠ-
ʯʝʩʢʦʡ ʩʚʷʟʢʠ ï HTML, CSS ʠ JavaScript. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʩʪʝʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʦʩʩʧʣʘʪʬʦʨ-
ʤʝʥʥʦʩʪʴ, ʢʦʨʨʝʢʪʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʚʳʭʦʜʦʤ ʚ ʠʥʪʝʨʥʝʪ, ʥʝ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʜʦʧʦʣ-
ʥʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʉʞʙʤʡʠʙʯʡʸ ʨʧʤʵʠʧʛʙʫʞʤʵʪʣʧʜʧ ʡʦʫʞʩʭʞʢʪʙ. ɺʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʜʘʧʪʠʚ-
ʥʦʡ ʚʝʨʩʪʢʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʠʚʝʜʝʥʠʝ ʢʦʥʪʝʥʪʘ ʚ ʢʦʨʨʝʢʪʥʦʤ ʚʠʟʫʘʣʴʥʦʤ ʦʬʦʨʤʣʝʥʠʠ ʜʣʷ ʵʢʨʘʥʦʚ 
ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ. ʈʝʘʣʠʟʦʚʘʥʦ ʧʝʨʝʢʣʶʯʝʥʠʝ ʜʚʫʭ ʮʚʝʪʦʚʳʭ ʪʝʤ ï ʩʚʝʪʣʦʡ ʠ ʪʝʤʥʦʡ, ʜʣʷ ʚʟʘʠʤʦ-
ʜʝʡʩʪʚʠʷ ʩ ʧʦʩʦʙʠʝʤ ʚ ʜʥʝʚʥʦʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ. ɼʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʙʠʙʣʠʦʪʝʢʘ MathJax, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʝʥʜʝʨʠʥʛ TEX-ʨʘʟʤʝʪʢʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʬʦʨ-
ʤʫʣ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʫʨʩʘ çʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳè. ʂʦʜ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʥʘʙʞʸʥ ʧʦʜʩʚʝʪʢʦʡ ʩʠʥʪʘʢʩʠʩʘ ʩ 
ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ Prism.js (ʨʠʩʫʥʦʢ 1), ʯʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʦʩʤʦʪʨʘ ʠ ʠʟʫʯʝʥʠʝ ʣʠ-
ʩʪʠʥʛʦʚ ʧʨʷʤʦ ʚ ʚʝʙ-ʨʝʩʫʨʩʝ. 

   

 
ʉʡʪ. 1. ʊʣʩʡʦʱʧʫ ʨʧʪʧʚʡʸ ʛ ʪʛʞʫʤʧʥ ʡ ʫʞʥʦʧʥ ʪʫʡʤʸʮ, ʦʙ ʩʙʠʦʴʮ ʬʪʫʩʧʢʪʫʛʙʮ 
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ʇʦʩʦʙʠʝ ʠʤʝʝʪ ʫʜʦʙʥʫʶ ʥʘʚʠʛʘʮʠʦʥʥʦʝ ʤʝʥʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʝʨʝʭʦʜ ʤʝʞʜʫ ʨʘʟʜʝʣʘʤʠ. ʊʝʩʪʦ-
ʚʳʝ ʟʘʜʘʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʜʣʷ ʢʘʞʜʦʡ ʪʝʤʳ ʢʫʨʩʘ, ʜʣʷ ʜʦʩʪʫʧʘ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤʘ ʨʝʛʠʩʪʨʘ-
ʮʠʷ, ʢʘʞʜʘʷ ʧʦʧʳʪʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ - ʪʘʡʤʝʨʘ, ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ ʬʠʢʩʠ-
ʨʫʶʪʩʷ ʚ ʚʠʜʝ ʠʪʦʛʦʚʦʡ ʦʮʝʥʢʠ (ʚ ʧʨʦʮʝʥʪʘʭ). ʇʨʘʢʪʠʯʝʩʢʠʡ ʨʘʟʜʝʣ ʚʢʣʶʯʘʝʪ ʧʨʠʤʝʨʳ ʘʣʛʦʨʠʪʤʦʚ, ʚ ʢʘ-
ʯʝʩʪʚʝ ʧʦʜʩʢʘʟʢʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʦʪʨʘʙʦʪʢʠ ʠ 20 ʚʘʨʠʘʥʪʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ.  

ʎʩʙʦʞʦʡʞ ʧʚʬʰʙʷʲʞʜʧ ʣʧʦʫʞʦʫʙ. ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʝʜʠʥʦʤ JSON. ʕʪʦ ʪʝʢʩʪʦ-
ʚʳʡ ʬʦʨʤʘʪ, ʚ ʢʦʪʦʨʦʤ ʠʥʬʦʨʤʘʮʠʷ ʦʨʛʘʥʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʘʨ çʢʣʶʯ: ʟʥʘʯʝʥʠʝè. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʦʙʣʘ-
ʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ: ʦʪʩʫʪʩʪʚʠʝ ʩʝʨʚʝʨʥʦʡ ʯʘʩʪʠ, ʯʪʦ ʠʩʢʣʶʯʘʝʪ ʦʰʠʙʢʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʧʨʦʩʪʦʪʘ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ - ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ 
ʨʘʟʜʝʣʘ ʠʣʠ ʪʝʤʳ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʦʛʨʘʤʤ-
ʥʦʛʦ ʢʦʜʘ.  

ɼʣʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʩʦʙʠʡ ʚ ʀʥʪʝʨʥʝʪʝ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ GitHub Pages, ʧʨʝʜʦ-
ʩʪʘʚʣʷʶʱʘʷ ʙʝʩʧʣʘʪʥʳʡ ʨʘʟʤʝʱʝʥʠʝ ʜʣʷ ʩʪʘʪʠʯʝʩʢʠʭ ʩʘʡʪʦʚ. 

ʋʞʥʙʫʡʰʞʪʣʧʞ ʪʧʝʞʩʟʙʦʡʞ ʨʧʪʧʚʡʢ. ɹʳʣ ʩʦʟʜʘʥ ʕʆʈ [3]. ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʧʦʩʦʙʠʷ 
ʧʨʠʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʘʪʠʯʝʩʢʠʤ ʧʣʘʥʦʤ ʢʫʨʩʘ çʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳè, ʯʠʪʘʝʤʦʛʦ ʩʪʫʜʝʥʪʘʤ 
ʥʘʰʝʛʦ ʠʥʩʪʠʪʫʪʘ.  

çʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʧʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ ʨʝʰʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠ-
ʨʦʚʘʥʠʷ Juliaè ʦʭʚʘʪʳʚʘʝʪ ʰʠʨʦʢʠʡ ʢʨʫʛ ʪʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ: ʪʝʦʨʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʯʠʩ-
ʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭʫʨʘʚʥʝʥʠʡ ʠ ʩʠʩʪʝʤ,ʘʧʧʨʦʢʩʠʤʘʮʠʷ, ʠʥʪʝʨʧʦʣʷʮʠʷ, 
ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʠʬʬʝ-
ʨʝʥʮʠʨʦʚʘʥʠʝ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʡ.  

ʀʙʣʤʷʰʞʦʡʞ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʩʦʟʜʘʥ ʮʠʬʨʦʚʦʡ ʨʝʩʫʨʩ ʧʦ ʢʫʨʩʫ çʏʠʩʣʝʥʥʳʝ 
ʤʝʪʦʜʳè ʥʘ Julia, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʩʪʘʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʘʨʭʠʪʝʢʪʫ-
ʨʘ, ʭʨʘʥʝʥʠʝ ʦʨʛʘʥʠʟʦʚʘʥʦ ʚ ʬʦʨʤʘʪʝ JSON, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʫʜʦʙʩʪʚʦ ʩʦ-
ʧʨʦʚʦʞʜʝʥʠʷ ʩʘʡʪʘ. ʇʦʩʦʙʠʝ ʨʘʟʤʝʱʝʥʦ ʚ ʦʪʢʨʳʪʦʤ ʨʝʧʦʟʠʪʦʨʠʠ ʩ ʧʦʤʦʱʴʶ GitHub Pages ʯʪʦ ʩʜʝʣʘ-
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʢʦʥʪʘʢʪʥʦʡ 
ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ. ʈʘʩʤʦʪʨʝʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʦʚ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʩʥʠʞʝʥʠʶ 
ʩʪʦʡʢʦʩʪʠ ʚʩʣʝʜʩʪʚʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʠ ʠʟʥʦʩʘ: ʤʘʩʩʦʧʝʨʝʥʦʩ,  ʮʠʢʣʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʠ 
ʫʜʘʨʥʦʝ ʩʤʷʪʠʝ. ʇʦʢʘʟʘʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʳ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ. ʇʨʠʚʝʜʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ 
ʤʘʨʢʠ ʵʣʝʢʪʨʦʜʦʚ. ʈʘʩʢʨʳʪʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʩʪʘʚʨʘʮʠʠ ʨʘʙʦʯʠʭ ʯʘʩʪʝʡ ʵʣʝʢʪʨʦʜʦʚ.  
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WAYS TO INCREASE THE DURABILITY OF ELECTRODES FOR RESISTANCE SPOT WELDING 
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Abstract: The article discusses the issue of increasing the durability of electrodes for resistance spot welding. 
The specific working conditions of the electrodes, which lead to a decrease in durability due to plastic 
deformation and wear, are considered: mass transfer, cyclic heating and impact crumpling. Constructive 
measures to increase durability are shown. Modern brands of electrodes are given. The main directions of 
restoration of the working parts of the electric. 
Keywords: resistance spot welding; durability; working part; electrode; restoration; bronze alloys, service life 
extension. 

 
ʂʦʥʪʘʢʪʥʘʷ ʪʦʯʝʯʥʘʷ ʩʚʘʨʢʘ ʥʘʰʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ, ʨʘʢʝʪʥʦ-

ʢʦʩʤʠʯʝʩʢʦʡ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʢʦʣʦ 
ʜʦ 40% ʚʩʝʭ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʣʝʢʪʨʦʜʳ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʷʚʣʷʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ, ʚʳʩʦʢʦʤʫ ʢʘʯʝʩʪʚʫ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʦʪʥʦ-
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ʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʵʥʝʨʛʦʸʤʢʦʩʪʠ. ʆʜʥʘʢʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʘʯʝʩʪʚʘ ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ ʚ ʟʥʘʯʠ-
ʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʳʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʜʘʯʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʫʩʠʣʠʷ, ʧʦʜʚʦʜ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʢ ʩʚʘʨʠʚʘʝʤʳʤ ʜʝʪʘʣʷʤ 
ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʪʝʧʣʦʦʪʚʦʜʘ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ [1-8]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʝʮʠʬʠ-
ʢʦʡ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ. ʊʘʢ, ʯʝʨʝʟ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʦʭʦʜʷʪ ʪʦʢʠ ʧʣʦʪʥʦʩʪʴʶ ʜʦ 400 ɸ/ʤʤ2. ɺ ʟʦʥʝ 
ʢʦʥʪʘʢʪʘ ʩ ʜʝʪʘʣʴʶ ʧʨʦʠʩʭʦʜʠʪ ʮʠʢʣʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʵʣʝʢʪʨʦʜʘ ʜʦ 400-700ʉ. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʛʦ ʪʝʤ-
ʧʘ ʩʚʘʨʢʠ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʩʦʪʥʠ ʨʘʟ ʟʘ ʩʤʝʥʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʘʣʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʈʘ-
ʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʫʜʘʨʥʦʤʫ ʩʤʷʪʠʶ ʩ ʜʘʚʣʝʥʠʝʤ ʜʦ 250 ʄʇʘ ʠ ʙʦʣʝʝ ʟʘ 0,1é1 ʩ, ʯʪʦ 
ʚʳʟʳʚʘʝʪ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ ʠ ʠʟʥʦʩ ʵʣʝʢʪʨʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʤʝʨʝ ʨʘʙʦʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʵʣʝʢʪʨʦʜʘ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʩʚʘʨʠʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. ʄʘʩʩʦʧʝʨʝʥʦʩ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʩʦ-
ʧʨʦʪʠʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʨʠʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ, ʚʳʟʳʚʘʝʪ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʫʩʠʣʝʥʠʝ ʠ ʨʘʩʪʨʝʩʢʠʚʘ-
ʥʠʝ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ.1) [9-14]. 

 

 
ʉʡʪ. 1. ʖʩʧʠʡʸ ʨʧʛʞʩʮʦʧʪʫʡ ʶʤʞʣʫʩʧʝʙ 

 
ʕʨʦʟʠʷ ʠ ʜʝʬʦʨʤʘʮʠʷ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʩʚʘʨʢʠ. ʋʚʝʣʠʯʝʥʠʝ 

ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʩʥʠʞʘʝʪ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʦʚʘʨʫ. ʠʥʪʝʥʩʠʚʥʳʡ ʤʘʩʩʦʧʝʨʝʥʦʩ 
ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʚʳʧʣʝʩʢ, ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʦʪʧʝʯʘʪʢʘ ʚʳʰʝ ʥʦʨʤʠʨʦʚʘʥʥʦʡ 
ʠʣʠ ʧʨʠʣʠʧʘʥʠʝ ʜʝʪʘʣʠ ʢ ʵʣʝʢʪʨʦʜʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʨʳʚʦʤ (ʨʠʩ. 2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʝʥʠʝ 
ʩʪʦʡʢʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [1, 2, 14-16]. 

 

 
ʉʡʪ. 2. ʎʙʩʙʣʫʞʩʦʴʞ ʝʞʭʞʣʫʴ ʪʛʙʩʦʴʮ ʫʧʰʞʣ ʨʩʡ ʣʧʦʫʙʣʫʦʧʢ ʪʛʙʩʣʡ 

 
ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʨʘʤʠ ʧʦʚʳʰʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʩʚʘʨ-

ʢʠ, ʥʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ (ʟʘʯʠʩʪʢʘ ʠ ʧʝʨʝ-
ʪʦʯʢʘ) ʨʘʙʦʯʝʡ ʯʘʩʪʠ. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʘʥʥʳʭ ʤʝʨ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ: ʧʨʠ ʢʨʫʧʥʦʩʝʨʠʡ-
ʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʤʘʣʦʛʦ ʟʘʧʘʩʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʥʘ ʧʝʨʝʪʦʯʢʫ, ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʜʘʥʠʷ çʞʝʩʪʢʦʛʦè ʨʝ-
ʞʠʤʘ ʩʚʘʨʢʠ [1-5]. ʇʦʵʪʦʤʫ ʥʘʰʣʠ ʨʘʟʚʠʪʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʨʳ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʙʦʪʳ 
ʵʣʝʢʪʨʦʜʦʚ: ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʧʨʠʤʝʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ 
ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʨʝʩʪʘʚʨʘʮʠʠ ʠʟʥʦʰʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʟʘʜʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, 
ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ. ɺ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʘʞʥʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 
ʩʠʩʪʝʤʳ ʚʥʫʪʨʝʥʥʝʛʦ ʦʭʣʘʞʜʝʥʠʷ ʠ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʝʡ ʯʘʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-
ʤʷ ʧʨʠʤʝʥʷʶʪʩʷ ʵʣʝʢʪʨʦʜʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ: ʩ ʮʝʣʴʥʦʡ ʠʣʠ ʩʦʩʪʘʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʩ ʧʨʷʤʦʡ ʠʣʠ 
ʩʤʝʥʥʦʡ ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ, ʩʦ ʚʥʫʪʨʝʥʥʠʤ ʚʦʜʷʥʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, 
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ʢʦʥʩʪʨʫʢʮʠʷ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ ʩʦʩʪʦʠʪ ʠʟ ʨʘʙʦʯʝʡ, ʩʨʝʜʥʝʡ ʠ ʧʦʩʘʜʦʯʥʦʡ 
ʯʘʩʪʝʡ, ʦʙʳʯʥʦ ʚʥʫʪʨʠ ʚʳʧʦʣʥʷʶʪʩʷ ʢʘʥʘʣʳ ʦʭʣʘʞʜʝʥʠʷ; ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʩʝʩʠʤʤʝʪʨʠʯʥʘʷ ʮʠ-
ʣʠʥʜʨʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʵʣʝʢʪʨʦʜʦʚ. ʈʝʢʦʤʝʥʜʦʚʘʥʥʘʷ ʜʣʠʥʘ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʧʨʷʤʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʦʪ 
ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʢʘʥʘʣʘ ʦʭʣʘʞʜʝʥʠʷ) ʩʦʩʪʘʚʣʷʝʪ ʜʦ 20 ʤʤ. ʇʦʩʘʜʦʯʥʘʷ ʠ ʩʨʝʜʥʷʷ ʯʘʩʪʴ 
ʵʣʝʢʪʨʦʜʘ ʠʟʥʘʰʠʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʝ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʩʝʨʠʡʥʦʡ ʩʚʘʨʢʝ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 
ʵʣʝʢʪʨʦʜʘʭ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʤʝʥʳ ʜʨʫʛʠʤ ʪʠʧʦʨʘʟʤʝʨʦʤ [1-5]. 

ɺ ʮʝʣʷʭ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʤʝʥʷʶʪ ʵʣʝʢʪʨʦʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʨʧʫʩʘ ʠ ʩʤʝʥ-
ʥʳʭ ʚʩʪʘʚʦʢ ʩ ʢʨʝʧʣʝʥʠʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʥʫʩʘ ʠʣʠ ʨʝʟʴʙʳ (ʨʠʩ.3). ʂʘʥʘʣ ʦʭʣʘʞʜʝʥʠʷ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ 
ʩʢʚʦʟʴ ʪʝʣʦ ʵʣʝʢʪʨʦʜʘ ʜʦ ʩʤʝʥʥʦʡ ʯʘʩʪʠ, ʯʪʦ ʩʪʘʚʠʪ ʫʩʣʦʚʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʚ 
ʩʦʝʜʠʥʝʥʠʠ ʩʚʝʯʘ ï ʵʣʝʢʪʨʦʜ, ʥʦ ʠ ʵʣʝʢʪʨʦʜ ï ʩʤʝʥʥʘʷ ʨʘʙʦʯʘʷ ʯʘʩʪʴ. ɼʨʫʛʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʧʦʣʘʛʘ-
ʝʪ ʥʝʩʢʚʦʟʥʦʡ ʢʘʥʘʣ ʦʭʣʘʞʜʝʥʠʷ ʚ ʪʝʣʝ ʵʣʝʢʪʨʦʜʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʨʦʩʪʫʶ ʩʤʝʥʫ ʨʘʙʦʯʝʡ 
ʯʘʩʪʠ, ʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ [1-7]. 

 

 
ʉʡʪ. 3. ʋʡʨʧʛʴʞ ʣʧʦʪʫʩʬʣʯʡʡ ʶʤʞʣʫʩʧʝʧʛ ʪʧ ʪʥʞʦʦʧʢ ʩʙʚʧʰʞʢ ʰʙʪʫʵʷ: 

ʪʤʞʛʙ ð ʣʧʦʡʰʞʪʣʙʸ ʨʧʪʙʝʣʙ ʪʧ ʪʣʛʧʠʦʴʥ ʣʙʦʙʤʧʥ ʧʮʤʙʟʝʞʦʡʸ; ʨʧ ʯʞʦʫʩʬ ð ʩʞʠʵʚʧʛʙʸ ʨʧʪʙʝʣʙ ʪ 
ʦʞʪʣʛʧʠʦʴʥ ʣʙʦʙʤʧʥ ʧʮʤʙʟʝʞʦʡʸ; ʪʨʩʙʛʙ ð ʣʧʩʨʬʪ ʪ ʩʙʚʧʰʡʥʡ ʰʙʪʫʸʥʡ ʩʙʠʤʡʰʦʧʜʧ ʦʙʠʦʙʰʞʦʡʸ 

[1-2] 
 

ɼʣʷ ʧʨʦʜʣʝʥʠʷ ʩʣʫʞʙʳ ʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʦʩʪʘʚʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ 
ʯʘʩʪʴ ʵʣʝʢʪʨʦʜʦʜʝʨʞʘʪʝʣʷ ʩ ʚʥʫʪʨʝʥʥʠʤ ʢʦʥʫʩʦʤ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʦʜʘ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʦʪʜʝʣʴʥʦ 
(ʨʠʩ.4). ʕʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʜʦʜʝʨʞʘʪʝʣʷ ʩʦʝʜʠʥʷʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʟʴʙʳ [2-10]. 

 

 
ʉʡʪ. 4. ʊʧʪʫʙʛʦʧʢ ʶʤʞʣʫʩʧʝʧʝʞʩʟʙʫʞʤʵ [1-2] 

 
ʕʣʝʢʪʨʦʜʳ ʜʣʷ ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ ʩ ʤʦʣʠʙʜʝʥʦʚʳʤʠ ʠ ʚʦʣʴʬʨʘʤʦʚʳʤʠ ʚʩʪʘʚʢʘʤʠ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʚʘʨʢʠ ʪʦʥʢʠʭ, ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʜʝʪʘʣʝʡ, ʛʜʝ ʥʝʜʦʧʫʩʪʠʤʳ ʯʘʩʪʠ-
ʮʳ ʤʝʜʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʩʪʘʚʢʠ ʬʠʢʩʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʟʘʧʨʝʩʩʦʚʢʠ, ʧʨʠʧʦʷ, ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ. ʂʦʥ-
ʩʪʨʫʢʮʠʷ ʵʣʝʢʪʨʦʜʘ, ʛʜʝ ʪʫʛʦʧʣʘʚʢʘʷ ʚʩʪʘʚʢʘ ʦʙʨʘʟʫʝʪ ʝʜʠʥʫʶ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʢʦʨʧʫʩʦʤ ʠʣʠ 
ʜʘʞʝ ʟʘʥʠʤʘʝʪ ʚʩʶ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʝ ʚʳʩʪʫʧʘʷ ʟʘ ʧʨʝʜʝʣʳ ʢʦʨʧʫʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ 
ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚʩʪʘʚʦʢ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʪʝʧʣʦʦʪʚʦʜʘ ʚ ʢʦʨʧʫʩ ʵʣʝʢʪʨʦʜʘ (ʨʠʩ. 5) [12-19]. 
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ʉʡʪ. 5. ʉʙʚʧʰʙʸ ʰʙʪʫʵ ʶʤʞʣʫʩʧʝʙ: ʪʤʞʛʙ ð ʪ ʞʝʡʦʧʢ ʩʙʚʧʰʞʢ ʨʧʛʞʩʮʦʧʪʫʵʷ ʪ ʫʬʜʧʨʤʙʛʣʧʢ 
ʛʪʫʙʛʣʧʢ, ʨʧ ʯʞʦʫʩʬ ð ʪ ʣʧʥʨʧʠʡʯʡʧʦʦʴʥ ʨʧʣʩʴʫʡʞʥ Ni/TiB2; ʪʨʩʙʛʙ ðʪ ʛɹʪʫʬʨʙʷʲʞʢ 

ʫʬʜʧʨʤʙʛʣʧʢ ʛʪʫʙʛʣʧʢ 
 
ʉʪʦʡʢʦʩʪʴ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ 

ʪʝʨʤʠʯʝʩʢʦʡ (ʪʝʨʤʦʜʝʬʦʨʤʘʮʠʦʥʥʦʡ) ʦʙʨʘʙʦʪʢʦʡ. ʄʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʦʚ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʦʯʝʪʘʥʠʝ ʨʷ-
ʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʜʝʬʝʢʪʦʚ ʥʘ ʩʚʘʨʠʚʘʝʤʦʤ ʠʟʜʝ-
ʣʠʠ: ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ, ʪʚʝʨʜʦʩʪʴ, ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴ. ʇʨʠ ʢʦʥ-
ʪʘʢʪʥʦʡ ʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ ʚ ʦʙʲʝʤʝ ʵʣʝʢʪʨʦʜʘ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦ ʟʘʢʦ-
ʥʫ ɼʞʦʫʣʷ-ʃʝʥʮʘ: ʚʳʩʦʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʚʳʜʝʣʝʥʠʷ ʜʘʥʥʦʡ ʪʝʧʣʦʪʳ. 
ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʪʠʣʠʟʘʮʠʶ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʶʱʝʡʩʷ ʥʘ ʢʦʥʪʘʢʪʘʭ ʵʣʝʢʪʨʦʜ-
ʜʝʪʘʣʴ ʧʫʪʝʤ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʪʝʧʣʦʩʴʝʤʘ ʩ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ. 
ɺʳʩʦʢʠʝ ʪʚʝʨʜʦʩʪʴ ʠ ʞʘʨʦʧʨʦʯʥʦʩʪʴ ʟʘʤʝʜʣʷʶʪ ʧʨʦʮʝʩʩʳ ʨʘʟʫʧʨʦʯʥʝʥʠʷ ʠ ʜʝʬʦʨʤʘʮʠʠ ʨʘʙʦʯʝʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ. ɾʘʨʦʩʪʦʡʢʦʩʪʴ ʠ ʪʚʝʨʜʦʩʪʴ ʧʦʚʳʰʘʶʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʧʦʥʠʞʘʶʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʤʘʩʩʦʧʝ-
ʨʝʥʦʩʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʪʝʨʠʘʣ ʵʣʝʢʪʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝʤ: ʩʚʘʨʠʚʘʝʤʳʤ ʤʘʪʝʨʠʘ-
ʣʦʤ, ʩʦʯʝʪʘʥʠʝʤ ʪʦʣʱʠʥ ʠ ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ [1-10]. 

ʉʧʣʘʚʳ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʢʦʥʪʘʢʪʥʦʡ ʩʚʘʨʢʠ ʚ ʩʚʦʝʡ ʦʩʥʦʚʝ ʠʤʝʶʪ ʤʝʜʴ ʚʩʣʝʜʩʪʚʠʝ ʝʝ ʵʣʝʢʪʨʦ-
ʧʨʦʚʦʜʠʤʦʩʪʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʚʝʨʜʦʩʪʠ, ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʤʝʜʥʫʶ ʦʩʥʦʚʫ 
ʣʝʛʠʨʫʶʪ ʠ ʧʦʜʚʝʨʛʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʣʝʛʠʨʦʚʘʥʠʝ ʫʤʝʥʴʰʘʝʪ ʪʝʧʣʦ-
ʧʨʦʚʦʜʥʦʩʪʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ, ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ ʧʨʘʚʠʣʦ ʥʝ 
ʧʨʝʚʳʰʘʝʪ 1é2 ʧʨʦʮʝʥʪʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʞʘʨʦʧʨʦʯʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʥʠʢʝʣʴ, ʢʨʝʤʥʠʡ, ʞʝʣʝʟʦ. ɾʘʨʦ-
ʩʪʦʡʢʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʙʦʨʦʤ, ʙʝʨʠʣʠʝʤ, ʪʠʪʘʥʦʤ, ʘʣʶʤʠʥʠʝʤ, ʤʘʛʥʠʝʤ ʠ ʮʠʨʢʦʥʠʝʤ. ʉʝʨʝʙʨʦ ʠ ʤʘʛ-
ʥʠʡ ʫʚʝʣʠʯʠʚʘʶʪ ʩʪʦʡʢʦʩʪʴ ʧʨʠ ʩʚʘʨʢʝ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ [1, 2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʴʰʝʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʥʦ ʠ ʥʘʠʤʝʥʴʰʝʡ  ʪʚʝʨʜʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʭʦ-
ʣʦʜʥʦʪʷʥʫʪʘʷ ʤʝʜʴ M1: ʠʟ ʥʝʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ, ʥʘʧʨʠʤʝʨ, ʙʳʩʪʨʦʩʤʝʥʥʳʝ ʢʦʣʧʘʯʢʠ, ʢʦʪʦʨʳʝ ʧʝʨʠʦʜʠ-
ʯʝʩʢʠ ʤʝʥʷʶʪ ʠʣʠ ʦʙʪʘʯʠʚʘʶʪ ʠʟ-ʟʘ ʙʳʩʪʨʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʧʣʘʚʳ ʩ ʙʦʣʴ-
ʰʠʤ ʣʝʛʠʨʦʚʘʥʠʝʤ (ɹʨʂʜ1, ɹʨʉʨ) ʫʧʨʦʯʥʷʶʪʩʷ ʥʘʛʘʨʪʦʚʢʦʡ ʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʩʚʘʨʢʠ ʘʣʶʤʠʥʠʝʚʳʭ, 
ʤʘʛʥʠʝʚʳʭ, ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ. ɼʣʷ ʩʚʘʨʢʠ ʩʪʘʣʝʡ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʨʠʤʝʥʷʶʪ ʜʠʩʧʝʨʩʠʦʥʥʦ ʪʚʝʨ-
ʜʝʶʱʠʝ ʩʧʣʘʚʳ ʩ ʪʫʛʦʧʣʘʚʢʠʤ ʩʢʝʣʝʪʦʤ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ: ʄʮ5ɹ, ɹʨʍʂʜ, ɹʨʍʎʨ, ʄʎ2, ʄʎ4, ɹʨʅ ɹʊ. 
ʀʭ ʫʧʨʦʯʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʝʨʤʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ (ʟʘʢʘʣʢʦʡ, ʭʦʣʦʜʥʦʡ ʜʝʬʦʨʤʘʮʠʝʡ ʠ ʦʪ-
ʧʫʩʢʦʤ). ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʧʝʯʝʥʥʳʝ ʧʦʨʦʰʢʦʚʳʝ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʚʦʣʴʬʨʘʤʘ ʩ ʤʝʜʴʶ, ʢʘʨ-
ʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʩ ʤʝʜʴʶ, ʘ ʪʘʢʞʝ ʚʦʣʴʬʨʘʤ ʠ ʩʧʣʘʚʳ ʤʦʣʠʙʜʝʥʘ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʥʦʚʫʶ ʛʨʫʧʧʫ ʧʨʝʜ-
ʩʪʘʚʣʷʶʪ ʵʣʝʢʪʨʦʜʳ ʠʟ ʩʧʝʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʙʘʟʝ ʤʝʜʠ ʩ ʜʠʩʧʝʨʩʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʢʩʠʜʦʚ, 
ʠʭ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʧʳʣʝʥʠʝʤ ʨʘʩʧʣʘʚʘ, ʙʨʠʢʝʪʠ-
ʨʦʚʘʥʠʝʤ, ʩʧʝʢʘʥʠʝʤ (ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʜʦʨʦʜʘ) ʠ ʛʦʨʷʯʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ. ɼʘʥʥʳʝ ʵʣʝʢʪʨʦʜʳ ʧʨʠʤʝʥʷʶʪ 
ʙʝʟ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ: ʩʚʘʨʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʮʠʥʢʦʚʢʘ, ʘʣʶʤʠʥʠʡ, ʤʝʜʴ, ʨʘʟʥʦʨʦʜʥʳʝ ʩʧʣʘʚʳ), ʨʝʞʠ-
ʤʳ (ʤʷʛʢʠʡ, ʞʝʩʪʢʠʡ), ʥʘʣʠʯʠʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ [1-5, 19-23]. 

ʅʘʢʦʥʝʮ, ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʷʚʣʷʝʪ-
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ʩʷ ʠʭ ʨʝʩʪʘʚʨʘʮʠʷ ʧʦʩʣʝ ʠʟʥʦʩʘ. ʇʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʢʣʶʯʘʶʪ ʥʘʧʣʘʚʢʫ, ʧʣʘʟʤʝʥ-
ʥʦʝ ʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʝ ʣʝʛʠʨʦʚʘʥʠʝ. ʂʘʞʜʳʡ ʠʟ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 
ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʙʦʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥ-
ʥʦʛʦ ʵʣʝʢʪʨʦʜ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʧʣʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʝʩʧʝʯʠʚʘʶ-
ʱʠʝ ʤʝʥʳʰʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡ-
ʩʪʚʘ, ʧʨʠʙʣʠʞʘʷ ʠʭ ʢ ʩʚʦʡʩʪʚʘʤ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ. ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʣʝʢʪʨʦʜ ʪʝ-
ʩʪʠʨʫʶʪ ʧʨʦʩʪʘʥʦʚʢʦʡ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʙʥʳʭ ʪʦʯʝʢ [19-23]. 

ʊʝʭʥʦʣʦʛʠʷ ʥʘʧʣʘʚʢʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʫʛʦʚʳʭ ʩʚʘʨʢʠ ʥʝʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʣʝʜʥʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʚʦʣʦ-
ʢʫ ʠʣʠ ʧʨʫʪʢʠ ʠʟ ʤʝʜʥʳʭ ʩʧʣʘʚʦʚ. ʇʝʨʝʜ ʥʘʧʣʘʚʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ ʪʱʘʪʝʣʴʥʦ ʦʯʠʱʘʶʪ ʦʪ ʛʨʷ-
ʟʠ, ʤʘʩʣʘ, ʦʢʘʣʠʥʳ, ʨʞʘʚʯʠʥʳ, ʚʳʧʦʣʥʷʶʪ ʪʨʝʙʫʝʤʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. ʇʦʩʣʝ ʥʘʧʣʘʚʢʠ ʧʨʦʚʦʜʷʪ ʜʦ-
ʧʦʣʥʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ: ʪʝʨʤʠʯʝʩʢʫʶ (ʜʣʷ ʩʥʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 
ʤʝʪʘʣʣʘ) ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ (ʯʪʦʙʳ ʪʦʯʥʦ ʚʳʚʝʩʪʠ ʧʨʦʬʠʣʴ ʨʘʙʦʯʝʡ ʯʘʩʪʠ) [19-23]. 

ʊʝʭʥʦʣʦʛʠʷ ʧʣʘʟʤʝʥʥʦʛʦ ʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʦʚʦʡ 
ʵʥʝʨʛʠʠ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʦʨʦʰʢʦʚʳʡ ʩʧʣʘʚ ʨʘʩʧʣʘʚʣʷʝʪʩʷ ʚ ʟʦʥʝ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʠʣʠ 
ʵʥʝʨʛʠʝʡ ʛʘʟʦʚʦʛʦ ʧʣʘʤʝʥʠ, ʘ ʟʘʪʝʤ ʯʘʩʪʠʮʳ ʥʘʧʨʘʚʣʷʶʪʩʷ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ. 
ʏʘʩʪʦ ʥʘʥʦʩʷʪ ʧʦʜʩʣʦʡ ʠʟ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʧʦʨʦʰʢʘ. ʀʤʝʝʪʩʷ ʚʟʤʦʞʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʟ ʪʫʛʦ-
ʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʘʨʙʠʜʦʚ (ʭʨʦʤʘ, ʚʦʣʴʬʨʘʤʘ) [20-23]. 

ʊʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʛʦ ʣʝʛʠʨʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʧʦʜʘʯʝ ʠʤʧʫʣʴʩʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ 
ʘʥʦʜʦʤ (ʧʨʠʩʘʜʢʦʤ) ʠ ʢʘʪʦʜʦʤ (ʨʝʩʪʘʚʨʠʨʫʝʤʳʤ ʵʣʝʢʪʨʦʜʦʤ) ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠʩʢʨʦʚʦʛʦ ʨʘʟʨʷʜʘ, 
ʢʦʪʦʨʳʡ ʯʘʩʪʠʯʥʦ ʧʣʘʚʠʪ ʠ ʠʩʧʘʨʷʝʪ ʧʨʠʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʧʝʨʝʥʦʩʠʪʩʷ ʥʘ ʵʣʝʢʪʨʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʚʸʨʜʦʩʪʴʶ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. ʊʘʢʞʝ ʤʦʞʥʦ ʣʦ-
ʢʘʣʴʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʚ ʠʟʥʦʩ [20-23]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʡ ʠ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʦʚ ʢʦʥʪʘʢʪʥʦʡ ʪʦʯʝʯʥʦʡ 
ʩʚʘʨʢʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩʥʫʶ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, ʪʨʝʙʫʶʱʫʶ ʦʜʥʦʚʨʝʤʝʥ-
ʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʘʨʦʢ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷ-
ʪʠʡ ʠ ʤʝʪʦʜʦʚ ʨʝʩʪʘʚʨʘʮʠʠ. 

ɻʴʛʧʝʴ ʨʧ ʩʙʚʧʫʞ: 
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2. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʩʪʘʙʠʣʴʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʵʣʝʢʪʨʦʜʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʭʘʨʘʢ-

ʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ. 
3. ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʵʣʝʢʪʨʦʜʘ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʨʝʩʫʨʩ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. 
4. ʉʫʱʝʩʪʚʝʥʥʳʤ ʨʝʟʝʨʚʦʤ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʦʩʣʝ ʠʟʥʦʩʘ (ʥʘʧʣʘʚʢʘ, ʧʣʘʟʤʝʥʥʦʝ ʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ, ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʝ 
ʣʝʛʠʨʦʚʘʥʠʝ). 
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ǮǯǧǫǤǬǤǬǧǤ IOT-ǱǤǴǬǭǪǭǢǧǨ ǧ ǵǧǳǯǭǡǺǴ 
ǣǡǭǨǬǧǩǭǡ ǣǪǾ ǟǡǱǭǫǟǱǧǦǟǵǧǧ 
ǯǟǦǯǟǠǭǱǩǧ ǬǤǳǱǤǢǟǦǭǡǺǴ 
ǫǤǰǱǭǯǭǥǣǤǬǧǨ 

ǰǿȋȐȍȌȍȁ ǫǿȑȁȄȈ ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
ʙʘʢʘʣʘʚʨ 

ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ ʥʝʬʪʝʛʘʟʦʚʫʶ ʛʝʦʣʦʛʠʶ, ʚ ʯʘʩʪʥʦʩʪʠ, 
ʚʥʝʜʨʝʥʠʝ ʢʦʥʮʝʧʮʠʠ çʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡè (IoT) ʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʩʢʚʘʞʠʥ, ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝ-
ʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʵʢʩʧʣʫʘ-
ʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʝʦʣʦʛʠʷ, ʮʠʬʨʦʚʠʟʘʮʠʷ, IoT, ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ, ʥʝʬʪʝʛʘʟʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 
ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ. 
 
APPLICATION OF IoT TECHNOLOGIES AND DIGITAL TWINS IN AUTOMATING THE DEVELOPMENT OF 

OIL AND GAS FIELDS 
 

Samsonov Matvey Alexandrovich 
 

Abstract: The article examines the impact of digitalization on oil and gas geology, in particular, the implemen-
tation of the Internet of Things (IoT) concept and digital twins. The effectiveness of these technologies for 
monitoring well conditions, optimizing production processes, and preventing environmental risks is analyzed. It 
is shown that intelligent management systems significantly improve the profitability, environmental friendliness, 
and safety of geological exploration and field exploitation. 
Key words: geology, digitalization, Internet of Things, IoT, digital twins, oil and gas fields, automation, envi-
ronmental safety. 

 
ɻʛʞʝʞʦʡʞ 
ɺ XX ʚʝʢʝ ʨʦʣʴ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʝ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʘ, ʧʨʦʥʠʢʥʫʚ ʚʦ ʚʩʝ ʦʪ-

ʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʨʘʥʩʧʦʨʪʘ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [1, ʩ. 92]. ʅʝʬʪʴ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʧʦ-
ʧʨʝʞʥʝʤʫ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʠ ʚʘʞʥʝʡʰʠʤ ʩʳʨʴʝʤ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ [1, ʩ. 92]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʩʝʛʜʘ ʦʩʪʘʚʘ-
ʣʘʩʴ ʢʨʘʡʥʝ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʪʨʝʙʫʶʱʠʤ ʧʨʠʤʝʥʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠ-
ʯʝʩʢʠʭ ʤʝʪʦʜʦʚ [3, ʩ. 1]. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʪʨʘʩʣʴ ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ: ʥʘ 
ʩʤʝʥʫ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʧʨʠʭʦʜʠʪ ʤʘʩʰʪʘʙʥʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʩʢʦʨʠʪʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ [2, ʩ. 17]. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ 
ʪʦʛʦ, ʢʘʢ ʢʦʥʮʝʧʮʠʠ çʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡè (IoT), ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʪʨʘʥʩʬʦʨʤʠʨʫ-
ʶʪ ʧʦʜʭʦʜʳ ʢ ʦʩʚʦʝʥʠʶ ʥʝʜʨ. 
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ʉʙʠʝʞʤ 1: ʉʧʤʵ ʜʞʧʤʧʜʡʡ ʡ ʜʞʧʭʡʠʡʣʡ ʛ ʩʙʠʩʙʚʧʫʣʞ ʥʞʪʫʧʩʧʟʝʞʦʡʢ 
ɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘ ʚʳʩʪʫʧʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʜʠʩʮʠʧʣʠʥʘʤʠ ʧʨʠ ʨʘʟʚʝʜʢʝ ʫʛʣʝʚʦʜʦʨʦ-

ʜʦʚ [1, ʩ. 93]. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ɿʝʤʣʠ, 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʣʘʩʪʦʚ (ʪʘʢʠʭ ʢʘʢ ʧʦʨʠʩʪʦʩʪʴ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʥʘʩʳʱʝʥʥʦʩʪʴ) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʩʫʨʩʦʚ [3, ʩ. 1]. ʉʦʚʨʝʤʝʥʥʘʷ ʛʝʦʬʠʟʠʢʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʤʝʪʦʜʳ ʩʝʡʩʤʠʯʝʩʢʦʛʦ, ʛʨʘʚʠ-
ʪʘʮʠʦʥʥʦʛʦ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʧʦʜ-
ʟʝʤʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ [3, ʩ. 2]. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʞʝ ʘʥʘʣʠʟ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ ʩʦʩʪʘʚʝ ʛʦʨ-
ʥʳʭ ʧʦʨʦʜ ʠ ʠʭ ʵʚʦʣʶʮʠʠ [4, ʩ. 35]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʥʘʜʝʞʥʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ 
ʥʝʬʪʝʛʘʟʦʚʳʤ ʩʝʢʪʦʨʦʤ ʮʝʣʝʡ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʦʙʲʝʤʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚʥʝʜʨʝ-
ʥʠʝ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʢʘʟʘʥʥʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [1, ʩ. 93]. ʀʤʝʥʥʦ ʟʜʝʩʴ ʥʘ 
ʧʦʤʦʱʴ ʧʨʠʭʦʜʷʪ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʉʙʠʝʞʤ 2: ʁʦʫʞʜʩʙʯʡʸ ʁʦʫʞʩʦʞʫʙ ʛʞʲʞʢ (IoT) ʡ ʚʧʤʵʱʡʮ ʝʙʦʦʴʮ 
ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʭʦʜʦʤ ʢ çʫʤʥʳʤè ʥʝʬʪʝʛʘʟʦʚʳʤ ʪʝʭ-

ʥʦʣʦʛʠʷʤ [3, ʩ. 2]. ʕʪʦ ʩʠʩʪʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚ-
ʣʝʥʠʝ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʩʝʭ ʵʪʘʧʦʚ ʨʘʙʦʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [3, ʩ. 3]. 

ʂʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 
Å ʁʦʫʞʩʦʞʫ ʛʞʲʞʢ (IoT): ʉʝʥʩʦʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ IoT ʚʥʝʜʨʷʶʪʩʷ ʥʘ ʵʪʘʧʘʭ ʙʫʨʝʥʠʷ, ʜʦʙʳʯʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. ʆʥʠ ʥʝʧʨʝʨʳʚʥʦ ʩʦʙʠʨʘʶʪ ʜʘʥʥʳʝ ʦ ʜʘʚʣʝʥʠʠ, ʪʝʤʧʝʨʘʪʫʨʝ, ʫʨʦʚʥʝ ʞʠʜʢʦʩʪʠ ʠ ʩʦ-
ʩʪʦʷʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ [3, ʩ. 3]. 

Å ʇʚʤʙʰʦʴʞ ʫʞʮʦʧʤʧʜʡʡ ʡ Big Data: ʊʝʣʝʤʝʪʨʠʷ ʩ IoT-ʫʩʪʨʦʡʩʪʚ ʧʝʨʝʜʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʳʝ 
ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʛʨʦʤʥʳʝ ʦʙʲʝʤʳ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ 
ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʫʧ ʢ ʥʠʤ ʠʟ ʣʶʙʦʡ ʪʦʯʢʠ ʤʠʨʘ [2, ʩ. 18; 3, ʩ. 3]. 

Å ʅʙʱʡʦʦʧʞ ʧʚʬʰʞʦʡʞ (ML): ɸʣʛʦʨʠʪʤʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʘʚʪʦ-
ʤʘʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʨʦʜ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ ʠ ʘʥʘʣʠʟʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦ-
ʚʘʥʠʷ ʣʦʢʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ [2, ʩ. 18]. 

ʉʙʠʝʞʤ 3: ʏʡʭʩʧʛʴʞ ʝʛʧʢʦʡʣʡ ʡ ʙʛʫʧʥʙʫʡʠʙʯʡʸ ʨʩʧʯʞʪʪʧʛ 
ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ çʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚè (Digital 

Twins) ʤʝʩʪʦʨʦʞʜʝʥʠʡ [3, ʩ. 4]. ʕʪʦ ʚʠʨʪʫʘʣʴʥʳʝ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʠʤʠʪʠʨʫʶʱʠʝ ʨʘʙʦʪʫ 
ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʠʩʪʝʤ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʧʣʘʥʠʨʦʚʘʪʴ ʜʦʙʳʯʥʳʝ ʨʘʙʦʪʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʴʶ, ʦʧʪʠ-
ʤʠʟʠʨʦʚʘʪʴ ʠʟʚʣʝʯʝʥʠʝ ʨʝʩʫʨʩʦʚ ʠ ʩʥʠʞʘʪʴ ʨʠʩʢʠ ʟʘ ʩʯʝʪ ʩʠʤʫʣʷʮʠʠ ʩʮʝʥʘʨʠʝʚ ʨʘʟʨʘʙʦʪʢʠ [2, ʩ. 18]. 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʮʠʬʨʦʚʦʛʦ 
ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

 
ʋʙʚʤʡʯʙ 1  

ʊʩʙʛʦʞʦʡʞ ʨʧʝʮʧʝʧʛ ʣ ʜʞʧʤʧʜʡʰʞʪʣʧʢ ʩʙʠʩʙʚʧʫʣʞ 

ʈʙʩʙʥʞʫʩ ʋʩʙʝʡʯʡʧʦʦʴʢ ʨʧʝʮʧʝ ʏʡʭʩʧʛʧʢ ʨʧʝʮʧʝ (Data-Driven) 

ʉʙʦʨ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʃʦʢʘʣʴʥʳʡ, ʨʫʯʥʦʡ ʢʘʨʦʪʘʞ, 
ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʟʘʤʝʨʳ 

ʅʝʧʨʝʨʳʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʯʝʨʝʟ IoT-
ʜʘʪʯʠʢʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ [2, ʩ. 18; 
3, ʩ. 4] 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʣʘʩʪʘ ʉʪʘʪʠʯʝʩʢʠʝ 2D ʠ 3D ʢʘʨʪʳ ɼʠʥʘʤʠʯʝʩʢʠʝ ʮʠʬʨʦʚʳʝ ʜʚʦʡʥʠʢʠ 
(Digital Twins) [3, ʩ. 4] 

ʂʦʥʪʨʦʣʴ ʙʫʨʝʥʠʷ ʋʧʨʘʚʣʝʥʠʝ ʦʧʝʨʘʪʦʨʦʤ ʥʘ 
ʤʝʩʪʝ 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʙʫʨʦʚʳʝ ʫʩʪʘ-
ʥʦʚʢʠ [3, ʩ. 4] 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʧʦʚʳʰʘʝʪ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʥʘ ʧʨʦʭʦʜʢʫ ʩʢʚʘʞʠʥ, ʤʠʥʠʤʠʟʠʨʫʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ 
ʚʘʞʥʦ ʧʨʠ ʨʘʙʦʪʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ [3, ʩ. 4]. 

ʉʙʠʝʞʤ 4: ʖʣʧʤʧʜʡʰʞʪʣʙʸ ʬʪʫʧʢʰʡʛʧʪʫʵ ʡ ʚʞʠʧʨʙʪʦʧʪʫʵ 
ʕʢʦʣʦʛʠʷ ʠ ʛʝʦʣʦʛʠʷ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ, ʪʘʢ ʢʘʢ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʘ ʠ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝ-
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ʤʳʭ ʥʝʠʟʙʝʞʥʦ ʦʢʘʟʳʚʘʶʪ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʙʠʦʩʬʝʨʫ ʠ ʣʠʪʦʩʬʝʨʫ [4, ʩ. 35]. ɼʦʙʳʯʘ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʜʝʛʨʘʜʘʮʠʠ ʣʘʥʜʰʘʬʪʦʚ, ʧʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʘʷ ʧʘʨʘʜʠʛʤʘ ʪʨʝʙʫʝʪ ʚʥʝʜʨʝʥʠʷ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ 
ʨʘʟʚʠʪʠʷ [4, ʩ. 36]. 

çʋʤʥʳʝè ʪʝʭʥʦʣʦʛʠʠ ʠʛʨʘʶʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫ-
ʞʘʶʱʫʶ ʩʨʝʜʫ [3, ʩ. 5]. ʎʠʬʨʦʚʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʦʟʤʦʞʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 
ʫʛʨʦʟʳ, ʪʘʢʠʝ ʢʘʢ ʫʪʝʯʢʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [3, ʩ. 5]. ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʦʙʝʩʧʝʯʠʚʘ-
ʶʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʘʚʘʨʠʠ ʜʦ ʠʭ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʜʝʣʘʷ ʦʪʨʘʩʣʴ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʡ [3, ʩ. 5]. 

ʀʙʣʤʷʰʞʦʡʞ 
ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʙʦʣʴʰʠʝ ʜʘʥʥʳʝ ʠ ʮʠʬʨʦʚʳʝ 

ʜʚʦʡʥʠʢʠ, ʢʘʨʜʠʥʘʣʴʥʦ ʤʝʥʷʶʪ ʣʠʮʦ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ [2, ʩ. 18; 3, ʩ. 5]. ɺʥʝʜʨʝʥʠʝ ʵʪʠʭ ʨʝʰʝʥʠʡ 
ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʤʠʥʠ-
ʤʠʟʠʨʦʚʘʪʴ ʨʠʩʢʠ ʘʚʘʨʠʡ [3, ʩ. 5]. ʈʘʟʚʠʪʠʝ ʫʤʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʵʢʦ-
ʥʦʤʠʯʝʩʢʦʤʫ ʨʦʩʪʫ, ʥʦ ʠ ʩʦʭʨʘʥʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʰʘʛʦʤ ʥʘ ʧʫʪʠ ʢ 
ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ [3, ʩ. 5; 4, ʩ. 37]. 
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ǮǯǧǫǤǬǤǬǧǤ ǟǪǢǭǯǧǱǫǭǡ ǫǟǷǧǬǬǭǢǭ 
ǭǠǲǶǤǬǧǾ ǣǪǾ ǟǡǱǭǫǟǱǧǦǟǵǧǧ 
ǭǠǯǟǠǭǱǩǧ ǢǤǭǪǭǢǭ-ǢǤǭǳǧǦǧǶǤǰǩǧǴ 
ǣǟǬǬǺǴ 

ǥȄȊȌȇȕȉȇȈ ǟȏȑȄȋ ǡȇȉȑȍȏȍȁȇȖ 
ʙʘʢʘʣʘʚʨ 

ʌɻɹʆʋ ɺʆ çʄɻʊʋ ʠʤ. ʅ.ʕ. ɹʘʫʤʘʥʘ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʨʘʩʪʘʶ-
ʱʠʭ ʦʙʲʝʤʦʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ 
ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ SQL-ʘʥʘʣʠʪʠʢʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʥʝʜʨʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ Data-Driven ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʠ ʧʦʚʳ-
ʩʠʪʴ ʪʦʯʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʩʢʨʳʪʳʭ ʘʥʦʤʘʣʠʡ ʥʘ ʵʪʘʧʘʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʤʘʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ, ʛʝʦʬʠʟʠʢʘ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ, SQL, Python, Big 
Data. 
 

APPLICATION OF MACHINE LEARNING ALGORITHMS FOR AUTOMATING THE PROCESSING OF 
GEOLOGICAL AND GEOPHYSICAL DATA 

 
Zhelnitskiy Artem Viktorovich 

 
Abstract: The article discusses the problem of systematizing and analyzing continuously increasing volumes 
of geological and geophysical data. The necessity of implementing machine learning algorithms and SQL ana-
lytics to automate the processes of interpreting information about the subsurface is substantiated. It is shown 
that the Data-Driven approach significantly reduces time costs and improves the accuracy of detecting hidden 
anomalies during the geological exploration stages. 
Key words: data analysis, machine learning, geophysics, automation, SQL, Python, Big Data. 

 
ɻʛʞʝʞʦʡʞ 
ɻʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʛʝʥʝʨʠʨʫʶʪ ʜʘʥʥʳʝ ʨʘʟʥʦʨʦʜʥʦʡ ʧʨʠʨʦʜʳ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʥʘʨʘʩ-

ʪʘʶʱʝʛʦ ʦʙʲʝʤʘ: ʨʝʟʫʣʴʪʘʪʳ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, ʢʘʨʦʪʘʞʥʳʝ ʜʠʘʛʨʘʤʤʳ (ɻʀʉ), ʪʝʣʝʤʝʪʨʠʶ ʧʨʠ ʙʫʨʝ-
ʥʠʠ, ʜʘʥʥʳʝ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʩʲʝʤʦʢ. ʈʦʩʪ ʦʙʲʝʤʦʚ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʥʝʦʙʭʦʜʠ-
ʤʦʩʪʴ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʧʦʠʩʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʤʝʯʘʶʪʩʷ ʢʘʢ ʢʣʶʯʝʚʘʷ 
ʪʝʥʜʝʥʮʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ [1, ʩ. 312]. ʊʨʘʜʠʮʠʦʥʥʘʷ ʩʭʝʤʘ ʨʫʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝ ʤʘʩʰʪʘʙʠʨʫʝʪʩʷ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʨʦʩʪʫ ʩʢʚʘʞʠʥʥʦʛʦ ʬʦʥʜʘ. ʋʟʢʠʤ ʤʝʩʪʦʤ ʚʳʩʪʫʧʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʴ, ʥʦ ʠ ʩʫʙʲʝʢ-
ʪʠʚʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʚʳʚʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 
ʧʨʦʩʪʦʷ ʙʫʨʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʚ ʦʞʠʜʘʥʠʠ ʨʝʰʝʥʠʷ ʜʝʣʘʝʪ ʟʘʜʝʨʞʢʠ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʨʠʪʠʯʥʳʤʠ. 

ʀʥʜʫʩʪʨʠʷ ʟʘʢʦʥʦʤʝʨʥʦ ʜʚʠʞʝʪʩʷ ʢ Data-Driven ʧʘʨʘʜʠʛʤʝ, ʛʜʝ ʠʥʬʦʨʤʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʤʘʩʩʠʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʨʝʜʩʪʚʘʤʠ ʉʋɹɼ ʠ ʘʣʛʦʨʠʪʤʦʚ ʤʘ-
ʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. ʆʙʟʦʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʘʢʪʠʢ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʢʣʶʯʝʚʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚʳʩʪʫ-
ʧʘʶʪ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʘʥʦʤʘʣʠʡ ʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʛʝʦ-
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ʠʥʬʦʨʤʘʮʠʠ [1, ʩ. 312]. ʇʝʨʝʭʦʜ ʢ ʧʘʨʘʜʠʛʤʝ ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʥʘʜʝʞʥʦʛʦ ETL-ʧʘʡʧʣʘʡʥʘ ʜʣʷ ʦʯʠʩʪ-
ʢʠ ʜʘʥʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʝʜʠʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ. 

ʉʙʠʝʞʤ 1: ʊʡʪʫʞʥʙʫʡʠʙʯʡʸ ʡ ʨʩʞʝʧʚʩʙʚʧʫʣʙ ʝʙʦʦʴʮ (ETL-ʨʩʧʯʞʪʪʴ) 
ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʠʩʪʦʯʥʠʢʦʚ (ʬʦʨʤʘʪʳ SEG-

Y, LAS, ʧʦʪʦʢʦʚʘʷ ʪʝʣʝʤʝʪʨʠʷ). ʇʨʝʞʜʝ ʯʝʤ ʜʘʥʥʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʤʝʩʪʥʦ, ʦʥʠ ʧʨʦʭʦʜʷʪ ʵʪʘʧ 
Extract-Transform-Load (ETL). ʅʘ ʵʪʘʧʝ Extract ʜʣʷ ʧʘʨʩʠʥʛʘ ʙʠʥʘʨʥʳʭ ʬʦʨʤʘʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʩʧʝʮʠʘ-
ʣʠʟʠʨʦʚʘʥʥʳʝ ʙʠʙʣʠʦʪʝʢʠ Python (segyio, lasio), ʯʪʦ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ ʠʟʚʣʝʯʝʥʠʝ ʙʝʟ ʨʘʟʨʘʙʦʪʢʠ ʧʘʨʩʝ-
ʨʦʚ ʩ ʥʫʣʷ. 

ʕʪʘʧ Transform ʚʢʣʶʯʘʝʪ ʬʠʣʴʪʨʘʮʠʶ ʰʫʤʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʛʥʘʣʘ (despiking), ʧʨʠʚʝʜʝʥʠʝ 
ʚʨʝʤʝʥʥʳʭ ʠ ʛʣʫʙʠʥʥʳʭ ʨʷʜʦʚ ʢ ʝʜʠʥʦʡ ʩʝʪʢʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʤʝʪʦʜʘʤʠ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʘ ʪʘʢʞʝ ʥʦʨʤʘ-
ʣʠʟʘʮʠʶ ʯʠʩʣʦʚʳʭ ʧʨʠʟʥʘʢʦʚ (z-score), ʙʝʟ ʢʦʪʦʨʦʡ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʟʘʥʠ-
ʞʝʥʥʦʝ ʢʘʯʝʩʪʚʦ. 

ʎʝʣʝʚʳʤ ʭʨʘʥʠʣʠʱʝʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʙʠʨʘʪʴ ʨʝʣʷʮʠʦʥʥʫʶ ʉʋɹɼ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʨʘʩ-
ʰʠʨʝʥʠʷʤʠ (ʥʘʧʨʠʤʝʨ, PostgreSQL ʩ PostGIS). ɸʨʭʠʪʝʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʧʦ ʩʭʝʤʝ 
çʟʚʝʟʜʘè, ʯʪʦ ʫʧʨʦʱʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ SQL-ʟʘʧʨʦʩʦʚ ʠ ʟʘʤʝʥʷʝʪ ʨʫʯʥʦʝ ʧʦʩʪʨʦʝʥʠʝ 
ʩʚʦʜʥʳʭ ʪʘʙʣʠʮ ʛʝʦʣʦʛʦʤ. ɺʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ (QC). 
ʇʨʦʚʝʨʢʠ ʬʠʟʠʯʝʩʢʠ ʜʦʧʫʩʪʠʤʳʭ ʜʠʘʧʘʟʦʥʦʚ ʟʥʘʯʝʥʠʡ ʠ ʚʳʷʚʣʝʥʠʝ ʜʫʙʣʠʢʘʪʦʚ ʩ ʧʦʤʦʱʴʶ ʪʨʠʛʛʝʨʦʚ 
ʉʋɹɼ ʦʪʩʝʢʘʶʪ ʥʝʢʦʨʨʝʢʪʥʳʝ ʜʘʥʥʳʝ ʜʦ ʦʙʫʯʘʶʱʝʡ ʚʳʙʦʨʢʠ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʧʨʝ-
ʜʠʢʪʠʚʥʳʭ ʤʦʜʝʣʝʡ. 

ʉʙʠʝʞʤ 2: ʁʦʫʞʤʤʞʣʫʬʙʤʵʦʴʢ ʙʦʙʤʡʠ ʡ ʨʩʞʝʡʣʫʡʛʦʧʞ ʥʧʝʞʤʡʩʧʛʙʦʡʞ 
ʆʯʠʱʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʤʦʜʝʣʝʡ, ʨʝʰʘʶʱʠʭ ʢʦʥʢʨʝʪʥʳʝ ʟʘʜʘʯʠ: ʢʣʘʩʩʠʬʠʢʘʮʠʷ 

ʣʠʪʦʪʠʧʦʚ ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʧʣʘʩʪʘ. 
ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʣʠʪʦʪʠʧʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʘʥʩʘʤʙʣʝʚʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ Random Forest, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʰʫʤʫ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʄʆ ʧʦʟʚʦʣʷʝʪ 
ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʣʠʪʦʬʘʮʠʠ ʧʦ ʢʦʤʧʣʝʢʩʫ ɻʀʉ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 85ï88% [2, ʩ. 62]. ɼʣʷ ʧʨʦʛʥʦʟʘ ʧʝʪ-
ʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʧʦʨʠʩʪʦʩʪʠ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ) ʘʣʛʦʨʠʪʤʳ ML ʧʦʤʦʛʘʶʪ ʩʪʨʦʠʪʴ ʛʠʙʢʠʝ ʤʦʜʝʣʠ, 
ʧʨʝʦʜʦʣʝʚʘʷ ʥʝʣʠʥʝʡʥʦʩʪʴ ʩʚʷʟʝʡ [4, ʩ. 142]. ʊʘʢʞʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʝʡ ʵʢʩʪʨʝ-
ʤʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʥʦʛʦ ʙʫʩʪʠʥʛʘ (XGBoost), ʥʘʧʨʠʤʝʨ, ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʚʳʷʚʣʝʥʠʷ ʟʦʥ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʟʘʢʠʩʣʝʥʠʷ, ʛʜʝ ʪʦʯʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʜʦʩʪʠʛʘʝʪ 80% [3, ʩ. 67]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʚʝʨʪʦʯʥʳʭ 
(CNN) ʠ ʨʝʢʫʨʨʝʥʪʥʳʭ (LSTM) ʥʝʡʨʦʩʝʪʝʡ, ʢʦʪʦʨʳʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʟʘʜʘʯʘʭ ʛʝʦʥʘʚʠʛʘʮʠʠ ʚ ʨʝʘʣʴʥʦʤ 
ʚʨʝʤʝʥʠ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ Python ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʳʡ ʩʪʝʢ 
Data Science (pandas, NumPy, scikit-learn). 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʝʤ ʚʳʩʪʫʧʘʝʪ ʢʦʨʨʝʢʪʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʚʳʙʦʨʢʠ: ʩʣʫ-
ʯʘʡʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠʟʤʝʨʝʥʠʡ ʚʥʫʪʨʠ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ ʧʨʠʚʦʜʠʪ ʢ ʫʪʝʯʢʝ ʜʘʥʥʳʭ. ɹʦʣʝʝ ʢʦʨʨʝʢʪ-
ʥʦʡ ʧʨʘʢʪʠʢʦʡ ʷʚʣʷʝʪʩʷ ʤʘʩʰʪʘʙʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʙʦʣʴʰʦʤ ʬʦʥʜʝ ʩʢʚʘʞʠʥ, ʯʪʦ ʜʘʝʪ ʨʝʘʣʠʩʪʠʯʥʫʶ 
ʦʮʝʥʢʫ ʦʙʦʙʱʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʥʘ ʥʦʚʳʭ ʫʯʘʩʪʢʘʭ [3, ʩ. 78]. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʦʧʳʪ ʠʥʪʝʛʨʘʮʠʠ ML-ʘʣʛʦʨʠʪʤʦʚ ʚ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦ-
ʜʝʣʠ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʡʨʦʩʝʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ʩ 3D-
ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʝʛʦ ʜʝʪʘʣʴʥʦʩʪʴ [2, ʩ. 61]. ʅʘ ʧʨʘʢʪʠʢʝ ʤʘ-
ʰʠʥʥʦʝ ʦʙʫʯʝʥʠʝ ʯʘʱʝ ʚʳʩʪʫʧʘʝʪ ʥʝ ʟʘʤʝʥʦʡ, ʘ ʜʦʧʦʣʥʝʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʛʘʨʤʦʥʠʯʥʦ 
ʚʩʪʨʘʠʚʘʝʤʳʤ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ [1, ʩ. 317; 2, ʩ. 63; 3, ʩ. 76]. 

ʀʙʣʤʷʰʞʦʡʞ 
ʀʥʪʝʛʨʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʧʨʦʮʝʩʩʳ ʦʙʨʘʙʦʪʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ð ʵʪʦ 

ʩʠʩʪʝʤʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ. ETL-ʧʘʡʧʣʘʡʥʳ ʥʘ ʦʩʥʦʚʝ SQL-ʭʨʘʥʠʣʠʱ ʩʥʠʤʘ-
ʶʪ ʥʘʛʨʫʟʢʫ ʧʦ ʨʫʪʠʥʥʦʡ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ, ʦʙʝʩʧʝʯʠʚʘʷ ʠʭ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ. ʇʨʠʤʝʥʝʥʠʝ ʘʥʩʘʤ-
ʙʣʝʚʳʭ ʤʝʪʦʜʦʚ ʠ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʥʝʜʦʩʪʫʧʥʳʝ ʧʨʠ 
ʚʠʟʫʘʣʴʥʦʤ ʘʥʘʣʠʟʝ. 

ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʩʦʢʨʘʱʘʝʪ ʩʨʦʢʠ ʨʝʰʝʥʠʡ ʠ ʩʥʠʞʘʝʪ ʩʫʙʲʝʢʪʠʚ-
ʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ, ʧʦʚʳʰʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʦʚ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʟʘʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ. 
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ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʙʦʣʝʝ ʰʠʨʦʢʠʤ 
ʚʥʝʜʨʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʚ ʩʚʷʟʢʝ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤʠ ʧʦʜʭʦʜʘʤʠ 
ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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ǫǭǬǭǪǧǱ ǧ ǫǧǩǯǭǰǤǯǡǧǰǺ ǡ BACKEND-
ǯǟǦǯǟǠǭǱǩǤ8 ǡǺǠǭǯ ǟǯǴǧǱǤǩǱǲǯǺ ǣǪǾ 
ǬǤǠǭǪǻǷǧǴ ǧ ǰǯǤǣǬǧǴ ǮǯǭǤǩǱǭǡ 

ǧȐȔǿȉȍȁ ǼȃȒǿȏȃ ǯȇȌǿȑȍȁȇȖ 
ʙʘʢʘʣʘʚʨ 

ʌɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʅ. ʕ. ɹʘʫʤʘʥʘ 
(ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʦʥʦʣʠʪʥʘʷ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʳ ʢʘʢ ʜʚʘ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʥʳʭ ʧʦʜʭʦʜʘ ʢ ʧʦʩʪʨʦʝʥʠʶ backend-ʩʠʩʪʝʤ. ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠ-
ʟʝ ʠʭ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʝʙʦʣʴʰʠʤ ʠ ʩʨʝʜʥʠʤ ʧʨʦʝʢʪʘʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʦ-
ʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʩʦʭʨʘʥʷʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ ʨʘʟʨʘʙʦʪʢʠ, ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʠ 
ʙʳʩʪʨʦʛʦ ʩʪʘʨʪʘ, ʪʦʛʜʘ ʢʘʢ ʤʠʢʨʦʩʝʨʚʠʩʥʳʡ ʧʦʜʭʦʜ ʩʪʘʥʦʚʠʪʩʷ ʦʧʨʘʚʜʘʥʥʳʤ ʧʨʠ ʨʦʩʪʝ ʧʨʦʜʫʢʪʘ, 
ʫʩʣʦʞʥʝʥʠʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʝʟʘʚʠʩʠʤʦʛʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦ-
ʥʝʥʪʦʚ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʮʠʦʥʘʣʴ-
ʥʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ ʢʦʥʪʝʢʩʪʦʤ ʧʨʦʝʢʪʘ, ʘ ʥʝ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: backend-ʨʘʟʨʘʙʦʪʢʘ, ʘʨʭʠʪʝʢʪʫʨʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʤʦʥʦʣʠʪ, ʤʠʢʨʦʩʝʨʚʠ-
ʩʳ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ, ʧʨʦʛʨʘʤʤʥʘʷ ʠʥʞʝʥʝʨʠʷ. 
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ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ backend-ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʨʝʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʩʪʨʫʢʪʫʨʫ ʢʦʜʘ, ʥʦ ʠ ʥʘ ʩʪʦʠʤʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ, ʩʣʦʞʥʦʩʪʴ ʪʝʩʪʠʨʦʚʘ-
ʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʝʢʪʘ ʢ ʨʦʩʪʫ. ʅʘ ʧʨʘʢʪʠʢʝ ʦʙʩʫʞʜʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ʯʘʩʪʦ ʩʚʦʜʠʪʩʷ ʢ ʧʨʦʪʠʚʦʧʦ-
ʩʪʘʚʣʝʥʠʶ ʤʦʥʦʣʠʪʘ ʠ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʧʨʠʯʝʤ ʤʠʢʨʦʩʝʨʚʠʩʥʳʡ ʧʦʜʭʦʜ ʥʝʨʝʜʢʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʙʦ-
ʣʝʝ ʩʦʚʨʝʤʝʥʥʳʡ ʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʧʦ ʫʤʦʣʯʘʥʠʶ. ʆʜʥʘʢʦ ʧʦʜʦʙʥʳʡ ʚʟʛʣʷʜ ʫʧʨʦʱʘʝʪ ʠʥʞʝʥʝʨʥʫʶ 
ʨʝʘʣʴʥʦʩʪʴ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʤʘʩʰʪʘʙ ʧʨʦʝʢʪʘ, ʟʨʝʣʦʩʪʴ ʢʦʤʘʥʜʳ ʠ ʭʘʨʘʢʪʝʨ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ [1, 2]. 

ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʠ ʩʨʝʜʥʠʭ ʧʨʦʝʢʪʦʚ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʘʨʭʠʪʝʢʪʫʨʳ ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ, ʧʦʩʢʦʣʴʢʫ 
ʠʤʝʥʥʦ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʦʰʠʙʢʘ ʚ ʧʨʦʝʢʪʥʦʤ ʨʝʰʝʥʠʠ ʩʧʦʩʦʙʥʘ ʧʨʠʚʝʩʪʠ ʣʠʙʦ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 
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ʫʩʣʦʞʥʝʥʠʶ ʩʠʩʪʝʤʳ, ʣʠʙʦ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚʥʫʪʨʝʥʥʠʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʤʝʰʘʶʱʠʭ ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ 
ʧʨʦʜʫʢʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʚʫʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʧʦʜ-
ʭʦʜʦʚ ʥʝ ʩ ʧʦʟʠʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʳ, ʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʨʠʤʝʥʠʤʦʩʪʠ. 

ʇʦʜ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʪʘʢʫʶ ʦʨʛʘʥʠʟʘʮʠʶ ʩʠʩʪʝʤʳ, ʧʨʠ ʢʦʪʦʨʦʡ 
backend-ʧʨʠʣʦʞʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʧʦʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. ɺʩʝ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴ-
ʥʳʝ ʤʦʜʫʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʜʥʦʡ ʢʦʜʦʚʦʡ ʙʘʟʝ, ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʢʘʢ ʦʜʥʦ ʧʨʠʣʦʞʝʥʠʝ ʠ, ʢʘʢ ʧʨʘʚʠ-
ʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʝʝ ʭʨʘʥʠʣʠʱʝ ʜʘʥʥʳʭ. ʉʫʱʝʩʪʚʝʥʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʥʦʣʠʪ ʥʝ ʨʘʚʝʥ ʥʝʩʪʨʫʢʪʫʨʠ-
ʨʦʚʘʥʥʦʤʫ ʢʦʜʫ. ʇʨʠ ʢʦʨʨʝʢʪʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʥ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʤʦʜʫʣʠ, ʩʣʦʠ ʠ 
ʧʦʜʩʠʩʪʝʤʳ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʝʜʠʥʳʡ ʢʦʥʪʫʨ ʠʩʧʦʣʥʝʥʠʷ ʠ ʧʦʩʪʘʚʢʠ [2]. 

ʄʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʥʘʧʨʦʪʠʚ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʝʢʦʤʧʦʟʠʮʠʶ ʩʠʩʪʝʤʳ ʥʘ ʥʘʙʦʨ ʩʘʤʦʩʪʦ-
ʷʪʝʣʴʥʳʭ ʩʝʨʚʠʩʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʟʘ ʦʛʨʘʥʠʯʝʥʥʫʶ ʙʠʟʥʝʩ-ʬʫʥʢʮʠʶ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ 
ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʦ ʩʝʪʠ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʟʘʚʠʩʠʤʦ ʨʘʟʚʠʚʘʪʴ, ʨʘʟʚʦʨʘ-
ʯʠʚʘʪʴ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʯʘʩʪʠ ʩʠʩʪʝʤʳ, ʦʜʥʘʢʦ ʧʝʨʝʥʦʩʠʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʩʣʦʞʥʦʩʪʠ ʚ ʦʙʣʘʩʪʴ 
ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʘʙʣʶʜʘʝʤʦʩʪʠ, ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʩ-
ʧʨʝʜʝʣʝʥʥʦʡ ʩʨʝʜʳ [3, 4]. 

ʉ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʦʥʦʣʠʪʘ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʦ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʞʠʟʥʝʥ-
ʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʘ. ʂʦʤʘʥʜʘ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʧʝʨʝʡʪʠ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢ ʨʘʙʦʯʝʤʫ ʧʨʦ-
ʪʦʪʠʧʫ, ʥʝ ʨʘʩʭʦʜʫʷ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʝʩʫʨʩʳ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʩʣʦʷ. ɽʜʠʥʘʷ ʢʦʜʦʚʘʷ 
ʙʘʟʘ ʫʧʨʦʱʘʝʪ ʣʦʢʘʣʴʥʫʶ ʨʘʟʨʘʙʦʪʢʫ, ʦʪʣʘʜʢʫ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʦʜʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 
ʦʙʳʯʥʦ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʠʣʠʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʦʥʦʣʠʪ ʦʩʪʘʝʪʩʷ ʨʘ-
ʮʠʦʥʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ MVP, ʚʥʫʪʨʝʥʥʠʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʩʝʨʚʠʩʦʚ, ʫʯʝʙʥʳʭ ʠ ʧʠʣʦʪʥʳʭ ʧʨʦʝʢʪʦʚ [1]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʤʦʥʦʣʠʪʘ ʦʩʣʘʙʝʚʘʶʪ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʩʠʩʪʝʤʳ. ʇʨʠ ʨʘʩʰʠʨʝʥʠʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʚʦʟʨʘʩʪʘʝʪ ʩʚʷʟʘʥʥʦʩʪʴ ʚʥʫʪʨʝʥʥʠʭ ʤʦʜʫʣʝʡ, 
ʫʩʣʦʞʥʷʝʪʩʷ ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʦʙʱʝʡ ʢʦʜʦʚʦʡ ʙʘʟʳ ʠ ʧʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʪʦʛʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʢʦʤ-
ʧʦʥʝʥʪʘ ʧʦʚʣʠʷʝʪ ʥʘ ʜʨʫʛʠʝ ʯʘʩʪʠ ʩʠʩʪʝʤʳ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘ-
ʥʠʠ: ʝʩʣʠ ʥʘʛʨʫʟʢʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʦʜʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʙʣʦʢʝ, ʚ ʤʦʥʦʣʠʪʝ ʥʝʨʝʜʢʦ ʧʨʠʭʦʜʠʪʩʷ 
ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʮʝʣʠʢʦʤ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʦ [5]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʥʘʧʨʦʪʠʚ, ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʩʠʩʪʝ-
ʤʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʜʦʤʝʥʥʳʭ ʦʙʣʘʩʪʝʡ. ʆʪʜʝʣʴʥʳʝ ʩʝʨʚʠʩʳ ʤʦʛʫʪ 
ʨʘʟʚʠʚʘʪʴʩʷ ʨʘʟʥʳʤʠ ʢʦʤʘʥʜʘʤʠ, ʦʙʥʦʚʣʷʪʴʩʷ ʩ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʦʡ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦ-
ʩʪʠ ʦʪ ʩʧʝʮʠʬʠʢʠ ʥʘʛʨʫʟʢʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʝʥ ʜʣʷ ʢʨʫʧʥʳʭ ʧʣʘʪʬʦʨʤ, ʛʜʝ, ʥʘʧʨʠʤʝʨ, 
ʧʣʘʪʝʞʥʳʡ ʤʦʜʫʣʴ, ʢʘʪʘʣʦʛ, ʘʥʘʣʠʪʠʢʘ, ʫʚʝʜʦʤʣʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʞʠʚʫʪ ʚ ʨʘʟʥʦʤ 
ʪʝʤʧʝ ʠ ʧʨʝʜʲʷʚʣʷʶʪ ʨʘʟʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ [3]. 

ʆʜʥʘʢʦ ʚ ʥʝʙʦʣʴʰʦʤ ʧʨʦʝʢʪʝ ʧʦʜʦʙʥʘʷ ʛʠʙʢʦʩʪʴ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʡ. ʂʘʢ ʪʦʣʴʢʦ ʧʨʠʣʦʞʝ-
ʥʠʝ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʩʝʨʚʠʩʳ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʚʦʧʨʦʩʘʤʠ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʟʘʧʨʦʩʦʚ, ʫʧʨʘʚʣʝʥʠʷ 
ʢʦʥʬʠʛʫʨʘʮʠʝʡ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʣʦʛʠʨʦʚʘʥʠʷ, ʤʦʥʠʪʦʨʠʥʛʘ, ʪʨʘʩʩʠʨʦʚʢʠ, ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʜʘʥʥʳʭ ʠ ʧʦʜ-
ʜʝʨʞʢʠ ʢʦʥʪʨʘʢʪʦʚ ʤʝʞʜʫ API. ɽʩʣʠ ʢʦʤʘʥʜʘ ʥʝʚʝʣʠʢʘ, ʘ ʙʠʟʥʝʩ-ʣʦʛʠʢʘ ʝʱʝ ʪʦʣʴʢʦ ʬʦʨʤʠʨʫʝʪʩʷ, ʤʠʢʨʦʩʝʨ-
ʚʠʩʳ ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʪʴ ʙʦʣʴʰʝ ʦʧʝʨʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʝʤ ʨʝʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʮʝʥʥʦʩʪʠ [4]. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʚ ʪʘʙʣ. 1 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʤʦʥʦʣʠʪ-
ʥʦʡ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠʪʝʢʪʫʨ. 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʙʛʦʡʫʞʤʵʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʥʧʦʧʤʡʫʦʧʢ ʡ ʥʡʣʩʧʪʞʩʛʡʪʦʧʢ ʙʩʮʡʫʞʣʫʬʩ 

ʃʩʡʫʞʩʡʢ ʅʧʦʧʤʡʫ ʅʡʣʩʧʪʞʩʛʡʪʴ 

ʉʢʦʨʦʩʪʴ ʩʪʘʨʪʘ ʧʨʦʝʢʪʘ ɺʳʩʦʢʘʷ ʉʨʝʜʥʷʷ ʠʣʠ ʥʠʟʢʘʷ 

ʉʣʦʞʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʅʝʚʳʩʦʢʘʷ ʇʦʚʳʰʝʥʥʘʷ 

ʅʝʟʘʚʠʩʠʤʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʆʛʨʘʥʠʯʝʥʦ ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʀʥʬʨʘʩʪʨʫʢʪʫʨʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʋʤʝʨʝʥʥʳʝ ɺʳʩʦʢʠʝ 

ʇʦʜʭʦʜʷʱʠʡ ʨʘʟʤʝʨ ʢʦʤʘʥʜʳ ʅʝʙʦʣʴʰʘʷ ʢʦʤʘʥʜʘ ʉʨʝʜʥʷʷ ʠ ʢʨʫʧʥʘʷ ʢʦʤʘʥʜʘ 

ʉʪʦʠʤʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ ʅʠʞʝ ɺʳʰʝ 
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ʇʨʠʚʝʜʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʳ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ. ʉʫ-
ʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʪʨʦʡʩʪʚʦ ʩʘʤʦʡ ʩʠʩʪʝʤʳ, ʥʦ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʥʪʝʢʩʪ ʨʘʟʨʘ-
ʙʦʪʢʠ. ʅʘ ʧʨʘʢʪʠʢʝ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʚ ʢʦʤʘʥʜʝ, ʩʢʦ-
ʨʦʩʪʴ ʩʦʛʣʘʩʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʧʨʦʝʢʪʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʥʳ ʦʛʨʘʥʠʯʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʢʦʨʦʪʢʠʡ ʛʦʨʠʟʦʥʪ 
ʧʣʘʥʠʨʦʚʘʥʠʷ, ʤʝʥʷʶʱʠʝʩʷ ʪʨʝʙʦʚʘʥʠʷ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʢʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʪʘʢʠʭ ʫʩʣʦ-
ʚʠʷʭ ʧʨʠʦʨʠʪʝʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʩʢʦʨʦʩʪʴ ʚʳʚʦʜʘ ʧʨʦʜʫʢʪʘ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. ʀʤʝʥʥʦ 
ʧʦʵʪʦʤʫ ʤʦʥʦʣʠʪʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʝʚ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʦʧʨʘʚʜʘʥʥʦʡ. 
ɼʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʩʢʦʨʦʩʪʴ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʙʠʟʥʝʩ-ʪʨʝʙʦʚʘʥʠʷʤʠ. 
ʇʦʵʪʦʤʫ ʘʨʭʠʪʝʢʪʫʨʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʙʳʩʪʨʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʨʘʟʚʝʨʪʳʚʘʪʴ ʦʙʥʦʚʣʝʥʠʷ, ʯʘʩʪʦ ʦʢʘ-
ʟʳʚʘʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʩʝʨʚʠʩʥʦʡ ʤʦʜʝʣʠ. 

ɼʣʷ ʩʨʝʜʥʠʭ ʧʨʦʝʢʪʦʚ ʩʠʪʫʘʮʠʷ ʤʝʥʝʝ ʦʜʥʦʟʥʘʯʥʘ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 
ʫʩʣʦʞʥʝʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʠʩʪʝʤʘ ʥʘʯʠʥʘʝʪ ʧʨʝʜʲʷʚʣʷʪʴ ʙʦʣʝʝ ʩʪʨʦʛʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʜʝʞʥʦ-
ʩʪʠ, ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ. ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʝʭʦʜ ʢ ʤʠʢʨʦ-
ʩʝʨʚʠʩʘʤ ʥʝ ʜʦʣʞʝʥ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʰʘʛ. ɺʦ ʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʮʝʥʘʨʠʷʭ ʭʦ-
ʨʦʰʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʤʦʜʫʣʴʥʳʡ ʤʦʥʦʣʠʪ ʩʧʦʩʦʙʝʥ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʩʪʘʚʘʪʴʩʷ ʫʩʪʦʡʯʠʚʳʤ ʠ ʫʜʦʙ-
ʥʳʤ ʨʝʰʝʥʠʝʤ [2]. 

ʈʘʮʠʦʥʘʣʴʥʳʡ ʧʫʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʨʝʜʥʝʛʦ ʧʨʦʝʢʪʘ ʯʘʩʪʦ ʥʦʩʠʪ ʵʚʦʣʶʮʠʦʥʥʳʡ ʭʘʨʘʢ-
ʪʝʨ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʠʩʪʝʤʘ ʩʦʟʜʘʝʪʩʷ ʢʘʢ ʤʦʥʦʣʠʪ ʩ ʯʝʪʢʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʛʨʘʥʠʮʘʤʠ ʤʝʞʜʫ ʤʦʜʫ-
ʣʷʤʠ. ɿʘʪʝʤ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʧʨʦʜʫʢʪʘ ʚ ʦʪʜʝʣʴʥʳʝ ʩʝʨʚʠʩʳ ʚʳʥʦʩʷʪʩʷ ʪʦʣʴʢʦ ʪʝ ʢʦʤʧʦʥʝʥʪʳ, ʜʣʷ ʢʦʪʦ-
ʨʳʭ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʘʥʦ: ʥʘʧʨʠʤʝʨ, ʙʣʦʢ ʘʥʘʣʠʪʠʢʠ, ʫʚʝʜʦʤʣʝʥʠʡ ʠʣʠ ʧʦʪʦʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ 
ʜʘʥʥʳʭ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ ʫʧʨʘʚʣʷʝʤʦʩʪʴ ʩʠʩʪʝʤʳ ʠ ʠʟʙʝʞʘʪʴ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ 
ʫʩʣʦʞʥʝʥʠʷ. ʋʢʘʟʘʥʥʘʷ ʣʦʛʠʢʘ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʉʡʪ. 1. ʖʛʧʤʷʯʡʧʦʦʴʢ ʨʬʫʵ ʛʴʚʧʩʙ ʙʩʮʡʫʞʣʫʬʩʴ backend-ʪʡʪʫʞʥʴ 

 
ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʝʨʝʭʦʜ ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠʯʝʩʢʦʡ, ʥʦ ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʛʦʪʦʚʥʦʩʪʠ. ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʩʝʨʚʠʩʘ ʥʝʦʙʭʦʜʠʤʳ ʧʦʥʷʪʥʳʝ ʛʨʘʥʠʮʳ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʠ ʧʨʝʜʩʢʘʟʫʝʤʳʝ 
ʠʥʪʝʨʬʝʡʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʠʩʪʝʤʘ ʩʪʘʥʦʚʠʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʣʠʰʴ ʬʦʨ-
ʤʘʣʴʥʦ, ʩʦʭʨʘʥʷʷ ʚʳʩʦʢʫʶ ʩʚʷʟʘʥʥʦʩʪʴ ʫʞʝ ʚ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʦʨʤʝ. 

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʚʦʧʨʦʩ ʨʠʩʢʦʚ. ɺ ʤʦʥʦʣʠʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʦʩʥʦʚʥʳʤ ʨʠʩʢʦʤ 
ʯʘʱʝ ʷʚʣʷʝʪʩʷ ʧʦʩʪʝʧʝʥʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ: ʨʘʟʤʳʚʘʥʠʝ ʤʦʜʫʣʴʥʳʭ ʛʨʘʥʠʮ, ʨʦʩʪ 
ʯʠʩʣʘ ʥʝʷʚʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʫʩʠʣʝʥʠʝ ʩʚʷʟʘʥʥʦʩʪʠ ʤʝʞʜʫ ʯʘʩʪʷʤʠ ʩʠʩʪʝʤʳ. ɺ ʤʠʢʨʦʩʝʨʚʠʩʥʦʡ ʘʨʭʠ-
ʪʝʢʪʫʨʝ ʨʠʩʢʠ ʠʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʫʚʝʣʠʯʝʥʠʝ ʩʝʪʝʚʦʡ ʩʣʦʞʥʦʩʪʠ, ʨʦʩʪ ʯʠʩʣʘ ʪʦʯʝʢ ʦʪʢʘʟʘ, ʟʘʪʨʫʜʥʝʥʠʝ 
ʜʠʘʛʥʦʩʪʠʢʠ ʦʰʠʙʦʢ ʠ ʫʩʣʦʞʥʝʥʠʝ ʠʥʪʝʛʨʘʮʠʦʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʚʳ-
ʙʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ ʧʦʠʩʢ çʠʜʝʘʣʴʥʦʡè ʤʦʜʝʣʠ, ʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ ʨʠʩʢʦʚ, ʢʘʞ-
ʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦ-ʨʘʟʥʦʤʫ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʜʫʢʪʘ. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʠ ʩʪʦʠʤʦʩʪʴ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. ɼʣʷ ʤʦʥʦʣʠʪʘ ʵʪʘ ʩʪʦʠʤʦʩʪʴ 
ʦʙʳʯʥʦ ʥʠʞʝ ʥʘ ʨʘʥʥʝʤ ʵʪʘʧʝ, ʦʜʥʘʢʦ ʧʨʠ ʨʦʩʪʝ ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠʟ-ʟʘ ʫʩʣʦʞʥʝʥʠʷ ʚʥʫʪ-
ʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʥʠʞʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʢʦʜʘ. ɼʣʷ ʤʠʢʨʦʩʝʨʚʠʩʦʚ, ʥʘʦʙʦʨʦʪ, ʩʪʦʠʤʦʩʪʴ ʩʦʧʨʦʚʦʞ-
ʜʝʥʠʷ ʚʳʩʦʢʘ ʧʦʯʪʠ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʚʢʣʶʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʢʫ, ʥʦ ʠ ʧʦʜʜʝʨʞʢʫ ʠʥʬʨʘ-
ʩʪʨʫʢʪʫʨʳ, ʤʦʥʠʪʦʨʠʥʛʘ, ʣʦʛʠʨʦʚʘʥʠʷ, ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʘʚʢʠ. ʇʦʵʪʦʤʫ ʩ ʵʢʦ-
ʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʠʢʨʦʩʝʨʚʠʩʳ ʦʧʨʘʚʜʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʘʤ, ʛʜʝ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʢʦʤʧʦ-
ʥʝʥʪʦʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʢʫʧʘʝʪ ʚʦʟʨʦʩʰʫʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʛʨʫʟʢʫ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʚʳʙʦʨʘ ʘʨʭʠʪʝʢ-
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ʪʫʨʳ. ɺʦ-ʧʝʨʚʳʭ, ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʨʘʟʤʝʨ ʠ ʟʨʝʣʦʩʪʴ ʢʦʤʘʥʜʳ: ʯʝʤ ʤʝʥʴʰʝ ʯʠʩʣʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʥʠ-
ʞʝ ʦʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ, ʪʝʤ ʦʩʪʦʨʦʞʥʝʝ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴʩʷ ʢ ʤʠʢʨʦʩʝʨʚʠʩʘʤ. 
ɺʦ-ʚʪʦʨʳʭ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʳʚʦʜʘ ʧʨʦʜʫʢʪʘ ʥʘ ʨʳʥʦʢ: ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʙʳʩʪʨʦʛʦ ʟʘ-
ʧʫʩʢʘ ʤʦʥʦʣʠʪ ʯʘʱʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʢʦʨʦʪʢʠʡ ʧʫʪʴ ʜʦ ʨʝʟʫʣʴʪʘʪʘ. ɺ-ʪʨʝʪʴʠʭ, ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠ-
ʚʘʪʴ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘʣʠʯʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʙʠʟʥʝʩ-ʜʦʤʝʥʦʚ. ʅʘʢʦʥʝʮ, 
ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʝʟʘʚʠʩʠʤʦʤʫ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʶ, ʟʨʝʣʦʩʪʴ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 
CI/CD ʠ ʛʦʪʦʚʥʦʩʪʴ ʢʦʤʘʥʜʳ ʩʦʧʨʦʚʦʞʜʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʨʘʩʧʨʝʜʝʣʝʥʥʫʶ ʩʨʝʜʫ [1, 4, 5]. 

ʋʢʘʟʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʚʤʝʩʪʥʦ, ʘ ʥʝ ʠʟʦʣʠʨʦʚʘʥʥʦ. ʅʘʧʨʠʤʝʨ, 
ʚʳʩʦʢʘʷ ʥʘʛʨʫʟʢʘ ʩʘʤʘ ʧʦ ʩʝʙʝ ʝʱʝ ʥʝ ʜʝʣʘʝʪ ʤʠʢʨʦʩʝʨʚʠʩʳ ʦʙʷʟʘʪʝʣʴʥʳʤʠ, ʝʩʣʠ ʦʥʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ 
ʚ ʧʨʝʜʩʢʘʟʫʝʤʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʙʦʪʘʥʘ ʩʨʝʜʩʪʚʘʤʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʤʦʥʦʣʠʪʥʦʛʦ 
ʧʨʠʣʦʞʝʥʠʷ. ɸʥʘʣʦʛʠʯʥʦ, ʥʘʣʠʯʠʝ ʥʝʩʢʦʣʴʢʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʜʩʠʩʪʝʤ ʥʝ ʚʩʝʛʜʘ ʦʟʥʘʯʘʝʪ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴ ʩʝʨʚʠʩʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ, ʝʩʣʠ ʤʝʞʜʫ ʥʠʤʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʨʝʙʦʚʘʥʠʡ. ɺ ʧʨʦʝʢʪʘʭ, ʛʜʝ ʧʨʝʜʤʝʪʥʘʷ ʦʙʣʘʩʪʴ 
ʝʱʝ ʥʝʫʩʪʦʡʯʠʚʘ, ʘ ʣʦʛʠʢʘ ʧʨʦʜʫʢʪʘ ʘʢʪʠʚʥʦ ʫʪʦʯʥʷʝʪʩʷ, ʙʦʣʝʝ ʞʝʩʪʢʘʷ ʩʝʨʚʠʩʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ ʤʦʞʝʪ 
ʦʢʘʟʘʪʴʩʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʡ. ʅʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʩʠʩʪʝʤʘ ʯʘʩʪʦ ʥʫʞʜʘʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʠ, ʩʢʦʣʴʢʦ ʚ ʧʣʘʩʪʠʯʥʦʩʪʠ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʤʦʥʦʣʠʪ ʩ ʭʦʨʦʰʝʡ ʚʥʫʪʨʝʥʥʝʡ ʤʦ-
ʜʫʣʴʥʦʩʪʴʶ ʥʝʨʝʜʢʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʵʚʦʣʶʮʠʠ ʪʨʝʙʦʚʘʥʠʡ. ʂʦʛʜʘ ʞʝ 
ʩʪʨʫʢʪʫʨʘ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʦʚ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ, ʘ ʦʪʜʝʣʴʥʳʝ ʧʦʜʩʠʩʪʝʤʳ ʥʘʯʠʥʘʶʪ ʞʠʪʴ ʚ ʨʘʟʥʦʤ ʨʠʪʤʝ, 
ʩʝʨʚʠʩʥʦʝ ʚʳʜʝʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʫʧʨʘʚʣʷʝʤʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʥʦʣʠʪʥʘʷ ʠ ʤʠʢʨʦʩʝʨʚʠʩʥʘʷ ʘʨʭʠʪʝʢʪʫʨʳ ʦʩʪʘʶʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʚ ʧʨʦ-
ʛʨʘʤʤʥʦʡ ʠʥʞʝʥʝʨʠʠ, ʥʦ ʵʬʬʝʢʪʠʚʥʳ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʥʝʙʦʣʴʰʠʭ backend-ʧʨʦʝʢʪʦʚ ʤʦʥʦʣʠʪ 
ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ ʩʪʘʨʪʘ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ. ɼʣʷ 
ʩʨʝʜʥʠʭ ʧʨʦʝʢʪʦʚ ʙʦʣʝʝ ʦʧʨʘʚʜʘʥʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʝʨʚʠʩʥʦʝ ʨʘʟ-
ʜʝʣʝʥʠʝ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʯʝʩʪʚʝʥʥʦʝ ʘʨ-
ʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʤʦʜʦʡ ʥʘ ʪʝʭʥʦʣʦʛʠʶ, ʘ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʢʦʥʢʨʝʪʥʳʤ ʟʘʜʘʯʘʤ 
ʧʨʦʝʢʪʘ. 
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ɹʦʦʧʫʙʯʡʸ: ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʚʝʢʦʚ ʜʨʝʚʝʩʠʥʘ ʦʩʪʘʚʘʣʘʩʴ ʦʩʥʦʚʥʳʤ ʩʳʨʴʸʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʤʝʙʝʣʠ. ɼʘʞʝ ʚ ʵʧʦʭʫ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘʪʫʨʘʣʴʥʦʝ ʜʝʨʝʚʦ ʥʝ ʫʪʨʘʪʠʣʦ ʩʚʦʝʡ ʧʦʧʫʣʷʨʥʦʩʪʠ ʙʣʘʛʦ-
ʜʘʨʷ ʫʥʠʢʘʣʴʥʳʤ ʵʩʪʝʪʠʯʝʩʢʠʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʢʘʯʝʩʪʚʘʤ. ʄʝʙʝʣʴ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʤʝʪʦʤ 
ʙʳʪʘ, ʥʦ ʠ ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʤʘʪʝʨʠʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ, ʦʪʨʘʞʘʶʱʝʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ ʠ 
ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʵʧʦʭʠ. ɽʸ ʜʠʟʘʡʥ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ ʠ ʠʥʪʝʨʴʝʨʦʤ, ʦʙʝʩʧʝʯʠ-
ʚʘʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ. ʈʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʧʦʨʦʜʳ ʜʝ-
ʨʝʚʘ, ʪʘʢ ʢʘʢ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ ʦʩʦʙʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʦʙʨʘʙʦʪʢʠ, 
ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʟʜʝʣʠʡ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʜʨʝʚʝʩ-
ʥʳʭ ʧʦʨʦʜ, ʠʭ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ ʩʪʦʨʦʥ, ʘ ʪʘʢʞʝ ʜʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʨʘʟʥʳʭ 
ʚʠʜʦʚ ʤʝʙʝʣʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʝʙʝʣʴ, ʚʳʙʦʨ ʜʨʝʚʝʩʠʥʳ, ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ, ʜʫʙ, ʚʝʥʛʝ, ʩʘʧʝʣʣʠ, ʷʩʝʥʴ, ʙʫʢ, ʵʢʩʧʣʫ-
ʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʢʘʯʝʩʪʚʘ. 
 

COMPARATIVE CHARACTERISTICS OF WOOD SPECIES FOR FURNITURE PRODUCTION: 
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Abstract. For centuries, wood has been the primary raw material for furniture manufacturing. Even in the age 
of high technology, natural timber remains popular due to its unique aesthetic and performance qualities. Fur-
niture is not only a household item but also an important component of material culture, reflecting the level of 
societal development and artistic preferences of the era. Its design is closely linked to architecture and interior 
design, providing functionality and comfort. The correct choice of wood species is crucial, as each type has 
specific properties affecting processing technology, appearance, and product durability. This article provides 
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an overview of the most sought-after wood species, their strengths and weaknesses, and recommendations 
for material selection for different types of furniture. 
Keywords: furniture, wood selection, species properties, oak, wenge, sapelli, ash, beech, performance char-
acteristics, decorative qualities. 

 
ɻʛʞʝʞʦʡʞ. ʅʘʪʫʨʘʣʴʥʘʷ ʜʨʝʚʝʩʠʥʘ ʧʨʠʜʘʸʪ ʠʥʪʝʨʴʝʨʫ ʥʝʧʦʚʪʦʨʠʤʳʡ ʰʘʨʤ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. 

ʆʜʥʘʢʦ ʤʥʦʛʦʦʙʨʘʟʠʝ ʧʦʨʦʜ ʥʘ ʨʳʥʢʝ ʩʪʘʚʠʪ ʧʝʨʝʜ ʧʦʪʨʝʙʠʪʝʣʝʤ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʥʝʧʨʦʩʪʫʶ ʟʘʜʘ-
ʯʫ: ʢʘʢʦʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʧʦʯʝʩʪʴ, ʯʪʦʙʳ ʤʝʙʝʣʴ ʙʳʣʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢʨʘʩʠʚʦʡ, ʥʘʜʸʞʥʦʡ ʠ ʜʦʣʛʦʚʝʯ-
ʥʦʡ? ʂʘʞʜʘʷ ʧʦʨʦʜʘ ʜʝʨʝʚʘ ʦʪʣʠʯʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴʶ, ʪʚʸʨʜʦʩʪʴʶ, ʪʝʢʩʪʫʨʦʡ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʥʝʰʥʠʤ 
ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ. ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʤʦʞʝʪ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠ ʩʜʝʣʘʪʴ 
ʦʩʦʟʥʘʥʥʳʡ ʚʳʙʦʨ.[1] 

ʈʧʝʮʧʝ ʣ ʡʪʪʤʞʝʧʛʙʦʡʷ. ɺ ʦʩʥʦʚʝ ʨʘʙʦʪʳ ʣʝʞʠʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʜʨʝʚʝʩʥʳʭ 
ʧʦʨʦʜ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʝʙʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʥʘʯʘʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 
ʤʝʙʝʣʴʥʳʤ ʠʟʜʝʣʠʷʤ, ʟʘʪʝʤ ʧʨʦʚʝʜʸʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʦʙʟʦʨ ʧʦʨʦʜ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ 
ʦʛʨʘʥʠʯʝʥʠʷ. 

ʇʪʦʧʛʦʴʞ ʫʩʞʚʧʛʙʦʡʸ ʣ ʥʞʚʞʤʡ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʤʝʙʝʣʴ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʸʤ ʛʨʫʧʧʘʤ 
ʪʨʝʙʦʚʘʥʠʡ: 

1. ʌʫʡʤʡʫʙʩʦʴʞ ï ʧʨʘʢʪʠʯʥʦʩʪʴ, ʫʜʦʙʩʪʚʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʦʚ ʘʥʪʨʦʧʦ-
ʤʝʪʨʠʯʝʩʢʠʤ ʥʦʨʤʘʤ ʠ ʩʪʘʥʜʘʨʪʘʤ, ʦʧʪʠʤʘʣʴʥʳʡ ʚʝʩ ʢʦʥʩʪʨʫʢʮʠʠ.[2] 

2. ʋʞʮʦʡʣʧ-ʁ ʣʧʦʧʥʡʰʞʪʣʡʞ ï ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ, ʜʦʩʪʫʧʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʭʥʦʣʦ-
ʛʠʯʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʠʝʤʣʝʤʫʶ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 

3. ʖʪʫʞʫʡʰʞʪʣʡʞ ï ʛʘʨʤʦʥʠʯʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʠʣʝʚʳʤ ʥʘʧʨʘʚ-
ʣʝʥʠʷʤ, ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʫʶʪʥʫʶ ʘʪʤʦʩʬʝʨʫ. 

ʉʧʤʵ ʣʙʰʞʪʫʛʙ ʝʩʞʛʞʪʡʦʴ ʅʝ ʣʶʙʦʝ ʜʝʨʝʚʦ ʛʦʜʠʪʩʷ ʜʣʷ ʤʝʙʝʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʪ ʚʳʙʨʘʥ-
ʥʦʡ ʧʦʨʦʜʳ ʟʘʚʠʩʷʪ: 

¶ ʚʠʟʫʘʣʴʥʘʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʠ ʬʘʢʪʫʨʘ ʠʟʜʝʣʠʷ; 
¶ ʩʢʦʨʦʩʪʴ ʠ ʣʸʛʢʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ; 
¶ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʝʟʴʙʳ ʠ ʩʣʦʞʥʦʛʦ ʜʝʢʦʨʘ; 
¶ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʜʝʬʦʨʤʘʮʠʷʤ, ʫʜʘʨʘʤ, ʚʣʘʛʝ. 
ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘʜʮʘʪʴ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʦʨʦʜ ʩ ʫʢʘʟʘʥʠʝʤ ʠʭ ʢʣʶʯʝʚʳʭ ʜʦ-

ʩʪʦʠʥʩʪʚ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ. 
ʇʚʠʧʩ ʝʩʞʛʞʪʦʴʮ ʨʧʩʧʝ. 1. ɻʞʦʜʞ (Wenge) ʕʢʟʦʪʠʯʝʩʢʘʷ ʪʨʦʧʠʯʝʩʢʘʷ ʧʦʨʦʜʘ ʩ ʙʝʣʦʡ ʟʘʙʦʣʦ-

ʥʴʶ (ʦʢʦʣʦ 3 ʩʤ) ʠ ʷʜʨʦʤ ʦʪ ʷʥʪʘʨʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʪʸʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʩ ʪʦʥʢʠʤʠ ʩʚʝʪʣʳʤʠ 
ʧʨʦʞʠʣʢʘʤʠ. ɼʨʝʚʝʩʠʥʘ ʪʷʞʸʣʘʷ, ʧʨʦʯʥʘʷ ʥʘ ʩʞʘʪʠʝ ʠ ʠʟʛʠʙ, ʥʦ ʩʦʜʝʨʞʠʪ ʤʥʦʛʦ ʤʘʩʣʷʥʠʩʪʳʭ ʠ ʤʠʥʝ-
ʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʦʙʨʘʙʦʪʢʫ. ʆʪʥʦʩʠʪʩʷ ʢ ʜʦʨʦʛʠʤ ʤʘʪʝʨʠʘʣʘʤ. ʈʤ̫-
ʪʴ: ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʜʝʢʦʨʘʪʠʚʥʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʢ ʥʘʛʨʫʟʢʘʤ ʠ ʫʜʘʨʘʤ. 

2. ʄʡʪʫʛʞʦʦʡʯʙ (Larch) ʄʝʣʢʦʩʣʦʡʥʘʷ, ʟʦʣʦʪʠʩʪʦ-ʞʸʣʪʘʷ ʩ ʙʣʝʜʥʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ. 
ɹʦʛʘʪʘ ʵʬʠʨʥʳʤʠ ʤʘʩʣʘʤʠ, ʠʟʜʘʸʪ ʧʨʠʷʪʥʳʡ ʭʚʦʡʥʳʡ ʘʨʦʤʘʪ. ʎʝʥʠʪʩʷ ʟʘ ʢʨʘʩʥʦʚʘʪʳʡ ʦʪʪʝʥʦʢ ʠ ʚʳ-
ʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʨʝʜʠ ʭʚʦʡʥʳʭ. ʅʝʜʦʩʪʘʪʦʢ ï ʩʤʦʣʠʩʪʦʩʪʴ, ʟʘʪʨʫʜʥʷʶʱʘʷ ʦʪʜʝʣʢʫ. 
ʈʤʷʪʴ: ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ, ʧʦʯʪʠ ʥʝ ʢʦʨʦʙʠʪʩʷ. 

3. ɾʤʵ (Fir) ʀʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʩʫʯʢʦʚ, ʯʪʦ ʦʩʣʦʞʥʷʝʪ ʦʙʨʘʙʦʪʢʫ. ʄʷʛʯʝ ʩʦʩʥʳ, ʛʠʛʨʦʩʢʦʧʠʯʥʘ. ʊʝʢ-
ʩʪʫʨʘ ʤʘʣʦ ʚʳʨʘʟʠʪʝʣʴʥʘ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʚʥʫʪʨʝʥʥʠʭ ʜʝʪʘʣʝʡ, ʤʦʟʘʠʢʠ ʠʣʠ ʠʟ-
ʜʝʣʠʡ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ. ʈʤʷʪʴ: ʣʝʛʢʦ ʩʢʣʝʠʚʘʝʪʩʷ, ʩʪʘʙʠʣʴʥʘ ʢ ʢʦʨʦʙʣʝʥʠʶ. ʉʭʦʜʥʘ ʩ ʩʠ-
ʙʠʨʩʢʦʡ ʧʠʭʪʦʡ. 

4. ʊʞʣʛʧʢʸ (Sequoia) ʊʘʢʞʝ ʠʟʚʝʩʪʥʘ ʢʘʢ ʤʘʤʦʥʪʦʚʦ ʜʝʨʝʚʦ. ʇʨʘʢʪʠʯʝʩʢʠ ʙʝʟ ʩʫʯʢʦʚ, ʧʦ ʩʚʦʡ-
ʩʪʚʘʤ ʙʣʠʟʢʘ ʢ ʝʣʠ, ʥʦ ʙʦʣʝʝ ʙʠʦʩʪʦʡʢʘʷ. ʎʚʝʪ ʦʪ ʩʚʝʪʣʦ-ʢʨʘʩʥʦʛʦ ʜʦ ʢʦʨʠʯʥʝʚʦ-ʢʨʘʩʥʦʛʦ. ɼʦʚʦʣʴʥʦ 
ʧʣʦʪʥʘʷ ʠ ʧʨʦʯʥʘʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʣʸʛʢʘʷ ʠ ʤʷʛʢʘʷ. ʈʤʷʪʴ: ʧʨʦʩʪʘ ʚ ʦʙʨʘʙʦʪʢʝ, ʦʛʥʝʩʪʦʡʢʘ, ʥʝ ʛʥʠʸʪ ʠ 
ʫʩʪʦʡʯʠʚʘ ʢ ʚʣʘʛʝ.[1] 

5. ʊʧʪʦʙ (Pine) ʎʚʝʪ ʦʪ ʙʫʨʦʛʦ ʜʦ ʙʝʣʦʛʦ ʠ ʧʰʝʥʠʯʥʦʛʦ; ʩʚʝʞʠʡ ʩʨʝʟ ʢʨʘʩʥʦʚʘʪ, ʩʦ ʚʨʝʤʝʥʝʤ ʤʝ-
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ʥʷʝʪʩʷ. ʅʘʠʣʫʯʰʠʝ ʢʘʯʝʩʪʚʘ ʫ ʩʦʩʝʥ, ʚʳʨʦʩʰʠʭ ʥʘ ʚʦʟʚʳʰʝʥʥʦʩʪʷʭ (ʫʟʢʠʝ ʛʦʜʦʚʳʝ ʢʦʣʴʮʘ). ʄʷʛʢʘʷ, 
ʣʝʛʢʦ ʧʦʚʨʝʞʜʘʝʪʩʷ.ʈʤʷʪʴ: ʭʦʨʦʰʦ ʩʢʣʝʠʚʘʝʪʩʷ, ʧʦʜʘʪʣʠʚʘ ʚ ʦʙʨʘʙʦʪʢʝ. 

6. ʈʙʤʡʪʙʦʝʩ (Rosewood) ʈʦʟʦʚʦʝ ʜʝʨʝʚʦ ʩ ʙʦʛʘʪʦʡ ʛʘʤʤʦʡ ʦʪʪʝʥʢʦʚ ï ʦʪ ʨʦʟʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ 
ʜʦ ʛʫʩʪʦ-ʬʠʦʣʝʪʦʚʦʛʦ. ʊʚʸʨʜʦʝ ʠ ʪʷʞʸʣʦʝ. ʀʟ-ʟʘ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʩʪʚʦʣʘ ʯʘʩʪʦ ʠʤʝʝʪ ʜʝʬʝʢʪʳ. ʈʤ̫-
ʪʴ: ʥʝ ʢʦʨʦʙʠʪʩʷ, ʚʳʩʦʢʦʜʝʢʦʨʘʪʠʚʥʦ. 

7. ʃʞʝʩ (Cedar) ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʧʦʨʦʜʘ ʞʝʣʪʦʚʘʪʦ-ʙʝʣʦʛʦ ʠʣʠ ʢʨʘʩʥʦ-ʙʫʨʦʛʦ ʮʚʝʪʘ. ɼʦʚʦʣʴʥʦ 
ʧʣʦʪʥʘʷ ʠ ʪʷʞʸʣʘʷ, ʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʤʷʛʢʠʤ. ʆʙʣʘʜʘʝʪ ʧʨʠʨʦʜʥʳʤʠ ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʈʤ̫-
ʪʴ: ʫʩʪʦʡʯʠʚ ʢ ʛʥʠʝʥʠʶ ʠ ʯʝʨʚʦʪʦʯʠʥʝ, ʣʝʛʢʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ, ʙʳʩʪʨʦ ʩʦʭʥʝʪ. 

8. ʋʡʪ (Yew) ʈʫʙʠʥʦʚʦ-ʙʫʨʳʡ ʩ ʤʥʦʞʝʩʪʚʦʤ ʯʸʨʥʳʭ ʪʦʯʝʢ. ʆʯʝʥʴ ʧʨʦʯʝʥ, ʥʦ ʩʫʯʢʦʚʘʪ. ʀʩʧʦʣʴʟʫ-
ʝʪʩʷ ʜʣʷ ʤʝʣʢʠʭ ʩʪʦʣʷʨʥʳʭ ʠʟʜʝʣʠʡ, ʜʦʨʦʛ. ʈʤʷʪʴ: ʥʝ ʧʦʨʘʞʘʝʪʩʷ ʚʨʝʜʠʪʝʣʷʤʠ, ʣʝʛʢʦ ʩʫʰʠʪʩʷ ʠ ʦʙ-
ʨʘʙʘʪʳʚʘʝʪʩʷ, ʩʣʘʙʦ ʨʝʘʛʠʨʫʝʪ ʥʘ ʧʦʛʦʜʫ. 

9. ɽʬʚ (Oak) ʉʘʤʳʡ ʧʦʧʫʣʷʨʥʳʡ ʣʠʩʪʚʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʤʝʙʝʣʴʥʦʛʦ ʤʘʩʩʠʚʘ. ʄʝʣʢʦʩʣʦʡʥʳʡ, 
ʦʪ ʧʝʩʦʯʥʦʛʦ ʜʦ ʞʝʣʪʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʩ ʢʨʘʩʠʚʳʤ ʨʠʩʫʥʢʦʤ. ɼʣʠʪʝʣʴʥʦʝ ʚʳʤʘʯʠʚʘʥʠʝ ʜʘʸʪ ʨʝʜʢʠʡ 
ʪʸʤʥʦ-ʬʠʦʣʝʪʦʚʳʡ ʤʦʨʸʥʳʡ ʜʫʙ. ʊʨʝʙʦʚʘʪʝʣʝʥ ʢ ʧʦʣʠʨʦʚʢʝ. ʈʤʷʪʴ: ʣʝʛʢʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʛʥʸʪʩʷ, 
ʚʳʩʦʢʦʫʩʪʦʡʯʠʚ ʢ ʛʥʠʝʥʠʶ. 

ʀʙʣʤʷʰʞʦʡʞ. ʅʠ ʦʜʥʘ ʧʦʨʦʜʘ ʥʝ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʦʡ ï ʫ ʢʘʞʜʦʡ ʝʩʪʴ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦ-
ʩʪʘʪʢʠ. ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʙʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʠ ʜʨʫʛʠʝ ʚʠʜʳ: ʘʙʘʯʠ, ʛʦʥʢʘʣʦ, 
ʛʨʫʰʘ, ʪʘʫʘʨʠ, ʮʝʜʝʨ, ʮʠʪʨʦʥ, ʯʝ, ʦʩʠʥʘ, ʣʘʚʨ, ʣʘʧʘʯʦ, ʚʠʰʥʷ, ʟʝʙʨʘʥʦ, ʣʠʤʙʘ ʠ ʜʨ. ʋʩʧʝʰʥʳʡ ʚʳʙʦʨ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʟʘʤʳʩʣʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʬʘʢʪʦʨʦʚ. 
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ʌɻɹʆʋ ɺʆ çʆʨʣʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʯʝʪʯʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʳʧʫʩʢʘʝʤʳʭ ʚʝʜʫʱʠʤʠ ʨʦʩʩʠʡʩʢʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ, 
ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʜʣʷ ʟʘʜʘʯ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʇʂʕ). ʈʘʩʩʤʦʪʨʝʥʘ ʵʚʦʣʶʮʠʷ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ (ʇʋ) ʚ ʫʩʣʦʚʠʷʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʠ 
ʮʠʬʨʦʚʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʈʌ. ʉʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʠ-
ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʪʨʦʡʩʪʚ, ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʜʝʣʳ ʠʭ ʧʨʠʤʝʥʠʤʦʩʪʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 
ʩʦʩʪʘʚʘ, ʥʝʩʠʤʤʝʪʨʠʠ ʠ ʦʪʢʣʦʥʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 32144-2013. ʉʜʝʣʘʥ ʚʳʚʦʜ ʦ 
ʧʦʪʝʥʮʠʘʣʝ ʨʘʩʰʠʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʯʝʪʯʠʢʦʚ ʢʘʢ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʜʣʷ ʠʥʪʝ-
ʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ɸʀʀʉʂʋʕ, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʠʟʤʝʨʠ-
ʪʝʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʮʝʣʦʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ʫʯʝʪʘ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ʇʂʕ), ʠʤ-
ʧʦʨʪʦʟʘʤʝʱʝʥʠʝ, ʤʦʥʠʪʦʨʠʥʛ, ʢʦʤʤʝʨʯʝʩʢʠʡ ʫʯʝʪ. 
 
ANALYSIS OF THE FUNCTIONALITY OF DOMESTIC ELECTRICITY METERS FOR ACCOUNTING AND 

MONITORING OF ELECTRICITY QUALITY  
 

Psarev Alexander Ivanovich, 
Sorokin Nikolay Sergeevich, 

Popryadukhin Evgeny Vladimirovich,  
Zarubin Roman Alekseevich 

 
Abstract: the article presents an analysis of the functional capabilities of modern domestic intelligent electrici-
ty meters produced by leading Russian manufacturers, from the perspective of their application for commercial 
metering and monitoring of electricity quality indicators (EQI). The evolution of metering devices (MDs) in the 
context of import substitution and digital transformation of the energy sector in the Russian Federation is ex-
amined. The metrological and technical characteristics of the devices are systematized, and the limits of their 
applicability for monitoring harmonic composition, asymmetry, and voltage deviations in accordance with 
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GOST 32144-2013 are determined. It has been concluded that there is potential to expand the functionality of 
domestic meters as universal sensors for integrated AIISKU£ systems, which could help reduce the costs of 
building the measurement infrastructure as a whole. 
Keywords: intelligent metering devices, electricity quality indicators (EQI), import substitution, monitoring, 
commercial accounting. 

 
ʎʠʬʨʦʚʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ 

ʨʘʟʚʠʪʠʝʤ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʨʘʮʠʠ, ʩʪʘʚʠʪ ʧʝʨʝʜ ʩʠʩʪʝ-
ʤʘʤʠ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘʜʘʯʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ. ɺʘʞʥʳʤ ʘʩʧʝʢ-
ʪʦʤ ʵʪʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ ʜʘʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʦ 
ʢʦʣʠʯʝʩʪʚʝ, ʥʦ ʠ ʦ ʢʘʯʝʩʪʚʝ ʧʝʨʝʜʘʚʘʝʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ɺ ʨʘʙʦʪʝ [1] ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʥʝʢʦʪʦʨʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʯʝʪʯʠʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝ-
ʤʳʝ ʜʣʷ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʦʩʝʪʝʚʦʤ ʢʦʤʧʣʝʢʩʝ ʈʌ.  ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʦʩʪʦʠʥ-
ʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʩʯʝʪʯʠʢʦʚ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʜʘʥʳ ʧʨʝʜʣʘʛʘʝʤʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ 
ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʳʭ ʇʋ.  ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʯʝʪʯʠʢʘʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʥʝʦʙ-
ʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʨʷʜ ʬʫʥʢʮʠʡ, ʥʘʧʨʠʤʝʨ, ʢʦʥʪʨʦʣʴ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 
ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʨʝʞʠʤʝ online [1].  

ɺ ʫʩʣʦʚʠʷʭ ʢʫʨʩʘ ʥʘ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʩʫʚʝʨʝʥʠʪʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠʦʙʨʝ-
ʪʘʝʪ ʨʘʟʚʠʪʠʝ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʦʩʩʠʡʩʢʠʝ ʵʣʝʢʪʨʦʩʯʝʪʯʠʢʠ ʧʨʝʜʩʪʘʚ-
ʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʧʦʣʥʷʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʟʤʝ-
ʨʝʥʠʡ. ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʮʝʣʝʡ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʠ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʩʠʩʪʝʤʘʤ ʢʦʤ-
ʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ (ɸʀʀʉʂʋʕ) ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘ-
ʮʠʝʡ ʠ ʧʨʘʚʠʣʘʤʠ ʦʧʪʦʚʦʛʦ ʠ ʨʦʟʥʠʯʥʳʭ ʨʳʥʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ [2]. ʂʣʶʯʝʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʢʦʤʤʝʨ-
ʯʝʩʢʦʛʦ ʫʯʝʪʘ ʷʚʣʷʶʪʩʷ: ʢʣʘʩʩ ʪʦʯʥʦʩʪʠ ʩʯʝʪʯʠʢʦʚ ʘʢʪʠʚʥʦʡ ʵʥʝʨʛʠʠ (ʦʙʳʯʥʦ 0,5S ʠʣʠ 1,0), ʠʥʪʝʨʚʘʣ 
ʫʩʨʝʜʥʝʥʠʷ ʤʦʱʥʦʩʪʠ (30 ʤʠʥʫʪ) ʠ ʤʝʞʧʦʚʝʨʦʯʥʳʡ ʠʥʪʝʨʚʘʣ (ʦʪ 4 ʜʦ 16 ʣʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ 
ʧʨʠʙʦʨʘ) [3,4].  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 32144-2013 ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʟʤʝʨʝʥʠʝ ʦʪʢʣʦʥʝʥʠʡ ʯʘ-
ʩʪʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʥʝʩʠʥʫʩʦʠʜʘʣʴʥʦʩʪʠ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ), ʥʝʩʠʤʤʝʪʨʠʠ 
ʥʘʧʨʷʞʝʥʠʡ (ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʨʘʪʥʦʡ ʠ ʥʫʣʝʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ), ʧʨʦʚʘʣʦʚ ʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʡ, ʘ 
ʪʘʢʞʝ ʜʦʟʳ ʬʣʠʢʝʨʘ [5]. ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʡ ʫʢʘʟʘʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʞʝʩʪʢʠʤʠ ʪʨʝ-
ʙʦʚʘʥʠʷʤʠ ʢ ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʘʣʛʦʨʠʪʤʘʤ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʦʚ. 

ʂʣʶʯʝʚʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʦʤʤʝʨʯʝʩʢʦʤʫ ʫʯʝʪʫ ʠ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʟʘʢʣʶʯʘ-
ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʯʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʠʥʪʝʨʚʘʣ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʪʦ-
ʛʜʘ ʢʘʢ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 
ʘʥʘʣʠʟʘ ʩʠʛʥʘʣʘ. ʕʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʟʦʚʳ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʧʳʪʘʶʱʠʭʩʷ ʩʦʚʤʝʩʪʠʪʴ 
ʬʫʥʢʮʠʠ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʫʯʝʪʘ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʚ ʦʜʥʦʤ ʧʨʠʙʦʨʝ. 

ʆʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʵʣʝʢʪʨʦʩʯʝʪʯʠʢʦʚ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ 
"ʕʥʝʨʛʦʤʝʨʘ". ɺ ʣʠʥʝʡʢʝ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʯʝʪʯʠʢʠ ʩ ʦʧʮʠʝʡ ʘʥʘʣʠʟʘʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʢʘʯʝ-
ʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʨʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʁ-
ʱʠʭ ʜʦ 31-ʛʦ ʧʦʨʷʜʢʘ, ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʨʦʚʘʣʳ ʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 
ʥʝʩʠʤʤʝʪʨʠʠ. ʇʨʠʤʝʥʷʝʤʳʡ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʤʝʪʦʜ ʩʠʥʭʨʦʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʠʟʤʝʨʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳ-
ʩʦʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʦʨʤʳ ʩʠʛʥʘʣʘ [6].  

ʉʯʝʪʯʠʢʠ ʩʝʨʠʠ "ʄʝʨʢʫʨʠʡ 234" ʦʩʥʘʱʘʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 
ʫʨʦʚʥʝ ʢʣʘʩʩʘ S. ʉʯʝʪʯʠʢ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ ʇʂʕ ʧʦ ɻʆʉʊ 30804.4.30, ʢʣʘʩʩ S, ʩ ʬʦʨʤʠʨʦʚʘʥʠ-
ʝʤ ʩʦʙʳʪʠʡ ʠ ʠʥʜʠʢʘʮʠʝʡ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʞʝ ʚ ʵʪʠʭ ʧʨʠʙʦʨʘʭ ʨʝʘʣʠʟʦʚʘʥʘ ʬʫʥʢʮʠʷ, ʧʦʟʚʦ-
ʣʷʶʱʘʷ ʭʨʘʥʠʪʴ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʘʚʘʨʠʡʥʳʭ ʩʦʙʳʪʠʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ [7]. 

ʇʨʦʜʫʢʮʠʷ ʛʨʫʧʧʳ "ʅʝʡʨʦʥ" ʦʪʣʠʯʘʝʪʩʷ ʤʦʜʫʣʴʥʳʤ ʧʦʩʪʨʦʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʠʙʢʦ ʢʦʥʬʠʛʫ-
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ʨʠʨʦʚʘʪʴ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʢʘʥʘʣʳ. ɺʩʪʨʦʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʚʢʣʶʯʘʝʪ ʬʠʢʩʘʮʠʶ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʤʠʥʠ-
ʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʧʦʣʫʯʘʩʦʚʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʟʥʘ-
ʯʝʥʠʡ ʬʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʪʦʢʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ [8]. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜ-
ʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʯʝʪʯʠʢʦʚ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʇʂʕ. 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʙʛʦʞʦʡʞ ʭʬʦʣʯʡʧʦʙʤʵʦʴʮ ʛʧʠʥʧʟʦʧʪʫʞʢ ʧʫʞʰʞʪʫʛʞʦʦʴʮ ʪʰʞʫʰʡʣʧʛ ʝʤʸ ʥʧʦʡʫʧʩʡʦʜʙ ʈʃʖ. 

ʇʘʨʘʤʝʪʨʳ/ ʪʨʝʙʦʚʘʥʠʝ 
ɻʆʉʊ 

"ʕʥʝʨʛʦʤʝʨʘ"  "ʄʝʨʢʫʨʠʡ 234" "ʅʝʡʨʦʥ" 

ʆʪʢʣʦʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ/Ñ5%  ɼʘ ɼʘ ɼʘ 

ʆʪʢʣʦʥʝʥʠʝ ʯʘʩʪʦʪʳ/ Ñ0,2 ɻʮ ɼʘ ɼʘ ɼʘ 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʩʠʤʤʝʪʨʠʠ/ 
Ò2% 

ɼʘ  ɼʘ ʊʨʝʙʫʝʪʩʷ ʜʦʨʘʙʦʪʢʘ 

ʇʨʦʚʘʣʳ,ʧʝʨʝʥʘʧʨʷʞʝʥʠʷ/ 
ʈʝʛʠʩʪʨʘʮʠʷ 

ɼʘ ɼʘ ɼʘ 

ʍʨʘʥʝʥʠʝ ʦʩʮʠʣʣʦʛʨʘʤʤ/ ʧʨʠ 
ʩʦʙʳʪʠʷʭ 

ʆʛʨʘʥʠʯʝʥʥʦ ɼʘ  ʆʛʨʘʥʠʯʝʥʥʦ 

 
ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʵʣʝʢʪʨʦʩʯʝʪʯʠʢʦʚ ʧʦʢʘʟʳ-

ʚʘʝʪ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ 
ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ ʧʝʨʝʭʦʜʘ ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʩʠʩʪʝʤʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʝʥʠʝ ʨʷʜʘ ʟʘʜʘʯ: ʚʦ-ʧʝʨʚʳʭ, 
ʜʦʨʘʙʦʪʢʘ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʜʣʷ ʧʨʠʟʥʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʢʘʯʝʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; ʚʦ-
ʚʪʦʨʳʭ, ʤʝʪʨʦʣʦʛʠʯʝʩʢʘʷ ʘʪʪʝʩʪʘʮʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʢʘʥʘʣʦʚ ʇʂʕ ʚ ʩʦʩʪʘʚʝ ɸʀʀʉʂʋʕ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ 
ʤʝʞʧʦʚʝʨʦʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ; ʚ-ʪʨʝʪʴʠʭ, ʧʨʦʜʦʣʞʝʥʠʝ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʭʘʨʘʢʪʝʨʥʦʤ ʜʣʷ ʨʘʟ-
ʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥ ʈʌ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʩʯʝʪʯʠʢʠ ʫʞʝ ʩʝʡʯʘʩ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʩ-
ʥʦʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ, ʩʦʚʤʝʱʘʶʱʠʭ ʢʦʤʤʝʨʯʝʩʢʠʡ ʫʯʝʪ ʠ ʦʧʝʨʘʪʠʚʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʢʘʯʝʩʪʚʘ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞ-
ʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʦʩʩʠʡʩʢʦʡ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 
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ʆʆʆ çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʘʭ ʟʘ ʩʯʸʪ ʚʥʝʜʨʝʥʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ. 
ʇʨʦʚʝʜʸʥ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʝʥʳ ʨʝ-
ʢʫʨʨʝʥʪʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ (LSTM, BiLSTM) ʠ ʠʭ ʛʠʙʨʠʜʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʩ CNN. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʢʣʶʯʝ-
ʥʠʝ ʚ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʘ. 
ɺʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʧʦʜʪʚʝʨʞʜʘʶʱʝʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʛʠʙʨʠʜʥʳʭ 
ʧʦʜʭʦʜʦʚ. ʆʙʦʩʥʦʚʘʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠ-
ʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤʠ ʧʨʝʜʧʨʠʷʪʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʧʪʠʤʠʟʘʮʠʷ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ, ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣ-
ʛʦʨʠʪʤʳ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ, LSTM, BiLSTM, ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
 
FORECASTING THE ELECTRIC LOAD OF AN INDUSTRIAL ENTERPRISE BASED ON HYBRID NEURAL 

NETWORK MODELS TO OPTIMIZE ENERGY CONSUMPTION 
 

Alimov Igor Evgenievich 
 

Abstract: This study explores the potential for improving energy efficiency in industrial facilities through intelli-
gent load forecasting algorithms. A review of modern short-term forecasting techniques is conducted, with a 
focus on recurrent neural networks (LSTM, BiLSTM) and their hybrid combinations with CNN. It is shown that 
incorporating production process parameters significantly enhances forecast quality. A comparison of various 
architectures confirms the superiority of hybrid approaches. The practical relevance of integrating such solu-
tions into automated energy management systems is substantiated. 
Key words: power consumption optimization, industrial enterprise, neural network algorithms, load forecast-
ing, LSTM, BiLSTM, artificial intelligence, energy efficiency. 

 
ʈʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʪʷʞʸʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʨʦʡ ʜʦʩʪʠʛʘʶʪ 20ï40% ʩʝʙʝʩʪʦʠʤʦ-

ʩʪʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʤʝʪʘʣʣʫʨʛʠʠ, ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ, ʭʠʤʠʠ. ʊʘʨʠʬʳ ʨʘʩʪʫʪ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ 
ʪʨʝʙʦʚʘʥʠʷ ʫʞʝʩʪʦʯʘʶʪʩʷ, ʠ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʥʫʞʜʝʥʳ ʠʩʢʘʪʴ ʣʶʙʳʝ ʩʧʦʩʦʙʳ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ. ʅʦ ʙʝʟ 
ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʥʘʛʨʫʟʦʢ ʣʶʙʳʝ ʤʝʨʳ ʙʫʜʫʪ ʚʩʣʝʧʫʶ ï ʚʳ ʣʠʙʦ ʧʝʨʝʧʣʘʯʠʚʘʝʪʝ ʟʘ ʤʦʱʥʦʩʪʴ, ʣʠʙʦ 
ʨʠʩʢʫʝʪʝ ʩʨʳʚʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [1, ʩ. 12]. 
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ɺ ʨʝʘʣʴʥʦʩʪʠ ʛʨʘʬʠʢ ʧʦʪʨʝʙʣʝʥʠʷ ʩʢʘʯʝʪ ʧʦʩʪʦʷʥʥʦ. ʆʩʪʘʥʦʚʢʘ ʩʪʘʥʢʘ, ʩʤʝʥʘ ʩʤʝʥʳ, ʚʥʝʟʘʧʥʳʡ 
ʨʝʤʦʥʪ, ʜʘʞʝ ʜʦʞʜʴ ʥʘ ʫʣʠʮʝ ï ʚʩʸ ʵʪʦ ʚʣʠʷʝʪ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʩʯʸʪʯʠʢʦʚ. ʂʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦ-
ʨʳʝ ʨʘʙʦʪʘʣʠ ʜʝʩʷʪʴ ʣʝʪ ʥʘʟʘʜ, ʩʝʛʦʜʥʷ ʜʘʶʪ ʦʰʠʙʢʫ ʚ 8ï10%, ʘ ʵʪʦ ʪʳʩʷʯʠ ʨʫʙʣʝʡ ʫʙʳʪʢʦʚ. ʄʳ ʞʝ 
ʭʦʪʠʤ ʩʦʢʨʘʪʠʪʴ ʵʪʫ ʦʰʠʙʢʫ ʚ ʨʘʟʳ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʦʙʨʘʪʠʣʠʩʴ ʢ ʥʝʡʨʦʩʝʪʝʚʳʤ ʧʦʜʭʦʜʘʤ, ʢʦʪʦ-
ʨʳʝ ʤʦʛʫʪ ʫʣʘʚʣʠʚʘʪʴ ʪʝ ʩʘʤʳʝ çʩʢʘʯʢʠè, ʥʝʚʠʜʠʤʳʝ ʜʣʷ ʩʪʘʪʠʩʪʠʢʠ [2, ʩ. 14]. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ï ʪʘʢʠʝ ʢʘʢ ARIMA, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʠ 
ʤʥʦʞʝʩʪʚʝʥʥʘʷ ʨʝʛʨʝʩʩʠʷ ï ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʜʦʧʫʱʝʥʠʠ ʦ ʣʠʥʝʡʥʦʩʪʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʧʝʨʝʤʝʥ-
ʥʳʤʠ ʠ ʧʨʦʛʥʦʟʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʪʨʝʙʫʶʪ ʪʱʘʪʝʣʴʥʦʛʦ ʨʫʯʥʦʛʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 
ʧʨʠʟʥʘʢʦʚ. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʥʝʣʠʥʝʡʥʦʩʪʴ, 
ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʢʫ ʠ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʞʝʩʪʚʘ ʪʨʫʜʥʦ ʬʦʨʤʘʣʠʟʫʝʤʳʭ ʬʘʢʪʦʨʦʚ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʦʛʨʘʥʠ-
ʯʠʚʘʶʪ ʧʨʠʤʝʥʠʤʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʚʳʩʪʫʧʘʶʪ ʘʣʛʦʨʠʪʤʳ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝ-
ʥʠʷ, ʦʩʦʙʝʥʥʦ ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʨʭʠʪʝʢʪʫʨʳ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʳʷʚʣʷʪʴ ʩʢʨʳʪʳʝ ʥʝʣʠ-
ʥʝʡʥʳʝ ʧʘʪʪʝʨʥʳ ʚ ʜʘʥʥʳʭ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʷʶʱʠʤʩʷ ʫʩʣʦʚʠʷʤ. ɺ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʠʤʝʥʥʦ ʥʝʡʨʦʩʝʪʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʘʠʣʫʯʰʫʶ ʪʦʯʥʦʩʪʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʤʥʦʛʦ-
ʯʠʩʣʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ [3, ʩ. 13128] (ʪʘʙʣ. 1). 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʙʛʦʡʫʞʤʵʦʙʸ ʮʙʩʙʣʫʞʩʡʪʫʡʣʙ ʥʞʫʧʝʧʛ ʨʩʧʜʦʧʠʡʩʧʛʙʦʡʸ ʶʤʞʣʫʩʧʨʧʫʩʞʚʤʞʦʡʸ 

ʅʞʫʧʝ ʈʩʞʡʥʬʲʞʪʫʛʙ ʇʜʩʙʦʡʰʞʦʡʸ 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʩʪʘʪʠʩʪʠʯʝ-
ʩʢʠʝ (ARIMA, ʵʢʩʧʦʥʝʥʮʠ-
ʘʣʴʥʦʝ ʩʛʣʘʞʠʚʘʥʠʝ) 

ʇʨʦʟʨʘʯʥʦʩʪʴ, ʤʘʣʳʝ ʚʳʯʠʩʣʠʪʝʣʴ-
ʥʳʝ ʟʘʪʨʘʪʳ 

ʅʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʥʝʣʠʥʝʡʥʳʤʠ 
ʟʘʚʠʩʠʤʦʩʪʷʤʠ 

ɼʝʨʝʚʴʷ ʨʝʰʝʥʠʡ ʠ ʛʨʘʜʠ-
ʝʥʪʥʳʡ ʙʫʩʪʠʥʛ (XGBoost) 

ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʥʘ ʨʘʟʥʦʨʦʜʥʳʭ 
ʜʘʥʥʳʭ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʳʙʨʦʩʘʤ 

ʊʨʝʙʫʶʪ ʵʢʩʧʝʨʪʥʦʛʦ ʦʪʙʦʨʘ ʧʨʠ-
ʟʥʘʢʦʚ 

ʈʝʢʫʨʨʝʥʪʥʳʝ ʩʝʪʠ (LSTM) 
ʕʬʬʝʢʪʠʚʥʦ ʤʦʜʝʣʠʨʫʶʪ ʜʦʣʛʦ-
ʩʨʦʯʥʳʝ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʊʨʝʙʫʶʪ ʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʜʘʥ-
ʥʳʭ ʠ ʨʝʩʫʨʩʦʚ 

ɻʠʙʨʠʜʥʳʝ ʘʨʭʠʪʝʢʪʫʨʳ 
(CNN + LSTM) 

ʆʙʲʝʜʠʥʷʶʪ ʠʟʚʣʝʯʝʥʠʝ ʣʦʢʘʣʴʥʳʭ 
ʧʨʠʟʥʘʢʦʚ ʠ ʫʯʸʪ ʜʠʥʘʤʠʢʠ 

ʉʣʦʞʥʳ ʚ ʧʦʜʙʦʨʝ ʛʠʧʝʨʧʘʨʘ-
ʤʝʪʨʦʚ 

 
ʇʨʠ ʚʳʙʦʨʝ ʢʦʥʢʨʝʪʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʤʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʪʦʯʥʦʩʪʴʶ, ʥʦ ʠ ʚʨʝʤʝʥʝʤ 

ʦʙʫʯʝʥʠʷ. LSTM ʦʙʫʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ, ʘ ʝʩʣʠ ʜʦʙʘʚʠʪʴ CNN, ʚʨʝʤʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʱʸ ʥʘ 20ï
30%. ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʩʫʪʦʯʥʳʤ ʮʠʢʣʦʤ ʵʪʦ ʧʨʠʝʤʣʝʤʦ, ʥʦ, ʝʩʣʠ ʛʨʘʬʠʢ ʦʙʥʦʚʣʷʝʪʩʷ ʢʘʞʜʳʡ ʯʘʩ, 
ʥʫʞʥʦ ʠʩʢʘʪʴ ʢʦʤʧʨʦʤʠʩʩ. ʄʳ ʠʩʧʨʦʙʦʚʘʣʠ ʪʘʢʞʝ ʙʦʣʝʝ ʣʸʛʢʠʝ ʚʘʨʠʘʥʪʳ ï GRU (Gated Recurrent 
Units), ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʫʯʘʶʪʩʷ ʙʳʩʪʨʝʝ. ʅʘ ʥʘʰʝʤ ʪʝʩʪʦʚʦʤ ʥʘʙʦʨʝ GRU 
ʧʦʢʘʟʘʣ ʪʦʯʥʦʩʪʴ ʚʩʝʛʦ ʥʘ 2% ʭʫʞʝ LSTM, ʥʦ ʚʨʝʤʷ ʦʙʫʯʝʥʠʷ ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 40%. ʕʪʦ ʚʘʞʥʳʡ ʘʨʛʫ-
ʤʝʥʪ ʜʣʷ ʪʝʭ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʳ. ʆʜʥʘʢʦ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʚʳʙʦ-
ʨʘ ʤʳ ʚʩʸ ʞʝ ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ BiLSTM, ʪʘʢ ʢʘʢ ʜʣʷ ʥʘʩ ʢʨʠʪʠʯʥʘ ʠʤʝʥʥʦ ʤʠʥʠʤʘʣʴʥʘʷ ʦʰʠʙʢʘ, ʘ ʥʝ 
ʩʢʦʨʦʩʪʴ. 

ʉʨʝʜʠ ʚʩʝʭ ʥʝʡʨʦʩʝʪʝʚʳʭ ʘʨʭʠʪʝʢʪʫʨ ʜʣʷ ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ LSTM ï ʵʪʦ, ʧʦʞʘʣʫʡ, ʩʘʤʳʡ ʧʦʧʫ-
ʣʷʨʥʳʡ ʚʳʙʦʨ. ʇʦʯʝʤʫ? ʇʦʪʦʤʫ ʯʪʦ ʦʥ ʩʧʝʮʠʘʣʴʥʦ ʧʨʠʜʫʤʘʥ, ʯʪʦʙʳ çʟʘʧʦʤʠʥʘʪʴè ʚʘʞʥʳʝ ʩʦʙʳʪʠʷ 
ʥʘʜʦʣʛʦ. ʋ ʥʝʛʦ ʝʩʪʴ ʚʥʫʪʨʝʥʥʠʝ ʚʝʥʪʠʣʠ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ, ʯʪʦ ʩʦʭʨʘʥʠʪʴ, ʘ ʯʪʦ ʟʘʙʳʪʴ. ʕʪʦ ʦʯʝʥʴ 
ʫʜʦʙʥʦ ʜʣʷ ʩʫʪʦʯʥʳʭ ʠ ʥʝʜʝʣʴʥʳʭ ʮʠʢʣʦʚ ʵʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʷ ï ʚʝʜʴ ʟʘʚʪʨʘ ʚ 8 ʫʪʨʘ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ 
ʧʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʩʝʛʦʜʥʷ, ʥʦ ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ ʚʳʭʦʜʥʳʝ. ʆʙʳʯʥʳʝ ʥʝʡʨʦʩʝʪʠ ʧʨʦʩʪʦ çʟʘʙʳʚʘ-
ʶʪè ʪʘʢʠʝ ʜʣʠʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ [4, ʩ. 2]. 

ɸ ʪʝʧʝʨʴ ʭʠʪʨʳʡ ʤʦʤʝʥʪ: ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ LSTM ʩʤʦʪʨʠʪ ʪʦʣʴʢʦ ʚ ʧʨʦʰʣʦʝ. ʅʦ ʥʘ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝ ʤʳ ʯʘʩʪʦ ʟʥʘʝʤ, ʯʪʦ ʙʫʜʝʪ ʯʝʨʝʟ ʯʘʩ ï ʥʘʧʨʠʤʝʨ, ʫ ʥʘʩ ʝʩʪʴ ʧʣʘʥ ʩʤʝʥʳ. ɽʩʣʠ ʤʳ ʜʘʜʠʤ ʩʝʪʠ 
ʩʤʦʪʨʝʪʴ ʠ ʚʧʝʨʸʜ (ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ ʚʝʨʩʠʷ), ʢʘʯʝʩʪʚʦ ʧʨʦʛʥʦʟʘ ʨʝʟʢʦ ʫʣʫʯʰʘʝʪʩʷ. ʅʘ ʨʝʘʣʴʥʳʭ ʜʘʥ-
ʥʳʭ ʦʜʥʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ BiLSTM ʜʘʣ ʦʰʠʙʢʫ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʦʙʳʯʥʳʡ 
LSTM. ʕʪʦ ʩʝʨʴʸʟʥʳʡ ʘʨʛʫʤʝʥʪ ʚ ʧʦʣʴʟʫ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ [4, ʩ. 5]. 
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ʂʦʥʝʯʥʦ, ʤʦʞʥʦ ʧʨʦʩʪʦ ʚʟʷʪʴ LSTM ʠ ʦʙʫʯʠʪʴ ʝʛʦ. ʅʦ ʤʳ ʧʦʰʣʠ ʜʘʣʴʰʝ ï ʦʙʲʝʜʠʥʠʣʠ ʝʛʦ ʩʦ 
ʩʚʸʨʪʦʯʥʦʡ ʥʝʡʨʦʩʝʪʴʶ (CNN). ɿʘʯʝʤ? ʇʦʪʦʤʫ ʯʪʦ CNN ʭʦʨʦʰʦ ʚʳʭʚʘʪʳʚʘʝʪ ʣʦʢʘʣʴʥʳʝ ʧʘʪʪʝʨʥʳ ï 
ʥʘʧʨʠʤʝʨ, ʚʥʝʟʘʧʥʳʡ ʩʢʘʯʦʢ ʤʦʱʥʦʩʪʠ ʧʨʠ ʟʘʧʫʩʢʝ ʧʨʦʢʘʪʥʦʛʦ ʩʪʘʥʘ. ɸ LSTM ʫʞʝ çʜʦʜʫʤʳʚʘʝʪè, ʢʘʢ 
ʵʪʦʪ ʩʢʘʯʦʢ ʧʦʚʣʠʷʝʪ ʥʘ ʩʣʝʜʫʶʱʠʝ ʯʘʩʳ. ʊʘʢʦʡ ʪʘʥʜʝʤ (CNN+LSTM) ʜʘʣ ʥʘʤ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ 
ʧʨʠʤʝʨʥʦ ʥʘ 5% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ LSTM. ɺ ʨʦʩʩʠʡʩʢʠʭ ʨʘʙʦʪʘʭ ʘʥʩʘʤʙʣʠ ʜʝʨʝʚʴʝʚ ʪʦʞʝ ʧʦʢʘʟʳ-
ʚʘʶʪ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʦʥʠ ʪʨʝʙʫʶʪ ʨʫʯʥʦʛʦ ʧʦʜʙʦʨʘ ʧʨʠʟʥʘʢʦʚ, ʘ ʵʪʦ ʜʦʣʛʦ [5, ʩ. 14]. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢ-
ʪʘ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʛʠʦʥʘʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʛʜʝ ʛʣʘʚʥʳʤʠ ʧʨʝʜʠʢʪʦʨʘʤʠ ʚʳ-
ʩʪʫʧʘʶʪ ʤʝʪʝʦʫʩʣʦʚʠʷ ʠ ʢʘʣʝʥʜʘʨʴ, ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʦʙʲʸʤʳ ʚʳʧʫʩʢʘ, ʟʘʛʨʫʟʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʛʨʘʬʠʢʠ ʧʣʘʥʦʚʳʭ ʨʝʤʦʥʪʦʚ ʠ ʩʤʝʥ-
ʥʦʩʪʴ ʧʝʨʩʦʥʘʣʘ. ʀʛʥʦʨʠʨʦʚʘʥʠʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ. 
ɺʢʣʶʯʝʥʠʝ ʚ ʤʦʜʝʣʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʧʨʦʛʥʦʟ ʧʦʜ ʨʝʘʣʴʥʫʶ 
ʜʠʥʘʤʠʢʫ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ [2, ʩ. 15]. 

ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʩʦʙʨʘʪʴ ʚʩʝ ʵʪʠ ʜʘʥʥʳʝ ï ʫʞʝ ʧʦʣʜʝʣʘ. ʆʩʥʦʚʥʘʷ ʛʦʣʦʚʥʘʷ ʙʦʣʴ ï ʵʪʦ ʢʘʯʝ-
ʩʪʚʦ ʩʘʤʠʭ ʜʘʥʥʳʭ. ɼʘʪʯʠʢʠ ʤʦʛʫʪ ʜʨʝʡʬʦʚʘʪʴ, ʧʨʦʧʘʜʘʪʴ ʩʚʷʟʴ, ʘʨʭʠʚʳ ʭʨʘʥʷʪʩʷ ʚ ʨʘʟʥʳʭ ʩʠʩʪʝʤʘʭ ʩ 
ʨʘʟʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ. ʅʘʧʨʠʤʝʨ, ʥʘ ʦʜʥʦʤ ʠʟ ʧʨʝʜʧʨʠʷʪʠʡ, ʩ ʢʦʪʦʨʳʤ ʤʥʝ ʜʦʚʝʣʦʩʴ ʨʘʙʦʪʘʪʴ, ʜʘʥ-
ʥʳʝ ʦ ʤʦʱʥʦʩʪʠ ʰʣʠ ʩ ʰʘʛʦʤ 1 ʤʠʥʫʪʘ, ʘ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ï ʪʦʣʴʢʦ ʨʘʟ ʚ ʯʘʩ. ʇʨʠʰʣʦʩʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ 
ʧʨʦʮʝʜʫʨʫ ʨʝʩʝʤʧʣʠʥʛʘ ʠ ʟʘʧʦʣʥʝʥʠʷ ʧʨʦʧʫʩʢʦʚ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʦʠʟ-
ʚʦʜʩʪʚʝʥʥʳʝ ʧʣʘʥʳ ʯʘʩʪʦ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ ʚ ʧʦʩʣʝʜʥʠʡ ʤʦʤʝʥʪ, ʠ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʥʫʞʥʦ ʦʧʝʨʘʪʠʚʥʦ ʟʘ-
ʥʦʩʠʪʴ ʚ ʤʦʜʝʣʴ. ʇʦʵʪʦʤʫ ʤʳ ʟʘʣʦʞʠʣʠ ʚ ʘʨʭʠʪʝʢʪʫʨʫ ʚʦʟʤʦʞʥʦʩʪʴ ʨʫʯʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʨʦʛʥʦʟʘ 
ʜʠʩʧʝʪʯʝʨʦʤ ï ʥʘ ʩʣʫʯʘʡ ʬʦʨʩ-ʤʘʞʦʨʘ. ʇʦ ʥʘʰʝʤʫ ʦʧʳʪʫ, ʪʘʢʦʡ ʛʠʙʨʠʜʥʳʡ ʧʦʜʭʦʜ (ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ 
ʧʨʦʛʥʦʟ + ʨʫʯʥʘʷ ʜʦʚʦʜʢʘ) ʜʘʸʪ ʥʘʠʣʫʯʰʝʝ ʩʦʯʝʪʘʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ. 

ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʥʦʟʥʳʝ ʦʮʝʥʢʠ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝ-
ʥʠʝʤ, ʨʝʰʘʶʱʫʶ ʟʘʜʘʯʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩʫʪʦʯʥʳʭ ʛʨʘʬʠʢʦʚ ʥʘʛʨʫʟʢʠ, ʩʛʣʘʞʠʚʘʥʠʷ ʧʠʢʦʚ ʠ ʧʝʨʝʥʦʩʘ 
ʵʥʝʨʛʦʸʤʢʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʧʝʨʠʦʜʳ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʪʘʨʠʬʘʤʠ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ ʢʦʤʙʠʥʠ-
ʨʫʶʪ ʩ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ï ʥʘʧʨʠʤʝʨ, ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠʣʠ ʤʝʪʦʜʘʤʠ ʨʦʝʚʦʛʦ ʠʥʪʝʣʣʝʢʪʘ 
ï ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʨʝʜʚʠʜʝʪʴ ʙʫʜʫʱʫʶ ʥʘʛʨʫʟʢʫ, ʥʦ ʠ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʦʙʦ-
ʨʫʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʪʨʘʪ. ʇʦ ʦʮʝʥʢʘʤ, ʧʨʠʚʝʜʸʥʥʳʤ ʚ ʨʘʙʦʪʘʭ [1], ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʠʥ-
ʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʧʦʩʦʙʥʦ ʧʦʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ 15ï20% ʠ ʩʥʠʟʠʪʴ 
ʦʰʠʙʢʫ ʧʨʦʛʥʦʟʘ ʜʦ ʫʨʦʚʥʷ ʤʝʥʝʝ 5% ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ [1, ʩ. 18]. 

ʂʦʥʝʯʥʦ, ʦʧʠʩʘʥʥʳʡ ʧʨʠʤʝʨ ï ʵʪʦ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʘʷ ʢʘʨʪʠʥʘ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʩʠ-
ʩʪʝʤ ʫʧʠʨʘʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚ ʤʘʪʝʤʘʪʠʢʫ, ʩʢʦʣʴʢʦ ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʚʦʧʨʦʩʳ. ʂʘʢ ʫʙʝʜʠʪʴ ʛʣʘʚʥʦʛʦ 
ʵʥʝʨʛʝʪʠʢʘ ʜʦʚʝʨʷʪʴ ʯʸʨʥʦʤʫ ʷʱʠʢʫ? ʂʘʢ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʥʦʚʫʶ ʤʦʜʝʣʴ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ SCADA, ʢʦʪʦ-
ʨʦʡ ʫʞʝ 15 ʣʝʪ, ʠ ʦʥʘ ʥʘʧʠʩʘʥʘ ʥʘ ʫʩʪʘʨʝʚʰʝʤ ʧʨʦʪʦʢʦʣʝ? ʄʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʰʣʦʩʴ ʧʠʩʘʪʴ 
ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʰʣʶʟ ʜʣʷ ʢʦʥʚʝʨʪʘʮʠʠ ʜʘʥʥʳʭ ʠʟ OPC DA ʚ OPC UA. ʊʘʢʞʝ ʚʘʞʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ï 
ʜʠʩʧʝʪʯʝʨ ʜʦʣʞʝʥ ʚʠʜʝʪʴ ʥʝ ʧʨʦʩʪʦ ʮʠʬʨʫ ʧʨʦʛʥʦʟʘ, ʘ ʜʦʚʝʨʠʪʝʣʴʥʳʝ ʠʥʪʝʨʚʘʣʳ ʠ ʛʨʘʬʠʢ ʬʘʢʪʠʯʝ-
ʩʢʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʟʘ ʧʨʝʜʳʜʫʱʠʝ ʩʫʪʢʠ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʫʩʧʝʭ ʧʨʦʝʢʪʘ ʥʘ 60% ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʡ 
ʦʨʛʘʥʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʠʥʪʝʨʬʝʡʩʦʚ ʠ ʪʦʣʴʢʦ ʥʘ 40% ï ʦʪ ʢʘʯʝʩʪʚʘ ʩʘʤʦʡ ʥʝʡʨʦʩʝʪʠ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴ-
ʥʝʡʰʝʤ ʤʳ ʧʣʘʥʠʨʫʝʤ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦʜʫʣʴ ʧʦʥʷʪʥʳʭ ʦʪʯʸʪʦʚ ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ, ʯʪʦʙʳ ʵʢʦʥʦʤʠʯʝʩʢʠʡ 
ʵʬʬʝʢʪ ʙʳʣ ʦʯʝʚʠʜʝʥ ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʘʙʦʪʯʠʢʘʤ. 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦʜʥʦ: ʥʝʡʨʦʩʝʪʠ ï ʵʪʦ ʥʝ ʧʘʥʘʮʝʷ, ʥʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ɼʣʷ ʧʨʦʤʳʰ-
ʣʝʥʥʦʩʪʠ, ʛʜʝ ʢʘʞʜʳʡ ʧʨʦʮʝʥʪ ʦʰʠʙʢʠ ʦʙʦʨʘʯʠʚʘʝʪʩʷ ʜʝʥʴʛʘʤʠ, ʧʝʨʝʭʦʜ ʩ ARIMA ʥʘ ʛʠʙʨʠʜʥʳʝ ʤʦʜʝ-
ʣʠ ʚʨʦʜʝ CNN+LSTM ʠʣʠ BiLSTM ï ʦʧʨʘʚʜʘʥʥʳʡ ʰʘʛ. ʅʦ ʢʣʶʯʝʚʦʝ ï ʥʝ ʟʘʙʳʚʘʪʴ ʧʨʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 
ʧʘʨʘʤʝʪʨʳ. ɹʝʟ ʥʠʭ ʧʨʦʛʥʦʟ ʙʫʜʝʪ çʩʨʝʜʥʠʤ ʧʦ ʙʦʣʴʥʠʮʝè. ʅʘʰʘ ʜʘʣʴʥʝʡʰʘʷ ʮʝʣʴ ï ʩʜʝʣʘʪʴ ʤʦʜʝʣʴ 
ʘʜʘʧʪʠʚʥʦʡ, ʯʪʦʙʳ ʦʥʘ ʩʘʤʘ ʧʝʨʝʩʪʨʘʠʚʘʣʘʩʴ, ʝʩʣʠ ʟʘʚʦʜ ʧʝʨʝʰʸʣ ʥʘ ʜʨʫʛʦʡ ʛʨʘʬʠʢ ʨʘʙʦʪʳ. ʀ, ʢʦʥʝʯ-
ʥʦ, ʚʩʪʨʦʠʪʴ ʝʸ ʚ ʦʙʱʫʶ ʮʠʬʨʦʚʫʶ ʩʠʩʪʝʤʫ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʘʢ ʵʪʦʛʦ ʪʨʝʙʫʝʪ ʀʥʜʫʩʪʨʠʷ 4.0 [5, ʩ. 16]. 

ɺʦʟʴʤʸʤ ʜʣʷ ʧʨʠʤʝʨʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ, ʢʦʪʦʨʳʡ ʪʨʘʪʠʪ ʦʢʦʣʦ 50 ʤʣʥ ʢɺʪĿʯ ʚ ʛʦʜ. ʅʘ 
ʥʸʤ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʘ SCADA, ʚʠʩʷʪ 200 ʜʘʪʯʠʢʦʚ ï ʩʥʠʤʘʶʪ ʤʦʱʥʦʩʪʴ, ʪʦʢ, ʪʝʤʧʝʨʘʪʫʨʫ ʢʘʞʜʳʝ 15 
ʤʠʥʫʪ. ʄʳ ʦʙʫʯʠʣʠ ʛʠʙʨʠʜʥʫʶ ʤʦʜʝʣʴ CNN+LSTM ʥʘ ʜʚʫʭ ʛʦʜʘʭ ʪʘʢʠʭ ʜʘʥʥʳʭ, ʜʦʙʘʚʠʚ ʪʫʜʘ ʧʣʘʥʳ 
ʚʳʧʫʩʢʘ ʠ ʛʨʘʬʠʢʠ ʨʝʤʦʥʪʦʚ. ʀ ʯʪʦ ʧʦʣʫʯʠʣʦʩʴ? ʆʰʠʙʢʘ ʧʨʦʛʥʦʟʘ ʫʧʘʣʘ ʩ 8,2% (ʢʘʢ ʫ ARIMA) ʜʦ 3,1%. 
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ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʨʝʟʘʪʴ ʧʠʢʠ ʥʘ 12% ʠ ʯʘʩʪʴ ʥʘʛʨʫʟʢʠ ʧʝʨʝʥʝʩʪʠ ʥʘ ʥʦʯʴ, ʛʜʝ ʪʘʨʠʬ ʜʝʰʝʚʣʝ. ɿʘ ʧʝʨʚʳʡ 
ʞʝ ʛʦʜ ʟʘʚʦʜ ʩʵʢʦʥʦʤʠʣ ʦʢʦʣʦ 6 ʤʣʥ ʨʫʙʣʝʡ ʧʨʠ ʪʦʤ, ʯʪʦ ʩʘʤʘ ʩʠʩʪʝʤʘ ʦʙʦʰʣʘʩʴ ʚ 2,5 ʤʣʥ. ʊʘʢ ʯʪʦ ʥʝ 
ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ, ʥʦ ʠ ʯʠʩʪʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʦʯʝʚʠʜʥʘ. 
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ǯǟǦǯǟǠǭǱǩǟ ǧ ǮǯǧǫǤǬǤǬǧǤ ǡǤǠ-
ǭǯǧǤǬǱǧǯǭǡǟǬǬǺǴ ǼǪǤǩǱǯǭǬǬǺǴ 
ǭǠǯǟǦǭǡǟǱǤǪǻǬǺǴ ǯǤǰǲǯǰǭǡ ǡ 
ǱǤǴǬǧǶǤǰǩǭǫ ǡǲǦǤ 

ǳȏȍȊȍȁǿ ǣǿȏțȞ ǟȊȄȉȐǿȌȃȏȍȁȌǿ 
ʩʪʫʜʝʥʪ 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʝʩʫʨ-
ʩʦʚ (ʕʆʈ) ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʷʟʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʧʠʩʘʥ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʝʙ-
ʧʦʩʦʙʠʷ çʆʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ Juliaè, ʢʦʪʦʨʦʝ ʦʙʲʝʜʠʥʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʠʥʪʝʨʘʢʪʠʚ-
ʥʳʝ ʪʝʩʪʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʚʳʙʦʨʫ ʩʪʝʢʘ ʪʝʭʥʦʣʦʛʠʡ, ʨʝʘʣʠʟʘʮʠʠ 
ʘʜʘʧʪʠʚʥʦʛʦ ʠʥʪʝʨʬʝʡʩʘ, ʧʦʜʩʚʝʪʢʝ ʩʠʥʪʘʢʩʠʩʘ ʠ ʦʪʦʙʨʘʞʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʚʝʙ-ʧʦʩʦʙʠʝ, ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʨʝʩʫʨʩ, ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Julia, 
ʚʝʙ-ʪʝʭʥʦʣʦʛʠʠ, ʘʜʘʧʪʠʚʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
 
DEVELOPMENT AND APPLICATION OF WEB-BASED ELECTRONIC EDUCATIONAL RESOURCES AT A 

TECHNICAL UNIVERSITY 
 

Frolova Darya Alexandrovna  
 

Abstract: The article examines the relevance of the development of electronic educational resources (ESR) 
for the study of modern programming languages. The process of creating a web-based tutorial "Fundamentals 
of modeling in Julia", which combines theoretical material, interactive tests and practical tasks, is described. 
Special attention is paid to the choice of a technology stack, the implementation of an adaptive interface, syn-
tax highlighting and the display of mathematical formulas.  
Keywords: web manual, electronic educational resource, Julia programming language, web technologies, 
adaptive interface, interactive testing, modeling. 

 
ɻʛʞʝʞʦʡʞ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʘʭ ʩʪʨʝʤʠʪʝʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ 

ʚʣʠʷʥʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʣʝʢʮʠʠ ʠ ʙʫʤʘʞʥʳʝ ʫʯʝʙʥʠʢʠ ʚʩʝ ʯʘʱʝ ʜʦʧʦʣʥʷʶʪʩʷ, ʘ 
ʠʥʦʛʜʘ ʠ ʟʘʤʝʥʷʶʪʩʷ ʕʆʈ, ʜʦʩʪʫʧʥʳʤʠ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ [3, ʩ. 45]. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʜʠʩʮʠ-
ʧʣʠʥ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ, ʛʜʝ ʩʪʫʜʝʥʪʘʤ ʥʝʦʙʭʦʜʠ-
ʤʦ ʥʝ ʧʨʦʩʪʦ ʟʥʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, ʥʦ ʠ ʫʤʝʪʴ ʧʨʠʤʝʥʷʪʴ ʠʭ ʥʘ ʧʨʘʢʪʠʢʝ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʭ ʷʟʳʢʦʚ ʜʣʷ ʥʘʫʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʙʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ Julia. ʆʜʥʘʢʦ, ʝʛʦ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʤʦʣʦʜʦʩʪʴ 
ʧʨʠʚʝʣʘ ʢ ʜʝʬʠʮʠʪʫ ʢʘʯʝʩʪʚʝʥʥʳʭ ʫʯʝʙʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ 
ʝʛʦ ʠʥʪʝʛʨʘʮʠʶ ʚ ʫʯʝʙʥʳʝ ʧʨʦʮʝʩʩʳ. 

ɹʦʙʤʡʠ ʪʬʲʞʪʫʛʬʷʲʞʢ ʤʡʫʞʩʙʫʬʩʴ ʡ ʨʧʪʫʙʦʧʛʣʙ ʠʙʝʙʰʡ. ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ 
ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ɸʥʘ-
ʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʩʫʨʩʦʚ ʷʚʣʷʶʪʩʷ ʩʧʨʘʚʦʯʥʳʤʠ, ʠʤʝʶʪ ʷʟʳʢʦʚʦʡ ʙʘʨʴʝʨ ʠʣʠ ʪʨʝʙʫʶʪ 
ʫʩʪʘʥʦʚʢʠ ʇʆ. ɺʳʷʚʣʝʥʥʳʡ ʧʨʦʙʝʣ ʦʧʨʝʜʝʣʠʣ ʥʘʧʨʘʚʣʝʥʠʝ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ: ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦ-
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ʚʘʥʘ ʟʘʜʘʯʘ ʧʦ ʩʦʟʜʘʥʠʶ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʩʮʠʧʣʠʥʘʤ, ʨʝʘʣʠ-
ʟʫʝʤʳʤ ʚ ɸʨʟʘʤʘʩʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ. 

 
ʋʙʚʤʡʯʙ 1 

ʊʩʙʛʦʡʫʞʤʵʦʴʢ ʙʦʙʤʡʠ ʪʬʲʞʪʫʛʬʷʲʡʮ ʬʰʞʚʦʴʮ ʩʞʪʬʩʪʧʛ ʨʧ ʸʠʴʣʬ Julia 

ʂʨʠʪʝʨʠʡ ʩʨʘʚʥʝʥʠʷ ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʝʩʫʨʩʘ 

Engee julialang Julia ʥʘ 
GitHub  

ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ 
ʧʦʩʦʙʠ 

ʗʟʳʢ ʠʥʪʝʨʬʝʡʩʘ (ʨʫʩʩʢʠʡ) ṉ ṍ ṍ ṉ 

ʉʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʥʘʚʠʛʘʮʠʷ ṉ ṉ ṍ ṉ 

ʀʥʪʝʨʘʢʪʠʚʥʳʝ ʪʝʩʪʳ ṍ ṍ ṍ ṉ 

ʇʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ ṍ ṍ ṉ ṉ 

ʅʝ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʠ ʇʆ ṉ ṉ ṍ ṉ 

ɹʝʩʧʣʘʪʥʳʡ ʜʦʩʪʫʧ ṉ ṉ ṉ ṉ 

ʇʦʜʭʦʜʠʪ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ṉ ṍ ṉ ṉ 

 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣ ʚʳʙʨʘʥ ʢʣʘʩʩʠʯʝʩʢʠʡ ʪʫʞʣ ʛʞʚ-ʫʞʮʦʧʤʧʜʡʢ: HTML, CSS ʠ JavaScript. ʊʘʢʦʡ 

ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ, ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʟʘʛʨʫʟʢʠ ʠ ʧʨʦʩʪʦʪʫ ʧʫʙʣʠʢʘʮʠʠ ʥʘ 
ʙʝʩʧʣʘʪʥʳʭ ʭʦʩʪʠʥʛʘʭ, ʪʘʢʠʭ ʢʘʢ GitHub Pages. ɼʣʷ ʧʦʜʩʚʝʪʢʠ ʩʠʥʪʘʢʩʠʩʘ Julia ʙʳʣʘ ʧʦʜʢʣʶʯʝʥʘ ʙʠʙ-
ʣʠʦʪʝʢʘ Prism.js, ʘ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʫʣ ï ʙʠʙʣʠʦʪʝʢʘ MathJax. 

 

 
ʉʡʪ. 1. ɼʤʙʛʦʙʸ ʪʫʩʙʦʡʯʙ ʨʧʪʧʚʡʸ 

 
ʈʩʧʞʣʫʡʩʧʛʙʦʡʞ ʡ ʩʞʙʤʡʠʙʯʡʸ. ʉʪʨʫʢʪʫʨʘ ʚʝʙ-ʧʦʩʦʙʠʷ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʨʠʥʮʠʧʝ ʤʥʦʛʦʩʪʨʘʥʠʯʥʦ-

ʛʦ ʩʘʡʪʘ ʩ ʜʚʫʤʷ ʫʨʦʚʥʷʤʠ ʥʘʚʠʛʘʮʠʠ. ɻʣʦʙʘʣʴʥʦʝ ʤʝʥʶ ʩʦʜʝʨʞʠʪ ʪʨʠ ʦʩʥʦʚʥʳʝ ʚʢʣʘʜʢʠ: çʊʝʦʨʠʷè, 
çʊʝʩʪè ʠ çʇʨʘʢʪʠʢʘè, ʘ ʙʦʢʦʚʦʝ ʚʳʜʚʠʞʥʦʝ ʤʝʥʶ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʢʣʶʯʘʪʴʩʷ ʤʝʞʜʫ ʚʦʩʝʤʴʶ ʪʝʤʘʪʠʯʝ-
ʩʢʠʤʠ ʛʣʘʚʘʤʠ (ʨʠʩ. 1). ʆʩʥʦʚʥʦʡ ʢʦʥʪʝʥʪ ʭʨʘʥʠʪʩʷ ʚ ʬʦʨʤʘʪʝ JSON, ʯʪʦ ʫʧʨʦʱʘʝʪ ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʳʭ 
ʪʝʤ ʠ ʦʙʥʦʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ [1, ʩ. 315]. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʘʜʘʧʪʠʚʥʦʛʦ ʠʥ-
ʪʝʨʬʝʡʩʘ ʠ ʧʝʨʝʢʣʶʯʝʥʠʝ ʤʝʞʜʫ ʩʚʝʪʣʦʡ ʠ ʪʝʤʥʦʡ ʪʝʤʘʤʠ ʦʬʦʨʤʣʝʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʚʨʝʤʝʥ-
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ʥʳʤ ʵʨʛʦʥʦʤʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ [2, ʩ. 95]. ɺʝʨʩʪʢʘ ʢʦʨʨʝʢʪʥʦ ʦʪʦʙʨʘʞʘʝʪʩʷ ʥʘ ʵʢʨʘʥʘʭ ʦʪ ʥʘʩʪʦʣʴʥʳʭ 
ʤʦʥʠʪʦʨʦʚ ʜʦ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ. ʆʩʥʦʚʥʦʡ ʢʦʥʪʝʥʪ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʙʣʦʢʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ 
900 ʧʠʢʩʝʣʝʡ ʠ ʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʩʪʨʘʥʠʮʝ. ɼʣʷ ʵʢʨʘʥʦʚ ʰʠʨʠʥʦʡ ʤʝʥʝʝ 600 ʧʠʢʩʝʣʝʡ ʩʝʢʮʠʠ ʟʘʥʠʤʘʶʪ 
ʚʩʶ ʜʦʩʪʫʧʥʫʶ ʰʠʨʠʥʫ, ʧʨʠ ʵʪʦʤ ʨʘʟʤʝʨ ʰʨʠʬʪʘ ʟʘʛʦʣʦʚʢʦʚ ʠ ʢʥʦʧʦʢ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʥʘʚʠʛʘʮʠʦʥʥʳʝ 
ʵʣʝʤʝʥʪʳ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ ʜʣʷ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʩʝʥʩʦʨʥʳʭ ʵʢʨʘʥʘʭ. 

ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʪʝʩʪʦʚʳʡ ʤʦʜʫʣʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ ʩʘʤʦʧʨʦʚʝʨʢʠ. ʇʝʨʝʜ ʥʘʯʘ-
ʣʦʤ ʪʝʩʪʘ ʩʪʫʜʝʥʪʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʚʝʩʪʠ ʩʚʦʝ ʠʤʷ ʚ ʤʦʜʘʣʴʥʦʤ ʦʢʥʝ. ʂʘʞʜʳʡ ʪʝʩʪ ʩʦʜʝʨʞʠʪ 10 ʚʦʧʨʦ-
ʩʦʚ ʠ ʦʛʨʘʥʠʯʝʥ ʧʦ ʚʨʝʤʝʥʠ ï 10 ʤʠʥʫʪ. ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ ʠ ʧʦʜʩʯʝʪʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʣʥʦʩʪʴʶ 
ʨʝʘʣʠʟʦʚʘʥ ʥʘ JavaScript ʥʘ ʩʪʦʨʦʥʝ ʢʣʠʝʥʪʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʛʥʦʚʝʥʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʙʝʟ ʧʝʨʝ-
ʟʘʛʨʫʟʢʠ ʩʪʨʘʥʠʮʳ. 

ʈʘʟʜʝʣ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʥʠʡ ʦʨʛʘʥʠʟʦʚʘʥ ʧʦ ʧʨʠʥʮʠʧʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ. ʅʘ 
ʛʣʘʚʥʦʡ ʩʪʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʥʦʧʢʠ ʩ ʥʦʤʝʨʘʤʠ ʦʪ 1 ʜʦ 20, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʫʥʠʢʘʣʴʥʦʤʫ ʥʘʙʦʨʫ ʟʘʜʘʯ. ʉʪʫʜʝʥʪ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʠʷ ʚ ʩʚʦʝʡ ʣʦʢʘʣʴʥʦʡ ʩʨʝʜʝ (VS 
Code ʠʣʠ REPL), ʯʪʦ ʧʨʠʫʯʘʝʪ ʝʛʦ ʢ ʨʘʙʦʪʝ ʩ ʨʝʘʣʴʥʳʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ. ɼʣʷ 
ʫʜʦʙʩʪʚʘ ʥʘʚʠʛʘʮʠʠ ʨʝʘʣʠʟʦʚʘʥ ʚʳʧʘʜʘʶʱʠʡ ʩʧʠʩʦʢ, ʧʦʟʚʦʣʷʶʱʠʡ ʙʳʩʪʨʦ ʩʤʝʥʠʪʴ ʚʘʨʠʘʥʪ ʟʘʜʘʥʠʡ 
ʙʝʟ ʚʦʟʚʨʘʪʘ ʥʘ ʛʣʘʚʥʫʶ ʩʪʨʘʥʠʮʫ. 

ɹʨʩʧʚʙʯʡʸ ʧʦʩʦʙʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩʦ ʩʪʫʜʝʥʪʘʤʠ 2 ʠ 3 ʢʫʨʩʘ ɸʨʟʘʤʘʩʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥ-
ʩʪʠʪʫʪʘ. ʉʪʫʜʝʥʪʳ ʦʪʤʝʪʠʣʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠ ʫʜʦʙʥʫʶ ʥʘʚʠʛʘʮʠʶ. ʈʝʩʫʨʩ ʧʦʣʫʯʠʣ 
ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʪʟʳʚʳ ʠ ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʇʦʩʦʙʠʝ ʦʧʫʙʣʠ-
ʢʦʚʘʥʦ ʥʘ ʧʣʘʪʬʦʨʤʝ GitHub Pages ʧʦ ʘʜʨʝʩʫ https://daralova.github.io/julia/ ʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʚ ʥʘʫʯ-
ʥʦʤ ʨʝʧʦʟʠʪʦʨʠʠ Zenodo ʩ ʧʨʠʩʚʦʝʥʠʝʤ ʮʠʬʨʦʚʦʛʦ ʠʜʝʥʪʠʬʠʢʘʪʦʨʘ DOI: 10.5281/zenodo.19917152. 

ʀʙʣʤʷʰʞʦʡʞ. ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʚʝʙ-ʧʦʩʦʙʠʝ çʆʩʥʦʚʳ ʤʦʜʝʣʠʨʦʚʘ-
ʥʠʷ ʚ Juliaè, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʥʦʮʝʥʥʳʡ ʵʣʝʢʪʨʦʥʥʳʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʨʝʩʫʨʩ, ʦʙʲʝʜʠ-
ʥʷʶʱʠʡ ʪʝʦʨʠʶ, ʧʨʘʢʪʠʢʫ ʠ ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ. ɺʥʝʜʨʝʥʠʝ ʧʦʜʦʙʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʫʯʝʙʥʳʡ ʧʨʦ-
ʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ, ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʧʨʦ-
ʚʝʨʢʫ ʟʥʘʥʠʡ ʠ ʩʜʝʣʘʪʴ ʦʙʫʯʝʥʠʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ 
ʨʘʩʰʠʨʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʜʦʙʘʚʣʝʥʠʝ ʚʩʪʨʦʝʥʥʦʛʦ ʦʥʣʘʡʥ-ʢʦʤʧʠʣʷʪʦʨʘ Julia ʜʣʷ ʚʳʧʦʣ-
ʥʝʥʠʷ ʢʦʜʘ ʧʨʷʤʦ ʚ ʙʨʘʫʟʝʨʝ ʠ ʠʥʪʝʛʨʘʮʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʦʙʫʯʝʥʠʷ. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʣʘʛʦʜʘʨʦʚ ʂʠʨʠʣʣ ɽʚʛʝʥʴʝʚʠʯ 
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ɹʦʦʧʫʙʯʡʸ: ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʟʘ 
ʦʛʨʘʞʜʝʥʠʷʤʠ ʚ ʧʦʣʥʦʩʪʴʶ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʢʦʣʣʘʙʦʨʘʪʠʚʥʳʝ ʨʦʙʦʪʳ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʜʣʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʯʝʣʦʚʝʢʦʤ ʚ ʦʙʱʝʡ ʨʘʙʦʯʝʡ ʟʦʥʝ. ʕʪʦ ʥʘʢʣʘʜʳʚʘʝʪ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʠʭ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ. ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ 
ʩʦʯʣʝʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʛʦ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜ ʥʘ ʙʘʟʝ ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʛʦ 
ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (Brushless Direct Current, BLDC). ɺʳʩʦʢʘʷ ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ, 
ʤʠʥʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ, ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 
ʤʦʤʝʥʪʦʤ ʜʝʣʘʶʪ ʪʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʩʪʘʥʜʘʨʪʦʤ ʜʝ-ʬʘʢʪʦ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʣʣʘʙʦʨʘʪʠʚʥʳʭ ʨʦʙʦʪʦʚ. 
ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʘʷ ʠ ʙʝʟʦʧʘʩʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʪʘʢʦʛʦ ʧʨʠʚʦʜʘ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 
ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʦʙʦʪ, ʙʝʟʦʧʘʩʥʦʩʪʴ, ʢʦʥʪʨʦʣʣʝʨ, ʤʦʜʝʣʴ, ʩʠʩʪʝʤʘ. 
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Abstract: unlike traditional industrial manipulators, which operate behind barriers in a completely isolated 
space, collaborative robots are designed for direct interaction with a person in a shared work area. This 
imposes fundamental limitations on the design of their actuators. The key element of the joint of a modern 
collaborative robot is an electric drive based on a brushless DC motor (Brushless Direct Current, BLDC). The 
high power density, minimal rotor inertia, high reliability, and the ability to provide highly precise torque control 
make such motors the de facto standard in the design of collaborative robots. However, effective and safe 
operation of such a drive is possible only if a whole range of hardware and software requirements are met. 
Key words: robot, safety, controller, model, system. 

 
ɸʧʧʘʨʘʪʥʳʡ ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʚʝʨʪʦʨ, ʜʘʪʯʠʢʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʮʝʧʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. ɻʣʘʚʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʛʦ ʧʨʠʚʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
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ʩʦʯʝʪʘʥʠʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʰʫʤʦʚ ʠ ʚʳʩʦʯʘʡʰʝʡ ʜʠʥʘʤʠʢʦʡ ʨʝʘ-
ʛʠʨʦʚʘʥʠʷ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʧʨʠʤʝʥʷʝʪʩʷ ʪʨʝʭʬʘʟʥʳʡ ʤʦʩʪʦʚʦʡ ʠʥʚʝʨʪʦʨ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ 
ʩʠʩʪʝʤʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʨʝʤʥʠʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʢ ʧʦʣʝʚʳʤ ʪʨʘʥʟʠʩʪʦʨʘʤ ʩ 
ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʟʘʪʚʦʨʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʠ (ʐʀʄ) ʜʦ 
ʩʦʪʝʥ ʢʠʣʦʛʝʨʮ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʘ ʧʝʨʝʢʣʶʯʝʥʠʝ [5, ʩ. 304]. ɺʳʩʦʢʘʷ 
ʯʘʩʪʦʪʘ ʩʥʠʞʘʝʪ ʧʫʣʴʩʘʮʠʠ ʪʦʢʘ, ʫʤʝʥʴʰʘʝʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʰʫʤ ʠ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 
ʧʨʠʤʝʥʷʪʴ ʩʛʣʘʞʠʚʘʶʱʠʝ ʬʠʣʴʪʨʳ ʤʝʥʴʰʠʭ ʛʘʙʘʨʠʪʦʚ [5, ʩ. 310]. ʊʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʬʘʟʥʳʭ ʪʦʢʦʚ ʷʚ-
ʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʢʦʥʪʫʨʘ ʫʧʨʘʚʣʝʥʠʷ ʢʨʫʪʷʱʠʤ ʤʦʤʝʥʪʦʤ, ʜʣʷ ʯʝʛʦ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʮʠʟʠʦʥ-
ʥʳʝ ʰʫʥʪʳ ʩ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤʠ 
ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʪʦʢʦʚʳʤʠ ʫʩʠʣʠʪʝʣʷʤʠ ʠʣʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘ-
ʪʝʣʷʤʠ (ɸʎʇ). ɿʘʤʝʨ ʪʦʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʠʥʭʨʦʥʥʦ ʩ ʩʠʛʥʘʣʘʤʠ ʤʦʜʫʣʷʮʠʠ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʢʦʤʤʫʪʘ-
ʮʠʦʥʥʳʭ ʧʦʤʝʭ, ʘ ʨʘʟʨʷʜʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘ-
ʟʦʥ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʢʘʢ ʤʠʥʠʤʘʣʴʥʳʭ ʫʩʠʣʠʡ ʢʦʥʪʘʢʪʘ, ʪʘʢ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʦʤʝʥʪʦʚ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʩʫʩʪʘʚʘ ʪʨʝʙʫʝʪʩʷ ʥʝʧʨʝ-
ʨʳʚʥʦʝ ʠʟʤʝʨʝʥʠʝ ʫʛʣʘ ʧʦʚʦʨʦʪʘ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʚʦʡʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ 
(ʧʦʣʥʦʩʪʴʶ ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʫʧʨʘʚʣʝʥʠʷ) [3, ʩ. 231]. ʇʝʨʚʳʡ ʜʘʪʯʠʢ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩʣʝʜʫʝʪ 
ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʚʘʣ ʜʚʠʛʘʪʝʣʷ ʜʦ ʨʝʜʫʢʪʦʨʘ, ʘ ʚʪʦʨʦʡ ð ʥʘ ʚʳʭʦʜʥʦʡ ʚʘʣ ʩʦʯʣʝʥʝ-
ʥʠʷ ʧʦʩʣʝ ʨʝʜʫʢʪʦʨʘ. ʊʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʩʪʨʘʥʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ, ʚʳʟʚʘʥʥʳʝ 
ʣʶʬʪʦʤ ʠ ʤʝʨʪʚʳʤ ʭʦʜʦʤ ʧʝʨʝʜʘʯʠ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʠʟʤʝʨʝʥʠʷ ʨʘʟʥʦʩʪʠ ʫʛʣʦʚ ʠ ʫʧʨʫʛʦʡ ʜʝʬʦʨʤʘʮʠʠ ʛʠʙ-
ʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʯʠʩʣʷʪʴ ʬʘʢʪʠʯʝʩʢʠ ʧʨʠʣʦʞʝʥʥʳʡ ʚʥʝʰʥʠʡ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ [8, ʩ. 757]. ʇʣʘʪʘ ʫʧʨʘʚ-
ʣʝʥʠʷ ʠ ʦʙʤʦʪʢʠ ʜʚʠʛʘʪʝʣʷ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʦʩʥʘʱʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʊʦʛʜʘ ʘʣʛʦʨʠʪʤʳ ʟʘʱʠʪʳ ʧʨʝʜʫʧʨʝʞʜʘʶʪ ʧʝʨʝʛʨʝʚ ʩʠʣʦʚʳʭ ʪʨʘʥʟʠʩʪʦʨʦʚ ʠ ʜʝʛʨʘʜʘʮʠʶ ʧʦʩʪʦʷʥʥʳʭ 
ʤʘʛʥʠʪʦʚ ʨʦʪʦʨʘ ʧʫʪʝʤ ʧʣʘʚʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʦʧʫʩʪʠʤʦʛʦ ʪʦʢʘ ʜʦ ʤʦʤʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ 
ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʧʨʠʚʦʜʘ ʦʪʚʝʯʘʝʪ ʟʘ ʚʳʧʦʣʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ 
ʠ ʦʙʨʘʙʦʪʢʫ ʩʠʛʥʘʣʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ [3, ʩ. 233]. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʠʭ 
ʷʜʝʨ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ ʪʨʠʜʮʘʪʠ ʜʚʫʭ ʨʘʟʨʷʜʥʳʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʘʨʭʠʪʝʢʪʫʨʳ Advanced RISC 
Machine (ARM), ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʮʠʬʨʦʚʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʨʦʮʝʩʩʦʨʳ (Digital Signal Processor, DSP) 
ʠʣʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʭʝʤʳ (Field-Programmable Gate Array, FPGA). ʆʙʷʟʘ-
ʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʘʧʧʘʨʘʪʥʦʛʦ ʤʦʜʫʣʷ ʚʳʯʠʩʣʝʥʠʡ ʩ ʧʣʘʚʘʶʱʝʡ ʟʘʧʷʪʦʡ (Floating-Point Unit, 
FPU), ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʫʩʢʦʨʠʪʝʣʝʡ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʘʡʤʝʨʦʚ ʩ ʧʦʜʜʝʨʞʢʦʡ ʤʝʨʪʚʦʛʦ ʚʨʝ-
ʤʝʥʠ (dead-time) ʠ ʘʧʧʘʨʘʪʥʦʡ ʦʪʩʝʯʢʠ ʧʨʠ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʇʝʨʝʜʘʯʘ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ ʦʪ ʮʝʥʪʨʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʨʦʙʦʪʘ ʢ ʧʨʠʚʦʜʘʤ ʩʦʯʣʝʥʝʥʠʡ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʰʠʥʘʤ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʪʘʢʠʤ ʢʘʢ 
EtherCAT, CANopen over EtherCAT ʠʣʠ PROFINET IRT (Isochronous Real-Time), ʩ ʮʠʢʣʦʤ ʦʙʥʦʚʣʝʥʠʷ 
ʜʘʥʥʳʭ ʦʪ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʤʠʣʣʠʩʝʢʫʥʜʳ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʫʨʦʚʥʝʤ ʦʪʢʣʦʥʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳʧʦʣʥʝʥʠʷ 
(ʜʞʠʪʪʝʨʘ) [6, ʩ. 166] . 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʚʦʜʘ ʜʝʣʠʪʩʷ ʥʘ ʢʦʥʪʫʨʳ ʙʘʟʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʠ ʘʣʛʦ-
ʨʠʪʤʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʦʩʪʦʡ ʩʢʘʣʷʨʥʦʡ ʠʣʠ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʡ 
ʢʦʤʤʫʪʘʮʠʠ, ʚʝʢʪʦʨʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 
ʩʢʦʨʦʩʪʝʡ, ʦʙʝʩʧʝʯʠʪ ʧʣʘʚʥʦʩʪʴ ʭʦʜʘ ʙʝʟ ʧʫʣʴʩʘʮʠʡ ʥʘ ʩʚʝʨʭʥʠʟʢʠʭ ʩʢʦʨʦʩʪʷʭ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʠʤʝʥʷʪʴ ʨʝʞʠʤ ʦʩʣʘʙʣʝʥʠʷ ʧʦʣʷ (Field Weakening) ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ʚʳʰʝ ʥʦ-
ʤʠʥʘʣʴʥʦʛʦ [3, ʩ. 303]. ʇʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʨʝʘʣʠʟʫʝʪ ʪʨʝʭʢʦʥʪʫʨʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʩʪʦʷ-
ʱʫʶ ʠʟ ʩʚʝʨʭʙʳʩʪʨʦʛʦ ʢʦʥʪʫʨʘ ʪʦʢʘ ʩ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ-ʠʥʪʝʛʨʘʣʴʥʳʤʠ (Proportional-Integral, PI) ʨʝʛʫ-
ʣʷʪʦʨʘʤʠ ʠ ʫʧʨʝʞʜʘʶʱʝʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʚʠʞʫʱʝʡ ʩʠʣʳ (ʧʨʦʪʠʚʦ-ʕɼʉ), ʢʦʥʪʫʨʘ ʩʢʦ-
ʨʦʩʪʠ ʠ ʢʦʥʪʫʨʘ ʧʦʣʦʞʝʥʠʷ [3, ʩ. 303]. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʛʦ ʧʨʠʚʦʜʘ ʷʚʣʷʝʪʩʷ 
ʩʧʦʩʦʙʥʦʩʪʴ ʬʠʢʩʠʨʦʚʘʪʴ ʥʝʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʠ 
ʭʨʫʧʢʠʭ ʚʥʝʰʥʠʭ ʤʥʦʛʦʦʩʝʚʳʭ ʜʘʪʯʠʢʦʚ ʩʠʣʳ ʠ ʤʦʤʝʥʪʘ [4, ʩ. 2]. ɼʣʷ ʵʪʦʛʦ ʚ ʢʦʥʪʨʦʣʣʝʨ ʟʘʛʨʫʞʘʝʪʩʷ ʜʠ-
ʥʘʤʠʯʝʩʢʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʠʚʦʜʘ ʠ ʨʝʜʫʢʪʦʨʘ. ʅʘʙʣʶʜʘʪʝʣʴ ʩʦʩʪʦʷʥʠʷ (Disturbance Torque 
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Observer, DTO) ʩʨʘʚʥʠʚʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʜʚʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʟʚʝʥʘ ʩ ʪʝʢʫ-
ʱʠʤ ʫʩʢʦʨʝʥʠʝʤ, ʩ ʬʘʢʪʠʯʝʩʢʠ ʨʘʟʚʠʚʘʝʤʳʤ ʤʦʤʝʥʪʦʤ ʜʚʠʛʘʪʝʣʷ. ɽʩʣʠ ʨʘʟʥʠʮʘ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ 
ʜʠʥʘʤʠʯʝʩʢʠʡ ʧʦʨʦʛ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʩʠʩʪʝʤʘ ʤʛʥʦʚʝʥʥʦ ʬʠʢʩʠʨʫʝʪ ʬʘʢʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʠ ʘʢʪʠʚʠʨʫʝʪ 
ʘʣʛʦʨʠʪʤ ʨʝʘʢʮʠʠ ʚ ʚʠʜʝ ʦʩʪʘʥʦʚʢʠ, ʦʪʢʘʪʘ ʥʘʟʘʜ ʠʣʠ ʧʝʨʝʭʦʜʘ ʚ ʨʝʞʠʤ ʢʦʤʧʝʥʩʘʮʠʠ ʛʨʘʚʠʪʘʮʠʠ [4, ʩ. 2]. 
ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʪʘʢʞʝ ʜʦʣʞʥʦ ʩʦʜʝʨʞʘʪʴ ʚʩʪʨʦʝʥʥʳʝ ʪʘʙʣʠʮʳ ʠ ʘʣʛʦʨʠʪʤʳ ʢʦʤʧʝʥʩʘʮʠʠ ʤʦ-
ʤʝʥʪʘ ʩʪʨʘʛʠʚʘʥʠʷ, ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ, ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʧʫʣʴʩʘʮʠʡ ʤʦʤʝʥʪʘ ʩʘʤʦʛʦ ʜʚʠʛʘʪʝʣʷ (cogging torque) 
ʠ ʥʝʣʠʥʝʡʥʦʡ ʞʝʩʪʢʦʩʪʠ ʨʝʜʫʢʪʦʨʘ, ʙʝʟ ʯʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘ-
ʪʝʣʷ ʩʪʦʣʢʥʦʚʝʥʠʡ [7, ʩ. 932]. 

ɹʝʟʦʧʘʩʥʦʩʪʴ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʛʦ ʧʨʠʚʦʜʘ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʩʪʘʥʜʘʨʪʘʤʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʝʛʫʣʠʨʫʝʤʳʭ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ. ɸʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠ-
ʚʦʜʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʷʜ ʚʩʪʨʦʝʥʥʳʭ ʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ [2, ʩ. 5]. ɹʘʟʦʚʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʝ 
ʦʪʢʣʶʯʝʥʠʝ ʤʦʤʝʥʪʘ (Safe Torque Off, STO), ʨʝʘʣʠʟʫʝʤʦʝ ʥʘ ʘʧʧʘʨʘʪʥʦʤ ʫʨʦʚʥʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʠʟʠʯʝʩʢʠ 
ʨʘʟʨʳʚʘʶʪʩʷ ʮʝʧʠ ʧʠʪʘʥʠʷ ʜʨʘʡʚʝʨʦʚ ʠʥʚʝʨʪʦʨʘ ʯʝʨʝʟ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʘʧʧʘʨʘʪʥʳʭ ʢʘʥʘʣʘ. ʉʠʣʦʚʳʝ 
ʪʨʘʥʟʠʩʪʦʨʳ ʟʘʧʠʨʘʶʪʩʷ, ʠ ʜʚʠʛʘʪʝʣʴ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ ʩʚʦʙʦʜʥʦʛʦ ʚʳʙʝʛʘ, ʯʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ 
ʚʨʘʱʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʜʘʞʝ ʧʨʠ ʧʦʣʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʩʙʦʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ [2, ʩ. 20]. ʌʫʥʢʮʠʷ ʙʝʟ-
ʦʧʘʩʥʦʛʦ ʦʩʪʘʥʦʚʘ 1 (Safe Stop 1, SS1) ʚʳʧʦʣʥʷʝʪ ʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʪʦʨʤʦʞʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʧʦ ʦʧʪʠʤʘʣʴ-
ʥʦʤʫ ʧʨʦʬʠʣʶ ʟʘʤʝʜʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʘʢʪʠʚʘʮʠʝʡ ʬʫʥʢʮʠʠ STO, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʬʫʥʢʮʠʷ ʙʝʟʦʧʘʩʥʦ-
ʛʦ ʦʩʪʘʥʦʚʘ 2 (Safe Stop 2, SS2) ʪʦʨʤʦʟʠʪ ʧʨʠʚʦʜ ʠ ʦʩʪʘʚʣʷʝʪ ʝʛʦ ʧʦʜ ʪʦʢʦʤ ʚ ʨʝʞʠʤʝ ʙʝʟʦʧʘʩʥʦʛʦ ʫʜʝʨ-
ʞʘʥʠʷ ʧʦʟʠʮʠʠ (Safe Operating Stop, SOS) [2, ʩ. 20]. 

ɸʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠʚʦʜʘ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʨʘʟʚʠʪʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚʩʪʨʦʝʥʥʦʡ 
ʩʘʤʦʜʠʘʛʥʦʩʪʠʢʠ (Built-In Self-Test, BIST). ʂʘʥʘʣʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʣʝʜʫʝʪ ʪʝʩʪʠʨʦʚʘʪʴ ʢʦʨʦʪ-
ʢʠʤʠ ʪʝʩʪʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʙʝʟ ʨʘʟʤʳʢʘʥʠʷ ʩʠʣʦʚʳʭ ʢʦʥʪʘʢʪʦʚ ʜʣʷ ʧʨʦʚʝʨʢʠ ʦʪʩʫʪʩʪʚʠʷ ʢʦʨʦʪʢʠʭ ʟʘʤʳ-
ʢʘʥʠʡ ʥʘ ʣʠʥʠʶ ʧʠʪʘʥʠʷ ʠʣʠ ʟʝʤʣʶ. ʊʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʙʨʳʚʘ ʬʘʟʥʳʭ 
ʧʨʦʚʦʜʦʚ, ʣʠʥʠʡ ʵʥʢʦʜʝʨʦʚ ʠ ʣʠʥʠʡ ʩʚʷʟʠ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʣʶʙʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʙʦʷ, ʙʫʜʴ ʪʦ ʟʘʢʣʠʥʠ-
ʚʘʥʠʝ ʨʝʜʫʢʪʦʨʘ, ʨʘʩʭʦʞʜʝʥʠʝ ʜʘʥʥʳʭ ʤʝʞʜʫ ʷʜʨʘʤʠ ʧʨʦʮʝʩʩʦʨʘ ʠʣʠ ʩʙʦʡ ʦʧʝʨʘʪʠʚʥʦʡ (RAM) ʠ ʬʣʝʰ-
ʧʘʤʷʪʠ (Flash), ʧʨʠʚʦʜ ʟʘ ʚʨʝʤʷ ʥʝ ʙʦʣʝʝ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʩʝʢʫʥʜ ʧʝʨʝʚʦʜʠʪ ʩʠʣʦʚʫʶ ʯʘʩʪʴ ʚ ʙʝʟʦʧʘʩ-
ʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʘʢʪʠʚʠʨʫʝʪ ʤʝʭʘʥʠʯʝʩʢʠʡ ʫʜʝʨʞʠʚʘʶʱʠʡ ʪʦʨʤʦʟ [2, ʩ. 24]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʡ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʙʝʩʢʦʣʣʝʢʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠ-
ʚʦʜʘ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʛʦ ʨʦʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʠ ʚʳʩʦʢʦʪʦʯʥʦ-
ʛʦ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʝʤ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ ʬʫʥʢʮʠʷʤʠ ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʙʝʟʦʧʘʩʥʦ-
ʩʪʠ. ɺʳʧʦʣʥʝʥʠʝ ʩʪʨʦʛʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʝ, ʜʚʫʭʢʘʥʘʣʴʥʦʡ ʘʨʭʠʪʝʢ-
ʪʫʨʝ ʚʳʯʠʩʣʠʪʝʣʝʡ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʤ ʢʦʥʪʫʨʘʤ ʚʝʢʪʦʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʥʘʙʣʶʜʘʪʝ-
ʣʷʤ ʤʦʤʝʥʪʘ ʠ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʘʧʧʘʨʘʪʥʳʤ ʬʫʥʢʮʠʷʤ ʟʘʱʠʪʳ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʦʯʣʝʥʝʥʠʷ, 
ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ ʨʘʙʦʪʳ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʨʠ 
ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʟʘʱʠʪʝ ʯʝʣʦʚʝʢʘ ʚ ʩʦʚʤʝʩʪʥʦʤ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
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ǩȍȊȄȐȌȇȉȍȁǿ ǟȏȇȌǿ ǰȄȏȂȄȄȁȌǿ 

ʙʘʢʘʣʘʚʨ 

ǮȏȍȐȑȇȑȄȌȉȍ ǭȊȄȂ ǡȊǿȃȇȋȇȏȍȁȇȖ 
ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 
(ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʩʝʪʝʡ ʇʝʪʨʠ ʜʣʷ ʬʦʨʤʘʣʠʟʘʮʠʠ ʜʝʵʪʘʥʠʟʘʮʠʠ ʛʘ-
ʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʙʘʟʦʚʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ, ʧʨʘʚʠʣʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʦʚ, ʢʣʘʩ-
ʩʠʬʠʢʘʮʠʷ ʠ ʚʨʝʤʝʥʥʳʝ ʨʘʩʰʠʨʝʥʠʷ. ʇʨʠʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʘʧʧʘ-
ʨʘʪʳ ʠ ʩʪʘʜʠʠ. ɺʳʧʦʣʥʝʥʘ ʬʦʨʤʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʘ ʚ ʪʝʨʤʠʥʘʭ ʚʭʦʜʥʳʭ/ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʫʧʨʘʚ-
ʣʷʶʱʠʭ ʠ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʝʥʥʳʝ ʩʝʪʠ ʇʝʪʨʠ ʘʜʝʢʚʘʪʥʦ ʤʦʜʝʣʠʨʫʶʪ 
ʜʠʥʘʤʠʢʫ ʨʝʢʪʠʬʠʢʘʮʠʠ ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ. ʄʘʪʝʨʠʘʣ ï ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʙʘʟʘ ʜʣʷ ʠʤʠ-
ʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʝʪʠ ʇʝʪʨʠ, ʜʝʵʪʘʥʠʟʘʮʠʷ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ, ʬʦʨʤʘʣʠʟʘʮʠʷ, ʚʨʝʤʝʥʥʳʝ ʩʝʪʠ, 
ʨʝʢʪʠʬʠʢʘʮʠʷ, ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
 
FORMALIZATION OF THE GAS CONDENSATE DEETHANIZATION PROCESS BASED ON TEMPORARY 

PETRI NETWORKS 
 

Kolesnikova Arina Sergeevna, 
Prostitenko Oleg Vladimirovich 

 
Abstract: the article examines the use of Petri nets to formalize the deethanization of gas condensate. The 
basic concepts of the theory, rules for triggering transitions, classification, and temporal extensions are pre-
sented. A process flow diagram is provided, and the main equipment and stages are identified. The object is 
formalized in terms of input/output variables, control actions, and disturbance actions. It is shown that temporal 
Petri nets adequately model the dynamics of rectification with asynchronous interactions. The material consti-
tutes the theoretical basis for a simulation model. 
Key words: Petri nets, gas condensate deethanization, formalization, temporal networks, rectification, simula-
tion modeling. 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ ʩ ʙʦʣʴ-

ʰʠʤ ʯʠʩʣʦʤ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦʤ ʧʘ-
ʨʘʣʣʝʣʴʥʳʭ ʠ ʘʩʠʥʭʨʦʥʥʳʭ ʦʧʝʨʘʮʠʡ. ʋʧʨʘʚʣʝʥʠʝ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʪʨʝʙʫʝʪ ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠ-
ʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʦʪʨʘʞʘʪʴ ʥʝ ʪʦʣʴʢʦ ʩʪʘʪʠʢʫ, ʥʦ ʠ ʜʠʥʘʤʠʢʫ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ 
ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ, ʢʦʥʬʣʠʢʪʳ ʠ ʥʝʜʝʪʝʨʤʠʥʠʟʤ. 
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ʉʝʪʠ ʇʝʪʨʠ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʂ.ɸ. ʇʝʪʨʠ ʚ 1962 ʛʦʜʫ, ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥ-
ʩʪʨʫʤʝʥʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʩʢʨʝʪʥʳʭ ʩʦʙʳʪʠʡʥʳʭ ʩʠʩʪʝʤ. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ï ʥʘʛʣʷʜʥʦʩʪʴ, ʬʦʨ-
ʤʘʣʠʟʦʚʘʥʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʘ ʧʘʨʘʣʣʝʣʠʟʤʘ, ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʢʦʥʬʣʠʢʪʦʚ ï ʜʝʣʘʶʪ ʠʭ ʧʨʠ-
ʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʟʘʜʘʯ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʛʜʝ ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʜʠʩ-
ʢʨʝʪʥʳʡ ʭʘʨʘʢʪʝʨ (ʧʝʨʝʢʣʶʯʝʥʠʷ ʢʣʘʧʘʥʦʚ, ʟʘʧʫʩʢ/ʦʩʪʘʥʦʚʢʘ ʥʘʩʦʩʦʚ, ʟʘʧʦʣʥʝʥʠʝ ʸʤʢʦʩʪʝʡ, ʩʤʝʥʘ ʨʝ-
ʞʠʤʦʚ ʠ ʪ.ʧ.) [1, ʩ. 4]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʨʝʤʝʥʥʳʝ ʩʝʪʠ ʇʝʪʨʠ, ʚ ʢʦʪʦʨʳʭ ʚ ʷʚʥʦʤ ʚʠʜʝ ʟʘʜʘʶʪʩʷ ʜʣʠ-
ʪʝʣʴʥʦʩʪʠ ʧʨʝʙʳʚʘʥʠʷ ʤʘʨʢʝʨʦʚ ʚ ʧʦʟʠʮʠʷʭ ʠʣʠ ʚʨʝʤʝʥʘ ʩʨʘʙʘʪʳʚʘʥʠʷ ʧʝʨʝʭʦʜʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩ-
ʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʯʪʦ 
ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʮʝʩʩʘ ʜʝʵʪʘʥʠʟʘʮʠʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ï ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 
ʩʪʘʜʠʡ ʛʘʟʦʧʝʨʝʨʘʙʦʪʢʠ ï ʧʦʢʘʟʘʥʦ, ʢʘʢ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʬʦʨʤʘʣʴʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʥʘ ʦʩʥʦʚʝ 
ʚʨʝʤʝʥʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʩʝʪʝʡ ʇʝʪʨʠ. ʉʪʘʪʴʷ ʥʦʩʠʪ ʪʝʦʨʝʪʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʩʦʟʜʘʸʪ ʬʫʥ-
ʜʘʤʝʥʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ. 

ʉʝʪʴ ʇʝʪʨʠ ï ʵʪʦ ʜʚʫʜʦʣʴʥʳʡ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʛʨʘʬ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʪʠʧʦʚ ʚʝʨ-
ʰʠʥ: ʧʦʟʠʮʠʡ (ʫʩʣʦʚʠʡ) ʠ ʧʝʨʝʭʦʜʦʚ (ʩʦʙʳʪʠʡ). ʌʦʨʤʘʣʴʥʦ ʩʝʪʴ ʟʘʜʘʸʪʩʷ ʯʝʪʚʝʨʢʦʡ: 

S=ἂP,T,E,M0ἃ, 
ʛʜʝ P ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʦʟʠʮʠʡ, T ï ʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʦʚ,  EṖ(PĬT)᷾ (TĬP) ï 

ʤʥʦʞʝʩʪʚʦ ʜʫʛ, M0:PŸN ï ʥʘʯʘʣʴʥʘʷ ʤʘʨʢʠʨʦʚʢʘ (ʢʦʣʠʯʝʩʪʚʦ ʤʘʨʢʝʨʦʚ ʚ ʢʘʞʜʦʡ ʧʦʟʠʮʠʠ) [1, ʩ. 7]. 
ʇʦʟʠʮʠʠ ʠʟʦʙʨʘʞʘʶʪʩʷ ʢʨʫʞʢʘʤʠ, ʧʝʨʝʭʦʜʳ ï ʧʣʘʥʢʘʤʠ ʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘʤʠ. ʄʘʨʢʝʨʳ (ʬʠʰ-

ʢʠ) ʚ ʧʦʟʠʮʠʷʭ ʩʠʤʚʦʣʠʟʠʨʫʶʪ ʚʳʧʦʣʥʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʡ. 
ʇʝʨʝʭʦʜ ʩʯʠʪʘʝʪʩʷ ʚʦʟʙʫʞʜʸʥʥʳʤ (ʘʢʪʠʚʥʳʤ), ʝʩʣʠ ʢʘʞʜʘʷ ʝʛʦ ʚʭʦʜʥʘʷ ʧʦʟʠʮʠʷ ʩʦʜʝʨʞʠʪ ʢʦʣʠ-

ʯʝʩʪʚʦ ʤʘʨʢʝʨʦʚ ʥʝ ʤʝʥʴʰʝ ʢʨʘʪʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʫʛʠ. ʉʨʘʙʘʪʳʚʘʥʠʝ ʧʝʨʝʭʦʜʘ ʧʨʦʠʩʭʦʜʠʪ 
ʤʛʥʦʚʝʥʥʦ (ʚ ʢʣʘʩʩʠʯʝʩʢʠʭ ʩʝʪʷʭ) ʠʣʠ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ (ʚ ʚʨʝʤʝʥʥʳʭ ʨʘʩʰʠʨʝʥʠʷʭ). ʇʨʠ ʩʨʘʙʘʪʳʚʘ-
ʥʠʠ ʠʟ ʢʘʞʜʦʡ ʚʭʦʜʥʦʡ ʧʦʟʠʮʠʠ ʠʟʳʤʘʝʪʩʷ ʯʠʩʣʦ ʤʘʨʢʝʨʦʚ, ʨʘʚʥʦʝ ʢʨʘʪʥʦʩʪʠ ʚʭʦʜʷʱʝʡ ʜʫʛʠ, ʠ ʚ ʢʘʞ-
ʜʫʶ ʚʳʭʦʜʥʫʶ ʧʦʟʠʮʠʶ ʜʦʙʘʚʣʷʝʪʩʷ ʯʠʩʣʦ ʤʘʨʢʝʨʦʚ, ʨʘʚʥʦʝ ʢʨʘʪʥʦʩʪʠ ʠʩʭʦʜʷʱʝʡ ʜʫʛʠ. 

ʕʪʦ ʧʨʦʩʪʦʝ ʧʨʘʚʠʣʦ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ, ʧʘʨʘʣʣʝʣʠʟʤ, ʩʠʥ-
ʭʨʦʥʠʟʘʮʠʶ ʠ ʢʦʥʬʣʠʢʪʳ. 

ʇʦ ʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʩʪʘʪʠʯʝʩʢʠʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʩʝʪʠ ʨʘʟʜʝʣʷʶʪ ʥʘ: 
¶ ɹʝʟʦʧʘʩʥʳʝ ï ʚ ʣʶʙʦʡ ʧʦʟʠʮʠʠ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʤʘʨʢʝʨʘ; 
¶ ʆʮʝʥʦʯʥʳʝ (ʦʛʨʘʥʠʯʝʥʥʳʝ) ï ʧʦʟʠʮʠʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʧʨʦʠʟʚʦʣʴʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ ʤʘʨʢʝʨʦʚ, 

ʜʫʛʠ ʠʤʝʶʪ ʢʨʘʪʥʦʩʪʠ; 
¶ ɺʨʝʤʝʥʥʳʝ ï ʧʦʟʠʮʠʷʤ ʠʣʠ ʧʝʨʝʭʦʜʘʤ ʧʨʠʧʠʩʳʚʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʟʘʜʝʨʞʢʠ; 
¶ ʋʧʨʘʚʣʷʶʱʠʝ ï ʧʝʨʝʭʦʜʳ ʤʦʛʫʪ ʫʧʨʘʚʣʷʪʴʩʷ ʚʥʝʰʥʠʤʠ ʩʠʛʥʘʣʘʤʠ, ʜʦʧʫʩʢʘʶʪʩʷ ʤʘʢʨʦʧʝʨʝ-

ʭʦʜʳ (ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ) [1, ʩ. 19]. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩ ʚʨʝʤʝʥʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʩʝʪʝʡ, ʛʜʝ ʧʝʨʝʭʦʜʳ ʩʨʘʙʘʪʳʚʘʶʪ 

ʩʨʘʟʫ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʫʩʣʦʚʠʡ, ʥʦ ʧʦʟʠʮʠʠ ʠʤʝʶʪ ʚʨʝʤʷ çʧʨʝʙʳʚʘʥʠʷè ʤʘʨʢʝʨʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ. 

ɼʝʵʪʘʥʠʟʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʬʨʘʢʮʠʶ ʣʸʛʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʤʝʪʘʥ, ʵʪʘʥ, ʘʟʦʪ) ʠ ʩʪʘʙʠʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪ (ʉϝ+). ʇʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 
ʨʝʢʪʠʬʠʢʘʮʠʠ ʧʨʠ ʜʘʚʣʝʥʠʠ 1,6-2,5 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʢʫʙʝ 90-120 ÁC. 

ʊʠʧʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʜʝʵʪʘʥʠʟʘʮʠʠ (ʥʘ ʧʨʠʤʝʨʝ ʋʨʝʥʛʦʡʩʢʦʛʦ ɿʇʂ) ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʘʧʧʘʨʘʪʳ 
(ʨʠʩ. 1): 

¶ 1 ï ɺʭʦʜʥʦʡ ʨʘʟʜʝʣʠʪʝʣʴ  
¶ 2 ï ʈʝʢʫʧʝʨʘʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ  
¶ 3 ï ʇʝʯʴ  
¶ 4 ï ɼʝʵʪʘʥʠʟʘʪʦʨ, ʨʝʢʪʠʬʠʢʘʮʠʦʥʥʘʷ ʢʦʣʦʥʥʘ 
¶ 5 ï ɺʦʟʜʫʰʥʳʝ ʭʦʣʦʜʠʣʴʥʠʢʠ  
¶ 6 ï ʅʘʩʦʩ  
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ʉʡʪ. 1. ʋʞʮʦʧʤʧʜʡʰʞʪʣʙʸ ʪʮʞʥʙ ʌɽʃ ʌʩʞʦʜʧʢʪʣʧʜʧ ʀʈʃ 

 
ʇʨʦʮʝʩʩ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʩʪʘʜʠʠ: ʩʝʧʘʨʘʮʠʷ ʩʳʨʴʷ, ʨʝʢʪʠʬʠʢʘʮʠʷ, ʦʭʣʘʞʜʝʥʠʝ ʠ ʦʪ-

ʚʦʜ ʧʨʦʜʫʢʪʦʚ. ɺʩʝ ʩʪʘʜʠʠ ʧʨʦʪʝʢʘʶʪ ʥʝʧʨʝʨʳʚʥʦ ʠ ʘʩʠʥʭʨʦʥʥʦ, ʩ ʨʘʟʥʳʤʠ ʚʨʝʤʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʘʤʠ. 

ʀʩʭʦʜʥʳʡ ʥʝʩʪʘʙʠʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪ ʠʤʝʝʪ ʧʣʦʪʥʦʩʪʴ 650ï720 ʢʛ/ʤį, ʜʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ 
ʜʦ 100 ʢʇʘ, ʩʦʜʝʨʞʘʥʠʝ ʵʪʘʥʘ ʠ ʣʝʛʢʠʭ ï 5ï15 % ʤʦʣ. ʇʦʩʣʝ ʜʝʵʪʘʥʠʟʘʮʠʠ ʧʣʦʪʥʦʩʪʴ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 
730ï780 ʢʛ/ʤį, ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʧʘʜʘʝʪ ʜʦ Ò 45 ʢʇʘ, ʩʦʜʝʨʞʘʥʠʝ ʵʪʘʥʘ ʩʥʠʞʘʝʪʩʷ ʜʦ Ò 0,5 % ʤʦʣ. 

ʂʣʶʯʝʚʳʝ ʫʧʨʘʚʣʷʝʤʳʝ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ: 
¶ ʜʘʚʣʝʥʠʝ ʚ ʢʦʣʦʥʥʝ (1,6ï2,0 ʄʇʘ); 
¶ ʪʝʤʧʝʨʘʪʫʨʘ ʚʝʨʭʘ (40ï60 ÁC) ʠ ʢʫʙʘ (150ï170 ÁC); 
¶ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʚ ʢʫʙʝ; 
¶ ʨʘʩʭʦʜ ʩʳʨʴʷ ʠ ʧʨʦʜʫʢʪʦʚ; 
¶ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʘʥʘ ʚ ʢʫʙʦʚʦʤ ʧʨʦʜʫʢʪʝ (Ò 2 % ʤʘʩʩ.). 
ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʚ ʪʝʨʤʠʥʘʭ ʩʝʪʝʡ ʇʝʪʨʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ ʧʝʨʝʤʝʥ-

ʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ [2,  
ʩ. 88]. 
ɺʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ (X): 
¶ Q2ʚʭ ï ʨʘʩʭʦʜ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ [ʪ/ʯ]; 
ɺʦʟʤʫʱʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (A): 
¶ P ï ʜʘʚʣʝʥʠʝ ʚ ʜʝʵʪʘʥʠʟʘʪʦʨʝ [ʄʇʘ] (ʜʦ 3,0); 
¶ T2ʪ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʳʨʴʷ ʥʘ ʚʳʭʦʜʝ ʠʟ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘ [ÁC]; 
¶ T2ʨ ï ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʣʦʥʥʝ [ÁC] (ʥʠʟ ʜʦ 188,9, ʚʝʨʭ 90ï140); 
¶ V0 ï ʦʙʲʸʤ ʚʭʦʜʥʦʛʦ ʨʘʟʜʝʣʠʪʝʣʷ [ʤį]; 
¶ N ï ʯʠʩʣʦ ʪʘʨʝʣʦʢ (37); 
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ʋʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (U): 
¶ Qʧ ï ʨʘʩʭʦʜ ʜʝʵʪʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ [ʪ/ʯ]; 
¶ ʂʝ,ʂʪ,ʂʨ,ʂʦ ï ʦʪʢʨʳʪʠʝ ʨʝʛʫʣʠʨʫʶʱʠʭ ʢʣʘʧʘʥʦʚ; 
¶ C2 ï ʟʘʜʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɻ ʪʘʥʘ ʚ ʛʘʟʝ; 
¶ RTʥ ï ʚʢʣʶʯʝʥʠʝ ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʯʠ; 
¶ Gʧʚʳʭ,G2ʚʭ,Gʫ ï ʨʘʩʭʦʜʳ ʧʦʪʦʢʦʚ; 
ɺʳʭʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ (Y): 
¶ Qʧʚʳʭ ï ʨʘʩʭʦʜ ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ [ʪ/ʯ]; 
¶ Q2ʚʳʭ ï ʨʘʩʭʦʜ ʛʘʟʘ ʜʝʵʪʘʥʠʟʘʮʠʠ [ʪ/ʯ]. 
ʌʦʨʤʘʣʴʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ (ʨʠʩ. 2) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʸʨʥʳʡ ʷʱʠʢ ʩ ʤʥʦʞʝʩʪʚʦʤ ʚʭʦʜʦʚ ʠ 

ʚʳʭʦʜʦʚ, ʛʜʝ ʚʦʟʤʫʱʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʨʘʟʜʝʣʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ. 
 

 
ʉʡʪ. 2. ʅʧʝʞʤʵ ʨʩʧʯʞʪʪʙ ʝʞʶʫʙʦʡʠʙʯʡʡ ʜʙʠʧʛʧʜʧ ʣʧʦʝʞʦʪʙʫʙ ʣʙʣ ʧʚʳʞʣʫʙ ʨʩʧʞʣʫʡʩʧʛʙʦʡʸ 

 
ʉʝʪʠ ʇʝʪʨʠ ʧʦʟʚʦʣʷʶʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʝʜʩʪʘʚʠʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʝ ʫʩʣʦʚʠʡ (ʥʘʣʠʯʠʝ ʩʳʨʴʷ, ʜʦʩʪʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʪʢʨʳʪʠʝ ʢʣʘʧʘʥʘ ʠ ʪ.ʧ.) ʠ ʩʦʙʳʪʠʡ (ʟʘʧʫʩʢ 
ʥʘʩʦʩʘ, ʧʝʨʝʢʣʶʯʝʥʠʝ ʨʝʞʠʤʘ, ʩʨʘʙʘʪʳʚʘʥʠʝ ʨʝʛʫʣʷʪʦʨʘ). ɺʨʝʤʝʥʥʳʝ ʨʘʩʰʠʨʝʥʠʷ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʟʘʜʘʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʝ ʢʘʢ ʚʨʝʤʷ ʥʘʛʨʝʚʘ, ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʥʘ ʪʘʨʝʣʢʝ, ʚʨʝʤʷ ʦʭʣʘ-
ʞʜʝʥʠʷ. 

ʂʦʥʢʨʝʪʥʳʝ ʧʦʟʠʮʠʠ ʩʝʪʠ ʤʦʛʫʪ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴʩʷ ʢʘʢ: 
¶ ʥʘʣʠʯʠʝ ʩʳʨʴʷ ʚ ʸʤʢʦʩʪʠ; 
¶ ʜʦʩʪʠʞʝʥʠʝ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ; 
¶ ʦʪʢʨʳʪʦʝ ʩʦʩʪʦʷʥʠʝ ʢʣʘʧʘʥʘ; 
¶ ʛʦʪʦʚʥʦʩʪʴ ʘʧʧʘʨʘʪʘ ʢ ʩʣʝʜʫʶʱʝʡ ʦʧʝʨʘʮʠʠ. 
ʇʝʨʝʭʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ: 
¶ ʧʦʜʘʯʝ ʩʳʨʴʷ ʚ ʘʧʧʘʨʘʪ; 
¶ ʥʘʛʨʝʚʫ, ʦʭʣʘʞʜʝʥʠʶ; 
¶ ʨʘʟʜʝʣʝʥʠʶ ʬʘʟ; 
¶ ʚʳʜʘʯʝ ʧʨʦʜʫʢʪʘ. 
ʋʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ (ʚʭʦʜʳ ʦʪ ʨʝʛʫʣʷʪʦʨʦʚ) ʤʦʛʫʪ ʙʳʪʴ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʢʘʢ ʩʧʝʮʠʘʣʴʥʳʝ ʚʭʦ-

ʜʳ, ʨʘʟʨʝʰʘʶʱʠʝ ʠʣʠ ʙʣʦʢʠʨʫʶʱʠʝ ʩʨʘʙʘʪʳʚʘʥʠʝ ʧʝʨʝʭʦʜʦʚ (ʤʘʢʨʦʧʝʨʝʭʦʜʳ) [3, ʩ. 11]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʚʨʝʤʝʥʥʦʡ ʫʧʨʘʚʣʷʶʱʝʡ ʩʝʪʠ ʇʝʪʨʠ 

ʩʪʘʥʦʚʠʪʩʷ ʙʘʟʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʛʜʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʚʨʝʤʝʥʥʳʭ ʧʘʨʘ-
ʤʝʪʨʦʚ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʩʝʪʝʡ, ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʚʨʝʤʝʥʥʳʭ ʠ 
ʫʧʨʘʚʣʷʶʱʠʭ ʨʘʩʰʠʨʝʥʠʡ. ɼʘʥʦ ʨʘʟʚʸʨʥʫʪʦʝ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʜʝʵʪʘʥʠʟʘʮʠʠ, ʚʳʜʝʣʝ-
ʥʳ ʚʩʝ ʘʧʧʘʨʘʪʳ, ʩʪʘʜʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ɺʳʧʦʣʥʝʥʘ ʬʦʨʤʘʣʠʟʘʮʠʷ ʦʙʲʝʢʪʘ ʧʨʦʝʢʪʠʨʦ-
ʚʘʥʠʷ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʚʭʦʜʥʳʭ, ʚʳʭʦʜʥʳʭ, ʫʧʨʘʚʣʷʶʱʠʭ ʠ ʚʦʟʤʫʱʘʶʱʠʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʨʝʤʝʥʥʳʝ ʫʧʨʘʚʣʷʶʱʠʝ ʩʝʪʠ ʇʝʪʨʠ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʤʦʱ-
ʥʦʩʪʴʶ ʜʣʷ ʦʪʨʘʞʝʥʠʷ ʢʘʢ ʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʚʨʝʤʝʥʥʳʭ ʘʩʧʝʢʪʦʚ ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʷ ʧʘʨʘʣʣʝʣʠʟʤ, ʩʠʥ-
ʭʨʦʥʠʟʘʮʠʶ ʠ ʢʦʥʬʣʠʢʪʳ.  
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ǲǣǩ 401,223 

ǫǭǣǤǪǻ ǯǭǦǧǬǟ-ǯǟǫǫǪǤǯǟ ǣǪǾ ǟǬǟǪǧǦǟ 
ǯǟǦǯǲǷǤǬǧǾ ǣǡǲǴǰǪǭǨǬǺǴ 
ǠǯǭǬǤǮǯǤǢǯǟǣ Ǭǟ ǭǰǬǭǡǤ ǟǪǫǟǦ-
ǩǟǯǠǧǣǭǩǯǤǫǬǧǤǡǭǢǭ ǩǭǫǮǭǦǧǱǟ ǧ 
ǩǭǯǲǬǣǭǡǭǨ ǩǤǯǟǫǧǩǧ  

ǷȒȊțȂǿ ǧȂȍȏț ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
ʠʥʞʝʥʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ 

ʌʠʣʠʘʣ ʌɻɹʋ çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ 
ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè  

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʠʤ. ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʣʘʙʘʥʦʚ ʉʝʨʛʝʡ ɺʠʪʘʣʴʝʚʠʯ 
ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

ʌʠʣʠʘʣ ʌɻɹʋ çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ 
ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè  

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʠʤ. ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ1024030700040-3-1.4.3  
"ʍʠʤʠʷ, ʬʠʟʠʢʘ ʠ ʙʠʦʣʦʛʠʷ ʥʘʥʦʩʦʩʪʦʷʥʠʷ". 

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʜʚʫʭʩʣʦʡʥʳʭ 
ʢʝʨʘʤʠʯʝʩʢʠʭ ʙʨʦʥʝʧʨʝʛʨʘʜ ʩ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʤ ʢʦʤʧʦʟʠʪʦʤ ʠ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʦʡ ʧʨʠ 
ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʜʚʫʭʩʣʦʡʥʳʝ ʙʨʦʥʝʧʨʝʛʨʘʜʳ ʩ ʠʜʝʥʪʠʯʥʦʡ ʛʠʨʦʠʜʥʦʡ ʷʯʝ-
ʠʩʪʦʡ ʧʦʜʣʦʞʢʦʡ ʠʟ AlSi10Mg. ʇʨʦʚʝʜʸʥ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʧʨʝʜʝ-
ʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʤʦʜʝʣʠ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʨʫʥʜʦʚʘʷ ʢʝʨʘʤʠʢʘ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʝʡ: ʜʦʣʷ ʬʨʘʢʮʠʠ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 10 ʤʤ ʩʦʩʪʘʚʠʣʘ 
25,6 %, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʠʣ 77 %. ɿʥʘʯʝ-
ʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ k ʩʦʩʪʘʚʠʣʦ 2,9206 ʜʣʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ʠ 5,0688 ʜʣʷ ʘʣʤʘʟ-
ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫ-
ʰʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʤʘʪʝʨʠʘʣʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘ ʤʝʭʘ-
ʥʠʟʤ ʝʛʦ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʜʚʫʭʩʣʦʡʥʘʷ ʙʨʦʥʷ, ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ ʢʦʤʧʦʟʠʪ, ʢʦʨʫʥʜʦʚʘʷ ʢʝʨʘʤʠʢʘ, 
ʙʘʣʣʠʩʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʬʨʘʛʤʝʥʪʘʮʠʷ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʤʦʜʝʣʴ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ, 
ʛʠʨʦʠʜʥʘʷ ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, AlSi10Mg. 
 

THE ROZIN-RUMMLER MODEL FOR THE ANALYSIS OF THE DESTRUCTION OF TWO-LAYER 
ARMORED BARRIERS BASED ON DIAMOND-SILICON CARBIDE COMPOSITE AND CORUNDUM 

CERAMICS 
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Abstract. The article presents a comparative study of the destruction characteristics of twoȤlayer ceramic ar-
mor barriers with a diamondȤsilicon carbide composite and corundum ceramics under ballistic impact. 

TwoȤlayer armor barriers with an identical gyroid honeycomb substrate made of AlSi10Mg were studied. A 
granulometric analysis of the destruction products was carried out, and the distribution parameters were de-
termined using the RozinïRammler model. It has been established that corundum ceramics are characterized 
by more intensive fragmentation: the fraction with a size greater than 10 mm accounted for 25.6%, whereas for 

the diamondȤcarbideȤsilicon composite this figure was 77%. The distribution coefficient k was 2.9206 for co-
rundum ceramics and 5.0688 for the diamondȤcarbideȤsilicon composite, which reflects the differences in the 
distribution pattern of the fracture products. The obtained results make it possible to assess the influence of 
the ceramic layer material on the mechanism of its failure under ballistic impact. 
Keywords: twoȤlayer armor, diamondȤsilicon carbide composite, corundum ceramic, ballistic impact, fragmen-
tation, granulometric analysis, RosinïRammler model, gyroid cellular structure, AlSi10Mg. 

 
ɻʛʞʝʞʦʡʞ 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʙʨʦʥʝʧʨʝʛʨʘʜʳ ʧʦʟʚʦʣʷʶʪ ʩʦʯʝʪʘʪʴ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠ-
ʪʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʤʘʩʩʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʇʨʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʢʝʨʘʤʠʯʝʩʢʠʡ 
ʩʣʦʡ ʨʘʟʨʫʰʘʝʪʩʷ ʠ ʬʨʘʛʤʝʥʪʠʨʫʝʪʩʷ, ʘ ʧʦʜʣʦʞʢʘ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʛʨʫʟʢʠ [1; 2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦ-
ʟʠʪʘ ʠ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ʚ ʩʦʩʪʘʚʝ ʜʚʫʭʩʣʦʡʥʳʭ ʙʨʦʥʝʧʨʝʛʨʘʜ ʩ ʠʜʝʥʪʠʯʥʦʡ ʛʠʨʦʠʜʥʦʡ ʷʯʝʠʩʪʦʡ 
ʧʦʜʣʦʞʢʦʡ ʠʟ AlSi10Mg. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʣʘʩʩʫ ʪʨʠʞʜʳ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʠ-
ʥʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ (ʊʇʇʄʕ). ɻʠʨʦʠʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʧʝʨʠʦʜʠʯʝ-
ʩʢʫʶ ʘʨʭʠʪʝʢʪʫʨʫ, ʛʝʦʤʝʪʨʠʷ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝ-
ʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘʛʨʫʟʢʠ [3; 4]. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʝʜʸʥ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʠ ʦʧʨʝ-
ʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ. ɼʘʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʭʘ-
ʨʘʢʪʝʨ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦʩʣʝ ʙʘʣʣʠʩʪʠʯʝ-
ʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ [5; 6]. 

ʎʝʣʴ ʩʪʘʪʴʠ ð ʩʨʘʚʥʠʪʴ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʠ ʢʦʨʫʥʜʦ-
ʚʦʡ ʢʝʨʘʤʠʢʠ ʧʨʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʜʚʫʭʩʣʦʡʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʙʨʦʥʝʧʨʝʛʨʘʜʳ ʩ ʛʠʨʦʠʜʥʦʡ ʷʯʝʠ-
ʩʪʦʡ ʧʦʜʣʦʞʢʦʡ ʠʟ AlSi10Mg. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʠʭ 
ʤʘʪʝʨʠʘʣʦʚ ʧʦʩʣʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʚʢʣʶʯʘʣ ʙʘʣʣʠʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʩʠʪʦʚʦʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ, ʫʜʘʣʝ-
ʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʦʜʣʦʞʢʠ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʦʝ 
ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ 
ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ. 

ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʙʸ ʧʯʞʦʣʙ ʩʙʠʩʬʱʞʦʡʸ ʣʞʩʙʥʡʰʞʪʣʡʮ ʚʩʧʦʞʨʩʞʜʩʙʝ 
ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʤ ʢʦʤʧʦʟʠʪʦʤ ʠ ʢʦʨʫʥʜʦʚʦʡ 

ʢʝʨʘʤʠʢʦʡ. ʆʙʘ ʦʙʨʘʟʮʘ ʠʤʝʣʠ ʠʜʝʥʪʠʯʥʳʝ ʛʠʨʦʠʜʥʳʝ ʷʯʝʠʩʪʳʝ ʧʦʜʣʦʞʢʠ ʠʟ AlSi10Mg ʠʟʛʦʪʦʚʣʝʥʥʳʝ 
ʤʝʪʦʜʦʤ SLM 3D-ʧʝʯʘʪʠ. ʊʦʣʱʠʥʘ ʷʯʝʠʩʪʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʣʘ 6 ʤʤ, ʨʘʟʤʝʨ ʝʜʠʥʠʯʥʦʡ ʷʯʝʡʢʠ ð 8 ʤʤ. 
ʊʦʣʱʠʥʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ 8,0 ʤʤ ʜʣʷ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʠ 8,9 ʤʤ 
ʜʣʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ. ɼʣʷ ʫʜʝʨʞʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦʩʣʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʦʙʨʘʟʮʳ ʨʘʟʤʝʱʘʣʠʩʴ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʨʦʙʘʭ (çʦʩʢʦʣʢʦʫʣʘʚʣʠʚʘʪʝʣʷʭè) ʠʟ ʪʦʥʢʦʣʠʩʪʦʚʦʡ ʩʪʘʣʠ. 
ʆʙʱʠʡ ʚʠʜ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʨʦʙʦʢ ʩ ʨʘʟʤʝʱʸʥʥʳʤʠ ʦʙʨʘʟʮʘʤʠ ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ 
ʨʠʩʫʥʢʝ 1. 
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ʉʡʪ.1. ʅʞʫʙʤʤʡʰʞʪʣʡʞ ʣʧʩʧʚʙ ʪ ʩʙʠʥʞʲʹʦʦʴʥʡ ʛʦʬʫʩʡ ʧʚʩʙʠʯʙʥʡ  

ʨʞʩʞʝ ʚʙʤʤʡʪʫʡʰʞʪʣʡʥʡ ʡʪʨʴʫʙʦʡʸʥʡ 
 

ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʨʘʟʤʝʱʘʣʩʷ ʚ ʦʪʜʝʣʴʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʢʦʨʦʙʢʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʫʜʝʨ-
ʞʘʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦʩʣʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʂʦʨʦʙʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʫʣʘʚ-
ʣʠʚʘʥʠʷ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʬʨʘʛʤʝʥʪʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɹʘʣʣʠʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟ ɸʂ-103 ʧʘʪʨʦʥʦʤ 57-ʅ-231 ʢʘʣʠʙʨʘ 7,62Ĭ39 ʤʤ ʩ ʨʘʩ-
ʩʪʦʷʥʠʷ 10 ʤ. ʀʩʧʳʪʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈ 34286ï2017 ʜʣʷ ʙʨʦʥʝ-
ʟʘʱʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʢʣʘʩʩʘ ɹʈ4. ʉʢʦʨʦʩʪʴ ʧʫʣʠ ʧʝʨʝʜ ʫʜʘʨʦʤ ʩʦʩʪʘʚʠʣʘ 725 ʤ/ʩ ʜʣʷ ʘʣʤʘʟ-
ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʠ 709 ʤ/ʩ ʜʣʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ. 

ʇʦʩʣʝ ʦʪʩʪʨʝʣʘ ʫʣʦʚʣʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʨʘʟʨʫʰʝʥʠʷ ʙʨʦʥʝʧʨʝʛʨʘʜʳ ʨʘʟʜʝʣʷʣʠʩʴ ʧʦ ʨʘʟʤʝʨʥʳʤ 
ʬʨʘʢʮʠʷʤ ʤʝʪʦʜʦʤ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ. ɿʘʪʝʤ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʜʘʣʷʣʠʩʴ ʩʠʣʫʤʠʥʦʚʳʝ ʦʩʪʘʪ-
ʢʠ ʧʦʜʣʦʞʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 10 %-ʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʇʦʩʣʝ ʧʨʦʤʳʚʢʠ ʠ ʚʳʩʫʰʠʚʘʥʠʷ 
ʢʝʨʘʤʠʯʝʩʢʠʝ ʬʨʘʛʤʝʥʪʳ ʧʦʚʪʦʨʥʦ ʚʟʚʝʰʠʚʘʣʠʩʴ. 

ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʢʦʣʢʦʚ ʧʨʠʤʝʥʷʣʘʩʴ ʤʦʜʝʣʴ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ 
[6]. ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥ-
ʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ KaleidaGraph. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʩʩʳ ʬʨʘʛʤʝʥʪʦʚ ʦʧʠʩʳʚʘʣʦʩʴ ʚʳʨʘʞʝʥʠʝʤ: 

                                   ὓ ὼ ὓπρ Ὡ                                                       (1) 

ʛʜʝ M(Òx) ð ʤʘʩʩʘ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ x; 
      M0 ð ʦʙʱʘʷ ʤʘʩʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ; 
      x ð ʨʘʟʤʝʨ ʬʨʘʛʤʝʥʪʘ; 
      ɚ ð ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 
      k ð ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
 

ɹʦʙʤʡʠ ʩʞʠʬʤʵʫʙʫʧʛ ʡʪʨʴʫʙʦʦʴʮ ʧʚʩʙʠʯʧʛ  
ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʳʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ k ʜʣʷ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʦʩʪʘʚʠʣ 5,0688, ʜʣʷ 

ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ð 2,9206. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʬʨʘʛʤʝʥʪʘ-
ʮʠʠ ʤʘʪʝʨʠʘʣʦʚ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ k ʜʣʷ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ 
ʜʦʣʝʡ ʬʨʘʢʮʠʠ ʙʦʣʝʝ 10 ʤʤ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ 
ʧʦʩʣʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ k ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ 
ʰʠʨʦʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʦʩʢʦʣʢʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʨʦʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 
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ʋʙʚʤʡʯʙ 1 
ʇʪʦʧʛʦʴʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ ʡʪʨʴʫʙʦʦʴʮ ʧʚʩʙʠʯʧʛ 

ʈʧʣʙʠʙʫʞʤʵ U3 K3 

ʄʘʪʝʨʠʘʣ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ 
ɸʣʤʘʟ-
ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ 
ʢʦʤʧʦʟʠʪ 

ʂʦʨʫʥʜ (AlϜOϝ) 

ʊʦʣʱʠʥʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʤʤ 8,0 8,9 

ʊʦʣʱʠʥʘ ʩʧʣʦʰʥʦʡ ʯʘʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ, ʤʤ 5 5 

ʊʦʣʱʠʥʘ ʛʠʨʦʠʜʥʦʡ ʷʯʝʠʩʪʦʡ ʯʘʩʪʠ (ʊʇʇʄʕ), ʤʤ 6 6 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ ʛʠʨʦʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʤ 0,4 0,4 

ʈʘʟʤʝʨ ʝʜʠʥʠʯʥʦʡ ʷʯʝʡʢʠ, ʤʤ 8 8 

ʉʢʦʨʦʩʪʴ ʧʫʣʠ, ʤ/ʩ 725 709 

k 5,0688 2,9206 

ʇʨʦʙʠʪʠʝ ʦʙʨʘʟʮʘ ʅʝʪ ʅʝʪ 

 
ʉʨʘʚʥʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʝʪ ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʠʜʝʥʪʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʛʠʨʦʠʜʥʦʡ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ. ɼʣʷ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʜʦʣʷ ʬʨʘʢʮʠʠ ʙʦʣʝʝ 10 ʤʤ ʩʦ-
ʩʪʘʚʠʣʘ ʦʢʦʣʦ 77 %, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ð 25,6 %. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʠʥʪʝʥ-
ʩʠʚʥʦʤ ʜʨʦʙʣʝʥʠʠ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʠʭ ʬʨʘʛʤʝʥʪʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʨʘʩʯʸʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʘʣʤʘʟ-
ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʧʦ ʤʦʜʝʣʠ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 
ʉʡʪ. 2. ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʧʞ ʡ ʩʙʪʰʹʫʦʧʞ ʩʙʪʨʩʞʝʞʤʞʦʡʞ ʨʩʧʝʬʣʫʧʛ ʩʙʠʩʬʱʞʦʡʸ ʙʤʥʙʠ-

ʣʙʩʚʡʝʧʣʩʞʥʦʡʞʛʧʜʧ ʣʧʥʨʧʠʡʫʙ ʨʧ ʥʧʝʞʤʡ ʉʧʠʡʦʙðʉʙʥʥʤʞʩʙ 
 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫʯʝʥʥʦʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ 
ʦʧʠʩʘʥʥʦʝ ʤʦʜʝʣʴʶ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 3. 
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ʉʡʪ. 3. ʖʣʪʨʞʩʡʥʞʦʫʙʤʵʦʧʞ ʡ ʩʙʪʰʹʫʦʧʞ ʩʙʪʨʩʞʝʞʤʞʦʡʞ ʨʩʧʝʬʣʫʧʛ ʩʙʠʩʬʱʞʦʡʸ ʣʧʩʬʦʝʧʛʧʢ ʣʞ-

ʩʙʥʡʣʡ ʨʧ ʥʧʝʞʤʡ ʉʧʠʡʦʙðʉʙʥʥʤʞʩʙ 
 
ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ k ʚ ʫʨʘʚʥʝʥʠʠ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʠʷ ʚ ʤʝʭʘʥʠʟʤʝ ʨʘʟʨʫʰʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ k ʜʣʷ 
ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʬʨʘʛ-
ʤʝʥʪʦʚ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ. ɼʣʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠ-
ʢʠ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ k ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʘʧʘʟʦʥʘ ʨʘʟʤʝ-
ʨʦʚ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʜʝʥʪʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʨʦʠʜʥʦʡ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʘʣʤʘʟ-
ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ ʢʦʤʧʦʟʠʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 
ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʩʣʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʂʦʨʫʥʜʦʚʘʷ ʢʝʨʘʤʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ 
ʠʥʪʝʥʩʠʚʥʳʤ ʜʨʦʙʣʝʥʠʝʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʨʫʰʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦ-
ʟʠʪʘ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʢʝʨʘ-
ʤʠʯʝʩʢʦʛʦ ʩʣʦʷ. 

 
ʀʙʣʤʷʰʞʦʡʞ 

ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʘʪʝʨʠʘʣ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ ʝʛʦ ʨʘʟ-
ʨʫʰʝʥʠʷ ʧʨʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. ɼʣʷ ʘʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʜʦʣʷ ʬʨʘʢʮʠʠ 
ʙʦʣʝʝ 10 ʤʤ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 77 %, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ð 25,6 %, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
ʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ ʜʨʦʙʣʝʥʠʠ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ. 

ʂʦʵʬʬʠʮʠʝʥʪ k ʚ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʤ ʫʨʘʚʥʝʥʠʠ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ ʩʦʩʪʘʚʠʣ 5,0688 ʜʣʷ ʘʣʤʘʟ-
ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʠ 2,9206 ʜʣʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 
ʨʘʟʣʠʯʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ k ʜʣʷ ʘʣʤʘʟ-
ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʯʪʦ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ. ʄʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ k ʜʣʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ʩʚʷʟʘʥʦ 
ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʦʩʢʦʣʢʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʨʦʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʛʠʨʦʠʜʥʦʡ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʤʘʪʝʨʠʘʣ ʢʝʨʘʤʠʯʝ-
ʩʢʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʟʘʱʠʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɸʣʤʘʟ-ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʳʡ ʢʦʤʧʦ-
ʟʠʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʫʶ ʬʨʘʛʤʝʥʪʘʮʠʶ ʠ ʩʦʭʨʘʥʷʝʪ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʬʨʘʛʤʝʥʪʳ ʧʦʩʣʝ 
ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʪʦʛʜʘ ʢʘʢ ʢʦʨʫʥʜʦʚʘʷ ʢʝʨʘʤʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʠʟ-
ʤʝʣʴʯʝʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʘʣʤʘʟ-
ʢʘʨʙʠʜʦʢʨʝʤʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʘ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʪʘʢ ʢʘʢ ʤʘʪʝʨʠʘʣ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ. 
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ǡǪǧǾǬǧǤ ǢǤǭǫǤǱǯǧǧ ǫǤǱǟǪǪǧǶǤǰǩǭǨ 
ǮǭǣǪǭǥǩǧ Ǭǟ ǴǟǯǟǩǱǤǯ ǯǟǦǯǲǷǤǬǧǾ 
ǣǡǲǴǰǪǭǨǬǺǴ ǠǯǭǬǤǮǯǤǢǯǟǣ Ǯǯǧ 
ǠǟǪǪǧǰǱǧǶǤǰǩǭǫ ǡǭǦǣǤǨǰǱǡǧǧ 

ǷȒȊțȂǿ ǧȂȍȏț ǟȊȄȉȐǿȌȃȏȍȁȇȖ 
ʠʥʞʝʥʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ 

ʌʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 
çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè  
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʠʤ. ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ 

 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʣʘʙʘʥʦʚ ʉʝʨʛʝʡ ɺʠʪʘʣʴʝʚʠʯ 

ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 
ʌʠʣʠʘʣ ʌʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

çʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠʥʩʪʠʪʫʪ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʠʤ. ɹ.ʇ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ 
ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʮʝʥʪʨʘ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè  

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʩʠʣʠʢʘʪʦʚ ʠʤ. ʀ.ɺ. ɻʨʝʙʝʥʱʠʢʦʚʘ 
 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ1024030700040-3-1.4.3  
"ʍʠʤʠʷ, ʬʠʟʠʢʘ ʠ ʙʠʦʣʦʛʠʷ ʥʘʥʦʩʦʩʪʦʷʥʠʷ". 

 

ɹʦʦʧʫʙʯʡʸ. ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ʚ 
ʟʘʱʠʪʥʳʭ ʜʚʫʭʩʣʦʡʥʳʭ ʙʨʦʥʝʢʦʥʩʪʨʫʢʮʠʷʭ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʜʣʦʞʢʘʤʠ ʨʘʟʣʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɺ ʨʘ-
ʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʤʦʥʦʣʠʪʥʘʷ ʧʦʜʣʦʞʢʘ ʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʷʯʝʠʩʪʳʭ ʧʦʜʣʦʞʝʢ ʠʟ ʩʧʣʘʚʘ AlSi10Mg ʩ ʨʘʟ-
ʣʠʯʥʦʡ ʪʦʣʱʠʥʦʡ ʩʧʣʦʰʥʦʡ ʠ ʷʯʝʠʩʪʦʡ ʯʘʩʪʠ. ʇʦʩʣʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʳ ʨʘʟʨʫʰʝ-
ʥʠʷ ʧʦʜʚʝʨʛʘʣʠ ʩʠʪʦʚʦʤʫ ʨʘʩʩʝʚʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥ-
ʪʦʚ ʧʦ ʨʘʟʤʝʨʘʤ. ɼʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʬʨʘʛʤʝʥʪʘʮʠʠ ʧʨʠʤʝʥʝʥʳ ʤʦʜʝʣʴ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ ʠ 
ʨʘʩʯʸʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʣʦʞʢʠ ʩʦʧʨʦ-
ʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟ-
ʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʩ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʦʡ ʩʧʣʦʰʥʦʡ ʯʘʩʪʠ. 
ʈʘʩʯʸʪʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʩʪʘʚʠʣʘ 0,453 ɼʞ. ʇʦʣʫʯʝʥʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʘʩʯʸʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʨʘʟʨʫʰʝʥʠʷ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʛʝʦʤʝʪʨʠʠ ʧʦʜʣʦʞʢʠ ʥʘ ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʜʚʫʭ-
ʩʣʦʡʥʳʭ ʟʘʱʠʪʥʳʭ ʧʨʝʛʨʘʜ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʤʠʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʦʨʫʥʜʦʚʘʷ ʢʝʨʘʤʠʢʘ; ʙʨʦʥʝʧʨʝʛʨʘʜʘ; ʙʘʣʣʠʩʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ; ʤʝʪʘʣʣʠʯʝʩʢʘʷ 
ʧʦʜʣʦʞʢʘ; ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ; ʩʠʪʦʚʦʡ ʨʘʩʩʝʚ; ʬʨʘʛʤʝʥʪʘʮʠʷ; ʤʦʜʝʣʴ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ; ʧʦʚʝʨʭʥʦʩʪ-
ʥʘʷ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ. 
 

INFLUENCE OF THE GEOMETRY OF THE METAL SUBSTRATE ON THE NATURE OF THE 
DESTRUCTION OF TWO-LAYER ARMORED BARRIERS UNDER BALLISTIC IMPACT 
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Shulga Igor Alexandrovich  
 

Scientific adviser: Balabanov Sergey Vitalievich 
 
Abstract. A comparative study was conducted to examine the nature of the failure of corundum ceramics in 
protective twoȤlayer armored structures with metal substrates of various geometries. The study examined a 
monolithic substrate and two variants of cellular substrates made of the AlSi10Mg alloy with different thick-
nesses of the solid and cellular parts. After ballistic impact, the failure products were subjected to sieving, fol-
lowed by determination of the mass distribution of fragments by size. To quantitatively assess fragmentation, 
the RosinïRammler model and the calculation of the surface energy of failure were used. It has been estab-
lished that a change in the design of the substrate is accompanied by a change in the distribution of corundum 
ceramic fragments. The most intensive material grinding was observed for the cellular substrate with a greater 
thickness of the solid part. The calculated surface energy of fracture for this variant was 0.453 J. The obtained 
results demonstrate the possibility of using the fractional composition and calculated fracture parameters for a 

comparative assessment of the influence of the substrate geometry on the nature of fracture of twoȤlayer ce-
ramicȤbased protective barriers. 
Keywords: corundum ceramic; armor-resistant barrier; ballistic impact; metal substrate; cellular structure; 
sieve screening; fragmentation; RosinïRammler model; surface fracture energy. 

 
ɻʛʞʝʞʦʡʞ 

ʉʦʚʨʝʤʝʥʥʳʝ ʟʘʱʠʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʦʩʥʦʚʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʚʠʚʘʶʪʩʷ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʞʝʥʠʷ ʤʘʩʩʳ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 
ʜʚʫʭʩʣʦʡʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘʤʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʥʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠ-
ʢʘʤʠ ʵʥʝʨʛʦʧʦʛʣʦʱʘʶʱʝʡ ʧʦʜʣʦʞʢʠ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʷʯʝʠʩʪʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫ-
ʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʤʝʥʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘ ʩʯʸʪ ʛʝʦʤʝʪʨʠʠ ʚʥʫʪʨʝʥʥʝʡ 
ʩʪʨʫʢʪʫʨʳ [1, 2,3]. 

ʇʨʠ ʙʘʣʣʠʩʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʨʘʟʨʫʰʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠ-
ʝʤ ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʤʘʩʩʳ. ʇʦʵʪʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʢʦʣʢʦʚ ʧʦ ʬʨʘʢʮʠʷʤ ʤʦʞʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʠʣʳ 
ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʥʠʢʘʶʱʝʛʦ ʪʝʣʘ ʥʘ ʢʝʨʘʤʠʯʝʩʢʠʡ ʩʣʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝ-
ʥʠʷ ʦʩʢʦʣʢʦʚ. ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʣʘʥʩ ʨʘʟʨʫʰʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʨʝʛʨʘʜ ʚʭʦʜʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʩʣʘʛʘʝʤʳʭ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʱʘʜʠ ʚʥʦʚʴ ʦʙʨʘʟʦ-
ʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʢʦʩʚʝʥʥʦʡ ʦʮʝʥʢʠ ʵʥʝʨʛʝʪʠ-
ʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʨʘʟʨʫʰʝʥʠʝ [4, 5]. ʊʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 
ʦʧʠʩʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʤʦʜʝʣʴ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ [6],  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʫʥʜʦʚʳʭ ʙʨʦʥʝʧʨʝʛʨʘʜ ʩ ʨʘʟ-
ʣʠʯʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʜʣʦʞʢʘʤʠ: ʤʦʥʦʣʠʪʥʦʡ ʠ ʜʚʫʤʷ ʚʘʨʠʘʥʪʘʤʠ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʠʟ ʩʧʣʘʚʘ 
AlSi10Mg ʩ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʦʩʣʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦ-
ʜʫʢʪʳ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜʚʝʨʛʘʣʠ ʩʠʪʦʚʦʤʫ ʨʘʩʩʝʚʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʧʦ ʨʘʟʤʝʨʘʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʨʘʩʯʸʪʦʤ ʧʦʚʝʨʭ-
ʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʜʣʦʞʢʠ ʥʘ 
ʭʘʨʘʢʪʝʨ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ. 

 
ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʶʣʪʨʞʩʡʥʞʦʫʙʤʵʦʧʢ ʧʯʞʦʣʡ ʩʙʠʩʬʱʞʦʡʸ ʣʧʩʬʦʝʧʛʴʮ  

ʚʩʧʦʞʨʤʙʪʫʡʦ ʪ ʩʙʠʤʡʰʦʴʥʡ ʶʦʞʩʜʧʨʧʜʤʧʲʙʷʲʡʥʡ ʨʧʝʤʧʟʣʙʥʡ 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʠ ʢʦʨʫʥʜʦʚʳʝ ʙʨʦʥʝʧʣʘʩʪʠʥʳ ʩ ʦʜʠʥʘʢʦʚʳʤ ʢʝʨʘʤʠʯʝʩʢʠʤ 

ʣʠʮʝʚʳʤ ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ 8,9 ʤʤ. ʆʩʥʦʚʥʳʤ ʨʘʟʣʠʯʠʝʤ ʦʙʨʘʟʮʦʚ ʷʚʣʷʣʘʩʴ ʢʦʥʩʪʨʫʢʮʠʷ ʤʝʪʘʣʣʠʯʝ-
ʩʢʦʡ ʵʥʝʨʛʦʧʦʛʣʦʱʘʶʱʝʡ ʧʦʜʣʦʞʢʠ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʥʦʣʠʪʥʘʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 
ʧʦʜʣʦʞʢʘ. ɺʦ ʚʪʦʨʦʤ ʧʨʠʤʝʥʷʣʘʩʴ ʷʯʝʠʩʪʘʷ ʧʦʜʣʦʞʢʘ ʠʟ ʩʧʣʘʚʘ AlSi10Mg ʩ ʛʠʨʦʠʜʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʠ 
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ʩʧʣʦʰʥʦʡ ʯʘʩʪʴʶ ʪʦʣʱʠʥʦʡ 2 ʤʤ. ɺ ʪʨʝʪʴʝʤ ʚʘʨʠʘʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʷʯʝʠʩʪʘʷ ʧʦʜʣʦʞʢʘ ʩ ʪʦʣʱʠʥʦʡ 
ʩʧʣʦʰʥʦʡ ʯʘʩʪʠ 5 ʤʤ ʠ ʧʝʨʠʦʜʦʤ ʩʪʨʫʢʪʫʨʳ 8 ʤʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʷʯʝʠʩʪʳʭ ʢʦʥ-
ʩʪʨʫʢʮʠʡ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʧʦʣʦʪʠʪʝʣʝʡ ʟʘ ʩʯʸʪ ʠʭ ʛʝʦʤʝʪʨʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [1, 2]. ʉʭʝʤʘ 
ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʉʡʪ. 1.  ʊʮʞʥʙ ʡʪʪʤʞʝʬʞʥʴʮ ʠʙʲʡʫʦʴʮ ʣʧʦʪʫʩʬʣʯʡʢ ʪ ʩʙʠʤʡʰʦʴʥʡ ʛʙʩʡʙʦʫʙʥʡ ʥʞʫʙʤʤʡʰʞʪʣʧʢ 
ʨʧʝʤʧʟʣʡ: ʙ ñ ʥʧʦʧʤʡʫʦʙʸ ʥʞʫʙʤʤʡʰʞʪʣʙʸ ʨʧʝʤʧʟʣʙ; ʚ ñ y ʰʞʡʪʫʙʸ ʥʞʫʙʤʤʡʰʞʪʣʙʸ ʨʧʝʤʧʟʣʙ;  

ʛ ñ y ʰʞʡʪʫʙʸ ʥʞʫʙʤʤʡʰʞʪʣʙʸ ʨʧʝʤʧʟʣʙ ʪ ʬʛʞʤʡʰʞʦʦʧʢ ʫʧʤʲʡʦʧʢ ʪʨʤʧʱʦʧʢ ʰʙʪʫʡ 
 

 
ʉʡʪ .2. çʇʪʣʧʤʣʧʬʤʙʛʤʡʛʙʫʞʤʡè ʡʠ ʫʧʦʣʧʤʡʪʫʧʛʧʢ ʪʫʙʤʡ 

 
ɹʘʣʣʠʩʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʠʟ ɸʂ-103 ʧʘʪʨʦʥʦʤ 57-ʅ-231 ʢʘʣʠʙʨʘ 7,62Ĭ39 ʤʤ ʩ ʨʘʩ-

ʩʪʦʷʥʠʷ 10 ʤ. ʉʢʦʨʦʩʪʴ ʧʫʣʠ ʧʝʨʝʜ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʦʙʨʘʟʮʘʤʠ ʩʦʩʪʘʚʣʷʣʘ 709, 730 ʠ 709 ʤ/ʩ ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʢʦʥʩʪʨʫʢʮʠʡ ʢʣʘʩʩʘ ɹʨ4 [7]. ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʙʦʨʘ 
ʦʩʢʦʣʢʦʚ ʦʙʨʘʟʮʳ ʨʘʟʤʝʱʘʣʠʩʴ ʚ çʦʩʢʦʣʢʦʫʣʘʚʣʠʚʘʪʝʣʷʭè, ʠʟ ʪʦʥʢʦʣʠʩʪʦʚʦʡ ʩʪʘʣʠ. 

ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʙʦʨʘ ʦʩʢʦʣʢʦʚ ʦʙʨʘʟʮʳ ʨʘʟʤʝʱʘʣʠʩʴ ʚ çʦʩʢʦʣʢʦʫʣʘʚʣʠʚʘʪʝʣʷʭè ʠʟ 
ʪʦʥʢʦʣʠʩʪʦʚʦʡ ʩʪʘʣʠ, ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʇʦʩʣʝ ʙʘʣʣʠʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʜʫʢʪʳ ʨʘʟʨʫʰʝʥʠʷ ʠʟ çʦʩʢʦʣʢʦʫʣʘʚʣʠʚʘʪʝʣʝʡè ʧʦʜʚʝʨ-
ʛʘʣʠ ʨʘʩʩʝʚʫ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʩʠʪʘʭ. ʇʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʟʜʝʣʷʣʠ ʥʘ ʬʨʘʢʮʠʠ ʙʦʣʝʝ 10; 10ï5;  
5ï1; 1ï0,63; 0,63ï0,25 ʠ 0,25ï0,125 ʤʤ, ʘ ʪʘʢʞʝ ʤʝʥʝʝ 0,125 ʤʤ. ʂʘʞʜʫʶ ʬʨʘʢʮʠʶ ʚʟʚʝʰʠʚʘʣʠ ʠ ʦʧʨʝ-
ʜʝʣʷʣʠ ʝʸ ʤʘʩʩʦʚʫʶ ʜʦʣʶ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʪʦʚʦʛʦ ʨʘʩʩʝʚʘ ʧʦʟʚʦʣʷʣʦ ʧʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʨʘʩ-
ʧʨʝʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ [8]. 
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ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʯʘʩʪʠʮ ʩʠʣʫʤʠʥʦʚʦʡ ʧʦʜʣʦʞʢʠ ʧʨʦʜʫʢʪʳ ʨʘʟʨʫʰʝʥʠʷ 
ʦʙʨʘʙʘʪʳʚʘʣʠ 10 %-ʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, 
ʚʳʩʫʰʠʚʘʣʠ ʠ ʧʦʚʪʦʨʥʦ ʚʟʚʝʰʠʚʘʣʠ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦ ʤʦʜʝʣʠ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ [6]: 

   ὓ ὼ ὓπρ Ὡ                                                          (1) 
ʛʜʝ M(Òx) ð ʤʘʩʩʘ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ x;    
      M0 ð ʦʙʱʘʷ ʤʘʩʩʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʬʨʘʛʤʝʥʪʦʚ; 
      x ð ʨʘʟʤʝʨ ʬʨʘʛʤʝʥʪʘ; 
      ɚ ð ʭʘʨʘʢʪʝʨʥʳʡ ʨʘʟʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ; 
        k ð ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 
 

ʊʩʙʛʦʡʫʞʤʵʦʴʢ ʙʦʙʤʡʠ ʩʙʠʩʬʱʞʦʡ ʣʧʩʬʦʝʧʛʧʢ ʣʞʩʙʥʡʣʡ ʪ ʨʧʝʤʧʟʣʙʥʡ 
 ʩʙʠʤʡʰʦʧʢ ʣʧʦʪʫʩʬʣʯʡʡ 

ʇʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʸʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ ʥʝʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ KaleidaGraph. 
ɼʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʧʦʣʫʯʝʥʦ ʦʪʜʝʣʴʥʦʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ. 

ɼʣʷ ʤʦʥʦʣʠʪʥʦʡ ʧʦʜʣʦʞʢʠ 

                    ὓ ὼ συȟυσρ Ὡ ȟ
ȟ

                                                   (2) 

ɼʣʷ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʩʦ ʩʧʣʦʰʥʦʡ ʯʘʩʪʴʶ 2 ʤʤ 

                     ὓ ὼ ςψȟυχρ Ὡ ȟ
ȟ

                                                 (3) 

ɼʣʷ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʩʦ ʩʧʣʦʰʥʦʡ ʯʘʩʪʴʶ 5 ʤʤ 

                     ὓ ὼ ρςȟψτρ Ὡ ȟ
ȟ

                                                  (4) 

ʈʝʟʫʣʴʪʘʪʳ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʜʣʷ ʤʦʥʦʣʠʪʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞ-
ʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʉʡʪ. 3. ɹʨʨʩʧʣʪʡʥʙʯʡʸ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʭʩʙʜʥʞʦʫʧʛ ʣʧʩʬʦʝʧʛʧʢ ʣʞʩʙʥʡʣʡ 
 ʨʧ ʥʧʝʞʤʡ ʉʧʠʡʦʙðʉʙʥʥʤʞʩʙ ʝʤʸ ʥʧʦʧʤʡʫʦʧʢ ʥʞʫʙʤʤʡʰʞʪʣʧʢ ʨʧʝʤʧʟʣʡ 

 
ɼʣʷ ʷʯʝʠʩʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʩʦ ʩʧʣʦʰʥʦʡ ʯʘʩʪʴʶ ʤʝʥʴʰʝʡ ʪʦʣʱʠʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʉʡʪ. 4. ɹʨʨʩʧʣʪʡʥʙʯʡʸ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʭʩʙʜʥʞʦʫʧʛ ʣʧʩʬʦʝʧʛʧʢ ʣʞʩʙʥʡʣʡ ʨʧ ʥʧʝʞʤʡ  

ʉʧʠʡʦʙðʉʙʥʥʤʞʩʙ ʝʤʸ ʸʰʞʡʪʫʧʢ ʥʞʫʙʤʤʡʰʞʪʣʧʢ ʨʧʝʤʧʟʣʡ ʪʧ ʪʨʤʧʱʦʧʢ ʰʙʪʫʵʷ ʫʧʤʲʡʦʧʢ 2 ʥʥ 
 
ɼʣʷ ʷʯʝʠʩʪʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʣʦʞʢʠ ʩʦ ʩʧʣʦʰʥʦʡ ʯʘʩʪʴʶ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 
 

 
ʉʡʪ. 5. ɹʨʨʩʧʣʪʡʥʙʯʡʸ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʭʩʙʜʥʞʦʫʧʛ ʣʧʩʬʦʝʧʛʧʢ ʣʞʩʙʥʡʣʡ ʨʧ ʥʧʝʞʤʡ  

ʉʧʠʡʦʙðʉʙʥʥʤʞʩʙ ʝʤʸ ʸʰʞʡʪʫʧʢ ʥʞʫʙʤʤʡʰʞʪʣʧʢ ʨʧʝʤʧʟʣʡ ʪʧ ʪʨʤʧʱʦʧʢ ʰʙʪʫʵʷ ʫʧʤʲʡʦʧʢ 5 ʥʥ. 
 

ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ k. ɼʣʷ ʤʦʥʦʣʠʪʥʦʡ ʧʦʜ-
ʣʦʞʢʠ k=0,935, ʜʣʷ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʩʦ ʩʧʣʦʰʥʦʡ ʯʘʩʪʴʶ ʪʦʣʱʠʥʦʡ 2 ʤʤ ð k=1,046, ʘ ʜʣʷ ʧʦʜʣʦʞʢʠ 
ʩʦ ʩʧʣʦʰʥʦʡ ʯʘʩʪʴʶ ʪʦʣʱʠʥʦʡ 5 ʤʤ ð k=2,921. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ k ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʙʦʣʝʝ ʚʳ-
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ʨʘʞʝʥʥʦʤʫ ʠʟʤʝʣʴʯʝʥʠʶ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 
ʩʯʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʜʣʦʞʢʠ ʚ ʜʚʫʭʩʣʦʡʥʦʡ ʙʨʦʥʝʧʨʝʛʨʘʜʝ.  

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʜʣʷ ʢʘʞʜʦʡ ʬʨʘʢʮʠʠ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʢʦʣʢʦʚ ʠ ʩʫʤʤʘʨ-
ʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʬʨʘʛʤʝʥʪʦʚ ʧʨʠ ʩʦʧʦʩʪʘ-
ʚʠʤʦʡ ʤʘʩʩʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦ-
ʩʪʝʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʨʫ-
ʰʝʥʠʷ [4, 5]. 

ʈʝʟʫʣʴʪʘʪʳ ʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝ-
ʨʘʤʠʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʝʢ. ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʘ-
ʣʘ ʠʟ ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʙʦʣʝʝ ʤʝʣʢʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʫʚʝʣʠ-
ʯʝʥʥʦʛʦ ʨʘʟʤʝʨʘ. 

ʈʘʩʯʸʪ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʦʢʘʟʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʩʦ 
ʩʧʣʦʰʥʦʡ ʯʘʩʪʴʶ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ ð 0,453 ɼʞ. ɼʣʷ ʤʦʥʦʣʠʪʥʦʡ ʧʦʜʣʦʞʢʠ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 0,304 
ɼʞ, ʘ ʜʣʷ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʩʦ ʩʧʣʦʰʥʦʡ ʯʘʩʪʴʶ ʤʝʥʴʰʝʡ ʪʦʣʱʠʥʳ ð 0,224 ɼʞ. ʋʚʝʣʠʯʝʥʠʝ ʜʘʥʥʦʛʦ 
ʧʦʢʘʟʘʪʝʣʷ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʝʡ ʩʫʤʤʘʨʥʦʡ ʧʣʦʱʘʜʠ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʏʪʦ ʛʦʚʦʨʠʪ, ʦ ʪʦʤ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʘʷ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʘʷ ʷʯʝʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ ʧʨʦʥʠʢʘʶʱʝ-
ʛʦ ʪʝʣʘ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪ-
ʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤ ʚʣʠʷʥʠʝʤ ʛʝʦʤʝʪʨʠʠ ʷʯʝʠʩʪʳʭ 
ʩʪʨʫʢʪʫʨ ʥʘ ʠʭ ʵʥʝʨʛʦʧʦʛʣʦʱʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʨʘʢʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʮʝʥʢʠ ʧʦ ʤʦʜʝʣʠ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ ʠ 
ʨʘʩʯʸʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʚʠʜʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ 
ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʧʦʛʣʦʱʘʶʱʝʡ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ ʫʚʝʣʠʯʝʥʥʦʛʦ ʨʘʟ-
ʤʝʨʘ.  

 
ʀʙʣʤʷʰʞʦʡʞ 

ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʫʥʜʦʚʦʡ ʢʝʨʘʤʠʢʠ ʚ ʟʘʱʠʪ-
ʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʜʣʦʞʢʘʤʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʥʩʪʨʫʢ-
ʮʠʠ ʧʦʜʣʦʞʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʨʘʟʨʫʰʝʥʠʷ ʧʦ ʨʘʟʤʝʨʘʤ. 

ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʩʣʦʷ ʥʘʙʣʶʜʘʣʦʩʴ ʜʣʷ ʷʯʝʠʩʪʦʡ ʧʦʜʣʦʞʢʠ 
ʫʚʝʣʠʯʝʥʥʦʛʦ ʨʘʟʤʝʨʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ k ʧʦ ʤʦʜʝʣʠ ʈʦʟʠʥʘïʈʘʤʤʣʝʨʘ ʩʦʩʪʘʚʠʣ 2,921. 
ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ ʪʘʢʞʝ ʜʦʩʪʠʛʣʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʠ ʠʩʧʳʪʘʥʥʳʭ ʦʙ-
ʨʘʟʮʦʚ ʜʚʫʭʩʣʦʡʥʳʭ ʟʘʱʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ð 0,453 ɼʞ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʘʥʘʣʠʟ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʘʨʘʤʝʪʨʘ k ʤʦʜʝʣʠ ʈʦ-
ʟʠʥʘïʈʘʤʤʣʝʨʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʨʘʟʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ ʨʘʟʨʫʰʝʥʠʷ ʢʝʨʘ-
ʤʠʢʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʜʣʦʞʝʢ ʚ ʩʦʩʪʘʚʝ çʜʚʫʭʩʣʦʝʢè. ʇʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʵʥʝʨʛʠʷ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʢʦʩʚʝʥʥʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʦʢʘ-
ʟʘʪʝʣʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ, ʘ ʥʝ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ  ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ, 
ʧʦʛʣʦʱʸʥʥʦʡ ʙʨʦʥʝʧʣʘʩʪʠʥʦʡ. 
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ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʦʮʝʥʠʚʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʩʨʝʜʩʪʚ 
ʇʠʣʘʨʤʘʢʩʠʤʫʩ ʠ ʊʨʠʛʨʘʥʜ ʥʘ ʧʦʩʝʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʤʷʥ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ ʩʦʨʪʘ ʂʘʣʠʬʦʨʥʠʷ. ʆʙ-
ʨʘʙʦʪʢʘ ʇʠʣʘʨʤʘʢʩʠʤʫʤʦʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʚʳʰʝʥʠʶ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʳ ʧʨʦʨʦʩʪʢʘ ʥʘ ʪʨʝʪʠʡ ʜʝʥʴ ʜʦ 
5,5 ʩʤ ʠ ʢ ʩʝʜʴʤʦʤʫ ʜʥʶ ï ʜʦ 21,8 ʩʤ. ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʚʳʰʘʶʪ ʢʦʥʪʨʦʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʚ 4,2 ʠ 1,8 
ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʟʠʤʳʡ ʷʯʤʝʥʴ, ʧʨʦʪʨʘʚʠʪʝʣʴ, ʵʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ, ʚʩʭʦʞʝʩʪʴ. 
 

EFFECT OF PRE-SOWING TREATMENT OF WINTER BARLEY SEEDS ON SOWING QUALITIES AND 
GROWTH PROCESSES 

Smirnov Vadim Vadimovich, 
Ginda Elena Fedorovna 

 
Abstract: The paper presents the results of experiments evaluating the effects of Pilarmaximus and Trigrand 
products on the sowing characteristics of California winter barley seeds. Treatment with Pilarmaximum in-
creased the total length of the seedling to 5.5 cm on the third day and to 21.8 cm by the seventh day. These 
values exceed the benchmarks by 4.2 and 1.8 times, respectively.  
Keywords: winter barley, mordant, germination energy, germination. 

 
ʗʯʤʝʥʴ (Hordeum vulgare L.) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʥʦʛʦʮʝʣʝʚʫʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʢʫʣʴʪʫʨʫ, 

ʮʝʥʥʫʶ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. ɿʝʨʥʦ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ ʩʣʫʞʠʪ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘ-
ʥʠʷ: ʠʟ ʥʝʛʦ ʧʦʣʫʯʘʶʪ ʧʝʨʣʦʚʫʶ ʠ ʷʯʥʝʚʫʶ ʢʨʫʧʳ, ʘ ʪʘʢʞʝ ʤʫʢʫ, ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʭʣʝʙʦ-
ʧʝʯʝʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʧʰʝʥʠʯʥʦʡ ʠʣʠ ʨʞʘʥʦʡ ʤʫʢʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʷʯʤʝʥʥʳʝ 
ʧʨʦʜʫʢʪʳ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ɓ-ʛʣʶʢʘʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʦʜʦʚʦʣʴ-
ʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʬʠʣʘʢʪʠʢʝ ʘʪʝʨʦʩʢʣʝʨʦʟʘ ʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 
ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʢʨʦʚʠ ʯʝʣʦʚʝʢʘ ʥʘ 20ï30 %. [1, 285 ʩ.]. ʂʨʦʤʝ ʪʦʛʦ, ʷʯʤʝʥʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ 
ʟʝʨʥʦʬʫʨʘʞʥʦʡ ʢʫʣʴʪʫʨʦʡ: ʙʦʣʝʝ 75 % ʦʙʱʝʛʦ ʫʨʦʞʘʷ ʟʝʨʥʘ ʠʜʝʪ ʥʘ ʢʦʨʤ ʞʠʚʦʪʥʳʤ. ʍʠʤʠʯʝʩʢʠʡ ʩʦ-
ʩʪʘʚ ʷʯʤʝʥʥʦʛʦ ʟʝʨʥʘ ʚʢʣʶʯʘʝʪ 7ï25 % ʙʝʣʢʘ, 45ï61 % ʢʨʘʭʤʘʣʘ, 2,6ï4,2 % ʣʠʧʠʜʦʚ ʠ 2,6ï2,8 % ʟʦʣʳ. 
ɺ ʩʚʠʥʦʚʦʜʩʪʚʝ ʷʯʤʝʥʴ ʠʛʨʘʝʪ ʥʝʟʘʤʝʥʠʤʫʶ ʨʦʣʴ ʢʘʢ ʢʦʨʤʦʚʘʷ ʢʫʣʴʪʫʨʘ. ɽʛʦ ʚʢʣʶʯʝʥʠʝ ʚ ʨʘʮʠʦʥ ʩʚʠ-
ʥʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʤʷʩʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʦʣʫʯʝʥʠʶ ʩʦʯʥʦʡ ʥʝʞʠʨʥʦʡ ʩʚʠʥʠʥʳ. 

ɺ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʩʪʘʨʪʦʚʳʝ ʬʘʢʪʦʨʳ ʧʨʦʨʘʩʪʘʥʠʷ ʥʝ ʚʩʝʛʜʘ ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʟʜʦʨʦʚʦʛʦ ʨʘʟʚʠ-
ʪʠʷ ʚʩʭʦʜʦʚ, ʪʨʝʙʫʝʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʧʦʷʚʣʝʥʠʝ 
ʢʨʝʧʢʠʭ ʠ ʧʦʣʥʦʮʝʥʥʳʭ ʨʦʩʪʢʦʚ ʠʟ ʚʩʝʭ ʞʠʟʥʝʩʧʦʩʦʙʥʳʭ ʟʝʨʝʥ. 
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ɿʘʨʘʞʸʥʥʳʝ ʩʝʤʝʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʧʦʣʝʚʦʡ ʚʩʭʦʞʝʩʪʴʶ, ʠʟ ʥʠʭ ʚʳʨʘʩʪʘʶʪ ʩʣʘʙʳʝ 
ʨʘʩʪʝʥʠʷ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʧʨʦʪʨʘʚʣʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʦʡ ʟʘ-
ʱʠʪʥʦʡ ʤʝʨʦʡ ʜʣʷ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʦʜʘʚʠʪʴ ʨʘʟʚʠʪʠʝ ʧʘʪʦʛʝʥʦʚ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʦʥ-
ʪʦʛʝʥʝʟʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʱʠʪʳ ʩʝʤʷʥ ʦʪ ʚʦʟʙʫʜʠʪʝʣʝʡ ʙʦʣʝʟʥʝʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘ-
ʯʝʩʪʚʘ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʠʪʦʛʦʚʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʷʯʤʝʥʷ. ɽʞʝʛʦʜʥʳʝ ʧʦʪʝʨʠ ʦʪ ʙʦʣʝʟʥʝʡ ʩʦʩʪʘʚʣʷʶʪ 
7,8 % ʦʪ ʧʦʪʝʥʮʠʘʣʘ, ʦʜʥʘʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʠʥʪʝʥʩʠʚʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚʦʟʜʝʣʳʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʵʪʦʪ ʧʦ-
ʢʘʟʘʪʝʣʴ ʤʦʞʝʪ ʧʨʝʚʳʩʠʪʴ 30 %. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʳʟʚʘʥʘ ʪʝʤ, ʯʪʦ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʝ ʟʝʤʣʝʜʝʣʠʝ ʫʭʫʜ-
ʰʘʝʪ ʬʠʪʦʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʣʝʡ, ʤʥʦʛʦʢʨʘʪʥʦ ʫʩʠʣʠʚʘʷ ʚʨʝʜʦʥʦʩʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʡ [2, 152 ʩ.].  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʨʦʞʘʡʥʦʩʪʠ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝ-
ʥʷʪʴ ʦʙʦʩʥʦʚʘʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʬʠʪʦʩʘʥʠ-
ʪʘʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʩʝʚʦʚ ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʧʦʩʦʙʳ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. ʇʨʠ 
ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʤʝʨ ʚʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʝʜʧʦʩʝʚʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʩʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [3, ʉ. 
49; 4, 5, ʉ. 23].  

ʂʨʦʤʝ ʪʦʛʦ, ʩʨʝʜʩʪʚʘ ʧʨʝʜʧʦʩʝʚʥʦʛʦ ʧʨʦʪʨʘʚʣʠʚʘʥʠʷ ʥʝ ʪʦʣʴʢʦ ʧʦʜʘʚʣʷʶʪ ʠʥʬʝʢʮʠʶ, ʧʝʨʝʥʦʩʷ-
ʱʫʶʩʷ ʩʝʤʝʥʘʤʠ ʠ ʥʘʭʦʜʷʱʫʶʩʷ ʚ ʧʦʯʚʝ, ʥʦ ʠ ʟʘʱʠʱʘʶʪ ʨʘʩʪʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ 
ʫʣʫʯʰʘʶʪ ʧʦʩʝʚʥʳʝ ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʧʦʚʳʰʘʶʪ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 
ʩʪʨʝʩʩʦʚʳʤ ʬʘʢʪʦʨʘʤ. ʇʦʵʪʦʤʫ ʦʮʝʥʢʘ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʨʝʛʠʦʥʘʣʴʥʳʭ 
ʩʠʩʪʝʤ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʦʩʝʚʥʦʛʦ ʦʙʝʟʟʘʨʘ-
ʞʠʚʘʥʠʷ ʩʝʤʷʥ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ. 

ɺ 2025 ʛʦʜʫ ʧʨʦʚʦʜʠʣʠ ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʧʳʪ ʥʘ ʙʘʟʝ ʆʆʆ çʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʬʠʨʤʘ çʇʨʦ-
ʨʳʚè (ɻʨʠʛʦʨʠʦʧʦʣʴʩʢʠʡ ʨʘʡʦʥ, ʇʨʠʜʥʝʩʪʨʦʚʴʝ). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩʝʤʝʥʘ ʦʟʠ-
ʤʦʛʦ ʷʯʤʝʥʷ ʢʦʨʤʦʚʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʨʝʜʥʝʧʦʟʜʥʝʛʦ ʩʦʨʪʘ ʂʘʣʠʬʦʨʥʠʷ (ʩʝʣʝʢʮʠʠ çLimagrainè, ʌʨʘʥ-
ʮʠ)̫ ʩ ʚʳʩʦʢʦʡ ʟʠʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʦʪʣʠʯʥʦʡ ʟʘʩʫʭʦʫʩʪʦʡʯʠʚʦʩʪʴʶ. ʆʪʣʠʯʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʡ ʢʫʩʪʠʩʪʦ-
ʩʪʴʶ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʢ ʧʦʯʚʘʤ. ʄʘʩʩʘ 1000 ʩʝʤʷʥ ï 53-55 ʛ [6].  

ɺ ʦʧʳʪʘʭ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʧʨʦʪʨʘʚʠʪʝʣʷ: ʇʠʣʘʨʤʘʢʩʠʤʫʩ 35 FS (1,3 ʣ/ʪ), ʜ.ʚ.: ʬʣʫʜʠʦʢʩʦ-
ʥʠʣ (25 ʛ/ʣ) ʠ ʤʝʪʘʣʘʢʩʠʣ-ʄ (10 ʛ/ʣ) ï ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʡ ʬʫʥʛʠʮʠʜʥʳʡ ʧʨʦʪʨʘʚʠʪʝʣʴ ʩʝʤʷʥ, ʧʨʝʜʥʘ-
ʟʥʘʯʝʥʥʳʡ ʜʣʷ ʟʘʱʠʪʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʦʪ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʙʦʣʝʟʥʝʡ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 
ʩʝʤʷʥ ʜʘʥʥʳʤ ʧʨʝʧʘʨʘʪʦʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʜʣʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦʜʦʚ, ʥʘʧʨʦʪʠʚ, ʦʥʦ ʩʪʠʤʫʣʠʨʫ-
ʝʪ ʨʘʟʚʠʪʠʝ, ʢʘʢ ʢʦʨʥʝʡ, ʪʘʢ ʠ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ ʨʘʩʪʝʥʠʡ, ʚʳʩʪʫʧʘʷ ʚ ʨʦʣʠ ʩʠʣʴʥʦʛʦ ʠʤʤʫʥʦʤʦʜʫʣʷʪʦʨʘ 
[7]; ʊʨʠʛʨʘʥʜ 120 FS (0,6 ʣ/ʪ), ʜ.ʚ.: ʧʨʦʪʠʦʢʦʥʘʟʦʣ ʠ ʧʠʨʘʢʣʦʩʪʨʦʙʠʥ ï ʬʫʥʛʠʮʠʜʥʳʡ ʧʨʦʪʨʘʚʠʪʝʣʴ ʩʝ-
ʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʩ ʚʳʨʘʞʝʥʥʳʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʡ ʟʘʙʦʣʝʚʘʥʠʷ 
ʟʝʨʥʦʚʳʭ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʦʚʳʰʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ. ʉʧʦʩʦʙ-
ʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʨʘʟʚʠʪʠʶ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, ʧʦʚʳʰʘʝʪ ʚʩʭʦʞʝʩʪʴ ʠ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʪʝʥʠʡ [8]. 

ʉʝʤʝʥʘ, ʧʨʦʰʝʜʰʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʨʘʩʢʣʘʜʳʚʘʣʠ ʥʘ ʜʚʫʭ ʩʣʦʷʭ ʫʚʣʘʞʥʝʥʥʦʡ 
ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ ʙʫʤʘʛʠ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ. ʂʦʥʪʨʦʣʝʤ ʩʣʫʞʠʣʠ ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʩʝʤʝʥʘ. ʉʨʦʢ ʧʦʩʝʚʘ ï 
20 ʩʝʥʪʷʙʨʷ 2025 ʛ. ɺ ʢʘʞʜʫʶ ʯʘʰʢʫ ʇʝʪʨʠ ʧʦʤʝʱʘʣʠ ʧʦ 20 ʰʪ. ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʘ - ʪʨʝʭʢʨʘʪʥʘʷ. ʀʟ-
ʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʦʩʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʘ ʪʨʝʪʠʡ ʠ ʩʝʜʴʤʦʡ ʜʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʭʦʜʝ ʫʯʝʪʘ 
ʦʧʨʝʜʝʣʷʣʠ ʜʣʠʥʫ ʨʘʩʪʝʥʠʡ, ʧʦʩʣʝ ʯʝʛʦ ʘʢʢʫʨʘʪʥʦ ʦʪʜʝʣʷʣʠ ʥʘʜʟʝʤʥʳʝ ʯʘʩʪʠ ʦʪ ʢʦʨʥʝʡ ʠ ʧʨʦʠʟʚʦʜʠʣʠ 
ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʘʤʝʨʳ.  

ɺ ʦʧʳʪʝ ʦʧʨʝʜʝʣʷʣʠ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʣʘʙʦʨʘʪʦʨʥʫʶ ʚʩʭʦʞʝʩʪʴ [9, 32 ʩ.]. 
ɿʘʢʣʘʜʢʫ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ 

ʤʝʪʦʜʠʢʝ ɹ.ɸ. ɼʦʩʧʝʭʦʚʘ [10].  
ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ 

ʚʦʜʥʳʤʠ ʩʫʩʧʝʥʟʠʷʤʠ ʬʫʥʛʠʮʠʜʥʳʭ ʧʨʦʪʨʘʚʠʪʝʣʝʡ ʇʠʣʘʨʤʘʢʩʠʤʫʩ ʠ ʊʨʠʛʨʘʥʜ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ 
ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʣʘʙʦʨʘʪʦʨʥʦʡ ʚʩʭʦʞʝʩʪʠ. ʅʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ ʙr ʣ ʜʦʩʪʠʛʥʫʪ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʧʘʨʘʪʘ ʇʠʣʘʨʤʘʢʩʠʤʫʩ ʚ ʜʦʟʝ 1,3 ʣ/ʪ. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʣʘʙʦʨʘʪʦʨʥʘʷ ʚʩʭʦ-
ʞʝʩʪʴ ʩʝʤʷʥ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʛʨʘʥʠʮʝ ʩ ʥʝʢʦʥʜʠʮʠʦʥʥʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ 87 %. ʇʨʠ-
ʤʝʥʝʥʠʝ ʇʠʣʘʨʤʘʢʩʠʤʫʩʘ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʜʦ 93 % (ʪʘʙʣ. 1). 



196 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ɺ ʦʙʨʘʙʦʪʘʥʥʳʭ ʚʘʨʠʘʥʪʘʭ ʧʦʣʫʯʠʣʠ ʜʦʩʪʦʚʝʨʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ ï ʥʘ 14-16 
% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʝ 0,5%-ʥʦʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ 
(ʅʉʈ0,05) ï 9,6 %.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʇʠʣʘʨʤʘʢʩʠʤʫʩ ʠ ʊʨʠʛʨʘʥʜ ʪʘʢʞʝ ʦʪʨʘʟʠʣʦʩʴ ʥʘ ʯʠʩʣʝʥʥʦʩʪʠ ʢʦʨʝʰ-
ʢʦʚ ʫ ʩʝʤʷʥ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ. ɽʩʣʠ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʠʭ ʥʘʩʯʠʪʳʚʘʣʦʩʴ 2,7 ʰʪ., ʪʦ ʧʦʩʣʝ ʦʙʨʘ-
ʙʦʪʢʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʳʨʦʩ ʜʦ 5,1ï5,3 ʰʪ. ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʝʧʘʨʘʪʘ. ɼʘʥʥʘʷ ʨʘʟʥʠʮʘ 
ʷʚʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ ʫʚʝʣʠʯʝʥʠʝ ʥʘ 2,4ï2,6 ʢʦʨʝʰʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥ-
ʪʨʦʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ (ʨʠʩ. 1ɸ).  

 
ʋʙʚʤʡʯʙ 1 

ʁʠʥʞʦʞʦʡʞ ʨʧʪʞʛʦʴʮ ʣʙʰʞʪʫʛ ʪʞʥʸʦ ʧʠʡʥʧʜʧ ʸʰʥʞʦʸ ʛ ʠʙʛʡʪʡʥʧʪʫʡ  
ʧʫ ʨʩʞʝʨʧʪʞʛʦʧʢ ʧʚʩʙʚʧʫʣʡ ʨʩʧʫʩʙʛʡʫʞʤʸʥʡ, ʪʧʩʫ ʃʙʤʡʭʧʩʦʡʸ 

ʇʦʢʘʟʘʪʝʣʠ 
ɹʝʟ 

 ʦʙʨʘʙʦʪʢʠ 

ʇʨʦʪʨʘʚʣʠʚʘʥʠʝ ʩʝʤʷʥ ʧʨʝʧʘʨʘʪʘʤʠ: 

ʅʉʈ0,05 ʇʠʣʘʨʤʘʢʩʠʤʫʩ 35 FS, 1,3 
ʣ/ʪ 

ʊʨʠʛʨʘʥʜ 120 
FS, 0,6 ʣ/ʪ 

ʕʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ, % 70 86 84 9,6 

+/- ʢ ʢʦʥʪʨʦʣʶ, % - +16 +14 - 

ʃʘʙʦʨʘʪʦʨʥʘʷ ʚʩʭʦʞʝʩʪʴ, % 87 93 91 10,8 
+/- ʢ ʢʦʥʪʨʦʣʶ, % - +6 +4 - 

 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʝʧʘʨʘ-

ʪʦʚ ʥʘ ʜʣʠʥʫ ʨʦʩʪʢʦʚ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ (ʨʠʩ. 1ɹ). ʋʞʝ ʥʘ ʪʨʝʪʴʠ ʩʫʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʠʥʘ ʨʦʩʪʢʦʚ ʚ ʢʦʥ-
ʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʜʦʩʪʠʛʘʣʘ ʣʠʰʴ 0,3 ʩʤ, ʪʦʛʜʘ ʢʘʢ ʚ ʦʧʳʪʥʳʭ ʚʘʨʠʘʥʪʘʭ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʦʚʘʣʩʷ 
ʚ ʧʨʝʜʝʣʘʭ 1,3ï1,5 ʩʤ, ʧʨʝʚʳʰʘʷ ʢʦʥʪʨʦʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ 4,3ï5,0 ʨʘʟʘ. ʂ ʩʝʜʴʤʦʤʫ ʜʥʶ ʦʧʳʪʘ ʨʦʩʪʢʠ ʚ 
ʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʫʜʣʠʥʷʣʠʩʴ ʜʦ 10,3ï11,7 ʩʤ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʚ 1,7ï
1,9 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. 
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ʉʡʪ. 1. ɻʤʡʸʦʡʞ ʨʩʞʝʨʧʪʞʛʦʧʢ ʧʚʩʙʚʧʫʣʡ ʪʞʥʸʦ ʧʠʡʥʧʜʧ ʸʰʥʞʦʸ ʦʙ: 
ɸ ð ʩʙʠʛʡʫʡʞ ʣʧʩʞʱʣʧʛ; ɹ ð ʝʤʡʦʬ ʩʧʪʫʣʙ 

 
ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ ʢʦʨʝʰʢʦʚ, ʩʦʩʪʘʚʠʚʰʘʷ 10,4 ʩʤ, ʙʳʣʘ ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʥʘ ʪʨʝʪʠʡ ʜʝʥʴ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘ ʫ ʩʝʤʷʥ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʤʠ ʇʠʣʘʨʤʘʢʩʠʤʫʩ ʠ ʊʨʠʛʨʘʥʜ (ʅʉʈ0,05 = 0,3 ʩʤ). ɼʘʥʥʳʡ 
ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʚʳʰʘʣ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʚ 3ï4 ʨʘʟʘ (ʨʠʩ. 2ɸ). ʂ ʩʝʜʴʤʦʤʫ ʜʥʶ ʨʘʟʥʠʮʘ ʩʥʠ-
ʟʠʣʘʩʴ: ʦʙʨʘʙʦʪʢʘ ʜʘʚʘʣʘ ʣʠʰʴ 1,6ï1,7-ʢʨʘʪʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʢʦʥʪʨʦʣʝʤ.  

ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ ʩʝʤʷʥ ʷʯʤʝʥʷ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʦʙʱʝʡ 
ʜʣʠʥʳ ʧʨʦʨʦʩʪʢʘ (ʨʠʩ. 2ɹ). ʆʙʨʘʙʦʪʢʘ ʇʠʣʘʨʤʘʢʩʠʤʫʤʦʤ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʦʚʳʰʝʥʠʶ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 
ʥʘ ʪʨʝʪʠʡ ʜʝʥʴ ʜʦ 5,5 ʩʤ ʠ ʢ ʩʝʜʴʤʦʤʫ ʜʥʶ ï ʜʦ 21,8 ʩʤ. ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʚʳʰʘʶʪ ʢʦʥʪʨʦʣʴʥʳʝ 
ʧʦʢʘʟʘʪʝʣʠ ʚ 4,2 ʠ 1,8 ʨʘʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʉʡʪ. 2. ɻʤʡʸʦʡʞ ʨʩʞʝʨʧʪʞʛʦʧʢ ʧʚʩʙʚʧʫʣʡ ʪʞʥʸʦ ʧʠʡʥʧʜʧ ʸʰʥʞʦʸ ʦʙ: 
ɸ ð ʝʤʡʦʬ ʣʧʩʞʱʣʧʛ; ɹ ð ʪʬʥʥʙʩʦʬʷ ʝʤʡʦʬ ʨʩʧʩʧʪʫʣʙ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʦʟʠʤʦʛʦ ʷʯʤʝʥʷ ʩʦʨʪʘ ʂʘʣʠʬʦʨʥʠʷ ʧʨʝʧʘʨʘʪʦʤ 

ʇʠʣʘʨʤʘʢʩʠʤʫʩ ʠ ʊʨʠʛʨʘʥʜ ʜʘʝʪ ʚʳʩʦʢʠʡ ʵʬʬʝʢʪ. ʀʭ ʧʨʠʤʝʥʝʥʠʝ ʦʙʝʩʧʝʯʠʣʦ ʧʦʚʳʰʝʥʠʝ ʣʘʙʦʨʘʪʦʨ-
ʥʦʡ ʚʩʭʦʞʝʩʪʠ, ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʝʰʢʦʚ, ʜʣʠʥʳ ʨʦʩʪʢʘ ʠ ʢʦʨʝʰʢʦʚ, ʘ ʪʘʢʞʝ ʩʫʤʤʘʨʥʦʡ ʜʣʠʥʳ ʧʨʦʨʦʩʪʢʘ. 
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ǲǣǩ 411,631,272 8 410,73/ 

ǡǪǧǾǬǧǤ ǭǠǯǟǠǭǱǩǧ ǯǟǰǱǤǬǧǨ 
ǧǬǰǤǩǱǧǵǧǣǟǫǧ Ǭǟ ǮǯǭǣǲǩǱǧǡǬǭǰǱǻ 
ǭǦǧǫǭǢǭ ǯǟǮǰǟ 

ǢȒȗǿȌ ǰȑǿȌȇȐȊǿȁ ǫȇȔǿȈȊȍȁȇȖ 
ʤʘʛʠʩʪʨʘʥʪ 2 ʢʫʨʩʘ, ʥʘʧʨ. çɸʛʨʦʥʦʤʠʷè,  

ʧʨʦʬʠʣʴ çʀʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʟʘʱʠʪʘ ʨʘʩʪʝʥʠʡè 

ǢȇȌȃǿ ǤȊȄȌǿ ǳȄȃȍȏȍȁȌǿ 
ʢ.ʩ.-ʭ.ʥ., ʜʦʮʝʥʪ 

ɻʆʋ çʇɻʋ ʠʤ. ʊ.ɻ. ʐʝʚʯʝʥʢʦè, ʛ. ʊʠʨʘʩʧʦʣʴ 
 

ɹʦʦʧʫʙʯʡʸ: ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʚʨʝʜʠʪʝʣʝʡ ʦʟʠʤʦʛʦ ʤʘʩʣʠʯʥʦ-
ʛʦ ʨʘʧʩʘ ʚ ʫʩʣʦʚʠʷʭ ʇʨʠʜʥʝʩʪʨʦʚʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʅʘʙʣʶʜʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ 2025 ʛ. ʥʘ ʨʘʩʪʝʥʠʷʭ ʩʦʨʪʘ 
ɸʨʭʠʪʝʢʪ. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧʝʨʠʦʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʣʴʥʦ ʦʪʣʠʯʘʣʠʩʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʠʤʠ ʤʥʦ-
ʛʦʣʝʪʥʠʤʠ ʜʘʥʥʳʤʠ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʠʥʩʝʢʪʠʮʠ-
ʜʦʚ ʥʘ ʩʪʝʧʝʥʴ ʧʦʚʨʝʞʜʝʥʠʷ ʨʘʩʪʝʥʠʡ ʚʨʝʜʠʪʝʣʷʤʠ ʦʟʠʤʦʛʦ ʨʘʧʩʘ. ɺʳʷʚʣʝʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʨʝʜʠʪʝ-
ʣʝʡ ʠ ʦʮʝʥʝʥʘ ʩʪʝʧʝʥʴ ʠʭ ʚʨʝʜʦʥʦʩʥʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʥʩʝʢʪʠʮʠʜʳ ʜʦʩʪʦʚʝʨʥʦ 
ʫʤʝʥʴʰʘʣʠ ʜʦʣʶ ʧʦʨʘʞʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʥʝ ʦʢʘʟʳʚʘʷ ʧʨʠ ʵʪʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʩʥʦʚ-
ʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴʪʫʨʳ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʟʠʤʳʡ ʨʘʧʩ, ʨʧʜʧʝʦʴʞ ʬʪʤʧʛʡʸ, ʛʩʞʝʡʫʞʤʡ, ʡʦʪʞʣʫʡʯʡʝʴ, ʬʩʧʟʙʢʦʧʪʫʵ.  
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Abstract: The research was carried out in order to identify the number of pests of winter oilseed rape in the 
Transnistrian region. The observations were carried out in 2025 on plants of the Architect variety. The weather 
conditions during the research period were very different compared to the long-term average data. The paper 
presents the results of studies on the effect of insecticides on the degree of damage to plants by pests of win-
ter rape. The species composition of the pests has been identified and the degree of their harmfulness has 
been assessed. It was found that the insecticides used significantly reduced the proportion of affected plants, 
without adversely affecting the main crop yield indicators. 
Keywords: winter rapeseed, weather conditions, pests, insecticides, yield. 

 
ʇʦʧʫʣʷʨʥʦʩʪʴ ʤʘʩʣʠʯʥʦʛʦ ʨʘʧʩʘ ʨʘʩʪʝʪ ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ: ʠʟ ʝʛʦ ʩʝʤʷʥ ʧʦ-

ʣʫʯʘʶʪ ʫʥʠʢʘʣʴʥʳʝ ʚʠʜʳ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʚ ʢʘʯʝʩʪʚʝ ʩʠʜʝʨʘʪʘ ʦʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʩʪʨʫʢʪʫʨʫ ʧʦʯ-
ʚʳ ʠ ʫʣʫʯʰʘʝʪ ʝʝ ʬʠʪʦʩʘʥʠʪʘʨʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʩʳʨʴʝ ʜʣʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʪʦʧʣʠʚʘ. 

ʈʘʟʚʠʪʠʝ ʨʘʧʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʚʫʤʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳʤʠ ʵʪʘʧʘʤʠ: ʧʝʨʠʦʜʦʤ ʧʦʷʚʣʝʥʠʷ ʚʩʭʦ-
ʜʦʚ ʠ ʩʪʘʜʠʝʡ ʙʫʪʦʥʠʟʘʮʠʠ. ɺ ʧʝʨʚʳʝ ʜʥʠ ʧʦʩʣʝ ʧʨʦʨʘʩʪʘʥʠʷ ʛʣʘʚʥʫʶ ʫʛʨʦʟʫ ʧʦʩʝʚʘʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʨʝ-
ʩʪʦʮʚʝʪʥʳʝ ʙʣʦʰʢʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʬʘʟʫ ʙʫʪʦʥʠʟʘʮʠʠ ʠ ʮʚʝʪʝʥʠʷ ʧʝʨʝʯʝʥʴ ʦʧʘʩʥʳʭ ʬʠʪʦʬʘʛʦʚ ʩʫʱʝʩʪʚʝʥʥʦ 
ʨʘʩʰʠʨʷʝʪʩʷ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʢʫʣʴʪʫʨʳ ʦʪ ʚʨʝʜʦʥʦʩʥʳʭ ʥʘʩʝ-
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ʢʦʤʳʭ ʪʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʠʜʦʚʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʥʘʩʝʢʦʤʳʭ-ʚʨʝʜʠʪʝʣʝʡ ʚ ʘʛʨʦʮʝʥʦʟʘʭ, 
ʦʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʭ ʟʘʩʝʣʝʥʠʷ ʨʘʩʪʝʥʠʡ, ʘʥʘʣʠʟ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʡ ʠ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʘʙʠʦʪʠʯʝ-
ʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʠ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ [1, ʩ. 269; 2, ʩ. 46]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʢʘʧʫʩʪʥʦʡ ʤʦʣʠ ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ ʚʦ ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ [3, ʩ. 20; 4, ʩ. 71]. 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʟʠʤʳʡ ʨʘʧʩ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʙʳʣʴʥʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʚ ʇʨʠʜʥʝʩʪʨʦʚʩʢʦʤ ʨʝʛʠʦʥʝ, ʧʨʠ ʵʪʦʤ ʦʙʲʝʤʳ ʝʛʦ ʵʢʩʧʦʨʪʘ ʜʝʤʦʥʩʪʨʠʨʫ-
ʶʪ ʫʩʪʦʡʯʠʚʫʶ ʜʠʥʘʤʠʢʫ ʨʦʩʪʘ [5]. ʂʘʞʜʳʡ ʛʦʜ ʧʦʜ ʦʟʠʤʳʡ ʨʘʧʩ ʦʪʚʦʜʷʪ ʦʪ 12 ʜʦ 17,9 ʪʳʩ. ʛʘ, ʯʪʦ ʚ 
ʩʪʨʫʢʪʫʨʝ ʩʝʚʦʦʙʦʨʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 4 % ʚʩʝʡ ʧʘʰʥʠ ʨʝʛʠʦʥʘ. ʀʟ-ʟʘ ʯʘʩʪʳʭ ʣʝʪʥʠʭ ʟʘʩʫʭ ʩʙʦʨ 
ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 21 ʜʦ 24 ʮ/ʛʘ, ʦʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʝʜʦʚʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ ʚ ʫʜʘʯʥʳʝ ʩʝʟʦʥʳ 
ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ. ɿʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʘʢʪʠʚʥʦʛʦ ʵʢʩʧʦʨʪʘ 
ʚʘʣʦʚʦʡ ʩʙʦʨ ʜʦʩʪʠʛʘʝʪ 20ï50 ʪʳʩ. ʪ. 

ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʧʦʣʫʯʝʥʠʝ ʦʙʠʣʴʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʨʦʞʘʷ ʨʘʧʩʘ, ʚʳ-
ʩʪʫʧʘʝʪ ʨʘʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʟʘʱʠʪʳ ʵʪʦʡ ʢʫʣʴʪʫʨʳ ʦʪ ʥʘʩʝʢʦʤʳʭ-ʚʨʝʜʠʪʝʣʝʡ. ɺ ʤʠʨʦʚʦʡ ʥʘʫʯ-
ʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʤʝʨʥʦ 37 ʚʠʜʦʚ ʚʨʝʜʦʥʦʩʥʳʭ ʥʘʩʝʢʦʤʳʭ, ʧʦʨʘʞʘʶʱʠʭ ʨʘʧʩ, ʢʦʪʦ-
ʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʭ ʧʦʚʩʝʤʝʩʪʥʦ [6, ʩ. 52].  

ɺ ʥʳʥʝʰʥʠʭ ʨʝʘʣʠʷʭ ʟʘʣʦʛ ʫʩʧʝʰʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ ʫʨʦʞʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʫʯʥʦ ʚʳʚʝʨʝʥʥʦʡ ʩʠ-
ʩʪʝʤʝ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʘʷ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʝʡʩʪʚʝʥʥʳʭ ʧʝʩʪʠʮʠʜʦʚ. ʇʨʠ ʵʪʦʤ 
ʩʣʝʜʫʝʪ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘʧʨʷʤʫʶ ʦʙʫʩʣʦʚʣʝʥʘ 
ʩʧʝʮʠʬʠʢʦʡ ʧʦʯʚʝʥʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʤʝʩʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʚʠʜʦʚ ʬʠʪʦʬʘʛʦʚ ʠ 
ʬʠʪʦʧʘʪʦʛʝʥʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʭʠʤʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʧʦʩʝʚʦʚ ʦʟʠ-
ʤʦʛʦ ʨʘʧʩʘ ʦʪ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʚʨʝʜʠʪʝʣʝʡ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʩʦʨʪʝ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ɸʨʭʠʪʝʢʪ ʚ ʆʆʆ çʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ 
ʬʠʨʤʘ çʇʨʦʨʳʚè ɻʨʠʛʦʨʠʦʧʦʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ʇʨʠʜʥʝʩʪʨʦʚʴʷ ʚ ʫʩʣʦʚʠʷʭ 2025 ʛ. ʉʨʦʢ ʧʦʩʝʚʘ ï 09 ʩʝʥ-
ʪʷʙʨʷ 2024 ʛ., ʫʙʦʨʢʘ 03 ʠʶʣʷ 2025 ʛ., ʥʦʨʤʘ ʚʳʩʝʚʘ ï 2,0 ʤʣʥ./ʛʘ ʚʩʭʦʞʠʭ ʩʝʤʷʥ. ʋʯʝʪʥʘʷ ʧʣʦʱʘʜʴ ʜʝ-
ʣʷʥʢʠ ï 8 ʤ2, ʧʦʚʪʦʨʥʦʩʪʴ ï ʪʨʸʭʢʨʘʪʥʘʷ. ʆʧʨʳʩʢʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ 
ʧʦʤʦʱʴʶ ʨʘʥʮʝʚʦʛʦ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ʤʘʨʢʠ ɹ-320. ʈʘʩʭʦʜ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʩʦʩʪʘʚʣʷʣ 0,4 ʣ/ʜʝʣʷʥʢʫ. 
ʋʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʳʪʳʚʘʝʤʳʭ ʠʥʩʝʢʪʠʮʠʜʦʚ ʧʨʦʪʠʚ ʚʨʝʜʠʪʝʣʝʡ ʚ ʦʧʳʪʘʭ ʧʨʦʚʦʜʠʣʠ ʧʝʨʝʜ ʦʙ-
ʨʘʙʦʪʢʦʡ ʠ ʯʝʨʝʟ 7 ʩʫʪʦʢ ʧʦʩʣʝ ʥʝʸ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʥʩʝʢʪʠʮʠʜʳ ɸʎʎ-ɻʨʘʥʜ, ʂʕ (ʘʮʝʪʘʤʠʧʨʠʜ, 100 ʛ/ʣ + ʮʠʧʝʨʤʝʪ-
ʨʠʥ, 50 ʛ/ʣ), ʂʦʨʘʛʫʩ, ʂʉ (ʭʣʦʨʘʥʪʨʘʥʠʣʠʧʨʦʣ, 200 ʛ/ʣ), ʉʪʘʨ, ʉʇ (ʘʮʝʪʘʤʠʧʨʠʜ, 200 ʛ/ʣ), ʎʠʧʝʨʛʨʘʥʜ 
(ʮʠʧʝʨʤʝʪʨʠʥ, 100 ʛ/ʣ) ʬʠʨʤʳ ʆʆʆ çɻʨʠʥʘʡè (ʄʦʣʜʦʚʘ). 

ɿʘʢʣʘʜʢʫ ʧʦʣʝʚʳʭ ʦʧʳʪʦʚ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ 
ʤʝʪʦʜʠʢʝ ɹ.ɸ. ɼʦʩʧʝʭʦʚʘ [7, 351 ʩ.].  

ʌʠʪʦʩʘʥʠʪʘʨʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʧʦʩʝʚʦʚ ʨʘʧʩʘ ʙʳʣ ʠʥʠʮʠʠʨʦʚʘʥ ʚ ʬʘʟʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 4ï6 ʣʠʩʪʴʝʚ 
ʠ ʧʨʦʚʦʜʠʣʩʷ ʜʦ ʤʦʤʝʥʪʘ ʟʘʚʝʨʰʝʥʠʷ ʫʙʦʨʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʚʳʙʦʨʢʝ ʠʟ 10 ʨʘʩʪʝʥʠʡ. ʉ ʤʦʤʝʥʪʘ ʧʦʷʚ-
ʣʝʥʠʷ ʚʩʭʦʜʦʚ ʝʞʝʥʝʜʝʣʴʥʦ ʚʳʧʦʣʥʷʣʠʩʴ ʤʘʨʰʨʫʪʥʳʝ ʦʙʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʥʘʩʝʢʦʤʳʭ-
ʚʨʝʜʠʪʝʣʝʡ ʧʝʨʝʭʦʜʠʣʠ ʢ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʫʯʝʪʫ ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʧʦʜʩʯʝʪʘ ʥʘ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʜʝʣʷʥʢʘʭ, ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ ʩʝʤʴ ʜʥʝʡ ʠ ʧʨʦʜʦʣʞʘʣʩʷ ʜʦ ʥʘʯʘʣʘ 
ʩʪʝʙʣʝʚʘʥʠʷ. 

ʇʨʝʜʧʦʩʝʚʥʦʡ ʧʝʨʠʦʜ (ʘʚʛʫʩʪ 2024 ʛ.) ʦʢʘʟʘʣʩʷ ʟʘʩʫʰʣʠʚʳʤ ï ʚʳʧʘʣʦ ʚʩʝʛʦ 5,0 ʤʤ ʦʩʘʜʢʦʚ, ʪʦ 
ʝʩʪʴ ʚ 8,4 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ (ʨʠʩ. 1). ʆʜʥʘʢʦ, ʧʦʩʣʝ ʧʦʩʝʚʘ ʩʝʤʷʥ ʢʦʣʠʯʝ-
ʩʪʚʦ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʠʣʦ 79,2 ʤʤ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ï 21,3 Áʉ, ʯʪʦ ʦʢʘʟʘʣʦ ʙʣʘʛʦʧʨʠʷʪʥʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʧʦʷʚʣʝʥʠʝ ʜʨʫʞʥʳʭ ʚʩʭʦʜʦʚ.  

ɿʘ ʧʝʨʠʦʜ ʷʥʚʘʨʴ-ʠʶʥʴ 2025 ʛʦʜʘ ʚʳʧʘʣʦ 93,8 ʤʤ ʦʩʘʜʢʦʚ, ʯʪʦ ʚ 2,7 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʩʨʝʜʥʝ-
ʤʥʦʛʦʣʝʪʥʠʝ ʜʘʥʥʳʝ (253 ʤʤ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʫʨʦʚʥʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʚʣʘʛʦʡ 2025 ʛʦʜ ʤʦʞʥʦ ʦʮʝ-
ʥʠʪʴ ʢʘʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡ ʜʣʷ ʚʝʛʝʪʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʚʢʣʶʯʘʷ ʦʟʠʤʳʡ 
ʨʘʧʩ (ʨʠʩ. 2). ʆʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚʳʧʘʣʦ ʚ ʤʘʨʪʝ (22,3 ʤʤ) ʠ ʚ ʤʘʝ (48,3 ʤʤ). ɺ ʦʩʪʘʣʴʥʳʝ 
ʤʝʩʷʮʳ ʥʘʙʣʶʜʘʣʠʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘʩʫʰʣʠʚʳʝ ʫʩʣʦʚʠʷ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʘʧʨʝʣʝ ʠ ʠʶʥʝ ʜʝ-
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ʬʠʮʠʪ ʫʚʣʘʞʥʝʥʠʷ ʩʦʩʪʘʚʠʣ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 29,1 ʠ 56,1 ʤʤ, ʯʝʤ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʘ 
ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʙʳʣʘ ʥʘ 1,0 Áʉ ʠ 1,9 Áʉ ʚʳʰʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʨʝʜʥʝʤʥʦ-
ʛʦʣʝʪʥʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (ʨʠʩ. 3). ʊʘʢʞʝ ʚ ʤʘʝ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ ʩʨʝʜʥʝ-
ʤʥʦʛʦʣʝʪʥʝʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ 1,2 Áʉ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʠ ʬʘʢʪʦʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʠ ʥʘ ʬʦʨʤʠʨʦ-
ʚʘʥʠʝ ʫʨʦʞʘʡʥʦʩʪʠ ʨʘʧʩʘ.  

 

  
ʉʡʪ. 1. ʈʧʜʧʝʦʴʞ ʬʪʤʧʛʡʸ ʛ ʨʞʩʡʧʝ ʡʪʪʤʞʝʧʛʙʦʡʢ (2024 ʜ.) 

 

 
ʉʡʪ. 2. ʇʪʙʝʣʡ ʛ ʨʞʩʡʧʝ ʡʪʪʤʞʝʧʛʙʦʡʢ (2025 ʜ.) 

 

 
ʉʡʪ. 3. ʊʩʞʝʦʸʸ ʫʞʥʨʞʩʙʫʬʩʙ ʛʧʠʝʬʮʙ ʛ ʨʞʩʡʧʝ ʡʪʪʤʞʝʧʛʙʦʡʢ (2025 ʜ.) 
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ɺ ʚʘʨʠʘʥʪʘʭ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʝʥʠʡ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʠʥʩʝʢʪʠʮʠʜʘʤʠ ʚ ʧʝʨʠʦʜ ʚʝʛʝʪʘʮʠʠ ʦʪʤʝʯʝʥʦ ʜʦ-
ʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʚʨʝʜʦʥʦʩʥʦʩʪʠ ʨʘʧʩʦʚʦʡ ʙʣʦʰʢʠ, ʢʘʧʫʩʪʥʦʡ ʤʦʣʴʶ ʠ ʙʝʣʷʥʢʦʡ, ʨʘʧʩʦʚʳʤ ʧʠ-
ʣʠʣʴʱʠʢʦʤ ʠ ʣʠʩʪʦʝʜʦʤ. ʋʯʝʪ ʚʨʝʜʠʪʝʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʧʦʩʝʚʘʭ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʚʘʨʠʘʥʪ ʦʙʨʘʙʦʪʢʠ 
ʧʨʝʧʘʨʘʪʦʤ ʎʠʧʝʨ ɻʨʘʥʜ ʩʥʠʟʠʣ ʜʦʣʶ ʧʦʚʨʝʞʜʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʨʘʧʩʦʚʦʡ ʙʣʦʰʢʦʡ ʥʘ 0,6 %, ʨʘʧʩʦʚʳʤ 
ʧʠʣʠʣʴʱʠʢʦʤ ʠ ʣʠʩʪʦʝʜʦʤ ʥʘ 1,2 ʠ 0,7 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ. ʅʘʠʣʫʯʰʠʤ ʚʘʨʠ-
ʘʥʪʦʤ ʙʳʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʪʘʨ 200, ʛʜʝ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʯʸʪʝ ʯʝʪʳʨʸʭ ʚʨʝʜʠʪʝ-
ʣʝʡ: ʢʘʧʫʩʪʥʦʡ ʤʦʣʠ ʠ ʢʘʧʫʩʪʥʦʡ ʙʝʣʷʥʢʠ ï ʥʘ 0,9 %, ʨʘʧʩʦʚʦʛʦ ʧʠʣʠʣʴʱʠʢʘ ʠ ʣʠʩʪʦʝʜʘ ï 1,2 ʠ 0,7 % 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʪʘʙʣ. 1). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʦʢʘʟʘʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʝʢʪʠʮʠʜʘ ʢʦʥ-
ʪʘʢʪʥʦ-ʢʠʰʝʯʥʦʛʦ ʜʝʡʩʪʚʠʷ ʉʪʘʨ 200, ʉʇ, ʢʦʪʦʨʳʡ ʧʦʛʣʦʱʘʝʪʩʷ ʚʩʝʤʠ ʯʘʩʪʷʤʠ ʨʘʩʪʝʥʠʷ ʠ ʨʘʚʥʦʤʝʨʥʦ 
ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʥʝʤʫ. ɼʝʡʩʪʚʫʶʱʝʝ ʚʝʱʝʩʪʚʦ ʵʪʦʛʦ ʧʨʝʧʘʨʘʪʘ ʙʣʦʢʠʨʫʝʪ ʨʝʮʝʧʪʦʨʳ ʘʮʝʪʠʣʭʦʣʠʥʘ 
ʚ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘʩʝʢʦʤʳʝ ʛʠʙʥʫʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʨʴʙʘ ʩ ʚʨʝʜʠʪʝʣʷʤʠ ʚ ʧʦʩʝʚʘʭ ʦʟʠʤʦʛʦ ʨʘʧʩʘ ʦʙʝʩʧʝ-
ʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʷʝʤʳʭ ʠʥʩʝʢʪʠʮʠʜʦʚ (ʪʘʙʣ. 2). ɺ ʫʩʣʦʚʠʷʭ 2025 
ʛ. ʚʝʣʠʯʠʥʘ ʩʦʭʨʘʥʝʥʥʦʛʦ ʫʨʦʞʘʷ ʧʦ ʧʨʝʧʘʨʘʪʫ ʎʠʧʝʨ ɻʨʘʥʜ ʩʦʩʪʘʚʠʣʘ 25,5, ʧʦ ʧʨʝʧʘʨʘʪʫ ʂʦʨʘʛʫʩ ï 
25,3 ʮ/ʛʘ ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 13,3 ʠ 12,4 % ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ. ʉʪʨʫʢʪʫʨ-
ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʨʦʞʘʷ ʦʟʠʤʦʛʦ ʨʘʧʩʘ, ʚʢʣʶʯʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʫʯʢʦʚ ʥʘ ʦʜʥʦʤ ʨʘʩʪʝʥʠʠ, ʯʠʩʣʦ ʟʝ-
ʨʝʥ ʚ ʩʪʨʫʯʢʝ ʠ ʥʘ ʨʘʩʪʝʥʠʠ, ʘ ʪʘʢʞʝ ʤʘʩʩʫ 1000 ʟʝʨʝʥ, ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʥʝ ʠʤʝʣʠ ʟʥʘʯʠʤʳʭ ʦʪʣʠʯʠʡ ʦʪ 
ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. 

 
ʋʙʚʤʡʯʙ 1 

ʊʫʞʨʞʦʵ ʨʧʛʩʞʟʝʞʦʡʸ ʧʠʡʥʧʜʧ ʩʙʨʪʙ ʨʩʡ ʧʚʩʙʚʧʫʣʞ ʩʙʪʫʞʦʡʢ ʡʦʪʞʣʫʡʯʡʝʙʥʡ 
ʛ ʨʞʩʡʧʝ ʛʞʜʞʫʙʯʡʡ 

ɺʘʨʠʘʥʪ 
 

ɼʦʣʷ ʧʦʚʨʝʞʜʝʥʥʳʭ ʨʘʩʪʝʥʠʡ ʚʨʝʜʠʪʝʣʷʤʠ, % 

ʈʘʧʩʦʚʘʷ 
ʙʣʦʰʢʘ 

(Psylliodes 
chrysocephala) 

ʂʘʧʫʩʪʥʘʷ 
ʤʦʣʴ 

(Plutella 
xylostella) 

ʂʘʧʫʩʪʥʘʷ 
ʙʝʣʷʥʢʘ 
(Pieris 

brassicae) 

ʈʘʧʩʦʚʳʡ 
ʧʠʣʠʣʴʱʠʢ 

(Athalia 
rosae) 

ʈʘʧʩʦʚʳʡ 
ʣʠʩʪʦʝʜ 

(Entomosceli
s adonidis) 

ʂʦʥʪʨʦʣʴ 2,0 3,0 3,3 4,3 2,5 

ɸʎʎ ɻʨʘʥʜ, 0,5 ʣ/ʛʘ 1,5 2,4 2,7 3,4 1,9 

ʎʠʧʝʨ ɻʨʘʥʜ, 0,3 ʣ/ʛʘ 1,4 2,2 2,5 3,1 1,8 

ʂʦʨʘʛʫʩ, 0,3 ʣ/ʛʘ 1,7 2,7 2,9 3,6 2,2 

ʉʪʘʨ 200, 0,3 ʣ/ʛʘ 1,5 2,1 2,4 3,1 1,8 

ʅʉʈ05 0,2 0,3 0,3 0,4 0,2 

 
ʋʙʚʤʡʯʙ 2 

ɻʤʡʸʦʡʞ ʧʚʩʙʚʧʫʣʡ ʩʙʪʫʞʦʡʢ ʧʠʡʥʧʜʧ ʩʙʨʪʙ ʡʦʪʞʣʫʡʯʡʝʙʥʡ ʦʙ ʪʫʩʬʣʫʬʩʬ ʬʩʧʟʙʸ 

ɺʘʨʠʘʥʪ 
ʏʠʩʣʦ ʩʪʨʫʯ-
ʢʦʚ, 

ʰʪ./ʨʘʩʪʝʥʠʝ 

ʏʠʩʣʦ ʟʝʨʝʥ, ʰʪ. 
ʄʘʩʩʘ 
1000 
ʟʝʨʝʥ, ʛ 

ʋʨʦʞʘʡ-
ʥʦʩʪʴ, 
ʮ/ʛʘ 

ʇʨʠʙʘʚʢʘ ʢ ʢʦʥ-
ʪʨʦʣʶ:  ʚ ʩʪʨʫʯ-

ʢʝ 
ʥʘ ʦʜʥʦʤ 
ʨʘʩʪʝʥʠʠ ʮ/ʛʘ % 

ʂʦʥʪʨʦʣʴ 39,5 21,2 837,4 3,3 22,5 - - 

ɸʎʎ ɻʨʘʥʜ,  
0,5 ʣ/ʛʘ 

40,0 21,5 860,0 3,5 24,7 2,2 9,8 

ʎʠʧʝʨ ɻʨʘʥʜ,  
0,3 ʣ/ʛʘ 

40,2 21,8 876,4 3,6 25,5 3,0 13,3 

ʂʦʨʘʛʫʩ, 0,3 ʣ/ʛʘ 40,4 22,1 893,0 3,6 25,3 2,8 12,4 

ʉʪʘʨ 200, 0,3 ʣ/ʛʘ 39,8 21,4 851,7 3,4 23,8 1,3 5,8 

ʅʉʈ05 4,4 2,4 91,3 0,4 3,0 - - 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʬʠʪʦʩʘʥʠʪʘʨʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʝʚʦʚ ʦʟʠʤʦʛʦ ʨʘʧʩʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʥʝ-
ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʫʣʴʪʫʨʳ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʙʳʣ ʚʳʷʚʣʝʥ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʚʨʝʜʠʪʝʣʝʡ ʠ 
ʦʮʝʥʝʥʘ ʩʪʝʧʝʥʴ ʠʭ ʚʨʝʜʦʥʦʩʥʦʩʪʠ. ʆʩʥʦʚʥʫʶ ʜʦʣʶ ʚ ʢʦʤʧʣʝʢʩʝ ʚʨʝʜʠʪʝʣʝʡ ʩʦʩʪʘʚʣʷʣʠ ʢʘʧʫʩʪʥʘʷ ʙʝ-
ʣʷʥʢʘ ʠ ʨʘʧʩʦʚʳʡ ʧʠʣʠʣʴʱʠʢ, ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʧʦʨʘʞʝʥʠʷ ʨʘʩʪʝʥʠʡ ʠʤʠ ʚʘʨʴʠʨʦʚʘʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 
2,4ï3,3 % ʠ 3,1ï4,3 % ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʠʟ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʠʥʩʝʢʪʠʮʠʜʳ 
ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʣʠ ʧʨʦʮʝʥʪ ʧʦʚʨʝʞʜʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʥʝ ʦʢʘʟʳʚʘʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʙʱʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʫʣʴʪʫʨʳ. 
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ǩǭǼǳǳǧǵǧǤǬǱ ǧǰǮǭǪǻǦǭǡǟǬǧǾ 
ǯǟǦǪǧǶǬǺǴ ǳǭǰǳǭǯǰǭǣǤǯǥǟǸǧǴ 
ǲǣǭǠǯǤǬǧǨ 

ǼȊȋȒȏȍȃȍȁǿ ǢȒȊȋȇȏǿ ǟȀȇȈȇȏȍȁȌǿ 
ʘʩʧʠʨʘʥʪ 

ʉʘʤʘʨʢʘʥʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
ʉʘʤʘʨʢʘʥʜ, ʋʟʙʝʢʠʩʪʘʥ  

 

ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 
ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ (ɸʤʤʦʬʦʩ, Suprefos NS ʠ ʥʦʚʦʛʦ ʫʜʦʙʨʝʥʠʷ PS-agro) ʧʨʠ ʚʦʟʜʝʣʳʚʘ-
ʥʠʠ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʳʭ ʣʫʛʦʚʦ-ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʦʨʤ ʬʦʩʬʦʨʘ 
ʥʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʘʭ ʨʘʩʪʝʥʠʷ, ʦʙʱʝʝ ʫʩʚʦʝʥʠʝ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠ-
ʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʫʜʦʙʨʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʙʘʣʘʥʩ ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʥʦʚʳʭ ʚʠʜʦʚ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʠʪʘʪʝʣʴʥʳʡ ʨʝʞʠʤ ʢʫʣʴʪʫʨʳ, ʧʦʚʳʰʘʝʪ ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʨʘ ʜʦ 20,5% ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʝ (ʜʦ 
+111,9 ʢʛ/ʛʘ). ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʜʠʣ ʪʝʩʥʫʶ ʣʠʥʝʡʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʥʦʨʤʦʡ ʫʜʦʙʨʝʥʠʷ PS-
agro ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʨʘ (r = 0,95). 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʎʚʝʪʥʘʷ ʢʘʧʫʩʪʘ, ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ ʫʜʦʙʨʝʥʠʷ, PS-agro, ɸʤʤʦʬʦʩ, Suprefos NS, 
ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʨʘ, ʫʩʚʦʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʙʘʣʘʥʩ ʬʦʩʬʦʨʘ, ʫʨʘʚʥʝʥʠʝ 
ʨʝʛʨʝʩʩʠʠ, ʫʨʦʞʘʡʥʦʩʪʴ. 
 

UTILIZATION RATE OF VARIOUS PHOSPHORUS-CONTAINING FERTILIZERS 
 

Elmurodova Gulmira Abiyirovna  
 
Abstract. The article presents the results of research on studying the effectiveness of various phosphorus-
containing fertilizers (Ammofos, Suprefos NS, and the new PS-agro fertilizer) in the cultivation of cauliflower 
under irrigated meadow-serozem soil conditions. The influence of phosphorus application rates on its content 
in various plant organs, total uptake, nutrient utilization coefficients from fertilizers, and the phosphorus bal-
ance in the soil was investigated. It was established that the application of new types of phosphorus fertilizers 
optimizes the nutritional regime of the crop, increases the phosphorus utilization coefficient up to 20.5%, and 
ensures a positive balance of the element in the soil (up to +111.9 kg/ha). Mathematical analysis confirmed a 
close linear relationship between the application rate of PS-agro fertilizer and the phosphorus utilization coeffi-
cient (r = 0.95). 
Keywords: Cauliflower, phosphorus-containing fertilizers, PS-agro, Ammofos, Suprefos NS, phosphorus utili-
zation coefficient, nutrient uptake, phosphorus balance, regression equation, crop yield 

 
ɻʛʞʝʞʦʡʞ. ʎʚʝʪʥʘʷ ʢʘʧʫʩʪʘ (Brassica oleracea var. botrytis) ð ʦʜʥʘ ʠʟ ʮʝʥʥʳʭ ʠ ʜʠʝʪʠʯʝʩʢʠʭ 

ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ, ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʢʦʪʦʨʦʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ ʧʠʪʘʪʝʣʴʥʦʛʦ ʨʝʞʠ-
ʤʘ ʧʦʯʚʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʵʣʝʤʝʥʪʘʤʠ ʬʦʩʬʦʨʘ. ʀʟʫʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʚʦʝʥʠʷ ʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 
ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʘʛʨʦʭʠʤʠʯʝʩʢʦʡ ʥʘʫʢʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʬʦʩʬʦʨ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 
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ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʘʟʦʪʘ ʠʣʠ ʢʘʣʠʷ), ʦʯʝʥʴ ʩʣʘʙʦ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʧʦ ʧʨʦʬʠʣʶ ʧʦʯʚʳ ʠ, ʩʦʝʜʠ-
ʥʷʷʩʴ ʩ ʦʢʩʠʜʘʤʠ ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ ʠʣʠ ʞʝʣʝʟʘ ʚ ʧʦʯʚʝ, ʙʳʩʪʨʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʝ 
ʩʦʝʜʠʥʝʥʠʷ (ʧʨʦʮʝʩʩ ʨʝʪʨʦʛʨʘʜʘʮʠʠ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʩ-
ʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʧʝʨʚʳʡ ʛʦʜ, ʢʘʢ ʠ ʜʣʷ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʢʫʣʴʪʫʨ, ʦʩʪʘʝʪʩʷ ʥʠʟʢʠʤ ʜʣʷ ʮʚʝʪʥʦʡ ʢʘʧʫ-
ʩʪʳ (ʚ ʧʨʝʜʝʣʘʭ 15ï25%). ʂʨʦʤʝ ʪʦʛʦ, ʫʩʚʘʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ 
ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʚʦʱʘʤʠ: ʚ ʧʝʨʠʦʜ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ (ʦʩʦʙʝʥʥʦ ʚ ʬʘ-
ʟʫ ʟʘʚʷʟʳʚʘʥʠʷ ʛʦʣʦʚʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʮʚʝʪʠʡ) ʦʥʘ ʢʨʘʡʥʝ ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʬʦʩʬʦʨʫ. ʇʦʵʪʦʤʫ 
ʜʝʬʠʮʠʪ ʬʦʩʬʦʨʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪ ʝʝ ʫʨʦʞʘʡʥʦʩʪʴ ʠ ʪʦʚʘʨʥʦʝ ʢʘʯʝʩʪʚʦ. 

ɺ ʫʩʣʦʚʠʷʭ ʩʝʨʦʟʝʤʦʚ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʜʦʙʨʝʥʠʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 
ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʩʬʦʨʘ ʠʟ ʩʦʩʪʘʚʘ ʚʥʝʩʝʥʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʢʫʣʴʪʫʨʘ-
ʤʠ. ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʦʩʬʦʨʘ ʠʟ ʘʤʤʦʬʦʩʘ ʥʘ ʦʯʝʥʴ ʥʠʟʢʦʤ ʬʦʥʝ ʩʦʩʪʘʚʠʣʦ ʚ 
ʩʨʝʜʥʝʤ 14,7ï15,3%. ʇʦʢʘʟʘʪʝʣʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʨʘ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʦʨʤʳ ʫʜʦʙ-
ʨʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʚ ʦʧʳʪʘʭ ʩ ʠʩʭʦʜʥʳʤ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ P2O5 ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ. ʉʘʤʦʝ ʥʠʟʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ - 9,6% - ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʚʘʨʠʘʥʪʝ ʩʦ ʩʨʝʜ-
ʥʠʤ ʬʦʥʦʤ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ P2O5, ʛʜʝ ʚʥʦʩʠʪʩʷ 180 ʢʛ/ʛʘ P2O5. [1]. 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʫʩʚʦʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʦʯ-
ʚʳ ʨʘʩʢʨʳʚʘʶʪ ʤʥʦʛʠʝ ʷʚʣʝʥʠʷ ʠ ʧʨʦʮʝʩʩʳ ʧʠʪʘʥʠʷ ʨʘʩʪʝʥʠʡ. ʆʥʠ ʧʦʢʘʟʳʚʘʶʪ ʦʪʥʦʰʝʥʠʝ ʢʫʣʴʪʫʨ ʢ 
ʵʣʝʤʝʥʪʘʤ ʧʠʪʘʥʠʷ, ʩʪʝʧʝʥʴ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʚ ʧʦʯʚʝ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʦʢʫʣʴʪʫʨʝʥʥʦʩʪʠ ʩʝʚʦʦʙʦʨʦʪʥʦʡ 
ʧʣʦʱʘʜʠ. ʐʠʨʦʢʘʷ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ [2, 3] ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʠ ʥʦʨʤʘʣʴʥʳʤ ʷʚ-
ʣʝʥʠʝʤ. ʆʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʥʦʦʙʨʘʟʠʠ ʫʩʣʦʚʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʩʚʦʝʥʠʷ 
ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʫʜʦʙʨʝʥʠʡ. ʆʜʥʘʢʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʚʝʣʠʯʠʥʦʡ ʫʨʦʞʘʡʥʦʩʪʠ ʢʫʣʴ-
ʪʫʨ ʠ ʚʳʥʦʩʦʤ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩ ʫʨʦʞʘʝʤ. 

ʉʦʛʣʘʩʥʦ ʦʪʯʝʪʘʤ ʫʯʝʥʳʭ, ʩʤʦʜʝʣʠʨʦʚʘʚʰʠʭ ʧʠʪʘʪʝʣʴʥʳʡ ʙʘʣʘʥʩ ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʚ ʤʠʨʦʚʦʤ 
ʤʘʩʰʪʘʙʝ, ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ ʥʘ ʥʝʡʪʨʘʣʴʥʳʭ ʠ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʧʦʯʚʘʭ ʫʩʚʦʝʥʠʝ ʪʘ-
ʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʢʘʢ ʩʫʧʝʨʬʦʩʬʘʪ ʠ ʘʤʤʦʬʦʩ, ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʧʝʨʝʭʦʜʘ ʬʦʩʬʘʪʦʚ 
ʢʘʣʴʮʠʷ ʚ ʦʩʘʜʦʢ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 14ï25% [4]. 

ʀʟʫʯʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʚʦʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʦʡ ʠ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʢʘ-
ʧʫʩʪʥʳʭ ʢʫʣʴʪʫʨ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʵʪʦʛʦ ʨʘʩʪʝʥʠʷ ʥʝ ʩʧʦʩʦʙʥʘ ʜʦʩʪʘʪʦʯ-
ʥʦ ʙʳʩʪʨʦ ʧʨʠʚʦʜʠʪʴ ʚ ʧʦʜʚʠʞʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʚʷʟʘʥʥʳʡ ʚ ʧʦʯʚʝ ʬʦʩʬʦʨ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʨʝʜʥʠʡ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʧʝʨʚʳʡ ʛʦʜ ʜʣʷ ʢʘʧʫʩʪʳ ʩʦʩʪʘʚʣʷʝʪ 
ʦʢʦʣʦ 15ï23%. ʋʯʝʥʳʤʠ ʥʘʫʯʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʨʝʪʨʦʛʨʘʜʘʮʠʠ ʬʦʩʬʦʨʘ ʚ ʧʦʯʚʝ (ʝʛʦ ʧʝ-
ʨʝʭʦʜʘ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʩʦʝʜʠʥʝʥʠʷ) ʚʥʝʩʝʥʠʝ ʬʦʩʬʦʨʘ ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʘʧʝʣʴʥʦʛʦ 
ʦʨʦʰʝʥʠʷ (ʬʝʨʪʠʛʘʮʠʷ) ʧʦʚʳʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʚʦʝʥʠʷ ʜʦ 30ï35% [5]. 

ɺ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʳʭ ʪʠʧʠʯʥʳʭ ʩʝʨʦʟʝʤʦʚ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʫʩʚʦʝʥʠʷ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʚ 
ʯʘʩʪʥʦʩʪʠ ʬʦʩʬʦʨʘ, ʨʘʩʪʝʥʠʷʤʠ ʢʘʧʫʩʪʳ ʠ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ, 
ʮʚʝʪʥʘʷ ʢʘʧʫʩʪʘ ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʦʟʝʪʢʠ ʠ ʩʦʮʚʝʪʠʡ ʢʨʘʡʥʝ ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʬʦʩʬʦʨʫ, ʠ ʢʦ-
ʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ (ʘʤʤʦʬʦʩ, ʩʫʧʝʨʬʦʩʬʘʪ) ʩʦʩʪʘʚ-
ʣʷʝʪ 16ï22% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʧʦʯʚʳ ʬʦʩʬʦʨʦʤ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʚʤʝʩʪ-
ʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ (ʥʘʚʦʟʦʤ) ʟʘ ʩʯʝʪ ʫʩʠʣʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯ-
ʚʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 24ï28% [6]. 

ʇʨʦʚʝʜʝʥʳ ʧʦʣʝʚʳʝ ʦʧʳʪʳ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʦʨʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʧʦʜ ʢʘʧʫʩʪʫ ʠ ʝʝ 
ʩʦʨʪʘ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʫʩʚʦʝʥʠʝ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʨʦʢʘ ʠʭ 
ʚʥʝʩʝʥʠʷ (ʦʩʥʦʚʥʘʷ ʧʘʭʦʪʘ ʠʣʠ ʣʦʢʘʣʴʥʦʝ ʚʥʝʩʝʥʠʝ ʚ ʨʷʜʢʠ ʧʨʠ ʧʦʩʘʜʢʝ), ʧʨʠʯʝʤ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʚʥʝʩʝ-
ʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʨʘ ʥʘ 4ï6% ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʙʨʦʩʥʳʤ ʤʝʪʦʜʦʤ [7]. 

ʌʦʩʬʦʨʥʳʝ ʫʜʦʙʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʨʝʩʫʨʩʦʤ. ʇʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʧʫʪʝʡ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠ-
ʮʠʝʥʪʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʣʦʢʘʣʴʥʦʛʦ ʚʥʝʩʝʥʠʷ ʠʣʠ ʬʝʨʪʠʛʘʮʠʷ ʯʝʨʝʟ ʢʘʧʝʣʴʥʦʝ ʦʨʦʰʝʥʠʝ), 
ʠʟʫʯʝʥʠʷ ʚʠʜʦʚ, ʥʦʨʤ ʠ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ ʧʨʝʜʦʪʚʨʘ-
ʱʘʝʪʩʷ ʠʭ ʧʝʨʝʨʘʩʭʦʜ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʟʝʤʣʝʜʝʣʠʷ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʧʨʠʤʝʥʝʥʠʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʬʦʩʬʦʨʥʦʛʦ ʧʠʪʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʫʧ-
ʥʳʭ, ʧʣʦʪʥʳʭ ʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʛʦʣʦʚʦʢ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ ʪʦʚʘʨʥʦʡ ʧʨʦ-
ʜʫʢʮʠʠ. ʇʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʯʨʝʟʤʝʨʥʦʝ ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʠʭ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʨʫʥʪʦʚʳʝ 
ʚʦʜʳ ʠʣʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʘʛʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ. 
ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʳʭ ʣʫʛʦʚʦ-ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ ʤʳ ʧʨʦʚʦʜʠʤ 
ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ 
ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ. 

ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ ʡʪʪʤʞʝʧʛʙʦʡʸ. ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝ-
ʧʨʠʥʷʪʳʭ ʚ ʦʚʦʱʝʚʦʜʩʪʚʝ ʠ ʘʛʨʦʭʠʤʠʠ ʤʝʪʦʜʠʢ: çɹʠʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝè, çʄʝ-
ʪʦʜʠʢʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʚʦʱʝʚʦʜʩʪʚʝ ʠ ʙʘʭʯʝʚʦʜʩʪʚʝè, çʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳ-
ʪʦʚ ʚ ʦʚʦʱʝʚʦʜʩʪʚʝ, ʙʘʭʯʝʚʦʜʩʪʚʝ ʠ ʢʘʨʪʦʬʝʣʝʚʦʜʩʪʚʝè, ʘ ʪʘʢʞʝ ʩʦʛʣʘʩʥʦ çʈʝʢʦʤʝʥʜʘʮʠʷʤ ʧʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʶ ʥʦʚʳʭ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʬʦʩʬʦʨʠʪʦʚ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣ-
ʢʫʤʦʚ, ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝè. ɸʥʘʣʠʟʳ ʧʦʯʚʳ ʠ ʨʘʩʪʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʨʫʢʦʚʦʜʩʪʚʘʤ çʄʝʪʦʜʳ ʘʛ-
ʨʦʭʠʤʠʯʝʩʢʠʭ, ʘʛʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʦʣʠʚʥʳʭ ʭʣʦʧʢʦʚʳʭ ʨʘʡʦʥʘʭè, 
çɸʛʨʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʚè ʠ çʇʨʘʢʪʠʢʫʤ ʧʦ ʘʛʨʦʭʠʤʠʠè.  

ʉʦʜʝʨʞʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʬʦʩʬʦʨʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʄʘʯʠʛʠʥʫ, ʬʨʘʢʩʠʦʥʥʳʡ ʩʦʩʪʘʚ ʬʦʩʬʦʨʘ 
ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʏʘʥ-ɼʞʝʢʩʦʥʫ ʚ ʚʘʨʠʘʥʪʝ ɸʩʢʠʥʘʟʝ-ɻʠʥʟʙʫʨʛ, ʦʨʛʘʥʠʯʠʩʢʠʡ ʬʦʩʬʦʨ ʧʦ ʄʝʪʘ. ʇʦʣʫʯʝʥ-
ʥʳʝ ʜʘʥʥʳʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʠʩʧʝʨʩʠʦʥʥʦʤʫ, ʢʦʨʨʝʣʷʮʠʦʥʥʦʤʫ ʘʥʘʣʠʟʘʤ ʧʦ ɹ.ɸ.ɼʦʩʧʝʭʦʚʫ, ʘ ʙʠʦʵʥʝʨ-
ʛʝʪʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ɺ.ɻ. ʄʠʥʝʝʚʫ. 

ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 8 ʚʘʨʠʘʥʪʘʭ ʩ 4-ʢʨʘʪʥʦʡ ʧʦʚʪʦʨʥʦʩʪʴʶ, ʩ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʦʜʥʦ-
ʷʨʫʩʥʳʤ ʨʘʟʤʝʱʝʥʠʝʤ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʢʘʞʜʦʡ ʜʝʣʷʥʢʠ ʩʦʩʪʘʚʠʣʘ 56 ʤ2 (ʤʝʞʜʫʨʷʜʴʝ - 0,7 ʤ, ʰʠʨʠʥʘ 
- 2,8 ʤ, ʜʣʠʥʘ - 20 ʤ), ʫʯʝʪʥʘʷ ʧʣʦʱʘʜʴ - 28 ʤ2.  

ʇʦʣʝʚʳʝ ʦʧʳʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʳʭ ʣʫʛʦʚʦ-ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦ-
ʟʷʡʩʪʚʘ çAGROVET KOMPLEKSè ɼʞʘʤʙʘʡʩʢʦʛʦ ʨʘʡʦʥʘ ʉʘʤʘʨʢʘʥʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʨʦʰʘʝʤʳʝ ʣʫʛʦʚʦ-ʩʝʨʦʟʝʤʥʳʝ ʧʦʯʚʳ; ʚ ʢʘʯʝʩʪʚʝ ʘʟʦʪʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 
ʘʤʤʠʘʯʥʘʷ ʩʝʣʠʪʨʘ NH4NO3 (N-34,5%), ʢʘʣʠʡʥʦʛʦ-ʭʣʦʨʠʜ ʢʘʣʠʷ KCl (K2O-60%). ɺ ʢʘʯʝʩʪʚʝ ʬʦʩʬʦʨʩʦ-
ʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ: ʘʤʤʦʬʦʩ (Pʘʤ) (11-12% N, 46% P2O5), ʩʫʧʨʝʬʦʩ NS (8-12% N, 20-
24% P2O5, 21-25% SO3), Ps-agro (PPs-agro) (4-6% N, 41-44 % P2O5, 5-7% SO3), ʘ ʪʘʢʞʝ ʛʠʙʨʠʜ ʮʚʝʪʥʦʡ 
ʢʘʧʫʩʪʳ çʂʘʩʧʝʨ F1è. 

ʉʞʠʬʤʵʫʙʫʴ ʡʪʪʤʞʝʧʛʙʦʡʸ ʡ ʡʮ ʙʦʙʤʡʠ: ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 
ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠ-
ʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʦʚʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, 
ʢʘʣʠʷ) ʚ ʚʝʛʝʪʘʪʠʚʥʳʭ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ. ɺ ʚʘʨʠʘʥʪʝ ʢʦʥʪʨʦʣʷ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ) 
ʩʦʜʝʨʞʘʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʩʝʭ ʯʘʩʪʷʭ ʩʦʩʪʘʚʠʣʦ ʩʘʤʳʝ ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ (ʥʘʧʨʠʤʝʨ, ʚ 
ʣʠʩʪʴʷʭ N ï 1,92%, P ï 0,85%, K ï 3,13%). ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʚʥʝʩʝʥʠʠ ʢ ʬʦʥʫ N200K100 ʢʛ/ʛʘ ʨʘʟʣʠʯʥʳʭ 
ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ (ɸʤʤʦʬʦʩ, ʉʫʧʨʝʬʦʩ NS ʠ ʥʦʚʦʛʦ ʚʠʜʘ ʫʜʦʙʨʝʥʠʡ PS-agro) ʥʘʙʣʶʜʘʝʪʩʷ ʟʘ-
ʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʦʨʘ (P) ʠ ʘʟʦʪʘ (N) ʚ ʣʠʩʪʴʷʭ, ʛʦʣʦʚʢʝ ʠ ʩʪʝʙʣʝ ʨʘʩʪʝʥʠʷ. ɺ ʯʘʩʪ-
ʥʦʩʪʠ, ʚ 8-ʤ ʚʘʨʠʘʥʪʝ (ʌʦʥ + PS-agro 200 ʢʛ/ʛʘ) ʥʘʢʦʧʣʝʥʠʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʜʦʩʪʠʛʣʦ ʥʘʠʚʳʩʰʝʡ 
ʪʦʯʢʠ, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʚ ʣʠʩʪʴʷʭ ʩʦʩʪʘʚʠʣʦ 1,57%, ʚ ʛʦʣʦʚʢʝ - 1,32% ʠ ʚ ʩʪʝʙʣʝ - 1,44%. 
ʕʪʦ ʥʘʫʯʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ ʫʩʢʦʨʷʝʪ 
ʫʩʚʦʝʥʠʝ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ ʨʘʩʪʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʩʣʫʞʠʪ ʫʣʫʯʰʝʥʠʶ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ 
ʥʘ ʬʦʥʝ N200K100 ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʚʦʝʥʠʝ ʬʦʩʬʦʨʘ ʨʘʩʪʝʥʠʷʤʠ ʮʚʝʪʥʦʡ ʢʘʧʫ-
ʩʪʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʙʱʠʡ ʙʘʣʘʥʩ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ. 

ɺ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ (ʙʝʟ ʫʜʦʙʨʝʥʠʡ) ʚʳʥʦʩ ʬʦʩʬʦʨʘ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯ-
ʚʳ ʩʦʩʪʘʚʠʣ 25,1 ʢʛ/ʛʘ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʙʘʣʘʥʩʝ (-25,1 ʢʛ/ʛʘ). ʅʘ ʬʦʥʝ N200K100 (ʙʝʟ ʚʥʝʩʝʥʠʷ ʬʦʩ-
ʬʦʨʘ) ʦʙʱʝʝ ʫʩʚʦʝʥʠʝ ʬʦʩʬʦʨʘ ʚʦʟʨʦʩʣʦ ʜʦ 47,1 ʢʛ/ʛʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʣʫʯʰʝʥʠʝʤ ʦʙʱʝʛʦ ʧʠʪʘʥʠʷ 
ʨʘʩʪʝʥʠʡ, ʦʜʥʘʢʦ ʙʘʣʘʥʩ ʦʩʪʘʣʩʷ ʜʝʬʠʮʠʪʥʳʤ (-47,1 ʢʛ/ʛʘ). 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʬʦʩʬʦʨʥʳʭ ʫʜʦʙʨʝʥʠʡ ʩʫʤʤʘʨʥʦʝ ʫʩʚʦʝʥʠʝ ʬʦʩʬʦʨʘ ʨʘʩʪʝʥʠʷʤʠ (ʠʟ ʧʦʯʚʳ ʠ 
ʫʜʦʙʨʝʥʠʷ) ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʥʦʨʤ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 



206 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ʫʩʚʦʝʥʠʷ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʜʦʙʨʝʥʠʷ PS-agro ʚ ʥʦʨʤʘʭ 175 ʠ 200 ʢʛ/ʛʘ, 
ʛʜʝ ʦʙʱʝʝ ʧʦʛʣʦʱʝʥʠʝ ʜʦʩʪʠʛʣʦ 80,1 ʠ 88,1 ʢʛ/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʜʦʙʨʝʥʠʷ (ʠʟ ʚʥʝʩʝʥʥʦʛʦ ʬʦʩʬʦʨʘ) ʚʘʨʴʠʨʫʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʚʠʜʘ ʪʫʢʘ ʠ ʥʦʨʤʳ ʚʥʝʩʝʥʠʷ. ɼʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ɸʤʤʦʬʦʩʘ (150 ʢʛ/ʛʘ) ʠ ʘʥʘʣʦʛʠʯʥʦʡ ʥʦʨʤʳ PS-agro 
(150 ʢʛ/ʛʘ) ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 15,9%. ʄʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʨʝʜʠ ʠʩʧʳ-
ʪʘʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʪʤʝʯʝʥ ʧʨʠ ʚʥʝʩʝʥʠʠ PS-agro ʚ ʥʦʨʤʝ 200 ʢʛ/ʛʘ, ʩʦʩʪʘʚʠʚ 20,5% (ʫʩʚʦʝʥʠʝ ʠʟ ʫʜʦʙ-
ʨʝʥʠʷ - 41,0 ʢʛ/ʛʘ) (ʪʘʙ 1). 

 
ʋʙʚʤʡʯʙ 1 

ʌʪʛʧʞʦʡʞ ʭʧʪʭʧʩʙ ʡ ʣʧʶʭʭʡʯʡʞʦʫ ʞʜʧ ʡʪʨʧʤʵʠʧʛʙʦʡʸ ʯʛʞʫʦʧʢ ʣʙʨʬʪʫʧʢ (2022 ʜ.) 

 ̄ ɺʘʨʠʘʥʪ r
ʅʦʨʤʘ 
ʬʦʩʬʦ-
ʨʘ, ʢʛ/ʛʘ 

ʋʩʚʦʝʥʠʝ, ʢʛ/ʛʘ ʂʦʵʬʬʠʮʠʝʥʪ 
ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʫʜʦʙʨʝ-
ʥʠʷ, % 

ɹʘʣʘʥʩ 
ʬʦʩʬʦ-
ʨʘ, +/- 

ʆʢʫʧʘʝ-
ʤʦʩʪʴ 
ʫʩʚʦʝʥʠʷ, 

% 

ʠʟ ʧʦʯʚʳ 
+ ʫʜʦʙʨʝ-
ʥʠʷ 

ʠʟ ʫʜʦʙ-
ʨʝʥʠʷ 

1 
ʂʦʥʪʨʦʣʴ (ʙʝʟ ʫʜʦʙ-
ʨʝʥʠʡ) 

0 25,1   -25,1  

2 N200K100 - ʌʦʥ 0 47,1   -47,1  

3 ʌʦʥ + ɸʤʤʦʬʦʩ 150 150 71,0 23,9 15,9 79,0 211,3 

4 
ʌʦʥ + Suprefos NS 
150 150 

67,2 
20,1 13,4 

82,8 
223,2 

5 ʌʦʥ + PS-agro 125 125 58,8 11,7 9,4 66,2 212,6 

6 ʌʦʥ + PS-agro 150 150 70,9 23,8 15,9 79,1 211,6 

7 ʌʦʥ + PS-agro 175 175 80,1 33,0 18,9 94,9 218,5 

8 ʌʦʥ + PS-agro 200 200 88,1 41,0 20,5 111,9 227,0 

 
ɹʘʣʘʥʩ ʬʦʩʬʦʨʘ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʚʥʝʩʝʥʠʝʤ ʫʜʦʙʨʝʥʠʡ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʟʦʥʫ (ʦʪ +66,2 

ʜʦ +111,9 ʢʛ/ʛʘ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʦʩʧʦʣʥʝʥʠʠ ʟʘʧʘʩʦʚ ʵʣʝʤʝʥʪʘ ʚ ʧʦʯʚʝ. ʆʢʫʧʘʝʤʦʩʪʴ ʫʩʚʦʝʥʠʷ 
ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 211,3ï227,0%, ʧʦʜʪʚʝʨʞʜʘʷ ʚʳʩʦʢʫʶ ʘʛʨʦʥʦʤʠʯʝʩʢʫʶ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʪʫʢʦʚ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ. 

ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʥʦʨʤʦʡ ʫʜʦʙʨʝʥʠʷ PS-agro ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʬʦʩʬʦʨʘ. ɼʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʜʯʠʥʷʝʪʩʷ ʣʠʥʝʡʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʨʝʛʨʝʩʩʠʠ (Y=ax+b), ʘ ʢʦʵʬʬʠ-
ʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʨʘʚʝʥ r = 0,95, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʪʝʩʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʥʠʤʠ (ʨʠʩ. 1) 

 

 
ʉʡʪ-1. ʀʙʛʡʪʡʥʧʪʫʡ ʥʞʟʝʬ ʦʧʩʥʧʢ ʬʝʧʚʩʞʦʡʸ PS-agro ʡ ʣʧʶʭʭʡʯʡʞʦʫʧʥ ʡʪʨʧʤʵʠʧʛʙʦʡʸ  

ʭʧʪʭʧʩʙ (2022 ʜ.) 

y = 0,15x - 7,4 

r = 0,95 
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ʅʦʨʤʳ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ 
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ʀʙʣʤʷʰʞʦʡʸ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʦʨʦʰʘʝʤʳʭ ʣʫʛʦʚʦ-
ʩʝʨʦʟʝʤʥʳʭ ʧʦʯʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʭ ʫʜʦʙʨʝʥʠʡ ʥʘ ʬʦʥʝ 
N200K100 ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʠʥʘʤʠʢʫ ʥʘʢʦʧʣʝʥʠʷ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʙʘʣʘʥʩ ʬʦʩʬʦ-
ʨʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ. 

ɺʥʝʩʝʥʠʝ ʬʦʩʬʦʨʥʳʭ ʪʫʢʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ, ʬʦʩ-
ʬʦʨʘ ʠ ʢʘʣʠʷ ʚ ʚʝʛʝʪʘʪʠʚʥʳʭ ʠ ʛʝʥʝʨʘʪʠʚʥʳʭ ʦʨʛʘʥʘʭ ʢʫʣʴʪʫʨʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʧʠʪʘʪʝʣʴ-
ʥʳʭ ʚʝʱʝʩʪʚ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʚʘʨʠʘʥʪʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʜʦʙʨʝʥʠʷ PS-agro ʚ ʥʦʨʤʝ 200 ʢʛ/ʛʘ (ʚ ʣʠʩʪʴʷʭ 
- 1,57%, ʚ ʛʦʣʦʚʢʝ - 1,32%, ʚ ʩʪʝʙʣʝ - 1,44%). ʉʫʤʤʘʨʥʦʝ ʫʩʚʦʝʥʠʝ ʬʦʩʬʦʨʘ ʨʘʩʪʝʥʠʷʤʠ ʚʦʟʨʘʩʪʘʝʪ ʧʦ 
ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʥʦʨʤ ʚʥʝʩʝʥʠʷ ʫʜʦʙʨʝʥʠʡ, ʜʦʩʪʠʛʘʷ ʥʘʠʚʳʩʰʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (80,1 ʠ 88,1 ʢʛ/ʛʘ) ʧʨʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ PS-agro ʚ ʜʦʟʘʭ 175 ʠ 200 ʢʛ/ʛʘ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʨʘ ʠʟ 
ʫʜʦʙʨʝʥʠʷ ʚʘʨʴʠʨʫʝʪ ʦʪ 9,4% ʜʦ 20,5%, ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (20,5%) ʦʪʤʝʯʝʥʦ ʧʨʠ ʥʦʨʤʝ 
PS-agro 200 ʢʛ/ʛʘ. ɹʘʣʘʥʩ ʬʦʩʬʦʨʘ ʧʨʠ ʚʥʝʩʝʥʠʠ ʫʜʦʙʨʝʥʠʡ ʧʝʨʝʭʦʜʠʪ ʠʟ ʜʝʬʠʮʠʪʥʦʡ ʟʦʥʳ ʚ ʧʦʣʦʞʠ-
ʪʝʣʴʥʫʶ (ʦʪ +66,2 ʜʦ +111,9 ʢʛ/ʛʘ), ʘ ʚʳʩʦʢʘʷ ʦʢʫʧʘʝʤʦʩʪʴ ʫʩʚʦʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (211,3ï
227,0%) ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʘʛʨʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʳʪʫʝʤʳʭ ʪʫʢʦʚ. 

ʂʦʨʨʝʣʷʮʠʦʥʥʦ-ʨʝʛʨʝʩʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʚʳʷʚʠʣ ʪʝʩʥʫʶ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʥʦʨʤʦʡ 
ʫʜʦʙʨʝʥʠʷ PS-agro ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʦʩʬʦʨʘ (Y=ax+b, r = 0,95). 

ɺ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʨʦʞʘʷ ʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳ ʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʪʫʢʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʥʦʚʦʝ ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʝʝ ʫʜʦʙʨʝʥʠʝ PS-agro ʚ ʦʧʪʠʤʘʣʴʥʦʡ ʥʦʨʤʝ 
175ï200 ʢʛ/ʛʘ ʥʘ ʬʦʥʝ N200K100. 
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ǽǯǧǣǧǶǤǰǩǭǤ ǮǭǪǭǥǤǬǧǤ ǠǤǪǭǯǲǰǰǩǭǢǭ 
ǩǯǤǰǱǻǾǬǰǱǡǟ ǡ ǰǭǰǪǭǡǬǭǨ ǰǱǯǲǩǱǲǯǤ 
ǮǭǯǤǳǭǯǫǤǬǬǭǢǭ ǮǤǯǧǭǣǟ  
(1861-/7/2 ǢǢ,' 

ǦȒȄȁ ǟȏȑȒȏ ǡȊǿȃȇȐȊǿȁȍȁȇȖ 
ʘʩʧʠʨʘʥʪ 2 ʢʫʨʩʘ 

ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʠʩʪʦʨʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʶʨʠʜʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʙʝʣʦʨʫʩʩʢʦʛʦ ʢʨʝʩʪʴʷʥʩʪʚʘ ʚ 1861-1914 
ʛʛ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʦʩʣʦʚʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʬʠʩʢʘʣʴʥʦʝ ʙʨʝʤʷ, ʨʦʣʴ ʦʙʱʠʥʳ, ʟʝʤʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʬʦʨʤʳ ʥʝ ʫʩʪʨʘʥʠʣʠ ʥʝʨʘʚʥʦʧʨʘʚʠʝ, ʥʘʣʦʛʦʚʳʡ ʛʥʸʪ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ 
ʫʩʠʣʠʣʠ ʩʦʮʠʘʣʴʥʦʝ ʨʘʩʩʣʦʝʥʠʝ, ʢʨʝʩʪʴʷʥʩʢʠʝ ʧʨʦʪʝʩʪʳ ʚ ʨʝʛʠʦʥʝ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: Belarusian peasantry, rural community, agrarian reform, resettlement of peasants, 
Belarusian provinces, world mediators, legal status. 
 
THE LEGAL STATUS OF THE BELARUSIAN PEASANTRY IN THE ESTATE STRUCTURE OF THE POST-

REFORM PERIOD (1861-1914) 
 

Zuev Artur Vladislavovich 
 

Abstract: The article analyzes the legal status of the Belarusian peasantry in 1861-1914. Class restrictions, 
fiscal burden, the role of the community, and zemstvo institutions are considered. It is shown that the reforms 
did not eliminate inequality, tax oppression, administrative control increased social stratification, and peasant 
protests in the region. 
Key words: Belarusian peasantry, rural community, agrarian reform, resettlement of peasants, Belarusian 
provinces, world mediators, legal status. 

 
ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʚʝʜʝʥʠʠ ʘʛʨʘʨʥʦʡ ʨʝʬʦʨʤʳ ʚ 1860-ʭ ʛʛ., ʩʦʭʨʘʥʷʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʝʨʝ-

ʞʠʪʢʠ ʢʨʝʧʦʩʪʥʠʯʝʩʢʦʛʦ ʧʨʘʚʘ. ʖʨʠʜʠʯʝʩʢʘʷ ʜʝʝʩʧʦʩʦʙʥʦʩʪʴ ʢʨʝʩʪʴʷʥʩʪʚʘ ʧʨʦʜʦʣʞʘʣʘ ʦʛʨʘʥʠʯʠʚʘʪʴ-
ʩʷ ʜʝʡʩʪʚʠʝʤ ʩʦʩʣʦʚʥʦʛʦ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ, ʯʪʦ ʢʦʥʩʝʨʚʠʨʦʚʘʣʦ ʝʛʦ ʥʝʨʘʚʥʦʧʨʘʚʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʳʤʠ ʩʣʦʷʤʠ ʥʘʩʝʣʝʥʠʷ ï ʜʫʭʦʚʝʥʩʪʚʦʤ, ʜʚʦʨʷʥʩʪʚʦʤ, ʢʫʧʝʯʝʩʪʚʦʤ. ʂʨʝ-
ʩʪʴʷʥʩʢʦʝ ʩʦʩʣʦʚʠʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʣʦʩʴ ʢʘʢ ʧʦʜʘʪʥʦʝ, ʥʝ ʦʙʣʘʜʘʶʱʝʝ ʧʦʣʥʦʮʝʥʥʳʤʠ ʛʨʘʞʜʘʥʩʢʠʤʠ 
ʧʨʘʚʘʤʠ. ɺ ʯʠʩʣʝ ʢʣʶʯʝʚʳʭ ʬʘʢʪʦʨʦʚ, ʩʜʝʨʞʠʚʘʚʰʠʭ ʩʦʮʠʘʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʫʶ ʤʦʙʠʣʴʥʦʩʪʴ ʢʨʝʩʪʴ-
ʷʥ, ʬʠʛʫʨʠʨʦʚʘʣʠ ʬʠʩʢʘʣʴʥʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦʣʫʬʝʦʜʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ: ʧʦʜʫʰʥʘʷ, ʦʙʨʦʯʥʘʷ ʧʦʜʘ-
ʪʠ, ʚʳʢʫʧʥʳʝ ʧʣʘʪʝʞʠ, ʦʪʙʳʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʧʦʚʠʥʥʦʩʪʝʡ. ɼʦ ʚʚʝʜʝʥʠʷ ʚʦʠʥʩʢʦʡ ʧʦʚʠʥʥʦʩʪʠ ʚ 1874 
ʛ. ʥʘ ʢʨʝʩʪʴʷʥ ʨʘʩʧʨʦʩʪʨʘʥʷʣʘʩʴ ʨʝʢʨʫʪʩʢʘʷ ʦʙʷʟʘʥʥʦʩʪʴ. 

ʆʙʱʝʩʪʚʝʥʥʳʝ ʧʦʚʠʥʥʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦ ʨʦʩʣʠ ʠ ʷʚʣʷʣʠʩʴ ʬʠʟʠʯʝʩʢʠ ʥʝʧʦʩʠʣʴʥʳʤʠ. ʉʧʝʮʠʘʣʠ-
ʩʪʳ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʜʠʥʘʤʠʢʫ ʙʝʣʦʨʫʩʩʢʠʭ ʛʫʙʝʨʥʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ 1894 ʛ. ʢ 1881 ʛ. ʟʘʬʠʢʩʠʨʦʚʘʣʠ ʨʦʩʪ 
ʧʦʚʠʥʥʦʩʪʝʡ ʙʦʣʝʝ ʯʝʤ ʥʘ 64 %, 90 % ʚʳʧʣʘʪ ʧʦʩʪʫʧʘʣʠ ʦʪ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ. ʇʦʩʣʝ 1890 ʛ. ʚʳʢʫʧ-
ʥʳʝ ʧʣʘʪʝʞʠ ʚʳʪʝʩʥʠʣʠ ʚʩʝ ʧʦʚʠʥʥʦʩʪʠ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ ʢʨʦʤʝ ʥʘʣʦʛʦʚ ʚ ʧʦʣʴʟʫ ʚʦʣʦʩʪʥʦʡ ʘʜʤʠʥʠ-
ʩʪʨʘʮʠʠ. ʂʨʝʩʪʴʷʥʝ ʝʞʝʛʦʜʥʦ ʦʙʷʟʘʥʳ ʙʳʣʠ ʚʳʧʦʣʥʷʪʴ ʠ ʢʫʯʝʨʩʢʠʝ ʧʦʚʠʥʥʦʩʪʠ. 



210 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ʇʨʘʚʘ ʢʨʝʩʪʴʷʥ ʧʝʨʝʜʘʚʘʣʠʩʴ ʧʦ ʨʦʞʜʝʥʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʩʳʥʦʚʣʝʥʠʷ, ʯʝʨʝʟ ʙʨʘʢ. ʇʨʝʜʩʪʘʚʠ-
ʪʝʣʠ ʜʨʫʛʠʭ ʧʦʜʘʪʥʳʭ ʩʦʩʣʦʚʠʡ, ʥʘʧʨʠʤʝʨ, ʤʝʱʘʥʝ ʠʤʝʣʠ ʧʨʘʚʦ ʚʦʡʪʠ ʚ ʢʨʝʩʪʴʷʥʩʪʚʦ, ʥʦ ʜʣʷ ʵʪʦʛʦ 
ʪʨʝʙʦʚʘʣʘʩʴ ʧʨʠʧʠʩʢʘ ʢ ʩʝʣʴʩʢʦʡ ʦʙʱʠʥʝ. ɼʘʥʥʳʡ ʟʘʢʦʥ ʜʝʡʩʪʚʦʚʘʣ ʜʦ 1893 ʛ., ʜʦʧʫʩʢʘʷ ʧʨʠʧʠʩʢʫ 
ʪʦʣʴʢʦ ʢ ʩʝʣʴʩʢʠʤ ʦʙʱʠʥʘʤ. ɿʘʢʦʥʦʜʘʪʝʣʴʥʳʤ ʘʢʪʦʤ ʦʪ 29 ʤʘʨʪʘ 1893 ʛ. ʙʳʣʘ ʚʚʝʜʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʠʧʠʩʢʠ ʢ ʚʦʣʦʩʪʥʦʤʫ ʦʙʱʝʩʪʚʫ, ʚ ʧʦʩʣʝʜʩʪʚʠʠ ʦʙʷʟʘʪʝʣʴʥʘʷ ʬʠʢʩʘʮʠʷ ʚ ʦʙʱʠʥʝ ʧʝʨʝʩʪʘʣʘ ʙʳʪʴ ʥʝ-
ʦʙʭʦʜʠʤʦʡ. 

ʀʟʲʷʪʠʝ ʥʘʜʝʣʦʚ ʫ ʢʨʝʩʪʴʷʥ ʙʳʣʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʜʣʷ ʢʘʟʥʳ: ʧʦʜʦʙʥʘʷ ʧʨʘʢʪʠʢʘ 
ʧʨʠʚʝʣʘ ʙʳ ʢ ʨʘʟʦʨʝʥʠʶ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ, ʚʦʟʨʘʩʪʘʥʠʶ ʥʝʜʦʠʤʦʢ.  

ʅʝʜʦʠʤʢʠ ʢʨʝʩʪʴʷʥ ʙʝʣʦʨʫʩʩʢʠʭ ʛʫʙʝʨʥʠʡ ʧʦ ʚʳʢʫʧʥʳʤ ʧʣʘʪʝʞʘʤ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʧʦʜʘʪʷʤ 
ʝʞʝʛʦʜʥʦ ʨʦʩʣʠ. ʇʦ ʜʘʥʥʳʤ ʤʠʥʠʩʪʝʨʩʪʚʘ ʬʠʥʘʥʩʦʚ, ʢ 1869 ʛ. ʧʦ ʧʷʪʠ ʙʝʣʦʨʫʩʩʢʠʤ ʛʫʙʝʨʥʠʷʤ ʠʭ ʥʘʢʦ-
ʧʠʣʦʩʴ: 2 269 376 ʨʫʙ. ʧʦ ʧʦʜʘʪʷʤ ʠ 4 914 421 ʨʫʙ. ʧʦ ʚʳʢʫʧʥʳʤ ʧʣʘʪʝʞʘʤ, ʘ ʚʩʝʛʦ 7 183 797 ʨʫʙ. ʜʦʣ-
ʛʘ. ʏʝʤ ʚʳʰʝ ʙʳʣʠ ʚʳʢʫʧʥʳʝ ʧʣʘʪʝʞʠ, ʚ ʩʨʝʜʥʝʤ ʧʦ ʛʫʙʝʨʥʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʥʘʢʦʧʠʣʦʩʴ ʥʝʜʦʠʤʦʢ ʫ 
ʢʨʝʩʪʴʷʥ. ʇʦ ʄʦʛʠʣʸʚʩʢʦʡ ʛʫʙʝʨʥʠʠ ʚʳʢʫʧʥʳʝ ʧʣʘʪʝʞʠ ʥʘ ʜʫʰʫ ʩʦʩʪʘʚʣʷʣʠ 6 ʨʫʙ. ʠ ʜʦʣʛ ʢʨʝʩʪʴʷʥ ʨʘʚ-
ʥʷʣʩʷ ʧʦ ʜʘʥʥʦʡ ʛʫʙʝʨʥʠʠ 3 075 826 ʨʫʙ., ʚ ɺʠʪʝʙʩʢʦʡ ʛʫʙʝʨʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 5 ʨʫʙ. 70 ʢʦʧ ʠ 1 947 
911 ʨʫʙ. ɺ ʄʠʥʩʢʦʡ ʛʫʙʝʨʥʠʠ 2 ʨʫʙ. 40 ʢʦʧ. ʠ 320 636 ʨʫʙ., ʪ.ʝ. ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʙʳʣʘ ʧʦʯʪʠ ʚ 10 ʤʝʥʴʰʝ 
ʯʝʤ ʚ ʄʦʛʠʣʸʚʩʢʦʡ ʠ ʚ 6 ʨʘʟ ʤʝʥʴʰʝ ʯʝʤ ʚ ɺʠʪʝʙʩʢʦʡ ʛʫʙʝʨʥʠʷʭ [2, ʩ. 141]. 

ɺ 1860-ʭ ʛʛ. ʚʩʸ ʩʝʣʴʩʢʦʝ ʥʘʩʝʣʝʥʠʝ ʦʙʷʟʘʥʦ ʙʳʣʦ ʩʪʨʘʭʦʚʘʪʴ ʩʚʦʸ ʠʤʫʱʝʩʪʚʦ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥ-
ʥʦ, ʩʚʦʝʚʨʝʤʝʥʥʦ ʚʥʦʩʠʪʴ ʩʪʨʘʭʦʚʳʝ ʚʟʥʦʩʳ. ɺ / ʧʝʨʠʦʜ ʩ 1892 ʧʦ 1900 ʛ. ʧʝʨʝʯʠʩʣʝʥʠʷ ʩʦʩʪʘʚʠʣʠ 
837 800 ʨʫʙ.   

ʇʨʠ ʚʳʭʦʜʝ ʠʟ ʦʙʱʠʥʳ ʢʨʝʩʪʴʷʥʝ ʙʳʣʠ ʦʙʷʟʘʥʳ ʧʦʛʘʩʠʪʴ ʚʩʝ ʢʘʟʸʥʥʳʝ, ʟʝʤʩʢʠʝ, ʤʠʨʩʢʠʝ ʧʦ-
ʚʠʥʥʦʩʪʠ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 1 ʷʥʚʘʨʷ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ. ʆʥʠ ʫʪʨʘʯʠʚʘʣʠ ʧʨʘʚʦ ʥʘ ʜʦʣʶ ʥʘʜʝʣʴʥʦʡ ʟʝʤ-
ʣʠ. ʉʪʘʥʦʚʷʩʴ ʯʣʝʥʘʤʠ ʥʦʚʦʡ ʦʙʱʠʥʳ, ʪʨʝʙʦʚʘʣʦʩʴ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʨʠʸʤʥʳʡ ʧʨʠʛʦʚʦʨ. ʇʨʠ ʵʪʦʤ, ʧʝʨʝ-
ʭʦʜ ʥʝ ʜʘʚʘʣ ʧʨʘʚʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʥʦʚʦʛʦ ʥʘʜʝʣʘ.  

ʉʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʨʘʩʧʦʨʷʜʠʪʝʣʴʥʳʭ ʧʨʘʚ ʢʨʝʩʪʴʷʥ ʥʘ ʟʝʤʣʶ ʜʝʪʝʨʤʠʥʠʨʦʚʘʣʠʩʴ ʠʭ 
ʥʝʧʦʣʥʳʤ ʧʨʘʚʦʚʳʤ ʩʪʘʪʫʩʦʤ ʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʬʠʩʢʘʣʴʥʳʤ ʚʦʩʧʨʠʷʪʠʝʤ ʘʛʨʘʨʥʦʛʦ ʚʦʧʨʦʩʘ ʛʦʩʫʜʘʨ-
ʩʪʚʦʤ. ɺʣʘʩʪʴ ʙʳʣʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ ʚ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʧʦʣʫʯʝʥʠʠ ʥʘʣʦʛʦʚʳʭ ʦʪʯʠʩʣʝʥʠʡ. ɸʜʤʠʥʠʩʪʨʘ-
ʮʠʷ ʚʠʜʝʣʘ ʚʳʛʦʜʫ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʙʱʠʥʳ, ʪ.ʢ. ʝʸ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʘʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʨʛʘʥʠʟʦ-
ʚʘʪʴ ʤʦʙʠʣʴʥʦʩʪʴ ʚ ʚʳʧʦʣʥʝʥʠʠ ʚʩʝʭ ʧʨʝʜʧʠʩʘʥʠʡ, ʥʘ ʧʝʨʚʠʯʥʦʤ ʫʨʦʚʥʝ ʚʳʷʚʣʷʪʴ ʥʝʟʘʢʦʥʦʧʦʩʣʫʰ-
ʥʳʭ ʥʘʣʦʛʦʧʣʘʪʝʣʴʱʠʢʦʚ.  

ʇʦʩʣʝ ʘʛʨʘʨʥʳʭ ʨʝʬʦʨʤ 60-ʭ ʛʛ. XIX ʚ. ʮʘʨʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ, ʩʪʨʝʤʷʩʴ ʟʘʢʨʝʧʠʪʴ ʢʨʝʩʪʴʷʥ ʟʘ 
ʦʙʱʠʥʦʡ, ʥʘʜʝʣʦʤ, ʫʩʢʦʨʠʪʴ ʧʦʩʪʫʧʣʝʥʠʝ ʚʳʢʫʧʥʳʭ ʧʣʘʪʝʞʝʡ ʛʦʩʫʜʘʨʩʪʚʫ, ʦʙʝʩʧʝʯʠʪʴ ʧʘʥʩʢʦʝ ʭʦʟʷʡ-
ʩʪʚʦ ʜʝʰʸʚʦʡ ʨʘʙʦʯʝʡ ʩʠʣʦʡ, ʧʨʦʚʦʜʠʣʦ ʧʦʣʠʪʠʢʫ çʨʝʛʫʣʠʨʦʚʘʥʠʷè, çʩʜʝʨʞʠʚʘʥʠʷè, ʦʛʨʘʥʠʯʝʥʠʷ ʧʝ-
ʨʝʜʚʠʞʝʥʠʷ ʢʨʝʩʪʴʷʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ [1, ʩ. 153]. 

ɿʘʢʦʥ ʦʪ 25 ʷʥʚʘʨʷ 1874 ʛ. ʦʙʷʟʳʚʘʣ ʢʨʝʩʪʴʷʥ ʧʨʠ ʚʳʭʦʜʝ ʠʟ ʦʙʱʠʥʳ ʦʪʢʘʟʳʚʘʪʴʩʷ ʦʪ ʥʘʜʝʣʴʥʦʡ 
ʟʝʤʣʠ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘʣʦʩʴ ʩʘʥʢʮʠʝʡ ʜʚʫʭ ʤʠʥʠʩʪʨʦʚ: ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ, 
ʬʠʥʘʥʩʦʚ. ʋʯʘʩʪʢʠ, ʧʦʢʠʜʘʝʤʳʝ ʢʨʝʩʪʴʷʥʘʤʠ, ʧʦʜʣʝʞʘʣʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ: ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʜʦʣ-
ʞʝʥʥʦʩʪʠ ʦʥʠ ʧʝʨʝʜʘʚʘʣʠʩʴ ʤʝʩʪʥʳʤ, ʩʦʩʝʜʥʠʤ ʟʝʤʣʝʜʝʣʴʮʘʤ. ɺ ʩʣʫʯʘʝ ʧʨʠʥʷʪʠʷ ʢʨʝʩʪʴʷʥʠʥʦʤ ʨʝ-
ʰʝʥʠʷ ʦʙ ʦʪʢʘʟʝ, ʝʛʦ ʥʘʜʝʣ ʚʳʩʪʘʚʣʷʣʩʷ ʥʘ ʧʫʙʣʠʯʥʳʝ ʪʦʨʛʠ. 

ʇʝʨʝʜʚʠʞʝʥʠʝ ʢʨʝʩʪʴʷʥ ʨʝʛʫʣʠʨʦʚʘʣʦʩʴ ʩʪʨʦʛʠʤʠ ʚʨʝʤʝʥʥʳʤʠ, ʨʘʟʨʝʰʠʪʝʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 
ɾʝʣʘʶʱʠʝ ʧʦʢʠʥʫʪʴ ʦʙʱʠʥʫ, ʤʦʛʣʠ ʵʪʦ ʩʜʝʣʘʪʴ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʣʫʯʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʤʘʢʩʠʤʫʤ ʥʘ ʛʦʜ.  

ɺ ʧʦʠʩʢʘʭ ʟʘʨʘʙʦʪʢʦʚ ʢʨʝʩʪʴʷʥ, ʤʫʞʯʠʥʳ ʠ ʞʝʥʱʠʥʳ ʰʣʠ ʥʘ ʶʛ, ʚ ʯʝʨʥʦʟʸʤʥʳʝ ʛʫʙʝʨʥʠʠ, ʚ ʧʨʦ-
ʤʳʰʣʝʥʥʳʝ ʮʝʥʪʨʳ. ɺ çʄʠʥʩʢʦʤ ʣʠʩʪʢʝè ʦʪʤʝʯʘʣʦʩʴ: çɺ ʩʸʣʘʭ ʫʞʝ ʥʘʯʘʣʠʩʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢ ʦʪʭʦʜʫ 
ʣʠʰʥʠʭ ʨʘʙʦʯʠʭ ʨʫʢ ʥʘ ʨʘʙʦʪʳ ʚ ʩʦʩʝʜʥʠʝ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʨʝʜʥʝʡ ʠ ʯʝʨʥʦʟʸʤʥʳʝ ʛʫʙʝʨʥʠʠ. ɺ ʦʪ-
ʭʦʞʠʝ ʧʨʦʤʳʩʣʳ ʠʜʫʪ ʦʪʩʶʜʘ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʞʝʥʱʠʥʳ: ʙʝʟʜʝʪʥʳʝ, ʚʜʦʚʳ ʠ ʥʝʟʘʤʫʞʥʠʝ. ʆʥʠ ʩʯʠ-
ʪʘʶʪʩʷ ʣʫʯʰʠʤʠ ʨʘʙʦʪʥʠʮʘʤʠ ʧʦ ʦʛʦʨʦʜʥʠʯʝʩʪʚʫ. ʂʘʢ ʪʦʣʴʢʦ ʦʪʧʨʘʟʜʥʫʶʪ ʧʘʩʭʫ, ʪʘʢ ʠ ʪʨʦʥʫʪʩʷ ʚ ʧʫʪʴè 
[3, ʩ. 28 ï ʎʠʪ. ʧʦ: 1, ˉ 46].  

ɺ ʩʣʫʯʘʝ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʚʦʟʚʨʘʱʝʥʠʷ, ʚ ʧʨʠʥʫʜʠʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʫ ʚʠʥʦʚʥʦʛʦ ʣʠʮʘ ʤʦʛʣʠ 
ʠʟʲʷʪʴ ʧʘʩʧʦʨʪ ʠ ʚ ʥʝʜʝʣʴʥʳʡ ʩʨʦʢ ʚʝʨʥʫʪʴ ʯʣʝʥʘ ʦʙʱʠʥʳ ʧʦ ʦʩʥʦʚʥʦʤʫ ʤʝʩʪʫ ʞʠʪʝʣʴʩʪʚʘ. ʇʨʠ ʧʨʠʥʷ-
ʪʠʠ ʢʦʣʣʝʛʠʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦ ʥʘʟʥʘʯʝʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʣʠʮʘ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʦʩʪʳ, ʩʙʦʨʱʠʢʘ ʥʘʣʦʛʦʚ, 
ʚʦʣʦʩʪʥʦʛʦ ʩʪʘʨʰʠʥʳ, ʠʟʙʨʘʥʥʳʡ ʙʳʣ ʦʙʷʟʘʥ ʚʝʨʥʫʪʴʩʷ ʚ ʧʨʝʜʧʠʩʘʥʥʦʝ ʚʨʝʤʷ.  
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ɺ ɹʝʣʘʨʫʩʠ, ʃʠʪʚʝ, ʎʘʨʩʪʚʝ ʇʦʣʴʩʢʦʤ, ʇʨʘʚʦʙʝʨʝʞʥʦʡ ʋʢʨʘʠʥʝ ʟʝʤʩʪʚʘ ʥʝ ʧʦʷʚʠʣʠʩʴ. ʇʨʘʚʠ-
ʪʝʣʴʩʪʚʦ ʦʧʘʩʘʣʦʩʴ ʚʣʠʷʥʠʷ ʦʧʧʦʟʠʮʠʦʥʥʦʛʦ ʜʚʦʨʷʥʩʪʚʘ. ʂʦʥʪʨʦʣʴ ʥʘʜ ʢʨʝʩʪʴʷʥʘʤʠ ʧʝʨʝʜʘʚʘʣʩʷ ʤʠ-
ʨʦʚʳʤ ʧʦʩʨʝʜʥʠʢʘʤ ʠʟ ʜʚʦʨʷʥ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʠʣʠʩʴ ʢ ʢʨʝʩʪʴʷʥʩʢʠʤ ʠʥʪʝʨʝʩʘʤ ʙʝʟʨʘʟʣʠʯʥʦ. ʉʠʩʪʝʤʘ-
ʪʠʯʝʩʢʠ ʦʙʨʘʱʝʥʠʷ ʢʨʝʩʪʴʷʥ ʚ ʬʦʨʤʝ ʞʘʣʦʙ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʪʘʚʘʣʠʩʴ ʥʝ ʫʜʦʚʣʝʪʚʦʨʸʥʥʳʤʠ. ʄʠʨʦʚʳʝ 
ʩʫʜʴʠ, ʚʦʣʦʩʪʥʦʡ ʩʫʜ ʟʘʯʘʩʪʫʶ ʘʩʩʦʮʠʠʨʦʚʘʣʠʩʴ ʫ ʢʨʝʩʪʴʷʥ ʩ ʢʦʨʨʫʧʮʠʝʡ, ʩʫʜʝʙʥʳʤ ʧʨʦʠʟʚʦʣʦʤ.    

ɺʦʪ ʢʘʢ ʦʮʝʥʠʚʘʣʠ ʢʨʝʩʪʴʷʥʩʢʦʝ ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘʤʠ ʧʦʤʝʱʠʢʠ: çʂʨʝʩʪʴʷʥʩʢʠʝ ʩʫʜʳ ʥʝ ʧʦʜ-
ʜʝʨʞʠʚʘʶʪ ʦʩʥʦʚ ʟʘʢʦʥʥʦʩʪʠ ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ; ʦʥʠ ʥʝ ʟʘʱʠʱʘʶʪ ʩʣʘʙʦʛʦ ʦʪ ʩʠʣʴʥʦʛʦ, ʠʭ ʨʝʰʝʥʠʷ 
ʧʨʝʜʚʟʷʪʳ, ʥʠʯʝʤ ʥʝ ʤʦʪʠʚʠʨʦʚʘʥʳ, ʦʥʠ ʥʝ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʥʠʢʘʢʠʤ ʟʘʢʦʥʘʤʠéè [1, ʩ. 155 ï ʎʠʪ. ʧʦ: 
2, ʩ. 10].  

ɼʦ ʥʘʯʘʣʘ 1890-ʭ ʛʛ. ʮʘʨʩʢʘʷ ʘʜʤʠʥʠʩʪʨʘʮʠʷ ʥʝ ʫʯʨʝʞʜʘʣʘ ʜʦʣʞʥʦʩʪʴ ʟʝʤʩʢʦʛʦ ʥʘʯʘʣʴʥʠʢʘ ʚ ʙʝ-
ʣʦʨʫʩʩʢʠʭ ʛʫʙʝʨʥʠʷʭ. ɼʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʦʙʲʷʩʥʷʣʠʩʴ ʥʝʩʪʘʙʠʣʴʥʦʡ ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ. 12 ʠʶʥʷ 
1900 ʛ. ʚʩʪʫʧʠʣ ʚ ʩʠʣʫ ʟʘʢʦʥ ʦʙ ʫʯʨʝʞʜʝʥʠʠ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʜʦʣʞʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʦʛʠʣʸʚʩʢʦʡ, 
ɺʠʪʝʙʩʢʦʡ, ʄʠʥʩʢʦʡ ʛʫʙʝʨʥʠʡ. ɺ ʂʦʚʝʥʩʢʦʡ, ɺʠʣʝʥʩʢʦʡ, ɻʨʦʜʥʝʥʩʢʦʡ ʛʫʙʝʨʥʠʷʭ ʜʦʣʞʥʦʩʪʴ ʟʝʤʩʢʦʛʦ 
ʥʘʯʘʣʴʥʠʢʘ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ 1904 ʛ. ɿʝʤʩʢʠʝ ʥʘʯʘʣʴʥʠʢʠ ʚʟʷʣʠ ʥʘ ʩʝʙʷ ʚʩʝ ʧʨʝʞʥʠʝ ʬʫʥʢʮʠʠ ʧʦʚʝʪʦʚʳʭ 
ʫʯʨʝʞʜʝʥʠʡ, ʤʠʨʦʚʳʭ ʧʦʩʨʝʜʥʠʢʦʚ. ɺ ʎʝʥʪʨʘʣʴʥʦʡ, ɺʦʩʪʦʯʥʦʡ ɹʝʣʘʨʫʩʠ ʧʦʨʷʜʦʢ ʥʘʟʥʘʯʝʥʠʷ ʜʦ 1904 
ʛ. ʧʨʝʜʧʦʣʘʛʘʣ ʫʯʘʩʪʠʝ ʛʫʙʝʨʥʘʪʦʨʘ, ʫʪʚʝʨʞʜʝʥʠʝ ʤʠʥʠʩʪʨʦʤ. ʇʦʟʞʝ, ʩ 1904 ʛ., ʣʠʮʦ, ʠʩʧʦʣʥʷʶʱʝʝ 
ʦʙʷʟʘʥʥʦʩʪʠ ʤʠʥʠʩʪʨʘ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʜʝʣʘʣʦ ʥʘʟʥʘʯʝʥʠʝ. ʋʞʝʩʪʦʯʘʣʩʷ ʢʦʥʪʨʦʣʴ ʥʘʜ ʙʝʣʦʨʫʩʩʢʠʤʠ 
ʢʨʝʩʪʴʷʥʘʤʠ, ʧʨʠ ʵʪʦʤ, ʧʦʣʥʦʤʦʯʠʷ, ʚʦʟʣʘʛʘʝʤʳʝ ʥʘ ʚʦʣʦʩʪʥʦʛʦ ʩʪʘʨʰʠʥʫ, ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʠ ʚʦʟʣʘʛʘ-
ʣʠʩʴ ʥʘ ʠʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʣʠʮ.  

ʋʢʘʟʦʤ ʦʪ 5 ʦʢʪʷʙʨʷ 1906 ʛ. ʦʪʤʝʥʠʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʧʨʘʚʘʭ ʢʨʝʩʪʴʷʥ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ 
ʩʦʩʣʦʚʠʷʤʠ. ʋʢʘʟ ʧʨʝʜʦʩʪʘʚʣʷʣ ʢʨʝʩʪʴʷʥʘʤ çʦʜʠʥʘʢʦʚʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʧʨʘ-
ʚʘè, ʦʪʤʝʥʷʣ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʠʤʠ ʫʚʦʣʴʥʠʪʝʣʴʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʧʨʠʛʦʚʦʨʦʚ ʧʨʠ ʧʦ-
ʩʪʫʧʣʝʥʠʠ ʥʘ ʛʨʘʞʜʘʥʩʢʫʶ ʩʣʫʞʙʫ ʠʣʠ ʚ ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ. ʈʘʩʰʠʨʠʣʠʩʴ ʧʨʘʚʘ ʢʨʝʩʪʴʷʥ ʥʘ ʩʚʦʙʦʜʫ 
ʧʝʨʝʜʚʠʞʝʥʠʷ ʠ ʚʳʙʦʨʘ ʤʝʩʪʘ ʞʠʪʝʣʴʩʪʚʘ: ʫʢʘʟ ʧʨʝʜʦʩʪʘʚʠʣ ʩʝʣʴʩʢʠʤ ʞʠʪʝʣʷʤ çʩʚʦʙʦʜʫ ʠʟʙʨʘʥʠʷ 
ʤʝʩʪʘ ʧʦʩʪʦʷʥʥʦʛʦ ʞʠʪʝʣʴʩʪʚʘè, ʦʪʤʝʥʠʚ çʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʧʨʘʚʠʣʘ ʦ ʧʘʩʧʦʨʪʘʭè. ɹʳʣʠ ʦʪʤʝʥʝʥʳ 
ʪʝʣʝʩʥʳʝ ʥʘʢʘʟʘʥʠʷ ʜʣʷ ʢʨʝʩʪʴʷʥ: ʫʢʘʟʦʤ ʫʧʨʘʟʜʥʷʣʠʩʴ çʦʩʦʙʳʝ ʧʨʘʚʠʣʘ ʦ ʥʘʢʘʟʫʝʤʦʩʪʠ ʩʝʣʴʩʢʠʭ 
ʦʙʳʚʘʪʝʣʝʡ, ʧʦʜʚʝʜʦʤʩʪʚʝʥʥʳʭ ʚʦʣʦʩʪʥʦʤʫ ʩʫʜʫè. ʆʛʨʘʥʠʯʠʚʘʣʠʩʴ ʧʨʘʚʘ ʟʝʤʩʢʠʭ ʥʘʯʘʣʴʥʠʢʦʚ ʚ ʩʫ-
ʜʝʙʥʳʭ ʬʫʥʢʮʠʷʭ: ʦʪʤʝʥʷʣʠʩʴ ʧʨʘʚʘ ʟʝʤʩʢʠʭ ʥʘʯʘʣʴʥʠʢʦʚ ʩʘʤʦʚʦʣʴʥʦ ʘʨʝʩʪʦʚʳʚʘʪʴ ʠ ʰʪʨʘʬʦʚʘʪʴ 
ʢʨʝʩʪʴʷʥ ʟʘ ʥʝʚʳʧʦʣʥʝʥʠʝ ʠʭ ʧʦʩʪʘʥʦʚʣʝʥʠʡ. ʈʘʩʰʠʨʠʣʠʩʴ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʘʩʪʠʷ ʢʨʝʩʪʴʷʥ ʚ ʚʳʙʦʨʘʭ 
ʟʝʤʩʢʠʭ ʦʨʛʘʥʦʚ [4, ʩ. 239]. 

ʆʪʤʝʥʘ ʢʨʝʧʦʩʪʥʦʛʦ ʧʨʘʚʘ ʥʝ ʩʥʷʣʘ ʦʛʨʘʥʠʯʝʥʠʡ ʩ ʢʨʝʩʪʴʷʥʩʢʠʭ ʧʨʘʚ. ɹʝʩʧʨʘʚʠʝ ʫʩʫʛʫʙʣʷʣʦʩʴ 
ʧʨʦʠʟʚʦʣʦʤ ʧʦʤʝʱʠʢʦʚ, ʧʦʣʠʮʠʠ, ʬʠʩʢʘʣʴʥʳʭ ʩʣʫʞʙ. ɿʝʤʩʢʘʷ ʧʦʣʠʮʠʷ ʜʝʡʩʪʚʦʚʘʣʘ ʚ ʩʦʶʟʝ ʩ ʤʝʩʪ-
ʥʳʤʠ ʧʦʤʝʱʠʢʘʤʠ, ʘʜʤʠʥʠʩʪʨʘʮʠʝʡ. ɹʝʣʦʨʫʩʩʢʠʝ ʢʨʝʩʪʴʷʥʝ ʦʙʣʘʛʘʣʠʩʴ ʧʦʚʠʥʥʦʩʪʷʤʠ, ʯʪʦ ʚʝʣʦ ʢ ʭʨʦ-
ʥʠʯʝʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ. ʂʨʝʩʪʴʷʥʝ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʨʘʩʧʨʦʜʘʚʘʪʴ ʩʚʦʸ ʠʤʫʱʝʩʪʚʦ ʜʣʷ ʧʦʛʘʰʝʥʠʷ 
ʥʘʣʦʛʦʚ, ʢʨʝʜʠʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʦʨʝʥʠʶ. ʉʨʝʜʠ ʢʨʝʩʪʴʷʥʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʥʘʯʘʣʠ ʘʢʪʠʚʥʦ ʚʳʜʝ-
ʣʷʪʴʩʷ ʙʘʪʨʘʢʠ, ʢʫʣʘʯʝʩʪʚʦ. ʆʙʱʝʩʪʚʦ ʨʘʩʢʦʣʦʣʦʩʴ, ʯʪʦ ʩʧʨʦʚʦʮʠʨʦʚʘʣʦ ʨʦʩʪ ʢʨʝʩʪʴʷʥʩʢʠʭ ʧʨʦʪʝʩʪʦʚ, 
ʢʣʘʩʩʦʚʦʡ ʙʦʨʴʙʳ. 
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ɹʦʦʧʫʙʯʡʸ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʨʦʣʴ ʣʠʪʝʨʘʪʫʨʳ, ʢʠʥʝʤʘʪʦʛʨʘʬʘ ʠ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʛʦ 
ʠʩʢʫʩʩʪʚʘ ʚ ʧʨʦʮʝʩʩʘʭ ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʦ ʩʦʙʳʪʠʷʭ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ. 
ɸʢʮʝʥʪʠʨʫʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʜʘʥʥʳʝ ʚʠʜʳ ʠʩʢʫʩʩʪʚʘ ʚʳʧʦʣʥʷʶʪ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʣʝʢʘʪʝʣʴʥʫʶ 
ʬʫʥʢʮʠʶ, ʥʦ ʠ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʟʥʘʯʠʤʳʭ ʤʝʭʘʥʠʟʤʦʚ ʪʨʘʥʩʣʷʮʠʠ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʚʢʣʶʯʘʷ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʝʜʠʥʩʪʚʘ ʠ ʨʝʬʣʝʢʩʠʠ ʥʘʜ ʠʩʪʦʨʠʯʝʩʢʠʤ ʦʧʳʪʦʤ. ɺ ʨʘʙʦʪʝ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʝ-
ʜʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʩʤʳʩʣʝʥʠʶ ʧʨʦʰʣʦʛʦ ʦʙʱʝʩʪʚʦʤ ʠ ʫʩʪʘʥʦʚʣʝʥʠʶ ʩʚʷʟʠ ʤʝʞʜʫ ʧʨʦʰʣʳʤ ʠ 
ʥʘʩʪʦʷʱʠʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʩʪʦʨʠʯʝʩʢʘʷ ʧʘʤʷʪʴ, ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʧʦʢʦʣʝʥʠʡ, ʢʠʥʝʤʘʪʦʛʨʘʬ, ʧʦʢʦʣʝʥʯʝʩʢʠʡ 
ʨʘʟʨʳʚ. 
 

REFLECTING THE FATES OF REAL DEFENDERS IN LITERATURE, CINEMA AND CONTEMPORARY 
ART AS A WAY TO PRESERVE THE CONTINUITY OF GENERATIONS 
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Abstract. This article analyzes the role of literature, cinema and fine arts in the processes of preserving the 
historical memory of the events of the Great Patriotic War. Attention is focused on the fact that these types of 
art perform not only an entertainment function, but also act as significant mechanisms for the transmission of 
cultural heritage, including the formation of national cultural unity and reflection on historical experience. The 
paper examines specific examples that demonstrate how works of art contribute to the understanding of the 
past by society and the establishment of a connection between the past and the present. 
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ɺ ʵʧʦʭʫ ʛʣʦʙʘʣʠʟʘʮʠʠ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʡ 

ʧʘʤʷʪʠ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ. ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʦʨʤʠʨʦʚʘ-
ʥʠʝ ʠ ʧʝʨʝʜʘʯʫ ʟʥʘʥʠʡ ʦ ʧʨʦʰʣʦʤ, ʚʳʜʝʣʷʶʪʩʷ ʣʠʪʝʨʘʪʫʨʘ, ʢʠʥʝʤʘʪʦʛʨʘʬ ʠ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʝ ʠʩʢʫʩ-
ʩʪʚʦ. ʕʪʠ ʬʦʨʤʳ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʬʠʢʩʠʨʫʶʪ ʠʩʪʦʨʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʥʦ ʠ ʪʨʘʥʩ-
ʣʠʨʫʶʪ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʠ ʠʜʝʡʥʳʡ ʢʦʥʪʝʢʩʪ, ʩʦʧʫʪʩʪʚʫʶʱʠʡ ʵʪʠʤ ʩʦʙʳʪʠʷʤ. ʆʩʦʟʥʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ 
ʚʣʠʷʥʠʷ ʜʘʥʥʳʭ ʬʦʨʤ ʠʩʢʫʩʩʪʚʘ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʠʩʪʦʨʠʠ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦ-
ʩʢʦʣʴʢʫ ʦʥʠ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʭʫʜʦʞʝ-
ʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʙʣʘʜʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ 
ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʦʮʠʘʣʴʥʦʡ ʧʘʤʷʪʠ. 

ɼ. ʉ. ʃʠʭʘʯʝʚ ʫʪʚʝʨʞʜʘʣ: çʇʘʤʷʪʴ ʧʨʦʪʠʚʦʩʪʦʠʪ ʫʥʠʯʪʦʞʘʶʱʝʡ ʩʠʣʝ ʚʨʝʤʝʥʠ. ʇʘʤʷʪʴ ï ʧʨʝʦʜʦ-
ʣʝʥʠʝ ʚʨʝʤʝʥʠ, ʧʨʝʦʜʦʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʘʤʷʪʴ ï ʦʩʥʦʚʘ ʩʦʚʝʩʪʠ ʠ ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ, ʧʘʤʷʪʴ ï ʦʩʥʦ-
ʚʘ ʢʫʣʴʪʫʨʳ. ʍʨʘʥʠʪʴ ʠ ʙʝʨʝʯʴ ʧʘʤʷʪʴ ï ʵʪʦ ʥʘʰ ʥʨʘʚʩʪʚʝʥʥʳʡ ʜʦʣʛ... ʇʘʤʷʪʴ ʩʪʘʥʦʚʠʪʩʷ ʦʪʯʝʪʣʠʚʦʡ 
ʩʠʣʦʡ, ʦʩʦʙʝʥʥʦ ʚʦ ʚʨʝʤʷ ʧʨʝʜʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʚʳʧʘʜʘʶʱʠʭ ʥʘ ʜʦʣʶ ʣʶʜʝʡ. ʆʱʫʱʘʪʴ ʩʝʙʷ ʚ ʠʩʪʦ-
ʨʠʠ, ʧʦʥʠʤʘʪʴ ʩʚʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʞʠʟʥʠ, ʦʩʪʘʚʠʪʴ ʦ ʩʝʙʝ ʜʦʙʨʫʶ ʧʘʤʷʪʴè [2]. 

ʌʝʥʦʤʝʥ ʧʘʤʷʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʦʥʠʤʘʥʠʠ ʢʘʢ ʭʨʘʥʠʣʠʱʝ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʧʨʦʰʣʦʤ, ʘ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʘʷ ʢʦʛʥʠʪʠʚʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʜʠʚʠʜʫ-
ʘʣʴʥʦʛʦ ʦʧʳʪʘ. ʆʥʘ ʚʳʧʦʣʥʷʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʬʫʥʢʮʠʶ ʚ ʩʪʘʥʦʚʣʝʥʠʠ ʣʠʯʥʦʩʪʠ, ʟʘʜʘʝʪ ʩʠʩʪʝʤʫ 
ʞʠʟʥʝʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚ ʠ ʚʳʩʪʫʧʘʝʪ ʤʝʭʘʥʠʟʤʦʤ ʘʢʪʠʚʘʮʠʠ ʤʦʪʠʚʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʣʠʯʥʦʩʪʠ. 

ʃʠʪʝʨʘʪʫʨʘ, ʢʠʥʝʤʘʪʦʛʨʘʬ ʠ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʝ ʠʩʢʫʩʩʪʚʦ ʠʛʨʘʶʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʩʦʭʨʘʥʝʥʠʠ 
ʢʫʣʴʪʫʨʥʦʡ ʧʘʤʷʪʠ ʦ ʚʦʡʥʝ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʪʝʢʩʪʝ. ʍʫʜʦʞʝʩʪʚʝʥʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʦʩʩʦʟʜʘʶʪ 
ʜʫʭ ʚʦʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʦʞʠʚʣʷʶʪ ʦʙʨʘʟʳ ʫʯʘʩʪʥʠʢʦʚ ʩʦʙʳʪʠʡ ʠ ʯʝʨʝʟ ʧʨʠʟʤʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʫʜʝʙ 
ʨʘʩʢʨʳʚʘʶʪ ʤʘʩʰʪʘʙʥʳʝ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ [1]. ʕʪʦ ʧʨʝʚʨʘʱʘʝʪ ʧʘʤʷʪʴ ʦ ʚʦʡʥʝ ʠʟ ʥʘʙʦʨʘ ʬʘʢʪʦʚ 
ʚ ʟʥʘʯʠʤʫʶ ʯʘʩʪʴ ʢʦʣʣʝʢʪʠʚʥʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ. 

ʇʘʤʷʪʴ ʦ ʚʦʡʥʝ, ʘʢʪʫʘʣʠʟʠʨʫʝʤʘʷ ʯʝʨʝʟ ʢʫʣʴʪʫʨʥʳʝ ʪʝʢʩʪʳ, ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʦʩʪʦ ʠʥʬʦʨʤʘʮʠʦʥ-
ʥʳʤ ʥʘʩʣʝʜʠʝʤ, ʘ ʦʩʥʦʚʦʡ ʜʣʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʨʝʬʣʝʢʩʠʠ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʞʜʘʥʩʢʦʡ ʧʦʟʠʮʠʠ ʠ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʚʪʦʨʝʥʠʷ ʪʨʘʛʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʧʨʦʰʣʦʛʦ. 

ʇʨʦʮʝʩʩ ʦʩʤʳʩʣʝʥʠʷ ʠ ʬʠʢʩʘʮʠʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʳʝ ʵʪʘʧʳ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʥʝʯʥʦʛʦ ʠʩʪʦʨʠ-
ʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ. 

ɺ ʥʘʯʘʣʝ ʧʨʦʠʩʭʦʜʠʪ ʬʠʢʩʘʮʠʷ ʬʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʦʙʳʪʠʷ, ʠʤʝʥʘ, ʜʘʪʳ, ʩʪʨʝʤʷʩʴ ʢ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʠ ʦʙʲʝʢʪʠʚʥʦʩʪʠ. ʆʜʥʘʢʦ ʫʞʝ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʩʝʣʝʢʮʠʠ: ʥʝ-
ʚʦʟʤʦʞʥʦ ʚʤʝʩʪʠʪʴ ʚ ʪʝʢʩʪ ʘʙʩʦʣʶʪʥʦ ʚʩʸ, ʧʦʵʪʦʤʫ ʦʪʙʠʨʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʵʣʝʤʝʥʪʳ. 

ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʛʘʩʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ. ɺʨʝʤʝʥʥʦʡ 
ʬʘʢʪʦʨ ʚʳʩʪʫʧʘʝʪ ʢʣʶʯʝʚʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʮʝʩʩ çʟʘʙʚʝʥʠʷè. 

ɿʘʚʝʨʰʘʶʱʠʤ ʧʨʦʮʝʩʩʦʤ ʚʳʩʪʫʧʘʝʪ ʦʩʤʳʩʣʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʊʘʢ, ʥʘ ʦʩ-
ʥʦʚʘʥʠʠ ʵʪʦʛʦ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʬʘʢʪʳ, ʚʳʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʠ, ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ 
ʮʝʧʦʯʢʠ, ʧʨʝʜʣʘʛʘʷ ʘʫʜʠʪʦʨʠʠ ʩʦʙʩʪʚʝʥʥʳʡ ʚʟʛʣʷʜ ʥʘ ʧʨʦʰʣʦʝ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʚ ʪʝʢʩʪ ʧʨʦʥʠʢʘʝʪ ʛʣʫʙʦʢʘʷ 
ʩʫʙʲʝʢʪʠʚʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʣʠʯʥʳʤ ʦʧʳʪʦʤ, ʫʙʝʞʜʝʥʠʷʤʠ ʠ ʤʠʨʦʚʦʟʟʨʝʥʠʝʤ ʘʚʪʦʨʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʘʫʜʠʪʦʨʠʠ ʘʚʪʦʨʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʰʣʦʛʦ ʚ ʪʝʢʩʪ ʥʝʠʟʙʝʞʥʦ 
ʧʨʦʥʠʢʘʝʪ ʵʣʝʤʝʥʪ ʩʫʙʲʝʢʪʠʚʥʦʩʪʠ, ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʦʧʳʪʦʤ, ʩʠʩʪʝʤʦʡ ʫʙʝʞʜʝ-
ʥʠʡ ʠ ʤʠʨʦʚʦʟʟʨʝʥʯʝʩʢʦʡ ʧʦʟʠʮʠʝʡ. ɺʦʩʧʨʠʷʪʠʝ ʘʫʜʠʪʦʨʠʝʡ ʦʧʠʩʳʚʘʝʤʳʭ ʩʦʙʳʪʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʘʚ-
ʪʦʨʩʢʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʠʥʪʝʨʧʨʝʪʘʮʠʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʬʘʢʪʘ ʧʨʝʜʦʩʪʘʚ-
ʣʷʝʪ ʨʝʮʠʧʠʝʥʪʫ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ, 
ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʩʤʳʩʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʧʦʟʠʮʠʠ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ 
ʚʦʧʨʦʩʫ [3]. 

ʅʘʨʦʜʥʘʷ ʧʘʤʷʪʴ ʦ ʩʦʙʳʪʠʷʭ ʧʨʦʰʣʦʛʦ ʥʘʭʦʜʠʣʘ ʦʪʨʘʞʝʥʠʝ ʚ ʤʥʦʛʦʦʙʨʘʟʠʠ ʬʦʨʤ. ɺ ʜʨʝʚʥʦʩʪʠ 
ʠʥʬʦʨʤʘʮʠʷ ʧʝʨʝʜʘʚʘʣʘʩʴ ʫʩʪʥʦ ʯʝʨʝʟ ʩʢʘʟʘʥʠʷ, ʣʝʛʝʥʜʳ ʠ ʬʦʣʴʢʣʦʨʥʳʝ ʧʨʝʜʘʥʠʷ. ʇʝʨʩʦʥʘʞʠ 
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ʥʘʨʦʜʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʯʘʩʪʦ ʦʙʣʘʜʘʣʠ ʛʝʨʦʠʯʝʩʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʠʩʫʱʠ ʨʝʘʣʴʥʳʤ 
ʣʶʜʷʤ, ʧʨʦʷʚʠʚʰʠʤ ʭʨʘʙʨʦʩʪʴ ʠ ʩʦʚʝʨʰʠʚʰʠʤ ʧʦʜʚʠʛʠ. ʉʶʞʝʪʳ ʙʳʣʠʥ ʥʝʠʟʤʝʥʥʦ ʧʨʦʩʣʘʚʣʷʣʠ ʜʦʙ-
ʣʝʩʪʴ ʟʘʱʠʪʥʠʢʦʚ ʈʦʜʠʥʳ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʢʣʶʯʝʚʦʛʦ ʠʥ-
ʩʪʨʫʤʝʥʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʠʩʪʦʨʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʦʢʘʟʳ-
ʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʩʤʳʩʣʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʫʨʦʢʦʚ, ʯʪʦ ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ 
ʩʬʝʨʘʭ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ï ʧʦʣʠʪʠʢʝ, ʵʢʦʥʦʤʠʢʝ, ʢʫʣʴʪʫʨʝ ʠ ʥʘʫʢʝ. 

ʃʠʪʝʨʘʪʫʨʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʙʣʘʜʘʶʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʩʦʮʠʦʢʫʣʴʪʫʨʥʦʡ ʮʝʥʥʦʩʪʴʶ. ʆʥʠ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʠʢʩʘʮʠʶ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʙʳʪʴ ʙʝʟʚʦʟʚʨʘʪʥʦ ʫʪʨʘʯʝʥʘ. 
ʇʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʢʥʠʞʥʳʭ ʬʦʥʜʦʚ ʧʨʠʚʝʣ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʠʙʣʠʦʛʨʘʬʠʠ ï ʥʦʚʦʡ ʩʬʝʨʳ ʠʥʬʦʨ-
ʤʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʢʘʪʘʣʦʛ ʤʠʨʦʚʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. 

ʂʥʠʛʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʦʟʥʘʥʠʷ ʚ ʢʦʣʣʝʢʪʠʚʥʦʝ. ʀʥʪʝʣʣʝʢʪʫʘʣʴ-
ʥʳʝ ʜʦʩʪʠʞʝʥʠʷ (ʠʜʝʠ, ʦʪʢʨʳʪʠʷ, ʨʘʟʤʳʰʣʝʥʠʷ) ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ ʦʙʱʝʩʪʚʝʥʥʦʝ ʟʥʘʥʠʝ ʠ ʩʪʘʥʦʚʷʪʩʷ 
ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʩʪʦʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʯʥʦʩʪʠ ʥʘʨʦʜʘ. ʃʠʪʝʨʘʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʨʝʜʩʪʚʦ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʧʨʝʚʦʩʭʦʜʷ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʝ ʮʠʬʨʦʚʳʝ 
ʫʩʪʨʦʡʩʪʚʘ, ʚʳʧʦʣʥʷʷ ʢʫʣʴʪʫʨʥʳʝ, ʠʩʪʦʨʠʯʝʩʢʠʝ, ʤʦʨʘʣʴʥʳʝ ʠ ʵʩʪʝʪʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʢʥʠʛʘ ʠʛʨʘʝʪ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ 
ʦʙʱʝʩʪʚʘ. 
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ɹʦʦʧʫʙʯʡʸ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʧʝʮʠʬʠʢʘ ʨʝʧʨʝʟʝʥʪʘʮʠʠ ʦʙʨʘʟʦʚ ʟʘʱʠʪʥʠʢʦʚ ʆʪʝʯʝʩʪʚʘ ʚ 
ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʠʩʢʫʩʩʪʚʘ ʢʘʢ ʢʣʶʯʝʚʦʛʦ ʬʘʢʪʦʨʘ ʩʦʭʨʘʥʝʥʠʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʦ ɺʝʣʠʢʦʡ ʆʪʝʯʝ-
ʩʪʚʝʥʥʦʡ ʚʦʡʥʝ. ɸʚʪʦʨʳ ʘʢʮʝʥʪʠʨʫʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦʤ, ʯʪʦ ʣʠʪʝʨʘʪʫʨʘ, ʢʠʥʝʤʘʪʦʛʨʘʬ ʠ ʞʠʚʦʧʠʩʴ ʚʳ-
ʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʨʘʟʚʣʝʢʘʪʝʣʴʥʦʡ ʠʣʠ ʯʠʩʪʦ ʠʣʣʶʩʪʨʘʪʠʚʥʦʡ ʬʫʥʢʮʠʠ, ʚʳʩʪʫʧʘʷ ʜʝʡʩʪʚʝʥʥʳʤʠ ʠʥʩʪʨʫ-
ʤʝʥʪʘʤʠ ʪʨʘʥʩʣʷʮʠʠ ʢʫʣʴʪʫʨʥʦʛʦ ʢʦʜʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʩʦʟʥʘʥʠʷ. ʅʘ ʧʨʠʤʝʨʝ ʢʦʥ-
ʢʨʝʪʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ, ʢʘʢ ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʦʩʤʳʩʣʝʥʠʝ ʚʦʝʥʥʦʛʦ ʦʧʳʪʘ ʩʧʦʩʦʙʩʪʚʫ-
ʝʪ ʜʠʘʣʦʛʫ ʧʦʢʦʣʝʥʠʡ ʠ ʛʣʫʙʦʢʦʡ ʨʝʬʣʝʢʩʠʠ ʥʘʜ ʧʨʦʰʣʳʤ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. 
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Abstract. The article examines the specifics of representing the images of the defenders of the Fatherland in 
various forms of art as a key factor in preserving the historical memory of the Great Patriotic War. The authors 
emphasize that literature, cinema, and painting go beyond entertainment or purely illustrative functions, acting 
as effective tools for transmitting cultural code and forming national identity. Using specific works as examples, 
it is demonstrated how the artistic comprehension of military experience contributes to intergenerational dia-
logue and deep reflection on the past in modern society. 
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ʊʝʤʘ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʨʦʥʟʠʪʝʣʴʥʳʭ ʚ ʦʪʝʯʝ-
ʩʪʚʝʥʥʦʡ ʢʫʣʴʪʫʨʝ. ʆʜʥʘʢʦ ʧʦʜʣʠʥʥʫʶ ʛʣʫʙʠʥʫ ʪʨʘʛʝʜʠʠ ʠ ʛʝʨʦʠʟʤʘ ʩʤʦʛʣʠ ʧʝʨʝʜʘʪʴ ʥʝ ʚʩʝ ʘʚʪʦʨʳ, ʘ 
ʣʠʰʴ ʪʝ, ʢʪʦ ʧʨʦʰʝʣ ʯʝʨʝʟ ʛʦʨʥʠʣʦ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ. ʇʠʩʘʪʝʣʠ-ʬʨʦʥʪʦʚʠʢʠ ʩʦʟʜʘʚʘʣʠ ʩʚʦʠ ʧʨʦʠʟʚʝ-
ʜʝʥʠʷ ʥʝ ʧʦ ʘʨʭʠʚʥʳʤ ʩʧʨʘʚʢʘʤ, ʘ ʦʧʠʨʘʷʩʴ ʥʘ ʣʠʯʥʳʡ ʪʨʘʚʤʘʪʠʯʝʩʢʠʡ ʠ ʛʝʨʦʠʯʝʩʢʠʡ ʦʧʳʪ, ʯʪʦ ʜʝʣʘʝʪ 
ʠʭ ʪʝʢʩʪʳ ʫʥʠʢʘʣʴʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʵʧʦʭʠ. 

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʩʣʫʞʠʪ ʨʦʤʘʥ-ɻ ʧʦʧʝʷ ʂʦʥʩʪʘʥʪʠʥʘ ʉʠʤʦʥʦʚʘ çɾʠʚʳʝ ʠ ʤʸʨʪʚʳʝè. 
ʆʭʚʘʪʳʚʘʷ ʧʝʨʠʦʜ ʩ ʥʘʯʘʣʘ ʚʦʡʥʳ ʜʦ ʣʝʪʘ 1944 ʛʦʜʘ, ʘʚʪʦʨ ʧʦʢʘʟʳʚʘʝʪ ʙʦʨʴʙʫ ʩʦʚʝʪʩʢʦʛʦ ʥʘʨʦʜʘ ʥʝ ʢʘʢ 
ʘʙʩʪʨʘʢʪʥʳʡ ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʘ ʯʝʨʝʟ ʧʨʠʟʤʫ ʣʠʯʥʳʭ ʩʫʜʝʙ [3]. ɼʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʠʪʘʪʝʣʷ ʵʪʦʪ 
ʪʝʢʩʪ ʚʘʞʝʥ ʪʝʤ, ʯʪʦ ʦʥ ʬʦʨʤʠʨʫʝʪ ʧʨʘʚʠʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ ʢʘʪʝʛʦʨʠʡ çʧʦʜʚʠʛè ʠ çʩʧʨʘʚʝʜʣʠʚʦʩʪʴè, ʚʦʩ-
ʧʠʪʳʚʘʷ ʯʝʩʪʥʦʩʪʴ ʠ ʧʘʪʨʠʦʪʠʟʤ. ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʧʦʜʦʙʥʦʤʫ ʣʠʪʝʨʘʪʫʨʥʦʤʫ 
ʥʘʩʣʝʜʠʶ ʧʦʣʥʦʮʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʠʩʪʦʨʠʠ ʥʝʚʦʟʤʦʞʥʦ: ʫʯʝʙʥʠʢʠ ʜʘʶʪ ʬʘʢʪʳ, ʘ ʣʠʪʝʨʘʪʫʨʘ ð ʵʤʦʮʠʦ-
ʥʘʣʴʥʦʝ ʟʥʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʧʨʦʰʣʦʛʦ. 

ʅʝ ʤʝʥʴʰʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʧʘʤʷʪʠ ʠʛʨʘʝʪ ʢʠʥʝʤʘʪʦʛʨʘʬ. ʆʙʣʘʜʘʷ ʰʠʨʦ-
ʢʠʤ ʦʭʚʘʪʦʤ ʘʫʜʠʪʦʨʠʠ, ʢʠʥʦ ʩʧʦʩʦʙʥʦ ʥʝ ʪʦʣʴʢʦ ʠʥʬʦʨʤʠʨʦʚʘʪʴ, ʥʦ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʦʙʱʝʩʪʚʝʥʥʦʝ 
ʚʦʩʧʨʠʷʪʠʝ ʠʩʪʦʨʠʯʝʩʢʠʭ ʨʝʘʣʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʢʫʤʝʥʪʘʣʴʥʦʝ ʢʠʥʦ ʚʩʸ ʯʘʱʝ ʦʙʨʘʱʘʝʪʩʷ ʢ ʪʝʤʝ 
ʚʦʡʥʳ, ʩʪʨʝʤʷʩʴ ʩʦʭʨʘʥʠʪʴ ʫʭʦʜʷʱʫʶ ʥʘʪʫʨʫ ʞʠʚʦʡ ʧʘʤʷʪʠ. 

ʇʦʢʘʟʘʪʝʣʴʥʘ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʣʝʥʪʘ çɻʘʪʯʠʥʘ. ʄʦʣʯʘʥʠʝ ʉʠʣʴʚʠʠè. ʌʠʣʴʤ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪ 
ʭʨʦʥʠʢʫ 867 ʜʥʝʡ ʦʢʢʫʧʘʮʠʠ ʛʦʨʦʜʘ (ʪʦʛʜʘ ʂʨʘʩʥʦʛʚʘʨʜʝʡʩʢʘ), ʥʘʯʠʥʘʷ ʩ 13 ʩʝʥʪʷʙʨʷ 1941 ʛʦʜʘ. ɹʣʠ-
ʟʦʩʪʴ ʢ ʙʣʦʢʘʜʥʦʤʫ ʃʝʥʠʥʛʨʘʜʫ ʦʧʨʝʜʝʣʠʣʘ ʦʩʦʙʫʶ ʪʷʞʝʩʪʴ ʠʩʧʳʪʘʥʠʡ, ʚʳʧʘʚʰʠʭ ʥʘ ʜʦʣʶ ʞʠʪʝʣʝʡ: 
ʛʦʣʦʜ, ʧʨʠʥʫʜʠʪʝʣʴʥʳʡ ʪʨʫʜ, ʥʘʮʠʩʪʩʢʠʡ ʪʝʨʨʦʨ. ɹʣʘʛʦʜʘʨʷ ʘʨʭʠʚʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʠ ʚʦʩʧʦʤʠʥʘʥʠʷʤ 
ʦʯʝʚʠʜʮʝʚ, ʢʘʨʪʠʥʘ ʬʠʢʩʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʫʞʘʩʳ ʚʦʡʥʳ, ʥʦ ʠ ʥʝʩʛʠʙʘʝʤʫʶ ʩʪʦʡʢʦʩʪʴ ʛʘʪʯʠʥʮʝʚ, ʩʪʘʚ-
ʰʫʶ ʩʠʤʚʦʣʦʤ ʥʘʨʦʜʥʦʛʦɼʨʫʛʦʡ ʚʝʢʪʦʨ ʦʩʤʳʩʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪ ʜʦʢʫʤʝʥʪʘʣʴʥʳʡ ʬʠʣʴʤ çʄʠʭʘʠʣ ɿʦ-
ʨʠʥ. ɾʠʟʥʴ ʧʨʦʜʦʣʞʘʝʪʩʷ!è. ɿʜʝʩʴ ʠʩʪʦʨʠʷ ʧʨʝʣʦʤʣʷʝʪʩʷ ʯʝʨʝʟ ʣʠʯʥʦʩʪʴ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ ð ʚʝ-
ʪʝʨʘʥʘ, ʫʯʘʩʪʥʠʢʘ ʙʦʝʚ ʥʘ ʅʝʚʩʢʦʤ ʧʷʪʘʯʢʝ 1923 ʛʦʜʘ ʨʦʞʜʝʥʠʷ. ɽʛʦ ʨʘʩʩʢʘʟ ʦ ʬʨʦʥʪʦʚʦʤ ʙʳʪʝ, ʜʨʫʞ-
ʙʝ ʠ ʚʝʨʝ ʚ ʙʫʜʫʱʝʝ ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ ʧʨʠʩʫʪʩʪʚʠʷ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʧʨʠʯʘʩʪʠʷ.  

ʀʤʝʥʥʦ ʪʘʢʠʝ ʣʝʥʪʳ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ çʤʦʩʪʘè, ʩʚʷʟʳʚʘʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʫʶ ʘʫʜʠʪʦʨʠʶ ʩ 
ʫʰʝʜʰʝʡ ʵʧʦʭʦʡ ʯʝʨʝʟ ʣʠʯʥʦʝ ʩʦʧʝʨʝʞʠʚʘʥʠʝ [1]. ʀʟʫʯʝʥʠʝ ʚʦʡʥʳ ʯʝʨʝʟ ʢʠʥʝʤʘʪʦʛʨʘʬ ʧʦʟʚʦʣʷʝʪ 
ʫʩʚʦʠʪʴ ʫʨʦʢʠ ʧʨʦʰʣʦʛʦ ʥʝ ʬʦʨʤʘʣʴʥʦ, ʘ ʵʢʟʠʩʪʝʥʮʠʘʣʴʥʦ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʜʣʷ ʙʫʜʫʱʝʛʦ. 

ʀʟʦʙʨʘʟʠʪʝʣʴʥʦʝ ʠʩʢʫʩʩʪʚʦ ʪʘʢʞʝ ʚʳʩʪʫʧʘʝʪ ʤʦʱʥʳʤ ʤʝʜʠʫʤʦʤ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ. ɾʠʚʦʧʠʩʴ 
ʠ ʤʫʟʳʢʘ ʧʦʟʚʦʣʷʶʪ ʧʦʩʪʠʯʴ ʢʫʣʴʪʫʨʥʳʝ ʮʝʥʥʦʩʪʠ ʠ ʠʜʝʘʣʳ ʥʘʨʦʜʘ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʝʣʘʷ 
ʠʩʪʦʨʠʶ ʦʩʷʟʘʝʤʦʡ. ʇʨʠ ʵʪʦʤ ʢʘʞʜʦʝ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʭʫʜʦʞʥʠʢʦʚ ʥʘʭʦʜʠʪ ʩʚʦʠ ʩʧʦʩʦʙʳ ʚʳʨʘʞʝʥʠʷ 
ʵʪʦʡ ʚʝʯʥʦʡ ʪʝʤʳ. 

ʂʘʨʪʠʥʘ ʖʨʠʷ ʅʝʧʨʠʥʮʝʚʘ çʆʪʜʳʭ ʧʦʩʣʝ ʙʦʷè ʩʪʘʣʘ ʧʦʠʩʪʠʥʝ ʥʘʨʦʜʥʳʤ ʦʙʨʘʟʦʤ. ʀʥʪʝʨʝʩʝʥ 
ʛʝʥʝʟʠʩ ʵʪʦʛʦ ʧʦʣʦʪʥʘ: ʭʦʪʷ ʭʫʜʦʞʥʠʢ ʥʝ ʙʳʣ ʟʥʘʢʦʤ ʩ ɸʣʝʢʩʘʥʜʨʦʤ ʊʚʘʨʜʦʚʩʢʠʤ ʣʠʯʥʦ, ʚʠʟʫʘʣʴʥʳʡ 
ʨʷʜ ʨʘʙʦʪʳ ʷʚʥʦ ʧʝʨʝʢʣʠʢʘʝʪʩʷ ʩ ʦʙʨʘʟʦʤ ɺʘʩʠʣʠʷ ʊʸʨʢʠʥʘ. ʇʝʡʟʘʞ, ʥʘʧʠʩʘʥʥʳʡ ʩ ʥʘʪʫʨʳ ʧʦʜ ɿʝʣʝ-
ʥʦʛʦʨʩʢʦʤ, ʥʘʧʦʣʥʷʝʪ ʢʦʤʧʦʟʠʮʠʶ ʩʚʝʪʦʤ ʠ ʚʦʟʜʫʭʦʤ, ʧʨʝʚʨʘʱʘʷ ʩʮʝʥʫ ʚʦʝʥʥʦʛʦ ʙʳʪʘ ʚ ʩʠʤʚʦʣ ʭʨʫʧ-
ʢʦʛʦ ʦʩʪʨʦʚʢʘ ʯʝʣʦʚʝʯʥʦʩʪʠ ʧʦʩʨʝʜʠ ʞʝʩʪʦʢʦʡ ʨʝʘʣʴʥʦʩʪʠ.  

ʀʥʘʷ ʠʥʪʦʥʘʮʠʷ ʟʚʫʯʠʪ ʚ ʪʚʦʨʯʝʩʪʚʝ ʄʠʭʘʠʣʘ ʃʠʭʘʯʝʚʘ. ɽʛʦ ʨʘʙʦʪʘ çʅʘʰʠ ʧʨʠʰʣʠè (1948) ʤʛʥʦ-
ʚʝʥʥʦ ʧʨʠʥʝʩʣʘ ʘʚʪʦʨʫ ʠʟʚʝʩʪʥʦʩʪʴ, ʩʪʘʚ ʩʠʤʚʦʣʦʤ ʦʩʚʦʙʦʞʜʝʥʠʷ. ʆʜʥʘʢʦ ʟʘ ʵʪʠʤ ʧʘʨʘʜʥʳʤ ʬʘʩʘʜʦʤ 
ʩʢʨʳʚʘʣʘʩʴ ʣʠʯʥʘʷ ʜʨʘʤʘ: ʫʯʝʙʘ ʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤ ʫʯʠʣʠʱʝ ʙʳʣʘ ʧʨʝʨʚʘʥʘ ʚʦʡʥʦʡ, ʘ ʪʷʞʝʣʳʡ ʧʣʝʥ 
ʧʦʜ ʃʴʚʦʚʦʤ ʥʘʚʩʝʛʜʘ ʠʟʤʝʥʠʣ ʤʠʨʦʚʦʟʟʨʝʥʠʝ ʤʘʩʪʝʨʘ. ʊʝʤʘ ʚʦʡʥʳ ʚ ʝʛʦ ʧʦʟʜʥʠʭ ʨʘʙʦʪʘʭ ʣʠʰʝʥʘ 
ʧʘʬʦʩʘ; ʦʥʘ ʠʩʧʦʣʥʝʥʘ ʩʢʦʨʙʠ ʠ ʪʠʭʦʛʦ ʫʚʘʞʝʥʠʷ ʢ ʧʘʚʰʠʤ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʩʣʦʞʥʳʡ ʧʫʪʴ ʧʝʨʝʨʘʙʦʪʢʠ 
ʪʨʘʚʤʳ ʚ ʠʩʢʫʩʩʪʚʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʦʝʥʥʳʭ ʣʝʪ ʠ ʧʦʩʣʝʚʦʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʣʫʙʠʥʥʦʝ 
ʧʦʛʨʫʞʝʥʠʝ ʚ ʢʦʥʪʝʢʩʪ ʵʧʦʭʠ. ʍʫʜʦʞʝʩʪʚʝʥʥʦʝ ʦʩʤʳʩʣʝʥʠʝ ʚʦʡʥʳ ð ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʠʣʣʶʩʪʨʘʮʠʷ ʢ 
ʫʯʝʙʥʠʢʫ ʠʩʪʦʨʠʠ. ʕʪʦ ʤʝʭʘʥʠʟʤ ʘʢʪʠʚʘʮʠʠ ʵʤʧʘʪʠʠ, ʢʦʪʦʨʳʡ ʟʘʩʪʘʚʣʷʝʪ ʟʨʠʪʝʣʷ ʠ ʯʠʪʘʪʝʣʷ ʧʨʦʧʫ-
ʩʪʠʪʴ ʯʫʞʫʶ ʙʦʣʴ ʯʝʨʝʟ ʩʝʙʷ. ʊʦʣʴʢʦ ʯʝʨʝʟ ʪʘʢʦʝ ʩʦʯʫʚʩʪʚʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʧʦʜʣʠʥʥʘʷ ʦʮʝʥʢʘ 
ʮʝʥʳ ʇʦʙʝʜʳ [2]. ʀʩʪʦʨʠʯʝʩʢʘʷ ʧʘʤʷʪʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 
ʥʨʘʚʩʪʚʝʥʥʳʭ ʦʨʠʝʥʪʠʨʦʚ, ʧʨʝʜʦʩʪʝʨʝʛʘʶʱʘʷ ʦʪ ʧʦʚʪʦʨʝʥʠʷ ʦʰʠʙʦʢ ʠ ʟʘʜʘʶʱʘʷ ʚʝʨʥʳʡ ʚʝʢʪʦʨ ʨʘʟ-
ʚʠʪʠʷ ʦʙʱʝʩʪʚʘ.                                           
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ɻɹʆʋ ʈɸ çɸʜʳʛʝʡʩʢʘʷ ʨʝʩʧʫʙʣʠʢʘʥʩʢʘʷ ʛʠʤʥʘʟʠʷè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʫʟʳʢʘʣʴʥʦ-ʨʠʪʤʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ ʜʣʷ 
ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʛʥʠʪʠʚʥʳʭ, ʜʚʠʛʘʪʝʣʴʥʳʭ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦ-ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʧʦʞʠʣʦʛʦ ʯʝʣʦʚʝ-
ʢʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʨʠʪʤʫ ʢʘʢ ʠʟʤʝʨʷʝʤʦʡ ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ, ʩʧʦʩʦʙʥʦʡ ʚʳʩʪʫʧʘʪʴ ʚʥʝʰ-
ʥʠʤ ʦʨʠʝʥʪʠʨʦʤ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʚʠʞʝʥʠʡ, ʦʨʛʘʥʠʟʘʮʠʠ ʚʥʠʤʘʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-
ʥʳʭ ʜʝʡʩʪʚʠʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʘʘʥʘʣʠʟʦʚ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʟʦʨʦʚ ʠ 
ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʫʟʳʢʘʣʴʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʩʨʝʜʠ ʟʜʦʨʦʚʳʭ ʧʦʞʠʣʳʭ ʣʶʜʝʡ, ʣʠʮ ʩ 
ʢʦʛʥʠʪʠʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʜʝʤʝʥʮʠʝʡ ʠ ʙʦʣʝʟʥʴʶ ʇʘʨʢʠʥʩʦʥʘ.  
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʫʟʳʢʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʤʝʪʦʜʦʤ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʷ, ʦʜʥʘʢʦ ʧʨʠ ʦʙʦʩ-
ʥʦʚʘʥʥʦʤ ʧʦʜʙʦʨʝ ʤʦʞʝʪ ʜʦʧʦʣʥʷʪʴ ʤʝʜʠʮʠʥʩʢʫʶ ʠ ʩʦʮʠʘʣʴʥʫʶ ʨʝʘʙʠʣʠʪʘʮʠʶ, ʦʙʣʝʛʯʘʪʴ ʫʩʪʘʥʦʚʣʝ-
ʥʠʝ ʢʦʥʪʘʢʪʘ, ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ ʚʦʩʧʦʤʠʥʘʥʠʷ, ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʚʠʛʘʪʝʣʴʥʫʶ ʠʥʠʮʠʘʪʠʚʫ ʠ ʩʥʠʞʘʪʴ ʦʪ-
ʜʝʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʙʝʩʧʦʢʦʡʩʪʚʘ. ʇʨʝʜʣʦʞʝʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʨʛʘʥʠʟʘʮʠʠ ʤʫʟʳʢʘʣʴʥʦ-
ʨʠʪʤʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʚ ʫʯʨʝʞʜʝʥʠʷʭ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʫʭʦʜʘ. ʆʙʦʩʥʦʚʘʥʘ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʩʦʥʘʣʠʟʘʮʠʠ ʤʫʟʳʢʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʮʝʥʢʠ ʨʝʘʢʮʠʠ ʯʝʣʦʚʝʢʘ ʠ ʨʘʟʛʨʘʥʠʯʝʥʠʷ 
ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʤʫʟʳʢʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ʠ ʦʙʳʯʥʦʛʦ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʤʫʟʳʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʫʟʳʢʘʣʴʥʳʡ ʨʠʪʤ, ʧʦʞʠʣʦʡ ʯʝʣʦʚʝʢ, ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ, ʧʘʤʷʪʴ, ʜʝʤʝʥʮʠʷ, ʙʦ-
ʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ, ʤʫʟʳʢʘʣʴʥʘʷ ʪʝʨʘʧʠʷ, ʨʠʪʤʠʯʝʩʢʘʷ ʩʣʫʭʦʚʘʷ ʩʪʠʤʫʣʷʮʠʷ, ʘʢʪʠʚʥʦʝ ʜʦʣʛʦʣʝʪʠʝ. 
 
FROM THE MATHEMATICAL STRUCTURE OF RHYTHM TO HUMAN SUPPORT: MUSIC IN PRESERVING 

COGNITIVE AND MOTOR FUNCTIONS IN OLD AGE 
 

Ashinova Sabina Ruslanovna  
 

Scientific adviser: Shishova Rita Guchipsovna,  
Udychak Elena Grigorievna  

https://arg01.ru/
https://arg01.ru/


ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 221 

 

XXIV  International scientific conference | www.naukaip.ru 

Abstract: The article discusses the possibilities of using musical and rhythmic practices to maintain the 
cognitive, motor, and emotional-communicative functions of an elderly person. Particular attention is paid to 
rhythm as a measurable temporal structure capable of acting as an external guideline for performing 
movements, organizing attention, and reproducing sequential actions. The results of modern meta-analyses, 
systematic reviews, and randomized studies of musical interventions among healthy elderly people, people 
with cognitive impairments, dementia, and Parkinson's disease are analyzed. 
It has been shown that music is not an independent method of treating the disease, however, with reasonable 
selection, it can complement medical and social rehabilitation, facilitate contact, activate memories, support 
motor initiative and reduce certain manifestations of anxiety. A practical model of the organization of musical 
and rhythmic classes in institutions of social services and long-term care is proposed. The necessity of 
personalization of musical material, assessment of human reaction and differentiation of professional music 
therapy and ordinary listening to music is substantiated. 
Keywords: musical rhythm, elderly, cognitive functions, memory, dementia, Parkinson's disease, music thera-
py, rhythmic auditory stimulation, active longevity. 

 
ɺʚʝʜʝʥʠʝ 

ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʦʞʠʣʦʛʦ ʯʝʣʦʚʝʢʘ ʚʥʠʤʘʥʠʝ ʦʙʳʯʥʦ ʩʦʩʨʝʜʦʪʦʯʠʚʘʝʪʩʷ ʥʘ ʤʝ-
ʜʠʮʠʥʩʢʦʤ ʜʠʘʛʥʦʟʝ, ʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʠ ʚʳʧʦʣʥʷʪʴ ʧʦʚʩʝʜʥʝʚʥʳʝ ʜʝʡʩʪʚʠʷ. 
ʆʜʥʘʢʦ ʥʝ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤʠ ʷʚʣʷʶʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ, ʫʟʥʘʚʘʥʠʝ ʙʣʠʟʢʠʭ, 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʟʛʦʚʦʨ, ʚʩʧʦʤʠʥʘʪʴ ʩʦʙʳʪʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʠ ʦʱʫʱʘʪʴ ʩʝʙʷ ʫʯʘʩʪ-
ʥʠʢʦʤ, ʘ ʥʝ ʦʙʲʝʢʪʦʤ ʫʭʦʜʘ. 

ʄʫʟʳʢʘ ʟʘʥʠʤʘʝʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʥʝʤʝʜʠʢʘʤʝʥʪʦʟʥʳʭ ʩʨʝʜʩʪʚ ʧʦʜʜʝʨʞʢʠ ʯʝʣʦʚʝʢʘ. ʆʥʘ ʦʜ-
ʥʦʚʨʝʤʝʥʥʦ ʦʙʣʘʜʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʳʨʘʞʝʥʥʳʤ ʣʠʯʥʦʩʪʥʳʤ ʩʦʜʝʨʞʘ-
ʥʠʝʤ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʚʫʢʦʚ ʩʪʨʦʠʪʩʷ ʥʘ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʘʭ, ʧʦʚʪʦʨʝʥʠʷʭ, ʘʢʮʝʥʪʘʭ, ʧʨʦʧʦʨ-
ʮʠʷʭ ʠ ʠʟʤʝʥʝʥʠʷʭ ʪʝʤʧʘ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʟʥʘʢʦʤʘʷ ʧʝʩʥʷ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʤʦʣʦʜʦʩʪʴʶ, ʩʝʤʴʸʡ, 
ʨʘʙʦʪʦʡ, ʚʘʞʥʳʤ ʩʦʙʳʪʠʝʤ ʠʣʠ ʢʫʣʴʪʫʨʥʦʡ ʪʨʘʜʠʮʠʝʡ. ʇʦʵʪʦʤʫ ʤʫʟʳʢʘ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 
ʬʠʟʠʯʝʩʢʠʡ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ, ʥʦ ʠ ʢʘʢ ʥʦʩʠʪʝʣʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʦʧʳʪʘ. 

ɺ ʜʦʢʫʤʝʥʪʘʭ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʠʩʢʫʩʩʪʚʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝ ʚ ʢʘʯʝ-
ʩʪʚʝ ʟʘʤʝʥʳ ʤʝʜʠʮʠʥʩʢʦʛʦ ʣʝʯʝʥʠʷ, ʘ ʢʘʢ ʚʦʟʤʦʞʥʦʝ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʨʦʬʠʣʘʢʪʠʢʝ, ʨʝʘʙʠʣʠʪʘʮʠʠ ʠ 
ʧʦʜʜʝʨʞʘʥʠʶ ʙʣʘʛʦʧʦʣʫʯʠʷ ʯʝʣʦʚʝʢʘ [1]. ɺ ʦʪʥʦʰʝʥʠʠ ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʤʫʟʳʢʘʣʴʥʦ-ʨʠʪʤʠʯʝʩʢʠʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʢʣʶʯʘʪʴ ʩʣʫʭʦʚʦʝ ʚʦʩ-
ʧʨʠʷʪʠʝ, ʧʘʤʷʪʴ, ʨʝʯʴ, ʜʚʠʞʝʥʠʝ, ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʦʪʢʣʠʢ ʠ ʩʦʮʠʘʣʴʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʎʝʣʴ ʩʪʘʪʴʠ ð ʦʧʨʝʜʝʣʠʪʴ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ 
ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʫʟʳʢʘʣʴʥʦʛʦ ʨʠʪʤʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʛʥʠʪʠʚʥʳʭ ʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ 
ʧʦʞʠʣʳʭ ʣʶʜʝʡ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʬʦʨʤʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʩʩʤʘʪʨʠʚʘ-

ʣʠʩʴ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʟʦʨʳ, ʤʝʪʘʘʥʘʣʠʟʳ ʠ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 2024ï2026 ʛʛ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʤʫʟʳʢʘʣʴʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʩʨʝʜʠ 
ʟʜʦʨʦʚʳʭ ʧʦʞʠʣʳʭ ʣʶʜʝʡ, ʣʠʮ ʩ ʫʤʝʨʝʥʥʳʤʠ ʢʦʛʥʠʪʠʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʜʝʤʝʥʮʠʝʡ ʠ ʙʦʣʝʟʥʴʶ 
ʇʘʨʢʠʥʩʦʥʘ. 

ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʘʥʘʣʠʟʘ ʷʚʣʷʣʠʩʴ ʚʣʠʷʥʠʝ ʤʫʟʳʢʘʣʴʥʳʭ ʟʘʥʷʪʠʡ ʥʘ ʦʙʱʫʶ ʢʦʛʥʠʪʠʚʥʫʶ 
ʬʫʥʢʮʠʶ, ʧʘʤʷʪʴ, ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʥʘʩʪʨʦʝʥʠʝ, ʧʦʚʝʜʝʥʠʝ, ʧʦʭʦʜʢʫ ʠ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʚ ʧʦ-
ʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʆʪʜʝʣʴʥʦ ʦʮʝʥʠʚʘʣʠʩʴ ʦʛʨʘʥʠʯʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʥʝʦʜʠʥʘʢʦʚʘʷ ʧʨʦʜʦʣ-
ʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʛʨʘʤʤ, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʘʢʪʠʚʥʳʤ ʤʫʟʠʮʠʨʦʚʘʥʠʝʤ ʠ ʧʨʦʩʣʫʰʠʚʘʥʠʝʤ, ʦʪʩʫʪʩʪʚʠʝ 
ʝʜʠʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʫʟʳʢʘʣʴʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʠ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʷ ʧʦ-
ʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʟʘʥʷʪʠʡ. 

ʈʠʪʤ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʠ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʜʚʠʞʝʥʠʷ 
ʈʠʪʤ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ, ʨʘʟʜʝʣʸʥʥʳʭ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʚʨʝ-



222 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ʤʝʥʥʳʤʠ ʠʥʪʝʨʚʘʣʘʤʠ. ɺ ʤʫʟʳʢʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʪʝʤʧ ʚʳʨʘʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʣʝʡ ʚ ʤʠʥʫʪʫ ð beats 
per minute, ʠʣʠ BPM. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ȹt = 60 / n, 
ʛʜʝ ȹt ð ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʥʪʝʨʚʘʣʘ ʚ ʩʝʢʫʥʜʘʭ, ʘ n ð ʢʦʣʠʯʝʩʪʚʦ ʨʠʪʤʠʯʝʩʢʠʭ ʜʦʣʝʡ ʚ ʤʠʥʫʪʫ. 
ʅʘʧʨʠʤʝʨ, ʧʨʠ ʪʝʤʧʝ 90 BPM ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʦʣʷʤʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 0,67 ʩʝʢʫʥʜʳ. 

ɼʣʷ ʤʫʟʳʢʘʥʪʘ ʵʪʦ ʵʣʝʤʝʥʪ ʠʩʧʦʣʥʝʥʠʷ, ʘ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʘ ʧʦ ʨʝʘʙʠʣʠʪʘʮʠʠ ð ʠʟʤʝʨʷʝʤʳʡ ʚʥʝʰʥʠʡ 
ʩʠʛʥʘʣ, ʧʦʜ ʢʦʪʦʨʳʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʩʦʛʣʘʩʦʚʳʚʘʪʴ ʰʘʛʠ, ʜʚʠʞʝʥʠʷ ʨʫʢ ʠʣʠ ʜʳʭʘʪʝʣʴʥʳʝ ʮʠʢʣʳ. 

ʇʨʠ ʚʦʟʨʘʩʪʥʳʭ ʠ ʥʝʚʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʷʭ ʯʝʣʦʚʝʢʫ ʠʥʦʛʜʘ ʪʨʫʜʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩʦʭʨʘ-
ʥʷʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʚʠʞʝʥʠʷ. ʆʥ ʤʦʞʝʪ ʥʘʯʠʥʘʪʴ ʠʜʪʠ ʙʳʩʪʨʝʝ, ʟʘʪʝʤ ʟʘʤʝʜʣʷʪʴʩʷ, ʫʤʝʥʴʰʘʪʴ ʜʣʠʥʫ 
ʰʘʛʘ ʠʣʠ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ. ɺʥʝʰʥʠʡ ʨʠʪʤ ʚ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʥʦʡ ʦʧʦʨʳ: ʯʝ-
ʣʦʚʝʢʫ ʥʝ ʪʨʝʙʫʝʪʩʷ ʢʘʞʜʳʡ ʨʘʟ ʟʘʥʦʚʦ ʬʦʨʤʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʶʶ ʧʨʦʛʨʘʤʤʫ ʩʣʝʜʫʶʱʝʛʦ ʜʚʠʞʝʥʠʷ ð 
ʯʘʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʡʩʪʚʠʷ ʟʘʜʘʸʪʩʷ ʟʚʫʢʦʚʳʤ ʩʠʛʥʘʣʦʤ. 

ʆʩʦʙʝʥʥʦ ʘʢʪʠʚʥʦ ʨʠʪʤʠʯʝʩʢʘʷ ʩʣʫʭʦʚʘʷ ʩʪʠʤʫʣʷʮʠʷ ʠʩʩʣʝʜʫʝʪʩʷ ʧʨʠ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ. ʉʠ-
ʩʪʝʤʘʪʠʯʝʩʢʠʝ ʦʙʟʦʨʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʨʠʪʤ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ 
ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʭʦʜʴʙʳ, ʚʢʣʶʯʘʷ ʪʝʤʧ, ʜʣʠʥʫ ʰʘʛʘ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʠʩ-
ʩʣʝʜʦʚʘʪʝʣʠ ʧʦʜʯʸʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʦʜʙʦʨʘ ʩʢʦʨʦʩʪʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʝʝ 
ʢʨʫʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʜʣʠʪʝʣʴʥʳʤ ʥʘʙʣʶʜʝʥʠʝʤ [7]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʦʯʥʦʩʪʴ ʤʫʟʳʢʘʣʴʥʦʛʦ ʨʠʪʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʤʝʜʠʮʠʥʩʢʦʝ ʟʥʘʯʝ-
ʥʠʝ ʥʝ ʩʘʤʘ ʧʦ ʩʝʙʝ, ʘ ʚ ʤʦʤʝʥʪ ʩʦʛʣʘʩʦʚʘʥʠʷ ʟʚʫʢʘ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʢʦʥʢʨʝʪʥʦʛʦ ʯʝʣʦʚʝʢʘ. ʉʣʠʰʢʦʤ 
ʙʳʩʪʨʳʡ ʪʝʤʧ ʤʦʞʝʪ ʫʩʠʣʠʚʘʪʴ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʘ ʩʣʠʰʢʦʤ ʤʝʜʣʝʥʥʳʡ ð ʥʘʨʫʰʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʠ-
ʩʫʥʦʢ ʭʦʜʴʙʳ. ʇʦʵʪʦʤʫ ʨʠʪʤ ʜʦʣʞʝʥ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʠʩʭʦʜʥʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʘ ʥʝ ʥʘʚʷʟʳ-
ʚʘʪʴ ʯʝʣʦʚʝʢʫ ʬʦʨʤʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩʪʘʥʜʘʨʪ. 

ʄʫʟʳʢʘ, ʧʘʤʷʪʴ ʠ ʢʦʛʥʠʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 
ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ, ʥʦ ʫʤʝʨʝʥʥʦʤ ʚʣʠʷʥʠʠ ʤʫʟʳ-

ʢʘʣʴʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʧʦʞʠʣʳʭ ʣʶʜʝʡ. ɺ ʤʝʪʘʘʥʘʣʠʟ 2025 ʛ. ʙʳʣʠ ʚʢʣʶʯʝʥʳ 
33 ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʫʯʘʩʪʠʝʤ 3058 ʯʝʣʦʚʝʢ. ɸʚʪʦʨʳ ʫʩʪʘʥʦʚʠʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘ-
ʯʠʤʳʝ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʱʝʡ ʢʦʛʥʠʪʠʚʥʦʡ ʬʫʥʢʮʠʠ, ʧʘʤʷʪʠ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ [2]. 
ʇʨʠ ʵʪʦʤ ʠʪʦʛʦʚʦʝ ʢʘʯʝʩʪʚʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʙʳʣʦ ʦʮʝʥʝʥʦ ʢʘʢ ʥʝʚʳʩʦʢʦʝ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ 
ʧʨʦʛʨʘʤʤ, ʨʠʩʢʘ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʦʰʠʙʦʢ ʠ ʨʘʟʣʠʯʠʡ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʫʟʳʢʫ ʥʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʨʝʜʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʚʦʩʩʪʘʥʦ-
ʚʠʪʴ ʫʪʨʘʯʝʥʥʫʶ ʧʘʤʷʪʴ ʠʣʠ ʦʩʪʘʥʦʚʠʪʴ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ. ɹʦʣʝʝ ʢʦʨʨʝʢʪʥʦ ʛʦʚʦʨʠʪʴ 
ʦ ʚʨʝʤʝʥʥʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʩʦʭʨʘʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʩʦʟʜʘʥʠʠ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʯʝʣʦʚʝʢʫ ʣʝʛʯʝ ʚʢʣʶ-
ʯʠʪʴʩʷ ʚ ʦʙʱʝʥʠʝ, ʚʩʧʦʤʥʠʪʴ ʦʪʜʝʣʴʥʳʝ ʩʦʙʳʪʠʷ ʠʣʠ ʚʳʧʦʣʥʠʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ. 

ʆʩʦʙʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʟʥʘʢʦʤʘʷ ʤʫʟʳʢʘ. ʇʝʩʥʷ, ʢʦʪʦʨʫʶ ʯʝʣʦʚʝʢ ʩʣʳʰʘʣ ʚ ʤʦʣʦʜʦʩʪʠ, ʩʚʷʟʘʥʘ ʥʝ 
ʪʦʣʴʢʦ ʩ ʤʝʣʦʜʠʝʡ, ʥʦ ʠ ʩ ʛʦʣʦʩʘʤʠ, ʤʝʩʪʘʤʠ, ʣʶʜʴʤʠ ʠ ʩʠʪʫʘʮʠʷʤʠ. ʇʦʵʪʦʤʫ ʤʫʟʳʢʘʣʴʥʳʡ ʬʨʘʛʤʝʥʪ 
ʤʦʞʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʢʣʶʯʦʤ ʢ ʘʚʪʦʙʠʦʛʨʘʬʠʯʝʩʢʦʡ ʧʘʤʷʪʠ. ʏʝʣʦʚʝʢ, ʟʘʪʨʫʜʥʷʶʱʠʡʩʷ 
ʦʪʚʝʪʠʪʴ ʥʘ ʧʨʷʤʦʡ ʚʦʧʨʦʩ ʦ ʧʨʦʰʣʦʤ, ʠʥʦʛʜʘ ʥʘʯʠʥʘʝʪ ʧʦʜʧʝʚʘʪʴ, ʥʘʟʳʚʘʪʴ ʠʩʧʦʣʥʠʪʝʣʷ ʠʣʠ ʨʘʩʩʢʘ-
ʟʳʚʘʪʴ, ʛʜʝ ʦʥ ʩʣʳʰʘʣ ʵʪʫ ʧʝʩʥʶ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʧʦʣʴ-
ʟʫ ʤʫʟʳʢʘʣʴʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʘʚʪʦ-
ʨʳ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʝʦʙʭʦ-
ʜʠʤʦʩʪʴ ʫʯʘʩʪʠʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ [4]. 

ɿʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠ ʬʦʨʤʘ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʦʩʣʫʰʠʚʘʥʠʝ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʦʪʢʣʠʢ, 
ʥʦ ʧʝʥʠʝ, ʧʦʚʪʦʨʝʥʠʝ ʨʠʪʤʘ, ʠʛʨʘ ʥʘ ʧʨʦʩʪʦʤ ʠʥʩʪʨʫʤʝʥʪʝ ʠʣʠ ʜʚʠʞʝʥʠʝ ʧʦʜ ʤʫʟʳʢʫ ʪʨʝʙʫʶʪ ʙʦʣʝʝ 
ʘʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ. ɺ ʵʪʠʭ ʜʝʡʩʪʚʠʷʭ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʩʣʫʭʦʚʦʝ ʚʥʠʤʘʥʠʝ, ʧʘʤʷʪʴ, ʢʦʦʨ-
ʜʠʥʘʮʠʷ, ʨʝʯʴ ʠ ʢʦʥʪʨʦʣʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 

ɺ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 2025 ʛ. ʧʦʞʠʣʳʝ ʣʶʜʠ 65ï74 ʣʝʪ, ʨʘʥʝʝ ʥʝ ʠʤʝʚʰʠʝ ʦʧʳʪʘ 
ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʫʟʠʮʠʨʦʚʘʥʠʷ, ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʝʞʝʥʝʜʝʣʴʥʳʭ 90-ʤʠʥʫʪʥʳʭ ʛʨʫʧʧʦʚʳʭ ʟʘʥʷʪʠʷʭ ʚ 
ʪʝʯʝʥʠʝ 16 ʥʝʜʝʣʴ. ʇʦʩʣʝ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʫʣʫʯʰʝʥʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʦʙʱʝʡ 
ʢʦʛʥʠʪʠʚʥʦʡ ʬʫʥʢʮʠʠ ʠ ʣʦʛʠʯʝʩʢʦʡ ʧʘʤʷʪʠ [5]. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩʨʝʜʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
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ʟʜʦʨʦʚʳʭ ʫʯʘʩʪʥʠʢʦʚ, ʧʦʵʪʦʤʫ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʥʝʣʴʟʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʝʨʝʥʦʩʠʪʴ ʥʘ ʣʶʜʝʡ ʩ ʪʷʞʸʣʦʡ 
ʜʝʤʝʥʮʠʝʡ ʠʣʠ ʚʳʨʘʞʝʥʥʳʤʠ ʜʚʠʛʘʪʝʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

ʏʝʣʦʚʝʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʤʫʟʳʢʘʣʴʥʳʭ ʟʘʥʷʪʠʡ 
ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʟʫʣʴʪʘʪ ʤʫʟʳʢʘʣʴʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʟʘʚʠʩʠʪ ʥʝ ʩʪʦʣʴʢʦ ʦʪ ʬʦʨʤʘʣʴʥʦʛʦ ʚʢʣʶ-

ʯʝʥʠʷ ʤʫʟʳʢʠ, ʩʢʦʣʴʢʦ ʦʪ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ: ʯʪʦ ʵʪʘ ʤʫʟʳʢʘ ʦʟʥʘʯʘʝʪ ʜʣʷ ʜʘʥʥʦʛʦ ʯʝʣʦʚʝʢʘ? 
ʊʠʧʠʯʥʦʡ ʦʰʠʙʢʦʡ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʦʜʠʥʘʢʦʚʦʡ çʫʩʧʦʢʘʠʚʘʶʱʝʡè ʤʫʟʳʢʠ ʜʣʷ ʚʩʝʭ ʧʨʦʞʠ-

ʚʘʶʱʠʭ ʫʯʨʝʞʜʝʥʠʷ. ʂʣʘʩʩʠʯʝʩʢʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʤʦʞʝʪ ʥʨʘʚʠʪʴʩʷ ʦʜʥʦʤʫ ʯʝʣʦʚʝʢʫ ʠ ʚʳʟʳʚʘʪʴ ʨʘʟ-
ʜʨʘʞʝʥʠʝ ʫ ʜʨʫʛʦʛʦ. ʇʝʩʥʷ ʧʨʦʰʣʳʭ ʣʝʪ ʩʧʦʩʦʙʥʘ ʧʨʦʙʫʞʜʘʪʴ ʪʸʧʣʳʝ ʚʦʩʧʦʤʠʥʘʥʠʷ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ 
ʩʚʷʟʘʥʘ ʠ ʩ ʫʪʨʘʪʦʡ, ʚʦʝʥʥʳʤ ʦʧʳʪʦʤ ʣʠʙʦ ʪʷʞʸʣʳʤ ʧʝʨʠʦʜʦʤ ʞʠʟʥʠ. 

ʇʦʵʪʦʤʫ ʧʦʜʛʦʪʦʚʢʘ ʟʘʥʷʪʠʷ ʜʦʣʞʥʘ ʥʘʯʠʥʘʪʴʩʷ ʩʦ ʩʙʦʨʘ ʤʫʟʳʢʘʣʴʥʦʛʦ ʘʥʘʤʥʝʟʘ. ʋ ʩʘʤʦʛʦ ʯʝ-
ʣʦʚʝʢʘ ʠʣʠ ʝʛʦ ʨʦʜʩʪʚʝʥʥʠʢʦʚ ʫʪʦʯʥʷʶʪ ʣʶʙʠʤʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʧʝʩʥʠ ʤʦʣʦʜʦʩʪʠ, ʥʘʮʠʦʥʘʣʴʥʳʝ ʠ 
ʩʝʤʝʡʥʳʝ ʤʫʟʳʢʘʣʴʥʳʝ ʪʨʘʜʠʮʠʠ, ʦʧʳʪ ʧʝʥʠʷ, ʪʘʥʮʝʚ ʠʣʠ ʠʛʨʳ ʥʘ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ. ɺʘʞʥʦ 
ʫʩʪʘʥʦʚʠʪʴ ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ. 

ɼʣʷ ʫʯʨʝʞʜʝʥʠʡ ʩʦʮʠʘʣʴʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʘʷ ʨʘʙʦʯʘʷ ʤʦʜʝʣʴ 
ʟʘʥʷʪʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 25ï40 ʤʠʥʫʪ: 

1. ʩʧʦʢʦʡʥʦʝ ʧʨʠʚʝʪʩʪʚʠʝ ʠ ʦʮʝʥʢʘ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ; 
2. ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʟʥʘʢʦʤʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ; 
3. ʦʙʩʫʞʜʝʥʠʝ ʚʦʟʥʠʢʰʠʭ ʚʦʩʧʦʤʠʥʘʥʠʡ ʠ ʘʩʩʦʮʠʘʮʠʡ; 
4. ʧʦʚʪʦʨʝʥʠʝ ʥʝʩʣʦʞʥʦʛʦ ʨʠʪʤʠʯʝʩʢʦʛʦ ʨʠʩʫʥʢʘ ʣʘʜʦʥʷʤʠ ʠʣʠ ʙʝʟʦʧʘʩʥʳʤʠ ʰʫʤʦʚʳʤʠ ʠʥ-

ʩʪʨʫʤʝʥʪʘʤʠ; 
5. ʜʚʠʞʝʥʠʝ ʨʫʢʘʤʠ, ʥʦʛʘʤʠ ʠʣʠ ʭʦʜʴʙʘ ʧʦʜ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʪʝʤʧ; 
6. ʩʦʚʤʝʩʪʥʦʝ ʧʝʥʠʝ ʜʦʩʪʫʧʥʦʛʦ ʬʨʘʛʤʝʥʪʘ; 
7. ʩʧʦʢʦʡʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʠ ʬʠʢʩʘʮʠʷ ʨʝʘʢʮʠʠ ʫʯʘʩʪʥʠʢʘ. 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʩʦʜʝʨʞʘʥʠʝ ʜʦʣʞʥʳ ʠʟʤʝʥʷʪʴʩʷ ʩ ʫʯʸʪʦʤ ʫʪʦʤʣʷʝʤʦʩʪʠ, ʩʣʫʭʘ, ʜʚʠʛʘ-

ʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʄʝʪʘʘʥʘʣʠʟ ʤʫʟʳʢʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠ ʜʝʤʝʥʮʠʠ 
ʧʦʢʘʟʘʣ, ʯʪʦ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʢʦʛʥʠʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʧʨʦʛʨʘʤʤʘʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-
ʩʪʴʶ ʥʝ ʤʝʥʝʝ 12 ʥʝʜʝʣʴ, ʚʢʣʶʯʘʚʰʠʭ ʥʝ ʤʝʥʝʝ 16 ʟʘʥʷʪʠʡ ʠ ʥʝ ʤʝʥʝʝ ʚʦʩʴʤʠ ʯʘʩʦʚ ʦʙʱʝʡ ʨʘʙʦʪʳ [3]. 
ʕʪʠ ʜʘʥʥʳʝ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʣʝʯʝʙʥʳʤ ʩʪʘʥʜʘʨʪʦʤ, ʥʦ ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʜʠʥʠʯʥʦʝ 
ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʤʫʟʳʢʠ ʠ ʩʠʩʪʝʤʥʘʷ ʧʨʦʛʨʘʤʤʘ ð ʥʝ ʦʜʥʦ ʠ ʪʦ ʞʝ. 

ʄʫʟʳʢʘ ʢʘʢ ʩʨʝʜʩʪʚʦ ʢʦʥʪʘʢʪʘ, ʘ ʥʝ ʪʦʣʴʢʦ ʩʪʠʤʫʣʷʮʠʠ 
ɼʣʷ ʧʦʞʠʣʦʛʦ ʯʝʣʦʚʝʢʘ ʩ ʜʝʤʝʥʮʠʝʡ ʚʘʞʝʥ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʨʷʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʀʥʦ-

ʛʜʘ ʟʥʘʯʠʤʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʢʦʥʪʘʢʪ: ʯʝʣʦʚʝʢ ʩʤʦʪʨʠʪ ʥʘ ʩʦʙʝʩʝʜ-
ʥʠʢʘ, ʫʣʳʙʘʝʪʩʷ, ʧʨʦʠʟʥʦʩʠʪ ʩʣʦʚʘ ʧʝʩʥʠ, ʩʧʦʢʦʡʥʝʝ ʧʨʠʥʠʤʘʝʪ ʧʦʤʦʱʴ ʠʣʠ ʚʢʣʶʯʘʝʪʩʷ ʚ ʩʦʚʤʝʩʪʥʦʝ 
ʜʝʡʩʪʚʠʝ. 

ɺ ʢʨʫʧʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩ ʫʯʘʩʪʠʝʤ 976 ʧʨʦʞʠʚʘʶʱʠʭ ʜʦʤʦʚ ʧʨʝʩʪʘʨʝʣʳʭ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥ-
ʥʘʷ ʤʫʟʳʢʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʫʤʝʥʴʰʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʬʦʨʤ ʚʝʨʙʘʣʴʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʶ 
ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʦʷʚʣʝʥʠʡ ʫʜʦʚʦʣʴʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʠʟʠʯʝʩʢʠ ʚʳʨʘʞʝʥ-
ʥʦʝ ʙʝʩʧʦʢʦʡʥʦʝ ʧʦʚʝʜʝʥʠʝ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ [6]. ʊʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʫʟʳʢʘʣʴʥʦʝ 
ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʥʝ ʜʝʡʩʪʚʫʝʪ ʦʜʠʥʘʢʦʚʦ ʥʘ ʚʩʝ ʩʠʤʧʪʦʤʳ ʠ ʥʝ ʜʦʣʞʥʦ ʦʮʝʥʠʚʘʪʴʩʷ ʧʦ ʧʨʠʥʮʠʧʫ çʧʦ-
ʤʦʛʣʦ ð ʥʝ ʧʦʤʦʛʣʦè ʙʝʟ ʫʪʦʯʥʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʠ. 

ɽʩʣʠ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʙʝʩʧʦʢʦʡʩʪʚʘ, ʦʮʝʥʠʚʘʶʪʩʷ ʯʘʩʪʦʪʘ ʢʨʠʢʦʚ, ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʦʙ-
ʨʘʱʝʥʠʡ ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʭʦʜʫ. ɽʩʣʠ ʧʨʦʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʜʚʠʞʝʥʠʝ, ʬʠʢʩʠʨʫʶʪʩʷ ʜʣʠʥʘ ʰʘ-
ʛʘ, ʪʝʤʧ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʥʦʚʦʢ ʠ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʦʜʜʝʨʞʢʝ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʧʘʤʷʪʴʶ ʦʮʝʥʠʚʘʶʪʩʷ ʫʟʥʘ-
ʚʘʥʠʝ ʤʝʣʦʜʠʡ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʩʣʦʚ, ʫʯʘʩʪʠʝ ʚ ʙʝʩʝʜʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʣʝʜʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ 
ʠʥʩʪʨʫʢʮʠʠ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʝʨʝʚʦʜʠʪ ʤʫʟʳʢʫ ʠʟ ʦʙʣʘʩʪʠ ʦʙʱʝʛʦ ʜʦʩʫʛʘ ʚ ʦʙʣʘʩʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʧʦʜʜʝʨ-
ʞʠʚʘʶʱʝʡ ʧʨʘʢʪʠʢʠ. ʇʨʠ ʵʪʦʤ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ ʜʦʙʨʦʚʦʣʴʥʳʤ. ʆʪʢʘʟ, ʧʨʠʟʥʘʢʠ 
ʨʘʟʜʨʘʞʝʥʠʷ, ʫʩʪʘʣʦʩʪʴ, ʫʯʘʱʝʥʠʝ ʜʳʭʘʥʠʷ, ʧʦʧʳʪʢʘ ʩʥʷʪʴ ʥʘʫʰʥʠʢʠ ʠʣʠ ʫʡʪʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʝʤ 
ʜʣʷ ʧʨʝʢʨʘʱʝʥʠʷ ʣʠʙʦ ʠʟʤʝʥʝʥʠʷ ʟʘʥʷʪʠʷ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʨʠʩʢʠ 
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XXIV ȋȄȅȃȒȌǿȏȍȃȌǿȞ ȌǿȒȖȌȍ-ȎȏǿȉȑȇȖȄȐȉǿȞ ȉȍȌȓȄȏȄȌȕȇȞ  z ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ʄʫʟʳʢʘʣʴʥʫʶ ʪʝʨʘʧʠʶ ʥʝʦʙʭʦʜʠʤʦ ʦʪʣʠʯʘʪʴ ʦʪ ʙʳʪʦʚʦʛʦ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʤʫʟʳʢʠ. ʇʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʘʷ ʤʫʟʳʢʘʣʴʥʘʷ ʪʝʨʘʧʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʮʝʥʢʫ ʩʦʩʪʦʷʥʠʷ, ʧʦʩʪʘʥʦʚʢʫ ʮʝʣʠ, ʧʦʜʙʦʨ ʤʝʪʦʜʦʚ, 
ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʝʘʢʮʠʷʤʠ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʧʨʦʛʨʘʤʤʳ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʧʝʮʠʘʣʠʩʪʦʤ. ɺʢʣʶʯʝʥʠʝ 
ʣʶʙʠʤʦʡ ʧʝʩʥʠ ʨʦʜʩʪʚʝʥʥʠʢʦʤ ʠʣʠ ʩʦʮʠʘʣʴʥʳʤ ʨʘʙʦʪʥʠʢʦʤ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ, ʥʦ ʥʝ ʜʦʣʞ-
ʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘʟʳʚʘʪʴʩʷ ʪʝʨʘʧʠʝʡ. 

ʄʫʟʳʢʘ ʥʝ ʟʘʤʝʥʷʝʪ ʤʝʜʠʮʠʥʩʢʫʶ ʜʠʘʛʥʦʩʪʠʢʫ, ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʣʝʯʝʥʠʝ, ʬʠʟʠʯʝʩʢʫʶ ʨʝʘʙʠʣʠʪʘ-
ʮʠʶ, ʢʦʨʨʝʢʮʠʶ ʩʣʫʭʘ ʠ ʧʨʦʬʠʣʘʢʪʠʢʫ ʧʘʜʝʥʠʡ. ʇʨʠ ʥʘʨʫʰʝʥʠʷʭ ʭʦʜʴʙʳ ʨʠʪʤʠʯʝʩʢʘʷ ʩʪʠʤʫʣʷʮʠʷ 
ʜʦʣʞʥʘ ʧʨʠʤʝʥʷʪʴʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʩʧʝʮʠʘʣʠʩʪʘ, ʧʦʩʢʦʣʴʢʫ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʤʧʘ ʚʦʟʤʦʞʥʦʩʪʷʤ ʯʝ-
ʣʦʚʝʢʘ ʩʧʦʩʦʙʥʦ ʧʦʚʳʩʠʪʴ ʥʘʛʨʫʟʢʫ ʠ ʨʠʩʢ ʧʦʪʝʨʠ ʨʘʚʥʦʚʝʩʠʷ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʦʙʟʦʨ Cochrane 2025 ʛ. ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʤʫʟʳʢʘʣʴʥʳʝ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʧʨʠ ʜʝ-
ʤʝʥʮʠʠ, ʚʝʨʦʷʪʥʦ, ʫʤʝʥʴʰʘʶʪ ʚʳʨʘʞʝʥʥʦʩʪʴ ʜʝʧʨʝʩʩʠʚʥʳʭ ʩʠʤʧʪʦʤʦʚ ʠ ʤʦʛʫʪ ʫʣʫʯʰʘʪʴ ʦʪʜʝʣʴʥʳʝ 
ʧʦʚʝʜʝʥʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʢʫʨʩʘ. ʆʜʥʘʢʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʬʬʝʢʪʘ, ʚʣʠʷʥʠʝ ʥʘ 
ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʠ ʜʦʣʛʦʩʨʦʯʥʳʝ ʢʦʛʥʠʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʩʪʘʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʸʥʥʳʤʠ [8]. 

ʉʦʭʨʘʥʷʝʪʩʷ ʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ: ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʤʫʟʳʢʘʣʴ-
ʥʳʝ ʞʘʥʨʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʟʘʥʷʪʠʡ, ʩʧʦʩʦʙʳ ʫʯʘʩʪʠʷ ʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʰʢʘʣʳ. ʇʦʵʪʦʤʫ ʧʦʢʘ ʥʝ-
ʚʦʟʤʦʞʥʦ ʥʘʟʚʘʪʴ ʦʜʥʫ ʢʦʤʧʦʟʠʮʠʶ, ʦʜʠʥ ʪʝʤʧ ʠʣʠ ʝʜʠʥʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ, ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚ-
ʥʳʝ ʜʣʷ ʚʩʝʭ ʧʦʞʠʣʳʭ ʣʶʜʝʡ. 

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 
ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʤʫʟʳʢʘʣʴʥʦʛʦ ʨʠʪʤʘ ʩ ʥʦʩʠʤʳʤʠ ʜʘʪʯʠʢʘʤʠ 

ʜʚʠʞʝʥʠʷ. ʋʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʬʠʢʩʠʨʦʚʘʪʴ ʝʩʪʝʩʪʚʝʥʥʳʡ ʪʝʤʧ ʰʘʛʘ ʠ ʠʟʤʝʥʷʪʴ ʤʫʟʳʢʘʣʴʥʦʝ ʩʦʧʨʦ-
ʚʦʞʜʝʥʠʝ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʇʨʠ ʟʘʤʝʜʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʨʠʪʤ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ, ʘ ʥʝ ʟʘʜʘ-
ʸʪʩʷ ʟʘʨʘʥʝʝ. 

ɼʣʷ ʫʯʨʝʞʜʝʥʠʡ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʫʭʦʜʘ ʧʝʨʩʧʝʢʪʠʚʥʘ ʨʘʟʨʘʙʦʪʢʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʤʫʟʳʢʘʣʴʥʳʭ 
ʧʘʩʧʦʨʪʦʚ ʧʨʦʞʠʚʘʶʱʠʭ. ʊʘʢʦʡ ʧʘʩʧʦʨʪ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʣʶʙʠʤʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʵʤʦʮʠʦʥʘʣʴʥʦ ʟʥʘ-
ʯʠʤʳʝ ʧʝʨʠʦʜʳ ʞʠʟʥʠ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʫʶ ʛʨʦʤʢʦʩʪʴ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʣʫʭʘ, ʧʦʜʭʦʜʷʱʠʝ ʚʠʜʳ ʘʢʪʠʚʥʦʩʪʠ 
ʠ ʥʝʞʝʣʘʪʝʣʴʥʳʡ ʤʫʟʳʢʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʆʪʜʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʪʨʝʙʫʝʪ ʩʦʝʜʠʥʝʥʠʝ ʤʫʟʳʢʠ ʩ ʙʠʦʛʨʘʬʠʯʝʩʢʦʡ ʨʘʙʦʪʦʡ, ʘʜʘʧʪʠʚʥʦʡ ʬʠʟʠ-
ʯʝʩʢʦʡ ʢʫʣʴʪʫʨʦʡ, ʨʠʩʦʚʘʥʠʝʤ ʠ ʮʠʬʨʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ʆʜʥʘʢʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʨʝʰʝʥʠʡ 
ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʥʝ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʝʤ, ʥʘʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʷ ʧʦʤʦʛʘʝʪ ʩʦʭʨʘʥʠʪʴ 
ʩʫʙʲʝʢʪʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. 

 
ɿʘʢʣʶʯʝʥʠʝ 

ʄʫʟʳʢʘʣʴʥʳʡ ʨʠʪʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʦʨʛʘʥʠʟʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ 
ʠ ʢʫʣʴʪʫʨʥʦ-ʣʠʯʥʦʩʪʥʳʡ ʬʝʥʦʤʝʥ. ɽʛʦ ʧʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʟʘʜʘʚʘʪʴ ʚʨʝ-
ʤʝʥʥʫʶ ʦʧʦʨʫ ʜʚʠʞʝʥʠʶ, ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʚʥʠʤʘʥʠʝ ʠ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʘʢʪʫʘʣʠʟʘʮʠʠ ʩʦʭʨʘʥʥʳʭ 
ʚʦʩʧʦʤʠʥʘʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʤʫʟʳʢʘʣʴʥʳʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʜʣʷ 
ʧʦʜʜʝʨʞʢʠ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ, ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʦʪʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʞʝʥʠʷ ʧʦʞʠ-
ʣʳʭ ʣʶʜʝʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʧʦʣʫʯʝʥʥʳʝ ʵʬʬʝʢʪʳ ʯʘʱʝ ʷʚʣʷʶʪʩʷ ʫʤʝʨʝʥʥʳʤʠ, ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʯʝ-
ʣʦʚʝʢʘ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʫʟʳʢʫ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʣʝʯʝʥʠʷ ʜʝʤʝʥʮʠʠ ʠʣʠ ʙʦ-
ʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ. 

ʅʘʠʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥ ʯʝʣʦʚʝʢʦʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʙʠʦʛʨʘʬʠʷ, 
ʤʫʟʳʢʘʣʴʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ, ʤʝʜʠʮʠʥʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʘʷ ʨʝʘʢʮʠʷ ʧʦʞʠʣʦʛʦ ʯʝʣʦʚʝ-
ʢʘ. ʋʩʧʝʰʥʦʩʪʴ ʪʘʢʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʜʦʣʞʥʘ ʠʟʤʝʨʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʙʘʣʣʘʤʠ ʢʦʛʥʠʪʠʚʥʦʛʦ ʪʝʩʪʘ, ʥʦ ʠ 
ʨʝʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ: ʯʝʣʦʚʝʢ ʩʜʝʣʘʣ ʙʦʣʝʝ ʫʚʝʨʝʥʥʳʡ ʰʘʛ, ʚʩʧʦʤʥʠʣ ʠʤʷ, ʚʩʪʫʧʠʣ ʚ ʨʘʟʛʦʚʦʨ, 
ʫʣʳʙʥʫʣʩʷ ʙʣʠʟʢʦʤʫ ʠʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʦʜʦʣʞʠʣ ʟʥʘʢʦʤʫʶ ʤʝʣʦʜʠʶ. 

ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʛʫʤʘʥʠʩʪʠʯʝʩʢʘʷ ʧʝʨʩʧʝʢʪʠʚʘ ʤʫʟʳʢʘʣʴʥʦ-ʨʠʪʤʠʯʝʩʢʠʭ ʧʨʘʢʪʠʢ: ʥʝ 
ʦʙʝʱʘʪʴ ʚʦʟʚʨʘʱʝʥʠʝ ʫʪʨʘʯʝʥʥʦʛʦ, ʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʦ, ʯʪʦ ʝʱʸ ʩʦʭʨʘʥʝʥʦ, ʟʥʘʯʠʤʦ ʠ ʩʚʷʟʘʥʦ ʩ ʣʠʯʥʦ-
ʩʪʴʶ ʯʝʣʦʚʝʢʘ. 

 



ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 225 

 

XXIV  International scientific conference | www.naukaip.ru 

ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ  
 
1. Fancourt D., Finn S. What Is the Evidence on the Role of the Arts in Improving Health and Well-

Being? A Scoping Review. Copenhagen: WHO Regional Office for Europe, 2019. Health Evidence Network 
Synthesis Report ˉ 67. 

2. Zhou M., Wei C., Xie X., Wang Z., Chen L., Zhang X. Effect of Music Therapy on Cognitive Func-
tion Among Older Adults: A Systematic Review and Meta-Analysis of Randomized Controlled Trials // The 
Gerontologist. 2025. Vol. 65, ˉ 6. Article gnaf106. DOI: 10.1093/geront/gnaf106. 

3. Lu L.-C., Lan S.-H., Lan S.-J., Hsieh Y.-P. Effectiveness of the Music Therapy in Dementia: A Sys-
tematic Review and Meta-Analysis of Randomized Controlled Trials // Dementia and Geriatric Cognitive Disor-
ders. 2025. Vol. 54, ˉ 3. P. 167ï186. DOI: 10.1159/000542464. 

4. Jim®nez-Palomares M., Garrido-Ardila E.M., Rodr²guez-Mansilla J. et al. Benefits of Music Therapy 
in the Cognitive Impairments of Alzheimerôs-Type Dementia: A Systematic Review // Journal of Clinical Medi-
cine. 2024. Vol. 13, ˉ 7. Article 2042. DOI: 10.3390/jcm13072042. 

5. Shinada T., Takahashi M., Uno A., Soga K., Taki Y. Effects of Group Music Sessions on Cognitive 
and Psychological Functions in Healthy Older Adults // Frontiers in Aging. 2025. Vol. 6. Article 1513359. DOI: 
10.3389/fragi.2025.1513359. 

6. Sisti A., Gutman R., Mor V., Dionne L., Rudolph J.L., Baier R.R., McCreedy E.M. Using Structured 
Observations to Evaluate the Effects of a Personalized Music Intervention on Agitated Behaviors and Mood in 
Nursing Home Residents With Dementia // The American Journal of Geriatric Psychiatry. 2024. Vol. 32, ˉ 3. 
P. 300ï311. DOI: 10.1016/j.jagp.2023.10.016. 

7. Demeco A., Bruno R.C., Bonfiglio R. et al. Effectiveness of Music Therapy with Personalized 
Rhythmic Auditory Stimulation Plus Music-Contingent Gait Training in Patients with Parkinsonôs Disease: A 
Systematic Review // Neurology International. 2026. Vol. 18, ˉ 2. Article 26. DOI: 10.3390/neurolint18020026. 

8. van der Steen J.T., Smaling H.J.A., van der Wouden J.C., Bruinsma M.S., Scholten R.J.P.M., Vink 
A.C. Music-Based Therapeutic Interventions for People with Dementia // Cochrane Database of Systematic 
Reviews. 2025. Article CD003477. DOI: 10.1002/14651858.CD003477.pub5. 

  



226 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 

 

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

ǲǣǩ 4/4,5/5,2/-001.5-089.84 

COMPARATIVE EVALUATION OF EARLY CLINICAL 
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Abstract: This study compared early clinical outcomes of plate osteosynthesis and screw-only fixation in 63 
patients with articular surface fractures of the humeral head. Operative time, intraoperative blood loss, and 
length of hospital stay were evaluated. All three measures were statistically significantly lower in the screw-
only group than in the plate osteosynthesis group. 
Key words: proximal humerus, humeral head fracture, plate osteosynthesis, screw-only osteosynthesis, oper-
ative time, intraoperative blood loss, hospital stay. 
 

ʊʉɹɻʆʁʋɾʄʕʆɹʘ ʇʏɾʆʃɹ ʉɹʆʆʁʎ ʃʄʁʆʁʐɾʊʃʁʎ ʉɾʀʌʄʕʋɹʋʇɻ ʇʊʋɾʇʊʁʆʋɾʀɹ 
ʈʄɹʊʋʁʆʇʂ ʁ ʁʀʇʄʁʉʇɻɹʆʆʔʅʁ ɻʁʆʋɹʅʁ ʈʉʁ ʈɾʉɾʄʇʅɹʎ ʊʌʊʋɹɻʆʇʂ ʈʇɻɾʉʎʆʇʊʋʁ 

ɼʇʄʇɻʃʁ ʈʄɾʐɾɻʇʂ ʃʇʊʋʁ 
 

ɹʤʡʥʧʛ ɹʠʡʠ, 
ʇʫʙʟʧʦʧʛ ʊʡʩʧʟʡʝʝʡʦ 

ʈʝʩʧʫʙʣʠʢʘʥʩʢʠʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʮʝʥʪʨ 
ʪʨʘʚʤʘʪʦʣʦʛʠʠ ʠ ʦʨʪʦʧʝʜʠʠ, ʋʟʙʝʢʠʩʪʘʥ 

ʊʨʘʚʤʘʪʦʣʦʛʠʯʝʩʢʠʡ ʧʫʥʢʪ ʄʠʨʟʦ-ʋʣʫʛʙʝʢʩʢʦʛʦ ʨʘʡʦʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ, 
ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɹʦʦʧʫʙʯʡʸ: ʇʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʥʥʠʭ ʢʣʠʥʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʪʝʦʩʠʥʪʝʟʘ 
ʧʣʘʩʪʠʥʦʡ ʠ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʚʠʥʪʘʤʠ ʫ 63 ʧʘʮʠʝʥʪʦʚ ʩ ʧʝʨʝʣʦʤʘʤʠ ʩʫʩʪʘʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʣʦʚʢʠ 
ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ. ʆʮʝʥʠʚʘʣʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʠ, ʦʙʲʸʤ ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʦʡ ʢʨʦʚʦʧʦʪʝʨʠ ʠ 
ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ. ɺ ʛʨʫʧʧʝ ʚʠʥʪʦʚʦʛʦ ʦʩʪʝʦʩʠʥʪʝʟʘ ʚʩʝ ʪʨʠ ʧʦʢʘʟʘʪʝʣʷ ʙʳʣʠ ʩʪʘʪʠʩʪʠʯʝ-
ʩʢʠ ʟʥʘʯʠʤʦ ʥʠʞʝ, ʯʝʤ ʚ ʛʨʫʧʧʝ ʬʠʢʩʘʮʠʠ ʧʣʘʩʪʠʥʦʡ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʨʦʢʩʠʤʘʣʴʥʳʡ ʦʪʜʝʣ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ, ʧʝʨʝʣʦʤ ʛʦʣʦʚʢʠ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ, ʦʩʪʝʦʩʠʥ-
ʪʝʟ ʧʣʘʩʪʠʥʦʡ, ʚʠʥʪʦʚʦʡ ʦʩʪʝʦʩʠʥʪʝʟ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʠ, ʠʥʪʨʘʦʧʝʨʘʮʠʦʥʥʘʷ ʢʨʦʚʦʧʦʪʝʨʷ, 
ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʩʧʠʪʘʣʠʟʘʮʠʠ. 

 
Background 
Proximal humeral fractures account for approximately 4ï10% of all fractures, with an annual incidence 

of 105ï138 cases per 100,000 population [1; 2]. Although these fractures occur across all age groups, they 
are most common among adults aged 30ï60 years, with osteoporosis being a major risk factor for their devel-
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opment [1]. In most cases, proximal humeral fractures result from low-energy trauma, particularly falls during 
routine daily activities. Although isolated fractures are relatively uncommon, they are associated with concomi-
tant injuries in 24ï75% of cases [3; 4]. Furthermore, proximal humeral head fractures occur more frequently in 
women, accounting for 70ï75% of all cases, which is closely related to postmenopausal hormonal changes 
and osteoporosis. According to the literature, 85ï87% of patients are treated conservatively, whereas 25ï41% 
require surgical intervention. Among surgical procedures, locking plate osteosynthesis is the most commonly 
performed technique, accounting for approximately 42% of all operations [5]. In addition, hemiarthroplasty is 
performed in approximately 34% of cases, while screw-only osteosynthesis has gained increasing popularity in 
recent years [6]. However, each surgical technique has its own advantages and limitations, and selecting the 
optimal treatment strategy remains a major challenge in modern trauma and orthopaedic surgery. 

Objective 
To compare the early clinical outcomes of plate osteosynthesis and screw-only osteosynthesis for ar-

ticular surface fractures of the proximal humeral head by evaluating operative time, intraoperative blood loss, 
and length of hospital stay. 

Methods 
This study included 63 patients who underwent surgical treatment for articular surface fractures of the 

humeral head at the Republican Specialised Scientific and Practical Medical Centre of Traumatology and Or-
thopaedics between 2022 and 2024. Of these, 40 (63.4%) were female, and 23 (36.5%) were male. Patients 
were divided into two groups according to the surgical technique used. The plate osteosynthesis group includ-
ed 30 patients, whereas the screw-only osteosynthesis group included 33 patients. 

Results 
The mean operative time was 72.3 Ñ 3.4 minutes in the plate osteosynthesis group and 65.3 Ñ 4.5 

minutes in the screw-only osteosynthesis group. Thus, surgery was approximately 7 minutes shorter in the 
screw-only group, and this difference was statistically significant (p = 0.032). 

The mean intraoperative blood loss was 223.1 Ñ 7.5 mL in the plate osteosynthesis (ORIF) group com-
pared with 123.2 Ñ 5.6 mL in the screw-only osteosynthesis group. Therefore, screw-only fixation reduced 
blood loss by approximately 100 mL, a difference that was statistically significant (p = 0.023). Analysis of the 
length of hospital stay also demonstrated favourable outcomes in the screw-only group. Patients treated with 
plate osteosynthesis had an average hospital stay of 8.3 Ñ 1.3 days, whereas those treated with screw-only 
osteosynthesis stayed 7.4 Ñ 1.5 days. This difference was also statistically significant (p = 0.0122) (Table 1). 

 
Table 1 

Comparison of Early Clinical Outcomes Between Plate and Screw-Only Osteosynthesis Groups 

Variable 
Plate osteosynthesis 

(n = 30) 
Screw-only osteosynthe-

sis (n = 33) 
p-value 

Operative time (min) 72.3 Ñ 3.4 65.3 Ñ 4.5 0.032 

Intraoperative blood loss (mL) 223.1 Ñ 7.5 123.2 Ñ 5.6 0.023 

Length of hospital stay (days) 8.3 Ñ 1.3 7.4 Ñ 1.5 0.012 

Note: Data are presented as mean Ñ SD; p < 0.05 was considered statistically significant. 
 
Conclusion 
The findings of this study suggest that screw-only osteosynthesis for articular surface fractures of the 

humeral head is associated with shorter operative time, reduced intraoperative blood loss, and a shorter hospi-
tal stay compared with plate osteosynthesis. 

Nevertheless, these findings should be interpreted with caution, as the choice of surgical technique 
should be individualised according to fracture complexity, patient age, bone quality (particularly osteoporosis), 
associated comorbidities, and functional status. Careful consideration of these factors may contribute to im-
proved surgical outcomes and postoperative recovery. 
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ǩ ǡǭǮǯǭǰǲ ǳǭǯǫǧǯǭǡǟǬǧǾ ǮǯǟǩǱǧǶǤǰǩǧǴ 
ǬǟǡǺǩǭǡ ǱǟǩǱǧǶǤǰǩǭǨ ǫǤǣǧǵǧǬǺ ǲ 
ǰǱǲǣǤǬǱǭǡ ǫǤǣǧǵǧǬǰǩǧǴ ǡǲǦǭǡ 

ǪȚȋǿȏȄȁǿ ǣȇǿȌǿ ǡȇȑǿȊțȄȁȌǿ 
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ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʧʨʦʩ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʚʳʩʪʫʧʘʝʪ ʦʜʥʠʤ ʠʭ 
ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʫʯʝʥʠʠ ʙʫʜʫʱʠʭ ʟʘʱʠʪʥʠʢʦʚ ʆʪʝʯʝʩʪʚʘ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʘ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠʥʮʠ-
ʧʦʚ ʚʝʜʝʥʠʷ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʚ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʘʭ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦ-
ʧʳʪʢʘ ʧʨʝʜʣʦʞʠʪʴ ʘʣʛʦʨʠʪʤ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʩʪʫʜʝʥʪʘʤʠ ʤʝʜʠʮʠʥʩʢʠʭ ʚʫʟʦʚ ʠ 
ʨʘʟʲʷʩʥʝʥ ʧʦʨʷʜʦʢ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʚ ʬʦʨʤʘʪʝ, ʧʨʠʙʣʠʞʝʥʥʦʤ ʢ ʨʝ-
ʘʣʴʥʳʤ ʚʦʝʥʥʳʤ ʜʝʡʩʪʚʠʷʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʪʘʢʪʠʯʝʩʢʘʷ ʤʝʜʠʮʠʥʘ, ʩʪʫʜʝʥʪ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʥʘʚʳʢʠ, ʚʦʝʥʥʳʝ ʜʝʡʩʪʚʠʷ, ʜʦʚʨʘʯʝʙ-
ʥʘʷ ʧʦʤʦʱʴ. 

 
ON THE DEVELOPMENT OF PRACTICAL TACTICAL MEDICINE SKILLS AMONG MEDICAL STUDENTS 

 
Lymareva Diana Vitalyevna 

 
Abstract: currently, the study of the fundamentals of tactical medicine is a priority area in the training of the 
future defenders of the Fatherland. The need to develop practical skills in tactical medicine is driven primarily 
by changes in the principles of conducting military operations during armed conflicts. This paper proposes an 
algorithm for medical students to learn the basics of tactical medicine and outlines the organization and con-
duct of practical training sessions in a format that simulates actual combat conditions. 
Key words: tactical medicine, student, practical skills, combat operations, premedical aid. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʦʢʘʟʘʥʠʷ ʜʦʚʨʘʯʝʙʥʦʡ ʧʦʤʦʱʠ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʫʛʨʦʟ ʠ 

ʚʳʟʦʚʦʚ, ʥʘʨʘʩʪʘʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʦʙʱʝʩʪʚʝ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴ-
ʥʦʡ ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʦʡ ʠ ʪʨʝʙʫʶʱʝʡ ʪʱʘʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. ʇʨʦʚʝʜʝʥʥʳʡ 
ʘʥʘʣʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʦʬʠʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʚʠ-
ʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʪʷʞʝʣʳʭ ʨʘʥʝ-
ʥʠʡ (ʪʨʘʚʤ) ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʝʨʚʳʝ ʯʘʩʳ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʪʷʞʢʠʭ ʪʝʣʝʩʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. ʀʤʝʥʥʦ ʚ ʵʪʦ 
ʚʨʝʤʷ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʜʣʷ ʩʧʘʩʝʥʠʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʦʢʘʟʳʚʘʪʴ ʜʦʛʦʩʧʠʪʘʣʴʥʫʶ ʧʦʤʦʱʴ ʚ 
ʨʘʤʢʘʭ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ. 

çʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʪʘʢʪʠʯʝʩʢʠʭ ʤʝʜʠʢʦʚ ʚʢʣʶʯʘʶʪ ʙʳʩʪʨʫʶ ʨʝʘʢʮʠʶ ʥʘ ʨʘʥʝʥʠʷ, ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ 
ʧʝʨʚʦʡ ʧʦʤʦʱʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʧʦʩʪʨʘʜʘʚʰʠʭ ʠ ʫʧʨʘʚʣʝʥʠʝ ʤʝʜʠʮʠʥʩʢʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʀʭ ʧʨʦʬʝʩ-
ʩʠʦʥʘʣʠʟʤ, ʦʧʳʪ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 
ʩʧʘʩʝʥʠʠ ʞʠʟʥʝʡ ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ ʥʘ ʧʝʨʝʜʦʚʦʡè [1, ʩ. 4].  

ʕʢʩʪʨʝʥʥʫʶ ʜʦʚʨʘʯʝʙʥʫʶ ʧʦʤʦʱʴ ʜʦʣʞʝʥ ʫʤʝʪʴ ʦʢʘʟʳʚʘʪʴ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 
ʙʣʠʟʦʩʪʠ ʢ ʧʦʩʪʨʘʜʘʚʰʝʤʫ ʯʝʣʦʚʝʢ, ʚʣʘʜʝʶʱʠʡ ʧʨʘʢʪʠʯʝʩʢʠʤ ʥʘʚʳʢʘʤʠ ʦʩʥʦʚ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ: 
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ʦʩʪʘʥʦʚʢʘ ʢʨʦʚʦʪʝʯʝʥʠʷ, ʥʘʣʦʞʝʥʠʝ ʞʛʫʪʘ (ʧʦʚʷʟʢʠ) ʥʘ ʨʘʥʝʥʫʶ ʦʙʣʘʩʪʴ ʪʝʣʘ ʧʦʩʪʨʘʜʘʚʰʝʛʦ, ʫʩʪʘʥʦʚ-
ʢʘ ʢʘʪʝʪʝʨʘ, ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʠʥʲʝʢʮʠʡ, ʟʘʢʨʳʪʳʡ ʤʘʩʩʘʞ ʩʝʨʜʮʘ, ʧʨʠʥʷʪʠʝ ʜʝʡʩʪʚʝʥʥʳʭ ʤʝʨ ʜʣʷ ʙʳʩʪ-
ʨʦʡ ʵʚʘʢʫʘʮʠʠ ʚʦ ʚʨʘʯʝʙʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʠ ʜʨ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʝʨʝʯʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʧʦ ʦʢʘʟʘʥʠʶ ʜʦʚʨʘʯʝʙʥʦʡ ʧʦʤʦʱʠ ʚ ʫʩʣʦʚʠʷʭ 
ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚʭʦʜʠʪ ʚ ʦʩʥʦʚʳ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ. ʆʙʫʯʝʥʠʝ ʩʪʫʜʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʚʫʟʦʚ 
ʦʩʥʦʚʘʤ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʜʦʣʞʥʦ ʙʳʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʠ ʣʠʯʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ, 
ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʙʫʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʆʜʥʘʢʦ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-
ʤʷ, ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʳʡ ʨʘʟʨʳʚ ʤʝʞʜʫ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʟʥʘʥʠʷʤʠ ʦʙʫʯʘʶʱʝʛʦʩʷ ʠ ʫʤʝʥʠʷʤʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʠʟʦʚʘʪʴ ʠʭ ʚ ʩʠʪʫʘʮʠʠ ʩʪʨʝʩʩʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʥʮʠʧʳ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʚʦ-
ʝʥʥʦʡ ʦʧʝʨʘʮʠʠ, ʧʨʝʪʝʨʧʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɽʩʣʠ ʨʘʥʝʝ, ʚʝʜʝʥʠʝ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʦʩʫ-
ʱʝʩʪʚʣʷʣʦʩʴ ʚ ʩʦʩʪʘʚʝ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʥʘʭʦʜʠʚʰʠʭʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʪʦ 
ʪʝʧʝʨʴ ʜʘʥʥʘʷ ʬʦʨʤʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʡ ʥʝʧʨʠʝʤʣʝʤʘ ʚʚʠʜʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʧʨʦ-
ʪʠʚʥʠʢʦʤ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ʜʘʣʝʝ ɹʇʃɸ), ʯʪʦ ʜʝʪʝʨʤʠʥʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦ-
ʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʧʦʜʛʦʪʦʚʢʠ ʦʩʥʦʚʘʤ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ.    

ʂʨʘʡʥʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ ʦʙʫʯʘʶʱʠʭʩʷ ʤʝʜʠʮʠʥ-
ʩʢʠʭ ʚʫʟʦʚ ʩ ʫʯʝʪʦʤ ʦʧʳʪʘ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʚʦʝʥʥʦʡ ʦʧʝʨʘʮʠʠ ʠ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ ʚ 
ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʠ. çɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʊʄ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʢʣʶʯʘʶʱʝʛʦ 
ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʩʪʦʷʥʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʜ-
ʛʦʪʦʚʢʠ ʤʝʜʠʮʠʥʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘè [2, ʩ 36].   

ʂʘʢ ʫʪʚʝʨʞʜʘʶʪ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ɺ.ɺ. ʂʣʠʤʦʚ, ɸ.ʅ. ʏʘʣʳʡ ʠ ɸ.ɼ. ʉʫʤʮʦʚ çʧʦʜʭʦʜ ʢ ʧʦʜʛʦʪʦʚʢʝ ʢʫʨ-
ʩʘʥʪʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ, ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʦʙʫʯʘʶʱʠʡʩʷ ʜʦʣʞʝʥ ʦʚʣʘʜʝʪʴ ʥʘʚʳʢʘʤʠ ʚʳ-
ʧʦʣʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ...è [3, ʩ.47].   

ʈʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʝʥʦʤʝʥʘ. 
ʇʦʜ ʜʝʬʠʥʠʮʠʝʡ çʪʘʢʪʠʯʝʩʢʘʷ ʤʝʜʠʮʠʥʘè ʘʚʪʦʨʩʢʠʡ ʢʦʣʣʝʢʪʠʚ ʚ ʩʦʩʪʘʚʝ ʂʫʟʴʤʠʥʘ ʉ.ɸ., ɻʨʠʛʦ-

ʨʴʝʚʦʡ ʃ.ʂ. ʧʦʥʠʤʘʝʪ ç... ʢʦʤʧʣʝʢʩ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʢʘʟʘʥʠʶ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ ʧʦʩʪʨʘʜʘʚʰʠʤ, ʢʦ-
ʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʫʩʪʨʘʥʝʥʠʝ ʫʛʨʦʞʘʶʱʠʭ ʞʠʟʥʠ ʩʦʩʪʦʷʥʠʡ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʭ 
ʬʫʥʢʮʠʡ ʦʨʛʘʥʠʟʤʘ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʚʘʢʫʘʮʠʠ ʚ ʣʝʯʝʙʥʦʝ ʫʯʨʝʞʜʝʥʠʝè [4, ʩ. 94]. 

ʉ.ʖ. ɸʛʘʬʦʥʦʚ ʠ ʂ.ɸ. ʂʠʩʝʣʝʚʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʥʷʪʠʝ çʪʘʢʪʠʯʝʩʢʘʷ ʤʝʜʠʮʠʥʘè ʨʘʩʩʤʘʪʨʠʚʘ-
ʶʪ ʢʘʢ ç... ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʦʙʣʘʩʪʴ ʤʝʜʠʮʠʥʳ, ʘʜʘʧʪʠʨʦʚʘʥʥʘʷ ʜʣʷ ʦʢʘʟʘʥʠʷ ʥʝʦʪʣʦʞʥʦʡ ʧʦʤʦʱʠ 
ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡè [2, ʩ 33]. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʦʩʥʦʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʠ ʧʦʜʭʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ ʚ ʫʩʣʦʚʠʷʭ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʫʛʨʦʟʳ ʞʠʟʥʠ ʯʝʣʦʚʝʢʫ, ʘʚʪʦʨʳ ʥʘʫʯʥʦʡ ʩʪʘʪʴʠ (ɸ.ɺ. ɹʝʟʟʫʙʦʚ, ɼ.ɺ. ʉʦʢʦʣʦʚ, ɸ.ʅ. ɻʫʟʝʥ-
ʢʦ) ʦʧʨʝʜʝʣʷʶʪ ʪʘʢʪʠʯʝʩʢʫʶ ʤʝʜʠʮʠʥʫ ʢʘʢ ç... ʨʘʟʜʝʣ ʚʦʝʥʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʧʨʝʜʤʝʪʘ ʚʦʝʥ-
ʥʦ-ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʦʙʫʯʝʥʠʝ ʚʦʝʥʥʦʩʣʫʞʘʱʠʭ ʧʨʠʝʤʘʤ ʠ ʩʧʦʩʦʙʘʤ ʜʝʡʩʪʚʠʡ ʧʦ ʦʢʘʟʘʥʠʶ ʧʝʨʚʦʡ 
ʧʦʤʦʱʠ (ʩʘʤʦʧʦʤʦʱʠ) ʚ ʙʦʶ ʧʨʠ ʨʘʥʝʥʠʷʭ, ʙʦʝʚʳʭ ʧʦʨʘʞʝʥʠʷʭ ʠ ʪʨʘʚʤʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʠ ʛʨʫʧʧʦʚʳʭ ʩʨʝʜʩʪʚ ʤʝʜʠʮʠʥʩʢʦʡ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚè [5, ʩ. 9]. 

ɺ ʨʘʤʢʘʭ ʦʩʚʦʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʦʙʫʯʝʥʠʷ ʚ ʫʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʜʠʮʠʥ-
ʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʫʜʝʣʷʪʴʩʷ ʠʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʘʢʪʠʯʝ-
ʩʢʠʭ ʥʘʚʳʢʦʚ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ ʫ ʩʪʫʜʝʥʪʦʚ ʤʝʜʠʮʠʥʩʢʠʭ ʚʫʟʦʚ. ɹʝʟʫʩʣʦʚʥʦ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʜʝʡ-
ʩʪʚʠʷ ʦʙʫʯʘʶʱʠʭʩʷ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʜʦʣʞʥʳ ʦʪʨʘʙʘʪʳʚʘʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʩʣʝ ʫʩʧʝʰʥʦʛʦ 
ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʫʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʚ ʩʦʜʝʨʞʘʪʝʣʴʥʦʤ ʥʘʧʦʣʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʣʠʯʥʦʩʪʠ 
ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ ʪʘʢʠʭ ʣʠʯʥʦʩʪʥʳʭ ʢʘʯʝʩʪʚ, ʢʘʢ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʘʤʦʨʝʛʫʣʷ-
ʮʠʷ ʠ ʨʝʬʣʝʢʩʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ. 

ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʝʩʩʦʫʩʪʦʡʯʠʚʦʡ ʣʠʯʥʦʩʪʠ ʙʫʜʫʱʝʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʧʝʮʠ-
ʘʣʠʩʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʢ ʦʢʘʟʘʥʠʶ ʧʦʤʦʱʠ ʚ ʫʩʣʦʚʠʷʭ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ, ʚ ʯʘʩʪʠ ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 
ʯʘʩʪʠ ʦʩʥʦʚ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʣʝʤʝʥʪʳ ʩʣʝʜʫʶʱʠʭ ʜʠʩʮʠʧʣʠʥ, ʫʢʘ-
ʟʘʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʦ ʦʢʦʥʯʘʥʠʶ ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʩʪʫʧʘʪʴ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠ-
ʷʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʳ. 
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ʋʙʚʤʡʯʙ 1 
ʈʩʞʝʤʙʜʙʞʥʴʢ ʙʤʜʧʩʡʫʥ ʡʠʬʰʞʦʡʸ ʧʪʦʧʛ ʫʙʣʫʡʰʞʪʣʧʢ ʥʞʝʡʯʡʦʴ 

ˉ 
ʧ\ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʜʠʩʮʠʧʣʠʥʳ ʅʝʦʙʭʦʜʠʤʳʡ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ 

1. ʊʘʢʪʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ 
ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ, ʬʦʨʤʘʤʠ ʠ ʤʝ-
ʪʦʜʘʤʠ ʚʝʜʝʥʠʷ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ  

2. ʆʛʥʝʚʘʷ ʧʦʜʛʦʪʦʚʢʘ 
ʀʟʫʯʝʥʠʝ ʦʩʥʦʚ ʠ ʧʨʘʚʠʣ ʚʝʜʝʥʠʷ ʩʪʨʝʣʴʙʳ ʠʟ ʩʪʨʝʣʢʦʚʦʛʦ 
ʦʨʫʞʠʷ 

3. ʊʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʦʚ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʥʘ ʤʝʩʪʥʦʩʪʠ 

4. ʆʩʥʦʚʳ ʨʦʙʦʪʦʪʝʭʥʠʢʠ 
ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʧʨʠʥʮʠʧʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 
ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʦʧʘʩ-
ʥʦʡ ʟʦʥʝ ʜʝʡʩʪʚʠʡ 

5. ʄʝʜʠʮʠʥʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ɺʳʧʦʣʥʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʚʦʝʥʥʦ-ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ  

6. ʌʠʟʠʯʝʩʢʘʷ ʧʦʜʛʦʪʦʚʢʘ ɺʳʧʦʣʥʝʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʵʚʘʢʫʘʮʠʠ ʨʘʥʝʥʳʭ 

7.  ʉʚʷʟʴ ʆʙʫʯʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʨʝʜʩʪʚ ʩʚʷʟʠ 

 
ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚʳʩʪʫʧʘʝʪ ʝʝ ʦʨʛʘʥʠʟʘʮʠʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʡ ʣʠʯʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʥʷʪʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʨʛʘʥʠʟʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʫʩʣʦ-
ʚʠʡ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʙʦʝʚʳʤ (ʤʝʩʪʥʦʩʪʴ, ʰʫʤʳ ʙʦʷ, ʰʫʤʳ ɹʇʃɸ, ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ, 
ʫʯʝʙʥʦʝ ʩʪʨʝʣʢʦʚʦʝ ʦʨʫʞʠʝ, ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʠ ʜʨ.). ʀʤʝʥʥʦ ʛʨʘʤʦʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʟʘʥʷʪʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʘ.    

çʇʦʜʛʦʪʦʚʢʘ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʪʘʢʪʠʯʝʩʢʦʡ ʤʝʜʠʮʠʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠ-
ʩʪʝʤʳ ʵʢʩʪʨʝʥʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. ʉʧʝʮʠʘʣʠʩʪʳ ʧʨʦʭʦʜʷʪ ʩʧʝʮʠʘʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʠ ʫʯʘʪʩʷ ʧʨʘ-
ʚʠʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ʩʠʪʫʘʮʠʶ, ʦʢʘʟʳʚʘʪʴ ʧʝʨʚʫʶ ʧʦʤʦʱʴ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʜʠʮʠʥʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 
ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʦʩʪʨʘʜʘʚʰʠʭ. ʆʙʫʯʝʥʠʝ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʩʠ-
ʤʫʣʷʮʠʡ ʜʦ ʨʝʘʣʴʥʳʭ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʡè  [6, ʩ. 113]. 

 
ʊʨʡʪʧʣ ʡʪʫʧʰʦʡʣʧʛ 
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ɺ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʩʝʢʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʩʝʣʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ, ʷʚʣʷʝʪʩʷ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦ. 
ʆʪʨʦʩʣʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʙʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʦʩʪʘʶʪʩʷ ʛʘʨʘʥʪʦʤ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦ-
ʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ [1, ʩ. 80]. 

ʇʦʢʘʟʘʪʝʣʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʦʪʨʘʩʣʝʡ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʪ 
ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʞʠʚʦʪʥʳʭ, ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʤʦʣʦʜʥʷʢʘ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 
ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ [2, ʩ. 57-58]. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʚ ʨʘʟʚʠʪʠʠ ʦʪʨʘʩʣʝʡ ʷʚʣʷʝʪʩʷ ʩʦʭʨʘʥʝʥʠʝ ʵʧʠ-
ʟʦʦʪʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ. ʆʩʦʙʦʝ ʤʝʩʪʦ ʚ ʠʥʬʝʢʮʠʦʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʟʘʥʠʤʘʶʪ ʭʨʦʥʠʯʝʩʢʠ ʧʨʦʪʝʢʘʶ-
ʱʠʝ ʠʥʬʝʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʦʙʱʠʝ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. 

ɺ ʨʝʛʠʦʥʘʭ ʩ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʟʚʠʪʳʤ ʞʠʚʦʪʥʦʚʦʜʩʪʚʦʤ, ʘ ʪʘʢ ʞʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʧʨʝʜʝʣʴʥʳʭ 
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ʛʦʩʫʜʘʨʩʪʚ ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʚʥʦʚʴ ʚʦʟʥʠʢʘʶʱʠʝ ʦʯʘʛʠ ʦʩʦʙʦ ʦʧʘʩʥʳʭ ʠʥʬʝʢʮʠʡ, ʪʘʢʠʝ 
ʢʘʢ ʪʫʙʝʨʢʫʣʝʟ, ʣʝʡʢʦʟ, ʙʨʫʮʝʣʣʝʟ, ʭʣʘʤʠʜʠʦʟ, ʧʘʨʘʪʫʙʝʨʢʫʣʝʟ ʠ ʜʨʫʛʠʝ [3, ʩ. 220]. ʕʪʦ ʩʦʟʜʘʝʪ ʨʠʩʢ 
ʟʘʥʦʩʘ ʚʦʟʙʫʜʠʪʝʣʷ ʥʘ ʙʣʘʛʦʧʦʣʫʯʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʝʢʮʠʠ ʩʨʝʜʠ ʚʦʩʧʨʠʠʤʯʠʚʦ-
ʛʦ ʧʦʛʦʣʦʚʴʷ, ʥʘʥʝʩʝʥʠʷ ʫʱʝʨʙʘ ʩʝʣʴʭʦʟ ʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʷʤ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦ-
ʚʴʷ ʣʶʜʝʡ. 

ʈʘʟʚʠʪʠʝ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ʣʘ-
ʙʦʨʘʪʦʨʠʠ ʩʦʚʨʝʤʝʥʥʳʤ ʚʳʩʦʢʦʪʦʯʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʟʚʦʣʠʣʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʥʠʭ 
ʜʝʩʷʪʠʣʝʪʠʡ, ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʜʘʥʥʳʝ ʦ ʚʦʟʙʫʜʠʪʝʣʷʭ ʠʥʬʝʢʮʠʡ, ʧʘʪʦʛʝʥʝʟʝ ʟʘʙʦʣʝʚʘʥʠʡ, ʟʘ-
ʢʦʥʦʤʝʨʥʦʩʪʷʭ ʧʘʨʘʟʠʪʦ-ʭʦʟʷʠʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ 
ʥʘ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʠ ʵʧʠʟʦʦʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʦʚ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥ-
ʥʳʭ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʜʠʘʛʥʦʩʪʠʢʠ, ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʩʨʝʜʩʪʚʘ ʧʨʦʬʠʣʘʢ-
ʪʠʢʠ ʟʘʨʘʟʥʳʭ ʙʦʣʝʟʥʝʡ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʞʠ-
ʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʨʘʟʥʳʭ ʬʦʨʤ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʫʶ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʧʨʦʪʠ-
ʚʦʵʧʠʟʦʦʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʫʯʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʥʦ-
ʚʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ ʷʚʠʣʠʩʴ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ ʧʨʦʪʠʚʦʵʧʠʟʦʦʪʠʯʝʩʢʠʭ 
ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʷʭ, ʦʙʱʠʭ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ ʠ ʚʦʰʣʠ ʚ ʨʝʛʣʘʤʝʥʪ 
ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ ʨʫʢʦʚʦʜʩʪʚʘ ʠ ʠʩʧʦʣʥʝʥʠʷ. 

ʉʠʩʪʝʤʥʦʝ ʠ ʧʣʘʥʦʚʦʝ ʚʳʧʦʣʥʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʪʝʨʠʥʘʨʥʳʭ ʧʨʘʚʠʣ, ʠʥʩʪʨʫʢʮʠʡ, 
ʥʘʩʪʘʚʣʝʥʠʡ ʧʦʟʚʦʣʠʣʠ ʢ 2000 ʛʦʜʫ ʦʟʜʦʨʦʚʠʪʴ ʦʪ ʭʨʦʥʠʯʝʩʢʠ ʧʨʦʪʝʢʘʶʱʠʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘ-
ʥʠʡ (ʪʫʙʝʨʢʫʣʝʟ, ʙʨʫʮʝʣʣʝʟ, ʧʘʨʘʪʫʙʝʨʢʫʣʝʟ) ʙʦʣʴʰʠʥʩʪʚʦ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʩʪʨʘʥ 
ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ [4, ʩ. 6]. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʝʨʠʦʜ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ (2010-2026 ʛʛ..) ʚ ʞʠ-
ʚʦʪʥʦʚʦʜʩʪʚʝ ʧʨʦʠʟʦʰʣʠ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʦʢʘʟʘʣʠ ʚʣʠʷʥʠʝ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʨʦʜʫʢʪʠʚ-
ʥʳʝ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʞʠʚʦʪʥʳʭ, ʥʦ ʪʘʢʞʝ ʥʘ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʦʪʨʘʩʣʝʡ. ʋʢʨʫʧʥʝʥʠʝ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʫʚʝʣʠʯʝ-
ʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʛʦʣʦʚʴʷ ʞʠʚʦʪʥʳʭ ʠ ʠʭ ʧʣʦʪʥʦʩʪʴ, ʯʘʩʪʳʝ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʞʠʚʦʪʥʳʭ ʠ ʧʝʨʝʤʝʱʝʥʠʷ 
ʧʦ ʛʨʫʧʧʘʤ, ʥʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ, ʧʘʩʪʙʠʱ, ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ  ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʜʦʠʣʴʥʳʝ ʟʘʣʳ, ʨʦʜʠʣʴʥʳʝ ʦʪʜʝʣʝʥʠʷ, ʤʦʣʦʯ-
ʥʳʝ ʮʝʭʘ, ʙʣʦʢʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʝʤʝʥʝʥʠʷ, ʧʨʝʜʤʝʪʳ ʫʭʦʜʘ, ʠʥʚʝʥʪʘʨʴ ʠ ʜʨ.) ʩʦʟʜʘʶʪ ʫʩʣʦʚʠʷ ʜʣʷ 
ʢʦʥʪʘʤʠʥʘʮʠʠ ʠ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠʥʬʝʢʮʠʡ ʚʦ ʚʥʝʰʥʝʡ ʩʨʝʜʝ. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ ʧʦ-
ʚʳʰʘʶʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ  ʚ ʩʣʫʯʘʝ ʟʘʥʦʩʘ ʚʦʟʙʫʜʠʪʝʣʝʡ ʠ ʨʘʩʧʨʦʩʪʨʘ-
ʥʝʥʠʝ ʠʭ ʩʨʝʜʠ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʩʪʘʜ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʭʨʘʥʝ-
ʥʠʝʤ ʵʧʠʟʦʦʪʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʨʝʜʩʪʚ ʠ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʠʤʤʫʥʥʦʡ 
ʟʘʱʠʪʳ ʞʠʚʦʪʥʳʭ, ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ ʢ ʪʝʭʥʦʣʦʛʠʠ ʦʪʨʘʩʣʝʡ ʚʚʝʜʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʥʦʚʥʳʤʠ ʮʝʣʷʤʠ ʠ ʟʘʜʘʯʘʤʠ ʚʝʪʝʨʠʥʘʨʥʦʡ ʥʘʫʢʠ ʷʚʣʷʶʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʨʘʟ-
ʨʘʙʦʪʦʢ, ʧʦʚʳʰʘʶʱʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʜʝʞʥʦʩʪʴ ʠʤʤʫʥʦʧʨʦʬʠʣʘʢʪʠ-
ʢʠ, ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠ ʧʨʦʪʠʚʦʵʧʠʟʦʦʪʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟ-
ʦʧʘʩʥʦʩʪʴ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʭʨʦʥʠʯʝʩʢʠʭ 
ʧʨʦʪʝʢʘʶʱʠʭ ʠʥʬʝʢʮʠʷʭ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʝʪʦ-
ʜʦʚ (ʇʎʈ-ʘʥʘʣʠʟ) ʚ ʦʙʱʝʤ ʢʦʤʧʣʝʢʩʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʈʘʙʦʪʫ ʚʳʧʦʣʥʷʣʠ ʥʘ ʢʨʫʧʥʳʭ ʤʦʣʦʯʥʦ-ʪʦʚʘʨʥʳʭ ʬʝʨʤʘʭ ʥʝʙʣʘʛʦʧʦʣʫʯʥʳʭ ʧʦ ʧʘʨʘʪʫʙʝʨʢʫʣʝʟʫ 
ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ. ʄʦʥʠʪʦʨʠʥʛ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʱʝʧʨʠʥʷʪʳʭ ʩʝʨʦʣʦ-
ʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ. ʀʩʩʣʝʜʦʚʘ-
ʥʠʶ ʧʦʜʚʝʨʛʘʣʠ ʞʠʚʦʪʥʳʭ ʨʘʟʥʳʭ ʧʦʣʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ ʩ 15 ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʜʦ 6 ʤʝʩʷʮʝʚ. ɺ ʨʝ-
ʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʳʷʚʣʝʥʥʳʭ ʨʝʘʛʠʨʫʶʱʠʭ ʞʠʚʦʪʥʳʭ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ 
ʵʪʘʧʝ ʦʟʜʦʨʦʚʣʝʥʠʷ ʩʨʝʜʠ ʚʟʨʦʩʣʦʛʦ ʧʦʛʦʣʦʚʴʷ ʩʦʩʪʘʚʣʷʣʦ 6,2 %. 

ɺʤʝʩʪʝ ʩ ʵʪʠʤ ʪʝʣʷʪʘ ʜʦ 6 ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʦʩʪʘʶʪʩʷ ʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʤʝ-
ʪʦʜʘʤʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʫ ʥʠʭ ʛʫʤʦʨʘʣʴʥʦʛʦ ʦʪʚʝʪʘ ʠ ʩʠʥʪʝʟʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ ʥʘ 
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ʧʝʨʩʠʩʪʝʥʮʠʶ ʚʦʟʙʫʜʠʪʝʣʷ ʧʘʨʘʪʫʙʝʨʢʫʣʝʟʘ. ɼʣʷ ʭʨʦʥʠʯʝʩʢʠ ʧʨʦʪʝʢʘʶʱʠʭ ʠʥʬʝʢʮʠʦʥʥʳʭ ʟʘʙʦʣʝʚʘ-
ʥʠʡ ʩʦʩʪʦʷʥʠʝ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʫ ʤʦʣʦʜʥʷʢʘ ʜʦ ʧʦʣʦʚʦʟʨʝʣʦʛʦ ʚʦʟʨʘʩʪʘ ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤ ʠ ʦʙʥʘ-
ʨʫʞʠʪʴ ʥʘʣʠʯʠʝ ʚʦʟʙʫʜʠʪʝʣʷ ʚ ʦʨʛʘʥʠʟʤʝ ʦʧʦʩʨʝʜʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʦ ʥʘʣʠʯʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʤ-
ʤʫʥʦʛʣʦʙʫʣʠʥʦʚ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʇʦʵʪʦʤʫ ʚ ʩʪʘʜʘʭ, ʦʟʜʦʨʘʚʣʠʚʘʝʤʳʭ ʦʪ ʧʘʨʘʪʫʙʝʨʢʫʣʝʟʘ, ʩʫʱʝʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, 
ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʪʝʣʷʪʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʤ ʭʦʟʷʡʩʪʚʝ, ʤʦʛʫʪ ʟʘʨʘʞʘʪʴʩʷ ʠ ʜʦ ʦʧʨʝʜʝʣʝʥ-
ʥʦʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʨʦʷʚʣʷʪʴ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʙʦʣʝʟʥʠ, ʦʩʪʘʚʘʷʩʴ ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʝʢʮʠʠ ʠ ʧʨʝʜ-
ʩʪʘʚʣʷʷ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʪʝʣʷʪ ʩ ʣʘʪʝʥʪʥʦʡ ʬʦʨʤʦʡ ʠʥʬʝʢʮʠʠ ʠ ʙʘʢʪʝʨʠʦʥʦʩʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠ-
ʤʝʨʘʟʥʦʶ ʮʝʧʥʫʶ ʨʝʘʢʮʠʶ. ʆʪʙʦʨ ʙʠʦʤʘʪʝʨʠʘʣʘ ʫ ʪʝʣʷʪ 15 ʜʥʝʚʥʦʛʦ ʚʦʟʨʘʩʪʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩʦ ʩʣʠʟʠ-
ʩʪʦʡ ʦʙʦʣʦʯʢʠ ʧʨʷʤʦʡ ʢʠʰʢʠ ʩʪʝʨʠʣʴʥʳʤ ʟʦʥʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʣʠ ʚ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʨʝʜʫ ɸʤʠʝʩʘ ʩ 
ʫʛʣʝʤ ʠ ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ ʜʦʩʪʘʚʣʷʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʇʎʈ ʤʝʪʦʜʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʠ ʤʦʣʦʜʥʷʢʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʫ 1 % ʚʳʷʚʣʝʥ 
ʪʝʣʷʪ ʚʳʷʚʣʝʥʦ ɼʅʂ Mycobacterium avium subspecies paratuberculosis ʠ ʦʥʠ ʷʚʣʷʣʠʩʴ ʥʦʩʠʪʝʣʷʤʠ ʚʦʟ-
ʙʫʜʠʪʝʣʷ ʧʘʨʘʪʫʙʝʨʢʫʣʝʟʘ. 

ʄʝʪʦʜ ʇʎʈ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ ʧʨʘʢʪʠʯʝʩʢʦʡ ʚʝʪʝʨʠʥʘʨʠʠ ʢʘʢ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʪʝʩʪ, ʧʦʟʚʦʣʠʣ 
ʚʳʷʚʠʪʴ ʞʠʚʦʪʥʳʭ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠʥʬʝʢʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠ ʠʟʦʣʠʨʦʚʘʪʴ ʠʭ ʠʟ ʛʨʫʧʧʳ ʟʜʦʨʦʚʳʭ 
ʪʝʣʷʪ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʝʨʝ ʟʘʨʘʞʝʥʠʝ ʧʦʛʦʣʦʚʴʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ, ʘ ʪʘʢʞʝ ʢʦʥʪʘʤʠʥʘʮʠʶ ʚʦʟ-
ʙʫʜʠʪʝʣʝʤ ʠʥʬʝʢʮʠʠ ʦʙʲʝʢʪʦʚ ʠ ʪʝʨʨʠʪʦʨʠʠ ʬʝʨʤ, ʩʦʢʨʘʪʠʪʴ ʧʝʨʠʦʜ ʦʟʜʦʨʦʚʣʝʥʠʷ ʥʝʙʣʘʛʦʧʦʣʫʯʥʦʛʦ 
ʭʦʟʷʡʩʪʚʘ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʪʠʚʦʵʧʠʟʦʦʪʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʪʝʛʨʘʮʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ, ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʧʨʠ-
ʦʙʨʝʪʝʥʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʧʦʟʚʦʣʷʶʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʫ ʚʝʪʝʨʠʥʘʨʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʧʦ-
ʚʳʰʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ ʵʧʠʟʦʦʪʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʩʝʣʴʭʦʟʪʦʚʘʨʦʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. 
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ǰǭǶǧǬǤǬǧǾ ǩǧǱǟǨǰǩǧǴ ǩǭǫǮǭǦǧǱǭǯǭǡ 
ǣǪǾ ǩǪǟǯǬǤǱǟ ǡ ǰǭǡǯǤǫǤǬǬǭǫ 
ǩǭǬǵǤǯǱǬǭǫ ǧ ǮǤǣǟǢǭǢǧǶǤǰǩǭǫ 
ǯǤǮǤǯǱǲǟǯǤ 

Ǫȝ ǽȌȖȅȇ 
ʘʩʧʠʨʘʥʪ ʢʘʬʝʜʨʳ ʤʫʟʳʢʘʣʴʥʦʡ ʧʝʜʘʛʦʛʠʢʠ ʠ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ 

ʋʆ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʤʫʟʳʢʠè  
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʎʘʨʠʢ ʆ.C. 
ʢ. ʠʩʢ, ʜʦʮʝʥʪ, 

ʋʆ çɹʝʣʦʨʫʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʤʫʟʳʢʠè 
 

ɹʦʦʧʫʙʯʡʸ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʥʮʝʨʪʥʦʛʦ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʨʝʧʝʨʪʫʘʨʘ ʜʣʷ 
ʢʣʘʨʥʝʪʘ, ʩʦʟʜʘʥʥʦʛʦ ʢʠʪʘʡʩʢʠʤʠ ʢʦʤʧʦʟʠʪʦʨʘʤʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʩʪʠ-
ʣʠʩʪʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʞʘʥʨʦʚ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʚʦʨʯʝʩʪʚʘ ʢʠʪʘʡʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ. 
ɺ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʘʚʪʦʨʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʩʠʥʪʝʟ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʪʝʭ-
ʥʠʢ ʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʠʪʘʡʩʢʦʡ ʤʫʟʳʢʘʣʴʥʦʡ ʵʩʪʝʪʠʢʠ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʫʥʠʢʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʣʘʩʪʘ ʩʦ-
ʚʨʝʤʝʥʥʦʡ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʤʫʟʳʢʠ ʂʠʪʘʷ. ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʥʦʪʥʳʭ ʪʝʢʩʪʦʚ ʠ ʘʫʜʠʦʟʘʧʠʩʝʡ ʚʳʷʚʣʷ-
ʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʝ ʪʝʥʜʝʥʮʠʠ: ʦʙʨʘʱʝʥʠʝ ʢ ʞʘʥʨʘʤ ʧʨʦʛʨʘʤʤʥʦʡ ʧʴʝʩʳ-ʤʠʥʠʘʪʶʨʳ ʠ ʢʨʫʧʥʳʤ ʬʦʨʤʘʤ 
(ʚʘʨʠʘʮʠʠ, ʢʦʥʮʝʨʪ,); ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʢʠʪʘʡʩʢʠʭ ʣʘʜʦʚ, ʮʠʪʘʪ ʠʣʠ ʩʪʠʣʠʟʘʮʠʡ ʥʘʨʦʜʥʳ ʧʝʩʝʥ 
ʠ ʪʘʥʮʝʚ; ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʪʝʤʙʨʦʚʘʷ ʜʨʘʤʘʪʫʨʛʠʷ, ʠʤʠʪʠʨʫʶʱʘʷ ʟʚʫʯʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʢʠʪʘʡʩʢʠʭ ʠʥ-
ʩʪʨʫʤʝʥʪʦʚ; ʩʦʯʝʪʘʥʠʝ ʥʝʦʢʣʘʩʩʠʯʝʩʢʠʭ, ʤʦʜʘʣʴʥʳʭ ʠ ʘʚʘʥʛʘʨʜʥʳʭ ʪʝʭʥʠʢ ʧʠʩʴʤʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʢʣʘʨʥʝʪ, ʩʦʯʠʥʝʥʠʷ ʜʣʷ ʢʣʘʨʥʝʪʘ, ʢʠʪʘʡʩʢʘʷ ʢʣʘʨʥʝʪʦʚʘʷ ʰʢʦʣʘ, ʩʦʯʠʥʝʥʠʷ ʜʣʷ 
ʢʣʘʨʥʝʪʘ, ʢʠʪʘʡʩʢʠʝ ʢʦʤʧʦʟʠʪʦʨʳ. 
 

COMPOSITIONS BY CHINESE COMPOSERS FOR CLARINET IN THE MODERN CONCERT AND 
PEDAGOGICAL REPERTOIRE 

 
Liu Yongzhi 

 
Scientific adviser: Tsarik O.S. 

 
Abstract. The article is devoted to the analysis of the contemporary concert and pedagogical repertoire for the 
clarinet created by Chinese composers. The aim of this article is to analyze the main stylistic trends, genres, 
and national characteristics of the works of Chinese composers. The author of the study focuses on the syn-
thesis of Western European compositional techniques and traditional Chinese musical aesthetics, which de-
termines the uniqueness of this layer of contemporary Chinese academic music. Based on the study of musi-
cal scores and audio recordings, characteristic trends are identified: a focus on the genres of programmatic 
miniature pieces and large forms (variations, concerto); the use of elements of Chinese modes, quotations, or 
stylizations of folk songs and dances; a specific timbral dramaturgy that imitates the sound of traditional Chi-

nese instruments; a combination of neoclassical, modal, and avantȤgarde compositional techniques. 
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Keywords: clarinet, compositions for clarinet, Chinese clarinet school, compositions for clarinet, Chinese 
composers. 

 
ɻʛʞʝʞʦʡʞ. ʀʩʪʦʨʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʢʣʘʨʥʝʪʦʚʦʛʦ ʠʩʢʫʩʩʪʚʘ ʚ ʂʠʪʘʝ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 

100 ʣʝʪ. ɿʘ ʵʪʦʪ ʧʝʨʠʦʜ ʢʠʪʘʡʩʢʠʝ ʤʫʟʳʢʘʥʪʳ-ʢʣʘʨʥʝʪʠʩʪʳ ʧʨʦʰʣʠ ʧʫʪʴ ʦʪ ʦʩʚʦʝʥʠʷ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʥ-
ʩʪʨʫʤʝʥʪʘ ʥʘ ʣʶʙʠʪʝʣʴʩʢʦʤ ʫʨʦʚʥʝ ʜʦ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ï ʦʪ ʰʢʦʣʳ ʜʦ 
ʫʯʨʝʞʜʝʥʠʡ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ [7, ʩ. 11-16].  

ʂʠʪʘʡʩʢʠʝ ʢʦʤʧʦʟʠʪʦʨʳ ʩʦʟʜʘʣʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʣʷ ʢʣʘʨʥʝʪʘ, ʢʦʪʦʨʳʝ 
ʧʦʣʴʟʫʶʪʩʷ ʰʠʨʦʢʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ, ʢʘʢ ʫ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʪʘʢ ʠ ʫ ʩʣʫʰʘʪʝʣʝʡ. ʆʥʠ ʚʭʦʜʷʪ ʚ ʢʦʥʮʝʨʪʥʳʡ 
ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʨʝʧʝʨʪʫʘʨ ʫʯʘʱʠʭʩʷ ʤʫʟʳʢʘʣʴʥʳʭ ʰʢʦʣ ʠ ʩʪʫʜʝʥʪʦʚ ʢʦʥʩʝʨʚʘʪʦʨʠʡ ʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. 
ʕʪʦ ʚʥʠʤʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʳʩʦʢʦʡ ʭʫʜʦʞʝʩʪʚʝʥʥʦʩʪʴʶ, ʷʨʢʦʡ ʦʙʨʘʟʥʦʩʪʴʶ ʠ 
ʤʘʩʪʝʨʩʪʚʦʤ ʚʦʧʣʦʱʝʥʠʷ, ʩʚʦʡʩʪʚʝʥʥʳʤʠ ʜʘʥʥʳʤ ʩʦʯʠʥʝʥʠʷʤ, ʘ ʩ ʜʨʫʛʦʡ ï ʨʘʟʚʠʪʦʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 
ʂʠʪʘʝ ʪʨʘʜʠʮʠʝʡ ʠʩʧʦʣʥʝʥʠʷ ʤʫʟʳʢʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʤʧʦʟʠʪʦʨʦʚ. ʕʪʦ ʥʘʰʣʦ ʚʳʨʘʞʝʥʠʝ ʚ ʨʝʛʫʣʷʨʥʦ 
ʧʨʦʚʦʜʠʤʳʭ ʢʦʥʢʫʨʩʘʭ ʠ ʬʝʩʪʠʚʘʣʷʭ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ  ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʛʦ ʤʘ-
ʩʪʝʨʩʪʚʘ ʠ ʧʨʦʜʦʣʞʘʶʪ ʜʘʨʠʪʴ ʤʠʨʫ ʥʦʚʳʭ ʠʥʪʝʨʧʨʝʪʘʪʦʨʦʚ ʥʘʮʠʦʥʘʣʴʥʦʡ ʤʫʟʳʢʠ. ʄʥʦʛʠʝ 
ʩʦʚʨʝʤʝʥʥʳʝ ʢʣʘʨʥʝʪʠʩʪʳ-ʧʨʦʬʝʩʩʠʥʘʣʳ çʚʳʨʦʩʣʠè ʥʘ ʥʘʮʠʦʥʘʣʴʥʦʤ ʨʝʧʝʨʪʫʘʨʝ. ɿʘ ʧʦʩʣʝʜʥʠʝ 
ʜʝʩʷʪʠʣʝʪʠʷ ʤʫʟʳʢʘʥʪʘʤʠ ʨʘʟʥʳʭ ʧʦʢʦʣʝʥʠʡ ʥʘʢʦʧʣʝʥ ʦʛʨʦʤʥʳʡ ʦʧʳʪ ʝʛʦ ʦʩʚʦʝʥʠʷ: ʠʩʧʦʣʥʝʥʠʷ, 
ʦʩʤʳʩʣʝʥʠʷ ʠ ʧʨʝʧʦʜʘʚʘʥʠʷ. ʊʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥ ʨʷʜ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʦʧʨʦʩʘʤ 
ʤʝʪʦʜʠʢʠ ʠ ʢʣʘʨʥʝʪʦʚʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʩʪʚʘ ʚ ʂʠʪʘʝ.  ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʚ ʂʠʪʘʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠʩʧʦʣʥʠʪʝʣʴʩʢʘʷ ʰʢʦʣʘ ʠʛʨʳ ʥʘ ʢʣʘʨʥʝʪʝ [ʩʤ. ʦʙ ʵʪʦʤ: 3, ʩ. 84-85]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʠʟʘ ʦʪʜʝʣʴʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʣʷ ʢʣʘʨʥʝʪʘ ʢʠʪʘʡʩʢʠʭ ʢʦʤʧʦʟʠ-
ʪʦʨʦʚ ʚʳʷʚʣʷʶʪʩʷ ʠ ʦʙʦʙʱʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʩʪʠʣʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʞʘʥʨʦʚʦʡ ʩʧʝʮʠʬʠ-
ʢʠ, ʧʨʠʩʫʱʠʝ ʜʘʥʥʳʤ ʩʦʯʠʥʝʥʠʷʤ. 

ʇʪʦʧʛʦʙʸ ʰʙʪʫʵ. ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʢʣʘʨʥʝʪʦʚʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʩʪʚʘ ʚ ʂʠʪʘʝ 
ʩʯʠʪʘʝʪʩʷ ʠʟʚʝʩʪʥʳʡ ʢʣʘʨʥʝʪʠʩʪ ʄʫ ʏʞʠʮʠʥ (1889ï1969) ï ʧʝʨʚʳʡ ʢʠʪʘʡʩʢʠʡ ʤʫʟʳʢʘʥʪ, ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ 
ʦʚʣʘʜʝʚʰʠʡ ʵʪʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. [ʩʤ. ʦʙ ʵʪʦʤ: 6, ʩ. 61-63]. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʦʥ ʫʩʧʝʰʥʦ ʢʦʥʮʝʨ-
ʪʠʨʦʚʘʣ ʠ ʧʨʝʧʦʜʘʚʘʣ ʩʥʘʯʘʣʘ ʚ ʇʝʢʠʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʰʢʦʣʘʭ ʐʘʥʭʘʷ, ʧʨʦʚʠʥʮʠʠ 
ʉʳʯʫʘʥʴ ʠ ʜʨʫʛʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʦʥ ʩʪʘʣ ʧʝʨʚʳʤ ʧʨʦʬʝʩʩʦʨʦʤ ʧʦ ʢʣʘʩʩʫ 
ʢʣʘʨʥʝʪʘ ʚ ʉʳʯʫʘʥʴʩʢʦʡ ʢʦʥʩʝʨʚʘʪʦʨʠʠ ʠ ʚʦʩʧʠʪʘʣ ʮʝʣʫʶ ʧʣʝʷʜʫ ʚʳʜʘʶʱʠʭʩʷ ʠʩʧʦʣʥʠʪʝʣʝʡ-
ʢʣʘʨʥʝʪʠʩʪʦʚ. ʊʘʢʞʝ ʦʜʥʠʤʠ ʠʟ ʧʝʨʚʳʭ ʠʟʚʝʩʪʥʳʭ ʢʣʘʨʥʝʪʠʩʪʦʚ ʩʪʘʣʠ ʏʞʘʦ ʂʫʥʴʭʦʫ ʠ ʎʠʥʴ ʇʵʥʯʞʘʥ. 

ʇʝʨʚʦʝ ʧʦʢʦʣʝʥʠʝ ʢʠʪʘʡʩʢʠʭ ʢʣʘʨʥʝʪʠʩʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʧʦʣʫʯʠʚʰʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ 
ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʦʥʩʝʨʚʘʪʦʨʠʷʭ ʠʣʠ ʫʥʠʚʝʨʩʠʪʝʪʘʭ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʚʦʩʧʠʪʘʥʠʶ ʢʘʢ ʧʝʜʘʛʦʛʦʚ ʠ ʠʩʧʦʣ-
ʥʠʪʝʣʝʡ, ʪʘʢ ʠ ʢʦʤʧʦʟʠʪʦʨʦʚ, ʩʦʟʜʘʚʰʠʭ ʥʘʮʠʦʥʘʣʴʥʳʡ ʨʝʧʝʨʪʫʘʨ ʜʣʷ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ɸʚʪʦʨʘʤʠ 
ʧʝʨʚʳʭ ʢʠʪʘʡʩʢʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʣʷ ʢʣʘʨʥʝʪʘ ʚ 1950-1970-ʭ ʛʦʜʘʭ ʩʪʘʣʠ ï ʏʞʘʥ ɺʫ, ʉʠʥ ʍʫʛʫʘʥ, ɺʘʥ 
ʗʥʴ, ʉʷʥ ʏʞʵʥʴʣʫʥ, ʏʞʘʥ ʗʛʫʘʥ, ʎʟʷʥ ʍʫʥʙʠʥʴ, ʄʵʥ ʉʷʦʩʷ, ʩʚʦʠʤʠ ʧʴʝʩʘʤʠ ʧʦʧʦʣʥʠʚʰʠʝ ʢʘʢ ʧʝʜʘʛʦʛʠ-
ʯʝʩʢʠʡ, ʪʘʢ ʠ ʢʦʥʮʝʨʪʥʳʡ ʨʝʧʝʨʪʫʘʨ.  

ʇʝʨʚʦʝ ʢʠʪʘʡʩʢʦʝ ʩʦʯʠʥʝʥʠʝ ʜʣʷ ʢʣʘʨʥʝʪʘ1 çɺʘʨʠʘʮʠʠ ʥʘ ʉʶʥʴʙʵʡʩʢʫʶ ʤʝʣʦʜʠʶè ʢʦʤʧʦʟʠʪʦʨʘ 
ʏʞʘʥ ɺʫ ʙʳʣʦ ʥʘʧʠʩʘʥʦ ʚ 1952 ʛʦʜʫ. ʏʞʘʥ ɺʫ (1927ï2005), ʧʨʦʬʝʩʩʦʨ ʎʝʥʪʨʘʣʴʥʦʡ ʢʦʥʩʝʨʚʘʪʦʨʠʠ, 
ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʦʤʧʦʟʠʪʦʨ, ʩʦʟʜʘʚʘʚʰʠʡ ʚ 1950ï1970-ʝ ʛʦʜʳ ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʣʷ ʢʣʘʨʥʝʪʘ, ʚ ʢʦʪʦʨʳʭ 
ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʙʦʪʢʠ ʥʘʨʦʜʥʳʭ ʧʝʩʝʥʥʳʭ ʠ ʪʘʥʮʝʚʘʣʴʥʳʭ ʤʝʣʦʜʠʡ, ʧʨʝʪʚʦʨʷʣʘʩʴ ʠʥʪʦ-
ʥʘʮʠʦʥʥʦ-ʣʘʜʦʚʘʷ ʩʧʝʮʠʬʠʢʘ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʫʟʳʢʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʝʚʨʦʧʝʡʩʢʠʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ 
ʧʨʠʝʤʘʤʠ. ʕʪʠ ʚʘʨʠʘʮʠʠ, ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʚ ʂʠʪʘʝ, ʪʘʢ ʠ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ, ʩʪʘʣʠ ʫʩʧʝʰʥʳʤ ʦʧʳʪʦʤ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʜʘʛʦʛʠʯʝʩʢʦʤʫ ʨʝʧʝʨʪʫʘʨʫ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʥʝʙʦʣʴʰʦʡ ʮʠʢʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʝʤʳ ʠ ʯʝʪʳʨʝʭ ʚʘʨʠʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʠʩʭʦʜʥʘʷ ʪʝʤʘ ʤʝʣʦʜʠʷ 
ʧʨʝʜʩʪʘʝʪ ʚ ʨʘʟʣʠʯʥʳʭ ʞʘʥʨʦʚʳʭ ʦʙʣʠʢʘʭ ʠ ʨʠʪʤʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʪʝʭʥʠʢʠ ʠʛʨʳ ʥʘ 
ʢʣʘʨʥʝʪʝ. ʊʝʤʘ ʥʘʧʠʩʘʥʘ ʚ ʧʝʥʪʘʪʦʥʥʦʤ ʤʘʞʦʨʥʦʤ ʣʘʜʫ, ʠʤʝʝʪ ʯʝʪʢʫʶ ʧʦʚʪʦʨʷʶʱʫʶʩʷ ʨʠʪʤʦʬʦʨʤʫʣʫ, 
ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʣʝʛʢʦ ʟʘʧʦʤʠʥʘʝʪʩʷ. 

                                                        
1 ʇʝʨʚʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʢʠʪʘʡʩʢʦʛʦ ʢʦʤʧʦʟʠʪʦʨʘ, ʥʘʧʠʩʘʥʥʳʤ ʜʣʷ ʢʣʘʨʥʝʪʘ, ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ çɺʝʪʝʨè ʢʦʤʧʦʟʠʪʦʨʘ ʉʷʥʴ ʉʠʥʭʘʡ (1930-ʝ ʛʛ.). ʆʜʥʘʢʦ ʵʪʦ 
ʩʦʯʠʥʝʥʠʝ ʜʣʷ ʬʦʨʪʝʧʠʘʥʦ, ʢʣʘʨʥʝʪʘ ʠ ʩʦʧʨʘʥʦ, ʪ. ʝ. ʢʣʘʨʥʝʪ ʥʝ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. 
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ɺ ʧʝʨʚʦʡ ʚʘʨʠʘʮʠʠ ʭʘʨʘʢʪʝʨ ʪʝʤʳ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʝʪʩʷ. ʄʝʣʦʜʠʯʝʩʢʘʷ ʣʠʥʠʷ ʦʙʦʛʘʱʘʝʪʩʷ 
ʬʠʛʫʨʘʮʠʷʤʠ, ʝʝ ʨʠʪʤʠʯʝʩʢʠʡ ʧʫʣʴʩ ʫʯʘʱʘʝʪʩʷ. ʍʘʨʘʢʪʝʨ ʠʟʣʦʞʝʥʠʷ ʚʪʦʨʦʡ ʚʘʨʠʘʮʠʠ ʙʣʠʟʦʢ ʨʘʧʩʦ-
ʜʠʠ. ʈʘʚʥʦʤʝʨʥʘʷ ʨʠʪʤʠʯʝʩʢʘʷ ʧʫʣʴʩʘʮʠʷ ʩʤʝʥʷʝʪʩʷ ʠʤʧʨʦʚʠʟʘʮʠʦʥʥʦʡ ʩʚʦʙʦʜʦʡ ʨʠʪʤʘ, ʩʦʣʦ ʢʣʘʨʥʝ-
ʪʘ ʯʝʨʝʜʫʝʪʩʷ ʩ ʧʝʥʪʘʪʦʥʥʳʤʠ ʧʘʩʩʘʞʘʤʠ ʫ ʬʦʨʪʝʧʠʘʥʦ. ɺ ʪʨʝʪʴʝʡ ʚʘʨʠʘʮʠʷ ʪʝʤʧ ʥʝʤʥʦʛʦ ʟʘʤʝʜʣʷʝʪ-
ʩʷ, ʬʦʨʪʝʧʠʘʥʥʳʡ ʘʢʢʦʤʧʘʥʝʤʝʥʪ ʧʨʠʦʙʨʝʪʘʝʪ ʯʝʨʪʳ ʨʦʤʘʥʪʠʯʝʩʢʦʛʦ ʥʦʢʪʶʨʥʘ, ʤʝʣʦʜʠʷ ʩʪʘʥʦʚʠʪʩʷ 
ʢʘʥʪʠʣʝʥʥʦʡ, ʧʨʦʪʷʞʝʥʥʦʡ. ɿʘʚʝʨʰʘʝʪ ʧʨʦʠʟʚʝʜʝʥʠʝ ʯʝʪʚʝʨʪʘʷ ʚʘʨʠʘʮʠʷ, ʩʘʤʘʷ ʧʦʜʚʠʞʥʘʷ: ʢʘʥʪʠʣʝ-
ʥʘ ʚ ʧʘʨʪʠʠ ʢʣʘʨʥʝʪʘ ʩʤʝʥʷʝʪʩʷ ʦʩʪʨʳʤʠ ʰʪʨʠʭʘʤʠ ʩʪʘʢʢʘʪʦ, ʞʘʥʨ ʥʦʢʪʶʨʥʘ ʫʩʪʫʧʘʝʪ ʤʝʩʪʦ ʪʘʥʮʝ-
ʚʘʣʴʥʦʩʪʠ. ʏʝʪʢʘʷ ʨʠʪʤʠʯʝʩʢʘʷ ʧʫʣʴʩʘʮʠʷ ʧʨʠʜʘʝʪ ʬʠʥʘʣʴʥʦʡ ʚʘʨʠʘʮʠʠ ʷʨʢʦʩʪʴ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʩʪʴ. 

ɿʘʪʝʤ ʢʦʤʧʦʟʠʪʦʨʦʤ ʙʳʣʠ ʩʦʟʜʘʥʳ çʊʘʥʮʝʚʘʣʴʥʳʝ ʤʝʣʦʜʠʠ ʉʠʥʴʮʟʷʥʩʢʦʛʦ ʨʘʡʦʥʘè (1955), 
çʊʘʥʝʮ ʚ ʯʝʩʪʴ ʅʦʚʦʛʦ ʛʦʜʘè (1960) ʠ ʜʨʫʛʠʝ ʢʣʘʨʥʝʪʦʚʳʝ ʩʦʯʠʥʝʥʠʷ. 

ʅʘʨʷʜʫ ʩ ʏʞʘʥ ɺʫ, ʧʴʝʩʳ ʜʣʷ ʢʣʘʨʥʝʪʘ ʩʪʘʣʘ ʧʠʩʘʪʴ ʞʝʥʱʠʥʘ-ʢʦʤʧʦʟʠʪʦʨ ʉʠʥ ʍʫʛʫʘʥ. ɺ 1950-ʝ 
ʛʦʜʳ ʧʦʷʚʠʣʠʩʴ ʝʝ: çʄʦʥʛʦʣʴʩʢʘʷ ʣʠʨʠʯʝʩʢʘʷ ʧʝʩʥʷè (1956), çʉʫʤʝʨʢʠè (1959), çɿʚʫʢʠ ʩʪʝʧʥʦʡ ʧʝʩʥʠè 
(1959) ʠ ʧʦʧʫʣʷʨʥʦʝ ʫ ʢʠʪʘʡʩʢʠʭ ʢʣʘʨʥʝʪʠʩʪʦʚ çʈʦʥʜʦè.  

ɺ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʏʞʘʥ ɺʫ ʠ ʉʠʥʴ ʍʫʛʫʘʥ ʥʘʤʝʪʠʣʠʩʴ ʪʝʥʜʝʥʮʠʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʟʚʠʪʳ ʧʦʩʣʝ-
ʜʫʶʱʠʤʠ ʢʦʤʧʦʟʠʪʦʨʘʤʠ, ʩʪʘʣʠ, ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ, ʦʙʨʘʟʮʦʤ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʪʠʣʷ. ɺ ʧʝʨʚʫʶ ʦʯʝ-
ʨʝʜʴ, ʵʪʦ  ʦʧʦʨʘ ʥʘ ʢʠʪʘʡʩʢʠʡ ʠ ʤʦʥʛʦʣʴʩʢʠʡ ʬʦʣʴʢʣʦʨ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʣʘʩʩʠʢʦ-ʨʦʤʘʥʪʠʯʝʩʢʦʡ ʢʦʤʧʦʟʠ-
ʮʠʦʥʥʦʡ ʦʩʥʦʚʦʡ, ʯʪʦ ʧʨʦʷʚʠʣʦʩʴ  ʚ ʨʷʜʝ ʦʙʱʠʭ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʯʝʨʪ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʘʨʠʘʮʠʦʥʥʦʡ  
ʠʣʠ ʧʨʦʩʪʦʡ ʪʨʝʭʯʘʩʪʥʦʡ ʬʦʨʤʳ, ʦʧʦʨʘ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʢʠʪʘʡʩʢʠʝ ʪʘʥʮʝʚʘʣʴʥʳʝ ʠ ʚʦʢʘʣʴʥʳʝ ʞʘʥʨʳ, 
ʮʠʪʠʨʦʚʘʥʠʝ ʥʘʨʦʜʥʳʭ ʧʝʩʝʥ, ʧʝʥʪʘʪʦʥʥʘʷ ʤʝʣʦʜʠʢʘ,  ʛʘʨʤʦʥʠʷ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʢʦ-ʨʦʤʘʥʪʠʯʝʩʢʦʛʦ 
ʩʪʠʣʷ, ʛʦʤʦʬʦʥʥʦ-ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʬʘʢʪʫʨʘ ʚ ʘʢʢʦʤʧʘʥʝʤʝʥʪʝ (ʙʘʩ-ʘʢʢʦʨʜ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʯʝʪʢʦʡ ʨʠʪʤʠ-
ʯʝʩʢʦʡ ʧʫʣʴʩʘʮʠʝʡ. ɼʣʷ ʚʦʩʧʨʠʷʪʠʷ ʢʠʪʘʡʩʢʠʭ ʩʣʫʰʘʪʝʣʝʡ, ʛʦʤʦʬʦʥʥʦ-ʛʘʨʤʦʥʠʯʝʩʢʘʷ, ʙʘʩ-ʘʢʢʦʨʜʦʚʘʷ 
ʬʘʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʨʝʧʨʝʟʝʥʪʠʨʫʶʱʠʤ ʧʨʠʟʥʘʢʦʤ ʝʚʨʦʧʝʡʩʢʦʡ ʤʫʟʳʢʘʣʴʥʦʡ ʪʨʘʜʠʮʠʠ, ʘ ʧʝʥʪʘʪʦʥʠʢʘ ï 
ʛʝʥʝʪʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʘʮʠʦʥʘʣʴʥʦʡ ʤʝʣʦʜʠʢʠ. ɺ ʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʷʚʣʷʝʪʩʷ 
ʩʠʥʪʝʟ ʜʚʫʭ ʩʠʩʪʝʤ ʤʫʟʳʢʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ ï ʝʚʨʦʧʝʡʩʢʦʡ ʠ ʢʠʪʘʡʩʢʦʡ.   

ʄʥʦʞʝʩʪʚʦ ʚʳʜʘʶʱʠʭʩʷ ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʣʷ ʢʣʘʨʥʝʪʘ, ʩʦʟʜʘʥʥʳʭ ʩʣʝʜʫʶʱʠʤ ʧʦʢʦʣʝʥʠʝʤ ʢʠʪʘʡ-
ʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ  

ʈʘʟʚʠʪʠʝ ʢʠʪʘʡʩʢʦʡ ʢʣʘʨʥʝʪʦʚʦʡ ʤʫʟʳʢʠ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʍʍ ʚʝʢʘ ʙʳʣʦ ʙʫʨʥʳʤ ʠ ʦʪʤʝʯʝʥ-
ʥʳʤ ʥʝʙʳʚʘʣʳʤ ʜʦ ʪʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʕʪʦʪ ʠʩʪʦʨʠʯʝʩʢʠʡ ʵʪʘʧ ʦʪʤʝʯʝʥ   ʨʷʜʦʤ ʥʦʚʳʭ ʪʝʥʜʝʥʮʠʡ: ʵʪʦ 
ʠ ʫʩʠʣʝʥʠʝ ʨʦʣʠ ʥʘʮʠʦʥʘʣʴʥʳʭ ʪʨʘʜʠʮʠʡ, ʠ, ʚʤʝʩʪʝ ʩ ʪʝʤ, ʪʝʩʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡ-
ʩʢʦʡ ʤʫʟʳʢʘʣʴʥʦʡ ʢʫʣʴʪʫʨʦʡ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʥʘʰʣʘ ʧʨʝʣʦʤʣʝʥʠʝ ʚ ʪʚʦʨʯʝʩʪʚʝ ʮʝʣʦʡ 
ʧʣʝʷʜʳ ʩʦʚʨʝʤʝʥʥʳʭ ʢʠʪʘʡʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ.  

ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʦʙʦʟʥʘʯʠʣʠʩʴ ʪʝ ʥʘʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʙʨʘʟʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʞʘʥʨʦʚʳʭ 
ʧʨʝʜʧʦʯʪʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʘʤʝʪʠʣʠʩʴ ʝʱʝ ʚ ʩʦʯʠʥʝʥʠʷʭ ʏʞʘʥ ʋ ʠ ʉʠʥ ʍʫʛʫʘʥ. ʆʥʠ ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʩʪʘ-
ʥʦʚʣʝʥʠʶ ʢʠʪʘʡʩʢʦʛʦ ʢʣʘʨʥʝʪʦʚʦʛʦ ʨʝʧʝʨʪʫʘʨʘ.  ɺʩʣʝʜ ʟʘ ʠʭ ʧʝʨʚʳʤʠ ʫʩʧʝʰʥʳʤʠ ʦʧʳʪʘʤʠ ʩʦʟʜʘʥʠʷ 
ʧʴʝʩ ʚ ʥʘʮʠʦʥʘʣʴʥʦʤ ʩʪʠʣʝ ʜʣʷ ʝʚʨʦʧʝʡʩʢʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ï ʢʣʘʨʥʝʪʘ, ʩʪʘʣʦ ʧʦʷʚʣʷʪʴʩʷ ʤʥʦʞʝʩʪʚʦ 
ʥʦʚʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʢʦʤʧʦʟʠʪʦʨʦʚ-ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʦʨʠʛʠʥʘʣʴʥʦʤ ʩʠʥʪʝʟʝ ʝʚʨʦʧʝʡ-
ʩʢʠʭ ʠ ʢʠʪʘʡʩʢʠʭ ʪʨʘʜʠʮʠʡ. ʉʨʝʜʠ ʥʠʭ ï ʎʠʥ ʃʝʜʟʶʥʴ, ʉʷʥ ʏʞʵʥʴʣʫʥ, ʉʠʥ ʉʶʵʯʞʠ, ʏʞʘʥ ʏʘʦ, ʍʫʘʥ 
ʍʫʚʵʡ, ʏʞʦʫ ʊʵ, ʋ ʐʫʘʥʴ, ʍʵ ʉʶʥʴʪʷʥʴ, ɸʦ ʏʘʥʮʶʥʴ, ʍʘʥ ɻʫʡʩʝʥ, ɻʦ ʄʠʥ, ʃʦ ʀ, ʏʞʵʥ ʀʩʷʦ, ʏʞʵʥ ʍʫʥʜʘ, 
ʍʫʘʥ ʍʫʚʵʡ, ʅʠ ʗʦʪʠ, ʃʠ ʏʘʥʲʶʥʴ, ʍʫ ɹʠʮʟʠʥ, ʏʵʥʴ ʎʠʛʘʥ, ɺʘʥ ʎʟʷʥʴʤʠʥʴ, ʍʫʘʥ ɸʥʴʣʫʥ, ʏʞʘʥ ʏʞʘʦ, ʍʵ 
ʉʶʥʴʪʷʥʴ, ʗʥ ʃʠʮʠʥ, ɹʷʥʴ ʖʥʯʞʫ, ʗʥ ɻʫʘʥ, ʋ ʅʘ ʠ ʜʨʫʛʠʝ [ʩʤ. ʦʙ ʵʪʦʤ: 5]. ʆʥʠ ʚʩʝʩʪʦʨʦʥʥʝ ʨʘʩʢʨʳʣʠ 
ʠʩʧʦʣʥʠʪʝʣʴʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʚʥʝʩʣʠ ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ 
ʢʣʘʨʥʝʪʦʚʦʡ ʤʫʟʳʢʠ ʚ ʂʠʪʘʝ. 

ɺʩʣʝʜ ʟʘ ʩʦʯʠʥʝʥʠʷʤʠ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʨʝʧʝʨʪʫʘʨʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʥʘ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ, 
ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʢʦʥʮʝʨʪʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʪʨʝʙʦʚʘʚʰʠʝ ʚʳʩʦʢʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʛʦ ʠ ʢʦʤʧʦʟʠʪʦʨ-
ʩʢʦʛʦ ʤʘʩʪʝʨʩʪʚʘ. ʆʜʥʦʡ ʠʟ ʧʨʝʜʧʦʩʳʣʦʢ ʢ ʩʦʟʜʘʥʠʶ ʪʘʢʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʷʚʠʣʩʷ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 
ʢʣʘʨʥʝʪʦʚʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʩʪʚʘ ʚ ʂʠʪʘʝ. ʉ ʨʦʩʪʦʤ ʯʠʩʣʘ ʢʣʘʨʥʝʪʠʩʪʦʚ ʧʦʷʚʠʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩ-
ʧʦʣʥʠʪʝʣʴʩʢʠʝ ʢʦʥʢʫʨʩʳ.  

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʦʙʨʘʪʠʣʠʩʴ ʢ ʥʝʩʢʦʣʴʢʠʤ ʩʦʚʨʝʤʝʥʥʳʤ ʥʦʪʥʳʤ ʠʟʜʘʥʠʷʤ. ʆʩʦʙʦʝ ʤʝʩʪʦ 
ʩʨʝʜʠ ʥʠʭ ʟʘʥʠʤʘʝʪ çɸʥʪʦʣʦʛʠʷ ʩʦʯʠʥʝʥʠʡ ʜʣʷ ʢʣʘʨʥʝʪʘè [3]. ʕʪʦʪ ʩʙʦʨʥʠʢ ʙʳʣ ʠʟʜʘʥ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʚ 
ʍʍI ʚʝʢʝ ʢʦʥʢʫʨʩʘ ʢʠʪʘʡʩʢʠʭ ʢʣʘʨʥʝʪʠʩʪʦʚ, ʢʦʪʦʨʳʡ ʚ 2018 ʛ. ʦʨʛʘʥʠʟʦʚʘʣʘ ʠ ʧʨʦʚʝʣʘ ʉʳʯʫʘʥʩʢʘʷ ʢʦʥ-
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ʩʝʨʚʘʪʦʨʠʷ. ɺ ʢʦʥʢʫʨʩʝ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʝ 79 ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʣʷ ʢʣʘʨʥʝʪʘ, ʩʦʣʴʥʳʭ ʠ ʘʥʩʘʤʙʣʝʚʳʭ.  
ʉʦʩʪʘʚʠʪʝʣʠ ʵʪʦʛʦ ʩʙʦʨʥʠʢʘ ʉʷʥ ʏʞʵʥʴʣʫʥ ʠ ʎʠʥ ʃʝʜʟʶʥʴ, ʦʪʦʙʨʘʣʠ ʠʟ ʧʨʦʠʟʚʝʜʝʥʠʡ, ʧʨʦʟʚʫʯʘʚʰʠʭ 
ʥʘ ʢʦʥʢʫʨʩʝ ʩʘʤʳʝ ʫʜʘʯʥʳʝ ʠ ʟʥʘʯʠʪʝʣʴʥʳʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʩʙʦʨʥʠʢ ʚʦʰʣʠ 22 ʦʨʠʛʠʥʘʣʴʥʳʭ 
ʘʚʪʦʨʩʢʠʭ ʩʦʯʠʥʝʥʠʷ, ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʦʙʨʘʙʦʪʢʘʤʠ ʥʘʨʦʜʥʦʡ ʤʫʟʳʢʠ.  

ʉʦʩʪʘʚʠʪʝʣʴ ʩʙʦʨʥʠʢʘ ʎʠʥ ʃʝʜʟʶʥʴ (ʨ. 1947) ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʢʠʪʘʡʩʢʠʭ ʢʣʘʨʥʝʪʠ-
ʩʪʦʚ-ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ ʢʦʤʧʦʟʠʪʦʨʦʚ, ʩʦʣʠʩʪ ʉʠʤʬʦʥʠʯʝʩʢʦʛʦ ʦʨʢʝʩʪʨʘ ʢʠʪʘʡʩʢʦʛʦ ʨʘʜʠʦ ʠ ʢʠʥʦ ʠ ʯʣʝʥ 
ɸʩʩʦʮʠʘʮʠʠ ʢʠʪʘʡʩʢʠʭ ʤʫʟʳʢʘʥʪʦʚ. ʆʥ ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʦʤ ʤʥʦʛʠʭ ʩʦʯʠʥʝʥʠʡ ʫʯʝʙʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ 
ʨʝʧʝʨʪʫʘʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʚ ʂʠʪʘʝ çɹʘʟʦʚʦʛʦ ʢʫʨʩʘ ʠʛʨʳ ʥʘ ʢʣʘʨʥʝʪʝè, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʦʙʦʡ ʭʨʝʩʪʦʤʘʪʠʶ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʢʣʘʩʩʫ ʢʣʘʨʥʝʪʘ.  ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʜʝʣʦʚ, 
ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʛʦ ʥʘʚʳʢʘ (ʩʢʘʯʢʠ ʥʘ 
ʨʘʟʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʤʝʣʠʟʤʳ, ʧʘʩʩʘʞʠ ʚ ʙʳʩʪʨʦʤ ʪʝʤʧʝ ʠ ʜʨ.). ɺ ʢʘʞʜʦʤ ʨʘʟʜʝʣʝ ʩʦʜʝʨʞʘʪʩʷ ʠʥʩʪʨʫʢ-
ʪʠʚʥʳʝ ʫʧʨʘʞʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʝʜʝʥʠʷ, ʥʘʧʠʩʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 
ʪʝʭʥʠʢʠ ʠ ʯʘʩʪʦ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʥʪʦʥʘʮʠʷʭ ʢʠʪʘʡʩʢʠʭ ʥʘʨʦʜʥʳʭ ʧʝʩʝʥ.  ʉʙʦʨʥʠʢ çɹʘʟʦʚʳʡ ʢʫʨʩ ʠʛʨʳ ʥʘ 
ʢʣʘʨʥʝʪʝè ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʦʙʫʯʝʥʠʷ ʢʣʘʨʥʝʪʠʩʪʘ.  ʉʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʤ 
ʧʨʦʠʟʚʝʜʝʥʠʷ ʩʪʘʚʷʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ, ʚʦʩʧʠʪʳʚʘʶʪ ʪʦʥʢʦʩʪʴ ʧʦʥʠʤʘʥʠʷ ʤʫʟʳ-
ʢʠ, ʧʨʠʫʯʘʶʪ ʢ ʪʱʘʪʝʣʴʥʦʩʪʠ ʚ ʦʪʜʝʣʢʝ ʜʝʪʘʣʝʡ. ʉ ʤʦʤʝʥʪʘ ʧʫʙʣʠʢʘʮʠʠ ʩʙʦʨʥʠʢʘ ʚ 2000 ʛʦʜʫ, ʦʥ ʧʝʨʝ-
ʠʟʜʘʚʘʣʩʷ 10 ʨʘʟ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ ʠʛʨʝ ʥʘ ʢʣʘʨʥʝʪʝ ʚ ʂʠʪʘʝ. 

ʎʠʥ ʃʝʜʟʶʥʴ ʩʦʟʜʘʣ ʙʦʣʝʝ 100 ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʣʷ ʢʣʘʨʥʝʪʘ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʩʪʘʣʠ ʧʦʧʫʣʷʨʥʳʤʠ 
ʠ ʚ ʢʦʥʮʝʨʪʥʦʡ ʧʨʘʢʪʠʢʝ [ʩʤ. ʦʙ ʵʪʦʤ: 7]. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʟʘʤʠ ʧʨʦʚʠʥʮʠʠ ʉʠʥʴʮʟʷʥ. ɺ ʥʠʭ 
ʦʪʨʘʞʝʥʳ ʧʝʡʟʘʞʠ ʧʫʩʪʳʥʠ ɻʦʙʠ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʘʜʞʠʢʩʢʦʛʦ ʠ ʫʡʛʫʨʩʢʦʛʦ ʬʦʣʴʢʣʦʨʘ. 
ʗʨʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʷʚʣʷʶʪʩʷ çʆʨʝʣè, çʉʦʥ ʚ ʧʫʩʪʳʥʝè, çʇʘʩʪʫʭ ʥʘ ʙʝʨʝʛʫ ʨʝʢʠ ʌʵʥʴʭʵè, çɺʝʩʝʣʘʷ ʢʫ-
ʨʦʯʢʘè, çʊʘʥʛʦ ʜʠʢʦʡ ʢʦʰʢʠè, çɼʚʦʡʥʦʡ ʪʘʥʝʮè ʠ çʊʘʥʝʮ ʚ ʛʦʨʥʦʡ ʜʝʨʝʚʥʝè, çʆʩʣʠʥʘʷ ʪʝʣʝʞʢʘè, çʄʝʯʪʳ 
ʚ ʧʫʩʪʳʥʝè, çʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʜʫʵʪ ʧʘ-ʜʝ-ʜʝ ʥʘ ʢʣʘʨʥʝʪʝè, çʇʦʜ ʷʙʣʦʥʝʡè.  ʆʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘ-
ʥʠʝ ʠ ʝʛʦ ʭʘʨʘʢʪʝʨʥʳʝ ʩʦʣʴʥʳʝ ʧʴʝʩʳ: çʇʦʡʤʘʪʴ ʢʫʨʠʮʫè, çɼʝʨʝʚʝʥʩʢʠʝ ʧʝʩʥʠè, çʊʘʥʝʮ ʣʠʩʠʮʳè. ʕʪʠ 
ʩʦʯʠʥʝʥʠʷ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʙʦʣʝʝ ʯʝʤ 10 ʩʙʦʨʥʠʢʘʭ ʜʣʷ ʢʣʘʨʥʝʪʘ, ʚ ʠʟʜʘʪʝʣʴʩʪʚʘʭ People's Music 
Publishing House, China Radio and Television Press, Central Conservatory of Music Press.  

ʆʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʧʴʝʩ ʎʠʥ ʃʠʮʟʶʥʷ çʆʩʣʠʥʘʷ ʪʝʣʝʞʢʘè ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʥʮʝʨʪʥʦʤʫ 
ʨʝʧʝʨʪʫʘʨʫ. ɺ ʵʪʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʧʴʝʩʝ ʘʚʪʦʨ ʤʘʩʪʝʨʩʢʠ ʞʠʚʦʧʠʩʫʝʪ ʦʙʨʘʟ ʪʝʣʝʞʢʠ ʩ ʟʘʧʨʷʞʝʥʥʳʤ ʚ 
ʥʝʝ ʦʩʣʠʢʦʤ. ɿʚʫʢʦʠʟʦʙʨʘʟʠʪʝʣʴʥʳʝ ʠʥʪʦʥʘʮʠʠ, ʠʤʠʪʠʨʫʶʱʠʝ ʦʩʣʠʥʳʡ ʨʝʚ, ʧʨʠʜʘʶʪ ʤʫʟʳʢʝ ʢʦʤʠʯʝ-
ʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʇʴʝʩʘ ʥʘʧʠʩʘʥʘ ʚ ʪʨʝʭʯʘʩʪʥʦʡ ʬʦʨʤʝ, ʚ ʢʨʘʡʥʠʭ ʯʘʩʪʷʭ ʢʦʪʦʨʦʡ ʟʚʫʯʠʪ ʟʘʜʦʨʥʘʷ ʤʝʣʦ-
ʜʠʷ ʚ ʧʦʜʚʠʞʥʦʤ ʪʝʤʧʝ ʩ ʯʝʪʢʠʤ ʜʚʫʜʦʣʴʥʳʤ ʨʠʪʤʦʤ. ʉʝʨʝʜʠʥʘ, ʥʘʧʠʩʘʥʥʘʷ ʚ ʦʜʥʦʠʤʝʥʥʦʤ ʤʠʥʦʨʝ, 
ʥʦʩʠʪ ʙʦʣʝʝ ʣʠʨʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʪʝʤʧ ʟʘʤʝʜʣʷʝʪʩʷ. ɻʘʨʤʦʥʠʯʝʩʢʠʡ ʤʠʥʦʨ ʚʳʟʳʚʘʝʪ ʘʩʩʦʮʠʘʮʠʠ ʩ 
ʬʦʣʴʢʣʦʨʥʳʤʠ ʤʝʣʦʜʠʷʤʠ ʥʘʨʦʜʥʦʩʪʝʡ ʉʨʝʜʥʝʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʜʞʠʢʩʢʦʛʦ ʠ ʫʡ-
ʛʫʨʩʢʦʛʦ ʥʘʨʦʜʦʚ ʧʫʩʪʳʥʠ ɻʦʙʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʪʨʝʭ ʩʪʨʘʥ ï ʋʟʙʝʢʠʩʪʘʥʘ, ʂʳʨʛʳʟʩʪʘʥʘ 
ʠ ʊʘʜʞʠʢʠʩʪʘʥʘ). ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʟʘʤʳʩʣʦʚʘʪʦʝ ʦʙʨʘʟʥʦʝ ʩʦʜʝʨʞʘʥʠʝ, ʵʪʘ ʧʴʝʩʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʩʪʘ-
ʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʘʩʪʝʨʩʪʚʘ. ʀʩʧʦʣʥʝʥʠʝ ʩʢʘʯʢʦʚ ʥʘ ʰʠʨʦʢʠʝ ʠʥʪʝʨʚʘʣʳ ʠ 
ʜʚʦʡʥʦʛʦ ʩʪʘʢʢʘʪʦ ʩʪʘʚʷʪ ʧʝʨʝʜ ʤʫʟʳʢʘʥʪʦʤ ʥʝʧʨʦʩʪʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʟʘʜʘʯʠ. ɸ ʪʘʢʠʝ ʧʨʠʝʤʳ, ʢʘʢ, 
ʥʘʧʨʠʤʝʨ, ʛʣʠʩʩʘʥʜʠʨʫʶʱʠʝ ʥʦʪʳ ʚʦʦʙʱʝ ʧʦʯʪʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʘʥʝʨʝ ʠʛʨʳ ʥʘ ʢʣʘʨ-
ʥʝʪʝ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʚʠʨʪʫʦʟʥʦʤ ʚʣʘʜʝʥʠʠ ʠʥʩʪʨʫʤʝʥʪʝ.  

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚ 2005 ʛ. ʙʣʘʛʦʜʘʨʷ ʠʟʚʝʩʪʥʦʤʫ ʠʩʧʦʣʥʠʪʝʣʶ ʊʘʦ ʉʶʛʫʘʥʶ ʧʴʝʩʘ ʎʠʥ ʃʝʜʟʶʥʷ 
çʆʩʣʠʥʘʷ ʪʝʣʝʞʢʘè ʧʨʠʦʙʨʝʣʘ ʧʦʧʫʣʷʨʥʦʩʪʴ, ʢʦʤʧʦʟʠʪʦʨ ʨʝʰʠʣ ʨʘʟʚʠʪʴ ʵʪʫ ʦʙʨʘʟʥʫʶ ʩʬʝʨʫ ʠ ʥʘʧʠʩʘʣ 
ʣʝʛʢʫʶ ʠʟʷʱʥʫʶ ʤʠʥʠʘʪʶʨʫ ʜʣʷ ʧʷʪʠ ʢʣʘʨʥʝʪʦʚ çʋʣʠʯʥʳʡ ʪʘʥʝʮ ʦʩʣʘè. ʂʘʢ ʠ çʆʩʣʠʥʘʷ ʪʝʣʝʞʢʘè, ʜʘʥʥʘʷ 
ʧʴʝʩʘ ʥʘʧʠʩʘʥʘ ʚ ʪʨʝʭʯʘʩʪʥʦʡ ʬʦʨʤʝ ʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʤʠʪʘʮʠʠ ʦʩʣʠʥʦʛʦ ʛʦʣʦʩʘ: ʜʚʦʝ ʦʩʣʠʢʦʚ ʚʝʜʫʪ ʜʠʘ-
ʣʦʛ. ʇʦʩʣʝ ʚʩʪʫʧʣʝʥʠʷ ʟʚʫʯʠʪ ʦʩʥʦʚʥʘʷ ʪʝʤʘ ʟʘʜʦʨʥʦʛʦ ʪʘʥʮʝʚʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʇʝʨʠʦʜʠʯʝʩʢʠ ʦʥʘ ʧʨʝ-
ʨʳʚʘʝʪʩʷ ʟʚʫʢʦʠʟʦʙʨʘʟʠʪʝʣʴʥʳʤʠ ʚʦʟʛʣʘʩʘʤʠ ʢʣʘʨʥʝʪʦʚ, ʧʦʜʨʘʞʘʶʱʠʭ ʛʦʣʦʩʘʤ ʦʩʣʦʚ. ʗʨʢʘʷ, ʟʘʧʦʤʠ-
ʥʘʶʱʘʷʩʷ ʤʝʣʦʜʠʷ ʠ ʚʳʨʘʟʠʪʝʣʴʥʘʷ ʛʘʨʤʦʥʠʷ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʟʜʘʶʪ ʢʦʣʦʨʠʪʥʳʡ ʦʙʨʘʟ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʥʘʩʣʝʜʠʷ ʎʠʥ ʃʝʜʟʶʥʷ ʩʦʩʪʘʚʣʷʶʪ ʧʨʦʠʟʚʝʜʝʥʠʷ ʤʘʣʦʡ ʬʦʨʤʳ, ʨʘʟʣʠʯʥʳʝ 
ʧʦ ʩʚʦʝʤʫ ʦʙʨʘʟʥʦʤʫ ʠ ʞʘʥʨʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ. ʕʪʦ ʙʳʣʘ ʪʘ ʦʙʣʘʩʪʴ, ʛʜʝ ʩʢʣʘʜʳʚʘʣʩʷ ʠ ʦʪʰʣʠʬʦʚʳ-
ʚʘʣʩʷ ʩʪʠʣʴ, ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʦʙʨʘʟʦʚ ʠ ʩʨʝʜʩʪʚ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʤʠʥʠʘ-
ʪʶʨʘ ʚ ʪʚʦʨʯʝʩʪʚʝ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʪʚʦʨʯʝʩʢʘʷ çʣʘʙʦʨʘʪʦʨʠʷè, ʥʦ ʠ ʩʬʝʨʘ ʚʳʜʘʶʱʠʭʩʷ ʩʚʝʨʰʝʥʠʡ ʠ 
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ʜʦʩʪʠʞʝʥʠʡ.  ʎʠʥ ʃʝʮʟʶʥʴ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʢʠʪʘʡʩʢʠʤʠ ʢʦʤʧʦʟʠʪʦʨʘʤʠ ʨʫʙʝʞʘ ʍʍ-ʍʍI ʚʝʢʦʚ, ʚʳʜʚʠ-
ʛʘʝʪ ʞʘʥʨ ʤʠʥʠʘʪʶʨʳ ʥʘ ʦʜʥʦ ʠʟ ʚʝʜʫʱʠʭ ʤʝʩʪ ʚ ʢʣʘʨʥʝʪʦʚʦʤ ʠʩʢʫʩʩʪʚʝ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ. ɺʤʝʩʪʝ ʩ 
ʪʝʤ, ʢ ʢʦʥʮʝʨʪʥʳʤ ʧʴʝʩʘʤ ʎʠʥ ʃʝʮʟʶʥʷ ʪʨʫʜʥʦ ʧʨʠʤʝʥʠʤʦ ʧʦʥʷʪʠʝ çʤʠʥʠʘʪʶʨʘè. ɿʥʘʯʠʪʝʣʴʥʦʩʪʴ ʠ 
ʨʘʟʥʦʦʙʨʘʟʠʝ ʩʦʜʝʨʞʘʥʠʷ, ʦʙʨʘʱʝʥʠʝ ʢ ʥʘʮʠʦʥʘʣʴʥʳʤ, ʵʧʠʯʝʩʢʠʤ ʦʙʨʘʟʘʤ, ʚʥʫʪʨʝʥʥʷʷ ʢʦʥʬʣʠʢʪ-
ʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ, ʫʩʠʣʝʥʠʝ ʢʦʥʮʝʨʪʥʦ-ʚʠʨʪʫʦʟʥʦʛʦ ʥʘʯʘʣʘ, ï ʚʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʘ-
ʚʠʪʴ ʵʪʠ ʧʴʝʩʳ ʚ ʦʜʠʥ ʨʷʜ ʩ ʩʦʯʠʥʝʥʠʷʤʠ ʢʨʫʧʥʳʭ ʬʦʨʤ.  

ʅʘ ʨʫʙʝʞʝ ʍʍ-ʍʍI ʚʝʢʦʚ ʪʚʦʨʯʝʩʪʚʦ ʢʠʪʘʡʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ ʦʪʣʠʯʘʝʪʩʷ ʫʜʠʚʠʪʝʣʴʥʳʤ ʞʘʥʨʦ-
ʚʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ. ʇʦʤʠʤʦ ʧʴʝʩ-ʤʠʥʠʘʪʶʨ ʜʣʷ ʢʣʘʨʥʝʪʘ ʧʦʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʦʜʥʦʯʘʩʪʥʳʝ ʠ ʮʠʢʣʠ-
ʯʝʩʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ: ʚʘʨʠʘʮʠʠ, ʩʦʥʘʪʳ, ʢʦʥʮʝʨʪʳ ʜʣʷ ʢʣʘʨʥʝʪʘ ʩ ʦʨʢʝʩʪʨʦʤ. ʉʨʝʜʠ ʧʨʦʠʟʚʝʜʝʥʠʡ ʢʠ-
ʪʘʡʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʝʧʝʨʪʫʘʨʫ, ʠʩʧʦʣʥʷʝʤʦʤʫ ʩ ʦʨʢʝʩʪʨʦʤ, ʚʳʜʝʣʷʶʪʩʷ ʢʦʥʮʝʨʪ ʜʣʷ 
ʢʣʘʨʥʝʪʘ ʩ ʦʨʢʝʩʪʨʦʤ çɻʦʣʦʩ ʇʘʤʠʨʘè (1980) ʍʫ ɹʠʜʟʠʥʘ ʠ çʂʘʧʨʠʩè ʜʣʷ ʢʣʘʨʥʝʪʘ ʠ ʩʠʤʬʦʥʠʯʝʩʢʦʛʦ 
ʦʨʢʝʩʪʨʘ ʍʫʘʥ ɸʥʴʣʫʥʷ. ʗʨʢʠʡ ʠ ʚʠʨʪʫʦʟʥʳʡ ʢʦʥʮʝʨʪ çʂʘʧʨʠʩè ʍʫʘʥ ɸʥʴʣʫʥʷ ʧʦʣʫʯʠʣ ʤʥʦʞʝʩʪʚʦ ʤʝʞ-
ʜʫʥʘʨʦʜʥʳʭ ʧʨʝʤʠʡ, ʟʘʚʦʝʚʘʣ ʰʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʨʝʜʠ ʢʣʘʨʥʝʪʠʩʪʦʚ ʠ ʜʦ ʩʠʭ ʧʦʨ ʩʯʠʪʘʝʪʩʷ ʦʜ-
ʥʠʤ ʠʟ ʣʫʯʰʠʭ ʢʠʪʘʡʩʢʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʜʣʷ ʜʘʥʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʊʝʤʘʪʠʟʤ ʢʣʘʨʥʝʪʦʚʦʛʦ ʢʦʥʮʝʨʪʘ ʍʫ ɹʠʜʟʠʥʘ ʙʣʠʟʢʠʡ ʢ ʩʠʥʴʮʟʷʥʴʩʢʠʤ ʪʨʘʜʠʮʠʦʥʥʳʤ ʥʘʨʦʜʥʳʤ 
ʤʝʣʦʜʠʷʤ, ʩʦʯʝʪʘʝʪʩʷ ʩ ʝʚʨʦʧʝʡʩʢʠʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʧʨʠʝʤʘʤʠ. ɹʣʘʛʦʜʘʨʷ ʚʳʨʘʟʠʪʝʣʴʥʦʡ ʥʘʮʠʦ-
ʥʘʣʴʥʦʡ ʤʝʣʦʜʠʢʝ, ʢʣʘʨʥʝʪʠʩʪ ʧʦʣʫʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʩʚʦʝ ʠʩʧʦʣ-
ʥʠʪʝʣʴʩʢʦʝ ʤʘʩʪʝʨʩʪʚʦ, ʠ ʧʦʢʘʟʘʪʴ ʪʝʤʙʨʦʚʫʶ ʢʨʘʩʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ. ʂʦʥʮʝʨʪ ʥʘʧʠʩʘʥ ʚ ʪʨʝʭ ʯʘʩʪʷʭ. 
ʇʝʨʚʘʷ ʯʘʩʪʴ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʯʝʨʪʳ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ ʠ ʩʦʥʘʪʥʦʡ ʬʦʨʤ. ɺʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʯʘʩʪʠ ʥʘʧʠʩʘ-
ʥʳ ʚ ʩʣʦʞʥʦʡ ʪʨʝʭʯʘʩʪʥʦʡ ʬʦʨʤʝ.2ʊʝʤʘ ʩʨʝʜʥʝʛʦ ʨʘʟʜʝʣʘ ʪʨʝʪʴʝʡ ʯʘʩʪʠ ʧʦʩʪʨʦʝʥʘ ʥʘ ʭʘʨʘʢʪʝʨʥʦʤ 
ʨʠʪʤʝ ʪʘʜʞʠʢʩʢʦʛʦ ʩʚʘʜʝʙʥʦʛʦ ʪʘʥʮʘ çʏʘʦʧʫʩʦʩè ʩ ʧʨʠʩʫʱʠʤ ʝʤʫ ʨʘʟʤʝʨʦʤ 7/8. ʄʝʣʦʜʠʢʘ ʚʩʝʭ ʪʨʝʭ 
ʯʘʩʪʝʡ ʥʘʩʳʱʝʥʘ ʠʥʪʦʥʘʮʠʷʤʠ ʪʘʜʞʠʢʩʢʦʡ ʠ ʢʠʪʘʡʩʢʦʡ ʤʫʟʳʢʠ.  

ʇʝʨʚʘʷ ʯʘʩʪʴ ʦʪʢʨʳʚʘʝʪʩʷ ʤʝʜʣʝʥʥʳʤ ʚʩʪʫʧʣʝʥʠʝʤ, ʪʝʤʘ ʢʦʪʦʨʦʛʦ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʟʚʫʯʠʪ ʠ ʚ 
ʝʝ ʟʘʚʝʨʰʝʥʠʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʪʝʤʘʪʠʯʝʩʢʫʶ ʘʨʢʫ. ʕʪʘ ʤʝʣʦʜʠʷ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʠʥʪʦʥʘʮʠʦʥʥʳʤ ʟʝʨ-
ʥʦʤ ʚʩʝʡ ʧʝʨʚʦʡ ʯʘʩʪʠ.  

ʇʦʩʣʝ ʤʝʜʣʝʥʥʦʛʦ ʚʩʪʫʧʠʪʝʣʴʥʦʛʦ ʨʘʟʜʝʣʘ ʥʘʯʠʥʘʝʪʩʷ ʦʩʥʦʚʥʦʡ, ʙʳʩʪʨʳʡ ʨʘʟʜʝʣ, ʬʦʨʤʫ ʢʦʪʦ-
ʨʦʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʦʥʘʪʥʫʶ ʩ ʩʦʢʨʘʱʝʥʥʦʡ ʨʝʧʨʠʟʦʡ ʠ ʩʦʣʴʥʦʡ ʢʘʜʝʥʮʠʝʡ. ʏʝʪʢʘʷ ʫʧʨʫʛʘʷ 
ʨʠʪʤʦʬʦʨʤʫʣʘ ʘʢʢʦʤʧʘʥʝʤʝʥʪʘ ʧʨʠʜʘʝʪ ʪʝʤʝ ʛʣʘʚʥʦʡ ʧʘʨʪʠʠ ʘʢʪʠʚʥʳʡ ʠ ʵʥʝʨʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ.  

ʊʝʤʘ ʧʦʙʦʯʥʦʡ ʧʘʨʪʠʠ ʟʚʫʯʠʪ ʚ ʩʠ-ʙʝʤʦʣʴ ʤʠʥʦʨʝ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʤʠ ʤʠʥʦʨʝ ʚʥʦʚʴ ʧʨʦʭʦʜʠʪ ʪʝʤʘ 
ʚʩʪʫʧʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʟʜʝʩʴ ʤʝʥʷʝʪ ʩʚʦʡ ʦʙʣʠʢ ʟʘ ʩʯʝʪ ʤʝʣʦʜʠʯʝʩʢʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ ʙʦʣʝʝ ʧʦʜʚʠʞʥʦʛʦ 
ʪʝʤʧʘ. ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʪʝʤʘ ʠʟʣʦʞʝʥʘ ʨʘʚʥʦʤʝʨʥʳʤʠ ʰʝʩʪʥʘʜʮʘʪʳʤʠ ʜʣʠʪʝʣʴʥʦʩʪʷʤʠ ʚ ʪʦʥʘʣʴʥʦʩʪʠ 
ʣʷ ʤʠʥʦʨ.  

ʈʘʟʨʘʙʦʪʢʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟʚʠʪʠʠ ʥʝʩʢʦʣʴʢʠʭ ʪʝʤ ï ʛʣʘʚʥʦʡ ʠ ʧʦʙʦʯʥʦʡ ʧʘʨʪʠʡ ʠ ʪʝʤʝ ʚʩʪʫʧʣʝʥʠʷ. 
ɻʣʘʚʥʘʷ ʪʝʤʘ ʧʨʦʭʦʜʠʪ, ʟʚʫʯʠʪ, ʚ ʧʘʨʪʠʠ ʦʨʢʝʩʪʨʘ, ʩʥʘʯʘʣʘ ʚ ʣʷ ʤʠʥʦʨʝ, ʟʘʪʝʤ ʚ ʩʠ-ʙʝʤʦʣʴ ʤʠʥʦʨʝ. 
ʅʘʧʨʷʞʝʥʥʦʝ ʩʪʦʣʢʥʦʚʝʥʠʝ ʛʣʘʚʥʦʡ ʠ ʧʦʙʦʯʥʦʡ ʧʘʨʪʠʡ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʨʘʟʜʝʣʫ ʚ  ʪʦʥʘʣʴʥʦʩʪʠ 
ʨʝ ʤʠʥʦʨ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʬʦʥʝ ʘʨʧʝʜʞʠʨʦʚʘʥʥʳʭ ʧʘʩʩʘʞʝʡ ʚ ʦʨʢʝʩʪʨʦʚʦʡ ʧʘʨʪʠʠ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʤʝʣʦ-
ʜʠʷ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʠʥʪʦʥʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ ʜʚʫʭ ʪʝʤ ï ʚʩʪʫʧʣʝʥʠʷ ʠ ʛʣʘʚʥʦʡ ʧʘʨʪʠʠ (ʷʚʣʷʶʱʝʡʩʷ 
ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʚʪʦʨʦʛʦ ʵʣʝʤʝʥʪʘ ʪʝʤʳ ʚʩʪʫʧʣʝʥʠʷ). ʕʪʦʪ ʨʘʟʜʝʣ ʚʤʝʩʪʝ ʩ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʢʘʜʝʥʮʠʝʡ 
ʩʦʣʠʩʪʘ ʟʚʫʯʘʪ ʢʘʢ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʘʨʴʠʨʦʚʘʥʥʘʷ ʨʝʧʨʠʟʘ. ʂʦʜʘ ʦʩʥʦʚʘʥʘ ʥʘ ʪʝʤʘʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ 
ʛʣʘʚʥʦʡ ʧʘʨʪʠʠ, ʥʦ ʚ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʤ ʪʝʤʧʝ, ʯʪʦ ʧʨʠʜʘʝʪ ʝʡ ʭʘʨʘʢʪʝʨ ʬʠʣʦʩʦʬʩʢʦʛʦ ʵʧʠʣʦʛʘ. 

ɺʪʦʨʘʷ ʯʘʩʪʴ ʥʘʧʠʩʘʥʘ ʚ ʭʘʨʘʢʪʝʨʝ ʣʠʨʠʯʝʩʢʦʛʦ ʨʘʟʤʳʰʣʝʥʠʷ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʤʝʜʣʝʥʥʳʡ 
ʪʝʤʧ, ʢʘʥʪʠʣʝʥʥʘʷ ʤʝʣʦʜʠʷ ʠ ʧʨʦʟʨʘʯʥʳʡ ʦʨʢʝʩʪʨʦʚʳʡ ʘʢʢʦʤʧʘʥʝʤʝʥʪ. ʉʨʝʜʥʠʡ ʨʘʟʜʝʣ ʥʝ ʚʥʦʩʠʪ ʚ 
ʤʫʟʳʢʫ ʢʦʥʪʨʘʩʪʘ, ʘ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʪʠʝ ʦʩʥʦʚʥʦʡ ʪʝʤʳ. ʉʚʝʪʣʘʷ ʠ ʛʘʨʤʦʥʠʯʥʘʷ ʚʪʦʨʘʷ ʯʘʩʪʴ ʩʣʫʞʠʪ 
ʩʚʦʝʦʙʨʘʟʥʳʤ çʣʠʨʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤè, ʦʪʪʝʥʷʶʱʠʤ ʵʥʝʨʛʠʯʥʳʡ ʬʠʥʘʣ. 

ʊʨʝʪʴʷ ʯʘʩʪʴ ʥʘʧʠʩʘʥʘ ʚ ʪʨʝʭʯʘʩʪʥʦʡ ʨʝʧʨʠʟʥʦʡ ʬʦʨʤʝ ʩ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʪʝʤʘʤʠ. ʇʝʨʚʘʷ 
ʯʘʩʪʴ ʥʦʩʠʪ ʙʦʜʨʳʡ ʵʥʝʨʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʚʳʟʳʚʘʷ ʘʩʩʦʮʠʘʮʠʠ ʩ ʥʘʨʦʜʥʳʤ ʪʘʥʮʝʤ. ʕʪʦʤʫ ʩʧʦʩʦʙ-
ʩʪʚʫʝʪ ʝʝ ʦʩʪʠʥʘʪʥʦʝ ʨʠʪʤʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ, ʠ ʧʦʚʪʦʨʥʦʩʪʴ ʤʝʣʦʜʠʯʝʩʢʠʭ ʦʙʦʨʦʪʦʚ ʩ ʦʧʦʨʦʡ ʥʘ 
ʣʘʜʳ ʪʘʜʞʠʢʩʢʦʡ ʤʫʟʳʢʠ. ʉʨʝʜʥʠʡ ʨʘʟʜʝʣ, ʙʦʣʝʝ ʩʜʝʨʞʘʥʥʳʡ ʧʦ ʭʘʨʘʢʪʝʨʫ, ʥʘʧʠʩʘʥ ʚ ʪʦʥʘʣʴʥʦʩʪʠ ʨʝ 
ʤʠʥʦʨ ʠ ʥʝʢʚʘʜʨʘʪʥʦʤ ʨʘʟʤʝʨʝ 7/8. ʂʦʥʮʝʨʪ ʟʘʚʝʨʰʘʝʪʩʷ ʚʠʨʪʫʦʟʥʦʡ ʢʦʜʦʡ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʤʘʪʝʨʠʘ-

                                                        
2 ɺʘʥ ɹʠʥʮʶʘʥʴ ʧʨʠʚʦʜʠʪ ʥʘʟʚʘʥʠʷ ʢʘʞʜʦʡ ʯʘʩʪʠ: I ʯ. ï çɺʝʨʙʣʶʞʠʡ ʢʦʣʦʢʦʣ ʚ ʧʫʩʪʳʥʝè, II ʯ. ï çʅʦʯʴ ʥʘ ʧʣʘʪʦè, III ʯ. ï çɹʦʣʴʰʘʷ ʩʚʘʜʴʙʘè. 
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ʣʝ ʢʨʘʡʥʠʭ ʯʘʩʪʝʡ.  
ʍʫ ɹʠʜʟʠʥ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʢʠʪʘʡʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʩʳʛʨʘʣ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʠʩʪʦʨʠʠ ʥʘʮʠʦʥʘʣʴʥʦʡ ʤʫʟʳʢʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʝʝ ʫʪʚʝʨʞʜʝʥʠʶ 
ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ. ʊʨʘʜʠʮʠʠ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʦʡ ʢʣʘʩʩʠʢʠ ʩʧʣʝʣʠʩʴ ʚ ʝʛʦ ʪʚʦʨʯʝʩʪʚʝ ʩ 
ʥʘʮʠʦʥʘʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʠʪʘʡʩʢʦʡ ʪʘʜʞʠʢʩʢʦʡ ʤʫʟʳʢʠ. ʆʥ ʙʝʨʝʞʥʦ ʩʦʭʨʘʥʠʣ ʩʘʤʦʙʳʪʥʦʩʪʴ 
ʥʘʨʦʜʥʦʛʦ ʤʫʟʳʢʘʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ, ʯʪʦ ʧʨʦʷʚʠʣʦʩʴ ʚ ʛʣʫʙʦʢʦʤ ʧʦʩʪʠʞʝʥʠʠ ʧʝʩʝʥʥʳʭ ʠ ʪʘʥʮʝʚʘʣʴʥʳʭ 
ʠʥʪʦʥʘʮʠʡ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʩʪʠʣʴ ʵʪʦʛʦ  ʢʦʤʧʦʟʠʪʦʨʘ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʚʷʟʴ ʩ ʪʨʘʜʠʮʠʷʤʠ ʚ ʠʩʪʦʨʠʢʦ-
ʵʩʪʝʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ï ʦʥ ʠʜʝʪ ʠʟ ʛʣʫʙʠʥ ʥʘʮʠʦʥʘʣʴʥʦʡ ʤʫʟʳʢʠ, ʟʘʭʚʘʪʳʚʘʷ ʜʘʞʝ ʪʝ ʝʝ ʧʣʘʩʪʳ, ʢʦʪʦ-
ʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʝʱʝ ʟʘʜʦʣʛʦ ʜʦ ʧʦʷʚʣʝʥʠʷ ʚ ʩʪʨʘʥʝ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢ ʯʠʩʣʫ 
ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʢʣʘʨʥʝʪ, ʦʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʪʨʘʜʠʮʠʡ, ʘʢʢʫʤʫʣʠʨʫʷ ʠʭ ʚ ʮʝʣʦʩʪʥʦʤ ʧʣʘʥʝ, ʨʘʩʢʨʳʚʘʷ 
ʥʘʮʠʦʥʘʣʴʥʫʶ ʩʧʝʮʠʬʠʢʫ ʩʚʦʝʛʦ ʪʚʦʨʯʝʩʪʚʘ ʚ ʰʠʨʦʢʦʤ ʢʦʥʪʝʢʩʪʝ ʠʩʧʳʪʘʥʥʳʭ ʚʣʠʷʥʠʡ. 

ʀʙʣʤʷʰʞʦʡʞ. ʇʨʦʠʟʚʝʜʝʥʠʷ, ʥʘʧʠʩʘʥʥʳʝ ʜʣʷ ʢʣʘʨʥʝʪʘ ʢʠʪʘʡʩʢʠʤʠ ʢʦʤʧʦʟʠʪʦʨʘʤʠ, ʤʦʞʥʦ ʨʘʟʜʝ-
ʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ. ʂ ʧʝʨʚʦʡ ʦʪʥʦʩʷʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʨʝʧʝʨʪʫʘʨʘ, ʥʘʧʨʘʚʣʝʥ-
ʥʳʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘʯʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʙʘʟʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʝʤʦʚ ʠʛʨʳ ʥʘ ʢʣʘʨʥʝʪʝ, 
ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʫʭʦʚʦʛʦ ʦʧʳʪʘ. ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ  ʦʪʥʦʩʷʪʩʷ ʩʦʯʠʥʝʥʠʷ ʢʦʥʮʝʨʪʥʦʛʦ ʨʝʧʝʨʪʫʘʨʘ, 
ʢʦʪʦʨʳʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʣʘʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʩʪʘʚʷʪ 
ʧʝʨʝʜ ʠʩʧʦʣʥʠʪʝʣʝʤ ʨʷʜ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ ʚʣʘʜʝʥʠʷ ʮʝʣʳʤ ʢʦʤʧʣʝʢʩʦʤ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ: ʨʘʟʚʠʪʦʛʦ ʤʫʟʳʢʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ, ʫʤʝʥʠʷ ʛʨʘʤʦʪʥʦ ʚʳʩʪʨʦʠʪʴ ʤʫʟʳʢʘʣʴʥʫʶ 
ʬʦʨʤʫ ʠ ʥʘʩʳʪʠʪʴ ʝʝ ʦʩʦʟʥʘʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʚʠʨʪʫʦʟʥʳʭ ʥʘʚʳʢʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʣʛʫʶ ʠʩʪʦʨʠʶ ʙʳʪʦʚʘʥʠʷ ʢʣʘʨʥʝʪʘ ʚ ʂʠʪʘʝ, ʥʘʮʠʦʥʘʣʴʥʳʡ ʨʝ-
ʧʝʨʪʫʘʨ, ʩʦʟʜʘʥʥʳʡ ʜʣʷ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ ʠ ʚʳ-
ʟʳʚʘʶʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢʘʢ ʫ ʠʩʧʦʣʥʠʪʝʣʝʡ, ʪʘʢ ʠ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʇʦʚʳʰʝʥʠʝ ʠʩʧʦʣʥʠʪʝʣʴʩʢʦʛʦ 
ʤʘʩʪʝʨʩʪʚʘ ʢʠʪʘʡʩʢʠʭ ʢʣʘʨʥʝʪʠʩʪʦʚ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʫʯʨʝʞʜʝʥʠʡ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʦ-
ʭʦʜʠʪ ʦʙʫʯʝʥʠʝ ʵʪʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ, ʠ, ʢʦʥʝʯʥʦ ʞʝ, ʩʦʟʜʘʥʠʝ ʢʠʪʘʡʩʢʠʤʠ ʢʦʤʧʦʟʠʪʦʨʘʤʠ ʧʨʦʠʟʚʝʜʝʥʠʡ 
ʜʣʷ ʢʣʘʨʥʝʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʠʥʘʤʠʯʥʦʤ ʨʘʟʚʠʪʠʠ ʢʣʘʨʥʝʪʦʚʦʡ ʰʢʦʣʳ ʚ ʂʠʪʘʝ. 

 ʇʨʦʠʟʚʝʜʝʥʠʷ ʢʠʪʘʡʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ ʜʣʷ ʢʣʘʨʥʝʪʘ ʷʚʣʷʶʪʩʷ ʷʨʢʦʡ ʩʪʨʘʥʠʮʝʡ ʚ ʤʠʨʦʚʦʤ ʨʝ-
ʧʝʨʪʫʘʨʥʦʤ ʢʦʥʪʝʢʩʪʝ.  ɺ ʥʠʭ ʦʪʨʘʟʠʣʩʷ ʮʝʣʳʡ ʤʠʨ ʤʫʟʳʢʘʣʴʥʳʭ ʦʙʨʘʟʦʚ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ʩʘʤʳʝ ʪʦʥ-
ʢʠʝ ʩʪʨʫʥʳ ʜʫʰʠ ʯʝʣʦʚʝʢʘ.  ʇʨʠ ʚʩʸʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʩʦʜʝʨʞʘʥʠʷ ʠ ʥʘʩʪʨʦʝʥʠʡ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʬʝʩ-
ʩʠʦʥʘʣʠʟʤʦʤ ʠ ʟʘʢʦʥʯʝʥʥʦʩʪʴʶ ʬʦʨʤʳ, ʨʘʩʢʨʳʚʘʶʪ ʙʦʛʘʪʳʝ ʚʳʨʘʟʠʪʝʣʴʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦ-
ʩʪʠ ʠʥʩʪʨʫʤʝʥʪʘ, ʯʪʦ ʘʢʪʠʚʠʟʠʨʫʝʪ ʠʥʪʝʨʝʩ ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ ʧʝʜʘʛʦʛʦʚ ʢ ʥʘʮʠʦʥʘʣʴʥʦʤʫ ʨʝʧʝʨʪʫʘʨʫ.  
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ǴǲǣǭǥǤǰǱǡǤǬǬǭǤ ǭǳǭǯǫǪǤǬǧǤ ǭǠǯǟǦǭǡ 
ǭǱǯǧǵǟǱǤǪǻǬǺǴ ǮǤǯǰǭǬǟǥǤǨ ǡ 
ǤǡǯǭǮǤǨǰǩǭǫ ǧ ǩǧǱǟǨǰǩǭǫ ǫǲǦǺǩǟǪǻǬǭ-
ǱǤǟǱǯǟǪǻǬǭǫ ǧǰǩǲǰǰǱǡǤ 

Ǫȇ ǫȜȌȊȇȌț 
ʘʩʧʠʨʘʥʪ 

ʋʆ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʫʣʴʪʫʨʳ ʠ ʠʩʢʫʩʩʪʚè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʍʦʜʠʥʩʢʘʷ ʅʘʪʘʣʴʷ ʅʠʢʦʣʘʝʚʥʘ 
ʢʘʥʜʠʜʘʪ ʠʩʢʫʩʩʪʚʦʚʝʜʝʥʠʷ, ʜʦʮʝʥʪ 

ʋʆ çɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʫʣʴʪʫʨʳ ʠ ʠʩʢʫʩʩʪʚè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʨʝʜʩʪʚʘ ʩʮʝʥʦʛʨʘʬʠʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʨʘʟʘ ʦʪ-
ʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘʞʝʡ ʚ ʤʫʟʳʢʘʣʴʥʦ-ʪʝʘʪʨʘʣʴʥʦʤ ʠʩʢʫʩʩʪʚʝ, ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʝʘʪ-
ʨʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ɽʚʨʦʧʳ ʠ ʂʠʪʘʷ ʪʘʢʠʭ ʩʨʝʜʩʪʚ ʚʠʟʫʘʣʴʥʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʦʙʨʘʟʦʚ, ʢʘʢ ʢʦʩʪʶʤʳ, ʛʨʠʤ ʠ 
ʤʘʩʢʠ, ʘʢʩʝʩʩʫʘʨʳ, ʩʚʝʪʦʚʳʝ ʵʬʬʝʢʪʳ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʩʝ ʚʠʜʳ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ 
ʩʨʝʜʩʪʚ ʩʮʝʥʦʛʨʘʬʠʠ ʥʘʮʝʣʝʥʳ ʥʘ ʤʛʥʦʚʝʥʥʦʝ ʟʨʠʪʝʣʴʥʦʝ ʦʧʦʟʥʘʚʘʥʠʝ ʟʣʘ, ʚʦʧʣʦʱʘʝʤʦʛʦ ʪʝʤ ʠʣʠ 
ʠʥʳʤ ʧʝʨʩʦʥʘʞʝʤ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʢʠʪʘʡʩʢʦʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʧʝʨʳ, ʛʜʝ ʚʩʝ ʜʝʪʘʣʠ ʚʥʝʰ-
ʥʝʛʦ ʦʙʣʠʢʘ ʧʝʨʩʦʥʘʞʘ ʛʣʫʙʦʢʦ ʩʠʤʚʦʣʠʯʥʳ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʫʟʳʢʘʣʴʥʦ-ʪʝʘʪʨʘʣʴʥʦʝ ʠʩʢʫʩʩʪʚʦ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʝʨʩʦʥʘʞʠ, ʩʨʝʜʩʪʚʘ ʩʮʝʥʦ-
ʛʨʘʬʠʠ, ʚʠʟʫʘʣʴʥʳʝ ʩʠʤʚʦʣʳ, ʤʘʩʢʘ, ʛʨʠʤ. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʮʝʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘʞʝʡ ʯʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʶʪ ʩʨʝʜʩʪʚʘ ʩʮʝʥʦʛʨʘʬʠʠ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʳ ʟʣʘ ʜʦʣʞʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʩʷ ʦʪ 
ʦʙʨʘʟʦʚ ʜʦʙʨʘ ʥʝ ʪʦʣʴʢʦ ʧʦ ʩʚʦʠʤ ʟʚʫʢʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʥʦ ʠ ʧʦ ʚʠʟʫʘʣʴʥʳʤʠ. ɺ ʩʦʯʝʪʘʥʠʠ ʩ 
ʦʩʦʙʦʡ ʤʫʟʳʢʦʡ ʩʮʝʥʦʛʨʘʬʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʦʩʪʠʞʝʥʠʶ çʮʝʣʦʩʪʥʦʩʪʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʘ, ʩʦ-
ʟʜʘʥʥʦʛʦ ʥʘ ʩʮʝʥʝè [1, ʩ. 5]. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʝʡʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʩʮʝʥʦʛʨʘʬʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ 
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ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘʞʝʡ, ʷʚʣʷʝʪʩʷ ʢʦʩʪʶʤ ï çʘʥʩʘʤʙʣʴ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʚʥʝʰʥʠʡ ʦʙʣʠʢ ʛʝʨʦʷ ʠ 
ʩʦʛʣʘʩʫʶʱʠʡʩʷ ʩ ʝʛʦ ʥʘʮʠʦʥʘʣʴʥʦʩʪʴʶ ʠ ʩʦʮʠʘʣʴʥʳʤ ʩʪʘʪʫʩʦʤ, ʚʦʟʨʘʩʪʦʤ, ʧʦʣʦʤ, ʭʘʨʘʢʪʝʨʦʤè [2, 
ʩ. 73]. ʇʨʠ ʩʦʟʜʘʥʠʠ ʢʦʩʪʶʤʦʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘʞʝʡ ʝʚʨʦʧʝʡʩʢʠʝ ʭʫʜʦʞʥʠʢʠ ʠʟʙʠʨʘʶʪ ʦʜʥʫ ʠʟ 
ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʪʚʦʨʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ, ʧʝʨʚʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʝʤʣʝʥʠʝʤ ʢ ʠʩʪʦʨʠʯʝʩʢʦʡ ʜʦ-
ʩʪʦʚʝʨʥʦʩʪʠ, ʘ ʚʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʩʦʚʨʝʤʝʥʠʚʘʥʠʠ ʤʫʟʳʢʘʣʴʥʦ-ʪʝʘʪʨʘʣʴʥʳʭ ʩʶʞʝʪʦʚ. ʉʣʝʜʫʷ 
ʧʝʨʚʦʡ ʩʪʨʘʪʝʛʠʠ, ʭʫʜʦʞʥʠʢʠ ʦʜʝʚʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘʞʝʡ ʚ ʢʦʩʪʶʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʧʦʭʝ, 
ʦ ʢʦʪʦʨʦʡ ʛʦʚʦʨʠʪʩʷ ʚ ʩʶʞʝʪʝ. ʇʨʠʚʝʨʞʝʥʮʳ ʚʪʦʨʦʡ ʩʪʨʘʪʝʛʠʠ ʩʦʟʜʘʶʪ ʢʦʩʪʶʤʳ, ʧʨʠʙʣʠʞʘʶʱʠʝ ʛʝʨʦ-
ʝʚ ʢ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. 

ɺ ʙʘʣʝʪʝ ɺ. ʂʫʟʥʝʮʦʚʘ çɸʥʘʩʪʘʩʠʷè ʚ ʧʦʩʪʘʥʦʚʢʝ ɹʦʣʴʰʦʛʦ ʪʝʘʪʨʘ ɹʝʣʘʨʫʩʠ (2018 ʛ., ʭʫʜʦʞʥʠʢ 
ʧʦ ʢʦʩʪʶʤʘʤ ɽ. ɹʫʣʛʘʢʦʚʘ) ʢʦʩʪʶʤʳ ʫʯʘʩʪʥʠʢʦʚ ʪʘʪʘʨʩʢʦʛʦ ʚʦʡʩʢʘ ʠʤʝʶʪ ʵʪʥʦʛʨʘʬʠʯʝʩʢʠʝ ʯʝʨʪʳ ï ʦʥʠ 
ʚʳʧʦʣʥʝʥʳ ʚ ʢʨʘʩʥʦʤ ʮʚʝʪʝ ʠ ʙʦʛʘʪʦ ʜʝʢʦʨʠʨʦʚʘʥʳ ʤʝʭʦʤ ʠ ʤʝʪʘʣʣʦʤ. ʉʝʤʘʥʪʠʢʘ ʮʚʝʪʘ ʫʩʠʣʠʚʘʝʪ 
ʢʦʥʬʨʦʥʪʘʮʠʶ ʤʝʞʜʫ ʤʠʨʦʤ ʪʘʪʘʨ ʠ ʤʠʨʦʤ ʞʠʪʝʣʝʡ ʉʣʫʮʢʦʛʦ ʢʥʷʞʝʩʪʚʘ, ʦʜʝʪʳʭ ʚ ʙʝʣʳʝ ʦʜʝʞʜʳ. 
ɸʛʨʝʩʩʠʚʥʦʝ ʥʘʩʪʨʦʝʥʠʝ ʠ ʫʩʪʨʘʰʘʶʱʠʡ ʦʙʣʠʢ ʪʘʪʘʨ ʧʦʜʯʝʨʢʥʫʪʳ ʠ ʩʚʝʪʦʤ ï ʠʭ ʪʘʥʮʝʚʘʣʴʥʳʝ ʥʦʤʝʨʘ 
ʧʦʜʩʚʝʯʠʚʘʶʪʩʷ ʢʨʘʩʥʳʤʠ ʣʫʯʘʤʠ ʧʨʦʞʝʢʪʦʨʦʚ. ɺ ʵʪʥʦʛʨʘʬʠʯʝʩʢʦʤ ʨʘʢʫʨʩʝ ʨʝʰʝʥʳ ʢʦʩʪʶʤʳ ʧʦʣʦʚ-
ʮʝʚ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʦʧʝʨʳ çʂʥʷʟʴ ʀʛʦʨʴè ɸ. ɹʦʨʦʜʠʥʘ ʚ ɹʦʣʴʰʦʤ ʪʝʘʪʨʝ ɹʝʣʘʨʫʩʠ. ɺ ʝʝ 
ʩʮʝʥʦʛʨʘʬʠʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʦʚʮʝʚ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʷʨʢʦ ʢʨʘʩʥʳʡ ʮʚʝʪ: ʚʩʝ ʧʦʣʦʚʝʮ-
ʢʠʝ ʪʘʥʮʳ ʨʘʟʚʦʨʘʯʠʚʘʶʪʩʷ ʧʦʜ ʦʛʨʦʤʥʦʡ ʢʨʘʩʥʦʡ ʣʫʥʦʡ, ʚ ʢʨʘʩʥʦʤ ʮʚʝʪʝ ʨʝʰʝʥʳ ʢʦʩʪʶʤʳ ʧʦʣʦʚʝʮ-
ʢʠʭ ʜʝʚʫʰʝʢ ʠ ʰʘʪʨʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʧʦ ʦʙʝʠʤ ʩʪʦʨʦʥʘʤ ʩʮʝʥʳ 

ʈʝʰʝʥʠʝ ʢʦʩʪʶʤʦʚ ʚ ʠʩʪʦʨʠʢʦ-ɻ ʪʥʦʛʨʘʬʠʯʝʩʢʦʤ ʢʣʶʯʝ ʷʚʣʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤ ʜʣʷ ʢʠʪʘʡʩʢʦʡ 
ʩʮʝʥʦʛʨʘʬʠʠ ʍʍ ï ʧʝʨʚʦʡ ʯʝʪʚʝʨʪʠ XXI ʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʢʦʩʪʶʤʳ ʚʦʠʥʦʚ-ʧʦʨʘʙʦʪʠʪʝʣʝʡ ʚ ʙʘʣʝʪʝ ʃʶ 
ʊʫʥʘ çʍʫʘ ʄʫʣʘʥʴè ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʵʪʥʦʛʨʘʬʠʯʝʩʢʠʡ ʢʦʣʦʨʠʪ, ʧʝʨʝʜʘʶʱʠʡ ʵʧʦʭʫ ʠ ʤʝʩʪʥʳʝ 
ʥʘʨʦʜʥʳʝ ʪʨʘʜʠʮʠʠ: ʚʦʣʦʩʳ ʚʦʠʥʦʚ ʟʘʧʣʝʪʝʥʳ ʚ ʢʦʩʳ, ʨʫʢʠ ʠ ʧʦʣʫʦʙʥʘʞʝʥʥʳʡ ʪʦʨʩ ʧʦʢʨʳʪʳ ʪʘʪʫʠʨʦʚ-
ʢʘʤʠ; ʚʦʠʥʳ ʚʦʦʨʫʞʝʥʳ ʷʪʘʛʘʥʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʢʦʯʝʚʳʭ ʥʘʨʦʜʦʚ ʮʝʥʪʨʘʣʴʥʦ-ʘʟʠʘʪʩʢʦʛʦ ʧʨʦʠʩ-
ʭʦʞʜʝʥʠʷ. 

ɺ ʩʮʝʥʦʛʨʘʬʠʠ ʪʘʥʮʝʚʘʣʴʥʦʡ ʜʨʘʤʳ çʅʘʥʢʠʥ 1937 ʛ.è ʭʫʜʦʞʥʠʢʠ ʧʦ ʢʦʩʪʶʤʘʤ ʥʝ ʪʘʢ ʩʪʨʦʛʦ ʧʨʠ-
ʜʝʨʞʠʚʘʶʪʩʷ ʠʩʪʦʨʠʯʝʩʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, ʩʪʘʚʷ ʥʘ ʧʝʨʚʦʝ ʤʝʩʪʦ ʵʤʦʮʠʦʥʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʨʠ-
ʪʝʣʷ. ɺʤʝʩʪʦ ʠʩʪʦʨʠʯʝʩʢʦʡ ʞʝʣʪʦ-ʟʝʣʝʥʦʡ ʚʦʝʥʥʦʡ ʬʦʨʤʳ ʢʦʩʪʶʤʳ ʷʧʦʥʩʢʠʭ ʩʦʣʜʘʪ ʚ ʪʘʥʮʝʚʘʣʴʥʦʡ 
ʜʨʘʤʝ ʚʳʧʦʣʥʝʥʳ ʚ ʯʝʨʥʦʤ ʮʚʝʪʝ, ʩʦʭʨʘʥʠʣʠʩʴ ʣʠʰʴ ʧʦʛʦʥʳ ʠ ʢʦʢʘʨʜʳ, ʠʤʝʚʰʠʝ ʤʝʩʪʦ ʥʘ ʷʧʦʥʩʢʦʡ 
ʚʦʝʥʥʦʡ ʬʦʨʤʝ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʍʍ ʚ. ʃʠʮʘ ʩʦʣʜʘʪ ʩʢʨʳʪʳ ʙʝʣʳʤʠ ʤʘʩʢʘʤʠ, ʧʦʜʯʝʨʢʠʚʘʶʱʠʤʠ ʙʝʟ-
ʞʘʣʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʭʚʘʪʯʠʢʦʚ. 

ʗʨʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʧʨʝʪʚʦʨʝʥʠʷ ʜʚʫʭ ʫʢʘʟʘʥʥʳʭ ʩʪʨʘʪʝʛʠʡ (ʠʩʪʦʨʠʯʝʩʢʠ-ʪʦʯʥʦʛʦ ʠ ʤʦʜʝʨʥʠʟʠʨʦ-
ʚʘʥʥʦʛʦ ʢʦʩʪʶʤʘ) ʷʚʣʷʶʪʩʷ ʧʦʩʪʘʥʦʚʢʠ ʦʧʝʨʳ çɼʝʤʦʥè ɸ. ʈʫʙʠʥʰʪʝʡʥʘ. ʇʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ 
ʬʦʪʦʩʥʠʤʢʦʚ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ XIX ʚ. ʚ ʨʦʩʩʠʡʩʢʠʭ ʧʦʩʪʘʥʦʚʢʘʭ ʦʧʝʨʳ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ɼʝʤʦʥ ʙʳʣ ʪʨʘ-
ʜʠʮʠʦʥʥʦ ʦʜʝʪ ʚ ʜʣʠʥʥʳʡ ʯʝʨʥʳʡ ʙʘʣʘʭʦʥ, ʥʘʧʦʤʠʥʘʶʱʠʡ ʤʦʥʘʰʝʩʢʦʝ ʦʙʣʘʯʝʥʠʝ. ɺ ʥʘʯʘʣʝ XXI ʚ. ʚ 
ʨʦʩʩʠʡʩʢʦʡ ʦʧʝʨʥʦʡ ʨʝʞʠʩʩʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʦʩʦʚʨʝʤʝʥʠʚʘʥʠʷ ʦʙʨʘʟʘ ɼʝʤʦʥʘ. ʊʘʢ, ʚ 
ʘʚʪʦʨʩʢʦʤ ʧʨʦʯʪʝʥʠʠ ɺ. ʅʘʩʪʘʚʰʝʚʩʘ ʦʙʨʘʟ ɼʝʤʦʥʘ ʙʳʣ ʚʦʧʣʦʱʝʥ ʚ ʚʠʜʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʙʘʡʢʝʨʘ ʚ 
ʢʦʞʘʥʦʡ ʦʜʝʞʜʝ (ʧʦʩʪʘʥʦʚʢʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ɹʦʣʴʰʦʛʦ ʪʝʘʪʨʘ ʈʦʩʩʠʠ, 2022 ʛ.). 
ʈʝʞʠʩʩʝʨ ɽ. ʂʦʨʥʝʝʚʘ ʚ ʧʦʩʪʘʥʦʚʢʝ ʄʘʨʠʠʥʩʢʦʛʦ ʪʝʘʪʨʘ (2023 ʛ.) ʧʨʝʜʩʪʘʚʣʷʝʪ ɼʝʤʦʥʘ ʢʘʢ 
ʩʝʜʦʚʣʘʩʦʛʦ ʤʫʞʯʠʥʫ, ʦʜʝʪʦʛʦ ʚ ʯʝʨʥʳʡ ʢʦʩʪʶʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʠʜʘ. 

ʆʜʥʠʤ ʠʟ ʯʘʩʪʳʭ ʵʣʝʤʝʥʪʦʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʙʨʘʟʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʝʨʩʦʥʘʞʘ ʚ ʝʚʨʦ-
ʧʝʡʩʢʦʤ ʠ ʢʠʪʘʡʩʢʦʤ ʤʫʟʳʢʘʣʴʥʦ-ʪʝʘʪʨʘʣʴʥʦʤ ʠʩʢʫʩʩʪʚʝ ʷʚʣʷʝʪʩʷ ʤʘʩʢʘ ʠʣʠ ʛʨʠʤ. ʅʘʧʨʠʤʝʨ, ʚ ʧʦʩʪʘ-
ʥʦʚʢʝ ʦʧʝʨʳ çʄʝʬʠʩʪʦʬʝʣʴè ʐ. ɻʫʥʦ ʚ ʄʘʨʠʠʥʩʢʦʤ ʪʝʘʪʨʝ (2013 ʛ., ʨʝʞ. ʀ. ɹʘʡʚʦʪʝʨ) ʚ ʦʪʜʝʣʴʥʳʭ 
ʩʮʝʥʘʭ ʄʝʬʠʩʪʦʬʝʣʴ ʥʘʜʝʚʘʝʪ ʫʨʦʜʣʠʚʫʶ ʠ ʫʩʪʨʘʰʘʶʱʫʶ ʤʘʩʢʫ ʯʝʨʪʘ ʩ ʨʦʛʘʤʠ ʠ ʰʠʨʦʢʦ ʦʪʢʨʳʪʳʤ 
ʨʪʦʤ. ʆʛʨʦʤʥʳʝ ʤʘʩʢʠ ʩ ʞʫʪʢʠʤʠ ʛʨʘʤʘʩʘʤʠ ʥʦʩʷʪ ʠʥʢʚʠʟʠʪʦʨʳ ʚ ʧʦʩʪʘʥʦʚʢʝ ʦʧʝʨʳ ɼʞ. ɺʝʨʜʠ çɼʦʥ 
ʂʘʨʣʦʩè ʥʘ ʩʮʝʥʝ ʄʘʨʠʠʥʩʢʦʛʦ ʪʝʘʪʨʘ (2011 ʛ., ʨʝʞ. ɼʞ.-ɹ. ʂʦʨʩʝʪʪʠ). ʀʤʝʥʥʦ ʤʘʩʢʠ ʧʦʜʯʝʨʢʠʚʘʶʪ ʦʪ-
ʩʫʪʩʪʚʠʝ ʞʠʚʳʭ ʯʝʣʦʚʝʯʝʩʢʠʭ ʯʫʚʩʪʚ ʫ ʵʪʠʭ ʧʝʨʩʦʥʘʞʝʡ, ʩʪʘʚʰʠʭ ʚʦʧʣʦʱʝʥʠʝʤ ʩʣʝʧʦʡ ʙʝʩʩʝʨʜʝʯʥʦʩʪʠ. 

ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʛʨʠʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʧʝʨʩʦʥʘʞʘ ʠʤʝʝʪ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʧʝʢʠʥʩʢʦʡ 
ʦʧʝʨʝ. ʊʨʘʜʠʮʠʷ ʥʘʥʝʩʝʥʠʷ ʛʨʠʤʘ ʚ ʦʧʝʨʝ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʘʩʴ ʝʱʝ ʚʦ ʚʨʝʤʝʥʘ ʜʠʥʘʩʪʠʡ ʊʘʥ ʠ ʉʫʥ. 
ʇʦʟʞʝ, ʚʦ ʚʨʝʤʝʥʘ ʜʠʥʘʩʪʠʡ ʄʠʥ ʠ ʎʠʥ, ʚ ʥʘʥʝʩʝʥʠʠ ʛʨʠʤʘ ʟʘʢʨʝʧʠʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʂʘʢ 
ʦʪʤʝʯʘʝʪ ʏʞʘʥ ʎʟʠʥʴʶʡ, çʢʨʘʩʥʳʡ ʮʚʝʪ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʚʝʨʥʦʩʪʴ, ʞʝʣʪʳʡ ï ʞʝʩʪʦʢʦʩʪʴ, ʙʝʣʳʡ ï ʧʨʝʜʘ-



ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 245 

 

XXIV  International scientific conference | www.naukaip.ru 

ʪʝʣʴʩʪʚʦ, ʯʝʨʥʳʡ ï ʯʝʩʪʥʦʩʪʴ, ʘ ʛʦʣʫʙʦʡ ï ʟʣʦè [3, ʩ. 10]. ʅʘ ʣʠʮʘ ʙʦʣʴʰʠʥʩʪʚʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘ-
ʞʝʡ ʦʙʳʯʥʦ ʥʘʥʦʩʷʪ ʛʨʠʤ ʙʝʣʦʛʦ ʮʚʝʪʘ ʠʣʠ ʙʝʣʳʝ ʣʠʥʠʠ ʚʦʢʨʫʛ ʣʠʮʘ. ʕʪʦ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʥʝʞʝʣʘʥʠʝ 
ʧʝʨʩʦʥʘʞʝʡ ʧʦʢʘʟʘʪʴ ʩʚʦʝ ʠʩʪʠʥʥʦʝ ʣʠʮʦ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʢʦʚʘʨʩʪʚʝ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʧʨʝʜʘʪʝʣʴʩʪʚʫ.  

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʢʪʝʨ, ʚʳʩʪʫʧʘʶʱʠʡ ʚ ʨʦʣʠ ɻʘʦ ɼʵʥʘ ʚ ʧʝʢʠʥʩʢʦʡ ʦʧʝʨʝ çʉʦʣʥʝʯʥʘʷ ʙʘʰʥʷè, ʥʘ 
ʣʠʮʝ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʙʝʣʳʡ ʛʨʠʤ, ʧʨʠʯʝʤ ʚʝʢʠ ʠ ʫʛʦʣʢʠ ʨʪʘ ʟʘʢʨʘʰʝʥʳ ʯʝʨʥʳʤ, ʘ ʤʝʞʜʫ ʙʨʦʚʷʤʠ 
ʧʨʦʚʝʜʝʥʳ ʪʦʥʢʠʝ ʢʨʘʩʥʳʝ ʣʠʥʠʠ. ʕʪʦʪ ʚʳʨʘʟʠʪʝʣʴʥʳʡ ʠ ʷʨʢʠʡ ʛʨʠʤ ʛʦʚʦʨʠʪ ʦ ʢʦʚʘʨʥʦʤ ʠ ʞʝʩʪʦʢʦʤ 
ʭʘʨʘʢʪʝʨʝ ʧʝʨʩʦʥʘʞʘ. ɺʩʝ ʜʝʪʘʣʠ ʩʮʝʥʠʯʝʩʢʦʛʦ ʢʦʩʪʶʤʘ ɻʘʦ ɼʵʥʘ ʛʣʫʙʦʢʦ ʩʠʤʚʦʣʠʯʥʳ. ʗʨʢʠʡ 
ʛʦʣʦʚʥʦʡ ʫʙʦʨ ʩ ʧʦʤʧʦʥʘʤʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʩʦʥʘʞ ʷʚʣʷʝʪʩʷ ʤʘʩʪʝʨʦʤ ʙʦʝʚʳʭ ʠʩʢʫʩʩʪʚ. 
ʈʘʩʩʪʝʛʥʫʪʳʡ ʜʣʠʥʥʳʡ ʭʘʣʘʪ ɻʘʦ ɼʝʥʘ ʩʠʤʚʦʣʠʟʠʨʫʝʪ ʛʨʫʙʫʶ ʧʨʠʨʦʜʫ ʵʪʦʛʦ ʧʝʨʩʦʥʘʞʘ, ʝʛʦ 
ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʨʘʤʢʘʤʠ ʧʨʠʣʠʯʠʷ. ʏʝʨʥʘʷ ʘʪʣʘʩʥʘʷ ʦʙʫʚʴ ʥʘ ʚʳʩʦʢʦʡ ʧʦʜʦʰʚʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʝʛʦ 
ʚʳʩʦʢʠʡ ʩʦʮʠʘʣʴʥʳʡ ʩʪʘʪʫʩ. ɺ ʨʫʢʘʭ ɻʘʦ ɼʝʥ ʜʝʨʞʠʪ ʙʦʣʴʰʦʡ ʩʢʣʘʜʥʦʡ ʚʝʝʨ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʮʚʝʪʢʘ 
ʧʠʦʥʘ, ʯʪʦ ʥʘʤʝʢʘʝʪ ʥʘ ʝʛʦ ʩʣʘʙʦʩʪʴ ʢ ʞʝʥʩʢʦʤʫ ʧʦʣʫ. 

ʉʮʝʥʠʯʝʩʢʠʝ ʘʢʩʝʩʩʫʘʨʳ ʥʝʨʝʜʢʦ ʧʦʜʯʝʨʢʠʚʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʯʝʨʪʳ ʭʘʨʘʢʪʝʨʘ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 
ʧʝʨʩʦʥʘʞʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʮʝʥʠʯʝʩʢʦʛʦ ʢʦʩʪʶʤʘ ʈ. ɼʫʙʘʪʦʚʢʘ ʚ ʧʦʩʪʘʥʦʚʢʝ 
ʦʧʝʨʳ ɺ. ʉʦʣʪʘʥʘ çɼʠʢʘʷ ʦʭʦʪʘ ʢʦʨʦʣʷ ʉʪʘʭʘè (ʨʝʞ. ɺ. ʎʶʧʘ) ʩʪʘʥʦʚʠʪʩʷ ʢʥʫʪ. ʀ. ʇʠʣʘʪʦʚʘ ʦʪʤʝʯʘʝʪ, 
ʯʪʦ ʵʪʘ ʜʝʪʘʣʴ, çʚʦ-ʧʝʨʚʳʭ, ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʣʘʩʪʥʦʩʪʴ ʥʘʪʫʨʳ ʛʝʨʦʷ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʧʨʦʣʠʚʘʝʪ ʩʚʝʪ ʥʘ ʝʛʦ 
ʟʣʦʜʝʷʥʠʷè [4, ʩ. 8]. ɼʣʷ ʩʮʝʥʠʯʝʩʢʦʛʦ ʚʦʧʣʦʱʝʥʠʷ ʦʙʨʘʟʘ ʯʝʨʪʘ (ʙʝʩʘ) ʚ ʨʦʩʩʠʡʩʢʠʭ ʧʦʩʪʘʥʦʚʢʘʭ ʦʧʝʨ 
ʇ. ʏʘʡʢʦʚʩʢʦʛʦ ʠ ʅ. ʈʠʤʩʢʦʛʦ-ʂʦʨʩʘʢʦʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʠʯʝʩʢʠʝ ʘʪʨʠʙʫʪʳ. ʅʘʧʨʠʤʝʨ, ʚ ʧʦʩʪʘʥʦʚʢʝ 
ʄʘʨʠʠʥʩʢʦʛʦ ʪʝʘʪʨʘ (çʅʦʯʴ ʧʝʨʝʜ ʈʦʞʜʝʩʪʚʦʤè, 2021 ʛ.) ʯʝʨʪ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʨʦʛʘ ʠ ʩʚʠʥʦʡ ʥʦʩ. 
ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʦʯʪʝʥʠʝ ʩʶʞʝʪʘ ʅ. ɻʦʛʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʮʝʥʦʛʨʘʬʠʠ ʦʧʝʨʳ çʏʝʨʝʚʠʯʢʠè, ʧʦʩʪʘʚ-
ʣʝʥʥʦʡ ʥʘ ʩʮʝʥʝ ɽʢʘʪʝʨʠʥʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʢʘʜʝʤʠʯʝʩʢʦʛʦ ʪʝʘʪʨʘ ʦʧʝʨʳ ʠ ʙʘʣʝʪʘ ʚ 2022 ʛ. 
(ʨʝʞʠʩʩʝʨ ɹ. ʇʘʚʣʦʚʠʯ). ɺʥʝʰʥʠʡ ʦʙʣʠʢ ʚʩʝʭ ʧʝʨʩʦʥʘʞʝʡ ʦʧʝʨʳ ʚ ʵʪʦʡ ʧʦʩʪʘʥʦʚʢʝ ʦʩʦʚʨʝʤʝʥʝʥ, ʘ ʙʝʩ 
ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʤʦʣʦʜʦʛʦ ʶʥʦʰʠ, ʯʝʡ ʞʝʣʪʳʡ ʧʘʨʠʢ ʠ ʩʠʥʝʝ ʣʠʮʦ ʚʳʜʝʣʷʶʪ ʝʛʦ ʩʨʝʜʠ ʨʝʘʣʴʥʳʭ 
ʧʝʨʩʦʥʘʞʝʡ. 

ɸʢʩʝʩʩʫʘʨʳ ʚ ʧʝʢʠʥʩʢʦʡ ʦʧʝʨʝ ʪʘʢʞʝ ʤʦʛʫʪ ʠʛʨʘʪʴ ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʨʦʣʴ. ʅʘʧʨʠʤʝʨ, ʜʣʠʥʥʳʝ, 
ʦʩʪʨʦʢʦʥʝʯʥʳʝ, ʟʘʜʨʘʥʥʳʝ ʢʚʝʨʭʫ çʭʚʦʩʪʳè ʥʘ ʛʦʣʦʚʥʦʤ ʫʙʦʨʝ, ʢʦʪʦʨʳʡ ʥʦʩʠʪ ʚʝʨʦʣʦʤʥʳʡ ʤʠʥʠʩʪʨ ʊʫ 
ɸʥʴʛʫ ʚ ʧʝʢʠʥʩʢʦʡ ʦʧʝʨʝ çʉʠʨʦʪʳ ʩʝʤʴʠ ʏʞʘʦè, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʝʨʩʦʥʘʞʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʥʝʯʝʩʪ-
ʥʳʭ ʯʠʥʦʚʥʠʢʦʚ. ʀ ʢʘʢ ʪʦʣʴʢʦ ʥʘ ʩʮʝʥʝ ʧʦʷʚʣʷʝʪʩʷ ʘʢʪʝʨ, ʠʛʨʘʶʱʠʡ ʊʫ ɸʥʴʛʫ, ʟʨʠʪʝʣʠ ʫʞʝ ʧʦʥʠʤʘʶʪ: 
ʥʘ ʩʮʝʥʝ ʣʞʠʚʳʡ, ʚʦʨʦʚʘʪʳʡ ʯʠʥʦʚʥʠʢ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʦʙʨʘʟʦʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘʞʝʡ, ʚʢʣʶʯʘʶʱʝʝ 

ʢʦʩʪʶʤ, ʛʨʠʤ, ʤʘʩʢʠ, ʘʢʩʝʩʩʫʘʨʳ, ʩʚʝʪʦʚʳʝ ʵʬʬʝʢʪʳ, ʦʙʣʘʜʘʝʪ ʷʨʢʠʤ ʩʚʦʝʦʙʨʘʟʠʝʤ, ʥʘʮʝʣʝʥʥʳʤ ʥʘ 
ʤʛʥʦʚʝʥʥʦʝ ʟʨʠʪʝʣʴʥʦʝ ʦʧʦʟʥʘʚʘʥʠʝ ʟʣʘ, ʚʦʧʣʦʱʘʝʤʦʛʦ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʝʨʩʦʥʘʞʝʤ (ʯʪʦ ʦʩʦʙʝʥʥʦ ʭʘ-
ʨʘʢʪʝʨʥʦ ʜʣʷ ʢʠʪʘʡʩʢʦʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʧʝʨʳ), ʥʘ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ ʝʛʦ ʤʠʨʫ ʜʦʙʨʘ. ʉʮʝʥʦʛʨʘʬʠʷ 
ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʩʦʥʘʞʝʡ ʝʚʨʦʧʝʡʩʢʦʛʦ ʠ ʢʠʪʘʡʩʢʦʛʦ ʤʫʟʳʢʘʣʴʥʦ-ʪʝʘʪʨʘʣʴʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʜʝʤʦʥʩʪʨʠ-
ʨʫʝʪ ʭʫʜʦʞʝʩʪʚʝʥʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʠ ʥʝʠʩʯʝʨʧʘʝʤʦʩʪʴ ʪʚʦʨʯʝʩʢʠʭ ʥʘʭʦʜʦʢ ʘʚʪʦʨʦʚ, ʩʪʨʝʤʷʱʠʭʩʷ ʧʦʜ-
ʯʝʨʢʥʫʪʴ ʥʝʧʨʠʤʠʨʠʤʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʜʦʙʨʦʤ ʠ ʟʣʦʤ. ʇʨʠ ʵʪʦʤ ʟʣʦ ʢʘʢ ʦʥʪʦʣʦʛʠʯʝʩʢʦʝ ʢʘʯʝ-
ʩʪʚʦ ʤʠʨʘ ʧʦʣʫʯʘʝʪ ʧʨʠ ʧʦʤʦʱʠ ʩʨʝʜʩʪʚ ʩʮʝʥʦʛʨʘʬʠʠ ʠ ʦʩʦʙʳʭ ʤʫʟʳʢʘʣʴʥʳʭ ʠ ʭʦʨʝʦʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠ-
ʝʤʦʚ ʨʝʟʢʦ ʥʝʛʘʪʠʚʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʯʪʦ ʜʝʡʩʪʚʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʛʫʤʘʥʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ, ʧʨʝʜʦ-
ʩʪʝʨʝʛʘʷ ʝʛʦ ʦʪ ʧʦʚʪʦʨʝʥʠʷ ʪʨʘʛʠʯʝʩʢʠʭ ʪʝʘʪʨʘʣʴʥʳʭ ʩʶʞʝʪʦʚ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. 
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Abstract: This paper examines Belarusian piano music within the context of the çWest-Eastè paradigm. It 
identifies key markers of Western reception as the foundation of Belarusian piano culture, as well as Eastern 
influences in musical language and figurative and stylistic models. 
Key words: Belarusian music, piano, çWest-Eastè paradigm. 

 
ʇʨʦʙʣʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʫʟʳʢʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ɺʦʩʪʦʢʘ ʠ ɿʘʧʘʜʘ ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʫʟʳʢʦʟʥʘʥʠʷ. ɻʣʦʙʘʣʠʟʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, ʨʘʟʚʠʚʘʚʰʠʝʩʷ ʥʘ 
ʧʨʦʪʷʞʝʥʠʠ XX ʚʝʢʘ ʠ ʜʦʩʪʠʛʰʠʝ ʦʩʦʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʥʘʯʘʣʝ XXI ʩʪʦʣʝʪʠʷ, ʨʘʩʰʠʨʠʣʠ ʧʨʦʩʪʨʘʥ-
ʩʪʚʦ ʤʝʞʢʫʣʴʪʫʨʥʳʭ ʢʦʥʪʘʢʪʦʚ ʠ ʠʟʤʝʥʠʣʠ ʩʘʤʦ ʧʦʥʠʤʘʥʠʝ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʪʨʘʜʠʮʠʠ. ʆʙʨʘʱʝʥʠʝ ʢ 
ʥʘʩʣʝʜʠʶ ʜʨʫʛʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʝʛʦʜʥʷ ʥʝ ʪʦʣʴʢʦ ʠʥʪʝʨʝʩʦʤ ʢ ʵʢʟʦʪʠʯʝʩʢʦʤʫ ʠʣʠ ʥʝ-
ʦʙʳʯʥʦʤʫ, ʥʦ ʠ ʩʪʨʝʤʣʝʥʠʝʤ ʦʙʦʛʘʪʠʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʢʫʣʴʪʫʨʥʳʡ ʦʧʳʪ, ʥʘʡʪʠ ʥʦʚʳʝ ʬʠʣʦʩʦʬʩʢʠʝ ʧʘ-
ʨʘʜʠʛʤʳ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʠʩʪʦʯʥʠʢʠ ʪʚʦʨʯʝʩʢʦʛʦ ʚʜʦʭʥʦʚʝʥʠʷ. 

ʈʘʟʚʠʪʠʝ ʬʦʨʪʝʧʠʘʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ çʚʨʘʩʪʘʥʠʷè ʚ ʦʙ-
ʱʝʝʚʨʦʧʝʡʩʢʫʶ (ʪʦ ʝʩʪʴ ʟʘʧʘʜʥʫʶ ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʦʤʫ ʷʟʳʢʫ) ʪʨʘʜʠʮʠʶ ʢʣʘʚʠʨʥʦʡ ʠ 
ʬʦʨʪʝʧʠʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ï ʧʨʠ ʪʦʤ, ʯʪʦ ʙʝʣʦʨʫʩʩʢʘʷ ʠʩʪʦʨʠʷ, ʢʦʥʬʝʩʩʠʦʥʘʣʴʥʘʷ ʠ ʷʟʳʢʦʚʘʷ ʤʥʦʛʦ-
ʩʣʦʡʥʦʩʪʴ, ʧʦʣʦʞʝʥʠʝ çʥʘ ʩʪʳʢʝè ʢʫʣʴʪʫʨ ʧʦʩʪʦʷʥʥʦ ʟʘʩʪʘʚʣʷʣʠ ʵʪʫ ʪʨʘʜʠʮʠʶ ʟʚʫʯʘʪʴ ʧʦ-ʦʩʦʙʦʤʫ. ʇʦ-
ʵʪʦʤʫ ʙʝʣʦʨʫʩʩʢʦʝ ʬʦʨʪʝʧʠʘʥʥʦʝ ʠʩʢʫʩʩʪʚʦ ʤʦʞʥʦ ʧʦʥʷʪʴ ʢʘʢ ʯʘʩʪʴ ɿʘʧʘʜʘ (ʧʦ ʠʥʩʪʨʫʤʝʥʪʫ, ʞʘʥʨʘʤ, 
ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ, ʨʝʧʝʨʪʫʘʨʫ ʠ ʠʥʩʪʠʪʫʮʠʷʤ), ʥʦ ʩʬʦʨʤʠʨʦʚʘʚʰʫʶʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʟʘ-
ʧʘʜʥʳʝ ʠʤʧʫʣʴʩʳ ʥʝʠʟʙʝʞʥʦ çʧʝʨʝʚʦʜʠʣʠʩʴè ʥʘ ʚʦʩʪʦʯʥʦʩʣʘʚʷʥʩʢʫʶ ʠʥʪʦʥʘʮʠʦʥʥʦʩʪʴ, ʥʘ ʦʧʳʪ ʨʫʩ-
ʩʢʦʡ ʧʠʘʥʠʩʪʠʯʝʩʢʦʡ ʰʢʦʣʳ ʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʤʝʣʦʩ. 
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ʋʞʝ ʨʘʥʥʠʝ ʠʩʪʦʢʠ ʙʝʣʦʨʫʩʩʢʦʛʦ ʢʣʘʚʠʨʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʩʚʷʟʘʥʳ ʩ ʝʚʨʦʧʝʡʩʢʦʡ ʩʠʩʪʝʤʦʡ ʤʫʟʳ-
ʢʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʦʤʘʰʥʝʛʦ ʤʫʟʠʮʠʨʦʚʘʥʠʷ XVIII ʚʝʢʘ. ʊʘʢ, ʚ ʅʝʩʚʠʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʘʜʟʠʚʠʣ-
ʣʦʚ ʩʫʱʝʩʪʚʦʚʘʣʠ ʧʘʥʩʠʦʥʳ, ʛʜʝ ʦʙʫʯʘʣʠ ʤʫʟʳʢʝ, ʪʘʥʮʘʤ ʠ ʠʛʨʝ ʥʘ ʠʥʩʪʨʫʤʝʥʪʘʭ, ʘ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 
ʦʙʠʭʦʜ ʚʭʦʜʠʣʠ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʠʝ ʪʨʘʢʪʘʪʳ ʠ ʫʯʝʙʥʠʢʠ: ʌ. ʂʫʧʝʨʝʥʘ, ɾ.-ʌ. ʈʘʤʦ, ʌ. ʄʘʨʧʫʨʛʘ, ʌ.ʕ. 
ɹʘʭʘ ʠ ʜʨ. ʉʘʤ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʥʘ ʙʝʣʦʨʫʩʩʢʠʭ ʟʝʤʣʷʭ ʬʠʢʩʠʨʫʶʪʩʷ ʪʘʢʠʝ ʫʯʝʙʥʳʝ çʢʣʶʯʠè ʢ ʢʣʘʚʠʨʥʦʤʫ 
ʤʘʩʪʝʨʩʪʚʫ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʤʝʩʪʥʦʡ ʧʨʘʢʪʠʢʠ ʢ ʟʘʧʘʜʥʦʡ ʤʦʜʝʣʠ: ʪʝʭʥʠʢʘ, ʧʦʥʷʪʠʷ ʦ ʩʪʠ-
ʣʝ, ʩʘʤ ʷʟʳʢ çʢʣʘʚʠʨʥʦʩʪʠè ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ɽʚʨʦʧʝ ʠ ʪʨʘʥʩʣʠʨʦʚʘʣʠʩʴ ʢʘʢ ʥʦʨʤʘ. ʇʦʢʘʟʘʪʝʣʝʥ ʠ 
ʤʝʩʪʥʳʡ ʦʧʳʪ: ʚ ɺʠʣʴʥʦ ʚʳʭʦʜʠʪ ʧʦʩʦʙʠʝ ɸ. ɺʦʨʦʥʮʘ çʅʘʯʘʣʘ ʤʫʟʳʢʠéè, ʜʘʪʠʨʦʚʘʥʥʦʝ 1809 ʛʦʜʦʤ 
(ʧʨʠ ʵʪʦʤ ʨʫʢʦʧʠʩʴ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʅʝʩʚʠʞʝ ʝʱʝ ʚ 1794-ʤ) ï ʪʦ ʝʩʪʴ ʬʦʨʤʠʨʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʘʷ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʪʨʘʜʠʮʠʷ, ʥʦ ʦʥʘ ʩʫʱʝʩʪʚʫʝʪ ʚʥʫʪʨʠ ʝʚʨʦʧʝʡʩʢʦʛʦ ʢʣʘʩʩʠʮʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʝʢʩʪʘ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ XVIII ʚʝʢ, ʢʘʢ ʦʪʤʝʯʘʝʪ ʆ.ɻ. ʐʝʚʯʝʥʢʦ, ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʨʝʰʘʶʱʠʡ ʵʪʘʧ: ʢʣʘʚʠʰʥʦ-ʩʪʨʫʥʥʳʝ 
ʠʥʩʪʨʫʤʝʥʪʳ ʧʦʩʪʝʧʝʥʥʦ ʫʩʪʫʧʘʶʪ ʤʝʩʪʦ ʬʦʨʪʝʧʠʘʥʦ, ʙʦʣʝʝ çʩʦʚʨʝʤʝʥʥʦʤʫè ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ, ʘ ʙʝ-
ʣʦʨʫʩʩʢʦʝ ʢʣʘʚʠʨʥʦʝ ʠʩʢʫʩʩʪʚʦ ʚ ʮʝʣʦʤ ʦʨʠʝʥʪʠʨʦʚʘʥʦ ʥʘ ʝʚʨʦʧʝʡʩʢʠʡ ʢʣʘʩʩʠʮʠʟʤ [1, ʩ. 20]. 

ʆʜʥʘʢʦ ʫʞʝ ʥʘ ʵʪʦʤ ʨʘʥʥʝʤ ʵʪʘʧʝ ʚʦʩʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʩʪʦʣʴʢʦ ʚ çʚʦʩʪʦʯʥʦʩʪʠè 
ʢʘʢ ʵʢʟʦʪʠʢʝ, ʘ ʚ ʛʝʦʢʫʣʴʪʫʨʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘ: ʟʜʝʩʴ ʨʷʜʦʤ ʩʦʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʢʦʥʬʝʩʩʠʦ-
ʥʘʣʴʥʳʝ ʠ ʷʟʳʢʦʚʳʝ ʤʠʨʳ, ʘ ʟʥʘʯʠʪ ï ʨʘʟʥʳʝ ʪʠʧʳ ʧʝʚʫʯʝʩʪʠ, ʨʘʩʧʝʚʘ, ʨʠʪʦʨʠʢʠ, ʧʨʠʚʳʯʢʠ ʢ çʩʣʦʚʝʩ-
ʥʦʩʪʠè ʟʚʫʢʘ. ʕʪʘ ʩʨʝʜʘ ʛʦʪʦʚʠʪ ʧʦʯʚʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚ XIXïXX ʚʝʢʘʭ ʝʚʨʦʧʝʡʩʢʦʝ ʬʦʨʪʝʧʠʘʥʥʦʝ 
ʧʠʩʴʤʦ ʚ ɹʝʣʘʨʫʩʠ ʣʝʛʢʦ ʩʦʝʜʠʥʷʣʦʩʴ ʩ ʠʥʪʦʥʘʮʠʦʥʥʳʤʠ ʤʦʜʝʣʷʤʠ ʚʦʩʪʦʯʥʦʩʣʘʚʷʥʩʢʦʡ ʢʫʣʴʪʫʨʳ ʠ 
ʟʘʪʝʤ ï ʩ ʥʘʩʣʝʜʠʝʤ ʨʫʩʩʢʦʡ ʰʢʦʣʳ. 

ʂʦʥʝʮ XVIII ï ʥʘʯʘʣʦ XIX ʚʝʢʘ ï ʚʨʝʤʷ ʙʫʨʥʦʛʦ ʨʦʩʪʘ ʧʦʧʫʣʷʨʥʦʩʪʠ ʬʦʨʪʝʧʠʘʥʦ ʠ ʥʝʧʨʝʩʪʘʥʥʦʛʦ 
ʠʥʪʝʨʝʩʘ ʢ ʧʠʘʥʠʩʪʠʯʝʩʢʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ: ʠʥʩʪʨʫʤʝʥʪ ʥʘʯʠʥʘʝʪ ʟʘʥʠʤʘʪʴ ʜʦʤʠʥʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ 
ʙʳʪʫ, ʧʦʷʚʣʷʶʪʩʷ ʧʘʥʩʠʦʥʳ, ʤʫʟʳʢʘʣʴʥʳʝ ʰʢʦʣʳ, ʬʦʨʤʠʨʫʝʪʩʷ ʩʣʦʡ ʦʙʨʘʟʦʚʘʥʥʳʭ ʣʶʙʠʪʝʣʝʡ ʠ ʧʨʦ-
ʬʝʩʩʠʦʥʘʣʦʚ. ɺ 1830 ï 1840-ʝ ʛʦʜʳ ï ʵʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ɼ. ʠ ɺ. ʉʪʝʬʘʥʦʚʠʯʝʡ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʫʟʳ-
ʢʘʣʴʥʦʡ ʰʢʦʣʳ ɺ. ʉʪʝʬʘʥʦʚʠʯʘ ʚ ʄʠʥʩʢʝ ʠ ʧʘʥʩʠʦʥʘʪʘ ʄ. ʄʦʥʪʝʛʨʘʥʜʠ, ʢʦʪʦʨʳʡ ʩʯʠʪʘʣʩʷ ʦʙʨʘʟʮʦ-
ʚʳʤ. ɿʜʝʩʴ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ, ʯʪʦ çʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ ʙʘʟʘè ʬʦʨʪʝʧʠʘʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʚʦʟʥʠʢʘʝʪ ʢʘʢ 
ʯʘʩʪʴ ʦʙʱʝʝʚʨʦʧʝʡʩʢʦʡ ʫʨʙʘʥʠʩʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ: ʤʫʟʳʢʘʣʴʥʘʷ ʰʢʦʣʘ ʠ ʧʘʥʩʠʦʥ ï ʵʪʦ ʠʥʩʪʠʪʫʪʳ ʟʘ-
ʧʘʜʥʦʛʦ ʪʠʧʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʜʝʝʡ ʩʚʝʪʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʫʯʝʥʠʷ. ɼʦʤʠʥʠʢ ʉʪʝʬʘʥʦʚʠʯ 
ʙʳʣ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʙʝʣʦʨʫʩʩʢʠʭ ʧʠʘʥʠʩʪʦʚ, ʢʦʪʦʨʳʡ ʯʝʨʝʟ ʫʯʝʥʠʢʦʚ ʦʢʘʟʳʚʘʣ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʚʠ-
ʪʠʝ ʝʚʨʦʧʝʡʩʢʦʛʦ ʧʠʘʥʠʟʤʘ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XIX ʚʝʢʘ ʧʠʘʥʠʩʪʠʯʝʩʢʘʷ ʞʠʟʥʴ ʠ ʦʙʫʯʝʥʠʝ ʦʙʨʝʪʘʶʪ 
ʝʱʝ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʡ, çʩʠʩʪʝʤʘʪʠʯʝʩʢʠʡè ʭʘʨʘʢʪʝʨ: ʦʪʢʨʳʚʘʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʤʫʟʳʢʘʣʴʥʳʝ ʢʣʘʩʩʳ 
ʠ ʰʢʦʣʳ, ʘʢʪʠʚʥʦ ʨʘʙʦʪʘʶʪ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʠʝ ʦʙʱʝʩʪʚʘ, ʣʠʪʝʨʘʪʫʨʥʦ-ʤʫʟʳʢʘʣʴʥʳʝ ʢʨʫʞʢʠ ʠ ʪʦʚʘʨʠ-
ʱʝʩʪʚʘ; ʚ ʠʭ ʤʫʟʳʢʘʣʴʥʳʭ ʢʣʘʩʩʘʭ ʦʙʫʯʘʶʪ ʠʛʨʝ ʥʘ ʬʦʨʪʝʧʠʘʥʦ, ʩʢʨʠʧʢʝ, ʧʝʥʠʶ, ʪʝʦʨʠʠ ʤʫʟʳʢʠ. ʇʨʝ-
ʧʦʜʘʚʘʪʝʣʴʩʢʠʡ ʢʦʨʧʫʩ ʧʨʠ ʵʪʦʤ ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʨʝʟ ʰʠʨʦʢʠʝ ʩʚʷʟʠ: ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʤʫʟʳʢʘʥʪʳ 
ʧʨʠʝʟʞʘʶʪ ʠʟ ʄʦʩʢʚʳ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ɺʘʨʰʘʚʳ ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʦʚ. 

ɺ XIX ʚʝʢʝ ʙʝʣʦʨʫʩʩʢʦʝ ʬʦʨʪʝʧʠʘʥʥʦʝ ʠʩʧʦʣʥʠʪʝʣʴʩʪʚʦ ʠ ʧʝʜʘʛʦʛʠʢʘ ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʨʫʩʣʝ ʝʚʨʦ-
ʧʝʡʩʢʦʛʦ ʤʫʟʳʢʘʣʴʥʦʛʦ ʨʦʤʘʥʪʠʟʤʘ. ʆʜʥʘʢʦ ʟʘʧʘʜʥʘʷ ʪʨʘʜʠʮʠʷ ʟʜʝʩʴ ʥʝ ʝʜʠʥʘ: ʦʥʘ ʤʥʦʛʦʚʘʨʠʘʥʪʥʘ 
(ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʘʷ, ʧʦʣʴʩʢʘʷ, ʨʫʩʩʢʘʷ), ʘ ʙʝʣʦʨʫʩʩʢʘʷ ʩʧʝʮʠʬʠʢʘ ʨʦʞʜʘʝʪʩʷ ʢʘʢ ʧʝʨʝʚʦʜ ʤʝʞʜʫ ʵʪʠ-
ʤʠ ʚʘʨʠʘʥʪʘʤʠ ʠ ʩʦʙʩʪʚʝʥʥʳʤ ʠʥʪʦʥʘʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʕʪʦ ʠ ʝʩʪʴ ʧʝʨʚʘʷ ʢʨʫʧʥʘʷ ʬʦʨʤʫʣʘ çɿʘ-
ʧʘʜ + ɺʦʩʪʦʢè: ʟʘʧʘʜʥʳʝ ʞʘʥʨʳ ʠ ʬʦʨʤʳ, ʟʘʧʘʜʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʥʦ çʚʦʩʪʦʯʥʘʷè (ʚ ʩʤʳʩʣʝ ʚʦʩʪʦʯʥʦ-
ʩʣʘʚʷʥʩʢʘʷ) ʧʝʚʫʯʝʩʪʴ ʠ ʤʝʣʦʩ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʤʝʥʷʪʴ ʘʢʮʝʥʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʢʦʤʧʦʟʠʪʦʨʩʢʦʛʦ 
ʤʳʰʣʝʥʠʷ. 

ɼʘʣʝʝ ʥʘʩʪʫʧʘʝʪ XX ʚʝʢ, ʛʜʝ ʨʝʰʘʶʱʠʤ ʩʦʙʳʪʠʝʤ ʩʪʘʥʦʚʠʪʩʷ ʠʥʩʪʠʪʫʮʠʦʥʘʣʠʟʘʮʠʷ ʧʨʦʬʝʩʩʠʦ-
ʥʘʣʴʥʦʛʦ ʧʠʘʥʠʟʤʘ. ʉʪʘʥʦʚʣʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʡ ʬʦʨʪʝʧʠʘʥʥʦʡ ʰʢʦʣʳ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʩʚʷʟʘʥʦ ʩ ʦʪʢʨʳ-
ʪʠʝʤ ɹʝʣʦʨʫʩʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʥʩʝʨʚʘʪʦʨʠʠ ʚ 1932 ʛʦʜʫ: ʥʘ ʝʝ ʬʦʨʪʝʧʠʘʥʥʦʡ ʢʘʬʝʜʨʝ ʢʦʥʮʝʥ-
ʪʨʠʨʫʶʪʩʷ ʤʫʟʳʢʘʥʪʳ ʩ ʰʠʨʦʢʠʤ ʭʫʜʦʞʝʩʪʚʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠ ʵʨʫʜʠʮʠʝʡ. ʇʨʠʯʝʤ ʩʘʤʘ ʢʘʬʝʜʨʘ 
ʚʳʨʘʩʪʘʝʪ ʠʟ ʬʦʨʪʝʧʠʘʥʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʄʠʥʩʢʦʛʦ ʤʫʟʳʢʘʣʴʥʦʛʦ ʪʝʭʥʠʢʫʤʘ, ʪʦ ʝʩʪʴ ʥʘʣʘʛʘʝʪʩʷ ʝʱʝ 
ʦʜʥʘ çʝʚʨʦʧʝʡʩʢʘʷè ʨʘʤʢʘ: ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ ʰʢʦʣʘ ʩʪʨʦʠʪʩʷ ʧʦ ʤʦʜʝʣʠ ʢʦʥʩʝʨʚʘʪʦʨʩʢʦʡ ʩʠʩʪʝʤʳ, 
ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʙʱʝʝʚʨʦʧʝʡʩʢʠʤ ʠʥʩʪʠʪʫʪʦʤ. ʇʝʨʚʳʝ ʧʝʜʘʛʦʛʠ ʢʘʬʝʜʨʳ ï ɺ. ʀʩʘʝʚʘ-ʉʝʤʘʰʢʦ, ɻ. 
ʇʝʪʨʦʚ, ɽ. ɾʠʚ, ʅ. ɸʩʨʠʝʚ, ɽ. ɿʠʣʴʙʝʨʙʝʨʛ ï ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʟʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʥʦ 
ʚʩʝ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʢʨʫʧʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ [1, ʩ. 40]. 



248 ǟǩǱǲǟǪǻǬǺǤ ǡǭǮǯǭǰǺ ǰǭǡǯǤǫǤǬǬǺǴ ǬǟǲǶǬǺǴ ǧǰǰǪǤǣǭǡǟǬǧǨ 
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ɹʝʣʦʨʫʩʩʢʘʷ ʬʦʨʪʝʧʠʘʥʥʘʷ ʰʢʦʣʘ ʥʝ ʚʦʟʥʠʢʣʘ çʩ ʥʫʣʷè: ʦʥʘ ʚʩʪʨʦʝʥʘ ʚ ʛʝʥʝʘʣʦʛʠʶ ʝʚʨʦʧʝʡʩʢʦ-
ʛʦ ʧʠʘʥʠʟʤʘ, ʛʜʝ ʬʫʥʜʘʤʝʥʪ ʩʠʤʚʦʣʠʯʝʩʢʠ ʦʣʠʮʝʪʚʦʨʷʝʪ ʀ.ʉ. ɹʘʭ, ʘ ʜʘʣʝʝ ʠʜʫʪ ʧʝʨʩʦʥʘʣʠʠ, ʦʧʨʝʜʝ-
ʣʠʚʰʠʝ ʨʘʟʚʠʪʠʝ ɽʚʨʦʧʳ, ʈʦʩʩʠʠ ʠ ɹʝʣʘʨʫʩʠ. ʕʪʦʪ çʙʘʭʦʚʩʢʠʡ ʬʫʥʜʘʤʝʥʪè ʦʩʦʙʝʥʥʦ ʧʦʜʯʝʨʢʠʚʘʝʪ 
ʟʘʧʘʜʥʦʩʪʴ ʪʨʘʜʠʮʠʠ: ɹʘʭ ï ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʝʚʨʦʧʝʡʩʢʦʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ, ʧʦʣʠʬʦʥʠ-
ʯʝʩʢʦʛʦ ʤʳʰʣʝʥʠʷ ʠ ʢʣʘʚʠʨʥʦʡ ʢʫʣʴʪʫʨʳ, ʠ ʧʨʠʚʷʟʢʘ ʢ ʥʝʤʫ ï ʥʝ ʧʨʦʩʪʦ ʢʨʘʩʠʚʳʡ ʞʝʩʪ, ʘ ʫʢʘʟʘʥʠʝ ʥʘ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʙʱʝʝʚʨʦʧʝʡʩʢʦʤʫ ʢʘʥʦʥʫ. ʅʦ ʦʜʥʦʚʨʝʤʝʥʥʦ XX ʚʝʢ ʫʩʠʣʠʚʘʝʪ çʚʦʩʪʦʯʥʳʡè ʢʦʤʧʦ-
ʥʝʥʪ ï ʧʨʝʞʜʝ ʚʩʝʛʦ ʯʝʨʝʟ ʚʣʠʷʥʠʝ ʨʫʩʩʢʦʡ ʧʠʘʥʠʩʪʠʯʝʩʢʦʡ ʰʢʦʣʳ, ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʛʣʘʚʥʳʤ ʧʦ-
ʩʨʝʜʥʠʢʦʤ ʤʝʞʜʫ ʝʚʨʦʧʝʡʩʢʠʤ ʥʘʩʣʝʜʠʝʤ ʠ ʙʝʣʦʨʫʩʩʢʦʡ ʧʨʘʢʪʠʢʦʡ. 

ɹʝʣʦʨʫʩʩʢʘʷ ʬʦʨʪʝʧʠʘʥʥʘʷ ʰʢʦʣʘ ʘʩʩʠʤʠʣʠʨʦʚʘʣʘ ʣʫʯʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʨʫʩʩʢʦʛʦ ʠ ʟʘʧʘʜʥʦʝʚʨʦ-
ʧʝʡʩʢʦʛʦ ʧʠʘʥʠʟʤʘ ʠ ʧʝʜʘʛʦʛʠʢʠ. ʂ ʩʝʨʝʜʠʥʝ ʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XX ʚʝʢʘ ʦʥʘ ʦʬʦʨʤʣʷʝʪʩʷ ʢʘʢ ʩʘʤʦ-
ʙʳʪʥʘʷ ʚʝʪʚʴ ʄʦʩʢʦʚʩʢʦʡ ʠ ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʰʢʦʣ ʠ ʟʘʷʚʣʷʝʪ ʦ ʩʝʙʝ ʥʘ ʧʦʩʪʩʦʚʝʪʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 
ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʘʨʝʥʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʫʩʩʢʘʷ ʰʢʦʣʘ ʦʩʪʘʝʪʩʷ çʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʝʡè, ʥʦ ʦʥʘ ʫʞʝ 
ʥʝ ʢʦʧʠʨʫʝʪʩʷ, ʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʥʘʮʠʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ. ʆʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʬʦʨʪʝʧʠʘʥʥʦʛʦ ʠʩʢʫʩ-
ʩʪʚʘ ɹʝʣʘʨʫʩʠ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʠʩʪʦʨʠʷ ʠʩʧʦʣʥʠʪʝʣʝʡ ʠ ʧʝʜʘʛʦʛʦʚ, ʥʦ ʠ ʠʩʪʦʨʠʷ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʫʟʳʢʠ 
ʙʝʣʦʨʫʩʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ. ʀ ʟʜʝʩʴ ʟʘʧʘʜʥʘʷ ʪʨʘʜʠʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʫʞʝ ʯʝʨʝʟ ʞʘʥʨʳ ʠ ʬʦʨʤʳ, ʪʘʢʠʝ 
ʢʘʢ ʢʦʥʮʝʨʪ, ʩʦʥʘʪʘ, ʩʶʠʪʘ, ʚʘʨʠʘʮʠʠ, ʧʦʣʠʬʦʥʠʯʝʩʢʠʡ ʮʠʢʣ ï ʚʝʩʴ çʙʦʣʴʰʦʡè ʝʚʨʦʧʝʡʩʢʠʡ ʠʥʩʪʨʫʤʝʥ-
ʪʘʨʠʡ ʩʪʘʥʦʚʠʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ ʷʟʳʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʡ ʢʦʤʧʦʟʠʪʦʨʩʢʦʡ ʰʢʦʣʳ. ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʧʦʜ-
ʯʝʨʢʥʫʪʴ ʫʩʪʦʡʯʠʚʳʡ ʠʥʪʝʨʝʩ ʙʝʣʦʨʫʩʩʢʠʭ ʢʦʤʧʦʟʠʪʦʨʦʚ ʢ ʧʦʣʠʬʦʥʠʯʝʩʢʦʤʫ ʩʪʠʣʶ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ 
ʧʦʣʠʬʦʥʠʯʝʩʢʠʭ ʤʠʥʠ-ʮʠʢʣʦʚ (ʧʨʝʣʶʜʠʷ ʠ ʬʫʛʘ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʞʘʥʨʘ ʩʶʠʪʳ ʚ 1980ï
1990-ʝ. ʂʨʫʧʥʳʝ ʞʘʥʨʳ ï ʢʦʥʮʝʨʪʳ ʠ ʩʦʥʘʪʳ ï ʦʩʦʙʝʥʥʦ ʷʩʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʧʘʜʥʫʶ ʧʨʠʥʘʜʣʝʞ-
ʥʦʩʪʴ ʙʝʣʦʨʫʩʩʢʦʛʦ ʬʦʨʪʝʧʠʘʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ: ʠʤʝʥʥʦ ʵʪʠ ʬʦʨʤʳ ʷʚʣʷʶʪʩʷ çʷʟʳʢʦʤè ʝʚʨʦʧʝʡʩʢʦʛʦ 
ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤʘ. 

ʅʘ ʨʫʙʝʞʝ XX ï XXI ʚʝʢʦʚ ʟʘʧʘʜʥʳʡ ʚʝʢʪʦʨ ʩʪʘʥʦʚʠʪʩʷ ʫʞʝ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʝʡ ʪʨʘʜʠʮʠʝʡ, ʥʦ ʠ 
ʚʥʝʰʥʝʡ ʧʨʘʢʪʠʢʦʡ: ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʩʚʷʟʠ, ʢʦʥʢʫʨʩʥʦʝ ʜʚʠʞʝʥʠʝ, ʚʩʪʨʘʠʚʘʥʠʝ ʚ ʝʚʨʦʧʝʡʩʢʠʝ ʠʥʩʪʠʪʫ-
ʮʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʥʥʦ ʥʘ ʨʫʙʝʞʝ ʚʝʢʦʚ ʟʘʤʝʪʥʝʝ ʧʨʦʷʚʣʷʝʪʩʷ ʠ çʚʦʩʪʦʯʥʳʡ ʤʦʪʠʚè ʚ ʥʦʚʦʤ 
ʩʤʳʩʣʝ: ɹʝʣʘʨʫʩʴ ʩʪʘʥʦʚʠʪʩʷ ʧʣʦʱʘʜʢʦʡ, ʛʜʝ ʟʘʧʘʜʥʘʷ ʪʨʘʜʠʮʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʫʞʝ ʥʝ ʪʦʣʴʢʦ ʩ ʨʫʩʩʢʠʤ 
ʥʘʩʣʝʜʠʝʤ, ʥʦ ʠ ʩ ʙʦʣʝʝ ʰʠʨʦʢʠʤ ʝʚʨʘʟʠʡʩʢʠʤ ʢʦʥʪʝʢʩʪʦʤ. 

ʆʙʨʘʱʝʥʠʝ ʢ çɺʦʩʪʦʢʫè ʚ ʙʝʣʦʨʫʩʩʢʦʡ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʫʟʳʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 
ʩʦʚʦʢʫʧʥʦʩʪʴ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ ʩʪʨʘʪʝʛʠʡ: ʚʦʩʪʦʯʥʳʡ ʪʝʤʘʪʠʟʤ (ʧʨʦʛʨʘʤʤʥʳʝ ʥʘʟʚʘʥʠʷ, ʩʶʞʝʪʥʳʝ ʘʣ-
ʣʶʟʠʠ, ʪʘʥʮʝʚʘʣʴʥʳʝ ʞʘʥʨʳ), ʚʦʩʪʦʯʥʘʷ ʩʪʠʣʠʟʘʮʠʷ (ʣʘʜʦ-ʠʥʪʦʥʘʮʠʦʥʥʳʝ ʠ ʨʠʪʤʦʬʦʨʤʫʣʴʥʳʝ ʧʨʠ-
ʟʥʘʢʠ çʚʦʩʪʦʯʥʦʩʪʠè), çɺʦʩʪʦʢ ï ɿʘʧʘʜè ʢʘʢ ʢʫʣʴʪʫʨʥʘʷ ʦʩʥʦʚʘ. ɺ ʙʝʣʦʨʫʩʩʢʦʤ ʛʫʤʘʥʠʪʘʨʥʦʤ ʟʥʘʥʠʠ 
ʢʦʥʪʝʢʩʪ çɿʘʧʘʜ ï ɺʦʩʪʦʢè ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʠʮʝʥʪʨʠʯʥʦʩʪʠ ʠ ʩʠʥʪʝʪʠʯʥʦʩʪʠ ʢʫʣʴʪʫʨ-
ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʙʝʣʦʨʫʩʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ; ʄ.ʄ. ʉʦʢʦʣʦʚʩʢʘʷ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʙʝʣʦʨʫʩʩʢʦʡ 
ʤʫʟʳʢʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ ʠʩʪʦʨʠʯʝʩʢʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʧʦʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʮʠʚʠ-
ʣʠʟʘʮʠʦʥʥʳʭ ʚʝʢʪʦʨʦʚ [2]. ɿʜʝʩʴ çɺʦʩʪʦʢè ʚ ʤʫʟʳʢʘʣʴʥʦʤ ʪʝʢʩʪʝ ʚʳʩʪʫʧʘʝʪ ʥʝ ʩʪʦʣʴʢʦ ʛʝʦʛʨʘʬʠʯʝ-
ʩʢʠʤ, ʩʢʦʣʴʢʦ ʩʝʤʠʦʪʠʯʝʩʢʠʤ ʢʦʥʩʪʨʫʢʪʦʤ, ʫʟʥʘʚʘʝʤʳʤ ʧʦ ʫʩʪʦʡʯʠʚʳʤ ʠʥʪʦʥʘʮʠʦʥʥʦ-ʨʠʪʤʠʯʝʩʢʠʤ ʠ 
ʞʘʥʨʦʚʳʤ ʤʘʨʢʝʨʘʤ. ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʟʠʮʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʤʫʟʳʢʦʟʥʘ-
ʥʠʷ, ʛʜʝ ʧʨʦʙʣʝʤʘ çɺʦʩʪʦʢ ï ɿʘʧʘʜè ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʪʠʧʦʚ ʤʫʟʳʢʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ ʠ 
ʦʨʛʘʥʠʟʘʮʠʠ ʚʨʝʤʝʥʠ. ɺ ʙʝʣʦʨʫʩʩʢʦʤ ʠʩʢʫʩʩʪʚʦʚʝʜʝʥʠʠ ʤʝʞʢʫʣʴʪʫʨʥʳʡ ʨʘʢʫʨʩ ʧʦʜʜʝʨʞʘʥ ʠ ʩʧʝʮʠʘʣʴ-
ʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ çʚʦʩʪʦʯʥʦʛʦ ʪʝʤʘʪʠʟʤʘè ʫ ʢʦʤʧʦʟʠʪʦʨʦʚ ɹʝʣʘʨʫʩʠ ʍʍ ʚʝʢʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʤʘʪʝ-
ʨʠʘʣʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʨʝʜʥʝʘʟʠʘʪʩʢʦʤʫ ʠ ʘʥʜʘʣʫʟʩʢʦʤʫ ʥʘʧʨʘʚʣʝʥʠʷʤ) [3]. ʍʦʪʷ ʵʪʠ ʨʘʙʦʪʳ ʥʝ ʦʛʨʘ-
ʥʠʯʝʥʳ ʬʦʨʪʝʧʠʘʥʥʦʡ ʩʬʝʨʦʡ, ʦʥʠ ʬʠʢʩʠʨʫʶʪ ʩʘʤ ʬʘʢʪ ʫʩʪʦʡʯʠʚʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʦʧʪʠʢʠ, ʥʝʦʙ-
ʭʦʜʠʤʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʬʦʨʪʝʧʠʘʥʥʦʛʦ ʨʝʧʝʨʪʫʘʨʘ. 

çɺʦʩʪʦʢè ʚ ʙʝʣʦʨʫʩʩʢʦʡ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʫʟʳʢʝ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʢ ʩʝʤʠʦʪʠʯʝ-
ʩʢʠʡ ʠ ʞʘʥʨʦʚʳʡ ʤʘʨʢʝʨ, ʧʨʦʷʚʣʷʷʩʴ ʚ ʪʘʥʮʝʚʘʣʴʥʳʭ ʥʦʤʝʨʘʭ ʩʮʝʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʚ ʧʨʦ-
ʛʨʘʤʤʥʳʭ ʤʠʥʠʘʪʶʨʘʭ. ʅʘ ʫʨʦʚʥʝ ʪʝʭʥʠʢʠ ʧʠʩʴʤʘ ʚʦʩʪʦʯʥʘʷ ʩʪʠʣʠʟʘʮʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ ʦʨʥʘʤʝʥ-
ʪʘʣʴʥʦʩʪʴ, ʤʦʜʘʣʴʥʦʩʪʴ, ʦʩʪʠʥʘʪʥʦʩʪʴ ʠ ʪʝʤʙʨʦʚʦ-ʬʘʢʪʫʨʥʳʝ ʠʤʠʪʘʮʠʠ, ʘ ʥʝ ʯʝʨʝʟ ʧʨʷʤʦʝ ʮʠʪʠʨʦʚʘ-
ʥʠʝ. ɼʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ çʚʦʩʪʦʯʥʳʭè ʦʙʨʘʟʦʚ ʚ ʙʝʣʦʨʫʩʩʢʦʡ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʫʟʳʢʝ ʧʨʦʜʫʢʪʠʚʥʦ ʦʧʝ-
ʨʝʪʴʩʷ ʥʝ ʥʘ ʧʝʨʝʯʝʥʴ ʚʥʝʰʥʠʭ ʩʪʠʣʠʩʪʠʯʝʩʢʠʭ ʢʣʠʰʝ, ʘ ʥʘ ʪʠʧʦʣʦʛʠʯʝʩʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʚʦʩʪʦʯʥʦʡ ʠ 
ʟʘʧʘʜʥʦʡ ʤʫʟʳʢʘʣʴʥʳʭ ʪʨʘʜʠʮʠʡ. ɸ.ɻ. ʉʫʙʙʦʪʥʷʷ ʧʨʝʜʣʘʛʘʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ɺʦʩʪʦʢ ʯʝʨʝʟ ʜʦʤʠʥʘʥʪʫ 
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ʠʥʪʫʠʪʠʚʥʦʛʦ, ʠʥʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʛʦ ʥʘʯʘʣʘ, ʩʠʥʢʨʝʪʠʟʤ ʚʦʢʘʣʴʥʦʛʦ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʠ ʭʦʨʝʦʛʨʘ-
ʬʠʯʝʩʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʤʦʥʦʜʠʡʥʫʶ ʧʨʠʨʦʜʫ ʠʥʪʦʥʘʮʠʦʥʥʦʛʦ ʨʠʩʫʥʢʘ, ʣʘʜʦʚʦʩʪʴ (ʚʤʝ-
ʩʪʦ ʪʦʥʘʣʴʥʦʩʪʠ), ʘʩʠʤʤʝʪʨʠʶ ʠ ʩʚʦʙʦʜʫ ʨʠʪʤʘ ʚʧʣʦʪʴ ʜʦ ʦʪʩʫʪʩʪʚʠʷ ʨʝʛʫʣʷʨʥʦʛʦ ʤʝʪʨʦʨʠʪʤʘ ʚ ʤʝʜʠ-
ʪʘʪʠʚʥʳʭ ʪʝʭʥʠʢʘʭ ʧʠʩʴʤʘ, ʠʤʧʨʦʚʠʟʘʮʠʦʥʥʦʩʪʴ, çʨʘʟʦʤʢʥʫʪʳʡè ʪʠʧ ʢʦʤʧʦʟʠʮʠʠ ʠ ʪʝʤʙʨʦʚʫʶ ʢʦʥʮʝʧ-
ʮʠʶ ʟʚʫʢʘ. ɿʘʧʘʜʥʘʷ ʪʨʘʜʠʮʠʷ, ʥʘʧʨʦʪʠʚ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʨʘʮʠʦʥʘʣʴʥʦ-
ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʝ ʥʘʯʘʣʦ, ʢʦʤʧʦʟʠʮʠʦʥʥʫʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʠ ʟʘʤʢʥʫʪʦʩʪʴ (ʚ ʪ.ʯ. ʧʨʠʥʮʠʧ ʨʝʧʨʠʟʥʦ-
ʩʪʠ), ʪʦʥʘʣʴʥʦ-ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʣʦʛʠʢʫ, ʤʝʪʨʠʯʝʩʢʫʶ ʢʦʥʢʨʝʪʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʢ ʢʫʣʴʤʠ-
ʥʘʮʠʠ [4]. ɺ ʧʨʠʤʝʥʝʥʠʠ ʢ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʫʟʳʢʝ (ʢʘʢ ʧʨʦʜʫʢʪʫ ʟʘʧʘʜʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʢʫʣʴʪʫʨʳ) 
ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʪʨʘʢʪʦʚʘʪʴ çʤʘʨʢʝʨʳ ɺʦʩʪʦʢʘè ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʣʘʜʦ-ʠʥʪʦʥʘʮʠʦʥʥʳʝ ʩʠʛʥʘʣʳ 
(ʥʘʧʨʠʤʝʨ, ʧʝʥʪʘʪʦʥʠʢʫ), ʥʦ ʠ ʢʘʢ ʧʨʠʟʥʘʢʠ ʠʥʦʛʦ ʪʠʧʘ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʫʟʳʢʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ: 
ʚʘʨʠʘʥʪʥʦʩʪʴ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʩʪʘʪʠʯʥʦʩʪʴ/ʩʦʟʝʨʮʘʪʝʣʴʥʦʩʪʴ, ʘʤʝʪʨʠʯʥʦʩʪʴ, ʩʦʥʦʨʠʩʪʠʯʝʩʢʠ ʦʢʨʘʰʝʥ-
ʥʫʶ ʬʘʢʪʫʨʫ ʩ ʪʝʤʙʨʦʚʦʡ ʘʣʣʶʟʠʝʡ ʥʘ ʚʦʩʪʦʯʥʳʝ ʤʫʟʳʢʘʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. 

ɹʝʣʦʨʫʩʩʢʘʷ ʬʦʨʪʝʧʠʘʥʥʘʷ ʢʫʣʴʪʫʨʘ ʍʍ ʩʪʦʣʝʪʠʷ ʠʩʩʣʝʜʫʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ, ʛʜʝ ʢʦʤʧʦʟʠʪʦʨʩʢʦʝ 
ʪʚʦʨʯʝʩʪʚʦ, ʧʝʜʘʛʦʛʠʢʘ ʠ ʠʩʧʦʣʥʠʪʝʣʴʩʪʚʦ ʦʙʨʘʟʫʶʪ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʡ ʢʦʥʪʫʨ; ʧʨʠ ʵʪʦʤ ʧʝʨʚʳʝ ʦʧʳʪʳ 
ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʙʝʣʦʨʫʩʩʢʦʡ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʫʟʳʢʠ ʚ 1960-ʝ ʛʦʜʳ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʠʤʝʥʘʤʠ ɹ. 
ɻʘʨʪʘ ʠ ʉ. ʃʠʩʢʦʚʠʯ, ʘ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ï ʩ ʨʘʙʦʪʘʤʠ ɽ. ɸʭʚʝʨʜʦʚʦʡ, ʀ. ʅʘʟʠʥʦʡ ʠ ʜʨ. [5, ʩ. 4]. 
ɼʘʥʥʘʷ ʥʘʫʯʥʘʷ ʣʠʥʠʷ ʚʘʞʥʘ ʪʝʤ, ʯʪʦ çʚʦʩʪʦʯʥʦʝè ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝ ʚ çʙʦʣʴʰʠʭ ʬʦʨʤʘʭè 
ʢʘʢ ʝʜʠʥʳʡ ʩʪʠʣʴ, ʘ ʚ ʞʘʥʨʦʚʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʠ ʢʦʥʮʝʨʪʥʳʭ ʤʠʥʠʘʪʶʨʘʭ, ʚ ʨʝʧʝʨʪʫʘʨʥʳʭ ʙʣʦʢʘʭ, ʩʚʷ-
ʟʘʥʥʳʭ ʩ ʪʝʘʪʨʘʣʴʥʦʡ ʠ ʙʘʣʝʪʥʦʡ ʧʨʘʢʪʠʢʦʡ, ʘ ʪʘʢʞʝ ʚ çʩʫʚʝʥʠʨʥʦʡè ʧʦʵʪʠʢʝ (ʢʘʨʪʠʥʳ, ʪʘʥʮʳ, ʵʢʟʦʪʠ-
ʯʝʩʢʠʝ ʟʘʨʠʩʦʚʢʠ). 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʤʧʫʣʴʩʦʤ ʢ ʚʦʩʧʨʠʷʪʠʶ ʚʦʩʪʦʯʥʳʭ ʠʥʪʦʥʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʤʦʛʣʠ ʩʪʘʥʦʚʠʪʴʩʷ 
ʠ ʙʠʦʛʨʘʬʠʢʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʦʪʜʝʣʴʥʳʭ ʬʠʛʫʨ ʙʝʣʦʨʫʩʩʢʦʡ ʢʦʤʧʦʟʠʪʦʨʩʢʦʡ ʰʢʦʣʳ. ʊʘʢ, 
ʚ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʷʭ ʦ ʅ. ʀ. ɸʣʘʜʦʚʝ ʚʳʜʝʣʷʝʪʩʷ ʝʛʦ ʨʘʙʦʪʘ ʚ ʂʘʟʘʥʠ ʚ çɺʦʩʪʦʯʥʦʡ ʢʦʥʩʝʨʚʘ-
ʪʦʨʠʠè ʠ ʠʥʪʝʨʝʩ ʢ ʤʫʟʳʢʘʣʴʥʳʤ ʪʨʘʜʠʮʠʷʤ ʥʘʨʦʜʦʚ ʇʦʚʦʣʞʴʷ [6]. ʇʦʜʦʙʥʳʡ ʦʧʳʪ ʟʥʘʯʠʤ ʢʘʢ ʢʘʥʘʣ ʟʥʘ-
ʢʦʤʩʪʚʘ ʩ ʠʥʦʵʪʥʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʢʘʢ ʧʨʝʜʧʦʩʳʣʢʘ ʨʘʩʰʠʨʝʥʠʷ ʠʥʪʦʥʘʮʠʦʥʥʦʛʦ ʩʣʦʚʘʨʷ. 

ʆʜʥʦ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʷʚʣʝʥʠʷ çɺʦʩʪʦʢʘè ʚ ʬʦʨʪʝʧʠʘʥʥʦʡ ʧʨʘʢʪʠʢʝ ï ʧʝʨʝʭʦʜ ʩʮʝʥʠ-
ʯʝʩʢʠʭ ʞʘʥʨʦʚ ʚ ʢʣʘʚʠʨʥʦʝ ʙʳʪʦʚʘʥʠʝ (ʧʝʨʝʣʦʞʝʥʠʷ, ʩʶʠʪʥʳʝ ʚʳʙʦʨʢʠ, ʢʦʥʮʝʨʪʥʳʝ ʧʴʝʩʳ). ʇʦʢʘʟʘʪʝ-
ʣʝʥ ʧʨʠʤʝʨ ɽ. ɻʣʝʙʦʚʘ: ʚ ʨʷʜʝ ʠʩʪʦʯʥʠʢʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʥʦʤʝʨʘ çɺʦʩʪʦʯʥʳʡ ʪʘʥʝʮè ʚ ʙʘ-
ʣʝʪʥʫʶ/ʩʶʠʪʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʤʘʪʝʨʠʘʣʘʭ ʦ ʝʛʦ ʩʦʯʠʥʝʥʠʷʭ). çɺʦʩʪʦʯʥʳʡ ʪʘʥʝʮè ʚ ʝʚʨʦ-
ʧʝʡʩʢʦʡ ʪʝʘʪʨʘʣʴʥʦʡ ʪʨʘʜʠʮʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʩʬʝʨʝ ʭʘʨʘʢʪʝʨʥʳʭ (ʠʣʠ çʥʘʮʠʦʥʘʣʴʥʦ-
ʵʢʟʦʪʠʯʝʩʢʠʭè) ʥʦʤʝʨʦʚ ï ʩʮʝʥʠʯʝʩʢʠ ʩʪʠʣʠʟʦʚʘʥʥʳʭ çʟʘʠʤʩʪʚʦʚʘʥʠʡè ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʪʘʥʮʘʭ ʠʥʦʡ 
ʢʫʣʴʪʫʨʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʫʩʠʣʝʥʠʷ ʢʨʘʩʦʯʥʦʩʪʠ ʠ ʞʘʥʨʦʚʦʛʦ ʢʦʥʪʨʘʩʪʘ ʚ ʩʧʝʢʪʘʢʣʝ. ɺ ʙʘʣʝʪʥʦʤ 
ʪʝʘʪʨʝ ʧʦʜʦʙʥʳʝ ʚʩʪʘʚʢʠ ʯʘʩʪʦ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʜʠʚʝʨʪʠʩʤʝʥʪ: ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ (ʠʣʠ ʮʝʧʦʯʢʘ) ʪʘʥ-
ʮʝʚʘʣʴʥʳʡ ʵʧʠʟʦʜ, çʨʘʟʚʣʝʢʘʪʝʣʴʥʘʷ ʧʘʫʟʘè ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʥʦʚʥʦʡ ʣʠʥʠʠ ʜʝʡʩʪʚʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥ-
ʥʘʷ ʥʘ ʵʬʬʝʢʪ ʠ ʟʨʝʣʠʱʥʦʩʪʴ. 

ɺ ʢʫʣʴʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʤ ʧʣʘʥʝ çʚʦʩʪʦʯʥʳʡ ʪʘʥʝʮè ʦʢʘʟʳʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤ ʪʠʧʦʤ ʩʮʝʥʠʯʝʩʢʦʡ 
ʵʢʟʦʪʠʢʠ: ʦʥ ʤʘʨʢʠʨʫʝʪ çʀʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦè ʧʦʩʨʝʜʩʪʚʦʤ ʫʟʥʘʚʘʝʤʳʭ ʫʩʣʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ (ʨʠʪʤʦ-
ʬʦʨʤʫʣ, ʦʨʥʘʤʝʥʪʘʣʴʥʦʡ ʤʝʣʦʜʠʢʠ, ʦʩʦʙʦʡ çʪʝʤʙʨʦʚʦʡè ʦʢʨʘʩʢʠ ʠ ʪ. ʧ.). ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʧʨʦʜʫʢʪʠʚʝʥ 
ʧʦʜʭʦʜ ʤʫʟʳʢʘʣʴʥʦʛʦ ʵʢʟʦʪʠʟʤʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʈ. ʃʦʢʢʦʤ: ʵʢʟʦʪʠʟʤ ʚ ʤʫʟʳʢʝ ʧʦʥʠʤʘʝʪʩʷ ʢʘʢ ʢʘʯʝ-
ʩʪʚʦ, ʩʚʷʟʳʚʘʶʱʝʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʩ çʛʜʝ-ʪʦ-ʠʥʘʯʝè (Elsewhere) ʠ ʝʛʦ ʚʦʦʙʨʘʞʘʝʤʳʤʠ ʦʙʠʪʘʪʝʣʷʤʠ [7]. 
ɺ ʢʦʣʣʝʢʪʠʚʥʦʡ ʤʦʥʦʛʨʘʬʠʠ ʧʦʜ ʨʝʜʘʢʮʠʝʡ ɼʞ. ɹʝʣʣʤʘʥʘ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ ʟʘʧʘʜʥʳʝ ʢʦʤʧʦʟʠʪʦʨʳ 
ʥʝʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪ çʵʢʟʦʪʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳè ʠʤʝʥʥʦ ʨʘʜʠ çʜʨʘʤʘʪʠʯʝʩʢʦʛʦè ʠ çʷʨʢʦʛʦè ʵʬʬʝʢʪʘ, 
ʩʦʯʝʪʘʷ ʠʩʪʦʨʠʯʝʩʢʠʝ, ʤʫʟʳʢʘʣʴʥʳʝ ʠ ʢʫʣʴʪʫʨʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ. 

ɼʣʷ ɽ. ɻʣʝʙʦʚʘ ʤʫʟʳʢʘʣʴʥʦ-ʪʝʘʪʨʘʣʴʥʘʷ ʩʬʝʨʘ (ʦʧʝʨʘ, ʙʘʣʝʪ, ʤʫʟʳʢʘ ʢ ʩʧʝʢʪʘʢʣʷʤ) ʚʳʩʪʫʧʘʝʪ 
ʦʜʥʦʡ ʠʟ ʞʘʥʨʦʚʳʭ ʦʧʦʨ ʩʪʠʣʷ. ɺ ʨʘʙʦʪʝ ʉ. ʅʝʤʮʦʚʦʡ-ɸʤʙʘʨʷʥ ʪʝʘʪʨʘʣʴʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʚʝ-
ʜʫʱʠʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʦʤʧʦʟʠʪʦʨʘ ʩ ʤʘʪʝʨʠʘʣʦʤ; ʩʧʝʮʠʘʣʴʥʦ ʦʪʤʝʯʘʝʪʩʷ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʬʦʨʤ ʚʟʘ-
ʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʙʘʣʝʪʦʤ ʠ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʠʥʠʘʪʶʨʦʡ, ʚʢʣʶʯʘʷ ʧʝʨʝʥʝʩʝʥʠʝ ʠ ʧʝʨʝʨʘʙʦʪʢʫ ʪʝʤʘ-
ʪʠʟʤʘ [9]. ʊʘʢʘʷ çʤʝʞʞʘʥʨʦʚʘʷ ʤʦʙʠʣʴʥʦʩʪʴè ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʙʘʣʝʪʥʦʛʦ ʥʦʤʝʨʘ 
ʚ ʘʚʪʦʥʦʤʥʫʶ ʢʦʥʮʝʨʪʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʧʴʝʩʫ ʜʣʷ ʬʦʨʪʝʧʠʘʥʦ. ʇʝʨʝʭʦʜ çɺʦʩʪʦʯʥʦʛʦ ʪʘʥʮʘè ʠʟ ʙʘʣʝʪ-
ʥʦʡ ʪʢʘʥʠ ʚ ʬʦʨʪʝʧʠʘʥʥʫʶ ʧʨʘʢʪʠʢʫ ʟʘʢʨʝʧʣʝʥ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʚ ʜʚʫʭ ʫʩʪʦʡʯʠʚʳʭ ʬʦʨʤʘʪʘʭ. ʊʘʢ, ʢʘʢ 
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ʪʨʘʥʩʢʨʠʧʮʠʷ (ʧʝʜʘʛʦʛʠʢʦ-ʢʦʥʮʝʨʪʥʘʷ ʤʠʥʠʘʪʶʨʘ) çɺʦʩʪʦʯʥʳʡ ʪʘʥʝʮè ʘʪʨʠʙʫʪʠʨʫʝʪʩʷ ʢʘʢ ʥʦʤʝʨ çʠʟ 
ʙʘʣʝʪʘ ñʀʟʙʨʘʥʥʠʮʘòè ʠ ʜʘʥ ʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ʃ. ʄʘʣʳʰʝʚʦʡ. ʊʝʤ ʩʘʤʳʤ ʬʠʢʩʠʨʫʝʪʩʷ ʪʠʧ ʨʝʧʨʝʟʝʥʪʘ-
ʮʠʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘ ʧʝʨʝʥʦʩ ʩʮʝʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʦʣʴʥʫʶ ʢʣʘʚʠʨʥʫʶ ʬʘʢʪʫʨʫ ʧʨʠ ʩʦʭʨʘʥʝ-
ʥʠʠ çʪʘʥʮʝʚʘʣʴʥʦʩʪʠè (ʧʫʣʴʩʘ, ʤʦʪʦʨʠʢʠ, ʧʣʘʩʪʠʯʝʩʢʦʡ ʷʩʥʦʩʪʠ ʬʨʘʟʠʨʦʚʢʠ) ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʪʝʘʪʨʘʣʴʥʦ-
ʛʦ ʨʝʩʫʨʩʘ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʘʨʘʬʨʘʟ (ʚʠʨʪʫʦʟʥʦ-ʢʦʥʮʝʨʪʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ) (ɽ. ɻʣʝʙʦʚ ï ʃ. ʄʘʣʳʰʝ-
ʚʘ). ɺ ʪʝʨʤʠʥʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʧʘʨʘʬʨʘʟ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʪʨʘʜʠʮʠʝʡ ʚʠʨʪʫʦʟʥʦʡ ʬʘʥʪʘʟʠʠ ʥʘ ʟʘʠʤʩʪʚʦ-
ʚʘʥʥʫʶ ʪʝʤʫ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʠ çʚʩʪʨʘʠʚʘʪʴʩʷè ʚ ʥʦʚʫʶ ʢʦʥʮʝʨʪʥʫʶ 
ʜʨʘʤʘʪʫʨʛʠʶ [10]. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʧʘʨʘʬʨʘʟʘ ʢʘʢ ʜʚʫʭ ʬʦʨʪʝʧʠʘʥʥʳʭ çʧʨʦʝʢʮʠʡè ʙʘʣʝʪ-
ʥʦʛʦ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʠ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʡ ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʟʘ. ɺ ʪʨʘʥʩʢʨʠʧʮʠʠ çʚʦ-
ʩʪʦʯʥʦʩʪʴè ʨʘʙʦʪʘʝʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʢʘʢ ʞʘʥʨʦʚʳʡ ʟʥʘʢ: ʦʥʘ ʩʯʠʪʳʚʘʝʪʩʷ ʯʝʨʝʟ ʫʩʪʦʡʯʠʚʳʝ ʨʠʪʤʦ- ʠ ʠʥ-
ʪʦʥʘʮʠʦʥʥʳʝ ʢʣʠʰʝ ʩʮʝʥʠʯʝʩʢʦʛʦ ʵʢʟʦʪʠʟʤʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʧʣʘʩʪʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ ʪʘʥʮʘ. ɺ ʧʘʨʘ-
ʬʨʘʟʝ çʚʦʩʪʦʯʥʳʡè ʤʘʪʝʨʠʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʢʦʥʮʝʨʪʥʳʡ ʘʪʪʨʘʢʮʠʦʥ: ʫʩʠʣʠʚʘʶʪʩʷ 
ʚʠʨʪʫʦʟʥʳʝ ʩʚʦʡʩʪʚʘ ʬʘʢʪʫʨʳ, ʨʘʩʰʠʨʷʝʪʩʷ ʨʝʛʠʩʪʨʦʚʳʡ ʜʠʘʧʘʟʦʥ, ʧʦʚʳʰʘʝʪʩʷ ʨʦʣʴ ʙʣʝʩʪʷʱʝʡ ʚʘʨʠ-
ʘʮʠʦʥʥʦʩʪʠ, ʯʪʦ ʩʙʣʠʞʘʝʪ ʞʘʥʨ ʩ ʩʘʣʦʥʥʦ-ɻ ʩʪʨʘʜʥʦʡ ʣʠʥʠʝʡ çʧʘʨʘʬʨʘʟʥʦʡè ʪʨʘʜʠʮʠʠ [11]. 

ɺʪʦʨʦʡ ʫʩʪʦʡʯʠʚʳʡ ʪʠʧ ï ʧʨʦʛʨʘʤʤʥʦʩʪʴ: çʚʦʩʪʦʯʥʳʝè ʥʘʟʚʘʥʠʷ, çʢʘʨʪʠʥʳè, çʦʩʪʨʦʚʘè, çʭʨʘ-
ʤʳè, çʬʨʝʩʢʠè ʠ ʪ. ʧ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʧʦʢʘʟʘʪʝʣʴʥʳʤ ʚʳʩʪʫʧʘʝʪ ʪʚʦʨʯʝʩʪʚʦ ɻ. ɻʦʨʝʣʦʚʦʡ. ʍʦʪʷ ʟʥʘʯʠ-
ʪʝʣʴʥʘʷ ʯʘʩʪʴ çʚʦʩʪʦʯʥʳʭè ʩʶʞʝʪʦʚ ʫ ʢʦʤʧʦʟʠʪʦʨʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʚʦʢʘʣʴʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠ ʢʘ-
ʤʝʨʥʳʭ ʞʘʥʨʘʭ, ʜʣʷ ʬʦʨʪʝʧʠʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʝʥ ʩʘʤ ʤʝʭʘʥʠʟʤ: çɺʦʩʪʦʢè ʚʦʟʥʠʢʘʝʪ ʢʘʢ 
ʧʦʵʪʠʯʝʩʢʠʡ ʧʨʝʜʤʝʪ ʩʦʟʝʨʮʘʥʠʷ ʠ ʧʦʨʦʞʜʘʝʪ ʤʠʥʠʘʪʶʨʥʳʡ ʬʦʨʤʘʪ (ʧʝʡʟʘʞ, ʟʘʨʠʩʦʚʢʘ, ʤʝʜʠʪʘʮʠʷ), 
ʛʜʝ ʨʝʰʘʶʱʠʤʠ ʩʪʘʥʦʚʷʪʩʷ ʪʝʤʙʨʦʚʦ-ʬʘʢʪʫʨʥʳʝ ʘʣʣʶʟʠʠ ʠ çʦʨʥʘʤʝʥʪʘʣʴʥʦʩʪʴè ʧʠʩʴʤʘ. ɺ ʪʘʢʠʭ 
ʪʝʢʩʪʘʭ çʚʦʩʪʦʯʥʦʩʪʴè ʯʘʩʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ ʮʠʪʠʨʦʚʘʥʠʝʤ, ʘ ʩʪʠʣʠʟʘʮʠʝʡ: ʤʝʣʦʜʠʯʝʩʢʘʷ ʦʨʥʘʤʝʥʪʠʢʘ 
(ʬʦʨʰʣʘʛʠ, ʤʦʨʜʝʥʪʳ, ʤʝʣʠʟʤʳ ʢʘʢ ʟʥʘʢ çʫʟʦʨʘè); ʤʦʜʘʣʴʥʦʩʪʴ ʠ çʥʝʬʫʥʢʮʠʦʥʘʣʴʥʘʷè ʛʘʨʤʦʥʠʷ (ʩʪʘ-
ʪʠʯʥʳʝ ʩʦʟʚʫʯʠʷ, ʢʚʘʨʪʦʚʦ-ʢʚʠʥʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʝʜʘʣʴʥʳʝ ʦʧʦʨʳ); ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʵʬʬʝʢʪʳ (ʧʝ-
ʜʘʣʴ, ʨʘʟʨʝʞʝʥʥʘʷ ʬʘʢʪʫʨʘ, çʵʭʦʚʳʝè ʧʦʚʪʦʨʳ), ʩʦʟʜʘʶʱʠʝ ʦʙʨʘʟ çʜʘʣʝʢʦʛʦè ʠ çʠʥʘʢʦʚʦʛʦè. ʉʨʝʜʠ 
ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ï çʆʩʪʨʦʚ ʪʳʩʷʯʠ ʭʨʘʤʦʚè, çʇʝʡʟʘʞ ʩ ʮʚʝʪʫʱʝʡ ʷʙʣʦʥʝʡè, çʌʠʛʫʨʢʠ 
ʠʟ ʮʚʝʪʥʦʡ ʙʫʤʘʛʠè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤʠ ʤʘʨʢʝʨʘʤʠ çɿʘʧʘʜʘè ʚ ʙʝʣʦʨʫʩʩʢʦʡ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʫʟʳʢʝ ʚʳʩʪʫʧʘ-
ʶʪ ʢʘʢ ʩʘʤ ʠʥʩʪʨʫʤʝʥʪ ʩ ʝʛʦ ʙʳʪʦʚʘʥʠʝʤ ʚ ʩʦʮʠʫʤʝ, ʢʦʥʮʝʨʪʥʳʤ ʠ ʧʝʜʘʛʦʛʠʯʝʩʢʠʤ ʦʥʪʦʣʦʛʠʯʝʩʢʠʤ ʩʪʘ-
ʪʫʩʦʤ, ʪʘʢ ʠ ʪʨʘʜʠʮʠʠ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʟʘʧʘʜʥʦʝʚʨʦʧʝʡʩʢʦʤ ʢʦʤʧʦʟʠʪʦʨʩʢʦʤ ʪʚʦʨʯʝʩʪʚʝ (ʞʘʥʨʳ, ʩʪʠʣʠ, 
ʢʦʤʧʦʟʠʪʦʨʩʢʠʝ ʪʝʭʥʠʢʠ). ɻʝʦʢʫʣʴʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ ɹʝʣʘʨʫʩʠ, ʚʭʦʜʷʱʝʡ ʚ ʝʚʨʦʧʝʡʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 
ʦʙʫʩʣʦʚʠʣʦ ʨʘʟʚʠʪʠʝ ʬʦʨʪʝʧʠʘʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʧʦ ʟʘʧʘʜʥʳʤ ʤʦʜʝʣʷʤ, ʥʦ ʚ ʫʩʣʦʚʠʷʭ ʚʦʩʪʦʯʥʦʩʣʘʚʷʥ-
ʩʢʦʛʦ ʤʫʟʳʢʘʣʴʥʦʛʦ ʤʳʰʣʝʥʠʷ. 

ʄʘʨʢʝʨʳ çɺʦʩʪʦʢʘè ʚ ʙʝʣʦʨʫʩʩʢʦʡ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʫʟʳʢʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʧʨʦʛʨʘʤʤʥʦ-
ʩʝʤʘʥʪʠʯʝʩʢʠʝ ï ʥʦʤʠʥʘʮʠʷ (ʟʘʛʦʣʦʚʢʠ ʠ ʧʦʜʟʘʛʦʣʦʚʢʠ, ʧʨʷʤʦ ʥʘʟʳʚʘʶʱʠʝ ʣʦʢʫʩ/ʞʘʥʨ/ʢʫʣʴʪʫʨʥʫʶ 
ʧʨʘʢʪʠʢʫ, ʥʘʧʨʠʤʝʨ, çʢʠʪʘʡʩʢʠʝ ʟʘʨʠʩʦʚʢʠè); ʵʧʠʛʨʘʬʳ ʠ ʠʥʪʝʨʪʝʢʩʪ (ʦʧʦʨʘ ʥʘ ʧʦʵʟʠʶ ɺʦʩʪʦʢʘ (ʭʦʢʢʫ, 
ʪʘʥʢʘ), ʥʘ ʠʤʝʥʘ ʘʚʪʦʨʦʚ ʠ ʢʫʣʴʪʫʨʥʳʝ ʩʠʤʚʦʣʳ); ʠʥʪʦʥʘʮʠʦʥʥʦ-ʣʘʜʦʚʳʝ ʤʘʨʢʝʨʳ (ʧʝʥʪʘʪʦʥʠʯʝʩʢʠʝ 
ʢʦʤʧʣʝʢʩʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʟʥʘʚʘʝʤʳʡ çʚʦʩʪʦʯʥʳʡè ʟʥʘʢ ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʪʨʘʜʠʮʠʠ ʵʢ-
ʟʦʪʠʟʤʘ) ʣʘʜʦʚʳʝ ʦʙʦʨʦʪʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʝʢʫʥʜʦʡ ʠ çʭʨʦʤʘʪʠʯʝʩʢʠʝ ʩʢʦʣʴʞʝʥʠʷè, ʟʘʢʨʝʧʠʚʰʠʝʩʷ ʚ 
ʟʘʧʘʜʥʦʡ ʦʨʠʝʥʪʘʣʠʩʪʩʢʦʡ ʨʠʪʦʨʠʢʝ ʢʘʢ ʢʣʠʰʠʨʦʚʘʥʥʳʝ ʧʨʠʟʥʘʢʠ çʠʥʘʢʦʚʦʩʪʠè; ʨʠʪʤʦ-ʤʝʪʨʠʯʝʩʢʠʝ ʠ 
ʬʘʢʪʫʨʥʳʝ ʤʘʨʢʝʨʳ (ʦʩʪʠʥʘʪʥʦʩʪʴ ʠ çʩʪʘʪʠʯʥʦʩʪʴè ʨʘʟʚʝʨʪʳʚʘʥʠʷ ï ʤʝʜʠʪʘʪʠʚʥʳʝ ʧʦʣʷ, ʧʦʚʪʦʨʥʦʩʪʴ, 
çʩʦʟʝʨʮʘʪʝʣʴʥʘʷè ʜʨʘʤʘʪʫʨʛʠʷ), ʧʝʨʢʫʩʩʠʦʥʥʦʩʪʴ (ʘʢʮʝʥʪʠʨʦʚʢʘ ʘʪʘʢʠ, çʫʜʘʨʥʘʷè ʪʨʘʢʪʦʚʢʘ ʢʣʘʚʠʘʪʫ-
ʨʳ ʢʘʢ ʠʤʠʪʘʮʠʷ ʛʦʥʛʦʚ/ʙʘʨʘʙʘʥʦʚ); ʨʝʛʠʩʪʨʦʚʘʷ ʞʠʚʦʧʠʩʴ (ʢʨʘʡʥʠʝ ʨʝʛʠʩʪʨʳ, çʧʫʩʪʦʪʳè, ʜʣʠʪʝʣʴʥʳʝ 
ʨʝʟʦʥʘʥʩʳ ʢʘʢ çʘʢʫʩʪʠʯʝʩʢʠʡ ʧʝʡʟʘʞè). ɺ ʙʝʣʦʨʫʩʩʢʦʡ ʬʦʨʪʝʧʠʘʥʥʦʡ ʤʫʟʳʢʝ çʚʦʩʪʦʯʥʦʩʪʴè ʯʘʱʝ ʧʨʦ-
ʷʚʣʷʝʪʩʷ ʢʘʢ ʦʙʨʘʟʥʦ-ʩʪʠʣʝʚʘʷ ʤʦʜʝʣʴ, ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʟʠʩʫ ʦ ɺʦʩʪʦʢʝ ʢʘʢ ʤʝʪʘʬʦʨʝ ʠ ʘʩʩʦʮʠʘ-
ʪʠʚʥʦʤ ʦʙʨʘʟʝ ʚ ʢʦʤʧʦʟʠʪʦʨʩʢʦʤ ʤʳʰʣʝʥʠʠ. 
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Abstract. This paper examines the theoretical and practical frameworks for the revitalization of the post-
industrial "Gray Belt" in St. Petersburg. Combining Herbert Simonôs rationalist design theory and Juhani Pal-
lasmaaôs haptic phenomenology, we analyze the tension between top-down structural planning and bottom-up 
somatic experiences of urban spaces. By evaluating historic losses of spatial transparency in St. Petersburgôs 
public squares alongside contemporary proposals for the "Gray Belt" transformation, this study shows that the 
integration of spontaneous "second nature" (wild flora) within abandoned industrial corridors offers a superior 
alternative to sterile, over-engineered parks. This paper demonstrates how utilizing these ecological ruderals 
resolves the historic conflict between structural transparency and tactile somatic quality, transforming "depres-
sive" industrial zones into phenomenologically rich public environments. 
Keywords: post-industrial landscape, ocularcentrism, design theory, St. Petersburg, gray belt, second nature. 
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ɹʦʦʧʫʙʯʡʸ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʚʦʟʨʦʞʜʝʥʠʷ 
ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ çʩʝʨʦʛʦ ʧʦʷʩʘè ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ. ʆʙʲʝʜʠʥʠʚ ʨʘʮʠʦʥʘʣʠʩʪʠʯʝʩʢʫʶ ʪʝʦʨʠʶ ʜʠ-
ʟʘʡʥʘ ɻʝʨʙʝʨʪʘ ʉʘʡʤʦʥʘ ʠ ʛʘʧʪʠʯʝʩʢʫʶ ʬʝʥʦʤʝʥʦʣʦʛʠʶ ʖʭʘʥʠ ʇʘʣʣʘʩʤʘʘ, ʤʳ ʘʥʘʣʠʟʠʨʫʝʤ ʧʨʦʪʠʚʦ-
ʨʝʯʠʝ ʤʝʞʜʫ ʥʠʩʭʦʜʷʱʠʤ ʩʪʨʫʢʪʫʨʥʳʤ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʠ ʚʦʩʭʦʜʷʱʠʤ ʩʦʤʘʪʠʯʝʩʢʠʤ ʚʦʩʧʨʠʷʪʠʝʤ ʛʦ-
ʨʦʜʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʆʮʝʥʠʚʘʷ ʠʩʪʦʨʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʥʘ ʦʙʱʝʩʪʚʝʥ-
ʥʳʭ ʧʣʦʱʘʜʷʭ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʠ ʩʦʧʦʩʪʘʚʣʷʷ ʠʭ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʧʦ ʧʨʝʦʙʨʘʟʦʚʘ-
ʥʠʶ çʩʝʨʦʛʦ ʧʦʷʩʘè, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʥʪʝʛʨʘʮʠʷ ʩʪʠʭʠʡʥʦʡ çʚʪʦʨʦʡ ʧʨʠʨʦʜʳè (ʜʠʢʦʡ ʬʣʦ-
ʨʳ) ʚ ʟʘʙʨʦʰʝʥʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʦʥʳ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʫʜʘʯʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʩʪʝʨʠʣʴʥʳʤ, ʯʨʝʟ-
ʤʝʨʥʦ ʟʘʩʪʨʦʝʥʥʳʤ ʧʘʨʢʘʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʫʜʝ-
ʨʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʟʨʝʰʘʝʪ ʠʩʪʦʨʠʯʝʩʢʠʡ ʢʦʥʬʣʠʢʪ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʠ ʪʘʢʪʠʣʴ-
ʥʳʤ ʩʦʤʘʪʠʯʝʩʢʠʤ ʚʦʩʧʨʠʷʪʠʝʤ, ʧʨʝʚʨʘʱʘʷ çʜʝʧʨʝʩʩʠʚʥʳʝè ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʦʥʳ ʚ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝ-
ʩʢʠ ʙʦʛʘʪʫʶ ʦʙʱʝʩʪʚʝʥʥʫʶ ʩʨʝʜʫ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʩʪʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʣʘʥʜʰʘʬʪ, ʦʢʫʣʦʮʝʥʪʨʠʟʤ, ʪʝʦʨʠʷ ʜʠʟʘʡʥʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 
ʩʝʨʳʡ ʧʦʷʩ, ʚʪʦʨʘʷ ʧʨʠʨʦʜʘ. 

 
The transition of historic industrial landscapes into public spaces has emerged as a central theme in 

contemporary urban planning, shifting the focus of post-industrial design from purely economic utility to com-
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plex socio-spatial and ecological regeneration. This critical transition is currently taking place within the "Gray 
Belt" (ʩʝʨʳʡ ʧʦʷʩ) of St. Petersburg, a sprawling belt of industrial heritage occupying nearly one-third of the 
city's total urban footprint [4, p. 138]. In this geographic context urban design faces a epistemological confron-
tation. On one side stands a top-down, rationalist paradigm that seeks to control spatial and semantic entropy 
through strict functional zoning, sanitized visual order, and the formalization of design definitions [3, p. 111; 1, 
p. 92]. On the opposing side is a somatic, phenomenological paradigm that critiques this visual bias (occular-
centrism), arguing instead for tactile engagement, multi-sensory experiences, and the preservation of historical 
layers [2, p. 10]. This theoretical divide is deeply entangled with St. Petersburgôs unique urban history: once 
celebrated for its majestic open water vistas and spatial transparency, the city has gradually lost its open con-
nections due to dense, uncoordinated greening [5, p. 19], leaving the contemporary "Gray Belt" in a highly 
fragmented, "depressive" state [4, p. 138]. To address these challenges, this article first establishes the philo-
sophical tension between Herbert Simon's rationalist design theory, domestic terminological definitions by Al-
exander Uvarov and Vadim Stavitsky, and Juhani Pallasmaa's haptic phenomenology; it then traces the histor-
ical precedent of lost spatial transparency in St. Petersburg's public squares as documented by Leonid Lavrov 
and Fedor Perov, alongside Kristina and Ruslan Paliy's critique of the gray belt's depressive impact, and finally 
analyzes contemporary design solutions analyzed by Vasily Gomozov. Post-industrial landscape design in St. 
Petersburg needs a strategically that embraces the spontaneous, high-biodiversity "second nature" of aban-
doned industrial rail corridors rather than imposing over-engineered, visually sanitized park systems. That will 
resolve the historic conflict between structural transparency and haptic somatic qality, thereby successfully 
converting the depressive gray belt into a phenomenologically resilient public environment. 

We must first reconcile the fundamentally different design philosophies that govern urban intervention. 
Within the rationalist tradition, design is conceptualized as a systematic search for optimal configurations un-
der specific constraints. As Herbert Simon famously observed: "Design, so construed, is the core of all profes-
sional training; it is the principal mark that distinguishes the professions from the sciences" [3, p. 111]. Simonôs 
framework approaches the artificial world through the rational decomposition of complex systems into simpler, 
semi-independent subsystems [3, p. 128]. From this perspective, the city is a functional machine whose chaot-
ic growth must be tamed through algorithmic planning, clear spatial structures, and the eradication of planning 
inefficiencies. 

 In Russian design theory, this rationalist drive manifests as a struggle against semantic and structural 
"entropy" (ɻʥʪʨʦʧʠʷ). Alexander Uvarov and Vadim Stavitsky argue that the stabilization of the urban envi-
ronment is intrinsically linked to the stabilization of its defining terminology: ñIn the practice of design, the ques-
tion of the correlation between the term ódesignô and the concept defining it is most acuteò (rus. çɺ ʧʨʘʢʪʠʢʝ 
ʜʠʟʘʡʥʘ ʥʘʠʙʦʣʝʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʨʤʠʥʘ çʜʠʟʘʡʥè ʠ ʧʦʥʷʪʠʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʝʛʦè) 
[1, ʩ. 92]. For Uvarov and Stavitsky, design acts as a mechanism of codification and standardization meant to 
combat the conceptual instability of the urban apparatus, with the goal being to establish a highly structured, 
authoritative terminology: ñThe term ódesignô can be defined as a semantic core, a generic word with the widest 
scope of meaningò (rus. çʊʝʨʤʠʥ çʜʠʟʘʡʥè ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʷʜʨʦ, ʨʦʜʦʚʦʝ ʩʣʦ-
ʚʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʠʤ ʦʙʲʝʤʦʤ ʟʥʘʯʝʥʠʷè) [1, ʩ. 100]. This linguistic search for a "semantic core" mir-
rors the architectural desire to impose a singular, legible order upon post-industrial spaces, treating spontane-
ous, unmapped urban ruins as sites of high entropy that require immediate categorization and structural saniti-
zation. This rationalist, occularcentric ordering of space stands in direct opposition to the somatic phenome-
nology of Juhani Pallasmaa. Pallasmaa critiques the historical privileging of sight in Western culture, warning 
that modern design has degenerated into a sterile, visual-reductionist exercise: "With the title 'The Eyes of the 
Skin' I wished to express the significance of the tactile sense for our experience and understanding of the 
world, but I also intended to create a conceptual short circuit between the dominant sense of vision and the 
suppressed sense modality of touch" [2, p. 10]. For Pallasmaa, urban spaces should not be treated as a series 
of isolated "retinal pictures" [2, p. 12]. Instead, true architectural meaning is somatic, grounded in the haptic 
qualities of materials, shadow, and the "patina of wear" that expresses the continuum of time [2, p. 31]. Pal-
lasmaa observes that "Natural materials ï stone, brick and wood ï allow our vision to penetrate their surfaces 
and enable us to become convinced of the veracity of matter" [2, p. 31]. When urban design prioritizes Simonôs 


























